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Abstract: Imidazole is a five-membered heterocyclic moiety that possesses three carbon, two nitrogen, four hydro-
gen atoms, and two double bonds. It is also known as 1, 3-diazole. It contains two nitrogen atoms, in which one
nitrogen bear a hydrogen atom, and the other is called pyrrole type nitrogen. The imidazole name was reported by
Arthur Rudolf Hantzsch (1857-1935) in 1887. 1, 3-diazole is an amphoteric in nature i.e. it shows both acidic and basic
properties. It is a white or colorless solid that is highly soluble in water and other polar solvents. Due to the presence
of a positive charge on either of two nitrogen atom, it shows two equivalent tautomeric forms. Imidazole was first
named glyoxaline because the first synthesis has been made by glyoxal and ammonia. It is the basic core of some
natural products such as histidine, purine, histamine and DNA based structures, etc. Among the different heterocy-
clic compounds, imidazole is better known due to its broad range of chemical and biological properties. Imidazole
has become an important synthon in the development of new drugs. The derivatives of 1, 3-diazole show different
biological activities such as antibacterial, antimycobacterial, anti-inflammatory, antitumor, antidiabetic, anti-allergic,
antipyretic, antiviral, antioxidant, anti-amoebic, antihelmintic, antifungal and ulcerogenic activities, etc. as reported in
the literature. There are different examples of commercially available drugs in the market which contains 1, 3-diazole
ring such as clemizole (antihistaminic agent), etonitazene (analgesic), enviroxime (antiviral), astemizole (antihistaminic
agent), omeprazole, pantoprazole (antiulcer), thiabendazole (antihelmintic), nocodazole (antinematodal), metroni-
dazole, nitroso-imidazole (bactericidal), megazol (trypanocidal), azathioprine (anti rheumatoid arthritis), dacarbazine
(Hodgkin's disease), tinidazole, ornidazole (antiprotozoal and antibacterial), etc. This present review summarized some
pharmacological activities and various kinds of synthetic routes for imidazole and their derived products.
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Background
Nowadays, Public health problems were increasing due
to AMR in drug therapy. So, there is necessary for the
development of a new drug that overcomes the AMR
problems [1].

In past, those drugs which contain heterocyclic nuclei
give high chemotherapeutic values and act as a remedy
for the development of novel drugs [2]. There are lots of
heterocyclic compounds that are in clinical use to treat
infectious diseases. So, there is a great importance of het-
erocyclic ring containing drugs [3].
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In heterocyclic chemistry, imidazole containing moi-
ety occupied a unique position [4]. It is a five-membered
nitrogenous heterocyclic moiety that possesses three car-
bon, two nitrogen, four hydrogen atoms, and two dou-
ble bonds having general molecular formula is C3H,N,
(Fig. 1). The nitrogen atoms present at the first and third
positions (non—adjacent position) of the ring [5], posi-
tion four and five are equivalent [6]. It is also known as
1,3-diazole. It contains two nitrogen atoms, one nitrogen
bear a hydrogen atom, and the other is called pyrrole type
nitrogen [7]. 1,3-diazole ring is a bioester of the pyrazole
ring [8]. It is the basic core of some natural products such
as histidine, purine, histamine and DNA based struc-
tures, etc. [4]. The imidazole name was first reported by
Arthur Rudolf Hantzsch (1857-1935) in 1887 [6].
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1,3-diazole shows an amphoteric phenomenon i.e. it
can behave like acid as well as a base. Two types of lone
pair are present in the imidazole ring, delocalized and
non-delocalized (non-Huckle) lone pair, i.e. both nitro-
gen of 1,3-diazole shows different dissociation constant.
The dissociation constant (pKa) of delocalized lone pair
and non-delocalized lone pair is 7 and 14.9 respectively.
1,3-diazole ring is susceptible to both electrophilic and
nucleophilic attacks due to its amphoteric phenomenon
[7]. For an acid imidazole, the dissociation constant is
14.5, which makes it less acidic than phenol, imides, and
carboxylic acid except for alcohols (which is less acidic
than imidazole). For a basic imidazole, the dissociation
constant (pKa) is approximately 7 (which makes imida-
zole 60 times more basic than pyridine). The acidic pro-
ton is present on the first nitrogen atom of the imidazole
ring [6].

Due to the presence of a positive charge on either
of the two nitrogen atoms, 1,3-diazole ring shows two
equivalent tautomeric forms (Fig. 2) [9]. The presence of
a sextet of m-electrons on the ring makes it an aromatic
compound. The nitrogen atom on the third position in
the imidazole ring is more reactive to the electrophilic
compound due to the availability of unshared pairs of
electron on the second nitrogen atom since the second
nitrogen is a part of aromatic sextet [6].

It is a white or colorless solid. The imidazole ring shows
excellent solubility in water and other polar solvents [10].
The dipole moment, melting point, and boiling point of
the imidazole ring is 4.8 D in dioxane [6], 88.9 'C, and
267.8 'C [7] respectively. It possesses intramolecular
hydrogen bonding [9].

Imidazole was first named glyoxaline because the first
synthesis has been made by glyoxal and ammonia [9].
There is a different kind of synthetic route from which
we can synthesize 1,3-diazloes, and its derivatives. Com-
mon methods are Debus-Radiszewski synthesis, Wallach
synthesis, from dehydrogenation of imidazolines, from
alpha halo-ketones, Marckwald synthesis, and amino
nitrile [11].

Due to the polar nature of the imidazole ring, the phar-
macokinetic parameters of the imidazole containing
compounds should be improved to a great extent. Thus,
this moiety helps to overcome the solubility problems of
poorly soluble drug entities [12].

4[N3
\
5 N)z
H
1

Fig. 1 Imidazole
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The 1,3-diazole and it’s containing compounds shows
a lot of therapeutic activities such as analgesics, antifun-
gal, antihypertensive, antiobesity, antitumor [3], antiviral,
anthelmintic, antitubercular [4], antiulcer, antihistaminic
[13], anti-inflammatory, antidepressant [14]. antidiabetic
[15], anticonvulsant [16], antiallergic [7], antirheumatic
[17], antiasthmatic, alpha-blockers [18], antiprotozoal
[19], antiaging, anticoagulant, antimalarial [20], and
antiamoebic activity [21] etc.

There are different examples of commercially avail-
able drugs which consist 1,3,4-oxadiazole ring (Table 1)
such as clemizole (antihistaminic agent), etonitazene
(analgesic), enviroxime (antiviral), irtemazole, astemizole
(antihistamine), omeprazole, pantoprazole (antiulcer),
thiabendazole (antihelmintic), nocodazole (antinem-
atodal) [22], metronidazole and nitrosoimidazole (bac-
tericidal), megazol (trypanocidal) [12], azathioprine
(anti-rheumatoid arthritis), tinidazole, ornidazole (anti-
protozoal and antibacterial), satranidazole (amoebiasis),
cimetidine (gastric ulcer), carbimazole (against thyroid
disorder), tolazoline (vasodilator action), naphazoline
(vasoconstrictor), tetrahydrozoline (vasoconstrictor)
[16], etomidate, lansoprazole, flumazenil, methimazole,
pilocarpine [19], ketoconazole [23], dacarbazine (anti-
cancer) [24], pimobendan (calcium sensitizer and phos-
phodiesterase inhibitor) [25], fenbendazole [26].

The mechanism for the formation of 2,4,5-trisubstituted
imidazole

The Debus-Radziszewski reaction mechanism for the for-
mation of the 2,4,5-trisubstituted imidazole is given by
(Scheme 1) [27].

Main text

Antibacterial activity

Jain et al. [28] synthesized 2-(4-substituted phenyl)-
1-substituted-4, 5-diphenyl-1H-imidazole (Scheme 2)
and evaluated their antimicrobial activity against S.
aureus, E. coli, and B. subtilis by cylinder wells diffusion
method using Norfloxacin as a reference drug. Among
the different derivatives, compounds 1a and 1b showed
good antimicrobial potential. The conclusion of antibac-
terial activity was presented in (Table 2, Jain et al. [28]).
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Fig. 2 Tautomeric forms of imidazole
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Table 1 Commercially available drugs are containing Imidazole nucleus
S. No. | Name Structure Activity
1. Clemizole Cl Anti-histaminic
agent
N
L
VO
2. Etonitazene 4 J Analgesic
/) ;
G
/
O I?I_ N
(0]
{
3. Enviroxime H Antiviral
Oy o\\/
\ =Ss0
N H
(UL
N
4. Irtemazole For the
promotion of
H excretion of uric
o~ N acid
-
5. Astemizole F@ H Anti-histaminic
N agent
N\\( \CN\/\Q\ . g
o ’
6. Omeprazole H N Antiulcer
N 4 \
L, -
~o N O 00—
7. Pantoprazole H N Antiulcer
F N A \
T, o=
F 0 N O O\ Oo—
8. Thiabendazole g Anti-helmintic
/S
—
QL
9. Nocodazole o) H O Antinematodal
N N (6]
\ ! )—NH
N
10. Metronidazole 7 N Antibacterial
\
OH
11. Nitroso- 0 Antibacterial
. -d l _ |
imidazole O’N\(/N
HN-7/
12. Megazol NN +16 Trypanocidal
N,
N
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Table 1 (continued)
13. Azathioprine 0, Anti-rheumatoid
N N-g arthritis
<
N
.
N
|2
N =N
14. Tinidazole, o Anti-protozoal
N XN and antibacterial
o
Nz
§
9%
15. Ornidazole o Antiprotozoal
N XN and antibacterial
o
N
HO{
Cl
16. Satranidazole 0=N Anti-amoebic
/N?N
0
N\S//O
(O
17. Cimetidine Antiulcer
~N
N NH
Ne X s L
NSNS
H H
18. Carbimazole N/ Antithyroid
/
g\]\A\S
b
19. Tolazoline N Vasodilator
e
20. Naphazoline O - Vaso-constrictor
N
\
SA®
21. Tetra-hydrozoline - Vaso-constrictor
N
\
W
22. Etomidate ( Anesthetic agent
0O
Nj\%
\=N
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Table 1 (continued)
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23. Lansoprazole H

N O
©:/>—S’ N=
N ﬁ
0

Antiulcer

er

F F
24. Flumazenil NS Benzo-diazepine
& / antagonist
fog
\
(¢]
25. Methimazole E Antithyroid
Lo
N
\
26. Pilocarpine 0 Cholinergic agent
) N
' 3
T
27. Ketoconazole Antifungal
Cl
0 ™0
Cl =0 _/
\
N
{
\Nl
28. Dacarbazine (0] Anticancer
NH,
N
LN
N N
H
29. Pimobendan H Calcium
N sensitizer and
N/ phospho-
diesterase
inhibitor
30. Fenbendazole o Antihelmintic

Narasimhan et al. [1] synthesized pyridin-3-yl
(2-(2,3,4,5-tetra substituted phenyl)-1H-imidazol-1-yl)
methanone (Scheme 3). The tube dilution method was
used for the determination of antimicrobial poten-
tial against S. awureus, B. subtilis, and E. coli using

ciprofloxacin as a reference drug. The antifungal activity
of these derivatives was also evaluated against A. niger
and C. albicans using Fluconazole as a reference stand-
ard. The conclusion of antimicrobial potential was pre-
sented in (Table 3, Narasimhan et al. [1]).
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Scheme 1 Plausible mechanism for the synthesis of imidazoles catalyzed by (4-SB)T(4-SPh)PHSO,

Brahmbhatt et al. [2] synthesized 3-(2,4-disubsti-
tuted phenyl)-1-(4-substituted phenyl)-4-(4,5-diphe-
nyl-1H-imidazol-2-yl)-1H-pyrazole (Scheme 4). The
antibacterial activity of these derivatives was evaluated
against Staphylococcus aureus, Bacillus subtilis, Escher-
ichia coli, and Pseudomonas aeruginosa using amikacin
sulfate, ampicillin, and chloramphenicol as a reference
drug. Compound 4 h shows the most potent activity as

compared to the rest of the synthesized compounds.
The conclusion of antibacterial activity was presented
in (Table 4, Brahmbhatt et al. [2]).

Parab et al. [29] synthesized (Z)-4-((6-Bromo-2-chlo-
roquinolin-3-yl) methylene)-2-phenyl-1-(2, 3, 4-trisub-
stituted phenyl)-1H-imidazol-5(4H)-one by using
Scheme 5. The antibacterial activity of synthesized
derivatives was evaluated against E. coli, P. aeruginosa,
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2-(4-substitutedphenyl)-1-substituted
-4,5-diphenyl-1H-imidazole

(1a-e)
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o 0
substituted
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Compounds
_ Rl _ _
1a=p-NO2
1b =m-NO2
1c=p-Cl
1d = 0-Cl
le =m-Br ]
R, = Butyl
Scheme 2 Synthesis of 2-(4-substitutedphenyl)-1-substituted-4,5-diphenyl-1H-imidazole

Table 2 Antibacterial activity of synthesized derivatives (1a-e)-zone of inhibition (mm,%) Jain et al. [28]

Compounds Zone of inhibition
S. aureus B. subtilis E. coli
50(pg/mL) 150(pg/mL) 50(pg/mL) 150(pg/mL) 50(pg/mL) 150(pg/mL)
la 5(23.09) 9 (42.85) 4(19.04) 8(38.09) 7(33.33) 9 (42.85)
1b 3(14.28) 7(3333) 4(19.04) 7(33.33) 6(28.57) 9(42.85)
1c 5(23.09) 6(28.57) 6(28.57) 7(33.33) 5(23.09) 8(38.09)
1d 5(23.09) 6(28.57) 6(28.57) 6(28.57) 5(23.09) 8(38.09)
Te 4(19.04) 7(33.33) 4(19.04) 7(33.33) 5(23.09) 8(38.09)
Norfloxacin* 21 - 21 - 21 -

Norfloxacin* Norfloxacin at concentration 50(ug/mL)

B. subtilis, and B. megaterium by agar cup borer
method using streptomycin as a reference drug. The
antimycotic potential was evaluated for these deriva-
tives against Candida albicans and Aspergillus niger
using imidil as a reference drug and the conclusion of
activity was presented in (Table 5, Parab et al. [29]).

Sharma et al. [17] synthesized 2,3-disubstituted-3,
4-dihydroimidazo [4,5-b] indole (Scheme 6) and evalu-
ated for antibacterial activity against Staphylococcus
aureus, Bacillus subtilis, Escherichia coli, and Kleb-
siella pneumoniae by Kirby-Bauer disc technique
using ciprofloxacin as reference drug. The conclusion
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H
Ry R, R, R, |N> R, R,
NaNO,/HCl N N
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HoN R; > CI-N, Ry, —————> [\ R;
0-100°C E
Ry R, Ry
234,500 " hensbAH midazole.
substitutedlaniline pheny
COOH COCl
B SOCl, B 24h
> _— P EEE—
N
nicotinic acid nicotinoyl
chloride R; R,
N
Ly R,
N
07 Rs
N/

pyridin-3-yl(2-(2,3,4,5-tetrasubstituted
phenyl)-1H-imidazol-1-yl)methanone

(2a-k)
Scheme 3 Synthesis of pyridin-3-yl(2-(2,3,4,5-tetrasubstitutedphenyl)-1H-imidazol-1-yl)methanone

Table 3 Antimicrobial activity of titled compounds (2a-k) Narasimhan et al. [1]
Compounds MIC (uM/mL)

S. aureus B. subtilis E. coli C. albicans A. niger
2a 0.012 0.003 0.003 0.025 0.050
2b ND ND ND 0.022 0.005
2c ND ND ND 0.005 0.005
2d 0.044 0.044 0.044 0.022 0.044
2e 0.022 0.044 0.006 0.022 0.044
2f 0.044 0.044 0.011 0.342 0.044
29 ND ND ND 0.004 0.019
2h 0.010 0.010 0.040 0.020 0.040
2i 0.040 0.002 0.040 0.020 0.040
2j 0.013 0.005 0.002 0.025 0.025
2k 0.002 0.002 0.002 0.020 0.040
Ciprofloxacin 0.004 0.004 0.004 - -
Fluconazole - - - 0.005 0.005

MIC Minimum inhibitory concentration, ND not detected
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CH;COONH,

3-(2,4-disubstitutedphenyl)-1-(4-
substitutedhenyl)-1H -pyrazole-
4-carbaldehyde

(3a-n)

Benzil

CH;COOH
Reflux 14 hr.

Scheme 4 Synthesis of 3-(2,4-disubstitutedphenyl)-1-(4-substitutedphenyl)-4-(4,5-diphenyl-1H-imidazol-2-yl)-1H-pyrazole

'

3-(2,4-disubstitutedphenyl)-1-(4-
substitutedphenyl)-4-(4,5-diphenyl-1H -
imidazol-2-yl)-1H-pyrazole

(4a-n)

of antimicrobial potential was presented in (Table 6,
Sharma et al. [17]).

Ahsan et al. [30] synthesized N-(4-substituted phenyl)-2-
(2-(2-(2-hydroxyphenyl)-4, 5-diphenyl-1H-imidazol-1-yl)

Table 4 Antibacterial activity of tri-substituted imidazole
derivatives (4a-n) Brahmbhatt et al. [2]

Compounds Antibacterial activity (MICin (ug/mL)

Gram negative bacteria Gram positive

bacteria

E.coli  P.aeruginosa  B.subtilis S.aureus
4a 125.0 125.0 125.0 125.0
4b 1250 1250 125.0 125.0
4c 125.0 125.0 125.0 125.0
4d 125.0 125.0 125.0 125.0
4e 125.0 125.0 125.0 125.0
4f 125.0 125.0 125.0 125.0
4g 125.0 1250 125.0 125.0
4h 125.0 125.0 31.0 63.0
4 125.0 125.0 125.0 125.0
4 125.0 125.0 125.0 125.0
4k 125.0 125.0 1250 125.0
4] 125.0 1250 1250 125.0
4m 125.0 125.0 1250 1250
4n 1250 63.0 1250 1250
Amikacin sulphate 244 9.77 9.77 9.77
Ampicillin 100 100 - 250
Chloramphenicol 50 50 - 50

Values written in italic signify the best antibacterial activity

acetyl) hydrazine carbothioamide (Scheme 7). The
antibacterial activity of synthesized derivatives was
evaluated against Escherichia coli, Bacillus subtilis, and
Staphylococcus aureus using Ofloxacin as a reference
drug. The antimycotic potential was evaluated for these
derivatives against C. albicans using Voriconazole as a
positive control. Compounds 8a, 8b, and 8d showed good
antifungal activity against C. albicans. The conclusion of
antimicrobial activity was presented in (Table 7, Ahsan
et al. [30]).

Bhade et al. [18] synthesized 2,4-dichloro-6-(2-
substituted-2,5-dihydro-1H-imidazol-4-yl)phenol, 6-(3, 5-
dichloro-2-hydroxyphenyl)-2-substituted-2H-imidazo
[1,2-a]imidazol-3(5H)-one, 1-acetyl-4-(3, 5-dichloro-2-
hydroxyphenyl)-1H-imidazol-2(5H)-one, (Z)-4-(3,5-dichloro-
2-hydroxyphenyl)-1-(3-(2, 3-dichlorophenyl) acryloyl)-
1H-imidazol-2(5H)-one and 4-(3,5-dichloro-2-hydroxy
phenyl)-1-(5-(2,3-dichlorophenyl)-4,5-dihydro-1H-
pyrazol-3-yl)-1H-imidazol-2(5H)-one by using (Scheme 8).
The antibacterial activity of these derivatives was evaluated
against Staphylococcus aureus, Staphylococcus epidermidis,
Salmonella typhi and Pseudomonas aeruginosa using
chloramphenicol as reference control. The conclusion of
activity was presented in (Table 8, Bhade et al. [18]).

Desai et al. [31] synthesized (Z)-(4-((2-chloroqui-
nolin-3-yl)methylene)-5-0x0-2-phenyl-4,5-dihydro-
1H-imidazol-1-yl)substituted carbamic (Scheme 9) and
evaluated for antimicrobial potential against Staphylo-
coccus aureus, Escherichia coli, Pseudomonas aerugi-
nosa, and Streptococcus pyogenes by serial broth dilution
method using ampicillin as a reference standard and the
results were summarized in (Table 9a, Desai et al. [30]).
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O
Br
Br cHo  HOOC CH,;COONa NN
Cl

7-bromo-3-chloro-2-
naphthaldehyde

@)

Compounds 5a-h,

Sa
5b

:R,R2:H,R1:NH2
:R,,R, = H, R = NH,

Sd

: R] = H, R2 = CH3,, R = C7H6-NH2

Se: Rl’ R2 = H, R = C6H4802NH2

5f:

Sg

Sh:

Rl’ R2 = H, R= C7H6-NH2

2-benzamidoacetic acid

(CH,C0),0

(Z2)-4-((6-bromo-2-chloroquinolin-
3-yl)methylene)-2-phenyloxazol-5(4H)-one

R, Ry
H,N R CH;O0H,
CH;COOH
2,3 ,4-trisubstituted
aniline
Y R,

(Z£)-4-((6-bromo-2-chloroquinolin-3-
yl)methylene)-2-phenyl-1-(2,3,4-
trimsubstitutedphenyl)-
1H-imidazol-5(4H)-one

(S5a-h)

Scheme 5 Synthesis of (2)-4-((6-bromo-2-chloroquinonlin-3-yl)methylene)-2-phenyl-1-(2,3,4-trimsubstitutedphenyl) 1 H-imidazol-5(4H)-one

Table 5 Antimicrobial activity of synthesized compounds (5a-h) Parab et al. [29]

Compounds Zone of inhibition (mm)
E. coli P. aeruginosa B. subtilis B. megaterium A. niger C. albicans

5a 15 19 21 19 20 19
5b 1 9 19 20 10 I
5¢C 20 22 22 22 13 13
5d 11 15 19 13 15 12
5e 10 8 15 19 12 9
5f 6 18 25 20 14 16
59 14 9 24 15 10 1
5h 8 13 21 13 16 17
Streptomycin 28 32 31 29 33 33
Imidil - - - - 34 34

Antimicrobial activity of compounds at 10 mg% in DMSO
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Table 6 Antimicrobial activity of the synthesized aryl
imidazole compounds (7a-t) Sharma et al. [17]

Compounds Diameter of zone of inhibition (mm) Bacterial strains

Gram positive Gram negative bacteria

bacteria
S.aureus  B.subtilis E. coli K. pneumoniae

7a 5.9 (50) 6.9 (50) 7.2 (50) 8.1 (50)
7b 5.1(25) 5.5(25) 8.1 (50) 8.9 (50)
7C 8.6 (25) 84 (25) 9.2 (12.5) 9.5(12.5)
7d 13.1 (50) 12.5 (25) 11.9 (25) 125 (6.2)
7e 9.1 (25) 8.8 (50) 7.6 (100) 7.8 (100)
7f 57(100)  5.9(100) 6.6 (50) 6.9 (50)
79 12.5 (50) 12.1 (25) 11.9 (25) 11.6 (25)
7h 11.9 (50) 11.3(25) 10.9 (100) 10.7 (50)
7i 12.1(25) 13.8 (50) 14.3 (25) 12.5 (50)
7j 13.1(25) 12.3(25) 154 (125) 11.8(25)
7k 11.2 (50) 124 (25) 13.5(12.5) 9.1 (50)
71 6.2 (100) 7.2 (100) 9.2 (50) 7.5(50)
m 7.2 (100) 8.7 (50) 10.2 (50) 10.3 (25)
n 103 (25) 124(125) 145(6.2) 13.3(12.5)
70 12.3 (50) 13.6 (25) 14.6 (25) 14.6 (25)
7p 9.1(100)  83(100) 9.1 (50) 10.2 (25)
7q 6.1 (100) 7.4 (100) 8.3 (50) 6.9 (50)
7r 7.3 (100) 7.4 (100) 9.5 (50) 9.7 (50)
7s 13.2(25) 145(125) 146125 11.5(25)
7t 124 (25) 12.7 (25) 13.1(50) 11.1 (50)
Ciprofloxacin 18(12.5) 19 (6) 19 (12.5) 17 (6)

Values in brackets are MIC values (ug/mL)

The antimycotic potential of these derivatives was evalu-
ated against A. niger, C. albicans, and A. clavatus using
griseofulvin as a reference standard. The results of the
activity were summarized in (Table 9b, Desai et al. [31]).
Shobhashana et al. [32] synthesized 6-substituted-
3-(4,5-diphenyl-1H-imidazol-2-yl)-2-(4-substituted phe-
noxy) quinoline by using (Scheme 10) and evaluated for
antimicrobial activity against Bacillus subtilis, Escheri-
chia coli, Clostridium tetani, Streptococcus pneumoniae,
and Salmonella typhi by using the broth dilution method.
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Ampicillin, chloramphenicol, and ciprofloxacin were
used as a positive control. The antimycotic activity of
these derivatives was evaluated against Candida albicans
and Trichophyton rubrum using Nystatin and Griseoful-
vin as reference drugs. The conclusion of antimicrobial
activity was presented in (Table 10a, b, Shobhashana
etal. [32]).

Selvan et al. [33] developed N-(2-(1H-benzo[d]imi-
dazol-2-yl)phenyl)substituted formimidoyl by using
(Scheme 11). The disc diffusion technique was used for
the determination of antimicrobial activity against S.
aureus using ciprofloxacin as a positive control. The
antimycotic activity of these derivatives was evaluated
against A. niger using Nystatin as a reference drug and
the conclusion of antimicrobial potential was presented
in (Table 11, Selvan et al. [33]).

Zala et al. [8] synthesized 2-(substituted amino)-1-(2,4,5-
triphenyl-1H-imidazol-1-yl) ethanone (Scheme 12) and
evaluated for antimicrobial potential against Staphylococ-
cus aureus and Escherichia coli using ciprofloxacin as a ref-
erence drug. The antimycotic potential of these derivatives
was evaluated against C. albicans using Clotrimazole as a
reference drug. The conclusion of antibacterial activity was
presented in (Table 12, Zala et al. [8]).

Yadav et al. [34] synthesized 2-((1H-benzo[d]imida-
zol-2-yl)thio)-N-(4-oxo0-2-(2,3,4,5,6-Penta substituted
phenyl)thiazolidin-3-yl)acetamide and 2-((1H-benzo[d]
imidazol-2-yl)thio)-N-(2-substituted-4-oxothiazolidin-
3-yl) acetamide by using (Scheme 13). The antibacterial
activity of these derivatives was evaluated against differ-
ent bacterial strains (Staphylococcus aureus, Escherichia
coli, and Bacillus subtilis) using Norfloxacin as a refer-
ence drug. The antimycotic activity of these derivatives
was evaluated against different fungal (Candida albicans
and Aspergillus niger) strains using Fluconazole as a ref-
erence drug. The conclusion of the activity was presented
in (Table 13, Yadav et al. [34]).

Anticancer activity
Yurttas et al. [35] developed 2-((1-((4-substituted phenyl)
amino)-4,5-dimethyl-1H-imidazol-2-yl)thio)-N-(6-substi
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Glacial acetic

o

imidazol-2-yl)phenol

1-substituted-4-

SCNQCI

t.

Q o ClCH2COOC2H5
+
o HO Ammonium Anhydrous
O CHO acetate acetone, CHZCOOCQHS
OH K,CO;, OH
: 2-hydrox
Benzil e dehyyde 2-(4,5-diphenyl-1H- ethyl 2-(2-(2-hydroxy

phenyl)-4,5-diphenyl-1H-
imidazol-1-yl)acetate

NH,NH, H,0 | C,H;OH

&

N-(4-substitutedphenyl)-2-(2-(2-(2-hydroxyphenyl)
-4,5-diphenyl-1H-imidazol-1-yl)acetyl)
hydrazinecarbothioamide

(8a-e)

Compounds 8a-e; R =

8a=H,8b=0CH ,8c=CH ,8d=F,8e=Cl
Scheme 7 Synthesis of N-(4-substitutedphenyl)-2

N™X . .
| R isothiocyanatobenzene
N S <
CHy ~ Absolute ethanol
OH W N N solute €thano
e} H H

-(2-(2-(2-hydroxyphenyl)-4,5-diphenyl-1H-imidazol-1

NN
N
CH,CONHNH,
OH

2-(2-(2-hydroxyphenyl)-4,5-
diphenyl-1H-imidazol-1-
yl)acetohydrazide

-ylacetyl)hydrazinecarbothioamide

Table 7 Antibacterial and antifungal activity of titled compounds (8a-8e) Ahsan et al. [30]

Compounds  Antibacterial activity Antifungal activity
E. coli B. subtilis S. aureus C. albicans
Zone % inhibition  Zone % inhibition  Zone % inhibition  Zone % inhibition
of inhibition of inhibition of inhibition of inhibition
(mm) (mm) (mm) (mm)
8a 22 61.11 14 43 14 48 20 75
8b 22 61.11 15 47 21 72 20 69
8¢ 23 67 15 47 20 69 17 586
8d 225 625 20 62 19 655 20 69
8e 19 52 12 50 22 75 20 68.5
Ofloxacin 36 100 32 100 29 100 - -
Voriconazole - - - - - - 29 100




Siwach and Verma BMC Chemistry (2021) 15:12

Page 14 of 69

(£)-4-(3,5-dichloro-2-hydroxyphenyl)-
1-(3-(2,3-dichlorophenyl)acryloyl)-
1 H-imidazol-2(5H)-one
(12a)

Scheme 8 Synthesis of imidazole derivatives

Cl
Cl Cl Y OH
OH Br, on  HNK
Acetic acid NH,
Ledleadld, ~ H
Cl CHj Cl Br Ethanol, NT<
TEBA R
1-(3,5-dichloro-2- 2-bromo-1-(3,5-dichloro 2,4-dichloro-6-(2-substituted-
hydroxyphenyl)ethanone -2-hydroxyphenyl) 2,5-dihydro-1H-imidazol-4-yl)
ethanone phenol
R=0,N
(9a, 9b)
Glycine
TEBA
CHO
Cl o) cl
Cl OH c1—< OH
Cl | J<O ‘ CH;
C -
\ N 3 Eq. NaOH Cl
40% NaOH, N« CHy THF, reflux N\<
EtOH O \
N">F
1-acetyl-4-(3,5-dichloro- 6-(3,5-dichloro-2-hydroxyphenyl)
2-hydroxyphenyl)-1H - -2-substituted-2H -imidazo[1,2-a]
imidazol-2(5H)-one imidazol-3(5H)-one
11
(112) R =H/Me
Y (10a-10b)
Cl Cl
OH OH
Cl By 0 Cl _ o« 4\(Q01
N — g L N Cl
~ Cl N N-NH
0 0

4-(3,5-dichloro-2-hydroxyphenyl)-1-(5-(2,3-
dichlorophenyl)-4,5-dihydro-1H-pyrazol-
3-yl)-1H-imidazol-2(5H)-one
(13a)
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Table 9 (a) Antibacterial activity of the synthesized derivatives (14a-l); (b) Antifungal activity of titled compounds (14a-1)

Desai et al.[31]

(a)
Compounds R MIC (pg/mL) £ SD
E. coli MTCC-443 P. aeruginosa S. aureus MTCC-96 S. pyogenesMTCC-442
MTCC-1688
14a —CgHs 10042.03** 5004 2.64* 1000+3.78 500+ 2.64
14b CeHs-CH,- 500+ 3.46* 500+ 346 250£3.21% 2504 3.04%**
14c —3-C-CgH, 50£2.64%** 1004 1.21** 200+£2.08* 1000£4.51
14d —4-Cl-CgH, 2541 1004+1.51% 200+ 2.08** 5042.64%*
14e —2,5-(Cl),-C4H; 10041 2504£2.51** 1000+£4.04 1000+2.51*
14f —4-F-CH, 200+ 1.62% 100+ 1.60 1004 2.78** 1000+ 3.78**
149 —3-NO,-C¢H, 1004 1** 1004+1.72 5004£3.05 250£2.51%*
14 h —4-NO,-C¢H, 25+ 1.62%** 50+£1.05% 250£2.16* 1004 1.78**
14i —2-0OH-CgH, 10042.15* 100 4 1%** 1004 2.04* 500£4.50
14j —3-0OH-CH, 10042.05* 50£1.16%* 500+4.50 2004 2.05*
14k —2-0OH4-Cl-CgHy 2004£2.21% 1004 2.15%* 250+ 2.64%* 500+3.08
141 CsHN 5004 3.05** 500£3.78 250£3.21* 100+£1.51%
Ampicillin 100£2.05 100£1.0 250+1.52 100£2.06
(b)
Compounds R MIC (ug/mL) £ SD
C. albicans MTCC-227 A. niger MTCC-282 A. clavatus MTCC-1323
14a —CgHs 5004+ 2.64* 5004 3.05* 100043.21
14b CeHg-CH- 1000 £ 1.04** 10004 2.51** 500£4.05%
14c —3-Cl-CgH, 100+£1.51% 1000+4.50 100+ 1.64%
14d —4-Cl-CgH, 200+ 2.64* 1004 1.21%* 500+4.16
14e —2,5-(ChH,-CeH; 10042.51%* 500 £ 2.08*** 500+ 3.78**
14f —4-F-CH, 100+ 1.78* 1000£3.05 1004 2.78%**
149 —3-NO,-CgH, 200£3.51 500£4.05% 100+ 1.51%
14 h —4-NO,-C¢H, 10043.78** 1004 1% 200£3.05**
14i —2-OH-C4H, 500+ 4.50% 250£3.78** 500+4.58
14j —3-OH-C4H, 1000 £ 2.05%** 1004 2.05%** 500£321%
14 k —2-0OH4-Cl-C4Hs 500+£2.08 250+ 2.05 500+3.46
141 CsHUN 200£3.51** 500+ 2.64* 100£1.12%
Griseofulvin 500+£2.58 100£1 100£1.15

+ SD = Standard deviation

" Significant P<0.05

™ Moderately significant P<0.01
" Extremely significant P<0.001
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R, CHO
R, «CHO m
m + o< YR, — N"T0 + NH,0AC
N> cl

2-chloro-6-substituted 4-substituted
quinoline-3-carbaldehyde phenol R,

6-substituted-2-(4-substitutedphenoxy)
quinoline-3-carbaldehyde

R =H, CH3,0CH3
=H, Cl

@)
Acetlc a01d
Reflux
HO H

6-substituted-3-(4,5-diphenyl-1H-
imidazol-2-yl)-2-(4-substitutedphenoxy)
quinoline
(15a-f)
Scheme 10 Synthesis of 6-substituted-3-(4,5-diphenyl-1H-imidazol-2-yl)-2-(4-substitutedphenoxy)quinoline
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Table 10 (a) Antibacterial activity of the synthesized compounds (15a-f); (b) Antifungal activity of the synthesized
compounds (15a-f) Shobhashana et al. [32]

(a)

Compounds Minimum inhibitory concentration in pg/mL

Antibacterial activity

Gram positive bacteria Gram negative bacteria
15a 100 250 500 100 250 250
15b 250 500 250 250 200 500
15¢ 62.5 100 500 62.5 200 250
15d 250 100 125 100 125 100
15e 500 500 500 250 100 500
15f 100 250 100 100 100 250
Ampicillin 250 250 100 100 100 100
Chloramphenicol 50 50 50 50 50 50
Ciprofloxacin 50 100 50 25 25 25
(b)
Compounds MIC
Antifungal activity
C.albicans MTCC227 T. rubrum
MTCC296
15a >1000 1000
15b 500 >1000
15¢ 1000 1000
15d 1000 1000
15e 1000 >1000
15f 500 1000
Nystatin 100 500
Griseofulvin 500 500
H H
COOH H,N N R-CHO N
2 PPA - 4
+ — \ . o N
NH HN 160°C N 1,4-dioxane,
2 2 NH, ZnCl N
2 RHC
2-aminobenzoic benzene- 2-(1H-benzo[d] N-(2-(1H-benzo[d]imidazol-2-
acid 1,2-diamine imidazol-2-yl)aniline yl)phenyl)substituted
formimidoyl
Compounds 16a-b; R = (16a-b)
OH
16a; R = @ 16b; R = ©/
Scheme 11 Synthesis of N-(2-(1H-benzo[d]imidazol-2-yl)phenyl)substitutedformimidoy!
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Table 11 Antimicrobial activity of titled compounds (16a-
b) Selvan et al. [33]

Compounds Zone of inhibition in mm
Antibacterial activity Antifungal activity
S. aureus (NCIM-2079) A. niger (NCIM-105)

16a 22 18

16b 16 20

Solvent - -

Ciprofloxacin 35 -

Nystatin - 35

Standard—Ciprofloxacin 5 mg/disc for bacteria. Nystatin 100 units/disc for fungi;
Solvent-DMSO

tutedbenzo[d]thiazol-2-yl)acetamide by using (Scheme
14) and evaluated for antitumor potential by MTT assay
against two different cancer cell lines such as C6 (rat gli-
oma) and HepG2 (human liver) using cisplatin as a refer-
ence drug. Among the synthesized derivatives compound
20g shows good cytotoxic potential. The conclusion of
antitumor potential was presented in (Table 14, Yurttas
et al. [35]).

Hsieh et al. [25] synthesized (E)-1-(1-allyl-1H-benzo[d]
imidazol-2-yl)-3-(4-substituted phenyl) prop-2-en-1-
one by using (Scheme 15) and evaluated for anticancer
activity against different cell lines such as A549, MCE-
7, HepG2, and OVCAR-3 by MTT assay using cisplatin
as a reference drug. The conclusion of anticancer activity
was presented in (Table 15, Hsieh et al. [25]).

Roopashree et al. [36] synthesized 2-(5-butyl-3-chloro-
1-substituted-1H-pyrrol-2-yl)-1H-benzo[d]imidazole
(Scheme 16) and evaluated for antitumor activity against
HeLa cancer cell line by using MTT assay. Each com-
pound was tested to calculate the inhibitory concen-
tration and the results of the activity were presented in
(Table 16, Roopashree et al. [36]).

Romagnoli et al. [37] developed 2-substituted-1-(3,4,5-
trimethoxyphenyl)-1H-imidazole (Scheme 17) and evalu-
ated for anticancer activity against different cancer cell
lines such as HeLa, HT-29, A549, MCF-7, Jurkat, and
HL-60 using C-A4 as a reference standard. Compounds
28k, 28n, and 280 showed maximum cytotoxicity as
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compared to others. The conclusion of antitumor poten-
tial was presented in (Table 17, Romagnoli et al. [37]).

Rajendran et al. [38] synthesized 1-substituted-2-(5-
substituted-1-phenyl-1-H-pyrazol-3-yl)-1H-benzo[d]
imidazole and 4-(1-chloro-1H-benzo[d]imidazol-2-yl)-
6-fluoropyrimidin-2-amine by using (Scheme 18) and
evaluated for antitumor potential against different cell
lines such as MCF-7 and CaCo-2 using Fluorouracil as
reference drug. Each compound was tested to calculate
inhibitory concentration and the conclusion of activity
was presented in (Table 18a, b, Rajendran et al. [38]).

Meenakshisundaram et al. [39] synthesized 3-(4-
substitutedbenzyl)-6,7-disubstituted-2-(4-(6,7-disubsti-
tuted-3-(4-substitutedbenzyl) imidazo[1,2-a] pyridin-
2-yl)phenyl)imidazo[1,2-a]pyridine, 3-(4-substituted
benzyl)-2-(3-(6,7-disubstituted-3-(4-substitutedbenzyl)
imidazo[1,2-a]pyridin-2-yl)phenyl)-6,7-disubstitutedimidazo[1,2-
a]pyridine and 6,7-disubstituted-3-(4-substitutedbenzyl)-
2-phenylimidazo[1,2-a] pyridine (Scheme 19a-c) and
evaluated for antitumor potential against different cell
lines such as HeLa, MDA-MB-231 and ACHN by SRB
method using adriamycin as a reference drug. The con-
clusion of antitumor potential was presented in (Table 19,
Meenakshisundaram et al. [39]).

Sharma et al. [40] synthesized 1,2-disubstituted-4,
5-diphenyl-1H-imidazole (Scheme 20), and evaluated for
antitumor potential by using the tryphan blue dye exclu-
sion technique against different cancer cell lines such as
DLA and EAC at different concentration. The conclu-
sion of antitumor potential was presented in (Table 20,
Sharma et al. [40]).

Antioxidant activity
Naureen et al. [41] synthesized 3-(4,5-diphenyl-1-
(substituted phenyl)-1H-imidazol-2-yl)-substituted-2-
(substituted phenyl)-1H-indole (Scheme 21) and evaluated
for antioxidant potential by DPPH method using Quercetin
as reference drug. Compound 61d shows the highest anti-
oxidant activity as compared to others. The conclusion of
antioxidant potential was presented in (Table 21, Naureen
etal. [41]).

Rajasekaran et al. [42] synthesized (E)-(1H-benzol[d]
imidazol-1-yl)(4-((substituted benzylidene)amino)
phenyl)methanone (Scheme 22a), 2-(1H-benzol[d]
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SN
+ @ +  NH0Ac _ Reflux _ ©—<
L

2,4,5-triphenyl-1H-imidazole

Benzil Benzaldehyde Ammonium
acetate
CICOCH,Cl
Primary and
secondary o
ammes N
(|
N
o U
Cl
2-(substitutedamino)-1-(2,4,5-triphenyl 2-chloro-1-(2,4,5-triphenyl-
-1H-imidazol-1-yl)ethanone 1 H-imidazol-1-yl)ethanone
(17a-17f)
Compounds 17a-f; R =
o, C, 0O O O O
CH;
17a 17b 17¢ 17d 17e 17f

Scheme 12 Synthesis of 2-(chloroamino)-1-(2,4,5-tridiphenyl-1H-imidazol-1-yl)ethanone
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Table 12 Antimicrobial activity Compounds Concentration Zone of inhibition (mm)
of titled compounds (17a-f) Zala (ng/mL)
etal. [8] Gram positive Gram negative Fungi
S. aureus E. coli C. albicans
17a 750 9 10 9
500 8 9 7
250 5 6 5
17b 750 16 15 15
500 12 1 11
250 10 8 9
17¢ 750 26 25 21
500 24 23 19
250 20 19 18
17d 750 15 16 17
500 13 14 15
250 1 10 12
17e 750 17 13 19
500 14 Il 13
250 12 9 10
17f 750 9 10 15
500 7 8 13
250 5 6 10
Ciprofloxacin 750 27 28 -
500 26 27 -
250 24 25 -
Clotrimazole 750 - - 22
500 - - 20
250 - - 19

imidazol-1-yl)-N-(5-phenyl-1,3,4-oxadiazol-2-yl)aceta-
mide (Scheme 22b) and 1-(1H-benzo[d]imidazol-1-yl)-
2-((substituted-1,3,4-oxadiazol-2-yl)thio)ethanone
(Scheme 22c¢) and evaluated for antioxidant potential
by using DPPH assay. All the synthesized derivatives
showed good scavenging potential as compared to
ascorbic acid (positive control) and the conclusion of
activity was presented in (Table 22, Rajasekaran et al.
[42]).

Subramaniam et al. [43] synthesized (Z)-3-(2-(5-(3-
methyl benzylidene)-4-oxo-2-phenyl-4, 5-dihydro-1H-

imidazol-1-yl)  ethyl)-2-phenyl quinazolin-4(3H)-one
derivatives (Scheme 23) and evaluated for antioxi-
dant potential by using DPPH assay. These compounds
showed good scavenging potential as compared to ascor-
bic acid (positive control). The conclusion of scavenging
potential was presented in (Table 23, Subramaniam et al.
(43]).

Katikireddy et al. [21] developed (E)-N’-(7-methyl-
2-propyl-1H-benzo[d]imidazole-5-carbonyl) substituted
formohydrazonoyl (Scheme 24) and evaluated for anti-
oxidant activity using ascorbic acid as a reference drug.
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H 0-C,H HN-NH
N/>—SH @[ >—s” Yo @[ s 0
N N
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(d) e
(c)l RO, ©

/—Ar y—Ar
/ R4 - _
q HN-N )>:<< i H;N N q HN-N
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(E)-2-((1H-benzo[d]imidazol-2-  (E)-N'-(2-((1H-benzo[d Jimidazol (E)-N'-(2-((1H~
yDthio)-N'-(2,3,4,5,6-penta -2-yl)thio)acetyl)substituted benzo[d Jimidazol-2-
substitutedbenzylidene) formohydrazonoyl ylthio)acetyl)substituted
acetohydrazide formohydrazonoyl
f
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R, Ar
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- N
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2-((1H-benzo[d]imidazol-2-yl) 2-((1H-benzo[d]imidazol-2-yl) ~ 2-((1-benzo[d Jimidazol-2-yl)
thio)-N-(4-0x0-2-(2,3,4,5,6- thio)-N-(2-substituted-4-oxo thio)-N-(2-substituted-4-oxo
pentasubstituted thiazolidin-3-yl)acetamide thiazolidin-3-yl)acetamide
phenyl)thiazolidin-3-yl)acetamide
(18a -p) (18q) (18r)
18b: R, = OCH;, R, =R, =Rs=R¢=H | 18j: R, =NO,, R,=R;=Rs=R=H 18q

18¢: R, = OCH, R, = R; =R.=R = H | 18k: R; = OCHj, R,=OH, R,=R=R=H

18e: R, = OH, R,~R;=Rs~R,= H 18m: R, = CHO, R,=R,=Rs=R = H Q on
18f: R,=Cl,R;=R,=R,=R.=H 18n: R, = OH, R;=R,=R=R=H

18g: R, = Cl, R,~R;~R;=R= H 180: R, =N(CHs),, R,=R;=Rs=R¢=H 18r O

18h: R, =F, R,=R;=R,=R (= H 18p: R, = N(C,Hy),, R,=R;=R;=R,=H

Reagents and conditions: (a) EtOH, ethyl chloroacetate, stirring, 24 h, (b) EtOH, NH,NH, H,0, reflux,
(¢) Aryl aldehyde, EtOH, glacial acetic acid, (d) Cinnamaldehyde, EtOH, glacial acetic acid,
(e) 4-hydroxy-napthaldehyde, EtOH, glacial acetic acid, (f) Dioxane, thioglycollic acid, anhydrous zinc
chloride,

reflux
Scheme 13 Synthesis of benzimidazole-substituted-1,3-thiazolidin-4-ones
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Table 13 MIC of benzimidazole-substituted-1,3-thiazolidin4-ones (18a-r) in pM/ml Yadav et al. [34]
Compounds MIC (uM/ml)

S. aureus B. subtilis E. coli C. albicans A. niger
18a 0.030 0.030 0.030 0.060 0.030
18b 0.060 0.030 0.030 0.030 0.030
18¢c 0.030 0.030 0.030 0.030 0.030
18d 0.028 0.014 0.028 0.028 0.028
18e 0.031 0.031 0.031 0.031 0.031
18f 0.030 0.030 0.030 0.030 0.030
189 0.030 0.015 0.015 0.030 0.030
18h 0.031 0.031 0.031 0.031 0.031
18i 0.027 0.027 0.013 0.027 0.027
18j 0.029 0.029 0.015 0.007 0.029
18k 0.058 0.029 0.007 0.029 0.029
18l 0.028 0.028 0.028 0.028 0.028
18m 0.061 0.030 0.030 0.030 0.030
18n 0.031 0.031 0.008 0.031 0.031
180 0.029 0.029 0.029 0.029 0.029
18p 0.027 0.027 0.027 0.027 0.027
189 0.030 0.030 0.030 0.030 0.030
18r 0.028 0.028 0.028 0.028 0.028
Norfloxacin 047 047 047 - -
Fluconazole - - - 0.50 0.50

Compound 64n shows the most potent antioxidant activ-
ity as compared to others and the results of activity were
presented in (Table 24, Katikireddy et al. [21]).

Subhashini et al. [44] synthesized 4-((4-(4,5-diphenyl-
1H-imidazol-2-yl)phenoxy)methyl)-1-(2,3,4-trisubsti-
tuted phenyl)-1H-1,2,3-triazole derivatives (Scheme 25a,
b) and evaluated for antioxidant activity by using four
different methods such as Hydrogen peroxide scaveng-
ing, Nitric oxide scavenging, DPPH, and FRAP assay.
The conclusion of antioxidant potential was presented in
(Table 25a—d, Subhashini et al. [44]).

Antihypertensive activity
Navarrete-Vazquez et al. [45] synthesized 5-(trifluoromethyl)-
2-(2,3,4-trisubstituted phenyl)-1H-benzo[d] imidazole and 5-

nitro-2-(2,3,4-trisubstituted phenyl)-1H-benzo [d] Imidazole
(Scheme 26) and evaluated for antihypertensive potential in
SHR by using the tail-cuff method and the results of antihy-
pertensive activity were summarized in (Table 26, Navarrete-
Vazquez et al. [45]).

Hadizadeh et al. [46] synthesized 2-(2-(1H-imidazol-1-yl)
ethyl)-4-(1-benzyl-2-(substituted  thio)-1H-imidazol-5-yl)-
5-(substituted ~ carbonyl)-6-methyl-1, 4-dihydropyridine-
3-substituted carboxylic acid (Scheme 27) and evaluated
for antihypertensive potential in rats and the results of anti-
hypertensive activity were summarized in (Table 27, Hadiza-
deh et al. [46]).

Goyal et al. [22] synthesized 2-substituted-1-(pyridin-2-
ylmethyl)-1H-benzo[d]imidazole derivatives (Scheme 28)
and evaluated for antihypertensive potential and the
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AcOH, HiC_ N 0
H;C_O  H,NHN Reflux | )=s X N
+ L B @)
H;CCl R 3 NH S R’
3-chlorobutan- (4-substituted 2-chloro-N-(6-
2-one phenyl)hydrazine substitutedbenzo[d]

thiazol-2-yl)acetamide
1-((4-substitutedphenyl)amino) .
-4,5-dimethyl-1H-imidazole- ~ R' = H, CHj, OCH3, CL, F
2(3H)-thione
R=19a = CHj3;, 19b = NO,
K,CO;,

acetone,
rt, 3-4 h

Ii&—swo

H,C™ N N
¥ NH  HNY :@L
S R’

R
2-((1-((4-substitutedphenyl)amino)-4,5-dimethyl-
1 H-imidazol-2-yl)thio)-N-(6-substitutedbenzo[d ]

thiazol-2-yl)acetamide

(20a-j)
Scheme 14 Synthesis of 2-((1-((4-substitutedphenyl)amino)-4,5-dimethyl-1H-imidazol-2-yl)thio)-N-(6-substitutedbenzo(d]thiazol-2-yl)acetamide

H,C

Table 14 IC;, values of the synthesized compounds (20a-j)  results of activity were summarized in (Table 28, Goyal

against C6 and HepG2 cancer cell line Yurttas et al. [35] etal. [22]).
Compounds IC5, value
s HepG2 Antitubercular activity

Amini et al. [47] synthesized N3-(substituted phenyl)-
20a 2704141 500+50 N5-(substituted ~ phenyl)-4-(4,5-dichloro-1H-imidazol-
20b 20£20 2633+153 2-yl)-2-methyl-1, 4-dihydropyridine-3,5-dicarboxamide
20c 3267+643 2750+3536  (Scheme 29) and evaluated for anti-tubercular activ-
20d 220£361 29334115 ity against Mpycobacterium tuberculosis strain using
20e 1633£231 31674723 rifampicin as reference drug. The conclusion of the anti-
20f 19.50£2.12 2867+1.15  tubercular activity was presented in (Table 29, Amini
20g 15674252 58334289 etal. [47]).
20h >500 >500
20i 2433£4.04 >500
20j 19.33+2.31 >500

Cisplatin 2304173 46.67 £7.64




Siwach and Verma BMC Chemistry (2021) 15:12

Page 26 of 69

@ENHz ) @[ OH (11) @E 0O (111) ©:

benzene-1,2- 1-(1H-benzo[d] 1-(1H-benzo[d]
diamine imidazol-2-yl)ethanol imidazol-2-yl)ethanone
(E)-1-(1H-benzo[d]imidazol-2- yl) 3-(4-
substitutedphenyl)prop-2-en-1-one

21a: R, =H

21b: R, = CH;

21c: Ry = OCH;

21d: R, =Cl

|
fl f@l o 9 O

R, R, R, R, R
o | o | o | o | O{G
N/N z NQ //\O

z

= NN NTNAC NP NN NPNAN

o 0 O T80 T 0 0

22a: R, =H 23a: R, =H 24a: R, =H 25a: R, =H 26a: R, =H
22b: R| = CH;4 23b: R1 =CH; 24b: R1 =CH; 25b: R1 = CH; 26b: Rl CH;4
22d: R, =Cl 23d R1 Cl 24d R1 Cl 25d R1 Cl 26d R,=Cl
(22a-d) (23a-d) (24a-d) (25a -d) (26a-d)
Reagents and conditions : (i) Lactic acid, 4N HCI, Reflux (ii) permanganate, solid

aluminium oxide, no solvent, r.t, 10 min, (iii) Benzaldehyde, 40% KOH, EtOH, r.t, 10 min, (iv) potassium
carbonateacetonitrile, reflux overnight
Scheme 15 Synthesis of imidazole derivatives
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Table 15 Anticancer Compounds Cancer cells (IC5o pM)

activity of titled

compounds (21a-26d) A549 MCF-7 HEP-G2 OVCAR-3

against different cancercell 11934299 1349+0.16 2424032 1691037

lines Hsieh et al. [25] 21b 19.174£043 18.09+0.28 5913092 2474169
21c 17414016 16044024 140854088 34444155
21d 35894084 32554326 36544135 36484136
22a 12474018 12.1240.10 15444025 16.0940.39
22b 41054161 53544112 117.284+242 5001891
22¢ >314 25494136 >314 299.5249.27
22d 15794049 13424024 1764025 16134032
23a 103+0.13 9654006 10.16£0.08 105+0.10
23b 54124120 53194077 64914024 28714144
23c 56.21£0.96 56.090.14 36.61+1.89 1144024
23d 19534071 14.7340.09 15494£0.16 14.044£0.29
24a 10734058 9.73£0.16 10334006 103440.19
24b 11644025 11.14£007 32164183 1255+0.12
24c 22364054 21124053 58744075 13294047
24d 5045 40.82 54414072 56454086 331340.14
25a 14.59£040 1038008 36134075 22444047
25b 1076 40,29 10154006 42054091 16324045
25¢ 1027+0.15 11124020 50.2440.88 14.88+£067
25d 24.0640.08 22934049 21384068 014224033
26a 9734007 8914007 1093£0.10 10.7640.12
26b 11794027 11344017 47884076 13764027
26¢ 16924061 11.9340.14 32924038 1344033
26d 81484140 35694047 9574244 42244243
DOX 0464001 0424001 0724001 3954009
Cisplatin 7314044 1174012 3974004 16.04£0.74

Pandey et al. [48] synthesized (E)-3-(4-(7-substituted-
3-(substituted amino)imidazo[1,2-a] pyridin-2-yl)phenyl)-
1-(substituted phenyl)prop-2-en-1-one (Scheme 30) and
evaluated for anti-tubercular potential against Mycobacte-
rium tuberculosis strain by MB 7H10 agar medium using
Ethambutol and Pyrazinamide as a reference drug. The
conclusion of the activity was presented in (Table 30, Pan-
dey et al. [48]).

Makwane et al. [49] synthesized 10-(2-(substituted
phenyl)imidazo[2,1-b][1,3,4]thiadiazol-6-yl)-10H-phe-
nothiazine by using (Scheme 31) and evaluated for

antitubercular activity by (L.J) agar method against
Mycobacterium tuberculosis Hy;Rv strain using Isonia-
zid as reference drug and MIC values of these derivatives
were calculated. The conclusion of anti-tubercular activ-
ity was presented in (Table 31, Makwane et al. [49]).
Nandha et al. [23] synthesized 2-((1H-imidazol-1-yl)
methyl)-6-substituted-5-fluoro-1H-benzo[d]imida-
zole (Scheme 32) and evaluated for anti-tubercular
activity against Mycobacterium tuberculosis strain by
MABA assay using Isoniazid as a reference drug. The
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MeOH/HCI gas; ~ cl
aq. NaOH OMe H,N" "COOH N\
NH POCI;/DMF, o
pentanenitrile methyl pentanimidate 1 00°C ©
5-butyl-3-chloro-1H-
pyrrole-2-carbaldehyde
TBAB, 20%
NaOH, CH, | R-X
- & :
N N NH, R
H §g - H N
T3P, EtOAc/ O R
DMSO, 0°C, RT
2-(5-butyl-3-chloro-1-substituted- 5-butyl-3-chloro-1-substituted
1H-pyrrol-2-yl)-1H-benzo[d ]imidazole -1H-pyrrole-2-carbaldehyde
(27a-j)
Scheme 16 Synthesis of 2-(5-butyl-3-chloro-1-substituted-1H-pyrrol-2-yl)-1H-benzo[dlimidazole

Table 16 IC;, values Compounds R-X-5 R(6) IC5o(UM) £SD
of the synthesized
compounds (27a-j) 27a CH, CH, >50
Roopashree et al. [36] 27b EtBr Et >350
27¢ CH5(CH,),CH,Br CH,(CH,),CH, >50
27d CH4(CH,)sCH,Br CH,(CH,)sCH, 253+4.18
27e 3-MeCyH,CH,Br 3-MeC,H,CH, 3024227
27f 3-MeOC H,CH,Br 3-MeOCH,CH, >50
279 4-CIC4H,CH.Br 4-CIC4H,CH, >50
27h 3,4-CLC,HLCH,Br 34-CLCHCH, 319+477
27i 4-FC,H,CH.Br 4-FC,H,CH, 300+5.12
27 CHyCH,Br CHsCH, >50
Sorafenib 41409

SD Standard deviation, ICy, Inhibitory concentration 50%
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N
N

H H,CO

1-(3,4,5-trimethoxy
phenyl)-1H-imidazole

1H-imidazole

28a: R=4'-Me-C¢H,

28b: R=4"-Et-CcH,

28c: R=4'-SMe-C¢H,

28d: R=4'-OMe-3'-F-C4H;
28e: R=4'-OMe-3'-CI-C4H;
28f: R=4'-OMe-3'-Me-C4H;
28g: R=4'-Me-3'-OMe-C4H;
28h: R=4'-OMe-3',5"-2Me-C4H,
28i: R=3'-4'-20Me-C¢Hj;
28j: R=4'-CF;0-C4H,

28k: R=4'-OEt-C¢H,

281: R=3"-OEt-C¢H,
28m:R=2'-OEt-C(H,

28n: R=4'-OFEt-3'-F-C¢H;
280: R=4'-OEt-3'-Cl-C¢H;
28p: R=4'-SEt-C¢H,

28q: R=4'-n-OPr-CcH,

Reagents and conditions: (a) 1-bromo-3,4,5-trimetyhoxybenzene, Cs,CO;, Cul, DMF,
120°C, 40 h (b) NBS, CH;CN (¢) PdCl, (DPPF), ArB(OH),, CsF, 1,4-dioxane, 65°C

Scheme 17 Synthesis of 2-substituted-1-(3,4,5-trimethoxyphenyl)-1H-imidazole

(b)
—_—
H,CO OCH,

N
@»\Br

OCH,

2-bromo-1-(3,4,5-trimethoxy
phenyl)-1H-imidazole

H,CO OCH,

OCHj;4
2-substituted-1-(3,4,5-trimethoxy
phenyl)-1H-imidazole

(28a-q)
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Table 17 Antitumor activity of the synthesized compounds (28a-q) Romangoli et al. [37]
Compounds 1C5q (UM)

Hela HT-29 A549 MCF-7 Jurkat RS4-11 HL-60
28a 12604172 19154354 47334328 2800£721 760+ 136 >10,000 21004252
28b 19854126 14004200 70001153 20904374 7569 £ 758 5678 4259 48004451
28c 337+48 330+36 56004352 1363 £349.8 407 £24 800+£58 333+£41
28d 51£65 112£15 121£56 74£17 90+23 217446 29495
28e 263+39 647 £83 26004422 666+ 231 365+25 7154148 453+14
28f 330425 377483 4717 £509 509425 136438 4754106 413+£27
289 623£98 >10,000 >10,000 >10,000 49334536 2567 +£784 >10,000
28h 9157+ 1593 >10,000 >10,000 >10,000 >10,000 >10,000 3466 £467
28i >10,000 >10,000 >10,000 >10,000 >10,000 >10,000 39334517
28] >10,000 >10,000 >10,000 >10,000 66334338 >10,000 >10,000
28k 374012 1.8+£08 19+£10 15+£02 12405 347400 48419
281 >10,000 >10,000 >10,000 >10,000 >10,000 >10,000 >10,000
28m >10,000 >10,000 >10,000 >10,000 >10,000 >10,000 >10,000
28n 154032 75412 14423 344038 12466 86+1.1 354073
280 38+07 0440.06 057+0.17 0.74+0.06 09+0.2 12407 1.8+06
28p 48425 174£16 228481 69470 127£27 85420 12425
28q 29408 15+£13 63+18.1 1.7+£06 42+£39 91+89 630£176
CA-4 441 180£30 31004100 5406 08+02 370£100 1£02

conclusion of anti-tubercular activity was presented in
(Table 32, Nandha et al. [23]).

Nandha et al. [50] synthesized 6-(benzo[d][1,3]dioxol-
5-yloxy)-2-substituted-5-fluoro-1H-benzo[d] imidazole
(Scheme 33) and evaluated for anti-tubercular activity
against Mycobacterium tuberculosis (ATCC27294) by
MABA assay using streptomycin, ciprofloxacin, and
pyrazinamide as a reference drug. The conclusion of the
activity was presented in (Table 33, Nandha et al. [50]).

Gising et al. [51] synthesized 2,5-disubstituted-
4-(6-methoxynaphthalen-2-yl)-1H-imidazole by using
(Scheme 34). The anti-tubercular potential of these
derivatives was evaluated against Mpycobacterium

tuberculosis strain and MIC values of these deriva-
tives were calculated. The conclusion of anti-tubercular
activity was presented in (Table 34, Gising et al. [51]).

Syed et al. [52] synthesized 6-(4-substituted phenyl)-
2-(3,5-dimethyl-1H-pyrazol-1-yl)imidazo [2,1-b][1,3,4]
thiadiazole (Scheme 35) and evaluated for anti-tubercu-
lar potential against Mycobacterium tuberculosis strain.
Compounds 80a, 80b, 81a, 82a, and 83a showed the
most potent anti-tubercular activity as compared to
others. The conclusion of anti-tubercular activity was
presented in (Table 35, Syed et al. [52]).
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I~

\

N CH;
R

1-(1-substituted-1H-benzo
[d]imidazol-2-yl)ethanone
R=H
R= CH;

EtOH,
KOH

N O

L.
N ¢=CH
R H

(2)-1-(1-substituted-1H-benzo[d Jimidazo
1-2-yl)-3-substitutedprop-2-en-1-one

R,-CHO

CH NHNH, JOL

C,HsOH H,N” "NH, HCI
C,HsOH Guanidine. HC1

R,
N —
N O
N N N
\ 7 \
©:N>_<7k N N—/<
R H

\ R
R 1 NH,
1-substituted-2-(5-substituted-1-phenyl-1 4-(1-substituted-1H-benzo[d Jimidazol-2-yl)
H-pyrazol-3-yl)-1H-benzo[d ]imidazole -6-substitutedpyrimidin-2-amine
(30a-j) (29a-j)

Scheme 18 Synthesis of 1-substituted-2-(5-substituted-1-phenyl-1H-pyrazol-3-yl)-1H-benzoldlimidazole and 4-(1-chloro-1H-benzo[d]limidazole-2-
yl)-6-fluoropyrimidin-2-amine
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Table 18 (a) IC;, of the titled compounds (29a-j) against of MCF-7 and CaCo-2 cell line—benzo [d] imidazole pyrimidine
derivatives; (b) IC;, of the titled compounds (30a-j) against of MCF-7 and CaCo-2 cell line—benzo [d] imidazole pyrazole
derivatives Rajendran et al. [38]

Compounds Substituent R Substituent R, Molecular formula IC50£SD (pM)
MCF-7 CaCo-2
(a)
29a H ©/ Ci7Hi3Ns 8224148 567+£125
2% H | A CigHioNg 1043+1.45 9564133
N~
29¢ H CygHNsO, >30 28404248
H;CO
Cl
29d H CygH1,CIN,O 13.0542.07 123341.80
H5CO
OCH;4
29 H CosHyNs >30+£287 >30+298
20f CH, @/ CigHysNs >3042.66 >30+243
299 CHs i A Ci7HisNg 18.56£2.82 1623 +£1.24
N~
29h CH, CioH16CINO >304£2.19 25504274
H;CO
Cl
29i CH, CooHioNsO, 25114244 21894235
H5CO
OCH;
29j CH, CoeHioNs >30+2.80 >30+2.06

Fluorouracil 7.26+£2.30 523+236
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Table 18 (continued)

(b)
30a H ©/ CooHigN, 22654232 28454259
30b H X CoHyoNs 12794220 9788+ 148
N~
30c H Cy3Hy,CIN,O >304286 >304248
H,CO
cl
30d H CoaHooN,0, 15344267 13274156
H,CO
OCH,
30e H CagHooN, >304252 >304233
30f CH, ©/ CoaHiN, >304241 >30+269
30g CH, N CooH N 19.04+ 256 17324227
N_~
30h CH, CouHsCIN,O >304238 29.76+2.64
H,CO
Cl
30i CH, CysHoN,0, 21734246 18354254
H,CO
OCH,
30j CH, CyHooN, >304258 >304262

Fluorouracil 7.26+£2.30 523+236
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a
oo oo 2O
> /
RN N
(E)-substituted-N-(4-((E)-((substituted N . f\’ E alj\,’ N'E )}-IN ]\g '-1(.24-
N, SOH | EtOH phenyl)imino)methyl)benzylidene)aniline pheny epe is(methany ly idene))
"Reflux] Tux| (31-35) dicyclohexanamine

36

Substltuted 3 hr (36)

aniline M@\/

o Ny _N x Na _N

o n i
/@\ Ry = l = R O/ \O
OHC CHO (E)-substituted-N-(3-((E)-((substituted ~ (N,N'E,N,N'E)-N,N'-(1,3-

phenyl)imino)methyl)benzylidene)aniline phenylenebis

_ (methanylylidene))
31,37: R=H (37-41) dicyclohexanamine
32,39: R = 0-CHj4

42

33,38: R =p-CH;4 “2)
34,40: R = p-OCH; Reagents and conditions: Ethanol, reflux, 3 hr.
35,41: R =p-Cl

\
T8I
(31,33) Q
(E)-N-(4-(1-(4-chlorophenyl)-

R 1H-imidazol-5-yl)benzylidene)-

4-fluoroaniline
1-(4-substitutedphenyl)-5-(4-(1-(4-

substitutedphenyl)-1H-imidazol-5-yl) “47)
phenyl)-1H-imidazole
(43,44)
Cl
R
Nv©\¢N
1y o, —° i i
R <Nj/©\EN> O \©\
N
(37-38) N L F
1-(4-substitutedphenyl)-5-(3-(1-(4- (E)-N-(3-(1-(4-substituted
substitutedphenyl)-1H-imidazol-5-yl) phenyl)-1H-imidazol-5-yl)
phenyl)-1H-imidazole benzylidene)-4-substituted
aniline
45,46
( ) 8)

31,37,43,45,48: R=H
33,38,44,46,47: R=CH;

Reagents and conditions: (i) p-toluenesulfonyl
methylisocyanide, K,CO3;, DMF, 36 hr

Scheme 19 a Synthesis of substituted Schiff base; b Synthesis of substituted imidazole derivatives; c. Synthesis of substituted phenyl imidazole
pyridine derivatives
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C
R NH
I T A OHCOCHO
Ry 2
4,5-disubstituted || terephthalaldehyde

pyridin-2-amine

R;
1-substituted-
4-ethynylbenzene

Ry~ NH,

. L
R OHC CHO
4,5-disubstituted ‘ ‘ isophthalaldehyde

pyridin-2-amine

R;
1-substituted-
4-ethynylbenzene

NH,

SURES
/N

4,5-disubstituted |||  benzaldehyde
pyridin-2-amine

R;

R;

1-substituted-
4-ethynylbenzene

49,54,59: R, R,, Ry =H
50,55: R, = CH,, Ry, Ry = H
51,56: R,=CH;, R, Ry =H
52,57:R,=CL, R, Ry=H
53,58: R, =CH;, R, R, =H

. Ry =
0 P

Rj

3-(4-substitutedbenzyl)-6,7-disubstituted-2-(4-(6,7-
disubstituted-3-(4-substitutedbenzyl)imidazo[1,2-
alpyridin-2-yl)phenyl)imidazo[1,2-a]pyridine
(49-53)

R; Rs

3-(4-substitutedbenzyl)-2-(3-(6,7-disubstituted-3-(4-
substitutedbenzyl)imidazo[1,2-a]pyridin-2-yl)phenyl)-6,7-
disubstitutedimidazo[1,2-a]pyridine
(54-58)

6,7-disubstituted-3-(4-substituted
benzyl)-2-phenylimidazo[1,2-a]
pyridine
(39

Reagents and conditions: (i) EtOH, 10 min, CuSO, 5H,0, D-glucose, reflux, 10hr

Scheme 19 continued
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Table 20 Antitumor activity of the synthesized derivatives (60a-j) Sharma et al. [40]
Compounds Substituent R Substituent R’ DLA cells CTC5q pg/mL EAC cells
CTCs Mo/
mL
60a —NH N 190.26 60.50
/ N OMe
o —
60b —NH A 114.00 240.00
o —
60c —N}/H_@ CH; 98.56 31.25
N — 3N
(0) — CH;
60d —NH /N Cl 309.67 200.22
N
o —
Cl
60e >500 489.34
60f Cl 207.60 11531
COOH ;
Cl
60 238.50 31.25
60 h >500 >500
COOH
60i Cl 405.68 30591
OH ;
Cl
60j ( > 150.26 94.63

C

CTCs The cytotoxic concentration (which inhibited 50% of total cells)
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1
7 \
Ph
N Ve 0 N\, NH,0AC pr” N N
i + |O —_— >
AN \_/ S F CH;COOH =
H 3 reflux N\ J
N Ry
2-(substitutedphenyl)- Benzil substituted |
substituted-1H-indole-3- aniline XX
carbaldehyde R;

3-(4,5-diphenyl-1-(substitute phenyl)

-1H-imidazol-2-yl)-substituted-2-(substituted

phenyl)-1H-indole

(61a-j)
Scheme 21 Synthesis of 3-(4,5-diphenyl-1-(substitute phenyl)-1H-imidazol-2-yl)-sunstituted-2-(substitutedphenyl)- 1H-indole

Table 21 Antioxidant activity
of the synthesized derivatives (61a-
j) Naureen et al. [41]

Compounds R, R, R; Antioxidant activity

Inhibition (%) at 0.5 mM 1C50 (UM)
61a H @ CH,4 62.58+0.7 175264124
61b H @ Br 7174£0.2 146.27 £1.09
61c Br H F 71.87£05 181.26+1.1
61d H Br CH,4 90.39+£0.5 14826412
6le H Br @ 2097+05 -
61f H CH, H 67.61+£03 1622712
61g H CH,4 CHs 4421+£0.7 -
61h H CHs Br 7.114+0.2 -
o1i H CH,4 F 18914£0.6 -
61j H CH, OCH, 23.03+0.5 -
Thiourea - -
Quercetin 9321£09 16.96+0.1
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e

1H- benzo[d] o)\QN//\@R
imidazole

Z |
iR

cthyl 4- substituted - (E)-(1H-benzo[d ]imidazol-1-yl)(4-

; . ((substitutedbenzylidene)amino)
aminobenzoate benzaldehyde (E)-ethyl 4-((substituted hemyDmeth

benzylidene)amino) phenylymethanone
benzoate (62a,62b)
b H

o N'NHZ

N-N
>\ NH, - cicoci,cl | >~NHCOCH,CI
+ CNBr — > (0]

benzohydrazide  cyanic 5-phenyl-1,3,4- 2-chloro-N-(5-phenyl-1,3,4-
bromide oxadiazol-2-amine oxadiazol-2-yl)acetamide

Ly

Cy
H
N\\(N \gN N

(¢]

2-(1H-benzo[d]imidazol-1-yl)-N-(5-
phenyl-1,3,4-oxadiazol-2-yl)acetamide
(62¢)
N
>
N *<N <
S 4
o )\/ o
1-(1H-benzo[d]imidazol-1-yl)-
2-((5-phenyl-1,3,4-oxadiazol-2-yl)

thio)ethanone
(62d)
N-N
@ o

N-N

\>\SH N
N CICOCH,CI N ©/L ©:N\> _<N*N
\ A S 4
Crp e Sy
H
_N

1H-benzo[d]imidazole

N 1-(1H-benzo[d]imidazol-1-yl)-2-((5-
OH N‘ (pyridin-4-yl1)-1,3,4-oxadiazol-2-

>\SH yDthio)ethanone
(62e)

N
N

N N-
)\/S*« FI OH
o OJ\©

1-(1H-benzo[d ]imidazol-1-yl)-2-((5-(2-
hydroxyphenyl)-1,3,4-oxadiazol-2-yl)
thio)ethanone

(62f)

Scheme 22 a Synthesis of (£)-(1H-benzol[d]imidazole-1-yl)(4-(substitutedbenzylidene)amino)phenyl)methanone. b Synthesis of 2-(1H-benzol[d]imi

dazole-1-yl)-N-(5-phenyl-1,3,4-oxadiazol-2-yl)acetamide. ¢ Synthesis of substituted imidazole linked 1,3,4-oxadiazole derivatives
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Table 22 Antioxidant activity

of the synthesized compounds Compounds % Inhibition
(62a-f) Rajasekaran et al. [42] 10 pg/ml 20 pg/ml 30 pg/ml 40 pg/ml
62a 7.20 1230 37.65 3942
62b 34.77 34.66 37.65 3942
62¢ 7.08 1561 21.04 22.26
62d 17.71 29.34 30.34 40.86
62e 34.77 37.76 47.17 52.16
62f 18.98 24.67 28.90 3434
Ascorbic acid 56.03 58.80 6533 68.55
0] O
o N NH:
't
—= N/
N

2-phenyl-4H-benzo
[d][1,3]oxazin-4-one

-~

N

3-(2-aminoethyl)-2-
phenylquinazolin-4(3H)-one

(Z2)-3-(2-(5-(benzylidene)-4-ox0-2-

phenyl-4,5-dihydro-1H-imidazol-1-yl)ethyl)

-2-phenylquinazolin-4(3H)-one

(63a-e)

3-amino-2-phenyl
quinazolin-4(3H)-one

ns. N
N
\I(:I )
N/
/N
N —7R

3-(3-mercapto-5-(substituted phenyl)

-4H-1,2 ,4-triazol-4-yl)-2-phenylquinazolin

-4(3H)-one
(63f-h)

Scheme 23 Synthesis of (2)-3-(2-(5-(3-methyl benzylidene)-4-oxo-2-phenyl-4, 5-dihydro-1H-imidazol-1-yl) ethyl)-2-phenyl quinazolin-4(3H)-one
and 3-(3-mercapto-5-(susbstituted phenyl)-4H-1,2,4-triazol-4-yl)-2-phenylquinazolin-4(3H)-one
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O O O

N02 : NH2 ~ N
~o0 0 ) ~0 0 -H,0 (6] \>_/7
Ek/\ H H

methyl 7-methyl-2-propyl-1H-
benzo[d]imidazole-5-carboxylate

methyl 4-butyramido-3-

: methyl 3-amino-4-butyramido
methyl-5-nitrobenzoate

-5-methylbenzoate

(i)
0 0
(111) H2N N N
J\E;: /" H .
N
H
(E)-N'-(7-methyl-2-propyl-1H-benzo[d ] 7-methyl-2-propyl-1H-benzo
imidazole-5-carbonyl)substituted [d]imidazole-5-carbohydrazide
formohydrazonoyl
(64a-r)
Compounds Ar =
64a =C¢H; 64j = 2-thienyl
64b = 4-OCH;C¢H, 64k = 1-napthyl
64d = 3-CIC,H, 64m = 4-NO,C¢H,
64e = 3'BrC6H4 64n = 5-Br,2-0HC6H3

64f = 3-OCH,C,H, 640 =2,4-(C1),C¢H,;

64g = 3,4-(OCH;);CH; 64p = 3,5-(C1),,2-OHCH,
64h = 4-CNC,CH,  64q=4-OH C¢H,

64i = 2-furyl 64r = 4-OH,3-OCH;C¢Hj,

Reagents and conditions: (i) Na,S,0,, H,O, reflux. 4 h (ii) N,H,-H,O, ethanol, reflux, 10 h
(iii) Ar-CHO, gla. AcOH, MeOH, reflux, 4-6 h.
Scheme 24 Synthesis of (£)-N-(7-methyl-2-propyl-1H-benzold]imidazole-5-carbonyl)substituted formohydrazonuyl
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Table 24 Antioxidant activity of synthesized derivatives
(64a-r) Katikireddy et al. [21]

Compounds 1C5o (1g/ml)
64a 49.28+3.03
64b 32.17+£287
64c 29.10+£1.60
64d 1831+£138
64e 2681+£2.10
64f 29.96+2.81

649 24.79£3.03
64h 30.83+£293
o4i 23.19+£1.72
64 30.08£2.60
64k 2005£1.27
64l 2597+£2.18
64m 13604137
64n 940+ 1.04
640 1239+1.26
64p 16274139
64q 24.70£2.29
64r 38.28+£3.07
Ascorbic acid 7.504+0.89

Page 44 of 69

Patel et al. [53] synthesized 6-(substituted phenyl)-2-(1-
methyl-1H-imidazol-2-yl) imidazo [2,1-b] [1,3,4] thiadia-
zole (Scheme 36) and evaluated for anti-tubercular activity
against Mycobacterium tuberculosis and MIC values of these
derivatives were calculated. The conclusion of anti-tubercu-
lar activity was presented in (Table 36, Patel et al. [53]).

Yadav et al. [54] synthesized 2-((1-benzoyl-1H-benzo[d]
imidazol-2-yl) thio)-N-(substituted phenyl) acetamide
(Scheme 37) and evaluated for anti-tubercular activity
against Mycobacterium tuberculosis strain and MIC val-
ues of these derivatives were calculated. Streptomycin was
used as a reference drug and the results of anti-tubercular
activity were presented in (Table 37, Yadav et al. [54]).

Conclusion

In this present review article, we have summarized dif-
ferent pharmacological activities of 1,3-diazole contain-
ing compounds. From this study, we have found that
1,3-diazole containing compounds can be synthesized by
various kinds of synthetic routes, and these derivatives
having a wide range of biological activities such as antitu-
mor, antitubercular, antimicrobial, antihypertensive and
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R, R
a 1 2 0 o
HO CHO N Rs OOCHO Ph)kﬂ/ o o{ >—</N I
z Br 3a-h N 0 N~ pp
= — = [ e — N H
DMF, DMF, CuSO, NN NH,OAc, EtOH, /N
K,CO;4 0 5H,0, NaASc, R ACOH, L, MW N
1
\ MW R
S 1
RZ
4-hydroxy 4-(prop-2-yn-1- R, R,
benzaldehyde  yloxy)benzaldehyde  4-((1-(2,3,4-trisubstituted Ry
phenyl)-1H-1,2,3-triazol-4-yl) 4-((4-(4,5-diphenyl-1H-imidazol-
methoxy)benzaldehyde 2-yl)phenoxy)methyl)-1-(2,3,4-

trisubstitutedphenyl)-1H-
1,2,3-triazole

65a: R, =H,R,=CLR;=H 65e: R, = OMe, R, =H, R;=NO, (65a-h)

65b: R, =H,R,=H,R;=Cl 65f: R; =NO,, R, =H, R; = OMe

65c:R;=H,R,=H,R;=Me 65g:R;=NO,,R,=H,R;=H

65d: R, =OMe, R, =H,R;=H 65h: R, =H,R,=H,R;=NO,

b
O._H
O NH,OAc, AcOH, N o
I, EtOH, MW Ho©_</ |
+ - N
R
OH
4-hydroxy benzil 4-(4,5-diphenyl-1H-imidazol-
benzaldehyde 2-yl)phenol
e e | =
0‘©—</ | Ry Ry S
' e g
D v O
N / ‘N < O N|
R, N DMF, CuSO, H,0, x O
Ry NaASc, MW \ ="
RZ
Rj ¥ Ry 4,5-diphenyl-1-(prop-2-yn-1-yl)-2-(4-
3

(prop-2-yn-1-yloxy)phenyl)-

4-((4-(4,5-diphenyl-1-((1-(2,3,4-trisubstitutedphenyl) 1H-imidazole

-1H-1,2,3-triazol-4-yl)methyl)-1H-imidazol-2-yl)
phenoxy)methyl)-1-(2,3,4-trisubstitutedphenyl)-
1H-1,2,3-triazole

(66a-h)

66a: R, =H,R,=Cl,R;=H

66b: R, =H,R,=H,R;=Cl

66c: R; =H,R,=H, R;=Me
66d: R, =OMe, R, =H,R;=H
66e: R; = OMe, R, =H, R; = OMe
66f: R; =NO,, R, =H, R; =0Me
66g: R; =NO,, R, =H, R; =NO,
66h: R; =H, R, =H, R; =NO,

Scheme 25 a Synthesis of 4-((4-(4,5-diphenyl-1H-imidazol-2-yl)phenoxy)methyl)-1-(2, 3, 4-trisubstituted phenyl)-1H-1, 2, 3-triazole; b Synthesis of
4-((4-(4,5-diphenyl-1-((1-(2, 3, 4-trisubstituted phenyl)-1H-1, 2, 3-triazole-4-yl)methyl)-1H-imiidazol-2-yl)phenoxy)methyl)-1-(2,3 4-trisubstitutedphe

nyl)-1H-1,2,3-triazole
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Table 25 (a) DPPH radical scavenging activity of (65a-h) and (66a-h); (b) Hydrogen peroxide radical scavenging
activity of (65a-h) and (66a-h); (c) Nitric oxide radical scavenging activity of (65a-h) and (66a-h); (d) FRAP oxide radical
scavenging activity of (65a-h) and (66a-h) Subhashini et al. [44]

Compounds Concentration
10 pg/ml 50 ug/ml 100 pg/ml 250 pg/ml

(a)

65a 57 71 81 94
65b 49 55 59 63
65C 42 53 65 69
65d 53 59 64 93
65e 35 42 55 63
65f 44 61 79 90
659 41 49 53 61
65h 67 75 83 91
66a 55 63 71 87
66b 60 69 76 89
66¢ 69 78 81 95
66d 48 67 79 85
66e 71 79 85 96
66f 33 44 55 61
66 g 41 47 59 62
66 h 66 74 81 90
Standard 85 89 93 97
(b)

65a 49 67 75 87
65b 59 73 81 92
65¢ 40 49 55 57
65d 47 65 72 89
65e 31 43 49 56
65f 52 73 81 92
659 35 43 51 63
65h 57 68 75 88
66a 51 63 78 91
66b 54 71 82 90
66C 71 88 91 96
66d 57 73 85 94
66e 37 45 52 59
66f 65 78 86 94
66 g 38 45 53 55
66 h 57 65 78 86
Standard 83 91 95 98
(c)

65a 49 55 63 78
65b 54 69 75 89
65¢ 31 37 44 51
65d 56 68 79 85
65e 29 36 41 47
65f 48 56 67 74
659 23 32 39 43

65h 61 77 86 95
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Table 25 (continued)
()

66a 65 75 82 89
66b 57 69 79 87
66¢ 68 79 88 91
66d 57 68 75 88
66e 25 37 42 46
66f 48 55 67 78
66 g 21 27 33 39
66 h 67 65 77 86
Standard 81 86 91 96
(d)

65a 47 64 78 87
65b 51 67 79 93
65¢ 31 39 43 47
65d 63 77 83 92
65e 22 27 32 38
65f 57 68 77 85
654 27 33 40 45
65h 49 58 69 87
66a 56 63 75 89
66b 49 58 67 85
66¢ 65 71 84 97
66d 64 79 86 91
66e 30 37 45 50
66f 45 53 62 85
664 31 39 42 48
66 h 60 69 78 87

Standard 88 92 95 29
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F;C NH, ()

2-nitro-5-(trifluoro

0,N NH,
L, -
NH,

4-nitrobenzene-1,2-diamine

(iii) Na,S,05, DMF, reflux, mw, 70°C

phenyl)-1H-benzoldlimidazole

4-(trifluoromethyl)
methyl)aniline benzene-1,2-diamine

H
R,

2,3 ,4-trisubstituted
benzaldehyde

R, (111)

R;3

2,3,4-trisubstituted
benzaldehyde

F;C NH, O (11)
o O O
H
N02 Rz R3 2 3

5-(trifluoromethyl)-2-(2,3,4-
trisubstitutedphenyl)-1H-benzo[d |

0,N

imidazole

(67a-i)

S5-nitro-2-(2,3 ,4—trlsubst1tuted
phenyl)-1H-benzo[d |imidazole

Reagents and conditions: (i) H,, Ni-Raney, EtOH, (ii) Na,S,05, DMF, reflux,

(67j-0)

Scheme 26 Synthesis of 5-(trifluoromethyl)-2-(2, 3, 4-trisubstituted phenyl)-1H-benzo[d] imidazole and 5-nitro-2-(2, 3, 4-trisubstituted

Table 26 Antihypertensive activity of the synthesized derivatives (67a-o) in SHR Navarrete-Vazquez et al. [45]

Compounds R1 R2 R3 R4 Ex vivo vasorelaxant effect

With endothelium (+E) Without endothelium (—E)

EC50 (pM) Epmax (%) EC50 (pM) Epmax (%)
67a —CF,4 —H —H —H 369.37+£10.2 91.2+1.18 467.75+£736 7564631
67b —CF, —OMe —H —H 21033+113 75.14+£335 574.85+30.3 457+154
67¢ —CF,4 —OFEt —H —H 54854278 90.97 +£2.30 54851771 19.8+£8.13
67d —CF,4 —NO, —H —H 3.18+£030 93.16+3.52 15.03£7.59 8531+£263
67e —CF; —H —H —OH 21920+ 14.1 51.15+206 21920+71.6 37.04£106
67f —CF,4 —H —H —OPr 524494254 51.0+733 524494193 19.0+£6.01
679 —CF, —H —H —N (Me) 550.27£30.1 63.2+4.81 55027 +£84.5 3094753
67h —CF,4 —H —OMe —OH 34844543 99.55+1.23 140.14+63.2 97.67+3.26
67i —CF,4 —H —O0CH,0 - 38.53+£235 01.17+5.83 77424941 99.6+£13.5
67j NO, —H —H —H 4934030 73.82+537 351+£521 60.53+£5.58
67k NO, —OFEt —H —H 371+£0.10 84.82+3.73 150£1.12 46.3547.85
67l NO, —OiPr —H —H 4.89+0.29 80.71+£941 1412£1.05 31.69+£1.32
67m NO, —H —OMe —OH 1.81+£0.08 91744235 1949+£1.79 55224885
67n NO, —H —OMe —OMe 25+0.10 75.0+£9.35 301.9+102 36.33+£6.20
670 NO, —OMe —OMe —OMe 3.23+020 90.0+4.56 43.65+237 58914781
Pimobendan 4674083 9322+523 N.T N.T
Carbachol 051£19 1063£9.71 N.A N.A
Nitrendipine N.T N.T 0.03£0.003 98.90+5.0

N.T Not tested, N.A Not active
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SR, SR,
oS oS
N N

HCHO
R,00C COOR, - . R,00C COOR,
| NH(CHj3), |
H;C™ "N” "CH; H3C™ "N” "CH,CH,N(CHjy),
H H
4-(1-benzyl-2-(substitutedthio)-1H 4-(1-benzyl-2-(substitutedthio)-1H-imidazol-5-yl)-
-imidazol-5-yl)-5-(substitutedcarbonyl) 2-(2-(dimethylamino)ethyl)-5-(substituted
-2,6-dimethyl-1,4-dihydropyridine- carbonyl)-6-methyl-1,4-dihydropyridine-
3-substitutedcarboxylic acid 3-substitutedcarboxylic acid
(68a-f)
=\
LNH
SR,
N=
N
R,00C COOR,
||
H;C™ "N” "CH,CH,
H N
i
L
R, = CH3;, C,Hs, CH,CgH;g 2-(2-(1H-imidazol-1-yl)ethyl)-4-(1-benzyl-2-
R, = CH;, C,H;, (substitutedthio)-1H-imidazol-5-yl)-5-(substituted

carbonyl)-6-methyl-1,4-dihydropyridine-
3-substitutedcarboxylic acid

(69a-f)
Scheme 27 Synthesis of 2-(2-(1H-imidazol-1-yl)ethyl)-4-(1-benzyl-2-(substituted thio)-1H-imidazol-5-yl)-5-(substituted carbonyl)-6-methyl-1,
4-dihydropyridine-3-substituted carboxylic acid
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NH, H
Reflux N
@[ . RCOOH \ R
NH, 6-13 h N
benzene- substituted 2-substituted-1H
1,2-diamine carboxylic acid -benzo[d Jimidazole
H,SO,,
HNOs 1 10121
O,N N
O,N 2
NBS 2 N DMF \
ST o I oo T8-S Gts:
& CC14 N/ CH,B N KBr, =
N CH; 2Br H  10-12h g
N
- idi - 2-substituted-5-nitro-1H
Fmethylpyridine o 2 o 2-substituted-5-nitro-1-
by (pyridin-2-ylmethyl)-1H-
+ benzo[d]imidazole

N (70f-j)
i
N

2-substituted-1H-benzo
[d]imidazole

KBr,
17-22 h

Y

=

-

N
2-substituted-1-(pyridin-2-
ylmethyl)-1H-benzo[d |imidazole
(70a-e)

Scheme 28 Synthesis substituted imidazole derivatives

DMF
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NS

Cl Cl
Cl N_NH
C1Y< 6 O | \—R NH,OAc H H /~—R
“i o+ AL > @N-OC CO-N@
N<< H MeOH, Reflux RA= |

CHO N~ >CH,
H

4,5-dichloro-1H-  N-(substitutedphenyl)
imidazole-2- _3-oxobutanamide N3-(substitutedphenyl)-N>-(substitutedphenyl)-
carbaldehyde 4-(4,5-dichloro-1H -imidazol-2-yl)-2-methyl-
1,4-dihydropyridine-3,5-dicarboxamide

Compounds R = (71a-j)
71la=H

71b = 3-F

71c =4-F

71d = 3-Cl

71e =4-Cl

71f = 3,4-dichloro
71g =3-Br

71h = 4-Br

71i =3-NO,

71j =4-NO,

Scheme 29 Synthesis of N3-(substituted phenyl)f/\lfs—(substituted phenyl)-4-(4, 5-dichloro-1H-imidaVol-2-yl)-2-methyl-1, 4-dihydropyridine-3,
5-dicarboxamide

Table 29 Antitubercular activity of the synthesized
compounds (71a-j) against Mycobacterium tuberculosis
(H3;Rv strain) Amini et al. [47]

Compounds R Inhibition %
71a H 9
71b 3-F 0
71c 4-F 13
71d 3-Cl 50
7le 4-C 12
71f 34-Cl, 34
719 3-Br 1
71h 4-Br 0
71 3-NO2 43
71j 4-NO, 43

Rifampicin >98
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Table 30 Antitubercular activity of synthesized compounds (72a-q) against M. tuberculosis H;,Rv Pandey et al. [48]

Compounds Structure MIC? MIC CCS50in CC50 in S1é
(ug/mL) (uM)  C1008® MBMDM¢gp®
T2a N Q 3.12 7.40 <25 ND*¢ NA
O
NH 0
72b Br 12,50 25.04 ND ND ND
NN Q
C{/%.ﬂ \ \’
NH 0
T2c 1250 27.46 ND ND ND
) ,
CNV/ <)\
NH o]
72d OMe 12,50 27.70 ND ND ND
O ,
<O
NH 0
T2e Me 12.5 25.98 ND ND ND
AN OMe
QNH [¢]
72 ME(ME 3.12 6.10 <25 ND ND
AN OMe
QNH [¢]
7g NO>  25.00 53.62 ND ND ND
N O
s N7 O \
NH 0
72h N O 12.50 28.72 ND ND ND
O
NH 0
72i Br 25.00 4871 ND ND ND
NN
oo
QN]—l 0
72§ MﬁMﬁ 12.50 2379 ND ND ND
_N, OMe
T ‘
ONH [¢]
72k NO»12.50 26.03 ND ND ND




Siwach and Verma BMC Chemistry (2021) 15:12

Table 30 (continued)

721

72m

72n

720

72p

72q

Ethambutol
Pyrazinami
de

><NH O
Me

0]

Y
NH

>(
OMe

A O
<O
NH 0

MeO OMe

3.12

25.00

25.00

6.25

3.12

3.12

2.00
12.5

7.89

61.09

58.79

13.72

6.42

6.59

9.78
101.53

>100

ND

ND

ND

>100

>100

47.47

ND

ND

ND

<25

>100

>10

ND

ND

ND

>10

>10

aMIC: Minimum inhibitory concentration, PC1008: vero cell lines, ‘MBMDM¢: Mouse
bone marrow derived macrophases, 9SI: Selectivity index, °ND: not done.
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HO
7 X
g _
substituted

benzoic acid

H
CL.O
S
10H-
phenothiazine

S

N

N
H

hydrazine
carbothioamide

0
oAy

2-chloroacetyl
chloride

—
Reflux 2 h R//

H,S0,

5-(substitutedphenyl)
-1,3,4-thiadiazol-2-amine

T @ 0
Stirred 2 h

2-chloro-1-(10H-pheno
thiazin-10-yl)ethanone

N
[ O,

=

Dry
S

EtOH C>_<N\N @

10-(2-(substitutedphenyl)
imidazo[2,1-b][1,3,4]thiadiazol
-6-y1)-10H -phenothiazine

(73a-))

Scheme 31 Synthesis of 10-(2-(substituted phenyl)imidazo[2,1-b][1, 3, 4]thiadiazol-6-yl)-10H-phenothiazine

Table 31. Antitubercular activity of the synthesized compounds (73a-j) Makwane et al. [49]

Compounds Ar1 Antitubercular activity inhibition (%) (ppm) M. Antitubercular activity MIC* (ug/
tuberculosis H37Rv strain mL) M. tuberculosis H37Rv strain
25 50

73a C4Hs 22 45 12

73b 2-CICgH, 32 79 7.5

73c 3-CICH, 36 80 65

73d 4-CICgH, 32 78 7

73e 2-BrCeH, 29 73 10

73f 3-BrCH, 30 76 85

739 4-BrCH, 30 75 9

73h 2-NO,CH, 28 82 55

73i 3-NO,CeH, 27 84 4

73) 4-NO,CH, 32 83 5
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F NH,
j@: .2HC1
R NH,
4-substituted-5-

fluorobenzene-1,2-diamine

hydrochloride
Compounds R =

74a;R = Cl 74b;

+

—

2-(1H-imidazol-
1-yl)acetonitrile

N7 NTCN

Heat

.

175-190°C

2-((1H-imidazol-1-yl)methyl)
-6-substituted-5-fluoro-1H-benzo[d]

imidazole
(74a-¢)

0~ 0~ 0~
=\
© 74c; © 74d; © 74e;LN—_
Cl

Scheme 32 Synthesis of 2-((1H-imidazol-1-yl)methyl)-6-substituted-5-fluoro-1H-benzo[dlimidazole

Table 32 Antitubercular activity

Nandha et al. [23]

of synthesized
derivatives (74a-e) against M. tuberculosis H;,Rv strain

Compounds MIC (ng/
mL)
MABA

74a 100

74b 50

74c 25

74d 50

74e 12.5

Isoniazid 0.78

MIC Minimum inhibitory concentration, MABA Microplate Alamar Blue Assay

(visual)
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:@[ RH DMF F NO, Sesamol :@ jij[
NH, K2CO3 NH, DMF K,CO; NH,

Cl
5-substituted-4-fluoro- 5-substituted-4-fluoro- 5-(benzo[d][1,3]dioxol-5-yloxy)-2-
2-substitutedaniline 2-substitutedaniline substituted-4-fluoroaniline
. X = 76: X =NO
75: X =NO, . 2 SnCl, H,0,
Rl C,H;0H
75a: X = NH, 2 76a: X = NH,
ArCHO,
F N 0 F N
L SO
N 0] N
R H © H
6-substituted-5-fluoro-1H- 6-(benzo[d][1,3]dioxol-5-yloxy)-2-substituted
benzo[d]imidazole-2-thiol -5-fluoro-1H-benzo[d]imidazole
(76b-j) (77a-f)
+
T DMF, K,CO E
N
s D 3> 0]
TS el ICTOOIS
Br 0o R E Br O
5-bromo-6-(bromomethyl) 2-(((6-bromobenzo[d][1,3]dioxol-5-yl)
benzo[d][1,3]dioxole methyl)thio)-6-substituted-5-fluoro-
1H-benzo[d]imidazole
(78a-i)

Scheme 33 Synthesis of 6-(benzo[d][1, 3]dioxol-5-yloxy)-2-substituted-5-fluoro-1H-benzold] imidazole and 2-(((6-bromobenzo[d][1,3]dioxol-5-yl)
methyl)thio)-6-substituted-5-fluoro-1 h-benzoldlimidazole
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Table 33 Antitubercular activity of synthesized derivatives (77a-f) and (78a-i) Nandha et al. [50]

Compounds Ar MIC (pg/mL) MABA
T7a 7\ 50
—N
77b @ 50
77c < > o 50
\
77d >OW 25
O
77e 0 50
O
Br
77t ;0 50
O
O,N
78a -Cl 100
\
78d <:> o 50
\
78e ; < > o 50
\
78f C'O o 50
\
\
78h <O O 25
(0]
78i @NOO 50
N/ \
Streptomycin 6.25
Pyrazinamide 3.12
Ciprofloxacin 3.12

MIC: Minimum inhibitory concentration, MABA: Microplate Alamar Blue Assay (visual).
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Table 34 Antitubercular activity of synthesized derivatives (79a-m) Gising et al. [51]

Compounds RS R2 ICso (uM)

79a N % % \( 3.1+0.1
N~

79b : % % \{ >25

79¢ | % >25
— {

\{ >2

79d N/ﬁ/ﬁ% § 5
| ~
kN

79e N % §—\ 22403
N~

79f N % s— >25
N~

79g N %, $-H >25
N~

79h % — >25
| S E O-Bn
N~

79i % §_\ >25
P OH
N~

79j N % §@ >25
N~

79k B % § >25
N~

791 A % EQ >25
N~ OH

79m >25

\_/
ROg
=

Z=
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N-NC Ns
i \>—N>J . R@COOCHZBr
H,N” S
;C
5-(3,5-dimethyl-1H-pyrazol- bromomethyl
1-yl)-1,3,4-thiadiazol-2-amine 4-substitutedbenzoate
a
N N CH;
N ~
R 7 7 S>-N
(L J
H;C
6-(4-substitutedphenyl)-2-(3,5-dimethyl-1H
-pyrazol-1-yl)imidazo[2,1-b][1,3,4]thiadiazole
(80a-f)
d
SIS O
N\) ¢ N
N N CH; N N CH;
N = N N
R 7 7 >N R 7 7 >N
H;C H;C
4-((6-(4-substitutedphenyl)-2-(3,5-dimethyl v 6-(4-substitutedphenyl)-2-(3,5-
-1H-pyrazol-1-yl)imidazo[2,1-b] O dimethyl-1H -pyrazol-1-yl)-5-
[1,3,4]thiadiazol-5-yl)methyl) N (piperidin-1-ylmethyl)imidazo [2,1-
morpholine b][1,3,4]thiadiazole
N N._CH;
(81a-e) /N~ =
R _ S>—N _ (83a-e)
NS
H;C
6-(4-substitutedphenyl)-2-(3,5-dimethyl-1H-
pyrazol-1-yl)-5-(pyrrolidin-1-ylmethyl)
imidazo[2,1-b][1,3,4]thiadiazole
R =H, Cl, Br, OCH;, NO,, CH; (82a-e)
Reagents and conditions: (a) dry ethanol, Na,COj;, reflux 12 h, (b) Morpholine, HCHO, AcOH,
Methanol, reflux 8 h; (¢) pyrrolidine, HCHOIO, AcOH, Methanol, reflux &8 h;
(d) piperidine, HCHO, AcOH, methanol, reflux.
Scheme 35 Synthesis of substituted phenyl imidazole derivatives
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Table 35 Antitubercular activity of synthesized

compounds (80a-83e) Syed et al. [52]

Compounds MIC (ng/
mL)
MABA

80a 10

80b 10

81a 10

81b 25

82a 10

82b 25

83a 10

83b 25

83c 25

83e 25

Streptomycin 7.5

Page 64 of 69

antioxidant, etc. This review article established the fact
that 1,3-diazole act as useful templates for further modi-
fication or derivatization to design more potent biologi-
cally active compounds.

Abbreviations

AMR: Antimicrobial resistance; DNA: Deoxyribonucleic acid; DMF: Dimethylfor-
mamide; TEBA: Triethyl benzyl ammonium chloride; MTT: 3-(4, 5-Dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide; C-A4: Combretastatin-A4; SRB: Sul-
forhodamine B assay; DLA: Dalton’s Lymphoma Ascites cell line; EAC: Ehrlich’s
ascites carcinoma cell lines; DPPH: 2,2-Diphenyl-1-picrylhydrazyl; FRAP: Ferric
reducing ability of plasma; SHR: Spontaneously hypertensive rats; MB: Middle
brook; MABA: Microplate Alamar blue assay; L.J: Lowenstein-Jensen; ICy: Half
maximal inhibitory concentration; Hela: Henrietta Lacks; TEA: Triethanolamine;
DMSQ: Dimethy! sulphoxide; MIC: Minimum inhibitory concentration; TBAB:
Tetrabutylammonium bromide; NCFT: National Centre of Fungal Taxonomy;
MLC: Minimum Lethal concentration; p-TSA: P-Toluenesulfonic acid; MW:
Microwave; CAN: Cerric ammonium nitrate; (4-SB) T (4-SPh)PHSO4: (4-Sulfobu-
tyl)tris(4-sulfophenyl) phosphonium hydrogen sulfate.

Sy —

CH,4
1-methyl-
1 H-imidazole

Compounds R =
84a = 3-Nitro
84b = 4-Bromo

84c¢ = 4-Chloro

84d = 4-Fluoro

84e = 2-Hydroxy
84f = 4-Nitro

84g = 4-Methyl

84h = 3-Hydroxy
84i =2,4-Dichloro
84j = 2,4-Dihydoxy

N
[N\>—CN

CH,

1-methyl-1H-
imidazole-2-

carbonitrile

4b> [ >\( SYNHZ
CH3

5-(1-methyl-1H-imidazol-
2-yl)-1,3,4-thiadiazol-2-amine

O
2-bromo-1-(substituted N
phenyl)ethanone R P Br
(c)
[ \Hf w
3

6-(substitutedphenyl)-2-(1-methyl-
1 H-imidazol-2-yl)imidazo[2,1-5][1,3,4]
thiadiazole

(84a-j)

Reagents and conditions: (a) 4-N,N-Dimethylaminopyridine, DMF, Cyanogen bromide,
stirred 15 h; (b) thiosemicarbazide, trifluoroacetic acid, reflux 15 h; (c) refluxed in dry ethanol
for 18 h.

Scheme 36 Synthesis of 6-(substituted phenyl)-2-

(1-methyl-1H-imidazol-2-yl) imidazo [2,1-b] [1,3,4] thiadiazole
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O
NI, Al
cold condition N

A AN N
| JrR  +  CICHCOC - [ . " N>_SH

= “R H

Substituted 2-chloroacetyl 2-chloro-N- _ 1.H -benzo[d ]
aniline chloride (substitutedphenyl) imidazole-2-thiol
acetamide
Methanol,

HN@R
(I

O

2-((1-benzoyl-1H-benzo[d Jimidazol-2-yl)thio)-N-
(substitutedphenyl)acetamide

o>/_<;>

-

CHCl,, TEA

KOH

HN@
O

2-((1H-benzo[d]imidazol-2-yl)thio)-N-
(substitutedphenyl)acetamide

(85a-t)
Compounds 85a-t; R =
85a: R=H 85k: R =2-NO,, 4-Cl
85b: R =2-F 851: R =4-CH;
85¢: R=4-F 85m:R = 2-CH;, 6-CH;4
85d: R=2-Cl 85n: R =3-OCH;
85e: R =3-Cl 850: R=4-Cl
85f: R=2-CL, 5-C1  85p: R=2-CH;
85g: R=2-Br 85q: R=2-OCH;
85h: R =3-Br 85r: R =4-OCH;
85i: R=4-Br 85s: R =3-CH;
85j: R=3-NO, 85t: R = 2-CHj;, 4-CH;

Scheme 37 Synthesis of 2-((1-benzoyl-1H-benzo[dlimidazol-2-yl) thio)-

N-(substituted phenyl) acetamide
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Table 37 Antitubercular activity of synthesized compounds (85a-t) Yadav et al. [54]
Compounds Diameter of zone of inhibition (mm) against H37Rv MIC (ng/mL) MLC (pg/mL)
(NCFT/TB/537)
85a >20 125 25
85b >20 125 25
85¢ >20 125 25
85d >20 125 25
85e 08 17.8 28.12
85f >20 12.5 25
85¢g 10 15 28
85h >20 125 25
85i 08 178 28.12
85j 20 12.5 25
85k 10 15 28
85| >20 12.5 25
85m >20 125 25
85n NA NA NA
850 >20 12.5 25
85p 10 15 28
859 >20 12.5 25
85r >20 125 25
855 NA NA NA
85t 10 15 28
Streptomycin >20 125 25
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