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To check for conformity of the “drug-likeness” concept in the series of functional derivatives of N-R-
amines their physicochemical parameters have been calculated using the ChemBio3D Ultra 14.0
software; they determine bioavailability according to Lipinski rules. The abovementioned derivatives
are shown to be promising for further study. Using the correlation and regression analysis the quantitative
“structure — antimicrobial activity” relationship has been determined among some N-R-amines; it can
be useful while searching biologically active substances in the given series.

Determination of the «structure — action» relation-
ship is widely used in modern chemistry of biologically
active substances to predict their possible pharmacolo-
gical activity [3].

The methods for determining the quantitative “struc-
ture — activity” relationship (QSAR) allow assessing the
influence of the chemical structure on the biological ac-
tivity of molecules using computer-aided molecular de-
sign by constructing mathematical models, and it is much
better than carrying out the experiment. In addition, on
the basis of the models obtained there is a possibility to
consider properties of the new compounds synthesized
and predict new structures with desirable properties [2, 15].

The “drug-likeness” concept is used when developing
medicines to provide the conformity of a potential bio-
logically active substance to certain criteria, in particular it
should be bioavailable. The chemical structure is estimated
in advance before carrying out the synthesis and biological
testing, primarily tests for solubility in water and fats.

The number of donors of hydrogen bonds and the
presence of the alkyl side chains in the molecule affect the
parameter mentioned. A small number of donors leads
to the low solubility in water and a slow absorption and
action. Too many hydrogen bond donors lead to low li-
pid solubility, therefore, the molecule cannot penetrate
through the cell membrane. The molecular weight also
significantly affects transmembrane transport: the less it is,
the better (most of the known drugs have the molecular
weight from 200 to 600 units, in particular <500) [6, 13].

Based on the observation that most drugs are rela-
tively small and moderately lipophilic molecules Chris
Lipinski introduced the famous Rule of five in 1997 [12].
It describes the molecular properties, which are impor-
tant for pharmacokinetics of the drug in the body, inclu-
ding absorption, distribution, metabolism, and excretion
(“ADME”) [10], however, it does not predict the presen-
ce of the pharmacological activity in compounds.

The traditional method of “drug-likeness” assessment
is to check for conformity to Lipinski rules, which con-
sider the number of hydrophilic and hydrophobic groups,
molecular weight and lipophilicity [11]. According to these

rules the molecule should have a value (not more): logP— 5.6,
molecular weight (MW) — 480 g/mol, molar refraction
(MR) — 130 cm?, and consist of 20 to 70 atoms [17]. Mo-
lar refraction is the volume of all molecules contained
in one mole of a substance, characterizes the ability of
all electrons located in it to polarization and almost in-
dependent from temperature and the physical state of the
substance. This property allows using it successfully for
determining dipole moments of molecules, studying of
the molecular structure, forming hydrogen bonds, etc. [14].

The aim of this work is to determine conformity of
a number of functional derivatives of N-R-amines to the
“drug-likeness” concept and identify the quantitative
“structure — microbiological activity” relationship.

Materials and Methods

Previously [8] the microbiological activity of N-R-
amines 1-20 (Tab. 1) was studied, the values of the distri-
bution coefficients for these compounds were calcula-
ted [9]. Using the values obtained the possible quantita-
tive relationships were determined, and the “structure —
action” relationships in the given series compared to the
data of the biological activity experimentally obtained
were discussed.

To check for conformity to Lipinski rules the physico-
chemical parameters determining bioavailability of N-
R-amines 1-20 were calculated using the ChemBioOf-
fice 2014 software, in particular ChemBio3D Ultra 14.0 [5];
statistical processing of the results was carried out using
the STATISTIKA 8 program [16] (Tab. 2). According to
the requirements of mathematical statistics the correla-
tion coefficient indicates the neighbouring relationship
between the signs: at values less than 0.3 — the relation-
ship is absent, in the range of 0.3-0.7 — it is medium,
over 0.7 — it is strong [17].

Molar refraction is an important physicochemical pa-
rameter, which allows to assess the complex of the mo-
lecule properties and its potential bioavailability. There-
fore, the next logical step was to determine possible cor-
relations and quantitative ratios of the data of the bio-
logical activity experimentally obtained with the values
of MR calculated (Tab. 1, 2).
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Table 1
Data of the antimicrobial activity of
compounds 1-20 [8]
The inhibition zone diameter, mm
(the average value)
No. § = é .§ § é
s | S| 2] %] 5] s
S ui S S 2 S
%] [N S [8a] U
Qs
1 10 10 10 10 10 10
2 10 10 10 10 10 10
3 10 10 10 10 10 10
4 10 10 10 10 10 10
5 12 12 10 10 10 10
6 13 12 10 10 10 10
7 15 14 10 10 15 14
8 10 10 10 10 10 10
9 20 15 20 18 21 14
10 15 15 13 10 10 15
11 10 10 10 10 10 10
12 20 18 20 20 17 15
13 20 18 19 20 25 20
14 21 17 18 20 25 20
15 40 26 23 22 39 18
16 40 25 22 20 39 20
17 42 25 22 23 39 19
18 22 19 18 18 24 16
19 10 10 10 10 10 10
20 10 10 10 10 10 10
Scatterplot: MR vs. S. aureus
S. aureus = 32,540 - 5,217 * MR
45 Correlation: r = -,6102
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Fig. 1. Correlation of the antimicrobial action against
S. aureus and MR.

Results and Discussion

All of the compounds studied due to a combination
of the physicochemical properties meet the requirements
for new BAS at the stage of testing their biological ac-
tivity (corresponding to Lipinski rules).

All in all, 20 compounds were included in the sta-
tistical sample. During statistical processing of the re-
search results in the analysis of the sample with the length
of 20 cases the values of Pearson correlation coefficients

Scatterplot: MR vs. E. coli
E. coli=22,783-2,846 * MR
o8 Correlation: r = -,6341
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Fig. 2. Correlation of the antimicrobial action against E. coli and MR.

Scatterplot: MR vs. P. vulgaris
P. vulgaris = 20,634 - 2,273 * MR
Correlation: r = -,5379
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P. vulgaris

Fig. 3. Correlation of the antimicrobial action against
P. vulgaris and MR.

Scatterplot: MR vs. P. aeruginosa
P. aeruginosa = 20,969 - 2,447 * MR
Correlation: r = -,5736
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Fig. 4. Correlation of the antimicrobial action against
P. aeruginosa and MR.

more than 0.40 (p<0.05) were considered to be statisti-
cally significant [1].

The dependence of the microbiological action of com-
pounds 1-20 on MR has a nonlinear character, and rea-
ches maximum values for compounds, which MR value
is in the range close to the average value (1.63-2.80)
(Tab. 1, 2). The minimum values of activity were obser-
ved for compounds with the MR values from 2.90 to 4.61.
The maximum activity of all compounds tested were
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The calculated physicochemical parameters of functional derivatives of N-R-amines

Table 2

Parameters
The number | The number
No. C d
© ompoun MW, g/mol MR, cm? AlogPs [9] of acceptors of | of donors of
H-bond H-bond
1 CH;NH, 31.06 1.00 -1.06 1 1
2 CH,CH,NH, 45.08 1.47 -0.2 1 1
3 HOCH,CH,NH, 61.08 1.63 -1.53 2 2
4 (CH,),NH, 45.08 147 -0.53 1 1
5 (CH,CH,),NH 73.14 2.40 0.76 1 1
6 (HOCH,CH,),NH 105.14 2.71 -1.41 3 3
7 (CH,);N 59.11 1.94 -0.14 0 1
8 (CH,CH,),N 101.19 333 157 1 0
9 (HOCH,CH.),N 149.19 3.79 -1.38 4 3
10 (CH),N 74.15 2.49 -1.59 0 0
(0]
1 HzNy 75.07 1.66 334 2 2
OH
HNA(O
12 J OH 105.09 2.28 -3.24 3 3
o)
13 HO/\NAO(H 135.12 2.90 -1.76 4 3
H
\I
14 j‘“g 150.15 3.45 -1.94 3 3
O
15 qu 89.09 2.13 -3.06 2 2
OH
/—QO
16 N oH 103.12 2.59 -1.70 2 1
~
17 \+N\ OH 118.16 3.14 -1.90 1 1
/
N
18 @J/‘%O 163.18 461 139 2 1
HO
r\Il
19 @_/ 179.22 5.10 -0.32 2 1
HO
'L+
20 ©4| 194.25 5.65 -1.40 1 1
HO
Limits 31.06-194.25 1.00-5.65 -3.34-1.57 0-4 0-3
Average value 102.86 2.79 -1.14 1.8 1.55
Maximum permitted value 460 130 5.6 5 10

observed against gram-positive microorganisms (B. sub-
tilis and S. aureus), the less activity — for gram-negative
microorganisms (E. coli, P. vulgaris, P. aeruginosa) and
fungi (C. albicans). It may be associated with peculiari-
ties of the cell wall structure [4].

Analysis of the results of statistical processing in-
dicates that the MR values calculated correlate satisfac-

torily (%, the negative values of the correlation coef-
ficients) with the experimental data of the antimicrobial
activity of compounds 1-20 against S. aureus (r=-0.6102),
E. coli (r=-0.6341), P. vulgaris (r=-0.5379), P. aeru-
ginosa (r=-0.5736), B. subtilis (r=-0.6117) and C. al-
bicans (r = —0.5526) and are statistically significant
(Fig. 1-6).



62 ISSN 1562-7241 (Print)

BICHWK ®APMALIIT 2(86)2016

ISSN 2415-8844 (Online)

Scatterplot: MR vs. B. subtilis
B. subtilis = 32,298 - 5,238 * MR
Correlation: r = -,6117
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Fig. 5. Correlation of the antimicrobial action against
B. subtilis and MR.

The mentioned combinations of Pearson correlation
coefficients and importance factors indicate the accuracy
of graphs and equations given in Fig. 1-6.

Therefore, previously expressed views [8] concerning
the presence of the “structure — action” relationship and
the degree of its expression have been quantitatively con-
firmed by calculation methods. The results obtained al-
low us to predict the presence and the degree of the bio-
logical action expression in the series of N-R-amine de-
rivatives, as well as conduct a targeted search for bio-
logically active substances in the given series.

CONCLUSIONS

1. Testing of a number of functional derivatives of
N-R-amines for conformity of the “drug-likeness” con-
cept has been conducted. The results obtained have shown
that the compounds can be recommended for further study

Scatterplot: MR vs. C. albicans
C. albicans = 18,254 - 1,724 * MR
Correlation: r = -,5526
22 ~
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Fig. 6. Correlation of the antimicrobial action against
C. albicans and MR.

as those that have favourable physicochemical parame-
ters according to Lipinski rules.

2. To determine the quantitative “structure —action”
relationships the correlation and regression analysis of
the MR values calculated, as well as the results of the
experimental studies of the antimicrobial activity of the
compounds under research has been carried out.

3. Statistically significant values of the MR index
correlation with the values of the antimicrobial action
of N-R-amine derivatives against S. aureus, E. coli,
P vulgaris, P. aeruginosa, B. subtilis and C. Albicans
have been found, and it has quantitatively confirmed
the assumptions previously expressed concerning the
presence of the “structure — action” relationship in
the given series of compounds and the degree of its
expression.
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MOJEKYNAPHI NAPAMETPU TA AHTUMIKPOBHA AKTUBHICTb ®YHKLIOHAJIbHUX
NOXIOHUX N-,R-AMIHIB

M.FO.lNonik, O.C.Kpucskie, K.1.[Jydka, O.B.KonicHuk

Knrouosi cnoea: monekynspHi deckpunmopu, KoHuyenuis «drug likenessy; npasuna JliniHCbKI;
aHmumikpobHa akmueHicmb

[ns nepesipku Ha 8idnosidHicmb KoHuenuii «drug likeness» psidy ¢byHKyioHanbHUX noxioHux N-,R-
amiHie 3 sukopucmaHHsm ripoepamu ChemBio3D Ultra 14.0 pospaxosaHi ix ¢hi3uKo-XimMidHi napamempu, siKi
gu3Havaromp 6io0ocmyrnHicmb 32i0HO 3 «ripasunamu JliniHCbKi» ma rokasaHo, w0 32adaHi NoxiOHi
€ repcrekmusHUMU 01151 00arbLO20 8UBHEHHS. 3 BUKOPUCMAaHHSIM KOPEersUiliHO-pespeciliHo2o aHarisy
8CMaHOBIIEHO KiNlbKICHUU 38’130K «CmpyKmypa — aHmumikpobHa akmueHicmb» ceped desikux N-,R-
amiHie, Wo Moxe bymu KOpucHUM i Yac nowyky 6iofo2idyHO akmugHUX CroTyK y 3a3Haq4eHoMy psidy.

MOJEKYNAPHbIE NAPAMETPbI U MPOTUBOMUKPOBHAA AKTUBHOCTb
®YHKLUMOHATIbHbLIX MPOU3BOAHbIX N-,R-AMUHOB

H.FO.lMonuk, O.C.Kpbicbkus, K.U.Oydka, E.B.KonecHuk

Knroueenie croga: morneKyrnspHbie 0ecKpunmopsbl; KoHuenuus «drug likenessy»; npasuna
JlunuHcKu; MPomMueoMUKPObHas akmueHOCMb

[ns nposepku Ha coomeemcmeue KoHuenuyuu «drug likeness» psida goyHKUUOHaTbHBIX MPOU3BOOHbIX
N-,R-amuHo8 ¢ ucrionb3ogaHuem ripoepammbl ChemBio3D Ultra 14.0 paccyumaHbl ux ¢bu3uKo-xu-
mu4yeckue napamempsl, onpedensouue buodocmynHocms coanacHo «npaesus JlunuHcku» u no-
Ka3aHO, Ymo yKa3aHHbIe MPOoU3800HbIEe S6MSIIOMCS repcrieKmueHbIMU 051 darnbHelwea0 U3y4YeHUus.
C ucnonb308aHUeM KOppensiyUuOHHO-pe2peccUOHHO20 aHau3a ycmaHoeneHa KonudyecmeeHHasi
83aUMOC853b «CMPyKmMypa — aHmMuMUuKpobHasi akmusHoCcmb» cpedu Hekomopsbix N-,R-aMuHo8, 4mo
Moxem 6bimb MOe3HbIM MPU MoUcKe bUoI02UYECKU aKMUBHbIX 8eU,ecmes 8 ykasaHHOM Psoy.



