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Molecular structures of novel 1,2,3-butatriene 1-episulfide
and 2-episulfide derivatives have been determined by X-ray crystal-
lographical analysis, and the structure of the 1-episulfide is in
good agreement with the optimized geometries of the parent allene
episulfide skeleton obtained from the RHF Closed-Shell SCF calcula-

tion.

Although the synthesis and reactivities of allene episulfide (1), the sulfur
analogue of methylenecyclopropane, have been of great interest from a standpoint
of strained small ring system,1) only a few reports have dealt with its molecular
structure which should be closely related to the ring strain and reactivity.z)
Most of the known allene episulfides were characterized in a gas phase or iso-
lated as an o0il and few examples have been synthesized in a crystalline form so
far as we know.

Recently, we have reported a novel formation of 1,2,3-butatriene 1-episul-
fides(2a and 2b) and 2-episulfide (2c), the methylene homologues of allene epi-
sulfide, in a very stable crystalline form by the thionation of the corresponding
sterically protected methylenecyclopropanones via the intermediary cyclopropane-
thiones.3) In this paper we present the X-ray crystal structure analysis of the
1,2,3-butatriene episulfides (2)4) and make a comparative study of them with the

theoretically optimized molecular structure of the parent allene episulfide.s)
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Among the three kinds of new 1,2,3-butatriene episulfides, 2a and 2c were
subjected to recrystallization from ethanol-dichloromethane to give the samples
for crystallographical analysis, and the X-ray diffraction of 2a afforded the
following crystal data and the refined molecular structure as shown in Fig. 1
together with the selected bond lengths and angles; crystal data of 2a: CyoH36S,
MW 332.25, monoclinic, space group P21/c, a=10.837(1), b=12.027(1), ¢c=16.398(1)
R, B=103.65(2)°, Vv=2076.9(2) &3, D_=1.06 g cm™3, u(Mo-Kq)=1.55 cm™', z=4,
R=0.055.%)

Fig. 1. Molecular structure of
1,2,3-butatriene 1-episulfide (2a) (
\y @) side view, b) top view ) and
’selected bond lengths () and angles
(degree).

c(1)-s(1), 1.887(2); C(2)-5(1),
1.772(2); C(1)-C(2), 1.464(3); C(2)-
C(3), 1.283(3); C(3)-C(4), 1.307(3);
LC(1)-S(1)-C(2), 47.0(1); C(2)-C(1)-
S(1), 62.4(1); C(1)-C(2)-S(1),
70.6(1); C(1)-C(2)-C(3), 147.8(2);
S(1)-C(2)-C(3), 141.5(2); C(2)-C(3)-
c(4), 178.3(2).

The analysis of 2a is worthy of attention from the viewpoint of not only
confirming the alkenylidene thiirane ring structure whose allene unit was well
preserved despite the ring strain and steric congestion but also the first exam-
ple of the crystallographical structure analysis of allene episulfide derivative.
Of particular notes among the results obtained from the crystallographical analy-
sis of 2a having an unsymmetrically substituted thiirane ring structure are the
marked elongation of C(1)-S(1) bond ( 1.887(2) i ) and the expansion of C(1)-
C(2)-S(1) bond angle ( 70.6(1)°) evidently due to the strained allene episulfide
structure, which are in good agreement with the optimized geometries of the
parent allene episulfide skeleton (1) determined by RHF Closed-Shell SCF calcula-
tion with STO-3G basis set as shown in Fig. 2. Furthermore, the X-ray structure
of 2a is consistent with that observed in the case of 1 using microwave spectro-
scopy by Block.22)

Meanwhile, 2c was proved to have the nearly symmetrical thiiranoradialene

structure with a characteristic shortening of the C(2)-C(3) bond (1.427(7) R ),
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Fig. 2. Optimized geometries of

11 isulfi )
1.728(1.732) 1.796(1.849) allene episulfide (1)

67.4(70.3) i{
1.300(1.333) Q
& Values are determined with the STO-
Fl (: 113.9 3G basis set (in angstroms and
’/;>13 145.7 1.482 f1 degre?s) by RHF Closed-Shell cal-
1.084 (146.2) (1.454) culations. Values in parentheses
l 121.9 1.085 are the observed ones with microwave

(120.5)
analysis by Block.

the value of which is slightly shorter than that of common episulfide derivative
(ca. 1.49 Z )7) or 1,3-butadiene derivative (ca. 1.46 i ),8) as well as in the
case of previously reported 1,1,4,4-tetramethyl-1,2,3-butatriene 2-episulfide.9)
The bond angles of C(1)-C(2)-C(3) and C(2)-C(3)-C(4) in 2c were found to be
almost equal to each other ( 158.1(6)° and 158.7(6)°) indicating the greater
separation in distance of the termini of the diene chromophore than that of
normal cisoid diene in solid state (Figq. 3L10) Crystal data for 2c are as fol-
lows; CopH32S, MW 304.22, monoclinic, space group P24, a=8.136(3), b=10.247(3),
c=12.128(5) &, 8=112.71(4)° , v=932.7(5) &3, D_=1.08 g cmn™3, y(Mo-Ka)=1.54 cn”',
2=2, R=0.087.6)

Fig. 3. Molecular structure of
1,2,3-butatriene 2-episulfide (2c)
and selected bond lengths(%) and

angles (degree).

S(1)-C(2), 1.799(4); s(1)-C(3),
1.799(4); C(2)-C(3), 1.427(7); C(1)-
C(2), 1.317(9); C(3)-C(4), 1.316(6);
LC(2)-S(1)-C(3), 46.7(2); S(1)-C(2)-
C(3), 66.6(3); SsS(1)-C(3)-C(2),
66.6(3); S(1)-C(2)-C(1), 134.7(4);
S(1)-C(3)-C(4), 134.7(5); C(1)-C(2)-
C(3), 158.1(6); C(2)-C(3)-C(4),
158.7(6).

These results suggest that the bulky substituents on the terminal carbons of
the 1,2,3-butatriene episulfides 2a and 2c did not affect the intrinsic nature of
these novel skeletons but effectively protected the reactive and strained mole-
cules, since the symmetricity of the thiiranoradialene structure is more per-
fectly reflected in 2c than in the aforementioned tetramethyl derivatives.
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