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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-a]Jazepin-3-yl)phenyl]thiourea
cyclization with a-bromoketone

An important step in creation of potential drugs is to confirm the structure of the compounds synthesized.
This requires the use of modern physical and physico-chemical methods of research. Nowadays a promising sci-
entific direction for searching biologically 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]triazolo[4,3-a]
azepin-3-yl)phenyl]thiourea with 2-bromo-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 electronic structure, geometry and thermody-
namic parameters of the initial thiourea three tautomers were given. Activating energy of tautomer 1A belower than
1B one, the state of 1B has modest lower relative energy, consequently tautomer 1A is more credible state. Thus,
the conclusion can be made that the reaction will proceed by 7-1A-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 solvent was considered within the
framework of polarized continuum model (PCM).

Conclusions. Based on the physico-chemical studies and quantum 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-[1,2,4]triazolo[4,3-a]azepin-3-yl)phenyl]thiourea 1 with 2-bromo-1-phenylethanone 2 is regioselective, and it
leads to formation of more thermodynamically advantageous (stable) isomer 3A.

Key words: 5H-[1,2,4]triazolo[4,3-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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[oBeneHHA periocenekTMBHOCTI nepebiry uuknisauii 1-etun-3-[4-6,7,8,9-teTparigpo-

5H-[1,2,4]Tpna3ono[4,3-a]Ja3eniH-3-in)ceHin]tioce4oBMHU 3 0-GPOMKETOHOM

BaxnvBrM eTanom CTBOPEHHSI MOTEHUIHUX MiKkapCbKnX 3acoBiB € NigTBEPAKEHHSA CTPYKTYPY CUHTE30BaHNX
CMonyk, Lo NoTpebye BUKOPUCTAHHA CydaCcHUX PisnyHNX Ta di3nKO-XiMIYHUX METOAIB AOCNimXeHHSA. Ha cborogHi
NepcneKkTMBHMM HayKOBUM HaMpsMKOM Npw MOLyKy 6ionoriYyHO akTMBHUX PEYOBUH € JOCTIAXKEHHS B psay Mo-
XigHUX 2-R-imiHO-1,3-Tia3oniHy.

MeToto pob0TH € BUBHEHHS PErioCeneKTUBHOCTI peakuii umknidauii 1-etun-3-[4-(6,7,8,9-tetparigpo-5H-[1,2,4]
Tpuasono[4,3-alaseniH-3-in)deHin]tioce4oBnHN 3 2-6pomo-1-cheHineTaHoHoM.

Pe3ynbTaTh Ta ix 06roBopeHHs. BcTaHOBNEHHS iCTMHHOI Oy00BM NPOAYKTY B3aemogii 3A4iCHEHO 3a Aono-
moroto meTogis 'H AMP-cnekTpockonii Ta peHTreHOCTPYKTYpHOro aHanidy. HaBegeHi kBaHTOBO-XiMiYHi po3paxyH-
KM €NeKTPOHHOI CTPYKTYPW, reOMEeTPIl i TepMoanHaMiYHNX napamMeTpiB TPbOX TayTOMeEPIB BUXIOHOT TIOCEHOBUHW.
EHepris akTuBauii TayTomepy 1A geuo Hmk4a, ctaH 1B Mae He3Ha4yHO HMXKYY BiAHOCHY EHEPTito, OTXXe, TayTo-
mep 1A € BinbLll NMOBIPHUM. TaknM YMHOM, MM MOXEMO 3pOOUTY BUCHOBOK, LLIO peakLis nepebiratTume LLUASXOM
1-1A-3A.

EkcnepumeHTanbHa YactuHa. KBaHTOBO-XiMiUHi pO3paxyHKN eneKTPOHHOI CTPYKTypW, reoMeTpii i Tepmo-
ANHaMiYHUX napameTpiB TPbOX TayTOMEpPIB BUXIAHOI TIOCE4YOBMHM oB4ncrneHi meTtogamu Teopii dyHKUioHany
ryctuHn (DFT) 3 BukopucTaHHsaM komm'toTepHoi nporpamn GAUSSIAN 09W. O6nik BNnmBY po34vHHKKA 34iNCHIO-
BaBCS B paMKax MOAENi KOHTUHYYMY, Lo nonspudyetscs (PCM).

BucHoBku. Ha ocHOBI npoBeaeHnX i3nKo-XiMiYHUX AOCHiIOXEHb i KBaHTOBO-XIMIYHUX PO3paxyHKiB Hanpsm-
Ky NMPOXOOKEeHHs1 peakuii koHaeHcauii 1-etnn-3-[4-6,7,8,9-tetparinpo-5H-[1,2,4]Tpnazonol4,3-alaseniH-3-in)de-
Hin]Tioce4yoBUHM 3 2-6pomo-1-heHineTaHoHOM 3poGEHN BUCHOBOK NPO i perioceneKkTUBHICTb 3 YTBOPEHHAM
6inbLL TepMoOANHaMIYHO BUTiAHOTO isomepy 3A.

Knrodoei cnoea: 5H-[1,2,4]tpnasono(4,3-alaseniHy; uuknisauis; KBAHTOBO-XiMiYHI pO3paxyHKW; KOHTUHYYM;
eHepris akTuBauii; BigHOCHa eHepris; nporpamHi Metoan B3LYP/6-31+G(d) TaM06-2X/6-31+G(d) GAUSSIAN
WO09; TepmoavHamivHi napameTpu; cignonogibHa Todka
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Joka3aTenbCTBO PermocerieKTMBHOCTU NpoTeKaHus umknusauum 1-atun-3-[4-6,7,8,9-

TeTparuapo-5H-[1,2,4]tpuasono[4,3-alazenuH-3-un)peHnn]TMOMOYEeBUHbI C

0-OpPOMKETOHOM

Ba)kHbIM 3TanomM co3gaHus NoTeHUMarnbHbIX NeKapCTBEHHbIX CPEACTB ABMSETCA NOATBEPXKAEHME CTPYKTYPbI
CVIHTE3MPOBAHHbIX COEAVMHEHWN, YTO TPEOYeT UCMONb30BaHMSA COBPEMEHHbIX (PU3NYECKNX U PUBNKO-XUMUYECKMX
METOZI0B MCCcreaoBaHusi. Ha cerogHs nepcnekTMBHLIM Hay4YHbIM HanpaBieHWeM B NniaHe noncka Guonornyecku
aKTMBHbIX BELLECTB SBMSAETCH UCCNeAoBaHNe B paay NPOM3BOAHbIX 2-R-uMuHo-1,3-TnasonuHa.

Llenbto paboThbl ABNSETCS N3yvyeHne permocenekTMBHOCTU peakunn uuknusaumm 1-atnn-3-[4-(6,7,8,9-
TeTparnapo-5H-[1,2,4]tpuasonol4,3-alazennH-3-un)peHunn]TMomModeBrHbI ¢ 2-6poM-1-heHNN3TaHOHOM.

Pe3ynbraThl M X 06CcyXaeHne. YCTaHOBMNEHNE UCTUHHOIO CTPOEHWS NPoAyKTa B3anMOLENCTBMSA OCYLLECT-
BreHo ¢ nomolbto metogoB 'H AMP-cneKkTpockonmm 1 peHTreHOCTPYKTYPHOro aHanuaa. MNpuBeaeHsbl KBaHTOBO-
XUMUYECKNE PaACYHETbLI ANEKTPOHHOW CTPYKTYpPbl, FeOMETPUN U TEPMOANHAMUYECKMX NapaMeTPOB TPEX TayTOMEPOB
WCXOLHOW TUOMOYEBMHbI. QHEPrusa akTMBauum Taytomepa 1A HECKONBKO HUXeE, COCTOsIHUE 1B nMeeT He3Hauu-
TENbHO MEHbLLYIO OTHOCUTENbBHYH SHEPTUIO, CriegoBaTenbHO, TayTomep 1A siBnsietcs 6onee BeposTHbIM. Taknm
o6pa3om, Mbl MOXEM cAenath BblIBOZ, YTO peakuus noiget no nytu 1-1A-3A.

OKcnepuMeHTanbHas YacTb. KBaHTOBO-XMMUYECKNE pacyeThbl ANIEKTPOHHON CTPYKTYpbl, FEOMETPUM U Tep-
MOOUHAMUYECKMX NapaMeTpOB TPEX TayTOMEPOB UCXOAHOW TMOMOYEBUHBI BbIYUCIEHBI METOAAMU TEOPUM (DYHK-
umoHana nnotHoctu (DFT) ¢ ncnonb3oBaHnem komnbtoTepHor nporpammbl GAUSSIAN 09W. YueT BnusiHuS
pacTBOPUTENS OCYLLECTBNANCA B paMKax MOAENW NonspmudyeMoro KoHTuHyyma (PCM).

BbiBogbl. Ha ocHoBe npoBefeHHbIX hU3UKO-XMMUYECKNX UCCIIEA0BAHUA 1 KBAHTOBO-XUMMNYECKUX PAcHETOB
HanpaBfeHnsa NPOXOXOEHNA peakunmn KoHgeHcauumn 1-atun-3-[4-6,7,8,9-tetparngpo-5H-[1,2,4]tpnasonol4,3-a]
asenuH-3-mn)PeHnn]TMOMOYEBUHBI C 2-6poMo-1-heHnnaTaHOHOM caenaH BbiBOA O €€ PErMoCcenekTUBHOCTM C
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obpasoBaHnem Gonee TepMoAMHAMUYECKU BbIrOOHOTO n3omepa 3A.

Knroueenie cnoea: 5H-[1,2,4]tpnasono[4,3-alaszennHbl; LMKIM3aLums; KBAHTOBO-XMMUYECKNE pacYHETbI; KOH-
TVHYYM; 3HEPTUS aKTUBaLMW; OTHOCUTENbHAsI 3Heprusi; nporpammHblie metoabl B3LYP / 6-31 + G (d) n M06-2X /
6-31 + G (d) GAUSSIAN WQ9; TepmoamHammyeckne napameTpbl; CeAnoBmaHas 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 confirm the structure of
the compounds synthesized. This requires the use of
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]triazolo[4,3-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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* HBr

Scheme

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-
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Fig. 1. The '"H NMR-spectrum of compound 3
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Fig. 2. Comparison of the activation energy of 7-1A, 71-1B transitional 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, 1A, 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, etc. The rela-
tive energies and activation energies of tautomeric trans-

(E‘,g 36,483 (38,651) kcal/mol

b

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-spectrum 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
WO09 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 coincides 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) kcal/mol
26,333 (26,313) kcal/mol

¥

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

brackets) method
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Fig. 4. Comparison of the relative energies of 1-1A, 1-1B transitional states in each medium by each method

Activation energies of tautomeric transformation
for the 1A-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]thio-
urea 1 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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