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 Symmetrical and unsymmetrical (E, E)-1, 4-diaryl-1, 3-butadienes 

can be prepared in high yields from (E)-2-arylethenesulfonyl 

chlorides by treating with vinylarenes in the presence of 

ruthenium(II) phosphine complex in benzene.

 Conjugated 1, 3-dienes are valuable intermediates in a number of synthetic 

organic processes, most notably in the Diels-Alder reaction.1) There have been 

a number of methods for preparation of 1, 3-dienes, but most of them bring some 

limitations and difficulties into practice, because some require air-sensitive or 

sophisticated organometallic reagents, many of which are too reactive toward 

common functional groups, and others require drastic reaction conditions, and/or 

suffer from rather low stereoselectivity.2-10) During the course of the studies 

on the catalytic reactions of the sulfonyl chlorides with olefins in our labora-

tory,11) we found that the reactions of (E)-2-arylethenesulfonyl chlorides with 

vinylarenes in the presence of catalytic amount of dichlorotris (triphenyl-

phosphine)ruthenium(II) give (E, E)-1, 4-diaryl-1, 3-butadienes in a highly stereo-

selective fashion, hence providing one of the most useful methods for prepa-

ration of such compounds. The results are reported in the present communication.

 In a typical procedure, a solution of 405 mg (2.0mmol) of (E)-2-phenyl-

ethenesulfonyl chloride, 208 mg (2.0mmol) of styrene, 20 mg (0.02mmol) of 

dichlorotris (triphenylphosphine) ruthenium(II) in 4.0 ml of benzene was heated at

80 0C for 72 hours in a degassed sealed tube O TLC analysis of the resulting

mixture indicated that the starting materials were compl tely consumed and that

only one product was formed O The crude mixture was subjected to chromatography

on a FlOrisil column using hexane1ether ClrlJ as an eluent to remove the catalystt

and the 1:1 adduc, (E) -2-chloro-2-phenylethyl styryl sulfone (1) was isolated in

98% yield: mp 97-98 ℃ (from ethanol).
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 Table 1. Reaction of (E)-2-arylethenesulfonyl chlorides with vinylarenesa)

a) The reaction was carried out in a degassed sealed tube containing
(E)-2-arylethenesulfonyl chloride (2.0mmol), vinylarene (2.0 mmol),

 

and dichlorotris (triphenylphosphine) ruthenium (II) (20 mg, 0.02 mol)

in 4.0 ml of benzene at 150 ℃.

b) The yie1d refers to the pure isolated product.

The result is quite similar to the reaction of arene- or alkanesulfonyl chloride 

with olefins reported previously from our laboratory.11) However, when the

reaction was carried out at 150 ℃ for 43 hours, no adduct 1 was observed in the

reaction mixture, and (E, E)-1, 4-diphenyl-1, 3-butadiene12) (2a,)was isolated in

9 yield: mp 148-149℃ (from ethanol, lit. mp 149.7℃)13) after purification

by chromatography on Florisil using hexane as an eluent.

 It is quite interesting that the reaction product changed on raising the

reaction temperature from 80 ℃ to 150 ℃. The (E, E)-1, 4-Biphenyl-1, 3-butadiene

(2a) is presumed to be formed via the adduct 1 by dehydrochlorination and de-

sulfonylation. The mechanism was further supported by the fact that the treat-

ment of the isolated adduct 1 with the ruthenium(II) complex in benzene at 150 

℃  gave 2a quantitatively.

 The reactions of several (E)-2-arylethenesulfonyl chlorides with vinylarenes 

were carried out under similar conditions to give selectively symmetrical or 

unsymmetrical (E, E)-1, 4-diaryl-1, 3-butadienes (2) in high yield. The results
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are summarized in Table 1. As shown in Table 1, 1, 4-diaryl groups in the 

product 2 originated from two starting materials: namely, one is aryl group in 

the (E)-2-arylethenesulfonyl chloride and the other is aryl group from the vinyl-

arene. This means that intramolecular dehydrochlorination and desulfonylation 

of the adduct 1 take place without the formation of any crossed 1, 4-diaryl-

N 1, 3-butadiene.

 The reaction has several synthetically useful features: (1) the yield of 2 

is very high, (2) the reaction is selective and only (E, E)-isomer of 1, 4-diaryl-

1, 3-butadiene is obtained, (3) symmetrical or unsymmetrical 1, 4-diaryl-1, 3-

butadiene is formed specifically, and (4) the reaction is conveniently carried 

out in one pot. Moreover, (E)-2-arylethenesulfonyl chloride is easily prepared 

from vinylarenes by treating with sulfuryl chloride in dimethylformamide.14)

 At the present stage, the reaction of alkenesulfonyl chlorides without aryl 

group does not give 1, 3-dienes but 1:1 adduct in high yield. The studies 

concerning the limitations and the mechanism of the present reaction are now 

under progress; the details will be reported in another article.
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