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ABSTRACT

An efficient and direct protocol for the preparation of 3,5-disubstituted
pyrazoles, one-pot regioselective condensation reaction of 2,3-dibromo-
1,3-diarylpropan-1-oneswith hydrazine derivatives viauseful intermediate
4-bromo- 1,3- aryl 4,5-dihydro-1H-pyrazolein the presence of amberlite | R-
120 under thermal and microwave conditionsin EtOH as solvent isdescribed.
Inthismethod, several typesof aromatic diarylpropan, containing el ectron-
withdrawing groups as well as electron-donating groups, were rapidly
converted to the corresponding pyrazolesin good to excellent yields. The
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thermal solvent-free and microwave green procedures offer advantages
such as shorter reaction times, simple work-up, excellent yield, recovery

and reusability of catalyst.

INTRODUCTION

Pyrazolesarean important classof bio-activedrug
targetsin the pharmaceutical industry, asthey arethe
core structure of numerous biologically active com-
pounds™, including blockbuster drugs such as
Celebrexi¥ and Viagra?. They al so possessimportant
biologica properties such asantitumor cyclin-depen-
dent kinase (CDK) inhibitorg¥, monoamine oxidase-B
(MAO-B) inhibitorsand anti-inflammatory agents®.
Recently, they have also emerged as potential atypical
antipsychoticd®. Several synthesesof pyrazoleshave
been devel oped and by far themost preval ent method
of choiceisthereaction of 1,3-diketoneswith hydra-
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zines". Other methodsfor the synthesis of pyrazoles
that do not require 1,3-diketones have been reported®.
Recently, afew efficient methods havebeen devel oped?,
however, most of these utilize acircuitousroute, re-
quirelonger reactiontime, and are often carried out in
organic solvents. Compared with thereactionsin or-
ganic solvents, solventlessreactions are often rapid,
regio- or chemosd ective, occur inhighyiedsand have
environmentd and economic advantages©Y,
However, many of thereported methods are asso-
ciated with oneor moreof thefoll owing drawbacks. (i)
lowyield, (ii) long reactiontime, (iii) harsh reaction con-
ditions, (iv) the use of toxic, corrosive, expensive, or
non-reusabl e catalysts, (v) the use of large amount of
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catalyst, (vi) application of largeamount of acetamide
(asreactant), and (vii) because of theuseof acidic cata-
lystsin most of the reported methods, application of
aldehydesbearing basic groupsor acid-sendtivea de-
hydesinthereactionisnot possible.

EXPERIMENTAL

All thereactionswere carried out using aconven-
tiond (unmodified) household microwaveoven (LG 230
V, ~50Hz). Reactionsweremonitored on TLC by com-
parison with the samples prepared by known proce-
dures. ThelR spectrawererecorded using aShimadzu
UV-2100 spectrophotometer (KBr pellets) and the
NMR spectrawere obtained in usng aBruker Avance
500-M Hz spectrometer. All melting pointswere deter-
mined onaBiichi 530 melting point apparatus and are
reported uncorrected.

General procedurefor thesynthesisof 4-bromo-
1,3- arylphenyl- 4,5-dihydro-pyrazoles(Method A)

Inthefirst septhe 2,3-dibromo-1,3-diarylropan-1-
one 2a-t are prepared according to a standard proce-
dure®¥, A mixtureof 2,3-dibromo-1,3-diarylropan-1-
one(1 mmol) dissolvingin 14 mL 96% ethanal, hydra-
Zinereagent (1.2 mmol) and amberliteIR-120 (0.16 g)
wasdtirred a thermal condition. Thecompletion of the
reaction was monitored through TLC (ethyl acetate/cy-
clohexane, 1:3), after thereaction wascompleted, EtOH
(210 mL) was added and the product was filtered and
then recrystallized from hot ethyl alcohol. Thedesired
pure productswere characterized by comparison of their
physca datawiththoseof knownamidoadkyl naphthols.
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General procedurefor thesynthesisof 4-bromo-
1,3- arylphenyl- 4,5-dihydr o-pyrazoles(M ethod B)

A mixtureof 2,3-dibromo-1,3-diarylropan-1-one
(1 mmol) dissolvingin 14 mL 96% ethanol, hydrazine
reagent (1.2 mmol) and amberliteIR-120(0.16 g) was
takeninal00ml conicd flask. Themixturewas mixed
well andthenirradiated in adomestic microwave oven
at 160 W for appropriatetime (see TABLE 1). After
completion of reaction, masswas cooled to 25°C, then
the solid residuewas solved in boiling EtOH and the
mixturestirred for 5min. Thecatalyst wasrecovered.
Then solutionwas cool ed to roomtemperature, thesolid
s0 obtained wasfiltered and recrystal lized from aque-
ous EtOH (15%).

The products were characterized on the basis of
their physica and spectral analysisand by direct com-
parisonwith literature data®%3,

RESULTSAND DISCUSSION

In continuation of our work on the devel opment of
smpleand environmentally friendly experimenta pro-
ceduresusing readily availablereagentsand catalysts
for the synthesis of biologically active moleculesand
heterocyclic compounds®>*9. We, inthisarticle, are
reporting the use of amberliteIR- 120[H*] resin® asa
highly efticient and homogeneous organic catalyst for
theexclusive synthesisof 3,5-disubstituted pyrazoles
derivatives 3a-t from one-pot regiosel ectivereaction
of 2,3-dibromo-1,3-diarylpropan-1-ones lat with
hydrazinederivatives 2a-t under thermal condition and
microwaveirradiationin CHCl, assolvent. (Scheme 1)

Amberlite IR-120

Method A: Thermal condition
Method B: Microwave condition

(3a-t)

Scheme1: Thesynthesisof pyrazoles

Inatypica genera experimental procedure under
conventional method (MethodA), one equivalent of
2,3-dibromo-1,3-diarylpropan-1-one and catalytic
amountsof amberlite|R-120 was strided with various
hydrazinesat therma conditionfor 24-37 minto afford

the 3,5-di substituted pyrazolesderivativesin 91-96%.
In microwave irradiation method (Method B) one
equivalent of 2,3-dibromo-1,3-diaryl propan-1-ones,
catal ytic amountsof amberlite|R-120 and oneequiva
lent of various hydrazineswere heated in adomestic
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microwave oven at 160 w for 3-7 min to yield the 3,5-
disubstituted pyrazoles derivativesin 89-95 % yield.
After completion of thereaction (in both the Methods
A and B) asindicated by TLC, the reaction mixture
was cooled to 15 °C and triturated with hot ethanol,
theresulting precipitatewastiltered to give analytically
pure 3,5-disubstituted pyrazol esderivativesin good to
highyields. Thehighlighting feasture of thisprotocol is:
(1) themethod ishighly efticient and selective; (ii) the
catalystisrecyclable; (i) givesexcelent yield of the
products; and (iv) all thereactionsgo to completion
withinminimumtimewhen compared with other reported
methods. (TABLE 1)

For optimizing thereaction, it wasexamined under
two different conditions: (i) thermal condition, and (ii)
under microwaveirradiationin acetonitrile. Firstly, 2,3-
dibromo-1,3-diphenyl propan-1-one 1a(1 mmol) and

phenyl hydrazine (1.2 mmol) weretaken, and 0.16 g of
amberlite IR-120 was added and the mixture was
heated under room temperaturefor 32 minin acetoni-
trileto get 94% of product 3a[the progressof there-
action wasmonitored on TLC], continuation of there-
action did not improvetheyield of the product. When
the samereaction was carried out under theintuence
of microwaveirradiationin acetonitrile, thereaction
proceeded effectively affording theproductin 92%yidd
in4 min. According to thisdata, theoptimum amount of
catalyst was0.16 g. Further increasing the amount of
catalyst did notimprovetheyied andthereactiontime.
After optimizing these conditions using 2,3-dibromo-
1,3-diphenylpropan-1-oneasamodel, thereactions
were performed with various other 2,3-dibromo-1,3-
diarylpropan-1-ones, and theresults of thisstudy are
presented in TABLE 1.

TABLE 1: Amberlitel R-120 catalyzed synthesisof pyrazolesderivatives

Method A

Method B

Entry  Product* R R; R, TimelYields (%)° TimelYields (%)° M.p., °C (Lit.)°
1 3a Ph H H (32 min/94) (4 min/92) 154-156(152-154)
2 3b Ph H 4-Me (35 min/96) (5min/94) 193-195 (190-192)
3 3c Ph H 3-Me (37 min/95) (6 min/93) 181-184 (183-185)
4 3d Ph H 4-OMe (31 min/93) (4 min/90) 187-189 (190-192)
5 3e Ph H 3-OMe (33 min/96) (5 min/95) 160-162 (161-163)
6 3f Ph H 4-NO, (32 min/91) (7 min/89) 238-240 (135-237)
7 3g Ph H 3-NO, (34 min/92) (5 min/93) 219-221 (218-220)
8 3h Ph H 4-Cl (26 min/91) (3 min/92) 248-250 (247-250)
9 3i Ph 4Cl H (28 min/92) (4 min/90) 214-216 (211-213)
10 3 Ph  4-Cl 4-Me (30 min/93) (5 min/94) 178-180 (177-179)
11 3k Ph  4-Cl 4-NO, (27 min/95) (4 min/94) 220-222 (223-225)
12 3l Ph  4-Cl 4Cl (30 min/94) (5 min/90) 211-213 (212-215)
13 3m H 4C H (27 min/93) (4 min/94) 188-190 (189-191)
14 3n H 4Cl 4-Me (27 min/96) (3 min/95) 196-197 (198-200)
15 30 H 4Cl 3-Me (24 min/94) (4 min/95) 183-185 (183-184)
16 3p H 4Cl 4-OMe (30 min/94) (5 min/90) 196-198 (194-196)
17 3q H 4Cl 3-OMe (27 min/93) (4 min/94) 228-230 (227-229)
18 3r H 4Cl 4-NO, (27 min/96) (3 min/95) 202-203 (203-205)
19 3s H 4C 3-NO, (24 min/94) (4 min/95) 199-201 (198-199)
20 3t H 4Cl 4l (30 min/94) (5 min/90) 197-198 (194-196)

3 solated yields. PAll theproductsareknown, characterized by IR, NM R spectral analysisand compar ed with theauthentic
samples.*M elting pointsof compoundsar e consistent with reported valueg®%

In order to eval uate the effect of solvent, we ex-
amined different solventsunder room temperaturefor
the above model reaction (TABLE 2). The outstand-

ing feature of datathat can bedlicited from TABLE 2
istherole of the hydrophobic property of ethanol in
thisreaction.
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TABLE 2: The€ffect of amount of amberlite |IR-120 and
solvent different for product 3a

f f a
Entry ngs;nzg) Solvent ;rnlmf)} Y('o%j
1 0.05 H.O 70 53
2 0.16 H.O 70 54
3 0.05 CH:CN 70 78
4 0.16 CHsCN 70 80
5 0.05 EtOH 70 85
6 0.16 EtOH 32 94
7 0.2 EtOH 70 94
8 0.0 EtOH 100 0.0

aYields refer to the pure isolated products.

A possiblemechanism of thisonepot reaction un-
der both conditionsisexpected toincludethe ‘instuw’
formation of intermediate 4-bromo- 1,3- arylphenyl-
4,5-dihydro-1H-pyrazole (1) in the presence of
amberlite IR-120. It isassumed that, dueto the col-
lapse of the cavitations bubbles near the surface of the
catalyst, the oxygen of the carbonyl group in step 1
may easily influence[H*] of the catayst amberlite IR-
120[H*] to givethe activated cha conewhich may at-
tack hydrazine derivatives to give 4-bromo- 1,3-
arylphenyl- 4,5-dihydro-1H-pyrazole(l). Further, the
intermediate (I) may undergoinfluence[H*] of thecata-
lyst to give corresponding pyrazoles as shown in.
(Scheme?2)

Mt R 2 g 7
Scheme 2 : A possible mechanism for the synthesis of
pyrazoles

CONCLUSIONS

The present methodol ogy showsthat amberlite IR-

—= Pyl Peper

120 isan efficient cata yst in the one-pot synthesi s of
pyrazolesderivatives. Themain advantages of the pre-
sented protocol areefficient, mild, green, cleanand en-
vironmentally benign reaction conditions, aswell asthe
highyields. Furthermore, thisprotocol providesvery
fast and low cost procedurefor the synthesis of these
products.
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