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ABSTRACT: 

Background: Pyrazolines are a heterocyclic compound with a cyclic structure. Pyrazoline is a five-membered 

ring made up of three carbon and two nitrogen atoms, with just one endocyclic bond and one group of electron-

rich nitrogen carriers. Benzimidazole is a heterocyclic aromatic organic compound. Benzene and imidazole are 

fused to form this bicyclic compound. It's a colorless liquid. In this article, several methods are used to synthesis 

compound pyrazoline and benzimidazole derivatives with a substantial biological effect. 

Objective: Pyrazolines and Benzimidazoles are multifunctional applications. The current review on pyrazoline 

and benzimidazole derivatives patent literature (1989-2021) describing the introduction, general method, and 

synthetic scheme on anticancer, anthelmintic, antidiabetic, antimalarial,antiproliferative, antibacterial, anti-

histaminic,antitubercular, antinociceptive, and antimicrobial activity have been discussed, also in the general 

literature area in this review. The research of pyrazoline and benzimidazole derivatives' biological activity has 

been a fascinating area of pharmaceutical chemistry. 

Conclusion: Pyrazolines are a heterocyclic compound with a cyclic structure. Pyrazoline is a five-membered 

ring made up of three carbon and two nitrogen atoms. A heterocyclic aromatic organic compound, 

benzimidazoles is a heterocyclic aromatic organic compound. Benzene and imidazole are fused to form this 

bicyclic compound. Several methods are used to synthesis compound pyrazoline and benzimidazole derivatives 

with a substantial biological effect. Many approaches can be used to figure out their Synthesis. Numerous 

Pyrazoline and benzimidazole derivatives have been discovered to have an essential pharmacologic effect on 

anticancer activity, which has encouraged research in this area. The use of pyrazoline and benzimidazole 

against a brilliant moiety and has an enormous scope of interest for the researchers to search more and more 

about this moiety. 

KEYWORDS: Pyrazoline; Benzimidazole; Bacteria; Cell lines; Dihydrofolae reductase; Synthetic method. 

I. INTRODUCTION: 

Pyrazolines are heterocyclic compounds that have a wide variety of biological uses. The fluorescent agent 

pyrazoline, which absorbs light between 300 and 400 nm and induces blue fluorescence, is the most commonly 

used [1].Pyrazoline is a five-membered ring with just one endocyclic bond and three carbon and two nitrogen atoms 

[2].Pyrazoline and its derivatives have antimicrobial [3], antiviral [4], antitubercular[5], anti-HIV[6], 

molluscicidal[7], and cerebroprotective[8].Pyrazoline, also known as dihydropyrazoles, is an electron-rich 

nitrogenous heterocycle whose chemistry is closely similar to pyrazoles. Pyrazoline derivatives are also electron-

rich nitrogenous heterocycles [9]. Sulfinpyrazone, a pyrazoline derivative, is a highly effective uricosuric drug that 

lowers uric acid levels while increasing urine volume. In contrast, pyrazoline derivatives are used as cannabinoid 

CB1 receptor reverse agonists in clinical trials [10-11].Axitinib is a pyrazoline-dependent VEGFR second-

generation inhibitor used to treat phone cell carcinoma[12]. It binds to the intracellular tyrosine kinase domains of 

vascular endothelial growth factor receptors (VEGFRs)[13-14-15]. 

Angiogenesis is blocked, and cells die when the amount of VEGF protein is reduced [16]. GDC-0941 

(pictilisibDimethane Sulfonate) is a pyrazoline derivative that is a selective P13k inhibitor. It is currently in the 

clinical phase -2 and is a promising anticancer agent [17]. Pyrazinamide,9-methoxy pyrazoleacridine (NSC-
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366140), is a pyrazoline-fused acridine ring discovered as a potential anticancer drug candidate in phase 2 medical 

trials [18-19]. Li. et al. 2-pyrazoline-based compound defined as a potential anticancer agent [20]. A benzene ring 

is fused to the 4 and 5 positions of imidazole to form the benzimidazole nucleus, a heterocyclic aromatic system. 

It can be found in a wide range of naturally occurring compounds and is essential in medicinal chemistry [21-

22].Benzimidazoles are a promising class of bioactive heterocyclic compounds with a wide variety of biological 

functions. This nucleus, in particular, is a vitamin-B12 constituent [23].Benzimidazole ring system can be found in 

a variety of antioxidants [24-25-26], antiphrastic [27-28]anthelmintic [29], antiproliferative[30], anti-HIV[31], 

anticonvulsant[32], anti-inflammatory[33-34-35-36], antihypertensive[37-38], antineoplastic[39-40] and 

antitrichinellosis[41] activities. This experimentation was paired with We've been able to suggest the following 

after conducting a computational analysis. The molecular mechanisms by which the recent benzimidazole 

derivatives inhibit 5-HT6R [42]. We examined various benzimidazole substituted compounds as Ang II-AT1 

receptor antagonists in this report and other possible clinical applications for this class of compounds [43]. AT1 is 

the most important vascular receptor for blood pressure control. It is responsible for nearly all Ang II's physiological 

activities in target cells such as cardiovascular, synaptic, renal, hepatic, endocrine, and others [44]. Various 

medications can block the RAS at any point in the system, making them useful in treating hypertension [45]. Renin-

inhibitors and angiotensin-converting enzyme (ACE) inhibitors were the first RAS blockers to show promise in 

clinical trials to treat congestive heart failure, renovascular hypertension, and critical hypertension [46-47-48-

49].BenzimidazoleAng II receptor antagonists, a form of RAS blocker, have recently been shown in animal and 

human studies to be safe and effective antihypertensive drugs[50-51-52]. 

II. GENERAL SYNTHETIC METHOD OF PYRAZOLINE: 

2.1Yuhong. et al. Synthesis of nitrogen-containing heterocycles from alkyl dihalides in a single pot and essential 

amines and hydrazines happens under microwave illumination utilizing a direct and productive cyclo condensation 

in a liquid antacid medium [53]. 

R
H
N

NH2
+ X

R1 R2 X
K2CO3,H2O

MW

N

N

R
R1

R2

+

R, R1, R2=H,Alkyl,Aryl

2HX

1
2 3

 

Scheme-1- Synthetic Scheme of Nitrogen contains compound and pyrazoline    Derivatives 

2.2Under mild conditions, one-pot builds of aldehydes, ketone, and hydrazine monohydrochloride quickly formed 

pyrazoline intermediates reported by Lellek. et.al.. The expense of a wide range of pyrazoles was controlled in 

excellent yields using in situ oxidation with bromine. A kinder oxidation convention, on the other hand, bears the 

expense of 3,4,5-trisubstituted pyrazoles or 3,5-disubstituted by warming pyrazolines in DMSO with oxygen [54]. 

R

R1
+ H R2

O

+
N

H
N R2

R1R

. HCL

4 5
7

NH2NH2.HCl
CH3OH

R1,R2,R3= H,Alkyl,Aryl

65 °C
6

 

Scheme- 2- One-Pot three-component coupling with Methanol to form Pyrazoline Derivatives 

2.3Alex. et al. synthesized novel regioselective aryl-substituted pyrazolines, and pyrazole preparation has also been 

created. In the presence of a reactant measure of zinc triflate, substituted phenyl hydrazines react to 3-butanol to 

produce pyrazolineIdenticals[55]. 
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Scheme- 3-Synthetic scheme of pyrazoline Derivatives 

2.4Various 1,3-diaryl-5-(cyano-, aminocarbonyl-and ethoxy carbonyl-) pyrrolo[3,4-c] 2-pyrazoline pyrazole-4,6-

dione and 1,3,4,5-tetraaryl-2-pyrazoline are pyrazole-4,6-dione and 1,3,4,5-tetraaryl-2-pyrazoline, respectively. 

The reaction of nitrilimine with various dipolarophilic reagents yielded derivatives reported by Yusuf.et al., [56]. 

Br

N
R

NHR1
R N

H
N

R1 +
N

N

R

R1

R2

11 12 13 14

H2C C
H

R2

R = FC6H6 , 2,4 Cl2C6H3

R1 = 4 - NO2C6H4

R2  = 3 - CN,4-CONH3, 5-COOEt  

Scheme -4- 1,3-diaryl-5(cyano-aminocarbonyl-andeth-oxycarbonyl-)-2-pyrazoline Derivatives. 

2.5An organocatalyzed aza-Michael/transamination domino reaction involving a mixture of heterogeneous resin-

bound acid/base reagents was used to prepare organically relevant 3,4-substituted pyrazolines somewhere in the 

range of hydrazones and enones, using a mixture of various resin sure acid/base substance reported by Gembus. 

et.al.,[57]. 

N
R2

R1

NH

COCH3

+

Ph

OPh

PS-TBD(10-20MOl%)
PS-TsOH N

N

Ph
Ph

O
CH3

R1=(AcNHNH2)e, CH3, C2H6, Ph, 4 -CH3C6H4
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Scheme- 5- Synthesis of Hydrazone and Pyrazoline Derivatives. 

2.6Cui. et al. reported a tale, proficient outfit novel 2-pyrazolines, and specific atom response of 2-acylaziridines 

with the Huisgen zwitterions. A theoretical domino arrangement mechanism is suggested [58]. 

RO2C
N

N
CO2R

+

H
N

O

R1

RO2CHN

N N

RO2C

18 19 20

R2

R2
R1

PPh3, C7H8

reflux-2h

R= Et, i-Pr, t-Bu
R1=C6H5, 3,4-CH3C6H3, 4-ClC6H4, 2-Furyl, 4-O2NC6H4

3,4(OCH2O)C6H3, 2-Naphthyl,C6H5

R2=C6H5, 4-CH3OC6H4, 2-ClC6H4, 3-O2NC6H4  

Scheme -6- Synthesis 2-acylaziridines and pyrazoline Derivatives. 
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2.7In the field shaped 1,2-diaza-1,3-dienes were utilized informal [4 + 1]-annulation responses with fluorinated 

sulfur ylides to give 5-(trifluoromethyl) pyrazolines in great yields reported by Wang. et.al., [59]. 

N

Br

NH

+
Ph

S
CF3

Ph

N
N

CF3

-OTF

21 22
23

Ph
Ph

O CH3

K2CO3

THF r.t,93%

CH3O
OTf

 

Scheme- 7- Synthesis 1-2-diaza-1,3-dines and pyrazoline Derivatives 

2.8From the corresponding 2-alkyn-1-ones, various 1-acyl-5-hydroxy-4,5-dihydro-1H-pyrazoles are being 

synthesized in high yields. In the presence of ICl and Li2CO3 at room temperature, the dihydropyrazoles undergo 

hydration and iodination, yielding 1-acyl-4-iodo-1H-pyrazoles (scheme-8) reported by Waldo. et al., [60]. 

N N

R2

HO

24 25

C
O

R1

R2
NH2NHCOCH3

O
CH3

R1

R1= ph, 2-naphthyl, p-FC6H4, p-ClC6H4, p-BrC6H4, p-Cf3C6H4, 
p-NCC6H4, P-t-BuC6H4, p-Me2C6H4, o-MeC6H4

R2=Ph, p-EtO2CC6H4, n-Bu  

Scheme- 8- Synthesis of pyrazoline Derivatives. 

2.9Under mild response conditions and advantageous copper-catalyzed intramolecular/and intermolecular 

deamination of beta, gamma-unsaturated hydrazones with simple amines enable productive permission to various 

nitrogen-containing pyrazolines (Scheme-9) reported by Chen. et al., [61]. 

H2C

CH3

H3C
N

Ph

HN
Ph

+ PhNH2
Cu(OAc)2, K2CO3

DMSO(3ml), Ar, rt-25h

N

N

Ph
N
H

Ph

CH3
CH3

R

26
27 28  

Scheme -9-Synthesis of hydrazones with amines to form pyrazoline Derivatives. 

 2.10By using an efficient and synchronous arrangement of C(sp3)- N and C(sp3)- C(sp2) derivatives under mellow 

conditions, a free-ligand, palladium-catalyzed aminoarylation of inactivated alkenes in, Beta-Gamma-unsaturated 

hydrazones give differently subbed dihydropyrazoles in high yields(scheme-10) reported by Yang. et al., [62]. 

N
NH

R2

R1

+
N

N

R1

29
30 31

ArIBF4

5 mol -% Pd (TFA)2

Pr2NEt, C7H8, rt, 24- 36h

R2

Ar

R1=R2=H, CH3, Cl, Br, OCH3, 4-ClC6H4, 2,4,6-MeC6H2

Ar = Ph, 4-CN-C6H4, 4-Br-C6H4, 2-Me-C6H4, 1-naphthyl 

Scheme- 10- β, γ-unsaturated hydrazone, and pyrazoline Derivatives 
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III. GENERAL SYNTHETIC METHOD OF BENZIMIDAZOLE: 

3.1The direct C-H bond arylation of (Benz)imidazoles with (hetero)aryl chlorides is made simple and easy by a 

well-defined NHC-Pd(II)-Im complex. As arylating reagents, various active, unactivated, and deactivated 

(hetero)aryl chlorides were used to produce 2-(hetero) aryl (Benz)imidazoles in good yields reported by Zheng. et 

al., [63]. 

N

N

R2 R3

+

R1

NHC-PD(II)-Im

KOtBu/toluene/H2O
120°c,6-h

N

N

R2 R3

R1

R1=H, 4-me, 4-OMe, 4-F, 4-Vinyl
R2= 5,6-Me2, 5 -Me, 5 -F, 5 -OMe, H
R3=Me, Benzyl

32 33
34

Cl

 

Scheme-11-Synthesis of Benzimidazole Derivatives. 

3.2Benzimidazoles are generated in good yields using various o-phenylenediamines and N-substituted formamides 

as C1 sources in a zinc-catalyzed cyclization in the presence of poly (methyl-hydro siloxane) (Scheme-12). It's also 

possible to make benzoxazole and benzothiazole derivatives reported by Deepak. et al., [64]. 

R1

NH2

NH2

+ H N
Et

O

standard conditions

N

N

R2

R1

R1,R2=H, Me, NO2

35 36 37

 

Scheme-12- Synthesis of o-phenylenediamines with N, N-dimethylacetamide. 

3.3Xiaoming. et al. reported that 2-unsubstituted benzothiazoles are generated in good isolated yields with good 

functional group tolerance by a three-component reaction of o-iodoanilines or electron-rich aromatic amines K2S 

and DMSO. o-phenylenediamines were used in a related reaction to produce 2-unsubstituted benzimidazoles 

without K2S. DMSO serves as a carbon source, a solvent, and an oxidant [65]. 

NHR2

NH2

R1

+
S

O

CH3H3C

CuI,NH4,OAc

H2O, 140 °c, N2 N
CH

N

Solvent

R1

R2

38 39
40

R1=H, CH3, OCH3, F, Cl, Br, COOCH3, CN, NO2, COPh, 
R2=CH3, Cl  

Scheme-13-Synthesis of Benzimidazole Derivatives. 

3.4Mahesh. et al. screened a new series of copper-catalyzed amination of N-aryl imines, in which the imine acts as 

a directing group by chelating to the metal center, viable aryl amines, aldehydes, and azides can be transformed 

into helpful benzimidazole structural units with a broad substrate variety and diversity as shown in scheme-14[66]. 
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H3C

NH2 +
+ PhCHO

1. 60 °c,1-h,

2. 10mol% Cu R,

3. 2 equiv TMSN3,

oxidant 90°c,12-h

N
H

N
Ph

Me

41 42 43

R= Br, Cl, I, (AOc)2.H2O
N3=TMSN3, TSN3, NaN3

Oxidant= TBHP, H2O2

Solvent= CH3CN, TOLUENE, 
CH2CL2, THF, DMF, DMSO,  

Scheme-14-synthesis of Benzimidazole Derivatives. 

3.5In the presence of TBHP, a domino C-H functionalization, transamination, ortho-selective amination, and 

cyclization sequence catalyzed by copper(II) provides benzimidazoles through a copper(II)-catalyzed oxidative 

cross-coupling of anilines, primary alkyl amines, and sodium azide. The reaction has a wide range of substrates 

and is functional group compatible reported by Mahesh. et al., [67]. 

NH2

+ R1 NH2

10 mol% cu(OAc)2
3 equiv NaN3

5 equiv HOAc
2 equiv TBHP
DMSO, 80 °c

N
H

N
R1

44 45 46

R1=Alkyl, Aryl  

Scheme-15- Synthesis of Alkyl, Amines with Aniline. 

3.6Under additive- and oxidant-free conditions, a highly recyclable nonnoble cobalt nanocomposite catalysed the 

coupling of phenylenediamines and aldehydes to produce a wide variety of biologically active benzimidazoles in 

high yields with strong functional-group tolerance. The catalyst is readily recyclable for subsequent uses reported 

by Z HU.et al., [68]. 

NH2

NH2

+
O Catalyst

Solvent (5ml) 
Temperature

N
H

N

Catalyst= CoOx@NC-800, CoOx@NC-700, CoOx@NC-800 
                 , nano-Co3O4, Co3O4, CoCl2
Solvent=H2O, THF, DMF, MeOH, EtOH, 1 -4 -dioxane,
               MeCN, DMSO

NC=Nitrogen-doped Carbon

47 48
49

 

Scheme-16-Synthesis of 2-phenyl-1H-Benzimidazole Derivatives. 

3.7Das. et al. Synthesis of 2-substituted and 1,2-disubstituted benzimidazoles is allowed by an acceptor's 

dehydrogenative coupling of an aromatic diamine with primary alcohols. A phosphine-free tridentate NNS ligand-

derived manganese(I) complex catalyzes the reaction [69]. 
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cat1(0.05 nmol)
tBuOk(1 nmol)

Heat 140 °cN
H

N
OMe +

OH

OMe

N

N
OMe

OMe
50 51 52  

Scheme-17-Synthesis of N-Alkylation of 2-Substituted Benzimidazole by Cat. 1 

3.8 Under simple conditions, a functional intramolecular C-H amidation technique using molecular iodine allows 

for transition-metal-free cyclization of crude imines for the sequential Synthesis of N-protected benzimidazoles 

without the need to purify less stable condensation intermediates. Condensation of simple o-phenylenediamine 

derivatives and a bromine source provided the necessary imine substrates quickly Reported by Zhiyuan. et al., [70]. 

NH2

NHTs

+
H R

O 1) C2H5OH, reflux, 1h
2) removal of volatiles

3) 1.2eq. I2, 3eq. K2CO3

DCM, r.t, 0.5-3h

N

N
R

Ts

R=Ar, alkyl, CO2Et

53 54
55

 

Scheme-18-Synthesis of 1-Tosyl Benzimidazole Derivatives. 

3.9 Under mild conditions and with oxygen as the terminal oxidant, bioinspired ortho-quinone catalysts have been 

used to oxidatively synthesize benzimidazoles, quinoxalines, and benzoxazoles from primary amines in large yields 

reported by Zhang. et al., [71]. 

+

NH2

NH2 °C,24h
N

N
Ar

R1
R

N
H

Ar

0.1q. Catalyst
0.1eq. TsOH

O2(ballon)

MeCN,60

R
R1

t-Bu

Meo O

O

Catalyst=

R       =     H, Ph, CH3

56 57
58

 

Scheme-19- Synthesis of Benzimidazole Derivatives. 

3.10The use of elemental sulfur as a traceless oxidizing agent makes the Synthesis of benzazoles from alkylamines 

and o-hydroxy/amino/mercaptan anilines remarkably simple, solvent-free, and catalyst-free, reported by Nguyen. 

et al., [72]. 

Ph NH2
2s

H2s
Ph N

H
Ph

S

NH2

NH2

H
N

N
Ph

59 60 61  

Scheme-20-Synthesis of Benzimidazole Derivatives. 

3.11Under oxidant- and metal-free conditions, Brnsted acid-catalyzed cyclization reactions of 2-amino thiophenols 

and anilines with -diketones give 2-substituted benzothiazoles and benzimidazoles in good yields, reported by 
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Mayo. et al. Under the optimized reaction conditions, various groups such as methyl, Chloro, nitro, and methoxy 

linked to benzene rings were tolerated [73]. 

R1

NH2

XH

+ R2 R3

O O

Condensation

Cat.TsOH-H2O
R1

N
H

N
R2

R1= H, 4-Cl, 
R2= R3= CH3, Et, iPr, Ph, tBu,

62 63 64

 

Scheme-21-Synthesis of Benzimidazole Derivatives. 

3.12 In a practical and connective methodology, ortho-substituted anilines react with functionalized orthoesters to 

produce benzoxazole, benzothiazole, and benzimidazole derivatives reported by Bustug. et al. This method's 

flexibility allows for the development of new heterocycle libraries with multifunctional locations [74]. 

NH2

NH2

R +
OR2

OR3

OR3

R1
BF3.OEt2
CH2Cl2.rt
75- 95%

R
N
H

N R1

R1= (CH2)nX, (CH2)nCH=CH2, (CH2)nCN
R2 , R3=Alkyl
R=Cl, Br, CH3, CO2CH3,H

65 66 67

 

Scheme-22-Synthesis of Benzimidazole Derivatives. 

3.13At room temperature, aromatic, heteroaromatic, and aliphatic aldehydes undergo an oxone-mediated tandem 

transformation of 2-aminobenzylamines into 2-substituted benzimidazoles. Initial condensation of 2-

aminobenzylamine with suitable aldehydes yielded a tetrahydroquinazoline intermediate, which was then subjected 

to oxone-mediated ring distortion to produce the desired compounds in high yields reported by Hati. et al. [75]. 

NH2

NH2
R

+
H R1

O
0.6 eq  oxone

DMF/H2O(50.1)
rt,~ 8h

N
H

N

R

R1

R= H,CH3, Cl, Br
R1= Ar, CH3

68 69 70

 

Scheme-23-synthesis of Benzimidazole Derivatives. 

3.14 Caron. et al. synthesized acylating agents 2,2,2-trichloroethyl imitates are used to make benzimidazoles and 

imidazopyridines under mild conditions in isopropyl alcohol at 70°C. In cases where cyclization was sluggish, the 

addition of sodium acetate was found to be beneficial. Using the more inert tert-amyl alcohol to react with substrates 

with low nucleophilicity resulted in better results [76]. 

NH2

NH2R1

+
H O

NH

N

N

R1= H,CH3

R2= H, 4 -CH3, 4 -OMe, 3 -Me, 4 -CF3, 4 -Cl

71 72
73

R2

CCl3

.HCl
i-PrOH, 70 °c

R2

R1

 

Scheme-24-Synthesis of Benzimidazole using Imidate. 
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3.15 Duangkamol. et al. reported a reaction of isothiocyanates with ortho-substituted anilines bearing N, N-, N, O-

, and N, S-bis-nucleophiles, followed by intramolecular, potassium periodate-mediated oxidative 

cyclodesulfurization of the in situ produced monothioureas, yields substituted 2-aminobenzazole derivatives in 

high yields as shown in scheme-25[77]. 

NH2

NH2

+ PhNCS Base

Solvent, r.t S
NH2

NHPh

Oxidant

H2O, 80 °c N

H
N

NHPh

Base     = NaHCO3, NaOH, K2CO3

Solvent =DMSO, THF , H2O, MeCN, DMF
Oxidant = KIO4(20),KIO4(10), KIO4(5),  NaIO4(20), 
                 H2O2, Oxone,(20), MnO2

74 75 76 77

 

Scheme-25-Synthesis of Benzimidazole Derivatives. 

3.16Bahrami. et al.investigated short reaction times, large-scale Synthesis, quick and straightforward isolation of 

the compounds, excellent chemoselectivity, and excellent yields are among the key benefits of a convenient method 

for the Synthesis of 2-substituted benzimidazoles and benzothiazoles as shown in scheme-26[78]. 

NH2

NH2

R

+ Ar CHO H2O2/CAN

Solvent-free, 50 °c
N
H

NR

Ar

R= H, Me, NO2

Ar= C6H5, 4-MeOC6H4, 4-HOC6H4, 4-MeC6H4, 4-(Me)NC6H4,

2 -ClC6H4, 4 -ClC6H4, 3 -NO2C6H4, C6H5CH=CH, 4 -FC6H4,

 4 -BrC6H4, 4 -NO2C6H4, 4 -PhC6H4, OHCC6H4

78 79
80

 

Scheme-26-Synthesis of 2-Arylbenzimidazoles Derivatives. 

3.17From various 2-haloanilines, aldehydes, and ammonia as nitrogen sources, an effective and convenient Ni-

catalyzed C-N bond formation allows excellent yields of various benzimidazoles reported by Fang. et al. [79]. 

NH2

XR1

+
O

H

R2

NiCl2, quinolin -8-ol,
CS2CO3

28% aq. NH3, air 
MW, 100°c,13 min

N

H
N

R2

R1

R1= H, 4-NO2, 4-Cl, 4-Br, 4-CH3, 4,5-dichloro

R2= Ph, 3-pyridyl, 2-FC6H4, 2,4-Me2C6H3,

 4-Tol, 4-MeOC6H4, 4-ClC6H4, 4-O2NC6H4, 

 2-ClC6H4, 2-FC6H4, 2-HOC6H4, 3-FC6H4, 

 3-NCC6H4, 3-hydroxy-4-Me-thoxyphenyl, 

 2-pyridyl, i-pr

 X= I, Br

81 82 83

 

Scheme-27-Synthesis of Benzimidazole Derivatives. 

3.18 Benzimidazoles were synthesized in good yields using copper-catalyzed, one-pot, three-component reactions 

of 2-haloanilines, aldehydes, and NaN3 in DMSO 120°C for 12 hours reported by Kim. et al. Many functional 

groups, such as ester, nitro, and Chloro, were involved in the reaction [80]. 
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NH2

X

R + H R2

O
NaN3, 5-mol-%CuCl

5mol-%TEDA
DMSO, 120 °c, 12h

N
H

N

R R2

84 85
86

X= I, Br
R= H, CO2Me, Pyridine
R1= Aromatic, Hetroaromatic, Aliphatic  

Scheme-28-Synthesis of Benzimidazole Derivatives. 

3.19 Baars. et al.Synthesized diversely substituted benzimidazoles in good yields is possible thanks to 

intramolecular N-arylations of amidines induced by potassium hydroxide in DMSO at 120°C [81]. 

X

N

NHR3

R2

R1
KOH(2.0equiv)

DMSO, 120°c,16h N

N

R1

R3

R2

87 88

X  = F, Cl, Br, I

R1= F, Cl, Br, Me, CF3

R2= Me, Ph, o-tol, ,o-Br-C6H4,

        p-F-C6H4, thiophen-2-yl

R3= Ph, Me, Bn, PMP  

Scheme-29-synthesis of Benzimidazole Derivatives. 

3.2 At room temperature, oxidative C-H amination of N′′-Aryl-N′-tosyl/N′-methylsulfonylamidines and N, N′-

bis(aryl)amidines with iodobenzene as a catalyst allows the Synthesis of 1,2-disubstituted benzimidazoles reported 

by Santhosh. et al. The reaction is broadly applicable, and the desired products can be obtained in high yields [82]. 

N

HN

R2

Ts

20 mol % phI
mCPBA(1.5 equiv)

HFIP, rt, 2-12h N

N
R2

Ts

R1
R1

89 90

R1= C6H5, 4-OMe-C6H4, 4-Me-C6H4

R2= Alkyl, Vinyl, Ph  

Scheme-30-Synthesis of Benzimidazole Derivatives. 

3.21Depending on the base used in the reaction, various N-aryl-1H-indazoles and benzimidazoles were synthesized 

in good to excellent yields from typical arylamino oximes. The formation of benzimidazoles was aided by 

triethylamine, while 2-aminopyridine reported by Brenda helped the construction of N-arylindazoles. et al. [83]. 

N
OH

CH3

NH

Ar

1.2eq MsCl
2.eq NEt3
CH2Cl2, 0 - 23°c,6h N

N
CH3

Ar

91 92  

Scheme-31-Synthesis of Benzimidazle s usingTriethylamine. 

3.22Peng. et al. synthesized a using Cu2O as the catalyst, DMEDA as the ligand, and K2CO3 as the base. A simple, 

effective, and sustainable intramolecular N-arylation method yields a library of benzimidazoles in high yields. 
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Surprisingly, the reaction took place entirely in water, making the technique extremely beneficial from an 

environmental and a financial standpoint [84]. 

N
H °c,6h, 30h

N

H
N

R1

93 94

R

R1

NH

R2 5 mol%cu2O
10mol% DMEDA

K2CO3, H2O,
100

R2

R   =Cl, Br, I
R1 = Aryl, Alkyl
R2 =H, EWG, EDG 

Scheme-32-synthesis of Benzimidazole Derivatives. 

3.23A metal-free oxidative C-N coupling between the sp3 C-H and free N-H of readily available N1-benzyl/alkyl-

1,2-phenylenediamines in the presence of oxygen and TEMPO allows the Synthesis of multisubstituted or fused 

tetracyclic benzimidazoles reported by Ding. et al. [85]. 

NH2

N
H

Oxidant,

Solvent, Heat N

H
N

95 96

Oxidant =phI(OAc)2,TEMPO, m-CPBA, K2S2O8, CU(OAc)2
Solvent =toluene, DMF, 1,4 -dioxane, acetonitrile  

Scheme-33-Synthesis of oxidative C(sp3)-N-Benzyl-1,2-phenylenediamine. 

3.24A simple method for converting N-benzyl bisarylhydrazones and bisaryloxime ethers to functionalized N-

benzyl bisarylhydrazones and bisaryloxime ethers. Under neutral conditions, the C-H functionalization/C-N/C-O 

bond formation in 2-Aryl-N-benzylbenzimidazoles and 2-arylbenzoxazoles is mediated by copper(II) reported by 

Guru. et al. At room temperature, cyclization occurs on substrates with either electron-donating or electron-

withdrawing substituents [86]. 

R2 N

Bn

R1

Cu(OTf)2(100 mol%)

toluene, 110 °c
N2 baloon

N

N

R2

R1

Bn

R1=R2= EWG,EDG97

98

 

Scheme-34- Synthesis of copper-mediated cyclization of N-benzyl BisaryIhyrazones. 

3.25Copper(II) oxide nanoparticles in DMSO under air catalyze the intramolecular cyclization of o-bromoaryl 

derivatives, resulting in an experimentally simple, general, practical, and ligand-free synthesis of substituted 

benzimidazoles, 2-aminobenzimidazoles, 2-aminobenzothiazoles, and benzoxazoles reported by Saha. et al. 

Without losing its activity, the heterogeneous catalyst can be recovered and recycled [87]. 
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R1

5MOL% cuO nanoparticles

1.5 -3.0 equiv KOH
DMSO, 110 °c

N

N
R2R1

R3

R1= H,Br, Cl, CH3, OMe
R2= CH3, Ph, morphine, pyrrolidine, piperazine
R3= alkyl, aryl
X   =Br,I

100

X

N

NH

R2

R3

99

 

Scheme-35-synthesis of Benzimidazole Derivatives. 

IV. POTENTIAL TARGET FOR PYRAZOLINE BEARING BENZIMIDAZOLE DERIVATIVES AND 

SYNTHETIC SCHEME: 

4.1Md. Jawaid.Akhtaret al. investigated the synthesis of 2-(1H-benzo[d]imidazole-2-yl)-1-(3,5-

bisbenzo[d]imidazole-2-yl)-1-(3,5-bisbenzo[d]imidazole-2-yl)-1-(3,5-bisbenzo[d]imidazole-2- (4-chlorophenyl) 

ethenone (-4,5-dihydro-1H-pyrazol-1-yl) (94), A new order of compound pyrazoline attached to Benzimidazole 

was synthesised by cyclo condensation reaction with one–pot multiple component reaction in absolute ethanol. All 

of the compounds studied tested against five cancer cell lines MCF-7, MDA-MB231, As49, HaCaT, and HePG2. 

Among the synthesized compound derivatives (104) are more potent. The R group substituted with the chlorine 

group at position 4, and the R1 group is substituted with the chlorine group at position four, as shown in scheme-

36[88]. 

+

101 102

103

R1

O

H3C
R

CH3

O

O
C2H5OH

30%NaOH

R

R1

N

H
N NHNH2

O

Dry,C2H5OHreflux , 24h
N
H

N O

N

N

R

R1

104

R= 4-Cl,4-OCH3, 4-CH3, 4-OH
R1= 4-Cl,4-Br,4-F  

Scheme-36-Synthesis of Pyrazoline Bearing Benzimidazole Derivatives. 

4.2Shahryar et al. reported an anticancer activity and synthesized a new compound, Benzene 1,2-diamine with 4-

hydroxypentan-2-one, and screened for their anticancer activity against CCRF-CEM, A549, Colon -205, SF-268, 

M14, MCF-7, and Many cancers cell lines and other derivatives showed moderate anticancer activity. Among the 

synthesized compound derivatives (109b) found to be more potent because if R group substituted with dimethoxy 

phenyl at positions 3 & 4, as shown in scheme-37[89]. 

http://www.turkjphysiotherrehabil.org/


Turkish Journal of Physiotherapy and Rehabilitation; 32(3) 

ISSN 2651-4451 | e-ISSN 2651-446X  

www.turkjphysiotherrehabil.org 18624 

 

NH2
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+

H3C
OH

O

HO

N

N
H

OH

CH3

105 96 106

Reflux N

N
H

O

107

CrO3

CHCOOH

N

H
N

H2

O

RH1

RCHO,
C2H5OH,
NAOH

N

NH
N

N

Hb
Ha Hx

R

109b 108

C6H5NHNH2

C2H5OH

NH2NH2. 2H2OC2H5OH

Hx

N

N
H N NH

HaHb
R

109a

R = Phenyl;  4-methoxyphenyl;4-chlorophenyl; 4-Bromophenyl; 4-flurophenyl ; 
3,4-Dimethoxyphenyl; 2,6-Dichlorophenyl  

Scheme-37-Synthesis of 2-Acetyl pyrazoline Bearing Benzimidazole Derivatives. 

4.3 Yousef. et al. synthesized a compound 1-phenyl-2 pyrazolines were obtained by reacting the chalcones with 

phenylhydrazine in acetic acid and evaluated for their anthelmintic activity against the mortality of earthworm.  

Among the synthesized compounds, 3-(Benzimidazole-2-yl)-5-(substituted phenyl)-1-phen-yl-2-pynzolines (113) 

were found to be more potent if R substituted with Bromine group at 4-position as shown in scheme-38[90]. 

 

N
H

N
C CH3

O
+

CHOR
N
H

N
C

O

R

C6H5NH2NH2/
HOAc

8h110

N
H

N

N N
C6H5

R

111

112

113

R= 4-Br, 3-NO2

 

Scheme-38-Synthesis of Pyrazoline Bearing Benzimidazole Derivatives. 

4.4Farhat. et al.synthesized a novel compound 2-((3,5-diaryl-4,5-dihydro-1H-pyrazol-1-yl) methyl)-1H-

benzo[d]imidazole (118) and evaluated for their antidiabetic activity via α-glucosidase enzyme inhibition assay and 

IC50 value of these potent compound 50.06 µm. Among the series of compound derivatives (118) were more 

potent, If R1 substituted with Hydrogen and if R2 substituted with chlorine at 4th position as shown in scheme-

39[91]. 
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CF3

O

R1

+

H

O

R2

Methanol, aq.NaOH(20%)

O

R1

R2

Methanol,
Hydrazine,
reflux

R1

NHN R2Acetonitrile, K2CO3, 
2-Chloromethylbenzimidazole,

reflux

R1

NN

R2

N
H

N

114 115
116

117118

R1= 4-NO2, H, 4-Br, 2-NO2
R2= 4-N(CH3)2, 4-Cl, 3,4-(OCH3), 4-N(CH3)2  

Scheme-39-Synthesis of Pyrazoline Bearing benzimidazole Derivatives. 

4.5Krishnakumar. et al. synthesized a series of 1-[3-(1H-Benzoimidazol-2-yl)-4, 5-dihydro-pyrazol-1-yl]-2-(2-

methyl-5-nitro-imidazol-1-yl)-ethanone derivative (121) and screened for their antimalarial activity against 

dihydrofolate reductase enzyme. In this series of compound 1-[3-(1H-benzoimidazol-2-yl)-5-(4-fluoro-phenyl)-4, 

5- dihydro-pyrazol-1-yl]-2-(2-methyl-5-nitro-imidazol-1- yl)-ethanone(121) were found to be more potent activity 

as shown in scheme-40[92]. 

N
H

N

R

O
+ N

N

CH2CONHNH2

CH3

O2N

R= 2-Cl(C6H5), 4-F(C6H5), 4-OH(C6H5), -CH=CH-C6H5

N
H

N

N N
C

CH2

O

NO2

H3C119 120

121
 

Scheme-40- Synthesis of 1-[3-(1H-Benzoimidazol-2-yl)-4, 5-dihydro-pyrazol-1-yl]-2-(2-methyl-5-nitro-imidazol-1-yl)-

ethanone 

4.6Gopal.et al. synthesized a series of novel compound 1-benzyl-2-(1-substituted-5-aryl-4,5-dihydro-1H-pyrazol-

3-yl)- -1H-benzimidazoles (128) and screened for their In-vitro antibacterial activity against S. aureus, B. Subtilis 

(gram-positive bacteria), E. coli, P. Aeruginosa (gram-negative bacteria), C. Albicans(fungi) and MIC value of 

these bacteria 64, 128, 64, 256, 256µmmL-1. Among the synthesized compound (128) found to be more potent, If 

R is substituted with fluorophenyl at four positions as shown in scheme-41[93]. 

http://www.turkjphysiotherrehabil.org/


Turkish Journal of Physiotherapy and Rehabilitation; 32(3) 

ISSN 2651-4451 | e-ISSN 2651-446X  

www.turkjphysiotherrehabil.org 18626 

 

NH2

NH2

+ OH
CH3

HO

O

4M HCl

reflux-8h N
H

N CH3

OH N
H

N CH3

O

K2CR2O7,
dil HSO4
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C6H5CH2Cl,
dry C3H6O,
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C6H8N2,
CH3COOH
reflux -6 -8hN

N

N N

HD
HC

AH
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HX

R

R= phenyl, 4-methylphenyl, 4-chlorophenyl, 
4-bromophenyl, 4-fluorophenyl

122 123 124 125

126

127

128

  

Scheme-41-Synthesis of 1-benzyl-2-(1-substituted-5-aryl-4,5-dihydro-1H-pyrazol-3-yl)- -1H-benzimidazoles. 

4.7 Mohamed. et al. Investigated a series of novel benzothiazole/benzoxazole and benzimidazole substituted 

pyrazoline derivatives and screened for their In vitro antiproliferative activity against MCF-7, A549 cell lines, and 

COX-1, COX-2 enzyme.Among the synthesized compound 4-[3-(Benzothiazol-2-yl)-phenyl)hydrazono]-5-

methyl-2-phenyl-2,4-dihydropyrazol-3-one(132) and 2-Acetyl-4-[(3-(1H-benzimidazol-2-yl)-phenyl]hydrazono-

5- methyl-2,4-dihydropyrazol-3-one (131) were found to be more potent as shown in scheme-42[94]. 

N

X

NH

N
O

CH3

O

CH3

O

N

X

NH

N

NH2NH2.C2H5OH,

NH

N

CH3
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CH3COOH,
 reflux, 3h

C6H5NHNH2,
C2H5OH,
reflux, 5h

N

X

NH

N

N

N

CH3

O

N

X

NH

N

N

N

CH3

O

O
CH3X= NH, O, S

129

130

131 132
 

Scheme-42-Synthesis of benzothiazole/benzoxazole and benzimidazole substituted pyrazoline Derivatives. 

4.8Soni. et al. synthesized a series of novel substituted pyrazoline bearing benzimidazole derivativesand evaluated 

them for their anthelmintic activity against Pheretimaposthuman using standard compound albendazole. Among 

the synthesized compounds 2-[5-(1H-Benzoimidazol-2-yl)-4H-pyrazol-3-yl]-4-hydroxy-benzaldehyde (139) and 
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4-(2-Amino-ethyl)-2-[5-(1H-benzoimidazol-2-yl)-4H-pyrazol-3-yl]-benzalde (138) were found to be more potent 

activity as shown in scheme-43[95] . 

NH2

NH2

+ HOOC

H3C

OH KOH,

reflux N
H

N OH

CH3
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H2SO4
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H

N O

CH3

N
H
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N
H

N NHN

R

N
H

N NN

R

C6H5NHNH2,
C2H5OH

R= 2-Br-C6H4, 2-F-C6H4, 4-CH2-C6H4, 
4-NH2-C6H4, 4-NO2-C6H4, 2-OH-C6H4

133 134
135 136
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139

 

Scheme-43-Synthesis of pyrazoline substituted benzimidazole Derivatives. 

4.9A new series of novel compound 6-((1-((1-benzyl-4, 5-dihydro-5-phenyl-1H-pyrazol-3-yl) methyl)-1H Benzo 

[d]imidazol-5-yl) methyl)-2, 3-diphenylquinoxaline(144) reported by Sridevi.et al. and evaluated for their anti-

histaminic agents against histaminic activity. Among the synthesized compounds, Derivatives (144) were found to 

be more potent if X substitute with chlorine group or Ar was substituted with chlorophenyl, as shown in scheme-

44[96]. 
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Scheme-44- Synthesis of pyrazoline bearing Benzimidazole Derivatives. 

4.10ShaharYar. et al. synthesized a compound 1-(1H-benzimidazol-2-yl)-3-(substituted phenyl)-2-propen-1-one 

were reacting with hydrazine hydrate and phenylhydrazine to get pyrazoline and phenyl pyrazoline derivatives as 

shown in scheme-45 and evaluated for their In-vitro antitubercular activity against Mycobacterium tuberculosis 

H37Rv strain(ATCC-27294) using Microplate Alamar Blue Assay (MABA). Among the synthesized compound, 

2- [5-(4- fluorophenyl)-1-phenyl-4,5-dihydro-1H-3-pyrazolyl]-1H-benzimidazole (148) found to be a more potent 

activity[97]. 
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Scheme-45-Synthesis of Pyrazoline bearing Benzimidazole Derivatives. 

4.11Desai. et al. reported a series of the novel (3-(1H-benzo[d]imidazol-2-yl)-5-(aryl)-4,5-dihydro-1H-pyrazol-1-

yl) (pyridin-4-yl) methanone (151) and evaluated for their antimicrobial activity against gram-negative bacteria (E. 

coli-MTCC-443, P. Aeruginosa-MTCC-1688) and gram-positive bacteria (S. aureus-MTCC-96, S. Pyogenes-

MTCC-442, C. Albicans-MTCC-227, A. niger-MTCC-282, A. Clavatus-MTCC-1323). Among the synthesized 

compound (3-(1H-Benzo[d]imidazol-2-yl)-5-(4-hydroxyphenyl)-4,5- dihydro-1H-pyrazol-1-yl) -(pyridin-4-yl) 

methanone (151) were found to be more potent as shown in scheme-46[98]. 
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Scheme 46: synthesis of pyrazoline bearing Benzimidazole Derivatives. 

4.12Desai. et al. reported a series of novel N-(4-(2-(3-(1H-benzo[d]imidazol-2-yl)-5-(aryl)-4,5-dihydro-1H-

pyrazol-1-yl)-2-oxoethoxy) phenyl) acetamides (156) and screened for their antimicrobial activity against Gram- 
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positive bacteria (S. aureus(MTCC-96), S. pyogenes(MTCC-442) and Gram-negative bacteria (E. coli-(MTCC-

443), P. aeruginosa(MTCC-1688) . From all the series of compound N-(4-(2-(3-(1H-benzo[d]imidazol-2-yl)-5-(3-

fluorophenyl)- 4,5-dihydro-1H-pyrazol-1-yl)-2- oxoethoxy) phenyl) acetamide (156) were found to be more potent 

activity as show in scheme-47[99]. 
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Scheme-47-Synthesis of Pyrazoline Bearing Benzimidazole Derivatives. 

4.13Desai. et al. synthesized a novel compound 1-(3-(1H-benzoimidazol-2-yl)-5-aryl-4-5dihydro-1H-pyrazol-1-

yl)-2-(napthalene-1-yloxy) ethanones (160)and evaluated for their antimicrobial activity against strains of fungi (C. 

Albicans, A. niger, and A. Clavatus) and gram-positive bacteria (S. aureus, S. pyogenes) and gram-negative bacteria 

(E. coli, P. aeruginosa). Among the synthesized compound 1-(3-(1H-benzoimidazol-2-yl)-5-(4-methoxyphenyl-4-

5dihydro-1H-pyrazol-1- yl)-2-(napthalen-1-yloxy) ethanone (160) found to be more potent activity as shown in 

scheme-48 [100]. 
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Scheme-48-synthesis of Pyrazoline Bearing Benzimidazole Derivatives. 
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4.14Zafer. et al. Synthesized a novel 1-[(benzazole-2-yl) thioacetylamino]-3,5-diaryl-2-pyrazoline Derivatives and 

evaluated for their antinociceptive activity against chemical and thermal noxious stimuli. Among the synthesized 

compound derivatives (169) found to be more potent if R1 substituted with hydrogen group and R2 substituted 

with a methyl group and R3 substituted with a methyl group, and R4 substituted with chlorine group as shown in 

scheme-49[101]. 
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Scheme-49-Synthesis of 1-[(benzazole-2-yl)thioacetylamino]-3,5-diaryl-2-pyrazoline Derivatives. 

4.15Sridevi. et al. synthesized a compound methylene bridge that connects 2,3-diphenyl quinoxalin (170) and 

benzimidazole (171), allowing for acetylation. The acetylated substance (166) is used to make chalcones by 

reacting with various aromatic aldehydes (174). Different phenyl pyrazolobenzimidazolequinoxaline derivatives 

were obtained by refluxing chalcones with substituted acid hydrazide derivatives (175) and were more potent if R 

was substituted with hydroxide group and Ar substituted with phenyl group as shown in scheme-50[102]. 
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Scheme-50-Synthesis of phenylpyrazolobenzimidazoloquinoxaline Derivatives. 

4.16Krishnakumar. et al. reported a novel compound 1-[3-(1H-Benzoimidazol-2-yl)-4, 5-dihydro-pyrazol-1-yl]-2-

(2-methyl-5-nitro-imidazol-1-yl)-ethanone (178) and screened for their antimalarial activity against dihydrofolate 

reductase. Among the synthesized compound (178) found to be more potent, If R group substituted with the 

chlorophenyl group as shown in scheme-51[103]. 
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Scheme-51-Synthesis of 1-[3-(1H-Benzoimidazol-2-yl)-4, 5-dihydro-pyrazol-1-yl]-2-(2-methyl-5-nitro-imidazol-1-yl)-

ethanone. 

V. CONCLUSION: 

Pyrazolines are a heterocyclic compound with a cyclic structure. Pyrazoline is a five-membered ring made up of 

three carbon and two nitrogen atoms, with just one endocyclic bond and one group of electron-rich nitrogen carriers. 

benzimidazole is a heterocyclic aromatic organic compound. Benzene and imidazole are fused to form this bicyclic 

compound. It's a colorless liquid. In this article, several methods are used to synthesis compound pyrazoline and 

benzimidazole derivatives with a beneficial biological effect. Pyrazolines and Benzimidazoles are multifunctional 
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applications. The current review on pyrazoline and benzimidazole derivatives patent literature (1989-2021) 

describing the introduction, general method, and synthetic scheme on anticancer, anthelmintic, antidiabetic, 

antimalarial,antiproliferative, antibacterial, anti-histaminic,antitubercular, antinociceptive, and antimicrobial 

activity have been discussed, also in the general literature area in this review. The research of pyrazoline and 

benzimidazole derivatives' biological activity has been a fascinating area of pharmaceutical chemistry. Numerous 

Pyrazoline and benzimidazole derivatives have been discovered to have an essential biological effect on anticancer 

activity, which has encouraged research in this area. The use of pyrazoline and benzimidazole against a brilliant 

moiety and has an enormous scope of interest for the researchers to search more and more about this moiety. 
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