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Reductive cleavage of azo compounds catalysed by
commercial zinc dust and hydrazinium monoformate
as a new hydrogen donor for heterogeneous catalytic

transfer hydrogenation®
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Azo compounds are reductively cleaved to amine/s at reflux temperature within 15 min by employing less
expensive commercial zinc dust and hydrazinium monoformate, a new hydrogen donor for catalytic transfer hydro-

genation.
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Heterogeneous catalytic transfer hydrogenation!* is gaining
more potential over traditional hydrogenation and other meth-
ods of reduction® due to the simple work-up and selectivity.
The earlier methods reported in the literature>- for the reduc-
tive cleavage of azo compounds employ stronger acidic or
basic conditions, some systems like cyclohexene/5% Pd on
asbestos,’ cyclohexene /10% Pd—C,8 hydrazine/10% Pd—C® or
hydrazine/raney Ni° require as long as 23-48 hours at reflux
temperature and expensive catalysts.

During our investigation on catalytic transfer hydrogena-
tion, we found that Zn/hydrazinium monoformate effectively
cleaved symmetrical and unsymmetrical azo compounds to
their constituent amine/s (Scheme 1). Hydrazine derivatives
like methyl hydrazine* and unsymmetrical dimethyl
hydrazine* and phenyl hydrazine!? are used as hydrogen donors
for catalytic transfer hydrogenation, but not hydrazinium mono-
formate. Our investigations have proved that this is a more
effective donor than hydrazine or cyclohexene.

@—N:ﬂ Lo/ HOOM /@—NHZ + qu‘@
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XorY = -H, halogen, -OH, -OCH 3, -COOH, -CH3.

Scheme 1

The cleavage of azo compounds in the presence of zinc dust
and hydrazinium monoformate was completed within 3 to 15
min. The course of reaction was monitored by thin layer chro-
matography (TLC) and IR spectra. The work-up and isolation
of the products were easy. Thus, the azo compounds reduced
(a few examples are listed in Table 1) by this system were
obtained in good yields (90-95%). The products were charac-
terised by comparison of their melting points, TLC, and IR
spectra with authentic samples. The disappearance of strong
absorption band between 1630 and 1575 cm™! due to —-N=N-
stretching and appearance of a strong absorption band
between 3500 and 3300 cm! of -NH, group clearly shows
that the azo compounds are cleaved to their constituent
amine/s. Further, there is no absorption between 2290 and
2440 c¢cm™!, which clearly indicates that the absence of the
—NH-NH- group. A control experiment, carried out using azo
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compounds with hydrazinium monoformate but without zinc
dust, does not yield the desired product. The appearance of
one spot in the case of symmetrical azo compounds, and two
spots in the case of unsymmetrical azo compounds, in the
TLC also indicates that no hydrazo compounds were formed
as intermediates during the reductive cleavage of azo com-
pounds. In order to test the selectivity, the reduction was
attempted with p-dichloro benzene, p-chloro-m-cresol, [3-
naphthol, acetanilide, benzoic acid, anisole and phenyl acetate
at reflux temperature. However, the reaction failed to give any
reduced product.

Further, hydrazinium monoformate/zinc system is more
effective than either cyclohexene/5% Pd on asbestos’ or cyclo-
hexene /10% Pd—C3 or hydrazine/10% Pd—C° or hydrazine/
raney Ni.® Most of the reactions are complete in less than 10
min as monitored by the disappearance of the starting materi-
als and concomitant formation of the product(s) via TLC
methods.

Experimental

Equal moles of 85% formic acid and 99-100% hydrazine hydrate
were neutralised slowly, cooling in an ice bath with stirring, to obtain
hydrazinium monoformate solution.

Reductive cleavage of azo compounds. General procedure: The
azo compounds exhibited in Table 1 (2g) were suspended in methanol
or any other suitable solvent (10ml). About 5Sml of hydrazinium
monoformate and about 1g of commercial zinc dust were added and
stirred at reflux temperature. The reaction was monitored through
TLC and in most of the cases, the colour of the starting material dis-
appears. After the completion of reaction, the mixture was filtered
through a celite pad, washed with solvent and then the solvent was
evaporated. The residue was dissolved in chloroform or diethyl ether,
washed twice with saturated sodium chloride solution and then with
water. The organic layer was dried over anhydrous sodium sulfate and
evaporated in a vacuum. The residue comprises the amine(s) which
is/are further purified/separated either by preparative TLC or by col-
umn chromatography. The reaction duration, yields and melting
points are shown in Table 1.
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Table 1 Reductive cleavage of azo compounds catalysed by commercial zinc dust, using hydrazinium monoformate

Substrate Product Duration/min Yield/%? Melting point (°C)

Found Literature
©_N=N_© 2 @—NHZ 4 95¢ 112 114

Qh" 2 QN”Z 5 94b 142 144

H3 H3 Hs

@—N=NQ 2 ©—an 6 95b 126 125
3

HsC H3C
@—N:N—@ 2 @-NHz 6 93b 115 116
Br Br Br
@.N=NQ 2 @.«H , 8 94 82 80
H3CO (3 Hs0

@_«___N@ 2 @-NHz 6 93 100 99

H3CoC COCH3 H3COC

@—N=N@COOH @—NHZ + HZN—©—COOH 9 750, 113 114
90 188 186

H N—@—N:N—@ H N-@—NHZ + HzN—© 8 95¢ 130 132

(e (e 95¢ 113 114

COOH COOH

15 91¢ 131 132
(CHa)zN—©—N=N—© @ HZ"'@ 80¢ 146 145

CHs CHz CHs CH3
12 92 65 64
HN N=N HaN NHz + HoN 93b 144 144

3lsolated yields are based on single experiment and the yields were not optimised.
blsolated as benzoyl derivative.

lsolated as acetyl derivative.

dThe low yield is due to its water soluble nature, TLC analysis indicates 95-98% cleavage.
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