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A convenient and efficient method for the synthesis of pyrazolones via condensation of hydrazine derivatives with B-keto esters in water

| catalyzed by tungstophosphoric acid is described. It eliminates the need to dry solvents and substrates before use and the products are

easily isolated with high yields.

| Key Words: Pyrazolones, Edaravone, Tungstophosphoric acid.

INTRODUCTION

Pyrazolones are an important class of heterocyclic
compounds with a broad spectrum of biological activities such
as antioxidant, inhibiting HIV-1 integrase, inhibiting TGFBR1
kinase, inhibiting SARS-coronavirus protease and antibac-
terial'. Among them, a well-known pyrazolone derivative i.e.,
3-methyl-1-phenyl-2-pyrazolin-5-one (edaravone), has been
used in clinical as a commercial drug for brain ischemia and
myocardial ischemia. Additionally, the importance of pyrazo-
lone derivatives has also been accompanied by an increasing
application in industrial preparation of herbicides?, liquid crystals
and dyes®. Therefore, the investigation of the synthetic chemistry
of pyrazolones has continued to receive significant attention.

The traditional approach for the synthesis of pyrazolones
is mainly to condense B-ketoesters with hydrazine in absolute
ethanol or acetic acid. In 1987, Katrizky studied the mechanism
of this reaction and it seemed to remain the standard method
of pyrazolone synthesis®. In recent years, a number of alterna-
tive methods have been documented in the literature, including
solid-phase synthesis®, a two-step reaction of benzoyl
hydrazones with silyl enolates in the presence of catalytic
amounts of Sc(OTf);°, microwave irradiation techniques’ and
ultrasound mediated synthesis®. In spite of their respective
advantages, these methods suffered from several disadvantages
such as expensive transition metal catalysts, difficult workup
or product isolation. A new strategy should be explored for
the synthesis of this important heterocyclic scaffold.

In the last decade, the use of water as a reaction solvent
has continued to attract considerable interest in synthetic
organic chemistry. As compared with traditional solvent, water
is uniquely advantageous’. It is environmentally benign, non-

flammable, liquid over a wide temperature range and possesses
a high heat capacity making it inherently safe. Besides elimina-
ting the need to dry solvents and substrates before use, they
often bring out peculiar reactivities that are not observed under
anhydrous conditions. To our best of knowledge, none has
been reported to synthesize pyrazolones using water as a
solvent. Tungstophosphoric acid is a kind of heteropoly acids,
which has been used widely as catalysts in many reactions
owing to their high acid strength, thermal stabilities and
environmentally benign'’. Herein, we report a convenient and
efficient synthesis of pyrazolones in water using tungstophos-
phoric acid as a catalyst.

EXPERIMENTAL

All melting points were determined on a Mel-TEMP 11
melting point apparatus which was uncorrected. IR spectra
were recorded on a Bruker VERTEX 70 instruments. Proton
magnetic resonance spectra were recorded on a Bruker AV400
instrument. The spectra were recorded in CDCl; or DMSO-d;
and chemical shifts are reported in parts per million (ppm)
down field from tetramethyl silane as the internal standard.
Mass spectra were recorded on an Agilent 1100 LC/MSD Trap.

General procedure: Tungstophosphoric acid (1 % mol)
was dissolved in 40 mL water and then phenylhydrazine
derivative (3 mmol) was added under stirring. To the mixture
was slowly added B-ketoester (3 mmol) over a period of 20
min at room temperature. The mixture was further heated under
reflux for 3-6 h. The progress of the reaction was monitored
by TLC. After completion of the reactions, the mixture was
cooled to room temperature and solid was filtered off and
washed with H,O (40 mL) and the crude products were dried.
The crude products were purified by recrystallization from
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ethanol or chromatograph on silica gel to give the product as
a yellow powder (Scheme-I). The spectral data of some of the
representative compounds are given below:

2 0 0 R {j\ {
HaPW,040 > N
R1QNHNH2 - RzMO/\ H,O, Reflux r\\lij?
Ro
1 2 3a-3i
R, = H, 4-Cl, 4-F, 4-CH;0, 2,4-dinitro, 3,4-dichloro. R, = CH3, Ph
Scheme-1

1-Phenyl-3-methyl-5-pyrazolone (3a): '"H NMR (CDCl;)
6:2.21 (s, 3H), 3.47 (s, 2H), 7.20 (t, J = 7.8 Hz, 1H), 7.51 (d,
J=8.1Hz, 2H), 7.90 (d, J = 7.8 Hz, 2H); IR (KBr, cm™) &:
2430, 1594, 1532; ESI-MS: 175[M + H]".
1-Phenyl-3-propyl-5-pyrazolone (3b): 'H NMR (CDCI;)
6:1.07 (t, J = 7.6 Hz, 3H), 1.67-1.77 (m, 2H), 2.50 (t, /= 7.5
Hz,2H), 3.43 (s,2H), 7.22 (t, J=7.4 Hz, 1H), 7.43 (d,J=7.6
Hz, 2H), 7.91 (d, J = 7.7 Hz, 2H); IR (KBr, cm™) &: 2928,
1593, 1541; ESI-MS: 203[M + HJ".
1,3-Diphenyl-5-pyrazolone (3¢): 'H NMR (CDCI;) &:
3.84 (s, 2H),7.22 (t,J = 6.8 Hz, 1H), 7.48-7.41 (m, SH), 7.78-
7.74 (m, 2H), 8.18 (d, J = 6.8 Hz, 2H); IR (KBr, cm™) &: 2965,
1705, 1593; ESI-MS: 237[M + HJ".
1-Phenyl-3-(trifluorometyl)-5-pyrazolone (3d): 'H
NMR (CDCl;) &: 3.71 (s, 2H), 7.52-7.36 (m, 3H), 7.66 (d, J =
7.8 Hz, 2H); IR (KBr, cm™) &: 2720, 1758, 1599; ESI-MS:
229 [M + HJ".
1-(4-Chlorophenyl)-3-methyl-5-pyrazolone (3e): 'H
NMR (CDCls) &: 2.20 (s, 3H), 3.44 (s, 2H), 7.35 (d, J = 8.8
Hz, 2H), 7.85 (d, J = 8.8 Hz, 2H); IR (KBr, cm™) &: 2441,
1596, 1548; ESI-MS: 209 [M + H]".
3-Phenyl-1-(4-fluorophenyl)-5-pyrazolone (3f): 'H
NMR (CDCls) &: 3.88 (s, 2H), 7.13-7.16 (m, 2H), 7.49-7.51
(m, 3H), 7.78-7.80 (m, 2H), 7.96-7.99 (m, 2H); IR (KBr, cm™)
5: 1713, 1596, 1532; ESI-MS: 255 [M + H]".
3-Methyl-1-(4-methoxyphenyl)-5-pyrazolone (3g): After
the reaction completed, the mixture was cooled to room tempe-
rature and solid was filtered off, which was dissolved in Et,O,
than washed with saturated aqueous NaHCO; and water and
dried over Na,SO,. Filtration and concentration in vacuo and
purification by silica gel flash chromatography (AcOEt/n-hexane
= 1/1) gave a yellow solid. The solid was recrystallized from
ethanol and collected by filtration to give a yellow solid.
'HNMR (CDCls) 8: 2.19 (3H, s), 3.41 (2H, s), 3.81 (3H,
s), 6.92 (2H, d, J=8.5Hz),7.72 (2H, d, J = 8.3 Hz); IR (KBr,
cm™) 8: 2925, 1590, 1542; ESI-MS: 205 [M + HJ*.

1-(2,4-Dinitrophenyl)-3-methyl-5-pyrazolone (3h): 'H
NMR (DMSO-dy) &: 2.19 (s, 3H), 3.61 (s, 2H), 7.86 (d, J =
7.6 Hz, 1H), 8.92 (d, J=3.2 Hz, H), 8.39-8.45 (m, 1H), 10.85
(br, s, 1H, OH); IR (KBr, cm™) 8: 2927, 1726, 1620; ESI-MS:
265 [M + H]".

3-Phenyl-1-(3, 4-dichlorophenyl)- 5-pyrazolone (3i): 'H
NMR (CDCl3) &: 3.89 (s, 2H), 7.49-7.50 (m, 4H), 7.79-7.81
(m, 2H), 7.95-7.98 (m, 1H), 8.20 (m, 1H); IR (KBr, cm™) &:
1709, 1624, 1547; ESI-MS: 305[M + H]*.

RESULTS AND DISCUSSION

We firstly chose the synthesis of edaravone by condensation
of phenylhydrazine with ethyl acetoacetate in water as a suitable
model to optimize conditions and to compare results with those
from traditional method. The results are shown in Table-1. In
the traditional method, after TLC indicated the completion of
reaction, the solvent of ethanol was evaporated under reduced
pressure and a reddish brown oil was obtained. It took a long
time for the oil to solidify, the solid was filtrated and recrysta-
llized in ethanol to give edaravone in 65 % yield. The solvent
was replaced with water, after the reaction completed and the
mixture was cooled to room temperature, a solid was precipi-
tated immediately and which was dried and recrystallized in
ethanol to give edaravone. The yield was related with the
amount of tungstophosphoric acid, when 1 % mol of
tungstophosphoric acid was used, the yield was the highest
78 %. It is obvious that the yield was much higher and workup
was much easier when the reaction was carried out in water
catalyzed by tungstophosphoric acid as compared with tradi-
tional approach.

TABLE-1
SYNTHESIS OF EDARAVONE UNDER
DIFFERENT CONDITIONS
Entry Solvent Catalyst Time (h) Yield (%)
1 C,H,OH - 4 65
2 H,0 0.5 5 70
3 H,0 1.0 3 78
4 H,0 1.5 3 72
5 H,0 2.0 3 62

In order to extend the scope of this procedure, several
examples illustrating this method for the synthesis of
pyrazolones were studied. The results are summarized in
Table-2. The electronic and steric nature of substituents on
the aromatic ring of phenylhydrazine or ethyl acetoacetate
showed strongly obvious effects in the yields under this
reaction conditions. The replacements of CHj; of ethyl aceto-

TABLE-2
SYNTHESIS OF PYRAZOLONES 3a-3i
Compound R, R, Time (h) m.p. (°C) Yield (%)
3a H CH, 3 125-127 (128-129'"%) 78
3b H n-C;H, 4 109-111 (110% 74
3c H Ph 4 137-139 (136-138'™) 68
3d H CF, 3 193-195 (195-196'") 81
3e p-Cl CH, 3 170-172 (173-174'") 65
3f p-F Ph 3 154-156 (158-160') 70
3g p-CH;0 CH, 5 124-126 (127-128'") 48
3h 2,4-Dinitro CH; 2 79-81 (81'"%) 92
3i 3,4-Dicloro Ph 3 137-139 (139-141'%) 75
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acetate with more steric Ph and n-Cs;H; group were associated
with lower yields, while phenylhydrazines with electron-
donating substituent p-CH;0 and strong electron-withdrawing
nitro group resulted, respectively in a more lower and higher
yield.

Conclusion

We herein report a convenient method for the synthesis
of pyrazolones via condensation of hydrazine derivatives with
B-keto esters in water catalyzed by tungstophosphoric acid. It
eliminates the need to dry solvents and substrates before use
and the products are easily isolated with high yields.
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