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SUIvild¡\ÏìY.

The behavi-our upon electrun irnpact of a nwnber of d-ifferent

classes of orgarric compounds h¿rve been examinecl vu'ith the aid. of deuteriun

*rd. lJO-ltlr"lling a:rd" metasta'ble i-on technic¿ues, with particular refer-

ence to the j-nvestigation of hyclrogen arrd- caniiron scra¡ùlj-ng processeso

It is shown that'bh.e elj:nj.nation of a rnetllyl- radicaJ- from the

d-i.phenyl.methyl cati-orr and the cliphenyJme'cha:le ¡noleculal' ion ís p::eced.ed.

by hyd-rugen a:rd carbon sclambling. Evidence is aLso presentc,l for the

lnssible in'bennectio.cy of the raul,ical- ions d.erived. frtrm pÌ-renylt::opy-l.ir1ene

and o-,metÏqrlbiphernyf in the lr{-ÐI{r. rearrârlgement })rccess in the spectrun

of d"ipherrylnethaneo

SÍ:rilar)y, consj-dera}le rancLomisation of hyùrogen ancl carl:on

ato¡ns occuris in the sti1bene un-Lecular: ioir prior to the loss of a nethyl

rad-ical.o Thj.s gbse::va.tion maJ¡ be ra.tioiral:.i.sed. i,n benrrs of eitlrerbhe

sj-rnultaneoì.rs occlrrlttlrìce of' (at lea.s-b) tvro separate ntr.;chan-i.sms for metþl

loss (rvj.th the major loss occur-,r:ing fn¡m ¿r scra:nl¡Ied molecula.r iori) or

the deconpos:itiori via a. sj.ngle rnechanism of a nrolecul-ar ion l'ìr:ich ís

preclomi-nantly scra.nù:1ed-e but l"¿irich conta-Lns some pa":ct:Lally scr¿¡¡n'b-l-ed

matcr:Lafo In contrast, thc p.rþcess I'i - ü6H6 :in-t;he spectrtun of stj-l1:ene

occur$ maì:ùy via a s1:eci.fj,t', nechanj-sm.

lhe simp3.e fr:ag;rrentatiolls v¡hich arr: ollserr¡ocl rl the slnctra of

1pj-d.j-thianes involve specific cl.eavage and/c-tr hycJ.rogen rearlr¿rngerirente

but th.e mechartlsn of the rearrangenent prucess M -- *ZH'¡ vhich is l

cha,racterisbj.c of the 1r|di.thj.ane system, i.s complexo Ttre (Irf - $2H")



ions urrd.ergo complete hydrogen scrambli-ng before sricsequent fr:agmentationt

and. j¡ particuJ-ar the correspondirrg ion i¡r the spectnrn of 2-pheny1.-1 ,3-

d-ithiane scrambl.es both carbon and- Ì¡rdrogen"

It has been further demonstrated. -Einat Z-aryL-1 'J*dithianes girre

satisfactory negative-iorr spectra vrhich contai¡r lrclecular anions ard.

which, in some câses at least, rnây contaj-n the extra electrorr loca-lj-sed.

on a sulphur atorno .An unusual- Ìryd,rrcgen sclambling px)cess i.s observed

jn the negative-ion spect::a of 2-pher¡yI- and 2-(p-nitrnphenyl)-l '3*
d.ithiane, r,vhich is absent in the corr:esporrding psiti-ve-j-on spectrau

!.ur-therrnore, a r:nique doubl-e hyd¡ogen rearrangenient is observed ín the

spectrr-rn of Z- þ-nit rnphenyl) -1, Ya¡thj"ane

,9,ú.S
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INTRODUCTION

The pr:Lr:ci-ple of the m¿u;s spectrcgfaph has been }rror"'n since

the beginnj-ng of this century, its maj:r applj-catir:n then being to

d.eternj.:re accurately isotopic abundancese relative masses of nuclicles,

a¡d. atonij.c rveightso llass spec'brometryn hotrre'verr is no longe:: ttre ercclu^'

sive donia-tr of the pliysic:istr âld tod.ay mass spectrome:'üers are used Ín

aJ-l- bra:tches of physical, clternic;rl, geophys:ical¡ a¡rd biological research'

The discipline of nass spectro¡netry ha,s expande'l enonncu'sl-y over the

pas'b felv yeàrs, a¡r,L its -impoybanc:e is steadjly grovt'Íl¡¿,' This has been

the result of 'both fast progress in instr¡¡nental- technío.ues and. ^síg-

niflica:rt aûvances in basic research"

Ma,ss spect:rrcrnetry has p::ovicled. the che¡nist lvith a urique area

of resea.r:ch j¡ th¿rt it is one of the few spectra-L me'r,,ho'l's uhich cle¿r-1 s

4

d-i:rectty vritir che¡ni"r1 ¡saotions.' À l,tass spectral re¿¡"ction j-trvolvos

at least tvo steps, (:) ionj.sati.on of the molecule¡ folJ-ovied (in

gener:al) ¡y (ii) urr.i:nolecLr-1ar d.ecoinposi.tiorr of the ion; and 'blic ¿ri¡r of

much recent resean.oh h¡rs been a better wråersta¡råing of ttie strttctur:al-

a¡rcl enr:rgetic prope¿'tj-es of the iorrs fonnecl 5 a:rd the mechan:isrns of

fragmentai;ion. The ::api.d. expanr:;intr of mass spectrometry first begant

ho.,rreve::¡ a!:out ten yeerrs ago when j-t becarne a field of j:rtense in'Lerest

fo:: the orga¡ic chemíst. The cha.r'acteristic l¡rea1;r1o'r"m pattern of a

mol.ec'rrlar j.on 1yåjs recoglrised ¿rs a vaj-uable ajd j¡L elucid-atÌng the strrrr':-

ture of cherrical compc.,uncls, paTt:Lcularly organic conrpeunds" Às a

coïÌsequenr;sr tÌle ba;ri-r: :Í1:agI'ir':ni;ation¡: l*lic\ o(ìour LÌ)cn electL:r-''tr :t-rnpa'ct
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in the mass spectrr¡me'l,er have been .s¡'sternatically investigated for mos't

cla,sses of organic compourulso ïn particular, margr examples of speci-fic

elj:nilation and rearl:¿rngement rr:ac-bionse suþstituent a¡rd. pruximity

effectse ancl various stereoisomeric ancl steric effects her'¡e been docu'-

D-|:¡mented." -

Ânalvsis a:rå In'cerpret,r bi.on.

The an.il;rs:Ls of a:t electlun impact inrhrcerl reaction involves,

l:Llce the reacïiort its;elf p trvo -basic steps; ( j") o'trta-ining the clata j'n

the for¡r of a ma.ss spe ct::uttt, anO- (ii) subseqtíjntJ.y interpretirrg the

informatj.on obta'j.neclo 'Ihre latter provides the challengc and st:un',;J-atjon

to the mâss spee.trometristo The forner, hor,veve::, is a:r turrernralcling

pæcess which can be very tcclious and. tirrie-cortsumingn Thi-s d.ilemnta is

a resul-t 61f the demopstrati.r:rr by Bi"r r:rn6 of the utÍJi.ty of total high

reso3.ution spectrae where'by the ele.mental" cornp,'ositions of ic¡ns in tllr:

spectrun oa¡ be d.eterni:Lned fn:m l<nown precise m¿lsses. Various methc¡l.s

of presenting the lar¿5r: a:r¡rr:¡rt of elemetrtal- d-aia ha:,'e been p"o1>ou*d"6-'8

-7 B ' rr r -i,.-,Biernarrrl a1c1 Mclaffer:Ly'" h.ave sug{ested.rrelerni;nt mappingl techniques;
o

thcr rhete:rc*a'úomic pJ.ottingtt meth.od prog:sed by l3ur15-ngartet has also

been shol',n to be usefu-Lo

Despi.te these j-nnovations, the f¿rct retnains that ffeasurene¡rt of

total high*r.esolution s¡rectra by conveirtiona.I lnearls is a near impossibl.e

tasle" More recently, l;he devel-oprnent of' sysr;en"10 to'np"j-sing a fast-

scrr¡¡ing¡ higþ*r'eso.Lutj,on ma^ss speotru¡ne{;er t'inlced- to a ga-s chrornatogr:apl:

lras coinporu,r,J-+:d. the problem of clai;;r h:rnci1.j-trg" Ttrr'uu thc rrc:cessity to
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acqlú.re, red"uce, and. plîesen-b mass spect¡'ometric d-ata effic:ì-enbly and'

rapj-cl:l-y has led. inevitably to the rapid' rlevelopment of high.-speed'

computer tec¡niques. Various d.ata-acquisition systems are ava^ilab1e,

a:xl d.epend. on the t¡4re of mass spect::ometer a¡d' the rec¿uiurements of the
11 ,12tts€tî¡ The conriðerable a¡fvances i¡ this area have been revi-etved..

The secorÉ problem ís that of inte::p::e-bationo TrarlitJouilly,

the mass spectrometrist he*s sought to interpret nass slÊctral- d-ata in

tenns of chenrical structur"i-,.2 tielJ Hj-s u:rderstalJ'ing of tilis a":pect has

pr:ogressed rernarllabl¡r, ìrut nxrst interpretat-i-rre l:ëa^son:ing is stj"ll' based'

on ernpirical correlationsn fn the light of the ever-gro1îi;rg volume of

ma.ss spectral information to be processecl-, it is ol':vj'ous tliat the higJt-

speed eompute:: is best suited to the bask of ciatr¿ an¿¡*lysis.

Not surpi:isingly, progrìess Íil the eff:i"cient use of 'Llris vast

alnount of d.ata has laggec1 beliind progress in tkre acqrisition'cechniçlueso

Neverthel.êss¡ moï€ research ha-s recent.l.y been clirectec" tor"'ar'ls .bh:is enå'

Tvro general appro¿u:hes have been follovred: (i) exa:línation Lry the corn-

puter of a].I i¡tlivid-ua1 mas;s spectrum, utjJising r"r*rowledge of tire genelal'

fragrnen'bati-on patberns for 'che var:lous types of compoundsrl/*-t6 *ta (ii)

d.irec.t compariscn of the spectrum with a large ttnrnber of other spectrat

j:r ¡re hope that i'L ca¡r be matehe¿ rvitl: an lde:r'bicaJ- (cr almost i<ieirti-ca1)

spectrum, an-rù thus be i.dentil'i".t"17 A' notable e*dvance in t'his fi'eld' has

becn the sequence anal¡'sj's of peptides ,18*2Q a¡id it is expected' t'ûa'i;

research irl. this most irnlnrbant ar"ea.v¡j-ll expand in the n'ext felv /eâfso
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Egelligråwl!,:'
At prese:rt, d.ísa-dvantages inhe¡:enb in rtcor¡¡ention,al.rr mass spec-

trornetrj.c methodsr rvhich use a:r el.ectron impact - posi.tive ion (nt)

source, have placed restrictions on the rapid developinelrt of compuber

techniques to mass spectral ana-1.ysiso Fc¡r exarnple¡ manJ¡ conÌpouncls d.o

not protìuce stable molecuJ.ar i.ons¡ the recognii;ion of .,vhich j-s one of

the fírst requi.r:ements :Ln a structu.re deter¡uínationo S:irnilar'1y, rnaily

ions r¡rclergo rearrarrgemen'L reactions whicir j"nv'ol've groupÈ otherbham

hyclrogen" these so*cal-Ied skel.etal- rea.rrarlge*"r,t*21 are general.J-y of

the form

ABC --oAC + B

or alternatively they can ocour b.y reorganÍsation of tTte molecltf.¿:: forrrzz

€ "$o -&--è'b.
7"

It
'b

Some such reactions nray be very usefuJ- d-irq,nosticall-y (e"g. the l{clafferty
,23,reaxt.allgement--); oftene hovrever¡ their occul?rence leads to cotfusion j-n

i.ntetpretirtiou" Thrts, a prereqìlj-site for the first of the two p;enel'a1

appr.oaches to the compr-rlie:ri-seù interprebation of m¿rss spectra is a

cornplete krrorvlalge of a-11 classes of cornpound.s'wìrich undergo reaul:anfp-

ment reactions, and. a clcar u:rderstanrl-'irE of the reactiou patÏrwqys

i:wo1vecl. This has stjmul,ated the re-studying of sinple f'ragrnenta-b:lons

in greater d-epth by l.abe-Ll-j-rg, met¿stab-ì.ë rnrcl kineti-c techni-c¡uese anrl

mar\)r r,'eaïreurgemenb p.roccsses have bc;en unÖc'v Ù1'e¿lé

Tufrl
B

-t-
o

a
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Rearrangenent processes which involve rnj-gra-tÍ.orr of groups othe.n

than L¡yd.rngen a-re no longer rare, ¿rrrl- the field h,as been extensiveþ

d.ocu¡nente d"21 tu+-27 ïn a recent reviewe Mcr,affertyLl n"" thoroughry

d.:iscl¡ssecl the propertÍes of rea¡rar,rgements; a cotrvenient sr:nrmary of

marÐr rear::angement reactiolrs is also ¿rvailal¡leo5 Ir'or ex¿rmple, internal

reo:nganisatj-or:rs a:re obseryecl f'or a large nu.nber of aliphat5-c compclunclst

for fl-ry-¡rc- and, N.{) substituted conqxru:rds, a:rcì. corrtplex rearlrallgernents

occur for ar''cmat:Lc arrtl heterocyc',lic systents' Sulphur*containh.ng com-

pouncìso i:r par.ti.cula::, e>lhÍ'bit unusuaJ-. and varj-ed rea.rra:rgenlent lleac-

?-6ti-onsr'-" all par.'u of the rv,ork pr:esentr,:d j"n ti:is tilesis cove::s the

invcstigation of rËarra-ngenr:nt processes in the spectra of sul¡stituted

1 ,J*dithiârese

Brorvn anrì. Djer.assi¡ in their r,ruj-**n2l'' of' t¡e fj.eld up to 1966t

observetl tha.t .Crargrnentafion pa*hways nr,4,'be ra,tj.onalised. by the forma*

tion of' pL:ocluct species capáb1.e of stai: j-Lising thc positlve charge ¡ and

by invoking the prcferential. e.Limination of a radic¿¡-1 from a radj-caJ- :i.'¡r:r

(or a neutraf- malecu.Le fro¡n an ionic specieo) to forrn a cati.c¡nic inter-

medj.¿rteo Cool<s2l h* sj-nce made a d.etai.ì-ed. rcv:iew of bonà fonnation on

el-ect¡on:unpar;tr and he h¡s ex.tenC"eiJ. the concept of'charge 1oca11s¿tion

to cla^ssif.y and. ra'bionaliso a large nrmber of rearr¿ul¡1t"ments'

The recent ad.opt:lon in oïganic ¡nass spectromet:ry of the quasi-

equ:i-11i:rir¡n theogy (ær¡28Ð29 has l.ed. to a bettt::c unclerstanding of thc

kj-rret:lc prop..:r'ties of rearrangement reactj.ons, anit the con<11tion,'; urcer

rvhich they may t¡r-: rrrín:i-rnised" Ttre QÐT tecogrises that ratcs of r:ni*
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moleeular. fragrnentabion processes depcnd. on their energies and entropies

of activation, anå the rate constant (t') for a fragmenta'bi.on reaction is

most si:nply related. to 1he internal energy (f) of the decomposing ion,

the nunber of effective oscillators (s) in the ion and the a-ctivation

energy (n*) for the reaction, by the exprcssion
s*1E -ïi a (r)k=Y E

.rvherc v is a f're,1uensy f*r1ror"30 Fclr sjm¡,l.e boid olcavages¡ the rrfsç'¡*

quency f actor:str are high (approx)mately 101'l'), r¡shile for: ::earrærge.r:nents

tlre values are severaf- onlers of ¡naoniturfe lc,ro¡cro reflectirrg a rcstri.cted

geometry of the transition state fc¡r: tkre r'"rr"tiot.2f A simple methoå for

assess1ng f'requency fa.ctors Jras beeir d.evelopecl , which ilrvol'r¡es compari*
71

sorr of s'1rcctra at high ¿.rrd -l-ow besr'n energy (E*l) .' Since a- rearrâllge*

¡nent reacti.on has a lolyer freqrrency fac-bor and (often) a l.o'i¡er activat:ion

ene'tÐ/ th¿::r a (cornpeti:rg) d-irrlct ¡;Jç¿1rage reaction¡ therl the 'ate of

inc::ease of k v¿ith E uri"l-1 be lor,¡er for tlie rearrallgement reac'bi-on. Ilence

the di::ect clea.rrage wjll- d.ominate at higirer internal encrg:ies¡ anrl col:t*

Ve::sely, the ::ear-rangetrrent wi-l-l be predomi:r:int at lov¡ values of E (see

trig. 1). A.s a¡ exam,rL.e, scra,:irb.Lin/' ,"otio:tse ìreing reârì:Ðlgementsp

woulcl be expecLed to have low frequ,ency fa.cùors a¡cl 'Llrtl::efore to contpete

¡notÉ st-lccessfnll¡'wlth dl.r-ect c1eavage reactir:ns at l-ower intcrnal

energieso This has beerr dernorrstrated by lÏorve arrd ldclaffer'.;yrJ2 v,'hu h^'¡e

Jf The pheno¡il.j¿fon of scramblj-ng is corsirJ.ez'ecl bel-ow in the

ccirtext of i..s,rc,topic la.irel..l-ing"
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M#+Et

Mt--+A*
LOG kto

6
5

E. (Af) Eo(B+)

E+sLL

T¡rical kIÊ" E cu-n¡es for (Ð a rearrangement reaction

¡,4+* A+, and (¡) a normal cleavage reaction M** B*" The

shad.ed. area represents the energy segment corresponrling to

a metasta]:l-e transition"

shor.¡n a variation jn the extent of llyd.rogen scra¡nbling for certa:in

d-efinable enerry segments of the moLeculan' j-or:o

The low activatÍon energies frequentLy obserued" for reârran$e-

ment reactj-ons r:esul-t fro¡n combined" 'bond. f'ovmatj-on ard bonå br:ealci.ngr21 '53

the errergy relea.sed as a lle\4' bond. is forrned- being availaJ¡le to break the

old bond. It is common, therefore¡ to involce rrcoucertedrr rearrangernen'b

pathvrays, usually via the favoural¡ie fourr' or si-x-membereð rr tightt'

transition states (e"61o the Mclaf'ferty rç''rrangement)o Hov'¡evef¡ tltree-

anrl five-rne:n-trercd. tr¿nsiti.on states are not u'nccxnnon in mass spect::onretry;

Ë

I
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êcg,, the concerted elimination of CO frnm benzoph.er)ane34 pnrbably occurs

via a three*tenrl¡ered transition stateo Seven*m"*be"*'i'J5 *d' 1*"g""J6

interned,iates have also been suggesteclu The fact that the tra:rsition

state and" pmd-ucts are likcþ to be energeti.cally simi-lar for mass

spectral pr"ocesrses (nor:urally endothennic reactions) has given rise to

the vrid.eJ.y used genera-lisation that the Ímport,anca of a given pl.t>cess

can be estimated- by the stabi.lity of the i.onic aricl neutral products f orrned"

Therefgre¡ since a rearraJrgenent r:eact:lou is often a.:isociated rvi"th the

expulsion c¡f a stable neutral mol-ectr-le57 .,g. C0, HZ0p N0r this preclucl'

sta&ri1-ity rnay provid.e a ttclriving f.'orcett for the re¿¿ctionu The aJ:ove

rul-e ís prubably less usefdl for rearrangements, Ìro1vever, v¡here vâr.yj-ng

entropy factors ¡mrs'b l¡e considerecl, and rn'here appreciable energies of

actirrat:lon fclr the rrverse reaction call be expect *ð"?-1

Many skel,etal fearrälgelnents are accGnpaniecl by rc]-atively

abtrnd.ant rmetastableu :ton*33 (see helow). This is i-nterpreted- in the

QIT as a conseguence of a low frequency factor a¡d the cor¡esponditrgly

low rate of j.rrcrease of k with E for: the ¡:earrangemei:tu thust the

observatiol of (i) a relative increase in the irnportance c¡f a par:ti-cula:r

reactj-o¡ a-t lqw energi"es a:rr-I (ii) a'r a'l¡uncl.anb rrrnc'bastal¡letr j-on for the

'pïÞcess is strong evidence for the occ'úrï=erlce of a rearrangenent reactj"on"

Meta*stabj"e lon,';"

The mass spectra of rnost cornpou:rcis coi:tain wea[<, dj-ffuse pea]is

usually Occurri.ng at 1o¡-inhegral ma^ss uurtr'l)€ISo These are due to the

decomposi.tj-on,.rf lneta.sta'nlc j-ons along tlis¡j'r fligirt path throngh tjlr? mâsjs
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spectrometere and aue gelÉral-ly refer*i:ed. to as rr¡netastable peakstr , or

ff ¡rretastablest,.J Their pcsition of maxi,m¡n intensity ocours at, t'lte n/C

value of *r2/^,r where m,, a:rd. m, are the masses of the precu::sor and

daughter ions ::espectivelyy for the process m1--+:nrt and thu.s, for a

Iong time, rrmetastabl-es'r have provirled. the only direct evid.ence for

the occurrence of particular fragnen'batíon pathways" - Although the

neutral part lost in the pÏ.ocess is not necessari-Ly present in thc

mol-ccu.le as a structural- *rrtittyrJ8 thr': m¡rss of the precuf,sor rel-ated to

a partícular fragtner¡b is d.e teimined" rrneclu:Lvocally.

The trmetast¿¡ble pealCt no longer serv'es merely tr¡ irlelrtify a

one-step transition and has 'been attract.ing increasing interest a-s a

potential means for: :Lnvestigating the ldnetíc aspects of ma*ss spectral,

prþccsses, Sorr,e of the recent applications of ¡¡ct¿rst¡¡J:l-e tra-tl.sítions

axe: (í) ion structu::e eluci.rlatj"on by courparison of metastabl,e abun-

aances (íi) identj-fÍcatíon of rearra:r¡4ernen'b reac'tío¡.rs (see above) (iii)

determination of kínetj-c eners¡ rel-castld. in metastable trans;itior:s (iv)

the d.etermj-na,tion of scra:nbli.ng ín lat¡elIed ions¡ anr.l (") elucÍda-tiorr

of isotope effectso The enorrnous pnrgr€sjs irr the appticatir-¡Ir of meta-

stablo tra:rsi.Uions js a result of tr','o facttorsuJg (t) 'Ihe QET p::ed'icts

that metas'bable transitigns will occt¿r' frun lorv energf precut'sor ions

within a narroïr energy segnent contrçllcð by tra-rncw rate constant l-im:Ltr:

(:LoqOk = 5 - 6r13 represented by ttre sh¿rc.ed avea in Ï'ig" 1) " Further^

molre, the vray in which the shape of kggo E culves influences metast'¡ble

ahu:lda¡ces js $.j-c1el..y lcncrrno (ii) Th,:; cle;uelertrxirent of the tleta-';t¿il:]-e
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defocusingho t".Irnique and- Íts wid.espread use has a1lo',vecl sensj,.t:ive me'ba.-

stable abr.môances measuï.ements tc be ma.deo Each metastabl-e is d.etermined-

un.iquely in the defocu"sed mode and this teclrnique is therefore parbicularly

useful in, scra¡nbling investigatíonso

Depending on the life-tj¡ne of the decomposing ions¡ there are

three d.istjnct regions of a d-ouble focusing ma.ss spect:¡orneter j-n which

fragmentatiolrs ar.e observeåo fons of mâss IIti with l-ife-times of about

1 prsec or Jess decompose in the sorrrce to yielcl a d.aughter ion mr_r before

accelerationo The ion ur, vrj.lle if suffi.cientl.y stalcl,e¡ be recorderl as a

ftncrrma.ltr shar¡r si¡4oal at the value ^/.. Ions of mass m1 with a sli-gþtly

longpr: life-ti¡ne (a}:out 2 * 11 psec) wilt l¡e accelerated.e arri' vri-lI

d.ecompose into clauglrter iorr,s mt, before entering ttre clectrostatie

a¡alysero Silrce the veloci'L;y of m8, is cleten.j.necl by the vel-ocity attained'

by tJ:e heavier íons mí , tt Z wil.l be slower than the ions of equal mass m2

formed.intilesollrceoUrltlernorrna"Lol:eratirrgconditiorrsr'ntZc1oesnot

fulfí1. the r:ond.j.tic¡ns to pass the electric sector f:ield. arr1 does not

appeaï in the sp:ctrun" Ions of na€is nll of even longer lj-fe*tjme (more

than 11 ¡-rsec) decompose into d-au.gh,ter ions mrt, in thc fielrl"-free region

between the electrostabic a:rc1 ma-gneiic analyselss Tlie ic'ns nfr, have the

same trass and velocity as ms 
1 r bu'b they a:'e recorrletl- in the speetrwr a,s

the f a:njJ-åar diffuse e low intensity peaks at a ¡nass eq.ual- to 
"'r,?'/'nr"

seibthl ha,s ter:nerl these trans-ì-ti.r-rn åj"gßS, to dj-sting,ulsh them fx¡¡n

precursors v¡hich are the true metastable ions, a¡rC- this distfurction wjf"l

be a"Jhe::ed to in thi-s; thesi.s.
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Ions formed. by a metastable decomposi.tion possess a fraction

orùy of the kinetic energy lrnparted to the precursorr and this fraction

is deternined. by tJre r.elative masses of tÌ:e ions" By lor*rering the

potentíal of the electric sector to a suitahle value, the ions mt,

forrned i-n the first fÍel,d-*free region ca¿r be mad'e to follow a path

suítable for: registration, wh.ile at the same tjrne the main ion bearn i,s

filtered. out, and. all rrnorma-ltt pealcs are suppr:essed.' The critical

potential E, is tLetermjned. by tha rnass r:atio n¿/n, = f* arrl is rel-atecl

'to the val-ue I at nor¡nal operati.ng corx'l.itions by the same ratio as the
1

tna.sses:

uf , * m,¿/m,,.

At sector po-tontial EZ the clauglrter ions mr2 aptr)ear in th.r+ spectrlrn a"s a

sharp si-gnal at the m¿rss vaJ-rre ni* * mrz/mro Furbher fragmentations nf

mt, which occur in the seconl fiel-cl*free region ca¡r be obser:secl a.s diJfu^se

transition signaÌs; at tire mass va.lue mÉ'r = ^r2/*, for the tiryo-stage se-

quence mi*n,-+ m,a llrus, in arld"itic¡n to the accurate a.rr1 sensitj.ve

d.etection of nretastabJe tra¡sitj.ons in the first fiel-d-free regiot'r, tlte

tecLlri:Lc1ue o:fl ¡netastab-l-e defocr.rsing pi:ovi"d-es an eJ-egant r¡etlrotl for the

ol:servatíor, of rr.r-r1ti-*step proc€sses occurring in the mass spectrornet""*&-1

À v¿lriation of the ln:tastabl-e defocusil:Lg rnethod has been u¡;ed to

give a spectr-.m of j.on ener:gi-es cor:reslnnoing to d"ecornpositions in tlç

first ârjft r,egiono The main ion beam p:,rssi,ng thr:oì.ìgh the energy' resol-v*

ing (0) slit (bet-,.r,.een the t-wo arr&lysers) is: rron:i-tored whiJ-e contir:r-rou.sly

varry.iri¡4 th.e e.l.ectr.ostat:ic vol-t;age" Tire re sirl.ting ion l:.:i.netic: errer¡¡y (f¡l;)
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t.o
specìtrlxft- can d.etect Lor¡ abr:ndarlce leiìctj"olls whj.ch are often obscnrecl

in normal slnctrao Cousecluerttlye T1ffi spectr.a give detailed. rrfir:ger-

printsrr of organic ccrrnpor.mdsn anC ar.'e sensitive to srnall- structur¿.'i-

differencesoÚ This i.s a:r i-rnporta.n'L achieverrent¡ siuce the insensi.tjvJ.Ly

to stereochenúcaI cfjfferences of noÍ:ma1 mass s¡æctral methods is a

ser,ious d.isadva¡tage vrith respect to stn"rcture el-ucirla.tionu

The b¿rsis for the nide applicatiorr of metastabl-e charac;teris-Lics

is the reasonable ass;um1>tiorrJi that iclns j.dentica,l j.n. structure arrl energy

d,i.stribu-t:ion.rvlll behanre identically, anrl that this wiJ-l }¡e refle;ctecl by

tlx; d.aughter anù metastable ions they for:r^o The shapes of transj-tlolr

siglals are charac'cel:istic for a p:uti.cuLar process; they are of'ten

o'bse::ved to tre broader than the ustial Gaus'sj.¿n sltape, änd" the wiclth of

these 'rflaJ*'¡;oppecitt peal,;s ha,s been sholvn to .be 
e. rneastll:e of' the lçi-netic

energy released in the d.econrposition of tÌ:e mc'L¿stable ior-r"'l+4'LJ Furth"er-

molre, if the abund-¡¡r'lces of rict*.,lll:'¿bLe ior:s (for-rned frrcm valious preclu,sors)

rel.¿rti.v'e to the precr-r.:rsor [f+"] o" the daugh.Uer [n+] a-bi:nd.ances â.re ec¡ual,

tlre p'recursors mrx;t be iclentica-l in stnçture ard- enetpi "3S 
it'6 Howeve::¡

it is 1nssib1.e 1;h.at structural1.y iclentic¿r-1 Íons nay give ve::y d.iffelent

af¡u¡d.ance ratic¡s rìræ to cliffer':Lng energt' d"istributionso Tlius¡ a fr:r'p;nent

ion p-þ may be for-rned- wj-tlr excess er!erÉ?- at its appear¿ìnce potential,

com¡rared. wi'¡h an j.on fonneå b¡' ¿it=ct ion:ì.satj.on of Pr uÈrile tbe'rdegrces-

of-freeclonirr eff"ct47 ís also ::es¡rcnsible for a varia-tion in in'uerna-L

enet:W of conrrrro¡ ions P+ fonned from d,jfferent precursors of a¡ homoJ-ogou*s

sei:ieso In spi.te çf tLrc vari.ety of f¿Lctors inflrrerrci.ng, elno.'ttll d:istr'-Ll¡u-*
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tions of co¡nmon ions, stuclies of metastable iorr characteristics j;rr a

nru¡]¡er of com¡,ounds, irrcJ.ud.i.;ng the palrs; phenetole/pinerwJ-¡ tnrpol-one/

plrenol¡ ancl ¿iphenyl carbonate /d;¡plrcny1 ether have becn n1o.it*r4-B in rvhich

the results r¡'ere consistent with. id.entical -strucrburrs for the refeva.rrt

ious in each pair.

A n¡rrre useful technj.o,ue j-s s.vajJ-abLe fc¡r ap¡iication to ion

st.nrctural. probl-ems e in vrhich it is 1nss.;ible to igno-r:e the energy clis*

tributi.om of io.=o[9 l-íhon tno competj,ng fra6yrcntaÍions frrarn thc san.e

Íon both gÍ.ve reasotra'trl.y abr:rrlant ne'bastabfe i-ons ntr* arrd m24', the

aft¡turdance ::a+"io of these metasta'b.Les; [-m, 
nylrn?_u ] *^y be used ciirectly' to

characterise tlre íon strrr-ctr-:-1:e. Occcil-o'lvj-t rr5o lrouluver'r has jnclicated'

thai; this rati6 may be susceptibl-e tc charrges j-n 'bhe pote ntiaJ- energy
+culve of P- prepar.'ed in dífferent I'rays, if orre of thc hvo processes

corrsj.der,ed. has a. j¡rcarler ener:gy segirtent giving; rise to nrete^stable transí-

tions. In other ro¡ords, in or¡åer f'or the metl:od" to tre cor-,rpletely sa-ti-s*

factory the bxo metastabfe tre"nsitians should- have rlimíl.e.:. l< vs" X

CüIVES C

The colll:Lsion of ions with neutral mo]-ecules introchr.ced into a

drif't reg,-i,otr of a- ntass.spectr:ometer' errhances the inte::;-'¡-L enorry of' ths

Í-o¡s¡ anci a metastaÌ:l.e decompesj-tir¡n ¡esults" These col1-isiolr-'incluced.

nretastabl.e transition"5l "o""*"rronrl. 
closely to those observed j.rr the

lormal mâss specLrum, so ít rvould- arppear t)lat d;Ìrere i-s very littl"e

cì.iffere¡ce betrveen erer:,ry -brarrsfer by el.ectrolr jmpact or: by col-l-ision

f'ollolve¿. b¡r rur:ir¡oJ-gcrù¿,r cicli:oinpositiot-rn tr'urthc lrnore , since coll isioll-
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j¡rd.uced" rnetestable transj-tions ari.se frorn ìrigher erßt:[5¡ precursors than

do r4jmol-ecular meta.sta-l¡l-e transitions, r€arra:rgenents wjJ-l be mi,nj¡rised

anrL decomposÍtj.on shouJ-<l occt:-r p::eferentially via clirect cl.eavagen

'Ihis is confirmed irr thrc spectra of peptÍd-e d-eriva-tiv ur r52' v¡he::e

sequence peaks (airect cl-eavage) wh,.lch are obse::ved" in the presence of

a ta"rget gas ale absent at l-ov¡ prþssureo

I ne rp-e tic C ons; i de r:ations ancL SuTi s ti tu"ent ll f f e ct s .

Sor.re l.*'orlcers h.ave presenteci platrsi.bte evj.rlence for i"or: stnrc,-

trrres from tlre consj-cìer¿r.tion of the :i.oni.sation potentj-al (Tf) of a

niolecule arrå ttre appears.nce lntenti"f (AP) of' the fragments .35 c39 The

methocl suffers fr.r¡m the dÍsadrra¡tage, however, of considerable sow'ces

of err.or:, arrJ j.t is possÍbl-e for oppos:ì.'be conclr¡.sions to be r:eached fr:on

Â¡, d.ata"J9 tt " stucLy of the effect on IP (zrnil- ì:ence on tlre activation

e.nergy arxl ra-te for a particular f r:ag:rentatiori) of alterj.nS a srfustitlrent¡

has been a rror:e successful- method of oi:taini.ng j.rú'or:rration al¡out ftag^

nentation mechani.srns arrl ioir structulr:s" lhe so*ca1led. ilki-netic

approac?Ir¡ dcveloped. j-¡iti.al-ly by Burse.y ancl l{cl.,af r.ú.yr53 is based

upon a stea.d.y state approxìmation¡ j:rl-¡hrch the ra'bes of rrrass spectral

reactions aï€ lneasu¡rrl in tenns of the rel-¿rtive ahturclances a.t tle

collector of the d-aughtcr ard- parent ionsn Tire change in rate, brouglit

al¡out L¡r alter:ation of a substittent, for a particular reaction M+--+A+

is meastu-ed by ttre paraneter: l.og¡o z/zo lwhet:e z = [,'r'nJ7[r"r'n]¡" Thus,

for examplee the otrserva'bi.rþ3 æ a- Ij:rear relationship of ]:oer'Z/Zo
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vafues for thc forrrration of benzoyl arrd acetyl ions from substituted-

benzophenones arrd. acetophencnes with llamn:ett ¿r vaJues suggests a" cor-rel.a-

tion of stncture with the srrecies reacting in solution" errrse¡Þ4 ¡u*

revievred the ear.Lier wor'lc in this area¡ and. Cooþ*5J g! 3}" have rna'dc+

further observations. Recentlye Chj:l arrcl Harrison55 h*.'" *"d." a

quarrtitative forniulation of the fa.ctors governing the va-l-i;e of Zt atf,

r.rsing this have corfj-rm.ed. earlier resultso No d-iract infor.rnatic)n on

the rate of a specific ::eactiorr is possib1e, hcxv{:\'ern

Iso L e and Scr

Prrrba[rlythemostusr:fultechniqr'einmechanistiestuåiersin

mass spectrnmr:try i.s the use of isotopicalJ-y tabelled nolecul.=o33 The

corunon isotopes are deuteriwn, 13ç , 15y,¡, t oo; recently, ho'rerrer' tl:e
c,l

p4-fl-uorrc su,l¡stituunt"t' has been deveJ-oped aF-ì ¿tn eflfective label' i'n

aromatic systemso On the assrznption that the posi'tiou of tJre l'a"belled-

atom in a molecuJ-ar ion correspoïrcls to that i:r the neutral nrolecule fr:um

v¡Ll-ich 1;he iol j-s formede 3oâ.sorìa'ble ion stru-ctures and fra'gnenta-t ion

tnechanisms can be propos:ed f'nrnt a kno'vled-ge of the fate of t}æ labeL j-n

subsecluent fragmentations. Ho1,'eyerr great ca*t'e must be eXercised' j:r

interpretÍng labell,ing results as i.t is beconj-rig, apparent trat uncler

certain conditions posit:lonaJ- iclentity of tJre isotopic labcì's is

f,recluentl' lost. This pheru:menop is fçrose1y terned rtscrambl-i'ngl'"5 n2'1 t33'39

Recent ::esesrch has a.ryt-Ly i-llustratecf 'uhat hyrirogen a¡d ca:Ì¡on sc::arnbJ-ing

reactions are conìirlon in mass spectrontetry. In vie'v¡ of tho fact tha't the

occLtr.l..ence of scï.alib1.irrg lîe¿lction,'.r riay J-ca,"1- to el:l\?lli)ous stt:'-rctrn:a1'
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conclusi,otls, ülere is justification for the exte-n^sive research in tltis

at'ea; pa::t of the r¡sork d.escrj.bed. in this ttresls j-nclud.es the irnresti-ga-

tiolr of tlie scra¡rbling pr:ocesses observed in tIæ molecu-lar ions of

d.ipheqylmetharre, stj-L'bene, ancL other ions'

Hydrogen atom scra¡nbling in aliphati-c hyclrocar:botl.57 a¡rc1 in

ccrmpor:rrd.s w5.th 1ong aJJqÊ chaj¡rs58 na* been hrown for some t:irne.

Recentlye raudomisation withj¡ â-UqÊ chains has been observerl for a1þ1

alcohol.s ,59*61 ketones ,62--6t+ an¿ ethers"65 Hydrogen ranclomisatiotr in

al-iphatic systens generally occurs only at Iow energies of tt¡e electron

bearn, a¡rd this is irt accord r¡ith the expectation of low a¡:tivatiou

energies anrl fr,equency factcrs for reâ.rrangement pnrceo="""21 Variorrs

modeJ-s have been prolnsed. to explain this t¡re of randol¡isation" For

example ¡ \ydrogen j¡lterr:hange without alter:ation to the cariron skeleton

mqy occulî as in Si6tn scrarnbling betwr:en remote aryl anrl alht/l. h¡rdrogens

migþt be envisaged proceeclÍrg via !"66

cHs\ 9f -;l+
zH-
.H'

H

c

s-e
In ad.clition to H ranrlomisation¡ extensj.vc carbon scrambling has been

67 168ol¡serve<I in some butyi systems.'
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Both $d.rogen ard car.bon randomj-sa';ion appear to be vrid.espread'

in alomatic systenrso The ecluivalence of the hyclrogen atoms in the benzene
70,71

molecular ior-r"69 has been known for sonie time; recentl¡r, ÏfiJ-liarns 9Ë jl"

have elegantly demonstrated, that Ì¡yCrogen and carbon scra¡nbl.in5; occrrr

simul.tarreously and independ.entfÍ, pricr to the erçulsíon of acetyleræ

frcm th-e molecular jon of benz.ene. The mech¿uoisms of 'chese pr\?cesses

are ¡ncl-ear, althor¡dr possütl-e i.someri:;:n throu.gh prj-smane arxl belrzvalene

structures has been sttEr-gested., by anaLogy lvith photochemi'cal iscuerisa-
'7D - - ì ---tiorrsolZ The prçblem r:f the structure of the benzene molectûar iou

remain^s unsoJ-vecl; mol-ec,ular o:loital. ca'Lcul-atiolls stlggest that a cyclic:

molecula-r ion ivould be ¡nuch less a'n¡matic than the nerrtruJ- uputiu"rTJ

wh-ìl-e the d,oubl-y charged ion i-s a-Iniost cert:r-inly 1ijrl"u.""74' the re j.s vrj'äe

acceptancre , hotl'ever, for the intermed-ia.cy of a tro¡yl'irl¡l iolr s¡.cci-es to

explzr.in the scranrblirrg in ions clerive<l frrcrn toluene arr1 benzy-l derj-va-

tir,*u.75 Suc:h a simple model- is ínsrrf;ficient to explain the ra:rrìornisa*

tion observ.ed in mor.e conpfex systemsrS e"g. cliphewl.r benzothiophen,

d-iplrenyl-rnetharie ¡ ald. stilbene.

The metasta.ble-d.efocu.sing teehniqlnlt0'l+l is v¿ell suited. to tl're

str.rdy c¡f scr¿¡ribli.ng pr"ocQSSGSo lhe defocusecl metas'bahle J-orr un'iquely

detenrrínes tlæ process urrcler itwes;tígatiotr¡ arr'} the relative contri't;-"r-

tjoÐs to the particul-ar pñ)cess fnrm varj.ously labelled- s¡nr:i'es in the

spectrutt of ¿r l.abel1.ed corilpounrl can be ¡neasured' ea"sily in the d'efçcu-sed

mod-e. It{easuremcnts of tiy: copespond-i-¡g d.a¡gJrter io¡r a}:ulclances are

often ccxp.Li.cateil b¡r cot'Ìtpeting f'r'a6yrer.rl,lrbiorts .arr'1 i.soto¡-ric j"r:qltrÏi.1;ieso
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Ions of d.jfferer:t f-i-fetjmes have been obser:ved to undergo scrambling to

varyilg d.egrees: the lorrger the l-ifetjme of the ion¡ the hi-gþer the

d.egree of scrarnblj-r,g"6J '76'77 Thj.s effect seems to be more pronounced

in aliphatic systerns than aromatic. Tn this respecte results obtaineð

fr.om observation of the longer li.fetj.¡ne meta.sta-i:1e j.orrs should be inter-

preted with careo

lhe occur:rence of a paj¡¡ary d-eu'tæri.um isotope eff"ctJ9 ca:r be
'72
a furbher complica-tion j-n labell:Lng stridj.esn Howe anrf lt{c[,afferty-* have

shorvn that the mag¡i.tuCc-: of the cleuteriun isotope effect f<¡r the l.oss of

a þcL::ogen atom f¡nnr tbe t<¡lrrcne moJecul-ar ion d.ecreases v¡ith inc::easi,rrg

ener[I¿. An isotolrc effect can therefore be expected. to j.nfhietrce the

exterrt of scra¡ril''1i.ng processes (which ar.e also energi' depend."ntlz)¡ árd-

henc.c the results of 1ar"'be-Llmg experi:rerrts must 'be anal¡rsed ca"reflùly"

Alternatives to 1lï.

A.1 thoug;h i uve st igations i-nvo.Lvirrg tr corrven'r;ioltal-tr instn¡nentat:Lon

continre to contril'¡ute the rnajority of research in tna^ss spectronetry¡

alternative tecluriqrr""TS ar:e being used. increasj-npr,l.y" These J.nclude,

(i.) r:i.cra ionisation (rr), (il) chemicaJ- ioni.sation (cr)¡ and (iii)

negati.ve ion spe.ctr.oscopy, a¡d (iv) :Lon cyclotron resoÌla-rice (fCft)u The

fir:st three provicì,e alterria-tive netl:ocls of ion prrcducti.orrr a:rcì thej-r

particular characteristics may help solve some of the d-:Lffi cul"ties

encor¡:rterecl j"n spectra p::oduced. by a¡r el-ectron impact-positive i-on (lf)

source* ICR j-s a dj.ffei:erl: methcrL of anir-lysiso Ïts i'mportance lj'es j-n
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its abjJ-ity to measurË the reactivity of i"ons¡ as appl-j-ecl to the str"rcly

of j-on*rnoLecuLe reactlons" It has al.rea.cly yi.eld.ed" useful informati-olr

concernj-ng ion structures¡ ecS, the structure of boi;tt the rrsingletr and.

ftd.ot¡l¡Ierr McùaffertJr reatîraJÌgement products¡ frrcm hexan-Z-one and. nonan*

5-one respeetively, has been shor.¿n to have the same structuree perhaps

the errol for"n *'79'Bo

I 'l
or* CH

J

e

lhe nature of' j-orrisation by a lnrverful electrj.c field ín I'Ï

errsulîes that very little cncrg¡ is transferred to the i.orr:isecl mo1ecrtlet

which is then qiaiclily accel-erated into the a:ralyser regi-on' These trso

factors give a high proi:ahii-ity that a rnr.¡l-ecular ion t'jf-l- be forrncd-t

anr<l- si¡¡ce 1¡" ]il'r:ti¡te of i-cns ín the sou¡r:e is of the orråer of 1o-1'tf *

-491Q-'t sece¡ a-ny fragulen'b¡rtj-on v,,hich occurs shouJ-d. be vj.a d.irect cleavagen

Thus, a rearra¡'Ì¡ge.ment or nrulti-step ptocess taking place trpctr elect::on

irnpact wilt be absent (or irr very low aürr.:nrl.ance) in tfre FI spectr*n.8'

0n tJre other hand, rne'bastable tra-nsiitions fro¡n the lolv enei:'gy mol-ecul¿;

ions prorlucecl by Ff shoutd. occur p::eferen'bialty via rearra:rgernent.
Q¡¡

SimiJar1y, GI"t (in rvhich low energy iorrs a::e procluced. vía interactions

with i-ons d-erivecL from a reactant gasr e"g" nctha:re) anå nega.tive ion
ç72

spectnosco'p.y") ha'¡e l:een sholvn tc prndrrce molecular ions ín ca-ses'where

gre molecular icn is absent in III spectra' lÌegative i.on spectroscopy is

clI



-æ,*

pcterrtially usefu-l j:r this r"espct sj:nce tlre spectra usually conta-in

few fragment ions¡ bu,t the opt-ì:nrrn concli-tions f'or the general prod.uctj.on

of negative ions of orgatric compounds have yet to be defined' This

teclyrique i-s at present the most readiJy accessible of the alternatives

to EI, a¡rd- although it has not been ggneral-ly accepteå as arl analytical

method- in orgauic chelnistry it ís receiving increasi.ng attention .5 '78

A more d.eta:il-ecL discussion of thc tecluri.clue i-s given below j.n the

intrr:cLuction to Chapter l1.e vrhich deals with the stud.y of the negative

ion spectra of some substituted 1rJ*ditJ:iâllêse

This brie.f review of r.ecent deveJ.opnrenbs in the theory ard

practice of organic måss spctronetry has been a¡r attempt to gÍve a

gener:al impression of the cljmate in which thc organic mass spectrome-

t¡'ist is v¡olking tod.ay anil the tools Ìre has at his Ct:l'sposal-, ancl to

provid-e some r.atioruU.sation of the cLj.rections rvhich research jn the

fie.Ld- i-s talcingo I'he most significant cbaracteristj.cs of this pi-ctu-re

a¡e the grea,t enthusj-asn for discovery and.¡ as a consecluence¡ the enorrncrus

rate of deveJ-opnent. the v,¡ork repor-bed in this thesis contríbr-rtes in a

smâJ-l vray to the ever-increa,sing accuuulation of l<rrov¡ledge l"rhich is tlre

field- of mass spectrometryo It lvas promp'becl' by the necessity 'bo ga-in

as full an r¡id"crstand.i.ng as possible of mass slrcctral- proc:esses ard' the

mechanisms of fragmentatione e,ncl if possib]e of the rcactj'ng species:

thcmsclves in terms of ioD structures ancl enel:g:iesc

The thesis fall-s into trn,o d-istinct sectionsn The f irst sectíon

d.eals Ïiith thc itvestigation of -uhe real'raJj{')eneut p::ocesscs occurri-ng otr
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electron impact in diphenylnetiry.l. d.erivatives (Chapter 1) ancl stj-Jbene

(Chapter Z), i-nctuaing rarid.omisation of the Ì5rrJrogen and carbon atorns"

Sonee of the results discussed in this sectj-on have been incorporated.

previously in theses8tut85 presented for d.egSees in the University of

Ad.elaid"e. These relate to sorne deuterium labell.ed. d"j-phenylrnetiryl

d.erj"vativesrBå' and. deuterirrm labe.U.ed. stilb*rr""'S The inclusion of

these results¡ which are aclmowled.ged here ar-id in the appropriate sac-

tions of the Discussion (tetow), has been considered. necessary to ensure

that the ad.cLitiona-l work cliscussed in Chapters 1 anå 2 is vie\ryed in its

correot perspective, 'Ihe second. sectiorr is a stucly of the fragrnentation

processes of some substil;utecl 1rJ-Jithianes and' lrJE{]ithíolanese in both

the positive (Cfrapter J) and negabive (Ctiapter 4) ion rnodes"_ The

no¡nenclature used. th::oughout is that sug;gested by Bud.zikiewiczrS6 thich

is based. on flre ear-l-ie:: proposals oi shzurnor8T ,¡1a Dierassini The

spectra of compounds referrecl to in the text which are recotd,ed- as bar-

graphs are in a fold. out fonnat at the end. of tìre appropr:iate chapter'

Those spectra not reccrrled. graphícally and vvhich have not been pr:evioti'sly

publisl:ed are tal¡ulated. i¡r the Appenåjx.



Chapter' 1 " Scra¡nbl-ine; pl:occ$lles j.rl the niass slrcc.br¿ì"

of d iphe'nylmetlqyl syste.rìr'i e
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1.1 Intrgductig.4.

' The ma"ss spectra of aromatic h¡nlrocarbons have been i.ntensivel-v

investigated. for mâny years¡ and tlreir general characteristi-cs are well
4lstowno- In contrast to the complex fragmentations of aliphatic and,

acyclÍc þydrocarbons, aromatic hydrocanbons in general undergo very few

fragmentations upon electrun impactn This sirnplicity is no d.or:bt d.ue

to the abiJ-ity of the aromatic nucleus to stabili.se a positive charge.

Furthernoro¡ â stable ionised. species is frequentþ generated. by frag-
mentation. In thi-s respect¡ the observatjon in ttre spectra of toluene

arrd al]q¡l- benzenes of an abr:ndant ion cfr+ (úS 9t), corresponding to

the benzyr cation ha^s been of much interest. 0n the basis of a stud-y

of deuterit¡n labelled. toLuenes ard. ett¡ylbenzenes, Grubb and. Meyerson
1 tT rBS

showed. that the interpretation of c$.+ as a benz,yl ion was inco:r-ecto((
They postula.ted- j¡stead. the s¡nrnnetrical tropyli-r¡n ion S, fu which the

seven hydrogen atoms are j.ncListinguÍ*taftr1e. The simpl.est mecharrism for

t
R-c -R' -czHz csHs *

-Êr c1'Hf ,cl/e et

the ring expansion, uþ" the insertion of the ø-ca¡bon betrveen ring
carbons 1 a¡l 2, arud- migration of an ø-hyd.rugen to carbon 1 ¡ was ru]ed.

out by the su'li,sec1r:ent observation of compLete t¡rd.rrcgen scrarnbli¡rg prior
to the forynif;i.on of C,-H^+ f"o* u oB9 j\fore recently¡ Rineha:'t st a+.),
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have rceasurecì the spectrun or [ø, t-13cr) toluene¡ and they have

dernonstrated. that the tropyliun ion is pr.oduced- essential-Iy by the cr-

carbon inserting equalì.y beh,veen all the carbons of the original ben-

"rrr" "irrg.go Thus¡ holfr t¡r<l-nogen and. car'l¡on atx¡ms in the Cfr+ ion

fonned from tol-uene are completely scrambled.

Ttre initial interest in tol-uene d.erivatíves prompted. the stud.y

by mar¡r vrorkers of diphenylrnethane (1) and, its derivatives, a¡cl o-bher

related. systems, The imlnrtant fragmentations i-n the spectrwn of (t)
(nig. Z) are outJ.ined. in Scheme '1, îhe lc¡ss of a. l¡rd.rogen atom fnom

the molecular ion gives ríse to the d-iphenytmethyl ca,tion G., tS 167),

c#rÆzoer\ f+ c6lÏ5-cn4 un. 
*" 

"rl'g*
(l) Ê, Ele 167 g' s/s 165

""€

,,,fg* [c.,¡rrli

h, p/e 153 J, tS 152

Scheme 1.

tbe structu.r:e of which may be a phcrSrl tnrpylium "pu*:.*", by analogy

with allcyl benzenes. The further loss frnm f of trvo þyd.r'ogen atoms

prnrS.uces the ion Crrïr-Þ , ilg 165 " This ion appears in the spectra- of

a v¡ide variety of aromatic heterocyclic compotxtds anrJ. hyd.ro"*"borrun91

ancl evid.ence ha^s been presenteå92 lvhich suggests that in mâr\)¡ cases

C,-H^+ ¡hares the characterisbjcs of the ion d.erj-'i¡ed- ì.ry loss of a1) 9

-CiT- "J
-cH3"
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hyd.rogen ato¡n from the fluorene mol-ecrrlar ion (see Chapter 2). It has
o2

been suggested.Tf that the formation of C,,rpr+ frorn f occurs via the

cyclisation of the d ipherylmetl¡y1 cation followed. by a gþ elimination

of a rnolecul-e of i¡nlrugen to fom the flrrcrenyl cation g. This meehanisrr

may well be correct¡ since the ion g has the same characteristics as the

!, úS 161 ß¡ úS 165

fluor:enyl "ution.92 llowever¡ d-euterir.un tabell-ing stuiies have shovrn

that the hyd.rrrgen atoms in f are completel-y scrarnbled. prior to the

forrnation of gr94 and this <lemands tlnat g/g 167 have (or have passed

thrcugþ) a structur.e i¡r which the l¡r<l-rogen atoms can beco¡ne equ!.va1-ent.

Both tÌ:e rnolecrrlar ion of (1) ,r¿ ttre (At - H.) íon frag¡nent by

loss of a methyl rad.ica1, to produce the j.ons at te 151 anÈ, 152

respectively. The process M - CHr' in the spectrum of (t) was fir"st
comnenteô on \r X[eyerson in a stud.y of metkryl substituted. d.ipreryl-

*"th*"""95 Elaryl and. Danby subsequently obsenred. M - CIIr' fragnents

in the strnctra of a m¡nber of aromatic compoun,ls incluiling (f), "tÊ-
stiJ-bene.,, d.i¡ùrenyl.ar:etylene, d.ihyd.rophencnthrener and phenanthrenê¡ arid

these authors implieil that the methyl rarricaJ- elimina.ted. from the

molecular io;r of (1) orig.ìnated frrcn the centrål CH ,*it.96 In 1966t

H

-H2
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Johnstone a¡d }¡lillard-97 t"p"t,ed" a stud.y of the eqrulsion of a nethyl

racLical- frorn the diphenylmethyl ionJr pncåur:ed from dipherylmethyl

bromid"e (z) (Pig" J, Sclreme 2) .

Fe 4H- c

c6H5- cII- c6T{5 *-; g., t/s 167 ---2Þ [c'¡ ¡:011
Br
(z) í, g/9 152

Scherne 2"

Orr the basis of the spectra of the labelled compounrls (Z-*$-phenyf)*

plrenylmethyl bramide anrl (Z-rt+r645-.pher¡¡1)phen¡rf.¡¡e1¡y1 bromid"e (À) t

they proposed. mechanisms for the rea::rùigelnent involving the central.

CH unit¡ togetJrer with specific loss of -gf!þg hydrugen atorns" The

rnethyl ra,lical expelled in the spectrun of (4-) harl thc composi-tion C'Hre

33"r,1"; CHi), tç8,1Úf; CllÞ:rr 18"57;,. They concl-ucled frr¡m these results

tirat two mecþanisms were operating simr:-ltaneously¡ v'jz"e o11€ j-rnrolving

t-rvo ggþg lnsitions ín the same ri.ng, the otlrer anggtilg lnsitì-on in

each ring.

ïn a srrbseqrrent paper \\rjJ-l-iams g! ,3&"98 shcr¡¡eð thaht i-rl con'bra-s'b

to the eat'iier vrork¡ the expulsj"on of methyl fn:m the $-ài'phenylr'etl'yl

cation (1, tS 172; fortned frrcm ($-ffreWf)phenylrnethy.I chloride)

occurred. in a yancom m,anner with roespect to the hyûrogen anå deu¿uerjr-ln

atons" They prcposed. that t;he oJ:served h¡nlrrrgen scram'bling could- be

expla-ined. by rapi.cL reve::sibIe eqr.l-'rJ-i-bratj-on t¡et'ween the d-ipher¡ylmethyl

catjron and a. pheryv.¡ trr:py1-ii'rrn ion (Sche'nre 3) "
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SEVERAL

STEPS

D

D

D CD+

D

D

D

D

H
D

D

ll
DD D

t)DD

+
cl-l

Scheme J"

FurLhermo::e, ín a.n ind-epencìent stud,y of the properties of the

t::opyliurn i.on Cfl7+r S,, Meyerson repc::ted. that the pnccesses M " H',

M - CH,', arrl M - C^Hz' in the spectrum of (1) occurred. rvith complete) ¿)
hydrcgen scr*mbling"g¿þ Althor,r¡gh the evirlence of rando¡nisation jrÌ

cì.ipherylmettryl systems seemed more reasonal¡le than no¡r-ramdom prccesses

(Í:n view of the extensive scra¡nbling observed j-n arumatic coinporrrra*rJ9

arxl benzyl oy"t"*"75 in particú"r), other workers have neve::theless

postulated. specific prccesses in the spectr:a of triptycenet 99 slOO

trj-phenylmeth*r"r101 ar¡l o-terph"ny1102 arxl, ín the light of their own

resul-ts, have made comparisons with a¡d commenl,s on the corres-ponrling

process in d.i1ùrerrylmethane" In orðer to clarify the conflicting eviåence

and. comment concerning the frap4nentations of dipher¡ylmetha¡re and its

d.erj-vabives, it was d,eclcled, tc Ínvestigate more frrll-y the processes i:t

nrr,r¡*ìnn rrqìnc ,lorr'Êprìrrrn nrt'f 13a lsbell irrg-
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1n2 Resr¡lts a11,1 Discqs,ryi_o'n:

1"2o1 o The loss of methvl- f ror.¡ tnle 167 "

The diphenytmethyl catÍon G., úS 167), is a conrnon feature of

the ¡na.ss spectra of d,i-phenylmethyl cler::-vatir¡es¡ incJ-uding d-ime-LJeylmetlq¡I

ethe::s, nitr:lres¡ ha-lidesr and d'iphergrlmetha¡rol"BlF The nrost corn¡enient

of th.ese as pr3cursors of ;[ *" the halides, since tS 167 is formeå

d.irectly froni the ¡rplecula-r ion Ìry ttre elj:ninatio¡r of a hal.ogt:n atom¡

anå nc competing reactions aril obsersedê Thus, the qpectruin of cì-ipheq{-

mett¡y] broni"rle (2) (pig, l) sho',vs no n'rolecular ion¡ and the hase peak

corresponds for:mally to the d-iphe4ylmethyl catj.on fo The percentage

conry:osition of the rnethyl radj-cals lost from tire (m - er") species i:r

Iine.ð eV spectra of the deuteri.wn Iabelled. conpourls (:)-(¡) is listed.
D

c6H5-T-rnt ,nnr*lt-O .e-:ÍI-c6D5
d.r B'r D Br

ß) (+) (¡)

jn Table 1, together with the values expected. for r¿urdom loss of hydrogen

and deute*i.*.10J The obserwed r,alue s shcrw goocl agreentent with the ca-L-

culated. l'¡lues, md confinn the ea::Iiel: slìggest,iotg8 oil lVillia:ns ¡3! ;{.

that conrþIete hyår:ogen srcra:nbling prece,fes the eli-rnination of a metþ3-

raÃíc.aL f r-on p/e 16J, Tt i.s of interest to compare the va.l-ues obseruetf

fortheetiminationofmethylfromtheÊJ*åipheqy:r:rethyliond'erÍvedfircm

(Ð (taflfe 1) wÍth the previously pubtished" ,.=*t1t"97 (see 1'1 e above) o

A1tLrough Johnstone d"icl not cios-;crve the srnall- prolnr+;ion of motÌ¡y1- vfu:ì-clt
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raÞlq 1-'

Com¡nsitiona of the metl¡rl species eLi¡ninated. in the prìocess [(ttt -8"') -
crrfj-r,l ror (¡)-(¡)b at Ð e\t.

Compound 0¡I clrf CHÐ
3

CD
32

G)

(+)

(¡)

obs. 70 3a É

Ca]-cn 73 Z7

Obs" 34 49 15 "5 1.5
Ca1c. 3t+ 51 '11+ 1

Obs. 1\. 42 3l+"5 9,5
Cal-cn 12 It-6 36 6

The vaLues observed for fragment ions arrd metastabl-e íons are

almost ic].enticaI"

these vaJ.ues h.ave been reported. ¡"1'o*.84'103

a

b

ís el-iminated. as GDr" t the flgures he obtained for (+) agree c1oscl-y with

thosc ::ecorded in Table 1¡ and an'e not inconsistent v'rith com¡rIete ran-

d.o¡nisationo I'b would. aprpea:.¡ thereforee that the ear'lier prroPos ^J97 it

im/âlid, at l-eas'c with respect to the k¡rdrogen atorns involved in the

pñceSs o

Alttrougþ there are nurerorrs exanples known of the sjmuJ.taleous

occurrence of hyrlrngen and- carbon scrarnblj"rrg, tgrdrogen ranclomisatiorr cart

also p-roceed. v¿ithout rearrangenient of the carbon *k"l"torr"5'J9 It wa.s

considered necessan¡r¡ therefore, to measure tkp spectrrn of t¡rcrnod.iphenyl-
.t2

methalre*1-¡'C (6), in ortl-er to est¿rbl-is:,h r¡nequivocirlly the ori-gin of tle
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cartort atom j:rvolved. in the re¿rrranga'rent.

No qrecÍfic loss of carbon rva.s observ*a.1o3 hence, the met\yl

glþup does not arise spec:Lfica-lly frrcm the central CTI writ" fuletastable

ions for the processes E/e 168* 153 and. ú5, 168-+152 G*i ""4 3*f)

were obse¡ved. at r# = 139"5 arrl 1J7"5 respectively'" Ihe ratio of tÌæ

1 7,,CH Ic,, ¡:ulT
c

,r,5-"T <d\å* .u,L-" gtt -cntr,
Br

I, ty'S 152

[c.,,.15urolT-ciI
3

(6) &, ús i6B t, g/e 155

abr¡nåance of 'the rnetastabl-e ions j-n the fjrst fiel..d-free re.gion f'or the

tvro p::ocesses 1veï'e 92.8 z 7.2- arrd g3,7 : 6,J tl 70 arrl' 15 eV respectively"

Tlre ratio expected for a rartclom l.css of ca^r:bon Ls 92"3 z 7 o7. S:Lnce the

accu.racy of measu::erren.t of tÌle oT¡scr¡red peaì< heights is probah]y no

bctter l;rrn* 1/., tne sJ-i.ght deviaijons frum the caÌculated ratio are

most like1y insi.gni]li.cant. The observed values, ttie::eforet strnngJ-y
J

sugg-est th:t cornl:Jete rarrcLoruLsationl of the carbç¡n atoms has occurred

/. Tt is recognlzed^ tÌ:at the.t.abelf.ing::esuJ-ts cio not a.llorv d:if'fer-
änuatioi".t"ti) corrplete ranciomisation prior to frappienteLtione arrr (i:')
the]ossofamethl,trarl.i.ca.linacornpletely:lanclotntil¿ìÏllÌ8loTlresr-:corrcl
possibiJity is i:r.Liri'biveþ less attracti.vee hoivever¡ since it is uÍiI':ikely
-tLrat fornall-.y norr-ec¡ui.valent atoms rvjJ.l tr:¿lct in an exactl-y sjm:iiar:
matiner, nrùess =o"1"*p.n.ess of eEúlltrration (j".en scr¿mbl1¡d has taken
placeo FtrrtÏ:errnre¡ in. a completely scrambJ..ed. species, the d-istinction
i:etrr,'een a rancl-om ancl specific pfÐcess is nc¡t possi-bLe"
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in the ion g/g 16f befote the forniation "f tS 152"r

Computations have been oarried. out uhich show tlvrt the moðel-

(Scheme J) which'lrV jJ,lj"ams proposed to explain hydrogen sc;r:anrbling

between the phern¡'l ri.ngslvould require at -l-east JOO cycles (each of whj-ch

involyes several ring expa:Tsions and contractions) to a-chieve a rarrlom

di.stributi-on j:r the :lorr. Ileauzurgernent reac'bions arrd scraltbling

processes i1 pz,rrLicular are, in general-p rela.tj-vely sJ-olr processes j.n

tbe ma.ss spectronrcter, ancl hence Y'tril-l-Íamsr nroclel- is unJ-ike1y to ra¡rdomj.se

cornpletely o¡ the time-scales inr¡olveclo Tf o Ìio+revere all. atorns in. the

postulated er-panled- ring beearne c:cluiva-Lent (¡¡. analo¿'y wj-'ch tlre trrcpyliuri

species e) befgre subsequent contraction and re-expansionu then a rando¡n

d-istr1bu.tj.olr of both lryclrþgen a¡lC car¡'oon atoms would. be achj-eved. afte::

approxirnately JO r.i.'g expansions anrl contra"c{::ions (e.g' É*g)"

CH+
*S

f m

/ The a"n2,,l.¡qous e1ÍrniËLa'uion of me1hyl frr:m the (lt *' Olt") ion (E/g
'167) in i¡.,, spectitrn cf 1-ri6-'f,iph.roy:l-rrrei;hano1 (7) alsc pr.uceeds rvith

"o*pl*t" e;.,-rbãn scra:nblj.ng^ the abrurclarlces of tire def'octlsed netastal:l'e
i;Ä-i"" m/e l(:8.+i53 rr,¿ r¡2 iir-tic¿r " o 'liO le¡et ::e;tention of approxj-*
ÃJ"lv glô/" (value e4pected for r¿urd-ouris;atj"orr = 9?-ó/ù.

"dr, -"lu * t6%

0n

(z)
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If the d.eviation fron the caJ-ctùated values for thre loss of the

methyl. carbon atorä is significant, tJ:en appa::ently slightly more of the

metkSrl rad,ical is being lost frr¡¡n the phergr1 rj.ngs than expecteå for

complete ranclontis¿rtj-ono This can be rationalísed. in terms of the nethyl

radical originatj,ng frorn t)le ri.ngs of a ùiphenylnethyl cati.otr nhich i-s

preðomj-nantly scrambled¡ but vrhj.ch also contrins an anrrunt of partiali-y

screurbled rna.terj-¿ùn AccorrC"ing1y¡ calculatj¡ns of the compositions of the

varions label-l.ed- mr:thyl species¡ ass;rrmi.ng (i.) 1;hat fl. of-' f is cornpletely

ranclomísea, anct (ii) that the remainirrg (too - x)/, of neth¡rf Ls l-ost

frum the rings of a catiolr f which sha::es the central hydrogen atom

rvíth one rj-ng" Thj-s moclef. assumes no particular rnechanj-sm for the

scr¿nlblj.ng pl:ocess, but is ínvoked- j¡r an atteml>t to i.l-lustrate the

effect of i:rcorçl-ete scra:rùr1.irrg"

TIre val.ues calculatecl for x - ?Í)¿9Or95rlCO (i;ogetlier rvith the

obs;ewed values fz-orn Table 1) are given ilr Ta.l:le 2n The observed. a¡rd

caf.culated. values show best agreement l,Ò,en x = 95 n Thus, on the moclel

proposed the o'l¡served val-ues can be explained. in ternis of at feast 95"ñ

ranclonisation of hyùragpn anå carbono Y{hatever the mechanism of

scranrbli¡rg may be¡ it n¡ust be recognised- that the C.egree of scra¡l-bling

i¡1 tlre diphenylmethyl cation É i" hidr.r príor to the elj.¡nination of a

methyl rad.ica-lo
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Tabl-e 2"

Cornpos:i.tiona of the methyl species eliminated i.n the

prccess [ (u - Br") - tnr,"¡_r] ror (3)-(6) 
"

Compound "ot, "n5 "n,p
CDCHD

2 3

3)

(t)

x.

ö
90
v5

100
0'bsn

w
90
95

100
Obs o

B5

90
%

100
0b.so

w
9o
95

1C0
0bs.

73.3
75.2
73"1
71"o
70"0

36.6
35.7
3l+.9
3l+"O
34"Q

18"8
15 "9f L"0
12"Q
1l¡-'0

93"5
93"1
92"7
92.t
92"8

26"7
26.8
26 "g
27.O
J0"0

t+6 "1,+7.8
49.4
51oo
J+9"0

38"6
lû,9
43'2
I+6 

"Qlç2"O

15.8
15 "2
15 "o
14,"O
15 "5
?ôo
3\-1
35 "z
36,O
3l+"5

1.5
1.3
1.0
1.0
1"5

$) 100
9'
7"

6"5
6"9
7"3
'7 

"-l7.2

7
1

6
060

9.5

(6)

a CaLculatecl for t$ rand.on loss, (1OO - x)fi toss f::crn ri5gs,

6tr, 5H,
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A^^I ö¿.¿o è

At 70 eV¡ the processes M * CHj' ,t¿ (U - H') - CIIJ' in the

mas,s spectrum of d.Jphenylmethane (1) (¡'ig" 2) prod-uce the ions å¡ I/-9
153 arß. i, tS 15?- tpspectively. lfeyerson has stud.ied the pnrcesses

M - H., l{ - CH30 t ard" M - "ir3" 
in the spectrum of (t) at /O eVe arid

has conclud.ed. from the spectra of A{*díphenylmeihar:e ffid. c@t-dipherS'1*

rnethane that each process occurred aflter the hyd,::ogen atoms :ln the

molecular ion h¿rd. sc::a¡ùrled.o9L ft was of j-ntereste ther:eforr: e to

investigate the possíbiJity of ca.rbon ranclomisation e¡rd. if possible

to c1an.j-fy the scramhling mechani.sur(s) -'urvolvedo The isomeric cnnrlrcurrds

(t), (8), ana (9) nour" chosen for this purflose, for: 1he follovring

reasonsÒ (i) The high ma,ss negj-ons of tlæ slectra of each al:e very

cHz

(1) (B) (s)c 3

simj-lar (nigs" Z a:r.d 4), (i-:-) The process (t'l - IT') - C'II' j-n each

spectnun cloes not occtlT at 1! eV" Henc':Ér, tkre IÍ - C|IS' plþcess can be

convenje ntly studied. at 1l eV, without inter{'erence f'r:cm tire corre-

slnnding loss of metLryl from tl:e (U - U") sg:cies. (iii) In vj-ev¡ of

the scr.¿urrb$^ng process alread.y estabLj.shed (see 1"2e above) f'or the loss

of a methyl rad'i'cal frrom the everi-eJect:rcrr species $" ts 16l (¡'rest'rinabJ-y

via the phenyltropylir.rm internedj.ate g) j.t seeme¡d- lil<el-y 'tJ:at a;ry

scra¡nblirrtj, proccss in1fre nolecul.ar ion of (1) coulô- occuyvia an
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analogous inter:ned.iate¡ glgio the nnlecular j.on:r of pher¡yltrcpyIidene

(B). Fr¡.therrmre, sirce an o-methylbiphenyl cation had. been =.rgg"*t"d.97

a.s an intermediate j¡ the expulsion of a rctt1y1 rad-ical from lr tS 167,

the ra,åical ion o derivecl fncm (9) cou1d. also be envisaged. as partici-

pating in the M - CÍIr, process i¡r the spectn:m of (t).
The composition of the netbyl radicals eljminated. frr¡m the

rplecular ions of the d.euterj-un labeì-led. contpou¡ds (tO)-(ttr) ¡ measured

DD

D

(t o)

D

c

(r)

(r t )

D

(r¡)

DD

D

c

cH-(tz) r

DD
D c

D

D

D

by the abundances of the appropriate metastable ions in. the fi'r'st field-

free regi.on at 15 eT ¡ is given j-ri Table J2 t;ogether with the vaf-u'es

ca_lcrrlaterl for rar¡d-om loss of ÌSrdrogen a¡d. d.euteriun'

Threre is a falr correlation bet-wecn tìre ob,'served ard calculated

values Írr the tsble. Thj.s tlemonstrates that rand-omisation of tÌ:e hyclrugeu

atorns has occrrrr:ecl to a largc extent before the Loss of a methyl radicaln
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table åg

Compositiona of the methyl species eljmj-nated" in the

prþcess M - cHnÐ;-n for (to)-(t¡) at 15 ev.

Compound. ,n3 cHP C}ÏD CD
2 3

b (ro)
b (rr)

(tz)
(t o) -(t z)

(fi)
(t t*)

(t¡)-(ttu)

0bsn

0bs.
0bs"
C a-lc.
Obso

Obs.
Ca-lco

21 "A
20.o
1 8"0

15 "o
l+2,5

,'í '1
38"2

JB.O

37.o
39"0
L8,o
44.8
tl+.6

49.0

31"5

33uO

32"4
32uO

11 .5

1?-"2

12.3

oÃ

10"0
11 "0
5"O
1.2
2.O
0.5

a

b

The val"ues obsenred for f'ra.grnent ions and. meta-stable ions
an'e ai-rrost id-enticaù.

These va]ræs have been r:eportect before.B¿F'10J

a¡rd- ccnfj-rms the earlj-er contentj-or.9'u of Meyerson, whose conclu-siorrs

v¡ere based orr1y on daug|:ter ion abrrndances at 70 eV v¡hich'were likely

to have been complicated by comlnting prrccessês¡ Never.thelesse a

deviation from the expected values, sirnilar to that olcserrled in the

d.iphenytinethyl cation É ("*" 1,2, above) is ¡roticeable; this is

discussed. further belorv"

The stniking simiJ-ar{-ty in t}re valr:es observed. for (tO)-(tZ) t

ane- (t3) ana (f4) strongly suptrrrts the suggestion that l¡oth phenyl

tropyliclene anå o-methylhipherryl species are irnplicated in the re¿urrange-
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ment. These results sugÉåest either that a-11 three species Ir 9r and -P

are Jmplicated. j¡r the scrambling ând subsec¡uent rearrange¡rent of tÏ¡e

d.i1ùrenyLnethane ion (e.8" -Eêg+g)¡ or that the three slncies share a

cHr-ç \ Ir
H5

+
a

;
+

on1)

cornrnon rrstructure[ 'whjch lnay or mqy not bear a resemblærce to the gromd

sta.te structures of the i¡rd,ividua]. ions.

Measurement of the spectru¡r of diphenylnetl:ane-1 '13c (lS) (3c

incorporatton 6O.1/") at ì¡ eV sJrov¡s :*55.ï/" irrcor;n::ati.on of 1J, ir, *"*

cFq-13rnr- "nt,
(t¡)

M - CïIJ. daugþter io..loJ TLd-s is very close to the fi-gure calcuJateô

for the random l-oss of' car.hon f ro¡n tlæ molecu-Lar ion, viz. 55 "5%. the

abr.md.ances of ¡netastabl"e io¡s j¡r the first field-free region for the

prrocesses M - cÍl,j' and. M - "rnr' (tS 169'-+154 *td YS 169-*153,

^o = úg1¡j.g and. 1J8.5 respectiveþ) occur in the ratio 93"7 z 6.3 ù

1l e\r;1a3 ,*rdomisation requires 92'3: 7'7o Both obsewed va'Lues rule

out arry specíf'i-c lclss of the me'cL5r1 ca:,ioon¡ a¡rd favour a compl.etely

ranåorn process e
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Ttre field. ionjsatj-on mâ.ss spectrum of d"iphenylmethaner lr{rich was

measunecl throug,h tlre courtesy of Professor H'D" Becl';ey, rev'ea1.s that the

elj¡rj-nation of a næthy1 ra.d.ical from the mo-l-ecul.ar i.on of (1) is a

relatÍvely sJ-ovr ""u'"tior,"104 There is no fi-el-d- incluced d'issociation

peak ('u - 10-14 - 10-12 ="*) a¡å no fast rneta.s'babl.e ïreak (T - 10-12 -
-'7 - / .^àl - ,^ø) \ .10 ' sec) r but a nonnal. metasta-Lrle lleak (r = 1O*7 - JxlO*J sec) is

observed.. Therefor^e the likelihoocl of scrarnÌ'ling prr:cesses j-n the

molecular ion of (1), prior to loss of methyl, i.s higþr and t;his is

borne out by the e4pe::j¡nenta.l ol¡servations ahove"

In this cont;ext, it is of interest to consj.der several reports

of non-yarrclom rearrangement plroccsses in the spectra of compoun.d.s related

to cliphenylmethzureo Berlin ancl Sliupe10l ob""*ed. ¿ur rtalrnost c¡ra.ntit:r*

tivert 1Ja l-r.O"1 retenti.on of 9tl" for the pïÐcess I'l - CI1J" in the spectrurm

of tripher¡rlmethan"-1-13C. they interp'reted. thi.s obsen'abion a-s a

contr¿lii-ction of previous ttirnpli-ca.tionsrr tha'c the cerrtral unit lva*s

jrrvolved. in the elimirration, ard. meciranj-sms were proposed ín rvhich the

carbon elirnina.teù as methyl froin both triphenyJmethære ana (1) is d"ei:iverl

solely f'rorn the r:i¡g,s, IT-. vi.elv of'the scr¿àmbling in cliphenylme:t-hyt sys-

tenrs d.escrÍbed above , itr seems lilcely that; the ila.lmost gueurtitati-ve[

retent:i-on ís better interpreted- as a Loss oJ' can:bon flrrrn a rarrdomised.

¡nolecuLar io¡ of triplienyi¡retharp (rctenti.<tn €;xlnctecl- for rando¡n loss =

9Iu"T/ù, Sjmi-larly, Copet ancÌ FacchettilC2 d'o not corsicle:: the possí-

bility of compiete ca-rrbon rærdomj,satj-on in the spec-Lnrm of o-ter"p.henyl-

17' {.lra i r rcrrn-nl:erl .iric.r-rx¡r.irbi-ons of 1JC l-a-bcj- fot' stlccessivct2."')C¡ althor:gh their r.eporte'1 iucor'1rc¡:'a-Lions c
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eljminations of a methyl radical. \Yould suggest this.

If the deviat:i.on frtlm the expected vaJ-ues f'or carl¡on randomi-sa*

tion f'or the tr{-CHr. Plþcess in tire spect:rm of d.íphenylmethane is

significant, then the 1JC tnU"lting evi-d.ence a¡rC the data j.n Table J

support the possibility that ¡rrore rnethyl than arrtici"pated. for cornplete

scr¿u¡lblirrg errises fruni tìre phenyl rings. A sjrnilar possj-bility arose

fo:. the eljliinatÍon of rnethyl from tl're d.iphenyl-methyì. catj-on f.

Acco:rlingly, cal-cu1a.ti.r¡ns sirnj-lar to those mad.e for thie diphenyl-

methyl cation (aUove) have been carrj-ed out,' assuning (i) that f/" of B

is decomposi¡g after compl-ete rarrclc.rnisation, (ii) that tlre renra:i-rúrrg

(1OO - x)/" of methyl is lost fr.om the rings of an j-ntenned,iate rvhich

shares one of the tr',,r¡ central hyiì-ruçn atonrs lri-th one of the rings¡ ard

(¡"ii) that this model¡ based on diphenyl¡,etha-ner can appl.y al-so to (B)

afrd (9). .¡1,s beforc¡ no .partj-cutl¿',:,' scra¡rbl-ing, mecl'lanism is asst:meil'o

llhe values calculateð f'or ¡ '= BO 1& ng}rlOO (together u'ith the observed

values from Tab-te 3) are given in Table ls"

In general¡ the correlatioti hetween the obsenrcd arrl. calcul-ateû

valnes is best rvhen x = &5 (faUfe 4). The::ef'ore¡ on tle basjs of the

proposed. mod.el (vrhÍ.ch is very sjmil.ar to ünat used- for the caJ-cu1at:lors

in Tabl-e 2), ttre observed vaJ-ues cam be elplained. in terms of a

d.i1fiei1y¡ne11t.a1ro molecula:: ilorl, appr'oximaïzly 'òl/, of which has raJvfomjsedo

UtLe di^ffeïjcrtlce in Lhc percentage scranr?¡l.ing clecluceå for the trvo s¡ts bems

A *,1 A (95,ft ana Bll rls¡rectively) inay be ::elevant. The s¡ecies m a.d

¡ hrr'rr: bcei: sugqe steò a.s j¡:LernciU a-tes: t'irrmu5r,h r'¡hich 'bhe ions G *d ..1:
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Tablrç._.1+r

Compositiona of the methyl species elimj-nated j:r the

prÞcess M - cïP;_n for (to)-(15) 
"

Con'pound- x "rn, cÍr3 "r-p CI{D c.Ð
2 3

(t o)*(t z-)

(ro)
(11)
(tz)

(tt),(L)

(n)
(t t,)

(15)

T
BO
85
90

100

0bs.
0bs"
0ï¡s o

75
BO
E)
90

100

0 bs.
Obs.

fr
BO
&5

90
100

22.5
22"4
20"2
18"5
15.0

21.O

20.0
1 8.0

U.5
40.8
la?"2
39 "5
38"2

142"5

Ii .2
94"2
93.9
93,5
93"1
92.3

JB.O

37 "8
39 "o

H"5
I+J.O
U+.5
46 "o
Ir9 'o
44"8
Il+"6

30"3
30.6
JXeO
31"3
32,O

51 .5

53"o
32.O

15 "715.o
1)a.3
13.7
12.3

11.5

12"2

9.5
10"0
11 .0

1"3
1.2
1n0
0.8
O.5

1.2
2.O

5'8
6.1
6"5
6.9
7"7

10.2
9,O
8.0
7.o
5.0

36"O
38"1+
40.B
)+5,2
l+8.0

obs" 6"3 93"7 õ

Calculatecl for >fr ranJ.orn loss¡ (tOO - x)f toss from rings

(6r, 5n).

a
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rcspectivel..y) pass, d-uring the scra¡nbling process. In this context,

the cat:ion ¡n v¡ould be a more stable intermedia-Le tha¡l the raði-caJ- ion

¡r vrhich might be expected- to fragmc-:nt more quíck1y, before sc::a¡nblj-ng

harl reached corrrpletiono Neve::thelessr r:egarcl"leds of tlæ vatiùity of

the calcul-atj.ols in Tabte L¡¡ ox the relevance c.¡f their inberpze-bat-ion,

it j.s appareirt from the experimenta-l- resrùts that consider:able¡ if not

compJ-ete¡ scrambli.ng takes place j-n the molecrü-ar iotr of (1) lefore ttre

l-oss of a methyl rarl.ioal.

In ocn'brast¡ the simple ðissociation process I¡f * CF5' e whictr

prcclu.ces tùre trr:pyliurn iou G., úS gl) j:r tkre spectrurn of (1) (nig' Z),

occuïs v¡ith nt;g]-igible scrarnbling" lt[eyerson has observed. a high reten*

tiorr of d.euterÍurn la'bel in the fo¡:mabion of the I[. - A 6H5. ior¡ fro¡n d-d:

and. ord,-d.:Lpher4¡tmetho.-,e"91"1' This specific p::ocess is colrii.nnerl j¡r the

spectr:a of (tO) ancf (t¡) " !'or exarnple, the spectrr-rrn of dr-Cilhen¡'l-

methane (f f) sho.,'¡s trro d.aughtar ions at E¡þ 91 ancl !t¡¡ c'f aJ.mcrst ec1ual

intensity, corrrespond-íng to the -èo* ant Èr*trupyl-ium ions respectively"

The, p:resence of mj:ror a¡nounts of -{ ancl ê, sçeci-es ("t tSr 92 ani^ y)

j-ndicates that a limiteil a.mount of sc:rarnl-.1-it-tg occurs¡ and a"s migh'b be

expecterl this increases as the energy of the elec'bron beam d,ecr-easeso

ilhis is il-Lrrstr¿.ted" in Table 5; the abrurdànceË of the ions at 9þ 91^9tr

have been corr¡ected. fo:: natu::ally occurri'ng isotoires¡ but no correct:Lon

has been nra.de for further losses of Lyclro'gen (a:rcì. freuteriunr) v¡hich occr-rr

f'r¡cm the various lahell-ed. tropyliun ionso Therefore, the abundamces o:e

tlre $,* a:rù ùr-.r;rcp¡,riLrn Íons (tS 9z ancl !J) a::e j¡r-fì.atcdo l{ever:t}reless,
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Tal:le !.

Relative abunclancesa of tg 91-9h jrl the spectrum of' (ll),

compared. with valræ s ca-l.cul-ated for rarrlornisation"

eV ús gt ús e1 ts etnts ez

70

Ð

12"5

C a]-c.

4o

3Iv

27

I+

9

12

1B

4"8

t+3

3B

35

16

B

to

20

32

a The observed values aïe urrcou:rectcd for losses of i¡rci"rcgen

( and. d.euteri.un)' fn:in the trop¡'i-iun s-leciesn

it is apparent bhat h¡Crrrgen scranil:ling has occurr-ed to a ljmited' extent

orùÏr even at low ionj-sing vol1;ageso Similarlyr the retentj'on of 13C

tabet in the tS 91 ion (at 1! eV) jn the spectrurrn of (1r) is g'?"5%

(reterrbion expectecL for ra¡<lom loss = 53'f/Ð ' Thcrefore, tlre cJ"eavage

¡eaction t - a6% " in the spectrum of.' cìipÌrcnylmctha¡re occurs with no

carbon scr¿unr¡Ii-ng¡ a::rù very litt]e llyclrngen ra¡rrloln:Lso'ci-r:no/ This is not

/ The l.oss of a pheny-l- rarlical is al-so oJ:sexvetl fmm the molecula::
ion of d-ipl:enylmothærcle to prodr-rce the iol C-f'rO (il3 1O7) " Tlte spec-
tl.tn c¡f (7) slrov¡s t¡at ¡o carbon scram';1j.r'rg pfuóedes; the forr'ration of
tf.- fi,,f -'a.+.) i.on; the subsequent e.l-jmj:rahion of CO f rom ilS lO7 is
aJ-so'* =1r"Ëi?':.t n-ã"u". I¡urtltermo::er bire obserT,*ation j-n the sPectrun

"i-(Zj tLt tn, iormatio' (rurd. decornl>.rsitì.on by loss of cO) ?f tk': _--98
tenàoíf cation i-rrvolves no car¡oon scra¡ribl:Lng i.s consistent with i;þe report-
63 lTiJ.li-alns lha.t a- Ij¡n:i.ted arnoim-L of þydrogen scr-'a¡ril¡ling i.s associated.
rrith tlie lvi * C6lI7. prÐeessa
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surÞrising, sj-nce d.issociation reactior:s j¡r the mass strrectrometer are

rapid. processes (r = 1o-1h """)¡ 'vt'nereas rearrarlg3ment (arrcl scra¡tbuog)

processes are slow (r = 1O*7 *"").

Tn strnmary, hyclrogen a¡d carbon scrarnbling have been sholvn to

occur beforre the eliminatÍon of a rnethyl rad'ical from both the

d.ipher¡ylmetk¡¡] catig¡ and. the d.iphenyLrnethane mcl-ecular ion. The

rand.onisatj-on is essentially cornplete í¡l the fotmer, but sligþtJy

less than complete scrÐrú)li¡g is observed j"n the lattero The radical

jon^s d.erived from phenyltropylid.ene and. c+nethyl.bipìrenyl a::e in¡plicated-

in the rearrangement anl scralÍùling piocesses observed' in t'Lre spectrum

of diphenylmethaneo As expected., the scrar¡l¡ling arr:1 sr':hsequent

rearra-ngement reac'bi.olrs proceed (relativcly) slo',vly¡ 1",{rereas t}æ

compet:ing (fast) cleavage reaction [t - C6II5. j.n the slnctrtnn of (1)

occurs r,¡ith lj-ttle or no scrarnbli4gn In gsner:al 2 ftag;æntaJiou;c rvhich

j¡rvolve r3arrallgement d.o not appear tÖ bc specific prjocesses in the

d.ípherylmeth¡rl anrl rel-ated. systemsr as suggested previ-ouslyr but occur

in a rard.orn rnatlner w"ith respect to both LSrd-rogen and carbonn
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2.1 Intrcduotion.

As a r"esult of i-ts completely conjugated systen¡ the mass

spectnm of stil-bene (t6) (¡,ig. 5) is characterised. by very.little

fragmentation of the molecrùar ion (5, tS 180) ' and a nrunber of

cloubly charged- ions. Apart f:rcm successive losses of hydrogen atoms

fnom the molecular ion, the.¡nost pronounced. fragmentation j¡r the spec-

tn¡n correslnnds to the eljmj-nation of a methyl rad.ical from the

molecular ion Q+g), a¡iA this impor*ant rearrargement ha^s been the

-cH-.
.en¡ cn:cH-c6"5 -+ [cur¡crr-cu-c6n5]î + tu p/s 165

(16) 9, ts 1Bo

91 Ð2c9'l v105 e1O6srrbject of a nunber of stud.ies./""L'"t "v) '1vv In add.ition, the

natu¡ie of the prod.uct ion, usually clepic'bed. as the fluorerlyl cation

,8¡., has been extensively investigated-n

fn a stud-y of the I[ - CHJ' process in sti]bene, Joltnsbone ard

Mjl-la¡11 reported.gT tnut the methyl radical originaterL from the olefin

brid"ge, together with two ortho hyd.rogen atoms, arrd the ruechanism which

tl:ey proposecl for the rearrar:gement j-s outlined. j-n Scheme l¡' Ïn

parti.cular¡ the ions I and. ¡gr wbich represent the molecular j-ous of

!11O-d.ìÌry.c1rrcphe¡a:rtnrene (t7) anå !.+nethylfJ.riorene (t8) respctlvely,

are i.nvcked a.s interrnecliates Ín the expulsion of a methyl raclical

frrcrn g"



nlþ_

+
a.+cH_cH

tu v/s 1N

S, g/g 165

(tt)

_-.+

H H

-cHs

Scheme L"

-5¡ g,/S l BO

I

CH¡

-Êr g/C 1Bo

*
H

c H3

(ra)

Íhese authors based. thei:: conclusions cn the spect;ra of 2r2t'

èr-stjJbene (onJ-y par"tially l-abelled. ín each ring) n several deu'berium

l abell ed 2 ¡ 2¡ -d ipher¡yletÌ1V} cÌrlo ride s r and't -1 3C 
-'t ¡ 2-diphenyl ethyl

c¡-lori¿e,. 122-.Ðiphenylcthyt clúorj-cte (19) eliminates the elements of

HCI from the ¡rx¡lecul-ar ion to pr-oituce a species gl t WS 180¡ which is

isomeric with the stj-Lbene nx¡lecrr1ar ion (-d , ,na whj-ch j-n turn ejects

a metÌ5r1 rad.ical to produoe Ð/g 165. The formation of tSl65 in tne

spectr:u,n of (19) r however¡ câr occtlr by various pathways¡ êo$o
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(t g) +g'-+;gr M - H' - C1' - CTI'' ¡ M - Cf. - rn3' - H'r not all of

-CH-'
uÍt z'J! z 

'',-lg*
-ec6H5-üIr-.ir-tntb

c1
-flc1

Ic

(1e) ¿Ã , gþ 1Bo S, þ/S 165

which pa.ss through the rrstil-bene mc¡lecuLar iorft gl art g/e 18O" Thus,

althougþ the reaction gt --Þg occurring in the first field.-free region

coqld. be examined" rureqr.r-iv'oca11y by netastable defocusingr the d.augþter

jon al:r¡rd.aJtces used. in this case may tiel1 not be rep:resentative of a

reaction occurring speclfically fromE/e 180" I'r¡rtherru,cre¡ in the

arbsence of' argr ilrfo:rnatj-on about its rnetastable characteristi-cs¡ the

structure auJ energr¡ dj.stribution of g! may he qu:lte d.ifferent frorn tha,t

obtai-ning in the rnolecular ion of stil-liene g.

ït lcâ,s subsequently found9l t1o7 that the forrnation of the

rrfluoreqyl catio¡rtr in systems whÍch have ad.jacent phenyl substj.tuents

îras preced-ed. by h¡ild.rogen scramblíng, anrd. ind.eecL hyclnrçn scralnbl-ing is

a common feature j¡r the spectra of margr a-romatic s.ystemsr Ìnclud"ing

biplre r¡yl11oB d.ipl',."r1y1metban * r9l+'10J *t¿ åiarylacetylenes "109 '11o rt

seemed. probable, the.refore, that the previous descrtption9l of the

fortnation "f tg 165 irt the spectn¡r of stil-be¡re coul-d. be invalid. Jn

vieív of the r¡rcertainty surror:ntlj"ng the rt-'allratlgement of the stilbene

molecuLar iop¡ it was <i.ecid.erl to i-nvestigate the mass spectral properties

of stilbe ne, )-e10'-Ji.hyclropl:enanrthnerre, ancl !+rr.ethyl fli:r-rrene, using
17t

deuterir¡n a"nri ''C label.li'g, a:rl meta^stable teclmiques.
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2.2 Rcsul-ts a¡rd Di-scussion:

2'2.1. The l.os's of stilbene nnlecuf-ar

In an attempt to obtain a definibe answer to the problem out-

Iined abover the spectra of the stilbenes (16) a¡a (ZO)-Qí\, the 9r1O-

d.ihydrophenanthrenes (t7) anl (27)r and the 9-metl¡ylfltrorenes (tB) ard-

(zB) trave been measured"

The spectra of (t6) a:.lJ (tZ) shorv al-¡nost identical fragrnentatj¡n

pat'r:ernsnb n91 '1Ø ïn addition to the pronounced real'rargement i.on at

ú5 165, tl¡e process L{ - H' - I{, is present in bobh spectra at -/0 eV'

Lf 15 eV, hcvrever, only one hydrugen atont j-s el,i.¡ninatecl, arni- the 15 eV

spectra of (ZO) *(ZÐ show that the stj.lbene mclecul-a:¡: ion loses \ytl'rogen

in a completely ranclom tnâl-ìïl€ro In contr¿rst, tire molecul-ar ion of (1/)

l.oses a ¡greater tha¡r rald,om pîoiyJrtj-on of hyclro¿¡en frr¡¡¡i the ¿u:oniatic

,.**1"*uB5 These results suggest that the molec-¿1ar j.ons of stiJ-bene

and lr'iO-d.i.hycìrophenanthrene do not beheve in the s¿tme manner, at l-ea,st

with respecb to the process If * lio o

The spectra of (16)-(18) (Ì'i.gs.5 "n1 6) eacìr cont¿riu a pak at

úS l6J , 3*rñ. the shzipe of the transition si.gnal (t* = t.E l5l .5) , coïre-

spolclilg to the met¿stable 'bransition irr the s'.:cond field-*free regiQn

for the process 1,{ - CHJ.¡ is very similar in ihe three slÊctxa'&Jt105

The ratio; of' the abrxrdances ctî p/g 161 a:rd rn¿ for ('le)'-(tg) at var.lring

energies ol.' the elecl;ron bea;:r are given j:r Table 6"105 The ratios for

(tg) a¡¿ (17) are very sjmilar at at-l- ener¿1-ies of tire electron bei'ln,
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Iablgé.
\ralues "t ldS. 165y1rr*] i" the spectra of (16)-(18).

eV (re)" (17)a (r e)

7o

Ití

55

Ð
15

1Ëî

11$

1l¡2"5

135

108

1+g

th5

1t+l

137

to6.D

222

217

212"5

192"5

1t5

a These vafræs have been relnrtecl beforeo 85

but no cr¡r.:etation exists between (f g) lund (17)], urd (tA). Since

ions identical in structure arll1 enerry d.istri'l¡ution rnust show identÍcal

fragmentations and^ nretastabl-e characteristics, then a reasonabl"e in{;er-

pretation of the results in Tal:le 6 is tnat ( i) S is procluced from a

common intenned.iate Al i¡r the spectra or (16) anå (17), tut tnat (ii)

the rlecomposing species in the spectrum of (t8) does not have the

pnolærties of -ft,io This cloes not neçessarlly preclude the participation

(1 6) -CH-'t
.re

-e

+

-- 

È-A a ß' úg 165

(17)

of a p-+netl¡ylfluorene species jn tkre reafrangement¡ since it is possible

that the d"ifferent n-retastabl-e cir.aracteristíes observed jn the spectrten

of (tS) a¡.e a result of diff'erent cner:gy J-ïstribution in the cle<;ompos:ing
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l-Ollc

celb- GII= cH-c6H, c 6|;cD- *-t6% crHU- cI{= cFI

(zo¡ (zz-)

D

D

D
(zt )

D

cr$-cH:cII-c6D5

(Ð)

c6H5- 13cn:ct-c6%

CUH,-CH= *-t6%

@)

(ze)

D =CtI

çzt*)
D D

D

D
(26) D

(27)

the com¡nsition of' the variorrs methyl species eli¡ninated" in the

specira of (zo)-(Z¡) *rd (2J) ¡ mea.sured. by the abtnd-ances of the d,augþter

ions forrned. at 15 eV, is giverr Ín Table J¡ togetherr¡¡j"th the values

calculated. for rarxlom loss of hy-;drogen a¡rl cleuterj.t¡no

The ratios obseruerl for the lahel1ccl stilbunes (Z-O) a¡a (Z+)

ane in exce.Llent agreement lvith the ca-1c'-rlated values, but the other

res¡lts sÌÐw a signifj.cant deviation from the val"ues expected. for random

loss, the d-eviation (which rrrrrespond.s to a greater loss of d-euterium

thaut hydrggen) appears to j¡crease as the d.euterium content i¡rcrer'"u", Ð

this is wiLikely to be the result of arrneverserr isotope effect (favourt-

ing loss of rleuterium) since the primary deuterir¡n J"soto'.pe effect for

t]ne C-II/C-l-t borld cleavage in the 11 ; i{r process (s,re above) is
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Table 7"

Composition^ of the methyl species eliminated. j:r the

pÌ.ocess lvl - cHnÐ;.- for (zo¡-1tt, , üð. (27) at 1! ev.

CorrporurcL "n3 cHP CÎÐ 0Ð

( zo)

32

(zt)

(zz-)

çz_t)

(zr)

çzt)

0bso
C al-c.

Obs o

C aJ-c.

0bs.
C al-c "

Obs.
Cal.c.

Obs.
Calc.

0-bs"
Ca.]-c.

0bs.
Cal-c.

31
47.5

l+1

J+r

31
141

36
51

17
12.5

39
I+1

fu
I+1

3z
?_2

15
l+.5

75
þ

I+3

3B

?5
Ð

37
t+9

56
5l+

33
l+1

26
16

:
11
5

7

0.5

28
3z

11

9

14
9

9
9

(27) 23
b

20
9

9
2

Ð- The values for the cornpourras (zO) *(*) ' ana (z-7)

have been repcrted befor:e. 85,1Ø

apprnximately 1.9.Ðt1Q5 Ccnside::ation of the values obtained. for

tlre two d6-laJrellecl compormd"s (2+) arul ( Ð) , hortev€re reveaLs ihat the

s¡n:metrica-l1y 1abelled. compor:nct (Z-t¡) expels metl¡rl stabisti.callyr but

the uns¡rmmet:nical- È6.-corol:oun¿ (Z¡) does noto Ther:efo¡e, tlte divergence

f'rorn a statistical distri.bution j-ncreascs r:ather as tire a,s¡,rnruretry of
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111th.e molecule j.ncreases; the implicatio¡rs; of this possibllity a::e

d.iscussecl further belory, The scra¡lrbli.ng arÅ-/ot rearlrangement process

ís obviousl¡' complex¡ and the nrech¿rrism(s) u:rcl-ear. Nevertheless, the

d"ata listed. in Tabl-e 7 shovr that consid-era'l:1e rarxLonisatj-on of hydrogen

arrcl d.euteri-um must occur in the m,:lecu].¿rr ions of the variou.s labelled.

stj-l-trenes, prior to the loss of a methryl radj.cal-.

rnconiplete sc::arnt¡ling is also observcd for (z'Ò1oS (rali e 7) .

The values obtained" a-gree closeJ-y v¿i-th resuf 'bs r:eportecl try l!{acluestiau

112Sj jJ. ,' '" in an índependent ôeuterirrn lebeÌIj:rg, study of 9 /0-d.ilryd-ro-

phenanthneneo These authors concl-uclecL that a Inethyl rad-i.ca1 is eli¡ni:rated-

from the 'bri-c1ge after scrarnbl-j:rg has occurredc l'íhether the cormon intr:r:*

mediate AI [n,'hi"tr pr:oihrces g i.n the spe ctra or (t6) arr1 (17) ] tras a

trd.ihyd,rophena¡i'chr"enert s'bnrctur:e -w-Ìiich l.oses rncthyl florL the t'riclge is

uillçno'n'rlo lïor¡evel-¡ since this ion ba;; und.el:gc)lte cortsider:able hycll'ogcn

scra¡nl:Iíng, ther"e mr:s'L be at Ie¿ist one otlier: forn¡ of'the molecular ion

in oxler to account for the enkrancerl loss of a h¡rc1-rog,en alnrn in the

I\{ - H,^{ '" Do process in çr7).1nt

A'L a ¡orninal B eV, the M - Il. p::ocr:ss in the speci;r:rrn of (16)

is no longer o-!:servecl .. Àt this enel:'gy <,f the electrun bearn, the spec-

trrnr of (26) shol'¡s peaks at tS 1BO an'1 181 , th.e a}:r¡rd-ances of whi<-..h, are

jrr the ratio (r-1"1 , 32,9 (corr-ectecl for isotope peaÞ;s). The ratio o-f

abrmd.ances of g/g 16þ anrl 166 in thc same s¡rctnmr j-s 69,0 : 31nO" Th-l-s

value remai.ns urrchanged. bety,¡cen 70 eV and the appeâ::ê.rlce potential of

"[!r 
a.r]rl co:r::e:;poitiis to a r:etcntiotr o¡' 13c laÌ--c+l- oi fll-,fi'|, (::etention
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expected for random J.oss of 1JC 
= 92'yÁ). Sj-nco the accuracy of the

obserr¡ect value is probabþ' no better than + 1oi"t ít woul-d" appear eíther

that the carbon atora elirninated. as a methyl radical in the rearrangenent

originates ::anclornly frorn the whole molecule¡ or: alternatively that

complete carbon scrambling has occurreilo1C5 t111 The sta.tistical loss

of carbon f¡om two separately scranrbled. sev'en-men'ùer^ed units is a.

furthe:: possibilit.y, but this nod.el 'rvould rrot er-plaj:r ttie Í-nter*rjng

hyd"rrcgen scrzunbllng whic.:h is obsen¡ecl, there is no evjdence to suggest

that nrethyf is lost specif:ì-ca11.y' frum the bri-tge"

The question rernains of the poss;ib-l-e intenneci.iacy j:t the

rearr€rrtlement of a 9*rnethJ'1f'l-uorene species sn Às mipJit be expectedo

the e1:im|nati-on of mettryt frrcn s occurs al¡nost excl.usiveÏy fr-urn the 9-

position" the prooess'3s ]l1 * CÐi arrl II * CIlllZ" occul in tlre radíos

% z 5, 90 t lOr ar1d. BO : 20 at 7oo 15, aûA. 1C eV respecti.vely¡ j¡r the

spectmm of (ZB). À lj¡iited amou,nt of scra:nbl:ing i.s observed- hut is

reJ-ativoly rmimporta-nt, even at forv internal ene::gies when the lovr fre-

quency factor scra¡libling prÐcösä shoulcl ccnnpete ¡¡cst effectively w.ith

sÍ:nple c1-eavag,e reactionso It is g:ssibl.e thaf the facj"le simple

cleav:rge pl:ccess effectively prevent,s any rþa.t'ra-itger,;ent of the mcllecular'

ion, tìrereby preclurling the fornation of the iori Ai rvhich i-s (zrccorrlin6',

to the r¡etastabl.e c'vic-lence j-n Tab"Le !) colïnorl to the },I - CHi pfi)ces.ses

in (t6) arl(l (t/), bu:b no'u (18,) " fhe non-corr¡e-Lation of metastable

ch¿lracteristics, holv.';ver, i.s not proof clf diff'er:ent iorr structures,

s:ì-1<:e d-ü'fercnt energJ rlj,striblrl,iolts nra,\' be j::vo-Lçed. l-t is conccivable,
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therrefore, thart rearl:argement (wi-th scranrbl:-rrg) of tl:e frf-bene rnolecu-

lar ion cor:ld- yi-eld' an ion AT with a !-rnethylfluorene stmcture, in

which the hydrugen ancl carbon atoms are rancLomised, but i¡r 'lvhj.ch the

energï charac-ber:Ls;tics are ùifferent f'yom those of the ion s prod.uced

f ron ) -m.ethyl.fLuo rene "

,0, stuay92 of the product ion j¡r the rearrangenenb, C.,jtr+, nas

pr:ovidecì. e¡¡id-ence rr'hich supports the inplications of the labei-J-irrg

results, The j.on at g/g 165 i.s present in the spectra of rna.ny d"ifferent

cl¿rsses of conrporind,,r92 ir,"Lud-i:ig (1), (z) , (r6)*(18,) ¡ phenalene' a large

varj-ety of iLi- ælcl tri.phenyl heteroc¡rc11. compoturils; s 2t3'Ãjp]¡-erLyl-aairine¡

be¡z¡4 phen¡"I ketox.Í¡re ¡ 
_ 
thíobenzopheuone rl 1J ut.l 2e 2-d-i-phenyl-1 ,J*

d-i{Jrianc (see ChapLer J) " Ileta.s-bable ions resuì-ting frorn the los;s of

acetylene (r.*) urd trun2 (nrn) C.JII,+'are o'oserved:in the fírst field*

free regjon, and- tÌ.re parameter mr*/mr* has been used to clas;siff the

C1'II9'F ions formed frum cLj-fferen'L pJîecüI.'sorso In trhj-s mal)rler, i'i; h,as

been sh.orvn t5a,b the C,,H^* iorrs frum f1uorene ard- phenaleno do not h¿rve'ii 9

the sa:rie properties. Further¡no::e, the ions at tS. 16¡ in the speet:ra of

di-pheq1'lmethane (i), lr.,cnrocriphenylmethane (Z), stifUr:ne (16), grlO*

d.ihyd.roptrenanthrrene (t7)¡ and !-met\y1fi-"ot*n" (18) all con'espond to

the ion proclucecl by the loss of' a. hydrcgen atom frrcrn -bhe flucrrene radica-l-

ion. (.4".r-rJeor;4¡ its actual st,ruc.:tu:t carurot be assigtred, this íorr is

neverthel-ess convenierrtly representecL a.s the flrprenyl cation g.) thr.rs

the forniatj.on of a conrnon procÌuct ion at :tS 165 j:r tJ:e spectra of (16)

and (1/) s\,.Lr-ûrts tìre pr:opos¿rl l,-raC.e eJ:,ove 't;ha'i a corilrllon lrmolec'-rl-a-r io¡fl
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(¡fi) is involved. \Yhether a 9-metl¡rlfluorene irrterr¡red.i.ate participat;es

in the rearrangemeut of the stilbene nnJ-ecular ion is no fur*ther clari-

fied-. Since the M - CTf.; ion in trhe spctrrm of (tB) has the sa¡¡le

prrcperties as tlre rearrangenent ions frrm (t6) and (17), the involvemen*

of s is certa.i:lIy possible* IIowel'er, the fornatiorr of such an inter*

med.j-ate must be preced.ecl by carrbon anð" Ìqrdrogen scrantrling and. therefore

the intermed-i.acy of s is not provenu

Tn srxlnary', tJ:e results d.i.sctrssed ¿rbove l-ead to the follov'ring

ptrrposals. The loss of a lnethyl radi.cal may proceed- f¡ror¡t a cornnìon

rr¡nolecular ionrr in tkre speetra of stilbene arrl 9r1O*åihydroph¿:nanthrene

to form alr ion C" -,II^+ v¿hj.eh in each case has the sa¡ne pr.operties as the'tt g

fluor.enyl cation" ÀIthough the structure of' the intermedj.ate is unlcro',vn,

it is urrlikel.y to corresponcl tq ej-the¡ the j"ntact sti-lbene or )t1Q-

d-ihyd.rophenanthrene molecr.úar j.ons, ¿¡rd. the j-n-Leirrredtiar:y of a !*nethyl--

fluor."ene speei.es is pos;siblen Oomplete randorn:l-satiolr c¡f Ìry<lrogen atoms

occu-rs in the stj*lbene ¡'rolecule¡ ion prior to eli¡rirla.tion of a hyd-rogen

atoni, and- the M - CHj pnJcess occlrrs after alnrost complete scrantbling

of the carl:on and. hyckaget: atoms.

ï¡ a ::ecent conrrrunj-cation¡ G\!:sten g! 3L"1t6 have cltrestioned the

assunrption€5'105 ttot a cornplete scrarnbli-ng p::ocess precedes the loss of

rneth¡'I f¡om g., They srrggest j-ristead that ranåornj.sation taì':es place

p::imari]y vritilin each haJ-f of' the rnolecule and to a lesser: exten'L bet',ree¡l

the ring,s. Thej,r conclusion isr ba^sed. on tkie slectra of (211 , QJ), (25) '
an¿ ( zg))*i¡1) " rrrrl they' aåv'zrnc:e the fol-lo,,vjng a.r:¡ltrnientF;: (i.) Ne¡'-j-igib-Le
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CI{- CFI

(:o¡

CH: CÍI

(zg)

C5D5-CII:cTI- c6D5

3t)

hyd"rogen scrambling between the phenyl ri"g: ard. the olefin brid.ge i-s

observed. for the prccesses M - C6H5' a:rd. ld - C6TI6 " (t'-i) The relative

prnportions of the rnethyl specj-es el.jminabed" j¡ t'lie spectra ctt (29) ard

(JO¡ are iðentical¡ but d.ifferent from those c¡f (Zl), alt;hougþ each

cornpor:rr1 has 'Llvo deuteriurn atoms j¡r lJre ¡nolecule" (iii.) The observed

va-Lues for the tvl - CIIJ. pttlcess ilr the above d.euterated- sti-I]:enes

differ frum the va-lues c¿r-lcuJated. for cornplete rarid-omisationo

Negligi'bJ.e hyclrngen scrarnbling has been observed previorrsþ for

the loss of the elenients of' benzene from the mol-ecular ions uf g11h 1o""

fol-J-owj.ng secti-on). Hollever, the cclnterrtion th¿rt thi-s s¡,,eci:lj-c process

provicies evicl,ence in favour.' of the aü¡sence of inter-rj.ng scra;trlrling,

d.ur:lng the l-oss of methyl is not reccsse¿rj-l-y.r"l-jd..111 The lvI * CFIrr

rearuange¡nenb .Ls a lot'enerrgy pnocessn ad- it j-s possible that the loss

of C5H5 occrlrs from a Ìrigh energy molecular ion l-,¡hich does not i.md"ergc

scrambling betrveen the ri.ngs a¡d" the b::j-Cge' In support of' this sr-rgges-

tion is the f¿r.ct that the mcbasta'ble ion for the I\'f - CI']J' pirccess is

more th¿ur 100 tlncs more i-ntense the,n that for the pn:cess If - C6II6 .

SimiJarly¡ it has been recognisr:d. (see above) th¿rt the d"eviati-on

fr¡crn the cxllected values f'or the eljmj.n¿'.'liori of net\yJ. fronr the d.euteraJeû

sti.Lbenes (faU-e 7) supgests that tl:e realref,igenent and- scramnling

prÐcrsses are both cornplcx, and the ricch¿,nisrn(:t) r¡¡c-Lsaro 1¡'ur1;herr¡ro:.'r,'¡
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Gtlste¡i g! d" make the contrarlj-ctory observations that metl¡r} loss

appeârs to be favoured. frr¡m either the rings or the brid.ge; significantly,

they have not advanced. a speci-fic mechazrism for the rea.rrangement.

As d,escribed above, the d.augþter iorr j¡r the rearrangement

proc.'ess in the spectnm of the 1]c-l."o"lteû sti-lbene (26) retaíns

9Irð% of the 13" ,*ut,/ This value ha.s been assu'ne.d. to represent a

rarrdoni loss of cartron (expected- retention = 9?-.fl'"). If¡ hou'ever, tlrc

obserued va-lue is exactly correct and- ra¡Conisation is not occr:.rring

conrpletely, tì:en the origin of the carbon atorn ilr the los's of methyl

may be one of the f.'ollov¿ing possitrilities¡ (i) Approxtnal.e)y iArt

ori.ginates from the pÌ:er¡rl rings with 1fd coming from the olefj:r brid-ge"

(rä) Approxi:oatel-y 25% originates from the phenyl ::ings¡ vrith '15% fntn

ei3þçq a completely scrarnb.J"ed interrnecliate or fronr tr.rc separately-

scrambled /-carbon rrnits "
A nunber of calcrrlations have been rnaole in o¡xler to tes'c the

var.j"otrs possible explanzrtions of the obsegvercl scra.¡nbl.ing¡ arrl some of

these are given jrr Table B" The ca-Lcula'çions are contrasted wj.th the

obserr¿ed. vafues for the d. i"stv:i-bution of ðeu'berated rnethyl species

I This is sr"rpportecì. by d.efocrrsi:rg. .Àlthough a pr:ecise rneasurement
of the retention figure vras not possible (si.nce the residua-1. metastable
ion for the process nl/g 180-*165 overtaps that of the pïÐcess -dg
181-*165 al,ß/ßo ==T6/18l), greater than )Ui" retention of the laliel.
is incLicated."
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' Table B,

Qbserved. and. caj-cul-ated- values for the composition of rnetlSrl species

eliminated in the prÞcess M - cHnÐi-n for (zo)-(n)' ard. (zg)-(31)u.

4

b

Obsen¡ed. abundances of defocused meta-stabl-e ions, at /0 etrr.

As for a, reproduced f'rnm Ref . 106.

Values calculated. for ra¡tdom lossr

3 2 3

þb 70 30

Com-
por-urd.

(zo)

CDcIili,Pct{CH

76
Þ

21

2l+
25

35
28
lF1

llo
l+9

(zt)

a
c

a
b
c

a
c

a
b
c

c

d

b
c

b
c

5O
55
5t+

2-l+

31
16

11
19

9

15
17
5

13

3ou
3z

3B
I+1

B
9

3B
3z
1+1

57 tú

28 57 15

(zz) lr-1

3B
6
1

55 2617 2 Lr2 tQ 15 1 )Õ r+3 13 1

50 72914 Ð 3630 9

Iv1 t+3 l+ t-t5 7

?5 3731 7

g 42t+2 9 9 \439 B('à-)

(n) 33
31
I+7

3z
3o
\1

1J
1lv
5

B
9

19
19

9

12
9

LQti
11 51 3r+ l¡-

29 21 21 29@)

(zç)

19 31 31 19 1Lv 36 t6 1t+

M"
Uv

tF:l 47 6

A B

48
tþ7

57 I+3

Con'ti"nued o o .

Iç6 7
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Corn-
pound

(:o¡

"n3 
cfrÌ) CHÐ C,D

9 57 \3
13

15 t1 51+

c

h2w 9 43 lr8 9

l+ I+2 5l+ 7 1+5 I+B

12

b
c

\2
38

It-9
l+9

14 57 29

A

B

c

(:t1 b

*

Calcul-ated vafues for statistical l-oss of rnetLsrl frum two rrsetsrr

of / hydrogen atoms.

Calculated values for þ/, rardom loss of nret}Srl' ïrith Z5/à fron
the phenyl rinþsr includ,ing the adjacent olefinic Ìryd'rogen

atom.

Calculated v'aJ-ræs for þl(' ranclom loss of rnethyl, with Z5% f¡ont

the pheqyl rings, but v¡ith one c¡f the methyl hyd-rogen atoms

origS"nating from either of the ofefÍni-c hyd-rogen atons.

The observed and. cal-cril-ated values tor (Zg)^ß1) are reprcduced.

from Ref . 106o SimiJ-arly, the va-lues inB arrd- C for these

compou:rds are based on the reporbed. calcula*ions for ra-rvl.om

logs.

A B
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elj¡rinatecl from (ZO)*(25), anA (Z-g)-Gl) r mea-suned. by the aburrclances

of' the approprj-ate defocused rnetastu'bIe ions'/ the valtæs observed by

clLten Sj 3}. are inclucled- for cottrpari.son.

A"s suggested abover the possi.bility' that the methyl raC.ical is

lost entire]y frtlm tvro independently la¡rlomj.secl halves of the nnleculet

either frr¡ln the phenyl- rings or fr:ont l-carbon u¡::its, cloes not expla:in

the inter-rj:rg scranbl:ilg v,rh5-ch is obser:secl" ilurthernto::e¡ thete ís an

^?pæIgIå enhancecl. Ioss of Ìrydrogen frum the olef'in bri-dge whj.ch ¡nust be

al-lc¡wed. for in any mecLianism. Tkre ca-Lculations :Ln columns À, B, and- C

at-Len4rt tc¡ includ-e thj-s facLoro Colurn"rr A shows the values expecterL for

statistj.cal rncthyl loss frr¡rn either pheqyl r'ing¡ with 'r,vh:i.ch are incJ-urled

'l¡oth olef ilic hyd.rogen atoms; there is no s¡rrela-tiorl, because aga"iu no

acconurrocJ.ation is marl.e for inter-r:i¡,g screunbl-ing. TÌ-re ca-Lctrlations r"rlr-Lch

shot¿ the best correiation with tiie observed vaf.ues are recordecl i'n

col.rx¡6s B and C, These allor¡ for intcl:-rÍ.ng scra¡nJ¡J,:Lng by a"ssurni'rrg

þ/" taflorai.sation; the rema-i-ning 25?L loss j.s proposed to ar:ise frr:m

i.rdepend-entJ-y-scrardrrJ-ing phenyl r':Lngs either r'¡ith orre L:ridge hyd-rogen

atom cols:iierecl lvith the ring hyd-rngen atorns (column B), or lvith one of

the rnethyl- hycirogen atoms actualÌy orJ.ginating frnm ej-ther olef:irr

hyd.r:ogen a-toin (column C) "

/ Tt is of interest that the ratÍos obtained. frarn abrurdaJrces of
defocgserl me-Las'i;able ions (fatt-e 0) eirc la-rgeIy consistent v¿ith the
d-aughter i'on ratios (taute'7)' Ïhis tend.s to favotrr a *qi-ngl-e mechanism
fo:: the loss of metÌry1 a:rd. also suppo*bs complete (o' nearly compl'e'be)

lly.i rr:ge n screnibii-ng,"
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In conclusiorr¡ it seems 1i.kely tl-rat the experimental observations

d.escribed- j¡r this section corr.ceriljrlg the loss of a methyl radicaì. from

the stiltrene nplecul-ar ion carr be ration¿¡.lised- in eith.er of ù¡¡o v'råJ¡so

These are:- (:-) The loss of methyl j¡rvolves (at leasL) txro mechanisms

with the nia,ìor loss occurring frorn a scrarnbled molecular ion. The minor

loss (or losses) originaie from the phenyl rings¡ together: with some

part,icipation of the hyd.rogens of the olefin tmj-to (ii) The close

cor:responJence of rneta.sta'ble arrcl daugh'ber-ion ratios nì¡rJ¡ bc inter¡¡retef,

ir-r terrns of a s:ig6'Je; neche¡rism, If tiiis is the casc ¡ the resrrl.l,s niay be

iuberp::eted. as thr: decomposition of a preclomi-n:lntly scra¡nbled nv:lecular

j-on lvhich also contai.ns sorne par:tiaIly scrar¡rb-Led. materj-al" If this

moler:ular ion co.n:esponcls to sti"l-þene itsclf , anrl if 'bhe methyl group

origi:-rates fncm the phenyl ::ings together: with participation. frsrn the

olefin bri.rlgee then the rationa-Lisa'bj-ons :n (i) ana (ii) above are

e ssent ialì-y ectruival ent .

2"2.7-o The Loss of benzetre fr:on thr: stilbene rnolecul.ar ion"

The elj:nin¿rtion of' a hyrlroE,en aì;o:rr frum the nol.ecular j-on of

stilJ:e¡e Ìras bee;r shov,rn to be precedeô Ì:y cornplete hyrkugen scra¡n'i:-

r.i.rg,Ð11Ø si:uilar:lye the firarrangenent pnrce.ss l/i * 
"ni 

pr:oceeds,

as describeû abovo¡ after ranirJ.ornisaLion of the lycl::clgel and canbon atcmsn

À thircl pracess vrhic].1 is observecl in the spectrun of s1;j-l-bene corl'o:'

spcncls to thc loss c¡f- thc e]-elrrents of bertz;r';tlc; f'ro¡n th": nlolt1cul'aÏ'i-c'"'111
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to fo::rn the ion [c'unlÏ (tS loz), ttre abunclance of which is 10ft o'1

the base peak at /O eV. Thís decomposition is substa¡tiater). by a weak

metastable ion ("t tS 57 "B) formed- j¡r the f irsi fi-elc1-free region of

the mass spectrometer. In contrast to the losses of H' a¡i1 CHr" the

M - C,.H, process cloes no'b involrre ar¡r major hyclrogen or car'oon scra:nblingCrb-
either betí'een the pherryl ri"ngs¡ or bet-veen a pher:yl ring and. tLre olefin

brirLgeo Thi.s obscrva'Lion is not wi.thoub precedent, since scra:a'bling has

t¡er:n observ.ed. previorrsi¡r1 15 fo" soine d,antgÌrter ions, but not others fovrnecl

by d.i.fferent proce,sses fr:om the sa¡ne moLe;crrlar j.ono li'o:l exarnple, whereas

tlre losses of H', CIIS' (and CrHr") in d"ipherlyJ-rriethyJ- sJrste:ns are preced.ed.

by ::a-n<1omi.sati.on¡9'u th" M * Cz{. o prÌf,cess involves little or no sc::anib-6'
].ingloi 1=*" above) 

"

The partial- spectrae at 25 efr of stiher:re (16) anc3- the.l.abel-Ied.

derÍr'atives (Z-Z)^(n) i¡r the r:'egir-rn tS l@*110 a-re recorrled in Ï'i¡1" /.
Ihe ::pectra ar-e correc-bed. for :incomplete -l.al:el.l.ing (rvhere approirriate)

any-]- for the srnall abunclance of an Il * Cef\o iorlo The latter coirec'bion

is jrr^stifÌiecl on tne grounds that the abu.nclanoe of the ion lg/o- 1OJ irl

tlre s1>ect::un of' (tg)] is on)-y 1l/" of tha'fi of the M - C61'T6 ion at 25 eV,

there is no metast¿bfe i.olr for i-ts fortnati.on frurn t1:e mo.l-ecular ion i¡r

the first fielcl-free ::egion, and it does not appeâl: to Lose a hgrd-rogen

atom'co pr.r:ðrrce gl,e 1A2" After correct:ion,'tile spectrrm of'e¿rch compouncl

in this reg.i"on i.s vi::tu':*Lly iCteniical- be'brveen 1l auul /O eV.

Thç. s pectrun of dr-sti.lkrene (ZZ-) r'eve¿ul.s that the pherlyl rings

ar:e specifi.ca,-l-y j-rrvr¡lvc:c1 rn tJre ld - C6ti6 pr'\-rces¡;, y43" tile s'pecies
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CøHP,I arrd Crli6 are eIj:ninated, to pnrduce i-ons * tS 1O2 anð. 1$

respectively. This specificity is confj-nned. j-:a the spectrum of $-
stiJ-bene (Zl) , j¡r -¡¿hich the correspond"ilg fragrrent ions an'e observed

* úS 102 arrd" 105, in almost equaÌ abwulance. À slight preference for

the loss of the lal:re11er1 rj-ng is noticeable in both spectra, the

preference bei-ng greater in the spectrum of (Ð). Thi-s secondary

isotope effect [kit,r*,.rri.ume11ed-) ]fkllt-r*rcrted) ] t r,u the valu-e 0"97

tor (Z-Z) and 0.91 fo:r (ù)u The opposite effect mig,ht be expec'bed. to

operate, s5:ice the greater trel-ectron j-ntlrcclucinglt nature of cleuteri'tln

cornpareð wj-th hydrog*n (in soluti.on chernistry)116 uroot.tL prv-:strnably

strengthen the C-C boncl aCjacent to the labelJ-ed rhg, and also stabil"i-se

the cJ.eutertun¡-conta:ining I'ragmenb ion, thereby fav-ou::J-ng the formation of

tire l-ahellecl spec-i-es" ;\lthorigJr sirnil-a;: reverse i.sotope effects Ìran¡e 'been

reported- pre'rriousl y 1117 the phenofûenor] j-s neverthel.ess unusu¡-L atrrL not

rearliJy explioaÌ:le n

The specfra of (ZZ),(Zl),Qt) sho.,¡ clearly that the s1xth

tSrd,rngen atom arises fron the olefín brid,geo The ¡nocle of re¡noval of

the olefjni-c hyrlrogeir atom is revealecl i:y the spectrua of thc Qn*stilbene

(n)" The major pcaks 'X tS 1Oi aw}. 107 corresponrl. to the loss of

C¡IID- alù C¿FI.D resl:ectirrely¡ and th:i-s inclicates that the depar:tingt> 5 Þ)
pheilyt group ta-lees with it tle lyrl::ogen atom frorr the opposite end. of

the olef in:ic brid.ge (Scfreme !) "

Despite the prefererice f'or the 'l,ransfer of the non-acja-cent

olefi.¡ic liyclrogr:;i aton:, the a,C-ja*:nt Ìryrtrog,etr e--Lottr is lost to a sinai-l
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n a

*e%o
+

@) -u-

!' E/9 186

[curnrli
ús 1ot

[cunuuJi

gle 1OJ

c

H cP¡ -C-ITD-6'

^$9h".'rsl-:

extent to give the j-ons 
"t úS 1O2 anò" 1OB jrr the spectrwn of (n).

th.1.s might be the result of a limitecJ. d.egree of ranclomisa.bion of the

olefj¡ric tgrclrogen atomso Ho'lvever, scrarnbling pmcesses have been shovnr

to Ì¡e enerF{}¡ d.epend.ent ,33 '39 the ra¡rd.omisatiou incz'easing as the i¡rternal

energy of the decomposing ion du"""a***o32 Since there is negl:igible

charrge ín i;he rel-ative d.j-stribution of the pro'Juct species in the specj-

trr:m of (25) Uetrveen JO and 15 eV¡ the pssibiJity of ranxlc¡nisatíon is

m-1ikeIy.

It is noticeabl.e that the ahund.ance of the i.on ecb y/e- 1OB is

greater than that of the iou at úSlO2¡ ald therefore a smallpimary

isotope effect must be operating j"n favour of the loss cf a t¡rd-rogen

atorn, rather than a d.euteriun atoln" Ihe d-irection of this isotope eff'ect
- 118j.s as expectede"" and an arraLog,<¡us efÍ'ect has been observed. before for

the loss of C6H5 in f,rre spectra of other acornatic .o,npnturd*o119 Neither

the relative amount of hydrngen transferred from ei'Lher p:sition on the
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brid"ge ¡ ïìor the magnitud"e of the iLeuterj-un isotope effect couJ"ð be

accurately estirnatef,r since the trvo ef'fects ca:rnot be sepa-r'atedo i{ow-

ever:rtheapproxi¡raterabiooflossofp-þlrctrogentoû-'hydrogenisþ:1"
Since the mol-ecular ion of 9r1O^d-ih5r1l¡6phenanrthrene (17) iras

been sho.n¡r to participate (in some way) in the ÞI - OI{J' r€elràngement

prþcess jn still-ben*r1Ø it is of j-nterest that the spectrum of (t7) aJ-so

shols a peak "t ús 1o?- ß% of the base peaJ<) colTesponcli:rg to tÌ.re

process \ll - Cdf"6 o ê"lthougþ this plpcess pr-esumabl"y itrvolves â I'e-

arrârtgetnent of the rroJ-ec.',il-ar j-on of (t 7) , no metastable ion occu::s fc¡r

the der:c¡mpgsition j-n Lhe fj.rst fj-e1..4.-free reg,ion" Never-bhe.l-essr it is

conceÍvahle that a l-ow erlel:gy, 9¡1O*dihyclrclphenanthrx;nc species might

slorrly isomer:ise (vi:ith áor'rr,r"r*rlt scranrbling) to a stiJ.bene molecu-Lar

ion¡ bef'ore eli¡rinati.ng C.II, o In fact¡ the speotru¡n of (Z'7) slrows the

losses of Crllnr C6II5D'C6TItPZ, Ctltrl, arld C6Hf,u in the relative propor-

tj-ons of 9 : \J z Z'J t 17 z B* Tbe distril¡ulbion req-trlred for cotnpl.etely

ra^¡rdom loss is J : 2L" i I+6 : 2I¡. Z 3" Therefort-l Et coÏtplex mechzurism

(which pr:r:suma¡I,v j.nvolves sonre h¡.'drogen rarrdom:lsatio:r) is operating;

hovrever, the possibility that 9s1O-¿ihyd.ropheneu-rth::ene ha-s undergone

comp1ete scrainbling and rer¡erted to a scratnl¡Ied- stj*Ì'oene mol-ecula¡ iorl

which elimi.na.tes C.IT6 i-s urelilce-ty"

on the basis of the spectra of thc ë9- ana '$--sbj-lbctrcs' it was

co'c1ud.eå (af,rve) th¿rt a phenyl. unÍt of stj.l.bene is specifícally j:rvolved'

in the ]f - C6FI6 pïþcess. ,Iliis assu,nptiori is sr:pportecl by 1Ja Iu-r"l}it]g

evj-clence" Tlie incor-por:ation of 13C irrr, the lno-l-ecula:r: :ì-c''n ot (26) -is



-6y-

3Z.f/", a¡rl tne oorrected spectrrm of (26)r mea-sìrreð' ^t b eV, shows the

peaks úg lO2 anð, 1OJ in the ratio 67 "6 z 32.ü.. The obsezved- rabio is

essentially rurchanged" over all energies of the electrr:n beamr and.

represents (rVithin experimental error) complete retention of the l-abel"

In sranma:Xr¡ the eliminai;ion of the specJ-es CUII, frrcm the sti-L-

bene molecular ion occurs predominantJ-y via çecific participation of

a phenyl group and- the non*adja.sent oleflnlc hydrngen ato:n" the Ìryclrogen

and. carbon scra¡ricling, which prececles the losses of a hyùr:ogen aton and a

methyl radical from the ¡nolecular io¡r of stil'oene is no'b obserr¡ed for

theM-C6Ï16 plþcess.
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3"1 Jg!ry4sg!.¿"""
In vierv of the exceptiona-l imlnrtance which the stud.y of

rearrangement processes in ma,ss spectr-umetry has rccentJ-y assumedt the

mass speotral processes of organo-sulphur compowtd.s, lvhich e:'Jribit a

Ia:.ge nqrnbe:l and variety of skeletal reàI'ra¡gements, proviðe both an

attractive and a rewanding area of investigation. The rea::raagetnent

reactions which are observed in the mass spectra of sulphur-containing

comporurds faIL into three general gnoups: (i) rearïangements of the

t¡re .AEC +AC + B¡ (ü) reorgalísatjon of the molec'urlar ion¡ anrl

(:.ii) nrigration of a fturctional- group to an e-l-ectron d.eficient centre

(e.g. a chargeå sul-phur ato¡n or a carbonit¡n ion).

Iìearrangernent ions of the type lf - S', n[ - SH' t M - H2S, and'

M - CHS" observecl in the spectra of sulpirÍd.esr 'bhi-oethers¡ and

dj-srrl-phi.d.es illustrate the first g"otn.t6 lror exa:nple¡ the pr'ocess

If - SH. is impcrtant i¡¡ the spec'brwn of thioan-isoLe, arxl the results

from cleuterium-labellir-rg sturf:tes have been interpreted in ter.ms of an

elimination of STI, fron a rearrânged moJ-eculu." iot,119 Sinilarl-y, the

rearraJrgÉ)ment ions I'il - S., I'l - $flrn and' IYI - CHS' âre present j'n the

spectr.a of ethylarylthioethet" rl 20 whjJ-c diphenyld isu-lpllide1 21 e;<hibi',;s

pr.onou]tced. losses of S"¡ SIIa, a-nd S, frurn the molecul-ar iono 0nthe

other ha.-nå, sllelel;aL rearral'Igenrent prrrcesses are rare i¡r the s¡nctra of
o(.

cycl1c sulnhi<leso¿'t The prccess M - S' :Ls conLnont tlut this is not a

rearrangemcnt in the strict sense because of the cyclic na'ture of tlre

ccrnpourrrl " iîoweVcr, kqyclrOgcn ï'cal'ran¡1erl,e::rtS are obs;t¡rt*d.5
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The q)ectra of arylsr:lphoxides contãin peaks u¡hich arise by both

group (i) and (ij-) reafra¡ge,n"r,t"o26 Thus, the proces'ses M - S0 [e*tp

(i)] 
"tra 

trI - CO [e*rp (ii)] are obserr¡ed in t]re spectru¡ of d'iphenyl-

suJ-phoxid..1" SimiJ-arlyr the irlitiaJ- fragmentation M - CO (see E/e

139*Ð/9111, belouv) j¡r the spect*un of sulphonyla'-iJine123'121+

[cuHur.rs] 
t

-lf
| -.o

x
sæN

4*

te 159 9/9 111

-presunab\r arises by a rea3rartgement of the nrolecular ion j¡rvolving C-O

bord. formationo The spectra of thioglycollates and' ftthiopropionates

conta-in RS,* j.ons¡ and these are examples of specific migration to art

el-ectron-*defioient surph¡r atom Igroup (iii.) f 'ze (see d.i€ram¡ below) '
o o

H

o

od"\
,JrA

--4 RS+

f{

s - Àllrylthioglycoll-ates undergo sjmiLar rearraJlgements uncler electron

- ' 5'z-6alnpaclo

}.furtherclraracteristicofthemassspectralbehavj-our.of

org,ano*su.l.phur cornpourds is that the terrdency to reerrangement is often
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not reflectecl j¡r the analogous oxygen-containing compoturrlso For exarrtplet

the f amiliar ion 
"r.ng* 

(tS t6þ), which is the product of the rearrang,e-

ment p¡ocess It - SH. i¡r the spectrum of thiobenzophenon.rll3 is absent

in that of benzoph*nor".Jh The marry other examples of the r:nusual and

often r.r:riclue behaviour j-n the mass spectncmeter of conpowrds cotrtaining

sulpllrr are extensively documente ¿"5'26

During the course of a l-abel.1ing stuly of proximity effects j¡l

the spectra of some atrlnatic alcle4'a"r1ø and other carbor¡rJ- 
"o,n1ro.*d"1126

it was obse.rved that the spectr:urr o¡ 2-phenll-1 t}-d'ithiane (46) con-

ta-ined abu¡rdant fragment ::on (3-f/, of the base peak) which correspr:nded

to the el-iminatjon of the el.ements of SrIl'from the molecul.ar ion¡ a

prþcess which is substa:rtj.ated. by the presence of a proncunced mtlta-

stalile p.ok,1?-2 Since the sulphur atoms are non-a.d,jacent, the occu-rrence

of the M - S:f G process implies that a reorgariisatj.on of the molecular

strrrcture has taken p}ace" Fu::therìno'r€e thi-s unusua-L rea,rrar'Lgernent w¿rs

not observed. j¡r 'uhe spectrum of' the hgmologue of (lt6) , 2-phenyl-1 ,J-

d.ithiolane (67) (see bel.olv). Previo'r:s n:ports of the occurrence of an

l,{ - S2fi. fragrnentation are rarer a¡d a¡e linritcd. to the spectra of

eycli.c sulplriC"es. For example r the ion is present in small abunda¡rce

in the spect¡rm of 1rJr5-tríthíarÈ (32)126 *hil" it constitutes the base

peak in the spectr.u:n of l r?--Jiuhiane (::).128 In the -ì-atter case' no

forrna-L rearrËmgeme¡rt of the rn¡lecular structure is necessaryo It is

of interest that the spectrum of 1 ,à.-d.ithÍane (36) ¡ reported more

recentJ..y1129 çronl.aj-rrs tlo .lvi - S.rlIo frag¡nt'.ni'.
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Gz¡ Gt) ß+)

Previous stud.ies of 1rJâi'thio systems have been limited. to two

r"port=129,1to of ariphatic bis-1 ,J-d.ithia¡es anâ -1 ,J-d.ithiolanes¡ in

which C[.-cleavage reactions (with ]yd.rogen transfer) ane d-iscusseilo

Since very lit'L1e information ahout the mass spectral properties of the

l r4ithiane system (and. related. systems) was availabl-e it was decid"ed

to investj-gate the generat fra¡gnentations of this system, with a vj-ew to

gainj-ng further wrderstan,åing of the nature anå scope of the M - SfI "

rearraJlgement process.



--11-

3.2 Results and. Dis
J

1rJ-Dithilrrre '¡¡5) and- derivatives sr:bsti.tute¿I j-n the 2-positionf

forrn abund-ant mol-ecular ions when srrbjected. to electrpn irnpact, sr¡d- their

spectra d.ispla.y a variety of fragment ions (tr'igs. g-ß). the decomposi-

tions of the 1rJ-d.ithianes irn¡ol-ve simple cJ-eavage of the d.ithiane rJng

[".g" ßE)*tS Iu6] "td cleavage with ]lydrogen r€arrangement, ancl

processes u'hicb recluire skeletal reor"gartisation" The general cl.eavage

Gs)
-c._H.stb Icurs]1

ús t.6

reactiorrs are d.iscussed. belo,,v (3.2.1") rvhile the latter l,ype, viz.

lil - $I. a¡rl M - årnr, are discussed. separately (5"2"2' aJìd J.2.3.).

The d-iscussion belor'¡ is based, on t}re slnctra (ei-gs" B-1¡+) of the parent

comlnrurô (35), tne substituted- dithi¿nes 39), (t*J) , G6), (Ez) ¡ and-

$Ð , ard. the variorrs 1abelIec1 derivatives (56)-(¡g), (+o) *(+z), (¿r'J,

(+¡) , (t¡)-$l) , "rra 
(¡Ð (Appendix A). 'Ihe mol.eorùar f'ormulae of the

compound.s (n)-$Ð are ill-ustrated. on the follorving pager and- in a folcl--

out format at the end.of this chapter, n.103, All fraglentations d.is-

cussed. befov¡ hav'e been established by isotopic label.1i.ng, meta-starble

d.efocusj¡ g, and/or exact mass nreasurenrent.

t
-e

4

3

/ ,Ihe carbon atom.s of the d.ithiane rirrg an'e numbered in rrlati.on
to the heteru atoms¡ vrhicJr defj.ne the ring sSrstenr (i.e' 1rJ-d'ith-i-ane
or nieta-dithiale) "
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(3e)

Ph
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(3ó)
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Øo)

Ph
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D

(37)

cHg

(41],

Ph

(48>

DD

(aa¡

S

cHg

(42)

(4e)

D
D

D

D

D
D

S

cHa

D
D

s

cH3 cD3

(44)

D

'><

(43)

c

D

H^

les)
D

D

Ph

D

cHg Ph

(46)

Ph
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3.2.1 . Simple c1.e avase ]rrocesses an the sr,ectra of 1'J-dithiarleso

The fragmentatj-on pathvrays of simple cleavage processes which

are characteristic of the d.ithiane ri-ng systern are outlj.ned i¡r Scheme 6'

[ain2c = s,]:
-4-H.Stb A'-cJHf-'

n1 -c; s;+

PROCESS À

-n1n2cs

?ROCESS AI

R

* rnrr

FROC, SS B

(n2 = n)

S

A R
B

I+ -a1n%H.
[crursli
ús 74 ----*

I{.OC,T]SS C

EìOCASS D

tf5*r*
ús 1vt

p2
c

[cH¡,1I

ús +6 k Ir 4HJS,.
a1nfo-n-s*tt

D

Ësþçre*fu

Generaf fragmentations (cleavage typ") of the l rJilithiane
ring systerno

A d,omínant fragmentation. observed j.n all spectra (often yield-ing the

base pak), cor::esponds to the cleavage of the d'ithj'ane ring witli

eIi.¡nination of the spe cies Cf6S f rom the molecular ion (Scherae 6, ?rocess

A) * a pïÞoess .u¡hj-ch is a-lways accornpani-eri- by a metastabl'e transition"



-74.-

Char.ge retention UV Cf 65 also occurs (Process At ) and- the abru:d'ance

of this ion ( at tZ 7[) varies vrith the natw'e of the substítuent. Ïn

ad.d.ition to the characteristic M - Cf6S fragrnentation¡ the spectra of

those compound-s having a Ì¡yclrogen atorn attached- Lo C-2 [."g. 3S), ßg),

ana (46) in Figs, 8, 9, a¡d 11] show the a.d.clitional- fragmentation

lvl - Cj{f , (process B). The hydrogen aton involveð in this cleavage

and transfer process ori.ginates frrcm C-Z (deuterir¡n laleIling) for

3S), OÐ, *rd (À-6)o Àn ec¡uivalent process has been noted-129t130 '

the spectra of bis-1 ,J-d.ithj.ales and *1 t1Ãitlniolanes. Furtherlnor€r a

lesser amount of the ion cur::ent ln the spectra of the najority of 1 rJ^

d.iür-i-anes is carned b¡r tr¡s cation CaHSSz+ (tS lCþ) ¡ which correspond"s

to the elim'in¿rtion of C*2 and- íts substituent(s), together with a

\rctrogerr a.torn trans:fer (Process C) o In e\reI:/ caser the hyclrogcn atorn

transferred- j-n thÌ.s process origi-nates f¡:om the equivalent positions

c-hr6.

The substitution at C*2 offects the general modes of' fragnenta-

tion in a var.iable manner, and- p-.nov1.d-es further fragmenta'bion pathvrays.

The specifi.c frag.Tnentationt¡ j-n the speotra of the van'ious substituted-

cornpormcls are discusseCL most corlv'cnientl¡' 1tt .btte terms of aJ-iphatic and

aromatic srrlcstitutiori. The spectra of 'blie parent cotnpotxxl (J5),

2-rnethyl*1 ,J-dj.thiane (39), a.nr1 2t2-dttnethyl.-1 rJ-d.ithiane"Ð t5-d| Qþ)

are íI1u..strated. in l'igs" B-1Oe and. Table 9 lists the major prÐceõses

occur:ring from the mol-ecular ions of (l>) t 3g), (lrS), arid. the deuteritun

t-aþetlccl der:Lvatives (36)-(¡e), (¡O) *(t,.2-) , (ttt.t), aniL (t,ft) " Tn adcljtio¡
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lable 9.

Major processes j¡r the spectra- of (15)-(¿ø). (Figures
j¡r braclrets refer to perãentages d.elermined by d"efocusing.)

Cbmpounrd. Prccess (lt - x)

ßs)
G6)

CH
3

3t) cEp

(¡a)

cH2s

CHBS,

cTr2s

cIÌls
cHJs

ciriDs

cHrÐs

cDls

GT-1)

(¡o)
(l o¡

(60)
(+o)

cfd
CHfl C -H,S)o

cirÐ f
'fff

cH2$

CH
3

3¡)
ße)

ßt)

'ff
clH.DS (¡o)

"f.p Go¡

cff,¡

Sfl

s¡r (go)
sH (to)

sH lez)
sÞ (t¡)
sn (ao)

sD (zo)

szH

szH

szH
SP

szH

SP
(¡s) %\Pf

(60)
('oo)

ga)
(+z)

Gg)

(¡.0)

(¿'.t )

(t'-z)

tnJ

cD-)
cH_

cH-)

cHls

cHls

C,D_St
CH-St

cfE
cPf z
cÆ,D1+
czH5

crn,f

cl'DJs

c2rrils

C^H, S¿+

"fe
CJT.to

'tnP +
cruf,z

Conti.núed..
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Table 9. lçont4r)"

Compouiril Pr¡ocess (m - x)

ßg)
(+o)

(t*t )

tJtd
cjnd'

'fPål

c $T

SH

ff srH

s#
s,!
SP

szH

s/
(trz) clud)zs "ff f

t:nf
t¡''P,f )

)

sr{ (,+o)

m (6o)

su (eo)

sD (zo)

(

(

('5

35

(68)

3z)

(t¡)
(ll*)

CH-)
tHJ
*3

(t-g) 
"n3

$v)
(¡s)

cf+s
cl,F

cH-st
crif

"fe
'3n6

cH_st c.fPf 'to,P,

(trl)

(t¿J

CJI-Stb
crHrs (60)
cru¡rs (+o)

crttrs (+o)

ctnd)zs (60)

SH szH

sH (60)

so (4.0)

szH

(tr) SH

SD

eo)l.

(

srtt (Þ)
s¡ (r)10)

to the general precesses of the clithia:re ring (Sctren'e 6) ¡ the speetra

shov¡ variations according to the srrl¡stítu-tion pattern. For example,

a1-1 dithianes elj¡rinate CIirSo j.n the mar:rner j-rdicated in Scheme 6,
pr¡ocess D¡ but the specbrum of the parent compound. (lþ) sho'rvs that

the process [I - CHJS,, occurs by t-vro mechanij-sns, the alternative route

being via Cl-2 (Scheme 7r Process E) 
"
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D

-cHjs; ,
3s)

-g

-ÞScheme 7.
PROCIISSES
D ¡NDE

cJrSs+

ts tØ

An arlditiona-l process II - CflzS in the spectrr:nr "t (SS) (see Table 9),

also occurs in the salne manner as the M - Cifrs'process. Sj¡nil-a,rl-y,

the elimination of cIIr'frcm the molecul-ar ion of (:5) specifically

involves C-2, but ttre losses of methyl from the molecular ions of tttc¡

metþ-l su'5stj-tuted compotrrds (39) and (àJ) occur exclusi.vely frrcm the

nethyl substil;u-ents. !'urther¡nre, it is of interest that all simple

cleavage processes in these spectra occlLr specifically¡ ioeo no

ra¡domísatj-on of the hyd.r'ogen atoms is obserr¡ed. Even the ion [ClrHnSlI

G/S 7tò etinj.r:ates the elements of ethyJ-enc; (C¡r) (Sctrerne 6) j:r a

spec:lfic nallïìer, i"e" the correspond-ing ions in the spectra of the

9r- ":',a-*; derivat:tves (ll) ana (:B) both -l-ose CZ"Ð, " Sìrnilarl.y'

althougþ both i.onised. rrhal-ves'r of the molecu-l-e cont:ribute a'lmost

ecpalJ-y to the (llt - CrifUS) ion at tS l+ il tire spectrun of (45), tt.e

fur.tber loss of CHr. fron, tS J! occurs orrly from the rrha].f" original-Iy

containj.ng the Zs1*ð.1¡nc¿trhyl subst:i.tutj.o1 f see the spectrr.m of (47) t

I'ig' 10, a¡rd ?::ocess Ii' , Scherne B] "

Thespectruun(rli.g.tt)of2-pherryl-1'1-cithi-ale(l'6)anc]-t}rc

infor¡nation listed- in lable 1O il.lustrate the tnain processes occurring

f:rcm the rnolecular ions of (t¡.6) and- the cLerrteliu¡n labe-l-Ied contpound-s;

(1,.2)*(lO). ïhe arr¡nat.ic subsiitr-ænt tends to ::edtlce the complex1t.y of
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PROCESS F

rr+
LCJI-S l.t6
ts 7tu

4n1'

*n'3 "

tf¡**
DD -c -H)

ca

2"',P ús.5e

G

F

cq cHg

(t;t)
-H.Stt)

IROCTISS G

Ic;riours,lÏ

ts 76

-6

4 ++
Scheme 8n

the fragmentation pattern of the d.i.thiane ring by stabilisirtg certail

of the fragment ions" a,s a conseqrlence¡ the M - cf6s ancl M - tff '

fragnrents (Scheme 6, Processes À andB) dornineJe the spectnun, tlte

pr.oduct ions being presumably the stable thj.obenzald-ehycle and' thi'o-

benzoyl species respectivelyo The remai¡ring ttgeneralr fragr-rentations

(Sctreme 6) occur in relatively low aburdances. [fit:-s is further

illustrated in tire spectm ot (52) "n'1 
(51) (l'igs ' 12 anù 1J)'] For

example¡ j:r the speetrum of (¿6), (l'ig. 11) the loss of CtIrS fr"orn the

molecular :lon in the usuaf speciflc manner prnduces tS lì+9 (V" of base

peuk) " 0n the other hard, the f¿Lcile elj¡nj-nation of 
"fl' 

yield's

CaHrSz+ @/e 105) in the e>cpected. martner, in greater al:wràance tha:r

observed in ttre spectra of the aliphatic st¡hstituted derivatives (Y) '

0Ð , "n¿ 
(l¡). The Jatter ion may be prorlucrd.. via a rearrangeme.t

prccessarrårrcltviasilplecleavages¡sincej.tistLremajorfr:agment

i¡r the spectnxn of (¿+6) at 1O eV'
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þþle 10.

Major processes in the spectra of (46)-(50). (n:-gures

in brackets refer to percentages deterrnined by d.efocusirrg.)

Compound. Process (u - x)

(+e)

(+z)

(¡e)

(tB)

(lo¡

cllls
CH-S)
*lu
CIIJS

CH,S

tr%*
tr%*

"rnPf
crnf tt
trtbt

C-H.S)o
tfe*
t¡nP,P

'fff'
C-HÆt6

"3n7

"3t 7

'it-P +

"fP,
c rn-, 

(6o)
crH¿n (+o)

(+6)

(¿'.2)

(t,.s)

"snf
C.HÐStb
t¡n¡o,f

" -Pt
,ft
,-rrP

"ft('*g) "fPÊ

S,f
*zH

s:rn (70)

s¡ (ro)

szH (¡ z)

s¡ (t*e)

szH(ro¡ c ,rr-f Ç7Lr

-A,ri.d.itionaJ- Iov¡ abratåa:rce ions corùìlon to the ar.pmatic stiosti'cuted

'1 ,r-d.ithiârês¡ corresponding to the prncesses l,[ " trttS* o a¡'å M - CrHr" I

are observecl at y/S l3S æñ, 153 respectively" These ions are forrned. by

the specífic processes shor"tr in Scheme 9 (lrocess'es J anC- ä) o The

,Pt



pathvay of the t - af7r fragmentatj-on (Process K) is of ínterest, since

it is the on-1y cleavage of the d.ithiane ring in the spectrt¡n of 2-phenyl-

1 ,J-d.ithiarrc in which a hydrogen atom from the pher¡yl ring is utilised.
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(t*e )

*fl'
PROCESS K

'f s''r*
g/e 153

H
+

.f f'*
*f5*'

<!---

PROC,ESS J J có
----+Þ

úe 1sE
K

@-2.
This carr be seen in the spectmn of 2-C*j-$reny1\-lú-aitnia¡re (51)

vrhich exhi.Ì¡its ions at te 1SS aïL¿L 156, corresponding to the prccesses

M - CtI6Ð. a-nd. IÃ - CjH7. respecti-veIy. These tnvo processes occur irt

the approxjmate ratio of 6O : [O¡ i.nd.icating that the add.itional hyd-r'o-

gen atom arises from the phenyl substituent, eithe¡'in a random ma-nner

or after rand-omisation of the aromatic hychugen atonts has taken place.

The characteristic fragrnent ions prrrduced. by the processes

M - CJHT', M - CHrS" I{ - C2H5s;, arrd- M - C'H6S are dr-I observed in

the spectra of 2-methyl-2-phenyl-1 ,J-'d'íthiane (nz) and 2¡2-ði-phenyJ--

1rJ-d.ithj.otr" (¡J) (nigs " 12 arrð. 13)" The spectrrrn of 2r2*diphenyl-

1rJ-d.j.thiane-5 ,b-gr_ (5tr) confirms the reaction pat¡ways of these

h

s

(¡+)
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processes for (55) (see Schemes 6 
"rrd. 9). The fragment ion prr:d.uced. by

the M - afd process j¡r the spectnan of (nÐ corresponds formally to

the thiobenzophenone rad.íca1 ion, froni which the formation (by removal

of SH¡) of the cation 
"aft|' 

(tg t6!) has heen repo rtua.l1l the meta-

stable characteristj-cs of the abwd.ant ion C,,lH9* fu the spectrtrn of

$S) (¡ig. 1J) have been examined. El-inrinatio¡r of 
"irZ 

ald CUH, from

tS 16S j-n the fi.rst field-free regi.on prod.uce the ions tS 139 arÊ" 115

respectively¡ and. the appropri.ate ðefocusj¡g d.ata i.s given bel-ov¡:

úS 165 -+n/e ll5 nþo = "697o *1o = m/e 80.1

ts 165 ->p/g t39 E/ßo = "8421¡- rtr* = g/e 11J'1

l^ro)Ãrnrn.] = 1.10 J .ol (at /o ev)

= 1^13 .7 "Otu (a.t 15 eV)

the correspondl.ng, vafrres of the pa-rameter lnro')Ã^rn] :.,.the .spcctrur of

stil-lrene (f g), i¡ which the ion 
"r-fg* "t tS165 inas been shc>wn to h¿rve

the sa¡ne p::ope::ties as the ion clerivecL by the loss of a byclrogen atom

from f-Luolene, a-re 1"1[ and. 1.12t at 70 errñ.35 eV respec'r,Íve1.y" These

valrres are in gcod agreenent v,'ith those obtaine¿::or (51) above, and-

hence¡ ther ion at g/S 195 ¡" tiie spectrun of 2t2-dj-phenyl-1 ,J*d-ithiane

$Ð corresporrd,s to the rrflw>renylrr cation € (see Chapters 1 amd 2).

The presence of a substituent on the arc;¡iic'tic ring irtfl.trencc,s

the initial fragmei:tat:lons of the 2-a-ry1'-1'J-dithiatres' The c'Leavage

pnrcess I,I - CJII'S :is g,enerally pr:onouncecl in the ii.ithia¡e systemt

br:t a str.ortgly electr:on-witl'rdra,v¡j.ng [,rr-ri:.p cn tire al'oni¿lti.c srrbs'r;j.tuctt'r;
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appears to destabilise the (M - Cf6S) J-on, rvhich is in very lovr abuied-

a¡ce in the spectra of the nj-trupher¡yl clerivatives (62) an¿ (6¡). The

mr4jority of the ion current i:r these spectra is carriea uy [crnrs]T

(úS 7+) o On the other hand, the spectra of the SJrI(cn) r- phenyt

d,erivative (67) and even the chloropherSrl derivatives (64)-(66) shor¡r

the (ìa - CIH6S) ion as the ba:se peak.

Ortho-eff ""t=rj which are observed. in the spectra of a variety

of arcmatic compounds containi-ng adjacent substítuents, md wh-ic,h are

often characteristic of the particutar substitubion pattern¡ are a-Lso a

feature of 2-ary|-1 ,J-d.ithia.rreso The spectra of the ttrc o-rnetÌ:oxy

derivatives (57) ,rrd (58) (Figs. 1þ and" 1!) illustrate thís effect., The

jxitial- cleavage Qf - CrtttS) is fol-l-ov¡ed by the loss of SIT', the hydrogen

atom of v¡hich arises from the o-methoxy slilostituent [:i"e" SD'is e]-imina-

ted in the spectrum of (lò, Fig" 1!-]o The o-eåhoxy derivative (59) a-1so

undergoes an equivalent fragrnentation vrhen subjected. tc electr-on. Jmpact¡

a¡rcl these ortho-effects are simjJ.ar to those obseri¡ed i¡r the spectra of

g-aikoxybenzal-d.ehyd-"r.125 '126 The spectrum of the ¡-rnethoxy ana-logue

(¡g) (¡'ig" 1þ) ôoes not show the correspond-ing (u - crttns - SH') iono

sj:nllar ortho-effects are observed. j:r the spectra of the nitrophenyl anci

chlorophenyÌ d.erivatives (61) ar,a (64.)n For example, the spec'bruni of (6t)

shc^'æ an (trt - OH.) peak (n/g 22,,) w:nídn is not present j' the s'ec'bra of

(62) ana (6¡) ¡ while in the spectra of the chlorophenyl d.erivatives (5¿-)-

(66), a¡ If - C1. fragmentation is unique to that of the o-chloro derivative

(6¿,), . 11n l,f * Cl. process is usua11y f avourable in the spectra of a:yl

chlorj,des, artù furbherrnore
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the psitj-on of substitution (i,eo 9-r In-r o".f) of the halogen atom

on the aromatic nucl-eus generatly has litt1e effect upon the fragrenta-

tion pattern for the particul-ar series of isomeric compour:d' ""'3' Hence,

it is of some i¡rteresb that an M - Cl r ion lg/S tY ' 15% of the base

peak in the spectrum of (¡+) ] is observeô only as the result of an

ortho effect"

It j-s also of interest to compare the spectra of the aq¡L-1J-

d.ithiarres with those of the homologoue -J rJ¿-ithiolanes (gg)-(75) "

R¡

R3

(68)
(6e)
(zo¡
(zt)
Qz)
Qt)
(zt*)

Ø)

Rt

H

D

H

H

H

H

H

H

2

4

R

H

H

H

NO

oj

H

H

H

H

H

NO

H

H

H

}T

u,n

OCÏIJ H

0 GTT.-)

H

li
H

H

H

NO
2

2

2

cH-.t
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lhe basic frag¡rentations, uþ. M - C2HilS - H'- CS, of 2-plrcryl-1 ,J-

d.ithiolane (68) (Fig. te) are analogous to those observed. in the spec-

tri¡n of (¿u6) , In add.ition¡ the elements of ethylene arrl C F5' are

eljminated. from the molecular ion to a significant extent. The spectnm

of (69) confirms that the hyd.rogen atom'which is eliminated after tkæ

fuitial M - C;IILS cleavage ar:ises fdom C-2 (Scheme 10, Process L).

Furthermore, the process 1m - Crtt') - H¡ is observed in the spectra of

both (68) anô (69). [herefore¡ the 1t',,t - Cr5.) ion arises by partici-

pation rvith the arcnlatic ring (Scheme 10¡ Pr.'ocess tvl)o The mechanism of

tlris pr.rocess is entirely a:ralogous to that of the M - C3H7'pnrcess in

¿1re spectn¡n of (f'..6) . In addition¡ ortho-eff'ects similar to those seen

c/rrs:+

pþ 121

fILÏ
PÂOCESS M

c-Ìr5í,2+

ts. t5t
L

Schenie 1 0.

in the specl;ra of the lrJd-ithiâfieS¡ operate in the sglctra of the sub-

stituted phr:ny1 deriv¿.tives (70)*(ZÐn For exanple¡ the process

M - Cfrf - S¡I, occurs in the spectrurn of Z-þ-methox¡rphe'yl)-1 ,J-

d.ithiane (70) ¡ut not 1n thab of the ¡3¡g isorner (ll)' Simtlarþ, the

j-nitiaJ- M - C2Hh process i¡r the spectra of the g- and -P-NOZ derivatives

QZ) and (71) is entirely replaceô by an ì1 - N0' flagnentation in tÌæ

sper:trun of tì-,e -g¡!Lq ist.¡mer (7lr) 
"
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The spectnrn of 2-phenyl-1 ¡J-oxathiarre (76) is sjm:Ll-ar to that

cf (16) ¡ in that the rnajor fragn.entation co¡'reslnnd-s to I{ - tff 'while
the process I¿l - CafITO, occurs to a smal.l-er extent (ttre abund.a¡rce ratio

of the ions (M - clHf , ) ana (u - tfZo') is approximately 75 z ö)"
Sìrni1ar1y, the spectra of the nitropher¡y1 d,erivatives (77)'Qg) resemble

those of the ana-logous dithj-a:res" Almost al.l the ion current in the

spectra of (Ze) ând (79) is carriea ly fc;rrns]l @þ 7t+), but t]re

nolecular ion of (7'l) fra.gments ',;hrough the o-nitzr: substitr:ent (e.g.

M - OII . ) r and" the spectrurn is qui-te complex" The characteris;tics of

the spectra of the nitrophenyl 1 ¡J-oxathiolanes (AO)-(02) are símilar

to those aboven The ring cleavage product ¡crn;sll (ilg 6O) is the

orrly sÍg,rrifj-cant fragrnent :tn the s1æctra or (Bt) ,rrt (gz) r t¡ut the

spect::un, of (BO) is cornplicaterl by ortho prþcesseso

3 n ?- o 2 n U.*-H:**¿É .l¿.;:-*s-zBl --is" iJ * -eæ.gigs o Laú:Éillri?{]çå e.

Mat¡y suü-phides and d":Lsul-phid.es eli¡rjnate SH' frrcm their nrolecul-ar

j.ons in a complex,n*rr""r5'26 '*ð, this is a1-so the case for t;¡e 1rJ-

<t-ithia¡es (lç), Og) , (ru¡), (ff) , an¿ (52) " In contrast to the cleayage

react,-|c¡s discussed above¡ the hydrugen ato¡n :i.nvolved :i¡ the M - Sil'

(ancl M * *Zf o ) p::ocesses oT;serued in these specfir:a does not arise from

a specific position j-n. tlrc molecufeo In the spec'brun of (46) tht:

L¡fclroge¡ atorn o::igi¡r¿'r.'bes equal-ly from C*2 a;rJ. the equivalent C-ll.r6

,lnsitiouse and. tire elir:oj.nation from the no-l-ectrlar Íoirs of (lS), Gç),
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*ta (¡u¡) is nure complex (see Tables 9 and 1O). The origins of the

h¡nfuvgen atoms in these cases ar€ sunrnârised belO¡¡o The values in

brackets are obtained. frcm the abwd'aÍIces of the appropriate defocused'

2s (2o) 22 (o) a(ro)

32 (3o) 2s(3o) e(s)

v,r r (2o) cHg cH¡ 74(Bo)cHs 22(2o)

ßr) 0g) @)

meta-stable jons¡ aJld the other figures from d.aughter ion abr.lnd-ances"

Since it is Ii.keIy that more than one meciranism is operating i-n each

câ.so¡ the variatíon between the tv¡o sets of values is not surprisíng"

0n the other hand, the operatÍou of a partial trych'ogen scramblj'ng pK)cess

coul-d. a-lso expl¿uin the variation betlveen the obserwecl values"

The fragment M - Sl1" which is pïesent j¡r the spectra of all

1rj-dithia.nes reported here [except that of the d-iphenyl substituted'

comlnwrd (¡:)]¡ is particularly inter.estlngo this process¡ vihich

appears to be characteristic of the d.i.thiane system (ttte trt - SZH' íon

is not observed j:r the spectra of I ,JÅithiolanes), i" always âocoln-

parried" by a prcnouncecl- metastable peak. lhe M - SZH' peak is most

abund.arrt jn the spectrun of (46) (I'ig. 11)r irl wirich it corresporxls to

the catio* Ct dtt ; @g 131 , 3Ti" of the base pealr) , and since thj-s ion

remains sigirificant in the 10 ev sÞectr!:n'', some hirvl of skeleta-l
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reorganisatj.on may be involved, ÀIthougþ a pronôunced metastable íon

is associated. v¡ith the process, it is dj-fficult to envisage tlie :rearrâ:ngie-

ment as a one-step reaction, since at least five bonds nrust be broken

and. two reformed. to pro.Juce the M - Sf . species. I'he process is

obviously complex¡ and may be better considered. as a mul-ti-stage process

involvirig a series of bond. breaking a¡rd. bond. forrni-ng steps.

The abund.ance of the M - SlI, species decreases with substítu-

tion of the phenyl ring in the 2-aryL-1rJ-d'ithi-aneso Tiris does not

appear d.ue to a specifi.c electronic e:ffect, bub merely the result of'the

intruduction of altemative d,econrposition mocles lvÌ:ich d.iscriminate

against the rearra:rgement reactioirn }-or example, the M - SZH" ion j-s

in equally low abunôazrce ín the spectra ot (61) and (67) (vrhere the

substituents ha:,¡e opircsite electrorric effects); on the other hand', the

presence of a chloro substituent in the spectra of' (64)-(66) does not

significaurtly alter the abtmdance of the lr'l - Srl{n specieso the absence

of a lvf * SZf " peak irr the spect::urn oî (fi) is preswrrably the result of

the domínatj,on of thre facile cleavage (¡,i * C:fOS) , from v¡trich the equatly

facile rearra¡rgement pr:ocess; (procìucing ,r'Fg*, Y/e 165) occlìrso

The abund.arices of the ions ¿rt úS ISZ and. 1JJ corresporrdir.rg to

M - "P 
ô a¡r1 M - S;f{' in the spectrr.rn of (1"9) eu:e i-n the rabio Jll : 66

at JO eV. This observation can be interpreted. eithe:: a,s a ::al-rlom loss

of hyd.rogen from C*l+r5¡ and 6 or that the hydrogen a.tons on C-lr,r5 e anrl 6

have fully randomised pri.or to fra.gnentati.ono Although a-l-I other

fr.a¡¿mentatious l,¡hich invol.ve hydroLlen atonts of tho dithiane ring
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apparently proceqd without hydrogen randomisation [with the possiblc

exception of the M -SH' pl"f,cess (see above)], tftere are precedents for

the occurrence of both rand.om and r¡on-random pracesses fncm the sarB

initial molecuJ-a¡ ion' Tt is also recognised' that ra¡rd'om prccesses

become more pronounced. as the interr al energy of the decomposing ion

decreases. However, the random nature of the el,imination of s2H' and.

S,iD. decreases as the enerry of the ionising beam ís lovrered' (see

Iable 11). Furthermore, the low elergy process vuhich is the result of

Tek¡le l1 .

Àbund.ance ratios of the d"augþter artd metastable ions for the pnocesses

lf - SiD" anri M - Sf'r in the spectrun of (¿r-9)'

Jo eV ÐeY 15 e\i 10 eV

s/s t3z : ts fi3
y's BB.o . ilS 89"3

3t+ z 66

46 z 5I+

35¿65

50z50

37263
5I+ : l+ß

39:6t
59 z Iþ1

ttre equival-ent metastable tr¡ansition in tkr.e sc'colld- field'-free region¡

reflects the same trend. (tatte 11), 1fu. the process appêzrrs to be less

random at ]o'wer energiese rvhere a preference for the loss of hyôroge^-i

from c-þ is apparent- This is f'urther substantiatecl by the spectrun of

the d-. *,åeriv¿ttiv" (¡-B) which shor'¡s rel-atj-ve d'augþter ion abund'a¡rces at
-4

70eVf.orlú-SzD.and.M-Sf.of5't:¡+9(valueforrandom]oss=
B0 : 20) . The el.jmilratj-on of S"Il' is af so pronouÌ1cerl in the s;'ectrum of
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the bis-1 ,J^d.i-thiane (81) r ir. which it occurs frorn both bhe molecular

iorr, and the l'[ - Cf5S: ton, (vi:ith ¡netastab]e ions substantiatíng both

pïìocesses) *td the spectrum of (84) sho'ws alnost excl-usive loss of Sf'

S R=H

S

in both processes. Overa-ll¡ these obseryations are noi consistent with

tlre occurl€nce of a rarrrJolo prccesso This is.. further supported' by the

observed valrres for the fosses of srH. ,"d sf' frtrm the molecuf ar ions

of the labelled d-erivatives (17)' (¡A), (4t)' (æ)r and (¡¡). The

resu-Lts for these compowrds anl for (4S) and (J+9) aI'e sunmarised' in

Tab1e 12; these also ind.icate non-r:ancìorn behaviour. The obsewations

may be rationalj-sed- j¡ terms of (at J-ea-st) two separate processes for

the eljminatj.on of Sr{. ¡ nrith the loss of hydrogen from O-'f being more

favoureò than from 
"r*16" 

The preferehce for the C, æsition is variablet

being d.epend.ent on the substitution of the d.ithi'ane and the lifetj¡re of

the deconrposing iono Í.t the same ti¡ne, deuterium isotope effects are

operating in favour of hydragen loss" I'urthel-Tnore¡ the process does

not proceed. via the M - Sll'fragnren'L, si¡ce the hydrogen i'nvolved in

the fc¡rmation of this ion is not the sarne as that of the lvl - S',FI'

eUmination"

The facility of a reâ-rrarlgement process can be a fwrcti-ou of '
arong other things, the ea.se of fo¡mation of the prod-uct ionr iren â

stable prod.uct spe.cies is -l-ikely to be the result of a facile r€affan$e-

ment:," Hence, a pla-usible s-brrictlrre for t¡e Qti - $fi') rez¡rr:angenrent

DR

s

S

R

R l.l (e¡)

(er*)
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Tab)-e 12

cornpositions of the sr[" species e]jniinated. frcm the molecula:' ions of

Gl), (¡A) ' (+1) ' (+l), (+S), "na (+g) art 7a eV, measured b.v the

abr¡rdances of (a) the d-augþter iorrs (b) the defocused metastable ions.

(") (¡)
Corntrrcund siH s2Þ szH sf

ßt)
(re¡

(+t)

(æ)

(tø)

(¿'8)

(¡.s)

/ The M - S,¡1" regions in. the conventional slrctra of' these

compouncls ar.e complic¿rtecl by the pllesence of otl:er Íons; accurate

measulpment of the d.auglrte¡' iorl abu:rclarices was not trnssib]eo

/
r

6o

57

I+)+

)v9

6n

¿F0

I+3

56

51

35

60

5B

6tn

6B

t+o

71

5z

l+0

\2

36

3z

6O

2g

LB

br ctdltt @"ft lll) in the spectrum of (4.6) mie'.ht be the cyclopropv.ì-

trrop¡,Iirun ion fu) " Ihis ion ca¡r el.imj-rrate Crliru to e;ive the trop¡'lium

ca.tiong¡ as rs observed j-n the spectrr.m of'(46) (fig. t1), By analo4r

with the forn.,u.tion or' trr:pylirrn species in t¡e spectra of toluene

rlerivati.vese it nr'1gþt be expected- tha.t the moLecular j'on of the isome::

or (h6) ¡ z-fu-tol.;..1)-1 ,J-d_i-thiolarie (75) ¡ vorrlc prcrÌuce I a.Isou
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(+e)
-sf '

þ ús 131 3.t úg 91

Ilor-reverl no M * Srf , ion is observeð j¡r the spectrurn of (lS) , arrd' this

suggests that the stmcture of CrOHlln may not be ln A discr.;ssion of

the properbies of C.OH11*, ar¡cl of tkrose of the M - S'f ions in the

spectra of (¡¡), (ip), ari¿ (ÀJ) is given in the foll-owitrg section"

3 .2"3. HeriLrjg--ie'lhg U- -Ë^u*:'Æ"
Carbon a¡d hycb"ogen scrambling prncesses are wel.l. lm'o'r,v-n in both

odd. and. even electron species derived frrcm aliphatic arrd arr¡matic sys-

tems. In particular, it has been sho'urn ¡y fo *r.1 15C t*¡"tting that

carbon an¿ hyclrogen scr¿Iribl:i.rig p::ececle the decomposition of the ca'bions

cr¡trn ,67'68 c-¡r+ ,b '9o ana c, frrr' (ctrapter 1 ¡ above) , whüe ï{

labelting shows that tryd-n:gen scrarnbling precedr:s or accornpanies the

d.eccmposition of the catior," cn5nr69 ,#r'' r"' ana crrttr+'92 Ït was

of interest, therefore, to investígate the properbies of the cations

rQ

É



formed. by tìre elj¡nination of SrH n fr:on the ¡nolecular jons of the

dithianes (lS) , ßg) , (t*¡) , ancl (L6), with particular regard- to carbon

and- hydnrgen scranrbling.

The ¡¡olecul-ar iols of 1 ,J-¿1tfriane (J5) a¡d the trr,rc nethyl

derivatives (J9) and. (trl) eljminate Srft, to fo::m the ioris CUH'+

(ús55, Fig. e) crnr+ (ts59, Fie. 9) a:rd c6ni,* @Jsul) respec-

tively. 1'hese ions decompose further j¡r the first fj.eld-free regiont

eljminating the elements of acetylene (from aUnZ) or etÌ1yIene (from

a5n9* arra cUHr.+) to fornr the j-ons 
"rn5* þyte z9) r rSnbn @s +1),

* arrlz* çy/g 55) respectively" These processes are depicted in

Scheme 11. the compositions of the neutral species eljmin¿rted from the

ElE'o mÊ

* r!,
----+Þ

3s)
-Lg:2H'

3g)

-9r+-

4^H,

"5273 15.3
"e

t¡Jtz

ús 55
"rn5*
ús z-e

"5n5*ús tnt

tht*7

+

"bn9n "591+2 2A..1+

+ "6627 36.L(+¡)

ús 6e

t6nr,. *

ús 83

-C^H.
.: LL

---Ð ils 55

Scheme 11 ,

Meta.stable clecompositions of the (lt - SrU") ions ín the spectra of (lS),

3ù, uoa (¿rl) (e,g. fr,r conr+r Eþ)o = 29/55n n* = ?-92/55)
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(tit - Srtt.) ions in the spectra of (lS), Gg), GÐ, and. the deuterium

label1ecl compor:nds (16) , (æ) , "na (Ur) have been determirred. frcm the

abundances of the appropriate defocused. nietastable ions and these values

are recorü.ed. in Tabl-e 1J. The observed. d.istribution of the various

Table 1 3.

Cornpositions of the neutral qpecies eljminated fr.r¡nr the (M * *f') ions

in the spectra of (35), G6), (lg), (Uo) ' (t.l)r md (¿Ðr measurerl by

the abunåances of tire defocusecl metastab-Le ions.

Process
Con-
porurd. fon 0bsenrecl

C al cul-a.ted. f or
RarLclomisa'bion

(.:¡s)

Ge)
',]'l

c zEz
100

6B

c;Ð
+

cf,
100

71

c21Ð

+ 29ta.tteo 32

Gg)

(+o)

Gt)
(u*)

'5og*
c5lr6D5+

c6fl11+

c6tidDl+

c {,*
100

18

100

"znf 'itÐrcz*J "*+ r,fp "FPzc/"t

tß 31 5 12 ln.8 j6 5

100

100

z6t+228+21 51 b3

Iabelled. species is very close in al-l- cases tc the d-istrj-btrtion er-pectecl

for ra¡dgrir l-o:;s of h¡rdlggen and- deuteriuno 'I'hese restrlts shov'r that'bhe

Io.,,v energ5r Q,,i - Srtt") ions v/nich decompose in the first fielcl-free region

of the mass spectrrcrnete:: have und.ergone alrnost compLete Ìryclrogen scranb-

1:i.n¡1 pr:i-or to or duri-rrp; fur*he:: rlecoiri'¡;o:;i-.liorlo
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The cati-or ClOHl; ltg 1J1) has been forurd to arise by the

eljminatj-on of S,rIIr from the mol-ecul-ar ion of 2-$rer¡y1-1 ,J-dithiane (t*6),

via one or nore non-ra$dom pathways (see 3.2o2.¡ above), ard. thi-s ion

may have the cyclopr-opyl tropylir.m structur.e r¡. The three main d.ecompo-

sitions of C,|d.|t*, g!3. the losses of Cfç CTI|. t and- CiII+r are shov¡n

j¡ Scheme i2-o These Ctecornpositions i¡ the spectra of (4-7) anA (50) frave

JcrCtr'
sls 131

4rH,J+ -CII-.t

Icuuu1ï

ple 116

y,Æct 
"BW,

^zo
102"7

"gn7*
ús 1ts

-cH

m

b

"fl
ús et

nÆo .69tn6

*1 63.2

nÆ, "8778

* * 100,9
3

Scheme 1 2"

I¿leta,staÌ¡Le j.ons f'or the decompositions of gle- 111"

been exa¡¡ined in the first fíeld-*free re6',ion, and. the defocu,sing evicl'ence

is summarj-sed in fab1-e 14. The results show'uhat alL the hyd-rogen atoms

h C.t d.., 
* a:.e coinpletely scrarnbled prior to or clur:i-ng the ehminatioris

J+of C'ÍIU and. CHro .f S.i.nce the fornration of Cf dff f 
' appears to proceecl

/ The c¿ùculation for the l-oss of 0II*'
sjmultatreous loss of CH, (Scheme 11 n mr# zt^no
recorr:ecl in 1.':bte 2 ¡.,J:ctl't,:,rr''cctciÌ Íor' {h:î's pin
to prroceecl- v'¡ith hydrogen scrantbli'rrgo

is conrplicaferl. by the
= 23 t 77) " lhe va'Iues

coss¡ r'¡hj"ch :ì-s assumed
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lsblk.
Compositions of the speci"" CfrrDh_r, d attrÐJ'_r, e1j:ninated frr¡m the

(m - srtt.) ions i-nthe spectra of (47) arñ/or (¡o), at /O eV"

Compound. *3 crlP ,f + ,.f P "lrÐ' ,Pt
(t'l) 6g

73

31

27

63

63

z7

27

4"8

51

6o)

0bs.
C a]-c.

0bso

C ¿rIc .

5

3

2l+

25

23

21

without scrarnhling (see J.2.?-o, above), the rarrdomisation observed. in

C,Æ,"* o"..,"" mairr1y pJ¡e-g the el.iminat:lon of S.rH' fi:om the molectrl-ar'to 11 ¿

ion of (¿-6)" IIc.:nce2 the behaviour.of the ion Crdr,,'t wj-th respect to

hyckugen scra¡nbljng parallels that of the I\[ * S'lËi' ions <J.e;::j.ve<1 f'rnrn

Gn) , ßg) , and (4J) "

nx¿rnúnat:lon of the appropr.ï.ate neta.stable iorLs in the spectrurn

of the l'r*r*ulled cc,nçor¡n¿ (5t) shorvs that the losses of QlIr'*U aJnh

+
fr.om C,,OH1 1t al.so occur with cornpi.ete car'oorr scra¡nblingn the ¡netastal¡l.e

ions for the appropri.ate Jrrûcùsses in the spectrun of (5t) are tabulatecl

in Tabl-e 15o The clefocusecl meta;:table s¡ectr:urn rloes not resolve E/e

62"8 and. 63,2 at the co:"r:êc:tJtr/Eo l'alrres, but the ratio of the relative

a]:undances of (ry¡/e 62,8 + 63"2) a:'.d ¡9/e 64.i i"s found to be 59 2 IJ

(val-ue calcuJa,ted" for::¿¡ld.orn loss of carl¡on = 65 : 35). The nleta-stabf'e

iorrs forrned- in the seconcl- llield*free re¡4i-on vÍere also examineclo the
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Tabl.e 15 a

y'e vaÌues of the metastable ions for the elj:nination of 13CnCa-ntT+

(n = 0¡1) frrcm the (u - srn') íons ín the spectn¡n of (¡t).

Process rf

13rrSt,,,

ct cFt t
13"cro.,

t3", 
{r,

"f+
"f 'r

6z"B

63"2

64"1

+

+

+

oscj-Lloscope trace of the releva¡t region of the cornrenti¡nal- mass spec-

tn¡n of (51) (resolution BOOO) is repncduced inFig.16¡ and- clearly

shov¡s the presence of tke three appropriate meta-stable ions..,

The clefocused metastabl-e ions for the pr"oce"=*" 1trrf,r,,+ - CHr'

"rd. 
lSccrttrr* - (t3"nr. * cÇ are wel-l resolved artd occur j¡r the ratio

67 z 33. r\fter the lsiov¡n loss of Cli (see Footnote, p"96) is subtracted-
¿+

fr.om the l.atter val-ue, the ratj.o of the al:r.¡nd.anceu of (11C"rUr,+ - Ctt¡)

urd (l1CCrHrr* -ttrnr,) is 84: 16 (va1.ua calculated. for ra¡dom loss of

carbon= 90:10"
It seenis, therefore, that rvithi.:n the l.imitations imposed by the

particuÌa.l: processes stuùied., and. v¡ithj.n experimental ei'ror¡ the ca:bon

atoms in thre Cf dt,,* ion have ra¡domisecl prior to further decomposition

of the catior¡. This casts even more d"or:t¡'b on the lnssible intenirediacy

of the cyclopropyl tropyliur¡ iono Arr intennedj"ate of this nature v¡ould

ex¡rlai-n the fragmenta'uj-on obsc;r:vcd in CrOH.tl* (i.e" loss of 
"fr), 

brrt
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not the scra¡nbling prÞcessesr

The molecular ion of benz,ylcyclopropane (8F) fragurents pre-

d.omj¡antly by the facile el-imination of 
"3n5'¡ 

to form the tropyliun

ion Cfr+ with very tittte of the cation aiOHtl* (M - H.) beilg produced.

Br

cc

c6%.cIÈoH-cH(cH3) 2

(86)

(Bs)

c6%-cH=cH-cH(cHl) 
2.

(Ð)

(az)

(sg)

CH,CH, BT

(so)

Therefo::e it was not possibl.e to examine the proprties of the benzyl

cyclopropyl cation, lvhich inlght be exp.=cted. to isomerise to ,o In view

of this, it is of interest that the ion tlOn,tln i" procluceri. in the

spectra of (86)-(e9) (Uy ttre respecti'e prccesses M - Br' - I{B'' ¡ M -

Br., M - H.: ancl M - CHr. ) anf in the spectra of tlre isomerj.c d'imethyl-

j:rd.a¡s133 (ou the process lt[ - *]') " The metastabl-e cltaracLer:rsbics of



the varior" C1OH1.* Íor," formed in the spectra of (a6) ana (86)-(89) were

pompared. by mea-surilg the parameter m,ra/mrf (see Schene 12), a¡d- the

val-ues obta-ined. arè recorded. i¡r Table 16. The results ind.icate that the

-1 C0-

Table 16.

Valr:es of the parameter mr*/mr* for decomposition of ClOHt1+ (Scheme 12),

i¡o the spectra of (É) , ana (86)-(89).

mr*/mr* (zo ev)

mr*/mrt (æ 
"v)

(+e)

1.92

1.ú

(86)

2.oo

1"73

(sz)

1.88

1"7O

(88)

1 o95

1"75

(8e)

2.Ø

1 "58

CtCIIf ,* ion formed. in the spectnun of 2-phenyl-1'J-d-ithiane (4.6) has the

same structural artd energetic properties as the CtOHtt* ior-," prod'uced- j-n

the spectra of (S6)-(89). If this is the casee then these ions should'

all r:nd.ergo complete scra¡nbling pri.or to or d-uri¡g the eljmination of

ú13. arrd. CrHU. this is confirmerL in the spectnrn of i$g*Ê-J-methyl-1-

C$-fhenÊ)-Uut-t-ene (90). The Inolecular ion of (90) foses a met\y]

rarlical @-t¡qf.! scrarnbling) tÒ produce the cation C1OH6D5+ (úS 136) '
The ratios of the d-efocused. metastable ion for the losses of the various

ffi3. and. CIH¿F specì-es fron g/3 136 are tabr,-IaJed- below (falfe t7)' The

agreement between the observe<l and" calculated values ín the table is

excell-ent. Ilence, there is good. evidence for the existence in the

spectra of (a6) and (86)-(89) of a conunon j.on tlOntl'Fr rvh5.ch is com-

pletelyscram.oledv¡ithrespecttobothcatbonandhyclrogen"The
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Tab1e 17"

cornlnsitions of the crirp;-n *d tfr.,o'-r, species el-j¡rinated from the

(U - Cttr. ) ion @/g 1li6) j:r the spectn:rn of (9O) at 70 eV, measured by

the abund.ances of the defocused metastable ions'

.n5 "frP cffiz

1r+ I+6 35

12 r+6 36

I+5

CD

5

6

1B

3

0bso

Ce.Lc'

Obs o

Calc.

"f+'fP 'fP, 'f,t "P+
6 33 t+1 17 3

2530

structur,,e of this ion is wrlcrown¡ but the int"e:rrention of structu::es such

âs ì1 - g may occur¡ i:r which the intermed"iacy of the substÍtuted homo-

tropyliint Íon v is irn¡olved" A structure of- this natrrre v¡ould eneble

the c'arbon ¿¡rd. hydrogen ato¡ns to scra¡nble througþ a series of expansion

and. contraction cycles k.=g) r together witl¡ simultaneous hydnrgen

migrations a

._

wvu

+)+ \
I

-

+
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In sunna:¡r¡ the positive-ion mass spectra ol' 1 ñ-dithj,anes show

a mmber of specifj-c cleavage reactions which do not j:rvolve arry hydrogen

ra¡d.omisation. The pathways of the rearralgenent processes M - SH' and

M - S2II. (th. latter of which is characteristic of 1 ,3Ãithianes) are

more complex, arrd- each appears to occur by at least two mechanisms.

The ions proðuced by the prûcess IU - S,iH' in the spectra of, the parent

compound (lt) , the two methyl derivatives (i9) *ta (+¡), and the $rer¡yI

d.erivative (+6) all rmd.ergo complete hydrogen scra:rbJ-irrg before

sr:rbsequent d.ecomposition. ïn particular¡ the ion C,'dttt* from (46)

sorarnbles both carbon and- hyclrogen¡ a¡rd" this ion is coÍunon to the

spectra of a nr¡nber of .other compourlclso rhe structure of CroH,,1* i"

unJmornn¡ but it may corr€spond to a sricstituted. homotropylirxn 1on.
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4o1 Intrrcductionn

l.he existence of negative ions jn the mass spectronreter has

been recognised for matry years ,134 urU gas phase negati-ve ions have

for.:nd. application in a nwnber of u".^to135 For exartple¡ negative ions

play a¡1 important n¡l.e in the physics of the ionosphere¡ and they have been

used to enhance the effective potential- of ion accel-erators. Nega"tive

ions all-ow the accurate neasulrement of i,sotopic abwrda:rces¡ anrì- ha-ve al.so

been shoyør to be important intenred-iates j:r the chernis'ury of 1n-Lyme::isa-

tion (anrL other) reactionsn Tlie possibility of applying negative-ion

spectrometry to molecular structure deterniination ha-s been d.iscusse<l j-rr

d-etai-r- by hfelton rgs'135. *ra in particr.tlar¡ he has g>-iunted out that

rearrangernent reactions stroulcl be rare in negative-ion spec tro"B3 These

spectra shoul-<l- therefore be parti"cul,ar:ly aCvantageous v¡hen the corre-

slnnding lnsitive-ion spectra are compl-icated. by re¿LrraÌigeinent fragrnents.

Neverthel-ess, negative-ion ma*ss spectrornet*136-8 has not been

generaJ.ly accepted as a:.i arratytical methc':- f'or several reasonso The

yielrl of'negative ions ulnn eJ-ectron im¡ract j.s very lor,v (often 10OO

tj¡rres 1ess than that for lnsitive ions) r arfl the spectrà ?;re f'rcquently

fourul to be depenclent on'Ì:oth the ener.qy of the ionising bearn a-ncl the

pressuue. this is a result of the variety of prrcceíjses involved in the

forrnat:Lon of neg,at;i.ve ions, yiz' electron capture (/ç'1), clissocj-ative

charge trar.r:fer' (t,-.2-), ancì. ion-pai.r'production (lt-"1), each of which is

energ/ (ancì- pr:essure) clepend.ento FurtherïIicree ions pr:ocluced bJr ion-

niclecúl r; rr:¿-ct.LcÌ1sj coirjriionì.y occru' at r.e-'l-a.t,r-ve1.¡r higìi Ðress'ttl:es j,::r the
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(+.t)
(t*"2)

G.l)

mass spectrorneter" As a consequence of these factors, negative-ion

spectra âre general-ly non-r:eproôucibleo

The simp1e electr.on capture process (l1."1) is usually endothernric

by approximately 2 
"V "78 The molecr¡lar a¡rion must therefore retain all

the electron enerry a-s internal enerry and unless it can stabilise the

excess enel:ry, ej.tl.er d-issociative charge transfer (4-"2) or ion-pair

pr.ocluction (4.J) ta}es p]ace, ard. no molecular anion is lecoråecl"

Sinrilarly, the highly energetic natr-:.1Þ of negative-ions rr:duces the

effÍcie¡cy of thei:l co-L.l-ecti.on by t*r,e mass spectrortlete::o The,se factors

make desirable the use of j.onj-sing bearns o:f very 1ow energy, but these

are d.ifficr¡-lt to m¿ì.ntain u¡.der the usual cond,itions i¡r tlte sourcen Ion

molecu-le reactious tend. to pr.ed.omi.natr: at rel.atively high pressuJ€s, arrd-

the resul-ting negative*j-on spectrun is then comp].i.cate,J- by ions rvhicli

may bear no direct relation to the structure of the j-ntact moleculen

Despite gie ¿ifficultj-es inhe::ent in the mass spectrornetric investiga-

tion of'uega-tive-ions, recent arlvances have been made irr the fielù¡ in

par.ticul-ar lvith respect to the study of the behaviour of o::garr:i'c compou:rds

ulnn electron capturen

The largc decrease in sensiti.vity j¡-n the prcrJuction of negative

i-on conpa::r:å rv-ith positi-ve ions js largi:l.;. re-l-ated to the t¡rpe of
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molecul_e und.er irnresti-gation. Not all rnolecules have a high affinity

for accepting an electron¡ and. those organic compor:nds with a higlt

electron affinity will tend. to capture a¡ electrrrrl ITIDI€ efficiently'

Consequently, it has been demonstrat.#'78 that some cl..asses of comporrrrd.

give useful negative-ion spectra conta-i¡ing rnolecular ¿¡níons, at nor:nal

pressures arrd ionising voltages (i.e. 'lo-7 Torrr ad /o eV) o For

example¡ plyrlitL:oaroma.tj-c cornpounås read.ily form negative iotrs in the

ma*ss spec'brometer ald. the spectra obtaj:red. provid-e much structural

infonnation"lS9 Aromatic azox]-ca¡¡po'urx1s, nitrones, arri N-oxicles, the

positive-ion spectra of v¡hichl't0-11¡2 lft"rt und-ergo skeletal ÏEa-rrange-

¡renbs irnrolvjng C.O bonà formation¡ a]-so give negative-ion spectra in

wlrj-ch only sirnple cleavages a¡e obse::v'.do1ú $iirnilarly¡ reploducible

negative-j-on slnct Ta ^te obtaj:red- for marry' sulphur-.contai.ning cornpoturds,

includ-ing s*allryrtr'ioglycolric acj''fsrl4Jr' p;ttriohetothiol""t"""'1Þ arrl

sulprror1y1a.rrilines.146 The positive*ion ,p..rr"u26 of thr:se compowrcls all

contain skeletal real'rangement fragrnents, whereas only ":o,tpf* 
cleavages

(or: cleavages with hydr:ogen rearïaJLgement) are observed- in the negat:ì-ve-

j-on spectrao For examplee the molec;ular "*rion11 of m-nnethoxysr:l.phoiryl*

þæHro c6%Nsoli * co + [crHrNS]l (1.r*)

[acHro c6iJ4.NSc]]î * uã , [u - .nJ']-, [u ^' ocHJ' ]l trtr * so ]'' (+"¡)

arrilj.ne qride:rgoes the rearrangernent prþcess I{ - CO (¿'-.L), but the

corresponding molecul-ar *riot1h6 exhi¡j.'us only cleavage p3ocesses (4'5)"

ì¡iolecul-ar a:tious have ¿i-Lso been observecl for fluoro*subst'Ltute'f
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cornpounds rlhl '148 whit" sleletal-r€arrangement processes have been

repor-ted'1 l+7 )û the cases of perfluoro-J-heptanone and' perf!'uorÞ-2-

butyltetral¡rd.rofuran. Furtherrnore, hyrlrogen scrambling in ttre (U - C6H5r,)

ion j-n the spectrum of tr,iphenylsiLare has been d.escribed j¡r a recent

report, 1+9

More recent stud.ies of substituted. qoirrort"*150'151 arrl arrhyrl"rd:5"1

have d-emonstrated that reprod.ucible negative-ion spectra mâ"y be obtaj-ned
J

when a specì-es aF can accept an el-e ctron to yietd. a stabilised. chargeC"

specíes2 êogo g-+Þ"
X-

+e
<H

lo

anl oilac
etc, iri 'cìri¡; ch-',ìili.;:)I' be¿l-r-' no ru-L¿ltl'ou to t;]-roseby Lhe r:yr,iboì" s _ae

c¿rt l-orlJ-C

a
X

/(ll
cÞ

Y

a

In other worrLs, the stabi.li.ty of the nclecul-ar anion may be due to the

ac.ceptance of thr: extra ele c'b::on j.nüo a¡¡ ex'tended" 1l system in the

molecule, and further. studj.es of tbe negetive-ion spectra of

esters ,15o'151 î153t15+ ut¡"r"1151 and variou-sly sulrsti1'ted' nitro-
't¡enzene clerivativ."l39 n152^6 have lent supgrrt to this suggestÍou"

The .lvork wÌrich ís tliscr.nsed in this cìrapter vr¿us pr'otnp'i;ed" by the

d.esire to stucly a systein j-n which the accept¡¡ce of a:r clleotron into an

/ Tt should be n¡te'.l bh¡rt r;he ( ard" other) sçccies denoted

1-3 "

( arrå oth
b,

,.,r) s;pt;cr-Les sy'rloclisecl bY sj;rii.-l ar. no'tation j-u Chaptei's
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extend.ed. îf system is unlikely, but wbich nevertheless migþt produce a

stable moLecr¡l-ar anion" Sulphur-containing compomds in general appear

to give useful negative-ion spectrarStTS ard. substituted. thioanisoleslS-l

in particular prod.uce molecular anions. Furthenuore, it is lanorvn j-n

solution chemistry thatr whereas the formati-on of a stable negatively

charged aceta-L spcJ-es (".g. -È) is d.ifficult¡ a long-lived. anionic

thioacetat species (".g. g) forrns read.il¡r, the vacant d orbitals of
158

the ad.jacent sulphur atoms stabilising the anionic centre (e.g. I r+Sr) "

o-
++

{

e1

Although this a:ralogy is not strictly comparable with the fornation of

a molecular anion, it was nevertheless felt that a 1 rldithio system

woul-d. in general f'ul-fil. the above rcnd-itjons, anil the aryì- d.ithioacetal

system I was chosen in particular.

Ar

e

+e

f

Ar

s
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l+"2 Re sults a-nd Discu^ssion¡

For the negative-ion mode Ínvestigation¡ the d.i*etkSrlthioacetal

(f ¡ of benzald.ehyd.e was chosen a.s a simple model for a 1¡J-dithio-

systemc The negative-ion mâ-ss spec a.-Í'of (9t) rva*s measureil (nig. t7),

a¡rd. ít shorvs a molecular anion (gþ ZIZ) j¡r smal-I abr.ndance, with a

fragment ion at tS 61, cotresponiling to the spcies CIISS . This

ieaction proceeds presumabl.y by the pathwqy outlined in Schen¡e 12t in

étrn,
(sr)

+e l^/c-H_- cH6' \
gir19 z1z

tr$t,* + c6 cH-SCf¡
ús 61sc25

Scheme 12"

.which it is a.ssr¡ned that the extra electron in the molecular anion is

loca-lised. on one of the sulphur atoms. Hence¡ the model system d.erTÌon"

strates the ability to prud.uce a rnolecular a-nion.

This j-s supporLerl by the behaviour tovn¡ard.s electron capture of

the di-ethylthioacetaf (gZ) of ¡-nitroÌ:enzaldohycleo lhe spectrum (¡'ig.

1S) of this compound. ¿r-1so shorvs a rnolecuLar anion @S 297) t togetlier

lvith a simple fragnentation product h (Scherne 1J)" The ¿bility of the

nitro group to stabitisê a ¡nolecr¡-Iar a:ríon is well documente d'.139 '152^6

Àryl nitro a¡ions in particul-ar ha'¡e been sllotn to have a suffi.ciently

long lífetìrne (r = t+ x 10{ seco)159 * be reconled in the mass

/- In this ch4rtert
to a neg-ative-:lon ma-ss s

the term nmâ.ss spectnldr refers specifically
pectmm, un-l-ess cthe¡'wise indicated'n
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spectrometer before f::agnentation (r = 1O4 ou"o) r ând' to undergo meta-

stable transitions (t = 1CJ) sec.)o Consequentty¡ it is not surprising

that the molecr¡t-ar a¡rion of (g?-) (ry1g257, Fig. 18) fr:agnents to give

the ethylthio-nitrobenzyl species ! (tS 196) , whj-ch is presumably

stabilised, by the ¡-nitrro substituent (Scheme IJ). The pr"ocess is

substantiated. by an appropriate meta-stable peal<. It seems litely that

the extra electron involved in the fo¡rnation of the molecr:Lar ani-on is

ús 257

<-r^

SO

(gz) ---.> ã-c6Hd- cH ¡-Nor-cUHd- cH-scfS
!¡ g/S 1g6

"A+e *r%*'-
*

Scheme 1J.

localised on the nitrre substitr:ent¡ with the result that fragmentati.on

to form the st¿ürilj.sed. benzyl an-i-on is favoured.

Having estal¡lisired. a model system, the j"rrvestigation 'v'¡as extend-ed

to the Z*zryI*1rJ-clithiane systemo the posítive-ion spectra of tb-is

cl-a'ss of compnunds contain exampres of specific hydrrcgen real:ralgerents¡

sÞ.eletal rearraflgeme¡t prucesses¡ arrd pro:timity effects (see Chapter J) "

It v¡as of intelest tr: investigate the behavj-oir after electron capture

of this class of com¡.rourrdsr j:r view of the fact that skeletal rearralìge*

¡nents ol¡scrved in positive ion spectra are generally absent i¡ the

correslnncLing negative ion "p".t"u."5 
t78 The tl.iscussj-on below is based-

on the s¡nctra of 2-yrl-renyl-1 rJ-dítiriane (46) (ttig. 19), tire three
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nitrophenyl isomers Gl)-GÐ (nigs. 20-22), the three cl.r-lorophenyl

isomers (6+)-GO ¡ anrl the }abelled d,erivatives (+Z)-(¡t) ana (gÐ-

(tOO) (f,ig. 20 anri. Appenåix B) " The molecuJ-ar forrnrrlae of the compounds

(+6)-(Sl), (et)-(6J)¡ antL (9¡)-(too) a¡e illustrated on the following

pager a:rd al.so i¡r a fold.-out fogmat at the e¡rd of this clrapter, p"128"

A1J- fragmentations di--scussed be.l-orv have t¡een established. by isotopic

labelling and, where appropriate, metasta"ole defoctrsi'ng.

The spectra of the clithia:res (46)-(ft) rverc measured at 70 eV,

using a source pressure of 1-2 x 1o-7'Iot""y' The spectra alîe relativeJ-y

weak, an¿ the rnolecuLar anions are sufficientl¡' unstable that d.ecomposi-

tion occurs orrly in the sourcer and no metasta'o1e ions are observed"

I{any ad.ditional peaks 'resulting fr:om j.on-¡nolecuJ"e reac-bions are obserued.

when the source pressure is j-ncreased- to 3 x 10-6 To"t"

The spect¡.,¡. of' 2-phe4yl--1 ¡JifithÌane (46) (f ig' 't9) shows a

molecular anion in small- abunrlarice "t úS 196 t arû' two fragment ions

are obserr¡ed at úS lØ "tf, tS 122, corresponcling to the processes

M - CIIT' arïl l',{ - ClII'g respecbi.vely. The spctra of the laù¡el-t-ec1

compounds (+f)-(¡t) show that these processes 'rccur as j-ndicated in

Scherne 1/a-. It j-s also apparent that both procef;ses are preced'ed (o:c

accompan5.ed) by partial scra:nbling of the trydnogen a.toms at 0-2¡J+¡ and

6" The partial- spectr:,un of the rlrJ.erivative (47) (Fi.g" ZO) shows the

prccesses M -, CJil'S and. Nf - C¡{5DS (ú5 123 a-rð' 122¡ rrespectlvely) arrcl

/ rt i: uf interest tha'; 1ri*'liLhi'a:rt (l'¡) cloes not ¡qive a

spec.bruun lurcler: these r:o¡itliLi onso
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.c_H-s56 [c¡rsil
g¿19 1zz

o
H

"t\",
i, ús 1Ø

a

s

Ph

t - af,Z, ancl U - Cf6O. @g 106 an¿ 1Qf , respectively). ThÍs can

only be the result of a randomisation of the lrydrogen a-toms betr¡r¡een C-2

and. C-l¡-r6. (Tt is ra^nd-omisation is discussed more ful]y below.) The

incorporation of 1JC i' the mol-ecular anion of (f1) is 6O "1/o¡ atß' tine

obsen¡ed. retentions j-n the (fvf - CrH6S) ana (lr - ,fl') ions i¡r the

spectrum of (51) are 58,1% úd Ø, respectively. Therefore, rro ca::bon

scra¡nj¡Ling accornpanies the observed lSrd"rogen scrarnbling. Analogous ion;

at g/g 1Ø and 1 22 are fo¡med in the trnsì-ti-ve-ion spectl¡-n of (46), lut

those processes occur v¡ithout h¡rclnrgen scra¡nbling (see Chapter J) '
A ca¡eful stu<ly of the hyd-rogen rearrangement processes in the

spectra of d-ithianes requires arr intense spectrwn containing rnetastable

iolrs. It v¿as consiðered. that the introd.r,rctiorr of an electron-withd-rawing

substituent on the pbeny.l" ring v¡ould, by increasing the eJectron aft'ini--ty
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of the mol-ecu1e, yield. more aburdant nplecul.ar anions of longer life-

times, capable of undergoing metastable transitions. îhe two substituents

Cl. and. N0, were chosen for this pu4)ose.

Jt was forirrd. that althougþ spectra'were obtained. for the three

isomeric chloro derivatives (6¿+)-(66) the spectra l¿vere l'¡eak and. d-evoj.d-

of metastable ions. No variation'rvith substitution was observedr anrL

each spectrum was sjmilar to that of 2-phenyl-1 ¡J-dithiane (d'g) j-tself'

On the other handl the spectra of the n-i.t,ro deri-vatives (61)-(g¡)

contain" in add.ition to the basic fragnentations outl-j-ned. in Scheme 1l¡,

fragment ions which are cha¡acteristic of the parbicular substitution

pattern. Consequently¡ _'bhe 
three isomers ca¡r be rear1i1.y differentiated.

the spectra of (61)-(Ø) are replþducecl in I'ig,s. 21^?-3r vrhiJe those of

the deuter:j.urn Labelled deriva'bives (g¿u)*(tO0) are recortled in Àppenclix Il"

The fragnentations observed. in the spectra of the 2^aryL-1,J-

cliilúanes (4.6) ana (61)-(Ø) are outlinetl in Scheme 1!" (Otfy prþcesses

N arrd" O are cotilnon to the s.pectra of all cl"ithianes.) The spectra of

all three nitropheny] rl"erivatives shorv ions at úS 16'l und 1O$, corre-

sponcling to the p'n)cesses M * CJH6S and. [t - c-/i6N02' respectivel.y

(Pr.ucesses N arlrl- o, scheme 1!) rvhÍ-ch are analogous to the frappentaticns

of 2-pher1y1.-1 ,J-d.ithÌane (t6) (sec Scheme 14) n these prÞcesses iri the

sp,:ctrwr of the ;*ui-trophenyl i.sorne" (6'J) are preced.ecl .by incomp-l-cte

hyd.rogen scra¡nbling sirnilar to that obser''¡ecl in 'uhe spectrum of (l¡6) ,

but this phenomenon j-s not reflected. j¡r the spectra of the g- and- rrr-

n:Ltrlophr:n;v1 iierivert,-i.vcs" A corçarison of ';he scr:a:rrb-l.:i.ng pI'o()esrsic¡li :Ln
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Scheme 15.

(¿f) and GÐ ís made in Tabl-e 18 for the appncprj-ate labeIled"

compowrds (47) ancl (+8) , ,r,a (g8) ard (gg) , The ratios of the frag-

ment ions pr:oduced in the spectra or (+Z) r (+B), (le¡ ' *ta (gg) (raile

f B) show that coinplete scra¡nbl-ing has not occurr"ed. cluring the lifetj¡,:e

of the decomposing ion (i"eo W to rcó,seci)' Or¡ the other hand, the

same process N in the spectra of (gg) a¡d (gg), arising from the

longer-lÍved meta.stabl-e ions (* 5 x 1OÓ sec.)roccuËv¡ith almost complete

ra¡r,lomisation c¡f the Ìryclrcgen atoms on C-7.rla, arñ' 6" 'Ihe Ï5rdrog,etr

scrambling is likely to proceed- with no reorganisation of the ca¡'bon
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Tab1e 18.

Hyd.r-ogen randomisation occurring during Prucesses N-Q (Scheme 1f ) .

Conrpowril Pnccess úS Abw¡d.a¡rce Ratio
Fragment ions

Calc o

m-

Gt)
(+s)

(æ¡

(gg)

(+z)

(+s)

(re¡

( gg)

(ge)

(gg)

(rs¡

( gg)

32268
74: z6

65t35
ttl z 55

th:16
15:85
66 z 3t+

3726J

t+2 z 58

61235

,+5 z 55

6o : ,+o

78:22
z6 z 7tt-

80:20
20280
80:20
2ozB0

I+0 : 60

6o : ,+o

lO:60
6o:40

60 : ¿+o

40:60

40:60
60 t ¿+o

N

N

N

N

0

0

0

0

P

P

0

a

122, 123

122, 123

167, 168

167, 168

1ç5, 106

107, 1OB

1Ø, 106

107, 108

136, 137

137r 158

2O7,2Q8

2O9, 
^O

jo-.5
5o:5

Jú

d
I+2 z 58

57243

/ The defocusecL ¡netastables 'n'ere weakr a¡Ìd this ratio is only
correct to 3 1@/".

skeletou, by analogy wittr the absence of carbon scrambling observed in

the morecur ar a¡ri-on of the 1J, l.o"rled- d-ithiane (5t).

T¡e folloviing sequence (Scfreme 16) is prolnsed to ra-tionalise

the hychogen ranciomisation rdrich oocurs in the spectra of (16) ana (97) .
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the inítial cleavage of a C*1 bond i-n the dithj-ane ring prod'uces h¡ and

a series of hyclrogen transfers may proceed. througþ six-¡nembered- transi-

tion states (e,8" È "td 1). This mechanism requires approximately six

cycles (e.g. i -+j) to attai¡r a ranclom d-istribution of the hydrogen atoms

onC-Zr4_, an1 6o the mocle of ring openÍng d.epicted. ink is based upon

the fragmentations of the dithioacetals (91) ana (lz¡ ' each of v¿hich

-S

s-
H s

¿

j¡rvolv'es furitiaJ- cleavage of the analogous C-S bord (see Schemes 12

and 1J, above) n the alternative formulation of Èr Yrith the radi.cal

a¡xL a¡ion centres exchanged, is ec¡ualIy probable. Indeed.¡ it rnay be

that a ring opening (e.g, j +'b) in the¡-'itrophenyl d-eriva.tive (61)

would. produee a species such as m (fu v¡ftict the benzyJ'ic arrj-onic centre

is stabil-ised i:y the nitrp substj-tu-ent) with a longer lifetirne than

migþt be expected. i¡l the absence of any stabilisation'r".g. j'n the

n¡o1ecular j-on of the parent compounrl (+g) -ì. Thue¡ the rardgrnisatj'on

prÞcess would- be aþle to p¡oceed towarrls cornpletion much furtlrer: th¿in

that in the nrolecular anio¡ of (4-6). trn supp'r¡ of thís suggestion is

the fact tLrat Lhe clcgree of randon'i.sation obsewed i'n the spectra of 'che

-s

Ar

i .E
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(Ø) +--+

Noz -9./ +

nitrro-compq9nas (gB) -ta (gg) is greater than that in the spectra of

@) a¡ra (Æ) (see Table 18) o The ion ;! (crursl, g/e 1oJ) is prr:sent

in the slnctra of all d.ithi.anes [(+g) , (61), (62), anô (Ø)] | am its

formation co:="estrnnds to Process O (Sctreme 1!). It is produced v¡ith

incomplete h¡nlrogen scrambl-ing (of the type represented ini +8,
Scheme 16) i:n the spectra of (a6) a¡rd (6Ð (¡lg. 20 and. Table 1$),

just as Process N sj¡r,iIar'ly pnrceeds lvith partial hyrlrogen scramblirrg

(faUfe t6). The formation of te_1Ctr j¡ the spectra of g- arrlm-

nitro derivatÍves (61) ana (62) does not proceed with k¡rC'rogen scramb-

Iing" Prccess P (Schemes 1þ and. 17) I which involves the loss of 1Q!

mass units frr¡m the molecular anion (M - CfSS;Z'f, is observed only

in the spectnm of the ¡-nitro derivatige (63) 1fig. Z3). It is

probable tha'b tlús fragmentation is favo'-red by the stabilising i'nfl-uence

of the ¡-nitro substituent on tÌ¡e substi'buted rrben4yl anionrr (ú.* l:6)

+e

g'm

which is produeedo ft aLso seems 1i.ke1y that the mechanísnL of fomration



¡ol;
-1?h

-{.fi-$'^r)2¿

H

t3ó
,t

TA.OCESS P

cfi5No z

s/3 136

No¿

Scherne 17"

of tg 1i6 ís the same a-s that producing "fE*i 
(tg lù5, Process O),

w'itJr the charge residing on either fragment.

The spectra (Figs. 22 arñ. ú) "f the n- and p-nitrqrhenyl

isomers (62) *rd (61) both exhibit(l\t - Hrf) ions (Pro"esu Q, Scheme 1!)e

but these ions are produced by entirely d'ifferent prÞcesseso Tn the

case of the m*nitro cornpourå, tb -Ê1- a'¿g'- derivatíves (95) arn (g6)

each lose IIrs frum the mol.ecufaranions¡ but the process M - HùS occurs

exclusively in the spectrun of 2*fo-n:itrophenyl) -1 J-à]_t'tliane'f ,542

(gZ)" Thusr one of the hycirogen atoms fur the fragmentation a.rises frc¡rn

C-S ¡ the second f¡.nm the aromatic ring (Sctreme 18) . Examina-tion of the
H I

-H.S

--a--'Þ 
[c,, ox;ruo rslî
ts zol

H

Schenre 1Bo
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spectra of the g1- ancl 9; f"itro derivatives (98) "ttt (gg) shows that

the loss of lIrS in these cases involves two of the fj.ve hyd-rogens at

C-Zt4t and 6o The abund.ances of the appropriate ions (falfe tA)

inrlicate that the five hyd-rogen atoms jl cluestion have ra¡ldomised- bef'ore

the eljmirtation of Hrf..

proximity effects (or ortho ef'fects) are very comn:on i-ri prsitive-

ion specb rurS *U are refàtively comrnon even in negative-iotl spectran

For example, the base peak in tLre "p"ttt"*156 of -9,-nitr:otrifluoro-
aceta¡li-l-i-de corrcsponds to the eljmination of OH' from the moLecular

anion. This peak is entirely absent in the spectra of the I9.!.9 and 3gg3

isomers. Sjmilar specific effects have been observed in the slnctra of

g-n-ltrube nu*rl1íd"1155 o-nitruaceta¡iU-d-e and- their derivativ""1153 u^

lnlynitr:o b" n .n"t.1 39

perhaps the lnost spectacular proximity effect is observed in the

spectrun (fiig" Zt) of 2-þ-nitropheny¡)-1 ,1-dLthiane (61). The rrnorma}l

fragnrenta.tions of the dithiane ring, viz. II - CJH.Sit and' the fonnation

of Cfr$r- Q, g/e lCJ) (Processes N and. O), occur in very smal-l

abr¡cdarice in.che sp,ectrum of (9t)¡ wlrereas tbe ba-se peak in the spectrun

is produced. b.y.an M - C¡H,.P ion (Process R ¡ Schemes 1! and. 1!) . This

pnscess j-s unique to the spectnm of the g-ni-tro derivative, and pre-

sirmabJ-y inv<¡lves a tra¡rsfer of tw'o hyclrogen atoms from the dlthiane

rj-ng ontrr the ggþþ substituent¡ prior to (o:: d.uring) fr''agnrenta"ticn.

The spectrr¡n of the $U-derivative (93) exhlbits the pr:ocess M - CtDiS

exclusi-vely¡ ioe. one of the tvo \yclrog\ln atoms transferr.'ed from the
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dithiane ring arises frcn C-t*r6o Si¡nila¡ly¡ the process * - tfJ*

occurs exclusively in the spectrun of the dr-derivative (94), *'d

confirms that the second. kryd.r'ogen atom irn¡olved in the transfer orj"-

ginates frcm C-,þo the pathway of this rurique fragmentation is d.epictecl

j-n Scheme 19o trt is notable that no scrambling of the Ç-l+16 h¡'drugen

a

CHS

N(oH)2

*fàP
Noz

S

-..-Ð
*

ËROCESS R 2, te 169

Scheme 19 "

atoms occurs, but nevertlieless tlre mechanism of the reactiolr is obvi-ously

compl ex. The structure written in Scheme 1) Ior the proci.uct ion " (tS

169) is purely conjectural, but since the o-nitro substituent clearly

provides the ilclriving f'orcett for thÍs specific reaction it is not

unreasonable to assune that the hyd.rogen atoms which are transferred fror¡r

the d.ithiane r5-ng before fragmerrtation are associai;ea (in sonte way) w'i-th

the nitro groupc the dotllole t¡ydrogen learrarngenrent j.r¡volved in the

ln - CfaP prccess is tlæ first of its type to be observed' in a negative-

ion spectrun"

It is of j¡tercst that 2-pher¡y1-1 'J-d-it'hiof ane (68) does not

yietcl ¿ ¡¡glecUlar anion uncl,e:: the sa¡r,e condi Úiorrs as thc; honclogous
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d-ithj.ane (+6); the spectrun of (68) consj-sts of one peak ( X g/9 IZZ)

which is prod.uced. by a ìf - trnf prÐcesso Since the molecul-ar anion of

(68) (iJ. formea) fragments too quickly to be recorded, in the mass spec-

trometer¡ then a hydrogen scrambling pnrcess betyreen C-Zil+t arnð- 5 in the

d.ithiolane ring¡ sjmil.ar to that observed betr'¡een C-2r4, a¡rd. 6 in the

spectra of the 91* ana 9¡ derivatives [(+Z) ana (48) ] of 2-phenyt'1 ñ'

d.ithianer woulô be r¡r¡likeIy to take placeo This is confir¡ied j¡r the

spectrun of ZÃ-2-chenyl-1 eJ-C"ithriolane (69), in which a single pealc is

observed at úg 123 (represeuting the process If - trnf ) o The 9-r .4-r

arrd- -p-nitrr: derj.vatives (lZ)-(ltò forrn very v¡eak molecular anions¡ ai-r.d-

the major f::agment ion arj-ses by a M - CzH¿¡ pI'ocessn whi.ch is sub-

st¿urtiated. by a ¡netastable i-orio This fragment clecontpcses furthe:: by the

eljnination of NO, but no variatj-on of' the Í'r'agnn¡rtatíons u'ith suÌ.¡stj.Ùution

pattern is observedo

On the other hand, satisf'a,ctory negative-ion spectra (contaJ-rring

rnetastable ¡reaks) are obta-ined frcm the nitrqrhenyl substituteð' 1rJ'

oxathianes (77)*(Zg), arxl 2-(3-ni.trophenyl.)*1 rJ*oxathiola,'e (82)

(Appendíx B) " These spec'bra con{;a-i¡r abturd.an+; nolecular ani.ons, and. the

major f r^a.gnen1"atj.ons correspond. in gerreral- to the elinirlation of the

sulphur-containing pal'r, of the hetero-::j¡rg¡ ioeo I,,T - Cf6S and lvl * Cf¡l

respectivel.;"o As nigJrt be erçected, the fragrne'ntation pattern in. the

spectrurn of 2-þnitrophenyl")-1 ,3-o::athiane (77) is entirely different

frrrn that of the ¡¡* and. ¡- d.erivatives (78) ani (79), ffi is conrplicated.

bJ, n,rmerous proxirni'uy effect,s. JIo frn-ther comnlent on these processes i.^s
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possi-bIe in the absence of the E>propriate tabelling experiments'

In sr.rrrrnary¡ it has been demonstra'ted- that 2-atyl-1rJ-d'ithio

compourrds in general and 2-àl.1II-1 ,3Ãithianes, in particular, give

satisfactory negative-ion spectra containing rnol-ecular anions whicht at

least in some casesr ma}r initially contain the extra electron localised'

onasulphuratom.2'A'ty:-1rJ-d'ithianesexhi'bitsevera-lcleavage

prþcesses, and. all frag¡rentations of 2-phenyl- u:rå 2-(fnitrophenyl)-

1 ,J-.d.ithiane [ (+6) ana (6]) ] t"t** place after hydrogen scrambling has

occumed be1¡¡¡een C-ZtLt arld- 6 in the d'ithiane ring¡ with no alteration

to the carbon skeleton. No such rardomisation occurs for' f,þs s- aÍd'

m-nitrapher¡yl isomers (6t) ar:a (62), in<licating that these rnolecular

ions are less stable (and. shorter-1ived.) than tlpse of the f'orrner pair'.

Firrthermore, the spectra of the isonreric nitropher4yl d'ithianes (61)-(q)

clisplay fragmentations ch¿rracterj.stic of the substitution pattertrt and'

a unique d.ouble hyd.rrcgerr r€artlan€iement reaction is observed- in the

spectrrm of 2*þ*ni-trophenyl)-1 rl-dithiane (61)'





sc2H5

SC2H5

H5

l'15

ozN

(e1) (e2)
6l

s

2r2(Mr)

60 80 2oo 22o qþ

FtG. l7

(46)

-c ós

-L s
x

257(M?)

20C) 220 2& 260

FtG. 18

(47)
to5

rOó

rço(u')

x,too

80
Ot
h
óo

'Á

loo

7"

m/c

D

D D

to7 t23

too r20

Ph
(48)

ro0o5

t22

80

60

40

20

Ot/"
80

60

-129-

roo 160 ¡8O Úz IOO l2O

FtG. 20



_130_
s

too

80

7"

60

40

)ßlÊ

too

80
%

@

M-callssã

I

2

(u-l
(6r)

NO

IOO l2o l4O ¡@ ¡8O 2OO 2O 24O @13

FtG.2l

Noz

ró7

IOO l2O l4O 160 l8O 2OO 2O 24O æ/3
Ftc.22

t67

(63)

o5

(u-.)

os

(M.)

80

7"

60

r!6

róo r80

FtG. 23

ì

.i

I

I

i

l

too 120 140 2C)C) 220 240 g



Expe ri.lrrentd- o



-131-

gg"gr4.
All ma-ss spectra vrere determj-ned with an Hitachi Perki.n-Elmer

Rì,fU 6Ð clor:ble focusirg mass spectn¡meter operating at 70 eV (u-n-less

otherwise spcified,) o Samples tvere introd-uced. througþ an all glass

heated. j-rrlet system at 15Oo. Exact mass mea.surements were perfolrred at

a resolution of 1O'0OO (UtrÁ valley d.efinition) u.sing heptacosafl-uorotri-

butylamine to provid.e refererrc€ Drâssêso Defocused. metastable ions were

measured using a defocusirg clevice of the type with variabLe electric

sector voltage. Ä11 negative-ion spectrâ'were deter"mined. at 70 eV and.

-'71-j x 1O-r Torr, and. aJ-L peaks were checkecl against j¡rternal standanvLs"

The netastable defocusing d.eyice was moclified. electr:oni-cally to aflow the

mea.surernent of negative ionso

The compor¡:rd.s exaruined tvere purified. eitlier by crystallisation

or fractj-onaJ- distillation (rvhere approp::iate) and- various chro¡natographic

techniques, ard. were arìd"itioiraIly checkecl by infrared. arvL nnclear magnetic

r€sonance slnctroscopyr anrl rna,ss slrcctnometry.

The nuclea.r magnetic resonance spectra'r,vere measured. v¡ith either

a\7arian Ð4,".60-It or Varia¡ î60 spectrrcmeter (operating at 60 1,ft12) e using

cesbon tetrachloricfe a.s solvent v¡ith tebrarnettryl silane as alr i¡rternal

standal1lo Infrared spectra lÀfeï'e l:ecortlecl as Nr-rjol niulls or J-Íc1uid fi}û",,

on either a Per.lci-:r*û7ner JJJ or a Unica:n SP,20O irrfrar.'ed. spectrophoto-

metern }leltilg poi-n'us rvere cletennineå on a Kofler ho't-stage microscope,

arrrl a;'e üncorrectedo ÀnaJyses were carried out by the Austrafian

Jriicro a¡lalyt'i cal Service, Ì,ielbo,rrne .

The tenn Light petrr:leum r:efers to the fraction of b.p. 55-650.
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Part A: Prepa¡ati.on c¡f D inhenvlmethane . Stilbene, arrd. related. ComÌrounrls.

Dipher¡ylrnethane (t), aipfrer¡ylmett¡yl Urromid,e (2), a¡rd. stilbene (t6)

were purified. comnercial sarnples" the fo1low-ing conrpounds were availalcle

from previous studies: diplrenylmethane-1-d.., (Ð, @r-pheayl)pher¡yLmetl¡yl

b::omide (r-), [$-phenyl)phergrlmett¡y1 bromide (5), phergrl tropylidene (B) ¡

($-rhewl)pher¡ylrnethane (ro), $-nhenÉ tropylid-ene (tt) (ner. e4) ;

dil¡rrJropl-renanthrene (17), 1:4*1-phenyl-2*phergrletlsilene (ZO) ' t r24Z-

1¡2-diphenylet!¡yIene. (zt), 1-Gl*pher¡yt)-z-pirerylethvl-ene (22), 1-G5-

pherlyl).-2-pheqylet4yrene (25) (ner. 85) ; 1 ,z-¿iphenylethyl chLorj-d"e (t l) '
9-Gr-nretl¡y1)ftr:orene (ZB) (Ref" lrs); lrZ.<li.(13-preny'1)ethylene (2¡)

(Ref. 160). An impure sarnple of 9'1}-*r-g,10-J.j.deutelophenanttrrene (z/)

rvas availablerÐ and was purifi.ed by p::eparatjve g.I.c"¡ using a J6 ft.

þft Lpíezon Ir{ colunnn 9-Methylfluorene (t a) lvas pr€pared by a relnrted-

- 161pñ)CeCl.UI"ec

-eü*ry]]lÐhsË-(Ð-g
2-ide thvl*1 -nhenvl c v el- ohex anol .

Arr ethereal- solution of phenylrnagnesiurn brcmid.e (J6O mmofes)

rvas treated. at Oo lvith 2-methylcyclohexanone (O.ZOO Ë¡ 1.79 nrmol-es),

ancl heateri- und.er refh¡c f'or one hourc The crude prod-uct obtaj:red" after

the careful âddition of saturated. NH'CI sol.utio;r 'was chromatograp):ed on

silica¡ and a small arnount of the bi--pnrd-r,r.ci biphenyl was eluterl in

petroleum ether. 2-MetÏ¡yl-1-phe4ylcyclohexanol was el,uted. in pet'L:oleuin

ether/ett:"r, (90 : 1O) e ancl rva-s ob'{:ainerJ., after recryst,al,r"isation frurn



-15t-

petrþIeun ether¡ as a colourless so]id., m.p. 64-66o, jt 7{" yíe[ð..

6 ¡.lte thvl-1 -¡henvl cvclohexene .

fhe alcohol obtained above wa-s dehyd"rated. íl aqueous oxal.íc acid.

(15%)¡ by heating und.er reflux for four horr".162 the prod.uct was

obt¿¡:ined. ín 7ú yield as a colourless licfu:id¡ brp. 9l+-960/2 *, òttr*c

6.0 (m, 1H, c:cu) , 1.0 (a, J¡t , aH') .

z-)4e!þJlþiùeÐ¡l-(Ð,.

6 -ùte tl¡yl-1 -phenyl- cyclohexer¡e was detryd.rrr genated. with chloranil

in lryIene¡ using the proced-ure of Arrrol-d arrd cottins.l63 2-Nlethylbiphenyl

(g)16L wa.s obtaj:red. as 
-1 .pate yellow liquid.¡ brp. 106-1080/8 trlrn tn55%

yi-eldc Smal-l amor:nts of unreacted olefin and. biphenyl were separated by

preparative golrcc, using a 36 tt. ?5"/" Àpíezon M colr'umo

d.euterir:rn

Li-eht

This was obt.ainecl by treatment of êo-tol
165

uene with bramine in the

(a!Á'dt@"(11-L
(z-rtrn6-9r*Pherry.L)pher¡y1metrranol84 (Q'115 e, o "615 nrnoles) i,,

ethano.i (t¡ taf) was stirred. for four hours with PclrlC (O.Ot6 g) und"er ar¡

atrnosphere of Ï¡rdnrgeno The solution was filtered. through a pad- of

d-iatomaceous earth, the soluvent removed Å+ gag, "d CÊJ-pher¡y1)pher¡y1-

megrane (t¡) **o obta:-ned. as a colourless oj-L in 951/" y1.e1.g" The product
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was sublimed. at BO-9Oo (ttoct< temperatur.)/10 mn, and was pure by irrfrared-

spectroscopy and. mass spectrometry"

2-Methvl,b i¡henvl.-d- ( I Z\ .

This compotrnd was prepared in the sa¡re manner as for (9), using

$-bromo benzene (W.f% 4) to form the Grignard reagent in the first

stepo 2å{eth¡.f¡1-phenyl-$ (tZ) w"* o-btaj-ned- in 3ú" wer€J] yield- as a

pale yel-lolv liquid., b.po lOBo/B rfiÌ. The prrcd-uct rvas purified by prepara-

tíve g.1o". ["t for (9)], ana the mass spectrrm measured at t]re appearance

potential shcrved an isotopic incorporation of 99 '5fô +'

Z=( thyt)birrhenrd (t t) .

Thiswasprepar.edrrom2.(4,-meth¡'1)cyclolrexarrone,bythesar¡ie

gener,al pr:ocedu,r:e as for (9) , The deul,e¡'j.rxn lahelled. methylcycl-ohexanone

was obtained- by alþIatj.on of ethylcyclohex¿mone-2-carboxyl-at"1 
66 *itf,

Ê3-mettiyt io<li¿e (gg.Slá.È5), foilovred by decarboryla,tion, using the

nethod. of Hor*c.167 The n.m"r. spectnnr of 2-@5-nethyl)biph'er1y1 ind-i--

catecl that approximately h"ú6 of the d.euteri.ur ]abel had- been lost i:r the

ûei*,¿¡o¡ion stepo A str.idy of the fragnient ions in the spectrrni of (14)

was therefore impossíble, bu.t investigation of prccesses from the

nplecular ion was stjll pcssitrle by rneasurenent of the appropri-ate

d.efocused met¿Lstable ions.

1 .<.i-1 - ( d* !;-'2
The Grj¿narf. reagent preparecì fr-cm 4¡benzyl brum:i.de v¡as t-r'eatcð

with benzeJd.e\ycte, acco:rdi:rg to the ¡nethod of Dorru-ght"o85 A snraLl a¡ror-utb
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of bi-praduct @r'-bibenz,yl) ** separated frorn the crude alcohol by

chromatography on sili-ca, with petroler¡n ether as eluent. Elution with

petroler:rn elher/et.iner (90 : 1O) gave pure 1t1-d2-1-(4r-ntreWl-)-2-phenyt-

ethanol as a colourless so1id., m.p. 66-67a. Deþd.ration168 of the

alcohol i.n d.imethylsulphoxid.e, and cLrromatogra¡rt5r of the crude prrccluct

on sjJ-ica, eluting 'rith petrolet¡n ether, gave the $n-stilene (b) in 55%

overal-l yield.¡ as colourless crysta].s, m.p, 1 ?)t.-125o ilit.168 r.n. lzlpo),

The mass spectrrrn recorrled a.t the appeilr'ânce potenti¿¡I shor,r'ed the

deuteriun incozporation to Ue 91% 9e, % S.

1
So

Dipherryl-m"tlrarol-1,1 JC (Z) .

The Grignard- reagent prepa¡ed fv:om bromobe-nz,ene (0"7¡l E, 4.73

mnol.es) ancl magrresir:m (0"118 g, /¡oBþ uunoles) in ether was treated at Oo

'w-ith an ethereal sc¡lution of 'benzaldehyd-e-J, 
"" (O,OO g, 2.34 nrnoles,

6O"8 aton /") [rvhích had been purif:Led. by rapid elution with petroleun

et}:er/ebt,il.T (97 | 3) thror.r6,,h -siJ.ica¡ wj-th removal of the solvent ur¡der

red.r¡-cecl pressure arrd- nitrogen at room telnperature ]o The mjxturre u'as

stir='ed. r¡ltj-l- rconr ternperature w¿us attained¡ heatecl uncler refl-r¡x for one

hour, ar"l stiryed. for a further thrtre hours. After careful add-ition of

satu.r:atecL ttluCt solubinn¡ the ether.eal 1,ayer rvas oried (NarSOrr) ard.

concentrated. i¡ vâ-ct)o. The restùtan'b solid v¡as recrystaJ-1ised frorn

petrol.eum ether, ard. d-iphenylmethanoL-1 ,11C (7) vras obtaj-ned- as col-our*

less crystals, yj-el.il o"z9| g (1 ,5, nrrLol.os , 66'i)¡ nrspo (16.-670 çt:-t"169



-116-

m.p. 680) r The ma.ss spectn¡n measu:red. at the apparance potentia-l showed-

an isotopic íncorlnration of 6o.5%13C.

Carbon tetrachl-orid.e (5 rnl) wa"s ad.d.ed to a mixture of diphenyl-

rnethanol-l r13c (l) (O.l5z g, 0"713 nrnoles) arxl phosphorus tribromide

(O.ZZO gr 0.81J nrnoles) and the solution was stirred overnigþt" Water

(¡ *f) rva,s ad.ded. with vigorous stirring a¡ld- the organic layer was separated

arrd. filtered. through antryd.rous NarSOO. The solvent vÍas removed j! llggr
and d"iphenylbrnmonrethrrru-1 ,1JC (6) was obtained as a colourless oiL which

solidified. on stand.ing. The prod.uct wa.s recrystallised from pentane, and.

obtajrred as colotuless crystals, yielcl 0.133 g (O.515 nunolesr 6of) m"p.

Lg-tl*t 11it.170 *up. ¿,5o). The product was pure by infrared. s¡rectroscopy

ar¡d mass spectrometry, and the mass spectrurn shov¡ed an isotopic iricorpora-
4"tion of 60.5% ')c.

P iehe nv+uqt] ryì.e{ r] Jq-ßÐ.

fhis was prepared. fr.an (7) by the sane nethod as the deuterir¡n

I¿bel]ed. compound (ll) , and was obta-ined in 95% yield.. the isotopic

incor¡nration was found. to be 6o.5% 13c.

1 .2-Dirlrenvlethvlenu-1 n1 
3c (26) .

1

Prepared from benzaldehyrle-7r13c (32.g aionft)r as for (n).
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Part B: J'-i nn nf 1 l- flri ona - ar,ì related C ^."^^r rnÄ c

1 ,J-Dithi uru (35) ,171 2-rnethyl-1rJ-.d"ithi *r. (3g) ,172 2-pherryl-

1 ,J-¿ithiane (,+6) ,173 b.n ylcycloprop ** @5) ,174 anl 2-ben WL-1 ñ-
d.íbr.omopropane ( 8q175 were pltpared. by reported proceðures. A sampl.e

of Z-cyc¡oråctatetraenylethyl bromj.de (87) w"" kindly donated by Dr. G. E.

Graamo Tetralin (eA) was a pw'if.leå conrnercial sample.

General- methocl for the nrenaration of 1 .3-d"ithi-anes"

A solutj.on of the approprj.ate aldehyd.e or ketone (1 "O nrnole) and.

propane-1 ,J-d.ithioI (1.2 rnmoles) in chloroform (10 *1) was saturated. with

d.ry hydrogen chJ-ori-d.e ¡ a¡cl ¡l'l.owed. to stand. for 0n5 hr" The solution was

washed (z x Z nù)r ''Àdth water¡ aqueous sod.iun hyd.roxide (1Úþ) r ard water,

arrd. the chloroforrn layer was separated- and. filtered. th:rough arùSrdrous

NarS0O" After removal- of the solvent¡ the 1rJ-d.i.thiane was obtained- in

gooct yield (61*of%), ant vras puri.fied. by recrystallj.satj.orr (front methanol) I

or fractional clistjJ-J-atiorr (vrhere appropri-ate) "

\{ith the excepti-on of (S'r)171 ura (39),172 a-11 dithj-at1es were

prepared- by the above prrccedur:e . 2 t2r-¡*.Pl-renylene-bi.s*1 rJ-d"ithi-ane (Sl)

ï¡a-s recrys-Lal-l.ised. frr¡m nitrobenzene. lJefore the ccrversíorr of g-r p-r

and. p-nitr"obenzaldehyde to the comespond.ing di-thianesr sfi¡ll amotults of

isc¡¡neric contam:L¡arr'cs vrere removed" b¡' prepa.rative gol.oco¡ using a 36 ft.

?5/" Lpíezon coh¡ruro lhe purity of the ni.trot'errza-ldchyd.es rvas chec!:ed by

arralytical go1.co¡ usj-ng a lr{PC.SlG60 coirnm at 2)5o¡ artcl'rvas found to be

gr:eater than 99.i')(' )-n erach case"
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all 1 ,J-d.ithiolanes were prspared by the sanre general method- a,s

for the 1rJ-.d,ithiarÌes, usi¡g ethane-1¡2-dithiol. .A.lt 1rJ-oxathj-anes a¡'.d

1¡J-oxathjola¡es were sjmjl-arly pr.epared, using J-rnercaptopropanol and-

2-rnercaptoethanol :respectively, wit.l. the exception that {l:e reaction

mixtures were washed. with 1/o aqueotts sod.ir¡' tgrdrnxide "

The 1 ,J-dithianes (J5) ,t7' . (lg) ,172 (rø) ,'76 (,.,s) ,173 ç5r1 ,177

$S) ,177 ua (66) ,177 *a 1 rJ-.d j tiriolanes (68) ,1 'u (r't) ,178 (l:) ,178

(n) ,179 2-pher¡y1- 1 ,3-oxatrlrarrc (76)ri80 ..*1 2-(p--ntrophenvl) '1 ,3'
oxattriola¡e (Az)181 ntr" been reported. prevíously'

compourd.s (St), (¡B), (Sg), Gt)-G¡)' (6Ð' (Zo), (tz\ , Qt),
(ZZ)-(B1) r and (85) frave not beeir reported previouslf¡ ancl the physical

d.ata for these compor:nds ar.'e tahtrlated belov¡o Satísf aetory analyses

were not obtained fol (72), (l+) , Ql)-(81), but these compor'rrd-s were

pur:e by i¡fra¡ed- and n.rn.rn spectrrrscopyr and mass spectroscopy.

trans-J-I/let

The reaction betvøeen benzaldehyd.e "nd :Êg-.butyl magnesir¡t

brcmi-d.e afforrred 1.-r¡ethyL-1 -phrer¡ylbuta¡-1 -o:f182 ín 7q" yielåe b "p.

1z¡-12zo/n! nrn. The al-cohol was d,eh¡nlrated. in dimethyisulpho*id'*n168

and. the crucle prod-uct was fractionally distill-ed, 3I3!å-J-Metk¡v1-1*

pJaenylbut-1-ene (89)182 ** obtained rn 6ei, y5.e1-å, b.p" 92-93o/15 ,r*

(tit"182 b"p. 91-92"50/17 *n).
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mnp. (or b.p.) Composition c H
Cal.culated S

s(or N) c H s(or N)
For:nd' fiCom-

porard.

$s)
(¡a)

(¡g)

(er )

(62)

(Ø)

(6¿)

(e¡)

Gt)
(zo)

Qz)
(zr')

(zz)

(ze)

Qg)

(eo)

( 81)

( e¡)

58.34

58.51

60.31

l+9.1+9

5o"ol

I+9"82

51.75

52.11+

60.50

56"49

6.23

6 "29

6"78

I+"66

h.82

h"6B

L.B7

4"93

6.85

5.69

28.37

28.\ß

26"64

26.76

26.Ð

(w)¡ "g¡
27 "7

27.82

(n)¡ 'z¡
29.gB

127.5-1z}o cttnt4o sz

117-117.50 cttnt4o sz

1oo-101o ctftd sz

1t9-tzoo cr dr rNof z

117-1rBô .1onr rrcf z

l4utt zo cl out iNO zs z

92-9io tionr f7. s2

634Lo ctoutrcl sz

t19-tzoo ctftf u,

bop"1 35o/o.35 nïr, c,, 
oTrlzo 

sz

6z,D-6io .gnflor:,

76-78" cfflozsz

9ù.g1o ct ont tNO¡s

6l -6zo c1ou.¡ t"ol*
to1-1ozo ctontr"ol*

5e-61o .fflo¡*
43-43.50 tgnflo¡*

2ff,*2880 crUur f+

58"37 6"23 28.73

58.37 6.23 28.33

59.96 6.7t 26"68

I+9 "79 4.6 26.5t+

L9,79 rr.6 26.5t+

r+9.79 4.6 (tl)5 
"Bo

52"07 4"81 27.75

52"07 t*81 ?-7.75

6o.71 6ú7 $t)5"90

56"56 5"7o 3o"zo

53 ,26 5.87 Lo.6B 53 "46 5 .77 40"77
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Prepara! iog q_f d egþggi-VgtÐeil-eg coJTpoltr:Èr 1

24--1rJ-Ðíthian e eql8l ana 2g-2-phenyl-1,J-c.ithian. (+6)173

ìcere prìepared, by reprbed pnocedures.

The d, -1 abell-ed. c ompounds 2iS-Z-þ-me thox¡ryheny1) -1, J-clíthiane-'¡
$e¡, 2-Y2-G-ethox¡¡phenyl)-1 rJ-d.ithiane (60) ¡ and 24'2-(ynitro-

pher¡y1)-l ,J-d.ithiane (98) lqere pr€pared. by treatrnent of the Iíthitrn

sal-t d.erived, from the corrrespondirrg d.ithianes (¡¡) , $g) , ana (61),

accorrlÍng to the method. of Seebach "3 È.173

-1 thiol aU a

173
Ob'bai¡red, fr¡orc the reaction betu'een -ê1 -benzatd'ehyde

ethanedítlriol in the standard manne t (AVl gr) .

üú. 1t2-

-?-a-¿-( l-2ä)"

Nitration o3 gl -benzaldehydel 
7 5 gur" m-nitrrbenzaldehyd"-È1 .

This w¿rs separated. f¡rrm a s:iaJ*I anrount of the -.q!þq isonier by prepa-r'a-

tive g"Iocr¡ âs for the urlabelled nitzubenzaldehydes (see above).

Treatrnent of the pure ( )gg"E7;' by g.I.cn) m-nitrrcbenzaldeh¡'de-d, wilh

propane-1 ,lÅ.ibhiol in the usuaJ- malïler gave 21$-2-@*ni-trcpheny1)-

1 rr-d j-thiarre (1oV, 9ù .

¿-(dJ{sibgD:f"¿.@
1,J*Dj.thiâne (15) in anhydrous tetrahydrnfuran (Un') rvas treated.

at -70o rvith :r-butyl lithium, and the resultant l-ithio-d.eriva-tive was

::-1k¡,tz.r.ied v¡i+;h S,--n:ethy1 j.oC-irle (gg"ç% S15) I acconì j.'g to t;he gener:al-

nethocl of Seebach.17z Z^@r'-Mettryl)-1 ,J-d-ithiane (4-O) rvas obtaj¡red i'n



-11+1-

6ú/" yreld. a-s a colourless liquid., b.p. BOo/1t nrm (fit.17'O.p. 840/17 r*).

The incorporation of d.euteriun ïsas formd- to be 99.5% 93'

3- ( a5-¡l'"!hvr ) -z:iqe t@'
2-Ifetnyl-î ,J-dithiane G9) was alþlated. with g5-metnyf iod-id-e'

by the sa¡ne method. as for the preparation of (4O), ar¡d 2-@r-nefr,it1)-2-

mettgrl-1 ,J-d.ithi-ane (¡/) r,qas obtained. as a colourless liquicl¡ bop.

BBo /15 onn (tit.176 b,p. 7g-81o71o ,*¡ .

z-!2"!. r 6 a 
r-pr'e +vJ- ) -1 rJ,:9¡t-i¡igqiæ) .

prepared from 2¡l¡¡ G$r-arcnzaldehyclel 6O rod propane-1 r¡-dithiol-.

The rnass spectnm showed.an isotopic incorporation of 96% 9r, V, 9,r,

1'L,7t1Ã.@'
Malonic acid- (2 .72 g, 26'2 mmores) in TItr (fo tr¡ was ad'ded'

slolrl-y to a stirred solution of lithium alu¡ninh¡n d.euteride (2"2 g, 52"4

rrnol,es) in EIF (f¡O mf). Afte:: trhe addition was completer the mixture

was heated urrð.er reflux for B hr, cooled-, anô t¡eated careftùIy with

water (Z"Z n1') and aq.ueous sodÍum hyd'rux1¿e (lf%, 2.2 rrf,-). The resul-t-

arrt slur.ry lvas stirred. for 2 inr, after which the solid was filtered. off

at the pumpr a¡rd. the solv'ent renpved rrf Yggggn Crudc 1r1 ,3r3:44-propane-

1 ,J-d.iol was obtainecl as a colourless 1íquia (0.55 S) . The granular

precipíi,ate c,'o'uai¡ed" frpm work*up of the red'uction nrjxture wa's contirru-

ously extracted wíth ll$ for l¡-B hr¡ giving. a further 0"62 g of d'U-diolr

total yi.el-d" 1"1J g $nfi,). The 4'*aiof lvas converted j'rrto 1'1 ,3134,;
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proparìe-1 ,J-d.ibromid.e j¡r 5fl" yieJ,Ê'by treatm"r,tl8& with ißrÆzsh.

d,.-.d.itrrr¡mi-de was subsecluently trea.t"a185 with thiourea, and the di-
-l+
isottrir:ronitrn d.iÌ¡¡d.ro1:romide was j-solated. i-n 93/" yíeLð-. Treat¡nent of

this salt with aqueor:s potassiun hydrnxid-e186 **" 111 ,3rJ€d-p*Pane-

l rpigriot (0,59 e, fi%)¡ b.p. e9-7Oo/19 rrm (rit.l& o.n. 92-98o/56 \yr).

The isotopJ-c i-ncorlrcration wa-s fowd to be g6% 9+t * 91"

_?,ú-d r -Br¡ pea"_:Lrå3i@ .

The repeated- equllibratíon of malonic acid. with d.euteriun oxid'e

in dioxJ B7 gr.r* g¿malonic acid, and reåuction of this material- with

lithirm a1r¡ninii¡n hy<Lricle yieldecl 2û$¡nrspane-1 ,J-ð'i-oI. The lr-åiof
Ìsas convertecl into 2r2,{r--prcpane-1 ,J-d-ithiol- as for 1 ,1 ,3oJ:*d-propane-

l rJ*dithiol. I'uüo separate runs gave the 92-dithiol rrith deuterirmt

incorpcrations of gtÍ" 92, 6% 3lr and 9o/" 9r, lØ h, ::espectively' The

$;lehell.ed dithiares (¡7), (4J), (É), OÐ ' OO , ana (9S) and the $r-
1¿ùre1l-ed dithíanes (¡B), (tnz) , (L9), (f l), (g+), Gl), ana (100) 'rvere

prepared fr.om the appropriate ald.ehyd.e or ketone arx1 the approprjate

l-abell-ed d.ithioln by the stanrlard pro""dt*.17'

The

2n1 ol, ,tr) t

prepared fr-om 1]r*bronrobenzene ancì ethyl orthoformate by the

methorl of S¡nith a¡rd- B^y1i-"*"188

trans-3-Ïf ethvl-1* ( a- -pne ny!) b ll!-ke n g"l-zç.L\ 
) 

eedÉ'@

Pr:e1>ared f rurn *c!*1:enzald-eÌryd-e ¿uyJ- ;þg-bu.tyl rnagnesiun bromi.d.e ¡



-1t+3-

a^s for (S9). Incorporatj-on of deuteriun was for¡rl to be 99.5% %.

e-.pherryJ--1, ldi-t-hian-e.-z-1 JC (5 ù .
Pnepa:e.d from benzaldehyd.e-7 r13c (60.5 atom f) o



Appendix. AlJ- pealcs greater tinan J/, of the base 1æak

(arbitrartlry 1ocfi) an1 certa-ín ottre::s of

d.iagnosti-c value are recorded"
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PÁ.Rf A: Positive-Ïon Spect44.

Bromo.diphenvlmethane-1 11 
Jc (61 .

úS 82"5 85 85.5

/"8107

D inhenylmettra¡rol-1, I Jc

152 153 165 166

11 14 21 37

167 168 (u+r ) 169

73 loo 16

(z).

ús
%

ús
/"

ús
%

gle-

%

ús
%

ús
%

ts
d

51 77 79 1Ø 1ú

13 55 38 6+ 100

168 181 184.185(M)

5 12 r+7 r+9

1o7 1oB 152 153 155 165 166 167

18 14 5 5 5 I ',12 6

1%

I

b 1

154 155 156

61+?J
1T@) 17tt

loo 16

157 158 166 167 168 169 17o 171 172

17834817132139

( o-r-&'uÐ:gL"iu4*b +!s=kâ.
8g 90 91 92 93 9t+ 116 117 118 129 13O 131 1,{-0 141

5 r+1u 7 tt 12 I+ 6 t+ 3 11. 3 2 4

1tQ 141 1Il+ 153 1rt+ 155 'i's6 166 167 ße tíg 17a

332615t610517222473
171(tnr) 172

100 17



-1t15'

2..:(a5@
úS- Bj 8lp 91 104 117 129 13o 1t+3

% .5 9 9 5 j l0 9 9

úS 107 166 167 168 169 't7o 171(M)

% 6 5 15 16 22 6+ 1oo

152 153

6 l0
172

14

156 167 168

zB t+7 1oo

154 155 156

z3 19 11

o

2 153 154 165

%

r.¿-t -( a--')
ús 78 91 91.5 92 93 156 168 169 170

%851187581313
ts 185 ts6(u) 187

% fi loo 16

È(ar-usr¿r+E- ,se-gÐ-.

5 715 18 12 22 13 18

r gg(rn) 17o

71 9

ene

171 182 183 1Br+

B 11 27 to6

ús
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L'LLÇ-Á

ús
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ts
/,

LvI I+2 U+

B5B
1'¿rQn) 125

100 B

151 152 153 154 155 163 161+ 165 ',t66

3 11, + 3 2 I 6100 20

179 lBo 181 182 1S3(M) 1B'{.

I ?-o 18'32 U+ B

.3-Dithian" (37) .

167 176 1.77 178

5236

t$ \ß rr8 6z 6+ 74. 16

21t121581311
126

10

go 91 1oB 1237B

32 g 6 5 10
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úS- 76 77 89 9z 1o7 12o

% Dt+ 816 6 6 6

-147'

121 135 1t6(M) 137 138

r*6 1t+ loo 9 lo

2-?:Ð4u !hvf-1' l:4i!,higr9-(4J) .
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Lrlrr6J-itL .
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