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Imidazole: Chemistry and biological activities
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ABSTRACT

Imidazole, a five membered heterocyclic compound, with two nitrogen atoms at positions 1
and 3 respectively exhibits a wide range of pharmacological action such asanti-fungal, anti-
bacterial, anti-tubercular, anti-viral, anti-inflammatory, analgesic, anti-depressant, anti-
cancer, carbonic anhydrase inhibitor, anti-ulcer, anthelmintic, anti-amoebic, anti-
hypertensive, anti-epileptic, anti-psychotic and anti-emetic.A number of drugs having
imidazole nucleus are available in the market for clinical use.Some of these marketed drugs
are ketoconazole, omeprazole, mebendazole, acyclovir, secnidazolepimozide, and
ondansetron.Various derivatives of imidazole nucleus have been synthesized and screened for
their pharmacological activities.There are a number of well-established protocols for the synthesis

of this heterocyclic ring. This paper summarizes some of the approaches of synthesis of imidazole

derivatives having different pharmacological activities.
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1. Introduction

Imidazole (1), a planar five-membered heterocyclic ring, consists of two nitrogen atoms in 1
and 3 positions. It exists in two tautomeric forms depending upon the position of hydrogen on
the nitrogen atoms. It is a crystalline solid, soluble in polar solvents but almost insoluble in
petroleum ether. It is a highly polar compound with dipole moment of 3.61 D. Due to its
amphoteric nature; it can act as both acid as well as base. The basic pK, and acidic pK, of

imidazole ring are 7.2 and 14.5 respectively. The melting point and boiling point of imidazole
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are 90 °C and 256 °C respectively. The presence of intermolecular hydrogen bonding is

responsible for its high boiling point. The molecular formula is C3H4N [1].
NH
{ )
1

Figure 1: Chemical structure of imidazole ring

The first ever synthesis of imidazole was reported by Heinrich Debus in 1858 from glyoxal
and formaldehyde in ammonia, and is called glyoxaline. Although this synthetic approach
relatively gives low yields but still it is used for preparing C-substituted imidazole. Now this
name is obsolete, and imidazole or iminazole is preferred greatly [2-4].

Imidazole is a versatile nucleus and a number of derivatives of imidazole have been
synthesized which exhibited a wide range of pharmacological activities such as antifungal,

antibacterial, antitubercular, antiviral, anti-inflammatory, analgesic, antidepressant,

anticancer, carbonic anhydrase inhibitor, antiulcer, anthelmintic, anti-amoebic,

antihypertensive, anti-epileptic, antipsychotic and anti-emetic. A number of the drugs having

imidazole nucleus are available in the market and are summarized in Table 1 [5, 6].

Table 1: Marketed drugs having imidazole nucleus

Comp. Drug Chemical structure Therapeutic | Reference
No. class
2 Ketoconazole 23 Anti-fungal [5]
N
o
i
/’\N O H Cl Cl
N
3 Miconazole cl /SN Anti-fungal [7]
< § { NS
Cl
O
o)
Cl
4 Clotrimazole O Anti-fungal [8]
N
Cl
¥
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5 Tioconazole ? Anti-fungal [8]
ZCl
N o7 cl
CN\)\©\
Cl
6 Econazole N= Anti-fungal 9
C g [9]
Q\l "L
Cl Cl (¢]]
7 Tinidazole 00 0 Anti-fungal [10]
S
o
8 Enilconazole Cl Anti-fungal [11]
N= Cl
N O/\/
9 Terconazole Cl | Anti-fungal [12]

10 Eberconazole @CE N Anti-fungal [13]

N
11 Lanoconazole @C[I N Anti-fungal [14]
s,/
s Ne
N
12 Fenticonazole N=, Anti-fungal [15]
N
J@fl OO
Cl Cl S
13 Bifonazole O Anti-fungal [16]
N
Ui
Ly
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14 | Sulconazole Cl Cl Anti-fungal [17]
LS GNP,
5 \:J
Cl
15 Lombazole @N Anti-fungal [18]
O-0¢
16 Sertaconazole s Cl Anti-fungal [19]
SO
o)
Cl
N
o
Cl
17 Oxiconazole N Anti-fungal 20
N 4/; ) g [20]
O\K c
Cl N Oﬁ
Cl
18 | Cimetidine N Anti-ulcer [21]
NH
\N/lkN/\/S\jN/)
H H
19 Omeprazole H o Anti-ulcer [22]
QU
\O N L_&}
P
20 Esomeprazole H o Anti-ulcer [23]
Ji:[/)—si N=
"o N ’—>\ /\>—
e
21 Lansoprazole H o Anti-ulcer [24]
@x)—s” N=
N L>\__/}
0
F
FF
22 Pantoprazole - N>_S..OO o— Anti-ulcer [25]
F)\O/[ IN 7\
H N=
23 Rabeprazole H o Anti-ulcer [26]
@»—s N=
VD
O—\__\
O_
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24 Mebendazole H Anti- [27]
O ‘ >—NH anthelmintic
N O
0 o "
25 | Albendazole o Anti- [28]
\(SQN%N%;O anthelmintic
N
H
26 | Thiabendazole H Anti- [29]
@ 5 anthelmintic
N N
27 | Metronidazole o | '3)\ Anti-bacterial [30]
NTON
(0]
p
28 | Acyclovir o} Anti-viral [31]
HN N
s
HoN"N '\;
Ho—"O
29 Ganciclovir o} Anti-viral [32]
HN™Y N,
HoN"SNN
HO-"™
OH
30 | Secnidazole A Anti-amoebic [33]
o) OH
o) ﬂ(
31 Ornidazole ;i Anti-amoebic [34]
Cl
o)
oM Ny
/
S
32 Satranidazole v O Anti-amoebic [35]
N-_N?
o) ,\IJ/\N—<\ I ©
s N
o O
33 | Clonidine Cl H Anti- [36]
NN hypertensive
CLa
34 Pimozide F Anti- [37]
psychotic
) @
N:>7N}KNH
o
35 Droperidol H Anti- [38]
Na - psychotic
®
N@\(@
@)
Page | 363 Copyright © 2019Authors




THINK INDIA JOURNAL

ISSN:0971-1260

Vol-22-Issue-37-December -2019

36 Benperidol o Anti- [39]
ij psychotic
N Ho F
C[”ﬁ ° o
37 Didanosine OH Anti-HIV [40]
NN
<’N| J
HO N
o
38 | Abacavir AN Anti-HIV [41]
HN
N X
¢ 1 N
HO N”"NH,
39 | Ondansetron ,{l Anti-emetics [42]
/
=N
o WA
40 Ramosetron N Anti-emetics [43]
| NH
a N

Imidazole nucleus is also present in some of the natural components of human organisms like
histidine (41), histamine (42), adenine (43), guanine (44) and biotin (45). It is also present in

alkaloids derived from various plants such as Pilocarpine, Leucetta, Lepidium, Cynometra

etc. [44, 45].

NH 0
2 (0] NH (e)

R NG

y - >HN

m“* J (L0 WG
42

H
44 45

2. Approaches for the synthesis of imidazoles

Different synthetic approaches have been reported for the preparation of imidazole and
substituted imidazoles. Some of the important synthetic approaches have been discussed in

the following sections.

2.1 Debus-Radziszewski synthesis

In Debus-Radziszewski synthesis, an imidazole is synthesized from an a-dicarbonyl

(commonly glyoxal), an aldehyde and two equivalents of dry ammonia in alcohol. In addition
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to glyoxal, ketoaldehydes can also be used. The reaction involves two steps. In first step, the
dicarbonyl and ammonia condense to give a diamine which further condense with aldehyde
to give imidazole. Although a century old method, but it is still commonly used to synthesize
various imidazole derivatives [46, 47].

0

A

RO
R NH
-2H,0 1 R
:\E + NH3 2 I 2

R 70 Ry~ SNH

H
N
R R
H X 3\«I 2
N
R1

Figure 1: Debus-Radziszewski synthesis
2.2 Dehydrogenation of imidazoline

Dehydrogenation of substituted/unsubstituted 2-imidazolines with nickel-petroleum paste,
Pd, or Pt as metal catalyst gave corresponding imidazoles [48]. The other oxidizing agents
such as potassium permanganate supported on silica gel can also be used to synthesize

imidazoles [49].

t N
Oxidation
W - [
N N

Figure 2: Dehydrogenation of Imidazoline

2.3 Wallach synthesis

In the presence of phosphorous pentachloride, N,N-dimethyloxamide is converted into a 5-

chloro derivative which on reduction with hydrogen iodide gave N-methyl imidazole [50].
CHj

CHs

O«__NHCH,R N HI N

I Tk \E)\R (PS
N N

07 “NHCH,R

Figure 3: Wallach synthesis of imidazole

2.4 From a-halo ketone

2,4- or 2,5- biphenyl imidazole is synthesized by reaction between a-halo ketone and imidine.

In another synthesis, acyloin reacts with amidine or a-halo ketones to yield imidazoles [51].

O NH

Br . NH, Br N
H,0 / )\©
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O R NH
; N
i + L _HO 2
R~ “OH H” “NH, N

Figure 4: Synthesis of imidazole from a-halo ketone
2.5 Markwald synthesis

In Markwald synthesis, a-amino carbonyl compounds reacts with potassium thiocyanate to
give 2-mercaptoimidazoles; which then undergo oxidative cleavage to form substituted
imidazole by loss of sulphur[52].

Os_R RN RO NH
I +  KSCN—— I )—SH—= I)
R™ N R” "N

R” NH,

Figure 5: Markwald synthesis of imidazole

2.6 From amino nitrile and aldehyde

In an another approach, condensation of substituted aldehydes with aminonitrile in suitable

reaction conditions gave imidazole derivatives [53].

H,N ’ N

RCHO  + Ry —— /EN%FQ 4+ H,0
NC RO Y

Figure 6: Synthesis of imidazole from amino nitrile and aldehyde

2.7 Microwave assisted synthesis

Qasim and his co-workers reported the synthesis of 2-phenylimidazo [4,5-f][1,10]
phenanthroline derivatives by using dicarbonyl and p-substituted benzaldehyde as starting
materials. The microwave reaction provided a number of advantages like easy workup, better

yield, and environment friendly reaction conditions [54].

T X L
N P MW 135W N
A =+ / 3
| NH,OAC NZ
= OHC N
(@) N\ / H

X

Figure 7: Microwave assisted synthesis of imidazole from dicarbonyl and benzaldehyde

In 2009, Ermolatreported the synthesis of mono and disubstituted-2-amino-1H imidazoles

from imidazo [1,2a] pyrimidines by microwave assisted hydrazinolysis. The method was
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superior to conventional cyclocondensation as it had all the advantages of green synthesis
[55].

MW, 120°C

~N R
2 N
20%N,H
N:N 24 H2N/<N‘\§
\\< H
R

Figure 7: Microwave assisted synthesis of imidazole from imidazo [1,2a] pyrimidines
3. Pharmacological activities of imidazole derivatives
3.1 Antifungal

Imidazoles are mainly used as antifungal and a number of imidazole derivatives are available
in clinical practice for the treatment of fungal diseases. They are used for both superficial and
deep fungal infections. Imidazoles impair ergosterol synthesis by inhibition of fungal
lanosterol 14-demethylase (cytochrome P450 enzyme), thus lead to membrane abnormalities

[1].

New series of imidazole derivatives (46) with 4-thiazolididone motifs was synthesized by
multiple chemical reactions like condensation, cycloaddition etc. The synthesized compounds
were evaluated for antifungal potential against Candida albicans, Aspergillus niger and A.
clavatus by serial broth dilution method. Substituents at 2 and 4-positions on the benzene ring
of imidazole were found to affect antimicrobial potency significantly [30].

46

New heterocyclic compound having imidazole ring, anthracene ring and thiadiazole ring (47)
had been synthesized by condensation reaction of N-anthracen-9(10H)-ylidenehistidine with
thiosemicarbazide in phosphorusoxy chloride. Preliminary in vitro screening revealed that the

synthesized derivatives exhibited potent fungicidal activity [56].
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Derivatives of bis-imidazole had been synthesized by Zampieri and his co-workers in 2007.
The anti-fungal property of the synthesized compounds was evaluated against Candida
albicans3038 and C. glabrata 123 using miconazole and amphotericin B as standard drugs.

All the synthesized compounds exhibited moderate to good activity against both the strains of

fungi [57].
B - N
© g e

N/%N C=0 CH
Cso \~/ N/_Q_N = /©/
L2 e 0
N <
R 48 49 50 N

3.2 Antibacterial

Anti-bacterial potential of imidazole derivatives (51) substituted with pyrazole moiety was
determined against Staphylococcus aureus, Bacillus subtillis and Escherichia coli. The
various derivatives of imidazoles was synthesized via Debus reaction between 3-substituted-
1H-pyrazole-4-carbaldehydes, 1,2-diketones and ammonium acetate in acetic acid. Among
the synthetized derivatives, the compound having 4-thioanisyl was found to be most potent
antimicrobial [58].

HN- N
\ N
(@) N Ar
N O
HN
_CH
N o 3
O 5

The anti-tubercular potential of imidazole was explored by Patel and his co-workers in 2017.
They synthesized a new series of fused imidazole and thiadiazole derivatives (52) and
evaluated for in vitroantitubercular activity against Mycobacterium tuberculosis. The
compound having 4-nitro group was found to be most active among the different derivatives
with MIC of 3.14 pg/ml [59].
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The anti-bacterial and anti-fungal potential of 2-substituted imidazole derivatives were
explored by Sharma et. al. in 2009. Structure activity relationship studies revealed that the
presence of electron withdrawing groups enhance the anti-microbial potential of synthesized
derivatives [60].

In an another study, 2,4,5-triphenyl-N-substituted imidazoles were evaluated for anti-bacterial
effect against S. aureus, E.coli and B. subtilis. All the synthesized derivatives were found to

be effective against bacterial infections as evaluated in in vitro studies [61].

O

3.3 Anti-convulsant

A novel oxime and oxime ether derivatives of nafimidone (56) were synthesized and
evaluated for anti-convulsant potential. Reaction between nafimidone and hydroxylamine
hydrochloride gave oxime derivatives while O-alkylation with alkyl halide gave oxime
ethers. In addition to anti-convulsant activity, the compounds were screened for anti-bacterial
and anti-fungal activities also. Most of the synthesized derivatives exhibit potent anti-
convulsant and anti-microbial activities, O-alkyl substituted derivatives were found to be

more potent than O-arylalkyl substituted derivatives [62].
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3.4 Antiviral

A novel class of disubstituted imidazole 4,5-dicarboxamide (57) was synthesized from
imidazole 4,5-dicarboxylic acid. In in vitro screening, the synthesized compounds exhibited

inhibitory activity against virus [63].

3.5 Anti-inflammatory and antioxidant

One-pot synthesis of a series of benzo[d]imidazolyltetrahydropyridine carboxylates (58) has
been carried by reaction between (E)-5-(benzylidene-amino)-1H-benzo[d]imidazole-2-thiole,
5-amino-2-thiobenzimidazole, aldehydes and ethyl acetoacetate. All the synthesized

compounds exhibited significant anti-inflammatory and antioxidant activities [64].

SH

HN—

. N
Ar
N
N
SH_<\ j@\ NN
N N Ar
H
EtO (@]
58

New series benzothiazoles derivatives with imidazole ring have been synthesized from
substituted 2-aminobenzothiazoles. Pharmacological evaluation studies indicated the anti-

inflammatory potential of synthesized derivatives [65].
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3.6 Anticancer

Karthikeyan and his co-workers synthesized a new series of ester derivatives of substituted 2-
(phenyl)-3H-benzo[d]imidazole-5-carboxylic acids. The synthesized compounds were
examined for in vitro anti-proliferative effects against breast cancer cell lines. The
synthesized compounds exhibited comparable or greater anti-proliferative effects than
cisplatin. However the compound with 3,4-dihydroxy substitution in the aryl ring was found
to be most active in all the three cell lines [66].

H
N — R
/O\”/@N)_@

© 60

A series of novel imidazole derivatives were synthesized by reaction of 4,5-dimethyl 1H-
imidazole-dicarboxylate with potassium carbonate and different 2-chloroalkylamine
hydrochlorides. The compounds were screened for anti-proliferative assays on selected tumor
cell lines. Although the derivative have cytostatic effect against HeLa cells but no effect was

observed against normal fibroblasts [67].

Rs3
N
¢ o
N 0
/_/
R1 R2
61

3.7 Anthelmintic

The condensation of primary aromatic amines with aryl halides gave Schiff bases which on
subsequent reaction with ammonium acetate and isatin gave aryl imidazole derivatives (62).
All the synthesized compounds exhibited good anthelmintic activity in comparison to

standard drug mebendazole[68].
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3. CONCLUSION

Imidazole is a versatile nucleus possessing a wide range of pharmacological activities.
A number of derivatives of imidazole have been synthesized and marketed as drugs for
various diseases such as anti-fungal, anti-ulcer, anthemintic, anti-viral, anti-amoebic, anti-
psychotic and anti-emetic. Some of the synthesized molecules are in the pre-clinical phase
and can be a future drug after the clinical and toxicity studies. Quantitative structural activity
relationship studies can be used to design the more potent imidazole derivatives with minimal

side effects.
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