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Benzofurazan derivatives exhibit a broad spectrum
of biological activity, including antibacterial, antifun-
gal, acaricide, antileukemic, and immunodepressive
action [1-3]. An efficient and widely used procedure
for the synthesis of these compounds is based on
reductive deoxygenation of relatively readily acces-
sible benzofuroxans. Trialkyl- and triarylphosphines,
trialkyl phosphites, hydrazine, hydroxylamine, and
sodium azide were used as reducing agents in these
reactions [4]. However, the above reducing agents are
either difficultly accessible or highly toxic, or explo-
sive and are not selective.

We have found a new accessible, safe, and selective
reducing agent for the transformation of benzofuroxans
into benzofurazans. It is elemental sulfur or its mixture
with morpholine. For example, elemental sulfur in
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ethylene glycol at 150-160°C readily reduced benzo-
furoxan (Ia), 5-nitrobenzofuroxan (Ib), and 4,6-dini-
trobenzofuroxan (Ic) to the corresponding benzofura-
zans ITa—Ilc in 28-58% yield; analogous reaction with
benzotrifuroxan (IIT) at 145-150°C gave 54% of ben-
zotrifurazan (IV).

When benzofuroxan Ib was heated in ethylene
glycol for 2 h at 150-160°C in the absence of sulfur,
no more than 5% of benzofurazan IIb was formed.
This result indicates that sulfur acts as reducing agent.
Addition of morpholine to the reaction mixture en-
hances the reactivity of sulfur: the reaction time in the
reduction of benzofuroxan (Ia) is shortened from 2.5 h
to 30 min, and the yield of benzofurazan (IIa) in-
creases from 28 to 58%; likewise, the yield of benzo-
furazan IIb increases from 39 to 48%.

No 5-aminobenzofurazan [5] was detected by TLC
in the reduction of 5-nitrobenzofuroxan (Ib) with sul-
fur or its mixture with morpholine, i.e., the reaction is
selective. Benzofuroxan Ib failed to undergo reduction
in acetic acid, while in DMSO only traces of benzo-
furazan IIb were formed.

General procedure for the reduction of benzo-
furoxans with sulfur. A mixture of benzofuroxan Ia—
Ic or IIT and sulfur in ethylene glycol or a mixture of
benzofuroxan Ia or Ib, sulfur, and morpholine in
ethylene glycol was heated at 150-160°C (the amounts
of the reactants and reaction time are given in table).
The progress of the reaction was monitored by TLC on
Silufol UV-254 plates using ethyl acetate—hexane (1:3)
as eluent.The mixture was then cooled and diluted with
a tenfold volume of water. Benzofurazans Ila, IIb, and
IV were isolated by steam distillation, followed by
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Reaction conditions and yields of benzofurazans in the reduction of benzofuroxans with sulfur or its mixture with morpholine

at 150-160°C

Initial Amounts of reactants : o

compound Rgact1c})ln Product no. | Yield, % bin% dCd

no. benzofuroxan, mol | S, mol |Ethylene glycol, ml| tme, (published data)

Ia 0.1 0.1 60 2.5 IIa 28 54 (53 [6])

Ia? 0.1 0.1 60 1.0 IIa 40 54 (53 [6])

Ia° 0.1 0.1 60 0.5 IIa 58 54 (53 [6])

Ib 0.1 - 100 2.0 IIb 5 66 (65.4-66.2 [7])

Ib 0.1 0.5 100 2.5 IIb 39 66 (65.4-66.2 [7])

Ib° 0.1 0.075 100 2.0 IIb 42 66 (65.4-66.2 [7])

Ib? 0.1 0.0626 100 2.0 IIb 48 66 (65.4-66.2 [7])

I 0.02 0.015 30 2.5 IIc 50 156 (156 [8])

ik 0.02 0.06 60 2.0 v 54 60-61 (61-62 [9])

* Morpholine, 0.2 ml.
® Morpholine, 0.4 ml.
¢ Morpholine, 0.1 ml.
¢ 145-150°C.

recrystallization from alcohol. Benzofurazan Ilc sepa- 4.

rated from the mixture after dilution with water and
was filtered off and purified by recrystallization from
alcohol.
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