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Sulfuration of 9,9%-bibenzonorbornenylidenes by elemental
sulfur: exclusive episulfide formation with retention of the
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Abstract

Sulfuration of syn-bibenzonorbornenylidene (5a) by elemental sulfur in refluxing o-dichlorobenzene
furnished the episulfide (6a) exclusively in 83% yield with retention of the configuration of 5a, while that
of anti-9,9%-bibenzonorbornenylidene (5b) under the same conditions resulted in the exclusive formation of
the episulfide (6c) in 72% yield also with retention of the configuration of 5b. Non-stereoselective
sulfuration of 5a and 5b by S2Cl2 is also described. © 2000 Elsevier Science Ltd. All rights reserved.
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Recent sulfuration studies of alkenes by elemental sulfur have reached the conclusion that the
number of sulfur atoms, introduced into the double bond concerned, dramatically depends upon
the structure of alkenes. Thus, the sulfuration of norbornene furnishes trithiolane (1a) and
pentathiepane (1b) in the ratio 3.5:1.0,1 while the sulfuration of dibenzobarrelene affords
trithiolane (2a) and pentathiepane (2b) in the ratio 1.0:1.3.2 On the other hand, the sulfuration
of acenaphtho[1,2-a ]acenaphthylene furnishes pentathiepane (3) exclusively,3 whereas the sulfu-
ration of highly congested 2,2%-biadamantylidene gives episulfide (4) exclusively.2 However, these
sulfuration studies do not provide any information about the stereochemistry of the reaction.
Quite recently, we have synthesized syn-9,9%-bibenzonorbornenylidene (5a) and anti-9,9%-biben-
zonorbornenylidene (5b),4 which allow a stereochemical study of the sulfuration. We report here
that sulfuration of these alkenes by elemental sulfur results in the exclusive formation of the
corresponding episulfides with retention of the original stereochemistry.5 Sulfurations of 5a and
5b with S2Cl2, which were carried out for comparison with that with elemental sulfur and
proceeded in a non-stereoselective manner, are also described.
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Results of sulfurations of 5a and 5b by elemental sulfur and S2Cl2 are summarized in Table
1.

Table 1
Sulfurations of 5a and 5b by S8 and S2Cl2

Products (yield, %)

Entries Alkenes Reagents Conditions Episulfides
6c 9 5a 5b6a 6b

1 16b83bo-Cl2C6H4, reflux, 24 hS85a
21aDMF, 135°C, 19 h 65aS85a2 14a

72a3 5b 12aS8 o-Cl2C6H4, reflux, 9 h
DMF, 135°C, 10 h 89a 11a4 5b S8

100b5 5b S8 Neat, 18°C, 1.5 hc

16a 7a6 5a S2Cl2 CH2Cl2, rt, 6 h 34a

5b 50a 26aS2Cl2 CH2Cl2, −78°C, 2 h 11a7

a Isolated yield.
b Yields determined by 1H NMR.
c Carried out in a sealed tube.

Sulfuration of 5a by elemental sulfur (1 equiv. as S8) in refluxing o-dichlorobenzene for 24 h
provided the episulfide (6a) as the sole product in 83% yield with recovery of 5a in 16% yield
(entry 1), whereas that in DMF at 135°C for 19 h gave two syn-episulfides (6a) and (6b)4 in 65
and 14% yields, respectively, with recovery of 5a in 21% yield (entry 2). On the other hand, the
sulfuration of 5b in refluxing o-dichlorobenzene for 9 h afforded anti-episulfide (6c) in 72% yield
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with recovery of 5b in 12% yield (entry 3) and that in DMF at 135°C for 10 h gave 6c in 89%
yield with recovery of 5b in 11% yield (entry 4). Heating 5b and elemental sulfur neat afforded
6c quantitatively (entry 5). Structures of episulfides 6a–c were determined by comparison with the
authentic samples.4 These results show that the sulfurations took place with complete retention of
the original structure of 5a and 5b. The formation of the corresponding trithiolane and
pentathiepane was not observed in any of the cases, even in trace amounts. This is probably due
to the fact that the increasing number of sulfur atoms results in marked increase of steric repulsion
between substituents.

Two mechanisms can accommodate the observed stereochemistry of the sulfuration. One of
them involves sulfuration by diradical �S–Sx–S�, which was generated by thermal processes
involving homolytic cleavage of the cyclooctasulfur S8.

6 For the sulfuration of 5a in o-dichloroben-
zene, the diradical adds the double bond from the ethylene chain side, but not the benzene ring
side, to form another diradical intermediate (7a) exclusively, whereas this selectivity is weakened
in a polar solvent DMF, and thus diradicals both (7a) and (7b) (adduct from the benzene ring
side) are formed. Stabilization of the diradical 7a by neighboring group participation of the two
benzene rings would explain this selectivity.7 Finally, the ring closure of 7a, which is faster than
the internal rotation about the C�C bond, takes place to afford 6a with extrusion of S(x+1), while
the same process of 7b affords 6b as the minor product in the sulfuration in DMF. On the other
hand, the sulfuration of 5b is free of such selectivity and affords the sole diradical (7c) to provide
the episulfide 6c as the final product. The other mechanism, though less probable, is a concerted
one; cyclooctasulfur or its more reactive allotropes,8 such as cyclohexasulfur S6 (formed from the
former thermally), may react with 5a and 5b through a transition state such as 8 to give episulfides
in a concerted manner.

Next, ionic sulfurations of 5a and 5b by S2Cl2 were carried out for comparison with those by
elemental sulfur.9 Sulfuration of 5a by S2Cl2 (1 equiv.) in CH2Cl2 afforded 6a, 6c and vic-dichloride
(9) in 34, 16 and 7% yields, respectively (entry 6).10 Meanwhile, the sulfuration of 5b, which
proceeded even at −78°C, furnished 6a, 6c and 9 in 11, 50 and 26% yields, respectively (entry 7).
The following may explain the results of sulfurations by S2Cl2. The initial adducts of 5a and 5b
with S2Cl2, episulfonium salts (10a) and (10b),11 would be in equilibrium with the ring-opened
carbocation forms (11a) and (11b), which would be long-lived, compared to diradical species 7a–c,
because of the more effective neighboring group participation described in the preceding paper,10

and hence are interconvertible to each other through internal rotation about the C�C bond. The
elimination of SCl2 from 11a (10a) and 11b (10b) affords 6a and 6c, respectively. However, we
cannot rule out a possibility that the observed non-stereoselective episulfidation may partly result
from the S2Cl2-catalyzed isomerization of 6a and 6c; separate experiments showed that 6a and
6c isomerize to each other by treatment with S2Cl2.12 The observation of the S2Cl2-catalyzed
isomerization indicates that the elimination of SCl2 from 11a and 11b is probably reversible. The
dichloride 9 is the adduct of 5a and 5b with molecular chlorine that exists in a small amount as
the result of an equilibrium of SCl2 (formed during the reaction) with S2Cl2.13
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