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Abrlfw(-Treatment of I-phenykthyldrmcthylsulfonium bromide I with sodrum cthoxide m ethanol al 35’ affords 
four product\ by five reaction paths. s~yrcne 2 by E! and ~‘-0 mechanisms. ethyl l-phenylcthyl ether 3 and methyl 
I-phcnylethyl sulfide 4 by the L! mechanism. and methyl o-cthylbcnzyl sulfide 5 by a Sommelet-Hauscr 
rearrangcmcnr. lsotopc effects of 5.9 and 3.5 for E? and ~‘-8 reactions were estimated by comparmg the deutcrium 
content of methyl sulfide from fid, and ad, fall o-posifions exchanged) sulfonium salt Product analyses on 
products from the unsuhstrtured. p.mcthyl. p-duoro. p-bromo and mchloro sulfomum s&s were combined with 
overall raks IO calculate partial rates for the formation of each product. These partial rarcs wcrc firted IO rhe 
Hammctr equatmn to pivc values for each prcducr as follows: 2. 0.95 ~0.19: 3. -0.63 ~0.41; 4. 095 f 0.11; 5. 
4 84 2 0.38 The mechamstrc rmphcatrons of the results are discussed. 

The use of suhctituent effects and isotope effects IO 

probe the structure of 1hc transition stale in himolecular 
elimination reactions is by now widespread, and by far 

(he most (horoughly-s1udicd sy\1cm has been ?-aryl- 

ethyl.’ Since the generality of conclusions drawn from a 
sir& lypc of slruclurc is open lo suspicion. we se1 oul 
IO examine suhsti1uen1 and isotope effects in the eli- 

mination rcac1ions of I-arylc1hyldimcthylsuJfonium ions 

for comparison with da1a on the 2arylethyldimethyC 
culfonium ions.’ ” The original aim was no1 extensively 

pursued because of (he complexity of the reaction, hut a 
study was made of the characteristics of the five dif- 
fercn1 reaction paths followed in the reaction with sodium 

ethoxide in ethanol. 

The desired compounds wcrc synrhesized by reaction 

of 1hc corresponding I-arylethyl bromides with methyl 
sulfide We noted. as did Banthorpe. Hughes and In- 
gold.” (he formation of trimethylsulfonium bromide 
as a hyproducr. An a11empted alterna1e synlhesis. the 

reaction of the I-arylerhyl methyl sulfide with methyl 
hromidc, gave a product which was even more 

difficult IO purify. Under our reaction conditions 
the desired sulfonium salt was always >9oc/c pure, and 
[he trimethylsulfonium bromide did not interfere in the 
determination of the rate of reaction with base under 
pseudo-first-order conditions. 

Sft’H,):Hr 
1 

In the reaction of the unsubsti1uted compound la. with 

base (eqn I). WC readily iden1ified by GIL the three 

products reported by Banthorpe. Hughes and Ingold.” 
2a. 3s and 4a. Our Ci1.C traces ;?lso revealed a fourth 

peak, 743% of the iolaf product. which was identified by 
isolation and comparison with an authentic sample as the 

product of a Sommelet-Hauser rearrangement”” 5s. 
The corresponding products from Id and le. Sd and 9. 

constituted over half of their reacnon mixtures. Although 
no1 previously observed with compounds of the s1ruc1ure 

1. this reaction is well known with other benzylic sul- 

fonium safts.“.““ and has more rccen1ly been nored with 
azasulfonium sal1s.l’ Isolation and identification by SMK 

was also carried out for 5d. 
The rate of loss of starting material was determined by 

following the appearance of s1yrene spectrophotome1rL 
cally.dD In rhe presence of a large excess of base the 

overall reaction was cleanly firs1 order. hut the sccond- 

order rate constants calculated by dividing k, by the base 
concentration decreaxd wi1h increasing base concen- 

tration, as shown in Table I for la and le. There appears 

IO be no significant firs1-order component IO the rcac- 
[ions. The two suhs1ra1es mos1 likely IO solvolyze. la and 
lb. had first order ra1e constants for solvolysis of 3.7 x 
IO * and 3.Xx IO ’ set ‘, respectively, a1 35”. This cor- 

responds to CO. I% of the rate of reaction with base 

CH=<‘H, 

2 

X X X 

C’H--(‘HI * 

0C:H. SCH, 

a X - 11: b: X -p-CH,; c’ X up-F; 
d: X - p-Hr: c: X = m-Cl 
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Table I. Apparent second-order rate conslants for loss of 
\Iarlmg malerial m the reaclion of I.arykthyl. 
dimelhylsulfonium bromides wllh sodium ethoxidc in ethanol 

al 3so” 

:\r [WI 1 k, x IO’. I-mole ’ see ’ 

C‘H, 0.0910 5.48 f 0.W 
0.1065 4.98%01# 
0.1228 4.58 = 0.01 
0.1410 4.06 2 0.01 

mXX’,H, 0.0915 42 9 * 2.2 
0.116i 44.2% I I 
0.1336 34.7 f 0.4 
0.1752 27.62 1.0 

‘Avcragc deviations for three simultar+eous runs. 

under our conditions, ignoring salt effects. Furthermore. 

the product composition from each substrate shows no 
trend with base concentration, which makes unlikely the 

possibility that a significant fraction of any single 
product could arise via a first-order reaction. 

For these reasons, we consider the dependence of the 
second-order rate constants on base concentration to be 

a 4 effect. An effect in this direction for reactions 
between oppositely-charged ions is predicted by the 

Hughes-Ingold theory of solvent effects.” and reported 
by Banthorpe. Hughes and Ingold” for reactions of la 
and other sulfonium salts with base. Mamalis and 

Rydon” report that plots of log k, vs p”’ for the reaction 

of 2-aryloxycthyldimethyisuifonium iodides with 
hydroxide ion in water had slopes near -2.5. Similar 

plots for la and lc (where ~1 = [OEt 1, since ethoxide is 
present in large excess) gave slopes of - 1.7 and - 1.8, 

respectively. 
Before the rates for different substrates can be com- 

pared, it is necessary to interpolate to a common base 
concentration. We were faced with a choice of doing this 

at the outset and then p~itioning the overall rate con- 

stants into partial rate constants for the formation of 
each product. or with calculating partial rate constants at 

each base concentration and then interpolating each of 

them to a common ba.se concentration. We chose the 

former course, and a bse concentration of 0.1 M. As 
noted above. there was no systematic dependence of 
product composition on base concentration, so we felt 

that the average of all product analyses for a given 

substrate would give more reliable figures for product 
composition than taking separately the results at each 
different base concen~tion and combining them with 

the corresponding k? values. While the salt effects on the 

rates of formation of ail four products need not be the 
same, the constancy of product composition with base 
concentration indicates that in fact they do not differ 
within our experimental error. The rate constants for 
formation of the individual products are listed in Table 
2.” The estimated overall uncertainty in the values is 
25% in most cases. 

Kate constants for the formation of each product were 
fitted to the Hammett equation, and isotope effects were 
determined by comparing the rates for la with rates for 
19-2.2.24. The results are shown in Table 3. Since the 
formation of 2 is the only reaction involving cleavage of 
a ~-coin-hydrogen bond. one cxpccts and observes a 
sizable primary isotope effect only in that case. For the 
reactions forming the other products, at most a small 
SCCCmdary effect is expected. The k,&kt, values for for- 

Table 2. Second-order rate con\tanl\ for product formation m 
the reaction of I-~lelhyld~melhyl~ulfonium hrom!-de\ ullh 

sodium clhoxidc al 35.W 

Ar 
k, x IO’ Imolc ’ see ’ for producl’“’ 
2 3 4 5 

p-M&H, 3.41 I.52 0.33 0.11 

C‘H, 3.76 057 0.49 0 39 

p-FC.H, 647 1.14 0.6% 1.00 

p-R&H. 8.58 0.90 0.85 II.2 

m-CIC.H. 10.0 OX I.08 31 7 

C,H,-d, 067 0.60 0.39 0.41 

‘Rare constanl\ arc the overall rate constant\ tTahlt I) in- 
krpolated IO [OEt I= 0.1 .\I limes rhc averape muk fraclron of 
(he appropnatc product (mole fractions al all (0F.t ] aceraped. 
onurtmg seriousI) divzordant values. and renormalired). “Corn. 
bincd uncertainties of rale constants and molt fncrionr co 5% in 
most caves. ‘I-Plunylcthyl.2 .?.?~d,dimerhylsulfomum hromrdc. 
‘2 is the styrenc. 3 I.arylerhyl ethyl ether. 4 I-aryleth~l methyl 
sult!dc. 5 oclhylbcn7yl methyl sulfide. 

Table 3. Hammet conclarions and isotope effect\ in 
the reactions of l-~le~hyld~mcthylsulfon~um 

bromides with sodium ethoxidc in elhanttl al 3.C 0’ 

Reaclion 
IO give kdk,, Pb r’ 

2 5.6 0.95 z 0.19 0.94 

3 0.95 .,0.63:041 0.67 

4 1.26 o.vc-0.11 ovx 

s 0.93 4.84r038 099 

‘Weighted average of k,(/k,, values for E? rcacrion 
(S91 and ~‘-8 reaction (3.5) (see text). “Hammer1 
reaction constant determined hy linear regression. 
wtlh standard de~tation. ‘Correlation cocficicnt. 

mation of 3 and 5 arc within experimental error of unity. 
That for formation of 4 is somewhat larger than the 

anticipated emor. but there is no reason to expect a real 
effect of any significance, so we prefer IO consider it the 

result of a chance accumulation of errors.” 
The Hammett p value (0.95) for the elimination to give 

2 is the same in sign as that for the corresponding 
reaction of 2-p~nylethyldimethylsuifonium ion (co 
2.7’). It is difficult to see how electron-withdrawing 

groups on the u-carbon could facilitate departure of the 
leaving group. so we believe the positive p indicates an 

inductive effect on ease of removal of the B-hydrogen by 
base. Similar mild facilitation of elimination rates by 
electron-wit~rawing substituents on an a-aryl group is 

observed with 1.2~di~lethyl chlorides”-X and I-aryi- 
ethyl bromides.” The combination of the positike p 
values and the substantial primary isotope effect point IO 

a normal E? reaction.” 
One possible mechanism of elimination not excluded 

by the data so far presented is the a’-& or slid. 
mechanism (eqn 2).-” Although it seemed unlikely that 
there would be a major contribution from the a’-@ 
mechanicm under our conditions, we carried out EX- 
periments in which the methyl sulfide from reaction of 
Is-2.2,2-d, was isolated and cxamincd for deuterium 
content in the mass spectrometer. Two runs gave 7.3 and 
4.1% deuteration, indicating. after allowance for the iso- 
topically normal methyl sulfide formed in the reaction 
giving 3, an average of 10.8% a’-@ mechanism in the 
elimination reaction. 
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Ar-CH-CH, - AKH=-CH, + <‘II,SCH, (2) 
I 

T, 
HK CH. 

This figure is distinctly larger than the 0.9-2.61 a’-/3 

reaction found wirh some simple secondary sulfonium 
salts and poIassium n-butoxide in n-butyl alcohoLm 

Because la appears to reacI substantially faster in the 
elimination reaction than do the simple substrates,” the 

increased importance of the a’-0 path with Is cannot be 
ascribed IO a slowing of the E? path. Since confor- 
mational facilitation of the a’-@ path seems to be impor- 

tant..g one could reasonably postulate that the aryl group 

favors a conformation of the intermediate ylid in which 
the negatively-charged mcthylene group is toward the 

B-methyl group and away from the aryl group. 
The demonstration that the a’-/3 mechanism con- 

tributes to the total elimination reaction means that the 
values for k,,/k,, and p in Table 3 are weighted averages. 

The effort involved in attempting to dissect p seemed too 

great for the probable return. but a relatively simple 
method of estimating kn/ki, for the a’-/3 reaction was 

devised. A sample of la was allowed to equilibrate with 

ethanol-04 and sodium ethoxide for one half life of the 
elimination reaction, the mixture acidified, and the 
solvent and all volatile products distilled off under 
vacuum. The residue, presumed 11) consist mainly of lr 
deuteratcd in the seven available a-positions. was then 

treated with sodium ethoxide in ethanol-O-d and the 
resulting methyl sulfide analyzed for dcuterium. The 

content of d, material should measure the extent of the 

a’+3 reaction when hydrogen is transferred. provided la 

was completely deuteraled in the a-positions, and 
provided the la-d: reacted at the same rate as un- 

deuterated la. The results, unfortunately, gave some 

evidence that equilibration of la with ethanol-O-d was 
not complete (see Experimental for details), but we can 

still arrive at an upper limit of 6.7% a’-8 reaction which is 
probably fairly close to the true figure. 

From the IO.RR and 6.7% a’-8 reaction for la-2.2.2-d, 

and la-d-. respectively. we can calculate that the E2 

reaction proceeded with a k,,/k,, of 5.9. and the a’+ 
reaction with a k,,/k, of 3.5. These figures arc (I ptioti 
quite reasonable, for the a’+3 reaction must involve a 

non-linear proton transfer (C---H---C angle not far 

from I?o”l if severe strain in the cyclic transition state is 
to be avoided. Model calculations give smaller isotope 

‘fahk 4 (‘on&ions and rcrenhon 1rmcs for gas-chromalographic 
analysis of products from the rcactron of I-arykthpl- 
drmcrhylsulfonrum bromrdes arlh sodium e1hoxrdt in ethanol a~ 

35.0” 

hr 

Rclenlron lime for 
‘r. ‘c- producl. min” ‘ d 

lmlial Final 2 3 1 5 

p~slcc.ll. 
(‘.H, 
p.FC.H. 
p.BrC.H. 
nr CK‘.H. 
C.H,-d, 

I:! 225 fl: 10.0 14.3 20.5 
200 200 I.5 4.0 IO 0 21.5 
170 210 4.5 x.5 I!.? 22.0 
220 230 3.2 6.0 14.0 25.5 
210 230 2.2 4.0 8 0 14.5 
200 200 I.5 4.0 10.0 21.s 

‘The lempcra1ure was raised rapidly (3O’lmin) IO the final value 
after the s1yrenc peak. “hnatysis on a 3.f1 x O.IZSm column of 
Chromosorb lO1.80-100 mesh. inJcc1or temperature I!@‘. hydro- 
gen pressure 21.5 psr “See corresponding footnorcs. fable 2. 

effects for nonlinear than for linear proton transfers.” ” 

The kn/k,, value for the E2 reaction is somewhat higher 

than that observed with 2-phenylethyldimethylsulfonium 

ion at 3CP (5.11,’ and is consistent with a linear proton 

transfer in which the proton is approximately half trans- 

ferred in the transition state. 

The S,.? reaction producing 3 gives by far the poorest 
Hammett plor. ‘The most striking feature is the slowness 
of lo. though on balance there seems a slight Iendency 

for electron-withdrawing cubstituents to retard the rcac- 
lion. Curved Hammctt plots arc fairly common in .S.2 

reactions where the substituIed phenyl group is attached 

to the a-carbon, and have been explained by postulating 
changes with substituenr in the ratio of bond-making IO 

bond-breaking in the transition state.” A particularly 

close analogy i\ afforded by the reaction of hydroxide 

ion with benzyldimethylsulfonium ions, where both the 
p-methyl and the nrchloro derivatives react faster than 

the unsub>tituted compound.” 
The other possible S.2 process in this system involves 

attack at one of the S-methyl carbon atoms to give 4. and 

occurs with a Hammett p value of 0.95. The sign of p is 
as expected for substitution in the leaving group in a 
displacement or solvolysis. and Ihc magnitude is some- 
what les\ than those observed in cthanolysis of methyl 

benzenesulfonates at 70” (1.3).” and the reaction of ethyl 

benrcnesulfonates with cthoxidc in ethanol at 35” (I .4).’ 

The Sommelet-Hauser rearrang&ncnt IO give 5 has a 
large positive value of p. While a small part of the 

positive value could result from a substituent effect on 

the formation of the ylid precursor of the rearrangement 
product, the major factor is no doubt the \ubstituent 

effect on attack by the )-lid carbon aI an o-position of the 

benzene ring (eqn 31. Indeed. Ihe large positive p value 

requires Ihat Ihc rate-determining step of the reaction be 
eqn (31. Nuclcophilic substitution reactions on aromatic 

rings by external nuclcophilcs have been exIcnsively 

studied. and arc found to have p values in the range of 
+3.5 (0 t! 0.“’ 

(‘H<‘H, 
(3) 

‘&.’ ‘CH, 
(‘H.SCH. 

E.wmuME?TTAl. 

EMR spccrrz were dctcrmmed on Varian or JEOI. 60-MH7 
instrumcn1s and MS on an AtlasMAT CH4 mstrumcnt. Inor- 
ganrc reagcn1s were analytical reagent grade I3.p.s and m.p s arc 
uncorrccled 

I~Ary/rrhono/~ U-cre prepared hy reducing 1hc corresponding 
ace1ophenoncs fK;L\tman Kodak While label) wth lithrum alu- 
minum hydrrdc The I-phcnykrhanot-!.!.2d, was prepared by 
reducmg acc1optwwnc uhich had been cnchangcd with dcu- 
tcrium oardc hy a procedure reported for o~fcrrocenylace1o~ 
phcnonc n One crchanpc of 0.08 moles of acclophcnone ur1h I.5 
moles of dcutcrmm ox& gave 9% dcukration (NMR) 

I-Arylr/h~/ hromidrr I.Phenylr1hyl bromrdc was rcdrstillcd 
Fastman Kodak Whrlc t.abcl marcriat. h.p 46-47’ (2 mm) fIna 
XL84’ f IO mm)). Two other bromides were prepared by bubbling 
dry hydrogen hromdc through the neat alcohol at 0°C’ unril 
I5 min af1er ~hc formaltin of an aqueous layer The mixture 
was nculraliJcd wth 10% sodium hicarbonale. the organic Idler 
exbacrcd wr1h ether and IIK csrrac1s dried (MfrSO.) Removal of 
the ctlw and vacuum drsrrllarion gave ~hc product. 

I~Phm.v/rrhyl~?.2.2~d, hromidr had b.p 50-41” (0.25 mm) and 
95% deuterrum (SMR) 

I+Ruoruphm~l befhvl hromidr had b.p. 75-X’ (I 0 mm). 
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Anal. Calc. for C,H,BrF: C. 47.31: H. 13.34; Hr. 39.35. Found: C. 
47.19; H. 13.94; Br. 394W. The remaining bromides were pre- 
pared by adding 0.15 moks of phosphorus IribromIde dropwise 
wlIh sIirrmg IO 0.075 moks of Ihc alcohol, followed by sIining 
for I.5 h. The mixlure wa< worked up a% above. 

I-lp..Wrrhy/phny/lclhtl hromidc had b.p. 57-SIP (2 mm) (Iii.” 
IOC-106’ (I? mm)). 

I.(p-lromophmy/)dhy/ bmmidr had b.p. 89-91’ (1.0 mm). 
Anal Calc. for C.H.Br,: C. 36.40: H. 3.0s; Br. 6O.SS. FINK!: C. 
M.30; H. 3.04. Br. 60.71%. 

I-(m-(.h/oruphmy/)clhy/ hrvmidr had b.p. 93.5-94” (3.0 mm). 
Anal. Calc. for C.H.BrCI: C. 43.76; H. 3.67; Br. 26.39. Found: 
C. 4364. tt. 3.SS; Hr. 36.39%. 

I-A~lrrhyld~mtrhylrulfonium /wornides A mixrurc of S ml of 
dr) nirromclhanc. O.OOS moles of Ihe bromide and 0.0064 moles 
of methyl sulftdc was allowed IO sIand in a sroppcred ICSI tube 
for 4-6 h a1 room fcmp. The mlxfurc was poured in10 100 ml of 
anhjdrous erher and left overnigh In a sloppered flask a1 0°C‘. 
The rcsulung cry&s were dissolved in a minimum of absoluIe 
cIhnol. anhydrous erher added IO the cloud pout a drop of 
anhydrous ethanol added, and crysIallizaIion allowed IO proceed 
(‘0 24 h at @C. The sulfonium salrs were hygroscopic and were 
handled in a dry box. Tk s&s were usually conIaminaIcd by 
small amounI\ (up IO 10%) of trlmcfhylsulfonium bromide 
lh’h(R) whch did 1101 inkrfere in rhc kincric \Iudics. 

I-Ph~yl~hyldimerhybrl~~~nium hromidt had m.p IOU’ (decl 
IliI.” 91 7-92.e). A carefully purified sample was anaJyr+d Anal. 
Calc. for C,&l,,SBr. C. 48 59: H. 6.1 I: S. I2.Y7. Found- C. 48.47; 
H. 6.05, S. 12.9%. 

I-Phrnykthyl-2.2.2-d,-rtimerhy/sulfonium bromide had m.p. 
IO?’ (dec). and conIaincd 95.6% of Ihc calcularcd amounl of 
&uIcrlum (analysis by J h’cmclh. Urbana, Illinois). 

Iqp-.Uerhy/phmylkrhyldime~hy/su/~onium bromide had m.p. 
W’ ldec) 

I+f/romophcng/~erhy/drm~hy/ru/fonium bromide had m.p. 
I!? ldtc). 

I-(p-F7uorophmy/)ethy/dimtfhy/ru/fonium bromide had m.p. 
78’ ldec). 

I-(m~Ch/oropheny/kihy/dimerhy/~u/fonium bromide had m.p. 
102’ Idccl 

Erhyl I-phtnykrhyl ether W;LS obIaincd from the rcaclmn of 
0 OS mole of I-pknylcthyl bromide ulth 0.1 mok of sodium 
ethoride m 200 ml of absolule cIhanol a~ 35’ under dry nirrogen 
otermph1. The mixlure was dduIed wtth 2OOml of waler. cx. 
Iractcd with cfhcr. and Ihe exIracIs drlcd l.MgS0.l. Removal of 
lk cIhcr and dlsrillafion yielded Ro”r of producl. b.p. CT (7 mm) 
(III.” S3-S4’) (S mm)). IdentIty &a\ further checked by SMR and 
purIIy by G1.C (>97%l 

.Mtfh~/ I.phmy/trhy/ w//W was prepared by adding 0.125 
mole of cold methanelhiol IO 0 I mole of sodium cthoxidc in 
2OOml of eIhanol under mrrogen In a flask equtppd wrth a 
IXy-Ice condenser. To the mixlure was added 0.0s mole of 
I-phcnylcIhyl bromide with sfirring. and sIirring conrinucd over- 
mgh! a~ room Iempcralure. The same workup procedure as for 
crhyl I-phenykthyl ether gabe 67% of mcrhyl I-phenylcrhyl 
sulfide. b.p. SJ’ (I.Omml (hr. 6LP (0.3 mm)). shown lo be >99’% 
pure by GLC 

Sfyrtnr wa\ freshly disIilkd FaIrnan Kodak Wh11c I.&cl 
matcrtal. shown hy GIL IO k >99% purr 

Merhgl unhylbexyl sdfidr. 7%~ method of Vogel” wac used 
IO conbert o+zIhylandmc IO o-cIhylbcnzon~Irilc in 30% yield. The 
mInlc was hydrolyred wiIh sodium hydroxide’ IO 4S’K of o- 
cIhylknzoIc acid, which in turn y/a\ reduced by IIIhium alu. 
minum hydride in ether IO give 90% of o-cIhylknryl alcohol. 
TreaImcnI with dry hydrogen bromide Iue above) yIelded o- 
cIhylknzyl bromide. which was IreaIcd with sodium melhanc- 
Ihtolatc (see procedure for mcIhyl I.pknykIhyl sulfide prc- 
parauon) IO grve mcIhyl otIhylknryl sulfide. SMR 61.2 l3H. I. 
J - 8 Hz). 1.9 (2H. 5). 2 I? (2H. q. J -. 8 HI). 3.8 (3H. sl. 7.4 (QH. 
ml Analy\ls by GLC showed co. 4% impurilies. 

Solrtnrr and base solurwns. Erhanol was dried over mag- 
nesium. and only material conlaining <O.OS% waler was uud.“ 
EIhanol0d (Stohkr Isotopic Chemical Co.) was used rirhoul 
further purtlicarion. Companuln of Ihe NMR peaks a1 6 5 3 and 

3.5 showed 2.7% of undeuIeraIed ethanol. Base soluIions were 
prepared by bubMng dry nitrogen through ethanol for 4S mm. 
followed by addition of Ik calcularcd amounl of fre\hl)-cut. 
efhanol-washed sodium. A ~OSIIIVC niIrogen pressure was mam- 
rained In the Turk. and aliquoIs were uirhdrawn by synngc for 
standardizaIion by IiIraIion or use in reacIions. 

Rare measunmenrs were performed in Ihc cell comptimenr of 
a Beckman DU specIrophoIomcIer equipped wiIh Ihermospaccrs 
Ihrough which waler from a consIanI-IcmpcraIurc balh cir- 
culared. The Iempcrarure was kept a1 3S.0 2 0.1”. 01 0.0s’ within a 
run. The &oxide solurion (0.08-0.18 $1) was cqudibraIcd in four 
I-cm stoppered quarIz cells for 20min. and SOpl of frerhly- 
prepared sulfonium-salt solution added quickly wiIh a 0.1.ml 
syringe IO rhree of the cells. The cells were sIoppcrcd. shaken 
and replaced In ~hc cell comparImen1. and readings Iakcn 
periodically al A,. for rhc solution lunsubs.. 248nm; p-k. 
252 nm; p-Br. 2SS.S nm; p-F. 2S2 nm; m-Cl. 250 nml. The $ul- 
fonium-sal1 concentrarion was co. 10 ’ hi. or such IhaI k was 
ca. 0.7. Pseudo lirsI-order rate conslanls were dcIcrmrned 
graphically, and divided by &oxide concentration IO g~vc k, 
values (Table I). 

Pro&f composifion was derermincd by G1.C. The four 
producrs from the unsubsrirutcd compound were ldcnrified b) 
cc&+&n with auIhenIic samples on a 9-f1 column of \quaknc 
on tirebrick a1 IZ@, and a 3.f1 Chromosorb 101 column. 801100 
mesh. a1 200”. As a further check, Ihe final peaks from boIh 
unsubsIiIuIed and p-bromo compourdus were isolated from a 
G1.C scparalion and their NMR spccrra cxammcd Tk former 
gave a spectrum idcnrical IO IhaI of ~hc authcnric sample. the 
IatIer gave 61.2 (3H. I. J = 8 H,). 1.9 (3H. \l. 2.7.5 I2H. q. 
J = 8Hz). 3.6! (2H. sl; 7.3 (3H. ml. QuanIilaIi\c producl 
measwemenIs were done on S.O-ml tampIes of 0.08-O Ill M base 
in 17s.mm ICSI lubes sealed with rubber xpta IO which were 
added O.OS ml aliquofs of 0 I M sulfonium sail solulion. Afler Ien 
half live\ a1 3S.0 _+ 0. I’. ~hc ba.w was ncuIralized ulth an exccs\ 
of Dowcx SOW-X8 slrongly acid cation exchange resin. ProducIs 
were analyzed on a Perkin-Elmer 900 m\IrumcnI using a 3-f1 x 
0.12~~in column of Chromosorb 101 under condiIions IisIed in 
TaMe 4. Plors of mole fraction VI peak area fracIion were drawn 
for the produc15 from the unsubsIiIuIcd sulfonrum sah and as- 
sumed IO apply to the oIkr sulfomum s& Two analysts on 
each of ~hrce samples (six valucsl were performed kviallons 
from lk mean of lk mole fraclions were 3% or lc\r m birlually 
all cases. even for producrs comprising < 10% of Ik mixlure. 
Changing ok in+cIor Iempcrature from 24@ IO ?R(p had no effcc~ 
on produc1 proportions (2StP was Ihc rundard seIIinp). nor did 
changing hydrogen pressure from 20 IO 22psl (slandard selling 
21 S pzr). Prcduc~ proporltons remained consIan in Ihc presence 
of sodium erhoxide for a1 kas1 24 h. and In rhc prcunce of 
excess Dowex SOW-X8 rcsm for a1 leas1 8 h. 

.&urctium rmcer uperimcnrs were carried OUI in a Ihrce-neck 
flask with a plug in rhc ccnIer neck, a septum on one side neck. 
and a condenser on Ihe other. To rhc lop of IRK condenser wti 
aIIachcd a calcium chloride Iuk. which in Iurn was aIIachcd IO a 
coil Irap In a kwar flask containmg liquid rurrogcn The oIhcr Gde 
of rk cod trap led IO a mercury buhhler. In rk flask 1.04~ of 
I-phcnyklhyl-2,!.2d,dimc1hylsulfonium bromide In 10 ml of dry 
clhanol was equilibraIcd a1 3S.0” and 10ml of 1.29ht radium 
cIhoxidc m ethanol a1 3S.cP added hy cahbrakd syringe. A 
positive nIIrogcn pressure was main&cd m the appararus unfil 
reacIion was compkk The mlxIure was diluIed wlIh 20ml of 
waler and niIrogcn bubbled through Ihc solutron for ab0u1 I h by 
means of a syringe needle inserted in Ihc scplum. The merhyl 
sulfide In ~hc rrap was purified by (i1.C u5mg a IO-f1 column of 
20% Icon SO-HBS100 on Chromosorb P a1 room Iemperalurc. II 
was then dcgassed on a vacuum line and Iransfcrrcd IO a mass 
spcclromeIer sample lube. 

The ucond ul of experiments used a 5rmdar apparafu\ To Ihc 
reacllon flask was added by syringe 0 2 g of I~phcnykth)l- 
dimeIhylsulfonium bromide In 2 ml of eIhanol-O_d. and IS ml of 
0 I hi sodium erhoxide in cfhanol-0-d. both equilibrafcd IO 3S 0: 
as above. and Ihc flask kept a1 3S ff. Sufficicnr lime for SO% 
reacIion was allowed and Ihc reacIion quenched with hjdropen 
chloride gac. Vacuum was applied IO ~hc apparaIu\ and the 
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solvcm and volatile products flash distilled into [he wrap. The trap 

was replaced. I5 ml of 0.1 M sodium ethoxidc added to the 

reaction flask (presumed to contain I-phcn~lcthyl.l~~i~th~l. 
d.-sulfonmm salt) and rhe reaction allowed to proceed. in one 

case to 5DsE and in the otbcr to IO055 reaction. The methyl sulfide 

produced was collected and purified as above. All samples o! 
methyl sulhdc were examined in an Atla+MA’I CH-4 rnaqs 
~pcclromctcr at I3 cV ionizing voltage. conditions shown to give 
only the parent praks. 

The methy- sulfide samples from 1-phtnylcthyl-!.?.~.d,.di. 
mcthyl\ulfonrum bromide gave the followng peak ratios m two 
\cparate experiments: mlt 63/6?. 0.10%. 0740. 64162. O.ol%J. 

OM63. compared to m/c 63/6?, 00320, 0.0317; M/62. 004!7. 
OOOC! for Eastman Kodak White I;thel methyl sulfide. After 

correction for the normal abundance of heavier isotopes ac. 

cording to the met!md of Brcmann.’ these rctults indicate 7 3 
and 4.1%. or an average of 5.7%. of mcthyld, sulfide in the two 

wmpks. This number must bc corrected for the fact that methyl 
sulfide results when both styrenc t32.441 and I-phcoylethyl ethyl 
ether (28.89) are produced The mcchyl sulfide from the ether, 
forming reaction must be isolopically normal. so IO.WQ of the 

methyl sulfide from the elimination reaction was dcutcrated 

The methy;l sulfide from “I-phcnylethtl-l-d,dr~th}l.~.\ui- 
fomum bromrdt” (material exchanged with ethanol-&it was next 
examined. The sample from 505Z reaction gave mlc 67&6, 2 557 

and @i/66,6.1 I!, while that from lmc rcactron pare 6”/66. 7.03X 
and MI/M, 25.77. Evtdcntly the sulfonium salt was not in corn. 

plcrc isotopic equilibrium with the solvent a~ all times. tn spite of 
the preliminary exchange. Taking the IO@? sample as ltic belter 
approximation. one calculates’ 20,s of dtmcthyld, sullidc and 

3 OSF of dimethyl~d.~sulfidc Correction for hydrogen introduced 
by CqUilibrdfiOn with !.fJ5? undeuterated ethanol in the solvent 

(2 7% originally ~0.1% from the sulfonium salt at half reaction) 
gives 5 g”x: excess dimcthyl-d, sulfide and I.‘??? dimethyld, su- 
lfide from the reaction. Assuming that the proporlwn\ of styrcnc 

(72.x) and ethyl l-phenykthyl ether t II.Drcl arc the same as 

from the undeuterated sulfonium salt. the methyl sulfide from the 
elimination reaction can be calculated to bc 6.79 d, and 2.2% d.. 
In view of the evidence &or-c for incomplete tquilihratwn of the 
sulfonmm salt with the tthanol-0-d. these numbers should k 
regarded a\ upper limrts. ?;o attempts at further correction were 
made in view of the uncertainties mvolvcd and the Irkclihood that 

the correction would bc small. 
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