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ABSTRACT

The pyrazole derivatives have been recognized as a unique heterocyclic molecule exerting
broad range of biological activities such as analgesic, anti-viral, anti-histaminic, anti-microbial,
anti-tumor, insecticides fungicides, anti-depressant, antipyretic, anti-inflammatory, angiotensin
converting enzyme (ACE) inhibitory and estrogen receptor (ER) ligand activity etc. Pyrazoles also
find applications in agrochemical and pharmaceutical industry. Pyrazoles have different chemical
properties which may be attributed due to the effect of particular N-atoms present in pyrazole molecule.
N-Atom present at position-2 having non Huckel lone pair is more reactive towards electrophiles
while N-atom present at position-1 is unreactive. However, in the presence of strong base, the proton
from N-atom at position-1 is abstracted thereby providing pyrazole anion after deprotonation, which
in turn increases reactivity towards the electrophiles. There are wide range of drugs available in the
market possessing pyrazole nuclei. The present manuscript is aimed to describe major developments
achieved till date towards the synthesis and biological applications of pyrazole/pyrazole derivatives
and is likely to be beneficial to the researchers working in the area.
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INTRODUCTION due to that lone-pair pyrazole shows lewis basicity
with PK 11.5. The pyrazole is represented by the

Pyrazole' a five-membered planar following structure.
N-heterocyclic compound which is aromatic in nature

having 4 n-electrons and one unshaired pair of 4 3

electrons delocalized with n-electrons. Pyrazole ring / \ 2

structure contains three carbon atoms along with two 5 e /Ni ——— Non- Huckel
nitrogen atoms present in adjacent positions. The N1 lone pair

lone pair of first N-atom participates in delocalization Huckel H

with m-electrons while the other lone pair present ~lone pair
on the second N-atom is non-Huckel lone pair and Fig. 1. Structure of pyrazole'
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Back ground and medicinal importance

In 1883 Ludwig Knorr was first to abbreviate
the term of pyrazole. The first natural pyrazole is
1-pyrazole-alanine which was isolated in 1959 from
watermelon seeds'2. Pyrazoles are also known as
azoles® and pyrazoles act as ligands for different Lewis
acids®. The pyrazole derivatives have shown a long
range of biological activities including antioxident?,
anti-viral®, anti-histaminic®, anti-microbial’, anti-
tumor®, fungicides', anti-depressant', antipyretic'2,
analgesic'?, anti-inflammatory'2, angiotensin converting
enzyme inhibitory', and estrogen receptor ligand
activity'* etc. Pyrazoles also find applications in

agrochemical and pharmaceutical industry's. Pyrazoles
have different chemical properties which can be
described by the effect of particular atoms present in
pyrazole molecule. N-Atom at position-2 having non
Huckel lone pair is more reactive towards electrophiles
while N-atom at position-1 is unreactive'®. However
in the presence of a strong base, the proton from
N-atom at position-1 is abstracted thereby providing
pyrazole anion after deprotonation, which in turn
increases reactivity towards the electrophiles.
There are wide range of drugs available in the
market possessing pyrazole nuclei and few of these
are summarized below'2,

Table 1: Few important drugs possessing pyrazole nuclei’®2®

S.No. Drug Name Drug Structure Actas a
1 Rimonabant'82025 < Anorectic anti-obesity drug
Heo ]
2 Betazole?? N/\N \ NHz Used in testing gastric secretory function
H
3 Tepoxalin'® /@/C\f\/tl\ e Anti-inflammatory drug & anti histamines
4 Celecoxib?? ~—"" Anti-inflammatory drug
5 Lonazolac?'* < e Anti-inflammatory drug
6 Tepoxalin'® Y N2 Anti-inflammatory drug
MeO
7 Fezolamin® Z '\<N Anti-depressant
N Me
_—
l/\/'\'\Me
o
. C)KT(CN
8 Fibronil'® =N g Broadly used as insecticide and also
/@\ commonly used as pesticide
ci (=7}
9 CDPPS® %N it [ Anti-psychotic
H3C
I
10 Mepirizole?® b CHa Anti-inflammatory
N/J\N
|
HNCHQ
1 Diffenamizole?”28 o Analgesic

=
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Synthesis of pyrazole and its derivatives
Taking into amount the wide range of
biological activities associated with pyrazole and
its derivatives, numerous synthetic strategies are
reported for the preparation of pyrazoles/pyrazole
derivatives and few of these selected ones are being
described in the present communication. In one of
the strategy N-Hetero aryl compound was converted
to pyrazole derivative via transhydra zonation
or cyclization in the presence of strongly acidic
medium. Initial step for the amination of deactivated
5-bromo-2-Methyl pyridine to benzophenone
hydrazone was carefully carried out using 1,1’-Bis-
(diphenylphosphino)-ferrocene(DPPF) and
Palladium(ll) acetate (Pd(OAc),) (Scheme 1)%.

%& .
Br iph Pd(OA), NH- N{ Nrg
H NG TOPPF HCUEtOH o J\/j/
p-TSOH/EtOH RN NH,

R= Me
R= OMe

yel

Scheme 1. Synthesis of pyrazole derivative
via trans-hydrazonationor cyclization®
The synthetic strategy for 3,5-disubstituted
pyrazoles have been achieved by the condensation
of 1,3-dienophilic synthons such as propargylic
ketones (Scheme 2)3'.
Ry=CHy, R, =NO,

HNHN (\fo g (\\rBr
0 . Rl PBry NN Ry= CHCHy)p, Ry=NO,
2

0
NN > =
| Ny A\ O )RR a
AcOH L] N RiepOfCiH, RoeH
N R

reflux
Ry 2

Scheme 2. Synthesis of 3,5-disubstituted pyrazolesthrough
the condensation of 1,3-dienophilic synthons®'
p-Nitrobenzaldehyde phenylhydrazone
was condensed with methylglyoxal to furnish
the 4-hydroxy-3-para-nitrophenyl-5-methyl-N-
phenylpyrazol (Scheme 3)%.
PNOCeRy OH
NO ,CeH pn Me_ CHO
PR AN Y N/ \

0 \N Ry

Scheme 3. Synthesis of 4-hydroxy-3-para-
nitrophenyl-5-methyl-N-phenyl-pyrazole®?
Dzvinchuk et al., explored a strategy for
the synthesis of Pyrazole derivatives from (2)-3-
Acetyl-2-methyl-2,3-dihydro-1,4-benzodioxin-2-ol
(Scheme 4)3.

RNHNH 5, HOAc, H,0 OH
80-100 °C
60-93 %

R=H, Et, Ph, Ar

Me
H
07: ~OH
Me

Scheme 4. Synthesis of Pyrazole derivative from
(Z)-3-Acetyl-2-methyl-2,3-dihydro-1,4-benzodioxin-2-ol*
Y. A. Azev et al., synthesized Pyrazole
derivatives from the condensation of 1-amino-
6,7-difluoro-4-oxoquinolyl-3-ethylcarboxylate with
acetoacetone (Scheme 5)3.

O  OEt

HOAc reflux
50%

Scheme 5. Synthesis of Pyrazole derivative from
1-amino-6,7-difluoro-4-oxoquinolyl-3- ethylcarboxylate
with acetoacetone®

Katritzky et al., reported a regioselective
condensation of a-benzotriazolylenones with phenyl
or methyl-hyrdrazines and pyrazolines as the
intermediate which gave 1-methyl(aryl)-3-phenyl-5-
alkyl(aryl)pyrazoles in basic medium (Scheme 6)%.

i B p o
‘ EtOH - NaOEt

", Bt
reflux Ry z EtOH, reflux ; "

/ R, + RUHNY, —> —
P
11
R

B
Scheme 6. Synthesis of 1-methyl(aryl)-3-phenyl-
5-alkyl(aryl)pyrazoles by condensation of
o-benzotriazolylenones®

Mourea and Delange et al., reported the
cyclo condensation of acetylenic ketones and
hydrazine derivatives to form pyrazoles derivatives.
The saidmethodology was investigated for almost
more than a century back in 1901. However the two
isomers were reported to be obtained (Scheme 7).

0
H ElOH
. + RyNHNH,
\ l )

2
R R R

Scheme 7. Cyclo-condensation of acetylenic ketones and
hydrazine derivatives leading to pyrazolesderivatives®
1,3-di substituted pyrazoles can also be
obtained from the reaction of diaryl-hyrazones
and 1,2-diols in presence of Ferric chloride(FeCl,)
(Scheme 8)¥.
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Scheme 8. Synthesis of 1,3-di substituted pyrazoles®”

Baldwin et al., reported the synthesis of
two isomeric pyrazoles by the reaction of Phenyl
hydrazine with diacetylene Ketones in ethyl alcohol
(Scheme 9).

[o]

Ph

+  PANHNH, o . N CooEt \y /N\ COOEt
// \ Okt . _

Ph / /

o Ph Ph

Scheme 9. Synthesis of two isomeric pyrazoles by the
reaction of Phenyl hydrazine with diacetylene Ketones®
1,4-disubstitued pyrazoles have been
synthesized from 1,3-diols and aryl hydrazine
through Ruthenium catalyzed condensation
(Scheme 10)%.

OH NH2 RU(PPh 3)3CO
| Yonthphos Al
R W, o> &

Ny 22eqeulopnie

|
H * e, 10 €, 24 \ W,

Scheme 10. Synthesis of 1,4-disubstituedpyrazolesby
the reaction of 1,3-diols with aryl hydrazine through
Ruthenium catalyzed condensation®

Guojing and wang et al., synthesized
3-trifluoromethyl pyrazole via cyclization/
trifluoromethylation of phenyl hydrazine and
acetylenic Ketones using hypervalent iodine under
transition metal free conditions, which gave Togni
reagent and subsequently furnished 3-trifluromethyl
pyrazole in high yields (70%) (Scheme 11).

NNHPh

0 X
EIOH 2eq 082003 / \
ot P, —— - 3 Ch
// 3 / T leON: KO (201) N P
|
Ph Ph

Scheme 11. Synthesis of 3-trifluoromethyl pyrazole via
cyclization/trifluoromethylation of phenyl hydrazine
and acetylenic ketones*

3,5-disubstituted 1H-pyrazoles were
synthesized by the cyclo-addition reaction of
tosylhydrazones of aromatic aldehydes with terminal
alkynes (Scheme 12)*'.

feq TSNHNH, | B )
O eesn’c 15 : 6eq——lR> /N,N
)k e NOET )k 0’c, i1 \ A)\
Ar H  rt, 15min Ar H r R
R=Ar, Akyl, vinyl

Scheme 12. Synthesis of 3,5-disubstituted 1H-pyrazoles*'

Bishop et al., explored the synthesis of
3,5-di aryl pyrazoles by the cyclo-condensation of
acetylenic ketones and aryl hydrazines or methyl
hydrazines in ethyl alcohol which afforded two
isomeric pyrazole derivatives (Scheme 13)*.

R3NHNH »

CP \\ EtOH

K ? "
R2

Ry or Ry = H, NOy, CI, OMe, F

Scheme 13. Synthesis of 3,5-di aryl pyrazoles by the
cyclocondensation of acetylenic ketones and aryl
hydrazines*?

Reddy et al., reported an easy approach
for the synthesis of 3,5-disubstituted 1H-pyrazole
from propargylic alcohols via an acid-catalyzed
propargylation followed by cyclization of N,N-
disubstituted hydrazines under basic conditions
(Scheme 14)%,

1eq. NH,NTsAc Ac
OH |
J\ 0.1eq. BF 5. OEt, N : R
[ ™~ 3eq. KOtBu
LA N VeCN W T ¢
r1.5 15 min rt.or50 C \ /
Ar = 15-30 min
R Ar

R= Ph, Pr, CH,0Bn

Scheme 14. Synthesis of 3,5-disubstituted 1H-pyrazole
from propargylic alcohols via acid-catalyzed
propargylation followed by cyclization of
N,N-disubstitutedhydrazines*

Bhat et al., reported the synthesis of
pyrazole derivatives by the reaction of B-aryl
chalcones and H,O, furnishing epoxides. The
addition of hydrated hydrazine to it, followed
by dehydration provided 3,5-diaryl-1H-pyrazole
(Scheme 15)*,

it @ Rs Ry
7/ H20, NHaNH, HpO | o7
Q Q NaOH Q iy Q reflux N
R R R =
) |acon

==

Scheme 15. Synthesis of pyrazole derivatives by the
reaction of B-aryl chalcones and H,0, followed by
dehydration*
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Ding et al., reported the synthesis of
3,5-disubstituted pyrazoles from Michael acceptors
and methyl hydrazine under mild conditions. The
reaction proceeded through Visible Light Photoredox
Catalysis (VLPC) (Scheme 16)*.

0

Me Me
‘ R Ru(bpy),Clp. 6 H,0 ’lq R
LI - > N
HN h: (blue LEDs, 3W) \ /

Ar MeCN, air, r.t., 24hr ] R= Ph, COOMe
r

Scheme 16. Synthesis of 3,5-disubstituted pyrazoles
from Michael acceptors and methyl hydrazine*
Huang and Katzenellenbogen et al.,
described the synthesis of 4-alkyl-1,3,5-triaryl
pyrazoles by the condensation of a,-ethylenic ketons
with hydrazines in N,N-dimethyl formamide providing
pyrazoline as intermediate. The alkylation of pyrazoline
in presence of lithium diisopropyl amide(LDA) furnished
4-alkyl-1,3,5-triarly pyrazole (Scheme 17)%.

o
| RNHNH 5
R, DMF
R1

R
s

N
/ Ry
]
R1 R

Ra Ts
N. LDA N, MnO,

Ry, =8 2,
N\/ j/ 2 R N\/ IRZ orbba
Rl Rl R

Ry = 4MeOC gH,, OTBDSPh R =Me, Et, n-Pr

R, = Ph, 4MeOC¢H,
Ry = Ph, 4MeOCH,

Scheme 17. Synthesis of 4-alkyl-1,3,5-triaryl pyrazoles
by the condensation of o,3-ethylenic ketones with
hydrazines*

Zhang et al., reported the synthesis of
polysubstituted pyrazoles from a,B-unsaturated
carbonyls (aldehyde and ketone) and salts of
hydrazine (Scheme 18)*".

A
9 |

N
. AMNHNHpHO _2%9 AN
X R EtOH/reflux \ /
Ar 1hr R

Scheme 18. Synthesis of polysubstituted pyrazoles
from o,p-unsaturated carbonyls and salts of hydrazine*”

Jiany et al., described an efficient method for
the synthesis of 3,5-disubstituted-N-phenyl pyrazole
by the cyclocondensation of phenylhydrazine and
a,B ethylenic ketone in presence of molecular
lodine(l,) (Scheme 19)*.

Cl

9 AcOH @
- +  PhNHNH, » >
@ @ j\
cl a @ N/N
cl FLh
Scheme 19. Synthesis of 3,5-disubstituted-N-phenyl

pyrazole by the cyclo-condensation of phenyl
hydrazine and o,B-ethylenic ketone*®

Tang et al., reported the reaction of terminal
alkynes and N-alkylated tosylhydrazones in the
presence of AICI,, thereby affording 1,3,5-trisubstituted
pyrazoles in good yields (Scheme 20)*°.

R R
IL ¥ ’I“ g R=1" alky, ally
2.5eq. AICI 4 ) » A
N/ T &M N / Bn, propargyl
‘ + oE \
A J\H r.t., 30 - 60 min
r

Ar

Scheme 20. Synthesis of 1,3,5-trisubstituted pyrazoles*®

He and Chen et al., reported the synthesis
of pyrazole derivatives by the cycloaddition reaction
of phenyl propargyl and ethyl a-diazoacetate in
presence of triethylamine as base and triflate as a
catalyst (Scheme 21)%.

Ph
NEt; \
Ph—== + N,CHCO,Et ——— / !
Zn(OT) etoot N7
H

Scheme 21. Synthesis of pyrazole derivatives by the
cycloaddition reaction of phenyl propargyl and ethyl
a-diazoacetate®®

Girish & Kumar et al., synthesis 1,3,5,-tri
substituted pyrazole by the condensation of ethyl
acetoacetate with phenylhydrazine (Scheme 22).5

H,C
0 [0]

n0 (10%) I
M * PENHNH;  Horr N M
okt N O

\
Ph

Scheme 22. synthesis 1,3,5,-tri substituted
pyrazole by condensation
Jiang et al., developed the synthesis of
regioisomer of pyrazole derivatives from the cyclisation
of a-diazoarylacetate and propionate followed by
prototropic Rearrangement (Scheme 23)%2.

EtOOC

" &)
E00C _
X mooc ™
Q COOMe Eooc—= | { * N
—
X HyO, rt. W oot @\x

Scheme 23. Synthesis of regioisomer of pyrazole
derivatives by the cyclisation of a-diazoarylacetate and
propionate followed by prototropic Rearrangements?

Y.Kong etal., synthesized 1,3,5-trisubstituted
pyrazoles from terminal alkynes and N-alkylated
tosylhydrazones. This methodology provided
trisubstituted pyrazoles with high regioselectivity
(Scheme 24)%,
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R

| 2.1eq. KOtBu ‘
AN 7 N Ar
N Ts deq. 0.5 eq. 18-crown-6 N
J =N pyidine \ / R=Me, Et
A 0°C,15min I¥:

Scheme 24. Synthesis of 1,3,5-trisubstituted pyrazoles*

Harigae and Moriyam et al., synthesized
3,5-substituted pyrazole in high yields by the
reaction of terminal alkynes with hydrated hydrazine
furnishing 3,5-substituted pyrazole (Scheme 25)%.

R
o (11eq.) nBui I /0 (269) NH 0¥y .0 |
— —{ — N
THF, 0'C /
(1.05)RCHO R Ph ﬂ

Scheme 25. Synthesis of 3,5-substituted pyrazoleby the
reaction of terminal alkynes with hydrated hydrazine

Zhang et al., developed an easy approach
for the synthesis of trisubstituted 1H-pyrazoles from
vinyl azide, tosylhydrazine and aldehydes using of
base (Scheme 26)%.

0 R\ R R R=Aralkyl H
\ /\( o NeOH or Cs,00; \ R=COAr (NaOH, 60c)
R M DMF / \ CO,E(C5,00, 60°C)
[ N T2 N

H

Scheme 26. Synthesis of trisubstituted 1H-pyrazoles
from vinyl azide, tosylhydrazine and aldehydes®
Lizuka et al., described the palladium
catalyzed carbonylation reaction of acetylenic
acids with aryl iodides using of Molybdenum
hexacarbonyl(Mo(CO),) toget 1,3,5-trisubstituted
pyrazole in good yields (Scheme 27)%.

R4 = NO,, COOEt,OMe, Ac
R, = Ph,'N-Bu

Ri——=
Me-NHNH , / \
Mo(CO) g, Pd(tBus), _N
Ets, CH5CN, LiCl, TA

Scheme 27. Synthesis of 1,3,5-trisubstituted pyrazole®

Heller et al., explored a synthetic
methodology for trisubstituted pyrazoles from
by 1,3-diketones which were obtained from acid
chloride and ketone (Scheme 28)%".

0 o 9
21eq. LHMDS
toulene/ THE g
_—

H
R. N\N
" T ———

R' EOHTHFI toulene  AcOH \ |
1eqRO0CI R reflux

3eg, HNNH,H,0
R ) -

Scheme 28. Synthesis of tri substituted pyrazoles
from 1,3-diketones®”

Kovacs and Co- workers reported a
new route for the synthesis of 3,5-disubstituted
pyrazoles by the coupling reaction of an oxime
with alkyne in the presence of Cu/Fe providing
B-aminoenone which on addition with hydrazine
in DMF provided 3,5-disubstitued pyrazoles in
satisfactory yields(70%) (Scheme 29)%.

Ph R,

0
N owre NHAH, H,0 \
)\\ b op— —— M —_— / !

DV pf P DWF e

H

Scheme 29. Synthesis of 3,5-disubstituted
pyrazoles by the coupling reaction®®

Gosselin et al., synthesized N-aryl-
3,5-substituted pyrazoles by the condensation
of 1,3-diketones and arylhydrazines at room
temperature using N,N-dimethylacetamide as
solvent (Scheme 30)%.

n s
o 0.5eq. HCI N—r{ /NfN
0 NH (10Min H,0) N
RN =,
MR“ RN DiiAc A NR NS
%:5

R= Me, CF 5, CF H

Scheme 30. Synthesis of N-aryl-3,5-substituted
pyrazoles by the condensation of 1,3-diketones
with arylhydrazines®®

Dang and Fischer et al., developed a
method for the synthesis of pyrazole-3-carboxylate
by cyclization of diethyl dioxalate and hydrazones
furnishing pyrazole-3-carboxylate in 53% yield
(Scheme 31)%,

THZ o EtOOC CH,
NH | OEt  n-Bull, THF
e ———
N + TFA, CH,0l N/ \
\ EtO \ 2 ~
)\/NH2 5 N~ ph
Ph H

Scheme 31. Synthesis of pyrazole-3-carboxylate by
cyclization of diethyl dioxalate and hydrazones®

Ohtsuka and Uraguchi et al., Synthesis
of 1,3,4,5-tetra substituted pyrazole derivative from
condensation of phenyl hydrazine with 2-(trifluoromethyl)-
1,3-diketone in solvent of ethanol. (Scheme 32)8'.

H,;C CF3
0 0]
EtOH
+  Ph-NHNH, ’ M
\N CHj,
\
CF, Ph

Scheme 32. Synthesis of 1,3,4,5-tetra substituted
pyrazole derivative from condensation
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Lokhande and Hasanzadeh et al.,
synthesized 4-formyl pyrazole by the condensation
of hydrazine in presence of Phosphorus
oxychloride(POCL,) in DMF (Scheme 33)%.

OH

OH _Ph CcHO
/NfNH POCI 5 7
8
DMF N \
CH3 ~

N Ph

Scheme 33. Synthesis of 4-formyl pyrazole®?

Fan and Lei et al., explored an efficient
method for the synthesis of tri-substituted pyrazoles
from o-bromo ketones and hydrazones. The reaction
involved radical addition reaction followed by
intramolecular cyclisation (Scheme 34)%3,

Ar"

Br Ir (Ppy)s
/Q ‘ NaZCO3 / \
* N
o HN “hoMecN MeCN Ar N
Ar | |
Ar' Ar'

Scheme 34. Synthesis of tri-substitutedpyrazoles
from o-bromo ketones and hydrazones®

Aggarwal and Vicente et al., developed a
process in which diazo derivatives formed in situ
from aldehyde and tosylhydrazines by 1,3-dipolar
cycloaddition reaction in between diazo compound
& terminal alkynes and N-Vinylimidazole furnishing
corresponding pyrazole derivatives (Scheme 35)%.

o TsNHNH ,
.
NaOH

R1

Scheme 35. 1,3-Dipolar cyclo-addition reaction in between
diazo compound & terminal alkynes and N-Vinylimidazole
leading to pyrazoles derivatives®

Kumar and Yadav et al., reported
the synthesis of substituted pyrazoles by the
reaction of 1,3-bisaryl monothio-1,3-diketone and
arylhydrazines in ethyl alcohol (Scheme 36).

"Ar
0 0 EtOH -

NH
M T N e
Ar Ar

Scheme 36. Synthesis of substituted pyrazoles by the
reaction of 1,3-bisaryl monothio-1,3-diketone
and arylhydrazines®

Ar

574

Many methods for the synthesis of
pyrazoles by the reaction of hydrazines with
heterocycle compounds have been reported
(Scheme 37)557°,

o) OR
OR ANHNH , I
@ [ 1 — e,
o OR EtoH, 80°C N OH
Ar
R= Ac, Bn

NH,NH, EtOH, reflux R3< »—o

OR3 O. F{1/©/R3 3 ,
mo Ry =H, Me, CF3, Cl
[¢]

R, =H, Me, Et, tBu R, N
Ry =H, OEt H
Me o
NH,NH,
© | -
EtOH, 25°C
Me O "cF4
Ve X
NH,NH,,
@ m EtoH, 20°C
O” “cF4
X0,
o

NH,NH, .HCI
EtOH, 80°C

Cl
(e) ‘
o” R

Scheme 37. Different strategies for the synthesis of
pyrazoles by the reaction of hydrazines with
heterocyclic compounds®7°

Sha et al., synthesized 3,5-diaryl-4-
bromo-1H-pyrazoles from alkenyl bromides and
diazo compounds by 1,3-dipolar cyclo-addition,
where other isomeric products were also obtained
(Scheme 38)"".

Ar

NNHTs 3eq NaOH
o
)K TR
Ar R Br Br
R= Me, Et

Scheme 38. Synthesis of 3,5-diaryl-4-bromo-1H-pyrazoles
from alkenyl bromides and diazocompounds™

Xie and Chen et al., reported the synthesis of
pyrazoles by Suzuki coupling reactions(Scheme 39)72.

Ar
| Ar(OH) », Pd(PPh3), HNTS
@ ‘ 2eq. K,CO34, THF, H,0 N
1.5eq. NH,NH,
Yl neN

R =H, Me, OMe, CI

Scheme 39. Synthesis of pyrazoles by Suzuki
coupling reactions™
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Gerstenberger et al., synthesized N-aryl
3,4,5-trisubstituted pyrazoles from aryl halide,
di-tert-butylazodicarboxlate (Boc) and 1,3-dicarbonyl
compounds (Scheme 40)7.

1,05 eq, Buli Boc 0 0
(2.5M\nHeé) \ i 1.05¢eq. RMR
A—x _TH.-18°C /N R
—_—
1'0?8%'“6 Nr tB°° g 4MHC! in dioxane |
AT N THEIH,0 (511), 80°C
¥ B, |
R= H, Me
R=CLH

Scheme 40. Synthesis of N-aryl 3,4,5-trisubstituted
pyrazoles™

Liham and Saripinar et al., reported the
condensation of furan 2,3-dione with aryl hydrazine
providing pyrazole derivatives.Similarly Sener
et al., reported the condensation of furan-2,3-
dione with N-benzylidene-N’- (4-nitrophenyl)
hydrazine furnishing 4-benzoyl-1-(4-
nitropphenyl)-5-phenyl-1H-pyrazole-3-
carboxylic acid (Scheme 41)7475,

NH,NHR 5 (2eq)

— = R1 NHNHR;
Ph,, reflux / \
_N
R,= OEt, Ph R2 N
R,= Ph, Ar \
Ra= Ph, Ar Rs
o o
Ph COOH
PhCH=NHN-CgH,4-NO, / \
- 5
100°c Ph "“
CgHg4-NO,

Scheme 41. Synthesis of pyrazoles by the condensation
of furan 2,3-dione with aryl hydrazine™.
Ahmed and Kobayashi et al., reported
an efficient method for the synthesis of N-methyl
3,5-disubstituted pyrazoles from terminal
alkynes, methyl hydrazine and aryl halide
(Scheme 42)7s.

Me

" PdCl,(PPhs)s / Cul HigCe N
Me 2 CO (ambient pressure; N
Cy=—+ \NH/ + Al ( presure) \\ |

THF/ H,,0 (1:1)
Ar

Scheme 42. Synthesis of N-methyl 3,5-disubstituted

pyrazoles from terminal alkynes, methyl hydrazine

and aryl halide™

Groseli et al., developed a new method
for the preparation of pyrazole derivatives by the

following cyclo-addition reaction (Scheme 43)7".

Me N-NHPh

R
=0 < > (
NCTN N cl
/K Et3N, CH,Cl,, reflux
(e} N o

‘ R=Me, Cl
Me

Scheme 43. Synthesisofpyrazole derivatives by
cycloaddition reaction”.

Deng et al., reported a of highly
regioselective synthesis of tetra-substituted
pyrazoles from nitro-olefins and hydrazones in the
presence of strong base (Scheme 44)7.

Ar N, Ar
NO 1eq. tBUOK MR
Ar N Ar 2 Z g a- N
N R THF, 78 C,
NH \/ * W/\ Deq TFA, R
R
_78°C‘>r.t, R R
R=H, alkyl
R'= Ar, alkyl

Scheme 44. Synthesis of tetra-substituted
pyrazoles from nitro-olefins and hydrazones™

When 4-trifluoroacetyl-1,3-oxazolium-
5-olates were heated with phenylhydrazine, it
provided 5-trifluoromethyl pyrazole derivative a
procedure developed by Kawase and Koiwai et al.,
(Scheme 45)™.

F3C ArHN OH
Ar
o PhNHNH 5, PhH, I
—_—
| :
80 C F3C N
Rz N o |
H Ph

Scheme 45. Synthesis of 5-trifluoromethyl pyrazole
derivatives by reaction of 4-trifluoroacetyl-1,
3-oxazolium-5-olate with phenylhydrazine™

Deng et al., reported the synthesis of
1,3,4,5-tetra-substituted pyrazoles and 1,3,5-tri
substituted pyrazoles with high regioselectivity from
N-aryl hydrazones and nitro-olefins in the presence
of ethyl glycol at 120°C (Scheme 46)%°.

NO, Ar N y
ethylene gyool, 120°C, \N/ N\

Ar N .
\NH/ \/Ar + R/ R o

10eq. TFA CF 1CH,0H, ¢

R= Ar, alky!

R=H, alkyl

Scheme 46. RegioselectiveSynthesis of 1,3,4,5-tetra-
substituted pyrazoles and 1,3,5-trisubstituted pyrazoles®

When tetrazolylacroleins were allowed
to undergo reaction with fumaronitrile at 140°C
in xylene it provided pyrazole as reported by
Simoni et al., (Scheme 47)8".
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xylene, 140°C

R = 4-CIC gH,, 4-FC4H,

Scheme 47. Synthesis of pyrazoleby reaction
of tetrazolylacroleins with fumaronitrile®'

Deng et al., reported the synthesis of tetra
substituted pyrazoles by the reaction of N-substituted

hydrazones with nitro-olefins in high yields (Scheme 48)%2.
Mg
8 NN

Jk MeOH \ / \/ R N
Ar

RNHNH, + rt. afr, rt

Scheme 48. Synthesis of tetra substituted pyrazoles by the
reaction of N-substituted hydrazones with nitro-olefins®?

Rykowski and Branowska et al., explored
an efficient method for the synthesis of pyrazoles
by the condensation of 3-chloro-6-phenyl-1,2,4-
triazines with a-chlorosulfonyls in DMSO using
Potassium hydroxide as base (Scheme 49)%.

Ph

Ph N
N RSO ,CH,Cl, KOH, DMSO / \
N
B g

=
N Cl H

R = Ph, 4-mompholinyl, OPH,OCH ,CMe

Scheme 49. Synthesis of pyrazoles by the condensation of
3-chloro-6-phenyl-1,2,4-triazines with o-chlorosulfonyls®

Wen and Tang et al., synthesized various
highly functionalized pyrazoles by Pt-catalyzed
(3,3)-sigmatropic rearrangement of N-propargyl
hydrazones (Scheme 50)8.

g N
Ph N R ~
R
\N/ \/ PtCl, , toulene \ /N
0 >
120°C
R R
R A
R

R=H, CgHq4

R'= Ar, Bu, cyclohexenyl

R"= Ar, CgH14

Scheme 50. Synthesispyrazoles by Pt-catalyzed
(3,3)-sigmatropic rearrangement of N-propargylhydrazones®

Ferfra and Ahabchane et al., described a
method for the synthesis of pyrazoles by the reaction of
benzodiazepine-2-thiones with hydrazine (Scheme 51)%.

T

Scheme 51. Synthesis of pyrazoles by the reaction
of benzodiazepine-2-thiones with hydrazine®

NH NH2

576

Hu and Chen et al., synthesized various
tetrasubstituted pyrazoles by the ruthenium-
catalyzed oxidative coupling reaction in presence
of O, as an oxidant (Scheme 52)%.

R N
NH
- ~N
Ar \‘N [RuUCl ,(p-cymene)] , \ /N
_— =
0
DMSO, O, (1 atm), 100°C
RI‘/\H\R 2 R R
R R= Ar, Me, H, Vinyl

R'= H, alkyl, Ph
R"= Ar, alkyl, H

Scheme 52. Synthesis oftetra-substitutedpyrazoles by
the ruthenium-catalyzed oxidative coupling reaction®

Pfeffer et al., reported 5-amino-pyrazoles
which were obtained by heating 3-methyl-6H-1,3,4-
thiadiazine acetic acid (Scheme 53)%.

Ph N Me
Z SN HOAG, reflux
_—
R= Me, i-Pr NHR
S NR

Me

Scheme 53. Synthesis of5-amino-pyrazoles from
3-methyl-6H-1,3,4-thiadiazine acetic acid®”
Martin et al., prepared pyrazole derivatives
by Cu-catalyzed C-N coupling reaction (Scheme 54)%.

R e go:
\N/ NHBoc i/ NHMe NBoc
. ‘ 052c03 e CHZC\ It
NeBoc g0
R AN

R
Scheme 54. Synthesis ofpyrazole derivatives by
Cu-catalyzed C-N coupling reaction®

When nitropyrimidine was allowed to
undergo reaction with aryl hydrazines in methyl
alcohol at 25°C temperature, it furnished 4-nitro-3,5-
diamino-pyrazole in good yields (Scheme 55)%.

R4

\)
R, N |
R =R, = Cl OMe NR, Rj
R3 = H, Me, Bn,

O,N Ph

RyNHNH ,, MeOH, 25°C I\

Scheme 55. Synthesis of4-nitro-3,5-diamino-pyrazole
in good yields®
Q. Zhang et al., synthesized pyrazole
derivatives in good yields by cyclo-addition of allylic
carbonate and arylazosulfones in presence of
tri-butylphosphine(PBu,) under mild reaction
conditions (Scheme 56)%.
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R

EtOOC
—
N—Ar
-/
N

Scheme 56. Synthesis ofpyrazole derivatives in good yields
by cyclo-addition of allylic carbonate and arylazosulfones®®

0.2 eq. PBuy
DCM, r.t.

R= H, Me, 4Br-C gH,

Suen and Hope et al., described a method
to prepare a series of pyrazole derivatives by the
condensation of thietanone & 1,2,4,5-tetrazine in
alcohol in the presence of KOH (Scheme 57)°'.

ph HO Ar

0]

N=N
N Ar—<}\j_’\{>—Ar KOH, ROH OR

Ph /J\
Ar

Scheme 57. Synthesis ofpyrazole derivatives by the
condensation of thietanone & 1,2,4,5-tetrazine in alcohol®’
Jiang et al., synthesized 4-substituted
1,5-diaryl pyrazole-3-carboxylic acids via claisen
condensation-Knorr reaction which was carried out
in the presence of Lithium chloride (LiCl) and Sodium
methoxide (NaOMe) (Scheme 58)%2.

: . 2eq, TFA, 1eq A
o EO g 2‘??‘8‘“0' A0, | mNHgHO A
N'aonjlé 70| EOH el \
W\ T | A g NaCH ‘ !
' R (10MinH,0) /
v 2
R COOEt COOH

R=alky!

Scheme 58. Synthesis of4-substituted 1,5-diaryl pyrazole-3-
carboxylic acids via claisen condensation-Knorr reaction®?
Synthesis of pyrazole derivatives through green

synthesis

The pyrazole/substituted pyrazoles have
also been frequently employed in green synthesis
leading to formation of various pyrazole derivatives
possessing diversified biological activities®®** The
Claisen—Schmidt condensation of substituted
1,3-diphenyl-1H-pyrazole-4-carbaldehydes and
1-(2,4-dimethoxy-phenyl)-ethanone led to the
development of novel chalcones, 1-(2,4-dimethoxy-
phenyl)-3-(1,3-diphenyl1H-pyrazol-4-yl)-
propenone. The reaction was carried out at
room temperature in ethanol. Out of the several
derivatives synthesized it was concluded that most
of the compounds were nontoxic except compound
g (Scheme 59)%.
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H
R
0 o H’ﬁ
CHy A 0
wo + v NaOH, CHsOH
VN,
0 (‘3 it
CH

R= E@ S@ S@
Y o 0

Scheme 59

The reaction of dialkyl acetylenedi-
carboxylates, isocyanides and the 1,2-dibenzoyl-
hydrazines with tetrabutylammonium bromide was
carried out, where tetrabutylammonium bromide
was used as an environment friendly organic ionic
salt as well as high polar reaction medium under
solvent free conditions at room temperature. This
green synthetic approach was explored to get highly
functionalized pyrazole derivative (Scheme 60)%.

R. R
o]
4 TBTB N
N

TH + ‘ ‘ + U Solvent free r\“ // COORy
HN ¢ rt
o COOR, o M
R R)
R

R=H,NO,
Ry = CHa, CH,CH,
R, = Cyclohexyl
Scheme 60

Pharmaceutical applications

Derivatives of pyrazole are reported to be
physiologically and pharmacologically active and
these find use in various drugs for the treatment
of several diseases. Hence pyrazole derivatives
are biologically and pharmaceutically quite
indispensable. The compounds having pyrazole
nuclei have wide uses in agro-chemistry and
pharmaceuticals. Various potential biological
activities have been reported. The biological
evaluation such as anti-bacterial activities
of pyrazole derivatives has been done in an
exhaustive manner, where a series of pyrazole
derivatives were screened for the activities against
the Gram-negative bacteria such as Pseudomonas
piosineus, E. coli etc. applying agar plate diffusion
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herbicidal'®, insecticidal’®!, anti-schistosomal'?

and anticancer'00-104

technique®” and Gram-positive bacteria such as

properties. 1-N-arylpyrazole

S. aureus, S. albus etc®. Pyrazole derivatives

derivatives show sedative, analgesic and hypnotic

have also been found to have anti-HIV activity
which involved the susceptible human host

cells and have been tested for their anti-viral

105107 Different pyrazoles exhibit different

biological activities as shown in the table given

activities
below.

activity®® particularly AIDS. Pyrazoles also act as
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297).

It has selectivity toward COX-2 enzyme. (IC,,=0.036 mM, SI

It showed good activity as anti-inflammatory drug.

Pyrazole derivative containing sulfonamide group & ortho hydroxymethyl group acts

1,3,5- Tri-substituted pyrazole derivatives act as anti-inflammatory drug'”®
as anti-inflammatory agent'®®
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CONCLUSION

Based on the literature reports
Pyrazole and its derivatives are undoubtedly
one of the most important class of organic
heterocyclic possessing wide range of
biological activities some of the representatives
such as anti-histamine, anti-viral, anti-tumor,
anti-microbial, anti-bacterial, anti-pyretic,
anti-depressant, anti-inflammatory, anti-cancer,
fungicides, insecticides, analgesic etc. have
been summarized in the present communication.
However there is still a used to explore a cheap
and easy synthetic strategy for the synthesis
of such an important molecule list wise the
biological application and medicinal importance
in wide spectrum is yet to be investigated to prove
the pyrazole/pyrazole derivatives as one of the
important tool for organic/Medicinal chemist and
to exploit further the chemistry of pyrazole for the
welfare of mankind over the globe.

132).
262 ).

=0.067 Mm, SI

It is most selective & potent COX-2 inhibitor(IC,,=0.012 mM).

It is most potent COX-2 inhibitor (IC, =0.063 mM, SI

It is most potent COX-2 inhibitor IC;
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