
8026 

mmol (87%) of benzenesulfinic acid. 
In another experiment 1.1 g (4.0 mmol) of p-tolyl p-tolu-

enethiolsulfonate,12 dissolved in 30 ml of dioxane was added with 
stirring to a solution of 0.52 g of 30% hydrogen peroxide (4.6 mmol 
of H2O2) and 2.2 g (20.8 mmol) of sodium carbonate in 100 ml of 
water and 25 ml of dioxane. The final solution was allowed to ' 
stand for 15 min. At the end of that time the still-alkaline reaction 
mixture was extracted with diethyl ether; the ether extracts were 1 
discarded. The water layer was then made quite strongly acid by 
the addition of sulfuric acid and immediately extracted with ether. 
The ether extracts were dried over anhydrous magnesium sulfate ( 
and the ether was removed under reduced pressure. After drying at 
room temperature under high vacuum for 0.5 hr the residue was 
recrystailized from ether-hexane, affording 0.9 g (72%) of p- tol-
uenesulfinic acid, mp 84-84.5° (lit.24 85°). ( 
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beginning with the cis and trans isomers of 2-methyl-2,3-
dihydrobenzothiophene 1-oxide (1 and 2), the preparation 

o 6 
1 2 

and characterization of which are described below. The dia-
stereomeric sulfoxides, 1 and 2, were chosen as substrates 
for the reaction since they not only fulfilled the basic re­
quirement of being alkyl aryl sulfoxides but also converted 
the problem from one involving a determination of the abso­
lute configuration of a chiral, acyclic sulfonium salt, with 
which a correlation to the starting sulfoxide could be 
made,6 into one involving the experimentally easier assign­
ment of configuration to cis-trans cyclic stereoisomers. SuI-
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Table I. Pmr Parameters of 2-Methyl-2,3-dihydrobenzothiophene and Derivatives" 

H8 

H' 

SoI-
Compd vent6 H1 H2 H3 H4 H5 

H6, H7, 
H8 A(H1)' A(H4)' 

1 CDCl3 

CeHe 
2 CDCl3 

C«H6 
4" CDCl3 

1.57 d(6.2) 
1.23 d 
1.43 d (7.3) 
0.92 d 
1.31d(6.8) 

•3.41 bs-

6* CDCl3 1.48 d (6.6) 2.93 dd 

7.95m 7.55bs 

7.90m 7.54 bs 

2.79dd(6.7, 15.2) 3.21 dd(7.5,15.2) 3.83h(6.8) ~6 .9 ra 

2.98 dd 
2.95dd(5.0, 16.0) 3.93 dd(6.9,16.0) 
2.20 dd 

•—'2.6 m 
~3.60dq(5.0, 7.0) 
~ 3 . 2 m 

0.34 

0.51 

0.8 

0.4 

-3.45 m -3.55 m -7.6m-

° All measurements were performed on a Jeolco HA-100 instrument at ordinary probe temperature. The protons are numbered as shown 
above. Chemical shifts are given in parts per million downfield from internal tetramethylsilane. The following abbreviations are used for the 
coupling patterns: bs, broad singlet; dd, doublet of doublets; dq, doublet of quintets; h, hextet; m, multiplet. Values in parentheses are 
coupling constants in hertz. b Concentration of 1 and 2 was 0.32 M, c ASIS (parts per million) of H1 and H4 calculated as 5(CDCl3) -
5(C6H6).

d The relative assignment of H2 and H3 does not apply. 

Table II. Eu(dpm)s-Induced Shifts of cis- and fra/w-2-Methyl-2,3-dihydrobenzothiophene l-Oxide" 

Compd H1 H2 H3 H4 H6 H6 H' H8 

1 - 8 . 2 6 ± 0 . 0 5 - 6 . 5 5 ± 0 . 0 9 
0.9999 0.9997 

2 - 3 . 4 0 ± 0 . 0 4 - 4 . 1 8 ± 0 . 0 7 
0.9998 0.9994 

-5 .37±0.06 - 9 . 4 8 ± 0 . 0 8 - 3 . 9 8 ± 0 . 0 2 —1.4 ± 0 . 1 -2 .38 ± 0.06 -3 .50 ± 0.03 
0.9998 0.9998 1.0000 0.9894 0.9988 0.9999 

- 6 . 5 ± 0.1 - 1 0 . 2 ± 0 . 2 - 5 . 4 9 ± 0 . 0 6 - 1 . 8 5 ± 0 . 0 5 - 2 . 3 0 ± 0 . 0 4 —2.83 ± 0.07 
0.9995 0.9995 0.9997 0.9988 0.9993 0.9986 

° All measurements were performed at constant substrate concentration (0.32 M) in CDCl3 solutions with increasing amounts of freshly 
sublimed tris(2,2,6,6-tetramethyl-3,5-heptanedionato)europium(III), Eu(dpm)3, added. The instrument used, temperature, and numbering 
of protons are as in Table I. The induced shifts were extrapolated to 100 mol % Eu(dpm)3 from observed shifts at 0, 5, 15, 25, 35, and 45 
mol % (compd 1) or 0,10, 20, 30, 35, and 45 mol % (compd 2) by the method of least-squares and are presented as AEu(<ipm), values in parts 
per million'2 along with the standard errors and correlation coefficients. 

foxides 1 and 2 had been prepared and separated previous­
ly, but their configurations had never been assigned.7,13 

Results and Discussion 

Synthesis of cis- and trans- 2-Methyl-2,3-dihydrobenzo-
thiophene 1-Oxide (1 and 2). The syntheses of 1 and 2 are 
outlined in Scheme I. Ally] phenyl sulfide (3) was cyclized 
to give a mixture of the two sulfides 4 and 5, according to 
the procedure of Kwart and Evans.8 Oxidation with potassi­
um permanganate yielded 55% of the sulfone mixture (48 
parts of 6 and 52 parts of 7). Following the procedure of 
Whitney and Cram,7 this mixture was treated with lithium 
aluminum hydride in ether-benzene to give a mixture of 4 
and 7 which was easily separated by distillation. Oxidation 
of 4 with hydrogen peroxide in acetic acid gave the desired 
sulfoxides 1 and 2 as a 40:60 mixture, which were separated 
by column chromatography on silica gel. 6 

Scheme I 

0^+OQ 
o^+eo-^ 

x j. 
o 
i 

Assignment of Configuration, cis- and trans- 2-Methyl-
2,3-dihydrobenzothiophene 1-Oxide (1 and 2). The structur­
al assignments of the sulfoxides 1 and 2 were based on chro­
matographic retention times and nmr spectroscopy includ­
ing aromatic solvent induced shifts (ASIS) and lanthanide 
induced chemical shifts (LIS). Except for the LIS, these 
methods were used by Johnson, et al.,9 in the configura-
tional assignments of the closely related 2-methylthiolane 
1-oxides, and the results we have obtained are consistent 
with those of Johnson. The isomer produced in lesser 
amount has the shorter retention time (larger R( value) on 
column and thin-layer chromatography, suggesting that in 
this isomer the sulfoxide oxygen is more sterically hindered 
and therefore of cis configuration (1). The more abundant 
isomer with the longer retention time is consequently as­
signed the trans configuration (2). 

This assignment is strongly supported by the ASIS and 
LIS studies. The aromatic solvent used in the ASIS study, 
in this case benzene, forms a collision complex with the 
polar solute, the sulfoxide, in which the benzene molecule is 
located at the positive end of the dipole,8 i.e., at the sulfur 
atom. This would give a larger deshielding relative to an 
inert solvent, in this case chloroform, of the C-methyl 
group in the trans isomer, while a larger deshielding should 
occur for the methine proton in the cis isomer. This is in­
deed observed (Table I) using the assignment given above 
(C-methyl:A2/Ai = 1.5; methine:Ai/A2 = 2.0). 

LIS studies have previously been found to be valuable 
tools in work on organic sulfur compounds, especially sul­
foxides.10 Here the complexing between the shift reagent 
(Eu(dpm)3) and the sulfoxide takes place at the oxygen 
atom causing the largest shifts for protons cis to the oxy­
gen." Our results (Table II) show full agreement with the 
assignment made from the ASIS study (C-methyl:Ai/A2 = 
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Table III. Reaction Products'* 

Reac­
tion 
no. 

A'-l 
A«-2 
A°-3 
A'-4 
BM 
B»-2 
CM 

Start­
ing 

sulf­
oxide 

1 
1 
2 
2 
1 
2 
2 

Methoxy­
sulfonium 

salt, 
% yield 
(8:9) 

75(100:0) 
79(100:0) 
81(0:100) 
79(0:100) 
77(95:5) 
62(15:85) 

100(0:100) 

Sulfonium 
salt, 

% yield 
(10:11) 

45(90:10) 
50(95:5) 
40(50:50) 
30(35:65) 
31 (92:8) 
32(15:85) 
45(15:85) 

% 
yield 

of 
4 ,1 , 

and26 

2O* 
16* 
6O* 
7O* 
55/ 
50/ 
36/ 

" Yields determined by nmr analysis.b A mixture of 1 and 2 was 
obtained in all cases. c Methylmagnesium bromide, —78°, 60 min. 
d Greater than 90% 4. ' Dimethylcadmium, room temperature, 
20 min. / Greater than 90% 1 and 2. « Dimethylcadmium, room 
temperature, 60 min. 

2.4 methine:A2/Ai = 1.08 benzylic, cis to C-methyl:Ai/A2 
= 1.6 benzylic, trans to C-methyl:A2/Ai = 1.2). 

Therefore, we assign the cis configuration (1) to the liq­
uid isomer and the trans configuration (2) to the solid iso­
mer of 2-methyl-2,3-dihydrobenzothiophene 1-oxide.13 

Assignment of Configuration, cis- and trans- 1,2-Di-
methyl-2,3-dihydrobenzothiophenium Tetrafluoroborate (10 
and 11). The configurations of 10 and 11 were assigned on 
the bases of an equilibration study, a kinetic study, and 13C 
nmr. 

1,2-Dimethyl steric interactions are larger in the cis iso­
mer relative to those in the trans isomer. For this reason, 
the thermal equilibration of 10 and 11 should yield a pre­
dominance of the less hindered isomer. The equilibrium 
composition, determined by thermal equilibration of a 93:7 
10:11 mixture at 110° in 96% acetic acid,14 was 60% 10 and 
40% 11. Therefore, 10 was assigned the trans geometry and 
11 the cis. 

The alkylation of sulfide 4 with either trimethyloxonium 
tetrafluoroborate in nitromethane or in methylene chloride 
or by methyl fluorosulfonate in methylene chloride gave in 
all three cases an approximately 80:20 mixture of sulfonium 
salts 10:11, respectively. The most stable epimer is formed 
most rapidly. 

One would expect the trans isomer to react with nucleo-
philes more rapidly at the S- methyl carbon than would the 
cis in which the carbon is more sterically crowded and 
therefore less accessible to nucleophilic attack. When a 
mixture of 10 and 11 was treated with pyridine at room 
temperature,15 the rate of attack on 10 relative to 11 was 
ca. 2:1 which is as expected based on the argument above 
and the assignment made by thermal equilibration. 

These three studies are internally consistent. The AAG* 
for alkylation, assuming identical reaction mechanism for 
the formation of both isomers, is ca. 0.8 kcal/mol. The 
AAC value for the difference in ground-state energies 
based on the equilibration study, albeit at 110°, is ca. 0.3 to 
0.2 kcal/mol. Assuming dealkylation transition states simi­
lar to those of alkylation, the predicted AAC* for the pyri-, 
dine dealkylation is 0.5 to 0.6 kcal/mol which gives a rate 
ratio of ca. 2:1 as found experimentally. 

Because of their steric proximity, the C-CH3 and S + -
CH3 13C nmr shifts of the cis methyl groups are expected to 
be upfield by ca. 6 ppm from those of the trans isomer.16 

The value for C-CH3 (6(10) - 6(11)) was 4.89 ppm and 
for S-CH3 (6(10) - 5(11)) 6.82 ppm in agreement with the 
previous assignments. 

Reaction of cis- and trans- l-Methoxy-2-methyl-2,3-
dihydrobenzothiophenium Tetrafluoroborate (8 and 9) with 
Organometallics. Sulfoxides 1 and 2 were alkylated to their 
corresponding alkoxysulfonium salts, 8 and 9, using tri­

methyloxonium tetrafluoroborate in nitromethane. Nmr 
showed formation of only one alkyoxysulfonium salt from 
its sulfoxide precursor in most cases. The small amount of 
epimer formation occasionally observed is attributed to the 
presence of water which was not completely excluded from 
the starting sulfoxide. The salts, obtained as oils, were puri­
fied by precipitation from methylene chloride by ether, fol­
lowed by several ether washings. 

Separate treatment of 8 and 9 with dimethylcadmium 
and with methylmagnesium bromide gave the sulfonium 
salts 10 and 11 which were isolated as the tetrafluorobo-
rates (oils) and subsequently converted into their tetraphen-
ylborates (solids). Nmr analysis of the tetrafluoroborate 
sulfonium salts obtained from the reactions yielded the cis: 
trans ratios based on the relative areas of a clearly resolved 
S+-CTZ3 singlet and a C-CZf3 doublet for each isomer. 
The reactions are shown by eq 2, while the products and 
yields are tabulated in Table III. 

1. R3Q+ 

CH3 

2. CHjMgBr 
or 

(CHj)8Cd 

(2) 

'?+ CH3 

CH3 

Turning now to the results given in Table III, one can see 
that the reactions are divided into three groups: (A) the 
reactions of 8 and 9 with methylmagnesium bromide at 
—78°; (B) the reactions with dimethylcadmium at room 
temperature for 20 min; and (C) those for 60 min. Except 
for B-I and B-2, where moisture caused some isomeriza-
tion, the alkylation of sulfoxides 1 and 2 gave only one iso­
mer, assumed to have retained configuration at sulfur, and 
did so in good yield. However, treatment of 8 or 9 with the 
organometallic reagents gave mixtures of 10 and 11 in 30 to 
50% yields. 

Looking first at reactions B-I and B-2, one sees that 8 
and 9 gave 10 and 11 with complete inversion at sulfur. The 
cis:trans ratios are reversed in going from starting material 
to product. When the reaction time is increased (C-I), so is 
the chemical yield, but the stereospecificity drops. Fifteen 
per cent of the sulfonium salt is of retained configuration. 
The origin of the other reaction products will be discussed 
subsequently. 

With methylmagnesium bromide (A-I and A-2), 8 also 
reacted with high stereospecificity (inversion), but 9 (A-3 
and A-4) did not. The stereospecificity ranged from 0 to 
30%. What caused this isomerization? 

Product isomerization by Grignard reagent can be ruled 
out since 10 and 11 are stable under the reaction conditions. 
They were recovered unchanged in quantitative yield after 
being treated with either the Grignard reagent or magne­
sium methoxide for 1 hr at —78°. 

Ligand permutation (pseudorotation) of a tetravalent te-
tracoordinate intermediate, a sulfurane, formed by bonding 
of a methyl group to the sulfur atom of 8 or 9, with possible 
coordination of the magnesium or cadmium at the methoxy 
oxygen, could, in principle, lead to isomerization before the 
methoxy group departed to give 10 or 11. But this does not 
explain the loss of stereospecificity in going from reaction 
B-2 to C-I where the only difference is one of reaction time. 

So the explanation for isomerization seems to lie with the 
methoxysulfonium salts 8 and 9 which might be isomerized 
by the basic organometallic reagent, by alkoxide ion formed 
during the reaction, or by bromide ion present in the Gri­
gnard reagent. Treatment of the methoxysulfonium salt 12, 
derived from (i?)-methyl p-tolyl sulfoxide (13), used as a 
model for 8 and 9, with magnesium bromide and with mag­
nesium methoxide was carried out in order to investigate 
these possibilities. 
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Scheme II 

f ^N 

^ . t o . <§CL, ^ -

When 12, derived from 98% optically pure 13, was stirred 
with magnesium methoxide for 1.5 hr at room temperature 
and then hydrolyzed with 1% aqueous sodium hydroxide, a 
hydrolysis which normally converts alkoxysulfonium salts 
into sulfoxides with 90 to 100% inversion of configuration at 
sulfur,17 a quantitative yield of 13 was obtained but with 
59% inversion. No methyl p- tolyl sulfide (14) was observed. 
The methoxide ion may attack the methoxy carbon of 12, 
the sulfur atom, or the proton a to sulfur. Carbon attack 
leads to retention of configuration; sulfur attack leads ini­
tially to inverted 12 or retained 13 after hydrolysis but 
eventually to racemization after enough alkoxide exchanges 
have taken place. Johnson and Phillips have shown that al­
koxysulfonium salts undergo exchange with a variety of al-
koxides accompanied by sulfide formation via the ylide.18 

Since inversion actually predominated, this exchange 
reaction is negligible, as is the sulfide formation, under the 
- 7 8 ° Grignard reaction conditions but may assume some 
importance during the room-temperature cadmium reac­
tions. 

Treatment of alkoxysulfonium salt 12 with magnesium 
bromide for 1.5 hr at room temperature followed by hydrol­
ysis as above gave a 33% yield of sulfoxide 13 of 59% re­
tained configuration and a 46% yield of sulfide 14. Similar 
results had been obtained previously with (+)-ethoxybenz-
p- tolylsulfonium tetrafluoroborate.19 

Bromide ion attack on the methoxy carbon leads to 13 of 
retained configuration. Bromide ion attack on sulfur yields 
a bromosulfonium ion which, if attacked on bromine by nu-
cleophiles, would lead to sulfide 14. When a stream of eth­
ylene was passed into a stirred mixture of methoxymethyl-
p- tolylsulfonium tetrafluoroborate and anhydrous magne­
sium bromide in methylene chloride, dibromoethane was 
formed. Thus, bromine or a brominating agent (perhaps the 
bromosulfonium salt) was formed in the reaction mixture. 

Utilizing the results from these model studies, reaction 
Schemes II and III were written which explain the observa­
tions recorded in Table III. 

Dimethylcadmium reacts with alkoxysulfonium salts 8 or 
9 (Scheme II) at sulfur with inversion of configuration to 
give sulfonium salts 10 and 11, respectively, which are resis­
tant toward further reaction, although, given time, they will 
form sulfide 4 by losing an S- methyl group to a nucleo-
phile.20 The dimethylcadmium may also attack at the me­
thoxy carbon to regenerate the precursor sulfoxide. The 
methoxide ion liberated in the former reaction may also 
react with the alkoxysulfonium salt, as shown by the model 

studies, to give sulfoxide of retained configuration as well as 
inverted alkoxysulfonium salt. But these processes manifest 
themselves only during more vigorous conditions of time 
and temperature (C-I) and are not obvious under milder 
conditions (B-I and B-2). The mixture of sulfoxides 1 and 2 
isolated in 36 to 55% yield must arise primarily from reac­
tion with dimethylcadmium at carbon and upon hydrolysis 
of unreacted 8 or 9. While it is conceivable that 8 or 9 could 
form ylides 15 and 16, which lead to sulfide 4, this appears, 
in view of the small amount of 4 produced, to be of no im­
portance. 

The reactions of 8 and 9 with the Grignard reagent 
(Scheme III) appear to be slightly more complex. Very lit­
tle sulfoxide was produced, but the quantity of sulfide 4 in­
creased dramatically as a result, in view of the model exper­
iments, of the intermediate bromosulfonium ions 17 and 18, 
although the ylides 15 and 16 cannot be ruled out as possi­
ble sulfide precursors. 

In summary, our results indicate that alkylarylalkoxysul-
fonium salts yield dialkylarylsulfonium salts with inversion 
of configuration at sulfur, but loss of stereospecificity may 
occur owing to isomerization of the starting material. 

The absolute configurations may now be assigned to dial­
kylarylsulfonium salts synthesized from alkyl aryl sulfox­
ides.4 

Experimental Section 

Instrumentation. Nmr spectra, obtained from a Jeolco HM-100 
spectrometer, are in parts per million downfield from TMS. Ir 
spectra were obtained from a Perkin-Elmer Model 337 grating in­
frared spectrophotometer. Melting points, determined on a Hoover 
capillary melting point apparatus, are uncorrected. A Radiometer 
Model 25 pH meter was used in the acid-base titrations of the or-
ganometallic reagents. Microanalyses were determined on a F & 
M Model 185 carbon, hydrogen, nitrogen analyzer. 

Materials. Methylene chloride was distilled from phosphorus 
pentoxide and stored over oven dried potassium carbonate. Nitro-
methane (spectral grade) was stored over molecular sieves (4 A). 

AIIyI Phenyl Sulfide (3). AIIyI bromide (121 g, 1.0 mol) was 
added dropwise with stirring to a solution of thiophenol (110 g, 1.0 
mol) and aqueous sodium hydroxide (45 g, 1.1 mol) over a 40-min 
period at 40-50°. The stirring was continued for 18 h», while the 
reaction mixture was slowly cooled to room temperature. Extrac­
tion with 250 ml of methylene chloride followed by drying over 
magnesium sulfate and evaporation of the solvent in vacuo at 70° 
yielded 150 g (1.0 mol, 100%) of crude 3; nmr [(CCl4) a 3.41 (dd, 
/vie = 6.4, Jaiiyi = 1.0 Hz, 2, SCH2), 4.8-5.2 (m, 2, =CH2) , 5.83 
(ddt, 7cis = 9.2, y t rans = 17.2, ./Vic = 6.4 Hz, 1, CH), 7.2 (m, 5, 
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Scheme III 
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C6Hs)] revealed no impurities. 
2-Methyl-2,3-dihydrobenzothiophene (4).8 A mixture of 150 g 

(1.0 mol) of crude allyl phenyl sulfide and 129 g (1.0 mol) ofquin-
oline was heated at reflux (225-240°) for 4 hr. The solution was 
then poured into 500 ml of 6 A" hydrochloric acid and extracted 
once with 500 ml and two times with 250-ml portions of heptane. 
The combined heptane extracts were concentrated to ca. 300 ml 
and washed three times with 250 ml of 5 TV hydrochloric acid. 
Drying over magnesium sulfate and concentration in vacuo at 75° 
yielded 90 g of crude oil which was shown by nmr to consist of 4, 5, 
and thiophenol. Distillation yielded 83 g (0.55 mol, 55%) of a col­
orless oil consisting of 40% 4 and 60% 5, bp 73-100° (1.5 mm).21 

This mixture of sulfides (83 g, 0.55 mol) was suspended in 100 
ml of water, and a solution of 160 g (1.0 mol) of potassium per­
manganate in 2 1. of water was slowly added with stirring at room 
temperature. The reaction mixture was acidified with concentrated 
hydrochloric acid, and solid sodium bisulfite was added until a col­
orless solution containing a white precipitate was obtained. Filtra­
tion, extraction of the filtrate with methylene chloride, drying over 
magnesium sulfate of the combined precipitate and extracts, and 
concentration of the solvent in vacuo gave a yellow oil, which crys­
tallized upon trituration with cyclohexane. Filtration yielded 55 g 
(0.30 mol, 55%) of a white crystalline solid, mp 79-99°, consisting 
of 48% 6 and 52% 7 as shown by nmr. 

A solution of 16.3 g (90 mmol) of this sulfone mixture in 300 ml 
of benzene and 200 ml of ether was added dropwise to a stirred 
suspension of 4.0 g (105 mmol) of lithium aluminum hydride in 
135 ml of ether and benzene at room temperature over a 75-min 
period. After continued stirring for another 75 min, excess lithium 
aluminum hydride was decomposed by dropwise addition of 4 ml 
of water, 4 ml of 15% sodium hydroxide, and 12 ml of water, in 
that order. Filtration and evaporation of the solvent in vacuo gave 
15.7 g of a white, semicrystalline product, which was vacuum dis­
tilled to yield 5.1 g (34 mmol, 38%) of 4 as a colorless oil: bp 48-
50° (0.2 mm); ir (neat) vmax 3070 (m), 2970 (m), 2930 (m), 2900 
(m), 2870 (m), 2835 (m), 1595 (m), 1465 (s), 1450 (s), 1375 (m), 
1255 (m), 1120 (m), 1065 (m), 1000 (m), 745 (s), 695 (m) cm"1. 
The 2-methyI-2,3-dihydrobenzothiophene 1,1-dioxide (6) had mp 
110-112° (benzene-cyclohexane) (lit.8 mp 115-116°). The yield 
of 4 based on the amount formed in the original cyclization of allyl 
phenyl sulfide (3) was 52%. 

The residue from the distillation was recrystallized from 200 ml 

of cyclohexane-benzene (3:2) to yield 6.2 g (34 mmol, 38%) of 1-
thiachroman 1,1-dioxide (7): mp 84-85° (ethanol) (lit.8 mp 88-
89°); nmr (CDCl3) 6 2.53 (m, 2, CH2CiZ2CH2), 3.10 (t, J = 6.5 
Hz, 2, ArCH2), 3.42 (m, 2, SO2CH2), 7.6 (m, 3, ArH meta and 
para to SO2), 8.12 (dd, J = 6, 2 Hz, 1, ArH ortho to SO2). 

cis- and ?ra«s-2-Methyl-2,3-dihydrobenzothiophene 1-oxide 
were prepared from 4.5 g (30 mmol) of sulfide 4 as described.7 The 
crude mixture (40:60 of 1:2 by nmr) of diastereomeric sulfoxides 
(4.6 g, 28 mmol, 92%) was purified by chromatography on a 3.5 X 
115 cm column packed with 425 g of Baker silica gel. Elution with 
300 ml of cyclohexane, 600 ml of cyclohexane-ether (1:1), 3800 
ml of ether, and 1600 ml of ether-methanol (9:1) yielded first a 
fraction of pure 1 (1.47 g, 8.9 mmol, 30%) as a viscous oil [ir 
(neat) Kmax 3065 (w), 2970 (m), 2930 (m), 2870 (w), 1590 (w), 
1570 (w), 1460 (m), 1445 (m), 1370 (w), 1120 (m), 1105 (m), 
1055 (s), 1030 (s), 980 (s), 815 (m), 750 (s), 710 (m), 690 (w) 
cm - 1] , then a mixed fraction (0.30 g, 1.8 mmol, 6%), and finally 
pure 2 (2.00 g, 12.0 mmol, 40%) as a viscous oil which crystallized 
on standing. Recrystallization from 10 ml of cyclohexane-ether 
(1:1) yielded 1.66 g of pure crystalline 2, mp 42-44°. 

cis- and rra«5-l,2-Dimethyl-2,3-dihydrobenzothiophenium 
Tetrafluoroborate and Tetraphenylborate (10 and 11). The title 
compounds were prepared by several procedures; one example, 
typical of each method, is described below. 

Procedure A. Trimethyloxonium tetrafluoroborate (0.59 g, 4.02 
mmol, 10% excess) was dissolved in ca. 20 ml of nitromethane in a 
125-ml erlenmeyer flask equipped with a magnetic stirrer, fitted 
with a septum, and flushed with nitrogen. m-2-Methyl-2,3-dihyd-
robenzothiophene 1-oxide (0.6 g, 3.65 mmol), dissolved in nitro­
methane, was introduced by means of a syringe, and the reaction 
mixture was stirred for 1 hr. The solution was concentrated on the 
rotary evaporator, and the methoxysulfonium salt was precipitated 
from the nitromethane by the addition of ether. The salt was puri­
fied by dissolution in methylene chloride followed by precipitation 
from ether several times, followed by several washings with ether 
which yielded 0.72 g (75%) of the desired product as a thick oil. 
The oil was dissolved in methylene chloride in a 125-ml erlenmeyer 
flask equipped with a magnetic stirrer, fitted with a septum, and 
flushed with nitrogen. The flask was immersed in an acetone-Dry 
Ice bath, and methylmagnesium bromide (1.36 ml, 4.02 mmol, 
2.95 M) was introduced by means of a syringe. After 1 hr, the 
reaction mixture was hydrolyzed with 5% sulfuric acid. The entire 

Journal of the American Chemical Society j 96:26 / December 25, 1974 



8031 

mixture was extracted with two equal volumes of ether, and the 
ethereal layers were combined and washed with two 25-ml portions 
of water. The aqueous layers were combined, saturated with sodi­
um tetrafluoroborate (ca. 25 g), and extracted with five 25-ml por­
tions of methylene chloride. The methylene chloride extracts were 
dried over magnesium sulfate and concentrated on the rotary evap­
orator. The crude oil was washed several times with ether and 
dried in vacuo, yielding 0.42 g (45%) of the desired product con­
sisting of a 90:10 mixture of 10:11 as a yellow oil. 

Sodium tetraphenylborate (0.57 g, 1.7 mmol) was dissolved in a 
minimum amount of acetone in an erlenmeyer flask. The sulfoni-
um tetrafluoroborate (prepared above) was dissolved in a second 
flask in the same way, and the two solutions were combined. The 
desired product was obtained by precipitation from the acetone so­
lution by ether. The product obtained was purified by dissolution 
in acetone followed by precipitation with ether repeated several 
times yielding 0.8 g (100%) of the l-2-dimethyl-2,3-dihydrobenzo-
thiophenium tetraphenylborate (fluffy white crystals), mp 168— 
170°. Nmr (DMSCW6): 10, & 1.47 (d, J = 2 Hz, 3, CCH3), 3.06 
(s, 3, SCH3), 4.46 (m, 1, CH), 6.52-8.24 (m, 24, Ar); 11, 5 1.58 
(d, J = 2 Hz, 3, CCH3), 2.88 (3, SCH3), 4.76 (m, 1, CH), 6.52-
8.24 (m, 24, Ar). All spectra of 10 and 11 are of mixtures of the 
two isomers. Ir (KBr): 10 and 11 (80:20), pmax 3070 (m), 3030 
(m), 2990 (m), 2950 (s), 1595 (s), 1495 (s), 1445 (s), 1410 (m), 
1275 (m), 1158 (m), 1040 (m), 850 (m), 745 (m), 695 (m), 615 
(m), 420 (m). 

Anal. Calcd for C34H33BS: C, 84.28; H, 6.87. Found: C, 84.01; 
H,6.81. 

The reaction was repeated several times; the results are given in 
Table III. 

Procedures B and C. Distilled dimethylcadmium was used in 
place of methylmagnesium bromide. The reaction was carried out 
at room temperature for 20 min or 1 hr. The reaction procedure is 
otherwise identical with that given in procedure A {vide supra), 
and the results are listed in Table III. 

Procedure D. Trimethyloxonium tetrafluoroborate (2.96 g, 0.02 
mol) was dissolved in ca. 50 ml of methylene chloride in a 125-ml 
erlenmeyer flask equipped with a magnetic stirrer, fitted with a 
septum, and flushed with nitrogen. 2-Methyl-2,3-dihydrobenzo-
thiophene (3 g, 0.02 mol), dissolved in methylene chloride, was in­
troduced by means of a syringe, and the reaction was stirred for 4 
hr at room temperature. Unreacted oxonium salt was removed by 
filtration, and the desired product was precipitated from the reac­
tion mixture by the addition of ether. The crystalline material ob­
tained was purified by several precipitations from methylene chlo­
ride by ether followed by several washings with ether. The solid 
was decanted and dried in vacuo yielding 4.36 g (87%) of the de­
sired product consisting of a 83:17 mixture of 10:11, mp 168-170° 
(reported above, mp 168-170°). 

The reaction was repeated several times with trimethyloxonium 
tetrafluoroborate in nitromethane or in methylene chloride or by 
methyl fluorosulfonate in methylene chloride yielding in all cases 
an approximately 80:20 mixture of 10:11, respectively. 

Thermal Equilibration of l,2-Dimethyl-2,3-dihydrobenzothio-
phenium Tetrafluoroborate (10 and 11). A 93% trans and 7% cis 
mixture of 10:11 (0.04 g) was dissolved in 96% acetic acid (0.5 ml) 
in an nmr tube. The sample was equilibrated in a bath of refluxing 
toluene (bp 110°). The apparatus consisted of a 250-ml round-bot­
tom flask equipped with a two-neck adapter, thermometer, and 
pipet inlet adapter in which the nmr tube was placed. The nmr 
tube was removed at periodic intervals over a 9-day period and the 
nmr spectrum recorded. The cis:trans ratio of the two isomers was 
determined from the S- methyl singlets which were clearly resolved 
in all spectra. Very little decomposition of the starting material 
was observed: k = 2.18 X 10-2 hr"1, k' = 3.42 X 10 -1 hr -1 

k 
trans ===== cis 

k' 

and/i/2 20.39 hr. 
Reaction of (/?)-Methoxymethyl-p-tolylsuIfonium Tetrafluoro­

borate (12) with Magnesium Bromide and Magnesium Methoxide. 
Anhydrous magnesium bromide (0.52 g, 2.8 mmol) was placed in a 
125-ml erlenmeyer flask equipped with a magnetic stirrer, fitted 
with a septum, and flushed with nitrogen. Methylene chloride (10 

ml) was introduced, and stirring was initiated. (i?)-Methoxy-
methyl-p -tolylsulfonium tetrafluoroborate (0.72 g, 2.8 mmol, 
[<x]23D 186°), prepared from (/?)-(+)-methyl p-tolyl sulfoxide [1 
g, 6.48 mmol; [a]23D 140.9° (c 0.9, acetone)] and trimethyloxon­
ium tetrafluoroborate, dissolved in 10 ml of methylene chloride, 
was added using a syringe, and the mixture was stirred for 1.5 hr. 
The magnesium bromide was filtered off, and the filtrate was hy-
drolyzed with ca. 50 ml of 1% sodium hydroxide. The two layers 
were separated, and the aqueous layer was saturated with ca. 20 g 
of sodium bromide and then extracted with four 25-ml portions of 
methylene chloride. The methylene chloride extract was dried over 
magnesium sulfate, concentrated on the rotary evaporator, and 
dried in vacuo yielding 0.18 g (46%) of methyl p-tolyl sulfide (14) 
and 0.15 g (33%) of (/?)-(+)-methyl p-tolyl sulfoxide (13); [a]22D 
25.3° (c 1, acetone), 18.0% optically pure. 

Also, 12 was treated with magnesium methoxide. Following 
reaction and work-up as above, (S)-(—)-methyl p-tolyl sulfoxide 
(13) (0.43 g, 100%) was isolated, [a]2iD -24.2° (c 1, acetone), 
17.2% optically pure. 

Stability of l,2-Dimethyl-2,3-dihydrobenzothiophenium Tetra­
fluoroborate (10 and 11) to Magnesium Methoxide. Magnesium 
methoxide (86 mg, 1.0 mmol) was added to a solution of sulfonium 
salt (11:10, 7:93) (252 mg, 1.0 mmol) in methylene chloride (5 
ml). The solution was stirred for 1 hr, undissolved magnesium 
methoxide was filtered off, and the nmr spectrum of the resulting 
solution was recorded. This showed an unchanged ratio of 11:10 
(7:93) and revealed no decomposition products. 

Stability of l,2-Dimethyl-2,3-dihydrobenzothiophenium Tetra­
fluoroborate (10 and 11) to Methylmagnesium Bromide. Methyl-
magnesium bromide (0.34 ml, 1.0 mmol) in ether was added to a 
cooled solution (-78°) of sulfonium salt (11:10, 7:93) (756 mg, 
3.0 mmol) in methylene chloride (15 ml) under nitrogen. The solu­
tion was stirred for 1 hr in the cold, then acidified with 5% sulfuric 
acid, and warmed to room temperature. After the usual work-up, 
695 mg (2.8 mmol, 92%) of sulfonium salt, which was shown by 
nmr to consist of 11 and 10 in unchanged ratio (7:93) and to con­
tain no decomposition products, was recovered. 

Reaction of l,2-Dimethyl-2,3-dihydrobenzothiophenium Tetra­
fluoroborate with Pyridine. Pyridine (39.5 mg, 0.50 mmol) was 
added to a solution of sulfonium salt (25.2 mg, 0.10 mmol) in 
methylene chloride (0.30 ml) in an nmr tube. The reaction was fol­
lowed by integration of the 2-methyl signals of 10, 11, and 4 over a 
period of 21 hr at room temperature (hr, % 11, % 10): 0.0, 17.8, 
82.2; 0.7, 13.6, 76.5; 1.3, 13.0, 72.5; 1.8, 14.3, 64.9; 2.7, 16.3, 55.5; 
3.4, 14.0, 49.3; 5.7, 12.1, 37.0; 9.8, 10.7, 36.5; 21.2, 6.2, 13.2. The 
results were fitted to the rate equation22 by the method of least 
squares giving kn/kjo = 0.47 ± 0.08 (correlation coefficient 
0.91). After 44 hr, the nmr spectrum showed the presence of the 
sulfide 4, exclusively. 

Reaction of (+)-Methoxymethyl-p-tolylsulfonium Tetrafluoro­
borate with Magnesium Bromide in the Presence of Ethylene. Race-
mic methyl p-tolyl sulfoxide (91 mg, 5.9 mmol) was methylated 
with trimethyloxonium tetrafluoroborate (96 mg, 6.5 mmol) in 
methylene chloride (20 ml). Anhydrous magnesium bromide (ca. 
1.5 g) prepared from magnesium and bromine in ether was added. 
A stream of ethylene was passed in for 1 hr with stirring. After 1 
additional hr of stirring, the supernatant liquid was shown by gc 
(10 ft X 0.25 in., 10% Apiezon M on Chromosorb W 60-80 col­
umn, 200°) to contain 1,2-dibromoethane and methyl p-tolyl sul­
fide. 

Acknowledgment. Thanks are extended to Mr. M. Buza 
for many helpful discussions, to Dr. L. Wilson of Varian 
Associates for providing the 13C nmr spectra of 10 and 11, 
and to Miss E. L. Liotta for experimental help. 

References and Notes 

(1) Support by the National Science Foundation, GP 23637, is gratefully ac­
knowledged. 

(2) This work was taken in part from the Ph.D. thesis of R. L. Caret, The 
University of New Hampshire, Durham, N.H., 1974. 

(3) Postdoctoral research associate, 1972-1973. Recipient of a Fulbright-
Hays travel grant. 

(4) K. K. Andersen, J. Chem. Soc. D, 1051 (1971); K. K. Andersen, R. L. 
Caret, and D. L. Ladd, Abstracts, 163rd National Meeting of the Ameri­
can Chemical Society, Boston, Mass., April 1972, No. ORGN 96; Ab-

Andersen, et al. / Dialkylarylsulfonium Salt Formation 



8032 

stracts, V Symposium on Organic Sulphur Chemistry, Lund, Sweden, 
June 1972, No. IB.1. 

(5) D. J. Cram, J, Day, D. R. Rayner, D. M. von Schriltz, D. J. Duchamp, and I 
D. C. Garwood, J. Amer. Chem. Soc, 92, 7369 (1970); and A. Nudel-
man, Int. J. Sulfur Chem., Part B, 6, 1 (1971), and references cited I 
therein. See F. Wudl and T. B. K. Lee, J. Amer. Chem. Soc, 95, 6349 
(1973), and F. G. Yamagishi, D. R. Rayner, E. T. Zwicker, and D. J. i 
Cram, ibid., 95, 1916 (1973), and references cited therein for examples 
of retention. 

(6) The absolute configuration of a sulfonium salt has to the best of our i 
knowledge never been established, unambiguously. See B. M. Trost and 
R. F. Hammen, J. Amer. Chem. Soc, 95, 962 (1973). 

(7) T. A. Whitney and D. J. Cram, J. Org. Chem., 35, 3964 (1970). ( 
(8) H. Kwart and E. R. Evans, J. Org. Chem., 31, 413 (1966). 
(9) J. J. Rigau, C. C. Bacon, and C. R. Johnson, J. Org. Chem., 35, 3655 

(1970). 
(10) See, for example, R. M. Wing, J. J. Uebel, and K. K. Andersen, J. Amer. 

Chem. Soc, 95, 6046 (1973); R. R. Fraser, T. Durst, M. R. McClory, R. 
Viau, and Y. Y. Wigfield, Int. J. Sulfur Chem., Part A, 1, 133 (1971); I. 
Karup-Nielsen and A. Kjaer, Acta Chem. Scand., 26, 852 (1972), and | 
references cited therein. 

(11) The angular dependence of the induced pseudocontact shifts is in most 
cases only a minor contributor to the total observed shifts. Our results 
show that in this qualitative application it can be neglected. 

(12) P. V. Demarco, T. K. Elzey, R. B. Lewis, and E. Wenkert J. Amer. 
Chem. Soc, 92, 5734 (1970). 

(13) Our assignment is in agreement with that of W. H. Pirkle and T. A. Whit- < 
ney, Tetrahedron Lett., 2299(1974). 

(14) A. Garbesi, N. Corsi, and A. Fava, HeIv. Chim. Acta, 53, 1499 (1970). 

Discrepancies in the extents of isotopic scrambling ob­
served in the exo-dehydro-2-norbornyl acetate obtained 
from acetolysis of 14C- or D-labeled exo-dehydro-2-nor-
bornyl brosylate have been reported by two groups of work­
ers.1,2 In 1955, Roberts, et al.,' found that in the acetolysis 
of exo-dehydro-2-norbornyl-2,5-14C2 brosylate (1-2,3-
1 4C- OBs) at 45° in the presence of KOAc, 38% of the 14C 

label was rearranged from the C-2,3 positions to the rest of 
the carbon skeleton in the resulting ejco-dehydro-2-nor-
bornyl-x-' 4C acetate (1-x- ' 4C- OAc). On the other hand, 
Cristol and coworkers2 reported in 1966 that the acetolysis 
of exo-dehydro-2-norbornyl-5-exo-rf brosylate (1-3-exo-
d-OBs) at 24° in the presence of NaOAc gave a 1-x-d-
OAc product, the mass spectral analysis3 of which showed 
an essentially 50% rearrangement of the D label from C-2,3 
to C-1,4,5,6,7. These differences prompted Lee and Hahn4 

to study the reaction once more, using 1-2-endo-d- OBs as 
the labeled reactant. It was found that both the results of 
Roberts' and of Cristol2 were essentially correct, and it was 
thought that differences in reaction temperature might have 
played a role in giving rise to the different extents of rear­
rangement. Recently, however, Cristol and Beimborn5 rein-

(15) R. Annunziata, M. Cinquini, and S. Colonna, J. Chem. Soc, Perkin 
Trans. 1, 1231 (1973). 

(16) G. C. Levy and G. L. Nelson, "Carbon-13 Nuclear Magnetic Resonance 
for Organic Chemists," Wiley-lnterscience, New York, N.Y., 1972, p 24. 

(17) C. R. Johnson and D. M. McCants, Jr., J. Amer. Chem. Soc, 87, 5404 
(1965). 

(18) C. R. Johnson and W. G. Phillips, J. Org. Chem., 32, 1926 (1967). 
(19) K. K. Andersen, M. Cinquini, and N. E. Papanikolaou, J. Org. Chem., 35, 

706(1970). 
(20) We initially attempted to isolate 10 and 11.as the sulfonium bromides. 

The instability of these salts was shown to be due to nucleophilic attack 
of the bromide anion on 10 and 11 to give 4. 

(21) Pure 1-thiachro"man (5) was obtained by low-temperature (-78°) re-
crystallizations (heptane) of fractions enriched in 5 by careful fractional 
distillation: bp 82-87° (1 mm) [lit.8 bp 85-89° (0.2 mm)]; nmr (CDCI3) 6 
1.92 (m, 2, CH2CH2CH2), 2.65 (t, J = 6.5 Hz, 2, ArCH2), 2.85 (m, 2, 
SO2CH2), 7.0 (m, 4, ArH); ir (neat) i w 3055 (m), 3000 (m), 2930 (s), 
2845 (m), 1580 (m), 1560 (m), 1465 (s), 1425 (s), 1280 (m), 1265 (m), 
1120 (m), 1070 (m), 1045 (m), 930 (m), 775 (m), 740 (s) cm 1. 

(22) Based on the two first-order reactions (eq i and ii), the following linear 

11 + py -1^- 4 + pyCH3*BFf (ii 

10 + py ^-» 4 + PyCH3
+BF1" (if) 
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In (('.,.„ - C11) = A,,/Aio In ( C c 1 0 - C 1 0 ! + constant IiJi1 

vestigated the acetolysis of 1-3-exo-d-OBs under various 
experimental conditions including the different tempera­
tures used by Lee and Hahn. Again about 50% rearrange­
ment was observed in all cases. Professor Cristol also indi­
cated that he has examined the data from the thesis of 
Hahn, found no errors in the calculations, and was unable 
to rationalize the difference between their results arid those 
of Lee and Hahn.4 Since the mass spectral analysis of the 
1 -x-d- OAc from either 1 -3-exo-d- OBS or 1-2-endo-d-
OBs gave only the overall rearrangement of the D label 
from C-2,3 to C-1,4,5,6,7 based on fragmentation by the 
retrograde Diels-Alder reaction,3 we have decided to repeat 
the investigation using 1-3-exo-t-OBs and degrade the 1-
x-t- OAc product in order to obtain more detailed informa­
tion which may help to explain the apparent discrepancies 
in the published results. 

In the acetolysis of 1-2,3- 14C-OBs,1 reaction via a rap­
idly equilibrating pair of enantiomeric homoallylic ions 2a 
and 2b, or the intervention of a symmetrical ion such as 3, 
would give rise to 50% rearrangement of the label from C-
2,3 to C-1,7 in the resulting 1-X-14C-OAc. Since less than 
50% rearrangement was observed,1 a relatively slow equili-
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Abstract: Acetolysis of exo-dehydro-2-norbornyl-i-e.xo-r brosylate (1-3-exo-t-OBs) at 24, 45, or 65° gave in each case 
about 50% rearrangement of the label from C-2,3 to C-1,4.5,6,7 in the product, l-x-(-OAc, in agreement with the results 
from 1-3-exo-d-OBs obtained by Cristol and coworkers. Degradation of the 1-x-/-OAc, however, showed that the distribu­
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over C-3 and C-7 as was previously assumed. It is suggested that the overall T distribution is the net result of a number of 
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homoallylic dehydronorbornyl cations 2a and 2b, (2) elimination to norbornadiene followed by addition of HOAc to give 
scrambled 1-x-?-OAc, and (3) the occurrence of 3,2 hydrogen shift before product formation. A possible rationalization of 
the discrepancies reported by previous workers is discussed. 
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