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Abstract. Introduction. The problem of creating new effective domestic pharmacological
preparations, including the development of the methods for obtaining biologically active substances in
compliance with the “green chemistry” principles, are among the priority areas for the development of
chemical science. The choice of an initial molecule, which carries the potential of biological activity, is
the guarantor of a successful experimental search. Imidazole derivatives occupy a unique place in the
medicinal chemistry. An imidazole cycle is part of the natural compounds such as histamine, biotin, some
alkaloids and nucleic acids, and is a structural fragment of medicinal preparations. The goal of the present
review is to analyze the publications on the chemistry of imidazole derivatives with an emphasis on the
methods of obtaining biologically active and other practically useful molecules with an obligatory
imidazole cycle. The objects of the study: imidazole derivatives. The examples of the routes of
synthesizing imidazole derivatives, as well as the compounds of interest for the medicinal chemistry,
agriculture, and other fields, which have been published in the scientific and technical literature since
2000, have been presented. Conclusion. The studies in the field of searching for new highly effective
preparations among imidazole derivatives are relevant and promising. The most important stage in this
search is the directed synthesis of the substances with the specified, practically useful properties. The
range of new practically useful substances in the series of imidazole derivatives has been significantly
expanded and replenished thanks to the modern modifications of the classical methods of their obtaining.
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1. Introduction

Imidazole is an organic compound with the formula CsHsN.
The imidazole ring is a valuable component of many important
molecules, including natural products, bioactive molecules, ionic
liquids, and imidazoliums. An imidazole fragment is part of the
most important amino acids, i.e. histidine (1) and histamine (2).

The pKa of imidazole is 14.5 and the pKb is 8.8. These indicators contribute
to the widespread use of the derivatives of this class in various fields [1]. The
literature describes a huge potential for the broad-spectrum pharmacological
activities, in particular, antiviral [2], antifungal and antibacterial [3], anti-
inflammatory and analgesic [4], anti-stress, anti-cancer, anti-tuberculosis [5]
activities.

The substances (3-5), possessing an obligatory N-alkoxyalkylpiperidine
fragment in the molecular structure, and a high pharmacological activity, have
been discovered at the Laboratory of Chemistry of Synthetic and Natural
Medicinal Substances of JSC «A.B. Bekturov Institute of Chemical Sciences» [6-
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The idea of “marrying” N-alkoxyalkylpiperidine with the imidazole ring
seems to be quite logical. Prior to starting an experimental research, we have set a
goal to analyze the scientific literature for the period starting from 2000 on the
chemistry of imidazole derivatives with an emphasis on the methods for obtaining
biologically active molecules with an obligatory imidazole cycle.
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2. Synthesis of biologically active imidazole derivatives

Feng Liang et al. [9] synthesized a number of 1H-imidazole-2-carboxamides,
which could be used for the DNA recognition. From 4(5)-(2-(benzylthio)ethyl)-
1H-imidazole (6 a),N-phthaloylhistamine (6 b), and 4(5)-(2-thioethyl)-1H-
imidazole-2-carboxamides (10 a-c) were obtained, which (thiol and amine) served
for the attachment of a molecule to the metal or carbon electrodes. 4(5)-
(Tertbutyldimethylsilyloxymethyl)-1H-imidazole (6 c¢) was synthesized in a
similar way, and used as a sample in the NMR studies. The two different methods
for obtaining 1H-imidazole-2-carboxamides were studied, and it was shown that
the 2™ position of imidazole could be converted into an ether or cyano group, and
subsequently into an amide. The bonding with the protected nitrogen atom 1-N in
compounds (7 a-c) was carried out by the interaction of sodium salt and benzyl
bromide. By comparing different protecting groups such as the trityl and Boc
groups, the benzyl group was found to be the most effective protecting group for
the subsequent reaction of cyanation. The cyano group was introduced into the 2"
position of the imidazole ring by treating thereof with 1-cyano-4-
(dimethylamino)pyridinium bromide (CAP). CAP was obtained by the reaction of
the equivalent amounts of cyanogen bromide and 4-(dimethylamino)pyridine (8 a)
in dimethylformamide. The cyano group was converted into the amide group (9 a)
with the yield of 46% upon the hydrolysis in the presence of a mixture of 20%
sulfuric acid and 18% triphosphate. Because of hydrogen peroxide, (8 b) is
changed to (9 b) and (8 c) to (9 ¢). The final products (10 a-c)were obtained by
removing the sodium and benzyl groups by the treatment with liquid ammonia.
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The potential of imidazole derivatives of thiosemicarbazones and hydrazones
[10] as the antifungal agents against A. flavus and C. cladosporioides was
demonstrated. An interaction of the equimolar amounts of 4(5)-imidazole-
carboxyaldehyde and 4-(1H-imidazol-1-yl) benzaldehyde (11) and 4-(1H-
imidazol-1-yl) acetophenone (12) in the presence of thiosemicarbazides in
methanol provided thiosemicarbazone derivatives (13 a-b, 14 a-h). The reaction
mixture was stirred for 6 h, cooled to the r.t., the resulting solid was filtered off,
washed with ethanol and ether, and dried in vacuum.
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Imidazolyl hydrazone derivatives (15 a-d, 16 a-j) were synthesized by the
reaction of an equimolar dose (2 mmol) of 4(5)-imidazole-carboxyaldehyde and
4-(1H-imidazol-1-yhbenzaldehyde or 4-(1H-imidazol-1-yhhydrazide in the
presence of hydrazide in methanol, upon adding 3 drops of acetic acid as a
catalyst [10]:

S / I\\I NH,CONHNH, = 1
S0 Dy DO
N
N
H

o N—NH N—NH
}—N\H >—NH
o o \
15 R 16 R,
o H R=CHj (a); C¢Hs (b); R;=H; R, =CHj (a); R;=H; R,=C¢Hjs (b):
p-Cl-CgH, (c); R,=H; R,=p-CIl-C¢H, (d);
P-NO»-CHy (d) R =H; R, =p-NO»-C¢H, (¢);

R;=Ry=CHj (e); R|=CHj;; R, =C¢Hj; (f);
R =CHj; Ry=p-CI-C¢H, (i);
R=CHj3; Ry =p-NO,-CgH, (j)

A simultaneous condensation of a-diketones and aldehydes in the presence
of ammonia or ammonium salts (the Debus-Radziszewski synthesis) is one of the
oldest, most versatile, and frequently used methods for the synthesis of imidazole
derivatives. This simple synthetic method is widely used for obtaining
chromophores - 2,4,5-triarylimidazole derivatives, which are used as an optical
carrier for data storage or switching in modulating devices. There are possible two
principalorientations to generate Y-shaped imidazole chromophores (17) as
shown bottom. The first classof chromophores (D-n-IM-(n-A)2 systems) are
generated by the donor which is appended through an additional z-linker (aryl) to
the imidazole Cz, completed with two peripheral acceptorslinked at the imidazole
C4/Cs positions. The second class(A-n-IM-(n-D)2 systems) possesses one
acceptor and twodonors in the reversed orientation[11-15].
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17 D =NMe,, OMe, H
A =NO,, SO, CN
R =H, alkyl, aryl, etc.

It turned out that the synthesis of 4,5-dicyanimidazole “opened” a convenient
preparative way of obtaining diverse imidazole derivatives as popular components
with the acceptor properties. 1-Methylimidazole-4,5-dicarbonitrile (18), 2-bromo-
methylimidazole-4,5-dicarbonitrile (19), and 1-methyl-2-vinylimidazole-4,5-
dicarbonitrile (20), which were both acceptor fragments and donors, expanding 7-
conjugated  bonds, were obtained in different  reactions from
diaminomaleonitrile(DAMN) [16-17].
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Significant contributions to obtaining imidazole-containing chromophores
with excellent thermal stability in the guest environment (the host systems), and
good miscibility with high-performance polymers, were made by Bu X.R. et al.
[18-21]. Besides, the fragments of thiophene or thiazole were introduced into the
structure of the synthesized imidazoles. The studies in the field of imidalozol
chromophores were continued in the works [22—-26], where it was shown that the
nitro-, dimethylamino-groups performed the function of an acceptor and a donor,
in polarizing the m-bonds with the release of blue light.

Imidazole derivatives were synthesized as synthons for obtaining purines,
widely used in the pharmaceutical industry[27]:
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New 5-amino-1-phenyl-1H-imidazole-4 carbonitriles (23 a-b) were formed
during the cyclization of formamidine in the presence of a strong base KOH by
way of multi-stage synthesis, including the stage of interaction of ethanol with
phenylalanine in the molar ratio of 1:1 into new formamidines ( 22 a-b). And
thenthe reaction followed by their interaction with the primary amines upon the
catalysis by hydrochloride of ethyl (Z) -N- (2-amino-1,2-diacyaninyl) aniline
formimidate (21). Purines were further obtained by treating 5-amino-1-phenyl-
1H-imidazole-4 carbonitriles with ammonia.

The preparation metronidazole refers to 5-nitroimidazoles (24), and has a
wide spectrum of activity against anaerobic microorganisms[28]:

/ N
0,N /g >\CH3

OH
24

Its use may result in changing the patients’ taste sensations, including a
“metallic” taste. In order to eliminate this shortcoming, benzoylmetronidazole
(HPLC)(25) was created by way of a two-stage
synthesisfrommetronidazole(MTZ)[29]:

i NO,
MTZ Py O/\N /§
A
25

An alternative method for obtaining MTZ included carrying out the two
consecutive one-pot steps through the formation of benzoylimidazole (26) with
the use of N,N-carbonyldiimidazole:
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Huang Q..etal.[29]found that the by-product of the first stage, imidazole,
played the role of a catalyst, contributing to obtaining the target
benzoylmetronidazole. Besides, it was shownthat g-cyclodextrin could be a
pharmaceutical solvent for benzoylmetronidazole, and could improve its
bioavailability, since it was found that the solubility of benzoylmetronidazole
(5=0.1435 g¢/l) in water with the formation of 1:1 benzoylmetronidazole/gs-
cyclodextrin complexes significantly, by 9.7 times, (5§=1.3881 g/l), increased its
solubility.

Alkylimidazole anticonvulsants (nafimidone and denzymol), containing both
the imidazole fragments and arylsemicarbazone pharmacophores, and
arylsemicarbazone antacids [30-32], related to the derivatives of (2E)-2-[3-(1H-
imidazol-yl)-1-phenylpropylidene]hydrazine-carboxamide  (29) [33]. The
compounds were synthesized by the interaction of the solutions of the
corresponding ketones (27) in acetic acid or sodium acetate in ethanol for 18 h
with semicarbazide and/or semicarbazide hydrochloride (28):

!
HN_ O
O
CH3COOH or
N—\ + RNHCONHNH,
K/N CH COONa
X x
28
27

X =H, Bror OCH;3; R =H or Ar

Attia M.I. et al. [34] proposed to synthesize the Mannich base (31) for
obtaining antifungal agents by the reaction of 4-chloroacetophenone (30) with
paraformaldehyde, dimethylamine hydrochloride with the addition of a catalytic
amount of hydrochloric acid. Further, imidazole was alkylated with the obtained
Mannich base (31) in water for 5 h. The oxime (33) was obtained by the reaction
of imidazole-ketone (32) with hydroxylamine hydrochloride and potassium
hydroxide in ethanol.
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An interest in the chemistry of tetrasubstituted imidazoles was aroused due to
their wide range of pharmacological properties - they were structural fragments of
the preparations for the treatment of psychosis, anxiety, depression, attention
deficit, memory disorders, cognitive impairment, appetite disorders, obesity
etc.[34].

The synthesis of tetrasubstituted imidazole derivatives was carried out only
under the catalytic conditions [35]. The condensation of benzyl, benzylamine,
benzaldehyde, and ammonium acetate was carried out in many solvents in the
presence of various amounts ofcatalystkKzNasP2W1sCu4Ogs. But when the reaction
was carried out without a solvent at 140°C, imidazole 1,2,4,5-tetraazole (34) was
obtained with the yield of 92%.As a result of the study of the fungicidal action of
substance against 9 strains of phytopathogen fungi, compoundwas identified with
a high level of fungicidal activityin for glioma cells.

Ph
(0] (0] N
1
)]\ + 4 RNH, -+ CH,COONH, 2D / k
Ar H Ph Ph Ph N Ar
|
0 R
34

The research chemists under the leadership of Ali Javid [36] carried out this
reaction in the presence of the Preisler catalyst (H14[NaPsW300110]), and 1,2,4,5-
tetrasubstituted imidazoles (34) were obtained with the yield of 48-97%.

To obtain biologically active substances, imidazoles were synthesized under
the conditions of the Biginelli reaction in the presence of the Bronsted acids [37].
Thus, 1-methylimidazole (35) and 2-chloroethanol (36) were subjected to
chloroformation by dropping 97% stoichiometric amount of chlorosulfonic acid
(37) at 0°C for 45-60 min in vacuum to form 1-methyl-3-(2-
hydroxyethyl)imidazole chloride (38):

/¢\ Reftux 8 /4\ ® CISO;H /¢\ @ 0SO;H
NH + \/\ N N\/\ OGC > N N\/\ ’
e N/ Me” 4 ~7

N,

35 36 37 38

45-60 min, Me”
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The paper [38] described the synthesis of new imidazole and triazole
derivatives with antifungal, antibacterial, antiparasitic, hypocholesterolemic,
hypotensive, and anti-inflammatory activities. Benzimidinium chloride (39) was
mixed with dimethylacetylenedicarboxylate (DMAD) in methanol. After heating
the mixture, 2-phenyl-4-methoxycarbonylmethylene-1(3H)-imidazol-5-one (40)
was formed. The latter reacts with hydrazine hydrate in methanol to yield 2-
phenyl-4-hydrazinecarbonylmethylene-1(3H)-imidazol-5-one (41). Carbon
disulfide and potassium hydroxide were added to 2-phenyl-4-
hydrazinecarbonylmethylene-1(3H)-imidazol-5-one (41) in ethanol to synthesize
N-[(2-phenyl-1(3H)-imidazol-5-on-4-ylidene)acetyl]hydrazine potassium
carbodithioate (42). Following this, carbodithioate without further purification,
and hydrazine hydrate in water refluxed while stirring to furnish 4-(4-amino-5-
thioxo-4,5-dihydro-1H-1,2,4-triazol-3-ylmethylen)-2-phenyl-1(3H)-imidazol-5-
one (43).

MeO

Me N NH,
/?)Me

NH;NH,*H,0 CSz
NHZHCI : //\

S

B OSK N J

NN AN N

o={ H \
" 0= _HN-NH, N—

/ / H ) H
NH,NH,*H,0 N N
NH,NH,*H;0 .

| 0 | 0 | 0
N
H N N
4 - - 43

An accelerated and improved one-pot synthesis of 2,4,6-triphenyl-1H-
imidazoles (46 a-0) was carried out by the reaction of benzyl (44), aromatic
aldehydes (45), and ammonium acetate (NH4OAc) in the presence of ZnO. The
indicated route of synthesis represented an environmentally friendly, sparing
reaction, leading within a short time to new imidazole derivatives with the yield
of 60-93% [40].
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\

RT, MeCN,
O 0 R 60-90 min O H R
44 45 46 a-o
R=H (a); R=4-Me (b); R=4-Br (c); R=2-CI (d);
R=4-Cl (e); R=3-NO, (f); R=2-OH (g); R=4-OMe (h);

R=4-OH (i); R=3,4-(OMe), (j); R=2-NO, (k);
R=4-NO, (1); R=2-F (m); R=4-F (n); R=2-Me (0)

The compounds, containing two important frameworks, imidazole and
dihydropyrimidinone, looked attractive from the point of view of the therapeutic
potential. Bhat M.A. et al. [41] synthesized imidazole derivatives of
dihydropyrimidinone. (2E)-1-[4-(1H-Imidazol-1-yl)phenyl]-4-methylpent-2-en-1-
one (48) was synthesized by refluxing 1-[4-(1H-imidazol-1-yl)phenyl]ethan-1-
one (47) with dimethylformamide-dimethylacetal (DMF-DMA) for 12 h without a
solvent. Further, dihydropyrimidinone derivatives (49 a-0) with an imidazolyl
fragment were obtained by the interaction of the obtained enaminone with urea
and various substituted benzaldehydes in the presence of glacial acetic acid.

0 0 o R
CH

/©/‘:4FD]3:AA | RCH=0, (NH,),C-0 /Q/\K\NH
_DMF-DMA_ —

N CH; CH,COOH /k
¢ @ J i
N/ NJ CH; N7/

47 48 49 a-o

R=C¢Hjs (a); R=2-NO,-C¢H, (b); R=4-NO,-C¢H, (c); R=3-NO,-C¢H, (d);
R=4-CI-C4H, (e); R=2,4-(Cl),-C4H; (f); R=2-OCH;-C¢H, (2);

R=4-OH-C¢H, (h); R=3-OH-C¢H, (i); R-OCH;-C¢H, (j); R=2,4,5-(0CH;);-C4H, (K);
R=2,3,4-(OCH;);-C¢H, (I); R=34,5-(OCH,);-C¢H, (m);

R=2.4,6-(0CH,);-C4H, (n); R=3,4-(OCH;),-C¢H; (0)

To obtain the preparations for the treatment of neurological disorders, (2E)-
2-[3-(1H-imidazol-1-yl)-1-phenylpropylidene]-N-(4-
methylphenyl)hydrazinecarbo-xamide (52) was synthesized by the interaction of
N-(4-methylphenyl)hydrazine-carboxamide, which obtained from acetophenone
(50),with 3-(1H-imidazol-1-yl)-1-phenylpropan-1-one (51) in the presence of
glacial acetic acid in alcohol [42].
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HN(CHj3),*HCl, H

N
(CHZO HCl _@ /\ _NH, Oj/
0}
’ CH,COOH, reflus, 18h N _NH CH,
reflux 7h |
u N,

\/

50 51 52

It was found that imidazole-1-sulfonylazide hydrochloride [43] was an
effective reagent, sensitive to shocks, heat, and friction. It was shown that
imidazole-1-sulfonyl azide (53) was easily formed by adding an equimolar
amount of sodium azide in acetonitrile to sulfofuryl chloride, followed by
dropping 2 moles of imidazole into the reaction mixture. The salts (54) of the
target product were obtained by the reaction of the corresponding acid in ethyl
acetate or diethyl ether:

X HNA\
$0,Cl, 3N§N43 MeCN [\/N SO,N; Hi)(r,gOOAc k/N——SOZN3
2

X=Cl, HSO,, MsO, Ts0, Cl0,, BF,

A review of the chemistry of fluoroimidazoles and their heteroannelated
derivatives was published in 2014 by Nossova et al. [44]. The review considered
the syntheses, chemical properties, biological significance, and other properties of
the fluoroimidazole class of heterocycles.

For the studies [45], aimed at changing the basicity of the axial
ribonucleoside coenzyme residue, 5’-deoxyadenosycobalamine, a
fluoroimidazole-substituted ribonucleoside was synthesized. The choice of
fluoroimidazole as a heterocyclic component of the ribonucleoside was
necessitated by the requirement to a fragment, which could be easily glycosylated
into a ribosyl unit. 4-Fluoro-N-trimethylsilylimidazole (57) acted as the required
heterocyclic component. The latter was obtained by the reduction-diazotization of
4-nitro-1H-imidazole (55) with the NaNO2/Zn mixture, followed by the
photolysis in the presence of aqueous tetrafluoroboric acid to form 4-fluoro-1H-
imidazole (56) with the yield of 30-40%. The fluorine derivative was treated with
hexamethyldisilazide(HMDS) /reflux for 10 h to yield the desired N-TMS
derivative (90-95%) as an intermediate product for glycosylation.

60



ISSN 1813-1107, eISSN 2710-1185 Me 3, 2022

N
/ > NaNO, / Zn ) _HMDS_ )
N HBF, / hy
|

H H Sl (CH3)3
55 56 (30-40 %) 57 (90-95 %)

O,N

Lingsheid Y., Paul M., Breohl A., Giernoth R. proposed a scheme for
obtaining the fluoroimidazole analogues [46]. 1-Butyl-4-fluoro-1H-imidazole
(58)was obtained by deprotonation, using sodium hydride in N,N-
dimethylformamide, followed by alkylation with 1-iodobutane. The process
proceeded selectively. The subsequent treatment of N-butylfluoroimidazole with
trimethyloxonium fluoroborate in dichloromethane resulted1-butyl-4-fluoro-3-
methyl-1H-imidazol-3-ium tetrafluoroborate(BMIMBF4)(59)in an ionic liquid:

_CH,
+

N
) / ) (CH3);:0'BEy / } BE,
nC4H91 N

58 59

With the purpose to obtain new biologically active imidazole derivatives, and
test their binding ability in relation to metal ions, Boduszek et al. [47-49]
synthesized a number of imidazole-containing aminophosphonic and
aminophosphinic acids, proving that imidazole aldehydes (60) reacted with the
primary amines with the formation of the corresponding aldimines (61). The
aldimines (61) reacted without isolation with a mixture of trimethyl phosphite (or
ethylphenyl phosphinate) and bromotrimethylsilane to form phosphonic (or
phosphinic) silylated intermediates, which, after treating with methanol yielded
the final aminophosphonic (62 a-e) or aminophosphinic acid (63 a-b).
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— C—PO;H,
H

CH,Cl, N
|
N R,
4 \ RZ NH, 4 62a-e
=0 CH Cl
N g e 1. PhP(OH)OELt N
! + 3Me;SiBr
2.MeOH / NHR, pp
00 ol CH,Cl é 0
2th N -
, H || H
R, 0]
63a-b

R1 H, R, = CH,Ph (a); R; = CH,Ph, R, =

CH,Ph (b); R; = H, R, =Bu (¢);

= CH,Ph, R, = Bu (d); R, = CHzPh R, = CHPh, (¢)

1-Benzylimidazole-5-(amino)methylphosphonic acid (62f) was obtained by
heating the N-benzidryl derivative (62e) with hydrochloric acid. During the
hydrolysis, the benzhydryl group was removed, forming aminophosphonic acid

(62 1) in the form of a hydrochloride.

<1NHCHPh2
C—POsH,

CH2Ph

62e

20 % HCl1

N
43\}IH3+C1_
C—PO;H
N H 312

I
CH,Ph
62

1-Benzylimidazole-5-(amino)methylphosphinic acid (64) was obtained in the

one-pot reaction as shown below:

CHPh, cr
N \ 4 1. Ph,CHNH, HN - Ot N NH;" OH
‘ CH 2. PhP(OH)OF L C—ll’I—Ph 0% L %—ﬁ—Ph
T CHCE, o THor o N 0
N
| |
PhH,C PthC PhH,C

64

Sobek et al. [50] showed, using the potentiometric titration and spectroscopic
data, that the introduction of imidazole into the aminophosphonate fragments (65-
68) resulted in a very powerful ligand for Cu (1) and Ni (Il) ions, and also
increased anantimetabolites activity of the modified molecules.
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NHBu NHCH,Ph
N
c —PO,H, \ c —PO;H, N %~P03H2 / \ INH;C
4 \ ( C—POH,
N H
N N q
H H
65 66 67 68
(amino)(1H-imidazol- imidazole-4-methyl- imidazole-4-methyl- 1-benzylimidazole-
4-yl)methyl phosphonic ~ (N-buthylamino) (N-benzhylamino) 5-methyl(amino)
acid phosphonic acid phosphonic acid phosphonic acid

It was established that the phosphonic function was the main donor system in
the media with pH below 6, and above this pH value the ligand was coordinated
with a metal ion, with the participation of nitrogens of the amino and imidazole
groups.

The authors [51] studied the effect of the imidazole fragment in 1-
benzylimidazole-5-carboxaldehyde with the primary amines, with the formation
of the corresponding aldimines, using the standard procedure under the mild
conditions, followed by the reaction of aldimines with phosphine oxides at the
r.t.in the inert solvent (CH2Clz) to obtain imidazole aminophosphine oxides (69 a-
d) in high yields:

R NH2 & \ R2R3P(O)H QS\
1
4 0 L, ZzN-R —-P\ R2

CHzPh CHzPh CHZPh

69 a-d, 52-65 %
Rl Bu R2 Ph R3 =Ph (a)
R, = Bu, R, =Bu, R3 =Bu (c);
R, = CH,Ph, R, = CH; R;=Bu (d)

It was established that the use of benzhydrylamine (Ph2CHNH2) in the
reaction with an aldehyde made it possible to obtain some
imidazolaminophosphine oxides with a free amino group. The benzhydryl group
in the intermediate N-benzhydryl derivatives (70 a-d) were removed by the
hydrolysis with hydrochloric acid, resulting in the final products in the form of
hydrochlorides.
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7 \ 1) PhyCHNH,/CH,Cl,
.
4 0 2ARRPOM; o 4’>\NH3 Cr i
Y
N C

3) 20 % HCI, reflux, 3h
H II R?
(0]

I H
CH,Ph CHzPh
70 a-d, 51-58 %

=Ph, R%="Ph (a);
R1 Bu, R?=Bu (b);
R!=Bu, R? =Ph (c);

= CH; R?*=Ph (d)

Some of the synthesized imidazolamine phosphine oxides were studied as
new binding reagents for the transition metal ions [51].

It was shown [52-55], that the presence of the imidazole ring made
phosphonates (71-75) much more effective chelating ligands with nickel (1) ions
than the previously developed 4-substituted imidazoles. Further, M. Pirkosz et al.
[62] studied the solutions of Cu (I1) and Ni (1I) complexes of a new N-substituted
imidazol-2-yl (amino)methylphosphonate for using as a chelating agent in the
analytical chemistry, for the industrial purification, removal of toxic metal ions
from the environment, or as the inhibitors of corrosion.

&W(&J@ SUVe

19031-[2 PO3H2
PO;H, PO,H,
74 75

The study [56] showed, that the introduction of pyridine as an additional
donor into the side chain further increased a binding capacity of the ligand. The
efficiency of this compound was due to the chelation of metal ions through the
nitrogens of imidazole, imino group and pyridine.

It is well known that imidazole derivatives have a wide spectrum of
pharmacological activity, including valuable vasodilators and vasoconstrictors
[57].The chemistry of nitrogen-containing heterocyclic phosphorus compounds
attracts great attention of chemists due to their wide range of application in
agriculture, medicine and industry. For example, the authors [58] synthesized
imidazole substituted carbamate ureido/carboxamides via the Curtius
rearrangement. These newly synthesized compounds were showed antibacterial
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and antifungal activities.The antibacterial activity of carbamates containing
imidazole ureas/caboxamides dioxaphosphepinoes were screened against the
Staphylococcus aureus, Bacillus cerus and Escherichia coli. Antifungal activity
of compounds were screened against Aspergillus niger and Candida albicans.
Ketoconazole and Amoxicillin are tested as references compound to compare the

activities.
CH,4 o CH;
%CH Et;N ><CHs 1 h %CH
& 3 : R-OH_ 4 \ & 3
Isobutyl
chloroformate N
COOH CONs HN—COOR!
76 77 78
OH
Drotection N
4 \ OH
CH;CN / H,0 .
HN—COOR!
79 (a-d)
Step - 1 EGN, THE Step - 2
[ AN
Cl Cl
~ [ ~
- — P. —N
AN O Ay
Cl H H
0O o0
of 1§ NN
N ~
A OF o N
4 \ / 0O H
N
N
- °
80 a-d HN 81 a-d
HN R = CH,Ph (a); = CH,Ph, X=CH, (a);
oR | R = CH,C¢H,O (b); OR'| R! = CH,C4H,0, X=CH, (b);

R =CH,C¢H,4S (c);
R = CH,C4F5 (d)

3. Conclusion

= CH,C¢H,S, X=NCHj; (¢);
R! = CH,C¢F5, X=NCH; (d)

The performed analysis of the literature shows that imidazole derivatives are
widely used in various fields as the medicinal preparations against microbes and
bacteria, for the treatment of the nervous system diseases, seizures, etc., as well as
anti-corrosion agents and dyes, catalysts, polymerizing agents, herbicides,

fungicides, etc.
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The most important step in this search is the targeted synthesis of the
substances with the pre-set practically useful properties, associated with the
identification issues, physicochemical characteristics and biological activity.
Thanks to the modern modifications of the classical methods of obtaining, the
range of new practically useful substances in the series of imidazole derivatives is
significantly expanded and replenished.

The studies in the field of searching for new highly effective preparations
among imidazoles is relevant, and is being intensively developed.
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Tyitinneme. Kipicne.)KaHa TuiMai oTaHIBIK (apMaKoJIOTHSUIBIK IpenaparTapibl KYpy Maceneci, OHBIH
IIHE «OKAaChUT XUMHSD KaFUIATTapblH CAaKTall OTBIPBII, OHOJOTHSIIBIK OeJICeH Ii 3aTTap Il aly dAicTepiH
o3ipiiey XWUMHS FBUIBIMBIH JIAaMBITYIIbIH OacbiM OaFbITTapblHBIH Oipi Oojbim  Tabbutazbl. CotTti
9KCHEPUMEHTTIK i3/IEHICTIH Kemili OHONOTHSUIIBIK OeJICeHIUTIK MOTeHIANBl 0ap OacTamKbl MOJICKYJaHbI
Tangay. VIMumason TybIHABUIAphl MEAMIMHAIBIK XMMHSAA €peKUIe OpbIH anaibl. MMmupaszon umukmi
THCTaMHH, OMOTHH, KeHOip ajKaJouATap jKOHE HYKIJISWH KBIIKbUIAAPhI CHSAKTBI TAOMFH KOCBUIBICTAPIBIH
0eJIiri JKoHe OPUTIK 3aTTapAbIH KYPBUIBIMABIK (hparMeHTi O0JIBIN ecenTelinel. by momy sy maxcamol
MIHJIETTI IMH/a30J IUKJI 6ap OMOJOTHSIIBIK OeICeH I MOJIeKyIaap/ipl aly JKOJIbIHa Oaca Haszap ayjapa
OTBIPBIN, MMHIA30] TYBIHJbUIAPBIHBIH XUMHSCHl OOWBIHINA >KapUsUIAHBIMIAPIbI Tanmay. 3epmmey
Hblcanoapel: UMHAA30N TybIHABUIAPBL. Hamuowcenepi. VIMnia3on TybIHABUIAPBIH CHHTE3NCY KOJLAAPBI
YCHIHBUIFaH, cOHbIMEH Katap 2000 »puiiaH 0acTal FBUIBIMU JKSHE FHUIBIMH-TEXHHKAJBIK d1eOueTTepae
JKapHUsUTaHFaH JIOPUTIK XHMMHs, aybll [IapyallbUIbIFbl JKOHEe 0acka cajanap YIIiH KbI3BIFYLIBUIBIK
TYJBIPaThIH KOCBUIBICTAp KENTIpUIreH. Kopuimeinovl. ViMua3on TybIHIBUIAPEl apachlHA yKaHa >KOFaphl
THIM/II IpenapaTTap/bl i3ey caaachlHIAFbl 3ePTTEYIIEep O3eKTi XKOHEe MaKCaTThl. Byl i3/IeHICTIH MaHbI3IbI
Ke3eHi-OepuIreH maiianbl KacueTTepi 0ap 3aTTapAblH OaFbITTalfaH CHHTE3l. OHIIPYIIH KIIaCCHKAabIK
ozicTepiHiH 3aMaHayH MOAW(HKAIMSUIAPBIHBIH apKachlHAa HMMHIA30] TYBIHIbUIAPHI KaTapblHIa ic
JKY3IHZE JKaHa MaiJajbl 3aTTap/blH ayKbIMBI €10yip KeHele 1l )KoHe TOJBIKThIPhIIAIbL.
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NEPCIIEKTUBBI XUMHWHU MTPOU3BOJHBIX UMUJIA30JIA (OB30P)

Kanovioaesa A.5.12, Manmarosa A.E. ', IO B.K.}, He6opax E.B.’
140 «Hncmumym xumuyeckux nayk umenu A.5. Bexkmypoeay, Anmamel, Kazaxcman
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E-mail: altin_28.94@mail.ru

Pe3rome. Bseoenue. Ilpobnema cosmaHus HOBBIX 3()(GEKTUBHBIX OTECUECTBCHHBIX (DapMaKOIOTHYECKUX
MPenaparoB, BKIOUYass pa3pabOTKy METONOB IOTyYEHUs] OMOJOTHMYECKH aKTHBHBIX BELIECTB CO
COOMIOIEHHEM TIPUHLIUIIOB «3€JI€HOH XMMMU», BXOIUT B YMCIIO IMPHOPUTETHBIX HAIpPABIECHUH pa3BUTHs
XUMHYECKOH Hayku. BbIOOp HMCXOAHON MOJIEKYJIbI, HECYIIMH MOTEHIMal OHOJIOrMYecKOi aKTHBHOCTH,
CIly)KMT TapaHTOM YCIEIIHOTO0 3KCIEePUMEHTaIbHOrO MoucKa. [Ipon3BoiHble HMHUAA30J1a 3aHUMAIOT
YHUKAQJIbHOE MECTO B MEIMIMHCKONW XuMuH. MMHIa3010bHBIA LUK BXOAWT B COCTaB IPUPOIHBIX
COEIMHEHUH, TaKUX KaK F'MCTaMUH, OMOTHH, HEKOTOPBIE AJIKAJION bl U HYKJIEUHOBbIE KUCIIOTbI, U ABJISETCS
CTPYKTYPHBIM (h)parMEHTOM JIEKAPCTBEHHBIX IPENnapaToB. AHAIN3 MyOIUKalMi 0 XMMHHU [TPOU3BOIHBIX
MMHJIa30J1a C AaKLEHTOM Ha IIyTH IIOJy4eHHs OMOJOTHMYECKM AaKTHBHBIX M JPYIMX IPAaKTHYECKU
TMOJIE3HBIX MOJIEKYJI € O0fA3aTeNBbHBIM  MMHJA30JIBHBIM  LIUKJIOM ONpEe/e]eH  Kak ye/ib JJAHHOro
o630pa. Ob6vexmul uccredosanus: MPOU3BOAHBIC HIMUIa301a. [IpuBeneHB IpHMEpHl IIyTell CHHTE3a
NPOU3BOJHBIX HMMHJIA30a, a TaKKe IPEeACTABIEHbl COEIMHEHUs, IPEJCTABIAIONME HHTEPeC JUIL
MEJUIMHCKOH XUMUH, CEIbCKOro X03sicTBa U Apyrux obaacTei, ormyOaMKOBaHHBIX B HAYYHOH U HAy4HO-
TexHuueckoll smreparype ¢ 2000 1. 3akmouenue. ViccnenoBanuss B 00JACTH  TOUCKA  HOBBIX

BBICOKOD() (heKTHBHBIX IIPEnapaToB Cpeau IIPOU3BOIHBIX MMM/1a30J1a aKTyaJIbHbI 7
MEPCIEKTUBHBL. BakKHEHIIMM 3TalloM ATOrO IIOMCKA SBISETCS HANpPaBIEHHBIH CUHTE3 BELIECTB C
3aJJAaHHBIMH ITPAKTUYECKH HOJIE3HBIMH cBOMcTBamMu. biaronaps COBPEMEHHBIM

MOL[I/I(bI/IKaLIHHM KJIAaCCUYCECKUX METOAOB IIOJIYYCHUS 3HAYUTCIIBHO PACIIMUPACTCS U IIOINOJIHACTCS Kpyr
HOBBIX IIPAKTUYECKH ITOJIE3HBIX BCUICCTB B PAAY IMPOU3BOAHLIX UMK A30J1a.
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