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Tropothione S-sulfide is synthesized from tropone hydrazone
with disulfur dichloride in deaerated chloroform at —78 °C. The
S-sulfide is detected as an unprecedented [107 + 27]-type cyclo-
adduct with dimethyl acetylenedicarboxylate.

Recently, there has been a great deal of interest in the thio-
sulfine2 (thione S-sulfide) of organosulfur compounds.3 Oka-
zaki et al. reported that the reaction of ketone hydrazones with
disulfur dichloride produces thioketones in high yields.4 The
resulted thioketones are thought to be formed via thiosulfines2-
as extremely unstable and undetectable intermediates. Huisgen et
al. demonstrated the first unequivocal evidence of the existence
of thiosulfine bond.2 The thermal decomposition of 3,3, 5,5-
tetraphenyl-1,2 4-trithiolane, thiobenzophenone S-sulfide was
trapped by dimethyl acetylenedicarboxylate (DMAD).
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We report herein the synthesis of tropothione (cycloheptatri-
enethione) S-sulfide (1a) in connection with tropothione S-oxide
(2).6 The titled compound 1a constitutes the first example of
annulene thiosulfine and undergoes the first instance of
[10x + 2r]-type cycloaddition. The possibility of a geometric
isomer, dithiirane 1b, is examined theoretically.

.S .0
s”% s%
1a 2

We previously reported the synthesis of tropone hydrazone?
(3) from the reaction of tropothione’-9 (4) and hydrazine. In
contrast, tropone itself does not form its hydrazone by treatment
with hydrazine but gives only 2-aminotropone exclusively.10
Taking advantage of the formation of 3, we have succeeded in
the synthesis of 1a, the first example of an annulenethione
S-sulfide viz. unsaturated thiosulfine.

We have performed the generation of the S-sulfide 1a in situ
using the hydrazone (3) and disulfur dichloride (82Cly) in
carefully deaerated solution of anhydrous chloroform at ~78 °C
under the presence of triethylamine. In contrast to the nonoccur-
rence of the reaction between the S-oxide 2 and DMAD,6 the

S-sulfide la was trapped efficiently by an excess amount of
DMAD to give cycloadduct 5, pale yellow liquid,!! as a predom-
inant product. Column and repeated thin-layer chromatographic
separation followed by bulb-to-bulb distillation [bp 32 °C (0.001
mmHg)] led to the isolation of the product in 23% yield (pure
isolated). Elemental analysis and mass spectrometric data of the
cycloadduct § indicate that § is a 1:1 adduct between the
S-sulfide 1a and DMAD. The !H NMR spectrum!! shows a
six-spin system indicating a cycloheptatrienethiol moiety. The
I3C NMR spectral datall demonstrate that the structure is of a
novel [10x + 2x]-type cycloadduct. The structure of 5 shows

" unequivocal evidence of the formation of tropothione S-sulfide

1a. Senning et al. reported an equilibrium between thiosulfines
and dithiiranes.3 It is theoretically examined whether the
S-sulfide 1a or the dithiirane 1b intervenes predominantly in the
present experiment.

Ab initio MO (RHF/3-21G¥) calculations!2 demonstrate that
1a is by 3.9 kcal/mol more stable than 1b, which confirms that
1a intervenes as a reactive species in Scheme 1. Net charges
(positive, cationic in parentheses) are attached to optimized
geometries of 1a and 1b. While two sulfur atoms of 1b is
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Scheme 1. Schematic interpretation of the formation and detec-
tion of tropothione S-sulfide (1a) and its [10% + 27t] cyclo-
adduct (5).
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Figure 1. Molecular and electronic structures of tropothione S-
sulfide (1a) and dithiirane (1b) optimized with RHF/3-21G*
method. 1a is computed to be planar and 1b is to be of C2y
symmetry. Numbers in parentheses denote net electronic charges
(positive, cationic). The bond distances are presented in A.
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Figure 2. A charge-transfer interaction between two frontier
orbitals. The HOMO of 1a and the LUMO of DMAD are both
orbitals. The shapes of the RHF/3-21G* frontier orbitals are
drawn at the 1.5 A-above the molecular plane. Interrupted lines
denote borderlines of positive and negative contours.

slightly cationic (+0.11), the terminal one of 1a is quite anionic
(—0.48). This anionic nature may be related to the electrophilic
attack by DMAD. In fact, Figure 2 indicates an effective charge
donation for formation of the zwitter-ionic intermediates in
Scheme 1. This one-site interaction is likely owing both to the
[10% + 2n] symmetry forbiddeness and to the large size
difference between the reaction-center distances, S(9)¢++C(2) in
1a and C=C in DMAD. In contrast to the flexible C-S bond in
the intermediate, the rigid C-O bond in the similar zwitter-ionic
intermediate of the thione S-oxide (2) and DMADS would
interfere with the C-C bond completion for a [10n + 2x]
cycloadduct.
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