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ABSTRACT KEYWORDS
Aryl-1, 2-azoles are important class of compoundsin organic chemistry. Aryl-1, 2-azoles;
These aryl-1, 2-azoles and its analogues have tremendous importance in pyrazoles;
synthetic and medicinal chemistry. Therefore, alarge number of studieson 1, 3-diketones;
their synthesis have been reported in theliterature. Thearyl-1, 2-azolesor Suzuki coupling;
their simpler anal ogues have potential asdrugsfor antiviral, antimicrobial Stille coupling;

and antitumor activities. Thismicroreview 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-azolesareimportant class of compounds
insynthetic organic chemistry and they possessvarious
biologica activities; therefore, alarge number of stud-
ieson their synthesis have been reported so far. New
routesto pyrazol es, isoxazol es continueto be of inter-
est to the synthetic community, asthese moietiesare
common in pharmacol ogically active compoundsand
natural productg?. In contrast, till datethesynthesisof
aryl-1, 2-azole compounds has been somewhat limited
by the avail able synthetic methodol ogy. M oreover, the
reported synthetic approachestowardsthe synthesis
of aryl-1, 2-azolesare based on condensation of 1, 3-
diketoneswith hydrazineand hydrazinederivatives?.
Other methodsfor the synthesis of pyrazolesthat do
not requirethe 1, 3-diketoneshave al so been reported®
but tend to havetheir own drawbacks like step-inten-
sve. Inlight of this, itisclear that using 1, 3-diketones
asanintermediateisthe broadest and most efficient

o-aroylacetones;
Weinreb amides.

routeto azoles™.

Pyrazoles(1a/1b) andisoxazole (1c) (Figurel) are
animportant classof hetero-aromatic ring systemsthat
find extensive usein the pharmaceutical industry. The
aryl-1, 2-azoles (2 and 3) arethe part of the general
azolesfamily with an aromaticring directly attached ei-
ther at the 3rd or 5th position of (1). Althoughasignifi-

Z—N Z<
\ RN N
N _ \ |
(1 2
a:Z=NH .7 = .
LS _ Pyrazole & Z=NH; 5-aryl-1H-pyrazoles

b: Z = NR Y b: Z=0 ; 5-aryl-isoxazoles
c: Z=0; Isoxazole

7\ =
A \
RQ_Q
(©)

a: Z = NH ; 3-aryl-1H-pyrazoles
b: Z=0 ; 3-aryl-isoxazoles

Figurel: General structurefor aryl-1, 2-azoles



mailto:hnpati@gmail.com

OCAIJ, 4(3) March 2008

Hari N.Pati et al.

251

OH PH

4a: ER,4 Agonlst 4b: ER, Antagonist

ngandsfor Estrogen Receptors—|

—= M jeroreview

@

SO,NH,

o

4d: Celecoxib COX-2 Inhibitor
Anti-inflammatory

F3C

4c: Antipyrine

Antlrheumatlc Agents

Figure2: Representativeexamplesof biologically active compoundscontaining aryl-1,2-azolemoiety
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Figure3: Reter osynthetic approach for aryl-1,2-azoles
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(i)

A R 2
(9): Ar = Ph
(10): Ar = p-OCH3CgH5
SCHEME 1. (i) AcOH, reflux, 4h; (ii) PBr,, CH.CN,
reflux; (iii) ArB(OH),, 2% Pd(Ph,),, 2M Na,CO, THF,
reflux, 4h

cant number of biologicaly important aryl-1, 2-azoles
arescattered intheliterature, afew representative ex-
amplescontaining thearyl-1, 2-azolemotif (4a-4d) are
giveninfigure2.

Incorporation of aryl unit to theazoles (5) isan-
other mgjor interesting task in synthetic organic chem-
istry. The various reported synthetic approaches are

based on condensation of 1, 3-diketoneswith hydra-
zineand hydrazine derivatives (routeA, Figure 3) or
trangtion-meta catdyzed arylation onfully assembled
azoles(route B, Figure 3)9. The successof routeA is
compl etely dependent on the availability of pureof 1,
3-diketones(6) aswell ason theregiose ectivity during
the condensation. Similarly, the successof route B is
dependent on theavailability of the corresponding ha-
lidesor triflates (7) of the corresponding azolesand the
selectivity of N- verses C-arylation under the particu-
lar reaction condition.

Theobjectiveof thisreview presented hereinisto
provideabrief summary of therecent methods avail-
ablefor thesynthesisof aryl-1, 2-azolesand their ana
logues. Theliteratureinthisreview iscovered until De-
cember 2007.

Different synthetic strategiesfor aryl-1, 2-azoles

Methods avail ablefor the formation of aryl-1, 2-
azolesfdl into oneof thefollowing categories.

1. Transition-metal catalyzed arylation on fully
assembled azoles

Wang et a. performed Suzuki couplingon 1-aryl-
5-bromopyrazoles (8). Thecross-coupling of 1-aryl-
5-bromopyrazoles(8) with aryl boronic acidspromoted
by Pd(PPh,), afforded unsymmetrica 3, 5-disubstituted
l-arylpyrazoles(9) and (10) inexcellent yieds. 1-Aryl-
5-bromopyrazol es (8) were prepared from their cor-
responding 1-arylpyrazolones(11) with PBr, in reflux-
ing acetonitrile(SCHEME 1).

Zhangand co-workersutilized the Suzuki coupling
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~ CO,Et O

W), (vi) (Vl)
N\ co,Et ©

(19) 17
SCHEMEZ (i) EtO,CCH PO(OEt) NaH/DME,rt, 2.5h,
90%; (ii) NaBH,, CuCIZ, THF/EtOH; (iii) EtO,CCO Et
NaOEt, toluene, reflux, 3h, 76%; (iv) NCCH,CH ,NHNH,,
AcOH, 100°C, 1h; (v) POBr,; (vi) NaH, DMF,
cyclohexylmethyl bromide, rt-60°C, 16h, 55%.

0]

B{Q\ \ CO,Et O

CO,Et O

(19) (20)

| !

(i) o (iii)l

Ar

O

I\

N
T coH O

O) (21)

SCHEME 3: (i) Ar SnBu,, Pd(PPh,),, toluene, 5h; (i) ArB
(OH),, Pd(PPh,),, K,PO,, DMF, 24h; (iii) 2N NaOH,
reflux, 2h

of a5-bromopyrolewhileexploring the structure-ac-
tivity relationship of endothelin antagonists®. Pyrazole-
5-carboxylic acids (12) were obtained by the route

@Wuc CHEMISTRY —

SO,NH, SO,NH,
@M, (i) z I
l N R/\ \N
N \ /
\ /

(23) (22)

SCHEME 4 (i) Pd/C (5%),ArB(OH),, Na,CO,, (i) MgSO,

outlinedin SCHEMES 2 and 3. Wittig-Horner reac-
tion of 6-chloropiperonal (13) withtriethyl phosphono
acetatein DME inthe presence of NaH afforded un-
saturated ester (14). After reduction of the doublebond
with NaBH,/Cu,Cl, in amixture of THF/EtOH, the
saturated ester derivative (18) was obtained in modest
yield. Reaction of (15) with diethyl oxadateintoluenein
the presence of NaOEt gave (16), whichwas cyclized
toformthe hydroxypyrazole (17) by thereaction with
cyanoethylhydrazinein AcOH. Bromopyrazole(18) was
obtained after OH-bromineexchangein pure POBr, at
60°C. Thedeprotection of thebromopyrazole (18) was
realized by a retro-Michael-type reaction on the
cyanoethyl substituent by treetment withNaH inDMF,
Theionic pyrazoleintermediate wasregio-selectively
akylatedin stuwith cyclohexylmethyl bromide, which
afforded the desired compound(19)(SCHEME 2).

Suzuki reaction or Stille coupling of (19) withthe
requisitearyl boronic acidsor aryl ssannanesgavethe
corresponding pyrazoles (20), which after sgponifica
tion under standard reaction conditionsyielded thede-
sired pyrazole-5-carboxylic acids (21) (SCHEME 3).

Organ et a. prepared alibrary 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 asolid-supported
catayst (SCHEME 4)1.

Dvorak et a. have devel oped ageneral protocol
for the paladium-mediated Suzuki coupling reaction of
pyrazoletriflates (24) and aryl boronic acids(SCHEME
5)19, Thisisamild and efficient method for incorpo-
rating an aryl ring onto a pyrazole scaffold. The cou-
pling conditionswerefound to betolerant of abroad
range of electronic and steric variationsin either the
boronic acid or pyrazoletriflate components.

Au Tudian Yournal
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Rs Ro R; Ro
(24) (25)

a R;=R3=H; R, CHj

b: Ry =CHj R3=H; Ry CF3
C. Rl—Ph R3 H; R2 CF3
d: Ry =Ph; R3=H; R,: CH3
e Ry =CHj3; R3=H; R, CF3
f: Rl =CH3; R3= H; Rz: CH3

SCHEME 5: (i) ArB(OH),, K PO, 8% PdCl.(dppf)/4%

dppf, 1,4-dioxane, 100°C

SCHEMEG6

H
(0] 0] N’N
0] I R3
Rl)k‘/U\R:g _>R /
R 1

2 R 2
(27) (26)

a: R]_:Ph, R2=H, R3=CH3; b: R1=CH3, R2=H, R3=CH3
C. R]_:Ph, R2:H, R3 = Ph, d: Rl = Ph, R2:CH3, R3:CH3

SCHEME 7: (i) NH,NH,H,0, THF

a: Ar =Ph
b: Ar = 4-OCH3Ph
c: Ar = 2-CH3Ph

NHpZH.HCI

R AT Z=NH Z=NH
(6) Z =NPh

(28) (29)
SCHEME 8: (i) BZNHNH,.HCI, (ii) NH,OH.HClI

2. Condensation of arylated 1, 3-diketones with
hydrazineand hydrazinederivatives

Themost prevalent method of obtaining azolesis
by thereaction of the 1, 3-diketoneswith hydrazine or
hydrazine derivatives. For the synthesisof aryl-azoles
(5), the 1, 3-diketones should be a-aroylacetones (6)
anditsderivatives. However, if adiversity-oriented syn-
thesisof pyrazoleisdesired, thismethod becomes cum-
bersome as each 1, 3-diketone must be purified and
the product isoften obtai ned asamixture of condensa-
tion products. Furthermore, most dectrophilicfunctiond
groupssuch asadehydes, nitriles, esters, and adkyl ha-

—= M jeroreview

0O o}

0. i) Ar CO,Et
|
JI\/U\COZEI

€2) (33) (34,

|||) Cl

(iv), (V)

o)
N
N co,H O CO,Et O

|
R (1) (39)

SCHEME 9: (i) EtO,CCOEt, NaOEt, EtOH, 0°C-rt, 20h;
(i) 6-chloropiperonyl chloride, NaOEt, DM F, Nal, rt, 16h;
(iii) NH_NH,OH.H.O, EtOH, reflux, 4h; (iv) R-X,NaH, DMF,
rt, 20h; (v) 2N NaOH, reflux, 2h

lidesdo not surviveinthistransformations. Henceitis
clear that using 1, 3-diketonesasanintermediateisthe
broadest and most efficient routeto azoles.

Wileset d. demonstrated the successful synthesis
of an array of 1, 2-azoles (26) in aborosilicate glass
micro reactor*, Thetreatment of 1,3-diketone (27)
with 1.1 equivaentsof hydrazine monohydratein THF
afforded therespective 1,2-azolesin excellent yields.
Largesca esynthesi swas accomplished using thistech-
nique. Us ng the samereaction conditions, thereaction
was repeated in DMF, whereby 100% conversion to
the pyrazole (26a) was obtained (SCHEME 7).

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

Zhang and co-workersutilized this condensation
reaction of 1, 3-dicarbonyl compoundswith hydrazine
and successfully devel oped asynthesisof pyrazole-5-
carboxylic acids (31)*4. Commercially available ke-
tones(32) weretreasted with diethyl oxaateinthepres-
enceof NaOEt in ethanol to givequantitatively the cor-
responding o, y-diketoesters (33). Reactions of o, y-
diketoesters(33) with 6-chloro-piperonyl chloridewere
performed in the presence of EtONaand Nal inDMF.
The crude compounds (34) weread lowed to react di-
rectly with hydrazinemonohydratein ethanol to afford
thedesired pyrazoleesters(35). Regiosdectivedkyla
tionof (35) withtherequisteakyl hdideor akyl tosylate

ey, Onganic CHEMISTRY
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R, (36) 2 (37)

36a/37a: Ry =R, = Me
>:>\ 36b/37b: R, = Me, R, = Ph
Rz—N\N/ CO,Et 36¢/37¢: Ry =Ph,R,=Me
36d/37d: R, = Ry = Ph
(38)
SCHEME 10: (i) N(R )HNH,, EtOH, reflux, 3

Ff4
OLi (e} (0] N/N
Q M Il )R
Rl N +R)J\ Rl R3 RS
Ra R R

(41) (42) (40) (39)
SCHEME 11: (i) R,;NHNH,

R (iii)
o N X" oH
"\ R
(44) —NH NH

|
2/ ~Me 0~ “OEt
N )
—
N
43 H

SCHEME 12: (i) Ethyl chlor oacetate, pyridine, -10°C, 93%;
(i) NaH, ethyl acetoacetate, benzene, 23°C, 85%; (iii)
MeOH, NaH, benzene 72°C; (iv) NH,NH_, HCI, DMA,
140°C, 81%.

° o \\&
K& Y g
(49) NH (50)

inthe presence of NaH in DMF at room temperature
followed by saponification gave the pyrazol e carboxy-
licacid (31) in goodyields (SCHEME 9).

Schmidt and co-workers reported a convenient
approachtothesynthesisof subgtituted pyrazoleesters
by the condensation of 3-diketo compounds (36) with
methyl and phenyl hydraziné™. Thereactionyieldeda
2:1to 1:2 mixtures of thetwo isomeric disubstituted
pyrazole carboxylic acid ethyl esters (37) and (38), re-
spectively. These productswere readily separable by
column chromatography onsilicage (SCHEME 10).

Heller and co-workersreported aconvenient ap-
proach to the synthesisof pyrazoles (39) by addition of
hydrazinewithinsitu generation of 1, 3-diketones(40)
fromlithium enolate of ketones (41) and acid chlorides
(42) (SCHEME 11)1*4. Most functiona groupswere
tolerated with little or no side product formation, in-
cluding nitriles, esters, akyl halides, and el ectrophiles
with enolizable a-protons. Thismethod proved useful
for the preparation of fused bicyclic pyrazole systems
aswell.

To explorethe convenient approach for the syn-
thesisof pyrazol oquinolinones (43) by condensation of
4-hydroxyquinolinones(44) with hydrazine(SCHEME
12)*9, the substituted anthranilic acids (45) werecy-
clizedwith ethyl chloroacetateto providebenzoxazinones
(46). Theseeectrophilesreacted with the sodium an-
ion of ethyl acetoacetateto provideacrylates(47) which
werecyclized and decarboxyl ated upon treatment with
sodium methoxideto provide 4-hydroxyquinolinones
(44).

Boyer et d. haverecently reported aseriesof novel
substituted pyrazol es (48) which containing conforma-
tionally-restricted oxazolidinones possessing Gram-
positiveand fastidious Gram-negetive antibacterid activ-
ityl*®l. The substituted pyrazol es (48) were synthesised

NHx

00 A
e N

NH (48)

R =H, alkyl, aryl or heteroaryl, R' = alkyl, ary or heteroaryl, X=H, F
SCHEME 13: (i) RCOCl or RCO,Et, LiHMDsor LDA or t-BuOL; (ii) hydrazinehydrate, EtOH, rt

@W CHEMISTRY —
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(54)

.

(55) CN

J/

SCHEME 14: (i) NaCN, DM SO, 145°C, 53%; (ii) SEM CI, DIEA, CH.CI., 72%; (iii) NaH, phenyl 6-chlor onicotinate,

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

R = H/Me/OMe/Cl /
Me

(57)

R'=H/Me

SCHEME 15: (i) t-BuOK, Mel, TDA-1/benzene, rt, 24h; (ii) malonyldichloride/DCM, rt, 2h; (iii) NH,NH,.H O or

NH,NHMe THF/ACOH, reflux, 24h

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 gavethe diketo com-
pounds(50) whichfurther underwent condensationwith
hydrazine hydrate gavethe desired substituted prrazoles
(48) (SCHEME 13).

Using thisel egant methodol ogy Yunsong Tong et
al. synthesised a series of 1, 4-dihydroindeno[1,2-
c] pyrazole compounds (51) with acyclopyridinemoi-
ety at the 3-position of thetricyclic pyrazole corewas
explored asapotent CHK-1 inhibitors?. Thechem-
istry leading to compoundswith side chains at the 6-
and/or 7-position of thetricyclic pyrazolecoreviaan
ether linker (SCHEME 14). The one pot acylation of
compound (52) by phenyl-6-chloroni cotinateusing NaH
followed by hydrazine and acetic acid to provide (53)
whichisthekey step for thisroute. The synthesis of
compounds (54) and (55) carryingasidechainwith an
amino or acetylamino linker at the 7-position aso
achieved by thisroute.

A seriesof bis-indolylpyrazoles (56) wereobtained
by cyclization of diketones (57) using hydrazinemono-
hydrate or methylhydrazinein refluxing acetic acid/
THF®, Thisclassof compounds hasbeen stimulated
by both their unique chemical structureand thewide
rangeof biologica propertiesincluding antivira, anti-
microbia and antitumor activities. Thel, 3-bis-indolyl-
diketones (57) appeared as avaluable and versatile
intermediatefor the synthesisof bis(indolyl)pyrazoles
(56) (SCHEME 15).

3. Miscellaneousmethodsfor thesynthesisof aryl
-1, 2-azoles

Recently, Persson and co-workers reported new
synthetic precursorsfor the regiosel ective synthesis of
pyrazoles (58) using N-methoxy-N-methyl-f3-
enaminoketoesters (59)°. Wei nreb amides (60) react
withthelithiumor sodium acetylideof ethyl propionate
(61) inaacyl substitution-conjugate addition sequence
to furnish (E)-N-methoxy-N-methyl-3-enaminoke
toesters (59). Thisapproach providesadiverseentry
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0 0 .
OEt R~ N~ A .OMe
H / | R

N
(61) (eoMe (59Me
O  COOEt l (ii)
RJ\% Rj'i\i)—coo Et
+ ~~
Me” N‘OM e R
(62) (58)

R = Me, Et, Bn, Ph(CH,),, i-Pr, t-Bu, Ph,
p-NO,CgH 4, p-CH30CgH,, 2,4-Cl,CgH4

SCHEME 16: (i) NaHM DS, THF, -78°C; (ii) R, NHNH,,
CDCI,, Microwaveirradiation

NC
W /— () HN
H,CO VO ——
o d — O
XX - (63

—_—

H3C

H
N-N
| / oC
S (i)
N

termediate, undergoing microwave-assisted
regiosel ective cyclocondensationsin CDCIL, yielding
pyrazoles (58) inmoderateto good yields (SCHEME
16).

Thenove pyrazolopyrimidineligand, N, N-diethyl-
2-[2-(4-methoxyphenyl-pyrazol o[ 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-
guently demethylated by heatingin 45% HBr toform
the phenolic derivative (65)(SCHEME 17) 12,

During our design of nove derivativesof cha cones,
asana oguesof the combretastatinswith tubulin bind-

CHs CHs
Hs
/N
Z>N-N N (PON
Jf\ O OCHj (“I)/C\ D OH
N H,c” N
o (64) o (65)
N
\/N\/ ~~ \/

SCHEME 17: (i) hydrazinehydrate, EtOH, aceticacid r eflux, 4h; (ii) 2,4-pentadione, EtOH, reflux, 12h; (iii) 48%

HBr, 100°C, 7h

O o N—NH
0 i &
N 2 N N N (ii) AN N
R | Jr R ol SrT RIL | Lno
& 7 = = Z —

(67) (68)

(66)

SCHEME 18: (i) K,CO,, MeOH, rt, H.,O,; (ii)Hydrazinehydrate, p-toluenesulfonic acid, xylenes, r eflux

(69a) (1,5-isomer) (69B) (1,3-isomer)
SCHEME 19: (i) RNHNH,xHClI

(70)

to densely functionaized heterocyclic compounds, in-
cluding pyrazolesthrough regiosd ective cyclocondensa
tionswith hydrazinesin amicrowave-ass sted reaction.
Inall the cases, thetotal enaminoketoester yield ex-
ceeded 60%. Weinreb amideswith lesssubstituted o-
carbons(R=Me, Et, Bn, Ph(CH.,),, i-Pr) displayed low
selectivity and resulted in the formation of a-
enaminoketoesters (62) in addition to -enaminoketo
esters (59). Enaminones (59) served asasyntheticin-

@Wu'c CHEMISTRY —

ing and antitumor properties; heterocyclic derivetivesof
cha coneswere synthes sed and studied to establish the
cytoxicity!?l, Substituted 3, 5-diarylpyrazoles (66) are
reedily prepared fromtheir corresponding cha cones(67)
viathe corresponding chalconeepoxide. The cytotoxic
pyrazolewere synthesi sed viatheepoxideintermediate
(68). We have synthesised alarge number of aryl-1, 2-
azolesby thisrout with moderateyield (SCHEME 18).

Thereactionsof acetylenic ketoneswith hydrazines
have been frequently used to synthesize pyrazole de-
rivatives but the use of acetylenic aldehydewasrare.
Recently, Metin Zoraet a. devel oped amethod for the
synthesis of ferrocenyl pyrazoles(69) by thereaction
of 3-ferrocenyl propynd (70) withhydraziniumsdtssince
it provideseasy assesto ferrocenyl pyrazoles (69a)and/
or (69b) (SCHEME 19)[22,

Au Tudian Yournal



OCAIJ, 4(3) March 2008

Hari N.Pati et al.

257

CONCLUSIONS

In conclusion, thereview presentsan overview of
thedifferent developmentsand the Strategiestowards
the synthes sof important chemica moiety, namely, aryl-
1, 2-azolesanditsvarious ana ogues. Sincethearyl-1,
2-azolesand itsanal ogues are bi oactive compounds,
thismicroreview will bemoreinformativeand helpful to
the chemist workinginthefield of pharmaceutica in-
dustries.
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