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The presentation of regioselectivity of 1-ethyl-3-[4-(6,7,8,9-
tetrahydro-5Н-[1,2,4]triazolo[4,3-а]azepin-3-yl)phenyl]thiourea 
cyclization with α-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-5Н-[1,2,4]triazolo[4,3-а]
azepin-3-yl)phenyl]thiourea with 2-bromo-1-phenylethanone. 

Results. The true structure of the interaction product was determined by the methods of 1H 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 1-1A-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-
5Н-[1,2,4]triazolo[4,3-а]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: 5Н-[1,2,4]triazolo[4,3-а]azepines; 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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Доведення регіоселективності перебігу циклізації 1-етил-3-[4-6,7,8,9-тетрагідро-
5Н-[1,2,4]триазоло[4,3-а]азепін-3-іл)феніл]тіосечовини з α-бромкетоном
Важливим етапом створення потенційних лікарських засобів є підтвердження структури синтезованих 

сполук, що потребує використання сучасних фізичних та фізико-хімічних методів дослідження. На сьогодні 
перспективним науковим напрямком при пошуку біологічно активних речовин є дослідження в ряду по-
хідних 2-R-іміно-1,3-тіазоліну.

Метою роботи є вивчення регіоселективності реакції циклізації 1-етил-3-[4-(6,7,8,9-тетрагідро-5Н-[1,2,4]
триазоло[4,3-а]азепін-3-іл)феніл]тіосечовини з 2-бромо-1-фенілетаноном. 

Результати та їх обговорення. Встановлення істинної будови продукту взаємодії здійснено за допо-
могою методів 1Н ЯМР-спектроскопії та рентгеноструктурного аналізу. Наведені квантово-хімічні розрахун-
ки електронної структури, геометрії і термодинамічних параметрів трьох таутомерів вихідної тіосечовини. 
Енергія активації таутомеру 1А дещо нижча, стан 1В має незначно нижчу відносну енергію, отже, тауто-
мер 1А є більш ймовірним. Таким чином, ми можемо зробити висновок, що реакція перебігатиме шляхом 
1-1А-3А.

Експериментальна частина. Квантово-хімічні розрахунки електронної структури, геометрії і термо-
динамічних параметрів трьох таутомерів вихідної тіосечовини обчислені методами теорії функціоналу 
густини (DFT) з використанням комп’ютерної програми GAUSSIAN 09W. Облік впливу розчинника здійсню-
вався в рамках моделі континууму, що поляризується (PCM). 

Висновки. На основі проведених фізико-хімічних досліджень і квантово-хімічних розрахунків напрям-
ку проходження реакції конденсації 1-етил-3-[4-6,7,8,9-тетрагідро-5Н-[1,2,4]триазоло[4,3-а]азепін-3-іл)фе-
ніл]тіосечовини з 2-бромо-1-фенілетаноном зроблений висновок про її регіоселективність з утворенням 
більш термодинамічно вигідного ізомеру 3А. 

Ключові слова: 5Н-[1,2,4]триазоло[4,3-а]азепіни; циклізація; квантово-хімічні розрахунки; континуум; 
енергія активації; відносна енергія; програмні методи B3LYP/6-31+G(d) таM06-2X/6-31+G(d) GAUSSIAN 
W09; термодинамічні параметри; сідлоподібна точка
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Доказательство региоселективности протекания циклизации 1-этил-3-[4-6,7,8,9-
тетрагидро-5Н-[1,2,4]триазоло[4,3-а]азепин-3-ил)фенил]тиомочевины с 
α-бромкетоном
Важным этапом создания потенциальных лекарственных средств является подтверждение структуры 

синтезированных соединений, что требует использования современных физических и физико-химических 
методов исследования. На сегодня перспективным научным направлением в плане поиска биологически 
активных веществ является исследование в ряду производных 2-R-имино-1,3-тиазолина.

Целью работы является изучение региоселективности реакции циклизации 1-этил-3-[4-(6,7,8,9-
тетрагидро-5Н-[1,2,4]триазоло[4,3-а]азепин-3-ил)фенил]тиомочевины с 2-бром-1-фенилэтаноном.

Результаты и их обсуждение. Установление истинного строения продукта взаимодействия осущест-
влено с помощью методов 1Н ЯМР-спектроскопии и рентгеноструктурного анализа. Приведены квантово-
химические расчеты электронной структуры, геометрии и термодинамических параметров трех таутомеров 
исходной тиомочевины. Энергия активации таутомера 1А несколько ниже, состояние 1В имеет незначи-
тельно меньшую относительную энергию, следовательно, таутомер 1А является более вероятным. Таким 
образом, мы можем сделать вывод, что реакция пойдет по пути 1-1А-3А.

Экспериментальная часть. Квантово-химические расчеты электронной структуры, геометрии и тер-
модинамических параметров трех таутомеров исходной тиомочевины вычислены методами теории функ-
ционала плотности (DFT) с использованием компьютерной программы GAUSSIAN 09W. Учет влияния 
растворителя осуществлялся в рамках модели поляризуемого континуума (PCM). 

Выводы. На основе проведенных физико-химических исследований и квантово-химических расчетов 
направления прохождения реакции конденсации 1-этил-3-[4-6,7,8,9-тетрагидро-5Н-[1,2,4]триазоло[4,3-а]
азепин-3-ил)фенил]тиомочевины с 2-бромо-1-фенилэтаноном сделан вывод о ее региоселективности с 
образованием более термодинамически выгодного изомера 3А. 

Ключевые слова: 5Н-[1,2,4]триазоло[4,3-а]азепины; циклизация; квантово-химические расчеты; кон-
тинуум; энергия активации; относительная энергия; программные методы B3LYP / 6-31 + G (d) и M06-2X / 
6-31 + G (d) GAUSSIAN W09; термодинамические параметры; седловидная точка

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-phenylіmіnothіazole 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-5Н-[1,2,4]triazolo[4,3-а]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-5Н-[1,2,4]triazolo[4,3-а]azepin-3-yl)phe-
nyl]thiourea with 2-bromo-1-phenylethanone by 1H 
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-5Н- 
[1,2,4]triazolo[4,3-а]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 1H 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-

Scheme

Fig. 1. The 1Н NMR-spectrum of compound 3
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Fig. 2. Comparison of the activation energy of 1-1A, 1-1B 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, 1A 
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 (∆Н), free Gibbs  
energy (∆G), entropy (S), dipole moments, etc. The rela- 
tive energies and activation energies of tautomeric trans- 

formation for the transitional state 1↔1А and 1↔1В 
were also calculated. The best agreement was achieved 
with experimental data by using М06-2Х method.
Results and Discussion

The 1Н NMR-spectrum of compound 3 can not give 
an unequivocal idea of the true structure of the inter-
action product. The analysis of the 1H 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 (3А or 3В). 

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 1A is more energy advanta-
geous. Activating energy of tautomer 1A belower than 
1B one (Fig. 2, 3), the state of 1B has modest lower 
relative energy (Fig. 4), consequently tautomer 1A 
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 3A 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.

Fig. 3. Activation energies of tautomeric transformation for the 1А-1-1В transitional state in the gas phase calculated by B3LYP (M06-2X in 
brackets) method
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Activation energies of tautomeric transformation 
for the 1А-1-1В 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 1→1A→3A.

The X-ray analysis of compound 3 conducted in-
dicates formation of isomer 3A – 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-
5Н-[1,2,4]triazolo[4,3-а]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 3A – 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 α-bromoketones.
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