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The copper-catalyzed addition of methane-, benzene-, and p -  toluenesulfonyl bromide to phenylacetylene 
yields mixtures of trans (1) and cis addition products (2). In contrast, the thermal reaction leads exclusively to 1. 
In the catalyzed reaction, excess of bromide ions promotes the formation of 1. Both 1 and 2 undergo facile elimi- 
nation of HBr to give the a-acetylenic sulfone (3). Two distinct mechanisms for the addition reaction are suggest- 
ed, namely, a trans addition process operating uia a free-radical chain, and, concurrently. a cis addition process, 
uia a concerted reaction mechanism, directed by the copper catalyst. 

We previously described the stereoselective, copper-cat- 
alyzed 1:l addition of aliphatic and aromatic sulfonyl chlo- 
rides to acetylenes by a free-radical, redox-transfer chain 
mechanism, yielding mixtures of trans- and cis- P-chlorov- 
inyl sulfones.* In the copper-catalyzed addition of sulfonyl 
chlorides to phenylacetylene, the course of addition could 
be controlled by polar factors to give preferentially either 
trans or cis addition  product^;^ no adduct was formed in 
the absence of copper chloride, in spite of prolonged heat- 
ing.2 We now discovered .that, in contrast to sulfonyl chlo- 
rides, the corresponding bromides undergo addition across 
the triple bond in the dark, and in the absence of any cata- 
lyst, thus demonstrating homolysis of the S-Br bond under 
mild thermal conditions. 

A comparison between the thermal and the copper-cata- 
lyzed addition of sulfonyl bromides to phenylacetylene has 
enabled us to elucidate the specific role of the catalyst in 
directing the stereochemistry of the addition; such a com- 
parative study could not be performed with sulfonyl chlo- 
rides. 

This paper presents examples of thermal as well as cop- 
per-catalyzed 1:l additions of methane-, benzene-, and p -  
toluenesulfonyl bromide to phenylacetylene, yielding in 
the catalyzed process mixtures of trans (1) and cis addition 
products (2); and in the thermal process exclusively trans 
addition product (I) .  Sulfonyl bromides have been used in 

RS02Br + HC=CCBHj - CuBr, 

1 2 

1 
R = CH,, C6Hj. p-CH3C,H, 

synthesis to a much lesser extent than sulfonyl chlorides, 
even though they are more reactive; they can be made by 
simple one-step procedures4 I t  is worthwhile mentioning 
here that sulfonyl iodides are much more reactive, as shown 
for instance by Truce and Wolf, who described the iight- 
catalyzed trans addition of sulfonyl iodides to acetylenes, 
leading to P-iodovinyl su1fones.j Thus far, alkanesulfonyl 
iodides have not been isolated owing to their instability, 
and had therefore to be prepared in situ. 5 , 6  Sulfonyl bro- 
mides have the advantage over sulfonyl iodides of being 
stable compounds, and a t  the same time being more reac- 
tive than the corresponding sulfonyl chlorides. 

Only a few P-bromovinyl sulfones have been reported in 
the literature; their syntheses consist of several steps, in 
which, for instance, in the final step a bromovinyl sulfide is' 
Qxidized to the corresponding sulfone7 or hydrogen bro- 
mide is added to an a-ethynyl sulfone.s 

A one-step synthesis of P-bromostyryl sulfones by the di- 
rect addition of sulfonyl bromides to acetylenes has been 
reported briefly in two i n ~ t a n c e s . ~ . ~ ~  

Zakharkin and Zhigareva described recently a thermal 
addition of benzenesuifonyl bromide to phenylacetylene, 
leading to a cis addition p r o d ~ c t . ~  We prove that under 
such conditions the trans addition product (1) is being 
formed exclusively (see below). 

Results and Discussion 
The Copper-Catalyzed Addition. The copper-cata- 

lyzed addition of methane-, benzene-, and p -  toluenesul- 
fonyl bromide to phenylacetylene was performed as de- 
scribed for the addition of sulfonyl chlorides to acetylenes.2 
Like the chlorides, sulfonyl bromides gave mixtures of cis 
and trans addition products, reacting somewhat faster than 
the corresponding chlorides. The reaction may be conduct- 
ed with equimolar amounts of the reactantsll in an inert 
solvent such as acetonitrile, a t  reflux temperatures or pref- 
erably in a sealed tube, where rates of reaction could be 
conveniently followed by dilatometry. The reaction in a 
sealed tube proved to be cleaner and faster, particularly 
when degassing removed atmospheric oxygen which re- 
sulted in decreased induction periods. Cupric bromide was 
used in a catalytic amount; lithium bromide, as a source of 
excess bromide ions, promoted preferential formation of 
trans addition products, as chloride ions did in the addition 
of sulfonyl chlorides to phenylacetyiene3 (see Table I, No. 
1, 4, and 7). In the absence of additional bromide ions, the 
reaction was slower, and a higher proportion of cis addition 
products was formed (see Table I, No. 2 , 5 ,  and 8). 

The Thermal Addition. Alkyl- and arylsulfonyi bro- 
mides were found to add smoothly to phenylacetylene, in 
the absence of any catalyst or light, affording high yields of 
a single 1:l addition product which turned out to be identi- 
cal with the trans addition product (1) obtained in the cop- 
per-catalyzed reaction. No trace of the corresponding cis 
addition isomer (2) could be detected after careful column 
as well as thin-layer chromatographic, separations (see 
Table I, No. 3, 6, and 9).12 

Configurational Assignments Based on Spectral 
Data. Structural proof and configurational assignments 
were based on similar criteria as applied to the character- 
ization of the trans- and c i s -  P-chlorostyryl  sulfone^.^,^ As 
mentioned previously,2 only the cis addition products (2) 
can accommodate a coplanar conformation, This is impos- 
sible for the trans addition products (l),  due to steric hin- 
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Table I 
Reactions of Sulfonyl Bromides (10 mmol) with Phenylacetylene (11 mmol) i n  Acetonitrile (2G) at 100" 

-Adduct Distribution, 7c- RS02Br CuBrn, LiBr, Time, Conversion, 
No. R= mmol mmol hr /c 1 2 F 

0 . 2  0 . 3  6 
0 . 2  6 

9 
0 . 2  0 . 3  4 
0 . 2  6 

6 
0 . 2  0 . 3  6 
0 .2  6 

9 

Table I1 
Ultraviolet Spectra 

90 88 12 
86 55 45 
90 100 
90 85 15 
92 44 56 
88 100 
93 83 17 
88 52 48 
85 100 

CH3 212 8,000 254 8,000 213 8,000 264 16,000 
CgH: 211 20,000 258 10,000 213 18,000 276 20,000 
P-CHaCsHa 209 20,000 238 14,000 219 18,000 273 20,000 

Table I11 
Nuclear Magnetic Resonance Dataa 

I 
Vinyl Methyl 

R protons(s) protons (s) Phenyl protons (m) 

2 
Vinyl Methyl 

protons (s) protons (8) Phenyl protons im) 

CHs 7.09 2 .71  (3H)  7.37-7.65 ( 5 H )  
CGHi 7.17 7.25-7.65 (10 H) 

p-CH,CGH( 7.16 2.37 (3 H)  7 .51  (d, 2 H,  J = 8.5) '  
7 .19 (d, 2 H,  J = 8.5)c  
7 .40 (m, 5 H) 

7.22 3 .21  (3 H)  7.37-7.70 (5 H)  
7 .33  7 .36-7.70 (8 H) 

7.30 2.45 (3 H) 
8.09 (d, 2 H, J = 7.5)b  
7.97 (d, 2 H, J = 8 . 5 ) c  
7.34 (d, 2 H,  J = 8 . 5 ) c  
7.46-7.60 (5 H)  

a Measured in CDC13 on a Varian A-60 with TMS as internal standard; chemical shifts reported in 6 (ppm) and apparent spin 
couplings ( J )  in Hz units; s = singlet, d = doublet, m = multiplet. * Phenyl protons ortho t o  the carbon atom attached t o  
the electronegative sulfone group. c Pair of doublets of a typical AA'BB' pattern for a para-disubstituted phenyl ring. 

1 2 

drance. The styryl band for the cis addition products (2) 
absorbs a t  longer wavelengths, and with much stronger in- 
tensity than for the trans isomers (1) (see Table 11). The in- 
frared spectra were very much like those of the chloro ana- 
logs. In the C=C stretching frequencies region, a strong 
adsorption peak a t  6.19 p was found to be characteristic for 
the trans addition products (l), and a strong absorption 
peak a t  6.36 p was typical for the planar and more conju- 
gated cis addition isomers (2); it  was also possible to char- 
acterize the structural isomers on the basis of sharp and 
strong-CH= out-of-plane bending vibrations a t  11.3 p of 
the trans addition products (1) and a t  11.05 p of the cis ad- 
dition products (2). 

The nmr spectra of the addition compounds were quite 
similar to those of the chloro analogs.2,3 The vinylic protons 
of the bromo adducts were generally more deshielded than 
those of the corresponding chloro adducts; also, these pro- 
tons, as well as the methyl proton in 2 (R = CH3, R = p -  
CH3C6H4) were more deshielded in the coplanar configura- 
tions (see Table III).2,3 

Elimination of HBr. Elimination experiments with 
both stereoisomeric adducts, involving an excess of trieth- 
ylamine a t  room temperature, revealed that not only the cis 
addition products (2) are capable of undergoing a facile /3- 

trans elimination to give. an a-acetylenic sulfone (3) but, 
surprisingly, also the trans addition products ( l) ,  in which 
H and Br are in a cis relationship,l3 the only difference 
being, that  cis elimination is slower than the trans process. 

cis elimination 
1 

trans elimination R S O - C s C C ,  H 
3 

R = CH,. C,H,, p-CH,C,H, 

2 

I t  was possible to follow the elimination of HBr from the 
two isomeric 2-methanesulfonyl-1-bromostyrenes (1 and 2, 
R = CH3) by nmr, by the increase of CH~SO~CEC-  singlet 
a t  6 3.31 at the expense of the singlets of the methyl pro- 
tons of 1 (R = CH3) a t  6 2.71 and of 2 (R = CH3) a t  6 3.21. 
A benzene solution of 2 (R = CH3) which was stirred14 for 
20 hr with a large excess of Et3N a t  room temperature gave 
a mixture of 80% of 3 (R = CH3) and 20% of the unchanged 
bromo adduct. Under these conditions 1 (R = CH3) elimi- 
nated only 35% HBr. 

Dehydrobrominations of 2-benzenesulfonyl-1-bromo- 
styrenes (1 and 2, R = C6H5) where somewhat faster, as 
compared to rates of elimination of HBr from the 2-meth- 
anesulfonyl adducts, due to the stronger inductive effect of 
the 2-benzenesulfonyl group. 

As mentioned earlier, Zakharkin and Zhigareva claimed 
that the thermal addition of benzenesulfonyl bromide to 
phenylacetylene gave a cis addition p r o d ~ c t ; ~  their struc- 
tural evidence was based on the fact that  the adduct under- 
went facile elimination of HBr, and hence their conclusion 
that H and Br had to be in a trans relationship. They ap- 
parently did not consider the possibility that  a cis elimina- 
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Scheme I transfer (step d), to a mixture of both stereoisomers, was 
raised p rev i~us ly .~  

The fact that only the kinetically formed3 trans addition 
products are obtained under thermolytic conditions argues 
strongly against the possibility of an equilibration process 
(step c) in these reactions. Evidently, the resonance-stabi- 
lized cis vinyl radical does not isomerize, and reacts with 
another sulfonyl halide molecule to give, via an halogen 
chain transfer (step e), the trans addition product. In the 
presence of cupric halides, which are known as highly reac- 
tive halogen donors,ls the much faster ligand transfer step 
d supersedes step e;19 consequently, inversion of the initial- 
ly formed vinyl radical becomes very improbable, suggest- 
ing that the energy barrier for such process (step c) may be 
fairly high.20 We suggest, therefore, that the two stereoiso- 
mers do not have a common intermediate, and, in general, 
the formation of the trans addition product, either in the 
thermal or the copper-catalyzed reaction, is a result of a 
normal radical chain be it that, in the product forming 
step, halogen is transferred from the sulfonyl halide or 
from the copper(I1) halide. On the other hand, the cis addi- 
tion product, which is formed concurrently in the copper- 
catalyzed reaction, arises presumably from a concerted 
reaction as depicted in (f). In the stereoselective copper- 
catalyzed addition of sulfonyl halides to phenylacetylene, 
the course of the addition could be controlled by polar fac- 
tors to give preferentially either trans or cis addition prod- 
ucts; excess of halide ions, or highly polar solvents, promot- 
ed formation of trans addition products, while absence of a 
supplementary halide salt, or applying a low polarity sol- 
vent,21 resulted a higher ratio of cis addition products. 

Excess halide ions give halocuprates with copper(I1) 
ions, which are more soluble in acetonitrile and make for a 
homogeneous reaction. In the absence of such additives, or 
in solvents of low polarity, the copper salt is only partly 
dissolved and we propose that the reaction takes place also 
on the surface of the undissolved copper catalyst leading to  
cis addition products; added halide ions may intervene and 
hinder that process. 

In the copper-catalyzed addition of sulfonyl bromides to 
phenylacetylene, carried out in the absence of excess bro- 
mide ions (see Table I, No. 2, 5 ,  and 8), the preference for 
cis addition products was not as high as in the case of the 
chloro analogs,3 apparently due to the competitive thermo- 
lytic trans addition. 

Experimental  Section22 
Materials. Phenylacetylene obtained from Fluka (puriss) was 

distilled before use; methanesulfonyl bromide was prepared from 
methanesulfonyl chloride;23 benzenesulfonyl bromide and p -  tolu- 
enesulfonyl bromide were prepared from the corresponding aryl- 
sulfinic acid sodium salts,24 or from the corresponding arylsulfon- 
ylhydrazides;4d anhydrous cupric bromide (Baker Chemical Co., 
reagent grade) and lithium bromide (B.D.H., reagent grade) were 
dried a t  110' to constant weight; acetonitrile from Fluka (puriss) 
was dried over P205; Kieselgel 70-325 mesh was obtained from 
Merck. 
(E,Z)-2-Benzenesulfonyl-I-bromostyrenes (1 and 2, R = 

C6H5). A mixture of 2.21 g (10 mmol) of benzenesulfonyl bromide, 
1.12 g (11 mmol) of phenylacetylene, 45 mg (2 mmol) of anhydrous 
cupric bromide, and 52 mg (6 mmol) of anhydrous lithium bromide 
in 2 g of acetonitrile was introduced into a Carius tube, cooled in 
liquid air, degassed (three times) a t  0.1 mm, sealed, and heated for 
4 hr a t  100". After contraction was stopped the tube was cooled in 
liquid air and then opened. The semisolid reaction mixture was 
dissolved in methylene chloride, transferred to a separatory fun- 
nel, and washed with water and an aqueous solution of disodium 
ethylenediaminetetraacetate until free from copper, and the or- 
ganic layer was dried (NaZS04). The solvent was evaporated and 
the crude reaction mixture (3.2 g) was dissolved in a minimum 
amount of methylene chloride (3-5 ml) and chromatographed over 
70 g of Kieselgel. Elution with ether-n- hexane (1:6) gave 2.45 g 

(a) RsO?X + CuX - 
[RSO,-XCu'X RSO,.X-CU"X/ - RSO,~ + CUXL 

1 2 

RSO 

+ Rso,, < PH5 
H /C=c\ X 

1 

---+ E" ( f )  RS0,x + 
H- C =C-C6Hs 

tion could take place as well. Although the p-trans elimina- 
tion is the most common elimination process, cis elimina- 
tions are also encountered, particularly when the 6-hydro- 
gen atom is activated by an electron attracting such as 
alkyl- or arylsulfonyl group, which favors a two-step Elcb  
carbanion rnechanism.l5 

The reason for the greater ease of cis elimination of HBr 
from 2, compared the HC1 from its analog, is evidently due 
to the enhanced leaving ability of the bromide ion from 
such system.16 Generally, rates of hydrogen bromide elimi- 
nation are greater than of hydrogen ch10ride.l~~J' The 
eliminations of hydrogen bromide from the easily accessi- 
ble adducts of sulfonyl bromide and acetylenes offers a 
convenient synthesis for a-acetylenic sulfones. 

Mechanism for  t he  Addition Reaction. The mechanis- 
tic possibilities are summarized in Scheme I. The striking 
difference between the copper-catalyzed reaction in which 
mixtures of cis and trans isomers are obtained, and the 
thermal process which leads exclusively to trans addition 
products, demonstrates the specific role of the copper cata- 
lyst enabling a cis addition process to take place, The pos- 
sibility of a free-radical reaction including an equilibration 
step, in which a cis intermediate radical is partially invert- 
ed into its trans isomer (step c), leading after halogen 
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(76%) of 1 (R = C & , ) :  m p  82' (methanol); ir 6.19, 6.28, 6.72, 6.92, 
7.17, 7.58, 7.78, 8.80,9.24, 9.75,10.0,10.85, 11.4, and 12.4 1.1. 

Anal Calcd for CuHllBr02S: C, 52.02; H ,  3.43; Br, 24.72; S, 
9.92. Found: C, 52.18; H ,  3.55; Br, 24.50; S, 9.87. 

Further elution with ether-n- hexane '(1:4) of the same chro- 
matogram afforded 0.45 g (14%) of 2 (R = C&,) :  mp 88' (metha- 
nol); ir 6.28, 6.37, 6.72, 6.92, 7.17, 7.58, 7.78, 8.08, 8.50, 8.72, 9.22, 
10.0, 10.05, 10.35, 10.85, 11.1, 11.3, and 1 2 . 3 ~ .  

Anal. Calcd for C14HllBr02S: C, 52.02; H,  3.43; Br, 24.72; S, 
9.92. Found: C, 52.18; H ,  3.55; Br, 24.50; S, 9.87. 
(E,Z)-2-Methanesulfonyl-1-bromostyrenes (1 and 2, R = 

CH3). The addition reaction and the work-up procedure were car- 
ried out as described for benzenesulfonyl bromide using 1.59 g (10 
mmol) of methanesulfonyl bromide. Elution with ether-n- hekane 
(1:4) gave 2.07 g (79%) of 1 (R = CH3): mp 60.5' (ethanol); ir 6.19, 
6..29, 6.72, 6.92, 7.16, 7.58, 7.75, 8.82, 9.4, 10.5, 11.3, 11.5, and 12.4 
P. 

Anal. Calcd for CgHgBrOzS: C, 41.39; H ,  3.47; Br, 30.60; S, 
12.28. Found: C, 41.35; H, 3.54; Br, 30.80; S, 12.13. 

Further elution with ether-n- hexane (1:3) of the same chro- 
matogram afforded 0.28 g (11%) of 2 (R = CH3): mp 76' (ethanol); 
ir 6.29, 6.36, 6.72, 6.92, 7.16,7.58,8.82,9.4, 10.5,11.15, and 12.3 1.1. 

Anal. Calcd for CgHgBrOzS: C, 41.39; H, 3.47; Br, 30.60; S, 
12.28. Found, C 41.20; H, 3.50; Br, 30.89; S, 12.09. 

(E,Z )-2-p -Toluenesulfonyl-1-bromostyrenes (1 a n d  2, R = 
p - C H ~ C G H ~ ) .  The addition reaction and the work-up procedure 
were carried out as described for benzenesulfonyl bromide using 
2.35 g (10 mmol) of .p-  toluenesulfonyl bromide. Elution with 
ether-n- hexane (1:6) gave 2.6 g (77%) of 1 (R = p -  CH3C6H4): mp 
103-104' (methanol); ir 6.19, 6.28, 6.72, 6.92, 7.17, 7.55, 7.65, 7.75, 
8.70, 9.25,9.65, 9.85, 10.0, 10.85, 11.2, 11.3, and 12.4 1.1. 

Anal. Calcd for C15H13Br02S: C, 53.42; H, 3.89; Br, 23.70; S, 
9.51. Found: C, 53.20; H, 3.79; Br, 23.94; S, 9.56. 

Further elution with ether-n- hexane (1:3) of the same chro- 
matogram afforded 0.54 g (16%) of 2 (R = p -  CH&sH4): mp 108- 
109' (methanol); ir 6.26, 6.30, 6.37, 6.72, 6.92, 7.16, 7.55, 7.65, 7.71, 
8.68, 9.20,9.62, 9.8, 10.0 10.85, 11.15, 11.3, and 12.4 1.1. 

Anal. Calcd for C15H13BrOZS: C, 53.42; H, 3.89; Br, 23.70, S, 
9.51. Found: C, 53.60; H, 3.84; Br, 23.99; S, 9.62. 

Eliminations of HBr from 1 and  2 ( R  = CH3, CsH5, p -  
CH3CsH4). Eliminations were carried out by stirring14 a solution 
of the adduct (2 mmol) in benzene (2 ml) and triethylamine (2 ml) 
at room temperature; dehydrobromination was noted by precipita- 
tion of the amine hydrobromide and reaction was followed by nmr 
[disappearance of vinylic proton, or shift of the methyl singlet (1 
and 2 - 3, R = CH 3, p -  CH&sH4)]. The acetylenic sulfones were 
obtained after removal of the hydrobromide by filtration, evapora- 
tion of the volatiles, and crystallization from methanol. Yields 
were almost quantitative. Reaction times (hr) required for com- 
plete elimination of HBr from 1 and 2 under these conditions were 

CHa C6Hs p-CHaCeHa 

1 72 16 36 
2 30 12 24 

1-Phenyl-2-metanesulfonylethyne (3, R = CH3). This com- 
pound was prepared either from 1 (R = CH3) or 2 (R = CH3) by 
the above described procedure: m p  68-69' (lit.5325 63-64', 68.5- 
69.5'); ir 4.59 (-C=C-), 7.65, and 8.60 P (-SOz-); nmr 6 3.31 (S, 3 
H, CH3), 7.35-7.65 (m, 5 H, aromatic). 

Anal Calcd for CgHaOzS: C, 59.98; H, 4.47; S, 17.79. Found: C, 
59.92; H, 4.53; S, 17.85. 
1-Phenyl-2-benzenesulfonylethyne (3, R = CgHj). This com- 

pound was prepared either from 1 (R = C&j) pr 2 (R = CsHd by 
the above described procedure: mp 74.5O (lit.26 73-74'] was identi- 
cal with that of an authentic sample.2 

1-Phenyl-2-p -toluenesulfonylethyne (3, R = p -CH&H4). 
This compound was prepared either from 1 (R = p -CH3CeH4) or 2 
(R = p -CH&&) by the above described procedure: mp 82-83' 
(lit.5,27 83-84', 80-81'); ir 4.59 (-C=C-), 7.65, and 8.60 1.1 ( 4 0 2 - ) ;  

nmr 6 2.43 (s, 3 H ,  CH3), 7.20-7.70 (m, 7 H, aromatic), 7.98 (d, 2 K, 
aromatic, J = 8.5 Hz). 

Anal. Calcd for C15H1202S: C, 44.09; H, 8.81; S, 23.54. Found: C, 
44.16; H,  8.78; S, 23.60. 

Registry No.-1 (R = C&), 52920-43-1; 1 (R = CH3), 52920- 
44-2; I (R = p -  CH3CsH4), 52920-45-3; 2 (R = CsHb), 52920-46-4; 2 
(R = CHs), 52920-47-5; 2 (R = P - C H ~ C ~ H ~ ) ,  52920-48-6; 3 (R = 
CH3), 24378-05-0; 3 (R = CsHs), 5324-64-1; 3 (R p-@H$&H*), 
28995-88-2; phenylacetylene, 536-74-3; benzenesulfonyl bromide, 
2297-65-6; methanesulfonyl bromide, 41 138-92-5; p -  toluenesulfon- 
yl bromide, 1950-69-2. 

References and Notes 
(1) Presented before the lVth International Symposium on Organic Sulphur 

Chemistry, Bangor, Wales, U.K.,  July 1974. 
(2) Y. Amiel, J. Org Chem., 36, 3691 (1971). 
(3) Y. Amiel, Tetrahedron Lett., 661 (1971); J. Org. Chem., 36, 3697 

(1971). 
(4) (a) C. Suter, "Organic Sulfur Compounds," Wiley, New York, N. Y., 

1944, p 513; (b) A. Schoberl and A. Wagner, "Methoden der Organisch- 
en Chemie," Vol. IX, 4th ed. Houben-Weyl, Ed., Georg Thieme, Stutt- 
gart, 1955, p 585; (c) A. C. Poshkus, D. E. Herweh, and F. A. Magnotta, 
J. Org. Chem., 28, 2766 (1963); (d) L. M.  Litvinenko, V. A. Dadali, V. A. 
Savelova, and E. T. Krichevtsova, J. Gsn. Chem. USSR 34, 3730 
(1964). 

(5) W. E. Truce and G. C. Wolf, J. Org. Chem., 36, 1727 (1971). 
(6) W. E. Truce, D. L. Heuring, and G. C. Wolf, J. Org. Chem., 39, 238 

(1974). 
(7) F. Montanari, Garz. Chim. Ita/., 86, 415 (1956): E. Anaeletti. F. Montan- 

ari, and A. Negrini, Gazz. Chim. /tab, 87, '1086 (1957).- 
(8) (a) L. Maioll and G. Modena, Ric. Sci., 29, 1931 (1959); (b) L. Maioli, G.  

Modena, and P. E. Todesco. Eo//. Sci. Fac. Chim. /nd. Bologna, 18, 66 
(1960). 

(9) i. I. Zakharkin and G. .G. Zhigareva, Zh. Org. Khim., 9, 891 (1973). 
(IO) Truce and Wolf have mentioned, only as part of a footnote (ref 5, foot- 

note 16) that from the cupric bromide catalyzed addition of benzene- 
sulfonyl bromide to phenyiacetylene, two bromo(benzenesulfony1)- 
styrenes can be isolated, no details were given." 

(1 1) Usually a slight excess of phenylacetylene is used because of a minute 
amount of the acetylene undergoes bromination. Same results were ob- 
tained when a large excess of sulfonylbromide was used; prolonged 
heating did not lead to the addition of a second molecule of sulfonyl bro- 
mide to the ethylenic bond of the 1:l adduct. 

(12) In acetonitrile, reactions were generally cleaner but a bit slower than 
without any solvent. 

(13) The chloro analogs of 1 do not undergo eiiminations, and are recovered 
unchanged even after prolonged heating with a tertiary amine.' 

14) Without stirring the dehydrobromination is much slower. 
15) (a) F. G. Bordwell and R .  J. Kern, J. Amer. Chem. SOC., 77, 1141 

(1955); (b) S. J. Cristol and R. P. Arganbright, ibid., 79, 3441 (1957): (c) 
D. V. Banthorpe, "Elimination Reactions, Elsevier, Amsterdam, 1963, 
p 88: (d) G. Modena, Accounts Chem. Res., 4, 73 (1971); (e) F. G. Bord- 
well, J. Weinstock, and T. Sullivan, J. Amer. Chem. SOC. 93, 4728 
(1971). 

16) The extent of the leaving group effect is apparently much dependent on 
the particular system, and has been found to be rather small in base-ini- 
tiated cis and trans eliminations from cyclohexane systems, where the 
0 proton is activated by an ArS02 group.'5e 

(17) (a) R.  N .  Haszeldine, J, Chem. SOC., 2495 (1951); (b) S. Ghersetti, G. 
Lugli, G. Modena, P. E. Todesco, and P. Vivarelli, ibid., 227 (1965). 

(18) J. K. Kochi and D. M. Mog, J. Amer. Chem. SOC., 87, 522 (1965). 
(19) A.  Or, M. Asscher and D. Vofsi, J. Chem. SOC., Perkin Trans. 2, 1000 

(1973), and preceding papers. 
(20) Theoretical calculations suggest that energy barrier for inversion at an 

sp2 carbon may be fairly high; see G. W. Koeppl, D. S. Sagatys, G. S. 
Krishnamurthy, and S. I. Miller, J. Amer. Chem. SOC., 89, 3396 (1967). 

(21) The effect of solvents was examined only in the copper-catalyzed addi- 
tion of sulfonyl chlorides tq phenyla~etylene.~ 

(22) All melting points and boiling points are uncorrected. Ir spectra were de- 
termined in CHCi3 on a Perkin-Elmer lnfracord Model 2376 spectropho- 
tometer; uv spectra were obtained in aqueous C2H50H on a Gary Model 
14M spectrophotometer. 

(23) G. Sieber, Justus Liebigs Ann. Chem., 631, 180 (1961). 
(24) L. F. Fieser and M. Fieser, "Reagent for Organic Synthesis," Vol. 3, 

Wiiey, New York, N. Y., 1972, p 18. 
(25) W. E. Parham and P. L. Stright, J. Amer. Chem. Soc., 78, 4784 (1956). 
(26) W. E. Truce, H. E. Hill, and M. M. Boudakian, J. Amer. Chem. Soc., 78, . .  

2760 (1956). 

J. Amer. Chem. SOC., 84, 2020 (1962). 
(27) S. I. Miller, C. E. Orzech, C. A. Welch, G. R. Ziegler, and J. I .  Dickstein, 


