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Introduction. For the joint use of L-tryptophan with tiotriazoline, it is necessary to solve the problem of the possibility of formation
of sufficiently stable intermolecular complexes of these compounds. Therefore, it seemed interesting to consider the possible
structure and energetic characteristics of complexes formed by L-tryptophan, 3-methyl-1,2,4-triazolyl-5-thioacetate (MTTA)
and morpholine to create a dosage form.

Purpose of the study. To investigate the structure and evaluate the energy formation of three-component complexes of
L-tryptophan, 3-methyl-1,2,4-triazolyl-5-thioacetate and morpholine quantum chemistry methods have been used. This study
allows to estimate the possibility of combining these substances into a single dosage form.

Materials and methods. Thiotriazoline and L-tryptophan were used as objects of the study. The initial approximation to
the geometry of the complexes was obtained using the molecular docking technique using the AutoDock Vina program. At the first
stage the docking was carried out for MTTA and morpholine, according to the results of which 50 most stable complexes were
selected for the construction of three-component complexes. Further, docking of obtained complexes of MTA and morpholine
with the L-tryptophan molecule was carried out, and also the 50 most stable complexes were selected. Thus, 2500 initial
geometries were obtained for each of the three-component complexes.

Study results. Quantum-chemical calculations show that L-tryptophan and thiotriazoline are capable to form three-component
complexes, the molecules in which are connected by a lot of intermolecular hydrogen bonds. Each of the molecules is linked
by intermolecular hydrogen bonds to the other two in one complex only. All other complexes contain the components which
are linked sequentially: morpholine — MTTA — tryptophan. The results of quantum-chemical calculations make it possible to
assume that the studied complexes are thermodynamically unstable in an infinitely dilute solution. The formation energies
of the complexes are positive, despite the presence of a lot of charge assisted intermolecular hydrogen bonds. This can be
caused by the high conformational flexibility of the molecules in which the groups participating in the formation of hydrogen
bonds are separated by bridge containing several methylene groups and a fairly easy transfer of protons participating in
the formation of hydrogen bonds.

Conclusions. The results of quantum-chemical study of a system consisting of three components (L-tryptophan, MTTA and
morpholine) showed that the most thermodynamically stable three-component complexes have a positive energy of formation
in infinitely dilute solutions. Despite the possibility of the formation of intermolecular hydrogen bonds between the components,
some of which are charge-assisted, the L-tryptophan, MTTA and morpholine system is a mixture of substances, which makes
it possible to use it in a single dosage form.

TeopeTnuHe AOCAIAKEHHA MOXXAUBOCTI YTBOPEHHA KOMNAEKCiB L-TpuntodaHy
3 TIOTpUA30AiHOM

A. |. KyuepeHko, |. A. Masyp, C. 0. bopcyk, 0. B. XpomuaboBa, C. B. LLnwkiHa

[nsa cninbHoro 3actocyBaHHs L-TpuntodhaHy 3 TioTprasoniHoOM HeOBXigHO BUPILLMTY NUTAHHSA NPO MOXMMBICTb YTBOPEHHS
ZL0BON CTIMKMX MiXKMONEKYNSIPHUX KOMMIEKCIB Lyx cronyk. Tomy 6yno LikaBo po3riisiHy T MOXIIMBY CTPYKTYPY Ta EHEPreTUYHi
XapaKTepUCTUKI KOMMIEKCIB, LLO YTBOPEHi L-TpunTtodaHom, 3-metun-1,2,4-tpuasonin-5-tioaueratom (MTTA) i mopdoniHom,
NS CTBOPEHHS Nikapcbkoi hopmu.

MeTa po6oTu — MeTogamu KBaHTOBOI XiMii ZocnignTy GyaoBY 1 OLHWUTW EHEPTit0 YTBOPEHHS! TPUKOMMOHEHTHUX KOMMIEKCIB
L-tpuntodbany, 3-metun-1,2,4-tpnasonin-5-tioauetaty Ta MOPOniHy Ta BUBYUTU MOXNMBICTb MOEAHAHHS LIMX PEYOBUH B
OfHiV nikapcbkin opmi.

Marepianu Ta Mmetogun. O6’eKT AOCNIMKEHHS — TIOTpWUa3oniH i L-TpuntodpaH. MovatkoBe HabNMKEHHs [0 reoMeTpii Kom-
nrnekciB oTpyMaHo 3a gonomoroto nporpamu AutoDock Vina. [Ina noGynoBy TPUKOMMOHEHTHUX KOMMNEKCIB HA NEPLLOMY
eTani nposoauecs JokiHr MTTA Ta MopdoniHy, 3a pesynsratamu sikoro Bigibpanu 50 HancTabinbHiwmx komnnekcis. Hagani
3aiicHunm gokiHr komnnekcis MCTA, wo otpumanu, Ta MopdoniHy 3 Monekynoto L-TpuntodbaHy, 3a pesynsratamm siKoro
Takox Bigibpany 50 HancTabinbHiwmx komnnekcis. OTxe, AN KOXHOro 3 TPUKOMIMOHEHTHUX KOMMNEKCIB oaepxanu 2500
MOXIMBWX BapiaHTIB reomeTpii.

Pe3ynikraTi. KBaHTOBO-XiMi4Hi pO3paxyHky MOKa3ytoTb, WO L-TpunTodaH i TioTprasoniH 3aaTHi yTBOPIOBATU TPUKOMIMOHEHTHI
KOMMMEKCH, MOMeEKyNnM B SikUX MOB’S3aHi 3aBasky 6araTboOM BOAHEBWUM 3B’'A3kaMm. TinbK1 B OO4HOMY KOMMEKCH KOXHA 3 Mone-
Kyn noB’si3aHa MiKMONEKYNSApHUMW BOOHEBVMU 3B’A3kaMut 3 ABOMA iHLUMMU. YCi iHLLi KOMMMEKCH MICTATb KOMMOHEHTH, LLO
noB’s3aHi nocnigosHo: MopdoniH — MTTA — TpunTtodaH. KBaHTOBO-XiMiYHI po3paxyHK1 AaloTb 3MOry MPUMYCTUTU: BUBYEHI
KOMMMEKCH TepMOANHAMIYHO HECTabINbHI B HECKIHYEHHO PO30aBneHOMy po34nHi. EHeprii yTBOPEHHS KOMNMEKCIB NO3UTUBHI,
HEe3BaXKatoum Ha 3apsHoBe NOCUIIEHHS PSAY BOAHEBYX 3B'A13KiB, LLIO 3yMOBMNEHO BUCOKOK KOH(OPMALLIiHOK THYYKICTIO MOMEKyI.

BucHoBku. KBaHTOBO-XiMiYHe JOCTIIKEHHS CUCTEMM, LLIO CKIAAAETLCS 3 TPbOX KOMMOHEHTIB (L-TpunTodaH, MTTA Ta mMop-
¢honiH), nokasano: HanbinbLL TepMoANHaMIYHO CTabiNbHI TPUKOMMOHEHTHI KOMMIIEKCY MAKTh MO3UTUBHY EHEPTit0 YTBOPEHHS B
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HECKIH4YeHHO PO3BEefEeHNX Po3ymHaXx. HeaBaxxaroum Ha MOXIIMBICTb YTBOPEHHS MK KOMMOHEHTaMM BOGHEBUX 3B’A3KiB, YacTHa
3 AIKUX € 3aps0BO-nocuneHmm, cuctema L-tpuntochas — MTTA — mopdponiH siBnsie cOB0K0 CKOpiLLe CyMilLl pe4OBWH, LU0 Aa€E
MOXIMBICTb BUKOPUCTOBYBATU X B OZHIl Mikapcbkin hopmi.

TeopeTHueckoe Uccaea0BaHME BO3MOXHOCTH 06pa3oBaHuA KOMNAEKCOB L-TpuntodpaHa KntoueBble croBa:

L-tpuntodaH,

C TUOTPUA3OAUHOM THOTDHASONH,
w KBaHTOBO-

A. U. KyuepeHko, U. A. Masyp, C. A. bopcyk, 0. B. Xpombinésa, C. B. LUnwKuHa

XMMUYEeCKUe
[inst coBMECTHOro NpuMeHeHust L-TpuntodaHa ¢ ToTprasonmHOM HEOBXOAMMO PELLNTh BOMPOC O BO3MOXHOCTM 0Opa3oBa-  pacyeThl,
HUS JOCTATOMHO YCTOMYMBBLIX MEXMONEKYNAPHBIX KOMMIIEKCOB 3TUX CoeanHeHni. [oaToMy NpeacTaBnsanoch UHTEPECHbIM — 9HEPTUA
paccMoTpeTb BO3MOXHYIO CTPYKTYPY M SHEpreThyeckue XapakTepUCTUKU KOMMIIEKCOB, obpa3oBaHHbIX L-TpuntodaHoM,  0bpasoBaHus
3-meTun-1,2,4-tpuazonun-5-tnoaueratom (MTTA) n MOPONMHOM, C LIEMNbIO CO3A4aHWS NNEKAPCTBEHHOM (hOPMBbI. KOMMAEKCOB,

. KOMOUHUPOBaAHHbIE

Llenb paboTbl — MeTOAaMM KBAHTOBOW XMMWW UCCHEA0BATL CTPOEHWE M OLIEHUTb 3HEPTUI0 0BPa3oBaHNs TPEXKOMMOHEHTHbIX DenanaTL
komnnekcos L-tpuntodana, 3-vetun-1,2,4-tprasonun-5-tnoatietata u MOphonmHa 1 N3y4nTb BOMOXHOCTb UCTONb30BaHNS penaparsl.
[aHHbIX BELLECTB B OAHOW NEKapCTBEHHOW (hopMe.

3anopoXcKui
Matepuansi u metoabl. OBbLEKTOM MCCrIEA0BaHNS ABNANMCh TMOTPUA3ONKMH 1 L-TpunTodaH. McxoaHoe npubnkeHne K yweanumnexmii
reoMeTPUM KOMNEKCOB NOMNYy4eHO C MOMOLLbIO Nporpammbl AutoDock Vina. ns nocTpoeHns TPEXKOMMOHEHTHbBIX KOMMIIEKCOB  xypHan. - 2018, -
Ha nepBoM atane npoeoauncsa 4okuHr MTTA 1 MopdonuHa, no pesyneratam kotoporo otobpaHo 50 Hanbonee cTabunbHbix  T. 20, Ne 1(106). -

C.110-115

KomnnekcoB. [lanee npoBeaeH OOKUHT NomyyeHHbIx komnnekcos MCTA v mopdonuHa ¢ monekynoi L-tpuntodana, no
pesynkTatam KOoToporo Takke oTobpaHbl 50 Hanbonee cTabunbHbIX KOMMIEKCOB. TakuM 06pa3oM, Ans KaXaoro U3 TPEXKOM-
MOHEHTHbIX KOMMEKCOB nony4eHo 2500 BO3MOXHbIX BapyaHTOB reoMETPUM.

Pesynbratbl. KBAaHTOBO-XMMUYECKME pacyeTbl NOKa3blBatoT, YTO L-TpunTodaH 1 TMoTprasonuH cnocobHbl 06pasoBbiBaTh
TPEXKOMMOHEHTHbIE KOMIMIEKChI, MONEKYNbl B KOTOPbIX CBA3aHbl 3@ CHET MHOXECTBEHHBIX BOLOPOAHbIX CBA3e. Tonbko B
OIHOM KOMIMeKCe Kaxaast 13 MOreKyr CBA3aHa MeXMOINeKynspHbIMU BOOOPOAHbLIMM CBA3SMU C ABYMS Apyrimu. Bce ocTanb-
Hble KOMMMEKChl CoaepXaT KOMMOHEHTbI, CBA3aHHble nocrnefoBartensHo: Mopdgonui—MTTA-TpunTtodaH. NpoBeaeHHbIe
KBaHTOBO-XMMWYECKWE PacHETbI MO3BONSIOT NPEANONOXUTb, YTO U3YYEHHbIE KOMMIIEKCHI TEPMOAMHAMUYECKN HECTabNbHbI
B 6eckoHe4YHO pasbaBneHHOM pacTBope. OHepruy 06pa3oBaHNst KOMMMEKCOB MOMOXUTENbHbIE, HECMOTPS Ha 3apsiA0BOe
ycuneHve psiga MexXMoneKynspHbIX BOAOPOAHbIX CBA3eM, YTO 0BYCrOBNEHO BbICOKON KOHDOPMALMOHHOMN TMOKOCTHIO0 MOMEKYT.

BbiBoabl. [poBegeHHOE KBAaHTOBO-XMMMYECKOE MCCeO0BaHNe CUCTEMBI, COCTOSILLIEN U3 TPEX KOMMOHEHTOB (L-TpunTtodhaH,
MTTA 1 mopchonuH), nokasano, 4To camble TEPMOAUHAMUYECKN CTabUIbHbIE TPEXKOMMOHEHTHBIE KOMMIEKCHI UMEKT Mo-
NOXWUTENbHY0 3Heprio 06pasoBaHNs B GECKOHEYHO pasbaBieHHbIX pacTBopax. HecMoTps Ha BO3MOXHOCTb 06pa3oBaHms
MeXay KOMMOHEHTaMV MEXMONEKYNSPHbIX BOAOPOAHbIX CBA3EW, YacCTb 13 KOTOPbIX SBMSIETCS 3apsifAoBO-yCUEHHBIMM, Ch-
ctema L-tpuntocbaH — MTTA — MopchonuH npeacTaBnsieT coboi ckopee CMEeCh BELLECTB, YTO MO3BOMSET UCMONb30BaATh MX
B O[JHOV NeKapCTBEHHON hopme.

regulate and correct the course of mental disorders in
patients who have undergone stress, psychological stress
by controlling the main functions of the body, including
movement, emotional reactions and physical ability to feel
pleasure and pain [2].

Arginines, glycine, GABA, taurine, tryptophan, lysine,
glutamic acid, etc. are the most known neurotransmitter
amino acids that affect mood regulation.

Currently, the creation of drug based on fixed
combination of L-tryptophan with antioxidants is one of
the promising approaches in the development of new
drugs. Thiotriazoline is one of the striking examples of
the domestic preparations of the group of antioxidants,
which was developed by the employees of SPA «Farma-
tron», as well as by the specialists of the Department of
Pharmaceutical Chemistry of the Zaporozhye State Medi-
cal University under the guidance of prof. Mazur I. A. This

Introduction

In connection with the high prevalence of mental patholo-
gies, the development of inadequate adaptive reactions in
a large part of the population, the pathological response
of the human body to stressful effects, and the further de-
velopment of severe disadaptation of various mental and
somatic pathologies in a large part of the population are one
of the topical problems of modern clinical medicine. The rea-
son for this is the development of not only mental disorders,
such as depression, emotional stress, mnestic disorders,
but also other pathologies that arise precisely as a result
of stress. Examples include hypertension, coronary heart
disease, bronchial asthma, hyperthyroidism, dermatosis,
peptic ulcer and duodenal ulcer, functional irritable bowel
syndrome, etc. [1]. Despite constant efforts to optimize
the treatment of diseases of the central nervous system,
the problem remains not fully resolved. An important ele-

ment of solving this complex problem is the creation of new
highly effective and safe drugs, the use of which would lead
to a decrease in the prevalence of mental disorders and
diseases, improvement of quality and longevity.
Consequently, the development of neuropsychotropic
substances with anxiolytic, stress-protective, nootropic
activity is an actual problem of pharmacy and medicine. In
modern pharmacy and medicine, substances of the class of
neurotransmitter amino acids are increasingly used. They

Zaporozhye medical journal. Volume 20. No. 1, January-February 2018

drug has antioxidant, membrane stabilizing, anti-ischemic,
antiarrhythmic, immunomodulating, anti-inflammatory,
hepatoprotective, cardioprotective effect. Therefore, it is
of interest to create a new combinated drug in the form of
tablets containing L-tryptophan (Fig. 1) and thiotriazoline
(Fig. 2) [3]. For the joint use of L-tryptophan with thiotriazo-
line, it is necessary to solve the problem of the possibility
of formation of sufficiently stable intermolecular complexes
of these compounds. Therefore, it seemed interesting to
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consider the possible structure and energetic characteristics
of complexes formed by L-tryptophan, 3-methyl-1,2,4-tri-
azolyl-5-thioacetate (MTTA) and morpholine.

Objective: to investigate the structure and evaluate
the formation energy of three-component complexes of
L-tryptophan, 3-methyl-1,2,4-triazolyl-5-thioacetate and
morpholine compounds using quantum-chemical methods
and to study the possibility of combining of these substances
into a single dosage form.

Materials and methods

Tiotriazoline (Fig. 1) and L-tryptophan (Fig. 2) were used
in the studies.

(0]
.
~H o~
\ Cli \OH
NH,
N
H
Fig. 1. Structural formula of L-tryptophan.
HN—
- W
PP HN D
Me~ N7 87 co - /

2
Fig. 2. Structural formula of thiotriazoline.

The procedure which is similar to that used earlier in
the study of thiotriazoline and isoniazide complexes was
used to simulate the structure and stability of L-tryptophan
and thiotriazoline complexes [4].

The initial approximation to the geometry of the com-
plexes was obtained using the molecular docking technique
within the AutoDock Vina program. At the first stage docking

of MTTA and morpholine was carried out, according to
the results of which 50 most stable three-component com-
plexes were separated out. Further, docking of obtained
complexes of MTA and morpholine with the L-tryptophan
molecule was carried out, and also the 50 most stable
complexes were selected. Thus, 2500 initial geometries
were obtained for the three-component complexes. This
procedure was carried out for each of the possible tautom-
eric forms of the three-component complexes [5].

At the second stage, the obtained three-component
complexes were preliminarily optimized by the semi-empi-
rical PM7 method with modeling of environment influence
by COSMO method. The calculations were carried out
using MOPAC2012 program [6]. Based on the results of
calculations, 100 most stable structures were selected
for each of the complexes, which were then optimized by
the density functional method with B97-D3/SVP+COSMO
(Water) empirical dispersion correction [7] using geometric
correction for incompleteness of the gCP basic set [8]. 10
complexes with the lowest energy were selected from
the obtained structures of the three-component complexes
for which the final calculation of the geometry and ther-
modynamic parameters in the hard rotor approximation
by the B97-D3/TZVP+COSMO method was carried out. A
more accurate calculation of the energy of solvation was
carried out by SMD method. Calculations by the density
functional method were carried out using ORCA 3.0.3
program [9]. The formation energy of the complexes in
solution was calculated as the difference between the free
Gibbs energies of the solvated complex and its solvated
individual components.

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

Results and discussion

Previous studies of thiotriazoline [10] have shown that
MTTA is easily deprotonated by converting to an organic
anion, and morpholine, respectively, becomes a cation by
attaching a hydrogen atom. Thus, the MTTAand morpholine
compound is an organic salt. On the other hand, L-tryp-
tophan, being an amino acid, must exist as a zwitterion
(Fig. 1). In this case, the zwitterionic form of L-tryptophan
acts simultaneously as both a proton donor and an proton
acceptor in the formation of charge-assisted intermolecular
hydrogen bonds with the morpholinium cation and the MTTA
anion. This suggests the possibility of forming of both
two-component complexes involving L-tryptophan and one
of the components of thiotriazoline, and three-component
complexes involving all three molecules. The multiplicity of
donor and acceptor properties in all three molecules under
study makes it possible to form a sufficiently large number
of possible complexes.

The structure of isolated molecules and the atoms
numbering are shown in Fig. 3.

Quantum-chemical calculations show that L-tryptophan
and thiotriazoline are capable of forming of three-compo-
nent complexes, the molecules in which are connected by

Fig. 3. The structure of isolated molecules of L-tryptophan (1), MTTA (2), morpholine (3) and their
atomic numbering used in quantum chemical calculations.

112 ISSN 2306-4145 http://zmj.zsmu.edu.ua 3anopoxckuin meguumHekui xxypHan. Tom 20, Ne 1(106), aHBapb—cteBpans 2018 1.



Problems of pharmacy

multiple hydrogen bonds. From 4 to 5 intermolecular hydro- Table 1. The structure of the most stable complexes with L-tryptophan with thiotriazoline
gen bonds are formed in the most stable complexes. The and morpholine, their formation gnergies (kcal/mol) and hydrogen bond characteristics
structure of the most stable complexes with L-tryptophan (H..A, Aand D-H...A, deg.) obtained by the method of B97-D3/TZVP+SMD (Water)
with thiotriazoline and morpholine, their formation ener-
gies (kcal/mol) and hydrogen bond characteristics (H...A,
A and D-H...A, deg.) obtained by the method of B97-D3/
TZVP+SMD (Water) are given in Table 1.

The analysis of the binding order of components in
the 10 most stable three-component complexes (Fig. 4)
showed some regularities. Only in complex 1 each of
the molecules is linked by intermolecular hydrogen bonds
with other two. All other complexes contain the components
which are linked sequentially: morpholine-MTTA-tryptophan.

Complex 1 Complex 2

. AGZ® = 6.5 keal/mol AGZ® = 6.9 keal/mol
It should be noted that the protonated amino group and Na. 02 161 165 e O 61 -
the deprotonated carboxyl group of tryptophan located at N4-H. 05 175 159 NAHL N 178 169
the same carbon atom form an intramolecular hydrogen N5-H..02 170 175 N-H...O4 199 "7
bond in almost all cases. In the formation of intermolecular N5-H..N1 189 158 N5-H. O1 166 73
hydrogen bonds, the protonated amino group of amino acid Complex 3 e —

is most active proton donor, providing from two (complex-
es 2, 6-10) to three (complexes 3 and 5) of hydrogen bonds
with MTTA in 8 of 10 complexes. The morpholine molecule
proved to be a much less active donor of the proton, in spite
of the protonation of the nitrogen atom and the positive
charge on it. Moreover, in complex 7, the morpholine mole-
cule is not only a proton donor, but also a proton acceptor in
hydrogen bonding. NH group of triazole ring shows proton
donor properties only in complexes 3 and 7. NH group of

) ) ) ) AGZ® = 8.0 keal/mol AGZ® = 8.1 keal/mol
bicyclic amino acid fragment (complexes 3, 5, 6 and 8) also N2-H. 02 168 163 N4-H..O1 159 169
showed the properties of the proton donor in the intermo- N1-H..N1 1.90 163 N4-H..N1 188 156
lecular hydrogen-bonding. Nd-H..02 158 17 N6-H..N3 177 169
Inturn, deprotonated carboxyl group MTTA s the most N5-H...01 176 168 N6-H...04 1.97 17
active proton acceptor which is also involved in the forma- o Complex 6

tion of two simultaneous intermolecular hydrogen bonds in
complexes 2, 3, 5, 6, 8-10. Deprotonated carboxyl group
of amino acid forms an intermolecular hydrogen bond as a
proton acceptor in only three out of ten complexes (com-
plexes 1, 3, 7). It can be assumed that this is caused by its
involvement in the formation of an intramolecular hydrogen
bond. The triazole MCTA cycle, despite the absence of
a negative charge on it, also proved to be a sufficiently
active proton acceptor. This MTTA fragment is involved in

. . . AG?® = 8.6 kcal/mol AG?® = 9.3 kcal/mol

the formation of intermolecular hydrogen bonds in all ten N4':" s . N4':" ) 1 "
complexes, and forms simultaneously two hydrogen bonds H.O01 15 s H..0 68 o
) N4-H.N1 192 165 N4-H..N1 1.86 171
in complexes 4-6.

. ) N5-H..04 192 120 N5-H...01 1.80 163

The results of quantum-chemical calculations make

it possible to assume that studied complexes are thermo- N5-H..01 239 "3 N6-H...N3 1.82 165
dynamically unstable in an infinitely dilute solution. The NS-H..02 1.72 163 N6-H..05 1.92 120
formation energies of the complexes are positive, despite Complex 7 Complex 8

the charge-assisted character of a number of intermolecular
hydrogen bonds.

Apparently, this is due to the high conformational
flexibility of the molecules in which the groups participa-
ting in the formation of hydrogen bonds are separated by
bridge containing several methylene groups and a fairly
easy transfer of protons participating in the formation of
hydrogen bonds.

It should be noted that the solvation energies were AGE? = 9.4 keal/mol AGZ® = 9.4 keal/mol
calculated in the approximation of infinite dilution. In solu- N2-H..03 1.86 162 N4-H...01 1.59 173
tions of a finite concentration, greater stability of molecular N4-H..05 1.64 156 N5-H..01 1.86 168
complexes should be expected due to the enhancement of N6-H..02 1.60 174 N6-H..N1 1.76 177

intermolecular interactions. N6-H...N3 1.99 169 N6-H...05 2.02 115

Zaporozhye medical journal. Volume 20. No. 1, January—February 2018 ISSN 2306-4145  http://zmj.zsmu.edu.ua 113
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Complex 9

Complex 10

AG2® = 9.5 kcal/mol

form

AG2® = 9.8 kcal/mol

form

N4-H...01 1.62 170 N4-H...01 1.60 167
N5-H...05 2.06 1M N5-H...02 1.70 173
N5-H...01 1.65 170 N5-H...04 218 106
N5-H...N1 2.02 147 N5-H...N1 1.94 153
Morpholine -------- Tryptophan Morpholine\ Tryptophan
\\\ ’/ ,/ \\ \\ ,,'
N ,/ ,/ \\ \\ ,
\. 4 4 \‘ . 7
MTTA MTTA
Complex 1 Complex 2
Morpholine Tryptophan Morpholine Tryptophan
\\ ,, ,, ,/ \\ \\ ,,
AN /' R AN AN 4
~ VA R AN ,'
MTTA MTTA
Complex 3 Complex 4
Morpholine Tryptophan Morpholine Tryptophan
AN A AN / s
\\ \\ // /,' \\ \\ /, /,
~ N, R ’ R N R4 R4
MTTA MTTA
Complex 5 Complex 6
Morpholine Tryptophan Morpholine Tryptophan
\\ A N /, /,. \\\ /,’ /,’
\\\ \\\ I,/ /,, \\\ /, //
MTTA MTTA
Complex 7 Complex 8
Morpholine Tryptophan Morpholine Tryptophan
" I L - e L,
N ’ ’ AN ’ v
~ 7’ 7’ N 7’ 7’
\\ :/ 1, \~ :/ :/
MTTA MTTA
Complex 9 Complex 10

Fig. 4. Different types of binding in the studied three-component complexes.

Conclusions

114 ISSN 2306-4145 http://zmj.zsmu.edu.ua

The results of the quantum-chemical study of the system
consisting of three components (L-tryptophan, MTTA and
morpholine) showed that the most thermodynamically sta-
ble three-component complexes have a positive energy of
formation in infinitely dilute solutions.

Despite the possibility of the formation of intermolecular
hydrogen bonds between the components, some of which
are charge-assisted, the L-tryptophan, MTTA and mor-
pholine system is a mixture of substances, which makes it
possible to use them in a single dosage form.
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