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that the molecules having nitrogen bearing heterocyclic nuclei clearly exhibit several biological actions.
Commercially available pyrazolone derivatives as drugs, analgin and metamizol are an established
chemical class of analgesics. Recent trends of synthetic routes and several biological actions of antipyrine
analogues are considered in this review. Indeed, the synthesized derivatives possess antipyrine moiety
having versatile biological properties, antimicrobial, antitubercular, anthelmintic, antioxidant, analgesic,
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1. Introduction

Pyrazole, a five-membered unsaturated heterocyclic ring, con-
tains nitrogen 1, 2 positions (Fig. 1). It occupies as an important
place in medicinal chemistry and its derivatives are known having a
wide range of biological actions namely, antimicrobial [1—3], anti-
cancer [4], anti-inflammatory [5,6], antidepressant [7], anticon-
vulsant [8] and antipyretic [9] mainly due to substituted at C-4
position of the pyrazole ring; some derivatives have inhibitory ac-
tions on selected enzymes [10]. On computational analysis, it was
discernible that pyrazole-based ligands have displayed with com-
plex and coordinating behaviour with transitional metals [11]. The
objective of the work is to focus on published synthetic and bio-
logical aspects of antipyrine analogues and to compile a review
report regarding conjugation and alteration of their structure
which could be benefited for new drug development. Outline of
synthetic routes, schematic drug design and related information on
biological activities of antipyrine derivatives are discussed.

Antipyrine (1,2-dihydro-1,5-dimethyl-2-phenylpyrazole-3-one)
with the pyrazole heterocyclic ring with ketone in structure is
known as a non-steriodal anti-inflammatory drug (NSAID) (Fig. 2).

@N‘—’ @N‘—’@NH @NH'_’QN
N N N N

Fig. 1. Tautomeric structures of pyrazole.

In 1887, the molecule first investigated experimentally by Ludwig
Knorr [12]. Furthermore, the above cited pharmacological proper-
ties of antipyrine were ascertained by several works [13—18].
Apart from use for relieving pain, inflammation and fever, it is
used for evaluation of therapeutic activities of other drugs, through
inhibition of metabolizing enzymes in liver [19]. These heterocyclic
compounds are used as precursors for synthesis of novel hybrid
molecules with critical biological activities [20,21]. The pyrazole
structure of antipyrine in any derivative synthesized with both
pyrazole nucleus and antipyrine moiety in structure render one or
other potent pharmacological action. Blithely, this rationalisation
helped researchers to explore a range of antipyrine derivatives in
last decades for use of the synthesized molecules with a range of
biological activities [22—24]. Some molecules remain effective as
biomarkers in the experimental studies of metabolism of drugs in
the body [25]. Moreover, demethylated hydroxylated metabolites
of antipyrine were reported to have a positive correlation with
plasma fibronectin level in monitoring patients with hepatic

Fig. 2. Chemical structure of Antipyrine.
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diseases [26]. Metals coordinated with organic compounds have
been found the drastic change in biological action in comparison to
their ligands and also the metals [27—29]. The metal complexes of
antipyrine have been reported with interesting biological activity
[30—32].

1.1. Chemistry in a nutshell

Antipyrine 4 can be synthesized by mixing of phenylhydrazine 1
and ethyl acetoacetate 2 under condesation for an intermediate
product 3, which by further methylation in dimethyl sulphate or
methyl iodide in acetonitrile. The resulting product was re-
crystallized to produce needle shaped crystals of antipyrine with
melting point 156 °C (Scheme 1) [33,34].

2. Synthesis and biological activities of the antipyrine
analogues

The broad spectrum biological activities of antipyrine analogues
may be classified on basis of literature with the following several
actions: 1. antioxidant (free radical scavenging) 2. antimicrobial 3.
analgesic 4. anti-inflammatory 5. cytotoxic activity 6. anthelmintic
action 7. antitubercular 8. antiviral.

3. Antioxidant activity

The research on antioxidant action has been started since
nineteenth century [35]; the generation of free radical within the
body system as well as due to environmental pollution causes
oxidative stress and leads to various diseases such as, atheroscle-
rosis [36], respiratory disease [37], cancer [38], liver injury [39],
CNS disorders [40,41] cardiovascular diseases [42,43]. As against
free radicals, a living system has its own immunity, this may not be
sufficient to quench the requirements for which a demand for
supplementary antioxidants is always there. Synthetic antioxidants
in combination with dietary ones can help to prevent the diseases
related to oxidative stress [44] Synthetic antioxidants were often
observed to be more effective than natural antioxidating com-
pounds [45].

3.1. Synthesis and antioxidant action of 3-heteroaryl/arylazo 4-
hydroxy coumarin bearing antipyrinyl ring

A series of 3-heteroaryl/arylazo-4-hydroxy coumarin (4-HC) 4a-
4j analogues was synthesized by azo coupling reaction (Scheme 2)
and the analogues were evaluated for in vitro radical scavenging
activity by using 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay
method. The diazonium salts of primary aromatic amines 2a-2j,

CHs
1 2

@ »1 CHsl/CH3CN
NaHCO3

3

CH;
NH 0 0
[j T - @
o
H

coupled with the 4-hydroxy coumarin 3 the desired molecules
were obtained. The 2-methoxy phenyl, 4-carboxy phenyl, 3-nitro
phenyl, 2-thiazolyl, 2-pyridyl, 1,2,4-triazol-3-yl, 4-antipyrinyl- and
2-benzothiazolyl diazenyl substitution in 4-hydroxy coumarin an-
alogues were subjected for evaluation of their antioxidant activity.
The 4-diazenyl antipyrine conjugated 4-hydroxy coumarin mole-
cule had ICsp at the lowest concentration 9 + 0.87 pg/mL, in com-
parison to other synthesized analogues, whereas the standard
butylated hydroxytoluene (BHT) had at IC5g 32 + 0.4 ug/mL The
inhibition of free radical in compound, which may be comes good
results due to attachment of 4-diazenyl antipyrine at C-3 position of
4-hydroxy coumarin(4-HC) in compound 4d. In other hands, the
hybrid molecule possesses both enolic —OH system and heterocy-
clic nitrogen bearing pyrazolone nucleus may be responsible for
exhibiting a satisfactory radical scavenging activity [46].

3.2. Synthesis and antioxidant action of 5-heteroaryl/arylazo 8-
hydroxy quinoline bearing antipyrinyl ring

In another study (Scheme 3), a series of eight numbers of 5-
heteroaryl/arylazo-8-hydroxyquinoline (8-HQ) analogues 4a-4h
had been synthesized by coupling of diazotised primary aromatic
amines 2a-2h with 8-hydroxyquinoline 3 under mild conditions.
The obtained products were re-crystallized from ethanol. The
radical scavenging activity of the synthesized 8-quinol derivatives
were evaluated by in-vitro DPPH assay method, out of which syn-
thesized molecules, the compounds 4-((8-hydroxyquinolin-5-yl)
diazenyl)-N-(5-methylisoxazol-3-yl) benzene sulphonamide (4c),
5-((2-methoxyphenyl) diazenyl) quinolin-8-ol (4d), 4-((8-
hydroxyquinolin-5-yl) diazenyl)-1, 5-dimethyl-2-phenyl-1H-pyr-
azol-3(2H)-one (4h) and standard butylated hydroxytoluene (BHT)
were reported with IC5g value at levels of 52 + 1.13, 72 + 14,
36 + 0.56, 46 + 0.98 and 31 + 0.07 ug/mL, respectively. However, it
was found that the antipyrinyl diazenyl analogue was reported
with potential free radical scavenging effect among other mole-
cules, and slightly chemical modification of the molecule may give
better antioxidant activity in comparison to the standard. Structural
hybridization of 4-aminoantipyrine with 8-hydroxy quinoline
through azocoupling at its C-5 position may indicate the presence
of phenolic —OH group as well as, nitrogen bearing heterocyclic
quinoline nucleus in the concerned structure for exhibiting the
reported excellent antioxidant activity [47].

3.3. Synthesis and antioxidant action of 4-(4-aryl.
subst.benzylideneamino)-2, 3-dimethyl-1-phenyl-1,2-dihydro
pyrazol-5-one

A series of antipyrine schiff base analogues 3a-3g were

O
_ CHlCHCN
ate
NaHCO4 NT>cH
H;C

4

Q >\1 CH3l/CH3;0H @ >1
CH, 11500 5h

Scheme 1. Synthesis of antipyrine.
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Scheme 2. Synthesis of 3-heteroaryl/arylazo 4-hydroxy coumarin bearing antipyrinyl ring.

R-NH,
oH NaNO,/HCI oH N
\ 0-5°C X
N
%
P . RN=Ngl Buffer
N
5 2a-2h N
R 4a-4h

R= Benzenesulfonamido- (4a); 2-sulfanic-(4b); N-(5-methyl isoxazolyl benzosulfamido)- (4c);
2-methoxy phenyl- (4d); 4-bromo 3-methyl phenyl- (4e) ; 2-methyl phenyl- (4f); 4-phenyl thiazol-

2-yl (49); 4-antipyrinyl-(4h)

Scheme 3. Synthesis of 5-heteroaryl/arylazo 8-hydroxy quinoline bearing antipyrinyl ring.

synthesized by the Grinding method (Scheme-4). Using a mortar
and pestle, solid carbonyls were ground to fine particles and further
4-aminoantipyrine was poured and ground up to 30 min at room
temperature without any solvent. The free radical scavenging ac-
tivity of the resulting molecules was monitored by DPPH assay
method. Indeed, incorporation of electron releasing groups to
benzylidene ring of the 4-aminoantipyrine schiff base analogues
(Z)-4-(4-hydroxy-3-methoxybenzylideneamino)-2, 3-dimethyl-1-
phenyl-1,2-dihydro = pyrazol-5-one  (3b) and (Z)-4-(4-
dimethylamino) benzylideneamino)-2,3-dimethyl-1-phenyl-1-2-
dihydro pyrazol-5-one (3g) were responsible for the antioxidant
action. The recorded ICsg values showed by the said compounds are
1.13 and 2.4 ug/mL, respectively. Conjugation of 4-aminoantipyrine
with several carbonyl compounds to produce schiff base analogues
could produce compounds with potent radical scavenging action
[48].

o

N R
\ +
N- 2
H2N NS CH3

CHj3

3.4. Synthesis and antioxidant action of heteroaryl/arylazo benzene
1,3-diol bearing antipyrinyl moiety

A series of benzene-1,3-diol analogues, 4a-4f were synthesized
by coupling of benzene 1,3-diol 3 with diazotised aryl and hetero-
aryl amines 2a-2f in the mild condition (Scheme 5). The free radical
scavenging activity of synthesized novel benzene-1,3-diol ana-
logues were monitored by DPPH method. All these molecules had
satisfactory levels of scavenging activity when compared to BHT.
The analogues 4-((4-hydroxyphenyl) diazenyl) benzene-1, 3-diol
(4b) and 4-((2, 4-dihydroxyphenyl) diazenyl)-1, 5-dimethyl-2-
phenyl-1H-pyrazol-3(2H)-one (4e) had ICsp values at levels of
38 + 1.4 and 48 + 0.89 pg/mL, respectively; whereas the IC5g value
of the standard BHT was 32 + 0.80 pg/mL. The 4-aminoantipyrine
conjugated with benzene-1,3-diol analogue (4e) had significant
ICsp value 79.97% at 70 pg/mL, in comparison to standard BHT. The
study revealed that the presence of pyrazolone nucleus and the
increased numbers of hydroxyl group of resorcinol associated with

o 3

N

\

R
—_ C

RZ/ \\N NS N\CH3

A

CHj;
3a-3g

R,=H, Ry=phenyl 3a-,4-hydroxy-3-methoxy phenyl-3b, 2-nitrophenyl-3c,
2-hydoxyphenyl-3d, 3-nitrophenyl-3e, 4-nitrophenyl-3f, 4-dimethylamino phenyl-3g

Scheme 4. Synthesis of 4-(4-aryl. subst.benzylideneamino)-2, 3-dimethyl-1-phenyl-1,2-dihydro pyrazol-5-one.
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Scheme 5. Synthesis of Heteroaryl/arylazo benzene 1,3-diol bearing antiprinyl ring.

negative inductive effect of these groups in compound 4-((2, 4-
dihydroxyphenyl) diazenyl)-1, 5-dimethyl-2-phenyl-1H-pyrazol-
3(2H)-one (4e) that may be responsible for enhancing the antiox-
idant activity [49].

3.5. Synthesis and antioxidant action of 5-heteroaryl/arylazo
salicylic acid bearing antipyrinyl ring

A series of azo salicylic acid, 4a-4h congeners were synthesized
by coupling of salicylic acid 3 with diazotised primary aryl and
heteroaryl amines 2a-2h in mild condition. The antioxidant activity
of selected molecules out of the newly synthesized azo salicylic acid
congeners (Scheme 6) was monitored by in-vitro assay method. The
radical scavenging activity of the synthesized analogues was
compared with standard BHT. All these compounds had potential
scavenging activity, whereas the 4-amino antipyrine conjugated
salicylic acid via, azocoupled reaction the analogue 5-((1,5-
dimethyl-3-ox0-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)azo)-2-
hydroxybenzoic acid (4f) had significant IC5 value (p < 0.05) at
60 pg/mL. However, the ICs9 value showed by the antipyrinyl
bearing salicylic acid analogue (4f) was 37.3 + 0.02 pug/mL, among
other salicylic acid analogues. The structural presence of phenolic
—OH and attachment of pyrazolone moiety in the derived

compound (4f) may attribute for showing potential antioxidant
activity [50].

3.6. Synthesis and antioxidant action of 4-aminoantipyrin-
furfuraldehyde schiff base bearing antiprinyl ring and transitional
complexes

Moreover, 4-aminoantipyrine-furfuraldehyde schiff base 3 was
synthesized by condensation of 4-amino antipyrine with ethanolic
solution of furan 2-carboxaldehyde in glacial acetic acid medium.
These intermediate product 3 was further treated with aniline
derivatives to produce ligand (L) bearing 3,4-bis azomethine
compounds 4a-4c, which act as a source of electron donor and
these liberated products give moderate yield that are capable to
complexing with copper(Il) acetate in the presence of ethanol to
produce complexes, 3,4-bis azomethine antipyinyl of copper (CuL?)
(Scheme 7).

The antioxidant action of the synthesized complexes was
monitored with superoxide dismutase (SOD) reducing power assay
method, using DMSO as the source of superoxide radical (Oz) and
nitrobluetetrazolium (NBT) as O3 scavenger. All complexes had
comparatively higher SOD activity among which CuL?(OAc), had
the activity with ICsg value 98 mol/dm. From the reducing power

R-NH,
NaNOy/HCI
0-5°C N’R
OH 1
N
° +  R-N=N-Cl —»NaOH
_N=N-
OH HO
3 2a-2h
07 "OH

4a-4h

/p //O
R= —5@3\8NH2(4a+§@s\\—0H (4b),—§@NOz (4c), %QOCHS (4d),
o)

3

HiC_ N
g@m (4e), ‘QT\(NO (4f) —E@—COOH (49)

0

é(?
=N

0}

TNy @n)

Scheme 6. Synthesis of 5-heteroaryl/arylazo salicylic acid bearing antipyrinyl moiety.
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Scheme 7. Synthesis of 4-aminoantipyrin-furfuraldehyde schiff base bearing anti-
pyrinyl moiety and transitional complexes.

HsC  cH
N
CattsOH _ N
x N\CH3 N

Scheme 8. Synthesis of 4-aminoantipyrin-benzaldehyde schiff base bearing
antipyrinyl.

assay, it could be suggested that the complex CuL*(OAc), executed
less reducing power with a greater antioxidant ability [51].

3.7. Synthesis and antioxidant action of 4-aminoantipyrin-
benzaldehyde schiff base bearing antipyrinyl ring

The (E)-4-|benzylideneamino]-1,5-dimethyl-2-phenyl-1H-pyr-
azol-3(2H)-one 3 was synthesized, by adding anhydrous ethanolic
solution of 4-amino antipyrine 1 to benzaldehyde and the mixture
was refluxed. The obtained precipitate product was re-crystallized
from ethanol (Scheme 8). The free radical scavenging activity of the
ligand was monitored by DPPH assay method and compare with

; NaNO,/HGI N
HZNi(N‘CHs ZNK(N ~CHj

CH CH3

O

5a-5b
X = OCHj, Cl

OHCO—X HoN N
HN)j/N\\N xN-CH,
-— \
-

HSCH,COOH CH,

the standard ascorbic acid. The antioxidant activity of the ligand
reported with ICsq at the level, 31.26 uM. From the Mulliken charges
(e) for the ligand, it was suggested that the carbons of two methyl
groups, C11 (—0.584) and —C7—(-0.394) bear a high electron den-
sity and may produce proton free radicals to neutralize the DPPH.
Additionally, the nitrogen bearing pyrazolone heterocyclic moiety
also had exhibited free radical scavenging activity [52].

3.8. Synthesis and antioxidant action of antipyrinyl clubed with
thiazolidinone and pyrazole

A series of novel schiff base antipyrine derivatives was synthe-
sized (Scheme 9). A mixture of concentrated solution of HCI and
water were added to 4-aminoantipyrine and further diazotised
with sodium nitrite and obtained product 1, which further was
added to ethanolic solution of sodium acetate and 3-
iminobutanenitrile 2; the mixture was stirred and N-(1,5-
dimethyl-3-o0xo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)-2-
iminopropane-hydrazonoyl cyanide 3 was obtained. To the diox-
anic solution of intermediate product 3, was added in hydrazine
hydrate solution and refluxed to obtain 4-((3-amino-5-methyl-1H-
pyrazol-4-yl) diazenyl)-1, 5-dimethyl-2-phenyl-1H-pyrazol-3(2H)-
one 4. The target compound 4-((3-(2-(4-methoxyphenyl)-4-
oxothiazolidin-3-yl)-5-methyl-1H-pyrazol-4-yl)diazenyl)-2,3-
dimethyl-1-phenyl-1,2-dihydropyrazol-5-one 5a and 4-((3-(2-(4-
chlorophenyl)-4-oxothiazolidin-3-yl)-5-methyl-1H-pyrazol-4-yl)
diazenyl)-2,3-dimethyl-1-phenyl-1,2-dihydropyrazol-5-one 5b
were further obtained by refluxing the dimethyl formamide (DMF)
made solution of an intermediate 4 with 4-methoxybenzaldehyde,
4-chlorobenzaldehyde and 2-mercaptoacetic acid. The activity of
these compounds was investigated from the bleaching action of
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic ~ acid  (ABTS)
derived radical cations. Ascorbic acid was used as the standard.
Started. The compounds, commonly the pyrazolone moiety con-
nected with 2-iminopropane hydrazonoyl cyanide in 3, 3-amino-5-
methyl pyrazole 4 and substiuted aryl thiazolidinone-pyrazole
moiety 5a-5b had good to moderate antioxidant activities [53].

4. Antimicrobial activity

Multidrug resistance is a commonplace event in clinics during
the treatment with the existing antibiotics; consequently, serious
health problems creep into in community and hospitals. Indeed,
antimicrobials remain effective against pathogenic microorganisms

NH,NH, H,0

dioxane Q
(0]

CH3
4

Scheme 9. Synthesis of antipyrinyl clubed with thiazolidinone and pyrazole.
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for a limited period till pathogens evolve drug resistant forms [54].
Thus, additions of new antimicrobials or chemical modifications of
obsolete ones are the need of the hour in clinics against the
plethora of drug resistant pathogens, bacteria and fungi.

4.1. Synthesis and antimicrobial action of 4-aminoantipyrin-
furfuraldehyde schiff base and their transitional complexes

A series of copper complexes was synthesized from schiff base
(3,4-bis azomethine) compunds, 4a-4c derived from furfurlylidene-
4-aminoantipyrine and aniline, p-nitroaniline and p-hydroxyani-
line, respectively (Scheme 7). The in vitro lethal concentration50
(LCs0) value of these compounds were determined against bacterial
pathogens, S. aureus, E.coli, K. pneumoniae, P. vulgaris and
P. aeruginosa, and pathogenic fungi, A. niger, R. stolonifer, A. flavus,
Rhizoctonia bataicola and C. albicans, within a concentration range
of 25—200 pg/mL with some standard antibiotic/antifungal agent. It
was observed that all the ligands and with their complexes bearing
antipyrinyl moiety had the MIC at a level of 16—72 ug/mL for bac-
terial strains and 6—80 pg/mL for fungal strains used; which may be
due to in the structure the incorporation of pyrazolone in all the
synthesized molecules [51].

4.2. Synthesis and antimicrobial activity of pyrazolyl bearing
naphyl sulfonates derivative

Sodium 6-(4,6-dichloro-1,3,5-triazin-2-ylamino)-8-((1-phenyl-
3-substituted-1H-pyrazol-4-yl)diazenyl)-7-hydroxynaphthalene-
2-sulfonates, 3a-3c¢ and sodium 5-(4,6-dichloro-1,3,5-triazin-2-
ylamino)-3-((1-phenyl-3-substituted-1H pyrazol-5-yl)diazenyl)-4-
hydroxynaphthalene-2,7-disulfonates, 5a-5¢ were synthesized by
dissolving sodium nitrite in sulphuric acid at a suitable condition
(Scheme 10). Furthermore, 5-amino-3-substituted-1-phenyl pyr-
azoles, 2a-2¢ were dissolved in hot glacial acetic acid on an ice bath

i.NaNO,/HCI

ii. Cyanuric acid

i.NaNO,/HCI

acid salt

ii.4-amino-5-hydroxy
napthalene 2,7-disulfonic

iii. cyanuric acid

and thereafter the mixture was transferred to nitrosylsulphuric
acid with portions was added and stirred to obtain the diazonium
salt. The resulting diazonium salt was added to the alkaline solution
of 6-(4,6-dichloro-1,3,5-triazin-2-ylamino)-7-
hydroxynaphthalene-2-sulfonic acid and 4-(4,6-dichloro-1,3,5-
triazin-2-ylamino)-5-hydroxynaphthalene-2,7-disulfonic acid. The
product was precipitated by the addition of solution of disodium
hydrogen phosphate and potassium dihydrogen phosphate with a
sufficient addition of sodium chloride. The obtained precipitates
were re-crystallized from ethanol for getting the desire final
products, 3a-3c¢ and 5a-5c¢. The compounds, 4-((5-(4, 6-dichloro-
1,3,5-triazin-2-ylamino)-1-phenyl-3-substituted-1H-pyrazol-4-yl)
diazenyl)benzensulfonic acids (7a-7c¢) and 2-((5-(4,6-dichloro-
1,3,5-triazin-2-ylamino)-1-phenyl-3-substituted-1H-pyrazol-4-yl)
diazenyl)benzoic acids (7d-7f) were synthesized by stirring the
mixture of cynuric chloride and 3-(subst.phenyl)-N-4-(4,6-
dichloro-1,3,5-triazin-2-yl)-1-phenyl-1H-pyrazole-4,5-diamine
6a-6¢; which further were reacted with diazotised anthranilic salts
in mild condition. The resulting obtained 7a-7f precipitated, and
those were washed with diethyl ether and were re-crystallized
from ethanol. The in vitro antimicrobial activity of synthesized
compounds were investigated against S. aureus, Serratia marces-
cens, Shigella dysenteriae, Enterobacter cloacae, E. coli and C. albicans
by the agar cup method. Compounds, 4-((5-(4,6-dichloro-1,3,5-
triazin-2-ylamino)-1,3-diphenyl-1H-pyrazol-4-yl)diazenyl)ben-
zensulfonic acid (7a), 4-((3-(4-chlorophenyl)-5-(4,6-dichloro-1,3,5-
triazin-2-ylamino)-1-phenyl-1H-pyrazol-4-yl)diazenyl) benzene-
sulfonic acid (7b), 4-((5-(4,6-Dichloro-1,3,5-triazin-2-ylamino)-1-
phenyl-3-ptolyl-1H-pyrazol-4-yl)diazenyl) benzenesulfonic acid
(7¢), 2-((5-(4,6-dichloro-1,3,5-triazin-2-ylamino)-1,3-diphenyl-
1H-pyrazol-4-yl)diazenyl)benzoic acid (7d) and 2-((5-(4,6-
dichloro-1,3,5-triazin-2-ylamino)-1-phenyl-3-ptolyl-1H-pyrazol-
4-yl)- diazenyl)benzoic acid (7f) had strong antimicrobial activity
against all the pathogenic bacterial strains included in the test; and

H OH N- N
N bl cl_N__N N, WR
WRII6-amino—7—hydroxy WI/ = O N
HoN napthalene sulfonic acid salt

HoN
2 NH N">NH OH N-
N \ N \\
c— °N N R
N= 6a-6¢ ONa
\\S S/
Cl 2 2,
" 0 bNa O// o
i ArN,ClI
5a-5¢
@N,N R
) R=H, Ry = 4-SO4H (7a);
Ny R=CI,Ry = 4-SO3H (7b);

i
T
2

R=CHj,R =2-COOH(Tf).

R1~\© NH R=CH3,R = 4-SO3H (7c);
N—( \R; = 2-COOH (7d);
c— N R=CI,R; = 2-COOH (7e);
N~
cl

7a-7f

Scheme 10. Synthesis of pyrazolyl bearing naphyl sulfonates derivative.
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the compounds 7a-7c¢ exhibited antifungal activity against
C. albicans, which may be due to the azo group in the pyrazole
moiety and sulphonic group [55].

4.3. Synthesis and antimicrobial activity of trisubstuted of pyrazole
derivatives

Some pyrazole derivatives were synthesized by Tiwari et al. [56],
as shown (Scheme 11). Compounds, 1-(3-(4-(1-(4-
substitutedphenyl)-3-morpholino propylaminophenyl)-5-(3/4-
substituted phenyl)-4,5-dihydro-1H-pyrazol-1-yl)ethanone 4a-4c
and 1-(3-(4-(3-(benzyl (methyl)amino)-1-(4-substituted phenyl)
propylamino)phenyl)-5-(3/4-substituted phenyl)-4,5-dihydro-1H-
pyrazol-1-yl) ethanone 4d-4e were synthesized by adding thionyl
chloride in benzene solution to 3-N- substituted amino-1-phenyl
propanol 2a-c, as indicated. The excess amount of thionyl chlo-
ride was removed by azeotropic distillation. The chloride de-
rivatives of 2a-c were mixed with 1—3(4-aminophenyl)-5-(3/4-
substituted phenyl)-4,5-dihydro-1H-pyrazol-1-yl) ethanone 3a-c
in ethanol and were refluxed. The obtained mixture was concen-
trated under reduced pressure and finally re-crystallized from
ethanol. The antimicrobial activity of novel synthesized pyrazole
derivatives 4a-e was monitored against several bacterial strains,
S. aureus, Bacillus subtilis, P. aeruginosa, E. coli, Klebisiella pneumo-
niae, fungal strains C. albicans, A. fumigatus, P. chrysogenum and the
helminth Trycophyton rubrum by disc diffusion method using
standard drugs, ciprofloxacin, ampicillin, gentamicin, fluconazole
and miconazole. All these pyrazole analogues had significant anti-
microbial activities. The compounds, 1-(3-(4-(3-(Benzyl(methyl)
amino)-1-(4-chloro phenyl)propylamino)phenyl)-5-(3-
nitrophenyl)-4,5-dihydro-1H-pyrazol-1-yl)ethanone (4d) and 1-
(3-(4-(3-(benzyl(methyl)amino)-1-(4-bromophenyl)propylamino)
phenyl)-5-(4-methoxyphenyl)-4,5-dihydro-1H-pyrazol-1-yl)etha-
none 4i had significant antibacterial activity against S. aureus, P.
aeruginosa and E. coli; which could be attributed to the presence of
electron withdrawing groups. The compounds 4d, 4i and 1-(3-(4-
(3-(benzyl(methyl)amino)-1-(4-bromophenyl)propylamino)
phenyl)-5-(3-nitrophenyl)-4,5-dihydro-1H-pyrazol-1-yl)ethanone
4g had promising antifungal activity against A. fumigates and

R« .R
SN2

P. chrysogenum [56].

4.4. Synthesis and antimicrobial action of schiff base of antipyrin
derivatives

A compound of 4-amino antipyrine analogues, (E)-4-(2-
methoxybenzylideneamino)-1,5-dimethyl-2-phenyl-1H-pyrazol-
3(2H)-one 3 was prepared by mixing 4-amino-1,5-dimethyl-2-
phenyl pyrazol-3-one 1 with anhydrous ethanolic solution of 2-
methoxy benzaldehyde 2. The obtained precipitates were purified
from ethanol (Scheme 12). The antimicrobial activities of the ob-
tained products were investigated by disc diffusion method against
B. cereus and S. typhimurium, Listeria monocytogenes, K. pneumoniae
and E. coli. The compound (E)-4-(2-Methoxybenzylideneamino)-
1,5-dimethyl-2-phenyl-1H-pyrazol-3(2H)-one 3 showed highest
activity against B. cereus (MIC = 12.5 pg/mL) and S. typhimurium
(MIC = 50 pg/mL). However, it had significant antibacterial activity
against Gram negative bacterial strains [57].

4.5. Synthesis and antibacterial action of metal complexes of
antipyrin-hydroxy nathoic acid

The diazonium salt of 4-aminoantipyrin 2 was coupled with 3-
hydroxy-2-napthoic acid 2 and to produce 4-((1,5-dimethyl-3-
oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)diazenyl)-3-hydroxy-
2-naphthoic acid 3. Furthermore, the azo ligand and respective
metals in the mixture of acetone and water in an equiproportion
were mixed together and refluxed individually to obtain the
respective metal complexes, 4a-4e (Scheme 13). The antipyrine
derived azo ligand 3 and the corresponding metal complexes were
monitored for antimicrobial activity against B. subtilis, S. aureus, E.
coli, P aeruginosa, fungi, C. albicans, Nigrospora sp. and A. niger by
the disc diffusion method. The results of the antimicrobial activity
of the synthesized ligand and their complexes revealed that the
Cu?* complex had significant antimicrobial activity against all the
used strains, may be due to the structural presence of antipyrine
nucleus [58] (see Scheme 14).

RZ\N,R1
i.NaHCOg, ethyl acetate
ii. NaBH4 CH30H HO
SOCl, l R
le) 2(a-c)
X

R/2 4(a-i)

R

R= CI, Ry and Ry= morpholinyl (1a);R= Cl, R4=CH3 R,= benzyl (1b);R= Br, R{=CHjz R,=
benzyl (1c);R'=3-nitro (3a),4-chloro(3b),4-methoxy(3c); R=CIl, R4=R,=morpholinyl,R'=3-

nitro(4a);R=Cl,

R1=R,=morpholinyl,R'=4-chloro(4b);R=ClI,

R1=Ry=morpholinyl,R'=4-

methoxy(4c);R=Cl, R4y=CH3 Ry=benzyl,R'=3-nitro(4d);R=CI, R4=methyl, R,=benzyl,R'=4-
chloro(4e),R=Cl, Ry=methyl, R,=benzyl,R'=methoxy(4f);R=Br, R{=methyl, R,=benzyl,R'=3-
nitro(4g);R=Br, Ry=methyl, R,=benzyl,R'=4-chloro(4h);R=Cl, Ry=methyl, R,=benzyl,R'=4-

methoxy/(4i)

Scheme 11. Synthesis of triasubstuted of pyrazole derivatives.
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Scheme 12. Synthesis of schiff base of antipyrine derivative.
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Scheme 13. Synthesis of metal complexes of antipyrin-hydroxy nathoic acid.
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Scheme 14. Synthesis of metal complexes of antipyrin-furfuryaldehyde and OPD.
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4.6. Synthesis and antibacterial actions of metal complexes of
antipyrin-schiffbase

A series of antipyrine was synthesized and subjected for eval-
uation of antibacterial activities against E. coli, Proteus mirabilis, S.
aureus and B. cereus by agar well diffusion method in comparison to
ceftriaxone as the standard (Scheme 4). All the synthesized 4-
amino antipyrine derived schiff bases (3a-3f) had potential anti-
bacterial activities against S. aureus, P. mirabilis, B. cereus and E. coli.
The bacterial susceptibility to (Z)-4-(2-hydroxybenzylideneamino)-
2, 3-dimethyl-1-phenyl-1-2-dihydropyrazol-5-one (3c), (Z)-4-(3-
nitrobenzylideneamino)-2, 3-dimethyl-1-phenyl-1-2-
dihydropyrazol-5-one (3d) (Fig. 3) may be due to inclusion of
benzylidene phenyl ring and nitro substituent with 4-
aminoantipyrine nucleus [48].

4.7. Synthesis and antibacterial action of metal complexes of
antipyrin-furfuryaldehyde and o-phenylenediamine

A new series of transition metal complexes of Mn(lIl), Co(II),
Ni(II), Cu(Il) and Zn(II) was synthesized from the schiff base ligand,
derived from 4-aminoantipyrine. The obtained precipitates were
recrystallized from ethanol. In this reaction an intermediate
schiffbase 2 was further added to the ethanolic solution of o-phe-
nylenediamine (OPD) and the mixture was refluxed and the prod-
ucts were recrystallized from ethanol. The obtained product
contained OPD-antipyrinyl-schiff base ligand 3 refluxed with
ethanolic solution of respective metal salts to obtain the corre-
sponding metal complexes 4a-4e (Schemel4). The antimicrobial
activity of the obtained molecules was investigated against
S. aureus, E. coli, B. subtilis and P. aeruginosa. The metal complexes
exhibited stronger antibacterial activity than the ligand that may be
due to the coordination of metals to an antipyrine derived schiff
base analogue [59].

4.8. Synthesis and antibacterial action of metal complexes of
antipyrin-thiophene 2,5-dicarbaldehyde

A new schiff base ligand (L) 4,4’-((1E,1’E)-(thiophene-2,5-
diylbis(methanylylidene))bis(azanylylidene))bis(1,5-dimethyl-2-
phenyl-1H-pyrazol-3(2H)-one) 3 was synthesized by adding etha-
nolic solution of thiophene 2,5-dicarboxaldehyde 2 to hot ethanolic
solution of 4-aminoantipyrine 1. The resulting mixture was
refluxed and obtained precipitates were washed with cold ethanol
to get an intermediate. Furthermore, the hot ethanolic solution of
the desired ligand mixing with ethanolic solution of the corre-
sponding metal salts (chloride, sulphate and nitrate of copper and
nickel) and the mixtures were refluxed to obtain the respective
metal complexes, 4a-4f (Scheme 15). The MIC of the synthesized
metals and their ligands were screened for antifungal properties
against Phoma sorghina, A. niger and F. oxysporum by serial dilution
assay procedure; bavistin was used as the standard antifungal. For
the synthesized products, the [Cu(L)SO4]: CuCygH26NgS206 had

(o)

N\
" LN_%
C=N
@ CHj3
X
3a-3f

X=4-OH,3-OCHj 3a; 2-NO, 3b; 2-OH 3c; 3-NO,3d; 4-NO, 3e; 4-N(CHy), 3f

Fig. 3. N-benzylideno substituted Antipyrine.

significant antifungal activity at a quite low concentration against
all the fungal strains included in the experiment may be due to the
binding of metal copper with antipyrine derived schiff base [60].

4.9. Synthesis and antibacterial action antipyrin-benzaldehyde
derivatives

In the present study, the schiff base analogues of 4-
aminoantipyrine (3a-3m) were synthesized as in Scheme-16. A
mixture of ethanolic solution of 4-amino-1,5-dimethyl-2-
phenylpyrazol-3-one 1 and substituted benzaldehyde 2a-2m was
refluxed and the obtained precipitates were re-crystallized from
ethanol. The obtained schiff base analogues of 4-aminoantipyrine
were subjected to evaluate their in vitro antibacterial activities
against S. aureus, Cronobacter sakazakii, Citrobacter freundii, Sal-
monella enterica, K. pneumoniae and E. coli by the disc diffusion
method. Nalidixic acid was used as positive control. The results
revealed that among the synthesized compounds, the compound
(E)-4-(4-methoxy-3-methylbenzylideneamino)-1,5-dimethyl-2-
phenyl-1H-pyrazol-3(2H)-one (3m) was the most potential com-
pound remains effective against K. pneumoniae, S. aureus, C. saka-
zakii and E. coli [61].

4.10. Synthesis and antibacterial action of metal complexes of
antipyrin -1-diazenyl napthol

Synthesis of antipyrinyl azo analogue 4-((2-
hydroxynaphthalen-1-yl) diazenyl)-1, 5-dimethyl-2-phenyl-1H-
pyrazol-3(2H)-one (3) was done (Sahoo et al. 2016) (Scheme 17).
Furthermore, the mixing of corresponding metal chlorides with
ethanol and water (1:1) was prepared and was added to the solu-
tion of antipyrine azoanalogue 3 in equal proportion and refluxed.
The obtained complexes precipitates were re-crystallized from
diethyl ether. The antimicrobial activity of the ligand 3 and the
synthesized metal complexes 3a-3c were investigated against
S. flexneri, B. circulans, S. mitis and S. aureus by agar well diffusion
method with Ampicillin was used as standard. The conjugated of
antipyrine  azo analogue, cobalt complex of 4-((2-
hydroxynaphthalen-1-yl) diazenyl)-1, 5-dimethyl-2-phenyl-1H-
pyrazol-3(2H)-one 4a exhibited a significant antimicrobial activity
[62].

4.11. Synthesis and antibacterial action of antipyrine derivative

A series of (E)-3-(subst.phenyldiazenyl)subst.benzaldehyde an-
alogues (4a-4f), 1,5-dimethyl-4-((E)-(subst.-3-((Z)-sub-
st.phenyldiazenyl)benzylidene )amino)-2-phenyl-1H-pyrazol-
3(2H)-one (6a-6f) was synthesized. These azo anil analogues were
prepared by the mixing 4-aminophenazone and anhydrous sodium
sulphate to the solution of azo benzaldehyde compounds with
dichloromethane (DCM) under microwave oven at 360 W for
different time intervals. The obtained azo anils were re-crystallized
from ethanol (Scheme 18). The novel azo anils were screened by
bacterial sensitivity filter paper disc method against Mesorhizobium
sp, Bacillus sp. and Pseudomonas sp. by using CRYEMA, nutrient agar
and King’s B media, respectively, while Ascochyta blight was tested
by using potato dextrose agar (PDA) media and Sacchromyces cer-
evisiae by filter paper disc method using glucose yeast extract
media to evaluate their antimicrobial activity. Streptomycin was
used as the standard drug. Due to antipyrinyl subsituted in com-
pound (6¢) 4-((E)-4-methoxy-3-((E)-(4-nitrophenyl)diazenyl)
benzylideneamino)-1,5-dimethyl-2-phenyl-1H-pyrazol-3(2H)-one
had antibacterial activity against Bacillus species [63].
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Scheme 15. Synthesis of metal complexes of antipyrin-thiophene 2,5-dicarbaldehyde.
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Scheme 16. Synthesis of antipyrin-benzaldehyde derivatives.

CHg OH OH 4.12. Synthesis and antibacterial action of azosalicylaldehyde
HZNfN’C'—h bearing antipyrinyl moiety
e O
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sized in Scheme 19 by Sahoo et al. on 2016. All the synthesized
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various diazonium salts at mild condition. The azo salicylaldehyde
analogues were screened to investigate their antimicrobial activity
against Escherichia coli, Salmonella enterica ser. typhi, Salmonella
Ethanol enterica typhimurium, Salmonella enterica paratyphi, Shigella flex-

OO CHy neri, P. aeruginosa, Vibrio cholera, K. pneumoniae, Bacillus circulans,
HsC N, Streptococcus mitis, S. aureus, B. subtilis by agar well diffusion
N=N / ﬁ I«N

o @ NaNO,/HCI
03 @ analogues were prepared by coupling of salicylaldehyde with
(N, Ni(It)

method; ampicillin was used as the reference antibiotic. The

W o NN o compound 5-((1, 5-dimethyl-3-oxo-2-phenyl-2,3- dihydro-1H-
©/N\ CHs pyrazol-4-yl)diazenyl)-2- hydroxybenzaldehyde (4g) remained

significantly effective against Salmonella enterica typhimurium

however it also showed good antibacterial activity against
da-4c P. aeruginosa, V. cholera, Bacillus circulans and S. aureus may be due

Scheme 17. Synthesis of metal complexes of antipyrin -1-diazenyl napthol. to the attachment of pyrazolone at C-5 position of salicylaldehyde

[64].
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Scheme 18. Synthesis of antipyrin derivatives.
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Scheme 19. Synthesis of azosalicylaldehyde bearing antipyrinyl moiety.

4.13. Synthesis and antibacterial action of metal complexes of 4-
aminoantipyrin-furfuraldehyde schiff base

A series of copper complexes synthesized from Schiff base (L)
derived from furfurlylidene-4-aminoantipyrine and aniline, p-
nitroaniline and 4-aminophenol, respectively (Scheme 7). The
in vitro minimum inhibition concentration of the investigated
compounds were determined against S. aureus, E. coli,
K. pneumoniae, Proteus vulgaris, P. aeruginosa, A. niger, Rhizopus
stolonifer, A. flavus, Rhizoctonia bataicola and C. albicans by serial
dilution method within a concentration range of 25—200 pg/mL
and compared to standard antibiotics. It was found that all the li-
gands with their complexes bearing antipyrinyl moiety had the MIC
at a concentration level of 16—72 pg/mL for bacterial strains and
6—80 pg/mL for fungal strains [51].

4.14. Synthesis and antibacterial action of antipyrinylazo subst.
dimedone

The attempt of coupling of diazonium salt of 4-aminoantipyrine

with dimedone to give 2,3-dimethyl-4-[2-(5,5-dimethyl-2,6-
dioxocyclohex-2-ylidene)-hydrazino]-5-oxo-1-phenylpyrazoline 3
by azo coupling reaction was pursued. Further, the hot solution of
2,3-dimethyl-4-[2-(5,5-dimethyl-2,6-dioxocyclohex-2-ylidend)-
hydrazino]-5-oxo-1-phenylpyrazoline 3 was treated with meth-
anolic solution of phenylhydrazine hydrochloride in presence of
acetic acid, sodium acetate and the mixture was refluxed to get 4-
{2-[2,6-bis(phenylhydrazono)-5,5-dimethylcyclohex-2-ylidene]
hydrazino}-2,3-dimethyl-5-oxo-1-phenylpyrazoline 4. The etha-
nolic solution of 2,3-dimethyl-4-[2-(5,5-dimethyl-2,6-
dioxocyclohex-2-ylidend)-hydrazino]-5-oxo-1-phenylpyrazoline
treated with mixture of hydroxylamine hydrochloride and sodium
acetate was refluxed to obtain 4-{2-[2,6-bis(hydroxyimino)-5,5-
dimethylcyclohex-2-ylidene]hydrazino}-2,3-dimethyl-5-o0xo-1-
phenylpyrazoline 5. The mixture of 2,3-dimethyl-4-[2-(5,5-
dimethyl-2,6-dioxocyclohex-2-ylidend)-hydrazino]-5-o0xo-1-
phenylpyrazoline 4 and hydroxylamine hydrochloride in acetic
anhydride was heated after re-crystallization the final product 4-
acetoxyimino-6,6-dimethyl-2-(2,3-dimethyl-1-phenylpyrazolin-5-
on-4-yl)-4,5,6,7-tetrahydrobenzo-[d] [1—3]triazole 7 was obtained
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by heating the mixture of product 6 and acetic anhydride (Scheme
20). The antimicrobial activity of antipyrine derivatives was eval-
uated against S. aureus, E. coli and C. albicans by agar diffusion
method. Ampicillin and clotrimazole was used as standard. The
compound 2,3-Dimethyl-4-[2-(5,5-dimethyl-2,6-dioxocyclohex-2-
ylidene)hydrazino]-5-oxo-1-phenylpyrazoline 3 showed better
antifungal activity against C. albicans than the standard control,
whereas the compound 2,3-dimethyl-4-[2-(5,5-dimethyl-2,6-
dioxocyclohex-2-ylidene)-hydrazino]-5-oxo-1-phenylpyrazoline 4,
4-{2-[2,6-Bis(hydroxyimino)-5,5-dimethylcyclohex-2-ylidene]
hydrazino}-2,3-dimethyl-5-oxo-1-phenylpyrazoline 5 and 4-
acetoxyimino-6,6-dimethyl-2-(2,3-dimethyl-1-phenylpyrazolin-5-
on-4-yl)-4,5,6,7-tetrahydrobenzo-[d] [ 1—3]triazole 7 had moderate
antibacterial activity against S. aureus [16].

4.15. Synthesis and antibacterial action of antipyrin schiff base by
without any solvent

Some antipyrine derivatives (2a, 2b, 2f, 2h and 2i) were syn-
thesized by a solvent free procedure by adding furfuraldehyde with
4-aminoantipyrine. Similarly, additional azomethines (2c, 2d, 2e
and 2g) were synthesized in the same way with a minimum
addition of ethanol (Scheme 21). Agar cup method was evaluated
for antimicrobial activity against S. aureus, P. vulgaris, P. aeruginosa
and E. coli. Ampicillin and Streptomycin were used as standard
drugs. The compounds 4-((benzylidineamino-2-yl) methyl-
eneamino)-1,2-dihydro-2,3-dimethyl-1-phenylpyrazol-5-one 2a,
4-((4-hydroxybenzylidineamino-2-yl)methyleneamino)-1,2-
dihydro-2,3-dimethyl-1-phenylpyrazol-5-one 2c¢ and (E)-4-(furan-
2-ylmethyleneamino)-1,5-dimethyl-2-phenyl-1H-pyrazol-3(2H)-
one 2i had a broad spectrum antibacterial activity may be due to
the hybridisation of 4-aminoantipyrine [65].
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Scheme 21. Synthesis of antipyrine Schiff base by without any solvent.

4.16. Synthesis and antibacterial action of metal complexes of bis-
schiff base of antipyrin-terepthaldehyde

The mixture of methanolic solution of 4-aminoantipyrine and 2-
hydroxybenzaldehyde was refluxed to synthesize the schiff base 1-
phenyl-2,3-dimethyl-4-(N-salicylidene)-3-pyrazolin-5-one 3a.
Similarly, a mixture of methanolic solution of 4-aminoantipyrine
and terephthalic aldehyde was refluxed to produce schiff base
bis(1-phenyl-2,3-dimethyl-3-pyrazolin-5-one-4-imino)  tereph-
thalic aldehyde 3b. The methanolic solution of both the schiff base
ligands were added with aqueous solution copper chloride and
copper sulphate, respectively and the lot was refluxed to obtain the
desired metal complexes (Scheme 22). The synthesized ligands and
complexes were subjected to evaluate antimicrobial activity against
E. coli, K. pneumoniae, Acinetobacter boumanii, P. aeruginosa,
S. aureus, and fungi C. albicans and Candida tropicalis by agar-cup
diffusion method; gentamycin was used as the reference
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Scheme 20. Synthesis of antipyrinylazo subst. Dimedone.
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standard. All the synthesized molecules in this series remain
effective against P. aeruginosa, whereas the schiff base 1-phenyl-
2,3-dimethyl-4-(N-salicylidene)-3-pyrazolin-5-one 3a and its
metal complex 4a had potential antibacterial activity against E. coli
and A. boumanii and the schiff base bis(1-phenyl-2,3-dimethyl-3-
pyrazolin-5-one-4-imino) terephthalic aldehyde 3b and its metal
complex 4b remains effective against E. coli, P. aeruginosa and
S. aureus [66].

4.17. Synthesis and antibacterial action of metal complexes of schiff
base of antipyrin-thiosemicarbazone

This work comprises the synthesis of two schiff base ligands 4-
[N-(furan-2’-aldimine)amino]antipyrine thiosemicarbazone 1 and
4-[N-(4'-nitrobenzalidene) amino]antipyrine thiosemicarbazone 2
and their metal complexes. The ethanolic solution of 4-[N-(furan-
2’-aldimine)amino]antipyrine thiosemicarbazone and 4-[N-(4'-
nitrobenzalidene) amino]antipyrine thiosemicarbazone individu-
ally was mixed with cobalt and nickel chloride and thiocyanate in
ethanol and each mixture was refluxed to obtain corresponding
cobalt/nickel complexes of 4[N-(furan-2’-aldimine)amino]antipy-
rine thiosemicarbazone FAATS and 4-[N-(4'-nitrobenzalidene)
aminoJantipyrine thiosemicarbazone 4’-nitro BAATS, respectively
(Scheme 23). The synthesized ligands and complexes were
screened against S. enterica ser.typhi, E. coli, B. subtilis, S. aureus, A.
niger and C. albicans by agar well diffusion method. Ampicillin and
Tetracycline were used as reference standard drugs. The Co(Il)
complexes of both the thiosemicarbazone bearing 4-
aminoantipyrine derivatives had moderate antibacterial activities
against E.coli and S. typhi. However, the complexes of 4-[N-(furan-
2’-aldimine)amino]antipyrine thiosemicarbazone exhibited signif-
icant antifungal activity [67].

4.18. Synthesis and antibacterial action of metal complexes of schiff
base of antipyrin-pyrrole carboxaldehyde

A series of copper complexes was synthesized by mixing of the
ethanolic solution of pyrrole-2-carboxalde-hyde and 4-
aminoantipyrine, refluxed. Finally, schiff base derivatives of the
obtained (Z)-4-(((1H-pyrrol-2-yl)methylene)amino)-1,5-dimethyl-
2-phenyl-1H-pyrazol-3(2H)-one 3 (HPAP) were re-crystallized
from ethanol. Furthermore, the ethanolic solution of schiff base
ligand 3 and the corresponding copper (II) salts were refluxed; the
obtained precipitates were washed with a mixture of ethanol and
diethyl ether to obtain the respective copper complexes (Scheme
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24). The resulting ligand and complexes were tested with micro-
bial strains, B. subtilis, Sarci-na luteaq, S. aureus, E. coli, K. pneumoniae,
P. aeruginosa, S. typhi, S. marcescens, Shigella sonnie, P. mirabilis,
Aspergillus arus, P. chrysogenum and C. albicans to ascertain anti-
microbial activity by disc diffusion method. A blank DMSO solution
was the negative control. The complexes [(PAP)Cul,Cly, [(PAP)
Cu]yBr; and [(HPAP),Cu](NOs3), had potential antimicrobial activity
[68].

4.19. Synthesis and antibacterial action of scafolds [1,2,4]triazolo
[5,1-c][1,2,4]triazine linked to antiprinyl with carboxamide

A series of antipyrine based molecules was synthesized by S. M.
Riyadh et al. (2013) through incorporating antipyrin-4-yl or anti-
pyrin-4-yl carboxamide moiety via. the readily accessible 2-cyano-
N-(1,5-dimethyl-3-o0xo0-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)
acetamide 1. An intermediate product 1 was mixing with an equi-
molar concentration of different derivatives of diazonium salts 2a-
2f to produce 3a-3f. Among these products the compound 2-cyano-
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Scheme 22. Synthesis metal complexes of bis Schiff base of antipyrin-terepthaldehyde.
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Scheme 24. Synthesis of metal complexes of Schiff base of antipyrin-pyrrole carboxaldehyde.

N-(1,5-dimethyl-3-o0xo0-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)-2-
[2-(4-aminosulfonyl) phenylhydrazono]acetamide 3d was mixed
with anhydrous sodium acetate and hydroxylamine hydrochloride
and refluxed to obtain 5-amino-N-(1,5-dimethyl-3-ox0-2-phenyl-
2,3-dihydro-1Hpyrazol-4-yl)-2-(4-sulfamoylphenyl)-2H-[1,2,3]tri-
azole-4-carboxamide 4d. The cold solution of compound 1 was
coupled with diazotised 5-amino- 1H -[1,2,4] triazole in pyridine
solution to produce 4-amino-N-(1,5-dimethyl-3-oxo-2-phenyl-2,3-
dihydro-1H-pyrazol-4-yl)pyrazolo[5,1-c][1,2,4]triazine-3-
carboxamide 5 (Scheme 25). An in vitro antimicrobial activity of the
synthesized molecules were assessed by agar well diffusion
method against S. aureus, B. subtilis, P. aeruginosa, E. coli,
A. fumigatus, Geotrichum candidum, C. albicans and Syncephalastrum
racemosum. The standard antimicrobials, itraconazole, clotrima-
zole, penicillin G and streptomycin were used to reference controls.
The results revealed that the compound N-[4-[2-[1-cyano-2-(1,5-
dimethyl-3-0xo0-2-phenyl-2,3-dihydro-1H-pyrazol-4-ylamino)-2-
oxoethylidene]hydrazinyl] biphenyl-4-yl]-2-(1,5-dimethyl-3-oxo-
2-phenyl-2,3-dihydro-1H-pyrazol-4-ylamino)-2-
oxoacetohydrazonoyl cyanide 3g and compound 5 had significant
antimicrobial activity against G. candidum, C. albicans and S. aureus,
B. subtilis in comparison to standard drugs clotrimazole and
streptomycin, respectively. This novelty might be due to the pres-
ence of antipyrin-4-yl or antipyrin-4-yl-carboxamide moiety in the
synthesized molecules [69].

5. Analgesic activity

Analgesics are the substances used for inhibition of pain
sensation by increasing the threshold to painful stimuli [70]. Most
of the analgesic drugs include NSAIDs, salicylates derivatives and
opoids are non-selective cycloxgenase inhibitors.

The analgesic activity of a series of newly synthesized azo ana-
logues bearing 8-hydroxy quinoline (8HQ) nucleus was screened
(Scheme 3) in acetic acid induced writhing model, using Diclofenac
sodium as the standard drug. Albino mice of appropriate weight
were used for the investigation. The pain percentile of inhibition
(analgesic activity) showed by the different compounds suggested
that though all the compounds showed significant writhing re-
sponses, the pain percentile inhibition showed by the compound of
4-((8-hydroxyquinolin-5-yl) diazenyl)-1, 5-dimethyl-2-phenyl-1H-
pyrazol-3(2H)-one (4g) was 32.62% at a concentration of 50 mg/kg
body weight may be due to linked of 4-antipyrinylazo at C-5

position of 8-hydroxy quinoline [47].

Moreover, a series of azo analogues conjugated salicylic acid
were synthesized by azo coupling reaction (Scheme 6) and the
analogues were investigated for analgesic activity by acetic acid
induced writhing model, using albino mice in appropriate weight.
Acetyl salicylic acid (ASA) was used as the standard drug. Among
the included compounds, the 4-bromo-3-methyl phenylazo (4e)
and 4-carboxy phenylazo (4g) substituted 5-azo salicylic acid
congeners had significant analgesic activity, whereas the pyr-
azolylazo salicylic acid congener 5-((1,5-dimethyl-3-0x0-2-phenyl-
2,3-dihydro-1H-pyrazol-4-yl)azo)-2- hydroxybenzoic acid (4f) was
less significant analgesic activity as 4-antipyrinylazo moiety [50].

6. Anti-inflammatory activity

Anti-inflammatory agents are used for the treatment of acute
and chronic inflammations to relieve pain and fever. Several tissue
factors involved in inflammatory reactions are due to releasing of
histamine, bradykinin, prostaglandin and thromboxane [70]. These
drugs are acts by inhibitions inflammatory mediators in the body.

6.1. Synthesis and anti-inflammatory action of derivatives of
chiralamino bearing antipyrin moiety

In the series of eight 4-aminoantipyrine derivatives (4a-4h)
were synthesized by mixing the ethanolic mixture of 4-
aminoantipyrine 1, substituted aromatic aldehyde 2a-2h and 8-
hydroxyquinoline 3 (8-HQ) in presence of fluorite (Betti reaction).
The reaction mixture was transferred into crushed ice. Conse-
quently, the precipitates were re-crystallized from ethanol to
obtain the pure 4-aminoantipyrine derivatives (Scheme 26). In vivo
anti-inflammatory activity of the synthesized antipyrinyl analogues
was evaluated using Wister albino rats by carrageenin induced
acute paw oedema model. Diclofenac was used as the standard
drug. The paw volume was measured using plethysmometer at an
interval of 0, 1, 2, 3 and 4 h of administration of carrageenin in-
jection. In vivo anti-inflammatory results revealed that, the com-
pounds 4-[(4-methoxyphenyl) (8-hydroxyquinolinyl)
methylamino]-1,5-dimethyl-2-phenylpyrazol-3-one (4¢),4-[(4-
(dimethylamino)phenyl)(8-hydroxyquinolinyl)methylamino]-1,5-
dimethyl-2-phenylpyrazol-3-one (4d), 4-[(2-hydroxyphenyl) (8-
hydroxyquinolinyl)methylamino]-1,5-dimethyl-2-phenylpyrazol-
3-one(4e) and 4-[(2—chlorophenyl) (8-hydroxyquinolinyl)
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methylamino]-1,5-dimethyl-2-phenylpyrazol-3-one (4h) had sig- 6.2. Synthesis and anti-inflammatory action of N- sulfoamido

nificant anti-inflammatory activity due to several substitutions in antipyrine and N-succinamido antipyrine

the structure of 8-hydroxyquinolinyl)methylamino)-1,5-dimethyl-

2-phenylpyrazol-3-one. Similarly, antipyrinyl derivatives exhibited A series of substituted antipyrinyl succcinamides, 3a-3c were
anti-inflammatory activity in-comparison to the standard diclofe- synthesized by aminolysis of -carbomethoxypropionamide 1 with
nac [71]. ethanolic solution of morphine/amino alcohols, under the alkali
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solution in ethanol; the compound Il was prepared from compound
I. Furthermore, XII was synthesized by the interaction of p-acet-
aminobezene sulfonyl chloride with 4-aminoantipyrine in the
presence of acetonitrile. The obtained compound XII under the
action of an alkali solution with ethanol was converted to the
compound XIII. Finally, by the condensation of compound XIII with
succinic anhydride with acetone, the compound XIV was prepared
(Scheme 27). Anti-inflammatory activity of the synthesized ana-
logues was studied on white male mongrel rats by adjuvant
arthritis model. The compound, N'-(1,5-dimethyl-3-oxo-2-phenyl-
2,3-dihydro-1H-pyrazol-4-yl)-N-4-(3-hydroxypropyl)succinamide
IV had significant anti-inflammatory activity at the oral dose of
500 mg/kg body weight over the period of 17—18 days in com-
parison to standard drug Butadion [13].

7. Cytotoxic activity

On the basis of reports of WHO survey, cancer will be the first
cause of death in the world in future [72]. Therefore, potentially
bioactive molecules having cytotoxic activity are required for the
treatment of cancer [73,74].

7.1. Synthesis and cytotoxicity action of vanillin-antipyrin schiff
bases derivatives

The in vitro cytotoxic activity of newly synthesized antipyrine
derivatives (Scheme 4) was investigated over nauplii of brine
shrimp (Artemia salina). Antipyinyl schiff compounds such as,
vanillin-antipyrin conjugate (Z)-4-(4-hydroxy-3-
methoxybenzylideneamino)-2, 3-dimethyl-1-phenyl-1, 2 dihy-
dropyrazol-5-one 3b, 2-nitro benzaldehyde conjugate with anti-
pyrin (Z)-4-(2-nitrobenzylideneamino)-2, 3-dimethyl-1-phenyl-1-
2-dihydropyrazol-5-one (3c), salicylaldehyde conjugate with anti-
pyrin  (Z)-4-(2-hydroxybenzylideneamino)-2, 3-dimethyl-1-
phenyl-1-2-dihydropyrazol-5-one (3d), 3-nitro benzaldehyde
conjugated with antipyrin (Z)-4-(3-nitrobenzylideneamino)-2, 3-
dimethyl-1-phenyl-1-2-dihydropyrazol-5-one  (3e),  4-chloro
benzaldehyde conjugate with antipyrin (Z2)-4-(4-
chlorobenzylideneamino)-2, 3-dimethyl-1-phenyl-1-2-
dihydropyrazol-5-one (3f), 4-dimethylamino benzaldehyde conju-
gate with antipyrin (Z)-4-(4-dimethylamino)benzylideneamino)-2,

3-dimethyl-1-phenyl-1-2-dihydropyrazol-5 one (3g) had signifi-
cant cytotoxic effect with LCsg values below 20 pg/mL. The tested
compounds showing good cytotoxic activity may be due to
attachment of benzylidene phenyl ring to 4-aminoantipyrine [48].

Similarly, a new series of thirteen schiff base analogues of 4-
aminoantipyrine (3a-3m) were synthesized (Scheme 16). The
synthesized compounds were subjected for evaluation in vivo
cytotoxic activity against nauplii of brine shrimp (Artemia salina).
Cytotoxicity assay using the napulii of brine shrimp (Artemia salina)
is an excellent method for screening synthesized molecules to
evaluate the potentiality of treating cancer cells in comparison to
the standard Gallic acid. The compounds, (E)-4-(4-
chlorobenzylideneamino)-1,5-dimethyl-2-phenyl-1H-pyrazol-
3(2H)-one (3b), (E)-4-(2,4-dihydroxybenzylideneamino)-1,5-
dimethyl-2-phenyl-1H-pyrazol-3(2H)-one (3i) and (E)-4-(3,4-
dihydroxybenzylideneamino)-1,5-dimethyl-2-phenyl-1H-pyrazol-
3(2H)-one (3f) were recorded having brine shrimp toxicity with
1C50 values 225, 481 and 581 ppm, respectively; whereas, gallic acid
had ICsp value at 78 ppm. The cytotoxicity results of synthesized 4-
aminoantipyrine analogues suggested that the potential cytotoxic
activity exhibited by the compounds 3b, 3i and 3f could be due to
the attachment of 4-chlorobenzylideneamino, 2,4-
dihydroxybenzylideneamino and 3,4-dihydroxybenzylideneamino
at C4 position of 4-amino antipyrine [61].

7.2. Synthesis and antibacterial action of metal complexes of
aldehyde-antipyrin schiff bases derivatives

An equimolar mixture of methonolic solution of aminoantipyrin
with salicylaldehyde, 4-hydroxy-5-methoxyisophthalaldehyde,
4,5-dihydroxyisophthalaldehyde and terephthalic aldehyde was
refluxed individually to produce 4-(2-hydroxybenzylideneamino)-
1,5-dimethyl-2-phenyl-1Hpyrazol-3(2H)-one:L!;4,4'~(4-hydroxy-
5-methoxy-1,3-phenylenebis(iminomethyl)-bis(1,5-dimethyl-2-
phenyl-1H-pyrazol-3(2H)-one): L% 4,4’-(4,5-dihydroxy-1,3-
phenylenebis(iminomethyl)-bis(1,5-dimethyl-2-phenyl-1H-pyr-
azol-(2H)-one): L? and bis(1-phenyl-2,3-dimethyl-3-pyrazolin-5-
one-4-imino) terephthalicaldehyde: L* respectively. The an
aqueous solution, respective metals salts was added with meth-
anolic solution of the corresponding ligands and refluxed to obtain
the desired metal complexes (Scheme 28) [73] The synthesized
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analogues were tested over human promyelocytic leukemia cells
HL-60. The cell proliferation assay was performed in 96- well
microtitre  plates using  3-(4,5-dimethyl-thiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS)
in comparison to the standard Doxorubicin drug. The complexes
[Cu(L?)]SO4C51H30CuNgOsgS,  [Cu(L?)]S04C30H25CuNgOsS  and
[VO(L?)]S04C30H28VNs00S exhibited significant cytotoxic effect at a
level of 10 uM [66,75].

7.3. Synthesis and cytotoxicity action of scafolds [1,2,4]triazolo[5,1-
cJ[1,2,4]triazine linked to antipyrinyl with carboxamide

A series of scaffolds [1,2,4],triazolo[5,1-c] [1,2,4] triazine, and
pyrazolo[5,1- c] [1,2,4]triazine derivatives was synthesized by using
antipyrin-4-yl or antipyrin-4-ylcarboxamide moiety via the readily
accessible 2-cyano-N-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-
1H-pyrazol-4-yl)acetamide 1, as mentioned (Scheme 25). Out of the
synthesized compounds, a selected ones were screened for anti-
cancer activity against the colon carcinoma cell line (HCT-116) us-
ing the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay procedure. Vinblastine is used as the standard
drug. The compounds 2-cyano-N-(1,5-dimethyl-3-oxo-2-phenyl-
2,3-dihydro-1H pyrazol-4-yl)-2-[2-(4-aminosulfonyl)phenyl-
hydrazono]-acetamide 3d, N’-[4-[2-[1-cyano-2-(1,5-dimethyl-3-
oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-ylamino)-2-
oxoethylidene]hydrazinyl]biphenyl-4-yl]-2-(1,5-dimethyl-3-oxo-
2-phenyl-2,3-dihydro-1H-pyrazol-4-ylamino)-2-
oxoacetohydrazonoyl cyanide 3g and 5-amino-N-(1,5-dimethyl-3-
oxo-2-phenyl-2,3-dihydro-1H pyrazol-4-yl)-2-(4-
sulfamoylphenyl)-2H- [1—3]triazole-4-

Carboxamide 4d had excellent to moderate anticancer activity
that might be due to the presence of antipyrinyl moieties [69].

In Scheme 9, aliquots of different concentrations of antipyrine
derived analogues were prepared using DMSO. Ehrlich cells from
Ascites fluid was isolated and aseptically grown in a suspension
culture of RPMI 1660 medium, supplemented with foetal bovine
serum. The viability of cell in comparison to the negative control
was determined microscopically using haemocytometer and try-
pan blue stain. The compound N’-(1,5-dimethyl-3-oxo0-2-phenyl-
2,3-dihydro-1H-pyrazol-4-yl)-2-iminopropane- hydrazonoyl cya-
nide 3 and 4-[(3-(2-(4-methoxyphenyl)-4-oxothiazolidin-3-yl)-5-
methyl-1H-pyrazol-4-yl) diazenyl]-2,3-dimethyl-1-phenyl-1,2-
dihydropyrazol-5-one 4a had potential antitumor activity among
all the synthesized antpyrinyl analogues.

8. Anthelmintic activity

The infection due to helminths is called helminthiasis. Anthel-
mintics expel helminths or intestinal parasites by killing or stun-
ning them without causing any harm to the host. The report of
WHO expert committee suggested that the annual death due to soil
transmitted helminthiasis is more than 135,000 per annum [76].

Using three component Betti reaction procedures, 4-
aminoantipyrine derivatives (4a-4h) were synthesized (Scheme
26). The obtained products were screened for in vivo anthelmintic
activity against Pheretima posthuma (earth worm); Albendazole
was the reference drug. The compound 4-((3-nitrophenyl)(8-
hydroxyquinolinyl)methylamino)-1,5-dimethyl-2-phenylpyrazol-
3-one (4a) had the highest significant action for time taken to pa-
ralysis and death may be due to conjugation of 3-nitrophenyl with
8-hydroxyquinolinyl)methylamino)-1,5-dimethyl-2-
phenylpyrazol-3-one. However, other antipyrine derivatives in the
series also exhibited potential anthelmintic activity at a minimum
dose 12.5 mg/mL [71].

8.1. Synthesis and anhelminthetic activity of metal complexes of
antipyrin-formyl 7- hydroxy coumarin schiff base

A mixture of hot ethanolic solution of 4-aminoantipyrine and 8-
formyl-7-hydroxy-4- methylcoumarin was prepared in presence of
hydrochloric acid and refluxed. Finally obtained precipitates were
re-crystallized from ethanol to obtain 4-((7-hydroxy-4-methyl-2-
oxo-2H-chromen-8-yl)methyleneamino)-1,5-dimethyl-2-phenyl-
1H-pyrazol-3(2H)-one (schiff base I). Following the same proced-
ure, (E)-4-((6-hydroxy-2-oxo-2H-chromen-5-yl)methyleneamino)-
1,5-dimethyl-2-phenyl-1H-pyrazol-3(2H)-one (schiff base II) was
synthesized using 5-formyl-6-hydroxycoumarin. The alcoholic so-
lution of schiff base ligand (I and II) was added with the corre-
sponding metal chlorides, individually and refluxed. Sodium
acetate was added to the obtained individual reaction mixtures,
refluxed and the developed complexes (Scheme 29). The anthel-
mintic activity of the antipyrine derived schiff bases and complexes
were investigated against Pheretima posthuma, in comparison to
Albendazole. Though, the complexes had good anthelmintic activ-
ity [77].

9. Antitubercular activity

A combination therapy with isoniazid, ethambutol hydrochlo-
ride, streptomycin sulphate, and rifampicin are the established
antitubercular molecules, against tuberculosis, caused by Myco-
bacterium tuberculosis. However today, drug resistant TB bacilli
have come up in developing countries causing a threat to public
health. Thus, suitable antitubercular drugs are a dire necessity to
control isoniazid resistant TB [ [78]].

9.1. Synthesis and antitubercular action of antipyrine analgues

A mixture of 3-amino-1-phenyl-4-[2-(4-phenyl-1,3-thiazol-2-
yl) hydrazin-1-ylidene]-4,5-dihydro-1H pyrazol-5-one 1 (TZP4)
and the corresponding aldehydes 2a-21 with ethanol in presence of
glacial acetic acid was refluxed to synthesize a series of schiff bases
of 3-amino-1-phenyl-4-[2-(4-phenyl-1,3-thiazol-2-yl) hydrazin-1-
ylidene]-4,5-dihydro-1H-pyrazol-5-one (4a-4l) (Scheme 30). The
preliminary, in-vitro antimycobacterial activity of the synthesized
compounds were investigated against M. smegmatis (MTCC99) by
the two fold serial dilution assay procedure using Middle brook
7H9 broth medium at a concentration range of 100—1.56 pg/mL.
The above compounds were had 90% inhibition in a preliminary
investigation against M. tuberculosis H37Rv (MTB) at a concentra-
tion range of 100—1.56 pg/mL with Alamar blue in a broth by the
micro dilution assay procedure. Pyrazinamide and streptomycin
were used as standards. All the test compounds had good in vitro
anti-tubercular (antimycobacterial) activity against M. tuberculosis
at a concentration range of 06.48—53.59 puM. The various sub-
stituents on the phenyl ring of schiff based pyrazolones in com-
pounds TZP 4a-41 showed antitubercular activity. However, the
compounds 3-[[(2,4-dihydroxyphenyl) methylidene] amino]-1-
phenyl-4-[2-(4-phenyl-1,3-thiazol-2-yl) hydrazin-1-ylidene]-4,5-
dihydro-1H-pyrazol-5-one (TZP 4g) were potent than standard
drugs, and had MIC 0.648 x 10~ pM mL~!; whereas the other
synthesized TZP schiff base bearing hydrazine pyrazolone with
substituted 4-chlorophenyl and 3,4-disubstituted dihydroxyphenyl
had moderate antitubercular activity [79].

10. Antiviral activity
Broad spectrum antivirals could remain effective against the

infections due to different range of viruses; nevertheless, several
antivirals are in clinical use.
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10.1. Synthesis and antiviral action of pyrazolone analogues

A series of antipyrinyl molecules was synthesized by Rusinov
etal. (2005) (Scheme 31). An equimolar concentrations of pyrazine-
1-oxide and antipyrine with dimethyl formamide (DMF) were
mixed in the presence of benzoyl chloride. The obtained pre-
cipitates were re-crystallized from DMF. The synthesized anti-
pyrinyl derivatives was screened by the ‘neutral red dye inclusion
procedure’ against a series of pathogenic ortho-pox viruses viz.,
variolovaccine (LIVP strain), cowpox (Grishak strain), monkeypox
(Zair-599), Marburg (Rorr strain) and measles virus (L-16 vaccine
strain). No molecule was found to have any significant antiviral

activity [80].
11. Conclusion

This review included exploring steps of synthetic antipyrinyl
analogues and biological actions described so for, during last three
decades; thus, this article gives up-to-date images on antipyrinyl
analogues. The article focused on several in vivo and in vitro phar-
macological screening models, for various biological activities
exhibited by the newly synthesized molecules bearing antipyrine
nucleus. Most of the new antipyrine derived molecules are able to
exhibit potential antimicrobial activity along with other
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pharmacological activities. The control of multidrug resistant mi-
crobial pathogens creating havocs as emerging staggering infec-
tious diseases require novel, rather emulating antimicrobials for
microbial infections, such as TB. Thus this work is an addition to
antimicrobial drug-research.
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