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REVIEW

Reduction of aromatic and
heteroaromatic azo compounds with

hydrazine hydrate

Sevim Rollas?

ABSTRACT: The azo compounds have been reduced with hydrazine hydrate in the presence
of a catalyst or without a catalyst. This reaction is an atractive alternate for the reduction of
azo functional group to obtain new amines. In this review, the reduction of aromatic or het-
eroaromatic azo compounds with hydrazine hydrate have been reported.
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1. INTRODUCTION

Reduction of azo compounds to the amines is a
useful chemical reaction for synthetic organic
chemistry because of the fact that the amino group
serves as a site for further derivatization. The
amines are also essential in the production of
many pharmaceuticals, polymers, photographic
materials, dyes and pigments. The primary aro-
matic amines are generally prepared by reduction
of aromatic nitro (1, 2, 3) or azo (4, 5, 6) compounds.
Hydrazine hydrate has been commonly used for
reduction of nitro group in the presence of cata-
lysts (7, 8). The reduction of azo compounds have
also been performed with hydrazine hydrate in
presence of catalyst (9, 10). Pasha and Nanjundas-
wany (11) demonstrated the reduction of azo-
arenes to aminoarenes with hydrazine hydrate in
the presence of aluminium powder in ethanol. For
the reduction of azo compounds, Ergeng and Rol-
las (Agikkol) (12-21) have already been using hy-
drazine hydrate without catalyst since 1972. Ross
and Warwick (22) have shown that the azo deriva-
tives reduced by hydrazine hydrate. However in
this study, reduction product have not been iso-
lated. To the best of our knowledge, Ergeng and
Rollas were the first authors who reported reduc-
tive cleavage of azo compounds to give the corre-
sponding amines without a catalyst. Recently,
Zhang and Wang (23), Pasha and Nanjundas-
wamy (24), Koppes et al. (25) have also reported
the reduction of azo compounds using hydrazine
hydrate without catalyst. Certain aminophenyl
substituted 1,2,4-triazoles and 1,3,4-thiadiazoles
were synthesized from corresponding azo com-

pounds using hydrazine hydrate without catalyst
by Rollas (26, 27). In this review, the reducing
properties of hydrazine hydrate and the reductive
cleavage of azo compound with hydrazine hy-
drate will be discussed.

2. THE REDUCTION OF AZO
COMPOUNDS USING HYDRAZINE
HYDRATE WITHOUT CATALYST

Hydrazine hydrate is a strong reducing agent.
Generally, it has been used the reduction of nitro
group (28). In the reduction of the azo compounds
with hydrazine hydrate, Raney nickel has been
used as a catalyst (9, 29). In 1955, Ross and War-
wick (22) showed that the azo derivatives could be
reduced by hydrazine hydrate. They reported the
tumour-growth inhibitory activity of azo-deriva-
tives of aromatic nitrogen mustards and the reduc-
tion of azo-linkage with hydrazine hydrate to cor-
relate the ease of reduction of N,N-bis(2-chloroe-
thyl)-4-(phenyldiazenyl)aniline (1) with its biolog-
ical activity. Therefore the substituted derivatives
of 1 have been prepared. Of the reducing agents
examined, the most consistent results were ob-
tained using hydrazine hydrate. However in this
research, the reduction products, hydrazo-com-
pounds or amines, have not been isolated.
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FIGURE 1. N,N-bis(2-chloroethyl)-4-(phenyldiazenyl)aniline.
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In 1972, Ergeng¢ and Acikkol (Rollas) (12) published the first
report of the reductive cleavage of azo compounds with hy-
drazine hydrate without a catalyst for the synthesis of 4-ami-
no-3,5-dimethylpyrazole 2. In this reaction, isoxazole ring was
observed to be converted to pyrazole ring while the azo func-
tion is reduced to amino group.(Scheme 1).
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SCHEME 1. The reduction of azoisoxazoles with hydrazine hydrate.

Also, Sviridov et al. (30) reported the transformation of the iso-
xazole into the pyrazole with hydrazine hydrate in the pres-
ence of Raney nickel catalyst (Scheme 2).
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SCHEME 2. The conversion of 3,5-diphenylisoxazole to 3,5-diphenylpyrazole.

A method developed by Rollas (31) for the synthesis of substi-
tuted amines from the corresponding heteroaromatic azo com-
pounds. Aryldiazonium salts can be coupled with active
aliphatic CH compounds. Therefore the aryldiazonium salts
were coupled with acetylacetone and the obtained hydrazones,
which are stable form of the coupling products, were cond-
enced with hydrazine or substituted hydrazines to form azo-
pyrazoles. These azopyrazoles were heated with an excess
amount of hydrazine in ethanolic solution on a steam bath un-
til red or orange colour of the solution changed into pale yel-
low and also until nitrogen no longer evolved.
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SCHEME 3. The reduction of azopyrazoles with hydrazine hydrate.
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The reductive cleavage of 3 and 4 with hydrazine gave 4-ami-
no-3,5-dimethylpyrazole 2 and the other amines, 4-aminoben-
zoic acid or 4-aminobenzoic acid hydrazide. In the experimen-
tal conditions the ester group have also been converted to hy-
drazide. The reduction of nitro group-containing azo com-
pound, 3,5-dimethyl-4-(4-ethoxycarbonyl-phenylazo)-1-(4-ni-
trophenyl) pyrazole 7, with hydrazine hydrate in ethanol
without a catalyst is presented in Scheme 4. The carbon-nitro-
gen bond has also been reduced (14, 31).
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SCHEME 4. The reduction of azopyrazoles bearing nitro group.

Recently, Rollas et al. (21) developed a new method for the
synthesis of 4-amino-3,5-dimethylpyrazole. Aniline was used
as the starting material instead of 4-aminobenzoic acid or ethyl
4-aminobenzoate. The reduction of the corresponding azo
compound was afforded by lower amounts of hydrazine hy-
drate at room temperature. In this method, the separation of
amines had been found easier than first method. Aniline was
removed by extraction with diethyl ether. Since the reaction
time was very long, the reduction of azo compounds was car-
ried out with hydrazine hydrate (1:3) by refluxing in ethanol
for 30 min to synthesize 4-amino-3,5-dimethylpyrazole (Rol-
las, unpublished data). Presence of excess hydrazine hydrate
have been found unnecessary for the reduction.

The uncatalyzed reduction with hydrazine hydrate was ap-
plied to reduce different azo compounds containing 1,2,4-tria-
zolin-5-thione and 1,3,4-thiadiazole rings by Rollas (32, 33).
The synthetic pathway of the starting compounds which were
obtained from the corresponding thiosemicarbazide deriva-
tives (34) and target 1,2,4-triazolin-5-thiones 9-13 and 1,3,4-
thiadiazoles 14-18 (26, 27) are presented in Scheme 5.
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SCHEME 5. The reduction of azotriazoles and azothiadiazoles with hydrazine
hydrate.

Zhang and Wang (23) reported the synthesis of certain hydra-
zo compounds starting from the azobenzene, substituted sym-
metric or nonsymmetric azobenzenes with the use of hydra-
zine hydrate in ethanol (Scheme 6).
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SCHEME 6. The reduction of diazobenzenes to hydrazo compounds with hydra-
zine hydrate.

Pasha and Nanjundaswamy (24) described the synthesis of
certain aromatic amines from the corresponding azoarenes
with excess hydrazine hydrate without a catalyst in refluxing
ethanol similar to Rollas’s procedure (26, 27, 31).
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SCHEME 7. The reduction of diazobenzenes to amines with hydrazine hydrate.

A mechanism for the reduction of azo groups by hydrazine
hydrate without using a catalyst is suggested as shown in
Scheme 8. The proposed hypothesis may be supported by Ko-
ppes et al. (25). They reported that the reduction of azo com-
pounds had been carried out via diimide. The production of

diimide from hydrazine hydrate could be obtained by an oxi-
dant agent. Diimide could be produced by air oxygen. How-
ever Koppes et al. also reduced azo compounds to hydrazo
compounds in anaerobic conditions by protecting from the air
oxidation. In the hydrazine hydrate reduction, azo group may
act as an oxidant. According to the procedure reported by Ko-
ppes et al., the minumum amount of hydrazin hydrate was
used therefore, azo compounds were only reduced to hydrazo
compounds and the further reduction has not been occured.
We thought that the mechanism of reduction is unclear.
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SCHEME 8. The proposed mechanism of the reduction of azo compounds with
hydrazine hydrate.

3. OTHER REDUCTIONS WITH HYDRAZINE
HYDRATE

Hydrazine hydrate has been used in the reduction of ketones.
The Wolff-Kishner reduction is usually carried out by heating
the ketone with hydrazine and alkali. In this procedure, hydra-
zone is not isolated. The mechanism of reduction involves
base-catalyzed tautomerization of the hydrazone followed by
loss of nitrogen. Dwivedi et al. (35) used phenyl cyclopropyl
ketones as starting material for the reduction of ketones to

N2H42HCI
dlethylene glycol

methylene groups (Scheme 9).
O e

SCHEME 9. The reduction of cyclopropylketones with hydrazine hydrate (Wolff-
Kishner reduction)

Many amines have been prepared by the reduction of corre-
sponding nitro compounds. A large number of reducing agents
have been used for the eduction of nitro group. One of the
good reducing agents is hydrazine hydrate that has been used
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in the presence of heterogeneous catalyst. Vass et al. (36) de-
scribed solvent-free reduction of aromatic nitro compounds
with hydrazine hydrate supported on solid material, alumina,
in the presence of FeCl;.6H,O under microwave irradiation.
Kumbhar et al. (37) reduced aromatic nitro compounds with
hydrazine hydrate in the presence of oxide-MgO catalyst pre-
pared from a Mg-Fe hydrotalcite precursor. It is reported that
the catalyst was found to be highly active and selective.

Breviglieri et al. (38) reported the reduction of 5-nitrosalicylic
acid potassium salt 19 to 5-aminosalicylic acid 20 with hydra-
zine hydrate in the presence of Raney nickel that has been used
as a catalyst with hydrogen donor hydrazine.
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FIGURE 2. The reduction of 5-nitrosalicylic acid potassium salt to 5-aminosali-
cylic acid with hydrazine hydrate

Gowda S. and Gowda D.C. (39) reported the reduction of
aliphatic and aromatic nitro compounds and nitriles to corre-
sponding amines in the presence of Raney nickel and hy-
drazinium monoformate. The application of hydrazinium
monohydrate/Raney nickel is a new system of the reduction
of nitro and nitrile groups (Scheme 10). Majid et al. (40) re-
ported the reduction of an intermediate nitroso compound to
amine by hydrazine hydrate without a catalyst.
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SCHEME 10. The reduction of nitro and nitrile groups.

Lima et al. (41) reported the reduction of ethyl 3-phenylqui-
noxaline-2-carboxylate 1,4-di-N-oxide 21 to 3-phenyl-2-qui-
noxalinecarbohydrazide 22 with hydrazine hydrate.
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FIGURE 3. The reduction of ethyl 3-phenylquinoxaline-2-carboxylate 1,4-di-N-
oxide.
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Carta and Paglietti (42) reported the synthesis of compound 24
starting from 23 in the presence of excess hydrazine hydrate in
ethanol. In the further reduction of 24, while the chlorine and
N-oxide reduced by hydrazine hydrate and Pd/C catalyst, py-
ridine and benzene rings of quinoxaline reduced to dihydro or
tetrahydro products 25-27.
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SCHEME 11. The reduction of chlorine and N-oxide by hydrazine hydrate.

The reduction of carbon-carbon double bond is very important
in organic synhesis to obtain new compounds. The reduction of
double bond has also been carried out with hydrazine hydrate
over a diimid (HN=NH) intermediate (43). Rollas’s method (26,
27) gave also the reduced azo products along with the reduced
allyl group compound 9 and compound 14 (Scheme 5). In the
presence of azo group or air oxygen, diimide has been produced
from hydrazine hydrate. Therefore, allyl group is reduced to
propyl group. However in the presence of small amount of hy-
drazine hydrate, the reduction of allyl group to propyl does not
occur (Rollas’s modified reduction procedure, unpublished
data). The azo group was reduced to amines.

The reduction of a,-epoxy ketones to the corresponding p-
hydroxy ketones is very important process in the structure elu-
cidation of natural products. Salvador et al. (44) gained p-hy-
droxyketones by reductive cleavage of the steroidal epoxy ke-
tones under mild conditions using hydrazine hydrate in etha-
nol (Scheme 12).
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SCHEME 12. The reduction of a,B-epoxy ketones to the corresponding B-hy-
droxy ketones.

4. CONCLUSION

The reduction reactions performed by the use of hydrazine hy-
drate with or without a catalyst have been discussed here and
versatile methods for the synthesis of aromatic or heteroaromat-
ic primary amines has been instructed. The advantage of this
proposed method is that primary amines can be prepared in
good yields. Particularly, this review is focused on uncatalyzed
reductive cleavage of azo compounds with hydrazine hydrate.
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Aromatic ve heteroaromatic bilesiklerin hidrazin hidratla rediiksiyonu

OZET: Azo bilesikleri hidrazin hidratla katalizérsiiz veya cesitli katalizorler varhginda indirgenmektedir. Bu rediiksi-
yon, azo islevli grubu iceren bilesiklerden yeni aminlerin elde edilmesi i¢in uygulanabilir bir yéntemdir. Derleme
esas olarak aromatik veya heteroaromatik azo bilesiklerinin hidrazin hidratla indirgenmesini kapsamaktadir.

ANAHTAR KELIMELER: indirgenme, azo bilesikleri, katalizérsiiz rediiksiyon, hidrazin hidrat.
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