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An efficient and regioselective procedure for the synthesis of a series of alkyl(aryl/heteroaryl) substituted
3-trifluoromethyl-1H-1-phenylpyrazoles and alkyl 3-carboxylate analogs, from the cyclocondensation
reactions of 4-alkoxy-1,1,1-trihaloalk-3-en-2-ones [CX3C(O)CR2=CR1(OMe/OEt), where R1 = H, Me, Ph,
2-Furyl; R2 = H; R1-R2 = -C4H8- and X = F, Cl] and 1-phenylsemicarbazide in an acidified alcoholic medium
(R3OH/H2SO4), where R3 = Me, Et, Pri was successfully applied and is described here in detail.

� 2012 Elsevier Ltd. All rights reserved.
The synthesis of pyrazole derivatives has been extensively ex-
plored by our research group through the cyclocondensation reac-
tion of 4-alkoxy-1,1,1-trihalo-3-alken-2-ones and different
hydrazines contemplating their biological activities as analgesic
and anti-inflammatory,1 antimycobacterial,2 antimicrobial,3 antin-
ociceptive,4 and antioxidant agents.5 The method to introduce a
trihalomethyl group into heterocycles based on the above cited tri-
halomethylated building block approach, in most cases regioselec-
tively leads to the C-5 trihalomethyl-substituted pyrazoles or to
mixtures of 1,3- and 1,5-isomers.6

Variously substituted pyrazoles and their derivatives bearing a
diversity of functional groups are important biological agents and
a significant amount of research activity has been directed toward
this class. Special interest has been devoted to developing efficient
approaches to introduce a CF3 group at a pyrazole ring in a regio-
selective manner, mostly because trifluoromethyl-substituted pyr-
azoles at the C-3 position often show pharmacological activities
such as the anti-inflammatory7 Celecoxib� and the anticoagulant
Razaxaban�.8 Moreover, the phenylpyrazole structure is the scaf-
fold of common worldwide over-the-counter drugs as a potent
antipyretic and analgesic9a,b Dipyrone� and the insecticide
Fipronil�.9c

A literature survey revealed that mixtures of 1,3- and 1,5-regioi-
somers are frequently obtained by various synthetic procedures.10–

12 Studies which increase the regioselectivity in the product forma-
ll rights reserved.
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tion usually implement one or more steps from b-diketones, hydra-
zines, and derivatives thereof,10 high-cost solvents11 or present a
limited scope of substituents in the pyrazole ring.12

Therefore, because of the above mentioned importance and our
ongoing research interest in introducing CX3 groups in heterocy-
cles, we have decided to investigate the regioselectivity in the
cyclocondensation reaction of 4-alkoxy-1,1,1-trihaloalk-3-en-2-
ones [CX3C(O) CR2=CR1 (OMe/OEt), where R1 = H, Me, Ph, 2-Furyl;
R2 = H; R1-R2 = -C4H8- and X = F, Cl] and 1-phenylsemicarbazide in
order to regioselectively obtain 3-trihalomethyl-substituted 1-
phenylpyrazoles as the main isomer.

So, in this Letter, we report first a new, simple, and efficient
method for the regio insertion of CF3 group in 1-phenylpyrazoles.
By this new method, the C-3 position of pyrazoles can be selec-
tively trifluormethylated with a good yield under a mild and sim-
ple reaction step, employing facile solvent and catalyst access. In
addition, we also describe the indirect carboxyalkylation reaction
from 3-trichloromethyl-substituted pyrazole analogs under similar
conditions.

The optimized synthesis of 3-trifluoromethyl pyrazoles (4a–e)
from the cyclocondensation reaction of 4-alkoxy-1,1,1-trifluoro-
3-alken-2-ones (1a–e) and 1-phenylsemicarbazide (3) was done
in the presence of sulfuric acid, methanol as the reaction solvent
in a 1:1.5 molar ratio.13,14 In comparison to other polar solvents,
methanol was shown to be more suitable to solubilize the 1-phe-
nylsemicarbazide at room temperature, as well as contributing
more to achieve the desired regioisomer product. The reactions
were performed by stirring the mixtures at 60 �C for 24 h
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Table 1
Yield and isomer relationship for compounds 4a–e

Product Yielda (%)/(Lit.)b Isomer 1,3:1,5c/(Lit.)b

4a 50/(16)23, (94)24a 50:50/(100:0)23,24a

4b 77/(70)24c, (80)24b 100:0/(50:50)24b,c

4c 54 97:3
4d 65/(�d)24c, (65)25 100:0/(82:18)24c, (100:0)25

4e 85/(�d)24c 100:0/(100:0)24c

a Yields of isolated products.
b Literature data.
c GC–MS data analysis.
d Uninformed yields from literature data.
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(Scheme 1). Compounds 4a–e were obtained as dark-yellow col-
ored oils with 50–85% yields.15,16

This methodology resulted in a series of 5-alkyl(aryl/hetero-
aryl)-3-trifluoromethyl-1H-1-phenylpyrazoles (4a–e) in a one-step
reaction without the isolation of 3-hydroxy-pyrazoline ring inter-
mediate. It is probable that the drops of concentrated sulfuric acid
used as catalyst promoted the in situ dehydration of the interme-
diate and lead to the aromatic pyrazoles (4). Besides, it is widely
known that similar acidic condition promotes the hydrolysis of
C(O)-N function with the respective elimination of the carbamoyl
group.17

The structures of all compounds 4a–e were confirmed by 1H
and 13C {1H} NMR, mass spectrometry (GC–MS) data analysis
where the mixture of synthesized regioisomers of this work and
the 5-trifluormethyl-1H-pyrazoles previously acquired were com-
pared.18 The GC chromatograms showed unequivocal specific
retention times for each regioisomer. This comparison permitted
to identify the desired product and proved that the 3-CF3-substi-
tuted pyrazole regioisomers were fully isolated by employing this
new methodology (Table 1).14–16

All the results are in agreement to the literature where it is
well-known that the amino group linked to the phenyl ring of 1-
phenylsemicarbazide (N1) is the best nucleophile of the precursor,
while the second amino group (N2) has its nucleophilicity de-
creased due the resonance with the strong electron withdrawing
of the carbamoyl group.19
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Consequently, the first attack to the b-olefinic carbon of the vi-
nyl ketone is conducted by N1 with subsequent elimination of an
alcohol molecule (ROH). Hereafter, a second attack promoted by
N2 to the vinyl ketone carbonyl group closes the five membered
ring with subsequent aromatization of the system by the dehydra-
tion and the elimination of the carbamoyl group in a one-step reac-
tion (Scheme 2).

Following the successful demonstration of the regioselective
trifluoromethylation at C-3 position of pyrazoles 4, we proceeded
to extend the generality of the reaction conditions to trichlorome-
thylated precursors (2a–e). Thus, we employed the 4-alkoxy-1,1,1-
trichloro-3-alken-2-ones (2a–e) aiming to obtain the 3-trichloro-
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Scheme 2. Proposed mechanism for the formation of the 3-trifluoromethyl-substituted pyrazoles.
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Table 2
Yield and isomer relationship of compounds 5a–e and 6b–c

Product Yielda (%)/(Lit.)b Isomer 1,3:1,5c

5a 51/(15)26 74:26/(100:0)26

5b 88 100:0
5c 73 100:0
5d 70 100:0
5e 89 100:0
6b 75/(62)27a, (60)27b 98:2/(100:0)27a, (�d)27b

6c 77 96:4

a Yields for isolated products.
b Literature data.
c GC–MS data analysis.
d Uninformed yields from literature data.
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methyl-substituted pyrazoles under similar conditions. However,
we observed that water present in methanol (reaction solvent)
due to the dehydration reaction and the acid catalyst was respon-
sible for converting the trichloromethyl group to ester similarly as
described previously by us (Scheme 3).20 By this synthetic proce-
dure, a series of methyl-5-alkyl(aryl/heteroaryl)-1H-1-phenylpyra-
zole-3-carboxylates (5a–e) were obtained as dark yellow colored
oils in 51–89% yields (Scheme 1).14,15,21

By taking the compound 5b as standard to propose evaluating
the solvent influence in the isomeric relationship between the
products acquired and to show the versatility of the methodology,
we promoted the synthesis of alkyl-5-methyl-1H-1-phenylpyra-
zole-3-carboxylates (6b–c) using other alcohols as the reaction sol-
vents. As a result, we found that the larger the alcohol structure,
the lower the regioselectivity for the resultant ester and conse-
quently also lower yields. Compounds 6b–c were obtained as dark
yellow colored oils in 75–77% yields.14,15,22

The structures of all compounds 5a–e and 6b–c were compared
with the literature data and confirmed by 1H, 13C {1H} NMR, and by
the mass spectrometry (GC-MS) (Table 2).21,22

In conclusion, we have developed a mild, convenient, and im-
proved protocol for the regioselective synthesis of 3-trifluoro-
methyl- and 3-carboxyalkyl-1H-1-phenylpyrazoles in alcoholic
reaction solvents and sulfuric acid as catalyst. The present proce-
dure is carried out in easier work-up and good yields. The method
reported here is not only simple to operate but also efficient for the
achievement of regioselective products.

Unless otherwise indicated all common reagents and solvents
were used as obtained from commercial suppliers without further
purification. 1H and 13C NMR spectra were acquired on a Bruker
DPX 200 spectrometer (1H at 200.13 MHz and 13C at 50.32 MHz)
or Bruker DPX 400 spectrometer (1H at 400.13 MHz and 13C at
100.61 MHz), 5 mm sample tubes, 298 K, digital resolution
±0.01 ppm, in CDCl3, using TMS as internal reference. Mass spectra
were registered in a HP 5973 MSD connected to a HP 6890 GC and
interfaced by a Pentium PC. The GC was equipped with a split–
splitless injector, autosampler, cross-linked HP-5 capillary column
(30 m, 0.32 mm of internal diameter), and He was used as the car-
rier gas.
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