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STATEMENT

The thesis consfsts of sixEy fLve reprfnts of publlshed works.

Ftfty one of the papers describe the candfdaÈers conÈributlon to

mass spectrometry, flve to nuclear magnetic resonance spectroscopy'

and nlne to the use of these phystcal Èechnl-ques to ald the structure

elucidation of naturally-occurring compounds. A short description of

the most imporËant fa,cets of thls work is contal-ned in the sunmary

(below) .

l"ly major conËrlbutions to organic chemistry lie in the fÍeld

of organÍc mass spectrometry. Pioneering work on skeletal-rearrangement

processes (see especlally papers 37, 38, 40r 4Lr 43-49' 51-53, 55, 29,

and 6L-64) has 1ed to af,. dt""overy of marly such processes in a

varlety of systems.

The thesis ts divided Ínto three secÈions:- (A) Structure-

Elucldatlon of Natural Products - (1) Aphid Constltuents, (fi¡

Mlscellaneous Natural Products; (B) Solvent-Shlfts in Nuclear

Magnetic Resonance SpecÈroscoPy, and (C) Mass SpecËromeÈry.

Papers 1-7 1n section A describe the elucidation of the structures

of aphld constlËuents. This work \das carried ouÈ by myself during the

tenure of an I.C.I. Post-Doctoral Fellowshlp aË Ernmanuel College,

Canrbridge University (U.K. ) , in col-laboratl-on with Dr. D.I^I. Cameron,

who dlrected al_1 research ielaÈed to aphld colouring matters.

PublLcations B, L2-L5 and, L7-32 glve accounts of researches in

structure det,ermLnatlon, nuclear magnetl-c resonance spectroscopy and

mass spectrometry respectively, also completed while I was an I.C.I.

Fellow at Cambridge Universlty. Thts research was undertaken jointly



with Dr. D.H. I^IÍlliams, who leads a large research school workíng

in Èhese fields. Paper 33 describes work carried ouË at cambridge

ín collaboration with Dr. A.F. Thomas.

Papers 34-65 describe fundament,al researches in mass spect,rometry,

while 9-11 are, concerned hriÈh sÈructure d.etermlnat,ion, and 16 with

nuclear magnetic resonance spect,roscopy. This work was performed aÈ

the University of Adelaide. All projects were planned and direcÈed by

myself. r wrote arl the papers, except 55, which d,escribes a joint
project, carried out aÈ Adelaíde, but written by Dr. D.H. Itrilriams.

Many projects resulted in joint publicat,ions. The co-authors r,rere:

Professors, G.M. Badger, J.C. Earl , A.lnl. Johnson, Drs. I.R.C. Bick,

D.l^1. cameron, G.E..Gream, s.-0. Lawessonr, G.E. Lewis, ,J.i{.14r. Morgan,

R.H. Prager, H.J. Rodda, and T.M. spotswood. hlhere Dr. R.G. cooks

appears in Ëhe list of auËhors, he performed the high-resolution

measurements listed ín ËhaË paper. This was due Ëo.Ëhe non-availability

of facilities for performing high-resolution sËudies at Adelaíde for

the period L966-L967.

This thesis does not, contain any material that I have previously

submÍtÈed for a degree in any UníversiËy.

J.H. BOI^IIE
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SUI'ß,fARY

Papers have been seÈ ouÈ essentially in chronological order

wLthin each section of the thesl-s. Thls consLitutes a loglcal sequence

for sections A and B. Subdlvision of section C has not been under-

taken, because of the difficulty of classífying Papers on the basis

of skeletal-rearrangement or normal fragmentation processes (rnany

paperscontainaccountsofboÈhtypesoffragmenËation),andof

furËhei subdivision wíthln a group (certain Papers describe more

than one type of ïearrangement process) '

(A) S f 1.rl cture-Elu idatlon of NaÈural Productsa

The great potenÈial of mass spectrometry and N.M.R. sipectroscopy

for the determination of structure is exemplifled by the following

studíes.

(1) Cons tituents

papers 2-5 descrl-be the e]-ucl-dation of the structures of the

dactynaphl-n and rhodoaphin plgments, while papers 1 and 6 are records

of the chemidtry of aphld constl-tuents. Paper 7 gives an account of

the mass specËra of known aphln derivatlves, a knowledge of whlch

was vital for Èhe f-nterpretatl-on of the mass sPectra of the

dactynaphlns and rhodoaPhins '

Therhodoaphínanddactynaphinpigmentsareamongthemost

compll-cated quinones yet lsolaÈed from natural sources ' OnJ-y very

smal-l amounts of Èhese compounds were avaLlabl-e for sÈudy' Hlgh-

resolutl-on mass spect,rometry and N.M.R. specÈroscopy aLl-oweá complete



structural formulations for the pígments. 0n the basls of these

formulations, chemical experiments \^Iere designed whích would either

support or negate such sÈruclures. Electron-impact induced ring

cleavage of Ëhe dactynaphins split eaeh molecule inÈo two known species

which were readíIy ldentified by their knornm breakdown patterns.

Chemical confj.rmation of the dactynaphin strucËures vlas obtained by

reductive and hydrolytic cleavage of the molecules to produce either

known compounds, or compounds which were readily synthesised from

compounds of known structure. The mass sPecËrum of rhodoaphin rrlas

very similar to a known aphin derÍvative, dÍhydro>qyerythroaPhLn'fb.

This indicated that the only difference betr¡een the tl^/o compounds was

sÈereochemical in nature. As the N.M.R. specËrum showed rhodoaphin

to be symmetrical, only one strucËure l^/as possible for the molecule'

Thi-s structure was confirmed chemically by aeid-cgtalysed epimerisation

of rhodoaphin to dihydro>ryerythroaphLa-fb

(iÍ) Mis cellaneous atural Product

.The aphin problem described a siËuaËion where physíca1 methods

vrere successfully applied in the iniEial sÈages of sËructure elucidation.

In the determinatíon of the sËructure of the alkaloid repanduline

(paper B) the converse was Èrue. The chernical investigation of

repanduline had continued over a period of Ëwo decades, and was

virtually aË a sÈandsÈill. The elemenÈal composiËíon of the molecule

was unknown, as were íts more important sËructural feaEures. The

problem was solved by Èhe successive application of high-resolution

mass spectrometry followed by N.It.R. specËroscopy. A successful synthesis

of a degradation product has since partially conflrmed the structure.



Other e4amples of Èhe appllcatlon of physical t,echnlquea are

the determinatlon of the structures of the antlblotlc ochromyclnone

(paper 9), maesopsln degradatfon products (10) 
' and the alkalol-d

moschatoline (lf). Mass specÈrometry c1-early lndicated the presence

of a 3-methyl-l--tetralone molety 1n ochromycl-none, and allowed the

determinatlon of the relatíve posiEl-ons of hydroxyl and rnethoxyl

groups ln moschatollne, because of the highly characterlstlc losses

of methyl radicals from the 1- and 3- but not 2-methoxyl groups of

alkalolds of thl-s type.

(B) Solvent-Effects 1n N.M.R. SpectroscoDy

It 1s wlde1y accepted that I solvent-shifÈs I of proton resonances

Ln N.M.R. spectra may be used to al-d structure elucidatl-on of organic

compounds, parÈicularly Èhose containlng rneÈhyl or methoxyl groups.

The t solven! shífÈ t 1s Ëhe dlfference between Ëhe chemical shl-fts of

proton resonances measured l-n a rcomplexlng? solvent (e.g. benzene)

and a tnon-complexlngr solvenÈ (e.g. carbon tetrachlorlde or cyclohexane).

It is assumed that benzene forms a complex with a posltive-centre ln

the solute, thus altering Èhe chemlcal shtfË wÍth respect to that

obEained uslng a Inon-complexlngr solvent. Controversy exísts

concernÍng the nat,ure of the complex, and rn.tu l-s even doubt whether

a complex 1s formed at all. Nevertheless, thls approach may be used

emplrlcally ln certal-n cases to determlne the posltfons of methyl or

methoxyl groups ,l-n a molecule. Thls fs demonstrated for qul-nones

(paper L2) , ,anfsole derl-vatives (13 and 14), flavones (15) and



a-diketone derlvatlves (10¡. Paper 16 questlons the nature of

the rcompl-exr formed between benzene and Èhe a-dl-keÈone system.

(C) Mass Spectrometry

The orfglnal aims of thls research were threefold.

(1) fo tnvestigate Èhe normal fragmenÈation modes of a variety

of organic systems. Knowledge of t,his work ls essenÈial for the

qrganfc chemist Èo be able to lnterpret spe'cÈra of such Bystems.

(if) To dfscover and investigate skeletal-rearrangement processes

1n mass spectra. As skeletal-rearrangement processes lnvolve the

migration of groups other than hydrogen, the presence of fragment lons

resultlng from such processes cannot be explaf-ned 1n terms of the

structure of the l-ntact molecule. The recogniÈlon of such processes

and a knowledge of the structures of Ëhe rearrangement lons are not

only of vl-tal lnterest Èo Ehe mass spectrometrlst, but, are also

essentíal lf the organlc chemlst 1s to use mass specÈromeEry t,o

determl-ne the structures of organÍc compounds. Thfs field of research

l-s one of the most actlvely pursued Ln organic mass spectrometry at

the present time, and ls likely to contl-nue to be so untfl such processes

can be predtcted wlËh certainty, and unt1l the mechanisms of the

rearrangemenÈ processes are fully understood. The relatlve non-

predictabfllty of rearrangemenË processes at the present Èime also

severely l1m1Ès the lmportant appllcatl-on, of computor-aided mass

spect,rometry to structure elucÍdatlon.



(i11) In cases where ext,ensl-ve rearrangement (cf . 1Í) occurs 1n

positlve-lon mass spectra, interpretation is dlfficult because of

the presence of the rearrangement lons. Negative-1on mass, spect.rometry

should provl-de a vÍable alternatlve under Ëhese condit.ions, even though

little development of thLs teehnique has prevlously occurred.

. Papers 17-65 go some way to fulfilllng these aims, and present

work 1s directed towards the mechanlsm of rearrangemenÈ processes,

the sLructures of fons, and the development of negatl-ve-ion mass

spectromet.ry.

Papers L7-33 are Ëhe result of research performed at Carnbridge

and may be roughly dlvfded into normal fragmentatlons of organlc

molecules upon elecÈron lmpact (L9-23, 25, 29, 3L and 33) and

skeletal-rearrangement.processes (17, 18, 24, 26-28, 30 and 32). The

latter group contafn exanples of some of the fl-rst rearrangement

processes encountered ln mass specËrometry.

The publlcatlons 34-65 of section C comprfse ny naJor contrÍbutlon

to organic cheml-sÈry. Publlcatlons, 34-36, 39, 42, 44, 50, 54, 56, 57,

58 and 60 record the basic fragmenÈatfons of a variety of aliphatfc,

aromatÍc and heÈerocycllc sysÈems upon electron fmpact. Deuterl-um-

labelllng. and hlgh-resol-ution studl-es rrere necessary for many of the

projects. Papers 37, 38, 40, 4L, 43, 45-49, 51-53, 55, 59, 6L-64

descrl-be a multlÈude of new and novel skeleÈal-rearrangement processes

as well as normal fragmentatlons whlch occur upon electron fmpact.

The most notable of the rearrangemenËs are those whlch occur ln Èhe

+
spectra of compounds containlng Ehe -N=0 group, organo-sulphur

compounds, and heterocyclic systems contál-ntng dipheny'l substituents.

For example, specffl-c but eompçlex rearrangement of the molecular fons



of azoxybenzenes (43r45), nltrones (59162> and N-oxl-des (47) are

observed. All involve carbon-oxygen bond formatlon. Reorganisatlon

of the molecular lon ls also observed for sulphfnylanllfnes (4f) t

thloIlB]annulenes (49), mercapto esters (46,51) and sulphonamides (52r53),

Migratfons Èo carbonlum-l-on cent,res are aPparent 1n the spectra of

thl-oglycollaÈes (64). Many examples of the general rearrangemenÈ

ABC + AC + B have been discussed; e.g. azobenzenes (40), azo>s¡benzenes

(43r45), n1-Ërones (59 ,62) , sul-phonamides (52,53) and anlls (61). A

remarkable rearrangement which occurs in the spectra of dfphenyl

heterocycllc systems (55r6f) has been studled with the ald of extensive

deuterl-um 1-abelling.

The potential of negative-Lon mass spectrometry fs clearJ-y

demonstrated ln paper 65. The posl-tive-lon spectra of compounds

containing the -il=O- group are eomplicated by pronounced rearrangement

fragments. The correspondlng negatlve-l-on spectra are sfmple,

diagnostic, contain pronounced molecular anions, and are devold

of rearrangement peaks.
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1050. Colouring Matters of the Aphid'id'øe. Pa,rt XXV.|
of Aphi'd, Constituents with those of their Host Plants.
Sorbi'c Aciil

A Comgtarison
A Glycerid,e of

By J. H. BowrB and D. W. CnuBnoN

The aphid D actynotus j aceae (L.) contains 2-tr ans,trams-sorbo-1, 3-dimyri-
stin as its-major triglyceride (66%). This compound is the first glyceride of
sorbic acid to be reported. Hydrolysis of other aphid glycerides also gives

sorbic acid, in quaniities that vary with species, together with saturated fatty
acids, chiefly myristic. The fat of four centauyea species, hosts of D. jøceae,

is quite different, however, and contains no sorbic acid. A similar difierence

between this aphid and its hosts is observed in ff.avonoid content. The
latter contain substantial amounts of the flavonol jaceidin and related
compounds, whilst in the former no flavonoids were found. Ilowever, the

amino-acid and carbohydrate content of both plants and insect were

identical, these substances being constituents of phloem sap which aphids

ingest: no naphthalenic precursors of aphid pigments could be isolated
frãm the plants, and it seems probable that such pigments are synthesised

de nouo in the insect'

Oun studies on aphid constituents have been concerned hitherto with the chemistry of their
pigments. Struåtures for some of these substances have already been elucidated,z while

ätË".r are currently und,er examination. All are polycyclic quinones. They have not been

found outside the Áphididae and related families, and are certainly not present in detectable

amounts in plants infested by aphids. Since the diet ol any individual species of aphid.is

generally ants this shows that, whatever their detailed biogenesis,

äphid pig least in part, by the insect and not simply ingested from

its host. ow discuss some other constituents of aphids and their

hosts. Many of our experiments were carried out on the large bronze-coloured aphid

Døctynotus jâceae (L.).trã it. hosts Centøureø jøceø, C. nigrø, C.. scøbiosa (kn_apweed), and

C. ci,anus 1óornnoùei¡. These insects contain a new series of pigments, the dactynaphins,

whiãh we irave not yet described but which are, in a number o1 respects, similar-to-the
aphins themselves. Insect and plant materials were examined concurrently in the late

sutnmer, when infestation was most widespread.
In common with many other aphid sp"õie,, D. jøceøe yields a fat-soluble fraction, which

solidifies readily and amounts to 5-6o/o-of the live insect weight.* An extensive previous

survey 3 of aphid {atty acids showed them to be mixtures of saturated compounds, with
*ytirii" acid as the chief comp ver, the crude extract o1 D. jaceøe absorbed

stiongty at 261 m¡.r., This iJ neither of unbranched conjugated dienes,

o,p-un"sáturated esters, nor of pre aphid constituents. Thin-layer chromato-

graphy on silicic acid showãd the presence r two major components, one of which was

i¿entiäat with trimyristin. Converìion into methyl esters and vapour-phase_ chromato-
as indeed the only saturated acid present to

other natural source a (in 1859), never as a g

The fat was fractionated on s

trim ) and a new triglYceride
as a orbodimYristin since, on

* From Eyiosornø lani|erutn (Hausmann), the woolly apple aphid, w-hich surrounds itself with an

e*t"ttsi.'ã waxy secretion,"the cotìe.ponding yield was 34o/o' ;r



proportion and in agreement with its nuclear magnetic resonance (n.m.r.) spectrum
(Figure) . This, was vift¡la]ly a sqmmation of the spectr a o1 trøns,trøøs-sorbic acid in the
0-10 t region, and of trimyristin, and its peaks weie of the correct relative intensities.
It rremains to distinguish between the two possible structures (I) and (II) for this new
substance. Both were slmthesised. Reaction of 1,2-O-isopropylideneglycerol with
trans,trøns-sorboyl chloride, followed by removal of the protecting groups 5 gàve l-sorbin
as an oil. Treatment with two moles of myristoyl chloride then gave compound (I).
The sym¡4etrical pnalogqe (II), was prepared by treatment of l,3-dimyristin 5,6 with an
excess of trpTts,trøns-sorboyl chloride in pyridine under forcing conditions. Both com-
pounds (I) a¡d,(If) had virtually the,gqryg melting point as the natural glyceride which
was, hovr,ever, identified.as (II) by mixed mçlling point and infrared and n.m.r. spectra.
This strqcture supports thq obseryation, made on vegetable fats, that, in mixed saturated-
unsaturated triglycerides;,an unsaturated. residue generally esterifies the central hydroxyl
of the glyceryl" unit.?ø Other short-chain acids of natural fats include butyric from miik
fats 7ô and isovaleric from marine sources, ø.g., dolphins.?' Sorbic acid could of course be

(¿,Ð

(d) ! (r) (b) , (a)
cH2 - o,co - cH2. (cH2)ti cH3
I (h)
I 1er HcH-o.co_ / _t{(t)

I,,, rsrn>l):<orrto
cH2 - o .co - cH; (cHr),,-cH3 

.(c) (b) (o) (i,ù

(b)(c)

(r)

89rO

(o)

,] tr'M "
HiCHI¡Me

,]tr'Me

(g)

A

(e)

2 J4 5

:.'.i
N.m.r. spectrum at 60 Mc./sec. of glyceride (II) in CClo

derived uiø tjne normal fatty-aciä pathway from acet s. Alternatively,
as it is a six-carbon acid.only two oxidation levels I , which D. jøceae
ingests (see below) in relatively enormous quantities, direct convãrsion
cannot be excluded.

tH,'o.co.[cH,]r,.Me

1l:o'co'tcHtlt'Me ,

cH¡.o.co'[cH.CH]r.Me
(r) (II)

Other species of aphids also were examined (Table f ). In only on
lachnus salígnus, was a substantial quantity of sorbic acid observed.
contained material having ),nox. 261 m¡.r., formulated, by analogy, a
Methyl sorbate was, in such cases, detected by vápour-phase chiomatography. Most of
these aphid species were not examined in Strong's more extensive survey,B but the general
'.tre¡d of his results and. ourg is the same, Myristic acid is the most commonly ocðurring
fatty acid, together with smaller amounts of palmitic and lauric acids in that order, anã



traces of other even-numbered saturated acids. One elution peak, assþed by Strong to
an iso Cu-ester, has a relative retention time similar to methyl sorbate and, in view of ;our
results, the possibility of this'latier assignment being'rnoré correct must be cohsidereil.

T¡eL¡ I
Aphid triglycerides (o/o of iatty acid in saponiflcation mixture)

Aphid
Daatynolus jøceae ..........
Tubírotraahi,us salignus ....'.
Eriosoma lanigerurn ..., ,., ,

Aþhis saøbuci,:............
Aþhàs fabae .. .

M ai;rosiþ honiellø ay t erni siøe
Breuicotyne brassicae,,..,,,.

Plant
C. scabiosa (élems)
C;: jaoeø
C.. nigrø

C. cyanus (whole plant)

EIYA Sorbic t
(26r m¡r) t (0'.50)' :282 - r3

3ll .16
4L .2
26 I
24 ;-l

26r
14 tr.

Aglycohe
r, r '0.õ'1

o'2
6.r
0.1

r ,0.4

Cru Cr.
(20.40) (41.40)
ì' :t i ¿rl

Aglyione'
_ \/:i_í

0.1

o'2

tr

'ëlycoside

tr.

o.3
o':n

cro
(2.07)

ji*
(4,0e)
' ti:

3
t7
tr.
tr.

ll
2

(r.32)
/87

,81
70
'50

..5'1

63
57

:1.,s,'
0,05

. Or2

ll
49

'48
29
40

tr

-* Pure compound (II) has plu¿" (ZSl m¡r) 402.
pafentheses. ' .'

f Retention times (min. sec.) are given in

The only other discrepancy is that, in contrast to Strong, we did not observe any Cn-acid
in the hydrolysates. This may be due to the fact that.his resultsfwere obtained on totâl
fats whereas our experiments were carried out on solids obtained by low-temperature
crystallisation whi¿h mal well have largely eliminated trace or liquid components from the
mixture. Finally,'it'isnoteworthy that, in the species we examined, a high content of
scorbic acid appears to be associated with a low content of palmitic acid, and uice uersa^
The reason forrthis, ànd whether any relationship exists betrtt-een fat and pigment content
of aphids is, at present, a matter for speculation. '' 't

A similar examiiiätion of the fats froin the lour Centøurøø species mentioned earlier as
hosts of D. jaceae, showed compositiohs almost identical with one anothêi but strbstantially
different from thát of the insect. Ì, Thin-layer chromatography on silicic acid indicated at
least fifteen different components. Column chromatography showed that 650/" of the
fat-soluble compdnents-werè triglycerides: C'onversion ;ürto methyl esters iând, vapirur-
phaSe chromatography indicated the preseúce'ofìmyristàte'(4.5,/ò, pdlmitate (32'6%1,
stearatê (63%), and no sorbate. | :" ì "'. ir";:': '"." ¡'.'l' ;' ,,','.

Centøureø species'also contain flavonoid material in considerable quantity. Previous
woikers haie reported the ' prèsence of ' glycosides' of the' follciwing' 'flavonols ; aþigÞnin
(III; R1 : R2: R3: H,.Ra'.-'OH) fiom flowerd of'C. s¿øblosa'ànid:C.!'c5m,¿øs;s sbutel-
larein (III; Rr: R8 =H, R2:'R¿'g OH)' from,'leavds of C.\scøbiosa;s'and jaceidin
(III ; Rl ': R.2 : RB : OMe,'Ra : OH) from leaves and stémsiof C.' j'aceø;Lo ' Iú the course
of examining these species for prècursörs of aphid piglnents;'we'obsèrved thesè comþoiùds
not only as glycosides but also.as the,tt* "gly-":r " f:"t.olî.ln.Til1.2, 

.,.lhe

T¡er-p 2

Percentages of flavonoids in Centaurea species

Jaceidin
r rir,Àp: 

e, 
r.t : t:'i

Scutellarein
Aglycoriê' "GlJrcoside'Glycoside

1, ì"' '0.31

o-2
'0'õ
'0:4
'a'2
i' tr. 0.12

o.I
i,.tr,

aglycone jaceidin doesnot appeartohavebeen foundinNaturebefore, althoughthepossibility
that it arose in our expe.riments by er'zymic hydrolysis during preparatioh of plailt material
for extraction cannot be excluded: '-All species were extracted.at'the sáme time of year.
The high yield of jaceidin in thç leaves of C: nigrø is partic!¡Iatly noteworthy. "Wæ had



begun structural work on this substance before becoming aware of the recently reported
studies of Farkas et ø1.,7o which established structure (III; R1 : R2: R3: OMe,
R4 : OH) both by degradation and synthesis. In addition to compounds described there-
in, jaceidin was readily converted into a triacetate, whilst spectroscopic methods gave
support to its structure. For example, its ultraviolet spectrum 11 undergoes a batho-
chromic shift on addition of sodium acetate, indicative of a free 7-hydroxy-group, and a
further bathochromic shift in sodium ethoxide, indicating a free 4'-hydroxy-grouP. Alu-
minium chloride also causes a bathochromic shift consistent with a 5-hydroxy-group,
while boric acid has no effect, indicating the absence of o-dihydroxy-groups. The nuclear
magnetic resonance spectra of a number of derivatives showed a single peak, due to the
C-8 proton, which ranged from 2'7I to 3.44 t depending on substituents, together with an
ABX or ABC system due to the protons of ring c. As has been found previously with other
flavonoid systems,lz the C-5 proton is observed at higher field (2'80-2'97 r) than either
the 2'- or 6'-protons, both of which in this system are found at 2'22-2'32 r.

A careful examination o1 D. jaceae, on the other hand, showed no detectable quantity
of flavonoid material to be present. Such compounds, therefore, would seem not to be
ingested by the insect. (The possibility of rapid and complete degradation following
ingestion cannot be excluded but seems less likely.)

Me

4

R3 HO
Me

HO o
R2 RI

HO

H OC6HilOs
(Iv)

Me

Examination of the amino-acid content oI D, jaceae by two-dimensional paper chromato-
graphy showed the presence of aspartic acid, glycine, serine, alanine, tyrosine, valine,
phenylalanine, leucine, and several peptides which on hydrolysis produce no further
amino-acids. An identical mixture was obtained f¡om stems of the host C. scabiosø.
Similarly, examination lor free sugars has shown glucose to be the only detectable constit-
uent of both plant and stored insect, both before and after hydrolysis' Traces of other com-
ponents were also detected, but in very much smaller amount. A similar correspondence
in amino-acid and sugar content has previously been observed between honeydew from the
aphid Tuberoløchnws sølignus and its host Salix øcwtiþliø.rs Such compounds were shown
to be major constituents of phloem sap, which aphids ingest, and their presence unchanged
in the insect therefore can readily be explained. Fats and flavonoids are elaborated
elsewhere in the plant and are not transferred to the aphid.

These observations have an indirect bearing on the origin of aphid pigments. These,
e.g., protoaphiny'ó (IV), are alike in consisting of two naphthalenic units coupled together.
Our studies on the dactlmaphins, from D. jøceae, suggest that they are no exceptions to
+L.i^ \II^ 1-^..^ ^^^.. +L^+ -:*^-+^ *.-^r L^ ^-.-+L^^:^^t ^+ ì^^^rj- -^-r L-- +L^:-^^^rLr[s, YYç ¡¡oVç rçC¡r Lil4t Pr6urçtrLÞ ltlu>L uç sJ¡turltsrstu, dL lçd5L Ir PórL, uy ltlç r¡r¡çvL,
since they are not found in host plants. Our attempts to obtain direct evidence on this
point by tracer experiments on the bean aphid Aþhis Jøbae were unsuccessful, because of
experimental difñculties in rearing this insect on slmthetic media.la The structure of
protoaphiny'å (IV), which A. fabae produces, is consistent with biogenesis by the acetate-
malonate pathway. What is not obvious is whethe¡ this occurs de nouo in the insect, or
whether colourless precursors, ø.g., naphthalenic systems, are ingested from the plant and
subsequently coupled. Indirect evidence on this comes from the results on D. jaceøe
and its hosts. Any such naphthalenic precursor of aphid pigments would be expected to
occur in the phloem sap. None to date have been observed, Similarly, a careful examin-

OH
OHMe

o (rrr)



ation of whole plants of the lo.ur Centaurea species andof Sømbucusnigra, t}re hostof ,4.
sømbuci, did not indicate the presence of any obvious aphin precursor. This does not, of
course, exclude the possibility that such substances are present in small amounts, but we
regard this as less likely, and conclude that aphid pigments are probably synthesised in their
entirety within the insects. Certain compounds, a.g., isoeleutherin,ls which structurally
resemble possible precursors, have indeed been isolated from the plant kingdom, but their
occurrence is restricted to a few species. We would have expected any true precursor to,
be widespread, because of the large range of plants that act as hosts to pigment-containing
aphids.

ExpBnruBwrer
Unless otherwise stated, infrared (i.r.) spectra were measured in KBr discs and ultraviolet

(u.v.) spectra ín 95o/" ethanol. Nuclear magnetic resonance (n.m.r.) spectra were measured
at 60 Mc./sec. with tetramethylsilane as internal reference. Light petroleum refers to the
lraction having b. p. 40-60'. Silicic acid refers to Mallinckrodt 2847.

Exarninat'ion of Triglycerid¿s.-Insects were macerated with light petroleum, the extracts
evaporated to 10 ml., allowed to solidify, and flltered, and the solid was redissolved in
warm methanol (l g. in 20 m1.), and the solution refrigerated at -I5o for several weeks.
This method gave a 95o/" (or better) recovery of crystalline triglycerides, all of which had
melting ranges 45-50" and l.*"*. 26I m¡.r,. E,ach (1 g.) was refluxed for 3'5 hr. with a
mixture of methanol (f0 m1.) and aqueous sodium hydroxide (f0 mI.; 2.5tt). Methanol
was then removed by evaporation, the mixture acidif,ed with hydrochloric acid, diluted
with water to 100 mI., and extracted with ether (2 x 25 rrú.). The extracts were dried,
and treated with an excess of diazomethane in ether. The solution of esters was then
concentrated to l0 ml. and subjected to roritine vapour-phase chromatography, with results
shown in Table l. Samples (l ¡rl.) were applied to an F and M 720 instrument having a 6-in.
column of 2Ùo/o silicone rubber Se 30 on 60-80P, flow rate 120 ml./min., oven temperature
175', bridge current I50 m¡.

Trigl,ycerid,es frornD. jaceae.-(a) Crude triglycerides (3.41 g.) were isolated and saponified
as above. The resulting acids were dissolved in hexane (20 ml.) and chromatographed on a
column of silicic acid (40 X 5 cm.). Elution with hexane-ether (4:1) gave myristic acid
(2,52 g.), which after crystallisation from methanol formed colou¡less needles, m. p. 63-64",
undepressed in admixture with authentic material, having identical i.r. spectrum and, after
methylation, identical behaviour on vapour-phase chromatography. Elution with hexane-
ether'(l : 1) gave trans,trøns-sorbic acid (405 mg. ), which was recrystallised from the same solvent,
as colourless blades, m. p. I33-I34", and identif,ed by comparison with authentic material as

for myristic acid above; )',^e*.254 rn¡r (log e 4.45).
(D) Crude triglyceride (0.75 g.) was chromatographed on silicic acid (40 x 5 cm.) in hexane-

ether (15 : l), collecting fractions of 25 ml. Fractions 22-30 were recrystallised from methanol
(5 ml.), crystallisation being allowed to proceed at -15o for several weeks. This yielded tri-
myristin (232 rng.), m.p. 33-34' (lit.7-form, 33'), and had i.r. and n.m.r. spectra identical
with authentic material. Conversion into its methyl estei gave a product identical on vapour-
phase chromatography with methyl myristate.

Fractions 34-5I on recrystallisation from methanol (5 m1.) gave colourless rosettes of
2-trans,trans-sorbo-I,3-dimyristi,n (II), m. p. 54-54.5' lFound: C, 73'5; H, I0'8o/o; M
(thermistor drop method), 596. Cs?If66O6 requires C, 73'3; H, 11'0?á; M,607); Ì,"* 261 m¡.r.

(log e 4.38)i V.u*. 1736 (saturated ester C=O), 1719 (øp-unsaturated ester C=O), 1648, 1620

"-.-r 1C=C) ; n.m.r. in CCln (Figure 2.77 (l}I, multiplet, =CIICO), 3.77, 3.90, 4'I4, 4'40 (3II,
multiplets, =CII), 4'77 (lH, multiplet, RrCH-O), 5'76, 5.84 (4H, multiplet, RCH,-O), 7'7O (4H,
multiplet, -CHTCO-), 8.12 (3H, doublet I:4.5 c/sec., MeCH:),8'72 (44H, composite peak,
-CHr-), 9.f2 r (6H, muliplet, MeCHr-). Thjs substance was identified by -. p. and mixed
m. p. with synthetic material (below). U.v., i.r., and n.m.r. spectra for the two compounds
were identical.

I-Sovbo-2,3-d,imyristin (I).-To a mixture of 1,2-O-isopropylideneglycerol (8 g.) and pyridine
(5 ml.) was added trans,trans-sorboyl chloride (8 g.), the temperature being maintained at 0"
during the addition. The mixture was stirred at room tempelature for 2 hr., then treated with
ice-cold dilute sulphuric acid (60 ml. of 0'5N) and ether (100 m1.). The ethereal extract was
further washed with ice-cold sulphuric acid (2 x 60 ml.), saturated aqueous sodium hydrogen



carbonate (3 x 50 ml.), and water (50 m1.), then dried and evaporated. The resulting oil was
dissolved in ether (70 ml.) and concentrated hydrochloric acid was slowly added, the ternper-
ature being kept below 5". After 30 min. the mixture was diluted with rvater (300 ml.) and
extracted with ether (3 X 200 m1.). The extract was rvashed with water, dried, and evaporated
to yield l-sorbin (lI'0 9., 95o/o) as a colourless liquid. Without purifrcation this was mixed
with,quinoline (15 g.), and myristoyl chloride (30 g.) was added at 0" with stirring. After
I hr. at room temperature the mixture was lvorked up as above to yield l-tranS,trans-sorbo-
2,\-dirnyristin (I) (33.8 C., S4%), which after reclystallisation from methanol formed colourless
rosettes, rn. p. 55.5-56", mixed m. p. with the glyceride from D. jaceae 48-5L' (Found: C,
73.6; H, f0.9. Ca?H66O6 requires C, 73'3; H, l1'0%)i l^"*.26I m¡r (1og e 4.a4) ; v*a-. 1732,
1708, 1645, 1619 cm.-l; n.m.r. in CCln virtually identical with that of compound (II) except for
reproducible difierences of a " fingerprint " kind.

2-trans,trans-Sorbo-I,3-ditnyyi,stin.-I,}-Dimyristin was synthesised by literature methods.s'6
It had m. p. 64-65" (Iit., 63.8-64.4"). To a solution of 1,3-dimyristin (2 g.) in pyridine (10 ml.)
was added trans,trans-sorboyl chloride (3 C.) at roolr. temperature, the mixture stirred for
24 }:'r., and then heated at 50" for 30 min. It was then worked up in the usual way and
chromatographed in hexane on silicic acid (40 X 5 cm.), fractions of 50 ml. being collected.
Coneentration o{ fractions 19-32 gave 2-lrans,trans-sorbo-I,3-dimyristin (l'2 5.,45o/"), which
crystallised from methanol as colourless rosettes, rn. p. 54-54.5", identifi.ed with the natural
glyceride,as described previously.

Ident'if.cøtion of Am'ino-aci,d,s and, Sugars.-A sample of D. jaceae was extracted with acetone
and then with water. The aqueous extract was examined {or amino-acids by two-dimensional
chromatography on \ilhatman 3 MM paper. Systems used were n-butanol-acetic acid-water
(4:1:5, top layer) ; phçnol-water-ammonia (77'5:21'5:l), Spots were developed with
ninhydrin. The extract was also examined for sugars by chromatography in the first system
above, spraying with aniline hydrogen phthalate.

Examination of the four Centøuyea species for amino-acids and sugars was carried out as

above, on açlueous extlacts obtained as indicated below.
Extraction of Centaurea sþecies.-Air-dried plants were extracted (Soxhlet) successively

with light petroleum, acetone, and water with the exception of C. scabiosa, which was extracted
in the reverse order. The petroleum extract of all species was shown to contain the same
components by thin-layer chromatography on silicic acid, developing with hexane-ether-
acetic acid (95 : 4 : 1), spraying the dlied chrorrratograni with sulphuric acid (50)'o), and heating
at 250o for l5 min.

Stems of C. scabiosø (2 kg.) gave a petroleum-soluble fraction (25 g.), which after chromato-
graphy on silicic acid (18 x 0.75 cm.) gave a triglycericle fraction (16.2 g.). Alkaline hydrolysis
and methylation as before gave a mixture which was shown by vapour-phase chromatography
to contain myristate (4.5%), palmitate (32.5%), and stearate (630/o) esters.

A similar examination of the complete petroleum-solut¡les from C. nigra, leaves showed
the presence of myristate (I9%), pahnitate (zLo/), atd stearate (53o/o) esters.

Solutions of the acetone-soluble components from the plants were evâporated and ex-
tracted with benzene, and the resulting extract was chromatographed on silicic acid, eluting
with chloroform-methanol mixtures. Fìavonols were eluted in the orcler jaceidin, apigenin,
scutella¡ein. The last two were identi-fied and determined by their absorption spectra. The
benzene-insoluble material from the acetone extract was combined with the aqueous extract
and refluxed with hydrochloric acid (2.5r,r) for 30 min. The aglycones so forrned were extracted
into chloroform and analysed by chromatography as above.

Jøceidin.-Crude jaceidin from chromatography above, was crystallised from acetone-
water (l : l) as yellow needles, m. p. 99-100". From benzene it formed rosettes of needles,
m. p. Itt-II2", and after drying at l25"110-6 mm. had m. p. 165-166"; on standing, it ab-
sorbed water, giving m. p. 99-100". It was identical in i.r. and u.v. spectra with an authentic
specimen (lit., m. p. 127-136") 10 (Found: C, 57.3; H, 4'7. Calc. for CrsHr6O8,H2O : C, 57'I;
H, 4'8%); ).n,o*. (ø) in ethanol 255, 270,354 m¡r (log e 4'25, 4'19, 4'35) (à) in ethanol containing
sodium ethoxide (0.1n) 2?5, 330, 400 m¡-r. (log e 4'11, 4.17,4'34), (c) in ethanol containing
aluminium chloride (5%) 245,265, 385 m¡r (log e 4.0O, 4.2I, 4.3I), (d) in ethanol saturated with
sodium acetate 273,3ís:,374 mçr (log e i.sf,-4.09, 4:22), (a) in ethanoì saturated with sodium
acetate and boric acid 273,316, 374 rn¡r (log e 4.33, 4'08, 4'22); v-,*.3582,3280 (OH), f655,
1610, 1600, 1578, 1558, 1516 cm.-r (C=O, C=C) ; n.m.r. in CDClr, -2'86 (C'-OH),2'30 (Cr-H),



2.32 (Cu;H), 2.9õ (Cõ.-H), 3.41 (CB-H), 5.96, 6.04, 6.14 t (OMe) , (f *ø.: 0.0 c/sec,, f *¿n: 2.0
c./sec., fporo: O).

iaceidin dimethyl ether, m. p. 158-159', identified by comparison with an authentic
specimen,l. had n.m.r. in CDC\, -8.05 (C6-OH), 2.22 (Cu,-H), Z.ZZ 1Cr,-tt¡, Z.g7 (C..-lH),
3.44 (CB-H), 6'00, 6.05, 6'14 t (OMe, B : I : t), ,f as above.

Jaceidin trimethyl ether, m. p. 142-143", identified by comparison with an authentic speci-
men,10 had n.m.r. in CDCI, Z.Z4 (C6,-H), 2.25 (Cz,-H),2.96 (45,_H), B.2f (Cs_H), 5.98, 6.04,
6.08. 6.12 c (OMe, I : 3 : I : 1), / as above.

din (504 mg.) w
rature for 4 hr.
needles, m. p. I

requires C, 59'3; H,4.5%); ),.tax.Z4B, BZ5 m¡i. (lo6
in CDCI, ca. 2'3O (Cr,-H, Cu-H), cø. 2.80 (Cu;H), 2.Zt (Cs-H), 6.03, 6.11, 6.f Z (OMe), 7.56,
7.61, 7.63 e (OAc).

'We are grateful to Professor Lord Todd for interest and encouragement. We are indebted
!9 Mt.. H. L. G. Stroyan for identification of insects, to Professor L. Hörhammer and Dr. T. J.King for many reference samples of flavonoids, and to Dr. H. Descimon for specimens ot Møcr-o-
s iþ honiell a ar tetni s i ae.
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Iìolrowlxc the completion of structural studies on the
aphins 3-6 our attention has lately been directed towards
groups of non-aphin pigments. Some of these have been
found co-occurring with aphins; others are apparently
restricted to specific aphid genera, although the pos-
sibility that they may be more widely distributed cannot
be excluded, in view of the geographical limitations
that usually attended collection of material. A pre-
liminary examination t has shown that aphid pigments,
in general, possess considerable structural and presum-
ably biogenetic similarities. They invariably occur in
the insects as glycosides, hydrolysis of which leads to
Cro aglycones, trsually polycyclic quinones. All can be
visualised as being formed by oxidative coupling of two
Cru units related to 1,3,8-trihydroxynaphthalene, pro-
cesses for which close parallels in ailro have recently
been found.2'0,7

In this Paper we are concerned with pigments, found
in the gerrus Hormøþhis (previously known as Høtnanrc-
listes). These were first described in detail by
MacDonald,s who obtained them from the British
H. I¡cttilina (Horvath) (previously H. betu.lae), which
palasitises birch, and from the North American .F/.

sþinosus (Shimer). Such insects contained, instead of
protoaphin,s a red glycosidic heteroaphin, wl-rich, on post
rnortenr enzymic action or on treatment with acid, gave
a red fluorescent aglycone, rhodoaphin. The suffixes -å¿

or -sþ, clerived from the species of origin, wcre appencled
to their names where appropriate, following the system
empl<rye<l in nanring aphins, e.g., erythroaphins -Jb, -sl,
and -tt (I, II, III; Iì : R' : H, respectively),

Re-examination of tlris problern in tlre light of recent
lvork on the aphins 3-6 has been in Progress for sotne
years but has been irnpedecl by the scarcity of 11'

bel.ulina in the Carnbri<lge area. Hormaþhis sþþ. are
rnembers of the Thelaxiclae, no othcr examples of which
havc been examined chernically. Their distinctive
appearance ltas been described previously.s The nature
of their pigments reflects this taxonomic difference
from aphin-containing species. They were found in
successive seasons on only tlte same few trees an<l they

r Part XXXI, J. H. Borvic, D. W. Catncron, J. A' Findlay,
an<l J. A. I(. Quar:tey, Nature, I966, 210, 305.

2 Part XXX, G. M. Ellackburn, D. W. Carneron, and H' W.-S.
Chan, ,[. Chetn, Soa. (C), f966, f836.

3 D. W. Canreron, Il. I. T. Cronrartie, D. G. I. I(ingston, and
Lord 'fodtl, J. Chem. Soc., 1964, 51.

. D. W. Camcron, Iì. I. T. Cromartic, Y. 1{. Hamied, P. Nf'
Scott, ¿n<l l.ord l-odd, J. Chem. Soc., 1964,62.

J. Chem. Soc. (C), 1967
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tle-investigation of the pigments of Hormaphis (Hamamelistes) species shows that rhodoaphin-óe is a dihydroxy-
erythroaphin, structurally analogous 10 dihydroxyerythroaphin-fb but stereochemically belonging to the -¡t series.
This follows both from spectroscopic considerations, and its epimerisation to dihydroxyerythroaphin-lrb on mild
treatment with acid and is consistent with its behaviour on catalytic hydrogenolysis. Rhodoaphin is the f¡rst
derivative of erythroaphin-¿f to be obtained from natural sources. lts precursor, heteroaphin, which occurs in the
living insect is consistent, spectroscopically, with being a simple rhodoaphin glycoside but has not been examined
indetail. ThetriglyceridecontentonH.betulinaissimilartothatofotheraphids. Myristateisthemajorcomponent
together with smaller amounts of palmitate and laurate.

colonised relatively slowly. The work described in
this Paper was carried out on material collected during
each of the years 1963-1965. This led to a combined
yield of 16 g. of insects from which cø. 6O mg. of rhodo-
aphin-be could be obtained.

Me

Me

o

Me (I)
OH

(II)

OMe o
o

e H
Me

Me o

o

Me (ilr) Me (tv)

MacDonald I concluded that rhodoaphins rvere di-
hydroxyerythroaphins having a furtlrer oxygen atom
with some other function. This was consistent rvith
their partition behaviour and light absorption. 'l'he

latter rvas identical in character with that 0f dihydroxy-
erythroaphin-fb (I; R: R' : OH)e having a slight
bathochromic shift (l-2 mp). I-ike clihyclroxyerytlrro-
aphin-fb, rhodoaplrin underwent reduction rvith zinc
and acetic acicl. Whereas the former compouncl
vielded erythroaphiny'å under these conditions,{ the
latter gave an erythroaphin-like procluct which could
not be obtained homogeneous. Our results are itt
considerable agreement with these observations ancl

conclusions. In addition, the mass spectrutn of rhoclo-

5 A. Calderbank, D. W. Camcron, R. L T. Cronrartie, Y. Ii.
Hamied, Iì. Haslam, D. G. L I(ingston, Lor<l Todd, arrd J. C.
Watkins, .1 . Chem. Soc., 1964, 80.

6 D. W. Camcron and H. W.-S. Chan, ¡I. Chem. Soc. (C), 1906,
I 825.

? I). W. Cameron, H. fil.-S. Chan, and Iì. M. Hildyard, ./.
Chent.. Soc. (C), 1966, 1832.

¡ S. F. MacDonald, ¡I. Chem. Soc., 1964, 2378.
e B. ll. Brown, A. W. Johnson, S. F. MacDonald, J. Iì..

Quayle, and A. R. Todd, /. Chcm. Soa., 1952,4928,

o

Me
OH

OH

o

HR
o

OH
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aphin-åe (Figure l) contains a ¡nolecular ion (ule 542),
shonn by exact mass measurerne¡rt to correspond to
CmH2zOr'+. This is isomeric rvith dih¡'droxyerythro-
aphiny'ä (I; R: R': OH). l\foreover, the spectra
of these trvo compounds are identical in the region
above rnle 600. (Below this point tlte spectrum of the
y'å derivative, which has been analysed previously,ro
is non-reproducible due to thermal decomposition rvhich
accompanies fragmentation as a consequence of its
extreme involatility.) Since in aphin derivatives,
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absent from specimens analysed immediately after
drying, i.e., the true molecular formula is C*HrrOto.
The alternative possibility, that the extra oxygen is
covalently bound to the system in such a way as to be

eliminated rapidly from the molecular ion in the mass

spectrometer is inconsistent with nuclear magnetic
resonance (n.m.r.) studies described below.

The n.m.r. spectrum of rhodoaphin-Óa (Figure 2) is
remarkably simple and permits the assignment of every
proton in the molecule, hydroxyls apart' Each of the
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FrcuRE I llass spectrum of rhodoaphin-Dø

s50

stereochemical variation does not give rise to appreci-
able change in the mass spectmm,ro these results are

compatible with rhodoaphin-Dø being a stereoisomer of
dihydroxyerythroaphiny'ö. The additional oxygen

5 7 I
T

doublets in the methyl region interaets with a quartet
due to methine protons (J : 0'r c'/sec')' These signals

and that in the aromatic region are all observed at
chemical shifts appropriate to aphin derivatives.lr If
it is now assumed, as will subsequently be confirmed,
that rhodoaphins indeed contain the same carbon skeleton
as erythroaphins, the only possible formulation con-

sistenl with this spectrum is a stereochemical modific-
ation of dihydroxyerythroaphiny'å (I; R: R' : OH),
which also is in agreement with the mass spectroscopic
evidence above. (The n.m.r. spectrum of the -/ó isomer

was not available for comparison with Figure 2, because

of this compound's relative insolubility.) The sim-

aeßa., 'lhis rs conslstent wrtn assrgnments Prevrousry
made for erythroaphin derivatives,ll namely, that
resonances due to the benzylic 'CHCH' occur at lower

field both in the methine and methyl regions of the
spectrum.

Preliminary experi¡nents to confirm these conclusions
chemically began with the reductive conversion of
rhodoaphin-be into an erythroaphin, as reported by
MacDonald.s On the basis of the structure discussed

above, this reaction would involve removal of
hydroxyt grouPs which are not only benzylic but which
also form part of hemiketal systems, a Process described

rr D. W. Cameron, R. L T. Cromartie, Y. K. Hamied' P. M.
Scott, N. Sheppard, and Lord Todd, ,f. Chen. Soc., f964, 90'

ó43

F¡cune 2 Nuclear magnetic resonance sPectrum (100 Mc./sec')
of rhodoaphin-Da in perdeuterioacetone at 80o (t resonances
due to pa¡tially deuteiated solvent; t resonances due to water
or hydroxyl groups),

atom, found by MacDonald I and confirmed by us on
combustion analysis of crystalline rhodoaphin, is

ro J. H. Bowie and D. W. Cameron, J. Chcm, Soc' (B), t906,
684.

3¡
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scale. It is worth noting, hotvever, in agreetnent with

R' : H).
Confrimation of structure (III; R : R' : OH) for

inTOo/o yield, the product being identified by comparison

t2 D. 'W. Cameron, R. I. T. Cromartie, Y' I(' Harnicd, B' S'
loshi. P. M. Scott, and Lord Todd, ,f' Chetn' Soc', 1964, 72'
'-il--b. W. Cu^rrot and H. W.-S. Chan, unpublished rcsults'

J. Chem. Soc. (C), 1967

with an authentic specimen.e The greater thermo-
dynamic stability of derivatives of erythroaphiny'å
over -tt or -sl is attested to by many reactions.4'rz The

of dihydroxyerythroaphiny'ó, coupled with its strong
absorption over much of the spectral range has not yet
permitted this to be done.

In the course of this work, a quantity of H' sþirtosus,

collected in Ontario, \lras made available to us through

series have previously been made by photochemical
isomerisation o1 -fb or -sl derivatives.r2 Rhodoaphin,
however, is not accessible by synthetic methods at present

available; introduction of hydroxyl grouPs into positions

R and R' in compound (III) by such methods leads
exclusively to products of the y'å series'a

Tlre non-availability of H. beluliøø during 1966 has

precluded a systematic investigation of heteroaphin to
ãate. Small scale experiments have, however, confrrmed
MacDonald's data for this compound.E It is rvorth
noting that its visible spectrum (À,o,. 443, õ15, 651 m¡-t)

is similar in character to that of the erythroaphin

insects become available'
In addition to these studies, the composition of the

It is noteworthy tlrat no glyceride of sorbic acid was

clctccted, clespite its presence in substantial amounts in
T'uberolachnus saligmts and' Døctynohrc jøceae.r6 There

is no obvi<¡us correlation between pigmentation and fat
content in aphid species that have been examined up to
the present.

EXPERIMENTAL

The mass spectrum rvas dcternlincd by the direct inser-
tion technique using an A.E.I' NIS9 mass spectrometer

r{F
tu J.

E. Strong, Hilgørilia, 1963, 34, no' 2, 43'
H. Bowie ancl D. W. Cameron, J. Chem. Soc., 196õ' õ6õ1.
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operating at 70 ev, ttith a source temperature of 375o.
Exact nass measurement rvas carried out at a resolution
of 15,000 (10f,/o valley defrnition) to an accuracy of l0
p.p.m.; heptacosafluorotributylamine rvas used to pro-
vide reference mass. The term " light absorption ,' ¡efers
to u.v. and visible absorption spectra.

Collection o/ H. betulina.-Birch leaves infested rvith
H. bett¿lina rrere collected and the insects gently dislodged
rvith a snall metal spatula. For extraction of heteroaphin
they rvere rvorked up on the same day; for rhodoaphin,
they could be stored for at least a year at - I5. lvithout
appreciable loss of pigment.

Rhodoaþhin-be.-Specimens of ff. betulina (5.5 g.) were
ground in phosphate bufier at pH 6'0 (cø. l0 ml.) in a large
centrifuge tube and the mixture set aside for B0 min. at
room temperature, to permit enzymic âction, Acetone *'as
then added to dissolve the pigment, the mixture centrifuged
and the intensely red supernatant liquors collected. A
further portion of acetone rvas added to complete the extrac-
tion; it is important that the total volume be kept to a
minimum. Sufficient ether and u'ater were then added to
form a trvo-phase system. The red ether-solubles were
collected, rvashed rvell u'ith u'ater, dried (Na¡SO.), and
solvent evaporated to dryness under reduced pressure.
The residue rvas chromatographed on silica gel (B.D.H.,
for chromatography). Benzene eluted a pale yellow frac-
tion containing fats and a trace of carotene hydrocarbon,
as evidenced by its light absorption. Benzene-ether
mixtures yielded rhodoaphin-ö¿ as the only other component.
After evaporation of solvent, the residue rvas warmed gently
rvith light petroleum (b. p. a0-60o) to remove residual fat
and then recrystallised from ethanol to form deep red
crystals (la mg.). Re-chromatography of the mother-
liquors follorved by recrystallisation gave a further 2 mg.
A sample rvas dried at 80" for 4 hr. and analysed immediately
(Found: C, 66.7; H, 4.3. CaoH22Oro requires C, 66.4;
H, 4.L%), h= (ir CHCIa) 428, 454, 4gr, 527,568.5, õ06 m¡l
(log e 4.37, 4.õ0, 3.79, 4.O2, 4'16,3.70) ; v** (KBr disc,
OH region obscured) 1630, 1570, 1480, l4¿ð;- I4ZO, t975,
1288, 1250, 1230, 1172, t155, ltt0, 1070, 1040, 972, 940,
880, 850, 830, 760, 728 cm.-l; n.m.r. (Figure 2), singlet
at t 3.18, quartets at 4.75,5'30, doublets at 8.21, 8.60.
Chromatography on Whatman 3l\Iltf paper in the system
chloroform saturated rvith u'ater: R¡ values for rhodoaphin
and dihydroxyerythroaphin-Jb ca., 0'9 and 0.5, respectively.

Similar extraction oî. H. sþinosus gave rhodoaphin-sf,
indistinguishable from the product above in light absorption
and rRl value.

Helercaþhin-be.-Live H. betulìna (1000 insects, 350 mg.)
rlara mq¡arataá.',i+h a¡alana /Ã ñl \ 'l'L:-,:-^^¿:,.^t^^ ¿L^

\u ¡¡¡¡.r. r¡¡rJ ur4vt¡v4Lçù L¡¡ç

enzyme responsible for the conversion of heteroaphin to
rhodoaphin. The extract was separated by centrifuging
and sufficient ether and water added to form a two-phase
system. The red water-soluble fraction, containing most
of the colour was repeatedly extracted rvith ether to remove
acetonecompletelyand thenextracted withn-butanol. The
extract ivas washed r,+'ith tvater and solvent evaporated
in aacuo to yield crude heteroaphin. Redissolved in
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ethanol, the product had, ).r"r. 443, 5lõ, 551 m¡r. The
spectrun indicated no detectable quantity of aphinin r
to be present, though this remains to be confirmed when
larger amounts of material become available. On brief
rvarming with dilute hydrochloric acid, heteroaphin was
converted into rhodoaphin,s identifred by light absorption.

Triglyceriiles.-The fat-containing fractions from the
extraction of H . betulinø were combined, solvent evaporated
and the residue re-chromatographed on silica gel. The
product showed only end absorption in the u.v, It was
analysed 16 and shown to contain myristate (7 4%) , palmitate
(23%), and laurate (3olo).

Dihyd.roxyerythroaþhin-fb.-A solution of rhodoaphin-óø
(2.5 mg.) in trifluoroacetic acid (3 drops) was left at
room tempe¡ature for 30 min. (Prolonged standing or
evaporation of solvent caused extensive decomposition.)
Dilution with light petroleum (b. p. 40-60o) gave a deep
red precipitate. This was frltered ofi, washed with
petroleum and recrystallised from ethanol to yield di.
hydroxyerythroaphiny'ö (f .8 mg.), identical with an authen-
tic specimen in light absorption, i.r. spectrum and R1 value.

Hyibogenolysis of Rhodoaþhin-be.-(a) A solution of
rhodoaphin-åa (0'5 mg.) in dioxan in the absence of light
and the presence of Adams catalyst (2 mg.) was hydro-
genated for 3 hr. The mixture was frltered and the ñltrate,
containing products in the hydroquinone form, set aside
to reoxidise (3 hr.) at room temperature.' Solvent was
evaporated at 40o and the product chromatographed on
Whatman 3MM paper in benzene-light petroleum (2: l).
The main product was eluted with chloroform. Its light
absorption (\^* lZa, 450, 488, 624, 66õ, 59f m¡.t) corres-
ponded to that of hydroxyerythroaphiny'b.e Rechromato-
graphed, it gave two incompletely resolved spots, the major
having .Rr 0.40, the minor, Rr 0.28. Hydroxyerythro-
aphin-/b, erythroaphins, and dihydroxyerythroaphiny'ó in
this system had .R¡ values 0.25, > 0.9, < 0.1, respectively.

(b) A minor product of the reduction above was an
erythroaphin fraction. This was obtained in larger quantity
when hydrogenolysis of rhodoaphin-b¿ was carried out for
12 hr, No hydroxyerythroaphin was obtained unde¡ these
conditions but appreciable amounts of by-product having
J?¡ 0 were present. The erythroaphin fraction was eluted
with chloroform (À.n* 421, 447, 486, 542, õ68, 588.5 m¡r).
On re-ch¡omatography in light petroleum-benzene (4: l)
it was resolved into a major and a minor component having
Rr values 0.40 and 0.12, respectively, indistinguishable
from erythroaphins-lÍ, and -fb. The spot due to the former
component tailed, obscuring the region where erythro-
aphin-sl (Rf : 0.34) would have been observed.

ñ:L--r-^____ - ,_uuryuruÃycryluru¿r,p[ur-Jro was requceo srmuarly, wltlt
results reported in the Discussion.

We are grateful to Professor Lord Todd for encourage-
ment. 'We thank H. L. G. Stroyan for identiñcation of
insects, and S. F, MacDonald and the Canadian Department
of Forestry for a supply oi H. sþinosus. The award of an
I.C,I. Fellowship (to J. H. B.) is gratefully acknowledged.
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Colouring Matters of the Aphididae. Part XXX|ll r. Dactynaphins

By J. H. Bowie and D. W. Gameron, University Chemical Laboratory. Cambtidge

Aphids of several Dactynotus species contain a d¡stinct group of pigments termed dactynaphins. Like the aphins'

these substances occui in living insects as glycosides. Following the insects'death, they are enzymically çonverted
into a mixture of red and yellow aglycones consisting chieÍly of the isomeric, interconvertible rhodo- and xantho-
dactynaphins-7b-1, CsoH2;O12. Smaller quantities of a similar pair of isomers, rhodo- and xantho-dactynaphins-
jc-2,' Cs:þHzs1ir, are ilio-þresent. Preliminary investigation shows these compounds to be structurally r€lated to
the aphins.

lr.¡ addition to the aphins 2-a and Hormaþhis pigments,l
a third group of aphid constituents has also been

examined. Its occurrence has so far been confined to
seven Dacl5tnot'us species,õ for which reason its members

have collectively been termed dactynaphins. The
term " aphin " is restricted to the Proto-, xantho-,
chryso-, and erythro-aPhins.

ln ttre earliest survey 0'7 carried out in this laboratory,
it was observed that the bronze coloured D. jaceae L'
and D. cirsü L. contained non-aphin pigments. These

insects parasitise knapweed and thistles,.respectively,
during t-he late summer. (The latter species is notable
in thãt individuals frequently attain relatively large

the more readily available of the two. There was,

however, no detectable difference in pigment composition
between it and D, citsü as indicated by spectroscopic

and chromatographic comparison of their respective

extracts. Difierent subspecies of. D. iaceae or specimens

weed C. scøbiosø.
In common with other aphid pigments, dactlmaphins

occur in the living insects as glycosides. Following the
r Part XXXII, J. H' Bowie and D. W. Cameron, preceding

Paoer.- --t b. W. Cameron, R. I' T. Cromartie, P' M' Scott, and Lord
Todd, "f. Ch¿tn. Soc.,1964, õ1.--;-b"Ú, c"-".oí, R. t. T. Cromartie, Y. K. Hamied, P' M'
Scott, and Lord Todd, J. Chem. Soc.,1964' 82. ---ï Â. Cideruant, ó."w. c"-"ton, R. I. T. C¡omartie,Y' K'
ffa."i"a, È. Haslam, D. G. I. Kingston, Lord Todd, and J' C'
Watkins, J. Chem. So¿., 1964, 80.

insects'death or on treatment with acid, these substances
are converted into a mixture of aglycones a process which
also has been efiected enzymically in ailro using aqueous
extracts of D. jøceae. Full discussion of the glycosidic
precursors is reserved for a subsequent Paper.s The
aglycones were obtained in crude form as a pink coloured
solid in yield of up to 0'7õo/o of the live insect weight.
Thinlayer chromatography (t.l.c.) showed this to be a
mixture consisting essentially of two red and two
yellow components. These compounds, as will be seen,

are inter-related. Accordingly, they are termed rhodo-
dactynaphin -j c-l anð, -j c-2, and. xanthodactynaphinT'c-l
and. -jc-Z, respectively, each of them derived from a
glycosidic protodactynaphin.s Following a system of
nomenclature employed for the aphins,6 a suffix-ic,
indicative of species of origin is included. However, the
occurrence of dactynaphins difiers from that of aphins
in one significant respect, necessitating the further
differentiation implicit in the suffixes -l and -2. In
the former group, mino¡ structural or stereochemical
variation, such as distinguishes aphinsy'ä from aphins-sl,
is not characteristic of a particular species of origin but
has been found in all Dacüynol'us species examined, i.e.,
whereas A. fabae and Tuberoløchnus salígnus contain
only aphinsy'ó and -sl, respectively, D. iaceae and the
other Daclynoúøs species contain both dactynaphinsT'c-l
and -jc-2.

Following the initial observations on D, jaceae anð.

D. cirsü further work 0 at Cambridge showed that D'
üanøceti L. and D. tøraxaci Kaltenbach also contained
non-aphin pigments qualitatively similar to dactyn-
aphins but not examined in detail. More recently while
tñe present work was in progress, Weiss and Altland 10

reported some preliminary observations on two red
substances derived from the North American species

D, rudbechia¿ Fitch and D. øn,brosiae Thomas. Through
the ôourtesy of Dr. U. Weiss, \re were enabled to compare
extracts of these and of a further North American species,

D.nigrol,uberculatusThomas Olive, with that of D, iaceae.
All contained the same four components, evidenced by
chromatographic behaviour. Weiss and Altland's

720.¡ B. S. Joshi, Ph.D. Thesis, Cambridge (Mõ)'_-
r0 U, Wãiss and H. lV. Altland, Naluie, f 966, 20?, 1295.
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rhododactlnaphins A and B were indistinguishable
fronr ¡hododactynaphinsyc-2 and -7c-1, respectively.
In tlre case of t}lre -jc-Z (A) isomers, chromatographic
comparison rvas supplemented by the identity of their
i.r. and nuclear magnetic resonance (n.m.r.) spectra.

Despite the fact that dactyraphins are susceptible to
base-cata-lysed decomposition, samples of D. jøceøe can
be stored at -lõo for a year u'ithout appreciable loss of
pigments or change in composition. Preparative-
scale extraction followed by chromatography on silicic
acid led to the isolation of three of the four compounds
already described. A mixture of rhodo- and xantho-
dactlnaphins-jc-2 rvas eluted frrst. The latter being
present in small quantity, could not be separated
from the mixture; it has not been obtained in greater
than spectroscopic amounts. Further elution then
yielded a mixture of the two -1c-l isomers. they were
obtained in c¿. ten times the amount of the -jc-Z, and'
in quantity sufficient for their separation by fractional
crystallisation. All these compounds form solvates
readily, as evidenced both by elemental analysis and
n.m.r. spectroscopy. Rhododactynaphin-7b-I, was
sho'*rn thereby to solvate stoicheiometrically with I mole
of chloroform or of benzene. In the former case, solvent
could not completely be removed even on prolonged
drytttg. Exact mass measiurements of their respective
molecular ions established molecular formulæ as

Ca'H2sOp for both rhodo and xanthodactynaphins-yc-l
and Ca.H2sOu for rhododactynaphin-jc-2. Xantho-
dactynaphin-jc-2, rn the light of experiments described
in the following paragraphs, u¡Íts assumed to be isomeric
with the corresponding rhodo-compound.

A close structural relationship between the 7b-l and
-jc-2 series is shown by their general similarity both in
physical properties and simple chemical behaviour.
Both rhodo<ompounds were presumed to be quinones
because on mild catalytic hydrogenation they were'
converted into pale yellow quinols which readily under-
went atmospheric reoxidation. The xantho-compounds
on the other hand were stable to mild reduction. AU
four compounds we¡e relativd stable in solution in
organic solvents. In aqueous buffer of pH 6, however,
rhododactynaphinT-l underwent a striking reaction.
(Solutions of dactynaphins at this pH are readily pre-

- r -?-- -- ¿L--- ---L-r----- ---a-:- --l-^:--^l-- --:l:^Pareq, slncg uresc suusLa¡rçËs uu¡llitur lttalL¡vç¡y 4ururu

hydroxyl groups.) Within I hr. at room temperature
the colour of the solution, initially red, had faded and
a nearþ quantitative conversion to xanthodactyn-
aphinf-l resulted. The two compounds being isomeric,
it is concluded that in aqueous but not organic media,
equilibration between them proceeds at an appreciable
rate and favours the xantho-compound. Changing the
pH of the solution does not substantially affect the
rate of equilibration or position of equilibrium. (How-
ever, the extent of variation possible is limited by the
com¡rounds' instability at extremes of pH.) The process
was unafiected by being carried out in the absence of

tt J, H. Bos'ie and D. W. Cameron, J. Chem. Soc. (Cl, following
Paper.
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light. The reverse conversion was most readily demon-
strated chromatographically. Xanthodactynaphin-7c-l
was adsorbed on thin-layer plates coated with Kieselgel,
left to stand foî 8 hr. at room temperature and the
chromatograms then developed. Substantial conversion
to the analogous rhodo-compound resulted. Chromato-
grams developed immediately after adsorption, on the
other hand, contained only starting material' The
nature of this adsorptive isomerisation was not examined
in detail. It serves, however, to confrrm the close re-
lationship between rhodo- and xantho-compounds, a
factor that has facilitated structural work. Since
separation of the two isomers by fractional crystallis-
ation is of limited efficiency, the conversion of mixtures

400
Wovelength (ryu)

Frcunr I Absorption spectra of rhododactynaphin-ic-l
(- - - -) and xanthodactynaphinTc-l 1-) iu ethanol

of the two into essentially pure xantho-compounds is use-
ful also in allowing considerable economy of material.

Similar interconversions have been observed involving
the two dactynaphinsTc-2, although in this case the
rate in either direction is noticeably lower than for the
-7c-l series.

îhe simiiarity in moiecuiar Íormuiæ beiween riactyn-
aphin aglycones and the fluorescent aphins 4a together
with the fact that both series of compounds are derived
from glycosidic precursors suggests that they may
possess structural elements in common. This is sup-
ported by spectroscopic evidence, The n.m.r. spectra u
of dactynaphins are resolvable in the methyl region into
four partly overlapping doublets as in an unsSrmmetrical
aphin derivative.rz In the i.r. their most prominent
peaks are due to hydroxyl and H-bonded carbonyl
groups. The ultraviolet-visible absorption spectra of
the -ic-l series are shown in Figure l; those of the
two -jc-2 isomers are indistinguishable from them.

rr D. W. Cameron, R. I. T, Cromartie, Y. K. Hamied, P' M.
Scott, N. Sheppard, and Lord Todd, ,/. Chem., L964,90,
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Experiments aimed at structure elucidation were directed
first towards the rhodo-compounds in the hope of
establishing the chromophore responsible for their absorp-
tion at õ04 mp. Reductive acetylation of rhododactyn-
aphinyc-l was carried out on a spectroscopic scale.
It led to a pale yellow product whose highest absorption
band was an inflection at ca.34O mp. This suggests that
the rhodo-compounds are not polycyclic quinones and
that chromophorically they are no more complex than
naphthalene derivatives. Few oxygenated naphtha-
quinones absorb above 500 mp. Notable exceptions are

those which contain two oxygen substituents þeri to
the quinone carbonyl groups, ø.g., naphthazatin or

22o 300 400 soo s80
nlc

F¡cunn 2 Mass spectra of (A) xanthodactynaphin-ic-l and
(B) rhododactynaphin-1ø-1

naphthopurpurin (I; R: fI, R: OH, respectively).
Both these substances in organic solvents absorb in the
same spectral region as rhododactynaphins but with
some differences in the character of the absorption band.
However, the visible spectrum of rhododactynaphin-ic-l
boroacetate, prepared at room temperature, was almost
identical with that of naphthazarin. In sulphuric acid,
on the other hand, the dactynaphin was spectroscopic-
ally almost indistinguishable from naphthopurpurin.
While these observations do not permit detailed de-
ûnition of the chromophore, they nevertheless suggest
strongly that it is closely related to system (I; f,:
oxygen substituent). This has amply been confrrmed
by subsequent experiments.

The mass spectra of the two dactynaphins-7c-I
(Figure 2) are (apart from a few additional peaks in the
spectrum of the xantho-compound), very similar, con-
sistent with the ease with which they undergo chemical
interconversion. Certain fragmentations of the molecular
ion are evident, characteristic of systems containing the
aphin side chain, ø.g., loss of methyl, water, and acetal-
dehyde. The most interesting fragmentation Process
in both spectra, however, leads to an ion }rarving mle

J. Chem. Soc. (C), 1967

290, i.e., half the molecular rveight. Its subsequent
fragmentation pattern is strikingly similar to that of
the molecular ion (mle 290) derived from the quinone A
(II¡,2'rg a degradation product of protoaphiny'å. (This
excludes differences of intensity unexceptional in spectra

Me

R

(r) OH (II)

obtained at high temperatures using the direct insertion
technique.) The simplest explanation of this process
is that the dactynaphins-7c-1, although chromophorically
related to the system (I), undergo mass spectroscopic
cleavage to give an ion derived from quinone A (II) or
stereoisomers thereof, as the only product, i.e,, the
dactynaphins are, formally, dimerisation products of
this system. Confrrmation of this conclusion and deter-
mination of the mode of dimerisation follow from the
degradative experiments described in the following
Paper.

EXPERIMENTAL

Melting points were measured on a Kofler hot-stagc
apparatus and are uncorrected. Light petroleum ¡efers
to the fraction having b. p. 40-60", silicic acid to Mallinc-
krodt 2847. Unless otherwise stated, i.r. spectra were
measurecl as KBr discs and u.v, and visible spectra in 951"
ethanol, The term " light absorption " refers to u.v. and
visible spectra. N.m.r. spectra were measured at 100
Mc./sec. in per deuterioacetone (unless otherwise specified)
using tetramethylsilane as internal reference. Mass spectra
were determined on an A,E.I. MS I mass spectrometer, by
the direct insertion technique, with the source temperature
at approximately 300'. Exact mass measurements were
cartied out at a resolution of lõ,000 (l0o/o valley defrnition),
using heptacosafluorotributylamine to provide reference
masses, and were correct to l0 p.p.m,

Isolalion of Døctynøþhin Aglycones.-Specimens of D.
jaceøe (160 9., stored at - 16o for 3 months) were macerated
in citrate-phosphate bufier of pH 6.õ (500 ml.) and set
aside for I hr. at room temperature, The mixture was
centrifuged, the supernatant liquors kept to one side (see

below) and the solid residue extracted with acetone (2 x 260
ml.). The combined extracts were kept at -16o for 30
min. to deposit triglyceride tr 14.õ B.). the frltrate was
then evaporated to dryness inaøcuo. The oily residue was
redissolved in warm methanol (250 ml.) and after cooling
at -16o, deposited further triglyceride (3'6 S.). Evapor-
ation of solvent in uacuo then gave an oil which was re-
dissolved in chloroform (solution A).

The origioal bufier extract of D. jeceae (above) was
extracted with chloroform (õ00 ml.) and the resulting
emulsion centrifuged to separate the phases. The tan-
coloured aqueous liquors were used as the source of enzynre
in subsequent experiments. The chloroform extract was
combined with solution A, washed with water (100 ml.),

rr J. H. Bowie and D. W. Cameron, J. Chcm.Soc. (A), f966,
684.u J. H. Bowie and D. W. Cameron, J. Chcm, Soø., 1906, õ0õ1.
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dried (ìiarSO.), and the solvent evaporated under reduced
pressure to give a red oil. This rvas triturated rvith light
petroleum (5 X f0 ml.) to remove a further quantity of
triglyceride (2.3 g.). The pink residue (925 mg.) consisted
of crude dactynaphins, ç'hich rvere then chromatographed
on a column of silicic acid (30 x õ crn.). Elution rvith
chloroform gave successively residual fats (100 mg.), a
brorvn gum (55 mg.), a red band (f -g.) identical in l?¡ value
and light absorption rvith erythroaphin-/å, and a further
discrete ¡ed band containing rhoiloilactynaþhin-jc-Z (27 mg.
after crystallisation from benzene) together rvith a little
xanthodactynaphin-jc-2 *'hich rvas detected by t.l.c. but
not isolated. Elution rvith chloroform-+thanol (50: 1)
gave a mlrture of xantho- and rhodo-dactynaphins-1c-l
(312 mg.). This rvas dissolved in hot chloroform (2ã ml.),
crystallisation proceeded rapidly and the product, *antho-
doctynap¡¡n-jc-f (95 mg.), ñltered off before the mixture
had cooled to room temperature, The frltrate was con-
centrated successively to lõ, 10, and 7 ml. and further crops
of the xantho-compound (a2 mg.) obtained in the same way.
The frnal ñltrate on standing overnight then deposited a
mixture of the xanthe and rhodecompounds (7õ mg,).
Concentration of the filtrate to õ ml. followed by slow crystal-
lisation at room temperature during several days gave
rhododaclynaþåiz-jc-f (33 mg.). Evaporation of the ñltrate
and crystallisation of the residue from benzene gave a
further quantity of the rhodo-compound (68 mg.).

T.l.c. examination of crude de-fatted extracts showed that
the four dactynaphins described above rrrcre the only
components present in signiñcant quantity. A similar
observation was made for crude extracts of. D. cirsii, D,
tudbechiae, D. ambrosiae, and D. nigrotuberculatus, For
rhododactynaphinT'c-1, -2, xanthodactynaphiny'c-1, -2,
.R¡ in chloroform-methanol (19: f ) 0.45, O.58, O'20, 0,22,
respectively, in chloroform-methanol (9 : f) 0.9õ, 0.95, 0.47,
0.53, respectively.

Rhododactynaþ hin-jc-2.-Rhododactynaphin-j c-2 (27 mg.)
rvas recrystallised from benzene to form rosettes of red
needles, darkening at 23O-24O" and decomposing at 290o.
A sample u'as dried at õ0"/10-8 mm. for 3 hr. (Found:
C, 63.7; H, õ.0. CsoIf*Orr requires C, 63.8; H, 6.0%),

^ßL 
277, 504 m¡r (log e 4.28, 3.57) ; À¡"6, 325, 390, 560 m¡l

(log e 3'88, 3'24,3'2õ). Its light absorption in boroacetic
anhydride and in sulphuric acid were indistinguishable from
those of rhododactynaphinT'c-l (1.u.), u** 3340, 3240,
2968, 2527, 2915, 1616, 1606, 1585, 1541, 1400, 1381, 1363,
1310, 128r, 1258, L240,1200, 1t63, t148, 1134, 1t12, 1104,
1073, 1060, 1046, t0I7, 970,967,932, go7,880, 8õ8, 835,
813, 798, 786, 768, 741,732,707 cm.-r. Exact mass measure-
ment of the molecular ion confrrmed the molecular formula
above.

Xønlhodaclynøþhin-jc-|.-XanthodactynaphinT'c-l (137
mg,) was recrystallised from chloroform as silky yellow
needles decomposing at 26O0. A sample was dried at 60" I
l0-¿ mm. for 3 hr. (Found: C, 62.1; H, 4'9. ,Ca.HzsOrz
C, 62.1; H, 4.5%), \.ßL282, 289, 326 m¡r (log e 4'23, 4.10,
4.02) ; Ì¡o¡. 246, 382 mp (log e 4.22, 3'86) ; in aqueous
buffer of pH 5.0 ÀmÉ 289, 323 m¡r (log e 4'09, 3'93), ÀhÂ.

380 m¡r (log c 3.6õ); in aqueous O.2u-disodium hydrogen

7ll
phosphate ,,n^*252,341, 406 m¡,t (log e 3.98, 4'2f, 3'80) ;

vms-. 3400, 3000, 2958, 2902, 166õ, 1632, 1483, 1460, 1375,
1355, 1333, t255, L275, 1200, 1r71, 1156, 1126, rr00, 1088,
'1068, 1026, 1003, 967, 930, 889, 860, 845, 8I3, 786, 766,705
cm.-r. Exact mass measurement of the molecular ion
conflrmed the molecular formula above.

Rhodod.øctynaþhin-jc-L.-RJtododactynaphinTc-1 (100
mg.) was recrystallised from chloroform as rosettes of red
needles, decomposing at 232" and from benzene as deep red
needles decomposing above 300o. The latter sample was
dried at 50'/10-3 mm. for 3 hr. (Found: Ç, 62'4; H, 4'7.
CroHrrO* requires C, 62'l; H, a.9fr), ì'n^L 277, õ04 m¡r
(log e 4.27, 3.57), l¡¡d.325, 390, 560 mp (log e 3'87, 3'25,
3'28) ; in sulphuric acid \âK 628, 564 mp, li"n.496 m¡r;
in acetic anhydride lmðx. 276, 390, õ10 mp, Iioa. 32õ, 570
m¡r.; in acetic anhydride containing boroacetic anhydride
)'mer õ00, 693, 577 mp; vm* 3316, 2984, 2935, 1629, 1612,
lõ80, 1495, 1450, t408, 1384, 132õ, t292,1268,1248,1208,
1t76, 1165, 1I20, 1077, 1062, 1045, 1015, 960, 93õ, 900, 886,
858, 819, 799,769, ?10 cm.-r. Exact mass measurement of
the molecular ion confirmed the molecular formula above.

Rhodo-Xantho-tlactynaþhin Inlevconuersions.-(a) A
solution of rhododactynaphin-yc-l (5 -g.) in methanol (l
ml.) was added to citrate-phosphate bufier of pH 6 (5 ml.).
After 30 min. at room temperature the orange coloured
solution was brought to pH 3 and extracted with chlorofornr.
Recrystallisation from chloroform gave an almost quanti-
tative yield of xanthodactynaphin-jc-l identified by light
absorption and R¡ value. Carrying out this reaction in the
dark under nitrogen did not affect the rate of inter-
conversion.

Similar treatment of rhododactynaphin-jc-2 and exanrin-
ation of the reaction mixture by t.l.c. demonstrated its
conversion to the corresponding xantho-compound but
Iess rapidly and in poorer yield. Insufficient material was
available to permit the isolation of xanthodactynaphin-
jc-2 on a preparative scale but a sample eluted from a
chromatogram possessed light absorption identical u'ith
that of t}re -jc-L isomer.

(å) Prolonged standing of xanthodactynaphin-jc-I in
bufier as for the rhodo-compound in (ø), follorved by extrac-
tion with chloroform (no acidification), yielded a trace of
rhododactynaphin-jc-1, identifred by its light absorption.

(c) XanthodactynaphinTc-l was applied to a thin-layer
chromatogram (Kieselgel), set aside for 8 hr., and then the
chromatogramdeveloped. Comparisonwith referencespeci-
mens chromatographed immediately after application,
showed a substantial conversion to rhododactynaphin-yc-I,
veriûed by the identity of its light absorption, following
elution with methanol, with that of authentic material.

A similar reaction was observed for xanthodactynaphin-
jc-Zbttttll.e extent of conversion to the corresponding rhodo-
compound was much lovver.

We are grateful to Professor Lord Todd for encouragement.
We thank H. L. G. Stroyan for identiñcation of insects.
The award of an I.C.I. Fellowship (to J. H. B.) is gratefully
acknowledged.
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Exprn¡urxrs described in the preceding Paper 1

establish that the four dact¡maphin aglycones are closely
related to one another. Determination of their struc-
tures requires the solution of two largely independent
problems, the relationship between rhodo- and xantho-
dactynaphins and that between the -jc-l and -1c-2 series.
It is in this order that they are considered here.

Like the protoaphins,e'g the two dactynaphinsTc-l
undergo reductive frssion to give a mixture of naphthalene
derivatives. Essentially, the same mixture was ob-
tained from both isomers, apart from small but chromato-
graphically detectable quantities of the respective
starting materials. This shows that the dactynaphins-
jc-l consist essentially of coupled naphthalenic units,
that they possess no readily reducible olefinic double
bonds other than may be involved in the fission process
itself, and that, despite the substantial chromophoric
difference between them, they possess a considerable
number of structural elements in common. This last
point was already evident from their ease of intercon-
version and the similarity of their mass spectra.l The
optimal conditions for reduction involved prolonged
catalytichydrogenolysisinethanolicsolution. Although
protoaphin undergoes hydrogenolysis much more rapidly
in aqueous than in alcoholic media,e the former was con-
sidered undesirabie in the present case because of the
rapidity of the rhodo- -> xantho-dactynaphin con-
version that would result. In ethanol, on the other hand,
this conversion does not occur to a detectable extent
and the results of reduction therefore are structurally
meaningful for both dactynaphin isomers. The main
product under these conditions, following aerial re-
oxidation of quinols to quinones, was the quinone A
(I; n: OH, R' : H) (0.8 mole), previously obtained
by reduction of protoaphiny'ó 2 and also implicated r

in mass spectroscopic fragmentation of both dactyn-
aphins. It was also obtained when neutral aqueous
sodium dithionite was used as the reducing agent. The
remaining products of hydrogenolysis were unstable to
air. One of them was obtained colourless and crystal-
line (0.4 mole) but proved too unstable for proper charac-
terisation. However, its u.v. absorption both in

r Part XXXIII, J, H. Bowie and D. W' Cameron, preceding
Paper.¡ D. W, Cameron, R. I. T. Cromartie, D. G. L Kingston, and
Lord Todd, J. Chem.Soc., 1964, 51.
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Colouring Matters of the Aphididae. Part XXXIV r. Rhodo- and Xantho-
dactynaphins
By J. H. Bowie and D. W. Cameron, University Chemical Laboratory, Cambridge

Fhodo- and xantho-dactynaphins undergo fission to form naphthaquinone derivatives related to the aphin pig-
ments. Two different modes of fission occur, one under reductive conditions, the other on lreatment with base.
Structures are proposed for xantho- and rhodo-dactynaphins-,¡b-1 . They resemble those of the aphins in consisting
of two naphthalenic units coupled together but differ from them in that coupling is effected through carbon-
oxygen rather than ca¡bon-carbon bonds. The smooth rhodo È xantho ¡ntorconversion is explained in terms of
the reactivity towards nucleophiles of the 8-position in derivatives of 5,7-dihydroxy-1,4-naphthaquinone.
Dactynaphins-/b-2 differ from the -lb-1 isomers in lacking a benzylic hydroxyl group. They contain the same non-
aromatic side chain as the plant pigment, isoeleutherin.

neutral media and in the striking hyperchromic shift
that accompanied basifrcation, closely resembled that of
2,4-dihydroxyacetophenone (Figures I and 2). More-
over, this same compound was also obtained in some-

300 4o0 500 óoo
Wovelcngth (m2)

FrcunB I Absorption spcctra of (-¡ naphthazarin, (- - - -)
2,6-, and (- . 

- ' -) 2,4-dihydroxyacetophenone in ethanol

what lower yield by direct reduction of quinone A
under the same prolonged conditions as for the dactyn-
aphins. It was therefore presumed to be the tetralone
derivative (II; R: OH or possibly R: H). Oxida-
tive aromatisation leading to a labile 1,3,8-trihydroxy-
naphthalene system 2 would account for its instability.

Varying the conditions of reduction did not increase
the yield of quinone A at the expense of the tetralone
beyond the optimal values quoted here. Milder con-
ditions, for example, resulted in the recovery of sub-
stantial amounts of unreduced dactynaphins. Since
hydrogenation of quinone A must accompany the initial
reductive frssion, determination of the primary products
of hydrogenolysis, essential to the ensuing structural
argument, is not straightforward. Taken together, the

I D. W. Cameron and H. W,-S. Chan, I, Chetn. Soo. (C), 1966,
1825.
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two products [(I) and (II)] amount to more than I mole
per mole of starting material. . Both are C* compounds
derived.from a C* precursor. They therefore represent
betw'een them both halves of the dactynaphin molecule.
Two alternative processes Íre possible. Either the

300
Wovelength

and (-
8.6

Absorption spcctra of (-¡ xanthodactynaphþ-¡'c'!
---) z,4-dihyäroxyacetòphedone in aqueous bufier of

F¡cuns 2

dissolved in aqueous sodium hydroxide a blue colour is
observed initially and then fades rapidly' This is due
presumably to blue anion of
naphthazarin (I d bY isomeris-
ation to xanth ion is yellow.

hand, the solution turns red and controlled decomposi-
tion occurs leading, within half an hour at room tempera-

pH 6. The molecular formulæ of these two compounds,
confrrmed by exact mass measurements on their res-
pective molecular ions were C$H'{O? (red) and C$HlrO6
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reduction of which leads to the tetralone' The latter
possibility is shown to be correct by reference to reduc-
tion of rhododactynaphinTc-2 under the same conditions
(q.a.). This gives a mixture oî. tuo C^oquinones in a com-
bìned yield of 0'9 mole and in approximately equal
amounts. Between them these compounds clearly
represent both halves of the original molecule which,
unlike the 1'c-t isomer, is formally derivable from two
structurally dissimilar units. The stoicheiometry of
-- l--^¿:-,^ ê^^:^- ^f -L^l^ . ^-l -.¡+[.a-,l o ^*.-an]rinc-i¡-llEt¡uçlrvE ¡¡¡Ð¡v¡¡ v¡ ¡¡¡vsv- q¡s 

^q¡¡L¡¡vais therefore assumed to be (Cs'HsBOu $ 2Hr ->A, of course, is present in the
e corresponding quinol (qóHr'O').
portant in that it accounts for all

carbon and oxygen atoms of the original compounds'
In the absence of rearrangement within the naphthalenic
units dïrring reduction, a Process that is considered
unlikety both on general grounds and in view of the
physical evidence to be presented, the two dactyn-
áphinsT'c-I, therefore consist essentially of a combination
of two Cro units having the same ca¡bon and oxygen
skeleton as quinone A (I; R: OH, R' : H).

An alternative mode of decomposition occurs on
treatment with base. \ühen rhododactynaphin-ic-l is

(orange), (cf. quinone A, C$Hr4Oo). Since they were
obtained in combined yield greater than I mole they
represent both halves of the dactynaphin molecule.
Moreover, summation of their molecular formulæ
Cs.Hesorz, gives rise to that of dactynaphins-jc-1, i'e.,
the change brought about by base is essentially one of
isomerisation.
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The light absorption of the red product both in
neutral and in basic media was very similar to that of
naphthopurpurin (III; R: OH). This chromophore
would also account for its considerable acidity, described
in the preceding paragraph. Like naphthopurpurin, it
underwent reductive C-O bond fission,a either on catalytic
hydrogenolysis in neutral aqueous solution or on treat-
ment with neutral aqueous sodium dithionite. The
product that resulted was spectroscopically ãnd
chromatographically identical with quinone A (I; R :
OH, R' : H). These obervations strongly suggest
that the red product is the naphthopurpurin derivative
(I; R: R': OH) (or tautomer thereof). This was
confirmed by its nuclear magnetic resonance (n.m.r.)
spectrum which in the aromatic -CH region contained
only a singlet (r 3.72) due to one proton. The remainder
of the spectrum wás consistent with the presence of an
aphin side-chain and is described in the Experimental
section. Finally, the red product was synthesised.
Treatment of quinone A with dimethylamine resulted
in ready nucleophilic addition and the formation of an
intermediate (I; R: OH, R': NMe¿), hydrolysis of
which led to the naphthopurpurin derivative (I; R :
R' : OH) identical with the dactynaphin degradation
product. (Direct nucleophìlic addition of hydroxide
ion to quinone A could not be effected, base-catalysed
decomposition occurring instead.) The nature of the
novel amination process is not discussed at length here
since it is the subject of an independent study.õ It is
worth noting, however, as an example of the consider-
able reactivity of the 8-position of 5,7-dihydroxy-1,4-
naphthaquinone derivatives towards nucleophiles or
reducing agents. Other examples include the nucleo-
philic addition of phenols at this centre,o and the reduc-
tive fission of 8 C-O bonds, as in naphthopurpurins a

or of certain 8 C-C bonds, as in the protoaphins.z
Similar reactivity will be invoked in due course to account
for the ready interconversion of rhodo- and xantho-
dactynaphins. The purple product described by Weiss
and Altlancl ? as arising from the action of ammonia on
rhododactynaphin-jc-Z is identical in light absorption
with the intermediate (I; R : OH, R' : NMe¿).
Although we have not examined this reaction in detail
it seems likely that it represents a further example of
the reactivity towards nucleophiles described above.

The light absorption of the orange product, CrõHr4O6
in both neutral and basic media, was virtually identical
with that of quinone .4. Its n.m.r. spectrum in the
aromatic region consisted of two doublets at t 3.01 and
3'4L U : 2'5 c./sec.), corresponding to two protons
meta to one another. It also contained a multiplet
(2H) centred at r 7.5 and two methyl doubletJ at
8'46, 8.69. The general resemblance of this region of its
spectrum to that of the plant product isoeleutherin I
suggests that the orange produit possesses structure

n J. 19õ?,2483.
5 H. p.2t4.

-.' J. .-(B), leo6,
684.
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(I; R : R'- H). This was confrrmed by synthesis.
Reductive removal of the benzylic hydroxyl group from
quinone A (I; R - OH, R' : H) was smoothly effected
with alkaline sodium stannite. The product was identi-
cal with that derived from the dactynaphins either by
treatment with base as already described, or by direct
reduction with the alkaline reducing agent above. It
was also identified chromatographically from similar
reduction of the quinone A' (I; R : OH, R' : H,
epimeric at C*), related to protoaphin-s/.z (It has not
previously been noted, however, that an epimeric mix-
ture of quinones A and A' results when either of them is
subjected to treatment with aqueous sodium hydroxide
under anaerobic conditions.)

The reductive and alkaline degradations of the
dactlmaphinsyc-l afford two complementary modes of
fission. Formal recombination of the fission products
to accommodate the properties of the original substances
should result in their structures. For this purpose the
reductive process is the more useful of the two, since it
has been shown to affect both rhodo- and xantho-com-
pounds in the same way. The alkaline reaction, on the
the other hand, is carried out under conditions where
these two compounds are in equilibrium. It will be
shown subsequently that this process is specifically a
reaction of xanthodactynaphin-7c-l, which is by far the
major component of the equilibrium mixture under the
conditions of reaction. Roth dactynaphins have been
shown to be directly related to 2 mols. of quinone A,
i.e., they each must be represented by combination of
2 units having the same carbon-oyxgen skeleton (IV).
Subsequent paragraphs set out to determine the nature of
attachment of these units to one another.

Simple observations on rhododactynaphinT'c-l estab-
lish that the chromophore responsible for its absorption
maximurn at 504 mp I has partial structure (V). [Tlre
groups R and R' are temporarily undefined; the paren-
thesis indicates an oxygen substituent which must steln
from the second unit (IV).1 The similarity of its
absorption to that of napthazarin and naplrthopurpurin
(III; R : H and OH, respectively) has already been
described,r hence two oxygen substituents þeri to tlrc
quinone carbonyl groups are present. One of these
substituents is a free hydroxyl group because <¡f the
appreciable change in visible absorption that accom-
panies treatment with boroacetic anhydride. Ionis-
ation of this group presumably accounts for the transient
blue colour that accompanies the alkaline degradation
already described. The n.mr. spectrum of rhododactyn-
aphinTc-l (Figure 3) confirms the presence of an aromatic
C-H group (singlet, t 3.38). The methyl region of this
spectrum is resolvable into four partly overlapping
doublets centred in the region t 8.3-8.7 and characteris-
tic of an aphin side chain.s The presence of a free alcoholic
hydroxyl group in the side chain is inferred from the
chemistry of ¡hododactynaphin-jc-2, which was in-

? U. Weiss and H. W. Altland, Nature, t965, Z0?, f 295.
: D. W. Cameron, D. c. I. Kingston, N, Shcppard, and Lord

Todd, ,f. Chem. Soc.,1964, 98.
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dependently shorvn to lack this oxy'gen substituent
altogether. Since the properties of the -jc-l and -2
series are qualitatively sinrilar; it is improbable that in
the former, linkage betrveen the trvo units (IV) would be
effected through the oxygen in question.

These considerations indicate that the main chromo-
phore (V) of rhododactynaphin-ic-l is linked to the
remainder of the molecule solely oiø the oxygen sub-
stituents RO-, R'O-. In addition, this chromophore is
clearly not substantially extended by absorption due to

A

o
T
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o

c

*

o2468tO
T

F¡cunB 3 N.m.r. of (A) rhododacty-
naphinlc-I, (B) , (C) xanthodacty-
naphin-¡c-l in per ances due to solvent,
O resonances due to chloroform solvation)

the ¡est of the molecule, i.e., the spectrum overall can
probably be visualised as a summation of the spectra
^t +li^ +,,,^ ,. ,.-:+^ ^^---:^:-- ¿L^ *^l^^..I^ ^^ ^ ..,L^r^v¡ !!rç lwv vló u¡l¡l¡ Lv¡¡¡Pl¡J¡r¡Ër l¡lç ¡¡lVlçLUtç 4Ð 4 W¡lulç.
This was suggested initially by the results of reductive
acetylation r and the general similarity in visible absorp-
tion of rhododactynaphinl and naphthazarin (III;
R : H) (Figure l) the latter compound being the closest
model of system (V) that was available.

Before, discussing the remainder of the rhododactyn-
aphin structure it is necessary to consider the corres-
ponding' xantho-compound. The isomerisation of the
former compound into the latter proceeds under very
mild conditions but involves a substantial change in
chromophore, including destruction of the quinonoid
grouping. Nonetheless, the skeleton of xanthodactyn-
aphin must remain a combination of the two Cro units

7t5
(W). The points of linkage of chromophore (V) to the
remainder of the rhododactynaphin molecule having been
determined, structural modification leading to the
xantho-compound probabìy occurs in their vicinity.
There is nothing in system (V) to account for its ready
isomerisation by means of intermolecular processes under
such mild conditions, and it is concluded that some group
in the remainder of the molecule is suitably positioned
to attack it intramolecularly. The properties of xantho-
dactynaphin are most satisfactorily accounted for if this
takes the form indicated in structure (V) with a hydroxyl
Broup, represented as R"OH, effecting nucleophilic
addition at a position already shown to be susceptible
to attack. (Other processes also have been considered,
ø.g., direct attack at the quinonoid carbonyl groupi
this leads to a structure containing an eight-membered
ring, which does not account for the base-catalysed
isomerisation described earlier.) The resulting system
(VI) would therefore depict the chromophore of the
xantho-compound, parentheses as before, representing
oxygen substituents derived from the second unit (IV)
and the groups R and R' not necessarily the same as in
structure (V). Its n,m.r. spectrum (Figure 3) is con-
sistent with this formulation in containing a singlet
(t 3.46) in the aromatic C-H region and being resolvable
in the methyl region into four overlapping doublets as
for the rhodo-compound. A suitable spectroscopic
model for this chromophore is 2,5-dihydroxyaceto-
phenone. [Since the non-aromatic enolic double bond
in structure (VI) is in cross-conjugation with this chromo-
phore, its auxochromic effect would be expected to be
small.l Its light absorption (Figure l) is in good agree-
ment with the longest wavelength band in the spectrum
of xanthodactynaphin-7c-l (370 m¡r).t From this and
evidence below, it is inferred that the latter spectrum,
like that of the rhodo-compound is essentially a sum-
mation of its two component Cru units.

The remainder of the xanthodactynaphin molecule is
readily shown to include the system (VII), the groups
within the triangle not being amenable to direct analysis.
The absorption spectrum of the xantho-compouncì.
contains two peaks at 289 and 326 m¡.r, At pH 8.5
these are replaced by a single peak at 341 m¡r (Figure 2)
with considerable enhancement of intensity. [The
band at 370 m¡r, associated with the clrromophore (VI)
:^ ^l^^ L^¿L^^L-^-i^^lt-- ^r-:¡¿-J -^ ---:lr L - -r:--------r¡s érsu udLlluLlllutrltc¿try SIllILcu a5 wllt uc qlscu55e(l
subsequently.] Remarkably parallel behaviour was
noted earlier in the corresponding spectra of 2,4-di-
hydroxyacetophenone (Figures I and 2). Moreover, the
spectrum of xa¡rthodactynaphin in ethanol satisfactorily
resembles a sunrmation of those oI 2,4- and 2,5-di-
hydr<-rxyacetophenone, together with a small batho-
chromic shift. At pH 8.5, ionisation would involve
only the non-bonded phenolic lrydroxyl group in 2,4-di-
hydroxyacetophenone; the corresponding group in
xanthodactynaphin is therefore free. At pH values
high enough to ionise the bonclecl hydroxyl group in
systern (VII), base-catalysed decomposition processes
occur, cclnplicating the analysis. Horvever, the presence
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of a free hydroxyl group at this position in the xantho-
compound is inferred, because it is on this oxygen that
the glucose ¡esidue in protodactynaphinf-l will
independently be shown to reside; e no rearrangement
occurs following its hydrolysis. The remaining details
of structure (VII) follow from n.m.r. spectroscopic
considerations (Figure 3). Two highly unsymmetrical
doublets of an AB system at t 3'62 and 3'67 (J :2
c./sec.) represent two aromatic C-H groups metø to one
another; the methyl region has already been discussed.

The presence of the same unit (VII) in rhododactyn-
aphinTc-l is,also inferred from a pair of doublets (t
3'17 and 3'85; J :2 c./sec.) in its n.m.r. spectrum
(Figure 3) in addition to methyl resonances already
mentioned. The presence of a shoulder at 325 m¡.t

in its u.v. absorption spectrum I is also consistent with
this view, i.e., its spectrum resembles a summation of the
spectra of naphthazarin and 2,4-dihydroxyacetophenone.
Its absorption at pH 8.5 could not be measured because
of the raie at whióh it underwent conversion to xantho)
dactynaphin under these conditions.

Despite these points of similarity, rhodo- and xantho-
dact¡maphinsy'c-l differ in one important respect.
The latter compound is much the more acidic. It is
almost completely extracted from chloroform solution
by aqueous buffer of pH 6, the former compound
remaining in the organic phase under these conditions.
The ionisation is accompanied by a bathochromic shift
(ca. 36 m¡r) of the band attributable to the chromophore
(VI), whence it is concluded that in this system, R' : H.
(The auxochromic influence of the enolate system be-
comes sigrrificant following ionisation despite its being
in cross conjugation with the rnain chromophore, cf. the
relative absorption of 2,5-dihydroxy-1,4-naphtha-
quinone and its anion.z) The spectrum of rhododactyn-
aphin-7c-l at pH 8.5, measured immediately after dis-
solution, showed no shift in the peak ai õ04 m¡.r due to
chromophore (V) other than rapid lowering of intensity
associated with xanthoclactynaphin formation. This
means that in this system, R' + H; a free hydroxyl
group at this position would certainly ionise under these
conditions with a substantial accompanying batho-
chromic shift. The most acidic group in the molecule
is therefore the non-bonded phenolic hydroxyl group in
the unit (VII).

Combination of structures (VI) and (VII) to give the
xanthodactynaphin skeleton is now readily effected.
The former structure contains two oxygen substituents
introduced from the latter; the latter has two oxygen
substituents unaccounted for. Stereochemical con-
siderations apart, they can be linked only as shown in
structure (VIII). Direct linkage of these units would
lead to a structure containing two hydrogen atoms more
than xanthodactynaphin, i.e., one element of unsatur-
ation must be introduced within the triangle in system
(VII) in such a way as not to afiect the earlier arguments
based on u.v. absorption spectra. Although the precise

, J, H. Bowie and D. W, Cameron, J. Chen, Soø. (C), follow-
ing Paper.
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form that this takes cannot be determined directly,
the properties of xanthodactynaphin are best satisfied
by a double bond positioned as in structure (VIII;
R : OH) rvhich is tentatively proposed for the -7c-l
isomer.

The structure of rhododactynaphinyc-l is similarly
derived by combination of two systems (V) and (VfI).
Only one of the oxygen substituents OR, OR' of the
latter system is introduced into the former, thereby
afiording two possible structures (tX, X;' R : OH).
Since the group R' in system (V) is not hydrogen, it
must represent a second point of attachment to system
(VII). Its arrangement as in structures (IX) and (X) is

Me Me Me Me

R o

o HO

Me

(rx)

(xrr)

Me But Me

But

H H

(xIIt) (xlv)
determined by mechanistic considerations to be dis-
cussed and strongly supported by the presence in the
n.m.r. spectrum of rhododactynaphinyc-l (Figure 3)
of a doublet (t 6.38, J : 6 c,/sec.) well separated from
other resonances in the methine region and completely
absent from the spectrum of the xantho-compound,
This is assigned to the proton attached to the asterisked
carbon atom in structures (IX, X; R: OH). One of
these structures is considered to represent rhododactyn-
aphiny'c-l but their close similarity has not permitted
unequivocal differentiation between them. Because we
have a marginal preference for the former, we shall use
it in subsequent discussion. Unless otherwise stated,
any remarlcs concerning it may readily be extrapolated to
structure (X). These conclusions relating to the xantho-
and rhodo-dactynaphins are, necessarily, tentative.
The complexity of the structures proposed means that

R

H

HOHO

o
H

(x)

(xI)

2
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rigorous proof, other than by X-ray methods rvhich have
not yet fully been investigated, rvould require consider-
ably more of the pure compònents than the limited
amounts available to us frhodo- (50 mg.), xantho-
(100 mg.)1.

In both these structures the two component Cru units
are linked uiø two oxygen bridges. In either case,

reactive groups are suitably juxtaposed to permit the
formation of a third bridge through which their inter-
conversion is visualised as proceeding. One stereoisomer
of the l,3-dioxan ring in xanthodactynaphin is re-
presented in formula (XI), the trvo Cru systems being
approximately at right angles to one another. Form-
ation of the unstable intermediate (XII) is then readily
effected and the conversion to rhododactynaphin
completed by fission of the appropriate ketal C-O bond
and concomitant aromatisation. This process rvould,
of course, be reversible. An alternative mode of inter-
conversion, uiz., by frssion of the ketal linkage followed
by closure of the new oxygen bridge is considered far
less likely. In passing through a singly, rather than a
triply bridged intermediate there would be consider-
able conformational change, and almost certainly
aromatisation of ring e in compound (VIII) with sub-
sequent decomposition (see below).

If it is assumed, as will subsequently be proved,
that the absolute stereochemistry of the aphin side
chain in dactynaphins is as shown in the formulæ
(VIII)-(X), aiz.,thesame as in the aphinsthemselves,2
the stmcture of rhododactynaphin involves three new
centres of asymmetry and xanthodactlmaphin a closely
related element of asymmetry associated with the spiro-
ring junction. Although it has not proved possible to
assign with certainty the configuration at any of these
centres, some stereochemical observations may never-
theless be made. Since equilibrium between xantho-
and rhodo-dact5rnaphins is rapid, elements of asymmetry
created as a consequence of the process will almost cer-
tainly give rise to the most stable contgurational
possibility, e.g., the benzodioxan ring in rhododactyn-
aphin (IX), being virtually planar, would almost cer-
tainly be c¿'s-fused to the remainder óf the system.
Similarþ, the geometrical requirements involved in
forming a tricyclic intermediate, ø.g., (XII) would place
restrictions on confizurational variation in its vicinitv.
Finally, the configuration at the asterisked carbon in
rhododactynaphin (IX) is closelyrelatedto the magnitude
of its vicinal proton coupling constant (J :6 c'/sec.).
However, in view of the complexity of the fused ring
system of which it is a part, and the consequent lack of
knowledge as to its conformation, configurational assign-
ment at this stage would be hazardous.

The xanthodactynaphinTc-l structure (VIII; R :
OH) contains both quinone ketal 10 and cyclohexadienone
systems. That the latter does not tautomerise more
readily to form a phenolic ring is attributed to the

to 8.g., W. Ried and W. Radt, Annalen, 1965, 688, f70.
rr B. R. Brorvn and A. H. Todd, J. Chen. Soa., 1963, õ564,
lt B. Mille', J. Atner. Chen. Soc., f965, 87, õ61õ.
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asterisked carbon forming part of a l,3-dioxan which
can readily be represented in the chair form, ø'g., (XI).
Aromatisation would result in the carbon in question
becoming trigonally hybridised, causing flattening of
the dioxan ring. This conformational change, it is
argued, to some extent would offset the increased
stability otherwise associated with aromatisation.
Other examples of cyclohexadienone systems, possessing
enhanced relative stability due to steric factors include
compounds (XIII) and (XIV).11'rz In both these cases,

aromatisation may readily be effected either directly
or during the formation of derivatives. Xantho-
dactSmaphin is no exception. Its reaction with alkali
to form quinones (I; R : R' : OH, R: R' : H)
is thought to involve such a process and is depicted
formally on structure (VIII). Base-catalysed removal
of the proton attached to C* causes aromatisation aia
the phenolate anion. The system is then effectively a
mono-alkyl ether of a readily oxidisable quinol. Both
naphthalenic units become naphthaquinones in the
process shown, following tautomerisation of the product
initially formed. The reaction as a whole is mechanistic-
ally unexceptional though it possesses, to our knowledge,
no obvious analogy. It is to be noted that neither
(IX) structure nor (X) for rhododactynaphin would be
expected to give rise to a similar reaction. Hence the
high yields of products observed probably stem from the
xantho-compounds, by far the major component of the
equilibrium. At the same time structures (IX) and (X)
could readily be envisaged as leading to quinone A
(I; R : OH, R' : H) under these conditions. This
would involve displacement of the group OR in struc-
ture (V), followed by elimination, and may account for
the small quantity of this quinone which accompanies
the major products of reaction.

Reduction of both dactynaphins-jc-l to yield quinone
A (2 mols.) is readily interpretable in terms of struc-
tures (VIII) and (IX), Reaction involves fission of a

ketal and of a reducible carbon-oxygen bond a of the
naphthopurpurin system, together with, in tl'¡e case of
rhododactynaphin, a ready elimination. The reaction
wa-s used to establish the absolute configuration of the
two component quinone A units. Since both halves
of a dact5maphin molecule have been shown to contri-
bute to the quinone A actually isolated, the optical
purity of this product was examined. Circular di-
chroism measurement of a small positive maximum at
ca. 3M m¡r established its optical identity, within
experimental error, with authentic quinone A whose
absolute configuration has been determined inde-
pendently.z Although the complete stereochemistry of
dactynaphins remains unknoln, they are thereby shown
to belong to the same series as the aphins themselves.
Their mass spectrometric fission to quinone A as the sole
product is also readily explicable in terms of known
fragmentation processes 13 as depicted formally in

rs H. Budzikicrvicz, C. Djerassi, and D. H. Williams, " Inter-
pretation of Mass Spectra of Organic Cor:rpounds," Holden-Day,
San Francisco, 1964, f7õ, 177.

,.t
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structure (IX). Similar processes accompanied by an
intermolecular H-transfer reaction such as occurs in
the mass spectrometric conversion of quinones to quinolso
would account for formation of the same product also
from structures (VIII) and (X).

The n.m,r. spectra of dactynaphins (Figure 3) have
already been discussed to some extent. Examination
of the complex methine regions (15-7) shc¡rvs them to be

consistent with the structures proposed and with the
spectra of known aphin derivatives.s Detailed analyses

are not presented, since the complexity of the spectra
prevents them from being made unequivocally' Spin
decoupling gives evidence of mutual coupling between
methyl doublets and specific parts of the methine region
thereby facilitating analysis and conûrming the presence

of aphin side chains. It also confrrms the assignment of
the doublet (t 6'38) in the spectrum of the rhodo-com-
pound as due to the proton attached to C* in formula
(IX). The vicinal proton to which this is coupled also

interacts with a methyl group with approximately the
same coupling constant (J :6 c./sec.), so that it
appears as a quintet (t 5'31), only the three main peaks

of which are clearly resolved. When the doublet at
t 6.38 was irradiated, these were replaced by two peaks,

presumably the major peaks of a quartet. Conversely,
'irradiation of the quintet caused collapse of the doublet
to a singlet.

In addition to those discussed above, the spectra of
all dactlmaphins contain two well-defined sirrglet peaks

below t -2. Because of this low chemical shift, they
are assumed to be due to the two phenolic hydroxyl
groups bonded to carbonyls. The proton of a further
hydroxyl group is also evident in the spectra of rhodo-
dactynaphins-7c-l and -2 (t f '68 and l'72, respectively)
but not in that of the xantho-compound. It dis-
appeared on addition of DrO to the perdeuterioacetone
solvent and is presutned to be due to the new alcoholic
hydroxyl group forrned in the xantho--rhodo conversion.
The presence of broad hydroxyl signals in the methine
region also is inferred from minor changes there following
deuteration.

Given tltese structures for dactynaphins-7c-I, those of
the corresponding -jc-2 isomers are readily determine<l.
'Wo¡k on this series was carried out almost exclusively
with the rhodo-compound which was, however, avail-
ably only in a relatively small quantity. It differs
from the -7c-l isomer in lacking one oxygen,r although it
possesses the same light absorption and undergoes similar
transformations, apart frorn its conversion to the corres-
ponding xantho-compound which proceeds more slowly.
It is concluded therefore that the two series differ
only in the presence of a non-chromophoric oxygen atom
which is not involved in linking the two Cru units. The
n.m.r. spectra of the two rhodo-compounds resemble one

another closely except for a slight difierence in the
methine region and the Presence in the -ic-2 isomer of
signals in the region t 7'O-7'6. Their pattern Possesses

t. H. Schmid and A. Ebnöther, HeIu, Chim. Acta, 1951, 84,
r041.
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similarities to that of the methylene protons in the plant
product isoeleutherin,s suggesting loss of a benzylic
hydroxyl group from one of the aphin side chains of
dactynaphinsTc-l. Since one of these hydroxyls is
involved in xanthodactynaphin formation it is con-
cluded that rhododactynaphin-yc-2 is represented by
(IX, X; R : H) and the corresponding xantho-
compound by (VIII; R: H).

Application of degradation processes devised for the
-jt-l isomers confirms these conclusions. Catalytic
hydrogenolysis of rhododactynaphin-jc-2, or treatment
with neutral sodium dithionite, gave rise to a rnixture of
two quinonoid products in approximately equal amounts
and in combined yield, estimated spectrophotometrically,
of 0.9 mole. On chromatographic analysis they were
indistinguishable from quinone A (I; R : OH, R' : H)
and the orange quinone (I; R: R' - H). (Not
surprisingly, the latter compound was the sole product
of reduction with alkaline sodium stannite.) As in
the -7c-l series, the presence of products of further
reduction was observed but the small scale on which
experiments were carried out did not permit further
examination. Treatment of rhododactynaphin-jc-Z
under anaerobic conditions with aqueous sodium hydr-
oxide gave, as in the -yc-l series, a mixture of a red and
an orange product. The latter was identical with
quinone (I; R : R' : H). The former was identified
chromophorically and by partition behaviour as a
derivative of naphthopurpurin (III; ¡ : OH), It
difiered from the naphthopurpurin derivative (I; R:
R' : OH) and was more mobile on chromatograms.
Although insufficient was available for proper charac-
terisation it seems highly probable on the basis of
foregoing evidence that this product is the deoxyquinone
(I; R: H, R': OH). Mass spectroscopic fragment-
ation of rhododactynaphin-jc-Z is also consistent with
fission into quinones (I; R: OH, R': H) and (I;
R : R' : H) by processes analogous to those described
for the -7c-l isomer.

The stereochemistry of dactynaphins-jc-Z has not been
considered in detail. It would be surprising if it differed
from that of the 7c-l series. The former compounds are
the first aphid constituents shown to contain the
(iso)eleutherin side chain.ra Their co-occurrence with
derivatives containing the aphin side chain is biogenetic-
ally interesting since the oxygen atom which differenti-
ates the two series is " introduced " into the normal
acetate-malonate pattern. Wider aspects of their
biogenesis including relationship with the aphins will be
discussed in the following Paper 9 when the nature of the
protodactynaphins has been considered.

EXPERIMENTAL

Experimental conditions are the same as given in the
preceding Paper.r

Reiluclion of Daclynaþhìns-jc-|.-(a) A solution of
rhododactynaphin-7c-l (9 -g.) in ethanol (I0 m.) was hydro-
genated for 2 days in the presence qf Adams catalyst (10
mg.). After frltering off the catalyst, the frltrate was set



o.g.

asicle for I hr. in air to enable re-oxidation of quinols to
quinones. Soh'ent s'as then evaporated and the residue
chromatographed on silicic acid. Elution s'ith chloroform
gave an oiange fraction (3.5 nrg.) u'hich after crystallisation
fronr benzene-<hlorofonn (l : l) formed orange-brown
crystals decomposing at 200", undepressed on admixture
rvith quinone A and having identical light absorption,
infrared and mass spectrum, and Rr value. Elution with
chloroform-ethanol (9 : l) gave a second product (2 mg.).
After crystallisation fronr chloroform this compound had
nr. p. 246-248o, undepressed on admixture with the tetral-
one (II; R : H or OH) and having identical light absorp-
tion).

The same products u'ere obtained in the same proportio¡rs
on similar reduction of xanthodactynaphinyc-l; c.d. (in
9õ9ä EtOH), for authentic quinone A (ø 0.76 mg./ml.)
I 300 m¡r (Ae * 9'04) ; for quinone A obtained by reduc-
tion of rhododactynaphlnT c-l (c 0.25), tr 300 m¡r (Ae * 8'5a).

Reduction of quinone A (9.5 mg.) under the same con-
ditions gave a mixture of starting material (a'5 mg.) and the
tetralone (II; R: OH or H) (l'5 mg.), m. p.246-248'.
This compound darkened to give intractable material after
standing for a ferv hours in air. In the mass spectrometer,
no peaks corresponding to the molecular ion could be ob-

6 m¡r, Ì¡,6. 320 m¡r;
carbonate \Mx. 336
540 m¡r; n.m.r. at

lets at t 3.15, 3.73,
J : 2'5 c./sec. (2 x ArH) rtere the only rcsolvable peaks.

(ö) Rhododactynaphin-.2c-l (6.5 mg.) in methanol (l ml.)
rvas added to a solution of sodium dithionite (40 mg.) in
citrate-phosphate buffer of pH 6.0 (15 ml.) and the resulting
solution set aside for I hr. under nitrogen. The pH was
brought to 2 and the mixture immediately extracted with
ether. \l¡orking up as for (a) above then yielded quinone A
(f.5 mg.) identifred by comparison of light absorption and
R¡ value with authentic material. A similar quantity
(40-50%) of quinone A was recovered after treating either
quinone A itself or xanthodactynaphin-jø-l with dithionite
under the same conditions.

(c) A solution of sodium stannite was prepared by mixing
a rvann solution of stannous chloride (2.õ g,) in concentrated
h;-drochloric acid (5 ml.) with one of sodium hydroxide
(Z'5 g.) in water (lõ mt.). To this solution (3 ml.) was added
rhododactynaphin-jø-l (6.0 mg.) and the resulting nearly
colourless mixture heated on a steam-bath for 30 min.
It rvas then cooled, brought to pH 4, extracted with chloro-
form, and set aside in the air for several hours until oxid-
ation of quinols was complete. Crystallisation from chloro-
íorm-'oenzene (i : i) then gave quinone (i; R : -- - H)
(3 mg.), m. p. 207'õ-209" with decomposition, as the sole
product. This u'as undepressed in admixture rvith authen-
tic material and was identical with it in light absorptioo,
infrared, n.m,r. and mass spectra, and in ft1 value.

The same product was obtained on similar reduction of
xanthodactynaphin-1'c- l.

Quinonc (I; R : R' : H).-Quinone A (30 mg.) was
reduced with aqueous sodium stannite as for rhododactyn-
aphinyc-l above. The crude product tvas chromato-
graphed on silicic acid in chloroform to yield quinone
(I; R: R': H) (20 mg.) orange-red needles, m. p.
207. 5-209" (decomp.) after crystallisation from chloroform
(Found: C, 66.0; H,6.2. CrDHt{Os requires C, 65.7; H,
5'2%), 

^nú. 
270, 438 m¡r (log e 4.14, 3.59), À¡¡¡. 289 m¡r

(log a 3.8a)i vn,".. 3260, 2960, 2903, f653, 1631, 1609,

7r9

lõ85, 1560, 1524, 1510, 1500, 1460, 1446, 1420,1400, 1383,
1367, 1330, 1266, 12r0, ll8l, 1162, t140, tr25, r104, 1084,
1065, 1052, 1034, 1013, 926, 870, 864, 855, 824,802,764,70ã,
700 cm.-r; n.m.r. at 60 Mc./sec. in perdeuterioacetone t
-2.1 (OH, broad), 3.0I (ArH, doublet ¡ :2.5 c./sec.),
3.46 (ArH, doublet I :2'5 c./sec.), õ.1 (MeCH, multiplet),
6.0 (MeCH, multiplet), 7.5 (CHr, multiplet), 8,46 (CHs,
doublet ,f : 6.8 c./sec.), 8.69 (CHs, doublet J : 6'õ c.l
sec.). Exact mass measurernent of the molecular ion
confirmed the fornrula above. Its mass spectrum has been
discussed previously.o R¡ value on Kieselgel in the system
chloroform-methanol (19: l) 0.75. Corresponding values
for quinones A and A'are 0'65 and 0'41, respectively.

Alhaline Degrad.alion oJ Ðqctynaþhazc-jc-1.-To a solu-
tion of xanthodactynaphin-fc-l (Il mg.) in methanol (10
rnl.) in an atmosphere of niirogen was added aqueous 3n-
sodium hydroxide (3 drops),

With l5 sec. the solution became red. It was kept under
nitrogen for 25-30 min. À shorter reaction time than this
resulted in the p¡esence of a considerable quantity of
unchanged starting material which impeded puriâcation
of the products; a longer time gave rise to base-catalysed
decomposition. The reaction solution was brought to pH 3
u'ith dilute hydrochloric acid, being kept under nitrogen
throughout the addition. It was immediately extracted
with chloroform (2 x lã ml.). This extract, ìn turn, was
extracted rvith buffer of pH 6.0 (4 x 2A ml.). .The residual
chloroform liquors were treated as described below. The
aqueous extract was re-acidi-fred to pH 3, re-extracted into
chloroform (2 X f 5 ml.), dried, and concentrated to 0.5 ml.
On slow evaporation quinone (I; n: R': OH) (4 mg.)
was deposited as deep red-purple needles which did not
mèlt and charred above 250o, This was identical with an
authentic specimen 0 in light absorption, i.r. spectra, and
in .Rr values; \NÍ.229,303, õ00 mp (log e 4.29, 3'92, 3'86) ;
À¡n¡. 476, 523, õ38 m¡r (log e 3.83, 3.73, 3.63) ; vrn. 3430,
1613, r4r2, 1330, 1260, 1208, r159, 1128, 1105, l0?5, 1058,
1042, 990, 065, 948, 924, 886, 863, 840, 813, 755 cm.-r;
n.m.r. in CDCI' 3'72 (ArH, singlet), õ'06 (MeCH, quartet,
J :6'4 c./sec.), 5.47 (ATCHOH, doublet, J :6'a c./sec.),
6.00 (MeCH, multiplet), 6.32 (OH, singlet), 8.34 (CHo,
doublet, J : 6.a c./sec.), 8.62 (CHs, doublet, J : 6'6 c.l
sec.). Exact mass measurement of the molecular ion
confirmed its molecular formula. The spectrum also con-
tained peaks corresponding to loss of water, a methyl
group, carbon monoxide, and acetaldehyde, fragmentations
characteristic of quinoues containing an aphin side chain.o

The chloroform liquors remaining after extraction with
buffer of pH 6'0 were dried (NarSOo), solvent evaporated,
and the resrdue chromatographed on silicic acid (15 X I cm.)
in chloroform to yield quinone (I; n : R'- H) (3 mg.),
decomposing at 208o after crystallisation from benzene-
chloroform. Its m, p. was undepressed on admixture with
authentic material and rvas identical in light absorption,
i.r. spectra, and in R¡ value. A trace of quinone A (<0.5
mg.) identifred by light absorption and R1 value was also
eluted.

Reduclion of Rhododaclynaþhin-je-2.-In the experi-
ments (ø)-(c) below, reaction products were identifred by
thin-layer chromatographic comparison with authentic
material and by light absorption because of the small
amounts of rhododactynaphi4-7c-2 available for degradative
studies.

(ø) Hydrogenolysis of rhododactynaphn-jc-2 (2 mg.) as
for the -jc-l isomer gave a mixture of quinone A and
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quinonc (I; R : R : H) in approximately equal amounts
anrl in overall yield, estimated spectrophotometrically, of
45or'o '

(ö) Itcduction
isomer gave the

(c) Treatment
alk:rline sodium

for proper characterisation ìrn* 298, 415, 492, 526, 542 mp.

J. Chem. Soc. (C), 1967

Chromatographed on Kieselgel in chloroform-ethanol, it
formed a discrete spot (R¡ 0'75) whereas quinone (I; R :
R' : OH) in the same system streaked considerably and
had R¡ 0'55.

The less acidic reaction product was shown to consist
exclusively of quinone (I; R: R': H) (l mS.) by com-
parison of its light absorption and .l?r value rvith those of
authentic material.

'We are grateful to Professor Lord Todd for encourage-
ment, We wish to thank Professor R' C' Cookson for
circular dichroism measurements. The award of an I.C.I'
Fellowship (to J. H. B.) is gratefully acknowledged.

[6/1288 Reccitcd, Oclobcr l2lh, 1966)
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IN common with other series of aphid pigments,s'e
the dactynaphins already described r,a do not occur in
living insects as such but in the form of water-soluble
precursors. Conversion into rhpdo- and xantho-dactyn-
aphins is an enzymic process that occurs following the
death of the insects. This has been established for the
cases of Dactynolus jaceøe and D. cirsü and is presumed
to apply also to other dactynaphin-containing species.a
In the aphin series the change brought about by enzymes
present in the living insect, uiz., conversion of proto-
aphiny'ó (I; R - glucose) to xanthoaphiny'ó (II) is
complex, involving hydrolysis of the glucosidic linkage
followed by substantial rearrangement. For pigments
derived lrom HormøþZis species 3 the change is thought
to involve the hydrolytic step only.

In order to inactivate the enzymes responsible for such
processes, living specimens of D. jaceae were crushedin
acetone. The resulting extract then contained only
traces of aglycones. Washing the insects from infested
plant material with hot water, a method used in the
isolation of protoaphins 2 could not be employed in the
present case because of the relative thermal instability of
Døctynotus glucosides. By modifying a work-up pro-
cedure devised for isolation of the green aphid con-
stituent, aphinin,6 a crude mixture of. Dactynotus
glucosides was readily obtained. The process as a
whole required ca. 2 hr., ambient temperature, and a

¡ Part XXXIV, J, H. Bowie and D. W. Cameron, preceding
Paper.¡ f). W, Cameron, R. I. T. Cromartie, D. G. I. I(ingston, and
Lord Todd, J. Chem. Soc,, 1964, 51.
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Colouring Matters of the Aphididae. Part XXXV.T Protodactynaphin
By J. H, Bowie and D. W. Cameron, University Chemical Laboralory Cambridge

Living specimens of the aphid, Dactynotus jaceae L. contain, among other glycosides, a new substance, proto-
dactynaphin-7b-1, which is converted by enzymic or acidic hydrolysis into a mixture of xantho- and rhodo-dacty-
naphins-7b-1. lt is shown to be a simple glucoside of the dactynaphin aglucones previously discussed. lt is
presumed to exist in the living insect in the form of a xantho ==È rhodo equilibrium m¡xture, though only the isomer
corresponding to the former (major) component has been isolated. Structural similarities between dactynaphins
and olher aphid pigments are discussed. Enzyme-containing extracts of D. jaceae convert protoaphin-¡rô into its
aglucone rather than into xanthoaphin-fó.

pH range of 3-8.õ. Chromatographic and spectros-
copic examination of the extract indicated the presence
both of aphinin (r,r* 64õ m¡r, broad) and of a colourless
component of low R¡, having intensely yellow fluores-
cence in u.v. light. Both these substances are wide-
spread throughout the Aphididae,ó and have not been
directly related chemically to dactynaphin aglycones.
However, a third constituent was obtained by a simple
but somewhat inefficient partition procedure, its acidity
being intermediate between those of the other two.
It was obtained in yield of 0.lo/o of the live insect weight
as alight brown hygroscopic powder. On treatment with
extracts of. D. j øceøe or of Aþhis føbae it gave a mixture of
rhodo- and xantho-dactynaphins-jc-l (560/) as the only
products. It was therefore considered to be their
precursor and termed protodactynaphinTc-I. It is
difficult to detect in the presence of the other two glyco-
sidic components, being masked on chromatograms by
their respective colour and fluorescence. No other
constituent was detected in the glycosidic extract. It is
probable, however, that the mixture also contains a
smaller quantity of a protodactynaphin-7'c-2 to account
for this series of aglycones,l Failure to obtain it is not
surprising in view of the limited methods available for
fractionating structurally similar glycosides of such
complexity. So far as can at present be judged, the

! J.H.Bowie and D, W. Cameron, J. Chem, Soa. (C), l9B?,
704.. J,H.Bowie and D. W, Cameron, t. Chem, Soc. (C), 1962,
708.

n J. H, Bowie, D. W, Cameron, J, 4,. Findlay, and J, A, K.
Quartey, Nalure, f966,210, 396.
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polycyclic glycosidic components o1 D. jaceae differ from
those of A. Jabøe only in the.absence of protoaphiny'ä
from the foimer and its replacement by protodactyn-
aphin. It is worth noting that D. jøceøe appears to be
abnormal in one other respect, uí2., the unusually high
proportion of sorboyl glycerides it contains.o

Me

OH

(r) (II)

Me Me

HO

R,
R

(IV)

Me

(rIr)

Me

The molecular formula of protodactynaphinTb-I,
Ca6HBEO',H,O, corresponds to a glycoside of the corres-
ponding rhodo- or xantho-compound. This was con-
firmed by acid hydroþis which yielded glucose as the
only sugar, together with traces of rhodo- and xantho-
dactynaphinsyc-I. The low yletd of aglucones is
accounted for by their decomposition accompanying
hydrolpis. Since pfotodactynaphin-7'c-I is also hydro-
lysed by extracts of. A. tabae, it is probable that the
nature and configuration of its sugar is the same as in
protoaphiny'ö.7

îne u.v. absorpiion oí aqueous soiutions of proto-
dactynaphin-1c-l (Figure) is strikingly similar to that
of the xantho-compound (III; R : H) I both at pH
values of 4 and 8.õ. (The spectrum also contains a
broad band of relatively low intensity in the region
4õ0-õõ0 mp which will be discussed in a subsequent
paragraph.) Since for the most part these spectra are
h¡psochromically shifted relative to those of xantho-
dactynaphin, the sugar residue is inferred to be attached
to one of its phenolic hydroxyl groups. The spectrum of
xanthodactynaphin is essentially the summation of
spectra of its two component Cru units.l In proto-
dactynaphin, both these component spectra undergo

3s
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substantial bathochromic shifts in going to the higher pH
(Figure). Hence the sugar cannot be attached to the
two acidic non-bonded hydroxyl groups of structure (III)
which are ionised at this pH. The actual point of
attachment is suggested by the extent to which each band
in the protodactynaphin spectrum is shifted from the
corresponding band in that of xanthodactynaphin.
The comparison is best made at pH 8.5 whe¡e clearly
defined maxima rather than points of inflection are
observed. The longest wavelength maximum (al5 rnrr)
of the proto-compound is hypsochromically shifted by
22 mp relative to that of the xantho-compound. Since
this band is associated almost entirely with the lower of
the Cru units depicted in structure (III), it suggests place-
ment of the sugar as in structure (III; ft: glucose).
This was confirmed by degradation as described below.
The corresponding shift of the band at 3I9 mp is smaller
as expected but not negligible (9 mr.r bathochromic).
That any shift at all is observed is regarded as being due

Wovelength (m¡)

Absorption spectra of protodactynaphit-jc-l in aqueous bufier
1_) and at pH 8.õ (_ _ _ _)

to the fact that, in this region of the spectrum, both Cru
components contribute appreciably to the overall ab-
sorption even though only one of them absorbs
maximally.

Treatment of protodactynaphin-ic-l with alkali as
-l----.--:L-lI---L1- - -----rr-- -- -- - -tl --- -- ¡ucscflueu lur [lre xanut()-compouno' - gave two proqucls,
only one of which was soluble in organic solvents. It
was readily identified as the naphthopurpurin derivative
(IV; R: R' : OH, R": H) by comparison with
authentic material obtained from xanthodactynaphin.
The other, though not available in amount suftcient for
characterisation readily yielded the deoxyquinone
(IV; R : R' : R" : H) after treatment with extracts
of. D. jaceae. This compound was also identiñed by
comparison with authentic material. It is concluded

. J. H, Bowie and D. W. Cameron, J. Chem. So¿., lg6õ, 56õ1.
? D.'l¡lt. Cameron, H. W.-S. Chan, a.nd D, G. L Kingston, ,I.

Chem. Soc.,196õ, 4363.
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that its water-soluble precursor was the glucoside (IV;
R : R' : H, R" : glucose). Following the chemistry
of xanthodactynaphin, these results can only be inter-
preted in terms of structure (III; R : glucose) for the
proto-compound.

There is no obvious reason for this compound not
being in equilibrium in aqueous media with an analogous
rhododactynaphin glucoside (V; R - glucose), cf. inter-
conversion of the corresponding aglucones.r It is
suggested that a small quantity of such a component
accounts for the inflection in the absorption spectra
(Figure) in the region 450-550 m¡r. Since the yellow
form is much the more abundant at equilibrium it is
this which is isolated in the solid phase. The likelihood
of separating a minor constituent corresponding to
structure (V; R : glucose) is small in view of the limited
methods available for fractionation of these systems.
fts presence is supported, however, by the formation of
rhododactynaphin-lc-l as well as the xantho-compound
on both acidic or enz5rmic hydrolysis. Whether the
'enzyme system has any effect on the relative proportions
of these two isomers has not been carefully investigated.
At present there is nothing to suggest that it does. It is
concluded that in living D. jaceøe there exists an equili-
brium (III =+ V; R - glucose), the former being
present in much the larger amount, probably togetherwith
smaller quantities of an analogous pair of compounds
corresponding to dactynaphin-j c-2.

Comparison of the structures of protodactynaphin
and protoaphin reveals a number of interesting similari-
ties sorne of which have already been discussed.E Both
systems can be regarded as derived by formal coupling
of two similar naphthalenic units but difier in that the
former involves carbon-oxygen ¡ather than carbon-
carbon bond formation. Several related examples of
the latter kind have been effected ín uilro either by
oxidative coupling I or by nucleophilic addition pro-
cesses.o'lo Carbon-oxygen bond formation has not,
however, been observed in these reactions and attempts
to generate system (III) or (Y), e.g., by self-coupling of
quinone A (IV; R: R" : H, R' : OH) or coupling a
mixture of the naphthopurpurin derivative (IV; R:
R' : OH, R" : H) with the deoxyquinone (IV; R:
R' : R" : H) under a variety of conditions have to date
been uniformly unsuccessful.

A further point of similarity between protodact5m-
aphin and protoaphin lies in the attachment of the sugar
residue to corresponding oxygen atoms in the two com-
pounds. Arising out of this is an interesting observ-
ation concerning the reaction of both compounds with
enzyme-containing solutions. Extracts of both A.
fabae and D. jaceae convert protodactynaphin to the
corresponding aglucones. Whereas those of A. Jøbae
convert protoaphin into xanthoaphin (III) oia lhe
aglucone (I; R : H),7 extracts of D. jøceøe convert it
into this aglucone and no further. The product was
identified by the similarity of its absorption spectrum

I D, W. Cameron, H. W,-S. Chan, and E. M, Hildyard, ,f.
Chem. Soc. (C), 1966, 1832.
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to that of protoaphin, its partition behaviour and the
fact that on standing in air it underwent oxidative de-
compositicn and could be converted no longer into
xanthoaphin. This confirms the conclusion ? that two
separate enzymic functions are involved in the proto-
xanthoaphin conversion and suggests that they may be
due to distinct separable enzJ¡mes. It is recalled that
D. jaceae contains no detectable quantity of protoaphin.
It is intriguing that it also lacks the enzyme involved in
xanthoaphin formation.

DXPERIMENTAL

Unless otherwise stated, m. p.s were measured on a
Kofler hot-stage apparatus and are uncorrected. Light
petroleum refers to the fraction having b. p. 40--60..
Infrared spectra ryere measured as KBr discs and u.v. and
visible spectra in9ío/o ethanol. Silicic acid refers to Mallinc-
krodt 2847.

Protodactynaþhin-jc-|.-Knapweed infest ed u, il}l D. j aceae
was collected. These insects, unlike many aphid species,
are re heir host by tapping
it wit nnel. Living speci-
mens d with acetone (3 X
7õ ml supernatant liquors
were separated by centrifuging. To this extract was added
water (lõO ml.) and the mixture washed with ether (10 x
600 ml.) to remove fats c and the small quantity of carotene
that invariably accompanies them,6 The aqueous phase
was then extracted with n-butanolæther (õ0 ml. of I : l)
and the extract washed with tap water (pH 7) until no
more aphinin õ in the form of its pale blue anion was
removed. This was followed by extraction with 0.2u-
disodium hydrogen phosphate (3 x 100 ml.), the fluorescent
component remaining chiefly in the organic phase under
these conditions. These aqueous liquors were then re-
extracted with neat n-butanol (õ0 ml.), (This is a powerful
solvent for glucosides of this kind, c.g., it extracts proto-
aphin from its aqueous solution at pH I in the form of its
violet-coloured anion.) The butanol extract was washed
with water containing a few drops of acetic acid till the
washings were faintly acidic, then once with water. Solvent
was evaporated under reduced pressure to give þtotoilacly-
nøþhin-jc-l (III; R : glucose) (76 mg.) as a brown solid.
After fractional precipitation from absolute ethanol with
light petroleum, it was obtained as a light brown hygroscopic
powder which decornposed above 200o. A sample was

, for 4 hr. (Found:
C,56.8; H,6.aftl;
\mx 27õ, 29õ m¡r
in O.2¡¡-disodium

hydrogen phosphate, lmsÊ 319, 416 m¡r (log e 4.16, 3.?2)
ì,¡"6. 232 mp (log e 4.35) i vrnr, 9420, 2936, 2862, f6ll,
Iõ80, 1450, 1376, 1368, 1313, 1263, lt?7, 1060, 1024, 886,
840, 803 cm.-r.

A snrall portion of crude aqueous liquors remaining after
removal of fats was brought carefully to pH 3, extracted
with n-butanol until no more colour was removed, and
solvent evaporated under reduced pressure. The resulting
pale green extract had ì,,n". 64õ m¡,t (broad), similar to that
of aphinin.6 Thinlayer chromatography òonfirmed the

e D. W. Cameron and H. W.-S. Chan, /, Chetn. Soc. (C), 1966,
182õ.
, r0 G. M. Blackburn, D. W. Cameron, and H. W.-S. Chan, ,f,

Chem. Soc. (C), 1966, 1836.
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presence of this compound by comparison with authentic
material. The chromatogÌam also contained a further
component, observed as a strongly yellow fluorescent streak
near the origin. It was obtained follorving chromato-
graphy on cellulose in chloroform-n-butanol (l : l) and had
\ns* 29õ, 307, 340, 350 m¡r indistinguishable from similarly
fluorescent naphthalene constituents of other aphid
species.ó

H ydroly sis of Protodacly naþhin-jc-1.-Protodactlmaphin-
jc-f (f0 mg.) was boiled with 2N-sulphuric acid (õ ml.).
The mixture r¡'as then cooled and extracted with chloro-
form. The aqueous phase was brought to pH 7 with aqueous
barium hydroxide, centrifuged, and the supernatant liquors
evaporated to dryness i¡ aøcuo. The residue was identifred
as glucose by paper chromatography against authentic
material in the following solvent systems: (i) Whatnnan
3 MIII ascending, n-butanol-acetic acid-water (4: I : õ top
layer) R¡ 0.22 (ii) Whatman 3 MM ascending, ethyl acetate-
water-pyridine (2:2: l, top layer) R¡ 0.31. Alkaline
triphenyl tetrazolium chloride was used as developing
agert and the treated chromatograms heated to 100'/õ mm.

The chloroform layer from tbe hydrolysis mixture was
shown by thin-layer chromatography (t.l.c.) | to contain a
mixture of rhodo- and xantho-dactynaphins-7'c-l in low
yield.

Alhaline Deyadalion of Protoilaclynøþhin-jc-1.-A solu-
tion of protodactynaphin-7'o-l (5 mg.) in water (5 ml.) under
nitrogen was treated with saturated aqueous sodium hydr-
oxide (3 drops). After 30 min. aqueous phosphate-
citrate buffer of pH 4 (Iõ ml.) was added and the mixture
extracted with chloroform (2 x fO mL). The extract was
dried and solvent evaporated to yield purple needles of the
naphthopurpurin derivative (IV; R : R' : OH, R" : H)
(l mg.). This was identical in light absorption, i.r. spectra,
and .R¡ value with authentic material.l

The aqueous solution remaining after extraction with
chloroform was carefully brought to pH 0 with O.2¡rl-di-
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sodium hydrogen phosphate. To it was added crude enzyme
extract { of D, jaceae (2 ml.) and the mixture kept under
nitrogen. After I hr. it was extracted with chloroform
(õ ml.) and the extract dried and solvent evaporated to
yield orange-coloured necdles of quinone (IV; R : R' :
R" : H) (0'8 mg. estimated spectrophotometrically).
Repeating the reaction several times enabled this product
to be obtained in suf6cient quantity to be chromatographed
on silicic acid and recrystallised from chloroform. It then
melted at 208', was undepressed on admixture with authen-
tic material I and possessed identical light absorption,
infrared spectra and R¡ value.

Enzymic Hydrolyses.-(ø) A solution of protodactynaphin-
1ø-l (f0 mg.) in citrate-phosphate buffer of pH 6 (2 ml.) was
treated with extracts o1. D. jaceae { (2 ml.) and the mixture
set aside at room temperature for I hr. It was then acidifred
to pH 2 and extracted immediately with chloroform (2 X 5
ml.), the extract dried (NarSOn) and solvent evaporated to
give a mixture of rhodo- and xantho-dactlmaphinsTc-l
(4 mg., õ5o/o) identifred by t.l.c, and light absorption of the
individual components after separation on a column of
silicic acid. No rhododactynaphin-yø-2 was detected in
the reaction mixture. Similar results were obtained with
extracts oî. A. fabøe.

(ö) Treatment of protoaphiny'ä (I; R : glucose) under
similar conditions with extracts of D. jaceae lollowed,
after acidification, by extraction of the product into ether
gave an extract having \Bx. 276, 346,367,460 m¡.r,, ).¡n¡.
310 m¡r,, representing the bulk of the starting material
in the form of its aglucone. This spectrum was similar in
character to that of protoaphin.¡ No xanthoaphin-Íb (II)
was detected in the extract,

We are grateful to Professor Lord Todd for encourage-
ment. The award of an I.C.L Fellowship (to J. H. B,) is
gratef ully acknowledged.
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HAEMOLYMPH PIGMENTS OF APHIDS

By Dn. J. H. BOWIE, Dn. D. W. CAMERON,
Dn. J. A. FINDLAY and Dn. J. A. K. QUARTEY

University Chemical Laboratory, Cambridge

CIOME voais ago, an extensivo investigationt,, by Todd
J et aL". direciäá"attention to * "r.,.!u of romärkable
colouring matters found in tho haemolymph of various
species of aphids. These substances were observed to
fall int,o a number of groups, ono of which has beon investi-
gated chemically in considorable detail and the structr¡res
of its compononts elucidateds-5. This group, t,ermed
aphins, is of comparativoly wide occurronce, having
been.found in eightéen of tho forty-two spocies of the
Aphididae originally examined. Loss attention has beon
paid until rocently to tho sevoral non-aphin haomol¡'rnph
pigments, which frequontly occur in equally large propor-
tions. This was duo, in some cases, to their instability
and in others to their rolative inaccessibility. Despito
thosedifÊcuÌties, enough ofthese substances has nov¡ beon
obtained for systematic chemical study, which is in pro-
gross. Though not yet, cornpleto, it has advanced suffrci-
ontly far to show interesting structural and biogenetic
sirnilarities affecting all groups of aphid pigments and to
permit, a limited survey of thoir occurrence to bo rnade.-We aro concerned hore with establishing what theso
similarities are. It is not proposod t,o discuss the chomis-
try of no\¡/ compounds in detail except, in so far as is
necossary to charactorize them adequately.

Tho chemistry of the aphinss-s was considered chiefly
with reforence t,o the aphinsy'ö, which woro obtainod frorn
the boan a,phid, Aph'is fabae Scop., and from a nurnber of
othor spocies. (Addition of the suffix y'b was usod to
distinguish them from tho isomeric aphins -sZ, obtained
frorn tho willow a,p}rid Tuberola,chnus sal,ignus Gmelin.)
Those substances occur in the living insoct, as a glucoside,
protoaphiny'b (I), Ca.HssOtu. Aftor the death of tho insect,
this compound suffers enz¡:rnatic hydrolysis of the gluco-
sidic linkago, together with oxtensive roarrangornent,,
and is convertod succossively into xanl,ho-, chryso-, and
finally the stablo, highly condensed erythroaphiny'b
(II; i? : H).

Caroful. examination of A, fabae, so as t,o avoid enz¡rrn-
atic decornposition processos, shows that, in addition to
protoaphin-/ó, two othor glycosidic components aro



prosont in substantia,l amounts, Onp of thom is a dark
bluô-greon substance, tho prosonce of which was detectod
in oarlier works but which was not then investigated.
For tilis w€ now proposo tho name 'aphinin'. Tho-othei
ie a colourless component which fluoroscos strongly in
ultra-violet light. Protoaphin and aphinin, between
thom, aocount for virüually tho ontiro soluble pigrnont
contont of tho insects. (The small amounts of yellow
fat-solublo constituonts2, which aro invariably found on
extraction of aphids, correspond spectróscopically and
in partition behaviour to ca,rotono hydrocarbons. Ifsually
thoy aro prosent in such small amounts, typically 0.005
per cent of the livo insect woight, that we have not
examinod them in detail.)

Other highly pigmonted aphid species, for'examplo,
A. sømbuc,i L. (eldors), A. rumicis L. (dock), A. farinosa
Grn. (Bal,'in) ar;;d A. corníel,lct, IIRL (dogwood), conta,in
tho samo threo glycosidic constituonts as A. føbøe, btú
not in the sarne proportions. In general, black-coloured
aphids, for oxamplo, A. føbae and -4. rum,,iò,ùs, seorn 1,o

contain moro protoaphin relative to aphinin than dark
green spocies, for oxãmplø, A. sa,mbuc,i. Variation in
pigment oontenl, can indeed occur bol,ween difforent
individuals of tho samo spocies. A. sa,mbuc'i, for exarnple,
shows considerable variability in colour, ranging from
dark blue-green to roddish-brown, tho proportion of-each
boing depo.ndont on external factors, for ex le, timo
of soason or tomperatureo. Examination of spocimons of
each of theso extreme colour fqrrns shows l,hem to diffor
only.in the rolative amounts of tho th-reo glycosides alroady
mentionod. A moro striking example of colour variation
is found in A. farinosø which rangos frorn deep blue-green
to dark yollow. Specimens of the formor type contain
all three glycosidos in signjficant, quantitios; the latter
difler in l,luL the proporbiol of prol,oaphiu is rnuch retlucod,
while the amor.rnt of aphinin present is'so small as to be
scarcoly detectable.

Rolativoþ non-pigmentod, þalo greon insects, for
oxamplo, Breuicoryne brassica,e L. (cabbage), Hgaloptørus
prwni Geoffr. (plum), Macros,i,phoniellø artem,is'ía,e (Artørn-
'isia aulgaris) and Megourqo,iciøe B:uckton (boan), chemi-
cally fall into tho samo catogory as thoso already discussed.
Not surprisingly, they contain little protoaphin or aphinin.
Indeed, tho presonce of tho former can¡rot, be detected;
tho latter, for which more sensitivo methods of detection
are available, is present, to tho extent of only c. 0.02 per
cent of the iivo insoct weight. The main component, of
such specios is the colourless, fluorescent glycosido,
chromatographically similar to that in A. fabae and
presont in substantial quantity (up to 1 per cent, of the livo
insect weight).

A sufficient quantity of aphinin for chernical study is
most, conveniently obtained from A. sambuci, whenco it
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can be isolated to tho oxtent of O.2 per cent, of the live
insect woight. In the solicl phase aphinin-srø is dark blue-
green, almost black, and, in solution, absorbs strongly at,
638 m¡r. It, is exceodingly unstablo towards heat, Iight
and most oxidizing condiúions. It readily undergoes
rovorsible reduction to a yellow hydroquinone. It can be
soparatod from protoaphin by virtuo of it,s greater acidity.
On mild treatrnent with acid it is hydrolysed t,o the corro-
sponding aglucono and glucoso. Unlil<e protoaphin it, is
not, hydrolysed enzymatically by extracts of crushed
insocts. Its probable molecular formula is CruIlrrOru and
its structuro almost cert'ainly is based on the extended
quinono (III; j? : glucose). A compound based on tho
system (III; R:H) has been synthesized in connexion
with other work?. It, is spectroscopically almosó identical
with aphinin, and. the chomistry of tho two compounds,
inasmuch as it, affecüs their chromophores, is completoÌy
parallol. X'or example, vory mild, oontrolled oxidation of
oither loads to tho chromophoro (IV). Tho product
obtained from aphinin-srm ín this way has the formula
CrullsoOro and absorbs at 590 and 628 mpr.. Tho corre-
sponding aglucono, Ca0lI26O11, being less unst,able and
more symmetrical than its precursors, is more suitable for
further chemical study which is in progress. The nature
of tho non-aromatic residues which substitut,e the aphinin
nuclous (III) has not been ost,ablished. Spectroscopic
considerations, however, strongly suggest that, thoy aro
closoly rolated to the aliphatic side-chains in protoaphin
(r).

The colourless, fluorescent, glycosidic component,, which
accompanies protoaphin and aphinin in tho insect species
so far considerod, has as yet, boen oxaminod only cursorily.
It has not beon obtained pure, nor has its homogeneity
boen ostablishod. It, is most, conveniontly isolated from
relatively non-pigmentod spocies, for oxamplo, H, pruni,.
Iü is very unsúable towards oxidation and less acidic than
oither of its congoners. Iüs light absorption is that of a
hydroxylated naphthalono, boing somewhat similar to tho
spoctrum of dorivatives of 1,3,8-trihydroxynaphthalene,
obtained by degradations of protoaphin (I).

In addiüion to theso substances, two other serios of
aphid pigments havo been found. Those wero confined
t,o spocific genera, although the possibility that they rnay
occur elsi¡whero cannot bo excludod in viow of the geo-
graphical limitations that, attended collection of insocts.
Tho pigments dorivod from two specios of Horntaphis
(previously known a"s Hamamøl,isføs) havo alroady been
doscribods. A rod glycosidic hotoroaphin, presont in tho
living insects, is convorted onz¡,'rnatically aftor doath into
a red fluoroscont aglycono, rhodoaphin. Recent work
suggosüs that the latter has the molecular formula
Cr;IIrrOro and corrfilms that it is closoly rolated to di-
hydroxyorybhroaphiny'ó (II; .R : OII).

J
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A second series of pigmenos is evidontly rosüricted to
tho gonus Døctynotus. They have been found ín D. jaceae
L. (knapweed), ,. cdrsií, L. (thistlo)1',, D. (Uromelan)
tqranauí llaltonbach, D. tet'¿acet'i L.e arrd in the North
American species D. rud,beclc,ia¿ Fitch and D. (ffnbros¿(tø
Thomas10. D. jaceae has been exarnined in groatest
detail. It contains aphinin and a coloulless fluorescent
glycosido, but no protoaphin. Instead, ¿ì, new glucosido
and its enzymatically derived aglucones constitute a
complex sorios of pigments for which we propose tho narne
'dactynaphins'. These arnohnt to 0.75 per cent of the live
insect weight,. Using similal convenl,ions of nomenclatule
as for the aphins, we rofer to the glucosidic precursol as
protodactynaphinjc-1, C16IIs801r. This compound on
enzymatic hydrolysis yields a mixture of two agluconos,
a reddish orango rhododactynaphin-jc-I and a yellow
xanthodactynaphinTc-1, each having the rnoleculâr
formula Cs.IIrsOlz and convortiblo one into the othor.
Smaller amounts of an analogous pair of agluconos aro
also isolablo from D. jaceøe. Those are tormed rhodo- and
xantho-dactynaphinsTc-2, Cs0II2sO11. . Tho properties of
tho formor aro sirnilar to those report,ed for a substanco,
rhododactynaphin A, which was obtained by Woiss and
AÌtlandt0 frorn the two North Amoricân species mentioned.
Thlough the courtesy of Dr. U. Weiss we have been
enabled to comparo theso two compounds. They are
indood identical, as are rhododactynaphinTc-l and Woiss
and Altland's rhododactynâphin B. Rhododactynâphins
are readily and reversibly reduced to pale yollow hydro-
quinones; xanthodactynaphins, on the other hand, atc
stable to mild roduction. The chemistry of these sub-
stancos is excoedingly complex and is not ùo bo discussecl at
length herc. Eviclenco is available, however, to support
tho structure (V; A : OH) for rhododactynaphin -jc-l and
(V; R : H) for -jc-2. Alkaline degradation of the former
leads to the naphthaquinone (VI; R : H), the structure
of which has been unambiguously established. For prescnt
purposes it, is sufficient, to noto that, the major chromo-
phore in rhododactynaphinyc-1 is (VI), linkago of which
to a further C* unit is effected through ethoreal ox)¡gen.

Despito tho considerable st¡uctural variety in these
haernolymph pigments, cert,ain unifying features are,
novertholess, alreacly apparent,. All occur in tho insects as
glycosides, hydrolysis of which invaliably leads to Cru
aglycones. All are quinonos or close relatives, as ovidenced
by their redox properties and genelal chemìstr¡'. All can
bo visualized as derived formally by oxidative coupling of
two C15 naphthalenic units, in particular derivatives of
1,3,8-trihydroxynaphthalono. Indecd, the structural
varieüy that occurs is evidently tho resulü of the various
possible ways that, this coupling process can bo effected.
In the aphins, aphinin and rhodoaphin, coupling involves
carbon-carbon bond formation, in the dactynaphins,
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ca,rbon-oxygon. Lr ilclirccü supporb of those conclusions,
similar reactipns leading t,o synthoses of proto- (I) and
erybhroaphias (II) and soveral Ìelatod systoms have
roadily boen offected .in o,i,tro u¡rder excoodingly mild
condiüions?. Furthor, the presence in aphids of colourloss
glycosidos possossing hydroxynaphthaleno spectra is of
considerabìo intorost. They may be regarded oithor as
pigment precrrrsors or as closo rolatives formed by sirnilar
procossos. Bosides testing these hypothesos, tho com-
plotion of structural work in this general area may also
provido a basis for spoculation on a moro fundarnontaÌ
question, namely, tho fi¡¡rction played by such substances
in tho insocts thomsolvos.

Wo aro grateful to Lord Todd for his interest and en-
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Tnrs Paper is concerned with the interpretation of the
mass spectra (Table I and Figures I-4) of a series of
aphin derivatives and related systems (I-XV). The
compounds studied consist of perylene derivatives
and naphthaquinones related to the erythro- and
proto-aphins, respectively. All have been described in

J. Chem. Soc. (B), 1966

Coiouring Matters of the Âphiciidae. Part XXV¡¡.¡ Mass Spectra of
Aphin Derivatives
By J. H. Bowia and D. W. Cameron

The mass spectra of fifteen aphin derivatives and related compounds have been investigated. Their characteristic
fragmenlation processes. which have been substant¡ated both by exact mass measurements and by appropriate
metastable ions, have been correlated w¡th structures; stereochemical differences. on the other hand, afe not
distinguishable by this technique.

earlier Parts. The investigation was undertaken
to determine to what extent fragmentation of aphin
derivatives could be correlated with their structures

r Part XXVI, D. .W. 
Cameron, R. I. T. Cromartie, Y. K.

Hamied, E. Haslam, D. G. I. Kingston, Lord Todd, and J. C.'Watkins, J. Chem. Soc., 1965, 6923.
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and stereochemistry and also to assist structural studies,
currently in progress, on other aphid pigments, e.g.,
dactynaphins 2 and rhodoaphin-äe.2,8 Exact mass
measurements have been used to confirm the com-
positions of many of the fragment ions described;
specific structures have been assigned primarily to
produce a self-consistent rationale for interpretation of
the spectra and are to be regarded as formal represent-
ations only.

The mass spectrum of erythroaphiny'å a (I) (Figure l)
is remarkably simple and is rationalised in Scheme l.
The compositions of the major ions (mle 510, 495, 467,
466, 451, 423, and 422) have been established by high
resolution (H.R.) measurements, and all fragmentation
processes are substantiated by appropriate metastable
ions [indicated by an asterisk (*)]. The molecular ion
(mle 5L0) fragments in two ways. Successive loss of two
molecules of acetaldehyde gives mle 422, possibly å,

which may then lose an electron to form the stabilised

co

259

245

2
n/e

F¡cunn 6 Mass spectrum of compound (XI)

doubly charged species mle 2Ll. Altenratively loss of a
methyl radical leads to the stable cation c (mle 495)
which does not appear to undergo further fragmentation.
This process has, throughout this Paper, been depicted
as involving loss of a benzylic methyl group with con-
sequent extension of conjugation. The possibility
that an alternative methyl group is lost cannot be ex-
cluded. Similarly the formation of ions ø and b is
consistent with geometrical considerations and the
stability of d.ication rnle 2ll but these structures are
necessarily tentative.

A similar mass spectrum (Figure 2) is obtained from
chrysoaphiny'å (VI),6 whose moleclar ion (rnle 528)

4 D. W. Cameron, R. L T. Cromartie, Y. K. Hamied, P. M.
Scott, and Lord Todd, J. Chem. Soc., 1964,62.

5 A. Calderbank, D. W. Cameron, R. I. T. Cromartie, Y. I{.
Hamied, E. Haslam, D. G. I. Kingston, Lord Todd, and J. C.
Watkins, J. Chem. So¿., 1964, 80.
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furnishes the erythroaphin molecular ion (mle 510) by
loss of water. Subsequent fragmentation of the latter
ion then proceeds as already described. Alternatively,
loss of acetaldehyde may occur directly from the chryso-
aphin molecular ion leading to mle 484, which then

Me Me

R3 o

Me Me

R2 RI

Me.. o o

o R3 o

Me
o OH

Me
o H

(\)
Me

OH

o

H
H H

Me o

'Me o
H

Me (vrr)

o

Me

RO "Me

R

H

(IX: R=HrRr= OH)
(X: R=MerRr= OH)

(XI:n=n'- H)

o HO

Me
OMe

(\'III)
Me HO Meoll

o (xrr)

HO Me Me
MeO

OH o(xIII)

MeO
Me

o (xI\¡)
(xv) Me

o

oses water to form the ion ø (mle 466). An analogous
situation is observed in the mass spectrum (Table l)
of xanthoaphiny'ó (VII),5 whose molecular ion (tnle
546) fragments by loss of water to produce the chryso-
aphin molecular ion (mle 528) which undergoes frag-
mentation as shown in Figure 2. Loss of acetaJdehyde
from the xanthoaphin/å molecular ion (mle 546) is not
observed.

u J.H.Bowie, D.-W. Cameron, and D. H. Williams, J. Arner.
Cheøa. Soc., f965, 8?, 5094.t J. I{. Beynon and A. E. Williams, Aþþ1. Sþectrosaoþy,1960,
14, 156.

687

The general features of the erythroaphin spectrum
are also retained in the mass spectrum of dibromo-
erythroaphiny'å (IV).4 Alternatively, this compound
may, on electron impact, like simpler halogenated

+
oHOOH

(Ð

o "Me

H Me o

-Me(-_
(*)

(*)
-e,
- MeCHO

Me
o

H HO

c, mle 495

o

Me o
mle 451

o
H

OH o, nle 466

- MeCHO

o+
(*)

-e > mle 2tt

OH OH

b, mle 422

Scheme I

quinones,6-8 lose halogen radicals from the molecular
ion. Subsequent fragmentation by this pathway is
complex, e.9., the base peak of the spectrum corresponds
formally to M - 2Br.-4H. (M - L64). Further struc-
tural variation in the erythroaphin system is provided by
the tetramethoxyperylene derivative e (VIII), whose
spectrum (Table I) shows major peaks corresponding
to M - t5 (M -Me.), M - 5S (M - Me.-CHTCHO) and
M - 103 (M -Me.-2CH'CHO) ions (metastable ions
substantiate all processes). Significant loss of acet-
aldehyde from the molecular ion is not observed in this
case, in contrast to the spectrum of erythroaphin.

HO +

Me Me

o
Me

H

d, nle 504 e, nle 449

Hydroxy- and dihydroxy-erythroaphinsy'ó a (II and
III), on electron impact, behave very differently from

t J. H. Bowie, D. W. Cameron, R. G. F. Giles, and D. H.
\ñ'illiams, J. Chem. Soc. (B), 1966, 335.

e D. W. Cameron, R. L T. Cromartie, Y. K. Hàmied, B. S.
Joshi, P. M. Scott, and Lord Todd, /. Chem. Soc., 1964,72.
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one another and to some extent from the compounds
already discussed. The molecular ion (mle 542) of the
latter (see Table l) loses two molecules of wate¡ and two
hydrogen radicals to form mle 604 [CsoHr6O8+ (H.R.)]
plausibly represented as the ion d; alternatively loss of
a methyl radical from the molecular ion is observed,
but no appreciable loss of acetaldehyde. The spectrum
(Figure 3) of hydroxyerythroaphiny'ó (II) is much more
complex. The molecular ion (mle 626) fragments to
mle 4/:9, possibly the ion e, according to either of the
schemes M - CHB.CHO-Me.-H.O or
M -H'O-Me.-CH''CHO [high resolution measure-
ments confirm the compositions of rtle 6O8, 667 , and M9;

J. Chem. Soc. (B), 1966

pyrolysis of hydroxyerythroaphin-fb at 350' under
vacuum does indeed produce detectable amounts of
erythroaphin/ö).

The spectra of naphthaquinones (IX-XV) are more
complex than those of the perylene derivatives so
fa¡ described and extensive high-resolution measure-
ments have been necessary to interpret unequivocally
their breakdown patterns. It is noteworthy that these
processes always involve at least initially the non-
aromatic rings in the compounds concerned; the
general fragmentation pathways 6 established for simple
hydroxy- and methoxy-naphthaquinones are unfavour-
able by comparison. Compound (XIII)lo exhibits

nle
276
274

272

265

267

246

244

248

24t
239
23L

225

228

TesL¡ 2

High-resolution measurements of fragment ions in the mass spectra of the naphthaquinones (IX-XV)
Compound

(rx) (xr) (XIrr) (xlv) (xv)
c1rIr11o6 cr{rrrroo

crõI{uoõ

cr6rrr¿o5

cr¿H11o5

cl.Hroo6 (70%)
crõHrro6 (30%)
crrHso6 (30%)
crsHrio6 (70%)
cr{Hrlo6 (7õ%)
cr6H16o¿ (2õ%)

cr{Hoo6 (6õ%)
cr6H18o¡ (35%)
clsI{roo6

cuH?o6 (65%)
crôHrro¿ (35%)

crsHror (õ5%)
cr{Hrros (45%)
crsHso{ (70%)
cr{Hrlos (30%)

crrHroo.

cuHroos (76%)
c:LH:ilo^ (26yo)

cr.H.o.

clrHEo6

cr¡lrroos

crrHro,

crsrroo¡

Gr6rrlro.

cr¿Hrsos (90%)
crsHoo{ (lo%)
clrHrsos (80%)
crsHoo. (20%)

crólrr8o{

cr{Hlsos (85%)
crsHsor (t5%)
cr.H12o8 (6õ%)
crsHgo{ (36%)

(e6%)
(6%l
(80%)
(20%)

cr¿rrlro{
cr6Irroor
cr{lrrro{
ctõI{r6os

crõI{rro8

(e0%)
(10%)
(80%)
(20%)

crrl{1¡o¿
cr6rIl6os
cr4rrno.
c15r{róos

c16I{rlos
ct8H11o. (90%)
crsH?o6 (t0%)

218

2t7
203

crsHgo.

mle 467 is a doublet corresponding to Cr.HrrOr* (85%)
and CrrHrrOe+ (f5.o/o)1. Alternatively. formal loss of a¡r
oxygen atom from the molecular ion leads to the ery-
throaphin molecula¡ ion (rnle 510), as evidenced by the
normal breakdown pattern of erythroaphin which is
substantiated by appropriate metastable ions. How
this process is efiected has not been established (care
was taken to ensure that the sample of hydroxyery-
throaphiny'å used was not contaminated with the
parent erythroaphin). Direct loss of an oxygen atom
with rearrangement of hydrogen cannot be excluded;
alternatively, disproportionation in the source may lead
to the erythroaphin and dihydroxyerythrophin mole-
cular ions. The spectrum of the latter would not be
observed under these conditions because of its much
lower volatility. (In support of the second possibility,

crrrrroor

crrl{?o.

the simplest mass spectrum (Table 2, Figure 4) of the
naphthaquinones examined. Its interpretation is sum-
ma¡ised in Scheme 2 and is, in some respects, analogous
to those of the erythroaphin derivatives already discussed.
The molecular ion (mle 290\ fragments by two major
pathways. Successive loss of a methyl radical and water
can Iead to the relatively stable cation f (mle 257),
which fragments further only by loss of ca¡bon monoxide.
Alternatively, loss of acetaldehyde results in an ion
mle 246, formulated as g, which may decompose either
by loss of carbon monoxide or a methyl radical to form
mle 218 and 231, respectively.

Similar, and therefore diagnostic, processes are also
observed when ring c is fused to a quinonoid rather than

r0 D. W. Cameron, R. I. T. Cromartie, D. G. L Kingston, and
Lord Todd, J. Chem. So¿., 1964, õ1.
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a benzenoid ring as in compound (IX) 10 (Figure 5).
This mode of fusion leads to certain minor differences
in fragmentation. For example, in the spectrum of
compound (IX) Ioss of water is more pronounced than
the loss of a methyl ¡adical from the molecular ion,
and is followed by the loss of a methyl ¡adical, leading
to an ion analogous to /. The molecular ion of com-
pound (XIII), on the other hand, has little observable
tendency to lose water and the ion f ^ y be formed as

shown in Scheme 2. The main difierence between the

689

fragments principally by loss of a methyl radical and_
to a lesser extent of an ethyl ¡adical to mle 245(75o/o

!"
Me

!"

+ +
HO

MeMeHO OH

H
OH

h, mle 292

(M+2)

oo
i, mle 288

(M-2)

OHOH
+

(xrIÐ

(¡) -e, - Me' (*)

(ri) -x,o (*)

o
f , nle 257

l-co
rf, f+t

C¡¡H7Oa +

nle 229

-MeCHO

(*) o

o
Me

Me

OH

g, nle 246 (M-44)

nle Bt
Scheme 2

spectra of compounds (IX) and (XIII), however, lies
in the greater complexity of the former, as evidenced
by high resolution measurements shown in Table 2.
This complexity is due, at least in part, to the presence
of significant (M + 2) and (M - 2) ions, not observed
in the spectrum of the latter, which fragment independ-
ently of the molecular ion. These ions are neither due to
impurity nor are they formed thermally, since the
spectra determined by the direct insertion technique are
independent of source temperature (60-200") but
dependent on source pressure. These ions are plausibly
formulated as h and i, respectívely, in support of which
the former may fragment to give j, mle 259 (70?á H.R.),
rvhile no analogous fragmentation is observed from the
latter. Their formulation is visualised as involving
intermolecular collisions in the source.

Modifrcation of compound (IX) by methylation of
the phenolic hydroxyl groups as in compound (X) 10

leads to no significant change in fragmentation pattern
(Table l). Removal of the C(f2) hydroxyl group,
however, as in compound (XI),z causes a considerable
modification (Tables I and 2, Figure 6). Its mass
spectrum exhibits a pronounced molecular ion which,
in contrast to the molecular ions from (IX), (X), and
(XII), does not fragment by loss of acetaldehyde. It

+
j t mle 259

HO Me

OH

H.R.). Further decompositions are summarised in
Figure 6. An analogous fragmentation is observed in
the spectrum of isoeleutherin 11 (XV) (Tables I and 2),
illustrating the ease with which this substitution pattern
in ring c can be detected by mass spectrometry even
with differing groups on ring e.

All the results, so far described, have been obtained
on compounds which despite considerable variation
in structure, possess the same stereochemistry. The
effects of changing stereochemistry have also been
studied whenever possible. Epimerisation at C(f2),
for example, has little effect on the mass spectra, as
evidenced by the almost identical mass spectra ex-
hibited by compounds (IX) and (XII) r0 and by ery-
throaphiny'å (I) and -sl a (V). Epimerisation at C(f I)
also is without effect since the spectrum of eleutherin 11

(XIV) is very similar to that of isoeleutherin (XV)
(Tables I and 2). It is concluded, therefore, that mass
spectrometry is of considerable utility for structural
studies in this field, in particulal in yielding valuable
information regarding the nature of the non-aromatic
side-chain but that epimeric structu¡es cannot be
differentiated by this technique.

EXPERIMENTAL

All spectra were measured with an A.E.I. MS I mass
spectrometer, by use of the direct insertion technique,
with source temperatures of ca. 150" for the naphtha-
quinones and 350-400o for the aphins. Exact mass
measurements were carried out at a ¡esolutiou of 14,000
(l0o/o valley definition) and heptacosafluorotributylamine
was used to provide reference masses.

We thank Dr. D. H. Williams for discussion, and Pro-
fessor II. Schmid for samples of eleutherin and isoeleutherin.
Part of this work was carried out during the tenure of an
I.C.I. Fellowdhip (to J.H.B.).

IJ¡¡rvBnstt¡¡ C¡¡¡rrr¡cer. LABoRÀToRy,
Ceu¡nrocr. 1611324 Receiu¿d, December L3lh, 1965l

11 H. Schmid and A. Ebnöther, Hetu. Chim. Actø, 1951, 34,
104 t.
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T¡rs chemical evidence upon which the structure of
repanduline (I) or (Ia) is based was described in Part
VILr This Paper records the mass and n.m.r. spectra
of repanduline and some of its key degradation products
which support the proposed structures (I) or (Ia) in
some detail, but do not permit differentiation between
them. The reasons for regarding (I) as the more likely
structure for repanduline were outlined in Part VII,I and
details of the spectra are therefore discussed in terms of
this stnrcture only, for purposes of clarity.

The molecular formulae of repanduline
Cs?Ha6NzO?1, dihydrorepanduline
repandulinol [(III), Rl: R2: H),
repandulinol [(III),
hydrorepandulinol

R1 : R2: D),
[(IV), ,ozf,

O-methylrepandulinol [ (VI), are established
by
the mass spectra, in conjunction with exact mass measure-

molecular ions at appropriate integral values in all

19õ1

Alkaloids of Daphnandra Species. Part vlll.r The Structure of
Repanduline. The Evidence based on Mass Spectrometry and Nuclear
Magnetic Resonance

By l. R. G. Bick, J. H. Bowie, John Harley-Mason, and D. H. Williams, University Chemical Laboratory
Cambridge

High resolutjon mass spectrometry has established the molecular formula of repanduline and its key degradation
produ.cts. The highly characteristic breakdown patterns of bisbenzyltetrahydroisoquinoline alkaloids pãrmit the
chemically labile functional groups (enol-ether and carbonyl functions) to be located in a small portìon of the
repanduline skeleton. The relative location of the enol-ether and carbonyl functions is strongly supported by the
n.m.r' spectra of repanduline and its reduction products, as are other unusual features of the repanduiine skeleton.

assigned to the loss of the two benzyl groups with their
three oxygen substituents and one extra carbon atom by
double a-cleavage adjacent to nitrogen (with associated

o

o NMe

Me

o (ra)

ments on the molecular ions from repanduline (I) and
dihydrorepandulinol (IV). The presence of the unit
Q¡H'.O, in repanduline (I) and the transformation
products (II)-(VI) is indicated by the occurrence of

r_Part VII, I. R. C. Bick, P. S. Clezy, J. Harley-Mason,
A. S. Howard, W, L Taylor, and I\f. J, Veinengo, freceding
Paper.

-.' 
D._C. PçIq"C\, S. R. Shrader, and M. p. Cava, !. ,tlmer.

Chcm. Soc., f066, 88, f0õ2.

hydrogen rearrangement to the neutral fragment).
The appropriate ions are marked in Fþres l-5 and
the cleavages summarised in the structural formulae
(I)-(ry an<I(VI).

In addition, analytically useful ions are formed by
cleavage of the same bonds as in the formation of the
M - 241 species, but without loss of a hydrogen atom
from the incipient charged fragment and associated with
overall loss of 2 electrons (i.e., to form a doubly charged
ion). This behaviour is also observed in other bis-
benzyltetrahydroisoquinoline alkaloids,2-l 

"ttd 
gives rise

to mle l9r (3822+) from (II) and (III), mle 192 (3842+)
from (IV), atdmle f 86 (3702+) from (VI). For example,

s M. Tomita, T. Kikuchi, K, Fujitani, A. Kato, H. Furukawa,
Y. Aoyagi, Il(. Kit¿no, and T. Ibuka, Tetyahetlron Letters, L986,
867.

_ ¡ J. Baldas, Q. N. P9rt9r, I. R. C. Bick, and M. J. Vernengo,
Tet¡aheilron Lellers, 1966, 20õ9.
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in the last case the fragment ion correspcnds to a (mle
r85).

HO OH

NMe
+

J. Chem. Soc. (C), 1967

reductions (with borohydride or catalytically) and sub-
sequent reactions in a small portion (CrzHl4NO2) of the
original repanduline (I) molecule. A formal meãhanism
by which mle 204 (Cr2Hr4NOz+, base peak in Figure l)
may be derived from repanduline is indicated by the
sequence (I) -> b + c (for other examples of
" retro-Diels-Alder " reactions in heterocyclic systems,

o, m/e 18 5

A third fragmentation reaction which is of great
diagnostic value corresponds to the loss of 416 rnass
units from repanduline (I), dihydrorepanduline (II),

N+
Me

M

H1

H
204

o

o
HN

Me

H

NMe
379
+H
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F¡cune I NIass spectrum of repanduline (I)

o NMe 369
+H

N
Me

(\'I)
o

M

76

54

605 (M+l

see ref. 5). Although the isomerisation of b->c

- i H. _Budzikiewicz, J. Braumann, and C. Djerassi, Teba-
!:!rgy,1965, 21, 1855; D. C. DeJongh, S. C. Éerricone, and
W. Korytnyk, J. Atner. Chem. Soc.itgò'o, gg, IZSS.
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mle 2O6 ions formally correspond to dihydroquinol-
inium ions lthe mle 204 ion which constitutes the base
peak in the spectrum (Figure 3) of repandulinol (III;
Rr : R2 : H) arises Lrom mle 206 by the successive
losses oî hydrogen radicals as established by appro-
priate metastable peaks]. When the M - 416 species
correspond to tetrahydroisoquinolinium ions, the
tendency to form quinolinium ions by loss of four hydro-
gen atoms is greatly reduced, i.e., mle 204 and lg0
(in Figures 4 and 5, respectively) are of much smaller
abundance than mle 208 and 194. The ions which arise
by the loss of 416 mass units are indicated in the struc-
tural formulae and the relative abundances of the ions
may be seen in Figures l-5.

MeO
o

-e-Cz¡H¡rNOs

--+ N
Me

b, nle

! 204

OMe

OH

J. Chem. Soc. (C), 1967

mendous help in establishing the groupings of atoms
in these molecules, whereas the n.m.r. spectra of (I)-
(VI) are useful in indicating the relative orientations
and environments of protons attached to double bonds or

T¡,ar.B I
Composition of major fragment ions from dihydro-

repandulinol (IV)
rn le
r9t

The further decompositions of M - 241 and M - 4f 6
ions, as established by high resolution measurements and
appropriate metastable peaks, are of utility in establish-
ing the nature of substituents in the portion of the
molecule which exists as a blocked dienone in repanduline
(I) itself . The breakdown of the M - 24t and M - 4t6
ions from dihydrorepanduline (II) and repandulinol
(III; R1 : R2 : H) by losses of methanol and/or carbon
monoxide (see Figures 2 and 3) are consistent with the
presence of both methoxy- and carbonyl-groups in the
modified tetrahydroisoquinoline nucleus. l\[oreover, the
M - 24I and the M - 416 ions from dihydrorepandul-
inol (IV) break down by losses of water and/or methanol,
suggesting the presence of methoxy- and hydroxy-
groups as indicated in (IV), whereas the M - 241 ion
from dihydrode-O-methylrepandulinol (VI) undergoes
the concerted or stepwise elimination of 2 molecules of
water, in complete accord with the presence of trvo hydr-
oxy-groups in close proximity as in (VI).

The most comprehensive set of high resolution

The mass spectra of (I)-(IV) and (VI) * are of tre-
I The f de-O-methylrepandulinol (V) was

useful, b those of 1f¡-1ffr) and (VI) arrd îhe.e-
fore has

t The espond to p.p.m. on the ô scale.

(75%)
(25%)
(60%)
(õo%

192
208
242
333
351
365
383
624

adjacent to oxygen atoms. The n.m.r. spectrum (Figure
6) of repanduline (I) indicates the presence of two non-
equivalent N-methyl groups (2.38 and 2.62) I and one
O-methyl group (3.58). An important feature which
strongly supports the proposed structure (I) for repandu-
line is the AB quartet ("I : ll c./sec., ò¡. : 4.14, and òs :
3.88) assigned to non-equivalent protons of the bridging
CHrO-group. The protons of the methylenedioxy-
group are non-equivalent and resonate as a two-proton
multiplet centred at 5.94. The four aromatic protons
of the 1-disubstituted benzene ring are all non-equivalent
and the lines which would be anticipated in terms of a
fi¡st-order analysis in which each of the four proton
resonances is split by an ortho-intetaction (8 c./sec.)
and a rneta-interaction (2 c./sec.) can be identified (see
Figure 6). The three broadened singlets at 6.02, 6.48,
and 6.77 are as as Hl,
H2, and H3 in ( tively.
The proton (Ha) cnates
at 5.52. The singlet resonance at 5.I2 is assigrred to the
aromatic proton (H5) since molecular models indicate
that this proton lies directly over the 1-disubstituted
benzene ring, in a region where strong shielding is ex-
pected.

The n.m.r. spectrum of dihydrorepanduline (II) differs
from that of repanduline (I) in two important features.
First the epanduline
(I) is not epanduline
(II), sinc saturated.
Secondly, an upfreld shift (0'27 p.p.m.) of the methoxy-
resonance occurs on passing from repandutine (I) to
dihydrorepanduline and this shift is perfectly consis-
tent with satu¡ation of the enol-ether double bond.

The spectrum of repandulinol (III; Rr : Rz : H)
in the ò :4-O-7.5 p.p.m. region (Figure 7) differs
most significantly from that of repanduline (I) in the
appearance of a new broad singlet at 4.15. Also, there
is an upfield shift of the enol-ether proton (Ha) from
5.62 1n -repanduline (I) to 4.53 in repandulinol (III;
Rr : R2 : H); the upfield shift is associated with a
change in multiplicity from a singlet (Figure 6) to a
doublet U -2 c.isec.; Figure 7). Since the broad 4.15
singlet (Figure 7) does not disappear from the spectrum

rnle
t74
I7õ

176

t77
178
r90

{

{

o {
(70%)
(30%t

o

N
Me o

+
MeN

G)
Me

c, nle 204
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F¡cunt 6 100 l\fc./sec. n.m.r. spectrum of repanduline (I) in CDCI, solution
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d
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7. 4050

F¡cun¡ 7 Partiat 100 Mc./sec, n.m.r, spectrum (D - 4.È7.6 p.p.m.) of repandulinol (rlr; Rr : Rr : H) in cDCl, solution
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on shaking the deuteriochloroform solution of repandul-
inol (III; Rr : Rs : H) with deuterium oxide, but is
not present in the spectrum of [2Hr]repandulinol (III;
Rr : Rz : D), it must be associated with H6 (see partial
structure d). Moreover, the splitting (2 c./sec.) of the
enol-ether proton Ha (partial structure d) is absent in
the spectrum of fzHr]repandulinol (III; Rr : R2 : D)
and the¡efor€ Js.,s. - 2 c.lsec. The significant coupl-
ing between Ha and Ho confirms the close proximity of
the enol-ether and carbonyl functions. In addition,
the specific arrangement shown in partial structure ¿

(of repanduline) is strongly supported by the upfield
shift of Ha on reduction of the carbonyl group, since the
polarisation indicated in ¿ is removed, leaving only the
shielding polarisation indicated in d. to operate.

t{o H6
Ê-

MeO

J. Chem. Soc. (C) ,1967

The n.m.r. spectra of dihydrorepandulinol (IV),
de-O-methylrepandulinol (V), and dihydrode-O-methyl-
repandulinol (VI) do not merit separate discussion, other
than to point out that they are in perfect accord with the
structures assigned to these compounds, and in particular
that a methoxy-resonance is not found in the spectra of
(V) and (VI). Also, the spectra of (V) and (VI) establish
that the tetrasubstituted double bond of the dienone
group in repanduline (I) does not migrate into conjug-
ation with the carbonyl function of (V).

The remaining function of mass spectrometry and
nuclear magnetic resonance in the structure elucidation
of repanduline (I) has been to provide supporting evidence
for the structure of a degradation product, hemirepan-
duline (VII) and its derived acetate (VIII), which con-
tain only a portion of the skeleton of the intact alkaloid.

The mass spectrum (Figure 8) of hemirepanduline
(VII) is that of a typical benzyltetrahydroisoquinoline.T-e
High resolution measurements establish its molecular
formula as CroHruNOr. The base peak corresponds to
ionf (mle 206, CuHr.NOr+, high resolution), which then
decomposes further (as established by high resolution
measurements and appropriate metastable peaks) as

indicated in Figure 8. The presence of the methoxy-

327 (M+l

320 340

I
H4
E+o

d

Other assignments in Figure 7 are either indicated in
the figure or will be obvious by analogy to Figure 6,

60

?o

àe

o
cq
!
c
5¡o
o

Io(r

206

2

with the exception of the doublet resonance ("I:11
c./sec.) centred at 4'40. This signal is due to one of the
protons of the bridging CHrO-group. Apparently, the
chemical shift between these methylene protons is
increased upon reduction of the carbonyl function;
the high field proton has been located by a double
resonance experiment in which the doublet centred at
4.40 is collapsed to a singlet by irradiation at 3'66.

An acetyl derivative of repandulinol (III; R1 : R'z :
H) has been prepared.r Its spectrum is most noteworthy
for the shift of the broad singlet observed at 4'15 in
Figure 7 to õ.38; the change in ò value (f'23 p.p.m.)
corresponds to a typical acetylation shift.6 The methyl
resonance of the acetyl group occurs at remarkably high
field (f.65) and molecular models of acetylrepandulinol
do indeed suggest that a marked shielding of the acetyl
methyl group by the aromatic rings of this compound
can occur.

0 See, for example, J. N. Shoolery, and M. T. Rogers, /.
Anzer. Chenc. So¿., 1958, 80, õf2f.

7 l\{. Ohashi, J. M. Wilson, H. Budzikiewicz, M. Shamma,
W. A. Slusarchyk, and C. Djerassi, J, Amer. Chem. Soa., 1963,
8õ, 2807.

80 too t20 r40 160 180 200

m/e

FrcunB 8 Mass spectrum of hemirepanduline (VII)

MeO

benzyl substituent is suggested by the ion at mle l2I
(CsHeO+). As expected, the mass spectrum of the
derived acetate (VIII) exhibits the molecular ion at mle
369 and shifts of 42 mass units are observed relative to
the corresponding ions from hemirepanduline (VII)

H (6.42)
OMe

OR
+

MeN MeN OH
(7- t7 ) Me Me

(\'II) R = H

(\'III) R= COMe

f , nle 206

in those cases lvhere the elimination of keten does not
precede fragmentation. The n.m.r. spectrum of hemi-
repanduline establishes the presence of the methoxy-
groups (two three proton singlets at 3.80 and 3.87),
one N-methyl group (three proton singlet, at 2.42),

8 F. R. Stermitz, L. Chen, and J. I. Wh'ite, Telrøheilron, lg08,
22, 1095.

0 Ì\(. Tomita, H. Furukarva; T, I(ikuchi, A. Kato, and T.
Iblaka, Chem. ø*il Pharm. Bull. (Jaþøn), f 966, 1{, 232.
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and one aromatic C-methyl group (three proton singlet
at 2.18). Signals associated with a typical ArB, system
are centred at 6'83 and 7.17 and thus the methoxy-sub-
stituent of the benzyl group must be inthe þara-position.
The remaining aromatic proton in the molecule reson-
ates as a singlet at 6.42.

The relative orientation of the aromatic Me, OH, and
OlIe substituents was tentatively deduced in the follow-
ing manner. First, it was known that the hydroxy-
group \r'as ntela to the unsubstituted position in the
aromatic ring, since hemirepanduline does not incorpor-
ate deuterium on equilibration with deuterium oxide
under basic conditions.r Secondly, O-acetylhemirepan-
duline (VIII) gives án n.m.r. spectrum in which the
singlet aromatic proton has shifted from 6.42 to 6.54,
consistent with its location meta to the acetoxy-group.ro
Thirdly, there must be a substituent in the 8-position
of the isoquinoline ring. This follows from the data of
Tomita et al.,rr who showed from the analysis of the
n.m.r. spectra of a number of benzyltetrahydroiso-
quinolines that if a substituent is present in this position,
the benzyl group adopts a conformation as in (IX),
which results in shielding of the N-methyl protons, so
that they resonate around 2.35. With no substituent at
C-8, the benzyl group adopts a different conformation,
as in (X), in which the N-methyl protons resonate at2'60
or lorver field; the H8 proton is now shielded and reson-
ates around õ'88; these observations have been supple-
mented by the data of Kubota et al.rz ffrom whose work

ro R. J. Highet and P. F. Highet, J.Org.Chetn., 1965,80,
902; I. R. C. Bick and G. I(. Douglas, Telyahedyon Letters,
1965, 4655.

rr ìL Tomita, T. Shingu, K. Fujitani, and H. Furukarva,
Chetn. anìl Phayn. Bull. (Jaþan), f 965, 18, 92f .u S. Kubota, T. I\fasui, E. Fujita, and S. l\,I. Kupchan, ,f.
Org. Chem., f966, 81, ,516.

rr M. Shamma, M. A. Greenberg, and B. S. Dudock, Tetro-
heilron Lelters, f96õ, 3õ95.

1957

examples (IX) and (X) are takenl and by others.rs-r6
Attention is drawn to the close correspondence of the
N-methyl and aromatic proton chemical shifts in (IX)
and (VII).

(6.37)
H

(r.es)

(r.rs ) MeN

OMe (r'er)

OMe (r'sz)
OMe
(3.r5)

(s.ee)

MeO OMe
¡t,t t )

(t\)
(r.ze )

In the light of the above evidence, and biogenetic
considerations 16 which lead one to expect oxygenation
at C-6 and C-7 of the isoquinoline nucleus, structure
(VII) is the most reasonable for hemirepanduline. As
described in the following Paper,u this suggestion has
now been confirmed by synthesis.

EXPERIMENT.AL

Mass spectra were obtained on an AEI MS g mass spectro-
meter operating at 70 ev. Samples were introduced via the
direct inlet technique. The n.m.r. spectra were obtained
on a Varian HA-f00 instrument, in the frequency-sweep
mode to facilitate spin-decoupling where applicable.

171448 Receiueil, Aþril 17th, 1987)

u M. Shamma, B. S. Dudock, M. P. Cava, K. V. Rao, D. R.
Dalton, D. C. DeJongh, and S. R. Schrader, Chem. Comtn.,
1966, 7.

16 D. R. Dalton, M. P. Cava, and K. T. Buch, Telrøheilyon
Lellers, 1965, 2887.

r0 E. Leete in " Elucidation of cal and
Chemical Methods," ed. K. W. Ben Organic
Chemistry," vol. XI), Interscience,

r? K. Àoki and J, Harley-Mason,

ove|
oMeJ

(r'es)

(r'er)

(\)
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Î'IE SÎRUCÎURE OF OCHROMYCINONE

J. H. Bowie

Departnent of Organic Chenistry,
the University of Adelaider South .A.ustralia

A. l{. Johnson

Departnent of Chemistry,
the University of Nottinghäm, England

(Receivetl 2 February 1!61)

'¡he recent report (f) of the structures of tetrangulol (I) and tetrangomycin (II)

prompts us to present a preliminary account of the structure of ochromycinone, whicÌr

has been isolated together vith a series of rhodomycinones and pyrromycinones (2) fron

several Streptonyces strains (J).

ô HO

G) (tt¡

ochromycinoner ciyHj uourÍnl35o 2o4.io (cHclr), contains no methorcyl, ester, or

non-bonded hydroxyl groups, and is stable both to acid and alkali. the ultraviolet

spectrum (X^^*, 265, 4O5 n1r,; Log e 4.42, 3.55) ¡'s characteristic of a l-hydroxy-

anthraquinone (4) containing an êdditional auxochromic substituent. Infrared carbonyl

absorptions (L?O7, f668, ana f658 
"..-1) 

confirm both the presence of the I-hydroxy-

anthraquinone moiety (5) anA an additional conjugated carbonyl group. Aldehydic CH

absorptions are absent in the infrared spectrumr and as ochromycinone forms a

2r4-dinitrophenylhydrazone under forcing conditions, the presence of a ketonic

substituent on the anthraquinone is likely.

ô
OH

o or{

L449
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Ochromycinone forms a monone.thyl ether and a nonoacetate. The ultraviolet spectra

of these derivatives Iend additional support to the presence of the keto-I-hydroxy-

anttrraquinone chromophore. the nethyl ether exhibits infrared carbonyl absorptions.

at Llol ana f6l8.r.-1, indicating that the phenolic group in ochromycinone is not

adjacent to the c,-keto group. fhe absence of strong. absorption at ILJ.t.-1 it th"

infrared spectra of ochromycinone and its derivatives shows that both the terminal

rings of the anthraquinone are substituted (5). Modified Kuhn-Roth oxidation of

octrronycinone produces only acetic acid. Zinc duÊt distillation of oclrromycinone

yields J-methylbenz(aJanttrracene (identified by its absorption epectrum and R¡ values

in eeveral solvents) (6). Assuming that methyl migration has not occurred during the

zinc dust distillation, four structures (f¡¡ - VI) can be written for ochronycinone.

ô

(III)
( rv¡

(v)
(vr )

Rr= OI{r &= H

&= H, R2= OH

q= oH, &= H

&= H, &= oH

The nuclear magnetic reêonance epectra of octrromycinone (Figure ll and of,its

derivatives ahows a constant g,1!þ AB splitting pattern (JAB = 9.O c.p.s.') due to the

tso protonF of ring C, an unsynmetrical doublet due to the nethyl protons, and a

conplex pattern due to the remaining protons of ring D.

The masg apectfa of ochronycinone and its derívatives (see Figure 2 for the

mase Epectrum of ochronycinone methyl ether) are also infornative structurally.

these may be interpreted using a knowledge of the fragnentation modes of q,-tetralonea

(7), as the fragmentationis only slightly complicated bv the anthraquinone moiety

(8). An asterísk in Figure 2 represents the presence of an appropriate metastable

peak for the process indicated and exact mass Eeasurements establish the



r4r2 No. Iô

compositions of the najor ione in the spectrun. the process I.t+ - CrH5 - LO - H'

is changed to M+ - c¡H,.q - co - H' r{hen the protons c- to the carbonyl group of rin¡

D are exchanged with deuteriuE (UeOOr/lleONa), thua establishing atructure (V) or (Vf)

for ochronycinone. l{e prefer structure (Vt) or biogenetic grounds, but hope to nake

the decision by syntheses of (V) an¿ (VI) which are in progrees.
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THE STR,UCTURE
N'R,OM MAESOPSIN

ON' THE ALKALI X'USION PRODUCT DER,IVED
THE EVIDENCE BASED ON MASS SPECTROMETRY
AND N.M.R. SPECTR,OSCOPY

By J. H. Bowrn* and J. W. W. Moncnrt

lManuscri,pü rece,iued JuIy 25, 19661

Summary

Maesopsin, Cr¡IIrzOe, (obtained from tho heartwood of Maesoptsis em,im,ü,,

Iìhamnaceao) on fusion with alkali forms a yellow product, C15H16O5, which on
methylation forms two methyl ethers. Structures for these producls are suggested
from a consideration of their n.m.r, and mass spectra, which afford confirmation
of the original work.

Extraction of the African timber musizi (Maesops,is em,inü, Rhamnaceae)
yields rnaesopsin, C15H12O6. Maesopsin (I), when fused with a mixture of sodium
and potassium hydroxides a,t 130", forms a crystalline yellow product C15H19O5,

whilst on further treatment with alhali at 200" 3,5,4'-trihydroxydiphenylmethane
is obtained.l The structure of this latter product was established by methylation
and oxidation to the corresponding trimethoxybenzophenone.

The yellow fusion product on brief treatment with dimethyl sulphate-potassium
ca,rbonate yielded a monomethyl ether C16H12O5 whereas prolonged treatment
afforded a tetramethyl ether C1eH2eO6. Of the alternative structures ((II), (III),
and (IV)) discussedl for this fusion product, (IV) was favoured on the basis of infrared
a,nd n.m.r. eyidence. Thus both the fusion prodnct (z¡¿a 1820 and 1694"^-1) and
its monomethyl ether (z¡¡¿¡ I80l and 1700 sm-r) exhibited carbonyl bands resembling
those of coumaran-2,3-dione (z¡n¿* 1807 and1720 cm-1), the 1800 band being at an
unusually high frequency. Further, the methylene group had the sa,me chemical
shift (5.86 z) in the n.m.r. spectra of the two methyl ethers as it had in that of the
fusion product. It was thus concluded that the methylene group has the same environ-
ment in all three compounds, rvhich excluded the alternatively formulated tetra-
methyl ether (VII) associated with fusion product structures (II) and (III).

In the present work we wish to present mass spectrometric evidence in support
of structure (IV) for the fusion product, and (YI) for the tetramethyl ether, and
which together with further n.m.r. evidence shows the monomethyl ether to be (V).

A revised analysis of the nuclear mâ,gnetic resonance spectra of these products
is summarized in Table l. As pointed out above, all the compounds show a peak
due to the protons of a methylene group at 5 .86 1; this is compatible with a diphenyl-
methâne structure,za but not with a methylene group in a, system of the type

* Department of Organic Chemistry, University of Adelaide.

t X'orest Products Rosoarch Laboratory, Princes Risborough, Aylesbury, Bucks., U.I(.
l Janos, N. F., I(ing, F. 8., and Morgan, J. \^/. W., J. chem. Soc., 1963, 1356.
2 "N.M.R,. Spectra Catalog." Vol. 1. (ø) Nos. 357, 661. (b) Nos. 5I, 262, õ30,627. (Varian

Associatos: Palo Alto, Cal., 1962.)

Aust. J. Chøm., L967, 20, Il7-22
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Tlsr,u I
N,M,R,. SPECTRA OI'fEE ALKAI,I FIISION PRODIICT ÀND ITS METEYL ETEER'S

rs, chenical shift in CDgCOCDs; r¡, chomical shift in CoDs; J values in c/s; s, singlet; d' doublet

Fusion Product (IV) Monomoühyl Ether (V) Tetramethyl Et'her (VI)
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* On shaking solution with DsO, no change in the signal at 3'48 is observed;
the spoctrum in ühe aromaüic rogion is sharpened.

f This signal is romovod whon tho solution is shaken with DzO.

f Because of insolubility, the aromatic region was not visible.
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-C:C-CHz-O-C(-O)-C=C (which generally falls between 5'0-5'3r).zo In certain
other respects however the assignments differ from those previously recorded. In
particular the peak at 3'48 ¡ in the alkali fusion product cannot be due to phenolic
hydroxyl as it is not removed on treatment with DzO. This signal is now assigned
to the meta-protons which on treatment with t-butanol become unequivalent and
exhibit meta-splitting. In addition, when the spectra of the monomethyl ether and

Fig. I
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the fusion product are compared, it can be clearly seen that different splitting patterns
are exhibited by the meta-protons of ring a, together with corresponding differences
in the chemical shifts of these protons. This obserr¡ation demands that the methoxyl
group of the monomethyl ether be situated on ring n. Confi.rmation of this can be
seen from the large solvent shift of the methoxy group protons observed when the
spectrum of the monomethyl ether is measured in benzene-d6; viz. A(CDaCOCDB-
C6D6) cr I p.p.-.; this large value can only be explained if the methoxyl group is
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in proximity to a carbonyl group.3,4 The allocation of the methoxyl group to the
I ring âccords with the expected ease of methylation of this hydroxyl group which
is in a position analogous to the reactive 7-OH group in flavonoids.

Fig. 3
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The mass spectra of (IV), (Y), and (VI) together with that of coumaran-2,3-dione
are reproduced in X'igures l-4. The major fragmentation schemes are indicated in
Figures 14; an asterisk depicts the presence of an appropriate metastable ion for

sBowie, J. II., Camoron, D. W., Schütz, P. E., Williams, D. II., and Bhacca, N,,?etra,-
hed,ron, 1966, 22, I7 7 I.

a Bowie, J. IL, Ronaye, J., and l{illiams, D. H., J. chem. Soc. B, 1966, 785.

*

-Me.
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-co
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the transition indicated. The mass spectra ere in agreement r¡,ith the proposed
structures.

SeveraÌ salient fcatures emerge from a study of the mass spectra of (IV) (\rI).
The presence of mfe 107 in n'igures 2 and 3 and mfe 121 in Iligure 4 (C7H7O+ and
CsHroOf respectively by high resolution) can be attributed to the oxygenated
tropylitrm cations ct andb. These characteristic fragrnents shorv the presence of the

mle 1-51

MeO

a; mle I07, R: H

b; mle 727, R : N{e
mle I2I

diphenylmethane skeleton and are of comparable intensity to those observed in the
spectrurn of 3,5,4'-trimethoxydiphenylmethane, v,here m,le l2I and 151 represent
16 and 5o/o of the base peah respectively.

The spectrum of the alkali fusion product, (n'ig. 2) is similar to that of coumaran-
2,3-dione (Fig'. f ) rvith the exception that it may lose t'lvo molecules of carbon monoxide
fi'om the phenol substituents. Overall loss of five calbon monoxide molecules plus
hydrogen rvould ultimately yieldm,le 128lvhich is probably best represented as the
naphthalene molecular ion. It should be stressed that this spectrum (X'ig-. 2) u'ould
eqnally fit the isocoumarin structure (II) if no ion at mle 107 (ø) r,r'ere observed.

The rnass spectrum (Fig'. 3) of the monomethyl ether (\r) affords furthel eviclence
fol the methoxyl gr:oup ìreing at C 5. The signiflcant loss of a meth¡rl radicaÌ from
the i\{-CO ion (mle 256) tog-ether u'ith the concerted eÌimination of an acetyl raclical
from the same ion must be associatecl 'rvith a metìroxyl group in conjugation u'ith a

carbonyl groups (see c >d >c).

I

c; mle 256 d; ntle 24I

CCO
(Mc.+CO)

e; nle 273

Finally the mass spectrum (f ig'. a) of the tetramethyl ether establishes the
presence of the Ar-CO COzl[e unit. The molecular ion mle 344 loses 1\{eCO2. by
ø-carbonyl cleavage to fumish nt,fe 285 lvhicÌr is the l¡ase peak of the spectrum.
Ilurther fragmentations are summarized in Figure 4.

õ Borvie, J. II., ancl Cameron, D.W., Aust, J, Cltem., f 966, 19, 1627.
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In summary, the evidence based on må,ss spectrometry and nuclear magnetic
resonance spectroscopy when combined wiúh the earlier reported chemical evidencel
establish the structures of the maesopsin alkali fusion product together with those
of its methyl ethers as (IV), (V), and (VI) respectiyely.

Exrnnrrvrnwte¡,

N.m.r. spectra were determined with a Varian HAI00 nuclear magnetic resona,nce spectro-
meter. Mass spoctra were determined by the direct insertion technique with an AEI MSg mass
spoctrometor operating at 70 oV and with a sourco tomporaturo of c. lõ0'. Exact, mass measure-
ments were carried out at, a resoluüion of I in 14,000 (10o/o valley definition) using heptacosa-
fluorotributylamine to provide referenco masses. All measuroments were correct to within lõ p.p.m,

Ac <rvowr.nocMnNT

Part of this work wâs oarried out while one of us (J.H.B.) was the holder of
an I.C.I. n'elowship at the University Chemical Laboratories, Lensûeld Road,
Cambridge, England.
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MASS SPECTR,A OT' SPER,MATHER,IDINE ALKALOIDS. THE STR,UCTUR,E

OX' MOSCHATOLINE*

By I. R,. C. Brcr,t J. H. Bowro,f and G. K. .Doucr,,l.sfS

lMønuscri,pt receiaed, October I3, 1966)

Summary

Tho mass spectra of a series of alkaloids of üho spermatheridine group,
together with those of thoir alkoxy derivativos, are roportod and discussod. The
charactoristic fragmontaúion processes, substantiated by appropriate metasüable
peaks, oxact m&ss measurements, and in somo cases kry deutorium labolling, facilitate
the location of substituents in ühe tetracyclic systom. A structuro for moschatoline
is deduced from a consideration of the mass spoctra of its derivatives.

The spermatheridine alkaloids ere related structurally to the aporphines,
whose mass spectra have been studied recently.l In the present work the mass speotre
of spermatheridinez-a (I), atherospermidinez,5,6 (II), O-methyl- and O-acetyl-moscha-
tolineT (III and V), atherolineT'8 (VI), O-acelyl-, O-methyl-, and O-ethyl-athero-
line6,7 (VIII, IX, a,nd X) and the ethyl ethersT (XI and XII), isomeric v/ith the latter
compound, ere recorded in Table I and X'igures 1-7.

Although exa,ct ma,ss meâsurements establish trþs sempositions of many of the
fragment ions (Table 2),lhe structures used in this paper a,re nominâl representâtions

x This paper constitutos Part IV of tho series "Eloctron Impact Studies". For Part III
seo Bowie, J. H., Cooks, R,. G., Dynesen, 8., Lawesson, S.-O., and Schroll, G., Arlc. Kemó,
in pross, This paper also forms Part III of the sories: "The Alkaloids of Atherosperma ntosahatunt
Labill." X'òr Part II, see Bick, L R. C., and Douglas, G.K., Aust. J. Chem., 1965, 18, 1997.

f Dopartment of Chemistry, University of Tasmania.

{University Chomical Laboratory, Cambridge, England; present address: Dopartment
of Organic Chemistry, Ifniversity of Adelaide.

$ Presenü Addross: Waito Agricultural Research Institute, Ad.elaide.

r Ohashi, M., Wilson, J. M., Budzikiewi'cz, H., Shamma, M., Slusarchyk, W. 4., and
Djerassi, C., J. Am. chem. Soc., 1963, 85, 2807.

2 Bick, I. R. C., Clozy, P. S., and Crow, W. D., Awst. J. Chem., 1956, 9, llf .

8 Bick, I. R. C., and Douglas, G. K., Tetrahed,ron Lett., 1964,, 1629; Pltgtochøm,istry¡ 1966,
5, 197.

{ Buchanan, M. 4., a,nd Dickey, E. 8., J. org. Chem., L580, 25, 1389; Taylor, \ry. I.,
Tetrahed,ron, I96f, 14, 42; Co}:on, J., Langenúhal,-W. von, and Taylor, W.I.,J. org.
Chørn.,1961,26, 4143.

6 Bick, I. R. C., and. Douglas, G. K., Aust. J. Chern., 1965, 18, 1997.
ollarris, W. M., and Geissman, T. 4., J. org. Ohern., 1965, 30, 432; Pa| B. R., and

Shanmugasundaram, G., Tetra,hed,ron, 1965, 21, 25L5.
? Bick, I. R. C., and Douglas, G. K., Tetra,hed,ron Lett., 1965, 4655.
E Bick, I. R. C., and Douglas, G. K., Tetrahed,rom Lett., 1965, 2399.

il

Auet, J. Chørn.,1967,20, f403-lf
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STRUCTURE OF MOSCHATOLINE
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only,* but serve the important purpose of relating the fragmentation pattern to the
structure ofthe intact molecule. A¡ asterisk in a figure or a text depicts the presence
of an appropriate metastable ion for the process indicated.

The mass spectra (n'igs. f and 2) of spermatheridine (I) and atherospermidine
(II) are remarkable for loss of all the substituents on ring l through conjugate
eliminations involving the carbonyl group of ring o, resulting in complete degradation
of ring e. Such fragmentations are not observed in the spectra of simple dimethoxy-
and trimethoxy-benzenes, which decompose by loss of only one Me. and one CO

R:H
R: OMe

R

R

R
(I)

(Ð

Rr R2 R3 R4

(vl) H Me Me Me

(vl) D Me Me Me

(vttt) Ac Me Me Me

(Ix) Me Me Me Me

(x) Et Me Me Me

(xt) Me Et Me Me

(xlt) Me Me Er MeR: Me

R=H
R: Ac

molecule,lo brit are present (to a lesser extent) in the mass spectra of pol¡rmethoxy-
anthraquinones.rr A fragmentation of atherospermidine (II) is summarized. in
Scheme l; similar alternate fragmentations are shown in X'igure 2. The compositions
of the major fragment ions in the spectrum of (II) have been established by exact

-^-^^-a- /-^^ m^Lr- ô\ mr : :a: r r: --r ,a:, -r - --i:--t ¡------ ri--uasJ uuasurcrluli.us \üuu r¿rurc ¿,,, IJtc lrllùlal cllttjlll¿nulo.tl (,1 a .ljaulu¿tl ljjuûl t/uc

molecular ion may in general originate through either the CI or C3 alkoxy group,
but in the case of atherospermidine (II), loss of a Me. from the C3 methoxyl is
favoured (II+ø), followed by a series of concerted eliminations (see Scheme I) to form
ultimately a C.rHrN+ fragment (mle Ia}). In contrast, the molecular ion of sper-

* It has been suggested0 that the benzene molecular ion possesses a linear structuro.
o Monigny, J., Brakier, L., and D'Or, L., Bull. Acad,. r. Bølg. CL Sci,., f 962, 48, f 002.

loBarnes, C. S., and Occolowitz, J. L., Aust. J. Chent.,1963, 16, 2I9.
11 Bowie, J. H., unpublished data.

(D
(tv)

(v)



STRUCTURE OX' MOSCIIATOLINE r407

matheridine (I, mle 275) which lacks the 3-methoxyl substituent, plausibly rea,rrenges

(via Cl) as indicated in Scheme I (I+/), and fragments as summarized in X'igure l.

- Me'
(*)

-.co
(*)

(lI), mie 305 a, mle 290

-itr- mte 234 *+'q-

I
b, mle 262

d, mle 206

-H.(Ð
Ic11H3N]+'

mle 149

e, mle 176

HzC-

C, mle 164

(I), mle 275 Í, mle 275

Scheme I

An even riore complex series of decompositions ca,n be seen in the mass spectrum

(X'ig. 3) of O-methylmoschâtoline (III). Here, alternate concerted loss of three methyl

c, mle 262

-HC=CH
(*)

+
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radicals and three carbon monoxide molecules from ring I (by similar mechanisms
to those outlined in Scheme l), starting from the cl and/or cB methoxy groups,
followed by the C 2 methoxyl, and ending with elision of carbon monoxide from the
carbonyl group of ring c, results in the formation of mle 164, possibly g.
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Whereas O-methylmoschatoline has been shown to have structure (III), the
position of the hydroxyl in moschatoline has not been definitely fixed.. ? X'rom the
fragmentation schemes outlined above, it should be possible by mass spectrometry
to securely differentiate between a hydroxy group at Cl (or C3) and one at C2.
If the hydroxyl were at either Cl or C3, the mass spectrum should show a large
contribution from a M-II. ion. Conversely, if the hydroxyl were at C2, then
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the fragmentation from the molecular ion should specifically show the sequence
M-Me.-CO-Me.-3CO. The corresponding O-acelyl compounds should give
the same decomposition modes after initial loss of C,H,O, since phenolic acetates
on electron impact have been shown to produce the molecular ion of the corresponding
phenolrz,re after elision of ketene. Tigure 4 illustrates the mass spectrum of O-acetyl-
moschatoline, which in its decomposition modes clearly follows those predicted for
the compound with an acetoxyl group at C 2. This strongly supports structure
(V) for O-acetylmoschatoline and (IV) for moschatoline, as deduced. tentatively from
other evidence.?

The mass spectrâ, of compounds containing oxygenated substituents in ring o
(VI)-(XrI) are more complex and less readily interpretable than those of the previous
group. Although concerted eliminations of the t¡rye outlined above for alkoxy
substituents on ring E might be expected also for ring n, such eliminations in practice
are of lesser importance in this group of alkaloids (see n'igs. 5-7); valuable structural
information can nevertheless be obtained from their mass spectra, as illustrated by
the following examples:

Atheroline (VI) behaves characteristically on electron impact, and the decom-
position modes are shown in n'igure 5. The interpretation of this spectrum was aided
by a comparison with the spectrum of O-atheroline-d, (VII), prepared by
introducing (VI) directly into the source with deuterium oxide.la The molecular
ion (mle 337) of atheroline (VI) loses a methyl radical (see above) to form mle 322,

-llIeOH -3CO mle 276(*)

i, mle 290

h, mle 322

probably å, which then loses methanol to furnish mle 29O (C1?H8NOf , high resolution).
Such eliminations are not observed in the ma,ss spectra of compounds (I)-(III), nor
in the spectr¿ù of simple methoxyphenols.lo The corresponding fragment (mle 290)
in the spectrum (Table l) of O-atheroline-d, (VII) is formed by specific loss of MeOD
from the M-Me' fragment,, thus favouring the concerted elimination of methanol
h-->i; i then loses three molecules of carbon monoxide to produce ullimately mle2I6.
Corresponding processes are ¿ùlso observed in the spectra of the two ethyl ethers
(XI) and (XII) (see later). O-Acetylatheroline (VIII) behaves unexceptionally on
electron impact (Table 1), exhibiúing a signifi.cant molecular ion which decomposes

12Bowie, J. II., Cameron, D. W., and Williams, D. H., J. Am. chem. Soc., 1965, 87,6094.
ra Bowio, J. H., and Cameron, D. W., Awst. J. Chem,., 1966, 19, 1627.
1{ Shannon, J. 5., Awst. J. Chem., 1562, 15,265.
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by loss of ketene to yield the molecular ion of atheroline (VI) ; further fragmentation
then occurs as described previously (Fig. 5).

The derivatives (IX)-(XII) on electron impact show some interesting features.

The mass spectrum (Table t) of O-methylatheroline (IX) is as expected except

that no loss of dimethyl ether (cf. h --> i,) is observed. The mass spectra of the three
ethyl ethers (X)-(XII) illustrate a potentially valuable means of distinguishing the
type of oxy substituent at Cl.

The mass spectra of O-ethylatheroline (X) (X'ig. 6) and of (XI) (Table l) are

almost identical, and these two compounds cannot, be distinguished by mass

spectrometry. Extensive high resolution measurements, which are recorded in
Table 2,'were necessary for the interpretation of the spectra of the ethyl ethers (XI)
and (XII). In compounds of this type containing both ethoxyl and methoxyl groups,

it would be expected that an ethyl radical would be eliminated more readily than a

methyl radical. It can be seen from Table 3 and X'igure 7 ll.at this is in fact the

T¡nr,n 3

R¡:r,.A.TrlrE Äsrtxo¡ìTcns* oF M-R roNS rN TEE sPr¡crRA or. TEE ¡lIrlIYr, ETEERS

(x)-(xr)

M-R, (xrr)

M-Me.
M-Et
* As per cont of base peak.

case for (XII), where the ethoxyl is on C l, and the resulting fragment ion (mle 336)

constitutes 70o/o of the base peak as compared wilh 4o/o for the ionmle 350 due to
loss of methyl; for (X) and (XI), however, where the ethoxyl is in ring p and CI
bears a methoxyl, loss of methyl predominates. Further fragmentations of these

compounds are outlined in n'igures 6 and 7. This evidence lends further support
to the mechanistic proposals outlined in Scheme 1, and aids structural studies in
alkaloids of the atheroline family.

ExpnntmoNtlr.

Melting points are correctod and wero measured on a Gallenkamp melting poinú apparatus.
Microanalyses were carried out by the Australian Microanalytical Service, Molbourne' Mass

spoctra wore measured by the direct, insertion technique with an A.E.I. MSg mass spectrometor
operating at 70 eV, with ühe source temperature beüweon 200 and 250'. Exact mass measurements

wore carriecl out at a resolution of 18,000 (I0o/o valley definition) and heptacosafluorotributylamino
was used to provide reference m&sses. All oxacü mass moasurements were correct to within
15 p.p.m.

7-El,hoøy-6-methoøy-1-(4',5'-c),imeLhoøy-2'-nitrobenzoyl\'isoqu'inolönø

7-Ethoxy-3,4-clihydro-6-methoxy-l-(4',5'-dimethoxy-2'-nitrobenzyl)isoquínoline16 (I g) was

added to chromic oxide (l g) in acetic acid (25 ml) and the mixture hoated on tho steam-bath

16 Manske, R. H. F., Charlesworth, E. It., and Ashford, W. R., J. Am' ohem. Soo.' I95l'
73, 376r.

4

70

(XI)(x)

26
l3

22
1t
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until an exothermic reaction commonced. The reaction mixture was t'hen removed from tho
bath and allowed to cool, poured into wa,tor, ba,sified (NHå), and extracted with chloroform.
The chloroform extract, was washecl with water, dried, and evaporated to dryness. The rosidue
in eúhanol (15 mI) was treated with a few drops of 50o/o aqueous sodium hydroxicle and heated
on a water-bath; the solution took on a deep red colour which gradually faded with the appoarance
ofyellowprisms(200mg),m.p. 164-166'; y-o*I676s, l520s,and1342s(Found: C,6t.5; H,4.9.
Calc. for CrrIIroNrOr: C, 61.2; H, 4'So/o\.

1 -Ethoøy - 2,9, 1 0 -trimethony -7 -orod,ibenzolde,glqui,noline (X I I)
The above isoquinoline d.erivative was shakon in absolute ethanol at, room temperature

for 20 hr under I atrn of hydrogen in tho prosonce of a Raney nickol catalyst. The catalyst
was removed by centrifugation, washecl úhoroughly with ethanol, and the washings ancl original
supornatant liquid were combined and evaporated to dr¡rness. The residue (140 mg) was dissolved
in methanol (7 ml) and lOo/e sulphuric acid (7 ml) and diazotized with Iw sodium nitrite (0'6mI) ;

the solution was allowod to stand in the cold for 30 min, after which it was heated on ühe

steam-bath for 30 min. The solution, which developed a deep red colour, was then cooled,
basified (NHr), and extracted with chloroform, The chloroform extract was washed with water
and driod to give B, yollow residue which crystallized from acetone as yellow neodles (I0 mg),
m.p. 196-198'; l-.* (EIOH) (loge-**) 244 (4'46),272'5 (4'45),251 (4'22\,348 (4'03), 380
(inf.) (3.96), 427 (3.7Dlr and À-** (0.05r }ICI (EtOH/HrO)) m¡r (log<-u*) 2õ7 (4.52),285 (4.46),
385 (4'46),385 (4.09),500 m¡r (3.33).

For exact m&ss measurements, soo Table 2.

(4' - E thoæy - 5' - m,ethoøy - 2' -ni,tr ob enzogl) 6,7 - d,imethongis o quònolòne

Tlris was prepared from 1-(4'-ethoxy-5'-methoxy-2'-nifiobenzyl)3,4-dihydro-6,7-cìimeth-
oxyisoquinolinolo by a method essentially the same as ühat described above; m.p. 189-192"
(Found: C,6I'0; }I,5.0. Calc. for CrrIIroNrOr: C,6L'2; H,4'9o/ò.

1 0 - Ethoæy - 1,2,9 -tri,methony - 7 -onod,ibenzolde,gfqu,inoline (X I)
Propared as for (XII), m.p.22O-221"; l-"* (Et,OH) (Iog.-.*) 244 (4'45l,,272'5 (4.48\,

291 (4'23),350 (4.03), 380 (inf.) (3.96), 427 (3'70) ancl l-"* (0'05w HCI(EtOH/H,O) (log e-**)
257 (4.52), 285 (4. 46), 385 (4'09), 500 m¡r (3 ' 33) (X'ound: C, 68 ' 7 ; H, 6'4. CaIc. for CslIIlnNOu :

C, 69'0; H,5'2%).
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SOLVENT EFFECTS IN NMR SPECTROSCOPY-VII

CHEMICAL SHIFTS INDUCED BY BENZENE IN QUINONES

J. H. BowE, D. W. C^r,unnoN, P. E. Scnürz and D. H. Wnrru.us
University Chemical Laboratory, I-ensfield Road, Cambridge

and

N. S. Bnecc¡.
Varian Associates, Palo Alto, California

(Receiued2S Sepiember 1965; ín reoisedform l1 October 1965)

Abstract-solvent shifts (43?f:. : ôcoor, - dou"u ppm) are reported for a number of methyl- and
methoxy-substituted quinones. In the anthraquinones examined, a Cl methyl group undergoes only a
small upûeld shift in benzene (0'06_0'17 ppm), whereas a C-2 or C-3 methyl group suffers a much
larger upfield shift (0'52-0'60pp-). These effects are only slightly modified by the presence of
adjacent methyl groups. In contrast, the shifts observed for "isolated" C-l or C-2 methoxy substit-
uents in anthraquinones may be greatly modified in l,2-dimethoxy or 1,3-dimethoxy-derivatives,
reflecting the greater electronic interaction between the polar substituents. Solvent shifts support the
previously assigned differences in stereochemistry and conformation between isoleutherin, eleutherin
and a related system derived from the aphins.

Ir nas recently been shownz-5 for a large number of ketones, that the proton chemical
shifts induced by benzene relative to deuterochloroform (A!lfj-: ôcocr, - ô"ur*)
are positive for protons behind an isolated carbonyl group and negative for protons
in front of an isolated carbonyl group (see I). We wished to extend our studies to
other classes of conformationally rigid compounds containing carbonyl groups and
the present paper records results for a number of quinones.

CDCI¡cDclr
A

CoHu
+ve :Q

^CoHo
-ve

I
In Table 1, the deuterochloroform and benzene solution chemical shifts of the

methyl resonances in some substituted benzoquinones (II-V), naphthaquinones
(VÍ-IX) and anthraquinones (X-XIII) are summarized, together with the AID-or.

values.
Considering first the results for the anthraquinones X-X[I, it is evident that a

peri-methyl group (at C-1) only undergoes a small upfield shift (0.06-0.17ppm) in
benzene in these compounds, 'whereas a C-2 or C-3 methyl group suffers a much
larger upfield shift (0 52-0'60ppm). This difference in behavi,our is understandable
in terms of the shifts associated with isolated carbonyl functions,z-s since a C-l
methyl group 'will be influenced by a peri-carbonyl group which can exert a negative

1 Part V, D. H, Williams and D. A. Wilson, f . Chem. Soc, in press.
2 J. D. Connelly and R. McCrindle, Chent. & Ind.379 (1965).
s D. H. Williams and N. S. Bhacca, Tetrahedron 21, 164l (1965).
4 D. H. Williams and N. S. Bhacca, Tetrahedron2l,2O2l (1965).
6 D. H. Williams, Tetrahedron Letters 23O5 (1965).
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RESONANCES IN SOME SUBSTITUTED QUINONES

TT

R2

II
III
rv (3)
IV (5, 6)
V
VI

Compound
(Methyl

Resonance) ô.o.r.

2.08
2.00
2.21
2.07
2.0s
2.19
1.54
1.35
t'52
1.34

1.59
l'71
r.92
1.59
1.63
1'68
1.45
I'il
1'61
1.10

1.58
1.38
2'83
2.52
2.75
2.45
2.78
2-4s

1.50
t'43
2.70
t.92
2.58
1.88
2'72
1.93

+0'49
+0.29
+0.29
+0.48
+0.42
+0'51
+0.09
+o.24

-0.09
+o.24

Compound
(Methyl

Resonance)

rx (e)
Ix(r1)
x
XI
xr(1)
xrl (2)
xrII(l)
xrrr (3)

+0.08

-0'05
+0.13
+0'60
+0.17
+0's7
+0.06
+o'52

vrl (e)

VII(11)
Yrrr (9)
VIII(11)

influence on A!Ëc.t'. The methyl groups in II-VI, which are directly substituted on
the quinonoid iirig, all have intermediate positive 

^3i"t¡ 
values (0'29-0'51 ppm),

the magnitude of which varies appreciably with the nature of additional substituents.
The stereochemicalc'? and conformationals features of isoeleutherin (VII), eleuth-

erin (VII| and the naphthaquinone dimethylether (IX) are known from previous
studies. The methyl resonances of VII, VIII and IX have previously been specifically

6 H. Schmid and A. Eböthner, Helu. Chim. Acta 34, 561 and 1041 (1951).
? W. Eisenhuth and H. Schmid, Helo. Chim. Acta 41,2021 (1958).
8 D. W. Cameron, D. c. I. Kingston, N. Sheppard and Lord Todd, "r. Chem. Soc.98 (1964).
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assigned to the C-9 or C-11 methyl groups in chloroform (or CDCI')8 and the shifts
in benzene solution are unambiguously available from the different coupling constants
for the C-9 and C-11 methyl doublets of VII and IX. The benzene shifts for
the methyl groups of VIII can be assigned since the 43.%tt' values for the C-11
metþl groups of VII and VIII can be predicted to be similar (the C-l1 methyl groups
of VII and VIII are both equatorial and in almost identical polar environments).
It can be seen (Table 1) that the C-9 pseudo-axial methyl groups of VII and IX have
small positiv" A3f"tl' values (+O'Oq and f 0'08 ppm, respectively), whereas the C-9
pseudoequatorial-methyl group of VIII has a negative A8Ètþ value (-0.09 ppm).
Dreiding models of eleutherin (see VIIIa) indicate that the pseudoequatorial C-9
methyl group is held only slightly above the plane of the peri-carbonyl function,
whereas the corresponding models of VII and IX (see VIIa and IXa) contain the
pseudo-axial C-9 methyl group much further removed from the influence of the peri-
carbonyl function. Thus it is apparent that the solvent shifts follow the trends
anticipated from the studies on compounds containing isolated keto-groups.2-5 It
should be noted that the solvent shifts of the C-11 methyl groups of VII and VIII
are, as predicted, the same (0'24 ppm), but the value is changed in sign (to -0'05 ppm)
by the C-12 hydroxyl group of IX.

H

CHil-
o

H
2

H

H llf o VTr o, R=H
Tl_o, R=OH

The utility of solvent shifts in determining the composition of a reduction product
from an anthraquinone may be illustrated by reference to the reduction of l-methyl-
anthraquinone (X) by stannous chloride and concentrated hydrochloric acid.e The
resulting mixture contained two anthrones in the ratio 4:6. The minor component
gave resonances at ô :4'27 (-CHr-) and ô :2'83 (-CHB) in deuterochloroform
and ô : 3'64 (-C}Iz-) and ð :2'94 (-CHJ in benzene; the solvent shifts define
this product as l-methylanthrone (see XIV for the A33"tj' values) and similarly the
major component from chemical and solvent shift considerations lócpcr, : 4'09
(-CHr-) and ð"o"r. :2'39 (-CHr); ô"uru:3'42 (-C}{z-) and ôqusu: l'88
(-CHr)l is 4-methylanthrone (XV).

o cH"(- o'll)

(+0. 63)
cH" (+0.st)

XIV XV XVI

s D. W. Cameron, R. I. T. Cromartie, D. G. I. Kingston and G. B. V, Subramanian, f . Chem. Soc.

4s65 (1965).

oo

(+o
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cHâo o ROOOR o ocHo

R
o

XVII XVIII, R: CH,CH3
XIX, R: CHS

o

XX, R: H
XXI, R: OCH¡

oo ocHs ocHs

il
o

XXIII, R: H
XXIV, R: OCHa

Solvent shifts have also been determined for the methoxyl resonances of a number
of methoxynaphthaquinones (XVI-XVII) and methoxyanthraquinones (XIX-XXÐ
and the data are summarized in Table 2, together with data for the methoxyl reso-
nances of the previously discussed compounds V, VII, VIII, IX and the diethyl ether
XVIII.

r,'a.* 2' "**î;ffi'tlî'.îs^1,'¿å'',li#::î1,î# $Ji".f.: 
ôcoc'Is - ðsuuu) on

XXII

ðoocr. ð.u"u AST#:'

3.81
3.99

Compound
(Methoxyl ô.o.r*
Resonance)

xx 4.00
XXI (1 or 3) 4'00

and 3'95

XXV

ôou"u 
^3:f;'

3'34 +0.66
3.33 +6.67,

and3.24 +0.71
or *0.62,

+0'76

Compound
(Methoxyl
Resonance)

VIII

rx (6, 8)
XVI
x\{r
xwII(-cH,-)
xnrr(-cHå)
xrx

v
vII

2'86
3.32

+0.9s
+0'67

+0.72
+1.04
+0.74
+0.58
+0.35
+0'65

3.97 3.28 +0.69

3.96
3.92
4'00
4-22
1.53
4'00

3.24
2'88
3.26
3.64
1.18
3.35

3-34
3.16
3-20
3'90
3.10

+0.68
+0.81
+0.80
+0.11
+0.9r

>oilI
>O(III
XXIV
>()w(1)
xxv(2)

4.02
3.97
4.00
4.01
4.01

It is evident fron ilie daia iü Tabie 2 iirai aii iiie üie'uiioxyl ¡Esonances undergo
upfield shifts in benzene solution and that the shifts are as large as approximately
I pp* in V and XVI, which contain methoxyl groups directly attached to the qui-
nonoid ring. The results are consistent with the observationlo that aromatic rnethoxyl
resonances usually suffer high-field shifts in benzene, irrespective of the presence of
neighbouring carbonyl groups. The AlDocl* values for peri-methoxyl groups are
approximately the same (0.67,0.69,0.74,0.65,0.66, 0.68 ppm) in VII, VIII, XVII,
XIX, XX and XXII, as might be expected since all those methoxyl groups have
10 Unpublished results obtained at the University Chemical Laboratory, Cambridge.
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similar steric and polar environments. Likewise, the C-2 methoxyl groups of XXIII
and XXIV have very similar shifts (0'81 and 0'80 ppm respectively). However in the
naphthaquinone dimethylether IX, containing m e t a-mefhoxyl functions, the methoxyl
shifts are identical (0.72 ppm), and do not correspond with those obtained above for
isolated methoxyl groups; the modified solvent shifts probably reflect the electronic
interaction which can take place between the methoxyl substituents. Similarly, the

methoxyl groups of l,3-dimethoxyanthraquinone (XX! cannot be securely differ-
entiated. The methoxyl resonances of XXV have been specifically assigned in both
solvents from the spectra of 1,2-dimelhoxyanthraquinone partially deuterated in the

C-l methoxyl group; the deuterated material was prepared by methylation of 1-

hydroxy-3-methoxyanthraquinone with diazomethane in the presence of deuterium
oxide.11 The difference between the solvent shifts for the C-l and C- 2 methoxyl
groups of XXV is very large (0'l1ppm vs. 0'91ppm) and the shifts bear no relation
to those induced by the isolated functions since the groups are now capable of
interacting by both through-bonds and through-space mechanisms. This behaviour
should be contrasted with that of adjacent methyl groups (in XII) where the mutual
electronic interactions are insufficient to modify the characteristic shift values to any
extent.

EXPERIMENTAL
All spectra were determined using a Perkin-Elmer 60 Mc spectrometer; tetramethylsilane vr'as

employed as an internal reference standard and the temperature of the probe was 33'3'.

)cknowledgements-îhe authors wish to thank I.C.I. Ltd,, Dyestufis Division for samples of 2-

hydroxy-, 2,6-dihydroxy- and 1,3-dihydroxy-anthraquinones, Professor H. Schmid for samples of
eleutherin and isoeleutherin, and record their gratitude to Miss Pat Grist for skilful technical assistance

in obtaining some of the spectra. One of us (P. E. S.) is grateful to Ciba Ltd, for a researchstudentship.

11 K. J. Van Der Merwe, P. S. Steyn and S. H. Eggers, Tetrahedron Letters 3923 (1964).
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Arrnoucn the solvent shifts induced by benzene (as
solvent) in substituted benzenes have been studied
before,l-a the corresponding shifts induced in methoxy-
benzenes do not appear to have been studied. We
examined these because aromatic methoxyl substituents
are very common in natural products; should the magni-

* Part VII, P. Laszlo and D. H. Williams, J. Atner. Chem.
So¿., in the press.

r T. Schaefer and W. G. Schneider, J. Chem. Phys., 1960,82,
1218.
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Solvent Shifts in Nuclear Magnetic Resonance Spectroscopy. Part
Vlll.* Solvent Shifts induced by Benzene and. Toluene in Methoxy-
benzenes : a Variable-temperature N.m.r. Study
By J. H. Bowie. J. Ronayne, and D. H. Williams

Benzene causes upfield shifts of the methoxyl resonances (relative to carbon tetrachloride as solvent) in twenty
methoxybenzenes, with the exception of the 2-methoxyl resonance of 1,2,3-trimethoxybenzene, which suffers a

downfield shift. ln para-substituted anisoles, the tendency is for an electron-withdrawing substituent to increase
the upfield solvent shift of the methoxyl resonance, and for an elect¡on-donating substituent to decrease the solvent
shift (relative to anisole as reference compound). The solvent shifts do not show a particularly good correlation
w¡th the dipole moments of the molecules, but a better correlation w¡t'h Hammett's øo values. Variable-temperature
studies in toluene solution have indicated that at any g¡ven temperature, p-nitroanisole is complexed to a greater
extent with toluene than is anisole, which in turn ¡s complexed more than p-lú//-dimethylaminoanisole. Thermo-
dynamic parameters (^H, AG, AS) for complex formation of these three compounds with toluene have been
calculated on the basis of an assumed 1:1 complex. lt is feasible that the dependence of solvent shift of a
methoxyl resonance upon the nature of other substituents in the aromatic ring may be useful in elucidating the
structure of natural products.

tude of the solvent shifts be sensitive to the nature and
relative orientation of additional substituents, struc-
ture elucidation might be aided by a comparison of the
solvent shifts, of methoxyl resonances in compounds of
unknown structure and suitable model compounds.

In general, in all the methoxy-compounds studied
¡ R. E. Klinck and J. B. Stothers, Cønail. J. Chem., f 962, 40,

r07l.
8 R. E. Klinck and J. B. Stothers, Cønad. J. Chem.,1962,40,

2329.| \M. G. Schneider, J. Phys. Chenc., I.962,60, 2653.
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Relevant results were obtained by determining A
(1 - t".t. - ôc"8. p.p.m.) for the methoxyl resonances
9f the þara-disubstituted benzenes (IX)_:(XX) (Table
2).. As for the compounds. (I)_ffÌII)' discusseà pre_
viously, solution concent¡ation, *àr" accurately deìer_
mined (since chemical shifts are known to depend
markedly on concentration in some aromatic com_
porrnds r) and all lie in the range 0.10 + 0.08u unless
otherwise stated. Results for (Il and fl! are includ.ed.
in Table 2 for comparison.

Me

OMe

OMe

(l\,)

OMe

(t)

OMe

(v)

Compound

(tr)
OMe

OMe

(u)

(r lr)

MeO OMe

(VIÐ

Tesr.B I

(vIIÐ

A
+o.44
+0.4õ
+0'45
+0.38
+0.43
+0'37
+0.39
+0.38 (1, 3)

-0.rr (2)

shifts (àçç¡., 
-òc.n.) 

and solvent shifts (A)
for methoxyl resonances in (IX)_(Xkjp.P.m.

Compound x àoq¿ àc"so
3.52 3.03 +0.89
3.86 i 3'13 +0.73
3.83 3.20 +0.83cHo 3.87 3.r3 +o.74Br B-71 3.t2 +0.82SH 3.74 3.r9 +0'õõSMe 3.74 3'24 +0.50H 3.77 3.33

Chemical
T¡,s¿¡ 2

3.80
3.72
3.72 3.3õ
3.7r
3.68
3.70

IIl

A

+0.441
+0'44

Chemical shift_s (ôCCI¡, ôC6 Ir) and solvent shifts (A :
f_ÇClr__;__òC6Ho) in p.p.m. for methoxyl resonances in(r)-(VIrr)

àoor¡

ó'al
3.99
3.86
3'80
'ì'74
3.72
3.73
3'79
3.71

àcas¡
3'33
3.64
3.41
3.42
3'3r
3.35
3.34
3.4t
3.82

Ph
Me
OMe
O¡I

3.36
3.36 +0.36(r)

(II)
(rrr)
(rv)
(v)

(vl)
(vrr)

(vrrt)

NHt
NMe,

3'32
+0.371
+0.39

3.37 +0.3r
3.44 +0.26r This value conesponds to a saturated solution (<0.f rrr)of (X) in CCln.

(1, 3)
(2)

Table 2 shows that the solvent shift (A) of the meth_
oxyl resonance depends strongly on the polarity of the
solute molecule; the shift iñcieases gräaily iitn irr_
creasing polarity. There are a numberãf ways in which
the polarisation of the þara-disubstituted benzenes can
be estimated, and the most eis the dipole moment (¡r). t
(1, p..p *.) of the methoxy tthe dipole moment of thé s
have been found I for all c )mpounds in Table 2 excepl
for (X), (XIV), (XVI), ana (XVIU). The correlation isnot particrrlarly good, pro in part to the
varying molecular volumes rying molecular
geometries of exariple, it is
obvious that substituents of(XX) and (XI ons back to the

n, say, a methyl group fin
oJ changing molecular geo_
does not allow us to expiess

this efiect [the dipote moments of (XIX) and (XXj are
þ1eer \!an the dipole moment ot 1*VtI¡'; ."" È;goí" t1.
The effect of each substituent X on tíre transannular
polarisation can be better estimated. in terms of
Hammett o, values and the appropriate plot of A against
oo is given in Figure 2. Ttre ranges -oi oo in Fig"ure icorrespond to varying quoted valu-es; e thã most recent
value 10 for oo for the formyl substituent was used. The

?T.L.
s ,,Tab f96õ, 89, 26?9.

McClellan, s,,, ed, A. C.
e D. H. o, 1963.

4ZO. hem., t968,29,

"ì),,Î 
è";T":,ïiä?i,.{¡l Rvan, J. P. warren, and y. H. yung,

(1,3)
(2)

The results in Table f for (I)-(III) indicate that the
¡glver-rt _shifts ({0.+14 to aOj+S p.p.m.) are virtually
identical .for a single methoxyl 

-gio"p 
located in a

fen,z¡ne.lnq.or at C(l) or CQ) inã nåphthalene ring.
Ll thg dimethoxybenzenes (IV)_(VI), iine mera_isomer
(V) displays a solvent shift which iï very similar to
!lä1. "f 

anisoìe (I) itself, but the ortho_ and.þara_isomers
t(IV) and (VI)l display smaller shifts. The shift
observed for 1,8,5-triméthoxybenzene (VII) is only
slightly smaller than that found for (V), but the results
for the trimethyl ether (VIII) of pyroþaúot are stariling;
the central methoxyl group is 

-ãeshlielded 
in benzeñe

relative to carbon tetrachloiide, whereas the other two
nrethoxyl groups are strongly shielded. This observ_
ation is-interesting, since thJoccurrence of shielding and
deshielding effects in the same solute molecule livessome indication of stereospecific complexing.6 lüor"_
over, the smaller solvent shift observed fìrfdìrnethoxy_
benzene (VI) relative to anisole (I) suggests that it máy
be possible to correlate ttre magiituãË of the shift of
the methoxyl resonance with the-nature of an additional
y'ørø-substituent. This seemed worth investigating in
view of the suggestion {,2 that benzene solvent molecules
can interact with solute molecules t,¿ø a dipole_induced
dipole interaction. However, the formation of a charge_
transfér complex between benzene solvent molecules
and øomatic solute molecules may account more satis_
factorily for the solvent shifts in such cases.{

r964, 26õ8.
S. Bhacca, Tebaheilron,

¡ P. Laszlo, Bult. Soc. chitn. France,
_^-._S-"9, 9.C., D. H. Williams, 

""ã N.t96õ,21, 2021.
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o.6
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o
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m
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4li:
F¡cun¡ I Plot of the solvent shift (A : Ecct¡ - ò"."., p.p.m.)

f^o¡_!he_p9tþxyl resonances of p-X,C.H¡.OMe [X = *Or,
COMe, CHO, Br, SMe, H, Me, OMe, NHr,-NÍterl agäinst dipolã
moment

F¡cun¿ 3 Plot of the solv,ent shift (A) {or the methoxyl reson_
ance of y'-ñitroanisole ({{) a-gainst ihe mole fractioî (m) ol
benzene in carbon tetrachloridã

in Iavour of. predominant I : I complex formation (over
an alternative predominance of a 2:l solvent-solute
interaction) is found in a plot (Figure 3) of the solvent
shift (A) of the methoxyl resonance of p-nitroanisole
(IX) against the mole fraction (tn) of. beniene in carbon
tetrachloride. On the assumption that the chemical

plot of A against m2.

Toluene { Solute Complex (l)
It can be shown 12 that if a fraction I of the solute is

complexed at a temperature I, the equilibrium constant
(/{) is given, for a dilute solution, by equation (2).
Thevalue oLþ can be obtained by application-of equation
(3), in which v¿ is chemical shift of a proton resonance at
a temperature I and v" and vo are the chemical shifts of
that proton resonance in the pure complex and in a
complex free solution, respectivelyi 12 vo may be taken
as the chemical shift in carbon tetrachloride solution,
and v" obtained by extrapolation of v. us. temperature
curves for toluene solutions to absolute ze¡o.

K:þIF_Ð (2)

þ : (u, - vo)/(v" - vo) (g)

The temperature variations of the chemical shifts
of the methoxyl îesonances in anisole (I), 1-nitroanisole
(IXJ, and 1-NN-dimethylaminoanisole (XX) are given
in Figure 4 and Table 3; chemical shifts are quotèd in
_-tn_J. N. Murrell and V. M. S. Gill, Trans. Farailay So¿., 1g66,
8L,402.

ï J. E. Anderson, Tebøheibon Letters, 1965, 471J.
16 P. Laszlo and D. H. Williams, J. . mer. Chem. Soc., it tl'r-

Press,

o'2 o.ó
(p.p.m.)

I'O

t

il

oo
Tõ

'tIt

I

o.ó t.o

Õ

õ

{

-o.8

- t,2

{

{'

o
- ccl,
acó4 (0'P'm)

Froun¡ 2 Plot of the solvent shift (A : òc.cr. - àc.r",
for the methoxyl resonances of (I); (VI), (ÌX-XX)
Hammett's cn v.alues

solvent shift of the methoxyl resonance increases
fairly regularly with increasing oo value oL the þørø-
substituent.

It appears from Table 2 that, at room temperature,
the benzene-solute complex is more favourable for the
highly polar solute 1-nitroanisole (IX) than for the much
less polarl-NN-dimethylaminoanisole (XX). To make
a rough quantitative estimate of this effect, we studied
the temperature variation of the equilibrium (I) (since
benzene is obviously not suitable fo¡ low-temperature
__rr R. E. Klinck and J. B. Stothers, Çønad, J. Chen., 1966,44,
37.

l: B. J. Abraham, Mol. Phys., 196r, 4, 969.

--tt-J._V. Hatton and W. G. Schneider, Canait. J, Chem,, 1962,
40, 1286.

p.P.m.)
against
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(IX), and /-NN-

-logro Il 103/T ("x)

0.60õ9
0.õ499
Q.5207
o.4750
0.433r
0-422t
0.3432
0'30r I
o'2334
0.1 õ57

0.3380
0.2s77
o'2687
0.2207
0.r 6õ I
0'r288
0.0õõl
0.0221

- 0.0310

2'68
2.83
3.00
3.20
3.41
3.66
3.95
4.29
4'69

TeeLE 3
Variable-temperature n.m.r. study of anisole (I), p-nitroanisole

dimethylaminoanisole (XX) in toluene

,t:-t.,!,") 
Methoxyl resonyance chemical shiit (c'/sec') 

þ K
Anàsole (I)

100 377 349
80 846
60 944
40 341
33 339
20 BBz
o ggr

-20 330

-40 325

-60 3rg
p-Nitroanisole (lX)

t00 392 330
80 326
60 322
40 Br8
20 312
0 308

-20 302

-40 296
-60 290

p -NN - Dim ethyl arùno øni s ol e (XX)
r00 370 364
80 362
60 3õl
40 349
33 348
20 346.8
0 343.5

-2o 34r
-40 337

-60 BgB. The estimated reliability of these values
l9õ + fõ, and 270 I 20 c./sèc., respectively.

28
3l
33
36
38
40
44
47
52
õ8

62
66
70
74
80
84
90
96

102

236 +

195 +

0.1986
0.2r99
o.2340
o.2õ63
0.2695
0.2837
0.3121
0'3333
0'3688
0.4r t3

0.3147
0.33õ0
0.3õ53
0'37õ6
0.406r
o.4284
0.4õ69
0'4873
0.õ178

0.2476
0.28t9
0.30r5
o.3428
0.3689
0'396r
0.4,536
0.4999
o.5842
0'6987

0-4692
0.õ038
0.561r
0.6015
0.6838
0'7438
0'84t3
0.9õ06
0'0738

2.68
2'83
3'00
3'20
3.27
3.4r
3.66
3.95
4.29
4.69

for v" (obtained by extrapolation of the curves shown in Figure 4) is 286 { r5,

ôu
u

z

E
.9
E
Uru

A

B

3so

(A/1) and the complex by
equation ( t l/? shóuld bã
linear and the slope of the
line. l'he in Figure 5 and

320

3

oo3

+40
o

-80
-t60

-9-48oo
-sóo

-7

o

o

29

-óo -20 0 80
oI

x
YTcmperoturc ('c)F 

:',î: ?åfT;i,?ä:î1"ì:'i'.;' jlå
(A) in toluene

c./sec. at 100 Mc
tions in toluene,
which correspond
the temperature
greatest for y'-nitroanisole (IX) and least for 1-NN-di
methylanisole (XX). In Table B, the observèd values
of vo and the calculated values of v., v¿ - vr, þ, K, and

-logroK are also tabulated.
Since logroK is related to the enthalpy of formation
t Complete results were obtained tor 2lo w/w solutions, but

are not reported since the values are alm'ost iãentical to ihose
obtaincd lor 60/o wlw solutions.

3.8
ro3/r ('x)

2.2 3.O 46

Frcun¡ õ Plot of logro .ål against. l/T basetl on results for
anisole .(B), ¡ö-NN-dimethylaminoanisole (C) and p-nitro-
anisole (-{)
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give the heat of formation of the complex as -l'00
kcal./mole for anisole (I), -0'89 kcal./mole lor þ-nitro-
anisole (IX), and -l'05 kcal./mole forl-NN-dimethyl-
aminoanisole (XX). The interactions are obviously
weak, It is emphasised that the values are considered

2.303logroK : aS/R - LHIRT (4)

to be very approximate, because of the drastic assump-
tions implicit in the consideration only of a I : I com-
plex.16

The free energy of formation (ÂG) of the complex
is also available for various temperatures from the
various K values. These are in Table 4, as are AS
values, obtained from both AG and ÂIl. The AS values
a¡e satisfactorily constant over the temperature range of
160'; average values are given at the foot of the AS

T¡srB 4
Values of ÂG (kcal.imole) and ÂS (e.u.) for complex form-

ation between toluene and (I), (IX), and (X)
Anisole (I) p-Nilroanisole (IX)

Temp. Temp.("x) AG as ('x) AG As373 +r.03 -õ.50 373 +0'õ8 -3.90

789

column. It is obvious from the AG (and þ or K) values
that whereas 1-nitroanisole (IX) is complexed with
toluene to the extent of about 50o/o at -60o c (213' x),
anisole (I) and 1-NN-dimethylaminoanisole (XX) are
only involved in complex formation to the extent of about
4I and 37o/o, respectively, at this temperature.*

It is apparent that the solvent shifts of the methoxyl
resonances in the methoxybenzenes in general increase
with increasing electron withd¡awal by the þara-
substituent. However, our results, although compatible
with a dipole-induced dipole interaction,T do not exclude
the possibility that the solvent-solute interaction
increases with a sirnple decrease in the electron densitSr
of the aromatic ring. Indeed, our results are equally
consistent with a solvent-solute interaction associated
with the formation of a charge-transfer complex.a Addi-
tional evidence for the latter possibility is now being
sought from solvent shifts in molecules having small
or zero dipole moments but very low electron density
in the aromatic ring (e.g., 1,3,5-trinitrobenzene and
¡elated compounds).

EXPERIMENTAL
Chemical shifts obtained at one temperature (Tables I

and 2) were measured on a Perkin-Elmer 60 Mc./sec. n.m.r.
spectrometer. The variable-temperature studies Ì\'ere
carried out on a Varian HA 100 n.m.r. spectrometer with a
variable-temperature probe. Tetramethylsilane was used
as internal reference in both instruments. All compounds
'were commercial samples whose purity was established
from their n.m.r. spectra.

J. H. B. wishes to thank Imperial Chemical fndustries for
a fellowship, J. R. acknowledges a post-graduate grant
from S.R.C. \Me thank Imperial Chemical Industries
Limited, Dyestuffs Division, for p-phenylanisole (XVI) and
Dr. S.-O. Lawesson (Aarhus University, Denmark) for p-
methoxythiophenol (XIV) and p-methoxythioanisole (XV).

UNlvpns¡t:y Cge¡vrrc¡r Leroneronv,
Cen¡nr¡cr,. [6/17õ Receiueil, February \th, lS66)

* Itis noteworthy that in a similar study of þarø-srtbstitlted
benzaldehydes, complex stability did not show the same trend on
variation of. t}re þøra-substituent (ref. lf).

363
333
3r3
306
293
273
2ñ3
233
2t3

+0'89
+0'79
+0.68
+0.6r
+0 57
+0.43
+0.3ã
+0.25
+0.15

- õ.37

- 6.41

- õ.39

-õ.28
-õ 37

-6.26
- õ.36

- 5.39

- 6.42

3õ3
ÕóÕ

3r3
253
273
263
233
2t3

- 3'88

-4.27
- 3.83

-3 79

- 3.8õ

-3.77
-3'92
-4'04

+0.48
+0.39
+0.32
+0.22
+0.r6
+0'064
+o.o24
- 0.03

Average -õ.38
p-NN - D im ethylaminoani sole (XX)

373 + r.23 -6.103õ3 +r'06 -õ.99333 +0.96 -6.043r3 +0.83 -6.01306 +O.77 - õ.95
293 +0.70 - 6.99
273 +0'5õ -5.86263 +0.45 -õ.93233 +0.33 -õ.932t3 +O.23 -5.98

Average - 3.96

Average -õ.98
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'Wr have shown I lor þara-substituted anisoles that
an elect¡on-withdrawing substituent in the y'øzø-position
increases the upfield solvent shift (A - ôørbon tor¡sc6or¡do

- 8b-r"o", hereafter ôo - ôo) bf the methoxyl resonance
rvhereas an electron-donating substituent decreases the
solvent shift (relative to anisole as reference com-

. Part IX, J. Ronayne, M. V. Sargent, and D. H. Williams,
J. Am¿t. Chcttt. Soc., 1966, 88, 6288.
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Solvent Effects in Nuclea¡ Magnetic Resonance spectroscopy. part X.*
Solvent Shifts induced by Benzene in ortho- and meúa-substituted
Methoxybenzenes
By J. H. Bowie, J. Ronayne, and Dudley H. Williams, University Chemical Laboratory, CambÍdge

Solvent shifts (A = Ew¡o¡r¿¿acrio¡r,¡c - ôbcnæoo p.p.m.) for the methoxyl prolons of rneta-substituted anisoles
correlate with o- of the substituent, but for o¡l¡o-substituted anisoles a better correlation between Â and the
dipole moment is found. The qJfect of introducing a methoxyl group ortho to a substituent in a benzene ring is to
make the A values for protons in that subst¡tuont more negative. ln tho compounds examined, protons c io the
Itnfglg ring_ (ArC-H() and attached to a substituent situated between two o-methoxyl groúps are strongly
deshielded (0'4{'ô p.p.m.) in benzene ¡elative to carbon tetrachloride. On the basis of ihiobsãrved shifts thà
otientating effect of an aromatic methoxyl function ¡n a soluto upon benzene solvent molecules may be su¡mised.

pound), The solvent shifts shorv some correlation with
the dipole moments of the molecules, but ¿ better
correlation with llammett's oo values of the þara-
substituents. To investigate the mechanism Uy wtrictr

t.(B), l"rî1i{i"g'?3ù:i::and see N, Nakagawaand , 106r, A¡1, l4Siand
I. D , 1966,10,83õ.
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benzene-induced solvent shifts occur, we have now
examined a variety of. mela- nd oilln'substituted
methoxybenzenes.

The metø-substituted anisoles studied are given in
Table l, with the appropriate o,, values s'8 and the solvent

TrsI-B I
Solvent shifts (A - òo - ôr, P,P.m.) for methoxyl re-

sonances of the zn¿lø-substituted anisoles (II)-(IX)

J. Chem. Soc. (B), 1967

The corresponding solvent shifts for a number of
orfåo-substituted anisoles are summarised in Table 2,

Trat-r- 2

Solvent shifts (A = ô, - ôu P,P'm.) for methoxyl re-
sonances of the orrl¡o-subslituted anisoles (XI-XX)
and anisole (I)

No. R

and anisole (I)
No. R

cHo

CHt
NH.

om

+0.71
+0.3?
+0'36
+0.30
+0.r4
+0.r2
+0'08

0

- 0.07

- 0.10

A
+0.87
+0.69
+0.84
+0.0õ
+0.õ0
+0'43
+0.43
*0'¿6 *
+0.40
+0.34

ÇocH!
co¡cHr

l¿
6.62
4.84
4.20
4'02
2.94
2.47
2.44
t.47
1.30
t'24
1.00

A
+r.0r
+0.88
+0'82
+0.74
+0'õ6
+0'6õ
+0.05
+0'õ2
+0.38
+0'48
+0.43

corH
Not
cHo

(xr)
(xII)

(xrII)
(xIv)
(xv)

(xvr)
(xvlI)

(xvrrr)
(xrx)

(r)
(xx)

(tr)
(II I)
(IV)
(v)

(VI)
(vil)

(vIII)
(t)

(rx)
(x)

. This value differs slightly from the A value (0'44) earlier
reported (ref. l) for the rñethôxyl resonance of anisole.

shifts (A) observed for the methoxyl resonances on

changing the solvent from carbon tetrachloride (an

" inert " solvent) to benzene (a complexing solvent).

Br
cl
NHt
ocHr
H
CHt

with the appropriate dipole moments { (¡r) of the com-
pounds. Ã- eipected, a plot of A against apparent

à values s lFiguie 3) establishes that there is no simple

Not
cl

corH
scH,
ocHr
cH¡oH
H

oChlO
oN0z

(l;R-H) (lt) -(lx)
R

A plot of o,n against a Figurg tr) shows that there is a
reasoiably lineàr correlation between the two para-

or
cH50o

cHzoHo

-ol

J(ppm)

F¡cune I Plot of c. against A (p.p.nt.) for some z¿l¿-
substituted anisoles

meters, as found for the corresponding y'øra-isomers.l
ds,
tes
A.
be

discussed subsequently.

o
CHsO

.d.(p p m )

F¡cunn 2 Plot of ¡r against A (p'p'm.) lor some n¡¿l¿-
substituted anisoles

ontrast to the nela'
e Plots of ¡r against
shows an apProú-

mately linear correlation.

(xr - x\)

oxygen atom], it is not surprising that c, and c,,, (Figure

. A, L. McClellan, " Tabl oments,"
W. H. Freeman and Co., Sa 63.

6 J. Ronayne and D. H.

o
ooô

,OCH¡
d-crr.oHo

o'o

cH

R

H.H
G. B.

Jafré, Chen. R¿u., 1953, õ8, l0l.
Éarlin and D. D. Perrin, Quart. Reu., f 960, 20, 80.
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f) give a reasonable linear correlation with A. This is
especially true since the physical sigriñcance of og
seems to be best interpreted in terms of a measure of the
modifrcation in electron density at a reaction site due to
the 'substituent R.8 The lack of correlation betrveen

oNoz

bo
oC02H

o CH¡

.¡þ.pm)

Frcun¡ 3 Plot of o. against À (p.p.mJ for some orlåo-
substituted anissls5

COCH36

COoCHro

'3í

oNHz
cH3oo oH

oCH¡

.!(p.pm)

F¡cune 4 Plot of p against A (p.p.m.) lor some orlho-
substituted anisoles

A and o, (Figure 3) is expected; there is no reason rvhy
the steric and polarisation factors observed for the
ozli+'R-substituted benzoic acids (upon the pK values
of which the oo values are based) should resemble those
in the ozllo-R-substituted ânisoles (XI)-(XX). The
reasonably linear correlation between A and ¡r (Figure a)
for the orlho-isomerc (XI)-(XX) is more difficult to
understand and we can offer no detailed explanation

637

for it. It can however be pointed out that the dipole
moment will qualitatively reflect the electron-deficiency
at the oxygen atom of the methdxyl group in contributing
resonance structures such as (XIIIa) and (XIIa), The
anomalously large dipole moment (and solveni shift)
of o-anisic acid (XI) may be associated with a small
contribution from the resonance form (XIa).

cH.

cI{¡oH.

cHso

cHlco

þ-CH"
n-CH'-
o-CHt

+
MeO:

8¡
2't2
2-12
t.ro
2.28

4'31
4'34
4.60

3'32
3'36
3.32
3.44
2'10
2't4
2'45

Â
+0.23
+0't3
+0'19
- 0.ll
+0.28
+0'18
- 0.11

+0'46
+0.34
+0'43
+0.36
+0.44
+0.s2
+0.01

o-
+
'o- to

(XIIIa) (XIIa) (xIa)

Having available a series of anisoles with various R
substituents in the orl,ho-, nrela-. ar¡d y'øzø-positions, it
was of interest to examine the variatioñ of dfor protons
in an R substituent with a change in the position of R
relative to the methoxyl function. Somó appropriate
chemical shifts are in Table 3.

z(H\d

,Y(H)p

R R
X(H)a

OMe OMe

íxxr) (xxtr) {xxrrr) (xxn:) (\x\:)

T.rslr 3

Chemical shifts (p.p.m.) and A values for protons con-
tained in R in various substituted anisoles (XXI) and
parent compounds (XXII)

R in (xxII) R in (xxr)

N

R

Eo

2.35
2.2s
2.3r
2't7
4.õ9
1,62
4.õ8

3.78
3.70
9.7õ
3'80
2,64
2'46
2.õ0

s
â
Oo n¿-CHzOH t

o-CHtOH I

p-cHrco
o-CHTCO

. The chemical shifts and A valucs refcr to the protons oÍ
the methylene group.

There is no radical change (>0.15 p.p.m.) in A values
f or the protons of R on introduction of a m- ory'-methoxy
group. In contrast, there is a marked tendency or A
values of protons in an R group orl,ln to the methoxyl
function to become more negative (relative to A in the
absence of the o-methoxyl function). Thus lhe uþfield
shiJls of lhe CHr- and CHr-þrolons of lolucne enil benzyl
alcohol,, obseraed on chønge of soluenl from CCln úo CrH6,
become dounfield shífls ,in lhe þresence of an o-melhoxyl
grouþ. Such speciñc effects have great potential in the
field of structure eludication. To evaluate this particular
effect we prepared a variety of compounds of the general
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structures (XXIII) and (XXIV)' The¡ A values for
protons attached to R in (XXII)-(XXIV).then-permit
õne to find the effect on A of the successive introduction
of one and two methoxyl grouPs (Table a)' In the last

Tra¡.p 4
Chemical shifts (p.p.m.) and A values for piotons contained

in R in various anisoles (XXIII), (XXIV) and parent
compounds (XXII)

Compound 8o ô5 A

J. Chem. Soc. (B), 1967

values are observed, e.g., the CHs.protons of benzyl
alcohol are shiel¡led by 0.28 p.p.m. in benzene relative
to carbon tetrachloride, but when the hydroxymethyl
group is flanked by adjacent methoxyl g¡oups in botb
orlha-positions, benzene causes ileshieliling of the CHr-
protons by 0'õ7 p.p.m. Without exception in lhe 27
compounds studied, the introduction of an o-methoxy!
group causes a negative shift in the A values observed
for the protons in R (Figures 6 and 6). In general,

XXIIì
XxuIlR: H
xxrvJ

X>(IIìxxlulR: cHr
xxrvJ

2.36
2.17
2.02

2.t2
2.28
2'42

7.30
6.83
0'84

t'27: cH(cH¡)¡ r.22
l'20

H

CH

\
I

r'

OH

r'

cHo
t/

\
cH(cH¡)2

ocHl
r'

7.20
6.83
6'ó7

+0.10
0.00

- 0.23

+0.23
-0.1r
-0.40

+0'2e
-o'22
-o.47

t/

Ëq
e
!

2 No. of gfoups

-o

XXIIì
XXIII IR
xxrvJ

xxIllxxrrllR: cHo
xxrvJ

10.00 9.?l
10.õ0 r0.72
r0.43 10.00

4.60 4'3r +0'28
- cH.oH 4'õ8 4'09 -0'll' 4'ß0 õ.17 -0.67

2,90 2.80 +0'r0: cHfcH")" 3'38 3.59 -0.21' "'3.63 4'll -0'48

+0'46
+0.37
- 0.11

3.r3 +0.74
3.30 + 0.60
3.?7 + 0.07

O R : ¡1, + R : CH',, x R : C¡tO, O R : CI/rOH,
n R: c¿I(cHJ¡.

F¡cuno 6 Variation of solvent shifts of ring protons and
c-protons (ñf) contained in R with number of o-methoxy
grouPs

groupS

XXIIì
xxlrl |R - OCHI
xxrvJ

3.78
3.80
3.7 r

3'32
3.43
3.82

E
oê
!

ocHs
,-cHo

3.87
3.90
3.84

XXIIì R:
XXIII I +
xxrvJ

ocH
t/

cHo
cocHl

\

cH¡)z
r'

co2cHl

XXIIì
xxrrr lR : COCH¡
xxrvJ

2.64
2'60
2'36

column in Table 4, the protons whose chemical shifts
are being considered are in italics and the positions of
introduction of methoxyl $oups indicated by arrows.

The results are summarised pictorially for ring protons
and for e-protons in Figure õ, and for p- and fprotons
in R [see (XXV)] in Fþre 6. Marked variations in A

  R : OC¡I., O R : OCË, andf-CHO, A R : COOC¡í'
I R : COC¿I!, E R = CH(CI¡s)r.

F¡cunB 6 Variation of solvent shifts of p- and 7-protons (H)
contained in R tvit,L number o! o'methoxyl groups

protons a to the benzene ring (Ar{¡<) and flanked
by two o-methoxyl groups are strongly deshielded
(0.4J.6 p;p.m.) in benzene relative to ca¡bon tetra-
chloride (see Figure õ). The changes in A due to the
introduction of the frrst and second methoxyl grouPs
are not usually equal, as might be expected since the
conformational preference of groups in R will in general
depend on the presence of one or two o-methoxyl
grouPs.

The presence of one R substituent orlho to a methoxyl
group should not prevent the y'-orbital overlap by rvhich
oxygen can donate electrons to the aromatic ring and
become a æ-electron-deñcient centre. If the O-methyl
group has a preference to reside on average as far as

2.r0
2.49
2.lt

+0.44
+0.0r
- 0.06

t/

t/\

t.l6
t'27
l.õ7

+0'rr
- 0.05

-0.3r

XXIII
xxrrlfR:CO|CH¡
xxrvJ

3.80
3.84
3'84

3.60
3.õ9
3.70

+0.39
+0.2õ
+0.r4
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possible fron R, the electron-donating y'-orbital, per-
pendicular to the plane containing both C-O bonds,
can interact with the lt-sl,stem of the ring [see (XXVI)].
In accordance s'ith the concepts developed in Part XI,õ
benzene should associate with an electron-donating
methox¡'I group at the site of partial positive charge in a
non-planar complex, with the benzene ring as far as
possible from the electron-rich portion of the solute.
A schematic representation (XXVII) of such an associ-
ation is in cornplete accord rvith the observed deshielding
of orll¡o-substituents in the 18 methoxybenzenes listed
in Table 4. I\[oreover, the O-methyl group, lying on
average further from the negative end of the methoxvl-
induced dipole than the electron-deficient oxygen should
be shielded by the benzene association, again exactly as
found for the 18 methoxybenzenes in Table 4 [A (OCHa)
: +0.41 to 0.82 p.p.m.l.

539

clrloroform is used as an exlentøl reference.o Tt¡e shijt
lras been ascribed I to the preference of the disc-like
benzene to approach the methane solute most closely
in the configuration (XXIX) [as opposed to (XXX)],
rvhile the external reference of course remains unaffected.
The internal reference tetramethylsilane will sufier a
similar shielding in benzene, but it could be argued that
benzene will less readily have access to a substituent
between two methoxyl groups, thus causing an ap-
parent " deshielding " of protons in the substituent
relative to tetramethylsilane. To evaluate this possi-
bility, 2,6-diethylanisole (XXXI) was synthesised;
in this solute, the two ethyl groups have steric require-
ments similar to those of trvo methoxyl groups. It was
expected that if steric effects betrveen solute and benzene
were ¡nore important than polar effects, then the A
value for the methoxl'l in (XXXI) would be similar to
that (-0'll p.p.m.) observed for the central methoxyl
group of 1,2,3-trimethoxybenzene. Alternatively, if
polar efiects are more important, the observed A value
should be smaller than that observed in anisole (+0.46
p.p.m.) owing to some steric hindrance of æ-electron
donation from the methoxyl group (and perhaps also
to rveak benzene-solute interactions associated with
electron-donating ethyl groups), but should not be
negative. The observed A value (+0.25 p.p.m.) for the
methoxyl resonance of (XXXI) is in accord with the
latter explanation.

Et Et

\ r+0'46'MeO

+¡ H r0.0)

Mc H (+0'07 r

t\\\'11 nr0.0)

(xxÏrrr¡

It is emphasised that the oxygen atom rvill be
;-electron-deficient, even though this atom rvill be
roughly neutral overall (taking into account also the
o-electron distribution). It is felt that ¡-electron de-
ficiency rvill be more important in determining the sites
of association than o-electron deficiency, since the
¡-clouds are more exposed to the solvent. Horvever,
some association at the o-electron-deficient ring carbon,
adjacent to the methoxyl, is not'excluded.

The typè of association (XXVII) rvhich rve suggest
for an aromatic methoxyl group is also consistent with
the A values observed for anisole itself (see XXVIII).
(These values are approximate only, based on a first-
order analysis ol the spectrum, aided by the spectrum of
[2,4,6-2Hrlanisole.) To evaluate the effect of intro-
ducing the methoxyl group into the aromatic system,
these values must be compared rvith A (+O,tO p.p.m.)
for benzene itself. This shift is probabll' due to the
tendency of disc-shaped molecules such as benzene to
prefer a confrguration in which the planes of the discs are
parallel.o Hence, the association of benzene solvent
induced by the methoxyl group causes desbielding of the
ring protons by 0.03 to 0.10 p.p.m. We quote these
ñgures only as supporting and not independent evidence,
since the shifts involved are small (contrast those in
Table 4) and becoming comparable rvith those rvhich may
be induced by other mechanisms.

The possibility that the negative A values observed
for a substituent between two orlho-methoxyls is merely
due to a shape effect has been considered and rejected.
It was necessary to test this hypothesis because it is
observed that the protons of methane are appreciably
shielded in benzene relative to carbon tetrachloride if

o (\XN) t-\x\I)

The use of methoxyl solvent shifts in structure elucid-
ation must be approached cautiously. The dorvnfield
shift observed in benzene for a methoxyl group situated
betrveen two others in 1,2,3-trimethoxybenzene is potent-
ialll' very useful. However, Â will change in a positive
direction if there is an electron-rvithdrawing substituent
in the þara-position which can serve as a site for another
benzene association, and also increase the partial positive
charge on the þøra-oxygen atom.6 This point is demon-
strated by the introduction of a 1-CHO substituent
(Table 4 and Figure 6). A strong electron-donating
substituent in the þøra-position should make the A value
for the central methoxyl group slightly more negative.

EXPERIMEì,iT.{L

The purity of all sanrples was checl<ed by n.m.r. spectro-
scopy, which proved ideal for the type of compound
studied. Compounds whose preparation is not mentioned
r¡'ere cornmercial.

2,$-Dimelhottybenzalilehyile.-This rvas made from rg-
sorcinol dimethyl ether by \À¡ittig's method.?

0 A. D. Buckingham, T. Schaefcr, and W. G. Schneider, ,/.
Chent. Phys., l9ß0,82, 1227.

? G. Wittig, Angeu. Chem., 1940,58, 24t.

o
(.\\r\)
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2,$-Dìmethoxybenzyl A I cohol'-Reduction of 2, 0-dimeth-
oxybenzaldehyde with lithium aluminium hydride furnished
this material, m. p. õ4-66o [it.,E õ5'õ-õ6").

2,ß-Ðímelho*yí.soþroþylbenzene.-This was made from
2,6-dimethoxyacetophenone by the method of Whalley
et al.o

2,6-Ðimelho*yøcetoþhenone.-This was prepared from
2,6-dimethoxybenzonitrile by Mauthner's method'ro

Mcthyl o-Melhoxybenzoøte'---The action of diazomethane
on o-anisic acid provided this material. The methyl re-
sonances were assigned by use of methyl o-methoxybenzoate
labelled with deuterium in the ester group'

f'IJ 
")M 

ethyl o- M ethoxybcnzo øte'- A'solution of dideuterio-
methane in dioxan, prepared by the method of Van Der
Merwe el øl.r\ was added to a solution of o-anisic acid in
dioxan-deuterium oxide (l: l) and the product was
extracted with ether in the usual manner.

12,4,6-sH"fAnisole.-A' solution of phenol (l g.) in

¡ K. Heino and Z. Arnold, Chem. Listy, 1963,47, B0l'
r J. P. firown, D. H. Johnson, A. Robertson, and W. \ilhalley,

t, Chem. So¿., l9õ1, 2019.

J. Chem. Soc. (B), 1967

deuterium oxide (õ ml.) containing 200 mg' of sodium
deuteroxide was heated under reflux for 12 hr. Acidi6cation
and ether extraction of the product gave 12,4,ÇrH¡]phenol,
which was methylated with dimethyl sulphate in the
usual manner.

2,6-Dielhylønísole.-C-ommercial 2,&diethylaniline was
diazotised and the solution of tbe diazonium salt rvas
heated to cø. BO" for 30 min. The resulting phenol was
converted into 2,G-diethylanisole by methylation with
alkaline dimethyl sulphate.

All n.m.r. spectra were obtained on a Perkín-Elmer 60
Mc./sec, and/or Varian H.A. 100 Mc./sec. instruments.
The chemical shifts in carbon tetracNoride and benzene
solutions were determined by use of L-Z/o ({v) solutions
at normal probe temperatures.

'We acknowledge an S.R.C. post-graduate award (to

J.R.).
[6/fI85 Receíueil, Scþlemher 2lst, 1960]

10 F. ltfauthner, J. þrøhl. Chem., 1084,189, 290.
¡r K. J. Van Def Mèrwe, P, S. Steyn, and S. H. Eggers, Tetre-

heiþon Letl¿ts, f064, 3923.
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SOLVENT EFFECTS IN NMR SPECTROSCOPY

SOLVENT SHIFTS OF METHOXYL RESONANCES IN FLAVONES
INDUCED BY BENZENE; AN AID TO STRUCTURE ELUCIDATION

R. G. Wu,soN, J. H. Bowrcl and Du¡r,¡v H. Wnr,u.Ir,rs

University Chemical Laboratory, Cambridge, U. K.

(Received in U.K. 14 June 1967; acceptedlor publication 15 July 1967)

Äbstract-The position and relative orientation of OMe groups in methoxyflavones can be inferred

from benzene-induced solvent shifts of the OMe resonances. OMe groups at C-5, C-'1, C-10 and C-12

exhibit large positive Â values (Â : ð"o",. - ô"""" - 0'5 to 0'8 ppm) in the absence of OMe or OH

substituents ortho to these groups. In contrast, OMe groups at C-3, or those flanked by two orúlro-OMe

functions (or one ortho-OH and one ortho-OMe function) show small positive or negative A values. An

OMe at C-5 suffers a drastic algebraic decrease in solvent shift upon the introduction of an OMe group

at C-6. Electronic and conformational factors which may âccount for these differences are considered.

Tru dependence of solvent shifts of OMe resonances induced by benzene (relative

to a comparatively "inert" solvent, such as CClo or CDCI3) upon electronic, steric

and conformational factors have been noted,2a and the potential of such solvent

shifts for structure elucidation in the coumarin field has been emphasized.s The

present paper points out the utility of benzene-induced shifts in the NMR spectra

of methoxyflavones.
The solvent shifts (A : ôcocr. - ô"uru ppm) which are observed for the simple

mono-, di-, and tri-methoxyflavones (I-IÐ can be assigned without much ambiguity,

and are given with the structural formulae; 'ühere ambiguities exist, alternative

assignments are given in square brackets. In flavones which are more highly substi-

tuted (V-XV!, the assignments are frequently not unambiguous, and the shifts of
the OMe resonances are therefore most conveniently pictured by means of line

spectra of the OMe region of each compound in the two solvents. Where lines

representing OMe resonances are bracketed together, unambiguous assignments are

not possible even when using the criteria which are enumerated below. The numbering

system of the flavone nucleus which is employed is given with structure I; con-

ventionally the phenyl substituent ring is numbered 1' through 6', but to avoid
possible confusion in the diagrams a continuous series of numbers is used for our
present purposes.

It is possible to follow the shifts of OMe resonances in multi-substituted flavones
-by 

using the following guides.
1. The data available from model compounds, e.g. the Â value of the c-1 and c-3

OMe resonances of 1,2,3-trimethoxybenzene is +0'38 ppm, while that of the C-2

OMe resonance is -0'11 ppm.2

2. By making sensibly self-consistent assignments for flavones with similar struc-

tures, e.g. the OMe resonances of III are coincident at õ : 3'84 ppm in CDCI., but
occur at 3.2I and 3'16 ppm in benzene. Since the corresponding figures for the

1407
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7-oMe of I in the two solvents are 3'86 and 3'15 ppm (in cDCl3 and c6H6, respec-
tively), the larger solvent shift in III is assigned to the ?-OMe $oup.

3. Specific deuteration of certain oMe groups by deuteromethylation of the
corresponding phenol. For deuteromethylation, the method of Van der Merwe et al.6
was employed (treatment of the phenol with diazomethane in the presence of a
dioxan-deuterium oxide mixture). The following specihcally deuterated flavones
were prepared by this method and havc been utilized in assigning the OMe resonances.
In the syntheses of II4 vIIIa and Xa, the inert nature of the hydrogen-bonded 5-oH
group towards diazomethane was utilized, this group being methylated subsequently
by treatment with dimethyl sulphate and alkali.
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From a consideration of the results in toto, it is apparent that if the local environ-
ment (mainly with regard to immediately adjacent substituents) of an OMe group is
defined, the solvent shifts are characteristic of that local environment, and frequently
also characteristic of the position of substitution. In Table 1, the ranges of values
for OMe groups at C-5, C-7, C-I} and C-I2, in the absence of o-OMe or o-OH

T¡sL¡ l. Â V¡.luns (ð"o",. - ô"u"u ppm) for
C-3, C-5, C-7, C-10 luo C-12 OMe n¡so¡¡-
ANcE¡ IN THE ABSENcE oF orfåo-susstltuEl.{rs

Position of OMe Range of Â values

c-3
c-5
c-7
c-10
c-12

-0'07 to
+0'43 to
+0.54 to
+0'46 to
*0'54 to

+0'34
+0.58
+ 0.76

+0'53
+0.71

neighbours are given. Since the environment of the C-3 OMe group cannot be
altered by substitution on an adjacent carbon aton¡ the range of solvent shifts for
this OMe group is also included. It is apparent that OMe groups at C-5, C-7,C-10
and C-r2 can in the absence of ortho-neighbours be differentiated from a C-3 oMe
group. For "isolated" OMe groups at C-5, C-7, C-10 and C-12, the shifts are always
larger than that (0'46 ppm) of the OMe resonance of anisole. This observation is
consistent with the formal ability of all these oMe groups to conjugate with the
electron-withdrawing carbonyl group (see, for example, XVII). This conjugation can
lead to a decrease in z-electron density at oxygen atoms of the OMe groups in
question, and so enhance an association with benzene at these electron-dehcient sites
with a resultant increased shielding effect.2'3 The C-3 OMe resonances are in contrast
deshielded or only slightly shielded in benzene (Table 1). This observation strongly
suggests that the C-3 OMe group in general prefers the conformation indicated in
XVIU. In this conformation, phase independent associations of benzene with the
carbonyl group will have a deshielding influence on the C-3 OMe group.T'8 Since
the Â values of the C-5 OMe group are only slightþ smaller in magnitude than
those for the c-7, c-10 and c-12 oMe groups, it is concluded that in the absence
of a C-6 substituent, the preferred conformation for the C-5 OMe is as shown in
XIX (i.e., as distant as possible from the negative end of the carbonyl dipole).

In the compounds studied, the central OMe of three OMe groups suffers a small
positive or negative solvent shift (widest possible range is +0.13 to -0.12 ppm), as
can be seen from the data for XII and XIV. This behaviour is analogous to the case
of 1,2,3-trimethoxybenzene2'3 which was cited earlier, and if used cautiously (i.e. by
taking account of the presence of additional polar substituents) should be generally
useful in indicating the presence of three adjacent OMe groups in natural products.
The reason for the small positive or negative shift is probably due to some com-
bination of (i) steric inhibition of benzene solvation of thc central OMe group,a
(ii) reduction in solvation of the central OMe (relative to the anisole case) due to
the presence of two ortho electron-donating substituents,2'3 and (iii) solvation of the
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XVII

t4l3

t2

xvm

xIx

outer OMe groups, the stereochemistry of benzene association being such as to
place the central OMe in a region of deshielding. It is emphasized that the steric

factor cannot be the major influence, since an electron-withdrawing substituent

ortho to an OMe function increases the upfield shift which is observed in benzene'3

Since the heterocyclic oxygen atom attached to C-9 should have an effect similar

to a hypothetical OMe substituent at the position, it might be anticipated that in
7,8-dimethoxyflavones (e.g. XIII), the C-8 OMe resonance would sufÏer only a small

solvent shift. This supposition is confirmed by the data for XIII.
In a similar manner, an OMe group which is situated such that one neighbouring

carbon atom carries an OH group and the other an OMe Soup, both of which

can formally conjugate with the carbonyl group, has a very small positive or negative

solvent shift [the C-6 OMe of XI exhibits Â : *0'03 ppm (or Â : -0'03 ppm as

an alternative assignment); the possible assignments have bee,rr reduced with the

aid of the deuterated derivatives XIa and XIb].
The solvent shift of an OMe group at C-5 suffers a drastic change in magnitude

from a relatively large positive value (see Table 1) to a small or negative value (see

data for XII) in the presence of an OMe at C-6. Such a change is in accord with
expectations, since the introduction of an ortho-OMe group generally causes An

algebraic decrease in A, and in addition a C{ substituent should lead to a higher
population of the conformer XX in which the Me of the C-5 functionality lies in
close proximity to the negative end of the carbonyl dipole (whicþ is a region of strong

deshietaing due to benzene association at the carbonyl groupT). This characteristic

solvent shit has proved useful in the structure elucidation of zapotin (XXI).'

6

xx XXI

CH.
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EXPERIMENTAL
NMR spectra were obtained either on a Perkin Elmer 60 Mc instrument or a Va¡ian Associates HA

100 Mc instrument. In all cases the concentration of the flavones in benzene or CDCI. solns was not
greater than 2\wlv. The spectra were (with one exception, see below) obtained at normal probe temps
(30-33), using TMS as inte¡nal reference. Due to solubility problems, the spectra of XVI were recorded
in CDCI. soln at 60" and benzene soln at 110' (sealed tube). The recorded shifts therefo¡e differ from
the values to be expected at room temp, but the trends are clear for the purposes of empirical correlation.

The preparation of specifically deuterated llavones may be exemplihed by the preparation of IIa.
Chrysin 5-methyl-7-trideuteromethyl ether (IIa). Deuterium oxide (3 ml) was added to a soln of diazo-

methane in dry dioxan,6 followed by slow dropwise addition of a dioxan-DrO soln of chrysin (250 mg).
After the mixture had been allowed to stand overnight, the solvents were removed and the residue
recrystallized from EtoH to give chrysin 7-trideuteromethyl ether (lM mg, m.p. 16G-164'; lit.lo m.p.
for chrysin 7-methyl ether is 163"). The 7-trideute¡omethyl ether (100 mg) in acetone (5 ml) was treated
with MerSOo (0'3 ml) and 201 NaOHaq (1'3 ml) and the reaction mixture heated on a water bath for
t hr, after standing at room temp for t hr. lVater (3 ml) and conc NH*OH (3 ml) were then added to the
cooled reaction rnixture, and the yellow crystals wbich forrned were isolated by filtration. Recrystallization
from aqueous EtoH gave IIa (m.p. 144_146"; lit.10 m.p. for chrysin 5,7-dimethyl ether is 143").

Other deuterated flavones were prepared by u nexceptional variations of this technique (see also Ref. 11).

Acknowledgemen¿-The authors wish to thank Dr. J. W. lV. Morgan for a generous gift of several flavone
and flavanol samples.
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BENZENE-INDUCED SOLVENT SHIN'TS OX' PR,OTON R,ESONANCES. IN THE N.M.R,. SPECTR,A OX' A-DIKETONES*

By J. H. Bowrn,f G. E. Gnnent,f and M. H. L,o.rrnnf

fMo,nuscri,pt rece,iued, Januarg 24, f 9681

Suntmat'y

Solvont sfrfts ¡nllllau - ôccr¿-åcuno p.p.m.l are recorded for a number
of acyclic and cyclic ¿-diketones, Benzene produces upfield shifts of methyl and
methylene resonances in tho spectra of saturated acyclic and cyclic ø-diketones.
The shift of the ø-methyleno resonance of acyclic ø-diketones may be related to the
length (and bulk) of the side-chain. The formation of a I : I complex is proposed,
and variatrle temperature studies (in toluene-17a) have allowed calculation of thermo-
dynamic parameters for an acyclic and a cyclic compound. The dependence of
solvent shifts on the position of methyl and hydrogen substituonüs of aromatic
ø-diketones has been demonstrated.

It has been shownl-8 for many ketones, that the proton chemical shifts induced
by benzene relative to carbon tetrachloride (or deuterochloroform)

43,";î : å"",,-ô""""

conform to the pictorial representâtion outlined in (A). The potential use of solvent
shifts for structure elucidation has been recently demonstrated for quinones,g
coumarins,l0 flavones,11'1z and xanthones.ls A review on solvent-shifts is available.la
Because of our interest in a-diketones,15,16 we wished to determine whether "solvent-

* This paper also constitutes Parü II in the series N.M.R. Stuclies, Part I, Tetrahedron,
L968, 24, t407.

t Department of Organic Chemistry, University of Adelaide, P.O. Box 498D, Adelaide,
s.a. 500r.

l Connelly, J. D., and McOrindle, I\., Chemg Ind,., 196õ,379.
z Williams, D. H., and Bhacca, N. 5., Tetrahed,ron, 1965, 21, 1641.
3 Williams, D. II., and Bhacca, N. 5., Tetrahed,ron, 1965, 21, 2021.
a Williams, D. H., Tetrahed,ron Leüt., 1565,2305.
r fchikawa, Y., and Matsuo, T., Bull,. chem. Soc. Japan, 1967,40,2030.
e Bien, S., and Michael, U., Chemg Ind,., 1967, 664.
? I'etizon, M., and Foy, P., BuII. Boc. chòm. Fr., 1967, 2653.
8R,oger,4., Goclfroid, J. J., and Wiemann, J., B*IL Soc. chim. 1r., 1967,3030.
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shifts" could be useful for such compounds, and this paper summarizes results for a
series of acyclic, cyclic, and aromatic a-diketones.

^ 
ccl{tcuH 

u

posi tìve

.A.CYCLIC ø-DIKETONES

Methyl Resonance

^'.:1il
rregative

ø-Methylene (or
Methine) Resonanco

"ò:o/i
(A)

The results obtained for the acyclic ø-diketones are recorded in Table 1

Several progressions can be seen. X'irst, the positive shift of the methyl resonance

decreases markedly as its distance from the -(C=O)-(C=O)- moiety increases [".g. (I),

T¡.nr,n I
cct,

soLvENT snrrrs Âlfifu : ôccr¿ - ôcorro ox' METHYT, aND MF:TEYLENE Ì,ESoNÄNCES rN soME

Compor:nd

(cH3co)2
(CHsCH¿CO)z
(cH3cI{2cH2co)2
ICHs(CHz)¿CHzCO]z
IcH3(cI{2)3cH2co]2

[(CHa)zCHCO]z
f(cH3)sccol2

ôoor4 ô"unu 
^36c;å 

ôccr4 ô"uru 
^3;rì1

2.26
I .07

0.94
0.97
0.94

2.71
2'66
2.66
2. 64

2.37
2'4r
2.47
2.49

I .80

0.82
0.7I
0.79
0.84

+0.46
+0.2õ
+0.23
+0. 18

+0. r0

+0.19
+0.12

+0.34
+0.25
+0.r9
+0' r5

+0'r3r.07
l.l8

0

I
88
06

3.27 3. 13

+0'46, and (V), +0'101. This effect is unexceptional, since it, is clear that the pro-
clivity of the benzene-carbonyl complex to affect the methyl resonance will diminish
as the distance between the methyl group and the complex-centre is increased.

Second, and more important, the shift of the ¿¿-methylene (a' to C=O) resonance in
the spectra of (II-V) clecreases as the length ofthe side-chain increases [viz. (II, ethyl)
+0'34 to (V, n-pentyl) +0.151. This decrease in solvent-shift must be due to
changes in the nature of the solvent-solute complex. As the chain-length of R,

(in R,COCOR) increases, larger volumes are swept out in its free-rotational path,
thus limiting the approach of the solvent, molecule. Consequently, this reduction in
solvent-shift with increasing length of the substituent is probably best explained by
steric eÍï'ects, although it is appreciated that the conformational free energies of alkyl
substituents (on cyclohexa,ne systems) are quite similar (e.g. ethyl : I'97 and
isopropyl:2'38kcal/mole).u,ra An analogous situation is apparent from the
solvent shifts of the methyl resonances of (VI) and (VII), where the positive shift
also decreases as the size of the substituent increases. A combination of chemical

1z AÌlinger, N. L., and Freiberg, L. A.', J. ot'7. Chem., 1966, 31, 895.
18 Armitage, B. J., I(cnner, G. W., and Robinson, M. J. T., Tetraherlron, 1964'20,747
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shifts and solvent shifts may therefore be used empirically to indicate the size and
type of side-chain in acyclic a-diketones.

MeCOCOMe

(r)

lr.ðHrcocoðHrr,r.

(D

Me CH, CH2 CO CO CH2CH2 Me

(rrÐ

Me (cH2)"cH2 co cocHr(cH2)3Me

(v)

(nre),,ccococ(ne),

(vIÐ

Nle Nle

Me(cH2)2cH2 co co cH2(cH2)2Mc

(tv)

( Ir,re), cH co co cH (l,re),

(vr)

N,le N¡le N,Ic

t\¿[c NIe Me N4e

(rx)(i,rlr)

o

(r)

(xnr) n=r-lte

(xv) n= +-v"

Me Me Me(a)

(xrt)

Dilution studies have shown for ketonesle and anisole derivativeszO that the
complex formed with benzene involves solute : benzene in a ratio I : l. As two
carbonyl groups are present, in a-diketones, similar dilution studies were undertaken
and a I : 1 complex is again indicated. The changes in solvent shifts of the methyl
and methylene resonances in the spectra of 3,3,6,6-tetrurnelhyl-1,2-dioxocyclohexane
(XI) at different concentrations of benzene in carbon tetrachloride were measured,
and the shifts plotted against concentration. A similar experiment with diacetyl (I)
alsoindicatesal:lcomplexratherthananalternative2:lcomplex; i.e.theplots
of A against concentration (e.g. X'ig. 1) give much better approximations to linearity

le Laslo, P., and Williams, D. H., J . Am. chem. Soc., 1966, 88, 2799.
20 Bowie, J. H., Ronayne, J., and Williams, D. H., J. chem. Soc. (B), f 967, 785.

N,le IVIe

(xr)

(xul)
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than plots of A against concentrationz (sf.zo). This is only true (for the three cases

considered) when the concentration of benzene is greater lhan I0o/o.

The A values for acyclic a-diketones (Table 1) and for cyclic a-diketones
(Table 2) enable some observations to be made concerning the nature of the solute-
solvent complex. As no separation of the methyl resonances of the symmetrical
diketones (I)-(IX), (XI), and (XII) is observed in benzene, the benzene molecule
must be placed symmetrically to the two carbonyl groups. Moreover, for (XI) and
(XII), this must mean that rapid inversion of the six-membered rings is occurring
even though the I : I complex has been formed. That this is the case, is shown by
the considerable broadening of both the methylene and methyl resonances of (XI)
when the spectrum is measured in toluene-ds at -60oc.

T-q.nr,n 2

SOLI/ENT SIIIX'TS OI¡ I\{ETIIYL R,DSONA.NCES IN TEE CYCLIC

d-DTKETONES (Vrrr-xV)

Compouncl ôccrl åceue ^ 
ccl4

aceHe

(vIIr)
(XI)
(x)
(XI)
(xII)

I
I
I
I
I

t0
.{ r
Ir

2L

34
42
13

47
92
02
05

0
0

0

+0.38
+0.37
+0.49
+0.28
+0.28
+0.56 (b)
f 0.58 (c)

*0.27 (a)

+0.14
+0'60

83

97

(xIIr)

(xw)
(XY)

2.68
2.76

93

0.85
r.l9
0.36
0.44
0'78
2. 54
2.t5

The A values for the methyl resonances of (VIII) and (IX) and (XI) and (XII)
are very sirnilar. Consequently, the introduction of the heteroatom of (IX) has no
effect on the solvent shift rvhen related to (VIII), and the introduction of the aromatic
system of (XII) has no effect rvhen compared with that of (XI). This implies, 'iø
these particular cases, that the nâture of the benzene : solute complex is not altered
by the additional influences of these groups. This observation, together with the
symmetry considerations outlined above, shorvs that, the complexing solvent molecule
cannot be juxtaposed parallel to the carbonyl-carbonyl plane of the solute molecule.
(as in (B)). The formation of this t¡re of complex would also be vitiated by the
steric requirements of the gem-dimethyl groups. Whatever the nature of the complex,
:t - l:1 I )1 ) rt I ì: 1, -li --l- :--L---^L:^-^It/ SccIIls ulrrlr(cly UrrirU rU U¿lIr UU -UCpI'CSOIIUO(I Ðy UfrU Srxrl,rc (rIpUIU-ulI,Utu lllt]ulöuuluu
(or charge-transfer complex) betrveen the positive end of the carbonyl and the
i -system of benzene which is thought to occur in simple ketones.z

Variable temperature studies (in toluene-d6) rvere used to determine the change
in chemical shifts of the methyl resonânce of (XI) and the ó¿-methylene tesonance of
(III) in order to measure the heats of formation of the two complexes. The variations
of chemical shift with change in temperature are shown in X'igure 2. Assuming a

I : I complex (see above) for the equilibrium: solvent f solute + complex, then
the plot of logroll against l/? gives Af1 directly from the slope of the straight line
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(see X'ig. 3). Both the theoretical treatment and a discussion of the large errors
inherent in this calculation ca,n be found in previous publications.le,z0 The calculated
heats of formation are (III) : toluene, -I.22 kcal/mole, and (XI) : toluene,

-l'25 kcal/mole. Even though these are very small values, they are larger 1,han
those of the complexes formed between substituted anisoles and toluene (-0.9 to

-r'05 kcal/mole),20 and between 5a-androstan-ll-one and toluene (-0'65 kcal/
mole).le It is surprising that both the above complexes have such similar heats of

Fig.2 A

...t
Fig. I

Fig. 3

146

142

13A

B

ìr

Ø
q

a

+ o.3

+o.2

-o,2

-o I

oo

o1

o4

o5

60

Benzene (7o)

ao -60 40 40

T ("c)

Fig. l.-Plot .f ¡33#. for úhe methyl
resona,nce of diacetyl against the concentration of
benzene in carbon totrachloride.
Fig. 2.-Plots of chemical shift (c/s in toluene-d6)
against tempera,turo ('c) for
(A) t};'e ø-meôhylene resona,nco of (III) ;
(-B) the methyl resonance of (XI).
Fig. 3.--Plots of logrol{ against
l/temperature (?) for
(.4) the mothyl resonance of (XI);
(B) t'he c-meúhylene resonance of (III).

v
ù
o

34 3A 4Z 46 5.O

103/T ("K)

formation, as the two complexes should be different, viz. the (Ill)-toluene complex
may be the "normal" dipole-dipole (or charge-transfer) type (cf. (B)), while the other
complex should not be of this type (see above). Alternatively, the similar heats of
formation may indicate that the two complexes do have the same t¡rye of structure.
n'urúher work is being undertaken to attempt to clarify this apparent anomaly.

The solvent-shifts obtained for (VIII-XII) (Table 2) nay be used to assign
A values to the methyl resona,nces of camphorquinone (XIII). The chemical shifts
of the methyl protons of (XIII) in carbon tetrachloride have been assignedzl by

21 Yonezawa, T., Morishima, I., and Takeuchi, K,, BuIL chem, Soc. Ja,pan, 1567, 40, L812.
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comparison with the spectrum of camphor.l The recent report of Karabatsos et aL22

indicates that the methyl group above the caibonyl groups may be deshielded rather
than shielded, and so labelling studies u'ould be necessaly to authenticate the

assignments for camphor. Suggested À values are listed in Table 2 and indicated

in (C). The alternate assignments of Yonezawa et al.zI (see(D)) are also possible, and

labelling studies rvould be necessary to differentiate between the two.*

(+o.sa) ì\lc NIc (+o.s6) (+0.66)

(c)

l)

(+o.4s)
N4r'

NIe
(+ o 27)

(c)

(+ o'zz)

(D)(B)

It, u,as of interest to ascertain rvhether negative A values (see (A)) could be

obtained for methyl resonances in favourable cases rvhere the "nolmal" dipole-dipole
(or charge-transfer) complexes may be f'ormed. The most reaciily available model

\vas l-methylphenanthraquinone (XIV) and the A value for its methyl resonance

is *0.14 (Table 2). This is the same as the a value for the methyl resonance of
t-methylanthraquinone,e and it seems unlikely that negative A values lvill be

observecl for methyl substituents attached to the aromatic system of a quinone. The

analogous shift for 4-methylphenanthraquinone is f0'60 p.p.-.

(b) (a)

(b) (¿Ù

I)
(c)

H
(b)(xvlr) (a)

(rvrrr)

TÌre application of solvent,-shifts to thc assignment of aromatic protons is

demonstrated by the A values for ¿-furil (XVI) ancl benzil (XVIII). These values

are summarized in Table 3. The spectrum of a-furil is similar to that of the aromatic

protons of furan-2-aldehyde.23 Deuterobenzene causes an upfield shift of *0'34 p.p.m.

for the protons at the 3-positions [(a) in (xvl)] rvhile the other four protons are

shifted b¡r -t-0.87 p.p.m. A comparison of the n.m.r. spectra of benzil-d6 (XVII) and

benzit (XVIII) allou's the assignment, of A values for the plotons of (XVIII). The

* Since this pa,per went to press, Professor W. L. Meyer has hinclly informecl us that the

n.rn.r. spoctrum of camphorquinone-9,9,9-d3 supports the assignments of the chemical shifts in

ccla (Table 2) (see A. P. Lobo, Ph.D. Thesis, Indiana university 1966). A recent report (I{. M'
Baker ancl B. Iì. Davis, Tetralrcclron,, 1968,24, I663) of the solvent-shifts of camphorquinone-9-rlr

substantiates t'he assignrnents of Yonezas'a et al.2r (see D).
22 I(arabatsos, G. J., Sonnichsen, G. C., Hsi, N., ancl Fenoglio, J', J' Am' chem" Soc', 1967'

89,5067.
2:r "N.l\t.R. Spcctra Catalog." No. 95' (Varian Associates: Palo Alto, CaI' 1962')

(xvt)
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ortho-prot'ons (a) must be almost in front (see (A)) of the carbonyl group (of the
complex) asthe shift is only +0.01 p.p.m. The other protons have the same shift
(+0.50) and cannot be distinguished by this method.

T¡.er,n 3

A ver,uns rfon pnoroN R¡:soNÀNcES rn (xvr)-(xvrrr)
m, multiplet; s, singlet

Compound

(xw)

(xVIr)
(xvIIr)

àcunu

6.87
n.qo

6.73
6.96
7.97-7.81
7 .tt-6.74

^ 
CCl4

^c6Ee
ðccr¿

7'74 m
7.62 n
6.60 m
7.46 s

7 '98-7 . 82 rn
7 '61-7 .24 m

f 0.87 (c)

f0.33 (a)

+0.87 (b)

+0.õ0
f0.0r (a)

f0.50 (b and c)

ExrnnrlrnNr¿¡,
All spectra wero mea,sured as 0'1nr solutions (except l- and 4-methylphenanthraquinone

which wore measured as saturated solutions) with a Varian DP60 spectrometer operating at
60 Mc/s a,nd 26", using teüramethylsilane as an internal standard.

The variable temperature oxperiments were performed in toluene-¿Js with a Varian A60A
spectrometer.

The syntheses of compounds (r xr), (xIIr), (xvrr), and (XVrrr) have boen reported
previously.l6 other compounds were prepared by reported procedures: (Xtt¡,za (Xrrr¡,zs 

"tru(XIv¡.zs
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2a Burgstahler, A. W., and Abdel-Rahman, M. O., J. Am. chem, Soc., 196g, 85, lZB.
25 llaworth, R. D., J. chem. Soc., 1932, 1125.



l7

Reþrintcd frout, Cttautcl^r, Cirun¡uxrc^rroNs No. 17, g September, 1966.

Rearrangement Reactions of some Simple Ketones and Esters upon
Electron Impact

lly J, H. Iìowrn, R. (inlt;t;, an<l Ì). H. \\'¡r-¡-l¡ir¡s
(Ll n i t ¡c rs it.r' C h e ni c al L ulnr uh t r r', <' a nbr ú t gc, E n gt a rut.)

an<l S.-C). Lnrv¡;sso¡- nntl (i, S< slrr¡Lu
(D e þ arl nv nl of 0 rgan i c C lt e nisl y.t', .'l a r h u s L) u iuc r s i I ¡', I )e nm ar h)

.\'t tr¡..t¡oN lr:rs rccently bcclt dr¿¡u.nl'2 to thi
rclativc raritv of alkyl nrigrations u.lrich lr¡rvc l¡ct'rr
t'st¡rlrlisìrt'tl to ()ccrrr i¡r the tììass sl)(.ctrotììctcr,
\\'c ¡rorv rr,¡rolt tht: occt¡rfcrìccs, in thc s¡lt'ctrl of
rr,rììr' sirìtl)l(' kt.tollcs anrl t'stt'rs, of 'fragrtrt'rtt iorrs
s'lrich ncct'ssitatr. thc fonnatiorr of C-C rrr C-()
trolt<ls tr'¡rort elt,ctrort irrrpar.t.

'l'lrt, corrr¡rountls i¡t rçlrich tlrt: t xatlplt's of C-C
antl,,/or (l-O borrtl frrll:rtion ll¡rt.c bccn cstirblisht,<l
:¡rc listcd i¡r tlicr'l'¿rl;lc. ltr cr.crv ci¡,st'thc'conr¡rosi-
tirlrt of thc rcirrrirngcrtrcnt ion has bccn srrb-
stíuìti¿ìt(:(l l>y t'x:rct nìass nì('irsr¡rc¡ììcnts. lìlintina-
tir.ln of tlrc kt'tont: carìxrrtvl grou¡l in thc fragrtrcnta-
tir¡rr ¡>f thc' p-kcto-csttrs (l\') and (V) is provctl by
¡8()-labclling of tllc kctonc tìì()i(.t)'.c'

I F. I(omitskr.,
2 P. llr<.¡rvn, C.. W, J. Richter

'l'hc rcl:rtivt, abrrnilanccs quotc<l in t'hc 'l'abk-.
givc. srlrrtr irrrliciLtion of thi'¡ircvalcncc of tlrc
r'('¡rrr¿r tìg(.tìì(.trt ions as they a l)l)ciir in c<.¡ttr.r'nt irur-
nlll rt'¡rrt,st'ntcrl s¡rcctra. 'l'lrc int¡r<lrtancc of th<:
l'('irrranÍ{crìt('¡rt ¡rroccsscs is indicatcrl in sorìì(r c¡tsrìs
lrl' a<klitional high-rcsolution mcasurcurcnts,
Iror cxanrplt', irrns at'mle l9l, 2O5 (21 antt 3lo/o'
of thtr b:rsc ¡rtak) and 

^t mfe 165, 178, l7g (lf ,

liÌ, ântl 2firìu of tl.rc bas<: peak) in the s¡rt'ctr:r of
(l l) and (l lt) rcspcctivcly are due to C¡6H¡¡+,
C,.Hrr, airtl CrrHr+, CinH,o*, Cr{Hlr+, all skelctal
reírrrangcnrcnt fragmcnts. Further det¡rils . of
these s¡rcctra will be reporte(l subsequentl|.

It..\. r
lo
t7
l(r

0
:t

l{
l3
{0

' 'l',r n¡- li

llcurrungt,ntenl Ions in lhe Sþ*lru ol Stnr Sintþle /r'c/orrr's und Eslers
Conrporrnd l{carrangcmt.nt ir¡¡r }f igrating group

(l\;lì-f¡) l\l+ - C()z ('rHo
(X; lÎ-:tit) ]f+ - (:O, C;li;

Phr'll.cN.C_o,Et (\l) lt+ - co; c:;H;
Prt(:fl.CN.CO¡Er (\il) ìr+ - (:O;lt t'"Þi, ór

('21 fô

. R.,\. : Ilclatitc.\bundancc as l{, of tlrt: basc pcak. ,

(Receìued, Augitsl lth, 1965; Com. 489.1

J. Ii. Gurst, and C. I)jcrassi, J,.4tner, Chclt, Soc.,1965,8?, I399;
I)jcrassi, G. Schroll E, J,.Jakobsen, ancl S.-O,_l-r\yesson, .1, Anar. Chem, Soc,, in press.
, lf. Senn, and A. R, Burlingame, Tcttahedton Letters, f 065, t23õ.

I
I
tt
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SKII,XÎAL RIARRANGAûENÎ RXACTIONS IN SULPHID¡S t

DISUIJPHIDES' SULPHOXID¡S ÂND SUIæHONXS UPON

ELTCTRON TMPACÎ

J. /. Maasen, C" Nc].ale, S.-O. Lawesson a{lal G. Schroll

Department of Orga¡ic Chernistry, Aarhus liniversity,
Denmark.

J. H. Sowie and D. H. Wi}Ila¡ns

Universlty Chenlcal LaboratorXl, Ca.nbritlge, Ingland.

(Received 6 gctober lÇ6!)

In ortler to facilitate structu¡e elucitlation by

mass spectrometry, it is neeessary that skeletal
rearrangement processes which occur on electron lmpact

be weLl clocunentecl. Recently, such rearrengement

processes have been clenonstreteal to occur in some ketones

(1,2), esters (z-r), thioesters (6) an¿ carba.nates (?).

We now report the occurrence of some skeletal reamangement

reactions in sulphides, disulphicles, sulphoxltles and

sulphones upon electron impact.

The rearrangement reactiona rvhich occur In the

sulphides (f-V), the disulphides (VI, VII), the sulphoxltle

(VIII) ancl the sulphone (IX) *"e suEmariseal in the têble.
the compositions of all rearrangement ions have been

established by exact mass measurements.

4177
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Compor¡ntl

c6HrscH3 (r)

3 1rr)

cuuuscuxu (IIr)

c6H5cE2sc6H5 (rv)

c6H5cH2scH2c6H5 (v)

cunusscar, (vr)

c.HScn2sscnrcuuu (vrr )

c6H5cH2scH2c6H5 (vrrr )

0

cunu-srrcun, (rx)

00

Rearrs¡rgenent Ion

M-HS (*)

M-Hs (*)

M-S

¡[-ES
M-H2S

¡[-H

M-S
3S

Tlaor¡a¡aaaa¡{ Tn¡c 't¡ lr¡a Moao S¡aal¡o ¡f Sana Srrl nla{ åaa

Df gr¡lphicles. SulpboricleE encl SulphoneE

No. {P

T

{

R.A

26

13

1

6

9

4

2

16
L5

11

19

L2

t0

30

M-s ( *)
M-Hs (*)
M-2S

M-S

M-2S

¡[-cH2s

M-SO

M-S02 5

I n.¿. = Relative Âbundance as y'o of. the base peak.
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Those cases in which the rearrangenent fragraent is

forued in a one-step process froø the ¡uolecular iont as

indicatett by an appropriate metastable peakr are indicated

in the table by an asterisk (*). Generally speakingt the

sulphides or disulphides iaay eliminate a sulphur aton

(with or wlthoìrt ad.di-tionaf hydrcgen atons) and the

teruinal groups then combine. the sulphoxide (VIII) a¡d

the sulphone (IX) behave analogolrsly.

Aalatitional exact nass measurements establish that

rearran3ement [ragnents 'occtlr at l-ower massesr and these

uey be decomposition proclucts of the priuary rearrangenient

ions, e.g., g,1e r52 (BiÍ, carttu+) ard e/grrJ Q"l, cr2H9+)

f rorn IX.

Although sctne sul-phones are known to rearrange

tlrerrnally with elinination of sulphur dioxide at relatively
I

high ternperaturesr' tlre irossibil-ity of therrnal rearrangentent

has been exclualed in the case of IX by obtainj'ng the

spectnun bJ' the direct inlet )z'ccerlure at ailpl'oxirnately

. ^o^

Rgle-qqqqes

ii. Koüitsky, J. i. furst and D. Djerassir Jr--LUe"'-O-q".n-'

Þ_9., 87_, 1199 (1965).

J. iI. lloirie, R. 0r'ig.g, ll. i'ì.. uJillialrs' S'-0' 'Lavresscn

and G. ScÌ.Lrcl.l , 919{. -fSiql. , 4oJ (1965) .

D. E. el'1e¡, uf' Ë. l'leDaCcìen and,r. W. Crrse, J' Fhl¡s'

chcr¡., 66, tzJT (1964).

I

2

J



¿l8o

4

No. ¿¡9

IV. H. Mctr'atltlen, K. T,. Stevens, S. Meyereon,

G. J. Karabatsos anal C. E. O¡zech, L_!ÀIq..']qben., 69,'
L742 (L965).

I. lYelss, A. Isartl and g. Bonnarcl, 3utl, Soc. Chln. Ef.,
2332 (1965). 

_

\Y. H. irfcFacltlen, R. ì[. Seifert and J. Yfassernan,

Anal. ohen. , !-, 560 (1965)

C. P. Lewig, Ànal. CheB., €, 1?6 (1964).
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Studies in Mass Spectrometry. I. Mass Spectra of
Substituted Naphthoquinones .

J. FI. Bowie, D. W. Cameron, and D. H. Williams

ContributionJiom the Univusity Chemical Laborulory, Cambridge Univer'sity,
Cambridge, England. Recèived May 28',1965

The ntass speclra of 2I subslituted naphthoquinones ure
reported utd discussed. The characlcristic.fragmentation
attd reurrortgemenl processes, sttbslunliated in mosl coses
by appropriale ntelastablc peaks andlor deuterium
labeling, greally facìlitate the location of substiluents
in the bícyclic system.

Naphthoquinone (I) breaks down in a well-defined
manner upon electron impact,t and plausible struc-

Schemc In

-o. -CO -co

tures can be assigned to the most abundant fragment
ions (see Schenre I and also Table I). The mass
spectra ol 2l substituted naphthoquinones (lI-XXII),
reported by us in this paper, indicate that the essential
features of the breakdown of I are preserved in the
spectra of the substituted derivatives. Details of the
spectra are summarized in Figures I and 2 and Table
l; in the table all ions having an abundance greater
than 5 /" of that ol the base peak (arbitrarily taken as
100%) are recorded

The mass spectra of 2-methylnaphthoquinone (II)
and 2,3-dimethylnaphthoquinone (tlI) are much as

expecteil. In the case of the 2-methyl derivative (ll),
the loss of a methyl radical is more pronounced from
the M - CO fragment (e, mle 144) than from the mo-
lecular ion, and may be represented by e * d' (mle
129).2 Most important, the presence of the abundant
mle 104 ion (b), and its decomposition products nr/e
76 (d) and mf e 50, substarttiates the location of the
methyl group at C-2 rather than on the benzene ring.

'An abundant species f @le ll6) is formed by elision ot

,.. two carbon monoxide molecules from the molecular
ion. As expected, the odd-electron species f decom-
poses by loss of a hydrogen radical to afford mle ll5,
most plausibly represented as the benzocyclopenta-
dienyl cation g formed by ring expansion (Scheme II).

' 
Scheme II

I m/eL$O

-HC=CH¡ m/.60

b,m/e LO4 d,,tn/c il6
o Transitions indicated by an asterisk are supported by the pres.

ence of an appropriate metastable peak.

o o Rr

o
II,R:H
III, R : CH¡
IV,R: OH
IVa. R : OD
V, R : NHCHa
Va, R : NDCH¡

oHo

o
VI, R:H
VIa,R:D

instead of
VII, R : Cl

VIII, Rr : OH; R¡ : H
VIIIa, Rr : OD;

R¿: H
IX, R¡ = H; R, : 9¡¡
X,Rt - Rz: OH

OH

RR

(oD

9"1 II ø,m/a144

-cu;f .

R1

R,

XI,Rr:H;Rz=OH
XII, Rr : H; Rz : CH¡
XIII, Rr : H; Rz : Cl
XIV, Rr : OH; R¿ 

= 
H

XIVa, Rr : OD; Rr : H
XV,R¡: R:: CI

o
R

R

XVII, R : OCH¡
o

xvrrr'R : o[cn,

o

CH¡

XXII

o.
CHs 2

OH

xvt
+

f,m/elL6

-"{.
d',mf el29

I

(l) J, H, Beynon and A, E. Williams, AppL Spec¡y., 14, 156(1960).

+
+

g,m/eLLí b,m/e704

In the spectrum of the 2,3-dimethyl compound (III)'
in addition to the loss of a rnethyl radical both from
the M - CO ion (h, mle 158) and directly from the
molecular ion, to furnish mle 143 and mle l7l, re'
spectively, there is appreciable expulsign of a hydrogen

(2) In thc plausiblc fragmehtation scqucnces givcn for asymmetric
quinoncs, thc choice ofCO group which is expelled is purely arbitrary.

o

CH¡

xlx, R:ocHa

XX, R-Nl

o
xxI

XXIa (OD inetead

of OH)

, [Iteprinted from the Journal of the Americun Chenrlcal Society,87' 6094 (¡00]'))'l
Copyright 196l'r by the Amerlcon Chemic¡l Society and rcprlnted by permlseiou of thc copyright owner



Scheme III

-e

benzoyl ion (j, mle 105) may in
rearrangement of the hydroxyl h
of various 2-hydroxy- or 3-hyd
A number of appropriate metast
the hydrogen rcarrangement occurs in the M - CO
ion; a plausible nrcchanism involving a six-memberecl
cyclic transition state (k .* l) is indicaied for r/z-lawsone

formyl radical fronr the M - 2CO iori (o, mle llg).
Finally, belore leaving our discussion ol the rearrange-
ment typified by k * l, it should be notecl that the in-
creasing.ratio of tnle 105 to inlc 104 on.progressive
substitt¡tion of C-2 ¿rnd C-3 by u nrcthyl-groirp (see
spectra ol'll and lll in Table I) is evidence that an
analogous but less preponderant rearrangement ofl a
methyl hydrogen nray operate in these cases.

n/c
777

-CH¡" --+ b,m/eL}4

i,n/et57

UI

l¿.
+

\,m/cL58

9t'
-H'

-H'

Scheme IV',

j,m/c L06

+

D.
m,mf c78

o,m/a ILB

-co OH

CHt

CHg

-co

-H

CH¡

DzO OD

+

o
VI

I

D

YIa,M+,m/e!76
m/eL30

l-cH;

it,m/elt6

n/eL29

I
-e,
-coI

+
CeO

m/el2B

(3) J. S. Shannon, Australian J. Chen., tS,265 (1962).

' , Thc composition of all fragment ions which are considered
have been established by exact mass measurements.

_ 
The. isomeric compounds 2-hydroxy-3-methylnaph-

thoquinone (phthiocol, IV) and 2-nrcrhyl-5-hydroiy-
naphthoquinone (plumbagin, Xll) may ofl courre be
readily differentiated by the presence of the abundant
mle 105 ion present only in the spectrurn ol the lormer.
The lar nrore abundant M - CH, ion Qnlc l7l) clerived
from Xll relative r.o l\ (22f and 1l/" ol molecular
ion base peak, respectively) also serves to differenfiate
these isonlers, although the cause of this difference in
behavior is not readily apparent. In general, the
p-rcsence of a hydroxyl group in the benzen,oid ring of
Xll, VIII, IX, Xl, Xlll, XIV, and XV is inclicãted
by the presence of a pronrinent ntfc I20 ion (p) in their
spectra which breaks clown to the hydroxybenzyne

_D

k,m/eL48

J-.co=c=q
o+

D
l,rt/.106

n,m/c89

OH

=õFÖ.
+

'ßowie, 
camenn, llllliams I Muss Spectra o.l'substituletl Nctphtlnquinones 5095



Table I.

Compd

VII

VIII

VIIIa

IX

X

XI

mle
I, 7"
mle

¡/o

50
23
39
l5

t72 (M)
t00
50

8

186 (M)

Mass Spectra of Naphthoquinone (l) and subs(ituted Naphthoquinones (lI-XXll)"

II

IIT

ry

IVa

66 74
612

5t ó3
871,70

5t
t2
50
21

75
t4
74
l3

t02
39
77
l2

t04
46

t04
60

105
7

105
t6

13t
6

lr6
40

76
40
75
t5

130
40

I t5
41

77
6

76
48

r58 (M) 159
t00. I I
t29 144
6' 54

¡58
20

t7r

145
6

I,

78 103 to4
6 6 '10

77
7

52 74 7s
668

t+t t44 145
8 30 t0

76
20

77
7

200

(M)

100
50

,/n

/o

/o

mfe

mle
I,

mle

mle
I' 7.

mle

mle
I,

5l
6

51

8

188
100
77
l6

190
l5
5l

7
132
l3

173
t4
75

5

187
l6
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(rlg:7,ú = 25,d2 = 36,d.2J,d.: 5,ú - t7o')
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Table I (Contlnued)

Compd,

/o

XVI

XVII

XVIII

XIX

mle
I,'%
nile
I, 7"

L%

XXI, mle
I' 7"

XXIa mle

XXn mþ

HO

63 73
247

242 (M'
100
l9l
12
74 75
919

133 t42
77

92 97 116
1489

24s 246
9 t0

120 123 125
I t8 6

XV nle
I,

62
l8

209
34

(M)

63
l6' 132

8

118
t2
7s
l0

189
l5
53

8

.83
10

157
8

36 40 53 54 6l
19169915

t79 I80 181 207 208
45 r0 15 100 13

108 134 136 189 190
118634100
39 44 50 51 62
9 6 9 6.12

104 los 1r4 130 131
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r88 (M) 18e 190
100 t6 7
42 43 44 63 92
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50 5t 63 69 74
15 7 7 15 E158 159 t73 188 (M)
36 20 39 100
4t 42 50 51 52
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77 78 79 80 82
16 14 8, 6 7

129 130 13t t46 156,
ll 16 8 8 6

2t2 224 236 2t9 240
1668t726
50 5t 52 63 77
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187 . 202(M) 203
23 100 15
50 51 52 69 77
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t47 174 175 t16 187
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74 87
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243 244
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mle
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76 77
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159 160
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to2
38
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t7t
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104 105
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66
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12 t3

146
,,7
77
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55
16
85.
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mleXX

120
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76
22
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7

54
6

84
34
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28

241(M)
100
105 106
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78 79
1l 6

188 189
24 l0

97

56
l0
89

.12
t72
- l1

57
6

101
19

184
14

68
7

104
3ó

198
i0

69
6

105
t5

200
6

145
12

134 135
14 t2

146 , t59
10. 5

174
24

136
l4

74
t4

115
t0

75 76
20 40
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6

107 132 134 135
109i024

203 204 205 206
100 44 19 7

133 141 152 165

l¡ /o

I, 07

t06
9

202
53

145 146
712

180 r83 r94

(do-24,ú-48,d2:
50 51 76 77
6 6 t2 ll

t95 197 208 2tr
9 32 lt t4

-co
.+o HO

17,ds-8,ù:3%)
104 105 ils 128

81766
212 (M) 2t3
100 l7

-.cHo ¿
C¡Hs'

6. 5 9, 9 g I 7

Schcme V

is characteristic of a 2,3-unsubstituted naphthoquinone ;
in these cases, the nature and number of substituents on
the benzene ring can readily be inferred from the M -82 peak (M - 2CO-HC:CH) and its deconrposition
products. It is noteworthy that although the M -

" AII ions having an obundance greatcr thun 5
corrcs¡ronds fo thc Nz/r tlr:rivalivc; lhc s¡rcctrurn

"/" o1 lhat of thc base peak (arbitrarily taken æ lO0,%) arc recordcd
ol'unl¿rbclctl motcrial has been rcmovcd by subtraction,

ô This spectrum

rrc(u+)

(x)

rg¡ (u-¿co)

(c'xof) ro(u-co)

Elt

Figtire 1 Mass çpectrum of S,7-dihydroxynaphthoquinone (X).

p, m/c 120 q, m/c g2 m/e.63

Of the isomeric dihydroxynaphthoquinones X, XI,
XIV, and XVI, naphthazarin. (XVI) is unusual, itó
spectrum exhibiting an abundant molecular ion and

generalization that a "doublet', at M - 54 and M - 56

CO and M - 2CO peaks'in the spectra of naphtho-
quinones containing phenolic hydroxyl groups could in
principle arise in patt via expulsion of a carbon monox-

¡9

U2
ô2ao

I
tr
J

E

ß

Bowie, cameron, Yl/lllìams I Mass spectra of suhstituted Naph.thoqulnones s0g7



Scheme VI
reo(u+)

+

ñ
2

z
ó

u

5
ä

-e, -.CHO
--a-)(xt) +

o

-HC=CH

u,m/e 159

. l-'c¡ro
*

a,m/c L30

óo

q,k

Figure 2, Mass spectium ol 2,5-dihydroxynaphthoquinone (XI).

OH

OH

-'cHO-
HO

t, ñ/e 708 t, m/c lQ1

The isomeric 2-nrefl¡oxynaphthoquinone (XIX) be_
lraves very differently. The spectrum contains ábun_
dant M -ions. The
lorntation
evidenced b
sequcnces which are apparctìt in thc spcctrunr ol XIX
ancl supportetl by appr.opt.i¡rtc tìtct¿tst¿rblc i<lns. .fhrrs

C-2 substituent ,occurs with conconritant hydrogen
rearrangetnent to the quinone ring and the naphtho-
quinone molecular ion so formed' breaks clown as
usual. The mle 84 ion is due to the imnronium ion w.
Interpretation of the spectrum ofl 2-methyl-3-methyl_
arninonaphthoquinone (V) has been aided by tlr.
spectrunlof the N-d, derivative Va. The M =- CHO
ion (mle I72), whose conrposition has been determined
by high resolution tìte¿tsure¡ltents, retains deuteriunr
in tlre spectrunr ol Va ancl therefore the hydrogen atonl
lost in this process is alnlost certainly on"bl th-ose from.
the nrethyl groups. The M - C2H3N íon (mle 16O)
in the spectrunt of V does not retain thç deuterium
atonr in the spectrunr of Va. The cleavage must in-
volve therelore a hydrogen transler from the N.methyl
group to the ring system, but the process must be
rather conrplex.

(5) J. T. B. Marshall and D. H. Williams, unpublished work.
. (6) 4..M. D_ufficl.d, H. Budzikiewicz, D. tt. W¡lliams, and C, Djerass

J. Am. Chem..Soc., E7. 810 (t965),

b,m/e L04

.l-co
*

d,m/c76 d!:99
-coI

ide molecule flom the phenolic ring,a suclr processes

99. lot .appear inrportant. For exanrple, the mle
134 ion in. the spectrunr_(Figure 2) ol Xl:is-preflerabiy
formulated as s, since it deconrposes to t '(Ut'u rcí¡in a nlanner analogous to the fragrnentation of its
9:9*V analog (see o * n). The fo-rnrul atíon of mli
105 as t rather than as the isobaric benzoyl ion j seems
secure in the absence of an mle 77 ionljfr.nyf tation)

, in the spectrunr (Figure 2) of Xi,

c, m /e lQl

OH

8
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v, m/c 236 (M-6) w, m/c $l ,.,,m/a 166

The one acetate examined, 5-hydroxynaphthoquinone
acetate (XVIII) behaves unexceptionally, exhibiting the
anticipated loss of ketene (M - 42) in its spectrum,
subsequent cleavages being identical with those ob-
served for 5-hydroxynaphthoquinonê (juglone, V[II).
The most interesting feature of the letrahydroanthra-
quinone (XXll) spéctrum is the upp.orän"" of an
mle 165 ion, corresponding to x which must be formed
by extensive rearran gement.

ln suntmary, mass spectrometry is of considerable
utility in locating a naphthoquinone substituent in the
benzenoid or quinonoid ring. Môreover, the O-C:
CH-C-O unit js indicated by the presenie of an
appreciable CaHO2+ ion (mle 69); quinonoid hydroxyl

groups lead to highly characteristic rearrangement ions.
Therefore, this method, applied in conjunction with
nuclear magnetic resonAnce, infrared, and ultraviolet
spectroscopic techniques, should greatly assist struc-
ture elucidation in this class of compounds.

Experímental Section

All spectra were determined using an A.E.I. MS 9
maSs spectrometer operating at 70 e.v. With thé
exception ol 5,7-dihydroxynaphthoquinone (X) and
5,8-dihydroxynaphthoquinone (XVI), samples were
introdtrced through a heated inlet system at a tempera-
ture of approximately 200'. The direct insertion
technique was employed to obtain the spectra ol X and
XVI.
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thoquinone (X) and Dr. G. M. Blackburn for a sample
of 2,7-dimethyl-5-hydroxynaphthoquinone(XXI). Our
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Studies in Mass Spectroscopy. III.'
Mass Spectra of B-Keto Esters ,?

J. H. Bowie, S.-O. Lawesson, G. Schroll, and D. H. Williams
Co m the (Jnivers al Laboratory,
Ca land, and the t of Organic- Chemistry,
Aa ty, Aarhus C, Receiied August 9, 1965

rence of on in.tra.molecular ocylation of the aromatic ring
tv.hiclt takes plqce in an acylium ion ft'agment.

In view of the importance of B-keto esters and their
derivatives as synthetic intermediates, it was thought
desirable that the mass spectra of representatìve
members of this class should be detennined and in-
terpreted. Prior to the present study, the only rnass
spectrum of a member of this series which has been dis-
cussed appears to be that of methyl 3-oxooctadeca-
noate,2

The mass spectra of ethyl acetoacetate (I) and seven
derivatives (II-UIÐ are recorded in Table I and Figures
I and 2. The parent cornpound I and all the derivatives
II-VI break down to a large extent by the general se-
quence which is outlined in Scheme L The formation
ol enolic 42), îrom processes
involving in the mass spec-
trometer, onstrated.s" More-
over, the elimination of ethylene from the M - 42
ion closely parallels. the loss of an olefin from vinyl
etherss" and acetals.sb

(1) Part II: R. Grigg, M. V. Sargent, J. Knight, and D. H. Willianrs,
Te I ralrcdron, irr pless.

(2) R. Ryhage and E. Stenhagen, Arkiv Keni,15,545 (1960).
(3) (a) S. Meyerson and J. D. McCollunr, Atlytut, Anal. Chen. )nstr.,

2, 179 (1963); (b) R. A. Fricdel and A. G. Slrarkey, Anal. Chen.,28,
940 (19s6).

Scheme I"

H I

o

[>:.<ä,"]
-CH':6 :9

/\, M-42

l-tt.:"""
+

Þ

+

{
C_ -lfro C:

M_70
o Throughout this paper, specific structures have been drawn for

l"ragment ions prirnarily to give a self-consistent rationale for the
interpretation of the spectra. Although exact mass tneasurements
confirm the composition of the fragnrent ions in many instances,
some structures are nominal only.

The sequence indicated in Scheme I is supported by a
number of appropriate rnetastable peaks in many of the

cl
cHs-co-cH-corczHs cH

I

R
I

CI
VI

cl
: l:CsHz
: j-C¿He
: CHzCH:CHz:cl
: COzQHT: ocoPh

spectra. It is noteworthy that the M - 42, M - 70,
and M - 88 ions are all odd electron fragments and
therelore, depending on the rature of R and R', a

I,
il,
III,
IV,
v,

vII,
VIII, IX

:HR
R
R
R
R
R
R
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Scheme II"

(¡)

nþ

Figure 1. Mass spectrut.tr of ettiyl 2-isopropyl-3-oxobutyrate (tI).

.".ãJ."."or.,*,

(r)

6a(r)

æ(i)

r30(M{)

4c

Figure 2. Mass spectrutn of ethyl acetoacetate (I).

FI
11rç/:-) O

tA"lË-o..",
CH

CH¡ CH'

:Cllr=C=O

¡3

II

CH

a, n/ e 130(551o)

.l-"",
óo

+
CFh-C H- CH:

OH

c,nrle87 (957a)

- _Fl 2()

+
CHr-CH-CH:C:O

d,m/a69(901s)

OC"H

,-czËlt cIIr-ðg-ctt=

b,n/eLLí(951s)

- CH¡-CH=CIT¿

e,n/et30(451s)

1

portions of all these doublets, and indeed is identical in
iorm with the first sequellce with the exception that the
first step involves elirnination of propylene instead of the
isobaric ketene fragnent. Evidence for the participa-
tion of ester-enols in these fragmentation sequences is
available in the decornposition of mfe 87 (c or g) to
mle 69 (d or h) by loss of water; if the ntle 87 species

were simply the CH:COOC2H5 ion, formed by elimina-
tion of the isopropyl and acetyl groups from the mo-
lecular ion with a hydrogen rearrangement to carbon,
then this certainly would not fragnìent specifically by
loss of water. Moreover, the very pronounÇed loss ol
a methyl group from CzHrrOz+ (a, ntf e 130) to afford b
(mle ll5) is consistent with the presence of two allylic
methyl groups in the enol a.

llhê sèlf-consistent behavior of these compounds is
illustrated by the spectrum (Table I) of the isobutyl
derivative III. The M - CHI:C:O ion (i, mle 144)
should now eliminate an isopropyl radical to give j
(mle l}l) which is anticipated to decompose by succes-

siye losses of ethylene (to k, mle 73) and water (to l,

CH

1I

-CHsI

O=C-CH=
OCz

c'.
ol{

H¡ì

I

-crI{1 +
O=C_CH=

OH +
g, n/e87 (õls)

- lr,,o I *-*
t,m/elI5(5o/o) CH¡

CH,
t, mla 144

CH¡

CII
( JIT.

OC¿Hr
j, mle 7Ol

O:C--CH-C:O
h,w¿/e69(lÙVa)

" Transitions supported by au a¡rpro¡rriatc nretastablc pcak arc
indicated with an asterisk (*).

poses by loss ol a methyl radical from the isopropyl
substituent to give b (mle 115), which undergoes the
previously described losses of ethylene and then water
to yield mle 87 (c) and mle 69 (d). High-resolution
measurements on mfe 130, ll5, 87, and 69 establish
that all these peaks are doublets whose compositions
are indicated in Scheme IL The alternative decomposi-
tion path e -* f --+ g + h accounts for the lower mass

+cHr-cH:c:o -1t1()<-

k, mie 73

OH
i, nrle 55

or-t

I - CrII¡

OH
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Tnl¡le I,
I II

IV

VII

VIII

IX

XII

XIv

XV

nrfe
r (%)

mle
r (%)
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93
8l

9
105

4
138
47

120 145
53

106 tll
92

45 46
88 43
67 68
16 t6
85 94
510

112 113
447

r 84(M) 185
r03

368(M)

192
t4

4
51
9

70
24
96

9
127

193
3

52
5

7l
6

97
12

128
4

uAll ionshavinganabundancegreaterthan 2"lof thebasepeakarerecorded; molecularions(andfragmehtionsofdiagnosticvalue)ot
lesser abundance are included in the tabìe.

mle 55). In fact this sequence describes the main
breakdown path of III (mle l0l is the base peak). It
can be seen that the difference of l4 mass units between
the ions b, c, d, and j, k, I reflects the a-branching
(methyl group) oF the C-alkyl chain in II.

Additional evidence that the CaHroOa ion should be
formulated as e rather than as the ethyl acetoacetate
molecular ion is provided by the mass spectrum (Figure
2) of ethyl acetoacetatç (I) itself, which indicates that
the molecular ion of I fragments to a prominent mle 88
ion, almost absent in the spectrum (Figure 1) of the
isopropyl derivative II. The formation of most of the
fragment ions in the ethyl acetoacetate spectrum is
summarizecl in Scheme III. Particularly important
are the M - C2H5O (mle 85) and M - C2H5OH

(ml e 84) ions ; the former is present in the spectra of all
the ethyl acetoacetate derivatives examined, whereas
the formation of the latter is dependent on the pres-
ence of an active methylene hydrogen, i.e., no M -
C2H6OH ion occurs in the spectrum of the dichloro
derivative VI. These observations are consistent with
the formation oF mle 84 via a six-membered transition
state involving the enol form Ia. The spectrum (Fig-
ure 2) is remarkable for the appearance of an M - 28
ion (mle 102) which corresponds to only a small ex-
tent (cø. 3O%) to loss of ethylene (I + m), and mainly
(ca. 7O%) to the elision of carbon monoxide from the
keto group as established by t8O labelinga and high-

(4) W. J. Richter, M. Senn, and A. L. Burlingame, Tetrahed¡on Let-
ters,1235 (t965').
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lcHscocHrcorllll
rn, rrle 102 (30%)

[.n.:.ro" I --- | ,^,:.ro 
-lt 

----
t to..r.-l -' ."' L torl - rr:o

o, rnle 88 ¡'t, mle 60

[CH.-C:O]l
q, ntle 42

Schenle III
lct{scHrco,cr}I ¡] l. <- [cH scocl llco:c?Fl i] I

n, ntfe 102 (70?;) -(jo I -(rill'

acetoacetate (I), the chloro atralogs V ancl !I, ancl

diethyl acetylmzrlonate (Vll), but are abserrt in the
spectrir of the alkyl clelivatives (l[, III, IV) ancl the
benzoyloxy corrpottnd VllI. The ¿rbsence of any
M - COTCzH¿ ion in the spectnult of the one methyl
ester exaurined (IX) points to the participation ol the

B-hydrogen of the ethyl group in this reat'rangement.
In the instance ol diethyl acetylmalonate (VI[), there is
eviclence which indicates that the rearlangement takes
place to oxygen with formation of the ester-enol e

(mle 130). Thrs, mfe 130 decornposes as outlined
previonsly in Scheme IIto mle 115 (f), mle 87 (g), ancl

mle 69 (h) and additionally as indicated in Schene IV.
The compositions of all pertinent ions have been
checked by high-resolution measurements and the
majority of transitions indicated are supported by
appropriate metastable peaks.

The dichloro compounds VI ancl IX do not exhlblt
molecular ions in their spectra, presumably because ol
the extremely facile cleavage which affbrds the acetyl
ion (mle 43, base peak) and the tertiary radical t.
The M - 42ion (u) formed from methyl 2,2-dichloro-
3-oxobr,rtylate (IX), unable to eliminate ethylene like
its ethyl analog (see Scheme I), decomposes directly to
v Qnle ll0, l12, I la) by loss of methanol.

cl ct
l*l

CHgCOCCO:R ----> CHrC-O + 'CCOTR

llCl ntle 43 ('l
Vf,R: CzH¡
IX, R : CHI

CI OH

- (.j I t..--=(r. .o

¿FIu

- crH5oll

CHI
Ia

a

fctl,.co.ctt:c=o]t _c,r..* o=c-Cl-I:c:o
t',n e84 s,tn/e69

resolution measurements. This latter process (perhaps
I * n) requires an alkyl migration, exatnples of which
are relatively few in mass spectroscopy.s

Scheme IV

,H
6-r--r'

+
CiHyCO.CFI:C:OH

n /c85

t
' l-(.ll':ç¡J'

I

H,t

o o
H

("
Y

CFI2
- CII¡O1I

--=->

VII
CH

-Co¿
_ CH,: C.FI,

n/e84

CI
tr, mf e 142, 144, 146 (M - 42) v, mle 710, 112, 114

The base peak in the spectra of ethyl benzoylacetate
(X) and its derivatives (XI-XIV) is due to the benzoyl
ton w (mle 105), which decomposes in the established
manneto to the phenyl cation (mle 17) and C¿Hs+
(mle 5l). M - 45 ions (x), arising from the loss of an
ethoxyl radical, are present in the spectra of X, XI,
ancl XIII.

R

r' -oH t ,oH 
-ll

(.t{,,.c(.).('ll:C-O('zH; 

- LCH, 

CO CIt:\","1

-l-

O:C_CH

m/e7I3

f ,n/eIl5

Uj

e, n/ e).30

-crr"=cH,l.'-+
l- or il:
1.,,...u..,,:.' I

L 'ut-]
nt/e I02

l-r,,,
I

fcu,.co.ctt=c:0]1

-e

---->- OCrII¡

R
ln

PhCOCC-O
I

R,

+
I'hC:O <- Ph

w, nle 705
I

R,

(

t-
o:C-Ctl:C-O

h, n/e69

M - 72 ions, corresponding to the elimination of
COzCzHr fragments, occur in the spectra of ethyl

(5) (a) A. S. Newton and P. O. Strom,"/. Phys. Chem.,62, 24(1958);
(b) F. Komitsky, Jr., J. E. Gurst, and C. Djerassi, J. Atn. Chem. Soc.,
E7, 1399 (1965); (c) P. Brown, C. Djerassi, G. Schroll, H. J. J¿rkobsen,
and S.-O. Lawesson, ¡bid.,87,4559 (1965).

trrom ilYrl,,,Xt*ttt,
X,R:R'-H
XI,R:H; R':r¿-C¿Hr

XII,R: H; R':r'-CrHe
XIII,R : H; R': COzGHT
XIV, R : OCOPh; R': ÈC¿Ho

M - CTH5OH (M - 46) peaks are evident in the
spectra of X, XI, and XIII. In the cases of XI ancl

XIll, appropriate metastable ions indicate that the
M - 46 ion is formed, at least in part, by the loss ol a

hydrogen radical lrom the M OCzH¡ species.
Moreover, in the spectrum (Figure 3) of XIII, the
M - C2HóOH ion decomposes by the loss of a second
molecule of ethanol to mf e 172, as indicated by an
appropriate metastable ion. This latter observation de'

(6) See, for example: (a) T. Aczel and H. E. Lurnpkin, Anal. Chem.,
33,386 (1961); (b) S. Mcycrson antl P. Rylarrdct,J. An. Chem. Soc.,
79, 10s8 (19s7).

OH
ö=c- cH=r:/

\u,-,
c. n/c87

\"o
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FigLrre 3. Mass spectrum of clietlryl benzoylmalonate (XIII).

nrands that the mle 172 ion has lost a hydrogen from the
phenyl ring, as confirmed by high-resolution measure-
rnents. Thus, it appears that in the spectra of XI and
XIII, the M - OCrH6 acylium ion(e.g., y) is eliminat-
ing a hydrogen radical from the aromatic ring to give
what is probably a bicyclic ion-radical (n.g., z). This
process obviously bears some analogy to a Friedel-
Crafts acylation, except that a hydrogen radical is
lost instead of a proton.

slt

Figure 4. Mass s¡rectrum ol ethyl cyclopentanone-2-carboxylate
(xvr).

In the spectra of the cyclic B-keto esters XV and XVI,
peaks due to the loss of an ethoxyl radical (M - 45) and
ethanol (M - 46) are important features ol the high
mass regions. Ethyl cyclopentanone-2-carboxylate
(XVI, see Figure 4) affords an M - 28 ion which is
associated with elimination of carbon monoxide (80%)
and ethylene (20f). In analogy to the behavior of
cyclopentanone itsell,T the mle 101 ion (C¡,HsOz+)

can be formed by the process of a-cleavage and hy-
drogen transler (XVI * e'), followed by heterolysis of
the 3-4 bond to give f'; homolysis of the same linkage
affords E' (mle 55, base peak). 'lhe mle 73 peak is a

donblet (C3H3O2+, 60/,; C+HoO+, 4O%); the latter
fragment can only reasonably be formed by an ethoxyl
migration, and, since a metastable ion indicates the tran-
sition mf e 101 * mf e73, it appears that f/ decomposes
by loss of both ethylene and carbon monoxide to
give h' and i', respectively.

s7(nr )

2óa(Hr

,,

1

OrCzHs
H

-COzCuHs

z,n/t218

+

y,n/e219 (M-OCzHs)

COrCrHs

l-So,-Ph-co-cH- o
-tHl (t,
'cH;

XIII

n/a146

- c2l{¡,oI{

+ +

COzCzH¡

XVI
fC,,H,ool t :C:O
b',n/c190

O

a' , n/r 172

M - 72 ions (M - CO2CH2CH2), corresponding to
loss of the ethyl ester substituent with hydrogen rear-
rangement, are also present in the spectra of X, XI,
and XIII. In these cases the hydrogen rearrangement
may well be taking place to carbon, since the M - 72
ion (mle 192) rn the spectrum (Figure 3) of XIII de-
composes in the same manner as the ethyl benzoylace-
tate molecular ion; these and other fragmentation
modes of XIII are summarized in Scheme V and
Figure 3. The alkyl derivatives XI and XII also of
course yield mle 192 ions from elimination of the alkyl
group with hydrogen rearrangement.

Scheme V

Experimental Section

All spectra were determined using an A.E.I. MS 9

mass spectrometer operating at 70 e.v. and with the
heated inlet system and source at a temperature of
approximately 150".

Ethyl 3,3-dz-2-t8O-Oxobutyrate (Ib). Ethyl aceto-
acetate (100 mg.) and Dz18O (400 mg., 82ft t8O) were
applieda to a tandem g.l.p.c. column (two-coiled stain-
less steel 0.25 in. X 5 ft. columns packed with (a)
Celite (60-80) coated with 5 f phosphoric acid and (b)
Apiezon L on Celite (60-80) (l:4)), contained in an
Autoprep Modeì 4700 (Wilkins Instruments, Walnut
Creek, Calif.). The column temperature was 600, and

(7) P. Natalis, Bull. soc. chìn. Belges.,67, 599 (1958)'

xv

o

/'
g',m/eõ5

+
CHz'CHz'OCzHs
i',n/e73 (40o/¿)

-t-

CHz'CHz'COrH
h',n/a73 (60/ç)

++
coq CHs=g¡¡,

3l¡ 4

J.
CHlCHr.COrCrHs

f',m/el}L4

e'

f
-coz-czH¡ , p¡,.CO.CU*COrCrHi i-

c', n /t 192

- corcl2H{clFlfoH

pt' co.cu! l-

d',nltl20
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the hydrogen flow rate vsas 50 cc./nrin. The labelecl
ester lb was collected lrorn the column alter 16 nlin.
This nlethocl gave 66f incorporation oltEO.a

Àckno¡vlcdgmenÍ. Vy'e wislt to tltank Prolessor D.
Sanruel ol the ìùy'eizmann lnstitute lor a generous gilt
ol DsrEO.
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Spectrometry. Part V.r Mass Spectra of Benzo-

By J. H. Bowie, D. W. Cameron, R. G. F. Giles, and D, H. Williams

The mass speclra of fifteen benzoquinones; var¡ously subst¡tuted with methyl, hydroxyl, and methoxyl groups,
are reported and discussdd. The fragmentation patterns, which have been investigateà in a number of cãses by
exact mass measurements and deuterium labelling, can be usefully correlated with the type of subst¡tuent and tho
nature of the substitution pattern.

Arrnouc¡r the mass spectrum of l,4-benzoquinone (I)
is available,l a detailed investigation of members of
this class has not been reported. In this Paper, the
mass spectra of lõ substituted benZoquinones (II-XVI)
are reported (in Figures l-.5 and the Table; an asterisk

m/c 80

Me

o
.. A,mle 82 B,m/e 54 (II:R=H)

(lIIi R s Mc)(t)

carrying only methyl groups as substituents, retain a
number of features of the spectrum of benzoquinonc (I)
itself. AII contain pronounced molecular ions and
M - CO fragments. Ions corresponding to the nle 82
species frorn benzoquinone [see fragrnentation A in
(I)j are also evidcnt, but in those quinones (II), (III),
and (VI), which are asymmetrically substituted, the
preferentially eliminated fragment always corresponds
to tlre most substituted acetylene. For example, 2,3-
dimethylbenzoquinone (III) (Figure l) and 2,3,5-tri-
methylbenzoquirione (VI) give nt.le 82 (90% ClHzOri)
.and mle 96 ions, respecti'i'ely (/ì./ - CH.-C=C-CH'),
but do not afford ions arising from the,elimination of
acetylene , and methylacetylene, respectively. The
tetramethyl compound (VII) gives only a very lorv
abundance ion (rn/e'110, see Figure 3) due to.the formal
loss of dimethylacetylene.
, Similarly, fragmentation B (see I) is evident from the

spectra of (II-VII), and in the asymmetrically sub-
stituted quinones (II), (III), and (VI) again the most
substituted neutral fragment is preferentially eliminated.
This feature may be seen in the relative abundances of

-"- 
t_J._ H, Ilcynon an<l n, D. \,Vi¡liams, Aþþ1. Sþcclroscoþy,lOAô,

14, 160.

o
MeMe

R

(IV)

Me

(v)

R (\:I:R- H)

(\rll: R= Me)
M

o o
(*) in the figures or in a degradation sequence indicates a
process supported by the presence of an appropriate
metastable ion).

The mass spectra of the benzoquinones (II-VII),
¡ Part IV, R, Grigg, H, J, Jakobscn, S.-O, Lawcsson, M. V.

Sarlent, G, Schroll, and D. H. Williams, preccding Papcr.
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principal peaks in thc ùrass spectra of substituted l,4-be i"919Ì' Peaks are listcd in ascending order of mle ntío'

with intensities cxpressed as porcentagcr ñ;" ;;;; All ions rto"i"g an abundance grcater' than 5o/o of that

of the base Pcak are recorded
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tropylium species.s Secondly, the decomposition of
iltle 107 (/) by successive losses of carbon monoxide and
hy'clrogen to rnle 70 and 77 (Figures I and 2), or of
ut.le r2L (c) to mle 93 (d) and mle I.L (ø) (Figure 3),
e¡actly parallels the breakdown of the hydroxytropyliu¡n
iou in the spectrum a of benzyl alcohôI.

(o?ù

54

(n)

thenmleOS (d) and (el (nle 9l), as observed and supported
by appropriate metastable ions and high resolution
measuiements on mlcgl (C?H'+). The rearrangement of

ãt lt 120 140

F¡cuns I Mass spectrum of 2,3-dimethylbenzoquinono

In the light of the above generalisations, the M - CO
' ion from 2-bromo-3,õ,6-trimethylbenzoguinone (VIII)

slrould lose a bromine radical to afiord mle l2L (c) and

96 6S

-2H

ó8 (v)

140 160

-/c
Mass spcctra of 2,õ-dimethylbenzoquinone

(VIII) to give benzenoid fragment ions upon electron
impact is also suggested by the presence in its spectrum
of an abundant mle 77 ion (C.Hó+, h.r.), which is.very

¡ H. M, Grubl¡ and S. Mcycrson in " Mass Spectromctry of
Organic Ions," ed. F, W, Mclafferty, Acadcmic Press, Ncrv
York, 1083, ch. 10.. J. S. Shannon, Ausltal. t, Chcm,, 1002, 1õ, 26ú.

40

F¡cun¡ 2
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li¡c

(vrD

' nle

, 
F¡cuns3 I\Iass.n..tt!ïiÍå*3,5,0-tetramethylbcnzo'

probably the phenyl cation. The most abundant ion
from (VIII) is at mle 67 (C{HaO+), which can arise
through cleavage of the 1,2- and 4,5-bonds and loss of
a bromine radical from the ôharge-retaining fragment.

' 
Scheme I
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iiaeuteratea-(X), and i;lÏ-":::"li';,i:::

soûrce of the rearranged hydrogen. For example, the
portion (600/") of mle 69 which corresponds to C4HóO+
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The rnass spectra of the hydroxybenzoquinones rvhich
have been investigated (IX-XI) all contain thc
molccular ion as the base peak, and tìy' - CO and M -
2CO ions of moderate abundance. The most interesting

o
OR R

Frcunp õ trlass ,p"";/t:t of 2,5-dimcthoxy-3,0-cìimcthyt
benzoquinonc

in the spectrum (Figure 4) of . 2-hydroxy-5-methyl-
benzoquinone (IX) shifts mainly lo tnle 70 in the spec-

trum of (IXa) and therefore, by analogy lvith the be-
haviour of 2-hydroxynaphthaquinones,6 may arise ziø
a hydrogen transfer in the ¡/ -- CO ion (g) to give (å)

þnle 69, Scheme 2). The rèmaining part (aOo/") of
mle 69 is due to CrHOr+(i), which is a common frag-
ment in tlte spectra of compounds containing the

rl
-O-Ö=CH-C=O system ;0 by analogy, (XI) gives an
ion (j) þnle 83'¡, which is the methyl homologue of (i).
The mle ?0 ion present in lìigure 4 is associated rvith a
C4H0O+ species (h,r.), necessitating a double hydrogen
transfer (substantiated by deuterium labelling) to give
an ion for which (,t) is a plausible represcntation.

The spectra of the methoxybenzoquinones (XII-XVI)
are somewhat more complicated than those 'discussecl so

far, and lend themselves less to geneíalisations and to
predictions of the behaviour of related compounds.
The most general feature of thcir spectra is associated
with thê appearance of an ion (l), formed by tìre cleavage

ö J. H. Iìowie, D. W. Cameron, and D. H. \\¡illiarns, J. Aner,
Ch¿n. Soc., ì{}61¡, 8?, l-r004.

. J. lI. Ilorvic an<I D. lI. \\illianrs, unprtblishcd rvork.'
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Mc

Me

ROMc

o o
rl.\:R-H) (.\:R-X) (\t:R-H)
llNa:R-D) 1.\c:R=Dì '(\la:R'D)

ftature of their spectra is that cleavage of the_1,2- and
4,5-bonds (or 314- and 1,0-bonds; these þrocesses
cannot be distinguished) now occurs rvith hvdrogen
rearrangement. The spectra of monodeuteratetl-(IX),

I Thcsc substanccs arc not isotopically purc, sincc some
d('utcriurìì is introducr.:rl at C-3 in (lX) nnd C-3 and C-0 in (X)
¡,ia thc tautorncric trioncs. Thc isotopic puritics arc given in
tl¡c Tirblc.
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indicated by dotted lines in (XII-XVI); (l) is the
analogue of (l) and (1) derived from hydroxybenzo-
quinones. The composition of each of these ions has
been established by exact mass measurements; when
the pealc is a doublet '(spectra of XII-XIV), the

Scheme 2
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apparently because the methyl ether group is eliminated
as formaldehyde cluring the cleavage reaction.

The mass spectra of (XIV-XVI) exhibit pronounced
M - 7l ions (see Figure õ), shown in all cases to corres-
pond to the formal loss of two molecules of carbon
monoxide and a methyl group from the molecular ion,
These /lf - 7l fragments then decompose by loss of
carbon monoxide, as established by metastable peaks
in the spectra of (XIV) and (XV) (Figure 5). This ob-
servation strongly suggests that the M - 7L fragments
contain an'intact carbonyl group and arise through
cleavage of the 1,2- and õ,6-bonds to give a fragmerit
which may be represented as (nt): elision of carbon
monoxide then affords a favourable cyclopropenyl
cation (n) (lt[ - 99). These and other decomposition
modes of (XV) are summarised in Figure õ; all the pro-
posed decomposition paths have been established by
exact mass measurements.

+
OEC-CH=C=O {-
(t) nlc 6e (10%l
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(Is)

/^
I

I
o+

H I(j) m/c s3 MeH
ft) mle 6e'

( 609¿ )
(k) nlc 70 (toon/L)

1,2H, Rearrangementi 2, H, Reerrangement,

o
R

Me OMe

o
(xrr) (xlrÐ '(xtv) (XV : R. Me) .

(xvl: R - Ct)

mle 69 (90!s) from (XII) 1R'=n¡(j)U.ru p""t .

nle 69 (B5l) from (XIII) (R'=H); base peak,

nle 69 QOI) from (XlV) (R'=H); 30% of base peak.

m/e 83 (100o/o) from (XY) (R'=CH'); 93o/o of base peak (Figure 5).
m/e 103/ 105 ( l00o/s) from (XVI) (R'=Cl) ¡ 87ols of base peak.

C4H6O+ ion makes up the complement. No shift is
observed for ion (J) when R' is expected to correspond
to the CHrO-function of the parent compound (XIV),

(XlV: R'=H, R"=Me,
R"'=oMe)

(XV: R'=R"'=Me,
R"=€Me)

(XVI: R'=R"'=C|,
R"=OMe)

l, -O=C=C-OMe; 2, -CO.
EXPERIMDNTAL

We thank Professor \M. Flaig for a sample of 2,6-di-
hydroxybenzoquinone.'

U¡s¡v¡ns¡ry Cr¡surc^¡, Llronlrony,Ce¡rrsn¡po¡. [6/8t0 Rcccìucd, tuly ilOth, 1966]
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R,,-Jd

-J'J"
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OlMe
I

.(m), M-7t (n), M-99
(XIV: m/e lll) (XlV: m/e 83)
XV: m/e fl25 (Fisure 5)l [XV: m/e 97
(XVI: m/c l65ll67lt69) (Fieure 5)l

(XVI: m/e, r37lr3e/r4rì

o

All spectra rvere determined using an A.E.I. MS g

mass spectrometer operating at 70 ev. Sanrples were intro-
duced throuth a heated inlet system at a temperature of
approximately 200o.
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I, o/o

" .4ll iolrs lr¿rvi .g rùrì &br¡tda¡(,c grefìter lhtrì2('/sof I,lre l-¡¿usc pcak (al'bil,r:ìrily taken as l00o/) Dre rocorded.

forurullrt,iolr as tìrc c¡ìollìlc i, lvlri<llr (riì'lì sl'ill tlc<rottt¡losc

to t s¡ntìl cxl,crìt I'o n,f a l:ìlì (-CrIIr), il5 (-OOrlli),
and 88 (-COOC2Ifa) lrs iltrlit:lt('ctl lly llll t'hc ¡rcccssir'r'.y

nlctnstu,irlc p(llÌlis irì tltc s¡ttrtlt,t't of V, VI, VIII, :urcl

IX,rì À'losl, iru¡lolt,itttt,, rvltct'clis l,lrtl rr,-ltìì<yl tlcrivilt'ivcs
III .r,ncl V cxlribi[ fliil'ly tbrrrrtl¿lttt, iorrs !\"1 ntf c 101 (rl)'

pectcd nrf e lTit is a doublci [(lr,HrO'r+ by loss of CII{õO

ir.rnr i (m/e l(i}) arìcl C6I'InO'+ (k)l in thc sl)cch'rù of
III arrd VI, sincc thc À'l - COOCTIIa iori (n) frorn III
cl¡r lose an allylic lryth'ogcn :ì,to¡ìì to frr¡'lrislr lt' I'I<xv-

evcr, a, CaIIrrOz+ ioll c¿ut¡lol, rùriso fl'olìl fho À'[ - CfO-

OCTIIT ion of V by lrn allylic clclÌvilgc' ¿llì(l tllcl'oli)rc

(6) 'l'lrc ¡rossilrilil'y l,lrnt o stnnll ¡rro¡rorl iort <i llrc tt/rt I (i0 ion irr t'lrc s¡ìccl ro

of rlictlryl nlkyltntrlolol,cn ltns tlto ¡n¡ne nl,nrctrrrc na tlrc rlicllryl ¡ùtrlonÙtc

molccrrlnr ion c¡r¡rnol, lrn oxclrlrlcrl. N{orcot'or, Ill,ltot¡ßlr il in ¡rosrilrlc llrnl,

tlre enolrl,c i ie intrinnicllly loss ¡rronc L(, llcÍonrli¡ac ['lr¡rn l'ltc rlicl'ltyl rntrlrttr-

n to rnolcctt l¡rr i otr, l,ltc tlifTcrcrtec i tt l,ltci r l¡cltov ir¡r cott l¡l tl¡r¡ trriso o¡l in g t'o i'lro

¡¡n¡llcr i¡¡l,cr¡r¡rl ertcrgy lrf i, whiclr ia olrcnrly l'lrc ¡rrotlttcl' of ltt ottcrgy-
rli¡¡i t¡¡rl i¡¡¡1 reoel ion.

(?) I'crcotrl.ngr:¡ r¡ttol,crl ilr l,lt0 ligttroa inrlie¡rl'o ll¡c l'rr'¡!'¡l'ir)n l¡rtvi¡¡¡{ l'lrc

rcr¡uired corn¡roeiùion, ns c¡tulrli¡lretl lry l¡ißlr ¡c¡olr¡l'ion (hr) trtourttrclrtctrl'c'

C¡¡..-ðrf-cH=C=O
m,mf e69 (65%C4H5O+)

nLfa ll5 is lr sin¡¡lcü in tliis spcctrtllìì; lliis obsclvnt'ion
sri¡r¡rort,s thc l)oslulûtc(l (lcco¡ììposiIiolì Iììcclìllllis¡ìì lli)ovc,

l'lxtc¡rsivc oxlì(r1, Iììoss lìlc[l¡Jtll'clììciìts olì .tltc s¡l<lct't'lr

oi III, V, lirrtl VI srrggcsb u.lì $(¡(litiotìnl cleconr¡rosition
rìro(lo (S(rlìonrc l) of î (nt'/e 160) and lcnd ft¡rühcr s\¡pl)otl;

to tllc crìol fot'lììtlltÌ[iolì.

H
+^_CH_CH:

nrmle LLO

-CrH¡

/oH Icl
\o"rt l

t
-tf

+
CHl_CH_

k, m/ ¿ L15 (55% C6HrlO2+)

/oH
CH:C

\ocrHu

OH+/
CHr-CH-CH:C\on

l,m/e87 (55t/oc4ÉÐr+)

-HzO
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Figure S.-l\{russ s¡rccl'rttln of tìiet'lryl etlryl(l-ct'ltyl-n-¡rro¡ryl)nrakrrral'c (XV)'
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Ðþ

Figtrre6'-I\,Irusss¡lcctr'rtmofdict,hylctlryl(l-rnctllyl-n-btrt.yl)nrtlolr¿rte(XVI).

'I¡nlu II
\[-lzloxsr¡T'r'roSl'uc'rt'to¡'SottluN'lo¡¡osul¡s't'r'ru'rull)lu'nrxr'N{¡t'o¡¡l'os

II CIIa CrII¡ n-C¡llr i-C¡IIr n-C¡IIs 1-Qallo

383512222L
0

I'Io +

is Jrrone to tleavngc. Thc r bond 'lvhich.is brol<cn is

lir; ;,t; ¡vìrich cl,ri lcacl to clision of thc lrtrgcst.tll<yl

r,rãi*i-('I'tbìc III)' Thc flngrncntation is consistcnt

't"itl-r"iil"';-iutcrrcc'of so¡ne cnol forrn i¡r the n'¡oìecul¿lr

ion of tlresc colìlpoutìds.

'Irrnl,u III
ì\'I - lì; IoNs rN T¡lu Spncltr'r or I)¡nr¡tvr' 1\r'xr:l':u'rr'oH'r'rrs

Âlkyl nulrsl,il,rtcrrt, )ì¡ m'lc vriluo (rcl nbrlndancc' r%)

III (*)
v (*)

i, nr/c tßO

- ITIO

IO:C:CII.-COOC:H¡I I <-
irt III
in \/
in YI

Trro. lt
,l \c:crr-cooc,It, 

I'l,u' l
( l{){)1, in III

o. mlc 132 { l(x)7, iÌr V
t loo',/0 irr YI

p, m/e Lt4 
\lliìTn

The spcctlo o[ scvct¡rl of lìrc all<yl tletivrlivtls cs-

to¡litjl tTat a C-C l¡o¡rtl of thc n'll<yl glott¡r rvltirrìr for-

i""ffy it ? rvil,lì rcspccl, to t clrborryl glotrp (scc XIII)
+

OH
I

-R¡'
R¡

XIII

llltc ltdrtvi<)r' of tlìc tlicl'h¡'l cìilrll<yltntlotìrltcs XI\r-
xViirtñ', ;lc<rt,t'on inrprrct (thc spcctrc are sunl'ììtu'izc(l

i,ì 'i^rril I) is si'riltr l. t'li¡rl of the morìosubstil'ut'c(l

,ii,.irr,rrit<,*'rltttl ttrlly llc illusl'r'Lrtctl by rcfcrcrìcc l'o tlìc

*ìr".,t.,, (trigrrlcs ir antl 0) of t'ìrc-isomclic. dictlryl ctllyl'
ri-.rLrul-ìr-ìirol).vl)nì¿lorìttc (XV) aucl tlicthyl cthyl(1-

t""iirvi-o-rrìrt,ylirtitlonrrtc (XVI)' -'I'hc trvo spoctra'

.." ""tv 
si¡uiitl ovcr'-¡r'll alrd in each case tlre bmc llen'k
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OII

C
,// \

,-C OC,III'
\"uu",t 

u

c1, m/e lSE

)r, m/e 250

-C"Hz'

r, m/e 173

Ç6Ilr\+
C:OI{

CzI-Io

f'rmfel35

ð*t,-c:":o
t,r..''",,r.

tscHuun 
III"

Vor,. 31

-co

t OH

TCII,-CII,-C:C:O l'J- -:. 
+

l- I | -ctr¡'
L ¡'¡)1)Ç1lIrJ

t, nrlc l{:J (rì5',¡ irr N\:I)

i [ìiì I -co

CIIs-CII

lìr COOCTIIT

t

-Cllr'_>
r (xv)
+ 1¡Vl) | \o",,n,

0oocouu

ru, rrr/r ll7
(0i¡')ó in \V
ti5(% in XVI

I

)

+CHz-CIIIõO z <--- ICHs-CH,-C¡H¡O¡] t
m/c ee i lIiì, v, m/e tt4

6 and Schcme II aliovc).

lìr COOCzI{r

c

-CIL:CH¡<__
CoH¡

+
C:OCzl{¡

C,H¿
g', m/e l(r3 (45ok)

1

CoIf¡

C

C,Hu

-o

---)>

- COOCzII¡

C6II¡\+
C-COOCTII¡

C¿II¡
d', mf e 19L

COOCZIII

XIV. Rr : lìz : C:l[¡
XV: 1ì; : Crll¡i Il¿: Cll(Czll¡)z

XVI: II' : C,II6; IIz : CLI(CII¡)-N-C¡[II
XVII; Iìr : Czlloi ¡¡' : C6IIs

an cthyl raclical a.nd e propyl radical, respectively' to

g'¡ ntfe l4(:
o 'f hc r:orn¡rosil,io¡rs of all f r[gmenls re¡rrcscrrltxl irr l'lris s<;llcme

hrvc bcotl csttblishcd by cxtrcI nìûss me¿Ùsllrenìclìts'

altorcl mf e 201 (y) prcscrìcc

of mf e 2b1 anci the itr lrigtrre

5, rrid uice uersa itt nlrìirì dif-
fcrcttcc lrcl,rvccn thc

r\.li ailcliluional ciiffcrcnce betrvccn thc bch¿vior of XV

COOC,HT

- COOC¿IIr(*), - CIt¡:ClI¡(r)

- IIzOI+¡

CuII

CzII¡

+

'vt, nf c23O

l-c,H5.
+ -OHCrHs-CH-C:C-*

| -oc,Ho
COOCzHo

, yr n/c20L

CH¡-CHz\
)c

CLl,-CHz-CH/

,,.orÍC:C-
| -ocru
COO(lzllr

+

I
+

cllc-cH-
\coocrHu

z, mf c I87

CH¡-
at, mfc 185 (M-OCzH¡-CzHe)

b', mf c l7L (M - OCzHo-CrHz)
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co¡,yrigrr'uuo ,,,lT,T',iliji,:ïî'L',',ï,];ïi'il:"ïj,yïi.ï'å,,"1i;illil:î',i1i,1,::,1,1ï,u1,ì;'","",,*r,r orvnor.

Stutlics in M¿rss S¡rcctronrcl,ry. IX.l M¿rss Spoctra of B-DikcLoncs
,I. II. Ilorvrn, D. I{.'Wlllrlus,

U niuersil,y C I Lcmical Lu.boratory, C anúr'idçc, I! nglanrl

S.-O. L,tlvussoN, 
^ND 

G. Scunor,r,

Dcpathncnt o! Chernístry, Aarh,us UniuusiLy, Áarltus C, Dcnntark

ßccciuctl Noucntbcr 8, 1066

p-l)ikct,oncs brclrli clorvn in n n'cll-<.lcfinc<l m¿n¡lcr upon clcotlrin irn¡ract. l'hc spocLrn h¿¡vc uncovcr.c<l cx-
lrtrtpÌcs of rncllryl nrttl pltottyl rniglu,l'iotts, brtl, ¿rc rnost ilo[crvorl,lry for Lhc climirr¿lioìi of ]<c[c¡¡c frorn l,he llcct,yl
grorrp of t B-tlil<cl'orrc u'ith thc for¡nr¡,1'ir¡rt of a chrrgcrl enollit,ô, tllc fur[l¡cr conr¡rosiLion of which is tlcpcn{cirt
tupon thc lrrLurc of any alkyl srrbstiLuc¡t[s in lhc molcculc.

Thc onìy rnass specl,r.a of p-clilictoncs rvltich &pllc¿tì'
to hrvc bcen rliscussccì ¿u.c thosc of dirncdonc ancl cl,hyl
climeclone.2 Iu vicrv of tlie inr¡tortancc of B-diìretones as
s¡'nthetic intclmccli¿rtes, we hûve rurrlct'taltcn, i¡r aclclition
to oul exaniin¿tion of BJ<cto cstcrss arrrl clicthyl mtlo-
n&tes,4 a stutl¡r of thc ul&ss sÌlcctt'n of lcplcscntrtive
merlrl.¡cLs (I-Xfr¡ of this class of con-ipoun(ls; the r.csults
ûrc sulìull{ìt'izccl in T¡r,bie f ancl Figur.es 1-5.

TIic r.¡lr-ss sltcr:truur (tligur.e 1) of thc p&rcnt colll-
pouncl, lcctylrcctonc (I), is ¡ìotc\\'ortlìy fol thc pt'cscncc
of at ntf c 72,ion, ryhich ruiscs fi.o¡n thc loss of c¿llbou
nìorìoxi(lc flout thc rnolcculn,t iotr [as csta.bìisircd by
high-r'csolutioti mc¿lsurcmcnts ancl tho spcctlum (sce

rtlrre2,4-rliorrc (Ic) ]. Tliis ploccss
I n.riglal,ion, strl¡st¿lntilr"tcrl cxun¡tlcs
cw in nlÍìss s¡rectlomctly.6 Othcr

frlgrncntutiolìs ¿u'c suur¡nal.izcd in ltigurc 1. It rvill
bc sccn sultscrlucntly thrt flugntcril,s folnrctl by clirn-
ination of lictcnc flo¡n t,he molccul¿lr.iou of B-clil<ctoncs
arc lrcst lcprcscnt,cd as the cnol (a, nt /c 58, in tÌrc ¡tlcscnb
instance). Such ¿ln cnol may bc formccl eithel by
hyclrogen re&r'râugclllent to c¿rr.bon in thc cnol form
(Ia -' a) ol hydlogen ì'corrangcmeltt to oxygen in tlic
dil<eto form (Ib * a). By analogy to the l\4claffer.ty

ì'c¿ùr'r'ârìge¡nctrt,0 thc lattel rcprcscntation sectìls llìore
phusiltle and is cmploycd l,hrougliout thc follorving
discussion.

All the simplc C-alltylacetylacctoncs cxarnincd (If-
VI) afford lorv abundance i\{ - C}I3, I\4 - I{2O, and

oo
cn,-J-cs-d-"o,

I

tì
II, ]ì, : II V, ]ì : CIIZ-CII:CII¡
lII, ll : CIITCIII VI, lì. : ClIrColIr
IV, Iù : CII(CI{I), VIo, Il : Cl)z-Collr

]\f - ClIr - I-IrO ions in thc lrigh mass r.cgions of
thcil spcctla ir,nd altundlrnt a<rot,yl ions ¿t nt/e 43. In
thosc cr-uscs whclc tìic tll<yl substitucnt is a s¿ltur.utcrl
hych'ocalbon cìr¿rin of trvo or. molc <.:albo¡r atoms (II-
IV), the trvo rn¡,in clccompositiorì sc(lucrìccs sunruralizccl
i¡r Schemc I ancl Schcmc II plovi<.lc ¿ sclf-consistcnt
rationale for thc folmal,ioir of ¡nosb of thc ¿r,br¡ncl¿urt ious
in thc spcch'a.

The behavior sumnr¿r.r'izecl in S<rhcmcs I and ff may
bc illustr¿tcd by lcfelcnce to thc speci;r'utn (ltigutc 2)
of 3-z-butylpenl,anc-2,4-dionc (III). Eliminlii;ion of
thc a-butyl substituent, rtrost pllrusibly as but-l-cnc,
tluougli the l{claffclty reau'angclucnt,6 can ¿rfforcl lr
(nt/e I00); b is the enol folm of tlic acctylacctonc
molc(jnlftr ion and may accordingly clecorlposc to tnf e

85 (2570 C4I{óO2+), nt f e 72, nr,f e -o8, and mf c 43 (gO%
CH¡C-O+) as indicafcd in liigulc 1. Àltcr.nativcly,
loss of kctene from the molcculal ion gives an À,I - 42
spccies folrnulatcd as c [R : CrH¡, nt/e ll4,90/6
CzlIr¿O+ by high rcsolution (IIR)1. Cleavage of the

Scr.lnun I

oo

+

Ia

i -CH.:f,:g

Iou]Ï
þu-J:r",1

5

a, m/e 58

(1) Part VIII: J. Ilarlcy-llaeon,1'. I>.'fouLc, rnd D. lL \\rilliurns,,/.
Chem. ßoc.,rn prcee.

(2) 1. (ioto, r\, lotcrnrtau, Y. Nlkrjima, nnd II. Terryrmn, ,l'ctrahcdron

Lellqa,757 (1|(i5).
(3) J. II. IÌos'ie, S.-O. Lrwcsron, G. Sclrroll, ¡ntl D. II. \\'illiorns, J. z{¡r.

C \rcm.,\oc., 87, !t7 42 ('l 0$5),
(4) J. lI. Borrie, S,-O. Lau.cseon, G. Sclrroll, utl D. II. \\'illirrris,./.

Or¡¡. Chen., irr prcsa.
(5) ,\. S. Ncryton nnrl l'. O. Strorn, ,L I,h¡s. Chcrù., 62t 24 ('ll)t'rg); 1,,.

Korrritsky, ,1r.,,I.ll, (ltrrrt, rnrl C. ì)jcrnsri, ,L À¡n, Ch¿n, {Soc., BZ, llil)l)
(1065); for rclatctl renrrurrgorrrcnl,ts, acc also,l, ll, Ilouic, ll. (lri,{g, $,-O,
Ltu'csrr)n, (i. fjclrroll, anrl l), I[. \Villj¡r¡n¡, Chc¡n. Commt¿¡t. (Ionrlon), 403
(1905); D.1t. Blrck, \V. lI. Ifcì¡rtldcn, arrrl J. \\'. Oorsc, ,1. phys, Chcn,,68,
l2:17 (lt)64)i W, lL lfol,'ndrlcn, .l{. L, StovcnÉ,,S. À{cycrron, c. J.
Iiaraìrrtror, ond C, Iì, Qrzcch,J, I,hya.Chen,,60, l,?42 (1005).

-CHz:CH-R

COCHs

II-IV
--JI os o lllrillI .-C--- -C.- I

LcHs 
-CH CH'_l

b, nfcl0O

(ö) Ir. \V. IIcLrrlt-crty, "l)ctcr¡ninrl,ion of Orgnnic Strr¡cturcs by Plrysicrl
Alothorlr," Vol.2, r\cttlcrnic fress Inc., Norv York, N, Y., 1002, ¡rp 120-
140; S, ùfcyorco¡r ontl J. D. ÀfcCollum, Áduan. ¿l¡al, Chcn, Itatr.,2,
170 (1003).

+
+

-CIL:c:o

-

R

Ib

+ nfe 95,72,
58, 43
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rze (v-x^o-cx¡)
¡13

r¿(s) 38 (u-x1o)
(M'CH3)

tsó (Mf)

DIL
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g,Ìv[-42,m/c 98

rrt S-u'
OH

cH,-å:crr-ðn-crr:cu,
i, M-43, n/c g7

t1"
[cHc-c:CH-cH,

h,M-42,n/cL48

$-H'
OH
l+

CH¡_C:CH_CH

j, M-43, n/c147

Thc s¡tcctla of the bcnzoyloxyacetyìacetorrcs cx&nl-
incd (VII-ÌX) (Sclicnc 1y) rrll cont¡ri¡r pr.onounccd
À{ - CI-Iz:C:O ions (lt, 1\I - 42).E 'l'hc fonnulirtion
of k as an enol is consistc¡rt tvith, but not provccl by,

(8) Procc¡¡c¡ arrpportcd by tlìo prcõonco of an appropriato ¡¡rotûsteblo
¡rcok rro inrlicoicd by rn ootcriok (+),

1385

43

CHr-R

43

cHscol cH¡cocH3

(¡)
_co

r¡ (¿o%)
CH cocHJ

4343

s8

4380

40

ò"
¡¡,uz
ôz
fø

l¡J
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tt¡
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80
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tÀ¡\)z
ôz
ó
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¡¡¡
É,

cH¡cH,
(äi)

c=o

s8(qf) 72

vlg
Figurc l.

too(u+)
85

o
looóo t40

Scu¡:¡trn II
t

Ilvidcntly, thc relativcl.y large amount of crìctgy
rcquilcd to clirninate a hydrogerr r¿dical is not com-
pletely olTset by tl-re favorable nature of the ìrypothcti-
cal carbonium ion j. By analogy, the À'I - 48 ion from
the allyl derivative V is probably also dcrivcd by direct
Ioss of an acctyl radical and not uia, Lhe scquence
V -* g -' i. lloth the M - 43 ions from V ancl VI
clecompose further by climination of watcr to nr,/a Zg
and nrfe 129, respectively, as evidcnced by appropriate
met¿stable peaks.

Scunrrr¡¡ III

tÎ'lt
l-CHo- 

C :CH- CH, - CH: CH:l

-CH2=Q=9

-II-IV
H
:CH

+

-cHr+
c,M-42

-P'./
r'

OH
I

CH3-ç:61¡-CHr-ç¡¡r+
e,m/e85 (751o)

OH

CHr-å:cn -CHz+
d,mf e7l

\'""*<n

allylic boncl in thc cnol c can tlicn Icad to the ion d
(nr./c 7L, C4I{?O+ by IJR) uzl¿ cli¡nin¿tion of the
rar-lical f (lì : CrFIr,), alüliough solnc horno¿llylic
clcavagc to givc nt,f c8ll, o, ulso ocout's.

ff the ¡;ubstitucnt is o¡lc l,liich ltrccludcs thc dccom-
¡rosition patli inclicrr,tccl in Sclicmc I, as in thc aìlyl
dcriv¿r,tivc V u,ricl thc bcnzyl dcr.ivativc VI,z t)ren thc
cliniiu¿r,tion of l<ctcnc to givc an trullog of c (Schcntc II)
is an iln¡roltanL ¡lliu'ru'y proccss. Ilorvcvcr, thc l\{ -42 ions g arrd h (from V ancl VI, rcs¡rcotivcly) clo not
decompose by clinrinatioli of a vinyl radical, since
cithcr of thesc ltroccsscs rvould nccessitatc thc un-
favorable clclvtgc of a vinylic bond. In pr.inciplc, g
and h (Schcrnc III) could each dccotn¡rose by clision of a
hyclrogcn radical to giv<t st¿iblc ÀI - 43 carbouit¡nr ious
i arrd j (or its tlo¡ryliuur erluivalcnt), rcs¡rcc1;ivcly.
Hou'evcr, the spectlutn of the d2-bauzyl clcrivativc VI¿
cstablishcs th¿t tlic ¿lltuncl¿unt ÀI - 4B iori in thc
spcctrum of Vf arises compìetcly by sinrplô loss of ¿n
i r r I rct acetyl group and not by thc scquence À,I + * h .+ j.

ii ) '1.'Ìrc inl¡ibition of 7-lryrlrogcn rcûrrtrDgenìcnt iri tlrc r¡tcctrum of tlro
;rll¡-l rlcrivrl,ivo V is co'gi¡terrt wit,l¡ tlrc ol)scrv¡rtiorì of r si¡nil¡r cflcct in Lho
s¡rcctrurn of 4-rnct,lryllrc¡rt-0-c¡¡-ll-ono IL. Âlrlquixt, lì. lt¡,lrrrgc, I,). Stcn-
l,rrgen, ancl Ii. von Sydorv, Arkiu Keoú,14, 2l I (10iû) l. .l.lrc cficcb l¡ts bccn
rliscr¡¡¡crl by S. Àfcycrron ond L. C. Lcii,eh in Â ptrpcr Drcscntctl tt, tl¡o

^,S.'I..\{. 
Co¡n¡niLtcc Ii-14 

^nDuol 
Conferonco on Mnrs Spcct¡omotry, St,.

Lorrir, ì\4o,, lIry, 1005.

+
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Xrd

a

xVIn

3

5

10
1l

11

28

b

37
.r()

4L
34
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4
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I5
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3
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ù

IX XI XII XVol
4
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125
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t29
r30
131
132
133
134
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136
138
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t+4
145
146

t+7
148
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151

15.1

155
I ¡i0

1û0
r0l
r62
103
164
165
166
170
172
t73
l/i)
176

177
178
i90
191
Lgz
201
202
206
207
20E
209
220

224
qo<

226

234

248
27()

" All ions havitrg an abttndrt'rcc ol 20/6 or ßrcater rclativc Lo the bme
25%. '11.:17;th:41¡; dr:35; ù:3%o. dtlo:28; rlt:47',

3

10

74(M)

5

8(ilr)

3'
1o(M)

76
7 -tr

.óù
6

18,
: 2(II)

2(r{)
peak ( 100o/r) ¿rc rccordcd in lhc tlblc. b do : 25; i\ : $[; ¡]' :
¡lz: 2l¡o/o.

roü II IV VI

ú

13
J

ó
5

13(M) 1r
2

Ð

3(NI)

4

8

26
24

6

5

3

3

3

100
t3 ó

E3

17

10
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65
83

3

5(I\i)
J

4

2
ú

ù
13 o

2
7(N,l)

6(M)

27
3

ó

3(M)

the facile cÌeavrgc of thc alìylic C-O borrd in k to give
,m/e l0-o (1, bu,se pctli for' \/II-IX) is cviclcnced by
¿Ìppropl'i¿tc mcttrst¿lblc pcrllis i¡l thc spcctlt of VIII
ancl IX. lillrgrtrcntatiotr scqltclrcos iu'ising ft'om thc
tr'{claffclty r'o¿ì,rt'tttlgcr)1c¡rt i¡lvolvillg the a,lltyl ch¡ri¡rs

of VIII ¿rud IX erc tìot obscrvcd.

Tlic spectla of bcnzo¡'lircctolÌc (X) aricl its alkyl
delivrtiics XI-XI\¡, arrd of clibcnzoylnrcthane (XV)
(liigulc 3), sltorv scv I'st,

those conr¡toitrrcls (-\, ¿l'll

rlì<yl srtbslitttcltt, or' :ìIl

trtliyl substitucut rvh cilc
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?' 06H5-C-Ü
7, nt/c !Q$

43 tos 77õli'l*Frr
cHrcHlcH2cHS

crx"õ|crrrcoc¿H'

(xv)

- C6 H5' zz.r(v+)

223
(n)

147

207
208

¡20 r40 ' tóo t8o 2oo 22o 24O

Figuro 3.

20

o

^lu-t-

too

cH3

43

aì so
o\

[¡J

z
ãeo
f
d)

loo
kJ
Lr¡nzo

rsr (¡)

(&]J,)

tó2 (r or w)

ol(l,x)

r7ó(e) tet zle(u+)

o
o

st 55

Sclrr:rrru IV

t20

nls
Figure 4.

k,M-42

clclvll¡¡e proccsscs, all n,ffor'<l rnass spcctta cxhibìting
¡rlorrouncc<l i\{ - I ions (scc ìfígrrlc 3). Corlcspontling
¿br.urclant I,I - I ions ¿rlc llol, oltscrvcd in tlic s¡rcctla of
acctylacetonc anc.l i1,s dclivu,livcs; thcrcfolc, lhis

phcnolrlenon has bcc¡r invesLiglted rvitll the aicl of
tlrc spcctra of rJ,¿-lrcnzovl¿ucctonc (X*) and drtli-
benzoylrnethnnc (XVl,). .I.hc spcctlum of XVa cs-
tablishes th¿t thc trI - 1 pcrli is for'¡ned by loss of I
liydlogcn atonr from onc of thc alomatic lings, l'hct'cas
tliat of Xa cst¿rblisìrcs th¿r,t the À'I - 1 pcak docs not
involvc loss of a liydlogcn atom frol.l-¡ thc activc r.ncth¡']-
e¡ìc groLU). 'l'hesc obscrvations {u'c cornpatiblc rvitìr
tìrc collcsponrlcncc of thc lI - I ion to a f¿rvorrrblc
oxonium s¡rccics l'liich nray bc folllccl by u'ourir,tic
sulrstitution (c.¡1., t't't flom XV). 'I-hc rclnaining fnrg-
¡ncnl,utio¡ls ol clibcrizoyhncth¿r,uc (XV), surrinrnlizctl in
ìiigtu'c 3, ¡rrc unoxccptionrl apart flom thc fol'lnlrtion of
ll - O þtt./c208) ¿nd À'[ - OH (tn./c207) ions and a
C:rIIOz+ s¡rccics (t, rn.f c 69).s

(fl) 'l'lrc prcscncc of r\I - O arrd lf - OII i<rrrs itr llro spcclrul¡r (l"iÉttrc
3) of XV is so¡ncrvlrrL nrr¡rrising¡. ìlorrcvcr, irlc¡rticrrl iotrs nrc rluitc trbttn-
(ltrl¡L i¡ì ùlrc s¡)cctnnn of I,l¡c tlr:rivcrl ¡ripcridinc cnrrnÌiDo ft'lr-C(NCl¡ltro):
O-OO-l'lr] (rvlriclr in olrviorrrly dInrot,rrrùlly relttctl (r¡ tl¡o c¡rol for¡n of
XV) nnrl tl¡o i¡r llrc n¡rccl,rt of otl¡cr curn¡i¡rcs rlcrivctl frt¡trt p-llikotouca
(lt. ,). ,Iukobrtrrr, S.-O, Lnn ccsr,n, .I. '-f . R. llor¡lrnll, (i. Sclrroll, rnrl D. lf.
\\'illiorne, J, Chent, ñoc., Bul)nìittc(l for ¡rttbìicttion),

+

VII, R:H
VIII, R=CzHø

IX, fì:n-CaI{,

-Ctlr=Q=g------

O:C-CoH¡
+

+
? .oH

R-C:C-
-cI_I.
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crrQcHþ|{x"
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ló¡ (g'x)
5l rzo(s) zra(v+)

¡80" 2o(J 220

^lu-t'
Figure 5.

The s¡rcctrrul of bcrrzoylilccLonc (X), in co¡rtrast rvith
that of lcct,ylrr:ctonc (I) (ltigulc 1) docs ¡rot contain ¿n
I{ - CO ion wliicìi l'oultl cstablish 1,hc occulrcncc of ¿
rneth¡'l or a ¡rlicut'l rniglrr,tion. I-Iou'cvcr', thc prcscncc
of ar nr/a 9l ion (shiitcd to nt,fe 93 in thc spcctlum of
Xa ancl clue to tìrc tlo¡rylium ion) in thc spectlum of X
proves tLlit sotnc ¡rhcnyl miglation to thc lctive mctìryl-
cne groul) is ûlhirrg plucc u¡ton clccltlou irnpu,ct (scc
Schcmc V).

Sc¡ruv¡,1 \t

C6H¿-CO-CHz-CO-CHu CcH¡- CO-(rII-CO-CI-Ig

iì
X XI, R:CH3

XII, R:CIfz-CFI:CHz
XIII, R : CHz-CHz-CHz-CHs
XIV, R=ÇH_CHr_CHo

I

cFic

CeHr-CO-CIJr-CO-C0lI¡ CeHc-CO-CDz-CO-CHs

XV Xa

CoH¡-CO-CDr-CO - C6lI5

XVa

ooH

plt,ttclrì should bc clc¡lencient on thc ¡i¿turc of a branch-
irrg in thc alhyl suìrstitucnt. 'I'ìris cari lcl,clily bc sccn
to be thc c¿ìsc orì compat'ison of thc spcctra of the
isorncli¿ n-butyl and sec-butyl dcrivativcs XIII (ltigulc
4) aricl ¡11r (ltigure 5). 'l'hc cnoll,te ion o (nt,/e L76),
rvhich is ploducccl by elirninal,ion of kclc¡ìc frorn XIII,
clcr:onr¡roÀcs almost t:ornplclcly by loss of a plopyl
r¿r,clicri,l 1:,o p (nzf e 133) :urcl'otrl.y to a vcry stnnll cxtcnt
by loss of un cthyl r'¡r<lic¡rl I,o q (2Ð7o of ntf c 147) ol by
loss of a nrcthyl rùclicol Lo r (50/6 ol nt,f e 1û1) as inclicatccl
irr Sr;lrcnrc VI. fn sl.rarp contltst,, m/e 133 is com-
plotcly abscnt, in tìrc spccl,rurn (lfigulc 5) of XIV, sirrcc
thc criolttc ior s (mf e i70) ctn orrly clinrirru,l,c rur cthyl
t'rrclical to givc t (65% of ut,f c I47) or ll rrrclhyl t'tclitrl,l
to firlrrislr tt (150/6 ol nt/c 101); the climiuatio¡t of thc
ìrlgcr alliyl gloup is of <joutsc glcl,tly plcporìdcr¿'rntl0
(Schcmc VII). 'I'ìie loss of the alliyl substituent lro¡r-r

cithcl XIII oI XIV as ¿ì, ncu1,rùl olcfìn rnay occur witlì
hych'ogcn leollulgcnlenl, to the c¿ìr'borìyl gloup of íhe
acctyl rìroict¡r ol thc berìzoyl tnoiety. 'I'lic lcsulting
crìol¿ì,tcs v ûlìd \\'| (nt/e lît2) can lose a l'rych'ogcn ltdical
ancl ¿r, llctliyl t'u,clicrrl (rnosL plausibly, rcspcctivcìy) to
account fol thc cloublct nâtut'c of. nt f e 101 arrcl nt'/e 147

iu both spcctr'¿r (scc Schcn"lc VIII). Thc cotupositions
of all the ions discussecl above havc bccn cstablishcd by
high-resolution measulelnents.

Experimental Section

r\ll rnlss s¡rcct,r'e rvct'c clctcrnri¡rcd rtsitrg lun ÂIII trfS I ma'"s
s¡rcctlonrclcl opcloting lrL 70 cv. Snntplcs lvcrc introclrtced
tlrrorrgìr lr Irclrtorl inlcl systcltr irt a lcnr¡rcrllttrc r¡f cø, 150".
'l'lro spcr:Lt'lr of rL$cttzoyltlcclorrtr (Xll) trr<l r/:-<liltcrrzrtyllnof hrrrrc
(XYr) rvcrc ob{ni¡rocl lly irttt'o<ìttcin¡4 tltc ¡rru'cnt clikctrtncs into
thc inlot, syslcnì ()f tlrc iJl)cct'rt¡lrlclorlitlr tlctttcrittnr c¡xitlc,rr
r/rllc¡¡z)'l nl<riltol, rvltir:lt rvrts rc<lttircd tLs r.tt itttc¡'nrcclilrt,c irr tlto
¡rr'<r¡lr,r'lrtion of r/2-bcrrzyltccl,¡'ltrcctotrc (\/Ilr,), rvrus prc¡tlu'cd by

(10) tI. ììrrdzil<icu'icz, C. I)jcrusi, rrrtl I). IL \\'illin¡rs, "Intcrprcl'rl,ion
of trlrnr S¡rccl,rt oI Orgrnic Corn¡rounds," Iloldcn-Do¡', Inc., Son lfroncieco,
Crrli[., lft(i1, p 29.

(11) J. S. Slrrntron, Ãtilrtlìon J, Chcnt.,16, 205 (10Û2)'

-It' +
O=C-CH=C-O

CcHs CoHs

n, m/eG9

(ìcrrcrally sl)c¿rl(irì1.{, Llrc s¡rc<'t,r'ir, of ìtcnzoyllicctolrc
X ¿r¡rd its sultslil,rrl,crl clolivLl,it'cs XI-XIV co¡itlrin t,hc
Ìrcrrzoyl ìo:n I (ttt/o 10õ) rs lnso ¡iclli itntl f [ - CIIr:
Ci..=O (1'I - 42) ¡rcrlis of viu'irblo inLcnsitv irr tlrc lriglr-
.nrrsis I'cgiolt. 'llic tr¡'rr ¡(¡l¡rrccrl flagurcntation, ìty
aÌlylic 11ls¿¡v¿¡gç, ol 1,i,r r,irc¡lit: l'I - '12 ions clclivccl
l'r'<irrr alli.ylrrl ,sI P-dilrclotrcs rt:r1uiles üh¿lù tiIc bt'c¿r.liclorvu

+
o
+

n't ¡l-l,mfc223
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I

o

o

H-CHr-cH.1

xIv

CHz-CH¡-CHr-CH
XIII

+

-CHz=C=O

oFll+
Col:lo--€= CH- CH¿

p,n/cL33 (100/o)

-CIIr=Q¡9

Scn¡,;¡r¡,: VI

o, m/c L76

l-."",.",
.t

OHl+
CoHa-C=CH-CHr- CH,

ct, n/e L47 (2570)

II
\-\CH

CoHo-

OH
I

CoHo/

oI{1,'-
CoHo- C:CH-CHr- CH¿ - CHz

t, n/c L6L (5/s)

Scr¡urrru VII Scr.rnuo VIII

o
il

+

-'cI{3

OH
l+

CoHs-C=CH-CH-CH¡-CH¡
u, rn/c L67 (15/o)

t?*?liiP9Hll
l-CU'-ç:ç¡¡-C-C6H6J LCH3-C-CH-C-C6H6l

v, mf c 162 w,nf òL62

' l-rr. .l-cr,.
YY

OHOOH
,llltr-cH¡-c-cH-c-c,,I-Io r'o:c-ct-t-c-coH¡

x,ntfaL6L(95ol¿flomXIII) y,m/cI47 (75ol¿ fLomXIII)
(86 o/o from XIV) (35 o/¿ from XIV)

rc<lur;1,io¡r of cûhyl bc¡¡zou[c with liLhiu¡n rlrrnri¡rir¡¡n dcr¡tc-
ridc,r2
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-
CIIr +

s, m/c L76

nátr."" j

OHl+
CsHs-C:CH-CH-CHo

L,m/c747 (65r/") '



24

!rhe lì'irgnrcnl.ntion ¡'cr.rctions ol aliphatic cyaniclcs
Å upon clectron irupuct ulc rclativcly coni¡rlicittcd.a-6

A study of cyanoucetrltcs lì¿rs now bcc¡l ttnclcltaketi to
see if'thcse conrpourrcls bchirvc in r sirrt¡rlc nrarllìer
analogous to oLhcl activc nrctlrylcnc cclrtr¡.rotrncls (B-kcto
cstcrs,T dicthyl rlllo¡ratcs,s arrcl p-clikctones0), or il
Lhe coru¡rlex belrtrviol ol'uli¡rhirtic cyuniclc's is cxhibitecl.

Tlie nrass sl)cctra ol rrrcthyl cyrìrìoacctatc (l), ethyl
cynnoacctatc (II), ancl thc llkyl clcrivativcs III-Vtl
havc becn clctclnlinccl uncl alc illustrltccl in Figurcs l-7.
Ccncrally spcuking, thcsc slrcctr'u contirirr low-abundance
nrolcct¡l¿rr ions ancl frcc¡ trcrttly ap¡rrcciablc M + 2
peaks, in conttast to alkyi cyanicìcs, rvhich cxllibit
M - I arrd M f I peaks in tlrcir' nrirss s¡rcctra.a-ö

cool{ ct'tr
,/\

CH,
\/cìN cHr

I, Iì : CII¡
f I, Il : C2ll¡,

COIC;H¡

ilt

CH co:crl'l¡, ct-ll COrC'l-l¡

I 699

lronr the ethyl gloup ol II ca¡r occul'with thc forntation
of tlie protol.ìatecl acid ion ¿r. 1r I{owever, high-
l'csoir,rtion nlcasu rclllerrts ur-tcovct two vcry tt I-l L¡sual

fc¿rtnles in thcse sllectriì, rtantcly, that I can clccorttpose
by loss ol CO2 to ntf c 55 (C;¡Ì{¡N+) (ancl hcnce by l<tss

ol a hydlogcrl r¿ìdical to tnf c 54 (C3l-TrN-t)), whilc If
can elir.ìlinatc HCOr to afford rnf e 68 (C,IH6N+ (10%
ol the base pcak intensity), the remaininS90% ol this
peak arising vir¿ elimination of thc ethoxyl group to
givc C,rl-l2NO+). Thcse processcs ncccssitatc i¡ltcr-
csting alkyl nrigrations ol a ntetltyl gloup and an etlryl
group (ol ethyiene or its equivalcnt), t'cs¡tcctively,
r.rpon clectron inr¡ract. All the ft'irgtrtcrttation t'cac-
tions ploposed lor I and II are suppol'ted by tlie spcctla
of the partially deuterated derivatives Ia and Ila, which
were obtained by intloduction ol the esters into thc
inlet syste¡ì.r of the spectrometer with, clcuteriu¡.u
oxide. 12

+
OH

//

cuz oH

C:N
a, ntle 86

COTCII¡ corc,l{5

Ila, do
dt

Stuclics in Mass Spcctrometry. X.' High-Resolution Mass

Spcctra of Cyanoacetates. Alkyl Migrations upon

Elcctron Impact

J. IL lìrrvic,2 Iì. Griggr2 S,-O. Lawcsson,¡ P. Madscn,;tG. Schr<lll,3
ancl D. ll. lVilliamst

Cottlribution /i'otn llte Univcr.çil), Clrctnicetl Luborutot'y, Cunbridge University,
Cumbridgc, Euglatrcl, cutcl tlte Depurttncttl of Orgcntic Clrcmistry, Aarltus Univcrsily,
Aarlus C, Dcnnrurk. Received Novetnber B, 1965

r\Sstract I The urnss spcctra of a uu urbct' ol ntcthyl and cthyl cyanoace tatcs have bccn dctcrmincd and in tcrplctcd
by ureans ol high-rcsolution ¡leasurcurcnts ¿i¡-td dcutct'iu¡rr labeling. Itnpoltarrt fiagntcntation paths u¡ron clectron
inrpact occur by climin¿rtion oll thc clcrtrents of CO2 fio¡n the ester gl'oup with an associatcd nrethyl or'ctlryl nrigla-
tlon.

(r
cri-c

,/
CI.I ;,CI-I?Ct.I:CIIICIJ

\n/ct{-clfl-cH
,/\

CN

DzC

C:N
la, d¡ -- 43/,

rlt : 36'%
.t _ 1to/
tt2 

- 
Lt /o

/a

CN

IV
.CN GIJ]CHr

CLI,,CH?CI-I!CIJJ-CH

corcrl f ú

CN

C:N
:20
-- 4l

ù/

corcFIs

CN

dz : 39'%

VI \/fI

Convcntional flagnrcntation 11r'ocesscs rvhich are
eviclcnt in tlie nlass s¡rectla (Þ-igurcs I ancl 2) ol nrctltyl
cyanoztcctirtc (t) anct cthyl cyanoacetate (ll) ale surtt-
rura¡-iscd in thc figurcs;r" thc elinrirtation of CrlJ,r

(I) PrLrt IX: scc ref 9.
(2) U nivcrsity Clrcnricrrl L:rbor atory, Canrbrid ge, L-lrr gl:rntl,
(3) Dcpírrtnrcnt of Orgirrric Chcnlistry, A¿u'llus Univcrsity, Aarltus,

I) cn rn¿rr k,
(;i) F. W. Mcl.irlìcrt¡,, ,4nrtl. Cltt,tti.,34,26 (1962).
(5) I{. f }ctrtrcinlrrs, D. I I. Willirurs, IL IIL¡rlzikicrlicz, irrrtl C. Djcr-

;rssi,,/ /rtt, (hrttt. ,\ttc., tJó, l3N(; (1964).
(()l Il, lìLr(lzjkiervicz, C. [)jclirssi, lrntl l). I[. Willi¡r¡lls, "lntcr'¡rreurtiort

ol M¡¡ss S¡rectrrr of'C)tgitrtic Conr¡'lorrrrrls," Ilolrlcrr-l)iry, lrrc., Slrrr
Irt rrrrrisco, Crrli1., I96,1.

(7).1. lI flo*'ic, S.-O. I-rrrvcsson, C. Scllloll, irncl D. If. Willi¿rrrrs,
,1. tI nt Clt<'nt,Sor:., fì7, 5142 (1965).

(ll) J. Il. tlou,ic, S.-O. l-lwcsson, G. Scllroll, ¡nrl D. I[. Willil¡trs,
,1. Org. (.ltettt., irr ¡rrcss.

(9) .1. ll. Ilorvic, S.-O. [-iltvessort, C. Sclrroll, iLntl D. I I. WilliiLnrs,
ibir1., irr ¡rrcss.

Flagnrentation proÇesses wliich necessitate the eliln-
ination ol CO.2 with an associatecl alkyl ntigrationt'r
are extrer'ìlely inrportant in the spectra ol ethyl iso-
propylcyanoacet¿ìtc (lIl, Figure 3a), the isonieric butyl
clerivatives IV, V, and VI (Figures 4,5, arrd 6), ancl ol
rrcthyl n-butylcyanoacetate (Vtl, Figtrle 7). Thc
conrlrositiorrs ol the fragrrrct.tt ions associatcd with
ntrrry of the intc¡rsc ¡rcaks in thcse spectra havc bcen
cletcrnrirrccl by cxact nìass ttlclìstlrcttlc¡lts ¿rncl aLc sutrl-
ìlrarizcd in Tablc I. A list of lclcvant lltet¿tstablc iorls
occr.lrrirlg in tlte spcctla oi III-Vtt is given irl Table Il,
which gives both obscrvcd and calcr¡latecl vttlttes.

(10) Tlr'ollglrort! lltis ¡'lit¡rct', triuìsiti()lìs sr¡pl)ortù(l by itrl a¡r¡rto¡lriirtc
¡ìr\:lastlrl)lr ¡rcirk at c irrtlicirtetl l)v illì iìslclisk (+).

(ll) Scc, lir exrrrrt¡rlc, A. G. FI¿rn'isotr lttl<l E. C. Joncs, (.'crl. -/.
C høtt., 43, 9í) ( 196-s).

(12) J. S. Slrrnnott, tlttstruliuttJ. Clturt.,lS,265 (1962).
(Il) Iìor ¿rclrlitiort¿tl cxittrr¡rlcs ol'lltc tlccottr¡rositiott of'csl,crs [)] elirlì-

iniltiorr of CC)2 ut)olì e lcctrotì itì¡ritcl, sce J' I I. [ìoivic, Iì Crigg, I). lf .

Willirrrrs, S.-C). Litrvcssorr, itttrl C. Sclll'oll, C,ll¿rr¡. Cotttttttttt. (Lorttìtl:l),
403(1965), rrnrl P. Nttulis ancl J. l-. Fllnklirr, J' Ph.vs' Clu:ttt.,69,2943
( t9ó-s),

fl((t)rintcrl f¡(ìrìr tlrc.[ourrr:rl of lltc r\nrr:ricirn Cltcnrir:irl Socicty, 88, lfj{)l}.(11){;(ì),1
(fo¡ryri;llrl lflfi(j ì)y thc Atr¡ericrr¡¡ Olrcrrriu¡rl Socitt-t, ¡rt¡rl rr']ltirrLtrl lìl' írcil!rissiUlt r)[ tltc(oityrigllto\!ncl
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Figurc 6. Mass spcctrum oI ethyl rr-butylcyanoacctate (VI)'
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T:¡l¡lc L Coni¡rositions ol'So¡rlc of the Mljor Fragtlcn

rnfe
va I ues

t Ions in thc Mass S¡lcctra of the Cyarroacctatcs III-VII

VI
- ComPouncl, f

III IV V VII

54
s7
68

69

82
85
87
96
97

98
99

110

CrHoN,80
caHÎNo,20

CN[J8N
C¡[-lrNOr

CrHroN

CûlJsNO,65
CrHuN,35

CoH¡NOz

CrHo
C¡HAN

CrHrNOz

C,rFIroN

C¡,HrNO¿

C'l'ìrnNO,80
CrHr¿N,20

Tra¡isition

ll3.*tì5
ll0+s2
96 * 6.3

124 - 96
lt1-85
96 - 6tì

t26*9tì
1¡3*85
lJz+ 5¿l

82+ 54
123 * 9s

C,'H6N,65
C¡HzNO,35
CrlJrN.60
cr,lj!,40
C¡HsN
c¡llrNo:

Cr[JrN
CrHu
crl-frNo,65
c;H6N,35

cr,l-l8N
C'HrNO:

C¡HIN

CoHroN

C¡HrrN

C;l-lroNO,83
CsHuN, l7

C¡HoN,75
CåHrNO,25

Cr[{¡O¿

CIH¡NO¿

C¡HoNO:

GI-I,NO

C:H¡

R"-cH-cH-C=NH
c, R": CIJs; ar7'c 68

R":Hi n¡/t 54

CnHroN
Ce llrN,80
cüllro,20
Crl-lrNOr

Crllr:N

112
ll3
123
121

T¿rblc II. Sontc Metastal)lc Iolìs (Calculatctl allcl

Observcd Valr,rcs) Iroutrcl itl thc Spcctla oi Itl-Vll

Conr¡rd Obsd C¿rlcd

Ift

rv

d, É clcâvage{ Rr

R,-ÈcI{-
la

o.
\\

R'-a-\ ,9', o¡c,tl,
CH_CI.I \

R,," ta:*

VIII
III,RT:R2=CI-I¡
IV, Iì1 : Czllr,i Rz: CI{-¡
V, Rr: ï_CrI-Ir; Rz:H

VI, Rr = /r-CrI-I2; I{2: !{

The altpare¡1t occtlrrellce of stlch rellllllkablc rcar-
r¿ìngeillellt llroccsscs re'quilcs sL¡llporting evic.'lcllcc'

It JhoLrlct bc pointecl out tlìat the lor¡lation ol a

nictlìyl group is lost lrorlr the isopro¡lyl sì.lbstittlent'
The obsóLv¿ltion that Lhe tnle 68 ancl mlc 96 pùaks of

9'
CH

\Nt)+
(rl

4B
'74

64
48
76
64
35
35
73

0
2
I

5

0
I

I

0
5

5

5

63
61

cù
71
(r3

48
76
ó3
35

35
73

9

I

2

5
()

2

2
9

6
6

1
VI
VII

The nrost otltstandit'tg cliflel'encc bctweell tlte spectra

C,rl{oN+ (100%) fronr Ill ancl lV, rcspcctivcly). Meta-
stable peaks at 35.5 itr the sllectla ol V arrcl VI inclicate

that the C,JIl,,N'i ions (rrr/c 54) are f'olnrcd by clirtlinir-
tion ol etltylene frotlt a C;,[[rN+ spccies Qnlc 82),

whcreas llletastable pc¿lks at 48.1 in tltc s¡'tcctra ol [[l
and IV likewise establish thc for nration of the C,rl-lôN+'

ions (ntf e 68) lrorlr Cnllr,,N ¡ ions (rrl/c' 96), again by

elimination ol etlrylcrle (sce FigLrres 3-(r). Iìvidcntly,
thc urost pro¡tottnce(l cleconrposition piltl.ìway ol V

and VI upon clcctron ill'ìl)âct is l'i¿¡ tlie over-iìll clirtlin¿r-

tion of ClHr ancl COr to tnla 82 (Crl'l'Nr) (¡ncl llcnco by

Ioss of cthylene Lo tnf c 54), wherels III ancl LV plclcl tt'r

eli¡rrinate (C.ll:r + COr) antl (C,,1 t, * COr)' res¡lectively,
to givc mf a 96 (C6l lr{)N1) ancl strbsc(ltrcrlily /r?ic 68 by

loss ol etltylene. l-lcltce, iL lrlay be scc¡1 that thc sllccl't'a

can only be intet'plctccl ill a sclf-ct)llsislcllt lìlallner il thc
nrajor fì'agtllentatiotl tllaillly ilivolvcs the ltlss ol CO':

fionl the ester grol.tp (witli ün âccolìlllilllying cthyl
nrigration) and trssociatecl cleavage of thc C(a)-C(0)
boncl in thc alkyl sì,rbstitucnt to elinlin¿lte llrc larger
available rad ical (sce Vllt).

IX
I

R"_ cH:CFI_g=l\IÇ2Ho
b, Iì": CHti m/c96

R" -Hi n¿/e E2

-Coz

-CrËI¡

Iì¿rvie, Gri¿¡1y, Lttna,s¡on, Mtttlse n, St'ltroll, l4/illiuttts I Mass ,Spcclra of C.t {ttt(t1(i'!ítl',t
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- HCN

1702

nlz

[jigurc 8. Miìss sl)cctrutll ol'cthyl ¡lhctrylcyanoacctatc (X).

c¿rrì occul with nssocititccl cthyl rtrigration to Ititrogcn
(lX * b); strbscclub¡lL loss ol cthylcnc ¡ìlay thcll alìbrcl
¿. l{c¡lóc tnla 96 irntf nr/c 68 will rcstrlt whcn R" -
CH:r (l¡'ont Iil l¡rcl IV), ancl tnfa 82 utd tnfe 54 whcn
R/' : II (lronr V artcl Vl).

Aclditio¡lul cviclcrlcc lor tltis ty¡lc ol' rearrallge¡ìicllI
has bcc¡l sotrgltt in thc rll¿ISS sl)cctrLrrrl (Figtrlc 7) ol
nreth¡,I rr-brrtylcyauoacctatc (VII). On the basis of thc
spectnlnr (F'igurc 6) ol the corlcsponcling ethyl ester
(VI), thc basc peak in tlre spcctru¡ìl of V[[ shotrld be

arrtici¡ratecl ttt mlc 68 (Crl-lßN+) pelhaps colresponding
to structì.lre d. It shoulcl lre ltoted th¿rt cl is not,
of coutse, able to elintinate ethylenc ancl, in acldition, no
loss of nretìrylene flonr d is antici¡rated since this is

known to be an enelgetically unlavorable ptocess.r{
Irr fact, tnlc 63 is the blse peak olFigule 7 and h¿is been

sliown by cxact ¡1l¿tss llleasttt'enìents to cortespond to
the extcnt ol 75/. to CrHoN+ (see Table I), More-
over, irt the s¡tectrr.uu of the partiaìly dettterated ester

VI[a, plcpareci by esteriflcation ol tlie acid with diazo-
methanc i¡r the llresertce of deuteriurtr oxide, I5 the
C,¡ll,jN+ io¡r letains the isotopic labcl, thus unequivo-
cally establishing the niethyl tniglation.

by elisiorr of cthylcne lronl CslllrN.i' (20 I ol rttle 121'

M COrl l) ol' loss oi cat'borr ¡l"ltl¡roxiclc frtlllt
Czll,,rNO-r' (80% bl ntle 124, M OCrll,), It is

tlìcrcl'ore possible tltat irr tltc s¡lcctrttrll clf IV sol]ìc I)or-
tiorr ol the ntlc 68 ion is f-olnicd by tltc lllore co¡lvcll-
tional sequence lV + e+ l* g,

CH¿
\/cFt-ct-l
/\

'ClJr IV

cooc:H6

cr-t3 c,-ó
\/cH-cli
,/\

Cll;,CI-l¿ CN
c, tnlc 124 (80'% ol' C.il t'oNO 1)

*l-"o
v

ClJr
r - CIlr:CllL

Ctlr-C¡-f!-CIJ-CN < 

-

\,
CH-CI-t-CN

cll,,c.H,r/
g, rnlc (tS 1, nf c96 (1001olCr;l lroN)

In the spcctra (Figtrrcs 3u,4, ancl 5) ol Ill, IV,
¿urcl V the M - 45 iorls were ol strf'[ìcic¡lt aLrtrrltlitllcc to
warrant investigatiorl by exact lllASS llleilsttrclllclrts.
The results (Tabte I) establish that in all thlce sl)cctra
extrenlely unusual M - HCOz ions acconlpany the
anticipated M - OC,rH5 lragntetrts; the forntatioll of
the fornrer gror,rp again requires an ctliyl (or ethylcne)
nrigration flrour the ester, perhaps in a rì1ar]ner silltilar
to tlrat discussed previor"rsly. Finally the tnla ll[¡ ions
(CzHpN+; M - CHsCO¿) fumished by V and V[ are
plesuniably forlled by related real'rarlgelllent ploccsses
(per'haps loss of c¿rrbolr dioxicle and a terrtrinal nrctliyl
group in each ctrsc).

More conventional lragntentation ¡trocesses wliicli
ale cvident frour the sllectr¿r of these cyalto¿ìcet¿ttcs
nlerit br'ief conlnlellt. The spectra ol all tlie strbstittrtecl
etlryl esters (lII-Vf) contaiu fairly abrrndttr"tt tnf e 113
ions, shown by repr'esentative exact ltlass lllcasttretllents
(Table I) to arise throLrgli thc elinrination of the alkyl
substitt¡errt (presunrably as tlie olefin) with hydrogen
real'r¿rngeulent. : The liydrogen atorlr involvcd in the
reat'l'angenlerrt or'iginates fl'o¡ri the B-carbon atorll of the
alkyl group in the spectrum (Figule 3a) ol IlI, as ntay be

seen on exanrination ol Figure 3b.tô Probably ¿r Mc-
Lafì'eLty re¿ìrl'¿ìlìgenlent is oiterative (see I I I - h),
although hydrogen r'c¿ìn'angelllent to Iritrogen canuot
be exchlcled. However, ltydrogen rearralìgetltet.ìt to
calbon (see III * i) to give the ethyl cyanoacetate
rnoleculal ion is urttenable, becuttse the rnfe lll iorls
dccorripose by ex¡rlusiorr ol ethylcne to ¿u1 tir/c 85

species (C3Ì{:JNOr+, see Table I ancl Figtrtes 3a, 4,

and 5), ir.r contt'ast to the bchlvior ol the cthyl cyano-
acrtate niolecular ion whicli cli¡riinatcs C:ll:r tt) alIol'cl
ntle 86 (see Figure 2). A plausible leltlescrrration lor'
the mf e 85 ions is j, although it shoulcl bc notccl tllat
they do nôt show any tnarked tcrtclency to eìintinr¡te
rvatcr (contrast the decontltosition of analogous iotrs
lronr B-keto esters7 and diethyl ntalonatess).

(16) Thc shifts u,hich cnrr bc clisccluccl on cour¡rittisort oI Figurcs 3ir
¿rrrcl 3b arc mlc llO - ntle 113 ontl lr/c ll3 - ntlc t t{ (--sQ)¡l), *lrilc
alr¡rroxirratcly 5O/" of mlc l13 is not shiltcrl, Lrcc¿tttsc citlìct a C¡lõ o¡'

cD3 gtoup nray ¡rîrtici¡rato in tho rcar rarrgcllìcllt pl'occss.

7

,.cotc/.s
CH
\cH

(¡)
80ô\

U
U
4
o
z
f,
@

U

F
J
É,

- HCN

- co¡

- COz

[."

+

-'OCr'lI¡

->

CN
89

ó3 t45 tee (rø')
30

80

+

crrrcgrcHr4ì\H 1."' -tC¡Hr.\c=N
vlI 

+
CHZ:CH_C=NCH¡

d, m/e 68

-,cozc(D, H)s
CH.CFI,CHzCH,CH.

-cN
VIIa, ¿/o : 38%; tl,: 387": dz: 20'%; dt : 4"/"

However, there is no defìnite cvidence that the lor'-
llation of tlle ions lelr'esented by b and cl occlrt's itt a

one-stcp process. Incleccl, in the spectlunr (Figure 4) oi
lV thele is sonre eviclcnce that ions collcspor.tclirtg to b
in com¡tositior¡ c¿ulnot atise coutpletely vic a onc-stcp
process. In this case (Figure 4), a utetastable peak
indicates that ntf e 96 (CuHroN+) can arise, at lcast in 1tart,

(14) For ¿ì surìmrirry o1'thc isol¡tccl cxlnr¡rlcs of loss of CFIz frour tbc
parcnt ìorr <,rf a hydrocirrbon, scc S. Mcyerson, J. Am. Chcnt. Soc., fiS,

3340 (1963).
(15) I(. J. v¡ur clcr Mcrlc, P, S. Stcyn and S. H. Eggers, Telrahcdron

Lctters,3923 (1964)
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The rr.rass spectrullr (Figtrre 8) ol cthyl plrcnylcyano-
acet¿ìte (X) has becn blic[y ttlcl'ltiolled in an earlier
conln.iluricîtiolt. r? 'lhe ttrf c 145 ion is loInicc1 by
elinli¡iation ol CO¿ fronr tltc ltlolccLtlar ion ancl catr thelr
lose a nrctltyl laclical or cLltylcnc (lì'om tlie ethyl gloup
at its new sitc ol attachrlcrtt) lo give nlc 130 and tnf e

117, r'cspcctivcly. ì'lowcvcr, thelc is no cviclelrcc lor
aclclitional lcat'rartgctìtcnL ions in this s¡lcctttttt.t, Lhe mf e

143 anci tnle 144 ions ttrisittg by sirrr¡rlc loss ol'etltanol
ancl arr ethoxyl laclical, r'es¡rcctivcly. It is oI coLtrsc
possiblc f'or tlle ntle l17 iorî (M - CO,Crl-lr) to arise irr
part otller than via a skclct¿rl rcarr¿ttlgùltlcllt pathway,
but, iegaldlcss of its nlocle ol' lor'ltrtrtion, a por'tion ol
this Csl-{zN'F ion cloes hlvc the strttctr.¡rc of the bcnzyl
c¡,anicle uloicculll ion, as eviclerrcccl by the very sinrilal
spectra of thc two conrpounds l>elow rnf e 117 and iden'

(17) Scc thc fìrst rclcrcncc quotcd in tbotnotc 1 3.

1703

tical rrcrasLablc peaks ú mlc 88.5, tnf c 69.), itncl tnf e

68.2,

lÌx¡lcrinrcrtli¡l Sccl irlrt

All ¡ulss sl)ccttit wo¡'c otrt¿tirlctl on r¡n Aljl MS 9 trtlss s¡tcc-

trotìlclcr o¡rcrating at 70 cv, Sartt¡rlcs wct'c i¡]troducccl ilrto thc ion
chaurber through a lìcittcd irtlct systcln oltcrating at al)l)roximatcly
r50".

Ilxact rlass ¡lcasLrrcnlcrlts wcre pcrl'ortlccl cithcr against rclcr-
c¡rcc nl¿rsscs in thc s¡rcctrLu.t.t oi'hclttacosafìtrorotribLrtylanli¡lc or
agaiust ior.rs of ¡rlcviously establishccl cottr¡rositiot.t itl thc s¡lcctrtttlt
ol' tlrc cytuoacctal.c itscll'. TIrc lllcastrrc¡tlclì(s wcrc ¡lcrlorrttc<ì itt a

rcsolving ¡rorvcr ol' a¡r¡rroxirtratcly 15,000 (10% vrillcy clcfìnition)
antl ci¡lcr¡l¿rtcrl arrcl obscrvctl valtrcs rvcrc alrvays itr agrccttlcttt
rvithirr l5 ¡r¡rnr, thus rigoloLrsly cxcluding altcrrtativc cottl¡losi{iorts'

It,lcthyl cyiluoacctatc (l) ancl ctlryl cyallorcctatc (ll) rvcrc co¡ìl-
nrcrcial sirnt¡rlcs. Ktlo',vtl ¡troccclr,trcs wcrc ctrl¡rloyccl lbr thc

lrrcl)oriìtion ol cthyl ltro¡rylcyanoacctatc (lll),r8 cthyl .v'c-btrt¡'l-
cyanoitcctatc (lV;,to 

"tntt 
isobUtylcyanoacctatc (v),:0 clhyl rr-

butylcyarroacctatc (VI),m and cLliyl ¡rhctrylcyatroacstíìtc (X).'zr
Ethyl (3-triclcutcriorrcthyl)cthylcyarloacct¿ìto (llla, b¡l 95.5-
96.5" (12 urur), rrzsu 1.4215) rvas ¡trc¡tarcd by a Crigrrartl rcactioll'
using thc aclclitiorr ol' triclcr¡tcrio¡ttcthylrnagncsir¡nr iodi<lc to cthyl
cthyliclcnccyanoírcct írlc.

Mcthyl rr-butylcyarloacctatc (VIt, bp lll" (l I nrrl), rr'?oo 1.42[ìl)
was availablc by alliylation ol nrcthyl cy¿Ìrloilcct¿ttù i¡r nlctlratrol,
Anal. Calccl lìrrCsl lnNOL: C,(r1.95; lJ'8.44; N,9.03. Fotrncl :

C,61 .74; I1,8.55; N,8.98.
All corr¡rouncls rvcrc clistillcd íìt lc¿tst trvicc atld thcir pLrritics

wcrc clrcckcrl by nuclcar nragtrctic rcsorì¿rttcc. irtl'rarccl, a¡ld tllass
sllcctroscol)y, anrl also lry vlr¡ror ¡tltasc clrrottrlrtogra¡rhy. 'fhc
arralysis was ¡rcllbrrnccl by Allrccl lìcrnhardt, Mülhcir¡ (l{uhr),
Gcrrlauy.
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Studies in Mass Spectroscopy

Part XI.* Mass Spectra of l,4-Dicarbonyl Compounds

S..O. LA\TESSON, J. ø. MADSEN, G. SCHROLL

Departrnent ol Organic Chemistry, Aarhus Uniaersity, Aarhus C, Denmarlc

J. H. BOWIE, R. GRIGG and D. H. WILLIAMS

Aníuersity Chetnical Løboratoty, Cambríilge, Englanil

tuents and henco mass spectrometry can be a groat aid to structuro
determination in this class of synthetically impõrtant compounds.

1,4-Dicarbonyl compounds are sub
tance, especially a,s precursors in the
roles, a,nd. y-lactones. fn the light of t
taken a study of the mass spectra, of
hope that ma,ss spectrometry will serve as a useful method to characterise
such. compounds. Some det_ails of the spectra, (see Tables I and 2 and X'igs.l-6) of_representative y-diketones (I-IV), and y-ketoesters (V-XIII) Jre
discussed in this pa,per.

Generally speaking, all the compounds studied. give molecular ions which
are easily recognised. Moreover, exact mass measurements on a number of
ions in many of the spectra have uncovered only a single composition which
re-quires a_skeletal re_errangement upon electron impact. Hence, the spectra
of these diketones and ketoesters ca,n be interpreted by reference to the- more
abundant ions, without the complications jntroduced by the skeletal rear-
rangements recently observed to occur in some compounds.l-6

* Part X: Bowio, J. H., Grigg, Iì., Lawesson, S.-O., Madsen, P., Schroll, G. and Williams, D. H.
J. Arn. Chenl. Soc.88 (1966) 1699.
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o
il

cH2-c c CH¡H3

I
s7 (51%) 13 (ss%)

ìll1" lî
cH3-cH2-c ff -f Hzff -,cn'

CH¡

Details of the mass spectra, on the 7-diketones I-III are summa,rised in
Table I and. in the formulae (I-III); in those cases where the composition of
the ion has been established by exact ma,ss measurements, the relative abun-
dance are underlined.

It should be pointed out, that, the base pea,k Tùle 43 ions_ from II and III
are d.oublets, the complements to CH'C:O+ being associated' with CrHr+-ions

s und.erstandable since II and III (in
carrying sufficient hydrogen atoms to

iìi'flïJå3,i,låï8iËiïîä.*'äf'Ti
this ion to 62 o/") that can arise in a

similar ma,nner.
In these compounds (I-III) cleavage of the centre carbon-carbon bond

between the carbãnyl groups does not seem to be a favourable process_un-less

a substituted. carbonium ion can be foI Thus, f gives
only a low abund.ance ion (mle 57 e C-C bold;
thiJ behaviour is probably associ nature ? of a
primary carbonium- ion adjacent to a carbonyl group (as in the +CHTCOR

Table 1. Details of the rnass specùra of somo 7-dikeùones (I-ilI)

I[

Relativo abundances (o/o) of ions*

M-CH3CO M-CsHrO M-CaHõOM+ M-C2H5 M

6

29

l3

t2

6II

l4

I

2

t9

q

2

6

5

6

Compound

I
II

III
. Reloùed to üho base peak orbitrarily taken as 100 o/o'

Actø Chem. Scanil.20 (1966) No. 4



STUDIES IN MASS SPECTROSCOPY XI

o+tl
cH2-C -CH3

a, t¡/.e e5 (29%)
-þ, ¡ale 57 (4't,)

I l3t

O CH3

cH3-ë -ð .
CH¡

frag_ment). .Moreover, II furnishes a prominent ion due to ø ( M - CaH'O,
see Table r)but a low abundance ion associated with ó. Hence the majoi pór-
tion of llr'e mle 57 ion (caH¡o+) from rrl can fairly confidently be asciibeã to
the cleavage indicated in fII, rather than to rupture of the a,4-bond.

The influence of a tertiary centre on the breakdown pattern is also evidenú
from the finding that whereas II gives_prominent M - CHrCO and M - CH'CO
ions, rrr undergoes no such losses hut gives only ions-associated withihe
expulsion of an additional CHr-group.
ions from ff can be associated with t
the tertiary centre (with and. without

The majority of the fragmentation
of 3,4-diacetylhexan-2,5-dione (IV) occ
established by appropriate metastable
i9n in- determining the fragmentation but does not prove,
that-this ion may have an especial A plausible stricturé
for the mle 180 ion is the furan m d.less of the structure
assigled t9 -mle 180, it decomposes by loss of the fragments indicated., as
established _bV applopria-te me-tastable peaks findicated-by an asterisk (*)];
lhe mle values indicated in the scheme account for all ions of abundancã
greater than 6 o/o @elative to the mle 43 base peak) above mle ll5.

oo
cH,-ê-cH -ë

.lo
cHr-ë-cx -ö

-CH:

m/e 165 (46%)-e,-HzO.

-CH¡

.8, m/e 19s (1%) ç., m/e 180 (11%) T CH2=Ç:g

-Jcu:c=o

m/c 138 (8%) mte123 (22,1)

'We now turn to a discussion of th ate (V) and.
related compounds containing ryÞ¡ti (VI-Vru)
or þ to the ester group (IX-XII); iaevulinaté
(XrII) has been studied. The compo which have

* Molecular ions offurans do not nece_ssarily have the strucüures ofthe furans in üho ground
staùe.8 Some of the strucúures usod in this paper are nominal only, buù sorve the imiortant
purpose of relating üho fragmentation patüern to the strucùure of thé intact molecule.

Acta Chem. Scanil.20 (1966) No. 4
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Table 2, Composiüions of somo ions intho spectra of V, VI, VIII' IX' XII, and XIII (Figs. l-6)' ostab'
Iished by o:<act mass moasuremenüs.

Compound

VI 101

cóHgor

¡,1 It

csHgo

144
c?Ir12os

1E9

c12rrr3o2

r73

cr2ï[130
(60 %)

crrIIsOz
(4o Y")

73 74

csH6o2 carroo¡

88

c{H802

83

cuHro

130

c?rr1¿o2

188

cr2r[12o2

r59

crlrl110

203

c13rrr60¡

87

c¿rr?o¡

73

csII6o2
(86 %)
c¿Hoo
(rõ %)

r27
c?r{11o2

I47
crorl1ro

r48

c1orrl2o

202

clsrrrÁo2

7t

c{H?o

73

cafIso2
(80 %)
c{Hoo
(20 %)

56

CoH,

126

c?rr1oo3

146

crorlroo

147

crorl110

178

cr2r{180

b5 56

caH{o

7L

cnHro

183

c 1rr{1eo2

Òl)

CoH,
(80 %)
caHso
(20 %)

ll5

t46
clnlroo

131

csHTo
(36 "/o)
CtoHtt
(6õ %)

L77

C12Hr?o

caHso
(e0 %)
CnH,

(10 %)

69

cnHuo

171

c rorrrso2

43

crHao

10r
c6rreoz

rl7
C,H,

43

Comp.

mlø

Comp,

tn le
Comp.

rnle

Comp,

,nle
Comp,

rn le
Comp.

rnle

Comp.

v rnle

vII

IX

xII

xIIr
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CH¡-
o.Í

cH3-c -ctt-cH - co0c2Hã

R

E, R=CH¡

ll, R= n - CoF,tr¡

S[, R=C6H5

I çH,
cH3-c - çH -CH - COOC2H!

cH2-c6H!

&[
[. R= C2Hg

f,, R= CH,-CH=CH2

&. R= CH2COOC2H5 !

Xi,R= cHrcrHu

been substantiated by exact mass me¿ùsurements are summarised in Table 2.
Only the formation of CoHnO+ (mle 73), a minor fragment from (VI) and (IX),
requires a skeletal rearrangement for its formation.

Some of ¡þs important fragmentations suffered by ethyl laevulinate (Y)
upon electron impact are summarjsed in X'ig. l. The elimination of ketene
from the molecular ion gives rise to an ion at mle 102 (X'ig. l) and it is of

129

98 1¿Á (Hr,

0

o
I
c - cH2-cH2-COOC2H5

r

cu$-tt' -cH2-cooc2r-r3
R

_ t00

c
380z
9oo
l
û¡

Í,0
F

120
Ue

cx,þìlcx,cx'lcoloet
t29 tot 99

20 ¿0 80 80 100 120 11O ml a

interest to Ey to determine whether the migrating hydrogen becomes bonded
to carbon (V + d) or to oxygen (V + e) * when such fragmentations occur
in y-dicarbonyl compounds.

If the hydrogen migration occurred to carbon with the formation of the
ethyl propionate molecular ion (d), then mle 102 might be expected to decom-
po!9 ag does-ethyl propionate in its mass spectrum n li.e., by loss of an ethoxyl
radical to glve mle 57 (100 -%, base peak) from the molecular ion (mle tO1,
L9 %1. X'ar from bqing an abundant ion, mf e 57 is a very minor fragment in
Sg. l. Hydlggen rearra,ngement to oxygen (V -+ e) is therefore a þlausible
alternative. This latter mode has been shown to operate in the loss of ketene
from derivatives of ethyl acetoacetate,lo but it shõuld be noted that in such

F'is. 1

* A similar migraùion lò the oxygen of the ethoxyl group is also feasible.

Acta Chem. Scaníl.20 (1966) No. 4
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[Kií,.,,.00o,]'

^+,cH"¿H ì o¿- lt

o('fr",-rr1'\oc,H,

-CH;C:O
[.rr-.rr-.oo.rt, ]tì(

T d, m/e 102

+
0
t

.CHz-CHz-C

H

-OCzHs

t, m/e 102

cases, the elimination can occur in a concerted manner uiø a six-membered
cyclic transition state." There is some evidence to support partial operation of the type 9f mecha-
nism exemplifled by Y + e in the spectrum (Fig. 2a) of the_ethyl derivative
IX (all the major ions in this spectrum have been analyzed' by exact ma'ss

-"rÀor"-"nts aï indicated in Table 2). In - CHr-
CO ion (mle L30) at 78.5)
to give m]e l0l'. ation is
accompanied by
which can then
is emphasised. that the molecular ion

to
yel
).as

involving the ketone and ester carbon

on the prevalence of cleavage of the
bonyl groups may be seen from a
I0l- in Fig. 3, which corresPonds to

85

^ 100

d
3soz
2ao
=@
<¿0
U
tr
Í20
UÉ

0x
101

83

55

^100
ü
Usoz
ô
5--o
;t oo

=
3,0Uc

0

¿3 85 121

.'Jõj¡;].',rìloc,*, 88 (M-CaH6)

12'l

(*)

73

1?2 (M+)

60 80 100 120 'lt 0 160 mle

Iig. 2a.

cH3cH2c

I 101 (M -c2Hs)

130 (M+l

't3

¿0 60 80 100 120 11O mle

Eig. 2b.
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o

*cH, 
-cH

lt -.r,=.=o, f.,r,{.r,-.r=.lo' It

I L \oc'nol

I 
", m/e 130

)ì-o.,r,

I
àF

CzHå

+
cHr-cH -

(u)

-c0
(*)

'116 l¿3 1S8 (M+)

'171

OH

c
\ocrr,

. -CzHttx

0/e 73 (85% C!Hs02) 9, m/e t0l

a secondary carbonium ion, is much more abundant than mle 57 (which would
arise from a CHTCOCHT+ fragment). However, a lnrge alkyl group has a much
more profound infl.uence than a simple methyl substituent, a,s ma,y be seen from
the base peak at mle L7l from VfI (n'ig. a), corresponding again to the forma-

(*)

^100
ú
380z
260
lo
<¿o
U
¿

3rog
0

¿3
1¿3 t0t t13

.r,filc'r,t-*ciloc,x,
att 'òH, '

113

'l2O lt O '16O nle

Fi.s. 3.

liqllof a secondary carbonium ion. Similarly, the large
XII'andXIII prömote the formation of "ñ,fe t+7 io?ns
spectra (X'igs. 5 and 6) of these compounds. The corr

171 183

.r,co.r,{ãñ0.,"..-ttt-r
(cH2)scH3

_ 100

d
380z
2so
fo
;o ¿o

=
,h to
UÉ

(vII)

101

1¿3
t83

213 (M+)

20 10 60 80 100 120 I
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o
ll ç

cH!-c-cH2-cH-c.H5

h, m/l 147

CH¡-CO - CH - CH2- COOC2H5
I

cH2-c6Hs

(flI)

C6Hs-CH2-CH=CH-C=Or

i, m/e 145

11

i ) -czH5oH (*)
i¡ ) -CH3Co- (x)

IX to give mle 85 (see X'ig. 2a) is not very pronounced, as it must, be remen-
bered that in the ca,se of a benzyl gloup there is not only the possibility of group
size causing seconda,ry carbonium ion stabilisation, but also one of a, 1,2-
hydrogen sLift accompanying the C-C bond fragmentation, s9 that- ml.e 147

may bã stabilised. as the benzylic cetion h (or as a related tropylium ion).
The formation of the very-abundant ion at mle 145 in the spectrum (X'ig. 5)

CeHr* a -Co

i , o/c. tl?

91

¿3

20 ¿0 60

91

80 100 120 140 160 180 200 220 nfe

Ft'q. 5.

14',1
1Ä7 203

_ 100

d
380z
9eo
Jo
Í.0:
3tou
G

1r7

cH3c

91
11?

'188 231 (M+)

13165

of XII is of some interest. Although exact rneasurements establish that, loss
of two hyrlrogen atoms fucm m,le 147 would give a fragment of the 

""ggiry-qcomposition, ihe shift of this ioir to mle 159 in the spectrum (X'ig. 6) of XIII

(xrrr)

131

¿3

_100
d
380z
9oo
o
ro ,o

3ro
EÊ

0

t¿8

203
218(M1

80 100 120 110 160 180 200 2?0 210 nl.

Iig. 6.

¿0 60
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H¡
a

--C¿'+l¡l¡ 
þr, 

-.o l.r, -.r =.--::,rl-
cH3-co

h, m/e 144

MI cH¡co.

, .-oH
CH2-CH=C-

-0c2H3

1, m/e 101

necessitates the retention of the ca,rbon atom adjacent to the ester function
in this fragment. Metastable pea,ks a,t nxle 15I.0 and mle lLI.8 establish that
it arises, at least in part, by the sequentia,l loss ofethanol and an acetyl radical
from the molecular ion. Hence, it may correspond to i, CroHnO+, (high resolu-
tion), which can decompose by loss of carbon monoxide fo j @le l17, CaHe+,
high resolution).

In the compounds studied, the Mclafferty rea,rra,ngement 11 only gives
rise to a diagnostically obvious decomposition path when the alkyl group is
large (in VII, see X'ig. a). Elimination of a neutral olefin affords mle 144 (h),
whose enolic structure is suggested by the appearance of an ion at mle l0l
(see X'ig. 4), corresponding to I which can be formed by allylic cleavage in ft.

The spectra of the allyl and carboethoxymethyl derivatives (X and XI)
are largely unexceptional and do not, merit separate discussion in this context,
although the decomposition of the phenyl derivative VIII occurs quite spe-
cifically by loss of ethanol to mle I74. The phenyl substituent must make this
process particularly favourable in VIII, although M - C,H'OII ions are a
consistent feature in the spectra of this series of compounds (see, for example,
mle 98 in Fig. I, mf e 126 in I''ig. 2a, mle IL2 in Fig. 3, mle I88 in X'ig. 5, and
mle 202 in Fig. 6).

The spectra of several y-ketoacids of this series bave been determined, but
the spectra of the esters a,re more amenable to interpretation for structural
purposes. p-Benzoylpropionic acid behaves somewhat exceptionally, affording
a skeletal rearra,ngement ion at mle 122 (3 o/o of. the abundance of the benzoyl
cation base peak) corresponding in composition to ionised benzoic acid (high
resolution).

In summary, the y-diketones and y-ketoesters studied give relatively simple
spectra containing moderately abundant molecular ions. The fragmentation
patterns are greatly dependent on the nature and location of substituents,
while skeletal rearrangement processes are of negligible importance. Mass
spectrometry should therefore prove to be a valuable analytical tool for the
analysis of this important class of synthetic compounds.

EXPERIMENTAL

Mass spectra were determined in an A.E.I. MS I double focussing mass spectrometer
at 70 eV and a source pressure in the range (0.f -2.0) X I0-ô mm IIg. Samples were

Acn Chem; Scand. 20 (1966) No. 4
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introducod through a heated inlot systom at a tomperature of approximately 150'. High
¡esolution measurementa wete carried out with a rosolving po\yor of approximately
f 2 000 (f0 o/o valley definition).
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Studies in Mass Spectrometry. Part Xlll.* Mass Spectra of Disulphides;
Skeletal Rearrangements upon Electron lmpact

By J. H. Bowie, S.-O'. Lawesson, J. Ø. Madsen, C. Nolde, G. Schroll, and D. H. Williams

The mass spectra of a number of disulphides have been determined. ln general, the saturated aliphatic disulphides,
w¡th the exception of dimethyl disulphide, fragment w¡thout the formation of abundant. skeletal rearrangement
ions, However, disulphides examined which contain sites of unsaturation (e.g., diallyl disulphide and aromatic
disulphides) decompose to a large extent with skeletal rearrangement ; the loss of one or two sulphur atoms (with
or without additional hydrogen atoms) ¡s a common fragmêntat¡on process.

Muc¡r attention has been focused on skeletal teilrange-
ments which occur on electron impact.l Sulphur com-
pounds were obviouù of interest, since thio-esters
undergo an important skeletal re¿rrÍIngement upon
eleôtron impact.l We have reported some results for
sulphides, disulphides, sulphoxides, and sulphones,s

' Part XII, H. J. Jakobsen, S.-O, Lawesson, J. T. B. Marshall,
G. Schroll, a¡d D. H. Williams, preceding Paper.

r For a review of some skeletal rearrangement processes see
P. Natalis, Inil. chim. Belgé, 1984,29, 47I; see also P. Brown
and C. Djerassi, Angew. Chcm., in the press,

|W. H. McFadden, R. M. Seifert, and J. rffasserman, Anal'yt.
Chem, 1966,87, 660,

and now present our work on aliphatic and aromatic
disulphides.

The only discussion of the mass spectra of aliphatic
disulphides of which'we are a\ryare concerns appearance
potential results deduced from the spectra of dimethyl
disulphide (I), diethyl disulphide (II), and dipropyl
disulphide (VIIa).& However, the mass spectra of the

, I. Ø, Madsen, C, Nolcle, S.-O. Lawesson, G. Schroll, J. H.
Bowie, and D. H. Williams, Teþøhedron Lettevs, 196õ, 4377:

n (¿) B. G. Gowenlock, J. Kay, and J. R, Majer, Trøns.
Fanilay Soo., 1963, 6e, 2463: (ä) " Catalogue of Mass Spectral
Data," American Petroleum Institute Resea¡ch Project 44,
Carnegie Institute of Tecb.nology, Pittsburg, Pa.
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aliphatic disulphides (I)-(VIII) have been reported in
the A.P.L catalogue;aö some spectra reported there
are devoid of metastable ions and no high-resolution
data are available. We have therefore independently

cHs's.s.cH! c¡Hõ.s.s.crHó
(I) (II)

R.S.S.CH8 R.S.S.C¡H6

947

prepared and/or determined the spectra of (I), (II),
(VIIb), and (X) and additionally examined di-t-butyl
disulphide (IX). The observed and calculated positions
of some metastable ions in the spectra of (I), (II), (VIIb),

4s

cHrs.scH!
(t)

94 þrrl

o
20 80 toomlc

Frcunp I

nz(il+)
c¡H5 s. sc¿ H5

(u)

20
mle
F¡oun¿ 2

4t

cHr:cHrcH¡9. SCHs. CH: CH¡

(x)

(ø-srcx)
-HS

54

75

99

30 90
m/e

130 tso

(v),
(VIa),
(vrb),

(III)
(rv),

R: Prt
R: But

R: Prt
R: Bur
R: Bur

R.S.S.R.

(VIIa), R: Prr
(vIIb), R: P/

(vIIr)

CH.=C¡.ç"r.t.S.CHr.CH=CH,

(x)
(rx)

Some metast"or" n..u.läll,å rr, *" mass spectra or
aliphatic disulphides (I), (II), (VIIb), (IX), and (X)

Compound
(r)

T¡s¿s 2

High-resolution results for ions in the spectra of
(I), (II), (vIIb), and (x).

ds
U
c
o!ct4
o
o

o
oE

Obs.
46.4
43.0
39.6
26.6
72.4
õ8.2
46'3
26.2

77"7
40.3
35.2
37.2
83.0
37.r
87'6
86.0
37.2

Calc.
66'4
43.r
39'6
26'6
72.4
õ8.3
46.3
26.1

77.7
40.3
39.1
37.r
83.õ
37.1
87.õ
86.0
37.1

Transition
94 

--> 
79(-CH!'

47 + 4õ(-H!)
04-+ 61(-SHl
70 

-> 
4õ(_H¡S)

122 + 94(-CtH.)
107--+ 70(-C¡Hr)
94-> 66(-CrH.)
29+ 27(-Hr)

lõ0 

-Þ 
ro8(_CrHr)

108 

-> 
60(_c!Hô)

43_+ 4l(_HJ
4l --+ 3e(-HJ

178 

-> 
lt2(-c¡Hs)

4l 
-> 

3e(-HJ
146 

-> 
rr3(_sH,

lt4--+ 99(-CHr'
4l --+ 39(-H!)

ó6

29

G
o\

uc
o
!
c
t
4
o
ù.:
s
Uc

(II)

ãò
Uuco!c
Ð¡
Þ
U

o
Oc

94

(vrrb)

(rx)

(x)

76

t45

o

Com-
pound

(II)

(vrrb)

(x)

(x)
(cont.)

(Peak (mle 76 64 6l(R)
(Ð { value)

lComposition CS, S¡ C¡HõS

s4 78 66 61 ô0 69

ctH6s¡ csr H¡sr c¡Hõs c¡H¡s ctHss

108 93 78 06

crHssr crHõs! cs. (õõ%) HrS,
csHrs (4õ%)

rr4(R) rr3(R) r0õ ee(R)

coHros ceHes crHós¡ cõH?s

8r(R) 7s 67(R) õ4(R)

c.H, csH¡s crH, c.H,
F¡cunp 3

(IX), and (X) are given in Table l. High-resolution
results for (I), (II), (VIIb), and (X) aie given in Table 2.
The spectra of dimethyl disulphide (I), diethyl disulphide

45

-HS

64
ót

I In those cases where the fragment ion arise uia a skeletal
rearrangement the mle value is followed by " R " in
parentlieses.
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Tlsr-B 3

Mass spectra of disulphides (IX), (XIII), and
(xv)-(xrx +

J. Chem. Soc. (B), 1966

(II), and diallyl disulphide (X) are given in Figures
L, 2, and 3,6 respectively, whereas the spectnrm of
di-t-butyl disulphide (IX) i
(with other spectra to be
the Paper); the spectra of (I)
obtained in the present work, are qualitativeþ very
simila¡ to those previousþ reported,s but quantitative
differences are observed, presumably because different
instruments and temperatures were used for the de-

terminations.
Tables l-3 and Figures l-3 show that among

data are not available in these cases. The observed

olefin elimination and the¡efore some of the energy
gained upon electron impact may be used to reorganise
the skeleton of the molecular ion. Secondly, the un-
saturated disulphide (X) has
to rearrange, because not
unfavourable, but electron
gen of (X) (bY removal of,
for an allYl grouP), which
c€r¡r a ca¡bon-carbon bond
between the allyl grouPs.

The importance of olefin elimination from the di-
sulphides containing saturated alkyl groups larger than

o the spectrum
The successive
by approPriate

to HuS, (see in the sPectrum
(di-t-butyl dis to this generalis-
ation; Table one of the alkYl
groups is or larger; see

(III) and at mla 80 (re-
presented the comPounds
examined.

Two features of the spectrum (Figure l) of dimethyl
disulphide (I) are rema¡kable. One is the elimination
of HS from the molecular ion, and the other is the loss

of HrS (not necessarily as neutral hydrogen sulphide)
from the M - C}IBion (mle 79) in a one-step process to
give the base peak at mle 4õ (CHS+). Hence the mole-
cular ion must at least partially rearrarge (to eliminate

5 Transitions marked with an asterisk (*), both in the text
and in the Figures-are substantiated by appropriate metastable
peaks.

(Ix) nle
r (%\
,nle
r (%')

nle
r (%)

(XIII) nþ
r (%t
nrle
r (%)
,'¿le
r (%')

,n ler (%l
,nle
r (%)
nle
r (%l
nle
r (%)

(xv) ,nle
r (%)
mle
r (%\

(xvl) nle
r (%)
mle
r (%l
nle
r (%')

,nle
r (%l
nle
r (%t

(XVII) nlc
r (%)
nle
I (%)
mla
r (%l
rnle
r (%)

(XVIII) nl¿
r (%l
nlc
r (%t
mle
r (%l

(xlx) nle
r (%l
mle
r (%l
,nle
r (%\
,ttlc
I (%)

"tler (%\

a

44 46 õ0 õl ó2 õ3
õ2548õ6

63 64 6õ 66 67 89
7427õõ12

77 78 93 95 96 97
r06r3lll02t

tro III ll2 llõ l2l 123
6264'644

137 rs8 I39 140 I4t r42
t42t2271L26

160 200 2t4 230 232 246
464648

47
30 41
l0õ
66 ó7
36

70 7L
84

r08 109
632

t26 tzô
396

lõ3 lõ4
36

278(M)

37 38 39 40 41 42 44 46
6 I 68 14100 6 3 4

49 60 õl õ3 õõ õ6 67 õ8
49891õ28464

õ9 r22 178(M)

r0õ
I00

78
8

77
44

275 280
l9 12

74 76ô¡)
226

6

100

õ0 õI
16 28

106 198
r00 t3

39 4t 42 44 46 48 47 48
g 62 t2 100 20 6 6 7

64 õ6 õ6 67 õ8 õ9 00 6l
42898141894

64 69 70 7r 72 73 74 76
I9134347121612

39 40 4L 42 43 44 õ0 õl
1242322Iõ2247
62 õ3 õ4 õ6 õ6 67 64 67
t2714õ4171047
08 09 70 7I 7g 80 8l 82
64104I37L414

83 84 8õ 86
44 100 õ6 6

39 41 44 46 46 47 õ3 64
99õr076ó4

õ6 õ6 õ9 60 64 73 78 7Ð
r008õi0i0õõõ
84 86 87 lz0(M',)
4887õ

46 47
108
64 68
147
8õ 86
l0 16

28I
3

76
¡)

84 8õ 86 87 88 100 lll 114
166L499468

ll0 ll? ll8 ll9 L20 133 I34
3648176168

39 41 42 44
20304õ0
67 õ8 õ9 60
481412

7t 72 73 76
29 34 16 14

46
õ0

6l
t2
78
ll

ol)
I

69
l8
87

7

102 r03 r04 r0õ 106 107 lll 116
41291009Ir48

ll7 lr8 r32 134 l5o(M) l5l 162
47847479

+ All ions having a relative abundance greater +l¡.9rl- lt 91
the base peak (arbritrarily taken as l00o/o) are included in the
Table.
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HS) and moreover, the structure of the M - CHr ion
seems unlikely to be simply CHr-S-S+. Whatever

g49

(XV) were synthesised and their spectra determined.
Purified commercial methyl phenyl disulphide (XI) was
examined, but as purification was only partial, its
spectrum is not reported in detail: small peaks corre-
sponding to the molecular ions of diphenyl disulphide

*. 1t, t,fr5 'fH,
cH3-s-s cxr-i : 

- 
cH¡-s-sH

(I) (I") -cu,/ , (Ib)

,"'2" -'sH{t
+ -(H'+Hs') ñ + f-v +

H-c=s <-- t=ç:t-tH CH¡-s=CH2

e, nle 45 H ¿, nle 6t

[(XII), M+, mle 2f 8] and its fragment ions were observed
fsee Fþre 4 for the spectrum of (XII)], and, in addition,
peaks occur which are probably due to tfaces of dimethyl

r4t
OMe MeO

Ph-s -s -Ph
(xII) (xtIÐ

Phc-s-5-cPh
ft¡oo (xÐ

disulphide. This observation is hardly surprising since
(XI) disproportionates into a mixture of (I) and (XII)
on standing.o However, since (I) and (XII) were only
minor impurities present in methyl phenyl disulphide
(XI), and since the spectra of both (I) and (XII) have
been measu¡ed, we can state that (XI) gives an abunda¡rt

O*E'f"""O
(xrv)

-s

t2t
200

- CH:CH¡

-cH!cH1
(II)

[Hs - sH] t
b, mle 66

o, nle 94

[cH,-s-r"]t
c¡ mle 80

re¿rrrangement occurs in the molecular ion (either before,
o¡ associated with fragmentation), it must involve
formation of either a C-C or a C-S bond, and the latter

..SHr
U
Uc
ov
Et
-oo
U

E,
q,

É_

SMc

Oo""
(xil) s-s

77 il

roe (xr)

PhcH2-s-s-cH2Ph
(XTÐ

30

Frcun¡ 4

seems more probable. While mechanistic suggestions
are tentative, thè possibility of methyl migration to
sulphur in the molecular ion fto give (Ia)], followed by

9l
923I

ù
Uc
oî,c
J

¿)o
a,

s
alÉ

tós

róo

transfer of a hydrogen radical from carbon to sulphur
[(Ia)--+ (Ib)], can account for the formation of both
nr,le 6I (d) and mle 45 (e).

The spectrum (Figure 3) of diallyl disulphide (X) is
remarkable, since the majority of abunda¡rt fragment
ions above mle 6O are skeletal rearr:rngement fragments
(see Table 2 and Figure 3). In the light of the important
rearra¡gement processes in the spectrum of the diallyl
derivative (X), we examined some aromatic disulphide
to see if the unsaturated centres of the aromatic rings
might promote related reactions. As a result, (XII)-

240

molecular ion at tnle 166 (99o/") and fragments mainly
without reÍurangement to mle l4l Vlo/o, M - CHt, see

(XIl and mle lO9 ll00o/o, M - SCH', see (XI)1. Re-
arrangement ions are, however, observed at mle I24
(M - S, 60/ol, mle 123 (M - SH, 5o/o), and mle 9l
(C?H?+, l0%); a metastable peak at mle 66'8 supports
the transition tnle 124 -> 9I by elimination of HS.

The skeletal rearrangement behaviour of diphenyl
disulphide (XII) (Figure 4) and the dimethoxy-derivative

. E. E. Reid,
Vol. III, Chemical

t20
nlc

FIGURE õ

" Organic Chemistry of Bivalent Sulphur,"
Publishing Co., New York, l9õ0, ch. 7.
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(XIII, Table 3) are similar inasmuch as both spectra
containpronounced M -SandM - 25 fragment ions.
Diphenyl disulphide (XII) additionally gives ions at
mle 186 (CuHeS+) and mle I84 (qzHss:). All these
results have been substantiated by high-resolution
measurements. It should be noted that pyrolysis of aryl
disulphides (usually at above 400') has been used to
couple aromatic rings by elimination of S, groups,T
but the processes at present under discussion are de-
frnitely induced by electron impact, since they are
substantiated by appropriate metastable peaks (Figure
4\.

The spectrum (Figure 5) of dibenzyl disulphide (XIV)
is noteworthy for the presence of M - CH*S (mle
200, CßHrsS: by high resolution ) and M - C}Iz
(rnle 232) peaks, which accompany abundant M - S

arl'ð. M - 25 ions. Since M - CH, ions are very un-
common in mass spectra I the purity of (XIV) has been
rigorously established by vapour-phase chromatography.
Dibenzoyl disulphide (XV) does not afford a molecular
ion in its mass spectrum (Table 3), but decomposes by loss
of SO (not necessarilyin one step) tomle 226 (Cr4HrcSOI,
H.R.) t this skeletal-reanangement fragment then
decomposes further by elimination of CO to CrrHroSl
(mle 198), as established by high-resolution measure-
ments and an appropriate metastable peak at nt.le

173.õ (calc., mle 173'6). The base peak of this spectmm
is associated with the benzoyl cation (tnle lO6).

Other compounds examined include the linear di-
sulphides (XVI) and (XVII) and cyclic disulphides

[(XVIID-(XXI)]. The spectra (Table 3) of (XVI)
and (XVII) do not contain molecular ions, but that of the
former is noteworthy for skeletal reÍurangement ions at
tnle 133 (CsHõOr+) and mle r34 (CrHuOrl); mle 134
corresponds to complete loss of the sulphur bridge and,
in addition, two molecules of water (M - 25 - 2HrO).
The spectrum of (XVII) contains no abundant ions above
mle 86, which presumably corresponds to the piperidine
ion-radical/.

J. Chem. Soc. (B), 1966

al mle ll9 (M - CO,H, H.R.), since in this case the
carboxylic acid group can be lost with associated form-
ation of a sulphonium ion g (mle ll9\. The base peak
(mle 87, CnHrS*) in the spectrum (Figure 6) of (XX)
can formally anse aia elimination of a sulphur atom from
B, or by loss of the carboxylic acid residue from the
M - S ion (perhaps h, mle 132). The cyclic structure z

87
-Hz

co2H

8s

óo
(xx)

-HS

@-cq") il9 rsz(ø-s)

t20
-le
FTGURE 0

(xxr)

8s

73

t20

li"*,,
for mla 87 is consistent with its decorhposition by loss
of H. (metastable peak at mle 83.0, calc. mle 83'O) to
mle 85 (CaH'S+, H.R.), which probably corresponds to
the protonated thiophen y. The loss of the carboxylic
acid proton in the formation of mle lI9 k) is established
by the spectrum of the lh'yilroxy-zHtfcarboxylic acid
[(XXa)], obtained by introduction of (XX) into the
inlet system of the spectrometer with deuterium
oxide; e in this spectrum, mle ll9 is not shifted. The
base peak (rtleLOS\ in the spectrum (Table 3) of the frve-
membered ring analogue (XIX) corresponds to an
M - CO'II ion (CrHuSr+, H.R.).

In summary, the mass spectra of disulphides are
obviously useful for analysis but extreme caution must be

I W. Z. Heldt, ,[. Org. Chen., 196õ, 8{t, 3807.
8 S. Meyerson, J. Aner. Chem. Soa., f963, 8õ, 3340.
e J. S. Shannon, Auslrol. J. Chem., 1982, 16, 26õ.
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çf
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(xvr)
ÇotH

ô
\,,S

(xxD

(xvIII)

(XX: R. H)
(XXa: R' D) ¡, nle 8s

The base peak in the spectrum (Table 3) of (XVIII)
occurs at tnle õõ (C4H?+, M - HSs), but in the case of a
cyclic disulphide, its formation does not of course neces-
sitate skeletal reanangement. The isomeric carboxylic
acids (XX) and (XXI) can readily be differentiated from
their mass spectra (Figures 6 and 7, respectively).
Both compounds give M - S (mle 132) a¡d M - SH
(ntle l3l) ions, but only (XX) gives an abundant ion
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exercised in the light of the extensive rearrangements.
In the unsaturated compounds examined some re-

9õl

Samples were introd,uced through a heated inlet system
in tù.e range 100-200". The source pressure was main-
tained in the range 1.0 X 1016 to 1.0 x lf? mm.[Ig.

(I) aod (XI) were puriû.ed commercial samples. A,ll other
disulphides were synthesised by previously published
procedures: (II),r0 (VIIb),u (IX),1r (X),r8 (XII),I¿ (XUI¡,tc
(Xtv¡,to (xv¡,tz (Xvr¡,u (xvrr),ro (xvIII),¡o (Xrx¡,rr
(XX¡,za and (XXI).!8 All samples were puriûed by careful
distillation and purþ checked by nuclear magnetic
resonance, infra¡ed, and ma-ss spectral anaþsis.

'We thank Dr. G. Claeson for samples of (XVI) and the
cyclic disulphides (XVII)-(XXI), and Dr. A. F. Thomas of
Firmenich et Cie, Geneva, for establishing tJre purity of
dibenzyl disulphide (XIV). One of us (J. H. B.) is grateful
for tåe award of an I.C.L Fellowship.
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organisation of the skeleton upon electron impact seems
to be the rule.

EXPERIMENTAI,

Mass spectra urere determined on an A.E.L MS I
double-focusing mass spectrometer operating at 70 ev,

r0 'W. H. Hunter and B. E. Sorensen, t. Amer. Chem, Soc,,
1s32, õ4, 3304.

1r D. T. McAllen, T. V, Cullum, R. A. Dean, and F. A, Fidler,
J. Amer. Chen. Soc., I9õf , ?8, 3027.r¡ H. J. Backer and P. L. Stedehouder, Rec. Ttøa. chí,m,,1933,
62, 437.

(13) L. D. Small, J. H. Bailey, and C. L Cavallito, J. Amn.
Chem. Soc., 1947, 09, f7ll. 840.
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Oun interest in the behaviour of aromatic thioethers
upon electron impact was a¡oused by the observation 1-8

that thioanisole (I) contains in its mass spectrurn a
prominent peak (25o/o relative abundance; see Figure l)
at mle 9l (C?Hz+, M - SH). A similar rearrangement
ion is present in the spectrum of 2-methylthionaphthal-
ene.8 We have therefore determined the mass spectra
of a number of phenyl thioethers with a view to evaluat-
ing the effect of structural va¡iations on the relative

r Pa¡t XIII, J. H. Bowie, S.-O. Lawessorr, J. Ø. Madsen, C.
Nolde, G. Schroll, and D. H, Williams, preceding Paper,

t A transition indicated by an asterisk (either in the Figures
or the text) is supported by the presence of an appropriate
metastable peak.

Studies in Mass Spectrometry. Part XlV.* Mass Spectra of Aromatic
Thioethers. The Effect of Structural Variations on the Relative Abun-
dance of Skeletal Rearrangement lons

ByJ. H. Bowie, S.-O. Lawesson, J. Ø. Madson, G. Schroll, and D. H. Williams

The mass spectra of a number of compounds of eral formula C6H6'5R and XC6H¿'S'CH" are_disÇussed.

ln the first group of compounds (C6H6.SF), ske ions are more abundant wh€n R = 9H9 9r
when R coniains double bonds (R = allyi, CGHõ) th , saturated alkyl group (B = C¡H5, n-C5Ht1).
ln the second group (XCaHr.S.CHa), lr4 - SH ions rê ofthe spectra, butthe abundance of such
ions is in somã cases greãtty ¿epeáAent upon the relat¡ve otientation of X and SCHr groups. For example, when
X = CHs or OCH8, the abunhance of the M - SH skeletal rearrangêment ions is by far the greatest in the /reÍa-
tsomers,

abundance of skeletal reÍIxrangement ions. This study
also serves to record for phenyl thioethers data similar
to those already available for various anisoles.4õ

The mechanism of the formation of the mle 9I ion
(CrHr*) in the spectrum (Figure f)f of thioanisole (I)

r Catalos of Mass Spectral Data, American Petroleum fnsü-
tute Reseaich Projecf 44, Carnegie Institute of Technology,
Pittsburgh, spectrum no. 969.¡ B. ö.'Gôwenlock, J. Kay, and J' R. Majer, Trcns. Farcìloy

'¡1,;3,;!,ä'fìä,;,o nt*, nIh I "
Occolowitz, AusÞal. J. Chem., 196t,

10, 219.-ó 
Z. Pelat,, J. M. \lViIson, M. Ohashi, H' Budzikiewicz, and

C. Djerassi, Teþøh¿iltott, 1903, 19, 2233'

95r
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has been investigated by a comparison with the spectrum
(Figure 2) of trideuteromethyl-thioanisole (Ia). In this
spectrum (Fþre 2), C?II6D'+ (M - SD, mle gB) and
C?H4D' (M - SH, mle 9a) ions are observed in the
approximate ratio of 2: l. Metastable peaks at mle
68.2 and 69'7 corresponding to the transitions IZ7 +
93 and 127 + 94 are observed in approximately the

l) and have the same peak
SH and SD perh4ps there-

, rearranged molecular ion.o

J. Chem. Soc. (B), lg66
of .phenyl n-pentyl sulphide (IV), a small peak is again
gyi_{ent at mle 9l (CzH?+), but no M - SH species(mle
147) appears in the spectrum. This pattern of behaviour

R

(I : R=
(Ia: ( =
(IrI: R =
(IV: R =
(v: ¡=
(vI : ¡:
(vII: R =

CH¡ )

CD¡)

Cu Hs)

n-C¡H¡ ¡)
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Ce Hs,CHz)
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s.cH3
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o
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J
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.F
I
I

É.

(*)

is similar to that of dialkyl disulphides,? i.e., t}re extent
of skeletal rearrÍrngement is greatest when the saturated
alkyl group attached to sulphur is methyl. Ethyl and(r)

CI
t09

5l ó5

30
nle

Frcun¿ I

-.SD

nle
Frcunn 2

methyl group and the aromatic nucleus.

gr
at
is

- . J. I!.-F"y-"on, B. E. Job, and A. E. tVilliams, Z. Natur-
forsch., f90õ, 20¿, 883.

larger groups are readily eliminated, with associated
hydrogen rearangement to the charged fragment, to
afrordmle ll0 (C'H6S+, see Figures B and 4); in this
manner much of the energy of the molecular ion can
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be dissipated, and hence it is not available to promote
complex rearrangements.

However, if the group attached to sulphur (in addition

^ -t J, H.-B!*!ç, 9.-O. Lawessot, J,Ø. Madsen, C. Nolde, G.
Schroll, and D. H, Williams, precediñg paper,
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to phenyl) contains unsaturated linkages [allyl (V) or
phenyl (VII) 8'8], then, in the compounds studied, re-
arrangement ions once mo¡e become prominent in the
spectra. Some of these rearrangement ions are listed
in the Table. Apparently the ¡emoval of ¡-electroris
from double bonds upon electron impact may generate
electron-deficient centres, which can then be utilised
to promote C{ or C-S bond formation in ¡eactions of
the type [ABC]+ -> [AC]+. Rearrangement ions a¡e
not prominent in the spectrum of benzyl phenyl sul-
phide (VI), presumably because tropylium ion formation
(tnle 9L, CrHr*) occurs so readily.

Some rear¡angement ions in the spectra of (V)-(VII).

953

rearrangement ions follows the reverse order (tnelø >
þøra) orlho) ol the relative abundances olthe M - CHt
ions; analogous reÍurÍmgements do not occur in the

-.scH

CI'"

Com-
pound R

(v) cHr.cH:cHi

(vI) côH6cH'
(vrr) c.Ho

Com- Relative
position abundance (o/o)

JW_HS
CrHr+
CrHr*
lllf-H3S
CtrHro
CrtH.
CrtH.
CrrHro
CttHt
CttH,

Having evaluated the effect of structural variation
in R on the relative abundance of skeletal rearrange-
ment ions in compounds of the general formula C6H6.SR,
we then examined the efiect of substituents (ortha, metø,
axrdþørøl in the aromatic ring. The results for 2- (VIII),
3- (IX), and 4-methylthioanisole (X) are ¡ecorded in
Figures F7, respectively. The relative abunda¡ces
of the M - CH, ions for the three isomers a¡e in the order
orlho ) þøra ) metø and are very similar to those of
t}re M - CH, ions in the spectra of the corresponding
methyl anisoles.a'õ Other similarities to the spectra
of the methyl anisoles are very striking, ¿.9., the abun-
dance of the M - I ion is greatest for the þarø-isomerc
of both series, whereas the abundance of the mle 92 ion
(M - CH,S or M - CH,O) is greatest lor the metø-
isomers of both series. However.. the spectra of the two
series are difierent in two important ways. First,
the spectra of the methyl-thioanisoles (VIII)-(X)
contain fairly abundant (6-100/o) M - 17 ions (mle l2ll
which are not evident in the spectra of the methyl-
anisoles. A high-resolution measurement confrrms their
only reasonable composition (M - CHu). The CrHuS+
(mle L2l) fragment must have enhanced stability be-
cause it has been observed by us in a large number of
sulphur compounds containing the CHr.CrHn.S- and
C.H''CH,.S- units. Secondly M - SH (øa/e 106) ions
are present in the spectra of the methyl-thioanisoles
(VUI)-(X), and the relative abundance of these skeletal

¡ Ref, l, spectrum no. 637.
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methylanisoles.4õ Evidently, the skeletal rearrangement
becomes more prominent when simple reactions (ø.g.,
the formation of M - CH, fragments) are not especially
favou¡able. Ilence, the mle 106 (lW - SH) ion is very
small when loss of the S-methyl group can be facilitated
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. The spectra of those compounds which are not reported
in full det¿il in this Paper have been placed on record with
Professor E. Stenhagen, Institutionen för Medicinsk Biokemi,
Gäteborgs Universitet, Medicinaregatan 9, Göteborg SV,
Sweden.
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(VIII) o(M-cH) b(4-cHo)
The effect of substituent orientation on the abundance

of the reanangement (M - SH) ions may again be seen

J. Chem. Soc. (B), lg66
their ability to form quinoid oxonium ions such as

isomer (XI) loses the O-methyl to the extent of about
the extent of about 2Ùlo,
figures for the þarø-isomer
for the tnelø-isomer 26 and

75o/o, ö.e., where a quinoid oxonium ion can be formed
the loss of O-methyl predominates, but the S-methyl
group is mainly eliminated in the absence of this con-

64.9 in the
establishes
by elimin-
trideutero-

{efva-tiye IXIV), the tnle g5 ion of (XI) is partially
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mle d7.7 establishes the transition rnle L4Z + mle gg,
also by elimination of CS. Therefore, loss of the 0-
methyl group may precede the expulsion of CS. This
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is not the case when the functional groups are not adjacent,
since the mle 95 ions (C.H'O+, high resolution) from the
meta- and þara-isomers (XII) and (XIII) are not shifted
in the spectra of the labelled derivatives. Hence, in
t}ire ortho-isomer only, the S-methyl group must largely

SR SR

OMe

OMe
Me

955

S-methyl group (an " orlho-efrect").LL Surprisingly,
however, t}te M - CH, (nt'le 163), M - OH (tnle 16I),
and M - HrO (mle I.5O) ions from (XVII) aPPear as

M-CH| (-60%), M-CH.hD (-60%\, M-OII
(-70%), ar.d M - HrO (-70%) species in the spectrum
of the deuterated acid(/). These observations suggest
that the deuterium of / is not retained soleþ in the

lvlc S
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(xI: R = CH¡)

(xlv: R= CDr)
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migrate in the formation of the rnle 96 ion' It is
plausible that, in the quinoid M - CIJsion d' (tnle 139),

the methyl group migrates to oxygen to furnish e (mle

I39), which may then eliminate CS to give mle 96. The
transition between d' and e is probably reversible.
This follows since mlelll (M - CH''CO) from (XI) (see

Figure 8) is shifted to mle ll4 (2 parts) and unshifted
(1 part) in the spectrum of the trideuteromethyl deriv-
ative (XIV), and a metastablepeakatnt/ø 88'õ establishes
the transition mle 139 + mle llf by loss of CO, i.e.,
a minor portion of. mle lll arises by loss of the S-methyl
group which precedes the elimination of carbon monoxide.
Finally, it is noteworthy that the labelled tnetø-isomer
(XV) eliminates SH and SD in the ratio 60:40, i'e.,
in the formation of M - SH ions a smaller proportion of
the eliminated hydrogen originates from the S-methyl
group in the ra-methoxy-derivative (XI) than in the
parent compound (I).

The efiect of the orientation of an electron-withdraw-
ing substituent upon the relative abundance of M - SH
ioñs is less clear, no large variations in the abundance
of ttre ml e I3õ ions (M - SH) in the spectra (Figures I l-
f3) of the isomeric carboxylic acids (XVII)-(XIX)
being evident. The ortho-isomer (XVII) undergoes
degradation by loss of water to mle lõ0 (CBH6SO+,

high resolution) and thence by loss of CO to mle 122
(C?H'S+, high resolution and metastable peak at mle
9Ð.21, a sequence which does not occur in the spectra
of the other isomers. Evidently, the second hydrogen
atom which is required for the elimination of water from
the carboxylic acid group is available ftom the ortha-

rr F. W. Mclafferty and R. S. Gohlke, Analyt. Chen., 196Ð,
81, 2076.

carboxyl group after ionisation; it appears to be partially
scattered in the S-methyl group (see/--+ g) as evidenced
by the appeÍìrance of the M - CHp peak' Even a
mixture of / and g would not decompose so specifrcally
(-70%\ by loss of HrO (rather than HDO) in an
" ortho-effect " and therefore scattering of the deuterium
into the vaca¡rt orlho position of the aromatic ring
(see /-+ å) is probably also operative, as has been
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shoïvn 6 to occu¡ in the case of O-deuterated benzoic
acid.

J. Chem. Soc. (B), lg66

an isotopic purity of at least g8o/o. The purity of all
compounds was checked by infrared, n.m.r., and mass
spectra. If any ambiguity as to purity remained after
application of these physical methods, tåe purity was checked
by vapour-phase chromatography.

One of us (J. H. B.) is grateful for tåe award of an LC.I.
Fellowship. Thanks are expressed for a grant (to Aarhus
University) from " Thomas B. Thriges fond.,,

(J._ff. A. and D. H. W.) Unrvrnsr¡y Cnru¡ce¡. L.laonrrony,
Clunn¡ocp.

(S.-O. L., J.9.M., G. S,) DrnenrMENr oF Curursrny,
Aennus Ur.rrvensrry, Alnxus C,DrNn¡rnx. [6/g4I Receiueil,, March l6th, lg66]
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IXPERIMENTAL

All mass spectra were determined on an A.E.I. MSg
mass spectrometer, operating at 70 ev. Samples were
introduced through a heated inlet system at l0G-200o,
and at a source pressure of 2-8 X l0-? mm. The spectrum
of methylthiobenzoic [¡H]acid (see /) was obtained by
introduction of the unlabelled acid into the source with
deuterium oxide.r¡

The following published piocedures were employed for
the preparation of the thioethers: (I),râ (II),r. (Itt¡,tr

l! J, S. Shannon, Austtal. J. Cham., t962, t;ó, 266.

--t. M.^J. FpluV-r-C. S. Marvel, and E. Ginsberg, J. Amer.
Chem. Soa., 1939, 01, 316r.r. F, Kehrma.nn a¡d G. A. Stxa, Ber., f gl2, 4õ, 2Bgõ,

M. Langbeck, Chem. Ber., l0õ3, BO, õõ2.
Pines, and B. S. Friedman, J. Amer,c 31.

r? D. S, Tarbell and M, A, McCall, J. Amer. Chem. Soc., lg62,
74,48.

r8 R. Pummerer, Ber., lgl0, tt$, f40f.
re 4. _Sc-hönberg, A. Stephenson, H. Kaltschmitt, E. Petersen,

and H. Schulten, Bet., t983, A6, Zg7.
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STUDIES IN MASS SPECTROMETRY-XVI

MASS SPECTRA OF SULPHOXIDES AND SULPHONES.

THE FORMATION OF C-C AND C-O BONDS

UPON ELECTRON IMPACT

J. H. Bowr and D. H. Vy'llr-nvs
University Chemical Laborator¡ Lensfield Road, Cambridge, U'K'

S.-O. LlwBSSoN, J. Ø' MlosnN, C. Nor,oe and G. Scsnoll
DePartment of Organic Chemistry, Aarhus University, Denmatk

(Receíued 8 April 1966)

Abstrâct-Although dialkyl sulphoxides and sulphones behave relatively simply_upon electron impact,

aromatic sulphoxiães and sulpÁones show a pronounced tendency to undergo.C-O bond formation,

as evidence by a number of åecomposition pathways which involve the elimination of carbon mon-

oiide. For É*ample, dibenzothiophene dloxide (XV) decomposes from its molecular ion'by
successive eliminations of carbon monoxide.

Dur¡ns of the behaviour of sulphoxides upon electron impact have not been reported,

except for our preliminary communicationz which noted the loss of SO from dibenzyl

sulpñoxide (Ð. With respect to sulphones, the spectra of methyl vinyl sulphone and

-"ittyt ethyl sulphone have been reported by Quayle,s and those of isopropyl and

cyclopropyl pheãyl sulphones discussed by Meyerson and McCollum.a The only

¿etaite¿ siudy deals with diphenyl sulphone and a number of derivatives alkylated in

the phenyl iings.u Molecular weight determinations by mass spectrometry have

receitly úeen recorded for two bridged naphthalene sulphones,6 while interesting

rearrangements occur in some sulphonylhydrazonesT upon electron impact. The

present paper gives details of the spectra of a variety of sulphoxides and sulphones,

including á number of reactions of the type ABC -- AC + B and examples of C-O
bond formation occurring to an important extent upon electron impact.

The mass spectra of the aliphatic sulphoxides I-IV which have been determined are

relatively simple. In the spectrum (Fig. 1) of dimethyl sulphoxide (I), the base peak

@le $j arises from the loss of a methyl group, but the formation of mle 61 by the

elimination of OH from the molecular ion in a one-step process is somewhat

unexpected.s The decomposition of the M-CH, ion by loss of water in a one-step

1 part XIV, J. H. Bowie, S.-O. Lawesson, J. Ø. Madsen, G. Schroll and D. H. Williams,.I. Chem. Soc.

in press.
, J. ä. Madsen, C. Nolde, S.-O, Lawesson, G. Schroll, J. H. Bowie and D. H' Williams, Tetrahedron

Letters,4377 (1965)'
s A. euayle, Chimía. (Aarau), Colliquium Spectroscopium Interna.tionale Y,II], p. 259 (!91?. 

-
n S. Meyórson and J. D. McCollum, Division of Physical Chemistry l36th Meeting, ACS, Atlantic

City, N.J., SePtember, 1959.
-u S. Ñ{eyerson, 

-H. 
Dtew. and E' K. Fields, Analyt' Chem. 36' 1294 (1964)'

c R. W. Hoffmann and W' Sieber, Angew Chem. (Int. Ed.) 4,786 (1965)'
? A. Bhati, R. A. W. Johnstone and B. J. Millard, f ' Chem.,Soc. 358 (1966)'
s Transitions indicated by an asterisk (*) either in the figures or in the text are supported by the

presence of an appropriate metastable O"uU. 
,r*
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In general, the spectra of the sulphoxides II-IV containing larger alkyl groups
contain prominent peaks due to loss of R with an associated hydrogen rearrangement
to the charged fragment. Formally, this process corresponds to the elimination of a
neutral oleûn, e.g., to the elimination of propylene from dipropyl sulphoxide (II) to
give mle 92 (see Fig. 2). No metastable peaks are present in the spectra to confirm that
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the olefin elimination is induced by electron impact, and indeed the reaction is almost
certainly in part thermally induced since dialkyl sulphoxides can undergo olefrn

elimination at 250" in the injection port of a GLC instrument,e or upon refluxing in
dimethyl sulphoxide solution.l0 However, we believe the olefin elimination to be

largely an electron impact phenomenon, since the spectrum (Fig. 2) of II is very
similar whether obtained by introduction of the sample through a heated inlet system

(at approximately 150") or obtained by the direct inlet procedure at a source tempera-

ture of approximately 60'. Another feature common to the spectra of II-IV is the

occurrence of prominent peaks atmle 63 (CH'SO+, high resolution, see Fig. 2). Ions

9l

c¿Hs

ll-o
*,1* cH2c6tì5

ra{u-so)
Ð

zso(r'¡*)
NO PEAK

140 180

m/e

F¡c. 3

of this composition may arise via allylic cleavage in the M-oleûn species c to give d
(mle 63), but no metastable peaks are evident to substantiate this possibility. In all
three spectra the most intense peaks are associated with fragments derived from one

of the alkyl chains le.g., mle 43 (CBHÐ, mle 4l (CrHu+) and mle 39 (CrHr+) in
Fis.2l.

Although the spectra of the purely aliphatic sulphoxides are devoid of abundant
skeletal rearrangement fragments, this is not the case in the presence of the phenyl
groups of dibenzyl sulphoxide (Ð; the spectrum (Fig. 3) contains abundant ions at
mle 182 (CrnHrn+, M-SO, h.r.) and mle 180 (CrnHrr+, h.r.). In agreenent with our
earlier conclusions for disulphidesll and aromatic thioethers,l the [ABC]+ + [AC]+
reaction seems to be facilitated by sites of unsaturation in the vicinity of the bond
cleavage.
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'g S. I. Goldberg and M. S. Sahli, Tetrahedron Letters 4441 (1965).
r0 I. D. Entwistle and R. A, W. Johnstone, Chem. Comm.,29 (1965); see also C. Walling and L.

Bollyky, J. org. Chem. 29,2699 (1964) and W. Z. Herdt, Ibid. 30,3897 (1965).
11 J. H. Bowie, S.-O. Lawesson, J. Ø. Madsen, C. Nolde, G. Schroll and D. H. Williams, J. Chenr. Soc.

in press.
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The spectra (Figs. 4-6) of merhyl phenyl sulphoxide (vI), diphenyl sulphoxide (yII)
and di-p-tolyl sulphoxide (VIII) are remarkable for the abundance and diversity of the

rearrarìgement ions which they contain. Only when both $roups attached to the

sulphoxide moiety are aromatic does the loss of SO give a very abundant ion(64/" of
the base peak in Fig. 5 and base peak in Fig. 6). Most noteworthy are the decomposi-

tion pathways which involve elimination of carbon monoxide (see Figs. 4-6); fhe

transitions supported by appropriate metastable ions are indicated in the figures and

pertinent high resolution data for VI and VII are given in Table l.

Tesr-B 1, Iüon r¿so¡-tmoN DÄTA FoR

THE sPEcrRÄ or VI ¡No VII

Compd Peak Composition

c6H6s
c6Hoo
C,H,

186
174
173
154
l4l
125
109

97

VI

VII

97
94
9L

Ct.HroS
clrlrros
c1lHes
crrlrro
CttHn
cdHsso
coH6s
c6H6s

In all three compounds (VI-Vm) which contain the structural unit CuHn-J:O,
reactions involving the formation of C-O bonds are induced by electron impact.

For example, in the spectrum (Fig. a) of methyl phenyl sulphoxide (vI), both the

molecular ion and the M-CHB ion eliminate CO, and in addition the molecular ion

loses CH,S in a one-step process. The C-O bond formation may occut via a 1,2'

migration of the phenyl group from sulphur to oxygen (VI -- e); the loss of carbon

monoxide from the rearranged molecular ion is then no more unusual than the

elimination of the same neutral fragment from diphenyl ether.1z The formation of
mle g4 (c6H6o+, perhaps ionized phenol' f ) then follows simply. A plausible mecha-

nism for the formation of mle 97 by the loss of CO from the M-CHr ion is indicated

by the sequence g --- h --* i (C5H6S+). Routes may also be visualized in which theC-2
cárbon atbm of the aromatic ring is eliminated as CO. The formulation of mle 97

(C6H6S+) as the thiopyrylium cation i is reasonable in the light of the large delocaliza-

tion ãnergy of this ion as calculated using a simple molecular orbital method.rs A
1,2-migration analogous to VI --+ e has previously been postulated to occur in some

diaryl sulphones upon electron impact.ó
Similarly, a number of transitions which are evident from the spectra (Figs. 5 and 6)

of the diaryl sulphoxides VII and VIII support a |,2-phenyl migration from sulphur

to oxygen (see j). Simple S-O bond cleavage in j would then furnish mle L09 and

rs J. H. Beynon, G. R. Lester and A. E. Williams, f . Chem. Phys' 63,1861 (1959).
1s J. Koutecky, Coll. Czech' Chem, Comm' 24' 1609 (1959).



3520 J. H. B,owre et al.
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mle 93 when R : H and mle 123 and, mle 107 when R : cHa (see Figs. 5 and 6).
The further decompositions or mle 109 (Fig. 5) and mle t231nig. o), by elimination áf
cs, and of mle 93 (Fig. 5) and mle r07 (Fig. 6) by eliminatión or ðo are in good
accord with this hypothesis.
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+ -cs
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mle 65,R=H

m/e 79,R.CH3

+

m/e lO9,R=H
m/e l?3,R=CH3

+ -C0 _ m/e 65,R=H
x m/e 79,R=CH<
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Of the spectra of aliphatic sulphones (IX-XII) which have been determined, only
that (Fig. 7) of dimethyl sulphone (IX) is nor dominated by purely hydrocarbon
fragment ions ; in this case the base peak (mle 79) corresponds io the tãss or a methyl
radical. High resolution measurements establish the cômposition of ions of lowér
abundance: mle 45 (cHs), mle 48 (sfl or cHns and 951-of so), mle 63 (cH'so),
mle 64 (so) and mle 65 (Hfot. In the specrra of diethyl suþlone (x),'dipiopyi
sulphone (XI) and di-isoburyl sulphone (XII, Fig. 8), rhe bâse pêaks occur at *tiás
(crHÐ, mle 43 (crHr+) and mle 57 (c4HÐ, respectively. Iiis interesting to note
that whereas diethyl sulphone (X) gives a peak (lo'/,) dué to loss of crHn [but does
not appreciably (<1Y') eliminaie crHrl, dipropyl surphone (XI) loses uãtrr cruu ana
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tó3 rue(na+)

XI, R: n-CrHt

XII, R: iso-C¿Hs
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Fra,

CrHu (peaks of relative abundance ll% and 8f, respectiveþ) and di-isobutyl
sulphone (XII) almost exclusively eliminates CnH, (see Fig. 8), i.e., the tendency to
eliminate the alkyl group with associated double hydrogen rearrangement to the charged
fragment increases with increasing size of the alkyl group.

R-S-R

o
ll

il

o

As in the case of sulphoxides, the complexities of skeletal rearrangement are evident
in the spectra of sulphones (XIII-XV) containing a phenyl moiety directly attached to
the functional group. The most unusual features of the spectra (Figs. 9 and 10) of
methyl phenyl sulphone (XIII) and etþl phenyl sulphone (XIV) are the decompositions
of the molecular ions by losses of CH2SO and C2HaSO, respectively, in one-step
processes (high resolution data for XIII-XV are summarized in Table 2). The processes
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are interpreted in terms of a l,2-phenyl migration (XIII and XIV --+ k), as in the case

of sulphoxides and of the diaryl sulphones of Meyerson, Drews and Fields.6 In the
spectrum (Fig. 9a) of trideuteromethyl phenyl sulphone (XIIIa), the mfe 94 ion
(C6H6O+) of Fig. 9 is almost quantitatively shifted to mle 95 (C6H5DO+), whereas
mle 93 (C6H6O+) is not shifted. The rearrangement which leads to C-O bond
formation does not appear to be a particularly high energy process, since the total
ion current carried by the mle 94 ions from XIII and XIV is increased slightly at
lower energies (e.g., 15 eV spectra vs. 70 eV spectra).

-e

o

-xITÍ 
, R=CH¡

XII o, R= CD¡
W, R=QHt

K, (fromlnT ond -XTV)

+
o
il

H Reorr

188
187
168
160
152

löl'
mlc 94

T¿.il-n2. IIIcr¡ nrso¡,¡¡rroN DAT.a FoR

rHE sPEcrRA or XIII-XV

Compd Peak Composition

xIII

xry

c6Hso

c6H6so¿
csH6so
coH6o
C,H,

L

94

t4l
t2s
94
91

cllHsso
crrH?so
cl2H8o
cloH8s
CtrHt

The behaviour of simple diaryl sulphones has been so thoroughly documented by
Meyerson et a1.,6 that it does not merit additional discussion here. However, it is
noteworthy that dibenzothiophene dioxide (XV) not only decomposes by elimination
of SO, but also by successive losses of carbon monoxide from the molecular ion (see

Fig. l l) as established by high resolution measurements (Table 2). A C-O bond in

xv
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2rô(M+)

-co
-co

xv

(u-so)

l87

79 ro4

m/e

Frc. 11

the molecular ion of XV may be formed by a l,2-shift (xv --* l) and the process can
obviously be repeated (either prior to or after the elimination of the first molecule of
carbon monoxide) for the formation of the second necessary C-O bond.13a

YVT TVTT XVTIT

99

The spectra of the dithienyl sulphones XVI-XVIII ,orr.rT,nu t the |,2-migration
of a thienyl group from sulphur to oxygen upon electron impact occurs in a similar
manner to the corresponding phenyl migration. All three spectra (see, for example,
Fig. 12) contain abundant ions at mle I3l and mle 99 which can rise by S-O bond
cleavage in the rearranged molecular ion m.

The results presented in this paper illustrate that although aliphatic sulphoxides
and sulphones behave relatively simply upon electron impact, the corresponding
aromatic compounds undergo well-defrned skeletal reorganization. The nature of the
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'n Note added in proof--Thts rearrangement has concurrently been observed by
S. Meyerson lf .Amer. Chem. Soc,88,2836 (1966)1. The authors wish to thank
sending a copy ofthe manuscript to them prior to publication,

E. K. Fields and
Dr. Moyerson for
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reorganization is not only of mechanistic interest, but also a knowledge of the re-

arrangements is important to permit a secure interpretation of the spectra for analytical
purposes.

EXPERIMENTAL
All mass spectra were determined on an AEI MS9 double focussing mass spectrometer operating

at 70 eV and a sourco pressrue of (1.0-5.0) x 10-? mm Hg, Unless otherwise stated, samples were
introduced into the source through a heated inlet system at a temperaturo of approximately 150'.

Dimethyl sulphoxide (t), dip-tolyl sulphoxide (VIII) and dibenzothiophene dioxide (XV) were
purified commercial samples, Previously published procedures were used for the preparation of
di-n-propyl sulphoxide QI),la di-n-butyl sulphoxide (III),1a di-isobutyl suþhoúde (IÐ,'u dibenzyl
sulphoxide (V),10 diphenyl sulphoxide (VII),U dimethyl suþhone (X),la diethyl sulphone (X),14

di-n-propyl sulphone (XI),la and the dithienyl sulphones QCû-XVI[).l8
Di-isobutyl sulphone Q(I) was prepared by the oxidation of di-isobutyl sulphoxide (IV) with

HzO, in AcOH, HsO¿ in AcOH was also employed for the oxidation of thioanisole and da-thioanisole
to methyl phenyl sulphoxide (VI), methyl phenyl sulphone (XIII) and trideuteromethyl phenyl
sulphone(Xllla). The same reagent furnished ethyl phenyl sulphone(XlV) from ethyl phenyl
sulphide.

Acknowledgem¿zls-One of us (J. H. B.) is grateful for the award of an I.C.I. Fellowship, Thanks are
expressed for a grant (to Aarhus University) from "Thomas B. Thriges fond" and to Dr. E. Jones for
compounds XVI-XVIII.

14 C. W. N. Cumper, J. F. Read and A. J. Vogel, "r. Chem. Soc.5323 (1965).
16 D. Ll. Hammick and R. B. Williams, f. Chem. Soc.2l1 (1938).
10 A. J. Vogel and D. M. Cowan, f . Chem. Soc. 16 (1943).
17 A. Schönberg, Ber. Dtsch. Chem. Ges.56,2275 (1923).
18 E, Jones and J. M. Moodie, Tetrahedron 21,2413 (1965).
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Part XVI.I Mass Spectra of Thiophenols

SYEN-OLOV LÀWESSON, l. ø. M^DSEN anil GUSTAY SCHROLL
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Aø¡hus C., Denmarlc

J. H. BOVIE and D. H. VILLIAMS
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of substituents.

I lthough the mass spectra of phenols and naphthols have been wideþ
flstudiõd and interpreted,z-6 no studies of thiophenols and thiona_ph-ühols

have appeared, excepl for the reported, lPectrym of^thiophenol itself.8,? We
have tlie-refore undertaken a stud.y of the behaviour of a variety of thiophenols

SR

0
LR=H

Ia, R= D

II ,d-SH
III , ß -5H

H

X[ (orttro)

Illt(poro )

IV, (ortAo)

Y, (melo )

Vl , (poro )

XM, R=H

XlVa, R=D

SR

too'

YIL R=H

YIIL R = CH3

XY, R=CH3

XYI, R=C6HS

IX (o¡lâo)

X (melo)

XI (poro )
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under electron impact and the data are discussed in this pâper and. compared
with the corresponding data (when available) for phenols.

In general, the mass spect'ra of the thiophenols I-XVI contain peaks due
to traces of the disulphide which may be formed by oxidative dimerisation. At
low pressures of the source (-l x l0-7 mm Hg) and heated inlet system,
and at lower temperatures (-150") of the inlet system and source, peaks due
to d.isulphides are small (0.1 o/o to l0 \ rclative abu-ndance). Alternatively,
hrgh sample pressures and high temperatures lead to larger peaks from disul-
phides; the disulphide formulation (XVII) is substantiated by the observed
fragmentation pattern.s The oxidative d.imerisation may be greatly diminished
or totally avoided. if spectra are obtained by the direct inlet procedure. The
coupling reaction [for which there is ample precedent, e.9., p-t'oluenethiol
(VI) may be oxidatively dimerised in high yield to p-tolyl disulphide in sul-
phuric acid solution employing n'errr ions and air e] therefore occurs largely
in the heated. inlet system. The small peaks due to disulphides are omitted from
the reported spectra (X'igs. l-9).

R

s-s
XVII

frr the spectrum (X'ig. t) of thiophenol (I), the abund.ant M-l ion (mle
I09) is formed by loss of approximately equal amounts of the hydrogen
bound to sulphur and of ring hydrogens a,s indicated by the spectrum
of S-dr-thiophenol (Ia) (obtained, by introducing the parent compound
into the inlet system with deuterium oxide 10). Metastable peaks * es-
tablish the decomposition of the molecular ion by loss of CrH, and. CS in
one-step processes; the latter pathway lead.s to CuHu+ @le 66) which decom-
poses to mle 65 by expulsion of a hydrogen atom (see X'ig. l).
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Fis. 1.
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* Transitions supported by the presence of an appropriate metasüable peak aro indicatod by
an astorisk (*).
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The spectra of 2,}-benzothiophenol (II) and f) are
similar, dnd therefore only thatbf III (X'ig. 2) ingly,
II and III decompose by loss of sulph Lr to a m y loss

of SH (see, for - in t'he

spectrum 1X'ig. blishes
tirat the *¡"1t S from
the M-l ion.

The spectra of the isomeric methyl thiophenols (IV-Vr) âre very similar
and only that of the ortho-isomer (IV) is reproduced (x'ig. 3). These spectra
provide"an interesting comparison with those of the corresponding methyl
phenols (cresols),z which exhibit intens,
formation of hydroxytropylium ions.
(see X'ig. 3) furnish lower abundance
ions (mle 91, corresponding to the
due to the greater stability of the
mle 79 ion (CuHt+) is probably best
decomposes by loss of a hydrogen
the spectra of IV-VI) to mle 77 (C
spectra of all three isomers establish t
CS from the M-r ion which is repres
l2l) are also present, in the spectra of
ion'of enhanced stability is þroduced, but the na,ture of any such ion is not
obvious.

The p-ú-butylthiophenols VII and VIII show behaviour which is analogous
to that of ú-butylbenzene.lz As a rep
2-methyl-4-ú-butylthiophenol (VIII) is

ion from ú-butylbenzene rearranges to

Acta Chem. Scanil.20 (f966) No. 9
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SH

q,mle 91

mle

Fis.5

c, mle123

-Ha
C"Hlçu

mle 79 mle 77

+
5

H
+

- CH"'
l*

(cH3)3 ( cH3 )2
H2

vllt f, mte 137

rearrangement (VIII+d,+e) probably operates in the thiophenol VIII, lead-
ing ultimately to | (mle t37).

A common feature of the spectra, of the isomeric methoxythiophenols
(IX-XI) lies in the successive eliminations of a, methyl radical and CO from
the molecula,r ions. Appropriate metastable peaks are found for these one-step
transitions in all three spectra,. While the initial product of CO elimination
from the M-CIIB ion g (mle 125) may well be the cyclopentadienyl cation
Il(mle 97), this probably rearranges further to give the highly resonance sta-
bilised thiopyrylium cation i, (mle 97).ra,ra This fragmentation sequence is
reminiscent of that observed for anisole itself,16 and. may be seen in the spectra
(X'igs. 5 and 6) of the ortho- and pøra-isomers (IX and XI) fthe spectrum of
the meta-isomer (X) is similar to that of the pørø-isomer (XI)1. It is noteworthy
that the relative abundances of the I\{-CHB ions from the isomeric methoxy-
thiophenols (IX-XI) a,re much less d.ependent on the relative orientation of
SH and OCI{B groups than in the corresponding dimethoxybenzenes 15 and
methoxythioanisoles'u (i.t., quinoid M-15 ions such as i do not seem to be
particularly favoured relative to non-conjugated IVI-f5 ions such as k when
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SH 9H SH

$0.,, -#Sa=þú--Q
tx-xt g,mte 125 h, mle97 i, mle 97

the electron-donating group is SH). This observation suggests that elect'ron

as I because (i) the mechanism for the
necessity of an ad'ia'cent SH group an
elimination of CS in a onestep process

mposition of the M-I ion (i.e- 1,)

ariol can occur a'i,a a simPle ortho-
he elimination of a sulphur at'om may

to oxygen (Xla,-+rn).
ions fróm IX and XI) is estab-

l), it is empha-
formed, it may
ce (2 o/o) mle 9L
amethyl migra-

SH
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S+

-'OCH" 0 +-'@
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Table 7. compositions of .some ion_s in the spectr-a. (Figs. 5 an{ 6) of o-methoxythiophenol(IX) and p-rnethoxythiophènoì (XI).

Compound

IX

XI

fon

r08 (30 %)
(70 %t

Composition

tutt
llr
t24
t25

o

csHS
CaHrS
C,H,
c5H6s

69
70
9t
97

tion. The occurrence of such ions is
possible use of the el

The spectra, of o-
and only that of the
me&surements establish that t}re mle g

and CuHuS+, the latter being formed
at mf e 76.8; 982112¡ : 76.8) from the
this behaviour parallels that of aniline
tion), formed. probably corresponds to the
aniline molecu of UCX (metastäble peak at
mle 46.8; 66219 X'ig. 7). Metastable peäks also
establish the s iblã structure, n-i-p.*

Fig. I
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- i Th" represenùation of CuHuN* (mle 80) as a protonated pyricline, ¡ather than as o, is equally
feasible.
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SH

H2

xIl

-H'>

+

XIV

+

-^c

-
)lc

-HfN>' c4Hs*

. 8) of thiosalicylic acid (XIV) resembles that of the
yliô acid,2o insomuch as an ortho-effect,-permits the
(XfV + q). The ion q decomposes to a large e$-qni

n it would be of interest to establish
ing ion (r)from salicylic acid eliminates
mlxture of these two CO grouPs. The
a,nner indicated. is established by the
mle 136 is not shifted.

H2

n, mle 121 o, m/e 80

(c5 H6 N, H.R. )

p,mle 53

c6H1 st
m/e 108

c6H10t

mle 92

-co ^

-
)l+

g, m/e 136

r, mle 120

al among abundant ions. The presence
quentlY uncovered bY the sPectra.

*Ametastable peak a,t rnle 62.2 corresponds oither to ôho loss of CS from m'le 136 (ql

(92'?/136 : 62.23) oi to thu elimination of acetylene ftorn rn'lø I08 (82'/108 : 62'26)'
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STUDIES IN MASS SPECTROMETRY-XVII
REARRANGEMENT PROCESSES IN SOME ESTERS CONTAINING
UNSATURATED LINKAGES-THE ELIMINATION OF COz FROM

ESTERS

J. H. Bowm and D. H. Wlr.r,rnus
University Chemical Laboratory, Cambridge

and

P. MaosnN, G. Scrrnor.r- and S.-O. LewnssoN
Dept. of Chemistry, Aarhus University, Aarhus, Denmark

(Receiued 2 June 1966)

Abstract-The mass spectra of a variety of propiolate, acetylenedicarboxylate, maleate, fumarate
and cyanoacetate esters have been measured. The formation of ions via the elimination of carbon
dioxide (with or without the associated loss of other groups) is quite common in these esters. The
prevalence of such fragmentation processes, which are of obvious importance with respect to the
element-mapping technique, is probably associated with the presence of double or triple bonds (in
the vicinity of the ester function) which may be ionized by removal of an electron and thus provide
an electron deficient site to which a group (alkyl, alkenyl, etc.) may migrate.

On oevrous relevance to the technique of element mapping,z is the rigorous evaluation
of those processes occurring upon electron impact which involve the migration of
atoms other than hydrogen. With reference to this problem, recent publications from
our owns'4 and other laboratoriess-s have been concerned with (or have noted) the
elimination of carbon dioxide from esters upon electron impact. In our own studiess'4

only methyl and ethyl esters ìilere examined, but processes involving the elimination
of carbon dioxide with consequent skeletal rearrangement seemed particularly prevalent
in those esters containing unsaturated linkages (e.g., C:CB and C:N3'a bonds) in
the vicinity of the ester function . We have now synthesized and examined a variety of
propiolates (HC:CCOOR), acetylenedicarboxyiates (ROOCC:CCOOR), maleates
and fumarates (ROOCCH:CHCOOR, cis or trans), cyanoacetates (N:CCHTCOOR)
and isopropylcyanoacetates [(Me)TCHCH(CI'I)COOR] in the hope of evaluating the
general scope of CO, elimination with or without associated loss of other groups)
in these esters and the influence ofthe alkyl group (R).

1 Part XVI, J. H. Bowie, S.-O. Lawesson, J . Ø, Madsen, G. Schroll and D. H. Williams, Acta Chem.

,Scand. in press.
2 K, Biemann, Pure Appl. Chem.91 95 (1964) and K, Biemann, P. Bommer and D. M, Desiderio,

Tetrahedron Letters L725 (1964).
8 J. H. Bowie, R. Grigg, D. H. Williams, S.-O. Lawesson and G. Schroll, Chem. Comm.403 (196Ð.
a J. H. Bowie, R. Grigg, S.-O, Lawesson, P. Madsen, G. Schroll and D. H. Williams,.r. Amer. Chem.

,Soc. 88, 1699 (1966).
6 M. Fischer and C. Djerassi, Chem. &er.99,750 (1966).
6 W. H. McFadden, K. L. Stevens, S, Meyerson, A. J. Karabatsos and C. E. Orzech, I. Phys. Chem.

69,1742 (196s).
? P. Natalis and J. L. Franklin, I. Phys. Chem. 69,2935 (196Ð.
8 P. Brown and C. Djerassi, f , Amer. Chem. Soc. ln press.
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_ ùlethyl (I), ethyl (II), n-propyl (I[), isoburyl (IV), s-buryl (V), allyl (VI) and benzyl
(VII) propiolates were synthesized and their mass spectra determined. In each caie
1þs sqmpositions of the M-44 and M-45 ions were determined by high resolution
measurements. All the esters afforded M-Coz and M-HCo, ions, whose relative
abundances are summarised in Table 1; it is emphasized that none of the hydrocarbon
fragments quoted in the Table are present as intact units in the various esters prior to
electron imFact.

o
il

H--G{-C-OR
I, R: ME
II, R:Et

ITï, R: n-Pr
IV, R : iso-Bu

\r, R : s-Bu
'VI, R: CHr-CH:CH,

VII, R: CH¿-C6H6

T¡.sLn 1. Rnlrrw ¡nuNp¡,NcBs o¡ M-CO, lwo M-COrH
roNs FRoM pRoproLATE rsrrns (HÊCCOOR)

R

Me

Et
Pr

iso-Bu

s-Bu

CH¡-CH:CHz
cH2c6H5

R.A. (%) of
M-CO, ionn

R.A. (%) of
M-HCO, iono

20 (call4)

<1 (C4H6)D

2(C6H8)b

<1 (CoHlo)ù

I (CsHlo)ù

4 (C6H0)D

34 (CgHs)

t5(caHs)
10 (c4HJú

8 (C6H?)

3 (CoHs)D

3 (CsHÐ)b

8 (CõH6)

67 (CgH?)

o R.A. : relative abundance, the base peak arbitrarily
being taken as 100: the compositions ofthe ions are given
in parentheses,

ò The peaks in the spectra corresponding to these
integral masses were larger because of thefu doublet nature
(as established by high resolution).
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Representative spectra are reported in detail in Figs. 1-3. The ion which formally
corresponds to H-C:C-C:O+ (mle 53) either gives rise to the base peak or is
>g¡r. of the base peak abundance in the spectra of I-VI (see Fig. 1 and Fig.2).
The spectrum (Fig. 2) of allyl propiolate (VI) is also noteworthy fp. the presence of an

I
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M-CO ionlmle 82, c6H6o+, high resolution (H.R.)] which decomposes by loss of a

hydrogen radicalto mle 8l (C6HóO+, H.R.) as established by an appropriate metastable

pêak at mle 80.0. A portion (10%) of the mle 53 base peak of Fig. 2 is also due to a
i"ut.uog"-"nt ion (CaH6+); a metastable peak at mle 34'8 suggests that this ion can

arise fróm the M-HCO species (mle 8I) by the elimination of carbon monoxide

(calculated vafue, mle 34.7). ln the spectrum (Fig. 3) of the benzyl ester (vII), a

Fi9.2
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metastable peak at mle lt4.O establishes that the M-HCO, ion(mle 115) arises, at

least in part, from the M-CO, ion by loss of a hydrogen radical.

oollll
ROCC-:CCOR

VIII, R: ME
IX, R: Et
X, R: n-Pr

XI, R : iso-Pr

XII, R: n-Bu
XIII, R : iso-Bu
XW, R: s-Bu
XV, R: CH¿-CH:CHS
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Since the spectrum (Fig. a) of dimethyl acetylenedicarboxylate (VIII) contains a

M-CO, species,s it was of interest to study the prevalence of related ions from ethyl
(IX), n-propyl (X), iso-propyl (XI), n-butyl (XII), isobutyl (XIII), s-butyl (XIV) and

allyl (XV) esters. In the spectra of the esters (VIII-XI\) containing'saturated alkyl
groups, signiflcant M-CO, ions appear only when R : CHs (Fig. a) and R : CzH¡

(Fig. 5). Other ions of unusual composition in the spectrum (Fig. 4) of the dimethyl

*
- CH2O

(Vü )

l'? lP
cH3olcc=c f c0cH 3

142 (M+)

111
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ester (VI[) are mle 80 (C4O2+, formally a) and mle 52 (CrO+, formally å). Scheme 1

summarises some of the decomposition modes of diethyl acetylenedicarboxylate (IX)
which involve skeletal rearrangement processes and are established by high resolution
measurements and appropriate metastable peaks.e

O-C--{:C
a, mle 8O

Scheme I

[Eto,cÈccorEt¡l -co" c?Hloo2t

IX mle 126 (s0%)

* | -crunv
c6H6o2t

nle 98 (70%)

+

b

CrH6+

mle 53 (7s%)

CnHu+

mle 53 (2s%)

- Cog
------->

-oc2E5{-- *

It is appropriate to consider possible mechanisms by which carbon dioxide may be

eliminated from propiolates (I-VII) and dimetþlflilI) and dietþl (IX) acetylenedi-

carboxylates. In the propiolate esters (I-VII), the alkyl group must migrate to one of
the two acetylenic carbon aroms; a four-centre mechanism (e.g., I --->c, mle 40)

appeafs most plausible and is analogous to the four-centre mechanism proposed by

Brown and Djerassis to account for the loss of carbon dioxide from some organic
carbonates. A similar mechanism (VIII -r d, mle 98) probably operates in the decom-

position of dimethyl acetylenedicarboxylate (VIII), since the spectrum (Fig. 4) con-

tains an abundant ion at mle 39 (C'IJB+), which may arise by elimination of a carbo-

methoxyl radical from d.

-p]:C-C'- |--\l IcHÈo 
_]

+

H-C lH-ÊccHslt
c, mle 4O

lcHr-c:c-coocHslt'too"tt, crHr*
d, mle 98 mle 39

- Co¿
------>

H3

Skeletal rearrangement is very prevelant when diallyl acetylenedicarboxylate (XV)
fragments under electron impact (the formation of most of the major ions between
mle 53 and mle 97 involves the migration of groups other than hydrogen). The
compositions of some ion which must arise via skeletal rearrangement in the spectrum
(Fig. 6) are listed in Table 2. For purposes of clarity, the formal derivation of each

rearrangement ion is indicated in the Table.

e The CuHuOz+ ion may, of course, arise also in part via a pathway which does not involve skeletal

rearrangement and hence CaHO+ does not necessarily arise via a skeletal reorganisation pathway.
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lon (mle) Composition Formal derivation

125

97

93

82

81

66

6s

53

csHõo3 QOj%)
clIIso (35%)

cßIJlo (90%)

c6l{6o (907")

c6H6o (90%)

csHs (100%)

c6Hð (100%)

c4H6Qs%)

M-CO-CHr-CH:CH,
M-OOCC-CCO-H
M-COr-OCHr-CH:CHg

o
II

M-CO-COCH-CH:CH,
o
il

M-CO-COCH,-CH:CHz
o
il

M-COs-COCH-CH:CH,
o
il

M-COr-COCH¿-CH:CH¿
cõH5o - co

It is notewofihy that all the rearrangement ions (with the exception of c6Hgo+)
can formally be generated by a simple cleavage process coupled either with the elimina-
tion of co or co, (necessitating the migration of allyloxy and allyl groups, respec-
tively). The complement to cuHno+ to account for mle 97 is made up of cnHor+
(60%) and cuHuor+ (5%); a strong metastable peak at mle 75.4 suggests that these
ions may arise, at least in part, from mle 125 (Table l) by the loss of CrHo or CO,
respectively (calculated metastable at mle 75.3). Some other transitions established by
the high resolution measurements and appropriate metastable peaks are summarized
in Fig. 6. The most remarkable ions are cuHu+ @le 65) and cuHu+ (mle 66) which
formally consist of the carbon atoms of the acetylenic linkage and one allyl group.
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XVa,
XVT,

XVIT,
xvIIr,

)(IX,
XX,

XXI,
XXI[,

HC-{OrR
il

HC-COrR
R: Me
R: Et
R -- n-Pr
R : iso-Pr
R: n-Bu
R: iso-Bu
R: s-Bu
R: CH¿-CH:CHg

HC.COTR
il

ROTC.CH

)OûII, R: Me
XX[V, R: Et
XXV, R: n-Pf

XXVÍ, R: iso-Pr
XXVII, R: n-Bu

XXVItr, R: iso-Bu
XXIX, R: s-Bu
XXX, R: CHC-CH:CHS
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The maleates and fumarates which have been synthesized and examined are

summarized by the formulae XVa-XXX. Of the esters (XVa-XXI and XXIII-XXX)
containing saturated alkyl groups, only the methyl esters (XVa and XXIII) contain
M-CO, ions (1\ and 4\ relative abundance, respectively), and M-COrH ions
(O'31 and 2l relative abundance, respectively-see Fig. 7 for the spectrum of the
trans-ester XXIII). In the spectrum (Fig. 7) of the tans-estü XXIU, mle99 is a singlet
(M-COrH), but in the spectrum of the cts-isomer XVa is a doublet [M-CO2H (I0%)
and C4HBO2 e0%)1. The latter composition corresponds to the ion e, the analogue
(f, *le 149) of which is well authenticated in the spectra of phthalate stls¡5.10'11

However, an ion corresponding to/is of low abundance (0'5%) in the spectrum of
dimethyl phthalate, although it is abundant in the spectra of higher g5¿s¡5.10'11

Similarly, although the mle 99 ion (e) is of very low relative abundance from dimethyl
maleate (XV), it corresponds to the base peak from all the remaining dialkyl maleates

[with the exception of the spectrum of di-iso-butyl maleate in which mle 57 (CcHÐ
is the base peak and mle 99 the second most abundant ion (65%)1. In addition the

mle 99 ion is abundant but not the base peøk from all the corresponding fumarates
(XXN-XXIX). The relative abundances of mle 99 are summarized for the two series

in Table 3.

r0 F. W. Mclafferty and R. S. Gohlke, Analyt. Chem.3l,2076 (1959).
rr C. Djerassi and C. Fenselau, J. Amer. Chem. Soc, 87' 5756 (196Ð.

40
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o
lt

+ +

e, mle 99 f, mle 149

Tanr.B 3, R¿r,rrrw ABUNDANcEs on mle 99 roNs (e) rnorra

DTAT-KYI, MAT,EATF^S ÄND DIÄLKYL, FLTMÂR4TES

Alkyl group
Rel. Ab. mle 99 (e)

(Maleates)
Rel. Ab. mle 99 (e)

(Fumarates)

Me
Et
n-Pr
iso-Pr
n-Bu
iso-Bu
s-Bu

J

100
100
100
100
65

100

0
27
36
65
43
38

62

The situation summarized in Table 3 is ¿ priori quiite reasonable because the
formation of e from a fumarate ester could require additional energy to cause iso-
merisation about the double bond. However, an attempt to illustrate the requirement
of extra energy to form e from diethyl fumarate (XXry) did not give an unambiguous
result. Utilising the doublet nature of the mle 99 peak l5Ùl of C4HsOa+ @) and 5O\
of M-COOCrHul from diethyl fumarate (XXIÐ at70 eY to monitor the disappear-
ance of e on decreasing the energy of the electron beam, it was observed that mle 99
corresponded to e (35 fl) and M-COOEt (65%) at 2O eY, e (251) and M-COOEt
(75%) at approximately 15 eV, and solely to M-COOEt in the region of 13 eV.
When diethyl maleate (XVI) was then added to the system as the lowest of these
electron beam energies, the contribution from e, which reappeared on the oscilloscope,
\ilas barely signiflcant.

Although the spectra of propyl and butyl maleates and fumarates appear to be free
of skeletal rearrangement ions, two additional differences between the spectra of these
closely related compounds merit comment. First, for any pair of esters (maleate and
corresponding fumarate) of the formula (CHCOOR)r, the ratio of the abundances of
R+ to (R-H)+ ions is always greatest for the maleates (see Table 4). . The formation
of R+mayberelativelymorefavourablefromthe c¡s-esters because of stabilization of the
departing radical (formally g) as ft. Second, the relative abundance of RO+fragments is
always greater when the alkyl group R is a-branched (R: iso-propyl or s-butyl--
Table 4).

HCCOOR
il

HCCOO.

H

}I
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T¡sLs 4, Corr¡pm¡soN oF RBLATTvE ÀBUNDANcES oF R+, (R-ff)+
¡so RO+ roNs FRoM pRopyr, AND BUTvL MALEATES (cþ .a.No

ruulurrs (frazs)

Relative abundances

R R+ (R-t1¡+ R+/(R-Ð+ RO+
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Some of the general features discussed above may be seen on comparison of the
spectra of s-butyl maleate (XXI, Fig. 8) and s-butyl fumarate (XXIX, Fig. 9), which
are reported as representative spectra.

Diallyl maleate does not contain pronounced skeletal rearrangement ions in its
spectrurn, since the formation of mle 41 (CH2:CH-CH2+, base peak) and mle 99
(e) is so favourable (cf. data accumulated in Tables 3 and 4). However, the spectrum
(Fig. 10) of diallyl fumarate is much more interesting and has been extensively
investigated by exact mass measurements (Table 5). Once more it is gratifying that
all the major skeletal rearrangement fragments are derived by a simple bond cleavage

coupled with CO or CO, elimination and an associated allyloxy or allyl migration.
Where the origin of ions is not immediately obvious (CuHu+ and CnHt+), metastable
peaks establish that these fragments arise from CuHr+ and CuHrO+ by the elimination of
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H, and CO respectively. The driving force for the former reaction is perhaps the
formation of a resonance stabilised cyclopentadienyl cation (C¡HuÐ.

A series of alkyl cyanoacetates (XXXI-XXXIX) and of alkyl isopropylcyanoace-
tates (XL-XLV) have been synthesized because methyl and ethyl cyanoacetates were
previously observed to give M-CO2H ions, while etþl isopropylcyanoacetate
eliminates CO, with associated expulsion of a hydrogen atom or of a methyl group of
the isopropyl substituent.a High resolution measurements on the spectra of the simple
cyanoacetates (N:CCH2COOR, XXXI-XXXIX) establish that analogous processes

occur in the higher esters with the exception of t-butyl cyanoacetate (XXXVI) and
phenyl cyanoacetate (XXXVIII); the tendency is particularly pronounced in the spectra
ofthe allyl and benzyl esters (Table 6 and also Fig. 11). The spectrum ofthe benzyl
ester in which the active methylene hydrogens have been replaced by deuterium estab-

lishes that the hydrogen expelled with CO, is derived almost exclusively from
the benzyl group.

In the series of isopropylcyanoacetates I(Me)TCHCH(CN)COOR, XI-XLV), the
relative abundance of M-CO2-CH, ions decreases with increasing size and increas-
ing branching of R as summarised in Table 7. It is quite feasible that the tendency of

C-N
,/

CH,
\

cooR
XXXI, R: n-Pr

XXXII, R: iso-Pr
XXXilI, R: n-Bu
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XXXVII, R: CHz-CH:CH¿

XXXVIII, R: Ph
XXXIX, R: CHzCeH¡

CHr C-N
\,/

CH-CH
,/\cH, cooR

XL, R: n-Pr
XLI, R: iso-P¡

XLII, R : n-Bu
XLIII, R : iso-Bu
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T¡srr 6. SoIvre sKrLrr¡L REARRANcEMENT roNs FRoM sIMpLB cyANo-
AcEr.ArEs (N-C-CHzCOOR)

R M-CO,H (Rel. Ab. fo) Other (Rel. 1^b. %)

Mea
Et4
n-Pr

10
10

3

M-CO, (14)

M-CO2-CHa (5)
M-CO, (3)

M-CO,-CH3 (5)
M-CO2-CH3 (5)
M-COrCH, (10)

iso-P¡
n-Bu
iso-Bu

s-Bu
t-Bu
CHz-CH:CH,
Ph
cH2c6H6

7

1

I

1

16

50

Tasre 7. R¡r,¡,rrvs ÄBUNDANcB or M-CO2-Me loNs rnou
ALKvL IsopRopylcyANolcerarrs [(Me)TCHCH(C],DCOORI

R Et' n-Pr iso-Pr n-Bu
Rel. Ab. f 27

R
Rel. Ab. I

iso-Bu s-Bu t-Bu
2 0

5

I

2 1

these M-COr-Me ions to decompose further may increase with increasing size and
branching of R and hence their relative abundance is not a reliable measure of the
preponderance of the rearrangement process. Unfortunately, the decomposition prod-
ucts of M-CO2-Me species can have compositions which may also arise via simple
cleavage pathways and hence it is not possible to evaluate this effect in these cases.
Ilowever, the absence of appropriate metastable peaks which might establish any such
decompositions of M-COr-Me ions, coupled with the drastic reductions in intensity
of the M-COr-Me peaks, make it seem probable that the extent of the rearrange-
ment does decrease with increasing size and branching of R.

'With all the information which has been gathered in the course of this study,
some useful Eeneralizations can probably now be made as to the tendency of esters
to eliminate CO, or CO in ABC+ -> AC+ reactions upon electron impact. First,
there do not appear to be any reported examples of completely saturated eslers
(RCOOR')Iz affording M-CO, M-CO, or M-CO,H ions, although butyl propio-
natell and neo-pentyl estersls expel formaldehyde. However, all those esters which
have been reported to undergo alkyllaryl migrations with elimination of CO, (see

Refs. 3-8 and the results reported in this paper) either contain double or triple bonds,
12 For details of the mass spectra of such esters see R. Ryhage and E. Stenhagen (Edited by F. \Y.

Mclafferty) Chap. 3. "Mass Spectrometry of Organíc lons" Academic Press, New York (1963);
R. Ryhage and E. Stenhagen, Arkiu Kemi 13,523 (1959); A. G. Sharkey, J. L. Shultz and R. A.
Friedel, Analyt. Chem.3l,87 (1959); J. II. Beynon, R. A. Saunders and A. E. \{illiams, Iórd.
33,221, (1961) and F. M. Trent, F. D. Miller and G. H. Brown, Appl. Specn.oscopylS,64(1961).
The elimination of CO from formates [D. Van Raalte and A, G, Harrison, Canada J. Chem, 41,
2054 (1963)1 only ofcourse requires hydrogen migration.

r3 D. R. Blaclc, W. H. McFadden and J. W. Corse, ./. Phys. Chem,68, 1237 (1964).



Studies in mass sPectrometry->(ylf 317

or lone pair electrons (in addition to those associated with the 
-COO-portion 

of the

ester). Il is therefore proposed that CO, elimination with associated group migration

(other than hydrogen)ìs in general facilitated by removal of a z-electron (from a double

or triple bond-see XLVI and XLV[, respectively, which Y----C lepresents I or 2
o-bonds) or of a lone pair electron to afford an electron deficient site to which the

group can migrate. Particularly pertinent to this concept are the alkyl migrations

i...otty found-to occur in saturatàd dialkyl carbonates by Brown and Djerassi;8 the

electron deficient site to which the R group can migrate is then located on oxygens

(see XLVI[). Depending on the nature of the groups R and R' and the nature of
groups attached tó the atoms X and Y, additional atoms may of course be expelled

in association with the CO, elimination.
The concept is also useful in understanding the loss of formaldehyde from some

saturated esteis,rr,ra because in these cases the electron defrcient site may be provided

by ionisation within the carbonyl group. In addition, other esters which have been

réported to lose CO, (neo-pentyl benzoate,o phenyl pivalates and t-butyl benzoates)

X
ilt

I

,R

CO,

e

XLVI XLVIII

I coz

+ +

contain unsaturation in aromatic rings. It is emphasised that generation of an electron

deflcient site by removal of lone-pair or 7r-electrons is not visualized as a prerequisite

for skeletal t.ur.ung.-.nt, since even saturated hydrocarbons may reorganise to some

extent in this fashion upon electron impact,la but rather as a factor which will promote

facile CO, elimination.
Altho;gh the unsaturated esters which we have investigated vary widely in

structure, ãome useful general grends are indicated. In many cases (but not all),

the tendency is for the methyl and ethyl esters to indergo COt eliminations to a

greater extónt than propyl and butyl esters, probably because more alternative

14 P, N. Rylander and S' Meyers on, f ' Anter' Chem. 9oc.,78, 5799 (1956)'



reactions are open to the latter groups. Also it is obvious that allyl and benzyl
esters studied are particularly prone to undergo ABC+ -'AC+ reactions, which is
understandable in terms of units of unsaturation present in both ,,acid,, and ,,alcohol',
portions of the ester.l4u Finally, although the composition of some ions initially suggest
that their origins must be complex, simple cleavages with associated co ot õo,
elimination from the ester group will usually account for their formation. Obviousþ,
the possibility of analogous processes occurring must be borne in mind when naturâl
products are examined by mass spectrometry.

EXPER.iÌvíEÌ.iTAL
Mass,spectra: an A.E.I. MS 9 mass spectrometer with the heated inlet system, and source, at

a !9mp o! 150-180". High resolution measurements were performed at a resoiution of 15,000 (lô |
valley definition).

All compounds were freshly distilled and their purities routinely checked by NMR and mass
sPectrometry' If any doubt remained as to the purity of a compound, this was aáditionally checked
by VPC.

l_lk¿l propÍolates. The following compounds were prepared by literature methods: J,r5 JI,lo IVr6
and VI.u

Compounds III, V and VII were.synthesized by rnixing propiolic acid with the corresponding
alcohol (using conc HrSOn as catalyst) and allowing the miitùreio stand at room temp. foit weetl

318 J. H. Bowu, D. H. Wn'r¡vs, p. M.losnN, G. Sc'nor,r, and S.-O. L,cw'ssoN

Compound B.p. Yield
Analysis (/.)

CH

v

65'/50 mm

80'/66 mm

l22"ll8 rrurn

Compound B.p. Yield
Analysis (ft)

CH
104'/9 mm

130'/10 mm

_ _,?!:l\y! f*tylenedecarboxylates. The following compounds were prepared by literature methods:
YIII,I. IX,18 X,10 )K1,re xll,tt xr¡tu and XV,i? Di-s-butyl acetylenedicar6oxylate (Xrv) was
synthesized by heating acetylenedicarboxylic acid and s-butyl-alcohoi in benzene (with conc HrSOn
as a catalyst) under reflux l* ? I (using a water separatoÐ; b.p. 88"/0.1 mm, yield 46ft, (nound:
C, 63'85; H, 8.04. Calc. C,63'70; H, B.OZ%.)

Dialkyl maleates. Diallyl maleate (XXII) was a purified commercial sample. The following
compounds were prepared by literature methods: XV,zo XVI,2r XVJI,zz ¡rX22 and XX.s2 Compoundi

III

YII

23%

24%

2s%

Calc,
Found
Calc.
Found
Calc,
Found

64.27
63.70
66.64
66'78
74.99
'14.54

59.98
59'98
63.13
62.93

7'19
6'92
7.99
8.63
5.03
5.51

xuII
>oc

8s%

7e%

Calc.
Found
Calc.
Found

8'05
8.09
8.83
8.61

u" In this respect, it is somewhat surprising that phenyl cyanoacetate (XXXVII) does not furnish a
skeletal rearrangement ion in its spectrum,

16 I. F. Grove, Ann. appl. Biol.35,38 (1948).
16 K. V, Auwers, Chem. Ber, 65, 146 (1932).
1? C. D. Heaton and C. R. Noller, .r. Amer. Chem. Soc.7l,294g (lg4g).
18 E. H, Fluntress, T. E. Lesslie and J, Bornstein, Org, Synth.32,55 (1952).
r0 G. H. Jeffrey and A. I. Vogel, f. Chem. Soc.674 (1948).
20 F. Adickes, J. Prakt. Chem. l2l6,275 (1943).
¡1 V. M. Mitchovitch, Bull. Soc. Chim. Fr. ÍSl. 4, 1667 (1937).
22 G. H. Jeffrey and A. I. Vogel, J. Chem. 

^Soc. 
658 (1948).
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XVIII and )O(I were synthesized by heating maleic acid and the appropriate alcohol (with conc
H¡SOa as catalyst) under reflux in benzene for 2h¡ using a separator to remove the water formed
during the reaction.

Dialkyl fumarates. The following compounds were synthesized by literature methods: XXIII,2S
)oilv,2l xX\,zz xxvll,r2 >o(vIIIzz and )oo(.ea

Compounds )O(VI and )O(X were prepared in the same manner as that outlined above for the
maleates.

Compound B.p. Yield
Analysis (/")

CH
XXVI 102'19 nrn

XXIX 127'19mm

7l% Calc.
Found

67% Calc.
Found

59.58
59.96

63.13
63.51

8.05
8.03

8.83
8.83

Analysis (f)
CHCompound B.p. Yield

XXXV 100"/10 mm 58% Calc.
Found

XXXVII 101'/10mm 60% Calc.
Found

XXXVIII m.p.41' 12% Calc.
Found

X)O(X 115"/0'05 mm 63% Calc.
Found

Me CN\/\./
CH-CH

,/\
Me COOR B.p. Yield

103'/10 mm 63%

59.5s
59'45

57.59
57.40

67'07
66.78

68.56
68'65

7.8s
7.67

5.64
5.80

4'38
4.29

N

9.92
10.05

11.20
11.38

8.69
8.84

5.18
5.12

Analysis (/")
c

63.88
63'41

63'88
63's3

65.54
65.66

65.54
65.40

65.54
65.55

65.54
65-42

8.00
8.21

H

XL

XLI

XLII

XLIII

XLIV

xLv

Calc.
Found

93'110 mm 63% Calc. .

Found

115'/8 mm 58% Calc.
Found

109'/10 mm 58% Calc.
Found

104'/9 mm 68% Calc.
Found

96"/10 mm 60% Calc.
Found

8.94
8.88

8'94
8.82

9.35
9.32

9.3s
9'41

9'35
9.41

s8 R. Anschätz, Chem. Ber. 12,2279 (1879).
s¡ V. P. Golendefew, J. Gen. Chem., U.,S.,S.R. 10, 1539 (1940).

9'35
9.18
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Alkyl and aryl cyanoacetates, "lhe following compounds were prepared by literatwe methods:
XXXI,26 )OO(II,28 )00íII,26 X)O(IVz5 and X)O(VI.¿i Compoundi )OO(V, pOfVU and )OO(X
were synthesized by heating cyanoacetic acid and the appropriate alcohol (in benzene, using conc.
H¡SOa as catalyst) under reflux for 2 hr (using a water separator). Compound X)O(VIII was prepared
by the general method outlined in Ref. 27.

Alkyl isopropylcyanoacetates. Compounds XL, XLI, XL[, XLIII and XLIV were prepared by
alkylation of the Na salt of the cyanoacetate ester with isopropyl iodide in the alcohol corresponding
to the ester. Compound XLV was available by alkylation of the Na salt of t-butyl cyanoacetate
(prepared using NatI) with isopropyl iodide in dioxan.

Acknowledgemenl---Tha authors from Aarhus University wish to thank the Statens Almindelige
Videnskabsfond for a grant.

26 J. Guinchant, Ann. Chim. Fr, 191,9,30 (1918).
20 A. Karvonen, Ann. acad, scì. Fennicae 20, 18 (1924).
27 R. E. Ireland and M. Chaykovsky, Org. Synth.4l.,5 (1961).
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Studies in Mass Spectrometry. XIX.' Evidence for the
Occurrence of Aromatic Substitution Reactions upon
Electron Impact

J. Ronayne, D. H. Williams, and J. H. Bowie

contribution from the (Jnioersity Chemical Laboratory, cambridge, England.
ReceiuedJune 20, 1966

Abstract: The mass spectra of a number of compounds of the general formula C6H6CH:CHCOR contain
intense M - 1 peaks, which largely arise through the loss of a hydrógen atom from the aiomatic ring. Selective
deuteration experiments suggest that the phenyl hydrogens become equivalent in the molecular ion. The M - I
species is probably formed uia anintramolecular aromatic substitution ieaction which can occur in the molecular ion
and results in the formation of a r.elatively stable benzopyrylium cation.

f B-keto esters,2
electron impact
are believed to

correspond to intramolecular substitution r.eactions
occurring in the ruass spectrometer. Thus, ethyl
3 -(2 t,4',6' -d¡-phenylamino)but-2-enoate (I) was shown
to eliminate CTHsDO ancl CzHeO from its molecular
ion in the ratio 85:15, and the loss of a deuterium atom
from the arornatic ring was rationalized in terms of an
intramolecular acylation of the aromatic r-ing by the
acylium ion a to give the stabilized quinolinium ion b
uia loss of a deuterium atom. a Similarly, the successive
losses of CrHrO, H, and CzHeO (as established by appro-
priate metastable peaks) from diethyl benzoylmalònate

(1) Part XVIII: J. T. B. Ma¡shall and D. H. Wiltiams, Tetrahedron,
in press.

(2) J. H. Bowie, D. H. Williams, S.-O. Lawesson, and G. Schroll, ./.
An. C he m. Soc., 87, 57 42 (1965).

(3) J. H. Bowie, D. H. Williams, S.-O. Lawesson, and G. Schroll,
J. Org. Chem.,31, 1384 (1966).

(4) H. J, Jakobsen, S.-O. Lawesson, J. T. B. Marshall, G. Schroll, and
D. H. Williams, J. Chem.,Soc., in press.

(Il) demanded the elimination of an aromatic hydrogen
atom to form the final ion, which was formulated as
e.2 Once more, it seemed reasonable that the driving
force for the elimination of an aromatic hydrogen
might be the intramolecular "Friedel-Crafts acylation"
of the aromatic ring in the acylium ion c; ethanol could
then be eliminated from d to furnish e.

The second type of aromatic substitution leaction
which we have suggested may occur upon electron im-
pact involves the formation of a completely aromatic
benzopyrylium ion.3 Thus, dibenzoylmethane (IID
exhibits a pronounced M - H ion in its spectrum, which
still corresponds to the loss of a hydrogen atom from
the molecular ion in the spectrum of the dz derivative
IV. lt was concluded that the driving force for the loss
of the aromatic hydrogen atom, which is of necessity
eliminated in the formation of the M - 1 species, lay in
the formation of the oxonium ion f3 from a molecular
ion IIIa of III.

Reactions which bear some analogy to our sugges-

tournal of the American Chemical Society | 88:21 f Nouember 5, 1966
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b ing. Our aim was to show that abundant M - I ions
arõ a fairly general feature of the mass spectra of such

l^ ^-l ¿L^+ +L^ I\lf f .i^-" o.o f^rmprl lrr¡çulllpuulluh illlu Ùll4L Lllv rvr - I rvuù 4rv av¡r¡rvs vJ

loss of a hydrogen atom from the aromatic ring, pre-

sumably to give ions of the general formula i.

o\,

û

-oEt.+

_EtOH

R
+

c vII

+

I

d

-H.

-cooEr

H

Discussion and Results

The compounds which have been investigated are

summarized in formulas VIII-XII, and the molecular
ion regions of their mass spectra are reproduced in
Figures 1-5. It can be seen that M - I ions are

i,M-l

FIG,3 FIG.4 FIG.s

207
(v-H)

¿oe(Mr)

il
o

e
FIG I FIG 2

t4'l
(M-H)

s
U
z
ô
z)ó
U

á.
J
U
d

IIIa

OH

R:H
R:D

u,
IV,

t4ó(M')
1v-r)

I

f

tions have recently been postulated to occur in other
classes of compounds. Shannon and co-workerss
have reported that thio derivatives of B-diketones such
as V lose hydrogen in the mass spectrometer to form the
postulated resonance-stabilized ion g. Vinylic 5,6-
cleavage is important in the spectra of 2,4-dienoates
(see VI), probably because aromatic oxonium ions such
as h may be produced.o

Such reactions are of obvious chemical and diagnostic
interest, and we have therefore undertaken a study of the
mass spectra of a series of compounds of the general
formula VII, with the aid of extensive dueterium label-

(5) S. H. H. Chaston, S. E. Livingstone, T. N Lockyer, V A. Pickles,
and J. S. Shannon, Àustralian J. Chem.,18, 673 (1965).

(6) rW. K. Rohwedder, A. F Mabrouk, ancl E. Selke, "/. Ph1,s. ç¡"o,,,
ó9, l7|| (r965).

Figures l-5. Molecular ion regions in benzal-

u.ãton" (VIII), cinnamic acid (IX), me benzal-

acetophenone (XI), and dibenzalaceton

All the compounds studied are synthetically available

from various base-catalyzed condensation reactious

involving benzaldehyde' 2,4,6-drBenzaldehyde (XV,

d, : 2%, ,1, : l5'7o, d, : 83 f) was therefore prepared

fio^ 1i+,e-d¡-aniline (XIII)'g uia the nitrile XIV'

(7) J. H. Beynon, G R. Lester, and A' E Williams, J' Am' Chetn'

Soc., 63, 1865 (19s9).
(8) Y, Itagaki, T. l(ulokawa, S' Sasakr' U -l unang' al.lo F -L

Cnen, nutt. Chem. Soc'Japan,39, 538 (1966)'- 
iSl'n P. Best ancl C. L Wilson, J Chem, Soc" 241 (1946)'

+
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R

XII

J

Appropriate condensation reactions then furnished the
labeled derivatives VIIIa-XIIa.

dibenzalacetone (XIIa) leads to a calculated isotopic
purity of d't : l'2, dn : 6ft, dn : 25%, d6 : 68%.
The effects of 13C isotopes have been obviated in the
usual manner. 10 With the exception of methyl cin-
namate (Xa), the calculations show that deuterium and
hydrogen are lost in almost identical amounts. In all
cases, the driving force for the loss of an aromatic
deuterium atom is thought to be associated with the
formation of an aromatic oxonium ion i. It is note-
worthy that the formation of such ions requires the
isomerization of a Lrans Io a cis double bond in the mass
spectrometer. However, such a transformation is
known to be a facile process in 70-ev spectra as evidenced
by the occurrence of abundant mle 99 ions, correspond-
ing to k, from dialkyl maleates and fumarates.tl

Two explanations can account for the only parlial
loss of deuterium from the molecular ions of VIIIa-
XIIa. First, it is possible that the hydrogen is lost from
the aromatic ring from which deuterium is lost. Second,
the hydrogen could be lost from some point in the mole-
cule other than the phenyl ring of the styryl group.
Since the results summarized in Table I are qualitatively
the same for all the compounds (VIIIa-XIIa), the
former explanation seemed more attractive. Addi-
tional deuterated derivatives have therefore been pre-
pared to distinguish between these two possible ex-
planations.

The compound selected for more exhaustive deu-
terium labeling was chalcone (XI, benzalacetophenone).
d5-Acetophenone (XVI, /3 1.5%, d4 16.5'2,
d5 : 827) was prepared by Friedel-Crafts acylation
of dc-benzene and on condensation with benzaldehyde
afforded 2,3,4,5,6-d ¡-benzalacetophenone (XIb). Chlo-
rination of d¡-toluene gave d6-benzal chloride (XVII),
which was converted to da-benzaldehyde (XVIII, d5 :
37o, du -- 97%) by hydrolysis; condensation of XVIIì
with acetophenone furnished lhe de derivative (XIc).
More exhaustive chlorination of dr-toluene gave XIX
which was converted to ds-benzaldehyde (XX, da

3'2,, du 97f) uia ds-benzoic acid and d¡-benzyl
alcohol; condensation of XX with acetophenone led to
2 t,3',4',5',6' -benzalacetophenone (XId). Finally, base-
catalyzed exchange of acetophenone in deuteriometh-
anol gave ds-acetophenone (XXI, d, : 2%,, ú : 98/.),
which on condensation with benzaldehyde gave d¡
benzalacetoph enone (XIe).

The results for the various labeled benzalaceto-
phenones (XIa-XIe) are summarized in Table II. The
figures establish that in the formation of the M - I ion
from benzalacetophenone (XI), the hydrogen atom
which is eliminated originates very largely (85%' if one
assumes no isotope effectl2) from the phenyl ring of
the styryl group. It is gratifying that there is a clear
distinction between the two aromatic rings of benzal-
acetophone (XI), only 6/. of the M - I peak being
formed by elimination of a hydrogen atom lrom the

(10) See, for example, K. Biemann, "Mass Spectrometry," McGraw-
Hitl Book Co., Inc., New York, N. Y., 1962, Chapter 5.

(11) J. H. Bowie, D. H. Williams, P. Madsen, G. Schroll, and S.-O.
Lawesson, Tetrahedron, in press.

(12) In practice there will almost certainly be an isotope effect, but a
lairly wide range of values has been observed for mass spectral processes
so far investigatedls and therefore no reliable estimate can be made for
these cases. However, it is noteworthy tbat the results presented in
Table II account completely for hydrogen lost in the formation of an
M - 1 species by replacement of all 12 hydrogens by deuterium. The
results therefore suggest that any isotope effect is small.

(13) J K. Macleod arrd C. Djerassi, Tetrahedron Letters,2183 (1966).

VIII, R-CHS
IX, R:OH
X, R:OCH3

XI, R:C6H5

XItr XIV XV

:CH R

VIIIa,R:CIf
IXa, R: OH
Xa, R:OCH,,

XIa, R: CeH.

D

XIIa k

The mass spectra of the deuterated derivatives con-
tained M - H and M - D ions of approximately equal
abundance. The ratios in which hydrogen atoms and
deuterium atoms are expelled from the molecular ions
of these derivatives are summarized in Table I. The

Table I. Relative Proportions of Hydrogen and Deuterium Lost
fiom the Molecular Ions of the Deuterated Compounds VIIIa-XIIa

Deuterium

Compound /E

5l
51

60
5l
5l

calculations for each compound (VIIIa-XIa) are based
upon an isotopic purity (ù : 2f, dz : 157o, d, --
83f) which was established fi'om tbe rnass spectrum
of the common precursor 2,4,6-d3-benzaldehyde (XV);
'he incorporation of two benzaldehyde molecules into

D

Hydrogen
lost,lost,

/o

VIIIa
IXa
Xa

XIa
XIIa

49
49
40
49
49

ournal of the AmericanChemicalSociety I 88:21 f Nouember 5, 1966
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phenyl ring of the benzoyl group (again assuming no
isotope effect12). The p-hydrogen of the a,p-un-
saturated ketone group is eliminated to a small extent
(compare data for XIc and XId) but the a-hydrogen
atom is not expelled to any significant extent in the
formation oftheM - 1 species.

Table II. Relative Proportions of Hydrogen and Deuterium
Lost from the Molecular Ions of Deuterated
Benzalacetophenones XIa-+

Compound

The difference in the flgures obtained when the styryl
ring is labeled only in the ortho and para positions and
when labeled completely correspond to complete
equivalence of the aromatic hydrogens in this ring prior
to the loss of a hydrogen atom from the molecular ion,
if one assumes no isotope effect (i.e., three-fifths of the
85 f deuterium lost from the d¡ derivative XId is 5l/",
which corresponds exactly to the value observed for
XIa). In view of our earlier conclusion that any isotope
effect must be small (see ref 12), our experiments
provide strong, but not unequivocal, evidence for
.-^.1^^i--+ì^^ ^F +h-ca arnmo+i^ h.r.l"ncanc nrinr fnr úrruvr¡¡r¿strvr¡ v. Û¡rvÙv r¡Jv¡ vÞv,rÙ Pt ¡v¡

fragmentation. Such randomization could occur if,
instead of loss of a hydrogen radical being concerted

4983

with C-O bond formation (see IIla * l), I exists
as a reaction interrnediate and scrambling occurs
in the styryl ring uic a series of hydrogen shifts in I

(prior to the loss of a hydrogen radical which affords i).
Deuterium scrambling would not, of course, be observed
in the labeled derivatives if only 1.3- and/or 1,5-hydro-
gen shifts occulred in l. la Attention is drawn to the
contrasting absence of complete scrambling in the
cyclization of the carboniuln ion a to the ion-radica.l b.

-H.

I i, M-f

In summary, compounds of the general formula VII
I : I l - : ---Ll--L--l -11 -l- ---, :--a^--^^ ll Iwnlcn w€ Itav€ urvçstrB¿1tgu arr slluw lllL9llsc lvl - I

peaks which are partly derived by expulsion of hydrogen
from the aromatic ring. In the case of benzalaceto-
phenone (XI), the hydrogen is lost almost exclusively
from the styryl ring and, by analogy, this situation
probably holds in the other compounds also. The
results are consistent with (l) randomization of phenyl
hydrogens in the molecular ion, and (2) formation of a
relatively stable M - 1 oxonium ion i by means of an
intramolecular aromatic substitution reaction.

Experimental Section

Mass spectra were obtained using an AEI MS 9 mass spectrom-
eter operating at 70 ev and a source pressure of 0.1-0.5 X 10-6
mm. Samples were introduced through a heated inlet system at a

temperaturc of approximately 1 50'.
Isotopic purities of condensation products from 2,4,6-da-benz-

aldehyde (XV) are in general based upon the isotopic purity of XV.
In those cases where the isotopic purities ofthe condensation prod-
ucts could be directly checked, the results were the same as for
tlre labeled benzaldelryde w tthin 1'2.

2,4,6-dyBenzaldehyde (XV). 2,4,6-dyAniline (XIII, 4.5 g)0 was
diazotized and the diazotized solution added to a solution ofcuprous
cyanide in aqueous potassium cyanide. The mixture was refluxed
on a water bath for 30 min, and the resulting yellow oil was sepa-
rated by steam distillation. The crude product was extracted with
etlrer (three 30-ml portions); evaporation ofthe ether extract gave

crude 2,4,6-ds-benzonitrile (XIV, 2.2 g). This material in dry
ether (30 ml) was added to a suspension of anhydrous stannous
chloride (8 g) in dry ether (70 ml) saturated with dry hydrogen
chloride. The mixture was allowed to stand overnight. The
resulting aldimine stannichloride was steam distilled and the crude
product extracted with ether. Evaporation ofthe ether and distil-
lation of the residue gave 2,4,6-drbenzladehyde [XV, 1.1 g, mol wt
(mass spec) 1O9, ú : 27", d, : 15'%, ú : 83%1.

2,4,6-ds-Benzalacetone (VIIIa). 2,4,6-dyBenzaldehyde (XV, 70
mg) and acetone (120 mg) were condensed in the presence of lÙf
aqueous sodium hydroxide (1 ml). Ether extraction ofthe product
and evaporation of the extract gave crude material (75 mg) which
was purified by crystallization from ethanol to give 2,4,6-ds-
benzalacetone (VIIta, mp 38-40', mol wt (mass spec) 149, ù :
2%' d, : 15'2,, ds : 83%) as pale yellow plates. The isotopic
purity was calculated from the M - CH¡ ion.

2,4,6-ds-Cinnam¡c Acid (IXa). 2,4,6-dyBenzaldehyde (XV, 50

mg), malonic acid (100 mg), and pyridine (3 ml) were heated on a

water bath for 2 hr. Dilute hydrochloric acid was then added
until all the cinnamic acid had precipitated. The precipitate was
isolated, washed well with water, and recrystallized from water to
give 2,4,6-drcinnamic acicl [IXa. 56 mg, mp 122-'124", tnol wt
(mass spec) 1511.

Methyl 2,4,6-da-Cinnamate (Xa)' 2,4,6-da-Cinnamic acid (IXa,
20 mg) in ether (10 ml) was treated with a solution of diazomethane
in ether until there was a persistent yellow color. The solution was

allowed to stand overtright and the ether then evaporated. The

xvr

\¡vTfT

:CH

YT¿

XVII

XIx

xIb

l+

xx xrd

lost,
o7

lost,
/o

DeuteriumHydrogen

XIa
b
c
d
e

49
94

6
15

100

5l
6

94
85
0

(14) The authors ackr.rowledge helpful discussion with Dr. l. Fleming
and Dr. W. J. Richter on the possible existence of I as a cliscrete reactiolr
intermediate.

Ronayne, William5, Bowi¿ f Arom.ati.c Suhsti.fution Reacti.ons upon Electron Impact



4984

residue crystallized on standing to give rnethyl 2,4,6-dycinnamate
lXa, 12 mg, mp 33-35', mol wt (mass spec) 165, d, : 3'7,, ú :
l4'%, ds : 83%\ The isotopic purity was calculated from the
M - OCHaion.

2',4',6' -d3-Benzalacetophenone (XIa). 2,4,6-fu-Benzaldehyde (40
mg), acetophenone (40 mg), and absolute ethanol (3 ml) were mixed
and 10fi aqueous sodium hydroxide then added until the solutior
became cloudy. The mixture was shaken for 30 min, and the solicl
which separated from solution was then isolated by filtration.
Recrystallizatiou of the crude product from aqueous methanol
gave 2',4',6'-dz-benzalacetophenone [XIa, 65 mg, mp 55-57",
mol wt (mass spec) 2111.

2,4,6,2',4',6' -d6-Dibenzalacetone (XIIa). 2,4,6-fu-Benzaldehyde
(40 mg), acetone (10 mg), and absolute ethanoi (3 ml) were mixed,
and, lO/" aqueous sodium hydroxide (2 ml) was added. The
mixture was shaken for 30 rnin and the solid product then isolated
by filtration. The crude material was recrystallized from absolute
ethanol giving 2,4,6,2',4',6'-da-dibenzalacetone IXIIa, mp 109'
112", mol wt (mass spec) 240, ù : l%,, da : 67,, d¡ : 25'7", ú :
68/. as calculated from the isotoçric pnrity of the precursor benz-
aldehydel.

2,3,4,5,6-d¡-Benzalacetophenone (XIb). 2,3,4,5,6-d¡- Acetophe-
trone (XVI, dt : 1.5'%, ú -- 16.5/", ds : 827.) was prepared by a
standard Friedel-Crafts reaction between dnbenzene and acetic
anhydride in the presence of aluminum chloride. This material
(XVI) was then condensed with benzaldehyde as described previously
to give XIb.

d¡Benzaldehyde (XVIII). drToluene (2 ml) was heated gently
under reflux and a rapid stream of chlorine passed into the solution
in the presence of sunlight. Wl-ren the temperature of the liquid
had reached 208", the reaction was stopped, and the resulting de-

benzal chloride was hydrolyzed with aqueous 25ft calcium hy-
droxide solution. The product was isolated Diaether extÍaction and
distilled to give d6-benzaldehyde IXVIII, 1.0 g, mol wt (mass spec)
ll2, ds : 3%, d6: 97%1. The mass spectrum of the material
showed it to be quite pure.

de-Benazlacetophenone (XIc). This rnaterial was prepared by
condensation of dr-benzaldehyde (XVI[I) with acetophenone in the
presence oî lO% aqueous sodium hydroxide as previously de-
scribed.

2,3,4,5,6-drBenzaldehyde (XX). The chlorination of dr-toluene
(2 ml) was carried out as described for the preparation of do-benz-
aldehyde (XVn), except it was continued until the temperature of
the liquid had reached 232'. The resulting trichloride (XIX) was
then hydrolyzed with 25f aqteous calcium hydroxide, and the
ds-benzotc acid was filtered off and dried. This material was then
reduced to the alcohol with lithium aluminum hydride and the
alcohol then oxidized to the corresponding aldehyde by refluxing in
sunlight with N-chlorosuccinimide (1.3 g), pyridine (1.3 ml), and
carbon tetrachloride (20 ml). tn The mixture was acidified with
dilute hydrochloric acid, and the organic layer was removed and
washed well with water, 2 N sodium hydroxide (10 ml), and finally
again with water (three 10-ml portions). The carbon tetrachloride
solution was dried and evaporated and the residue puriûed by
distillation to give 2,3,4,5,6-d5-benzaldehyde [XX, 250 mg, mol wt
(mass spec) lll, dt : 3%, dr : 97 %1.

2'r3'r4',5'r6'-d.5-Benzalacetophenone (XId). This material was
prepared by condensing dr-benzaldehyde (XX) with acetophenone
in the presence of lO7" aqueous sodium hydroxide as previously
outlined.

q-drBenzalacetophenone (XIe). Benzaldehyde (40 mg) and
l',1',1'-dyãcetophenone (XXJ)IG were condensed in the presence

of 10ft aqueous sodium deuteroxide (l ml) and deuteriomethanol
(3 ml), and the product was obtained as detailed previously.
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BOND-FORMING REACTIONS OCCURRING IN THE
FRAGMENTATION OF SOME OqP-UNSATURATED ESTERS

AND NITRILES UPON ELECTRON IMPACT

D. H. Wllr,lAtrls, R. G. Coors, J. H. Bowre
University Chemical Laboratory, Cambridge

and
P. Maosru, G. Scunor-r- and SwN-Orov L¡wnssoN

Dept, of Organic Chemistry, Aarhus University, Denmark

(Receiued25 October L966; aecepted for publicatíon ll Nouember 1966)

Abstract-Bond-forming reactions which occur in the decomposition of some ct,p-unsaturated esters

and nitriles upon electron impact are described. The reactions include bond formation between

of typeA, and alkoxyl (or hydroxyl) migrations
ions represented by C. A previously described

of at ortho-substituent (at the site ofcyclization)

in a phenyl ring relative to the corresponding meta- and para-substituents.

C6H6C(RH(CN)R' R(R--)C:C(R')CO,R' R(R)ð-OR'
ABC

RrecrroNs occurring upon electrón impact which necessitate bond formation between

two atoms X and Y, where neither X nor Y is hydrogen, areofbothpracticaland
mechanistic interest. A recent ¡eview articlez has summarized such reactions which
have hitherto been reported. The present paper deals with some novel migrations of
functional groups *ñi"h "." evidènt from the mass spectra of a variety of a,p-

unsaturated nitriles and esters, represented in general by the structures tr-IV.

R' CN

R

R'

RCN
\,/

H, H

RH
\./c:c
,/\R', corR"

III

corR"

ec
coaR"

IV

CN R

R
I

corR"
II

In compounds of the general formula I or II, when R or R'is phenyl, ions formally
corresponding to ionized phenyl cyanide are frequently observed in the spectra.

Such iõns vary greatly in relative abundance; also aromatic nuclei other than phenyl

may participate in the teaction, as may be seen from the data compiled in Table l.
Among the compounds studied, the rearrangement is most prevalent in the spectrum

(Fig. 1) of 1,1-ãicyano-2-phenylethylene (IX), where the abundance of mle 103

(C'H'N+) attains 2Tlrelative to the base peak molecular ion; an appropriate meta-

stable peak establishes that mle 103 is formed in a one-step process from the molecular

ion. Ãttnougn the product ion may conveniently be regarded as ionized phenyl

cyanide, there is no evidence to favour C-C bond formation over C-N bond forma-
tion in this reaction. These examples appeú to be the first reported ones in which an

1 Part XIX, J. Ronayne, D. H. Williams and J. H. Bowie, J. Am, Chem.,Soc. 88, 4980 (1966).
¿ P, Brown and C. Djerassi, Angew. ,rr-. t" rt:t),,



3174 D. H. \Vllrnus et al.

Fio I -HC=CCN

a

CzH¡N (lz/¿ 103)
CzHN (z/e 103)

CsHtN (rr?/e 117)

CrHuN (nrle 103)

tsa (M+)

(m)
t27

20
nle

ion is generated with associated bond formation between l,2-groups attached to a

carbon-carbon double bond. The compounds (VI-V[I, X, XI) represented by the
general formula II are of unknown stereochemistry, and we are therefore unable to
judge whether a c¡s-relationship ofthe phenyl and cyanide groups is necessary for the
rearrangement to occur. However, since cis-trans isomerization of double bonds is

RCN
\./c<
,/\HX

v

tRCNlt * HC=C-X

T^l¡rE 1. Rnr,lr¡w ABTJNDANcES oF roNs (a) rN r¡s spBcrRA
oF coMpouNDs oF THE cENERAL ¡onuula V*

Compound
Composition of

*a" (mle) Rel. Ab. (%)

o3

ì-9
Uo2
ôz
f
m

U

È
JÍ

N

N

->

No,

vIII

27

R

Ph
Ph

Ph

VI
VII

ql-
tr-li\ s-,r'\\

o-
\",

X

corEt
COrH

CO¡f-Bu

CN

,
a

3

CO't-Bu C6HNO (mle 93)

CO,r-Bu C6HNS (mle 109)

C?H1NCI (mle l37ll39) t2l4

+ The compositions of all ions reported in this paper have been established by high resolution
measurements. Decomposition processes which are substantiated by appropriate metastable
peaks are signified in the figures by an asterisk (*).

IX

x

XI

XII

I

5

CN
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known to be a facile process upon electron-impact,3 a. clì,s-relationship would not seem
to be a likely prerequisite. The occurrence ofthis rearrangement process is consistent
with the generalizations that skeletal reaffangement is frequently facilitated by the
proximity of highly unsaturated groups, and with the known propensitya-o of nitriles
to undergo bond-forming reactions on elect¡on impact.

A second rearrangement process which has been observed involves the migration
of an alkoxyl or OH group in the mass spectral fragmentation of compounds repre-
sented by the general formulae II-IV. In the general case the reaction is probably best
represented as a l,3-alkoxyl (or OH) shift (XIII + á), followed by bond fission as
indicated to give c.7

The compounds which have been found to undergo this fragmentation reaction
upon electron impact are listed in Table 2, which also gives the relative abundances

Tls,t-E 2. RSLATTvE ABITNDANcFs oF roNs (c) ronuno By ALKoxyL oR
IrrDRoxyL MGRATIoN rN THE spEcrRA oF soME oc,p-uNsarun,o.rro

EsrERs AND AcrDs oF THE GBNERAL ¡onuur,¡ XIII

Compound
No. R R' Composition of c (mle) Rel. Ab. (2")R

Et
H
Me
H
Me
Et

VI
VII
XW
XV
xvl
XVII

Ph
Ph
Ph
Ph
Ph
Ph

CN
CN
CN
H
H

CoHrlO (mle 13Ð
CzHzO (mle 107)
CeH.sO (mle l2l\
CzIIzO (mle 107)
CsIJ,O (mle l2l)
CoHlrO (mle 135)

5

9
t2
J
2

28cosEt

X\¡III Et

XIX Et

)o( Et

>o(I Er

)ocI
)O(III

Et Me
Et EtO

COrEt C1¡II1sO2 @le 165)

CO,EI CoHroOCl (mle 169117l) 210.6

CO¡Et CÐHloOCl (mle 169117l) l4l5

COsEt CgHroOCl (mle 169117l) l4l5

CN CaH"O (mle 73)
CsHrlOs (mle lO3)corEt

5

CI

cl

1

2

8 J. H. Bowie, D. H. Williams, P. Madsen, G. Schroll and S,-O. Lawesson, Tetrahedron 2,3,r 3Os
(1e67).

'R. Beugelmans, D. H. Williams, H. Budzikiewicz and. C. Djerassi, J. Am. Chem..goc. 86, 1386
(te64).

õ J. H. Bowie, R. Grigg, D. H. Williams, S.-O. Lawesson and G. Schroll, Chem,. Comm.403 (196Ð.
c J. H. Bowie, R. Grigg, S.-O. Lawesson, P. Madsen, G. Schroll and D. H. Williams, J. Am. Chem.

^Sac. 
88, 1699 (1960.

? In the representation ofconcerted processes (e.g., XIII+ó), the use of a tshhook is not intended to
imply any preference for a homolytic process over a heterolytic one.
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+

¿>

PhCH:C

*... r l'H,IC:C
RO

+
RR R,\.*

"f,*

C :o
.----->

o

XlIbc
and compositions of the product ions. The stereochemistry of compounds Vf, VII,
XIV and XXII is unknown.

Although high resolution measurements establish all the proposed migrations,
additional evidence has been forthcoming from deuterium labelling in a number of
cases. Thus the 9/" peak at mle L07 in the spectrum of the acid VII is shifted to
mle I08 (d) in the spectrum of the O-dt-acid VIIa, and the mle l2L rearrangement ion
from methyl cinnamate XVI is shifted to mle 124 (e) in the spectrum of the dr-deriva-
tive XVIa.8 Similarly, the mle 121 ion in the spectrum (Fig. 2) of methyl a-cyanocinna-
mate (XIV) is shifted to mle 122 Uf) in the spectrum of the d1-derivative XIVa, while
the mle 135 ion from diethyl benzalmalonate (XVII, see Fig. 3) is quantitatively
shifted to mle 138 (g) in the spectrum of the dyderivative XVIIa.

CN
,/+

PhCH:C 
--> 

PhCH

COOD

VIIa
D

__>

D
XVIa e, mle 124

CN

I

OD
d, mle lO8

D

+

I

OMe

co¡cH¡D
XIVa

+
--t' PhCH

I

ocHrD
t, mle 122

D
cosEt

D

+
----->

corEt
I

oEt

P*" g,mlel3l 
D

8 The product ions are represented as benzyl cations merely for convenience, and no preference is

implied for these structures over the ring expanded hydroxy- or alkoxy-tropylium ions'o
E For examples of tropylium ion formation in the mass spectrometer, see H, M. Grubb and S.

Meyerson in (F. W. Mcl-afferty ed.) Mass Spectrometry of Organic lons Chap. 10. Academic
Press, New York (1963).
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A number of ethYl est d

CXKV-XXVIII) nding to d

the data collected P-phenyl d

Fig.2

4 ,cN
c,t{rTcH:c.cooc¡¡
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(xv¡r)

R CN

H,
R corEt

XXfV,R:R|:Me
XXV, R: R: Et

XXVI, R: H, R' : iso-Pr
(orR:iso-Pr,R':H)

130 t58

tot 135 174

Me--4H:CH-CO¿Et

xxvfi

t72

203

248(r¡)

2t9

Me CO¡Et
\/

CH-{H:C
/\Me COrEt

XXVIII

20

^lu-t-

loo Fig.3

ñ
z

f

¿

J

/co2c2H5
crHscH:c raorarr,

9

tlz

facilitates the production of the rearrangement ions (attention is drawn to t.he low
relative abundance of the rearrangement ions from the aliphatic esters XXII and

XXIII). This behaviour may be understood in terms of the favourability of the

appropriate bond cleavage in b when lR'is a phenyl substituent, to produce benzyl

cãiioni or tropylium ions. However, the possibility of a l,5-alkoxyl or l,5-hydroxyl
shift (XXIX - å), followed by a l,3-hydrogen shift (¿ -+ i) and subsequent cleavage

(t*i) cannot be excluded when a phenyl substituent is conjugated with the double

bond.lo

10 Io tr¿ns-cinnamates, the
about the double bond

operation of a l,S-shift QO([X + fr) would of course require isomeriz¿tion

prior to rearrangement.
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XXD( h
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+

OR

I

C:C:O

i¡
The effect of varying the energy of the electron beam (down to a nominal 1l ev)

on both the cyanide (V * ø) and ethoxyl (XI[-* b --+ c) migrations has been deter-
mined. In the compounds examined at low energies (Ix, xxr, xxII), the total ion
current carried by the rearrangement fragments was sensibly constant.

Fig.4

cH¡. 
-cN

,rí- -'cgloet

t08
(xxtv)

-ctH+

-co

rs3 (M +)

The close proximity of cyanide and carboethoxy groups, when attached to the
same spz-hybridized carbon atom (see II), may on occasions lead to abundant
M-C2H4-CO rearrangement ions. This behaviour is illustrated by reference to

oacetate (XXIV), in which appropriate
se peak (mle 97, CõH?NO+) from the

hylene (to mle 125, C6H'NO2+) and carbon

aololid": similarly, in the spectrum of the ethylidene derivarive xxII, mle g3
(c4HNo+, 16l of the M-oczH' base peak) arises u¡¿ the successive losses of crHn
and CO from the molecular ion; the spectrum of the dn-derivative XXIIa establishes
that the ethylene is expelled from the ethyl group of the ester. These processes
demand the migration of a¡ oxygen atom, presumably as an oEt or oH soup.
since a neighbouring cyanide group bound to the sp2-hybridized carbon atom seeÁs

f
z
ôz
f

É 80
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to be necessary for this reaction to occur, one possible representation of the process
may be illustrated by the sequence XXX + k -> I -> m (mle 97). The loss of etþlene
from XXIV after ionization to give the acid, followed by a OH migration to the nitrile
function might also be entertained since no loss of carbon monoxide is found to precede
the expulsion of ethylene.

Me

H,

CN

corEt

CN
,/

MCCH:C
\

corEt
x)cl

--+

-co<- *

CN
,/

CDgCD_C
\

corEtMe

Me

C

u"/

x)(Iv

J-"

XXIIa

+

Me

Me

ÈNOEt

Èo+
XXX k

I -CrH¡

C:NOH
:C

\rv'c-o'

Me

C

u"/
m,mle97 l, mle 725

In some systems represented by the general formula )OOil it has recentþ been

showd that abundant M-l ions arise via loss of an aromatic hydrogen atom, probably
with the production of an aromatic oxonium ion z. Waightll has demonstrated that
such cyclization reactions can lead to the facile loss of an ortho-substituent QO(XII ->
o). Since deuterium labelling has established that hydrogen is not lost specifically from
the ortho-position in the reaction typified by ÐÕil ---> n,r it was of interest to deter-

mine whether chlorine was preferentially eliminated from the ortho-isomer XIX
relative to the meta- arid para-isomers )O( and XXI. Whereas the spectra of the m-
and p-isomers are virtually identical (see, for example' Fig. Ð, that of the o-isomer
XIX (Fig. Q contains no molecular ion, but exhibits a relatively abundant M-Cl ion,
the further decomposition of which provides (at least in part) both mle 219 and the
base peak (mle 173). These observations strongly indicate a facile chlorine radical
elimination via cyclization (XIX --+p) only in the o'isomer.

CH_COR

-H.-----)

XXXI z,M - I
11 E, S. Waight, Symposium on Newer Physical Methods ín Slructural Chemisfty, Oxford (1960.

20
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v/hile the elimination upon electron impact of stable neutral species (e.g., co)
from organic molecules with bond-formation between the terminal portions can no
longer be regarded as very unusual,z the possible migration of groups in concerted
electrocyclic reactions (e.g., XIII -> b or xxlx - h) appears to be a tatet phenom-
enon, examples of which are of great mechanistic interest. However, it is emphasized
that ifthe ionization process is regarded as occurring by removal ofa ø-electron from
the olefinic double bond of XIII, then the alkoxyl (or hydroxyl) migration may be
visualized to occur to a benzylic carbonium ion centre, in analogy to other cases.tto

Acknowledgement-A grarfi from Statens almindelige videnskabsfond (to S.-O. L.) is gratefully
acknowledged.

EXPERIMENTAL
All mass sPectra \/ere determined using an AEI MS 9 mass spectrometer operating at 70 eV and a

source pressure of approximately f x 10-? mm Hg. Samples were introduced through a heated inlet
system (at approximately 150') or by the direct insertion technique.

Compound XV was obtained commercially, We have previouslyrz reported the preparation of
Vf[, X and XI.

Diethyl m-chlorobenzalmalonate (XX) was prepared by condensation of r¿-chlorobenzaldehyde
with diethylmalonate, yield 28/,, b.p. 135"/0.5 Lrn, n36 1.5380. (Found: C,59.33; H, 5.38; 

-Cl,

12.50. Calc, for ClaHl5OaCl: C,59.49; H, 5.36; Cl, 12.71%.)
The following Knoevenagel products were prepared by reported methods (compound and Ref.

given), vI,18 VII,U ¡¡,ft XII,r6 Xry,re XVI,I? XWI,ls )(VIIJ,le XIX,20 Xxr,sl Xxfr,m >o(IIr,¡Ð
>o(Iv,24 XXV,zs XXVI,zo XXVII,z? XXVIII.z8

The isotopically labelled ester XfVa was prepared by condensation of benzaldehyde with mono-
deuterated methyl cyanoacetate, which was obtained from the acid by esterification with diazomethane
in a dioxane-deuterium oxide mixture.ze Yield 89\, m.p.87-88".

Ethyl da-ethylidenecyanoacetate QO(Ia) was prepared by condensation of da-acetaldehyde with
ethyl cyanoacetate, yield 69'/",b.p.99'/11 mm., n?o6 1.4456.

The spectrum of the deuterated acid VIIa was obtained by introducing the acid VII into the
spectrometer in the presence of DrO.80

Methyl 2,4,Gd"-cinnamate (XVIa) was prepared by a previously describedr procedure. Diethyl
2,4,6-d"-benzalmalonate (XVIIa) was available from the condensation of 2,4,6-dr-benzaldehydé1
with diethyl malonate,

11o R. G. Cooks and D. H. Williams, Chem. Comm.57 (1967).
1¿ S,-O. Lawesson, E. H. Larsen and H. J. Jacobsen, Arkio. Kemí 23,453 (1965).
rs W. Baker and A. Lapworth, f. Chem. Soc. 12i1,563 (192Ð.
14 A. Lapworth and J. A. McRae, f. Chem. Soc. !21, l70O (1922),
r5 B. B. Corson and R. W. Stoughton, J. Am. Chem.,Soc. 50, 2828 (1928).
10 B. B. Corson and R. W. Stoughton, J. Am. Chem.,Soc. 50, 2835 (1928).
1? P. Pfeiffer, I. Engelhardt and W. Ãlfuss, Lìebìg's Ann,4tl,l78 (1928).
18 R. Anschütz, Líebíg's Ann,354, lU (lg}i).
10 E. Knoevenagel, Chem. &er.31,2594 (1898).
10 P, E. Gagnon and L. Gravel, Canad. J, Research,8, 600 (1933).
31 E. E. Pratt and E. Werble, "1, Am. Chem. Íoc,72,463S (1950).
2r K. V. Auwers, Chem. Ber. 56, ll82 (1923).
2s L. Claisen, Chem. Ùer.26,2731 (1893).

'9a G. Komppa, Chem. Ber.33,3532 (1900).
25 K. V. Auwers, Chem. Ber.56, ll84 (1923).
¡' F. D. Popp and A. Catala, J. Org. Chem,26,2738 (1961).
2? F. R. Goss, C. K. Ingold and J. F. Tholpe, f, Chem. Soc. 123,3352 (1923).

'?8 S. B. Schryver, J. Chem. 5oc.63,1344 (1893).
2s K. J. van de Merwe, P. S. Steyn, and S. H. Eggers, Tetrahedron Letters 3923 (1964).
80 J. S. Shannon, Austral. f. Chem.15,265 (1962).
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Mass Spectra and Organic Analysis. Fart Vlll.l The Mass Spectra of
Piperitone, the Piperltols, and Related Products
By A. F. Thomas and B. Willhalm, Research Laboratory. Firmenich & Cie, Geneva, Switzerland

J. H. Bowie, University Chemical Laboratory, Cambridge

With the aid of deuteriation studies and exact mass measurements, strubtures for the ions observed in the mass
spectra of piperitone and c¿s- and trans-piperitol are given, and related to the simpler 3-methylcyclohexenone and
3-methylcyclohexenol. Keto-enol interconversions within the mass spectrometer are shown to be unlikely.
The loss of methyl attached 1o a double bond in the 3-methylcyclohexenols is described. The piperitol spectra
are highly dependent on the condition of the mass spectrometer so far as the loss of water is concerned.

Tnrs Publication describes the results obtained with
some unsaturated analogues of our previously reported
menthones 2 and menthols.l There are not many
analyses of mass spectra of cyclic ap-unsaturated ketones
outside the steroid field,8 although von Sydow has
published the spectra of four unsaturated ketones in-
cluding piperitone.a

Preþaration ol M aleriøls.-The deuteriated piperitones
(II) and (VI) were available from our previous work.2
Reaction of trideuteriomethylmagnesium iodide with
cryptone I led to a mixture of c¡'s- and lrans-l-hydroxy-
menth-2-ene deuteriated in the C-7 methyl group,
oxidation of which 0 gave the piperitone (III). Thymol

r Part VII, A. F. Thomas and B. rvVillhalm, J. Chem. Soc, (B),
1966, 219.t B. Willhalm and A. F. Thomas, J. Chetn, Soc,, 1965,6478.
_- r R. H. Shapiro and C. Djerassí, j. Amer. Chem. Soc., lg64,
80, 282õ.{ E. von Sydorv, Aatø Chem. Scaøi|., 1964, 18, f 099.

methyl ether (VI I) was reduced with sodium and deuterio-
ethanol in heavy alnmonia ? to (VIII), then treatment
with semicarbazide gave a piperitone semicarbazone
(IX) that was decomposed, the resulting dideuteriated
piperitone being back-exchanged with water to give
(IV). A study of the rate of deuterium exchange of
piperitone in alkaline heavy water showed the expected
more rapid exchange of the axial C-4 hydrogen than the
others (Figure l). Examination of the rate of change of
the mass spectroscopic fragment at rnle 82 (not involving
C-4; see below) showed that most of the deuterium

ö Cf. A. S, Galloway, J, Dcrvar, and J. Read, J. Chetn. Soc.,
t936, t595.I J. P. Bain, B.P. 761,686; J. P. Bain, A. B
Klein, U.S.P. 2,863,882 (Chetn. Abs., 1969,
2,827,495 (Chen. Abs., 1958, 52, 14,719) ; J
Booth, and W, Y. Gary, U,S.P. 2,894,040 (Che
22,067).

? Cf. A. J. Birch, J. Chetn, Soc., 1944,'432.
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ment, a coupling constant of 6 c./sec. being observed
between the vinyl hydrogen on C-2 and the carbinol
hydrogen on C-3, consistent with the dihedral angle of

OHH

H

(x)

flr) (ilr)

(vt)

(tv)

HO

D
DJ Dr (xD

(v) D!

NH.CO.NH

(tx)

incorporated in the first 20-30 min. rvent into this
position (Figure l), leading to (V).

Reduction of piperitone by lithium aluminium h)'dride

D

D OH
D

(xil) (xilr) (xrv) (XV)

D

D,C D

OH

(xvl) (xvil) (xvlll) (XlX)

about 40o observed on Dreiding models with the con-
formation shown in (X).e

In addition to the deuteriated piperitols (XII)-
(XVI) corresponding to the piperitones (II)-(VI), we

D
__>

CH, 
D CH,

(VID (vilt)

D

fH.
CH
-t

* c¡..-Elrt*p-,+,"h jh. A
nlc 82 nlc54 nle}gR

(I) R=Pri
(xtx) n=g

R

cH2-_c-H-_cH- cH3
+

nb ss
Scheme I

in ether at room temperature is reported to give a mix-
ture of 360/o cis- and 640/o lrans-piperitol (X) and (XI).8
\Ve found a slightly higher proportion of (X), the n.m.r.
spectrum of rvhich confirmed the stereochemical assign-

40

Dideuterated

0ther
monodeutereted

45
Timc (min,)

FIGURE I

prepared (XVIII) by reduction of piperitone with lithium
aluminium deuteride, and (XVII) by direct exchange in
the mass spectrometer itself (cf. ref. l).

Møss Sþectrum of Piþeritone (Figure 2).-The principal
fragment is at mle 82, and arises as shown in Scheme I *
by a retro-Diels-Alder fission, this idea being supported
by the mass spectra of the deuteriated piperitones, and
the behaviour of 3-methylcyclohex-2-enone (XIX)
which, unlike piperitone (I), exhibits a strong meta-
stable peak at about mle 6I.2 associated with this fission.
The subsequent fate of the fragment at mle 82 is shown

* AII the and the piperitols that are
discussed we s measuremãnts, and, unless
otherwise st tirely of the C, H, and O
composition æ given,

Shannon, J. Chem.
in alcohol leads to
tn. Soc.,1964, 3532.
I.

30

0,LJ
,.
=
òo

60
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by the existence of metastable peaks corresponding
to loss of first CO, then methyl Most of the fragment
at mle 55 that does not contain oxygen (70o/o of. the total)

82

f0

39
t

54l l¡t-t{ M'
l

nlc
FrcuRE 2

50

nl.
F¡cun¡ 3

nl¿
FIGURE 4

appears to arise from the neutral olefin of this fragment-
ation, and apart from this the fragments in Scheme I
are almost the only ones unaffected in either position or
intensity by deuteriation of the side-chain (VI).

. We recently established the existence of both possible enol
ions of 3-methylcyclohexanono as fragments in the mass spectro-
meter. They have quite different fragmentation patterns, which
rve shall treat elsewhere, These facts are unrelated to known
keto-enol reairangements in the inlet systern of ccrtain mass
spcc[roruetcrs,r¡' rr Lut argue agairst the occurrence of repeated
keto--enol trausitions such as are sometimes invoked to account
for observed mass spectrometric frssions (a.g., in ref. lõ),

J. Chem. Soc. (B), 1967

The only other important fragmentation path taken
by piperitone results from an initial 7-hydrogen transfer
(" Mclafferty rearrangement ") r0 involving the side-
chain (Scheme 2) analogous to what has been abundantly
demonstrated with menthone.z,ll It will be noted that
this fragment at m.le ll0 is the enol ion of 3-methyl-
cyclohex-2-enone (XIX), but its fate in the mass
spectrometer is quite different from that of the ketone;
it loses the methyl group attached to C-1, the resulting
fragment at mle 95 shifting to 96 in (IV), (V), and (VI),
to mle 99 in (II), but remaining at 95 in (III). One
explanation is that a rearrangement of the enol occurs
by hydrogen transfer from C-5 as shown in Scheme 2.
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nle llO nlc 95
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t.

I

I
v

100

nlc 67

Scheme 2

This constitutes an experimental confirmation of the
logical theoretical assumption in accord with ionisation
potential considerations,u that an enol is formed in the
Mclafferty rearrangement, and that it does not rapidly
rearrange to the ketone,* in analogy to the experimental
evidence supplied by Pitts et ø1,.16 in connection with the
corresponding photochemical reaction.lT

Loss of methyl from piperitone probably occurs by
the same mechanism as \Me have suggested for menthone 2

(Scheme 3).
The CrHrrO+ ion at mle 124 is formed, as the deuteri-

10 F. W. Mclafierty, Analyt. Chem., 1969, 31, 82; leading
references to this reaction in: H, Fritz, H. Budzikiewicz, and
C. Djerassi, Chem. Ber., f966, 90, 3õ; C. Djerassi and L. Tökes,
J. ., 1966,88, õ36.

cz, C. Djerassi, and D. H. rtrilliams, " Inter-
pr pectra of Organic Compounds," Holden-Day,
San Francisco, 1964.

1¡ S. Meyerson and J. D, McCollum, Ailu. Analyl. Chen. ønd,
Inslrutn., f963, 2, f87.

rr K, Biemann, " Mass Spectrometry, Organic Chem. Appli-
cations," McGraw-Hill, 1962, p. 2I8.Í E. Lund, H. Budzikicwicz, J. M. Wilson, and C. Djerassi,
J. Amer. Chem. Soc.,1963,8õ, tõ28; C. Djerassi, R. H. Shapiro,
and M. Vandewalle, ¿b¿d., 1986,8?, a892; H. Budzikiewicz and
C, Djerassi, Chem. and, Inil,, 1966, L897.

rõ F. 'Weiss, A, Isard, A,. Lautz, G. Bonnard, J. Sarpinet, and
R, Husson, Bull. Soa. chi,tn. Frønca, f 96ã, 3677,

rc J, N. Pitts, J. K. Foote, and J. K, S. Wan, Pholoahetn. and,
Pholobiol.., f965, 4, 323; G, R. McMillan, J. G. Calvert, and
J. N. Pitts, J. Amcr. Ch¿t¡t. Soa., 1964, 80, 3609.

r? R. G. 'W. Norrish and M. F. S. Aþpleyatd,, J. Chem. Soc.,
r934, 874.



Phys. Org.

ated compounds fnotably (IV)] shorv, by loss of carbons
5 and 6 rvithout hydrogen trd.nsfer.

(f ---------* .+
rnt l2¡'a

nlc l3'7

Scheme 3

Simple loss of an isopropyl radical rvill give rise
to the ion at mle L09, and, although a metastable peak
at about mle 87 can be correlated with Ioss of ethylene
from the fragment at mle 137, the mass spectra of the
deuteriated piperitones make this very difficult to sub-
stantiate. Also difrcult to account for is the l0!o of.

the fragment tt mle 9õ not containing oxygen, since the
obvious source (Ioss of CHO from the fragment at mle 124)
is excluded by the absence of any fragment at mle l0l in
the mass spectrum of (VI).

395

5, 8, and 9; cf, Scheme l), 300/o being CrHrO+. The
fragment at mle 4L is even less specifrc. The deuteriated
compound (VI) exhibits fragments at every mass number
lrom mle 4l to 46, and, since 3-methylcyclohex-2-enone
has practically no fragment at mle 41, we feel justified in
associating this fragment with the isopropyl group.
There is a metastable peak at about 37'2 conesponding
to a mle 4l 

-> 
39 transition, providing further

evidence for a diversity of pathways to the lighter
fragments.

cr's -Piperitol

100

nlc
FIGURE 7

Mass Sþectrø of cis- ønd, trans-Piþeritol'.-At first,
the spectra measured on the Atlas CH-4 and A.E.I.
MS-9 instruments were practically the same, trdns-
piperitol (XI) (Figure 8) showing much greater

lM - l8f+, lM -18 - l5l+, and [M - 18 - 431+

fragments than cis-piperitol (X) (Figure 7). Early in
our experiments, ho'rvever, rve were obliged to change
the û,lament in our Atlas instrument. On previous
occasions we had noticed a very marked catalytic
dehydration and dehydrogenation effect after insertion
of a new cathod.e unit. We followed this effect by succes-
sive measurements of the a-ionone mass spectrum, and
found that it always disappeared entirely after 48 hr.

tronc-Pipenitol

nle
FIGURE 8
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The small fragment at mle 67 occurs in all the 3-methyl-
cyclohex-2-enones \rye have so far examined, and could
be ascribed to the CrHr+ ion (although we have not
checked this with exact mass measurements) possibly
arising, Iike the small fragment at mle 77, from the
fragment at mle 95.

It is well known that the lower fragments become less
and less specific (with the exception of those belonging
to the clear-cut degradations described). For instance,
the fragment at rnle 66 is 70o/o Cn (mostly from C-4,

For the frrst time we now used a cathode unit that was
not entireþ new, but was a repaired unit in which only
the rhenium filament had been changed, and we we¡e
surprised to find no catalytic effect at all in the a-ionone

ô.€
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spectrum. We concluded tliat the surface of the ceramic
pãrt of the new cathode units had been responsible for
lhis effect, Furthermore, we found that the piperitol
spectra were similar to previous ones, but some five
months later (after a total lifetime of this cathode unit
of about I year) we noticed for both piperitols a markedly
lower tendency to form dehydration fragments (the

th¡ee mentioned at the start of this paragraph)' Nearly
I year later (total lifetime of the cathode unit about 2
years) the relative intensities of these dehydration
iragments had further diminished (Figures I and l0)'

J. Chem, Soc. (B), 1967

that might be accounted for by a trace of acid or other
catalysi on the walls of tlre capillary, since on other
oc."iio.tt we have stored tratts-piperitol for some months
without alteration.

There are two main breakdown paths in the piperitol
rnass spectra, one being through the initial loss of water
mentioned. Although a precise calculation is probably

heptadeuteriated PiPer-
hat the loss was entirelY
fragments at mle 140-
and HDO with the nerv

o\

':ø
Ê,

9so
E
q,

':
-g
c,
Ê.

Pipenitols, Atlas CH-4 - old filament

c/s t¡ons

nle
Frcune l0

frlament on the Atlas instrument' Subsequent neasure-
ments were all made with the repaired fila¡nent, but
examination of cis- and. lrøtts-(XV) showed that, at the
same time as Figures I and l0 were recorded, neitlter
piperitol lost water by l,2-elimination to any extent.

D2

nl.
FIGURE 9

trøns-pipeitol still giving more dehydration fragments
than the cis-isomer. The piperitols are so far the only
substances we have found to show such striking differ-
ences in their mass spectra, other spectra remaining very
similar to the earlier ones. We also carried out some

experiments with varying source temperatures in the
MS-9 instrument, and found that, contrary to what
might intuitively be expected, raising the source tem-
perature resulted in a lowering of the proportion of the
dehydration fragments (Table 1), thus supporting the

T¡.srr I *
Relative intensity (o/o base fragment) of various ions at

different source temperatures
M+ M -16+ M -18+ M -33+ M -61+75oc 16 33 36 21 100

150'c l7 38 41 25 100
350oc 5 35 26 23 94

r The figures of the mass spectra of deuteriated piperitols and
the values quoted in Table I iefer only to cis-piperitol' Similar
values are fóund with lrøns-pipeilol, t¡ut with a higher proportion
of dehydration fragmcnts.

notion that the dehydration is catalytic rather than
thermal or arising from electron bombardment. cis-
Piperitol has l¡eetr reported to be unstable,rs but we
have found both cis- and trøns-piperitol to be thermally
stable, being largely unchanged after passage over glass
helices up to 300'. Nevertheless, on one occasion after
collection from a Carbowax column and storage in the
dark in a sealed capillary tube, a sample o'1. trans-
piperitol had been dehydrated entirely, an observation

nle
F¡cunB ll

Since no hydrogen is lost from any of the methyl grouPs

or from C-5, and trans-piperitol does not l,2-eliminate
water to any appreciable extent, it appears that most
of the ¡emainder must come from C-6, although the
importance of the fragment at mle l2l suggests that the

lM - I8)+ fragment is not merely the a-phellandrene
ion.ro A further point requiring explanation is the

re ¡, Read and J. 'Walker, J. Chem.Soc., 1934, 308.
10 1.. F. Thomas and B. 'Willhalm, Hela, Chim. Actø, 1964, 47,

476.

ôe

og
l,

s
U

g
U
Ê

D



Phys. Org.

Ioss of deuterium from the methyl group on C-I in the
formation firom (XIII)] of the fragment corresponding
to mle 93. Scheme 4 provides one explanation of
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Scf¡eme 4

this, and rve have observed similar behaviour in (XX)
(both cis andlrans\. It is evident that these fragments do
not contain ox)¡gen, and they are not shifted by deuteri-
ation on the ox5'gen (X\TII).

(xx) (xxt)

The second main breakdown path of the piperitols
leads by way of a retro-Diels-Alder frssion (Scheme 5)
to the main fragrnent at rule 84. Loss of a hydrogen
from this fragment $ves tnle 83, and, since the methyl
group retains all its hydrogen in this reaction [compound
(XIII)I and hydrogen is not lost from the hydroxyl
group, the hydrogen in question must come from C-6
rvhich is most conveniently explained by formation of a
furan.
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Scheme 5

The most difficult problem in the rnass spectra of
the piperitols is to account for the loss of the methyl
group, which is only the one attached to C-l [(XII),
(XIII), and (XVI)1. It is reasonable to suppose that
the C-3{-4 bond is the weakest in the piperitol mole-
cule, and its fission may lead, as we have shown above,
directly to the " retro-Diels " fragment. Should this
not happen, stabilisation of the radical-ion through loss

D
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F¡ounn l5

t
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of a methyl radical from the isopropyl group does not
occur, and cyclisation to the cyclobutane in which the
methyl removed is both allyl and quaternary (Scheme 6a)

D3

H

nlc
FrcuRr 16

is a possible explanation of the results. The alternative,
involving initial hydrogen transfer from C-3, does not
account for the lack of stereochemical preference in this
fission, but otherwise accounts satisfactorily for the
fragments observed (Scheme 6b).

Several small fragments arise from mass 139 such as

at mle 97 (loss of CrH.), and a small proportion of the

J. Chem. Soc. (B), 1967

ible genesis for this ion, It is possible that 3-methyl-
cyclohex-2-enot (XXI) undergoes loss of methyl in the
same way funlike the corresponding ketone (XIX)],
the " retro-Diels " reaction being relatively small (Figure
I8), but we have not checked that the carbon lost is
really the methyl attached to the double bond in (XXI),
and, indeed, cyclohex-2-enol exhibits a relatively strong

Dsc D3
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lM - 16l+ fragment arising by loss of C-6 adjacent to
the carbinol group (personal communication from
Dr. R. T. Aplin, who has confirmed this by deuteriation
studies).

fragment at mle lll (loss of CrH), the latter moving to
mle lL7 in (XVI) but remaining at mle lll in (XIII).
The fragment at mle 71 can be associated with mle I39,
too, since there is a metastable peak at abott mle
36'3 that does not move in (XIII) but shifts to slightly
lowet nrle in (XIV), corresponding to a change of mle
t40 

-> 
7I. This fragment at mle 7I must therefore

be associated with a double hydrogen transfer, one of
which comes mostly from the terminal carbon of the side-
chain in (XVI), and the other presumably from the ad-
jacent carbon, since it does not come from any of the
positions we have labelled. Scheme 6 also shows a poss-

* Our mechanism for the lM - 16l+ fragment is clearly wrong
in the light of these results.

OH

F¡cunB 18

Scheme 6a bears some resemblance to a previous
idea r8 of two of us (4. F. T., B. W.) (Scheme 7a) for the
formation of the lM - 43)+ fragment from menth-
4(8)-ene which has recently been criticised by Weinberg
and Djerassi,zo who propose two successive double bond
migrations.* We feel that it is unlikely that two such
rearrangements occur with the speed reguired, since the
very existence of the retro-Diels fission points to a highly
specific directing influence of the double bond in cyclic
systems, although we realise that, if no readily available
fission can occur directly, a rearrangement possibility
exists. A possibility not considered by Weinberg and

,0 Ð. S. Weinberg and C, Djerassi, J, Org, Chem., L966,8L,
I lõ.
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but with very important fragment at mle 43alternative he fragment at mle 60 characteristic
, l5-30o/o .at rnle gB and l2l, characteristic of

(o)

(o)

(b)

+
^*12s6

nlc 7l

+

nlc 139
I
a
I
It

+
,^lJ -alJJlJ-r^l¡^lJ- mle 'll

cx=cx-lH'' ocH,

[t36.3

Scheme 6

Scheme 7

H-+

+

(u)

IQI 
-..,.f'''

+
a

nle i5

(c)

Lal
*0

+
Piþeritol Acetates.-We have also examined the mass

spectra of the piperitol acetates, but we feet that they are
extensively before becoming
subjected to ince, although they
give small ith the piperitols,

EXPERIMENTAL

_ Mass spectra were generally measured as previously
described,r or on an A.E..L model MS-9. High-ìesolution
measurements rtrere on the latter, resolution being one part
in 12,000 with f 0o/o valley definition.

Preparative gas chromatography was carried out on a
fully automatic Carlo Erba " Fractovap p ,, using l-5-ml.
injections on a column 2 m. X 20 mm. packed with

ls
H

. Notø add¿il in þroof : We have since shown that Scheme Zb
qrob-aùIy correct in this case (8. Willhalm and A, F. Thomas,
elv. Chim. Acta, in the press). 

'
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It rvas finally purifred, after isolation in pentane, by gas

chromatography; isotopic purity 960/o.

Deutetiun Erchange of Piþeritone.-Piperitone (0'6 g')
rvas added to dioxan (20 mt.) and deuterium oxide (20 g.)

in which a small pellet of sodium had been dissolved. At
intervals, 5 ml. of solution was withdrau'n and rapidly
shaken rvith pentane and deuterium oxide (I ml.), the
pentane layer then being washed u'ith water (2 x 2 ml.) to
neutrality. Drying and concentration of the pentane gave
piperitones s'ith the isotopic content shorvn in l'able 2.

T¡srr 2

Contents (%) of 2H in PiPeritone
Atoms of 2H

Carbowax on Chromosorb A in series rvith a 4 m. x l0 mm.
column packed with Carbowax on Chromosorb W.r Analy-
tical gas chromatographic and other apparatus was as

previously described. 12,4,6,7-zHìPiperitone (II) andn

[9, l0-,Hr]piperitone were made as previously described.z
| -12IJ")M ethy l- 4-i s oþr oþ y lm e nth -2- en-L- o I ( xx) (cf . ref . 5)'

-A 
synthetic mixture (prepared as described in ref' 2I)

of 4-isopropylcyclohex-2-enone (cryptone) and 4-iso-
propylcyctohex-3-enone was separated by preparative gas

chromatography. Cryptone (0'75 g.) in dry ether (5 ml.)
was added to [zHr]methylmagnesium iodide (made from
1.0 g. of f2Hr]methyl iodide) in dry ether. Decomposition
of the complex with ammonium chloride solution and isol-
ation of the product with pentane gave a mixture of
¿is- and tr ans-l-llH. 

"fmethyl-4-isopropylmenth-2-ene, 
fronr

which samples of the individual compounds were separated
by gas chromatography. Less than I o/o of the isomers had
less than three 2H.

U '3 g') of
cis- sodium
bich uric acid
(0.õ isotoPic
purity >97o/o.

4- I s o þ r o þ y I- õ -m elho t y -I- tne th yllï,6-2If r)cy cl o h e4 a-L, 4- di-
ene (YIÍI) (cf, ref. dlY suP-
plied by Dr. E. Su reduced
with sodium in liq method
previously described,Ê and the product isolated with pentane
ãnd puriñed by gas chromatography; isotopic purity 95o/o
f2IJ f
L ¡ r2t.

l6E-2IJl P i' þ el ito n e (lY ) .-The crude dihydrothymol (VI I I )
was heated with semicarbazíde hydrochloride (0'2 g.) and
sodium acetate (O'S g.) in alcohol (5 mt.). Dilution with
water caused [2,5-'zHr]piperitone semicarbazone (0'f5 g.)

to precipitate. Aft l0o/o aqueous

sulphuric acid, the Pentane and
back-exchanged by m hYdroxide.

* We are greatly indebted to Dr. E' Palluy for the preparation
of this highly successful column'

Time
(min.)

6
l0
t5
30
60

2r0
r080

The piperitols were made by reduction of the corresponding
piperitone with lithium aluminium hydride in ether. The
¿is- and lrøøs-isomers were separated by gas chromato-
graphy; 44o/o cis- and 560/o trans-piperitol were observed on
undeuteriated material.

l\-zílPiþeritol,-This wâs prepared similarly, using
lithium aluminium deuteride'

We should like to thanl< Mr' C' Pellegrin for assistance

with the experimental work. We have received continuous
encouragement from Dr. Max Stoll and the directors of
Firmenich & Cie throughout this investigation.

[6/96õ Receiued', JrilY 29th,1966]

21 G. Stork and S. R. Dorvd, /. Amer. Chettt' So¿., 1063,8õ,
2t78.
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ÐLECTR,ON IMPACT STUDIES

I. HIGH RESOLUTION MASS SPECTR,A OF SOME UNSATUR,ATED CYCLIC KETONES

By J. H. Bowrot

lManuscript rece,iued, December 23, 19651

Summary

The mass spectra of somo 2-cyclohexon-l-ones, tetralones, and indanones have
been investigated, The characteristic fragmentation processes, substantiated by
appropriato metastable peaks, exact mass measurements, and in some cases by
deuterium latrelling studies, groatly facilitate the determination of both the type
of system and the position of substituents on that system.

Although the mass spectra of cyclic ketones have been studied (cf.1'2), the
spectra, ofthe syntheticaþ important cyclohex-2-en-1-ones, tetralones, and indanones,
with the exception of carvone,s have not been reported. This paper dea,ls with the
interpretation of the mass spectra (Table I and n'igures 2, 4-6) of cyclohex-2-en-I-one
(I), isophorone (II), 3,5,5-trimethylcyclohex-3-en-l-one (IV), f- and 2-tetralone
(V and VIII), 3-ethoxycarbonyl-I-tetralone (VII), l- and 2-indanone (X and XI),
and I -ethoxycârbonyl-2-indanone (XII).

D:C

D

(n) (vÐ (rx)

The composition of all fragment ions mentioned in this paper have been
established by exact, ma,ss mea,surements; speciflc structures have been assigned.

primarily to produce a self-consistent rationale for the interpretation of the spectra,
a,nd a,re to be regarded as formal representations only.

f University Chemical Laboratory, Camtrridge, IJ.I{.; present address: Department
of Organic Chemistry, Ilniversity of Adelaide.

l Budzikiewicz, H., Djerassi, C., ancl \{illiams, D. H., "Interpretation of Mass Spectra
of Organic Compounds." pp. 17 26, 140-6f . (Holden Day: San Francisco lg6r[.)

2 Budzikiewicz, l{., Djerassi, C., and Williams, D. I[., "Stmctural Elucidaúion of Natural
Products by Mass Spectrometry." (I{olden Day: San Francisco 1964.) Vol. 2,
pp.50-94.

3 Reed, R. I., in "Mass Spectrometry of Organic lons." (Ed. F. W. Mclafferty.) p. 668.
(Academic Press: New York 1963.)

Aust. J. Chen¡,., 1966, 19, f 6I9-26
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The mass spectrum (see Table l) of cyclohex-2-en-l-one (I) is readily inter-
pretable, and is summarized in X'igure l.f

+

+.
-CH2=CH2

*

b mle 39
(I) mle 68 mle 4o

mle g6

X'ig. I

This is ¿ù general fragmentation process for alkylcyclohex-2-en-I-ones and is
even the most preponderant process for 5-isopropyl-3-methylcyclohex-2-en-l-one
(piperitone)a which can also undergo a highly favoured Mclafferty rearrangements
to oxygen. A further example which illustrates this process is the mass spectrum
(X'ig. 2) of isophorone (II). The interpretation of this spectrum has been aided by

roo 62

54 raa(v+)

rzs(d)

40 too t20 t40

nle

ßig.2

a series of high resolution measurements, and from a consideration of the mass
spectrum (Table 1) of isophorone-d, (rII). rt should. be noted here that, even for
compounds containing only C, H, and O, exact ma,ss measurements are essential for
unequivocal interpretation of the spectra, and this wilt be apparent several times
throughout the course of this pâper.

f Al asterisk represents the presence of an appropriato metastable ion for the process
indicated.

a Bowio, J. H., and Thomas, A. tr'., unpublished data.
6 Mclafferty, x'. w., "Determination of organic structuros by physical Methods.',

pp. I29-<t9. (Academic Press: New York 1962.)
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The most important fragmentation of the isophorone molecular ion (II, mle 138)

is the loss of isobutene, followed. by elision of carbon monoxide, then a hydrogen

radical (all processes substantiated by appropriate metastable ions), which parallels

the fragmentation of cyclohex-2-en-1-one itself. Additional fragmentation of

+

Me

- \'lc'
Me

e; mle 9I

(ll) m/e 138
d; mle 123

t-
* co

2H

mle 93

t
.l-

+

-2H - CHr:ç¡1,

X'ig. 3

-co

mle 95

rsa(v+)

*
+ Me

67mle

mle 65 (60/ò

too

BO

- Me.
*

at

Me'
*

U
Uz
oz
f,
D

u

F
J
U
É

mþ

82

^þ123

(tv)

AO

20

41
67

BO 100 120 140 160

mle

Tig. 4

(II, mle 138) involves the specific loss of Me' from the five position ffrom the spectrum
of the d, derivative (III)I to form d, (mle 123), while further fragmentation of this
species ultimately furnishes mf e 9I, probably the stable tropylium ca,tion e, 0,îd
mle 65, represented as the cyclopentadienyl cation / (x'ig. 3).
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The utility of mass spectroscopy in distinguishing between cyclohex-2-en-1-ones
and cyclohex-3-en-l-ones can be demonstrated. by a comparison of the spectra (n'igs. 2
and 4) of isophorone (II) and 3,5,5-trimethylcyclohex-3-en-1-one (IV), An inter-

roo r¿e(r'¡+)

n8(s)

go(h)

t31

r04(j)

60

ao
\{
U
uz
o
z
f
E

u

F
J
U
E

(v)

40

20
"",tr\

\

40 ao too

mle

Fig. 5

120 140 r60

r¿e(r'r+)

roa(j)

Qeo
u
u
z
ô
z60)
o

U

F40
J
U
É,

100

20

(vuÐ

Bs(Í)

tts(m)

tz(I)

rre(Þ)

120 140 r60

78

40 ao roo

mle

X'ig. 6

pretation of the mass spectrum of (rv) is summarized in n'igure 4. rn this case,
the base peak (mle96,M-42) arises by elision of ketene from the molecular ion, while
a minor fragmentation is associated with loss of C4HBO from the molecular ion by
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unfavourable vinylic cleavage, probably to furnish the cyclopropene derivative

cuII{¡ (mle 82, M-56) which loses Me. by allylic cleavage to form the stable câtion

CuIJl, mle 67 (see X'ig. a).

I- and 2-Tetralone (v and vIII) behave differently upon electron impact.

Their spectra (n'igs. 5 and 6) are interpreted in I'igures 7 and 8, and an interpretation
of the spectrum (x'ig. 5) of l-tetralone was aided by the spectrum of its d,

derivative (VI).

Lo@l
- CHr=6¡¡, - cu2co

g; m/e 118

*

h; mle 90

j; mle I04

(V); m/e 1a6

!; mle 104

h; mle 118

*

+

H
+ +

+.

i; mle 89

í; mle 89

Fig. 7

(Vtn); -7" t+O

cH2co -co

*

- 2H.
*

o; mle 78 m; mle II5 l; mle II7

Fig. 8

It follows from the spectrum ofthe l-tetralone-d, (VI), that the loss ofethylene
from the molecular ion (Y) comes exclusively from the 2,3-position to fown g

(mle lI8) ; the fragmentation concludes with the plausible formation of the benzo-
cyclopropenyl cation i, (mle 89). The loss of a methyl radical from the l-tetralone
molecular ion is pronounced (I7o/o of the base peak) whereas analogous losses of
Me. in the spectra of (I), (VIII), (X), and (XI) are either absent, or very small.
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The 1-tetralone-d,, molecular ion (mle 148) Ioses 15, 16, and 17 mass units equally,
showing that this loss of Me. is a random process possibly involving all saturated
centres. Such a process should be contrasted with the loss of a Me' from the
molecular ion of cyclohexanone which occurs by o-cleavage and specific hydrogen
rearrangement.6

Although alkyÌ substituted l-tetralones should follow this general fragmentation
pattern, caution should be taken in extending the analogy, since 3-ethoxycarbonyl-
I-tetralone (VII) (see Table l) fragments primarily via the ester group, and only
loses ethoxycarbonylethylene to a small extent to give 70o/, (hig}r resolution) of
mle ll8 (I3o/" of the base peak) as g, which is not of diagnostic value in this case.

i; mle I04

100/, from (Xl)

90/. from (X)

-co

(x); -¡" tzz

- CHr:ç¡1,

-co HH**

(xt); mle t32 þ; mle 102

l-*

i; mle 89

o; mle 78 [ql -Hi-H'
+*

q; mle I30

-co
*

r; nle 104 (10q,ò

Fig. I

s; mle 76

2-Tetralone (VIII) behavos characteristically on electron impact, and the
fragmentation is summarized in n'igure 6 a,nd n'igure 8.

In this ca,se, favoured loss of ketene from the molecular ion (mle 146) forms
an ion j (ml" I04), whose representation as the benzocyclobutene molecular ion is
supported by its fragmentation to the benzocyclopropenyl câ,tion i, (mle 89) and the
benzene radical ion o (mle 78). Additional support, for the above formulation is
forthcoming from the spectrum (Table 1) of the 2-tetualone-d,n (IX) in which the
a,nalogous ion, mle 106, Ioses some HC=CD to furnish mle79, indicative of a cyclic

0Williams, D. H., Budzikiewicz,H.,PeTak.,Z., andDjerassi, C.,Mh.Chem., 1964,95, f66.
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structure. A minol fragmentation is elision of carbon monoxide from the molecular
ion to form k, mle 118, with the final formation of the indene cat'ion m (mle ll5).

The mass spectra (Table l) of l- ancl 2-indanone (X and XI) show some

interesting features, and are summarized in n'igure L The only apparent visual differ-
ence between the two spectra is that the molecular ion of l-indanone carries more of
the total ion current than that of 2-indanone, while the l-indanone molecular ion is
able to lose two H' to form the l-indenone radical ion p (mle 130) which the other
isomer cannot do. The other important difference is that the loss of mle 28 from the
l-in<ianone moiecular ion (mle i32) is a tioubiei corresponding io ioss boi;h of CO

(90o/") to j (*le 104) and ethylene (fOo/o) to r (mle 104). 2-Indanone, on electron

impact, loses only CO to form the benzocyclobutene radical ion i (mle 104) which
fragments in the normal manner.

+.

- coz
- CH"=ç¡1,

(xr); nle 132

(Xll); nle 204

Fig. l0

Finally, the mass spectrum (Table l) of 1-ethoxycarbonyl-2-indanone (XII) is

notable for the characteristic loss of the ester group with concomitant hydrogen

reârra,ngement to carbon to give the 2-indanone molecular ion (mle f32) (X'ig. 10)'

The distinction between hydrogen migration to carbon and to oxygen is assured

as the resulting spectrum of mle 132 is very similar to that of 2-indanone. and is
substantiated by all the appropriate metastable ions. This spectrum should be con-

trasted with that, of 3-ethoxycarbonyl-I-tetralone (VII), in which no ânâlogous

rea,rrangement is observed.

Expnnrrunrt¿.r,

All spectra were detennined. using an A.E.I. MS9 rnass spectrometer operating at 70 eV
ancl with the heated inlet system and source at a temporature of approximately 150".

All compounds were tested for purity either by gas chromatography or try nuclear magnetic
resonance spectroscopy, and the labelled compounds were prepared try the general moühod of
Djorassi et al.1

Acrr.rowr,noc+MENT

Grateful acknowledgment, is made to Dr D. H. Williams for helpful discussion.

This work was ca,rried out during the tænure of an I.C.L X'ellowship.

? Williams, D. H., Wilson, J. M., Budzikiewicz, H., and Djerassi, C', J. Am'. chent' Soc.,

1963, 85, 209r.
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II.I MASS SPECTR,A OF QUER,CETAGETIN DER,IVATIVES

By J. H. Bowrn|g and D. W. Cnmnnowf

lMcrnuscròpt receiaed, March 15, 19661

Sutnnro,ry

The mass speotra, of 11 quercetagetin derivatives ale reported ancl díscussed.
The spoctra are generally simple and amenat¡lo to analysis. A numbor of
fragmentation processes have been substantiaüed try exact mass measuremonts,
appropriate metast,able ions, and deuterium labelling.

Although the mass spectra of flavonel (I), apigininz (II), acacetinz (III), and
isorhamnetins (Y) have been discussed., no detailed investigation of a specific family
of flavones has been reported. The purpose ofthis paper is to establish a relationship
between the structures of derivatives of quercetagetin (IV) and their fragmentation
patterns produced on electron impact.

OH

(v)

The spectra of eleven quercetagetin derivatives are reported in Table I and
Bigures I-4. All ions having a,n a,bundance of 5o/o or more of the base peak (100o/o)

a,re recorded in Table I. The presence of an asterisk (*) in either the text or a figure
indicates the presence of an appropriate metastable ion for the process indicated.
Although exact mass measurements establish the compositions of some of the frag-
ment ions discussed (see Table 3 below), specific formulae have been depicted. merely
to relate the fragmentation pattern to the structure of the intact molecule, and are
intended to be formal representations only. The isotopic purity of compounds
(VII), (IX), and (XIV) is indicated in Table l.

t Part I, Aust. J. Chem,., 1966, 19, 16f 9.

I University Chomical Laboratory, Cambridge, U.Il.
$ Present address: Department of Organic Chemistry, University of Adelaide.
l Barnes, C. S., and Occolowitz, J. L., Aust. J. Chern., 1964, 17, 975.
2 Reed, R,. I., and Wilson, J. M., /. chern. Soc., 1963, 5949.
3 Pelter, 4., Stainton, P., and Barber, M., J. hetørocyclic Chønt., 1966,2, 262.
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T¡.sLn I
MÀSS SPECTR,Ä OX' QIIER,CETÄGETIN DER,IYATIVES

Because of the complexity of the spectra of 
.compounds 
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R,

The retro Diels-Alder process l(I) - aTb) and the loss of carbon monoxide
from the molecular ion [(I) -+ c] are important decomposition modesl in the mass

spectra of flavoner (I), apigininz (II), and acacetinz (III), but are of Tninor importance
in that of the more highly substituted flavone, isorhamnetin3 (V) (see X'ig' 5)'

RR/R

HH
CD¡ H

EtH
Et Et

Ac Ac

(xuÐ

(xrv)

(xv)

(xvÐ

(xvu)

HH
DD
MeH
CD¡ H

Me Me

Et Et

Ac Ac

(vr)

(vrr)

(vrrÐ

(tx)

(x)

(xÐ

(xrù

+

-co

c,mle 794
(t) 

^¡" zzz

+.

+lor

a,mle 720 b, mle 102

n'ig. 51

The quercetagetin derivatives ((IV) and (vI-XVII)) cto not fragment in this way

on electron impacl. Instead, the moleculat ion, which is always pronounced, loses

radicals (R, : H. , Me. , or Et. ) from several of the oxygen substituents to form

stable cations (M-Iì)+. Invariably, the loss of one of these radicals is especially

favoured, sufficiently so, sometimes, to lead to the base peak of the spectrum.

The study of a variety of O-alkyl derivatives (Table 2), together with the deuteration

experiments to be discussed., shows that this process is associated with either the
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oxygenated substituent, at CG or at C3'. The former possibility seems more lihely
on structural grounds, since, as illustrated in n'igure 6, it may be facilitated by the
formation of a quinonoid cation, no analogous formation being possible in the case

of C3'. (The substituents R, in n'igures 6 and 7 are not necessarily the same ancl

Tanr,n 2

o¡ NI-R roNS rN Tr{E spEcrRA ox' quER,oETAGETTN DERrvarrvES
(Expressed. as porcentage of the base peak)

Compouncl (xvl)

M-H.
M-Me
M-EI

may bo II, Me, or Et.) These observations suggest that, for O-olkyl qucrccto,gctin
derivatives, the nature of the substituent at C 6 may readily be determined
by mass spectrometry.

OR

_R

(xvnÐ

(rtr - n)*

õ

t2
r00

R

-"'oi.

(u-n-co)* (M-R-H2O)+

Fig. 6

Quinonoid structures similar to that in n'igure 6 can be written for elimination
either from the C3 substituent (n'ig.7) or from the C8 (in the case of flavones
containing a C8 alkoxyl group). The former is not an observed process for querceta-
getin derivatives, for reasons that will be discussed later, nor for isorhamnetins (V)

fwhere the (M-H.) ion constitutes only l0o/o of the molecular ion (base peak)].
Preliminary results suggest, on the other hand, that the latter is a mâjor fragmentation
pathway for flavones containing C8 but not, C6 substituents.a The number of
compounds in this category that have been examined, horvever, is insufficient for
generalization at this stage.

These observations are illustrated by the foÌlowing examples. The isomeric
jaceidins,6 (VI) ancl oxyayanin B? (XIII) behave differently on electron impact.

a Bowie, J. I{., unpublished data.
5 Farkas, L., Hörhammer, L., Wagner, Il., Rösler, Tl., and Gurniak, R., Chem. Ber.,

1964, 97, 610.
6 Bowie, J. II., and Cameron, D. W,, /, chem. Soc,,1965, 565f .

?Iling, F. E., King, T. J., and Stokes, P. J.,J. chem.9oc.,1954,4587.
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The major ùifference between the two spectra (X'igs. I ancl 2) lies in the fragmentation
through differing substituents at C 6 (see Fig. 6 and Table 2) ; other fragmentations
are indicated in n'igures I and 2. The compositions of all the major ions in the

Tlsr.n 3

Exacr MÄss MEASTTn,EMENTS rN THE spncrn,Ä ox' coMporJNDs (vr), (xr), ano (xvr)

Composition
(vr)
mle

342

3I7
302
299
274
246
l5l
135

69

c22H23os
c22rr2õo?
c22TJ2ro1
czrTJnol 05yo)
croHlros (25%)
c21r{2ro?
clrII6O (50%)
csH6o4 (50%)
csTl?o, (30%)
c?H3os (70%)
c4H6o (65%)
csIIO' (35%)

spectrum (n'ig. f ) of jaceidin (VI) have been established by exact mass measurements
(see Table 3). Another noteworthy fragmenta,tion mode common to both spectra,
(X'igs' I and 2) is the concerted loss of an acetyl radical from the various molecular

+.

- MeCO
*

-Me

Fig. T

rons (mle 360) (these processes are substantiated by metastable ions at mle 287.8).
This process [(M-cHBco), substantiated by a metastable ion] is also noted in the
spectra of (Xr), (xII), (xvr), and (XVrr), but is not substantiated by metastable
ions in the spectra of (VrII), (X), or (XV). The concerted loss of an acetyl radical

d

(xrx)

-Me.

RO

RO

clsT[14o?
c1?rr11o?
c16IIlsO?
c15r{roo?
cr6]111o6
c14H1oo6
crsrll0o6
c8H?o3
cEH?o' (65%)
c?H3o3 (35%)
c4II5o (20%)
csHo' (80%)

Composiüion

415

40r
387

166

(xr)
ûùl e

crrrlrsos (90%)
c2sII27o? (20o/ol
c22IJ.26o1

crlHrso? (60%)
croHlros (40%)
cnIJ.ßo (45o/o)

cEII6o4 (55%)

Composition

69

135

385
r66

415
40I
397
387

mle
(xVI)
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has not been oJ¡served in the mass spectra of either simple methoxybenzenes8 or

flavones,1-3 and a possible explanation is that this loss origina,tes from the 3-position
to form the M-43 cation, possibly d. such a, process (Fig. 7) would explain why
the plausible loss of a radicalfrom the C3 substituent (cf. n'ig. 6) to form ¿ is not
observed, presumably because of the inherent, instability of the o-quinonoid inter-

mediate e, thus resulting in the concerted elimination of an acetyl radical (Me' lco)
from the various molecular ions. If such a process (XIX + d) is observed in the

mass spectrum of an O-alkylquercetagetin, the presence of a methoxyl substituent
I ! - -l mI- - -^-:^- .^^ /^ I^^ . O^^ :- f.^+L +L^^^ -^^^+--at, u ó may De Leltu¿l,tlvely ässrgrrc(t. rrlc rcgrurr r,úlØ Lvv 

- 
awv ur uuurr urrcow Ðyvwv, @

and in those of the other quercetagetin derivatives is composed generally of small

peaks due to doubly charged ions and fragment ions (Table 3) which are of little
cliagnostic value for structural studies, and will not be discussed further in this paper'

Small but significant, ions arising from the loss of the elements of water from

both molecular ions a,nd fragmcnt ions arc observed in all spectra (n'igs' I-4
and Table l) examined: such processes have been observed previously.s To attempt
to ascertain the sites of elimination of water, the mass spectra (Table l) of the

deuterium-labelled compounds (VII) [prepared by introducing (VI) into the source

with deuterium oxideel, (IX) and (XIV) [prepared by treating (vI) and (XIII)
respectively with diazomethane and deuterium oxidelol were examined. Because of
the incomplete labelling of these compounds (see Table I for the isotopic purities),

results were âmbiguous regarding the loss of water. Ilowever, examination of the

spectra (Table 1) of the labelled pentamethyl ethers (IX ancl XIV) and the unlabelled
(VIII) clearly shows loss of cHr. from the molecular ion of (IX), and cDr. from

that of (XIV), thereby confirming that either the C6 or C3'substituent is involved

in the decomposition. This fact, when combined with the above evidence (Table 2

and Tigure 6) lends additional support to the fragmentation outlined in Figure 6'

It should be noted here that incorporation of deuteriume into jaceidin (VI)

by the direct, insertion technique yields a d,, btl1., almost no d, derivative, whereas

similar treatment, of quercetagetin pentamethyl ether (VIII) gives less than 5o/o

incorporation of deuterium. Caution should therefore be exercised when using this
technique to estimate the number of phenolic hydroxyl gloups in a flavone where

strong hydrogen bonding interactions may occur.

The mass spectra (Table l, x'igs. 3 and 4) of the methyl ethers (vIII) and (X),

and the ethyl ethers (xI), (xv), ancl (XVI) clearþ illustrate the applicability of
the general fragmentation processes summarized in Figures 6 and 7. The spectra

of triethyl jaceiùin (XI) and triethyl oxyayanin B (XVI) are reproduced in Tigures 3

and 4, and. illustrate the ease with which these two compounds may be differentiated.

Exact mass measurements establish the compositions of the major ions in the

spectra of (XI) and. (XVI) (see Table 3). The two acetates triacetyl jaceiclin (XII)
and triacetyl oxyayanin B (XVII) behave unexceptionally on electron impact

(Table l), exhibiting significant molecular ions, which lose three ketene units to
furnish the molecular ions of the parent compounds (VI) and (XIII)' which fragment,

s Barnes, C. S., and Occolowitz, J. L., Aust. J' Clrcrn., f 963' 1ó, 2f 9.
e Shannon, J. 5., Aust. J. Chem., 1562, 15, 265.

10 van der Merwe, K. J., Ste¡me, P. S., and Eggers, s. H., Tøtraheilron Lett., 1964, 3923.
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as described previously (n'igs. t and 2). X'inally the mass spectrum (Tables I and 2)

of quercetagetin (IV) exhibits the molecular ion as base peak, a substantial M-H'
cation, and an M-CHO. cation (metastable aL mfe 262'8); consistent with the
above generalizations.

In summary, mass spectrometry can be used to determine the type of oxygen
substituent at C6 in quercetagetin derivatives and possibly in other flavones of
known high-oxygenation pattern. It thereby complements chemical and spectro-
scopic methods6,11,12 used. in investigating the nature of oxygen substituents at
other positions on the flavone nucleus.

E¿ennrunNr-a;,

All spectra were determined by the direct inserüion technique using an A.E.I. MS9 mass
spectrometer operating at 70 eV, with a source tomperature of 200-250'. Exact rnass measure-
ments were carried out at a resolution of 14,000 (10o/o valley definition) to an accuracy of
l5 p.p.m.; hoptacosafluorotributylamine was used to provide roferenco m&sses, All compounds
cited havo been previously described..6-? Quercetagotin rvas synthesized by demethylaúion of
jacoidin wiüh constant boiling hydrogen iodide in acotic anhydrido; oxyayanin B and jacoidin
'woro converted into the labelled quercetagetin pentamethyl esters (IX) and (XIV) by methylation
with diazomeühano and deutorium oxide.10

Acrnowr,nocMDNTS

lVe are indebted to Drs T. J. King and J. W. W. Morgan for supplying us

with many flavone sa,mples. One of us (J.H.B.) is grateful for the a,wârd of a,n

LC.I. X'ellowship.

u Jurd, L., in "The Chemistry of Flavonoid Compounds." (Eil. T. A. Geissman.)
pp. 107-155. (Porgamon Press: Oxford 1962.)

12 Massicot, J., and Marthé, P., BUII. Soc. cluirn. Ir., 1962, 1962.
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Electron impact studies. III

Mass spectra of substituteil 9rl0-ilihyrlrophenanthrenes

By E. DvNnsnx, S.-O. L¡.wnssox, G. Scunor,r,, J. H. Bowrn and

R. G. Coor<s

ÄB STRÀCT

The mass spectra of üwenty substituted 9,IO-dihydrophenanthrenes are reported and discussed.

The spoctra exhibit pronounced molecular ions and characteristic fragmentaöion patterns, The

absenco of skelotal rearrangement ions in ühe specüra of these compounds allow mass spectro-

metry to be usod for analytical purposos. In some cases, "orüho-effects" can indicate the relaüive

orienùation of subsüiüuents in the tricyclic system.r

Although the mass spectra of several phenanthrenes and 9,10-dihydrophenanthre-
nes are recorded [I] no systematic study of the mass spectra of 9,lO-dihydrophenan-
threnes has been reported. The mass spectrâ of 9,IO-dihydrophenanthrene (I) and.the
substituted 9,lO-dihydrophenanthrenes (II-XXII) are reported in Table I and Tigs.
I-10. The a,ppearance of an asterisk (*) in either the text or a figure depicts the pre-
sence of an appropriâte metastable ion for the process indicated. Although exact
mass mea,surements establish the compositions of ma,ny ions, it is stressed that spe-

cific structures heve been written for fragment ions to relate the fragmentation pto-
cesses to the structure of the intact molecule. Such structures are intended to be
nominal representâtions only.

The major fragment ions present in the mass spectrum (n'ig. 1) of 9,I0-dihydro-
phenanthrene (I) are aìso found in the spectra of the substituted. 9,10-dihydrophe-
nanthrenes (II-XXII). The fragmentations of I are summarised in X'ig' I' The mole-
cular ion (mle 180, base peak) read.ily loses hydrogen to form the stable phenanth-
rene radica,l iorr (mle I?8) which fragments further by loss of acetylene to mf e 152,
probably the biphenylene redicel ion ø. Alternatively, the 9,I0-dihydrophenanthrene
molecula,r ion may decompose by elision of a methyl radical to form the stable fluo-
rene cation b, mle 165. This ion, which is absent in the spectrum (Table l) of phenanth-
rene (XXIII) (but present in the spectra of alkylphenanthrenes [l], is observed in
the mass spectra of all the 9,I0-dihydrophenanthrenes studied, and is therefore in-
dicative of saturation at G-9 and C-10 when there a,re no more than three substitu-
ents (and no alkyl substituents) on this tricyclic system.

r Part II of this series is: Bowie, J. H., and Cameron, D. W'., Austrat. J. Chem' 19, L627 (1566)-
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Table 7." Mass spectra of substituted 9,10-dihydrophenanthrenes.

lIe,) mle
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The mass spectra (n'igs. 2-4) of l-nitro- (fI), 2-nitro- (V), and 3-nitro-g,10-di-
hydrophenanthrene (VIII) may be used to differentiate the three compounds. The
decomposition modes exhibited by V and VIII on electron impact are summarised in
X'igs. 3 and 4 and high resolution measurements establish the compositions ol mle
195, 179, 178 and 162 in the spectrum of V. Of the compounds studied, the g,l0-
dihydrophenanthrenes (V-VIr) containing a nitro group at C-2 (or G-7) have larger
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M-NO ions than those compounds (VIII-XI) having the substituent at C-3 (or
C-6). Although the partial rearrengement of the nitro groups of many orga,nic com-
pounds to nitrite on electron impact has been observed previously [2], it is not clear
in this case whether the enhanced rearrangement at C-2 is due to conjugate or steric
effects. Nevertheless, a comparison of the spectra (Table 2) of compounds containing
such substituents (when a l-nitro group is absent) illustrates the analytical appli-
cability of this observation.

The spectrum (X'ig. 2) of 1-nitro-9,10-dihydrophenanthrene (II) is entirely dif-
ferent from those already considered, primarily because of the "ortho-effect" [3]
operating between the substituent at C-l and the hydrogen groups at C-10.1 This
effect is noted in the spectra of all g,lO-dihydrophenanthrenes containing a nitro
group at C-1, and is therefore diagnostic for this substituent. The fragmentations
of II on electron impact are summarised both in Scheme I and n'ig. 2. T}:re base peak
of the spectrum is due to the loss of a hydroxyl radical from the molecular ior;. (mle
225) which presumably proceeds by a concerted elimination mechenism, as no anå,-
logous effect is noted when a,n amino group is present at C-l (see later). No distinction
can be mad.e between an elimination occurring via the nitro group of 1I (bo il,, mle

Ta,ble 2. Relative abundance of M-NO' ions in úhe spectra of 2- and 3-nitro-9,10-
dihydrophenanthrenes.
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ø Compor.rld XXI in addition contains a nitro group adjacent to C-9.

I A different "ortho-effect" is notod in the specùrum of l-nitronaphthalene where it has beon
proposed [4, 5] thaü the molecular ion may roarra,ngo üo the 8-nitroso-I-naphthol radical ion,
which then docomposos by elision of carbon monoxide.
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Scheme 7r

+

+
+

C,mle- 225II

b, m/e. 165

&),/
,/_cHNO

-co -(x) C13HgN+

m/e180
+

+
d, m/e- 208 e, m/e 208

\ ø

f,rn/e 178

208) or through the rearrangecl nitrite group of c, mf e 225 (lo e, mle 208), as either of
these species (d or e) could in principle eliminate carbon monoxide (to mle 180) or
NO' (to the phenanthrene molecular ion). When this "ortho-effect" operates, the
loss of NO' from the molecular ion is negligible.

The main features of the spectra of the mononitro-9,lO-dihydrophenanthrenes are
retained in the spectra of the more highly substituted nitro-9,10-d.ihydrophenanthre-
nes. The spectra (n'igs. 5, 6 and Table I) of the three isomeric nitroamino-9,10-
dihydrophenanthrenes (III, VI and XI) clearly illustrate the ease with which the
l-nitro group may be detected. The fragmentations of III and VI are summarised in
X'igs. 5 and 6 and the interpretation of the spectrum (n'ig. 5) of III has been aided
by the spectrum (Table l) of N-dr-ilI (IIIa) which was produced by introd.ucing III
directly into the source with deuterium oxide [6]. It can be seen that the isotope label
is completely retained in the tM-OH'l ion (supporting the mechanisms illustrated.
in Scheme I) whereas the [M-35] ion (M-OH'-H,O) has lost approximately I0% of
the label, showing that the loss of water from the (M-OH') ion is a random process
involving hydrogens attached to both nitrogen and carbon. It, is also of interest to
note that the only significant di-fference between the spectra (n'ig. 6 and Table l) of
VI and XI lies in the relative abundances of the M-NO ions (Table 2), and it follows
that the "ortho-effect" operative between the adjacent nitro and amino groups of

1 The compositions of all ions mentioned in Scheme I have been determined by oxact mass
measurements.

384



(III)
165(h)

193

(M+)

80

s
q,
u
c
rd
!
c
a
-o

c,
.t
(rt

(,
È

10 60 80 100 120 140 160 180

m/e
Fig. 5

In/e
X'ig. 6

10 60 80 100 120 110 160 180 200 220 210

.A,RKI\¡ I'öR KEMI. Bd 26 nr 33

220 210 260

XI is very small, The spectra (Table 1) of the three isomeric dinitroamino-9,10-
dihydrophenanthrenes also follow the above pattern, with the two isomers (XX and
XXI) containing l-nitro substituents being easily recognisa,ble. However, the spectra
(Tables L and 2) of XX and XXI âre a,lmost identical, and consequently the genere-
lisation (Table 2) concerning the detection of a 2-nitro group by the relative abun-
dance of its M-NO ion, is not applicable to compounds already containing a l-nitro
substituent, presumably because of the facile decomposition which may proceed'
through this substituent.

When the amino substituent of III is replaced by an acetamido group (which on
electron impact may readily decompose by elision of ketene), pronounced loss
of a hydroxyl radical from the M-CII2CO ion (see Scheme 1) is now observed' The
mass spectra (X'igs. 7 and 8, Table l) of the three isomeric acetamidonitro 9,10-
dihydrophenanthrenes (IV, VII and XII) show this effect clearly. The fragmentations
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of IV and XII are summarised. in X'igs. 7 and 8. 2-Bromo- and 2-iodo-3-nitro-g,I0-
dihydrophenanthrene (rX and X) behave unexceptionally on electron impact
(Table 1), exhibiting the fragmentation modes (M-halogen-NOr) or (M-NOr-halo-
gen) to furnish the stable phenanthrene molecular ion (1, mle I78), together with
abundant mle 165 (ó) ions characteristic of the 9,IO-dihydrophenanthrene system.

The two isomeric diamino-9,10-dihydrophenanthrenes (XVII and XIX) behave
identically on electron impact, showing that the "ortho-effect" operating between
the two a,mino groups is more pronounced than that operating between the l-amino
substituent and the hydrogen substituents of C-10 in the spectrum (n'ig. g) of XVIL
The loss of the elements of ammonia from the molecular ion (mle 210) involves the
loss of three hydrogen atoms attached to nitrogen to give mle lgï, possibly g, as
evidenced by the spectrum (Table t) of N-dn-1,2-diamino-9,10-dihydrophenanthrene
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n/e
Fig. I

(XVIII) (produced by introducing XVII directly into the source with deuterium
oxide [6]. This behaviour is ânâlogous to that exhibited by o-phenylene diamine
on electron impact [7]. n'urther fragmentations of XVII and XIX are indicated. in
X'ig. 9. The compositions of the major ions (mlelg3,I92,l80 and f 65) in the spectrum
of XIX have been established by h.r. measurements.
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,1,

h, m/e 276

h,n/e 165

m/e 192

The spectra of the three acetamido-9,10-dihydrophenanthrenes are similar (see

Table I for the spectrum of XIII), showing the molecular ion as the base peak, with
pronounced. elision of ketene to give the corresponding amino-9,10-dihydrophenanth-
rene rad.ical ion. A very different situation is observed. in the spectrum (Fig. 10) of
2-trifluoracetamido-9,I0-dihydrophenanthrene (XIV). Ilere, and in other compounds
containing the trifluoroacetyl group [8], elimination of COCX'2 with concomitant
fluorine reerrangement, is not an observed process. Instead, the molecular ion (mle
291) is very pronounced and ind.eed is so stable that loss of a methyl radical from the
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molecular ion (to h, mle 276) is observed. other fragmenta,tions â,re unexceptional,
and are summarised in n'ig. 10.

fn summary, ma,ss spectrometry is of considerable use in the determination of
both the lVPe attd position of substituents on the 9,I0-dihydrophenanthrene system,
and complemented by other spectroscopic techniques, should. aid structure elucida-
tion in this fielcL.

Experimental

All mass spectra were obtained on an A.E.r. MS g mass spectrometer operating at
70 eV. Samples were introduced directly into the source v,hich was mainCained it a
temperature of 150-180". Exact mass measurements were determined at, a resolution
of 14.000 (10 o/o valley definition) using heptacosafluorotributylamine to proviile
reference masses.

9,l0-Dihydrophenanthrene (r) was a purified. commercial sample. A previously
published procedure [9] was used to prepare 2-nitro-g,10-dihydrophenanthrene (v).
By acetylation of 2-amino-9,10-dihydrophenanthrene 2-acetylamino-g,I0-dihy-
drophenanthrene (XIII) was obtained [9].

Most products utilized for mass spectrometry were analytical specimens, proved.
to be homogeneous by thin layer chromatography and. other methods.

The following eighteen compounds were prepa,red for the first time. ror physical
and analytical data, see Table 3. rI and VIIr were prepared by deamination of IrI
and XI, respectively. Hydrolysis of IV, VII and XII gave fII, VI and Xf, respec-

!!vely. Nitration of Xrrr produced rv, vII and Xrr. rX and X were prepared from
XI according to Sandmeyer. XIV.wes prepared by trifluoroacetylation of 2-amino-
9,10-dihydrophenanthrene. xV and XVI were prepared by acetylation of the corre-
sponding amines. XVrr and xrX were prepared by reduction of rrr and Xr, respec-
tively. XX was obtained by hydrolysis of the corresponding N tosylderivative.
XXr and XXrr were prepared by hydrolysis of the corresponding N-acetyl deriva-
tives.

388



Tøble 3. Analyses

Roceived

.lRKrY FöR KEMr. Bd 26 nr 33

Calculated
Com-

pound.
Mp.
'c C I{ N c II N

II
III
IV
VI
YII
VIII
rxø
¡u
XI
xII
XIV
XY
XVI
XVII
XIX
XX
XXI
XXII

6.40
11.93

9.91
r 1.76
r0. t4

6.31
4.47
4.01

r 1.87
9.88
4.98
6. l0
6.58

r3.30
13.67
14.4t
t4.79
r4.95

6.22
11.66
s.92

1 1.66
s.s2
6.22
4.61
3.99

1 1.66
s.s2
4.8r
5.90
5.90

13.32
r3,32
t4.73
t4.73
t4.73

68.6-69.6
123.8-t2B
170.8-r72.8
r38.2-r39.8
2t6.5-2t8.8
8r.2-82

r24 -t25.8
10{t -105
r57 -158.5I77 -l7Sr44 -145.5I40 -L42
r56.6-r59
212 -214
r42 -t42.6
236 -238
225.5-227
265 -265.5

75. l8

74.65
69.95
67.88
69.73
67.89

4.79
5.19
5.O7
5.44
5.r4
4.86

74.65
69.99
68.07
69.99
68.07
74.65

4.92
5.03
5.00
5.03
5.t.,t.,

4.52

69.70
68.35
65.67
80.71
80.44
78.31

6.42
4.50
4.06
õ.95
6. r6
6.43

69.99
68.07
65.98
80.98
80.98
79.96

5.03
5.00
4.16
6.37
6.37
6.71

59.0I
58.50
58.65

3.83
3.74
3.83

58.94
58.94
58.94

3.89
3.89
3.89

ø Analysis: (Br) Rec. 25.94; ca[c.26.28.
Ò Analysis: (J): Rec. 35.72; calc. 36.14.
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Skeletal Rearrangement on Electron Impactl
By J.H.Bowre

(Deþørtment of Orgøni,c Chemistry, (Jniuersity of Adeløide, Sou.th Au.sh,al,ia)

R. G. Coors
(U niu er sil,y C hemi cal, Labor alory, Lensfield, Rd,., C amb rid. g e)

S.-O. L¡.wesso¡¡, P. JexoaseN, and G. Scxnorr
(Deþartment of Organic Chemistry, Aayhus (Jniuersity, Aarhus C., Denmørh)

Tnu loss of CO and CO, with associated skeletal
rearrangement has been shown to occur when
certain organic compounds containing carbonyl
groups are subjected to electron impact.z This is
an important feature of mass spectrometry and
must be carefully documented because of its
obvious relevance to the "element mapping"
technique.s

Further examples of skeletal rearrangements
involving the loss of CO or CO, are listed in the
Table. The compositions of all rearrangement ions
have been established by exact mass measurements
and in six cases the detompositions a¡e deflnitely

confirmed by appropriate metastable ions (indi-
cated by the presence of an asterisk). In the case
of (VII), r8O labelling establishes that the CO lost
comes from the ketone moiety, in agreement with
similar loss oI the ketone group in both methvl and
ethyl acetoacetate.a It is possible that similar
eliminations occur in compounds (IV-VI). The
possibility of thermal rearrangement in the case of
(XII) has been excluded try obtaining the spectrum
by the direct inlet procedure at 60o.

Many of the rearrangement ions mentioned
fragment further upon electron irnpact, and full
details of all spectra will be published later.
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ELECTR,ON IMPACT STUDIES

VI.* MASS SPECTRA OF ESTERS AND THIOESTERS. SKELETAL R,EAR,R,ANGEMENT

ON ELECTIION IMPACT

By J. H. Bowro,f R,. G. Coor<s,f P. Jaxonsnn, $ S.-O. LawnssoN, $ and G. Scrrnor,r,$

lManuscri,ytt rece'í,aecl October 2O, 1966f

Summaty

The rnass spectra of representativo series of simple alkyl acetoacetates, alkyl
acetothioacetates, and some unsaturated esters derived from unsaturated alcohols
or phenols are reportod and discussed. The fragmentation schemes have been
established by high resolution measurements, appropriate metastablo ions, and
by deutorium and 18O labelling. Many of the spoctra show significant slceletal
reanangoment ftagments arising from either loss of carbon monoxide or carbon
dioxide.

The occurrence of skeletal rearrangement fragments has been observed in
the mass spectra, of p-diketones,l'2 cyanoacetates,s ø,p-unsaturated esters,a ethyl
acetoacetates,s and in other groups of compounds containing carbonyl functions.o 10

The presence of such fragments in the mass spectra of simple compounds is not, only
of importance in the understanding of fra,gmentation modes, but is also of obvious
relevânce to the element mapping technique.ll

* Part, V, Cl¿em. Commun., 1966, 539.

t Department of Organic Chemistry, University of Adelaide.
f University Chomical Laboratory, Lensfield Road, Carnbridge, England.
$ Department, of Organic Chomistry, Aarhus llniversity, Aarhus C, Denrnark.
l Bowie, J. I{., Grigg, R,., W'illiams, D. H., Lawesson, S.-O., and Schroll, C)., Ch,em.

Commun., 1965, 403.
2 Bowie, J. II., Lawesson, S.-O., Schroll, G., and Williams, D. I{., "/. org. Chem., 1966, 31,

r384.
a Bowie, J. H., Grigg, R,., Lawosson, S.-O., Madsen, P., Schroll, G., and Williams, D. IL,

J. Am. chem. Soc., 1966, 88, 1699.
a Bowie, J. H., Williams, D. H., Madson, P., Schroll, G., and Lawesson, S.-O.,Tetra,hedn'on,

r967,23, 305.
5 Bowie, J. IL, Lawesson, S.-O., Schroll, G., and Williams, D.H.,J. Am. cltem.,Soc., 1965,

87,5742.
6 Fischer, M., and Djerassi, C., Chem. Ber., 1966,99,750.
7 McFadden, W. H., Stevens, I{. L., Meyorson, S., I(arabatsos, A. J., and Orzech, C. E.,

J. phgs. Chetn.,1965,69, 1742.
8 Natalis, P., and Franklin, J. L., J. pthgs. Chem., 1965, 69, 2935.
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and Djerassi, C., J. Am. chem. Soc., f 966, 88, 4049.
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T¡sLn I
MASS SPECT¡,À Of'I:STIRS AND TEIOTSTERS
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Because of our interest in the skeletal rearrangement ions observed in the
mass spectra of ethyl acetoacetatess rve have investigated the relative abundance

of such ions in the spectra of the alkyl acetoacetates (I)-(X) and have extended

this study to include the alkyl ecetothioacetates (XI)-(XVII) and the unsaturated
esters (XVIII)-(XXIII). Some of this worh has been reported in a previous

communication;12 we wish here to report the work in full.

CH¡COCH¿COzR,
DP

(I) Pln (VI) But
(II) Pri (VII) l-ethylcyclohex¡'l

(III) Br¡n (VIII) l-isopropylcyclohex¡,l
(IV) Bui (IX) allyl
(V) Bus (X) CHrPh

cHscocHzc(=o)sR
RR

(XI) Et (XVI) But
(XII) Prn (X\III) allvl

(XIII) Pri
(XIV) Bun
(XV) Bus

(r)
(II)
(III)
(nt¡
(v)
(VI)

Throughout, this paper, en asterisk (*) denotes the presence of a metastable ion
for the process indicated. The compositions of many fragment, ions have been estab-

lished by exact mass measurements and these are summarized in Table 2. The spectra

of compounds (VII), (IX), (X), (XI), and (XIII) are recorded in n'igures l-5
(pp. 69a-6) while the spectra, of all other compounds a,re recorded in Table I.

Tesln 3

RELÀTrVE aBTTNDANoES (%) o¡ rrìaGMENT roNS rN TEE spEcrRÀ oF TEE ÀLKYL acEToAcETATES

(r) (vr)

Com-
M+

pound mle 43

The mass spectra of methyl and ethyl acetoacetate have been discussed

previously.s In the spectra of (I)-(X), the loss of ketene from the molecula,r ion to
form enolic fragment ions (a significant process in the spectrum ofethyl acetoacetate),
is either very small or absent, e.g. in the spectrum of the propyl derivative (I), the
M-CH2CO ion constitutes 650/0 of. mle L02 (l2oÇ of the base peak); in the n-butyl
derivative (III) only 2o/oof the base peak, while no loss of ketene is observed in the
spectra of the other butyl derivatives (IV)-(YI). When R, is a larger alkyl group than
ethyl, the acetyl cation (mle a\ is always pronounÇed, and processes occur which
involve loss (from the molecular ion) of (f ) the alkyl residue v'ith double hydrogen
rearrangement to give an ion corresponding to ø,13 together witli (2) loss of an

alkoxyl radical to yield b (mle 85). The presence of the M+-ROH ion (mle 84) is

12 Bowie, J. II., Cooks, R,. G., Jakobsen, P., Lawesson, S.-O,. ¿nd Schroll, G., Chent"

Commun., 1966, 539.
13 Bowie, J. I{., Lawesson, S.-O., Schloll, G., and Williams, D. H., "/. org. Ch'em., 1966, 31'

1792.
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noted in the spectra of (I)-(III) and (VI), but not in those of (IV) and (V). No
explanation can be offered for this anomalous observation. The general features of
the spectra of (I)-(VI) &re summarized in Tables I and 3. The relative abundance
of skeletal rearrangement ions in the spectra of (I)-(VI) correspondingly decreases

cH3cocH2c=o*

b

with increasing size of the alkoxyl group. Although small rearrangement ions are

noted (Table 3) for the propyl derivatives (I) and (II), no skeletal rearrangements
are observed in the spectra of the butyl derivatives (III)-(VI). When the alkoxyl
group contains a saturated ring system as in (VII) and (VIII), the mass spectra are

not characteristic of p-keto esters, apart from exhibiting ions corresponding to the
acetyl cation (70o/" of mle 43\ and to b 130% of mle 85 (Table 2)1. Instead fragment
ions are present which arise primarily from the alkoxyl group, which after initial
cleavage, has retained the charge. This is illustrated by the spectrum (n'ig. l) of
(VII), while the compositions of the various fragment ions in this spectrum are

summarized in Table 2.

Significant differences are observed in the spectra of p-keto esters containing
unsaturation in the alkoxyl group. Skeletal reârra,ngement ions due to loss of carbon
monoxide from the molecular ions are again observed, especially in the case of (X)
(R : PhCHz) where this ion constitutes l3o/o of the base peak. 18O labellings'l4
indicates that the carbon monoxide expelled originates from the ketone moiety (n'ig. 3).

The benzyloxy cation (mle lO7) in this spectrum (n'ig. 3) must at least partly
arise by loss of MeCHzCO' from the sheletal reârr&ngement ion (mle 164) as this
decomposition is evidenced by an appropriate metastable ion aL mf e 70 ' l. n'ragment
ions due to the presence of the benzyl alcohol and allyl alcohol radical ions (øz/e 108

and 58) are prominent in the spectra (n'igs. 2 and 3) of (IX) and (X). As the genesis

of such ions requires H rearrangement, (IXa) was synthesized (by direct D2O exchange

with (IX)) and its mass spectrum compared with that of (IX). The peak at mf e 58 in
n'igure 2 moves to mle 59 while that at mle 57 is not affected. This is consistent with
deuterium transfer via a four-membered transition state, viz. (IXa) + c:

+

a

["..:.-.",oo-l*
L" H "l

c

(rxu)

The mass spectra (n'igs. 4 and 5, Table l) of the thioesters (XI)-(XVI) bear

some resemblance to the analogous p-keto esters. Because of the thermal decomposition
that these compounds undergo at elevated temperatures, all spectra were determined
by the d.irect insertion procedure using a source temperature of 50'. The spectra

1a Richter, W. J., Senn, M., and Burlingarne, A. R., Tetrahed'ron Lelt., 1965, 1235'
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are genera,lly simple and readily interpretable. The rnass specúr¿ù of (XI) and (XIII)
are illustrated in X'igures 4 and 5, rvhile the major fragmentations of (XI)-(XVII)
a,re summarized in Table 3.

The elision of ketene from the molecular ion to forrn enolic fragment ions, which
is a preponderant process for ethyl acetoacetâtes, is neither observed in the spectrum
of ethyl acetothioacetate (XI) nor in those of (XII)-(XVI). Instead, ready loss of
the alkylthio radical by a-cleavage to C=O to furnish b (mle 85) is the preponderant

¡rg. I

ß (70%) llt

loo
99

ao

c
d60t
3Þ

9¿o

ú
20

85 þo%)

(vr)

+.

51

ff1

(v*)
(u-c5H1¡) no peak

o
4020 60 160 tgo 200 220

mle

process in these spectra. The formation of the thiol radical ion (RSH+') by hydrogen
rearrangement is an observed process in all spectra. Comparison of the mass spectra
of (XII) and of the labelled compound CHaCOD2C(:O)SPr" (XIIa) (prepared
analogously to (IXa)) shows a slirift of mle 76 to mle 77. This indicates that PrnSH+'
(mle 761 is formed by hydrogen transfer via a four-membered transition state. The
analogous alcohol radical ion does not generally occur in the mass spectra of simple
alkyl acetoacetates, but can be seen in cases where charge stabilization of the alcohol
radical ion may occur, e.g. (IX) and (X). Here, as in the case of p-keto esters, skeletal
rearrangement fragmenús are observed, their relative abundances decreasing as the
size of the alkylthio group increases (Table 4). Strangely, no skeletal rearrangement
ions are observed in the spectrum (Table l) of the alþl derivative (XVII). X'urther
fragmentations are summarized in Table 4 and n'igures 4 and 5.

RCOOR'
R,

Me
Me
Ph
Ph
Ph
Ph

R
(xvrrr)

(xrx)
(XX)

(xxr)
(xxII)

(xxrrr)

propargyl

allyl
cyclohex-2-eryl
Ph

allyl

Me

X'inally, because of the skeletal rearrangement ions which are observed in the
spectra of ø,p-unsaturated esters,4 the spectra of the unsaturated esters (XVrII)-
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(XXIII) were determined. The general fragmentations (Table l) of these compounds
on electron impact are unexceptional and follow the normal ester decomposition
modes.l5 The skeletal reârra,ngement ions are summarized in Table 4,p.697 . Neither

Fig.2

-C4H402'

-H'(*)

too
ooil¡ il¡

HIC-C+ç-Cf O-Ç-C_:CH2" 3Hz 3 Hz H
L---aJ \- l

43 57

(r"r*)

(tx)

80
G

o
H
-g 50
q
a¡
.Ê oo

6ú
20

20 40

C3HO2+

-co

-cH"co

-c4H402

t42

120 140 160

mle

43

60

Èe

o
c60
dT
a¡
o4Q
Ë

ú
20

too

o

Fig.3

o8 
¡elcuron¡*'

91ooil3 llq 3
H"C-C+C-C+O+C-Ph" ÊH, t ÉHz

107

(x)

192 (vt*)

40 60 ao loo 120 140 160 180 200
mle

methyll6 nor phenyl benzoate (XX and XXIII) show any rearra,ngement ions
in their spectra. The mass spectra of compounds containing R, : Me and R,' : allyl or
propargyl (XVIII and XIX) exhibit M-CO ions whereas (XXI) and (XXII)
(R : Ph, R,' : allyl and cyclohex-2-enyl) exhibit M-COz and M-COzH rearrange-
ment ions. The spectrum (Table l) of (XXII) is also noteworthy for the occurrence

15 Budzikiewicz, I{., Djerassi, C., and 
.Williams, D. I{., "Interpretation of Mass Spectra of

Organic Compounds." pp. 10-17. (Holden-Day: San Francisco l96t[.)
16 "Ca,talog of Mass Spectral Data." Spectrum No. 1752. American Petroleum Instiùute

Research Project 44. (Carnegie Institute of Technology: Pittsburg, Pa.)

-C3H5O'

-co

(Ð
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of a further skeletal reaûangement ion at mle 91, CzHi by high resolution (5o/o of
the base peak), whose representation as the tropylium cation is substantiated by
the decomposition

I{C=CH
ntle 9l -Ë* mp 65 (C5H* H.R,.)

The compositions of all skeletal rearrangement ions indicated in Table 5 have been
established. by exact mass measurement,.

Fig. +
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Fig.5
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oú
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il8

120too
mle

4020

It has been suggested4 thât skeletal rearrangements which involve loss of
CO or CO2 apparently occur because removal of the z-electrons from double bonds
(C=C or C=O) generates electron deficient centres which may then be utilized to
promote C-C or C-O bond formation in reactions of the type IABCI+ + [AC]+.

¡crursHl+'
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Exrnnr¡¡nNr¡¡,
l.he spoctra of the p-keto esters and the unsaturated esters ll'oro detorminod on a Hibachi

Perkin Elmer RMU-6D mass spectrometer, with samples being introduced into tho eourco

through a heated inleü system at a temporature of approximatoly 150'. The ühio compounds

wore moa,sured by the direct insertion procedure on an AEI MS9 mass spectrometor using a

sourco temperature not in oxcees of 55'. Exact mass mea,suremonts were carried out with the

MS9, at, a resolution of 14,000 (I0/o valley definition), using heptacosafluorotributylamino to

provide reforence masgea.

TasL¡ 4

B,ET,ATTVE ÀBUND-ANCES (%) O¡ FRÁCIMENr rONS IN TEE SPECTII'{ OI' TED TrrroEsTEIÙS (xr)-(XVr)

Compound M+ M-CO M-(R-H.) RSH M-RS Iì+ MeCO+

(xr)
(xr)
(xIII)
(xrv)
(xv)
(xvl)

100
58
49
oä
bt)

22

T¿'¡r,n 5

REr.arrvo aBrrNDÄNcEs ,Tì ""ïïüï,:iïHì:i,iiNr 
roNs rN rrrn sPEcrRÄ

Rearrangod Ion (xvIIr) (xrx) (xxrII)

M-CO
M-COz
M-I{CO¿

all liquid sarnples were distillod twice, if necessary further purified by gas chromatography.
purity was routinely checkod by gas chromatography, and n.m,r. and mass spectrometry.

Compounds(XX)and(XXIII)worepurifledcomrnercialsamples;(I)_(VI),(IX)'and
(X) were prepared from diketene and the appropriate ¿]ç6þ61.1?'18 The following compounds

wore propared by roported procedures: (VII) and (VIII¡,rs (XVIII),20 (XIX¡'zr (XXI¡'zz 
"tt¿

(Xxfi).2'a Compounds (XI) (XVII) were prepared from diketene and the corresponding thiols

(exporimental details will be published elsewhere).
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T¡re mass spectra of thiophen I and alkylthiophens I'a
L-_-^ L_-_ l:---, --r õr !¡l¿vË uccrl urscusscu. Inrs raper qeaß wlf,n fne mass
spectra of thirty-two substituted thiophens, and is
complementary to papers on hydroxythiophens 6 and
t-butoxythiophens.tu

w*,

ß óo æ)nl.
F¡cunæ I

lll(c)

J. Chem. Soc. (B), 1967

Thiophen Chemistry. Part Xlll.l Mass Spectra of Substituted Thiophens
By J. H. Bowie, Department of Organic Chemistry, University of Adelaide, South Australia

R. G. Cooks, University Chemical Laboratory, Cambridge
S.-O. Lawesson and C. Nolde, Aarhus Universíty, Denmark

The mass spectra of thirty-two substituted thiophens are reported and discussed. The bompounds fragment in a
well defined manner on electron ¡mpact; fiagmentation processes have been substantiated by exact mass m€asure-
ments and ap.propriate metastable ions, All mass spectra exhibit pronounced molecular ions, while skeletal
rearrangement ions are present in many of the spectra. ln general, isomeric thiophens containing substituents in
either the 2- or 3-position cannot be differentiated by mass spectrometry.

c7

measiurements (Table 2); transitions substa¡tiated by
an appropriate metasta'oie peak are inrücate<i by an
asterisk (in text and Figures). Structures written for
fragment ions are nominal only, but are intended to
relate the fragmentation processes to the structure of
the intact molecule (e.g., it has been suggested that the
furan molecular ion does not have the ground-state
structure o).
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The mass spectra of the thiophens (I)-(XXXII) are
reported in Figures l-8 and Table l. The compositions
of many ions have been determined by exact mass

(xxxD å
(XXXII) Br

Empirical mles relating the structures of alkyl-
thiophens to their fragmentation patterns have been
reported.z Several modifications to these rules are
noìr necessary. First, it has been noted ¿ that in general,
the molecular ion of an alkylthiophen will be greater than
600/o of the nle 97 for alkylthio-
phens) only are metþI. Excep-
tions to thi been noted,r and the
mass spectrum (Figure l) of 2-ethylthiophen shows a
further exception to this rule. Here the molecular ion
constitutes 87o/o of. the base peak. The compositions of
the major peaks have been established by exact mass

I V. Hànns and V. Cermack, Coll. Czcch, Chem. Cowm., le6g,
2/, 1602.
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Exact mass measurements in spectra of compounds
(r)-(xxxr)

Cptt. mle Cornpu. Cpd.
(I) 16 CHS (XXr)

cHs
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J. Chem. Soc. (B), 1967
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measurements (Table 2). Secondly, it is inferred ¡
that the presence of the thioformyl cation, b (mle a6l
in the mass spectrum of a thiophen indicates that either
the C(2) or C(õ) atom is bonded to hydrogen. This is

fu*,

-Br'
-Br'

ß 80 120 t60 æ 2Æ 280 320 360 400
nlc

FIGURB õ

not the case, as¡ b (mlc AQ is present in the mass spectra
(Figure 6 and Table l) of all 2,5-disubstituted thio-
phens when either C(3) or C(a) is bound to hydrogen.

The mass spectra (Table I and Figure 2) of the acyl-
thiophens (II)-(IV) exhibit base peaks due to the form-
ation of the acylium cation c. Such behaviour is analo-
gous to that observed for acylbenzenes.?,8 Further loss

from c forms the thienyl cation
then decompose either by loss óf
to d, mle õZ) or CS (to the cyclo-
3e).

__t V._-4._ÌÞel-e-r, R. M. Reese, a¡d F. L. Mohler, !. Chem.
Phys., 1967, Eß, 304.

E S. Meyerson a¡rd P. N. Meyersoa, J. Attet. Chem, Soa,, lgí7,
?9, r0õ8. '
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The spectra of the acylthiophens (III) and (IV) are
notable for the presence of skeletal rearrangement ions

6r9

from carbonyl compounds have been observed.lGlo
As analogous ions are rarely noted in the spectra of
acylbenzenes 7,8 (benzophenone is an exception), it
seems plausible, in this case, that their genesis should
be by migration of the methyl or phenyl group to the
electron-deficient heteroatom. As supporting evidence
for this statement, it has been shown that the sulphur
atoms in sulphides,l? disulphides,ls sulphones,ro'2o and
sulphoxides æ are involved in both skeletal rearrange-
ments and molecular-ion rea¡rangements.

The spectra of the monosubstituted derivatives (V)
and (VI) are recorded in Table l. the spectrum of
2-benzylthiophen (VI), analogously to those of the
alkylthiophens, shows pronounced þcleavage to the

lls -@

-HCS'

ß7w'l

80 140

F¡oun¡ I

thiophen ring to form a, mle 07 (670/o of the base peak)
whilst B-cleavage to the benzene ring to form the tro.
pylium cation (mle 91, CzHr*) is minimal (l0o/o of the
base peak).

A very different situation is obsenred when the phenyl
group is directly attached to the thiophen ring, as in
(VII)-(IX). Here, the molecula¡ ion may fragment in a
variety of ways, and this is illustrated by the spectnrm
(Figure 3) of 2-phenylthiophen (VII). The fragment-
ation modes are summarised in the Scheme (structures
are nominal) while high-resolution measurerñents (Table
2) confirm the compositions of the major fragment ions.

The most striking fragment4tion of (VII) on electron
impact involves the loss of sulphur from the molecular
ion to give a species which may be represented as the
phenylcyclobutadiene ion radical h, Corresponding
loss of the heteroatom is not noted in the spectra of

rr P. Natalis and J. L. Franklin, J. Phys. Chem.,1986,00, 203õ.t. P. Brown and C. Djerassi, J, Amcr, Chcm. Soa,, f960, 88,
24A9.

D.
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(in IV). This process is especially marked in the spect-
nrm (Figure 2) of the phenyl derivative (IV), where it
is substantiated by the presence of an appropriate meta-
stable ion. This process has been reported,0 and
skeletal rearrangements involving the loss of CO or COt

e J. H. Bowie, R. G. Cooks, P, Jakobsen, S.-O. Lawesson, and
G. Schroll, Chetn. Comm., f 060, õ39.

P. Madsen, G.
, 403.
P, Madsen, G.
, 1966,88, 1099.
G. Schroll, and

r! Chem. Bet., 1900, 90, 7õ0.t. Stevens, S, Meyerson, A. J,
Ka¡ . Phys, Chem', 100õ, 00, 1742'
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furan 2r or p5rrrole,æ again reflecting the unique pro-
perties of sulphur compounds when subjected to elec-
tron impact. This efiect is more pronounced in the

-HC=CH

-F+ +

+
e, m/e ll5 f,nle 89

J. Chem. Soc. (B), 1967

A wide variety of halogenated thiophens have been
synthesised and their mass spectra determined. All
the possible isomeric
were available, as well
and (XI). It is not po
isomeric halogenothiophens by mass spectrometry, as
their spectra are very similar. Consequently only one
example of each series is recorded in Table l. These
spectra are readily interpretable, and in most cases the
molecular ion is the base peak [except in (XIX) where
the M+ - Br. ion constitutes the base peakl. The
major fragmentation process in the bromo-derivatives
is M+ - nBr., where ø equals the number of bromine
substituents. The spectrum (Figure õ) of tetrabromo-
thiophen (XX) illustrates this feature and demonstrates
the ease with which bromine radicals are lost from hetero-
cyclic systems on electron impact. The situation is
more complex in the spectra of the chlorothiophens (X)
and (XI), Here, as expected, C-Cl rupture is not as
prominent as C-Br cleavage and this is reflected in the
spectrum (Figure 6) of 2,õ-dichlorothiophen (XI). In
this spectrum, loss of the second chlorine radical is not
favoured; instead the process M+ - Cþ - CS - Cþ
is preponderant. The compositions oI the major ions
in this spectrum have been established by exact mass
measurements (Table 2), and the presence of. b @le 461
in this spectrum should be noted.

The spectra (Figure 7) of the two thiophencarboxylic
acids (XXI) and (XXII) a¡e notable for two reasions.
First, they are identical; secondly, they contain skeletal
rearrangement ions due to the loss of CO with accom-
panying OH migration. The latter observation is
striking because aryl carboxylic acids have not been
observed to undergo skeletal rea¡rangement of this sort,
and because both isomers undergo the.rearrangement to
the same extent. If the sulphur atom is involved in
this rearrangement (which surely it must) then this
indicates that C-S cleavage (in XXII) may have taken
place in the molecular ion to allow OH migration to S.
If this is so, then the molecular ion does not have the
ground-state structure (cf. furan 6).

To extend this investigation we studied some bromo-
thiophencarboxylic acids (XXIII)-(XXIX). Again
the spectra of the isomers are indistinguishable, and the
main fragmentation is M+ - OH.- CO - zBr.. All
compounds have sþificant M - CO rearrangement ions
and these processies are substantiated by appropriate
metastable ions in the spectra of (XXVII) and (XXVIII).
The relative abundances of these ions are in Table 3.
There is no apparent correlation between relative abun-
dance and structure, and it seems plausible that this is
due to some type of rearrangement of the molecular ion.

Having now determined the fragmentation modes for a
series of simple thiophen derivatives (see above and
refs.Záal,we wish to see whether they can be extended
(in combiiration with exact mass råeasurements) to

:: J. q. Bowie a¡d G. E. Lewis, unpublished results.
__t. 4, Wynberg and H. van Driel, j. Amet Chem, Soa., 1986,
87,3099; Chem.Comm., 1966,203. -

+
Ph-c =s
o- mla l)lèr"'r- !^r

-HC=CH r r*

- 
þr'-c=+rl'

irnlc 102å, n/e t28

Scheme

spectra of the t and (IX)
(Table l) and B Figure 4).
In the case of hydrogen
sulphide instead molecular
ion probably to form the condensed system j (mle 2OZ).

+

k, m/e 108

¡, nlc 202

It is noteworthy that the mass spectra (Table l) of
the two diphenyl derivatives (VIII) and (IX) are almost
identical (apart from small difierences in the relative
abundances of ions). Although it is reasonable that the
spectrum of (VIII) should exhibit an M - HCS ion
(mle l9l), such behaviour should not be exhibited in the
spectrum of the 2,õ-d.iphenyl analogue (IX). An
M - HCS ion is observed in this spectrum, indicating
that a phenyl migration has taken place to carbon
þossibly C(3)l in order to allow this decomposition to
occur. Such behaviour is not without precedent;
thioannulenes fragment in this manner on electron
impact,B while 2-phenylthiophen can be photochemically
converted into 3-phenylthiophen.4

The mass spectrum (Figure  ) of (XXXI) is similar to
those of the phenylthiophens (VII)-(IX) in that little
a-cleavage (to yield the thienyl cation mlc 831is observed.
The prominent process is M+ - HCS'- CS to form
mle 77 (CuHo*) whose representation as the phenyl
cation is supported by its characteristic loss of acetylene
(substantiated by a metastable ion) to mle 6l (CoHr*).
The process M+ - S - CH=CH lto k (mle 108)l is
again sþificant, so it appears that loss of sulphur fro¡n a
thiophen system on electron impact occurs when a stable
a¡omatic system is directly attached to the thiophen ring.

u ¡. Collin, Bull. Soc, ahim. belgcs, 1960, 00, 440.r¡ H, Budzikiewicz,C. Djerassi, A, H. Jackson, G. W. Kenaer,
D. J. Newman, aod J. M. \4¡ilson, J. Chem. Soo., 1964, 1940.
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explain the spectnrm of a complex
This molecule on electron impact

Tesr-B 3

thiophen (ø.g., XXX).
might be expected- to

Relative abundances of skeletal rearangement ions in
the mass spectra of thiophencarboxylic acids

Cpd............. (xxD (xxu) (xxIII) (xxry) (xxv)
M-CO(%| 4 4 2 2 2

Cpd............. (xxvl) (xxvtl) (xxvIII) (xxlx)M-CO(%| õ õ o 3

fragment by concerted loss of ethanol by the " oilln-
effect " 5 which operates for salicylates and anthr-
anilatesrõ and also for thiophen derivatives.õ After
this initiat loss of ethanol, thd spectrum should be that
of a simple thiophen. The spectrum of (XXX) is
illustrated and interpreted in Figure 8, and the high-
resolution meariurements a¡e recorded in Table 2. The
spectrum does not reflect the above expectations;
instead the molecula¡ ion specifrcally fragments by loss
of CrHnO from the ester to give the corresponding formyl-
thiophen (nlc l43) which fragments as ea¡lier described.
The overall process is M+ - CrH¡O - CO - HCS'-
H¡ - CO as indicated in Figure I and Table 2. The
reason for this anomdy is not clear, but it is apparently
an effect of the two orúlro-substituents, and therefore
care should always be exercised when extending simple

r! F.'W. Mclafierty in " Mass Spectrometry of Organic lons,l'
Academicr. w. s 49/,20,

¡r w. J 48, 18, 03õ.
rf H. D m. Soa., 1048,

00, 3093,¡¡ J, Marcusson, Be/,, l89g,218,24õ7,
¡0 C. D. Hurd and K. L. Kreuz, J. Amet, Chcm. Soa,, f9õ0, 79,

õõ43.fr A. Peter, Be¡.,1881,17, f340.
¡r W. Kues and C. Paae, B¿r., 1886, 10, 3f41.tt E. Campaigne, J, Amcr, Chcm. Soa,, 1944, 08, 084,¡f H. Btlhme, H, Pfeifer, and E. Schneidet, B¿t,, f942, tõ, 900.
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fragmentation schemes to explain the spectra of complex
molecules.

EXPERIMENTAL
Mass spectra were determined on a Hitachi-Perkin-

Elmer RMU-6D mass spectrometer operating at 70 ev,
with an inlet and source temperature of approximately lõ0o.
Exact mass measurements were carried out at a ¡esolution
of 14,000 (l0o/o valley definition) with an A.E.I. MSo
mass spectrometer with heptacosafluorotributylamine to
provide reference masses, Exact mass measurements u¡ere
correct to within lõ p.p.m.

Compounds were routinely checked for purity by nuclear
magnetic resonance spectroscopy, mass spectrometry, and
vapour-phase chromatography.

Compound (XII) was a purified commercial sample and
the following compounds were prepared by reported pro-
cedures: I,¡t IJ,l? Ilr,re ¡y,re v,80 vJ,8r vIJ,l¡ vJJJ,ts
rx,8. x,r6 xJ,36 XIII,80 XIV,87 XV,re ¡y¡,4? XVJI,a.
xvilIraz xlx,8?, xx,rt xxl,ro XXIr,I xxIII,.r
XXrV,lr xXv,re XXvr,rr, xxvll,.l xxvlll,ls XXrx,rr
XXX,rr XXXf,rz and XXXII..T

One of us (R. G. C.) is grateful for an Elsie Ballot Fellow-
ship. A grant (to S.-O.L.) from Statens Almindelige
Videnstabsfond is acknowledged.

[6/13õ6 Rcocíueil, Octob¿t 24th, lgÛßf
rD H. L. Coonradt, H. D. Hartough, and G. C. Johnson, J.

Amw. Chem. Soo., 1048, 70,2684.f. S. Gronowitz and T. Raznikiewicz, Org, Synth., f904, *1, LIt S.-O. L,awesson, Aùia Kcmi, f0õ7, U, S?3.r. S.-O. Lawesson, Athív, Kcni, l9õ7, 11, 3l?.!¡ S. Gronowil,z, Aatø Chem, Soønil,,, f0õ9, 18, f046.
f0 '\4¡. Schlenk and R. Ochs, B¿r., 1916,48, 070..r S. Gronowitz, Arhåu Kcmi, 1964,7,287,
¡¡ \lV. Steinkopf, H, Jacob, and H, Penz, Annalcn, 1934, óll,,

t38.rr S.-O. Lawesson, Aclø Chem. Scanil., 19õ6, 10, 1020..f R. Bonz, B¿t,,1888,18, 230õ..r S.-O. Lawesson, Arhía'Kcmå, l9õ7, 11, 32õ,.f E. Be¡ary, Bct,, lÐLO, Â3, 1943.ft S. Gronowitz and H.-O. Karlsónn, Arhiu Kemô, 1061, 17, 89,
¡¡ H. J. Jakobsen and S.-O, Lawesson, Tclraheibon, f96õ, 21,
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Arr¡roucn the mass spectra of diaaoethane,s diazo-
carbonyl compounds,s and azoferrocenes I have been
discussed, no systematic survey of substituted ezo-

62r

Electron lmpact Studies. Part vlll.r Mass Spectra of Substituted
Azobenzenes; Aryl Migration on Electron lmpact
By J. H. Bowie and G. E. Lewl¡, Dopartment of Organic Chemistry University of Adelaide. South Australia

F. G, Gooks, University Chemical Laboratory, Lensfield Road, Cambridge

The spectra of thirty-eight substituted azobenzenes are reported and discussed. The molecular ions are observed
as pronounced peaks throughout, and the fragmentation processes are substantiated by exact mass measurements
and by the presence of appropriate metastable ions. An approximately linear relationship is shown to exist
between ths relative ease of cleavage of C-N bonds in 3- and 4-monosubstituted azobenzenes and Hammett
o-values for those substituents. suggestive of some correlation between this mass-spectrometric process and
ground-state chemistry. Without exception, the mass sp€ctra of azobenzenes show the presence of skeletat
rearrangemont ions due to biphenylene, or substituted biphenylene radical ions.

benzenes has been reported. This Paper is concerned,
with the interpretation of the mass spectra (Table l;
Figures l-6, 8-10) of theazobenzenes (I)-(XXXVIII).
Although the compositions of many ions have been

I A. Fofiani, S. Pignataro, B. Cantone, and F. Grasso, Nuovo
oim., 1963,90, 9r8.. A. N. Nesmeyanov, T. V, Nikitina, and E. G, Perevalova,
Im¿st. Ahøil. Nør¿È S.5.5.R,, Sct. hhím., 1904, 107.
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established by exact mass measurements (Table 2), the
stmctures of these are generally not known. However,
nominal stnrctures have been written in order that the

Tes¡-r 2
Exact mass measu¡ements in the spectra of

(I)-(xxxlx)
Composition CPd. otls C,omposition

(xxrv) rõ2
lõ3

(xxxr) ur
r00

(xxxrrr)

(¡Hr - l3; rHr - 34; rH¡: õ3o/e)

. Because of the complexity of this spectrlrm only pe-aþ
of abundance greater thañ õ% 

-of 
the basè peak are recorded'

stituents on the benzene rings may be determined by
mass¡ sp€ctrometry, and to study the nature and genesis

of any skeletal rearrangement ions,

1' (I)

2-OH
+oH

623

I
t27

7.

204
3

60 õl 70 77 78 l0õ t20
6 24 0100 12 20 l0

139 lõr ß2 Iõ3 108 180 t8l
3877124204

227 267 2õ8 28õ 802(M) 363
8õ81034011

(xxxvrr)

64 06 7õ. 76 77
6 õ 0 4100

t06 106 l2I 130 162
274646

(xxxvur)

lea¡-s (Continuedl
(xr,¡r

39 õ0 õl
7420

78 80 S0
l0 ll l0

106 186 107
õ0440

,rtlc
r (%l
nla
r (%',

,nlc
r (%t

wlcI (%l
,ilc
r (%l
¡tlc
r (%l
,tLl¿
r (%t

mlc õ0 õl 62 03 A4 77 78 S2
r'(%) 6 14 6 I t2 l0 t2 3l
ml¿ lOt l2O 126 127 128 lS7 l3E 111
ri%l 6 o t2 roo lõ I 14 õ

m!¿ 14õ lõõ lõ0 268 204 266 248
ri%) I rs ó 7 lo 3o 6

4-NMe¡
4-N(Me)CH¡Ph
.f-scN
2-COrH
3-CO¡H
+co¡H
2-CO¡Et
3.CO¡Et
4-COrEt

(II)
(IID
(rv)
(Ð

(vr)
(vrr)

(vIIr)
(rx)
(x)

(xr)
(xII)

(xIIr)

N.N

Cpd. ,r.16

(r) 106
128
lõ2
tõ3
lõ4

(ry) r0õ
167

(xrr) s2

l0õ
t22
lõ0
r62

(xvrr) 104
l0õ

(xxr) 03

2-Me
3-Me
4-Me
2-Cr
3-Cr
.f-Cl
3-Br
,l-Br
+F
+t
3-NO¡
,l-NOr

4-NHl
4-NHMe

)

t77
l8t
6õ
03

l0õ
t42
t62
109
170
g2

l4l
100

03
106

100
t42
l?0
t7l
173

93

)

(xvI

¿lOMe
2,/-ì¿lea
3,3tMcr
1,$M¿,
4,4'-(QMe)r
4.4'.(NO¡)r
,l-Br-2-OMe

(xxvr)

(xxvrr)

+-g'-/-oy'a
+ct-2:.corH

l0õ
l2l
lõ3
l8r

r08

(xxw) r03
r04
106
l2l

(xxxw)

(xxxv)
l2l

(xxxvr) 220
268

(xxxrx) 04
92

r48

Azobenzenes fragment in a well defrned and. charac-
teristic manner on electron impact. In general, the

0)

Ph
Ph

-FtclcH

*

ß2(u+,

39

m la
F¡cun¡ I

on the benzene rings cannot be
spectrometry, excePt for the

OrEt substituents which exhibit

o'9

ùu
c,
o

f,c
.Bo
U

o
oÊ

5
149
lõ0
lõ1

fragmentation processes may be related to (or rationalised
with) the structures of the intact molecules. The
presence of a metastable ion for a process (indicated
èither in the text or a Figure) is depicted by an asterisk
(').

The purpose of this study was to investigate the
basic fragmentation processes for substituted uzo-
benzenes, to ascertain whether the position of the sub-

. F. W. Mclafferty, " Ma*s Spectrometry of Organic [ons,"
Academic Press, New York, 1903, p' 337.

*

lo5(c)

128

*

-Þll=CH
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sigrrificant " orl,lø+frects " (see rçf. õ). rffithout excep-
tion, dl azobenzenes show skeletal-rearangement ions
in their mass spectra. These ions arise by loss of nitro-
gen (together with the various substituents) from the
molecular ions.

-M¿'
*

6s

&6080 þo t20 lto tóo t80 200
nle

F¡cunr 2

The mass spectnim (Figure l) of azobenzene (I)
illustrates cha¡acteristic fragmentation processes which
âre common to all azobenzene derivatives. These

77 tos

(v¡l) Fo.l4l lt3

77

5l

J. Chem. Soc. (B), 1967

the phenyl cation d, (mle 77). The most striking feature
in the spectrum of. azobenzene is the presence of the
skeletal rearrangement ions a (mle fõ4) and b (mle 1621.
Skeletal rearrangements of this type have not been
reported for nitrogen com¡rounds, but a¡e common in
the spectra of diaryl disulphides,s diaryl sulphones,?'8

N=N

(I)

39

0v)

I

¿lS

Ju
Êo!c
Ðôo
U

o
Jr

o, nle 151

t..* l-l+¡
v

N=Nt

]'I
TI drnlc 77 c, m/e t05

Scheme I

b ¡ nlc 152

and diaryl suþhoxides.s It is assumed I that their
genesis (rccuß by ionisation of a double bond Ín the
a¡omatic ring to furnish electron-deficient centres which
a¡e available for the attack of the incþient radical.
It should be noted that these rearrangeinents are all
low-ener65r processes; in the case of azobenzene they
(rccur even at an energ¡r of lõ ev.

The monosubstituted azobenzenes (II)-(XXVII)
behave similarly on electron impact. The spectra of

140 200 220

il9

ct.

F¡cun¡ 3

cl'

Juc
l'
a'
C)4¡
o
i,

o
UÉ

præesses a¡e summarised in Scheme I and Figure l.
The preponderant process is cleavage of the C-ñ bond
to $ve both d (mle 771 anð, c (mle tù6l. The cation c
nay further decompose by loss of nitrogen to furnish
_ :_J.__q.Bowie, S.-O. Lawe*son, J. Ø. Madsen, G. Schroll, and
D. 

^H. 
\ñ¡illiams, t. Chcm. Sor. (B),i906, g4S.

---t-S:-l[:I9ryon, H. Drews, a¡ó E. K. Field¡, Ata\¡t. Chcm.,
1904,80, 1294.

(W), (VII), (Xxry), ËXVI), and (XXVII) are in
Fþres 2-0, and those of (IX)-(XD, ëIII)-(XVIIÐ,
(XXI), and (XXII) are in Table l. Because of the
similarity of the spectra of the iòomeric monosubstituted
azobenzenes (small difierences are sometimes observed

_ 1_J._E Bowie, S.-O. Lawesson, J. Ø. Madsen, C. Nolde, and
D. H. lVilliems, Tchahciþot¡ t90S,-18, 86fõ.
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77 w(u+)
ó5 -H'h)

t4l

60 80 too t20 140 160 180 200
nlc

F¡cun¡ õ

in the relative abundances of some ions) only the
spectrum of the þørø-isomer of each group is repor(ed
in Table l. As a compendium of the fragmentation

The skeletal reerrangements observed for the various
monosubstituted azobenzenes generally occur by different
fragmentations depending on the nature of the sub-
stituent. However, all fragmentations involve the loss
of nitrogen. These fragmentations are summarised in
Fþres 2-0. The biphenylene radical ìon b (mlc 162l
is observed in all mass spectra, and is often produced
by the general process M+ - (R'+ H'+ Nr) (4.g., the
monohalogenoazobenzenes), the relative decomposition
order depending on the nature of the substituent. The
compositions of many of the fragment ions involved in
these ¡earangements have been established by exact
mass measurements (Table 2). It is of interest to

Djerassi, and D, H, Williams, " Inter-

B "f 
Organic Compounds," Holden-Day,

st

2t2lr+l

t4t lÍ,
l¿l0 160 l8O 2OO 22Oóo40 too 120

nle
FIGURE O

R

N-N N=Ni

*

t
rl-",
v

c, rn/e 105 + d¡ mlc tt R.c6Hr+ f
Scherne 2

processes of substituted benzenes is available,e no dis-
cussion of these processes is necessary here. Instead,
particular processes a¡e indicated in Fignres 2-4 and
a general summery is recorded in Scheme 2.

IQ-]-.*
2
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-þo -oa -et{ -ô¿ -o.2

+O.8 NO2,+r

SCN+t

@"H
Br
te,I

..qcl
,44 +O4 +06
McC

¡¡o2

J. Chem. Soc. (B), 1967

The major fragmentation processes indicated in
Scheme 2 originate by cleavage of either C-N bond þro-
cesses I end 2). Examination of the spectra (Figures
?-4; Table f) of the monosubstituted azobenzenes
(II)-(XXVII) shows that the relative extents of these
processes [rl.c., the relative abundances of the ions
c (Ph-N=l.[+) and a (RtrHn-N=N+) in the va¡ious
spectra] depend on the nature of the substituent R.
It has previously been shown for acetophenones and
benzophenones ll,lt that electron impact fragmentations
may be related to ground-state processes. In these
cases, the relative abundances of the acetyl (nþ a3l
arr<i benzoyi (mia 106) cations in the various specira
may be quantitatively related to Hammett o-values by
plotting an expressíon log ZlZo against o. The theoreti-
cal aspects of this treatment have been discussed by
Mcla.fierty.u For the case of acetophenones,

Rel. abundance of MeCO+ in the spectrum of
Rt"H.{ùMe

\o
\
oro

F

Mr

+!.o

o por? arb.t¡tuart
o ¿r.¿o $bst¡tr¡ørt

iet

Frcun¡ 7 Corelation of Hammett c-values with tåe relative
abu¡dances of PhN=N+ ions (n/c l0õ) in tùe spectra oL mcla-
and ¡Þara-monosubstituted azobenzenqs (p - t.0õ + 0.1)

consider the similar spectra (Fþre õ) of the mono-
hydroxyazobenizenes (XXV) and (XXVI) where skeletal
rea¡rangement processes of increased complexity are
observed because of the tendency of the phenol (R:

155

(xxxlx) 127

-co

lo

¡oo 120

Rel. abundance of the molecula¡ ion

Rel. abundance of MeCO+ in the spectrum of

Z-
and

zo:

c
ì,(,
to9
C
zo
U

I
J
È,

cular ion

This treatment may be adopted lor mcta- and þara-
monosubstituted. azobenzenes, with respect to either of

*

lul

180 200 rc& l¿lO
nlc

F¡cun¡ I

OH) to fragment preferentially by loss of ca¡bon
monoxide rather than by loss of a hydroxyl radical.ro
In this case the skeletal reanangemént process is mainly
M+ - Nt - CO - H.- HC{H, as shown by exact
mass meas¡u¡ements (Table 2). Even here, a small peak
due to b (nlc fõ2) is observed in the spectrum.

r. T. Aczel a¡d H. E. Lumpkin. Atalltt. Chcm.,106O,8A, f8l9.rr F. W. Mcl-afforty, Aaølyt. Chcm., 7969, g',, 117.

the ions c (Ph-!r[=li[+) or a (R{uHn-N=N+). In each
ca!ìe a correction must be made to the Zo term, as two
ions c a¡e produced from the az¡benzenimolecular ion
(see Fþre 7). For ion c, the plot (Fþre 7) of,bg ZlZo
against o shows an approximately linear conelation.
A similar plot for the various ions ¿ gives an inverse

_ -1.- 
M_._M, .Bursey and F. W. Mclafierty, t. Amø. Chcm. Soa.,

1960, 88, 4484.
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o
40

slope (to that in Figure 7). However, in this case the
scatter of points is more pronounced, presumably
because oI the different stabilities of the ions ¿. There-
fore C-N cleava6es suffered by monosubstituted azo-
benzenes on electron impact are related semiquanti-
tatively to solution chemistry.

There are two series of monosubstituted azobenzenes
in which the spectra of the ozflro-isomers are subtly
difierent from those of the other isomers. In the case
of the ethoxycarbonyl derivatives (XXII)-(XXry),
the major difference between the spectrum of. l};re þara-
isomer (XXW) (Figure 4) and the orüha-isomer (XXIII)
(Table l) is that the ion S @þ 149) (4% of the base
peak; Figure 4), together with its fragment ions mle
104 (probably å) and mle 103 (CrHsO), is entirely

absent in the spectrum of the ortho-isomer. The
reason for this difference is not clear; nevertheless, the
observation may be used to detect the presence of the
2-ethoxycarbonyl group in an azobenzene.

CO2Et o

g r nle 149 h¡ nlc l0
A more positive dístinction can be made for a 2-meth-

oxy substituent, because an additional ion appears in
the spectra of 2-methoxyazobenzenes whích is absent
in the spectra of the 4-methoxy-analogues. The spect-
rum. of Amethoxyazobenzene (XXVID is illustrated
in Figure 0. 2-Methoxyazobenzene was not available,

-Mc'
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but the spectra of the naphthyl analogue (XXXIX)
and the substituted 2-methoxyazobenzenes (XXXIII)
and (XXXIV) are reproduced in Figures Èf0. The
spectrum of a 2-methoxyazobenzene shows a sigaificant
peak due to the amine radical ion 1 which is produced
by N=N cleavage with two hydrogens from the methoxyl
group transferring to the B-nitrogen atom (see i+j).
This has been substantiated by the spectnrm of the tri-
deuterioderivative (XL) (see Table I for isotopic purities)
where å (nle I43) shifts quantitatively to tnle 144 and
14õ (from a comparison of the isotopic purities of both
these peaks and the molecular ion). Such ions are
observed in Figures 8-lO luí2., in the spectra of
(XXXIX), (XXXIII), and (XXXIV), the relevant ions
are k (mle I43), , (nle 93), and m (mle l7lll73), res-
pectively] and are characteristic of the 2-methoxyl-
substituent.

J. Chem. Soc. (B), 1967

of the phenyl cation d (tnle 77). A reanangement peak
is observed in this spectrum at M - NnHn probably
corresponding to an ionn þnle226).

t IPh N=N N=N Ph (xxxvr)
2 l4 +

a

n, nle 226

CH¿ N=N Ph

2 (xxxvnl)

o, m/e 165

The compound (XXXVIII) fragments in a slightly
different manner [-4 in (XXXVUI)] on electron im-
pact, with the formation of an ion mla 166 (CuHrct)
which on the loss of a hydrogen ¡adical yields the fluorene
cation o þnle166; p6tooL the base peak). All processes
indicated for the spectra of (XXXVI) and (XXXVIII)
are substantiated by appropriate metastable ions.

EXPERIMENÎAL

All mass spectra were determined with a Hit¿chi-Perkin-
Elmer RMU-6D mass spectrometer operating at 76 ev.
The spectra of the monosubstituted azobenzenes wor€ c4ro-
fully measured. under identical instrument conditions,
urlz,, source and inlet system at lõ0o * õo, and identical
sample pressures. The spectra of other azobenzenes were
determined with the inlet system and source between 200
and 250o. Exact mass measurements were determined with
an A.E.I. MS g mass spectrometer using a resolution of
f4,000 (f0% valley defrnition) with heptacosafluorotri-
butylamine providing the reference masses. All exact
rnass measurements were correct to lõ p.p.m.

All the compounds employed were available from previous
investigations, as indicated: (I)-(IV) and (XXVIII)-
(Xxx¡;ts (v)-(vll), (xI), and (xlx)-(xxlv);'..
(vIII)-(x), (xxvl), (xxvll), (xxxl), and (xxxu); ró

(XII)and (XIII); r. (xry)-(xvll); r? (XXV), (xxxIII),
(xxxlv), and (XXIX);r8 (xxxvl) and (XXXVII);Io
(XXXV);'o (XXXVIII).rr

The labelled compound (XL) was prepared by the fusion
of o-nitrophenyl trideuteriomethyl ether (cf. ref. 22)
(tHr: ll; rH¿ : 3õ; ¡H¡: õr%) and 2-naphthyl-
amine with sodium hydroxide (cf. ref. l8).

One of us (R. G. C,) acknowledges the award of an Elsie
Ballot Fellorvship.

[6/f 408 Receíaeil, Nole¡nbcr 4rrr, f 060]

i: q. M. Badger and R. G. Buttery, J. Chem. Soc., t964,2248.
^_r¡ 

G. _U:-BqqCer, N. C. Jamieson, âná O. n. I-ewis. AusÞal. J.
Chem., 1986,18, 190.

to C. P. Joshua and G, E. Lewis, Telrøhcil¡on Leil,crs, 1966,
4õ33.tl N.C. Jamieson, Ph.D. Thesis, Adelaide, lg88.
- s K._J. Yan-d_e_r MgJlve, P. S. Steyne, and S. H. Eggers, Tctro
heìbon Letterc, 1964, 3023.
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The spectra (Table l) of the symmetrically <lisub-
stituted azobenzenes (XXVUI)-(XXXil) are un-
exceptional in that C-N cleavage (Scheme 2) produces
the same ion ¿ from both sides of the molecule. Thè
spectra (Table l; Figures I and f0) of the uns¡rmmetric-
ally disubstituted azobenzenes (XXXIII)-(XXXV)
are more complex because C-N frssion by processes I
and 2 (Scheme 2) produces difierent ions ¿ which frag-
ment independently according to the nature of the sub-
stituent. The spectra (Figures g and l0) of the two
bromo-2-methoxyaaobenzenes (XXXIII) and (XXXW)
illustrate the ease with which isomers containing both
substituents on one ring can be differentiated from those
containing one substituent on each ring. All exact
mass measurements for these spectra are recorded in
Table 2.

Finally, the spectra (Table l) of compounds containing
two azo linkages show some interesting features. Com-
pound (XXVI) fragments characteristically by the cleav-
ages I--4 [see (XXXVI)] \Mith the ultimate formation
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ELECTRON IMPACT STUDIES-IXI
MASS SPECTRA OF ARYLSULPHINYLAMINES

SKELETAL REARRANGEMENT ON ELECTRON IMPACT
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R. G. Coors
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Abstract-The mass spectra of sixteen arylsulphinylamines are reported and discussed. The spectra exhibit
pronounced molecular ions and large skeletal rearrangement fragments. The fragmentation modes have

been substantiated by high resolution measurements, appropriate metastable ions and deuterium labelling
studies. In several cases 'ortho effects' enable the determination ol both the position and nature of the

ortho substituent in substituted sulphinylanilines.

Tn¡ rvrass spectra of thiophenols,2 arylthioethers,3 disulphides,a sulphoness-8
and sulphoxidess'6 have been reported. Large rearrangement ions are observed
in the spectra of diaryl disulphides, arylsulphones and arylsulphoxides. Although
the mass spectra of tÌr/o pedluoroalkyl sulphinylamines have recently been deter-
mined,e no study of arylsulphinylamines has been reported.

Because of our interest in the skeletal rearrangement processes which are observed
in the spectra of sulphoness-8 and sulphoxidess'6 we have synthesized a series of
sulphinylamines and have determined their mass spectra. This paper is concerned
with the investigation of the mass spectra (Figs 1-8 and Table 1) of the sulphinyl-
amines I-XVI. Although exact mass measurements (Table 2) establish the composi-
tions of many fragment ions in the spectra, specific structures written for fragment

1 Part VIII. J. H Bowie. R, G. Cooks and G E. Lewis, J. Chem. Soc (B), in press.
2 J. H. Bowie, S.-O. Lawesson. J. Ø. Madsen, G. Schroll and D. H. Vy'ìlliams, Acta. Chem. Sccnd. in press.
3 J. H. Bowie, S.-O. Lawesson, J. Ø. Madsen and D. H. Williams, J. Chem. Soc. (B),951 (1966).
a J. H. Bowie, D. H. Williams, S.-O. Lawesson, J. Ø. Madsen, C. Nolde and G. Schroll, J. Chem. Soc. (B),

946 (1966).
s S. Meyerson, H. Drews and E. K. Fields, Analyt. Chem.36, 1294 (1964).
6 J. Ø. Madsen, C. Nolde, S.-O. Lawesson, G. Schroll. J. H. Bowie and D. H. Williams, Tetrohedron

Letters 43'Ì7 (1965).
7 J. H. Bowie. D. H 'Williams, S O. Lawesson. J Ø. Madsen. C Nolde and G. Schroll. Tetrahedron22,

3s15 (1966).
8 E. K. Fields and S. Meyerson, J. Am. Chem. Soc.88, 2836 (1966).
e M. Lustig. Inorg. Chem.5. 1317 (1966).
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ions are nominal only, but serve to relate the fragmentation modes to the structure
of the molecule in the ground state.ro'11 The presence of an asterisk either in the
text or a hgure represents the presence of an app¡_opriate metastable ion for the
process indicated.

N:S:O N:S:O NH--N:S:O

Ãvl

R

I
il
III
IV
v
VI

Ãv

3

R
H

XI
xII
XIII
XIV

VII
VIII
IX
X

2-Ct
3-Cl
4-Cl
2-CO"Me
3-CO2Me

=CH

2-OCD3
3-OMe
4-OMe
3.NSO

Lg"l

Scheme I

(r), mle 139

c, mle lll

-cs

-so
PROCESS 1

2-Me
3-Me
4-Me
2-OMe

l_."

+

a,mle 139

+

h, mle 9l
PROCESS 2

b,mle 139

d, mle 84

-co

+

i, mle 6s (70/"\

CrHnÌ

mle 64 (60\)H
e,mfe

:NH

V +

+

I mle 58 g, mle 39

10 J. Monigny, L. Brakier and L. D'or, BulL Classe, Sci. Acail roy. BeIg.48, lM2 (1962).
1t W. H. Pirkle, J. Am. Chem. Soc. 87, 3O22 (1965).
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* All peaks greater than 2/" of the base peak (arbitrarily l00l) zre recorded.

t Because of the complexity of this spectrum only peaks greater than 5/. of the base peak are recorded.
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T¡,nrB 2. Exlcr unss MEAsuREMENTS rN THE spEcrRA or I-XV
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The spectrum (Fig. 1) of sulphinylaniline (I)t is remarkable for its skeletal rearrange-
ment ions, and these are summarized in Scheme 1. Exact mass measurements
(Table 2) conhrm the compositions of all major fragment ions, but it is stressed that
the structures drawn for fragment ions are nominal.

Sulphinylaniline (I) fragments by two distinct pathways on electron impact. Loss
of SO (by N-S cleavage) from the molecular ion I, (mle 139) gives an ion h, mfe 9l
which fragments by loss of cN' to produce the cyclopentadienyl cation i (mle 65)
(Process 1). However, the major features of the spectrum are produced by a molecular
ion rearrangement, which is a low energy process, even occurringat a nominal 10 ev.
Loss of carbon monoxide from the molecular ion (Process 2) necessitates C-O bond
formation, possibly of the type I --+ ø (similar processes have been observed in the
spectra of sulphohes and sulphoxides.s' 6 The loss of carbon monoxide from ¿ is then

t Since this paper went to press, the spectrum of sulphinylaniline has been reported; see B. E. Job,
Chem Commun, 44 (1967\.
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no more unusual than the loss of carbon monoxide from diaryl ethers.12'13 The struc-
ture of mle llI (produced by elision of carbon monoxide from the molecular ion)
must be cyclic (possibly c), as it may decompose by loss of either HCN or CS to the
thiopheneandpyrroleionradicals (d,mle 84and e,mfe67 respectively).Thestructures
ol d and e aresupported by their characteristic fragmentation patterns (Scheme 1). to' t t

-s0

ò
- HCN

il) ( 600/0) 139 (M+)

-c0
Jl(

tÉ

1'11

67 8t'

91

1.0 m80
D/e

Frc. 1.

170 140

The spectra of the substituted sulphinylanilines II-XV retain some of the features
of the spectrum of sulphinylaniline, but in general, the fragmentations will also involve
the substituent. These features are illustrated by the mass spectra (Fig.2 and Table 1)

of the three chlorosulphinylanilines (II-IV). In the spectrum (Fig. 2) of 2-chloro-
sulphinylaniline (II), processes I and 2 (Scheme 1) are modified by the presence of
the chloro substituent, viz. Process 1, M+-SO-Cf -HCN finstead of M+-\O-
CN'-H' (Scheme 1)]; process 2, M+-Cf -CO finstead of M+-CO (Scheme 1)].
The compositions of the major fragment ions in this spectrum have been determined
by exact measurements (Table 2). It is of interest to note that the spectra of the three
chloro compounds are very similar, a further illustration that halogen substituents
seldom give rise to "ortho-effects" in mass spectrometry.

A different modihcation to Scheme 1 may be seen in the very similar spectra (Fig. 3
and Table 1) of the 2- and 3-methoxycarbonylsulphinylanilines (V, VI). Here, the
loss of the entire ester group precedes the fragmentations by processes I and 2, and
it can now be seen that these two processes may originate from either an odd electron
(Fig. 1) or an even electron species (Fig. 3).

12 J. H. Beynon, G R. Lester and A. E. Ìüilliams, J. Chem. Phys. 63, 1861 (1959).
13 J. H. Beynon, Mass Spectronretry and its Applications to Organic Chemistry pp 272 273 Elsevier.

Amsterdam, (1960).
ta H. Budzikiewicz, C. Djerassi and D. H. rüilliams, Interpretation of Mass Spectra of Organic Compounds

p. 231. Holden-Day, San Francisco (1964).
1t H. Budzikiewicz, C. Djerassi, A. H. Jackson, G. W. Kenner, D. J. Newman and i U. Wilson, J. Chem.

Soc. 1949 (1964).
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The spectra (Figs. 4 and 5, Table 1) of the methylsulphinylanilines differ markedly
depending on the position of the substituent. The spectra (Fig. 4, Table 1) of the 3-
and 4-methyl derivatives VIII and tX follow the general fragmentation patterns of
substituted sulphinylanilines and the fragmentation modes are illustrated in Fig. 4.

The major difference between the two spectra lies in the loss of the methyl radicals
from the various molecular ions, viz. 831 of the base peak in the spectrum of IX,
37 \ in that of VIIL This observation reflects the enhanced stability of the cation j,
mle I38 produced on elimination of a methyl radical from the p-position. Similar
effects are observed in the spectra of methylanisolesl6'17 and methylthioanisoles.3

16 C. S. Barnes and J. L. Occolowitz, Austral. J. Chem. 15,219 (1963).
17 Z. Pelah, J. M. Wilson, M. Ohashi, H. Budzikiewicz and C. Djerassi, Tetraheilronl9,2233 (1963).
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Although the spectrum (Fig. 5) of 2-methylsulphinylaniline (VII) retains the features
of those of the other methyl isomers, an additional process is observed. Here, a specific
"ortho-effect"1E enables the immediate detection of the ortho methyl substituent.
Loss of an hydroxyl radical from the molecular ion produces the base peak of the
spectrum (possibly k, mfe 136) which fragments further by loss of HCN to an ion

18 F.W.MclaffertyinMassSpectrometryolOrganicIonsp.33T.AcademicPress,N.Y.(1963).
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C6H'S+ (mle 109). An M+-SH' ion (mle 120 is also a feature of this spectrum. The
genesis of this rearrangement process (which is substantiated by a metastable ion
at mf e 94'1) is not clear, but it is an "ortho-effect", as analogous processes are not
observed in the mass spectra of other sulphinylanilines.

An M-CO rearrangement ion (mle 125,8% of the base peak) is still observed in
the spectrum (Fig. 5) of 2-methylsulphinylaniline (VII) even though the spectrum
exhibits alarge "ortho-effect". If both the 2 and 6 positions in sulphinylaniline were
blocked by methyl substituents, an M-CO ion should still be observed in the mass
spectrum provided that the rationalization in Scheme I is valid, and that the re-
---^..-^-^-+ :^ - ^+ ^,.,^*-^l L,, ^- ^-L--^^l .(^-ftr ^ ^ff^^+', 'r.L^ -^+:^-^l:-^4rr4uËlru9rrl Ptuv!ùù tù llvL ùw4¡uPvu uJ @u vlul4llv9u -!!Ëlrrv_9rrvvr . lllv l4rlulloll¿o_
tion assumes that the oxygen is attached to C-1 and that the SN group migrates to
either of the electron deficient ortho positions. The mass spectrum (Table l) of 2,6-

dimethylsulphinylaniline (XV) does contain a small M-CO ion (mle 139, 5\ of the
base peak). This observation is consistent with, but does not prove the mechanism
outlined in Scheine 1.
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The mass spectra (Fig. Gs) of the three methoxysulphinylanilines x, xII and XIII
are very different from one another. The difference between the mass spectra (Figs.
6 and 7) of the 4-methgxy and 3-methoxy derivatives XIII and XII, is explained by
the observation3 that skeletal rearrangement processes become more prqminent
when simple reactions (e.g. the formation of M+-Me' or M+-Meo' fragments)
are not particularly favourable. Consequently, substituent orientation plays a large
part in the relative occurrence of skeletal rearrangement ions in the spectra of XII
and XIII. In the spectrum (Fig. 6) of the p-isomer XIII, the simple processes M+-Me'
(to mle 154) and M +-Meo' (to mle 138) predominate, whilst the M-co rearrange-
ment ion (nr/e 141) constitutes only 3 lof the base peak. When the methoxy substituent
ismeta, the processes M-Me' and M-Meo'will not be as favored,3'16 therefore
the rearrangement process (M-co) may predominate. The M-co ion in the spec-
trum (Fig. 7) of XII is now 72\ of the base peak. Further fragmentation processes
are outlined in Figs. 6 and 7; high resolution data is summarized in Table 2.

-so
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I os t 1.4*l

27
39

139

(x)

15

100

e
-80
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Éoo
z.
l
l¿o
trl

Èzo
J
l,¡J
É.

60 B0 100
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When the methoxyl substituent occupies the ortho position, as in X, the fragmenta-
tion (Fig. 8) takes a different course. The M+-So ion (r, mldl2l, cf. process 1 in
Scheme 1) may now lose a hydrogen atom to yield an ion mf e 120, which fragments
further by loss of HCN possibly lo n, mf e 93. Further fragmentations are illustrated
in Fig, 8, and the spectrum (Table 1) of the d. derivative (XI) supports the above
fragmentation schemes. It is therefore possible to identify all three methoxysulphinyl-
anilines by mass spectrometry.

+
+ +

-H' . _HCN

l, mle l2l m, m/e 120 n, mle 93

The mass spectrum (Table 1) of Xrv exhibits mle 4g (so) as the base peak,
and shows two separate decomposition patterns viz. M+-so-so-HCN-HCN
and M+-SHO-HCN. Again large rearrangement ions are observed;

CH,
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the M+-SO-CO ion (mle I24) constitutes 55/" of the base peak. A very different

situation is observed when the sulphinyl group is not directly attached to the

aromatic ring. The spectrum (Table 1) of XV is a very simple one. No rearrange-

ment ions are observed, instead the fragmentation proceeds by the process

M+- HSO-N2-HC = CH.
A series of othèr sulphinylamines were also investigated (e.g. nitrosulphinylanilines

and aliphatic sulphinylamines) but because of their facile decomposition to the

corresponding amines, their mass spectra contained peaks due to the fragmentation

of theãmine. Consequently they are not reported. This is a serious problem with all
r rr -,- ^l --.^-^ A^+^,^:^^,7,.,:+L ^^-^f"ll-' -"-'iffaãsulpnlnylamrn€s anu arr spg!;lra lçpur[çu wEtç uçLçlllllnlu wrru !4r!ruuJ Puru¡wu

samples.
The results presented in this paper illustrate that aromatic sulphinylamines de-

compose characteristically by well defined skeletal reorganisation on electron

impáct. This conclusion limits both the a priori prediction of fragmentation modes

unã th" application of the element mapping techniquele'20'21 to this class of com-

pound.

EXPERIMENTAL

All spectra were measured with a Hitachi-Perkin Elmer R.M.U. 6D mass spectrometer operating at

75 eV, and with the inlet system at approximately 100'. High resolution measurements were performed

with an A.E.I. MS 9 mass spectrometer usrng a resolution of 14,000 (10/. valley dehnition). Heptacosa-

fluorotributylamine provideã the reference masses and all exact mass measurements were correct to within

15 ppm.
ireviously published procedures were used for the preparation of I22, ll23,lll22,ly22,y(3,yI122,

Vlll23,lx2i,X23,xII2f,XIII2s, XIV23, XvI26. v was prepared lrom methyl anthranilate by the usual

method.2? YieldlT/". Bp. 149-150"Ci12 mmHg. nïs : l'5844 (Anal. Rec.: C,4886; H.354; N' 7'16;

S, 16.64 Calc.:C,48.88;H,3.63;N,7.12;S 1659f )XVwaspreparedasabove.2TYield34l",b.p. l02"Clll
mmHg nfls : l'5'7'78 (Anal.:Rec. C,57'82:H,5'52; N,839; S, 19'29 Calc: C,5748;H' 5'43;N' 8'38;

S, lg.l5%.) XI was prepare d ftom ortho-nítrophenol by alkylation (diazomethane I DrO)", reduction of

the nitroanisole lo ortho-anisidine followed by the treatment viith thionylchloride.2?

Acknowledgenents A grant (to S.-O.L.) from Statens Almindelige Videnskabsfond, and the award of an

Elsie Ballot Fetlowship (to R.G.C.) are gratefully acknowledged.

le K. Biemann , Pure Appl. Chem. 9,95 (1964).
20 K. Biemann, P. Bommer and D. M. Desiderio. Tetrahedron LetterslT25 (1964).

21 K. Biemann, P. Bommer, D. M. Desiderio and W. J. McMurray tn Adoances in Mass Spectrometry'

Vol. 3, pp. 639-653. (Ed. W. L. Mead), The Institute of Petroleum, London (1966)'

22 A Michaelis. Chem. Ber.A,745 (1891\.
23 A. Michaelis and O. Storbeck, Liebigs Ann. 214.2m 0893}
2a G. Kresze and A. Masche, Chem. Ber. 94, 450 (1961).

2s G. Kresze and H. Smalla, Chem. Ber' 92, 1042 (1959).
26 A. Michaelis, Chem. Ber. 22,2228 (1889).
27 G. Kresze, A. Marschke, R. Alb¡echt, K. Bederke, H. P. Patzschke, H. smalla and A. ^kede, Angew.

Chem.14, ll5 (1962).
28 K. J. Van der Merwe, P. S. Steyne and s. H. Eggeß, Tetraheilron Letters 3923 (1964).



42
Reprinted lrom the

AUSTRALIAN JOURNAL OF CHEMISTRY

THE MASS SPECTR,A OX'ACR,IDONESX

By J. H. Bowrn,t R,. G. Coors,f R. H. Pne.cnn,t and H. M. Trrnntcor,ot
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Swnwnøry

The mass spectra of 34 acridones have been determinod and intorpreted
with the aid of both high-resoluôion measuremonts and deuterium labelling studies.
Tho spectra contain pronounced molecular ions and are freo of skeletal rearrangement,
fragments. The fragmentation pattorns are dopendent on tho nature and position
of substituonts, and úherofore rnass spectrometry can be a useful aid to structuro
determination in this class of naturally occurring compounds.

Although the mass spectra, of several furoquinolino alkaloidsr a,nd of acridinezø
have been described, no study of acridones has been reported.

The mass spectra, of the acridone derivatives (I)-(XXXIV) are reported in
Iigures 1-9 a,nd Table l Exact mass mea,surements (Table 2) confirm the composition
of many ions in the spectra. Structures written for fragment ions serve the important
purpose of relating fragmentation processes to the structure of the molecule in the
ground state. These structures a,re nomina,l on-ly, as it has been tecently suggested
that neither the benzenes nor the furana molecular ions have the structure of the
intact molecules. The presence of an asterisk in either the text or a, figure denotes
the presence of an appropriate metastable ion for the process indicated.

The mass spectrum (Table l) of acridone (I) is unexceptional and is summarized
in Scheme l. Dxact mass measurements establish the composition of the major ions.
Loss of carbon monoxide from the molecula,r ion produces a,n ion (mle 167) represented
âs the carbazole radical ion ø, which ma,y fra,gment further2D by loss of HCN and
a hydrogen rad.ical to b (mle 139). The mass spectrum (Fig. I and Scheme I) of
/ü-methylacridone (II) fragments by either of the processes M+-Me.-CO-HCN
(to b, mle 139) or M+-CHO.-CH2N. (to the biphenylene radical ion e, mle 152).

* This paper constitutes Parü X in the series "Electron Impacü Studies", Part IX,
Bowie, J. II., Cooks, R. G., Lawesson, S.-O., and Schroll, G., Tetrahed,roø, in pross, and Paú If
in tlre series "Acridono Studies", Part I, Prager, R. H., and Thredgold, H. M., Tetrøheclron Lett.,
1966, 4909.

t Organic Chemistry Department,, Ilniversity of Adelaide.
f University Chomical Laboratory, Lensfield Road, Cambridge, England.
l Clugston, D. M., and Maclean, I).8., Ccm. J. Chetn., 1965, 43, 2516.
2 "Caüalogue of Mass Spectral Data." Amorican Petroleum Institute Research Projoct 44,

(ø) Spectrum No. 639; (b) Spectrurn N<¡. 638. (Carnegie Institute of Technology:
Pittsburgh, Pa.)

s Monigny, J., Brakier, L., and D'Or, L., Bull. Acad.. r. BeIg. Cl. Sci., 1962, 48, f 002.
¡ Pirkle, W. H., J. Arn. chern. Soo., 1966,87,3022.

Aust. J. Chem., L987, 20, LITS-9ï
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T¿srp I
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X'or compounds marked B, all peaks groater l}ra,n 5o/o of tho base peak were recorded; for
components marked ,, 10y". For compound (XXX), because of the complexity of its spectrum,

only peaks greator t}:an 20o/o of the base peak wero rocorded
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The spectrum (Table l) of the dibromoacridone (VI) retains some of the features

of the spectrum of 1[-methylacrid.one. The major fragmentation follows the pathway

M+-Br. -Me' -CO-8r., while the biphenylene radical ion e, mle 152 (33o/o of t'he

base peak) is formed by the scheme M+-Br'-Br'-CO-HCN'

T¡sL¡ 2

l:xÀcr MAss MEÀsunEMENTS rN Tl{E sPr¡crnÄ ol coMPouNDs (r-xxxrv)

Compound Composition
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Acridones containing oxygenated substituents behave characteristically upon
electron impact. compounds containing eirher c2 o¡ c4 substituents d".ã*pìr"
simply by fragmentations which proceed through either of these substituents.

Fig. I (r'r*)
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The fragmentations occur by concerted processes which specifically involve the
nitrogen atom. rf 2- and 4-alkoxyl substituents are absent, the fragm-ntations are
complex and non-specific. This feature has been investigated by studying the
fragmentation mod.es of various compounds labelled in different positions with either
ethoxyl or ocD, groups. During the course of this investigation, it bu.**u apparent
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that if an hydroxyl substituent at c I v,'as converted into the l-ethyl ether, t'he

presence of this substituent could be unequivocally detected by a specific "ortho-
-effect,, 

(see Mcla,ffertys) involving the adjacent carbonyl group. n'inally, the

spectrum of an alhoxy -lt-methvlacridone differs from that of the corresponding alkoxy

Fig.3 *

-Me

314 (s,h)

roo -co
*

(xxvur)

szs (r'l +)

224

-co
+

-Me.

210

ao

o
É60
Éa

.g oo

ú
20

242

246

260 2AO 300 320 3401?O 14O 160 l8O

too

Fig.4

(xxrx)

do:4, dt=20, ¿12=33, ¿h=43o/o

256

284

200 220 240
mle

3t4

z2a

ao

s
ã60
a¡
.g oo
j
&

20

o¡z (rur+)

270

220 24c 260 2go 300 3zo 340

mle

acridone in being completeþ shifted by mle 14 to higher mass va,lues. These

observations a,re of considerable use ior the structure elucidation of acriclones and

they are illustrated by a considerâtion of the mass spectra of the substituted

acidones (IY)-(XXXII)'
sMclafferty, X'. W., in "Mass Spectrometry of Organic lons." p. 337. (Academic Press:

Nerv York 1963.)
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In order to rationalize the fragmentation processes of alkoxyacridones, it is
convenient to start with a cliscussion of the 1,2,3,4-tefuasul¡stituted derivatives
(XXIV-XXXff) because of the information available from labelling studies.
The overall fragmentations of these compounds are complex; nevertheless those
processes which originate from the molecular ions give considerable insight into the
orientabion of substituents. The spectra of (XXIV), (XXV), (XXVI), (XXVII),
(XXX), and (XXXI) are recorded in Table l, while those of (XXVIII), (XXIX),
and (XXXII) are illustrated in n'igures 2-4. Specific features of these spectra are
summarized in Table 3. It can be seen that M+-Me. ions are the base peaks of

T¡sLn 3

nELATTvE aBUNDANoE on' roNS rN Trrß spncrnÀ orr coMpor;NDs (xxrv xxxrr)

Compound M+-Me M+-CD3 M+ -Iìt

0

r00

the spectra of all compounds containing only methoxyl groups (and for those which
in addition contain hydroxyl substituents). When a l-ethoxyl substituent is present,
(as in XXXI), the spectrum (Tables I and 2) is extremely complex, and no ion
corresponding to th.e process M+-Et. is observed. Ilowever, when a 4-ethoxyl
group is present (XXXII; n'ig. 2 and Table 2), the M+-Et. cation is the base peak
of the spectrum, indicating a lerge contribution to the total ion current due to the
general fragmentation from the 4-substituent. It, seems reasonable (see above)
that fragmentations may proceed by concerted mechanisms via the 2- and 4-
substituents. To establish this point the labelÌed methyl ethers (XXIX) and (XXX)
were synthesized (cf.6) and their spectra determined. The mass spectra (n'igs. 3 and 4;
Table t) of melicopicine (XXVIII) and of compounds (XXIX) ancl (XXX) estab]ish
lhaí 600/o of the M+-Me. cation originates by the loss of a methyl radical from
the 2-methoxyl group, while 40o/o is produced by fragmentation of the 4-methoxyl
substituent. In addition, all fragment ions l¡e1ow mle 27L in the spectrum (n'ig. a)

of (XXIX) have lost the label (i.e. after the loss of the second methyl radical).
This establishes fragmentations through the substituents atC2 and C4 (see Scheme 2).

Similar effects have recently been observed in the spectra of coumarins,? flavones,8
and spermatheridine alkaloids.e

The spectra of the naturally occurring acridones (and their derivatives)
which contain methylenedioxy groups illustrate the features described above.

6 Van der Merwe, K. J., Steyne, P, S., and Eggers, S. H., 'Ietrahedlom Lett., 1964, 3923.
? Shapiro, R. II., and Djerassi, C., J. org. Chøm,., 1965,30, 955.
8 Bowie, J. H., and Cameron, D. W., Aust. J. Chem., 1966, 19, f 627.
0Bick, I. R. C., Bowio, J. II., and Douglas, G.K.,Aust. J. Chent,., in press.
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The mass spectra, of evoxanthine (XI) a,nd (XII) are illustrated in Figures 5 and 6.

Compound (XII) behaves simply on electron impact, fragmenting initially through
the 2-methoxyl substituent probably to i (mlezaQ and then by the processes indicated

- Me.

g, mle 314 (60/")
I, mle 329

h, nle 3r4 (40q,ù

Schomo 2

in Figure 5 and Scheme 3. Evoxanthine (XI) exhibits a very semplex õpectrum
(n'ig. 6), and it is suggested that the M+-CO ion originates by decomposition of

v../

-Me., -CO
mle I54

í, mle 240

i, mle 283
h, mle 283

Scheme 3

the methylenedioxygroup (,-+¿) and that the acridone cârbonyl group is probably
lost last. Attempts to confirm this suggestion by 18O labelling were unsuccessful,
a,s no exch€ùnge of the carbonyl oxygen could. be detected with ¡8OD, in dioxan

(xn) -cHzo -
- zCO
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âIone or in the presence of acid, or in pyridine with rsOD-. The absence of any
nucleophilic ad.ditions to the carbonyl group will be reported on in a subsequent
communication. The spectrum (Table l) of norevoxanthine (X) is similar to that
of evoxanthine, exhibiting analogous fragmentation processes.
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this class of compound. The isomeric pairs (XIV) ancl (XIX), melicopidine (XVII)
and melicopine (XX), and (XVIII) and (XXI) exhibit very similar spectra, The
only difference in the spectra (Table 1) of (XVII) and (XX), and of (XVIII) and

r44 Fig.7
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(XXI) lies in the differing rela,tiye abundances of the M+--Me.-HrO ca,tions.

Such ions do not â,ppea,r to be of diagnostic value.

An add.itional feature of 1,2,3,4-tetrasubstituted acridones isthat the compounds
having either hydroxyl groups (XIII, XIV, XIX, XXII, XXIV, XXV, XXVI,
and XXVII) or ethoxyl substituents (XVIII, XXI, XXII, XXXI, a,nd XXXII)
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(which may fragment by elision of ethylene to give the corresponding phenol radical
ion), exhibit the prominent ions (25-50% of the base peak) I (mle L44) a;nd. m
(mle L58) in the spectra of acridones and -ð[-methylacridones respectively. On the
other hand, these ions are either absent or very small in the spectra ofthose compounds
containing only methoxyl and/or methylenedioxy groups. Although there is no
firm evidence to suggest the origin ofthese ions, hydrogen transfer from the hydroxyl
group fas proved by the spectrum of (XV)] to ring B, is a prerequisite for their
formation. rndeed, the spectrum of (XXrv) (which contains two hydroxyl groups)
exhibits m (mle I58, TLo/o of the base peak), and n (mf e l5g, BIo/o of the base peak)
which have resulted from one a,nd two hydrogen transfers respectively. The presence
of such ions in the spectrum of an acridone indicates 1,2,3,4-f,etrasubstitution and
may be used to determine the substituent on nitrogen, and to detect the number
of hydroxyl groups (or potential hydroxyl radical ion producers¡ o.g.: ethoxyl and.
probably a,cetoxyl groups) on ring e.

I, mle 744 (n: U)

m, mle 758 (R: Me)
n, mle 159

+ +

- CzH¿O

o, mle 343 mle 299

The mass spectra (Table I) of xanthoxoline (VII) and of the other 1,2,3-
oxygenated acridones are unexceptional. Ilowever, the spectra (Table I) of the
two ketals (xxrr) and (XXIIr) show some interesting features. compound (xxII),
on electron impact, loses methanol from its molecular ion to produce the normeli-
copine radical ion (mle 299), which fragments as described earlier (x'ig. s). The
mass spectrum of (XXIII) affords verification of the structure of this compound,
as the major fragmentation involves the elision of CrHno from the molecula,r ion
with concomitant hydrogen rea,rra,ngement, probably by a concerted mechanism
(see o), to again furnish the normelicopine radical ion. The spectrum (Table t) of
acronycine (xxxrlr) can be likened to that of 2,2-dirnehhylchromene,l0,rl r,hile
the spectrum (Table I) of (XXXTV) may be explained by reference to the mass

10 Barnes, C. S., and Occolowitz, J. L., Aust. J. Chern., 1564, 17, 975.
lrWillhalm, 8., Thomas, A. tr'., and Gantschi, F., Tetrøheclron, 1964,20, If 85,
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spectra, of chromansll and flavans.rz The compositions of many ions in these spectra

are recorded in Table 2.

The mass spectra (Tables I and 2; n'ig. 9) of the l,3-disubstituted acridones

(IV-VI) reflect the complexity of fragmentation modes when an acridone lacks

either a C2 or C4 substituent. In the spectrum (n'ig. 9) of 1-ethoxy-3-methoxy-

Fig.9
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l[-methylacrid.one (VI), complex decomposition patterns ca,n be seen to originate
from either the ethoxyl or methoxyl groups.

Further examination of the spectrum (Fig. 9) of (VI) shows the presence of
the process M+-OH'-H, to give an ion mle 264. Comparison of the spectra of
all other l-ethoxyacridones shows this to be a general process, not observed in

T¡er-n 4

n,tf.ÀTrvn ÂBrrND-aNcEs (%) or M+-OH' roNs rN TEE sPEcrRÄ ox' ETEoxYÀcRrDoNES

Compound M+-OH.-82

either the spectrum of a 4-ethoxyacridone (Tables I and 4) or in those of other
acridones studied. The compositions of these ions have been established in the spectra

of (VI) and (XXXI). This process may be plausibly representeC (e.g. in the case

of (VI)) by the bond.-forming process (VI) -+p +q (Schems r',,. Elecl'ron impact
processes involving loss of hydroxy rå,dica,ls a,nd water from jompounds containing
ethoxyl groups adjacent to carbonyl functions will be reported. in a future publication.

12 Pelter, .{., Stainton, P., and Barber, M., J. heterooycl,ic Chent'., 1565,2,262.
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In summary, mass spectrometry provides valuable inJormation regarding the
type of substituentsat the 1,2 a,nd 4 positions of the acridone nucleus, and-in some
cases, allows the determination of the substituent on nitrogen. This technique, in

(vÐ --"#,;r* (+)

l\,le
I

NIe

p, mle 266 q, mle 264

Scheme 4

conjugation with other physical methods, should prove of considerable value in the
structure elucidation of acrid.ones.

ExpnnntnNr¡r.

All mass spocüra woro determined with a Hitachi Perkin-Elmer RMU 6D mass spectrometor
operating at 75 eV and with & sourco and inlot temporaüure of approximately 200". Exact mass
measurements were dotormined with an A,E.I. MS9 mass spectrometorwith a resolution of 14000
(l0o/o valley definition) using heptacosafluorotributylamine to provide reforenco masses. All
measurements werê correct to within I5 p.p.m.

Compounds (V), (XVil), (XX), (XXVIII), ancl (XXXilI) were isolatod fron Àuomgch'í,ø
bøuøri, a,nd compound.s (IV), (XIV), (XIX), and (XXV) derived. from them.l8 Compounds (VII),
(XI), and (XVI) wero isolaüed fuotn Eood,iø øønthoryloi,cles and compounds (VIII), (X), and (XIII)
derived from them.la Compound. (III) was prepared by the method of Acheson,ls (XXII) and
(XXIII) by tbat, of Prager and Throdgold.l6 Compounds (VI), m.p. l3a"; (IX), m.p. 132';
(XVIII), m.p. 95-96"; (XXI), m.p. 153-154'; and (XXXI) (non-crystalline guml?) wero preparod
by othylating the corresponding l-hydroxy compound wiüh ethyl iod.ide in the presenco of
silver oxide. Compounds (XXIX) and (XXX) wero propared from melicopidine and melicopine
rospoctivoly by opening the methylenedioxy group with sodium methoxido to give (XXVI)
and (XXVII),1? and methylating with deuterodiazomethane in dioxan/eúher.8 Compouncl
(XXXII) was prepared by eühylation of (XXVII) with ethyl iodide.1? Compound (XXXIV),
rn,p. 214-216", was preparod. by hydrogenation of noracronycine, a method founcl suporior to
that of Brown et al,.rs iI}:ø spectrum of (XV) v¡as obtained by introducing (XIV) directly into
the source with deutorium oxid.e.le
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13 Lahey, X'. N., and Thomas, W. A., Aust. J. sciønt. Res, A, 1949,2, 423.
lal{ughes, G, I(., Neill, K. G., and Ritchio, 8., Aust, J. scient. Res, A, l9õ2,5, 401.
15 Acheson, R. M., and Robinson, M. J., J. ohem,. Soa., 1963, 232.
r0 Prager, R. H., and Thredgol.l, H. M., lletra,hed.ron Lett., 1966, 4909.
1? Crow, W. D., and Price, J.8., Aust. J. sc,ient. Res. A, 1949,2,256.
l8Brown, R. D., Drummond, L. J., Labey, X'. N., and Thomas, W. C., Aust. J. scient.

Res. A, 1949,2, 622.
le Shannon, l. 5., Awst. J. Chem,., 1962, 15, 268.



43
Reprinted lrom the

AUSTRALIAN JOURNAL OF CHEMISTRY

ELECTR,ON IMPACT STUDIES

XI.* MASS SPECTR,A Or. AR,OMATIC AZOXY COMPOUNDS.

SKELETAL R,EAR,R,ANGEMENT UPON DLECTR,ON IMPACT

By J. H. Bowro,t R,. G. Cooxs,{ and. G. E. Lnwrsf

lManuscript recøiuød, Jamuary 25, 1967l

Sum,mørg

The mass spectra of l5 aromatic azoxy compounds are reported and discussod.
The spoctra exhibiü pronouncod molocular ions, and fragmentation modes which
are produced by both simple cleavago and complex skeletal reorganization procossos,

This paper is concerned with the interpretation of the ma,ss spectra (X'igs. 1-11)
of the azoxy compounds (r-XV). Although the compositions of many ions have
been established by exa,ct mass measurements (Table l), the structures of these are
genera,lly not kno\{rr. Nominal structures have been written, however, in order
thatthe fragmentation processes may be related to (or rationalized with) the structures
of the intact molecule. The presence of a metastable ion for a process (indicated either
in the text or a figure) is depicted by an asterisk.

The purpose of this investigation rras to study the basic fragmentation processes
of substituted azoxy compounds, and to investigate the nature and genesis of any
skeletal rearrangement ions. The study was prompted. by our knowledge of the
skeletal reauangements of azobenzenes on electron impact,,l and of the photochemical
behaviour of azoxybenzenes.z

A¡omatic azoxy compounds fragment in a characteristic manner on electron
impact. In general, although the position of substituents on the aromatic rings
can only be determined when a specific "proximity effect" operates between the
substituent (e.g. o-2-nethyl) and the azoxy-oxygen atom, the position of the -ðü-oxide
link can always be determined. Alt the azoxy compounds studied exhibit skeletal
rearra,ngement ions in their spectra, and four distinct reatrangement processes
operate.

The mass spectra (n'igs. 1-4) of azoxybenzene (I) and of compounds (X),
(XII), and (XIV) illustrate the characteristic fragmentation processes which are

* Part X, Awst. J. Chem., 1967,20, Il7g.
t Department of Organic Chemistry, Ilniversity of Adelaide.
f University Chemical Laboratory, Lensfield Road, Cambridge, England.
lBowie, J. H., Cooks, R. G., and Lowis, G. ß.,J. chern. Soc. B, in press.
2Lewis, G. 8., and Reiss, J. A., Aust. J. Chem,., 1966, 19, 1882, and referencos thorein.

At*st. J. Chem., 1967,20, 1601-11



r602 J. H. BOWIE, R. G. COOKS, AND G. E. LEWIS

:H (tt) n=uo,
: cozEt (1Y) R=NMe2

Ph- NMe2 Ph-

+
Ph-

(xnÐ
(vÐ

(vn) n=o-Me
(vu) n = m'Me

(I$ R:r-Me

(xw)

Ptt-

(x) (xv)

common to the majority of aromatic âzoxy compounds. The base peaks of these

spectra are produced by C-N cleavage ¿r to the -ð[-oxide group (see a->b), e.g. to
give CuHf, (mle 77) in the spectrum of (X) and C.oHf (mle l2l) in the spectrum
of (XII). This is a general featu¡e of the spectra examined (except in that of the
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T¡srs I
roNs or coNrrßMED coMposrrroN tN TEt MAss spE:crF,A, or coMporrNDs (I-XV)
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dimethylaminoazoxybenzene (IV), see below) and may be used to ascertain the
position of the ly'-oxide group (see Table 2 and Figs. l-11). Other fragmentations
which occur by normal cleavages are unexceptional, and are indicated in tr'igures I-4.
The spectra of (X) and (XI) are almost, identical, as are those of (XIII-XV).

Fig. I

(r)

'too

80

+

¿e

t
j

'5

ú

(*)

40

20

65

(*)

(M-Nro)

39

r---------YJ

77

60 60

4

lt5

140

Fig.2

127

120 t40 160

(r'l*)

(M-o)
la2

120
ml.

100604O lAO 200

(x)
141

too

60

g

:Ë

Æ
É
Ã

.É
j

&

*
(*)

z¿s (M+)

21

lBO 220 240

^1"

It is appropriate to considet the skeletal reârrangements in the spectra of
compounds (I), (X), (XII), and (XIY), because they are generally more obvious

in these spectra than in those of the substituted derivatives, which may fra,gment

additionally through the various substituents. Four skeletal reorgarrizâtion processes

are exhibited in Tigures l--4.
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Process 1. M+-N2O. This is a process of the type ABC + AC+B to furnish
diaryl radical ions. Such processes have been previously noted in the spectra of

Fig. 3

- HCN (*)

127too

*

(xu)

ao

ã60
)¡
a40
't

ú
zo

co
s

(s)

z¡s (n+)

65
39

120 140 160 180 200 220
mle

Fig. 4

100 (xrv)

É

þ

- C¡sH7O'

_ HC=CH

- H. (+)

-Nz

10

20 77
269

t5s

loo 120 t40 160 rao 200 2zo 240 260 zao
ñle

diaryl sulphides,s disulphides,a sulphones,s-8 sulphoxides,T and a,zoberì.zenes.1 Such
ions, when observed, a,re generâlly small in the spectra of aromatic a,zoxy compounds
(n'igs. I a,nd 4).

sBowie, J. II., Lawesson, S.-O., Madson, J. Ø., Noldo, C., and Williams, D.H.,J' chem.

,Soc. B, 1966, 95f .

a Bowie, J. ÌI., Lawesson, S.-O., Madsen, J. Ø., Nolde, C., Schroll, G.' and Williams, D' H',
J. cherm. ¡So¿. B, 1966, 946.

5 Meyerson, S., Drews, H., and Fields, E. K., Analyt. Chem'., 1964,36, 1294,
6 Bowie, J. H., Williams, D. l{., Lawesson, S.-O., Madsen, J. Ø., Nolde, C., and Schroll, G.'

Teúrcrheclron Lett., L965, 4377.
? Bowie, J. H., Williams, D. H., Lawosson, S.-O., Madsen, J. Ø.' Nolde, C., and Schroll, G',

lløtrahed,ron, 1566, 22, 3516.
8 Fields, Ð. K., and Meyerson, 5., J. Arn. chøm,. Soc., f 966, 88, 2836.

*

- Cellso
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Process 2. M+-CO-Nz-H'. This process can either occur in successiYe

steps (each step substantiated by a metastable ion) or by the concerted elimination
M+-(CO+Nr)-H.. Similar processes are noted in all spectra, but may be modifred
by additional fragmentation through the substituent in the spectra of the substituted
compounds (II-IX).

Fig. 5
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Process 3. The spectra of (X) ancl (XII) exhibit the fragmentations M+ -CroHrO'
(Lo mle 105 in X) and M+-C6H5O. (to mle 155 in XII). This process, e.g. in the
case of (X), demands an oxygen migration to the naphthalene ring, and is a process

noted in the majority of spectra, but, is notably absent in that of (VI) (which contains
two ortho methyl groups in ring n).

t97
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Process 4. The spectra of (X) and (XII) exhibit the fragmentations M+-
Cr.I[?NO' (Lo mle 91 in X) and M+-C.H'NO' (to mle 14I in XII). This process is

restricted to the azoxy compounds (I), (V), and (X-XV).

Fig 10
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The rearrangement processes of the substituted a,zoxylrerrzeyres follow the

general ptocesses 2 andS and specific modes have been briefly mentioned in a previous

communicatione (see aho n'igs. 5-f l). A general discussion of the simple clea,Yages

of the monosubstituted derivatives (II-V) is not necessa,ry here, as a compendium

of the mass spectra, of substituted benzenes is available.l0 Before leaving a discussion

of monosubstituted azoxybenzerres, it is important to note that although the

e Bowio, J. H., Cooks, R. G., and Lewis, G. 8., Chem. Commum., IS67'284.
10 Djorassi, C., Budzikiewicz, H., and. Williams, D. H., "Interprotaúion of Mass Spectra

of Organic Compounds." (Holden Day: San Francisco 1964.)
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dimethylamino derivative (V) obeys the general rule that the base peak of the
spectrum is produced by a-cleavage to the -ðy'-oxide group (i.e. to mf e L20, Tig. 7),

its isomer (IV) does not. fn this case (n'ig. 8), although mle 77 carries more of the
total ion current lhanmle 120 (Table 2),llrre base pealc of the spectrum is prod.uced by
N-N cleavage to form mleI34, presumably due to the stability of this ion (represented
as c). This does not affect the determination of the ff-oxide position, which may
still be ascertained from the relative intensities of mle 77 and 120.

\M"

c, mle I34

It is necessary that an attempt should be made to rationalize the rearrangement
processes 2-4. Although such a rationale is of necessity a speculative one, it is
supported (in a negative sense) by the known fragmentations of azobenzenes,l
and is analogous to the proposed mechanisms for the photochemical rearrangements
of azoxybenzertes.Z It is proposed'(Scheme I) for the general ca,se d,, that partial
rearrângement of the molecular ion involves oxygen migration to afford a cyclized
ion e (similar processes have been noted in the spectra of diaryl sulphones?).
It is clear that the o-hydroxyazobenzene radical ion (/) is not the intermediate
which is responsible for process 2 in the spectrum of azoxybenzene, as the skeletal
reâ,rra,ngement process exhibited by the o-hydroxyazobenzene molecular ionl is
M+-Nz-CO-H' and not M+-CO-Nz-H' (for azoxybenzene), i.e. ¿ will not
form /. The ion e may explain process 2 (e --> g) and process 3 (e --> å). Process 4
could be initiated from e, but may be more plausibly explained by the ion fu (i.e.

k-->l), which could equally be responsible for process 3. It is important to note
that even though the proposed genesis of such ions is speculative, their presence
limits both f}re ø priori prediction of fragmentation modes, and the application of
the "element mapping" techniquerr-rs to this class of compound.

The mass spectra of the dimethylazoxybenzenes (VII-IX) show some interesting
features. The mass spectrum (X'ig. 9) of 4,4'-dimethylazoxybenzene (IX) (which is
very similar to that of 3,3'-dimethylazoxybenzene (VIII)) shows fragmentation
modes which are analogous to azoxybenzene itself. 2,2'-Dimeíhylazoxybenzene
(VII) fragments in an entirely different mânner (X'ig. l0) on electron impact,
exhibiting a large M+-Me. ioia (mle 2lI). Such behaviour is not observed in the
spectra of the isomeric azotoluenes,l and consequently it must be due to a "proximity
effect", operating between lhe ortho methyl substituent and the oxygen ofthe azoxy
link. This process is so pronounced that the skeletal reârra,ngement process 2 for
this compound is M+-Me.-CO-N2. A pronounced. M+-OH' ion (mle 209) is
also observed in this spectrum (X'ig. I0) but not in those of the other isomers.

11 Biemann, K., Pure a1t1tl Chem., f 964, 9, 95.
rs Biemann, I(., Bommer, P., and Désiderio, D. M., Tetrahedron Lett., 1964, 1725.
13 Biemann, I(., Bommer, P., Desiderio, D. M., and McMurray, W. J., in "Advances in

Mass Spectrometry." VoL 3, pp. 639-53. (Ed. W. L. Mead..) (Instituto of Potroleum:
London 1966.)
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In the spectrum (n'ig. 11) of (VI) (in which the a ring is unsubstituted and the
n ring has the two ortho positions occupied by methyl substituents), the M+-Me.
(base peak) and M+-OH. ions are even more pronounced than they a¡e in X'igure 10.
This indicates that these processes a,re due to interaction between oxygen and the

+

(,

a +

,d
+

\
lr{: )C

g

3
,""',7j'//

h

+ YC6HrO.

H

proce6s

+.

4

+.

X

Y

h

[xcunrx]*'+ YC6HrNo

Scheme I

orthn melhyl substituents on the aromatic ring furthest from the NO group, and they
may be explained by processes n?,->n and m +o (for VI). The ion n (mle 225
mey now fragment by successive losses of CO and N, (cf. Scheme l, process 2).
The presence of this "proximity effect" allows the determination of the a-2-methyl
substituent in an azoxybenzene.
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+.

- Me' +
+

Me
-oH.

*
n rmle 225

m, mfe 240

+

o , mle 223

ExpnnrunNt¡1,

All mass spectra were measured with an Hitachi Perkin-Elmer RMU 6D mass spectromoter
operaüing at 75 eV, with the gourco and inlet system at c. 180', The spectra of (IV) and (V)
wore additionally dotermined direotly aü 80' in order to provo ühaü ¡ro thermal mþation of
oxygen was taking placo. The "heated" and "diroct" spectra were identical. Exact, mass
measurements woro determined with an A.E.I. MS9 mass spectrometor using a rosolution of
o. 14000 (lÙft valley definition) with heptacosafluorotributylamine providing the referonce
masses. All oxact m&ss mo&suromonts were correct fo I5 p,p.m,

All tho compounds omployed were prepa,rod by reported procedures, as indicated: (I),la
(II)'16 (III),1€ (IV-Y),17 (VI),'? (VII-IX),Ia and (X-Xy¡.te
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raBadger, G. M., Buttery, R. G., and Lewis, G.8., J. ohem,, Boc., f953, 2143.
15 Badger, G. M., and Lewis, G. 8,, J, chem,. Soc., 1953,2147.
16 Wernor, A'., and Stiasny, 8., Bør. d,t. chøn¡. Gøs., 1899, 32, 3256.
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XII.{' MASS SPECTRA OF SUBSTITUTED IMIDAZOLES

By J. H. Bowrn,t R. G. Coors,f S.-O. Llwnssor,$ and G. Scnnorr,$

lMo'nuscri'pt røcø'ùsed' Iebruary 9, 19671

Surnm'ary

The mass spectra of 37 imidazolos aro reported and discussed. The spectra

exhibit pronounced molecular ions and characteristic fragmentation patterns.
The fragmentation modes have been substantiatod try douterium labelling, exact,

Inass moa,suroments, and appropriate metastable ions. skeletal rearrangernonü

frogrnents are ra,re in ühese spectra; consequently mass spectromotry is useful for
structure elucidation of imidazoles.

The mass spectra of imidazoylquinoline alkaloids have recently been investi'
gated,l but no survey of simple imidazoles has been reported' This paper is
concetned with the mass spectra, of the imidâzoles (I-XXXVII), which are lecolded

in Table I and n'igures l-8. Exact mass measurements are listed in Table 2. The

presence of an âppropriate metastable ion for a process is indicated by an a,sterisk.

Although the structures of fragment ions are not known, nomina,l structu¡es have

been written to rationalize the fragmentation processes with the structure of the

intact molecule.

The mass spectra (n'igs. 1-3) of imidazole (I) and the alkylimidazoles (IV, VI,
vIII, and XXVIII) are relativeþ simple, a,nd ân examina,tion of the spectra of the

deuterium-labelled derivatives (II, IIr, V, VII, XXIX, and. XXX) has aided the

rationalization of fragmentation modes,

The mass spectra of imidazole (I) and the two labelled imidazoles (II and III)
âre recorded in X'igure I and Table I. Imidazole (I), on electron impact, undergoes

the decompositions outlined. in Scheme I and X'igure 1, ìr,ith the ultimate formation
of the aziridine ca,tion (c, mle 40).

The major problem, arising from the loss of HCN from the molecular ions

of both imidazole (I) and the substituted imidazoles, concerns the pathways followed

in these eliminations. The spectra of t-d-imidazole (II) and 1,2-ilr-imidazole (III)

* Part XI, Aust, J. Chem,., 1967,20, 1601.

f Dopartmenü of Organic Chemistry, Ilnivorsity of Adelaide.

f Universiüy Chemical Laboratory, Lensfield Road, Cambridge, England'

$ Deparüment, of Organic Chemistry, Aarhus llniversity, Aarhus C, Denmark'
r Joynt, v. P., Arnd.ü, R. 8., Jordaan, 4., Biemann, K., and occolowitz, J. L., J. chørn.

Soo, B, 1966, 980.

Au,st. J , Chern,, 1967, 20, L6L3-24
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ions and molecular ions which aro less than ühis value) are rocordod, Bocauso of tho large M-l
and M -2 peaks in the spoctra of (III), (VII), and (XXIX)the isotopic purities cannot be doüormined
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clearly show loss of HCN and DCN from the various molecular ions, which means
that the loss of HCN from the imidazole molecular ion does not occur by a specific
process.

fu¡¡,ø 2

roNS oF KNowN coMposrrroN rN THt spncra,Ä or (r-xxxvrr)
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The substitution pattern of an imidazole greatly a,ffects the elimination of HCN.
Comparison of the spectra, (n'ig. 2) of l-methyl-, 2-d,-l-methyl-, and 5-d-t-methyl-
imidazole (IV, V, and XXX) shows specific loss of HCN from the 2,3-positions
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(see A), while the spectra (X'ig. 3 and Table 1) of 2-methyl-, andl-il,-2-methylimidazole
(VI and. VII) show the loss of HCN to originate either from the 1,5- or 3,4-positions.
The latter possibility seems unlikely, as other imidazoles do not eliminate HCN from
the 3,4-position (see (B)). The spectra (X'ig. 3 and Table f) of 4(5)-methyl-, and
1-d-4(5)-methylimidazole (XXVIII and XXIX) indicate loss of HCN from only the

Fig. 3
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2,3-positions (C), while that (Fig. 3) of 1,2-dimethylimidazole (VIII) shows a negligible
Ioss of HCN from the molecular ion, supporting the generel observation that IICN
is not lost from the 3,4-positions. 1-Methyl-2-mercaptoimidazole (XXVI) also does
not eliminate HCN from its molecular ion, whereas 2-mercaptoimidazole (XXV)
does (see Fig. 4), showing that, this olimination probably originates from ihe 1,5-
positions (D). The extremes to which an imidazole will go to eliminate HCN are

-H' (*)
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illustrated by the spectrum (n'ig. 5) of 2,4,5-Lribromoimid.azole (XXXVI), where
the M-HCN ion (40o/o of the base peak) requires a bromine migration for its formation,

(¡) (n)

There are certain other aspects of the spectra of the methylimidazoles which
need clarifi.cation. The processes (M-CH,CN.) and t(M-ff ')-CHrCN.l are
favoured in the spectra of l- and 2-methylimidazole (IV and VI), but not in that
of 4(5)-methylimidazole (XXVIII). Although the spectrum of I-d,-2-melhvlimidazole
(VII) shows the loss to originate from the 2,3-positions, those (Fig. 2) of the labelled
l-methylimidazoles do not give an absoluúe ânswer, but it is apparent that both
C2 and. C5 are involved in this process, âs some deuterium is lost from both these
positions d.uring the elimination.

H

(c)
(e)

H
(+)

d, mle 82
e, mle 8I

I,mle 8l

cH2cN

(*) c, mle 40

H

g, mle 42

Scho¡no 2

Although it is reasonable that the M-H. ion (e; mle 8l) in the spectrum of
(VI) arises by loss of a H. radical from the methyl group (to form/, mleSl) (Scheme 2)
the situation is more complex in the case of l-methylimidazole (IV). Atthough no
loss of deuterium occurs in the spectrum of 2-d,-l-melhylimidazole, llnt of í-d,-l-
methylimidazole shows a 38o/o (of the base peak) M-H. ion and a I2o/o M-D. ion
(i.e. a760/o relative loss of H. and a24o/o loss of D.). This shows that even though
the favoured species h (mle 8l) is formed, a substantial amount of the M-l ion
originates by loss of a hydrogen radical from C5. Another process noted in the
spectra of the three monomethylimidazoles, and especially in that (Table 1) of
4(5)-bromoimidazole (XXXV), is M-HCN-HCN to furnish either the ethylene or
the bromoethylene radical ion. X'or I-methylimidazole, this means that the methyl-

-H.-- (-j-* b,mle 4I -H.
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aziridine radical ion (mle 55) formed by loss of HCN from the molecular ion, must
either undergo methyl migration, or more probably rea,rra,nge to the species i (mle 55)
before loss of the second HCN occurs.

[q"]. OaÐ
+

i,mle 55

L iltle ruu

h, mle 87

The spectra (Table I) of the trÍ-benzylimidazoles (IX ancl X) are unexceptional,
and merely show fragmentation to the tropylium cation (mle9L). The mass spectrum
of 4,5-diphenylimidazole (XXXVII) shows a remarkable one-step elimination from
the molecular ion to form the fluorene cation j, mle 165. This feature may be used
to detect the presence of the 4,5-diphenyl substitution pattern in this, and other
heterocyclic systems, and is to be the subject of a future publication.

X'ormyl (XI-XIrI), carboxyl (XIX and XXXII), and methoxycarbonyl
(XXII and XXXIII) substituents are often eliminated with concomitant hydrogen
rea,rta,ngement to give the corresponding imidazole radical ions. This is especially
noticeable in úhe spectra (Table I and X'ig. 6) of the formylimidazoles, and the
spectrum (X'ig. 6) of 2-formyl-l-methylimidazole (XII) illustrates this feature.

+

ì t,o
-l;t---* :-o

h, mle rr2 I' mle 9'l

After initial loss of carbon monoxide, the spectrum is very similar to that (n'ig. 2)
of l-methylimidazole. The spectra (Tables I and 2) of 2- and 4(5)-formylimidazole
and of lhe 2- and 4(5)-imidazole carboxylic acids are very similar, and it is not
possible to distinguish between these types of compounds by mass spectrometry.
The spectra (Table 1) of the two isomeric carboxylic acids (XIX and XXXII)
exhibit large M-HrO ions, and the spectrum of the labelled (XX) shows this process
to occur by the concerted elimination k --> l. The spectra (n'ig. 7) of the two isomeric
methoxycarbonylimidazoles are strikingly different, allowing the differentiation of
these compounds. 2-Methoxycarbonylimidazole (XXII) fragments primarily by
elimination of the ester group with hydrogen reârrengement to give the imidazole
radical ion (mle 68, base peak). This elimination is not favoured in the spectrum
of 4(5)-methoxycarbonylimidazole where the imidazole radical ion (mle 68) constitutes
only 60/o of the base peak. fnstead, the process M-MeO' (to mle 95, base peak)
is preponderant, and other processes are indicated in X'igure 7. The acetals (XIV)
and (XV) fragment by the process M-EIO.-CrHn to their respective protonated
formylimidazole cations, which fragment analogously to the corresponding formyl-
imidazoles.
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The 2- and 4(5)-hydroxymethylimidazoles (XVI ancl XXXI) carinot be

distinguished by mass spectrometly, Their spectra (Table t) exhibit plonounced
loss of a hydrogen radical from the molecular ions. As these M-l ions do not
undergo the fragmentations of the corresponding formylimidazole molecular ions,

it is reasonable to replesent, their ¡tructures âs m (fot XVI) ancl n (for XXXI)

o,mlell1,R=H(XVil)
p,mlel86, R:Ph (XVIIÐ

m,mle97 n,mle 97
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respectively (cf. benzyl alcohol2). Other processes observed. in these spectra aie
M-CIIO. and M-OH.. In marked contrast to the spectra of (XVI) and (XXXI),
those of l-methyl- and. l-berøyl-2-hydroxSrmethylimidazoles (XVII and XVIII)
exhibit pronounced M-2 peaks (see Table 1) which may be represented. as the
ions o and p.

Fig. 7
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n'inally, four of the compounds studied exhibit skeletal rearrangement ions
in their spectra,. One of t'hese, 2,4,5-tribromoimidazole, has been discussed above,
while the other tbree (XXIV, XXV[, and XXXIV) have been briefly mentioned,s

zMoyerson, S., Rylandor, P. N,, Eliel, E. L., and McCoIIum, J.D., J. Arn. chem. Soc.,
1959, 81, 2606; 1961, 83, 2481.

3 Bowie, J. H., Cooks, R. G., Lawesson, S.-O., Jakobsen, P., and Schroll, G., Chem,.
Oontrnwm.,1966, õ39.
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in a previous communication. These involve loss of either CO or COr, and such

processes are currently exciting much interest (for a compendium see ref.a). Apart
from the skeleúal rearrangement ions in the spectra (Tabte f) of (XXVII) and
(XXXIV), other fragmentations are unexceptional. The mabs spectrum of 2-anilido-
l-benzylimidazole (XXIV) is illustrated in n'igure 8. Three reanangement processes

are noted in this spectrum, i.e. M-CO, M-NH', and M-CnHrNrO. The latter
reå,Eangement is one of the most complicated skeletalrearrangements yet documented.,

as it involves the concerted formation of an ion represented as s, possibly by the
process r -> s. The first stage of this rearra,ngement probably involves the migration
of the PhNI{ moiety as the M-CO ion also fragments to s.

-CrH¡NzO'_____(+'ll+
+

PhCH:NHI)lr

s, mle 182

r, mle 277

In summary, mass spectrometry is of considerable use in the structure deter-
mination of imidazoles, and may be used to determine the t¡le and position of
various substituents. Skeletal rearrangement ions a,re ra,re in the spectra of simple
imidazoles, and consequently the ø priori prediction of fragmentation modes is
applicable to this class of compound.

Expomun vr¡r,

AII mass spectra (excopt those mentioned below) \Mero me&sured with an A.E.I. MSO

mass spectromoter operating at 70 eY, and with the sourco and inlet systom bet'weon I50 and I80',
Tho specüra of compounds (XIX), (XXI), (XXIV), (XXVII), anct (XXXIV) were measured by
the diroct irrleü procedure with a source temperature of c. 100', Exact mass measurements wore
determined with a resolution of 14000 (l0o/o valley definition) using hopüacosafluorotritrutylamine
to provid.e reference m&sses. AII measuroments were correct to within lõ p.p.m,

The purity of all compound.s was routinely checked by gas chromatography and n.m.r.
spectroscopy. Compounds (I), (XXVI), and (XXXVII) were purified commercial samples.
The following compounds were prepared try reported. procodures: (IV),6 (VI),6 (VIII),? (IX),0
(x),6 (xr),8 (xrII),E (xrv),8 (xv),8 (xvl),6 (xvrr),, (xvrll),6 (xrx),6 (xxr),6 (xxllr),s
(XXIV),10 (XXVIII),11 (XXXI),1, (XXXII),ls (XXXIV),14 (XXXV),16 and (XXXVI).16

a Brown, P., and Djerassi, C., Angew. Chem., in press.
õ WohI, 4., and Marckwald, W., Ber. d,t. chem,. Ges., 1889, 21, 1353.

? Sonn, .A'., Hotos, 8., and Sieg, H., Bør. di. chern'. Ges., 1924,57, 953.
s Iversen, P., and Lund, H., Acta chøm, scørzd., in press,
0 Shirley, D. 4., and Alley, P. W., J, Am,. chørn. Soc., 1957,79, 4922.

10 Iverson, P., and Lund, }{,, Acto, chem. scand,,, 1966, 20, 2645.
1r lluchol, W., Datow, J., and Simmersbach, 8., Z. phys. Chern. A, 1940, 186, 159.
12 Pyman, f'. L., J. chem. Soc., f 91I, 99, 668.
la Pyman, E. L., J. chern,. Soc., 1916, 109, 186.
laX'orgher, R. G., and Pyman, f . L., J. chem. Soc., fgfg, 115, 2I7.
16 Balaban, L E., and Pyman, X'. L., J. ohønt,. Soo., L922, l2l, 947.
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Compound (XXXIII) was propared by esterification of (XXXII).r6 tnu spectra of (VII) and
(XX) were obtained by introducing (VI) and (XIX) into the sourco with deuterium oxide,l?
while that of (II) was obtained by subtracting the spectrum of (I) from ühaú of partially labellod
(II). The labelled compounds (II) and. (XXIX) were prepared. by stirring a bonzone solution
of (f) and (XXVIII) respecúively with an excoss of DrO.

1,2 - do- I rruidøzolø (I I I \

Imidazole (I0 g, 0' l5 moles) in deuterium oxide (25 g, l. 26 moles) was hoated under roflux
for 17 hr. The n.m.r. spectrum of úhe labelled imidazole indicated an 84to exchange of the
I-proton a,nd. a,n E77o oxchango of the z-proton (relative to tho signal from the 4,5-protons),

2 -d- 1 - M ethyli,rni,il,azolø

This compound (IV) was prepared by metalation of l-mothylimidazole with n-buüyllithium
at -60'for 2 hr, followed. by treatmonü with deutorium oxide; b.p, 82"1L2 rnrn.

6-d,- 1- Methyl,i,mdilazole (XXX'¡

5-Bromo-l-methylimidazole was treated with n-butyllithium at -35" for 4 min, and then
treated with deuterium oxido. B.p. 84-85"/14 mm.

AcrNowr,opc+MDNTS

One of us (R.G.C.) gra,tefully acknowled.ges the award of an Elsie Ballot
X'ellowship. A grant (to S.-O.L.) from Statens Almindelige Videnskabsfond is
gra,tefully acknowledged. Dr P. Iverson generously provided. some of the samples.

r8 Lawesson, S.-O., unpublished data.
17 Shannon, J. 5., Aust. J. Ohen't., 1562, 15, 265
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Reþrinted from Clanutclr CoulrunrcATroNs, L967, page 284.

Skeletal Rearrangement Procesees of Aromatic Azoxy-compounds on
Electron Impact

By J.H.Bow¡B a¡d G. E. Lrw¡s
(Deþartment of Organic Chamislry, Thc U¡ùtøsôty of Ailelaöile, South AusÞaliø)

and R. G. Coors
(Unívcrsitlr Chemiaal Lúorctory, Lcnsficld Roa.d, Cømbridge)

Ano¡n¡r¡c azoxy-compounds have been found to
exhibit prominent skeletal rearrangement ions in
tleir mass spectra. Seven examples a¡e sum-
ma¡ised in the Table. An asterisk denotes the
presence of a metastable ion for the process
indicated, and the compositions of all ions have
been established by exact mas¡s measurements.

The rea,rrangement modes may be divided into
four processes:

(Ð M+-NrO. This is a process of the general
typer, ABC -+ AC + B, in which diaryl
radical ious are formed. Such ions, when
observed, a¡e of low intensity;

TrsL¡ I
Shelcløl teatrøngemcnl öons in thc sþecbo of azory-comþounils

fümpound

:N_Ph

PhN:

+
PhN

-¿

"tÑ:*-ô_¿ \J

Process

Jlf-NlO-H¡
ataJ}4-CO-N¡-H.
aaM-(CO+N¡)-H.)

Mtco'H.tN,
a

.ll4-CroH?N.

l}flcrorrrNo

M tco'H. t 
N,

M-C.H.óO.

M-C.HðNO

M-C.H.NO,

ataJt4-EtO-CO-CO-N!
aaa

lllt-CO-Nr-H.

Final ion
t52

Relative abundance
of final ion (o/o)

4

r6l4l

l9t
r06

9I

t9t
lõõ

l4l

I0õ

t4I
213

184

r48

r34

189

0

13

28

"ñ:*ð.or",I \-/-0

Plñ:

NO¡

NMe¡

I
4

26

36

l0
2

ata]t4-CO-N¡-H.
ullcoax,¡J¡r.
M-C.HúO.

Mlc.HrNo

)
1

t2

92

Me

3"{:"Ð*-o Me

jt4jMe-co-N¡



(D)(a)
+

-+

.+

(ü) +

->

XY.CrrH¡

(')
(-co-N,)

+ (üi)

{ Y'CcHrO'

-N

+ (üi)

the o-hydroxyazobenzene radical ion is not the
intermediate in the reÍu¡angement process of
azoxybetzene, as its rearrangement processt is
M+-N¡-{O-H. (not M+-CO-N¡-H. as in the case of
azoxybenzene). The orygen migration to forrn tJre
cyclised intermediate ö, is similar to the behaviour
of aryl sulphones on electron impact,r and the
mechanism suggested for tJre formation of g is very
simila¡ to tJrat suggested to explain the phote
chemical rearrangemert of azoxybenzenes.s

ícl

(d)
U)

X.qHtN It +Y.c6rr^o.(iv)I N

k)

(iÐ M+{O-N, or M+-(CO * N¡). Thisprocess
-whicb may occur in either successive steps
o¡ in a concerted manner is observed in most
spectra. The process is modiûed by the
presence of substituents on either aromatic
ring (see the Table) ;

(üÐ M+-Y.qH.O. (see ø). This process is not
observed in all spectra;

(iv) M+-Y.C'H..NO. (see ø). This process like-
wise is not observed in all spectra.

The above scheme is postulated to erçlain the (ReceiueìL, tønuøryr 26th, 1967; Com. 076.)
rearxangement processes. It should be noted that

r J. H. Bowie, D. H. Williams, S. O.Lawesson, l. Ø. Madsen, C. Nolde, and G. Schroll , Tahahedton, 1986,22, g516
and references therein.

2 J. H. Bowie, R. G. Cooks, and G. E. Lewis, ,f. Chem. Soc. (B), in tåe press.
3 G. E. Lewis and J. A. Reíss, Ausþal. J. Chem., 1966, 19, f887.
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Reþñnled from Cnevtclr CouuuNrcnrror.rs, 1967, page 346.

Skeletal Rearrangement of Mercapto-esters upon Electron Impactl
By J. H.BowrB,

(Deþartmenl of Organic Chemistry, Uniuersity of Adeløid,e, South Auslrøliø)

and S.-O, LawEssoN; F. Duss, and P. MeosBN

(Deþørtment of Organia Chemistry, (Jn'iuersily oJ Aarhus, Aørhws C, Denmarh)

and R. G. Cooxs
(u niaersily C hemicøl Løboratory, Lensfi eld' Road,, C ambrid.ge, Engl'ønd'l

Sxrr-Btrrr--is¡,RRANcEMENT ions bave been oÞ
served previousþ in ttre mass spectra of a variety
of sulpbur compounds.t We report the general
occurrence of RS+ ions (d) in the spectra of a
series of mercapto-esters. When the substituent
attached to sulphur is hydrogen, the rearranged
ions are produced in a one-step process from the
molecular ion (Table). The composition of all
rearranged ions have been established by exact
mass¡ measurements. In general, RS+ ions are
more prominent in those spectra where R is able
to stabilise the cation (e.9., allyl and benzyl).
It is important to note that when tbe substituent

attached to sulphur is acetyl, no evidence rs
available to indicate that the rearranged ion is

?
Iì': ,,C-.cHo
n-è+ 

/.t __j-

Rr zC:cH .o

o
il

Iq.+,A
"tHRl

(ø) (ö)

RS+
(d)

tR.s¡cHR,.COrHlt
(c)



Rearranged
ion (RS+) (zrla)

Trs¿s
Relative abundance

of RS+ (%)
Met¿stable ion for
process 14 -+ RS+
Calc. Fouod
31.0
42.0 42.0
42'O 42'0
53.5 53'4
õ3.5 63.6
65-4 6õ'4
76.8 77'O
83.2 83.r
77-2 77.3

Compound
HS.CHt.COTR

: Pr¡
: Prl
: Buû
: Bur
: iso-C¡Ilrr
: Cyclohexyl
: CHTPh

HS.CH¡.CH2.CO¡.CH¡Ph
HS.CHMe.COTR

R: Prl

3
t2
t2
r3
t7

6
L2
28
l6

r6
66
46

3

t2

8I
76
76
89
89

r03
lI5
t23
123

76
73

t23
76

t23

R: Et

: allyt
: CH:ph

Me'CH'COtPrt
I

S.CO.Me

38.0
36.5
77.2
2S'6

38.0
36.4

MeCH'COr.CHrPh
I

S.COMe

produced in a one-step process. A possible
mechanism (for the general case ø, a --> d,) is
suggested to explain this rearrangement process.
This process limits both the prediction of frag-
mentation modes and the application of the

60.9

'element-mapping' technique¡ for this class of
comPound.

(Receiued,, Februaty l\th, 1987; Com. l4O.\

t Previous paper in this series, J. H. Bowie, R. G. Cooks, and G. E. Lewis, Chem. Com¡n.,1966, 284
t J. H. Bowie, F. C. V. Larsson, G. Schroll, S.-O. Lawesson, and R. G. Cooks, TeÞoheibon, in the press; J. H. Bowie,

D, H. 'Williams, S.-O. Lawesson, J. Ø. Madsen, C. Nolde, and G. Schroll , Tehøhcdton, 1988,22, 3516, and references
therein; J. O. Madsen- S-Ø. Lawesson, A. M. Dufteld, and C_._Djerassi, t. Org, Chem., in the press; E. Bach, A. Kjær,
R. H. S\apiro- and,C. Djerassi,-Acta Chem. Scønil., f06õ, 19, 2438: J. B. Thomson, P. Brown, and C. Djerassi, /.
Amcr, Ch¿m. So¿., 1966, 88, 4049.

I K. Biemann, P. Bommer, D. M. Desiderio, and W. J. McMurray in "Advances in Mass Spectrometry," ed. W. L.
Mead, The Institute of Petroleum, London, 1006, Vol. 3, pp. 630-663.
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ELECTR,ON IMPACT STUDIES*

XV.Î SKELETAL REAR,R,ANGEMENT I'R,AGMENTS IN THE MASS SPECTR,A
OX' AR,OMATIC ¡¡-OXIDES

By J. H. Bowru,f R,. G. Coors,S N. C. J¡nrrnsorv,] and G. E. Lnwrsf

The mass spectra of quinoline ly'-oxides,l pyridine /y'-oxides,2 and A1-p¡rrroline
,ð[-oxidesz have been reported. Although M-O ions are of diagnostic value in somo
of the spectra,l,z no skeletal rearrangement ions have been reported.

(Ð (rrr)

(tv)

(vù (vtt)

* Manuscript roceivod March 14, 1967.

t Part XIV, Chem. Cornm,un., 1967, 346.

f Deparúment of Organic Chemistry, Ifniversiüy of Adelaide, S.A. õ001.
$ University Chemical Laboratory, Lensfield Road, Cambridge, U.K.
1 Bryce, T. 4., and Maxwoll, J. R,, Ohent,. Cornmwn., 196õ, 206.
2 Grigg, R., and Odoll, B. G., J. chem. 

^Soc. 
B, 1966, 21&

(r)

(v)

Aueü, J, Oh,ern., 1967, 20, 2646-9
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Because of current interest in these laboratoriess and elsewherea in the photo-

chemical reârrangements of aromatic lù-oxides, and also because of the recently
observed skeletal reâIrangement processes which occur in the mass spectra of

Fig. r -co

too 218 230

- HC-CH

(rv)

(v2')
7S lt

t90

40 60 80 100 140 t60 tao 200 220 240

H.
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mle

Fis.2 -o-o
_ HCN
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-CN.

t96

180

co
(n)

80

ò\

É60
5
a!
o40
.à

ú
20

76
39 zrz (r"r+)

40 60
mle

a,zoxyberøeîes,5,6 *" have determined the mass spectra of the following seven

âromatic I-oxides (I-YII). The spectra are recorded in X'igures I and2 and Table 1,

and the exact, ma,ss measurements are listed in Table 2. An asterisk represents the
presence of a metastable peak for the process indicated.

3 Lowis, G. 8., unpublished daüa.
a Buchardt,, O,,lletraheil'ron Lett,, 1966, 6221.
5 Bowie, J. H., Cooks, R. G., and Lewis, G. 8,, Ahøm. Cornntum., 1967, 284.
6 Bowie, J. II., Cooks, R,. G., and Lewis, G. E', Aust. J. Chem., 1967, 20, 1601.
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The mass spectra of the phenazine -ðy'-oxides (I, II) and the benzofø]phenazine

I[-oxides (III-V), apart from the normal loss of oxygen from the molecular ion
(to form the corresponding phenazine ot benzo[ø]phenazite radical ions), exhibit

Trsr,n I
Mtss spncrRÀ ox'coMPorrNDs (r)' (rrr)' (v-vrrr)

All peaks greater ltrar õo/o of the base poak (100o/o) are recorded

(r) rnle
r (%)
mle
r (%)
mle
r (%\

(III) rnle
r (%)
mle
r (%)

(v) mlø
r (%)
fiùle
r (%)
mle
r (%)

tt4 126 t2s
666
1e5 r96(M)
t5 100

176 19076 76
11 10

2t7 2r8
14 20

39 50 51 52 63 64 74 76 76

132318814881517
r40 l4l 142 162 r53 167 168

877r18615
I97
I8

77 90 98
1387

r70 179 I80
30 30 72

t02
L4

l8r
7

60 5I 63
r088
20r 202

77

39 50 5r
Il 14 12

140 r5l
66

234 246
ftI

77 t02 r14 1lõ 116 L23 126 17õ

888610986
220 225 230 23r 245 246(M) 247

18 24 62 rr 8 100 20

67

63 74
L4 IO

r52 176
66

246 247
r00 19

76 76 77
13 16 12

176 r90
7r0

262(M)

62 62
616

r46(M)
g4

20r 202 2r7
7818

220 225
16 l9

l0r
I

II3
7

114
t1

tr5
13

t02
I

t23
l0

230

r27
10

L28
I

2t8
38 84

23r
15

(VI) mle
r (%)
mle
r (%)

37 38 39
81430

r03 rt6 I
10 44

50 51
27 14

L7 I3O
6 t5

63
54
L47

10

89 90 9l LOz

10044 7 I
64 7B 76 77 88
20 10 13 13 7

(vII) mle 39
r (%) 27

mle 100

r(%) e

rnlø 180

r (%) 12

(YTII) rnle 39
I (%) r5
mle 195
r(%) 6

50 5r 62 63

18 18 r7 33
tl3 lt4 lrõ
20 t7 L7

196(M) r97
100 l9

64 74 76 76 77 78

s262õ1899
126 139 r40 r4t r50
r74tõ0918

86 87

r3 l9
r51
20

88 89
r0 r0

t52 164
27 10

98 99
139
166 167
48 r0

50
l2

õr 62 63 64 76 76

8 820 I 8r3
77 tt4
108

140 r4L
t27

t42 167
613

168 169
31 7

re6(M)
r00

r97
I6

pronounced M-CO ions, and in add.ition, the spectra of the two di--ð[-oxides (II
a,nd Y) contain prominent M-o-co ions (x'igs. I and 2). The relative abundances

of the skeletal reânangement fragments are summaîized in Table 3. /Ù-Oxides of

heterocyclic compounds conta,ining adjacent nitrogen atoms, e.g. phthalazine
y'ü-oxid.e (VI) and benzofc]cinnoline -ðy'-oxide (VII), rvould not be expected to exhibit
skeletal rearrangement ions in their mass spectra because of the simple fragmentation
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processes which may opera,te in these cases. Both (VI) and (VII) decompose by the
simple scheme M-NO'-HCN, and no skeletal rearrangement fragments are observed
(see Table l).

T¡sln 2

coMposrrroN ox' soMtt roNS rN TEn spEcrRÄ or. (r-vrrr)

Compound mlø Composition Compound mle Composition

(r) CrzIfeNz
cl1rI8No
ClIIeNz

CrsIIroNz

(vIIr) r68 CrrHaNz

(II)

(rr)

(w)

C?H5N
c?H4N (50%)
c8H6 (50%)
c?II6 (80%)
c6H4N (20%)
CzH¡

2I8
r90

CrsIIroNz
CraIIeN

T¡¡r.p 3

sr<xrr,r¡TÀrJ RI:ÀRB,¡.NG¡IMENT roNs rN TlrE MÄss spncrx,À or (r-v)

Compound

M-CO (o/o of base peak)
M-o-co (%)

(v)

0
38

It is of interest to consider the genesis and structure of the rearrangement ions.
The rearrangement process (M-CO) demands oxygen migration to carbon, possibly
to form the correspolding l-hytlroxyphenazine radical ion (ø+c). A sample of

IeK:Ë]
(b)(o)

(.)

l-hydrox¡rhenazine could not be obtained, but 2-hydrox¡4phenazine (VIII) (which
should have a very similar spectrum) was available, and its mass spectrum (Table f )
was found to exhibit the fragmentation pattern M-CO-H'-HCN-HC=CH.
This process is identical with the skeletal rearrangement processes in the spectra of
(r-v) (cf. especially x'ig. r). Additional support is forthcoming from the spectra of
(III) and (IV). Compound (IV), which has the ff-oxide linlage next to the o ring
ion, should have a much larger peak due to the rearrangement ion than should (IIr)

220
218

184
168

180
170
168

C15H16NO
C15I{1eN2

CrrIIeN¿O
CrrIIeNz

(w)

(v)

r03

r02

90

89

218

l5

(r)

5

(r)

20 98

(III) (ry)
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because of the proximity effect. The relative abundances of the M-CO ions in the
spectra of (III) and. (IV) arc 20 and 98o/o respectively.

Eø,perimentøI

AII mass spectra wero measurod wiüh an Hitachi Porkin-Elmer RMU 6D mass spoctromotor
operaüing a,t 76eÍÍ, and wiüh tho sourco and inloù svstem at 200". Exaoù mass measuementg
were porformed with an A.E.I. MSg mass spectrometer with a rosolution of 14,000 (l0o/o valley
definiùion) using heptacosafluorotributylamine to provide reforence m&sses.

The N-oxides were prepared by known ohemical procodures, and tho observed molting
poinüs were in agteement wiùh ùhe liüerature values, according to the following reforonces: (I),
(III), (IV), end (V);? (II);t (YI);e (VII).10

Aclcnowled'gments

An Elsie Ballot X'ellowship (to R,.G.C.) is gratefully acknowledged. We thank
Dr H. J. Rodda for a sample of phthalazine /ù-oxide. The Hitachi Perkin-Elmer
RMU 6D mass spectrometer was purchased with the aid of a grant from the Australian
Researoh Glrants Committee.
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10 King, X'. E., and King, T. J,, J. ohøm. Soc., L946,824.
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THE MASS SPECTRA OF SUBSTITUTED IMIDES1
SKELETAL REARRANGEMENTS ON ELECTRON IMPACT
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1053The mass spectra of substituted imides

TÆre 1x. M¡ss sp¡ctnl oF coMPouNDs IV, V[-XI, XIII-XVII

143(M)
J

1526272829 3039404142 43M5455 56587377 8384
40 84324282221 72346 10010 7 6 1010 4r7 6 6

86 100 101 102 ll4 115 128

8632338

15 27 28 29 30 39 41 42 43 s5 56 57 58 60 72 73 84 100 102

2tt4 814871020 10100 8 9 6101682 1538 11 36

t527282939404142 43M45 555657 586072 848687
24 20 15 41 20 14 78 20 100 76 10 15 20 18 20 20 10 16 44 7

9'1 100 102 ll4 128 142

7722992

54 56 57 98 99 113

726 15 5 I 2
27 28 39 4t 42
10 t2 22 15 18

66 7't 93 94
415 100 6

63 65 '17 78 '.tg 89 90 91 92 104', 106 107 131 148 149

71820 825 6 534 6 6 100 16 3 38 20

74 't5 76 77 78 r04 105 106 134 135 146

6 61364 11 10100 10 6 10 2
39 42 43 50
6 543 16

226
838

s0 51 76 77 '18 94 104

'10 30 6 65 6 3 5

106 197 198 273

848103
39 50 51 65 76 77 78

10 623 9 363 6

50 51 65 76 77 78 79 91 104 105 106 210

826 10 5& 8 616 8 90 f2 35

n1le28 40 41 42 43 44 59 70 85 102 129

16 61325 10040603416 2 2

r\ mle
r(%)

Yll mle
r(%)

103 tr4 lls t42 1s7(M)
19532

157(M)

VIII mle
r(%)

lX mle
r(%)

X mle
r(%)

Xl mle
r(%)

141(M)
1

43

100
15

16

tt7 135

10 66

105

100

136 177(M)
65

5t
15

43 51 65

2355

39 42 s0

11 s 6

51

38
XIII mle 38

r(%) 4

XIY mle 39

r(%) 4

XY mle
r(%)

XVI mle 39

r(%) 8

191(M)
t7

163(M) ts
408

22s(M)

301(M)
I

105 106 148

10092
197

10

2ll 212

100 18

315(M)
1

XVII
r(%)

* All ions greater than 2l of the base peak (arbitrarily 100/) are recorded. Several molecular ions

which are less than this value are also recorded.
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TNNN 2. EX,C,CT IVfASS MEASUREMENTS rN TIIE MASS SPECTRA OF I_XVIII

Compound mle Composition

73

44
43

42

87

73

58

56

43

3l
30

115

tt4
102
101

100

86

83

84
't2

58

56

43

IV

c3H?NO
cH2NO
c2H3o
c2H4N

c4HeNO
caH?NO
c2H4NO
caH6N
c2H3o
cHsN
cH4N

c6H13NO (70%) CsHeNO 
"(3O%)csHsNO2

C4H8NO2 (60%) CsHl2NO (40%)
csHl lNO (9 5 %) C4IjÃO 2 6 %)
csHloNO
c4HsNO (55 %) CaH4NO 

" 
Ø5%)

csHeN
c4H6NO
c3H6NO
caHsN
c3H6N (60%) C2IJ2NO (40%)
c2H3o (90%)qIJl$0%)

c6H1oNO2
C6H13NO (90%) CsHTNO 

"(lO%)C6H12NO (85 %) CsHsNO r(15%)
c4HsNO2
c5HloNO
c4HeNO
C4H8NO (65 %) CaH4NO 2Qs%)
c4H6NO
caHTNO
caH6NO (80%) C4H10N (20%)
C2H6NO (80 %) C 2H 40 2 Q0 %)
c2H3o (e5%)q+ç%)
cH4N

c6H13NO
c6H12NO (50 %) CsHsNO, (5O%)
c4H8NO2
c5HloNO
c4H6NO

v

VII

r28
115

114
102
100

87

86

84

73

72
60

43

30

115

tl4
102
100

84
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T Ar¡rn 2.-continued

Compound mle Composìtion
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72
60

43

30

128
97
86

r13
99
98

57

56

43

VII

IX

(continued)

VIII

XIII

XIV

XV

XVI

XVIU

c6HloNO2
c6H11N
c4HsNO

caH6NO (90%) c4H1oN (10%)

C2H6NO (80 %) c 2H +o 2 Qo %)

c2H3o (90%)qH1Ío%)
cH4N

c6H13NO
csHeNO
csHsNO
caH?N
caHóN
c2H3O

x 135

tt7
93

135

134

csHeNO
csH?N
C6H?N

XI

XII

131 ceHeN

87
't3

60
57

43

c4HeNO
caH?NO
c2H6NO
caHsO
c2H30

csHeNO
csHsNO

c13H11NO
c6H60

273 cleHlsNo

2ll C14H13NO

t9'1
94

148

t47
105

104

103

90

C8H6NO2
csHsNO2
c?HsO '

c?H4o
cTHsN
cóH4N
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Te¡r,n 3. Rrt-nrlw ABUNDANcE ('%) oF M+ -.Có roNs r¡,¡ THE spEcrRA or I-XVI

1057

Compound I II IV V VII VIII IX X XI XII XIII Xry XV XVI

M+-CO 24 28 2 3 1311103

It is possible to follow the decomposition of the skeletal rearrangement ion in the
spectrum (Fig. 2) of II, and therefore to determine the site of migration of the Me group.
The interpretation has been aided by the spectrum (Fig. 3) of the du derivative III.
The rearrangement process M+-CO-MeO. is substantiated by metastable ions,
and indicates Me migration to oxygen, possibly by the process a + c. A similar process
is observed in the mass spectrum (Fig. 1) of diacetamide I, but here, loss of MeO.
from the M+-{O species is not substantiated by a metastable peak. [t is reasonable
to assume that oxygen is the migration site of the rearrangement process (M+-1O)
in the mass spectra of those imides where R and R" : Me or Et, even though it
cannot be proven in the majority of cases

A different situation is observed in the mass spectrum (Table 1) of XIV, where the
M +-CO ion(e,mf e 197) decomposes by loss of PhNH' (substantiated by a metastable
ion at mfe 56'0) to the benzoyl cation (1, mle 105), indicating phenyl migràtion to
nitrogen (d --+ e --+ f).

i r.,\" I

I '.-'*Tê- |LM"l

+

-co

b, mle 87
a, mle ll5

I
MeO'

+
Me-C:N-Me

c, mle 56

+

Ph -co Ph.CO.NH.Ph

e, mle 797

+

d, mle 225

+
Ph_C:O
.f, mle 105

It has been shown (uide supra) that imides, on electron impact, may lose CO with
concomitant rearrangement of the incipient radical either to oxygen (R : R" : Me)
or nitrogen (R : R" : Ph). The presence of such processes limits both a priori
predictions of fragmentation modes and the application of the "element mapping"
technique2s-27 to this class of compound.

The normal decomposition modes of I-XVII are unexceptional, and specific
examples are summarized in Figs. 1-6. Some of the general features may be illustrated

2r
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by a consideration ofthe spectra ofII and V (Figs.2 and 5) and oftheir du derivatives
III and VI (Figs. 3 and 6). The base peak of the spectrum of II is the acetyl cation
(mle 43) as is the case with the N-substituted imides II-IX. The other major process
in the spectrum of II is M*-CHTCO-Me.. The Me radical lost in this process is
that adjacent to the carbonyl group (Fig. 3), and as there is no evidence to suggest
that the M+-CH2CO ion (mle 73) decomposes by loss of MeNH. to the acetyl
cation (mle 43), we have a marginal preference for hydrogen rearrangement to oxygen
(i.e. a --, S --' h) which is analogous to the behaviour of p-diketones.e

61+
108

Y

80

40

20

104

1t+7

H +

-rH€o +
HÉlr¡-Me

h, mle 58

-Me'

g, m/e 73

a, mle 775

The spectra of the propyl and butylimides (IV-VIII) are complex, and extensive
high resolution measurements (Table 2) were necessary for their interpretation. The
mass spectrum (Fig. 5) of the n-butyl derivative V, illustrates this feature. Three major
fragrirentation processes operate, uiz. (A) M+-Me.-CH2CO (to mle 100), (B)
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M+-CH2CH3H?. and other combinations (to mle 72), and (q M+-{4H7'-
CH2CO (io mle OO¡. Ottrer variations of these modes are outlined in Figd' 5 and

6. The Me radical lost in process A is that adjacent to carbonyl (Fig. 6)' and conse-

quently mle 100 is best represented as i. If the loss of ketene in process ! Proceeds

uia a lavoured 6-membered transition state (Mclafferty rearrangement),28'2e then

mleT2may be represented as j. The M+-C4H7' \on(mle 102) occurs to the extent of

lS-36%of the base peak (ml e 43) i
VIII, whereas the corresPonding
in that of the n-propyl compound IV' Suc

substituted p-diketones,e but are observed

may then be represented by the scheme v --+ k.--+ l. The sec-butyl derivative vIII
rnuy U. distinguished from the n- and iso-butyl compounds V and VII, by the presence

of a prominent M*-Et. cation (I0/" of the base peak) in the spectrum of VIII.

+
n-C*H,-NH-FO

i, mle 100

HO_ +
f:N-CH,*"t j,*rr,

-e Me.CO N-C-Men--- I+.. 1

OH

-1940
H.N
-:. \
+ )C-Me
HO

-CnHi

k, mle 102 I, mle 60

Finally. it is of inteTest to consider the spectrum (Fig. 7) of N -acetylphthalimide

(XVIII). Many of the fragmentation modes in this spectrum afe unexceptional and

are indicated in Fig. 7. However, the remarkable loss of COt from phthalimides on

electron impact3'a is also observed in this spectrum, viz. the process

M+-CH2CO-{O2 to mfe 103 (C?H5N *) (Fig. 7). This certainly means that the

M+-CH2CO ion
in this case, elision
to nitrogen.

(mle. 148) has the structure of the phthalimide radical ion, i.e.

of ketene has occurred with concomitant hydrogen rearrangement

EXPERIMENTAL
All mass spectra.(except that of XIV) were dete¡mined ílth an Hitachi Perkin:Elmer R.M.U. 6D mass

spectrometei wiih â souìce and inlet temp of approximately 150'. Compound XIV (which decomposed

under the above conditions) was determined by the direct insertion technique at 60"' Exact mass measure-

ments \ryere determined with an A.E.I. MS 9 mass spectrorneter using a resolution of 14,000 (L0\wlley
dehnition) and heptacosafluorotributylamine provided the reference masses. All measurements were -

correct to within 15 ppm.

The purity of all samples was routinely checked by IPC and NMR spectroscopy. Compound II was

a purihed commercial sample. The following.compounds were prepared by reported procedures: I,11

V,:2 IX,.3 X,34 XI,3s XIL36 XIII,36 XIV,3? XV,33 XVI,38 XVII3e and XVIII.ao

compounds IV, VII and vIII were prepared by the following general syntl¡esis.

The amine (0.25 mole) wæ added dropwise over a period of 30 min to AcrO (250 m1), keeping the temp

below 5'. The ¡eaction miðture was then heated under reflux for I hq whereafter the apparatus \¡/as

arranged for distillatión. Over a period of 1G-20 hr a mixture of AcOH-AcrO was distilled off through a
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15 x 0'6 cm packed column at atm press. The various products were obtained -(in almost quantitative
yield) by vacuum distillation, and were further purified by preparative VpC. Thàir purity was checked
by NMR spectroscopy.al

Compound B.p.

IV 84'110 mm

VII 87"/10 mm

VIII 86"112 mm

%c %H %N

Found 58 62

Calc. 58.72

Found 61.55

Calc. 61.12

Found 61.23

Calc. 61.12

9.71

9.62
9.08

8.9r

9'22
9'15

10.04

9.78

993
9.62

Labelled samples
(a\ compound III. MeNH, , HCI (lo g) and Acro-du (3.0 ml) were refluxed for 3j hr The pure producr

was obtained by preparative VpC.
(b) Compound VI. n-Butylamine (09 ml) was slowly dropped onto a mixture of Mg turnings (300 mg)

and AcrO-du Q'24 g). After heating under renux for 3i hr, the product was obtained by preparative Vpõ.
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TIIE MASS SPECTR,A OX' IIS]ANNULENE DERIVATIVES.

SKELETAL R,EAR,R,ANGEMENT UPON ELECTR,ON IMPACTX

By G. M. B¡.penn,T J. H. Bowrn,t J. A. Er,rx,f G' E. Lnwrs,t

and U. P. Snvcut

lMønusøi,pt receineil MøE 8, L9871

Sumntarg

Tho mass spectra of a sories of [l8]annulene derivatives are reported and

discussed. The majority of fragmontation mocles exhibiüed in these spoctra aro

produced by well-defined skelotal reorganization. In the case of one compound, all

the observed fragmentations occur as the rosult of skeletal rearrangement, procesBes.

This appears to be úhe first roported example of such a phenomenon'

The mass spectra of the [I8]annulene derivatives (I-V) a,re recorded in X'igures

I,3,4,7, and 8. The l,2-diarylethylenes (vI-vIII) have been s¡mthesized in order

that their spectra (X'igs. 2, 5, and 6) may be compared with those of the annulenes.

The composition of ions determined by exâct ma,ss measurements in the spectra of

(III) and (v) are listed in Table I, and the presence of a metastable peak for a

particular process is indicatecl hy an asterisk. Although the structures of fragment

iorr. u"" not known, nomina,l structures have been drawn in order that fragmentation

modes may be correla,ted with the structures of the molecules in the ground state.

A gtriori, predictions of the fragmentation modes in the mass spectrum of the

trioxid.e (I) might suggest the possibility of a pronounced molecular ion (because of

the inherent sàbility of the annulene system) and either M-HC=CH ions (which

would, however, involve unfavourable. vinylic cleavage) or M-O ions (although

furans d.o not generally lose oxygen from their molecular ionsl'z). It is known3 that

* This paper constiúuúos Part XVII in the series "Eloctron Impact' Studies.'' Parú XVI'
S.-O. Lawesson, C. Nolde, J. II. Bowie, and R,. G. Cooks, ?etrahed'rom, irlpr:ess'

f Department of Organic Chemistry, Univorsity of Adelaide, S'A' 500f '

1 Grigg, R., sargent, M. v., Ilnight, J., ancl williams, D. H., Tetraheclron, 1965,21,3441'
2 Grigg, R,., I(night, J. A., and Sargent, M' V', "I' che'nt" Soc' C' 1966' 976'

sBowio, J. H., Williams, D. }I., Lawesson, S.-O', Madsen, J' Ø', Nolde' C'' and Schroll'

G., Tetrahød,ron, 1966,22' 35L6,

Attst. J. Ch'ern., 1967, 20, 2669-7 6
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skeletal rea,rrangement processes occur when normal fragmentations a,re energetically
unfavourable, and. when there âre sites ofunsaturation in the vicinity of bond cleavage.
ft is also important to note that 2,5-diphenylthiophen,a 2,5-diphenylfuran,õ and
2,5-diphenylp¡rn'ole5 have skeletal rea,ff&ngement ions in their spectra, due to the
processes M-CHS ' @o/" of the base peak), M-CHO. (I0%), and M-H3CN. (4%)
respectively. The presence of such ions requires phenyl migration from C 2 to C 3 on
electron impact. ft would therefore seem re&sonable that the mass spectrum of (I)
should contain skeletal rearrangement ions.

+.

*)
-cHo

q, mle 276

m/e 139 (C1lHi) - 2HC=CH
(*) (*)

b, mle 276
c, mle 247

rearfånge -

- CO l*)ment

-CO (*)

reafÌange.
ment

e, mle 791

Scheme I

d, mle 219

The mass spectrum of (I) is illustrated in X'igure l. The molecular ion is the
base peak of the spectrum [as is the case for all the annulene derivatives (I-V)] and.

it can be seen that the entire fragmentâtion proceeds via skeletal reârra,ngement
ions; viz. M-CHO.-CO-CO-HC=CH-HC=-CH. This should be compared
with the similar spectrum (X'ig. 2) of 1,2-di(2-furyl)ethylene (VI) which exhibits
the normal scheme M-CHO.-CO-HC=CH-HC=CH, An explana,tion of the
spectrum of (I) is summarized in Scheme l. In order that the process M-CHO. may
occur, the substituent attached to the 2-position of one of the furan nuclei must
migrate to the 3-position with concomitant counter migration of the hydrogen from
the 3-position to the 2-position (a, --> b). It is possible that the aryl group may migrato
to either the 3, 4, or 6 positions, but we favour migration to C3 from a knowledgea,s
of the skeletal rearrangement processes that are observed in the spectra of heterocyclic
systems containing 2,õ-diaryl substituents. The subsequent losses of carbon monoxide

4Bowie, J. H., Cooks, R. G., Lawoeeon, S.-O., and Nolde, C., J. chenr,.,Soc. B, 1967, 6f6.
5 Bowie, J. H., and Simone, 8., unpublished observaüions.
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require similar 2,3-migrations (without hvdrogen migration) to furnish e (mle l9I)
which then fragments by successive losses of acetylene to produce ultimately mle 139
(C11Hl). Another feature of the spectrum (and of those of other annulenes) is the
presence of a prominent M++ ion, a further illustration of the stability of the [18]-
annulene system.
- The mass spectra (n'igs. 3 and 4) of the dioxide sulphide (II) and the disulphide
oïide (III) are similar to that (Tig. 1) of the trioxicle (I) and should be compared with
the spectra (n'ig. 5 and 6) of 1-(2-furyl)-2-(2-lhienvl)ethylene (VII)and 1,2-di(2-thienvl)-
eúhylene (VIII), which show fragmentations that produce the indene cation (mle II5),

T¡.sLn I
coMposrrroN on' soME roNS rN Trr¡) s?EcrRÀ ol (III) anro (V)

Compound (III) Compound (V)

Ìnle Composition mle Composition

308
o70

275
274
263
247
245
22r
2t5
202

CrsHrgSzO
C12I{11S2

CrsHrrSO
C1sI{1¡SO
CrrI{rrSO
C17H11S

CtzlIgS
C15IIeS
CrrIIrr
Cr oIIro

C1sII13S2N
CraIIrzSN
C17H1sSN
CrzIIrrS
C16II11N
CreIIoN
C16H6N

307
274
260
247
24r
2r5
2r4

by the respective processes M-CHO'-S (n'ig. 5) and M-HCS'-S (X'ig. 6). The
spectra, of both [8]annulene derivatives exhibit the initial loss of a formyl radical
from the molecular ion (cf. ct, --> b), and (II) shows the fragmentation modes M- CHO '

-S-CHO. (to mle 202) and M-CHO.-CO-HCS.-H' (to mle I89). Loss of
sulphur from the molecular ions of arylthiophens (to form the corresponding aryl-
cyclobutadiene ion radical) has been obseryed previously.4 The loss of a thioformyl
radical from the molecular ion of a 2,5-disubstituted thiophen {equires a 2,3-migration
(in this case/ -+ g). Skeletal rearrangement, processes of this t¡le have been reported,a
and. hs,ve photochemical analogies.6,7 The fragmentations in the spectrum of the
disulphide oxide (III) are ânalogous, and are summârized in Figure 4. The com-

positions of the major ions in the spectrum of (III) have been substantiated by exact
mass measurements (Table l).

The spectra (n'igs. 7 a,nd 8) of the trisulphide (IV) and the imino disulphide
(V) exhibit skeletal rearrangement ions in their spectra, even though these compounds
ma,y fragment by the normal loss of sulphur from the thiophen units.4 Rearrange-
ment, ions in the spectrum of (IV) involve loss of the thioformyl radical, while those
of the imino disulphide (V) involve loss of both the thioformyl radical and hydrogen
cyanide. Both these processes involve 2,3-migrations of the t¡rye discussed above,

0 Wy.nberg, H., and van Driel, H., J. Am. chem. Soc., 1965, 87' 3999:
z W¡rnberg, H., and van Driel, H., Chern. Contmun., f 966, 203.
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and it is of interest to note that fragmentation of the pyrrole ring occurs after the
thiophen system has been disrupted.

+ mþ reo

I, mle 235 g, mle 235

fn marked contrast to the annulene derivatives (I-V) (which fragment through
the heteroatom by characteristic skeletal reorganizâtion), the triene (IX)8 on electron

impact (X'ig. 9) simply loses six hydrogen atoms from the molecular ion to furnish
the coronene radical ion (ñ,, mle300). Another fragmentation is loss of acetylene from
an M-4 ion to form mle 276, which might be represented as the benzo[glaø]peryleno

radical ion.

+.

(rx) h, m/e 300

In summary, the stability of the fl8]annulenes derivatives (I-V) is illustrated
by the large number of skeletal rearrangement ions which are observed in their mass

spectra. The presence of these ions limits the use of both the "element ma,pping"

technique,e and. the application of. ø pr,í,ori prediction of simple fragmentation modes

for this class of compound..

Expnntnrnttrr.

All mass speotra wore measured wiüh a Hitachi Perkin-Elmer RMU 6D mass spoctrometor

oporating at 75 oV. Samples woro introduced direcùly using a source and samplo heater tomperature

betrreen 200 and. 2õ0'. Exact mass mea,surements were measured with an A,E.I. MS9 mass spoctrom-

eter wiùh a resolution of 14000 (I0o/o valley deffniüion) using hepüacosafluorotribuüylamine üo

provide reference m&sses. All measurements were correct ùo wiùhin 10 p.p'm'

s Cram, D. J., and Dowhirst, K. C., /. Am,. chøm. Soc., 19õ9, 8l' õ963.
e Biemann, I(., Bommor, P., Desiderio, D' M., and McMurray, W' J., in "Advances in

Mass Spocùrometry." (Ed. w. L. Mead.) vol, 3, pp. 639-653, and roforences therein.

(Instiüute of Petroleum: London 1966.)

- 6H'
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| 1 SlAnnulenø D ørduatiues

Samples of the [I8]annulene derivatives (I-V) wero available from the original synthosos,
as indicated: (I),10 (II),11 (III),12 (IV),13 end (V).14

7, 2 - D i,arglethyl,ene s

The l,2-diarylethylenos (VI-VIII) were propared try docarboxylation of the corresponding
diarylacrylic acids which were availablo from the above-cited s)rnthoses.10-13

In each case the czio-diarylacrylio acid (500 mg) was heated in admixture with quinoline
/È *I\ ^*l ^^--^- -r---uuPPÞf u[ruluùu \zuu tu6, uu tuu-r Jv ror zv-zÐ mln. -Lne reac¡ton mrxture was t-nen
cooled and treated with a slight excess of dilute hydrochloric acid; and tho decarboxylatod. product
was extracted from the acidified mixtu¡e with chloroform. After tho chloroform extracü had beon
removod it was washed successively with dilute hydrochloric acid, wator, and aquoous sodium
bicarbonato, following which iú was dried (CaCl2) and ovaporated to dr¡moss. The residual crude
producü was in each case purified initially by chromatography on alumina, ether boing used es
developer and oluent; and the product which remained after evaporation of the eluato was
fu¡ther purified try súblimation, or clistillation, under reduced pressuro (40-õ0"/0.1mm).

cis-a,B-Di(2-furyl)a,crylic 
""¡¿ro 

(500mg) in this way gavo ürans-I,Z-rti(t-Jurgl,)ethyl,ene
(VI) (I90 mg; 48yò as off-white noedles, m.p. 90" (X'ound: C,74.j; H, 5.9. CrolleOz requires
C,76.o; H' 5.0%).

cø's-a-(2-Thionyl)-B-(2-furyl)acrylic acid12 (500 mg) likewise ga,ve tuans.1-(p-.furyl)-Z-
(2-thiengl,)ethylene (YII) (l35mg; 34o/) as a yellow oil, b.p.60./0.tmm (Fo'nd: C,68.8;
H,4.75. C1¡H3OS requires C, 68.2; H,4.6yò.

ci,s-u,p-Dí(2-thienyl)acrylic acid18 (500 mg) yiolcled trø,ns-1,2-ili,(p-thiengtløthgtenø (VIII)
(200 mg; 491) as colourless noedles, m.p. 132' (tr'ound: C,62.6; I{,4.9, CroHaSz requires
C,62.5; H,4.2%).

trans-Confrg,arations wore assigned to all ùhe l,2-diarytethylenes (VI-VIII), as the ultra-
violet absorption spectrum ofeach rosemt¡led that ofrrøzs-stilbene,15 and not thaü of¿i,e-stilbone.15
The positions and intensiüies ofthe main absorption bands in ethanolic solutions are as follows:
(VI) 320, 338 m¡r (e 34000, 25000); (VII) 332 m¡r (e 28000); (VIII) 842 mp (e 22000).

Acrwowr,npGMENTs

We are grateful to Dr R. G. Cooks for the high resolution measurements, to
Professor D. J. Cram for a generous sâmple of the triene (rX), and to Dr J. S. Shannon
for the mea,surement of several annulene spectra, on a,n Atlas CH 4 mass spectrometer.

The Hitachi Perkin-Elmer RMU 6D mass spectrometer .wâs purchased'.with
the aid of a grant from the Australian Research Grants Committee.

10 Badger, G. M., Elix, J. .A'., and Lewis, G. 8., Aust. J. Chern., 1966, lg, IZZI.
1r Badger, G. M., Lewis, G. E., and Singh, U. P., Aust. J. Chern., f 966, 19, f 46f .

12 Badger, G. M., Lêwis, G. 8., and Singh, U. P., Aust. J. Chem., 1566, lg,2õ7.
13 Badger, G. M., Elix, J. .A'., and Lewis, G. 8., Aust. J. Chem., f 965, lB, 20.
la Badger, G. M., Lewis, G. 8., and Singh, U. P., Aust. J. Chøm., f 962, 20, f 685.
15 Beale, R. N., and Roe, E. M. F., "f. ohem. Soc., 1983,2766.
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Sutnmary

The mass spectra of substituted pyridazines, phthalazines, ancl relatod
compound.s are reported and, discussed. Molocular ions aro a prominent feature of
all the spectra, and fragmentation modos may be usefully correlatecl with t¡oth the
typo of hoterocycle and its substitution pattern. Fragmentation patterns have

been substantiated by extensive high rosoluúion studies and. appropriate motast'able

lons.

The mass spectra, of imidazoles,l pyrimidines,2'3 pyrazines,4's benzimid'azoles,G

and purinesz,T have been discussed, but no such survey of heterocyclic systems

conta,ining adjacent nitrogen atoms has been published.

This paper is concerned with the mass spectra (Figs. 1-12 or Table I) of the

pyridazines (I-XIII), the phthalazines (XIV-XXVI), pyrittof2,S-d]pyridazine
(xxvll), and quinoxalinof2,3-d]pyriclazine (xxvIII). High resolution data are

summa,rized in Table 2, and the presence of an appropria,te metastable ion for a

particular process is indicated by an asterisk in the figures and the text. Although
the structures of fragment ions are not known, nominal structures have been written
to serve the important purpose of relating fragmentation processes to the structures

of the molecules in the ground state.

Pyridazine (I) and the dichloropyridazines (II and III) behave simply on

electron impact (see x'igs. I and 2 and Table 1). The spectrum (n'ig. 1) of pyridazine

reveals the fragmentation modes M-N2-H2 (I --> ø + ó) while (II) fragments by
thesimilarprocessM-N2-CI.-H.(X'ig.2) probablytoc(mle84/86). Thisfacile

* Part XVII, Aust. J. Chem., 1967,20,2669.

t Department of Organic Chemistry, University of Adelaide, S.A. õ00I.

] University Chemical Laboratory, Lensfield Road, Cambridge, Englanrl.
1 Bowie, J. H., Cooks, R. G., Lawesson, S.-O., and Schroll, G., Aust. J ' Chem",L967,20, f 613'
2 Biemann, Il., and McOloskey, J. A., J. Arn. chetm. Soc., 1962,84, 2005'
s Bud.zikiewicz, II., and Costopanagiotis, A., Mh' Chem., 1965,96, lSoo'
aBiemann, K., "Mass Spectroscopy." pp. r32 and 184-6. (McGraw-Hill: New York

re62.)
5 Biemann, Ii., in "Mass spectrometry of organic lons." (Ed. F. \M. Mclafferty.) pp.

534-5. (Acad,emic Press: New York 1963')
6 Bowie, J. II., Cooks, R,. G., Lawosson, S.-O., and Schroll, C)', Tetrahed'roø, in press'
7 Spiteller, G., and Spiteller-Frieclmann, M., Mh. Chem'., 1962,93' 632'

Aust. J. Chenn., L967,20, 2677-90
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loss of nitrogen from the molecular ion is a general feature of fragmentations of
simple pyridazines which contain substituents through which fragmentation does

not proceed readily, e.g. chloro, methyl, and amino (II, III, and VII). The
energetically favoured loss of nitrogen from the molecular ions of simple pyridazines
may be used to detect the presence of the -N:N- group (cf. the loss of IICN from
the molecular ions of imidazolesl).

When the substituent is methoxy (e.g. (IV)-(VI)) the initial fragmentation
nroceerìs thrnrrøh f,his srhstìtrrcnf, This is mnsf, clea,rlw illusf,ra,ted hw the srlecfrtrmr------- -------J ------------
(Fig. 3) of 3,6-dimethoxypyridazine, where extensive high resolution measurements
(Table 2) were necessary for the interpretation. A series of major decompositions
are noted in this spectrum; viz.: (l) M-CHO'-CH'O'-N, (to ø, mle 62).

(2) The formation of an ion d (90% of mle 82) which fragments by successive loss

of two molecules of carbon monoxide to form the acetylene radical ion. (3) The
methoxycyclopropenyl cation e (70o/, of mle 69 (base peak)) is produced in a one-step
process from the molecular ion, while the complement (30o/o of mle 69), represented
as /, is produced as indicated. in X'igure 3.

The pyridazones (VIII-X) fragment specifrcally by the initial loss of carbon
monoxide. The spectra (Fig. a and Table 1) of 3-pyridazone (VIII) and 6-chloro-
3-pyridazone (X), show the decomposition modes M-CO-Nr-H' to give the
base peaks (the cyclopropenyl cation mle 39, and the chlorocyclopropenyl
cation g, mle 73/75 respectively). The spectrum (Fig. 5) of 6-methyl-3-pyridazone
(IX) retains the features of that of 3-pyridazone, but, in addition reveals the presence

of alargeM-CHO.ion\mle 8f). Thisischaracteristicof themethylsubstituent,
which may facilitate the formation of the stable cation ft,. The partially reduced
system in (XI) does not alter the initial fragmentation, as M-CO and M-CHO'
ions are still observed.

CI

^
s, mle ßf75 h,mle 87

i, mle 84

The dihydroxypyridazines (XII) and (XIII), which are predominantly in
the amide form (cf.8), behave as expected on electron impact, and the spectrum
(n'ig. 6) of (XII) illustrates the general features. The process M-NzHz produces d
(mle 82) which fragments as outlined above, while M-CO produces i (mle 8$.

Several additional salient features emerge from the spectra of pyridazines.
(f ) The spectra of 3-chloro derivatives of the types (A) (where R, is not chloro),
and lX), exhibit large peaks due to the ion g (base peak in the spectra of (V) and (X)).
This is characteristic of monochloro substitution. It should be noted however
that g also occurs in the spectrum of (III), but this exception is due to the additional
methyl group and not the second chloro substituent. (2) Pyridazines and pyridazones
v¡ith methoxy groups adjacent to nitrogen exhibit pronounced M-l ions (see below),

8 Maccoll, Ã., J, chøm^ rSoc., 1946, 670.
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îasr,n 2

coMposrrroN o¡ solrn roNs rN TEE spncrRÄ-or (r-xxvrrr)

(v)

/VTì

Compound

(rv)

(vrII)

(rx)

(xrr)

(xrrr)

(xrv)

Compositlon

cslf?N
csH6N (80%)
ccEs (2Ùo/o)

CrE'

C6E'N
coE? (95%)
csEõN (5%)

cr3E.N
clsH?N (50%)
ct{Ho (50%)
CtoE"

csE?N

csEoN¡
CSIIóN¡

c6ErNrCl
csE6No
c?H.cI

c6116N2
c6H{N' (50%)
c?H6N (50%)
csEsN
cõErN (50%)
c"H" (50%)

clorIroN¡o¡
coI[?N¡Os
csIIdN¡O¡
csII6NrO
csHrNO (?0%)
csEoN¡ (30%)
c€EsNO

csH6o (50%)
c,EoN, (60%)
cslr6o (80%)
c,E6N' (20%)
C6E6N
CrE"
CtEu

C.E¡OBr
C?E¡BT
C?EÚN2

c¡"E1oN2
claEoN¡ (60%)
cr{Eoo (40%)
c13E8Ns (20%)
cr¡Hso (80%)
c¡sHsN (80%)
cr{E1o (20%)

(x)

(xr)

103
702

C?E6N
c,E,N (50%)
c"t16 (50%)
c6Ea (80%)
c6EN (20%)

(xxvrr) 104
103

76
75

Before discussing tbe spectra of substituted phthalazines, it is conyenient to
consider the relationship between the spectra of pyridazine (I), phthalazine (XIV),
pyrido[2,3-d]pyridazine (XXVII), and quinoxalino[2,3-d,)pyidazine (XXVIII).

68
42

111
95
82

80

6S

54

43

t75l7t7
73175

80

nle

98
97

96
69

68

84
82
56
55

54

84
83

702lro4
7 5173

52

82
81

54

clHrNrO
clHõN'O (60%)
c"H6o' (40%)
c6E{o'
ccEño (95%)
caE6N¡ (5%)
clE{o

caH{NrO
CdErO,
caE{o
c"H"o
C"E,O

crHsN,
C.E"N,

caEsN,Cl
caE,cl
csEsN

c{II6Nâ
clE6N' (90%)
c6E'o (10%)
c{8" (70%)
csErN (30%)
C.Eu

csE{N,
c,E,o (?o%)
cE¡N¿ (30%)

C;IIîN,O
crEsNrO
clEso¿ (90%)
c¡ErNO (10%)
crErN, (90%)
c,rr,No (10%)
c.E6o (70%)
csEN¿O (30%)
caE,o (90%)
caE{N (10%)
c,Eso (55%)
cEsN¡ (40%)
OENO (5%){

c{lIrN¿cl
csErcl

crE{Nâ

Conrposition

(xxrv)

(xxrr)

(xxr)

(xx)

(xrx)

(xvrrr)

(xvrr)

lxvTt

(xv)

Compound

(xxY)

190
t75
t62
146
130

104

7651L87
129
725

130
729

7t7

1?6

178
777

114

115

115

7I7
1r6

rnle

194
193

L92

178

tssltsT
167/169
tr?

91
90
89

118

7t7
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Although no "bond ûxation" would be expected in pyridazine, quantum mechanical
calculationse have shown phthalazine to exist preferentially in the C=N form. Similar

rro(n+)

Fig. 7

103

(,'

40 loo

+
- HCN

l+

l+

(xtv)

76

*

50

loo

eo

ò\

860
!

¡
.Ë oo
j
oú

20

eo
mle

rr' (r'r+)

77 - N2 (soø)

Fig. 8

50

104 (xxvu)

20

40 60
mle

behaviour would be expected of (XXVII) and (XXVIII). This feature can be
qualitatively correlated with the speotra (X'igs. l, 7-9) of (I), (XIV), (XXVII), and

0 Ovorond, 'W. G., Turton, L. M., and Wiggins, L. F., J. chørn. Soa., l9õ0' 3500.

roo

60

o
H60d

!

940.E

õú
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(XXVIII) where M-N, peaks would be indicative of the -N:N- grouping. No loss
of HCN is seen in the spectrum of (I), while (XIV) and (XXVII) fragment mainly

- HCN

r 2s(Þ)

(xxvrì)

Fig. 9

t0r

40 too 120 14ô

182

(r*)

HCN

100

ao

n
H60
c
a

Æ

åoo

ú

50

^1"

-HCN

-HC=CH

(xv)

(x)

t¿¡(n)

rar (rø+)

140

Fig. 10

H

\s

9eo

a¡
.g oo

ú
117

766320
39

40

50
89

mle

by the process M-HCN, although 50o/o of the M-28 peaks in both X'igures 7 and 8
arise by the process M N, (e.g. to j,*luI02,in n'ig.7). No M-N, peak is noted
in the spectrum (n'ig. 9) of (XXYIII). This is indicative of complete bond fixation

-NzH'
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in the C=N form. The main process is concerted loss of two molecules of HCN to
form k (see n'ig. 9).

rte (rø+)

-Nz @s/")

-HC=CH

Fis. I I

Í5

f80

75
143

20 102

(xv¡)
ò\

o60
t

!
?

940't
6

ú

50 63
89

40 60 Ero loo

- HC=CH

40

149

120 140 160

- N, (50%)

-co

- NzH

roo 120 t40

ml"

(xxu)

100

ao

50

ò\

H50

¡
940
d

ú

reo (rvr+)

Fis. 72

20

€lo60
mle

It has been shown that the presence of adjacent nitrogens can be detected in
the spectrum (n'ig. 7) of phthalazine by the presence of an M-Nz peak' However,

- H. (*)

*
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*

-co
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the main fragmentation scheme is M-HCN-HCN-HC=CH (to form ó, mle 60),
and this is modified in the spectrum (Table l) of 6-bromophthalazine (XXVI) to
M-HCN-HCN-Br..

When amino, chloro, methyl, or methoxyl substituents are present at either
CI and/or C4 of the phthalazine nucleus (as in XV, XVI, XVII, and XIX), the
processes M-N, or M-NrH. pred.ominate, and M-HCN ions are either small or
absent. This can be seen in the spectra (X'igs. l0 and ll) of l-methyl- (XV) anct
i-chioro-4-mei;hyì-phi;haiazine (XVi), where rhe processes ä-N,II. (X'ig. lu) anti
M-Cl.-N2 (X'ig. 11) result in the formation of the stable indene cation (mle II5).
It is also of interest to compare the spectra (Table l) of 3-chloro-6-methox¡ryridazino
(V) vrith that of l-chloro-4-methox¡rhtbalazine (XX). The former fragments
initially through the methoxyl group, the latter by either of the plocesses M-N,

T¡,sr,¡ 3

ßELÁ.Trvt e¡un¡a¡¡cps* oF M+.A,ND M-H. rorvs rN TEri spEcrRÀ o¡ cERratN r,r.r¿rD.lzrrypg.å:yD
PETEAIJAZINI:S

(xxv)

M+
M-H

r -A.s per cenf of bâse peek.

or M-Cl.. fn marked contrast, the complex spectrum (Table l) of !,4-diethoxy-
phthalazine (XXI) shows almost exclusive fragmentation through the ethoxyl
substituents. No loss of nitrogen fcompare (VI), Tig. 3] is noted in this speotrum,
and all ions above mle 76 contain nitrogen (Table 2). The spectta, of the phthalazones
(XXII-XXV) are complex, and fragmentations may proceed by loss of either
nitrogen or carbon monoxide from the molecular ions (see X'ig. 12). This is quite
different from the simple behaviour (X'ig. a) exhibited by 3-pyridazone on electron
impact.

An important characteristic of the spectra of pyridazines and phthalazines
which contain amino, methyl, phenyl, or methoxyl substituents adjacent to nitrogen,
is the presence of M-H. ions.' These ions are summârized in Table 3, where they
are compa,red with the relative abundance of the molecular ions. There are four
separate mechenisms for the geneses of the M-H. ions.

(1) Loss of a hydrogen radica,l from a methoxyl group. This occurs in the
spectra of (IV-VI) and (XX), and is most, marked in the spectrum (Table l) of
l -chloro-4-methox¡rhthalazine (XX) . As large M -H ' ions are not noted in the spectra
of methoxybenzenes,lo their fornation in these spectra, must be due to a specific
"ortho effect"ll operating between the methoxyl substituent and the adjacent
nitrogen, e.g. to form an ion I (mle f 93/f 95) in the spectrum of (XX).

(2) Loss of a hydrogen atom from the phenyl group in the spectra of (XVII)
and (XXV) (89o/o anct the base peak respectively). As loss of a hydrogen radical is

10 Barnes, C. S., and Occolowitz, J. L,, Aust. J. Chøm,., f 963, 1ó, 219.
11 Mclafferty, X'. W., and Gohlko, R". 5., Arnl,yt. Chenr., 1959,31, 2079,

Ion

100
06

(III) (rv)

26
I

t2 74

(Y)

16
11

(vr) (rx)

64
2

(xr) (xv) (xvr) (xvII) (xrx) (xx)

51
100

89
100

3+ 18
2

100
4

100
2t

(xxrl
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not as pronounced in the spectrum of diphenyl,lz an "ortho effect," is again operative,
for instance the M-I ion in the speotrum of (XVII) may be represented as

m (mle 205).

(3) The loss of a hydrogen radical from methyl in the spectra of (III), (IX),
(XIII), (XV), and (XXIII). This loss of a hydrogen radical from methyl with
concomitant ring expansion is a characteristic fragmentation of a methyl group

attached to an aromatic ring.r,ra The structure of the M-l ion in the spectrum
(X'ig. 7) of l-methylphthalazine is probably n (mle I43).

(4) Although there is no M-l ion in the spectrum of l-aminophthalazine, the
M-l ion in that of l,4-diaminophthalazine represents the base peak of the spectrum.
This is due to the formation of the stabilized cation o (mle 159).

m, mle 205 n, mle 143

I, mle 1%flg5 o, mle 159

In summary, the mass spectra of these compounds allow the determination of
both the t¡re of heterocyclic compound, and the nature of the substituents. In
certain cases, "ortho effects" allow the d.etermination of the position of substituents
(e.g. phenyl and methoxyl), and the absence of skeletal rearrangement fragments
in the spectra allows mass spectrometry to be used for analy"tical purposes.

ExpnnrrvrnNran

All mass spectra wore measured with an Hitachi Perkin-Elmer RMU 6D mass spectromoter
operaüingatTSoY,andwiühaninletandsourcotemperatureofc, lS0'. Exact,massmeasurements
wore determined with an A.E.I. MS9 mass spectrometer, using a resolution of llt000 (l0o/o valley
deÊnition) with heptacosafluorotributylamine providing reference masses.

Tho following compounds were proparod by reported procedures: (I),14 (II)'14 (IV)'16
(v),16 (VI),16 (VII),rz (VIII),1s (IX),1' (X),16 (XI),1s (XII),lr 1¡IV),r0 (XV),rt (xvl),rl (xvll),r,

ls Burr, J. G., Scartrorough, J. M., and Shudd.o, R. I{., J' phys' Chem., 1960, 64, 1359.
13 Gmbb, H. M., and Moyerson, S., in "Mass Specörometry of Organic Ions." (Ed' X'. W.

Mclafforty.) Ch. 10. (Acadomic Press: New York 1963.)
la Mizzoni, R. H., and Spoerri, P.8., J. Arn. chern. Soc., 1951, 73, 1873.
15 Takanolu, I., and Hiroshi , I., J. phnrrn. Soo. Japan, 1964, 74, 1196.
lc Druoy, J., Meier, I{d., and Eichonborger, K., HeIt;. chim. Actø., 1954,37, l2l.
1? Steck, E. 4., Bmndage, R,. P., and X'letchor, L. T., J. Arn. chenz. Soc., 1954,76, 3226'
18 Tfomor, R,. T., Gregory, I{., Overend, W. G., and Wiggins, L,F.,J. chørn' 5oo.,1948, 2I95.
10 Overend, W. G., and Wiggins, L. I'., J. chert'. Soo., 1947,239.
20 Gabriel, S., and Pinkus, C)., Bør, d,t. chøm. Gø0., 1893, 26, 22L0.
2r Stephenson, E. X'. M., J. ahøm. ¡So¿., 1963, 1914.
22Líeik, A., Ber. d,t. chem. Ges., 1905, 38, 3918.

+
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(xvlü),28 (XIX),24 (XX),r6 (XXr),¿6 (XXII),â? (Xxrrr),z8 (XXIV),20 (XXV),2â (XXVI),z¡
(XXVII),8o and (XXV11I).al

Compounds (III) and (XIII) woro synthosizod by the gonora,l methodsla usod for (II)
ancl (XII).
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The Ifitachi Perkin-Elmer RMU 6D mass spectrometer was pnrchasecl with
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28 Rodda, H. J., J. chøm. Boa., 1956, 3õ09.
24 Parsons, P., and Rodda, II. J., unpublished daüa.
26 Druey, J., and Ringier, B. H., HøIo. ch,ùn. Aota., 19õ1, 34, l9õ.
¿0 llbyashi, 8., Yøleugalcu Zøsii,, 1962, 82, 684 (Chøm^ Abetr., 1963, 58, 3426d',,
2? Gabriol, S., and Nournann, A,, Bet. d,t. chqn. Gøo., 1893, 26, 621.
28 Gabriel, S., and Noumamn, A,, Bar, ilt,. chønt^6es., 1893, 26, 706,
2s Stolle, R,., and. Storch, H., J. prølct. Chøm., 1932, 135, 1928.
80 Paul, 8., and Rodda, }[. J., unpublishod data.
81 Ilalleday, J. 4., and Rodda, IL J., unpublished. data.
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Electron impact studies

XIX. Mass slDectra of a- and p-mercaptoesters: Skeletal

rearrangement upon electron impact

Bv F. Duus, r *lîi 
ïl;HESsoN 

r. H. Bowrn

ÀBSTRÄCT

Tho mass spectra of a series of cr- and p-mercaptoestors aro reported and discussod. All specüra

exhibit molecular ions and characteristic fragmontation modes. Skeletal rearrangemont frag-
ments, produced by C-S and in some cases by O-O bond formation, are present in the specüraof
all ø- and B-mercaptoesters.l

Because of our interest in the skeletal rearra,ngement processes which occur in
the mass spectra of a variety of sulphur compounds [-11], we have synthesized a
series of mercaptoesters (I-XXII) and. have determined their mass spectra. This
paper is primarily concerned with the skeletal rea,rrângement fragments present in
these spectra. Some of these processes have been briefly mentioned in a previous
communication [12]. We wish here, to present the v¡ork in full.

HS.CHT.COOR

I
II
UI
IV
V
VI
VII

R,

CrHu
cD2cH3
n-C"H,
iso-C"H,

cH3.cH(sH).cooR
R,

xII crHu
VIII n-C"H,,
XIV zso-CrH,
XV allyl
xvr cH2c6H6

cH3.cH(sR') .cooR,
R, R,'

XVII iso-CrH, COCHB
xvlr cH2c6H5 cocHs
XIX iso-CrH, COC6Há
xx cH2c6H5 crrzc6H6

n-CnIJn
sec-CnHn HS .CIr2CH2'COOR'

R,
xxr crHu
xxII cH2côH5

iso-CuH'
VIII cyclohexyl
rx cH2c6H5
x cD2c6H5
xr cHrcH2ocHs

I Part XVIII of this series: J. H. Bowie, R. G. Cooks, P. P. Conaghue, J. A, Ifalloday, and
H. J. Rodda, Aust. J. Chem. (in ptess).
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Table 7." Mass spectra of mercaptoesters.

(IY)

(VI)

(YII)

(vIIr)

(XI)

(xII)

(xrrr)

Ìnle
r(%)

mle
\%)

rrule
r$)

mle
r$)

ml"
\%)

mle
r(%)

mlø
\%)

mlø
\%l

162(M)

81
8

148(M)

51

74
12

47
86

55
10

119
I3

43
100

93
I4

119
Ð

45
I9

r34(rU)
l6

55
I00

r74(M)

42
t3

4t
38

92
28

39
I5

bl
100

29
6

28
IO

29
36

93
20

35
8

148(M)

4I
60

oo

l3

3I
23

74
7

2S
59

39
8

39
t3

27
39

59
10

34

27
43

61
92

27
l2

L23
46

15
l3

39
I5
'I t)

36

3S
24

83
70

29
20

82
59

46
I5

47
59

46
I3
g2

20

47
38

7

29
95

56
84

4I
83

59
ll

42
I8

74
t0

45
22

89
t7

43

'15

34

27
24

bl)
23

39
l5
70
ól

4T
34

1t
30

45
I

g2

II

42
Irt

74
I

I
43
00

lÐ

IO

54
t2

46
II

57 103 I l5
6 6

4

24

26
77

28
16

88
20

29
36

30
t2

88
I9

89
IO

67
26

75
6

42
I6

45
I00

46
r8

t7
l5o(m)

59
II

4l
3l

43
74

61
r00

75

59
t2

9I
r00

g2

t2

47
26

93
12

27
l3
47
67

28
l3
58
66

2S

36

59
6I

43
22

77

44
T2

1r8
I2

60
29

115
t2

45
I

5

27

89
6

61
r00

r34(M)

60
28

45
I

88
8

8
6I39

IO

re6(M)
2

I4

%)

2õ

ùU
¿)

106
22

35
I

I

l3

(xrv)

(x\rl) mlø
r(

(xvII)

75
l5

88
II

28
t4
62
I

43
I00

t06
4L

4t
40

89
I

65
L2

r48(M)
20

60
20

r07
6I

mle
\%)

4l
IO

43
I00

'I It

106 131

424

8 7
148
I5

re0(M)

60
II

61
I6 ¿)

103
L7
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Table 1 (continueil\

(XVIII) ftùle
r&)

92
12

r03

r07
8

27

91
96

t5
8

62
8

r62
I2

6

39
8

L23
I2

45
I2

46
I1

6059
19

à5
l8

28
t9
56
g2

90
I

39
I

r95
40

5l
b5
93

43
r00

5I

7

91
I00

t)Ð
15

2

105
100

7

43
t9

35
2L

61
8

28
84

29

61
r00

61
8

195
I2

248(M)

(xrx)

(XX)

(XxI)

mlø
r$)
mle
\%)

mle
r(%)

Õ68
51
II 2S

106
IO

193 252(M)

I07
I5

65
t8

92
t3

4õ
24

88
80

7S
I

46
I5

89
46

9t
r00

43
I3

4L
96

46
34

I23
L4

286(M)
2

26
t2

47
32

90
8

92
30

47
ðaì

77
39

106 134(M)
56

t8

IO
(XXII) ,nle 27

13
39
11

5t
II

65
I6r(%')

r07 r23
t6

(XXVI) rnle
r(%)

6t
'1lJ l5

7I
II

89
100

I03
I

r05
10

r48(M)

ø All peaks greater ll:r,n õYo of the baso peak (1001"), and, skeletal re&rrangement ions and
molocular ions which are less ùhan this value, are recorded.

The mass spectra of r-xxll are recorded. in x'igs. 1-7 and rable l. An asterisk in
either the text or a figure represents the presence of an appropriate metastable ion
for the process indicated. Structures drawn for fragment ions are nominal only, and
are intended. to relate fragmentation processes to the structures of molecules in the
ground state.

39

60
20

00

î:t.l.tR HS-cH2-cH2T¿f.T-
R'ø o o óóó

6
re6(M)

oo

86

Ðl

31

oo

8

46
50

72
I2

54

HS-

A
+

HS-CH2

A, mle- lr7

B
+

HS-CH-CH3

b, m/q 61
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Tøbte 2. Exact ma,ss measurements in the spectra of I-XXIX

Compound. ,nle composition Compound mle composition

I oo

74
6I

caH4o2s
c2II2os
crll6s(60 %)
crHsor(40 %)

caH6o2s
crrrSos(60 %)

u3.hr?s(4u %)
crHros(95 %)
call6s(5 %)

crr{3os(50 %)
caH?s(50 %)

IX

XI

XIII

XIV

XV

xvr
XVII

XVIII
XXI

xxII
XXVI

t23

ll8

'15

6I
b/

tz}
r48

r06
75
6I

t23

r06
r05
6I
60

Ða)

L23

89

6I

C?HzS

c4H6ors(80 %)
c6Hloos(20 %)

c2Hõos
crl{sos(75 %)
csH"os(25 %)

Cs}[?o
caH6o

caH?s(70 %)
csH?or(30 %)

caH6s(95 %)
csHsor(5 %)

u?fl?s

c6Hl2ors(95 %)
c6H8o3s(5 %)

ca}I6o2s
caH?S
c2II6s

c?I[?S

c3I{6o2s
caHso2s
c2I{6s
c,H4s(90 %)

c2H1o2(I0 %)
caHao

c?H?S

c4l{os
crHsos
C,I{õS

III

IV

V

caH?o2
c2II6s
c3H6o

75

59
58

73

c6rrrls
c2r{5ors
c2H4o2s
CoHrt

105
'lõ

74

75

lr9
105
s2
89
74
îl
47

93
g2

89
'1'

tl

t44
115
t03
92
70
bb

115
93
oo

83
82
67
bir

VI

VII

vIIr

c2H2os
CnHn
cHss

c2116o2s
crH4o2s
c4r[es
c2Haos
c4Hú(80 %)

C3H6O(20 %)

c?Hl20s
c6I{1ro2
c6r[11s
c2H4o2s
CuHro
CrHt

c4H?o2s
cal{6o2s
crH4ors
c4IIDS

CuHro
CuH,
CnHt

The normal fragmentations of the 6r-merca,pto- (A) and B-mercaptoesters (B) are

unexceptional and are illustrated in n'igs. l-8. Three ma,jor plocesses âIe observed:
(ø) M-RO-CO or M-RCO, (cleaves I and 2 in A and. B)' This process, which is
characteristic of esters [3], is observed in the majority of spectra. When R, is a
small alkyl group (<Pr), the process produces the base peak of the spectrum; viz.
ø (mle 47) in A (R' :H) and b (mle 6I) in A(R' :Me) and B. (ó) Cleavage 3 (inA and B)
to form R+ ions. This process (or a further fragmentation of R+) generally produces
the base peak of the spectrum when R,ÞEt. This is most prominent when R+ is

the tropylium ca,tion (mle 9I), e.g. in the spectra (Table I and Fig' 5) of IX, XVI
and XXII. There are exceptions to this general rule, e.g. the base peak in the spec-

trum (X'ig. 7) of the allyl ester (XV) is b(mle 6l).
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Table 3. Rearrangement ions in the spectra of mercaptoesters

Rearrange-
rnent ion

þnle)

Relative
abundance

(% o1
base peak)

7" of rear-
rangement ion

Nletastable ion
for realrange-
ment, process

R,S+ RO,*Compound

HS CH,COOR
R:CrII6 (r)
ø-CrH, (III)
riso-C"H, (I\z)
ø C.II. (V)
sec-CnIro (VI)
riso-Cullr, (VII)
cyclohoxyl (VIII)
cIIrc6I{s (rx)
MeCH(SlI)COOR:
Iì,:ø CrH, (XIII)
r)so-CrH, (XIV)
Allyl (xV)
CH,C6Hñ (XVI)
XVII
XVIII
IrscÏ{rcI{rcooR:
R,:CrHs (XXr)
cHrcrIls (xxII)

6l
75
lo
89
89

I03
lr5
L23

5
34
36
I3
I7

6
T2
28

rto
42.0
42.O
53.5
53.5
65.4
76. I
83.2

42.0
42.O
53.4
53.6
65.4
77.O
83. I

'tõ
75

123

75
t23

l0
70
95

100

38.0
38.0
36.5
77.2

38.0
38.0
36.4

rio
40ø
50ø

r00
100
I00
100
100

t:

CaIc. tr'ound

I
I6
66
+6

I2

90
30

b

61
I23

I00
r00

29.6
60.9

100
t6

l00D
100

28.8

¿ Tho complement is made up of the normal ion IIS.CIIT.C : O+.
D This ion is probabl¡' enùilely producecl by the nornal process (ct)----aide supra,.

The mass spectra of all the simple mercaptoesters slrrprisingly exhibit RS+ ions
(where R, is the ester substituent). Even more notably, when all these ions u,ere
highly resolved, certa,in compounds (where R is a small alkyl group, e.g. Et and Pr)
'were shown to exhibit RO;' as u'ell as RS+ rearrangement ions. The relative propor-
tions of these ions are summarised in Table 3, and in general, they are formed by
a one step process from the rnolecular ion. IlO2ts ions have not been noted in the spectra
of simple esters, and it is reasonable to assume that they must oÌve their genesis to
the presence of the sulphur atom. RO2ts ions decrease in relative abundance as the
size of R, increases, u.hereas the relative abundances of R,S+ ions show a general
increase as the size of the R, (alkyl) increases, and RS+ ions are most abunda,nt
when R, may stabilize the charge (e.g. PhCH, and allyl). The spectra of the acetyl
mercaptoesters XVII and XVIII contain RS+ ions (Table 3) but there is no evi-
clence to suggest that these âle produced in one step processes from the various
molecular ions. When acetyl is replaced by benzoyl (e.g. XIX) no skeletal rearrange-
ment ions are obseryed, presumably because of the inherent stability of the benzoyl
cation (mle 105).

It is of interest to attempt, to rationalise these rearrangements and. it is stressed
that such a rationale is of necessity speculative. The following general schemes are
proposed for the cú-mercâpto esters (the sâme type of process can equally hold. for
the B-mercaptoesters), viz. e+h (RS+) and ?-'¿ (R,OJ).
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Neither of the proposed- rearrangement processes involve either loss of a hydrogen
atom from úhe alkoxyl group, or transfer of the hydrogen of the mercapto group to
the alkoxyl group. In ord.er to test these mechanisms a series of labelled derivatives
have been prepared. The spectrum (Fig. 2) of the labelled ethyl ester II shows an
almost complete shift of the rearrangement ion, mle 61 (X'ig. I) to mle 63 (Fig. 2),
while the spectrum of XXIIr indicates only a 5 o/o incorporation of deuterium into
the rearrangement ions. In this case it is probably that mechanisms enh and i-lc
operate.

DS-CH2- -oc2H5 cH3-cH (sDl -OCH2-CH=CH2

XXIII xxv

o
il

DS-CH2-C-OCH2C6H5 ¡-CaHeSCH2COOH

XXIY xxvl

A different situation is observed in the spectrum of the benzyl ester (IX). The
spectra (n'igs. 5 and 6) of IX and X show a shift of mfe f23 (PhCHrS+) to mle I24
(50 o/" relative to 125) and 125 (50 o/") (at both 75 and. l0 eV), while that of XXIV
shows a 50 % shift oI mf e I23 to 124. This can only mean that I (a specific example
of l) may fragment by C-S cleavage with concomitanú rearrangement of eiúher the
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mercapto hydrogen or a benzylic hydrogen (in the ratio 2 to l). A similar situation
is observed in the spectra (Figs. 7 and 8) of the allyl esters XV and XXV, where
there is a 40 % shift of the rearrangernent ion. Therefore, in these two cases, although
e-h may account for a portion of the rearrangement process, the overall rearrange-
ment is generally more complex, i.e. the process l-RS+ may proceed by several
different pathways. It should. be noted in this context, that the process g-h is
certainly facìle, as it produces the base peak (CnHnS*, mle 89) in the spectrum
(Table r) of XXVI.

C5 H

I

Although the rationalisation of the rearrangement processes is speculative, the
presence of such prominent rearrangement ions limits ø priori prediction of frag-
mentation processes, and excludes the use of the "element mapping" technique p5]
for this class of compound.

Experimental

AII mass spectra \ryere meâsured. with an Hitachi Perkin-Elmer RMU 6D mass
spectrometer with an inlet temperature of 50' and. source temperature of 150'.
(Elevation of the inlet temperature results in the formation of small amounts of
disulphide, cf. [f6].) The spectra of XXI[, XXIV and XXV were obtained by
introducing I, IX and XV into the source with DrO [17]. n'ig. 8 was obtained by
substracting the spectrum of XV from that of XXV (do:27, dr:73 o/o). Exact mass
measurements were carried out with an AEI MS 9 mass spectrometer using a resolu-
tion of 14.000 (10 o/o valley d.efinition) and heptacosafluorotributylamine to provide
reference masses. All measurements were correct to within 15 ppm.

All compounds were tested for purity by vapour phase chromatography, NMR,
and mass spectrometry. Compound XI v'ere a purified commercial sample. Pre-

Table 4

Calc. Found
Bp

Compound ('C/mm Hg)
Yield

n?] o/o CHS CIIS

84
80
86
82
74

IlI
VI
XIII
XV
XXII

64/r0
68/10
65/r r
67/ r0

r r5/0.4

r.4530
t.4452
1.4452
1.465r
I.5367

44.77
48.64
48.64
49.31
6r.21

44.45
48.83
48.93
49.46
61.38

7.62
8.16
8. l6
6.90
6.r7

23.86
2I.60
2r.60
21.90
16.31

7.7r
7.73
8.r9
6.63
6.04

23.73
21.88
2r.89
2I.77
16.46
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viously published procedures were used for the preparation of I [I8], IV [f9], V [I9],
vrr [9], vIIr [r9], rx [19], xrr [20], xrv [2r], xvr [21], xvrr [2r], xv[r [2r],
XIX [21], XX l2fl, XXI l22l and XXVI [23]. Compounds III, VI, XIII, XV and
XXII were prepared by common esterifications (Table 4)' The labelled com-
pounds II and X were similarly prepared from ethyl-l,l-d, alcohol (Merck Sharpe
and l)ohme) and. dr-benzyl alcohol [24], respectively.
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Skeletal RearranS,ement Processes of Organic Sulphur Compounds
on Electron Impactl

By F. Duus, S.-O. LewBsson, and G. Scxnor-r-

(Deþørfunnt of Organic Chamistry, Aørhus Uniuersily, Aa.rhus C., Denmarh)

(Døþarúnwnt of orgønia ch,*:;;,t;i ;;:::* of Aitetaiite, south Austratia)

and R. G. Cooxs
(Uní,ocrìily Chemíaal Lúoratory, Lensfiehl Road,, Cømbrôd,ge)

Anv¿ su¿pr¡oNEs,¡,! sulphoxides,at sulphides,r di- aliphatic thioestefs,s mercaptoesters,e and aryI-
sulphides,rsulphinylamines,csulphonylhydrazones,? sulphonamideslo undergo a series of skeletal



T¡sLs

Rearrangement
Process

Relative
abundance

of re-
arrangement

ion (o/")Compound

R.CS.CH¡.COPh
(r) R: Me

(rI) R: Ph

R.CrH..SOrCl
(rlr) R: H
(rv) R: p-Me

(v) R: o-NO,

R'SOr.NHRl
RRT

(vr) Ph H
(vu) y'-tolyl H

(VIII) Ph o-tolyl

(rx) Ph sorPh

R.CS.CH2.COrR1 Formation of MeO+
RRT

(X) Me Et MeO+
(XI) Me Pr¡ MeO+

I(XII) Me BuD MeO+
(XUI) Ph Et MeO+
(xIV) MeCS'CH-

(CO¡Et)e MeO+
(xv) s:

C(CHr.COrEt)¿ MeO+

rearrangement Processes on electron impact. Às a
contiûuation we have investigated the skeletal
rearrangement processes which a¡e observed in the
mass spectra of some further sulphur compounds,
including sulphonyl chlorides, p-thioketo-esters,
and some simple arylsulphonamides. These pro-
cesses are summarised in the Table. The com-
positions of all rearrangement ions have been
established by exact mass measurements and the
presence of an appropriate metastable ion for a
process is indicated by an asterisk.

The losses of c¿rbon monoxide from the molecular
inns of 1Tì and 1ff\ '¡rere not eynected as the\_-/ "-_ -
analogous p-diketones do not contain M-CO
ions.ll This is a further illustration of the ¡ole
sulphur matr play in rearrangement processes.
The loss of SO, from the molecular ions of the
sulphonyl chlorides (III-V) and the sulphon-
amides (VI-IX) exactly parallel the M-SO,
processes irr the spectra of aryl sulphones¡,s and
sulphonylhydrazones. 7

The MeO+ iors lrn/e 3I, base peak in the spectra
of (XI), (XIV), and (XV)l produced by the p-
thioketo-esters on electron impact, must oì¡¡e their
genesis to participation between the C:S and the
ester groups, as similar ions are not generally
observed in the spectra of p-ketoests¡ss,r¡ (an
exception is the spectrum of allyl-acetoacetatet
where the MeO+ peak constitutes 24o/o ol the base
peak). Labelling studies are in progress to examine
the formation of the MeO+ ion.

i

M-CO
Msco

M-SOr
M-SO¡
M-SO2
M-SOr-NOr

M¿SO¡
MJ.SO¡
M-!-SOs

M-!SO¡
Ml-so¡-sor

3

3

3

¡)

t4

{

37

l5
3

2-o

3

04
r00
38
82

t00

r00
(Receiued,, May 22nil, 1967; Com. 494.)
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Srrl-rr¡r-nrARR.å,\cDtIENr fragments have recently

been observecl in the mass spectra of sulphides,z-e
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disulphides,z'5 sulphones'2'6-8 sulPhoxides,z'7 sulphinyl-
aminès,e, 10 sulphoñyhydrazones,s sulphonylureas,u mer-
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Electron-impact Studies. Part XXl.l The Mass Spec-tra of^ S-ulphon-

ã-i¿"" and 
'sulphonyl Chlorides: The Formation of C-O and C-N Bonds

upon Electron lmPact
By E. Dynesen, S.-O, Lawesson, and G. Schroll, Department of Organic Chemistry, Aarhus University

Aarhus C, Denmark
J. H. Bowie, Department of Organic Chemistry, The University of Adelaide, South Australia
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Mass spectra of (II), (III), (VI), (IX)-(XII), (XVI),
and (XVIII)
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T¡,sLp 2
High-resolution data in the spectra of (I)-(XVIII)
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the sulphonamides (I)-(XV) and the sulphonyl chlorides
(XVI)-(XVIII). These l¡ave been briefly mentioned.l
The compositions of those ions determined by exact
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mass measurements are listed in Table 2, and the presence
of a metastable ion for a particular process is indicated
in either the text or a Figure by an asterisk.

The mass spectra of a series of sulphonamides of the
general formula (XIX) (where R : H or aryl) have been
reported.ro Prominent M - SOa peaks are noted in
these spectra. e.g.,the M - SOz ion in the spectrum of

oo
illl

Ph_S-NH-S_ Ph
illloo

(vltr)
77 -soe

t40

17

rearrengements involving C-O bond formation (cf. ref. 7)
occur.

The mass spectra (Figure I and Table l) of benzene-
sulphonamide (I) and toluene-y'-sulphonamide (II)
exhibit the normal cleavage processes M ;. NHs. - SO,
to form, respectively, the benzene cation (tnle 771
and the tropylium cation (mle 9l), which are the base
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peaks of the spectra. However, these spectra are
notable for the presence of pronounced skeletal-re-
arrangement ions whose geneses involve the formation of
,C{ and C-N bonds. Two rearrangement processes
occur; (ol M - SO, and (ö) M - SONH. Similar
processes occur in the mass spectra of sulphones,s{
sulphoxides,? sulphonylhydrazones,s a¡d sulphonyl-
ureas.r An explanation of the spectrum (Figure l) of
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(I) is summarised in Scheme l. A l,2-phenyl migration
from sulphur to oxygen produces b (n,le 157) rvhich may
tlren fragment to the phenol radical ion (d., t9o/o of tlie

r'is-''o!¡
f\-
H-

b, nlc lr57

[ 'r'*H,]I
f ,mle 91 e, nle 66

Scheme I

d, mle 94

base peak). The hydrogen involved inthe M - SONH
process has been shown to be attacl'red to nitrogen (from
a consideration of the spectrurn of iantino-2H,]benzene-
sulphonamide). It is notervorthy that corresponding
ions to ð in the spectra of sulphoxides 7 and arylsul-
phones ? (where the NH, group is replaced by an aryl
group) readily lose CO by a process analogous to that
suggested to explain the elimination of the same frag-
ment from diphenyl ether.l? This process (M - CO)
is not observed in the spectra of sulphonamides. The
alternate rearrangement process (M - SOr) can pre-
surnably be derived from either ø or b to form the aniline
radical ion (1, mle 93, 37o/, oÍ the base peak) . The com-
position of the rnajor ions in these spectra have been
established by exact measure¡nents.

The mass spectrum (Figure 2) of (VIII) also contains
a series of rearrangenrent pcaks. Apart frorn the normal
fragmentations (outlined in Figure 2), the processes
¡1- SOz - SO, and ¡tr - SO2 - C6H5O.- SO
operate. The losses of SO, are analogous to those in the
spectra of the sirn¡lle sulphcluamides, but the second
process (which is substantiated by ap¡tropriate rneta-
stable ions and high-resolution data) must <¡ccur from
tlre rearranged M - SO, ion (g). Further cleavages
occur as indicated in g. The phenol radical ion Ql, nt lc g1)
is also observed in this spectrum (cf. Scheure l).

J. Chem. Soc. (B), 1968

t-butyl derivative, Il[ - Me.. This is due to B-cleavage
to nitrogen to yield the stable cations /¿ and i, respectivel,v,
rvhich thcn fragment as indicated in Figures 3 and 4.
This behaviour is also noted in the spectra of secondarl'
amides.r8 No skeletal rearrangement ion is present in
the spectra of the secondary sulphonamides (III)-(\').
When the alkyl group is replacecl by an amino-group
(as in VI) the spectrum (Table l) changes markedll'.

oi4 ,1,

f c,u, ]t +1 [ moH]l

o
Itt

Phrs-
å

o, mle

_ro.,f*

+
o i(_--->

-SON H

I

o

NH
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57

N
+

-e, Rcarrangcmcnt

-so¡ (lt)

n1c

H
H

9

H O
+

j, nlc

ili)]-

S_
I N=cR2

+o
h,mfe 184 (I\'rR=H,
i , nle 2112 i\'r R = Mei

No molecular ion is observed, and the major process is
M - NzHs - SOr, to form the benzene radical io¡t
(mle 78, base peak). Prominent peaks are also present
owing to charged SO and SOz (73 and 3õo/o of the base
peak), the thiophenol radical ion (mle ll0, l8o/o), the
phenol radical ion (d, m|e 94, fOlO, and the thiopyryliuru
cation (j, n,le 97 , 7o/ò.

Secondary sulphonamides lvhich contain trvo benzen-
oid substituents bel'rave simply on electron impact.
The major process is N-S cleavage s'ith the nitrogeu-
containing portion retaining the charge. This process is
useful for analytical purposes, and is jllustrated by the
spectrurn (Figure 5) of N-o-toll'lbcnzencsulphonamide
(VII), u'hele N-S cleavage 1>roduces the o-toluidinr:
cation, mlc 106 (probably best repr:csentcd as the amino-
tropyliurn cation) rvhich is the base pcah, u'hile tlit:
benzenesulphonl'l ç¿1¡otr (rule l+L) has orrly a relativc
al¡undance of 2o/o. Skeletal-rearrange:rnent ions art
relatively small in this spectrum, and no fragment arising
from C-O bond formation is observed. This should be
contrasted rvith the large Il[ - SO, ions occurring in the
spectra of sulphadiazine (XX) and related compounds.r0
I¡r this case, the loss has been attributed to the formatio¡r
of the ion A, rvhich then loses a hydrogen atom to for¡tr
the stable cation l. This t¡'pe of stal¡ilisatio¡r shoulcl
only occur rvhen a suitable substituent is present in the
a ring.

Me

97

(vrI) t
+

lPh_NH o-Ph (\x) -c+
-5 0:

S

Io
k, m/e 186 'l'

-H'g, mle 233

The nature of the alkyl substituent in the secondary
sulphonamides (III)-(V) can be determined by mass
spectrometry, This can be seen from a cornparison of
the spectra (Figures 3 and 4) of the trvo butyl isomers
(IV) and (V). The initial cleavage in the spectra of the
n-butyl derivative (IV) is M - Cs}I". and in that of the

_-tt J.T.-fqyngl,-G. Iì. Lester, and A. E. lMitlianrs, J. Chem.
Phys., L959,68, 186r.

rB Z. Pclah, I\'L A. I(iclczervski, J. M. Wilsqn, M. Ohashi, H,

f;n1d;ikie.uicr, 
and C. I)jerassi, J.-Amer. Chem. Soc., fg63, 8õ,

HN

l, m/e 185

In order to determine t'hether ' ortho-eff.ects'le are
operative in the spectia of substituted arenesulphon-
amides, we synthesised a series of dihydrophenanthrene-
sulphonamides (IX)-(XV). No rearrangement peak is

re Iì. W. I\Iclafferty and R. S. Gohlke, Anal1,!. Chen., l}il,
31, 20?6.

+ü
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observed in these spectra. The major process of (IX)
and (X) on electron impact is loss of the RSO, radical
to give the 2-amino-9,10-dihydrophenanthrene cation
(mle 194) which may fragment by loss of HCN and
hydrogen to yield the fluorene cation (nle lS5). These
decomposition pathways are similar to those observed
in the spectrum of 2-trifluoroacetamido-g,10-dihydro-
phenathrene.zo The presence of ' oytho-effects' can be
seen by a comparison of the spectra (Figures 6-3) of
tlte three nitro-isomers (XIII)-(XV). A large 'proxi-
mity-effect'has already been observed in the spectra of
9,10-dihydro-l-nitrophenanthrenes, where the base peak
2^ Ã--^ r^ ^- ìÍ 

^Tl-:--- 
---Li-l :¡r uuç LU ótL tva - un- turr wlllcll ts pro(lucecl oy partrclp_

ation bettveen an oxygen of the l-nitro-group and a
hydrogen at C(10).20 

-I-t 
is therefore possiÈle tõ equate

this effect with that operating between the substituents
in the spectrum of (XIV). The spectrum (Figure 6)
of (XV) exhibits normal fragmentations which ultimately
produce the fluorene cation (cf. reference 20). 'fhe
spectrum (Figure 7) of 9,f0-dihydro-3-nitro-2-1-toluene-
sulphonamidophenanthrene (XIV) shows an additional
peak at m,le 222 (M - C?H?SO,. - HO.) which is not
present in that of (XV). This ' ortho-efrect ' can be
represented bythe processn¿ + n + o. Anexactly
similar effect is seen in the spectrum (Table l) of (XI).

2l
chloride (XVIII) (Figure 9) shows that the rearrangement
processM - SO, - NOr. producesrnlelll/llB (C6H4CI+.
l2o/o relative abundance). No fragment ion is preient

H -Hro+ *
-H¡o.ê

,k

N

N o _N

n, mle 222 o, mle 222

-.o N,O
+ +N +N

H

P,mle 239 q, mle 221 r, nle 203

which is due to C-O bond formation, and no 'ortho-
efiect' operates. The normal fragmentations are un-
exceptional and are summarised in Figure g.

EXPERIl\{ENTAL

The mass spectra of compounds (I)-(VIII) and (XVI)-
(XVIII) were determined with an Hitachi Perkin-Elmer
RMU 6D mass spectrometer operatingatTS ev and with an
inlet and source temperature of ca. 16Do. The spectra of
(IX)-(XV) were measured by the direct-insertion tech-
nique with an A.E.I. MS I mass spectrometer operating at
350o. Exact mass measurement were performed with the
MS I at a resolution of 14,000 (l0o/o valley definition),
with heptacosafluorotributylamine providing the reference
masses. All measurements.were correct to within l5 p.p.m.

Compounds (I), (II), (V)-(VIII), and (XVI)-(XVIII)
were purified commercial samples. The compounds (III)
and (IV) were synthesised by reported procedures.zr,2z
The 9,fO-dihydrophenanthrenesulphonamides (IX), (X),
(XII), and (XIV) were prepared from the corresponding
anines,2o by reaction rvith the appropriate sulphonyl-
chlo¡ide. The compounds (XI), (XIII), and (XIV) were
prepared by nitration of the corresponding g,l0-dihydro-
phenanthrenesulphonamides.

T¡sLe 3

Analyses of compounds (IX)-(XV)

+

H
H

Found (o/o)

CHN
66.37 5.53 5.29
72.62 6.97 4.08
66.80 4.41 8.88
57.08 4.18 8.89
64.09 4.85 7.37
64'24 4'77 7'37
03'66 4.67 7.t0

N

Calculated (o/o)

CHN

-e
-C¡HzSO¡'

- HO'+*- -_>

(xI\¡)
o
+N

-On N+

n, nle 239

+
N
il
o

The fragmentation of 9,lO-dihydro-l-nitro-2-þ-
toluenesulphonylamidophenanthrene (XIID may be ex-

nx * o and þ + r. The compositions of these ions
have been established by exact mass measurement. It
is stressed that the structures drawn are nominal only,
but serve to relate the fragmentation modes to the
structure of the molecule in the ground state.

Finally, the spectra (Figure g and Table l) of the
sulphonyl chlorides (XVI-XVIItr) also exhibit skeletal-

to the process M - SO2,
aks in the spectra of (XXVI)
of 2-nitrobenzenesulphonyl-

Compound M. p.
I l3-l t5.
204-206.5
187-r88'õ
220-222
153-154
I95-198
200-202

(Ix)
(x)

(XI)
(xrr)

(xrrr)
(xIV)
(XV)

6õ.92
72.r9
66.00
õ6.60
63.95
63.9õ
63'9õ

õ.õ3
5.48
4.43
4.43
4'60
4.60
4.60

4.01
8.80
8'80
7.r0
7't0
7'I0

õ.r3

Some microanalyses were carried out by Mrs. B. Ri¡s-
mussen of Aa¡hus University, and are shou'n in Table 3.

The au'ard of an Elsie Ballot Fellowship (to R. G. C.) is
gratefully acknowledged. The Hitachi Perkin-Elmer
RMU 6D mass spectrometer was purchased with the aid
of a grant from the Australian Research Grants Committee.
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ELECTRON IMPACT STUDIES-XXII1
MASS SPECTRA OF SUBSTITUTED BENZIMIDAZOLES
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(Received in the UK 18 July 1967 ; øccepted for publicatíon 2l August 1967)

Abstract-The mass spectra of 22 benzimidazoles are reported and discussed. The basic fragmentation
patterns have been substantiated by deuterium labelling, exact mass measurements and appropriate
metastable ions. Skeletal rearrangement ions produced by the process M-CO are more prominent in
the spectra of 2-benzoyl than 2-acetylbenzimidazoles.

Ar,rnoucn the mass spectra of imidazoles2'3 and benzimidazolium barbituratesa
have been discussed, no survey of the mass spectra of simple benzimidazoles has

been reported. This paper is concerned with the mass spectra of the benzimidazoles
(I-XXID, which are recorded in Figs 1-9 or Table 1. The compositions of ions

determined by exact mass measurements are listed in Table 2. The presence of an
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TsBts l-continued
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" All peaks greater than 2l of the base peak (100 ,\) are ¡ecorded.
b Only peaks above mf e 90 are recorded.

" Because of the M-l and M-2 ions, the isotopic purity cannot be determined.
d All peaks greater than 5/,oÍthe base peak are recorded.
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T¡.nI,¡ 2. CouposrnoNs oF soME roNs IN THE spEcrRA or I_XX

Compound mle Composition Compound mle Composition

194
195

205

XIv63

64
91

9l
118

I

147

t6t
205
220

V

VI

VII

XI

XII

XIII

104

118

131

118

t22
131

tt'l
118

131

193
194

XVI

xvlII

XXII

118

rl9
147

220

CtHt
ñutr

c?H6N
c?H6N2
csH7N2

c?H6N2
c6H4NS
c8H7N2

c7HsN2
c7H6N2
csH8N2

c13HeN2
cr3HroN2

CrH.
CrH¿
c6HsN

c6HsN
C6HóN
c?H6N2
c7H?N2
c?H8N2
ceH7N2
ceH8N2
caHeN2
c8H?N2O

2721274

c13H1oN2
cl3Hr1N2

cr4HeN2
C1.HnN2Br

c8H7N2O
caHeN2O
c14HeN2
clsHr2N2
crrHr.NrBr

c?H6N2
c?H7N2
c8H?N2O
c14H8N2O

c16H13N2
crsH13N302

c?H6N2
c?H?N2
c6H4NS

3m.1302

xx
xx

233
267

XXI

233 cr6H13N2

91

92
118

r19
120
143
144
t4s
147

1r8
il9
122

asterisk (*) in the text or a figure indicates that a metastable peak has been observed
for the fragmentation in question.

The mass spectra (Figs 1 and 2) of benzimidazole (I) and 2-methylbenzimidazole
(III) should be compared with those3 of imidazole and 2-methylimidazole, respec-
tively. The spectrum of benzimidazole (I) exhibits the molecular i,on as the base pèak,
g1 ú: fragmentation process M-HCN-HCN-H. (ro form crIF'!,_mle o¡1. rrré
initial loss of HCN probably produces a (mle 91), and the specirum (Table 1) of
N-dt-benzimidazole (II) shows loss of both HCN and DCN from the molecular ion,
which indicates that the initial loss of HCN (Fig. 1) is non specific. This is also true
of the M-HCN process in the spectrum of imidazole.3
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cN'

't0
(III)

-H2
(*)

132(M+)-H'
(*) \

- HCN
:F

131
(c)

o
e-

80
(¡)
ucñp^^qou

_o

.g 40
ct
'o
E^

¿̂U

*

77 $" too

120

Flc.2.

The mass spectrum (Fig. 2) of 2-methylbenzimidazole (III) exactly parallels that
of 2-methylimidazole.3 Comparison of the mass spectra of III and IV show that the

M-HCN ion originates as in A (i.e. the mle lO4 ion in the spectrum of III remains

100
m/e

+ NN

a, mle 9l
H

(A) (B)

+

b, mle 90
c,mle l3l

unchanged in that of IV). The M-CH2CN' process involves the 2 and 3 positions

(i.e. mle 93 in III moves to 93194 in IV), while the overall process M-CH2CN'-H2
(to b, mle 90) may be explianed by the loss indicated in B (i.e. mle 90 in III remains

unchanged in IV). It is also probable that the M-H' ion(mle 131) is formed by loss

of a hyãrogen atom from the Me group, with concomitant ring expansion to form

the stable cation c (cf. Ref. 3).
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The spectrum (Fig. 3) of 2-n-propylbenzimidazole (IX) shows pronounced loss of
ethylene with aceompanying H rearrangement to give mle 132, the base peak of the
spectrum. The structure of this fragment corresponds to the 2-methylbenzimidazole

2CþMe
132

-C
(IX) *

- HCN
g -Me

H
rk (,i )

131 145 160(M+)

77
101'

60 r00 120 1t0 160m/e

Frc. 3.

molecular ion, as the spectrum below mf e 132 is very similar to that (Fig. 2) of
2-methylbenzimidazole. The formation of mf e 132 probably proceeds by the process
d'-+ €, with e then rearranging to the 2-methylbenzimidazole radical ion. A similar
6-membered transition state has been invoked to explain the loss of ethylene from
3-propylpyridines.s 2-Alkyloxazoles (where the alkyl group is greater than ethyl)
also exhibit p-cleavage with hydrogen rearrangement to produce the 2-methyl-
oxazole radical ion.6

100

80

40

20

ò-

o(J
c
Ð
C
ac

o

ct
a)E

H.
('*)-

+

-CH2:CH2

+

N
H

2

d, mle 160

H

f, mle 145 (R : Me)

s,mlel3l (R: H)

e, mle 132

+

h, mle 151 (R : -CH:CHr)
i, mle l3I (R : H)

N

)
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The spectra of v, vI and x are unexceptional. 5,6-Dimethylbenzimidazole (v), on

electron impact, behaves like o-xylene,7 producing prominent M-H' and M-Me'
ions, which may be represented as the tropylium species f and g, respectively. The

mass spectrum (Table 1) of N-allylbenzimidazole (VI) exhibits loss of both a hydrogen

radical and a C2Ij,.., radical from the molecular ion to form the stable cations h and i,

while the molecular ion of 2-phenylbenzimidazole (X) may decompose either by loss

of benzonitrile to form a (mle 9l) or by successive losses of two molecules of HCN to
formmf e 140 (C11Hs I.

91

- c7 H6N 19¿(M+)

%Hs
*

-HCN

(x) 't03 - HCN -H'
(r)*

77

103 llro 167

100 120 1/,0 160 180
m/e

F¡c. 4.

By far the most interesting features observed in the spectra (Figs 5 and 6) of the

acylbenzimidazoles (XI and XII) are the pronounced skeletal rearrangement frag-

ments which are produced by loss of carbon monoxide from the various molecular

ions. Such processes are currently exciting much interest,s and ofparticular relevance

are the IW-CO fragments which are present in the spectra of acylthiophenes.e

Similar processes are generally not observed in the spectra of acylbenzenes (benzo-

phenone is an exceptionlo). The M-co fragment in the spectrum (Fig. 5) of 2-

benzoylbenzimidazole is extremely pronounced (931 of the base peak)' and its
structure is probably that of the 2-phenylbenzimidazole radical ion (see j --+ k), as

the spectrum below mf e 194 is very similar to that (Fig. a) of 2-phenylbenzimidazole,
except for the presence of peaks due to the benzoyl cation (mle lO5)andits decomposi-

tion ions mle 77 (base peak) and mf e 51. It is of interest to note that the expected u

cleavage to carbonyl to produce the acylium cation I occurs only to the extent of
Z\ o{ the base peak, and that the two major processes are the formation of the

skeletal rearrangement ion and the production of the benzoyl cation'

*
-H'
(Ð

63

^ 100€
c)

Peo
rúúc)
å60
c)ìnq
e)

É.
20

39

_HCN

*
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+

-co

j, mle 222 k, m/e 194
I, n/e 135

The skeletal rearrangement peak in the spectrum (Fig. 6) of 2-acetylbenzimidazole
(XI) is not as pronounced as it is in that of XII (viz. 261for Xl,93l for XII). The
*^:^- :- +L:^ ^-^^+-,.*:^ lf õLf 

^^ 
--.L:^L f^--- ¿L^ L---i--il---t^r¡roJwr Pruv!ùù ¡ll lll¡ù ùPgvll Ur¡r rù lvl-Vrl2\,\-r, WlIlUll rurlIlS Lllti Uçll¿lllllu¿l¿Ultt

radical ion (mle 118, base peak), which fragments as described above.

1lr5

coHs

77 (XII)
194(k)

-c0
105

_HCN
,F

- HC=CH -c0 _ HCN

*
,k

51 r* 222(M+)

63 M+* 1/'o
145 167

1n 1t+0 160 180 200 220
mle

Frc.5

When the secondary alcohols (XIil-XXI) are introduced into the mass spectro-
meter through the heated inlet system, hydrogen is lost thermally, and the mass
spectra obtained are those of the corresponding ketones. All these spectra contain
M-CO fragments. The abundances of these ions relative to the base peaks in the
spectra of the derived ketones are XIV, 100 ; XVI, 100 ; XVIII, 95 ; XIX, 62; XX, 43 ;
andXXl,92/".

The direct insertion technique was used to obtain the spectra (Figs 7 and 8 or
Table 1) of the secondary alcohols XIII-XXI. Three processes are observed which
are common to all spectra: (a) M-Hr-CO. The loss of hydrogen is probably
thermal since no metastable ions are observed for the process M-Hr. (b) The
formation of the protonated benzimidazole or N-methylbenzimidazole cation (e.g.
lø for XIV and XVI), which is formed by cleavage of the bond between C-2 and the

H

Q)
(J
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!c
J
-o

(u
.ì
(tt
(UÉ

10

I

60

l'0 H.
(*)

39

*
-HCN



fil)

Electron impact studies-XXll

t3

'Me

-HCN

- HCN
118

*

117

- cttco

*

1883

-c0 H2

*

302
( N4+)

304

l.

64

tß

100

80

¿0

20

Q-

o(Jc
rú
!c
f
-o

o
.z
flt
aJ
É.

,k

01

132

1t5

-( + Br')
,*

160(Ml)

272 27t,

æl;H 'óu

185/187

(xvt) 1/,7

D/9

Frc.6.

- C6H4,Br'

155t157
rf

(M+)
205 (n)

118
1190D

185
117

157

100 120 110 160 180
m/e

IC

1ü

77

I

60

40

20

o()c
(It
Ec)
_o

o,
.=
(It

c)
K.

-HCN

*
-HCN

,i

c0

*-c0
N4e

Frc. 7

200 220 260 80



1884 S.-O. Llw¡ssoN, G. Scrnorr, J. H. Bowln and R. G. Coors

161

-c0 283 (¡/+)
*

-HO

161
-N*

1/+7

:F

133

77 236

266

119
253

100 ' 120 1/.0 1 2/.0 260 280

Flc.8.

carbon bearing oxygen, with concomitant double hydrogen rearrangement. One of
the migrating hydrogens is that attached to oxygen, as evidenced by the spectra
(Table 1) of XV and XVII. (c) The process M-{6H4R' (R : Br or NOr) produces
an ion whose composition corresponds to the appropriate protonated formyl-
benzimidazole cation.

*
(XX)
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80

t+0

20

o
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=_o

c)
.=
ltt
c,t

m/e

*l
\H

m,mle ll9

n, mle 2O5

There are three further features of the spectra of the secondary alcohols (XIV-
XXI) which provide information concerning the nature of the substituent on nitrogen.
The spectra (Figs 7 and 8 or Table 1) of the 1-Me and l-H benzimidazoles (XIV-XXI)
show marked differences. When hydrogen is bound to nitrogen (XIV, XVI, XIX and
XXI) a prominent ion (the base peak in the spectra of XVI and XIX) is produced in
a one step process from the molecular ion, by combined loss of R (R : H , Br of
NOr) and water (see Fig. 7). The two hydrogens involved are those bound to nitrogen
and oxygen (from the spectra of XV and XVII in Table 1). A plausible structure for
this ion is n (mle 205 in the spectrum of XV), and its presence may be used to detect

+
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the presence of the 1-H substituent. No corresponding ions are observed in the
spectra (Fig. 8 or Tablc 1) of the secondary alcohols having l-methylsubstituents
(XVIII and XX).

Second, the spectra of the 1-H benzimidazoles (XIV, xvl, xIX and XXI) exhibit
M-H2O ions. This is particularly noticeable in the spectrum (Table 1) of XIV where
the M-Hro ion constitutes 80 | of the base peak. The two hydrogens invorved in
the M-Hro process are again those bound to nitrogen and oxygen (see the spectrum
of XV, Table 1). This process is not observed in the spectra of XVIII or XX.

Third, the spectra (Fig. 8 or Table 1) of XVIII and XX exhibit an ion which is not
ñrêcêñf in fhnca ^f fh- I -IJ ,t--i"^ri"^- 'r.Li- :^- /--^L,^^l :- ^r ¡¡ uw^¡v4ù¡vvù. r rrlù ¡vrr \prvuu!çu ru 4 utlç ùLçp pruutr¡iJ
from the molecular ion) must be produced by a skeletal rearrangement process, as
it is formally derived by a cleavage to C-2 with accompanying rearrangement of the
alcoholic oxygen to the benzimidazole system. Although the structure of this ion
(mle 147, c8H7N2o) is unknown, its presence allows the detection of the N-methyl
substitutent.

The main features of the spectra of XIV-XXI are summarized in Table 3 and
Figs 7 and 8. The spectrum (Table 1) of the substituted ethyl alcohol (XIII) is un-
exceptional ; the major process being loss of an acetyl radical from the molecular ion
to form the protonated benzimidazole cation m.

-HS'

- HCN

(VII)

¡*

131

119 122
149

45 10t.

,.rYe1
1t10 1

Flc. 9.

Skeletal rearrangement fragments are also observed in the spectrum (Fig. 9) of
2-thiomethylbenzimidazole (vlf, where the M-sH ion (mle 131) constirutes aiay
of the base peak. [t has been shownrl that the M-sH process in the spectru- oi
thioanisole occurs from a common, rearranged molecular ion,12 ánd that rearrange-
ment processes which involve hydrogen transfers betweeq the methyl group and the
aromatic nucleus do not occur.ll The spectra (Fig. 9, Table 1) of vII and )üII are
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40
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very similar (small differences are noted in the relative intensities of certain ions),
which may indicate that they have a common molecular ion; viz. either one re-
arranging to the other, or with both rearranging to a common intermediate ion. The
spectrum (Table 1) of 1-dt-2-thiomethylbenzimidazole (VIII) shows that the hydrogen
involved in the M-SH process is bound to carbon. The hydrogen presumably
comes from the methyl group, and the rearranged molecular ion clearly cannot
correspond to o. It is probable that the rearrangement is analogous to that observed
in thioanisole.

+

H tt'
o, m/e 164

2

p, mle 164

Other processes observed in the spectrum of VII are (1) M-Me 
-HCN and (2)

M-CH2S. A comparison of the spectra of VII and VIII shows that process 1 occurs
in a specific manner as indicated in p (mle I22 is not shifted to mle 123),while process 2
is a random one, involving loss of hydrogen attached to both carbon and nitrogen.

EXPERIMENTAL
Mass spectra were measured by the direct insertion technique with either an Hitachi Perkin-Elmer

RMU 6D mass spectrometer (I-VI; X-XID or an A.E.I. MS9 mass spectrometer (VII, VIII and XIII-
XXII) with a source temperature ca. 100'. Exact mass measurements were made with the MS9, using a
resolution of 14,000 (10 % valley definition) with heptacosafluorotributylamine providing reference masses.
All measurements \ryère correct to within 15 ppm.

Compounds I, III and V were purified commercial samples. The following compounds ivere prepared
by standard procedures: vl,l3 vII,r4 IX,ls x,16, xI,17 xII,17 XIII,I8 xlv,18 xvl,le xVIII,2o xlx,le
XX2o and XXI.2o

The spectra of II, IV, VI[, XV and XVII were obtained by introducing the unlabelled compounds
directly into the source with DrO.2r
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2'5-disubstituted oxazoles probably occurs with

ring opening and migration of the C-5 substituent (e'g' Br) to the C-4 position'

Ar.rnoucn the behaviour of many aromatic five-membered heterocyclic ring_systems

cumented,z a detailed study of the mass

This paper deals with the mass spectra of
nyl-oxazoles' Details of the spectra are

The mass spectrum (Table 1) of oxazole (I) itself is typical of that of an unsub-

stituted aromatic 
"o-pou"a 

insômuch as the molecular ion (mle 69) constitutes the

base peak. rhe moståbundant fragment ions in the high mass region occur 
-a! |I^-l

(8%), l,d-2'7 (M-HcÑ, ß%), M:28 (M-H2CN and/ôr M-Co' 2l%) and jN f-29

2,4-dimethyloxazole (II, Table 1) -uld
teristic diffèrences. This behaviour is in

d ethylmethylbenzenes,s' which give virtu-
ree isomeric ethylmethylpyridines'5o which

resence of heteroatoms in the ring system

those for 3-etþlpyridine versus 2-e idine, the former exhibiting a much more

abundant M-15 ion;õÞ the greater s of carbonium ion a relative to carbonium

ion å rationalizes the data, just as iil"iäi
the oxazole

he M-1 peak from III will probably corre-

l3
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Tlor.e I (contd.\
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Compound

XIX

xxI

xxII

mle
Rel. Ab.
mle
Rel. Ab.
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39 4t 50
1864

1t6 ll7 118
3 33 15

192 193 195
411 3

12 32
64 165
9 100

51 62 63 76
204145

t28 131 139 144
4365

77
58

163 1

6

89 103 104 105 115
16157

166 167
405

mle 39
Rel. Ab. 11
mle 105
Rel. Ab. 29
mle 167
Rel. Ab. 4
mle 29O
Rel. Ab. 2

51 55 62 63 76 77 83 89 9t 103 104

13 15 2 to s 58 8 11 5 7741
177 128 129 130 131 139 163 t64 16s 166

8561244567315
207 234 235 236 248 249 2s0 262 263

2 5 100 18 69 29 5 20 6

4t 43
2t5

115 116
73

193 206
46

206 207 220 22t 234 248 249(M) 2so
43742368516

-e -H' -e -H.

291(M) 2e2
43 13

mle 39 50 51 76 77 88 89 90 105 115 139 163

i{åi.et. 6 2 7 2 t6 2 2t 2 8 3 5 5
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t&
7

I ilIII

+

á, M-l c, M-1 a'l|/I-l d'll,[-l

Other distinctive features of the spectra of II and III include (i) the loss of a

methyl radical from M+ when the methyl groups a.Ie adjacent iIIII (Fig' 1), although

inirlr*.s is insignificant in the spectium of iI, (ii) no loss of HCN from the molec-

ularìon of II, builoss of HCN from III to give mle 7O [C4H6O1; high resolution
(CH3C=O+, h.r.) from III (Fig. 1), even

ow abundance @l). The complement to
ly by loss of CzHsO (h.r') in a one-step

ontrast, mle 55 (Fig. 1) is due solely to
f cHzcol.
ra of 4,S-dimethyloxazole (III, Fig' 1) and

2,4,5-trimethyloxazole (IV, Table 1) which canbe related to the ground state structures

* The latters .h.r.' will be used subsequently in the paper to indicate the compositions of

ions established by high resolution measurements'
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of the compounds. Thus, the M-HCN peakQnle 70) of Fig. 1 is totally replaced by
an M-cHrcN peak from IV and this mle 7o ion (e) then decomposes further by loss
of a metþl radical to mle 55. The one-step loss of cHo, however, from the molec-
ular ion of IV to give mle 82 (C6HBN+, h.r.) demands a skeletal rearrangement in
that form of the molecular ion undergoing this reaction, or a skeletal rearrangement

-CH"CN -CH".c4H6ot >*¡ß

IV e, mle 70 mle 55

during the reaction leading to mle 82.
Since the only noteworthy feature of the spectra of simple methyl oxazoles is that

the isomeric dimethyloxazoles II and III give different spectra, these have been dealt
with rather summarily. Holever, since the fragmentation pattern of an aliphatic
chain attached to a nitrogen heterocycle is known to vary with the site of attachment
relative to the heterocyclic nitrogen atom,õ,6 the isomeric dimethyl-n-hexyl oxazoles
V, VI and VII have béen syntheJized and their spectra (Figs. 2, í and 4)-compared.
5-Methyl-2-n-hexyloxazole (VIII) was also available and its spectrum is reproduced
in Fig. 5. In the spectra of the two compounds containing the n-hexyl chain in the
2-position (Figs. 4 and 5), the fragmentation of the side chain is very similar, and in
particular the peaks due to p-cleavage (mle ll0 in Fig. 4 and mle 96 in Fig. 5) are

152 138 124 lo

"","J;l;l;

152 138 124 ÍO

v VI

138 152 138

vII vIIr

much smaller than those arising due to B-cleavage with hydrogen rearrangement
(mle lll in Fig. 4 and mle 97 in Fig. 5). The siluadon is-supeificially anaiogous
(i.e. p-cleavage with hydrogen rearrangement more pronounied than simplã B-
cleavage) in the spectrum (Fig. 3) of 2,5-dimethyl-4-n-héxyloxazole (vI), but a sharp
contrast is observed for the 5-n-hexyl isomer (Fig. 2) where p-cleavage is much morã
pronounced than the same process accompanied by hydrogeo reariaogement [mlell0 (100%, M-C'H1), mle lll (20%, M-C6H10)1.
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If the reasonable assumptions are made that (i) the products of the þ-cleavage
reactions arise predominantly from the molecular ions in one-step processes and
(ü) the further decomposition reactions (if any) of these products occur at similar
rates, then the ratios [M-C'H1']i [M] and [M-C6H10]/tMl (in terms of relative peak
heights) will give the approximate relative rates of the p-cleavage processes in V-VIII.7
The relevant data have been summarized in Table 2, which also gives data for the
simple ø'cleav age reaction (i.e. [M-CnHr]/ IMI).

Tn¡lr 2. Appnoxulre RELATTvE RATES oF p-cr,env,lcr, p-cr,uvacn wrrn FrrDRocEN
REARRANGEMENT, ÀND /-cLEAvA.cE REAcrIoNs rN THE sPEcrRA or V-YIII*

Substitution pattern [M-{5H1J/[M] [M-CuHro]/tMl [M-{4H0ylM]

2,4-Dimethyl-5-n-hexyl (V)

2, 5-Dimethyl-4-z-hexyl (VI)

4,5-Dimethyl-2-z-hexyl (VII)

5-Methyl-2-z-hexyl (UII)

10.0

14.3

1.3

1.0

2.1

23.5

5.5

5.5

0'4

1'5

3.5

3.1

I Relative peak heights are corrected for 13C isotope contributions.

From the data in Table 2, it is evident that the rate of simple B-scission is much
less in the2-n-hexyl oxazoles VII and VIII than inthe 4-n-hexyl-(Vl) or 5-n-hexyl-(V)
isomers. These observations again recall the relatively low abundance of the M-l5
ion from 2-ethylpyridinesü and are compatible with the destabilization of a carbonium
ion separated from a heterocyclic nitrogen atom by a double bond (/). This system
(f) bears analogy to a carbonium ion adjacent to a keto group í'), which is also a
relatively unstable system.6o In contrast, when the rate of simple p-cleavage is slow,
the process of 7-fission is enhanced (Table 2). Enhanced. y-cleavage reactions are

also observed in the mass spectra of alkyl imir¡ss,a oximes,e semicarbazones,ro and
2-alkylquinolines,o all of which contain the -N:C-CH2CH,R system. Allylic

oll *
-c-cHs

ff'
cleavage in the tautomeric form g of the molecular ion, or formation of a cyclic ion /r

are plausible rationalizations which can account for the enhanced y-cleavage.u

gh
The reaction correspondingto B-cleavaee with hydrogen rearrangement proceeds

at a similar rate in the 5-hexyl compound V to the analogous reaction in n-butyl-
benzenelz or 2-n-pentylfuran.rs A significant rate enhancement is observed when
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the z-hexyl chain is in the 2-position, and the reaction becomes very favourable when
the z-hexyl chain is in the 4-position (Table 2 andmle 111 in Fig. 3). The process of
B-cleavage with hydrogen rearrangement is also favoured in alkylpyrazinestr and
2-alkylquinolines.6

The fragmentation reactions occurring in the isomeric phenyloxazoles, 2-phenyl-
oxazole (IX, Table 1) and 4-phenyloxazole (X, Fig. 6) are very similar, both molecular
ions sequentially eliminating CO (h.r., broad metastable peaks at mle 94.5) and HCN
(metastable peaks at mle 69'3) to give mle 90. The mle 90 ion then loses a hydrogen
atom to gsve mle 89. However, the two hydrogens of the oxazole ring are predomi-
nantly not randomized in the M-CO ion from 4-phenyloxazole (X), since the M-CO
ion from 2-d¡4-phenyloxazole (Xa, Table 1) decomposes almost completely (94%)

c:H-Nt
-co -co

mle ll7 x

_HCN +

-H.c7H6l ------> c7H5+
¡|

Br

mle 9O mle 89 XI

D(

N

Xa í, mle ll8 j, mle 9O

by loss of DCN rather than by loss of HCN (4%). The M-CO ion from Xa is
therefore represented as i (mle 118), which can lose DCN to give j (mle 90).

The introduction of a bromine atom at C-5 into 4-phenyloxazole (X) does not
greatly change the fragmentation pattern, 4-phenyl-5-bromo-oxazole (XI) sequen-
tially elimi¡ating CO, HCN and Br (i.e. mle 2231225---+1951197 (h.r.)--* I68|L7O
(h.r.) --* 89, see Table 1). The only competing decomposition involves overall loss of
^^n--r-.. -a---,- l- 11a\-\JÞr LU ëtVÉ lftle LLv.

The spectrum (Fig. 7) of 2-methyl-4-phenyloxazole (XII) has been analysed with
the aid of high resolution data (Table 3) and the spectra (Table 1) of 5-dr-2-methyl-4-
phenyloxazole (XIIa) and 2-dr-metþl-4-phenyloxazole (XIIb).

-e

-)'
-co

/\ -DcNC.HTCHLÑ=CD 

-> 

CzHot

)(tI XIIa )(Irb

cHrD
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Tlsls 3. CoriæosrrroNs oF ABTTNDANT FRAGMBNT IoNs IN THE

sprcrRrtM (FiS. 7) oF 2-MøT¡rYl-4-rnrNvroxnzor,r (XII)

lon (mle) Composition Derivation

2l

131

130
to4

103

90
89

coHeN
coHsN
c?H6N (60%)
c8H,8(4Oy)
c?H6N (952J
C,EH' 6%)
CtHu
czl16

-----> czH¡Dt

l, mle 9l

M-CO
M-CHO
M-caHsO
M-CO-HCN
M-CåH4O
M-CHO-HCN
M-CO-cHrcN
M-cO-CHsCN-H

-D'

The mle 1 3 I ion of Fig. 7 is formed by loss of carbon monoxide from the molecular

ion and the further loss of a hydrogen radical to mle 130 involves loss of the C-5

hydrogen to the extent of less than I0l [as evidenced by the almost complete shift
of ml¿ ßO to mle 131 in the spectrum of XIIa (Table 1), after correction for a small

amount of do-contaminant]. A rough calculation applied to the spectrum (Table 1)

of the 2-d1-methyl derivative (XIIb) implicates the metþl hydrogens in this reaction

to the extent of approximately 60ft. Although 4Ol of the mle 104 ion formally
corresponds to a fragment ion produced by sequential loss of CO and HCN, there is

no metastable peak to establish the mle 131+ 104 transition. The mle I03 peak
(Fig. 7) is formed almost exclusively by loss of CsHnO from the molecular ion and

is nãt shifted in the spectra of either XIIa or XIIb. Hence the mle 103 peak corre-

sponds to ionized benzonitrile (/c) formed by cleavage of the 2,3- and 4,5-bonds.

-e
-----) 

[coH6c-NIt
-csH¿o

)il k,mle lO3

The large peak at mle 90 (Fig. 7) is almost quantitatively shifted to mle 91 in the

spectrum of XIIa but very largely remains at mle 90 in the spectrum of XIIb. Since

ml e 90 arises by formal loss of CO and CH'CN (Table 3), the C-5 deuterium of XIIa
most probably migrates to C-4, or less likely, to the phenyl ring, in this reaction
(XIIa -+ I). The ion I then decomposes by loss of a deuterium atom or a hydrogen

atom, as evidenced by the only partial shift of mle 89 (Fig. 7)to mle 90 in the spectrum
(Table 1) of XIIa. These observations again emphasize that the hydrogens of the

aromatic oxazole ring are not randomized with the hydrogens of a methyl substituent

for the reactions under consideration, in contrast to the almost complete randomiza-

tion observed for toluene.la CtHu+
mle 89

XIIa

_H

mle 9O
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The spectra (Figs. 8 and 9) of 4-methyl-5-phenyloxazole (XIII) and 4-phenyl-5-
methyloxazole (XIV) are quite different from each other (and from that of XII) and
hence fragmentation does not proceed after the production of a common molecular
ion. For example, mle 103 from XIII is solely due to CrHz+ (h.r., M-C'H,NO)
[the spectrum (Table 1) of the 2-dr-derivative XIIIa establishes the loss of the C-2
hydrogen atom in its formation, perhaps with phenyl migration as indicated by the
dotted lines in XIIII, while mle 103 from XIV is solely due to C?H6N+ [ionized
benzonitrilel. This fragmentation also gives rise to a peak at mle 103 in the spectrum
of the 2-dl-derivative XIVb (Table 1). In addition, mle lO4 from XIII is solely due
to CrHr+ (M-CO-HCN, h.r.), whereas the mle 104 peak from XIV is solely due
to CrHnO+. The spectra of the labelled derivatives establish that the C-2 hydrogen is
lost in the formation of these ions, but their origins are not simple.

3

il8

>(III XIIIa

)cv XlVa

Fragmentation of XIII also occurs via rupture of 2,3- and 4,5-bonds, but with
charge retention by the oxygen-containing fragment (CBH6O+, h.r., M-CH'CN,
mle lI8); the mle 118 ion then decomposes by loss of carbon monoxide to mle 90
(Fig.8). Asexpected, themle 118 and mle90 ions of Fig.8 arequantitatively shifted
tomlelL9andmle9linthespectrum(Tablel)ofXIIIa. Inbothspectra(Figs.Sand
9), loss of CO from the molecular ion affords ions of mass mle l3I which then undergo
the pronounced loss of a hydrogen atom to mle 130 (cf. also Fig. 7), although tlrle mle
130 ion is also formed in a one-step process from XIV. Surprisingly, a metastable peak
at mle 107.3 in the spectrum of XIVa establishes that XIVa loses CHO in the one-step
process rather than CDO, this implying rearrangement in the molecular ion prior to
this fragmentation. The mle 105 ion from XIII (Fig. 8) is associated with the benzoyl
ion (CuHuC:O+, h.r.).

One of the most intriguing features of the spectra so far discussed is the marked
tendency for many of the oxazoles (see Figs. 6-9) to eliminate carbon monoxide
from the molecular ion. In the compounds hitherto described, this process has

necessitated only the migration of a hydrogen atom, but it was considered of interest
to study this reaction in compounds in which both positions 2 and 5 carried substit-
uent groupings. A variety of additional oxazoles (XV-XXII) were therefore synthe-
sized, the majority of which (XVI-XKÐ carried alkyl, aryl or bromine substituents
in both the 2- and 5-positions.
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XVI XVII XVIII

Hl

XIX XX XXI XXII

The abundances of the M-28 ions, and their compositions as established by high
resolution measurernents, are summarized in Table 4.

The data in Table 4 show that (i) the loss of carbon monoxide from the molecular
ions of compounds containing ethyl or larger saturated alkyl substituents at C-2 ot
C-5 does not occur (XV, XX, XXI) or is a very minor process (XIX), (ii) when the

substituents in both the 2- and 5-positions are metþl groups (XVI), no loss of CO

TÆLn 4. A¡u¡ro¡Ncrs o* "ot"Tçïior M-28 roNs FRoM

Compound Rel. Ab. lM-281(%) Composition

coH". CuHr.

\- N \-¡.r

.,"/o) .n/o\"",

XV
XVI
XVII
XvIII
xrx
XX
XXI
XXII

XV

I
0

78
27
t

4
23

M--CrH¿

M-CO
M-CO
M-{O
M-C2HÁ
M-C2Hr
M-CO

occurs but a metastable peak establishes the loss of ketene in a one-step process

from the molecular ion to give mle l3l (Table 1), (iii) if the C-5 substituent is bromine
(XV[) or phenyl (XVIII, XXII) and any alkyl substituents present are not larger than
methyl (XVII, XVIII), the loss of CO from the molecular ion is a prevalent process.

The last point may be illustrated by reference to the spectra (Figs. 10 and l1) of 2-

methyl-4-phenyl-5-bromo-oxazole (XVID and 2-methyl-4,5-diphenyloxazole (XVIII).
In the former spectrum (Fig. 10) all the peaks in the high mass region stem from the

M-CO ion (mle 209l2ll), Since the presence of methyl groups in both the2'and 5-

positions does not permit loss of CO from XVI, it must be concluded that bromine
migrates prior to loss of CO from XVII and that phenyl Sroups migrate prior to the
loss of CO from XVIII and XXII. Thus, if ionization of XVII occurs to some extent
with ring opening to give m, then bromine migration to the carbonium ion centre with
concerted loss of CO will afford m' (mle 209l2ll). Such 1,2-shifts to carbonium ion
centres generated upon electron impact are well establishedls (e.g. chlorine migration
in the M-Br ionn from a-bromo-ø-phenylacetyl chloride XXIII16). The decomposi-

tion of m' by loss of CH3CN and Br, established by metastable peaks (Fig. 10), can

then proceed to o and P.
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-e_-->

cs

ê

XVII m

'È -coI
caHsN+ cuH,ëBr ._$9\ c.u,ð1þ¿-çr,'Å,

p, mle l3O o, mle 1681170 m', mle 209l2ll

fr,cl
cuu,éucocr ;þ c.n ðrtsj.. +9' c.H,¿Hcr'ìl

)O(Itr n

Bond forming reactions also occur during the fragmentation of 4,5-diphenyloxa-
zoles (XVIII-XKI) as evidenced by abundant ions of mass mle 165 and 166 in their
spectra (see Figs. 11 and 12, and Table 1). The mle 165 ion (CrrHÐ corresponds
to the base peak, or greater thanTo'/, of the base peak abundance in all cases. Ap-
propriate metastable peaks and low voltage spectra establish that the mle 165 species
are daughter ions of mle 166 (4, CrrHrot), which formally originates from the two
phenyl rings and one carbon atom of the oxazole nucleus. * The facile loss of a hydro-
gen atom is almost certainly associated with rearrangement to the fluorenyl cation
r (mle 165) or to the phenalenium catron s (mle 165, bymoreextensive rearrangement).
When R is ethyl or larger (XIX-XXD fragmentation within the alkyl group may
precede the formation of mle 165 and 166, but in a number of the spectra metastable
peaks suggest the formation of mle 166 (and even mle 165, see Fig. 12) from the
molecular ion in a one step process. Such metastable peaks do not however exclude
the operation of a two-step process.l6

=#*û c',H,ot

XVIII R __ CH,
)(D( R: C¡H¡
XX R: n-C'H7

wD-ñu4 r\ - võrrl1
XXII R: CuHu

q, mle 166.,/r .l-*
/ .1.

+

+

r, mle 165 s, mle 165

* The origin of mle 165 ions in related systems will be the subject of a subsequent publication.
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The analyticalusefulness of the generalizations outlinedinthispaper areemphasized

in the spectrum (Fig. 12) of 2-n-propyl-4,5-diphenyloxazole (XX)' The large peak

(mle 235) due to loss of ethylene from the molecular ion, but only a small pea(
(mle 234) due to loss of an ethyl radical, suggests the presence of a n-propyl substit-
uent at C-2 (cf .Table2), whereas the occurrence of the base peak atmle 165 (r or s)

is indicative of the two phenyl substituents. It is noteworthy that the M-CrHn ion
(mle 235,Fig. 12) behaves in the same manner as the molecular ion of XVIII (Fig. 11)

in sequentially eliminating CO and H to give mle 207 (C''I-IßN, h'r.) and mle 206

(CrufirrN; n.r.). In an ánalogous manner 2-n-pentyl-4,5-diphenyloxazole sequen-

tiallyeliminatesCaHg,COandHtogivemle206(Table 1). Inthecase of 2'ethyl'4,5'
diphenyloxazole (XIX) such a sequence cannot operate, but the mle 206 ion is still
abundant (Table 1) and is apparently formed from the molecular ion by loss of an

acetyl radical in a one-step process (metastable peak at mle 170'3). Such a reaction

would require extensive rearrangement in the molecular ion, and while this is not
excluded, the sequential loss of CO and CHr16 would seem more plausible.

To summarise, the present study establishes that (i) the isomeric alkyl oxazoles

studied give different spectra, in contrast to the behaviour of the simple alkyl benzenes;

thus common intermediates are not generated from these isomeric alkyl oxazoles upon

electron impact, (ii) deuterium atoms inserted into the oxazole nucleus, or incor-
porated in methyl groups attached to the oxazole nucleus, are not randomized with
hydrogen atoms at other nuclear positions prior to the major fragmentation path-

ways, again in contrast to the simple alkyl benzenes, (iii) the position (2,4 ot 5) of an

alkyl substituent (n-propyl or larger) is indicated by its characteristic fragmentation
pattern, and (iv) the elimination of CO occurs even from the molecular ion of 2,5-
disubstituted compounds, probably via ring opening to an ionized ketone and subse-

quent (or associated) migration of the C-5 substituent to C-4.

EXPERIMENTAL
Mass spectra were measured with an Hitachi Perkin-Elmer R.M.U. 6D mass spectrometer

operating at 75 eV, with an inlet and source temperature of ca. 150o. Exact mass measurements were

dètermined with an A.E.L MS 9 mass spectrometer using a resolution of 15,000 (10f valley defini-
tion) with heptacosafluorotributylamine providing reference masses.

All samples (with the exception of XXII, which was recrystallized) were purified by preparative
vapour phase chromatography (using a 30 ft SE 30 column) and were additionally checked by nuclear
magnetic resonance spectroscopy.

The following compounds were synthesized by reported procedures: III,lz 1y,rz X,18 XII,rz
XIII,18 XIV,I8 XV,18 XVI,I? XVIII,I9 XX,r? XXI,20 and XXII.rs

3-Hydroxybutan-2-one heptoate, Potassium heptoate (39 g) was added to 3-bromobutan-2-one
(3a.5g) in ethanol (150m1) containing 2 drops of concentrated sulphuric acid, and the mixture
stirred and heated under reflux for eight hours, Removal of the solvent under reduced Pressure
gave a yellow oil, which was distilled in uacuo to give 3-hydroxybutan-2-one heptoate (17 g, 37 \),
b.p. l2Çl28"ll2mmHg. (Anal; Calcd.for CuHroOg: C,65'95; H, 10'05. Found: C,65'6;
H,lo.o%.)

2-n-Hexyl-4,5-dimethyloxazole (VID. 3-Hydroxybutan-2-one heptoate (17 g) and ammonium
acetate (43 g) in glacial acetic acid (120m1) were heated under reflux for two hours. The cooled

solution was poured onto ice (200 g) and extracted with ether (4 x 100 ml), The ethereâl extract

was washed with aqueous sodium hydrogen carbonate and water, and dried (Na¿SO¿). After
removal of the ether, the residual oil was distilled in uacuo to give 2-r-hexyl-4,5-dimethyloxazole
(7.55 g, a\l), b.p. 9l-92"14'5 mm Hg. (Anal.: Calcd. for C"H'9NO. C,72'9; H, 10'5; N, 7'7:
Found: C,72'9; H, 10'5; N,7'6%.)
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2-Hydroxynonan-3-one. To a stirred solution of n-hexyl lithium from lithium (14 g) and n-
hexylbromide (165 g)l in ether (500 ml) at -10o under nitrogen, was added a solution of lactic acid
(20g) in ether (100m1) over a period of thirty minutes. The temperature was kept below -5"
during the addition, then the mixture was stirred at 0o for three hours, allowed to rise to room
temperature and stirred for an additional five hours, The solution was cooled to 0o, decomposed
with water, and the ethereal layer separated. The ether layer was washed with aqueous sodium
hydroxide (101), dilute hydrochloric acid, (2/.), water, and then dried (Na¿SOn). Removal of the
ether under reduced pressure gave a yellow oil, which on distillation in uacuo gave 2-hydroxynonan-
3-one (3'7 g, l2%), b.p. 85-87'/3'8 mm Hg. This compound was characterized as the acetate
(prepared by treatment of the keto alcohol with acetic anhydride in pyridine), b.p. 96-97'/9 mm
IJg. (Anal.: Calcd. for CrtHroOr: C,65'95; H, 10'05. Found: C, 66'35; H, lO.O'Á.)

4-n-Hexyl-2,5-dimelhyloxazole (VI). 2-Hydroxynonan-3-one (5.3 g) acetyl chloride (7 rnl) and
pyridine (l'5 rnl) were treated under reflux for thirty minutes, The solution was cooled, dry benzene
(25 ml) added, the solvent removed under reduced pressure, and the crude ester remaining together
with ammonium acetate (20 g) was dissolved in glacial acetic acid (70 ml) and heated under reflux
for 1'5 hours, After cooling, the solutiou was poured onto ice (300 g), extracted with ether (2 x
100m1), and the extract washed with aqueous sodium carbonate, water, and then dried (Na¿SOn),
Removal of the ether and distillation of the remainin g oil in uacuo gave 4-n-hexyl-2,5-dimethyloxazole
Q'8 g, a6l\, b.p. 70J6'12.6 mm Hg. (Anal.: Calcd. for CrrHrrNO: C, 72.9; H, 10.5; N, 7.7.
Found: C,72.7; H, lO.4; N,8.2%.)

5-n-Hexyl-2,4-dimethyloxazole (V). Prepared as for VI. 3-Hydroxynonan-2-ones5 (6.0 g) gave
5-n-hexyl-2,4-dimethyloxazole (1.7 g, 231), b.p. 79-80'/4 mm Hg. (Anal.: CaIcd. for CrrHrrNO:
C,72.9; H, 10.5; N,7.7. Found: C,72'85; H, l0'4; N,8'1%.)

5-Bromo-4-phenyloxazole (XI). To a stirred solution of 4-phenyloxazolegz (14'5 g) in carbon
tetrachloride (100 ml) containing dibenzoylperoxide (10 mg) was added N-bromosuccinimide
(17.8 Ð over a period of 2 hours at room temperature. The reaction mixture was stirred for a further
two hours, filtered, the solvent removed, and the oil remaining was sublimed at 80'/0.05 mm Hg,
giving 5-bromo-4-phenyloxazole (19.3 g, 86%), m.p. M45o. (Anal.: CalcÃ. for CTH.NOBT:
C,48.25; H,2'7; N,6'25; Br,35'6. Found: C,48'4; H,3'0; N,6'1; 8r.35'3%.) Treatment
of S-bromo4-phenyloxazole with methyl magnesium iodide quantitatively produced 5-methyl-4-
phenyloxazole (XIÐ identical with an authentic specimen (V,P.C. and infrared spectrum).

5-Bromo-2-methyl-4-phenyloxazole (XVII). Prepared as for XI. 2-Methyl-4-phenyloxazole
(6.4 g) gave 5-bromo-2-methyl-4-phenyloxazole (7.8 C, 83%) as a colourless solid, m.p. 54-56',
aftersublimation(90'/0'1 mmHg.). (Anal.: Calcd.forCtoHrNOBr: C,50'65; H,3.4; N,5.9;
Br, 33.6. Found: C, 50.9; H, 3'65; N, 5'5; Bl, 32.3'%.) The NMR spectrum lacks the singlet at
ô :7'67 ppm indicative of the 5-H of the oxazole system.s¿

2-n-Pentyl-4,5-dþhenyloxazole CXXD. A solution of benzoin hexoate (50 g) and ammonium
acntate (62 g) in glacial acetic acid (150 ml) was heated under reflux for two hours. The solution was
cooled, poured onto ice (300 g) and extracted with ether (4 x 100 ml). Tho ethereal extract was
washed with aqueous sodium carbonate (10fi, water, and dried (NarSOn). After removal of the
ether, the residual oil was distilled in oacuo to yield 2-n-pentyl4,5-diphenyloxazole (28'6 g, fAfu),
b.p. 177-178"10.6mm IIg. (Anal.: Calcd. for C¿oH2'NO: C,82'6:' H,7'2; N, 4'8. Found: C,
82.2: H,7.3; N,5'0%.)

I s o t o,oícal ly lab e I I e d compo unds

All labelled compounds were produced in high yield and purified by preparative vapour phase
chromatography.

2-d¡ÇPhenyloxazole (Xa). 4-Phenyloxazole (0.29 g) was treated with n-butyl lithium [prepared
from n-butyl bromide (0.68 g) and lithium (0'086 g) in ether (30 ml)l at -65" for two hours. Addition
of deuterium oxide (5 ml) gave 2-d14-phenyloxazole, b.p. 89-90"/4 mm.

5-d¡2-Methyl-4-phenyloxazole (XIIa). 5-Bromo-2-methyl-4-phenyloxazole (0.a8 g) was treated
with n-butyl lithium las for (Xa)] at -65o for ten minutes. Addition of deuterium oxide (5 ml)
gave 5-d1-2-methyl-4-phenyloxazole, m.p. 5+56'.

2-(dr-Methyl)-4-phenyloxazole (XIIb). 2-Methyl-4-phenyloxazole (0'32 g) in ether (30 ml) was
added to a stirred solution of z-butyl lithium las for (Xa)] at -65o. Stirring was continued (at

-65") for 2'5 hours, then deuterium oxide (5 ml) added, yielding 2-(d¡methyl)-4-phenyloxazole,
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m.p. 54-56'. The NMR spectrum showed that all deuterium was incorporated into the methyl
gouP.- 

2-dr-4-Methyl-5-phenyloxazole (XIIIa). As for Xa. 4-Methyl-5-phenyloxazole (0'32 S) gave

2-d'4-methyl-5-phenyloxazole, b.p. 107-108'/3 mm Hg.
2-dy5-Methyl-4-phenyloxazole (XIYa). As for Xa. 5-Methyl-4-phenyloxazole (0'32 g) gave

2-d¡5-methyl-4-phenyloxazole, b.p. 87-88'/0'05 mm Hg.
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BENZO Ic]CINNOLINE DER,IVATIVES

IV.Î SUBSTITUENT EX'FECTS IN THE MASS SPECTRA OF'SUBSTITUTED
BENZO[o]CINNOLINES

By J. H. Bowrn,f G. E, Lnwrs,f and J. A. Rnrssl

lManuscript race'iaed, October 16, I967f

Summary

The mass spectra of a sories of bonzo [c]cinnoline dorivatives aro roportod and
discussod. The spectra are useful for analytical purpos€s, as all compounds give
pronounced molocular ions, and the fragmentation procosses gonerally occur withouü
skeletal-rearrangement. Many bonzofc]cinnolines which are substituted in the
4-posiüion may bo differentiated from other isomors try tho presenco of "proximity-
offects" in their mass spoctra.

It has recently been shown,r that specifi.c "ortho-effects"2 operate between
certain substituents (e.g. OMe, Me, and Ph) and the adjacent -N:N- moiety in the
spectra of 3-substituted pyrid.azines and l-substituted phthalazines. A series of
benzofc]cinnoliness-8 has now been examined as a logical extension of this work;
and the present paper deals with the behaviour of such compounds upon electron
impact.

The spectra of the benzofc]cinnolines (I-XXVI) a,re recorded. in n'igures l-13
or Table l, except that the spectra of (II), (V), (IX), (XVIII), a,nal (XXI) are essen-
tially similar to (III), (W), (VIII), (XVII), and (XX), respectively, ând are therefore
not, separately recorded. The compositions of ions determined by high-resolution
meâsurements are listed in Table 2. The presence of an a,ppropriate metastable ion
for a process is d.epicted (in the text or a figure) by an astorisk.

f Part III, Auat. J. Ckøm., 1968,21, l0g7. This paper also constitutos Part, XXIV in
the series "Elecüron Impact Studies." Parú XXIII, Bowie, J. H., Donaghue, P. X'., Rodda, }I. J.,
Cooks, R,. G., and Williams, D. H., Org. Mass Spectrometry, ín ptess.

I Dopartmont of Organic Chemistry, University of Adelaide, S.A. 5000.
1 Bowio, J. H., Cooks, R. G., Donaghuo, P. F., Halleday, J. .{., and Rodda, H. J., Aust. J.

Chern., 1967,20,2677.
2 McLa,fførty, X'. W., and Gohlko, R. 5., Analgt. Chøm,., 1955, 31, 2075.
8 Lowis, G. E., and Reiss, J. A,., Aust. J. Chem.,1968, 21, 1097.
a Badger, G. M., Drewer, R. J., and Lewis, G,8., Aust. J. Chem., 1963, ló, 1042.
6 Baclgor, G. M., Joshua, C. P., and Lewis, G.8.. Aust. J. Chem., 1965, lE, 1639.
û Lowis, G. D., and Reiss, J. 4.., Aust. J. Che'rn., IS67 , 20, 2217 .

? Badgor, G. M., Drewor, R. J., and Lowis, G. 8., Aust. J. Chem,., 1964, 17, 1036.
8 Lewis, G. 8., and Roiss, J. A,, Aust. J. Chem^, 1968, 21, 1043.

Aust. J. Chem,., 1968,21, L233-46
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Benzofc]cinnoline (I) fragments by loss of nitrogen from the molecular ion
(mle 180) to produce the stable diphenylene radical ion [ø, mle 152 (base peak)].
fn comparison, the production of c (mle 102) from the phthalazine molecular ion (ó)
is a minor process (the major fragmentation being M-HCN-HCN),I ancl loss of
nitrogen from the pyridazine molecular ion (d) produces the cyclobutadiene radical
ion e (11,o/o of the base peak), which readily loses a hydrogen atom to form CnH{
(mle íI).r's Cyclobutadiene and substituted. cyclobutadiene radical ions are also
common fragments in the spectra of a variety of quinones.l0-r3

(r) -=¡ftj*

a, mle 752 b, mle 730

l-',
.1,

I
e, mle 52

d, m/e 80 c, mle I02

Loss of nitrogen from either the molecular ion or a fragment ion is a feature
of aìl spectra, and is therefore inclicative of the presence of the -N-N- group. In the
spectra of the l-,2-, or 3-substitutecl benzo[c]cinnolines, the M-N, process prececles
fragmentation through Me, Cl, NHr, NMer, or CO'H substituents, but when the
substituent is MeO, EtO, NEtz, COrMe, or COrEt, fragmentation through the sub-
stituent occurs before the loss of nitrogen. A detailed discussion of the normal
fragmentations of these substituents when attached to an aromatic ring is not
necessary here, as a compendium of such processes is available.la The various
fragmentations are also outÌined in X'igures 1, 3, 5, 7, 9, and 1I.

The spectra of 4-substituted benzofc]cinnolines are entirely different from those
of theirl-,2-,or 3-isomerswhenthesubstituentisNR,(R,:MeorEt),OR,(R,:Me
or Et), or COOR, (R, : H, Me, or Et). These differences are due to "proximity-
effects" (analogous to "ortho-effects", except that the interacting groups are not,
ortho Lo each other) which operate by speciflc interaction between the various sub-
stituents and the -N:N- grouping. Interaction between the 4-chloro group and the

0 Benn, M. lI., Sorensen, T. S., and Hogg, A. M., Chem,, Cotmtnun., 1967, 573.
10 Beynon, J. II., and Williams, A.8., Appl. Spectrosc., 1960, 14, 156.
11 Bowie, J. IL, Cameron, D. W., Giles, R. G. X'., and Williams, D. H., /. chem,. Soc. (B\,

t966, 335.
12 Bowie, J. lI., Cameron, D. W., and Williams, D. H., "r. A+n. chem. So¿., 1965,87, 509rt.
13 Di Mari, S. J., Supple, J. H., and R,apoport, H., J. Arn. chem. Soc., 1966, 88, 1226.
la Budzikiewicz, II., Djorassi, C., and Williams, D. H., "Mass Spoctrometry of Organic

Compouncls." (Ilold.en-Day: San X'rancisco I967.)
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adjacent nitrogen would not be expected. (cf.15) as the process M-Cl. would not form
a particularly stable cation. The spectra (Table I) of 2- and 4-chlorobenzofc]cinnoline
(IV and V) are very similar. The fragmentation process M-Nz-Cl.-II., prod,uces
an ion most plausibly represented as / (mle r50). The spectra (Table l) of 2- and
4-methylbenzofc]cinnoline (II and III) are also very similar. This result was not
expected, as M-H' ions are a feature of the spectra of B-methylpyridazine and.
I-methylphthalazines,l and the formation of g (mle lg3) was predicted.. The absence
of this ion may be attributed. to the formation of the very stable fluorene cation [å,
mle 165 (base peak)l by the process M-Nr-H..

+

-f

Í, mle 730 g, nle Ig?, h, mle 165

Three different t¡4pes of "proximity-effect" are observed in the spectra of
benzofc]cinnolines substituted at the 4-position. The first can be seen in the spectra
(Figs. I-4 or Table I) of the isomoric dimethylamino- (vrr-x) and diethylamino-
benzo fc]cinnolines (Xr and Xrr). The spectra of r-, 2-, and B-dimethylaminobenzo [c]-

Fe I

-tl

zz: (v+)
c,o

80

- H. (*)
(r,rrÐ

!

É,

t94
(rzg++)

t80

(rga ++)
t39

63
t95

ao 120

cinnoline (VII-IX) (apart from differences in the relative abund.ances of ions) are
essentially similar. The biphenylene radical ion (ø) is the base peak of each spectrum;
and it is produced by the process M-Nr-Me' -HCN-H' (see n'ig. l). This process
is also noted in the spectrum of the 4-isomer (X) although more pronounced processes

16 Bowie, J. H., Cooks, R. G., and Lewis, G. 8., J. chem,. Soc. (B), 1967,621.
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aro indiceted. in X'igure 2. The base peak of this specúrum is now prod.uced by the
process M-Me'. The differences between the spectrâ (X'igs. 3 and 4) of 2'and 4-

diethylaminobenzofc]cinnoline (XI antl XII) âre even more striking. The major

Fie.2

M

loo

(x)

94

ao

Ëeo

.z

d
20

z zs (ir *)

4Z

too

-HCN (*)

-H' (*)

- N2 (+)

t5z(o)

126

1ZO 140 t60 1SO 200 220

proce8s (M-Me'-CrHn-Nr-H'-IICN) in the spectrum (X'ig. 3) of the 2-isomer

is completely absent in that (Fig. a) of tho 4-isomer. The base peak of the latter is
prod.ucod by loss of an othyl radical from the molecular ion to form mle222, which then

decomposes to the biphenyleno râdicel ion (ø) by successivo loss of Me' , IICN, and Nr'

/'R
rlr'R

-R.

í, mle 223 (n: nle)

m/e 251 (R : Et)

i, mle 208 (R: frne)

mþ 222 (n = At)

I, mle 222

-Me'(*)
-HCN (*)

+

(5st

- H. (+)

(4s,;i)

208

h, mle 208

a, mle 152

- N2 (+)
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There are two ways of rationalizing this behaviour. Loss of either a methyl
radical ffrom (X)] or an ethyl radical ffrom (XII)] may form the stable cations j. This
involves the formation of a four-membered ring. Alternatively hydrogen-transfer to
nitrogen followed. by ring closure may form k lfuon (X)l or I [from (XII)]' Although
formation of the fi.ve-membered ring system is analogous to the behaviour of 4-

alkoxybenzo[c]cinnolines on electron impact, there is no way of distinguishing
between the two alternative structures, as either may decompose further to the
biphenylene radical ion (either i-->a ot lc andl -+ø) by the processes outlined in
n'igures 2 and 4.

m, mle I39
n, mle I95 o, mle 167

+

-R.

+

p, mle 2r0 (n: H)

mle 224 (n: IUe)

q, mle 209

The second "proximity-effect" can be seen from a comparison of the spectra

(n'igs. 5-8) of the alkoxybenzofc]cinnolines (XIII-XVI). 2-Methoxybenzofc]cinnoline
(XIIII) fragments by the process M-MeCO'-N, to forrn m, mle 139 (base peak).

The process M-43 is noted in the spectra of aromatic methoxy compounds when the
normal pïocess (M-Me.-CO) is energetically unfavourable. This may be because

of the instability of the M-15 species,16,1? or when loss of an acetyl radical produces

an exceptionally stable cation.l8 In this case (XIII) the M-43 ion may arise by a
combination of both effects, as the M-15 ion ø (which is not observed in X'ig. 5) would
not be particularly unsta,ble, and the M-43 ion (e.g. o) is not very stable, as it readily
decomposes (by loss of nitrogen) to form z¿. These processes are not observed in the
spectrum (Fig. 6) of úhe 4-methoxy isomer (XIV). Instead, the fragmentation
scheme M-H'-CO-H'-N, (to ø) is observed. 2-Ethoxybenzofc]cinnoline (XV)
fragments by the scheme M-C,H4-N,-CO, as indicated in X'igure 7. Although
this process is also noted in the spectrum (X'ig. 8) of the 4-isomer (XVI), the major
breakdown occurs through the M-Me' species (mle 209, base peak). The processes

lc Bowio, J. H., and Cameron, D. W., Ausü. J. Chem", L966, 19, 1627.
1? Clugston, D. M., and Macloan, D.8., Can. J. Chem., 1966, 44, 781.
18 Barnes, C. S., Collins, D. J., Hobbs, J. J., Mortimor, P. I., and Sasse, W. H. T., Aust. J.

Chønt,., 1967, 20, 659.
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occurring in the mass spoctra of the 4-alkoxy derivatives may be explained by p-
cleavago to oxygen and concomitant C-N bond formation to give the stable cation
q (mle209). This species then fragments to the biphenylene radical ion (ø) as indioatod
in X'igs. 6 and 8.

Fig.9
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The third "proximity-offect" operates in the spectra of 4-carboxy-' methoxy-
carbonyl-, and ethoxycarbonyl-benzo[c]cinnoline. Again, the spectra ofthe 2'and 4-

isomers are entireþ different (see X'igs. S-12). 2- and 3-Carboxybenzofc]cinnoline

Fig 12

loo
r8o(s)

(xxn)

60c

)

.¿

&
2A

5

l3s

ao 100 120 140 160 lao 200

zsz (u+)
75

ml"

(XVIII and XVIII) fragment by the scheme M-N,-OH'-CO (to mle I5t, qrHl)
while 4-carboxybenzofc]ciruroline (XIX) loses carbon dioxide from its molecular ion

to form the base peak of the spectrum tëIX) does not decarboxylate thermally
below 250"1. An exactly similar situation occurß when the substituent is methoxy-

carbonyl. Although 2- and 3-methoxycarbonylbenzofclcinnoline (XX and xxl)
fragment by the norma,l process M-MeO'-CO-N, (Table l), the 4-isomer frag-

ments by loss of the ester group with hydrogen rearrengement to again give mle 180

(base peak). 'Ihe spectrum (Fig. II) of 2-ethoxycarbonylbenzofc]cinnotine (xXIII)
is quite complex. Processes observed. are : (ø) M-EtO' -CO -Nz fanalogous to (XX)
and (XXI)I and, (ö) M-C2H4 to form the 2-carboxybenzofclcinnoline molecular

ion, (mle 224), wlrridn d.ecomposes as indicated in Figure 9. The 4-ethoxycarbonyl
d.erivative (XXIV) bohaves analogously to (XIX) and, (XXII). Loss of the ester

group with hyd.rogon reerrangement gives the base peak of the spectrum.

- c"H"o,

\H+

s, m/e 180
r, mle 238

The hydrogen rearrangement in all threo cases produces the same rcn, mle 180.

This ion is either the benzo[c]cinnoline molecular ion or one of isomeric structure.

Comparison of tho decomposition of mle I80 and the benzo[c]cinnoline molecular ion

(Table l) show tho two fragmentations to be quite different, viz. rer/e r8O-NrH (to

mle ll1r) is observed. in the spectra of (XIX), (XXII), and (XXIV), while M-Nt
occurs in the spectrum of (I). Even when the energy ofthe electron beam is lowered
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to l5 eV, the process M-N, is still pronounced in the spectrum of (I). Consequently,
it seems plausible lhat mle 180 in the spectra of (XrX), (xxII), ancl (XXrV) is best
represented as s. This ion probably decomposes by loss of NrH' before rearrangement
to the benzofc]cinnoline molecular ion occurs. The elimination of COr, CrHrOr, or
CaH4O2 fin the spectra of (XIX), (XXII), and (XXIV) respectively] with accompany-
ing hydrogen rea,rra,ngement to nitrogen, is not, necessarily a concerted process (e.g.
r -> s), and apart from the observation that an ionized nitrogen is available to accept
the hydrogen atom, no concrete proposal can be advanced to rationalize this charac-
teristic fragmentation.

Fis. l3

(*)

to zza(t+)

-H.
(*)

o (xxYr)

100 t20

17A

39

c6ô

o
o40.:

j
ú,

zo

t95

207

tsz(o)
t65

76

89

139

40 80 200 220

It has recently been shown that skeletal-rearrângement fragments are present
in the spectra of azoxybenzenes,le,zo and phenazine -lü-oxides,2r but absent in the
mass spectrum of benzofc]cinnoline /ü-oxide.2r The spectrum (n'ig. lB) of 4,7-dimethyl-
benzofc]cinnoline -ðtr-oxide (XXVI) is notable for the presence of fragmentations
involving the initial formation of an M-CO ion. As no similar loss is noted in the
spectrum of benzofc]cinnoline /y'-oxide, this skeletal-rearrângement probably involves
the 4-methyl group. Loss of carbon monoxide involves a complex triple hydrogen
rearrangement, possibly to form an ion t (mle 196) which may either decompose by
loss of a hydrogen radical to the protonated 4-methylbenzofc]cinnoline cation (mle
195), or by loss of hydrogen to form the 4-methylbenzo[c]cinnoline molecular ion (ø)
which may decompose by loss of nitrogen and a hydrogen radical to form the fluorene
cation (h, mle f65). The presence of these processes again illustrates the complex

ls Bowie, J. H., Cooks, R. G., and Lowis, G. 8., Chem. Commwm., 1967, 2g4.
20Bowie, J. H., Cooks, R,. G., and Lewis, G.8., Aust. J.Chetn.,1967,20, 160f .
21 Bowie, J. H., Cooks, R,. G., Jamioson, N. C., and Lewis, G.8., Aust. J. Chem., 1967, 20,

2õ45.

*

(*



BENZOToICINNOLINE DERIVATIVES. IV L246

skeletal reolganiza,tion tha,t ca,n occurwhen alomatic lü-oxides are subjected. to
electron impact.

(xxvÐ --%*

t, mle 196 u, mle 194

ExpnntMnwrrr.

AII mass spectra, were measured. with an Hitachi Porkin-Elmor RMU 6D doublo-focusing

mass spectrometer operating at ?5 eV, with the source and inlet temporaüures at ¿. 200'' The

spoctra of (XVII-XIX) were dotormined by tho direct, insertion tochniquo with the source at,

c. 150", Exact mass measuroments wero carried out, at a resolution of 8,000 using heptacosa-

fluorotritrutylamine to provide reforonce maJsses'

The bonzofc]cinnolinos examined have beon reported. in other publications, as indicated:

(I-III), (XXV), and (XXVI);a (IY), (V), and (XVII-XXI);? (VI);6 (VII-XI) ;8 (XII) ;8 (XIII-
XVI) and (XXII-XXIV).å
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Stuclies on enethiols

ff. Ilass spectra of p-tlúoketoesters

By F. Duus, S.-O. LarvrssoN, J. H. Bou.ln and R. G. Cooxs

.A,BSTRÁ.CT

Tho fragÙrentation patterns observcd in the mass spectre of p-thioketoestcrg h¡ve becn stu¿iect
*'ith the aitl of deutcriurn labelling studies and high resolution data. 1'he spectra nre significantly
different fronr thoso of p-ketoesters, in that concertecl hydrogen reo.rai.gerrrerrt (via a six or
four membcrecl tr¿rnsition stute) in the enethiol form of thc molecul¿rr ion ¡r¡oduccs nn alcohol
radical ion,
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Table l. Cornposition of somc ions in the spcctra of I-XV

Cornpoirntl n le Conrposition Cornpouncl enle

I cHso
CrH"S
csHso

VIII 8õ

(40 eá) 88

3I
õ9
60

72

Composition

csHos
c.rr6o2
caH{os
c{Hso2
c{rlros
c{H4os
c{H{ors
c6H3o2s
c.Ilsors (70 %)
CóHrOrS (30 %)
c?Hso3s

(8ó %)
(t5 %)
(50 %)
(õ0 %)

74
t00
l0l
109

98
100
ll6
t27
r44

172

3l
85

Isotopo (60 9;)
csH{s
caH6s (õ0 %)
CaHóO, (2õ 9å)
C¡HrO (5 %)
CTHôS
c¡Hros
crtr5os
crH6os (50 %)
Isotopes (50 /")
cHJo
CrHnD, (8;5 9;)
cHrDO (7 ?á)
s (8%)

cHso (35 9/o)

CrHrD, (6õ 9,")
crII{D3 (70 %)
cllrDo (15 %)
s (r5 96)
cHD20
crHss (70 %)
caH?o (30 %)

cJHss (85 %)
c{H,o (15 %)

cHro
CrH.
CrHt
C.H.
CrHt
CEHôS
CsH?S
csHEs

XI
II

III

3l
32

cI{so
C{H6O, (40 ?6)
caHos (40 %)
C¿H5S (20 %)
crHros
c.Hrors
c6Hro¿
C.HsOrS (60 ?á)
c.Hroo2s
c?IIEors

crHroo2s
csHrlo2s¡
cgHr{s2o2

C.Ht
caHss
CuHu
crH3o
CaHS (90 %)
C.HöO (10 %)
c¡H3s
c{H5s
côrI6s

I\¡

v

3l

a.)

33

59

3l
90
9l

102
103
l3{
135
136

100
ll6
t26
144
146
t72
146
203
218

53
õ9
oÐ

67
69

7l
85
98
99

ll5

XII

XV

VII

cóH7s
csH?os

Thc nrajol proccsscs in the spcctnlm [2] of eth¡'l rcctoacetate rùre ]I-CO (6 % of
thc L¡asc Pctl(, slielctal-rcarrangcmcnt plocess-loss frorn thc ketone rnoicty), 1\I-
CHrCO (219;), trI-EtO' (19o,á), lI-EtOH (29?6), arìd thc formation of the acet),l
cat,iorr þnle 13,Ì-rasc ¡renli). 1ìltc spectnun (Fig. I) of eth¡'l thio¿rcctoacctate is strik-
inglv diffcl'clìb flont th.rt of cth¡'l ncetoacetùtc. Thc ¡lloccsses ìI-CHTCS ancl II-CS
(analogous to ll-cHrco ¡ntl ìI-co, rcspcctivcly) alc not obscrvccl, tlie l\Ic-C:S+
spccies constitutcs onl.l'6991, of the basc pcali (cf. lIe-C-Q+- basc pcak), ancl the
base pcak of thc spcctrunr is llloclucccl b.t'thc ploccss II-DtOH. l¡ aclclition, a
plorrotrrìcctl io:n at nle 3l (-\IeOr) is obsc'r'vccl. Otllcr plocosscs ¿ttc outlinccl in Fig. l.

Plo¡rouncccl lI-R'OFI ions atc obsclr-cil in tlie s¡lcctr'¿t of thc cstels (f-\¡III), (XI),
and (XIII), this proccss producing tlrc b¿rsc pc¿ìk irì the spectla of I-fII, V, ancl XIIL
Prortrincnt IIcO+ ions iìre obscl'\'c(l in thc spcctr'¿r of I-\¡, \rI[, \¡ilI, XI, and XIII,
and this pcak is thc basc peal( irì thc spcctra of l\¡, \'III, an(l xI. Thc lattcr ploccss

t92
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t00

has been briefly nlentiorÌecl in a previous cornnìrurication [6]. Tlic rclative abun-
dances of II-R'OH a.ncl mle 3l ions are summarisccì in Table 2.

In general, mle 3I peaks are either snall ol abserìt in thc spectra of B-ketoesters
[2, 5]. Thele arc several cxceptions to this gcneral rule; viz. all.rl acetoacetaie (]IeO+:
24%) Í41, t-but¡l acetoacetate (309'") [5], X\/I (21 9b) t5l, ancl several other. con-
pouncls having more than otte ester gloup [5]. Thc lI-EtOH plocess ancl the prodtrc-

cH¡- cH3-c-cH2-c-5R
oo

xvr XVII

tion of the ìIeO+ ion in the spectra of B-thioketoestels rna¡' bc pliursibl¡. explained by
either of the coucerted processes a-c+d or'ö-'c+r/. It has bcen suggestccl [{] that
the formation of the thiol raclical ion in the spectra of estcrs of thc gencr¿l for.rnula
XVII possibly ploccecls via â four nrernbelecl transition statc (cf. b-,c--d), bub as
p-thioketoestels to great extent exist, on thc thiol fornr IS], thelc r¡ra.]'bc a significant
contlibtrtion froln tl're proce-ss ttucld. 'Ihe rclatiçe folnration of û a¡rcl c rrill dcpencl
on thcir stabilit¡'; e.g. tlìc all¡'l alcohol and l-butanol raclical ions l'ill be nrorc slable
than the ethyl alcohol ladical ion (scc above). Thc fonuation of thc cthanol, pro-
pnnol, butanol, ancl bcnz¡'l alcohol raclical ions rvoultl account for the fornration of

Table 2.. Relative abulrclatrces of ]I-lì'OH ¿rnd J[cO' io¡rs in the s¡rectr,a of I, l\--\-III,
XI, ancl XIII.
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thc ì[cO. ions [7,8,9] in thc spcctla (Figs. l-9 and 12) of I-VfII, XI, ancl XIIL
Thc spcctra of thc applopriatc alcohol raclical ion can cleatly bc sccn in Figs. l-9
(especiall¡' Fig. 6). It is aìso rrotel'orthy that the rnajor fragrnentation in the spect,mm
(Fig. l0) of XYIII itrvolvcs thc formation of thc isoprop¡'l mcrcaptan radical ion
(mle 76).

Deuteriurn labclling stuclics have inclicatccl that both plocesses (trI-EtOlI and
tlre procluct,ioln of mfe 3l) alisc solely by the proccsscs r¿ or'ó-c*¿l in the spectra of
VII ancl XIII; viz. cottrpoutrcls X ancl XIV (ploclucecl by intloclucing VII and XIII
directly into tìie sourcc u'ith cleuteriurn oxicle [0] shol'almost qr.rantitative ]I EtOD
arrrl CHrl)O+ (nfe 32) pealis. The spcctrum (Fig. f2) of XIII shoulcl bc conrparecl
u'ith t,hat [2] of 2-cthoxycarbon¡'lcyclopcntanone, *'hich flagrncnts both by loss of
et'hanol, ancl b¡' loss of thc cstcr gtoup u-ith concornitant h¡'clrogcn lcarrangcrncnt
(to form the c¡'clopcntanonc moìccular ion It]). The thio analogue XIII (present
mainly in thc cnetliiol forrn) fragrncnts specificaìly b¡.the plocess e*g, ancl this
proccss is dilectl¡' comparatrle l'ith the "ortho-effccts" [2] operativc in thc spcctra
of anthlanilatcs [3], salic¡'lates [4], ancl o-carbox¡'thiophcnols [15].

'Thc inass spcctlttm of IX shorçs only an 80% shift of nt,le 3l-32, inclicating that

m/.e-
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20"/" of nt.le 3l in the spcctrum (I'ig. l) of ethyl thioacctoacetate is not' fomrecl by
the processes ø or ó-c*d. fn orclcr to investigatc thc fomration of nle3L fulther,
the labellecl esters fI ancl III l'cre synthcsizecl, ancl their s¡lgctra,are recorclecl in
l'igs.2 and 3. Exact nìâss rùcasurernents (Table l) allou-thc calculation of the
rclative shifts, u'hiclì €ùrc sunìrnarisccl iu Table 3. Thesc rcsults shorç that l5 "/, of
mle 3I in I originates by a nreth¡'l migration frorn carbon to oxr-gcn. Either proccss
lt,-i or l¿-'7'coulcl explain this forrnation. Tìrcre is no eviclcncc fol the for¡nation of i
(or its anticipatccl dccornposition proclucts), but 40"/o oI nle 60 (Fig. l) is C.H.O.
It is possiblc tllat t,his conìcl corresponcl to 7, oncl the spcctlttur [6] of ethyl nrcthyl

Table 3. Relativc shifts of the ntle 3l peaìi in tìrc spcctra of f, If, antl IX.

Compouncl lr/e 3l (CH¡O+) 32 (CIITDO-) 33 (CllDrO+)

co.

li)%
9S 9ô

co 20 9á

II
III
IX

5
2

80
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ether exlribits an nr,le 3l ion 127 li, o1 the basc pcali (molecular ion)1. Clcarly, ther

rean'angenìent proccss is complcx as thc spcctra of II and III both sho*' small
contributions from CH2DO spccics (Table 3). It is conceivablc that thcsc ions nra-r'

arise by randomisatiorì of thc ìabel i¡r l; anrl l, r'cspectively, but there is no cviclenco
to suppolt this supposition.

+
Hsssa..cHz-.a-oc:

llcHs o

[ "'='(liil']'

h, m/e 146

i , m/e ,l02

cH3-o-cD2 cH3

h

I

+

CH3- O-C2H5

j, m/e 60

+ +
cD3cH2oH

L, m/e 63 l, m/e 49

The othcr flagnrentations of thc sirnplc c'stcls I-\'I, \'III, XI, ancl XIII are sturì-
marisecl in I'igs. f-6,8, antl 12, ancl clo not nrerit spccial coruntcut. The spectlum
(Fig. ?) of thc phcnl'l clcrivatir-c YII shorvs a fragnrcntation not notccl in the othcr
spectra. Loss of thc cstcr gtotrp rvith tlorrl-rlc, h¡'tllogen rean'¿rrìgcrììent ()I-72) plo-
cluces rrr/e 136,'rvhicìr is lcplt'scuted as the thioacetophenonc'r'¿rtlical ion. JI-72 ibns
are also notecl in thc spcctra of cth,r'l benzo¡'ìrrcctatcs [2].'I'his species fragnrt'nts as

indic¿rtecl in l-ig. 7.
The c¡.clic disulphiclc XII plor-icles a ftrrthel exarlple of thc rctro-I)iels-Altler

pÌocess [l7] in mass spcctlolnctr'\'. Iìr'rgrucntation by the proccss rr¿-r¿ plotìtrccs
the keto fonn of the cth¡-l thioaccto¿rcctater nrolccnlar ion (nr/e l-16). No peah zrt nle 3l
is ol-¡serverl in this spcct,runr, lhich ¡rossil-rlv i¡rdicatcs cithcl that sufficit'nt erìcrg\'
is lost cluring thc rctlo-I)iels-lltlcr l)r'ocess to prelutle ì¡otìr thc founatiotr of the
ethonol raclical iou (and the other rc¿ìrtalìgcrìlcnt ploccsscs), or that thc ltlotluction
of thc ethauol ladical ion (in I), proceetls completcl¡'via thc e¡rol fot'tu (a-'c-+'d).

L.::Ùï:*'"*]

+

cH¡- -cH2 -cooc2H5c
ll
s

.m-, m/e 246 ¡ , m/e 146

+

t99
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Fig. 13
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i l'ì": ï iì J :Ï:
t'ing. ø-Clcavagc to C:S is also obselved,

13.

Expeiimental

All .mass spcctrft \\'erc nìc€rsurecl u'ith an Hitachi Perliin-Elmer R,.ìI.U' 6D clouble

foc¡ssing ln¿;s spcctr.ornctcl' rvith ân irìlet tcmpclatule of 1O0"-ancl Íì sotllce tempera-

ture of 
"150". Tlìc spcctla of IX, X, ancl XIY 'w-crc obtainccl by intt'oclucing f, VII,

ancl XIII i¡to thc *órr.." .rrith l)rO [0]. Eract mass rtìcasurenìents l'cre performed

rvith an A.E.L l\lS I nass spcclrornctcr using a rcsolution of 14000 (l0 l'. valle¡'

clcfinit,ion) rvith hcptacosaflrroì'otribut¡laminc provicling rcfcreucc nlâsses. All meas-

"'ïîi::ì,,î:i:.:,:'i:::"ti;ì,'jÏtält i,Ïilt o,' ,,ooo"r,prrasc crrromatog.apriy, NrrR,
and n.rass 

^spcct¡onrctly. Previously publishccl proccclules rvele usccl for the pleql-
ration of I irS1, IV il8l, \¡ [18], VII-tl8l, VIII [r8], XI [I8], aÛcl XII [I8]. II, III,
and VI ',t.rl p..pn."cl Úy t.:"nltncnt ãf (s¡'nthesized

from rlilictcnJ arxl alcohãls [9]) rvith I ogcn chloride

[8]. Belos'thc cletailccl syntlciis of VI theses of XV

[ZOj a,rct X\/III [21] u'ill be publishccl iu fort¡coming p*blications.

Benzyl tltioocetoacetate, VI 
I'

A solltio¡ of 1g.2 g (0.1 ruolc) bcnz¡'l acctoacetatc in 150 lnl of acetonitrile u'as

coolccl to -60". I(ccliing the tcmpclature constaut, a rnoclct'ate stlcam of H'S-gas

rvas passccl tìrr.ough tlc solution for 90 nlinutes follo'rvecl b¡' th'y HCI for '10 rnilrutcs'

Duriìrg thc nightlthc reaction mixtutc rvas allo*'ccl to tvalm to -20o. Then it rvas

po.,r.ã i¡to icã-u'atcr unclcr stirliug ancl extractecl rvith bcttzcuc. The bcnzcne la¡ er

ïas u,ashccl l'ith a cìiìutcd natriurn carbonatc solution, thclr rvith rvatcr antl tlricd

over calciutlr suìPhattr.
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The benzenc \r'as rcnloved ancl ühe rcrnaining oil clistillccl to givc thc title con-r-
pou¡rd as a rccl oil, bp0.6;: 98o (uncorrcctcrl), n2¡]'5: l.õ665.

Yield: 16.2 C (78 %).
(Founcl: C, 63.35; H,5.72; S, 15.52. CrrHr2O2S rec¡riles: C,63.45; tI, 5.81; S, 1õ.37.)
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MASS SPECTRA OF o-DIKETONES

I.l NON-ENOLIZFD a-DII(ETONES

By J. II. Bowrn,f R,. G. Coors,S G' E. Gnneu,f and' M. H. Lmrnnf

lMønuee'ri,1tt røceioeil Nottøm,ber 3, f 967]

Sum'm'o'rY

The mass spectra of a serios of ¿-diketonos are reported and discussod.

Fragmentaúion pattorns havo boen substantiatod by oxact mass moasurements,

metastablo ions, and. in two cases, by deuterium latrelling süurlios' The Mclafferty
rea,rl,engement is not observed. in tho spoctra of aliphatic ø-dikotonos; fragmentation

proceorls by a-cloavage. Tho fragmontation modes of thoso cyclic o-dikotones studied.

depond largely on ühe ring size. Molecular ions are observed in all spoct'ra'

although the mass spectra of p-fiketonesl-6 and 7-d.iketones? have been dis-

cussed, the only spectra, of o-diketones to be reported ale those of biacetyl,s penta'ne-

2,3-dione,e and octane-2,3-dione.e we have synthesized â series of non-enolized a'

d.iketones (I-XII a,nd xlv)ll and their spectra a,ïe recorded. in n'igures I-8 or Table l.
High-resolution data a,re summadzed, in Table 2. Although the structures of fragment

ions are not, known, nominal structures have been drawn in ordor that the fragmenta-

tion modes ma,y be related to the structufes of the molecules in the ground sta'te'

The presence of a,n a,ppropriate metastable ion for any process is indicated (both in the

toxt or a figure) by an asterisk'

The mass spectra (x'ig. 1 and Table l) of the symmetricel aliphatic ¿-diketones

(I-VI) are very simple. These compound.s exist, pred.ominantly in the keto form,tf and

t This paper also constitutes Part, XXVI in the sorios "Elocüron Impact Studies."

Part XXV, Arlc. Kørnd, in Pross.

$ Departmont of Organic Chemistry, Universit'y of Adelaide, S'A' 5000'

$ University Chemical Laboratory, Lonsfield R'oad, Cambridge, England'

ll The mass spectra of onolizablo cyclic a-dikotonos will be roportod in a subsoquent

publication.
lT Infrarod and. n.m.r. studies havo not, revealod tho presonce of any onolio component's.

l Bowio, J. H., Williams, D. H., Lawesson, s.-o., and schroll, G., J. org, Chøm'' 1966,

31, 1384.
2 Schamp, N., and' Vandewalle, M., Bull' Soa' ch'irn' BøIg', 1966, 75' 539'
s Goto, T., Tatomatsu, 4., Nakajima, Y., and Tsuyama, H., lløt'rahed'ron Løtt'., 1965,757.
aVandewallo, M., Schamp, N., and De Wilde, ]J.', BuU' Soc' ch'itn" Belg"1967'76' ILI'
6Vandewallo, M., schamp, N., and Do wilde, H., BuIl,. soc. chirn. Bø1g., 1967'76, 123.

6 Maquostiau, A', and Lojoune, P., Bul'l' Soc' chi'm" BøIg', 1967, 76' 1f,3'
7 Lawesson, s.-o., Madsen, J. Ø., Schroll, G., Bowie, J. H., Grigg, R., and williams, D. H.'

Acta chem' scttnil., 1986,20, ll29'
s ,,Cetalog of Mass Spectral Data." Spectrum No. 782. American Peöroleum Institute

R,osearchProject,4rl.(CarnegielnstituteofTechnologylPiútsburg'Pa.)
0 Rousch, W., and Djerassi, C., Tøl,røhedron, L967, 23, 2853'

Auat' J' Ohem'.,1968,21, 1247-66
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cleavage of the C-C bond between the two carbonyl groups prod-uces the base pea,k of
the spectrum when each side-chain contains less than five carbon atoms, and is not
branched' When the side-chain contains more than four carbon atoms, the base peak
of the spectrum is the propyl cation (C'HT, mle 4B). When the side-chain is branched,

Trnr,n I
MASS spncrx,Ä ox' coMpoûNDs (r rrr), (v), (vr), (xr), (xrr), aro (xvr)

All poaks greator than 2lo of the t¡ase poak (f00/") are rocolded
(r)

(II)

(rrr)

(v)

(vI) r4l t55 t69
322

rnle
r (%\
mle
r (%t
rnlø
r (%)
mle
r (%)
mle
r (%\
nrle
r (%)

mle
r (%)
nxle

r (%)

mle
r (%\
mle
r (%t
,nle
r (%)
mle
r (%\
înle
r (%\

lt3

75 76
13 16

t42(M)
T2

28 42 43 44 86(M)
t4 l0 100 l5 24

27 28 39 40
9 422 I

156(M)

72 73

78

72 99 100
786 I

100
4

42 43 44 57 58 59 69
94366328423

r42(M)
7

27 28 29 39 4t 42 43 44 69
L7 4 8 829 6 100 6 tt
27 39 4t 42 43 44 57 70 7t
14,822 5100 7 3 654
27 29 39 41 42 56 57 58 85
41462255100616

27 29 39 4L 42 43 44 56 57
L22062081006t24
r98(M)

132 145 146
n3594

27 28 38 39 40
r0 6 7 36 5
91 92 tO2 103
3031459
174(M)

170(M)
5

7L

63

5

70 7l 85
10052

128

6

6

50
29

104
7

5l
57

ll5
oo

79 80
47

t47
T2

52 62 63 65 74
ll I 20 15. t3
116 tl7 Il8 t3l

I I 88 4,2 100

77 78

44 43

28

37 38 39 49 50 5l
4 6 r0 637 40

r29 130 t31 158(M+)
6 r00 t4 ,9

52 6l
lt 6

62 63 7+
8 l3 20

75

2l
76 lot t02 103 104
3698697

the base peak of the spectrum is produced by the appropriate alkyl cation (the
tertiary cation being more stable and more abund.ant than a secondary cation).'when the energy of the electron beam is reduced to 15 ev, the R-c=o+ (or R,'-c=e+¡
species is always the base peak. rn the spectrum (x'ig. l) of decane-5,6-dione (rv),
o-cleavage produces a (mle 85), which decomposes by loss of carbon monoxide to
produce the n-butyl ca,tion (b, mf e 5?). No metastable ion is present to indicate that
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T¡sl¡ 2

coMposrTroN ox' solvlE roNS rN TEE spEcTRÄ ox' coM?ouNDs (r-xv)

Compound. *1" Composiüion Compound tnlø Composition

t249

(II)

(ilr)

(v)

(vrII)

56

69

72
tt2
l4t0

43

7L

73

tt3

43

85

99
(Iv)

42

70
83
98

126

{

{

c3H? (90%)
crHao (ro%)
c4H?o
c4Hoo (60%)
caH6o, (40%)
c6119o2

(xr)

(xIIr)

(xrv)

CrHu
caHoo
csH?o
c4Hso
c6Hgo
c?Irr2o2

42
58
59
70
85

128

Jcutt, qoso¡¡

\c,rrro 1s'¿¡
c6HEo

CoHt
c6Ho (80%)
c4H.6o (20yo)
c4Hso
CrHru
coHl6o

J-ì.

I
\

csHllo (70%)
cõH?o, (30%)
c6ï[eo2
c7r{r1o2
csIIroO!

Jc"u. ltoo¡¡
\crrr,o 1ro'¿¡
f cn]I, q7o"1o¡

\c,rr,o 1so"¿¡
CuHt

Jcnuuo 1toy"¡
\curr, lsoo¿¡

C.Ht

113
I27
141

43

l4r
155
169

r52
I81
t94

43

55

67

69

79

8l

82

83

95

tI0
138

fc"u, qoso¡¡

\crnro 1s.¿¡
c8rr13o2
cgrIr6o2
crorl1?o2

(x)

CtrHt
clslrso
c14r{1oo

CrHu
c4Hro
CuH'
CrHtn
csH14o

CuHt
CuHn

c6H1o (80%)
c6Hso (20%)
c6H11 (96%)
c6H?o (4%)
c?Hrl (98%)
cilIlo (zyo\
csH14 (70%)
c?Hmo (30%)
ca}[140

(-cnrr,o laoo¿¡69 { c"rr" lrso¿¡
[-cun,o lryo¡

72 C6HoDs

(xv)

ó [or its a,na,logues in the spectra of (I-III) and (V-VII)] is formed directly from the
molecular ion. The Mcl,afferty rea,rrangementl0 is not observed- in these spectra, even

(lv) =¡#t-l* ue(cHr)rc=o+ -+9+ ue(cHr)rcHj

a, mle 85 b' mle 57

when the energy of the electron beam is reduced to a nominal 10 eV. This is ân im-
portant observation (cf.s) as the Mclafferty rearrangement is generally a major process
when the alkyl substituent attached to the carbonyl group contains three or more

1o Mclafforùy, E. W,, Anal,yt, Chøm,., 1959, 31, 82.
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carbon atoms with at least one hydrogen attachod to the y-carbon atom (for
compendia of these processes seou'rz). The propensity of the ¿-cleavage process
presumably precludes the operation of the p-cleavage process.

Fig. I
Bu'l-c-c-Bunililoo

(rv)

100

u, (t)

es (")

rso(v+)

90

Ë"o
Ec
a¡
o40

.¿
j

ú
20

*
-H2
(*)

4l

Fis.2

(") zs ev

es(.)

40 60 ao too 1zo 140
ñle

(vl)

Me -Me
tø"\-c-c-c-cfM{ l{ ¿l \M"

127 4

60

rzo(M+)

Fis2
(t). ls "v

s5 G)43
oo

ao

60

G
->

q
aþ

'a

ú

40
rso (v+)

zr (a) t(a)

40
mle

The spectrum (X'ig. 2(a,)) of.2,2,5-fuimethylhexane-3,4-d.ione (VII) exhibits the
species c ùîd d, which are produced by tho û,-cleavege ptocess. Surprisingly, the
relative abundances of c and the t-butyl cation (mle 57) are less than those of d
and the isopropyl cation (mle 43) respectively. This situation is reversed. when the
energy ofthe ion beam is reduced to I5 eY (see Fig. 2(ó)).

1r Budzikiowicz, H., Djerassi, C., and Williams, D. H., "Mass Spoctromeùry of Organic
Compounds." (Holden-Day: San X'rancisco 1967.)

12Bowio, J. H., "Mass SpoctromotryofOartronylCompounds"in"Tho Chernisüry of úhe
Carbonyl Group." (Ed. J, Zabicky.) Vol. II. (fntorscionco: London 1968.)
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:o+ -g-6+

c, mle 85 d, mle 7I

The spectrum (n'ig. 3) of benzil (YIII) is noteworthy for the presence of a,

skeletal-rearr&ngemont process of the type [ABC]+'-*¡4C]+'fB (cf.13). Examples
of this type of process a,re relâtively common in unsaturated systems (for reviews,
see12,14). At present, oriJy ø posteriori statements can be given for these processes.

The process observed in the spectrum of benzil is M-CHO. -CHO' to form mle I52
(Io/" of the base peak), which is plausibly represented as the biphenylene radical ion.
Although this process is a minor one, it is important, and benzil-d. (IX) wa,s sJm-

thesized in order to see whether the hydrogen atoms that are lost come specifi.cally
from the ortho posil,ions. The spectrum of (IX) is record.ed in Ïigure 4, and it can
be seen that the initial process (M-CHO.) in n'igure 3, is now M-CDO' and
M-CIIO' in the ratio 3 :2. The second loss of a formyl equivalent (although more
complex) also follows this pattern. These results may be explained. if the hydrogens
on the aromatic rings are completely rand.omized. upon olectron impact. This hypo-
thesis has been invoked previously, to explain results obtained from deuterium label-
ling studies, which were designed to clarify the formation of oxonium cations in
the spectra of compounds of the general type Ph-CH-CH=CO-R,.15 Complete
rand.omization of hydrogen a,toms is also observed for toluene.l6 Randomization of the
hydrogens in benzil occurs even a,t 15 eV.

(x) R : Cr{,

(xÐ R:o (xu) (xru)

The fragmentations in the spectra (n'igs. 5 and 6, or Table I) of the monocyclic
o-diketones (X-XIII) are largely dependent on the ring size. Extensive high-
resolution studies (Table 2) were necessary to elucidate tho fragmentation patterns.

The spectrum (Tig. 5) of the cyclopentanedione (X) exhibits fragmentation
patterns which are very similar to that, (Table f ) of (XI). Compound (X) exists in
the keto form because of its substitution pattern, and two fragmentation processes

are observed; viz. e-->l-->g, and ø->å (base peak). Other fragmentations are

13 Bowie, J. H., Williams, D. H., Madson, P., Schroll, G., and Lawesson, S.-O., Tøl'rahad,rom,

1967, 23, 305.
14 Brown, P., and Djerassi, C., Angew. Chørn. i,nt,. Ecl,n, 1967, 6, 477.
lsWilliams, D. H., Ronayno, J., and Bowie, J. H., J. Ant,. chem^ Soc., 1966, 88, 4980.
16 Grubb, H. M., and Meyerson, S., in "Mass Spoctromotry of Organic Ions." (Ed. X'. W.

Mclafforty.) Ch. 10. (Academic Pross: Now York 1963.)
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indicated in X'igure 5. A very different situation is observed when a benzene ring is
fused to the cyclopentane-1,2-dione ring (as in XII). The base peak (å, mle 70) in
the spoctrum of (X) is not obsorvod in that of (XII). Instead, the base peak is

loo

-HC=CH*
Fig. 3

(vr0

ao

3oo

þ
g40
'¡
ú

20

77 -cHo

1gt t94

loo 120 140 160 tao 200

^le

5t

zr o(v +)
52

loo 108

ao

(" ro)

zro (tø+)

186
187

200

ao 100 120 140 t60 tao 200 220

Fig.4

Eoo
tc
I

ú40

j

ú
20

t-

(rx)

56

\
40

,lrl 
"

too
zo(n)

'(+)
Fig.5

(*)

42

83 (c) rsn(u +) (x)

ge(l) t26

60 
"o -/rtoo 

l2o 14o

formed by the process M-CO-Me., and. the two major fragmentation schemes ere
M-CO-Me.-CO (possibly to ,i,, mfe 103) ancl M-CO-CHO.-H, (to the indeno
cation, j mle ll5).

55

ao

Eoo
!

v

o40
'É

ú
20
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+

[t, ,u.l*' Me Me

-zeu> 1.">Ç(" I -*"', ;YLt" v Me-.1

g, mle 83
f, mle 98

e, mle I54

+

h, mle 70
i, mle I03 i, mle 7I5

The spectra (X'igs. 5 and. 6) of the cyclic fi.ve- and six-membered diketones
(X and XIII) are very difforent. The base peak in the spectrum (Fig. 6) of (XIII)
is produced by the hydrocarbon species mle 56, which may bo formed by the process

lc-->l, (Lhere is no evidence to suggest, that this is a concerted process). No ion
corresponding to h (mle 70) is present in this spectrum, but the process M-CO-CO
(analogous to e --> f in X) is still observed.

+.

I, mle 56

h, mle 168

The behaviour of camphorquinone (XIV) upon electron impact is complex,
and high resolution (Table 2) of the spectrum (n'ig. 7) wâs necess&ry for the inter-
pretation of the breakdown process. Through the courtesy of Professor 

'W. L. Meyer
we were able to me&sure the mass spectrum (n'ig. 8) of the dr-d.erivative (XV).17

The bicyclic o-diketone (XIV) does not fragment either as a cyclopentane-1,2-dione
or a cyclohexane-1,2-d.ione. Instead, the process M-CO-CO produces mle IIO (70o/"

CrHrn), plausibly represented as ra, which may fragment by loss of either methyl
radical !,o n ot o (mle 95). Alternal,ively m may fragment by loss of CrHr' to mle
83(CsIIu,960/o). This species loses ethylene to produce mle 55 (CITT,70%). The
analogous ion (mle 86) in n'igure 12 loses C2II4, C2HBD, and CrHrD, ; this indicates that
mle 83 probably exists in ring-expanded forms, e.g. p and q. Other fragmentations aro
complex; e.g. 70o/o of mle 69 is CnHuO+. The formation of this ion does not involvo
the labelled methyl group in (XV). The complement (30o/") of mle 69 corresponds
to CuH{. fn the spectrum of (XV), õ0o/o of this peak remains at mle 69 and 50o/" is

1?Meyer, W. L., Lobo, A. P., and Mc0arty, R. N., "L org. Chent,,, 1967,32, L7õ4.
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shifted to mle 72, indicating involvement of the bridging carbon atom and its two
methyl substituents.

Me - -*# ,r'- (xrv)

n, nle 710 (70/')

(*) Me

p, mle'83 q, mle 83 n, nle 95 (66/) o, mle 95 (34/)

n'inally, it is of interest, to compare the spectra of 1,2- and. 1,4-quinones. Tho
spectra of l,4-naphthaquinonesls'le are characteristic, as thoy mây decompose from
the M-CO ion [e.g. (XVII) -+ r] by loss of acetylene (probably to ú), or cerbon
monoxide (probably to s), that is, a "d.oublet" at M-54 and M-56 is observed.

-e.+
-2CO (+, *)

(xvÐ s, mle I02

-HC=CH .

t, mle 704

(xvrr) q mle 130

I,2-Naphthaquinone (XVI), upon electron impact, d.oes not fragment by the process

M-CO-HGJH. Instead, loss of carbon monoxido from tho molecular ion produces
the baso peak of the spectrum, and. the procoss M-CO -CO is pronounced, indicativo
of the close proximity of the two carbonyl groups. Comparison of the spectrals of

18 Be¡mon, J. I[., and Williams, A. 8., Appl. S1tøctrosc., 1960, 14, 156.
le Bowie, J. H,, Camoron, D. W,, and. Williams, D. H., J, Arn. chørn.,Soc., 1965, 87, 5094.

R

R

(xw)
(xv)

Me

CDs

czH:'

++
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a,nthm,quinone ând. phenanthraquinone also indicates that the M-CO process
produces tho base peak for phenanthraquinone but only 760/o for anthraquinone.
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ExpnnrrvrnNr¿l

AII mass spectra wero me&sured with an Hitachi Porkin-ElmerRMU6D double-focusing
mass spoctromoter operating at 7õ oV, wiüh a sourco temperaturo of c. 150' and an inloü

- c2H2D2, (

-ciH¿ (*)
-c2H.D (*)
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tomporature of 50 100'. Exact, mass measuremonts woro carriod. out with an A.E.f. MSO mass
specüromotor with a rosolution of 15000 (l0o/o valley doffniúion) using hoptacosafluorotributyl-
amino to provide referonco ma,sses.

Liquid samples were puriûed by preparative gas chromatography, and solids by rocrystal-
Iization, The purity of all samples was routinoly checked. by gas chromatogra,phy, n.m,r., and mass
spoctrornetry.

Compounds (I), (VIII), ancl (XVI) wero purified commercial samples. The following
compounds wore proparecl by roportod procecluros: (II),zo'zr (fll¡,zo'zz (IV¡,zo'zr (Y¡,zo'zz (VI¡,zo,zr
(X)" (t¡y selonium dioxido oxidation of 2,2,4,4-tøtramethylcyclopentanone24), (XI),'96 (XIII),'96
and (XIV).,? Benzil-du (IX) was synthesized from bonzaldehydø-2,4,6-d,"16 by the bonzoin
condensation followed by oxidation with nitric acid. The s¡'nthesis of compound (VII) caused
unexpectod difficulties and will be úho subjoct, of a communication in propara,tion.

3, 3 - Dimnthylindøn e - 1,2 -d,ione

Tho oxperimental procedure is ossentially that used for tho proparation of camphorquinone
(XIY¡.zz

A mixture of 3,3-dimethylindan-l-ono2t'(5.2 g), selonium dioxide (4.0 g), and acetic
anhydride (a.0 mI) was heatod under roflux in an atmosphero of nitrogen for 4 hr. A socond
porùion of solenium d.ioxide (I.4 g) was then added and the mixturo heated undor roflux for a
further 2 hr. After treing cooled, the mixture was noutralized by the dropwise ad.dition of aquoous
sodium hydroxido (30o/o) followed by saturated sod.ium carbonato solution (25 ml). Aftor romoval
oftho procipitatod selenium by filtration, tho roaction mixture was extracted. with ether (3 x 100 ml)
and úhe combined ethor oxtracts wero washed with wator, and dried (MgSOa). Aftor the dried.

extract had beon allowed to stand ovor a few drops of mercury for 12 hr in ord.or to romovo
rosidual solonium,za tho other.was romovsd. to yiold.3,3-dimothylindane-1,2-dione $'5 g,79o/o\,
m.p. 104-106' (lit.'z8 106-107') after rocrystallization from light petroleum followed by sublimation
at 75"1L '5 mm.
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skeletal-rearrangement ions in the mass spectra of nitronesr
by B. Søgaørd Larsen, G. Schroll and S. -O. Lqtvesson
Department of Organic Cltemístry, Aarhus [Jniversíty, Aarhus C., Denmark

J. H. Bowie
Deparrment of organic chemÌstry, university of Adelaide, south Australia, 5oo0

and R. G. Cooks
University Chemícal Laboratory, Lensfield Road, Cambridge, UK

Because of our interest in the skeletal-rearrangement
processes observed in the mass spectra of azoxybenzenes2,3
and iy'-oxides,4,6 *. have determined the mass spectra of a
series (1-12) of nitrones. Prominent rearrangement peaks
due to strbstituted benzoyl cations are observed in all
spectra. Their formation must result from migration of
oxygen from nitrogen to the adjacent carbon atom. This
should be compared with the rearrangement of azoxyben-
zenes, where the oxygen migrates to the aromatic ring
furthest from the .ly'-oxide link.z,3 The results are sum-
marised in the Table.

rean'angement ion from the molecular ion involves a one_
step process.T The formation of the rearrangement species
possibly involves the formation of the cyclic interm edîab a,
which may decompose further Io b. The formation oi
oxaziridine species of the type ¿ has photochemical
analogies.s

n'R

-0

Table
Relative abundances of rearrangement pealcs in the speclra of l-12
Compound

+

R,

Received 9 Februøry 1968

R

Rearrange- Relative
ò/ menl peak abundance MeÍastable
" (mle) (%) ion (mle)+

:CH þ

R R Refe¡ences

H
H
H
H
H
H
pcl
oOH
pcl
pcl
pcl
pcl

(l)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(e)
(10)
(1 t)
(12)

The compositions of all rearrangenrent peaks have been
established by exact mass measurements. Appropriate
metastable ions are observecl for many of the processes.
This does not necessarily inclicate that the formation of the

t Part XXVII of the series 'Electron Impact Stuclies'. (part XXVI,
Bowie, J. H., Cooks, R..G., Gream, G. E. and LaìTer, M, H.:
Austral. J. Chem., in press)

2 Bowie, J. H., Lewis, G. E. and Cooks, R. G., Chem. Comm.,1967,2g4
3 Bowie, J. H., Cooks, R. G. and Lewis, G. 8., Austral. J. Chem.,1967,

20, 1607

4 Bowie, J. H., Cooks, R. G., Jamieson, N. C. and Lewis, G. E.,
Austral. f . Chem., in press

s Kubo,4., Sakai, S., Yamada, S., Yokoe, I., Kaneko, C., Tatematsu,
4., Yoshizumi, H., Hayashi, E. and Nakata, H., Chem'. and pharm'.
Bull. Japan, 1967, 15, lO79

6 Buchardt, O., Duffield, A. M. and Shapiro, R. H., Tetrahedron in
press

z Seibl, J., Helv. Chint. Acta., 1967, 50,263
8 Splitter, J. S. and Calvin, M., J. org. Chem., 1965, 30, 3427, and,

references therein

H
pMe
pcl
lllOH
p OMe
rnNO2

H
H

pcl
oOH
o OMe
P NOz

105
119
t39lt41
121
135
150
105
10s
t39lt4l
121
135
150

21
18
12ls
47
28
4
24
7
26lto
32
3l
8

56.0
67.1

68.8
80.3

47.6

73.0

69.8
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MASS SPECTRA OX' SYDNONES*

By J. H. Bowrn,t R,. A. E¡rn,f and J. C. El'nr,f

Because of our interestl,z in the mass spectra of heterocyclic systems, we have
measured the mass spectra of the sydaones (I)-(X). Their mass spectra are recorded.
in X'igures I-4 or in Table I. The presence of a metastable ion for a particular process
is indicated (both in the text and in Ïigures) by an asterisk. Structures drawn for
fragment ions are nominal representations only but serve the important purpose of
relating the fragmentation pattern to the structure of molecules in the ground state.

o--\-a)
ts ,i
l+l

,r-'liñiN" 
L, (r)_ (rx) (x)

II1 Iì2 Iì1 Iì2 Iì1 Iì2

(IV) p-OMeCoII¿ lI (VII) CH2Ph II
(V) p-OzNCaI{¿ H (VIII) 2-naphthyl }I
(VI) HOzCCHzCoH¿ H (IX) cyclohexyl H

The mass spectra of the sydlones (I)-(X) all contain molecular ions, characteris-
tic fragmentation patterns, and. are devoid of skeletal-rearrangement fragments
(cf.3). Consequently, mass spectrometry can be a useful aid to structure determination
in this class of synthetically important compounds.4,5

The behaviour of sydaones upon electron impact, is t¡rified by the spectrum
(X'ig. 1) of 3-phenylsydnone (I). Loss of the elements of NO' and CO from the
molecular ion produces a species plausibly represented. as the protonated benzo-
isonitrile cation c (mle 104), which may decompose further by loss of HCN to yield
d, C6H* (it has been suggested that d is probably linear, and not the phenyl cation6).

* Manuscript received December 5, f 967. This paper also constitutes Part XXVIII in
the sories "Electron Impact Súudies." Part XXVII, Lawesson, S.-O., Schroll, G., Bowie, J. H.,
and Cooks, 8,. G., Chemg Ind., in press.

t Department of Organic Chemistry, University of Adelaide, S.A. 5000.

I School of Chemisüry, Ilniversity of New South Wales., P.O. Box I, Ilensington,
N.S.w. 2033.

1 Bowie, J. II., Lewis, G. 8., and Roiss, J. A., Aust. J. Chem.,1968,21, 1233.
2 Bowie, J. H., Donaghue, P. F., Rodda, H. J., Cooks, R,. G., and Williams' D. H., Org.

Møss Spectrometry, ir press; and roforences therein.
3 Brown, P., and Djerassi, C., Angeut. Chem., 1967,417.
a Baker, W., and Ollis, W. D., Q. Rea. chern. Soc., 1957, 11, 15.
5 Stowart, X'. H. C., Chem. Rea., 1964,64, LZS.
0 Natalis, P., and Franklin, J . L., J, phys. Chern., 1966, 69, 293õ.

(r) Ph H
(II) Ph Me

(IIr) Ph cr

Ausü, J. Chern.,1968,21, 1665-70
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The compositions of the major ions in the spectrum of (I) have been establishect by
high-resolution measurements, and the fragmentation modes may be represented by
the process (I) -+ d. Many canonical forms may be 'çr'ritten for the molecular ion of
(I); ø has been chosen only because it best illustrates the cleavage processes.

71too o4

o

-NO

ao

o
Hoo
!

o40
.à

ú

-HC-CH

-HCN

+NO

140 1

Fig. I

*

(I) -s -NO'

+
Ph-N-CH

c, mle 704

roz (v+)

b, mle 732

132

40 10080
m/e

Ph

a, mle 762

ceHå --+L
d., mle 77

-co

The initial loss of NO' and CO (M-58) is the characteristic fragmentation
process for all the sydnones studied, except for 3-benzylsydnone (VII) whose spectrum
is so dominated by the tropylium câtion (mleV\) that the M-58 process is not
observed. The M-58 process precedes the breakdown of the substituents on the
sydnone ring system [it seems likely that the loss of NO ' in the spectrum (Table I )
of (V), comes from the sydnone ring, but r¡N-labelling v¡ould be necessary to substan-
tiate this suppositionl. An appropriate example to illustrate this point is the spectrum
(X'ig. 3) of 3-(p-anisyl)sydnone (IV), where the M-30 peak is completely due to loss

of NO' (high resolution).

In the spectrum (n'ig. 1) of 3-phenylsydnone (I) there is no evidence to indicate
whether the loss of NO' and. CO is concerted- or occurs in a stepwise manner. The
process is certainly stepwise in the spectra of (IV), (VI), (VIII), and (X), where the
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processes M-NO.-CO are substentiated by appropriate metastable ions. However,

it is possible theit the process is concerted in the spectra of (II), (III), and (IX), which

oontain no M-30 ions, but which also have no metastable ions for the process

M-(No'+co) (M-58).

T¡eln I
MASs sPEcrRÄ on' coMPortNDs (rr), (rrr), erlo (v)-(rx)

Att peaks having a relativenaburdaî::"ä"#ïl$,jl'":"t"**ï peak, and molecular ions

(II)

(IIr)

(v)

(vI)

(vrr)

(vIIr)

(IX)

,nle 28
r(%\ 8

mle 39
r (%) 13

,n le
r (%)

mle
r (%)
mle
r (%)

tn le
r (%)

nùle

r (%)
rnlø
r (%l

mle
r (%\

39 50
7r9

õr õ2
51 6

78
l5

104
6

tI7
6

tI8
96

1I9
l5

50 5I
20 34

r03
1l

r39
7

I40
30

õ0
31

74 7õ
11 30

76
4l

r03
43

150
IO

59 63 74

766

nn oo

6L4
63 64
910

74 76 76
68õ

63 74 75

677
76 77 78

16 100 8

76 77

1I r00

22o(M)

138

r22 r49
16 100

196(M)
l3

176(lU)

1e8(M)
4

64 77 78 79

733 632

r77
IO

89 90
36 24

207(M)
I

r05
l3

27 28 39 43 50

81215297
r07 r17 r35 162

I 13 33 r00

5r 62 63

14618
163 190

tõ 18

91

13

I06
t2

4

28 38 39 4L 45

8633713
5 50 5l

I lr
89 91 92
6100 I

126
I9

L27 r28
r00 r3

rb5
II

62 63 64 65 77

616 641 30

56 67 83 84 87

8 986 8 6
27 28 29

18 10 12

176(M)

51

182
29

63 63.5
97
2I2(M+)

t

77 10I
229

53 õ4 55

7 9100

r53 154
674

39
20

4t 43

5õ8
lr0 r68(M)

620

Although thc M-õ8 ion is abundant in all spectra except that, of (vIT) (Table 2)'

there appear* to b" little correlation between the substitution patterns and the relative

abundances of the M-30 ion (see Table 2). X'or example, in the spectla of the 3-

phenyl- and 3-(2-naphthyt)-syclnone (I and vIII) it constitutesS and29o/orespectiYely,

T¡.sr,n 2

REr,lTrvE ¡,BrlNDÀNcEs or M-30 ¡¡lo M-õ8 roNS rN

TEE spEcrRa. ox' coMPouNDs (r)-(vr) ervr (vrrr)-(x)

Compound

M-30
M-õ8

(r) (rr)(III) (IV)
30028

96 96 77 r00

(v) (YI)(vIIr)(Ix) (x)
10 1929 0 24

r00 100 74 86 I00

while both electron-withdrawing and electron-introducing gloups on the aromatic

substituent (IV)-(VI) increase the relative abundanoe of the M-NO' ion when

compâred with that in (I). The M-NO' process is not thermal (see below) and' is

the Lajor process observed. in the spectra of (I) and (VI11) when the energy of the
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electron beam is lowered to a nominal l0 ev, viz. ror ffIII) (10 ev), 1y1+ 1100%)'

M-30 (S2o/o), M-58 (2%). Ir is of interest to note that this is not the case when

the M-58 process may form an exceptionally stable cation, e.g., in the spectrum

(Fig. a) of the cyclic sydnone (x), it produces the species e, which probably lea1'rânges

io f,toáo." the stable protonated quinoline cation /. When the spectrum of (X) is

measured at I0eV, mleI\\ (ø, M-58) is still the base peak'

(x) -noþ +

e' mle r3o 
f, mle t3o

All spectra were measured by the direct insertion technique, as it was found

that sydnones [espeoially (I) and (III)] pyrolyse in the heated inlet system (c. I50-
200" at t0-o mmHg). 3-Phenylsydnone is the most unstable, and its mass spectrum

(obtained at 200') is illustrated. in X'igure 2. This should be compared with the true

spectrum (Fig. l) obtained. by the direct insertion procedure. The compositions of the

tLermal d.ecomposition prod.ucts have been established by exact mass me&surements.

Species co*""*ponding to the loss of CO (mle 134) and CO2 (mle lI8) are observed,

but no product due to loss of NO is present. The most abundant decomposition

product, mlel03, corresponds to the benzoisonitrile molecular ion, and this representa-

lion is supported by its loss of HCN to mle ?6. Other ions noted in X'igure 2 which

u." ,b."rrt in x'igure I are mle93 (c6H?N) which may correspond to aniline (both

benzoisonitrile and aniline are produced. when 4-chloro-3-phenylsydnone is treated

with base?) and. mle r05 (c6H5Nf) which d.ecomposes by loss of nitrogen and is

possibly the diazonium cation.

Eaperimentøl'

AII mass spectra were mea,sured with an Hil,r¡uhi Petkin-Dlmer RMU 6D doublo-foousing

mass spectrometer (operaüing at 76eV) by the "direct-insertion" procedure with source tem'

peratures ranging from 50" (I and III) ùo 250' (YII and X)'

Samples wore synthesized by roported procodures: (I),s (II),8 (III),9 (IV),10 (V)'11 (VII)'11

(VIII¡,to (IX),11 end (X).12

p - E thoxg carbon glm etlrylphenglgl'g ci'ne E thyl E st'er

A mixüuro ofethyl p-aminophenylacetato (18'0 g), anhydrous acetono (Iõ0 mt)' anhydrous

potassium carbonate (20 g), and eùhyl trromoacetate (10 ml) was refluxed for 20 hr. Additional

Àthyl b"o,,.o."øtatø (2 mt) and poüassium carl¡onate (10 g) were added after l0 hr. The hot' aoeüone

soluöion was filtered. and the solvent was removed to give a crystalline product which was purified

by the standard proced.ure.lo The oster (rõ.ag) separated from lighú potroleum (b.p' 60-80')

aÀneedles,m.p.49-60'(Found: C,63'5; H,7'4; N,5'7' Calc'forCr¿HrsNO¿: C'63'4;H'7'2;
N,5.3%).

? Earl, J. C., Recl Trau. chim. Pags'Bas Bel,g., 1956,75, f 080'
¡ Earl, J. C., and Mackney, A. W., J. chent. Soc', 1935, 899'
e Baker, \ü', Ollis, lV. D., and Poole, V. D', J' chøn't' Soc', 1960, 1642'

ro Eade, R. 4., and Earl, J. C., J' chem.,So¿'' 1946' 59I'
rr Eade, R. .A'., and EarI, J. Õ., J. chent, ¡Soc'' 1948, 2307'
12 I{ruger, 5., Ckenty Ind'., L964,466.
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p - C o,rb o ø A nx ethglph erryIglg cdn e

a mixture of the abovo diester (8 . 0 g), othanol (5 ml), water (25 ml), and sodium hydroxide
(2'6 g) were rofluxed for 20 min. Careful acidificaüion to pH 2 of the chilled reaction mixture gave
thediacid(5'7g) whichsoparatodasplatesfromwater,m.p. lõ6-15g"(dec.)(Found.: c,6i.a;
H, õ.3; N, 6.8. Calc. for C1sH11NOa: C,57.4; H, 5.8; N, 6.2%).

N-Nølroso -N-p - carb ongmethyl,phenglgty ci,ne

A suspension of the abovo diacid (2.08g) in water (1õml) was troatod at 0" with a con-
cent'ratod solut'ion of sodium nit'rite (0. 8 g) in ühe absence of surúight. After half an hou¡ ühe
clear reaction mixturo was acidified. The crystalline nitroso dorivative (2.28 g) which soparatod
could tro recrystallized frorn water to give prisms , rn.p. 127-12g" (dec.) (x'ound: c, 60 . 6; H, 4.4;
N, 11.5. Calc. for C1¡II16N2O5: C,50.4; H,4.2; N, ll.8%).

B - (p - C arb o r y m e t l tgl phenyll s y dn o n e

The nit'roso compound (l g) gave at, room temperature undor the standard condiüions,ro
0'9 g ofcrude sydnone aftor four days'reaction. The sydnono separated as noodles, m,p. lgõ-Ig6.
(doc.), from acetone (X'ound: C, õ4.8; H,8.9; N, 12.4. Calc. for C'6EI6N2Oa: C, õ4.6; H, B.Z;
N, 12.7%).
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ELECTRON IMPACT STUDIES-XXIXI
THE C13H9 SKELETAL-RBARRANGEMENT FRAGMENT IN THE

MASS-_SPECTRA OF HETEROCYCLIC SYSTEMS CONTAINING
DIPHENYL SUBSTITUENTS'

A DEUTERIUM LABELLING STUDY

J. H. Bown, P.F.DoN.,l,cHUn, H. J. Rooo¡' and B. K. Snr¿oNs

Department of Organic Chemistry, The University of Adelaide, South Australia 5001

(Received in the tlK 13 November 1967; acceptedfor publication 12 December L967)

Abstr¡ct-The mle 165 ion (C13He) has been noted in the mass spectra of a variety of heterocyclic systems

containing two (or more) phenyl substituents. This skeletal-rearrangement fragment is most prominent

in the spectra of particularly substituted oxazoles, imidazoles and thiazoles. Deuterium-labelling studies

have aiowed probable mechanistic formulations in the case of the 4,5-diphenylimidazoles, and the

detection of two alternate rearrangement pathways in the spectrum of 2,4,5-triphenyloxazole' A com-

parison is made between the formation of mle 165 in the spectrum of stilbene and 9,10-dihydrophen-

anthrene.

Tl¡lr l. R¡l¡rrtv¡ ABUNDANCE ot mle 165. Fuclrnrrs IN THE MAss sPEcrRA oF DIPHENYL HETERoCYCLES

DuruNc a study of the mass-spectral fragmentations of substituted imidazoles,2 it
was observe¿ itrat the spectra of 4,5-diphenylimidazoles exhibited pronounced

skeletal-rearrangement fragments at mle 165 (Cl3H;, high resolution). This ion is

formed directly from the molecular ion, and its formation demands a Ph migration'

Similar phenomena are observed3 in the spectra of the isomeric diphenyloxazoles,

and tentative mechanisms have been proposed for the genesis of the rearrangement

ion. The CrrHn ion is also observed in the spectra of 2,5-diphenyl-1,2,4-oxadiazole

Compound

4,5-Diphenylimidazole
2-Isopropyl-4,5-diphenylimidazole
2,4, 5-Triphenylimidazole
4,5-Diphenyloxazole
2-Methyl-4,5-diphenyloxazole
2-Ethyl-4,5-diphenyloxazole
2-n-P entyl-4,5 - diphenyloxazole
2,4,5-Triphenyloxazole
2,5-Diphenyloxazole
4,5-Diphenylthiazole
2-Amino-4, 5-diphenylthiazole

Compound

2,4-Diphenylthiazole
3,5-Diphenylisoxazole
3,5-Diphenylpyrazole
3,4-Diphenylpyrazole
2,5-Diphenylfuran
5-Methyl-2,3-diphenylpyrrole
2,3-Diphenylthiophen
2,4-Diphenylthiophen
2,5-Diphenylthiophen
2-Chloro-5,6-diphenylpYrazine
3,6-Diphenylpyridazine

Abund.
of mle

165

(%)

Abund.
ol mle

165

(%)

42
26

100

75
86

100

73

80
53

85

45

1

4
7

2l
3

2

7
5

2

2

0

3965
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$3\ of the base p"{)ti4,5-diphenyl-2-pyrone (tT%),t 3,4-diphenyl_4,5_epoxy_2_
cyclopenten-l-one (21%)s _diphenylmetøne (29f),6 stilben" OoZi an¿ 

^g,to-¿i-

hydrophenanthrene (30 %)."
As a knowledge 

-of 
skeletal-reorganization processes in mass spectrometry is ex-

tremely important,e it was decided to investigate (a) whether the presence of a promi-
nent CtrHe peak is characteristic of all compounds containingi¡r p1t-6:ç-p¡tt
unit, and (b) to study the genesis of the rearrangement ion in the spectra of the 4,5-
diphenyloxazoles, the 4,5-diphenylimidazoles, stilbene and 9,10-dihydrophenan-
threne, by deuteriumJabelling studies. This paper deals primarily with these
problems.

The relative abundances of the crrHn fragments in the mass spectra of some
heterocyclic compounds are summarized in Table 1. It can be clearþ seen that the
rearrangement fragment is pronounced in the spectra of 4,5-diphenyloxazoles (where
in several cases it constitutes the base peak of the spectrum), 4,s-aipnenytimidazoles,
4,5-diphenylthiazoles and 2,5-diphenyloxazoles. In the case of the S-membered
heterocycles containing one heteroatom, ând with adjacent ph substituents, the
rearrangement peak is less than l0\of the base peak,* while the mle 165 peak is
either small or absent in the spectra of the two 6-membered compounds. Therôfore, a
pronounced Ct¡H, peak is not characteristic of the ph-C:c-ph moiety, but isll
generally conhned to S-membered heterocyclic systems containing two heteroatoms
(normally in 1,3 positions), and to isolated instances, including diphenylmethane,
stilbene and dihydrophenanthrene.

l:R:Ph

2:R :

3

D

The mass spectra of 4,5-diphenyloxazole I and the two labelled derivatives 2 and 3
are recorded in Figs 1-3. It has been shown previously that hydrogens on aromatic
rings become equivalent upon electron impactro'11 and that randomization does not
occur for isolated hydrogen substituents attached to the oxazole nucleus.12 This
situation has also been apparent throughout this study, and consequently, even
though the benzene rings are speciflrcally labelled with deuterium, frágmentations
involving loss of deuterium andlor hydrogen atoms from the benzene rings of 2 will
occur in the ratio 3:2 (D:H) (ignoring possible isotope effects). In the spectrum
(Fig. 1) of 4,S-diphenyloxazole l, mfe 165 may be formed by two pathways: viz.

* The skeletal-rearrangement fragments observed in the mass spectra of isoxazoles, pyrazoles,2,5-
diphenyl-furan, -pyrrole and -thiophen, will be the subject ofa future publication.
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%

(3)

5l

a: m/e 166
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-co
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Frc. 3

(a) M-{co + HCNFH' and (b) M-co-HcN-H. fappropriate metastable
i'ons (denoted by an asterisk in the Figs) substantiate urr p.o.Ërr"rj. rrr"r. p.o."rr.,
are modihed in the spectra of all the 2-substituteã 4,s-dipienyloxazoles to
{-{co + RCNFH' and M-co-RcN-H.. when thelene'rgy of the electron
beamisreducedto l0eV,theprocess M -- mlel66isalwaysprorrorrrr".d,withmle165
being the minor component. Even though structures drawn for fragment ions are
nominal only, it is argued that the most plausible structures for mle 166 and 165,
correspond to the fluorene radical ion (ø) and cation (b), respectively, although this
does not preclude the possibility of more t xtensive rearrangernent.

+

b: mle 165

_ The spectra (Figs 2 and 3) of the labelled compounds 2 and 3 show that the twoPh rings are involved in the formation of the fluo.rn" cation [ì.e. ttre processesM-CO-HCN-H' or M-Go-HCN-D- produce mle r7l oi tzo respectively
(Fig. 2)], and that the deuterium at C-2 in (3) is specifically lost in the initial process,
and plays no part in the formation of the rearrangement ion. The latter observation
negates the earlier mechanistic proposal3 for the formation or fle 165 from 4,5_
diphenyloxazole, as this mechanism invokes the participation of the hydrogen at
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C-2 in the transformation. Nevertheless, the above observations still do not allow
unequivocal proposals to be advanced for the mechanism-

t,
R1 R2

HPh
DPh

4
5

H6

7
I

gHPh

10H Ph

However, the spectra of the imidazoles 4-10 permits conclusions to be reached

concerning the genesis of the ion b. The spectra (Figs 4 and 6) of 4,5-diphenylimidazole
(4) and 2,4,5-triphenylimidazole Q) are different from that of 4,5-diphenyloxazole (1),

as in these spectra, b (mle 165) is formed directly from the molecular ions (concerted

losses of C2H3N2. and C'H7N2. respectively). Metastable ions substantiate these

processes, which, although concerted, do not necessarily occur by one-step pro-
cesses.l3 The spectra (e.g. Fig. 6) of the N-d1 derivatives 5 and 8 show incorporation
,of deuterium into the rearrangement peaks, and after a calculation (which is approxi-
mate because of M-l and M-2 peaks) to allow for incomplete'labelling, a value of
50 + l0% is obtained for the incorporation of deuterium into the rearrangement
ions (now mf e 165,166 and 167). Such a value is much too high to be accounted for
by randomization of the label, and a specific transfer process is indicated. It is of
interest to note that the spectrum (Fig. 7) of 10 shows that the phenyl substituent at

C-2 is not involved in the rearrangement process.
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The spectra of the du-derivatives 6 and 9 demonstrate the participation of a
second hydrogen-transfer process. The spectrum of 6 is illustrateã in Fìg. 5, and it
should be noted that the ratios of mle 169:170:17I are identical in the spectra of
6 and9, although the relative abundances of the peaks are not the same in the two
spectra. Two concerted eliminations are noted, viz. in Fig. 5, M-C2H2DN,. (to
mle l7o) and M-crHD2N2' (to mle 169). The presence of the second process can
only mean that a deuterium has migrated from a Ph ring to the imidazole ring in
order to allow the loss of the second D atom in the rearrangement. This migration
must of course involve both D and H atoms in the ratio 3:2. To explain this double
hydrcgen rearrangement, scheme 1 is proposed for the formation of b. Migration
of a H atom to either nitrogen, produces d or e, which cannot be distinguished (we
have a marginal preference for d because it forms symmetrical intermediates). The
production of d (or e) provides an electron-deficient centre on one of the aromatic
rings to which the other may migrate (e,g, d --+ f).In order for the rearrangement to
proceed, either hydrogen on nitrogen must migrate back to the "fluorene-centre".
There is an equal probability of either hydrogen migrating, as/may be considered
as a symmetrical intermediate, and although the acceptor-site of the rearrangement
is not known, a possible formulation is 9 (it is possible that the imidazole ring may
have opened by this stage), which may now readily fragment to the fluorene cation.

Scn¡tæ I

H

c

OR

H

d e

-(2HCN + H,
+

H

b
H

sf

Although this rationale is speculative, it explains the hydrogen rearrangements, and
may be correlated with the ratios of mle 169:770:l7r in the spectra of 6 and 9. A
simple calculation assuming deuterium/hydrogen rearrangement to nitrogen i! the
ratio 3:2, followed by s}\back exchange of each atom (H or D) on nitrogen together
with the possible eliminations to produce the rearrangement ions, gives á calculated
ratio for themle 169,170 and 171 peaks as r'0:2.1:1.2. when isoiopic corrections,
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and approximate corrections due to incomplete labelling are made, the observed

ratios áre 1'0:1'5:0'9. These ratios are not inconsistent when the approximations

inherent in the calculations are considered, and also as possible isotopic effects have

been ignored. If one argues by analogy, a similar mechanism could apply to the

formation of b in the spectra of the 4,S-diphenyloxazoles and -thiazoles, although it
is recognized that this double-hydrogen rearrangement could not occur in such cases.

R

.""Ào\.",, R,

R1 R2

13 Ph Ph

l4

C6

1l:R:H
12:R: D

115

DPh

The formation of the fluorene cation (b) in the spectrum of 2,5-diphenyloxazole

(11) has been noted previously,3 and a mechanism has been proposed for its formation.

We wished to comþare this rearrangement with that observed in the spectrum of

4,5-diphenyloxazole. The spectra of 11 and 12 ate illustrated in Fig. 8, and it can be

seen that the hydrogen at C-4 is not involved in the formation of b. Apart from the

fact that Ph migration must occur, no concrete proposal can be presented for the

mechanism, butitis noteworthy that the formation of b in the spectrum of 2,4-diphenyl-

oxazole occurs only to the extent of 5l.x It has already been shown (uide supra) that
the 2-phenyl group of 2,4,5-triphenylimidazole is not involved in the formation of b,

t12l

coHs c6l-b

(ll)

77

39 63

22lll,fl 222lv+l
-(C0* HCN) - (c0* DcN)

-ì

l-ú

z
o
z.
l
CD

LX

-H'
(x)

60

40

.l6s(þ)

-\

-co

89

EJ
TL¡
É.

nl9
180

-co

-DCN

r*

H'(*)

80
m/e

Frc. 8.

160 220
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but because of the pronounced rearrangement occurring in the spectrum of 2,5-
diphenyloxazole, the spectra (Fig. 9) of 2,4,5-triphenyloxazole (13) and 14 were
examined. Fig. 9 shows the occurrence of two distinct processes, uiz. (a) the formation
of b from the 4,5-Ph groups via the normal pathway (60%), and (b) formation of the

H5

(13) (1¿)

- CBHr DINO

- CgH5NO 297(M.) *
-H'(,K)

165(Þ) H'(*) - CgH5NO

-c0

166(q) 169
-H'(r) co

269
212

160 160 180

m/e

Frc.9

d.-fluorene radical ion (mle 169) from the 2,5-phenyl substituents (40%). This ion
(mle 169) may either lose a H atom (to mle 168) or a D atom (to mle 167).'When the
energy of the electron beam is reduced to 10 eV, only two ions are observed in the
mle 165-17O region; mle 166 and 169 in the ratio 2 :3. This implies that the formation
of the fluorene radical ion (ø) from the 2 and 5 Ph groups is more energetically
favourable than its formation from the 4 and 5 Ph substituents. It is assumed that
bond formation does not occur between the 2 and 4 Ph substituents, because of the
small relative abundance of b in the mass spectrum of 2,4-diphenyloxazole. The loss
of carbon monoxide from the molecular ions of 2,4,5-trisubstituted oxazoles has
been reported previously.l2

CuHt -
*'')C:c

.Rt
-cuH,

R

18:R: H
19:R : D

100
165

+

fr)60

lr0

20

*

60

lr0

20

'ã
3-
LLI
Oz
o
z.
l
m

tu

F

J
LU
É.

260 280180
m/e

260 280 300

R

R1 R2

HH
HD
DD

l5
t6
t1
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Finally, it was of interest to examine the almost identical spectra of stilbeneT and

9,10-dihydrophenanthrene,s which both lose a Me radical from their molecular ions

to form mle 165 (b,3Oy, of the base peak). In order to examine this feature, 17 was

required. The synthesis of this compound was approached by equilibration of
desoxybenzoin with MeOD[.Ia, then reduction with LAD followed by elimination

of D2ô. Unfortunately, the initial step gives only 65 /, of the d, species, any further

equilibration then results in deuteration of the aromatic system. As the final product

cóntains only ca. 75% d2, compound 16 was used for this study- The partial spectra

of thestilbenes15and 16arcillustratedinFig. l0.Theratiosof the 165/166peaks

c6H5. /H C6 H

C=C (15) (16)

DH

75eV

,'^

-c6H5 'cuHs

100
180(M*) 181(M.)

180

191(M.)

15eV 75eV

166

*-Me'0
o

Lrl
O
z.
o
z.
=m

TU

l-

-JLtJ
É.

BO

60

¿0

20

165(Þ)

166

160 180

m/e

't80

Êc. 10.

in the spectrum of 16 arc unchanged at 75,20, 15 and 10 eV and each spectrum

shows 34l" relative loss of CH2D. and 66/. of CH.'. This cannot be explained by

randomization of the hydrogen (or deuterium) on the olefinic link with the aromatic

hydrogens, nor can it be explained by an intermediate of the type /¡, which would
be the species obtained from an adaptation of the mechanism outlined in Scheme 1

(the participation of such an intermediate is unlikely in any case, as it has been

demonstrated above that the heteroatoms play a significant part in the mechanism
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outlined in Scheme 1). Further rearrangement of h has been previously used to explain
the loss of a methyl radical from the stilbene molecular ion.14 Although the mechaiism
for the loss of Me' from the stilbene molecular ion is not clear, it seems that at least

H

+

h: mle l8l i: mle lg4

two processes may be involved. The loss of a methyl radical from 9,10-dihydro-
phenanthrene (18) is even more difficult to explain. The spectrum (Fig. tt¡ ór the
do-derivafive (r9) might be expected to exhibit loss of cDr. (see i). However, the

(1e)

D

100

15eV 25eV 75N

r60

1840',f) 184(M-) 18¿(M*)

1
o

-80
LtJ
O
z.
É60
z.
l
m<40
tU

=.^
J
LJl
É.

x10
r
I
I

I
I
I

,

68 168

160 180
m/e

Hc. 11.
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loss of CD3. is minor, the major losses being CH2D' and CD2H'. Again, the mle

166, 167,168, 169 ratio is not markedly affected by decreasing the energy of the

electron beam (see Fig. 11), and it appears that little randomization of deuterium

occurs. In a previous papers it was assumed that hydrogen lost in the M-H, process

fto produce the phenanthrene molecular ion (mle 178)] originated from the 9,10

poSitions of 9,10-dihydrophenanthrene. This is not the case, as the major loss in the

spectrum of 19 is H, and not D2, and probably indicates considerable rearrangement

of the molecular ion. Although the losses of Me' from stilbene and 9,10-dihydro-

phenanthrene are complex, there is little doubt that the formation of b proceeds

differently in these cases than it does for 4,5-diphenylimidazole.
These studies demonstrate yet again that extreme caution must be exercised when

postulating mass-spectrometric mechanisms without the aid of the spectra of suitably

labelled derivatives.

EXPERIMENTAL
All mass spectra were determined with an Hitachi Perkin-Elmer RMU 6D double focussing mass

spectrometerãperating at 75 eV (unless otherwise specified) with a source temp of approximately 150'

and an inlet temp between 50" and 200".

All samples used in this study were routinely checked for purity by nuclear magnetic resonance and

mass spectrometry.
4,5-Diphenylimidazole, 2-isopropyl-4,5-diphenylimidazole and 2,5-diphenyloxazole were purified

commercial samples- The following compounds were prepared by reported procedures: 2,4,5-triphenylimi-

dazole,ts 4,5-difhenylox azole,r6 2-methyl-4,5-diphenyloxazole, t1 2-ethyl'-4,5-diphenyloxazole,ls 4,5-di-

phenyl-2-n-propyloxazole,ls 2-n-pentyl-4,5-diphenyloxazole ,t2 2,4,5-triphenyloxazole,lT 4,5-diphenyl-

ihiurãl.,tn i-amino-4,5-diphenylthiazole,2l 2,4-diphenylthiazole,22 3,5-diphenylisoxazole,23 3,5-diphenyl-

pyrazole,23 3,4-diphenylpy rzzole,2a 2,5-diphenylfuran,2s 2,5-diphenylpyrrole,26 
-5-methyl-2,3-diphenyl-

pyrrole,2l 2,3-diphenylthiophen,2E 2,4-diphenylthiophen,2e 2,5-diphenylthiophen,2e 2-chloro-5,6-diphenyl-

pyrazine,3o and 3,6-diphenylpyridazine.3l
The spectra of 5 and 8 weiå obtained by introducing 4 and'l into the source with deuterium oxide'32

Lqbelled compounils

2,4,6-d3-Benzaldehyile.Prepared from 2'4'6-ilr-aniline by the method of lvilliams ¿¿ ¿1.r1

2,4,6-dr-BenzoytchloriiÌe. Prepared in quantitative yield by oxidation ol 2,4,6-dr-benzaldehyde with

KMnOaaq, followed by treatment o1 2,4,6-ilr-benzoic acid with SOCIr'

2,4,6,2',4',6'-d6-Benzoin. Prepared from2,4,6-ilr-benzaldehyde by the benzoin condensation'

2,4,6,2',4"6'-d6-Benzil. Prcpared in quantitative yield by HNo3 oxidation ot 2,4'6'2"4"6'-d5-benzoin,

(ds : 4%, dø :96%).
2-d-4,5-O¡phenyloxazole (3).4,5-Diphenyloxazole (0'58 g) in dry ether (10 cc) was added to a soln of

n-Buli [from Li (0.086 g) and n-BuBr (0.69 g)] in dry ether (20 cc) at -65", under dry O2-free nitrogen.

After stirring for 30 min, DrO (5 cc) was added, the ethereal soln was separated, dried (Na2SOa) and

evaporated. The product was purified by preparative VPC (30% SE30, 12') The NMR spectrum lacked

theìinglet zt2'19 r indicative ofthe 2-H of4,5-diphenyloxazole'2o
4,5-Di(2,+:6-ü-phenyl)oxazole (2). Prepared from d5-benzoin by the method of Theilig.ls Purified by

preparative VPC (see above) b.p. 190-194'/14 mmHg
2-(2,4,6-dz-Phenyl)4,5-itiphenyloxazole (14). 2,4,6-ilr-Benzoylchloride (1'3 g) and benzoin (2 1 g) were

warmed on a water bath for I hr. The benzoin-d.-benzoate was cyclized to 14 by the method of Davidson

et al.r1 The crude product was chromatographed over alumina in ether, and crystallized from EtOH as

colourless prisms, m.p. 115-116".

4-Bromo-2,5-iliphenyloxazole. To a soln of 2,5-diphenyloxazole (4 4 g) in glacial AoOH (100 cc), boiling

under reflux, was added a soln of Br2(3.2 g) in {cOH (15 cc) ovet a period of t hr. The mixture was

cooled and a solid ppt ¡emoved. The filtrate was poured onto ice (800 g), extracted with ether (3 x 100 cc),

and the combined extracts washed with NarCO.aq, water, and then dried (NarSOn). Removal of the

ether left a solid which was chromatographe{ over alumina in light petroleum:ether (92:8) to give

G
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4-bromo-2,5-diphenyloxazole (1'1 g, 31 %), which crystallized from Iight petroleum as colourless needles,
m.p.70-71". (Found: C,6O.2; H,3.5;N, 4'6;B,r,26.3. CrrHroBr requires: C,60.5; H,3.4; N, 4.7;Bt,
26'6\\.The NMR spectrum lacks the singlet at 2'68 r attributed to the 4-H of the oxazole system.2o

3-dt-2,5-Diphenyloxazole (12). To 4-bromo-2,5-diphenyloxazole (0.3 g) in dry ether (10 cc) was added
soln of n-Bul-i ffrom Li (0.07 g) and n-BuBr (0'68 g)] in ether (20 cc), at -65., for I hr, decomposed with
D2O (4 ml) and worked up as for 3. The product (02 g) was purified by sublimation, followed by prep-
arative VPC (see above), m.p.72-73". The NMR spectrum completely lacked the characteristic singùt
at 2'68 x in the spectrum of 2,5-diphenyloxazole.2o

4'5-Di2'4,6-ü)phenylímidazole (6). Prepared from du-benzil, formaldehyde and formamide (cf. Ref. l5).
Crystallized from aqueous EtOH as colourless needles, n.p.232-233.,yield 6l\.

2-Phenyl-4,5-di(2,4,6-dr)phenylimidazole (9). Prepared from du-benzil, benzaidehyde and fo¡mamide
lnl Rpf 1{ì l-n'ct.lli--l Ê.^'. ^^,,-^,,. Er^û ^^ ^^r^---t^^- ---rt,¡v¡¡¡ ovuuuur Lrv¡r ¿5 luruur¡gss ucËurcs, tlt-p. zt\r_zt¿., ylelo ou%.

2-(2,4,6-dr)Phenyl-4,5-diphenylimidazole (10). prepared from benzil, 2,4,6,-dr-benzzldehyde and for-
mamide as for 9, m.p. 273-274.

dt-Stilbene (16). Reduction o[ desoxybenzoin with LAD gave l-dr-1,2-diphenylethanol, which was
dehydrated in DMSO to give dr-stilbene, m.p. 124-125" (cf. Ref. 33). This was purified by preparative
VPC. The NMR spectrum indicated quantitative incorporation of D Ç99\ d).

9'10-d2-9,10-Dideuterophenanthrene (19\. Reduction of the dimethyl ester of diphenic acid with LAD
gave2,2'-(dr-hydroxymethyl)diphenyl, which was converted to 19 by the method of Hall e, al.3a puri{ì-
cation by preparative VPC gave 19,b.p. 174"117 mmHg. The NMR spectrum indicated quantitative
incorporation of D Ç99% dn)
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Abstract-The mass spectra ola series olnitrones are reported and discussed. All spectra contain molecular

ions, and the majority o[ fragment ions owe their genesis to skeletal-reorganization of the molecula¡ ion.

Fragmentation modes have been substantiated by high-resolution data and appropriate metastable ions.

Deuterium labelling has been used to elucidate the M-H'process which is observed in many spectra.

Trrn mass spectra of pyridine N-oxides,2 quinoline N-oxides,3 s Alpyrroline N-
oxides,2 phenazine and benzo[a]phenazine N-oxides6 and aromatic azoxy com-
poundsT'8 have been reported. Skeletal-rearrangement fragments (produced by
C-O bond formation) are observed in the mass spectra of N-oxidesa-6 and azoxy
compounds.T'8

As a logical extension of the work on N-oxides6 and azoxy compounds,T'8 we
have synthesized a series of nitrones (I -XV) and have measured their mass spectra.

R +

I
II

III
IV
v

VI
VII

VIII
x
X

XI
XII

XIII

R
H
p-Me
p-cl
H
m-OIl
o-OH
o-OD
p-OMe
m-NO2
p-cl
o-OH
o-OMe

P-NOz

R'
H
H
H
p-ct
H
H
H
H
H
p-cl
p-cl
p-cl
p-cl

CuH
+

-o

c6

XIV

+

5193

XV
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This study was also prompted l'rom the knowledgee that nitrones undergo photo-
chemical cyclization to oxaziridines. The spectra are recorded in Table I or Figs

1 8, exact mass measurements are listed tn Table 2.The presence of an appropriate

TATILE l. Mnss spl,crn¡. or V-VII. ¡rNr> X-XIII*

V nl/e

\%)

VI mle
r(%\

VII ntle
r\%)

X ntle
t(%)

Xl mle

\%)

XII mle

\%\

26 27

620

38 39

614
t25 126

100 t2

26s(M)
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l3
29

t6
38 39 40 41

13 40 8 l8

72

l6

50

16

51 52

51 8

64

l6
43 44 45 46

23 13 16 8

66 76 77

8 686
52 65
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53 55 57 63

8 7 716
94 104 105

13168
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4t 13 8
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167 184
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76 77 78 91 92 93

6100 9 24 6 36

66 76 7'7

t2 688
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1 4'l
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15 6
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The mass spectra olnitrones

Tnur-¡' 2. Cot'¿pos¡ roNS oF soMll loNs IN'lHE MAss sPECTRA or I-XIII

5195

Compound

VIII

II

Composition

cr2H1ûNO
cl rH r ro2

Jc,.u,.tto 1so2¡

tCrrHrrO, (50%)

C6H5N

fc,H4N03 t8o%)

lc,ruu r:07)
cl2HeN
cl3HeNO

ÇoH¿NCl3s
Jc6H4NCt3? (95%)

[cuH6NClst (57.)
c?H4ocl

c7Hso2
fcoHntrlcl3t tgO%)

]coHottct.t it02¡
òoHoNCl"

IV

fc,HnNo. (55%)

lc,ruu 1+s2¡

fc?HsNO3 (55%)
'[CrrH? (45%)

metastable ion for any process is indicated, both in the text and in Figs, by an asterisk.

Structures drawn for fragment ions are nominal only [work in many laboratories
has shown that molecular ion rearrangements are no longer rare (cf. Rei. 10)] but
relate the decomposition patterns to the structure ol the intact molecule.

Many lragment ions observed in the mass spectra olthe nitrones I-XV are produced

by skeletal-rearrangement processes (Figs 1-8). These are all low energy processes

and occur at 10 eV. The relative abundances of many ions produced by the major
rearrangement processes are summarizedin Table 3. Five specific classes of skeletal-

rearrangements are observed- Consider the general cases XVI:

X
+

XVI b

n4e

105

127

152

9l
lt9
165

183

9l

104

105

168

r69
180

l8l

9l
150

167

t2t
r22
167

185

139

I4l
203 i205

Composition

CtHt
c8H7o
c12H1oN
c13H13N

lcon,n (oo%)

lc,u,1+07.¡
C7HóN
c?HsO
c12H1oN
c12Hr1N
c13H1ûN
c13H1rN

C6H5N
csH8NO2
c12HeN

c;H4NCl3? (90%)
coHoNCl3s (10%)

fcrHooct" 1s5y¡
ìCr1H? (5%)
a,Hnocl3?
c12H1oNCl

c7Hso2
c?H6o2
c12HeN
c12H1lNO

CrrH,

C7H5O

Conrpound

XII

XI

X

x

XIII

mle

' 
125

r27

t39; l4t

9t

150

167

t95

t84
198

199

I2l

127

t?9

150

151

127

129

135

136

t67

a: mle 152

c=o
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(1) M-cHNo-x'-Y' or M-cHNo-H2 (or other variations) to produce
either the biphenylene radical ion (a) or substituted biphenylene radical ions. These
processes are observed in most spectra, and are of the general type IABC]r -* [ac1+1 l.(tt) A compendium of such processes is availablè.10

(2) M-CO, together with additional fragmentation through the substituents.
This process is observed in the spectra (Figs 1-3 and 7) of I, II, III a;d VIII and demandsc-o bond formation. M-co ions are also present in the spectra (Table 1) of
V, VI and XI, but as these compounds are phenolic, it is likely that at least some of the
CO lost originates from the phenol moiety.12

(3) A process ohserved rn a!! spectra is M-y c6Hsl.J', which produccs a species
X C7H4O+, best represented as the substituted benzoyl cation ¿. fne formation of
å necessitates c-o bond formation. This rearrangement has been reported pre-
viously. 13

(a) The process M-x'czHro (to produce y c6H4N;f) is noted in all spectra

9¡:epl that of !I [where mle 9l corresponds exclusively to the tropylium ãation
(Fig.2, Table 2)1.

(5) Skeletal-rearrangements involving the M-O ion. These are not observed in all
spectra, but are of the general type [ABC]+ --+ [AC1;t * B, e.g. M-O_CI'_HCN
to produce ø, is observed in Fig. 4.

T¡,NTT 3. RELATIVE ABUNDANCES ( 90 OE SoTT,T FRAGMENT IoNs IN THE SPECTRA oF I_VI ,qwo VIII_XIII*

Compound M+ M-l M-O M-CO XC6H4CO+ YC6H4N+ yC6H;- XC6H;

T

II
III
IV
v

VI
VIII
x
X

XI
XII

XIII

* Where the lragment ion contains Cl, the relative abundance of the 3scl isotope is recorded.

Before considering the rearrangement types 2-5 in detail, it is convenient to discuss
several of the normal decompositions of nitrones, as a knowledge of these is necessary
for the understanding of two of the rearrangement modes. Two processes observed in
all spectra are M-o and M-H'. M-o ions are of diagnostiõ value in the spectra
of many compounds containing the -N+-o- group.2-8 It is noteworthy that in
no case does the intensity of the M-o ion (Table 3) vary more than 10 f when the
'heated' and 'direct' spectra are compared, indicating that this process lwtrictr does
not have an appropriate metastable ion) is mainly electron-impact induced. The
general species produced will be c, and this representation is supported by the spectra

9
'l

l7
6

70

4l
9

6

25

52

7

8

t9
20

9

6

4

6

18

I
7
)
)
I

23

2l
16

18

17

6l
30

8

13

35

9

18

5

6

2

0

5

t9
4

0

0

8

0

0

2t
l8
12

24

47

l6
27

4
26

32

31

8

x:
28

39

38

100

86

46

34

X:
59

76

15

Y

Y

60

0

100

100

23

100

30

100

100

100

6t
100

Total : 41

100

32

7

35

24

6

0

Total : 87

1l
11

0
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cortcH=ñþr
(nl) - 111t113
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-C6Hg02

91

- HCN -co
,E )¡

135

107

60 80 1¿0 160
m/e

5 199

c

(vt )

G
Ð
Uoz
oz
ló
tJ

I
tilÉ

-cr-þ0

18t

-c0 (*)

-o

-H'
(Ð

-CHå

,*
(rÉ)7?

40

20

þt

CH:N

27lw\
64

Qcr+i-qn5
,iõ; e

Flc 7

Cl -H'

C=N

d: mle 2141216

tÉ

-C5H6N

-0

-N0'

77
-c0

226
2/,2(w)

150 r95

100 120
D/q

160 2/,O

Flc. 8

(Figs 4 6) ol III and the labelled derivatives XIV and XV, where it can be seen that

ih. pro".r, M-o-H' ol II! becomes M-O-D' in XIV. The ion produced is

proúably d (mle 2141216). It has been shownla that the M-l ion in the spectra of

diaryl Sôhitts' bases çorresponds mainly (>85%) to ions analogous to d Moreover,

both the molecular ions and M-l ions of.schifts' bases undergo skeletal-reorgani-

zation reactions ot the type ABC --+ AC + B,to thus clarifying the rearrangement

process 5.

(x)

G
ù
Uoz
oz
lo4
U

F

JU
É

51

64

80

X +

H
+

+

e: mle 2311233 f : mle 2301232
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However, the hydrogen lost in the M-l process of nitrones, does not originate lrom
the methine position. Figures 4-6 show that the hydrogen comes from the aromatic
ring furthest from the N-O group. The deuterium labelling studies are consistent
with the formation of the stable cation/by an intermolecular aromatic substitution
teaction, viz. e -+ f.The presence of a strongly electron withdrawing nitro substituent
on the ring from which the hydrogen atom is lost, reduces the proclivity of the M-l
process (Table 3 and Fig. 8). Intermolecular aromçtic substitution reactions involving
C-O bond formation have been reported previously,ls-17 and it has been shownló
that the hydrogens attached to any one aromatic ring become equivalent during this
reaction-

+

It XVIII

+

-CuHt

h: mle 196 i: mle 196

The skeletal-rearrangement lragments in the spectrum of azoxybenzene do not
owe their genesis to the intermediacy ol the o-hydroxyazobenzene radical ion, and
breakdown of g has been invoked to rationalize the rearrangements.s Similarly, the
M-CO process of the nitrone (I) cannot be explained by the lormation of the mole-
cular ion of the Schiffs base XVIII. The rearrangement modes in I are M-CO-H'
and M-H'-CO and in XVIII,Ia M-H'-CO and M-CHO' (metastable ions
substantiate all processes). Although two ol these processes seem identical, they are
not, as the M-l ions are dilferent in each spectrum, ví2. h and i respectively. IVIoreover,
several prominent ions in the spectrumla ol XVIII are absent in that (Fig. 1) of I.
The benzanilide radical ion is also not the reactive intermediate as this species does
not exhibit an M-co ion. An ion which best explains the M-co process is k
(analogous to g and i) which could originate by the process j --+ k.

+

+

j: m/e 197 k: mle 197

Processes 3 and 4 can be best explained by the lormation of an oxaziridine inter-
mediate. Although such a supposition is speculative, it has photochemical analogies.e
An investigation of the mass-spectral breakdown of the oxaziridines postulated,
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would probably not be meaningful because of the relative instability of such systems.e
The formation of the substituted benzoyl cations [metastable ions usually substantiate

the M + X-cuHo-c:ó pro""r, (Ref. 13 and Figs 1-8] could come from the inter-
mediate l. Similarly, the ion n (Process 4) could arise from /.

(XVD -e

Process 3

Process 4

x

t
+

lY. C6H4N

+

o: mle 2671263

x c6H4
+ -CO +:o

n

It is clear that these processes may be further complicated by the presence of substi-
tuents (X and Y), e.g.when X is hydroxy, o-methoxyl or nitro (e.g. v, vI, IX-XIII) ions
due to bothX.CuH¿.CHOrr and X.CuHo C:O+ are observed. When Y is p-chloro
(IV, X-XIID, high resolution (Table 2) indicates that as well as Y-C6H4Nt species
(n), small amounts of Y-CuHoNHrr are also fórmed. A different hydrogen re-
arrangement is observed in the spectrum of I. 40\ of mle 91 (base peak) corresponds
to the tropylium cation (CrHr*), which can only be produced by a hydrogen re-
arrangemeJnt from the aromatic ring (adjacent to -N-O) to the methine group.

The fragmentations so far described have been due to reorganization of the mole-
cular ion, which'although of mechanistic interest, are ollittle use lor structure eluci-
dation. However, there are several processes which may be used for structure determi-
nation' The hrst ofthese is a specific hydrogen transfer process observed in the spec-
trum (Table 1) of XII (vrz. o -* p). These processes have been noted previously in the

+

CI
+

Y

H2

p: mle 1271129 (631)

x c6H4* YC6H4*

q r

+
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spectra ol azoxybenzenes8 and Schifts basesla'18 and have been substantiated by
deuterium labelling studies.8 Processes ol more general applicability are shown in
XVII. In all cases [except for II (Fig. 2) where the formation of the exceptionally
stable tropylium cation preponderates all other processesl cleavage B gives a more
abundant ion than cleavage A, i.e. the relative abundance of X CuHo+ (q) is less than
that of Y C6H4+ (r). The abundances olthese ions are summarized in Table 3 and

their relative intensities may be used to determine the position ol the -Ñ-O 
group.

In summary, nitrones, in common with other compounds containing the N-oxide
gror-rp, rrndergo complex reorganiz,aiton on electron impact. As it is not possible to
predict the presence of such processes with any certainty, only a posteriori statements
may be made concerning them. Cleavage cr to the -N-O moiety allows the determi-
nation olthe position olthis group, in compounds where alkyl groups are not attached
to the aromatic rings.

EXPERIMENTAL
All spectra were determined by the direct insertion procedure with an R.M.U. 6D double focusing mass

spectrometer operating at75 eY, and with a source temp between 100 and 150". Exact mass measurements
were performed with an A.E.I. MS 9 mass spectrometer, using a resolution of 10,000 (10Y.vallley definition)
with heptacosafluorotributylamine providing reference masses. All measurements were correct to within
l0 ppm.

The spectra ol VII was obtained by inserting VI into the source with DrO.1e
The following nitrones were synthesized by reported procedures ;2o I, II, IV VI, VIII, and IX. Compounds

III, VII, X and XI were prepared lrom arylaldehydes and N-arylhydroxylamines in ethanolic solution
(cf. 20). The arylaldehydes were purified commercial samples, whereas the N-arylhydroxylamines were
freshly prepared from the corresponding nitro compounds by reduction with zinc and ammonium
chloride.2l'22

m.p.
('c)

95 9ô

l7E
126-127
t92-t93

Found
Compound

III
VII

X
XI

Calculated
CHNCHN

66
59
53
98

't9'8

67.7
64'9
56.3

6l
4.2
4"1

3.5

79.6

67'4
64.3

564

6.6

6.0

5.4

10.1

6.2

4.4
4.6

3.3

Microanalyses by Mrs. B. Rasmussen, Aarhus University.

The deuterated nitrone (XIV) was prepared from commercial C.HTCDO, while (XV) was prepared
from CuDTCHO (synthesized from commercial CuDrBr).23
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XXXI.t SKELETAL-R,EAR,R,ANGEMENT FR,AGMENTS

IN THE MASS SPECTRA OF ANILS

By J. H. Bowrn,f R. G. Cooxs,$ J. W. X'rsunn,f and T. McL. Sporswooof

lMa,nwscriltt recøiøed, March 19, 1968]

skeloral-roarraigu-u.t ,"^r^:::T'oo.u"v"u in tho mass spectra of all
anils dorivod from aromatic aldohydes, The rearrangemont, procossos havo boon
studied b¡'high-resolution mass spectrometry and in certain cases by douüorium
labelling. AII processos aro of the gonoral type [ABC]+' + [AC]+'f B.

The mass spectra of azomethinesl a,nd the normal fragmentations of anils2 have
been reported. Skeletal-rearrangement, processes of the type [ABC]+' + [AC]+'fB
are common features of the spectra, of compounds having the general structure
Ar-X:Y-Ar,3 and these are especially important in the spectra of azobenzenes,4

azoxybenzenes,s and nitrones.6 As the previous publication on anils2 does not
specifically discuss skeletal-reorganizaLion processes, we ha,ye undertaken a sruvey
to study this problem, and this paper is concerned with both the rearrangement and
norma,l cleavage procosses in the spectra, of (I)-(XXX).

Skeletal-rearrangement, processes are record.ed in Table l, and examples of
spectrâ âre shown in n'igures l-10. The compositions of the rearrangement ions
mentioned in Table l, and of the fragment ions discussed in the text, or indicated
by schematic arro\ry's in the figures, have been definitely established by exact, mass

measurements. The presence of an asterisk either in the text or a figure denotes

the presence of an appropriate metastable ion for the process indicated.

t Part XXX, Larson, B. S., Schroll, G., Lawesson, S.-O., Bowie, J. H., and Cooks, R. G.,
T øtrøhed,ron, in press.

{ Dopartment of Organic Chemistry, Ilniversity of Adelaide, P.O. Box 498D, Adelaide,
s.A. 500r.

$ Univorsity Chomical Laboratory, Lonsffold R,oad, Cambridge, England.
1X'ischor, M., and Djerassi, C., Chem. Ber., 1966, 99, 1641.
2 Elias, D. J., and Gillis, R. G., Ausü. J. Chem,., 1966, 19, 251.
3 Brown, P., and Djerassi, C., Angew. Chem. 'int. Eil,n, 1961, 6, 477.
aBowio, J. H., Cooks, R. G., and Lowis, G.8.,J. chern. Soc. (B), 1967,621.
6 Borvio, J. H., Cooks, R. G., and Lewis, G. D., Aust. J. Chem., 1967, 20, 1601.
6 Larson, B. S., Schroll, G., Lawesson, S.-O., Bowie, J. H., and Cooks, R. C)., Tetrahed,ron,
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The interpretation of the rea,rra,ngement processes in the spectlum (n'ig. 1)

of (l) has been aided by the spectra (x'ig. 2) of the labelled derivatives (xxvlll)
*rra 

'1xxrx). 
The overall process is M-H.-HCN-H' to produce mle 152

(CrrHr, h.r.), which is most plausibly represented as the biphenylene radical ion (ö)'

Fig. 1
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The hydrogen lost in the M-H. d.ecomposition comes almost exclusively (> 90%)

from the azomethine moiety as evid-enced by the spectla (Fig. 2) of (XXVIII) and

(xxIX). The spectra of (XXVIII) and (XXIX) in the mle 152-157 region are

identical, indicatìng that the two hydrogen atoms involved in the last two decom-

positions come equally from each aromatic ring. It is not possible to determine
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whether the hydrogens come specifically from ortho positions, as it is known?-e
that, in general, the hydrogens on any one monosubstituted. benzene ring become
equivalentuponelectronimpact.t Consequently,Dand Ilwillbelostfromthelabelled
aromatic ring in the ratio 3 : 2 (ignoring possible isotope effects). The rearrangemont
may therefore be represented by the scheme (I) + b.

+

{t) 5; ph-c-Ñ-p¡ -#-
a, mle 180

b, mle 152

c, mle 765 d, mle 739

The skeletal-rearrangement processes in the spectra of monosubstituted
derivatives are modified by the substituent. When the substituents may fragment
by ø-cleavage to the aromatic ring (e.g. X : Me, Cl, Br, and NO2),10 then ó is formed
by either of the processes M-H. -x' -HCN or M-X. -H. -HCN (see Figs. B, 4,
and 7-9). The fluorine substituent should also fall into this classification, b¡t the
ion produced in this case is the biphenylene cation (mle lõr), not ó. The relative
abundances of ö range from 2-z5o/o of the base peaks, and are largest when X : Noz.
when X : Me (see x'ig. 3), the cation mle 165 (crrHÍ) is also formed. Even thougl
structures drawn for fragment ions are nominal only, it is argued that the most
plausible structure for thìs ion is the fluorene cation (c), atthìugh this d.oes not
preclude the possibility of more extensive rearrangement.

'When the presence of an oxygenated substituent allows the additional loss
of a ring carbon (".g. X : oH or oMe),10 then the ion produced by the overall
rearrangement is d, mle I39 (CrrH, h.r.) (see n'igs. 5 and 6). X'or example, in the
spectrum (x'ig. 6) of (XXr) the major reorganization process is M-cHo.-rrcm-rrr.
Even in such cases mleI52 ions are still present. The formation of å from the molecular
ion of the dimethylamino derivative (xxvlr) is complex, involving six successive
eliminations, viz. M-H. -Me. -H. -HCN-H. -HCN (X'ig. I0).

Although the simple cleavage processes of anils have been discussed previously,2
there are certain features which need clarification. Cleavage of anils occurs o to the

J Noüe arld'ed'ín prooJ-For excoptions to this statement, seo williams, D. H., ward, R,, s.,
and Cooks, R. G., J. Am. chem. So¿., 1g68, 90, 966.

7 Grubb, II. M., and Meyerson, S., ,,Mass Spectromotrv of Organic Ions.,, (Ed. 1,. W,
Mclafferty.) Ch. f0. (Academic pross: New york 1968.)

sRonayne, J., Williams, D. H., and Bowio, J. H., J. Arn. chern. Soc., 1966, gg, 4gg0.
0 Bowie, J. H., Donaghue, p. F., Rodda, H. J., and Simons, B. K., Tetra,heitron, lg6g,

24, 3965.
ro Budzikiewicz, rr., Djerassi, c., and williams, D. H., ,,rnterprotation of the Mass spectra

of Organic Compounds.', (Holden_Day: San X'rancisco lg6?.)
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Fig. 6
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aroma,tic system either by C-C or C-N bond fission. These processes fwhich are
normally substantiated by metastable ions (see X'igs. l-10)l are summarized. in
Scheme l. Carbon-nitrogen bond cleavage is more facile than C-C bond cleavage.
This is illustrated by the spectrâ (n'ig. 2) of (XXVIII) and (XXIX) and in genera,l
the relative abundance of i is normâlly greater than that of g (for exceptions see

Fig. 8
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below). IIowever, the relative abundance of ft, is generally greater than that of/,
indicating that in this case, C-C bond fission produces a more stable cation than
C-N bond fission. As the ions g and i are produced directly from the molecular ion
and also by decomposition of / and h respectively, the additive effect should increase

è
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the abundance of i at the expense of g, even though it is not possible to determine

the relative extent of each process. The relative abundances of these ions in the
spectra of (I)-(XXVII) are listed in Table 2. There are several exceptions to the
two general rules (viz. i>g andh>l\ stated. above. n'or examplø, S>i (o/o)

in the spectra of (XIX) and (XXVI) and/ > ft. in the spectra of (II), (III), (XVIII),
and (XX). Caution should therefore bo exercised when using the relative abundances

of these ions to aid structure elucidation.

î-a.Br,E 2

nnr,AlrvE ÂBrrNDÂNcES lo/"\ ot ctcÀvÀclt FRActM!¡NTs rN TEE sPEcrn,A or (r)-(xrv¡1)

Compound RC8II4CH=N+ (/) R'CoH4Ñ=CH (l¿) nCuHf (ø) R'CßIIï (i)

(I)T
(II)
(rII)
(IV)
(v)
(VI)
(vrl)
(vrII)
(IX)
(x)
(XI)
(xrr)
(xIII)
(xw)
(xv)
(XVI)
(xvII)
(xvlrr)
(xIX)
(xx)
(xxl)
(xxII)
(xxllr)
(xxIV)
(xxv)
(xxvl)
(xxvII)

I
26
l5
4
2

q

o

o

¡)

0
6

5

I
0
0

2

l3
3

I7
2

2

0
0
0
5

0

t3
12

t2
100
l6
l8
22
28
t7

l8
2t
27
l5
6

I9

I
4

l0
l0
I9

7

39
to
I
8

IO
25
25
l4
t4
l3

q

3

3

40
q

54
58

5

2

4

2

26
27
,
¡)

L2

0
0

0

3l
¡)

93

r00
100

b5
7g
84

100
r00
I00

77

I00

76
r00
5l

r00
I00
6l

4

60
r00

16

r00
100

2S
Ð

39

f Those values have been delerminod from tho spectra of (XXVIII) and (XXIX).

It has been shown that simple cleavage processes in the spectra of aceto-
phenones,ll'l2 benzophonones,ll,l2 and azobenzenesa may be related semiquanti-

11 Mclafferty, E . W., Analyt,. Clt,øm,., L969, 31, 477 ,

12 Bursoy, M. M,, and Mclafferüy, F. W., J. Am,. ohem,. Soc., 1906, 88, 4484'
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tatively to solution chemistry. This has been demonstrated for monosubstituted.
compounds by obtaining a straight line plot when a function of the relative abundance
of a particular ion (which is common to a series of spectra) is plotted against the
Hammett o value for the meta or pa,ra sttbslituent. The theoretical basis of this
method has been discussed. by Mclafferty.rz ¡ similar plot for the CuHu-Ñ=CH

Fig. l0
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ion (mle f04) in the spectra of compounds of the genera,l type X-C.H4-CH=NC6H5
(X is meta, ot pcwa,) against the o value for X, is illustrated in X'igure 11. Although
the scatter of points is pronounced, the trend is that electron-withdrawing sub-
stituents (e.g. NOr) decrease the strength of the HC-C bond. and increase the
relative abundance of mle 104, while electron-introducing substituents (e.g. NMer)
decrease the abundance of tho mle I04 fragmont.
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n'inally, when certain substituents occupy positions ortho to the azomethine
moiety, proximity effects are observed in the mass spectra. Instances involving
hydroxyl, methoxyl, and methyl groups have been cited.2 Another can be seen

from a comparison of the spectra (X'igs. 7 and 9) of the nitro isomers (XXIII) and
(XXV). A major fragmentation of the ortho deúvative ploceeds through an M-HO'
ion (5f o/o) which is absent in the spectrum of (XXV). The spectrum (X'ig. 8) of

Ph

(xxrrt) -;--

i, mle 209 Þ, mle 'J09

the deuterium-labelled derivative (XXX) shows that the hvdrogen atom involved
in the M-HO' process does not, originate from the aromatic ring adjacent to nitrogen.
As the spectra of nitrobenzenels and o-nitrobenzaldehyde are devoid of M-HO.
peâks, the hydrogen atom is probably lost, from the methine position. The M l7
ion may be represented either as j or /c, depending on rvhether the ion is formed.
from the intact, or rearrangedls nitro group.

Exr¡nrn¡nr¡l
AII mass spect'rã were measurecl rvit'h an Hit'achi Perkin-Elmor RMLT 6D clouble-focusing

nass spectrometor under identical recorcling conditions-source ancl inlet temperat'uros at
150'+5", and identical ion culront's. Exact mass measurements were performed on an A.E.I. MSg
rnass spectromotol using a rosolution of 10,000 (l0o/o valley deflnition) with heptacosafluoro-
tribut)'lamine providing teference lnasses. All measuremonts v'ero correct to within l5 p.p.m.

AII the anils (I)-(XXVII) are known cornpounds and were preparod by st,andard procedures.

Compounds (XXVIII) and (XXX) rvere prepared from the appropriate aldohyde and
[2,4,6-Dr]aniline.la Compouncf (XXIX) rvas prepared from aniÌine and [2,4,6-Dr]benzalclehyde.s

Acxworvr,noc+MENTS

The awald. of an Elsie Ballot n'eilowship (to R.G.C.) is gratefully acknowledged.
The Hitachi Perkin-Elmer RMIJ 6D mass spectrometer was purchased with the
aid of a grant from the Australian Research Grants Committee.

13 Momigny, J., BuIl. Soc. t'. Sci,. Liége, 1956, 25, 93.
1a Best, A. P., and Wilson, C. L., J. chenl. Soc., 1546, 241
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,, Reþrinteil from CHeurctr Cou¡uuwrc¡,rrous, 1g68, page 6gg.

Skeletal-rearrangement tr'ragments in the Mass Spectra of Substituted
Thioglycollic Acids and Estersl

By l. Ø. M¡osB¡r a¡d S.-O. Lewpssox*
(Deþul,ment of Organìa Chemislry, Aørhus Unôaersity, SOOO Aarhus C, Denmarh)

(Deþartment oJ orgønia chemístry, 
""rl;Ï;Ïlrärøid,e, 

adetaöde, south Austraria, 60oL)

and R. G. Coors
(U niuersity C hemicøl Løboratory, Lensf,eld, Road,, C ømbrid.ge)

Txr presence of skeletal-rearrangement fragments
in the mass spectra of organic compounds is
currentlyexcitingmuchinterest.¡ Rearrangement
ions are found in the spectra of a variety of sulphur
compounds.s We report the occurrence of a novel
rezurangement, which probably involves migration
to a carbonium-ion centre.

The spectra of the thioglycollic acid derivatives
(I-XII) contain ions of the general formula,
R2CsH4SO+. The abundances of these species are
recorded in the Table and they range from 3o/o

(for VIII) to 630/o (for V). The compositions of all
ions have been established by high-resolution
measurements. .The reafrangement process is
generally more proûounced in the spectra of tå.e
acids (R8 : H) than the esters (Rz : Me), and
occurs when the thioglycollic acid (or ester) is of
type RICH'.SCH2'CO¡R3.

The majority of spectra contain ,Il4 - Rr. ions as
well as the rearra.ngement ions [(M - na.¡ -CO].Although lhe M - l?1. process is not substäntiated
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lPrevious paper in this series: J. H. Bowie, G. E. Lewis, B. Søgaard Larsen, S.-O. Lawesson, and G' Schroll,
Auslral. J. Chøm., in the press.

¡ P. Bräwn and C. Djerãssi, Angeu. Chem., !987,79, 481.
s F. Duus, P. Madseã, S.-O. Lafuesson, J. H. Bowie, and R. G. Cooks, Athiu Ketnô, f968,28, 423 (an.d' relerences

therein).
. R. ê. Cooks and D. H. Williams, Chen. Comn,, 1967, 51.

by mètastable ions, loss of carbon monoxide from
JI4 - Rf is defrnitely established by appropriate
metastable ions, in three cases (IX-XI). In these
cases the probable mechanism is (a) -+ (c). Other
examples of migration to carbonium ion centres
have been reported.z,a Even though there are
to M - CO ions in many of the spectra [that of (I)

contains a Io/o M - CO ionl, a mechanism in-
volving migration of RzO to sulphur followed by
p-cleavage (to sulphur) cannot be precluded for
those spectra where metastable Peaks do not
substantiate the process (b) + (c).

(Receiued, Aþril lfith, 1968; Com. 468.)
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xxxrr.T NEGATIVE-ION MASS SPECTRA OX' AROMATTC COMPOUNDS
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By J. H. Bowrn,f S.-O. L¿.wnsson,$ B. S. Lansnn,g G. E. Lnwrs,f and G. Sounor,r,g

lManuscript receiued, March 27, 19681

Summ,an'y

The negative-ion mass spectra of aromatic azoxy compounds, nitrones, and
N-oxides exhibit pronounced molecular ions and simple fragmentation processes.
No skeletal-rearrangement fragments are produced upon electron impact, in marked
contrast, to those exhibited in the positive-ion spectra of these compounds.

The positive-ion spectra of aromatic azoxy compounds,l nitrones,2'3 and certain
/ü-oxidesa contain pronounced skeletal-rearrangement ions, which owe their geneseß

to fragmentations of rearra,nged molecular ions. All re&rrangement processes involve
C-O bond formation. As the relative abundances of these rea,rra,ngement ions are so

large (the base peak in the nitrone spectra is generally a rearrângement ion), the
positive-ion spectra are of limited use for structure elucidation. The negative-ion
spectra, (for a review of negative-ion mass spectroscopy sees) of these compounds
were determined in order to ascertain whether skeletal-rearrangement ions occur in
negative spectra, and to see whether cleavage processes may be correlated with the
structures of the intact molecules.

No sl<eletal-rearra,ngement, ions are present in any of the negative-ion spectra,.
The molecular ion is the base peak in all spectra and this should be compared. with the
relative abundances of the moleculâr ions in the positive-ion spectra of nitrones

f Part XXXI, Aust. J. Chem., 1968,21,202L.
f Department of Organic Chemistry, Ilniversity of Adelaide, P.O. Box 489D, Adelaide,

s.4.5001.
$ Department of Organic Chemistry, Aarhus lJniversity, 8000 Aarhus C., Denmark.
I Bowie, J. H.. Cooks, R. G., and Lewis, G. 8., Aust. J. Chen¿., 1967, 20, 1601.
2I(instle, T. H., and St,am, J. G., Chem. Commun., f 968, I85.
3 Lansen, B. S., Schroll, G., Lawesson, S.-O., Bowie, J. II., and Cooks, R,. G., Tetraheclron,

rn press.
a Bowie, J. IL, Cooks, R,. G., Jamieson, N. C., and Lewis, G. 8., Aust. J. Chern., 1967, 20,

2645.
5 Melton, C. D., in "Mass Spectrometry of Organic lons." (Ed. X'. W. Mcl-affert¡'.)

(Academic Press: New York 1963.)

Aust, J. Clrern., 1968,21, 203I-5
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(5-30%) and azoxy compounds (15-70%). The cleavage processes of these two groups
of compounds are very simple, but are quite different, from the cleavage modes in the
positive-ion spectra (the M-O fragmentation is an exception, and occurs in bothtypes
of spectra). Ions formed by fragmentation are generally of small relative abundance
(< I5'/;, and may be directly correlated with structure.

MeR

(r) H u (w)
(rù H PrMe (v)
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\-\ * n--YR +
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sPncrRA on (r)-(vrrr)

Compound M-O M-RC.II4't M-R'C.H.Nf RC6H4N-f R'C6H4N-f

f Or ühe analogous ion in the spectra of (VI)-(VIII)

X'ragment ions in the spectra of (I)-(VIII) are summarized in Table 1. Three
processes are common to most spectra; viz., M-O, M-RC6H4', and M-R'CuHnN.
The M-O process is mainly electron-impact induced when the spectrum is obtained
by the direct-insertion proced.ure, and the ion produced will be the corresponding azo

radical anion. The other two processes are indicated in Scheme l. Process A is common
to all spectra and. may be used. to d.etermine the position of the N-O moiety. Process

B occurs in all spectra except that of the nitro compound (IV) (see below). Certain
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R/C6H1-N:N-O-
b

fncuurrvo]-'
c

ì/', mle 736

Schemo I

spectre (I, II, and VI) contain en ion RC6H4N- which may be produced by loss of
oxygen from c. The very simple spectrum of (YII) is reproduced in Tigure I. The
compositions of mle l7I and 107 have been established by exact-mâss measurements.
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When a nitro substituent is present (as in IV), cleavage B occurs, but the
fragment c does not retain the charge. fnstead d,, mf e 136, is produced, and the large
abundance of this ion must be due to its stabilizalion by delocalization, and to the
weakening of the -N:l{- bond by the electron-withdrawing substituent. The
spectrum of (IV) is illustrated in n'igure 2, and it is notable that this is one of the ferv

cases where metastable ions (denoted by an asterisk) are present.

T¡.¡r,n 2

sPncrÌ,Á, or (rx)-(xvr)

Compound M-O M-RC6H4' M-R'C?H6 RC'H4N- R'C6H;

(Ix) r
(x) 2

(xr) 5

(xII) 6

(xIIr) r7
(xw) 2

(xv) 3

(xvl) 3

0
0
0

0

8

0

0

0

7

0

b

2

0

¡)

Ð

7

8

8
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0

0

0

+

0

0

The spectra of the nitrones (IX)-(XVI) are even simpler than those considered
above. The major fragment peaks are listed in Table 2. Only two fragmentations are

common to all spectra, viz. M-O and M-R,'CrHu' . The latter process (corresponding

Fig. 3
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to B in ø) allows the determination of the position of the N-O group. Only two
spectra lof (IX) and (XIV)I contain M-RC6H4 ions, and this should be contrasted
with the spectra of the âzoxy compounds where M-RC6II4'is the diagnostic
cleavage (process A in ø). Ions d-ue to RCuHoN anions âre also present in many
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spectra. The spectra of the two chloro isomers (XI and Xrr) are reproduced in x'ig-
ure 3 fthecompositionsof mf e r4l (inXI) and l0T (in XII) have been estab]ished by
high resolutionl. The effect of a nitro substituent (as in XIII) is not as marked as it is
in (IV), as no ion corresponding to d is produced.. Ifowever, the electron-withdrawing
substituent must, weaken the :CII-C bond. sufficiently to allow the additional for-
mation of an RCuHa species (mle 120, Bo/o of the base peak).

The positive-ion spectra of phenazine -ðy'-oxides and. benzo fø]phenazine .ðy'-oxides
display pronounced M-co fragments. The negative-ion spectra of phenazine
ly'-oxide, phenazine di--ðy'-oxide, the two isomeric benzofø]phenazine 1/-oxides,
benzofø]phenazine di--ð/-oxide, phthalazine .lü-oxide, and benzofc]cinnoline ¡y'-oxid.e
contain no rearrangement ions. The only peaks are due to the molecular ion (base
peah) and M-O and M-O-O (where applicable) fragments.

fn summary, negative-ion spectra may be useful for diagnostic and structural
purposes when positive-ion spectra are complicated by the presence of exterrsive
skeletal-rearrangement processes. Moreover, for the compounds studied, the
molecular ion is the base peak of the spectrum, and. is therefore of use for molecular
weight determination.

ExrnntunNrel
All spectra were determined by the direct-insertion procedure (source 50 I50.) with an

Hitachi Perkin-Elmer RMU 6D mass spectrometer operating at 70 eV.
The compounds used have been reported previousìy.1,a,r
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