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NEW ASPECTS IN THE TAUTOMERISM OF 1,2,3-BUTATRIENE EPISULFIDES

Norihiro Tokitoh, Hiroshi Hayakawa, and Wataru Ando¥*
Department of Chemistry, University of Tsukuba,
1-1-1 Tennohdai, Tsukuba, Ibaraki 305, Japan

Summary; Facile formation of novel 1,2,3-butatriene episulfides by alkenylidene
carbene addition to thioketone is described, and the relative stability of the
1,2,3-butatriene 1-episulfide and 2-episulfide is also discussed.

In contrast to the wide chemistry of the alkenylidenecyclopropane and
bisalkylidenecyclopropane derivatives which has attracted considerable interest
on account of the thermal interconversion via the trimethylenemethane type
intermediate induced by the ring strain,1) the chemistry of sulfur analogous
tautomeric system which consists of 1,2,3-butatriene 1-episulfide(1), 2-episul-

fide(2), and methylenecyclopropanethione(3) has not been fully investigated.
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We have already reported an interesting isomerization of the sterically
protected alkylidenecyclopropanethiones(3) leading to a novel formation of
1,2,3-butatriene 1-episulfides(la and 1b) and 2—episulfide(20).2) Although in
these reactions it was found that the direction of thiirane ring formation from
the thioxyallyl type intermediate(4) was influenced by the nature of the sub-
stituents on the terminal carbons of 1,2,3-butatriene skeleton, we could not

ascertain the intrinsic stability of the two types of 1,2,3-butatriene episul-
fides(1 and 2).3)
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To elucidate their relative stability, we have established here a new and
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systematic synthetic route for 1,2,3-butatriene 1-episulfide by alkenylidene
carbene addition to thioketone using several kinds of chloroallenes and/or
chloroalkyne as the carbene sources under the phase-transfer reaction condi-
tions4) ana investigated the thermal equilibration between the 1,2,3-butatriene

1-episulfide and 2-episulfide. S
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When the benzene solution(0.6 ml) of 2,2,5,5-tetramethylcyclopentane-
thione(1.2 mmol, 187 mg) and 1,1-di-t-butyl-3-chloroallene(5; 1.0 mmol, 187 mg)
was added to the suspension of methyltrioctylammonium chloride (aliquat 336; 50
mg, 0.172 mmol) and 2 ml1 of 50% ag. NaOH solution by means of a syringe at room
temperature and the mixture was stirred vigorously for 10h, 1,2,3-butatriene 1-
episulfide(1d; 91 mg, 38%) was obtained as white crystals along with the buta~
triene(6d; 29 mg, 13%) and recovered chloroallene(5; 48 mg, 23%). The results
using the other carbene sources(7-9) are listed in Table 1.

In the case of chloroallene(7), besides the desired 1,2,3-butatriene 1-

episulfide(1c, 35%) the corresponding 2-episulfide(2c, 8%) was isolated toge-

Table 1. Alkenylidene Carbene Addition to Tioketone.

Entry Carbene Sources Products and Yields(%)
s
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ther with the butatriene(6c, 3%) as by-products. Furthermore, the reaction
with the sterically less hindered carbene source(8 and/or 8') afforded mainly
the 2-episulfide(2e) in 39% yield along with the butatriene(6e, 15%) after
silica gel chromatography and the reaction with the alkenylidene carbene de-
rived from 3-chloro-3-methyl-1-butyne(9) resulted in a formation of an unstable
mixture of the 1,2,3-butatriene episulfides(1f and/or 2f) and the buta-
triene(6f). The structures of the episulfides and butatrienes obtained here
were confirmed by 1H—NMR, 13C—NMR, IR, and MS spectra and elemental analysis.s)

The 1,2,3-butatrienes(6c and 6d) are probably formed by the desulfuriza-
tion of once produced 1,2,3-butatriene episulfides(1c, 1d, and 2c) with the
alkenylidene carbene, since the isolated episulfides(ic, 1d, and 2c¢) are very
stable at room temperature. The formation of 1,2,3-butatriene 2-episulfides(2c
and 2e) and the lack of 1-episulfide derivative in the case of 2e might be
interpreted with the acid-catalyzed isomerization of initially generated 1-
episulfides on silica gel suggesting the higher thermodynamic stability of 2-
episulfide skeleton over the 1-episulfide. By HPLC purification no Z-episul-
fide(2e) but an unseparable mixture of the 1-episulfide(le) and 6e was obtained
from the crude mixture of the reaction using 8 and/or 8', where the steric
repulsion is avoidable between the substituents facing each other in the 2-
episulfide structure. le was rather unstable and readily isomerized into 2e
by TLC separation on silica gel.

Next, we investigated the thermal interconversion of 1c and 2¢ to prove
their relative stability. Heating of the o-dichlorobenzene solution of 2-
episulfide(2c) at 120°C for 40 min resulted in a formation of eguilibrated
mixture with the 1-episulfide(1c) which was ascertained by the TH-NMR and HPLC
monitoring and the characteristic IR absorption of the allenic carbon-carbon

stretching at 1980 L As for 1c, the similar thermal equilibration with 2c¢

S
2c

[2c]/[1c]; 1.52(90 °C) and 1.16(120 °C)

was observed within the temperature range from 90 to 120 °C, and the equili-
brium ratio of 2c¢ to 1c became smaller at the higher reaction temperature.
This conflicting thermal instability of 2c with the essential stability of the
2-episulfide skeleton relative to the 1-episulfide one might be attributable to
the increasing steric repulsion of the inner methyl groups on the cisoid buta-
diene unit of 2c¢ caused by the augmentative molecular vibration at higher
6)

temperature. The other 1,2,3-butatriene 1-episulfides such as 1a, 1b, and

1d were readily desulfurized at 120 °C showing the quantitative formation of
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the corresponding 1,2,3-butatrienes without any evidence for thermal isomeriza-

7)

tion into 2-episulfides. Furthermore, the equilibrated mixture of 1¢ and 2c¢

was also thoroughly desulfurized to afford the 1,2,3-butatriene(6c) by heating
at 120 °C for 5 h.

Among the results of our successful synthesis and reactions of 1,2,3-
butatriene episulfides we were lucky enough to come by both type of episulfides
(1c and 2c) as stable crystals in the case of 2,2,5,5-tetramethylcyclopentane
ring substituted system, and the thermal interconversion between 1c and 2c is
worthy of attention as the first example of the sulfur-analogous tautomeric
system of alkenylidenecyclopropane and bisalkylidenecyclopropane.
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125.49(s), 140. 76(s), Ms, m/z 266(M*); E. A., Found C; 77.29, H; 10.90%
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NMR(CDCl,) 8§ 19.31(qg), 29.28(q), 29.42(q), 29.57(qg), 35.93(s),
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7. Although the thermolysis of these episulfides in o-dichlorobenzene was
performed with monitoring by 'H-NMR and HPLC at the temperature range
from 70-120 °C, only the desulfurization into the corresponding buta-
trienes was observed.

w N

(Received in Japan 7 July 1988)



