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The presentation of regioselectivity of 1-ethyl-3-[4-(6,7,8,9-
tetrahydro-5H-[1,2,4]triazolo[4,3-aJazepin-3-yl)phenyl]thiourea
cyclization with a-bromoketone

An important siep in creation of potential drugs is to confirm the structure of the compounds synthesized.

This requires the use of modem physical and physico-chemical methods of research. Mowadays a promising sci-
! entific direction for searching biclogically active substances is the study of 2-R-imino-1,3-thiazoline derivatives.

Aim. To study regioselectivity of the cyclization reaction of 1-ethyl-3-{4-(6,7,8,9-tetrahydro-5H-{1,2 4]triazolol4, 3-a]
azepin-3-yliphenyljthiourea with 2-brome-1-phenylethanone.

Results. The true structure of the interaction product was determined by the methods of 'H NMR spectros-
copy and X-ray analysis. Quantum chemical calculations of the elecironic structure, geometry and thermody-
namic parameters of the initial thiourea three tautomers were given. Activating energy of tautomer 74 belower than
1B one, the state of 7B has modest lower relative energy, consequently tautomer 7Ais more credible state. Thus,
the conclusion can be made that the reaction will proceed by 7-14-3A.

Experimental part. Quantum chemical calculations of the electronic structure, geometry and thermody-
namic parameters of the initial thiourea three tautomers were determined by the density functional theory (DFT)
methods using the GAUSSIAN W09 computer program. The effect of the sclvent was considered within the
framework of polarized continuum model (PCM).

Conclusions. Based on the physico-chemical studies and gquanturn chemical calculations of the reaction cy-
clization direction the conclusion has been made that the cyclization reaction of 1-ethyl-3-]4-(6,7,8,9-tetrahydro-
5H-1,2,4firiazolo[4,3-alazepin-3-yl)phenyljthicurea 1 with 2-brome-1-phenylethancne 2 is regioselective, and it
leads to formation of more thermodynamically advantageous (stable) isomer 3A.

Key words: 5HH{1,2 4}iriazolof4,3-alazepines; cyclization; quantum chemical calculations; continuum; ac-
tivation energy; relative energy; B3LYP/6-31+G(d) and M06-2X/6-31+G(d) GAUSSIAN W09 program methods;
thermodynamics parameters; saddle point
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Borepenua periocenektuenocTi nepebiry unknizauii 1-etun-3-[4-6,7,8,9-reTparigpo-

5H-[1,2,4}vpuazonol4,3-ajazenin-3-in)cenin}rioce4oBunn 3 a-GpoMKeTOHOM

Baxnuenm eTanom CTBOPEHH:A NOTEHUIRHIX NiKapcbKiX 3acobie € NiATREPAKEHHA CTPYKTYPY CUHTE308aHNX
cnonyk, Wo notpebye BMKopMUCTaHHA cydacHux diznuHnx Ta disnko-XiMiuHuX MeToais gochigmxeHHs. Ha chorogHi
NEPCNeXTMBHUM HAYKOBMM HANPAMKOM NPY AOLYKY BIORCHYHO aKTUBHUX PEYOBUH € JOCRIANKEeHHA B paAY NO-
xigHmx 2-R-imivo-1,3-Tiasoniny.

Metoto poboTu € BUBMEHHA pericCaneKTMBHOCTI peakuii Lyknisauii 1-eman-3{4-(6,7,8,9-tetparigpo-5H-[1,2,4]
Tpuasonol4,3-alazenin-3-in)deninjtiocevorunn 3 2-6pomo-1-heHineTaHoHOM.

PezynitaTi Ta ix o6roropenHs. BeTaHoBnNeHH: ictuHHOT GyA08M NpoayKTY B3acMOAIT 3ailicCHeHo 3a Aono-
moroto metogis 'H AMP-cnexTpockonil Ta peHTFeHOCTPYKTYPHOTO aHaniay. HaBegeHi kKBaHTOBO-XIMIMHI po3paxyH-
K ENEKTPOHHOT CTPYKTYPK, FrecMeTpil | TepmoauHamiyHuX NapameTpie TpbOX TayToMepiB BUXiHOT TIoce4oBuHN.
Edepris akTueauii Taytomepy 74 gelo Huieda, ctan 7B mae He3HaYHO HBKYY BIAHOCHY eHeprilo, OTXe, TayTo-
mep 7A e OinbLy MMOBIpHUM. TakM YMHOM, MU MOXEMO 3pOGHTI BMCHOBOK, WO peakuia nepebiraTume WINaxoM
1-1A-3A.

ExcnepuMenTanbHa yacTuHa. KBaHTOBG-XIMIHHI po3paxyHKy eneKTpoHHOI CTPYKTYPW, reoMeTpii | TepMo-
AUHaMIMHUX RAapaMeTpiB TPhOX TayTOMEDIB BUXiAHOI Tioceuosntn obG4ucneni Mmetogamn Teopii dyHKuioHany
ryciudu (DFT) 3 BukopucTasHaM komi'ioTepHol nperpamu GAUSSIAN 09W. OGriik BRfUBY POSHUHHMKA 3RINCHIO-
BABCA B paMKax Mogeni KOHTUHYYMY, wo nonspuayeteca (PCM).

BucHorku. Ha octobi nporegeHmX (i3nko-XiMiHUX ZOCHIAXEHD | KBRHTOBO-XIMIHUX PO3PaXyYHKIB HanpamM-~
Ky NPOXOMKEHHA peakuil koHgeHcaull 1-etun-3-{4-6,7,8,9-tetparigpo-5H-{1,2 4]tpuasenof4,3-ajazeniy-3-in)ce-
Hinjrioceuornum 2 2-6pomo-1-theHineTaHoHOM 3potneHunih BUCHOBOK NPO Ti PerioCeneKTMBHICTb 3 YTBOPEHHSM
GinbLr TepmoauHamiuHe BurigHoro isocmepy 3A.

Kmouoei enoea: SH1,2,4ltpuazonof4,3-ajaseninu; umknisalis; KBaHTOBO-XiMi4HI PO3PaXYHKWN; KOHTUHYYM;
eHepris aKTmeauji; BigHocHa eHepri|; nporpamti metogy B3LYP/B-31+G(d) TaM06-2X/6-31+G(d) GAUSSIAN
WO9; TepmoauHamivgi napaMeTpy; cignonogibHa Touka
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. JoKazaTensCTRO PernoceneKTUBHOCTI NPOTEKaHNA uMKnusaum 1-aun-3-14-6,7,8,9-
Lk Terparmapo-5H-[1,2,4]Tpuazonof4,3-alazenun-3-un)deHnsnjTnomoueBuHEI ¢
< a-BpomMreToHOM

BaxkHbiM 3TANOM CO30aHMA NOTEHLIMANBHBIX NIEKAapCTBEHHLIX CREACTB ABNAETCA NOATBEPKAEHNE CTRYKTYPD!
CUHTE3UPOBAHHBIX COBAMHEHMIA, YT TPEBYET UCNONL30RAHUA COBPEMEHHBIX (M3MMECKUX U (BUIMKO-XMMUHECKNX
METOA0B uccnenoBatna. Ha ceroaHa NepenexTUBHLIM HAY4HLIM HANPaBNeHMEM B NRaHe NoMcka GruonorHecky
AKTUBHBLIX BEILECTB ABMSETCH UCCNEO0BaHUE B PARY NPOU3BOAHLIX 2-R-nMmuHo-1,3-TnazonuHa.

Uenbio paboThbl ABNKETCA M3Y4SHUE PErMOCENEeKTUBHOCTA peakuun Liuknnsanum 1-a7un-3-{4~(6,7,8,9-

: TeTparuapo-5H-[1,2 4jtpuasonol4,3-alasenuy-3-nn)deHunjTmomMmouesuHs ¢ 2-6pom-1-theHnnsTaHoHoM.

o Pexynsrathi ¥ MX o6CyxaeHne. YCTAHOBASHUE UCTUHHOC CTPOEHMS NPORYKTA B3auMOBEencTBNA OCYILECT-
BIIEHO € NOMOLLLIO MeTogoB TH AMP-CRexTPOCKONMM 1 PEHTTEHOCTRYKTYPHOTO aHanuaa. MpueeeHt! KBaHToBO-
XUMUUECKME PACHETH! ANEKTPOHHOR CTPYKTYPLI, FEOMETPMY ¥ TEPMOANHAMUMECKUX NAPAMETROB TREX TayTOMepoB
MCXOOHOM TMOMOUEBUHBL. DHEprua aKkTueauwy Taytomepa 7A HECKONBKO HWKE, cocToaHue 18 umeeT HesHaum-
TENLHO MEHBLLYIO OTHOCUTENBLHYIO BHEPIIO, CefoRaTenkHo, TayTomep 1A sensieTcs Gonee BeposTHLIM. Takum
oBpasom, Mel MOXEM CAEnaTh BLIBOA, YTO peaKkums noiget no nytn 7-1A-3A.

AkcnepuMeHTaNLHAR YacTh. KBAHTORO-XUMUYECKNE PACHEThI ANEKTPOHHON CTPYKTYPhI, FeOMETPUN 1 Tep-
MOAMHAMUYECKMX TAPAMETPOR TPEX TAYTOMEPOR UCXOFHOMN TMOMOUEBUHB! BHIMUCTIEHE! METOZAMM TEOPUM DYHK-
umonana nnoTHocTn (DFT) ¢ UCcnoAR3oBaHMEM KOoMITbIOTEPHO Nporpammel GAUSSIAN 09W. Yuer anusaHus

. pacTBOPUTENs OCYLIECTERANCS B PAMKAX MOAENY RONAPU3YEMOoro KoHTukyyma (PCM).

BuiBogpbl. Ha OCHOBE RPOBEAEHHBIX HUINKO-XMMNHECKUX UCCHEAO0BAHUA 1 KBAHTOBO-XNMUMECKUX PacHeToR
HanpaBMeHNA NPOXOXAEHUA Peakumm KougeHcauwm 1-amn-3-4-6,7,8,9-reTparmapo-5H-{1,2,4]Tpuazoncf4,3-a}
azennH-3-un)cheHunjuomouesutbl ¢ 2-6pomMo-1-heHUnNsTaHoHOM caenaHd BhIBOA O €€ PEMMOCENEeKTUBHOCT C

o6paszoeanuen Gonee TepMOAMHAMUYECKA BRIFOGHONO u3oMepa 3A.

Kmoyeente caoea: 5SH-1,2 Ajtpuazonol4,3-alazenmnubl; LMKNW3aLMA, KBAHTORO-XUMWHECKNE PACHETDE, KOK-
TUHYYM; SHEPIA aKTUBALMM, OTHOCUTENBHAA SHEPINA; NporpamMisie MeTogst B3LYP / 8-31 + G (d} » M06-2X /
6-31 + G (d) GAUSSIAN W09; TepMoguHamMuieckme napameTpst; cegnosuaHas Touka

The main task of pharmaceutical and organic che-

mistry is modeling of new biologically active substan-

ces and their synthesis. An important step in crea-

- tion of potential drugs is to cenfirm the structure of

" the compounds synthesized. This requires the use of

s

. modern physical and physico-chemical methods of
. research.

Nowadays a promising scientific direction for se-

. arching biologically active substances is the study of
“ 2-R-imino-1,3-thiazoline derivatives.

According to the literature data substances con-

* taining the iminothiazoline nucleus proved themsel-
* ves as antimicrobial [1], anti-inflammatory and anal-
~ gesic agents [2, 3]; substances with triazole and aze-
. pine cycles showed themselves as antifungal [4] and
. anticorrosive [5)] agents.

Continuing the search for new biologically active

substances among 2-R-phenyliminothiazole deriva-
+ tives [6-9] the new series of derivatives containing
+ the triazoloazepine fragment were synthesized by the

condensation reaction of 1-ethyl-3-{4-(6,7,8,9-tetra-
hydro-5H-[1,2,4]triazolo[4,3-a]azepin-3-yl)phenyl]
thiourea with 2-bromo-1-R-phenylethanones [10}.
Theoretically, cyclization is possible in two ways.
Therefore, the aim of our work is to determine regio-
selectivity of the interaction of 1-ethyl-3-{4-(6,7,8,9-
tetrahydro-5H-[1,2,4]triazolo[4,3-a}azepin-3-yl)phe-
nyl]thiourea with 2-bromo-1-phenylethanone by 'H
NMR-spectroscopy, and based on quantum chemical

* calculations of parameters of the initial thiourea iso-
- mers, as well as the final confirmation of the cycliza-
- tion direction using X-ray analysis.

Materials and Methods

The synthesis was carried out by the condensa-
tion reaction of 1-ethyl-3-[4-(6,7,8,9-tetrahydro-5H-
[1,2,4]triazolof4,3-a]azepin-3-yl)phenyl]thiourea 1 with
2-bromo-1-phenylethanone 2 according to the pro-
cedure described in the works [10, 11]. Due to tau-
tomerization of asymmetric thiourea 1 the reaction
of cyclization is theoretically possible by directions
A and B (Scheme):

In the *H NMR-spectrum of compound 3 synthe-
sized (Fig. 1) the signals of aromatic protons as mul-
tiplets at 7.50-7.60 ppm (the aromatic system in po-
sition C-4 of the thiazole cycle) and as a doublets at
7.41 and 7.69 ppm (the aromatic system bound with
an exocyclic Nitrogen atom), as well as the signal of
the methine proton of the thiazole cycle as a singlet
at 6.50 ppm were identified. A set of signals of the
azepine cycle protons was presented in the spectrum
as multipletes at 1.79-1.89, 3.10-3.25 and 4.20-4.30 ppm.
The signals of the ethyl residue protons were at 3.90 ppm
as a quartet (the methylene group bound with an endo-
cyclic Nitrogen atom) and at 1.15 ppm as a triplet
(the methyl group bound with the methylene group).

Quantum chemical calculations were conducted
by the licensed version of the GAUSSIAN W09 prog-
ram [12]. It allowed calculating the spatial structure
and physico-chemical properties of molecular systems
with high accuracy and reliability both in the gas-phase
and the condensed state. Tautomers are different spa-
tial configurations of the molecular system. The cer-
tain local minimum on the surface of the potential
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energy corresponds to every permanent configura-
tion. For every spatial configuration of the molecular
system, in particular for permanent and transitional
configurations, it is possible to calculate energies and
thermodynamic parameters, such as enthalpy, free
energy, entropy, etc. Transition between two perma-
nent configurations requires overcoming of a certain
power barrier, i.e. passing through a saddle point on

the surface of the potential energy. The system con-
figuration in the saddle point corresponds to the tran-
sitional structure (between two local minima). The
presence of one imaginary frequency in the vibration
spectrum of the equilibrium structure found confirms
that it is actually the transitional one.

Activation energy was calculated as a difference
in energies of the transitional and permanent struc-

RN,

iR
.

SR - 0 Auz,s,...‘. T

Fig. 1. The 'H NMR-spectrum of compound 3
60
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Fig. 2. Comparison of the activation energy of 7-14, 7-1B fransilional states in each medium by each method

ture (taking into account the “zero” vibrations energy).
Within the framework of the model of the continuum
polarized [13] a solvent is considered to be the con-
tinuous, homogeneous dielectric continuum charac-
. terized by the values of static and high-frequency di-
+ . electric constants. The molecule of the dissolved sub-
stance is located in the cavity with the solvent around
it. The cavity is constrained by a set of spheres cen-
tered on the nuclei of atoms.

Calculations were conducted for tautomers 1, 14
and 1B in a free state and in the medium to be po-
larized (water). The most popular B3LYP functional
and a relatively new M06-2X functional were used.
Using M06-2X it is possible to achieve greater accu-
racy when calculating thermodynamic and kinetic
characteristics [14], even if simple basic sets, such
as 6-31 + G(d), are applied.

Using the methods of B3LYP/6-31 + G(d) and
M06-2X/6-31 + G(d) the spatial structure of molecu-
les 1, 14, 1B was optimized in the gas phase and in
the water solution. The following energies and ther-
modynamic parameters were calculated: total energy,
zero point energy (ZPE}, enthalpy (AH), free Gibbs
energy [AG), entropy (S), dipole moments, eic. The rela-
tive energies and activation energies of tautomeric trans-

{20,692) keal/mol %

9,466
i

e

)
£
=
]
1+3
s
=
j323
Q
o
o
"
©
=
&
™
3

formation for the transitional state 1<>14 and 1¢>1B
were also calculated. The best agreement was achieved
with experimental data by using M06-2X method.

Results and Discussion

The 'H NMR-specirum of compound 3 can not give
an unequivocal idea of the true structure of the inter-
action product. The analysis of the 'H NMR-spectrum
of compound 3 has shown the presence of only one
set of proton signals. It indicates in favor of forma-
tion of one of the possible isomers (34 or 3B).

Quantum chemical calculations using the GAUSSIAN
W09 program by B3LYP/6-31 + G(d) and M06-2X/6-31
+ G(d) methods has shown that both in the gas phase
and in water tautomer 14 is more energy advanta-
geous. Activating energy of tautomer 14 belower than
1B one (Fig. 2, 3), the state of 1B has modest lower
relative energy (Fig. 4), consequently tautomer 14
is more credible state. This fact allows to make the
conclusion, which ceincides with the results of the
X-ray structure analysis, that the reaction of the syn-
thesis will go in direction of 34 isomer formation -
hydrobromide 3-ethyl-4-phenyl-N-[4-(6,7,8,9-tetra-
hydro-5H-[1,2,4]triazolo[4,3-a]azepin-3-yl}phenyl]-
1,3-thiazol-2(3H]-imine.

43,350 (44,272) keal/mol
26,333 (26,313) keal/mol

b o

Fig. 3. Activation energies of tautomeric transformation for the 7A-1-18 transitional state in the gas phase ealculated by B3LYP (M06-2X in

brackets) method
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Activation energies of tautomeric transformation
for the 14-1-1B transitional state in the gas phase cal-
culated by B3LYP (M06-2X in brackets) method are
presented in Fig. 3.

When comparing quantum chemical calculations
of the relative energy of 1A and 1B tautomers (Fig. 4)
the conclusion can be made that the reaction will pro-
ceed by 151A—3A.

The X-ray analysis of compound 3 conducted in-
dicates formation of isomer 34 -~ hydrobromide 3-
ethyl-4-phenyl-N-[4-(6,7,8,9-tetrahydro-5H-[1,2,4]
triazolo[4,3-a}azepin-3-yl)phenyl]-1,3-thiazol-2(3H)-
imine.

Conclusions

Based on the physico-chemical studies and quan-
tum chemical calculations of the reaction cyclization
direction the conclusion has been made that the cyc-

lization reaction of 1-ethyl-3-[4-(6,7,8,9-tetrahydro-
5H-[1,2,4]triazolo[4,3-a]azepin-3-yl)phenyl]thioc-
urea I with 2-bromo-1-phenylethanone 2 is regio-
selective. It leads to formation of more thermodyna-
mically advantageous (stable) isomer 34 — 3-ethyl-
4-phenyl-N-[4-(6,7,8,9-tetrahydro-5H-[1,2,4]triazo-
lo[4,3-a]azepin-3-yl)phenyl}-1,3-thiazol-2(3H)-imine.
The results of studying the reaction regioselectivity
by the density functional theory (DFT) methods using
the GAUSSIAN W09 computer program coincide with
the results of the physico-chemical studies. It indi-
cates the promising application of quantum chemical
calculations of the electronic structure, geometry and
thermodynamic parameters of the initial thiourea tau-
tomers in cyclization reactions of other asymmetric
thioureas with a-bromoketones.

Conflicts of Interest: authors have no conflict of
interest to declare.
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