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The antimonoamine oxidase activity of bis-triazole derivatives bound by a phenyl and
octamethylene linkers was studied. The acetic acid residue and its derivatives act as substituents in
the target bis-triazoles, imparting polar properties to the compounds. In vitro experiments have
shown that most of the synthesized compounds exhibit antimonoamineoxidase activity.

An attempt was made to compare the antimonoamineoxidase properties of the compounds
with the known integral molecular descriptors: lipophilicity, molar refraction, polarizability and
molar volume, obtained using the ACD/ChemSketch program (version ACD/Labs 6.00), as well as
with data on inhibition of tumor DNA methylation.

Substituted bis-1,2,4-triazoles — 1,4-phenylene linker — octamethylene linker — antiMAQ activity —
integral molecular descriptors — DNA methylation inhibitors — structure-activity relationship

NtuntlUwuphnybl BU phu-innphwgnih wéwlgjuubph  hwywdnunwuht  opuhnwquwjht  wy-
wnhyniyniultpp, npnup Yuwdwsé Bu $Euh; b oyuwdtphitl Ywwhsubpny: Rwgwhiwereyh Jluw-
gnpnp W npw wéwugjwubnpp phpwhiwihu phu-inphwgniuGpnd gnpénwd BU npwtu thnfuwphupguGp®
dhwgntpjntllbphu hwnnpnbind pllbnwiht hwwnynie)nil: IGnwgnunniejntlutph  In vitro thnpadkpp
gnyg bGU wdb, np uhupbqudé  Jhwgnienilubph  JGd  dwup  gnigwpbpnd  BU hw-
JwudnunwUhUopuhnwquwjht wywnhynipinil: NeuncdUwuhpnieintbutph bwwwnwyu £ Bntp hwdtdwwnt)
Jhwgntpntultnh hwywdnunwdhbopuhnwquiht hwwnynientlubpp hwjwnuh hunGgpwy UniGynciwihu
Uywpwaphgubph hGw' thwyndhinuenit, Unwiht pGynwd, plbnwgnid W dnpwihu Swywy, npnup
uinwgyt| U ACD/ChemSketch 6pwgnph Uhgngny (lnwppGpwy ACD/Labs 6.00), huswGu bwl ndjwiutp
nLnnigeh YUfe-h Ubehiwgdwl wngbjuydwl yEpwpbpjwi:

Onfuwnphluywé phu-1,2,4-inphwgniun — 1,4-pEUpiEUwhl Yuwnn — oyunwdtphEU Yuwnn —
hwlywMAO wlwinhynipintt — hunbgnwy dniGyncwghl Uquwpwagphsubn — Yie-h dGehjwgdwl
hUuhhphwinpUtn — Yuwnnigdwée-wlinhynieintl hwnpwptnpnieinllubn

W3y4yeHa aHTMMOHOaMHUHOKCH/Ia3Hasi aKTUBHOCTH NPOHM3BOIHBIX OHMC-TPHA30JIOB, CBSI3aH-
HBIX (DEHUIIEHOBBIM U OKTAMETHJICHOBBIM JIMHKEpaMu. B kauecTBe 3amecTuTeNnel B IeNeBbIX OHC-
TpHa30JIaX BBICTYIAET OCTATOK YKCYCHOH KHCIOTBI U €€ IPOU3BOHBIE, IPUAAIONINE COSIUHECHUIM
THOJSIPHBIC CBOMCTBA. B ombITax in Vitro mokasaHo, 4To GONBITMHCTBO CHHTE3MPOBAHHBIX COEIANHE-
HUI1 OPOSIBIAIOT AaHTUMOHOAMUHOKCHIA3HYI0 aKTHBHOCTD.

IIpeanpunsaTa NONBITKA CPABHUTH AaHTUMOHOAMUHOKCH/Ja3HbIC CBOMCTBA COEAUHEHUH C U3-
BECTHBIMU MHTETPATbHBIMU MOJIEKYISIPHBIMHU JECKPUIITOPAMH: JINO(UILHOCTBIO, MOJISIPHOH ped-
paxuuei, HoJIsIpU3yeMOCTHIO U MOJSIPHBIM 00BEMOM, MTOIYIEHHBIMH C TIOMOIIBIO MPOTPAMMEI
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ACD/ChemSketch (Bepcust ACD/Labs 6.00), a Takke ¢ JaHHBIMH 110 HHTHOMPOBAHHUIO METHIIH-
poBanus onyxouesoii JJHK.

3amewennvie 6uc-1,2,4-mpuazonvi — 1,4-henunenogulii iunkep — OKMAMEMUNCHOBLLIL TUHKED —
anmuMAO axmusHoCmb — UHMeE2PATLHBIE MONEKYIAPHbIE 0ECKPUNMOPLL — UHSUOUMOPbL
memunuposanus JJHK — céa36 cmpykmypa-akmueHoCns

The functionalization of ring systems of heterocycles by a set of substituents with
different stereoelectronic properties is considered as a well-developed strategy for the
discovery of new drugs. In addition, in recent years, the number of studies on the
discovery of potential drugs based on heterocyclic compounds with new structural
features, in particular, bis -heterocycles.

Given the rather wide range of biological properties exhibited by substituted
1,2,4-triazoles [4], we studied the antimonoamine oxidase activity of two series of
substituted bis-1,2,4-triazoles [2], the generalized construction of which is shown in
Scheme 1.
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Scheme 1. Generalized structure of the synthesized bis-triazoles
with the arrangement of polar

A feature of the studied compounds is the dimeric structure of the molecules, in
which two fragments of 1,2,4-triazole are linked by a hydrophobic linker in the form of a
benzene ring or an octamethylene chain. In addition, in position 4 of the rings of 1,2,4-
triazoles there are hydrophobic phenyl and allyl groups, and in position 5 there is a
residue of thioacetic acid and its derivatives exhibiting hydrophilic properties.

In the case of bis-triazoles linked via an aromatic phenyl linker, an extended 7-
conjugation chain is formed, covering both triazole rings and the phenyl group. This
feature of the structure gives the molecule a certain rigidity in terms of the spatial
arrangement of linearly connected triazole rings, since rotation is possible only around
the axis passing between the C1-C4 atoms of the benzene ring (structure A, fig. 1).

A different picture emerges in the case of bis-triazoles linked via a flexible and
sufficiently extended octamethylene linker, where, due to the absence of a n-conjugation
chain, different mutual spatial orientations of heterocycles are admissible (structure B,
fig. 1).

In this regard, we note that we have previously shown that, in this series, bis-
triazoles A with a rigid phenyl linker, in contrast to analogs B with an octamethylene
linker, significantly more strongly inhibit the level of tumor DNA methylation [1]. It is
also appropriate to raise the question of a possible relationship between the level of
monoamine oxidase inhibition and tumor DNA methylation, which can be used for
preliminary indication of the antitumor properties of compounds, since DNA
methylation inhibitors are considered as potential anticancer compounds.

41



A.S. GRIGORYAN, S.V. DILANYAN, A A. HARUTYUNYAN

B

Fig. 1. Spatial image of bis-triazoles on a 3D-model

In order to establish structural requirements for the maximum manifestation of
antimonoamine oxidase properties, the values of several physicochemical descriptors,
such as lipophilicity of compounds (logP), molar refraction (MR) as a measure of the
volume occupied by a group of atoms, polarizability (Pol) of molecules, that is, the
ability to acquire a dipole moment in an electric field and a molar volume (MV), which
characterizes the packing density of molecules.

Thus, we present the results of studying the antimonoamineoxidase activity of
bis-1,2,4-triazoles 1-21 (Scheme 2) and discuss the effect of steric and electronic factors
of substituents in the ring of 1,2,4-triazole and the linker on the bioclogical activity of the
compounds. Note that the antimonoamine oxidase properties of the most active bis-
triazoles 9,17,18,21 were already briefly discussed in the previous communication
without a detailed comparison of the biological activity and the values of
physicochemical descriptors [3].
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Scheme 2. Structure of synthesized bis-triazoles
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1-15: R, RY, R? = 1,4-(CsHa), Ph, H (1); 1,4-(CsH4), All, H (2); (CH,)s, Ph, H (3):
(CH,)s, All, H (4); 1,4-(CsHa), Ph, CH,CONH, (5); 1,4-(C¢Hs), Ph, CH,COOH (6);
1,4-(CeHa), All, CH,CONH, (7); 1,4-(CsHa), All, CH,COOH (8); 1,4-(CeHJ), All,
CH,COOEt (9); (CH,)s, Ph, CH,CONH, (10); (CH,)s, Ph, CH,COOH (11); (CH,)s,
Ph, CH,COOEt (12); (CH,)s, Ph, CH»(2-CICsH,) (13);  (CH,)s, All, CH,CONH, (14);
(CH,)s, All, CH,COOH (15).

16-20: R, R*, R* = 1,4-(C¢Hs), Ph, CH,CN (16); 1,4-(C¢Ha), Ph, N(CH,)s (17);
1,4-(C6H4),A", CHZCN (18), (CHg)g, Ph, N(CH2)5 (19), (CHz)g, A", CH2CN (20)

Materials and methods. The source of monoamine oxidase (MAQO) was a 50% rat brain
homogenate, which was obtained by homogenizing the brain in a glass homogenizer with an equal
(by weight) volume of a 2.5% Arcopal solution. Activity (MAQO) was determined in the resulting
homogenate. Oxygen saturation was carried out for 5 min at 37°C and then the samples were
incubated in an oxygen atmosphere for 45 min at 37°C. The reaction was stopped by adding 0.2 ml
of 50% trichloroacetic acid. The protein precipitate was separated by centrifugation at 3000 rpm.
In the protein-free supernatant, the ammonia content was determined by isomeric distillation for
24 h, followed by neslerization and photometry on a FEK-56-2 photometer-nephelometer. MAO
activity is expressed as % of control; indopan was used as a control drug.

Each compound was tested in 3-4 experiments, the obtained results were processed statistically
according to Student — Fisher.

Results and Discussion. According to the data obtained, most of the substituted
bis-triazoles connected via a phenyl linker exhibit moderate anti-MAO-ase activity,
practically independent of the nature of the substituents in the N* and N? positions of the
triazole ring or at the S atom (tab. 1). The starting mercapto derivatives 1-4, regardless
of the substituents at the N* atom, exhibit antimonoamineoxidase properties similar to
their alkylated products.

A slightly different picture emerges when regularities are established between the
structure and activity for triazoles 10-15, in which both rings are linked by an
octamethylene linker. Compounds 10-13, in which the phenyl group is located at the N*
position, exhibit rather weak antiMAO activity (enzyme inhibition 27-37 %), while the
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replacement of this group with an allyl group in compounds 14,15 leads to a significant
increase in inhibitory properties (enzyme inhibition 60,65 9%). Note that some
compounds in the series of bis-substituted triazoles (compounds 2,7,8,11,15,18,21)
inhibit the level of DNA methylation in the range of 31.3-67.2 %, and compound 6 — at
the level of 82.8 % (control — natural antibiotic doxorubicin 67.2 %).

No correlation was noted between antimonoamineoxidase activity and the level of
DNA methylation inhibition.

Molecular descriptors such as lipophilicity (LogP), molar refraction (MR),
polarizability (Pol) and molar volume (MV) obtained using the ACD/ChemSketch
program (ACD/Labs version 6.00)

Table 1. Antimonoaminooxidase activity compounds 1-21
and calculated physicochemical descriptors

Coenunenne | MAO, %* p LogP MR* Pol* MV*
1 58+1.6 <0,05 8.07+0.83 125.97 49.93 | 3017
2 78+3.0 <0,05 5.35+0.81 103.04 40.85 | 260.6
3 70+2.6 <0,05 7.92+0.79 137.74 54.60 | 362.3
4 58+1.6 <0,05 5.19+0.77 114.81 4551 | 3213
5 60+1.8 <0,05 5.70+0.82 150.91 59.82 | 3654
6 53+1,4 <0,05 7.59+0.80 148.78 58.98 | 366.4
7 7242.6 <0,05 2.97+0.80 127.98 50.73 | 3245
8 66+1,8 <0,05 4.8740.78 125.86 49.89 | 3255
9 78+2,4 <0,05 6.86+0.79 145.0 57.48 | 406.4

10 32 - 5.54+0.78 162.68 64.49 | 426.0
11 32 - 7.44+0.76 160.55 63.64 | 427.0
12 37 - 9.42+0.77 179.69 71.23 | 507.8
13 27 - 12.91+0.72 207.34 82.19 | 559.8
14 60+2.0 <0.05 2.82+0.76 139.75 5540 | 385.1
15 65+1,6 <0,05 4.71+0.73 137.63 5456 | 386.1
16 62422 <0,05 1.344+0.86 150.04 5948 | 3715
17 70+2,8 <0,05 4.89+0.90 185.90 73.69 | 470.7
18 70+1,8 <0,05 -0.50+0.88 127.11 50.39 | 330.5
19 56+1,8 <0,05 5.60+0.90 198.97 78.87 | 541.8
20 60+1,6 <0,05 0.21+0.87 140.19 55.57 | 401.7
21 78+1,8 <0,05 6.88+0.83 138.44 54.88 | 333.6

MAO: inhibition of monoaminooxidase (MAO), concentration 1 Mxmos/mi1.
MR* (Molar Refractivity): N-0.5sm* Pol*(Polaribility): N+0,5 102* sm®;

MV* (Molar Volume): N£7.0 sm®, F — furazolidone, | — indopane.

If in a number of studied compounds there is no correlation between the
lipophilicity of the compounds (LogP) and the level of MAO inhibition, then a certain
correlation is observed with respect to other descriptors used. With the exception of
triazoles 17 and 19, for almost all compounds inhibiting monoamine oxidase, the value
of the volume of molecules (MR) is in the range of 103.04-150.91+0.5sm>, while for
low-active compounds 10-13, the volume of molecules is in the range of 160.55-
207.34+0.5sm’. The value of polarizability (Pol) for active molecules is within 40.85-
59.82+0.5 10* sm?, and for inactive compounds 10-13 - 63.64-82.19+0.5 10 sm®.
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Finally, the molar volume of more active compounds is in the range of 260.6-
406.4+7.0 sm®, and for low-active compounds 10-13 - in the range of 426.0-559.8+7.0
sm®. Thus, bis-triazoles 10-13, in which two triazole fragments are linked by an
octamethylene linker, have increased calculated values of molar refraction descriptors,
polarizability, and molar volume, along with weak antiMAO activity. The exceptions are
two bis-derivatives with an N*-phenyl group and a piperidine residue 17 and 19, which,
regardless of the nature of the linker and the values of the above descriptors, exhibit
certain anti-MAQ properties, inhibiting the activity of the enzyme by 70 and 56%,
respectively.
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