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The growth of resistance to antimycobacterial drugs dictates the need to develop new agents with high thera-
peutic efficacy and low toxicity. The present review analyzes and summarizes literature data over the past de-
cade on the synthesis and study of antimycobacterial agents using both an empirical approach and molecular
docking. Pyrimidines, amides, coumarins, chalcones, furans, azomethines, salicylanilides, oxazolidines,
nitroimidazoles, benzothiazinones, diarylquinolines, azaindoles, imidazopyridines, benzimidazoles, and rimi-
nophenazines, some of which are in various stages of clinical trials, are of most interest to researchers. Special
attention is paid to identifying the targets of new compounds and studying their mechanisms of action when

creating antimycobacterial agents.

Keywords: antituberculosis activity, antileprosy activity, targets, molecular docking, minimum inhibitory

concentration, lipophilicity.

Tuberculosis and leprosy are the most dangerous myco-
bacterial diseases for man. Their treatment involves long-
term courses of antibacterial therapy. Paleontological discov-
eries with signatures of these pathologies are geographically
widespread and date to various periods starting from the
Bronze and Iron Ages to the present, demonstrating a strik-
ing example of the coevolution of a pathogen and host [1].
Mycobacterial infections continue to present a global hazard
because of the specifics of the genome and the resistance of
mycobacteria to most antimicrobial drugs [1 — 3]. Therefore,
research directed toward the discovery of compounds with
antimycobacterial activity to create medicines based on them
is undoubtedly critical [4 —6]. In particular, compounds
known to be biologically active can provide platforms for de-
signing them [7, 8].
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Heterocyclic compounds in general and pyrimidines in
particular are natural compounds with significant potential
biological activity [9, 10].

Pyrimidines

Pyrimidines are currently the leaders among N-contain-
ing heterocyclic compounds and exhibit broad spectra of an-
tiviral, antibacterial, and antimycobacterial activity
[11 —13]. Many scientific groups are searching for new syn-
thetic pathways to them [14 — 19]. According to Verbitskii, et
al. [20], mono- and disubstituted pyrimidines are active
against mycobacteria strains Mycobacterium tuberculosis
H, Rv, M. avium, and M. terrae because of the presence of
several styryl- and (het)aryl-substitutions on pyrimidine
C(4)-C(5) atoms.

The antimycobacterial activity and acute toxicity of syn-
thetic  5-(hetarylmethylidene)-2,4,6-pyrimidine-2,4,6(1H,3H,5H)-
triones (1-5) and 5-(2-chloropropylidene)-2,4,6-pyrimi-
dine-2,4,6(1H,3H,5H)-triones (6 and 7) [21] and 5-(arylme-
thylidene)-2.4,6-pyrimidine-2,4,6(1H,3H,5H)-triones (8 —13)
[22] against M. lufu were studied at the Leprosy Research In-
stitute, Ministry of Health of Russia.
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Het: 1-benzofuran-2-yl (1), 1,3-benzothizaol-2-yl (2),
2,1,3-benzooxadiazol-5-yl (3), 1,3-dimethyl-5-morpholinopyrazol-4-yl (4),
S-acetoxymethylfuran-2-yl (5);

R: acetyl (6), 2,4,6(1H,3H,5H)pyrimidinetrione-5-ethyliden-5-yl1 (7);

R': H (8), 4-OMe (9), 4-NMe, (10), 4-C1 (11), 3-NO, (12), 4-OH (13)

The WHO recommends using M. lufu, which has a sensi-
tivity comparable to that of M. leprae to the main antileprosy
drug dapsone, for primary selection of compounds with po-
tential antileprosy activity in vitro because the leprosy vector
is not cultivated in artificial growth media [23]. These com-
pounds were shown to possess low toxicity and antimyco-
bacterial activity of different strengths as compared to dapso-
ne.

It was found that 7-methyl-5,6,7,8-tetrahydropyrido-
[4',3":4,5]thieno[2,3-d]pyrimidine-4(3H)-triones (14 —23)
possessed potential antimicrobial and antimycobacterial
properties against Bacillus subtilis, Staphylococcus aureus,
Escherichia coli, Klebsiella pneumoniae, and M. tuberculo-
sis Hy Rv [24].
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R =H, R’ =4-CIC(H, (14); R=H, R’ = 4-FCH, (15); R =H,

R’ = 4-CNC¢H, (16); R = H, R" = 2,6-Cl,C¢H; (17); R = Me,

R’ = 4-CIC4H, (18); R = Me, R’ = 4-FC4H, (19); R = Me, R’ = 4-CNC4H,
(20); R = Me, R’ = 4-OMeCgH, (21); R = Me, R’ = thiophen-2-yl (22);

R =Me, R’ =2,6-CL,CH; (23)

Other researchers established that 5-substituted 6-ace-
tyl-2-amino-7-methyl-5,8-dihydropyrido[2,3-d]pyrimidine-
4(3H)-trione derivatives (24) inhibited growth of M. tubercu-
losis strain H,,Rv but were inactive against M. aurum,
E. coli, and S. aureus, which indicated their action was spe-
cific for slow-growing mycobacteria [25].

O R O
HN | | Me
NS
H,N N N Me
H
24

R =Ph, 2-CIC4H,, 3-CIC4H,, 4-CIC4Hy, 2,4-C1,C4Hj;, 4-FC¢Hy, 4-BrCqH,,
4-CF;C¢Hy, 4-MeC¢Hy, 4-MeSC¢H,, 4-OMeC¢Hy, 3,4-(OMe),CqH;,
3,4,5-(OMe);C¢H,, 4-OHC¢H,, 3-OMeC¢H,, 3-OHC¢Hy, 3,5-(OMe),-4-
OHC¢H,, 2-SHC¢H,, (1,3-benzodioxol)-5-yl

5-Methyl-7-(3-nitro-[1,2,4]-triazol-1-yl)-[1,2,4]triazolo-
[1, 5-a]pyrimidine (25) with antituberculosis activity against
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a M. tuberculosis strain with multiple drug resistance was
synthesized [26].

Amides

Antimycobacterial activity due to the ability of an amide
bonded to a hydrophobic moiety to inhibit enzyme systems
of bacteria was also shown for compounds based on carbox-
amides. For example, in vitro experiments with N-(alkoxy-
phenyl)-2-hydroxynaphthalene-1-carboxamide (26) demon-
strated that the tested compounds were effective against M.
tuberculosis H, Ra, M. kansasii, and M. smegmatis [27, 28],
6-hydroxynaphthalene-2-carboxanilides, against M. tubercu-
losis Hy,Ra and M. avium. They were more active against the
main antituberculosis drugs isoniazid (2 times) and
rifampicin (4.5 times) [29].
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A
N
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R = H, 2-OMe, 3-OMe, 4-OMe, 2-Me, 3-Me, 4-Me, 2-F, 3-F, 4-F, 2-Cl,
3-Cl, 4-Cl, 2-Br, 3-Br, 4-Br, 2-CF3, 3-CF;, 4-CF3, 2-NO,, 3-NO,, 4-NO,

IR

Research on indole-2-carboxamides (27 and 28) revealed
they were effective against a whole range of mycobacterial
strains: M. abscessus, M. massiliense, M. bolletii, M. chelo-
nae, M. tuberculosis, M. avium, M. xenopi, and M. smeg-
matis [30]. The researchers found that the minimum inhibi-
tory concentration (MIC) for each tested strain was different
and depended directly on the compound structural features.
For example, the antimycobacterial activity increased with
increasing number of methylenes and size of the aliphatic

rings.
R
\ 0
R" g NHR
27

R'=R"=H, R"=R"=Me, R = adamantan-1-yl, 1-ethyladamantan-3-yl,
1-ethyladamantan-2-yl, cyclooctan-1-yl, cycloheptan-1-yl, cyclohexan-1-yl,
cyclopentan-1-yl, trans-4-methylcyclohexan-1-yl,
cis-4-methylcyclohexan-1-yl, n-heptan-1-yl, n-octan-1-yl,
(18,28,58)-2,6,6-trimethylbicyclo[3.1.1]heptan-3-yl, 3-CIC¢H,.
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Coumarins

Coumarins are an expansive class of natural heterocyclic
compounds contained in large quantities in various plant
parts and possessing anti-inflammatory, antitumor, antimic-
robial, and antituberculosis properties [31 — 37].

The biochemical potential and broad pharmacological
applications of coumarins make them convenient synthetic
scaffolds [38 — 42]. For example, the presence of the benzene
ring of the 2-phenyl-2H-chromene in synthetic coumarin de-
rivatives 28 showed clearly pronounced antimycobacterial
effects against M. tuberculosis Hy,Rv [43, 44].

28

R = 5-Me, 5-Cl, 5-OMe, 7,8-Me,, 7-Cl, 7-Me, 5,7-Me,, 6-Br, 5,6-benzo,
7,8-benzo

Also, an attempt was made to produce new coumarin
oxime ether analogs with high biological activity by adding
carbonyl groups and N atoms to the molecular design of syn-
thesized isomers. A series of experiments established pro-
nounced antimycobacterial activity of methyl-substituted
coumarin analogs for M. tuberculosis strain H,,Rv. Dime-
thyl-substituted coumarins were characterized with the high-
est antituberculosis activity (MIC 0.04 and 0.09 pg/mL) that
was comparable to that of isoniazid (MIC =0.02 pg/mL)
[43]. Other coumarin derivatives such as pyrano[3,2-c]-
chromenes (29 —31) showed antimicrobial activity against
Gram-positive (S. aureus, E. faecalis, and B. cereus) and
Gram-negative bacterial strains (E. coli, Pseudomonas
aeruginosa, and P. intermedia). The best results were found
for the tested compounds against E. faecalis and E. coli [44].

o. 0

29 30 31

29, 30: R = 6-Me, 6-OMe, 6-Cl, 7-Me, 7,8-benzo; R’ = CN,CO,Et
31: R = 6-Me, 6-OMe, 6-Cl, 7-Me, 7,8-benzo

Theophylline-type coumarin derivatives (32) were syn-
thesized and found to be active against M. tuberculosis
H,,Rv, Gram-negative and Gram-positive bacteria, and
yeast-like fungi [45,46]. We found that the tested com-
pounds inhibited growth in 96% of mycobacterial cells with
100% growth suppression of the reference drug isoniazid.

A. V. Khrapova et al.

R = 6-Me, 7-Me, 5,6-benzo, 7,8-benzo, 5,7-Me,, 6-OMe, 6-Cl, 6-Br, 6--Bu

Chalcones

Chalcones are other potential motifs for development of
new antimycobacterial drugs. They are flavonoid compounds
with an open pyran ring that demonstrate high levels of bio-
logical activity [47, 48]. Natural chalcones such as isoliquiri-
tigenin, flavokawain, and xanthohumol, which are present in
the families Fabaceae, Piperaceae, Cannabaceae, and Mora-
ceae, possess antitumor and chemopreventive properties
[49, 50]. Antimycobacterial and antifungal activities of ni-
tro-substituted chalcones 33 against M. tuberculosis Hy,Rv
and Trichophyton mentagrophytes were observed and were
comparable to that of isoniazid, rifampicin, and fluconazole
[51].

Me
33
R =2-0OH, 3-OH, 3-OMe, 4-OH, 2-OMe, 4-OMe, 2-NO,, 3-NO,, 4-NO,,
4-Cl

Spanish researchers showed that substituted chalcones
with pyrimidine rings that were synthesized by them were
active antituberculosis agents against several mycobacterial
strains, i.e., M. tuberculosis Hy,Rv and M. bovis and a highly
virulent clinical isolate of M. tuberculosis. The antimycobac-
terial activities of the tested compounds were characterized
by different potencies as compared to the standard antituber-
culosis drug rifampicin [52].

Furans

Natural and synthetic furans could become potential
sources of components for constructing new antimycobacte-
rial drugs [53, 54]. Synthetic 5-arylfuran-2-carboxylic acids
34 were found to be capable of inhibiting the biosynthesis of
tuberculosis mycobacteria [55].

R
R

0 [0)

|/ OH
34

R’ = CF3, NO,, R" = C, F, Br, OH, Me, NH,, CN, CF,
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According to the researchers [56], N-(furan-2-ylme-
thyl)-1H-tetrazole-5-amines (35), which possessed antitumor
activity, could be promising antituberculosis agents without
the toxic effect of the tested compounds on healthy cells in
Vivo.

N-N
/Q \‘I\I
(6] 2
NS yR
35

R =4-F, 5-Cl, 2-Me, 4-1, 3-Cl, 3,4-Cl,, 2-F, 3-Br, 4-Cl, 3-F, 4-Br, 2-Cl, 2-Br

Research on 1,4-disubstituted 1,2,3-triazole derivatives
of 9-ethyl-9H-carbazole and dibenzo[b, d]furan (36) re-
vealed antimycobacterial properties against M. smegmatis
and immunomodulatory activity [57].

X =NEt, O; Y = Me, Ph

Microbiological screening of the series of nitrofuran
analogs 37 found high antimycobacterial activity against a
laboratory strain of M. tuberculosis that was comparable to
that of the control drug isoniazid [58].

o
D\?N N-R

0,N” Y0

6}
37

R =Me, Et, Pr, Bu, n-CsH;y, n-C4H3, n-CgH; 7, n-CoH,9, n-CoHy,
n-Cy1Hys, n-Cy,H,s, 4-NO,C¢Hy, 4-CF;C¢Hy, 4-MeCgHy, Ph, 4-OMeCgHy,
4-BrC¢H,, C¢HsCH,CH,

Azomethines

Schiff bases are nitrogen analogs of aldehydes or ke-
tones, contain an imine or azomethine group, and can exem-
plify effective antimycobacterial, antimalarial, antiviral, and
antifungal agents [59 — 61].

Antimycobacterial activity was found for synthetic imine
derivatives 38 against M. tuberculosis and was comparable to
that of the antituberculosis drug ethambutol [60].

~ R
N

38

R =PhCH,, Bu, cyclopropyl, cyclohexyl, 4-FC¢H,, 4-CIC¢H,, 4-BrCgHy,
4-OH, 4-OMe, 2-OH, pyridin-4-yl, pyridin-2-yl, 2,5-(OMe),CcH3,
1,3-thiazol-2-yl
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Experimental investigations found antituberculosis activ-
ity for 3-{[4-(4-hydroxyphenyl)-1,3-thiazol-2-yl]imino}-1,3-
dihydro-2H-indol-2-one (39) on the strain M. tuberculosis

H,,Rv [62].
S
\
/Q\Q\

N~ N R

R' /

W@@o

N

H 39

R = H, OH, OMe, NO,; R"=H, Cl

Salicylanilides

Salicylanilides 40 —42 are organic compounds known
for their anthelmintic, antimicrobial, and antituberculosis ac-
tivity [63 — 65].
2R

o @ @

M 42

40:R=CLLR"=Br; R=Br,R"=CI; R=R'=Br; R=R’'=Cl;
R" = 4-Br, 3,4-Cl,, 4-CF3, 3,5-(CF3),

Oxazolidines and nitroimidazoles

Promising antituberculosis agents include derivatives
with oxazolidinone and nitroimidazole moieties. Oxazolidin-
one derivatives, in particular linezolid (43) and sutezolid
(44), were highly active against Gram-positive lung patho-
gens, including those with multi-drug resistance, e.g., M. tu-
berculosis. Linezolid (43) blocked the synthesis of ribosomal
protein in the early stage [66].

OYNOJ\\NH _(o OX,()’?\\NH J{;

Me

Nitroimidazoles inhibited cell growth by releasing reac-
tive nitrogen species and blocking the synthesis of mycolic
acid. It was established that delamanid (45) affected myco-
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bacterial cell-wall components by inhibiting the synthesis of
mycolic and ketomycolic acids [67].
ON

'

N= 1 " /©/
A OO
Me

45

OCF;,

Delamanid was active against aerobic and anaerobic or-
ganisms.

Benzothiazinones, diarylquinolines, azaindoles,
imidazopyridines, benzimidazoles

Heterocyclic compounds with benzothiazinone, diaryl-
quinoline, azaindole, imidazopyridine, and benzimidazole
fragments are promising antimycobacterial drugs and are ac-

tive against various targets [66, 68].
ATP-synthase is the target of a heterocyclic compound

with a diarylquinoline fragment, i.e., bedaquiline (46).

This drug suppressed cellular energy metabolism [69].
A study of a compound with an imidazopyridine moiety

(47) showed that its target was the bcl cytochrome complex.
The compound inhibited ATP synthesis [70].

N OCF
e VaGaWa

NH
~ N
PSS

N Me
47
An azoindole (48) was an inhibitor of the enzyme DprE,
and a moderate inhibitor of the enzyme PDE,. It was rather

highly active against M. tuberculosis (MIC 0.78 —

3.12 ug/mL).
H O
N
~ = Y
HO N N\/K%\OMG
\ Me
=

48

Strains of M. tuberculosis that were resistant to 48 had
mutations in dprE1 (Rv3790) where tyrosine 314 was re-
placed by histidine. A second mutation in Rv1937

A. V. Khrapova et al.

(Phe426Cys) was observed in these strains although its role
in the resistance to this drug remains obscure.

Riminophenazines

A brief historical description of riminophenazines, their
total synthesis, mechanisms of action, physicochemical
properties, and antituberculosis activities were discussed in a
review [71]. Clofazimine (49) is a representative riminophe-
nazine that has been used to treat leprosy since 1969 and is
today considered a repurposed drug for tuberculosis [72, 73].

The antimycobacterial activity of 49 is probably associ-
ated with its high lipophilicity (C log P = 7.50) and high re-
dox potential at pH 7.0 (0.18 V). In addition to antimycobac-
terial activity, riminophenazines exhibit prooxidant activity
[71]. The synthesis of new representative riminophenazines,
e.g. 50 and 51, is a promising direction for the discovery of
new candidate antileprosy and antituberculosis agents
[74, 75].

Cl

Cl

OMe

cree

—

N NH
= ‘ OMe
N

The emergence of drug resistance in mycobacteria re-
quires constant vigilance and studies of various pyrazoline,
oxadiazole, triazole, and other derivatives of isoniazid, the
first-line drug used for chemotherapy of tuberculosis
[76 — 78].

Starch nanocrystals functionalized with polyurethane are
being studied as a drug delivery system to minimize side effects
from first-line antituberculosis drugs used in the clinic, e.g.,
isoniazid, rifampicin, pyrazinamide, and streptomycin [79].

Crrx

~

N NH
/‘ OMe
x_N

50 51

CONCLUSION

The currently observed increased incidence of resistance
to antimicrobial drugs dictates the necessity to develop new
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drugs with high therapeutic efficacy and low toxicity. Sev-
eral existing approaches should be monitored by scientists
interested in developing antimycobacterial drugs. An empiri-
cal approach based on the use of known chemical com-
pounds with a combination of various functional groups in
their structures to produce new compounds that are more ef-
fective than the starting ones could be one possible solution
to this problem. Such an approach enables nontoxic com-
pounds with broad spectra of activity to be produced, includ-
ing those with pronounced antimycobacterial activity. Tar-
geted screening based on molecular docking using defined
targets is now becoming more significant. The combination
of these two approaches increases the chances of identifying
new candidates during development of antimycobacterial
drugs.

REFERENCES

10.

I1.

12.

13.

14.

15.

. S. A. Luzhnova,

M. Henneberg, K. Holloway-Kew, and T. Lucas, PLoS Ore,
16(2), €0243687 (2012); doi: 10.1371 / journal.pone.0243687.

. V.N. Zimina, S. Yu. Degtyareva, E.N. Beloborodova, et al.,

Klin. Mikrobiol. Antimikrob. Khimioter., 19(4), 276 —282
(2017).

. H. Farad and D. Jagdale, World J. Pharm. Res., 9(5),

1581 — 1588 (2020); doi: 10.20959 / wjpr20205-17364.

. N. N. Kovganko, I.N. Slabko, and V. N. Kovganko, in: 4b-

stracts of Papers of a Republic Conference with International
Participation Dedicated to the 11 o™ Birthday of V. A. Bondarin
“Physicochemical Biology as a Basis of Modern Medicine” [in
Russian], Minsk (2019), pp. 145 — 146.

N. M. Gabitova, A. V. Voronkov, et
Fundam. Issled., No. 2, Part 11, 2377 — 2380 (2015).

al.,

. L. V. Petrov, T. Kh. Amirova, L. V. Petrova, et al., Epidemiol.

Vaktsinoprofilaktika, 19(3), 89 —94 (2020); doi: 10.31631 /
2073-3046-2020-19-3-89-94.

. M. A. Samotrueva, A. A. Tsibizova, A. L. Yasenyavkaya, et al.,

Astrakhan. Med. Zh., 10(1), 12 — 29 (2015).

. A.N. Tevyashova, E.N. Olsuf’eva, and M. N. Preobrazhen-

skaya, Usp. Khim., 84(1), 61—97 (2015); doi: 10.1070 /
RCR4448.

. D. T. Hurst (ed.), Introduction to the Chemistry and Biochemis-

try of Pyrimidines, Purines and Pteridines, John Wiley & Sons,
New York (1980).

K. Singh, K. Singh, B. Wan, et al., Eur. J. Med. Chem., 46,2290
(2011); doi: 10.1016 / j.ejmech.2011.03.010.

D. N. Lyapustin, E. N. Ulomskii, and V. L. Rusinov, in: 4b-
stracts of Papers of the International Scientific Conference
“Current Issues of Organic Chemistry and Biotechnology” [in
Russian], Ekaterinburg (2020), pp. 127 — 128.

K. V. Savateev, E. N. Ulomskii, V. V. Fedotov, et al., Bioorg.
Khim., 43(4), 402-410 (2017); doi: 10.7868 /
S0132342317040108.

S. B. Patil, Int. J. Pharm. Sci. Res., 9(1), 44 — 52 (2018).

A. S. Agarkov, G. V. Konorov, A. S. Sapunova, et al., in: 4b-
stracts of Papers of the IInd Scientific Conference “Dynamic
Processes in the Chemistry of Organoelement Compounds” [in
Russian], Kazan (2020), p. 65.

G. G. Danangulyan, in: Abstracts of Papers of the International
Scientific Conference “From Polyethylene Synthesis to Stereo-
divergence: Development of Chemistry for 100 Years” [in Rus-
sian], Perm (2018), pp. 16 — 18.

16

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

1113

. N. S. Demina, N. A. Rasputin, and G. L. Rusinov, in: Abstracts
of Papers of the IVth International Symposium on Medical, Or-
ganic and Biological Chemistry and Pharmaceutics [in Rus-
sian], Moscow (2018), p. 125.

E. S. Ofitserova, L.N. Alekseeva, A. A. Shklyarenko, and
1. P. Yakovlev, Vestn. Smolensk. Gos. Med. Akad., 19(4),
46 — 49 (2020).

K. V. Savateev, S.S. Borisov, E.K. Voinkov, et al., Chim.
Techno Acta, 2(2), 129-130 (2015); doi: 10.15826 /
chimtech.2015.2.2.013.

S. Vembu, P. Parasuraman, and M. Gopalakrishnan, J. Pharm.
Res., 8(10), 1552 — 1558 (2014).

E. V. Verbitskii, G. L. Rusinov, V. N. Charushin, and
O. N. Chupakhin, Izv. Akad. Nauk, Ser. Khim., No. 12,
2172 —2989 (2019); doi: 10.1007 / s11172-019-2686-x.

M. Yu. Yushin, A. G Tyrkov, L.V.Saroyants, et al.,
Khim.-farm. Zh., 54(2), 32 — 35 (2020); doi: 10.30906 / 0023-
1134-2020-54-2-32-35;, Pharm. Chem. Zh., 54(2), 134 —137
(2020).

S. A. Luzhnova, A. G Tyrkov, N. M. Gabitova, and
E. A. Yurtaeva, Khim.-farm. Zh., 49(12), 12 — 14 (2015); doi:
10.30906 / 0023-1134-2015-49-12-12-14; Pharm. Chem. J.,
49(12), 810 — 812 (2015).

J. K. Seydel and E. G. Wempe, Int. J. Lepr., 50, 20 — 30 (1982).
N. Malothu, U. Kulandaivelu, J. Malathi, et al., Chem. Pharm.
Bull., 66(10), 923 — 931 (2018); doi: 10.1248 / cpb.c17-00999.
N. Agre, M. Degani, A. Gupta, et al., Arch. Pharm. (Weinheim),
352(9), 1900068 (2019); doi: 10.1002 / ardp. 201900068.

M. Yu. Krasavin, R. E. Trifonov, et al., RU Pat. 2,705,591, Nov.
11, 2019; Ref- Zh. Khim., 20.03 — 190.75P (2020).

1. Zadrazilova, S. Pospisilova, M. Masarikova, et al., Eur. J.
Pharm. Sci., 77, 197 — 207 (2015); doi: 10.1016 / j.ejps.2015.
06.009.

1. Zadrazilova, S. Pospisilova, K. Pauk, et al., BioMed Res. Int.
(2015); doi: 10.1155 /2015 / 349534.

J. Kos, I. Nevin, M. Soral, et al., Bioorg. Med. Chem., 23(9),
2035 —2043 (2015); doi: 10.1016 / j.bmc.2015.03.018.

N. D. Franz, J. M. Belardinelli, M. A. Kaminski, et al., Bioorg.
Med. Chem., 25(14), 3746 —3755 (2017); doi: 10.1016 /
j.bmc.2017.05.015.

M. Sh. Ikramova and Kh. M. Komilov, Farm. Vestn. Uzb.,
No. 2, 55-159 (2017).

A. V. Lipeeva, D. O. Zakharov, A. G. Makarov, et al., in: 4b-
stracts of Papers of the XlIth International Scientific-Practical
Conference “Chemical Science and Education of Krasnoyarye”
[in Russian], Krasnoyarsk (2019), pp. 26 — 31.

D. Srikrishna, C. Godugu, and P. K. Dubey, Mini-Rev. Med.
Chem., 18(2), 113-141 (2018); doi: 10.2174 /
1389557516666160801094919.

A. Thakur, R. Singla, and V. Jaitak, Eur. J. Med. Chem., 101,
476 — 495 (2015); doi: 10.1016 / j.ejmech.2015.07.010.

H. Li, Y. Yao, and L. Li, J. Pharm. Pharmacol., 69(10),
1253 — 1264 (2017); doi: 10.1111 / jphp. 12774.

M. A. Gouda, M. A. Salem, and M. H. Helal, Curr. Bioact.
Compd., 16(6), 818-836 (2020); doi: 10.2174 /
1573407215666190405154406.

G. O. Ismailova, N. M. Yuldashev, Z. D. Uzakbergenova, et al.,
Sovrem. Probl. Nauki Obraz., No. 5, 674 (2013).

O. M. Tsivileva, O. V. Koftin, A. A. Anis’kov, and D. N. Ibra-
gimova, Usp. Med. Mikol., 20, 546 — 552 (2019).

G. Kirsch, A. B. Abdelwahab, and P. Chaimbault, Molecules,
21(10), 1322 (2016); doi: 10.3390 / molecules21101322.



1114

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

C. Dong-Wei, Z. Yuan, D. Xiao-Yi, et al., Crit. Rev. Anal.
Chem., 51(6), 503 —526 (2021); doi: 10.1080 / 10408347.
2020.1750338.

Y. Wu, J. Xu, Y. Liu, et al., Front. Oncol., 10, 1 — 10 (2020); doi:
10.3389 / fonc.2020.592853.

F. V. Antipin and N. N. Mochul’skaya, in: Abstracts of Papers
of “Modern Synthetic Methodologies for Creating Medicines
and Functional Materials (MOSM 2018)” [in Russian],
Ekaterinburg (2019), p. 318.

D. S. Reddy, M. Kongot, S.P. Netalkar, et al., Eur J. Med.
Chem., 150, 864 —875 (2018); doi: 10.1016 / j.ejmech.
2018.03.042.

B. M. Chougala, S. Samundeeswari, M. Holiyachi, et al., Eur: J.
Med. Chem., 143, 1744 — 1756 (2018); 125, 101 — 116 (2017);
doi: 10.1016 / j.ejmech.2016.09.021.

S. N. Mangasuli, K. M. Hosamani, H. C. Devarajegowda, et al.,
Eur. J. Med. Chem., 146, 747 —756 (2018); doi: 10.1016 /
j-ejmech.2018.01.025.

R. A. Muzychkina, N. V. Kurbatova, and D. Yu. Korulkin,
Vestn. Kaz. Nats. Univ., Ser. Biol., 69(4), 22 — 31 (2016).

C. Zhuang, W. Zhang, C. Sheng, et al., Chem. Rev., 117(12),
7762 — 7810 (2017); doi: 10.1021 / acs.chemrev.7b00020.

R. Irfan, S. Mousavi, M. Alazmi, and R. S. Z. Saleem, Mole-
cules, 25(22), 5381 (2020); doi: 10.3390 / molecules25225381.
A. Leon-Gonzalez, N. Acero, D. Munoz-Mingarro, et al., Curr.
Med. Chem., 22(30), 3407 —3425 (2015); doi: 10.2174 /
0929867322666150729114829.

C.-W. Phan, S. Vikineswary, W.-K. Yong, et al., Nat. Prod. Res.,
32(10), 1229-1233 (2018); doi: 10.1080 / 14786419.
2017.1331226.

M. Kucerova-Chlupacova, J. Kunes, V. Buchta, et al., Mole-
cules, 20(1), 1104-1117 (2015); doi: 10.3390 /
molecules20011104.

T. L. B. Ventura, S. D. Calixto, B. de Azevedo Abrahim-Vieira,
et al., Molecules, 20(5), 8072 —8093 (2015); doi: 10.3390 /
molecules20058072.

M. Alizadeh, M. Jalal, K. Hamed, et al., J. Inflammation Res.,
13, 451 (2020).

F. Gao, H. Yang, T. Lu, et al.,, Eur. J. Med. Chem., 159,
277 — 281 (2018); doi: 10.1016 / j.ejmech.2018.09.049.

L. R. Chiarelli, M. Mori, G. Beretta, et al., J. Enzyme Inhib.
Med. Chem., 34(1), 823 —828 (2019); doi: 10.1080 /
14756366.2019.1589462.

D. Szulezyk, A. Bielenica, P. Roszkowski, et al., Molecules,
26(2), 323 (2021); doi: 10.3390 / molecules26020323.

S. S. Chirke, J. S. Krishna, B. B. Rhathod, et al., Chemistry-
Select, 2(24), 7309-7318 (2017); doi:10.1002 / slect.
201701377.

N. H. Zuma, F. J. Smit, R. Seldon, et al., Bioorg. Chem., 96,
103587 (2020); doi: 10.1016 / j.bioorg.2020.103587.

59

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

A. V. Khrapova et al.

. M. A. Altamimi, A. Hussain, S. Alshehri, et al., Processes,
8(11), 1476 (2020); doi: 10.3390 / pr8111476.

E. T. Da Silva, A. S. Araujo, A. M. Moraes, et al., Sci. Pharm.,
84(3), 467 — 483 (2016); doi: 10.3390 / scipharm84030467.

M. S. Hossain, S. Sarker, A. S. M. E. Shaheed, et al., Chem.
Biomol. Eng., 2(1), 41 -50 (2017); doi: 10.11648 / j.cbe.
20170201.16.

N. Joy and B. Mathew, Anti-Infect. Agents, 13(1), 60 — 64
(2015); doi: 10.2174 /2211352512666140905232639.

J.N. Copp, D. Pletzer, A.S.Brown, et al, mBio, 11(5),
€02068 — 20 (2020); doi: 10.1128 / mBi0.02068 — 20.

R. Domalaon, O. Okunnu, G. G. Zhanel, and F. Schweizer, J.
Antibiot., 72(8), 605 — 616 (2019); doi: 10.1038 / s41429-019-
0186-8.

G. Paraskevopoulos, S. Monteiro, R. Vosatka, et al., Bioorg.
Med. Chem., 25(4), 15241532 (2017); doi: 10.1016 /
j.bmc.2017.01.016.

S. R. Tetali, E. Kunapaeddi, R. P. Mailavaram, et al., Tubercu-
losis, 125, 101989 (2020); doi: 10.1016 / j.tube.2020.101989.
A. A. Lardizabal, A. N. Khan, S. B. Morris, et al., Morb. Mor-
tal Wkly. Rep., 67(35), 996 —-997 (2018); doi: 10.15585 /
mmwr.mm6735a6.

T. Umumararungu, M. J. Mukazayire, M. Mpenda, et al., Indian
J. Tuberculosis, 67, 539—-559 (2020); doi: 10.1016 /
j-1jtb.2020.07.017.

A.Bahuguna and D. S. Rawat, Med. Res. Rev., 40(1), 263 — 292
(2019); doi: 10.1002 / med.21602.

S. Kang, Y. M. Kim, R. Y. Kim, et al., Eur. J. Med. Chem., 125,
807 — 815 (2017); doi: 10.1016 / j.ejmech.2016.09.082.

M. V. Bvumbi, ChemMedChem, 15, 2207 — 2219 (2020); doi:
10.1002 / ¢cmdc.202000580.

A. Mafukidze, E. Harausz, and J. Furin, Expert Rev. Clin.
Pharmacol., 9(10), 1331 -1340 (2016); doi: 10.1080 /
17512433.2016.1208562.

R. V. Nugraha, V. Yunivita, P. Santoso, et al., Sci. Pharm., 89,
19 (2021); doi: 10.3390 / scipharm89020019.

M. V. Bvumbi, C. van der Westhuyzen, E. M. Mmutlane, and
A. Ngwane, Molecules, 26, 4200 (2021); doi: 10.3390 /
molecules26144200.

K. T. Angula, L. J. Legoabe, and R. M. Beteck, Pharmaceuti-
cals, 14,461 (2021); doi: 10.3390 / ph14050461.

H. Farad and D. Jagdale, World J. Pharm. Res., 9(5),
1581 — 1588 (2020); doi: 10.20959 / wjpr20205 — 17364.

M. E.D. Sauer, H. Salomao, G.B.Ramos, et al., Clin.
Dermatol., 33(1), 99 — 107 (2015); doi: 10.1016 / j.clinderma-
t01.2014.10.001.

P. F. Dalberto, E. V. de Souza, B. L. Abbadi, et al., Front.
Chem., 8, 586294 (2020); doi: 10.3389 / fchem.2020.586294.
S. K. Desai, D. Mondal, and S. Bera, Sci. Rep., 11, 8331 (2021);
doi: 10.1038 / s41598-021-86767-1.



	Abstract

	Keywords
	Pyrimidines
	Amides
	Coumarins
	Chalcones
	Furans
	Azomethines
	Salicylanilides
	Oxazolidines and nitroimidazoles
	Benzothiazinones, diarylquinolines, azaindoles,imidazopyridines, benzimidazoles
	Riminophenazines
	CONCLUSION
	REFERENCES

