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Catalyst-free reactions under solvent-free conditions:
microwave-assisted synthesis of heterocyclic hydrazones below the
melting points of neat reactants†
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The reaction of neat 5- or 8-oxobenzopyran-2(1H)-ones, 1–3,
with a variety of aromatic and heteroaromatic hydrazines, 4,
is remarkably accelerated upon irradiation in a household
microwave oven in the absence of any catalyst, solid support
or solvent thus providing an environmentally friendly route
to several heterocyclic hydrazones.

Microwave (MW) irradiation has been used for the rapid
synthesis of a variety of compounds.1 Chemical reactions can be
accelerated because of selective absorption of microwave
energy by polar molecules, non-polar being inert to the MW
dielectric loss. Heterogeneous reactions facilitated by supported
reagents on various inorganic surfaces have received special
attention in recent years.2 However, relatively little attention is
paid to solventless reactions with neat reactants in the absence
of a catalyst or solid support.

From the synthetic point of view hydrazones are important
synthons for several transformations3a–d and their synthesis
from various precursors is well documented.3a,b Recently, some
hydrazones have been prepared from carbonyl compounds and
hydrazine hydrate in ethylene glycol4a and toluene4b by the
application of MW irradiation while some others are synthe-
sized in the presence of silica gel and NaOH.5

We report here a general synthesis of several hydrazones
5–15, which in some earlier preparations required relatively
strenuous reaction conditions namely heating substrates for
several hours in the presence of an acidic catalyst.6 The
synthetic efforts for these compounds have been previously
directed for the selective design of the benzopyran-2-one ring at
the positions 5 and 8 as well as for the new transformation into
the corresponding quinoline derivatives. The conformational
analysis has been accomplished for some of these derivatives by
applying molecular modelling techniques based on experimen-
tally determined NOE distance restraints in order to determine
their structure in solution.6a,d These studies have been
stimulated, in part, due to potentially significant biological
activity associated with a variety of 2H-1-benzopyrans and
quinolines.6d For the above reasons and in view of our general
interest in the development of environmentally friendlier
synthetic alternatives using microwaves,2 we became interested
in an expeditious synthesis of these compounds. In all the
reactions reported in this paper we worked with neat starting
materials, 1-benzopyran-2(2H)-ones 1,7a,b 2,7a,b 37c and hydra-
zines, 4, wherein the reactions are completed within minutes
and in high yields (61–98%, Scheme 1, Table 1)‡ using an
unmodified household MW oven. Remarkably, reactions pro-
ceeded well even when both the starting reactants were solids
and the reaction temperature was maintained below the melting
points of both components; recently some comments have been

made on the preparation of phthalimides starting from solid
components, phthalic anhydride and amino compounds.8a In
view of the unprecedented nature of this reaction, we examined
the synthesis of the products 10 and 14 in detail. Since a
conventional household MW oven is used with no accurate
temperature control,§ we decided to measure the temperature of
the alumina bath (used for housing the reaction vessel in the
MW oven) with a calibrated thermometer immediately after
completion of the reaction. In a controlled experiment,
concurrently, we also heated the lower melting reactant in a
second glass beaker to obtain visual information about the
integrity of the solid materials upon exposure to microwaves.

For the synthesis of 10, the starting benzopyran 27a,b (mp
179–179.5 °C) and 3-chloro-6-hydrazinopyridazine9a (mp
135–137 °C), were admixed in the ratio 1+2 (Table 1). When the
reaction mixture was irradiated with MW for 5.5 min the highest
temperature of the alumina recorded was 120–122 °C. The
reaction mixture remained solid and no reaction was observed.
After heating for 6 min, however, the temperature of the bath
reached 130–132 °C and the reaction mixture was completely in

† Dedicated with deep respect to Professor Miha Tiŝler, University of
Ljubljana, Slovenia on the occasion of his 75th birthday.

Scheme 1

Table 1 Solvent-free preparation of hydrazones, 5–15, using microwaves

Starting
benzopyran

Hydrazine 4
R1N (mmol)

React.
time/
min

Product
(yield, %)

1 Ph (1.2) 6 5 (83)
1 2,5-Difluorophenyl (3.0) 8 6 (69)
1 3-CF3-C6H4 (1.5) 8 7 (75)
2 Ph (2.0) 8 8 (61)
2 3-CF3-C6H4 (3.0) 10 9 (62)
2 6-Chloropyridazin-3-yl (2.0) 6 10 (85)
3 Ph (3.0) 3 11 (95)
3 3-CF3-C6H4 (1.5) 8 12 (92)
3 Pyridin-2-yl (3.0) 5 13 (65)
3 4-Nitrophenyl ( ~ 2.6)a 9 14 (98)
3 2,5-Difluorophenyl (3.0) 8 15 (96)
a Reagent contains 10–15% of water for stabilization.

This journal is © The Royal Society of Chemistry 2001

1716 Chem. Commun., 2001, 1716–1717 DOI: 10.1039/b104508n



liquefied form affording hydrazone 10 in 85% isolated yield
(see Table 1). The 3-chloro-6-hydrazinopyridazine kept in the
same bath barely melted ( ~ 5% as estimated visually) at that
temperature. With the critical temperature information in hand,
we embarked on a comparative study and heated the above
reaction mixture in the same proportions using a preheated oil
bath. Heating for 12 min at 133 °C gave a mixture (liquid with
some suspended solid material). NMR analysis revealed that the
molar ratio between hydrazone 10 and starting benzopyran 2
was approximately 3.3+1. Prolonged heating of the reaction
mixture for 1 h at 133 °C resulted in the formation of the liquid
with no suspended solids. The work-up (as in general
procedure) and NMR analysis revealed that the ratio between 10
and 2 in the isolated product was 92:8. Obviously, the unreacted
benzopyran derivative contaminated product 10, while under
MW conditions we observed complete conversion to a single
product (Table 1).

For the synthesis of 14 starting from 37c (mp 248–250 °C) and
4-nitrophenylhydrazine9b (mp ~ 157 °C with decomp.) we
performed an experiment with the reactants in the ratio 1+2.6
respectively. The commercially obtained hydrazine derivative,
however, contained 10–15% of water for stabilization and as
such slightly melted at 130 °C. Upon MW irradiation for 5.5
min the same temperature (120–122 °C) was attained and the
reaction mixture was completely melted while the 4-nitro-
phenylhydrazine in the second beaker was only barely melted.
NMR analysis of the crude mixture showed no presence of the
benzopyran derivative 3, and the work-up resulted in hydrazone
14 in 94% yield. On the other hand, heating the same reaction
mixture for 1 h at 128 °C in an oil bath resulted in a mixture of
product 14 and starting 3 in the ratio 4.3+1, as discerned from
the 1H NMR spectrum of the crude reaction mixture. It should
be mentioned that in this case the reaction mixture at the end of
the heating period remained solid but attained a brownish color
presumably as a result of partial decomposition.

This comparative study of the reactions taking place in an oil
bath in the absence of MW heating revealed a substantial rate
enhancement for reactions conducted under MW irradiation
conditions, presumably due to the increase in polarity after
change from the solid to the liquid phase.8a Such bimolecular
reactions2d,e will have polarity enhancement as a result of
ensuing intermediate transition state and consequently may
display a pronounced microwave effect.8b Further, the reactions
could be visibly monitored since no reaction occurs without
formation of a melt. This methodology allows for performing
rapid syntheses of a variety of hydrazones¶ below melting
points of starting materials used. This could be explained by the
lowering of the melting point by the formation of the eutectic;10

such methodology seems to be especially useful when starting
from substrates, which decompose at the normal melting
point.

In conclusion, we have shown an expeditious, easy-to-handle
and environmentally friendlier approach to the synthesis of a
variety of non-easily-available hydrazones using MW irradia-
tion that can be extended to other systems.
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Notes and references
‡ The starting benzopyran-2(2H)-ones, 1–3, and 3-chloro-6-hydrazinopyr-
idazine were prepared as described in the literature.7,9a A household
microwave oven operating at 2450 MHz was used at its full power, 650 W,
for all the experiments.

General procedure for the synthesis of hydrazones 5–15: a neat mixture
of benzopyran derivative 1–3 (1 mmol) and hydrazine 4 (1.2–3 mmol; see
Table 1) in a 10 mL glass beaker was thoroughly mixed for about 5 min,
then it was placed in an alumina bath inside the household microwave oven
and irradiated. Maximum temperature reached in the alumina after 10 min
was about 150 °C. After cooling, methanol ( ~ 4 mL) was added to the
mixture and the separated solid was filtered off and washed with a small

amount of methanol. Reaction conditions and yields are given in Table 1 for
products, 5–15, which conform to the NMR and elemental analyses.
§ There are commercial microwave devices available that provide adequate
mixing and control of reaction parameters such as temperature, pressure.
¶ N-(5,6,7,8-Tetrahydro-2-oxo-5-phenylhydrazono-2H-1-benzopyran-3-
yl)benzamide (5): mp 213–216 °C (DMF–MeOH); lit.6c 216–220 °C.

N-[5-(2,5-Difluorophenyl)hydrazono-5,6,7,8-tetrahydro-2-oxo-2H-
1-benzopyran-3-yl]benzamide (6): mp 248–249 °C, decomp. (DMF–
MeOH).

N-[5,6,7,8-Tetrahydro-2-oxo-5-(3-trifluoromethyl)phenylhydrazono-
2H-1-benzopyran-3-yl]benzamide (7): mp 222–223 °C (DMF–MeOH).

N-(5,6,7,8-Tetrahydro-7,7-dimethyl-2-oxo-5-phenylhydrazono-2H-
1-benzopyran-3-yl)benzamide (8): mp 223–226 °C (DMF–MeOH); lit.6c

223–226 °C.
N-[5,6,7,8-Tetrahydro-7,7-dimethyl-2-oxo-5-(3-trifluoromethyl)phenyl-

hydrazono-2H-1-benzopyran-3-yl]benzamide (9): mp 221–223 °C
(DMF).

N-[5,6,7,8-Tetrahydro-7,7-dimethyl-2-oxo-5-(6-chloropyridazin-3-yl)-
hydrazono-2H-1-benzopyran-3-yl]benzamide (10): mp 259–261 °C (DMF–
MeOH); lit.6a 260–263 °C.

N-(5,6,7,8-Tetrahydro-2-oxo-8-phenylhydrazono-2H-1-benzopyran-
3-yl)benzamide (11): mp 258–262 °C (DMF–MeOH); lit.6f 257–260 °C.

N-[5,6,7,8-Tetrahydro-2-oxo-8-(3-trifluoromethyl)phenylhydrazono-
2H-1-benzopyran-3-yl]benzamide (12): mp 113–114.5 °C (DMF–
MeOH).

N-[5,6,7,8-Tetrahydro-2-oxo-8-(pyridin-2-yl)hydrazono-2H-1-benzo-
pyran-3-yl]benzamide (13): mp 226–229 °C (DMF–MeOH).

N-[5,6,7,8-Tetrahydro-2-oxo-8-(4-nitrophenyl)hydrazono-2H-1-benzo-
pyran-3-yl]benzamide (14): mp 290 °C (DMSO).

N-[5,6,7,8-Tetrahydro-2-oxo-8-(2,5-difluorophenyl)hydrazono-2H-
1-benzopyran-3-yl]benzamide (15): mp 238–239 °C (DMSO).
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