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Abstract:
Pyrazole derivatives are among the most important heterocyclic compounds due to 

their wide range of pharmacological and biological applications. Numerous recent studies 
have demonstrated that the incorporation of the pyrazole ring with other heterocyclic sys-
tems such as thiazole, imidazole, triazole, and pyrimidine leads to compounds exhibiting 
high efficacy against various types of bacteria, fungi, and cancer cells. Several newly syn-
thesized metal complexes, azo, and pyrazoline derivatives have shown strong antibacterial 
and antifungal activities, in addition to antimalarial and anticancer effects particularly iron 
and cobalt complexes, which exhibited promising cytotoxic properties.Moreover, molec-
ular docking and computational studies revealed that some of these derivatives possess 
good compatibility with biological receptors and exhibit acceptable pharmacokinetic and 
drug-like properties. In addition, certain derivatives demonstrated multitarget potential as 
antioxidants and as antidiabetic, anti-Alzheimer, and anti-arthritic agents, making them 
strong candidates for the development of multifunctional drugs. These findings confirm 
that the development of pyrazole derivatives remains a promising field for discovering new 
drugs with high efficacy and reduced side effects .
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مستخلص:

ــات  ــن التطبيق ــعة م ــا الواس ــرا لمجموعته ــة نظ ــر المتجانس ــة غ ــات الحلقي ــم المركب ــن أه ــن ب ــرازول م ــتقات الب ــر مش  تعت
الدوائيــة والبيولوجيــة. أظهــرت العديــد مــن الدراســات الحديثــة أن دمــج حلقــة البــرازول مــع أنظمــة حلقيــة غــر متجانســة 
ــن  ــة م ــواع مختلف ــد أن ــة ض ــة عالي ــر فعالي ــات تظه ــؤدي إلى مركب ــن ي ــازول وبيريميدي ــدازول وتري ــازول وإيمي ــل ثي ــرى مث أخ
البكتيريــا والفطريــات والخلايــا السرطانيــة. أظهــرت العديــد مــن المجمعــات المعدنيــة المركبــة حديثــا ومشــتقات الآزو 
ــة  ــان وخاص ــا والسرط ــادة للملاري ــرات المض ــة إلى التأث ــات ، بالإضاف ــا والفطري ــادة للبكتيري ــة مض ــطة قوي ــن أنش والبيرازول
مجمعــات الحديــد والكوبالــت ، والتــي أظهــرت خصائــص ســامة للخلايــا واعدة.عــاوة عــى ذلــك ، كشــفت دراســات الالتحام 
الجزيئــي والحســابية أن بعــض هــذه المشــتقات تمتلــك توافقــا جيــدا مــع المســتقبلات البيولوجيــة وتظهــر خصائــص حركيــة دوائيــة 
وشــبيهة بالعقاقــر مقبولــة. بالإضافــة إلى ذلــك ، أظهــرت بعــض المشــتقات إمكانــات متعــددة الأهــداف كمضــادات للأكســدة 
ــر  ــة لتطوي وعوامــل مضــادة لمــرض الســكر ومضــادة لمــرض الزهايمــر ومضــادة لالتهــاب المفاصــل ، ممــا يجعلهــا مرشــحة قوي
عقاقــر متعــددة الوظائــف. تؤكــد هــذه النتائــج أن تطويــر مشــتقات البــرازول لا يــزال مجــالا واعــدا لاكتشــاف أدويــة جديــدة 

ــة منخفضــة . ــار جانبي ــة وآث ــة عالي ذات فعالي
الكلمات المفتاحية: بيرازول ، مركب حلقي غير متجانس ، تكثيف حلقي .
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1. Introduction
Pyrazole is a heterocyclic five-mem-

bered compound containing two adja-
cent nitrogen atoms as figure 1, which 
has received wide attention in pharma-
cochemistry due to the variety of its 
pharmacological activities and the ease 
of its structural modification [1]. Since 
its discovery in 1883 [2], pyrazole has 
been considered a privileged Scaffold 
in drug design, as its derivatives ex-
hibit anti-inflammatory, analgesic, an-
timicrobial, antiviral, tuberculosis, and 
carcinogenic activities [3,4].

Pharmacological compounds and 
natural products containing pyrazole 
nuclei have shown a wide range of 
important biological activities, which 
made this heterocyclic ring the focus 
of great interest in the field of pharma-
cochemistry [5,6]. In recent decades, 
the U.S. Food and Drug Administra-
tion (FDA) has approved more than 
forty drugs containing pyrazole nuclei 
for the treatment of a variety of clini-
cal conditions, including celecoxib as 
an anti-inflammatory, CDPPB as an 
antipsychotic agent, difenamizole as a 
painkiller, along with other drugs with 

multiple therapeutic applications [7-9]. 
Such a wide spread of pyrazole-based 
drugs is due to the unique physico-
chemical properties of this nucleop-
hile, such as structural stability and the 
ability to form hydrogen bonds, which 
contributes to an improvement in phar-
macokinetics and pharmacological ef-
ficacy compared to drugs with similar 
heterocyclic rings [10,11].

The combination of pyrazole nuclei 
with other heterocyclic rings, such as 
thiazole, furan, pyrimidine and Quin-
oline, proved its effectiveness in en-
hancing biological activity and im-
proving pharmacological properties 
[12,13]. These hybrid compositions 
show synergistic effects and the abil-
ity to overcome drug resistance, with 
the possibility of adjusting activity and 
selectivity through structural substitu-
tion and structure–efficacy relationship 
(SAR) studies [14].

Figure 1. The pyrazole structure.
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2. Synthetic Approaches
1.2  Cyclocondensation methods
The formation of substituted pyr-

azoles is most effectively achieved 
through a ring-closure (cycloconden-
sation) reaction between hydrazine 
or its derivatives—functioning as bi-

functional nucleophiles—and 1,3-di-
functional carbon frameworks. These 
frameworks typically comprise 1,3-di-
carbonyl compounds (I), α,β-unsaturat-
ed carbonyl species (II, III), or β-enam-
inones and their analogous structures 
(IV), as shown in Figure 2 .

Figure 2 . Examples of α,β-unsaturated carbonyl compounds.

2.2 Metal-catalyzed methods
Pyrazole derivatives were synthe-

sized from the reaction of 1,3-dicarbon-
yl compounds, which were obtained 
through the sequential reaction of eno-
lates with acid chlorides, followed by 
condensation with hydrazines, as il-
lustrated in scheme (1). It should be 
noted that in the process of selective 

chemical synthesis, undesired acyla-
tion of the predominant 1,3-diketone 
intermediate does not occur — a com-
plication that was successfully avoided 
by using LiHMDS as a base [15]. This 
method provided a good yield and was 
found to be tolerant to a wide range of 
functional groups .
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The aryl-3-trifluoromethylpyrazoles 
(9) ,were synthesized using silver as a 
catalytic agent through the reaction of 
N-benzylidenetolysulfonohydrazide 
(7) , with 4,4,4-trifluoro-3-oxobuta-
noate (8) The reaction involved a se-
quential nucleophilic addition process 
leading to the formation of trifluoro-
methyl-substituted pyrazole deriva-
tives (Scheme 2 ).

The initial yield was moderate, but 
optimization by increasing the reac-

tion temperature to 60 °C significantly 
improved the product yield. However, 
raising the temperature above 60 °C re-
sulted in a decrease in yield.

Among the catalysts tested, 
Cu(OTf)₂ provided the best yield at 60 
°C, whereas Fe(OTf)₃ showed no cata-
lytic activity. Regarding solvents, THF 
gave a higher yield compared to tolu-
ene. Similarly, the use of K₂CO₃ as a 
base produced better results than NaH, 
KOt-Bu, or NaOt-Bu[16].

Scheme 1. Preparation of polysubstituted pyrazoles via 
the reaction of hydrazine derivatives with 1,3-dicarbonyl compoun

Scheme 2 . Silver-Catalyzed Synthesis of 5-Aryl-3-Trifluoromethyl Pyrazoles.
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While Poletto and colleagues 
synthesized high-purity α-ketoam-
ide-N-arylpyrazoles (11) and second-
ary β-enamine diketones (10) , us-
ing aryl hydrazines as substituents, it 
was observed that the intermediate 

4-acyl-5,3-dihydroxy-pyrroline under-
went a nucleophilic substitution reac-
tion with aryl hydrazine[17], leading 
subsequently to the formation of the 
pyrazole ring (Scheme 3).

Scheme 4. Preparation of Arylpyrazoles 
through the Reaction of Secondary β-Enamino Diketones with Arylhydrazines.

3.2 One-pot and multicomponent 
reactions

While the two researchers S. Khaz-
aal and S. Y. Ibraheam [18] is prepared 
from the ring of pyrazole ring deriv-

atives by a multicomponent reaction 
without a cofactor by benzaldehyde 
and ethyl acetoacetate compensators as 
shown in scheme (4).

Scheme 5. Multicomponent synthesis of pyrazoles 
from benzaldehyde and ethyl acetoacetate.
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Researcher Kumar and his group 
[19] prepared pyrazole derivatives 
through the condensation reaction of 

OH O

O

OH

N N
H

OCH3

OH O

O

OH

N N OCH3

C2H5O2C
CO2C2H5

C2H5O2C CO2C2H5

130 C

an imine group with diethyl butanoate 
under reflux at 130 °C, yielding a good 
product as shown in the scheme (6).

Scheme 6. One-Pot Synthesis of Pyrazoles from Arenes and Carboxylic Acids.

4.2 Novel catalysts/nanomaterials
Girish et al. [20] reported an ef-

ficient and environmentally benign 
strategy for the synthesis of 1,3,5-sub-
stituted pyrazole derivatives (19) using 
a nano-ZnO catalyst. The methodology 
involves the condensation of phenyl-
hydrazine (18) with ethyl acetoacetate 
(17) under carefully under controlled 
(Scheme 7). This approach offers sev-

eral notable advantages, including high 
product yield of up to 95%, short re-
action time, and a simple post-reaction 
processing. The combination of these 
features—excellent efficiency, rapid 
reaction, and operational simplicity—
positions this method as a valuable and 
practical tool for the preparation of 
pyrazole derivatives.

Scheme 7. preparation of 3-methyl-5-hydroxe pyrazol 
by using Nano-ZnO as catalyst.
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 He researcher Nandurkar, Y [21] and 
his colleagues synthesized 5-arylphe-
nyl-pyrazole-3-carboxylates through 
the addition of 1,3-diketoesters to sub-

O O

OEt

O

PhNHNH2

EtOH , Refluxe 3-4h

N
N

COEt

R

R

R= H, 4-Cl , 4-OMe , 3,4OMe2

stituted phenylhydrazines in ethanol as 
a solvent under reflux for 3–5 hours, as 
shown in the scheme (8).

Scheme 8. Preparation of 5-arylphenyl-pyrazole-3-carboxylates 
from 1,3-diketoesters

In their research, Heller and Na-
tarajan [22] developed a cutting-edge 
in situ method for pyrazole synthe-
sis. The strategy involves the direct 
formation of 1,3-diketones (25) from 
ketones (23) and acid chlorides (24), 
which are subsequently converted into 
pyrazoles (26) through reaction with 
hydrazine, affording products a ex-
cellent yields (Scheme 9). This meth-
odology is distinguished by its rapid 
reaction rate, broad applicability, and 
high chemoselectivity, enabling access 
to pyrazoles that were previously chal-
lenging to synthesize, including fused 
pyrazole-containing ring systems. The 
combination of speed, versatility, and 

selectivity makes this approach a valu-
able tool for synthetic chemists, facil-
itating the generation of various pyra-
zole-based compounds with increased 
molecular complexity.

Similarly, Komendantova and col-
leagues [23] reported an efficient strat-
egy for the preparation of substituted 
pyrazoles (29). This method employs 
a wide variety of 1,3-dicarbonyl com-
pounds (27) and oxamic acid thiohy-
drazides (28) in an iodine-promoted 
cascade sequence involving conversion 
to imines, cyclization, and ring con-
traction, catalyzed by small amounts 
of TsOH, with concurrent elimination 
of sulfur (Scheme 10). The procedure 
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provides a straightforward and highly 
effective route to functionalized pyra-
zoles, utilizing readily accessible start-

ing materials under mild reaction con-
ditions.

Scheme 9. Preparation of Substituted Pyrazoles 
through the Reaction of 1,3-Diketones with hydrazone derivatives.

Scheme 10. Preparation of Substituted Pyrazoles 
through Reactions of 1,3-Diketones with Hydrazine Derivatives.

Yan et al. [24] reported the devel-
opment of a novel inorganic frame-
work, termed the “3D platelike terna-
ry-oxo-cluster” (NaCoMo), based on 
metal-oxo clusters. This framework 
functions as a highly effective catalyst 
for the synthesis of pyrazole derivatives. 
Notably, it demonstrates exceptional 
catalytic efficiency .Through the con-

densation and subsequent cyclization of 
sulfonyl hydrazides (30) with 1,3-dike-
tones (31), producing the corresponding 
pyrazoles (32) in yields of up to 99% 
(Scheme 11). The achieved preparation 
of NaCoMo represents overview of a 
new class of unconventional polyoxo-
metalates with promising applications 
in catalytic transformations.
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5.2 Preparation of Pyrazoles from 
α,β-unsaturated ketone

Pyrazole derivatives were synthe-
sized from α,β-unsaturated ketone 
compounds with hydrazine hydrate 

R1

SO

O

NH

O O

R3

NH2

S O

O

N

N

R2

R3

R1

R2

+ NaCoMo (2mol%)

80-120 C 1-1.5 h

R1 = H, Me , OMe , Cl , Br , NO2 
R2 = H, Cl, Me 
R3 = Me , Cyclopropyl

30 31 32

and its derivatives, in the presence of 
a catalyst such as glacial acetic acid or 
using a solvent such as ethanol [25], as 
shown in the Scheme(12).

Scheme 11. 
Preparation of Substituted Pyrazoles via NaCoMo-Catalyzed Reactions.

Scheme 12. The synthetic pathway 
to pyrazole derivatives reaction of α,β- unsaturated ketone,.

Meanwhile, the researcher Kumara 
[26]. synthesized substituted pyra-
zoline derivatives via the reaction of 

substituted chalcones with substituted 
phenylhydrazines in the presence of 
the Amberlyst catalyst for 30–60 min-
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utes. The obtained product was then 
washed with ethyl acetate, stirred, and 

S

O

R1

NHNH2HCl

R2

R

R= H, F, Cl,OCH3
R1= H, OCH3 
R3= H, Cl ,

1- Ambrlyst-15/acetonnitrite
rt, stirring , 1h ; and/or
2- CH3CO2H(30%),reflux 1-2 h

S R1

R

NN

R2

triturated with diethyl ether, as shown 
in the scheme (13).

Scheme 13.  Preparation of Pyrazole Derivatives  from chalcones .

3. Biological 
and pharmacological activities
1.3 Antimycobacterial .
In contrast  compound 1 exhibited 

strong antibacterial and antifungal ef-
fects, showing high efficacy against 

sepsis-related microorganisms [27]. 
Additionally, compound 2 displayed 
notable activity against Escherichia 
coli, Pseudomonas aeruginosa, Staph-
ylococcus epidermidis, and Staphylo-
coccus aureus [28].

21

2.3 ANTIFUNGAL .
N-(2-(5-Bromo-1H-indazole-1-yl)-

phenyl)-3-(difluoromethyl)-1-meth-
yl-1H-pyrazole-4-carboxamide (com-
pound 3) demonstrated significant 

antifungal activity against seven phy-
topathogenic strains [29], compound 
4 also showed good effectiveness for 
fungal[30].
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3.3 Antitumor Activity
A novel series of bis-pyrazole deriv-

atives has been investigated for their 
anticancer potential. Compound 5 dis-
played moderate activity against B-Raf 
enzyme inhibition [31]. Compound 6 
demonstrated antitumor effects against 
Ehrlich ascites carcinoma cells [32], 

while compound 7 was identified as a 
potent anticancer agent [33]. Further-
more, a series of bis-pyrazole analogs, 
including compound 8, showed prom-
ising anticancer activity, highlighting 
the potential of this scaffold for the de-
velopment of rapid-acting anticancer 
agents [34].

43

5
6

7 8
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4.3 Anti inflammatory .
Several bis-pyrazole derivatives 

have been synthesized and evaluated 

for their anti-inflammatory activity, 
with compounds 9 and 10 showing no-
table effects [35,36]. 

9
10

5.3 Antiviral activity .
Additionally, many of these deriva-

tives, including compounds 11 and12, 

exhibited excellent antiviral activity 
[37,38].

11 12

4. Structure–Activity Relation-
ship (SAR) Trends .

Studies of the structure–efficacy re-
lationship (SAR) have shown that the 
pyrazole ring is a privileged scaffold in 

pharmacochemistry, where the nature 
of the substitution and its location on 
the ring play a decisive role in deter-
mining the biological activity of com-
pounds [39,40]. Studies have shown 
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that substitution at the C-3, C-4 and 
C-5 positions of the pyrazole ring di-
rectly affects the potency and selectiv-
ity towards various biological targets 
[41]  , for example, the following pyr-

azole derivatives showed a difference 
in their effectiveness against fungi with 
different functional group [42], as in 
the  figure (3) .

5. Conclusions and future per-
spectives

Pyrazoles represent an important 
group of five-membered heterocyclic 
compounds characterized by the pres-
ence of two nitrogen atoms within their 
ring system , these compounds have 
gained considerable attention due to 
their significant role in pharmaceutical 
research and drug discovery , they serve 
as key structural frameworks for the de-

sign of novel therapeutic agents capable 
of addressing a wide spectrum of clini-
cally relevant diseases , the wide-rang-
ing pharmacological potential of pyra-
zole derivatives has greatly stimulated 
advances in their synthetic methodolo-
gies , over the past decade, remarkable 
progress has been made through the 
development of efficient and adaptable 
synthetic strategies. These include the 
utilization of transition-metal cataly-

Figure 3. Structure-activity relationship SAR studies 
of tested compounds against antifungal activities
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sis, photoredox processes, and one-pot 
multicomponent reactions, in addition 
to the introduction of novel reactants 
and reaction pathways, collectively, 
these innovations have enhanced both 
the preparation and functional diversi-
fication of pyrazole-based compounds 
, the information compiled in this re-
view provides a significant foundation 
useful to researchers seeking to further 
explore the chemistry of pyrazoles and 
their derivatives , such knowledge can 
guide future investigations aimed at 
developing new derivatization routes 
and expanding the library of pyra-
zole-containing molecules, neverthe-
less, there remains a substantial need 
for continued research—particular-
ly in understanding how the pyrazole 
ring directly influences biological ac-
tivity and in identifying cases where 
it primarily functions as a structural 
scaffold  , further exploration of these 
aspects will deepen the scientific un-
derstanding of pyrazole chemistry and 
its diverse applications. Considering 
the ongoing growth of interest in this 
field, it is anticipated that the discov-
ery of novel synthetic routes—such 
as those involving condensation, cyc-

loaddition, and other innovative trans-
formations—will significantly advance 
the scope and utility of pyrazole deriv-
atives in the future.
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