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ABSTRACT

Over the last few decades, pyrazolone derivatives have been used for various biochemical applications. Some of
these derivatives such as metamizole, phenazone, aminopyrine and propyphenazone, are widely used as anti-
inflammatory and analgesics. Moreover, pyrazolones have been exhibited antioxidant, antibacterial, anticancer and
several other biological activities. Thus, keeping in view of their importance, synthetic strategies for existing as well
as novel pyrazolone derivatives have been developed and explored their biochemical utility. As versatile features of
pyrozaolones have emerged, so the aim of the present paper is to put chemical synthetic schemes and biological
advancements of pyrazolone derivatives together.

Keywords: PyrazolonesN-Arylpyrazolones, Fused-pyrazolones, Spiropyrazedoiio-activity.

INTRODUCTION

Pyrazolones are five membered nitrogen containetgrbcyclic compounds. The 3-pyrazolon® @nd 5-
pyrazolone 2) are most dominant classes having importance arrpaceutical industry due to their bio-activity
(Figure-1). The pyrazolones, such as ampyrone, phenazonepeomylphenazone are well known for their
antipyretic and analgesic activities. Edaravone besn used for treating brain ischemia [1] and raydial
ischemia [2]. Some novel pyrazolones have beenegesd antimicrobial [3], analgesic, anti-inflamnmgto
antipyretic [4], antimycobacterial [5], anticancid], gastric secretion stimulatory [7], anticomaut$ [8] and
antimalarial activities [9]. Pyrazolones are uses starting materials for the synthesis of commeércia
aryl/heteroaropyrazolone dyes [10, 11]. Halogengpgdazolones displayed bio-activities as potentalgtit
inhibitor of human telomerase [12] and as fungicidginstAspergillus niger and Helminthosporium oryzae [13].
Pyrazolones have also been shown anti-HIV [14],i-diabetic [15], anti-hyperlipidemic [16] and
immunosuppressive activity [17]Thus, advancement in the synthesis or derivatimattd pyrazolones and
exploration of their applications have been emeiysdigrown exponentially. Here we describe theowsrreported
strategies for chemical synthesis of pyrazolonévdtves. A light was also put on their various-aictivities. This
work will help to recognize the site of modification pyrazolone skeleton, to design the synthétitegy and to
explore their possible bio-application.
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Figure-1. Chemical structures and electrostatic sdaces of 3- and 5-pyrazolone

In a study, Branat al. synthesized bis arylpyrazolone3aff) using ethyl ester, acyl chloride and hydrazines
(Scheme-} [18]. The growth inhibitory activity evaluatiom ihuman cell lines (HT-29, HeLa and PC-3) indicated
compound3b and3e as most potent with Kg11.3 and 46.7 um, respectively.

X
N
@) O] CO,Et (b) Ry \N/Y
R—COEt + R,—COCI >—< — \
(3a-)

Scheme-1. Synthesis of bis arylpyrazolones (3a-{) BuLi/THF, DIPA, -78 °C; (b) Camphoric acid/EtOH, X-NH-NH-Y, reflux.

Table-1. Different substitutions onN,N-dialkylamino alkyl-substituted bisindolyl and diphenyl pyrazolone derivatives

Entry R1 R» X Y
3a Ph Ph H H
3b N-Methylindolyl  N-Methylindoly! H H
3c Ph Ph H (CH)N(Me),
3d Ph Ph H (CH)N(Et).
3e N-Methylindolyl  N-Methylindoly! H (CH,)2N(EL),
3f Ph Ph (CH)N(Et), H

Castagnologt al. have been synthesized phenyl pyrazolones andedmalvthem into series of corresponding
pyrazole derivativesd@a-gand5a-6 using Buchi Syncore synthesiz&cheme-2 [19]. Their biological evaluation
and SAR indicated that small lipophilic substitieirt pyrazole ring (B and phenyl ring (B and potentiate the
activity as inhibitors oM. tuberculosis. The presence gfchlorobenzoyl functionality was found to be eswdrior
antitubercular activity of the compounds.
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Scheme-2. Synthesis and conversion of pyrazolonespyrazoles: (a) Polymer bound-toluenesulfonic acid, EtOH, Buchi Syncore, 300
rpm (b) p-Cl-benzoyl chloride, Ca(OH}), dioxane, Syncore, 300 rpm, reflux (c) Benzyl hale, NaH, DMF, Nal, Syncore, 300 rpm

Table-2. Anti-TB profile of benzoyl pyrazoles (4a-yand benzoyl pyrazolones (5a-5€)

Entry R, R, MIC (ug mL %) M. tuberculosis
4a CH;s Cl 6.25
4b CH;s H 6.25
4c CHs; F 125
4d Ph Cl 16
4e CHjs Br 4
Af CHs; CH3 16
49 CHs Isopropyl 16
5a Bn Cl 16
5b (p-F)Bn H 32
5c (p-NO2)Bn H >32
5d Bn H >64
5e (p-NO2)Bn Cl 32

Burja et al. reported synthesis of combretastatin-fused-pyramsousing multistep strategydgheme-3 and
evaluated for their cytotoxicity and antitubulintiaity [20, 21]. Compounda-7d found to be most potent among
all tested compoundg éble-3). However, only compounda-7d showed tubulin polymerization inhibitory activity
= 98%.

OAc OAc OAc
MeO. Me MeO.
C CO,CH O CO,CH
a ~
I HNTETE () T R C)
MeO O cl Me MeO N
o O o]
MeO Me MeO
OMe OMe
Ar _CO,CH. Ar
1 ‘ ‘ o3 ( 1 ‘ I‘\IH
NH NH
Ar; Ar;
(0] (0]
(6a-d) (7a-d)

Scheme-3. Synthesis of combretastatin-fused-pyrapoles: (a). NHNHCOCH ;, Py, DCM, (°C-rt, 17h; (b). NBS, Py, rt, 10 min; (c). DCM,
reflux, 4h; (d). NaOH/MeOH, DCM/MeOH, rt, 31h and HCI
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Table-3. Cytotoxicity profile of combretastatin-fused-pyrazolones (6a-7d)

Compound Arl Ar2 IC 50 (Um)
Me OAcC
6a MeO 0.337
MeO
OMe
Me
6b 0.523
MeO
OMe
MeO.
MeO
6¢c 0.959
MeO
OMe
F Me
6d MeO 1.72
MeO
OMe
MeOQ.
7a 0.114
MeO
OMe
Me
MeO
7b 0.152
MeO
OMe
F MeOQ.
7c MeQ 0.158
MeO
OMe
F Me
7d MeO 0.176
MeO
OMe

In a study Akondiet al. reported Ce/SiO2 catalyzed synthesis Mfarylpyrazolone skeleton8) using
multicomponent one-pot synthetic strategy undereags media with yield of 83-92%S¢heme-4. These
pyrazolones have been exhibited promising antimiatactivity against both bacteria and fungi [22].

CH.O

o NHNH,
+ ©/
o
2’5 OH
CHO
%

Scheme-4. Multicomponent synthesis df-arylpyrazolones (8): (a) Ce/Si@, H,0, A
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Very recently, Baoet al. synthesized theN-arylfluoropyrazolones 9) using quinine catalyzed asymmetric
fluorination with yield up to 98% (35-81% e§¢heme-523].

Rlﬁ/@ @, Rli'\i\@/@
R2 (@) Rz : O
(9)

Scheme-5. Synthesis df-arylfluoropyrazolones (9): (a)N-FBS, Quinine, CsCOs, H,O, CHCl3, -60°C
Earlier, Racet al. reported synthesis of bis pyrazolon&® &nd11) from hydrazide derivatives of pyarzolone using

acid catalyzed condensation-cyclization reactiodeurreflux conditions §cheme-6¢ [24]. These bis pyrazolones
have been shown comparable antibacterial (ag&iresireus, B. cereus, E. coli and P. aeruginosa) and antifungal

(againstA. niger, C. albicans) activities.
0
N\
F:.C— ~ N/»/h
(a) / NT NH
HNN o O H

@
10
FC /N\ (10 (0]
7 FsC N
(b) / g N 3
— R HNN (0]
(12)

R =H, -CHg, -OCH,, -OGHg, -ClI, -Br
Scheme-6. Synthesis of 3-amino and 3-methyl bis @zolones (10, 11): (a) CECOCH,COOC;Hs, AcOH, EtOH; (b) CNCH,COOC;Hs,
AcOH, EtOH

Sphingosine 1-phosphate receptor 1P(Bare known to involve in the pathogenesis of imftaation associated
diseases of immune, vascular and nervous systeBis Jhe SP; antagonists are expected to be potential
therapeutic agents for cardiovascular disordersaagibgenesis.

In a molecular library screening study, Nakameiral. reported that pyrazolone derivati¥2 inhibits SP; receptors
with ICs 17.0 uM [26]. Compoundl12 led to the identification novel biphenyl sulformtas @, receptor
antagonists.

SO;Na

ione!
H3C(H2C)16\<,\L1 OCHCH;Z
0
(12)

Figure-2. Structure of SP; receptor antagonizing pyrazolone (12)

Lavergne et al. synthesized theN-alkylated pyrazolones 18) from enol ethers and hydrazones by
aminocarbonylation with yield of 45-95%¢heme-J [27].
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? e o)
N HN
_C OR / /
HN” OPh \ 1@ _ (b) Ho
‘ + R @ N R L
>(/N Ry OR
Ry R
3 3 (13)

X = Fluorenyl, benzyl, 2, 4-dimethylpentanyl

R, Ry=H, H; Et, H; H, Me;
H, -CH,CH,OH;
H, -CH,CH,CH,OH;

1200, 5

Scheme-7. Synthesis di-alkylated pyrazolones: (a) EfN, PhCF; (0.1 M), 70-100 °C (sealed vial); (b) NaBKHMeOH, -20 °C to rt, then
NH4CI or NH4Cl, p-TsOH, CHCI5, 60 °C, 3h

Very recently, Vereshchagigt al. reported one pot synthesis of highly strainedathspiropyrazolonesld) using
Br, assisted cyclization with yield of 61-97%dheme-§ [28]. Spiropyrazolones are known for their antirobial
[29], antitumor [30] and anti-trypanosomiatic [31]

Ar
H, Ar=Ph,EWG = CN
H, Ar=p-MePh, EWG =CN
=H, Ar=m-BrPh, EWG = CN
= H, Ar=p-FPh, EWG =CN
=Ph, Ar=m-BrPh, EWG = CN

(14) a:R
b:
a)/(b
()() RN o
N CN d:
e:
f: R=H, Ar=p-CIPh, EWG =CQMe

Scheme-8. Synthesis of spiropyrazolones: (a) BEtONa, EtOH, r.t., 3h; (b) 0.2M Br, in water, EtOH, 40°C, 1h.
Cebanet al. reported a asymmetric synthesis of spiropyrazolorse(15a-d) from benzylidenepyrazolones and glutara&hyde using §)-2-
(diphenyl ((trimethylsilyl) oxy) methyl)pyrroline a s a catalyst (Scheme-9) [32]. Final products obtaia with excellent yields and
diastereoselectivities but poor enantioselectivitee(Table-4)

Ph
O, ><\LPh
Ar

/ N OTMS

N oHc” > cHo " 20 mol o
+
Ph— \N/ Toluene,r.t., 72 h

Scheme-9. Synthesis of spiropyrazolones (15a-d)

Table-4. Diastereoselectivity and yield of spiropyazolones (15a-d)

Compound Ar Diastereoselectivity (d.r.) % Yield
15a Ph >8:1 72
15b (p-Br)Ph >8:1 87
15¢ (p-Me)Ph 111 93
15d (o-Ch)Ph 14:1 92

Li et al. reported oxindole containing spiropyrazolonek6)( through DIPEA or squaramide catalyzed
diastereoselective Michael/alkylation cascade reastof arylidenepyrazolones with 3-chlorooxindo(&&heme-
10) [33].

(16)
Scheme-10. Synthesis of oxindole containing spiro@zolones: (a) DIPEA (100 mol%), CHCI,, r.t. 12-36h or squaramide (5 mol%),
K2CO;3 (100 mol%), CH:CN
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Tu et al. synthesized arylidene pyrazolonég)(and C-tethered bispyrazol-5-ols8] from acetylenedicarboxylates,
phenylhydrazine and aryl aldehydes using multicomemb domino reactions with yield 75-92%cheme-1)[34].

Ph\ O
N
() / Ar
COOR (17), R = Alky
COOR

|| + PhNHNH, + Ar-CHO —]
Ph_ OHHO Ph

/
N
COOR (b) /N
Na

\
_N (18), R=Akyl

Coor”"  COOR

Scheme-11. Synthesis of bispyrazolone and bispyrd#eol: (a) and (b) AcOH, MW or rt, 10 min

Khloya et al. reported the synthesis dfi-aryl 4-aryledine pyrazolonesl9) from phenyl hydrazine, 4-
pyrazolaldehyde and-arylpyrazolone via Knovenagel condensatiSnleme-12[35]. The compounds were found
to be active against Gram-positivg gubtilis andS. aureus), Gram-negativeR. fluorescens andE. coli) bacteria as

well as pathogenic fungC{ albicans andS. cerevisiae) with MIC 0.4-400ug/ml.

HNOLS H,NO,S

N
/
CHO N/N o
)\j
(19), R = H, Me, OMe, F, Br, CI, NQ
d 4 R,=H, SONH,

Scheme-12. Synthesis &-aryl 4-aryledine pyrazolones (19): (a) BN, EtOH, reflux

Earlier studies have been reported that halogemateazolones are useful synthetic intermediatesymthesis of
dyes [36] fused- and spiro-heterocyclic compourd¥s B8]. Brominated pyrazolones can be synthesiwaty Be-
acetic acid, Brwater andN-bromosuccinimide (NBS) [39-41]. Huamgal. synthesized di-bromopyrazolong)
using pyrazolone or hydroxypyrazolones &ktlromobenzamide with product yietd90% Scheme-13[42].

OH
R~ N\ N 7 0
B
N= r
PhCONHBr R~y Br
o Ph \
THF, rt N=—
R\N Ph
\ (20); R =H, Ph, Pyridyl, Isoquinolinyl etc.
N=— -
Ph

Scheme-13. Synthesis of dibromopyrazolones (20)

Ziarati et al. reported a novel green method for synthesidNafrylpyrazolones 1) using Cul nanoparticles
catalyzed four-component reaction under sonicattcheme-13 [43]. Under optimized reaction conditions the

yield of product was found to be 86-93%.
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HO

: N CHO OH
Rl—l + |
< i (21)

R1= H, o-Cl, o-Me, o-NOz, p-Cl, p-Br, p-Me, p-NO2
R,=H,p-Cl

Scheme-14. Four-component synthesis of pyrazolonda) EtOH/HO, ultrasound irradiation, rt, 35-40 min

He et al. reported enantioselective synthesis ppbenzoquinone substituted pyrazolon&®) (using cinchona
alkaloid, quinine, catalyzed Michael addition/oxida reaction with yield up to72% (99% e&cheme-1544].

2 R

R, = Me, Ph, p-BrPh, p-MePh, 2-Naphthyl, 2-Thieny!
R, = Et, Allyl, Propargyl, Bn, p-F)Bn, (p-Me)Bn,
(p-MeO)Bn, (p-CFyBn, 2-Thienylmethyl

Scheme-15. Synthesis of benzoquinone substitutedragolones: (a) Quinine (2 mol %), DCE, 238C, 24 h

Mazimbaet al. reported synthesis of fused-ring pyrazolonz3 from ethyl 2-oxocyclohex-3-enecarboxylate and
hydrazine hydrate in the presence of a base wikhd yi0-78% $cheme-15 [45]. These compounds have been
shown good antimicrobial activity againBt subtilis andC. albicans with MIC values of 0.313-1.2hg/ml. The
compounds witlp-OH group were found to exhibit good antioxidams &on metal chelating properties.

N—/—NH

o o0 |
I b; S b; :
23
NO, S

2

Scheme-16. Synthesis of fused-ring pyrazolone (23%) NH,NH,.H,O, Base

In a study Trippieret al. reported that pyrazolone24 and 25) have therapeutic potential in amyotrophic lateral
sclerosis (ALS) through activation of proteasomthpay [46]. On biological evaluation, compoud was found
to be highly potent against ALS with E{D.07uM.

HN——NH HN——NH
A o N o
jol O
Cl 7
24 (CMB-3299) 25 (CMB-087229)

Figure-3. Structures of Anti-ALS pyrazolones (24, 3)
Patelet al. have been synthesized the substituted pyraz@ehtiylidene fused ring adduct of 1-(phenyl(piparidi

yl)methyl)urea/thioureaScheme-17 [47]. Both compounds2Ga and26b) have been shown synergistic effect on
CNS depression with diazepam at a dose of 0.5 mg/kg
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NH,,
X7 NH
P N Ph
T ° 1 O >= H
(@) (b) [ Ph. _N —No _N_ _N
HN / —>Ph)\\N\ / —bp N N —‘N>— \n/ \r
N N / ~ X  Ph
PH PH N
PK (26) & X =0
b; X=S

Scheme-17. Synthesis of pyrazolo-triazinylidene demtives (26a-b)

Yang et al. reported synthesis of chiral 4-aminopyrazolon&s) (from corresponding pyrazolones and

azodicarboxylates using,N'-dioxide gadolinium(lll) complex (L-Gd(OT$) catalyzed asymmetria-amination
(Scheme-13[48].

o] o 5
COR 2
Ph— R, / ORs @ Ph— HN—CO,R,
= N~ Y,
\ N—/N _— \ “ty
N= + / N= N
R, R40,C R, COR;

SRV
- Oﬁ\\\\“‘ N"\/\/ﬁ "'////( o
~ H - NO

1 On
1Qhe

NS, -~
o

Scheme-18. Asymmetric synthesis of 4-aminopyrazoles (27): (a) L-Gd(OTf}, (0.05 or 1 mol%), 4A MS, DCM, -2C°C

Earlier, Liu et al. reported novel pyrazolone derivatived] as selective and highly potent orally actiwdet
inhibitors [49]. The receptor tyrosine kinaseMet, is known as an important target for anticanagents.
Compound28 (AMG458) showed most favorableMet based anticancer profile among the tested ocomgbs.

Synthesis 0f28 was done by coupling of 4-quinolinyloxy 2-pyridinae moiety with a pyrazolone nucleus
(Scheme-1%.

Me N

Scheme-19. Synthesis of AMG458: (a) BhCOCI, Ca(OH)ioxane (b) 1,1-dimethyloxirane, AlMg, chlorobenzene (c) K Pd/C, MeOH
(d) HATU, (iPr),EtN, DMF, 60 °C

In a study, Agejas and Ortega reported two stepthegis of spiropyrazolones29) from 3-benzoyl-1-

phenylpiperidin-2-ones using iodine-mediated oxidaiC-N bond formation with yield of 47-93%&¢heme-2D
[50].
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(29)
X=C,0;
Ar ;= Ph,o/m/p-MePh,p-MeOPh,p-CIPh, p-
CF4Ph,p-CNPh;
Ar, = Et, o-MePh, m-BrPh, p-CNPh, p-MeOPh,
2-thienyl, 4-pyridyl;
Ry=H, Ph,Bn
Scheme-20. Synthesis of spiropyrazolones (29): @NHNH ,.H,O/HCI/ 2HCI, EtOH, 75-90 °C, overnight (b) b, AgOTf, 0 °C, Stirring,
30-60 min

Earlier, Liu et al. have also reported asymmetric synthesis of pylire+2-thione-spiropyrazoloneg8d) from
benzylidene pyrazolones via an organocatalytic iétteyclization sequenc&¢heme-2). The reaction afforded
spiropyrazolones containing three contiguous stgeim centers with high levels of diastereo- and
enantioselectivity (up to 20:1 dr and 99 % ee) [51]

S O
o) _Ph
_Ph NN
N o (@) . AN
— | + R4CH,CO-N=C=S — Ry ™ 7 %
=N \\ = V
Rz R, R
Ry (30)

§ 7 Cat.

Scheme-21. Synthesis of pyrrolidine-2-thione-spirgpazolones (30): (a) Cat. (15 mol %), DCM, r.t

Hadi et al. have been reported dialkoxybenzylidene pyrazol¢@&sas potent HIV-1 integrase inhibitorSgheme-
22) [52]. The SAR analysis indicated that compoundts wubstituents R= 3,5-dichlorophenyl substituent @&=
12+1 uM), R, = 3(4-fluorobenzyl) 4-methoxy benzylidene ¢G 11+1 uM) and R = carboxylate (1 = 193
UM) having higher potency than other in strand tfanassay.

R, Ry
HN
@ / \ (b) N=
RINHNH,HCl ——— 7 N/
Ry Rl/ NS
(0] le} R2

31
R;=Aryl; R,= Benzylidene; R= Me, Et, Ck, COOH

Scheme-22. Synthesis of dialkoxybenzylidene pyrapoles (31): (a) RCOCH,CO,Me, EtOH/AcOH/K ,CO5-EtOH, reflux (b) R,.CHO,
H0, reflux or LIOH, MeOH/THF/H ,0

Bao et al. have been reported chiral synthesis of oxindokepylones 2) from N-phenylpyrazolones and isatin-
derivedN-Boc ketimines with excellent yield (92-95 %) amhatioselectivity (59-99 % eep¢heme-23 [53].
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Ph
\
N
N-Boc o)
_Ph
N N (a)
B o + (N @,
—
N
Rl/ \
R2 Rl
CF;
FiC 0
HN OOMe
NH
\ AN
—{ N H | _N
Cat.

Scheme-23. Synthesis of oxindole-pyrazolones (3@) i. Cat. (0.5 mol %), DCM, 25°C, ii. NFSI, K,CO3, DCM, 25°C or NCS/NBS 25°C
or N-phenylthiophthalimide, K,COs;, 25°C

Parekhet al. synthesized heterocyclic-fused-pyrazolor&3atj) from nitroalkenes and pyrazolo esters via DABCO-
catalyzed Michael addition and reductive ring algsstrategy with yield of 74-92%&¢heme-2%[54].

COEt

b
H (b) & (c)

\
(33) Ry

a; R;=Ph, R=H Ry=Ph, n =0
; Ri=(p-MeQ)Ph, R=H, Ry=Ph, n =0
¢; R=(p-MeCO,)Ph, R=H, R=Ph, n =0
; Ri=n-Pr, R=H, R;=Ph, n =0
R,=2-Thienyl, R=H, R=Ph, n =0
R,;=Ph, R=Me, Ry=Ph, n =0
R,=R;~1,2-Naphtho, RB=Ph, n =0
; Ri=Ph, R=H, R;=Me, n =0
; Ri=Ph, R=H, Rg=Ph, n =1
j; R;=R,=1,2-Naphtho, B=Ph, n =1

f

b
d’
€
9
h
i.

Scheme-24. Synthesis of heterocyclic-fused-pyrazoks (33a-j): (a) DABCO, DCM, r.t., 4h, (b) Zn, AcOH .., 2 h, (c) Toluene : AcOH
(3:2), 120°C, 24 h

Ma et al. have been reported synthesisNoaryl benzylidenepyrazolon84) using SiQ/Al,O; under solvent free
microwave assisted conditions with 80-81% yielghafduct [55].

Me Me

AN N
N

E /

(0] O MeO CHO O,N NHNH,, N
NO
(a) 2
+ + EEEm——
Me OEt
EtO (34)

Scheme-25. Synthesis &-aryl benzylidenepyrazolone (34): (a) SigAl,Os, Solvent free, MW, 420W, 10 min
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CONCLUSION

The pyrazolone is an important heterocylic skeletwat can be modified into variety of derivativé€razolone

derivatives have wide scope of application, inahgdbiological activities. Several strategies hagerbdeveloped to
synthesize the pyrazolone derivatives for differprdposes. Here, several synthetic strategies eseribed for

development of pyrazolone derivatives along witsirthio-activities. This paper will help to desigavel synthetic

schemes and novel pyrazolones for their possilol@application.
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