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ABSTRACT

Aryl-1, 2-azoles are important class of compounds in organic chemistry.
These aryl-1, 2-azoles and its analogues have tremendous importance in
synthetic and medicinal chemistry. Therefore, a large number of studies on
their synthesis have been reported in the literature. The aryl-1, 2-azoles or
their simpler analogues have potential as drugs for antiviral, antimicrobial
and antitumor activities. This microreview will discuss some of the recent
synthetic studies towards the synthesis of aryl-1, 2-azoles and their ana-
logues.  2008 Trade Science Inc. -INDIA

INTRODUCTION

Aryl-1, 2-azoles are important class of compounds
in synthetic organic chemistry and they possess various
biological activities; therefore, a large number of stud-
ies on their synthesis have been reported so far. New
routes to pyrazoles, isoxazoles continue to be of inter-
est to the synthetic community, as these moieties are
common in pharmacologically active compounds and
natural products[1]. In contrast, till date the synthesis of
aryl-1, 2-azole compounds has been somewhat limited
by the available synthetic methodology. Moreover, the
reported synthetic approaches towards the synthesis
of aryl-1, 2-azoles are based on condensation of 1, 3-
diketones with hydrazine and hydrazine derivatives[2].
Other methods for the synthesis of pyrazoles that do
not require the 1, 3-diketones have also been reported[3]

but tend to have their own drawbacks like step-inten-
sive. In light of this, it is clear that using 1, 3-diketones
as an intermediate is the broadest and most efficient

route to azoles[4].
Pyrazoles (1a/1b) and isoxazole (1c) (Figure 1) are

an important class of hetero-aromatic ring systems that
find extensive use in the pharmaceutical industry. The
aryl-1, 2-azoles (2 and 3) are the part of the general
azoles family with an aromatic ring directly attached ei-
ther at the 3rd or 5th position of (1). Although a signifi-
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a: Z = NH  
b: Z = NR 
c: Z = O ; Isoxazole

Pyrazole a: Z = NH ; 5-aryl-1H-pyrazoles
b: Z = O   ; 5-aryl-isoxazoles

a: Z = NH ; 3-aryl-1H-pyrazoles
b: Z = O   ; 3-aryl-isoxazoles
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(3)

Figure 1: General structure for aryl-1, 2-azoles
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cant number of biologically important aryl-1, 2-azoles
are scattered in the literature, a few representative ex-
amples containing the aryl-1, 2-azole motif (4a-4d) are
given in figure 2.

Incorporation of aryl unit to the azoles (5) is an-
other major interesting task in synthetic organic chem-
istry. The various reported synthetic approaches are

Figure 2: Representative examples of biologically active compounds containing aryl-1,2-azole moiety

Figure 3: Reterosynthetic approach for aryl-1,2-azoles
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based on condensation of 1, 3-diketones with hydra-
zine and hydrazine derivatives (route A, Figure 3) or
transition-metal catalyzed arylation on fully assembled
azoles (route B, Figure 3)[5,6]. The success of route A is
completely dependent on the availability of pure of 1,
3-diketones (6) as well as on the regioselectivity during
the condensation. Similarly, the success of route B is
dependent on the availability of the corresponding ha-
lides or triflates (7) of the corresponding azoles and the
selectivity of N- verses C-arylation under the  particu-
lar reaction condition.

The objective of this review presented herein is to
provide a brief summary of the recent methods avail-
able for the synthesis of aryl-1, 2-azoles and their ana-
logues. The literature in this review is covered until De-
cember 2007.

Different synthetic strategies for aryl-1, 2-azoles

Methods available for the formation of aryl-1, 2-
azoles fall into one of the following categories.

1. Transition-metal catalyzed arylation on fully
assembled azoles

Wang et al. performed Suzuki coupling on 1-aryl-
5-bromopyrazoles (8)[7]. The cross-coupling of 1-aryl-
5-bromopyrazoles (8) with aryl boronic acids promoted
by Pd(PPh

3
)

4
 afforded unsymmetrical 3, 5-disubstituted

1-arylpyrazoles (9) and (10) in excellent yields. 1-Aryl-
5-bromopyrazoles (8) were prepared from their cor-
responding 1-arylpyrazolones (11) with PBr

3
 in reflux-

ing acetonitrile (SCHEME 1).
Zhang and co-workers utilized the Suzuki coupling
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of a 5-bromopyrole while exploring the structure-ac-
tivity relationship of endothelin antagonists[8]. Pyrazole-
5-carboxylic acids (12) were obtained by the route

outlined in SCHEMES 2 and 3. Wittig-Horner reac-
tion of 6-chloropiperonal (13) with triethyl phosphono
acetate in DME in the presence of NaH afforded un-
saturated ester (14). After reduction of the double bond
with NaBH

4
/Cu

2
Cl

2 
in a mixture of THF/EtOH, the

saturated ester derivative (18) was obtained in modest
yield. Reaction of (15) with diethyl oxalate in toluene in
the presence of NaOEt gave (16), which was cyclized
to form the hydroxypyrazole (17) by the reaction with
cyanoethylhydrazine in AcOH. Bromopyrazole (18) was
obtained after OH-bromine exchange in pure POBr

3
 at

60oC. The deprotection of the bromopyrazole (18) was
realized by a retro-Michael-type reaction on the
cyanoethyl substituent by treatment with NaH in DMF.
The ionic pyrazole intermediate was regio-selectively
alkylated in situ with cyclohexylmethyl bromide, which
afforded the desired compound(19)(SCHEME 2).

Suzuki reaction or Stille coupling of (19) with the
requisite aryl boronic acids or aryl stannanes gave the
corresponding pyrazoles (20), which after saponifica-
tion under standard reaction conditions yielded the de-
sired pyrazole-5-carboxylic acids (21) (SCHEME 3).

Organ et al. prepared a library of COX-2 inhibi-
tors (22) from 4-(5-iodo-3-methyl pyrazolyl)
phenylsulfonamide (23) and aryl boronic acid by solu-
tion phase Suzuki coupling utilizing a solid-supported
catalyst (SCHEME 4)[9].

Dvorak et al. have developed a general protocol
for the palladium-mediated Suzuki coupling reaction of
pyrazole triflates (24) and aryl boronic acids (SCHEME
5)[10]. This is a mild and efficient method for incorpo-
rating an aryl ring onto a pyrazole scaffold. The cou-
pling conditions were found to be tolerant of a broad
range of electronic and steric variations in either the
boronic acid or pyrazole triflate components.

SCHEME 2: (i) EtO
2
CCH

2
PO(OEt)

2
, NaH/DME, rt, 2.5h,

90%; (ii) NaBH
4
, CuCl

2
, THF/EtOH; (iii) EtO

2
CCO

2
Et

NaOEt, toluene, reflux, 3h, 76%; (iv) NCCH
2
CH

2
NHNH

2
,

AcOH, 1000C, 1h; (v) POBr
3
; (vi) NaH, DMF,

cyclohexylmethyl bromide, rt-60oC, 16h, 55%.
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2. Condensation of arylated 1, 3-diketones with
hydrazine and hydrazine derivatives

The most prevalent method of obtaining azoles is
by the reaction of the 1, 3-diketones with hydrazine or
hydrazine derivatives. For the synthesis of aryl-azoles
(5), the 1, 3-diketones should be -aroylacetones (6)
and its derivatives. However, if a diversity-oriented syn-
thesis of pyrazole is desired, this method becomes cum-
bersome as each 1, 3-diketone must be purified and
the product is often obtained as a mixture of condensa-
tion products. Furthermore, most electrophilic functional
groups such as aldehydes, nitriles, esters, and alkyl ha-

lides do not survive in this transformations. Hence it is
clear that using 1, 3-diketones as an intermediate is the
broadest and most efficient route to azoles.

Wiles et al. demonstrated the successful synthesis
of an array of 1, 2-azoles (26) in a borosilicate glass
micro reactor[11]. The treatment of 1,3-diketone (27)
with 1.1 equivalents of hydrazine monohydrate in THF
afforded the respective 1,2-azoles in excellent yields.
Large scale synthesis was accomplished using this tech-
nique. Using the same reaction conditions, the reaction
was repeated in DMF, whereby 100% conversion to
the pyrazole (26a) was obtained (SCHEME 7).

Having successfully demonstrated the preparation
of an array of pyrazoles, the technique was extended to
the synthesis of an isoxazole (29) and a substituted
pyrazole (30) from (28) (SCHEME 8).

Zhang and co-workers utilized this condensation
reaction of 1, 3-dicarbonyl compounds with hydrazine
and successfully developed a synthesis of pyrazole-5-
carboxylic acids (31)[12]. Commercially available ke-
tones (32) were treated with diethyl oxalate in the pres-
ence of NaOEt in ethanol to give quantitatively the cor-
responding ,-diketoesters (33). Reactions of , -
diketoesters (33) with 6-chloro-piperonyl chloride were
performed in the presence of EtONa and NaI in DMF.
The crude compounds (34) were allowed to react di-
rectly with hydrazine monohydrate in ethanol to afford
the desired pyrazole esters (35). Regioselective alkyla-
tion of (35) with the requisite alkyl halide or alkyl tosylate
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in the presence of NaH in DMF at room temperature
followed by saponification gave the pyrazole carboxy-
lic acid (31) in good yields (SCHEME 9).

Schmidt and co-workers reported a convenient
approach to the synthesis of substituted pyrazole esters
by the condensation of -diketo compounds (36) with
methyl and phenyl hydrazine[13]. The reaction yielded a
2:1 to 1:2 mixtures of the two isomeric disubstituted
pyrazole carboxylic acid ethyl esters (37) and (38), re-
spectively. These products were readily separable by
column chromatography on silica gel (SCHEME 10).

Heller and co-workers reported a convenient ap-
proach to the synthesis of pyrazoles (39) by addition of
hydrazine with in situ generation of 1, 3-diketones (40)
from lithium enolate of ketones (41) and acid chlorides
(42) (SCHEME 11)[14]. Most functional groups were
tolerated with little or no side product formation, in-
cluding nitriles, esters, alkyl halides, and electrophiles
with enolizable -protons. This method proved useful
for the preparation of fused bicyclic pyrazole systems
as well.

To explore the convenient approach for the syn-
thesis of pyrazoloquinolinones (43) by condensation of
4-hydroxyquinolinones (44) with hydrazine (SCHEME
12)[15], the substituted anthranilic acids (45) were cy-
clized with ethylchloroacetate to provide benzoxazinones
(46). These electrophiles reacted with the sodium an-
ion of ethyl acetoacetate to provide acrylates (47) which
were cyclized and decarboxylated upon treatment with
sodium methoxide to provide 4-hydroxyquinolinones
(44).

Boyer et al. have recently reported a series of novel
substituted pyrazoles (48) which containing conforma-
tionally-restricted oxazolidinones possessing Gram-
positive and fastidious Gram-negative antibacterial activ-
ity[16]. The substituted pyrazoles (48) were synthesised

SCHEME 10: (i) N(R
2
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2
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R1 CO2Et

O O
(i)

(38)

N
N

R1

CO2Et

(36) R2

N
N

R1

CO2EtR2

+

(37)

36a/37a: R1 = R2 = Me
36b/37b: R1 = Me, R2 = Ph
36c/37c: R1 = Ph, R2 = Me
36d/37d: R1 = R2 = Ph

SCHEME 11: (i) R
4
NHNH

2

R4

R1

OLi

R2

+ R3 Cl

O

R1 R3

O O

R2

(40)

(i)
N N

R3
R2

R1

(39)(42)(41)

NH2

OH

O

R

N

O

R

(ii)

NH

OH
R

OO

OMe

OEtO

OEt

N
H

R

O

Me

OOH

N
H

R

O

NHN

Me

(i)

(iii)

(iv)

(45) (46)

(47)

(44)

(43)
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2
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from the ketones (49). Treatment of ketone (49) with
the appropriate acid chloride or ester in the presence
of lithium hexamethyldisilazane or lithium diisopro
pylamide or lithium t-butoxide gave the diketo com-
pounds (50)  which further underwent condensation with
hydrazine hydrate gave the desired substituted prrazoles
(48) (SCHEME 13).

Using this elegant methodology Yunsong Tong et
al. synthesised a series of 1, 4-dihydroindeno[1,2-
c]pyrazole compounds (51) with a cyclopyridine moi-
ety at the 3-position of the tricyclic pyrazole core was
explored as a potent CHK-1 inhibitors[17]. The chem-
istry leading to compounds with side chains at the 6-
and/or 7-position of the tricyclic pyrazole core via an
ether linker (SCHEME 14). The one pot acylation of
compound (52) by phenyl-6-chloronicotinate using NaH
followed by hydrazine and acetic acid to provide (53)
which is the key step for this route. The synthesis of
compounds (54) and (55) carrying a side chain with an
amino or acetylamino linker at the 7-position also
achieved by this route.

A series of bis-indolylpyrazoles (56) were obtained
by cyclization of diketones (57) using hydrazine mono-
hydrate or methylhydrazine in refluxing acetic acid/
THF[18]. This class of compounds has been stimulated
by both their unique chemical structure and the wide
range of biological properties including antiviral, anti-
microbial and antitumor activities. The 1, 3-bis-indolyl-
diketones (57) appeared as a valuable and versatile
intermediate for the synthesis of bis(indolyl)pyrazoles
(56) (SCHEME 15).

3. Miscellaneous methods for the synthesis of aryl
-1, 2-azoles

Recently, Persson and co-workers reported new
synthetic precursors for the regioselective synthesis of
pyrazoles (58) using N-methoxy-N-methyl--
enaminoketoesters (59)[19]. Weinreb amides (60) react
with the lithium or sodium acetylide of ethyl propionate
(61) in a acyl substitution-conjugate addition sequence
to furnish (E)-N-methoxy-N-methyl--enaminoke
toesters (59). This approach provides a diverse entry
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SCHEME 14: (i) NaCN, DMSO, 145oC, 53%; (ii) SEMCl, DIEA, CH
2
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2
, 72%; (iii) NaH, phenyl 6-chloronicotinate,

THF; (iv) AcOH, hydrazine, EtOH, 90oC, 81%

SCHEME 15: (i) t-BuOK, MeI, TDA-1/benzene, rt, 24h; (ii) malonyldichloride/DCM, rt, 2h; (iii) NH
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to densely functionalized heterocyclic compounds, in-
cluding pyrazoles through regioselective cyclocondensa
tions with hydrazines in a microwave-assisted reaction.
In all the cases, the total enaminoketoester yield ex-
ceeded 60%. Weinreb amides with less substituted -
carbons (R=Me, Et, Bn, Ph(CH

2
)

2
, i-Pr) displayed low

selectivity and resulted in the formation of -
enaminoketoesters (62) in addition to -enaminoketo
esters (59). Enaminones (59) served as a synthetic in-

termediate, undergoing microwave-assisted
regioselective cyclocondensations in CDCl

3
, yielding

pyrazoles (58) in moderate to good yields (SCHEME
16).

The novel pyrazolopyrimidine ligand, N, N-diethyl-
2-[2-(4-methoxyphenyl-pyrazolo[1,5-a]pyrimidin-3-
yl]-acetamide (63) has been reported as potent ligand
for the peripheral benzodiazepine receptor displaying
an affinity of Ki=4.7nM. Compound (64) was subse-
quently demethylated by heating in 45% HBr to form
the phenolic derivative (65)(SCHEME 17) [20].

During our design of novel derivatives of chalcones,
as analogues of the combretastatins with tubulin bind-

O
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O
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xx (63) (64) (65)

(i) (ii) (iii)

SCHEME 16: (i) NaHMDS, THF, -78oC; (ii) R
1
NHNH

2
,

CDCl
3
, Microwave irradiation

SCHEME 17: (i) hydrazine hydrate, EtOH, acetic acid reflux, 4h; (ii) 2,4-pentadione, EtOH, reflux, 12h; (iii) 48%
HBr, 1000C, 7h

O

R' R''

O

R' R''O

(i) (ii)

R' R''

N NH

(66)(68)(67)

(i) Fe
Fe

CHO
N
R

N

Fe
N NR

+

(70) (69a) (1,5-isomer) (69B) (1,3-isomer)

SCHEME 18: (i) K
2
CO3, MeOH, rt, H

2
O

2
; (ii)Hydrazine hydrate, p-toluenesulfonic acid, xylenes, reflux

SCHEME 19: (i) RNHNH
2
.xHCl

ing and antitumor properties; heterocyclic derivatives of
chalcones were synthesised and studied to establish the
cytoxicity[21]. Substituted 3, 5-diarylpyrazoles (66) are
readily prepared from their corresponding chalcones (67)
via the corresponding chalcone epoxide. The  cytotoxic
pyrazole were synthesised via the epoxide intermediate
(68). We have synthesised a large number of aryl-1, 2-
azoles by this rout with moderate yield (SCHEME 18).

The reactions of acetylenic ketones with hydrazines
have been frequently used to synthesize pyrazole de-
rivatives but the use of acetylenic aldehyde was rare.
Recently, Metin Zora et al. developed a method for the
synthesis of ferrocenyl pyrazoles (69) by the reaction
of 3-ferrocenylpropynal (70) with hydrazinium salts since
it provides easy asses to ferrocenyl pyrazoles (69a)and/
or (69b) (SCHEME 19)[22].
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CONCLUSIONS

In conclusion, the review presents an overview of
the different developments and the strategies towards
the synthesis of important chemical moiety, namely, aryl-
1, 2-azoles and its various analogues. Since the aryl-1,
2-azoles and its analogues are bioactive compounds,
this microreview will be more informative and helpful to
the chemist working in the field of pharmaceutical in-
dustries.
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