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QSAR-ANALYSIS OF POLYSUBSTITUTED FUNCTIONALIZED
AMINOTHIAZOLES WITH ANTIHYPERTENSIVE ACTIVITY

LV. Drapak
DANYLO HALYTSKY LVIV NATIONAL MEDICAL UNIVERSITY, LVIV, UKRAINE

Background. QSAR analysis is an important tool for the identification of pharmacophore fragments in
biologically active substances and helps optimize the search for new effective drugs.

Objective. The aim of the study was to determine the molecular descriptors for QSAR analysis of polysubstituted
functionalized aminothiazoles as a theoretical basis for purposeful search de novo of potential antihypertensive
drugs among the investigated compounds.

Methods. Calculation of molecular descriptors and QSAR-models creation was carried out using the Hyper-
Chem 7.5 and BuildQSAR packages.

Results. The calculation of a number of molecular descriptors (electronic, steric, geometric, energy) was
performed for 15 new polysubstituted functionalized aminothiazoles, with established in vivo antihypertensive
activity. According to the calculated molecular descriptors and antihypertensive activity parameter, the QSAR
models were derived HA=a + b - X1+ c- X2 + d - X3, where the activity parameter HA is antihypertensive activity
and X1, X2, X3 are molecular descriptors.

Conclusion. The study of ‘the structure - antihypertensive activity’ relationship for polysubstituted
functionalized aminothiazoles was carried out. QSAR analysis revealed that volume, area, lipophilicity, dipole
moment, refractivity, polarization of the molecule and energy of the lowest unoccupied molecular orbital have
the most significant effect on antihypertensive activity. It was suggested that the attained QSAR-models may have
antihypertensive activity within abovementioned row of compounds and can be considered as theoretical basis
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for de novo design of new potential antihypertensive drugs.
KEY WORDS: polysubstituted functionalized aminothiazoles; antihypertensive activity; molecular

descriptors; QSAR-analysis.

Introduction

QSAR analysis is an important tool for
identification of pharmacophore fragments in
biologically active substances and helps opti-
mize the search for new effective drugs. To
date, systematic correlation analysis is a neces-
sary step for lead-compounds identification in
the search for a new drug. The directed search
for new biologically active substances can be
succeeded by the use of virtual methods of
research, which are carried out by means of
QSAR/QSRR analysis (quantitative structure-
activity/quantitative structure-property rela-
tionship), which allows establishing quantitative
patterns of relation between the activity or
properties of the investigated compounds and
the parameters of their molecular structure.
Quantitative Structure - Activity Relationship is
nowadays widely used as a method for predic-
ting the biological activity of new compounds.
[1-3].
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Thiazole derivatives are a promising class
for the search for biologically active compounds,
since the thiazole nucleus is a strong biophore
fragment for the rational design of ‘drug-like
molecules’, and thiazole derivatives exhibit va-
rious types of biological activity: anti-inflam-
matory [4], antihypertensive [5], cardioprotective
[6], antioxidant [7].

The objectieve of the study was to deter-
mine the molecular descriptors for QSAR ana-
lysis of the new polysubstituted functionalized
aminothiazoles as a theoretical basis for search
for new antihypertensive drugs among abo-
vementioned types of compounds.

Methods

15 polysubstituted functionalized amino-
thiazoles, which antihypertensive activity was
determined, were used [6, 8-9]. Calculation of
molecular descriptors was carried out using
Hyper-Chem 7.5 software [10] (license on
HyperChem 7.5 software is available for Danylo
Halytsky Lviv National Medical University);
BuildQSAR software was used for QSAR-model
building [11].
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Results

Target polysubstituted functionalized ami-
nothiazoles were synthesized as described
[6, 8-9]. The structures of the test compounds
are presented in Fig. 1.

Antihypertensive activity (HA) studies were
performed in vivo experiments on laboratory
white rats [9]. The activity of the test compounds
was determined by a decrease in the blood
pressure in the tail artery of the animal in 60
minutes after intraperitoneal injection. For
screening studies of antihypertensive activity,
substances at a dose of 7 mg/kg were used.
The antihypertensive activity of the test com-
pounds are presented in Table 1.

The 2D structures of the molecules of the
test compounds were converted into 3D using
Hyper-Chem 7.5 software [10]. The optimization
of the structures of the tested substances was
carried out by the method of molecular mecha-
nics MM+, and the final energy minimization
was carried out by semi-empirical quantum-
chemical AM1 method until a standard deviation
of 0.001 kcal/mol was achieved. The calculation
of number of descriptors (electronic, steric,
geometric, energy) [12,13] was carried out for
the tested compounds. The molecular de-
scriptors were calculated using Hyper-Chem
7.5: the surface and grid area of the molecule

(SA and SG), volume of the molecule (V),
lipophilicity parameter (logP), refractivity (R),
polarizability (P), molecular weight (M), dipole
moment (D). The parameters of the calculated
molecular descriptors of the test compounds
are presented in Table. 1.

The following parameters were also cal-
culated for Oxygen (Ch_0), Sulfur (Ch_S),
Nitrogen of thiazole cycle (Ch_Nt) and Nitrogen
of amino-group (Ch_N); distances between
atoms of Sulfur and Oxygen (D_S-0), Sulfur and
Nitrogen Nt (D_S-Nt), Nitrogen of the amino-
group and Nitrogen of the thiazole cycle (D_Nt-
N); angles between the atoms of the Nitrogen
of the thiazole cycle, Sulfur and Nitrogen of the
amino group (A_N-S-Nt), Nitrogen of the amino
group, Oxygen and Nitrogen of the thiazole
cycle (A_N-O-Nt). The attained parameters are
presented in Table 2.

The energy parameters of the studied mole-
cules were assessed: total energy (TE), binding
energy (BE), isolated atomic energy (IAE),
electronic energy (EE), core-core interaction
(CCI), heat of formation (HF), energies of the
highest occupied molecular orbital and lowest
unoccupied molecular orbital (HOMO and
LUMO), hydration energy (EH). The attained
results of energy parameters are presented in
Table 3.
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Fig. 1. Structures of the tested compounds. E
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Table 1. Antihypertensive activity and molecular descriptors of polysubstituted
functionalized aminothiazoles

No. | AH SA SG \Y logP R P M D
1 8 546.8 667.17 1142.6 1.3 122.22 43.77 435.38 1.99
2 11.9 | 705.14 731.37 1248.5 0.93 130.69 46.06 501.39 7.11
3 10.5 642.6 666.28 1141.6 0.85 120.04 42.39 473.33 4.49
4 6.2 551.29 605.91 1063.4 1.22 113.24 41.49 380.94 3.29
5 14,3 | 666.39 680.82 1224.9 1.7 124.63 45.78 470.42 7.44
6 5.5 514.36 560.73 969.72 0.68 99.07 36.3 334.43 4.21
7 8.3 511.78 577 981.94 0.68 107.71 38.47 337.44 2.2
8 6.6 570.15 579.33 1015.7 0.68 106.46 38.94 367.89 2.83
9 8.2 618.67 628.25 1094.2 -0.12 113.31 41.41 397.92 3.07
10 7.8 588.77 639.32 1147.8 0.42 128.78 45.96 410.53 2.04
11 12.2 | 549.76 614.72 1100.6 0.27 124.5 441 396.5 2.24
12 2.1 567.3 629.3 1137.4 0.42 106.94 42.56 410 2.49
13 | 1141 659 672.16 1266 1.36 142.63 51.19 505.47 3.97
14 9.2 692.98 743.14 1354 -0.94 146.17 52.54 484.86 3.72
15 | 10.8 | 530.62 639.61 1153.6 4.88 123.15 46.06 455.88 2.28
Table 2. Charges, distances, angles between atoms of polysubstituted
functionalized aminothiazoles
No. | Ch_.O | Ch_S Ch_Nt | Ch.N | D.S-O | D_S-Nt | D_S-N | D_Nt-N | A_N-S-Nt [ A_N-O-Nt
1 0 0.382 | -0.204 | -0.243 0 2.59 2.79 2.37 52.27 0
2 0 0.285 | -0.227 | -0.205 0 2.60 2.79 2.38 52.41 0
3 0 0.352 | -0.215 | -0.229 0 2.59 2.79 2.38 52.31 0
4 |[-0.281| 0.392 | -0.204 -0.24 3.53 2.59 2.79 2.37 52.32 21.86
5 |-0.363| 0.449 | -0.227 | -0.207 2.6 2.61 2.63 2.49 56.86 22.08
6 |-0354| 0.489 | -0.243 | -0.214 | 3.37 2.60 2.63 2.50 56.93 23.3
7 |-0.271| 0.384 | -0.209 | -0.223 | 3.34 2.59 2.79 2.38 52.42 22.16
8 |-0.268| 0.366 | -0.117 | -0.191 3.42 2.63 2.77 2.41 51.79 32.96
9 |-0.261| 0374 | -0.125 | -0.193 | 3.27 2.62 2.77 2.41 53.1 23.14
10 |-0.287| 0.405 | -0.203 | -0.248 | 3.16 2.59 2.78 2.38 52.5 23
11 |-0.286| 0.406 | -0.202 -0.25 3.17 2.59 2.78 2.38 52.53 23.04
12 |-0.285| 0.405 | -0.203 | -0.251 3.18 2.59 2.78 2.38 52.4 22.85
13 |-0.286| 0.361 -0.206 | -0.238 | 3.13 2.59 2.78 2.38 52.37 23.13
14 |-0.282| 0.356 | -0.211 | -0.273 | 3.23 2.6 2.76 2.4 53 22.94
15 0 0.292 -0.183 | -0.251 0 2.64 2.76 2.41 52.97 0

In the study, the optimal set of molecular
descriptors was chosen by a sequential
algorithm and the Multiple Linear Regression
(MLR) method to obtain QSAR models by means
of BuildQSAR [11]. Statistically, the number of
compounds tested (N) and independent va-
riables (M) used in the model should correspond
to a ratio of N / M > 5. Descriptors with high
pairwise correlation were excluded from the
multidimensional descriptor space. Firstly, the
descriptors from different groups were used to
build individual models, and then descriptors
that most fully describe the change in biological
activity were used to obtain mixed models. This

allowed us to choose single or multi-parameter
models with the maximal correlation coefficient
(r) and the minimal standard deviation (s). The
models were further investigated for their
adequacy by means of the Fisher coefficient (F)
and predictive ability using the Q? cross-
validation coefficient and sum of squares of
prediction error (SRRESS).

Based on the calculated molecular de-
scriptors and the parameter of antihypertensive
activity, the QSAR models were derived AH=a+
b-X1+c-X2+d-X3, where the activity parameter
AH is antihypertensive activity and X1, X2, X3
are molecular descriptors:
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Table 3. Energy parameters of polysubstituted functionalized aminothiazoles

No. TE BE IAE EE CC HF HOMO LUMO EH
1 -103278 -5050 -98228 -780638 677360 4.33 -7.81 -0.27 -5.71
2 -136024 -5476 -130548 -989792 853768 -153.1 -8.12 -0.56 -12.2
3 -128838 | -4913.8 | -123924 -872337 743499 -141.4 -7.92 -0.59 -11.9
4 -100651 | -4965.6 | -95685 -785689 685038 19.91 -7.97 -0.34 -3.82
5 -117058 | -5558.6 | -111499 -960851 843794 -71.13 -8.34 -0.48 -2.35
6 -93372 -4600.7 | -88771 -679708 586336 -78.24 -8.26 -0.42 -5.84
7 -88276 -4631.9 | -83644 -648490 560214 69.86 -8.01 -0.41 -3.63
8 -99334 | -4601.6 | -94733 -733476 634141 3.26 -8.22 -0.45 -2.42
9 -110306 | -4971.6 | -105334 -827964 717658 -32.06 -8.05 -0.45 -4.36
10 | -112313 -5773 -106539 -940854 828541 -17.24 -7.93 -0.48 -3.82
11 | -108718 -5490 -103228 -889289 780571 -9.39 -8.03 -0.489 -5.25
12 | -112312 -5772 -106539 -952370 840058 -16.28 -7.95 -0.46 -4.33
13 | -124384 -6144 -118239 | -1097703 973319 -34.41 -8.12 -0.65 -3.25
14 | -137848 -6793 -131054 | -1237984 | 1100137 | -92.91 -8.19 -0.21 -6.53
15 | -101712 -5379 -96332 -842684 740972 15.79 -8.21 -0.31 0.58

HA=-0.044(+0.019)SA+0.041(+0.011)V
-24.062(+7.933)LUMO-21.062(+8.297) (1)
(n=015; r=0.936; s=1.171; F=26.006; Q*=0.799;
SPRESS=1.492)
HA=+0.048(+0.015)V+0.004(+0.001)IAE
-27.025(+9.356)LUMO-29.957(+10.172) (2)
(n=015; r=0.930; s=1.227; F=23.353; Q*=0.718;
SPRESS=1.767)
HA=+0.019(+0.011)V+0.731(+0.866)logP-
13.142(+9.671)LUMO-19.284(+13.242) (3)
(n=015; r=0.825; s=1.879; F=7.844; Q*=0.500;
SPRESS=2.354)
HA=+0.051(+0.028)R-0.002(+0.001)BE-
17.152(+10.844)LUMO -16.857(+13.668) (4)
(n=015; r=0.813; s=1.940; F=7.132; Q*=0.086;
SPRESS=3.470)
HA=+0.033(+0.026)R+0.423(+0.304)
P-17.522(+10.543)LUMO -20.150(+14.952) (5)
(n=015; r=0.825; s=1.880; F=7.840; Q*=0.295;
SPRESS=2.795)
HA=+1.237(+0.685)P+0.002(+0.001)EE-
22.339(+12.913)LUMO-36.725 (+21.841) (6)
(n=015; r=0.817; s=1.920; F=7.359; Q?=0.313;
SPRESS=2.760)
HA=+1.165(+0.669)P-0.002(+0.001)CCI-
20.886(+12.661)LUMO-35.268(+21.945) (7)
(n=015; r=0.807; s=1.968; F=6.835; Q?=0.296;
SPRESS=2.793)
HA=+0.019(+£0.012)V-11.777(+10.599)
LUMO+0.275(+0.771)A_N-S-Nt-32.425(+42.963)
(8)
(n=015; r=0.778; s=2.092; F=5.624; Q*>=0.115;
SPRESS=3.132)
HA=+0.019(+£0.012)V-11.197(+11.685)
LUMO+6.871(+57.283)Ch_N-16.433(+20.007) (9)
(n=015; r=0.766; s=2.142; F=5.196; Q*>=0.158;
SPRESS=3.055)

HA=+0.526(+0.373)P-12.807(+11.969)
LUMO+19.091(+33.934)D_N-Nt-65.167
(+86.579) (10)

(n=015; r=0.721; s=2.307; F=3.973; Q?=0.028;
SPRESS=3.284)

HA=+0.023(+0.012)V+0.233(+0.391)EH-
14.248(+10.989)LUMO-21.927(+15.461) (11)

(n=015; r=0.799; s=2.001; F=6.492; Q*>=0.351;
SPRESS=2.683)

HA=+0.012(+£0.015)V+0.535(+1.072)
logP+0.528(+0.934)D-6.815(+14.912) (12)

(n=015; r=0.705; s=2.362; F=3.622; Q?=0.048;
SPRESS=3.409)

Discussion

According to the analysis of the derived
QSAR models (1-12), it was established that the
antihypertensive activity increases with the
increase of the parameters of the following
molecular descriptors: volume, lipophilicity,
dipole moment, refractivity and polarization of
the molecule and decrease of the surface area
of the molecule. Among the energy parameters,
the most significant effect is the energy of the
lowest unoccupied molecular orbital, with
increasing antihypertensive activity and
decrease in this parameter. Antihypertensive
activity also increases with increasing charge
on the Nitrogen atom of the amino group, with
increasing distance between this atom and the
Nitrogen atom of the thiazole cycle and increase
of the angle A_N-S-Nt.

The dependence of the observed and
predicted antihypertensive activities for the
QSAR models (1-3) is presented in Fig. 2.

The search for quantitative regularities of
the dependence of the antihypertensive activity
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Fig. 2. The dependence of the observed and predicted antihypertensive activities for the QSAR models

1,2, 3.

of the studied compounds on the parameters
of their molecular descriptors allowed deriving
statistically qualitative QSAR models (1-3)
(r=0,825+0,936) characterized by sufficient ade-
quacy (F=7.8+26.006) and predictive ability
(Q?=0.5-0.799).

Conclusions

Thus, according to the study of the ‘struc-
ture-antihypertensive’ activity relationship for
polysubstituted functionalized aminothiazoles,
the QSAR analysis revealed that the volume,
area, lipophilicity, dipole moment, refractivity,

polarization of the molecule and energy of the
lowest unoccupied molecular orbital have the
most significant effect on antihypertensive
activity. The derived QSAR-models are sug-
gested for antihypertensive activity prediction
within abovementioned row of compounds and
can be a theoretical basis for de novo deve-
lopment of new potential antihypertensive
drugs.
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QSAR-AHAJII3 ITIOJISAMIINIEHNX ®VHKIIIOHA/TII3OBAHNX AMIHOTIA3OJIIB

3 I'TIIOTEH3UBHOIO AKTHBHICTIO

I.B. Apanak

JIbBIBCbKUI HALITOHAJIbHWIA MEANYHWIA YHIBEPCUTET IMEHI JAHUJIA TAINLIbKOT O, YKPAIHA

BcTyn. QSAR-aHai3 € 8aXU/IUBUM IHCMPYMEHMOM ideHmug@ikayii papMaKopopHuUx ¢ppazmeHmis 8 6ios102i4HO
QKMUBHUX pe408UHAX ma 00380/151€ ONMUMI3y8amu nowyKk Ho8UX epekmusHUX Jikie.

N
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MeTa pgocnig>keHHSA. BusHa4yeHHs MosekyaapHux deckpunmopis 044 QSAR aHanizy nosisamiujeHux
GYHKYIOHANI3080HUX AMIHOMIiA30/1i8 AK MEOoPemuU4YHOi 0OCHOBU 014 YinecnpsamMo8aHo20 NOWyKy HO8UX
aHmMuzinepmeH3usHux 3acobis.

MeToan pocnig>XeHHs. Po3paxyHoK MonekyaapHuUx deckpunmopie ma nobydosa QSAR-modeneli
npoeoou/UCL 3 BUKOPUCMAHHAM Npo2pamMHuUx nakemis: Hyper-Chem 7.5 ma BuildQSAR.

PesynbtaTu. 414 15 HO8UX NoAi3aMiLeHUX QYHKYiOHANI308AHUX OMIHOMIA301i8 i3 8CMAHOB8/1eHOH in Vivo
2iNOMeH3U8HOK aKMUBHICMI Npo8edeHO PO3PAXyYHOK pAdy MOAEKYAAPHUX deckpunmopie (e1eKkmpOoHHUX,
CMepUYHUX, 2e0MeMPUYHUX, eHepaemuy4HuUX). Ha 0CHO8I Po3paxo8aHUX MOAEKYAAPHUX deckpunmopie ma
napamempa 2inomeH3ugHoi akmusHocmi 6yau ompumaHi QSAR-modeni: AH=a +b - X1 +c- X2 +d - X3, 0e AH
- 2inomeH3usHa akmueHicms, a X1, X2, X3 - MonekynapHi deckpunmopu.

BUCHOBKMW. [IpogedeHO 00cnidxeHHs 38'A3Ky "Cmpykmypa - 2inomeH3u8Ha aKmugHicms" 014 pAdy
nosizamiujeHuUx QyHkyioHanizo8aHUX amiHomiazonie. 3a pesynemamamu QSAR-aHani3y 8CMaHOB8/1EHO, U0
06'eM, nnowa, NiNoGinbHICMs, OUNOALHULU MOMEHM, PePPAKMUBHICMb, NOASPU30BAHICMb MOAEKYIU MA eHep2is
HUXC40i He3aliHamMoi MosieKyAapHoi opbimani Marome Halibinbw 3Ha4YHUL 8NAUG HA 2iNOMEH3UBHY AKMUBHICMb.
O0epxcaHi QSAR-Mo0eni 6ydymes 8UKOPUCMAHI 018 NPO2HO3YBAHHA AKMUBHOCMI OQHO20 pAdY CNOAYK | MOXYMb
p0o32150amucs SK meopemu4Ha 0CHo8a 0714 de novo du3aliHy HOBUX NOMeHYiliIHUX 2inomeH3UBHUX hpenapamis.

K/TKOYOBI CJ/TOBA: nonisamiweHi ¢pyHKLioOHanizoBaHi aMiHOTia30/11; rinoTeH3UBHAa aKTUBHICTb;

MonekynsapHi geckpuntopu; QSAR-aHanis.
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