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reaction). After the addition was complete, the mixture was 
stirred at reflux 1 hr and at room temperature overnight. Work- 
up and tosylation as described for 3a afforded 3.77 g (60%) of 6 
as a chalky solid, mp 119-124". Several recrystallizations from 
2-propanol afforded pure 6 as white needles, mp 123-125'. 

Anal .  Calcd for CI8H19N02S: C, 68.99; H, 6.11; Y, 4.47; 
S, 10.23. Found: C, 68.74; H, 6.32; N ,  4.73; S, 10.50. 

Registry No. -3a, 30135-80-9; 3b, 30135-81-0; 
5 ,  30166-89-3; 6, 30166-90-6; 8, 30166-91-7; 9, 
301 66-92-8. 
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c ? Iruns-1-Phenyl-Z(benzenesulfonyl)ethene (2, R = 
R' = C,&) has been prepared by (a) the condensation 
of benzenesulfonylacetic acid with ben~aldehyde,~ (b) 
the addition of benzenethiol to phenylacetylene followed 
by oxidation of the resulting trans-l-phenyl-2-(phenyl- 
mercapto)ethene with hydrogen p e r ~ x i d e , ~  and (c) the 
copper-catalyzed addition of benzenesulfonyl chloride 
to styrene followed by dehydrohalogenation of the 
resulting l-chloro-l-phenyl-2-(benzenesulfonyl)ethane 
(1, R = R' = Ca&) with triethy1amine.j In  this 
paper we would like to describe our studies on the syn- 
thetic ut'ility of method c. 

Arenesulfonyl chlorides can be added to styrenes to 
give 1-chloro-1-aryl-B(arenesu1fonyl)ethnnes [I, R,R' 
= aryl (eq l)] in good to excellent yields (see Table I). 

CuC12 
RCH=CHI + R'S02CI - RCHCHaS02R' ( 1 )  

EtaN.HC1, CHaCN 1 
c1 

1 

The reaction appears to be little affected by substituent 
electronic effects or by steric effects of substituents in 
the 2 and 6 positions of eit'her the sulfonyl chloride or 
the styrene. Treatment of the l-chloro-l-aryl-2- 
(arenesulfony1)ethanes (1) with triethylamine in ben- 
zene afforded the corresponding trans-l-aryl-2-(arene- 
sulfony1)ethenes [2, R, R' = aryl (eq a ) ]  in excellent 
yield (see Table II).6 

(1) Unsaturated Sulfones and Suitable Precursors. 111. For previous 
papers in this series, see W. E. Truce, C. T. Goralski, L. W. Christensen, 
and R. H .  Bavry, J .  Orp. Chem., 36, 4217 (1970); W. E. Truce and C .  T. 
Goralski, ibid. ,  36, 4220 (1970). 

(2) Halogens Research Laboratory, The  Dow Chemical Co., Midland, 
Mich. 48640. 
(3) V. Baliah and M.  Seshapathirao, J .  Orp. Chem., 24, 867 (1959). 
(4) H. G. Klein, Ph.D. Thesis, Purdue University, 1961. 
( 5 )  M. Asscher and D. Vofsi, J. Chem. Soc.,  4962 (1964). 
(6 )  The vinyl sulfones 2 were identified as the trans isomers by their nmr 

(Jvinyi  = 14-16 cps) and infrared (o,inri = 10.2-10.5 p )  spectra which are 
typical of trans 1,2-disubstituted olefins. We earlier described the reaction 
of these vinyl sulfones (Table 11) with dimethylsulfonium methylide to  give 
the corresponding trans-l-(arenesulfonyl)-2-aryloyclopropanes: W. E. 
Truce and C. T. Goralski, J .  Ow. Chem., 34, 3324 (1969). 
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TABLE 11.-UNSATURATED SULFONES 2 
Registry Yield, -Calcd. %-- -Found, %-- 

S C H  S C H  no. R R' MP,  'C % 
16212-06-9 CeHs C6H5 75-76" 94 
30166-82-6 CsHs 2,4,6-[CH(CH3)2] 3CeHZ 125-126 88 74.55 8.16 8.65 74.56 8.00 8.46 
30166-83-7 CsHs 2,4,6-(CH3)3C& 89.5-90.5 96 71.30 6.33 11.20 70.90 6.20 11.06 
30166-84-8 CsH5 2-CioH7 143.5-144 87 73.44 4.79 10.90 73.38 5.02 11.02 
30166-85-9 CsHj 4 - F c ~ H 4 ~  83.5-84 97 64.10 4 .23  12.23 64.08 4.37 12.32 
30166-86-0 C6Hs ~ - O ~ N C . S H ~ ~  123.5-124 93 58.13 3 .83  11.08 58.13 4.11 11.18 
30166-87-1 CeH5 2-02N-4-C1CsHad 170-170.5 89 51.93 3.11 9.91 52.14 3.40 9.85 

30166-77-9 4-CsHsCsH4 CsHs 172-173 84 74.97 5.03 10.01 74.70 5.20 9.77 
33 166-78-0 2 , 6-( CH3)2CsH3 CsH s 120-121 89 70.55 5.92 11.78 70.71 5.96 11.50 
30246-73-2 2-CloH7 CaHs 103-104 19f 73.44 4.79 10.97 73.38 5.02 11.02 

15436-11-0 CsHs CH3 80-81h 87 

30166-88-2 4-CHsCe.Ha CeHs 137-138" 78 

20605-52-1 4-ClCeH4 Cs& 131-1328 80 

a 31. Asscher and D. Vofsi [ J .  Chem. Soc., 4962 (1964)] report mp 75-76', * Anal. Calcd for ClaHllFOzS: F, 7.24. Found: F, 
7.23. c Anal. Calcd for ClaHllN04S: N, 4.84. Found: 4.55. Anal. Calcd for C14H&lNO4S: C1, 10.95; N, 4.33. Found: 
C1, 10.69; T'J, 4.27. f This represents the 
total overall yield from 2-vinylnaphthalene. A large amount of polymerization of the 2-vinylnaphthalene occurred, and the initial 
sulfonyl chloride adduct could not be isolated in pure form. V. Baliah and M. Seshapathirao [&id., 24, 867 (1959)] report mp 129- 
130'. 

e V. Baliah and M. Seshapathirao [ J .  Org. Chem., 24, 867 (1959)l report mp 135.5-138.5'. 

h W. E. Parham, F. D. Blake, and D. R. Theissen [ibid., 27, 2415 (1962)] report mp 77-78'. 

R 

H 'SOpR' 

EtsN \ /" 
RCHCH2SOzR' __f C=C (2 ) 

benzene / 

1 2 

The reaction of trans-P-methylstyrene (3) with ben- 
zenesulfonyl chloride gave l-chloro-l-phenyl-2-(ben- 
zenesulfony1)propane (4) as a thick, viscous oil which, 
on treatment with triethylamine in benzene, was con- 
verted to P-(benzenesulfony1)-cis-P-methylstyrene (5,  
eq 3).' In contrast, an attempt to  react trans-stilbene 

3 

CsH.5 
EtaN \ 

(3 ) 

SOnCeHa 
/c=c\ 

CeHsCH-CHSOzCsHa -+ 
H 

I 
C1 AH3 

4, 5 

with benzenesulfonyl chloride gave only a 95% re- 
covery of the starting olefin. 

A brief study of the reaction of alkanesulfonyl chlo- 
rides with styrene was made. Methanesulfonyl chloride 
and bromomethanesulfonyl chloride added to styrene 
to give 1 : l  adducts (Table I) in 66 and 80% yield, 
respectively, but a-toluenesulfonyl chloride (6) gave 
mainly benzyl chloride and sulfur dioxide and only a 
6% yield of l-chloro-l-phenyl-2-(a-toluenesulfonyl)- 
ethane (7, eq 4). Apparently the intermediate Q- 

toluenesulfonyl radical loses sulfur dioxide to give a 

(7) The structural assignment of 6 is based on the observation that  the 
vinyl proton signal overlaps the ortho aromatic protons of the benrene- 
sulfonyl group (6 7.80) as observed for the proton geminal to  the phenyl 
group (6 7.67) in .the nmr spectra of t.rans-l-phenyl-2-(benrenesulfonyl)- 
ethene. I n  contrast, the signal for the proton geminal to  the phenyl group 
in cis-l-phenyl-2-(benrenesulfonyl)ethene occurs a t  8 6.90 [A. A. Oswald, 
K. Greisbaum, B. El. Hudson, Jr.,  and J. M. Bregman, J. Amer. Chem. Soc., 
86, 2877 (1964)l. 

benzyl radical at  a faster rate than it is trapped by 
styrene to  give a l-phenyl-2-(~-toluenesulfonyl)ethyl 
radical (k l  > k2).8 

In conclusion, the copper-catalyzed addition of sul- 
fonyl chlorides to styrenes followed by elimination of 
hydrogen chloride from the resulting p-chloro sulfones 
represents an excellent, high-yield synthesis of trans-l- 
aryl-2-(arenesulfonyl)ethenes and other unsaturated 
sulfones. 

Experimental Section9 

General Procedure for the Addition of Sulfonyl Chlorides to 
Styrenes.-Typically, in a lOO-ml, three-neck flask equipped 
with a magnetic stirrer, a nitrogen inlet, and a reflux condenser 
fitted with a calcium chloride drying tube were placed 0.10 mol 
of the styrene, 0.10 mol of the sulfonyl chloride, 0.13 g (1.0 
mmol) of anhydrous cupric chloride, 0.206 g (1.5 mmol) of tri- 
ethylamine hydrochloride, and 4.00 g of acetonitrile. The above 
mixture was then heated at  100-130', with stirring, under the 
nitrogen for 2 hr and then cooled. Methanol (40 ml) was added 
to the cooled reaction mixture, and the P-chloro sulfone separated 
as a white, crystalline solid. The solid was filtered, washed with 
water, and recrystallized from 95% ethanol to give analytically 
pure 1. 
0-(Benzenesulfony1)-cis-P-methylstyrene.-A mixture of 10.0 g 

(0.085 mol) of trans-P-methylstyrene, 15.0 g (0.085 mol) of 
benzenesulfonyl chloride, 0.110 g (0.85 mmol) of anhydrous 
cupric chloride, 0.175 g (1.27 mmol) of triethylamine hydro- 

( 8 )  A similar mechanism has been proposed to  explain the results of the 
reaction of chloromethanesulfonyl chloride with 1-octene and styrene in 
the presence of cupric chloride (ref 6 ) .  

Reagent 
grade cupric chloride was used in all addition reactions and was dried a t  140° 
prior to  use, All compounds gave nmr spectra consistent with their assigned 
structures (recorded on a Varian A-BOA spectrometer with tetramethylsilane 
as an internal standard). All melting points are uncorrected. The elemental 
analyses were performed by Dr. C. S. Yeh and the staff of the Purdue 
Microanalytioal Laboratory. 

(9) All reactions were carried out in a nitrogen atmosphere. 
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chloride, and 3.4 g of acetonitrile was heated with stirring at  
110' for 2 hr and then cooled. Methanol (34 ml) was added to 
the cooled reaction mixture and the resulting solution was re- 
frigerated. After standing under refrigeration for several days, 
no solid separated from the solution. The methanol was removed 
in vacuo leaving a thick, viscous, yellow oil. The oil was dis- 
solved in a minimum amount of dry benzene and 12.87 g (0.127 
mol) of triethylamine was added. The reaction mixture was 
stirred for 1 hr and then filtered to remove the triethylamine 
hydrochloride which had precipitated. The triethylamine 
hydrochloride was washed with several portions of dry benzene. 
The benzene was removed in  vacuo from the combined benzene 
filtrates leaving a yellow oil which crystallized on addition of a 
small amount of 95% ethanol. The solid was filtered, dried, and 
recrystallized from 95% ethanol to give 9.90 g (45% yield) of 
6-(benzenesulfony1)-cis-P-methylstyrene: mp 94 3-95.5' ; nmr 
6 2.10 (d, 3), 7.33 (s, 5), 7.45-7.70 (m, a), 7.75-8.05 (m, 3). 

Anal. Calcd for C I ~ H I ~ O ~ S :  C, 69.74; H, 5.46; S, 12.41. 
Found: C, 69.68; H, 5.23; S, 12.53. 

Attempted Reaction of Benzenesulfonyl Chloride with trans- 
Stilbene.-A mixture of 18.00 g (0.10 mol) of trans-stilbene, 
17.67g (0.10mol) of benzenesulfonyl chloride, 0.130g (1.0 mmol) 
of anhydrous cupric chloride, 0.206 g (1.5 mmol) of triethylamine 
hydrochloride, and 4.00 g of acetonitrile was heated, with stirring, 
a t  120' for 2 hr and then cooled. Methanol (40 ml) was added 
to the cooled reaction mixture and unreacted trans-stilbene 
separated as a pale yellow, crystalline solid. The recovered 
trans-stilbene was filtered, dried, and recrystallized from 9570 
ethanol to give 17.10 g (95% recovery), mp 125-126' (lit.Io mp 
124'). 

General Procedure for the Preparation of Unsaturated Sulfones 
@).-To a saturated solution of the sulfonyl chloride adduct 1 
in dry benzene was added 1.5 equiv of triethylamine. The re- 
action mixture was allowed to stir for 45 min and then filtered 
to remove the triethylamine hydrochloride produced. The tri- 
ethylamine hydrochloride was washed with several portions of 
dry benzene. The benzene was removed in vacuo from the com- 
bined benzene filtrates leaving an oil which crystallized on addi- 
tion of a small amount of ethanol. The solid was recrystallized 
from 95yo ethanol to give analytically pure 2.  

Reaction of a-Toluenesulfonyl Chloride (6) with Styrene.-In 
a lOO-ml, three-neck flask equipped with a magnetic stirrer, 
a nitrogen inlet tube, and a reflux condenser with a drying tube 
were placed 10.41 g (0.10 mol) of styrene, 19.06 g (0.10 mol) of 
a-toluenesulfonyl chloride, 0.130 g (0.0010 mol) of anhydrous 
cupric chloride, 0.206 g (0.0015 mol) of triethylamine hydro- 
chloride, and 4.00 g of acetonitrile. The reaction mixture was 
heated, with stirring, a t  125" for 2 hr and then cooled. During 
the entire 2-hr reaction period the evolution of sulfur dioxide 
(Sot) was noted. Methanol (40 ml) was added to the cooled 
reaction mixture, and the resulting solution was refrigerated. 
A small amount of a white solid separated from the cold solution. 
The solid was filtered, dried, and recrystallized from 9570 ethanol 
to give 0.85 g of l-chloro-l-phenyl-2-(a-toluenesulfonyl)ethane, 
mp 121-122'. 

Anal. Calcd for CLsHlbClOgS: C, 61.11; H, 5.13; C1, 12.03; 
S, 10.88. Found: C,61.23; H, 5.10; C1, 11.76; S, 10.87. 

The methanol was removed from the recrystallization liquor 
in vacuo leaving a yellow oil which was distilled under reduced 
pressure. The distillation yielded 7.18 g of a colorless liquid 
which was shown by nmr to be a mixture consisting of 65% 
benzyl chloride and 35y0 styrene. A heavy, dark residue re- 
mained after distillation. The residue was dissolved in 95% etha- 
nol and decolorized, The ethanol solution was cooled yielding 
an additional 1 .OO g of l-chloro-l-phenyl-2-(a-toluenesulfonyl)- 
ethane, mp 118-119'. The total yield of 1: 1 adduct ww 1.85 g 
(6% yield). 

Registry No.-5, 30246-74-3; 7, 30158-39-5. 
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(10) "Handbook of Chemistry and Physics," 45th ed, Chemical Rubber 
Publishing, Cleveland, Ohio, 1964, p C-546. 
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Although various electronegatively substituted ep- 
oxides are known, considerable current attention is 
being devoted to the synthesis of new moieties in this 
classification.' Only recently has the preparation of 
a,@-epoxysulfonyl and sulfinyl systems been reported.2 

Our own interest in a-substituted sulfonic acid de- 
r i v a t i v e ~ ~  coupled with the facile synthetic route to p- 
hydroxy-a-chlorosulfonamides, which we recently re- 
ported14 suggested the preparation of the novel cy#- 

epoxysulfonic acid derivatives. 
Indeed, when the precursory p-hydroxy-a-chloro- 

sulfonamides 1 mere treated with potassium tert-but- 
oxide in THF, the alp-epoxysulfonamides were formed 
in good to moderate yields (Table I). 

OH A 

RDX-ICIS02NT\0 I + tert-BuOK ---+ THF RzC-CHS02Nn0 /"\ u 5-10' L J  

1 2 

This reaction almost certainly proceeds via initial 
formation of the p-alkoxide followed by an intramolecu- 
lar displacement of the halogen atom. The ease (low 
temperature, short reaction time) of this displacement 
is noteworthy since it is in direct contrast to inter- 
molecular S N ~  displacements cy to sulfonyl groupings 
in both sulfones5 and sulfonamides16 which occur only 
with difficulty. However, a parallel effect is encountered 
in the Ramberg-Backlund reaction, which also in- 
volves an intramolecular displacement a to a sulfonyl 
grouping and can also occur at low temperature.' 
Seemingly, when the nucleophilic center is generated 
in the proximity of the reaction site, the sulfonyl group 
exhibits either a highly diminished retarding effect 
or no retarding effect on cy displacements. 

It would be useful synthetically if the alp-epoxide 
could be generated directly from the condensation 
of the a-chloroalkyllithium sulfonamide 6 with a ketone, 
thereby bypassing the isolation and subsequent ring 
closing of the 6-hydroxy-a-chlorosulfonamide. How- 
ever, allowing a solution of 6 and a ketone, e.g., acetone, 

OLi 
R2CCHClS02NA0 I 

u LiCHCIS02NA0 R'C=ot 
THF 

6 7 
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