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Expedient synthesis of pyrazoles substituted
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Abstract

The reaction of a,b-acetylenic c-hydroxy nitriles with thiosemicarbazide, under mild conditions (rt, no catalyst, in 1:1 aqueous
ethanol, 4–14 h), proceeds chemo-, regio- and stereoselectively to give atypically so far inaccessible tri-functionalized (amino, hydroxyl
and thioamide groups) pyrazoles in 53–91% yields. The hydroxyl function is easily protected by using the corresponding acetals of the
starting acetylenic hydroxy nitriles.
� 2008 Elsevier Ltd. All rights reserved.
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Pyrazoles are important compounds in the pharmaceuti-
cal industry as the pyrazole motif forms the core structure
of numerous biologically active compounds.1 Pyrazole
derivatives have been used as analgesic,2 antiinflamma-
tory,3 antipyretic,4 antidepressant,5 antibacterial,6 antimi-
crobial,7 anticonvulsant and antifilarial agents,8 and for
the treatment of rheumatoid arthritis.9 They are also
applied as herbicides,10 fungicides,11 insecticides12 and
dyestuffs13 in sunscreen materials,14 and as analytical
reagents.15

Hence, numerous methods for the preparation of pyra-
zoles have been developed. However, the regioselective syn-
thesis of densely functionalized pyrazoles still remains a
significant challenge for organic chemists. Thus, a new
expedient method for the regioselective synthesis of the
functionalized pyrazole derivatives would be an important
contribution to pyrazole chemistry.1b,16 Hydrazines, as
starting materials, are employed for the synthesis of pyr-
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azoles. For example, in the usual route to pyrazoles, the
reaction of hydrazines with 1,3-dicarbonyl compounds
results, as a rule, in a mixture of regioisomers.1b,17 Also,
the syntheses of substituted pyrazoles by the reaction of
hydrazones with electron-deficient alkynes are non-
regioselective.18

In this Letter, we report on the regioselective synthesis
of 5-amino-3-hydroxyalkyl-1-aminothiocarbonyl-pyrazoles
2 (in 53–91% yields) by the cyclization of a,b-acetylenic
c-hydroxy nitriles 1a–d with thiosemicarbazide.19

The structural assignment proved to be a difficult task.
Indeed, a number of alternative structures with the same
composition and mass as well as similar spectra (IR,
NMR and UV) could be expected to be formed (Table 1).

For an unambiguous structure assignment, we per-
formed an X-ray analysis of a single crystal of product
2d, which proved to be 5-amino-3-(1-hydroxycyclohexyl)-
1H-pyrazole-1-carbothioamide20 (Fig. 1).

The pyrazole ring is planar, with the maximum devia-
tion of the C(4) and C(5) atoms out of the plane being
0.006 Å. The dihedral angle between the pyrazole ring
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Fig. 2. The supramolecular crystal structure of 5-amino-3-(1-hydroxy-
cyclohexyl)-1H-pyrazole-1-carbothioamide 2d (hydrogen atoms are not
shown).

Fig. 3. Fragments of the supramolecular network of 5-amino-3-(1-
hydroxycyclohexyl)-1H-pyrazole-1-carbothioamide 2d (hydrogen atoms
of cyclohexane are not shown).

Table 1
The synthesis of 5-amino-3-(1-hydroxyalkyl)-1H-pyrazole-1-carbothioamidesa
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R1 R2 Product Time (h) Yield (%)

Me Me 2a 4 91
Me Et 2b 5 73

Cyclopentyl 2c 14 53
Cyclohexyl 2d 14 68

a The reaction proceeds in aqueous ethanol (1:1 vol) at room temperature.

Fig. 1. The X-ray structure of 5-amino-3-(1-hydroxycyclohexyl)-1H-
pyrazole-1-carbothioamide 2d.
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plane and the SC(7)N(8) plane is 168.2�. In the crystal,
all the molecules are directed by thioamide functions to
each other and are linked by hydrogen bonds
[S� � �H(8B)—2.61(3) Å, O� � �H(8A)—2.23(3) Å, N(2)� � �
H(6A)—2.54(3) Å, N(6)� � �H(O)—2.50(3) Å; Van der
Waals radii are S� � �H—3.15 Å, O� � �H—2.7 Å, N� � �H—
2.8 Å].21 Thus, a supramolecular structure exists in the
solid state (Figs. 2 and 3).

In the IR spectra of pyrazoles 2a–d (dilute CCl4 solu-
tions, c = 1 � 10�1 M, d = 0.5–200 mm) four absorption
bands were present at ca. 3510, 3478, 3356 and
3271 cm�1, which are assigned to the OH (non-associated)
and NH2 (non-associated and associated) groups,
respectively.22

In the 1H NMR spectra of compounds 2, the proton of
the pyrazole ring occurred as a singlet at d 5.43–5.49 ppm.
The NH2 group at the pyrazole C-5 appeared as a broad
singlet at d 7.07–7.11 ppm, while the NH2 group of the thi-
oamide function appeared as two broad singlets at 8.88–
9.00 ppm and 8.37–8.45 ppm. The 13C NMR spectra corre-
sponded with the structures of pyrazoles 2.22

The present cyclization reaction is unexpected. Indeed, it
is known that thiosemicarbazide attacks electron-deficient
acetylenes (dimethyl acetylenedicarboxylate) initially
through the sulfur (as shown for substituted thiosemicarb-
azides: 4-methyl- and 4-allylthiosemicarbazide).23 Also
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reported are examples of thiosemicarbazide addition to tri-
ple bonds through the amino group.24,25 In a short note,24

it was reported, that the reaction of 1,3-diphenyl-2-propyn-
1-one with 1-phenylthiosemicarbazide gave 1,3,5-tri-
phenylpyrazole (characterized by mp and IR spectroscopy).
Meanwhile, the addition of thiosemicarbazide to cyano-
acetylene stopped after the first step to afford the open-
chain adduct.25

The formation of pyrazoles 2a–d is likely to start with
the addition of the hydrazide amino group to the triple
bond of 1 to form intermediate A, which cyclizes through
the cyano group to furnish iminodihydropyrazole B.
Finally, a prototropic shift yields pyrazoles 2.
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The synthetic value of this cyclization can be enlarged
by the protection of the hydroxyl function in the pyrazoles
formed. This was realized by employing the corresponding
acetals of type 3 instead of alcohols 1a–d. Such acetals are
readily prepared by the electrophilic addition of the
hydroxy derivatives 1a–d to vinyl ethers.26
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Acetal 3 reacted with thiosemicarbazide to give pyrazole

4, with a protected hydroxyl function, in 40% isolated yield
(not optimized).
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Thus, chemo-, regio- and stereoselective addition of thi-
osemicarbazide to a,b-acetylenic c-hydroxy nitriles and
their acetal derivatives yields an expedient route to previ-
ously inaccessible densely functionalized (amino, hydroxyl,
acetal and thioamide groups) pyrazoles, which are the
promising substrates for drug design.
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