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New Reactions of a Thionitrosoarene
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A transient thionitrosoarene was trapped by an azide, diazo
compound, oxygen, and thiirane to give a sulfur diimide, thio-
carbonylimine, N-sulfinylaniline, and N-thiosulfinylaniline,
respectively. In the reaction with oxygen N-sulfonylaniline was also
formed and underwent a novel type of intramolecular cyclization.

Organic compounds containing multiple bonds of heavier typical elements are
of current interest.') Although thiocarbonyl compounds have well been studied,1°)
relatively few reactions have been known for thionitroso compounds (R-N=S).
Reactions so far reported for thionitroso compounds are a Diels-Alder type cyclo-
addition with dienes, ene reaction, and dimerization resulting in the formation of
sulfur diimide after the loss of one sulfur.2)

We have recently reported the photoreaction of 3-azido-2,1-benzisothiazole
(1) leading to thionitrosoarene 2, which is detected in low temperature matrices
by electronic and IR spectroscopies.3) We delineate here that the thermal
reaction of 1 also results in the formation of thionitrosoarene 2 and that 2 can

be trapped by some new types of reactions for thionitroso compounds.
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When a hexane solution of 1 was heated at 60 °C for 1 h, sulfur diimide 3,
aniline 4, and unsymmetrical sulfur diimide 5 were obtained in 72, 14, and 11%
yields, respectively.4) Azide 1 slowly (2 days) decomposed also at room
temperature to give 3 (50%), 4 (40%) and 5 (7%). The unsymmetrical sulfur diimide
5 was also produced in 8% yield in the photoreaction of an ethanol solution of 1
at -78 °C, the major products being 3 (43%) and 4 (33%).
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The formation of 5 can most reasonably be explained by 1,3-dipolar
cycloaddition of thionitrosoarene 2 with the starting azide 1 followed by loss of
molecular nitrogen from intermediary thiatetrazole 6 which is a yet unknown type
of heterocycle and considered to be very unstable (Ar denotes 2,4-di-t-butyl-6-
cyanophenyl hereafter in this paper).
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Similar cycloaddition reactions were also observed in the reaction with
diazoalkanes. When 1 was allowed to react with an excess (5 equiv.) of
diphenyldiazomethane (7a) and diazofluorene (7b) in hexane at room temperature,
imines 8a and 8b were obtained in 78 and 80% yields, respectively.4) This result
is explicable also in terms of 1,3-dipolar cycloaddition of 2. Intermediary
thiatriazole 9 is again an unknown heterocycle and probably unstable to give 8a
and 8b via thiocarbonylimine 10.5a) Indeed the reaction of 1 with sterically
bulky diazomethane 7c under similar conditions resulted in the formation of
thiocarbonylimine 10c (98%),4) which is stable toward desulfurization by steric
protection. This represents a new mode of the formation of thiocarbonylimines.Sb)
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The thionitroso intermediate 2 also reacted with molecular oxygen to afford
N-sulfinylaniline 11 and oxathiazole 12. Thus, when a hexane solution of 1 stood
for 6 h at 40 °C while oxygen was bubbled into the solution, 11 (11%) and 12
(30%)4) were obtained in addition to 3 (14%), 4 (15%), and 5 (14%).
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The formation of 11 and 12 in the above reaction can reasonably be inter-

preted in terms of intermediacy of thionitrosoarene 2 as shown in the following
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scheme. Although it is not certain at present whether the initial product in the
reaction with oxygen is 13, 14 or 15, the formation of 12 is best explained by the
intramolecular cyclization of 15 since we have previously found a similar type of
cyclization for N-thiosulfinylamines.6) The cyclization of 15 can be regarded as
intramolecualr 1,3-dipolar cycloaddition and represents the first example of 1,3-
dipolar behavior of N-sulfonylamines (RN=SOZ).7) It is noteworthy that 15
undergoes the cyclization at the sacrifice of aromatic stabilization.
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The thermal reaction of 1 with thiirane 16 in hexane at 30 °C afforded N-
thiosulfinylaniline 174) (31%) along with 3 (13%), 4 (22%), and 5 (5%). The

reaction most likely proceeds via ylide 18.
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The reaction of thionitrosoarene 2 with thiirane 16 is similar to that of
thiobenzophenone, which reportedly gives a transient thione S-sulfide thc=s=s,8)
although the reactivity of 2 is definitely much higher than that of the thioketone
if one considers the low concentration of the transient species 2. The higher
reactivity of the thionitrosoarene is obvious also in the oxidation reaction. An
oxidation reaction of a thione to a thione S-oxide (R,C=S=0) does not proceed with
molecular oxygen and needs a stronger oxidizing reagent such as a peracid.

In conclusion, we have found that thionitrosoarene 2 thermally generated
from 1 undergoes 1,3-dipolar cycloaddition, oxygenation, and sulfurization which

represent new types of reactions for thionitroso compounds.
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