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Polystyrene sulfonic acid catalyzed greener synthesis
of hydrazones in aqueous medium using microwaves
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Abstract—An environmentally benign aqueous protocol for the synthesis of cyclic, bi-cyclic, and heterocyclic hydrazones using
polystyrene sulfonic acid (PSSA) as a catalyst has been developed; the simple reaction proceeds efficiently in water in the absence
of any organic solvent under microwave irradiation and involves basic filtration as the product isolation step.
� 2007 Elsevier Ltd. All rights reserved.
Hydrazones and their derivatives constitute an impor-
tant class of compounds in organic chemistry. These
compounds have interesting biological properties,1 such
as, anti-inflammatory,3 analgesic,4 and antipyretic5 as
well as chelating properties towards various metal ions.2

Savini et al. evaluated heterocyclic hydrazones for anti-
cancer, anti-HIV, and antimicrobial activity.6 Recently
hydrazones have also been found useful as anti-malaria
drugs7 and as inhibitors of macrophage migration inhib-
itory factor (MIF) tautomerase activity.8 The synthetic
efforts for this class of compounds are very well studied
and generally entail the reaction of carbonyl compounds
with hydrazine hydrate in organic solvents.9 Some
examples on supported reactions using silica gel/sodium
hydroxide10 and solvent-free synthesis of heterocyclic
hydrazones under microwave irradiation conditions
are also known.11

From an environmental view point, it is desirable to use
water instead of organic solvents as a reaction medium,
since water is environmentally benign.12 In addition to
the limited aqueous solubility of most organic com-
pounds, a significant drawback of using water as a sol-
vent is its ability to act as both a nucleophile and as
an acid, making it incompatible with various organic
transformations. In continuation of our green chemistry
program,13 we decided to explore the synthesis of vari-
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ous cyclic, bi-cyclic, and heterocyclic hydrazones in
aqueous medium (Scheme 1).

We explored the condensation of acetophenone with
phenyl hydrazine in water under microwave (MW) irra-
diation conditions. After screening a range of usual
inorganic and organic acids and exploring their scope
at various temperatures, we found that polystyrene sul-
fonic acid (PSSA) was the most efficient catalyst for
hydrazone synthesis in water at 100 �C. Using these
optimized reaction conditions,14 the efficiency of this
aqueous approach was studied for the syntheses of a
wide variety of hydrazones, and the results are summa-
rized in Table 1.

All the described reactions proceeded expeditiously and
delivered excellent yields; the friendly isolation proce-
dure simply involved the filtration of the precipitated
hydrazones. Aromatic ketones were reacted with phenyl
hydrazine (a) and 4-methyl phenyl hydrazine (b) (entries
1–4) to give hydrazone in excellent yields. 5-Bromoinda-
none also reacted well with both (a) and (b) (entries 5
and 6), preserving the bromo-functionality, which can
be elaborated further in synthetic sequences. Aliphatic
ketones were equally suitable substrates (entries 7–10).

The results of the syntheses of hydrazones from the
corresponding aldehydes are summarized in Table 2.

The general reaction worked well for both aromatic (en-
tries 1–4) as well as aliphatic aldehydes (entries 5 and 6).
Piperonal also reacted with these hydrazines to yield
hydrazones bearing dioxane moiety (entries 7 and 8),
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Scheme 1. Hydrazone synthesis of furaldehyde and flavanone in water.

Table 1. PSSA catalyzed hydrazone synthesis from ketones in aqueous medium

Entry Ketone Hydrazine Product Yielda (%)
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a Yields were determined by GC. All the compounds are known in the literature and were characterized by GC–MS and NMR.
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which may be useful for the synthesis of derivatives con-
taining a dioxane system.
In view of the exceptional biological properties of
heterocyclic and bi-cyclic hydrazones,1 we extended this



Table 2. PSSA catalyzed syntheses of hydrazones from aldehydes in aqueous medium

Entry Aldehyde Hydrazine Product Yielda (%)
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a Yields were determined by GC. All the compounds are known in the literature and were characterized by GC–MS and NMR.

Table 3. PSSA catalyzed synthesis of heterocyclic and bi-cyclic hydrazones in aqueous medium

Entry Aldehyde/ketone Hydrazine Product Yielda (%)
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Table 3 (continued)

Entry Aldehyde/ketone Hydrazine Product Yielda (%)
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a Yields were determined by GC. All the compounds are known in the literature and were characterized by GC–MS and NMR.
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aqueous protocol for their synthesis and the results are
described in Table 3.

Phenyl hydrazine (a) and 4-methyl phenyl hydrazine (b)
reacted efficiently with flavanone (entries 1 and 2) to
yield the respective hydrazone in high yield. Hydrazines
(a), (b), (c) and (d) also react with furaldehyde (entries
3–6) and bi-cyclic ketones (entries 7–10).

Thus, we have demonstrated an efficient and general
MW protocol for the synthesis of hydrazones from
cyclic, bi-cyclic, and heterocyclic carbonyl compounds
using PSSA as a catalyst in aqueous medium. The
simple product isolation via filtration precludes the use
of a organic solvent thus culminating in an environ-
mentally benign aqueous protocol for the synthesis of
hydrazones.
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