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Pesiome: Briepsrle pazpaboraH 9pPeKTUBHBI METOA IOAyde-
Hus 3,4-auruaponupumuaus-2(1H)-onos (3,4-AITI), coaepxa-
IIMX OCTAaTOK aAM(aTMIecKMX ¥ IIUKAOIPOIIaH CoAep KalliixX
aAbAeTUAOB C IIpUMMEHeHMeM TreKcaruapara XAOpHUJ, eBpo-
muA(Ill) kak kataansaTtopa A4s1 MyAbTMKOMIIOHEHTHOM peak-
nun (MKP) bugxnneaan. ITposegena KoMmIiaekcHas OlleHKa
BO3MOXXHBIX OMOJOTMYECKNX CBOJVICTB ITOAYYEHHBIX COeAVIHe-
HUII MeToAaMM in silico. PacamTaHa BbICOKasl IIPOHMUIIAEMOCTD
gepes pocdoannmanbie 6MICAON ¥ BO3ZMOKHOCTD ITaCCHBHOIN
Anddys3um Aas ydacTus BO BHYTPUKAETOUYHBIX B3aMOAETi-
cTBMsAX. ONBITHI 1O BAMAHUIO 3,4-AUTUAPOINPUMUANHOHOB Ha
pocrt Aposkkeit Yarrowia lipolytica ToKazaau OTCyTCTBIE OCTPOIL
TOKCUMYHOCTU Yy IIPOTECTUPOBAHHBIX COeAMHEHUI B MUKPOMO-
ASPHOM AMalla3oHe KOHIleHTpanuil. PacyeTsl IOKasbIBaloOT,
yTO 3,4-AITI-p1 MOTYT 004a4aTh IUTOTOKCMYECKMMM CBOJICTBa-
MM OTHOCUTEABHO MHOIMX AMHUI PaKOBBIX KAETOK, YTO Iep-
CHEKTUBHO A1 OMOMEAUITHCKIIX MCCAEA0BaHUIA.

Kaiouesbie caosa: 3,4-aurnapormpumuaui-2(1H)-onsl, myab-
TUKOMITOHEHTHasl peaknus buaxuxeaan, aandarmaeckue u
UKAOIIpOIIaHCOAe P Kalue aabaernapl, xaopug espomms (III),
xaopug, uHaua (III), xaopua urrpma (III), xaopma wurrep-
ous (IlI), cepsuc PerMM, cepsuc Pass Online; anaaus in silico,
Yarrowia lipolytica
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Introduction

Pyrimidine (1,3-diazine) derivatives have various therapeutic applications in me-
dicinal chemistry [1]. One of the proposed reasons for the compounds” activity is the
presence of a pyrimidine base in cytosine, thymine and uracil, which are essential
building blocks of nucleic acids, including DNA and RNA [1].

A number of chemical compounds containing the common 3,4-dihydropyrimi-
din-2(1H)-one fragment 1—3 (Fig. 1) as a core have garnered significant interest from
researchers due to a wide range of therapeutic and pharmacological properties [2—
4], including antitumour [5; 6] and antitubercular activity [7—9].

3,4-DHPMs can be synthesised via the Biginelli MCR, a powerful tool with a focus
on generating diverse structural fragments [3; 4; 10; 11].

The use of multicomponent reactions provides a viable synthetic approach, of-
fering several advantages: selectivity, efficient substrate utilisation, environmental
friendliness, cost-effectiveness and experimental simplicity [3; 4; 10; 11]. The Biginelli
reaction is unique and promising in that it provides compounds with a distinct set of
cycles and functional groups [3; 4; 10; 11].

Aliphatic aldehydes typically give very low yields in the Biginelli reaction [12].
Despite the limited availability of 3,4-DHPMs bearing aliphatic aldehyde residues,
considerable data exist on these compounds and their biological activities (Fig. 1)
[13—16].

O R IC,, (mM) o R IC,, (mM)

MeO NH R: n-Pr(la) 5216 +1.15 g0 NH R: Et(2a) 14.40 +0.02
| Nko n-CoHyy (Ib) 7816+ 1.47 | Nk n-Cy Hys (2b) 2100
H

la-c i-CsHy; (1c) 55.16 +1.25 Da-c H O i-CsHy; (20) =100
e) R IC5, (mM)
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PMBO NH
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Fig. 1. Bioactive 3,4-DHPs 1-4 with an aliphatic aldehyde fragment in the side chain

Indeed, compounds 1a-c are effective inhibitors of the enzyme (-glucuronidase,
useful in combating a variety of pathological conditions [13]. Compound 2a exhibits
inhibitory activity against xanthine oxidase, an enzyme that is an important pharmaco-
logical target for the treatment of hyperuricemia in gout and arthritis [14], whereas com-
pounds 2b,c (Fig. 1) are potent and selective inhibitors of Punta Toro virus, Bunyaviridae
group and Phlebovirus genus, and Rift Valley fever virus, comparable to ribavirin [15].
Compounds 3a-c (Fig. 1) are sodium iodide symporter (NIS) inhibitors and radiopro-
tective molecules capable of blocking the uptake of radioactive iodine [16].

Cyclopropane derivatives are bioactive compounds found in animals, plants and
microorganisms; generated during both primary and secondary metabolism, they
display diverse biological properties [17—20].

Hybrid and multifunctional drugs attract considerable attention because they com-
bine two pharmacophore moieties within a single molecule, prompting a continual
search for new 3,4-DHPMs capable of modulating known processes or revealing nov-
el bioactivities — a practice now well established in organic synthesis [21].

To implement this idea, potential modifications of the standard Biginelli reaction
product 5 (Fig. 2) were planned, taking into account the substitution of aldehyde 6
with an aliphatic aldehyde residue 7, including those containing a cyclopropane frag-
ment 8—11.
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Thus, compounds prepared via the Biginelli reaction using aliphatic aldehydes
7—11 [22] may exhibit distinct biological properties, as they incorporate two pharma-
cophore groups: the 3,4-dihydropyrimidin-2(1H)-one ring and a cyclopropane moie-
ty (Fig. 2).

Published data E
general methods for obtaining i Present paper

products of the Biginelli reaction
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Fig. 2. Strategy for the synthesis of 3,4-DHPMs using Biginelli MCRs

Aldehydes 8 —11 are labile compounds because they contain a cyclopropane ring,
which can be easily opened in strongly acidic media or in the presence of strong
Lewis acids; they also undergo elimination reactions in basic media. The gem-dihalo-
genecyclopropane moieties are labile under the action of basic reagents and many
nucleophiles. These factors significantly limit the choice of catalysts and solvents for
Biginelli MCRs involving aliphatic aldehydes 8 —11.

This study aims to identify new mild and selective catalysts and conditions for the
Biginelli reaction, enabling the efficient use of aliphatic aldehydes 7—11 of various
structures to achieve high yields, as well as to evaluate the antifungal properties of
the resulting compounds against ascomycetous yeast of the Yarrowia lipolytica species,
including through in silico approaches. Such studies have not been conducted previ-
ously, as evidenced by the lack of relevant information in the literature. To accomplish
this, a series of experiments was conducted to identify catalysts — rare-earth metal
chlorides — that possess sufficient Lewis acidity to accelerate the reaction without
disrupting the small cyclic fragment. The central idea is that these compounds should
readily undergo cyclopropane ring opening under the action of various enzymatic
systems, thereby laying groundwork for bioconjugation by activating them without
chemical intervention in the biosphere. For example, in an organism, compound 16
is likely to undergo transfer of the acyl moiety under the influence of an acetyl-CoA
molecule, potentially leading to the formation of an open-chain cyclopropanol moi-
ety, which is known to be highly reactive toward numerous nucleophiles, electro-
philes and radicals present in the system.

Materials and methods

The reagents and solvents used in this study were of ‘pure” and “pure for analysis’
grade. Solvents were purified and dried according to established literature methods.
The identity of the synthesised compounds was confirmed and reaction progress was
monitored by thin-layer chromatography (TLC) on Sorbfil plates. Solvent mixtures of
petroleum ether and ethyl acetate in various ratios were used as eluents. Individual
compounds were isolated by column chromatography on silica gel (70—230 mesh,
Merck) using the same solvent mixtures as eluents.

'H and "C NMR spectra of 5% solutions of the studied compounds in CDCI, or
(CD,),SO were obtained on a Bruker Avanse-500 spectrometer (operating frequencies
500 and 125 MHz). Chemical shifts were recorded on the d scale, using the residu-
al proton signals of CDCI, (6=7.26 ppm for '"H and 77.0 ppm for “C) and (CD,),SO
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(0=2.50 ppm for 'H and 39.4 ppm for *C) as references. IR spectra of the investigated
substances were recorded in film on a Vertex 70, Bruker FT-IR Alpha spectropho-
tometer. Mass spectra were recorded on an Agilent 8860 GS system mass spectro-
meter using 70 eV electron impact ionisation, an Agilent 1990 1s-433e column and an
HP-5 MS column over a temperature range of — 60 to 350 °C. The melting point was
determined on a Stuart SMP 50 Cole-Parmer instrument. The masses of the substan-
ces were measured using Radwag AS 220/C/2/N analytical balance with an accuracy
of 0.1 mg.

The y%ast strain Yarrowia lipolytica DE5.54-1 from the collection of the A. N. Bach
Institute of Biochemistry of the Russian Academy of Sciences was used in the study,
with its subsequent cultivation at the Laboratory of Pharmaceutical Biochemistry at
the Research Institute for Physical Chemical Problems of Belarusian State University.
Yarrowia lipolytica expresses CYP11A1 and CYP17A1 genes from bovine adrenal
glands using isocitrate lyase as a promoter. Yeast cultures were grown in standard
YPD nutrient medium (1 % yeast autolysate, 2 % peptone, 2 % glucose; Difco, USA) at
30 °C with mechanical agitation at 200 rpm for 24 h. After 24 h, the culture was trans-
ferred to a fresh portion of nutrient medium [23].

Microbiological experiments to evaluate the effect of the compounds on yeast
growth were conducted at 30 °C and 200 rpm x min~! in a UHTM shaker-incubator
(Elion, Russia) using YPD 0.4 nutrient medium (1 % yeast extract, 2 % peptone, 0.4 %
glucose). The number of cells was estimated by absorbance at 600 nm (A, A =1
correlated with 24 x 10° cells [24]. The tested compounds were added as ethanol solu-
tion to a concentration of 100 uM and 1 % ethanol. 1 % ethanol was added to the con-
trol sample. The initial number of cells corresponded to an optical density of A =0.5.
The cultures were incubated for 24 h. For A, growth control, aliquots of 100 ul were
determined by mixing 100 ul with 900 ul of growth medium at 0, 3, 6, 18 and 24 h.

The general procedure for the synthesis of Biginelli products 14—18 was as fol-
lows: in a solution of 0.100 g (1.0 mmol) hexanal 7, or 0.144 g (1. 0 mmol) aldehyde
8, or 0.142 g (1.0 mmol) aldehyde 9, or 0.178 g (1.0 mmol) aldehyde 10, or 0.215 g
(1.0 mmol) aldehyde 11, 0.130 g (1.0 mmol) acetoacetic ester 12, 0.072 g (1. 2 mmol)
urea 13 with a selected catalyst in EtOH (3 mL) [15.2 mg (0.05 mmol), or 30.4 mg
(0.15 mmol) YCL,- 6H,O, 11.0 mg (0.05 mmol), or 33.1 mg (0.15 mmol) InCL;- 6H,O,
18. 3 mg (0.05 mmol), or 55.0 mg (0.15 mmol) EuCl,- 6H,O, 19.4 mg (0.05 mmol), or
58.1 mg (0.15 mmol) YbCl,- 6H, O] was boiled for 4—12 h until the reaction was com-
plete (controlled by TLC). The mixture was cooled, the precipitate was separated and
recrystallised from EtO H. If no crystals formed, the solvent was removed under re-
duced pressure, and the product was separated by column chromatography using a
petroleum ether/ethyl acetate mixture in varying proportions as the eluent.

Results

1. Selection of optimal conditions

Initially, experiments were carried out to select optimal conditions for the Biginelli
reaction using hexanal 7, acetoacetic ester 12 and urea 13 (Fig. 3).

... H
Solvents and conditions O n-CsHy,

O
L 12 o O 13 from Table 1 EtO

| Y
n-C.H, )kH EtO J\)J\ HzNJ\NHz ] 14 | N/go
H

Fig. 3. Model Biginelli MCR involving hexanal 7, acetoacetic ester 12 and urea 13
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Hexanal was chosen because 3,4-DHPMs containing pentyl fragments (1b, 1c, 2¢
and 3b) are known to exhibit promising biological properties for biomedical research
(see Fig. 1).

The experiments explored both established systems for aliphatic aldehydes em-
ploying a wide range of soft catalysts [12, 25—45] and newly developed systems
based on rare-earth metal salts and ionic liquids (Table 1). The results of the experi-
ments are summarised in Table 1.

Table 1

Results of Biginelli MCR experiments involving hexanal 7,
acetoacetic ester 12 and urea 13 under the action of different catalysts’

No Catalyst (mmol) Rat107(/)1f2r/ei%gents Solvent | t, °C T, h? Yield 14, %°
1 2 3 4 5 6 7
1 |TsOH (0.15) [25] 1/1.2/1.5 EtOH 80 2.5 —
2 | (0.50) [26] 1/1/1.5 PhMe 105 5 10
3 |L (0.40) [27] 1/1/1.25 MeCN 82 9 —
4 |TEBA (0.10) [28] 1/1/1.5 — 100 3 31
5 |NH,CI (0.40) [29] 1/1/1.5 — 100 3 8
6 |NalO, (0.20) [30] 1/1/2 — 20 6 14
7 |NalO, (0.20) [30] 1/1/2 EtOH 80 7 6
8 |LiClO, (0.20) [31] 1/1/2 MeCN 82 7 72
9 |LiBr (2.00) [32] 1/1/1 THF 80 7 —
10 |LiBr (0.10) [33] 1/1.2/1.2 MeCN 82 7 16
11 |Cul (0.15) [34] 1/1/1.5 MeCN 90 3 22
12 |Cul (0.15) 1/1/1.5 EtOH 80 8 12
13 |Sc(OTH). (0.10) [35] 1/1/1.2 EtOH 80 16 29
14 |Sc(OTH), (0.10) [36] 1/1/1.5 MeCN 82 16 33
15 |Cu(OTf), (0.01) [37] 1/1/1 MeCN 82 14 16
16 |Cu(OTI), (0.20) [38] 1/1/1.5 EtOH 80> 12 65
17 |Zn(OTI), (0.20) [39] 1/1.5/1.5 — 100 0.3 67
18 |Zn(OTI), (0.20) [12] 1/1.2/1.5 EtOH 80 7 76
19 |Zn(OTI), (0.15) 1/1.1/1.2 EtOH 80 8 74
20 |In(OTH), (0.10) [40] 1/1.1/1.3 MeCN 90 5 11
21 |In(OTf), (0.15) 1/1.1/1.2 EtOH 80 8 19
22 |Yb(OTI), (0.05) [41] 1/1/1.5 — 100 1.5 62
23 |Yb(OTI), (0.15) 1/1.1/1.2 EtOH 80 8 79
24 |InCl,- 3H, O (0.05) [42] 1/1/1.2 EtOH 80 11.5 39
25 |[InCl,-3H O (0.15) 1/1/1.2 EtOH 80 16 76
26 |LaCl,-6H O (0.05) [43] 1/1/1.2 EtOH 80 7 53
27 |LaCl,- 6H O (0.15) 1/1/1.2 EtOH 80 7 60
28 |CoCl. - 6H.O (0.05) 1/1/1.2 EtOH 80 10 5
29 |CoCl,-6H.O (0.15) 1/1/1.2 EtOH 80 10 12
30 |YbCl,-6H, O (0.05) [44] 1/1/1.2 EtOH 80 7 75
31 |YbCl,-6H O (0.15) 1/1/1.2 EtOH 80 6 89
32 |YCl,-6H. O (0.05) 1/1/1.2 EtOH 80 6 86
33 |YCL,-6H O (0.15) 1/1/1.2 EtOH 80 10 90
34 |CeCl - 7H O (0.25) [45] 1/1/3 EtOH 80 5 16
35 |CeCl - 7H O (1.00) 1/1/3 EtOH 80 2.5 81
36 |EuCl,-6H,0 (0.05) 1/1/1.2 EtOH 80 10 50
37 |EuCl,-6H,0 (0.10) 1/1/1.2 EtOH 80 9 77
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The end of Table 1
Ne Catalyst (mmol) Ratio of reagents Solvent | t, °C T, h* | Yield 14, %°
- y 7/12/13 ’ ’ '
1 2 3 4 5 6 7
38 |EuCl,-6H,O (0.15) 1/1/1.2 EtOH 80 5.5 92
39 |EuCl-6H. O (0.15) 1/1/1.2 MeCN 82 15 18
40 |Eu(OTY), (0.15) 1/1/1.2 EtOH 80 8 74
41 |Eu(NO.,). (0.15) 1/1/1.2 EtOH 80 8 77
42 |Eu,(CO,), (0.15) 1/1/1.2 EtOH 80 8 19
43 |Eu(OAc), (0.15) 1/1/1.2 EtOH 80 8 10
44 |Eu,(SO,), (0.15) 1/1/1.2 EtOH 80 8 0
45 — 1/1/1.2 IL* 100 1.5 74
46 |EuCl,- 6H. O (0.05) 1/1/1.2 IL 100 1.5 84
47 |EuCl.- 6H O (0.15) 1/1/1.2 IL 100 1.5 90
Notes:

! The reactions were carried out for 1 mmol of starting aldehyde 7; 3 ml of solvent was
used; the ratio of reagents and the amount of catalyst are given in Table 1.

2 Time required for complete conversion of the aldehyde in the reaction.

*Yield of the reaction product after isolation from the reaction mixture.

*1 ml of Ost(imid)BF, ionic liquid (IL) was applied, and the product was precipitated in

water.

The involvement of aliphatic aldehydes in these transformations was significant
(experiments 1—44, Table 1), as was the assessment of the effects of catalyst and ionic
liquid additions, which had not been previously investigated (experiments 45—47,
Table 1).

2. Synthesis of cyclopropane-containing 3,4-dihydropyrimidin-2(1H)-ones

The obtained optimal reaction conditions were transferred to aldehydes 8 —11 con-
taining the cyclopropanol moiety (Fig. 4) and new 3,4-DHPMs 15—18 were thus ob-
tained in moderate yields (Table 2).

Catalysts
12 O (@) O OPG 13 ji from Table 2 EtO
J\/U\ J\/b H,N“>NH, EoH, 80°C
PG: MOM (8), Ac (9), Ms (10) PG: MOM (15), Ac (16), Et (17)
Ph Cl
Cl
o
Catalysts

12 o O from Table 2 EtO | fo
H N NH, EtOH, 80°C 44 N
Fig. 4. Biginelli reaction involving cyclopropane-containing aldehydes 8 —11,
acetoacetic ester 12 and urea 13
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Table 2

Biginelli reaction involving aldehydes 8—11, acetoacetic ester 12 and urea 13" >

Yield of target products depending on the amount of catalyst, %°
Catalyst 0.05 mmol 0.15 mmol

15 16 15 16 17 18
YCl,-6H O 53 23 62 — — 45
InClL - 6H.O 15 27 —* — — —
EuCl,-6H O 5 30 10 43 51 55
YbCl,- 6H O 24 19 — — — 47

Notes:

! Reaction completion time: 4—8 hours (monitored by TLC).

2 The reactions were carried out using 1 mmol of starting aldehyde 8—11, 1 mmol of
acetoacetic ester 12, 1.2 mmol of urea 13 in 3 mL of ethanol at 80 °C and a selected amount of
catalyst.

* The yield of the reaction product after chromatographic separation.

* The experiment was not conducted.

3. Physicochemical characteristics of the obtained compounds

Ethyl-6-methyl-2-oxo-4-pentyl-1,2,3,4-tetrahydropyrimidine-5-carboxylate ~ (14).
M. p.=148—150 °C. IR, v/em™": 3303, 3247, 1648, 1593, 1224, 1084. 'H NMR (CDCl,),
o/ppm: 8.20 (s, 1H, NHC=); 5.92 (s, 1H, CHNH); 4.34 (d. t, 1H, CH,CHNH, J =7.7,
J,=3.7 Hz); 4.22 (m, 2H, CH,CH,0); 2.32 (s, 3H, CH,C =); 1.67—1.51 (m, 2H, CHCH,);
1.48—1.29 (m, 9H, CH,(CH,),CH,, CH,CH,0O); 0.92 (t, 3H, CH,(CH,),, ]=6.7 Hz).
BC NMR (CDCL,), d/ppm: 166.0 (OCC =), 154.6 (NCO), 146.7 (CH,C =), 101.7 (OCC =),
60.0 (CH,CH,O), 51.6 (CHN), 36.9 (CHCH,), 31.5 (C,H,CH,), 24.1 (C,H,CH,), 22.6
(CH,CH,CH,), 18.6 (CH,C =), 14.4 (CH,CH,0), 14.1 (CH,(CH,),). MS, m/z (I, %): 209
(4.2), 184 (10.1), 183 (100.0), 155 (39.6), 137 (35.4), 110 (4.2), 96 (4.2).

Ethyl-4-((1-(methoxymethoxy)cyclopropyl)methyl)-6-methyl-2-oxo-1,2,3,4-tetra-
hydropyrimidine-5-carboxylate (15). M. p.=170—172 °C. IR, v/em™": 3236, 3110, 1697,
1648, 1225, 1085, 1037. '"H NMR (CDCL,), d/ppm: 8.68 (s, 1H, NHC =); 5.93 (br. s, 1H,
CHNH); 4.80—4.72 (m, 2H, CH,OCH,)); 4.68 (d. t, 1H, CH,CHNH, J, =10.4, ],=3.0 Hz);
420 (d.q, 2H, CH,CHO, J,=7.1Hz, ],=2.8Hz); 3.40 (s, 3H, CH,OCH,); 2.30
(s, 3H, CH,C=); 1.95 (m, 1H, CHCH,); 1.67 (m, 1H, CHCH,); 1.31 (t, 3H, CH,CH,0,
J=71Hz);1.03 (d.t, 1H, C(CH,),, J,=11.6,],=6.0 Hz); 0.91 (d. t, 1H, C(CH,),, ], =11.3,
J,=5.9 Hz); 0.60 (d.t, 1H, C(CH,),, J,=10.1, J,=5.9 Hz); 0.52—0.38 (m, 1H, C(CH.),).
BC NMR (CDCL,), d/ppm: 165.9 (OCC =), 154.6 (NCO), 147.6 (CH,C =), 101.2 (OCC =),
95.3 (CH,0CH,), 60.1 (CH,CH,O), 58.9 (CH,OCH,), 56.3 (C(CH,),), 50.3 (CHCH,),
41.6 (CHCH,), 18.7 (CH,C =), 14.5 (CH,CH,0), 13.3 (C(CH,),), 10.2 (C(CH,),).

Ethyl-4-((1-acetoxycyclopropyl)methyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropy-
rimidine-5-carboxylate (16). M. p.=175—177 °C. IR, v/cm™': 3232, 3107, 1745, 1698,
1651, 1481, 1465, 1228. 1211, 1090, 1029. '"H NMR, &/ppm: 8.41 (s, 1H, NHC =); 6.14—
5.99 (m, 1H, CHNH); 4.50 (d.t, 1H, CH,CHNH, J, =10.6, J,=3.0 Hz); 4.20 (d. q, 2H,
CH,CH,O, ],=7.1,],=5.0 Hz); 2.31 (s, 3H, CH,C=); 2.28—2.19 (m, 1H, CHCH,); 2.07
(s, 3H, CH,CO); 1.73—1.58 (m, 1H, CHCH,); 1.32 (t, 3H, CH,CH,O, J=7.1 Hz); 1.07
(d.t, 1H, C(CH,),, J,=10.8, J,=6.9 Hz); 0.97 (d.t, 1H, C(CH,),, J,=10.2, ],=6.8 Hz);
0.87 (d.t, 1H, C(CH,),, J,=11.2, ],=6.6 Hz); 0.68—0.55 (m, C(CH,),, 1H). "C NMR,
o/ppm: 171.5 (CH,CO), 165.6 (OCC =), 154.3 (NCO), 147.8 (CH,C=), 100.9 (OCC =),
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60.0 (CH,CH,0), 56.9 (C(CH,),), 49.8 (CHN), 41.3 (CHCH,), 21.3 (CH,CO), 185
(CH,C =), 14.3 (CH,CH,), 13.3 (C(CH,),), 10.4 (C(CH,),). MS, m/z (I, %): 278 [M-H,O] *
(3.2), 253 (15.4), 252 (100.0), 224 (30.7), 196 (33.5), 179 (4.9), 178 (6.2), 150 (8.2), 106 (5.1).

Ethyl-4-((1-ethoxycyclopropyl)methyl)-6-methyl-2-oxo-1,2,3,4-tetra-hydropy-
rimidine-5-carboxylate (17). M. p.=165—167 °C. IR, v/cm™': 3254, 3109, 1699, 1647,
1229, 1087. 'H NMR, d/ppm: 8.45 (s, 1H, NHC=); 5.80 (s, 1H, CHNH); 4.65 (d.t,
1H, CH,CHNH, J,=7.7, J,=3.6 Hz); 4.21 (m, 2H, CH,CH ,OCO); 3.64—3.45 (m, 2H,
CH,CH,OC(CH,),); 2.32 (s, 3H, CH,C=); 1.84—1.74 (m, 2H, CHCH,); 1.32 (t, 3H,
CH,CH,0C(CH,),, J=7.1Hz); 1.22 (t, 3H, CH,CH,OCO, J=7.0 Hz); 0.90 (d.t, 1H,
C(CH,), J,=11.2,],=5.8 Hz); 0.80 (d. t, 1H, C(CH,),, J,=11.0, ],=5.6 Hz); 0.56 (d. d.d,
1H, C(CH,),, J,=9.9, ],=6.3, ],=5.1 Hz); 042 (d.d.d, 1H, C(CH,),, J,=10.0, ],=6.5,
J,=5.0 Hz). BC NMR, d/ppm: 165.8 (OCC=), 154.3 (NCO), 147.6 (CH,C=), 100.9
(OCC=), 61.9 (CH,CH,0CO), 59.9 (CH,CH OC(CH,),), 59.3 (C(CH.,),), 50.6 (CHCH,),
39.2 (CHCH,), 18.6 (CH,C=), 15,5 (CH,CH,OC(CH,),), 144 (CH,CH,0CO), 13.8
(C(CH,),), 105 (C(CH,),). MS m/z (I, %): 184 (10.3), 183 (100.0) [M - C,H.O] +, 155
(40.3), 137 (36.4), 110 (4 3) 96 (4.5), 71 (5 3).

Ethyl-4-(2,2-dichloro-3-phenylcyclopropyl)-6-methyl-2-oxo0-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (18). M. p.=172—174 °C. IR, v/cm™": 3223, 3099,
1693, 1642, 1220, 1086. 'H NMR, d/ppm: 9.37 (s, 1H, NHC=); 9.31 (s, 1H, NHC=);
7.79 (br.s, 1H, CHNH), 7.58 (br.s, 1H, CHNH); 7.41—7.08 (m, 10H, CH,); 4.21
(d.d, 1H, CHNH, ], =8.9, J,=42Hz); 416 (d.d, 1H, CHNH, ] =6.8, J,=3.4 Hz);
4.14—4.05 (m, 2H, CH,CH,0O); 4.05—3.88 (m, 2H, CH,CH,0); 3.02 (d, 1H, CH.CH,
J=9.0Hz); 2.90 (d, 1H, CH,CH, J=8.5Hz); 2.29 (t, 1H, CHCHNH, ]J=8.7 Hz); 2.23
(s, 3H, CH,C=); 2.21 (s, 3H, CH,C=); 1.22 (t, 3H, CH,CH,O, J=7.1 Hz); 1.07 (t, 3H,
CH,CH,O, J]=7.1 Hz). ®C NMR, d/ppm: 165.5 (OCC =), 165.3 (OCC =), 155.3 (NCO),
154.8 (NCO), 148.6 (CH,C=), 147.7 (CH,C=), 1342 (C(1),,), 133.8 (C(1),,) 1288
(C(2),,), 128.7 (C(6),,), 128.4 (C(3),,, C(5);,), 127.8 (C(4),,), 101.2 (OCC =), 99.4 (OCC =),
64.4 (CH,CH,0O), 63.4 (CH,CH,O), 60.5 (CCl,), 60.4 (CClL,), 53.1 (CHNH), 49.8 (CHNH),
41.8 (CHCHNH), 40.9 (CHCHNH), 40.0 (C.H.CH), 37.6 (C_H.CH), 18.7 (CH,C =), 18.3
(CH.C=), 14.5 (CH,CH,0O), 14.3 (CH,CH O) MS m/z (I, %): 323 (1.8), 259 (1.8), 183
(100) 155 (28.4), 155 (40 3), 149 (8.3), 137 (20 1), 127 (1.2), 115 (9.4),96 (2.5), 89 (1.9), 77
(1.2).

4. In silico prediction of permeability through cell membranes

In further studies, the permeability of all newly synthesised products via passive
diffusion through the phospholipid bilayer was theoretically evaluated through in
silico 3D structure simulations using the PerMM service (Table 3) [46].

PerMM calculates the membrane binding energies (AG, ) and the transfer ener-
gy profiles (AG,__ (z)) of permeants in membranes and obtains their optimal spatial
positions and conformations during rotational and translational motion along the
membrane normal z [46]. The membrane-bound state of a permeant is defined as its
conformation and the spatial position in the membrane with the lowest transfer ene-
rgy from water [46]. Integrating the free energy profile along the permeation pathway
allows the evaluation of permeability coefficients (P) of molecules through artificial
and natural membranes [46].

3D coordinates for molecules were generated using molecular Chem3D modeling
software (PerkinElmer Informatics, Inc.) with subsequent local energy minimisation.
To calculate the lowest transfer energy pathway of a molecule along the membrane
normal, the drag method was employed, in which energy transfer is locally mini-
mised with respect to the rotational variables of the molecule at each z+ Az point
along the transmembrane pathway, starting from the optimal rotational orientation
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determined at the preceding point z. The modelling conditions were as follows:
pH="7.35, T=37°C; cholesterol and glucose were chosen as reference standards for
comparison.

Table 3

Values of logP and free energy of binding by the Biginelli MCR product
for different types of membranes

Number Free energy Logarithm of the permeability coefficient (logP)
of of binding,
compound kcal/mol BLM' BBB* Caco-2° PAMPA DS*
14 -3.70 -1.30 -3.35 -3.81 —-2.43
15 —-2.88 -2.70 -3.85 -4.17 -3.72
16 -3.85 -1.32 -3.36 -3.82 -2.45
17 -4.39 -0.23 -2.98 -3.54 —-1.44
18 -4.69 -1.22 -3.32 -3.79 -2.35
Glucose -1.82 -9.08 -6.10 -5.80 -9.60
Cholesterol -10.25 6.08 -0.75 -1.92 4.39
Notes:

! Black lipid membrane (artificial).

2 Blood-brain barrier (natural).

? The cell membrane of human colorectal adenocarcinoma of the colon used as a model of
the intestinal epithelial barrier (natural).

* Double-Sink Parallel Artificial Membrane Permeability Assay: the lipid solution consists
of 20 % dodecane solution and a mixture of phospholipids; the acceptor solution contains a
mixture of surfactants (an in vitro model of passive transcellular permeability over a large
pH range).

5. In silico prediction of antifungal activity against a variety of fungi

A powerful set of methods for the computer prediction of the biological activity of
chemical compounds is based on Bayesian probability. The PASS software package
is capable of predicting the biological activity spectra of currently known chemical
compounds [47]. The approach employed in PASS to predict the biological activity of
a chemical compound rests on the assumption that Activity = Structure. The structure
of a compound is, in turn, characterised by its individual functional elements (de-
scriptors), such as radicals and functional groups of atoms [47].

Using the AntiFun Pred platform, potential cytotoxicity calculations were per-
formed for a wide range of fungi with the obtained compounds. The results are pre-
sented in Table 4.

Table 4

Results of in silico prediction of antifungal activity for compounds 14—18

Number Confidence Binomial name
of compound
0.2661 Rhizopus oryzae
14 0.1552 Mucor hiemalis
0.1429 Saccharomyces cerevisiae
0.0278 Yarrowia lipolytica
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The end of Table 4
Number Confidence Binomial name
of compound

0.0513 Cryptococcus bacillisporus

15 0.0482 Pichia quilliermondii
0.0268 Yarrowia lipolytica
0.0132 Galactomyces geotrichum
0.1981 Clavispora lusitaniae

16 0.0950 Galactomyces geotrichum
0.0730 Pichia quilliermondii
0.0704 Cryptococcus bacillisporus
0.1303 Pichia quilliermondii

17 0.1179 Galactomyces geotrichum
0.1143 Candida dubliniensis
0.1096 Cryptococcus bacillisporus
0.1446 Rhizopus oryzae

18 0.1186 Absidia corymbifera
0.1051 Cryptococcus bacillisporus
0.0173 Yarrowia lipolytica

6. Experiments on yeast fungi of the Yarrowia lipolytica species

The obtained compounds, 14—18, were tested for activity against Yarrowia lipo-
lytica yeast, which provides a convenient model for glycolysis, apoptosis and gene
expression in tumours [48—50]. The experiment demonstrated no significant sup-
pression of culture growth at 6, 18 and 24 h of incubation (Table 5).

Table 5

Number of Yarrowia lipolytica yeast cells (millions, rounded to whole numbers)
incubated with 100 uM of the tested compounds

Compound Sampling time

number 0h 3h 6h 18h 24 h
1 2 3 4 5 6
14 12 28 58 458 814
15 12 27 59 450 816
16 12 22 55 408 818
17 12 24 57 418 836
18 12 23 60 420 804

Control 12 17 41 384 792

Discussion

In the MCR model with hexanal, europium (III) chloride proved to be the most
efficient catalyst, consistently forming a well-shaped dense precipitate upon cooling,
with the possibility of reusing catalyst-containing solution. High to moderate yields
were obtained with ytterbium (III), yttrium (III) and indium (III) chloride hexahy-
drates.

As for the cyclopropane-containing aldehydes, the best results for compound 9
were also obtained using europium (III) chloride as catalyst, whereas in the case of
aldehyde 8, yttrium(III) chloride performed best, which is likely due to the partial re-
moval of the methoxymethyl protection by europium (III) salt acting as a Lewis acid
(Fig. 4, Table 2).
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The involvement of aldehyde 10 in the Biginelli reaction, catalysed by europium
(II) chloride and yttrium (IIT) chloride, resulted in the formation of an unexpected
product 17. This product arose from the elimination of methanesulfonate and the
Michael addition of ethanol to the intermediate aldehyde 19, with aldehyde 20 direct-
ly participating in the MCR (Fig. 5).

10 Conditions of
O OMs o1 H

Biginelli reaction | = A |__ | . ______l___
> M 21 |
H H Nu-H O " Nu

possible substituted aldehydes
with cyclopropane moiety

Fig. 5. Suggested scheme for the formation of aldehyde 20

It can be assumed that, with appropriate optimisation of conditions, a similar
transformation with other nucleophiles (Nu—H) will yield aldehydes of species 21,
capable of mild and selective Michael addition, thereby expanding the range of syn-
thesised 3,4-DHPM structural species in this transformation (Fig. 5).

It can be assumed that, with an appropriate selection of optimal conditions, a sim-
ilar transformation with other nucleophiles (Nu—H) will yield aldehydes of spe-
cies 21, capable of mild and selective Michael addition, thereby expanding the range
of synthesised 3,4-DHPM compounds in this transformation (Fig. 5).

Data obtained from the PerMM server indicate that all studied compounds can
passively penetrate model cell membranes and participate in intracellular regulatory
processes, as a logarithm of the permeability coefficient (logP) greater than —4.35
suggests a compound’s potential for passive transport across the cell membrane [46].
Compounds 17 and 18 exhibit the highest binding energy.

Notably, this calculation is essential, as further increases or decreases in antifungal
activity can be explained by Overtone’s concept of cell permeability, which suggests
that the lipid membrane surrounding the cell favours the passage of only lipid-solu-
ble materials [51]. Therefore, liposolubility is an important factor controlling antifun-
gal activity.

Comprehensive in silico prediction of antifungal properties (Table 4) indicated
that the studied compounds may have potential for the treatment of zygomycosis,
caused primarily by micromycetes of the genus Rhizopus (mainly Rhizopus oryzae)
and, less frequently, by those of the genus Mucor [52]. This is indicated by the high
probability of activity against these fungal species for compounds 14 and 18. At the
same time, compound 16 is predicted with high confidence to possess antifungal
activity against Clavispora lusitaniae yeast, which may have potential applications in
the treatment of disseminated candidiasis, including septicaemia and pyelonephri-
tis [53].

The in vitro experiment on Yarrowia lipolytica yeast showed that the compounds ex-
hibited no antifungal activity against these microorganisms and no toxicity through
mechanisms common to eukaryotes [54]. These findings are consistent with the ear-
lier computational analysis, as the predicted reliability of detecting cytotoxic proper-
ties against this yeast species was extremely low.Funding: This research was funded by
SRP, state registration number 20240340.



Advanced targets in Biomedicine 2025 101 of 107

Funding: This research was funded by SRP, state registration number 20240340.
Conflict of interest. The authors declare no conflict of interest.

®unaHcuposBaHne. Pabora BrinnoaHeHa npu ¢puHaHCOBOI nogaep>xke ITIHI rocyaap-
CTBEHHOM IIPOrPaMMBbI Hay4dHbIX MccaeaoBannii (No roc. perncrpanunm 20240340).

KOH(I)ZH/IKT nHTEepecoB. ABTOpI)I 3as1BASIIOT 00 OTCYTCTBUIL KOH(l)AI/IKTa MHTEPEeCOB.

Reference

1. Sondhi S. M., Rajendra N. G., Anand M. L., Nirupma S., Rakesh S., Ram R. Synthesis
and biological evaluation of 2-thiopyrimidine derivatives. Bioorg. Med. Chem. 2005, 13,
3185—3195, DOI: 10.1016/j.bmc.2005.02.047.

2. Mohammadi B., Behbahani F. K. Recent developments in the synthesis and applications
of dihydropyrimidin-2(1H)-ones and thiones. Mol. Divers. 2018, 22, 405—446, DOI: 10.1007/
s11030-017-9806-z.

3. Mushtaq A., Munawar A., Parveen B., Javed S., Zahoor A.F., Ali K. G,, et al. Recent adA
vances in the synthesis of dihydropyrimidinones via Biginelli reaction. J. Iran Chem. Soc.
2024, 21, 2565—2586, DOI: 10.1007/s13738-024-03100-z.

4. Katariya D., Vyas A., Khunt R. Mini-reviewing the synthesis of dihydropyrimidine de-
rivatives. Rev. Adv. Chem. 2025, 15, 1—6, DOI: 10.1134/5263482762460035X.

5. Dowarah J., Patel D., Marak B. N., Yadav U. C.S., Shah P.K., Shukla P.K,, et al. Green
synthesis, structural analysis and anticancer activity of dihydropyrimidinone derivatives.
RSC Adv. 2021, 11, 35737—35753, DOI: 10.1039/D1RA03969E.

6. Abdul Lathiff M. K. M., Suresh R., Senthamarai R., Annadurai S., Bhandare R.R,,
Shaik A.B. Exploring substituted 3,4-dihydropyrimidinone and thione derivatives as an-
ti-prostate cancer agents: Computational screening, synthesis, characterization, and in vitro
efficacy assessment. J. Saudi Chem. Soc. 2024, 28, 101798, DOI: 10.1016/j.jscs.2023.101798.

7. Prasad B. D., Sastry V. G., Kiran G. Green chemistry protocol for the synthesis and anti-
mycobacterial activity of multicomponent Biginelli condensation catalyzed by surfactant in
aqueous media. Pharmacologia. 2015, 6, 300 —306, DOI: 10.5567/pharmacologia.2015.300.306.

8. Venugopala K. N., Tratrat C., Pillay M., Chandrashekharappa S., Al-Attraqchi O. H. A,
Aldhubiab B. E., et al. In silico design and synthesis of tetrahydropyrimidinones and tetra-
hydropyrimidinethiones as potential thymidylate kinase inhibitors exerting anti-tb activity
against Mycobacterium tuberculosis. Drug Des. Dev. Ther. 2020, 14, 1027 —1039, DOI: 10.2147/
DDDT.5228381.

9. Kumar R.R., Kannappan N., Kumar K. S. Synthesis, biological evaluation of novel
6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-onederived chalcones as potent antituber-
cular agents. J. Xi'an Shiyou Univ. Nat. Sci. Ed. 2021, 17, 242—257.

10. Nagarajaiah H., Mukhopadhyay A., Moorthy J. N. Biginelli reaction: an overview. Tet-
rahedron Lett. 2016, 57, 5135—5149, DOI: 10.1016/].tetlet.2016.09.047.

11. Kaur R., Chaudhary S., Kumar K., Gupta M. K,, Rawal R. K. Recent synthetic and me-
dicinal perspectives of dihydropyrimidinones: A review. Eur. ]. Med. Chem. 2017, 132, 108 —
134, DOI: 10.1016/j.ejmech.2017.03.025.

12. Wang M., Jiang H., Wang Z. Biginelli condensation of aliphatic aldehydes catalysed by
zinc methanesulfonate. J. Chem. Res. 2005, 11, 691—693, DOI: 10.3184/03082340577490943.


https://doi.org/10.1016/j.bmc.2005.02.047
https://doi.org/10.1016/j.tetlet.2016.09.047
https://doi.org/10.1016/j.ejmech.2017.03.025
https://doi.org/10.3184/030823405774909432

Cospementivie Hanpasaerus 6 Ouomeduijuite 2025 102 of 107

13. Ali F., Khan K. M., Salar U.,, Igbal S., Taha M., Ismail N.H., et al. Dihydropyrimi-
dones: as novel class of f-glucuronidase inhibitors. Bioorg. Med. Chem. 2016, 24, 3624 —3635,
DOI: 10.1016/j.bmc.2016.06.002.

14. Zafar H., Igbal S., Javaid S., Khan K. M., Choudhary M. I. Xanthine oxidase inhibitory
and molecular docking studies on pyrimidones. Med. Chem. 2018, 14, 524 —535, DOI: 10.217
4/1573406413666171129224919.

15. Kumarasamy D., Roy B. G., Rocha-Pereira J., Neyts J., Nanjappan S., Maity S., et al.
Synthesis and in vitro antiviral evaluation of 4-substituted 3,4-dihydropyrimidinones. Bio-
org. Med. Chem. Lett. 2017, 27, 139—142, DOI: 10.1016/j.bmcl.2016.12.010.

16. Lacotte P., Puente C., Ambroise Y. Synthesis and evaluation of 3,4-dihydropyrimi-
din-2(1H)-ones as sodium iodide symporter inhibitors. ChemMedChem. 2013, 8, 104—111,
DOI: 10.1002/cmdc.201200417.

17. Talele T.T. The “cyclopropyl fragment” is a versatile player that frequently appears
in preclinical/clinical drug molecules. J. Med. Chem. 2016, 59, 8712-8756, DOI: 10.1021/acs.
jmedchem.6b00472.

18. Chawner S.J., Cases-Thomas M. J., Bull J. A. Divergent synthesis of cyclopropane-con-
taining lead-like compounds, fragments and building blocks through a cobalt catalyzed cy-
clopropanation of phenyl vinyl sulfide. Eur. ]. Org. Chem. 2017, 34, 5015—5024, DOI: 10.1002/
€joc.201701030.

19. Chen D., Cheng Y., Shi L., Gao X., Huang Y., Du Z. Design, synthesis, and antimicro-
bial activity of amide derivatives containing cyclopropane. Molecules. 2024, 29, 4124 —4142,
DOI: 10.3390/molecules29174124.

20. Menzek A., Sirtbasi S., Sahina E., Bayrak C., Olgun M. E., Yavari A., et al. Synthesis of
compounds including cyclopropane ring: Selectivity in additions. J. Mol. Struct. 2025, 1324,
140807, DOI: 10.1016/j.molstruc.2024.140807.

21. Bansal Y., Silakari O. Multifunctional compounds: smart molecules for multifactorial
diseases. Eur. J. Med. Chem. 2014, 76, 31—42, DOI: 10.1016/j.ejmech.2014.01.060.

22. Mineyeva I. V., Faletrov Y. V., Starovoytova V. A., Shkumatov V. M. New 1,4-dihydro-
pyridines. Optimization of the synthesis and in silico analysis of biological activity. Russ.
J. Org. Chem. 2022, 58, 268 —281, DOI: 10.1134/51070428022030034.

23. Faletrov Y. V., Frolova N.S., Hlushko H. V., Rudaya E. V., Edimecheva I. P., Mauers-
berger S., et al. Evaluation of the fluorescent probes Nile Red and 25-NBD-cholesterol as
substrates for steroid-converting oxidoreductases using pure enzymes and microorganisms.
FEBS J. 2013, 280, 3109—3119, DOI: 10.1111/febs.12265.

24. Saxena A. K., Singh A. Mycobacterial tuberculosis enzyme targets and their inhibitors.
Curr. Top. Med. Chem. 2019, 9, 337 —355, DOI: 10.2174/1568026619666190219105722.

25.Jin T., Zhang S., Li T. p-Toluenesulfonic acid-catalyzed efficient synthesis of dihydro-
pyrimidines: improved high yielding protocol for the Biginelli reaction. Synth. Commun.
2002, 32, 1847—1851, DOI: 10.1081/5SCC-120004068.

26. Bhosale R.S., Bhosale S. V., Bhosale S. V., Wang T., Zubaidha P. K. An efficient, high
yield protocol for the one-pot synthesis of dihydropyrimidin-2(1H)-ones catalyzed by iodine.
Tetrahedron Lett. 2004, 45, 9111 —9113, DOI: 10.1016/j.tetlet.2004.10.021.

27.Srinivas K., Das B. lodine catalyzed one-pot synthesis of 3,4-dihydropyrimi-
din-2(1H)-ones and thiones: a simple and efficient procedure for the Biginelli reaction. Syn-
thesis. 2004, 36, 2091 —2093, DOI: 10.1055/s-2004-829170.


https://doi.org/10.1016/j.bmc.2016.06.002
https://doi.org/10.2174/1573406413666171129224919
https://doi.org/10.2174/1573406413666171129224919
https://doi.org/10.1016/j.bmcl.2016.12.010
https://doi.org/10.1002/cmdc.201200417
https://doi.org/10.1016/j.ejmech.2014.01.060
https://pubmed.ncbi.nlm.nih.gov/?term=Mauersberger+S&cauthor_id=23551929
https://pubmed.ncbi.nlm.nih.gov/?term=Mauersberger+S&cauthor_id=23551929
https://doi.org/10.1111/febs.12265
https://doi.org/10.1081/SCC-120004068
https://doi.org/10.1016/j.tetlet.2004.10.021

Advanced targets in Biomedicine 2025 103 of 107

28. Mobinikhaledi A., Forughifar N., Alipour Safari J. A., Amini E. Synthesis of some 2-
oxo and 2-thioxo substituted pyrimidines using solvent-free conditions. J. Heterocycl. Chem.
2007, 44, 697 —699, DOI: 10.1002/jhet.5570440329.

29. Shaabani A., Bazgir A., Teimouri F. Ammonium chloride-catalyzed one-pot synthesis
of 3,4-dihydropyrimidin-2-(1H)-ones under solvent-free conditions. Tetrahedron Lett. 2003,
44, 857—859, DOLI: 10.1016/50040-4039(02)02612-6.

30. Jing X., Li Z., Pan X., Shi Y., Yan C. NalO,-catalyzed one-pot synthesis of dihydropy-
rimidinones at room temperature under solvent-free conditions. J. Iran Chem. Soc. 2009, 6,
514—518, DOI: 10.1007/BF03246529.

31. Yadav J.S., Reddy B. V.S, Srinivas R., Venugopal C., Ramalingam T. LiCIO,-catalyzed
one-pot synthesis of dihydropyrimidinones: an improved protocol for Biginelli reaction. Syn-
thesis. 2001, 2001, 1341 —1345, DOI: 10.1055/s-2001-15229.

32. Baruah P.P., Gadhwal S., Prajapati D., Sandhu J. S. The Biginelli condensation: a nov-
el and efficient regioselective synthesis of dihydropyrimidin-2(1H)-ones using lithium bro-
mide. Chem. Lett. 2002, 31, 1038 —1039, DOI: 10.1246/c1.2002.1038.

33. Maiti G., Kundu P., Guin C. One-pot synthesis of dihydropyrimidinones catalysed by
lithium bromide: an improved procedure for the Biginelli reaction. Tetrahedron Lett. 2003,
44, 2757 —2758, DOI: 10.1016/50040-4039(02)02859-9.

34. Kalita H. R., Phukan P. Cul as reusable catalyst for the Biginelli reaction. Catal. Com-
mun. 2007, 8, 179—182, DOI: 10.1016/j.catcom.2006.06.004.

35.De S. K., Gibbs R. A. Scandium(IIl) triflate as an efficient and reusable catalyst for
synthesis of 3,4-dihydropyrimidin-2(1H)-ones. Synth. Commun. 2005, 35, 2645—2651,
DOI: 10.1080/00397910500213781.

36. Matache M., Dobrota C., Bogdan N. D., Dumitru I., Ruta L. L., Paraschivescu C. C., et
al. Synthesis of fused dihydro-pyrimido[4,3-d]Jcoumarins using Biginelli multicomponent re-
action as key step. Tetrahedron. 2009, 65, 5949—5957, DOI: 10.1016/j.tet.2009.05.088.

37. Paraskar A.S., Dewkar G. K., Sudalai A. Cu(OTf),: a reusable catalyst for high-yield
synthesis of 3,4-dihydropyrimidin-2(1H)-ones. Tetrahedron Lett. 2003, 44, 3305—3308,
DOI: 10.1016/S0040-4039(03)00619-1.

38. Pasunooti K. K., Chai H., Jensen C. N., Gorityala B. K., Wang S., Liu X. W. A microwave-
assisted, copper-catalyzed three-component synthesis of dihydropyrimidinones under mild
conditions. Tetrahedron Lett. 2011, 52, 80—84, DOI: 10.1016/j.tetlet.2010.10.150.

39. Hui X., Yan-Guang W. A rapid and efficient Biginelli reaction catalyzed by zinc triflate.
Chin. J. Chem. 2003, 21, 327 —331, DOI: 10.1002/cjoc.20030210321.

40. Godoi M. N., Costenaro H. S., Kramer E., Montes D’Oca M. G., Russowsky D. Sintese
do monastrol e novos compostos de Biginelli promovida por In(OTf)3. Quim. Nova. 2005, 28,
1010—1013, DOI: 10.1590/50100-40422005000600015.

41. Wang L., Qian C,, Tian H., Ma Y. Lanthanide triflate catalyzed one-pot synthesis of
dihydropyrimidin-2(1H)-thiones by a three-component of 1,3-dicarbonyl compounds, alde-
hydes, and thiourea using a solvent-free Biginelli condensation. Synth. Commun. 2003, 33,
1459—1468, DOI: 10.1081/SCC-120018755.

42. Treptow T.G.M., Figueird F., Jandrey E.H.F., Battastini A.M.O., Salbego C.G.,
Hoppe J. B, et al. Novel hybrid DHPM-fatty acids: Synthesis and activity against glioma cell
growth in vitro. Eur. J. Med. Chem. 2015, 95, 552—562, DOI: 10.1016/j.ejmech.2015.03.062.


https://doi.org/10.1002/jhet.5570440329
https://doi.org/10.1016/S0040-4039(02)02612-6
https://doi.org/10.1246/cl.2002.1038
https://doi.org/10.1016/S0040-4039(02)02859-9
https://doi.org/10.1016/j.catcom.2006.06.004
https://doi.org/10.1080/00397910500213781
https://doi.org/10.1016/j.tet.2009.05.088
https://doi.org/10.1016/S0040-4039(03)00619-1
https://doi.org/10.1016/S0040-4039(03)00619-1
https://doi.org/10.1016/j.tetlet.2010.10.150
https://doi.org/10.1002/cjoc.20030210321
https://doi.org/10.1590/S0100-40422005000600015

Cospementivie Hanpasaerus 6 Ouomeduijuite 2025 104 of 107

43. Phan N. H. T., Kim H., Shin H., Lee H.-S., Sohn J.-H. Dehydrosulfurative C—N cross-
coupling and concomitant oxidative dehydrogenation for one-step synthesis of 2-aryl(alkyl)
aminopyrimidines from 3,4-dihydropyrimidin-1H-2-thiones. Org. Lett. 2016, 18, 5154 —5157,
DOI: 10.1021/acs.orglett.6b02617.

44. Zhang H., Zhou Z., Yao Z. Efficient synthesis of pyrimidinone derivatives by ytter-
bium chloride catalyzed Biginelli-type reaction under solvent-free conditions. Tetrahedron
Lett. 2009, 50, 1622—1624, DOI: 10.1016/j.tetlet.2009.01.103.

45. Bose D. S., Fatima L., Mereyala H. B. Green chemistry approaches to the synthesis of
5-alkoxycarbonyl-4-aryl-3, 4-dihydropyrimidin-2(1H)-ones by a three-component coupling
of one-pot condensation reaction: comparison of ethanol, water, and solvent-free conditions.
J. Org. Chem. 2003, 68, 587 —590, DOI: 10.1021/j00205199.

46. Lomize A. L., Pogozheva I. D., Mosberg H. 1. Anisotropic solvent model of the lipid
bilayer. Energetics of insertion of small molecules, peptides, and proteins in membranes.
J. Chem. Inf. Model. 2011, 51, 930 —946, DOI: 10.1021/ci200020k.

47. Filimonov D. A., Lagunin A. A., Gloriozova T. A., Rudik A. V., Druzhilovskii D. S., Po-
godin P.V,, et al. Prediction of the biological activity spectra of organic compounds using
the PASS online web resource. Chem. Heterocycl. Compd. 2014, 50, 444—457, DOI: 10.1007/
s10593-014-1496-1.

48. Matuo R., Sousa F. G., Soares D. G., Bonatto D., Saffi J., Escargueil A. E., et al. Saccha-
romyces cerevisiae as a model system to study the response to anticancer agents. Cancer
Chemother Pharmacol. 2012, 70, 491—502, DOI: 10.1007/s00280-012-1937-4.

49. Pereira C., Coutinho I, Soares J., Bessa C., Ledo M., Saraiva L. New insights into cancer-
related proteins provided by the yeast model. FEBSJ. 2012, 279, 697 —712, DOI: 10.1111/j.1742-
4658.2012.08477 x.

50. Guaragnella N., Palermo V., Galli A., Moro L., Mazzoni C., Giannattasio S. The expand-
ing role of yeast in cancer research and diagnosis: insights into the function of the oncosup-
pressors p53 and BRCA1/2. FEMS Yeast Res. 2014, 14, 2—16, DOI: 10.1111/1567-1364.12094.

51. Pothiraj C., Velan A.S., Joseph J., Raman N. Simple method of preparation and char-
acterization of new antifungal active Biginelli type heterocyclic compounds. Mycobiology.
2008, 36, 66—69, DOI: 10.4489/MYCO.2008.36.1.066.

52. Pal M. Zygomycosis: A highly infectious emerging opportunistic fungal disease of pub-
lic health concern. J. Mycol. Mycological Sci. 2020, 3, 1—4, DOI: 10.23880/0ajmms-16000123.

53. Mendoza-Reyes D. F., Gomez-Gaviria M., Mora-Montes H. M. Candida lusitaniae: bi-
ology, pathogenicity, virulence factors, diagnosis, and treatment. Infect. Drug. Resist. 2022,
15, 5121—5135, DOI: 10.2147/IDR.S383785.

54. Faletro Y.V., Gilep K. A. Falchevskaya A.S. Horetski M.S., Panada ].V. An-
drievskaya E. V., et al. In silico modeling of izoniazid-steroid conjugates interactions with cy-
tochromes P450 of mycobacteria and their bioconversion in vitro by the cells. Biomed. Khim.
2020, 66, 378 —385, DOI: 10.18097/PBMC20206605378.

OO0 aBTOpax

I'puropmit Aaekcanaposna ['opayHOB, accucTeHT Kadpeapbl OpTaHNYECKO XI-
MUV XUMITIECKOTO (aKyabTeTa bea0pyccKoro rocy4apCcTBeHHOTO YHUBEPCHUTETA, Ma-
TUCTPaHT KadeApbl OpTaHMIECKOI XMMIUM XUMIIecKoro ¢gakyapTeta beaopycckoro
rOCyAapCTBEHHOTO YHMBEPCUTETA, CTa’Kep MAAAIIEero HaydHOTO COTPYAHMKA CEKTO-
pa TOHKOTO OPTaHMYecKOTO CHHTe3a yupexXAeHus beaopycckoro rocyaapcrseHHOTO
yHnBepcutera «HayuHo-mccaegoBateabckuii MHCTUTYT (PU3UKO-XMMUIECKMX ITPO-
6.1em», Peciybanka beaapycs.

ORCID: 0009-0007-5741-8386


https://doi.org/10.1021/jo0205199
http://dx.doi.org/10.1007/s10593-014-1496-1
http://dx.doi.org/10.1007/s10593-014-1496-1
https://doi.org/10.1111/j.1742-4658.2012.08477.x
https://doi.org/10.1111/j.1742-4658.2012.08477.x
https://doi.org/10.1111/1567-1364.12094
http://dx.doi.org/10.4489/MYCO.2008.36.1.066
http://dx.doi.org/10.23880/oajmms-16000123
http://dx.doi.org/10.2147/IDR.S383785
https://europepmc.org/article/med/33140731
https://europepmc.org/article/med/33140731
https://orcid.org/0009-0007-5741-8386

Advanced targets in Biomedicine 2025 105 of 107

Vpuna Baaaummuposna MmuHeeBa, AOLIEHT, AOKTOP XMMMYECKMX HaykK, IIPO-
deccop xadeaprl OpraHMYecKom XMMUM XUMUIeckoro ¢axyabreta beaopycckoro
rOCy/apCTBEHHOIO YHMBEPCUTETa, 3aBeAyIOINI CeKTOPOM TOHKOIO OPTaHIYeCcKOIo
cuHTe3a yupexxJeHns: beaopycckoro rocygapcrseHHOro yHusepcurera «HaydnHo-
1CcCAeA0BaTeAbCKUI MHCTUTYT (PU3NKO-XMMUYecKux 1mpodaem», Pecnybanka beaa-

pycs.
ORCID: 0000-0002-6422-1967

The authors

Ryhor. A. Hardunou, Assistant of the Department of Organic Chemistry of the
Faculty of Chemistry of the Belarusian State University, Master’s student of the De-
partment of Organic Chemistry of the Faculty of Chemistry of the Belarusian State
University, intern of a junior research fellow of the fine organic synthesis sector of
the Belarusian State University «Research Institute for Physical Chemical Problems»,
Republic of Belarus.

ORCID: 0009-0007-5741-8386

Iryna V. Mineyeva, Associate Professor, Doctor of Chemical Sciences, Professor of
the Department of Organic Chemistry of the Faculty of Chemistry of the Belarusian
State University, Head of the Fine Organic Synthesis Sector of the Belarusian State
University «Research Institute for Physical Chemical Problems», Republic of Belarus.

ORCID: 0000-0002-6422-1967


https://orcid.org/0000-0002-6422-1967
https://orcid.org/0009-0007-5741-8386
https://orcid.org/0000-0002-6422-1967

