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AunecRetro DieI8 Alder flqlneotatioo is bigbly S~peci8c io tbc diolkes 1 uodcr ckmical iorliz&o 
cooditiona. bath with metka~~ aod isobuta~~ (u the reagcot &rser. only tk c~.~-iaoo~~rs yield abundaot protonatcd 
dicae aad quioone ions. The isotope effect indicah prefefeotinl pnamuatioo on a CO oxygen, aod a sobwpcot 
II-~0 p&r to the formatioo of tbc protonated dkoe catioor in the cis holers. 

Cont@ration has been shown to have a decisive effect on 
the fragmentation under electron impact in numerous 
systems.” The d&rent decomposition of stereoisomers 
was used in some cases as a proof for fragmentation 
mechisms as well as a tool for tbe determination of ion 
strufztures. Only few cases of an effect of con&u&on on 
the behavior of organic hs obtained by chemical ion- 
ization (CI) have been recorded.” Ground state distances 
between oxygen sod active hydrogen atoms have been 
&own to have an effect on the abundance of ions formed 
by tbe loss of Ha from several ketones uuder CI. 
stereoisomers in which cyclic transition states for such 
ehinations are pos&k without rearrangement of the 
skeleton gave rise to more abundant [M + H - Ha]’ ions.’ 
Another stereochemical effect is the stabiition of the 
MIP.ions by proton bridging of two or more functional 
groups, resulting in more abundant MH’ ions for 
stereoisomers in which such bridging is possibk.” 

In view of tbe meager information available on the 
structure of ions formed by chemical ionixation’““’ and on 
tbe mehnisms of their decomposition it was of interest to 
examioc the extent of stereospecificity of more frag- 
mentation processes these ions may undergo. 

In previous publications we have shown that retro 
Dkls-Alder @DA) fragmentation is a highly stereoselec- 
tive process in several systems under ekctron impac~t.‘~” 
Thus, for example, only cis-isomers in system 1 u&&o 
tbis fragmentation, yielding tbe most abuodant ions in the 
mass spectra (S&me 11.” In the mass spectra of tbe 
htr&somers the retro Dkls-Alder ions are practhlly 
absent, whik the molecular ions become the most abun- 
dant specks. It is obvious that in this and in other 
analogous systemP’ the RDA fragmentation under 

electrod impact resembks the thermal retrodiene reaction, 
iodicating similarity io me.chanism of the two related 
pIDCtSSeS.‘6 

We decided to investigate these systems under chemical 
ionixation conditions in order to determine whether they 
would undergo a RDA fragmentation, and if yes, whether 
this process would exhiiit stereospecificity in analogy to 
the electron impact process. 

BlwLTShNDwlcucmon 
The CI mass spectra of diketones 1 show prominent 

diflerenccs between the stereoisomers (Tabk’.l). In all 
cases the protonated cisdiones l-cis Undergo retro DieIS- 
Alder fragmentation yielding abundant protonated 
dienes. These fragment ions are the most ahmdant ions 
when the CI reagent gas is methane. With isobutane as 
reagent tbe MH’ ions are tbe most abuodant ions (with 
the exceptiion of le-cis) but the protoaated dienes are 
also highly abundant. These ions are not observed or are 
of very low abmhnce in tbt CI mass spectra of the 
fmnr-isomers l-Pans. In these compounds tbe hOI+ ions 
are the most abundant ions, both with methane and 
isobutane as CI reagents. The results show that the retro 
lkl8-Alder fragatcntation is highly stereospecific both in 
tbe radical mokcular ions M” formed under electron 
impact sod in the even&&on MH+ ions obtained by 
chemical ionization. 

An interesting dilferencc between the electron impact 
and chemical ionization induced fragmentations is the 
formation of protonated quinones (ions b) by CI 
(Scheme 2). 

These ions are also formed only from the &isomers 
143, indicating that they are products of a one-step 

I-C& 1-m 
!kbeme 1. 
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fr8gmnt6tion which ll66 tilt chrracteristics*f the RDA 
pl’OCC66. These iOM Bn ill most Cases Of lOW6J obab 

dueththeprotouateddienesr(sccTa&1). 

lwd6: n-m=1 
lb-c/8: n - 1; m =,2 
lc-c/6: n-m-2 
Id-ck: n-m-3 
lo-ch: n-m-4 

Spectra Of diktO~6.‘z’4 ChgCiSlZtBilNdiIlthC 
cases ill the dienc fragments, because of tbcir lower 
iahathl potcntiak, in kecpiog witb “stcvlmscln’s 
&w*l7 

one exu!ptioIl i6 the 6minodhtoa6 2, which 
&es rise to both tbc dkne and the quinom cations, 
because of the lower iow potential of 5-amill*2- 
mctllylmkphtbOqllinollc.l’ 

1: 

246 
0 w 

mle 172 

nvoexpIandonscanksuggcstai fortkfoml6ho 

ofbothhsrandbunderckmicalbnization: 
(i)Tbeymayrcs4lltfrolnhfH+iolmwln?rcthcololc- 

clhMwcrcinitidyprotolmtcdatdifltaentsites.Far 
examplc.(n5I+),protoludfAattbcdoubkbondcouldbc 
tb6pelcunOrofth6prOtOu6taidi6mr,whil6(hfH+)z 

protonatcdatacarbonylgroupcouldlcadtotheforma- 
timoftheprotonatcdquinoncsb(&bcme3). 

(i$Bothionsaandbmayrcaultfromsingktype 
MH+hts,withtbeprotoaattacJxdtotbcfunctional 
groupofhi&atprotonaanity(schle4).IfthisistJx 
caw,protontrfwfermustbcassumcdasastcpintk 
mechanism kadiug to the formation of one of the 

ion b 

ion 8 

scbame3. 
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products. If, for example, the initial protonation occurs 
at one of the carbunyl groups, ion a can be formal by a 
prutonmigrahntothedoublebundaccompanyillgtbe 
RDAfr8gaRntatk11siludbementiunedlK%etbattbc 
distamxbetWlXnthflthyhgellandthrepiolloftbC 
double bond is nut large ad hydrogen migdons, al- 
though iu tk opposite direction, have been reported in 
similar systems under ekctron h~pact.‘~~ 

T&wcakpointinmchanism(i)isthattheMH+iun 
protuaatedatt&doubkbond(MH+),docsaothavethe 
origid double bond necessary for tbc RDA *n- 
tatiun.Itbasektrunddiciencyinthatregion,ad 
woukJaotbeexpectedtogiverisetoaRDAfrag- 
mentatiuu. A tw~tep fragmentation in&ted by tbc 
ckavageofthebondnextt43tbechargdC-atomin 
(MI+), is excldcd by the high stereospeddy of the 
process. 

A support for pathway (iii could be found in data 
obtaindwithCD.asreagcnt.Theratiosofabudances 
ofionsdbnn5asuredfromt&CI&-andCD&Imass 
spectraareIistaIinTable21tisevidentthattkkratios 
arLlowerwitbCD.as~nt.Thisresultcpnbeeasily 
expIained by a primary isotope effect for mcdanism (iii, 
in which hydrogen migmtion is accompanyiq the RDA 
readon. For mechanism (i) one would have to assume a 
deutdmisotopee&ctontberatioofabdamxsof 
the ions (MH+.M(MH+h. or a secondary isotope effect. 

WeuMsuraItheabundancera~s0ftkMH’(or 
MD+) ions of a mixture of an oldia (cyclohexeoe) ad a 
tctoae (2-butanone) under chemical ikation with CK 

Tabk2.AlmdmcentiosobtriasdtiCH,dCD,asCI 
reagents. 

p-c& 1.1 f 0.s 2.0 t 0.4 

lb-E’I s.2 * 0.2 1.6 f 0.1 

AC-c& 5.0 t0.6 1.2 f 0.3 

Id-& 6.4 : 0.6 2.5 f 0.1 

;e-z 1.6 f 0.2 1.3 t 0.1 

. 

ad CD, as reagent gases d could not detect mY 
isotope&do11thi~r8tiowithiut&expcrimental error. 
lllisrasutttugetkwithtbctldiWkssoflarllesecob 
dary isotope effect seems to disfavur mdanism (il. 

Iti!3dsoofinteresttonotethatrquiwne +cm+ 
and[quimnc +c~~l+wercdetcctcdintbccH4-lMss 
spectra 0f the cirdikct~nes I-& Ikac ions were shif- 
talby5m8s!#unitswbencD4wa!Susalastbereagent#as. 
TkabdanaxoftheseionsareIistedinTabk3.Tbe 
abseaa of anabgou Wknc +czHx and rdiene 
+ C,I&J’ loos urdiartes that the attack by &I&’ and 
&I&+ ions of the molecules of 1-cis occurs only at the 

Tabk3.Tkrchtiveabamdmm ofuMuctious[%l. 
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R=C.H.andGH. R = C&l. 8nd Cdl. 
mlo 201 and 213 

quiaoae moiety, probably at one of the carboayl groups. A 
transfer of a GIG or CJ& groap from oxygea to the 
double bond region is improbable in coatrast to the 
hydrogea *tion as in mechanism (ii) (Scheme !). 

. The resulta presented show that retro ISels- . 
eagmmamtake5plpceillthcprotooated 

giWphasedioaes1withveryhighdegreeofstexeo- 
spe&ity, which is sbnilar to that observed in the 
ground-state molecules and in the aaalogous radical 
ca&sobtainedbyek.ctroimpact.Itisckarthstno 
isomeriEPtiontoacoaunonstnWureoccuniatheMH+ 
ions of the cis- and OU&somers prior to thi!3 process 
anditcaabeassllaledtbattheyretaiatkirorigbud, 
coa@uation. 

RecenUythesiteofprotonationinMH’ionsobtlinedby 
CI has been determined in simple arod systems using 
D20 as the reagent gas.” l%e number of exc+geabk R 
atomswasusedasthec&rioafortheloca&&a.This 
method is ineffective in cases whae no excm takes 
place. In this work the site of protoaatioa was deteA& 
withtheaidofaaisotopeeffect,whichcouldbedetecM 
because of the occurrence of competing fmgmentatioas. 
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