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CuHTte3s, aHanis ADME-Tox napameTpiB

i NnpoTunyxJIMHHa akTuBHictb N-(5-R-
6eH3unTIiazon-2-in)-2-mopdoniH-4-in-2-
Tiokcoaueramiais

IpuHa Opanak!, bopuc 3imeHkoBCbkKUin!, HOnig MaTinuyk?,
BikTopis Ckpobana?, JaHunno KamiHCbKuiA!,
MapkisH OninHuk!, Bacunb MaTinuyk3

1/1bBIBCbKMI HALIIOHA/IbHMIA MEANYHUKI YHIBEPCUTET

imeHi aHuna annybkoro, JibBiB, YkpaiHa

?KomyHasibHe HeKoMmepLUiriHe nigrnpueMcTBo

«KniHiYHa nikapHs rnaaHoBoOro JiKyBaHHSs, peabinitayii

Ta [0J1iKOBYBaHHS JIbBIBCbKOIro TeputopiasibHOro

mean4Horo ob’egHaHHs1», JIbBiB, YKpaiHa

3/IbBiBCbKUI HaLiOHaIbHUI YHIBEPCUTET iMeHi IBaHa ®paHKa,
JIbBiB, YKpaiHa

Meta. CuHTe3, aHaniz ADME-Tox napamMeTpiB i NpOTUNYX/NH-
HOl akTuBHOCTI psAgy N-(5-R-6eH3unntiazon-2-in)-2-mopdo-
NiH-4-in-2-TiokcoaueTaMiais.

Metoamn. OpraHiyHumii cnHtes, 'H AMP-cnekTpockonisa, aHani-
TUYHWIA MeToA, in silico aHani3z ADME-Tox Ta in vitro pocnigxeH-
HA LMTOTOKCUYHOCTI.

Pesynbtatn. CuHTe3oBaHo cepito HoBux N-(5-R-6eHsmnTia-
30N-2-in)-2-mopdoniH-4-in-2-TiokcoaueTamifiB 3py4YHUM CUHTe-
TUYHUM METOAOM. IXHI0 6y0BY MiATBEPAXEHO 3a A0NOMOro H
SMP-cnekTpockonii Ta MikpoaHaniszy. BukopucToByloun iHTep-
HeT-pecypcn SwissADME Ta pkCSM-dapmakokiHeTnka, po3spa-
xoBaHo ADME-Tox npodini cMHTe30BaHMX CMONYK i BU3HA4YeHo,
WO pevyoBUHM NepebyBatoTb B ONTUMANbHUX Mexax biogocTyn-
HocTi. Bci cnonyku BignoBigatoTb KpuTepiam nikonoAibHocTi 3a
npasunamu Lipinski, Weber, Egan Ta Mugge. Tako) BM3HAu4€HO,
WO 419 UMX PEYOBUH NMPOrHO3YETHCH HMU3bKA TOKCUYHICTD.

CuHTe30BaHi cnonyku 6ysim NpoTecTtoBaHi in vitro Ha NpoTUNyx-

JIHHY aKTUBHICTb BiAMOBIAHO A0 TepaneBTUYHOI MporpaMm po3BUTKY HauioHanbHOro iHCTUTYTY
paky (NCI) (www.dtp.nci.nih.gov) woao 60 niHin paky B KOHUeHTpauii 10 MKM. BUKOpUCTaHo AiHii
NYXJAVHHUX KAITUH AIOANHU 3 AEB'ATU Pi3HUX TUNIB paKy: nenkeMii, MenaHoMun, HeaApibHOKIITUHHUNI
paK fereHiB, eniTenianbHOro paky KuwkiBHuka, UHC, ge4HuKiB, HUPKK, NepeaMixXypoBOi 3a5103U
Ta MOJIOYHOI 3a7103U. Pe3ynbTaTh CKPUHIHTY BUSABWAMW, WO Ui CMOAYKK Yy BiNbLIOCTI BUNaaKiB MakoTb
HEBMCOKY aKTUBHICTb. BUHATKOM € niHia paky Hupku UO-31, dKka BuABMAIACA MOMIpHO YyTANBOKO A0

BCiX CMHTE30BaHUX Cronyk.

BucHoBku. CMHTE30BaHO cepito 2-aMiHOTia3o/bHUX ribpuais, Wo MicTaTe MopdoniHoBMi dpar-
MEHT, Ta AocnigxeHo in silico npodini ADME-Tox. Mpodini ADME-Tox nokasanu Xxopowy nepo-
panbHy 6i040CTYMNHICTb | HU3bKY TOKCUYHICTb. CMHTE30BaHi cnonykm 6ynu in vitro npoTecTtoBaHi
Ha NPOTMPAKOBY aKTUBHICTb. BOHM NpoAEMOHCTpYyBaan NOMipHY aHTUNponidpepaTUBHY aKTUBHICTb.

KnwouoBi csoBa: opraHivyHuii CuHTe3, 2-aMiHOTia3os, MOpdOniH, npueineroBaHa CTPYKTypa,
ADME-Tox, npoTupakoBa aKTUBHICTb.
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Synthesis, analysis ADME-Tox parameters
and anti-cancer activity of N-(5-R-
benzylthiazole-2-yl)-2-morpholin-4-yl-2-
thioxoacetamides
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Aim. Study of the synthesis, analysis of ADME-Tox parameters
and anti-cancer activity of a series of N-(5-R-benzylthiazole-2-
yl)-2-morpholin-4-yl-2-thioxoacetamides.

Methods. Organic synthesis, 1H NMR spectroscopy, analytical
method, in silico ADME-Tox analysis and in vitro cytotoxicity assay.

Results. The series of new N-(5-R-benzylthiazole-2-yl)-
2-morpholin-4-yl-2-thioxoacetamides was synthesized
according to a convenient synthetic method. Their structures
were confirmed by 1H NMR spectroscopy and microanalyses.
Using the internet resources of SwissADME and pkCSM-
pharmacokinetics, the ADME-Tox profiles of the synthesized
compounds were calculated. It was determined that the
substances were within the optimal limits of bioavailability. All
compounds meet the criteria of drug similarity according to the
rules of Lipinski, Weber, Egan and Mugge. It is also determined
that low toxicity is predicted for these substances.

The synthesized compounds were tested in vitro for their antitumor
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activity according to the Developmental Therapeutic Program of the National Cancer Institute (NCI)
(www.dtp.nci.nih.gov) against 60 cancer lines in the concentration of 10 pM. Human tumor cell lines
from nine different cancer types were used: leukemia, melanoma, lung, colon, CNS, ovarian, kidney,
prostate and breast cancer. Screening results showed that, in most cases, these compounds are of low
activity. An exception is the renal cancer line UO-31, which was moderately sensitive to all synthesized
compounds.

Conclusions. A series of 2-aminothiazole hybrids containing morpholine moiety was synthesized
and studied in silico ADME-Tox profiles. The ADME-Tox profiles indicated good oral bioavailability
and low toxicity. Synthesized compounds were tested in vitro for their anti-cancer activity. They
showed moderate antiproliferative activity.

Keywords: Organic synthesis, 2-aminothiazole, morpholine, privileged structure, ADME-Tox,
anti-cancer activity.
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BcTtyn

Bemis GW T1a Murcko MA [1] cdopmyntoBanu
KOHLEeNUilo npuBinenoBaHnx Kapkacis Hanpu-
KiHLUi MUHYNOro ctonitra. BoHu npoaHanisysa-
nn 5120 cTpykTyp nikapcbkmx 3acobis, AOCTyn-
HMX Ha apMaLeBTUYHOMY PWHKY, i BUAINWUAK
cepeq HUX 1179 TONONOrMYHUX MOSEKYNAPHUX
Kapkacis. Ak BusBMnocs, 32 3 HUX Npeacras-
naTh 6inble NoNoBUHU MikiB. MonekynsapHui
kapkac A (PucyHok 1) € ogHMM 3 Hannowwupe-
HiLLIMX cepea nikapcbknx 3acobiB (CUMHIM KONbO-
pOM MO3HAYeHO HOMep BiAMOBIAHO A0 rpagauil
NOLUMPEHOCTI MONEKYNSAPHUX KapKaciB).

BaxnuBe Micue cepen LbOro Ksjacy peyoBUH
3aMMaloTb CMOMYKM, WO MICTATb 2-aMiHOTI-
a3onbHUI parmMeHT. Cepen HUX BUSBIEHO
pEeYOBMHWU 3 MPOTUNYXSIMHHOK, NpOTU3anasb-
HOO, NPOTMUBIPYCHO, aHTUMIKPOHHOI, HENPO-
NMPOTEKTOPHOK Ta iHWWMW BUAAMU aKTUBHOCTI
[2-5]. BaraTo Takmx CnonyK BUKOPUCTOBYIOTb
AK JikapcbKki npenapatu. Lle, 3okpema, Taki
BigoMi npenapaTtu: damotnamH, abadyHriH,
uedaiHip, cyaoKCcukam.
A

13 P — O
}

Privileged framework Privileged structure
PucyHok 1. 2-AmiHO-5-6eH3unTiazon Ak npueinenosaHa
CTPYKTYypa

MopdoniH € npusineoBaHmM dapMmakodopom
y MeauyHin ximii. Llen kapkac, 3aMilweHui Big-
NOBIAHO, BMJIMBAE Ha Pi3HOMAHITHI 6ionoriyHi
aKTMBHOCTI. MopdoniH nigsuwye edekTns-
HICTb MOJIEKYNIN Yepe3 MOJIEKY/IAPHY B3a€EMO-
Ait0 3 YNC/TIEHHNUMU MONIEKYIAPHUMU MiLLEHAMM
Ta MoAyNnte (apMakOKiHETUYHI BaCTUBOCTI.
ToMmy XiMikn-cdapMaueBTU BUSBNAIOTb Ha-
YKOBUM iHTEpeC A0 eMdEKTUBHOIr0 CUHTE3Yy
MOP@ONIHOBOro LUMKIY Ta BKJ/OYEHHS LbOro
dparmMeHTa ansa po3pobkm crnonyk 3 pisHoma-
HITHUMW TepaneBTUYHUMU edekTamm [6-10].

MoeaHaHHA dapMakonoriyHMX areHTiB 2-aMi-
HoTiazony Ta MopdoniHy npu3BOAUTL A0
CUHepriyHOoi B3a€EMoaii, 3a sKOi epeKTUBHICTb
OZHi€l cnonykun 36inblUYETbCA 3a paxyHOK A0-
AaBaHHSA iHwoi (PucyHok 2). [Ba dapmako-
dopu, KOH'IOroBaHi 4yepes CMONyYHYy JaHKy,
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YTBOPIOWTb EANHUI XiMiyHMN 06°ekT. OTpu-
MaHuUW «ribpma» Moxe MaTW nepeBarn Haj
KoMbiHauiaMM ABOKOMMOHEHTHUX MpenaparTis,
30KpeMa, nigsuuieHy abcopbuito 04HOro KoMm-
NMOHeHTa rnpenapaTy 3a paxyHoK @i3nko-xi-
MiYHMX BNACTMBOCTEN IHLWIOMO KOMMOHEHTA
npenapaTty, NoKpaweHHsS okpeMmux dapMako-
KiHETMYHUX NapaMeTpiB, 3MEHLLEHHS NOBIYHNX
edekTiB [11-13].

PeareHTn mopdoniH i 2-amiHOTIa30n1 KOMepLUin-
HO AOCTYIMHI, YHiBepcanbHi Ta N1€rkoAoCTYMHi
CUHTETUYHI ByaiBenbHi 610Ku.

P
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PucyHok 2. BionoriyHo akTMBHI MNOXiAHI 2-aMiHOTia3ony
Ta mopdoniHy i nigxig o ansanHy N-(5-R-6eH3unTia-
30/N-2-in)-2-MopdoniH-4-in-2-TiokcoaueTaMmiais

MaTepianu Ta metoamn

TeMnepaTypu nNaBNeHHSA YCiX PeyoBUH BU-
3Havanu y BiaKpUTOMY Kaningapi. Cnektpu H
AMP cuHTE30BaHMX CMNOJIYK Y pO34MHax AW-
meTuncynbdokcnay DMSOd, peecTtpyBanu Ha
cnekTpomeTpi Varian Mercury VX-400 (Agilent
Technologies, CLUA), 400 MI'y npu 298 K. Xi-
MiYHi 3CyBW HaBeAeHO siK O, M.Y. BiAHOCHO Te-
TpaMeTWICUNaHY AK BHYTPILWWHbOro CTaHAapTy.
KoHCTaHTa cniH-cniHOBOI B3aemogaii J Bupaxe-
Ha B 'U. EkcnepuMeHTanbHi pesynbTatn ene-
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Introduction

Bemis GW and Murcko MA [1] formulated the
concept of privileged frameworks at the end of
the last century. They analyzed 5,120 struc-
tures of drugs available on the pharmaceutical
market and identified 1,179 topological mo-
lecular frameworks among them. As it turned
out, 32 of them represent more than half of
medicines. Molecular framework A (Figure 1)
is one of the most widespread medicinal prod-
ucts (the blue color indicates the number ac-
cording to the gradation of the prevalence of
molecular frameworks).

Compounds containing a 2-aminothiazole ring
have a special place here. Among them, sub-
stances with antitumor, anti-inflammatory,
antiviral, antimicrobial, neuroprotective and
other types of activity were found [2-5]. Sev-
eral such compounds are used as medicinal
preparations. These are, in particular, well-
known drugs such as famotidine, abafungin,
cefdinir, and sudoxicam.
A

13 f — O
}

Privileged framework

!

Privileged structure

Figure 1. 2-Amino-5-benzylthiazole as privileged struc-
ture

Morpholine is a privileged pharmacophore in
medicinal chemistry. This scaffold, substitut-
ed accordingly, affects a variety of biological
activities. Morpholine enhances the molecule’s
efficacy through molecular interaction with
multiple molecular targets and modulates
pharmacokinetic properties. Therefore, phar-
maceutical chemists have shown scientific
interest in synthesizing the morpholine ring
efficiently and incorporating this moiety to de-
velop various compounds with diverse thera-
peutic effects [6-10].

The combination of pharmacological agents
2-aminothiazole and morpholine leads to a
synergistic interaction, in which the effective-
ness of one compound is increased by the ad-
dition of the other (Figure 2). Two pharmaco-
phores, conjugated through a link unit, form a
single chemical entity. The obtained “hybrid”
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may have advantages over combinations of
two-component drugs, in particular, increased
absorption of one component of the drug
due to the physicochemical properties of the
other component of the drug, improvement
of individual pharmacokinetic parameters,
reduction of side effects [11-13].

The morpholine and 2-aminothiazole reagents
are commercially available, versatile, readily
accessible synthetic building blocks.

s NH,
l\)§N

|
SONH,

F,CO s s O\\S/,o
4
\@N%NHZ G- ﬂ\©\ HN%N{
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Figure 2. Biologically active derivatives of
2-aminothiazole and morpholine and an approach to the
design of N-(5-R-benzylthiazol-2-yl)-2-morpholin-4-yl-2-

thioxoacetamides

Materials and Methods of Synthetic Ex-
periments

Melting points of all substances were deter-
mined in an open capillary. *H NMR spectra of
the synthesized compounds in dimethylsulf-
oxide DMSOd, solutions were recorded on a
Varian Mercury VX-400 spectrometer (Agilent
Technologies, USA), 400 MHz at 298 K. Chem-
ical shifts are given as 8, ppm relative to te-
tramethylsilane as an internal standard. The
spin-spin interaction constant J is expressed
in Hz. The experimental results from elemen-
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MEHTHOro aHanizy Anasa BiACOTKOBOro BMICTY
Kap6oHy, laporeHy Tta HiTporeHy nepebyBa-
toTb Y Mexax £0,3% Big 04iKyBaHUX 3HAYeHb.

3aranbHui METO4 CMHTE3Y MOPEOiH-4-in-2-Ti-
okcoaueTamigis 9a-j

Cymiw, wo mictntb 0,01 monb (0,32 r) nopo-
WKy cipkn B 10 Ma MopdoniHy, NnepeMilyoTb
NpoTarom 5 XBuauH. MNoTiM 4O OTPMMAHOIo BU-
LWHEBO-KOPUYHEBOI0 PO34YMHY MOCTYMNOBO AO-
patoTb po3unH 0,003 monb xnopaueTtamigy B 4
mn N, N-gumetundopmamigy. PeakuinHy cyMmiw
nepemiwyTb Wwe 60 XBUINH, MiCNa YOro BU-
nueatoTb y 100 mMn BoAM i 3anuvwatoTb Ha 24
roanHn. Ocap, Wo YTBOPWUBCH, BiADINbTpO-
BYIOTb, NMPOMMBAKTbL BOAOK, CyllaTb i nepe-
KPUCTanisoBylOTb 3 €TaHosy.

N-(5-6eH3untiazon-2-in)-2-mopgo-
NliH-4-in-2-Tiokcoayetamig 9a. Buxig 89%. T.
na. 188-190°C. *H 4MP, §, m.u.: 12.61 (c, 1H,
NH), 7.50-7.16 (M, 6H, C,H,, Tia3on), 4.10 (c,
2H, PhCH,), 4.08 (a, J = 4.1 Tu, 2H, CH,), 3.73
(a, J = 4.0 Ty, 2H, CH,), 3.64 (c, 2H, CH,),
3.58 (¢, 2H, CH,). AHanit. po3paxoBaHo A/iA
C,.H_N.,0.S,, %: C, 55.31; H, 4.93; N, 12.09.

16" 17 737272/

3HangeHo, %: C, 55.21; H, 4.90; N, 12.00.

N-[5-(4-meTunbeH3unn)-1,3-tiazon-2-inj-2-
mopaosniH-4-in-2-Tiokcoayetamiy 9b. Buxig
94%. T. nn. 211-213°C. 'H 4AMP, &, M.u.:
12.62 (c, 1H, NH), 7.30 (c, 1H, Tiason), 7.15
(a,7=7.7Tu, 2H,CH,), 7.12 (a, ] = 7.7 Ty,
2H, C,H,), 4.11-4.05 (m, 2H, CH,), 4.04 (c,
2H, ArCH,), 3.72 (¢, 2H, CH,), 3.64 (c, 2H,
CH,), 3.57 (¢, 2H, CH,), 2.26 (c, 3H, CH,).
AHanit. pospaxoBaHo ans C,_H,,N.O.,S,, %: C,
56.49; H, 5.30; N, 11.62. 3HanaeHo, %: C,
56.39; H, 5.25; N, 11.60.

N-[5-(4-etunbeH3unn)-1,3-Tiazon-2-inj-2-mop-
¢oniH-4-in-2-tiokcoayetamig 9c. Buxia 99%.
T. nn. 230-232°C. *H 4MP, 3, M.u.: 12.71-
12.53 (w.c, 1H, NH), 7.31 (¢, 1H, Tiason), 7.17
(a,7=8.0Tu, 2H, CH,), 7.14 (a, J = 7.9 Ty,
2H, C,H,), 4.14-3.99 (m, 4H, CH,), 3.76-3.70
(M, 2H, CH,), 3.64 (c, 2H, CH,), 3.57 (c, 2H,
CH,), 2.56 (kB, J = 7.4 Ty, 2H, CH,), 1.15 (1, J
= 7.6 T'u, 3H, CH,). AHanit. po3paxoBaHo AN
C,H, N,OS,, %: C, 57.57; H, 5.64; N, 11.19.

18" 21 37272/

3HangeHo, %: C, 57.50; H, 5.65; N, 11.14.

N-[5-(4-¢pnyopobeH3nn)-1,3-Tiazon-2-in]-2-
mopgponiH-4-in-2-Tiokcoauyetamig 9d. Buxig
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98%. T. nn. 233-235°C. *H AMP, &, M.4.: 12.69-
12.55 (w.c, 1H, NH), 7.34-7.27 (m, 3H, CH,, Ti-
ason), 7.13 (an,J=7.9,5.2 Ty, 2H, CH,), 4.09
(¢, 2H, CH,), 4.07 (¢, 2H, CH,), 3.73 (a, ] = 3.6
My, 2H, CH,), 3.65 (¢, 2H, CH,), 3.58 (c, 2H,
CH,). AHaniT. pospaxosaHo ana C,H FN.O.S,,
%: C, 52.59; H, 4.41; N, 11.50. 3HangeHo, %:
C, 52.24; H, 4.44; N, 11.41.

N-[5-(2-xnopb6eH3unn)-1,3-Tiazon-2-inj-2-mop-
¢oniH-4-in-2-tiokcoayetami 9e. Buxig 95%.
T. nn. 191-193°C. 'H 4MP, 9§, M.u.: 12.67 (c,
1H, NH), 7.59-7.39 (M, 2H, CH,), 7.37-7.17
(M, 3H, CH,, Tiazon), 4.21 (¢, 2H, ArCH,),
4.14-3.93 (M, 2H, CH,), 3.72 (¢, 2H, CH,),
3.63 (4, J = 4.1 Ty, 2H, CH,), 3.57 (¢, 2H,
CH,). AHaniT. pospaxosaHo ana C H, CIN,O.S,,
%: C, 50.32; H, 4.22; N, 11.00. 3HangeHo, %:
C, 50.30; H, 4.18; N, 10.95.

N-[5-(4-xnopb6eH3unn)tiazon-2-in]-2-mopgpo-
NiH-4-in1-2-Tiokcoayetamig 9g. Buxig 93%. T.
nn. 238-240°C. *H 4MP, §, m.u.: 12.65 (c, 1H,
NH), 7.36 (a,J=8.2Tu, 2H, CH,), 7.34-7.26
(M, 3H, Tiason, CH,), 4.10 (¢, 2H, ArCH,),
4.07 (c, 2H, CH,), 3.73 (¢, 2H, CH,), 3.64 (c,
2H, CH,), 3.58 (¢, 2H, CH,). AHanit. po3pa-
xosaHo ansa C,H CIN,O.S,, %: C, 50.32; H,
4.22; N, 11.00. 3HanpgeHo, %: C, 50.35; H,
4.26; N, 10.96.

N-[5-(4-6pomb6beH3n1)-1,3-Tiazon-2-in]-2-
mopaosniH-4-in-2-Tiokcoayetamia 9h. Buxig
95%. T. nn. 231-233°C. 'H NMR, §, M.u.:
12.78-12.52 (w.c, 1H, NH), 7.57-7.46 (gn,
J =8.4Tu, 2H, CH,), 7.33 (¢, 1H, Tiason),
7.27-7.17 (a, J = 8.3 'y, 2H, CH,), 4.09 (c,
2H, CH,), 4.08 (c, 2H, CH,), 3.73 (¢, 2H, CH,),
3.64 (a,J=3.2Tu, 2H, CH,), 3.57 (¢, 2H, CH,).
Ananit. pospaxosaHo ansa C, H, BrN,O.S,, %:
C, 45.07; H, 3.78; N, 9.86. 3HanaeHo, %: C,
45.01; H, 3.73; N, 9.90.

2-MopgoniH-4-in-2-tiokco-N-[5-(3-Tpugro-
pbeH3u1)-Tia3o1-2-i1]-Tiokcoaleramig 9i.
Buxig 81%. T. nn. 187-189°C. 'H 4MP, §,
M.4.: 12.73-12.64 (b.c, 1H, NH), 7.67 (c, 1H,
CH,), 7.63-7.54 (w.c, 3H, CH,), 7.38 (¢, 1H,
Tiazon), 4.23 (c, 2H, ArCH,), 4.11-4.03 (™,
2H, CH,), 3.72 (¢, 2H, CH,), 3.64 (c, 2H, CH,),
3.61-3.53 (M, 2H, CH,). AHaniT. po3paxoBaHo
ana C_H, F.N.O,S,, %: C, 49.15; H, 3.88; N,
10.11. 3HanaeHo, %: C, 49.20; H, 4.00; N,
10.08.
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tal analysis for the Carbon, Hydrogen, and Ni-
trogen percentages fell within £0.3% of the
expected values.

The general method of synthesis of morpho-
line-4-yl-2-thioxoacetamides 9a-j

A mixture containing 0.01 mol (0.32 g) of sul-
fur powder in 10 ml of morpholine is stirred
for 5 minutes. Then, a solution of 0.003 mol
of chloroacetamide in 4 ml of N,N-Dimethyl-
formamide is gradually added to the resulting
cherry-brown solution. The reaction mixture
is stirred for 60 minutes before being poured
into 100 ml of water and allowed to sit for
24 hours. The resulting precipitate is filtered,
washed with water, dried, and subjected to re-
crystallization from ethanol.

N-(5-Benzylthiazol-2-yl)-2-mor-
pholin-4-yl-2-thioxoacetamide 9a. Yield 89%.
Mp 188-190°C. *H NMR, &, ppm: 12.61 (s, 1H,
NH), 7.50-7.16 (m, 6H, C,H,, thiazole), 4.10
(s, 2H, PhCH,), 4.08 (d, J = 4.1 Hz, 2H, CH,),
3.73 (d, J = 4.0 Hz, 2H, CH,), 3.64 (s, 2H,
CH,), 3.58 (s, 2H, CH,). Anal. Calculated for
C,,H,,N,0.S,, %: C, 55.31; H, 4.93; N, 12.09.

16" "17

Found, %: C, 55.21; H, 4.90; N, 12.00.

N-[5-(4-methylbenzyl)-1,3-thiazol-2-yl]-2-
morpholin-4-yl-2-thioxoacetamide 9b. Yield
94%. Mp 211-213°C. 'H NMR, o, ppm: 12.62
(s, 1H, NH), 7.30 (s, 1H, thiazole), 7.15 (d, J =
7.7 Hz, 2H, CH,), 7.12 (d, J = 7.7 Hz, 2H, CH,),
4.11-4.05 (m, 2H, CH,), 4.04 (s, 2H, ArCH,),
3.72 (s, 2H, CH,), 3.64 (s, 2H, CH,), 3.57 (s,
2H, CH,), 2.26 (s, 3H, CH,). Anal. Calculated for
C,H,N.,0 S, %: C, 56.49; H, 5.30; N, 11.62.

17° 719 "3 272/

Found, %: C, 56.39; H, 5.25; N, 11.60.

N-[5-(4-ethylbenzyl)-1,3-thiazol-2-yl]-2-
morpholin-4-yl-2-thioxoacetamide 9c. Yield
99%. Mp 230-232°C. 'H NMR, J, ppm: 12.71-
12.53 (b.s, 1H, NH), 7.31 (s, 1H, thiazole),
7.17 (d, J = 8.0 Hz, 2H, CH,), 7.14 (d, ] = 7.9
Hz, 2H, C,H,), 4.14-3.99 (m, 4H, CH,), 3.76-
3.70 (m, 2H, CH,), 3.64 (s, 2H, CH,), 3.57 (s,
2H, CH,), 2.56 (kB, J = 7.4 Hz, 2H, CH,), 1.15
(t,J = 7.6 Hz, 3H, CH,). Anal. Calculated for
C..H ,N.OS,, %: C, 57.57; H, 5.64; N, 11.19.

18" 21 "3 272/

Found, %: C, 57.50; H, 5.65; N, 11.14.

N-[5-(4-fluorobenzyl)-1,3-thiazol-2-yl]-2-
morpholin-4-yl-2-thioxoacetamide 9d. Yield
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98%. Mp 233-235°C. 'H NMR, &, ppm: 12.69-
12.55 (b.s, 1H, NH), 7.34-7.27 (m, 3H, C,H
thiazole), 7.13 (an, 7 = 7.9, 5.2 Hz, 2H, CH,
4.09 (s, 2H, CH,), 4.07 (s, 2H, CH,), 3.73 (d, J
= 3.6 Hz, 2H, CH,), 3.65 (s, 2H, CH,), 3.58 (s,
2H, CH,). Anal. Calculated for C,,H ,FN,O,S,,
%: C, 52.59; H, 4.41; N, 11.50. Found, %: C,
52.24; H, 4.44; N, 11.41.

41
’

N-[5-(2-chlorobenzyl)-1,3-thiazol-2-yl]-2-
morpholin-4-yl-2-thioxoacetamide 9e. Yield
95%. Mp 191-193°C. 'H NMR, 9, ppm: 12.67
(s, 1H, NH), 7.59-7.39 (m, 2H, CH,), 7.37-
7.17 (m, 3H, CH,, thiazole), 4.21 (s, 2H,
ArCH,), 4.14-3.93 (m, 2H, CH,), 3.72 (s, 2H,
CH,), 3.63 (d, J = 4.1 Hz, 2H, CH,), 3.57 (s,
2H, CH,). Anal. Calculated for C, H,.CIN,O,S,,
%: C, 50.32; H, 4.22; N, 11.00. Found, %: C,
50.30; H, 4.18; N, 10.95.

N-[5-(4-chlorobenzyl)thiazol-2-yl]-2-mor-
pholin-4-yl-2-thioxoacetamide 9g. Yield 93%.
Mp 238-240°C. *H NMR, &, ppm: 12.65 (s, 1H,
NH), 7.36 (d, 7= 8.2 Hz, 2H, C,H,), 7.34-7.26
(m, 3H, thiazole, CH,), 4.10 (s, 2H, ArCH,),
4.07 (s, 2H, CH,), 3.73 (s, 2H, CH,), 3.64 (s,
2H, CH,), 3.58 (s, 2H, CH,). Anal. Calculated
for C,.H,,CIN,O,S,, %: C, 50.32; H, 4.22; N,

16" "16

11.00. Found, %: C, 50.35; H, 4.26; N, 10.96.

N-[5-(4-bromobenzyl)-1,3-thiazol-2-yl]-2-
morpholin-4-yl-2-thioxoacetamide 9h. Yield
95%. Mp 231-233°C. 'H NMR, 8, ppm: 12.78-
12.52 (b.s, 1H, NH), 7.57-7.46 (d, J = 8.4 Hz,
2H, C,H,), 7.33 (s, 1H, thiazole), 7.27-7.17 (d,
J = 8.3 Hz, 2H, CH,), 4.09 (s, 2H, CH,), 4.08
(s, 2H, CH,), 3.73 (s, 2H, CH,), 3.64 (d, J = 3.2
Hz, 2H, CH,), 3.57 (s, 2H, CH,). Anal. Calculat-
ed for CH,.BrN,O.S,, %: C, 45.07; H, 3.78;
N, 9.86. Found, %: C, 45.01; H, 3.73; N, 9.90.

2-Morpholin-4-yl-2-thioxo-N-[5-(3-trifluoro-
benzyl)-thiazol-2-yl]-thioxoacetamide 9i. Yield
81%. Mp 187-189°C. 'H NMR, 8, ppm: 12.73-
12.64 (b.s, 1H, NH), 7.67 (s, 1H, C,H,), 7.63-
7.54 (b.s, 3H,CH,), 7.38 (s, 1H, thiazole), 4.23
(s, 2H, ArCH,), 4.11-4.03 (m, 2H, CH,), 3.72
(s, 2H, CH,), 3.64 (s, 2H, CH,), 3.61-3.53 (m,
2H, CH,). Anal. Calculated for C_H, F.N.O,S,,
%: C, 49.15; H, 3.88; N, 10.11. Found, %: C,
49.20; H, 4.00; N, 10.08.

N-[5-(2-chloro-5-trifluoromethylbenzyl)-thi-
azol-2-yl]-2-morpholin-4-yl-2-thioxoacet-
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N-[5-(2-xnop-5-TpugnyopometnnbeH3nm)-Ti-
azosn-2-inj-2-mopgoniH-4-in-2-tiokcoalyeramia
9j. Buxig 77%. T. nn. 207-209°C. H 4MP, 9,
M.4.: 12.67 (c, 1H, NH), 7.89 (c, 1H, CH,),
7.71(a,J=7.3Tu, 1H,CH,), 7.66 (4,7 =7.0
My, 1H, C,H,), 7.36 (c, 1H, Tiason), 4.32 (c, 2H,
ArCH,), 4.08 (¢, 2H, CH,), 3.73 (4, J = 2.5 Iy,
2H, CH,), 3.64 (c, 2H, CH,), 3.59 (¢, 2H, CH,).
AHanit. pospaxosaHo ansa C,H,.CIF,N,O,S , %:
C, 45.39; H, 3.36; N, 9.34. 3HanaeHo, %: C,
45.36; H, 3.41; N, 9.30.

Pesynbtat Ta 06roBopeHHs

Ls poboTa € MNpOAOBXEHHAM HalKX A[OCi-
JXeHb, CNpsiIMOBaHUX Ha po3pobky edekTus-
HUX MNPOTUNYXJIMHHMUX MNpenapaTiB 3 BUKOPUC-
TaHHaM ribpnaHoro dapmakodopHOro niaxoay
i3 3a1y4eHHaM MOpdONiHOBOro Ta 2-aMiHoTia-
30/bHOro ckadonais (pUCyHok 2).

CuHte3z N-(5-R-6eH3untiazon-2-in)-2-mopdo-
NiH-4-in-2-TiokcoaueTaMiais

Po3pobneHo mMeToa CUHTE3y HOBMX TioKcoale-
TaMmigiB TiazonbHoro psay. 5-R-6eH3un-1,3-Ti-
ason-2-amMiHM 5a-j cuHTE30BaHO 3 BUKOPUC-
TaHHAM gia3oHieBMX conen la-j K BUXigHMX
peareHTiB. [ia3oHieBi coni la-j pearyioTb 3
aKpOJIEIHOM 2, YTBOPOOYM 3-apusi-2-X10prpo-
naHani 3a-j, ki B3aEMOAI0Tb i3 TIOCEUYOBMHOIO 3
O4EepXaHHSAM 2-aMiHO-5-R-6eH3unTia3onis 5a-j
[14], ki npu peakuii 3 xnopaueTnaxiaopmaom 6
nepeTBOPIOOTLCS B XJlopaueTamian 7a-j [14].

3’acoBaHo, WO xnopaueTtamian 7a-j peary-
I0Tb 3 CipKOK Ta MOP(MOSIHOM 3 YTBOPEHHSAM
MopdoniH-4-in-2-TiokcoaueTamigis 9a-j. [Ans
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yCniwHoOro cuHtesy Ttpeba BUKOPUCTOBYBATU
nonepeaHbo OTPUMAHUIN PO34UYMH CipKU B MOP-
doniHi. Ona ubOro 3a3HayeHi peareHTU BuU-
TpUMyBanun Mnpu rnepeMiwyBaHHi npoTaromM 5
XBUNWH. Llei yac HeobxigHWUM ansa Toro, wob y
peakLUiliHin CyMmiwi yTBOpMaaca A0CTaTHS Kifb-
KicTb nonicynediais (PnucyHok 3).

OTpuMaHi TiokcaueTamign 9a-j — XOBTi no-
pPOLUKK, PO34YMHHI B XxonogHomy [AMOA, npwu
HarpiBaHHi — B cnupTax, OUTOBIN KWUCMOTI Ta
AioKCaHi, Hepo34MHHI B 6eH30.i, rekcaHi Ta
neTponemHomy edipi.

Cnektpu AAMP H 2-mopdoniH-4-in-2-Tiokcoave-
TaMmigiB 9a-j MiCTATb CMrHanm BCiX MPOTOHIB. Y
CW/IbHOMY MarHiTHOMY MOJli CrOCTEPIraEMO CUr-
Hanu anidatnyHmx npotoHis CH,NCH, rpynu
MOpP®hONIHOBOrO LMKIY Y BUINAAI ABOX CUHrNe-
TiB. Lle, Ha Hawy AyMKY, NOSACHIOETLCS YTPyAHe-
HUM 06epTaHHAM HaBkono 3B'a3ky C(S)-N.

lTporHo3yBaHHa ADME-Tox napamMeTpiB CUHTe-
30BaHUX CrosiyK

3 MeTol OUiHKM MepCcrneKTUBHOCTI CUHTe-
30BaHMX CNOMyK $K 6i0/0rYyHO  aKTUBHUX
pedyoBnH 6yno nposeseHo aHanis ADME-
Tox (Absorption, Distribution, Metabolism,
Excretion and Toxicity) Ta pocnigxeHo Bna-
CTUBOCTI Nikapcbkux 3acobis (Tabnuusa 1). Ae-
ckpuntopu nikonoAibHocTi Binbupanu 3a npa-
Bunamu Lipinski [15], Ghose [16], Veber [17],
Egan [18] Ta Muegge [19]. BignoBigHicTb
KpUTepiaM A0 CNOJIYKU figepa BM3Ha4danaun 3a
mMeToaoM [20]. PO3UMHHICTb Y BOAI po3paxoBy-
BanuM 3rigHo 3 [21].

i
H,N NH, N
\o 4
- = R / S\>\NH2

5a-j

NEt; | CICH,COCI
N 6

1a-j, 3a-j, 5a-j, 7a-j, 9a-j: R = H(a), 4-CH,(b), 4-C,H;(c), 4-F(d), 2-Cl(e), 3-CI(f), 4-Cl(g), 4-Br(h), 3-CF (i), 2-CI-5-CF(j)

PucyHok 3. CuHTe3 N-(5-R-6eH3unnTiazon-2-in)-2-mMmopdoniH-4-in-2-Tiokcoauetamigis 9a-j
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amide 9j. Yield 77%. Mp 207-209°C. 'H NMR,
o, ppm: 12.67 (s, 1H, NH), 7.89 (s, 1H, C,H,),
7.71(d, J = 7.3 Hz, 1H, CH,), 7.66 (d, J = 7.0
Hz, 1H, C,H,), 7.36 (s, 1H, thiazole), 4.32 (s,
2H, ArCH,), 4.08 (s, 2H, CH,), 3.73 (d, J = 2.5
Hz, 2H, CH,), 3.64 (s, 2H, CH,), 3.59 (s, 2H,
CH,). Anal. Calculated for C_H CIF,N,O,S,,
%: C, 45.39; H, 3.36; N, 9.34. Found, %: C,
45.36; H, 3.41; N, 9.30.

Results and discussion

This work continues our research aimed at de-
veloping effective antitumor drugs using a hybrid
pharmacophore approach involving morpholine
and 2-aminothiazole scaffolds (Figure 2).

Synthesis of N-(5-R-benzylthiazol-2-yl)-2-
morpholin-4-yl-2-thioxoacetamides

We have developed a method for synthesiz-
ing new thioxoacetamides of the thiazole se-
ries. 5-R-benzyl-1,3-thiazol-2-amines 5a-j
were synthesized using diazonium salts 1a-j
as starting reagents. Diazonium salts 1a-j
react with acrolein 2 to form 3-aryl-2-chloro-
propanals 3a-j, which interact with thiourea
to form 2-amino-5-R-benzyl thiazoles 5a-j
[14], which were transformed into chloroacet-
amides 7a-j upon interaction with chloroace-
tyl chloride 6 [14].

It was established that chloroacetamides 7a-j
react with sulfur and morpholine to form mor-
pholin-4-yl-2-thioxoacetamides 9a-j. A previ-
ously obtained sulfur solution in morpholine
should be used for a successful synthesis. To
do this, the specified reagents were kept un-

N,CI
15

1a-j

NO
2

S + HN

N
S PRT 5
S I —

i
9a-j &}
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der stirring for 5 minutes. This time is neces-
sary for a sufficient amount of polysulfides to
form in the reaction mixture (Figure 3).

The obtained thioxoacetamides 9a-j are yellow
powders, soluble in cold DMF when heated in
alcohols, acetic acid, and dioxane, and insolu-
ble in benzene, hexane, and petroleum ether.

The *H NMR spectra of 2-morpholin-4-yl-2-thi-
oxoacetamides 9a-j contain signals of all pro-
tons. In the strong magnetic field, we observe
signals of aliphatic protons CH,NCH, of the
morpholine cycle group as two singlets. In our
opinion, this is explained by the difficult rota-
tion around the C(S)-N bond.

Prediction ADME-Tox parameters of synthe-
sized compounds

To evaluate the prospects of synthesized
compounds as biologically active substances,
ADME-Tox (Absorption, Distribution, Metab-
olism, Excretion and Toxicity) analysis was
performed, and the properties of drugs were
examined (Table 1). Drug-likeness descriptors
were selected using the Lipinski [15], Ghose
[16], Veber [17], Egan [18], and Muegge [19]
rules. Leadlikeness was determined by the
method [20]. Water solubility was calculated
according to [21].

After analyzing the results, it was found that
no criteria for these rules were violated for
the newly synthesized compounds. They are
also predicted to be well absorbed or pene-
trated, suggesting that they are suitable drug

X
HN" “NH, N
~N o) 4
Cl S
3a+j 5a-j

NEt, | CICH,COCI

<©\/EN 6
R [ YR
S

O>\\

7a-j Cl

1a-j, 3a-j, 5a-j, 7a-j, 9a-j: R = H(a), 4-CH,(b), 4-C,H(c), 4-F(d), 2-Cl(e), 3-CI(f), 4-CI(g), 4-Br(h), 3-CF (i), 2-CI-5-CF(j)

Figure 3. Synthesis of N-(5-R-benzylthiazol-2-yl)-2-morpholin-4-yl-2-thioxoacetamides 9a-j
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Tabanys 1

JlikonopAi6bHicTb, BiANOBIAHICTL KPUTEPIAAM A0 CNOJIyKU-Jlifepa Ta BOAOPO3UYUHHICTb
N-(5-R-6eH3unTiazon-2-in)-2-mopdoniH-4-in-2-tiokcoaueramigis 9a-j [22]

Cnonvka Nikonoai6HicTb (npaBuna Lipinski, | BianoBigHicTb kputepiam Po3uuHHICTb Y BOAi
\ Ghose, Veber, Egan, Muegge) AO cnonyku-aigepa (Log S (Ali))

9a Tak Tak 460
[ToMipHO po34nHHa

N -4.97
9b Tax Hi; MW>350 [ToMipHO po34nHHa

- -5.43
9Sc Tax Hi; MW>350 [ToMipHO po34nHHa

ad Tak Hi; MW>350 =470
MoMipHO pO34MHHa

9e Tak Hi; MW>350 _73.25
MoMipHO pO34YMHHa

of Tak Hi: MW> 350 _73:25
MoMipHO pO34YMHHa

9g Tak Hi: MW>350 fomi -5.25
OMipHO pO34YMHHA

oh Tak Hi: MW>350 =331
MoMipHO pO34YMHHa

9i Tak Hi: MW>350 - =5.51
[MoMipHO poO34nHHa

9j Taxk Hi: MW>350, XLOGP3>3.5 "6.16
[MoraHo po3yuHHa

MpoaHanisyBaBWwn pe3ynbTaTv, BUSABWUIN, LLO
AN HOBOCUMHTE30BaHMX CMNOJIYK XOAEH 3 Kpu-
TepiiB UMX NpaBuna He 6yB NopyLeHni. Takox
NPOrHO3YETbLCA, WO BOHW A0b6pe MornnHatoTb-
cs abo NMpoHMKalTb, WO CBiAYUTL NPO Te, WO
CMONYKW — NpuaaTHi KaHamaatu y fikapcbKi
3acobu. BiacoTkoBe 3HaudeHHs abcopbuii ABS
90,21% (obuncneHo 3a dopmynoto % ABS =
109(0,345xTPSA)) [23].

TakoX MM NpoaHasnizyBasii CUHTE30BaHi CroJyKu
3a gonomoroto MetodiB Pan Assay Interference
Compounds (PAINS) [24] Ta Brenk [25] Ha Ha-
SABHICTb Npob6aeMHUX (pparMeHTiB MOSieKyn, AKi
MalTb BWCOKY peakuiliHy 3AaTHiCTb 3 6yab-
AKUM BINIKOM | MOXYTb CIPUYUHUTU XMOHOMO3N-
TUBHWIN pe3ynbTaT Yy NoAanblUnX AOCAIAXKEHHAX
abo noripwunTtn hapMakoKiHETUKY, MalOTb BUCO-
KY TOKCUYHICTb i XiMiYHY peaKTUBHICTb, @ TaKOX
MeTaboniyHO HecTabinbHi. 3rigHO 3 KOHUENLiE
PAINS [24], nposBy TOKCMYHOCTI He nepenba-
yeHo. lNMpoTe icHye Hebe3neka Yepe3 HasBHICTb
BWCOKOPEAKTMBHOI TioaMigHOI rpynu 3rigHoO 3
KoHuenuieto Brenk [25].

[na KOXHOI gocniaXyBaHOI Crnosiyku Ta Bifo-
MUX npenapariB (rediTuHiby Ta akopTaTapuHy
A) 6yno nobyposaHo pagapu 6i040CTYNHOCTI
(puc. 4). Poxesa obnactb — onTUManbHUIA aia-
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Na3oH AN Takux BNacTUBOCTEN, K Ninodinb-
HicTb (XLOGP3 -0,7 - +5,0), po3mip (Moneky-
napHa maca 150 - 500 r/monb), MONSApHICTb
(TPSA 20 - 130 A2), po3umnHHicTb (log S < 6),
Hacm4yeHicTb (YacTka KapboHy B sp3-ribpuan-
3auii noBMHHa 6yTn He MeHwe 0,25) i rHy4-
KicTb (KinbKicTb obepTanbHuX 3B'A3kiB < 9)
[26]. Yci cnonyku 9a-j nepebyBatoTb B ONTU-
ManbHOMY Adiana3oHi Ha pagapi 6iogocTynHo-
cTi. Woao ouiHkM nogibHOCTI A0 NiKapCbKMX
3acobiB, TO CNONYyKM MatoTb A06pUIA NOKA3HUK
6iopgocTynHocTi, wo craHoButb 0,55 [27].

Ona  nporHo3dyBaHHA  LUYHKOBO-KWULLKOBOI
abcopbuii Ta NpPOHWMKHEHHSs 4epe3 remaToe-
HuedaniyHmin 6ap’ep (FEB) Mm BUKOpUCTanu
moaenb BOILED-Egg 3 BMKOPUCTaAHHAM efek-
TPOHHOro pecypcy [22] (pucyHok 5). ObuaBa
napaMeTpu MalTb BUpillasibHE 3HA4YeHHSA B
npoueci po3pobku nikapcbkux 3acobis. Bigno-
BiAHO A0 MeToAy Bi3yasisauii, 3anpornoHoBa-
Horo asTopamu [28], Ha rpadiky BOILED-Egg
6ina obnacTb CBiAYNTL NPO BUCOKY MMOBIPHICTb
nacmeHoi abcopbuii B LINYHKOBO-KULIKOBOMY
TpakTi, Toai AK >oBTa 0651aCTb — Ha BUCOKY
MMOBIPHICTb MPOHUKHEHHS 4epe3 remMaToeH-
uedaniyHuii 6ap’ep. CuHiN Konip iHAMKaTopa
MOJIEKY/IM MOKA3YeE, WO CrnosiyKa aKTUBHO ce-
KpeTyeTbca P-rnikonporteiHom (P-gp), no3sHa-
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Table 1

Drug-, lead likeness and water solubility of N-(5-R-benzylthiazol-2-yl)-2-morpholin-
4-yl-2-thioxoacetamides 9a-j [22]

Druglikeness (Lipinski, Ghose, ; ili i
Compound Veber, Egan, Muegge rules) Leadlikeness Water Solubility (tog S (Al

-4.60

9a Yes Yes Moderately soluble
] -4.97

9b Yes No; MW>350 Moderately soluble
] -5.43

9c Yes No; MW>350 Moderately soluble
] -4.70

od Yes No; MW>350 Moderately soluble
] -5.25

9e Yes No; MW>350 Moderately soluble
] -5.25

of Yes No; MW>350 Moderately soluble
] -5.25

9g Yes No; MW>350 Moderately soluble
] -5.31

9h Yes No; MW>350 Moderately soluble
9i Yes No; MW>350 o1

’ Moderately soluble
9j Yes No; MW>350, XLOGP3>3.5 616

Poorly soluble

candidates. Percentage absorption value ABS
90.21% (calculated by the formula % ABS =
109(0.345xTPSA)) [23].

We also analyzed the synthesized compounds
using the Pan Assay Interference Compounds
(PAINS) [24] and Brenk [25] methods for prob-
lematic fragments of molecules that have high
reactivity with any protein and can cause a false
positive result in further studies or worsen phar-
macokinetics, having high toxicity and chemical
reactivity, as well as metabolically unstable. Ac-
cording to the concept of PAINS [24], the anal-
ysis of the manifestation of toxicity is not fore-
seen. There is a danger at that time due to the
presence of a highly reactive thioamide group,
according to the Brenk concept [25].

For each tested compound and reference
preparates (gefitinib and acortatarin A), bio-
availability radars (Figure 4) were created.
The pink area represents the optimal range for
such properties as lipophilicity (XLOGP3 -0.7 -
+5.0), size (molecular weight 150 - 500g/
mol), polarity (TPSA 20 - 130A2), solubility
(log S < 6), saturation (fraction of carbon in
sp? hybridization should be at least 0.25) and
flexibility (rotary bonds < 9) [26]. All com-
pounds 9a-j are in the optimal range on the

bioavailability radar. Regarding the drug sim-
ilarity score, our compounds had a good bio-
availability score of 0.55 [27].

To predict gastrointestinal absorption and
blood-brain barrier (BBB) penetration, we
used the BOILED-Egg model using an elec-
tronic resource [22] (Figure 5). Both parame-
ters are crucial in the process of drug design.
According to the visualization method pro-
posed by the authors [28], in the BOILED-Egg
plot, the white area indicates a high probabili-
ty of passive absorption in the gastrointestinal
tract. In contrast, the yellow area represents
a high probability of crossing the blood-brain
barrier. The blue color of the indicator of the
molecule shows that the compound is actively
secreted by P-glycoprotein (P-gp), denoted as
(PGP+), while the red indicator signifies the
non-substrate P-gp (PGP-) [29].

The BOILED-Egg diagram (Figure 5) showed
that our compounds 9a-j are in the graph’s
white area; therefore, they will be absorbed
in the gastrointestinal tract and not pene-
trate the blood-brain barrier. In addition, all
compounds 9a-j are predicted not to be sub-
strates for P-glycoprotein PGP-, which means
that their bioavailability will not be reduced.
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LIPO LIPO LIPO
FLEX SIZE FLEX SIZE FLEX SIZE
INSATU POLAR | INSATU POLAR | INSATU POLAR
INSOLU INSOLU INSOLU
9a 9b 9c
LIPO LIPO LIPO
FLEX SIZE FLEX SIZE FLEX SIZE
INSATU POLAR | INSATU POLAR | INSATU POLAR
INSOLU INSOLU INSOLU
9d 9e of
LIPO LIPO LIPO
FLEX SIZE FLEX SIZE FLEX SIZE
INSATU POLAR | INSATU POLAR | INSATU POLAR
INSOLU INSOLU INSOLU
9g 9h 9i
LIPO LIPO LIPO
FLEX : SIZE FLEX : SIZE FLEX SIZE
INSATU POLAR | INSATU POLAR | INSATU POLAR
INSOLU INSOLU INSOLU
9j Gefitinib Acortatarin A

PucyHok 4. Papgapwu 6iogoctynHocTti N-(5-R-6eH3nnTiazon-2-in)-2-mMmopdoniH-4-in-2-TiokcoaueTtamiais

9a-j Ta npenapaTiB NOPIBHAHHSA
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LIPO LIPO LIPO
FLEX SIZE FLEX SIZE FLEX SIZE
INSATU POLAR | INSATU POLAR | INSATU POLAR
INSOLU INSOLU INSOLU
9a 9b 9c
LPO LIPO LIPO
FLEX SIZE FLEX SIZE FLEX SIZE
INSATU POLAR | INSATU POLAR | INSATU POLAR
INSOLU INSOLU INSOLU
9d 9e of
LIPO LIPO LIPO
FLEX SIZE FLEX SIZE FLEX SIZE
INSATU POLAR | INSATU POLAR | INSATU POLAR
INSOLU INSOLU INSOLU
9¢g 9h 9i
LIPO LIPO LIPO
FLEX : SIZE FLEX : SIZE FLEX SIZE
INSATU POLAR | INSATU POLAR | INSATU POLAR
INSOLU INSOLU INSOLU
9j Gefitinib Acortatarin A

Figure 4. Bioavailability radars of N-(5-R-benzylthiazol-2-yl)-2-morpholin-4-yl-2-thioxoacetamides
9a-j and reference preparations
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yeHuMm gk (PGP+), Todi S5k YepBOHMI iHAMKA-
TOp O3Ha4ae HecybcTpaTHuin P-gp (PGP-) [29].

[Oiarpama BOILED-Egg (pucyHok 5) npogae-
MOHCTpYyBana, Lo Hawi cnonyku 9a-j € B 6inin
obnacri rpadika, a oTke, BOHM 6yayTb BCMOK-
TyBaTUCA B LUNYHKOBO-KULIKOBOMY TPaKTi i He
6yayTb NpoHMKaTW 4yepe3 remMatoeHuedaniy-
Huin 6ap’ep. Kpim Toro, nepepbayvaerbcs, LWwo
BCi cnonykun 9a-j He € cybcTtpatamun ans P-rni-
konpoTeiHy PGP-, a ue o3Hauvaeg, wo ix 6iogo-
CTYMHICTb He Byae 3HMXeHa.

MporHo3yBaHHS hapMakKoKiHETUYHUX Napame-

TpiB i TOKCUYHOCTI CMHTE30BaHMX CMNONYyK Me-
Toaom pkCSM

Original research: Clinical sciences

Abcopbuis Ta po3noain — BaxmBi npouecwu,
AKi BU3Ha4aoTb €PeKTUBHICTb NiKapCbKNX 3a-
cobiB. BCMOKTyBaHHSA — Le npouec, 3a A0Mo-
MOroK $IKOro nikapcbkuii 3acib nepemiwyeTtb-
CS 3 Micusl BBeAEHHS B CUCTEMHWI KPOBOTIK.
Mig yac po3noAiny Monekynu fikis nepeMilly-
I0TbCS i3 CUMCTEMHOro KpoBoobiry Ao nosacy-
OVHHNX OiNSHOK.

3a pgonomoroto Beb-iHcTpyMeHTa pkCSM [30]
MW CMPOrHO3yBanW HU3KY NapaMeTpiB, SKi
MaloTb BUpiwanbHUA BNAMB Ha abcopbuio Ta
po3noain (Tabnuusa 2).

[nst NporHo3yBaHHS MPOHUKHOCTI MOrAMHaH-
HS nepopanibHO BBEAEHMX NikapCbkux 3acobiB

o
Gefitinib o

(=] =]

o
R Acortatarin A

[ show Molecules Name
BBB
HIA
o FGe-
o PGP—
Synthesized
compounds
None

0 20 40 60 a0

PucyHok 5. fiarpama BOILED-Egg ans N-(5-R-6eH3unTiazon-2-in)-2-mopdoniH-4-in-2-tiokcoauetami-
AiB 9a-j Ta npenapaTiB MOPIiBHAHHSA

Tabanys 2

NMporHo3yBaHHA NOrJIMHAHHA Ta PO3NOAiINlY CUHTE30BaHUX Cronyk 9a-j

A6con6ulis Ta po3nomin HoMepu NnpoTecToBaHMX CUHTE30BaHUX CMOJNYK
pait posnioa %9a | 9b 9c od %e of 9g | oh 9i 9j
Caco2 npomKHicTy (log Pappin |y 314 | 3119 | 1.115 | 1.117 | 1.098 | 1.113 | 1.117 | 1.114 | 1.123 | 1.125
10-°cm/s)

MpoHuKHicTL 'Zgr';:"/’hL)”"'py (109 KP) | 344 |-3.266|-3.222|-3.269 | -2.901 | -3.248 | -3.221 | -3.214 | -3.167 | -3.051

VDss (human) (log L/kg) -0.295| 0.186 | 0.28 |-0.034| 0.245 | 0.187 | 0.12 | 0.134 | 0.044 | 0.01
Fraction unbound (human) (Fu) | 0.155 | 0.234 | 0.196 | 0.251 | 0.168 | 0.216 | 0.217 | 0.21 | 0.198 | 0.161
reMaT°e””ed(’|ao’;"‘;§)“p°””K”'CT" 0.017 |-0.071|-0.129 | -0.091 | 0.002 | -0.082|-0.084 | -0.085 | -0.123 | -0.132

LIHC npoHukHicTs (log PS) -2.427|-2.303-2.342 | -2.416 | -2.248 | -2.274 | -2.262 | -2.24 |-2.228-2.105
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Prediction of pharmacokinetic parameters and
toxicity of synthesized compounds using the
pkCSM method

Absorption and distribution are important pro-
cesses that determine the effectiveness of
drugs. Absorption is the process by which a
drug moves from the administration site into
the systemic bloodstream. During distribu-
tion, drug molecules move from systemic cir-
culation to extravascular sites.

We predicted a number of parameters that have
a decisive influence on absorption and distribu-
tion using the pkCSM web tool [30] (Table 2).

For predicting permeability of the absorp-
tion of orally administered drugs we used the

Original research: Clinical sciences

Caco-2 monolayer of cells. The value of Caco-
2 permeability (log Papp) of the synthesized
2-morpholin-4-yl-2-thioxoacetamides  9a-j,
calculated using the pkCSM web tool, ranges
from 1.098 to 1.311 cm/s (Table 2). There-
fore, all compounds 9a-j are predicted to
have high Caco-2 permeability.

Assessment of skin permeability is important
in developing effective drugs for transdermal
drug delivery. If the value of log Kp is greater
than -2.5 cm/h, then it is considered that the
drug almost does not penetrate through the
skin. The skin permeability (log Kp) of synthe-
sized 2-morpholin-4-yl-2-thioxoacetamides
9a-j ranges from -3.269 to -2.901 cm/h (Ta-
ble 2). This implies a good permeability of our
compounds through the skin.

- [ show Molecules Name
6
BEB
5 HIA
. a o PGP
- Gefitinib =] o PGP—
Synthesized
compounds
B None
2 o
o

[=]
] Acortatarin A

Figure 5. The BOILED-Egg plot of N-(5-R-benzylthiazol-2-yl)-2-morpholin-4-yl-2-thioxoacetamides
9a-j and reference preparations

Table 2
Prediction of absorption and distribution of synthesized compounds 9a-j
: N : Numbers of tested synthesized compounds
Absorption and distribution oa ob 9c od % of 9g oh i 9
Caco2 pemlgibci::}'sglog Pappin | 4311 | 1.119 | 1.115 | 1.117 | 1.098 | 1.113 | 1.117 | 1.114 | 1.123 | 1.125
Skin permeability (log Kp) (sm/h) | -3.14 |-3.266 |-3.222|-3.269 | -2.901 |-3.248 | -3.221 | -3.214 | -3.167 | -3.051
VDss (human) (log L/kg) -0.295| 0.186 | 0.28 |-0.034| 0.245 | 0.187 | 0.12 | 0.134 | 0.044 | 0.01
Fraction unbound (human) (Fu) | 0.155 | 0.234 | 0.196 | 0.251 | 0.168 | 0.216 | 0.217 | 0.21 | 0.198 | 0.161
BBB permeability (log BB) 0.017 |-0.071 [-0.129|-0.091 | 0.002 |-0.082 |-0.084 |-0.085 |-0.123 |-0.132
CNS permeability (log PS) -2.427|-2.303 | -2.342 | -2.416 | -2.248 | -2.274 | -2.262 | -2.24 | -2.228 |-2.105
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MW BMKOPUCTOBYBasiM MOHoLWap KNiTnH Caco-2.
3HaueHHs Caco-2 npoHukHocTi (log Papp) cuH-
Te30BaHMX 2-MopdoniH-4-in-2-TiokcoaueTaMi-
AiB 9a-j, po3paxoBaHe 3a A0MNOMOrow Beb-iH-
ctpymeHTa pkCSM, konueaetbcs Big 1,098 no
1,311 cm/c (Tabnuusa 2), oTxe, BCi CNOMyKU
9a-j MatoTb BMCOKY Caco-2 MpPOHMUKHICTb.

OuiHKa MPOHMKHOCTI WKIipU Ma€E Bax/MBe 3Ha-
YeHHs Npu po3pobui edekTUBHUX Mpenapartis
ONa TpaHcAepMasbHOI AOCTaBKM NiKiB. SAKLWo
3HauveHHsa log Kp nepesuwye -2,5 cm/roa, T0
BBaXKAETbCA, WO Mpenapat Mamxe He MpPOHU-
Kae Kpi3b Wwkipy. LWkipHa npoHukHicTb (log Kp)
CUHTE30BaHUX 2-MopdoniH-4-in-2-Tiokcoaue-
Tamigis 9a-j konmeBaeTbcs Big -3,269 no -2,901
cv/rog (Tabnuus 2). Le ceiguntb npo nobpy
NMPOHMKHICTb HaLLMX CMNOJIYK KPi3b LUKIpY.

06’em posnoainy (VD) cTaHOBUTb BeEINYUHY
npenaparTy, sika 6yae po3nojifieHa Ha OAHaKo-
BOMY piBHi B n/sia3Mi KpoBi. 3a gaHumu Pires et
al. VDss > 2,81 n/kr a6o log VDss > 0,45 BBa-
XaeTbcsa BucokuM, VDss < 0,71 n/kr abo log
VDss < -0,15 BBaXa€eTbCst HU3bKMM. 36inbLUeH-
HS 3Ha4veHHSa VDss cBigumnTb Npo 6inbLuy MMOBIp-
HICTb PO3MNOAiINy nMpenapaTty B TKaHWHaxX, HIX Yy
nnasmi. 3HayeHHs VDss, log L/Kr cnHTe30BaHMX
cnonyk 9a-j craHoBuTb Bia -0,295 a0 0,28 (Ta-
6nuua 2), ogHak ang cnonykm 9a (R = H) log
VDss < -0,15, ToMy MOXHa nepenbaunTu, WO
Lua crioslyka 9a Moxe po3noAifiIaTUCA B MasMi
KpOBi, @ He B TKaHMHax. TeHaeHUis oo andysii
B Mla3My CrocTepiraetbcs i ansa 6ioisocrepmy-
Horo noxigHoro 9d (R = 4-F). Bci iHWi cnonyku
9b, ¢, e-j po3noaiNATLCA PiIBHOMIPHO.

BaxnmBuM napameTpoMm, skuin Tpeba Bpaxo-
ByBaTM npu ouiHui dapMaKOKIiHETUYHUX na-
paMeTpiB Cnonyku, € ii 34aTHICTb NPOHUKATU
yepe3s remaTtoeHuedaniyHni 6ap’ep (FEB). Le
0Cco61MBO aKkTyanbHO Npu po3pobui 6ionoriyHo
aKTMBHUX CcybCTaHUIM Ana nikapcbkux 3acobis,
TepaneBTUYHUI edeKT AKNX OYIKYETbCHA B ro-
NOBHOMY MO3KY. IHTepHeT-pecypc pkCSM Bu-
KOPUCTOBYE MPOrHOCTUYHY MoAenb, fka byna
nobynoBaHa Ha OCHOBI 6a3n gaHux CRonyk,
rematoeHuedaniyHuii 6ap’ep akux 6yB BUMI-
pSHMN ekcnepuMeHTanbHO. CRoNyKU MOXYTb
nerko nepetnHaTtu N'Eb, konu log BB > 0,3,
a cnonyku 3 log BB < -1 mMaloTb noraHe npo-
HUKHEHHS B MO30K. 3HadeHHs log BB cuHTe-
30BaHUX 2-MopdoniH-4-in-2-TiokcoaueTamiais
9a-j konmBaeTbcsa Big -0,132 go 0,017 (Ta-
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6nvusa 2), TOMy MOXHa MpUNycTuTU, WO BCi
cnonyku 9a-j 3gaTtHi NOMipHO MPOHMKATK ye-
pe3 remaTtoeHuedaniyHmin 6ap’ep.

Takox 3a pgonomorot Beb-pecypcy pkCSM
6yno ouiHeEHO MMOBIPHICTb MPOHUKHEHHS CUH-
TEe30BaHMX CMNOJIYK Yy LUEeHTpanbHy HepBOBY
cuctemy (LUHC). Akwo 3HayeHHsa logPS 6inb-
Wwe -2, To cNosykn npoHukatoTb y LUHC, akuwo
logPS MeHwe -3, TO BOHW BBaXalTbCs He-
38aTHUMK npoHmkaTth B LUHC. 3HaveHHsa logPS
ONa CMHTE30BaHUX Crnofayk 9a-j cTtaHOBUTb
-2,427 - -2,105 (Tabnuus 2), wo ceBigumnTb
Npo nomipHe NpoHuUKHeHHA B LUHC.

MeTtabonisM kKceHOBiIOTUKIB — Le npoLlec nepe-
TBOPEHHS Nikapcbknx 3acobiB B opraHax i Tka-
HWHaX OpraHiaMy, ni4 4Yac AKOro 3MiHIETbLCA
iXHSA dbapMakosoriyHa akTUBHICTb. Lia 6ioTpaH-
cdhopmauisa Bigirpae Bax/vBy posib y npoue-
cax eniMiHauii NiKkapCbKNUX peyoBUH.

®epmeHT umToxpom P450 (CYP450) siairpae
BaX/IMBY posib Yy MeTaboniami nikapcbkux 3a-
cobiB. CYP450, knto4yoBuin hepMeHT y npoueci
NEeTOKCUKaLii, akTUBHO OKWUCIOE KCeHObIOTH-
KW, CpuUsaoYmn 1X BUBEAEHHIO 3 OpraHiaMy. IH-
ri6itopy CYP450 MOXYTb CyTTEBO BMN/IMBATU Ha
(bapMaKkoKiHETUKY UMX MpenapaTis, TOMy Tpe-
6a nepenbaunTtn, UM Moxe AocnNigXKyBaHa Cno-
nyka 6ytn cybcrtpatom CYP450. OCHOBHMMMU
i3oopmMmamu, Wwo MmeTabonizyoTb NikapcbKi 3a-
cobu, € umtoxpom P2D6 (CYP2D6) i UMTOXpPOM
P3A4 (CYP3A4). MpurHiyeHHsa unx cdepmeHTiB
MOXe MPU3BECTU A0 HAKOMUYEHHS KceHobio-
TUKiB, Ki NoTpebytoTb MeTaboniuHoi 06pobku
[31]. 3 ponomorot Beb-iHCTpyMeHTy pkCSM
MW OUiHMAK, WO CKMHTe30BaHi crnonyku 9b, d,
f, g He BnAmMBalOTb Ha depmeHTn CYP2D6 Ta
CYP3A4 i He iHribytoTb ix (Tabnuusa 3).

OAHMM i3 cyTTEBMX (paKToOpiB, WO NPU3BOAUTD
[0 BIAKNIMKAHHA CNONYK, MNPOTEeCcToBaHUX in
vivo, € HE3a0BINbHUIA TOKCUKOMOMIYHUI Npo-
dinb pevoBmHM [32]. ToMy NpPOrHo3yBaHHS
TOKCMYHOCTI OpraHiYHMX Cnonyk in silico Bigi-
rpa€ BaXnMBy posb Npu po3pobui nikapcbkux
3acobiB. Pe3ynbTaTM OUIHKM  MNOTEHUINHOI
TOKCUYHOCTI HaBeaeHi B Tabnuui 4.

Ak 6yno BusIBNEHO, A/ BCiX CNoayk 9a-j He
NMPOrHO3YETbCS TOKCUYHICTb 3a EMMcOM, WO 03-
Hayae€, Wo ui niraHan MMoBipHO 6yayTb HeMy-
TareHHUMU i y NiACYMKY HeKaHLeporeHHUMU.
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The volume of distribution (VD) represents
the value of the drug that will be distribut-
ed at an equal blood plasma level. Accord-
ing to Pires et al. VDss > 2.81 L/kg or log
VDss > 0.45 is considered high, and VDss <
0.71 L/kg or log VDss < -0.15 is considered
low. An increase in the VDss value indicates
a higher probability of drug distribution in
tissues rather than in plasma. The value
of VDss, log L/kg of the synthesized com-
pounds 9a-j is from -0.295 to 0.28 (Table
2). However, for compound 9a (R = H), log
VDss < -0.15, so it can be predicted that
compound 9a can be distributed in blood
plasma rather than tissue. The tendency to
diffuse into the plasma is also observed for
the bioisosteric derivative 9d (R = 4-F). All
other compounds 9b, ¢, e-j will be distrib-
uted evenly.

An important parameter to consider when
evaluating the pharmacokinetic parameters
of a compound is its ability to penetrate the
blood-brain barrier (BBB). This is especial-
ly relevant in the development of biologically
active substances for drugs, the therapeutic
effect of which is expected in the brain. The
pkCSM web tool uses a predictive model built
using a database of compounds whose logBB
was experimentally measured. Compounds
can cross the BBB easily when log BB > 0.3,
and compounds with log BB < -1 have poor
brain penetration. The value of log BB of the
synthesized 2-morpholin-4-yl-2-thioxoac-
etamides 9a-j ranges from -0.132 to 0.017
(Table 2), so it can be assumed that all com-
pounds 9a-j are capable of moderately pene-
trating the blood-brain barrier.

Also, using the pkCSM web tool, the proba-
bility of penetration of the synthesized com-
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pounds into the central nervous system (CNS)
was estimated. If the logPS is greater than
-2, then the compounds penetrate the CNS.
If the logPS is less than -3, they are consid-
ered unable to penetrate the CNS. The value
of log PS for the synthesized compounds 9a-j
is -2.427 - -2.105 (Table 2), which suggests a
moderate penetration into the CNS.

Metabolism of xenobiotics is the process of
transformation of drugs in the organs and tis-
sues of the body, during which their pharma-
cological activity changes. This biotransforma-
tion plays an important role in the process of
elimination of pharmaceutical substances.

The enzyme cytochrome P450 (CYP450) plays
an important role in drug metabolism. CYP450,
a key enzyme in detoxification, actively oxi-
dizes xenobiotics, promoting their elimination
from the body. CYP450 inhibitors can signifi-
cantly affect the pharmacokinetics of these
drugs, so it should be predicted whether the
test compound can act as a CYP450 substrate.
The major drug-metabolizing isoforms include
cytochrome P2D6 (CYP2D6) and cytochrome
P3A4 (CYP3A4). The inhibition of these en-
zymes could result in the buildup of xenobiot-
ics, necessitating metabolic processing [31].
The pkCSM web tool allowed us to assess that
the synthesized compounds 9b, d, f, and g do
not affect CYP2D6 and CYP3A4 enzymes and
do not inhibit them (Table 3).

One of the essential factors leading to the
withdrawal of in vivo tested compounds is the
unsatisfactory toxicological profile of the sub-
stance [32]. Therefore, in silico prediction of
the toxicity of organic compounds plays an
important role in drug design. The results of
potential toxicity are performed in Table 4.

Table 3
Prediction of the metabolism of synthesized compounds 9a-j
Metabolism Numbers of tested synthesized compounds

9a 9b 9c 9d 9e of 9g 9h 9i 9j
CYP2D6 substrate No No No No No No No No No No
CYP3A4 substrate Yes No Yes No Yes No No Yes Yes No
CYP1A2 inhibitor Yes Yes Yes Yes No Yes Yes No No No
CYP2C19 inhibitor Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
CYP2C9 inhibitor No Yes Yes No No Yes Yes Yes Yes Yes
CYP2D6 inhibitor No No No No No No No No No No
CYP3A4 inhibitor No No No No No No No No No Yes
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Tabanys 3
MporHo3syBaHHA MeTab0s1i3My CUHTE30BaHMUX CNOJYK 9a-j
MeTa6oniam Homepu npoTecTtoBaHUX CUHTE30BaAHUX CNOJIYK
9a 9b 9c od 9e of 9g 9h 9i 9j
CYP2D6 substrate Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi
CYP3A4 substrate Tak Hi Tak Hi Tak Hi Hi Tak Tak Hi
CYP1A2 inhibitior Tak Tak Tak Tak Hi Tak Tak Hi Hi Hi
CYP2C19 inhibitior Tak Tak Tak Tak Tak Tak Tak Tak Tak Tak
CYP2C9 inhibitior Hi Tak Tak Hi Hi Tak Tak Tak Tak Tak
CYP2D6 inhibitior Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi
CYP3A4 inhibitior Hi Hi Hi Hi Hi Hi Hi Hi Hi Tak
Tabanys 4
MporHosyBaHHSA TOKCUUYHOCTIi CUHTE@30BaHMUX CNONyK 9a-j
ToKCHMuHICTL Homepu nporectoBaHUX CUMHTE30BaHUX CMNONYK
9a 9b 9c od 9e of 9g 9h 9i 9j
Ames toxicity Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi
Max. tolerated dose (human) (log | 159 | _0.008 | 0.002 | 0.027 | -0.092 | -0.018| 0.01 | 0 |-0.014]0.157
mg/kg/day)
hERG I inhibitor Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi
hERG 1II inhibitor Tak Tak Tak Tak Tak Tak Tak Tak Tak Hi
?nrﬁ)'l/rlfggc“te toxicity (LDs) 109(1/ | 5 801 | 2.411 | 2.462 | 2.361 | 2.569 | 2.487 | 2.48 | 2.484 | 2.561 | 2.745
Oral rat chronic toxicity (LOAEL) (log | 4 ¢45 | 1333 | 1.333|1.461| 1.533 | 1.22 | 1.38 | 1.363 | 1.153 | 1.544
mg/kg_bw/day)
Hepatotoxicity Tak Tak Tak Tak Hi Hi Tak Tak Tak Tak
Skin sensitization Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi
(Tl‘f)g auhg’;T)e”a pyriformis toxicity 1.286 | 0.989 | 1.05 |0.897 | 0.911 | 0.976 | 0.98 | 0.982 | 0.85 |0.761
Minnow toxicity (log mM) 2.207 | 1.572 | 1.302 | 1.687 | 1.896 | 1.19 |1.354 | 1.208 | 1.411 | 1.74

TakoXx BCi mMpoaHanisoBaHi cnonykn 9a-j He
BMMBATMMYTb Ha ceHcmbinizauito wkipu. Mpuny-
CKa€ETbCH, Wo cnonykun 9e, f € HerenaToToKCUY-
HUMW, TOAI AK ANF peLTn OCNIAXKEHNX PEYOBUH
MOXJIMBA renaToTOKCUYHICTb. YCi cnonykn 9a-j
po3rnagatnTbcs Ak iHribitopn HERG II, aki mo-
XYTb CNPUUNHATY KapAiOTOKCUYHICTb. 3HAYEHHS
MRTD gnsa cnonyk 9a-j konueaetbcs Big -0,159
0o 0,157 log(mr/kr/pnoby), TOMy BOHM XapakTte-
pU3YHOTbCA MOMIPHOK MEepeHOCUMICTIO. [porHo-
3YETbCH, WO YCi CNOMYKN BUSABNAKOTb 3HAYHY rO-
CTpY TOKCWUYHICTb ana Tetrahymena pyriformis,
ane He TOKCWMYHi ana Minnow. [lporHo3oBaHe
3HAYEHHAM rOCTPOi TOKCUMYHOCTI Npu nepopasb-
HOMY BBeAeHHi wypam (LD.)) € B aianasoHi
2,361 - 2,801 log(1/(monb/Kkr)). BuwesasHaue-
Hi PU3NKM TOKCUYHOCTI BAapTO BpaxoByBaTu Mpwu
onTUMIi3aLii 3a3Ha4yeHoro Kacy Crosyk.

MpoTupakoBa aKTUBHICTb
biosioriyHa akTUBHICTb TiOKCaMiAiB NMPaKTUYHO
He BMBYanacsa (gocnigxysanacs enizognyHo).
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3okpema, Ramkumar K Ta iHwi [33] 3'acysa-
nn, wo cnonyka A nposiBnse€ iHribiTopHi Bna-
CTMBOCTI Wwono0 iHTerpasu BIJ1-1, i BKazanu Ha
BaXJ/IMBICTb TiOKCOAMiAHOro niHkepa y mone-
Kyni (PnucyHok 6).

[na retepoumkiiyHMX aHanorie BUAB/IEHO aH-
TUMiIKpPO6HY [34-36] Ta NPOTURYXJIMHHY Aito
[36, 37]. BpaxoBytouu dakTU4Hy BIiACYTHICTb
iHpopMauii woao 6ionoriyHoi akTUBHOCTI Tio-
OoKcaMifiB, MM NpoBenu AOCNIAXEHHS NpoTU-
NyXJIMHHOI aKTUBHOCTI CUMHTE30BaHMX CrMonyk
BignosiaHo pao Developmental Therapeutic
Program HauioHanbHoro iHcTuTyTy paky (NCI,
CLUA). MpOoTMRYXJIMHHUIA CKPUHIHT NPOBOAMIN
3riaHo 3 npotokosioMm NCI [39-42]. Pe3ynb-
TaTW CKPUHIHIY KNITUHHWUX AiHIA in vitro ans
BMBYEHHSA XHbOI NPOTUMNYXJIMHHOI aKTUBHOCTI
HaBeaeHo B Tabnuui 5.

BcTaHoBneHo, Wo ui cnonyku B 6inbLWOCTi BU-
rnazkiB MatTb HU3bKY aKTUBHICTb. BUHATKOM €
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Table 4
Prediction of the toxicity of synthesized compounds 9a-j
Toxicit Numbers of tested synthesized compounds
ity 9a | 9b | 9c | 9d | 9e of | 9g | oh 9i 9j
Ames toxicity No No No No No No No No No No
Max. tolerated dose (human) (log | 459 |_0.008 | 0.002 | 0.027 |-0.092|-0.018| 0.01 | 0 |-0.014|0.157
mg/kg/day)
hERG I inhibitor No No No No No No No No No No
hERG II inhibitor Yes Yes Yes Yes Yes Yes Yes Yes Yes No
Oral rat acute toxicity (LDs,) | 5 gg1 | 2.411 | 2.462 | 2.361 | 2.569 | 2.487 | 2.48 | 2.484 | 2.561 | 2.745
log(1/(mol/kg))
Oral rat chronic toxicity (LOAEL) | 4 ¢45 | 1 333 | 1.333 | 1.461 | 1.533 | 1.22 | 1.38 | 1.363 | 1.153 | 1.544
(log mg/kg_bw/day)
Hepatotoxicity Yes Yes Yes Yes No No Yes Yes Yes Yes
Skin sensitization No No No No No No No No No No
Tetrahyme’('ﬁ)gp’:]g’;‘f_r)mis toxicity | 4 786 | 0.989 | 1.05 | 0.897 | 0.911 | 0.976 | 0.98 | 0.982 | 0.85 | 0.761
Minnow toxicity 2.207 | 1.572 | 1.302 | 1.687 | 1.896 | 1.19 | 1.354 | 1.208 | 1.411 | 1.74
(log mM)

As found, no Ames toxicity is predicted for all
compounds 9a-j, which means that these li-
gands are unlikely to be mutagenic and, con-
sequently, carcinogenic. Also, all analyzed
compounds 9a-j will not affect skin sensiti-
zation. It is assumed that compounds 9e and
f are non-hepatotoxic, while hepatotoxicity is
possible for the rest of the studied substanc-
es. All compounds 9a-j are considered hERG
IT inhibitors, which may cause cardiotoxicity.
The MRTD value for compounds 9a-j ranges
from -0.159 to 0.157 log(mg/kg/day), so they
are characterized by moderate tolerability. All
compounds are predicted to exhibit significant
acute toxicity to Tetrahymena pyriformis, but
no toxicity to Minnow. According to the pre-
dicted value of Oral rat acute toxicity (LD50),
which is in the range of 2.361 - 2.801 log(1/
(mol/kg)). The above toxicity risks should be
considered when optimizing the specified class
of compounds.

Anti-cancer activity
The biological activity of thiooxamides was
hardly studied (studied sporadically). In par-

HIV-1 Integrase Inhibitors

Investigated compounds

ticular, Ramkumar K et al. [33] showed that
compound A exhibit HIV-1 Integrase Inhibi-
tors and indicated the importance of the thi-
oxoamide linker in the molecule (Figure 6).

Antimicrobial [34-36] and antitumor effects
were observed for heterocyclic analogues [36,
37]. Given the lack of information on the bio-
logical activity of thiooxamides, we conducted
a study of the antitumor activity of the syn-
thesized compounds per the Developmental
Therapeutic Program of the National Cancer
Institute (NCI, USA). Anti-cancer screening
was performed according to the NCI protocol
[39-42]. The results of in vitro cell line screen-
ing for the study of their antitumor activity are
shown in Table 5.

It was established that, in most cases, these
compounds are of low activity. An exception
is the kidney cancer line UO-31, which was
moderately sensitive to all compounds 9a-j.

In conclusions: A series of 2-aminothiazole
hybrids containing morpholine moiety was

Oﬁ)skN}%
. {x X=0,S

Antimicrobial

Figure 6. Biological activity of compounds with a thiooxamide fragment
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PucyHok 6. BionoriyHa akTMBHICTb CMONYK 3 TiokCaMigHUM hparMeHToM

Tabanuys 5

LIMTOTOKCHMYHICTb cnonyk 9a-j y koHueHTpauii 10> M Ha 60 niHiAX pakoBUX KNITUH

Cnonyka MitoTuuna akTusHicrs 6(_) ninin, GP % Han6inbw yytnusi niHii (niHis paky/Tun) GP%
cepeaHs Aiana3oH
9a 100.84 78.99 - 115.40 UO-31 (Pak Hupkun) 78.99
9b 102.04 81.97 - 115.32 UO-31 (Pak Hupku) 81.97
9c 102.92 82.41 - 113.23 UO-31 (Pak Hupku) 82.41
9d 102.21 76.56 - 115.28 UO-31 (Pak Hupku) 76.56
CCRF-CEM (Jlenkemisa) 69.30
9e 99.72 69.30 - 110.27 CAKI-1 (Pak Hupku) 82.07
UO-31 (Pak Hupkn) 72.21
of 102.36 77.10 - 122.25 UO-31 (Pak Hupku) 77.10
9g 103.91 80.33 - 123.38 UO-31 (Pak Hupkun) 80.33
UACC-62 (MenaHomMma) 74.77
9i 100.00 74.53 - 118.71 CAKI-1 (Pak HupkKn) 79.31
UO-31 (Pak Hupku) 74.53
HOP-92 (HeapibHOKNITUHHWI pak nereHb) 70.37
9j 90.13 67.14 - 114.39 %ﬁ%:fz(ég’:fﬂa;w?)g%ﬂ
UO-31 (Pak Hupku) 69.52

NiHia paky HUpku UO-31, aka BuaBUiIacsa no-
MipHO YyT/AMBOI A0 BCiX CNONYK 9a-j.

Y BMCHOBKax: CMHTE30BaHO Cepito 2-aMiHoTia-
30/1bHUX TibpuaiB, WO MICTATb MOPQONIHOBUI
dparmMeHT, Ta AocnigxeHo in silico npodini

ADME-Tox. Mpodini ADME-Tox NnpoaeMoHCTpy-
Bann xopowy nepopasnbHy 6i0A0CTYMHICTL Ta
HU3bKY TOKCUYHICTb. CUHTE30BaHi Croayku
6ynu npotecTtoBaHi in vitro Ha NpPOTUPAaKOBY
AKTUBHICTb. BOHM BUABWIN NMOMIipHY aHTUMPO-
nidbepaTMBHY aKTMBHICTb.
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Table 5

Cytotoxicity of compounds 9a-j at a concentration of 10-5 M on 60 cancer cell lines

Mitotic activity

Compound against 60 lines, GP, % Most sensitive lines (cancer type), GP, %
Average growth | Range of growth

9a 100.84 78.99 - 115.40 UO-31 (Renal Cancer) 78.99
9b 102.04 81.97 - 115.32 UO-31 (Renal Cancer) 81.97
9c 102.92 82.41 - 113.23 UO-31 (Renal Cancer) 82.41
9d 102.21 76.56 - 115.28 UO-31 (Renal Cancer) 76.56
CCRF-CEM (Leukemia) 69.30
9e 99.72 69.30 - 110.27 CAKI-1 (Renal Cancer) 82.07
UO-31 (Renal Cancer) 72.21
of 102.36 77.10 - 122.25 UO-31 (Renal Cancer) 77.10
9g 103.91 80.33 - 123.38 UO-31 (Renal Cancer) 80.33
UACC-62 (Melanoma) 74.77
9i 100.00 74.53 - 118.71 CAKI-1 (Renal Cancer) 79.31
UO-31 (Renal Cancer) 74.53

HOP-92 (Non-Small Cell Lung Cancer) 70.37
UO-31 (Renal Cancer) 69.52

synthesized, and in silico ADME-Tox profiles thesized compounds were in vitro tested for
were studied. The ADME-Tox profiles indicated their anti-cancer activity. They showed mod-
good oral bioavailability and low toxicity. Syn- erate antiproliferative activity.
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