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The group of aryl(heteryl)amides of 5-(4-R)benzyl-1,3,4-oxadiazol-2-il- thioacetic acid has been test-
ed for compliance with the “drug likeness” concept. A number of physical and chemical properties
that determine bioavailability according to Lipinski’s Rule of Five has been calculated using the ACD/
Labs computer programme. It has been found that these compounds can be recommended for further
research as compounds with favourable physicochemical properties according to Lipinski’s Rule of
Five. The results of the experimental study of the ability of new substances to stimulate the urinary
renal function predicted by the computer PASS programme have shown that some of the new com-
pounds synthesized are promising diuretics. The results of studying cytotoxicity in vitro for the most
promising compounds have shown that these compounds possess low toxicity. The pharmacological
screening has allowed to select two promising compounds that are relevant for further study.

There are many approaches that assess a compound’s
“drug likeness”, partially based on topological descrip-
tors or other properties. In addition, the biological ac-
tivity is also usually a function of the complex influ-
ence of a number of molecular descriptors. Lipinski’s
rule of Five also known as the Rule of Five is a rule
of thumb to evaluate drug likeness or determine if a
chemical compound with a certain pharmacological or
biological activity has properties that would make it a
likely orally active drug in human. The rule was for-
mulated by Christopher A.Lipinski in 1997. It is based
on the observation that active substances of most drugs
are relatively small and lipophilic molecules [16]. The
rule describes molecular properties that are important
for drug pharmacokinetics in the human body, includ-
ing their absorption, distribution, metabolism, and ex-
cretion (“ADME”). However, the rule does not predict
if a compound is pharmacologically active.

Among heterocyclic compounds, 1,3,4-oxadiazole
has become an important construction scaffold for de-
velopment of new drugs. Compounds containing 1,3,4-
oxadiazole ring have a broad spectrum of the biological
activity, including the anticancer [11], anticonvulsant
[17], anti-inflammatory [14], antiviral [§], antifungal
[12], antimycobacterial action [13]. The oxadiazole ring
occurs frequently in a variety of pharmaceutical drugs,
including Furamizol, Fenadiazole, Zibotentan, Picovir,
Raltegravir, Butalamine, Fasiplon and Oxolamine [10].

The results of computer prognosis of the biologi-
cal activity spectrum of amides 5-(4-R)Benzyl-1,3,4-oxa-
diazol-2-il-thioacetic acid have shown the possible di-
uretic activity (activity indexes of this compounds are
in the range of 0.496 to 0.595) [15]. Expediency of search-

ing potential diuretics among derivatives of 1,3,4-oxa-
diazoles is also confirmed by the literature data [10].

The aim of this work was to test amides of 5-(4-R)
Benzyl-1,3,4-oxadiazol-2-il-thioacetic acid for compli-
ance with the concept of “drug likeness’ and study their
diuretic activity and toxicity.

Materials and Methods

The synthetic methods used to prepare amides of
5-(4-R)benzyl-1,3,4-oxadiazol-2-il-thioacetic acid can
be found in previously reported works [1-2], character-
istics of the substances synthesized are given in Tab. 1.

A number of physical and chemical properties de-
termining bioavailability for aryl (heteryl)amides of
5-(4-R)benzyl-1,3,4-oxadiazol-2-il-thioacetic acid 1.1-
1.20 was calculated using the ACD/Labs computer
programme. The purpose of calculations was to com-
pare the values obtained with the desired values of de-
scriptors according to the concept of “drug likeness”
followed by elimination of unwanted molecules from
databases to optimize further screening. The results ob-
tained are presented in Tab. 2.

The ability of the substances synthesized stimulate
or, conversely, inhibit the urinary renal function was stud-
ied by the method of E.B. Berkhin in nonlinear white
male rats weighing 200.0-250.0 g [4]. Hypothiazide
in the dose of 40 mg/kg. was selected as the reference
drug when determining the diuretic activity. The com-
pounds studied and the reference drug were introduced
as a single intragastrical injection in the form of a finely
dispersed aqueous suspension stabilized by Tween-80.

All laboratory animals were received a water test in
the amount of 3% of the body weight. After introduc-
tion of the substances rats were placed in the “exchange
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Table 1

Characteristics of 5-(4-R)benzyl-1,3,4-oxadiazol-
2-il-thioacetic acid 1.1-1.20 amides

Compound | R’ | R?
MeO H
o s 1
O
0
N
o
s
MeO
\©\/2l_’§l H ¢
O)\S/\« \©\ R2
O
1.2 H H
1.3 4-C,H, H
1.4 4-COOC,H, H
1.5 2-CH, 3-CH,
1.6 3-Cl 4-Cl
1.7 2-Cl 5-CF,
1.8 2-CH, 3-Cl
1.9 4-OC,H, H
1.10 3-CH, H
1.11 naphtyl -
1.12 N(CH,), -
H
N-N N
/N \R']
@)
O
N\
1.13 0
[ ]
S
©\/Z>j_,§l H ¢
O>\S/\\< \@ R2
O
1.14 H H
1.15 4-C,H, H
1.16 4-COOC,H, H
1.17 2-CH, 3-CH,
1.18 4-CH, H
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cages”. The amount of urine excreted by the control
group of animals was taken as 100%. The control group
of rats received water and Tween-80 in the same vo-
lume. The results obtained were compared with the data
of the control group of animals. Indicators of the diu-
retic activity were the total amount of urine within 4
hours and the amount of urine per 100 g of the animal’s
body weight.

Recently, the so-called alternative methods are in-
creasingly used in advanced preclinical trials along with
the traditional methods. Today, alternative methods in-
clude the use of invertebrate organisms, plants, micro-
organisms, cell cultures, as well as a number of physi-
cal and biological methods. Using biological models
(in vitro) can explain biological phenomena, which are
difficult to investigate in the experiments with animals
because of the complexity of interaction between dif-
ferent effectors and inhibitors.

The main preconditions for wider implementation
in practice of preclinical studies of alternative methods,
including methods of cell cultures — model test systems,
are ethical considerations about exclusion or limitation
of experiments on warm-blooded animals [3]. It should
be noted that introduction of in vitro methods provides
pharmacological and toxicological screening systems
for development of new substances, allows to use bio-
logical systems derived from genetically modified ani-
mals, their certain metabolic components are close to
human, and create a variety of conditions simultaneous-
ly, i.e. accelerate and increase the reliability of research,
development and introduction of new drugs [5].

The study of toxicity of the most active compounds
in vitro was conducted on the model test systems of the
bone marrow cells of rats. The compounds were added
to the cell suspension in the ratio of 1: 1 in the dose of
15 mg/ml. The cell activity in all samples was measured
in 30 min after the start of the experiment. Counting live
and dead cells was carried out with the Goryaev cham-
ber after staining with trypan blue [7]. The proportion
of dead cells was determined by the formula:

B Nm
" N total

where: Nm — is the number of dead cells in the sample;
N total — is the total number of cells in the sample.

Further the experimental results were statistically pro-
cessed using a “StatSoft” software package [6] (Tab. 4).

Results and Discussion

All compounds studied by the complex of physical
and chemical properties meet modern requirements for
new compounds when testing their biological activity.
The results obtained have shown that all substances can
be recommended for further research as compounds with
favourable physicochemical properties.

The diuretic activity of aryl (heteryl)amides of 5-
(4-R)-Benzyl-1,3,4-oxadiazol-2-il-thioacetic acid 1.1-1.20
are shown in Table 3. In terms of the total amount of
urine substances 1.3 and 1.4 are the most promising. By
the diuretic activity (the difference in % relative to the
control) 1.17 and 1.20 are the most promising.

Comparing the experimental data obtained (Tab. 3)
it can be concluded that substances 1.17 and 1.20 are
the most active in comparison with the control.

The results of the study of cytotoxicity (Tab. 4)
have shown that the compounds synthesized have low
toxicity (Pr<20) and allowed to choose two substances
(1.17, 1.20), which are promising for further study.

Pr -100%,
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Table 2
Determination of parameters of 5-(4-R)benzyl-1,3,4-oxadiazol-2-il-thioacetic acid
amides 1.1-20 according to Lipinski’s Rule of Five
Parameters of compounds
Compound Molecular weight, | Molar refraction, Partition Number of Number of
MW MR cm coefficient, the hydrogen the hydrogen
Log P bond donors bond acceptors
1.1 268.24 67.14 2.6 5 3
1.2 252.28 71.57 2.3 3 3
1.3 383.46 105.54 2.5 5 3
1.4 427.47 112.03 2.9 5 3
1.5 383.46 105.53 2.7 3 3
1.6 424.30 105.94 2.4 5 3
1.7 457.85 106.10 2.3 3 3
1.8 403.88 105.73 2.5 2 3
1.9 369.43 105.98 2.8 3 3
1.10 369.43 100.91 2.9 3 3
1.11 405.46 113.84 24 3 3
1.12 431.50 121.22 2.5 3 3
1.13 443.53 115.64 2.6 4 3
1.14 325.38 89.92 2.4 2 3
1.15 369.43 100.91 2.9 4 3
1.16 397.44 105.66 2.8 4 3
1.17 35343 99.16 2.7 2 3
1.18 339.41 94.54 2.4 2 3
1.19 394.27 99.57 2.4 4 3
1.20 427.82 99.73 2.7 2 3
The range of values 252.28-457.85 67.14-121.22 2.3-2.9 2-5 3
The average value 355.07 94.18 2.6 35 3
The maximum
pe(remisasibleuvalue 460 130 >6 > 10
The optimal value 357 97 2.52 - -
Table 3
The diuretic activity of 5-R-benzyl-1,3,4-oxadiazol-2-il-thioacetic acid amides
Lhe average The average The average The amount of S The difference
Compound ose of the weight of the | total amount of urine per'1 OO,g D'.“Te“c in % relative to
substance, - of the animal'’s activity, %
ma/kg rat, g urine, ml weight, ml the control
1 3 4 5 6 7
1.1 344 213.33 3.87 1.81 58.22 -41.78
1.2 33.04 208.33 6.27 3.00 96.44 -3.56
1.3 31.84 235.00 7.33 3.10 99.66 -0.34
1.4 29.74 241.67 7.73 3.20 102.93 2.93
1.5 28.34 218.33 5.67 2.57 82.59 -17.41
1.6 29.84 243.33 6.77 2.80 117.09 17.09
1.7 28.43 230.00 6.40 2.78 116.43 16.43
1.8 28.13 230.00 5.13 2.23 93.39 -6.61
1.9 27.23 240.00 6.37 2.66 111.25 11.25
1.10 29.74 226.67 6.83 3.01 125.93 25.93
1.11 28.34 226.67 6.53 2.89 120.85 20.85
1.12 28.64 206.67 5.30 2.57 128.90 28.90
1.13 31.24 206.67 5.27 242 121.53 21.53
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Table 3 continued

1 2 3 4 5 6 7
1.14 31.24 220.00 4.20 1.91 95.83 -4.17
1.15 34.04 220.00 4.20 1.91 129.85 29.85
1.16 40.25 211.67 5.47 2.58 137.52 37.52
1.17 29.84 246.67 5.50 2.26 157.21 57.21
1.18 29.84 228.33 5.87 2.58 131.47 31.47
1.19 32.64 228.33 497 2.16 120.22 20.22
1.20 38.85 233.33 6.17 2.65 161.48 61.48
Table 4 CONCLUSIONS
1. Testing for compliance with the concept of “drug
Assessmrerrllircr)ggliecllﬁ aitr}ll rr:;e of bone likeness” of 20 structures of 5(4-R)benzyl-1,3,4-oxadi-
azol-2-il-thioacetic acid derivatives has been performed.
Compound Pr, % The results obtained have shown that the compounds
Control 523+0.23 obtained can be recommended for further study as com-
13 19.9440 42 pounds with favourable physicochemical properties ac-
1' 7 19'2710' 27 cording to Lipinski’s Rule.
] '17 7 '91 +_O 68 2. The study of the diuretic activity and toxicity of
: e the compounds synthesized (in vitro) has identified two
1.20 10.03+0.65 active compounds, which are relevant for further study.
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®PIBNKO-XIMIYHI MAPAMETPU TA OIYPETUYHA AKTUBHICTb AMIAIB 5-(4-R) BEH3WUI-1,3,4-
OKCAJIA30N-2-N-TIOALUETATHOI KUCNOTU

B.A.leopeisiHy, J1.0.lMepexoda, I.A.Cuy, J1.0.lpiHesu4, O.K.PsdHux, A.B.)Kypasesib

Knroyoei cnoea: 1,3,4-okcadiasorn; KOHUenuis «cxoxicms 3 nikamu»; lNpasuna JliniHCbKi;
diypemuyHa akmueHiCmb; 4UMOMOKCUYHICMb

lpyna apun(zemepun)amidie 5-(4-R)6eH3ur-1,3,4-okcadiazon-2-in-mioavemamHoi Kucriomu 6yna rpo-

mecmosaHa Ha 8i0rogiOHICMb KOHUENUIi «CXoXicmb 3 riikamuy, 0715 4020 3a O0rOMO20K KOMITHOMEPHOI

npoepamu ACD/Labs pospaxosaHi ix ¢i3uko-ximMidHi napamempu, Wo susHadyaroms 6iodocmyrHicms
3a «[llpasunamu JliniHcbKi». BecmaHosneHo, wo 3a3HaqyeHi crionyku Moxyms 6ymu pekomeHO08aHi
0r1s1 nodaribUoe2o 8UBYEHHS SIK maki, ulo 32i0Ho 3 Npasunamu JliniHcbKi Matome cripusmuei giauko-

XiMiYHi napamempu. Pe3yribmamu eU84eHHST CeYO2IHHOI akmugHOCMI, WO MPo2HO3yembCsi 051t OaHoI

epynu noxidHux 1,3,4-okcadiasony 3a OaHUMU KoM’ tomepHOi npoepamu PASS, nokasanu, wo 0esiKi
docnidxeHi amidu € nepcriekmugHuUMU diypemukamu. BusHayeHHsIM mokcu4yHocmi (in vitro) yux cro-
JIyK 3’1c08aH0, W0 80HU Maomb HU3bKY MOKCUYHicmb. [lposedeHuli hapmakonoaiyHuli CKpUHiHa
0o3eorus 8idibpamu 0Orisi noenubneHo2o docnidxeHHs 08i Halibinbw akmusHi AP,

PUSNKO-XUMNYECKUE NAPAMETPbI U ANYPETUYECKAA AKTUBHOCTb AMUOOB 5-(4-R)
BEH3UI-1,3,4-OKCAAUA30/1-2-UN-TUOYKCYCHOW KNCNOThI

B.A.leopzusiHy, J1.A.llepexoda, N.A.Cbi4, J1. A.puHeeuy, E.K.PsiOHbix, A.B.)XXypaeenb
Knroyeenlie cnoea: 1,3,4-okcaduasorn; KOHUenuusi «cxo0cmeo 3 nekapcmeamuy; [pasura
JlunuHcku; duypemuyeckas akmueHOCMb, LUMOMOKCUYHOCMb

lpynna apun (2zemepur) amudos 5 (4-R) 6eH3ur-1,3,4-okcaduason-2-un-muoayemammHoul KUc/iomsl
bbina npomecmuposaHa Ha coomeemcmaue KOHUernuyuu «cxo0cmeo C siekapcmeamuy, 07 4eeo C
rmomMouwbto KoMribromepHou rpoepammbi ACD/Labs paccdumaHb! ux ghU3UKO-XUMUYECKUE napamempsil,
onpedensoujue buodocmynHocme o «llpasunam JTunuHCKU». YecmaHo8/neHo, Ymo yKa3aHHbIe Coe-
OuHeHus1 Moeym bbimb pekoMmeHO08aHbI Oris1 OaribHelWea20 U3yYeHUs1 Kak makue, Komopable coarac-
Ho «[llpasun JlunuHcku» umerom brazonpusimHbie pU3UKO-XUMUYecKue napamempsi. Pe3ynbmamai
U3y4yeHUs1 MOYe20HHOU akmugHOCMuU, Komopasi rnpogHo3upyemcs 0551 0aHHOU 2pyrirbl MPOU3800HbIX
1,3,4-okcaduasona rno 0aHHbIM KOMrbomepHoU npozpammbl PASS, nokasanu, 4mo Hekomopsble uc-
criedosaHHble amMudbi 8/1SI0MCS nepcrnekmusHbIMU Ouypemukamu. OnpedeneHUeM MOKCU4YHOCMuU
(in vitro) amux coeOuHeHuUl ycmaHO8/IEeHO, YMO OHU UMEM HU3KYH MOKCUYHOCMb. [1pogedeHHbIl
ghapmakonoaudeckuli CKpUHUH2 r10380s1us1 omobpams 01151 yernybreHHo20 uccriedosaHusi 0ea Hau-
bonee akmusHbix BAB.



