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Modified reaction conditions to achieve high regioselectivity in
the two component synthesis of 1,5-diarylpyrazolesq
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Abstract—The factors affecting regioselectivity during the formation of 1,5-diarylpyrazoles from aryl hydrazines and 1,3-diketones
are identified and the regioisomers were characterized by 1D NOESY, LC–NMR and X-ray analyses. A simple alteration in the
usual reaction conditions is reported, which allows the exclusive formation of 1,5-diarylpyrazoles.
� 2004 Elsevier Ltd. All rights reserved.
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Figure 1.
The pyrazole ring is present in many pharmacologically
important compounds.1 Although many methods are
known for the construction of this ring system,2 the
search for novel synthetic methodology addressing the
necessity for a particular regioisomer is always desira-
ble.3,4 Recently, 1,5-diarylpyrazoles gained further
importance after the introduction of celecoxib 1 (Fig.
1), a COX-2 inhibitor for the treatment of chronic
inflammatory diseases like rheumatoid and osteoarthri-
tis.4 The widely accepted synthetic method for this class
of compounds comprises of the coupling of an appropri-
ate phenylhydrazine hydrochloride with a suitable 1-
phenyl-1,3-diketone in hot ethanol.5 Although it is an
excellent method in terms of yield, it suffers from poor
regioselectivity in many cases depending on the nature
of the 1,3-diketone.6

In a discovery project,7 we were interested in the practi-
cal synthesis of 1,5-diarylpyrazoles 2 (Fig. 1) with alkyl
and heteroaryl groups at C-3. While the reported regio-
specific syntheses of this class of compounds involves
low yielding steps,4,8 it was anticipated that the high
yielding coupling method described above would yield
a mixture of regioisomers.
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Previously, the two component synthesis has been con-
ducted in acidic medium and the suitability of the 1,3-
diketone has generally been emphasized for the synthesis
of 1,5-diarylpyrazoles,3–6 but, to our knowledge, no sys-
tematic study has correlated the control of regiochemis-
try with reaction conditions and the electronic/steric
factors of the 1,3-diketone and phenylhydrazine. We
present here the outcome of our study of the effect of
substituents on both of the components on the forma-
tion of regioisomers. We found that by employing sim-
ple methods we could achieve excellent regioisomeric
excesses.

Heating arylhydrazine hydrochlorides with 1-aryl-1,3-
diketones 3 (CF3) in ethanol afforded 1,5-diarylpyr-
azoles as the major products with small quantities of
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Scheme 1. Reagents and conditions: (i) Ar1NHNH2ÆHCl, absolute
ethanol, 50–60�C, 4–5h; (ii) Ar1NHNH2ÆHCl, TEA, absolute ethanol,
50–60�C, 4–5h; (iii) Ar1NHNH2, absolute ethanol, 50–60�C, 4–5h.
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undesired 1,3-diarylpyrazoles, which were discarded by
triturating the products, after column purification, with
a mixture of ethyl acetate and toluene (Scheme 1 and
Table 1). However, this selectivity was limited to those
examples where electron-withdrawing groups such as
CF3, CHF2, CH2F etc. were attached to C-3 of the
1,3-diketone.7b,9 In the cases of simple alkyl substituents
such as CH3, C2H5 and n-C3H7, a � 60:40 a nonsepara-
ble mixture of the regioisomers was obtained, which
could be quantified by integration of the 1H NMR spec-
trum of the mixture and by HPLC analysis (Table 1).9b

The identities of this nonseparable two component mix-
ture was established by a 1D NOESY experiment, and
confirmed by the 1H NMR spectra of the pure compo-
nents obtained from LC–NMR analysis.

Various arylhydrazine hydrochlorides were reacted with
1-aryl-hexane-1,3-diones under acidic conditions to
study the regioselectivity. While arylhydrazines having
electron-donating and weakly electron-withdrawing
Table 1. Regioselectivity achieved in the synthesis of 1,5-diarylpyrazoles

Compound Ar1 Ar2 R Reaction conditionsa a (%)b b (%)b

4 4-MeO–C6H4– 4-MeO–C6H4– CF3 ic 99 0

5 4-MeO–C6H4– 4-MeO–C6H4– CH3 i 71 29

5 4-MeO–C6H4– 4-MeO–C6H4– CH3 ii 100 0

5 4-MeO–C6H4– 4-MeO–C6H4– CH3 iii 100 0

6 4-MeO–C6H4– 4-MeO–C6H4– n-C3H7 i 62 38

6 4-MeO–C6H4– 4-MeO–C6H4– n-C3H7 ii 96 3

6 4-MeO–C6H4– 4-MeO–C6H4– n-C3H7 iii 99 1

7 4-O2N–C6H4– 4-MeO–C6H4– n-C3H7 i 21 79

7 4-O2N–C6H4– 4-MeO–C6H4– n-C3H7 ii 99 0

8
S

OO

H2N 4-MeO–C6H4– n-C3H7 i 67 32

8
S

OO

H2N 4-MeO–C6H4– n-C3H7 ii 98 0

9
S

HOH2C

OO

Me 4-MeO–C6H4– n-C3H7 i 52 48

9
S

HOH2C

OO

Me 4-MeO–C6H4– n-C3H7 ii 99 1

9
S

HOH2C

OO

Me 4-MeO–C6H4– n-C3H7 iii 98 1

10
S

HOH2C

OO
H2N 4-MeO–C6H4–

N
ic 99 1

11
S

HOH2C

OO
H2N 4-MeO–C6H4– N

ic 99 0

12
S

HOH2C

OO

Me 4-MeO–C6H4–
N

ic 100 0

a See Scheme 1.
b By 1H NMR and HPLC.
c Reaction conditions (ii)–(iii) also provided similar results.



Figure 2. X-ray crystal structure of the O-propanoate of 3-(4-pyridyl)-1,5-diarylpyrazole 10.
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groups afforded �50–65% of the 1,5-diarylpyrazoles 8
and 9, those with strongly electron-withdrawing groups
such as a nitro group afforded�80% of the 1,3-diarylpyr-
azole 7. But, with these diketones we never achieved
formation of a single regioisomer. However, the dike-
tones with pyridyl rings exclusively afforded 3-pyridyl
analogues 10–12. Apart from the spectroscopic evidence,
the structures of these 3-pyridyl derivatives were con-
firmed by a single crystal X-ray diffraction study of the
O-propanoate of 3-(4-pyridyl)pyrazole 10 (Fig. 2).10

We explored alternative reaction conditions, hoping to
enhance the selectivity for 3-alkylated 1,5-diarylpyr-
azoles. A few pyrazoles had been prepared using an org-
anic base,11 but there was no systematic study
reported regarding their regiochemistry. In the synthesis
of 6, changing to basic conditions using TEA, exclu-
sively afforded 96% of the 1,5-diarylpyrazole with the
n-C3H7 group at C-3. We performed another reaction
by heating the mixture of the arylhydrazine and 1,3-
diketone in absolute ethanol without TEA. This experi-
ment produced even better regioselectivity (99%). To
demonstrate the generality of this methodology, a vari-
ety of arylhydrazines and 1,3-diketones were used for
the exclusive synthesis of several 1,5-diarylpyrazoles
(Scheme 1 and Table 1). The regioselectivity of com-
pounds 4 and 10–12 was retained even under these
new conditions.

In our new method,12 an ethanolic solution of the aryl-
hydrazine hydrochloride was basified (pH � 11.0) using
3–5equiv of TEA under an argon atmosphere and an
ethanolic solution of the 1,3-diketone (0.95equiv) was
added. The reaction mixture was heated at 50–60 �C
for 4–5h to afford 1,5-diarylpyrazoles with excellent reg-
ioselectivity and in very high yields (70–80%). Alterna-
tively, an ethanolic solution of the arylhydrazine was
mixed with the diketone (0.95equiv) under an argon
atmosphere and heated at the same temperature for
the same period of time to afford 1,5-diarylpyrazoles
(e.g., compound 6) with improved regioselectivity and
yield. In the 1H NMR spectra, the C-4 proton appeared
at �6.2ppm for the desired 1,5-diarylpyrazoles whereas
the undesired 1,3-diarylpyrazoles could be recognized by
the appearance of the C-4 proton at �6.5ppm. The regio-
isomers were neither distinguishable on TLC nor separa-
ble by column chromatography and thus had to be
detected by 1H NMR and HPLC analysis.

The first step in the regioselective synthesis of the 1,5-
diarylpyrazole is reported to be the formation of a
hydrazone through the C-3 carbonyl group of the 1-
aryl-1,3-diketone.6 Presumably, the 1-aryl-1,3-diketones
having electron-withdrawing groups exclusively exist in
the enolic form 3a (R = CF3, Py) under all the condi-
tions tested and afforded 1,5-diarylpyrazoles 4 and 10–
12 whereas those having electron-donating groups
existed as enolate 3a (R = CH3, n-C3H7) only in TEA
and neutral media to afford the desired 1,5-diarylpyr-
azoles 5–9 (Scheme 1).

In summary, we have described the factors affecting the
regioisomeric formation of 1,5-diarylpyrazoles during
the two component synthesis, their identification
through 1D NOESY, LC–NMR and X-ray analyses,
and simple reaction conditions providing excellent reg-
ioselectivity and high yields in the synthesis of this phar-
maceutically important scaffold.
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Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.
2004.08.100. The procedure for the preparation of
1,3-diketones 3 and the O-propanoate derivative of
compound 10, the spectral data/charts including 1H
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of 1,5-diarylpyrazoles 4–12 and a table of elemental
analysis are available.
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