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Brain strokes are widely spread all over the world and are among the most dangerous for the population. Often it leads to
death, complete or partial loss of ability to work. The correction of imbalance of Excitatory and inhibitory neurotransmitter
systems by activation of natural inhibitory processes is a promising direction of primary neuroprotection in cerebral ischemia.
Particular attention is drawn to the natural inhibitory neurotransmitter — glycine and its role in the mechanisms of acute cerebral
ischemia. There are data on the ability of the thiotriazoline antioxidant to potentiate the therapeutic effect of neurometabolic
cerebroprotectors. Therefore, the creation of new combined preparation based on glycine with thiotriazoline is important today.

Objective: to study the structure, and estimate the energy of formation and geometric characteristics of the intermolecular
hydrogen bonds for complexes which are formed with glycine, 3-methyl-1,2,4-triazolyl-5-thioacetate (MTTA) and morpholine.

Method of calculation. The initial approximation to the structure of the complexes was obtained with the help of molecular
docking procedure using the AutoDock Vina program. The resulting three-component complexes were preliminarily optimized
by the semiempirical PM7 method, taking into account the outward influences, which was simulated by the COSMO method.
The calculations were carried out using the MOPAC2012 program. The complexes were optimized using the density functional
method with the empirical dispersion correction B97-D3/SVP+COSMO (Water) using geometric correction for the incompleteness
of the gCP basic set. A more accurate calculation of the solvation energy was carried out by SMD method. Calculations by
the density functional method were carried out using the ORCA 3.0.3 program. The energy of formation of complexes in solution
was calculated as the difference between the free Gibbs energies of the solvated complex and its individual solvated components.

Results and its discussion. Quantum-chemical modeling of the complexes of thiatriazoline and glycine has showed the possibility
of the formation of multiple hydrogen bonds in them. The results of calculations show that the multiplicity of charge-enhanced
donor and acceptor sites for hydrogen bonding leads to the formation of complexes that are different in structure but close in
energy formation.

Conclusions. The conducted quantum-chemical study of system has shown the possibility of formation of three-component
complexes with low stability in infinitely diluted solutions. The glycine molecule tends to form not only intermolecular hydrogen
bonds, but also a charge-enhanced intramolecular hydrogen bond. It can be expected that in real solutions the enhancement
of intermolecular interactions can lead to an increase in the stability of the complexes.

TeopeTuuHe AOCAIAKEHHA MOXKAUBOCTI YTBOPEHHA KOMNAEKCIB MAiLMHY
3 TioTpHasoniHoM

A. |. KyuepeHko, 0. B. XpomuaboBa, I. A. Masyp, C. B. LUuwwkiHa

Mo3KoBi iHCYnbTW JOBOMI LLUMPOKO MOLUMPEHI B YCbOMY CBITi Ta € OAHUMM 3 HaNHeOEe3NeyHiLLMX Ans HaceneHHs. Hepiako BoHM
3aBEpLLYHOTBCS JIETANbHO, MOBHOK abo YaCcTKOBOO BTPATOK NpaLie3aaTHocTi. [pu LepebpanbHii iLemii nepcnekTBHNM Hanpsi-
MOM NEPBUHHOT HEMPONPOTEKLi € KopekList AncbanaHcy 36yanmnBKX | ranbMIBHUX HEMPOTPAHCMITEPHIX CUCTEM 32 LLOMOMOTO
aKTMBaLlii NPUPOAHMX ranbMiBHWUX npouecis. Ocobnuey yBary npuBepTae NPUPOAHUIA ranbMIiBHUIA HEMPOTPaHCMITED MLWH i
11010 porb Y MexaHiamax rocTpoi LepebpanbHoi ilemii. € aaHi Npo 3aaTHICTb aHTUOKCUAAHTY TIOTPUA3oniHy NOTEHLoBaTK
TepaneBTUYHY [ito HelipomeTaborivHMX LepebponpoTekTopiB. TOMy akTyanbHM € CTBOPEHHS! HOBOTO KOMGIHOBAHOTO npenapary
Ha OCHOBI MMiLMHY 3 TIOTPUA30MIHOM.

MeTa po6oTu — B/B4NTK By0OBY, OLHUTW EHEPTit0 CTBOPEHHSI Ta FEOMETPUYHI XapaKTEPUCTVKN BOSHEBMX 3B'S3KIB NSt KOM-
MNEKCIB, O yTBOPEHi rmiumHoM, 3-meTtun-1,2,4-tpuasonin-5-tioauetatom (MTTA), mopchoniHOM.

MeTtoauka po3paxyHkiB. MoyatkoBe HabnvkeHHs [0 GyA0BY KOMMMEKCIB OTPYMaHO 3@ AONOMOrOK0 NPOLIEAYPU MONEKYNSIPHOTO
[OKIHry 3 BUKOpuCTaHHsaM nporpamu AutoDock Vina. OpepskaHi TPUKOMMOHEHTHI komnnekey Bynu nonepeaHL0 OnTUMI3oBaHi
HaniseMnipnyHUM meTogom PM7 3 ypaxyBaHHsSIM BNMBY CEpPenoBULLa, sike MoaentoBanu B pamkax Metogy COSMO. PospaxyHku
BUKOHanM 3a gonomoroto nporpamm MOPAC2012. MoTim komnnekcn 6ynn onTuMisoBaHi METOAOM (hyHKLioHana LWinbHOCTi 3
emnipu4Hoto aucnepciiHot nonpaskoto B97-D3/SVP + COSMO (Water) i3 3acTocyBaHHAM reOMETPUYHOT NONpaBku Ha He-
noBHOTY H6asncHoro Habopy gCP. TouHiwmiA po3paxyHoK eHeprii conbaTaLii 3aincHuny metogom SMD. PospaxyHki MeTogom
dyHKuioHana winbHocTi — 3a gonomoroto nporpamv ORCA 3.0.3. EHeprist yTBOPEHHS KOMMIEKCIB Y PO34MHI pO3paxoByBanach
SIK pi3HMLA BiNbHUX eHeprii M66ca conbBaToOBaHWUX KOMMMEKCIB | CONbBATOBAHNX OKPEMMX MOTO KOMMOHEHT.

Pe3ynbratu. KBaHTOBO-XiMiYHE MOAEMIOBAHHS KOMMIEKCIB TIOTPUA30MiHy Ta MMiLMHY MoKasano MOXIUBICTb YTBOPEHHS B
HUX MHOXMHHWX BOOHEBUX 3B'AA3KiB. Pe3ynbratvt po3paxyHKiB CBig4aTh, O MHOXUHHICTb 3apsiA0BO-NOCUIEHNX JOHOPHMX Ta
aKLEeNTOPHMX CaiTiB AN BOAHEBOTO 3B'3yBaHHSA NPU3BOANTL 4O YTBOPEHHS KOMMMEKCIB Pi3HMX 3a ByAoBoto, ane Bnnabkux
3a eHeprieto CTBOPEHHS.

BucHoBku. KBaHTOBO-XiMiYHE AOCTILKEHHS CUCTEMU NOKA3AN0 MOXIMBICTb YTBOPEHHS TPUKOMMOHEHTHUX KOMMAEKCIB i3 HEBM-
COKOH0 CTabifNbHICTHO B HECKIHYEHHO PO3BEAEHMX po3ynHax. Monekyna rmiuuHy cxurbHa yTBOPHOBATU HE TinbK MXKMONEKYNSPHI
BOJHEBI 3B'513KW, @ 1 3apsi0BO-NOCUIEHNI BHYTPILLHBOMOMNEKYNAPHWIA BOAHEBWI 3B’A30K. MoxHa ovikyBaT, WO B peanbHuX
PO34MHAX NOCUSEHHS MXKMOMEKYMSPHIX B3AEMOLIN MOXE NPU3BECTH A0 36iNbLUEHHS CTabiNbHOCTI KOMMIEKCIB.
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TeopeTuueckoe uccrep0BaHHE BO3MOXKHOCTH o6pa303aHm| KOMMAEKCOB rhulHa C
TUOTPUA30AUHOM

A. . KyuepeHko, 0. B. Xpombinésa, WU. A. Masyp, C. B. LLnwkuHa

MosroBble MHCYNbTbI JOCTAaTOMHO LLIMPOKO PacrpocTpaHeHbl BO BCEM MUPe U SBMSKOTCS OAHUMM 13 Hanbornee onacHbIX Ans
HaceneHus. Hepeako OHY 3aKkaH4YMBaOTCS NETanbHO, MOMHOM UI YaCTUYHOMN NoTepen TpyaocnocobHocTy. Mpu LuepebpansHon
ULIEMUM NEPCNEKTUBHBIM HaNpaBieHeM NepBUYHOI HEMPONPOTEKLMN SBRSIETCS Koppekumus ancbanaHca Bo3byxaalowmx 1
TOPMO3HbIX HEMPOTPAHCMUTTEPHBIX CUCTEM C MOMOLLbIO aKTUBAaLMM €CTECTBEHHbIX TOPMO3HbIX NpoLieccos. Ocoboe BHUMaHWe
MpUBMEKaeT ECTECTBEHHbI TOPMO3HOA HENPOTPAHCMUTTEP FMULWH W €r0 POIb B MEXaHW3Max OCTPON LiepebparbHoi nwemuy.
MmetoTcs gaHHble 0 cnocoBHOCTM aHTUOKCMAAHTa TMOTPUA3oNMHa NOTEHLMPOBATL TepaneBTUYeckoe AeNCTBME HelipomeTabo-
nnyeckyx LiepebponpoTtekTopoB. [o3ToMy akTyarnbHbIM SBASETCS CO3AaHNe HOBOro KOMGUHMPOBAHHOMO Npenapata Ha OCHOBE
MULMHA C TUOTPUA3ONMHOM.

Lienb paboTbl — M3y4nTb CTPOEHME, OLEHUTb SHEPTMIO 0BPa30BaHMS 1 FEOMETPUYECKNE XapaKTEPUCTUKYN MEXMOMNEKYNAPHBIX
BOJOPOAHBIX CBA3EN A1t KOMMIEKCOB, 06pa3oBaHHbIX rMUUMHOM, 3-meTun-1,2,4-Tpuasonun-5-tnoaveratom (MTTA) n mop-
donuHom.

MeToaumka pacuéToB. HayanbHoe NpubnmkeHne K CTPOEHMI0 KOMMIIEKCOB MOMYHYEHO C MOMOLLIbIO MPOLIEAYPbI MOMEKYNSPHOMO
[OKWHra ¢ ucnonb3oBaHuem nporpammbl AutoDock Vina. MonyyeHHble TPEXKOMMNOHEHTHbIE KOMMIEKChI Oblni NpeaBapuUTensHO
ONTUMMU3NPOBAHbI NOMyaMIUpUYecknM metogom PM7 ¢ y4ETOM BAUSHKS Cpedpl, KOTOPYIO MOAENMPOBani B paMkax MeToga
COSMO. PacyéTbl npoBoaunmck ¢ nomoLLbto nporpammbl MOPAC2012. 3atem koMnneKch! 6binv onTUMU3NpOBaHbI METOAOM
(hyHKLMOHANA NAOTHOCTM C AMMMPUYECKOI AncnepcroHHomn nonpaskon B97-D3/SVP+COSMO (Water) ¢ npumeHeHnem reo-
METPUYECKOI NOoMpaBku Ha HenonHoTy H6asncHoro Habopa gCP. Bonee ToUHbIA pacyET aHeprin conbBaTaumm 6bin NpoBeaEH
metogom SMD. PacuyéTbl METOAOM (hyHKLIMOHAMA NIIOTHOCTW NpoBeaeHs! ¢ nomoLbio nporpammel ORCA 3.0.3. Sxeprusi obpa-
30BaHS KOMMEKCOB B PaCTBOPE pacCUMTbIBanach kak pasHuLia cBo60aHbIX 3Hepruii MTnb6ca conbBaTUPOBAHHOTO KOMMEKCa
11 CONbBaTUPOBAHHBIX OTAEMNbHBIX €r0 KOMMOHEHT.

Pesynbratbl. KBaHTOBO-XMUYECKOE MOAENMPOBAHIE KOMMIEKCOB TUOTPUA30MMHA W INLIMHA NOKa3arno BO3MOXHOCTb 06pa-
30BaHUsi B HUX MHOXECTBEHHbIX BOAOPOAHbIX CBA3E. Pe3ynbTaThl pacyéTOB CBUAETENLCTBYIOT O TOM, YTO MHOXECTBEHHOCTb
3apsiLOBO-YCUIEHHBIX AOHOPHbIX M aKLENTOPHLIX CAATOB A71st BOGOPOAHOIO CBS3bIBAHMS MPUBOANT K 06pa30BaHMI0 KOMMMEKCOB,
pasHbIX NO CTPOEHWIO, HO BNN3KMX NO SHEpruM 0bpa3oBaHms.

BbiBoAbl. KBaHTOBO-XMMWUYECKOE MCCEN0BAHNE CUCTEMBI MOKA3aio BOMOXHOCTb 06pa30BaHNst TPEXKOMMOHEHTHBIX KOM-
MNEKCOB C HEBLICOKOW CTabMMBHOCTLI0 B 6eCKOHEYHO padbaBneHHbIX pacTBopax. Monekyna rnuumHa ckrioHHa 06pasoBbiBaTh
HE TOMNbKO MEXMOMNEKYISiPHbIE BOAOPOAHbIE CBSI3U, HO M 3apSifOBO-YCUNEHHYIO BHYTPUMONEKYSIPHYIO BOLOPOAHYHO CBSA3b.
MoXHO OXnaaTh, YTO B pearbHbIX pacTBOpaXx YCUNeHne MeXXMONEKYSPHbIX B3aMMOAENCTBUIA MOXET NPUBECTM K YBENUHEHNO
CTabunbHOCTM KOMMIEKCOB.

Brain strokes are widely spread all over the world and are
among the most dangerous for the population. Often it
leads to complete or partial loss of ability to work, significant
decrease in the quality of life of patients. Therefore, it is
extremely important to prevent the death of nerve cells, to
protect them from damage in ischemia, to restore impaired
blood supply in pathological changes in the circulation.
The correction of imbalance of excitatory and in-
hibitory neurotransmitter systems by activation of natural
inhibitory processes is a promising direction of primary
neuroprotection in cerebral ischemia. Particular attention
is drawn to the natural inhibitory neurotransmitter — gly-
cine and its role in the mechanisms of acute cerebral
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Fig. 1. Molecules that make up the complexes under study.
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ischemia [1]. Glycine has inhibitory properties not only
due to the interaction with its own glycine receptors, but
also with the GABA receptors. Glycine is also a coagonist
of glutamate NMDA receptors and it is necessary for their
normal functioning in submicromolecular concentrations.
Activation of these receptors is possible only under
the condition of binding of glycine with specific, insensitive
to strychnine, glycine sites. There are data on the ability
of the thiotriazoline antioxidant to potentiate the therapeutic
effect of neurometabolic cerebroprotectors.

Therefore, it is urgent to create a new combined prepa-
ration based on glycine (1) with thiotriazoline (2) (Fig. 1).

Objective: to study the structure, and estimate
the energy of formation and the geometric characteristics
of the intermolecular hydrogen bonds for complexes formed
with glycine, 3-methyl-1,2 4-triazolyl-5-thioacetate (MTTA)
and morpholine.

Method of calculation

Modeling of the structure and stability of glycine complexes
with thiotriazoline was carried out by procedure that is similar
to that used earlier in the study of isoniazid complexes with
thiotriazoline [2].

The initial approximation to the complexes structure
was obtained with the help of molecular docking procedure
using the AutoDock Vina program [3]. The docking of ICCA
and morpholine was conducted to construct ternary com-

3anopoxckuin MeguumnHekni xypHarn. Tom 19, Ne 5(104), ceHTa6pb—okT6pb 2017 .



plexes in the first stage; then according to the results, 50
structures with lowest energy were selected. Further docking
of the complexes of MTA and morpholine with amino acid
molecules was carried out, and 50 most stable structures
were also selected. This procedure was carried out for each
of the possible tautomeric forms of the three-component
complexes. As a result, 2500 initial structures were obtained
for each of the complexes.

In the second stage, the obtained three-component
complexes were preliminarily optimized by the semiempi-
rical PM7 method, taking into account outward influences,
which was simulated by the COSMO method. Calculations
were carried out using MOPAC2012 program [4]. Accord-
ing to the results of calculations for each of the complexes
there have been selected 100 most low-lying energy
structure, which were then optimized using the densi-
ty functional empirical dispersion correction B97-D3/
SVP+COSMO (Water) [5-8] using geometric correction
for incomplete gCP basic set [9]. 10 most energy stable
have been selected from the obtained structures of ter-
nary complexes; then the final calculation of geometry
and thermodynamic parameters were held in a rigid rotor
approximation method B97-D3/TZVP+COSMO. A more
accurate calculation of the solvation energy was carried
out by the SMD method [10].The calculations by density
functional method were carried out using the ORCA
software 3.0.3 [11]. The energy of complex formation in
the solution was calculated as the difference of the Gibbs
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Fig. 2. The structure of the molecules of thiatriazoline (a—b) and glycine (c) with atomic numbering.

Table 1. The structure of the most stable complexes with thiatriazoline and glycine,
their formation energies (kcal/mol) and hydrogen bond characteristics (H...A, A
and D-H...A, deg) according to the method of B97-D3/TZVP+SMD (Water)

free energies of the complex solvated and its individual
solvated components.

The chosen technique, which relies on the study
of the complete conformational space of complexes by mo-
lecular docking methods and a series of sequential quantum
chemical calculations using increasingly higher methods,
guarantees probability of the most stable three-component
complexes.

Results and discussion

The study of the structure of thiotriazoline by X-ray diffraction
method [12] has showed that this compound is an organic

form

Complex 1

AG?%® = 6.6 kcal/mol

Complex 2

AG?® = 6.9 kcal/mol

form

salt. The carboxyl group of MTTA is quite easily deproton- V-0 161 170 N2-H..05 1.80 150
ated, becoming negatively charged, and the morpholine ~ N4-H..N1 181 176 N4-H..01 1.62 173
nitrogen atom is protonated, obtaining a positive charge. The N5-H...01 1.57 175 N5-H...01 1.65 169
third component of the system under study, glycine, exists N5-H...05 216 12
in the crystal as a zwitterionic form. Thus, the system under

Complex 3 Complex 4

study contains two deprotonated carboxyl groups, protonated
amino group, protonated morpholine, which are capable to
participate in formation of intermolecular charge-assisted
hydrogen bonds. In addition, the triazole cycle can be both
proton donor and acceptor, forming somewhat weaker
hydrogen bonds.

It can be assumed that the multiplicity of possible donors
and proton acceptors creates conditions for the variability
of intermolecular hydrogen bonds (Fig. 2). As a result, there
are prerequisites for the formation of polymorphic modifica-
tions due to the possibility of the existence of complexes

AGZS = 8.3 keal/mol

-

AG2® = 8.6 kcal/mol

form

of molecules under study with very similar formation energy. N4-H...01 1.60 170 N4-H...02 163 171
An additional argument in favor of this conclusion is that  \s.4 o2 168 173 N5-H._02 177 164
two polymgrphlc modlflcatlons of t.hlatnzollne [12] and four N5-H...O5 1.94 120 N5-H. N3 192 152
polymorphic modifications of glycine were found by X-ray

N5-H..N3 1.98 152 N5-H..04 2.04 15

diffraction analysis [13].
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Table 1. The structure of the most stable complexes with thiatriazoline and glycine,
their formation energies (kcal/mol) and hydrogen bond characteristics (H...A, A
and D-H...A, deg) according to the method of B97-D3/TZVP+SMD (Water)

Complex 5 Complex 6

AGZ® = 8.7 keal/mol AGZ® = 8.7 keal/mol
N4-H...05 1.63 174 N2-H...04 173 179
N4-H..N3 1.77 175 N4-H...01 1.61 169
N5-H...02 1.55 177 N4-H...05 1.77 163
N5-H...04 1.97 118
Complex 7 Complex 8

AGZ® = 8.8 keal/mol AGZ® = 8.8 kcal/mol
N2-H...05 1.80 157 N4-H...01 1.62 172
N4-H...01 1.62 171 N4-H...04 1.69 178
N5-H...01 1.67 171 N5-H..N3 1.83 167
Complex 9 Complex 10

%)
b
AGZ® = 9.0 kcal/mol AGZ® = 9.2 keal/mol
N2-H...04 1.80 158 N2-H...05 1.71 172
N4-H...01 1.62 171 N4-H...04 1.78 157
N5-H...05 2.13 110 N4-H...01 1.60 165
N5-H...01 1.67 170 N5-H...04 1.94 119

Quantum-chemical modeling of the complexes of thiatri-
azoline and glycine has shown the possibility of the formation
of multiple hydrogen bonds in them (Table 7). However, it
is worth noting that the number of hydrogen bonds in MTTA
complexes with glycine (3—4) s less than in MTTA complexes
with arginine (5-7) [14]. Perhaps this is due to the smaller
size of the amino acid that is involved in the complexing.
Furthermore, the energy of 10 the most stable comple-
xes with glycine is in the range 6.6-9.2 kcal/mol, which is
somewhat higher than it was designed for MTTA arginine
complexes [14].

A detailed analysis of intermolecular interactions in 10
most stable three-component complexes made it possible
to discover a lot of regularities. All selected complexes can
be divided into two groups. The first group may include com-
plexes of 1, 5, 6, 8 and 10, in which each of the molecules is
associated with the other two (Fig. 3), and in the complexes
of the second group (2, 3, 4, 7 and 9) where glycine and
MTTA are linked by two hydrogen bonds, forming a dimer,
and the protonated morpholine molecule is bound by only
one hydrogen bond to the deprotonated carboxyl group
of MTTA.

The second observed regularity concerns the glycine
molecule. Although glycine is the simplest and smallest ami-
no acid, it tends to form an intramolecular charge-assisted
hydrogen bond between the protonated amino group and
the carboxylate anion. Such intramolecular hydrogen bond is
realized in the six most stable complexes out of ten, regard-
less of the group to which these complexes belong. It should
be noted that the glycine molecule with an intramolecular
hydrogen bond has two free proton donors and two proton
acceptors which are capable of intermolecular binding.
Comparison of the structure of the most stable complexes
allows us to state that these glycine sites participating in
intermolecular interactions are equivalent.

The MTTA molecule contains a deprotonated carboxyl
group that participates in the formation of intermolecular
hydrogen bonds in all analyzed complexes and a triazole ring
that can act as both proton donor and acceptor. At the same
time, an additional charge is not localized on the atoms
of the triazole ring, so hydrogen bonds with its participation
are noticeably weaker.

One of the features of the complexes under conside-
ration is the fact that the protonated molecule of morpholine
participates in hydrogen bonds only as a proton donor,
despite the presence of an oxygen atom capable of being
an acceptor.

Glycin
MTTA =---====- Morpholine
Glycin
S Morpholine
MTTA---""

Fig. 3. Two types of binding in the studied three-component complexes.
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The results of calculations show that the multiplicity
of charge-assisted donor and acceptor sites for hydrogen
bonding leads to the formation of complexes that are
different in structure but close in energy formation. It can
be assumed that this causes the relative thermodynamic
instability of studied complexes in solution. This means that
solvation of individual molecules is much more beneficial
than solvation of complexes.

It should also be noted that solvation energies were
calculated in the approximation of infinite dilution. In solu-
tions of a finite concentration, greater stability of molecular
complexes should be expected.

Conclusions

The conducted quantum-chemical study of three compo-
nents (MTTA, morpholine and glycine) system has shown
the possibility of three-component complexes formation with
low stability in infinitely dilute solutions. It should be noted that
the formed complexes can be divided into two types: trimeric
and dimeric + morpholine. The glycine molecule tends to form
not only intermolecular hydrogen bonds, but also a charge-en-
hanced intramolecular hydrogen bond. It can be expected that
in real solutions the enhancement of intermolecular interac-
tions can lead to an increase in the stability of the complexes.
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