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Am-Tracer studies with &deurcrakd sulfonium salts have shown that rhc u’-fl. or yltd mechanism can be UK 

major path of elimmation m the reaction of sulfonium tabs wirh rhutoxide m r-bury1 alcohol. whik he E? reaction 

is dominant with hydroxide in water or n-bu~oxide m n-bury1 alcohol. The smtc~urc of rhe sulfonrum salt also 

affects the propcnsrry toward ~‘-8 elimination. with 3.pcnr)I > 3.propyl and cyclopcntyl > 3qentyl> cyclohexyl. 

‘Ik S.methyl protons of lhc \ulfonium sah exchange ar a rate much faster than that of the elimination reaction A 

strongly basic medium and a qn-pcriplanar arrangement of rhc o-C-S and 8-C-H bonds seem IO he fhc IWO most 
Important facror\ favormg the o’-fl mechanism. 

The a’-& or ylid mechanism for base-promoted elimina- 

tion was first suggested by Wittig and Polster.’ Its ap 

plicability IO elimination reactions of ammonium and 
sulfonium salts has been rather extensively investigated.’ 

While the a’-/3 mechanism can be observed with very 
hindered substrates’ or with organomctallic bases,’ it is 

seldom detectable and never predominant for the reac- 
tions of simple onium 41s with hydroxide ion in 

aqueous medium.6Q even when the elimination is of syn 
stereochemistry.’ More recent tracer work has confirmed 

that organometallic bases react with quaternary am- 
monium sahs by the a’-B mechanism, and that potassium 

amide in liquid ammonia can promote the a’-/? mc- 

chanism with some substrates.‘%” 
Our suspicion that at least some elimination reactions 

of culfonium salts might involve either an a’$? or a 
syn-E? mechanism was aroused by the observation that 

the ~runs/cis ratio of the 2pentene from 2- and 3- 
pentyldimcthylsulfonium salts is much higher with po 

tacsium r-butoxidc in r-butyl alcohol than with other 
base-solvent combinations.” Subsequent tracer ex- 

periments confirmed that the high rronslcis ratios are 
associated with a substantial proportion of reaction via 

the a’+ pathway.” The present paper reports in- 
vestigations of the effect of substrate structure and reac- 
tion conditions on the competition between the E2 and 
a’-,9 mechanisms in eliminations from sulfonium salts. 

The synthetic sequence which was used in all cases is 
illustrated in Scheme I with cyclopentanone as the start- 

ing material. The exchange with dcuterium oxide was 
markedly facilitated by the phase-transfer catalyst 
“Aliquat 3.M” ta quntcrnary ammonium chloride. set 

Experimental for further details), such that much milder 
conditions than those originally described by Starks” 
could bc used. Room temperature and the weak base 
potassium carbonate sufficed for cyclopentanonc. and 
our general experience has been that mild warming ac- 
complishes equilibration within a few hours with most 
ketones. The remainder of rhe synthesis used standard 
proccdurcs that require no special comment. 

F&h sulfonium sab was treated with base IO effect 
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Scheme I 

elimination. and the resulting methyl sulfide isolated by 
GLPC and examined for deuterium content in the mass 

spectrometer. The results are recorded in Table I. where 

the column headed ‘percent a’$?” gives simply the 
percentage of deutcrated methyl sulfide uncorrected for 
isotope effects. Scheme 2 depicts the mechanistic path- 

ways apparently involved in these reactions. 
Considering first the effect of base and solvent, we see 

that the importance of the ~‘-8 mechanism increases in 

the order OH- < n-L3110 < r-BuO In agreement with 
earlier results on 2-phcnylethyldimethylsulfonium ion.’ 
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Tabk I The a’-/3 mcchamsm in elimmationr from fl-pcrdcu- 

terated sulfonium iwiides 

It m Temp.. Yerccnl 

RSMc:l Hase/Wvcnl’ 0°C a’$3 

!-popyl n-B&K/n-BuOH 35 09rO.2 
?-propyl I-BuOKlr-RuOH 35 ,,?*?O __ _ - _. 
3-pcnlyl n~BuOK/n-BuOH 35 1.7 r 0.3 
3-pnlyl r-RuOKIr-BuOH 35 65.2 f 0 6 
3-pcnlyl r-BuONa/r.BuOH 35 6&o* 2.0 
3.pcnryl I-HuOK/!f r-HuOH. 35 73.0rO2 

95% DMSO 
cyclopcnlyl NaOH/H,O 90 0.0 I O.Ib 
cyckpnlyl n-RuOKln-BuOH 35 2.6 r I 0 
cyclopcnryl r~BuOK/r-HuOH 35 82.4zo.4 
cyclohexyl n-RuOKln-RuOH % 0.0 + 0. I’ 
cyclohexyl r~BuOK/f-RuOH 40 4.3 * 0.2 
2-phenykthyl NaOH/H,O % 0.V 
!.phcnykthyl NaOHI3Y;t H,O- 30 l.OrO.O 

61% DMSO 
2-phcnylcthyl NaOHIl69G H,O 30 I?.! r 0.6 

M9G DMSO 
2phenykrhyl SaOH1169 H,O. 60 9 2 ? 0.8 

84% DMSO 

‘MOSI rcaclions were carrlcd OUI for I!-50 h under the in- 

dicated condilrons. exccpr for the cyclopcntyl salt in water 

(I00 hr). “Actual value~o4~. ‘Actual vaJue--O 34 ‘W. H. 
Saunders. Jr and I). Pavlovrc. Chtm. Ind. (London). I80 (1962). 

the reaction of cyclopentyldimethylsulfonium ion with 

hydroxide ion is entirely E2. Even n-butoxide gives 

974% E2 reaction. but the a’+ mechanism accounls for 
well over half of the 1o1a1 reaction between r-butoxide 

and Iwo of the four substrates studied. That ion pairs are 
involved in r-butyl alcohol is suggested by the sig 

nificanlly greater proportion of a’+ elimination with 

potassium than with sodium I-butoxide. The addition of 
drmethyl sulfoxide IO either r-butyl alcohol or water 

increases the proportion of the a’-j3 pathway. The effccrs 
of the cation and of DMSO indicate that a decrease in 

ion pairing of the base increaxs the importance of the 
a’-/3 mechanism. 

These results clearly show that an increase in base 

strength favors the a’-/3 more than Ihe E2 mechanism. In 
order lo determine whether this was caused by increased 

rate of ylid formation or increased ylid concentration. we 
carrred OUI experiments in which 3-penlyldimethylsul- 
fonium icdidc was treated with sodium deuteroxide in 
deuterium oxide (Table 2). Even under these rather 

mildly basic conditions. the methyl hydrogens were cu. 
9&X exchanged within one half life of the elimination 
reaction, so the ylid must be formed rapidly and rever- 

Tabk ! Dculcrium exchange of 3.pcntyldime- 
thylsulfonium iodide wth sodturn deutcroxwk m 

dcukrlum ortdc 

Run Ycrccnl Percent exchange of 

NO chminalion’ methyl mcthmyl 

I 52.3 97.x 60.0 
2 45.8 97.n 62.0 
3 447 97.x 45 0 

‘Reacrion was allowed IO run for co. one half Me 
of Ihc eliminaliun reacllon. Sulfonium \;rll wa5 

iwlatcd and deutcrlum content dctermmed by 
NMR tn DJ). 

sibly under all conditions. Change of solvent might also 

affect the rate of elimination from the ylid, hut this is 

probably a minor factor compared IO change in the 
equilibrium concenlrrtion of the ylid. 

The effects of substrate structure arc particularly in- 

teresting. The considerably greater propensity for reac- 
lion via the a’+3 mechanism shown by 3-penlyl relative 
lo 2-propyldimethylsulfonium ion is probably primarily 

caused by the slower E2 reaction of the 3-penlyl deriva- 

tive. One would not expect major differences in the 
equilibrium concentrations of ylid (if anything. the ylid 
should be more stable in the 2-propyl system). In ad- 

dition. the ylid. once formed, should eliminate faster in 
the 2-propyl system. for the Hofmann-ruk product from 

2-pen~yldimethylsulfonium ion is still predominam under 
conditions favoring a’-/? elimination.” 

The effect of. conformation on the a’-/3 mechanism is 

shown by the comparison cyclopentyl > 3-pentyl > 
cyclohcxyl. II is unlikely that this order arises from 

changes in the E2 rates, for the E2 reaction is normally 
more facile with cyclopentyl than with cyclohexyl 

derivatives.” The equilibrium concentration of the ylid 
does not seem likely IO vary markedly over this series. 

The rate of elimination from the ylid remains as the most 

probable cause of the observed variation. One thus 
reaches the reasonable conclusion that the S-member 
cyclic transition slate is most easily formed when the 
a-C-S and 4-C-H bonds are most nearly eclipsed 

(cyclopentyl). and least easily formed when they arc 
most nearly staggered (cyclohcxyl). The 3-pentyl dcriva- 

live. with relatively free rotation about the C,-C, bond. 
is intermediate in behavior. but much closer IO the 

cyclopentyl than to ~hc cyclohexyl derivative. 
The results on 2-phenylethyfdimethylsulfonium ion 

deserve brief comment. The deuterium isotope effect for 

elimination in this system goes through a maximum al 
about 400/c dimcthyl sulfoxidc.” When we observed 

other ca.ses of a’+ elimination in the present work. WC 
considered it necessary IO check on whether this maxi- 

mum could be caused by a change from the E! IO the 
a’-/3 mechanism. The data in Table I show. however. 
that the a’-/3 mechanism remains insignificant until far 

past the k,,/ko maximum. Consequently. our work rein- 

forces the conclusion that the maximum represenls an 
E2 transition state in which the proton is half trans- 

ferred.” 

II would be of interest IO know whether that portion 
of the elimination which is not a’-/3 is onli-E! or svn-E?. 
Judging from experience with related quaternary am- 

monium salts.” it is nor improbable that some of our E2 
reactions are al least in part spn eliminalions. Un- 

fortunately. this information appears IO be unattainable 

for systems used in this study. Table 2 shows that the 
mclhinyl hydrogen of 3-pcntyldimcthylsulfonium ion ex- 
change at a rate comparable IO the elimination rate. even 
with aqueous hydroxide.” Thus. it is likely that the 
stereochemical integrity of the u-carbon would IX lost 
rapidly enough IO preclude determination of the 
stereochemistry of elimination except when the u-carbon 
is tertiary. 

As noted above, the values for “percent a’+?” in Table 
I arc uncorrected for isotope effects, SO that we should 
consider briefly whether there figures reasonably ap- 
proximate the values for the undeuterated systems. The 
rate-determining steps of both the E? and a’-@ me- 
chanisms are subject IO deuterium isotope :4fccts. and 
rhc only question is whether these isotope effects differ. 



The cyclic transition state of the a’-@ mechanism can be 3-Penfyl-2.2.4.4.-d. p-fo/uenesulfonore war obruncd m 67% 

expected to enforce a non-linear proton transfer. Model yield. m.p. 4M4 

calculations predict smaller isotope effects for non-linear Cyclopenryl-2.25.S.d. pro/wne~u/fonaIc was is&led by 

than for linear proton transfers.lO.*’ The only direct drying ~MI removal of ether. and used direcrly wiIhou1 further 

evidence is based on a comparison of I - phenylethyl - 2 - purificalion. 

d, - dimethylsulfonium ion with ethoxide in ethanol. and 
C’yclohexyl-2.2.6.6.d. p-tolrrmerrlfonofe was isolated in W% 

I - phenylethyl . I - d, - dimethyl - d, - sulfonium ion with 
crude yield by drying and removal of ether. and used directly 

erhoxide in ethanol-O-d.‘2 Because the proportions of 
wiIhou1 further purificaIlon. 

a’-/3 reaction arc small, and because several assumptions 
A/L!/ and cyc/uo/&y/ methyl &ides were prepared by adding 

slowl) an erkr solurion of rhc p-IoluemsulfonaIe IO.IJmok) 

are required. the derived kH/ko values of 5.9 for the E2 dropwiu IO a refluxmp wlurlon prepared by adding cxccs 

and 3.5 for the a’-/3 reactions should not be assigned tco meIhaneIhml IO 0 !I mok of sodium e~hox~dc in 300 ml of ab- 

much quantitative significance. Nonetheless. they are of solule elhand. using a Dry Ice-acelone condenser The reaclion 

a reasonable magnitude and in the expected order. They mixlure was rcfluxcd and sIined for ! h. and then treated with 

suggest that deuterium substitution should favor the a’-/3 
300rnl of waler and cxtracled four limes wiIh pclrolcum clher. 

mechanism, but the correction is not large. The 82.4% 
Tk exIracts were drxd over magnesium sulfate sod dtsIdled. 

a’-B elimination from cyclopentyl-2.2.4.4d,di- 
2-P’~pv/-l.l.l.3.3.3.d methyl sulfide ws obtained m 98% 

methylsulfonium ion would become about 74% for the 
yeld. b.;. 82-C. 

undeuterated substrate. Such changes would clearly have 
3.Pent~/~2.2.4.4-d. methrl sulfide wa\ obluncd in 77% yield. 

h.p l~l3S’C. 

no effect on the qualitative conclusions we have drawn. Cvc/opm/g/.!.!..‘.~,~d. methyl sulfide wa\ obramcd in 54% 
ykli. b p ISb’C 

exRRt!!AL 
(‘ycloheryl-2.2.6.6.d. methyl ru/~We wat obtained m 3X% 

yield. b p. 217-!?U’(‘. 

M.ps and h.ps are uncwrectcd. SMR spcclra were recorded on ?-Phny/ethy/~!.?d, methyl u/fide was prepared In ?O% yield 

a IEOI. C&ML instrument. and analyses of methyl sulfide for from a sample of 2-phentyleIhyl~2.2-d, p-Iolucncrulfonafe 

deuIcrlum were done on an AIlas CH-4 mass spcclrometer prepared by Mr. E D PuInam according IO rk procedure of 

YurificaImn of meIhyl sulfuk by G1.C ulihzcd VanamAerogr-dph Saundcr\ dnd Edison h Tk sulfide had b.p. W (8 mm) (hr.” 121’ 

A.90 or 920 msIrumenIs with lhcrmal conduct+ deIecIors. (IS mm)). 

fkuferared &erones were prepared by repealed exchanges with .4Uy/dimnhy/~u/~onium rodides were prepared from the alkyl 

dcuIcrlum ox&. cxcep~ for acetone -l.l.l:3.3.3-Ct. which was merhyl sulfide and mcihyl iodide (.%lM% molar excess) In 

purchased ISIohlcr Iso~opc Chemicals. 99.5%). l’wo exchange mosl of 1he preparations. the rcacIanIs in mIromcIhanc. cIhcr or 

procedure\ were used. In the firsi. 0.4mdc of the LeIone wa\ an eIkrtIhanol mixture wcrc allowed IO sland 2-10 days. ~hc 
mixed wiIh 0.6 mole of dcuterium oxide and 0.1 g anhydrous product prectpiIaIcd where nccc\sary by addlIlon of erhcr. and 
pofasium carbonare and rhc mixture refluncd for 24 h ” The rccrysIallurd from melhanoI. clhanol or cIhanol+rher. The be\1 
aqueous layer was removed, fresh dcuterium oxkk and polar. yield (83% from 3-pcntyl methyl sulfide) was obrained simply by 

\lum carbonare added. and the refluxmg repeated. Six exchanges IcIting the neat reacIanIs rtand 24 h a1 room Icmpcrarurc. fol- 

were followed by drying over magnesium sulfate and distillatton lowed by recr!stallilallon from ethanol 

11~ isolaIc pure produc1. ‘I% second procedure. used m most of ?~Pmpy/~l.l.l.3.3.3d.-dimefh~/~u/~onrum Iodide was oblained 
Ihe work. uribrcd a modikatmn of rhc phxsetransfer procedure in 4 4% )tcld (reaction In nitromethancl. 
of Starts ” A mixlurc of 0.4 mdc of the kcIom. 1.2 mole of 3~Penr~/-!.!.4.4,-d.~dimer/ry/su/~onium codidr was obIained m 
dcurcrlum oxide. 0.1 g of anhydrou5 porassium carbonare and 20% yield ireacIH)n in elkr). or R39 ytcld (neat rcaclanr\) 

2 ml of “Ahqua 336” lmeIhylIr~caprylylammonium chloride. ~‘~r/openI~/~!.!.~.~d.~d~mer~~/su/~on~~m iodide was obtained 
where “caprylyl” aclually rcpreunis a minrurc of C.-C,. alkyl in 70% yKld lrcacrion in mrromethancl. 
group\. General Mills Chcmlcals. purchased from McKerson ~‘~~/oher~/-2.!.6.6d,~d~m~h~/su/~~~nium iodide was ohrained 
(‘orp.. Ml6 4th Avenue. htmneapohs. Minncsola ~MOllOn, was in 33% )lcld (reactIon m mtromcrhane) 

\Itrred a~ room IcmpcraIurc for 5 h. saIuraIcd with anhydrous !.P~envbh~/-!.!.d:.dimrrhvlrul/onlum iodide was prepared In 
poIa\tium carbonate. and the layers s.cparaIcd. The process was eIhanol~eIhcr. m.p I3l-I3?‘c ldec~. 
rcpcalcd C-X Ilmcs wlIh fresh dcuIerium oxdc and poIa$sium .‘%enfr and hares. n-Bury1 and r-bu~>l alcohols were IreaIcd 
carbonarc lthc phase transfer caIalys1 remains in the orgamc wvlIh pofassium melal and di\Iilled I)lmcIhyl sulfoxldc was dried 

layer and need no1 be rcplcmshcdJ. Isolation and punticaImn of over grade S.4 Molecular SIC~C\ (Linde). then ober calcium 
Ihc producr was carrtcd OUI as abose. Yields m both procedures 

ranged from 10 IO 60% 
hydride. and di\Iilled. YInlures of dimethyl sulfoxidc and I-bu~yl 
alcohol were prepared by volume Alkoxde solurrons were prc- 

3-Penfclnone-!.2,4,4,~d, conrained 94% of Ihe calculated pared by scraping clean Ik appropriale mcral under hcxane and 

arnoun1 of dcurcrium for compkIe exchange (MS analysis). rhcn dlsxohmg II m the alcohol. Carbonate-free sodium hydrox. 
(‘~c-bpenronone~?,!3.!.6. conramcd 94% of the cakulaIcd idc \olulion was uwd for Ik runs In aqueous soluflon Bau 

amoun1 of deurerlum (NMR analysis). wluliont wcrc made up IO co 0 3 M and standardized by IiIration 
(‘yrloheronone-2.2.6.6.11, conlained 95% of the calculaIed wlIh hydrochloric acrd 

amoun1 of deurerlum (SMR an&Is). Niminorion reactions were performed in a reinforced glass 
fkurerured alcohuls were ohrained by rcducrion of Ihe cor- ICSI Iuk or \olumcIrlc flask co\ered with a light-filling Krum 

re\pondmg ketones with lithrum aluminium hydride. Workup was iap The rcac!ion ve\ul wa\ Immcrscd m a constant-temperature 
crIhcr hy careful IreaImcni with waler followed by IOFX sulfuric bath for I!-100 h. ‘Two syringe needles were rkn inserted in Ihe 
acid or (ncccssary for accepIablc yields of 2-propand) addirion cap IX) prcpurified nilrogcn was bubbled lhrough one of them 
of furl enough waler and IS% sodium hydroxide IO give lhe 
inorganic salr\ a\ a fine powder remobabk by tilIraIMn.” 

for I h. and lk vapor\ from the other were carried Ihrough an 
ice-sall.waIer Irap. a calcium chloride tube. and condensed in a 

!~Pn~pono/~l.l.l.~.3.3,~ was ohiaincd m 44% yield. h.p. ~3& liquid nilrogcn Irap. The sample was warmed and carried b) a 
U?(‘. h&urn IJoG in10 the mler oi ~hc gas chromaiograph WI& a 

3-Penfontd-2.2.4.4.d. WI obtained in 85% yield. b.p. 112-l 13’C. 10-11 x 0.2S.m column of 20% Ucon SOHR 5100 on f&M mesh 
(‘~c-lopenfonol~2.2JJ.C was obloincd in 5% yield. Chromow)rb P. The methyl sulhdc wa\ collec~cd In a liquid 
~‘vr/oherono/~2,!,6.6.d. was oblaincd in 74% yield, b.p. 155°C nrlrogcn Irap The trap was Iranqfencd IO a vacuum lme uhcre 

p~7’o/une~u/~onores were prepared by a standard procedure tk sample waq dega\sed. dried over phosphoru\ pcnroxldc. and 
from the alcohol and p-loluencsulfonyl chlortdc m dp pyridine ” 

2.Pr1~p,y/-l.l.l.3.3.3~ pto/uenesu//onclfe was obraincd in 98% 

transferred IO a mas\ spccrromcler \amplc tube. The sample was 

transferred IO rhc ma\\ spectrometer and firs1 scanned at 70cV . . 
crude ~IcIQ alter drying and removal of ether. over the range m/r I?-98 IO dcrcrmmc if any tmpunticr were 

Mechanisms of ehmmaIion reacrions-XXVI 1579 
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presenr. The m/e 62 and 63 peaks were then scanned repeatedly 
a~ 13-14 eV. The observed rario was conec~cd for the calculared 
3.05% normal abundance of m/r 63 due to naturallyacutig 

heavy isoIopcs. 
Exchange uptimenrr were performed by heating cu. 6 mmok 

of 3-pcnfykJimrIhylsulfonium iodide in 2Oml of 0.5 N sodium 
&uIeroxide in deutcrium oxide for 39 h aI 79 9°C. Preliminary 

rough kinetics had shown IbaI Ihc eliilioa proceeded lo 
approximalcly one half life under Ibcse condilions. The reaction 
mixture was cookd and three 2.0-ml aliquols ezh added IO 10 ml 
of 0.1 S hydrochloric acd. The solulions were back IiIraIcd wiIh 

0.1 h’ sodium hydroxide IO dcrermine rhe exIenI of reaction. The 
wluIions were made acidic IO IiImus wiIh hydrochloric acid and 

evaporated on a rolary evaporafor. The residue was exIracIcd 
rhrcc limes with her benzene and recryslPllizcd from absoluk 
eIhanol. The crystals were dried in a vacuum desiccator and 

dissolved in deurerium oxide. The proron NMR spcclra were 
then determined. Results of the inrcgralrons of rhe S-methyl and 

S-methinyl peaks relative IO rhc terminal methyl peaks were used 
IO dererminc rhc exIenIs of exchange recorded in Tabk 2. 
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