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Abstract: p-Tolyl benzeneselenosulfonate regioselectively added to the conjugate enynesulfones 1-9
gave (1E, 3E)-1,4-bis(arylsulfonyl)-1,3-butadienes 18-17, which were converted to the 4-hetero atom-
substituted- 1-phenylsulfonyl-1,3-butadienes 18, 21 and 22. Copyright © 1996 Elsevier Science Ltd

Sulfonyl substituted 1,3-butadienes have recently attracted considerable attention as useful synthetic
intermediates.! Padwa ef al. demonstrated the use of 1,3-2 and 2,3-bis(phenylsuifonyl)-1,3-butadienes3 as
versatile building blocks in organic chemistry via reactions such as {44+2]-cycloadditions and 1,3-dipolar
cycloadditions.# However, the preparation of 1,4-bis(sulfonyl)-1,3-butadienesS is quite limited although there
have been a few reports on the subject, which includes the double [2,3]-sigmatropic rearrangement of f-
phenylsulfenyl propargylic alcohols and subsequent oxidation® which gave o,B-unsaturated phenylsulfonyl
ketones in some substrates. Therefore, it could not be considered a general synthetic method for 1,4-
bis(arylsulfonyl)-1,3-butadienes.

Recently, we reported the syntheses and reactions of conjugate enynesulfones.” If the sulfonyl radical is
regiosclectively added to the enynesulfones, this novel method will be useful and convenient for the preparation
of 1,4-bis(arylsulfonyl)-1,3-butadicnes. Krause et al. reported that the addition reactions of organo cuprates to
enyne compoundsB underwent 1,6-addition to give substituted butadienes. We were interested as whether the
radical addition reactions for the conjugate enynesulfones may occur at an acetylenic or olefinic carbon. Now
we report a sulfonyl radical addition to enynesulfones; a general synthetic method for 1,4-bis(arylsuifonyl)-1,3-
butadienes.

The conjugate enynesulfones were prepared according to our previous report.” The enynesulfone 1
reacted with p-tolyl benzenesclenosulfonate/AIBN? to give (1Z, 3E)- and (IE, 3E)-2-phenylseleno-1,3-
butadiene 10 in 79% yield ((1Z, 3E):(1E, 3E)=6:1) (Table 1, entry 1).10 The stereochemistry of the product
10 was established by the difference nuclear Overhauser effect (DNOE) enhancement between the 2-olefinic
proton and the aromatic ortho proton of a p-toluenesulfonyl group. Iradiation of the 2-olefinic proton of a
minor isomer (1E, 3E)-10 increased the intensity of the 4-olefinic proton. The CDCl3 solution of 10 ((1Z,
3E):(1E, 3E)=6:1) stood at room temperature overnight gave a mixture of 10 ((1Z, 3E):(1E, 3E)=1:1.3). This
result shows that the (1E, 3E)-isomer is thermodynamically more stable than the other isomer. «-
Bromoenynesulfone 2 and 6 also exclusively gave (1E, 3Z)-1-bromo-1,4-bis(arylsulfonyl)-1,3-butadienes 11
and (IE, 3E)-14 (Entries 2 and 6). n-Bu-substituted enynesuifone 3 afforded 1,3-butadiene 12 (Entry 3);
however, the t-Bu-derivative 4 gave a complex mixture. 1,1-Bis(phenylsulfonyl)enyne 5 and 8 gave 1,1,4-
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tri(arylsulfonyl)-1,3-butadienes 13 and 16 in high yiclds. The conjugate (Z)-enediynesulfone 9 did not give an
aromatized product!1 but did regioselectively produce the conjugate dienyne compound 17 (Entry 9), because
of the contribution of the propargyl radical 24 stabilized by the sulfonyl group compared to that of 26.12 The

stercochemistries for other products were also determined by DNOE experiments.
Table 1 Reactions of enyne sulfones with selenosuifonate

Entry Enyne sulfone Products (% yields)
SO,Ph
H—=—- 2 .
1 SOzph p-T01302)==(=.<H 10 (79) 1
1 H SePh
H—== SOzPh
2 \ \‘]—SO,‘,Ph P'TO|302)=(=——-<Br 11 (96)
Br H SePh
B TolSO POdM
nBu——= p-Tol —
3 N\_50,p1 = H 1272
3 nBu SePh

4 +-Bu ﬁSOZPh
4

5 B TolSO. SO
nBu——= -Tol
s sosm P }=(=<sozph 1)
802p|1 nBu SePh
. ras0 SO,Ph
6 —_— -Tol —
N-50Ph P 2 - 14 (quant)
6 g nBu SePh
nBu TolSO S0
= -To —
7 N-s0,n PO (T 1590
74 nBy”  SePh

)

Ph—== -Ti
N-50,Ph P °'S:}=(=<sozph 16 (quant)
8 SO.Ph SePh
nBu QA
SOzPh p-TolSO, = 1772
nBu SePh N\

*1 The isomer ratio of 10is 1Z71E=6:1.

Recently, Takei and Hevesi reported the Ni-catalyzed coupling reactions of vinyl sclenides and Grignard
reagents.13 If the phenylseleno group of these dienes is converted to an alkyl or aryl group by the coupling
reaction, the reaction can be proposed as a general synthetic method for 3-alkyl- or 3-aryl-1,4-bis(arylsulfonyl)-
1,3-butadienes. In order to clarify the reactivity of these new 1,4-bis(arylsulfonyl)-1,3-butadienes,2 we
performed several reactions. The coupling reaction of 10 and r-BuMgBr/NiCl2(PPh3)2/DME gave 4-n-
butoxy-3-phenylseleno-1-phenylsufonyl-1,3-butadienc 18 in 77% yield. The structure assignment was
confirmed by MS and 1H NMR spectra. The MS spectrum shows the molecular ion peak at m/z 422
(C20H2203SSe). The 1H NMR spectrum exhibited the methylene protons adjacent to an oxygen at & 4.07
ppm. Ni(CsH702)2/DME also gave the (1E, 3E)-n-BuQ-substituted diene 18 in good yield. The coupling
reaction of 10 under an Ar atmosphere afforded the 4-n-Bu-substituted 1,3-diene 19 in 68% yield. Grignard
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reagents are reported to react with oxygen and form alkoxy radicals or alkoxides.14 Therefore, the alkoxy
intermediates, which would be formed by the reaction of n-BuMgBr and oxygen, undergo the addition to the
dienyl sulfone 10 followed by climination to give the alkoxy diene 18.6 We also examined the reaction of 10
and PhMgBr/NiCl2(PPh3)2/DME under an Ar atmosphere to give (1Z, 3E)-1-phenyl-2-phenylseleno-4-
phenylsulfonyl-1,3-butadiene (20) in 74% yield.

Table 2 Ni-Catalyzed coupling reactions of dienyl sulfone 10

Entry Conditions Products (% yields)

H SO,Ph
1 nBuMgBr/NiCi»PPhy /DME H>=2=(H 18 (77)

nBuO SePh

2 n-BuMgBI/Ni{CsH ;0 5)/DME 18 (82)
H SO,Ph
H st
1+ BuMgBI/NICly(PPhy) JDME/Ar >=2_-<H 19 (68)
3 9 2Pl nBu” SePh
H SO,Ph
) H —
4 PhMgBr/NiCly{PPhy/DME/Ar — H 20 (74)
SePh

Furthermore, we performed the reaction of diene 10 with benzylamine. 1-Benzylamino-2-phenylseleno-4-
phenylsulfonyl-1,3-butadicne (21) was obtained in 74% yield. The stereochemistry was established by a single
X-ray analysis.15> Product 21 has been reported to undergo [4+2]-cycloadditions through the reaction with
acrolein.16

Back and co-workers reported the regiosclective alkylation of B-scleno vinyl sulfones by PhSeCuMeLi.17
However, the reaction of dienyl sulfone 10 with PhSeCuMeLi gave bis(phenylseleno)-1,3-butadiene 22 in
29% yield. This result shows that the carbon at the 1-position of the 1,4-bis(arylsulfonyl)-2-phenylseleno-1,3-
butadiene derivatives first reacts with the hetero-nucleophiles to give 1-heteroatom-substituted 4-sulfonyl-1,3-

butadienes.
SO,Ph
S 02H1 —t
p-TolSO, = BnNH, —
= ———>  BnNH SePh
SePh
10 21 (74%)

Phswm /_(___/502Ph
Phse”  SePh
2 (29%)

Scheme 1
We are now cxamining the [4+2]- and 1,3-dipolar cycloaddition reactions of the 1,4-bis(arylsulfonyl)-1,3-
butadienes. These results will be reported elsewhere.
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