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MOLECULAR STRUCTURE AND QUANTUM
CHEMICAL CALCULATIONS
4-ETHYL-5-2-HYDROXYPHENYL)-1,2,4-TRIAZOL-3-THIONE

Abstract. The article is devoted to the study of the spatial structure of 4-ethyl-5-(2-hydroxyphenyl)-1,2.4-
triazole-3-thione. The molecular and crystalline structure was determined by x-ray diffraction analysis. Data on the
spatial structure and crystal packing of the molecule are presented. It is established that phenyl and triazole rings are
flat. Due to hydrogen bonds, the molecules in the crystal form three-dimensional networks. The results of an X-ray
diffraction study were deposited at the Cambridge Center for Crystal Structural Data. The structure of the
synthesized 1,2,4-triazole was studied by 1H NMR spectroscopy. When analyzing the 1H NMR spectrum of the
compound, characteristic signals of the protons of the aromatic ring are observed. The value of the chemical shift and
the integrated signal intensity are determined. A quantum chemical study of 4-cthyl-5-(2-hydroxyphenyl)-1,2,4-
triazole-3-thione was carried out by the DFT method using the B3LYP exchange-correlation functional in
combination with the Danning basic set cc-pVDZ. The molecular characteristics of the compound, such as total
electron energy, rotational constants, dipole moment and contributions, and thermodynamic functions, are predicted.
The equilibrium geometric parameters of the 4-ethyl-5-(2-hydroxyphenyl)-1,2.4-triazole-3-thione molecule were
determined. The performed analysis of the spatial configuration and molecular parameters showed a qualitative
correspondence between the crystalline and gas-phase structures of the molecule, while it was noted that the main
difference is observed in the relative orientation of six- and five-membered cycles.

Keywords: crystal structure, x-ray diffraction, 1,2 4-triazole, 4-cthyl-5-(2-hydroxyphenyl)-1,2,4-triazole-3-
thione, quantum chemical calculations, DFT method, geometric and energy characteristics.

Introduction

Derivatives of 1,2 4-triazole provide great synthetic possibilities for obtaining new effective drugs. A
number of 1,2 4-triazole derivatives have been successfully used in medicine as medicines for the
treatment of fungal and viral infections, diseases of the cardiovascular system, etc. [1-4]. New derivatives
of 1,2,4-triazole are known, which have shown antiviral [5, 6], anti-inflammatory [7, 8], anticonvulsant [9,
10], antitumor [10, 11], antibacterial [12, 13] and other types of activity .Consequently, some of the 1,2,4-
triazole derivatives have been approved as drugs, such as anastrazole, letrozole, risatriptan, ribavirin,
alprazolam, fluconazole and posaconazole. This leads to intensive studies of both the preparation methods
and the properties of the new derivatives of 1,2 4-triazoles.

It 1s well known that s-triazoles can exist in two tautomeric forms, and most studies have shown that
the thion form was dominant in the solid state and in a neutral solution [14-16]. However, there are some
studies that describe the presence of a thiol form [17-20].
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Nevertheless, it was shown that thiolthionetautomerism plays an important role in several processes
related to biological activity, such as proton transfer and hydrogen bonds [21-24].

Currently, X-ray diffraction analysis is one of the most informative, unique and accurate tools for
studying the spatial structure of synthesized compounds, which has made a significant and decisive
contribution to the study of almost all inorganic and organic classes [25].

Previously, we synthesized a number of 1,24-triazoles based on hydrazides of o- and p-
hydroxybenzoic acids, which were obtained by interaction with thiosemicarbazides in an aqueous solution
of caustic potassium followed by acidification with acetic acid. X-ray diffraction analysis was used to
characterize the crystal structure of 4-allyl-3-(4-hydroxyphenyl)-1H-1,2 4-triazole-5(4H)-thione [26-28].In
continuation of studies in this direction, we present experimental data on the spatial structure and
calculated quantum chemical parameters of 4-ethyl-5-(2-hydroxyphenyl)-1,2 4-triazole-3-thione (1).

Experimentalpart

The NMR'H spectrum was recorded on a Bruker DRX500 spectrometer (500 MHz) in a DMSO-
dgsolution relative to the internal standard — TMS.

X-ray diffraction analysis of 4-ethyl-3-(2-hydroxyphenyl)-1,2.4-triazole-3-thione (1). Crystals for
X-ray diffraction analysis were obtained by double crystallization of compound 1 from 2-propanol.

Cell parameters and intensities of 3461 reflections (1340 independent, R;; = 0.0223) were measured
on a «Bruker P4»diffractometer (MoK, graphite monochromator, ® scanning, 2.96°<6<22.44°) at a
temperature of 298 K. Monoclinic crystals, a=9.8479(6), b =7.9892(7), c=13.914(1) A, B=102.616(3)",
V=1068.3(1) A’ Z=4 C,;H.N;0;, space group P2/c, d,,,=1.376 r/em’ u = 0.279 mv'. The initial array
of the measured intensities was processed and absorption was taken into account using the SAINT and
SADABS programs (multi-scan, Ty,;, = 0.7072, T.x = 0.7448) [29].

The structure is deciphered by the direct method. The positions of non-hydrogen atoms are refined in
the anisotropic approximation by full-matrix least squares. Hydrogen atoms of the hydroxyl and amino
groups were identified from difference synthesis and their positions were refined in the isotropic
approximation, the remaining hydrogen atoms were placed in geometrically calculated positions and their
positions were refined in the isotropic approximation with fixed positional and thermal parameters (rider
model). In the calculations, 1191 reflections of independent reflections with 7 > 20(/) were used, the
number of refined parameters is 145. Final divergence factors: R; 0.0301, wR, 0.0786(for reflections with
1> 20(l)), R, 0.0347, wR, 0.0833 (for all reflections ), GooF=1.057. Peaks of residual density: Ap=0.146
and —0.219 e/A3. The structure has been deciphered and refined using the SHELXS [30] and SHELXL-
2018/3 |31] programs. PCA data in the form of a CIF file was deposited at the Cambridge Center for
Crystal Structural Data (CCDC 1921694).

The quantum chemical calculation for the 4-ethyl-5-(2-hydroxyphenyl)-1,2.4-triazole-3-thione
molecule in the gas phase was carried out using the density functional theory method (DFT/B3LYP) [32]
using the Gaussian program [33]. In this case, the correlation-consistent Dunning basis set cc-pVDZ was
used, which was specially developed to more fully take into account correlation effects.

Resultsanddiscussions

When analyzing the "H NMR spectrum of compound 1, characteristic signals of the protons of the
aromatic ring are observed. So, the signals of the protons of the aromatic ring are recorded at 7.78 ppm.
(Juonp8.7 Hz), 6.81 ppm (Jueup 8.7 Hz), 7.32 ppm (1H, CH*,,), 7.02 ppm. (1H, CH',.,,) in the form of
doublets, respectively. At 6.95 ppm (1H, CH?,.on), 7.42 ppm. (1H, CH’ o) signals appear in the form of
triplets. In a weak field, signals of protons of aromatic hydroxyl are recorded at 10.33 ppm. and thioamide
N-H proton at 13.8 ppm in the form of two small broadened singlets. Signals of methyl group protons
resonate at 1.05 ppm. (Juy7.1 Hz) as a triplet and methylene group at 3.85 ppm. (Jyu7.2 Hz) as a quartet.

The spatial structure and packaging of the 4-ethyl-5-(2-hydroxyphenyl)-1,2.4-triazole-3-thione
molecule (1) are shown in Figures 1 and 2.
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Figure 2 — Packing molecule 1 in the crystal
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From the obtained data of X-ray diffraction analysis, it follows that the bond lengths (table 1) and
bond angles (table 2) in compounds 1 are close to usual [34]. In molecule 1, the triazole ring is flat; the
atoms N1, N2, C3, N4, and C5 are coplanar with an accuracy of + 0.003 A. The sulfur atom S1, C6 of the
ethyl and C8 phenyl groups slightly leave this plane (by -0.051, 0.053 and -0.035 A, respectively). The
phenyl cycle, flat with an accuracy of + 0.001 A, is unfolded relative to the triazole by 85.6°. The O1 atom
of the hydroxyl group is practically located in this plane (0.013 A).

In the crystal, molecules 1 form an intermolecular hydrogen bond N2 @ H ... S1 (1-x, -y, 1 - 2)
(distance N ... $3.299 (2) A, H ... S 2.44 (2) A, angle N-H ... S 176 (2)°), linking the triazole moieties of
two molecules into dimers. The hydroxyl group forms a hydrogen bond with the N1 atom of another
molecule, O1 @H ... N1 (1-x, 1/2 -y, 1/2 - z) (distance O ... N 2.853(2) A, H... N 2.07(2) E, angle O - H
... N 175(2)°), forming in three-dimensional infinite grids.

A theoretical quantum-chemical approach was used to determine the physicochemical characteristics
of 4-ethyl-5-(2-hydroxyphenyl)-1,2 4-triazole-3-thione. In order to find the minimum energy configuration
of the molecule in the ground state, the structure is optimized for all independent coordinates. Figure 3
shows an optimized three-dimensional model of the molecule under study (according to quantum chemical
calculations). The calculated quantum-chemical structural parameters of the molecule are given (table 1
and table 2) in comparison with the experimental X-ray diffraction data.
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Figure 3 — Optimized Molecule 1 Structure (B3LYP/cc-pVDZ Method)

A comparison of the crystalline and gas-phasestructuresofthemoleculeshowed a
qualitativecorrespondencebetweenthem. The main differenceis therelativeorientationofthetwocycles.
Inthecrystallinestructure, thetorsionangleis -93.6 °, for a moleculeinthegasphaseitis -54.62 °©.
Accordingtoquantum-chemicalcalculations, valencebondsbetweenatomsin a gas-
phasemoleculearemorestretched  (by  0.001-0.106  A).  Onlyfor N(1)-N(2) and N(4)-C(6)
areshortenedbondsobserved. Inthecaseof O-H andC-H bonds, thecalculationsgiveclosetostandard (0.96 and
1.09 A, respectively) values (table 1), while PCA bondsareshorter.

Table 1 - Bond lengths in the molecule of 1

Bond Length, A Angle Value, deg
Exp. Theor. Exp. Theor.
(B3LYP/ce- (B3LYP/ce-

pVD7) pVD7Z)
S(H-C(3) 1.6746(19) 1.677 C(3)-N#)-C(6) 125.18(15) 123.26
O(1)-C(9) 1.358(2) 1.364 C(5)-N#)-C(6) 126.64(15) 128.39
O(1)-H(01) 0.79(2) 0.969 N(1)-C(5)-N4) 110.83(15) 111.23
N(1)-C(5) 1.302(2) 1.310 N(1-C(5)-C(8) 125.76(16) 122.29
N(I)NQ2) 1.378(2) 1.364 N#4)-C(5)-C(8) 123.37(16) 126.32
N(2)>C(3) 1.333(3) 1.362 N#)-C(6)-C(7) 112.31(17) 113.59

— ] ——
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Angle 7, deg Angle 7, deg

Exp. Theor. Exp. Theor.
(B3LYP/ce- (B3LYP/ce-
pVD7) pVD7)
NQ2)YHQ2) 0.87(2) 1.012 N#)-C(6)-H(6A) 109.1 106.78
C)NH#D 1.371(2) 1.388 C(7)-C(6)-H(6A) 109.1 111.52
N($-C(5) 1.375(2) 1.390 N#4)-C(6)-H(6B) 109.1 106.32
N(4)-C(6) 1.468(2) 1.466 C(7)-C(6)-H(6B) 109.1 109.92
C(5)>C(8) 1.477(2) 1478 H(6A)-C(6)-H(6B) 107.9 108.44
C(6)-C(7) 1.502(3) 1.527 C(6)-C(7)-H(7A) 109.5 110.89
C(6)-H(6A) 0.9700 1.099 C(6)-C(7)-H(7B) 109.5 110.22
C(6)-H(6B) 0.9700 1.101 H(7A)-C(7)-H(7B) 109.5 109.46
C(7)-H(7A) 0.9600 1.098 C(6)-C(M-H(7C) 109.5 109.15
C(7)-H(7B) 0.9600 1.099 H(7A)-C(7)-H(7C) 109.5 108.77
C(7)-H(7C) 0.9600 1.102 H(7B)-C(7)-H(7C) 109.5 108.29
C(8)>C(13) 1.389(3) 1.404 C(13)-C(8)-C(9) 119.56(17) 118.57
C(8)>-C(9) 1.390(3) 1.410 C(13)-C(8)-C(5H) 120.09(16) 118.88
C(9)>C(10) 1.383(3) 1.400 C(9)-C(8)-C(H) 120.34(16) 122.45
C(10)-C(11) 1.376(3) 1.396 O(1)C(9)-C(10) 123.47(17) 122.20
C(10)-H(10) 0.9300 1.094 O(1)-C(9)-C(8) 117.03(16) 117.66
C(11)-C(12) 1.367(3) 1.397 C(10)-C(9)-C(8) 119.50(17) 120.14
C(1D-HAD 0.9300 1.092 C(11)-CA0)-C(H 120.15(18) 120.28
C(12)-C(13) 1.382(3) 1.395 C(11)-C(10)-H(10) 119.9 120.34
C(12)-H(12) 0.9300 1.091 C(9)-C(10)-H(10) 119.9 119.37
C(13)-H(13) 0.9300 1.091 C(12)-C(11)-C(10) 120.85(18) 120.25
C(9)-0O(1)-H(01) 111.1(16) 109.12 C(12)-C(1)-H(11) 119.6 120.35
C(5)-N()»N(2) 104.04(15) 103.95 C(10)-CA1)-H(11) 119.6 119.40
C(3)-NQ)»N() 113.35(15) 114.55 C(11)-C(12)-C(13) 119.61(19) 119.36
C(3)-N(2)H(2) 127.6(14) 124.33 C(11)-C(12)-H(12) 120.2 120.51
N(I)NQ2)H(2) 118.8(14) 121.11 C(13)-C(12)-H(12) 120.2 120.13
NQ2)YC(3)N#) 103.64(15) 102.33 C(12)-C(13)-C(8) 120.34(18) 121.40
N2)YC(3)-S(1) 128.90(14) 128.13 C(12)-C(13)-H(13) 119.8 120.46
N(H-C(3)-S(1) 127.44(15) 129.51 C(8)-C(13)-H(13) 119.8 118.15
C3)NH-C(5) 108.13(15) 107.93

Table 2 - Torsion angles in the molecule of 1

CGYN(INQ2)C(3) | -1.0@2) 0.97 N(1)-C(5)-C(8)-C(13) 93.62) 54.62
N(1NQ)-CR)NE | 0.8(2) 1.46 N(#)-C(5)-C(8)-C(13) 83.8(2) 120,31
N(1)-NQ2)-C(3)-S(D) 177.57(14) | -176.67 N(1)-C(5)-C(8)-C(9) 87.92) 121.75
NQ2)YCGNEH-CG) | -0.2%19) 135 N(#)-C(5)-C(8)-C(9) 94.7(2) -63.31
S(D-CB)N@A)Y-C(5) 178.12(14) 176.75 C(13)-C(8)-C(9)-0(1) -179.38(18) 17731
N(2)-C(3)N@)-C(6) 177.16(16) -174.46 C(5)-C(8)-C(9)>-0(1) 0.93) 0.93
S(1)-C(3)-N(#)-C(6) -44(3) 3.64 C(13)-C(8)-C(9)-C(10) 0.4(3) -1.68
NQ)YN()-CG)N@E) | 0.78(19) 0.01 C(5)-C(8)-C(9)-C(10) 178.84(18) -178.07
N(2)-N(1)-C(5)-C(8) 178.45(16) 175.64 O(1)-C(9)-C(10)-C(11) 179.5(2) -178.02
CRINACHND) [ -03Q) 0.88 C(8)-C(9}-C(10)-C(11) 0203) 0.92
C(6YN@YCG)N() | -177.73(7) | 173.53 C(9)-C(10)-C(11)-C(12) 0.103) 0.20
C(3)N(#)-C(5)-C(8) -178.07(16) | -174.52 C(10)-C(11)-C(12)-C(13) 0.3(3) -0.52
C(6)YN@YC()-C®) | 4.53) -1.88 C(11)-C(12)-C(13)-C(8) 0203) 027
C(3)N(@)-C(6)-C(7) -88.1(2) -77.10 C(9)-C(8)-C(13)-C(12) 0.203) 1.37
C(5)-N(@)-C(6)-C(7) 83.8(2) 111.27 C(5)-C(8)-C(13)-C(12) -178.65(19) 177.89

The deviation of the valence angles from similar experimental ranges from 0.04-3.47°, both in the
direction of decreasing and increasing values. For dihedral angles, a larger scatter of values is observed
when comparing theoretical and experimental data. Differences in the geometric configuration of the 4-
ethyl-5-(2-hydroxyphenyl)-1,2 4-triazole-3-thione molecule in different states of aggregation were
expected, because, as you know, the geometry of the molecule in the crystal is determined by packing, in
pairs - corresponds to the global minimum of total energy.
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Theoretical physico-chemical characteristics, such as total energy, zero-point energy, rotational
constants, electric dipole moment and others, are given in table. 3.

Table 3 - Physicochemical parameters of molecule 1 according
to calculations by the B3LYP/cc-pVDZ method

Options B3LYP/

cc-pVDZ

Totalenergy, a.u. -1025.417093

Rotational Constants, GHz

A

B 1.1483336

C 0.3421134
0.2921099

Dipole moment and
its components, D

Utotal 6.265
Ly -6.0563
Iy 1.5974
U, 0.1367
EBSMO: a.c. -0.19583
Enemo, a.e. -0.04063
ABgsnvo-emo, 9B 4.223
I, eV 5.329
A, eV 1.106
x.eV 3218
eV 2.112
S, eV 0.473
C, cal/mol-K 51.489
S, cal/mol-K 116.640

Due to the different values of the rotational constants, the molecule is an asymmetric top. Such
fundamental propertics as the dipole moment, ionization potential, electron affinity, etc., are directly
dependent on the geometry of the molecule (table 3). The 4-ethyl-5-(2-hydroxyphenyl)-1,2,4-triazole-3-
thione molecule is highly polar. The contributions of the X, Y, and Z components to the total dipole
moment are different; the vector of the dipole moment is directed mainly along the X axis.

The most significant orbitals in a molecule are the so-called boundary orbitals: the highest occupied
molecular orbital (HOMO) and the lowest free molecular orbital (LUMQO). The HOMO energy
characterizes the ability to donate an electron, LUMO — to accept an electron, the energy gap between
them — the chemical stability of the molecule, with I = - Eypgyvo and A = -Excno (table 3) [35]. The
molecule has a rather large ionization potential, electronegativity, and positive electron affinity. The width
of the HOMO-LUMO energy gap (AE) indicates a sufficiently low polarizability of the molecule, which is
consistent with the large value of its constant dipole moment. The high value of the dipole moment is due
to the presence of electronegative atoms in the molecule.

Using these data, the molecular characteristics presented in table 3 were theoretically calculated, such
as clectronegativity y, chemical rigidity m, and chemical softness S [35]. Absolute electronegativity is
calculated as the half-sum of the ionization potential and electron affinity, and absolute chemical rigidity
as their half-difference. The stiffness of a substance is considered as a measure of resistance to changes in
clectronic configuration. Chemical softness is the inverse of stiffness. The table also shows the calculated
values of the thermodynamic properties of the compound, such as isochoric heat capacity and entropy.
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4-3TUI-5-2-THAPOKCUD®EHNI)-1,2,4-TPUHA30JI-3-THOHHBIH
MOJIEKYJAJIBIK K¥PBLUIBIMbBI MEH KBAHTTBI-XUMHAJBIK ECEIITEYJIEPI

Annoramusa. Maxkana 4-3tun-5-Q2-ruapoxcudenmn)-1,2,4-Tpua3on-3-THOHHBIH ~ KCHICTIKTIK  KYPBLTBIMBIH
3epTTeyTe apHAIFAH. KOCBUIBICTBHIH MOJICKYIANBIK KYPBUIBIMBI PEHTTCH KYPBIIBIMIBI O/TIC APKBUIBI AHBIKTAIBIH/IBL
MoneKynaHblH KPHUCTANABIK KANTaMachl MEH KYPBUIBIMBI OOHBIHIIA MAiMETTEp KenaripiireH. OeHungi MeH
TPHA30ABI TUKIAAPHI JKA3BIKTHIKTHI CKCHI KOPCETINTeH. MOJICKYJIAaHBIH CYTEKTIK OalIaHbIChl apKbLIBI KPHCTANAA
YII emmeMIi TOPABIH OOJATHIHABIFBI KepceTimreH. PeHTreH KyphUIBIMIBI 3epTTey HoTIKenepi KemOpmmkTiH
KPHCTA/UT KYPBUIBIMABI MOIIMETTED OpTaNbIFbIHAA TipkenareH. CuHTesmemreH 1,2.4-tpuazonasiH KypbuibiMbl SIMP
lH-Cl'[eI(T'pOCKOHI/I}I omicimeH 3eprremiuai. Kocsumsicteiy SIMP 'H CIICKTPIHAC APOMATTHIK CAKHHAFA TOH KCICTiH
TPOTOHIAPABIH, CHTHANBI OalKamampl. XWMHSUIBIK BIFBICYIBIH MOHI JKOHE HWHTETPANABI CHTHAN KAPKBIHIBLIBIFBI
AHBIKTATBIHABL  4-JTHi-5-(2-ruapokcuenmn)-1,2,4-1prua3on-3-THOHAR KBAHTTHIK XHMHSIBIK3 cprrey DFT
omiciver B3LYP anmacy-rkoppemanusuislk (DYHKIGICHIH KOJJAHBIN, JIAHHUHTTHIH HETI3Tl >KUBIHTHIFBI cc-pVDZ
SKUBIHTBIFBIMEH OKYPrizingi. TOIBIK 37CKTPOHIBI SHEPTWs, aifHaNy KOHCTAHTANAphL, JWIONh MOMCHTI MCH
KOCBIHIBLIAD JKOHEC TECPMOJWHAMHUKANIBIK (DYHKIHSUIAP CHSKTHI KOCBUIBICTBIH MOJCKYJIANbIK CHIIATTAMATIAPhI
6owkammanFan. 4-Otun-5-(2-ruapoxcuernn)-1,2,4-Tpuazon-3-TpHOH MOJCEKYJIACHIHBIH TEIe-TCH TCOMETPHAIBIK
mapaMeTpiaepi aHbIKTamabl. KeHICTIKTiK KOH(pUTYpanus MEH MOJICKYIAJBIK ITAPAMETPIICPAiH TaIay bl MOJICKY JJAHBIH
KPHCTAJIIBI JKOHE Ta3abl (DasajiblK KYphLIBIMIAPBIHBIH APACHIHIAFHl CANAIbl COMKCCTIKTI KOpCeTinmi, axaiaa 0acTsl
AHBIPMAIIBLTBIK ATTHI )KOHE O0SC MYIICIT IMKIACPAIH CATBICTIPMAITEI OAFBITHIHIA OAHKATATHHIABIFBI AHBIKTAJTBIHIBL.

Tyiiin ce3nep: KpuUCTAaNABIK KypbUIBIM, PEHTTCH KypBUIBIMABI aHamu3, 1,2.4-tpmazon, 4-3rmi-5-(2-
ruaporcu(ennn)-1,2,4-tpua3on-3-THOH, KBAHTTHI-XUMISUIBIK ecemrey, DFT omici, TEOMETPHAIBIK KOHE
JHEPrEeTHUKANBIK CHITATTAMATIAP.
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MOJIEKYJAPHASA CTPYKTYPA H KBAHTOBO-XMMHWYECKHE PACUETBI
4-3TUI-5-2-THAPOKCUPEHN)-1,2,4-TPHA30JI-3-THOHA

Annotamus, CTaTes MOCBAMCHA HCCICIOBAHAIO MPOCTPAHCTBCHHOM CTPYKTYPHI 4-3THI-5-(2-THAPOKCH(CHMT)-
1,2,4-tpuazon-3-tuoHa. MOJEKyMIpHAS M KPUCTAUIMYECKAsA CTPYKTYpa ONPEACICHA METOJOM PEHTICHOCTPYK-
TypHOro asHamm3a. [IpuBeacHBI JAHHBIE IO NPOCTPAHCTBEHHOMY CTPOCHHI0 M KPHCTAUIMYECKOM YMAKOBKE
MOJICKYJIBL. Y CTAHOBIICHO, YTO (DCHHUIIBHBIC M TPHAZOJIbHBIC IIUKIIBI ITOCKHE. 32 CUET BOJOPOIHBIX CBSI3CH MOJICKY JIbI
B KpHCTaIe 00pa3yloT TPEXMEPHbIC CETKH. Pe3yIbTarsl peHTICHOCTPYKTYPHOTO HCCICIOBAHUS JCIIOHUPOBAHBI B
KeMOpHIKCKOM TCHTPE KPHUCTAUTOCTPYKTYPHBIX JAHHBIX. VICCICIOBAHO CTPOCHHWC CHHTC3HPOBAHHOTO 1,2.4-
tpuaszona MmetogoM SIMP 'H-cmextpockommu. Ilpu amammse cmektpa SIMP 'H cocauHeHMs HAGIHOZAROTCS
XAPaKTEPHBIC CHUTHAIBI IPOTOHOB AapOMATHYECCKOTO Koubla. OnpenereHo 3HAYCHHUEC XHMHUCCKOTO COBHUTA H
HHTCTPANIbHAA HWHTCHCHBHOCTH CHTHAI0B. Meromom DFT ¢ HCHOMB30BAHHCM OOMCHHO-KOPPCIIIIHOHHOTO
¢yrxmmonana B3LYP B coueranum ¢ 6azucHbM Habopom JlamauHTracc-pVDZ mpoBEACHO KBAHTOBO-XHMHYECKOC
nuccneaoBanue 4-3run-5-(2-runpoxcudenmnn)-1,2 4-rpuazon-3-tnoHa. IlpenckazaHbl MOICKYJLIPHBIC XapaKTEpHUC-
THKH COCIUHCHHA, TAKHE KAK MOJHAA 3JICKTPOHHAS SHEPIUA, BPAIATCIbHBIC MOCTOAHHBIC, AUIOJIbHBIE MOMEHT H
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BKJIATBI, TCPMOTMHAMAYCCKHC (yHKumH. ONMPEACICHBI PABHOBCCHBIC TCOMCTPHUCCKHC MAPAMCTPBHI MOJICKYJBI 4-
THA-5-(2-ruapokcupennn)- 1,2, 4-Tpuazon-3-THoHA. BHITOTHEHHBIM aHAMH3 TMPOCTPAHCTBEHHON KOH(WIypaumu u
MOJICKYJUIPHBIX TAPAMETPOB MMOKA3a] KAUeCTBCHHOE COOTBETCTBHEC KPUCTAIMUCCKOM M Tra3o(aszHOH CTPYKTYp
MOJICKYJIBI, TIPH 3TOM OTMEYCHO, YTO OCHOBHOC OTIMYHC HAOIOAACTCA B OTHOCHUTCIHHOH OPHCHTALMHU HICCTH- U
IITHYICHHBIX [IHKIIOB.

Kiro4ueBbie CJI0BA:KPHCTAIMYCCKAA CTPYKTYPA, PEHITCHOCTPYKTYPHBbIH aHamms3, 1.2 4-tpuaszon, 4-31un-5-(2-
ruaporcu(ernn)-1,2,4-Tpua3on-3-THOH, KBAHTOBO-XHUMHYECKHE pacuersl, Meron DFT, reomerpmueckme u
SHEPIETUYECKUE XAPAKTCPHCTHKY.
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