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This paper presents the results of predicting drug-likeness, biological activity, and
toxicity for 8 new derivatives of 3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one
using bioinformatic methods. The physicochemical and pharmacokinetic parameters
of the studied compounds were determined, in silico screening for biological activity
and prediction of their toxicity were carried out. Physicochemical and pharmacokinetic
parameters were evaluated using the Molinspiration Cheminformatics service. It was found
that compounds 1-11 corresponded to Lipinski’s rule for drug-like compounds. As predicted
in Molinspiration, compound 4 exhibits significant biological activity as a possible enzyme
inhibitor and G-protein coupled receptor ligand. Compound 6 is active as an ion channel
modulator. Virtual PASS screening identified compounds with potential antidiabetic
activity (1-3, 5-8) and activity in the treatment of phobic disorders and dementias (1-5, 7,
8, 11). Compound 1 can potentially act as a substrate for CYP2H, and inhibitors of enzymes
of the peptidase group are 1, 3, 4, 6, 7, 11. As a result of QSAR prediction based on LD,
values calculated in ProTox-1l, compound 10 belongs to class 6; compounds 1-3, 5 and 8
belong to the 5" class of toxicity; compounds 6 and 9 belong to the 4" class. Compound
4 belongs to class 3. Compounds 1-9 do not exhibit the toxicities shown in the ProTox-II
models. Compounds 10 and 11 may be carcinogenic.
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Makanaga 6rnonHdopmaTUKanbliK aaictepai nanganaHa OTbIpbIM,
3,5-6uc(rmppokcumeTnn)TeTparnapo-4H-nnmpan-4-oHHblH, 8 KaHa TyblHAbICHI  YLWiH
L3PiNiK KOCbINIbICTAPMEH YKCACTbIKTbl, BUONOrMANbIK 6eNCeHAINIKTI XaHe YbITTbINbIKTbI
6osKay HOTMKeNepi YCbIHbINFAH. 3epTTeneTiH KocCbiNbiCTapablH, GU3UKA-XUMUANDIK
KoHe dapMaKOKMHETUKaNbIK napameTpsepi aHblKTanapl, buonoruansik benceHginikke
in silico CKPUHWHTI KaHe 0NapAbIH, YbITTbINbIFbIH GONKAY KYPri3inai. PUUKA-XUMUANBIK
KoHe dapMaKoKMHEeTUKanblK napameTtpaepai 6aranay Molinspiration Cheminformatics
CEepBUCIHIH, KemerimeH Kyprisingi. 3eptrenreH 1-11 KocblnbICTapbl 42pPiNiK KOCblAbICTap
YWiH JIMNUMHCKKIA epexeciHe caiikec Kenepgi. Molinspiration 6onambiHa calikec, 4
KOCbIIbIC BMONOTUANBIK BenceHAinikTi depmeHT MHrMBUTOPBLI KaHe G aKybi3bIMeH
6alinaHbICKaH peuenTopnapapblH, AMraHAacbl peTiHae KepceTedi. 6 KOCbINbIC MOHAbIK
KaHan MoAyNATOPbIHbIK 6enceHainiriH Kepceteai. PASS bafgapnamacbiHAafFbl BUPTYanabl
CKPUHUHT auabeTke Kapcbl BenceHginiri (1-3, 5-8) kaHe ¢06TbIK By3binynap meH
AEMeHUMUAHbl emaey canacblHAafbl benceHainiri 6ap KocbibicTapAbl aHbiKTagbl (1-5,
7, 8, 11). ProTox-II LD, -ae ecentenreH QSAR 60/IKaMbIHbIH, HaTUXKeciHAe 10 Kocblinbic
6 Knaccka katagpl, 1-3, 5 kaHe 8 KOoCbINbICTap YbITTbINbIKTbIH, 5-KnacbiHa, 6 aHe 9
KOCblnbICTapbl 4 Knaccka ataAbl. 4 KOcblibiC 3 Kaaccka XaTtagbl. 1-9 KocbinbicTapbl
ProTox-Il mogenbaepiHae KepceTinreH ybITTbIAbIK TypaepiH kepcetneiai. 10 xaHe 11
KOCbI/IbICTap KaHueporeHai 60aybl MyMKiH.

TyiliH ce3pep: TeTparmgponupaH-4-oH; GUONKeTIMAINIK, Aspinepre YKcacTbiK;
6uonornanbik benceHainik; ybItTolabik; PASS.
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B HacToAwei paboTe npeaAcTaBAeHbl pe3ynbTaTbl NPOrHO3MPOBAHWUA CXOACTBA
C /IeKapCTBEHHbIMW COeAMHEHUAMM, OUONOrMYEeCcKON aKTUBHOCTM U  TOKCUYHOCTMU
ONA 8 HOBbIX NpousBoAHbIX 3,5-6uc(ruapokcumertun)tetparngpo-4H-nupaH-4-oHa ¢
MCNoib30BaHMEM BUOMHPOpMaTUMUECKUX MeToaoB. OnpegeneHbl GU3NKO-XMMUYECKUE
n bapMaKoOKMHETMYeCKMe MapameTpbl UcCaedyemblX CoeAuHeHUN, nposeaeH in silico
CKPUHUHT Ha 6MONOrMYECKY0 aKTMBHOCTb WM MNPOrHO3UPOBAHWE WX TOKCUYHOCTU.
OueHKa GU3NKO-XMMUYECKUX U dapMaKOKMHETUYECKMX NapameTpoB MNpoBoAWMAACh C
nomolbto cepsuca Molinspiration Cheminformatics. HailgeHo, 4To uccnenoBaHHble
coeanHenna 1-11 cooTBeTCTBYIOT NpaBuay JIMNUHCKM ANA NeKapCTBEHHO-NOLO06HbIX
coeauHeHunit. CornacHo nporHosmpoBaHuto B Molinspiration, coeguHenne 4 npoasnset
610N0rNYECKYI0 aKTUBHOCTb B KQUeCcTBE BO3SMOXKHOI0 MHIMBUTOpa GepMeHTOB M nuraHaa
peLenTopos, cBA3aHHbIX ¢ G-6enkom. CoeanHeHUe 6 NPoABAAET aKTUBHOCTb MOAYNATOPA
MOHHbIX KaHanoB. BupTyanbHbI CKPUHUHT B nporpamme PASS BbIABUN cOoefuHEHWMSA,
noteHuuManbHo obnagatowme npoTMBoaMabeTnyeckon aktTusHoctblo (1-3, 5-8) u
aKTUBHOCTbIO B 061acTu NeveHuns Gpobuyeckmx paccTpoicTs U gemeHuuin (1-3, 7, 8, 11).
CoeavHeHne 1 NOTEHUMANbHO MOKET BblCTynaTh cybcTpatom CYP2H, a uHrnbutopamu
dbepmeHTOB NenTuaasHom rpynnel seasoTcsa 1, 3,4, 6,7, 11. B pesynbtate nporHosa QSAR
Ha OCHOBE PacCYMUTaHHbIX B ProTox-1l 3HayeHui LD,,, coeanHeHune 10 oTHOCKTCA K Knaccy 6,
coeguHeHuna 1-3, 51 8 oTHOCATCA K 5 Knaccy TOKCUYHOCTU, coeanHeHna 6 u 9 oTHocATcA
K 4 rnaccy. CoegnHeHne 4 oTHocuTcAa K Knaccy 3. CoeauHeHua 1-9 He nposAsnAloT
BUAbl TOKCUYHOCTU, NpeacTaBaeHHble B mogensax ProTox-1l. CoeanHenunsa 10 n 11 moryTt
NPOABNATb KaHL,EPOreHHOCTb.

KnioueBble cnoBa: TeTparugponupaH-4-oH; 6MOAOCTYNHOCTb; NoAO6HOCTbL

nekapcTBam; 6Moa0rMyeckan akTMBHOCTb; TOKCUYHOCTb; PASS.
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1. Introduction

In the laboratory of al-Farabi KazNU, derivatives of
3,5-substituted tetrahydropyran-4-one 1 were obtained. The
synthesis and characteristics of 1-11 are given in [1-4]. The
structures of the described compounds are shown in the
scheme (Figure 1).

Tetrahydropyran-4-ones and their derivatives are among
the simplest, widely studied and used in medicine heterocyclic
compounds [5], which are building blocks for the synthesis of
compounds with biological activity [6-8]. Tetrahydropyran-4-
one cycles have been found in biologically active natural
compounds [9].
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Modern computer forecasting tools based on available
databases make it possible to in silico the
bioavailability, biological activity and toxicological properties of

investigate

organic compounds of various classes. This computational
approach facilitates the search for active compounds and
screening of drug candidates in preclinical studies.

Unfavorable bioavailability is an important reason for the
failure of drug candidates. Given the lack of experimental data
on the biological activity of compounds 1-11, in silico prediction
seems to be an appropriate approach for the preliminary
assessment of parameters such as bioavailability, biological
activity, and toxicity.
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Figure 1 — Derivatives of 3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one
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The aim of this study is to predict the parameters of
bioavailability = and  drug-likeness by  Molinspiration
Cheminformatics [10], to predict the spectra of biological
activity by PASS online [11] and to calculate the toxicity by
ProTox-Il [12] for 3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-
4-one 1 and its new derivatives 2-11.

2. Experiment

The synthesis and identification of 1-11 are reported in [1-4]

The program Molinspiration Cheminformatics was used to
calculate the topological polar surface area(TPSA), logP,
molecular weight (MW), the volume of the molecule, the
number of rotatable bonds (NRotB), the number of donors (ND)
and acceptors (NA) of hydrogen bonds.

The prediction of biological activity of 1-11 was performed
using PASS online. Chemical structures and SMILES notations
were created using ACD Labs ChemSketch [13].

QSAR prediction of the toxicity for compounds 1-11 was
performed using the ProTox-1l service. The training set consists
of 40,000 compounds; LD,, values were determined in
experiments on mice or rats.

3. Results and discussions

3.1 Drug-likeness and pharmacokinetic properties

In order to establish the bioavailability and drug-likeness
of the studied compounds, they were tested against Lipinski’s
“rule of five”, according to which active compounds can violate
no more than one of the following conditions (all numbers are
multiples of 5, which explains the name of the rule) [14]: a) the
number of H bond donors (the total number of N-H and O-H
bonds) does not exceed 5; b) the number of H bonds acceptors
(the total number of N or O atoms) does not exceed 10; c) the
molecular weight must be less than 500 a.m.u.; d) logP (measure
of lipophilicity of molecules) not higher than 5.

Lipinski’s rule is used to identify drug-like compounds,
although, like any rule, it allows exceptions [15-17]. But in
most cases, the compliance of compounds with this rule
determines their bioavailability and pharmacokinetics [18,
19]. The data in Table 1 shows that all tested compounds
satisfy Lipinski’s rule.

The descriptors for compounds 1-11 calculated using
Molinspiration Cheminformatics are shown in Table 1.

The datain Table 1 shows that all target compounds satisfy
Lipinski’s rule.

In addition to Lipinski parameters, the descriptors of
pharmacokinetic properties and bioavailability of molecules are
the molecular polar surface area (PSA) and the number of
rotatable bonds (NRotB).

PSA is defined as “the sum of the surfaces of polar atoms
(usually O, N, and attached H atoms) in a molecule” [16]. This
parameter correlates with the transport of compounds across
membranes, which links this descriptor to human intestinal
absorption and drug penetration through the blood-brain
barrier. Molinspiration Cheminformatics uses PSA calculated as
the topological area of the polar surface (TPSA, Table 1). The
literature indicates that ‘In order for molecules to cross the
blood-brain barrier and act on receptors in the central nervous
system, a PSA level of less than 90 A squared is usually required.
If the PSA of a molecule exceeds 140 A squared, it will not have
the ability to penetrate cell membranes” [20]. According to
calculations, molecules 1-11 satisfy both requirements.

Number of rotatable bonds “is a topological parameter
that is a measure of molecular flexibility. This parameter is used
as a descriptor for the oral bioavailability of drugs” [21]. A
rotating bond is any simple single non-ring bond with a non-
terminal atom (except H). So, C-N bonds (amide bond) have a
high rotational energy barrier, therefore they are not
considered as rotational. The NRotB should not exceed 10. As
Table 1 shows, all the studied compounds correspond to this
parameter.

Table 1 — Pharmaceutically significant descriptors and drug-like properties

Compound MW miLogP NA ND Volume, TPSA, NRotB Rule of 5
<500 <5 <10 <5 A cubed A squared <10
1 160.17 -1.20 4 2 146.66 66.76 2 +
2 162.19 -1.01 4 3 152.52 69.92 2 +
3 175.18 -0.75 5 3 158.95 82.28 2 +
4 245.28 0.85 6 2 229.07 88.36 6 +
5 203.24 -1.06 5 3 192.56 82.28 4 +
6 215.29 1.01 4 2 217.90 62.05 5 +
7 235.28 1.27 4 2 222.34 62.05 3 +
8 249.31 1.67 4 2 238.91 62.05 3 +
9 249.31 0.97 4 2 239.15 62.05 4 +
10 345.40 0.66 7 2 316.59 88.99 4 +
11 142.15 -0.09 3 0 128.77 35.54 0 +

NA — number of H bond acceptors; NB — number of H bond donors; TPSA — topological polar surface area; NRotB — number of rotatable bonds
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Table 2 — Molinspiration analysis of bioactivity score

Compound  GPCR ligand lon channel modulator  Kinase inhibitor ~ Nuclear receptor ligand  Protease inhibitor ~ Enzyme inhibitor
1 -0.92 -0.59 -1.34 -0.92 -0.76 -0.38
2 -0.73 -0.35 -0.98 -0.71 -0.68 -0.10
3 -0.55 -0.41 -0.81 -0.73 -0.68 -0.17
4 0.08 -0.41 -0.61 -0.01 -0.38 0.08
5 -0.67 -0.10 -0.86 -0.97 -0.74 -0.14
6 -0.34 0.04 -0.68 -0.61 -0.41 -0.01
7 -0.40 -0.15 -0.44 -0.48 -0.42 -0.06
8 -0.36 -0.15 -0.40 -0.37 -0.38 -0.05
9 -0.19 -0.02 -0.28 -0.45 -0.32 -0.04
10 -0.50 -0.64 -0.52 -0.72 -0.59 -0.26
1 -1.21 -0.72 171 -1.21 -1.05 -0.68
3.2 Prediction of biological activity receptors. Compound 6 is active as an ion channel modulator.
Biological activity parameters calculated using Compound 11 doesn’t have any activity against all analyzed

Molinspiration Cheminformatics are distributed as follows:
more than 0 — significant biological activity; from -0.5 to 0 -
moderate activity; less than -0.5 — inactive.

The prediction results are shown in Table 2.

Compound 4 shows significant biological activity as a
possible inhibitor of enzymes and a ligand of G-protein coupled

Table 3 — PASS screening results, probability (%)

parameters.

The biological activity for compounds 1-11 was also
predicted using PASS online. The entire obtained data was
analyzed and only the highest activity indicators (P ) of the
studied compounds were selected. The results of in silico
screening are shown in Table 3.

No Biological activity % No  Biological activity %

1 CYP2H substrate 923 2 Sugar-phosphatase inhibitor 91.9
Sugar-phosphatase inhibitor 87.8 Alkenylglycerophosphocholine hydrolase inhibitor 90.9
Acrocylindropepsin inhibitor 87.8 UDP-N-acetylglucosamine 4-epimerase inhibitor 88.2
Chymosin inhibitor 87.8 Glucan 1.4-alpha-maltotriohydrolase inhibitor 87.2
Saccharopepsin inhibitor 87.8 86.3
Phobic disorders treatment 87.1 Pullulanase inhibitor 85.8
Alkenylglycerophosphocholine hydrolase inhibitor 86.9 Ribulose-phosphate 3-epimerase inhibitor 85.3
Ubiquinol-cytochrome-c reductase inhibitor 85.2 Testosterone 17beta-dehydrogenase (NADP*) inhibitor 85.2

3 Antiischemic, cerebral 869 4 Saccharopepsin inhibitor 85.8
Phobic disorders treatment 84.2 Acrocylindropepsin inhibitor 85.8
Sugar-phosphatase inhibitor= 80.4 Chymosin inhibitor 85.8

Alkenylglycerophosphocholine hydrolase inhibitor 85.2
Phobic disorders treatment 84.8

5 Phobic disorders treatment 833 6 Sugar-phosphatase inhibitor 83.5
Sugar-phosphatase inhibitor 77.2 Saccharopepsin inhibitor 83.4
Alkenylglycerophosphocholine hydrolase inhibitor 75.9 Acrocylindropepsin inhibitor 83.4

Chymosin inhibitor 83.4

7 Saccharopepsin inhibitor 843 8 Ubiquinol-cytochrome-c reductase inhibitor 79.2
Chymosin inhibitor 84.3 Alkenylglycerophosphocholine hydrolase inhibitor 78.1
Acrocylindropepsin inhibitor 84.3 Phobic disorders treatment 77.1
Phobic disorders treatment 84.2 Sugar-phosphatase inhibitor 75.8
Sugar-phosphatase inhibitor 82.1
Alkenylglycerophosphocholine hydrolase inhibitor 81.7
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Table 3 — PASS screening results, probability (%) (Continued)

No Biological activity % No Biological activity %

9 Atherosclerosis treatment 847 10 Analgesic 86.0
Potassium channel small-conductance Ca-activated 3 81.6 Antiinflammatory 84.3
blocker Antiviral (Picornavirus) 79.4
Phobic disorders treatment 80.9 Analgesic, non-opioid 78.0

Insulysin inhibitor 75.7

11  Phobic disorders treatment 92.3 Acrocylindropepsin inhibitor 89.1
Testosterone 17beta-dehydrogenase (NADP+) inhibi- 89.4 Chymosin inhibitor 89.1
tor Aspulvinone dimethylallyltransferase inhibitor 88.4
Saccharopepsin inhibitor 89.1

Compounds 1, 2 and 11 show the most significant results.
With a probability of 92.3%, compound 1 can exhibit the
properties of a CYP2H substrate (CYP2H belongs to the family of
heme-containing monooxygenases, metabolizing xenobiotics,
including drugs).

Compound 11 shows a high probability of activity (92.3%)
in the treatment of phobic disorders. This activity is also found
for compounds 1, 3-5 and 7-9.

The properties of a sugar-phosphatase inhibitor are
exhibited by compounds 1-3, 5-8 with a probability from 75.8
(8) t0 91.9% (2). Sugar phosphatase inhibitors are used to treat
type 2 diabetes mellitus [22].

Activity  in the inhibition of
alkenylglycerophosphocholine hydrolase was established for
compounds 1, 2, 4, 5, 7 and 8 (78.1-90.9% of probability).
Alkenylglycerophosphocholine hydrolase inhibitors are among
“the acetylcholinesterase inhibitors used in the treatment of
Alzheimer’s disease and other dementias” [23].

Thus, according to the results of PASS prediction,
compounds 1-11 are likely to have a wide range of biological
activity, including atherosclerosis treatment (9), inhibition of
the activity of enzymes of peptidase groups (1, 3, 4, 6, 7, 11),
testosterone 17beta-dehydrogenase (NADP+) inhibition (2, 11),
anti-ischemic (3), analgesic (10), anti-inflammatory (10)
activities and others.

Analyzing the relationship “Structure - Activity” based on
the results of screening, we can conclude that the widest set of

relation to

activities with high P, was obtained for small molecules, for
which there are well-studied analogues in the databases. Such
examples are 3,5-substituted tetrahydropyran-4-one 1 and its
reduction product 2, as well as the bicyclization product 11.
When passing to the oximes (3—4) and imino derivatives of the
ketone (5-10), a decrease in the amount of activities and P_
becomes noticeable. It is possible that imino derivatives are less
represented in the PASS database than ketones and their other
derivatives. More detailed screening reports are provided in
the Supplementary material.

3.3 Prediction of toxicological properties
ProTox-Il is a virtual laboratory for predicting some of the
toxicological properties associated with chemical structure.

Prediction is performed using computer models, trained on real
experimental data (in vitro or in vivo). That allow in silico
calculation of the acute toxicity class and toxicological activity
of a compound based on chemical and structural similarity to
toxic compounds.

As the prediction results in Table 4 show, compound 10
belongs to toxicity class 6 (non-toxic). Compounds 1-3, 5, 7, 8
and 11 belong to the class 5 (may be harmful if swallowed) with
a probability between 54.3 and 69.3%. Toxicity class 4 includes
compounds 6 and 9 (harmful if swallowed). Compound 4 is
predicted to be class 3 with a 54.3% probability (toxic if
swallowed). The prediction accuracy may depend on the
number of compounds of a similar class in the training set of the
QSAR model.

Table 4 — ProTox-l prediction of LD, and toxicity class

Predicted Predicted Average Prediction
Compound LD, Toxicity similarity, accuracy,
mg/kg Class % %

1 3730 5 78.48 69.26
2 3000 5 72.06 69.26
3 3000 5 50.79 67.38
4 284 3 47.17 54.26
5 3000 5 41.59 54.26
6 1300 4 43.84 54.26
7 3000 5 46.85 54.26
8 3000 5 50.57 67.38
9 840 4 43.29 54.26
10 5600 6 72.37 69.26
11 3730 5 76.03 69.26

When analyzing the relationship “Structure - Toxicity” in a
series of studied derivatives, it can be noted that the elongation
of the substituent chain leads to a change in the toxicity class
compared to their analogues. For example, the toxicity of
compound 4 compared with 3; or the toxicity of 9 compared

BecTHuK KasHY. Cepua xummyeckaa. —2022. —Ne 4
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with 7 and 8. However, to draw a more accurate conclusion, a
series with a large number of derivatives is needed, which is
beyond the scope of this study.

ProTox-Il also predicts several types of toxicity, such as
carcinogenicity, mutagenicity, hepatotoxicity, immunotoxicity,
cytotoxicity, etc. According to the prediction results, compounds
1-9 are not active for all types of toxicity presented in ProTox-II
models. Compounds 10 and 11 might exhibit carcinogenic
properties (the probabilities are 53 and 55% relatively).

4. Conclusion

The physicochemical and pharmacokinetic parameters of
3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one 1 and its
new derivatives 2-11 were determined, in silico screening of
biological activity and prediction of their toxicity were carried
out. Physicochemical and pharmacokinetic parameters were
evaluated using the Molinspiration Cheminformatics service. It
was found that compounds 1-11 corresponded to Lipinski’s rule
for drug-like compounds.

As predicted in Molinspiration, compound 4 exhibits
significant biological activity as a possible enzyme inhibitor and
G-protein coupled receptor ligand. Compound 6 is active as an
ion channel modulator.

Virtual PASS screening identified compounds with
potential antidiabetic activity (1-3, 5-8) and activity in the
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