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Brain vascular diseases are one of the leading causes of morbidity, mortality and disability of population in the industrialized countries
of the world. An important element of this problem’s solution is the creation of new highly effective and safe drugs, which would lead
to mortality reduction, to increase in life expectancy and quality of life. Therefore it is interesting to create a new combined drug
based on L-arginine and thiotriazolin.

The aim of the study: to consider the possible structure and energy characteristics of complexes formed by L-arginine,
3-methyl-1,2,4-triazolyl-5-thioacetate (MTTA) and morpholine.

Calculation method. The initial approximation to the complex geometry was obtained using molecular docking with the help of
AutoDock Vina program. The obtained ternary complexes were pre-optimized by semi-empirical PM7 method with modeling the
impact of the environment by COSMO method. The calculations were carried out using MOPAC2012 program. Then they were
optimized by B97-D3/SVP + COSMO (Water) dispersion-corrected DFT-D with geometrical spreading correction on insufficiency of
gCP basis set. A more accurate calculation of the solvation energy was conducted by SMD. The calculations by density functional
method were carried out using the ORCA 3.0.3 software. Energy complex formation in solution was calculated as the difference of
the Gibbs free energy of the solvated complex and its individual components.

Results. Quantum chemical calculations show, that thiotriazolin and L-arginine are able to form ternary complexes, where mole-
cules are linked by multiple hydrogen bonds. The calculation data suggest, that studied complexes are thermodynamically unstable
in solution. The energies of them are positive, but rather low despite charge gain of a number of intermolecular hydrogen bonds.

Finding. Based on the results of the conducted quantum-chemical study of a three components system (MTTA, morpholine, and
L-arginine) it is possible to show the possibility to form ternary complexes with low stability in infinite dilute solutions. It should be
noted that two negative charges are always localized in formed complexes on the deprotonated carboxyl groups. The positive
charges are located either on the guanidine moiety and the a-amino group of L-arginine, or on the guanidine moiety of L-arginine
and protonated molecule of morpholine. It can be expected that the strengthening of intermolecular interactions in the real solutions
may result in increased stability of the complexes.

TeopeTUuHe AOCAIAKEHHA MOXXAMBOCTi YTBOPEHHA KOMNAEKCiB L-apriHiny
3 TiOTPUa30AiHOM

A. 1. KyuepeHko, O. B. XpomuaboBa, I. A. Masyp, C. B. LLuwkiHa

CyavHHi 3aXBOPIOBAHHS FONOBHOMO MO3KY — OfiHa 3 FOIOBHWX MPWYMH 3aXBOPIOBAHOCTI, CMEPTHOCTI Ta iHBanigu3awii HaceneHHs
MPOMWCIIOBO PO3BUHEHWX KpaiH CBITY. BaXnuBuii eneMeHT BUPILLEHHS Ljiel KOMMMEKCHOI Npobnemm — CTBOPEHHS! HOBUX BUCOKO-
eekTBHIX | 6e3neyHmx nikapCbknx Npenaparie, 3aCTOCYBaHHS SKUX NPU3BOANIO0 6 A0 3HMKEHHS CMEPTHOCTI, MOMNINLUEHHS IKOCTi
Ta TPUBANOCTI XUTTS. TOMY BUKIVKAE iHTEPEC CTBOPEHHSI HOBOrO KOMGIHOBAHOTO Npenapaty Ha OCHOBI L-apriHiHy 3 TioTpuasoniHoM.

MeTa po6oTu — po3rnsHYTN MOXIMBY CTPYKTYPY Ta EHEPreTUYHI XapakTepUCTVKA KOMMIEKCIB, LU0 yTBOPeHi L-apriHiHom, 3-Me-
Tmn-1,2,4-tpuasonin-5-tioaueratom (MTTA) Ta MopchoniHOM.

MeToauka po3paxyHkiB. [loyaTkoBe HabnMKEHHS 4O reOMETPIi KOMNMEKCIB OTPUMAHO, BUKOPWUCTOBYOUM NPOLIEAYPY MONEKynsp-
HOro JOKiHry 3a gonomoroto nporpamy AutoDock Vina. OTpumaHi TPUKOMNOHEHTHI komnneken Gynn nonepeaHbo OnTUMI3oBaHi
HanieemnipniHUM Metogom PM7 i3 mogentoaHHsM BnnvBy cepeposuLa metogoM COSMO. PospaxyHki 3aiiCHUNM 32 AONOMOTO0
nporpamu MOPAC2012. lMoTim komnnekcu 6ynu onTumisoBaHi METOA0M (yHKLOHaNA LWifIbHOCTi 3 EMMIPUYHOI0 ANCNEPCINHOI0 MO-
npaskoto B97-D3/SVP + COSMO (Water) i3 3acTocyBaHHsIM reOMETPUYHOI NONPaBKu Ha HEMOBHOTY 6aaucHoro Habopy gCP. BinbLu
TOYHWIA PO3paxyHOK eHeprii conbaataLlii BUkoHaHWn meTogoM SMD. PospaxyHku MeTogom dyHKLioHana WinbHOCTi NpoBeaeHi 3a
ponomoroto nporpamv ORCA 3.0.3. EHeprisi yTBOPEHHSI KOMMAEKCIB Y PO34MHI po3paxoByBanacs sik pisHWLA BinbHWX eHeprin [66ca
COMbBaTOBAHOIO KOMMIIEKCY Ta CONMbBATOBAHMX OKPEMMX 10T0 KOMMOHEHT.

PesyniraTu. KBaHTOBO-XiMi4Hi po3paxyHKM MokasytoTb, LLO TiaTpia3oniH i L-apriHiH 3aaTHi yTBOptoBaTH TPUKOMMOHEHTHI KOMMEKCH,
MOMEKYNM B SIKVX MOB'A3aHI LLNSXOM MHOXUHHUX BOAHEBMX 3B’A3KiB. PesyrnbraTi po3paxyHkis [4atoTb 3MOTY MPUMYCTUTK, LLIO BUBYEHI
KOMMEKCU TEPMOAMHAMIYHO HECTABIMNbHI B PO34MHi. EHeprii yTBOPEHHS KOMMIEKCIB MO3UTWBHI, ane JOBOMI HI3bKi, HE3BaXatoun Ha
3apsaoBe NOCUNEHHs Ay BOAHEBMX 3B'A3KIB.

BucHoBKM. KBaHTOBO-XiMi4Hi OCTIIKEHHS CUCTEMM, LLIO CKINAJAETLCS 3 TPbOX KOMMOHEHT (MTTA, MopdhonuH i L-apriHiH), nokasanm
MOXIMBICTb YTBOPEHHS! TPUKOMMOHEHTHNX KOMMIEKCIB i3 HEBMCOKOIO CTabINbHICTIO B HECKIHYEHHO PO3BEAEHNX po3unHax. Bapto
BiA3HAYNTK, LLIO B yTBOPEHMX KOMMIEKCaX ABa HEraTUBHNX 3apsiau 3aBXaM ToKani3oBaHi Ha 1enpOTOHOBAHMX KapOOKCUMBbHIX rpynax.
[Mo3uTuBHiI 3apsiamn NnokanisoBaHi abo Ha ryaHigMHOBOMY chparMeHTi Ta a-aMuHorpynni L-apriHiHy, abo Ha ryaHiguHoBoMy pparMeHTi
L-apriHiHy Ta NpOTOHOBaHIN Monekyni MopconiHy. MoxHa ouikyBaTy, LIO B peanbHUX PO34MHaX MOCUIEHHS! MDKMONEKYNSPHUX
B3aEMOiii MOXe Npu3BecTM 40 30inblUeHHs cTabinbHOCTI KOMMMEKCIB.
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TeopeTuueckoe uccrep0BaHHE BO3MOXKHOCTH 06pasoBaHm| KOMMAEKCOB L-apruH1Ha Kniouesbie crosa:

L-apruHuH,
C TUOTPUA3OAUHOM P
TMOTPUA3OAMH,
5 KBAHTOBO-
A. . KyuepeHko, 0. B. Xpombinésa, WU. A. Masyp, C. B. LLnwkuHa
XMmMu4yeckme
CocyamcTble 3a60reBaHst roMOBHOTO MO3ra — OAHa M3 OCHOBHBIX MPUYMH 3a60M1EBaEMOCTH, CMEPTHOCTY U MHBANMAM3ALUMN Hace-  PacuéTbl,
TIEHNA MPOMBILLNEHHO PA3BUTLIX CTPAH MUPA. BaxHbIM aNeMeHTOM PeLLEHNS JaHHOI KOMNIEKCHOM NpoBrembl, ABMAETCS CO3NaHe  MOAEKYASIPHbIE
HOBBbIX BbICOKOS((EKTUBHBIX 1 6E30MACHBIX JIEKAPCTBEHHBIX NPENapaTos, MPUMEHEHME KOTOPbIX NPUBOANIIO Bbl K CHUKEHNIO CMEPT-  KOMMAEKCHI.
HOCTM, YNTYYLLEHNIO KaYECTBA W MPOAOMKUTENBHOCTY KM3HN. TTOSTOMY BbI3bIBAET MHTEPEC CO3AaHNE HOBOTO KOMGIHMPOBAHHOTO
npenapata Ha 0CHOBE L-apruHiHa ¢ TMOTPUA3oNIMHOM. 3anopoxcKui
Lienk paGoTb! — paccMOTPETL BOIMOXHYIO CTPYKTYPY 1 SHEPTETUYECKIE XapaKTEPUCTUKIA KOMMIEKCOB, 06pa30BaHHbIX L-apritHuHoM, x;::::"°;;:7
3-metun-1,2,4-Tpuasonun-5-tnoaueratom (MTTA) 1 MopconmHoMm. T.19, Ne 1(100). -
C.108-112

Metopwka pacuéToB. VicxonHoe npubnvkeHe K reoMeTpum KOMMIEKCOB MOMyYMK, UCMONb3ys NPOLEAYPY MONEKYNSPHOIO AOKUH-
ra ¢ nomoLLsto nporpammel AutoDock Vina. MonyyeHHble TPEXKOMMNOHEHTHbIE KOMMIIEKChI BbiN NPeaBaPUTENBHO ONTUMU3VMPOBAHDI
nonyamnupuyeckum metogom PM7 ¢ mogenupoBaHuem BnusHus cpeabl metogom COSMO. PacyéTbl npoBoannmuch ¢ MOMOLLbIO
nporpammbl MOPAC2012. 3atem koMnnekchl Oblan ONTUMUM3NPOBaHbLI METOAOM (DYHKLMOHANA NOTHOCTY C AMMMPUYECKO AUC-
nepcuoHHon nonpaskoi B97-D3/SVP + COSMO (Water) ¢ npyMeHeHMeM reoMeTpUYeCcKon NonpaBku Ha HEMOMHOTY BasnucHoro
Habopa gCP. bonee TouHbI pacyéT aHeprun conbBatauuu 6bin npoeenéH Metogom SMD. Pacuétbl MeToaoM dhyHKUMOHana
MOTHOCTK NPOBeAeHb! ¢ nomoLybto nporpamMmbl ORCA 3.0.3. SHeprus 06pa3oBaHmMs KOMNIEKCOB B pacTBOPE paccynThIBanach
kak pasHuLa ceobogHbIX aHepruii Mmbbca conbBaTUPOBAHHOTO KOMMIEKCa U CONbBATUPOBAHHbIX OTAENbHbIX M0 KOMMOHEHT.

Pe3yﬂbTaTbl. KBaHTOBO-XMUYECKIe paCLIéTbI NoKasblBatoT, YTO TUATPUA30NNH U L-apFVIHI/IH CNocobHbI OﬁpaSOBbIBaTb TpéXKOM-
NMOHEHTHbIE KOMMMEKChI, MONEKYIbl B KOTOPbIX CBA3aHbl 3a CYET MHOXECTBEHHBIX BOOOPOAHBIX CBsi3en. Pe3yanaTb| paC‘-IéTOB
NO3BONAOT NPEANONOXUTb, YTO U3y4EHHbIe KOMMIeKCbl TepMOANHAMUYECKN HecTaburbHbI B pacTtBope. 3Heprv|v| 06paaoBava
KOMMIEKCOB NONOXUTENbHbIE, HO JOCTAaTOYHO HI3KME, HECMOTPA Ha 3apAa0BOe YCUNeHne psaaa MeXmMonekynapHbiX BOAOPOAHbIX
CBA3EN.

BbiBoablI. [poBeféHHOE KBAHTOBO-XMMWNYECKOE UCCIEN0BAHNE CUCTEMBI, COCTOSILLEN M3 TPEX KOMMOHEHT (MTTA, MopdonuH 1
L-apruHuH) nokasano BO3MOXHOCTb 06pa3oBaHNst TPEXKOMMOHEHTHBIX KOMMIIEKCOB C HEBBLICOKON CTabUBHOCTbLI0 B GECKOHEYHO
pa3baBneHHbIX pacTBopax. CTOUT OTMETUT, 4TO B 0Bpa3oBaHHbIX KOMMIEKCaX [Ba OTpMLATENbHbIX 3apsiaa BCeraa nokanuaoBaHbl
Ha [ENPOTOHMPOBaHHbIX kKapBOKCMMbHLIX rpynnax. MonoxuTenbHble 3apsiabl TOKann3oBaHbl NGO Ha ryaHUAMHOBOM parMeHTe
W 0-amuHorpynne L-aprHuHa, nubo Ha ryaHuavHoBOM ¢hparMeHTe L-apruHuHa u NpOTOHWMPOBaHHOW Momnekyne mMopdonuHa.
MoHO oxupaTth, YTO B pearnbHbIX PacTBOpax YCUIeHne MeXMONEKYNspHbIX B3aMOAEUCTBUA MOXET NPUBECTU K YBENUYEHUO
CTabWUNBbHOCTY KOMMIIEKCOB.

Brain vascular diseases are one of the leading causes of
morbidity, mortality and disability of population in the indus-
trialized countries of the world. Every year, about 6 million
people suffer from stroke, 4.7 million of them die. Despite
constant efforts to optimize the treatment of diseases of
central nervous and cardiovascular systems, the problem
remains unresolved. An important element of this problem’s
solution is the creation of new highly effective and safe drugs,
which would lead to mortality reduction, to increase in life ex-
pectancy and quality of life [1]. Therefore, the development of
neurometabolitetropic cerebroprotectors is an actual problem
of nowadays pharmacy and medicine. In current times, the
neurotransmitter amino acids are used increasingly for the
correction and regulation of neurological conditions in stroke
patients. Neurotransmitter amino acids manage the major
body functions, including movement, emotional response,
and physical ability to experience pleasure and pain. The
most known neurotransmitter amino acids affecting mood
regulation are arginine, glycine, taurine, tryptophan, lysine,
glutamic acid, etc.

The creation of product based on fixed combination
of active ingredient with anti-oxidants is one of the most
promising approaches in the development of new drugs.
Thiotriazolin is one of the well-known antioxidants. Thiotri-
azolin has such wide range of pharmacological effects
as antioxidant, membrane stabilizing, anti-ischemic, anti-
arrhythmic, immunomodulatory, anti-inflammatory, hepa-
toprotective, cardioprotective. Therefore it is interesting to
create a new combined preparation based on L-arginine (1)
and thiotriazolin (2).
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The combined use of L-arginine with Thiotriazolin
creates the question of the possibility of forming sufficiently
stable intermolecular complexes.

Purpose of the study

To consider the possible structure and energy characteris-
tics of complexes formed by L-arginine, 3-methyl-1,2,4-tri-
azolyl-5-thioacetate (MTTA) and morpholine.

Calculation method

The similar technique, which has been used previously in
studies of thiotriazolin-isoniazid complexes, was also used
to simulate the structure and stability of L-arginine+Thiotri-
azolin complexes [2].

The initial approximation to the complex geometry
was obtained using molecular docking with the help

NH o
HZN)kN/\AH‘\OH
H
NH,
1
HN—N 0 /—\
\ HN [}
Me/& )\5/\(
N OH _/
2

Fig. 1. The molecules, that make up the studied complexes.
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Fig. 2. The structure of the thiatriazolin (a-b) and arginine (c) molecules with the numbering of the atoms according to quantum chemical calculations.

Table 1. The structure of the most stable thiotriazolin+arginine complexes,
their energy of formation (AG*®,  kcal/mol) and the characteristics of hydrogen bonds

(H..A, A and DH...A, deg.) According to B97-D3/TZVP + SMD (Water) method

Complex 1

AGZ® = 2.0 keal/mol

Complex 2

AGZ® = 3.3 kcal/mol

form

N2-H...05 1.71 159 N4-H...02 213 166
N5-H...N4 1.69 173 N7-H...01 1.82 173
N5-H...01 2.04 147 N5-H...02 1.78 176
N5-H...N1 1.88 170 N8-H...02 178 171
N8-H...01 1.84 165 N8-H...05 1.89 121
N6-H...02 1.77 177 N8-H...N3 1.94 150
Complex 3 Complex 4

AGZS = 4.5 keal/mol

N2-H...
N4-H...
N4-H...
N7-H...
N5-H...
N8-H...

N2-H...

05
02
N3
01
02
N1

05

1.56
167
1.87
1.81
1.79
2.26

1.56

177
167
149
170
177
169

177

AGZ® = 6.6 kcal/mol

form

N2-H...
N4-H...
N7-H...
N5-H...
N8-H...
N8-H...

N2-H...

05
o1
N1
o1
01
05

05

1.84
2.22
1.89
1.76
1.64
1.99

1.84

152
167
169
165
172
19

152
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of AutoDock Vina program [3]. On the first stage we carried
out the docking of MTTA and morpholine to construct ternary
complexes, which resulted in selected 50 the most stable
complexes. Further, we carried out the docking of obtained
MCTA complexes and morpholine with L-arginine, and also
we selected 50 most stable complexes. Thus, 2500 of initial
geometry was obtained for each of the ternary complexes.
This procedure was carried out for each of the possible
tautomeric forms of ternary complexes.

On the second stage the obtained ternary complexes
were pre-optimized by semi-empirical PM7 method with
modeling the impact of the environment by COSMO me-
thod. The calculations were carried out using MOPAC2012
program [4]. According to calculations, 100 of the most
low-lying energy structures were selected for each of the
complexes. Then they were optimized by B97-D3/SVP +
COSMO (Water) dispersion-corrected DFT-D [5-9] with
geometrical spreading correction on insufficiency of gCP
basis set [7]. 10 structures of ternary complexes with the
lowest energy were selected, for which the final calculation of
geometry and thermodynamic parameters in the approxima-
tion of rigid rotor by B97-D3/TZVP + COSMO method, was
held. Amore accurate calculation of the solvation energy was
conducted by SMD [8]. The calculations by density functional
method were carried out using the ORCA 3.0.3 software [9].
Energy complex formation in solution was calculated as the
difference of the Gibbs free energy of the solvated complex
and its individual components.

With a high degree of certainty, the selected method,
which is based on a study of the full conformational space
of complexes by molecular docking methods and by series
of successive quantum chemical calculations with the use
of increasingly methods, guarantees the most stable ternary
complexes.

Results and discussion

Earlier studies of thiotriazolin [10] showed that the MTTA
is easily deprotonated into organic anion, and morpholine,
respectively, becoming a cation, attaching a hydrogen atom.
Thus, the compound of morpholine and MTTA is an organic
salt. On the other hand, L-arginine, as the amino acid, has to
exist in the form of zwitter-ion. However, unlike many other
amino acids, L-arginine molecule contains three hydrogen
atoms, which may be protonated (Fig. 7). Therewith, the
L-arginine zwitterionic form acts as both donor and acceptor
in the formation of intermolecular hydrogen bonds reinforced

3anopoxckuii MeguumMHcKkui xypHan. — 2017. — T. 19, Ne 1(100)



Problems of pharmacy

with morpholine cation and MTTA anion. This suggests the Table 1. The structure of the most stable thiotriazolin+arginine complexes,

possibility of both two-component complexes with L-arginine their energy of formation (AG?®, _ kcal/mol) and the characteristics of hydrogen bonds
and Thiotriazolin and one of the components and the ternary (H...A, A and DH...A, deg.) According to B97-D3/TZVP + SMD (Water) method
complexes, involving all three molecules. The multiplicity
of donor and acceptor sites in all three studied molecules
(Fig. 2) creates the possibility of the formation of sufficiently
large number of possible complexes.

Quantum chemical calculations show that thiotriazolin
and L-arginine are able to form ternary complexes, where
molecules are linked by multiple hydrogen bonds. From 5
to 7 intermolecular hydrogen bonds are formed in the most
stable complexes (Table 1). In this case, each of the mole-
cules forms hydrogen bonds with the other two in complexes.

The analysis of 10 most stable complexes showed that

Complex 5 Complex 6

they can be divided into two groups. In one group (com- \
plexes 1,2, 4,7, 9, 10) morpholine molecule is neutral, and AG = 6.8 keal/mol AGS =69 kcavml
L-arginine molecule contains two protonated nitrogen atoms, “ 'H o8 73 - ” ";“ o 5 "
whereby its charge is +2. In second group (complexes 3, o ’ e '
. . . N4-H...02 1.70 177 N4-H...02 1.73 159
5, 6, 8) morpholine molecule is protonated at the nitrogen
atom and is a cation, as well as L-arginine molecule with Ne-H.NS 175 o7 Ne-H.N3 1 162
one protonated nitro ’en atom. Negative charges in all cal NT-H..02 173 o7 No-HNT 23 "
P 9 N 9 9 N6-H...N3 213 162 N8-H...02 1.79 174
culated complexes were localized at the carboxyl groups N6-H..O1 176 179

of L-arginine and MTTA. It should be also noted that imino
group of guanidine moiety is protonated in the L-arginine Complex 7 Complex 8
molecule in all cases, whereas the a-aminogroup may be
either protonated or neutral.

The comparison of intermolecular hydrogen bonds in two
most stable complexes showed that nitrogen atom of neutral
morpholine molecules may act as acceptor (complex 1) and
donor (complex 2) of proton. At the same time, as the proton
donor, neutral morpholine molecule forms hydrogen bonds,
and their characteristics are very close to the hydrogen bonds
formed by protonated morpholine. As the proton acceptor,
morpholin forms weaker intermolecular hydrogen bonds.

The calculation data suggest that studied complexes are

. A : | AGZ® = 8.3 keal/mol AGZ® =9.2 keal/mol
thermodynamically unstable in solution. The energies of them
L . . N2-H...05 1.77 160 N2-H...05 155 176
are positive, but rather low (Table 1) despite charge gain of a
) . N4-H...02 2.11 153 N4-H...01 1.82 154
number of intermolecular hydrogen bonds. Apparently, this is
. : . , N5-H...04 1.90 146 N4-H...N1 1.79 164
due to the high conformational flexibility of the molecules, in N6H. 01 167 164 N&H. 02 169 77
which t.he |nvolveq hydrogen bonding groups are separatgd N7-H..O4 - 137 N6-H..O1 193 177
by a bridge containing several methylene groups, and quite NT-HNA 296 138
easy transfer of protons involved in hydrogen bonding. It is N&-H. 03 180 161

also possible to affirm the existence of some of the most
profitable mode binding in complexes. Complex 9 Complex 10

It should be noted that the solvation energies were
calculated in the approximation of infinite dilution. Molecular
complexes are expected to be more stable in the final con-
centration of solution due to strengthening of intermolecular
interactions.

Findings

1. Based on the results of the conducted quantum-che-
mical study of a three components system (MTTA, morpholine,
and L-arginine) it is possible to show the possibility to form

!

AGZ® =9.7 kcal/mol AGZ® =10.3 keal/mol

ternary complexes with low stability in infinite dilute solutions. o o

2. It should be noted that two negative charges are N4-H..02 214 165 NA-H.N1 202 175
always localized in formed complexes on the deprotonated NG'H"'81 1.90 170 NS-H..04 201 116
carboxyl groups. The positive charges are located either on N7-H..04 1.99 150 No-H..N4 175 169
e . . o N5-H...02 1.73 163 N5-H...01 1,69 173

the guanidine moiety and the a-amino group of L-arginine,
- . - N8-H..02 1.81 165 N7-H..01 1.81 160

or on the guanidine moiety of L-arginine and protonated

N8-H..N3 1.92 147

molecule of morpholine.
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3. It can be expected that the strengthening of inter-
molecular interactions in the real solutions may result in
increased stability of the complexes.
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