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Abstract—2-Formyl glycals undergo rapid condensation with arylhydrazines under solvent-free conditions to give the correspond-
ing optically pure 4-substituted pyrazoles in good yields with high selectivity. The stereochemistry of the products was assigned by
various NMR experiments.
� 2004 Elsevier Ltd. All rights reserved.
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Microwave-assisted reactions have attracted much inter-
est because of the simplicity of operation and mild reac-
tion conditions. Salient features of the microwave
approach are improved yields, enhanced reaction rates,
formation of pure products in high yields and ease of
isolation. Solvent-free microwave assisted reactions
have gained more popularity as they provide an oppor-
tunity to work with open vessels.1,2 The pyrazole unit is
the core structure in a number of natural products.3

Many pyrazole derivatives are known to exhibit a wide
range of biological properties such as anti-hyperglyce-
mic, analgesic, anti-inflammatory, anti-pyretic, anti-bac-
terial, hypoglycemic and sedative–hypnotic activity.4

Particularly, arylpyrazoles are important in medicinal
and pesticidal chemistry.5 Recently, some arylpyrazoles
were reported to have non-nucleoside HIV-1 reverse
transcriptase inhibitory activity.6 Extensive studies have
been devoted to arylpyrazole derivatives such as Celec-
oxib, a well-known cyclooxygenase-2 inhibitor.7 Thus
continuing efforts have been made to develop more gen-
eral and versatile synthetic methods for the synthesis of
pyrazoles.

In this article, we wish to report a novel and rapid
method for the synthesis of a new class of optically pure
4-substituted pyrazoles from 2-formyl glycals and aryl-
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hydrazines. Thus, treatment of 3,4,6-tri-O-ethyl-2-C-form-
yl-DD-glucal8 with phenylhydrazine under microwave
irradiation and solvent-free conditions afforded 1,3,4-tri-
ethoxy-4-(1-phenyl-1H-4-pyrazolyl)-(2R,3S,4R)-butan-2-
ol 3a in 83% yield. In a similar manner reaction of 3,4,6-
tri-O-benzyl-2-C-formyl-DD-glucal8 and phenylhydrazine
gave the corresponding pyrazole 3c in 85% yield
(Scheme 1).

A variety of arylhydrazines such as p-chloro, p-methoxy,
m-chloro and o-ethyl derivatives reacted efficiently with
3,4,6-tri-O-benzyl-2-C-formyl-DD-glucal8 under micro-
wave irradiation to afford the corresponding pyrazoles
in good yields (entries e–h, Table 1).9 Like arylhydr-
azines, hydrazine hydrate itself also afforded the respec-
tive pyrazoles in good yields (entries d and j, Table 1).
Other substrates such as 3,4,6-tri-O-methyl-2-C-form-
yl-DD-glucal8 gave 4-substituted pyrazoles under similar
conditions. The reactions were carried out both under
microwave as well as thermal conditions. The reaction
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Table 1. Microwave-promoted synthesis of pyrazoles11 from 2-formyl glycals and arylhydrazines

Entry Arylhydrazine 2-Formyl glycal Producta Reaction time Yield (%)b

1 2 3

a
NHNH2

O

CHOEtO

EtO

OEt
N
N

H

H OH

OEt
OEt

OEt

5min (8.5h)c 83 (78)c

b NHNH2

Et O

CHOEtO

EtO

OEt
N
N

H

H OH

OEt
OEt

OEt

Et
4min (9.0h) 81 (75)

c
NHNH2

O

CHOBnO

BnO

OBn
N
N

H

H OH

OBn

OBn
OBn 5min (8.0h) 85 (76)

d NH2NH2ÆH2O

O

CHOBnO

BnO

OBn
NH
N

H

H OH

OBn

OBn
OBn 3min (6.0h) 87 (80)

e
NHNH2

Cl

O

CHOBnO

BnO

OBn

N
N

H

H OH

OBn

OBn
OBn

Cl

6min (9.0h) 82 (69)

f
NHNH2

MeO

O

CHOBnO

BnO

OBn

N
N

H

H OH

OBn

OBn
OBn

MeO

5min (7.5h) 86 (73)

g

NHNH2

Cl

O

CHOBnO

BnO

OBn

N
N

H

H OH

OBn

OBn
OBn

Cl

6min (8.0h) 79 (65)

h NHNH2

Et O

CHOBnO

BnO

OBn
N
N

H

H OH

OBn

OBn
OBn

Et
5min (8.5h) 82 (70)

i
NHNH2

O

CHO

MeO

MeO
OMe

N
N

H

H OH

OMe

OMe
OMe

4min (9.0h) 81 (67)

j NH2NH2ÆH2O

O

CHO

MeO

MeO
OMe

HN
N

H

H OH

OMe

OMe
OMe 3min (6.5h) 85 (72)

a Products were characterized by 1H NMR, 13C NMR, IR and mass spectroscopy.
b Yields refers to pure products after chromatography.
c Time and yield reported in parenthesis were obtained under conventional heating.
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temperature was controlled using a pulsed irradiation
technique (1min with 20s intervals) and the temperature
was measured after each pulse. The lowest observed
temperature was 80 �C after irradiation for 1min at
450W and the highest temperature was 110 �C after irra-
diation for 3min at the same power. The reaction rates
and yields were dramatically enhanced by microwave
irradiation. The rate enhancement under microwave
irradiation can be attributed to the absorption of more
microwave energy by the polar reactants, which gener-
ates sufficient heat energy to promote the reaction.
The same reaction, under thermal conditions, at 90 �C
took 6–9h to achieve complete conversion. Probably
the reaction proceeds through the in situ formation of
a hydrazone and subsequent cyclization followed by
intramolecular pyran ring opening results in the forma-
tion of the pyrazole (Scheme 2).

The structure of the product 3a was assigned by using
various solution NMR experiments such as DQCOSY,
NOESY, HSQC and HMBC. The HSQC spectrum
showed the presence of 10 CH�s, 4 CH2�s and 3 CH3�s.
The appearance of NOE cross peaks between H3/H5,
H5/H8, H7/H8 indicated and the existence of a pyrazole
five membered ring involving the C5, C6 and C7 car-
bons. The heteronuclear correlation (HMBC) between
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Figure 1. Chemical structure and numbering used in NMR assignments: (a) NOE cross peaks; (b) diagram, heteronuclear correlations; (c) and energy

minimized structure;10 (d) of compound 3a.
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H5/C7, H7/C5, H8/C5, H8/C7, and H9/C6 further sup-
ported the pyrazole structure (Fig. 1).

The HSQC spectrum of 3c showed the presence of 10
CH�s and 4 CH2�s as well as the phenyl group. The
NOE cross peaks between H3/H5, H5/H8, H7/H8 and
heteronuclear correlations (HMBC) between H5/C7,
H7/C5, H8/C5, H8/C7 and H9/C6 strongly support the
structure of the substituted pyrazole.

In conclusion, we have described a rapid and efficient
protocol for the synthesis of enantiomerically pure pyr-
azoles from 2-formyl glycals and arylhydrazines using
microwave irradiation under solvent-free conditions.
The present method is a very useful process for the prep-
aration of highly functionalized pyrazole derivatives in a
one-pot operation. The reduced reaction times together
with the minimization of thermal decomposition of the
products are the main advantages of microwave heating;
further improvements may be possible using a continu-
ous microwave reactor.
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