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Factors affecting J

are also discussed.

(i)

SUMMARY

13
(HO being the proton ais to X)

C-H6)

J .,'. .,, coupling constants 1n some hexachloroblcycloheptene,
(t'c 

-'u)benzocyclobutene, cyclopropyl and vinyl compounds are reporËed here.

The proËons on the C atom Ê to the substituent, X, are found to be

magnetically non-equlvalent with respect to X.

Linear correlaÈions are found when J .', a values (\ befng
ç"c - ttu) I

the proton tvans or gauehe to Ëhe substituent) are ptotted against

electronegatlvity or oI values of X. The slopes of these lines

indicate the dependence of J ., e on the dÍhedral angle beËween
ç"c - ttu)

C-H, and C-X.

(

Parameters obtained frorn the analysis of the proton magnetic

resonance specÈra of several 4-styryL-2-azetLdihones are reported.

From these values ít rnay be deduced that (1) Ëhe spin-spin coupling

constanË, J4t5, beËween protons on adjacent trigonal and tetrahedral

c aËorns (c, and co respectively) depends on rotational- conformatíon

which is affected by the nature of Èhe substituent in the 3-position

on the 2-azetidLnone ring, (2) the rnagniËude of the coupling consÈant

Jor, varies with changing temperature indícaËing a dominance of the

s-trørts, conformer at 1ow temperatures with i.ncreasing concenÈraÈion

of gøt,tche conformers ar hígher remperarures; (3) ,;?;, and rhus

conformer populaÈion, depends on the polarity of solvent used.
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Skeletal-rearrangement fragmenËs are observed in the mass

spectra of all anils derlved from aromaË1c aldehydes. The

rearrarrgement processes have been sÈudled by high-resolution mass

spectrometry and in certain cases by deuteríurn 1abe1ling. All

processes are of Ëhe general Ëype tABc]+' + [AC]+' + tr. Simple

cleavage processes in meta- and para-substituted anils are found

Lo be relaËed Ëo Hamrnett o val-ues of Ëhe substiËuents. Proxlmity

effects obserr¡ed in the mass spectra of oytho-substíËuted anils

are reporËed.
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CI-IAPTER 1. ..I(T]c-ln) CoUPLII\G coNsTANITS AI{D STEREoCI-IEMISTRY

I INTRODUClION

1. Masnetic Non-eoulvalence of Protons

Protons of a methyl-ene group removed by one or more bonds

from a cenÈre of molecular asyrnmetry may be magnetically non-

equlvalent and. dlsplay A3-type nuclear magnetlc resonarrce 
"p."Ër".1-4

The exlsEence of preferred conformations of a methylene group wiËh

respect Ëo an asymmetrfc centre is generally considered neeessary for

magnetÍc non-equívalence. However, the possibility of small

contribuÈíons to magnetíc non-equlvalence arisÍng from ttíntrlnslc"

asyrnnet,ryr whfch is lndependent of rotational conformer populatlons,

has been lndlcated.5 The problem of separating lntrinslc non-

equivalence from the effects of conformatÍonal populatlons still

t.*rirr".6-8 For example, non-equivalence of the methylene protons
q-1 1

1n acetal resurEs from the lntrinsic lnternal asymmetry of the

acetal grouping (1) and not ultlrnately from restrlcted rotaLion.

H R./c-o-c-H\t oEt

R

-c-H
oEr

a

\
(r) (2)
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To Èhe protons a and b of one (or other) rnethylenory group, the

atÈached group (2) 1s asymmetric" The envfronment 1n each of the

protons a and b is consequently dlstinct and the protons are

diastereotopic. Each therefore expresses a different average

environment from the other even though rapid rotation may equalise

Èhe populations of the separate conformers.

A'complete analysis of Èhe 13c satellite spectrum of 
""ut"111

has shown that Ëhe methylene protons not only have dtfferent chemical

shifts, buÈ they have different 13c-h couprings. rt seems lfkery

thaÈ Ëhe 13c-1tt coupling parameter provides a ner¡r crlterion for

non-equfvalence. This has the advantage of not being sÍgniftcantly

affected by magnetic contrlbutlons whlch compllcate the lnterpretation

of chemical shifts.

2. Couollnø Constants

(a)

(b)

(c)

The coupling constants considered here are those between

vicinal protons

geminal proÈons

13^ 1,,\,- tt.

(a) Vlcinal Coupllnq ConsËants (H- C- Ct 
- 

Hr )

L2Karplus has indicaÈed that the sl-ze of. vicinal proËon-proton

coupllng constants, JHH, ,' ís expected on theoretical grounds to

depend on many molecular properties. These lnclude Èhe C 
-çr 6orr¿

length, hybridlsation, dlhedral angle s, the bond angles 0 and 0r in
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Flgure 1, the electronegaÈ1vlty of substltuents, changes in

n-bonding, AE variatlons and molecular vibratlons.

\ a H - .-H'
- c-c -./ \xI rìr

7
0 I

V C --)/
(3)

C

Flgure 1

Ttre dominant l-nfluence on the uragnltude of Jn"r l-s the

dihedral angle $ between H and Hr defined by the Karplus relatlon

(1.1).13

2I'tHHt 8.5 cos 0.28 c.p.s. (0o < 0.90o)

2
(1.1)

J 9.5 cos 0.28 cop.s. (90" < 0 < 180')
HTTI

In the fragrnent (3) iE l-s observed experlmentally that the

size of J Orr decreases as the electronegativity of the atom X

increases. Over a llrnlted range of Daltey electronegatlvityl4

the relationship appears to be approxlmately linear, 1.ê. of the

form given ín (1.2),

t_tHHt -a\+b (1.2)

wlth values of the constants a and b characterlstic for each system.

The,,decrease in vicj.nal coupling constants is most marked ín

ethylenÍe sysËems, less so in cyclopropanes, epoxldes and norbornenes

and least in simple acyclic molecules l-lke the etharres.l5

0

0
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Table 1. Effect of Subetltuents on VLcfnal Coupll-ng Constantsa

l_

Hs\ .t\ c
c c cH3crr2x

H¿, x

"n
HA

(5) (Ref. L7)(4)

J¿,x

23.9

19.1

17.2

14.3

13.9

L2.7

(Ref. 16)

Jsx

19.3

l_1,6

10.4

7.O

6.3

4,7

x

L1

H

co2H

OMe

OAc

F

Jen

3. 81

4.6

3,2

2.5

J¡x

9.73

9.3

8.0

7.7

X

H

cr{

c1

OAc

J

(Ref. 18)

(cH3 r cH2)b

8.90

8.0

7.23

6.97

X

oEr

L1

H

c1

Only a few representative values from each

system are g1ven.

Average coupling constant.

As well as theír nature, the orlentaËlon of substituenls

wlth respect to the fragment H-c-cr- Ht is lmportant. Thls

can be deduced from the fact that the lines of best, fit correspondfng

to equation (1.2) construct,ed for various systems (e.g. those in

Table 1) exhibfË vari-ations 1n slope not only between dffferent systems

a

b



-5-

but also betveen J ."

for (6) eis- ar.d (7)

J = 1.9 and J
au3^z
3"2

and J,-^_-^ 1n the same system. ,Spectral daÈa
TTûTS

tncns-Z r6-dimethylplperldtrr"l9 1r, which

= 4,6 c.p.s. support the earller sugges tLon20'2L

H

H H

H H

(6) (7)

that an electronegatlve substltuent exerts a maximum effect

(leadfng to smaLle"t J.rl") where a tyøts coplanarlty relatton exLst,s

between a part of the fcoupllng pathr (lndicaËed by hearry lfnes 1n

(6) and (7)) and the bond by which it is aËtached to the system

l.e. as in (6) buË not (7), Further, iÈ has been suggu"t"d22 thrt

in acyclic systems of knon¡n conformat.lon, and presumably 1n the

chalr forms of slx-menbered carbocyclic rfngs , J ty,cræ in ethanic

fragments fs signlflcanËly affected by the presence of electronegative

groups buË the effect on Jgo,r.he caî be negl-ected unless stereo-

chenistry analogous to (6) 1s present.

sËudies on a series of conformaÈlonally mobile ring systems

having similar geometry or slmilar viclnal polar substituertsr23 arrd

on open chain compouncls ,24 h^u" shown a linear relation-.exists

between the squares of the electric dipole moments and the sum of

the vicinal coupling constants J* * JBX. rt was shown that the

conblnation of dípole moment data with couplÍng constants yields

H
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valuable quantitatlve lnformatfon on Karplus parameters, rlng

deforrnatlons and conformatlonal equilibrlum constanËs. The u value

for the total compound and not Èhat for the fndividuaL subsÈiËuents

was used in these calculatlons. The dlhedral angle is contlnually

changlng, due to the rnoblllty of the system, and Èhe use of the

Karplus relaË1on yleldlng J¡,X * Jr" 1s not really meaningful.

Jor in (H-Ciat-Ht) exhibits very useful and regular

correlatlons wittr the nature of substlËuents, with rLng size 1n

cyclfc compounds and with ttre eLs-tyØts relation between H and H!.

rn subsÈituted ethylenes (4), any variaÈíon in the electronegativtty

of X wilL af fect .lffs s1ighrly more tn^n fff" ,25 (see Tabl-e.l).

(b) Gemlnal Coupllng Constants (

Pople and Bothn"r-ny26 have given a molecular orbltal treatment

of gerninal coupling constants which has provided a qualltatlve

raÈionalisatÍon for the signs of observed coupll-ng constants. Ttre

value of the gerninal coupling constant is considered t,o provlde a

means of distinguishing beËween inductive and hyperconjugative electron

transfer. Barfield and. Grant2T '28 obtained an excellent correlation

of data (experirnent,al and theoretical) using a serni-empirical valence

bond descripËion of hypereonjugaËive effects.

The main trends which have been establÍshed in geminal coupling

constanÈs are:

(f) In the simplesÈ hydrocarbons, the geminal proton-proton

eoupl-1ng constant, lncreases (1.e. becomes rnore posltlve) as the

hybridÍsatfon of the c-H bonds fncreases 1n s-characÈer. The value

)c
H

H



for methane 1"p3 frytridlsatlon) 1s -12.4 c.p.s.29 whfle that for

eËhylene 1"p2 tybridlsatlon) ts f2.5 c.p.s.30

eyclopropane (intermediate betr^r".r, 
"n2 "nd 

sp3

-4.34 ".n.".31

-7-

CH 
-X

The value for

hybridisation) 1s

(1i) Electronegative substLÈuents on Èhe carbon aËom carrying

the geminal protons add posltive lncrements to the coupllng constants.

For freely'rotating groups, or for groups with ldentlcal orientaËions

the effecÈs are approxlmately additive. The magnitude of the effects

can be esËimated from some typical values (see Table 2).

Tabl-e 2. Gemlnal Coupllng Constants in SubstlÈuted Methanes.

He -..

nu'
(Ref . 29 r32)

J¿.t

-L2.4

-10.6

-L0.2

- 9.6

-ot

(i11) In general, an increase in the electronegatlvity of

the ß-substituent 1s assoclated with a negatlve fncremera tr tr"*

buË the relationship is not sÍmple and appears to depend on

X

H

OMe

Br

F

I
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orientatlon. The val-ues lfsted in Table 3 are in each case the

extremes for large serles covering most of the cormronly encountered

substituents.

Table 3. Selected Geninal Coupllng Constants

aB /tY
\x

c1 c1

c IIg
H¿,

H4x
(Ref.33)

J¿.t x

-4.9 sllfe,

-9.1 OAc

c1

(4) (Ref. 30) (s) (Ref. 17)

c

J¡¡

+2.5

-1.3

XY Jes x

-12.6 CI{

-L3.3 OAc

H

H

H

c1

rn eÈhylene derivatLves the magnfËudes of tru, are related to

the nature of ß-substiËuents [i.e. X and Y 1n (4)] and their effects

are approxlrnaËely addítive. The relaÈionship34 of the forrn (1.3),

J
gem -a(Ex+\)+b (1.3)

where E"and \ are the elecËronegatÍviËles of the substlËuenËs X and

Y Ín (4), stí1l appears to hold, conÈrary to schaefer and Hutton?s

opinion (1.4)16 .rr.r, on an exÈend.ed. elecÈronegativity range. The
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mean devlatlons from a sÈraight line of best flt uslng (1.3) are

no greater than those obtalned using the reciprocal relatÍonshlp (1.4).

gem
J

The nuclear spin-spln scalar coupllng between 13C 
"rrd

dlrectly bonded t", ,(13c-1tt), has been widely studled and

discussed,Lo'37-42 The major contributfon to the scalar coupling

arises from the Ferrni contact term, whfch is proportional to Ëhe

contribution of s orblËals centred on carbon to the C-H bond. The

2s^ orbltal is the mosË irnportant. On the basis of both Ëheoretical

and empirical considerat,ions iÈ has been suggestedl0 thaË J(13a-1") is

linearly related to Ëhe fractional s character crfrr of the C orbital

bonding to H; as indLcated in the expressl-on (1.5). The theoretlcal

-b (1.4)

L2The present theory can be ratlonallsed to support (1.3) but there

Ís no theoretical or practl-cal justiflcatíon to r^rarrant aeceptance

of (1.4) even though this has been done.35'36

(c) 13c-1"
Couo l1ne Constants

h)
500 oH (1.5)

justifÍcation for the quantitaËive character of thls relatlonshÍp is
_ 42-44noË perfect'- but it is empirÍ-cally very satlsfactory in r ".ti."

such as CHO, CZH4, CZHZ. There is no doubt thaË iÈ has value if

2t 
(t'.- a



used carefully 1n suitable compounds. However other facËors in the

coupling constant expression may be inporË"rÈ.45 lltrilst the values

obtaíned appear reasonable for methane and the unsat,urated hydro-

carbons, they fmply rather unusual- interbond angles in some of the

halogenated derÍvatives. This discrepancy can be accounted for by

the concepË of bent bond"r37 í..., the inter-orbital angles (which

reflect the true state of hybrldisation of an aËorn) may not be

Èhe same as the observed lnternuclear angles.

rf the 13c-1" coupling constant does depend sod-ely on the

sÈaËe of hybridisatlon of the carbon atom then lt should be related

to Lhe C-H length.38 .For substituted meÈhanes the emplrical equation

(1.6), where rc-H 1" the bond length in Angstrom units, has been fourrd.37

t c-H L.I597-0.000417xJ (1.6)

-10-

(1 t")

In general, there is good agreement between obrserved and ca1culated,46

values of tc_H unless the carbon aËom has very electronegat,ive

substituents. A correction for this has been propo""d.47

Grant and Litch^ n44 have shornm, by a consÍderation of

eharge transfer ín some sirnple aliphaÈic halídes, that changes in

the effect.l-ve nuclear charge of carbon (Z) can account for observed

changes ír J .,l a .l '. changes 1n hybridisation parameters are noL("c-tH)
necessary Èo obtaLr. a correlaÈion vrl_th the experimental coupllng

constants.. some experimental support for this vlew is provided by

3c-
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an observed correlation between C-H stretching force constants and

J ," ., .48 IË can be shown theoreË1cally thaÈ the force constant
(*-c--H)

should depend on C-H bond polarfty (which w111 fn turn depend on

the electronegatfwity of Ëhe oËher groups attached to carbon) but

noË directly on the carbon atom hybridisatíon. LunazzL and Taddel49

have proposed Ëhe relationship (1.7),

J 3.25d8 + 94.9 (1.7)t")

where d 1s the bond dlstance 1n I and E 1s the substlÈuent

electronegativity, Èo accounË for Ëhe varlatlon of 13C-h coupling

constants in monosubstituted methanes. Huheeyso flrrd" extremely

good correlatlon beÈween t(rra_r") 1n halogenated methanes and Ëhe

el-ectronegativity of the substituents when orbital elecËronegatlvltles

are used. That is, the effect of varying orbltal occupancy upon

different orbitals of the same at.om is taken inËo account. Dorrg1""52

has poínted out that there is correlatÍon between J
3

l-n

C-3(1

51

(1 c-1n)
CH,X and the electronegativiÈy of X wíthin a parÈicular period of

Ëhe perÍodic table, but that the linear ploËs are of dÍfferent slopes.

He conclud.es Ëhat while factors other Ëhan C-H bond s-character can

affecË C-H coupling constants, consideratlon of changes of hybridisation

cannot be neglected.

The presenE position 1s that variatÍons of J .', 

" 
., can be

("c--H)
accounted for by changes in s-character if the elect.ronegaËivlty of

Ëhe subsÈltuent.s varies little (e.g. amongst different saturated and
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unsaturat,ed hydrocarbons), and by changes fn electronegativlty

1f the bulk of Ëhe subsÈltuenËs ls roughly constant. The two factors

are'acËually related, and 1f both vary signiflcantly then both rnusË

be considered.

3. Rieíd Stereochemícal Svstens Studied

Ttre purpose of the worlc reported hereln vras to deÈel¡rine the

effect of various substltuenÈs on the couplj-ng constants between

each of the rnethyl-.rre protons and the 13C nucleus adjacent to the

substltuted carbon at,om. In order t,o deËermine the effect of

substÍtuents of varying electronegativlËy on the magniËude of

J,ffa_f", it is necessary to have a system 1n whlch the stereochemlstry

of the coupllng protons remains fixed and known. Furthermore, the

sysËem must have a minimum nr¡nber of coupling protons to facilitate

complete, unambíguous analysis of the speetra. Finally, it musË be

possible t,o inÈroduce a varleËy of groups of differing electro-

negativlty. For these reasons this sËudy lncludes the n.m.r. spectra

of Diels-A1der adducts, formed from hexachlorocyclopentadÍ.ene and a

series of monosubstituted ethylenes (5), as well as substituted

benzocyclobuËenes, cyclopropyl and vinyl derivaËives.

Evidence for the conformational rigidity of Êhe bfcyclo-

[2.2.!]-heptene system has recently been given.53,54 The compounds

used ín Ëhis study are assumed, in accordanee with the rule of Alder



-13-

55and Stein, to be enÅ,o Lsomets. The dihedral angles betr,¡een the

coupling protons are assumed to be 0o and 120". The four-membered.

rtrng ln benzocyclobutene ís shown to be flxed and p1arr"r.56 The

rigid cyclopropane sËructure ls wel-l-knovm Èo provide an excêllent

sysËem to study Ëhe influence of substituerits on [.rr.r. coupling

constants.36 The valence-bond calculaËions mad.e by Karp1u"13 
"r,d

the molecular orbltal treaËment of corrroy5T predl-cË for 
"p3

hybrldisatíon a dependence of Ëhe viclnal coupling constant on the

dlhedral angle betr,¡een the C-H bonds. For the geminal H-C-H
angles of 114.5-118o for cyc1oprop"rr."58 the corresponding dlhedral

angles are carculated. to be 131-134' for tz,øns- and. o" for sis-
cyclopropyl hydrogens .

II. RESULTS

The coupling eonstants in the hexachloroblcyclo-[2.2.|]-heptene

and benzocyclobutene sysËems hrere 1n each case calculaËed by an
qo

ABX-'anal-ysis of the spectrum (Tabre 4), although for the chloro

and aceto>cy derivaËives, Èhe calculated coupljngs are the same

within experimental error as those obtained by dírect measurement,

because the chem-ícal shifts beËween the coupling proËons are so 1_arge.

The lines for each proton in all spectra \^rere very well resolved

allowing assignments and line positions to be measured withouË

arnbiguity.
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lable 4. Couplfng ConsËants and Chemlcal Shlfts

c1

c1 cl-
HA

X

IlB
HB

Hn

J

JÆ(

J¡x

Je¡

uA

uB

,X

J 
q13c-n6)

113c-ns)

Electronegativi

Jex

Jsx

J¡r

v- COMe

3.8

g.B

-L2"4

-390.0

-409.5

-336.5

L44,L

L4L.7

2,6L4fy

CN

4.2

9.L

-12.9

-4LL.9

-386.8

-335.7

L46.2

145. B

2.49

Br

3.4

8.0

-13.65

-385.5

-351.5

-246.3

147.4

1"43.2

2.97

Cl OAc

3.03 2.45

8.27 7 .65

-L3.4 -r3.4

-415.0 -384,4

-372.4 -323.4

-266.5 -154-7

L45.4 L44.5

L42.6 143.5

3.25 3. B0

Br

2.02

4.68

-r4.6

-29L.9

-275.2

-L77.3

r45.2

L40.2

2.87

Each sample was run as ca. 1507 soluËlon Ln C.D. with benzene as anbb

external reference.

Hn \
X

cc

A
H

B

HA

OAc

3.03

6.44

-4.60

CN

18.09

11.93

+0. BB

0Ac

14.0

o.J

-1 q
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105. B

I02.7

238,4

L63.6

L64.2

3.80

269.35

278.!L

331. 40

L64,2

L66.6

2.49

288.5

270.0

436.0

158.5

162,0

3. B0

Each sample was run neat. Cyclopropyl- acetaËe and eyanoethylene had

benzene and TMS as internal references, respectively. The spectrtrm

of vlnyl acetate was obtained by locking on the acetate peak.

First-order assignments \^rere made in each case by lnspectlon

and fnt,rospection. Thís ylelded qulËe accurate values for vinyl

acetate. Use of tre iterative prograrn LAOCOON 11160 on the basis of

these first'order assígnment,s for cyclopropyl aceËate and cyano-

eËhylene gave fairly rapid convergence. The plots of theoretical

spect,ra agreed well with experinental spectra. The H-H eouplíng

const.ants thus obtained agreed with Ëhose obtained from the normal

specÈrum Èo within O.L HZ. One-borr¿ 13C-1tt couplíng constanËs as

shor.¡n in Table 4 axe Ëaken as Ëwice Ëhe difference between the

effectíve chemícal- shíft of the satellÍte spectra and the corresponding

chemical shift obËained from the main specÈra. After conslderation

of all possible sources of error the precision of tt" 13C-1H couplings

caruiot be claimed to be betËer than !0.25 HZ. A1l other daËa are

accurate to +0.L I1Z.
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Several oËher serles of compounds whlch possess sE,ereochemleally

rigld lsolated 3-spin and related systems vrere synthesísed. The

J,fSa_fr, values of these compounds r,¡ere not preclsely deËerurined

due to one or more of the followlng faetors:

â¡ eomplex overlap of 13c satellit.es

b. insufficienË solubiltty of compound Ln benzene

c¡ lack of stablllty over extended perlods of tlme necessary for

determining the specËra.

d. unavailabllity of sufficient eompound.

These compounds include S-hydro><y-t 12 13 14 r7, 7-hexachlorobicyclo-

12.2,I)-hept-2-enea, -5-carb orrylic acidb and -5-methylcarbo>cylatea ;

b enz ocy clobut ene-l- carbo><ytr-i c acidb and. -l-me thylcarbo>cylated ;

acetyl-a, bromo-c and chloro-c succinic anhydrlde; cyclopropyl

derf.vativesa; 3-bromo-c, 4-acetyt-b ¡r4-dihydrocoumarÍn, -4-carbo:cy1ic

acidb and -4-mgthylcarboxylated; 3-brorno-4-chrom"r,orru"; eis-2r4-

dibrornobicyclo- L3 .2 .1 ] -ocËan-3-o1 and b icy c1o- 13 . 2.I] -oct an-3-oLd.

III. DISCUSSION

1. Non-ecuivalence of Protons

rn the fragment (3r) protons Ho and Hr, which are symmetrical-ly

substituËed about the C -C bond, should appear magneÈica1-ly equivalenË
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H-.1- 
-Ho^-6-C- u

v / \. 1¡Á' 'x.

(3r)

\^riÈh respect Ëo X 1f the electronic effecËs due to X are transmÍtted

through bonds. Unequal- chemical shifËs, ProÈon couplfng constanÈs

arid J 1 â 1 values 1n the compounds studled reveal- magnetíc
(t'c-tH)

non-equivalence of the protons. Any effect on HO and \ produced

by elecÈronic changes in X ís mosL 1ike1-y therefore Èo be transnitted

through space.

2. Factors affecting J
13c-HB)(

Schaefer et aL.34 ht.r" suggested that the coupling between

the proton trans to the substiËuent and the C atorn bearíng í¡,

J,r , for X=H, I, Br, Cl, F, CN 1n substituted ethylenes, varies
(t'1-ïr)

srÌrôù-i:,-y ,,r-th the þ¿rlirineter p/t, vrhere p is llie substituen! ¿'-lrro-l-e

nomen: a-nd r is the :-X bonC length. Thi: expressj-on ís noË

grounded on a solid theoretical basis ancl the agreement obtained

for Ëhe compor:nds studied was purely forËu1Èous. The values for

vinyl acetate, vinyl cyanÍde and methyl vinyl ketone vary considerably

from the sËraight line plot. This expressíon does not yleld any

regular correlation with J ," in eiËher of the cyc'lopropyl or
1'rc-Hg)

bicycloheptene systems studied here.
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Several correlatfons have been described whlctr aÈteurpt to

relate magnltudes of coupllngs Ëo subsËltuent electronegativlties.
16'33 '6r'62 Al-1 these treatmenËs have used plots of coupling

constants vs. electronegatlvlty to derlve a lLnear correlatLon.

lhese l-inear relatlonships have all shown a slgnificant scatter of

points which suggesËs that a nultlpllclty of substltuent effects

lnfluences these couplings although the most lmportant one appears

to be Èhat of electronegat,Ívlty. The J ., 

" 
values obtalned in

thts work and from the 1trer.t,r."34'ut i;"t;T3l."u againsr rhe

electronegativity of each subsËltuent (see Figures 2a, b, c). A

straight l-1ne correlatlon with mlnl-mum scatter is generally obtalned

for each of these sysËens" It 1s observed that the points correspondlng

to Ëhe cyano- and acetyl-groups l1e above the line in the acetyl series

as does the polnt correspondlng to the cyanobieycloheptene.

L48

L47
H¡,

Br
X

C1c1

ct{
X
o c1

X

XJ

r46

145

L44

L43

r42

t4L

C0Me
(13c-1") X

0Ac

3.0 4.02 0 2.5

o

EX

3.5

Fig-r. 2a
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L64

163

L62
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160
2

Xs

Br
X

H¡

J
113cål

t 
(ttc-hl

cttg -%l
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El"x
o -J
X :J

t66

165

L64

16,3

L62

161

160

159
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L57
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He x

0Ac
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o

x
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Í Br
X

F
oo

c1
x

oo
@Me
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xo

x

H
Ét

1.5 2r0 2.5
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3.0
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An lnvestigation of the sJ-opes of these llnes fndÍcates

that they can be represenËed by the expressfon (l.g) where Q Ls

AJl^E 2.62 + 4.95 cos 2 (1.8)

the dihedral angle between the C-X and C-HB bonds" The 13C-1"

coupllng constants thus depend on the dihedral angles as well as

electronegatlvlty. Ttre larger the angle the greater is the value of

t(tra_h) obtained wÍËh the maxlmum effect coinclding wlth a tyans

anti para1lel arrangement of the substituent and HB l.e. in the

ethylenes, The e:çress-fon (r.5) yiel-ds sp2 arrd approxlmate sp2

hybrldlsatlon for the C atom ß to X in the vinyl and cyclopropyl

compounds respectlvely, wlth the bicycloheptenes and benzocyclobutenes

approaching closer to sp3 hybrldlsation"

The tnans-, ais- and geminal proton coupling constants in
the compounds sËudled correlate with the electronegatÍvitles of

substituent groupsL6rLTr36 urrd are in the order expected, from these

elecËronegatlvitles. Banvrell and sheppard noted ," ,n their study

of coupllng constants in vfnyl compounds, that a subsËituenË atom

of high el-ectronegativlty woul-d be expected to red,uce the electron

density around the nearby couplÍng protons whl-ch in turn should

lead to less interaction between nuclear and elect.ron spÍns and.

Ëherefore algebraicalLy lower values of coupling constants. The

0



dependence of J
(13.-h)

1s of Ëhe opposLte sense to that of the

other coupLlng constants, l.Ê. J .'., shows an algebralc
("c-HB)

as the el-ectronegaËlvlty of the substiËuent lncreases. The J
(13c-1")

values are absol-utery posltlve ln sJ-gn while Jg., "r" usually

negatlve "td J.ri" positive. A cornparison of the pl-ots of the eoupllng

constanËs vs. electronegatÍvltles lndicates thatt t(t,a-"o, 1s nore

strongly dependent on the electronegativlty than the othËrs. The

order t(tt*"u)'slope of J vs electronegaËfvlty decreases ín the

J,-_-_-- > J_-.- > J_-_ for the cyclopropyl- and bicycloheptene systemsv?Øls aLs gem r

but J--.- 1s sllght1y greater than J----.,-_ 1n the vlnyl compounds.c1,s " ïTATLS -
IÈ was menËloned earlier that the cyano- and acetyl-groups

yleld apparently anomolous values in the plots of J vs. electronegatlvLty

for certain compounds. There is a possiblllty that an additlonal

mesomeric effect could be associated with the n-electron system in

the vÍny1 compor:nds. A resonance contributing structure (8) 1n

whlch n-elecÈrons are removed from Ëhe carbon atom ß to Èhe

substituent r^¡ou1d leave that carbon aËom wlth less p characËer

i.e. apparent lncrease ln s-character, wlth an associated larger

t(tta-\rl value'

-2L-

lncrease

.\+ ./
,rc-c\ csÌ \N_

(8)
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No such mesomeric effects are posslble 1n the suùstÍtuted

bicycloheptenes but the cyano group w1Èh fts large.dtpole moment

'could possibly lnduce a dipole 1n the C-H¡ bond to favour a

contributing structure of the folilc-Ht. Thls would. Íncrease the

s-character of the Ê carbon at.om with a corresponding lncrease in the

13 c-HB)

If the uraJor conËributLons to varlatlons 1n J .,. values
(*.C_Hg)

come from the electronegatlvlty changes of the x substltuentsl then

J -r" should also show a dependence on Taft o .111,r"".64 QualltatJ-vely(*"c-Hg)
the o values confor:rn to Èhe generaL picture of substituent effects with

electron withdrawing groups having positlve o values" The J1l3c_ttg)

values are plotted againsÈ "I, which measures the contrlbutlons to the

o value from non-conjugatlve (lnductive)- and o*r which measures the

contributions from conjugatlve (resonance)- lnteractlons between the

substltuent and reactlon centre. (see Flgures 3a, b, c).
c1

X

CNo X
H¡,

^L45 H¡. ]-64
OAc o

1_63 BrO

IO6OAcBro
L43

o cl_

t42
s COMe

H
T4L

0 .1 0.2 0.3 0.4 0.5 0,6 0 0.1 0.2 0.3 0.4 0,5

value of J
(

165
Bc1

L44

162t(tt.-h)
161

oo

J
(13c-h)

Fls. 3a

160

FLs. 3b
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t66

165

L64

163

L62

161

160

159

158

L57

1_56

COMe6

G.IO X

Eg:

H¿

a\
c c

x

h)

oA" o oF

ctoX
oBr

t(t'. 
-

or*

oI

H

o 0.1 0,2 0.3 0.4 0.5 0.6 0,7

O:oI o
F1e. 3c

X oR

Linear correlations are generally observed for J , o vsrrved for Jql3c-n-)

o, values ln the vinyl-, cyclopropyl- and bicyeloheptene-systemsl' The

cyano- and acetyL- grouplngs agaln deviate from the linear plot ln the

vinyl system as does the cyano group ln the blcycloheptene systemf

A random distributÍon of points is obtained by plotttng

Jlr3c_ttg) vs' oR'
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If Ëhe values ot t(rra_"u) tot the -CN and -COMe groups

l-n the vLnyl system, and the -CN group 1n the bicycloheptene system

are plotted agalnst oI + oR then these polnts fit well on the straight

l1ne p1oË of J,o vs. o. for the other groups 1n these series.
("c-tts) t

These results support the initial suggestion that the maJor factor

affectfng J _ is the electronegatlvity of the substl-tuent X wfth" (13c-un)
added resonance contrlbutlons from the cyano- and acetyl-groups.

These plots (Figs. 3a, b, c) are 1n the same sen6e as those

obtalned for J - vs. electronegativlty values wlth the slopes of
113c_nu)

Èhese stralght lines again 1n the order vinyl > cyclopropyl > bicyclo-

heptene. This supports the original vlew that J _ 1s also
q13c-Hs)

dependenË on the dihedral angle between C-X and C-Hg.

3. Factors affectÍng J
113c-n4)

No regular correlatlons are found between the proton eis to

the subsÈftuent and the C bearing it, J .,1 , æd electronegativÍty,
("c-H¡)

oI or o* values in the vinyl-, cyclopropyl- and bLcycloheptene-systems

studied here.

Juan a¡rd Gutowsky65 
",rggest 

posslble interactions betr+een lone

pairs of electrons on the substLËuent and the C-H bond, in substituted

meËhanes, which affects J .,, wlthout necessarily lmplylng any
("c-H)

alteration 1n the s-character of the c-H bond. The general trend of

J .,. 1n the compounds studied here (see Flgs . 2a, b, c) supports
(*'c-H6)

the possible operation of such an interaction. For example, the larger

iodtdè group, in which there is more chance of neighbouring group
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l-ovolvement between I and HOr }Íelds greater J

smaller fluorlde and acetate groups.

values than the
113c-n¡)
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CIIAPTER 2. VARIABLE TE¡4PERATURE sruDIEs oF coupLltG co ETAl,trs

REI.ATED TO STEREOCI-IEMISTRY

I ION

1. Vicinal couplfng constants

N.m.r. has proved extremely valuable in confomatLonal

asslgnments for many syst"r".66 rn particular the variatlon 1n

vicinal coupling constants, tH", wtth dihedral ang1"13 h"" b."r,

extensively used for subsËiËuted ethanes and for cyclohexane

derlvatLves.

Over the past fe,¡r decades there has accumulated consÍderable

evidence for the existeoce of dlstinct rotatÍonal confomers in
open-chain organlc compounds containing a slngle bond betr.reen a

tetrahedral and a trigonal carbon atom. such conformers are

sufficiently short lived Ëhat physical separatlon has not been

feasÍble. rnforTnaËíon about them has been obtalned indlrectly by

physical measurements on mfxtures.

rn the cornpounds of type (9) wrtrr x=0 or -cR2r the population

of preferred rotational lsomers varies with tenperature, and so

therefore does the vLcinal couplfng constant, ,*.tU

-Y
c

HB-/x =c \
HA

(e)

Y
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From a consideration of the vibratlonal frequencLes,

MÍzr¡shlma et aL.67-7o have suggested that for carbonyl-containLng

compounds, one of the stable conforoations fs thaË in whlch the

carbonyl olcygen 1s eclLpsed wlth a subsËituent on the tetrahedral

carbon.

Mlcrowave spectroscopy has been applied in order to ascertaln

Èhe structures 1n the cases of acetaldehydeTl and propene.T2 f.ttrile

the symetry of the nethyl group precludes the existence of

dÍstlngufshable rotatlonal confomrers 1n this case, the mosÈ stable

confo:mation 1s confir¡red as that 1n whfch one of the substltuents

on tetrahedral carbon 1s ecllpsed with the carbonyl o4¡gen or the

vlnyl methylene.

Abrahaur and PopleT3 h"*r" studled the n.m.r. spectra of

acetaldehyde and proplonaldehyde and have for¡rd for proplonaldehyde

a dependence of J"" (aldehyde proton to meÈhylene proton) on

temPerature. Thfs 1s interpreted in terms of a temperature dependence

of rotamer population, and l-eads to the conclusion that Ëhe

preferred conformatÍon 1n llquid propÍ-onaldehyde is that in which

Èhe methyl group is eclipsed with the carbonyl.

Karabat,sos and tt"t74 ext,ended this investigation by

measuring the vfcinal H-H couplfng constant at varlous Ëemperatures

in the series R.ffi2.CHO. 'In the neat liquids, where R is methyl,

ethyl n-propyl, isopropyl or phenyl Èhe energy dffference favours

tlre trøts rot¡mer (10a). Inlhere R is ú-butyl, ttre gauche isomer (10b)
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(11b)

o c
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H

-. E'

\R

H

c
\

H

Et

o R

Hr

c

H

c c \R E

(10a) (lob)

or (10c) ls more stable. In di-ú-butylacetaldehyde the sterlc
lnterference between the t-buty1 group and the carbonyl, when they

are eclipsed, is large. Ttre conformer with the carbonyr and proton

eclipsed [(]-0b) or (10c) with Ht=R=é-butyll is favo.rr.d.75

rn propene, the three most stable rotatronal confor¡rations

are energetically lndistfngulshable. In -the case of the monosubstituted

ProPenes (11) [analogous to (10) above], the Íntroductlon of bulkier
aIkyl groups lncreases the populatfons of the forms (llb) and (11_c)

at the expense of (11a). carculation of coupring consÈants from

(1oc¡

Hz

H
\

H

R

H4c

H4

c

H

c
c

H1 I
Hz

- c'/

n{
3 ccHt

4

(12)

rotamer popul-ations and observed vlcinal couplings in substíËuted

propenes yields a lower limit tor ffiæ of 11.1 c.p.s. and an

upper lÍmit t", frfeh" of.3.9 
".p,".75

Hobgood and Golds teín77 have published accurate n.m.r. data

for 113-buËadlene and several derrvatlves to whlch they appended

some conments on the sÍgniflcance oi ah"ir resulËs for conformational

Purposes. rt seems generally agreed that 1_r3-butadiene itself (Lz)

and most of its simple derivatives exist prlncipally in the pranar
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s-trúLs conforîaÈ1on; butadíene rtself has been said78 to be at

least 97% s-trøts. rn a nunber of 1r4-disubstituted-1r3-butadienes

Ëhe average vÍcinal coupling constant t|;t** was for¡nd to be

ea. lL cop.s.79t80

rt has been assumed that only the s-trøæ- and the s-eis-
conformatíons (0 = 180o and 0", respectively) of vinyl cyclopropane

are stable, because only in these is the nonbonded inÈeractlon

beÈween hydrogen atoms mlnimal.8l However, a dihedral angle of 0o

would not yield a value of 5 c.p.s. for t;i", as used in these

calculatÍons, according to the lkrplus relation as it holds for
med.ium sized cyclo-olefirs.83 Gunther and l{endi""h82 support an

opposlng vj-ew that for vinyl cyclopropane derivatives (13) a truns

(13) trø¿s conformer one ganche conformer

(0 = 1B0o) and two gateh¿ foms (þ = eae 40o) are the stable

conformers.

The study of styryl-azetfdinones reported here extends the

scoPe of variable temperature work already completed on substftuted

ethylenes.

H
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2. Stereochenistn¡ of 1-phenvl-2-azetidinones

A study of the u.v. spectr"84 and fr.m.r.84-88 spectra of

2-azettdinones lndicates Lhat the heterocyclíc ring is planar and

that in N-ary1-2-azetldinones the three varences of nLtrogen are

nearly planar with the N-aryl ring and almost Ln Ëhe plane of the

2-azetrdinone ring. These features have been confÍmed by x-ray

dlffraction studies of the chloro and bromo 2-azetLd,inones (14).

Ph

N

o

(14) X=Cl-rBr

some of the parameters obtalned for these compounds are

listed 1n Table 5.

TA3LE 5

x-RAy DrFrRAgrroN DATA FoR COMPoIJNDS (14)

XCIXBr

x

Angle betr¿een the four-menbered ring
and the aryl groups

Angle between the N-Ar bond and the
mean plane of the 2-azeEidLnone ring

Angle between the plane of the Ar group
and mean plane of the 2-azetídinone rlng

PhC4
N Ar

79!2"
811"

B0+2"
5t1o

9.3o g.5o

8.0o 5.6o
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II. RESTILTS

A nr:mber of 1-phenyl-4-styryL-2-azetldlnones (Ffg. 4), which

were synthesised elther via the reactlon of cÍnnamylÍdene aniline

with a-bromoesters or by reacË1ng diphenylketene wlth cin¡ramylidene

aníline, were characterised on the basls of 1.r. and n.m.r. spectra.

H
*3 R3t

c 5
co 5-c

-c
Rg

4
Me

N-C EI
P( \o

iso-Pr

Flg. 4
Me

Ttre i.r. spectra of the products showed bands at 1740-1750 crn-l

(C=O of 2-azetÍdlnone rlng). Ttre Dorn¡ro spectra dlsplayecl

coupllng constants characterístic of the 2-azetídlnone ring

(r3:, = 14 c.p."., Jcais4, = 5'9 c'P's') and normal trqns olefinic

coupling (J between 15 and 16 c.p.s.).

The coupling benveen the olefinic proton H, and rlng proton

H4, on the ß-lacÈam ring, J4rS, was found to vary wfth changing

temperature as well as with the naÈure of substituents attached

to C, (i.e. R, and Rrr) of tt'e 2-azeti-dinone ring (see Table 6).

H

H

H

H

Me

Ph

H

Ph

Ph

H6

"tl I

R3t
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TABLE 6

VARIATIONS OF J I^rITH IEMPERATI'RE4t5

Rr=Me

Temp.

+120*

+100*

+80*

+ 60*

+ 40ts

J+ 40',

J
+ 10'

- 101

- 30]
J

- 50'

Rr=Rrr=Ph

t.rp. t!?!Tenp ("C)

+100*

+ 80*

+ 60*

+ 40*
J+ 40!

+ 20/

o+

- 20+

J
- 40',

I
- 45',

- ss+

Rr=Rrr=H ,R, r =Il

,;?; (c.p.s.) bs

Rr=Rrr=ilte

remp. 4Ì;
+100* 7.38

+ g0* 7.49

+ 60* 7.59

+ 40* v.67

+ +ol 7.54

+ 3ol 7.6L

- n+ 7.Bl

30/

7.42

7.58

7.73

7.89

7.62

7.76

8.01

8.14

9.36

8.47

9.53

ti
5

7.36

7.43

7.5r

7.58

7.65

7.50

7.63

7.7L

7.83

7.92

J
+30'

+
+¿10 9.13

9.15

9.28

9,39

9.54

9.64

o+

-40

-50

7.93

7.96

8.13

-20

-40

-50/

I
+I

+

Measured on L07" D.M.S.O. solutíons

Measured on 102 CDC13 soLutions

The 313r-disubsÈituted compounds yielded 3-spin sysËems which

were analysed as typical ABX-type "pectr".l8 th" 3-monosubstftuÈed-

and 3-unsubstitute d,-2-azeEídinones yielded slightly more complex 4-

and 5-spin systems which were analysed by inspection to yield the

JOr, values recorded above.

tr

+



A study of the ctrenfcal shrft varues (Table 7) indicates
that a sllght shlft to hfgher fÍeld (posÍtfve slgn) occurred as rhe

tenperature lncreased.

TA3LE 7

CTIANGES IN CITEMICÁI SHIFT VALI]ES I,IITH TEMPERAfl'RE

Substltuents proton

-33-

H4t

H f400 to +1000c*5

H4t
Rr=Rrr=Ph HS -50o to +40oC

H4t

Rr=R, r=H
5

Temp. range

-55o to +4o"cl

f40" to +100"c*

-50" to +40"C+Rrdfe r R, r =II 
"5
H4t

HS +40o to +120"C*

H4,

Rr=Rrr=Me H5 -5oo to +4o"cl

H

Av (c.p.s.)

+0.8

+3.0

+2.0

to.7

+6.0

*2.3

+3.4

+4.9

+4.2

*2.0

+0.4

t2.8



lhe olefinie couptlng constanÈe, J56, obsen¡ed in the styryl-
g-lactânìs were found to f-ncrease sllghtly wlth increase fn Èemperature

(see Table 8).

-34-

TASLE 8

OLEFINIC COIJPLINC CONSÎÆ\ITS

J
- 55',

R =Rrr=H

Temp. ("C)

JSO (c.p.s . )

R =Me, R,r=II

Temp.

Rr=Rrr=Me

Temp.

Jso

Rr=Rrr=Ph

Temp.

Jso

J
+40'

16.05

+40*

15. 7

+100*

15.9

+120*

16.0

+100*

16.0

]-5.7

I
50'

]-5.g

J
+40'

Jso

+40't

15.95 15.85

+40I +40*

16.016.0

t
50'

L5.95

J
50'

L5.2

J
+40'

L5.4
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The valuet "f J;?s4, in Èhe compound 3-nerhyL-1-phenyl--4-

styryl-2-azetidinone (Tabl-e 9) renalned falrly constant ln the

temPerature range studied indicating a fixed angular stereochemlcal

relatf onshlp between these tr.ro ring protons.

TABLE 9

VARIATION OF

-50+

t*i, ürrrn TEMPERATTTRE

tTemp. ('C)

t?r"^, (c.p.s.)

+40 +40* +120*

5.95 5. 85 5.95 6.0

The 3- s ub s tl t uted-l-pheny 1--4- s tyryl- 2- azetLdlnones, wi th

ethyl and iso-propyl groups eis and, trqrn Ëo the styryl linkage, were

not isolated in sufficient degree of puríty Èo a1l-ow accurate JO5

values to be obtained from variable temperature studies on them.

III. DIS ON

1 Variable Temoerature Dependence on Rotamer Populations

In 4-styryl-S-lactams a number of dlstincË rotational

conformers are possÍble due to rotation about the bond Joining the

styryl group to the 2-azetidínone ring (i.e. the CO-C, bond in

Fig. 4). There are three preferred rotamers in which the olefinic

double bond could be eclipsed with adjacent single bonds (c.f.

vinyl cyc1oprop.r,""B2¡. These are the s-trvns (t) (plate 1, FÍg. 5),
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in which the cr- cu bond is eclipsed wirh the co- Hor bond gfvfng
an angle of 180o beÈween IIOr and Hr; gauehe (g) (plaËe 2, FLg. 6),
1n which the Cr- CU bond eclipses the C*_ N bond; and gauehel

(e') (Plate 3, Fig. 7), ia whích the c5-cu bond is eclipsed wíth
the c4- c, bond. A study of ball-and-stick models yields dlhedral_

angles between H, and HOr of ea. 3LO" and 40o in the g and gr

conforrers, respectively.

Irrith respecÈ to orientation of the styry1 group relatÍve to
the ß-lactam ring, the results obtained indicate that there is an

equilíbrÍum beh¿een the s-tnatæ fo:m (t) and the t;,ro gautch¿ for¡rs
(g and gr). Because interconversÍon between the rotamers t, g and

g' is rapid ín Ëhe temperature radges studied, only a mean value is
obse:r¡ed for rhe coupling constanr J 

4r 5. tlif ís cerrainly larger
tt 

^n 
fallh" . rr rherefore folrows from rhe facr .rr". {?! increases

with decreasing temperature that the concentration of the s-trcrw
conformer increases. The 3r3r-dfphenyl_4_styryl_ß-lactan possesses

the largest value of J4r5 a"*?E > 9 c.p.s.) indiear,ing thar rhÍs
compotrnd has the greatest contribution from t:,'e s-trøts conformer

(value .t ri;!"*s = 11 c.p.s.) Ín rhe serÍes srudied.

VariaËÍon i" ti?! with changing reurperarure, AJ (see Table 10),
gives an indicaËion of the rotaner population. The greatest change

in ÂJ is experienced by the 3r3r-unsubstituted_ß_lactam indicating
the rerative freedom of rotation of the styryl group about the



a-t?ans confomer (t)
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Plate 1
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gquehe conforurer (g)

-38-

Plate 2
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gauehet conformer (gt)
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Plate 3

Fig. 7
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TABLE 10

AJ VALITES FOR 4-STYRYI-ß-IACTAMS

{Temperature
Range (oC)

Rr=R, r=I{

Rr=Me, Rrr=H

Rr=R, r=Me

Rr=Rrr=Ph

-50 to +40 *40 to +100*

-0. 88

-0,42

-0.59

-0.51

-0.47

-0.22

-0.29

Note: A negatíve sígn indicaËes an algebraic
decrease in the value of J.

C4-C5 bond leading to a rapÍd increase in the concentration of the

gøtehe conformers (8, gt ) in thís compound. The rotamer populaËion

does not change very markedly ín the 3-methyJ--ß-lactam whereas the

313r-dÍmethyl- and 313r-diphenyl-compounds extribit noticabl-e increases

in the concentrations of gatrche conformers at hígher t,emperatures but,

these are not as greaË as in the case of the 3r3t-unsubstiËuted

compound"

A sËudy of models índicates Ëhat Ëhe steric inËerference

between R, and HU would preclude a contribuËion from the gr conformer

in the 3-subsËituted-4-styryl-Z-azeËídÍnones. The only conËributÍon

t" J;l; for Ëhese compounds would thus be from the s-trøts arrd. ganrche

(g buË not gr) confomers.
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These trends are supported by the estlnated values of x,
(no1e fractlon of the s-trøts conformer) obtalned from the approximate

calculations Ín which iË 1s assumed that Jt l1es between 11 and

The values fn Table 11

4t5
L2 c.p.".75 and .rf r5 between 4 and 6 c.p.".89

were obtained from Ëhe expression

t;l; = *. J!,5 + *g Jl,s + *r, rll,

usÍng the value" .l[r5 = 11 c.p.s., tg4r 
' 
= 4 c.p.s ., t"Ol,

o ol
Jo and JÞ were estÍmated usÍng the Karplus expression

,vÍc = l-o.6cos2o (0"<ó<90")

= 6 c.p.s.

for vicinal couplings in medlurn rings \,rrlth dihedral angles correspondlng

to those pertaining to the compounds studfed here.

TABLE 11

MOLE FRACTION 0F S-TRAAïS CONFORMER PRESENT I^IITH

VARYING T

Rr=R, r=H

Temp. ('C)

+100*

+ g0*

+ 60*

+ 40*

Rr=Mer Rrr=H

Temp. ("C)

Rr=Rrr=Me Rr=Rrr=ph

Tenp. ('C) *t Temp. ("C) *r*t

0.40

0.43

0.46

+120,t

+100*

+ g0*

+ 60*

*t

0. 48

0.49

0.50

0.51

+100?t

+ 80*

+ 60*

0.48

0.50

0.51

0.520.49 + 40*



+40

+20

0

-20

-40

0,44

o.46

0.50

0.52

0.56

0.58

0.59

+ 40*
J+ 40'

J+ 10'

- tol
J

- 30'

J
- 50'

-42-

0.52

0.50

o.52

0.53

0.55

0.56

+ol 0.51

0.52

0.54

0.56

0.57

0.59

J+ 40'

* gol

o+

¿
- 20'

- +ol

- so|

0.72

0. 73

0.75

0.77

O,79

0. 81

+

+30

-10

-30

-40

-50

+

t
+

I
+

+

l
I
t
+J

4s',

I-55

*
L0% D.l'4.S.0. solutlon

I 102 cDcl soluËÍon
3

2. Solvent Deoendence on Rot amer Populatfons

A dependence on polarÍËy of the solvent 1s tndfcated at 40oC

by the 4-styryl--ß-lactams (e.g. see 313r-r:nsubstltuted compound, Fig 8).

Ffg. 8. Varlation of J4r, wlth Temperature and SolvenÈ 1n

l-Phenyl-4-s tyryl- 2- azetld,tnone .

8.6

8.4

8.2 cDcl
3

bsri r5 8.0

7,8

7.6

7.4

D.M. S.0.

20 40

T ("C)
-60 -40 -20 0 60 B0
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The coupling consr""t .li?! and rhus rhe popurarr.on of the

s-tran's confo:mer increases wfth fncrqasLng polarity of the solvent
ê.8. from cDC13 to D.M.S.O. (c.f. propional-dehyde74).
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C]JAPTER ]. SKELETAL-REARRAI{GEMENT FRAGMENTS IN THE MASS SPECTRA OF

AAIILS

I INTRODUCTION

Mass spectrometry has become a useful- phystcal technr.que

which can aid in the elucidatLon of structures of organic mol-ecules.

Ihe application of hlgh resoLutlon data and labelling studles has asslsted

in the interpretaË1on of fragmentaÈfon processes in the nass spectra of
many types of organíc molecules. Details of the theory, mode and

appllcation of fragmentatÍon processes fn organlc molecules have been

extensivel-y díscussed ln t"*t"100rL07'I2 and requÍre no further dÍscusslon

here.

The mass sPectra of azomethirru"90 and Ëhe normal fragmentation

of an11s91 ht.r" been reporËed. Skeletal-rearrangement, processes of the

type [Agc]f'- [Ac]+' + B are còrmnon features of the spectra of
compounds havfng Ëhe generaL structure Ar- x-y --Arr92 and these

are especially important 1n the spectra of azobenzenes ,93 ^.oo¡b"rrr.n""94
and nítrorr"".95' since the previous publfcation on anl1s91 did ,roa

specifically discuss skeletal-rearrangement processes, a study of this
problem was underËaken, and this work is concerned. r^rÍth both Èhe

rearrangement and normal cleavage processes ln the spectra of compounds

(r)-(xxx). some of these compounds r¡ere used prevÍously in the

synËhesis of substituted 1-ary1-4- aryr-2-azetidinones.85
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II. RESI]LTS

skeletal-rearrangement processes are recorded fn Table 1M,

and examples of spectra are shor¡m in FÍgures 1M-10M. The conpositfons

of the rearrangement ions mentioned in Table lM, and. of the fragment

ions discussed ín the texË or indicated by æhenatic arrows in the ,i

figures, have been esÈabl-lshed by exact mass measurement. The presence

of an asterisk efther in the text or a ffgure denotes the presence

of an approprÍate metastable ion for the process i.ndfcated. All

Rr

CH N

RRI R Rt R Rt

R

(r)

(n¡

(rrr)

(w)
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TA3LE lM

SKELETAL-RÉARRA}IGm,fEM pRoCEssEs IN THE SPEGTRA OF (I)-()Oq/II)

Conpound (s) Rearrangement Process
Flnal Ion

(m/e)'

L52

165

L52

]-52

]-52

L52

1_51

139

L52

139

151

L52

L52

L52

752

Rel.Abr.md. of
Final lon (7")

5

5141414r4

5t3r3

I

4r]-.grl3

2

213,314,4

213,21312

31213

2t312

35

35

10r12r31

2

(r)

(rr)- (w)

(vrr)- (il)
(x)

(xr)-(xlrr)

(xw)

()w)-(XIx)

()o()-()oilr)

()o(Irr)

()ocv)- (&wr)

()owrr)

M-H.-HCt{-H"

M-H.-HCÎ{-H2

M-H.- Me. - (IfCt{)

M-C1.-H.-HCN

M-H. -Cl.-HCI{
M-Br.-H.-IICÎ{

M - H. - HF'- HCN

M- H. - Me. - C0 -HCl{ - (ttZ)

M- (MeO.)- (HCN)- I{.

M-CHo.-(HCN)-H2

M-H.-HzO-HOI

M-HO.- (NO.)- HCN

M- H0.- N2O

M-N02.-H.-HCÌ{

M- H. - Me.- H. - HCN- H'- HCI{

B1615,413

D

CH N D

D
2

(x)o()
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Processes are substantlated by metastabl-e Íons except those Lndlcated

by placing the elininatlon product 1n parentheses. Rearrangenent processes

have been substantiated by high-resolution studies. I,lhere several

isomers (e.g. vrr-ü) have identícal- rearrangement processes, exact.

mass measurements have been determined for only one isomer.

fig. !n
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OrIII. DISCUSSION

1. General Rearrangement Processes ln AnÍ1s

The interpretation of the rearrangement processes Ln the

specËrr:u of (r) (Fig. lM) has been aided by the spectra of Èhe Labelled

derivatíves ()oNrrr) and ()o(ü) (Fig. 2M). The overal-1 process is

M-H.- HC\T- H.r the end product having m/e 152 (Ct5Hg, h.r.)r

whích is most plar-r.slb1y represented as the blphenylene radical fon

(b). It was inítially thoughË that the hydrogen lost fn Ëhe M - H.

deeomposiËion came almost excl-usívely (> 9o7") from the azomethine

moÍety as indícated by the specrra of ()OffIII) and (þ(ü) (l'ig. 2).

FurËher. ro=k105 has shornm a more accurate value to be about 75"Å.

The spectra of. ()xvrrr) and ()fitx) are Ídenrical in rhe m/e ]-52-157

regÍon. Tlris indicates that the Ëwo hydrogen atoms involved in the

last two decompositions come equally frour each aromatíc ring. rt is

noË possible to deterrníne whether the hydrogens come specíflca11y

from ortho positíons since it is accepted96-98 an"a Ëhe hydrogens on

any one monosubsËiËuted benzene ring generally become equivalent

upon electron impact. There are, however, exceptions to thfs

statement.99 D and H wíl-1 therefore be lost from the rabelled

aromatic ríng in the raËÍon 322, Íf possible ísotope effects are

ignored. A possibJ-e rearrangement may be represented by the

scheme (r) * b.
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--¡
-H. (+)

-52'

+
Ph- c =N- Ph

a, m/e I80

{o

(r)

b, m/e 1-52

2. Skel-et'al-rearr aneement Pro es ln Monosubstltuted Anfls.

In the spectra of nonosubstÍtuted derivatfves the skeletal-

rearrangement processes are modified by the substítuent. If it Ís

possíble for the substituents to fragment by a-cleavage to the aromatfc

ring (e.g. X=Me, Br, C1 and No2)r100 ah"r, b 1s formed by either of

Ëhe processes M- H. - X. - HCN or M- X. - H. - HCN displayed fn

Figs. 3M, 4M and 7M-9M. . Ttris classificatíon should also hold for

the fluorine substituent, buË the ion produced in this case 1s the

biphenylene caËíon (m/e L5l), not b. The relative abundances of b

range from 2-35% of. the base peaks, and are largest, when X=NOr.

The catÍonm/e i-:65 (C13H9+) is also fonned when X=Me (see Fig. 3).

Although structures drawn for fragmenË ions are only nomínal, the

most plausible strucÈure for the íon m/e 165 ís consldered to be

the fluorene cation (c). This does not, however, preclude the

possibility of more extensive rearrangement.

If an o4fgenated substituent, which al1ows the addítional

loss of a ring carbon, is present (e.g. X=oH or oMe) 1100 th"r, th"

ion produced by the overall rearrangemenÈ is d, m/e 1.39 (CffHZ, h.Ì.)
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(see F1gs. 5M and 6M). For example, in the spectrr:m of (:<xr)

(Fig. 6M) Ëhe major reorganisation process is M - cHO. - HcN -
]fl'te m/e 152 ions stfl1 occur in these cases. TLre formatlon of

from the molecular ion of the dinethylamino derÍvative (xxvrr)

complete, Ínvolving six successlve elfuninatfons, viz. M - H. -
H. - HCïT - llo - HCN (see Fig. 10M).

Hz'

b

1s

Me. -

+

c, m/e 165 d, mle 739

3. Cle ava e Proces ses 1n Anl1s

The simple cleavage processes of anfls have previously been
o1

discussedr'^ but there are certafn features which need to be clarÍfÍed.
cleavage of aníl-s occurs q, to the aromatÍc system elÈher by c-c
or c-N bond físsion. These processes, which are normally

substantiated by metastable ions (see Fígs. 1M-l_0M), are surnmarÍsed,

in Scheme 1.

The specr,ra of ()offrrr) and ()qrx) (Fig. 2t"f) íllusrrare rhar

c-N bond cl-eavage is easier than c-c bond cleavage. Ttre

relative abundance of i Ís generally great,er than thaË of g.

However, the relat,ive abundance of h is normally greaËer than that

oL f, índÍcating thaË ín this case, c-c bond fission produces a

+
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tnore stabLe catfon than c-N bond fÍssLon. sfnce the Lons g and f
are produced direcËly from the molecular ion and also by decornpositÍon

of f and. h respecËíveLy, the addÍtíve effect should increase the

abundance of i at the expense of g, even though it is not possfble

to determine the relatlve extent of each process. The relative
abundances of these ions Ín the spectra of (r)-(nrvrr) are listed
j.n Table 2luf. There are several exceptions to the tÌ.ro general

rules (viz. í>gandh>f) statedabove. Forexample, g >t(%)
ln the spectra of (xrx) and ()owr), and f > h in Ëhe spectra of
(II) , (fff), (XVIII) and (XX). Ir ís, rherefore, necessary ro

exercise caution when uslng the relatlve abundances of these fons

to aid structure elueidation.

TABLE 2M

RELATIVE A3I]NDAI{CES ("Á) OF CLEAVAGE FRAG}ÍENTS IN THE SPECTRA OF

(r)- ()Owrr)

gtR

N

Courpound RC

.L(r)'

(n¡

(III)

(IV)

(v)

6T14
CH

J-
N'(f)

1

26

t5

+
R?C6H4N CH (h)

1_3

L2

T2

100

J-
Rc6H4 (e)

I

R, C6H4 (1)

93

100

100

55

79

4

2

10

25

25

I4

I4L6
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(xlrr)

(xw)

()w)

()ffr)

(xvrr)

()wrrr)

(xil)

()o()

()ffr)

(xxlr)

()oÍrr)

()o[v)

()ffv)

(Ëryr)

()üvrr)

2

2

2

2

5

0

6

5

1

0

0

2

13

I 18

22

28

L7

27

1B

2L

27

15

6

19

7

9

4

10

10

19

7

39

29

9

B

13 64

100

100

100

77

100

72

76

100

51

100

100

61

4

60

100

16

100

100

29

2

39

2

3

3

40

2

54

5B

5

2

4

2

26

273

t7 2

52

2

0

0

0

5

0

L2

0

0

0

31

5

+ These values have been deËemined frorn the spectra

of ()O$III) and ()üIX).



56-

4. RelatLon of. m- and p-substituted anils Èo Ha¡unett o values.

símp1e cleavage processes in the spectra of acetophenonesrL0ltl02

benzophenonesrL0L'L0Z and azober,.r"rr."93 may be rerated semiquantitatively

Ëo solution chemistry. Ttrís has been demonst,rated for inonosubstituted

compounds by obtaíning a straÍght 11ne p1oË when a function of the

reLaËive abundance of a particular ion, which ís cornmon to a series

of spectra, J-s plotted against the Harnmett o value for t}:.e meta or

pata substiËuenË. Mclaff"raylo2 has discussed the theoretlcal basls
+

of thís method. A simll-ar plot for the CUH'- UICH Lon (m/e L04)

in the spectra of eompounds of the general type X-C6H4- CH-NC6II5,

wíth X meta or parv., agaínst Ëhe o value for X, is illustrated in

Fig. 11M. A defínite scatter of polnts exísts with the obvlous trends

being that electron-wÍLhdrawing subsËituents (e.g. NOr) decrease

the strengÈh of Lhe HC-C bond and increase the relative abundance

of m/e 104, whí1-e elecÈron-íntroducing substiËuents (e.g. wl4er)

decrease the abundance of tine mle 1-04 fragment.

Fig. 11M. Plot of Log ZfZs vs. Õ

+ O meta substltuent

tr pana substituent
z

rel.ab. [C6H5N 
=Ctt]=

+_
rel-.ab. IC6H5N - 

CI{] o.6

o.4

o'2

zo

losZlZ¡

r-Gr NO"

+

ClFc-
l+Noz

o.6

o

-o.2

¡...fi
NMc¡

rel. ab. IC6H5CH - ]IC6I{5 l

OH
'q¿"

OMe -o,4

-o.6

-o.a

r+Mc

o.4
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5 ProximiËv Effects In o-SubstítuËed Anfl-s

ProxÍmiËy effects are observed ln mass spectra when certain

substituents occupy posítíons oytho to the azomethíne moÍety. Cases

involving hydro>ryl, metho><y1, and methyl- groups have been

recorded.9l'105'l-06 A comparison of the specËra of the nltro

isomers (XHII) and ()üV) (Figs. Tluf and 9M) yields another example

of thÍs proxlrniËy effect. A major fragmentation of the

derivatíve proceeds via an M - HO. ion (sLZ) which Ís absenË 1n

Ëhe spectrum of (XXV). The spectrurn of the deut,erlum 1abel1ed

derivatíve (nfr) (Ffg. 8l"f) índicates that the H atom involved in

the M - H0. process does not originate from the aromaËic rÍng

adjacenË to nitrogen. Since Ëhe spectra of nltrobenz"rr.1o3 
"rd

o-nitrobenzaldehyde do not possess M - H0. peaks, it is probable

that the hydrogen atom is lost, from the methine posítion. Depending

on whether the M-17 íon is forrned from the inËact or rearrarrg.dlo3

nitro group, iË may be represenËed by either j or k, respecËively.

NPh

(Ðo(rrr) -e

-

-H0.
or

j, n/e 209

ol*
+

k, m/e 209

0
+,N
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CI-IAPTER 4. EXPERIMENTAL

1, Ins tatlon

Melting poínts r,¡ere detennined uslng a Gallenkanp meltlng

poinÈ apparaÈus and are uncorrected.

rnfrared (í.r.) spectra \,rere recorded on a perkfn-ELmet 237

I.R. spectrophotomeËer.

Nuclear magnetíc resonance (n.m.r.) spectra were recorded

on a varían DA-60-rL specÈrometer operating at 60 Mc/s. The spectra

r^rere run fn the frequency sweep mode. Variable Ëemperature spectra

rrere ruri using the variable temperature accessory v6040.

Mass spectra (m.s.) were measured wiËh an Hitactri Perkln-ELuer

RMU 6D double-docussing inass spectrometer r:nd.er idenËical recording

condftlons - source and ÍnleË temperatures at 150 t 5o, and ÍdenËlcal

ion currenËs. Exact mass measurements were performed on an A.E.r.

MS9 mass spectrometer using a resolution of 1or0o0 (102 va1-1ey

def iniËion) wíth heptaeos af luorotributylamÍne providing ref erence

masses. a1-1 measurements are correct to within 15 p.p.m.

Microanalyses vrere perfonned by the Australian Mfcroanal-ytlcal

Service, Melbourne.
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2. Diel-s-Alder Adducts of Hexachloro cyclopentadiene and

Monosubstí d Ethvlenes.

end.o- 5 -Aee to ry - 7, 2, 3, 4, ?, 7 -he æaeh Lo nob i cy eLo - | 2. Z . L l -hept- Z- ene

This compound was prepared by refluxing equiurolar quantfties

of vfnyl acetaËe and hexachlorocyclopentadiene for B hours at 150-

1B0oc. DisËíllation yÍelded Ëhe col-ourless víscous adduct (goz)

b.p. LLoo /.6 mrn (1it.113 b .p. !L3o /.6 mm).

endo- 5 -Hy drc æy - L 

" 
2, 3, 4, 7 

" 
7 -heæaeh1nrobiey eLo- | Z . Z . L l -hept- 2- ene

A solutíon of the aceto>.y compound ín ethanol was stírred

and refluxed wíÈh conc. hydrochloríc acid for 2 hours. The clear

soluËÍon I¡¡as poured ínto vrater. The orange oi1 was ether extracted,

dried over sodium sulphate and ether distílled off leavlng the

hydro>ry compound (g51¿) as whire crystals m.p. 154-1-55o (1it.113 155.)

ex n-heptane.

endo- 5 -Br ano - 7, 2, 3, 4, 7, 7 -heæaehLo robiey eLo- | 2, 2 . i I -hept- Z - eræ

VínyI bromide (5.a g) and hexachlorocyclopentadiene (13.7 g)

were heaËed at 120o in a sealed tube for 20 hours. DisËillation of

the reaction mixture yielded 2 fractíons:

Et hexachlorocyclopentadiene (5.1 g) b.p. 64of.7 nm

b. required bromo compound (11.9 g, 967.) b.p. 140o /.7 rm.



(Found i C, 22.471'

requlres C, 22.L;
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Br, 21.1;

Br, 2J-.05;

CI, 56.1: CrIlrBrCl

C]-. 56.052) . v
mex

H, 0.94;

H, 0.79;
6

(nul1)

1603 (c =c srr,) 
"r-1.

end,o - L, 2, 3, 4, 5, 7 r 7 -H ep taehLorobi ey eLo - 1 2. 2 . 7 1 -hept- 2- ene

VÍnyl ctrlorlde \¡Ias passed ínto hexachlorocyclopentadfene for

48 hours ax 2 atmospheres pressure and 120 ! 2oc. Distillatlon at

20 mn yielded unchanged hexachlorocyclopentadiene b.p. 722-130o and

crude chloro compound (90%) b.p. 130-L40o. Repeated sublimation

at 7Oo/.05 mur yíelded the pure chloro comporrnd rn.p. 128-132o (ltt.114

ea. L25-L36o).

enåo- 5 - Cy Gno - 1, 2, 3, 4, 7, 7 -heæaehTnrobiey eLo- | 2 . 2 . L l -hep t- 2- ene

Acry loni t rí le, hexach 1o ro cy cl-opent adiene, 4-t-b uty Lc aÈechol

and gl-acial acetic acid were heaied f,or 24 hours at IOO.C. Stea¡r

dístí11aËÍon of Ëhe mixture yielded unreacted dÍene and the waxy

cyano adduct (67"/,) b.p. 170-I74" 1.9 mm (l-it.ttt r.n. 143o).

endo - 5 - Aee ty L- L, 2, 3, 4, 7, 7 -heæaehLorobí q eLo - | 2. 2 . 1 I -hep t- 2- ene

The reactlon between nethylvlnylketone, hexachlorocyclopentadiene,

4-t-buËy1-catechol- and g1-acial aceËic acid yielded the acetyl adduct

(g87") whÍch on repeated sublimatÍon had m.p. 7L-72" (lit.ttt *.n. Z0o)
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endp-7r2,3r4r7r7-HeæaehlorobicgeLo-12.2.71-hept-2-ene-s-eanboæylie acid

Equimolar quantitles of acrylic acfd and hexachlorocyclopenÈa-

diene were heated for 24 hours at 130o. After repeated subliuratlon

the carbo:ry11c acfd adduct (B5Z) had m.p. L75-I78" (1it.116 m.p. ea.

1BO"). v---- (mu11) 1705 (C-O) 
"*-1.- max

enÅ.o-7,2,3,4,7,7-HeæaevtLozobí,eyeLo-|Z.2.7I-hepL2-ene-5-methyL earboæyffie

Method A. The carboxylíc acid (1.8 g) was treated with diazo-

methane in ether to yield the methyl ester (L.7 8r 907.) m.p.36-38o.

(Found: C, 30.37; H, 1.68; CI, 59.1; O, 8.85. CgHOCI'OZ requires

C, 30.08; H, L,67; CL, 59.33; O, 8.91%). uo,"* (mu11) I74O (C=0)
-1Cm.,

'Method B. The carbo:rylíc acid in methanol, wfth a trace of

conc. sulphuric acid, was refluxed for 24 hours to yfeld the methyl

esËer (757"> m.p. 36-38o.

Atternpted synthes is o f endo- 5 -methorA - L, 2, 3, 4, 7, 7 -heæaehLorobi cg eLo-

12, 2.11-hept-Z-ene

tr'llren the correspondlng hydro4f compound was treated rrrith

diazomeËhane in ether a quantitatíve recovery of startÍng materlal

was obt,ained.
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3. Benzocvcl-obutene and DerlvatÍves

ü,ü ,L) 
t ,ti | -Tetrabromo-o-ry Lene

ThÍs compound was prepared by the nethod of Ttrfele and Gunth erILT

and was obtafned as a 1íght bror,rm powder m.p. 116o (lit.ttt *.n. L16o).

1, 2 -D íbr omob enz o ey eL obut ene

rnrr\nrr!'rt rwt-Tetrabromo-o-xylene was treated wfth sodiun iodide

by the method of cava and Napíer118 ,o yield lr2-dlbromobenzocyclo-

butene as colourless crystals m.p. 52-53" (1it.ttt *.n. 52.4-52.8").

BenzoeycLobutene

1r2-Dibromobenzocyclobutene (5 g) was hydrogenated aË room

temperature ín ethanol (500 m1) 1n the presence of 50ll pd/C (2 e)

and sodium ethoxide. The reaction mi.xËure on fractionatlon yielded

pure benzocyclobutene (1.7 g, 85"/.) b.p. 150o /760 nun (lit.tt' O.n.

l-50'/748 rnm).

u, u | 
-D ib z.omo - o- ry Lene

r20Tfiis compound, prepared by Perkínts method,

colourless crystals m.p. 93o (1it.t'o *.n. 93o).

was obtained as
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Atternpted alternatioe synthesis of benzocg eLobutene

Ttre method used was that of Hal1 et aL.L2L fot the preparaË1on

of dihydrophenanthrene from dibromoditolyl.

Frebhly'made llthium wire (l- g) was cut lnto a nitrogen-fflled

flask conËaininC dry ether (75 cc) and bromobenzene (12 g) was

gradually added. tr{tren the interacÈÍon rras completed, a solutíon of

wrwr-dibromo-o-xylene (16 g) j-n ether (200 cc) was added as fasË as

refluxing a11owed, Ice and hrater were then íntroduced and the two

layers separated. DistíllatÍon of the drled ethereal layer gave a

quantitaÈive recovery of wrwr-díbromo-o-><y1ene.

L -B r om ob ena o ay cL obut ene

Benzocyclobutene (L2 ù ín carbon tetrachLorfde (120 cc),

N-bromosuccfnimíde (2L.6 g) and benzoyl peroxlde (I.2 g in 5 cc CHC13)

were heaÈed to reflux and the reaction continued without further

heatíng beÍng completed tn 10 mínuËes. The succinimíde was flltered

off. at the pump and the filtrate distilled yielding l-bromobenzocyclo-

butene (I2 g, 571¿) b.p.60ofLrun (1it.1" O.n.55-59"/1 mm).

B enz o ey cL obutene - L- earb o ry Li e aeid

The Grignard reagent, formed from l-bromobenzocyclobutene (4.02 g)

and Mg (0.7 g) ín the usual manner, was exchanged wlth carbon dioxide

(by bubbling dried C0, through the ethereal solution). Thls reaction

yielded the acíd (L.7 C, 537") whlch on sublimation had rn.p. 74-75"

(ILt.Izz ^.p. 75") .
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B enz o ey eL ob ut en e - 7 -me thy L e atb o ry Int e

Ttris compound was prepared by treatlng the acld (300 mg)

with diazomethane in ether and yielded a colourl-ess l1qu1d (z2L ng,

66"Á) b.p. 64"f0.5 rmn çLht.lzz b.p.64o/0.5 rrn).

4. MonosubstituËed Succinic Anhydrides

AeetyL sueeínic øthy drí,de

ïhis compound was prepared by reflu:dng l-nal1c acíd (13 g)

with acetyl chloride (25 g) unrfl rhe solrd díssolved (2 hours).

Distll-lation yíe1-ded acetyl succiníc antrydride (10 g, 65"¿) b.p. !66"/

L4 run (1it.123 b.p. 160- 162" /L4 rurù .

Attentpted ísoLation of ehLoro suecinie arlhydride

The method of Anschutz and, B"r,rr"=t124 
""" used by heatlng

fumarÍc acld (3.3 g) 1n aceric aetd (L2 g) wirh aeeryl chlorÍde (7 e)

in a sealed tube for 10 hours at L20o. The mixture was then concentraÈed.

under reduced pressure (0.5 mn) to remove the acetic acid and excess

acetyl ctrloride.

First attentpt. The n.m.r. spectrum run on the reaction

mixture shornred the presence of chloro succinic anhydride but other

inpurltÍ.es present, did not al1ow a satisfactory compleËe inËerpretation

of the spectrum.
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Subsequent attentpts. The reactlon mlxture was ether

extracted. TLre ethereal solutíon was washed r,trith a saturated sodium

blcarbonate solutíon. A r¡hiÈe solíd (1 g) whÍch precÍpl-tated and

was fÍltered off was identified as fumaric aci.d (subl-imed at 200oC).

The ether extract was dríed over sodíum sulphate and ether distlIled

leaving an off-whíte solid (1.8 g) whích was identified as maleic

acid m.p. 139o alone and adnixed with an authentic sample.

Attønpted isoLations of bnono sueeínie æthydride

L24Method A. Several aËtempËs usfng the above method wlth

fumaríc acÍd, acetyl brornide and acetic acíd yíelded fr.marlc and

malej-c acids as the major products.

Method B. Bromo succinic acíd (5 g) was refluxed with aceËyl

chloride (12 cc) until the sol-id dissolved (4 hours). Dlstillation

yielded maleic anhydride (2,3 g, 92%) b.p. 150o /26 m.

5. Cvcloorooane DerlvaËlves

CyelopropøtoL

Cycl-opropanol, prepared from epLchlorohydrin by reacting 1Ë

with rnagnesium brornide and ethyl magnesíum bronide by the method of

SLahl and CoËt1"rL25 was obÈained as a colourless oÍ1 b.p. 4B-52of

97 nm (Lit.r25 b.p. 53-55o/100 nn).
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Cy eTnpn opU L pJ toluene s uLphortate

Ihis compound prepared by the rnethod of Sekera and Marvel

was obtained as a colourless ol1 b.p. 118-LLg"lO.06 r-, (1it.127

b.p. 110-L20" /0.1-0.5 rmn) .

t27

CyeLopropyL aeetate

Acetyl chlorlde reacted with cyclopropanol 1n pyrldfne and

the reaction mixture treated 1n the usual manner to yield cyclopropyl

acetate b.p. 110-11-2o (Iít .]-26 b .p. 108-111-o ) .

M e thy L - cy e L op z.op øte earb oæy L at e

Cyclopropane carbo4yllc acid (2.2 g) ln ether was treated

with diazomethane to yield the methyl ester (2.2.9, 85%) as a colourless

liquid b.p. 118-1-19o (1it.139 b.p. 119o /764 llølrù.

Pheny L- ey eLoprop ane earbo æy Late

Cyclopropane carbo><y1ic acid was Ëreated wlth phenol 1n the

usual manner to yield Èhe phenyl ester as a colourless liquid b.p.

LLz"/72 nm (lir.I28 b.p. 117-118o/13 m¡o).
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6. 3.4-Dihvdrocoumarln DerfvaËives

o-Hy dtorypheny 7s ueeiníc asid

counarrn (50 g) was heated for 6 hours in ethanol (1500 cc)

wiÈh a solutÍon of potassrum cyanlde (30 g) in water (150 cc). The

alcohol vras removed, resid,ue qras dissol-ved 1n a small arnor:nt of
water and was then extracted with ether. The residue r^ras warmed

wÍth potassLum hydroxÍde (5 g) for another hour on the \,üater bath,
acÍdÍfied r,rith hydrochl-oric acíd., filtered and the fíl_trate
extracted with eËher. Removal of the ether yÍelded crystaLs (45 g,

73"/") , m.p. 148-150o (llt.t" *.n . cd.. 15Oo).

3, 4-DLhy dzo eownarin- 4 - eanb oæy Li e ac+ d

o-Hydro><yphenylsuccinic acid was heaËed tn boiling :<ylene

contaÍning phosphorrc oxide for 30 mins. The product (B3z yfeld)
was crysËa111sed from ethyl acetate-petroleum ether (b.p. 40-60")

m.p. 135o (Lit.t'o *.n. l35o).

4- A c ety L- 3, 4 - dLhy dr o cown ar\n

Method A. o-Hydroxyphenylsuccinrc acld (1 g) was boiled under

reflux wiÈh acetic anhydride (r0 m1) for t hour where-upon carbon

dioxÍde evolution ceased. The product (r- g), after removal of
acetic anhydride in uacuo, was crystallised from aqueous ethanol as

needles m.p. L2L-I22' (lit.tto ,.n . I22o),



-68-

Method B. 3r4-Dihydrocor.r¡narln-4-carbo:ryllc acid (0.5 g)

htas vlarmed on a sËea¡n bath wlth aceËíc anhydride (3 rn1) and 3-pfcollne

(3 m1) for 30 mlns at whfch time carbon dioxide evolution ceased.

After evaporation at L00" in'Da.cl/to, Ëhe residue hras recrystallised

ex eËhanol (using noríte).

3, 4- ùihy dto cownæin- 4 -met\t y L e arb o ry Tnte

The carboxylic acÍd (128 mg) 1n methanol was treated with

diazomethane to yield crystals (98 rng, 73"/") m.p. B8o (1ft.'130 m.p. 89o).

4 -B romo - 3, 4 - dihy dn o eownarLn

Ttrls compound, prepared by Ebertrs methodl3l- of adding hydrogen

brouide Ëo coumarin, was obtained as white crystals fr.p. êd. 45"

(1it.131 m.p. 42-45o). ïhis compor:nd ís very unstable and on sËanding

for even a short time evoluË1on of HBr occurs yielding a whÍte solid

identifíed as coumarín m.p. 67o alone and admíxed wÍth an authentíc

sample.

2.)t a-DiVtydrocownarin

Coumarin (29.2 g) was hydrogenaËed by treating an eËhereal

solutlon with Raney nickel (5 g) at 100oC, 1800 p.s.i. of hydrogen,

f.or L/2 hour to yield a colourless liquid (26.6 E, gO"Á) b.p. 130'/

8 n¡nr (Iir .L32 b.p. 140-1-41"/1-4 nm).
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Attentp ted ís oLati on o f 3 -bromo - 3 
" 

4 - dLhy dto e ottnayin

Method A. An equímolar quanËity of bromine (1n CCIO) was

added dropwÍse to 3r4-dihydrocor:marfn (1n CC14) at 0o. Inlhen addltfon

was complete the solution sËood over calcium carbonate. An n.m.r.

specÈrurn run on Ëhe reactlon míxture verified the presence of 3-

brono-3r4-díhydrocoumarin. If the temperature of the reaction mixture

rose abovê 0o, evolution of HBr occurred yÍeLdlng cor¡narin m.p. 67o.

Method B. 3r4-Dfhydrocoumarín (in CCIù, N-bromosuccinimlde

and a trace of benzoyl peroxide vrere heated under reflux for 5 mÍns,

cooled, and succíniníde was filtered off. The whíte solid left,

afÈer CC1* was removed under reduced pressure, was ldenÈlfied as

cor¡narln.

Method, C. All atternpts to catalytlcally reduce q-bromo"or-"rl-rrr134

made from coumarÍn díbromíderl33 1.d to the unfavourable removal of the

bromine aËom before reducfng the doubLe bond.

7. Substítuted Chromanones

3 -B r om o - 4 - ehr orn øt one

Tlrfs conpound was nade by the method of Arndt and K"11rrer135

from chromanone and 1 mole of bromÍne 1n chl-orofom. Repeated

subliuration yielded off-whiÈe crystals m.p, 69-70" (1it.135 m.p. 69-70o).
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PhLorogLucinoL dínethyL ether

This compound, prepared by Ëhe meÈhod of Pratt and Roblnson,

was obtaíned as a colourless liquíd b.p. Ig}-Lgg"/35 mr (11t.136

b.p. 198-200'/35 mrn).

136

Cond.eræatiøn of phLonoglueinoL d|methyl ether øtd acetonítrLLe

This condensatlon ylelded 4-hydroxy-2r6-dlnethorryacetophenone

as pale yellow crystals m.p. 184-185o (1ft.136 *.p. 185.5o) and the

Ísomeric compound 2-hydro>cy-4, 6-dímethoxyacetophenone m. p . 80-81 o

(1it.136 r.p. BO-81o).

Atternpt e d synthe s i s o f 5 

" 
7 - dimetVtpry - 3 -hy droæy - 4- ehromØtone

A míxture of 2-hydroW-4r6-dlrnetho:ryacetophenone (2 ù, sodium

dusÈ (1 g) and rneËhyl formate (20 g) was kept for 40 hours then

shaken wíth ice and water. Ttre ethereal solution was washed with

rnrater and dried (MgSOO). The ether and methyl formate were removed

on a water bath. The residual oiL after solídifying \¡ras crystallised

ex eËhanol as a pale yellow solid m.p. 320o. The required compound

- 117
has m.p. 104o.*-

B. Bícvclo- l3.2.Ll -ocËan-3-one derivatives

2, 3 -Dib romobi ey eLo - :1, 3 . 2. L l - o ct- 2- ene

Thís compound, prepared by treatlng norbornylene with poËassium
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tert-butoxlde and bromoform, r,ras obtained as a colourless oil
b.p. 104o/1 mn 11tt.138 b.p. 104o/1 rmn).

3 -B nonobíey eLo - L 3 . 2. 1 f -o et- 2- ene

Ttris cornpound, prepared by reactfîE 2r3-dlbronobfcyclo-

[3.2.1]-oct-2-ene with lithium alunÍnium hydrÍde, was obtalned as

a colourless oi1 b.p. 42-44" /I rnur (j-it.138 b .p. 40-44"/1 run).

Biey eLo-Íî . 2 . 1l-oetan-3-one

ThÍs compound, made by reacting 3-brornobicyclo-[3.2.1]-

oct-2-ene wiËh conc. sulphuric acÍd, r¡ras obtaÍned, after sublimatÍon,

as a colourless solid m.p. L32-133o (1tt.138 m.p. 132-133o).

2-Bromobiey eLo- 13 . 2 
" 
Ll-oetøt-3-one

Bicyclo- [3.2.1]-octarr-3-one was brominated uslng bromlne

ín aceËíc acid to yield this compound as a colourless so1íd m.p. 49-50o

¡l-it.13B r.p. 49-50").

cís - 2, 4 -DLb rornob í ey eL o - | 3 . 2 . 7 I -o et øt - 3 - one

This compound, prepared by brominating bicyclo-[3.2.l]-octan-

3-one with pyridinium perbromide, r^ras obtained as a colourless

crysËa1Line so1Íd m.p. 89o (1it.138 *.p. B7-BB.).
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tr ans - 2,  -Dibromobí q eLo - | 3 . 2 . 7 7 - o etan- 3 - one

l]ne eis-dibromoketone ín acetic acfd r,tras treaÈed wj-tt- 40%

aqueous hydrobromic acid.. The reaction mixture r,üas left at 40 t 3o

for 3 days. After Ëhe usual treatment there was obtalned a mlxture

of tr¡o products one of which was eis-2r4-dibrornobÍcyclo-[3.2.1]-

octan-3-one. N.rt.r. índicated Ëhat B0 ! 707" epímerfsation had

occurred.

cís - 2, 4 -D ib z.otnob i ey eL o- | 3 . 2 . L f - o et øt- 3 - o L

By treatíng eis -2 r4-dib romob icyclo- [ 3. 2 . 1 ] -octan- 3-one in

eËhanol with boric acid and sodÍum borohydríde the required compound

was obtained as a coLourless crysËa11íne solid m.p. 110-LLZ', (lit.138

115-116').

Compot md ob taín ed fnorn cis- 2, 4- &ibromobiey eLo- 13. 2 . 7 I-o etøt- S-oL

An aËtempt to purífy thís compound by sublimaËion at 140"/0.05

mn yieJ-ded a colourless crystalline sol-íd m.p. 160-161o which exhibÍted

a Èypícal ABX-type norn.ro spectrum and showed m/e 202, 204. Ttris

compound i.s bel-ieved to be 2-bromo-3 r 4-epoxybicycl_o-1.3.2.1_ ]-ocËane.

Bí ey eln- 13 . 2 . 1 f -o etøt - 3- oL

Bicyclo-L3.2,1]-octan-3-one l-n methanol- was treated vrith

sodíum borohydride and let stand at room temperature for 2 hours.

Af tcr tlrc ur;u¿rl- trc¿rt-nrcnl- a cryrrtnLl.lncr ¡rrodrrcE, wh Iclr hr¡ul r¡llowrt to
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be a mixture by t.l.c., was obtafned. TtrÍs rnlxture when

chromatographed on sll-ica yÍelded with petroleum eËher-ether

G5"/.) mixture a colourless crystalline compound, m,p. 2zt+-225" (lit.138
rtr.po 225o) exhíbÍting an axlal-oH in n.m.r. and v*"* (rnulJ-) 3620

(oH) 
"r-1.

Elution wÍth pure ether yíel-ded another colourless compotrnd

m.p. 116-118o (1it.138 tto-t17o) whÍch exhibited an equatorÍal-oE

in n.m.r. and v*r* (mu1l) 3620 (O-H) 
"r-1.

9; Cvclobutanone DerÍvaËíves

Z-rsopropyLideræ cy eLobutanone øtd D, 4-d|isopropy Lid.ene cg elobutø,one

A míxture of acetone (35 g), cyelobutanone (10 g) and lN

caustic soda (J-00 rn1) was stírred in a closed flask for 4g hours. A

yellow layer appeared on the surface. Ihe reaction mÍxture Íras

neutralísed with acetic acid, Èhe upper layer decanted and the aqueous

phase exËracted several times with benzene and eËher. The organic

phases were combined, dríed over sodiurn sulphate and Ëhe solvents

distilled. A pinch of phosphorus pentoxide was added to Ëhe residue

t¿hich was s1-ow1y distilled yielding 2-isopropylidene cycl_obutanone

(3.5 g) b.p. 7o-72o /2L nn (lÍr.tOo o.n. 7L-72" /zI nm,), and, 2,4-

diisopropylÍdene cyclobutanone b .p. L35" f21 rnm (1it.140 b.p. 135o/

21 rnrn) which crystallises on freezing m.p. 75-77" (1it.140 m.p . 75-7go).
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Attanpted synthesis of z-t-butyL-4-isopropyLidene q eLobufurone

2r4-Dilsopropylidene cyclobutanone (in anhydrous THF) was

added dropwiqe to rneËhyL magnesiurn iodíde (in anhydrous THF) and a
pÍnch of cuprous chloríde \4ras added aË 0o. The reaction would, noË

take p1ace. The solvent ¡vas removed, and dlstÍ11atÍon of the resfdue

yielded the startÍng materíal.

10. PhotoreactÍon BeËween and Styrene

Phenanrhraqufnone (1 e) and freshly dÍsrilled styrene (2 g)

in benzene (50 cc) were exposed for 4 days. After the benzene hras

removed and the residue treated wiËh 1Íght petroleu.n (b.p. 30,50o),

concentration of the extract yielded almost colourl_ess crystals il.p.
125-l-35'd (1it.141 ea. L3ood) after washing wÍth ether.

11.

L-Phørry L-  - s ty ry L- Z- azetí&inone

The reaction of cinnarnylÍdene-aniline (10.35 g) and ethyl-a-
bromoacetate (10.0 g) gave 10 g of. a brown oi1. This oil was absorbed,

on alr:mina (250 g) packed in benzene and. eLuted with benzene/ether.

Ttre fractions collected containi-ng 15-207" ether yielded the requÍred

compound as colourless needles (2 g, 2oT") m.p. g7o (lit.to' ,.n. B7o).
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3 -Me thy L- L-pheny L- 4- s ty rg L- 2- az etidinone

The reactlon of cin:ramyJ-idene-an11íne (10.35 g) and ethyL-a-

bromopropionate (LO.L g) gave the required compound as pale brown

plates (6.8 g, 591Z) m.p. I42-I44o (1it,.85 ru.n. L42-L44") ex ethanol,

shown by n.m.r. to be a míxture ot eís and tyqns Ísomers. Repeated

recrysËallísation ex'ethanol yielded'a small amount of the pure

eis isomer m.p. L46-L48".

3 -E thy L L-pheny L- 4 - s ty zg L- 2- aze tidinone

Cinnaurylidene-aniline (10.35 g) on reactlon wíËh ethyl-ú-

bromo-z-butyrate (l-0.5 g) gave a deep red víscous oí1 (10 g, 837")

b.p. 170o/0.1 nm which was shown by n.m.r. Ëo be a mixture of gis-

and trqns- 3- e thy 1- 1-ph enyL- 4- s ty ry L- 2- az et idÍ'nor.e

3 - I s opropy L- L-pheny L-  - s fu ny L 2 -aa eti d|none

The reaction of cínnamyl-idene-anll-Íne (10.35 g) and ethyl-o-

bromo-lsovalerate (10.5 g) gave an orange solld (5 g) b.p. 135o 10,2 m,

which had no C-O absorptioÍL ea. 1740 cur-l in i.r., so no further

invest,igation rtras done on this eompound, and a red 1lquid (6 g, 5O7.)

b.p. 170o 10.2 rnm which was shown to be a mixture of cLs- ar'd traræ-3-

i s op ropy l-l-phenyl - 4- s ty ryl-2- azet|dinone b y n. m. r .
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Att entpted s ynthe s ís o f X, 3 - dipheny L- a- s fu ry L 2- az eþi dinpne

The reactlon of cinnamylidene-anilfne (5 g) w1Èh ethyl-o,-

bromo-phenyl aeetate (5 g) gave a bror^¡n solid (0.84 g, L5%) contaÍnlng

a¡r MI band aË 3300 cur-l Ín í.r. Ttris compound was identified as

eËhy1--3-anilino-l- , 4-dÍphenylpent-1-enate by n om; r .

3, 7-Dimethy L- L-pheny L- 4- s tyny L- 2- azetid|npne

The reâctíon of cinnanyl-idene-ani1íne with ethyl-o-bromo-fso-

butyraËe gave this compound as yel1ow need.les m.p. 131-132o (1tt.85

m.p. 131-L32").

L, 3, 3 - IrLpheny L- 4- s ty ry L 2- aze tidinone

This compound, prepared by Staudlngerts method from cinnamylidene-

aniline and diphenylketene was obtained as a whfte solld rn.p. 1-73-174o

(lit.143 r.p. L7L-L72").

L2. Schiffts bases

All the anils (I)-()OWII) are knornrn compounds and were prepared

by standard procedures.

Compounds (XXVIII) and (XXX) \rere prepared from the

appropriate aldehyde and 1214r6-DrJani1in".104 Compound (XnX)

rüas prepared from aniline and [2 ,4r6-D3]benza1dehyd".97
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Summnrg

Skeletal-rearrangomont fragments aro observed in the mass spoctra of all
anils derived from aromatic aldohydes. The rearrangement procosses have been
studiod by high-resolution mass spectrometry and in certain cases by deuteriurn
labelling. All processes are of the genoral type [ABC]+' + [AC]+'f B.

The mass spectra of azomethinesl and the normal fragmentations of anilsz have
been reported. Skeletal-rearrangement processes of the t¡re [ABC1+'+[AC]+'fB
are common features of the spectra of compounds having the general structure
Ar-X=Y-Ar,3 and these aro especially important in the spectra of azobenzenes,a
azoxyberr:,eraes,s and nitrones.o As the previous publication on anils2 does not
specifically discuss skeletal-reorgânization processes, we haye undeúaken a sruvey
to study this problem, and this paper is concerned with both the rearrangement and
normâl cleavage processes in the spectra of (I)-(XXX).

Skeletal-rearrangement processes are recorded in Table l, and examples of
spectra are shown in Figures l-I0. The compositions of the rearrangement ions
mentioned in Table l, and of the fragment ions discussed in the text or indicated
by schematic aûows in the figures, have been defnitely 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.

f Part XXX, Larsen, B. S., Schroll, G., Lawesson, S.-O., Bowie, J. I[., and Cooks, R. G.,
T etrahed,ron, in press,

{ Departmont of Organic Chemistry, University of Adelaide, P.O. Box 498D, Adelaide,
s.a. 5001.

$ University Chemical Laboratory, Lonsfield Road, Cambridge, England.
r Fischer, M., and Djerassi, C., Chem. Ber., 1966,99, lõ41.
2 Elias, D. J., and Gillis, R,. G., Aust. J. Chem,., 1966, 19, 25I.
8 Brown, P., and Djerassi, C., Angeus. Chem. önt. Ed,n, 1967, 6, 477.
aBowie, J. H., Cooks, R,. G., and Lewis, G. 8.,J. chem. Soc. (B), 1967,621.
s Bowie, J. H., Cooks, R. G., and Lewis, G. 8., Aust. J. Chøm,., 1962, 20, 160I.
6 Larsen, B. S., Schroll, G., Lawesson, S.-O., Bowie, J. I[., and Cooks, R. G., ?etrahaîlron,

rn pross,

Aust. J. Chønt., 1968,21,2021-30
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II (xfi)

o-Me (XIII)
m-Me (xIV)
p-Me (XV)
H (xw)
H (xwr)
Er (xvilr)

(I) H
(II) o-Mo
(III) p-Mø
(w) H
(v) H
rvI) H
(YII) o-Cl
(\rIII) m,-CI
(Ix) p-ct

H
p-Br
H
H
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o-MeO
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p-cl
II
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H
H
H
H

rn-MoO
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(XX)
(XXI)
(xxu)
(xxlll)
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(xxv)
(xxvr)
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H p-MeO
o-OII II
p-OIf II
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zz-NO2 H
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H zr,-NO,
p-NMe, H

c6H6cH DD CH:NC6H5 CH:N

(xxvnt) (xxx)

T¡¡r,¡ I
sKEIETIL-REIRRA.NGnMENT PÊocESsES rN TEt sPEcrl,A or' (r)-(xxvrr)

AII processes are substantiated by motastable ions except thoso indicated by placing the

elimination product in parenthoses. Rearrangement processes have been substantiatod by
high-rosolution studies. Where several isomers (e.g. VII-IX) have identical rearrangement

processes, oxact mass measuroments havo been doterminod for only ono isomor

(xxx)

Compound(s) Rearrangoment Process
l'inal Ion

(rnl")
Rel. Abund. of
tr'inal Ion (o/o)

(r)

(II)-(VI)

(vII)-(rx)
(x)
(xI)-(xIIr)
(xlv)
(xv)-(xIX)

(xx)-(xxfi)

M-H._ECN-H
M-H.-HCN-H,
M-E[.-Me'-(HCN){

L52
r65
t52
t52
t52
t52
r51
r39
r52
r39
l5I
r52
r52
t52
t52

5

8,8,5,4,3
5,4,+,4,4

8

4, 18, 13

2

2,3,3,4,4
2, 3, 2,3, 2

3,2,3

35

35
r0, 12, 3I
2

(xxflr)
(xxrv)-(xxw)
(xxvll)

M-Cl.-H.-HCN
M_H.-CI.-ITCN
M-Br'-H'-HCN
M-H.-HX'_HCN

M-H'-Me'-CO-HCN-(Hr)
M-(Meo')-(HCN)-H'

M
-cHo.-(HCN)-H,
-rt'-Hro-rrcN
-EO.-(NO.)-HCN

M-HO.-CNgO
M-NO2.-H.-HCN
M-H' -Me' -H' -HCN-H' -HCN
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The interpretation of the rearrangement processes in the spectrum (x'ig. l)
of (1) has been aided by the spectra (x'ig. 2) of the labelled derivatives (XXVIIr)
and (XXrX). The overall process is M-H'-HCN-H. to produce mle r52
(crrHr, h.r.), which is most plausibly represented as the biphenytene rad.ical ion (ó).

Fig. I
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ú
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D r83

lAO

rea (rr,l+)
raa (lr*)

(xxvrrr) (xxrx)

04

o7o4

54

\ 154 I55

160t6080

^1.
The hydrogen lost in the M-H. decomposition comes almost exclusively (> g0%)
from the azomethine moiety as evidenced by the spectra (Fig. 2) of (XXVIIr) and
(xxIX). The spectra of (XXVIIr) and (XXrX) in the mle rõ2-r57 region are
identical, indicating that the two hydrogen atoms involved. in the last two decom-
positions come equally from each aromatic ring. ft is not possible to determine
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_ 
DL -:!!xlll*(t) -¡Ía* Ph-c-N-,rr -¡¡.¡*r '

o, mie 180

whether the hydrogens come specifically from' ortho positions, as it is knowrr?-s

that, in genelâl, the hyd.rogens on any one monosubstituted benzene ring become

equivalenl upon electron impact.f Consequently, D and II will be lost from the labelled

aromatic ring in the ratio 3 : 2 (ignoring possible isotope effects). The rearrangement

may therefore be represented by the scheme (I) + ó'

b, mle 752

+

c, mle 165 il' mle 139

The skeletal-rearrangement processes in the spectra of monosubstituted

derivatives are mod.ifled. by the substituent. when the substituents may fragment

by ø-cleavage to the aromatic ring (e'g. ¡( : Me, Cl, Br, and NO2),10 then ó is formecl

by either of th. p"o.".ses M-H. -X. -I{CN or M-X' -H' -HCN (see Figs. 3, 4,

,rra z-o¡. The fluorine substituent should also fall into this classification, but the

ion produced in this case is the biphenylene cation (mle L1l\, not b' The relative

abondunces of ö range ftom 2-35o/o of the base peaks, and are largest when X : NOz.

when X : Me (see Fig. 3), the cation mle 165 (crrHf) is also formed. Even though

structures d¡awn for fragment ions are nominal only, it is argued that the most

plausible structure for this ion is the fl.uorene cation (c), although this does not

preclude the possibility of more extensiYe rearrangement'
'When the presence of an ox)€enated- substituent allows the adùitional loss

of a ring carbon (".g. x : oH or oMe),10 then the ion produced by the overall

,er".ang-"rnent is d,, mle l:19 (C'H? h'r.) (see Figs' 5 and 6)' X'or example' in the

spectrum (x,ig. 6) of (xXI) the major reorganization process is M-CHO' -HCN-Hr.
dven in such cas"s mlell2ions are still pre,sent. The formation of ó from the molecular

ion of the dimethylamino derivatir.e (XXVII) is complex, involving six successive

eliminations, viz. M-II' -Me' -H' -HCN-II' -HC¡{ (X'ig' 10)'

Although the simple cleavage processes of anils have been discussed previously.z

there are certain features which need clalification. Cleavage of anils occurs o to the

j Note ad'd'ad in prooJ-Í.or exceptil]ns to this statement, See Williams, D' H., W.arù R,. S''

and Cooks, R,. G., J. Atn. chem.,Soc., 1968, 90, 966'

7 Gn¿bb, H. M., and. M.eyerson, s., "Mass Spectrometry of organic Ions." (Ed. x'. w'
Mclafferty.) Ch. I0. (Academic Press: New York 1963')

sRonayne, J., \4-illiams, D. H., and Bowie, J. H., J. Arn. chertt'. soc., 1966' 88' 4980'

e Bowie, J. H., Donaghuo, P' F., R'odda, H' J', and Simons' B' K" Tatrahed'ron' 1968'

24, 3965.
10 Budzikiewicz, H., Djerassi, c., and williams, D. H., "Interpretation of the Mass Spoctra

of Organic Compounds'" (Holden-Day: San Francisco 1967')
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aromatic 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 spectra (X'ig. 2) of (XXVIII) and (XXIX) and in general
the relative abundance of ø is normally greater than that of g (for exceptions see

Fig. 8

100

(xxx)

Fig. 9
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(xxv)

oo
_ HCN

H

_ HCN
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ao

Eso
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20

77
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60 ao loo 
'to 
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2oo 22o

below). Ilowever, the relative abrfndance 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 flssion. As the ions g and i are produced directly from the molecular ion
and also by decomposition of / and å respectively, the additive effect should increase
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the abnndance of. i at the expense of g, øven though iú 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 arrdh>Ð stated. above- X'or example, C>d (o/o)

in the spectra of (XIX) and (XXVI) and/ > å in the spectra of (II), (III)' (XVIII)'
and (XX). Caution should therefore be exercised when using the relative abundances

of these ions to aid structure elucidation.

Tlsl¡ 2

R¡rr,A.Trvr ÀBSNDÀNCES (Tò Ot cr.EÀvÀGE ¡'RÄGMEN:¡g rN rEE spEg1rRA. or (r)-(xxvrr)

Compor:nd RC6H4CH:N+ (/) R'C6II4Ñ{H (l¿) RC6HI k) R"C8I{ï (d)

(r)f
(II)
(IIr)
(rv)
(\')
(1T)
(\,II)
(\'ZIlr)
(D()
(x)
(xr)
(xlr)
(xrrr)
(xrv)
(xv)
(xvl)
(xwr)
(xvlr)
(xrx)
(xx)
(xXI)
(xxü)
(xxlrr)
(xxw)
(xxv)
(xxVI)
(xxvil)

l0
26
25
l4
T4

l3
2

3

3

40
,

54
58

5
2

4

2

26

2

5

t2
0
0
0

3l
¡)

13

r2
t2
00
l6
l8
22
28
L7
,n

18

2l
27
t5

6

I9
7

I
4

l0
IO
l9

7

39
29
I
8

I
26
I5
4
2

2

2

2

2

à
0

6

5

I
0
0

2

l3
3

t7
2

2

0
0
0

Ð

0

93
100
r00
55
79
64

100
100
100
77

r00

76
100
5I

100
100
61
4

60
r00

16
r00
r00
29

q

39

f These valuoe havo boon determined from the spectra of (XX\|[II) and (XXIX)'

It has been shown that simple cleavage processes in the spectra of aceto-

phe,nones,lr'12, benzophenones,ll'12 and azobenzenesa may be related semiquanti-

11 Mclafferby, F. W ., Analyt. Ckern., L959, 3l' 417 .
12 Bursey, M. M., ard Mclafforty, F, W., "r. Arn. chem. Soc., 1966' 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 abuadance
of a particular ion (which is common to a series of spectra) is plotted against the
Elammett ø value for the metø or pørø subsf,ibuent. The theoretical basis of this
method has been discussed. by Mclafferty.t' A similar plot for the CuHr-Ñ=CH

Fig. 10
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-H. (*)
L---J

(xxvu)
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_ HCN
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- HCN
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Fig. I I .-Plot of log Z lZo o. ø:

Q, rneta substituont;
a, paro, substituent.

z: rel. ab. [C6H5N=CH]
rel. ab. [XC6II4CII:NC6H']

rel. ab. [C6II5Ñ=CH]

o-6

o.4

o.2
'+NOz

NO2+
0.6 0a-o.a -o2

+Me
o

-o.2

ft"-o'o
zo -- rel. ab. [C6II'CH=NC6H']

-o.6

-o.a

ion (mle 104) in the spectra of compounds of the general t¡re X-C.H4-CH=NC6H5
(X is metø or para) against the o value for X, is illustrated in X'igure 1I . Although
the scatter of points is pronounced, the trend is that electron-withdrawing sub-

stituents (e.g. NOr) d-ecrease 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 the mle 104 fragment.

t+
NMe2
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n'inally, when certain substituents occupy positions ortho to the azomethine
moiety, proximity effects are observed in the mass spectra. fnstances involving
hydroxyl, methoxyl, and. methvl groups have been cited.z Another can be seen
from a comparison of the spectra (Figs. 7 and 9) of the nitro isomers (XXrrI) anil
(XXV). A major fragmentation of ¡he ortho derivative proceeds through an M -HO 

.

ion (510/6') which is absent in the spectrum of (XXV). The spectrum (Fig. 8) of

Ph

(xxur) -_;å --

j, n1e 209 h, mle 209

the deuterium-labelled derivative (XXX) shows that the hydrogen atom involved
in the M-HO' process does not originate from the aromatic ring adjacent to nitrogen.
As the spectra of nitrobenzenels a,nd o-nitrobenzaldehyde âre deyoid of M-HO.
peaks, the hydrogen atom is probably lost from the methine position. The M-17
ion may be represented either as j or È, depen'Jing on whether the ion is formed
from the intact or rearrangedls nitro group.

Exp¡;nrunxr¿r,
All mass speclra were measured wibh an Ilitachi Perkin-Elmer RMU 6D double-focusing

mass spoctrometer under ident'ical recording conditions-sourco and inlet temperatures at
f 5(l'+5", and idontical ion currents. Exact mass measurements wero performed on an.A,.E.I. MSg
mass spectrometer using a resolution oj 10,000 (I0o/o valley dofinition) with heptacosafluoro-
tributylamine providing reference masses. AII measurements were correct to within 15 p.p.m.

AII the anils (I)-(XXVII) are known compounds and were proparod by standard procedures.

Compounds (XXVIII) and (XXX) wero prepared from the appropriate aldehyde and
12,4,6-Dr]aniline.ra Comcound (XXIX) was prepared from aniline and [2,4,6-D.]benzaldehyde.s
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