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SIX-COORDINATE COMPLEXES OF NITROSYL IRON-PORPHYRINS 

WITH TRANS DMSO LIGAND 

A. A. HOVHANNISYANa, A.V. IRETSKIIb and T. S. KURTIKYANa 

аMolecule Structure Research Centre (MSRC) of the Scientific Technological 

Centre of Organic and Pharmaceutical Chemistry NAS RA 

26, Azatutyan Str., Yerevan 0014, Armenia 

Fax: (+37410) 282267 E-mail: ahovhan@gmail.com 
bDepartment of Chemistry, Lake Superior State University 

Sault Sainte Marie, MI 49783 USA 

By consecutive low-temperature reaction of DMSO and NO with sublimed microporous layers 

of Fe(Por) (Por - meso-tetraphenyl- and meso-tetra-p-tolyl-porphyrinato dianions) the mixed-ligand 

Fe(Por)(DMSO)(NO) complexes were partly obtained as was demonstrated by FTIR spectroscopy 

with supporting data provided by using 
15

NO and DMSO-d6 isotopomers. Formation of the 

Fe(Por)(DMSO)(NO) by the interaction of DMSO with Fe(Por)(NO) in low-temperature 

dichloromethane solution is almost quantitative. From the temperature dependence of the equilibrium 

constants thermodynamic parameters of complexation reaction were determined. FTIR data indicate 

coordination of DMSO through a sulfur atom, while DFT calculations performed with porphine at 

room temperature give some lower energy value for the O-bound species. 

Figs. 5, tables 2, references 11. 

 

The enormous physiological role of nitrogen oxide (NO) in many cases is 

connected to its interaction with heme proteins [1] including those with the trans 

methionine ligand. In the conditions of oxidative stress the oxidation of methionine 

to corresponding sulfoxide is possible. Therefore, it was of a great interest to 

examine whether the 6-coordinate nitrosyl complexes of Fe-porphyrins with trans 

dimethylsulfoxide ligand can exist and, if so, with which atom, sulfur or oxygen, it 

will be coordinated in these species [2]. In the complexes with transition metals both 

types of complexes are known. Moreover, in the same complex with two or more 

sulfoxides one of them may be bound through the sulfur atom while the other one 

through the oxygen atom [2, 3]. 

Sulfoxide group contains sigma S- and O-donor atoms as well as -electrons 

that also can potentially enter into donor-acceptor interaction with transition metal. 
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While 6-coordinate Fe(II) porphyrin nitrosyl complexes with axial N-donors have 

been extensively studied as a model for an axial histidine ligation of hemoglobin and 

myoglobin [1], much less attention has been focused on the effect of axial S- and O-

donor ligands. Ferrous NO adduct of myoglobin H93G cavity mutant ligated by 

thioether (THT) has been prepared by Dawson et al. [4], and studied by UV-vis and 

magnetic CD spectroscopy. The interaction of nitrosyl(protoporphyrin IX dimethyl 

esther)iron(II) with various sulfur and oxygen donor ligands was studied at low 

temperatures by Yoshimura using EPR spectroscopy [5]. The same technique was 

used recently by Lehnert et al. in examination of thiophenolates and thioether 

coordination to Fe(tetraphenylporphyrin)NO center [6]. The interaction of 

nitrosyl(meso-tetraphenyl)- and nitrosyl(meso-tetra-p-tolyl)-porphyrinato iron(II) 

with various sulfur and oxygen donor ligands was studied by Martirosyan et al. 

using low-temperature FTIR and optical absorption spectroscopy [7]. 

Experimental Section 

The iron(II) porphyrinates Fe(Por) (Por – meso-tetraphenyl- and meso-tetra-p-

tolyl- porphyrinato (TPP and TTP correspondingly) dianions) are very sensitive to 

oxygen and are readily oxidized. For this reason the more stable hexa-coordinate 

complexes Fe(Por)(B)2 with nitrogen bases (B is Py or piperidine) were used as the 

precursors to prepare sublimed layers. The complexes Fe(Por)(B)2 were synthesized 

according to published method [8]. 

Then, as done previously [7],
 
the parent complexes were introduced into the 

Knudsen cell of the high vacuum system and heated at 490 K for 2 h until the 

vacuum gauge indicated complete dissociation of the axial ligand. The resulting 

Fe(Por) was sublimed from the Knudsen cell at 520 K and deposited on a KBr of 

the optical cryostat. NO (
15

NO) was purified by passing it through KOH pellets and 

a cold trap (dry ice/acetone) to remove the higher nitrogen oxides and trace 

quantities of water. The purity was checked by IR measurements of the layer 

obtained by slow deposition of NO onto the cold substrate of the optical cryostat 

(77 K). The IR spectrum did not show the presence of N2O, N2O3 or H2O. 
15

NO with 

98.5% enrichment was purchased from the Institute of Isotopes, Republic of 

Georgia, and was purified by the same procedure. Sublimed layers of Fe(Por) were 

obtained on the cold (77 K) KBr support of an optical cryostat according to the 

published procedure [7]. Then the layer was warmed till 200 K under dynamic 

vacuum, DMSO was introduced into the cryostat and the layer was slowly warmed 

to the room temperature. FTIR spectra demonstrated the complete shifts of some of 

the porphyrin bands. 

The interaction of DMSO with Fe(Por)(NO) in dichloromethane solution was 

carried out in the optical cryostat provided with the 0.05 cm CaF2 cell. A measured 

quantity of Fe(Por)(NO) was fed into the airtight flask provided with septum. 

Known quantities of previously degassed solutions of DMSO in dichloromethane 

were transferred into this flask by vacuum techniques. The solutions thus prepared 
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were transferred to an IR cell using an airtight Hamilton syringe. The cell was then 

tightly closed and placed into the cryostat. The cell was then cooled using liquid 

nitrogen vapors and the FTIR spectra were taken at temperatures controlled by a 

thermocouple that was in close contact with the cell. By changing the flow rate of 

the liquid nitrogen it was possible to maintain the temperature of solution at a given 

temperature (±1 
o
C). 

The FTIR spectra were acquired on a Nexus (Thermo Nicolet Corporation) in 

the spectral range of 400-4000 cm
-1

 with a resolution of 4 cm
-1

. All density 

functional theory (DFT) calculations were performed at unrestricted 

TPSSTPSS/DGDZVP level of theory without symmetry constraints using Gaussian 

09 package. 

Results and discussion 

In sublimed layers two types of experiments were carried out with the goal to 

obtain the mixed nitrosyl complex with trans sulfoxide ligand. In the first type of 

experiments the sulfoxide vapors were introduced into the cryostat containing the 

nitrosyl complexes of Fe(Por)(NO) that were obtained by interaction of NO gas with 

microporous layers of Fe(Por). Cooling of the layer does not lead to appearance of a 

new υ(NO) band that could be indicator of mixed complex formation. At low-

temperatures when such a complex could be stable the mobility of DMSO in the 

layer is too low to provide the penetration of sulfoxide in the bulk of the layer. 

In the second type of experiments the layers of iron-porphyrins were initially 

introduced under the vapors of DMSO. According to the changes in the FTIR 

spectra this procedure leads to the formation of iron-porphyrins 5- and 6-coordinate 

complexes Fe(Por)(DMSO)1,2, in which 5-coordinate species are in the high-spin, 

while 6-coordinate complexes are in the low-spin state. In Fig. 1 the FTIR spectrum 

of Fe(TPP) is demonstrated before and after interaction with the very small 

quantities of DMSO vapors. This procedure leads to the appearance of new bands 

that are certainly associated with the presence of coordinated DMSO ligand. DMSO 

is ambidentate ligand and can be coordinated with the metal both through the 

oxygen and sulfur atom. IR spectroscopy is a powerful tool for distinguishing these 

two possibilities. Coordination through the oxygen atom leads to decreased 

frequency and coordination through the sulfur to the increased frequency of the 

sulfoxide bond relative to υ(S=O) of free ligand. As it is seen in Fig. 1 the new band 

at 1109 cm
-1 

appeared that is shifted to higher frequency in regard to the band of free 

ligand at ~1060 cm
-1

. 
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Fig. 1. FTIR spectral changes upon interaction of DMSO vapors (0,1 torr) with sublimed layers 

of Fe(TPP) (solid line) in temperature range 230-270 K. 

 

The porphyrin vibrations provide additional insight into the electronic structure 

of the new complexes [9]. A band in the vicinity of 1350 cm
-1

 representing the 

porphyrin core mode corresponding to υ(Ca-Cm) mixed with some υ(Cm-phenyl) lies 

at higher frequencies for low-spin complexes. Similarly, a low-energy porphyrin 

core deformation mode occurs in the range of 450 cm
-1

. For the low-spin iron-

porphyrin complexes it is located in the 460 cm
-1 

range while for high-spin species it 

shifts to 430 cm
-1

. From Fig. 2 it is seen that the band at 1346 cm
-1

 that is 

characteristic for the intermediate state after interaction with more quantities of 

DMSO splits into 2 bands at 1350 and 1336 cm
-1 

(solid line). First one is observed in 

the range characteristic for the low-spin complexes and belongs to 

Fe(TTP)(DMSO)2, while the second one at 1336 cm
-1

 is characteristic for the high-

spin complex that should be the 5-coordinate Fe(TTP)(DMSO) complex. 

Evacuation of the cryostat supports these assignments (Fig. 2, dashed and 

dotted spectra). Together with diminishing of the bands of coordinated and free 

DMSO, in the range of spin- sensitive bands the band at 1350 cm
-1 

loses
 
intensity 

and undergoes some low-frequency shift while band at 1336 cm
-1 

grows in intensity. 

This is the evidence of Fe(TTP)(DMSO)2 decomposition to Fe(TTP)(DMSO) and 

Fe(TTP). 
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Fig. 2. FTIR spectral changes upon high-vacuum evacuation of DMSO for the layer containing 
mostly Fe(TTP)(S-DMSO)2 (solid line) during 10 (dashed line) and 30 (dotted line) min. 
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Addition of NO into the cryostat at 200 K leads to appearance of two new bands 

in the range of nitrosyl stretching frequencies (Fig. 3) that are summarized in Table 

1 together with data for 
15

NO species. The values of isotopic shifts certainly indicate 

that they belong to nitrosyl stretching υ(NO) of coordinated NO in iron-porphyrin 

complexes. Band at 1674 cm
-1 

belongs to 5-coordinate nitrosyl complex 

Fe(Por)(NO) while the band at 1637 cm
-1 

should be assigned to coordinated NO-

group in 6-coordinate species with trans sulfoxide ligand, as is demonstrated in 

Scheme 2. 

Table 1 

υ(NO) (υ(
15

NO)) in 5-coordinate nitrosyl complexes of Fe(Por) and 6-coordinate 

nitrosyl complex with trans dimethylsulfoxide ligand. 

Complex υ(NO) υ(
15

NO) 

Fe(TPP)(NO) 1674 1645 

Fe(TTP)(NO) 1676 1646 

Fe(TPP)(NO)(DMSO) 1636 1607 

Fe(TTP)(NO)(DMSO) 1637 1608 



 

 

 

 

 

Table 2 

DFT computations for iron-porphine dimethylsulfoxide-nitrosyl complexes coordinated 

through the S and O atoms in different spin-states 
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Fig. 3. FTIR spectral changes observed upon interaction of 3 torr NO with layer containing 

Fe(TTP)(DMSO-d6)2 in the temperature range 200-210 K. 
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Hence NO can substitute DMSO ligand from Fe(Por)(DMSO)2 to form 

Fe(Por)(NO)(DMSO) and Fe(Por)(NO). The attempt to obtain only 6-coordinate 

mixed ligand complex in the solid state was not successful. However, this complex 

almost quantitatively was possible to obtain in the solution upon decreasing its 

temperature (Fig. 4). In these experiments DMSO ligand was added to solution of 

Fe(Por)(NO) in dichloromethane and the temperature of solution was gradually 

decreased. This led to spectral changes represented in Fig. 4. At these conditions 5-

coordinate complex Fe(Por)(NO) almost completely was transferred to the 6-

coordinate mixed ligand complex Fe(Por)(NO)(DMSO). From these data the 

thermodynamic parameters and equilibrium constant of the reaction 

Fe(Por)(NO) + DMSO ↔ Fe(Por)(NO)(DMSO) 

were estimated, that in the case of Fe(TTP) are equal to ΔH =-11.3±0.2 kJ∙mole
-1

, 

ΔS=-66±2 J∙mole
-1∙К-1

, ΔG=+8.6±0.2 kJ∙mole
-1 

and К298=3∙10
-2

.
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Fig. 4. Temperature dependence of the FTIR spectra in the υ(NO) range of the Fe(TTP)(NO) 
dissolved in the DMSO/CH2Cl2 solution. 

 

DMSO is ambidentate ligand. In the 5- and 6-coordinate sulfoxide complexes 

of iron-porphyrins, as it was shown above, it is coordinated through the sulfur atom. 

The same is taking place in the mixed ligand Fe(Por)(NO)(DMSO) complexes. 

Since the rocking vibration of methyl group ρ(CH3) [2] in DMSO is disposed in the 

range of 950 cm
-1

,
 
in which the υ(S=O) of O-coordinated sulfoxide is expected to 

occur, in order to be sure that there is no new band in this spectral range the 

experiments were performed also with DMSO-d6. Rocking vibration of CD3 groups 

is observed at much lower frequency and this spectral range is empty. 

 

Fig. 5. FTIR spectra of the sublimed layer of Fe(TTP) (solid line), Fe(TTP)(DMSO-d6)(NO) + 

Fe(TTP)(NO) (dashed line) and Fe(TTP)(DMSO)(NO) + Fe(TTP)(NO) (dotted line) at 205 K. 
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The absence of a new band in this spectral range upon formation of the mixed 

ligand Fe(Por)(NO)(DMSO) complexes (Fig. 5, dashed line) is an evidence that in 

this complex also sulfoxide is coordinated through the sulfur atom. Hence oxidation 

of methionine to sulfoxide both in complexes with sulfoxide and mixed ligand 

complexes with NO will leave sulfur atom coordinated with Fe(II). It means, that 

upon oxidation of proximal methionine to sulfoxide heme environment would not be 

subjected to significant changes. 

It should be noted that computations give some lower energy for the O-

coordinated DMSO ligand in the mixed ligand Fe(Por)(NO)(DMSO) complexes, so 

there is some discrepancy between experimental results and computations. However, 

it is necessary to stress that the computations were performed in the gas phase at 

room temperature. Calculation of both TPP and porphine (Table 2) 6-coordinate 

complexes favor O-coordinated DMSO by ~2 kcal/mol. Unfortunately, these 

compounds are not stable at room temperature and at this moment it seems rather 

difficult to evaluate the coordination mode of DMSO at 298 K. However, one must 

not rule out the possible isomerization following the increase in temperature. 

In all cases warming of the layer to room temperature under high vacuum leads 

to slow elimination of the DMSO ligand. In the case of 5- and 6-coordinate DMSO 

complexes it results in the formation of the 4-coordinate Fe-porphyrin complexes, 

while in the case of mixed ligand Fe(Por)(NO)(DMSO) complexes it comes to the 

end with the formation of thermodynamically very stable nitrosyl complex 

Fe(Por)(NO).
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ÜÆîðà¼ÆÈ ºðÎ²Â äàðüÆðÆÜÜºðÆ 6 -Îààð¸ÆÜ²òì²Ì 

ÎàØäÈºøêÜºðÀ îð²Üê ¸ÆØºÂÆÈêàôÈüúøêÆ¸²ÚÆÜ ÈÆ¶²Ü¸Æ Ðºî 

². ². ÐàìÐ²ÜÜÆêÚ²Ü, ². ì. ÆðºòÎÆ ¨ î. ê. ÎàôðîÆÎÚ²Ü 

ºñÏ³Ã-åáñýÇñÇÝÝ»ñÇ (Fe(Por), Por- Ù»½á-ï»ïñ³ý»ÝÇÉ- ¨ Ù»½á-ï»ïñ³-p-ïáÉÇÉ-

åáñýÇñÇÝ³ïá ¹Ç³ÝÇáÝ) ÙÇÏñáÍ³ÏáïÏ»Ý ëáõµÉÇÙí³Í Ã³Õ³ÝÃÝ»ñÇ Ñ»ï ¹ÇÙ»ÃÇÉ-

ëáõÉýûùëÇ¹Ç (DMSO) ¨ ³½áïÇ ÙáÝûùëÇ¹Ç (NO) Ñ³çáñ¹³µ³ñ ÷áË³½¹»óáõÃÛ³Ùµ 

ó³Íñ ç»ñÙ³ëïÇ×³ÝÝ»ñáõÙ Ù³ëÝ³ÏÇáñ»Ý ëï³óí»É »Ý Ë³éÁ-ÉÇ·³Ý¹³ÛÇÝ Fe(Por) 

(DMSO)(NO) ÏáÙåÉ»ùëÝ»ñ, ÇÝãå»ë óáõÛó ¿ ïñí³Í üÒÆÎ ëå»Ïïñ³ã³÷áõÃÛ³Ý »Õ³-

Ý³Ïáí, áñáÝù Éñ³óáõóÇã ÑÇÙÝ³íáñíáõÙ »Ý 15NO ¨ DMSO-d6 Ç½áïáåáÙ»ñÝ»ñÇ 

ÏÇñ³éÙ³Ùµ: 

Fe(Por)(DMSO)(NO)-Ç ·áÛ³óáõÙÁ DMSO-Ç ÷áË³½¹»óáõÃÛ³Ùµ ¹ÇùÉáñÙ»Ã³ÝáõÙ 

ÉáõÍí³Í Fe(Por)(NO)-Ç Ñ»ï ·ñ»Ã» ù³Ý³Ï³Ï³Ý µÝáõÛÃ ¿ ÏñáõÙ: Ð³í³ë³ñ³ÏßéáõÃÛ³Ý 

Ñ³ëï³ïáõÝÇ ç»ñÙ³ëïÇ×³Ý³ÛÇÝ Ï³Ëí³ÍáõÃÛáõÝÇó Ñ³ßí³ñÏí»É »Ý ÏáÙåÉ»ùë³·áÛ³ó-

Ù³Ý é»³ÏóÇ³ÛÇ Ã»ñÙá¹ÇÝ³ÙÇÏ å³ñ³Ù»ïñ»ñÁ: üÒÆÎ ëå»Ïïñ³ã³÷³Ï³Ý ïíÛ³ÉÝ»ñÁ 

ËáëáõÙ »Ý ³ÛÝ Ù³ëÇÝ, áñ DMSO-Ý Ïááñ¹ÇÝ³óÇ³ÛÇ Ù»ç ¿ ÙïÝáõÙ »ñÏ³ÃÇ Ñ»ï ÍÍáõÙµÇ 

³ïáÙÇ ÙÇçáóáí: ØÇ¨ÝáõÛÝ Å³Ù³Ý³Ï Ñ³ßí³ñÏÝ»ñÁ Ï³ï³ñí³Í ËïáõÃÛáõÝÝ»ñÇ ýáõÝÏ-

óÇáÝ³É ï»ëáõÃÛ³Ý ßñç³Ý³ÏÝ»ñáõÙ ·³½ ý³½³ÛáõÙ ¨ ë»ÝÛ³ÏÇ ç»ñÙ³ëïÇ×³ÝÝ»ñáõÙ ùÇã 

³í»ÉÇ Ëáñ ¿Ý»ñ·Ç³ÛÇ ÙÇÝÇÙáõÙ »Ý ¹ñë¨áñáõÙ O-Ï³åí³Í Ç½áÙ»ñÇ Ñ³Ù³ñ: 
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ШЕСТИКООРДИНАЦИОННЫЕ НИТРОЗИЛЬНЫЕ КОМПЛЕКСЫ 

Fe-ПОРФИРИНОВ С ТРАНС ДИМЕТИЛСУЛЬФОКСИДНЫМ ЛИГАНДОМ 
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Последовательное взаимодействие DMSO и NO с микропористыми слоями 

Fe(Por) -oв (Por – мезо-тетра-фенил- и мезо-тетра-p-толил-порфиринато дианионы) 

при низких температурах ведет к частичному образованию смешанного комплекса 

Fe(Por)(DMSO)(NO), как об этом свидетельствуют Фурье-ИК-спектры, подкреп-

ленные данными с изотопными 
15

NO и DMSO-d6. Образование при низких темпе-

ратурах Fe(Por)(DMSO)(NO) взаимодействием DMSO с растворенным в дихлорме-

тане нитрозильным комплексом Fe(Por)(NO) носит почти количественный харак-

тер. Из температурной зависимости константы равновесия реакции комплексооб-

разования вычислены термодинамические параметры этого процесса. Согласно 

данным Фурье-ИК-спектроскопии в смешанном комплексе DMSO координирован 

с железом через атом серы. В то же время расчеты по теории функционала плот-

ности в газовой фазе и при комнатных температурах дают несколько более глубо-

кий минимум для О-связанного изомера. 
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Kinetic parameters and reaction pathway for the reduction of nickel oxide with simultaneous 

utilization of magnesium and carbon were established to assess the feasibility of using combined 

reducers to produce powdered nickel from the NiO-Mg-C system. It was revealed that in this system 

the reduction of the metal oxide was initiated by Mg, followed by simultaneous action of magnesium 

and carbon, and at the end of the magnesiothermic process the second stage of the carbothermal 

reduction started. It was shown that relatively higher heating rates have beneficial influence on the 

reduction process of nickel oxide. The reduction of nickel oxide by the combined reducer (Mg+C) 

proceeds at a lower temperature as compared to separate binary mixtures, which evidences of the 

synergistic effect of combined reducers in the ternary mixture. The activation energy for the 

NiO+Mg+C reaction (117 kJ∙mol
-1
) is lower than that of the binary NiO+C (291 kJ∙mol

-1
) and NiO+Mg 

(178 kJ∙mol
-1
) reactions. Thus, the utilization of Mg/C combined reducer allows to mitigate the 

reduction temperature of NiO, as well as the activation energy compared with the separate 

carbothermal and magnesiothermic reduction reactions. 

Figs. 12, tables 5, references 29. 

1. Introduction 

Preparation of Ni-based alloys with refractory metals, such as tungsten or 

molybdenum, has been the subject of considerable interest during the past few years. 

Among such materials, Ni–W alloys exhibit distinguishing mechanical and 

tribological characteristics which provide enhanced performance for engineering 

applications. Օwing to their superior strength and thermal stability, valuable electric 

and magnetic properties, high corrosion resistance Ni-W alloys have got increasing 

consideration in several applications, including protecting and covering coatings, 
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microelectromechanical systems, magnetic heads and powerful integral schemes. 

Alloys of tungsten with the metals of iron group (particularly with nickel) are 

considering as main substitute for hard chromium platings [1-3]. 

It is well known that alloys containing refractory metal (W, Mo) are inherently 

difficult to prepare using conventional powder metallurgy due to the large 

differences in melting points (1455°C and 3422°C for Ni and W, respectively) and 

limited mutual solubility. Hence, self-propagating high-temperature synthesis (SHS) 

or combustion synthesis (CS) has been suggested for the preparation of fine Ni-W 

composite material from oxide precursors by Mg/C combined reducers [4-5] using 

thermo-kinetic coupling approach [6-7]. However, it is highly challenging to 

monitor the interaction process in the WO3-NiO-Mg-C system and to reveal the 

mechanism of combustion reaction due to its high velocity. One of the approaches to 

solve this issue is modeling the process under mild heating conditions (e.g., at low 

heating rates and tuning the process in time) using the DTA/TG method. By varying 

heating rates of reagents, it is possible to separate the main stages and analyze 

intermediate quenched compounds for the efficient exploration of interaction 

mechanism [8]. Moreover, performing the process with different heating rates 

allows to use various kinetic schemes developed for this purpose and to calculate 

kinetic parameters for separate stages. 

The implementation of this research enables to obtain kinetic parameters and 

reduction pathway for the reduction processes of nickel oxide with simultaneous 

application of magnesium and carbon, with the aim of assessing the feasibility of 

using combined reducers to produce powdered nickel from the NiO-Mg-C system. 

Such approach will contribute to the preparation of Ni-W alloys from the NiO-WO3-

Mg-C system in the combustion mode. 

Note that according to the available literature, the mechanism of NiO reduction 

by the combined Mg/C reducer has not been studied yet. In [9] the reduction of WO3 

was explored by means of combined reducers. The kinetics of nickel oxide reduction 

into nickel has been studied by using non-metallic reducers due to its practical 

importance as a catalyst in chemical industry [10-16]. Few kinetic studies have been 

reported where metals (magnesium or aluminium) were employed directly for the 

reduction of metal oxides. According to the literature data, high effective activation 

energy values were obtained for these thermite reactions (CuO+Mg, Ea = 424 ± 25 

kJ∙mol
-1

 [17]; Cu2O+Al, Ea = 658 kJ∙mol
-1

 [18]; MoO3+Al, Ea = 209-373 kJ∙mol
-1

 

[19]; Ea = 312 kJ∙mol
-1

 for the Al-30%Mg+Fe2O3 reaction [20]). 

In our previous studies in the CuO-Mg-C [21], WO3-Mg-C [9, 22], MoO3-Mg-

C [21, 23] systems at low and high heating rates the use of Mg+C reducing mixture 

was found attractive, especially due to the crucial influence of carbon addition on a 

reaction pathway with a lower effective activation energy. 

This study is motivated by the need to investigate the interaction behavior and 

kinetic features of the NiO-Mg, NiO-C and NiO-Mg-C systems in non-isothermal 

conditions using DTA/TG method. Based on the data obtained interactions in the 

NiO-Mg-C system and in more complicated NiO-WO3-Mg-C system can be 
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controlled allowing to fabricate powdered nickel or Ni-W alloys using the advanced 

combustion synthesis method. 

2. Materials and methods 

The experiments were carried out by differential thermal (DTA) and 

thermogravimetric (TG) analysis methods using Q-1500 instrument (Derivatograph 

Q1500 MOM, Hungary) which is linked to multichannel acquisition system, and 

output signals are recorded by a computer. The reactive powder mixture (30-

200 mg) is placed into one of two crucibles. In the second crucible the Al2O3 powder 

is placed, which is used as a reference material. All measurements were conducted 

in nitrogen flow (100-120 ml∙min
-1

). Heating rate was programmed to be 2.5, 5, 10, 

20°C∙min
-1

. In order to reveal the reaction mechanism, the process was terminated at 

preset temperatures, and the samples were cooled down in inert gas flow. Phase 

compositions of the intermediate and final products were analyzed by X-ray 

diffraction (XRD; D5005, Bruker, USA) using CuKa1 radiation (λ = 1.5406 Å) with 

a step of 0.02° (2θ) and a count time of 0.4 s. 

As raw materials nickel (II) oxide (reagent grade, Russia, TU 6-09-4125-80), 

magnesium (MPF-3, Russia, pure, particle size 0.15 mm<<0.3 mm), carbon (P-803, 

Russia, µ<0.1 m) were used in experiments. 

3. Results and discussion 

To clarify the interaction mechanism in the complex ternary (NiO-Mg-C) 

system, it was expedient firstly to explore the reaction pathways in the binary (NiO-

Mg, NiO-C) systems in the identical conditions of linear heating. 

 

3.1. NiO-Mg binary system 

Fig. 1 depicts DTA/TG curves of the NiO+Mg stoichiometric mixture. It is 

clear that strong exothermic reduction starts before the melting point of magnesium 

(650
o
C), when temperature exceeds 630

o
C (heating rate: Vh = 10

o
C∙min

-1
, mo = 

50 mg). A single stage process occurs and the maximum shift of the DTA curve 

appears at Tmax = 648.3
o
C. It must be emphasized that no mass change was 

registered during the process. The latter is a clear fact that the reaction proceeds by 

solid+solid scheme (NiO + Mg = Ni + MgO) and no evaporation of reagents takes 

place (Fig. 1, TG curve). 
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Fig. 1. DTA/TG curves of the 
NiO+Mg mixture, Vh = 10 oC∙min-1, 

mo = 50 mg. 

 

To reveal the influence of heating rate on the interaction mechanism, the 

DTA/TG studies were performed at heating rates from 2.5 up to 20°C∙min
-1

. As it 

can be seen from the figure 2, with the increasing of heating rate, exothermic peaks 

of magnesiothermic reduction of nickel oxide shift to higher temperature area. In 

parallel, the intensity of DTA peaks increases. Thus, in the case of Vh = 2.5°C∙min
-1

 

it is weakly expressed, while peaks at Vh = 5, 10, 20°C∙min
-1

 demonstrate the 

character of explosive reactions (Fig. 2; Table 1). 

 

 

 

 

 

 

 

 

Fig. 2. DTA curves of the NiO+Mg 
mixture at various heating rates: 

Vh = 2.5; 5; 10; 20oC∙min-1. 

 

Table 1 

Influence of heating rate on the temperature range and Tmax 

for the NiO+Mg system 

Heating rate, °C ∙min
-1

 Reduction temperature range, °C DTAmax, °C 

20 635-715 663.7 

10 630-670 648.3 

5 615-652 631.7 

2.5 570-610 593.3 

 

In all cases, the main process predominately occurs before melting of Mg and 

the interaction takes place with a solid + solid mechanism. To some extent, the 
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reaction with relatively high heating rate (20
o
C∙min

-1
) deviates from this scheme 

(Table 1). In this case, the interaction begins with participation of solid Mg but lasts 

up to a temperature surpassing the melting point of Mg. 

According to the results obtained at different heating rates, the latter 

phenomenon strictly affects the reduction degree. Thus, with increasing the heating 

rate, the intensity of Ni peaks in the XRD pattern (for the samples cooled down from 

700
o
C) noticeably increases; in parallel, the intensity of NiO peaks decreases (Fig. 

3). Therefore, relatively higher heating rates have beneficial influence on the 

magnesiothermic reduction of nickel oxide. 

 

 

 

 

 

 

 

 

 

Fig. 3. XRD patterns of the 
NiO+Mg reaction products at 

various heating rates. 

 

3.2. NiO-C binary system 

Experiments in the NiO-C binary system reveal that at linear heating (Vh = 

10
o
C∙min

-1
, mo = 200 mg) the stepwise carbothermal reduction is registered. Fig. 4 

shows that there are no significant changes in the reactive mixture up to 750
o
C. 

When the temperature exceeds 750
o
C an endothermic reduction is registered with 

two sequential stages, which is simultaneously noticeable on DTA, TG and DTG 

curves. At that, the second stage is more intensive (Fig. 4). Note that in [24-26] was 

also reported that nickel oxide carbothermal reduction at high-temperature area 

occurred by two macroscopic stages. 

 

 

 

 

 

 

 

 

 

Fig. 4. DTA/TG/DTG curves of the 
NiO+C mixture, Vh = 10 oC∙min-1, mo = 

200 mg. 
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The mass change in the TG curve corresponds to the release of carbon dioxide 

or/and carbon monoxide either during the first or second stage of the process: 

NiO + C → Ni + CO/CO2 ↑ 

According to mass loss calculations, the carbothermal reduction degree 

increases with the increase of the heating rate (Table 2). For example, according to 

the results shown in Fig. 4, the mass loss makes about 31% (according to the above 

reaction equation: 32.3%). 

Table 2 

Influence of heating rate on the initial mixtures’ mass loss 

Heating rate, °C∙min
-1

 Mass loss by C, % 

20 31.3 

10 31.0 

5 29.2 

2.5 17.5 

As can be seen from Fig. 5 (DTG curves), nickel oxide reduction by carbon 

proceeds at different temperature ranges depending on the heating rate. With the 

increase of the heating rate, the reduction process shifts to a higher temperature area 

(Table 3). 

 

 

 

 

 

 

 

 

 

 

Fig. 5. DTG curves of the NiO+C 

mixture at various heating rates. 

 

Table 3 

Influence of heating rate on the temperature range and Tmax  

for the NiO+C system 

Heating rate, 

°C∙min
-1

 
Reduction temperature range,

 o
C  (DTG min), 

o
C 

 I stage II stage I stage II stage 

20 780-900 905-985 843.4 948.1 

10 750-890 900-970 829.5 943.3 

5 730-930 935-990 808.6 966.2 

2.5 715-860 – 782.6 – 
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As it was mentioned above, carbothermal reduction degree increases with the 

increase of the heating rate. This has been also proved by the results of XRD 

analysis of the reduction products at the end of the process (Fig. 6): with the increase 

of heating rate, the nickel oxide carbothermal reduction degree increases as it was in 

the case of magnesiothermic reduction. 

 

 

 

 

 

 

 

 

Fig.6. XRD patterns of 

the NiO+C reaction 
products at various 

heating rates. 

 

3.3. NiO-Mg-C ternary system 

Finally, thermal analysis in ternary NiO-Mg-C system was performed with the 

2NiO+Mg+C stoichiometric mixture to distinguish carbon and magnesium reduction 

processes during the external heating. The DTA/TG curves in Figure 7 illustrate that 

first exothermic conversion proceeds at 590-740
o
C (Tmax = 673.5

o
C), which 

corresponds to the NiO + Mg = Ni + MgO reaction (see Fig. 8). In the DTA curve, 

the endothermic process of magnesium melting is also observed. TG and DTG 

curves show the mass loss expressed in two different segments (Fig. 7) validating 

that the carbothermic reduction of nickel oxide is a double-stage process [24-26]. 

The first decline in the TG curve starts at 625
o
C (DTGmin is observed at 684

o
C), 

slightly later than the magnesiothermic process starts (590
o
C). The second decline 

starts at 740
o
C (DTGmin is observed at 853.7

o
C), simultaneously with the end of the 

magnesiothermic process. This indicates that in the NiO-Mg-C system the reduction 

of the metal oxide is initiated by Mg (including magnesium melting zone), followed 

by simultaneous action of magnesium and carbon, and at the end of the 

magnesiothermic process, the second stage of the carbothermal reduction starts. The 

latter is additionally proved by XRD patterns of the samples cooled down at 

different temperatures (Fig. 8). 
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Fig. 7. DTA/TG/DTG curves of 

the 2NiO+Mg+C mixture, Vh = 
20oC∙min-1, mo = 70 mg. 

 

 

 

 

 

 

 

 

 

 

Fig. 8. XRD patterns of the 

2NiO+Mg+C reaction 
products cooled down from 
different temperatures. 

 

The results obtained during examinations of NiO reduction by combined Mg/C 

reducer are substantially different from the NiO reduction behavior by individual 

reducers. Here we deal with a typical example of the reactions kinetic coupling. 

According to the data obtained from individual reduction processes, the 

magnesiothermic reduction of nickel oxide (at Vh = 20
o
C∙min

-1
) proceeds at 635-

715
o
C temperature range with DTAmax = 663.7

o
C. In the case of the same heating 

rate the carbothermal reduction occurs at 780-900
 o

C; 905-985
o
C temperature ranges 

(DTGmins are observed at 843.4 and 948
o
C, respectively). So, the magnesiothermic 

reduction in the ternary system starts earlier by 50
o
C than in the NiO-Mg system, 

and the carbothermal two-stage reduction process moves to a low temperature area 

by 160 (I stage) and 60°C (II stage). Thus, the reduction of nickel oxide by the 

combined reducer (Mg+C) proceeds at lower temperatures as compared to separate 

binary mixtures, which evidences of the particular synergistic effect in the ternary 

mixture. 

According to the mass loss calculations, the carbothermal reduction degree in 

the ternary system increases with the increase of the heating rate. Thus, according to 

the reaction equation (NiO + Mg + C → Ni + MgO + CO/CO2↑), the maximum 

value of mass loss conditioned by carbothermal reduction process is 15.2%. On the 
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other hand, during the different heating rates in the reduction process the following 

percentages of weight loss were observed: 1.02% at 2.5
o
C∙min

-1
, 5.32% at 5

o
C∙min

-1
, 

7.92% at 10
o
C∙min

-1
 and 11.76% at 20

o
C∙min

-1
.
 
These results suggest that despite the 

degree of metal reduction increases with the increase of heating rate, carbon does 

not provide complete reduction of nickel oxide at least up to a temperature of 

950
o
C (Fig. 9). 

 

 

 

 

 

 

 

Fig. 9. XRD pattern of the 

2NiO+Mg+C reaction 
product, T = 950oC, Vh = 

20oC∙min-1 

 

As in the case of binary systems, in the ternary NiO-Mg-C system exothermic 

peaks of nickel oxide magnesiothermic reduction also shift to the higher temperature 

area (Table 4, Fig. 10) 

Table 4 

Influence of heating rate on the temperature range and Tmax for the 

2NiO+Mg+C system 

Heating rate, °C∙min
-1

 Reduction temperature range, 
o
C (DTA max), 

o
C 

20 590-740 673.5 

10 570-680 626.2 

5 550-660 592.8 

2.5 520-600 570.2 

 

 

 

 

 

 

 

 

Fig. 10. IDTA curves of the 

2NiO+Mg+C mixture at various 
heating rates. 
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3.4. Calculation of activation energy 

Based on the results obtained by DTA/DTG/TG investigations the effective 

activation energy values were calculated for the reduction stages for all the studied 

reactions. There are several approaches for calculation of the effective activation 

energy in non-isothermal conditions. Among them are the well-known isoconversion 

methods formulated by Kissinger [27] and Ozawa [28]. Both methods are based on 

the shift of temperature corresponding to the maximum advance in the DTA 

(Kissinger) and DTG (Ozawa) curves depending on the heating rate kept constant. 

The methods are based on the Arrhenius equation corrected for the nonisothermicity 

of the reaction in such a way, that the temperature is a function of time. 

The derived expression for determination of activation energy by Kissinger has 

the following form: 
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and by Ozawa method the following form: 
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where, A is a constant, E is the effective activation energy of the process, (kJ∙mol
-1

), 

Vh is the heating rate (K∙min
-1

), Tmax is the reduction temperature corresponding to 

the maximum advance in the DTA/DTG curve (K), R is the universal gas constant. 

 

3.4.1. Magnesiothermic and magnesiocarbothermal reduction of NiO 

(Kissinger method) 

In Figure 11, experimental data for the reduction of nickel oxide by Mg (1) and 

Mg+C (2) mixture in appropriate coordinates are summarized. Based on these plots 

the values of effective activation energy are calculated. Thus, the activation energy 

for NiO + Mg reaction is 178 kJ∙mol
-1

 and for NiO + (Mg+C) reaction - 117 kJ∙mol
-1 

(refers to the magnesiothermic stage) (Fig. 11). 
 

 NiO+Mg 
NiO+Mg+C 

(I stage) 

Vh, 
omin-1 Tmax, 

oC Tmax, 
oC 

20 664 674 

10 648 626 

5 617 593 

2.5 593; 596 570 

14

15

16

1 1.05 1.1 1.15 1.2 1/Tm*10
3

 - Ln(V*(1/Tm)
2
)

NiO+Mg+C (2);

Ea = 117 kJ·mol
-1 

NiO+Mg (1);

Ea = 178 kJ·mol
-1 

 
Fig. 11. Determination of activation energy values for NiO+Mg (1) and NiO+Mg+C (2) reactions 

by Kissinger method. 
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In comparison, according to [9], the activation energy for (WO3+Mg) reaction 

is 153 kJ∙mol
-1

 and for (WO3+Mg+C) is 177 kJ∙mol
-1

 (refers to the magnesiothermic 

reduction stage), while for (CuO+Mg) reaction is 424 kJ.mol
-1

 [17] (Table 5). 

 

3.4.2. Carbothermal reduction of NiO (Ozawa method) 

In Figure 12 experimental data in appropriate coordinates for the reduction of 

nickel oxide by carbon are summarized. According to Figure 12, the activation 

energy for NiO reduction by carbon is 291 kJ∙mol
-1

. In comparison, in [29] for nickel 

oxide carbothermal reduction the activation energy value was determined to be 

299 kJ∙mol
-1

 (Table 5).  

 

 

 

 

 NiO+C 

Vh, 
omin-1 Tmax, 

oC 

20 847 

10 830 

5 804 

2.5 783 

 

Fig. 12. Determination of activation energy for NiO+C reaction by Ozawa method. 

Table 5 

Comparison of the values of activation energies with reference data 

Reaction Activation energy, kJ∙mol
-1

 Reference 

WO3 + Mg 153 [8] 

CuO + Mg 424 [16] 

WO3 + Mg + C (for WO3 + Mg) 177 [8] 

NiO + C 299 [28] 

NiO + Mg 178 [this work] 

NiO + Mg + C (for NiO+Mg) 117 [this work] 

NiO + C 291 [this work] 

 

Furthermore, the activation energy of nickel oxide reduction by carbon is 

comparable with that of the same reaction determined from isothermal experiments 

(315 kJ∙mol
-1

) [25]. 

Thus, the activation energy for the NiO+Mg+C reaction (117 kJ∙mol
-1

) is lower 

than that of the binary NiO+C (291 kJ∙mol
-1

) and NiO+Mg (178 kJ∙mol
-1

) reactions. 

14

15

16

17

0.88 0.91 0.94 1/Tm*10
3

 - Ln(V*(1/Tm)
2
)

NiO+C;

Ea = 291 kJ·mol
-1 
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The application of Mg/C combined reducer allows to decrease the activation energy 

of magnesiothermic reduction stage by about 1.5 times. 

 

NiO-Ç ìºð²Î²Ü¶ÜØ²Ü äðàòºêÆ àôêàôØÜ²êÆðàôÂÚàôÜÀ 

Mg+C Ð²Ø²Îòì²Ì ìºð²Î²Ü¶ÜÆâàì ¸ºðÆì²îà¶ð²üÆ²Î²Ü 

ºÔ²Ü²Îàì 

Ø. Î. ¼²ø²ðÚ²Ü, ú. Ø. ÜÆ²¼Ú²Ü, ê. ì. ²Ú¸ÆÜÚ²Ü ¨ ê. È. Ê²è²îÚ²Ü 

êáõÛÝ ³ßË³ï³ÝùáõÙ áõëáõÙÝ³ëÇñí»É »Ý Mg/C Ñ³Ù³Ïóí³Í í»ñ³Ï³Ý·ÝÇãáí ÝÇÏ»ÉÇ 

ûùëÇ¹Ç í»ñ³Ï³Ý·ÝÙ³Ý ÏÇÝ»ïÇÏ³Ï³Ý ûñÇÝ³ã³÷áõÃÛáõÝÝ»ñÁ ¹»ñÇí³ïá·ñ³-ýÇ³Ï³Ý 

»Õ³Ý³Ïáí ·Í³ÛÇÝ ï³ù³óÙ³Ý å³ÛÙ³ÝÝ»ñáõÙ: ´³ó³Ñ³Ûïí»É ¿, áñ NiO-Mg-C Ñ³Ù³-

Ï³ñ·áõÙ ÝÇÏ»ÉÇ ûùëÇ¹Ç í»ñ³Ï³Ý·ÝáõÙÝ ëÏëíáõÙ ¿ Ù³·Ý»½ÇáõÙáí, ß³ñáõÝ³ÏíáõÙ ¿ 

ÙÇ³Å³Ù³Ý³Ï Ù³·Ý»½ÇáõÙáí ¨ ³ÍË³ÍÝáí, ÇëÏ Ù³·Ý»½ÇáõÙ³ç»ñÙ³ÛÇÝ åñáó»ëÇ ³í³ñ-

ïÇÝ ½áõ·³Ñ»é ëÏëíáõÙ ¿ ³ÍË³ÍÝáí í»ñ³Ï³Ý·ÝÙ³Ý »ñÏñáñ¹ ÷áõÉÁ: Ð³ëï³ïí»É ¿, áñ 

ï³ù³óÙ³Ý ³ñ³·áõÃÛ³Ý Ù»Í³óáõÙÁ µ³ñ»Ýå³ëï ³½¹»óáõÃÛáõÝ áõÝÇ ÝÇÏ»ÉÇ ûùëÇ¹Ç 

í»ñ³Ï³Ý·ÝÙ³Ý ³ëïÇ×³ÝÇ íñ³: òáõÛó ¿ ïñí»É, áñ ÝÇÏ»ÉÇ ûùëÇ¹Ç í»ñ³Ï³Ý·ÝáõÙÁ 

Mg/C í»ñ³Ï³Ý·ÝÇãáí ï»ÕÇ ¿ áõÝ»ÝáõÙ Ñ³Ù»Ù³ï³µ³ñ ³í»ÉÇ Ù»ÕÙ ç»ñÙ³ëïÇ×³Ý³ÛÇÝ 

å³ÛÙ³ÝÝ»ñáõÙ` Ñ³Ù»Ù³ï³Í NiO+Mg ¨ NiO+C µÇÝ³ñ Ñ³Ù³Ï³ñ·»ñÇ Ñ»ï, ÇÝãÁ 

íÏ³ÛáõÙ ¿ ëÇÝ»ñ·»ïÇÏ³Ï³Ý ¿ý»ÏïÇ Ù³ëÇÝ: àñáßí»É »Ý Ñ»ï³½áïí³Í é»³ÏóÇ³Ý»ñÇ 

¿ý»ÏïÇí ³ÏïÇí³óÙ³Ý ¿Ý»ñ·Ç³ÛÇ ³ñÅ»ùÝ»ñÁ, áñáÝù NiO+Mg+C, NiO+C ¨ NiO+Mg 

é»³ÏóÇ³Ý»ñÇ Ñ³Ù³ñ Ñ³Ù³å³ï³ëË³Ý³µ³ñ Ï³½Ù»É »Ý 117, 291 ¨ 178 Ïæ∙ÙáÉ
-1

: 

  

ДТА/ТГ ИССЛЕДОВАНИЕ ВОССТАНОВЛЕНИЯ NiO 

КОМБИНИРОВАННЫМ ВОССТАНОВИТЕЛЕМ Mg+C 

М. К. ЗАКАРЯН1,2, О. М. НИАЗЯН1, С. В. АЙДИНЯН3 и С. Л. ХАРАТЯН1,2 

1 Институт химической физики им. А.Б. Налбандяна НАН Республики Армения 

Армения, 0014, Ереван, ул. П. Севака, 5/2 
2 Ереванский государственный университет 

Армения, 0025, Ереван, ул. А. Манукяна, 1 
3 Таллинский технологический университет 

Эитайате ул. 5, Таллинн, 19086, Эстония 

E-mail: zakaryan526219@gmail.com 

 
В данной работе дериватографическим методом исследованы кинетические 

закономерности восстановления оксида никеля (II) комбинированным 

восстановителем Mg/C в условиях линейного нагрева. Установлено, что 

восстановление NiO начинается магнием, продолжается одновременно магнием и 

углеродом, а в конце магниетермического процесса наступает вторая стадия 

карботермического восстановления. Выявлено, что увеличение скорости нагрева 

оказывает благотворное влияние на степень восстановления окиси никеля. 

Показано, что восстановление оксида никеля (II) комбинированным 

восстановителем (Mg+C) происходит при более низких температурах по 

сравнению с отдельными бинарными смесями NiO+Mg и NiO+C, что 

свидетельствует о наличии синергетического эффекта. Определены значения 

эффективной энергии активации исследованных реакций: 117 кДж∙мол
-1

 – для 

реакции NiO+Mg+C, 291 кДж∙мол
-1 

–
 
для NiO + C и 178 кДж∙мол

-1 
– для NiO + Mg. 
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PHOTOCATALYIC OXIDATION OF CHLORINATED PHENYLALKANES  

 WITH DIOXYGEN 
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The photocatalytic oxidation of some chlorinated derivatives of the following mono- and 

biphenyl-substituted alkanes - 1-chloro-4-ethylbenzene (CEB); 4,4'-ichlorodiphenylmethane (DDM); 

1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (DDT) – with dioxygen in the presence of the 

photocatalyst – heterogenizied dioxo-Mo organometallic complex (dioxo-molybdenum(VI)-

dichloro[4,4'-dicarboxylato-2,2'-bipyridine]) anchored on the photosensitive TiO2 support under UV-

irradiation (= 253.7 nm) has been investigated. The catalytic role of the anchored on Mo-metal-

organic complex in the selective activation of the benzylic C-H bonds of these compounds with the 

formation of the corresponding oxygenated products in mild conditions has been shown. 

The catalytic cycle consists of two successive stages, involving the oxidation of substrate by 

the oxo-atom transfer from dioxo-Mo(VI)-complex under UV-irradiation and regeneration of the 

reduced Mo(IV)-center by the oxidation with dioxygen in the dark. Experimentally, these two stages 

are separated in time. It has been shown that under these conditions even such a persistent 

pollutant as DDT can be selectively oxidized to dicofol, which is currently not available by other 

ways. The possible mechanism suggested for this group of reactions is discussed. It has been 

suggested that the formation of oxo-peroxo-Mo(VI) moieties, apparently, enhances the oxo-atom 

transfer from the Mo-complex to the substrate. 

Figs. 3, table 1, references 11. 

Introduction 

Chlorinated derivatives of mono- and biphenyl-substituted alkanes are used as 

pesticides, dyestuffs; they are also used in various chemical syntheses [1]. The wide 

use of them causes different environmental problems [2,3]. One of the ways to 

neutralize these compounds is photocatalytic oxidation or oxidative destruction by 

air or oxygen. The existing methods for the transformation of these compounds to 

corresponding oxygenates in industrial scale are usually multistage complex 

mailto:loriettam@yandex.ru


 

 
487 

processes. For example, the transformation of DDT to dicofol (2,2,2-trichloro-1,1-

bis-(4-chlorophenyl)ethanol) occurs as a four stages complex process [4]. 

Selective activation and functionalization of the benzylic C-H bonds of these 

compounds [5] permits directly to synthesize a great number of different 

halogenated derivatives of aromatic alcohols, ketones, carboxylic acids, etc. 

In this work the oxidation of 1-chloro-4-ethylbenzene(chloroethylbezene 

(CEB)- 1), 4,4'-dichlorodiphenylmethane(dichlorodiphenylethane (DDM)-2) and 

1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (dichlorodiphenyltrichloroethane 

(DDT)- 3) 

 
 1  2  3 

1- CEB; 2-DDM; 3-DDT. 

with dioxygen was tested in the presence of the photocatalyst: dioxo-Mo(VI)-

dichloro[4,4'-dicarboxylato-2,2'-bipyridine] complex, anchored on TiO2 (Fig. 1) 

under UV-irradiation (= 253.7 nm). The catalytic activity of dioxo-

molybdenum(VI) complexes in the presence of dioxygen was well known in 

oxidation reactions of the organic compounds, such as alkylarens, olefins, alcohols, 

phosphines, etc., in homogeneous conditions (in different solvents) [6,7]. The 

applied catalyst is a heterogenizied modification of a dioxo-Mo(VI) organometallic 

complex on the photosensitive material like TiO2 [8]. 

 

Fig. 1. Complex 1. Dioxo-Mo(VI)-dichloro[4,4'-dicarboxylato-2,2'-bipyridine] complex, 
anchored on TiO2 surface. 

Being a photosensitive material, TiO2 promotes oxo-atom transfer reactions via 

enhanced electronic flux from support onto the molybdenum coordination sphere 

under UV or visible light irradiation [6-8]. 

The catalytic action of the anchored complex is based on the redox capacity of 

the Mo-active centers, performing catalytic cycle (Mo
VI

 ⇆ Mo
IV

) in the presence of 

dioxygen. 

In the above context, the aim of this work is examination of the possibility of 

catalytic oxidation, or oxidative destruction of the mentioned chlorinated mono- and 

biphenyl-substituted alkanes, directly with the cheapest oxidant, like dioxygen, in 
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mild conditions, under UV-irradiation or visible light, using heterogenizied 

transition metal complexes on the photosensitive support. 

Experimental Section 

The experimental studies of the photocatalytic oxidation and oxidative 

destruction of 1-chloro-4-ethylbenzene (CEB); 4,4'-dichlorodiphenylmethane 

(DDM); 1,1,1-trichloro-2,2-bis (p-chlorophenyl)ethane (DDT) with dioxygen were 

performed in a reaction vessel (quartz, 30 mL) with a magnetic stirrer. The source of 

UV-irradiation was high pressure Hg-lamp DRT- 230. = 253.7 nm irradiation was 

applied. The experimental setup was described in previous works [9]. 

The dioxo-molybdenum(VI)-dichloro-[4,4'-dicarboxylato-2,2'-bipyridine] 

complex, anchored on the TiO2 was synthesized by the transesterification of 

trimethylsilylated titania with the carboxylic ligand, giving trimethylsilanol 

(eliminated as hexamethyldisiloxane and water), then, the complexation was done 

by treating the anchored complex with a tetrahydrofuran solution, containing the 

calculated amount of MoO2Cl2 [10]. The method for the synthesis, as well as 

characterization of the obtained samples by a number of spectroscopic methods (
13

C 

CAP NMR, FTIR and others) was also described in our previous works. The 

chemical and thermogravimetric analyses were performed for determination of the 

quantities of this complex on the surface of TiO2. 

The typical experiment was carried out by the following sequence of stages. 

The reaction mixture was exposed to UV-irradiation under stirring conditions and in 

the absence of dioxygen for 6-7 h. It was a suspension of the mentioned chlorinated 

alkanes (about N×10
-5

 mol) in acetonitrile, containing 10 mg of Complex 1. This 

was the first stage (period) of the experimental cycle. The second stage (period) was 

regeneration of the used catalyst in the presence of oxygen (2-2.5 h) in the dark. 

Before the beginning of every new experimental cycle, dioxygen was removed from 

the reaction medium and replaced by argon or helium. Identification and qualitative 

analyses of the reaction products were mostly carried out by gas-liquid 

chromatography and mass-spectrometry. 

Results and Discussion 

All observation tests of the consumption of substrates and formation of products 

in interactions of the chosen compounds with dioxygen, in the absence of the 

anchored complex, were negative in comparable experimental conditions. In the 

presence of “pure” TiO2 (without anchored complex), as well as under UV-

irradiation, the conversion of the initial substrates and detected products was 

quantitatively about two or three orders lower than in experiments with the anchored 

complex, with the exception of DDT. In the latter case, the conversion of DTT was 

no more than 5-7% in the time intervals comparable with the experiments with 

anchored complex. 
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In experiments with 1-chloro-4-ethylbenzene (CEB), in the first period of the 

first experimental cycle, the chromatographic and chemical analyses showed 

formation of Cl-C6H5, accompanied with small quantities of Cl-C6H4-CH(-OH)-CH3 

and Cl-C6H4-C(=O)-CH3, traces of Cl-C6H4-CH(O-OH)-CH3 and other chlorinated 

derivatives of the oxygen containing aromatic organic compounds, as well as CO2, 

H2O. No Cl–ions were found in the reaction zone. The time evolution profiles of 

some products in the first and consequent experimental cycles are presented in Fig. 

2. The horizontal sections on the curve of the main reaction product, chlorobenzene, 

corresponding to the second time-periods (“dark” reaction) of the experimental 

cycles, the aim of which was re-oxidation of Mo(IV), formed in the first periods, 

into Mo(VI) with dioxygen, indicate practically the absence of the accumulation of 

the product. Contrarily, in the first periods of the second and consequent 

experimental cycles the amounts of the product permanently increase under UV 

irradiation in argon atmosphere. 

The analyses showed that about 0.5 mol of CEB was transformed into products 

per 1 mol of the Mo-complex at the first period (about 7 h of experiment) of the first 

experimental cycle. 

 

Fig. 2. Time evolution profiles of products: Cl-C6H5 (●), Cl-C6H4-C(O)-CH3(□), Cl-C6H4-CH(OH)-

CH3 (▲) on oxidative decomposition of 1-chloro-4-ethylbenzene. 1; 3; 5; 7: periods under UV 
irradiation and argon; 2; 4; 6: periods of O2 flow, in the dark. α = ([final product] mmol/[dioxo-
Mo-complex] mmol)x100 (%). 

 

The qualitative and quantitative analyses indicate the existence of the 

stoichiometric relations between the products in the following reaction: 

hν 

p-Cl-C6H4-CH2CH3 + 3O2 → Cl-C6H5 + 2CO2 + 2H2O 

Thus, one of the main products of this reaction is chlorobenzene. Usually the 

main products of the oxidation of the aromatic hydrocarbons in the presence of 

Сomplex I correspond to alcohols or ketones [5-7,11]. 

Apparently, the formation of chlorobenzene is a result of the oxidative 

destruction of other intermediates, such as 4'-chloroacetophenone and 1-(4-
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chlorophenyl)ethanol. This hypothesis has been verified by studying the 

photocatalytic decomposition of the 1-(4-chlorophenyl)ethanol in the same 

experimental conditions, under argon atmosphere, in the presence of Сomplex I. The 

following reaction may be written on the basis of the obtained data: 

hν, 4[O] 

p-Cl(C6H4)-C(O)-CH3 → Cl(C6H5) + 2CO2 + H2O 

where [O] is oxo-atom in Сomplex 1. On the other hand, in analogous conditions, 

under visible light, ethylbenzene produces acetophenone, as a main product of the 

reaction [10, 11]. 

The multiple increase of the turnover number (ratio of [substrate] 

mmol/[anchored complex] mmol) in the second and consequent experimental cycles 

indicates that Complex 1 plays the role of a catalyst in the presence of dioxygen in 

oxidative destruction of CEB. Apparently, it occurs by the oxygen atom transfer to 

benzylic carbon by the formation of the chlorinated phenyl alcohol and ketone, 

which in their turn form all observed varieties of the decomposition products. 

The oxidation of 4,4'-dichlorodiphenylmethane (DDM), in the same 

experimental conditions, showed analogous behavior, nearly repeating the form of 

the above presented time profile, obtained for CEB: the consumption of initial 

substrate and formation of reaction products in the first periods of the experimental 

cycles, and practically absence of the conversion of a substrate in the second 

periods. Composition of the products was relatively more complex for this 

compound than for CEB. The main reaction products were 4,4'-

dichlorodiphenylmethanol, 4,4'-dichlorobenzophenon, chlorobenzene, as well as the 

products of complete oxidation, CO2 and H2O. Taking into account the results of all 

other experiments without anchored complex, on “pure” TiO2, under UV-irradiation 

or in its absence, it may be concluded that the anchored complex plays the catalytic 

role in oxidative decomposition of DDM. 

The reaction of DDT with oxygen was investigated in more detail, proceeding 

from its practical importance. The results obtained in 5 consecutive cycles are 

presented in Fig. 3. The curve (b) corresponds to the photochemical oxidation of 

DDT on the surface of “pure” TiO2 (without anchored Complex 1), in the presence 

of dioxygen. Note, the amount of the “pure” TiO2 in the reaction mixture was twice 

as much than that in experiments with Complex 1. The simple comparison of two 

curves indicates a significant increase of the consumption of DDT in the presence of 

the anchored complex (curve (a)), reaching 32% of the initial amount of the 

substrate. The post-reaction mixture, in this case, contains not only chlorinated 

products and Cl-ions, but also non-chlorinated organic compounds (C1-C14), CO2, 

and H2O. As the results show, the sum of a dozen dechlorinated products was about 

53-57%. Correspondingly, other products (43-47%) were non-dechlorinated and 

partially dechlorinated compounds. 

 



 

 
491 

 

Fig. 3. Time profiles of the consumption of DDT(C×10-7 mol/L), under UV-irradiation: (a) - in the 
presence of the anchored Complex (1); (b) - in the presence of the “pure” TiO2 (in amounts 2 

times more than Complex 1) with O2. 

 

The main product of the reaction dicofol (2,2,2-trichloro-1,1-bis(4-

chlorophenyl)ethanol), (21 mol %), apparently, was also playing the role of an 

intermediate for the formation of a number of other chlorinated and non-chlorinated 

products. Note, under the same conditions, but in the absence of the anchored 

complex (on the “pure” TiO2), the formation of dicofol was very slow, and the 

reaction gave a more complex mixture of other oxidative/reductive decomposition 

products, including the products of the complete degradation in small amounts. 

The above results of the oxidation and oxidative destruction of CEB, DDM and 

DDT permit to conclude that the primary reaction in the interaction of Complex 1 

with substrate is the formation of the corresponding oxygenated products, such as 

alcohols and often ketones, via photo-stimulated O-atom transfer from the anchored 

complex to substrate (reactions 1). 

      hν 

 Cl-C6H4-CHR1R2+O=Mo(O)Cl2L/TiO2→ 

 (Cl-C6H4)x-C(OH)R1R2+Mo(O)Cl2L/TiO2  (1) 

where, R1=H, R2=CH3 for CEB; R1=H, R2=ClC6H4 for DDM; R1=CCl3 R2= ClC6H4 

for DDT; L is 4,4′-dicarboxylato-2,2′-bipyridine ligand of Complex 1. For 

compounds R1=H, the formation of ketenes may take place (reaction 2) 

hν 

 Cl-C6H4-CH2R2+ 2O=Mo(O)Cl2L/TiO2 → 

 (Cl-C6H4)x-C(O)R + 2Mo(O)Cl2L/TiO2 + H2O  (2) 

 2Mo(O)Cl2L/TiO2 + O2 → 2O=Mo(O)Cl2L/TiO2  (3) 

Correlation between the yield of dicofol and turnover number 

([DDT]/[anchored complex]) in experimental cycles, is presented in Table 1. The 

turnover number in the second cycle increases more than two times after the re-

oxidation in the second period of the first cycle, becoming 2.13 from 0.63 (Table 1), 

while it could be no more than 2, or no more than 1 for only one cycle, taken 
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separately, in consideration that the reaction (1) is a predominant way of the 

consumption of DDT. In other words, the consumption of DDT quantitatively 

exceeds the initial stoichiometric quantities of the reaction (1), which proceeds 

under UV-irradiation, after the “dark” reaction, in the absence of dioxygen. 

Table 1 

Experimental data of the dependence of the turnover number 

([DDT]mmol/[anchored complex]mmol) and the yield of dicofol on the number 

of experimental cycles (the reaction time (h) is given in parentheses) 

Number of the experimental cycles 1 2 3 4 5 

Turnover number 0.63 (5) 2.13(11) 2.58(17) 3.38(23) 3.68(32) 

Yield of dicofol (mole %) 9.5 13.5 15.4 18.2 21.0 

 

It is noteworthy that the yield of dicofol also increases (about 1.42 times) with 

the increase of the consumed amount of DDT in the nearly the same reaction time 

interval in the first period of the second cycle. In further experimental cycles, 

apparently, the different reaction channels of oxidation and decomposition become 

more significant than the selective formation of dicofol by the reactions (1)-(3). 

Nearly analogous situation can be observed in experiments of the oxidative 

destruction of CEB (Fig. 1). The accumulated amounts of the main product 4-

chlorobenzene in the first period of the second experimental cycle were more than 

possible stoichiometric amounts of the reactions (1)-(2). 

These facts permitted to assume that in the second periods of the experimental 

cycles, the re-oxidation with dioxygen of the reduced Mo(IV) into Mo(VI) occured 

by the formation of the oxo-peroxo-Mo(VI) moiety in coordination sphere of the 

anchored complex. 

 
As a result, the capacity of Complex 1 in oxygen atom transfer reactions may be 

either doubled or, at least, noticeably increased. In this regard, the primary reaction 

in the first periods of the second and consecutive experimental cycles may be 

represented as: 

 

(ClC6H4)x-CH-R+ (Cl-C6H4)x-C(OH)-R+  

  

 Although the main peculiarities of the photocatalytic oxidation or/and oxidative 

destruction by the applied catalyst for the mentioned three compounds, in general, 

are similar, the oxidation of DDT exhibits some important differences. For example, 

the post-reaction mixture also contains products of the reductive decomposition, 

such as DDE (1,1-dichloro-2,2-bis(p-chloro-phenyl)ethylene about 9%), DDD (1,1-
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dichloro-2,2-bis-(p-chlorophenyl)ethane), DDM (2,2-bis-(p-chloropheny)methane, 

diphenylmethane), and others, summarily about 13-14%. 

Conclusions 

As it was shown on the given examples, in photocatalytic oxidation of the 

mentioned compounds, the main primary reaction occurs by the selective activation 

and functionalization with the anchored Complex 1 of the benzylic (or bibenzylic) 

C-H bond, producing alcohols or ketones via oxo-atom from transition-metal to 

substrates. Note that, in this case, the chlorophenyl fragments of the mentioned 

compounds may rest untouched in the formation of the main products of primary 

reaction. 

In the aspects of the reaction mechanism, the observed acceleration of the 

reaction in the first periods of the second and consequent experimental cycles may 

be assigned to the formation of oxo-peroxo-Mo(VI) moieties in coordination sphere 

of the complex in the second periods, which, apparently, are more active in oxo-

atom transfer reactions to benzylic carbon-atom. 

 

øÈàð²òì²Ì ²ÈÎ²ÜÜºðÆ üàîàÎ²î²ÈÆ¼²ÚÆÜ úøêÆ¸²òàôØÀ 

ÂÂì²ÌÜàì 

È. ². Ø²Üàôâ²ðàì², è. ². ´²Êâ²æ²Ü ¨ È. ². Â²ì²¸Ú²Ü 

àõëáõÙÝ³ëÇñí»É ¿ ÙáÝá- ¨ ¹Çý»ÝÇÉï»Õ³Ï³Éí³Í ³ÉÏ³ÝÝ»ñÇ áñáß ùÉáñ³óí³Í 

³Í³ÝóÛ³ÉÝ»ñÇ՝  1-ùÉáñ-4-¿ÃÇÉµ»Ý½áÉ; 4,4'-¹ÇùÉáñ¹Çý»ÝÇÉÙ»Ã³Ý; 1,1,1-»éùÉáñ-2,2-µÇë 

(р-ùÉáñý»ÝÇÉ)¿Ã³Ý ýáïáÏ³ï³ÉÇ½³ÛÇÝ ûùëÇ¹³óáõÙÁ ÃÃí³ÍÝáí, Ñ»ï»ñá·»Ý³óí³Í 

¹Çûùëá-Mo-Ù»ï³Õûñ·³Ý³Ï³Ý ÏáÙåÉ»ùë (¹Çûùëá-ÙáÉÇµ¹»Ý(VI)-¹ÇùÉáñ[4, 4'-¹ÇÏ³ñµáù-

ëÇÉ³ïá-2,2'-µÇåÇñÇ¹ÇÝ]) TiO
2
 Éáõë³½·³ÛáõÝ ÏñÇãÇ íñ³ ýáïáÏ³ï³ÉÇ½³ïáñÇ Ý»ñÏ³-

ÛáõÃÛ³Ùµ, àõØ (λ = 253.7 ÝÙ) ×³é³·³ÛÃÙ³Ý ï³Ï: òáõÛó ¿ ïñí»É, áñ ³Û¹ ÙÇ³óáõ-

ÃÛáõÝÝ»ñÇ µ»Ý½ÇÉ³ÛÇÝ C-H Ï³åÇ ÁÝïñáÕ³Ï³Ý ³ÏïÇí³óÙ³Ý Ù»ç Ë³ñëËí³Í Мо-Ù»-

ï³Õûñ·³Ý³Ï³Ý ÏáÙåÉ»ùëÇ Ï³ï³ÉÇïÇÏ ¹»ñÁ Ù»ÕÙ å³ÛÙ³ÝÝ»ñáõÙ Ñ³Ù³å³ï³ëË³Ý 

ûùëÇ¹Ý»ñÇ ³é³ç³óÙ³Ùµ: øÝÝ³ñÏí»É »Ý ³Ûë ËÙµÇ é»³ÏóÇ³Ý»ñÇ ÑÝ³ñ³íáñ Ù»Ë³-

ÝÇ½ÙÝ»ñÁ: ²é³ç³ñÏí»É ¿, áñ ûùëá-å»ñûùëá-Mo(VI) Ù³ëÝÇÏÝ»ñÇ Ó¨³íáñáõÙÝ, Áëï 

»ñ¨áõÛÃÇÝ, ËÃ³ÝáõÙ ¿ ûùëá-³ïáÙÇ ÷áË³ÝóáõÙÁ Mo-ÏáÙåÉ»ùëÇó ¹»åÇ ëáõµëïñ³ï: 

 

ФОТОКАТАЛИТИЧЕСКОЕ ОКИСЛЕНИЕ ХЛОРИРОВАННЫХ 

ФЕНИЛАЛКАНОВ КИСЛОРОДОМ 

Л. А. МАНУЧАРОВА, Р. А. БАХЧАДЖЯН и Л. А. ТАВАДЯН 

Исследовано фотокаталитическое окисление некоторых хлорированных 

производных моно- и дифенилзамещенных алканов:1-хлор-4-этилбензола; 4,4'-

дихлордифенилметана; 1,1,1-трихлор-2,2-бис(p-хлорфенилl)этана, молекулярным 

кислородом в присутствии фотокатализатора: гетерогенизированного диоксо-Мо 

органометаллического комплекса (диоксо-молибден(VI)-дихлоро[4,4'-дикарбокси-

лато-2,2'-бипиридин]), закрепленный на фоточувствительном носителе TiO2, при 

УФ-облучении (= 253.7 нм). Показана каталитическая роль закрепленного на 

носителе Мо-металлорганического комплекса в селективной активации бензиль-
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ных С-Н связей этих соединений с образованием соответствующих продуктов 

окисления в мягких условиях. Каталитический цикл состоит из двух последо-

вательных стадий, включающих окисление субстрата посредством переноса оксо-

атома от диоксо-Мо(IV)-комплекса при UV-облучении, и регенерации восстанов-

ленного Mo(IV)-центра окислением молекулярным кислородом в темноте. Пока-

зано, что в этих условиях даже такой устойчивый загрязнитель как ДДТ может 

быть селективно окислен до дикофола, что в настоящее время другими путями не-

возможно. Предложен возможный механизм для этой группы реакций. Очевидно, 

что формирование оксо-пероксо-Мо(VI) частиц способствует переходу оксо-атома 

от Мо-комплекса к субстрату. 
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The review of the work of the Laboratory of High-Temperature Synthesis and Technology of 

Inorganic Materials, ICP NAS of Armenia, is presented. For the first time, more than 200 binary and 

multicomponent hydrides and deuterides of metals and alloys were synthesized by the method of 

self-propagating high-temperature synthesis (SHS). These studies became the physico-chemical 

basis of SHS processes in Me-H systems and led to the formulation of technological works having 

huge industrial prospects. Hydrides of transition metals and alloys are of great value as condensed 

hydrogen carriers. Further studies of hydrides synthesized in the SHS regime made it possible to 

develop yet another fundamentally new method for the synthesis of alloys and intermetallides of 

transition metals, which we called the "Hydride cycle-HC" method. The method is based on reactions 

of interaction of two or more metal hydrides, for example, xMe'H2 + (1-x)Me''H2 → alloy MexMe(1-x) + 

H2↑. It is shown that when a compacted mixture of two or more hydrides, as well as hydride and 

metal powder (for example, TiH2 and Al) is heated, the removal of hydrogen from the compacted 

charge at temperatures slightly above the dissociation temperatures of the hydrides leads to the 

formation of strong, nonporous, compact binary, ternary alloys of these metals. More than 100 alloys 

and intermetallics in Ti-Zr systems were synthesized in the HC mode; Ti-Hf; Ti-Nb; Ti-V; Zr-Hf; Ti-Zr-

Hf; Ti-Ni; Zr-Co; Ti-Al; Nb-Al, etc. Some of the obtained compact alloys without preliminary grinding 

interact with hydrogen in the SHS mode, forming hydrides with a high hydrogen content. 

Figs. 18, tables 4, references 25. 

1. Hydrides of transition metals 

When the reserves of fossil fuels such as oil, natural gas and coal are depleted 

and disappear, they will be replaced by water decomposed to hydrogen and oxygen. 

Hydrogen is a fuel of the future. Although it was shown that hydrogen has a great 

future, its accumulation, storage and usage is dangerous. Gaseous hydrogen is stored 

in gas cylinders at a pressure of 150 atm with explosion hazard. Hydrogen is 

liquefied at temperatures between -253– -259°C and stored in special containers – 

tanks. 

mailto:seda@ichph.sci.am
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It is worth noting that at present, the modern technology offers a more 

advantageous way of hydrogen storage by incorporation it into a metal, storage 

without loss for a long time at ambient temperature and pressure, and extraction at a 

right time applying heating. The extracted hydrogen is of as high purity as 99.99% 

because at the temperature of its extraction no other gases or impurities are released 

from the metal. There is a huge literature devoted to metal-hydrogen compounds 

named hydrides. Actually, the term "hydrides" combines a very broad class of 

substances with cardinally different properties, chemical composition and type of 

inter-atomic bonds. 

Fig. 1 shows the elementary crystal lattice of titanium hydride, TiH2. 

The hydrides of transition metals and alloys having "metallic bonds", the so-

called metal hydrides, are the subject of the present article. Hydrogen, embedded in 

the metal can radically change the properties of the latter. The interaction of 

transition metals with hydrogen results in formation of structures, in which the 

hydrogen atoms are located in the interstices of the metal sublattice, for example, in 

tetrapores.  

Hydrides of transition metals are of wide interest as a large class of compounds 

with unique physical and chemical characteristics. Table 1 presents some 

characteristics of several hydrides of transition metals and hydrogen containing 

materials. 

Table 1 

The most important characteristics of some transition 

metal hydrides and hydrogen containing materials 

Compound 
Atomic concentration of Н2, 

NH10
22 

at. Н/cm
3
 

Content of Н2, 

wt. % 

Dissociation 

temperature, 
o
С 

ZrH2 7.34 2.01 800-1000 

TiH2 9.5 4.02 600-800 

MgH2 6.7 7.6  

VH2 11.4 3.78  

ZrV2H4.3 7.06 1.85 550-600 

ZrNiH3 7.73 1.96 250-350 

ZrCoH3 7.64 1.95 250-350 

TiFeH2 5.5 1.5 80 

LaNi5H7 7.6 1.5 30-50 

Mg2NiH4 5.9 3.8 200-250 

Gaseous Н2 at 100 atm 0.65 – – 

Liquid Н2 4.2 – – 

Н2O 6.7 – – 

Lithium borohydride, 

LiBH4 
7.6 18.5 

– 

Polystyrene, (С8Н9)n 5.4 1.05 – 
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Fig. 1. Elementary crystal lattice of TiH2. 

 

The data in Table 1 show that the hydrogen content in a unit volume of metal 

hydride is much higher than in a unit volume of many hydrogen-containing 

materials including liquid hydrogen and water. Consequently, hydrides of transition 

metals and alloys are of great value as condensed hydrogen carriers. 

The interest in hydrogen and metal hydrides is associated with two global 

problems: protection of environment and depletion of fossil carbon and hydrocarbon 

fuels. Metal hydrides are multifunctional materials. The range of application of 

hydrides of metals and alloys is very wide. 

1. In hydrogen energy, the metal hydrides serve as hydrogen accumulators and are 

promising as components of environmentally pure fuel. In this sense, the 

hydrides with dissociation temperatures below 300°C are of particular interest 

[1]. 

2. In nuclear power, the metal hydrides are used as biological protection against 

ionizing radiation and fast neutron flux. The mass of hydrogen atom is closer to 

the mass of neutron than the mass of any other element; therefore, upon 

interaction with neutron, it exhibits a unique property: is the most effective 

absorber of neutron energy. The content of hydrogen atoms in volume unit, 

NH10
22

 at. H/cm
3
, is the most important characteristic determining the 

effectiveness of any protective material in slowing down neutron flux. The data 

in Table 1 show that this characteristic for metal hydrides is the best [2]. 

3. In powder metallurgy, the metal hydrides are used as most convenient 

compounds for dispersing the refractory metals. It is known that the 

introduction of hydrogen into the crystal lattice of a metal brings to its 

embrittlement [3]. The hydrides of transition metals can be easily ground to 

micron and submicron grain sizes, besides they consist of crystallites of 

nanoscale sizes. In metallurgy, the term "hydrogen fragility" is known. In steel 

and cast iron, this very undesirable phenomenon can appear due to the hydrogen 

impurity even not exceeding 0.1wt.%. 

4. Metal hydrides can serve as sources of the purest hydrogen, ≈ 99.4444%. 

5. Metal hydrides are successfully used as catalysts in the chemical industry.  

Many other original and unexpected applications of metal hydrides have been 

described in the literature. 
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The current method of metal hydride producing consists in the heat treatment of 

metal at high temperature (~ 1000
o
С) in inert atmosphere and stepwise cooling it in 

the hydrogen atmosphere. The process lasts from 10 to 40 hours, depending on the 

metal. For preparation of hydride of stoichiometric composition, multiple cycling, 

deep purification of hydrogen, etc. are required. The obvious difficulty of producing 

hydrogen rich, single-phase metal hydrides hinders their wide application in 

industry, studying their physical and chemical properties for finding new areas and 

expanding application fields [4]. 

The SHS method has appeared a perspective direction for the synthesis of metal 

hydrides. 

The essence of SHS method consists in the usage of heat of exothermic reaction 

after local instantaneous initiation of combustion in a thin layer of non-heated 

mixture of metal and solid metalloid (C, B, Si), or metal and gaseous metalloid (N2). 

The heat of the initiated exothermic reaction creates a front of high temperature, 

which propagates with a constant linear velocity through the mixture at the expense 

of transferring the heat from layer to layer. The process proceeds exclusively at the 

expense of heat of chemical reaction without input of external energy [5]. 

At the Institute of Chemical Physics of the AS of Armenian SSR in the 

Laboratory of high-temperature synthesis, the SHS processes in Me-H systems were 

predicted and implemented for the first time [6-9]. The study of metal combustion in 

hydrogen in the SHS mode resulted in the synthesis of hydrides of transition metals. 

Therefore, a promising SHS method for the synthesis of hydrides of transition 

metals and alloys was elaborated. The interaction of a transition metal with 

hydrogen occurs with release of significant heat. For example, Ti + H2 ↔ TiH2 + Q 

(H of TiH2 formation is equal to 39 kcal/mol). The released heat ensures the 

propagation of the combustion front along the unheated metal tablet with constant 

linear velocity.  

Fig. 2 shows the scheme of the exothermic reaction flow in the Ti-H2 system. 

Fig. 3 shows the photo of titanium hydride formed in SHS mode. 

Fig. 4 shows the thermograms of combustion of zirconium, titanium and ZrCo 

intermetallic in hydrogen atmosphere at P = 3 atm. 

 

 

Fig. 2. Scheme of exothermic reaction in Ti-H2 system. 

 



 

 

1 

 
Fig. 3. Photo of non-crushed SHS-synthesized TiH2 sample. 

 

Fig.10. The dependences from the temperature of resistance of Ti0.4Nb0.6 and Ti0.5Nb0.5 alloys. 
 

 

Fig. 12. The pictures of Ti0.5Nb0.5 alloy and its hydride. 

 

 
 a b 

Fig. 18. The pictures of: a – Ti0.5Al0.25Nb0.25 alloy; b – its hydride. 
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Fig. 4. The thermograms of combustion of zirconium (1), titanium (2) and ZrCo intermetallic (3) 
in hydrogen atmosphere at P = 3 atm. 

 

Numerous hydrogen-containing systems, such as Me-H, Me-Me
1
-H, Me-

nonmetal (C, N) - H have been investigated, including: 

1. III, IV and V group and rare earth metals – hydrogen (or deuterium) [6]; 

2. IV and V group metals – carbon – hydrogen [7]; 

3. IV and V group metals – nitrogen – hydrogen [8]; 

4. Zr2Ni, Zr2Co, ZrNi, ZrCo, Ti2Co and other intermetallics – hydrogen [9]. 

The implemented researches resulted in: 

 synthesis of more than 200 compounds: binary hydrides and deuterides of III-V 

group transition metals and lanthanoides (TiH2, ZrH2, HfH2, NbH1.23, PrH2, 

etc.), as well as of carbohydrides, hydridonitrides, hydrides of intermetallics, 

based on titanium, zirconium, nickel, cobalt, etc. [6, 9, 10]; 

 elucidation of the scientific basis for SHS processes proceeding in hydrogen 

atmosphere in various condensed systems [10]; 

 clarification of the factors, controlling the characteristics of combustion wave, 

velocity of its propagation, the temperature and completeness of combustion 

and other conditions demanded for production of compounds of given chemical 

and phase composition [11]; 

 proof of a two-stage mechanism of combustion and formation of hydrides in 

SHS: in the first stage, a solid solution of hydrogen in metal is formed in the 

combustion front; this stage is followed by the second stage, when a 

stoichiometric hydride is formed by saturation of sample with hydrogen (after-

hydrogenation) [6-11]; 

 description ofthe physical and chemical characteristics of synthesized hydrides 

(heat resistance, dissociation kinetics, etc.) [6-11]. 

Fig. 5 shows the diffraction patterns of TiH2, NbH1.3, TiC0.4 H1.2 and 

TiN0.21H1.34 hydrides. 

Fig. 6 shows the microstructure of synthesized in SHS mode niobium hydride. 
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Fig. 5. X-ray patterns of SHS hydrides: a) TiH2, b) NbH1.3, c) TiC0.4 H1.2, d) TiN0.21H1.34. 
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Fig. 6. Microstructure of SHS-synthesized niobium hydride, NbH1.23. 

 

Tables 2 and 3 show some characteristics of SHS-synthesized binary hydrides, 

deuterides, carbohydrides and hydridonitrides. 

Table 2 

Characteristics of SHS-synthesized binary hydrides and deuterides 

Metal Н2, D2content, 

wt.% Cristal structure Lattice parameters, Å Calculated 

formula 

Sc 4.25 
3 .01 

FCC 

FCC 
а=4.782 
а =4.698 

ScН2 
ScD0,73 

Y 3.255 
4.41 

HCP 
FCC 

а=3.661; с= 6.630 
а= 5.197 

YН2,9 
YD2,1 

Ti 4.01 
7.03 

FCC 

FCC 
а= 4.460 
а =4.51 

TiH2 
TiD1,82 

Zr 2.16 
4.16 

tetragonal 
tetragonal 

a= 3.527; c= 4.476 
a= 3.520; c= 4.476 

ZrH2 
ZrD1,96 

Hf 1.09 
2.11 

tetragonal 

tetragonal 
a= 4.911; c= 4.405 
a= 4.911; c= 4.405 

HfH2 
HfD1,93 

V 1.71 tetragonal a= 3.310; c= 3.339 VH0,8 
Nb 0.95 orthorhombic а=4.451; b=4.878; c=3.453 NbH 

Nd 1.78 
3.61 

FCC 

FCC 
а=5.446 
а=5.364 

NdH2,6 
NdD2,5 

Sm 1.87 HCP a=3.771; c=6.782 SmH3 
Ho 1.78 HCP a=3.653 HoH3 
Gd 1.79 HCP а=3.373; с=6.71 GdН2.88 
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Table 3 

Characteristics of SHS-synthesized carbohydrides and hydridonitrides 

Formula Content, wt.% Crystal structure and 

lattice parameters, Å 
Dissociation 

temperature,
o
С 

Н2 С N2   
TiC0.4H1.2 2.2 8.45 – HCP, а=3.09; с= 5.08 400-840 
TiC0.45H0.5 0.95 10.08 – FCC, а=4.296 380-840 
ZrN0.3H1.52 1.52 – 3.81 HCP, а=3.27; с= 5.519 370-795 
TiN0.28H1.33 2.2 – 7.6 HCP, а=3.044; с= 5.09 455-610 
Ti0.7V0.3C0.69 – 14.42 – FCC, а=4.272 – 

Ti0.7V0.3C0.60N0.30 – 12.65 6.78 FCC, а=4.205 – 

Ti0.7V0.3C0.7H0.16 0.28 14.57 – FCC, а=4.249 – 

Ti0.7V0.3N0.69H0.2 – 14.39 3.35 FCC, а=4.252 – 

Ti0.7V0.3C0.7N0.13H0.1 0.17 14.42 3.1 FCC, а=4.249 – 
Zr0.5Nb0.5C0.42N0.34 – 5.17 4.34 FCC, а=4.57 – 

The study of combustion in hydrogen of various condensed systems permitted 

the elucidation of the physical and chemical basis of SHS process in metal-hydrogen 

systems and led to the carrying out technological researches having enormous 

industrial prospects. High-performance technological processes for the synthesis of 

various hydrides have been developed, which have no analogues in the world. The 

developed methods can provide production of large assortment of cheap high-quality 

hydrides. At the experimental plant “ArmNIItsvetmet” (Yerevan) more than 20 tons 

of titanium and zirconium hydrides were produced. 

The SHS method for the synthesis of hydrides has several significant 

advantages over traditional methods: high productivity, high quality of hydrides, 

practically no energy consumption, ecological purity and safety of the process, etc. 

The SHS synthesis of hydrides excludes a number of laborious operations demanded 

in the traditional methods, such as preliminary activation of the metal, deep 

purification of hydrogen, fine dispersion of metal powders, etc.  

A special advantage of SHS is the possibility of metal sponge, chips and other 

industrial waste utilization using them as raw material. It means that the SHS 

hydrogenation can be applied in the high-efficiency recycling of the waste of 

refractory metals (Ti, Zr, Hf, Nb, V, etc.) and alloys, formed in huge quantities 

during their mechanical processing. This is a very cheap way of synthesis of 

valuable hydrides of expensive metals. 

2. Synthesis of alloys and intermetallics of transition metals by hydride cycle 

method 

Further study of SHS synthesized hydrides of transition metals brought to the 

development of a fundamentally new, early unknown method for formation of the 
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alloys and intermetallics of transition metals, which we called the "Hydride cycle" 

(HC) method. 

The hydrogen-rich metal hydrides are very plastic. It means that they can be 

effectively pressed (compacted). Fig. 7 shows the microstructures of the initial 

powder of titanium hydride and of the surface of the tablet compacted from TiH2. 

The tablet has a very dense structure. The particles perfectly conform with one 

another.  

 
 a b 

Fig.7.The initial surface of titanium hydride powder (A) and the microstructure of surface of the 
pressed from it tablet (B). 

 

We used the compatibility of hydrides for elaboration of method for the 

synthesis of alloys. It was shown that upon heating a compacted mixture of powders 

of two (for example, TiH2 and ZrH2, TiH2 and NbHX, TiH2 and VHx, etc.) or more 

hydrides, as well as powders of a hydride and metal (for example, TiH2 and Al, TiH2 

and Fe, TiH2 and Re, ZrH2 and Y, etc.), hydrogen was removed a little above the 

hydride dissociation temperature (far below the melting points of the used metals). 

This process brought to the formation of strong, nonporous, compact binary (or 

ternary) alloy of taken metals. In HC mode, more than 100 alloys and intermetallics 

were synthesized in Ti-Zr, Ti-Hf, Ti-Nb, Ti-V, Zr-Hf, Ti-Zr-Hf, Ti-Ni,Zr-Co and 

other systems [12-16], among them – the alloys with structure of α-, β-, γ- and ω-

phases. 

The HC process is based on the reactions:  

1. The interaction of hydrides of two metals [12-15]:  

хМе′H2 + (1-x)Ме″H2 →Ме′хМе″(1-x)alloy+ H2↑  

For example, TiH2 + ZrH2 ↔ TiZr + H2↑ or TiH2 + NbHX ↔ TiNb + H2↑ etc. 

These reactions resulted in synthesis of TixZr(1-x), TixHf(1-x), ZrxHf(1-x), TixNb(1-x), 

TixV(1-x); etc. binary alloys. 
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2. The interaction of hydrides of three metals [16]: 

хМе′H2 + yМе″H2 + zМе′″H2 → Ме′хМе″yМе′″z alloy + H2↑  

For example, TiH2 + ZrH2 + HfH2Ti0.66Zr0.22Hf0.12+ H2↑ ternary alloys 

formed 

3. The interaction of hydride of any metal of ІІІ, IV, V groups with any metal of 

ІІІ, VI, VII, VIII groups [17-19]: 

хМе′H2 + (1-x)Ме″→ Ме′хМе″(1-x)alloy + H2↑ (Ме″ can be: Al, Mn, Co, Ni, 

Fe, Re). 

For example, TiH2 and Al, TiH2 and Fe, TiH2 and Re, ZrH2 and Y, ZrH2 and Co 

(Ni), ZrH2 and Al, etc. These reactions resulted in formation of ZrCo, ZrNi, TiFe, 

TiAl, ZrAl, etc. intermetallics. 

In [12-20], HC method is described and the experimental results of synthesis of 

alloys of IV-V group metals are presented. The influence on the characteristics (the 

crystal structure, density, adsorption properties, etc.) of the synthesized alloys and 

intermetallics of various parameters: ratio of metal hydride and metal in the reaction 

mixture; grain size in hydride powder (micro- and nanoscale); compaction pressure, 

conditions of dehydrogenation and sintering (temperature and rate of heating) was 

defined. Based on the experimental results, the following mechanism of HC-

formation of alloys and intermetallics was suggested. During heating of the 

compacted mixture xMe'H2 + (1-x)Me-H2, due to breaking of the Me-H bonds at 

800-1100°C, the metals become strongly activated. Simultaneously, hydrogen 

atmosphere reduced the oxide film, which usually exists on the surface of fine 

powders. The "open bonds" and the cleaned surface of the powders ensure the solid-

phase diffusion of refractory metals at relatively low temperatures. For a more 

precise description and confirmation of the mechanism of formation of alloys and 

intermetallics in the HC, a differential thermal analysis (DTA) of the initial charge 

was carried out under conditions close to the HC. The comparison of these two 

processes clarified the nature of thermal effects at dissociation of hydrides and 

formation of alloys. 

As starting powders, the metals of high purity were used: zirconium (98.9%), 

niobium (99.9%), titanium (98.9%), nickel (99.5%), cobalt (99.1%) and aluminum 

(99.7%). The hydrides of titanium (TiH2, Н2 content 4.01 wt.%), zirconium (ZrH2, 

Н2 content 2.0 wt.%) and niobium (NbH1.23, Н2 content 1.31 wt.%) were synthesized 

and crushed down to <50 μm particles. In SHS hydrides of transition metals of III, 

IV, V and RE groups, the hydrogen content is very high, between 2-4 wt.% (60 

at.%). As it was mentioned above, due to introducing of hydrogen into the crystal 

lattice, the metal becomes brittle, it can be easily crushed to micron, submicron grain 

sizes, consisting of nanoscale crystallites [21]. The powders of one (or more) 

hydride(s) of transition metals and the same with aluminum, nickel or cobalt were 

carefully mixed and pressed in collet molds into cylindrical tablet with a diameter of 

22-25 mm and a height of 8-10 mm by hydraulic press, using pressing force between 

of 20000-45000 kgf.  
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The alloys were produced in a specially designed hermetic unit consisting of a 

quartz reactor, a furnace, and devices for monitoring the vacuum and temperature in 

the reactor. A tablet sample was placed into the reactor, evacuated and heated. The 

HC process was carried out at temperatures of 600÷1100
o
C. The samples were 

identified using the chemical, differential-thermal (Derivatograph Q-1500) and X-

ray diffraction (Diffractometer DRON-0.5) methods. DTA was carried out by 

heating the samples up to 1000°C at a rate of 20°C per minute. 

2.1. Synthesis of alloys in Ti-Nb system. 

Synthesis of alloys in Ti-Nb system proceeds in accordance with the reaction: 

хTiH2 + (1-x)NbH2 → TiхNb (1-x)alloy + H2↑ 

Fig. 8a shows the thermograms of HC-formation of Ti0.6Nb0.4 alloy [13]. At 

heating of 60%TiH2 + 40%NbH1.23 charge up to 1000°C, no thermal effect was 

registered on the HC thermogram. The sample was kept for about 30 min at this 

temperature, and the heater was turned off. According to XRD data, the sample, 

cooled down to the ambient temperature, represented a single-phase Ti0.6Nb0.4 alloy. 

Obviously, during heating to 1000°C, the TiH2 and NbH1.23 hydrides dissociated, but 

because of the high rate of heating, these processes were not reflected on the 

thermogram in Fig. 8a.  

At the heating of the same charge at thermal analysis (Fig. 8b), DTA curve 2 

shows three endo-effects at 130, 470 and 580°C, reflecting dissociation of titanium 

and niobium hydrides. No other thermal effects were registered at the temperature 

increasing up to 1000°C (8b, curve 1). 

  
a                                                                                                                                b 

Fig. 8. (a) thermograms of HC-formation of TiNb alloy from TiH2 + NbH1,23; (b) DTA curves at 
heating of the same charge up to 1000°С. 

 

Fig. 9 shows the diffraction patterns of TiH2 + NbH1,23 mixture, of two Ti-Nb 

based alloys and their hydrides. 

The superconductivity of HC synthesized Ti-Nb-based alloys was investigated. 

Fig. 10 shows the dependences of reistance on the temperature of Ti0.4Nb0.6 and 

Ti0.5Nb0.5 alloys with BCC crystal lattice. In excellent accordance with the literature 

(Tc = 9.5-10.5K), the critical temperatures (transformation to overconductivity) of 

the studied alloys were registered at Tc = 9.8 and 9.9K.  
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Ti0.5Nb0.5-based alloys without preliminary crushing interacted with hydrogen 

in SHS mode and formed reversible hydrides. For example, Ti0.5Nb0.5 + H2 ↔ 

Ti0.5Nb0.5H0.99. Fig. 11 shows the thermogram of combustion in hydrogen of 

Ti0.5Nb0.5 alloy. 

 

 

Fig. 9. Diffraction patterns of TiH2 + NbH1,23 mixture (a), two Ti-Nb based alloys (b, c), and the 
hydrides of these alloys (d, e). 
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. Fig. 11. Thermogram of combustion in hydrogen of Ti0.5Nb0.5 alloy. 

 

Fig. 12 shows the pictures of Ti0.5Nb0.5 alloy and its hydride. 

Similarly, the alloys were formed in the systems: хTiH2 - (1-х)ZrH2; хTiH2 - (1-

х)HfH2; хTiH2-(1-х)VН0.8; хTiH2-yZrH2-zHfH2, etc., where the HC alloy formation 

takes place in solid phase mechanism, excluding melting [12-16]. Fig. 13 shows the 

diffraction pattern of HC synthesized Ti0.2Zr0.4Hf0.4 alloy.  

Fig. 14 shows the microstructure of Ti2Zr alloy, taken on a thin section of flat 

surface of a sample by scanning electron microscope. 
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Fig. 13. Diffraction patterns of HC-synthesized alloys of Ti0.2Zr0.4Hf0.4. 
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 a b 

Fig. 14. Microstructure of Ti2Zr alloy: а – surface relief (surveyed in secondary electrons); b – 
image of the surface in the phase contrast mode (surveyed in reflected electrons). 

2.2. Investigation of HC processes in Ti-Al, Zr-Al and Nb-Al systems. Synthesis 

of Ti, Zr and Nb based aluminides  

A distinctive feature of aluminum containing systems is that the formation of 

aluminides in HC proceeds via exothermic reactions. Fig. 15 shows the thermograms 

of HC formation of aluminides of titanium, zirconium, hafnium (а, b, c) and the 

DTA curves (d, e, f) registered upon heating up to 1000°С of three compositions: 75 

at.% TiH2 + 25 at.% Al (Ti3Al); 75 at.%ZrH2 + 25 at.% Al (Zr3Al) and 75 

at.%NbH1.3 + 25 at %Al (Nb3Al). 

On the HC thermograms of all three compositions in Fig. 15 a, b, c, the exo-

effects are registered at the temperature interval of 670-940°C. The registration of 

these exo-effects indicates that the reactions of aluminide formation are exothermic. 

On the DTA curves (Fig. 15 d, e, f), in the temperature interval of 140-600°C, the 

endo-effects are registered at temperatures corresponding to the dissociation of 

titanium, zirconium and niobium hydrides. Only in the case of 3NbH1.3 + 25%Al 

system (Fig. 15f) on curve 2, the additional endo-effect is observed at 660°C due to 

aluminum melting. Simultaneously, on the HC thermogram of the same composition 

(Fig. 15c), no endo-effects, corresponding to the dissociation of the initial hydrides 

and/or the aluminum melting were registered. 

DTA curves 3 in Fig. 15 d, e, f manifest sharp loss of weight by all the samples 

due to the dissociation of hydrides and liberation of hydrogen. On the HC 

thermograms (Fig. 15 a, b, c) and DTA curves 2 (Fig. 15 d, e, f), the temperatures of 

the exo-effects due to interaction of aluminum with titanium, zirconium and niobium 

coincide for the same compositions (Fig.15 a and d, b and e, c and f). 



 

 
509 

 

Fig. 15.The thermograms of HC-formation of aluminides (a, b, c) and DTA curves (d, e, f) upon 

heating up to 1000°C of three compositions: (a, d) – 75at.%TiH2 + 25at.%Al(Ti3Al), (b, e) – 
75%ZrH2 + 25%Al(Zr3Al) and (c, f) – 3NbH1.3 + 25%Al(Nb3Al). 

 

Each of the titanium, zirconium and niobium hydrides shows its own specific 

feature of interaction with aluminum. The process of titanium aluminide formation 

in HC (Fig. 15 a) upon heating the initial mixture can be described by: 

75at.%TiH2 + 25at.%Al → 75at.%Ti + 25at.%Al + H2↑→ Ti3Al 

The dissociation of titanium hydride is reflected in the endo-effect at 600°C, 

which smoothly turns to the exoeffect at 640°C (DTA curve 2 in Fig. 15d) [17]. 

The behavior of ZrH2 is different (Fig. 15e) [18]. When the temperature of the 

charge reaches 540°C (endoeffect on curve 2), the hydride partially decomposes to 

ZrH1.5. A phase transition occurs: the tetragonal crystal lattice transforms to FCC 

lattice. The future temperature increase brings to the exo-effect at 630°C, indicating 

the formation of zirconium alumo-hydride. The latter decomposes at 790°C 

(reflected in the endo-effect), resulting in Zr3Al formation. 
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3ZrH2(FCT)+Al  
Co500 3ZrH1.5(FCC)+Al + H2  

Co630  

Zr3AlH1.5(FCC)  
Co790 Zr3Al+H2↑. 

As it was noted above, only in the 3NbH1.3-25%Al system, beside the endo-

effect due to dissociation of NbH1.23, an endoeffect due to aluminum melting is 

observed at 660°C (Fig. 15f). Then, on DTA curve 2, the exoeffect at 940°C 

indicates the formation of Nb3Al (proved by X-ray analyses) [19]. These results 

from the differences in the conditions of the HC and DTA processes. 

Judging by the HC thermograms (Fig. 15 a, b, c) and the DTA curves (Fig. 15 

d, e, f), the formation of binary and ternary aluminides of titanium, zirconium and 

niobium proceeds identical to the alloy formation in HC. At heating of 

corresponding charge in the reactor, the initial hydrides dissociate. As a result, the 

metals became activated and quickly interacted exothermically with aluminum in 

solid-phase mechanism, without aluminum melting. At first, regardless of the 

aluminum content, solid solution of aluminum in metal is formed. It is worth noting 

that, according to the phase diagrams, the melting points of aluminum solid 

solutions in titanium, zirconium and niobium are much higher, in the interval of 

1680-2100°C. Hence, the temperatures registered as exo- endo-effects in the DTA 

curves do not reflect the aluminum melting. This is evidenced by the external view 

of the samples – no trace of melting is seen. An exception is 3NbH1.23-Al system 

(Fig.15 c), in which an endo-peak is observed on the DTA curve at 660°C due to 

aluminum melting. 

In the HC mode, more than 30 binary aluminides are synthesized: single-phase 

titanium aluminides: α2-Ti3Al, γ-TiAl and TiAl3 [17]; solid solutions of aluminum in 

zirconium of Zr3Al composition, accompanied by various zirconium aluminide 

phases (Zr4Al3, ZrAl and Zr2Al3); single-phase zirconium aluminides ZrAl2; ZrAl3 

[18]; single-phase niobium aluminides NbAl3, Nb2Al and Nb3Al, containing about 

10% Nb2Al [19]. Some of aluminides reacted with hydrogen in the SHS mode 

forming reversible hydrides. 

2.3. The HC-formation of ternary aluminides  

The processes of HC-formation of ternary aluminides were studied in the 

following systems: xTiH2+yAl+zNbH1.23 → TixAlyNbz+Н2↑ (where x+y+z=1) and 

хTiH2+(1-х)ZrH2+Al (Al content between 25-75 at.%) 

Depending on the TiH2/NbH1.23 and TiH2/ZrH2 ratios, single or double phase 

bimetallic aluminides formed with FCC (D023) and (D022), orthorhombic O-phase, 

BCC, β or B2 structures. The experiments resulted in the synthesis of the following 

aluminides: Ti0.35Zr0.4Al0.25; Ti0.55Zr0.2Al0.25; Ti0.15Zr0.1Al0.75; Ti0.1Zr0.15Al0.75; 

Ti0.5Al0.23Nb0.27; Ti0.33Al0.34Nb0.33; Ti0.125Al0.75Nb0.125; Ti0.52Al0.15Nb0.33; TiAl6Nb; 

Ti0.25Al0.5Nb0.25; Ti0.45Al0.28Nb0.27; etc. [20, 22]. Fig. 16 shows the diffraction 

patterns of Ti0.1Zr0.15Al0.75 (a) and Ti0.2Zr0.05Al0.75 (b) three-aluminides.  
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Fig.16.Diffraction patterns of: a – Ti0.1Zr0.15Al0.75 ;  b – Ti0.2Zr0.05Al0.75. 

Fig. 17 shows the diffraction patterns of Ti0.5Al0.23Nb0.27, Ti0.333Al0.333Nb0.334 

and Ti0.125Al0.75Nb0.125 aluminides. 

 

Fig. 17. Diffraction patterns of: a – Ti0.5Al0.23Nb0.27; b – Ti0.333Al0.333Nb0.334; c – Ti0.125Al0.75Nb0.125 

aluminides. 
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It was shown that some aluminides reacted with hydrogen in the SHS mode at 

PH = 5-10 atm (Tcomb..= 300-500°C), forming reversible hydrides, which dissociated 

with one endo-effect at ~300-380°C. 

Ti0.375Al0.25Zr0.375 + H2 ↔Ti0.375Al0.25Zr0.375Н0.99. 

Ti0.5Al0.25Nb0.25 + H2 ↔ Ti0.5Al0.25Nb0.25H0.89 

Fig. 18 shows the pictures of Ti0.5Al0.25Nb0.25 alloy and its hydride. 

2.4. Synthesis of Ti, Zr and Ni, Co based aluminides 

The other example of HC-process is the reaction of a metal (titanium or 

zirconium) hydride interaction with any metal of VII or VIII groups (Ni, Co, Mn) 

[23-25]: TiH2 + Ni → TiNi + Н2↑; ZrH2 + Ni → ZrNi + Н2↑; TiH2 + Co → TiCo + 

Н2↑; TiH2 + ZrH2 + Ni → Ti44-52Zr40-32Ni16 + Н2↑; TiH2 + 1.2VH + 0.8Mn → 

TiV1.2Mn0.8 + H2↑; etc. The synthesized compact intermetallics in the combustion 

(SHS) mode (Tcomb.= 480-600°C) interacted without crushing with hydrogen at a 

pressure of 10-30 atm. These interactions brought to the formation of reversible 

hydrides of intermetallics with rather high hydrogen content (Table 2). For example: 

TiNi+Н2 ↔ TiNiН3; TiV1.2Mn0.8 + H2↔TiV1.2Mn0.8H3.7 

Table 4 

Characteristics of intermetallics and their hydrides 

Compound Н2content, 
wt.% 

Crystal structure and lattice 

parameters, Å 
Dissociation 

temperature, 
o
С 

Ti2Co 

Ti2CoH3 

– 

1.7 
Cubic, a = 11.31 

Cubic, a = 11.89 
– 

240 – 360 

Zr2Co 
Zr2CoH5 

– 

2.02 
Tetragonal, а=6.387, c=5.542 
Tetragonal; a=6.906, c=5.55 

– 

190 - 360 
ZrCo 

ZrCoH3 

 

– 

1.68 

 

Cubic, a= 3.197 
Orthorhombic, а= 3.37, b=10.57, 

с= 4.318 

– 

300 

 
Zr2Ni 

Zr2NiH5 
– 

2.08 
Tetragonal, а=6,54, c=5.34 

Tetragonal, a=6,86, c=5.657 
– 

170-250 
ZrNi 

 

ZrNiH3 

– 

 

1.96 

Orthorhombic, 
а= 3.29, b=9.998, с= 4.080 

Orthorhombic, 
а= 3.53, b=10.62, с= 4.328 

– 

 

220-260 

Ti2Co 
Ti2CoH3 

– 

1.7 
Cubic, a= 11.31 
Cubic, a= 11.89 

– 

220-260 
Ti44-52Zr40-32Ni16 

Ti44-52Zr40-32Ni16 H3 
2.10-2.15 

C14 hexagonal Laves phase 

– 

– 

170-260 

TiV1.2Mn0.8 

TiV1.2Mn0.8H3.67 

 

– 

2.36 

 

BCC, (HCP traces); a =3.039 (6) 

BCT- monohydride, a = 3.069(6), 

c= 3. 510(5) 

– 

280; 330 

 

2.5. The applications of alloys and intermetallics 

Interest in alloys is associated with their numerous and important practical 

applications. They are used in the high-tech areas of nuclear and hydrogen power 
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engineering, aerospace, shipbuilding, chemical, automotive, metalworking, machine 

and machine tool industry, tool manufacturing, radio and electrical engineering, 

electronics, as composite materials in nuclear power plants, as biocompatible 

materials in medicine, etc. Particularly, the titanium- and zirconium-based alloys are 

interesting for the production of construction materials that can work in various 

chemically active environments (sea water, steam, gas turbines), at low temperatures 

(for example, in liquid oxygen). The main advantages of titanium alloys are 

lightness and corrosion resistance. Alloys of zirconium and hafnium are used in 

nuclear reactors. 

In modern materials science, the problem of development of new light, heat-

resistant alloys with operating temperatures higher than 550-600°C is acute. From 

this point of view, transition metal alloys and intermetallics are very promising 

construction materials. Their advantages are low density, high melting points, high 

mechanical strength, high heat and electrical conductivity, superconductivity, heat 

and corrosion resistance, etc. These characteristics condition their use in aerospace 

and ground engine construction, in the defense industry, in many branches of 

machine building, chemical and food industry, electronics, medicine, etc. Titanium 

aluminides are used in the first wall of thermonuclear reactor (TNR) as constructive 

materials. Aluminides of IV-V group metals are 3 times cheaper than such 

competing materials as, for example, nickel alloys. The aluminides are known as 

construction materials and can absorb high amounts of hydrogen and serve as 

hydrogen storage materials. 

The current methods for producing binary and multicomponent alloys and 

intermetallics are based on melting (induction, electric arc, electron beam), powder 

metallurgy and mechano-chemistry. Each of these methods bears considerable 

laboriousness and instrumental complexity. The powder metallurgy methods are 

characterized by long-duration processes: the interaction of metals in the initial 

mixtures is mainly determined by the diffusion rates in the solid state. Specific 

difficulties in obtaining high-quality alloys and intermetallics are associated with the 

presence of a dense oxide film on the surface of refractory metal particles, which 

hinders the process of mutual diffusion. In the mechano-chemical methods of 

producing alloys and intermetallics, the initial components are mixed in drums for 

10-40 hours or more, when the sticking of the reaction components to the drum wall 

can occur changing their ratio; besides, the contamination of the reaction mixture by 

the ball and drum materials can occur. 

The differences in melting and evaporation temperatures, in densities of 

titanium, niobium, zirconium and aluminum also complicate the current 

technologies. Therefore, new effective methods for producing binary and 

multicomponent alloys with given physical and technical properties are urgently 

demanded in modern materials science. The described in the present work Hydride 

Cycle method can be such a promising technique. 

The significant advantages of "Hydride Cycle" method over the above 

presented traditional methods are listed below. 
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1. The alloys and intermetallics are formed in lower temperatures (600-1200°C 

instead of 1800-2600°C) and with a shorter duration (1.5-2 hours instead of tens of 

hours) processes. Because of alloy formation via solid-phase mechanism excluding 

melting, the energy consumption is low. 

2. The binary and multicomponent alloys and intermetallics of the defined 

composition are produced in one technological stage. 

3. The processes of formation of alloys and intermetallics are safe, wasteless 

and highly effective. 

4. Instead of the expensive fine-dispersed powders of refractory metals 

demanded as starting materials, cheap SHS hydrides are used, formed in a highly 

efficient, low-energy technological process, utilizing the wastes appeared during 

machining of refractory metals.  

5. More than 100 HC-synthesized alloys, intermetallics and their hydrides have 

been produced. Among them – the alloys with structure of α-, β-, γ- and ω-phases. 

6. The elaborated method for synthesis of alloys and intermetallics of transition 

metals can be very attractive for industry and be of commercial interest. Hydrides of 

synthesized alloys and intermetallics potentially can serve as hydrogen storage 

materials. 

²ÜòàôØ²ÚÆÜ Øºî²ÔÜºðÆ ºì Üð²Üò Ð²Ø²ÒàôÈì²ÌøÜºðÆ 

ÐÆ¸ðÆ¸ÜºðÀ àðäºê Êî²òì²Ì æð²ÌÜÆ ÎðàÔÜºð 

ê. Î. ¸àÈàôÊ²ÜÚ²Ü, ². ¶. ²Èºøê²ÜÚ²Ü, ¶. Ü. Øàôð²¸Ú²Ü, ì. Þ. ÞºÊîØ²Ü, 

ú. ä. îºð-¶²ÈêîÚ²Ü, Ð. ¶. Ð²Îà´Ú²Ü, 

Ü. Ü. ²Ô²æ²ÜÚ²Ü &  Ü. È. ØÜ²ò²Î²ÜÚ²Ü 

ÐÐ ¶²² øüÆ µ³ñÓñç»ñÙ³ëïÇ×³Ý³ÛÇÝ ëÇÝÃ»½Ç ¨ ³Ýûñ·³Ý³Ï³Ý ÙÇ³óáõÃÛáõÝÝ»-

ñÇ ï»ËÝáÉá·Ç³ÛÇ É³µáñ³ïáñÇ³ÛáõÙ ´Æê(´³ñÓñç»ñÙ³ëïÇ×³Ý³ÛÇÝ ÆÝùÝ³ï³ñ³ÍíáÕ 

êÇÝÃ»½) Ù»Ãá¹áí ëÇÝÃ»½í»É »Ý 200-Çó ³í»ÉÇ Ù»ï³ÕÝ»ñÇ ¨ Ñ³Ù³ÓáõÉí³ÍùÝ»ñÇ »ñÏ- ¨ 

µ³½Ù³ÏáÙåáÝ»Ýï ÑÇ¹ñÇ¹Ý»ñ ¨ ¹»Ûï»ñÇ¹Ý»ñ: Ð»ï³½áïáõÃÛáõÝÝ»ñÁ Me-H Ñ³Ù³Ï³ñ-

·»ñáõÙ ýÇ½ùÇÙÇ³Ï³Ý ÑÇÙù ¹³ñÓ³Ý ´Æê åñáó»ëÝ»ñÇ Ñ³Ù³ñ ¨ Ñ³Ý·»óñÇÝ ï»ËÝáÉá-

·Ç³Ï³Ý ³ßË³ï³ÝùÝ»ñÇ Ï³ï³ñÙ³ÝÁ: Øß³Ïí³Í »Ý åñáó»ëÝ»ñÇ µ³ñÓñ³ñï³¹ñáÕ³-

Ï³Ý ï»ËÝáÉá·Ç³Ý»ñ ³Ù»Ý³ï³ñµ»ñ ÑÇ¹ñÇ¹Ý»ñÇ ëÇÝÃ»½Ç Ñ³Ù³ñ, áñáÝù Ï³ñáÕ »Ý 

³å³Ñáí»É µ³ñÓñ áñ³Ïáí ¿Å³Ý ÑÇ¹ñÇ¹Ý»ñÇ Ù»Í ï»ë³Ï³Ýáõ ëÇÝÃ»½ ¨ ³ñï³¹ñáõ-

ÃÛáõÝ: §²ñÙÜÆÆóí»ïÙ»ï¦ ÷áñÓÝ³Ï³Ý ÷áùñÇÏ ·áñÍ³ñ³ÝáõÙ (ù. ºñ¨³Ý) ³ñï³¹ñí»É 

¿ ïÇï³ÝÇ ¨ óÇñÏáÝÇáõÙÇ ³í»ÉÇ ù³Ý 20 ïáÝÝ³ ÑÇ¹ñÇ¹Ý»ñ: ²ÝóáõÙ³ÛÇÝ Ù»ï³ÕÝ»ñÇ ¨ 

Ýñ³Ýó Ñ³Ù³ÓáõÉí³ÍùÝ»ñÇ ÑÇ¹ñÇ¹Ý»ñÁ՝ áñå»ë ÏáÝ¹»Ýëí³Í çñ³ÍÝÇ ÏñÇãÝ»ñ, Ù»Í ³ñ-

Å»ù »Ý Ý»ñÏ³Û³óÝáõÙ: Øß³Ïí³Í ¿ ³ÝóáõÙ³ÛÇÝ Ù»ï³ÕÝ»ñÇ Ñ³Ù³ÓáõÉí³ÍùÝ»ñÇ ¨ 

ÙÇçÙ»ï³Õ³Ï³Ý ÙÇ³óáõÃÛáõÝÝ»ñÇ ëÇÝÃ»½Ç ¨ë Ù»Ï՝ ëÏ½µáõÝùáñ»Ý Ýáñ Ù»Ãá¹, áñÝ 

³Ýí³Ýí»ó Ù»ñ ÏáÕÙÇó §ÐÇ¹ñÇ¹³ÛÇÝ òÇÏÉÇ-Ðò¦ Ù»Ãá¹: Ø»Ãá¹Ç ÑÇÙùáõÙ ÁÝÏ³Í »Ý 

»ñÏáõ ¨ ³í»ÉÇ Ù»ï³ÕÝ»ñÇ ÑÇ¹ñÇ¹Ý»ñÇ ÷áË³½¹»óáõÃÛ³Ý é»³ÏóÇ³Ý»ñÁ, ÇÝãå»ë ûñÇ-

Ý³Ï՝ хМе′H
2
 + (1-x)Ме″H

2
→Ñ³Ù³ÓáõÉí³Íù  Ме′хМе″ (1-x)  + H

2
↑: òáõÛó ¿ ïñí³Í, 

áñ »ñÏáõ ¨ ³í»ÉÇ ÑÇ¹ñÇ¹Ý»ñÇ ë»ÕÙí³Í Ë³éÝáõñ¹Ç, ûñÇÝ³Ï՝ TiH
2
  ¨ ZrH

2
, ÇÝãå»ë Ý³¨ 

ÑÇ¹ñÇ¹Ç ¨ Ù»ï³Õ³Ï³Ý ÷áßáõ՝ TiH
2
 ¨ Al,  ï³ù³óÙ³Ý ¹»åùáõÙ ë»ÕÙí³Í ëÏ½µÝ³Ï³Ý 

Ë³éÝáõñ¹Çó çñ³ÍÝÇ ³Ýç³ïáõÙÁ ÑÇ¹ñÇ¹Ý»ñÇ ù³Ûù³ÛÙ³Ý ç»Ù³ëéÇ×³ÝÝ»ñÇó ùÇã µ³ñÓñ 

ç»ñÙ³ëïÇ×³ÝÝ»ñáõÙ µ»ñáõÙ ¿ Ýßí³Í Ù»ï³ÕÝ»ñÇ ³Ùáõñ, ÑáÍ, ÏáÙå³Ïï »ñÏ- ¨ »éÏáÙ-

åáÝ»Ýï Ñ³Ù³ÓáõÉí³ÍùÝ»ñÇ ³é³ç³óÙ³Ý: Ðò é»ÅÇÙáõÙ ëÇÝÃ»½í»É »Ý 100 ¨ ³í»ÉÇ 
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Ñ³Ù³ÓáõÉí³ÍùÝ»ñ ¨ ÙÇçÙ»ï³Õ³Ï³Ý ÙÇ³óáõÃÛáõÝÝ»ñ Ti-Zr; Ti-Hf; Ti-Nb;  Ti-V; Zr-

Hf; Ti-Zr-Hf; Ti-Ni; Zr-Co; Ti-Al; Nb-Al ¨ ³ÛÉ Ñ³Ù³Ï³ñ·»ñáõÙ: êï³óí³Í áñáß ÏáÙ-

å³Ïï Ñ³Ù³ÓáõÉí³ÍùÝ»ñÁ ³é³Ýó Ý³ËÝ³Ï³Ý Ù³Ýñ³óÙ³Ý ÷áË³½¹áõÙ »Ý çñ³ÍÝÇ Ñ»ï 

´Æê é»ÅÇÙáõÙ ³é³ç³óÝ»Éáí çñ³ÍÝÇ µ³ñÓñ å³ñáõÝ³ÏáõÃÛ³Ùµ ÑÇ¹ñÇ¹Ý»ñ: 

 

ГИДРИДЫ ПЕРЕХОДНЫХ МЕТАЛЛОВ И ИХ СПЛАВОВ КАК НОСИТЕЛИ 

КОНДЕНСИРОВАННОГО ВОДОРОДА 
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Представлен обзор работ Лаборатории высокотемпературного синтеза и 

технологии неорганических материалов ИХФ НАН Армении. В первой части 

статьи описаны исследования процессов горения переходных металлов в водороде. 

Впервые методом СВС (самораспространяющегося высокотемпературного синте-

за) было синтезировано более 200 бинарных и многокомпонентных гидридов и 

дейтеридов металлов и сплавав. Эти исследования стали физико-химической осно-

вой СВС процессов в системах Ме-Н и привели к постановке технологических ра-

бот, имеющих огромные промышленные перспективы. Разработаны не имеющие 

аналогов в мире высокопроизводительные технологические процессы синтеза раз-

личных гидридов, которые могут обеспечить синтез и производство большого ас-

сортимента дешевых гидридов высокого качества. На опытном заводе 

АрмНИИцветмет (г. Ереван) было изготовлено более 20 т гидридов титана и 

циркония. Гидриды переходных металлов и сплавов представляют большую 

ценность как конденсированные носители водорода. Интерес к водороду и 

металлогидридам связан с двумя глобальными проблемами: охрана окружающей 

среды и истощение запасов ископаемого углеродного и углеводородного топлива. 

Спектр применения гидридов металлов и сплавов очень широк. 

Дальнейшие исследования синтезированных в режиме СВС гидридов 

позволили разработать еще один, принципиально новый метод синтеза сплавов и 

интерметаллидов переходных металлов, названный нами методом «Гидридного 

цикла – ГЦ». Вторая часть работы посвящена исследованиям процесса формирова-

ния сплавов и интерметаллидов в ГЦ. В основе метода лежат реакции взаимодей-

ствия двух и более гидридов металлов, как например, хМе′H2
 
+ (1-x)Ме″H2 → 

сплав Ме′хМе″ (1-x) + H2↑. Показано, что при нагреве компактированной смеси двух 

и более гидридов, например TiH2 и ZrH2, а также гидрида и металлического 

порошка (например TiH2 и Al) удаление водорода из компактированной шихты 

при температурах чуть выше температур диссоцации гидридов приводит к 

образованию прочных, беспористых, компактных бинарных, тройных сплавов 

указанных металлов. В режиме ГЦ синтезировано более 100 сплавов и интерметал-

лидов в системах Ti-Zr; Ti-Hf; Ti-Nb; Ti-V; Zr-Hf; Ti-Zr-Hf; Ti-Ni; Zr-Co; Ti-Al; Nb-

Al и др. Некоторые полученные компактные сплавы без предварительного измель-

чения взаимодействуют с водородом в режиме СВС, образуя гидриды с высоким 

содержанием водорода. Установлено влияние параметров – соотношения гидридов 

металлов и порошков металлов в реакционной смеси, размеров зерен порошков 

гидридов (микро- и наноразмеры), давления прессования при компактировании 

гидридов, а также режимов дегидрирования и спекания (температуры и скорости 

mailto:seda@ichph.sci.am
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нагрева) на характеристики полученных сплавов и интерметаллидов – кристаллли-

ческую структуру, плотность, адсорбционные свойства и др. Предложен механизм 

их формирования. Перспективы метода ГЦ для синтеза сплавов и интерметал-

лидов могут быть очень привлекательны для индустрии. Разработанные техноло-

гии по методу ГЦ могут представлять коммерческий интерес, поскольку имеют 

большие преимущества перед традиционными.  
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In the paper the interaction between silica hydrogel recovered from serpentines 

(Mg(Fe))6[Si4O10](OH)8, sodium hydroxide NaOH and barium chloride BaCl2 in aqueous medium has 

been investigated. It has been revealed that depending on the stirring time of the boiling aqueous 

suspension prepared from the mentioned reagents in air at ambient pressure, species of either a 

hydrated barium silicate like BaSiO3·H2О or BaH2SiO4 can be precipitated. Subsequent heat 

treatment of each of the precipitated intermediates to a temperature of 800 °C results in their 

crystallization into barium silicates, namely, barium meta- BaSiO3 and orthosilicate Ba2SiO4. 

Figs. 3, references 12. 

 

Because of a structural variety, high thermal and chemical stability, congruent 

melting points, most barium silicate compounds are known by their wide use in the 

manufacture of phosphors. Particularly, Ba2SiO4, BaSiO3, Ba2Si3O8, Ba5Si8O21 and 

BaSi2O5 are good host candidates for the preparation of scintillators and Ba2SiO4, 

BaSiO3, Ba2Si3O8, and BaSi2O5 doped with rare earth ions demonstrate 

luminescence under UV light and electron beams [1-9]. The rest of three barium 

silicates Ba3SiO5, Ba3Si5O13 and high-pressure BaSi4O2, pure phase of which cannot 

be provided and which have incongruent melting points are not involved in 

luminescent materials manufacture. 

One of the most popular synthetic methods for different barium silicate-based 

phosphors is high-temperature solid-phase synthesis (at 1200°C or higher) via 

annealing barium carbonate BaСO3 with silicon dioxide SiO2 for many hours [1-6]. 

Two-step methods including sol-gel process, where an intermediate solid is first 

mailto:Isahakyananna@yahoo.com
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precipitated in a liquid medium via reacting an inorganic or organic barium salt 

(Ba(NO3)2 or BaCl2, barium acetate Ba(CH3COO)2) with a silica-containing reagent 

(silica gel, tetraethoxysilane, or sodium silicate Na2SiO3⋅9H2O) and then annealed 

are also suggested [7-10]. Very often a hydrothermal treatment is applied for 

intermediates preparartion [7, 8]. All these methods are either connected with 

technological difficulties or energy-consuming. 

A new species of silica hydrogel containing up to 6% of amorphous silica SiO2 

has been produced from dehydrated serpentine minerals structure via a new 

approach to the acid treatment of serpentinites
1
[11]. Unlike conventional silicon 

dioxide, this SiO2 species, has a high chemical activity caused by a low dissociation 

energy of siloxane bonds in Si–O–Si bridges which is explained by the presence of 

unsaturated Si–O(Si) bonds in its structure [12, 13]. 

Can any intermediates be precipitated in the first stage and which barium 

silicate species can be produced from them via heat-treatment if this silica hydrogel 

is used as an initial reagent? – are questions of great interest. 

In the present work, X-ray diffraction (XRD) study and differential thermal 

analysis (DTA) are involved to study the intermediates formed in the system SiO2–

NaOH–BaCl2–H2O and their thermal transformation using the silica hydrogel 

derived from serpentine minerals as a sourse of SiO2. 

Experimental Part 

A serpentinite sample located in Shorja (Armenia) was used as a precursor for 

the silica hydrogel production using the method described in the work [11]. 

1.64 M sodium hydroxide solution was prepared by adding NaOH pellets (ACS 

reagent procured from Sigma-Aldrich) to distilled water. The solution was stirred for 

15 min. 

Barium chloride BaCl2·(procured from Sigma-Aldrich) was used as a source of 

barium cations. 

For the sol-gel procedure four samples were prepared by adding BaCl2 salt to 

the sodium hydroxide solution with the SiO2:NaOH:BaO molar ratios of 1:4:2. Each 

of the prepared samples was put into a vessel and stirred with a mechanical stirrer 

for a certain time (15, 30, 60, 120 min) in air at ambient pressure while being heated 

up to the temperature of 95°C (boiling point). Then each of the suspensions 

produced in the mixer was filtered. A gel-like mass remained on the filter was 

washed by distilled water and dried at the temperature of 100°C for 24 h in a dryer 

type KBC G – 100/250 manufactured by Premed (Warszawa, Poland). As a result, a 

white precipitate powder was produced. 

                                                 
Serpentinite is a rock largely composed of serpentine group minerals 

(Mg(Fe))6[Si4O10](OH)8
1
. 
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Each of the four samples produced was studied in air by XRD analysis and two 

of them were selected for DTA from room temperature up to 1000°C. 

Then all the four precipitate samples were annealed at 800°C for 2 hours and 

also subjected to XRD analysis. 

X-ray powder diffraction (XRPD) measurements were made on a Dron-3 

diffractometer (Russia) equipped with nickel filter, under the following conditions: 

CuΚa-radiation; power supply 25 kV/10 mA; angular range 2θ=8°-70° at room 

temperature in air. The mass of each test specimen was 250 mg. All the reflections 

were identified and interpreted using the ICDD-JCPDS database of crystallographic 

2004. 

DTA, thermogravimetric (TG) and DTG (differential thermogravimetric) 

measurements were performed by using a Derivatograph Q–1500D equipment 

manufactured by the MOM company (Hungary) in air at a heating rate of 10°C 

min
-1

. The samples of equal mass were investigated in platinum crucibles. 

Results and Discussion 

The XRPD patterns of the precipitate samples produced from the suspension 

with the SiO2:NaOH:BaO molar ratio of 1:4:2 reveal that either barium silicate 

hydrate like BaSiO3·H2О or BaH2SiO4 is precipitated depending on stirring time. 

The fifteen-minute stirring leads to the formation of BaSiO3·H2О that is evidenced 

by the appearance of intensive diffraction peaks of BaSiO3·H2О (Card №34–0016) 

(Fig. 1). The increase in stirring time up to 30 min provides the formation of 

BaH2SiO4 (Card №75–1429), lower intensity reflections of which are recorded in the 

diffraction patterns of the corresponding sample. Both the 60- and 120-minute 

treatment also result in BaH2SiO4 formation (Fig. 1). 

 

 

 

 

 

 

 

 

Fig. 1. XRPD patterns of the precipitate 
samples separated from the suspensions 

which were prepared from the silica hydrogel 
derived from serpentine minerals, NaOH and 
BaCl2 with the SiO2:NaOH:BaCl2 molar ratio of 

1:4:2 by stirring for different time. �– 
BaSiO3·H20; – BaH2SiO4  

 

The DTA curves of the precipitate samples comprised of a-BaSiO3·H2О and b-

BaH2SiO4 prepared by stirring for 15 and 30 min, respectively, display a number of 

endothermic events of different intensities and minimum up to 700°C and the only 
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exothermic peak of a low intensity about the temperature of 700°C (Fig. 2). The 

trend of the TG curve shows that the endothermic processes are accompanied by 

mass loss whereas the exothermic process occurs without any mass change (Fig. 2). 

On the DTA curves of both samples two endotherms are recorded in the range of 

low temperatures 300–360°C, evidencing a stepwise release of bound water from the 

intermediates (Fig. 2). An endothermic event at 337°C in the form of shoulder is 

hardly traceable on the DTA curve of BaSiO3·H2О. Despite it, the intensive 

endothermic peak with minimum at 354°C points to the fact that most part of 

crystalline water is removed at this temperature. Also, the TG curve shows that this 

process involves a considerable weight loss and continues up to 400°C (Fig. 2). It 

should be noted that another exothermic event can be barely seen in the range of 

600–650°C (Fig. 2). As for the BaH2SiO4 precipitate sample, the two endotherms 

are recorded on its DTA curve up to 400°C: the first one with minimum at 306°C C 

and the second one with minimum at 349°C. They must be caused by the removal of 

structural water and indicate that the water is driven off from the BaH2SiO4 sample 

in two stages (Fig. 2). 

Taking into account the DTA data, all the four samples annealed at 800°C were 

subjected to XRD study in order to determine what causes the only exothermic peak 

on the DTA curve. 

The XRPD patterns of the four samples comprised of either BaSiO3·H2О or 

BaH2SiO4 exhibit that on heating up to 800°C both BaSiO3·H2О and BaH2SiO4 

transform into barium silicate species, namely barium metasilicate BaSiO3 and 

orthosilicate Ba2SiO4. The intensive diffraction peaks of BaSiO3 (Card №70–2112) 

and Ba2SiO4 (Card №77–0150) can be seen in the diffraction patterns of all the 

samples annealed at 800°C (Fig. 3). This is a good reason to think that the only 

exothermic effect up to 800°C on the DTA curve must be produced by the formation 

of BaSiO3 and Ba2SiO4. 

 
Fig. 2. Differential thermal curve for the precipitate sample comprised of a- BaSiO3·H2О and b-
BaH2SiO4. TG thermogravimetric or weight loss curve, DTA differential thermal analysis curve. 

DTG differential thermal thermogravimetric curve. The vertical axis label applies to the DTA 
curve. 
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Fig. 3. XRPD patterns of the 

specimens produced by the heat-
treatment at 800°C of the precipitate 
samples which were precipitated in 

the boiling suspensions prepared 
from the hydrosilixcagel derived from 
serpentine minerals, NaOH and 

BaCl2 with the SiO2:NaOH:BaCl2 
molar ratio of the 1:4:2 by stirring for 
different time. – BaSiO3;, �– 

Ba2SiO4. 

 

It is noticeable that the most intensive diffraction peaks of BaSiO3 and Ba2SiO4 

are fixed in the diffraction pattern of the sample comprised of BaSiO3·H2О, which 

was precipitated by fifteen-minute stirring. The XRPD patterns of the BaH2SiO4 

samples prepared by stirring for 30, 60 and 120 min demonstrate BaSiO3 and 

Ba2SiO4 refelctions of similar intensities. Hence, the increase in stirring time by 

more than 15 min does not essentially influence the yields of BaSiO3 and Ba2SiO4. 

 

Conclusions 

The data derived from the experiments have allowed to conclude that in spite of 

the fact that the involvement of the silica hydrogel derived from serpentine minerals 

in the system SiO2–NaOH–BaCl2–H2O as a source of silica is accompanied by either 

the participation of BaH2SiO4 or BaSiO3·H2О depending on stirring time, the heat 

treatment of each of the synthesized intermediates to a temperature of 80°C is 

accompanied by their transformation into BaSiO3 and Ba2SiO4. 

This study is of great practical interest and futher research is needed to find 

optimal parameters for the development of efficient techniques for the production of 

BaSiO3 and Ba2SiO4 and phosphors based on them. 
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êºðäºÜîÆÜ²ÚÆÜ ØÆÜºð²ÈÜºðÆò êî²òì²Ì êÆÈÆÎ²ÄºÈÆ 

ÐÆØ²Ü ìð² ´²ðÆàôØÆ êÆÈÆÎ²îÜºðÆ êî²òàôØÀ 

². Ø. Âºð¼Ú²Ü, ê. ². ØºÈÆøÚ²Ü, Ð. ². ´º¶È²ðÚ²Ü, 

². è. Æê²Ð²ÎÚ²Ü & Ü. Ð. ¼àôÈàôØÚ²Ü 

àõëáõÙÝ³ëÇñí»É ¿ ë»ñå»ÝïÇÝÝ»ñÇó ((Mg(Fe))
6
[Si

4
O

10
](OH)

8
) ³é³ç³ó³Í ÑÇ¹ñáëÇ-

ÉÇÏ³Å»ÉÇ, Ý³ïñÇáõÙÇ ÑÇ¹ñûùëÇ¹Ç (NaOH) ¨ µ³ñÇáõÙÇ ùÉáñÇ¹Ç (BaCl
2
) ÷áË³½¹»óáõÃ-

ÛáõÝÁ çñ³ÛÇÝ ÉáõÍáõÛÃáõÙ: òáõÛó ¿ ïñí³Í, áñ ÙÃÝáÉáñï³ÛÇÝ ×ÝßÙ³Ý ¨ »éÙ³Ý å³ÛÙ³Ý-

Ý»ñáõÙ çñ³ÛÇÝ ëáõëå»Ý½Ç³ÛÇ Ë³éÝÙ³Ý ï¨áÕáõÃÛáõÝÇó Ï³Ëí³Í Ï³ñáÕ »Ý Ýëï»É Ï³Ù 

ÑÇ¹ñ³ï³óí³Í µ³ñÇáõÙÇ ëÇÉÇÏ³ï՝ BaSiO
3
·H

2
O, Ï³Ù ëïñáÝóÇáõÙÇ ¹ÇÑÇ¹ñáëÇÉÇÏ³ï՝  

BaH
2
SiO

4
: ²Ûë ÙÇç³ÝÏÛ³É ÙÇ³óáõÃÛáõÝÝ»ñÇ Ñ»ï³·³ ç»ñÙ³Ùß³ÏáõÙÁ ÙÇÝã¨ 800

o

C 

µ»ñáõÙ ¿ µ³ñÇáõÙÇ ëÇÉÇÏ³ïÇ µÛáõñ»Õ³óÙ³Ý, Ù³ëÝ³íáñ³å»ë, ëïñáÝóÇáõÙÇ ûñÃá-

ëÇÉÇÏ³ïÇ (Sr
2
SiO

4
) ¨ ëïñáÝóÇáõÙÇ Ù»ï³ëÇÉÇÏ³ïÇ (SrSiO

3
) ³é³ç³óÙ³Ý: 

 

ОБРАЗОВАНИE СИЛИКАТОВ БАРИЯ, ПРИМЕНЯЯ ГИДРОГЕЛЬ 

КРЕМНЕЗЕМА, ПОЛУЧЕННЫЙ ИЗ СЕРПЕНТИНОВЫХ МИНЕРАЛОВ 

А. М. ТЕРЗЯН1, С. А. МЕЛИКЯН1, А. А. БЕГЛАРЯН1,2, 

А. Р. ИСААКЯН1 и Н. О. ЗУЛУМЯН1 
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Армения, 0051, Ереван, ул. Аргутяна 2-ой пер., д. 10 

Факс: (374-10) 231275 E-mail: Hayk_b@ysu.am 
2
 Ереванский государственный университет 

Армения, Ереван, 0025, ул. А. Манукяна, 1 

 

Исследовано взаимодействие в водной среде между гидрогелем кремнезема, 

выделенным из серпентинов (Mg(Fe))6[Si4O10](OH)8, гидроксидом натрия NaOH и 

хлоридом бария BaCl2. Установлено, что в зависимости от длительности 

перемешивания в условиях атмосферного давления кипящей водной суспензии, 

приготовленной из указанных реагентов, могут осаждаться или гидратированный 

силикат бария типа BaSiO3·H2О, или BaH2SiO4. Дальнейшая термообработка 

каждого осажденного интермедианта до температуры 800°C приводит к его 

кристаллизации в силикаты бария, а именно, в метасиликат бария BaSiO3 и 

ортосиликат бария Ba2SiO4. 
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This paper is devoted to advantages and opportunities of frontal polymerization applied to 

nanotechnologies with the aim to obtain polymeric nanocomposites with a uniform distribution of 

nanoparticles in polymer matrix. It can also be used in the synthesis of high temperature 

superconducting polymer ceramic intercalated composites and superconducting electrically 

conductive polymer composites. 

It has been shown that the frontal polymerization allows obtaining multifunctional, gradient 

materials due to the specificity of the propagation process of heat wave polymerization. 

The frontal polymerization has a significant contribution to the synthesis of pure super 

absorbent hydrogels, in contrast to traditionally obtained, and many others. 

Figs. 7, references 24. 

Introduction 

For a better assessment of the advantages of frontal polymerization, we would 

like to present a small comparison of exothermic radical polymerization in 

traditional technologies with frontal polymerization (FP), occurring in the mode of 

auto-wave propagation of thermal polymerization. 

In the traditional methods after initial mixture is loaded into the reactor, it is 

heated to the temperature at which initiator decomposes to yield active radicals. 

From this moment, exothermic polymerization takes place with the formation of 

high-molecular polymer chains. A sufficiently large amount of heat is released. In 

order to avoid thermal explosion in the industry, cooling systems are installed 

around the reactor. To reduce the polymerization rate, respectively, to reduce the 

rate of released heat, inert solvents are often added to the initial mixture. At the end 

of the process, solvents are either released into the atmosphere polluting the 

environment or cleaned and reused (which complicates the process and makes it 

more expensive). It is one problem. From the point of view of non-isothermal 

processes in traditional technologies, there is also a problem. 
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The fact is that large-size products are generally produced with internal defects 

- during the process of solidification into the sample defects are formed [1,2]. 

Therefore, we began to study the reasons and opportunities to avoid defects and 

create a controlled production of these products. These studies led to the idea of FP. 

This was in the seventies of the last century. At that time, only our laboratory in the 

branch of the Moscow Institute of Physical Chemistry, in Chernogolovka, was 

engaged in the FP method; and up to the 90s we were the only ones engaged in the 

FP–monopoly [3–8]. 

Experiment and discussion 

Fig. 1 shows a schematic polymerization in the conditions of FP [1]. The 

reaction ampoule is loaded with the initial mixture; the heat is supplied not to the 

entire reactive mass. In the FP method the process is carried out by local and short 

warm-up of the local part of the reactor (for example, one end of the tubular reactor) 

filled with the reacting mixture. The polymerization process is initiated at the site of 

heating. The heat evolved is transferred to the neighboring layer of unreacted 

reaction mixture. In this layer a new round of polymerization is initiated followed by 

the corresponding release of heat to warm the neighboring layer, and thus the 

polymerization process extends from one end of the reactor to another in the auto-

wave mode. This process fixes properties of the composite, which are determined by 

the initial mixture. 

 

Fig. 1. Schematic polymerization in the conditions of the FP method 

 

Unlike the traditional methods of synthesis, here we are interested in preserving 

this heat, so that it does not leave the walls of the reactor, but transfers to an adjacent 

layer. In FP it is necessary to keep the released heat, which is the initiator of the 

process and eliminates the need for heat removal, respectively, the use of solvents to 

reduce heat generation. This is the basis for the high productivity of FP and its 
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environmental safety. Currently FP is the most researched subject in the world 

Scientist Centers and Universities, because of its rationality [9–14]. 

Therefore, until recently the FP was considered as a high-performance 

technological method, but with the development of high technologies, it became 

clear that this method was indispensable in the synthesis of polymer 

superconducting composites, moreover it has serious advantages in the synthesis of 

polymeric nanocomposites with a uniform distribution of nanoparticles in the 

polymer matrix [15–18]. 

It is known that to obtain polymeric nanocomposites filled with nanoparticles, 

different methods of passivation (neutralization of high activity of nanoparticles) are 

used. These include plasma polymerization, polymerization under conditions of 

acoustic waves, the use of surface-active materials (SAMs) and others. 

All these methods are designed to protect the nanoscale of the added 

nanoparticles. The fact is that due to high activity, nanoparticles are attracted to each 

other and stick together, losing their nano-scale properties. 

Acoustic waves prevent the nanoparticles from sticking together in the melt or 

solution of the polymerizable monomer. SAMs envelop a nanoparticle with the 

formed micellar single-charged structures and thereby make the nanoparticles 

passive, preventing them from sticking together. However, a serious problem arises 

here. A strong surfactant reacts with a nanoparticle, neutralizing its activity and 

attractiveness of nanoscale. Weak surfactants during the polymerization depart from 

the surface of the particles and stick together. 

We have performed a series of experiments with the addition of surfactant-

treated nanoparticles to the monomeric medium by the FP method. We did the same 

without processing nanoparticles in different thermal regimes. Below are presented 

the microscopic photographs of the samples obtained in the adiabatic, isothermal 

and frontal regimes. You can see that by FP, the initial state is fixed; in this case the 

uniform distribution of nanoparticles in the polymer matrix takes place. Two factors 

work here: the effect of the auto-wave propagation of the polymerization, analogous 

to acoustic waves and fast fixation of the initial state, which does not allow the 

particles to agglomerate. 

 
 a  b  c 

Fig. 2. (a) Initial reaction medium without surfactant, (b) in the presence of surfactant, and (c) 

at 30X magnification of the microscope. Surfactant-treated, untreated surfactants. 
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This Figure shows microscopic photographs of a solution of acrylamide 

complex with nanoparticles additives. 

 

 
 a  b  c 

Fig. 3. Effect of the thermal mode of polymerization on the structure of nanocomposites based 

on PAAM: (a) adiabatic mode, (b) frontal stationary mode, and (c) frontal oscillating mode. 

 

 

Fig. 4. The micrograph of polymer–ceramic nanocomposites with the UHMWPE binder. 

 

We note one more advantage of the FP for the synthesis of superconducting 

nanocomposites [19-24]. 

With the use of superconducting yttrium and bismuth ceramics as additives in 

the polymerizing system in order to obtain superconducting polymer composites, we 

succeeded in synthesizing HTSC composites with the 95-97 K transition by the FP 

method. As it turned out, this possibility was associated with the intercalation of 

polymer molecules into nanoscale interlayer spaces of ceramics. As can be seen 

from Fig. 4 due to the shock wave, high-molecular chains are introduced into nano-

sized ceramic layers (intercalation). 
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Fig. 5. Temperature profiles of stationary FP (AAm, Na acrylate, potassium persulfate). 

 

As it is shown, the mode of FP is a process taking place in non-isothermal 

conditions of thermal propagation of the polymerization wave. It should be noted 

that along with significant advantages, there is a problem in the implementation of 

FP. Since every time with the change of the initial composition, the patterns on 

establishing stationarity change dramatically, in each particular case modeling, 

calculation of kinetic regularities are necessary, otherwise the technology cannot be 

implemented. 

The propagation of the polymerization wave depending on the initial 

conditions, the kinetics and macro kinetics of the process must be stationary; as can 

be noted, in Fig. 5 the wave is stable and stationary; at any point the amplitude of the 

wave is stable. This is a linear, stable propagation of the polymerization wave. One 

of the most important conditions for stability is to ensure the flow of the process 

under conditions when there is no loss of heat to the environment. 

Transition of the process from a linear stable state to an unstable (non-linear) 

state can lead to both a decrease in the non-uniform flow of the process and a 

decrease in the rate of proliferation, attenuation, and the formation of different spin 

regimes. Naturally, the properties of the resulting products will not meet the 

requirements, and the process may stop, or splash out of the reaction vessel. 

Therefore, detailed study of kinetic and macro-kinetic models in the FP is 

necessary. Otherwise, all the advantages of the FP will be leveled by the instability 

of the process. 

Having the appropriate data for the synthesis of various polymer and 

nanopolymer composites, we have the possibility of obtaining gradient polymeric 

samples. For example, if we have calculated methods for the synthesis of various 

composites including superconducting, electrically conductive composites, we can 

combine them in one sample and using the FP method obtain the corresponding 

gradient material with the required properties. 
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Fig. 6. A sample with gradient properties obtained by the FP method. 

 

 

Fig.7. Schematic diagram of a film with (1) superconducting and (2) current-conducting 

properties obtained with the (1) UHMWPE and (2) AAM–MMA copolymer binder. 

 

Fig. 6 exemplifies gradient polymeric material obtained by FP with sequentially 

arranged Co- and Ni-containing metal-complex monomers and AAM in which the 

chemical composition varies along the sample length. Here in the center we have a 

polymer composite with superconducting properties, obtained using the Cu 

complexes of acrylamide monomer with additives of superconducting ceramics, the 

next layer is complected with the Mn-acrylamide complexes with additives of 

nanosilver, due to which the resulting polymer composite acquires current-carrying 

properties. 

When we interlace all these monomers, we require the desired gradient 

properties in advance. Such a sample cannot be obtained by traditional methods, 

since in the traditional process of polymerization the reagents are mixed in the 

volume of the reaction vessel and it is impossible to obtain material with different 

properties along the tube or radius. 
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Fig. 6 and 7 show the appropriate starting alternating initial reagents in the 

reaction ampoule, and the conditions for the polymerization process are set in 

advance for the implementation of the stationary reaction front. Then the FP will 

lead to the creation of a multifunctional gradient sample according to the form as 

required along the length or along the radius of sample. 

It is well known that functionally gradient materials (FGMs) with gradual 

(polyfunctional) properties have a wide range of applications and are claimed in 

various areas of national economy and techniques. Polymer nanocomposites with 

gradient properties suggested by our research group possess a wide range of 

sensitivity due to the combination of different properties in one particular pattern. 

Such a gradient multifunctional sample is a microchip appropriate for all kinds of 

devices, which need gradient properties in a one general pattern: chips for superfast 

calorimeters, for medical and biological analyses and so on. In this way, we can 

perform FGMs along the length and along the radius of the obtained polymeric 

materials. 

For obtaining gradient polymeric materials by a traditional technology (where 

properties along the length of a tube or radius of a tube vary according to 

requirements) it is necessary to obtain separately the materials with required 

different properties, then to combine them in one sample with alternation of 

properties either in a direction of a tube radius or in a direction of length of the tube. 

Auto wave process of frontal polymerization fixes set gradient properties in one 

sample according to in advance set distribution of an initial mix either along a tube 

or along a radius. 

 

Conclusion 

The article shows the frontal method, which is due to its specificity widely 

demanded in various fields of synthesis of polymers and polymer composites, as 

well as in high technologies, such as the synthesis of polymer nanocomposites, high-

temperature superconducting interval composites, the gradient multifunctional 

composites in one polymerization stage. Thus, FP proved to be a unique method. 

 

üðàÜî²È äàÈÆØºð²òØ²Ü Üì²ÖàõØÜºðÀ ´²ðÒð 

îºÊÜàÈà¶Æ²ÜºðàôØ 

². Ð. îàÜàÚ²Ü & ê. ä. ¸²ìÂÚ²Ü 

üñáÝï³É åáÉÇÙ»ñ³óÙ³Ý Ù»Ãá¹Á, Ç ëÏ½µ³Ý», ·Çï³Ï³Ý Ñ³ë³ñ³ÏáõÃÛ³Ý ÏáÕÙÇó 

ÁÝ¹áõÝíáõÙ ¿ñ ÑÇÙÝ³Ï³ÝáõÙ áñå»ë åáÉÇÙ»ñÝ»ñÇ ¨ åáÉÇÙ»ñ³ÛÇÝ ÏáÙåá½ÇïÝ»ñÇ ëÇÝ-

Ã»½Ç µ³ñÓñ ³ñï³¹ñáÕ³Ï³ÝáõÃÛ³Ùµ ¨ ¿ÏáÉá·Ç³å»ë ³Ýíï³Ý· Ù»Ãá¹: ê³Ï³ÛÝ í»ñ-

çÇÝ ï³ëÝ³ÙÛ³ÏÝ»ñáõÙ å³ñ½í»ó, áñ ßÝáñÑÇí ýñáÝï³É åáÉÇÙ»ñ³óÙ³Ý ³é³ÝÓÝ³Ñ³ï-

ÏáõÃÛ³ÝÁ, Ù»Ãá¹Ç ÏÇñ³éáõÙÁ µ»ñáõÙ ¿ ½·³ÉÇ Ýí³×áõÙÝ»ñÇ µ³ñÓñ ï»ËÝáÉá·Ç³Ý»ñÇ 

³ëå³ñ»½áõÙ` åáÉÇÙ»ñ³ÛÇÝ Ý³ÝáÏáÙåá½ÇïÝ»ñÇ, µ³ñÓñç»ñÙ³ëïÇ×³Ý³ÛÇÝ ÇÝï»ñÏ³-

É³óí³Í åáÉÇÙ»ñ³ÛÇÝ ·»ñÑ³Õáñ¹ÇãÝ»ñÇ, µ³½Ù³ýáõÝÏóÇáÝ³É ·ñ³¹Ç»Ýï³ÛÇÝ åáÉÇÙ»-

ñ³ÛÇÝ ÝÛáõÃ»ñÇ ëÇÝÃ»½Ç ¨ ³ÛÉ µÝ³·³í³éÝ»ñáõÙ: 
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Ü»ñÏ³Û³óí³Í ³ÏÝ³ñÏ³ÛÇÝ Ñá¹í³ÍáõÙ ÝÏ³ñ³·ñí³Í »Ý Ñ»ÕÇÝ³ÏÝ»ñÇ ÏáÕÙÇó 

ëï³óí³Í ³ñ¹ÛáõÝùÝ»ñÁ ¨ ÙÇç³½·³ÛÇÝ ïíÛ³ÉÝ»ñÁ` í»ñÁ Ãí³ñÏí³Í ËÝ¹ÇñÝ»ñÇ í»ñ³-

µ»ñÛ³É: 

 

ПРЕИМУЩЕСТВА МЕТОДА ФРОНТАЛЬНОЙ ПОЛИМЕРИЗАЦИИ 

В ВЫСОКИХ ТЕХНОЛОГИЯХ 

А. A. ТОНОЯН и С. П. ДАВТЯН 

Национальный политехнический университет Армении  

Армения, 0009, Ереван, ул. Теряна, 105  

E-mail: atonoyan@mail.ru 

 

Изначально метод фронтальной полимеризации воспринимался научной об-

щественностью в основном как высокопроизводительный и экологически безо-

пасный метод синтеза полимеров и полимерных композитов. Однако за последние 

десятилетия выяснилось, что благодаря ее специфике использование метода фрон-

тальной полимеризации приводит к существенным достижениям в области высо-

ких технологий: синтез полимерных нанокомпозитов, синтез высокотемпе-

ратурных интеркалированных полимерных сверхпроводников, синтез многофунк-

циональных градиентных полимерных материалов и др. 

В представленной обзорной статье авторами описываются собственные ре-

зультаты и международные данные по вышеперечисленным проблемам. 
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A new method for obtaining new heterocyclic systems – S-alkyl substituted pyrano[3-4-c]- 

[1,2,4]triazolo[4,3-a]pyridines on the basis of 8-hydrazino derivatives of pyrano[3,4-c]pyridines has 

been developed. Alkylation of 3-thioxopyrano[3,4-c][1,2,4]triazolo[4,3-a]pyridines with different 

alkylhalogenids resulted in the synthesis of S-alkylpyrano[3-4-c]-[1,2,4]triazolo[4,3-a]pyridine 

derivatives. The antimicrobial and neurotropic activities of the synthesized compounds have been 

investigated. 

References 13. 

 

Condensed pyridines have a broad spectrum of biological activity. In particular, 

derivatives of pyranopyridines have shown antimicrobial, anti-inflammatory, 

anticonvulsant activities [1-4]. 

At the same time, tricyclic triazolopyridines are little studied, there is only one 

report in the literature on the synthesis of 1,2,4-triazolo[4,3-a]pyrano[3,2-

e]pyridines, which have antihypertensive action [5]. 

In continuation of studies on the synthesis of condensed pyridines [6,7] and 

with the purpose to study their biological activities we synthesized new S-alkyl 

substituted derivatives of pyrano[3,4-c][1,2,4]triazolo[4,3-a]pyridines 3a-n, which 

are the derivatives of new heterocyclic systems. 

As the starting material we used the 8-hydrazinopyrano[3,4-c]pyridines 1a,b, 

which have been synthesized by us in the work [8]. 

In this work we developed a new method for obtaining 3-thioxopyrano[3,4-

c][1,2,4]triazolo[4,3-a]pyridines 2a,b by the interaction of compounds 1a,b with CS2 

in MeOH in the presence of KOH. A new method allowed to exclude pyridine from 

the reaction medium and increase the rate of cyclizations in contrast to work [8]. 

mailto:shdashyan@gmail.com
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The obtained 3-thioxopyrano[3,4-c][1,2,4]triazolo[4,3-a]pyridines were 

transformed to the S-alkyl substituted derivatives 3a-n under the action of different 

alkyl halogenids (Scheme). 

Scheme 

 

The IR spectrum of compounds 3a–n revealed the presence of absorption bands 

at 3306–3408 cm
−1

 assigned to NH group, and a strong absorption band at 2208–

2226 cm
−1

 for C≡N group. 
1
H NMR spectrum revealed the presence of signals at δ 3.92–4.88 ppm for 

SCH2 protons. 
13

C NMR spectra of compounds 3a,i,j,l showed signals at δ 39.4-42.3 

ppm corresponding to the SCH2 group. The spectral data confirmed formation of S-

alkyl derivatives [9]. The regioselectivity of this reaction was explained by the 

greater polarizability of the sulfur atom compared to the nitrogen atom [10]. 

The antimicrobial activity of compounds 3a–n was studied by the agar diffusion 

assay [11]. Experiments were performed with Gram-positive staphylococci 

(Staphylococcus aureus 209P, JC-1) and Gram-negative rods (Shigella dysenteriae 

flexneri 6858, Escherichia coli 0-55). The studies showed that compounds 

3a,b,f,g,j,k-n had weak activity against all tested microbial strains: the diameters (d) 

of growth inhibition zones were 10–15 mm. The indicated compounds were 

significantly less active than the reference drug furazolidone (d 24–25 mm) [12]. 

Neurotropic activity of the newly synthesized triazolopyridine derivatives 3a-n 

was studied by indicators characterizing the anticonvulsant activity and side effects. 

A study of 14 compounds 3a-n and a reference drug diazepam was carried out on 

120 white mice weighing 18–24 g. Anticonvulsant activity of the compounds was 

assessed by the prevention of the seizure clonic component induced by subcutaneous 

injection of corazole (90 mg/kg) to mice [13]. Unwanted side effects in these 

animals, namely the central myorelaxant effect and impaired motor coordination 

were examined by the rotating rod method [13]. 

The compounds under investigation were injected in a dose range of 50 mg/kg 

intraperitoneally 45 min before injection of corazole in the form of a suspension 

with Tween 80 and ethosuximide – at a dose of 150 mg/kg. 

The study of anticonvulsant action revealed that not all synthesized derivatives 

had the same anticorazole activity. Thus, compounds 3a, c, i, j, l at a dose of 50 

mg/kg prevented convulsions only in 20–40% of animals, while ethosuximide 
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showed a 50% efficiency only at a dose of 150 mg/kg. Moreover, studies of these 

compounds and ethosuximide at the mentioned doses did not reveal the muscle 

relaxation phenomena. 

Experimental Section 

All chemicals, reagents, and solvents were of commercially high purity grade 

purchased from Sigma-Aldrich. Melting points (mp) were determined on a 

“Boetius” microtable. They are expressed in degree centigrade (ºC). 
1
H NMR and 

13
C NMR spectra were recorded on a Varian “Mercury 300VX” 300 (

1
H) and 75.462 

MHz (
13

C) spectrometer. Chemical shifts were reported as  (parts per million) 

relative to TMS (tetramethylsilane) as an internal standard. IR spectra were recorded 

on “Nicolet Avatar 330 FT-IR” spectrophotometer and the reported wave numbers 

are given in cm
-1

. TLC analyses were performed on “Silufol UV-254” plates using 

pyridine–ethyl acetate, 2:1 (2), butanol–acetic acid–water, 4:2:5 (3) as eluent; spots 

were developed with iodine vapor. 

General procedure for the synthesis of 3-thioxopyrano[3,4-c][1,2,4]-

triazolo[4,3-a]- pyridines 2a,b. Compounds 1a,b 4.5 mmol and 5ml of CS2 were 

added to a solution of 0.3 g (5.4 mmol) of KOH in 50 ml of methanol. The mixture 

was refluxed for 5 h. After cooling, the obtained solution was acidified with 10% 

HCl, the formed crystals were filtered and recrystallized from 1:1 mixture of EtOH-

CHCl3. The spectral data of compounds 2a,b corresponded to data in reference [8]. 

5-Anilino-8,8-dimethyl-3-thioxo-2,3,7,10-tetrahydro-8H-pyrano[3,4-

c][1,2,4]triazolo[4,3-a]pyridine-6-carbonitrile (2a). Yield 1.42 g (90%), mp 259–

260°C. 

8,8-Dimethyl-5-(4-methylphenyl)amino-3-thioxo2,3,7,10-tetrahydro-8H-

pyrano[3,4-c]- [1,2,4]triazolo[4,3-a]pyridine-6-carbonitrile (2b). Yield 1.50 g 

(91%), mp 238–239°C. 

General procedure for alkylation of pyranotriazolothiones 3a–n. The 

appropriate 2 mmol of compounds 2a,b was added to a solution of 112 mg (2 mmol) 

of KOH in a mixture of 2 ml of H2O and 12 ml of EtOH. After complete dissolution, 

the appropriate 2 mmol of alkyl halide was added with cooling, and the reaction 

mixture was stirred for 6 h at room temperature. The obtained crystals were filtered 

off, washed with H2O, dried, and recrystallized from a 2:1 mixture of EtOH–CHCl3. 

2-[(5-Anilino-6-cyano-8,8-dimethyl-7,10-dihydro-8H-pyrano[3,4-

c][1,2,4]triazolo[4,3-a]- pyridin-3-yl)thio]-N,N-diethylacetamide (3а). Yield 

0.75 g (81%), mp 228-229ºC, Rf 0.60. IR spectrum, ν, cm
-1

: 1675 (C=O), 2226 (CN), 

3306 (NH). 
1
Н NMR spectrum, , ppm, MHz: 1.08 t (3H, J = 7.1, CH3); 1.19 t (3H, 

J = 7.1, CH3); 1.35 s (6H, 2×CH3); 2.63 s (2H, 7-CH2); 3.34 q (2H, J = 7.1, NCH2); 

3.39 q (2H, J = 7.1, NCH2); 4.24 s (2H, SCH2); 4.86 s (2H, 10-CH2); 6.97-7.03 m 

(3H, HAr); 7.26-7.32 m (2H, HAr); 10.05 s (1H, 5-NH). 
13

C NMR spectrum, , ppm, 

MHz: 12.5 (CH3), 13.7 (CH3), 25.9 (2CH3), 39.4 (CH2), 39.8 (CH2), 40.2 (CH2), 

41.6 (SCH2), 57.8 (OCH2), 69.8, 90.6 (C-6), 113.1 (CN), 115.4, 117.9 (2CH), 122.0 
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(CH), 128.6 (2CH), 132.0, 140.6, 141.5, 142.0, 148.3, 166.2 (CO). Found, %: C 

62.13; H 6.03; N 18.23; S 6.78. C24H28N6O2S. Calculated, %: C 62.05; H 6.07; N 

18.09; S 6.90. 

5-Anilino-3-[(1H-benzimidazol-2-ylmethyl)thio]-8,8-dimethyl-7,10-

dihydro-8H-pyrano- [3,4-c][1,2,4]triazolo[4,3-a]pyridine-6-carbonitrile (3b). 

Yield 0.76 g (79%), mp 204-206ºC, Rf 0.62. IR spectrum, ν, cm
-1

: 2210 (CN), 3325, 

3408 (NH). 
1
Н NMR spectrum, , ppm, MHz: 1.34 s (6H, 2×CH3); 2.62 t (2H, J = 

1.8, 7-CH2); 4.65 s (2H, SCH2); 4.84 t (2H, J = 1.8, 10-CH2); 6.94-7.00 m (3H, HAr); 

7.08-7.13 m (2H, HAr); 7.22-7.30 m (2H, HAr); 7.42-7.48 m (2H, HAr); 10.34 brs 

(1H, NH); 12.19 br.s (1H, 5-NH). Found, %: C 64.97; H 4.85; N 20.43; S 6.54. 

C26H23N7OS. Calculated, %: C 64.85; H 4.81; N 20.36; S 6.66. 

2-[(5-Anilino-6-cyano-8,8-dimethyl-7,10-dihydro-8H-pyrano[3,4-

c][1,2,4]triazolo[4,3-a]- pyridin-3-yl)thio]-N-benzylacetamide (3c). Yield 0.76 g 

(76%), mp 209-210 ºC, Rf 0.62. IR spectrum, ν, cm
-1

: 1670 (CO), 2212 (CN), 3325, 

3367 (NH), 
1
Н NMR spectrum, , ppm, MHz: 1.36 s (6H, 2×CH3); 2.65 s (2H, 7-

CH2); 3.99 s (2H, SCH2); 4.29 d (2H, J = 5.8, NHCH2); 4.86 s (2H, 10-CH2); 6.97-

7.03 m (3H, HAr); 7.11-7.32 m (7H, HAr); 8.66 t (1H, J = 5.8, NH); 9.76 s (1H, 5-

NH). Found, %: C 64.97; H 5.33; N 16.92; S 6.34. C27H26N6O2S. Calculated, %: C 

65.04; H 5.26; N 16.86; S 6.43. 

2-[(5-Anilino-6-cyano-8,8-dimethyl-7,10-dihydro-8H-pyrano[3,4-

c][1,2,4]triazolo[4,3-a]- pyridin-3-yl)thio]-N-(4-methylphenyl)acetamide (3d). 

Yield 0.82 g (82%), mp 231-232ºC, Rf 0.58. IR spectrum, ν, cm
-1

: 1666 (CO), 2208 

(CN), 3327, 3372 (NH). 
1
Н NMR spectrum, , ppm: 1.34 s (6H, 2×CH3); 2.29 s (3H, 

CH3); 2.61 s (2H, 7-CH2); 4.14 s (2H, SCH2); 4.84 s (2H, 10-CH2); 6.94-7.00 m 

(2H, HAr); 7.00-7.05 m (3H, HAr); 7.24-7.31 m (2H, HAr); 7.38-7.42 m (2H, HAr); 

9.62 s (1H, NH); 10.07 s (1H, 5-NH). Found, %: C 64.97; H 5.33; N 16.92; S 6.34. 

C27H26N6O2S. Calculated, %: C 65.04; H 5.26; N 16.86; S 6.43. 

2-[(5-Anilino-6-cyano-8,8-dimethyl-7,10-dihydro-8H-pyrano[3,4-

c][1,2,4]triazolo[4,3-a]- pyridin-3-yl)thio]-N-(3-chlorophenyl)acetamide (3e). 

Yield 0.80 g (77%), mp 217-218ºC, Rf 0.61. IR spectrum, ν, cm
-1

: 1668 (CO), 2208 

(CN), 3325, 3372 (NH). 
1
Н NMR spectrum, , ppm, MHz: 1.35 s (6H, 2×CH3); 2.63 

t (2H, J = 1.9, 7-CH2); 4.16 s (2H, SCH2); 4.84 t (2H, J = 1.9, 10-CH2); 6.91-7.00 m 

(4H, HAr); 7.21 t (1H, J = 8.2, HAr); 7.23-7.30 m (2H, HAr); 7.42 dd (1H, J = 8.2, 2.1, 

HAr); 7.69 t (1H, J = 2.1, HAr); 9.47 brs (1H, NH); 10.35 brs (1H, 5-NH). Found, %: 

C 60.28; H 4.54; N 16.23; S 6.09. C26H23ClN6O2S. Calculated, %: C 60.17; H 4.47; 

N 16.19; S 6.18. 

2-[(5-Anilino-6-cyano-8,8-dimethyl-7,10-dihydro-8H-pyrano[3,4-

c][1,2,4]triazolo[4,3-a]pyridin-3-yl)thio]-N-(2-nitrophenyl)acetamide (3f). Yield 

0.81 g (76%), mp 245-247ºC, Rf 0.64. IR spectrum, ν, cm
-1

: 1350, 1540 (NO2), 1665 

(CO), 2210 (CN), 3328, 3367 (NH). 
1
Н NMR spectrum, , ppm, MHz: 1.35 s (6H, 

2×CH3); 2.63 s (2H, 7-CH2); 4.22 s (2H, SCH2); 4.84 s (2H, 10-CH2); 6.88-6.99 m 

(3H, HAr); 7.21-7.33 m (3H, HAr); 7.63 t.d (1H, J = 8.3, 1.4, HAr); 7.98 dd (1H, J = 

8.3, 1.4, HAr); 8.05 dd (1H, J = 8.3, 1.1, HAr); 9.37 brs (1H, NH); 10.67 brs (1H, 5-
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NH). Found, %: C 58.85; H 4.41; N 18.44; S 6.13. C26H23N7O4S. Calculated, %: C 

58.97; H 4.38; N 18.51; S 6.06. 

2-[(5-Anilino-6-cyano-8,8-dimethyl-7,10-dihydro-8H-pyrano[3,4-

c][1,2,4]triazolo[4,3-a]- pyridin-3-yl)thio]-N-1,3-thiazol-2-ylacetamide (3g). 

Yield 0.78 g (79%), mp 262-263ºC, Rf 0.59. IR spectrum, ν, cm
-1

: 1672 (CO), 2210 

(CN), 3329, 3377 (NH). 
1
Н NMR spectrum, , ppm, MHz: 1.35 s (6H, 2×CH3); 2.63 

t (2H, J = 1.8, 7-CH2); 4.21 s (2H, SCH2); 4.84 t (2H, J = 1.8, 10-CH2); 6.90-6.97 m 

(3H, HAr); 6.99 d (1H, J = 3.5, SCH); 7.22-7.29 m (2H, HAr); 7.37 dd (1H, J = 3.5, 

NCH); 9.37 brs (1H, NH); 12.29 brs (1H, 5-NH). Found, %: C 56.30; H 4.28; N 

19.99; S 12.91. C23H21N7O2S2. Calculated, %: C 56.19; H 4.31; N 19.94; S 13.05. 

3-(Benzylthio)-8,8-dimethyl-5-[(4-methylphenyl)amino]-7,10-dihydro-8H-

pyrano[3,4-c][1,2,4]triazolo[4,3-a]pyridine-6-carbonitrile (3h). Yield 0.69 g 

(76%), mp 219-220ºC, Rf 0.61.IR spectrum, ν, cm
-1

: 2210 (CN), 3327 (NH). 
1
Н 

NMR spectrum, , ppm, MHz: 1.34 s (6H, 2×CH3); 2.32 s (3H, CH3); 2.60 t (2H, J = 

1.7, 7-CH2); 4.40 s (2H, SCH2); 4.84 t (2H, J = 1.7, 10-CH2); 6.70-6.75 m (2H, HAr); 

7.01-7.06 m (2H, HAr); 7.18-7.27 m (5H, HAr); 8.98 brs (1H, 5-NH). Found, %: C 

68.61; H 5.58; N 15.48; S 6.89. C26H25N5OS. Calculated, %: C 68.55; H 5.53; N 

15.37; S 7.04. 

8,8-Dimethyl-5-[(4-methylphenyl)amino]-3-[(2-oxo-2-phenylethyl)thio]-

7,10-dihydro-8H-pyrano[3,4-c][1,2,4]triazolo[4,3-a]pyridine-6-carbonitrile (3i). 

Yield 0.77 g (80%), mp 201-202ºC, Rf 0.66. IR spectrum, ν, cm
-1

: 1685 (CO), 2210 

(CN), 3322 (NH). 
1
Н NMR spectrum, , ppm: 1.35 s (6H, 2×CH3); 2.32 s (3H, 

CH3); 2.62 s (2H, 7-CH2); 4.83 s (2H, 10-CH2); 4.88 s (2H, SCH2); 6.83-6.88 m 

(2H, HAr); 7.04-7.09 m (2H, HAr); 7.46-7.52 m (2H, HAr); 7.57-7.64 m (1H, HAr); 

7.98-8.03 m (2H, HAr); 9.30 s (1H, NH). 
13

C NMR spectrum, , ppm: 20.3 (CH3), 

25.9 (2CH3), 36.4 (CH2), 42.3 (SCH2), 57.8 (OCH2), 69.8, 91.8 (C-6), 113.1(CN), 

116.1, 117.9 (2CH), 128.0 (2CH), 128.1 (2CH), 129.3 (2CH), 131.0 (CH), 131.6, 

133.0, 135.1, 138.9, 141.8, 142.2, 148.4, 192.6 (CO). Found, %: C 67.15; H 5.28; N 

14.54; S 6.49. C27H25N5O2S. Calculated, %: C 67.06; H 5.21; N 14.48; S 6.63. 

2-({6-Cyano-8,8-dimethyl-5-[(4-methylphenyl)amino]-7,10-dihydro-8H-

pyrano[3,4-c]-[1,2,4]triazolo[4,3-a]pyridin-3-yl}thio)-N-(3-methylphenyl)acetamide 

(3j). Yield 0.83 g (81%), mp 220-222ºC, Rf 0.60. IR spectrum, ν, cm
-1

: 1666 (CO), 

2209 (CN), 3325, 3371 (NH). 
1
Н NMR spectrum, , ppm: 1.34 s (6H, 2×CH3); 2.32 

s (3H, CH3); 2.33 s (3H, CH3); 2.61 s (2H, 7-CH2); 4.14 s (2H, SCH2); 4.83 s (2H, 

10-CH2); 6.78-6.83 m (1H, HAr); 6.88-6.93 m (2H, HAr); 7.06-7.13 m (3H, HAr); 

7.28-7.35 m (2H, HAr); 9.52 brs (1H, NH); 10.06 brs (1H, 5-NH).  
13

C NMR spectrum, , ppm: 20.3 (CH3), 21.0 (CH3), 25.9 (2CH3), 36.4 (CH2), 39.8 

(SCH2), 57.7 (OCH2), 69.8, 90.4 (C-6), 113.0 (CN), 115.2, 116.2 (CH), 118.4 

(2CH), 119.5 (CH), 123.7 (CH), 127.8 (CH), 129.2 (2CH), 131.3, 132.1, 137.3, 

138.1, 138.2, 141.9, 142.0, 148.4, 165.3 (CO). Found, %: C 65.43; H 5.47; N 16.51; 

S 6.34. C28H28N6O2S. Calculated, %: C 65.60; H 5.51; N 16.39; S 6.26. 

2-({6-Cyano-8,8-dimethyl-5-[(4-methylphenyl)amino]-7,10-dihydro-8H-

pyrano[3,4-c]-[1,2,4]triazolo[4,3-a]pyridin-3-yl}thio)-N,N-diethylacetamide (3k). 
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Yield 0.75 g (78%), mp 208-209ºC, Rf 0.65. IR spectrum, ν, cm
-1

: 1675 (C=O), 2225 

(CN), 3308 (NH). 
1
Н NMR spectrum, , ppm, MHz: 1.08 t (3H, J = 7.1, CH2CH3); 

1.19 t (3H, J = 7.1, CH2CH3); 1.34 s (6H, 2×CH3); 2.35 s (3H, CH3); 2.61 s (2H, 7-

CH2); 3.34 q (2H, J = 7.1, NCH2); 3.38 q (2H, J = 7.1, NCH2); 4.23 s (2H, SCH2); 

4.83 s (2H, 10-CH2); 6.92-6.97 m (2H, HAr); 7.08-7.13 m (2H, HAr); 10.07 brs (1H, 

5-NH). Found, %: C 62.83; H 6.25; N 17.71; S 6.59. C25H30N6O2S. Calculated, %: C 

62.74; H 6.32; N 17.56; S 6.70. 

N-(4-Acetylphenyl)-2-({6-cyano-8,8-dimethyl-5-[(4-methylphenyl)amino]-

7,10-dihydro-8H-pyrano[3,4-c][1,2,4]triazolo[4,3-a]pyridin-3-yl}thio)acetamide 

(3l). Yield 0.83 g (77%), mp 207-208ºC, Rf 0.62. IR spectrum, ν, cm
-1

: 1665, 1710 

(CO), 2208 (CN), 3325, 3373 (NH). 
1
Н NMR spectrum, , ppm: 1.34 s (6H, 

2×CH3); 2.33 s (3H, CH3); 2.51 s (3H, COCH3); 2.60 s (2H, 7-CH2); 4.18 s (2H, 

SCH2); 4.82 s (2H, 10-CH2); 6.85-6.91 m (2H, HAr); 7.04-7.11 m (2H, HAr); 7.64-

7.69 m (2H, HAr); 7.82-7.87 m (2H, HAr); 9.42 brs (1H, NH); 10.50 brs (1H, 5-NH).  
13

C NMR spectrum, , ppm: 20.3 (CH3), 25.7 (CH3), 25.9 (2CH3), 36.4 (CH2), 39.4 

(SCH2), 57.7 (OCH2), 69.8, 91.2 (C-6), 113.0 (CN), 115.6, 118.1 (2CH), 118.2 

(2CH), 128.8 (2CH), 129.2 (2CH), 131.2, 131.8, 131.9, 138.5, 141.8, 142.1, 142.5, 

148.4, 165.9, 194.6 (CO). Found, %: C 64.56; H 5.18; N 15.62; S 5.81. 

C29H28N6O3S. Calculated, %: C 64.43; H 5.22; N 15.54; S 5.93. 

2-({6-Cyano-8,8-dimethyl-5-[(4-methylphenyl)amino]-7,10-dihydro-8H-

pyrano[3,4-c][1,2,4]triazolo[4,3-a]pyridin-3-yl}thio)-N-2-naphthylacetamide 

(3m). Yield 0.82 g (75%), mp 249-250ºC, Rf 0.65. IR spectrum, ν, cm
-1

: 1670 (CO), 

2208 (CN), 3323, 3370 (NH). 
1
Н NMR spectrum, , ppm, MHz: 1.34 s (6H, 2×CH3); 

2.32 s (3H, CH3); 2.60 brs (2H, 7-CH2); 4.31 s (2H, SCH2); 4.86 brs (2H, 10-CH2); 

6.84-6.89 m (2H, HAr); 7.03-7.08 m (2H, HAr); 7.40-7.50 m (3H, HAr); 7.66 brd (1H, 

J = 8.1, HAr); 7.76 brd (1H, J = 7.5, HAr); 7.79-7.85 m (1H, HAr); 8.00-8.06 m (1H, 

HAr); 9.48 brs (1H, NH); 10.20 brs (1H, 5-NH). Found, %: C 67.95; H 5.19; N 

15.21; S 5.92. C31H28N6O2S. Calculated, %: C 67.86; H 5.14; N 15.32; S 5.84. 

2-({6-Cyano-8,8-dimethyl-5-[(4-methylphenyl)amino]-7,10-dihydro-8H-

pyrano[3,4-c]- [1,2,4]triazolo[4,3-a]pyridin-3-yl}thio)acetamide (3n). Yield 0.69 

g (82%), mp 250-252ºC, Rf 0.67. IR-spectrum, ν, cm
-1

: 1675 (CO), 2210 (CN), 3325 

(NH), 3370, 3424 (NH2). 
1
Н NMR spectrum, , ppm, MHz: 1.34 s (6H, 2×CH3); 

2.34 s (3H, CH3); 2.60 t (2H, J = 1.8, 7-CH2); 3.92 s (2H, SCH2); 4.83 t (2H, J = 1.8, 

10-CH2); 6.91-6.96 m (2H, HAr); 7.07-7.12 m (2H, HAr); 7.15 brs (1H, NH2); 7.61 

brs (1H, NH2); 9.87 brs (1H, 5-NH). Found, %: C 59.81; H 5.20;  

N 19.97; S 7.50. C21H22N6O2S. Calculated, %: C 59.70; H 5.25; N 19.89; S 7.59. 

This work was supported by the RA MES State Commitee of Science in the 

frames of research project №18T-1D066 
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Üàð äÆð²Üà[3,4-c][1,2,4]îðÆ²¼àÈà[4,3-a]äÆðÆ¸ÆÜÜºðÆ 

²Ì²ÜòÚ²ÈÜºðÆ êÆÜÂº¼À ºì ÎºÜê²´²Ü²Î²Ü ²ÎîÆìàôÂÚàôÜÀ 

º. ¶. ä²ðàÜÆÎÚ²Ü, Þ. Þ. ¸²ÞÚ²Ü, Ü. ê. ØÆÜ²êÚ²Ü, 

². ¶. Ð²Îà´Ú²Ü & Ð. Ø. êîºö²ÜÚ²Ü 

Øß³Ïí³Í ¿ Ýáñ Ñ»ï»ñáóÇÏÉÇÏ Ñ³Ù³Ï³ñ·Ç – 3-ÃÇûùëáåÇñ³Ýá[3,4-c][1,2,4]¬ïñÇ-

³½áÉá-[4,3-a]¬åÇñÇ¹ÇÝÝ»ñÇ ³Í³ÝóÛ³ÉÝ»ñÇ ëï³óÙ³Ý »Õ³Ý³Ï՝ 8-ÑÇ¹ñ³½ÇÝáåÇñ³-

Ýá[3,4-c]åÇñÇ¹ÇÝÝ»ñÇ ÷áË³½¹»óáõÃÛ³Ùµ ÍÍÙµ³ÍË³ÍÝÇ Ñ»ï, Ï³ÉÇáõÙÇ ÑÇ¹ñûùëÇ¹Ç 

Ù»Ã³ÝáÉ³ÛÇÝ ÉáõÍáõÛÃÇ Ý»ñÏ³ÛáõÃÛ³Ùµ: Üáñ »Õ³Ý³ÏÁ ÑÝ³ñ³íáñáõÃÛáõÝ ¿ ï³ÉÇë µ³-

ó³é»É é»³ÏóÇáÝ ÙÇç³í³ÛñáõÙ åÇñÇ¹ÇÝÇ ³éÏ³ÛáõÃÛáõÝÁ ¨ ½·³ÉÇáñ»Ý Ù»Í³óÝ»É 

óÇÏÉÙ³Ý é»³ÏóÇ³ÛÇ ³ñ³·áõÃÛáõÝÁ: 

3-ÂÇûùëáåÇñ³Ýá[3,4-c][1,2,4]ïñÇ³½áÉá[4,3-a]åÇñÇ¹ÇÝÝ»ñÇ ³ÉÏÇÉ³óÙ³Ùµ, ï³ñ-

µ»ñ ³ÉÏÇÉ Ñ³Éá·»ÝÇ¹Ý»ñáí, ëÇÝÃ»½í³Í »Ý S-³ÉÏÇÉåÇñ³Ýá[3,4-c][1,2,4]ïñÇ³½áÉá[4,3-

a]åÇñÇ¹ÇÝÝ»ñÇ ³Í³ÝóÛ³ÉÝ»ñ: àõëáõÙÝ³ëÇñí³Í »Ý ëÇÝÃ»½í³Í ÙÇ³óáõÃÛáõÝÝ»ñÇ Ñ³-

Ï³Ù³Ýñ¿³ÛÇÝ ¨ Ý»Ûñáïñáå ³ÏïÇíáõÃÛáõÝÝ»ñÁ: àõëáõÙÝ³ëÇñáõÃÛáõÝÝ»ñÇ ³ñ¹ÛáõÝùáõÙ 

å³ñ½í»É ¿, áñ áñáß Ñ»ï³½áïíáÕ ÙÇ³óáõÃÛáõÝÝ»ñ óáõó³µ»ñáõÙ »Ý Ñ³Ï³Ù³Ýñ¿³ÛÇÝ ¨ 

Ý»Ûñáïñáå ³ÏïÇíáõÃÛáõÝÝ»ñ: 
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Разработан новый метод получения производных 3-тиоксопирано[3,4-

c][1,2,4]триазоло[4,3-a]пиридинов взаимодействием 8-гидразинопирано[3,4-c]пи-

ридинов с сероуглеродом в присутствии метанольного раствора гидроксида калия. 

Новый метод позволил исключить из реакционной среды пиридин и увеличить 

скорость циклизации. Алкилированием 3-тиоксопирано[3,4-c][1,2,4]триазоло[4,3-

a]пиридинов с различными алкилгалогенидами синтезированы производные S-ал-

килпирано[3,4-c][1,2,4]триазоло[4,3-a]пиридинов. Изучена антимикробная и ней-

ротропная активность синтезированных соединений. Исследования показали, что 

некоторые производные новой гетероциклической системы оказывают антимик-

робное и нейротропное действие. 

REFERENCES 

[1] Kumar R.R., Perumal S., Menéndez J.C., Yogeeswari P., Sriram D. // Bioorg. Med. Chem., 

2011, №19, p. 3444. 

[2] Kwak W.-J., Kim J.-H., Ryu K.-H., Cho Y.-B., Jeon S.-D., Moon C.-K. // Biol. Pharm. Bull., 

2005, v. 28, p. 750. 

[3] Nguyen S.T., Kwasny S.M., Ding X., Cardinale S.C., McCarthy C.T., Kim H.-S., Nikaido H., 

Peet N.P., Williams J.D., Bowlin T.L., Opperman T.J. // Bioorg. Med. Chem., 2015, v. 23, 

p. 2024. 

mailto:shdashyan@gmail.com


 

 
540 

[4] Paronikyan E.G., Sirakanyan S.N., Noravyan A.S., Melkonyan J.A. // Arm. Chem. J., 1991, 

v. 44, № 4, p. 250. 

[5] Kumar N.V., Mashelkar U.C. // Indian J. Chem., Sect. B: Org. Chem. Incl. Med. Chem., 

2008, v. 47, p. 764. 

[6] Paronikyan E.G., Dashyan Sh.Sh., Noravyan A.S., Tamazyan R.A., Ayvazyan A.G., Panosyan 

H.A. // Tetrahedron, 2015, v. 71, p. 2686. 

[7] Paronikyan E.G., Dashyan Sh.Sh., Dzhagatspanyan I. A., Paronikyan R.G., Nazaryan, I.M., 

Akopyan A.G., Minasyan N.S., Ayvazyan A.G., Tamazyan R.A., Babaev E.V. // Russ. J. 

Bioorg. Chem., 2016, v. 42, p. 215. 

[8] Paronikyan E.G., Dashyan Sh.Sh., Minasyan N.S., Stepanyan G.M., Ayvazyan A.G., 

Tamazyan R.A. // Chem. Heterocycl. Compd., 2016, v. 52, № 12, p. 2078. 

[9] Karataeva F.N., Klochkov V.V. NMR Spectroscopy in Organic Chemistry. Kazan. fed. un-ta: 

Kazan, 2012, v., p. 49. 

[10] Pozharskii A.F. Theoretical Foundations of Heterocyclic Chemistry. M., Chemistry, 1985, 

p. 159. 

[11] Mironov A.N. Guidelines for Performing Clinical Studies of Pharmaceuticals. M., Meditsina, 

2012, Part 1, p. 509. 

[12] Mashkovsky M.D. Drugs. M., Novaya Volna, 2010, p. 851. 

[13] Vogel H.G., Vogel W.H. Psychjtropic and neurotropic activity In Drug Discovery and 

Evaluation: Pharmacological Assays. Berlin & N-Y., Springer, 2008. p. 569. 



 

 
541 

Ð²Ú²êî²ÜÆ  Ð²Üð²äºîàôÂÚ²Ü  ¶ÆîàôÂÚàôÜÜºðÆ 

²¼¶²ÚÆÜ  ²Î²¸ºØÆ² 

НАЦИОНАЛЬНАЯ  АКАДЕМИЯ  НАУК  РЕСПУБЛИКИ АРМЕНИЯ 

NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF ARMENIA 

Ð³Û³ëï³ÝÇ ùÇÙÇ³Ï³Ý Ñ³Ý¹»ë 

Õèìè÷åñêèé æóðíàë Àðìåíèè      71, ¹4, 2018     Chemical Journal of Armenia 

UDC 547.294.314.07 

SYNTHESIS OF NEW ACHIRAL BIS-ALKYLATED GLYCINE ANALOGS 

Z. Z. MARDIYANa,b, A. F. MKRTCHYANa,b and A. S. SAGHYANa,b 

aScientific and Production Center “Armbiotechnology” NAS RA 

14, Gyurjyan Str., Yerevan, 0056, Armenia 

Fax: (+37410) 654180, E-mail: zmardiyan89@gmail.com 
bYerevan State University 

Institute of Pharmacy 

1, A. Manoukyan Str., Yerevan, 0025, Armenia 

A method for the synthesis of α-bis-alkyl substituted derivatives of glycine by means of C-

alkylation of the amino acid moiety of Ni
II
-complex of Schiff base of glycine with a chiral auxiliary 

reagent (S)-2-N-[N’-(benzylprolyl)amino]benzophenone (BPB) by propargyl-, allyl-, 2-bromobenzyl- 

and 4-fluorobenzyl bromides under conditions of base catalysis has been developed. 

Tables 2, references 15. 

 

α-Amino acids of non-protein origin, as irreversible inhibitors of enzymes with 

high specificity and duration of action, are widely used in medicine, pharmaceutical 

chemistry, microbiology and other fields of science and technology [1-4]. In a series 

of non-proteinogenic amino acids, α-alkyl substituted α-amino acids that have strong 

antihypertensive, antiseptic and antitumor activities [5-8] are of certain interest. 

Among them halogen-containing aromatic ring derivatives of phenylalanine and its 

α-alkylated analogs occupy a special place [9, 10]. Amino acids containing 

unsaturated groups (acetylene, allyl, etc.) in the side radical [11, 12] can have 

important pharmacological properties. There is a limited number of acetylenic amino 

acids, mainly isolated from fungal cells, which have an inhibitory effect on many 

enzymes [7]. For example, (S)-2-aminobut-3-ynic acid (propargylglycine) isolated 

from the fungi Steroptpmyces catenula, inhibits the action of Saccharomyces 

cerevisiae and Esherichia coli cells; it is an inhibitor of amylase synthesis, an 

activator of pyridoxalphosphate-dependent enzymes [8] and is a component of 

antibiotic FR 900130 [9]. 

Earlier, to obtain a-substituted a-amino acids, the unique properties of square-

planar Ni
II 

complexes of Schiff base of amino acids and chiral auxiliary (S)-2-N-[N’-

(benzylprolyl)amino] benzophenone (BPB) were used. Due to high CH-acidity of 

mailto:zmardiyan89@gmail.com
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the a-carbon atom of the amino acid moiety of these complexes, its C-alkylation by 

alkyl halides resulted in the asymmetric syntheses of a wide range of a-

monosubstituted a-amino acids (glycine, alanine, etc.) containing different alkyl 

substituents in the side radical [13]. 

This paper reports on the synthesis of achiral α,α-disubsituted glycine analogs 

with the propargyl, allyl, 2-bromobenzyl, 2-fluorobenzyl and 3-fluorobenzyl groups 

in the α-position, by bis-alkylation of the glycine moiety of the Ni
II
 complex of its 

Schiff base with chiral auxiliary (S)-BPB (Scheme). To obtain achiral bis-alkylated 

glycine derivatives, the reactions of both stepwise monoalkylation of the amino acid 

moiety of complexes 1 and 2 (a-e) (path A), and direct bis-alkylation of the glycine 

moiety of complex 1 (path B) were studied. 

Scheme 

 
Complexes 2(a-e) were obtained from complex 1 according to the previously 

developed procedure [12,14]. Propargyl bromide (a), allyl bromide (b), 2-

bromobenzyl bromide (c), 2-fluorobenzyl chloride (d) and 3-fluorobenzyl bromide 

(e) were used as alkylating agents. 

The alkylation reactions were tested in DMF/KOH, DMF/NaOH, 

CH2Cl2/NaOH, THF/NaOH and CH3CN/NaOH at both room temperature and under 

heating to 55
o
C. To define the optimal conditions for alkylation on the example of 

propargyl bromide condensation (a) to complex 1, different stoichiometric ratios of 

the substrate, alkylated reagent and base were studied. Investigations have shown 

that the optimal conditions for the alkylation reaction of complex 1 are: DMF as a 
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medium, NaOH – as a base, room temperature, the ratio of complex 

1/base/alkylating agent = 1/3/1.5 (see Table 1, exp. 9). 

Table 1 

Results of alkylating complex 1 by propargyl bromide (a) under different 

conditions* 

No. Quantity 
Br-CH2-

C≡CH(equiv.) 

Medium Base 

(equiv.) 
Reaction 

time 

(min.) 

Т 
o
С 

Chemical 

yield 

(%) ** 

1 1.2 CH3CN NaOH (3) 120 60 <20 

2 3 CH3CN NaOH (5) 120 20 <20 

3 1.2 CH3CN KOH (3) 60 60 <20 

4 1.2 CH3CN KOH (5) 60 20 <20 

5 1.2 CH2Cl2 NaOH (5) 120 20 25 

6 1.2 CH2Cl2 NaOH (3) 45 40 25 

7 1.5 DMF KOH (3) 70 20 42 

8 1.2 DMF NaOH (3) 30 60 55 

9 1.2 DMF NaOH (3) 60 20 92 

10 1.2 DMF NaOH (5) 60 20 62 

11 1.2 DMF KOH (3) 60 20 74 
12 1.2 THF NaOH (3) 100 20 <20 

13 1.2 THF NaOH (5) 60 60 <20 

14 1.2 THF KOH (5) 70 60 <20 

 
*
The reactions were carried out in the argon atmosphere, 

**
chemical yield is 

based on the TLC data and the isolated quantity of the alkylated complex (after 

crystallization from methanol) 

 

The course of the alkylation reaction was monitored by TLC [SiO2, 

C2H5COOCH3/CH3COCH3(3/1)]. For quantitative assessment of the alkylation 

reaction, the TLC data were used, and for more successful TLC-based reactions, 

chemical yields were determined on the basis of the amount of isolated alkylated 

complexes after crystallization from methanol (Table 1, exp. 7-11). 

A quantitative characteristic of the C-alkylation reaction of the amino acid 

moiety of complexes 1 and 2 (a-e) is shown in Table 2. 
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Table 2 

The results of alkylation of complexes by different alkyl halides 

in DMF in the presence of NaOH at room temperature* 

No. Alkyl halide Chem. yield of bis-alkylated complexes (%) 

Bis-alkylated 

complexes 

Path A 

** 

Path B 

1 (a

) 

3a 83 (92) 45 

2 (

b) 

3b 80 (89) 48 

3 

(c) 

3c 73 (82) 44 

4 

(d) 

3d 68 (76) 46 

5 

(e

) 

3e 72 (84) 48 

*
Chemical yield of bis-alkylated complexes based on the initial amount of the glycine 

complex (1), ** in parenthesis is the chemical yield of bis-alkylated complexes 3(a-e) 

after crystallization based on the amount of complexes 2(a-e) (path А, stage 2). 

 

Both the stepwise alkylation of the amino acid moiety of complexes 1 and 2 (a-

e) (path A) and the direct bis-alkylation of complex 1 (path B) were conducted 

under specially selected optimal conditions for the alkylation reaction (See Table 1, 

exp. 9). However, in the case of direct bis-alkylation of the glycine complex, the 

alkylating agent and the base were taken in about double excess. 

As follows from the data of Table 2, for almost all alkylating agents, bis-

alkylation of glycine complex 1 proceeds most quantitatively with the method of 

two-step alkylation (path A) than in the case of the direct bis-alkylation of the 

glycine complex (path B). In the case of using the method of direct bis-alkylation of 

the glycine moiety of complex 1, up to 30% of a side fraction, less mobile on the 

SiO2, is formed with an unusual for these complexes dark color (oxidation products). 

Similar was also observed earlier in the study of the reaction of bis-alkylation of 

complex 1 by methyl iodide [14]. 

The main α,a-dialkyl-substituted 3(a-e) complexes with a relatively large Rf 

value on the SiO2 were isolated from the reaction mixture by crystallization from 

methanol and characterized by physicochemical analysis methods (see Experimental 

Part). 
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To isolate the target aabis-alkylated glycine analogs, preparative experiments 

using the two-step stepwise alkylation method (path A) were carried out and the 

samples of 3(a-e) complexes were obtained. Decomposition of 3(a-e) complexes and 

isolation of the target aadialkyl-substituted glycine derivatives 4(a-e) were carried 

out according to a standard procedure [15]. The structures of the synthesized new 

achiral analogs of glycine were investigated and established by spectral analysis 

methods (see Experimental Part). 

Thus, an efficient method for obtaining achiral aa-bis-alkylated analogs of 

glycine by C-alkylation of glycine in the chiral Ni
II
 complex of its Schiff base with 

(S)-BPB by alkyl halides has been developed. For the first time the following 

complexes were synthesized - aa-dipropargyl glycine (4a), aa-diallylglycine (4b), 

aa-di-(2-bromobenzyl)glycine (4c),aa-di-(2-fluorobenzyl)glycine (4d) and aa-

di-(3-fluorobenzyl)glycine (4e). The presence of acetylene, allyl and aromatic 

groups in the side radical of the synthesized amino acids allows makes it possible to 

use them as initial synthons in the reactions of Suzuki, Heck, Sonogashira to obtain 

more complex unsaturated amino acids. 

The preliminary medicobiological screening of the obtained samples proves that 

the synthesized amino acids can serve as potential enzyme inhibitors of the amylase 

class. 

Experimental Part 

1
Н NMR and 

13
С NMR spectra were recorded on a “Mercury-300 Varian” (300 

MHz), the melting point was measured on a “StuartSMP3” device. Amino acids and 

other chemical reagents produced by “Aldrich” and “Reachim” were used in the 

work. 

Complex Ni
II
-(S)-BPB-Gly (1) was obtained according to [15], and 

monoalkylated complexes 2(a-e) were synthesized according to [13]. 

General procedure of monoalkylation of complexes 2(a-e) (Path A). To 10 g 

(0.018 mol) of complex 2a in 50 ml of DMF were added at room temperature 2.2 g 

(0.055 mol) of NaOH and 1.9 ml (0.22 mol) of propargyl bromide (a). The reaction 

mixture was stirred for 1-1.5 h at room under argon atmosphere. The course of the 

reaction was monitored by TCL [SiO2, CH3COOEt/CH3COCH3(3/1)] following the 

disappearance of the traces of initial complex 2. Upon completion of the reaction, 

the mixture was neutralized with CH3COOH, 100 ml of water was added and the 

alkylated product was precipitated from water. The obtained complex 3a was 

crystallized from methanol. 

Bis-alkylation of complex 1 (Path B). The direct bis-alkylation of the glycine 

moiety of complex 1 was carried out according to the afore-mentioned procedure for 

monoalkylation of complexes 2(a-e) with the difference that the base and alkylating 

agents were taken in a 5-6-fold excess with respect to complex 1, and the reaction 

mixture was stirred for 2-3 h. The results are given in Table 2. 
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Complex 3a. Yield 90%, mp 217-218 
o
С. 

1
H NMR (300 MHz, CDCl3): δ = 

1.99-2.11 (m, 2 H, γ-Hα Pro); 2.12 (dd, 1 H, J=17.2, J=2.7, CH2 C ); 2.20 (dd, 1 H, 

J=17.2, J=2.5, CH2 C ); 2.38 (t,1 H, J=2.5, CH); 2.46-2.65 (m, 2 H, β-СH2Pro); 

2.61 (t, 1 H, J=2.7, CH); 2.67 (dd, 1 H, J=17.0, J=2.7 CH2 C ); 2.73 (dd, 1 H, 

J=17.2, J=2.5 CH2 C ); 3.40 (dd, 1 H, J=10.7, J=5.9 α-HPro); 3.50 (d, 1 H, J= 

12.5, CH2Ph); 3.46-3.59 (m, 1 H, -HbPro); 3.71-3.78 (m, -СH2Pro); 4.47 (d, 1 H, 

J=12.5, CH2Ph); 6.57-6.65 (m, 2 H, H-3,4, C6H4), 7.09 (ddd, 1 H, J=8.6, J=4.8, 

J=3.7, H-5 C6H4); 7.17-7.26 (m, 2 H, H-Ar); 7.33-7.45 (m, 3 H, H-Ar); 7.48-7.55 

(m, 2 H, H-Ar); 7.67-7.73 (m, 1 H, H-Ar); 7.90 (d, 1 H, J=8.6, H-Ar); 8.37-8.41 (m, 

2 H, H-Ar); 
13

C NMR (75 MHz, CDCl3): δ = 23.2 (γ- CH2Pro); 29.2 (CH2); 30.9 (β- 

CH2Pro); 31.9 (CH2); 58.3 (-CH2, Pro); 64.5 (CH2Ph); 70.8 (α-CHPro); 77.1 (Cq); 

79.1 ( CH), 79.7 (CH2 C ); 120.7 (C-4 C6H4); 124.3 (CH-6 C6H4); 127.5, 127.7, 

128.1, 128.3, 128.8 (CH-Ar); 128.9 (3,3’-CHPh); 129.0, 130.0, 131.7 (CH-Ar); 

131.8 (2,2’-CHPh); 133.4, 134.4, 136.3, 142.1 (C); 172.8 (C=N-), 180.6, 180.8 

(C=O). 

Complex 3b Yield 87%, mp 203-204 
o
С. 

1
H NMR (300 MHz, CDCl3): δ = 

1.96-2.12 (m, 2 H, γ-Hα Pro); 2.19 (ddt, 1 H, J=14.5, J=6.6, J=1.2, CH2 CH=CH2); 

2.33-2.54 (m, 4 H, CH2 CH=CH2 и β-HaPro); 2.62-2.73 (m, 1 H, β-HbPro); 3.25-3.42 

(m, 1 H, γ-HbPro); 3.40 (dd, 1 H, J=10.7, J=5.9 α-HPro); 3.58 (d, 1 H, J= 12.5, 

CH2Ph); 3.65-3.72 (m, 1 H, -HbPro); 4.38 (d, 1 H, J=12.5, CH2Ph); 5.24(ddt, 1 H, 

J=17.2, J=1.6, J=1.3, =CH2); 5.31 (ddt, 1 H, J=10.5, J=1.6, J=1.3, =CH2); 5.38 (ddt, 

1 H, J=17.1, J=1.6, J=1.3, =CH2); 5.49 (ddt, 1 H, J=10.3, J=1.6, J=1.2, =CH2); 5.80 

(ddt, 1 H, J=17.1, J=10.5, J=6.6, =CH); 6.62 (ddt, 1 H, J=17.2, J=10.3, J=6.6, 

=CH); 6.57-6.63 (m, 2 H, H-3.4, C6H4), 7.05-7.09 (m, 1 H, H-Ar); 7.11 (ddd, 1 H, 

J=8.7, J=5.5, J=3.0, C6H4); 7.22-7.28 (m, 1 H, H-Ar); 7.37-7.54 (m, 6 H, H-Ar); 

7.95 (d, 1 H, J=8.7, H-Ar); 8.16-8.21 (m, 2 H, H-Ar); 
13

C NMR (75 MHz, CDCl3): δ 

= 23.3 (γ- CH2Pro); 30.9 (β- CH2Pro); 42.5, 44.2 (CH2 CH=CH2); 57.8 (-CH2, Pro); 

64.2 (CH2Ph); 70.9 (α-CHPro); 81.7 (C-Alyl2), 119.0, 119.7 (=CH2); 120.7 (C-4 

C6H4); 124.3 (CH-6 C6H4); 127.2, 127.9 128.0, 128.6, 128.7 (CH-Ar); 129.0 (3,3’-

CHPh); 129.1, 129.8, 131.6(CH-Ar); 131.7 (2,2’-CHPh); 132.4, 132.7, 133.2 (CH-

Ar); 134.3, 136.8, 141.9, (C); 172.8 (C=N-), 180.6, 180.8 (C=O). 

Complex 3c. Yield 78%, mp 231-232 
o
С.

 1
H NMR (300 MHz, CDCl3): δ = 

1.68-1.79 (m, 1 H, γ-Hα Pro); 2.01-2.13 (m, 1 H, -HPro); 2.25-2.46 (m, 3 H, γ-Hв 

и β-Hα, Pro); 2.44 (d, 1 H, J=18.0, CH2 C6H4Br); 3.20 (d, 1 H, J=18.0, CH2 

C6H4Br); 3.22-3.28 (m, 1 H, -HPro); 3.39 (d, 1 H, J=14.4, CH2 C6H4Br);3.41 (dd, 1 

H, J=9.0, J=7.2, α-CHPro); 3.49 (d, 1 H, J=12.6, CH2Ph); 3.72 (d, 1 H, J=14.4, CH2 

C6H4Br); 4.39 (d, 1 H, J=12.6,CH2Ph); 6.33 (d, 1H, J=7.8, C6H5 ); 6.43-6.55 (m, 2 

H, H-3.4, C6H4), 7.04-7.18 (m, 3H, H-Ar); 7.20-7.29 (m, 3H, H-Ar); 7.33-7.51 (m, 6 

H, H-Ar); 7.56-7.64 (m, 2 H, H-Ar); 7.70-7.76 (m, 2 H, H-Ar); 8.04-8.16 (m, 3 H, 

H-Ar). 
13

C NMR (75 MHz, CDCl3): δ = 23.4 (γ- CH2Pro); 30.9 (β- CH2Pro); 46.5 

(CH2 C6H4Br); 47.2 (CH2 C6H4Br); 58.1 (-CH2, Pro); 64.1 (CH2Ph); 70.5 (α-CPro); 

80.9 (C-CH2 C6H4Br), 120.5 (C-4 C6H4); 123.9 (CH-6 C6H4); 125.8, 126.5126.7, 

127.3, 127.6 (CH-Ar); 127.8 (3,3’-CHPh); 127.9, 128.0, 128.2, 129.0, 129.6 (CH-
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Ar);131.6 (2,2’-CHPh); 131.9, 133.2, 133.6, 133.7, 133.8 (CH-Ar); 133.9, 136.3, 

136.4, 137.4, 142.5 (C); 172.6 (C=N-); 178.0, 180.3 (C=O). 

Complex 3d. Yield 72%, mp 227-228 
o
С. 

1
H NMR (300 MHz, CDCl3): δ = 

1.57-1.72 (m, 1 H, γ-Hα Pro); 2.01-2.32 (m, 4 H, -H, γ-Hв и β-Hα, Pro); 2.53 (d, 1 

H, J=17.7, CH2 C6H4F); 3.02 (d, 1 H, J=14.6, CH2 C6H4F); 3.18 (d, 1 H, J=17.7, 

CH2 C6H4F); 3.19-3.28 (m, 1 H, -HPro); 3.33 (dd, 1 H, J=9.3, J=7.4, α-CHPro); 

3.40 (d, 1 H, J=14.6, CH2 C6H4F); 3.43 (d, 1 H, J=12.6, CH2Ph);4.36 (d, 1 H, 

J=12.6,CH2Ph); 6.50 (dd, 1 H, J=8.5,J=2.1 C6H4 ); 6.53 (ddd, 1 H, 

J=8.5,J=6.4,J=1.1 C6H4); 6.64 (dt, 1 H, J=7.8,J=1.4 C6H4 ); 7.03-7.11 (m, 2 H, H-

3.4, H-Ar); 7.16-7.25 (m, 4 H, H-Ar); 7.28-7.53 (m, 8 H, H-Ar); 7.72-7.79 (m, 1 H, 

H-Ar); 7.83 (td, 1 H, J=7.6, J=1.6 H-Ar); 7.99-8.06 (m, 3 H, H-Ar). 
13

C NMR (75 

MHz, CDCl3): δ = 23.1 (γ- CH2Pro); 30.8 (β- CH2Pro); 39.5 (CH2 C6H4F); 40.6 (CH2 

C6H4F); 58.0 (-CH2, Pro); 63.9 (CH2Ph); 700 (α-CHPro); 79.8 (C-CH2 C6H4F), 

115.2 (d, J=22.1C6H4F); 115.9 (d, J=23.0C6H4F); 120.4 (CHC6H4); 123.6 

(CHC6H4); 124.0 (d, 
3
J=15.8C6H4F); 124.1 (d, J=3.8C6H4F); 124.8 (d, J=3.2C6H4F); 

125.1 (d, 
2
J=14.7C6H4F); 127.1 (d, J=6.3C6H4F); 127.4, 127.9 128.0, 128.2, 128.3 

(CH-Ar); 129.0 (3,3’-CHPh); 129.3 (d, J=8.2C6H4F); 129.6 (CH-Ar); 129.9 (d, 

J=4.0C6H4F); 131.6 (2,2’-CHPh); 131.8, 133.2 (d, 
4
J=4.5C6H4F); 133.6, 133.9 (CH-

Ar); 136.7, 142.4 (C); 161.0 (d, 
1
J=246.0C6H4F); 162.3 (d, J=246.4CF); 173.6 

(C=N-), 179.3, 180.3 (C=O). 

Complex 3e. Yield 81%, mp 205-206 
o
С. 

1
H NMR (300 MHz, CDCl3): δ = 

1.62-1.74 (m, 1H, γ-HaPro); 1.96-2.36 (m, 4H, β-Ha,b, γ-Hb, δ–HaPro); 2.74 (d, 1H, 

J=16.9, CH2-Ar); 3.01 (d, 1H, J=14.4, CH2-Ar); 3.12 (d, 1H, J=14.4, CH2-Ar); 3.21 

(dd, 1H, J=10.5,J=5.8,α-HPro); 3.25-3.33 (m, 1H, δ–HbPro); 3.29 (d, 1H, J=16.9, 

CH2-Ar); 3.29 (d, 1H, J=12.5, CH2-Ph); 4.34 (d, 1H, J=12.5, CH2-Ph); 6.51 (dd, 1H, 

J=8.4, 1.7, H-C6H4); 6.56 (dd, 1H, J=8.4, J=6.8, J=1.1, H-C6H4); 6.96-7.21 (m, 8H, 

Ar.); 7.29-7.55 (m, 9H, Ar.); 7.84 (dd, 1H, J=8.7, J=1.1, H-C6H4); 8.04-8.08 (m, 2H, 

H-Ph). 
13

C NMR (75 MHz, CDCl3): δ = 23.0 (γ-CH2Pro); 30.7 (β-CH2Pro); 45.1 

(CH2-Ar); 46.0 (CH2-Ar); 58.5 (δ-CH2Pro); 64.3 (CH2-Ph); 70.1 (α-CHPro); 80.5 

(C-CH2-Ar.); 113.6 (d, JC,F=21.0, C6H4F); 114.5 (d, JC,F=20.9, C6H4F); 116.2 (d, 

JC,F=21.6, C6H4F); 118.2 (d, JC,F=21.1, C6H4F); 120.6 (CH-C6H4); 124.2 (CH-C6H4); 

125.2 (d, JC,F=2.6, C6H4F); 126.7 (d, C,F=2.8, C6H4F); 127.4 (CH); 127.6 (CH); 

127.9; 128.2 (CH); 128.9 (CH); 129.0 (3,3’-CHPh); 130.0 (d, JC,F=8.4, C6H4F); 

130.3 (d, JC,F=8.4, C6H4F); 131.6 (2,2’-CHPh); h); 131.7 (CH); 131.9 (CH-C6H4); 

133.5 (CH-C6H4); 133.7; 136.8; 139.1 (d, JC,F=7.3, C6H4F); 139.5 (d, JC,F=7.3, 

C6H4F); 142.5; 163.1 (d, JC,F=246.4, C6H4F); 163.3 (d, JC,F=246.4, C6H4F); 172.7 

(C=N-); 179.3; 180.5(C=O). 

Isolation of the target amino acids 4(a-e). Decomposition of complexes 3(a-e) 

and isolation of aa-dialkylated analogs of glycine 4(a-e) were carried out according 

to the standard procedure [15]. For this, the dry moiety of the complexes was 

dissolved in 50 ml of CH3OH and the solution was slowly added to 50 ml of 2N HCl 

solution heated to 60°C. After the disappearance of red color, typical for these 

complexes, the solution was concentrated under vacuum, 50 ml of water was added 
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and the initial chiral auxiliary reagent (S)-BPB was filtered off as hydrochloride. 

From the aqueous filtrate, the amino acid was isolated by passing the solution 

through an ion exchange column with 100 ml of Ku-2x8 resin in H
+
-form, and the 

resin was washed with 5% NH4OH solution. The ammonia eluate was concentrated 

in vacuum and the amino acid was crystallized from a water-alcohol (1/1) solution. 

The structure of the obtained aa-dialkyl-substituted glycine derivatives 4(a-e) was 

studied by spectral analysis methods. 

2-Amino-2-(prop-2-yn-1-yl)pent-4-ynoic acid. 4a. 

Yield 81%, mp 227-228 
o
С. 

1
H NMR (300 MHz, DOD): δ = 

2.53 (t, 2 H, J=2.44, CH2-C CH); 2.82 (dd, 4H, J=17.7, 

J=2.5 CH2-C CH): 
13

C NMR (75 MHz, DOD): δ = 25.5 (CH2-C CH); 62.2 (C-

CH2-C CH); 74.3 (CH2-C CH); 76.8 (CH2-C CH); 173.0 (C=O). 

2-Allyl-2-aminopent-4-enoic acid. 4b.Yield 75%, mp 

234-235
o
С. 

1
H NMR (300 MHz, DOD): δ = 2.46 (dd, 2 H, 

J=14.5, J=8.5 CH2-CH=CH2); 2.67 (dd, 2 H, J=14.5, J=6.4 

CH2-CH=CH2); 5.26 (d, 4 H, J=14.5, CH2-CH=CH2); 5.66-

5.78 (m, 2 H, CH2-CH=CH2). 
13

C NMR (75 MHz, DOD): δ = 

40.1 (CH2-CH=CH2); 63.9 (C-CH2-CH=CH2); 121.5 (CH2-CH=CH2); 130.3 (CH2-

CH=CH2); 174.8 (C=O). 

2-Amino-2-(2-bromobenzyl)-3-(2-bromophenyl) 

propanoic acid. 4c. Yield 78%, mp 181-182
o
С. 

1
H NMR 

(300 MHz, DMSO/CCl4): δ = 3.50 (d, 2 H, J=14.6, CH2 

C6H4Br); 3.68 (d, 2 H, J=14.6, CH2 C6H4Br); 7.16 (ddd, 2 

H, J=8.0, J=7.4, J=1.6, C6H4); 7.30 (ddd, 2 H, J=7.7, J=7.4, 

J=1.3, C6H4); 7.54 (dd, 2 H, J=8.0, J=1.3, C6H4); 7.65 (dd, 

2 H, J=7.7, J=1.6, C6H4); 8.92 (m, 3H, NH2 and COOH). 
13

C NMR (75 MHz, DMSO/CCl4): δ = 39.47 (CH2 C6H4Br); 62.6(C- CH2 C6H4Br), 

125.7 (C-Ar); 127.2, 128.5, 132.4, 132.5 (CH-Ar); 133.5 (C-Ar); 170.2 (C=O). 

2-Amino-2-(2-fluorobenzyl)-3-(2-fluorophenyl) 

propanoic acid. 4d. Yield 70%, mp 228-229
o
С. 

1
H NMR 

(300 MHz, DOD): δ = 3.31 (d, 2 H, J=14.7, CH2 C6H4F); 

3.39 (d, 2 H, J=14.7, CH2 C6H4F); 7.04-7.14 (m, 4 H, 

C6H4F); 7.22-7.35 (m, 4 H, C6H4F). 

 

2-Amino-2-(3-fluorobenzyl)-3-(3-fluorophenyl) 

propanoic acid. 4e. Yield 62%, mp 231-232 
o
C. 

1
H NMR 

(300 MHz, DOD): δ = 3.18 (d, 2 H, J=14.6, CH2 C6H4F); 

3.29 (d, 2 H, J=14.6, CH2 C6H4F); 7.01-7.09 (m, 4 H, 

C6H4F); 7.12-7.24 (m, 4 H, C6H4F). 
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¶ÈÆòÆÜÆ α,α-´Æê-îºÔ²Î²Èì²Ì ²øÆð²È ÜØ²Ü²ÎÜºðÆ êÆÜÂº¼ 

¼. ¼. Ø²ð¸ÆÚ²Ü, ². ê. ê²ÔÚ²Ü ¨ ². ü. ØÎðîâÚ²Ü 

²ßË³ï³ÝùáõÙ Ñ»ï³½áïí»É ¿ ·ÉÇóÇÝÇ α,α-»ñÏï»Õ³Ï³Éí³Í ³ùÇñ³É ÝÙ³Ý³ÏÝ»ñÇ 

ëÇÝÃ»½Ç ÑÝ³ñ³íáñáõÃÛáõÝÁ ÙÇ¨ÝáõÛÝ ³ÉÏÇÉáÕ ³·»Ýïáí՝  ·ÉÇóÇÝÇ ¿É»ÏïñáýÇÉ µÇë-ï»-

Õ³Ï³ÉÙ³Ý ×³Ý³å³ñÑáí: ¸ñ³ Ñ³Ù³ñ áñå»ë »É³ÛÇÝ ³ÙÇÝáÃÃí³ÛÇÝ ëÇÝïáÝ û·ï³-

·áñÍí»É ¿ ·ÉÇóÇÝÇ NiII-(S)-BPB-Gly (1) ÏáÙåÉ»ùëÁ: àõëáõÙÝ³ëÇñí»É ¿ ³Û¹ ÏáÙåÉ»ùëÇ 

³ÙÇÝáÃÃí³ÛÇÝ ÙÝ³óáñ¹Ç ¿É»ÏïñáýÇÉ ï»Õ³Ï³ÉáõÙÁ åñáå³ñ·ÇÉµñáÙÇ¹áí (a), ³ÉÇÉµñá-

ÙÇ¹áí (b), 2-µñáÙµ»Ý½ÇÉµñáÙÇ¹áí (c), 2-ýïáñµ»Ý½ÇÉµñáÙÇ¹áí (R) ¨ 3-ýïáñµ»Ý½ÇÉµñá-

ÙÇ¹áí (e), ÇÝãå»ë Ñ³çáñ¹³µ³ñ ÙáÝáï»Õ³Ï³ÉÙ³Ùµ ³ñ¹»Ý ÇëÏ Ñ³ÛïÝÇ Ù»Ãá¹Ý»ñáí 

(A), ³ÛÝå»ë ¿É ³ÝÙÇç³Ï³Ý (ÙÇ³Ý·³ÙÇó) »ñÏï»Õ³Ï³ÉÙ³Ý ×³Ý³å³ñÑáí (B): 

¾É»ÏïñáýÇÉ ï»Õ³Ï³ÉÙ³Ý é»³ÏóÇ³Ý»ñÝ Çñ³Ï³Ý³óí»É »Ý DMF/NaOH Ñ³Ù³Ï³ñ-

·áõÙ, ³ñ·áÝÇ ÙÃÝáÉáñïáõÙ, ë»ÝÛ³Ï³ÛÇÝ ç»ñÙ³ëïÇ×³ÝÇ å³ÛÙ³ÝÝ»ñáõÙ: î»Õ³Ï³ÉÙ³Ý 

é»³ÏóÇ³Ý»ñÇ ÁÝÃ³óùÇÝ Ñ³ñÙ³ñ ¿ Ñ»ï¨»É ÜÞø Ù»Ãá¹áí` ëÇÉÇÏ³·»ÉÇ ÃÇÃ»ÕÝ»ñÇ 

íñ³, CH
3
COOC

2
H

5
/(CH

3
)
2
CO (3/1) ÉáõÍÇãÝ»ñÇ Ñ³Ù³Ï³ñ·áõÙ: 

ÆÝãå»ë »ñ¨áõÙ ¿ ³ñÓ³Ý³·ñí³Í ³ñ¹ÛáõÝùÝ»ñÇó, Ýå³ï³Ï³Ñ³ñÙ³ñ ¿ ëÇÝÃ»½Ý 

Çñ³Ï³Ý³óÝ»É »ñÏ÷áõÉ³ÝÇ (A) ³ÉÏÇÉÙ³Ý »Õ³Ý³Ïáí, ù³Ý½Ç ÙÇ³Å³Ù³Ý³ÏÛ³ (B) »ñÏï»-

Õ³Ï³ÉÙ³Ý Å³Ù³Ý³Ï »ÉùÁ ãÇ ·»ñ³½³ÝóáõÙ 50%-Á: ÆëÏ Ñ³çáñ¹³µ³ñ՝  ÙáÝáï»Õ³Ï³É-

Ù³Ùµ »ñÏï»Õ³Ï³ÉÙ³Ý ¹»åùáõÙ ³ñ·³ëÇù ÏáÙåÉ»ùëÝ»ñÇ »ÉùÁ ·»ñ³½³ÝóáõÙ ¿ 70%-Á՝  

Ñ³ßí³ñÏí³Í (1) ÏáÙåÉ»ùëÇ »É³ÛÇÝ ù³Ý³ÏáõÃÛ³Ý íñ³: 

Üå³ï³Ï³ÛÇÝ áã ëåÇï³Ïáõó³ÛÇÝ ³ùÇñ³É α,α-»ñÏï»Õ³Ï³Éí³Í ³ÙÇÝáÃÃáõÝ»ñÇ 

(4a-e) ³Ýç³ïáõÙÁ ³ñ·³ëÇù ÏáÙåÉ»ùëÝ»ñÇó (3a-e) Çñ³Ï³Ý³óí»É ¿ Ý³ËÏÇÝáõÙ Ùß³Ï-

í³Í ëï³Ý¹³ñï Ù»Ãá¹áí: 

²ÛëåÇëáí, ëÇÝÃ»½í»É »Ý ·ñ³Ï³ÝáõÃÛ³Ý Ù»ç ãÝÏ³ñ³·ñí³Í ·ÉÇóÇÝÇ α,α-µÇë-ï»Õ³-

Ï³Éí³Í ³ùÇñ³É ÝÙ³Ý³ÏÝÝ»ñ՝  2,2-¹Ç(åñáå³ñ·ÇÉ)·ÉÇóÇÝ, 2,2-¹Ç(³ÉÇÉ)·ÉÇóÇÝ, 2-³ÙÇ-

Ýá-2-(åñáå-2-ÇÝ-1-ÇÉ)å»Ýï-4-yÇÝ³ÃÃáõ (4a), 2-³ÉÇÉ-2-³ÙÇÝáå»Ýï-4-»Ý³ÃÃáõ (4b), 

2-³ÙÇÝá-2-(2-µñáÙµ»Ý½ÇÉ)-3-(2-µñáÙý»ÝÇÉ)åñáå³-Ý³ÃÃáõ (4c), 2-³ÙÇÝá-2-(2-ýïáñ-

µ»Ý½ÇÉ)-3-(2-ýïáñý»ÝÇÉ)åñáå³Ý³ÃÃáõ (4d) 2-³ÙÇÝá-2-(3-ýïáñµ»Ý½ÇÉ)-3-(3-ýïáñ-

ý»ÝÇÉ)åñáå³Ý³ÃÃáõ (4e). 
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Разработан метод синтеза α-бис-алкилзамещенных производных глицина 

путем С-алкилирования аминокислотного остатка Ni
II
-комплекса основания 

Шиффа глицина и хирального вспомогательного реагента (S)-2-N-[N’-(бензилпро-

лил)амино]бензофенона (BPB) пропаргил-, аллил-, 2-бромбензил- и 4-фторбензил-

бромидами в условиях основного катализа. 
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SYNTHESIS OF FURFURYL DERIVATIVES OF 4-ALLYL-1-(4-

HYDROXY-3-NITROBENZYL)-3-[2-(4-ALKOXYPHENYL)QUINOLIN-4-

YL]-4,5-DIHYDRO-1H-1,2,4-TRIAZOL-5-THIONS AND THEIR 

CYTOTOXIC ACTION ON HUMAN CANCER CELLS 

M. A. IRADYAN1, N. S. IRADYAN1, A. A. HAMBARDZUMYAN2, H. A. PANOSYAN1, 

C. ROUSSAKIS3 and V. A. SAKANYAN3,4 
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26, Azatutyan Str., Yerevan, 0014, Armenia 
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Furfuryl derivatives of 4-allyl-1-(4-hydroxy-3-nitrobenzyl)-3-[2-(4-alkoxyphenyl)quinolin-4- yl]-

4,5-dihydro-1H-1,2,4-triazol-5-thiones were synthesized in this study. The docking analysis revealed 

the affinity of compounds for Epidermal Growth Factor Receptor (EGFR). New  

compounds exhibit low cytotoxicity in non-small cell lung cancer and breast cancer cell lines. 

In the series of furancarboxylic acids, it has been revealed that the cytotoxic effect is enhanced 

with an increase of the alkoxy radical, while in the series of esters, an increase in the alkoxy radical 

leads to a loss of activity. The data suggest that chemical invasion of compounds leads to protein 

degradation in cancer cells. 

Fig. 1, tables 2, references 16. 

 

Targeting cancer with small chemical molecules is of great importance giving 

new possibilities of modulating not only the catalytic activity of proteins, but also 

functions leading to protein degradation. We have recently shown that furfuryl 

derivatives of 4-allyl-5-[2-(4-alkoxyphenyl)- quinolin-4-yl]-4H-1,2,4-triazole-3-

thiols (compounds 1, 2) have a high affinity for the receptor tyro-sine kinase EGFR, 

and appear to induce degradation of the receptor in cancer cells [1]. It has been 

established that the pentyloxy derivative in the series of furancarboxylic acids 

(compound 2, R
1
 = C5H11) is the most potent modulator of EGFR activity and 

downstream signaling pathways in cancer cell lines. In addition, an antitumor 

activity detected in murine 180 sarcoma treated with compounds 1 and 2 seems to 

mailto:melkon.iradyan@mail.ru
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correlate with the decrease in the level of DNA methylation in tumor tissue [2]. 

Structure of active anti-cancer compounds is given below. 

R O
O

S
O

N

NN

N
2

1

R

1,2  

R
1
 = СН3 – С5Н11(1, 2); R

2
 = ОСН3 (1), R

2
= ОН (2). 

Continuing structure-designed strategy in this direction, new furfuryl 

derivatives of 4-allyl-1-(4-hydroxy-3-nitrobenzyl)-3-[2-(4-alkoxyphenyl)quinolin-4-

yl]-4,5-dihydro-1H-1,2,4-triazol-5-thiones have been synthesized and their toxicity 

studied in four cancer cell lines: non-small cell lung cancer (strains A549, NSCLC-

L6), breast cancer (MDA MB468) and tumor cells of the NCTC 2544 line, 

representing human transformed keratinocytes. 

Docking of compounds 9-16 was first carried out with the catalytic domain of 

EGFR using the high-resolution structure of 3W32 [5]. The analysis showed that the 

binding energy for compounds 9-16 was rather high and comparable to known 

antitumor drugs cabozantinib [6], linsitinib [7] and zarnestra [8] (Table 1). These 

drugs are blockers of tyrosine kinase receptors, contain quinoline in their structure 

and have a high energy of interaction with the EGFR receptor. The results of the 

docking analyses suggest that the catalytic domain of EGFR is a putative target for 

compounds 9-16. 

Furfuryl derivatives 9-13 were obtained by reaction of potassium salts 3-7 [3] 

with 5-chloro-methylfuran-2-carboxylic acid methyl ether (8)[4] in DMFA at 95-

100°C. Ethers 9-13 were then hydrolyzed by potassium hydroxide in an aqueous 

methanol medium to acids 14-16. 

In 
1
H NMR spectra of compounds 9-16, the signal from NCH2-aryl is 

manifested in the region of 5.55 ppm, which is characteristic of N-substituted 1,2,4-

triazol-5-thione derivatives. In IR spectra 9-16, the signal from the C=S group is 

fixed at 1203 cm
-1

, the signal from the C=O groups – in the range of 1720-1727 cm
-1

 

for ethers and 1691-1705 cm
-1

 for acids. The synthetic root of compounds 9-16 is 

shown in Scheme 1. 
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Scheme 1 
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3 - 7

 
R

1
 = CH3 (3,9,14), C2H5 (4,10,15), C3H7 (5,11,16), C4H9 (6,12), C5H11 (7,13). 

Discussion of the results of Doking analyses 

Models of newly synthesized compounds and antitumor drugs Cabozantinib, 

Linsitinib and Zarnestra were created in the PDB format using the ChemBioDraw 

Ultra 12.0 software package (http://software.informer.com/getfree-chembio3d-ultra-

12.0/). The MM2 program of the ChemBio-Draw Ultra 12.0 software package was 

used to perform the minimization of the free energy of chemical compounds. 

Modeling of the interaction of these compounds with a high-resolution 3D structure 

3W32 of the cytoplasmic region of EGFR [5] was carried out using the AutoDock 

Vina software package (http://vina.scripps.edu/index.html) [9]. The interaction 

profiles were characterized by AutoDock Tools 1.5.6rc3. For each interaction, the 9 

conformations with the highest free energies were calculated using the scoring 

function of Vina. 

To determine the mode of interaction with the receptor, the interaction energies 

of compounds 9-16 with the catalytic domain of EGFR 3W32 were calculated using 

the docking analysis. The same calculations were carried out for control antitumor 

drugs. The results of the docking analysis are shown in Table 1. 
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Table 1 

Binding parameters of compounds 9-16 with the catalytic domain of EGFR 

(human 3W32) cabozantinib, linsitinib, and zarnestra were used as reference 

molecules for comparison. 

 Ligand Go, kcal/mol KD, M 

Cabozantinib (XL-184) -10.1 0.0395 

Linsitinib (OSI-906) -11.1 0.0073 

Zarnestra (R-115777) -11.1 0.0073 

 9 -10.3 0.0282 

10 -10.8 0.0121 

11 -10.6 0.0170 

12 -9.6 0.0919 

13 -10.4 0.0238 

14 -10.1 0.0395 

15 -10.5 0.0201 

16 -10.7 0.0143 

 

The spatial form of representative interactions of cabozantinib and compounds 

11 and 16 is shown in Figure. 

From presented data it can be seen that all compounds interact nearly in the 

same site of studied receptor (left side pictures). However, from precise mode of 

interactions (right side pictures) it can be seen that compounds 11 and 16 interact 

with receptor in a somewhat different place when compared to cabozantinib. 
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Figure. The binding of compounds 11 and 16 and cabozantinib (for comparison) to the catalytic 
site of EGFR (3W32). 

Discussion of the biological experiments and results 

Cell lines. Non-Small-Cell-Lung-Cancer (NSCLC) A549 and NSCLC-L6 cell 

lines originate from an adenocarcinoma and an epidermoid lung cancer, 

respectively. NSCLC-L6 is a cell line derived from a NSCLC of a previously 

untreated patient (moderately differentiated classified as T2N0M0) [10]. A triple 

negative breast cancer MDA MB468 is characterized by overproduction of 

epidermal growth factor receptor [11]. The cell line NCTC 2544 represents 
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transformed human keratinocytes, and A549, NSCLC-L6 and NCTC cell lines were 

grown in RPMI-1640 supplemented with 2 mM glutamine and 5% fetal bovine 

serum in a humidified atmosphere of 5% CO2 at 37°C. MDA MB468 cell line was 

grown in Dulbecco modified eagle medium supplemented with 10% serum. 

Cell viability test. Cell lines were seeded at 210
4
 cells per well in 96-well 

microtitre plates and the viability of each cell line was assessed by incubation with 

novel compounds in parallel assays. Each compound was serially diluted and added 

in cell cultures followed by incubation for 72 h at 37°C. The detection of viable cells 

was performed with a colorimetric method based on the conversion of tetrazolium 

dye to blue formazan by live mitochondria [12]. The IC50 value of compounds was 

determined by measuring colour intensity at 570 nm. Eight repeats were carried out 

for each concentration of the compound to be tested. 

Next, the evaluation of cell viability revealed that compounds of series 14-16 

were more toxic in cell lines than compounds of series 9-13 (Table 2). The level of 

cytotoxicity of compounds 14-16 was similar in four cell lines tested, with the 

highest toxicity for compound 16 (IC50 9,9 μM in MDA MB468). Among lower 

toxic compounds, the most toxic compound 9 had IC50 values in the range from 41 

μM to 46 μM in cell lines A549, MDA MB468 and NCTC whereas compounds 12 

and 13 were inactive at the concentration of 60 μM in all cell lines in the conditions 

used. 

Noteworthy, the range of compound toxicity follows the increasing order of 16 

> 15 > 14 in all cell lines whereas the toxicity of less toxic compounds 9-13 appears 

to have the increasing order of 9 > 10 > 11 > 12 > 13 (see Table 2). Comparison of 

structures of compounds 1 and 2 suggests that the chemical composition of the side 

chains R
1
 and R

2
 can affect the activity of compounds in cancer cells. Indeed, the 

cytotoxicity of new compounds, which share the same core structure, clearly 

depends on the length of a hydrophobic chain R
1
. The longer hydrophobic R

1
 chain 

gradually increases the cytotoxicity in acids 14-16. On the contrary, a longer 

hydrophobic R
1
 reduces the cytotoxicity in the series of the ethers 9-13. 

Table 2 

Cytotoxicity of novel compounds (IC50 in µM) in four cell lines. 

The viability of cells was determined in parallel assays after incubation 

with chemical compounds for 72 hours. 

Compound A549 NSCLC-L6 MDA MB468 NCTC 

 9 41.4  3.3 17.6  0.3 46.9  3.3 42.6  4.3 

10 52.4  9.3  60 51.4  4.8 44.6  2.9 

 11  60  60 45.3  4.7  60 

 12  60 Inactive Inactive  60 

 13 Inactive Inactive Inactive Inactive 

 14 19.4  0.8 24.8  1.9 22.3  2.5 21.1  0.6 

 15 16.3  0.3 17.0  0.2 12.9  0.3 14.8  0.3 

 16 12.3  0.2 12.0  0.6 9.9  0.1 14.3  0.2 
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Since recently, the apoptotic death of cancer cells caused by chemical agents 

that enhance protein degradation has attracted great attention in fighting cancer drug 

resistance. In particular, EGFR inhibitors can induce degradation of the receptor [13] 

caused by autophagy and explained as a result of cytoprotective response in cells 

[14]. Low toxicity of the new compounds described in our study suggests that the 

binding to EGFR could enhance endocytosis of the receptor leading to autophagic 

protein degradation. Moreover, the presence of a nitro group in the structure of new 

compounds suggests the possibility of generating reactive oxygen species that could 

have an additional impact on the cytotoxicity, as shown by dissection of compounds 

containing nitrobenzoxydiazole [15,16]. Further studies are required to elucidate the 

anti-cancer effect of new compounds. 

Experimental part 

IR spectra were recorded on the spectrophotometer "Nexus" (USA) in vaseline 

oil. 
1
H NMR spectra and 

13
C registered on the device Varian "Mercury-300 VX" in 

DMSO-d6 / CCL4, 1/3, internal standard – TMS. Melting point was defined on the 

microheating table "Boetius" in 
o
C. TLC was carried out on "Silufol UV-254" plates 

for compounds 9-13 in the solvent system benzene-ethyl acetate, 5:1; 14-16 – 

benzene-ethyl acetate, 1: 1. Revelation of plates was carried out with UV light. 

General procedure for the synthesis of methyl 5-{4-allyl-3-[2-(4'-

alkoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-1-ylmethyl-

2-nitrophenoxymethyl}-2-furoates (9-13). 0.005 mol of the corresponding 

potassium salt 3-7 [3] is dissolved in 10 ml of DMF, 0.87 g (0.005 mol) of methyl 

ester of 5-chloromethylfuran-2-carboxylic acid (8) [4] is added to the solution and 

heated at 95-100°C for 4-5 hours. Then, the greater part of the DMFA is distilled off 

in vacuo and water is added to the residue. The precipitate formed is filtered off and 

recrystallized from dimethyl sulfoxide (9,10,12,13), from methanol (11). 

Methyl 5-{4-allyl-3-[2-(4'-methoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-

dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (9). Yield 

69%, mp 154-155
o
C. Rf 0.43. IR spectrum, ν, cm

-1
: 1723(C=O), 1623, 981, 

933(CH=CH2), 1603, 1499, 833, 768 (СH=СH, aromatic), 1530 (NO2), 1203 (C=S).
 

1
H NMR, δ, ppm, Hz: 3.84 (s, 3Н, ОСН3), 3.89 (s, 3Н, ОСН3), 4.65 (brd, 2H, J=5,6, 

CH2CH=CH2), 4.83 (brd, 1H, J=17.3, CH2CH=CH2), 5.02 (brd, 1H, J=10.4, 

CH2CH=CH2), 5.33 (s, 2H, OCH2), 5.55 (s, 2H, NCH2-aryl), 5.77 (ddt,1H, J1=17.3, 

J2=10.4, J3=5.6, CH2CH=CH2), 6.72 (d, 1H, J=3.5, =CH, fur.), 6.99–7.05 (m, 2H, 

С6Н4), 7.16 (d, 1H, J=3.5, =CH, fur.), 7.48 (d,1H, J=8.7, C6H3), 7.51–7.58 (m, 1H, 

С6Н4), 7.73–7.81 (m, 2H, C6H4), 7.80 (dd, 1H, J1=8.7, J2=2.2, C6H3), 8.02 (d, 1H, 

J=2.2, C6H3), 8.10–8.14 (m, 1H, С6Н4), 8.21–8.26 (m, 2H, С6Н4), 8.27 (s, 1H, =CH, 

pyr.). Found, %: N, 10.48; S, 4.62. C35H29N5O7S. Calculated, %: N, 10.55;  

S, 4.83. 
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Methyl 5-{4-allyl-3-[2-(4'-ethoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-

dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (10). 

Yield 70%, mp 134-135
o
C. Rf 0.47. IR spectrum, ν, cm

-1
: 1727(C=O), 1620, 982, 

936 (CH=CH2), 1602, 1499, 824, 768 (СH=СH, aromatic), 1530, 1330 (NO2), 1203 

(C=S).
 1

H NMR, δ, ppm, Hz: 1.45 (t, 3H, J=7.0, CH2CH3), 3.84 (s, 3H, OCH3), 4.13 

(q, 2H, J=7.0, CH2CH3), 4.65 (brd, 2H, J=5.5, CH2CH=CH2), 4.82 (brd, 1H, J=17.1, 

CH2CH=CH2), 5.02 (brd, 1H, J=10.3, CH2CH=CH2), 5.32 (s, 2H, OCH2), 5.55 (s, 

2H, NCH2-aryl), 5.77 (ddt, 1H, J1=17.1, J2=10.3, J3=5.5, =CH), 6.72 (d, 1H, J=3.5, 

=CH, fur.), 6.97–7.02 (m, 2H, С6Н4), 7.15 (d, 1H, J=3.5, =CH, fur.), 7.48 (d, 1H, 

J=8.7, C6H3), 7.51–7.57 (m, 1Н, С6Н4), 7.74–7.82 (m, 3H, С6Н4), 8.02 (d, 1H, 

J=2.2, C6H3), 8.09–8.14 (m, 1H, С6Н4), 8.19–8.25 (m, 2Н, С6Н4), 8.25 (s, 1H, =CH, 

pyr.). Found, %: N, 10.21; S, 4.59. C36H31N5O7S. Calculated, %: N 10.33; S 4.73. 

Methyl 5-{4-allyl-3-[2-(4'-propoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-

dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (11). 

Yield 58%, mp 108-110
o
C. Rf 0.54. IR spectrum, ν, cm

-1
: 1722 (C=O), 1623, 990, 

920 (CH=CH2), 1603, 1502, 837, 769 (СH=СH, aromatic), 1530, 1340 (NO2), 1203 

(C=S).
 1

H NMR, δ, ppm, Hz: 1.09 (t, 3Н, J=7.4, CH3), 1.78–1.90 (m, 2H, CH2CH3), 

3.84 (s, 3H, OCH3), 4.02 (t, 2H, J=6.6, OCH2), 4.65 (brd, 2H, J=5.6, CH2CH=CH2), 

4.82 (brd, 1H, J=17.2, CH2CH=CH2), 5.02 (brd, 1H, J=10.3, CH2CH=CH2), 5.33 (s, 

2H, OCH2), 5.55 (brs, 2H, NCH2-aryl), 5.76 (ddt, 1H, J1=17.2, J2=10.3, J3=5.6, 

CH2CH=CH2), 6.72 (d, 1H, J=3.5, =CH, fyr.), 6.97–7.03 (m, 2H, С6Н4), 7.16 (d, 1H, 

J=3.5, =CH, fur.), 7.49 (d, 1H, J=8.7, C6H3), 7.54 (ddd, 1H, J1=8.3, J2=6.8, J3=1.1, 

С6Н4), 7.74–7.82 (m, 3Н, С6Н4), 8.02 (d, 1H, J=2.2, C6H3), 8.11 (dd, 1H, J1=8.7, 

J2=1.1, С6Н4), 8.20–8.25 (m, 2H, С6Н4), 8.26 (s, 1H, =CH, pyr.). 
13

C: 10.1(CH3), 

21.9 (CH3), 47.4(NCH2), 50.2(NCH2), 51.1(OCH3), 63.1(OCH2), 68.7(OCH3), 

111.9(=CH2), 114.1(2C, C6H4), 115.5(CH), 118.0(CH), 118.1(CH), 119.3(CH), 

123.7(C), 124.2 (CH), 124.8(CH), 126.5(CH), 128.3(2C, C6H4), 128.4(C), 

129.4(CH), 129.7(CH), 129.8(C), 130.6 (C), 131.3(C), 133.9(CH), 139.5(C), 

144.0(C), 147.0(C), 147.9(C), 150.2(C), 152.8 (C), 155.2(C), 157.5(C), 160.2(C), 

167.1(C). Found, %: N, 10.39; S, 4.49. C37H33N5O7S. Calculated, %: N, 10.12; S, 

4.63. 

Methyl 5-{4-allyl-3-[2-(4'-butoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-

dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (12). 

Yield 64%, mp 138-139
o
C. Rf 0.58. IR spectrum, ν, cm

-1
: 1720 (C=O), 1623, 990, 

920 (CH=CH2), 1603, 1501, 835, 772 (СH=СH, aromatic), 1531, 1340 (NO2), 1205 

(C=S).
 1

H NMR, δ, ppm, Hz: 1.02 (t, 3H, J=7.3, CH2CH3), 1.48–1.61 (m, 2H, 

CH2CH3), 1.75–1.85 (m, 2H, CH2CH2CH3), 3.84 (s, 3H, OCH3), 4.05 (t, 2H, J=6.4, 

OCH2), 4.65 (dt, 2H, J1=5.6, J2=1.4, CH2CH=CH2), 4.83 (dq, 1H, J1=17.1, J2=1.4, 

CH2CH=CH2), 5.02 (dq, 1H, J1=10.3, J2=1.4, CH2CH=CH2), 5.33 (s, 2H, OCH2), 

5.55 (s, 2H, NCH2-aryl), 5.77 (ddt, 1H, J1=17.1, J2=10.3, J3=5.6, CH2CH=CH2), 

6.72 (d, 1H, J=3.5, =CH, fur.), 6.97–7.02 (m, 2H, С6Н4), 7.16 (d, 1H, J=3.5, =CH, 

fur.), 7.48 (d, 1H, J=8.7, C6H3), 7.51–7.57 (m, 1H, С6Н4), 7.74–7.80 (m, 2H, С6Н4), 

7.80 (dd, 1H, J1=8.7, J2=2.2, C6H3), 8.02 (d, 1H, J=2.2, C6H3), 8.09–8.14 (m, 1H, 
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С6Н4), 8.19–8.25 (m, 2H, С6Н4), 8.26 (s, 1H, =CH, pyr.). 
13

C: 13.3 (CH3), 

18.6(CH2), 30.6(CH2), 47.4 (NCH2), 50.3(OCH3), 51.0(NCH2), 63.1(OCH2), 

66.9(OCH2), 111.7(CH2), 111.8(CH), 114.1(2C, C6H4), 115.5 (CH), 118.0(2CH), 

119.3(C), 123.7(C), 124.2 (CH), 124.9(CH), 126.5(CH), 128.3(2C, C6H4), 128.3(C), 

129.4(CH), 129.6(CH), 129.8(C), 130.6 (CH), 131.2(C), 133.9(CH), 139.5(C), 

144.0(C), 147.0(C), 147.9(C), 150.1(C), 152.8(C), 154.9 (C), 160.7(C), 167.1(C). 

Found, %: N, 9.83; S, 4.39. C38H35N5O7S. Calculated, %: N, 9.92; S, 4.54. 

Methyl 5-{4-allyl-3-[2-(4'-pentyloxyphenyl)quinolin-4-yl]-5-thioxo-4,5-

dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (13). 

Yield 61%, mp 129-130
o
C. Rf 0.64. IR spectrum, ν, cm

-1
: 1726 (C=O), 1622, 985, 

936 (CH=CH2), 1602, 1499, 830, 768 (СH=СH, aromatic), 1530, 1340 (NO2), 1203 

(C=S).
 1

H NMR, δ, ppm, Hz: 0.97 (t, 3H, J=7.0, CH3), 1.36–1.55 (m, 4H, 

CH2CH2CH3), 1.76–1.87 (m, 2H, CH2),3.84 (s, 3H, OCH3), 4.04 (t, 2H, J=6.4, 

OCH2), 4.66 (brd, 2H, J=5.4, CH2CH=CH2), 4.83 (brd, 1H, J=17.1, CH2CH=CH2), 

5.02 (brd, 1H, J=10.3, CH2CH=CH2), 5.33 (s, 2H, OCH2), 5.55 (s, 2H, NCH2-aryl), 

5.77 (ddt, 1H, J1=17.1, J2=10.3, J3=5.4, CH2CH=CH2), 6.72 (d, 1H, J=3.5, =CH, 

fur.), 6.96–7.02 (m, 2H, С6Н4O), 7.16 (d, 1H, J=3.5, =CH, fur), 7.48 (d, 1Н, J=8.7, 

C6H3), 7.51–7.57 (m, 1H, С6Н4), 7.74–7.82 (m, 3H, С6Н4 and C6H3), 8.02 (d, 1H, 

J=2.1, C6H3), 8.09–8.14 (m, 1H, С6Н4), 8.18–8.25 (m, 2H, С6Н4O), 8.26 (s, 1H, 

=CH, pyr). Found, %: N, 9.70; S, 4.61. C39H37N5O7S. Calculated, %: N, 9.73; S, 

4.45. 

General procedure for the synthesis of 5-{4-allyl-3-[2-(4'-alkoxyphenyl) 

quinolin-4-yl]-5-thioxo-4,5-dihydro-1Н-1,2,4-triazol-1-ylmethyl-2-nitrophe-

noxy}-2-furoate (14-16). A mixture of 0.001 mol of the corresponding ester 9-11, 

0.11 g (0.002 mol) of potassium hydroxide and 16 ml of 50% methanol is boiled for 

3-4 h, the solution is acidified with acetic acid, the precipitate is filtered off and 

recrystallized from ethanol. 

5-{4-Allyl-3-[2-(4'-methoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-dihydro-1H-

1,2,4-triazol-1- ylmethyl-2-nitrophenoxymethyl}-2-furoate (14). Yield 62%, mp 

128-130
o
C. Rf 0.44. IR spectrum, ν, cm

-1
: 3100-2500 (OH), 1691 (C=O), 1620, 

(CH=CH2), 1603, 1500, 834, 765 (СH=СH, aromatic), 1529 (NO2), 1203 (C=S).
 1

H 

NMR, δ, ppm, Hz: 3.89 (s, 3Н, ОСН3), 4.65 (dt, 2H, J1=5.6, J2=1.7, CH2CH=CH2), 

4.82 (dq, 1H, J1=17.2, J2=1.7, CH2CH=CH2), 5.02 (dq, 1H, J1= 10.3, J2=1.7, 

CH2CH=CH2), 5.31 (s, 2H, OCH2), 5.55 (s, 2H, NCH2-aryl), 5.76 (ddt, 1Н, J1=17.2, 

J2=10.3, J3=5.6, CH2CH=CH2), 6.68 (d, 1H, J=3.4, =CH, fur.), 7.00–7.05 (m, 2H, 

С6Н4O), 7.06 (d, 1H, J=3.4, =CH, fur.), 7.50 (d, 1H, J=8.7, C6H3), 7.54 (ddd, 1H, 

J1=8.3, J2=6.8, J3=1.2, С6Н4), 7.74–7.82 (m, 3H, С6Н4 and C6H3), 8.01 (d, 1H, J=2.2, 

C6H3), 8.10–8.14 (m, 1H, С6Н4), 8.21–8.26 (m, 2Н, С6Н4О), 8.28 (s, 1H, =CH, 

pyr.). Found, %: N, 10.62; S, 4.80. C34H27N5O7S. Calculated, %:  

N, 10.78; S, 4.93. 

5-{4-Allyl-3-[2-(4'-ethoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-dihydro-1H-

1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (15). Yield 64%, mp 

134-136
o
C. Rf 0.46. IR spectrum, ν, cm

-1
: 3100-2500 (OH), 1705 (C=O), 1625 
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(CH=CH2), 1604, 1503, 762 (СH=СH, aromatic), 1529 (NO2), 1203 (C=S).
 1

H 

NMR, δ, ppm, Hz: 1.45 (t, 3H, J=6.9, CH3), 4.13 (q, 2H, J=6.9, CH2CH3), 4.65 (brd, 

2H, J=5.1, CH2CH=CH2), 4.83 (d, 1H, J=17.3, CH2CH=CH2), 5.02 (d, 1H, J=10.3, 

CH2CH=CH2), 5.31 (s, 2H, CH2), 5.55 (s, 2H, NCH2-aryl), 5.77 (ddt, 1H, J1=17.3, 

J2=10.3, J3=5.1, CH2=CHCH2), 6.68 (d, 1H, J=3.4, =CH, fur.), 6.96–7.03 (m, 2H, 

C6H4O), 7.08 (d, 1H, J=3.4, =CH, fur.), 7,49 (d, 1H, J=8.7, C6H3), 7.50–7.57 (m, 

1H, C6H4), 7.71–7.82 (m, 3H, C6H4), 8.02 (d, 1H, J=2.1, C6H3), 8.12 (brd, 1H, 

J=8.5, C6H4), 8.19–8.25 (m, 2H, C6H4O), 8.26 (s, 1H, =CH, pyr.), 12.06 (br, 1H, 

COOH). Found, %: N, 10.47; S, 4.76. C35H29N5O7S. Calculated, %: N, 10.55; S, 

4.83. 

5-{4-Allyl-3-[2-(4'-propoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-dihydro-1H-

1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (16). Yield 71%, mp 

144-145
o
C. Rf 0.47. IR spectrum, ν, cm

-1
: 3100-2500 (OH), 1717 (C=O), 1620 

(CH=CH2), 1602, 1500, 835, 768 (СH=СH, aromatic), 1529 (NO2), 1203 (C=S).
 1

H 

NMR, δ, ppm, Hz: 1.09 (t, 3H, J=7.4, CH3), 1.78–1.91 (m, 2H, CH2CH3), 4.02 (t, 

2H, J=6.4, OCH2), 4.65 (brd, 2H, J=5.3, CH2CH=CH2), 4.82 (brd, 1H, J=17.2, 

CH2CH=CH2), 5.02 (brd, 1H, J=10.3, CH2CH=CH2), 5.32 (s, 2H, OCH2), 5.55 (s, 

2H, NCH2-aryl), 5.76 (ddt, 1H, J1=17.2, J2=10.3, J3=5.3, CH2CH=CH2), 6.68 (d, 1H, 

J=3.4, =CH, fur.), 6.97–7.03 (m, 2H, С6H3), 7.08 (d, 1H, J=3.4, =CH, fur.), 7.50 (d, 

1H, J=8.8, C6H3), 7.52–7.58 (m, 1H, С6Н4), 7.74–7.82 (m, 3Н, С6Н4 and C6H3), 8.02 

(d, 1H, J=2.1, C6H3), 8.09–8.14 (m, 1H, С6Н4), 8.19–8.25 (m, 2H, С6Н4O), 8.27 (s, 

1H, =CH, pyr.), 12.80 (br, 1H, COOH). Found, %: N, 10.48; S, 4.59. C36H31N5O7S. 

Calculated, %: N, 10.33; S, 4.73. 

 

4-²ÈÆÈ-1-(4-ÐÆ¸ðúøêÆ-3-ÜÆîðà´ºÜ¼ÆÈ)-3-[2-(4-

²ÈÎúøêÆüºÜÆÈ)ÊÆÜàÈÆÜ-4-ÆÈ]-4,5-¸ÆÐÆ¸ðà-1Н-1,2,4-îðÆ²¼àÈ-5-

ÂÆàÜÜºðÆ üàôðüàôðÆÈ ²Ì²ÜòÚ²ÈÜºðÆ êÆÜÂº¼À ºì Ø²ð¸àô 

ø²ÔòÎºÔ²ÚÆÜ ´æÆæÜðÆ ìð² ¸ð²Üò òÆîàîàøêÆÎ 

²¼¸ºòàôÂÚàôÜÀ 

Ø.². Æè²¸Ú²Ü, Ü.ê. Æè²¸Ú²Ü, ².². Ð²Ø´²ðÒàôØÚ²Ü, Ü.ê. ØÆÜ²êÚ²Ü, 

ê. èàôêê²ÎÆê ¨ ì.². ê²ø²ÜÚ²Ü 

Ü»ñÏ³Û³óí³Í ³ßË³ï³ÝùáõÙ µ»ñí³Í ¿ 4-³ÉÇÉ-1-(4-ÑÇ¹ñûùëÇ-3-ÝÇïñáµ»Ý½ÇÉ)-3-[2-

(4-³ÉÏûùëÇý»ÝÇÉ)ËÇÝáÉÇÝ-4-ÇÉ]-4,5-¹ÇÑÇ¹ñá-1Н-1,2,4-ïñÇ³½áÉ-5-ÃÇáÝÝ»ñÇ ýáõñýáõ-

ñÇÉ ³Í³ÝóÛ³ÉÝ»ñÇ ëÇÝÃ»½Á ¨ Ï³éáõóí³Íù³ÛÇÝ ³Ý³ÉÇ½Á: ¸áùÇÝ· ³Ý³ÉÇ½Ç ÙÇçáóáí 

ÑÝ³ñ³íáñ ëåÇï³Ïáõó³ÛÇÝ ÃÇñ³ËÝ»ñÇ Ñ»ï ÙáÉ»ÏáõÉ³ÛÇÝ ÷áË³½¹»óáõÃÛ³Ý áõëáõÙ-

Ý³ëÇñáõÃÛáõÝÁ óáõÛó ïí»ó, áñ EGFR-Ç Ï³ï³ÉÇïÇÏ ¹áÙ»ÝÇ Ñ»ï Ýáñ ÝÛáõÃ»ñÇ Ï³åÙ³Ý 

¿Ý»ñ·Ç³Ý µ³ñÓñ ¿ ¨ Ù³Ï³ñ¹³Ïáí Ùáï ¿ Ñ³Ù»Ù³ïáõÃÛ³Ý Ñ³Ù³ñ û·ï³·áñÍí³Í 

Ñ³Ï³ù³ÕóÏ»Õ³ÛÇÝ åñ»å³ñ³ïÝ»ñÇ (Ï³µá½³ÝïÇÝÇµ, ÉÇÝëÇïÇÝÇµ ¨ ½³éÝ»ëïñ³) 

÷áË³½¹»óáõÃÛ³Ý ¿Ý»ñ·Ç³Ý»ñÇÝ: àõëáõÙÝ³ëÇñí»É ¿ ÝÛáõÃ»ñÇ óÇïáïáùëÇÏ ³½¹»óáõ-

ÃÛáõÝÁ Ñ»ï¨Û³É µçç³ÛÇÝ ·Í»ñÇ íñ³. ÏñÍù³·»ÕÓÇ ù³ÕóÏ»Õ՝  МDА МB468, Ãáù»ñÇ áã 

Ù³Ýñ µç³ÛÇÝ ù³ÕóÏ»Õ՝  NSCLC A549 ¨ NSCLC-L16, Ù³ñ¹áõ ïñ³ÝëýáñÙ³óí³Í Ï»-

ñ³ïÇÝáóÇïÝ»ñ՝  NCTC 2544: òáõÛó ¿ ïñí»É, áñ ýáõñ³ÝÏ³ñµá-Ý³ÃÃáõÝ»ñÇ ß³ñùáõÙ 

óÇïáïáùëÇÏ ³ÏïÇíáõÃÛáõÝÁ Ù»Í³ÝáõÙ ¿ ³ÉÏûùëÇ é³¹ÇÏ³ÉÇ Ù»Í³óÙ³Ý Ñ»ï, ÇëÏ ¿ë-

Ã»ñÝ»ñÇ ¹»åùáõÙ ³ÉÏûùëÇ é³¹ÇÏ³ÉÇ Ù»Í³óáõÙÁ µ»ñáõÙ ¿ ³ÏïÇíáõÃÛ³Ý ³ÝÏÙ³Ý: 
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ÜÛáõÃ»ñÇ ó³Íñ ïáùëÇÏáõÃÛáõÝÁ »ÝÃ³¹ñáõÙ ¿, áñ ùÇÙÇ³Ï³Ý ÇÝí³½Ç³Ý µ»ñáõÙ ¿ 

EGFR-Ç ¿Ý¹áóÇïá½Ç ¨ é»ó»åïáñÇ ¨ ù³ÕóÏ»½³ÛÇÝ µççáõÙ ¹ñ³ Ñ»ï ³ë³óí³Í ëåÇï³-

ÏáõóÝ»ñÇ Ñ»ï³·³ ¹»·ñ³¹³óÙ³Ý: 
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В представленной работе проведен синтез и структурный анализ фурфуриль-

ных произ- водных 4-аллил-1-(4-гидрокси-3-нитробензил)]-3-[2-(4-алкоксифе-

нил)хинолин-4-ил]-4,5-дигидро-1Н-1,2,4-триазол-5-тионов. Изучение молекуляр-

ных взаимодействий с возможными белковыми мишенями методом докинга пока-

зал, что энергия связывания новых соединений с каталитическим доменом EGFR 

высокая и находится на уровне, близком для противоопухолевых препаратов 

кабозантиниба, линситиниба и зарнестры, использованных для сравнения. Иссле-

довано цитотоксическое действие соединений на клеточной линии рака молочной 

железы МDА МB468, линиях немелкоклеточного рака легких NSCLC A549 и 

NSCLC-L16, а также на линии трансформированных кератиноцитов человека 

NCTC 2544. Выявлено, что в ряду фуранкарбоновых кислот цитотоксическое дей-

ствие усиливается с повышением алкоксильного радикала, а в ряду эфиров повы-

шение алкоксильного радикала приводит к потере активности. Низкая токсичность 

соединений предполагает, что химическая инвазия приводит к повышенному эндо-

цитозу EGFR и последующей деградации рецептора и ассоциированных с ним бел-

ков в раковых клетках. 
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PROPYL-5-THIOXO-1,2,4-TRIAZOL-1-YL]-α-ALANINE AND STUDY 
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More than 15 new peptides have been constructed on the basis of (S)--[4-allyl-3-propyl-5-

thioxo-1,2,4-triazol-1-yl]-a-alanine non-protein amino acid by ChemOffice software. The study of their 

possible interaction with collagenase enzyme was implemented by molecular docking program – 

AutoDockVina software. Analyzing the obtained results, 9-fluorenylmethyloxycarbonylglycyl-(S)--[4-

allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine dipeptide was identified by maximum values of 

Gibbs free energy (ΔG=8.6 kcal/mol) and minimum values of dissociation constant (KD=0.497 μmol) 

of ligand-macromolecular interaction.  

The synthesis of a new undescribed in the literature 9-fluorenylmethyloxycarbonylglycyl-(S)--

[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine dipeptide has been carried out by the activated 

ester method.  

In vitro study of the synthesized dipeptide effect on the activity of collagenase enzyme by 

various peptide concentrations has been carried out. The value of IC50 was calculated. It was 0.892 

μmol/l:  

Figs. 2, table 1, references 15. 

 

For more than 70 years the research in the field of synthesis and study of 

peptides as well as the possibility of their introduction to the medical practice has 

been carried out [1]. 

Currently, there are around 60-70 approved peptide drugs in the global market, 

with 100-200 more in clinical trials, 400-600 more in pre-clinical studies and 

possibly hundreds to thousands more on the laboratory bench [2]. It should be 

https://www.sci.am/orgsview.php?id=23&langid=2#top
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mentioned that most of them contain non-proteinogenic amino acid moieties [3]. 

There are well-known medicinal preparations created on the basis of synthetic 

peptides that are used in the following diseases: hypertension, type 2 diabetes, 

postmenopausal osteoporosis, Paget’s disease, hypercalcaemia, advanced prostate 

cancer, acromegaly, carcinoidsyndrome, central diabetes insipidus. 

It is established that the moiety of non-protein amino acid extends the process 

of enzyme-substrate recognition that in turn leads to retardation of the peptide bond 

destruction. These and other properties of peptides, containing a fragment of non-

protein amino acid, enable to create on their basis physiologically and 

pharmacologically active drugs [4]. 

Matrix metalloproteases (ММРs) is a major group of enzymes that regulates 

cell-matrix composition. Matrix metalloproteases (ММРs) play an important role in 

degradation of extracellular matrix in both norm and various pathologies [5]. 

Metalloproteases are targets for a wide range of medications, including antitumor 

and anti-inflammatory drugs [6,7]. Matrix metalloproteases are responsible for many 

proteolytic processes that lead to tumor development. Involvement of gelatinizes 

(MMP-9 and MMP-2) in the process of metastases and angiogenesis formation 

stimulated creation of synthetic gelatinize inhibitors able to stop the development of 

tumors [6,7]. MMP-1 is also validated as a cancer target [8]. 

Unfortunately, clinical trials of gelatinize inhibitors on oncological patients so 

far have not revealed therapeutic effect; moreover undesirable side effects were 

registered. The majority of inhibitors are zinc-chelating compounds of a wide 

spectrum of action that did not have a specific effect. For example, calprotectin 

inhibits MMP by blocking zinc binding [9]. The search for new highly specific 

compounds able to inhibit metalloproteases is one of the directions in creation of 

drugs preventing spread of metastases [10]. It has been shown that some low-

molecular-weight compounds are able to inhibit MMPs [11].  

Taking into account the above mentioned, we aimed at constructing a new 

undescribed in the literature dipeptide on the basis of (S)-β-[4-allyl-3-propyl-5-

thioxo-1,2,4-triazol-1-yl]-a-alanine non-protein amino acid, implementing software 

research of the mentioned peptides, selecting possible active peptides to carry out 

their target synthesis and study the biological effect of the synthesized peptides.  

In the first stage the structure-based drug design approach was used to identify 

potential inhibitors of enzyme. For this aim docking analysis was done for 

identification of substances capable of interacting with collagenase. 

Amino acids and peptides structures were built by ChemBioOffice 2010 

(ChemBio3D Ultra12.0). Ligand free energy was minimized using MM2 force field 

and truncated Newton–Raphson method. Crystallographic structure of collagenase 

was taken from http://www.rcsb.org website (PDB-ID: 1NQJ). Docking of ligand to 

enzyme was done by AutoGrid 4, AutoDock Vina software [12]. AutoDock used the 

Lamarckian genetic algorithm by alternating local search with selection and 

crossover [13]. The ligands were ranked using an energy-based scoring function and 
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a grid-based protein–ligand interaction was used to speed up the score calculation. 

Dissociation constant was calculated by using the following formula: 

KD = exp ((∆G  1000)/(RcalTK)) 

Rcal=1.98719 cal/(mol  K) (gas constant) 

TK = 298.15 K (room temperature by Kelvin) 

The data of enzyme-peptide interaction are presented in Table. 

Table 

Data of molecular modeling 

Experimental dipeptides Gibbs free energy 

(ΔG) kcal/mol 

Dissociation 

constant (KD) μmol 

N-formyl-(S)-methionyl-(S)-β-[4-allyl-

3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-

alanine 

-5.8 56.05 

 (S)-methionyl-(S)-β-[4-allyl-3-propyl-

5-thioxo-1,2,4-triazol-1-yl]-a-alanine 

-6.1 33.78 

9-Fluorenylmethyloxycarbonyl-(S)-

alanyl-(S)--[4-allyl-3-propyl-5-thioxo-

1,2,4-triazol-1-yl]-a- alanine 

-7.7 2.27 

 (S)-alanyl-(S)--[4-allyl-3-propyl-5-

thioxo-1,2,4-triazol-1-yl]-a-alanine 

-6.2 28.53 

N-tretbutoxycarbonyl-(S)-alanyl-(S)-β-

[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-

1-yl]-a- alanine 

-6.7 12.27 

N-tretbutoxycarbonylalanylglycyl-(S)-β-

[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-

1-yl]-a-alanine 

-6.6 14.53 

N-tretbutoxycarbonyl-(S)-β-phenyl-

alanyl-(S)-β-[4-allyl-3-propyl-5-thioxo-

1,2,4-triazol-1-yl]-a-alanine 

-6.9 8.75 

 (S)-β-phenyl-alanyl-(S)-β-[4-allyl-3-

propyl-5-thioxo-1,2,4-triazol-1-yl]-a-

alanine 

-7.2 5.28 

9-Fluorenylmethyloxycarbonylglycyl-

(S)--[4-allyl-3-propyl-5-thioxo-1,2,4-

triazol-1-yl]-a- alanine 

-8.6 0.497 

Glycyl-(S)--[4-allyl-3-propyl-5-thioxo-

1,2,4-triazol-1-yl]-a-alanine 

-6.1 33.78 

 

The negative value of ΔG proves that the complex has been generated. 

According to Table, the value of ΔG is negative for all compounds, which proves 

that all dipeptides are interacting with the enzyme. Based on the results obtained, we 

aimed to perform further research on a compound with a maximum value of the 

Gibbs free energy, which turned out to be 9-fluorenylmethyloxycarbonylglycyl-(S)-

-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine. 
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The docking data are presented in the Figure, where the fragments of ligand-

collagenase interaction are shown.  

 

Fig. 1. The bond of Fmoc-glycyl-(S)--[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine with 
collagenase enzyme by software. 

 
Taking into account the data of software modeling, Fmoc-glycyl-(S)--[4-allyl-

3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine dipeptide was selected from the 

mentioned range for further research, that is for carrying out the peptide synthesis 

followed by studying the synthesized peptide effect on the activity of collagenase 

enzyme.  

 The synthesis of peptide was carried out by the method of activated esters in a 

solution. The method is distinguished by its simplicity and makes it possible to 

obtain final products in good yields and high purity [14]. 

At the first stage with the help of dicyclohexylcarbodiimide from 9-

fluorenylmethyloxycarbonyl-glycyl (1) was obtained its succinimide 

ether (2), transformed by condensation with (S)-β-[4-allyl-3-propyl-5-thioxo-1,2,4-

triazol-1-yl]-a-alanine non-protein amino acid in alkaline aqueous-organic medium 

in the corresponding dipeptide Fmoc-glycyl-(S)--[4-allyl-3-propyl-5-thioxo-1,2,4-

triazol-1-yl]-a-alanine (4) (Scheme). 
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Scheme 

 

Experimental Part 

1
H NMR spectra were recorded on a “Varian Mercury 300VX” device with an 

operating frequency of 300.08 MHz in a solution of DMSO-D6/CCl4 1/3 using the 

method of double resonance. TLC was conducted on “Silufol UV-254” plates in a 

mixture of chloroform-ethyl acetate-methanol (4:4:1), developer – chlorotoluidine. 

Elemental analysis was performed on elemental analyzer CNS-O “Euro EA3000”.  

Synthesis of N-9-fluorenylmethyloxycarbonylglycine succinimide ester (2). 

0.218 g (1.06 mmol) of dicyclohexylcarbodiimide, preliminary dissolved in 3 ml of 

dioxane was added at 0
o
C to 0.29 g (1.0 mmol) of N-9-fluorenylmethyloxycarbonyl-

glycine (2) and 0.127 g (1.1 mmol) of N-hydroxysuccinimide in a mixture of 6 ml of 

dioxane and 3 ml of methylene chloride. The reaction mixture was stirred for  2 h 

at 0
o
C and left overnight in a refrigerator.  

The analysis was performed by TLC [SiO2, CHCl3/ethyl acetate/CH3OH 

(4:2:1), developer - chlorotoluidine]. The precipitate formed was filtered off, the 

solvent distilled off on a rotary evaporator, and the precipitate crystallized from a 

mixture of ethyl acetate hexane (1:2).  

Yield 0.25 g (67.5%). Mp = 175 С [14].  
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Synthesis of N-9-fluorenylmethyloxycarbonylglycyl-(S)-β-(3-propyl-4-allyl-

5-thioxo-1,2,4-triazol-1-yl)-α-alanine (4). The resulting succinimide ether 2 was 

used in the next stage of dipeptide synthesis. In a flat-bottomed flask with a 

magnetic stirrer, 0.18 g (0.66 mmol) of (S)-β-(3-propyl-4-allyl-5-thioxo-1,2,4-

triazol-1-yl)-α-alanine, 1.25 ml (0.63 mmol) of 0.5M sodium hydroxide solution and 

0.016 (0.19 mmol) of baking soda were placed. At room temperature, 0.24 g 

(0.6 mmol) of N-9-fluorenylmethyloxycarbonylglycine succinimide ester (2) was 

added to 2 ml of dioxane, and the reaction mixture was stirred for 3 h. The next day, 

5 ml of ethyl acetate and 1.45 ml of 10% citric acid were added to the flask contents. 

After vigorous stirring, the organic layer was separated, and the aqueous layer was 

extracted twice with ethyl acetate (5 ml each). The organic layer was dried with 

anhydrous sodium sulfate, then the solvent was evaporated to dryness.  

 The product was isolated by column chromatography using SiO2 L-40/100 

silica gel. Analysis by TLC [SiO2, CHCl3/ethyl acetate/CH3OH (4: 2: 1), the 

developer – chloro-toluidine]. The product yield per succinimide ester 72.8%, Mp 

99-100
o
C. Found, %: C, 61.25; H, 5.61; N, 12.71. C28H31N5O5S Calc., %: C, 61.19; 

H, 5.68; N, 12.74. 
1
H NMR (DMSO, δ, ppm) 0.9 (m, 3H, CH3-CH2); 1.44 (m, 2H, 

CH3-CH2); 1.5 (m, 2H, CH3-CH2-CH2); 3.65 (m, 2H, NHCH2), 3.8 (dd, 1H, 

J1=13.6,J2=8.2, NH-CH-CH2); 4.06 (dd, 1H, J1=13.6,J2=5.1, NH-CH-CH2); 4.46 (m, 

1H, OCH2-CH); 4.7 (ddd, 1H, J1=8.2,J2=8.1, J3=5.1, NH-CH-CH2); 4.7 (m, 2H, O-

CH2-CH);5.19 (dq, 1H, J1=17.2, J2~J3=1.5, CH2-CH=CH2); 5.22 (dq, 1H, J1=10.4, 

J2~J3=1.5, CH2-CH=CH2); 5.87 (ddt, 1H, J1=17.2, J3=10.4, J3=4.9, CH2-

CH=CH2);7.28-7.87 (m, 8H, fluorenyl); 8.03 (t, 1H, 
3
J=8.1, NH-CH-CH2); 8.03 (m, 

1H, NH-CH2);11 (br, 1H, COOH): 

Collagenase activity. Collagenase activity was determined by measuring free 

amino groups according to o-phthalaldehyde (OPA) method [15].  

The reaction mixture contained 0.05 M HEPES buffer, pH 7.2, 10 mg/ml gelatin 

and 0.025 mg/ml collagenase (activated by 0.36 M CaCl2). The concentration of 

investigated compounds in the reaction mixture was 5mM. The aliquot (50 ul) was 

taken and the remaining mixture was incubated at 37
o
C. Every 30 min the aliquot 

was picked up and the reaction was stopped by adding 10 ul of 30% trichloroacetic 

acid. The concentration of free amino groups in the reaction mixture was determined 

by OPA reagent containing 0.2 M borate buffer, pH 9.7, 0.1667 mg/ml OPA and 

1.25 mM mercaptoethanol. The reaction mixture (50 ul) was added to OPA reagent 

(1.5 ml) and H2O (1.5 ml). A340 was recorded after 5 min incubation at RT.  

Peptides have been tested in different concentrations in order to link the 

concentration and effect. The dependence curve of the inhibition percentage 

dependent on concentration is presented in Fig. 2. 
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Fig. 2. The effect of various concentrations of Fmoc-glycyl-(S)--[4-allyl-3-propyl-5-thioxo-

1,2,4-triazol-1-yl]-a-alanine on the activity of collagenase enzyme. 

 

According to the data obtained, in case of Fmoc-glycyl-(S)--[4-allyl-3-propyl-

5-thioxo-1,2,4-triazol-1-yl]-a-alanine IC50 is 0.892 μmol/l:  

 

9-üÈàôàðºÜÆÈØºÂÆÈúøêÆÎ²ð´àÜÆÈ¶ÈÆòÆÈ-(S)-β-[4-²ÈÆÈ-3-

äðàäÆÈ-5-ÂÆúøêà-1,2,4-îðÆ²¼àÈ-1-ÆÈ]-a-²È²ÜÆÜ ¸ÆäºäîÆ¸Æ 

Üä²î²Î²ÚÆÜ êÆÜÂº¼À ºì ÎàÈ²¶ºÜ²¼ üºðØºÜîÆ 

²ÎîÆìàôÂÚ²Ü ìð² ²¼¸ºòàôÂÚ²Ü Ðºî²¼àîàôØÀ 

Úáõ. Ø. ¸²ÜÔÚ²Ü, î.Ð. ê²ð¶êÚ²Ü, ê. Ø. æ²Ø¶²ðÚ²Ü, ². ê. ê²ð¶êÚ²Ü, ¾. ². 

¶ÚàôÈàôØÚ²Ü, Ð. ². ö²ÜàêÚ²Ü, Ü. ². ÐàìÐ²ÜÜÆêÚ²Ü, 

². Ø. ÐàìÐ²ÜÜÆêÚ²Ü, ². Ð. Ì²îàôðÚ²Ü ¨ ². ê. ê²ÔÚ²Ü 

(S)-β-[4-²ÉÇÉ-3-åñáåÇÉ-5-ÃÇûùëá-1,2,4-ïñÇ³½áÉ-1-ÇÉ]-α-³É³ÝÇÝ áã ëåÇï³Ïáõó³ÛÇÝ 

³ÙÇÝ³ÃÃíÇ Ñ»ÝùÇ íñ³ ChemOffice software Íñ³·ñÇ ÏÇñ³éÙ³Ùµ Ï³éáõóí»É »Ý ³í»ÉÇ 

ù³Ý 15 Ýáñ ·ñ³Ï³ÝáõÃÛ³Ý Ù»ç ãÝÏ³ñ³·ñí³Í ¹Çå»åïÇ¹Ý»ñ:  

Æñ³Ï³Ý³óí»É ¿ Ï³éáõóí³Í å»åïÇ¹Ý»ñÇ ¨ ÏáÉ³·»Ý³½ ý»ñÙ»ÝïÇ ÑÝ³ñ³íáñ 

÷áË³½¹»óáõÃÛ³Ý Ùá¹»É³íáñáõÙ AutoDockVina software Ñ³Ù³Ï³ñ·ã³ÛÇÝ Íñ³·ñÇ ÏÇ-

ñ³éÙ³Ùµ:  

êï³óí³Í ïíÛ³ÉÝ»ñÇ í»ñÉáõÍáõÃÛ³Ý ³ñ¹ÛáõÝùáõÙ՝  ÁÝïñí»É ¿ 9-ýÉáõáñ»ÝÇÉÙ»ÃÇÉ-

ûùëÇÏ³ñµáÝÇÉ·ÉÇóÇÉ-(S)-β-[4-³ÉÇÉ-3-åñáåÇÉ-5-ÃÇûùëá-1,2,4-ïñÇ³½áÉ-1-ÇÉ]-a-³É³ÝÇÝ 

¹Çå»åïÇ¹Á, áñÁ áõÝ»ó»É ¿ ¶ÇµëÇ ³½³ï ¿Ý»ñ·Ç³ÛÇ (ΔG=8.6 ÏÏ³É/ÙáÉ) ³é³í»É³·áõÛÝ 

¨ ¹ÇëáóÙ³Ý Ñ³ëï³ïáõÝÇ (KD=0.497 ÙÏÙáÉ) Ýí³½³·áõÛÝ ³ñÅ»ùÝ»ñ: 

Üáñ ·ñ³Ï³ÝáõÃÛ³Ý Ù»ç ãÝÏ³ñ³·ñí³Í 9-ýÉáõáñ»ÝÇÉÙ»ÃÇÉûùëÇÏ³ñµáÝÇÉ·ÉÇóÇÉ-(S)- 

β-[4-³ÉÇÉ-3-åñáåÇÉ-5-ÃÇûùëá-1,2,4-ïñÇ³½áÉ-1-ÇÉ]-a-³É³ÝÇÝ ¹Çå»åïÇ¹Ç ëÇÝÃ»½Á 

Çñ³Ï³Ý³óí»É ¿՝ ³ÏïÇí³óí³Í ¿ëÃ»ñÝ»ñÇ Ù»Ãá¹Ç ÏÇñ³éÙ³Ùµ:  

Î³ï³ñí»É ¿ ëÇÝÃ»½í³Í ¹Çå»åïÇ¹Ç ³½¹»óáõÃÛ³Ý in vitro Ñ»ï³½áïáõÙ ÏáÉ³·»-

Ý³½ ý»ñÙ»ÝïÇ ³ÏïÇíáõÃÛ³Ý íñ³՝ å»åïÇ¹Ç ï³ñµ»ñ ÏáÝó»Ýïñ³óÇ³Ý»ñÇ ÏÇñ³é-

Ù³Ùµ: Ð³ßí³ñÏí»É ¿ IC50-Ç ³ñÅ»ùÁ, áñÁ ëï³óí»É ¿ 0.892 ÙÏÙáÉ/É: 
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ЦЕЛЕНАПРАВЛЕННЫЙ СИНТЕЗ  

9-ФЛУОРЕНИЛМЕТИЛОКСИКАРБОНИЛГЛИЦИЛ-(S)--[4-АЛЛИЛ-3-

ПРОПИЛ-5-ТИОКСО-1,2,4-ТРИАЗОЛ-1-ИЛ]-a-АЛАНИН ДИПЕПТИДА 

И ИССЛЕДОВАНИЕ ЕГО ДЕЙСТВИЯ НА АКТИВНОСТЬ КОЛЛАГЕНАЗЫ 

Ю. М. ДАНГЯН, Т. О. САРГСЯН, С. М. ДЖАМГАРЯН, А. С. САРГСЯН, 

Э. А. ГЮЛУМЯН, Г. А. ПАНОСЯН, Н. А. ОГАННИСЯН, 

А. М. ОГАННИСЯН и А. С. САГЯН  

С помощью программы ChemOffice software были построены структуры 15 

новых не описанных в литературе дипептидов, содержащих небелковую амино-

кислоту (S)-β-[4-аллил-3-пропил-5-тиоксо-1,2,4-триазол-1-ил]-α-аланин.  

С использованием программы AutoDockVina software было проведено 

моделирование вероятного взаимодействия дипептидов с ферментом колагеназ. На 

основании полученных данных был выбран 9-флуоренилметилоксикарбонилгли-

цил-(S)--[4-аллил-3-пропил-5-тиоксо-1,2,4-триазол-1-ил]-a-аланин, который имеет 

наибольшую свободного энергию (ΔG=8.6 ккал/мол) и минимальное значение 

константы диссоцации (KD=0.497 мкмол).  

Синтез 9-флуоренилметилоксикарбонилглицил-(S)--[4-аллил-3-пропил-5-ти-

оксо-1,2,4-триазол-1-ил]-a-аланина осуществлен методом активированных эфиров. 

Проведено in vitro исследование влияния синтезированого дипептида на ак-

тивность фермента колагеназ при различных концентрациях пептида. Рассчитано 

значение IC50 -0.892 мкмол/л. 

REFERENCES 

[1]  Gregory A. Grant Synthetic peptides Oxford University press, second edition, 2002. 

[2]  Sun L. // Mod. Chem. Appl. 2013; 1: e103. doi: 10.4172/2329-6798.1000E103. 

[3] Vlieghe P., Lisowski V., Martinez J., Khrestchatisky M. // Drug Discov Today, 2010 Jan. 

15(1-2), p. 40. 

[4]  Hughes A. // WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. v. 4 Protection 

Reactions, Medicinal Chemistry & Combinatoral Synthesys, 2011, v. 4, p. 538. 

[5] Baker A.B. // A. Baker, D. Edwards, G. Murphy // J. Cell Science, 2002, v. 115, p. 3719. 

[6] Hsieh M.J., Chen J.C., Yang W.E., Chien S.Y., Chen M.K., Lo Y.S., His Y.T., Chuang Y.C., 

Lin C.C., Yang S.F. // Biochem Pharmacol., 2017, 2952(17), p. 30041-2, 

[7]  Krüger A., Arlt M.J., Gerg M., Kopitz C., Bernardo M.M., Chang M., Mobashery S., 

Fridman R. // Cancer Res., 2005, 65(9), p. 3523. 

[8]  Overall CM, Kleifeld O. // 2006, Nat. Rev. Cancer, 6(3), p. 227.  

[9]  Isaksen B., Fagerhol M.K. // J.Clin pathol: Mol pathol., 2001, v. 54, p. 289.  

[10]  Hsieh M.J., Chen J.C., Yang W.E., Chien S.Y., Chen M.K., Lo Y.S., His Y.T., Chuang Y.C., 

Lin C.C., Yang S.F. // Biochem Pharmacol., 2017, 2952(17), p. 30041. 

[11]  Bannikov G.A., Lakritz J., Premanandan C., Mattoon J.S., Abrahamsen E.J. // Am J Vet Res. 

2009; 70(5):633-9. 

[12] Trott O., Olson A.J. // J. Comput. Chem., 2010, v. 31, p. 455. 

[13] Morris, G.M., Goodsell, D.S., Halliday, R.S., Huey, R., Hart, W.E., Belew, R.K., Olson, A.J. 

Automated Docking. // J.Comput.Chem., 1998, v. 19, p. 1639. 

[14] Anderson G., Zimmerman J., Callahan F. // J. Am. Chem. Soc., 1964, v. 86, issue. 9, p. 1839. 

[15] Gade W., Brown J. // Biochemica and Biophysica Acta 1981, v. 13, p. 86.  

 



 

 
579 

Ð²Ú²êî²ÜÆ  Ð²Üð²äºîàôÂÚ²Ü  ¶ÆîàôÂÚàôÜÜºðÆ 

²¼¶²ÚÆÜ  ²Î²¸ºØÆ² 

НАЦИОНАЛЬНАЯ  АКАДЕМИЯ  НАУК  РЕСПУБЛИКИ АРМЕНИЯ 

NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF ARMENIA 

Ð³Û³ëï³ÝÇ ùÇÙÇ³Ï³Ý Ñ³Ý¹»ë 

Õèìè÷åñêèé æóðíàë Àðìåíèè      71, ¹4, 2018     Chemical Journal of Armenia 

UDC 547.854 

SYNTHESES AND BIOLOGICAL PROPERTIES 

OF BENZO[4',5']IMIDAZO[2',1': 6,1]PYRIDO[2,3-d]PYRIMIDINES: 

MINI-REVIEW 
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The known methods for the synthesis of benzo[4',5']imidazo[2',1': 6,1]pyrido[2,3-d]pyrimidine 

heterocyclic derivatives based on heterocyclic reactions of substituted benzimidazoles and 

alternative approaches using substituted pyrimidinyl-5-propanoic acids have been considered. It was 

shown that the developed synthetic strategy based on the heterocyclization of substituted 

pyrimidinyl-5-propanoic acids is a successful addition to the previously described methods, since it 

allows to bypass the significant limitations associated with the use of substituted benzimidazoles and 

introduce various types of functional substituents in the target heterocyclic system and at different 

positions of the ring. The available data on the biological properties of synthesized compounds are 

summarized. 

Figs. 2, references 18. 

 

1. Introduction 

Polycyclic heteroaromatic compounds based on annelated azaheterocycles, the 

most important structural feature of which is the planar structure, exhibit high 

biological activity, including antitumor, antibacterial, antiviral and others [1,2]. The 

biological activity of this class of compounds is due to their ability to interact with 

DNA, being associated with small and large grooves or intercalation between 

adjacent bases in a double helix, the interaction mechanism of the latter being 

considered as the main one. In both cases, the secondary structure of DNA is 

distorted and its functioning is disrupted, and therefore the connections with this 

mechanism of action are considered as the most promising in developing new-

generation drugs for the treatment of tumor diseases and viral and bacterial 

infections [3]. It should be noted that bi-and tricyclic compounds are best known as 
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intercalating heterocycles, while tetra- and higher-annealed compounds are less well 

studied, although the possibility of intercalation and the associated pharmacological 

activity are shown for them [4]. 

Among the tetracyclic heteroaromatic compounds, we have drawn attention to 

the syntheses and biological properties of the derivatives of the 

benzo[4′,5′]imidazo[2',1': 6,1]pyrido[2,3-d]pyrimidine (1) condensed on the basis of 

three nitrogen-containing heterocycles, and of which there are a limited number of 

publications in the literature. Therefore, in view of the growing interest in the 

synthesis and biological properties of polycyclic azaheterocycles and limited 

information on benzo[4′,5′]imidazo-[2',1': 6,1]pyrido[2,3-d]pyrimidines, this review 

summarizes all available works in this area, including own research, especially since 

the latter constitute an essential part of the available data. 

 

2. Synthesis of benzo[4′,5′] imidazo[2',1': 6,1]pyrido[2,3-d]pyrimidine 

derivatives 

Before proceeding to the discussion of works in this area, it is appropriate to 

dwell briefly on the name of the heterocyclic system 1, which can be compiled in 

accordance with the nomenclature rules and recommendations of the IUPAC and 

CAS rules using computer programs based on the above nomenclature rules. Thus, 

compound 1 can be named pyrimido[5',4': 5,6]pyrido[1,2-a]benzimidazole (ACD / 

ChemSketch package, version ACD / Labs 6.0) and benzo[4,5]imidazo[2 ',1': 

6,1]pyrido[2,3-d]pyrimidin (package ACD / Name, version 1.0), therefore, in the 

further presentation of the work the names of the derivatives are given in author's 

versions and are treated as synonyms. 

11a

7a

11

8

10

9

N
12

N
7

6a

12a

4a

6

5

N
1

2

4

N
3

1  
In order to systematize the presentation, the known syntheses of the derivatives 

of the heterocyclic system under discussion are conventionally divided into two 

groups according to two alternative synthetic strategies that are based on the 

annealating of functionalized benzimidazoles or on the heterocyclization of 

substituted pyrimidinyl-5-propanoic acids. 

 

2.1. Synthesis based on substituted benzimidazoles 

For the first time, the pyrimido[5',4': 5,6]pyrido[1,2-a]benzimidazole 

derivatives 2 were obtained in good yields by heating 5-carbaldehydebarbituric acid 

or 2,4,6-trichloropyrimidinyl-5-carbaldehyde with 2-substituted benzimidazoles in 
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N-methylpyrrolidone according to Scheme 1 and patented as photographic materials 

and fluorescent dyes [5-7]. 

Scheme 1 

 
2. R, R

1
, R

2
 = Hal, OH, N(Et)2, NHPh; R

3
 = benzimidazol-2-yl, benzoxazol-2-yl, 

benzothiazol-2-yl, 4-NO2C6H4, CN, COOH. 

 

According to the method proposed by the Polish authors, 1H-benzimidazole-2-

acetonitrile (3) is condensed with arylidene malononitriles under the Michael 

reaction conditions, after which the adduct formed is boiled in MeCN in the 

presence of piperidine in a six-membered cycle with simultaneous aromatization. 

The thus formed 1-amino-3-arylpyrido[1,2-a]benzimidazole-2,4-dicarbonitriles 4 are 

converted by boiling with formamide to the desired 5-aryl-4-methylpyrimido[5',4': 

5,6 ]pyrido[1,2-a]- benzimidazole-6-carbonitrile 5, according to Scheme 2 [8]: 

Scheme 2 

 
4.5: Ar = Ph, 4-MeC6H4, 4-MeOC6H4, 4-ClC6H4, 3-NO2C6H4, 4-NMe2C6H4. 

 

Dicarbonitriles 4 were the starting compounds also in the synthesis of the 3-

amino-4-imino derivatives of the heterocyclic system under discussion according to 

scheme 3 [9]: 
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Scheme 3 

 
6.7: R = OEt, NMe2; Ar = Ph, 4-MeC6H4, 4-MeOC6H4, 4-ClC6H4. 

 

The interaction of 1-amino-3-arylpyrido[1,2-a]benzimidazole-2,4-dicarbo-

nitriles 4 with triethyl orthoformate or dimethylformamidedimethylacetal gives 

imines 6 which with hydrazine hydrate form 3-amino-5-aryl-4-iminopyrimido[5',4': 

5,6]pyrido[1,2-a]benzimidazole-6-carbonitrile. 

In the synthesis of spirocondensed pyrimido[5',4': 5,6]pyrido[1,2-a]benzimida-

zole derivatives, by reacting 2-methylbenzimidazole with 3-dicyanomethylidene-1-

ethyl-2-oxoindoline, cyano-3,4-dihydro-1'-ethylspiro {benzimidazo[1,2-a]pyridine-

3,3'-indolin}-2'-one (8) were synthesized, which are cyclized by the action of 

formamide or formic acid thus forming 4-amino-5,6-dihydro-1'-ethylspiro- 

{benzimidazo[1',2': 1,6]pyrido[2,3-d]pyrimidine-5,3'-indoline}-2'-one (9a) and 

3,5,6-trihydro-1'-ethylspiro{benzimidazo[1',2': 1,6]pyrido [2,3-d]pyrimidine-5,3'-

indoline}-2',4-dione (9b). The latter was subsequently converted to 4-chloro- and 4-

hydrazino derivatives 10a, b by the subsequent chlorination with POCl3 and 

hydrazinolysis according to Scheme 4 [10]: 

Scheme 4 

 
9a, b: R = MH2 (a), OH (b); 10a, b: R

1
 = Cl (a), NHNH2 (b). 
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2.2. Syntheses based on substituted pyrimidinyl-5-propanoic acids 

As follows from the above syntheses, in all the developed approaches as one of 

the initial synthons, 2-substituted benzimidazole necessarily appears and the 

substituents in the resulting compounds are limited to benzazoles, nitrile- and amino 

groups and aryl groups. 

Interestingly, the number of synthesized pyrimido[5',4':5,6]pyrido[1,2-

a]benzimidazole derivatives according to the indexes of Subject Index CAS and 

RZhChimia was only 28 compounds and their biological activity data was absent. 

The limitations of the described approaches are related to the fundamental 

impossibility to introduce into the molecules, in particular, methylene and methyl 

groups at different positions of the ring, aryl and sulfanyl groups into the pyrimidine 

fragment. Meanwhile, the presence of methylene and methyl groups in π-deficient 

heterocyclic systems can substantially increase the possibilities of obtaining new 

types of derivatives by condensation of these groups with aromatic aldehydes to 

produce heteroaromatic compounds with extended π-conjugation chains, as well as a 

sulfanyl group possessing wide functionality. 

In this regard, in recent years, a fundamentally new method for constructing the 

heterocyclic system under discussion has been developed based on readily available 

synthons 
_
 2-substituted pyrimidinyl-5-propanoic acids, allowing methylene, methyl 

and sulfanyl groups to be introduced into the molecule according to Scheme 5: 

Scheme 5 

 
11a-g: R, R

1
, R

2
 = Ph, Me, H (a), 4-МеC6H4, Me, H (b), Ph, Me, Me (c), Ph, OH, H 

(d), Ph, OH, Me (e), SH, Me, H (f), SH, Me, Me (g); 12a-e: R, R
1
, R

2
 = Ph, Me, H 

(a), 4-МеC6H4, Me, H (b), Ph, Me, Me (c), Ph, OH, H (d), Ph, OH, Me (e); 12f,g: R 

= H (f), Me (g). 
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It was found that the reaction of the corresponding 2-aryl-6-methyl(hydroxy)-

3,4-dihydro-4-oxopyrimidine-5-ylpropanoic and 2-methylpropanoic acids 11a-e 

with 1,2-diaminobenzene in polyphosphoric acid (PPA), of acids 11f, g 
_
 in a 

mixture of PPA-ZnCl2 proceeded by a cascade mechanism and led in a single step to 

a 4-methyl-, 4,6-dimethyl-4-hydroxy-6-methyl derivative of 2-aryl-5,6-dihydro-

benzo[4',5']imidazo[2',1': 6,1]pyrido[2,3-d]pyrimidines 12a-e and the corresponding 

thiols 12f,g, and two disulfides 13a,b. Disulfides are formed in the form of an 

impurity with a yield of about 15% directly as a result of condensation, and also in 

the oxidation of 2-thioxoderivatives 12f,g with air oxygen. Oxidative aromatization 

of 5,6-dihydropyrrolidene 12a with chloranyl was carried out to form a substituted 

benzo[4',5']imidazo[2',1': 6,1]pyrido[2,3d]pyrimidine 14 with a 16π electron circuit [ 

11-15]. 

The presence of the thiol group in the molecule substantially increased the 

possibilities of chemical transformation of the starting compounds 12f,g into new 

derivatives, as shown in Scheme 6: 

Scheme 6 

 
15a-d: R, Ar = H, 3-NO2-4-MeOC6H3 (a); H, 2-ClC6H4 (b); Me, 2-ClC6H4 (c); Me, 

4-FC6H4 (d); 18a-c: R = H (a), Me (b), Ph (c). 

 

Alkylation of thiols 12f,g with substituted benzyl chlorides produced S-benzyl 

derivatives 15a-d, by oxidation of H2O2 in an alkaline medium 
_
 2-hydroxy 

derivative 16. Chlorination of the latter yielded 2-chloro derivative 17, aminolysis of 

which synthesized 2-amino derivatives 18a-c. 

The spatial structure of the 2-chloro-4-methyl-5,6 dihydrobenzo[4',5']imidazo 

[2',1': 6,1]pyrido[2,3-d]pyrimidine (17) and that of its tetramer are shown in Fig. 1 

and 2 (the numbering of atoms is arbitrary). 
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Fig. 1. Structures of symmetrically nonequivalent molecules of compound 17 with ordered 
structure (a) and with disordered structure (b). Ellipsoids are depicted with 50% probability. 

. 

 
 

Fig. 2. A tetramer of the molecules of compound 17, formed by non-classical hydrogen bonds. 

 

X-ray diffraction analysis of the tetracycle 17 crystal showed that the phenyl, 

imidazole and pyrimidine rings had an almost flat conformation, the molecules 

forming a tetramer (Fig. 2) by binding non-classical hydrogen bonds (C14-H14B ... 

..N39 and C15H15B ... ..N3i). 

Based on the new method for the synthesis of benzo[4',5']imidazo[2',1': 6,1] 

pyrido[2,3-d]pyrimidine derivatives, an additional possibility of functionalization of 

the starting compounds by condensation of 4-methyl-, (RS)-4,6-dimethyl-2-phenyl-

5,6-dihydrobenzo[4',5']imidazo[2',1': 6,1]pyrido[2,3-d]pyrimi-dines 12a,c and 4-

methyl-5,6-dihydrobenzo[4',5']imidazo[2',1': 6,1]pyrido[2,3-d]pyrimidin-2-ol (16) 

with aromatic and heterocyclic aldehydes under various experimental conditions was 

realized, according to the following Scheme 7 [16]: 
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Scheme 7 

 
 

19a-g: R = Ph (a), 2-AcO-naphthalen-1-yl (b), 2,4-Cl2C6H3 (c), 4-MeOC6H4 (d), CH 

= CHC6H4 (e), thiophene-2-yl (f), 4-C6H5CH2OC6H4 (g); 20a, b: R = 4-NO2 (a), Cl 

(b). 21a-c: R, R
1
 = Ph, 4-NO2C6H4 (a), OH, 4-NO2C6H4 (b), OH, 4-ClC6H4 (d). 

 

It was shown that the reactive 4-methyl- and 6-methylene groups in the 

substituted 5,6-dihydro-benzo[4',5']imidazo[2',1':6,1]pyrido[2,3-d]pyrimidines 

reacted with aromatic aldehydes under various conditions: boiling in acetic 

anhydride to form 6-aryl (heteryl)methyl-4-methyl derivatives 19a-g, and by co-

heating in the presence of ZnCl2 
_
 4-substituted derivatives 20a,b and bis-derivatives 

21a-c. 

Thus, the available methods for the synthesis of substituted benzo[4',5'] 

imidazo[2',1',6,1]pyrido-[2,3-d]pyrimidines provide efficient preparation of a variety 

of heterocycle derivatives for subsequent biological and technical studies. 

 

3. Biological properties of benzo[4,5] imidazo[2',1':6,1]pyrido[2,3-

d]pyrimidines derivatives 

In the literature, only the antibacterial and antimonoaminoxidase properties of 

benzo[4′,5′]imidazo[2',1':6,1]pyrido[2,3-d]pyrimidine derivatives are described, 

exclusively in the works of domestic authors. 

Antibacterial properties of some derivatives of benzo[4′,5′]imidazo[2',1': 

6,1]pyrido[2,3-d]pyrimidi-nes have been studied for strains of gram-positive bacteria 

(Staphylococcus aureus 209p and S. aureus 1) and gram-negative rods (Shigella 

flexneri 6858, Escherichia coli 0-55) by the methods of "diffusion in agar" and 

"two-fold serial dilutions", the control drug is furazolidone. It has been shown that 

benzo[4′,5′]imidazo[2',1': 6,1]pyrido[2,3-d]pyrimidines 12b,i, 13a, 15a, 16 show 

weak antibacterial activity on all four strains, and the compounds 12a, 13b, 15b-d, 

19a-f, 20a,b, 21a,c are completely devoid of activity. 
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At the same time, as a result of the modification of completely inactive 

heterocycle 12a, the derivatives 12d, 14 were obtained, exhibiting moderate 

antimicrobial properties, somewhat higher for gram-positive bacteria [17]. 

The antimonoaminoxidase properties of compounds were studied by their effect 

on the deamination of serotonin (5-OT) by the brain monoamine oxidase (MAO) in 

vitro, the control 
_
 drug indopan. It has been found that tetracycles 19d, 20b, 21a 

show pronounced anti-MAO activity, inhibiting enzyme activity by 60-63%, while 

derivatives 12a, c, e, 19b are much weaker [18]. 
 

´ºÜ¼à[4’,5’]ÆØÆ¸²¼à[2’,1’:6,1]äÆðÆ¸à[2,3-d]äÆðÆØÆ¸ÆÜÜºðÆ 

êÆÜÂº¼ÜºðÀ ºì ÎºÜê²´²Ü²Î²Ü Ð²îÎàôÂÚàôÜÜºðÀ: 

Ð²ÎÆðÖ ²Øöàö²¶Æð 

². ². Ð²ðàôÂÚàôÜÚ²Ü 

¸Çï³ñÏí»É »Ý Ñ»ï»ñáóÇÏÉÇÏ Ñ³Ù³Ï³ñ·Ç՝ µ»Ý½á[4′,5′]ÇÙÇ¹³½á[2′,1′:6,1]åÇñÇ¹á-

[2,3-d]åÇñÇÙÇ¹ÇÝÇ ëÇÝÃ»½Ç Ñ³ÛïÝÇ Ù»Ãá¹Ý»ñ, ÑÇÙÝí³Í ï»Õ³Ï³Éí³Í µ»Ý½ÇÙÇ¹³½áÉÇ 

Ñ»ï»ñáóÇÏÉÙ³Ý ¨ ³ÛÉÁÝïñ³Ýù³ÛÇÝ Ùáï»óáõÙÝ»ñ ï»Õ³Ï³Éí³Í åÇñÇÙÇ¹ÇÝÇÉ-5-åñáå³-

Ý³ÃÃíÇ ÏÇñ³éÙ³Ý íñ³: òáõÛó ¿ ïñí»É, áñ Ùß³Ïí³Í ëÇÝÃ»ïÇÏ é³½Ù³í³ñáõÃÛáõÝÁ՝ 
ÑÇÙÝí³Í ï»Õ³Ï³Éí³Í åÇñÇÙÇ¹ÇÝÇÉ-5-åñáå³Ý³ÃÃíÇ Ñ»ï»ñáóÇÏÉÙ³Ý íñ³, Ñ³Ù³ñ-

íáõÙ ¿ Ñ³çáÕí³Í Éñ³óáõÙ Ý³ËÏÇÝáõÙ ÝÏ³ñ³·ñí³Í Ù»Ãá¹Ý»ñÇÝ, ù³ÝÇ áñ ÃáõÛÉ ¿ ï³-

ÉÇë ßñç³Ýó»É ¿³Ï³Ý ë³ÑÙ³Ý³÷³ÏáõÙÝ»ñÁ՝ Ï³åí³Í ï»Õ³Ï³Éí³Í µ»Ý½ÇÙÇ¹³½áÉÇ ÏÇ-

ñ³éÙ³Ý Ñ»ï, ¨ Ý»ñÙáõÍ»É ³ÙµáÕç³Ï³Ý Ñ»ï»ñáóÇÏÉÇÏ Ñ³Ù³Ï³ñ· ï³ñµ»ñ ïÇåÇ 

ýáõÝÏóÇáÝ³É ï»Õ³Ï³ÉÇãÝ»ñ՝ ï³ñµ»ñ ¹Çñù»ñáõÙ: ÀÝ¹Ñ³Ýñ³óí»É »Ý ëÇÝÃ»½í³Í ÙÇ³-

óáõÃÛáõÝÝ»ñÇ Ï»Ýë³µ³Ý³Ï³Ý Ñ³ïÏáõÃÛáõÝÝ»ñÇ í»ñ³µ»ñÛ³É ³éÏ³ ïíÛ³ÉÝ»ñÁ: 

 

СИНТЕЗЫ И БИОЛОГИЧЕСКИЕ СВОЙСТВА 

БЕНЗО[4′,5′]ИМИДАЗО[2′,1′: 6,1]ПИРИДО[2,3-d]ПИРИМИДИНОВ: 

МИНИ
_
ОБЗОР 

А. А. АРУТЮНЯН1,2 

1Российско-Армянский (Славянский) университет, Ереван 
2Научно-технологический центр органической и фармацевтической химии 

НАН Республики Aрмения 

Aрмения, Ереван, 0014, пр. Азатутян, 26 

Е-mail: harutyunyan.arthur@yahoo.com 

 

Рассмотрены известные методы синтеза производных гетероциклической 

системы бензо[4′,5′]имидазо[2′,1′:6,1]пиридо[2,3-d]пиримидина, основанные на 

реакциях гетероциклизации замещенных бензимидазолов и альтернативные подхо-

ды с использованием замещенных пиримидинил-5-пропановых кислот. Показано, 

что разработанная синтетическая стратегия, основанная на гетероциклизациях за-

мещенных пиримидинил-5-пропановых кислот, является удачным дополнением 

ранее описанных методов, поскольку позволяет обходить существенные ограниче-

ния, связанные с использованием замещенных бензимидазолов и вводить в целе-

вую гетероциклическую систему различные типы функциональных заместителей и 

по различным положениям кольца. Обобщены имеющиеся данные по биологиче-

ским свойствам синтезированных соединений. 
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THE PECULIARITIES OF THE INTERACTION OF A SERIES 

OF β,γ-UNSATURATED PHOSPHONIUM SALTS AND 

DEHYDROBROMINATION OF THE OBTAINED 

DIBROMO DERIVATIVES 

M. Zh. OVAKIMYAN, G. Ts. GASPARYAN, A. S. BICHAKHCHYAN,  

A. S. POGHOSYAN and L. V. DERDZYAN 

The Scientific Technological Centre 

of Organic and Pharmaceutical Chemistry of NAS RA 

26, Azatutyan Ave., Yerevan, 0014, Armenia 

E-mail: arpenikb@mail.ru 

By bromination of but-, 3-phenylprop-, hex- and cyclohex-2-enyltriphenylphosphonium 

bromides with molecular bromine in chloroform the corresponding 2,3-dibromo derivatives have been 

obtained. It is established that 2,3-dibromo-butyl- and 3-phenylpropyl-triphenylphosphonium 

bromides under the action of sodium carbonate are dehydrobrominated with participation of the 

hydrogen atom in a-position of the side chain forming the corresponding a,β-unsaturated 

phosphonium salts. As a result of the interaction of 2,3-dibromobutyltriphenylphosphonium bromide 

with triethylamine, 3-bromobut-2-enyltriphenylphosphonium bromide was unexpectedly obtained The 

formation of the latter apparently takes place due to the “reverse prototropic isomerization” of the 

initially formed 3-bromobut-1-enyltriphenylphosphonium bromide. 

References 8. 

 

Recently, we have found that prop-2-enyltributyl- and triphenylphosphonium 

bromides are easily brominated by the β,γ-double bond with molecular bromine in 

the cold (-3-5
o
С) in a chloroform solution with formation of the corresponding 

adducts with almost quantitative yields. It should also be noted that, according to X-

ray structural analysis, the triphenylphosphonium analogue is a mixture of R- and S-

conformers with a synclinic arrangement of bromine atoms [1]. 

In continuation of these studies we have synthesized but-2-enyl- (1) [2], 3-

phenylprop-2-enyl- (2) [3] and hex-2-enyltriphenylphosphonium (3) bromides, as 

well as a cyclic analog of allylphosphonium salt – cyclohex-2-

enyltriphenylphosphonium bromide (4) [4] in high yields by interaction of 

triphenylphosphine with the appropriate allyl halogenides. It should be noted that 



 

 
590 

phosphonium salt 1, according to the 
1
H and 

13
C NMR spectral data, is the mixture 

of two geometric isomers in the 67:33 ratio. 

Our investigations have shown that all of the above β,γ-unsaturated 

phosphonium salts 1-4 are easily brominated with the molecular bromine in the cold 

to form the corresponding 2,3-dibromo derivatives of phosphonium salts 5-8, 

respectively, in high yields. 

 

It should be noted that phosphonium salts 1 and 2 are also easily brominated 

under the action of h-irradiation in chloroform. In both cases, there is the formation 

of a mixture of diastereomers with signals in 
31

P NMR spectra at 23.70, 24.25 (5) 

and 23.69, 23.73 (6) ppm, respectively. From the obtained diastereomers mixture of 

phosphonium salt 6 by adding acetonitrile, we have succeeded in isolating one 

diastereomer in a pure form with a signal in 
31

P spectrum at 23.69 ppm. 

In our previous report [1], it was found that triphenyl-2,3-

dibromopropylphosphonium bromide under the action of sodium carbonate in 

chloroform undergoes dehydrobromination to form 3-bromoprop-1-

enyltriphenylphosphonium bromide in ~75% yield. The data obtained indicate that 

dehydrobromination proceeds with the participation of the most mobile α-hydrogen 

atom of the side radical. 

In this paper, it is shown that in a similar way, phosphonium salt 5 under the 

action of the fourfold amount of sodium carbonate in chloroform at room 

temperature is dehydrobrominated to form 3-bromobut-1-enyltriphenylphosphonium 

bromide (9) in 71% yield. 

When carrying out the same reaction using triethylamine as a 

dehydrobrominating agent, 3-bromobut-2-enyltriphenylphosphonium bromide (10) 

was unexpectedly isolated in 80% yield and identified. 
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In continuation of the studies, phosphonium salt 5 was involved in reactions 

with ethylene glycol and ethylenediamine in the presence of a fourfold excess of 

soda in order to realize the cyclization reaction in the side radical by means of 

double nucleophilic substitution of vicinal bromine atoms. However, as a result of 

the conducted reactions, only dehydrobromination products 9 and 10 were obtained. 

 

Comparing the obtained results on the behavior of phosphonium salt 5 in 

relation to the used dehydrobrominating agents, it can be assumed that in all cases at 

the first stage dehydrobromination of salt 5 with participation of the most mobile α-

hydrogen atom takes place. Then the formed α,β-unsaturated phosphonium salt 

under the action of nitrogenous bases - triethylamine and ethylenediamine is 

subjected to the reverse prototropic isomerization according to the following 

Scheme: 

 
By a specially set experiment it was actually established that 3-bromobut-1-

enyltriphenyl-phosphonium bromide (9) under the action of triethylamine underwent 

the reverse prototropic isomerization to form phosphonium salt 10. 

In the literature, there are examples of prototropic isomerization of β,γ-

unsaturated phosphonium salts to the α,β-unsaturated analogs [5-7], however, 

examples of the reverse isomerization are not known to us. 

Proceeding from the above-mentioned, it should be assumed that the action of 

different bases, in our case, soda or triethylamine on phosphonium salt 6 would 

make it possible to obtain phenyl analogues of salts 9 or 10, respectively. 

However, if, in the case of using soda as a dehydrobrominating agent, an 

analogue of salt 9 -3-bromo-3-phenylprop-1-enyltriphenylphosphonium bromide 

(11) was actually obtained, then in the case of triethylamine the reaction product was 

exclusively triphenylphosphine oxide, formed, most likely, according to the Scheme 

below: 
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In continuation of the research, we found that phosphonium salt 8 under the 

action of the excess of triethylamine in chloroform at room temperature was 

dehydrobrominated to form 3-bromocyclohex-1-enyltriphenylphosphonium 

bromide, which, according to 
31

P NMR, was a mixture of two geometric isomers in 

the 95:5 ratio. 

 

Experimental Section 

1
H, 

13
C and 

31
P spectra were recorded on a Varian Mercury in DMSO-d6:CCI4 

(1:3) at 300 MHz and 121 MHz, using TMS and 85% H3PO4 as an internal standard, 

respectively. 

2,3-Dibromоbutyltriphenylphosphonium bromide (5). 

1. Bromination of but-2-enyltriphenylphosphonium bromide (1). To a 

solution of 2 g (5 mmol) of phosphonium salt (1) in 20 ml of chloroform 0.8 g 

(5 mmol) of bromine was added at -3-5
o
С. Then the solvent was evaporated and the 

residue was washed with benzene, abs. ether and dried in vacuo, affording 2.8 g 

(100%) of phosphonium salt 5 with mp 195-196
o
С. Found, %: Br¯14.65. 

C22H23Br3P. Calcd.,%: Br¯ 14.37.
 1

H NMR, δ, ppm, Hz: 1.73 (d, СН3, J =7.0, 47%); 

1.85 (d, СН3, J =7.0, 53%); 4.2-4.96 (m, 4Н, CH2CHBr-CHBr); 7.7-8.05 (m, 15Н, 

Ph3P
+
). 

31
Р NMR, δ, ppm: 23.70 (47%) (s) and 24.25 (53%) (s). 

2. Bromination of but-2-enyltriphenylphosphonium bromide (1) under h-

irradiation. To a vigorously stirred solution of 1 g (2.5 mmol) of phosphonium salt 

1 in 15 ml of chloroform 0.4 g (2.5 mmol) of bromine was added during h-

irradiation. The reaction mixture was refluxed for 5 h, then the solvent was 

evaporated and the residue was washed with benzene, abs. ether and dried in vacuo, 

affording 1.4 g (100%) of phosphonium salt 5. 

2,3-Dibromо-3-phenylpropyltriphenylphosphonium bromide (6). 

1. The experiment was carried out similarly to the described above. 3 g 

(6.5 mmol) of 3-phenylprop-2-enyltriphenylphosphonium bromide (2) and 1 g 

(6.5 mmol) of bromine yielded 3.2 g (80%) of phosphonium salt 6 with mp 108-

109
o
С. Found, %: Br¯ 13.04. C27H24Br3P. Calcd., %: Br¯ 12.92.

 1
H NMR, δ, ppm, 

Hz: 4.2-5.39 (m, 3Н, CH2CHBr); 5.95 (d, 1H, CHBrPh, J =7.5, 38%), 6.35 (d, 1H, 
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CHBrPh, J =2.2, 62%); 7.19-7.39 (m, 5H, Ph, 62%); 7. 5-7.63 (m, 5H, Ph, 38%); 

7.69-8.02 (m, 15Н, Ph3P
+
). 

31
Р NMR, δ, ppm: 23.69 (38%) (s) and 23.73 (62%) (s). 

2. The experiment was carried out similarly to the described above. 0.8 g 

(1.7 mmol) of 3-phenyl-prop-2-enyltriphenylphosphonium bromide (2) and 0.28 g 

(1.7 mmol) of bromine under h-irradiation afforded 0.96 g (91.4%) of phosphonium 

salt 6. 

2,3-Dibromohexyl triphenylphosphonium bromide (7). The experiment was 

carried out similarly to the described above. 0.14 g (0.33 mmol) of hex-2-

enyltriphenylphosphonium bromide (3) and 0.053 g (0.33 mmol) of bromine yielded 

0.2 g (100%) of phosphonium salt 7 with mp 108-109
o
С. Found, %: Br¯ 13.35. 

C24H26Br3P. Calcd., %: Br¯ 13.68.
 1

H NMR, δ, ppm, Hz: 0.93 (t, 3H, J =6.9); 1.28-

1.99 (m, 4H, CH2CH2); 4.28-4.8 (m 4H, CH2CHBr-CHBr); 7.67-8.03 (m, 15Н, 

Ph3P
+
). 

31
Р NMR, δ, ppm: 23.80 (s). 

2,3-Dibromocyclohexyltriphenylphosphonium bromide (8). The experiment 

was carried out similarly to the described above. 3 g (7.1 mmol) of cyclohex-2-

enyltriphenylphosphonium bromide (4) and 1.1 g (7.1 mmol) of bromine yielded 3.3 

g (80.5%) of phosphonium salt 8 with mp 154-155
o
С. Found, %: Br¯ 13.35. 

C24H26Br3P. Calcd., %: Br¯ 13.68. 
1
H NMR, δ, ppm, Hz: 1.88-2.48 (m, 6H, 

cyclohexyl); 4.45-4.56 (m, 1H, CHBr-cyclohexyl.); 4.84-4.94 (m, 2H, Ph3P
+
-CH-

CHBr-cyclohexyl); 7.74-7.99 (m, 15Н, Ph3P
+
). 

13
С NMR, δ, p.p.m, Hz: 20.17 (d, Jpc 

=13.2); 22.79 (d, Jpc =2.5); 34.85 (d, Jpc =54.2); 49.43 (d, Jpc =3.1); 52.64 (d, Jpc 

=10.5); 115.78 (d, Jpc =84.7); 130.19 (d, Jpc =12.5); 134.05 (d, Jpc =9.7); 135.01 (d, 

Jpc =3.0). 
31

Р NMR, δ, ppm: 26.17 (s). 

3-Bromobut-1- enyltriphenylphosphonium bromide (9). To a solution of 0.5 

g (1 mmol) of phosphonium salt 5 in 10 ml of chloroform 0.38 g (3.6 mmol) of 

sodium carbonate was added at room temperature, and the reaction mixture was 

stirred for 12 h. The solvent was filtered and evaporated, then the residue was 

washed with benzene, abs. ether and dried in vacuo to afford 0.43 g (92.3%) of 

phosphonium salt 9 with mp 117-119
o
С. Found, %: Br¯17.05. C22H21Br2P. Calcd., 

%: Br¯ 16.81.
 1

H NMR, δ, ppm, Hz: 1.91 (d, 3H, J =7.0); 5.28-5.4 (m, 1H, -CHBr); 

6.7 (ddd, 1H, CH=CH, J1=20.2, J2=16.4, J3=8.4); 7.71-7.79 (16H, CH=CH, Ph3P
+
). 

13
С NMR, δ, ppm, Hz: 23.41 (s); 45.66 (d, Jpc =21.7); 109.53 (d, Jpc =83.4); 117.45 

(d, Jpc =90.4); 129.98 (d, Jpc =13.0); 133.64 (d, Jpc =10.8); 134.83 (d, Jpc =3.0); 

159.27 (d, Jpc =3.6). 
31

Р NMR, δ, ppm: 19.34 (s). 

3-Bromobut-2-enyltriphenylphosphonium bromide (10). To a solution of 0.5 

g (0.89 mmol) of phosphonium salt 5 in 10 ml of acetonitrile 0.18 g (1.78 mmol) of 

triethylamine was added at room temperature, and the reaction mixture was stirred 

for 18 h. The reaction mixture was then washed with water and dried over anhydrous 

magnesium sulfate. The solvent was evaporated, and the residue was washed with 

benzene, abs. ether and dried in a vacuum, affording 0.4 g (95.2%) of phosphonium 

salt 10 with mp 163-165
o
С. Found, %: Br¯17.13. C22H21Br2P. Calc., %: 16.81.

 1
H 

NMR, δ, ppm, Hz: 2.31 (dq, 3H, CH3, J1=6.4, J2=1.2); 4.65 (dd, 2H, CH2CH=, 

J1=15.9, J2=7.5); 5.89-5.98 (m, 1H, CH2CH=); 7.62-7.97 (m, 15 H, Ph3P
+
). 

31
Р 

NMR, δ, ppm: 22.07 (s). 



 

 
594 

Interaction of phosphopnium salt 5 with ethylene glycol. To a solution of 0.1 

g (1.4 mmol) of ethylene glycol in 10 ml of chloroform 0.6 g (5.6 mmol) of sodium 

carbonate was added at room temperature and stirred for 30 min. Then to the 

resulting solution 0.8 g (1.4 mmol) of phosphonium salt 5 was added dropwise, and 

the reaction mixture was stirred for 12 h at the same temperature. The solution was 

filtered, evaporated and the residue washed with benzene, abs. ether and dried in a 

vacuum to yield 0.55 g (82.1%) of phosphonium salt 9. 

Interaction of phosphopnium salt 5 with ethylenediamine. To a solution of 1 

g (1.8 mmol) of phosphonium salt 5 in 20 ml of chloroform 0.11 g (1.8 mmol) of 

ethylenediamine was added at room temperature and the reaction mixture was stirred 

for 3 h. Then to the reaction mixture 0.76 g (7.2 mmol) of sodium carbonate was 

added and stirred for 3 h at the same temperature. The solvent was filtered and 

evaporated and the residue washed with benzene, abs. ether and dried in vacuo to 

afford 0.66 g (76.7%) of phosphonium salt 10. 

Interaction of phosphopnium salt 9 with triethylamine. To a solution of 1 g 

(1.8 mmol) of phosphonium salt 9 in 15 ml of acetonitrile, 0.36 g (3.6 mmol) of 

triehtylamine was added at room temperature, and the reaction mixture was stirred 

for 6 h. The solvent was evaporated and the residue washed with abs. ether and dried 

in vacuo to afford 0.95 g (95%) of phosphonium salt 10. 

3-Bromo-3-phenylprop-1-enyltriphenylphosphonium bromide (11). To a 

solution of 2 g (3.2 mmol) of phosphonium salt 6 in 25 ml of chloroform, 1.02 g 

(9.7 mmol) of sodium carbonate was added at room temperature and the reaction 

mixture was stirred for 18 h. The solution was filtered, evaporated and the residue 

washed with benzene, abs. ether and dried in vacuo. By fractional recrystallization 

of the residue, 0.88g (52%) of phosphonium salt 11 was obtained. Found, %: 

Br¯14.49 C27H23Br2P. Br¯ 14.87.
 1

H NMR, δ, ppm, Hz: 6.55 (d, 1H, J=8.6, CHBr); 

7.02 (ddd, 1H, J1=20.3, J2=16.3, J3=8.5, CH=CH,); 7.44-7.62 (m, 6H, 

CH=CHC6H5); 7.7-8.0 (m, 15H, Ph3P
+
). 

31
Р NMR, δ, ppm: 19.0 (s). 

Interaction of phosphopnium salt 6 with triethylamine. To a solution of 1 g 

(1.6 mmol) of phosphonium salt 6 in 15 ml of chloroform 0.4 g (4 mmol) of 

triehtylamine was added at room temperature and the reaction mixture was stirred 

for 3.5 h. The latter was then washed with water and dried over anhydrous 

magnesium sulfate. The solvent was evaporated and the residue washed with abs. 

ether and dried in vacuo to afford 0.38 g (86.4%) of triphenylphosphinoxide with mp 

155-156
o
С. 

3-Bromocyclohex-1-enyltriphenylphosphonium bromide (12). The 

experiment was carried out similarly to the described above. 0.5 g (0.86 mmol) of 

2,3-dibromocyclohexylptriphenylphosphonium bromide (8) and 0.13 g (1.3 mmol) 

of triethylamine in 15 ml of chloroform yielded 0.4 g (93%) of phosphonium salt 12 

with mp 146-148
o
С. Found, %: Br¯14.02. C24H24Br2P. Calcd.,%: 13.72.

 1
H NMR, δ, 

ppm, Hz: 1.91-2.53 (m, 6H, CH2-cyclohexyl); 5.08-5.14 (m, 1H, -CHBr-

cyclohexyl); 6.59-6.72 (m, 1H, =CH-cyclohexyl); 7.7-7.99 (m, 15H, Ph3P
+
). 

31
Р 

NMR, δ, ppm: 23.85 (95%) (s) and 23.19 (5%) (s). 
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ØÆ Þ²ðø β,γ-âÐ²¶ºò²Ì üàêüàÜÆàôØ²ÚÆÜ ²ÔºðÆ ØàÈºÎàôÈÚ²ð 

´ðàØàì ´ðàØ²òØ²Ü ºì êî²òì²Ì ¸Æ´ðàØ²Ì²ÜòÚ²ÈÜºðÆ 

¸ºÐÆ¸ðà´ðàØ²òØ²Ü èº²ÎòÆ²ÜºðÆ 

²è²ÜÒÜ²Ð²îÎàôÂÚàôÜÜºðÀ 

Ø. Ä. Ðàì²ÎÆØÚ²Ü, ¶. Ì. ¶²êä²ðÚ²Ü, ². ê. ´Æâ²ÊâÚ²Ü & È. ì. ¸ºðÒÚ²Ü 

´áõï-, 3-ý»ÝÇÉåñáå-, Ñ»ùë- ¨ óÇÏÉáÑ»ùë-2-»ÝÇÉýáëýáÝÇáõÙ³ÛÇÝ µñáÙÇ¹Ý»ñÇ µñá-

Ù³óÙ³Ùµ ÙáÉ»ÏáõÉÛ³ñ µñáÙáí, ùÉáñáýáñÙÇ Ù»ç ëï³óí»É »Ý Ñ³Ù³å³ï³ëË³Ý 2,3-¹Ç-

µñáÙ³Í³ÝóÛ³ÉÝ»ñ: òáõÛó ¿ ïñí»É, áñ 2,3-¹ÇµñáÙµáõïÇÉ- ¨ -3-ý»ÝÇÉåñáåÇÉ-ïñÇý»ÝÇÉ-

ýáëýáÝÇáõÙ³ÛÇÝ µñáÙÇ¹Ý»ñÁ a-çñ³ÍÝÇ ³ïáÙÇ Ñ³ßíÇÝ Ý³ïñÇáõÙÇ Ï³ñµáÝ³ïÇ ³½¹»-

óáõÃÛ³Ùµ ¹»ÑÇ¹ñáµñáÙ³ÝáõÙ »Ý, ³é³ç³óÝ»Éáí Ñ³Ù³å³ï³ëË³Ý a,β-ãÑ³·»ó³Í ýáë-

ýáÝÇáõÙ³ÛÇÝ ³Õ»ñ: 2,3-¹ÇµñáÙµáõïÇÉïñÇý»ÝÇÉýáëýáÝÇáõÙ³ÛÇÝ µñáÙÇ¹Ç ¨ ïñÇ-

¿ÃÇÉ³ÙÇÝÇ ÷áË³½¹»óáõÃÛ³Ý ³ñ¹ÛáõÝùáõÙ ³Ýëå³ë»ÉÇáñ»Ý ëï³óí»É ¿ 3-µñáÙµáõï-2-

»ÝÇÉïñÇý»ÝÇÉýáëýáÝÇáõÙ³ÛÇÝ µñáÙÇ¹: ì»ñçÇÝÇë ³é³ç³óáõÙÁ, ³Ù»Ý³ÛÝ Ñ³í³Ý³Ï³-

ÝáõÃÛ³Ùµ, ï»ÕÇ ¿ áõÝ»ÝáõÙ ëÏ½µÝ³Ï³Ý ÷áõÉáõÙ ëï³óí³Í 3-µñáÙµáõï-1-»ÝÇÉïñÇý»-

ÝÇÉýáëýáÝÇáõÙ³ÛÇÝ µñáÙÇ¹Ç« Ñ»ï³¹³ñÓ åñáïáïñáå Ç½áÙ»ñÇ½³óÇ³ÛÇ» ³ñ¹ÛáõÝùáõÙ: 

 

ОСОБЕННОСТИ РЕАГИРОВАНИЯ РЯДА β,γ-НЕПРЕДЕЛЬНЫХ 

ФОСФОНИЕВЫХ СОЛЕЙ С МОЛЕКУЛЯРНЫМ БРОМОМ 

И ДЕГИДРОБРОМИРОВАНИЕ ПОЛУЧЕННЫХ ДИБРОМПРОИЗВОДНЫХ 

М. Ж. ОВАКИМЯН, Г. Ц. ГАСПАРЯН, А. С. БИЧАХЧЯН, 

А. С.ПОГОСЯН и Л. В. ДЕРДЗЯН 

Бромированием бут-, 3-фенилпроп-, гекс- и циклогекс-2-енилтрифенилфосфо-

ний бромидов молекулярным бромом в хлороформе получены соответствующие 

2,3-дибромпроизводные. Установлено, что 2,3-дибромбутил- и -3-фенилпропил-

трифенилфосфоний бромиды под действием карбоната натрия дегидробромируют-

ся с участием a-водородного атома боковой цепи, образуя соответствующие a,β-

ненасыщенные фосфониевые соли. В результате же взаимодействия 2,3-дибром-

бутилтрифенилфосфоний бромида с триэтиламином неожиданным образом по-

лучен 3-бромбут-2-енилтрифенилфосфоний бромид. Образование последнего, по-

видимому, имеет место в результате “обратной прототропной изомеризации” пер-

воначально образовавшегося 3-бромбут-1-енилтрифенилфосфоний бромида. 
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SYNTHESIS AND ANTITUMOR PROPERTIES 

OF 3-(2,2-DIMETHYLTETRAHYDRO-2H-PYRAN-4-

YL)SPIRO[BENZO[h]QUINAZOLINE-5,1'-CYCLOHEPTAN]-4(6H)-ONES 

A. I. MARKOSYAN, Kh. S. HAKOPYAN, A. S. AYVAZYAN, S. S. MAMYAN,  

A. G. AYVAZYAN, R. A. TAMAZYAN, F. H. ARSENYAN and J. A. AVAKIMYAN 

The Scientific and Technological Center 

of Organic and Pharmaceutical Chemistry of NAS RA 

26, Azatutyan Ave., Yerevan, 0014, Armenia  

E-mail: ashot@markosyan.am 

Regioselective addition of benzylmagnesium chloride to ethyl 2-cyano-2-cycloheptylidene-

acetate yielded 2-(1-benzylcycloheptyl)-2-cyanoacetate, cyclization of which was used to synthesize 

ethyl-4'-amino-1'H-spiro[cycloheptane-1,2'-naphthalene]-3'-carboxylate (aminoester). By reacting the 

amino ester with 4-isothiocyanato-2,2-dimethyltetrahydro-2H-pyran the corresponding thioreido 

derivative was obtained, which without isolation from the reaction medium, was subjected to 

cyclization, leading to the synthesis of 3-(2,2-dimethyltetrahydro-2H-pyran-4-yl)-2-thioxo-2,3-dihydro-

1H-spiro[benzo[h]-quinazoline-5,1'-cycloheptan]-4(6H)-one. In the presence of bases, thioxoderi-

vative reacted with halides, leading to the formation of 2-sulfanyl-substituted 3-(2,2-dimethyl-

tetrahydro-2H-pyran-4-yl)-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-ones. The antitumor 

and antibacterial activity of synthesized compounds was studed. 

Figs. 2, tables 2, references 18. 

 

Benzo[h]quinazoline compounds have antimicrobial [1-3], antitumor [4,5], 

antidepressant [6], serotonin antagonist [7], antiphlogistic [8], antiviral [9], 

antitubercular [10] properties. Our previous work on the synthesis of spirocondensed 

benzo[h]quinazolines, containing cyclopentane cyclohexane or cycloheptan rings at 

C5 position, has shown that they possess antimonoaminoxidaze, antitumor, 

anticonvulsant properties [11-15]. There is a report on the synthesis of 

benzo[h]quinazolines containing tetrahydropyranic substituents in the 3rd position 

that act directly on muscarinic M1 receptors and can be used in the treatment of 

schizophrenia, sleep disorders and Alzheimer's disease [16]. of schizophrenia and 

sleep disorders 

We set ourselves the goal of developing methods for the synthesis of 3-(2,2-

dimethyltetrahydro-2H-pyran-4-yl)-2-thioxo-2,3-dihydro-1H-

spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one, which will make it possible 

mailto:ashot@markosyan.am
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to obtain the corresponding 2-sulfanyl-substituted derivatives and to study some of 

the biological properties of the synthesized compounds. To carry out the planned 

work, it was necessary to develop a method for the synthesis of the corresponding β-

aminoester of the dihydronaphthalene series and a method for the synthesis of the 

isothiocyanate of the tetrahydropyran series. 

Ethyl 2-cyano-2-cycloheptylideneacetate (1) was put into reaction with 

benzylmagnesium chloride and, as a result of regioselective addition, ethyl 2-(1-

benzylcycloheptyl)-2-cyanoacetate (2) was obtained. The latter was cyclized in the 

presence of sulfuric acid leading to ethyl 4'-amino-1'H-spiro[cycloheptane-1,2'-

naphthalene]-3'-carboxylate (3) (aminoester 3). 

CN

COOEt

NH
2

COOEt

EtOOC

CN

C
6
H

5
CH

2
MgCl

1
2

3  
In the IR spectrum of compound 3 there is characteristic absorption of the 

aromatic ring, C=C double bond and aminogroup in the regions of 1600, 1632 and 

3305 cm
-1

. However, there is no absorption in the spectrum, characteristic of the 

ester group at 1700-1750 cm
-1

. An explanation of this phenomenon is given by the 

X-ray structural analysis, according to which the molecules of compound 3 contain 

both intramolecular and intermolecular hydrogen bonds. All diffraction 

measurements were carried out at room temperature on an Enraf-Nonius Cad-4 

automated diffractometer (graphite monochromator, Mo-Kα radiation, θ/2θ-scan). 

The monoclinic unit cell parameters were measured and refined using the diffraction 

angles of 24 reflections (14<θ<16). The structure was determined by direct method 

and refined using the software package SHELXTL [17]. All non-hydrogen atoms 

were refined anisotropically by full-matrix least squares method. The coordinates of 

all hydrogen atoms were determined from difference Fourier map and refined freely. 

Crystallographic and experimental data are listed in Table 1. The full 

crystallographic data in CIF format available free of charge via internet at: 

http://www.ccdc.cam.ac.uk/products/csd/request/, deposition number: CCDC 

1860664. 

http://www.ccdc.cam.ac.uk/products/csd/request/
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Table 1 

Crystallographic and experimental data 

Crystal Data 

Formula C19H25NO2 

Formula Weight 299.40 

Crystal System monoclinic 

Space group P21/n 

a, b, c [Å] 15.060(3), 7.3505(15), 16.331(3) 

α, β, γ [deg.] 90, 114.79(3), 90 

V [Å
3
] 1641.2(7) 

Z 4 

D(calc) [g/cm
3
] 1.212 

μ(MoKα) [ mm
-1

 ], Tmin, Tmax 0.078 

F(000) 648 

Crystal Size [mm] 0.42×0.36×0.30 

Data Collection 

Temperature (K) 293 

Radiation [Å] MoKα 0.71073 

θmin, θmax [Deg] 1.5, 30.0 

Dataset 0≤հ ≤21; 0≤k≤10; -22≤l≤22 

Tot., Uniq. Data, R(int) 4937, 4772, 0.058 

Observed data [I > 2.0 σ(I)] 2819 

Refinement 

Nref, Npar 4772, 299 

R, wR2, S 0.0656, 0.2271, 1.03 

 

The atomic structure of the molecule is shown in Fig. 1. The conformational 

analysis of cyclic fragments has shown that the atoms of phenyl ring are in the plane 

(maximum deviation does not exceed 0.0070 (2) Å), the cyclohexene ring has a half-

chair conformation, the C7, C9, C15 and C17 atoms are in the plane while C6 and 

the C16 atoms are deviated from the plane accordingly -0.4743 (2) Å and -0.9142 

(2) Å, the cycloheptanone ring has twist-boat conformation C17, C18, C20 and C21 

atoms are in the plane, and C16, C19 and C22 atoms are shifted from the plane on 

1.0679(2)Å Å, -0.6535 (2) Å and 1.1495 (2) Å, respectively. There is an 

intramolecular hydrogen bond between the N8-H8A ...... O5 atoms, the donor-

acceptor distance is 2.572 (4) Å (Fig.1). Considering the 3D packing of molecules in 

the crystal structure, it has been found that there is also an intermolecular hydrogen 

bond between the N8-H8B ...... O5
i
 atoms, the donor-acceptor distance is 2.959 (3) 

Å (Fig. 2). By contacting the molecules, this hydrogen bond generates an infinite 

chain parallel to the [0 1 0] crystallographic direction (Fig. 2), and the interaction 

between the chains may be mainly described by the Van der Waals forces. 



 

 
599 

 

Fig 1. Atomic structure of the molecule C19H25NO2, the ellipsoids of thermal vibrations are 

drawn on 50% probability level. The intramolecular hydrogen bond is shown by dashed line, for 
the simplicity of the Figure, the hydrogen atoms not involved in bonding are not drawn. 

 

 

Fig. 2. The infinite chain formed by molecules C19H25NO2 via hydrogen bonds, shown by 

dashed lines. 

 

Based on 2,2-dimethyltetrahydro-2H-pyran-4-amine (4), a method for the 

synthesis of 4-isothiocyanato-2,2-dimethyltetrahydro-2H-pyran (5) has been 

developed. By reacting the aminoester 3 with isothiocyanate 5 corresponding 

thioreido derivative 6 was obtained, which, without isolation from the reaction 

medium, was subjected to cyclization, leading to the synthesis of 3-(2,2-

dimethyltetrahydro-2H-pyran-4-yl)-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quina-

zoline-5,1'-cyclo-heptan]-4(6H)-one (7). The latter in the presence of potassium 

hydroxide reacted with halides of various structures resulting in 2-sulfanyl-
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substituted 3-(2,2-dimethyltetrahydro-2H-pyran-4-yl)-3H-spiro[benzo[h]quina-

zoline-5,1'-cycloheptan]-4(6H)-ones (8-16). 

O NH
2 O NCS

N
H

S

O O

N

O O

S
R

N
H

COOEt

O

N
H

O

 

4
5

3

8-17

KOH, R-Hal
1. KOH; 2.HCl

6

7

 
R=CH3 (8), C2H5 (9), C3H7 (10), i-C3H7 (11), CH2CH2CH(CH3)2 (12), CH2CH=CH2 

(13), CH2C(CH)3=CH2 (14),CH2C6H5 (15), 2-CH3C6H4CH2 (16) 

The antitumor properties of compounds on sarcoma 180 model were studied 

[6]. In chemotherapeutic experiments compounds 7, 9, 11 showed average 

therapeutic action against sarcoma 180 (inhibition of tumor growth by 40-56%). 

Weak activity showed compounds 8, 12, 15, 16, which in a dose of 155-170 mg/kg 

inhibited the growth of sarcoma 180 in the range of 32-38%. Compounds 13 and 14 

did not exhibit extreme antitumor activity. 

The antibacterial activity of synthesized compounds was studied according to 

the method of diffusion in agar at microbial loading of 20 million Microbial cells per 

1 mL of media. Gram-positivе cocci (Staph. aureus 209P, and 1 and gram-negative 

bacteria (Sh. dysenteriae 6858, and E. coli O55) were used as the test-objects and 

Furazolidone was used as a control (Table 2). 

Table 2 

The antibacterial activity of synthesized compounds 

Comp. №  

Zone of microbial absence (d, mm) 

 Staphylococcus 

aureus 
Sh. Flexneri 

6858 

E.coli 

0-55 
209р 1 

8 0 0 10 0 

9 10 10 10 10 

10 11 10 10 10 

11 10 10 10 10 

12 10 10 11 15 

13 10 10 13 11 

Furazolidone 25 24 24 24,5 
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Experimental Section 

The IR spectra were recorded on a Thermo Nicolet Nexus FT-IR spectrometer 

from samples dispersed in mineral oil. The 
1
H and 

13
C NMR spectra were recorded 

on a Varian Mercury-300 instrument from solutions in DMSO-d6–CCl4 (1 : 3); the 

chemical shifts were measured relative to tetramethylsilane or hexamethyldisiloxane 

as internal standard. Silufol plates were used for analytical TLC; spots were 

visualized by treatment with iodine vapor. 

Ethyl 2-(1-benzylcycloheptyl)-2-cyanoacetate (2). The solution of 41.4 g 

(0.2 mol) of ethyl-2-cyano-2-cycloheptylideneacetate (1) in 100 ml of absolute ether 

was added dropwise to the ethereal solution of the Grignard reagent, which had been 

obtained from 7.6 g (0.3 mol) of magnesium shavings and 38 g (0.3 mol) of 

benzylchloride in 500 ml of absolute diethyl ether. The reaction mixture was mixed 

at room temperature for 5 h, then 125 ml of 18% HCl was added while maintaining 

the temperature at 18-22
о
С and mixed at room temperature until the complex was 

decomposed completely. The organic layer was separated, washed with water and 

dried with sodium sulfate. After distilling off the solvent, the residue was distilled in 

vacuo. Yield 50.2 g (83%) of 2, bp 205–206°C/5 mm, Rf 0.44 (benzene–hexane, 

5:2). IR spectrum, ν, cm
–1

: 1580, 1602 (C=C arom); 1731 (C=Օ); 2241 (CN). 
1
H 

NMR spectrum, δ, ppm: 1.32 (t, 3H, J=7.12, O-CH2-CH3), 1.35-1.56 (m, 8Н, 

cycloheptane), 1.60-1.75 (m, 3Н, cycloheptane), 1.85-1.96 (m, 1Н, cycloheptane), 

2.75 (d, 1H, J=13.57, CHa-Ph), 2.87 (d, 1H, J=13.57, CHb-Ph), 3.42 (s, 1H, СН-

C≡N), 4.21 (q, 2H, J=7.12, O-CH2-CH3), 7.18-7.31 (m, 5H, Ph).
 13

C NMR spectrum, 

δC, ppm: 13.49 (O-CH2-CH3), 22.38 (СН2 cycloheptane), 22.43 (СН2 cycloheptane), 

29.94 (СН2 cycloheptane), 29.96 (СН2 cycloheptane), 35.04 (СН2 cycloheptane), 

35.28 (СН2 cycloheptane), 43.81 (С cycloheptane), 43.88 (CH2-Ph), 45.84 (СН-

C≡N), 61.44 (O-CH2-CH3), 115.54 (С≡N), 126.18 (CH Ar), 127.57 (2×CH Ar), 

130.08 (2×CH Ar), 135.88 (C Ar), 164.79 (C=O). Found, %: C 76.11; H 8.59; N 

4.53.C19H25NO2. Calculated, %: C 76.22; H 8.42; N 4.68. 

Ethyl 4'-amino-1'H-spiro[cycloheptane-1,2'-naphthalene]-3'-carboxylate 

(3). 30.2 g (0.1 mol) of ethyl 2-(1-benzylcycloheptyl)-2-cyanoacetate (2) was 

inserted into the reaction flask and 60 ml of concentrated sulfuric acid was added by 

mixing at 5-10 
o
С. The mixing at this temperature lasted for 7 h, then it was 

neutralized by NH4OH and extracted by ether. The extract was washed with water 

and dried with MgSO4. Then the solvent was removed and the residue was 

recrystallized from 80% ethanol. Yield 19.3 g (64 %) of 3, mp 57-58
o
С. Rf 0.67 

(ethylacetate–benzene, 1։1). IR spectrum, ν, cm
–1

: 1600 (C=C arom); 1632 (C=C); 

3305.8 (NH2). 
1
H NMR spectrum, δ, ppm. 1.25-1.68 (m, 10Н, cycloheptane), 1.33 

(t, 3H, J=7.14, O-CH2-CH3), 2.03-2.16 (m, 2Н, cycloheptane), 2.74 (s, 2H, С1'Н2), 

4.18 (q, 2H, J=7.14, O-CH2-CH3), 6.94 (br.s, 2H, NH2), 7.08-7.16 (m, 1H, CH Ar), 

7.18-7.27 (m, 2H, 2×CH Ar), 7.52-7.60 (m, 1H, CH Ar). 
13

C NMR spectrum, δC, 

ppm: 14.15 (O-CH2-CH3), 24.20 (2×СН2, cycloheptane), 29.26 (2×СН2, 

cycloheptane), 37.20 (2×СН2, cycloheptane), 39.00 (С, cycloheptane), 41.40 
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(С1'Н2), 57.77 (O-CH2-CH3), 104.14 (С3'), 122.49 (CH Ar), 125.69 (CH Ar), 

127.07 (CH Ar), 128.46 (CH Ar),130.72 (C Ar), 136.39 (C Ar), 149.74 (С4'), 169.50 

(C=O). Found, %: C 76.11; H 8.59; N 4.53. C19H25NO2. Calculated, %: C 76.22; H 

8.42; N 4.68. 

4-Isothiocyanato-2,2-dimethyltetrahydro-2H-pyran (5). A mixture of 12.9 g 

(0.1 mol) of 2,2-dimethyltetrahydro-2H-pyran-4-amine, 10.1 g (0.1 mol) of Rt3N and 

100 ml of CHCl3 was placed into the reaction flask. At 10-15 °C, were added 7.6 g 

(0.1 mol) of CS2, then successively 10.1 g (0.1 mol) of Rt3N and 7.85 g (0.1 mol) of 

acetyl chloride. The reaction mixture was stirred at room temperature for 5 h, 

washed with water and dried with Na2SO4. After distilling off the solvent, the 

residue was distilled in vacuo.Yield 10.0 g (58%) of 5, bp 105–106 °C/5mm. IR 

spectrum, ν, cm
–1

: 1194 (C-O-C); 2094 (N=C=S). 
1
H NMR spectrum, δ, ppm: 1.17 

(s, 3H, C2-(CH3)a), 1.21 (s, 3H, C2-(CH3)b), 1.50-1.72 (m, 2H, C3Ha, C5Ha), 1.91-

2.04 (m, 2H, C3Hb, C5Hb), 3.56 (ddd, 1H, J=2.61, 11.27, 12.37, C6Ha), 3.70 (ddd, 

1H, J=2.87, 5.01, 12.37, C6Hb), 4.05 (tt, 1H, J=4.22, 10.83, C4H).  
13

C NMR spectrum, δC, ppm: 22.37 (C2-(CH3)a), 29.89 (C2-(CH3)b), 32.94 (C5Н2), 

42.88 (C3Н2), 50.42 (C4H), 58.34 (C6Н2), 70.87 (C2), 130.86 (N=C=S). Found, %: 

56.23; H 7.45; N 8.08; S 18.57. C8H13NOS. Calculated, %: C 56.11; H 7.65; N 8.18; 

S 18.72. 

3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-thioxo-2,3-dihydro-1H-

spiro[benzo[h]- quinazoline-5,1'-cycloheptan]-4(6H)-one (7). A mixture of 15.0 g 

(0.05 mol) of ethyl 4'-amino-1'H-spiro[cycloheptane-1,2'-naphthalene]-3' 

carboxylate (3), 100 ml of ethanol, 8.51g (0.05 mol) of 4-isothiocyanato-2,2-

dimethyltetrahydro-2H-pyran was placed into a 250 ml round-bottomed flask. The 

reaction mixture was refluxed for 20 h, a solution of 5.6 g (0.1 mol) of KOH in 50 

ml of H2O was added and the mixture was boiled for an additional 3 h. After 

cooling, the mixture was acidified with a solution of 10% hydrochloric acid. The 

precipitated crystals were filtered, washed with water, hexane, and recrystallized 

from ethanol. Yield 13.0 g (61%) of 7, mp 238-239
o
С, Rf 0.60 (ethylacetate-

benzene–hexane, 1։5։5). IR spectrum, ν, cm
–1

: 1615 (C=C arom); 1673 (C=Օ); 

3169 (NH).
 1

H NMR spectrum, δ, ppm: 1.23 (s, 3H, C2'-(CH3)a), 1.23-1.32 (m, 2Н, 

СН2, cycloheptane), 1.32 (с, 3H, C2'-(CH3)b), 1.40-1.86 (m, 10Н, 5×СН2, 

cycloheptane), 2.14-2.32 (m, 2H, C3'Ha, C5'Ha), 2.51-2.60 (m, 1H, C3'Hb), 2.67-

2.84 (m, 1H, C5'Hb), 2.84 (s, 2H, C6H2), 3.63-3.81 (m, 2H, C6'H2), 6.05-6.18 (m, 

1H, C4'H), 7.17-7.40 (m, 3H, 3×CH Ar), 7.90-7.96 (m, 1H, CH Ar), 11.88 (br, 1H, 

NH). 
13

C NMR spectrum, δC, ppm: 21.51 (C2'-(CH3)a), 23.71 (СН2, cycloheptane), 

23.77 (СН2, cycloheptane), 27.29 (C5'Н2), 29.20 (СН2, cycloheptane), 29.30 (СН2, 

cycloheptane), 31.26 (C2'-(CH3)b), 34.95 (СН2, cycloheptane), 35.45 (СН2, 

cycloheptane), 37.16 (C3'Н2), 39.56 (C5), 40.11 (C6H2), 55.58 (C4'H), 60.55 

(C6'H2), 72.05 (C2'), 120.61 (C4a), 124.46 (CH Ar), 125.17 (C Ar), 126.04 (CH Ar), 

127.63 (CH Ar), 130.35 (CH Ar), 136.38 (C Ar), 141.77 (C10b), 159.75 (C=O), 

176.26 (C=S). Found, %: C 70.88; H 7.75; N 6.78; S 7.44. C25H32N2O2S. 

Calculated, %: C 70.72; H 7.60; N 6.60; S 7.55. 
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2-Alkylthio-3-(2,2-dimethyltetrahydro-2H-pyran-4-yl)-3H-

spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-ones (8-16) (General 

method). A mixture of 2.12 g (0.005 mol) of 7, 0.4 g (0.007 mol) of KOH and 30 ml 

of absolute ethanol was placed into a single-necked round-bottomed flask and boiled 

for 30 min. Then 0.07 mol of halogenide was added and boiling was continued for 

12 h. The reaction mixture was cooled and 20 ml of water was added. The 

precipitate was filtered off and recrystallized from ethanol. 

3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-(methylthio)-3H-

spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (8), (R=CH3): Yield 1.85 

g (84%), mp 197-198
o
C, Rf 0.62 (ethylacetate-benzene–hexane, 1:5:7): IR spectrum, 

ν, cm
–1

. 1600 (C=C arom); 1666 (C=Օ). 
1
H NMR spectrum, δ, ppm. 1.26 (s, 3H, 

C2'-(CH3)a), 1.30 (с, 3H, C2'-(CH3)b), 1.31-1.41 (m, 2Н, СН2, cycloheptane), 1.45-

1.87 (m, 10Н, 5×СН2, cycloheptane), 2.18-2.40 (m, 2H, C3'Ha, C5'Ha), 2.67 (s, 3H, 

S-CH3), 2.68-2.79 (m, 1H, C3'Hb), 2.86 (s, 2H, C6H2), 2.87-3.02 (m, 1H, C5'Hb), 

3.60-3.73 (m, 1H, C6'Ha), 3.76-3.85 (m, 1H, C6'Hb), 4.44-4.66 (m, 1H, C4'H), 7.12-

7.17 (m, 1H, CH Ar), 7.20-7.32 (m, 2H, 2×CH Ar), 7.98-8.04 (m, 1H, CH Ar). 
13

C 

NMR spectrum, δC, ppm:14.82 (S-CH3), 21.23 (C2'-(CH3)a), 23.78 (СН2, 

cycloheptane), 23.86 (СН2, cycloheptane), 27.57 (C5'Н2), 29.38 (СН2, 

cycloheptane), 29.49 (СН2, cycloheptane), 31.06 (C2'-(CH3)b), 35.24 (СН2, 

cycloheptane), 35.75 (СН2, cycloheptane), 37.56 (C3'Н2), 39.79 (C5), 40.03 (C6H2), 

54.82 (C4'H), 60.26 (C6'H2), 71.73 (C2'), 124.08 (C Ar), 124.59 (CH Ar), 125.89 

(CH Ar), 127.19 (CH Ar), 129.46 (CH Ar), 131.88 (C4a), 136.22 (C Ar), 149.77 

(C10b), 157.92 (C2), 161.07 (C=O). Found, %: C 71.33; H 7.96; N 6.23; S 7.15. 

C26H34N2O2S. Calculated, %: C 71.19; H 7.81; N 6.39; S 7.31. 

3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-(ethylthio)-3H-

spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (9), (R=C2H5):Yield 1.8 

g (79%), mp 164–165
o
C, Rf=0.63 (ethylacetate-benzene–hexane, 1:5:7):IR 

spectrum, ν, cm
–1

. 1603 (C=C arom); 1661 (C=Օ). 
1
H NMR spectrum, δ, ppm: 1.26 

(s, 3H, C2'-(CH3)a), 1.30 (s, 3H, C2'-(CH3)b), 1.31-1.42 (m, 2Н, СН2, cycloheptane), 

1.45-1.88 (m, 10Н, 5×СН2, cycloheptane), 1.49 (t, 3H, J=7.34, S-CH2-CH3), 2.18-

2.40 (m, 2H, C3'Ha, C5'Ha), 2.68-2.80 (m, 1H, C3'Hb), 2.86 (s, 2H, C6H2), 2.87-3.02 

(m, 1H, C5'Hb), 3.29 (q, 2H, J=7.34, S-CH2-CH3), 3.61-3.74 (m, 1H, C6'Ha), 3.76-

3.85 (m, 1H, C6'Hb), 4.45-4.65 (m, 1H, C4'H), 7.12-7.17 (m, 1H, CH Ar), 7.20-7.32 

(m, 2H, 2×CH Ar), 7.93-7.98 (m, 1H, CH Ar). 
13

C NMR spectrum, δC, ppm: 13.56 

(S-CH2-CH3), 21.25 (C2'-(CH3)a), 23.77 (СН2, cycloheptane), 23.86 (СН2, 

cycloheptane), 26.25 (S-CH2-CH3), 27.53 (C5'Н2), 29.38 (СН2, cycloheptane), 29.49 

(СН2, cycloheptane), 31.06 (C2'-(CH3)b), 35.26 (СН2, cycloheptane), 35.76 (СН2, 

cycloheptane), 37.53 (C3'Н2), 39.81 (C5), 40.06 (C6H2), 54.70 (C4'H), 60.24 

(C6'H2), 71.73 (C2'), 124.16 (C Ar), 124.39 (CH Ar), 125.93 (CH Ar), 127.24 (CH 

Ar), 129.45 (CH Ar), 131.91 (C4a), 136.25 (C Ar), 149.82 (C10b), 157.47 (C2), 

161.13 (C=O). Found, %: C 71.79; H 8.19; N 6.03; S 7.23. C27H36N2O2S. 

Calculated, %: C 71.64; H 8.02; N 6.19; S 7.08. 
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3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-(propylthio)-3H-

spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (10), (R=C3H7): Yield 

1.9 g (81%), mp 144–145
o
C, Rf 0.66 (ethylacetate-benzene–hexane, 1:5:7): IR 

spectrum, ν, cm
–1

. 1603 (C=C arom); 1659 (C=Օ). 
1
H NMR spectrum, δ, ppm. 1.12 

(t, 3H, J=7.36, S-CH2-CH2-CH3), 1.26 (s, 3H, C2'-(CH3)a), 1.30 (s, 3H, C2'-(CH3)b), 

1.31-1.41 (m, 2Н, СН2, cycloheptane), 1.45-1.87 (m, 10Н, 5×СН2, cycloheptane), 

1.79-1.93 (m, 2H, S-CH2-CH2-CH3), 2.18-2.40 (m, 2H, C3'Ha, C5'Ha), 2.68-2.80 (m, 

1H, C3'Hb), 2.86 (s, 2H, C6H2), 2.87-3.02 (m, 1H, C5'Hb), 3.17-3.34 (m, 2H, S-CH2-

CH2-CH3), 3.61-3.74 (m, 1H, C6'Ha), 3.76-3.85 (m, 1H, C6'Hb), 4.45-4.65 (m, 1H, 

C4'H), 7.12-7.17 (m, 1H, CH Ar), 7.20-7.32 (m, 2H, 2×CH Ar), 7.91-7.97 (m, 1H, 

CH Ar). 
13

C NMR spectrum, δC, ppm: 13.07 (S-CH2-CH2-CH3),21.26 (C2'-(CH3)a), 

21.61 (S-CH2-CH2-CH3), 23.77 (СН2, cycloheptane), 23.85(СН2, cycloheptane), 

27.53 (C5'Н2), 29.37 (СН2, cycloheptane), 29.49 (СН2, cycloheptane), 31.06 (C2'-

(CH3)b), 33.76 (S-CH2-CH2-CH3), 35.24 (СН2, cycloheptane), 35.75 (СН2, 

cycloheptane), 37.53 (C3'Н2), 39.80 (C5), 40.06 (C6H2), 54.69 (C4'H), 60.25 

(C6'H2), 71.73 (C2'), 124.13 (C Ar), 124.33 (CH Ar), 125.91 (CH Ar), 127.25 (CH 

Ar), 129.43 (CH Ar), 131.91 (C4a), 136.26 (C Ar), 149.78 (C10b), 157.56 (C2), 

161.15 (C=O). Found, %: C 71.88; H 8.37; N 6.18; S 6.72. C28H38N2O2S. 

Calculated, %: C 72.06; H 8.21; N 6.00; S 6.87. 

3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-(isopropylthio)-3H-

spiro[benzo[h]quinazoline -5,1'-cycloheptan]-4(6H)-one (11), (R=i–C3H7):Yield 

1.7 g (73%), mp 181–182
o
C, Rf=0.65 (ethylacetate-benzene–hexane,1:7:7): IR 

spectrum, ν, cm
–1

. 1600.7 (C=C arom); 1662 (C=Օ).
 1

H NMR spectrum, δ, ppm. 

1.25 (s, 3H, C2'-(CH3)a), 1.30 (s, 3H, C2'-(CH3)b), 1.31-1.42 (m, 2Н, СН2, 

cycloheptane), 1.45-1.87 (m, 10Н, 5×СН2, cycloheptane), 1.52 (d, 6H, J=6.94, S-

CH-(CH3)2), 2.18-2.40 (m, 2H, C3'Ha, C5'Ha), 2.68-2.80 (m, 1H, C3'Hb), 2.86 (s, 

2H, C6H2), 2.87-3.02 (m, 1H, C5'Hb), 3.61-3.74 (m, 1H, C6'Ha), 3.76-3.85 (m, 1H, 

C6'Hb), 4.12 (sp, 1H, J=6.94, S-CH-(CH3)2), 4.40-4.63 (m, 1H, C4'H), 7.12-7.17 (m, 

1H, CH Ar), 7.20-7.32 (m, 2H, 2×CH Ar), 7.90-7.96 (m, 1H, CH Ar). 
13

C NMR 

spectrum, δC, ppm: 21.30 (C2'-(CH3)a), 22.21 (S-CH-(CH3)2), 23.76 (СН2, 

cycloheptane), 23.85(СН2, cycloheptane), 27.48 (C5'Н2), 29.37 (СН2, cycloheptane), 

29.49 (СН2, cycloheptane), 31.06 (C2'-(CH3)b), 35.28 (СН2, cycloheptane), 35.75 

(СН2, cycloheptane), 37.47 (S-CH-(CH3)2), 37.53 (C3'Н2), 39.81 (C5), 40.07 

(C6H2), 54.69 (C4'H), 60.21 (C6'H2), 71.73 (C2'), 124.15 (C Ar), 124.32 (CH Ar), 

125.95 (CH Ar), 127.26 (CH Ar), 129.43 (CH Ar), 131.92 (C4a), 136.26 (C Ar), 

149.88 (C10b), 157.51 (C2), 161.11 (C=O). Found, %: C 71.88; H 8.37; N 6.18; S 

6.72. C28H38N2O2S. Calculated, %: C 72.06; H 8.21; N 6.00; S 6.87. 

3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-(isopentylthio)-3H-

spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (12), (R=i-C5H11): Yield 

2.0 g (81%), mp 137–138
o
C, Rf 0.61 (ethylacetate-benzene–hexane, 1:5:7):IR 

spectrum, ν, cm
–1

. 1602.7 (C=C arom); 1665 (C=Օ). 1
H NMR spectrum, δ, ppm. 

1.01 (d, 6H, J=6.40, S-CH2-CH2-CH-(CH3)2), 1.25 (s, 3H, C2'-(CH3)a), 1.30 (s, 3H, 

C2'-(CH3)b), 1.30-1.42 (m, 2Н, СН2, cycloheptane), 1.45-1.88 (m, 13Н, 5×СН2, 
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cycloheptane), S-CH2-CH2-CH-(CH3)2, S-CH2-CH2-CH-(CH3)2), 2.18-2.40 (m, 2H, 

C3'Ha, C5'Ha), 2.67-2.80 (m, 1H, C3'Hb), 2.86 (s, 2H, C6H2), 2.87-3.02 (m, 1H, 

C5'Hb), 3.22-3.33 (m, 2Н, S-CH2-CH2-CH-(CH3)2), 3.58-3.72 (m, 1H, C6'Ha), 3.75-

3.85 (m, 1H, C6'Hb), 4.45-4.65 (m, 1H, C4'H), 7.11-7.17 (m, 1H, CH Ar), 7.19-7.32 

(m, 2H, 2×CH Ar), 7.92-7.99 (m, 1H, CH Ar). 
13

C NMR spectrum, δC, ppm: 21.24 

(C2'-(CH3)a), 21.86 (S-CH2-CH2-CH-(CH3)2), 23.76 (СН2, cycloheptane), 23.84 

(СН2, cycloheptane), 27.20 (S-CH2-CH2-CH-(CH3)2), 27.51 (C5'Н2), 29.36 (СН2, 

cycloheptane), 29.48 (СН2, cycloheptane), 29.99 (S-CH2-CH2-CH-(CH3)2), 31.05 

(C2'-(CH3)b), 35.24 (СН2, cycloheptane), 35.75 (СН2, cycloheptane), 37.19 (S-CH2-

CH2-CH-(CH3)2), 37.52 (C3'Н2), 39.81 (C5), 40.03 (C6H2), 54.76 (C4'H), 60.24 

(C6'H2), 71.73 (C2'), 124.12 (C Ar), 124.37 (CH Ar), 125.80 (CH Ar), 127.25 (CH 

Ar), 129.44 (CH Ar), 131.87 (C4a), 136.25 (C Ar), 149.80 (C10b), 157.54 (C2), 

161.13 (C=O). Found, %: C 72.98; H 8.38; N 5.82; S 6.31. C30H42N2O2S. 

Calculated, %: C 72.83; H 8.56; N 5.66; S 6.48. 

2-(Allylthio)-3-(2,2-dimethyltetrahydro-2H-pyran-4-yl)-3H-

spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (13), (R=CH2CH=CH2): 

Yield 1.95 g (84%), mp 149–150
o
C, Rf 0.67 (ethylacetate-benzene–hexane, 1:7:7). 

IR spectrum, ν, cm
–1

. 1605 (C=C arom); 1664 (C=Օ).
 1

H NMR spectrum, δ, ppm. 

1.25 (s, 3H, C2'-(CH3)a), 1.30 (s, 3H, C2'-(CH3)b), 1.31-1.42 (m, 2Н, СН2, 

cycloheptane), 1.45-1.87 (m, 10Н, 5×СН2, cycloheptane), 2.18-2.40 (m, 2H, C3'Ha, 

C5'Ha), 2.67-2.79 (m, 1H, C3'Hb), 2.85-3.02 (m, 1H, C5'Hb), 2.87 (s, 2H, C6H2), 

3.60-3.73 (m, 1H, C6'Ha), 3.75-3.85 (m, 1H, C6'Hb), 3.96 (d, 2H, J=7.09, S-CH2-

CH=CH2), 4.43-4.65 (m, 1H, C4'H), 5.17-5.23 (m, 1H, S-CH2-CH=CHa), 5.33-5.43 

(m, 1H, S-CH2-CH=CHb), 5.94-6.10 (m, 1H, S-CH2-CH=CH2), 7.12-7.18 (m, 1H, 

CH Ar), 7.21-7.33 (m, 2H, 2×CH Ar), 7.94-8.00 (m, 1H, CH Ar). 
13

C NMR 

spectrum, δC, ppm: 21.23 (C2'-(CH3)a), 23.76 (СН2, cycloheptane), 23.85(СН2, 

cycloheptane), 27.55 (C5'Н2), 29.36 (СН2, cycloheptane), 29.48 (СН2, 

cycloheptane), 31.05 (C2'-(CH3)b), 34.62 (S-CH2-CH=CH2), 35.22 (СН2, 

cycloheptane), 35.72 (СН2, cycloheptane), 37.57 (C3'Н2), 39.82 (C5), 40.02 (C6H2), 

55.03 (C4'H), 60.21 (C6'H2), 71.73 (C2'), 118.40 (S-CH2-CH=CH2), 124.26 (C Ar), 

124.46 (CH Ar), 125.97 (CH Ar), 127.25 (CH Ar), 129.50 (CH Ar), 131.79 (C4a), 

132.10 (S-CH2-CH=CH2), 136.24 (C Ar), 149.81 (C10b), 156.97 (C2), 161.07 

(C=O). Found, %: C 72.21; H 7.65; N 6.22; S 6.72. C28H36N2O2S. Calculated, %: C 

72.38; H 7.81; N 6.03; S 6.90. 

3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-((2-methylallyl)thio)-3H-spiro 

[benzo[h]-quinazoline-5,1'-cycloheptan]-4(6H)-one (14), (R=CH2C(CH3)=CH2): 

Yield 2.0 g (83%), mp 164–165
o
C, Rf 0.65 (ethylacetate-benzene–hexane, 1:7:7): IR 

spectrum, ν, cm
–1

. 1605 (C=C arom); 1654 (C=Օ). 
1
H NMR spectrum, δ, ppm. 1.26 

(s, 3H, C2'-(CH3)a), 1.31 (s, 3H, C2'-(CH3)b), 1.31-1.42 (m, 2Н, СН2, cycloheptane), 

1.45-1.87 (m, 10Н, 5×СН2, cycloheptane), 1.90 (s, 3H, S-CH2-C(CH3)=CH2), 2.18-

2.40 (m, 2H, C3'Ha, C5'Ha), 2.68-2.81 (m, 1H, C3'Hb), 2.85-3.03 (m, 1H, C5'Hb), 

2.87 (s, 2H, C6H2), 3.61-3.74 (m, 1H, C6'Ha), 3.76-3.86 (m, 1H, C6'Hb), 3.98 (d, 1H, 

J=13.19, S-CHa-C(CH3)=CH2), 4.03 (d, 1H, J=13.19, S-CH b -C(CH3)=CH2), 4.48-
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4.68 (m, 1H, C4'H), 4.92-4.96 (m, 1H, S-CH2-C(CH3)=CHa), 5.08-5.12 (m, 1H, S-

CH2-C(CH3)=CHb), 7.12-7.18 (m, 1H, CH Ar), 7.21-7.33 (m, 2H, 2×CH Ar), 7.94-

8.00 (m, 1H, CH Ar). 
13

C NMR spectrum, δC, ppm: 21.06 (S-CH2-C(CH3)=CH2), 

21.27 (C2'-(CH3)a), 23.75 (СН2, cycloheptane), 23.83(СН2, cycloheptane), 27.54 

(C5'Н2), 29.35 (СН2, cycloheptane), 29.47 (СН2, cycloheptane), 31.04 (C2'-(CH3)b), 

35.19 (СН2, cycloheptane), 35.70 (СН2, cycloheptane), 37.57 (C3'Н2), 38.78 (S-

CH2-C(CH3)=CH2), 39.81 (C5), 39.99 (C6H2), 55.11 (C4'H), 60.21 (C6'H2), 71.73 

(C2'), 114.87 (S-CH2-C(CH3)=CH2), 124.25 (C Ar), 124.46 (CH Ar), 125.91 (CH 

Ar), 127.25 (CH Ar), 129.47 (CH Ar), 131.76 (C4a), 136.23 (C Ar), 138.89 (S-CH2-

C(CH3)=CH2), 149.70 (C10b), 157.17 (C2), 161.08 (C=O). Found, %: C 72.57; H 

8.18; N 5.68; S 6.88. C29H38N2O2S. Calculated, %: C 72.76; H 8.00; N 5.85; S 6.70. 

2-(Benzylthio)-3-(2,2-dimethyltetrahydro-2H-pyran-4-yl)-3H-spiro 

[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (15), (R=CH2C6H5):Yield 2.2 

g (85%), mp 173–174
o
C, Rf 0.68 (ethylacetate-benzene–hexane, 1:7:7): IR spectrum, 

ν, cm
–1

. 1605 (C=C arom); 1662 (C=Օ). 
1
H NMR spectrum, δ, ppm. 1.24 (s, 3H, 

C2'-(CH3)a), 1.27 (s, 3H, C2'-(CH3)b), 1.32-1.44 (m, 2Н, СН2, cycloheptane), 1.45-

1.88 (m, 10Н, 5×СН2, cycloheptane), 2.20-2.39 (m, 2H, C3'Ha, C5'Ha), 2.66-2.79 

(m, 1H, C3'Hb), 2.85-3.00 (m, 1H, C5'Hb), 2.87 (s, 2H, C6H2), 3.58-3.70 (m, 1H, 

C6'Ha), 3.74-3.83 (m, 1H, C6'Hb), 4.43-4.62 (m, 1H, C4'H), 4.52 (d, 1H, J=13.02, S-

CHa), 4.59 (d, 1H, J=13.02, S-CHb), 7.13-7.18 (m, 1H, CH Ar), 7.20-7.35 (m, 5H, 

5×CH Ar), 7.39-7.45 (m, 2H, 2×CH Ar), 7.98-8.03 (m, 1H, CH Ar). 
13

C NMR 

spectrum, δC, ppm: 21.28 (C2'-(CH3)a), 23.76 (СН2, cycloheptane), 23.84(СН2, 

cycloheptane), 27.53 (C5'Н2), 29.35 (СН2 cycloheptane), 29.46 (СН2 cycloheptane), 

31.03 (C2'-(CH3)b), 35.22 (СН2, cycloheptane), 35.69 (СН2, cycloheptane), 36.51 

(S-CH2), 37.53 (C3'Н2), 39.84 (C5), 40.00 (C6H2), 54.93 (C4'H), 60.16 (C6'H2), 

71.70 (C2'), 124.41 (C Ar), 124.59 (CH Ar), 125.95 (CH Ar), 127.04 (CH Ar), 

127.25 (CH Ar), 128.06 (2×CH Ar), 128.67 (2×CH Ar), 129.51 (CH Ar), 131.76 

(C4a), 135.21 (C Ar), 136.22 (C Ar), 149.81 (C10b), 157.34 (C2), 161.03 (C=O). 

Found, %: C 74.50; H 7.62; N 5.27; S 6.39. C32H38N2O2S. Calculated, %: C 74.67; 

H 7.44; N 5.44; S 6.23. 

3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-((2-methylbenzyl)thio)-3H-

spiro[benzo[h]-quinazoline-5,1'-cycloheptan]-4(6H)-one (16), (R=2–CH3C6H4CH2): 

Yield 2.1 g (79%), mp 182–183
o
C, Rf 0.64 (ethylacetate-benzene–hexane 1:7:7): IR 

spectrum, ν, cm
–1

. 1603 (C=C arom); 1661.7 (C=Օ). 
1
H NMR spectrum, δ, ppm. 24 

(s, 3H, C2'-(CH3)a), 1.25 (s, 3H, C2'-(CH3)b), 1.32-1.44 (m, 2Н, СН2, cycloheptane), 

1.46-1.89 (m, 10Н, 5×СН2, cycloheptane), 2.22-2.40 (m, 2H, C3'Ha, C5'Ha), 2.45 (s, 

3H, CH3-Ph), 2.68-2.80 (m, 1H, C3'Hb), 2.85-3.00 (m, 1H, C5'Hb), 2.88 (s, 2H, 

C6H2), 3.57-3.69 (m, 1H, C6'Ha), 3.73-3.83 (m, 1H, C6'Hb), 4.40-4.61 (m, 1H, 

C4'H), 4.52 (d, 1H, J=12.87, S-CHa), 4.57 (d, 1H, J=12.87, S-CHb), 7.08-7.38 (m, 

7H, 7×CH Ar), 7.99-8.05 (m, 1H, CH Ar). 
13

C NMR spectrum, δC, ppm: 18.72 

(CH3-Ph), 21.31 (C2'-(CH3)a), 23.77 (СН2, cycloheptane), 23.86 (СН2, 

cycloheptane), 27.53 (C5'Н2), 29.36 (СН2, cycloheptane), 29.47 (СН2, 

cycloheptane), 31.03 (C2'-(CH3)b), 35.22 (СН2, cycloheptane), 35.25 (S-CH2), 35.69 
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(СН2, cycloheptane), 37.52 (C3'Н2), 39.86 (C5), 40.02 (C6H2), 54.70 (C4'H), 60.15 

(C6'H2), 71.69 (C2'), 124.38 (C Ar), 124.58 (CH Ar), 125.79 (CH Ar), 125.96 (CH 

Ar), 127.26 (CH Ar), 127.55 (CH Ar), 129.53 (CH Ar), 129.84 (CH Ar), 129.97 

(CH Ar), 131.82 (C4a), 132.25 (C Ar), 136.25 (C Ar), 136.39 (C Ar), 149.84 (C10b), 

157.50 (C2), 161.03 (C=O). Found, %: C 74.81; H 7.82; N 5.48; S 6.24. 

C33H40N2O2S. Calculated, %: C 74.96; H 7.63; N 5.30; S 6.06. 

 

3-(2,2-¸ÆØºÂÆÈîºîð²ÐÆ¸ðà-2H-äÆð²Ü-4-ÆÈ)êäÆðà 

[´ºÜ¼à[h]ÊÆÜ²¼àÈÆÜ-5,1'-òÆÎÈàÐºäî²Ü]-4 (6H)-àÜÜºðÆ êÆÜÂº¼À 

ºì Ð²Î²àôèàôòø²ÚÆÜ Ð²îÎàôÂÚàôÜÜºðÀ 

². Æ. Ø²ðÎàêÚ²Ü, Ê. ê. Ð²Îà´Ú²Ü, ². ê. ²Úì²¼Ú²Ü, ê.ê.Ø²ØÚ²Ü, 

². ¶. ²Úì²¼Ú²Ü, è. ². Â²Ø²¼Ú²Ü, ü. Ð. ²ðêºÜÚ²Ü & æ. ². ²ì²ÎÆØÚ²Ü 

¾ÃÇÉ 2-óÇ³Ýá-2-óÇÏáÑ»åïÇÉÇ¹»Ý³ó»ï³ïÇÝ µ»Ý½ÇÉÙ³·Ý»½ÇáõÙ ùÉáñÇ¹Ç é»·Çáë»-
É»ÏïÇí ÙÇ³óáõÙÁ Ñ³Ý·»óñ»É ¿ 2-(1-µ»Ý½ÇÉóÇÏÑ»åïÇÉ)-2-óÇ³Ýá³ó»ï³ïÇ, áñÇ óÇÏÉáõÙÝ 

û·ï³·áñÍí»É ¿ ¿ÃÇÉ 4'-³ÙÇÝá-'H-ëåÇñá[óÇÏÉáÑ»åï³Ý-1,2'-Ý³íÃ³ÉÇÝ]-3'-Ï³ñµáùëÇ-
É³ïÇ (³ÙÇÝá¿ëÃ»ñ) ëÇÝÃ»½Ç Ñ³Ù³ñ: ²ÙÇÝá¿ëÃ»ñÇ ¨ 4-Ç½áÃÇáóÇ³Ý³ïá-2,2-¹ÇÙ»ÃÇÉ-

ï»ïñ³ÑÇ¹ñá-2H-åÇñ³ÝÇ ÷áË³½¹»óáõÃÛáõÝÇó ëï³óí³Í ÃÇááõñ»Ç¹á³Í³ÝóÛ³ÉÝ, 

³é³Ýó é»³ÏóÇáÝ ÙÇç³í³ÛñÇó ³Ýç³ï»Éáõ, »ÝÃ³ñÏí»É ¿ óÇÏÉÙ³Ý, ÇÝãÁ µ»ñ»É ¿ 3-(2,2-

¹ÇÙ»ÃÇÉï»ïñ³ÑÇ¹ñá-2H-åÇñ³Ý-4-ÇÉ)-2-ÃÇûùëá-2,3-¹ÇÑÇ¹ñá-1H-ëåÇñá[µ»Ý½á[h]ËÇ-
Ý³½áÉÇÝ-5,1'-óÇÏÉáÑ»åï³Ý]-4(6H)-áÝÇ ëÇÝÃ»½ÇÝ։ÂÇûùëá³Í³ÝóÛ³ÉÁ ÑÇÙùÇ Ý»ñÏ³Ûáõ-

ÃÛ³Ùµ ÷áË³½¹áõÙ ¿ Ñ³Éá·»ÝÇ¹Ý»ñÇ Ñ»ï, áñÇ ³ñ¹ÛáõÝùáõÙ ëï³óíáõÙ »Ý 2-ëáõÉý³ÝÇÉ-

ï»Õ³Ï³Éí³Í 3-(2,2-¹ÇÙ»ÃÇÉï»ïñ³ÑÇ¹ñá-2H-åÇñ³Ý-4-ÇÉ)-3H-ëåÇñá[µ»Ý½á[h]ËÇÝ³-

½áÉÇÝ-5,1'-óÇÏÉáÑ»åï³Ý]-4(6H)-áÝÝ»ñ։àõëáõÙÝ³ëÇñí»É ¿ ëÇÝÃ»½í³Í ÙÇ³óáõÃÛáõÝÝ»-

ñÇ Ñ³Ï³áõéáõóù³ÛÇÝ¨ Ñ³Ï³µ³Ïï»ñÇ³É ³ÏïÇíáõÃÛáõÝÁ: 

 

СИНТЕЗ И ПРОТИВООПУХОЛЕВЫЕ СВОЙСТВА 

3-(2,2-ДИМЕТИЛТЕТРАГИДРО-2H-ПИРАН-4-

ИЛ)СПИРО[БЕНЗО[h]ХИНАЗОЛИН-5,1'-ЦИКЛОГЕПТАН]-4 (6H)-ОНОВ 

А. И. МАРКОСЯН, Х. С. АКОПЯН, А. С. АЙВАЗЯН, С. С. МАМЯН, А. Г. АЙВАЗЯН, 

Р. А. ТАМАЗЯН, Ф. Г. АРСЕНЯН и Дж. А. АВАКИМЯН 

Научно-технологический центр органической и фармацевтической химии 

НАН Республики Армения 

Армения, 0014, Ереван, пр. Азатутяна 26 

Телефон: +374 10 288 443 

E-mail: ashot@markosyan.am 

 

Региоселективное присоединение бензилмагнийхлорида к этил-2-циано-2-

циклогептилиденацетату привело к 2-1-бензилциклогептил)-2-цианоацетату, цик-

лизация которого использовали для синтеза этил-4'-амино-1'Н-спиро[циклогептан-

1,2'-нафталин]-3'-карбоксилата (аминоэфир). Реакцией аминоэфира с 4-изотиоциа-

нато-2,2-диметилтетрагидро-2Н-пираном было получено соответствующее тиореи-

допроизводное, которое без выделения из реакционной среды подвергалось 

циклизации, что привело к синтезу 3-(2,2-диметилтетрагидро-2H-пиран-4-ил)-2-

тиоксо-2,3-дигидро-1Н-спиро[бензо[h]хиназолин-5,1'-циклогептан]-4(6H)-она. В 

присутствии оснований тиоксопроизводное реагирует с галогенидами, что приво-



 

 
608 

дит к образованию 2-сульфанилзамещенных 3-(2,2-диметилтетрагидро-2Н-пиран-

4-ил)-3Н-спиро[бензо[h]хиназолин-5,1'- циклогептан]-4(6H)-онов. Изучены про-

тивоопухолевая и антибактериальная активности синтезированных соединений. 
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ON THE INTERACTION OF PROPARGYL MALONATE WITH 

NUCLEOPHILES IN THE PRESENCE OF MERCURY(II) ACETATE 

N. G. HOBOSYAN*а,b, K. V. BALYANa, H. S. NERSISYANa, L. M. GHALECHYANа,b,  

S. A. HOVAKIMYANb, H. B. SARGSYANa and Zh. A. CHOBANYANa 

 aThe Scientific and Technological Centre 

of Organic and Pharmaceutical Chemistry of NAS RA 

26, Azatutyan Ave., Yerevan, 0014, Armenia 

E-mail: ninahobosyan@mail.ru 
bArmenian State Pedagogical University after Khachatur Abovian 

17, Tigran Mets Ave., Yerevan, 0010, Armenia 

E-mail: svetachem@gmail.com 

The regiochemistry of the reaction of diethyl 2-(prop-2-yn-1-yl)malonate with various 

nucleophiles in the presence of mercury(II) acetate has been investigated. The derivative of 

cyclopentadiene and unsaturated ketoesters were isolated depending on the nature of the dicarbonyl 

compound and the conditions for the reduction of the organomercury intermediates. 

References 6 

 

Earlier, based on the reaction of solvomercuration-demercuration of the 

terminal triple bond, methods for one-step functionalization were developed and the 

reasons for obtaining both furan derivatives and the linear products of vinylation 

were identified [1-4]. 

Extending the research in this area, diethyl 2-(prop-2-yn-1-yl)malonate 2 

synthesized from malonic ester 1 with various CH- and NH-nucleophiles was 

involved as the substrate in the mercuration-demerculation reaction. The substrate 

optimally combined model terminal acetylene and dicarbonyl fragments that can 

influence regiochemistry of the studied reaction. 

It turned out that the interaction of diethyl 2-(prop-2-yn-1-yl)malonate 2 with 

sodium acetylacetonate in the presence of mercury(II) acetate in dioxane, followed 

by demerculation of intermediates 3 and 4 with sodium borohydride, in contrast to 

alkyl acetylenes, propargyl ethers and proparyl acetate, affords a mixture of diethyl-

3-acetyl-2,4-dimethylcyclopenta-2,4-diene-1,1-dicarboxylate 6 and diethyl 2-(3-

acetyl-4-hydroxy-2-methylenepent-3-enyl)malonate 5. 

mailto:svetachem@gmail.com
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It should be noted that the formation of cyclopentadienyl derivative 6 is a 

consequence of the prototropic migration of the exomethylene double bond, further 

dehydration and cyclization according to the following Scheme: 

 

The mixture of linear 5 and cyclopentadienyl 6 derivatives was separated into 

the individual components by column chromatography. 

In this work, we attempted to alkylate diethyl 2-(prop-2-yn-1-yl)malonate 2 

with an equilibrium system obtained by condensation of acetylacetone and aniline 

[5] containing Schiff base 8 and its tautomeric form 9 in a 50: 50 ratio, as per 
1
H 

NMR. A characteristic test for the presence of the imine-enamine mixture of 8 and 9 

was the ratio of hydrogen atoms of enol 8 (12.4 ppm) and aniline 9 (5.1 ppm). 

  

Similar to the data obtained earlier in [3], after solvolysis with sodium 

borohydride, products of N-alkylation of the terminal triple bond of diethyl 2-(prop-

2- yn-1-yl)malonate were not isolated. It is likely that the reaction proceeded 

through the intermediate formation of unsaturated amines 10 and 11, which under 

demercuration conditions were hydrolyzed to enol 12, stabilized to diethyl 2-(2-

oxopropyl)malonate 13. 
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We failed to perform direct hydration (without the participation of amine) in the 

presence of mercury(II) acetate: only the initial substrate was present in the reaction 

mixture. 

In conclusion, the reactions of diethyl 2-(prop-2-yn-1-yl)malonate with 

acetylacetone and its derivatives in the presence of mercury(II) acetate have been 

studied and derivatives of cyclopentadiene and ketoesters were formed. 

Experimental Part 

1
H and 

13
C NMR spectra (300.07 and 75.46 MHz respectively) of the solutions 

in DMSO-d6–CCl4 (1:3) were recorded on a Varian “Mercury-300 VX” 

spectrometer at 303 K relative to internal TMS. The reaction progress was 

monitored by TLC using Silufol UV-254 plates, developing with KMnO4 and iodine 

vapor. GLC analysis was performed using a LHM-80MD instrument (model 3) 

(1.5 m column, AW-NMDC sorbent soaked with 10% Carbovax-20M, rate of carrier 

gas 40 mL/min, detector temperature 200°C, evaporator temperature 250°C). 

Diethyl-2-(prop-2-ynyl)malonate was obtained by reacting sodium malonic ester 

with propargyl bromide as described in [6]. 

Diethyl 2-(3-acetyl-4-hydroxy-2-methylenepent-3-enyl)malonate 5, diethyl 

3-acetyl-2,4-dimethylcyclopenta-2,4-diene-1,1-dicarboxylate 6. 3.2 g of 

mercury(II) acetate (0.01 mol) was dissolved in 50 ml of THF, 1.98 g (0,01 mol) of 

diethyl 2-(prop-2-yn-1-yl)malonate 2 was added and the mixture was stirred for 1h 
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at 25 °C. Separately, from 0.23 g (0.01 mol) of sodium and 1 ml of acetylacetone in 

10 ml of THF, sodium salt of acetylacetone was obtained, the complex was added 

and stirred for 12 h. Demercuration was carried out by adding 0.2 g (0.026 mol) of 

powdered sodium borohydride, the mixture was stirred for another 2 h, then the 

water-ether mixture was added in a 2: 1 ratio, the extracts were dried over 

magnesium sulfate. 

After removal of the solvent, 2.0 g of residue was obtained, which was purified 

by chromatography on a column containing 70 g of silica gel (40-100 m). Elution 

with CCl4/ether in a 3:1 ratio yielded 0.95 g of diethyl 2-(3-acetyl-4-hydroxy-2-

methylenepent-3-enyl)malonate 5 with Rf 0.65 (hexane/ether 1:1) and 0.86 g  of 

diethyl 3-acetyl-2,4-dimethylcyclopenta-2,4-diene-1,1-dicarboxylate 6 with Rf 0.51 

(hexane/ether 1:2). 
1
H NMR for 5, (300.07 MHz, DMSO-d6) δ, Hz: 1.77 (t, 3H, СН3, J=7.1), 2.04  

(s, 3H, COCH3), 2.71 (ddd, 2H, CH2, J=7.4, 1.5, 1.2Hz), 3.51 (t, 1H, CH, J=7,4), 

4,15 (q, 2H, ОCH2, J=7.1), 5.00 (dt, 2H, =CH2, J=1.5, 1.2), 5.3 (q, 2H, =CH2, 

J=1.5). Found, %: C 60.79; H 7.39; Calc. for C15H22O6, %: C 60.39; H 7.43.  
1
H NMR for 6, (300.07 MHz, DMSO-d6) δ: 1.23 (t, 6H, CH3), 1.52 (s, 3H, 

CH3), 1.95 (s, 3H, CH3), 2.28 (s, 3H, CH3), 4.13 (q, 4H, -CH2CH3), 5.05 (s, 1H, -

C=CH-). Found, %: C 64.71; H 7.2; Calc. for C15H20O5, %: C 64.27; H 7.19. 

Reaction of acetylacetone with aniline. 19 g (0.2 mol) of aniline was 

dissolved in 160 ml of ethanol and 22 ml of acetylacetone was added. The reaction 

mixture was boiled with stirring for 15 h [5]. The ethanol was distilled in vacuo, 

cooled, crystals were separated and washed with ice water, dried under vacuum, 

heated in a water bath at 45
o
C. Distillation of the residue in vacuo gave 4 g of a 

mixture of compounds 8 and 9 (the ratio by 
1
H NMR 50:50). 

1
H NMR of mixtures 8 and 9, (400 MHz, DMSO-d6) δ: 1.23 (t, 6H, CH3), 1.52 

(s, 3H, CH3), 1.95 (s, 3H, CH3), 2.28 (s, 3H, CH3), 4.13 (q, 4H, -CH2CH3), 5.05 (s, 

1H, -C=CH-). 

Diethyl 2-(2-oxopropyl)malonate 13. 4.8 g (0.015 mol) of mercury(II) acetate 

was dissolved in 50 ml of THF, 3 g (0.015 mol) of diethyl 2-(prop-2-yn-1-

yl)malonate 2 was added and the mixture was stirred for 1 h at 25 °C. Separately, 

from 0.345 g (0.015 mol) of sodium and 2.6 g (0.015 mol) of imine-enamine mixture 

the corresponding salt was obtained, the complex was added and stirred for 15 h at 

25°C. Demercuration was carried out by adding 0.3 g of powdered sodium 

borohydride with stirring for another 2 h and the water/ether mixture in a 2:1 ratio 

was added, the extracts were dried over magnesium sulfate. After removal of the 

solvent, 2.5 g of the residue was obtained. 1 g of this residue was purified by 

chromatography on a column containing 40 g of silica gel (40-100 m). Elution with 

hexane/ether in a 5:1 ratio yielded 0.8 g of diethyl 2-(2-oxopropyl)malonate 13. 
1
H 

NMR (300.07 MHz, DMSO-d6) δ, Hz: 1.26 (t, 6H, СН3, J=7.1), 2.16 (s, 3H, CH3), 

2.98 (d, 2H, CH2, J=7.2), 3.68 (t, 1H, CH, J=7,2), 4.14 (q, 4H, ОCH2, J=7.1).
 13

C 

NMR 13 (75.46 MHz, DMSO-d6) δ: 13.5 (CH3), 28.9(CH3), 41.1(CH2), 46.1(CH), 

60.5 (OCH2), 167.6 (O-CO), 203.2 (CO). 
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äðàä²ð¶ÆÈØ²ÈàÜ²îÆ ºì ÜàôÎÈºàüÆÈÜºðÆ 

öàÊ²¼¸ºòàôÂÚàôÜÀ êÜ¸ÆÎÆ(II) ²òºî²îÆ ÜºðÎ²ÚàôÂÚ²Ø´ 

Ü. ¶.Ðà´àêÚ²Ü, ø. ì.´²ÈÚ²Ü, Ð. ê.ÜºðêÆêÚ²Ü, È. Ø.Ô²ÈºâÚ²Ü, 

ê. ².Ðàì²ÎÆØÚ²Ü, Ð.´.ê²ð¶êÚ²Ü ¨ Ä. ². âà´²ÜÚ²Ü 

 Ð»ï³½áïí»É ¿ ¹Ç¿ÃÇÉ-2-(åñáå-2-ÇÝÇÉ)Ù³ÉáÝ³ïÇ ÷áË³½¹»óáõÃÛáõÝÁ ï³ñ³µÝáõÛÃ 

ÝáõÏÉ»áýÇÉÝ»ñÇ Ñ»ï՝ ëÝ¹ÇÏÇ (II) ³ó»ï³ïÇ Ý»ñÏ³ÛáõÃÛ³Ùµ: ¸ÇÏ³ñµáÝÇÉ³ÛÇÝ ÙÇ³óáõ-

ÃÛ³Ý ¨ ÙÇç³ÝÏÛ³É ÙÇ³óáõÃÛáõÝÝ»ñÇ í»ñ³Ï³Ý·ÝÙ³Ý  µÝáõÛÃÇó Ï³Ëí³Í ëï³óí»É »Ý 

ãÑ³·»ó³Í Ï»ïáÝÝ»ñ ¨ óÇÏÉáå»Ýï³¹Ç»ÝÇ ³Í³ÝóÛ³ÉÝ»ñ: 

 

О РЕАГИРОВАНИИ ПРОПАРГИЛМАЛОНАТА С НУКЛЕОФИЛАМИ 

В ПРИСУТСТВИИ АЦЕТАТА РТУТИ (II) 

Н. Г.ОБОСЯН,  К. В. БАЛЯН,  Р. С. НЕРСИСЯН, Л. М. ГАЛЕЧЯН,  

С. А. ОВАКИМЯН, А. Б. САРГСЯН и Ж. А. ЧОБАНЯН 

Исследована региохимия взаимодействия диэтил-2-(проп-2-инил)малоната с 

различными нуклеофилами в присутствии ацетата (II) ртути. В зависимости от 

природы дикарбонильного соединения и условий восстановления промежуточных 

ртутьорганических соединений выделены непредельные кетоны и производное 

циклопентадиена. 
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Starting from the 7-chloro derivative of thieno[3,2-d]pyrimidine 1 a series of new amino 

derivatives of cyclopenta[4',5']pyrido[3',2':4,5]thieno[3,2-d]pyrimidine 2 were synthesized. By 

treatment of compound 3 with nitrous acid fused thieno[2,3-e]tetrazolo[1,5-c]pyrimidine 4 was 

synthesized. The azide/tetrazole equilibrium in this system 4A/4T was observed and investigated. 

References 15. 

 

Fused thieno[3,2-d]pyrimidines are one of the ‘privileged medicinal scaffolds’, 

which are used for the development of pharmaceutical agents, showing a wide range 

of pharmacological activities [1]. In particular, the amino derivatives of 

pyrido[3',2':4,5]- thieno[3,2-d]pyrimidine have been shown to interact with a 

number of molecular targets including phosphodiesterase IV with potential use in 

the treatment of asthma and chronic obstructive pulmonary disease [2] and release 

control of tumor necrosis factor-α (TNFα) [3]. They also showed beta2 

adrenoreceptor agonist activity [4] and distinguished by the pronounced 

antimicrobial activity [5].  

On the other hand, the study of an azide-tetrazole equilibrium has attracted 

large attention and new condensed systems containing the tetrazole ring have always 

been investigated by both physico-chemical and computational methods [6–8]. 

In view of the above observations, the aim of this work is the synthesis and 

study of the properties of compounds containing amino groups in the pyrimidine 

ring, as well as compounds with a condensed tetrazolo[1,5-c]pyrimidine moiety. 

The starting compound was 7-chloro-4-isobutyl-9-(methylthio)-2,3-dihydro-

1H-cyclopenta[4',5']pyrido[3',2':4,5]thieno[3,2-d]pyrimidine (1) [9], which contains 

an ‘activated’ chlorine atom that could easily be displaced by nucleophiles. Thus, 7-
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chlorothieno[3,2-d]- pyrimidine 1 was reacted with various amines to give a series 

of 7-amino-4-isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido 

[3',2':4,5]thieno[3,2-d]pyrimidines 2a–w in high yields (Scheme 1). 
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7-Chlorothieno[3,2-d]pyrimidine 1 was reacted with an excess of hydrazine 

hydrate in ethanol at reflux affording the 7-hydrazino-4-isobutyl-9-(methylthio)-2,3-

dihydro-1H-cyclopenta[4',5']pyrido[3',2':4,5]thieno[3,2-d]pyrimidine (3) [9] 

(Scheme 2). Next, the 7-hydrazino derivative 3 was treated with sodium nitrite in 

acetic acid at 0−5
o
C, giving the targeted 7-azidothieno[3,2-d]pyrimidine/thieno[2,3-

e]tetrazolo[1,5-c]pyrimidine 4A/T in excellent yield (Scheme 2). 

It was observed that the azide/tetrazole equilibrium was present in newly 

synthesized compound 4. In fact, its 
1
H NMR spectrum in DMSO-d6/CCl4 1/3 

showed the expected double set of signals. The ratio of the tautomers 4A:4T in the 

solution of DMSO-d6/CCl4 1/3 was found to be 3:2. In the solution of CDCl3 the 

4A:4T ratio was not essentially changed, while in the solution of DMSO-d6 the 

4A:4T ratio was 1:4.56. Moreover, all of the chemical shifts of the tetrazolo form, as 

a rule, appeared in a weaker field than the corresponding ones of the azido form [6–

8, 10, 11]. 

The IR spectrum of compound 4 in the solution of CHCl3 showed the 

characteristic bonds of azido group at ν 2155 and 2138 cm
–1

. Thus, based on 

spectroscopic results it can be concluded that compound 4 in the solid state is 

present exclusively in the tetrazolo tautomeric form, while in the solution it exists as 

a mixture of two isomeric forms. 



 

 
616 
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It was also interesting to examine nucleophilic reactivity in compound 4. For 

this purpose compound 4 was reacted with some amines (2-aminoethanol, 

morpholine and pyrrolidine) under harsher experimental conditions: i.e., by 

refluxing (5 h) in the absence of any solvent and using an excess of amine 

(substrate:amine ratio = 1:5). Under these experimental conditions, the substitution 

of an azide group took place only in the case of pyrrolidine. Moreover, the 

nucleophilic substitution not only of an azide group, but also of the SCH3 group 

occurred with formation of the relevant 4-isobutyl-7,9-dipyrrolidin-1-yl-2,3-

dihydro-1H-cyclopenta[4',5']pyrido[3',2':4,5]thieno[3,2-d]pyrimidine (5) (Scheme 

3). The 
1
H NMR spectra of compound 5 did not show the singlet signal of the SCH3 

group at 2.65/2.94 ppm characteristic of initial compound 4, but showed the protons 

of the pyrrolidino group twice. The structure of compound 5 was also supported by 

the IR and 
13

C NMR data. 

In the case of 2-aminoethanol and morpholine under such experimental 

conditions the decomposition of the azido group [12–15] with formation of 4-

isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido[3',2':4,5]thieno[3,2-

d]pyrimidin-7-amine (6) [9] took place (Scheme 3). 

Further, with the aim to avoid decomposition of azido group and by lengthening 

the reaction time (15 h) compound 4 was reacted with morpholine in ethanol. As a 

result the desired 7-azido-4-isobutyl-9-morpholin-4-yl-2,3-dihydro-1H-

cyclopenta[4',5']pyrido[3',2':4,5] -thieno[3,2-d]pyrimidine (7) was obtained (Scheme 

3). Interestingly, the azide-tetrazole equilibrium in this compound 7 was not 

observed. Thus, in the 
1
H NMR spectra of compound 7 in the solution of DMSO-

d6/CCl4 1/3 the expected double set of signals was absent. Moreover, the signal of 

the SCH3 group at 2.65/2.94 ppm was also absent, while the presence of the 

morpholino fragment was observed. The IR spectra of compound 7 in the 

cyristalline state showed the characteristic bond of azido group at ν 2131 cm
–1

.  
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Scheme 3 
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In summary, the synthesis of new amino derivatives of cyclopenta[4',5']pyrido- 

[3',2':4,5]thieno[3,2-d]pyrimidine 2 as well as of 7-azidothieno[3,2-

d]pyrimidine/thieno[2,3-e] -tetrazolo[1,5-c]pyrimidine 4A/T has been described 

starting from the corresponding 7-chlorothieno[3,2-d]pyrimidine 1. The studies of 

azide/tetrazole equilibrium revealed that the insertion of the SCH3 group in the 

pyrimidine ring in compound 4 shifted the azide-tetrazole equilibrium to the azido 

side [8]. In addition, the replacement of SCH3 as well as azido groups with amines 

was carried out. It was interesting that the insertion of the amino fragment in the 

pyrimidine ring (compound 7) significantly affected the azide/tetrazole equilibrium 

and completely shifted the azide-tetrazole equilibrium to the azido form. 

Experimental Section 

1
H and 

13
C NMR spectra were recorded in DMSO-d6, DMSO/CCl4, 1/3 and 

CDCl3 solutions (300 MHz for 
1
H and 75 MHz for 

13
C, respectively) on a Varian 

“Mercury 300VX” spectrometer. Chemical shifts were reported as δ (parts per 

million) relative to TMS as an internal standard. IR spectra were recorded on 

“Nicolet Avatar 330 FT-IR” spectrophotometer and the reported wave numbers were 

given in cm
-1

. The elemental analyses were obtained by the Korshun–Klimova (C, 

H) and Dumas–Pregl methods (N). The melting points were determined with a 

Boetius micro hot stage. Compounds 1, 6 and 3 [9] were already described.  

General procedure for the synthesis of compounds 2a–w. A mixture of 

compound 1 (1.82 g, 5 mmol) and of corresponding amine (11 mmol) in absolute 

ethanol (50 mL) was refluxed for 5 h. The ethanol was distilled off to dryness, water 

(25 mL) was added to the residue. The separated crystals were filtered off, washed 

with water, dried, and recrystallized from ethanol. 

4-Isobutyl-9-(methylthio)-7-piperidin-1-yl-2,3-dihydro-1H-cyclopenta[4',5'] 

pyrido-[3',2':4,5]thieno[3,2-d]pyrimidine (2a). Yield 85%; mp 122-124
o
C. Anal. 

Calcd for C22H28N4S2: C 64.04; H 6.84; N 13.58 %. Found: C 64.34; H 7.02; N 

13.82 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, CH(CH3)2); 1.67–1.82 (m, 6H, 

(CH2)3, C5H10N); 2.15-2.33 (m, 3H, CH(CH3)2, 2-CH2); 2.55 (s, 3H, SCH3); 2.71 (d, 
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2H, J = 7.2 Hz, CHCH2); 2.99 (t, 2Н, J = 7.5, 3-CH2); 3.56 (t, 2H, J = 7.6, 1-CH2); 

3.87-3.99 (m, 4H, N(CH2)2). 

4-Isobutyl-9-(methylthio)-7-morpholin-4-yl-2,3-dihydro-1H-cyclopenta 

[4',5']pyri-do[3',2':4,5]thieno[3,2-d]pyrimidine (2b). Yield 89%; mp 159-161
o
C. 

Anal. Calcd for C21H26N4OS2: C 60.84; H 6.32; N 13.51 %. Found: C 61.17; H 6.54; 

N 13.76%. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, CH(CH3)2); 2.15-2.33 (m, 3H, 

CH(CH3)2, 2-CH2); 2.56 (s, 3H, SCH3); 2.72 (d, 2H, J = 7.2, CHCH2); 3.00 (t, 2Н, J 

= 7.5, 3-CH2); 3.58 (t, 2H, J = 7.6, 1-CH2); 3.76-3.85 (m, 4H, N(CH2)2); 3.90–3.98 

(m, 4H, O(CH2)2).  

4-Isobutyl-7-(4-methylpiperazin-1-yl)-9-(methylthio)-2,3-dihydro-1H-

cyclopenta-[4',5']-pyrido[3',2':4,5]thieno[3,2-d]pyrimidine (2c). Yield 74%; mp 

132-134
o
C. Anal. Calcd for C22H29N5S2: C 61.79; H 6.84; N 16.38%. Found: C 

62.14; H 7.04; N 16.63 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, CH(CH3)2); 

2.15-2.33 (m, 3H, CH(CH3)2, 2-CH2); 2.29 (s, 3H, NCH3); 2.48-2.53 (m, 4H, 

CH3N(CH2)2); 2.54 (s, 3H, SCH3); 2.70 (d, 2H, J = 7.2 Hz, CHCH2), 2.98 (t, 2Н, J = 

7.5, 3-CH2); 3.54 (t, 2H, J = 7.6, 1-CH2); 3.86–3.99 (m, 4H, N(CH2)2).  

7-(4-Ethylpiperazin-1-yl)-4-isobutyl-9-(methylthio)-2,3-dihydro-1H-

cyclopenta-[4',5']-pyrido[3',2':4,5]thieno[3,2-d]pyrimidine (2d). Yield 77%; mp 

157-159
o
C. Anal. Calcd for C23H31N5S2: C 62.55; H 7.07; N 15.86%. Found: C 

62.87; H 7.25; N 16.10 %.
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, CH(CH3)2); 

1.15 (t, J = 7.2 Hz, 3H, NCH2CH3), 2.16-2.33 (m, 3H, CH(CH3)2, 2-CH2); 2.45 (q, J 

= 7.2 Hz, 2H, NCH2CH3); 2.54–2.60 (m, 4H, C2H5N(CH2)2); 2.55 (s, 3H, SCH3); 

2.70 (d, 2H, J = 7.2 Hz, CHCH2); 3.00 (t, 2Н, J = 7.5, 3-CH2); 3.58 (t, 2H, J = 7.6, 

1-CH2); 3.96–4.07 (m, 4H, N(CH2)2).  

2-{4-[4-Isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido 

[3',2':4,5]-thieno[3,2-d]pyrimidin-7-yl]piperazin-1-yl}ethanol (2e). Yield 81%; 

mp 166-168
o
C. Anal. Calcd for C23H31N5OS2: C 60.36; H 6.83; N 15.30%. Found: C 

60.67; H 7.04; N 15.52 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, CH(CH3)2); 

2.16-2.33 (m, 3H, CH(CH3)2, 2-CH2), 2.56 (s, 3H, SCH3); 2.48–2.54 (m, 2H, 

OHCH2); 2.71 (d, 2H, J = 7.2 Hz, CHCH2); 2.62-2.73 (m, 4H, CH2N(CH2)2); 3.00 

(t, 2Н, J = 7.5, 3-CH2); 3.57 (t, 2H, J = 7.6, 1-CH2); 3.53–3.61 (m, 2H, 

OHCH2CH2); 3.82–3.96 (br, 1H, OHCH2CH2); 3.92–4.02 (m, 4H, N(CH2)2).  

2-{[4-Isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido 

[3',2':4,5]-thieno-[3,2-d]pyrimidin-7-yl]amino}ethanol (2f). Yield 87%; mp 134-

136
o
C. Anal. Calcd for C19H24N4OS2: C 62.14; H 6.78; N 14.49 %. Found: C 62.50; 

H 6.97; N 14.73%. 
1
H NMR δ, ppm, Hz: 0.99 (d, 6H, J = 6.7, CH(CH3)2); 2.15–2.33 

(m, 3H, CH(CH3)2, 2-CH2); 2.55 (s, 3H, SCH3); 2.71 (d, 2H, J = 7.2 Hz, CHCH2); 

3.00 (t, 2Н, J = 7.5, 3-CH2); 3.57 (t, 2H, J = 7.6, 1-CH2); 3.61–3.72 (m, 4H, 

NНCH2CH2OH); 3.66 (br, 1H, OH); 7.32 (br. t, 1H, J = 4.8, NH).  

4-Isobutyl-N-(2-methoxyethyl)-9-(methylthio)-2,3-dihydro-1H-

yclopenta[4',5']pyri-do[3',2':4,5]-thieno[3,2-d]pyrimidin-7-amine (2g). Yield 

77%; mp 148-150
o
C. Anal. Calcd for C20H26N4OS2: C 59.67; H 6.51; N 13.92%. 

Found: C 60.02; H 6.71; N 14.18 %.
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, 
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CH(CH3)2); 2.15–2.33 (m, 3H, CH(CH3)2, 2-CH2); 2.55 (s, 3H, SCH3); 2.70 (d, 2H, 

J = 7.2 Hz, CHCH2); 3.00 (t, 2Н, J = 7.5, 3-CH2); 3.35 (s, 3H, OCH3); 3.56 (t, 2H, J 

= 7.6, 1-CH2); 3.51–3.62 (m, 2H, NНCH2CH2OCH3); 3.66–3.76 (m, 2H, 

HNCH2CH2); 7.51 (br. t, 1H, J = 5.5, NH).  

N-(2,2-Dimethoxyethyl)-4-isobytyl-9-(methylthio)-2,3-dihydro-1H-

cyclopenta-[4',5']pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-7-amine (2h). Yield 

84%; mp 138-140
o
C. Anal. Calcd for C21H28N4O2S2: C 58.30; H 6.52; N 12.95%. 

Found: C 58.64; H 6.73; N 13.18%.
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, 

CH(CH3)2); 2.15–2.33 (m, 3H, CH(CH3)2, 2-CH2); 2.56 (s, 3H, SCH3); 2.70 (d, 2H, 

J = 7.2 Hz, CHCH2); 3.00 (t, 2Н, J = 7.5, 3-CH2); 3.36 (s, 6H, CH(OCH3)2 ); 3.56 (t, 

2H, J = 7.6, 1-CH2); 3.58–3.65 (m, 2H, HNCH2); 4.64 (t, J = 5.7 Hz, 1H, 

HNCH2CH); 7.57 (br. t, 1H, J = 5.7, NH).  

1-{[4-Isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido 

[3',2':4,5]-thieno[3,2-d]pyrimidin-7-yl]amino}propan-2-ol (2i). Yield 82%; mp 

153-155
o
C. Anal. Calcd for C20H26N4OS2: C 59.67; H 6.51; N 13.92%. Found: C 

59.97; H 6.69; N 14.17%. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, CH(CH3)2); 

1.17 (d, J = 6.3 Hz, 3H, CHCH3); 2.15–2.33 (m, 3H, CH(CH3)2, 2-CH2); 2.56 (s, 3H, 

SCH3); 2.70 (d, 2H, J = 7.2, CHCH2); 3.00 (t, 2Н, J = 7.5, 3-CH2); 3.35 (ddd, 1H, J 

= 13.4, 7.4, 5.0, NHCH2); 3.55 (t, 2H, J = 7.6, 1-CH2); 3.60 (br, 1H, OH); 3.63 (ddd, 

1H, J = 13.4, 6.4, 4.4, NHCH2); 3.88–3.99 (m, 1H, CHCH3); 7.21 (t, 1H, J = 5.7, 

NH).  

N'-[4-Isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido 

[3',2':4,5]-thieno[3,2-d]pyrimidin-7-yl]-N,N-dimethylethane-1,2-diamine (2j). 

Yield 89%; mp 112-114
o
C. Anal. Calcd for C21H29N5S2: C 60.69; H 7.03; N 16.85 

%. Found: C 61.01; H 7.25; N 17.09 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, 

CH(CH3)2); 2.15–2.31 (m, 3H, CH(CH3)2, 2-CH2); 2.33 (s, 6H, N(CH3)2), 2-CH2); 

2.56 (s, 3H, SCH3); 2.63 (t, J = 6.7, 2H, CH2N(CH3)2); 2.70 (d, 2H, J = 7.2, 

CHCH2); 3.00 (t, 2Н, J = 7.5, 3-CH2); 3.57 (t, 2H, J = 7.6, 1-CH2); 3.67 (td, 2H, J = 

6.5, 5.9, NHCH2); 7.20 (t, 1H, J = 5.5, NH).  

N,N-diethyl-N'-[4-isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5'] 

pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-7-yl]ethane-1,2-diamine (2k). Yield 

78%; mp 99-101
o
C. Anal. Calcd for C23H33N5S2: C 62.26; H 7.50; N 15.78 %. 

Found: C 61.95; H 7.71; N 16.00 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, 

CH(CH3)2); 1.06 (t, 6H, J = 7.0, (CH2CH3)2 ); 2.15–2.31 (m, 3H, CH(CH3)2, 2-CH2), 

2.57 (s, 3H, SCH3); 2.54–2.64 (m, 4H, (CH2CH3)2 ); 2.60 (t, J = 7.0, 2H, 

CH2N(C2H5)2); 2.70 (d, 2H, J = 7.2, CHCH2); 2.98 (t, 2Н, J = 7.5, 3-CH2); 3.50–

3.63 (m, 2H, NHCH2); 3.56 (t, 2H, J = 7.6, 1-CH2); 7.12 (br. t, 1H, J = 4.8, NH). 

4-Isobutyl-9-(methylthio)-N-(2-morpholin-4-ylethyl)-2,3-dihydro-1H-

cyclopenta-[4',5']pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-7-amine (2l). Yield 

84%; mp 125-127
o
C. Anal. Calcd for C23H31N5OS2: C 60.36; H 6.83; N 15.30 %. 

Found: C 59.99; H 6.63; N 15.06 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, 

CH(CH3)2); 2.15–2.31 (m, 3H, CH(CH3)2, 2-CH2); 2.56 (s, 3H, SCH3); 2.48–2.58 

(m, 4H, N(CH2)2); 2.59 (t, J = 6.7, 2H, CH2N(CH2)2); 2.71 (d, 2H, J = 7.2, CHCH2); 
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3.00 (t, 2H, J = 7.5, 3-CH2); 3.57 (t, 2H, J = 7.6, 1-CH2); 3.56–3.62 (m,
 
4H, 

O(CH2)2); 3.70 (td, 2H, J = 6.5, 5.9, NHCH2); 7.29 (t, 1H, J = 5.6, NH).  

N'-[4-Isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido 

[3',2':4,5]-thieno[3,2-d]pyrimidin-7-yl]-N,N-dimethylpropane-1,3-diamine (2m). 

Yield 84%; mp 129-131
o
C. Anal. Calcd for C22H31N5S2: C 61.50; H 7.27; N 16.30 

%. Found: C 61.85; H 7.46; N 16.55 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, 

CH(CH3)2); 1.781.90 (m, 2H, NHCH2CH2); 2.15–2.31 (m, 3H, CH(CH3)2, 2-CH2); 

2.30 (s, 6H, N(CH3)2); 2.45 (br, 2H, CH2N(CH3)2); 2.55 (s, 3H, SCH3); 2.71 (d, 2H, 

J = 7.2, CHCH2); 3.00 (t, 2H, J = 7.5, 3-CH2); 3.56 (t, 2H, J = 7.6, 1-CH2); 3.61 (td, 

2H, J = 6.8, 5.5, NHCH2); 7.73 (t, 1H, J = 5.5, NH).  

3-{[4-Isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido 

[3',2':4,5]-thieno[3,2-d]pyrimidin-7-yl]amino}propan-1-ol (2n). Yield 89%; mp 

177-179
o
C. Anal. Calcd for C20H26N4OS2: C 59.67; H 6.51; N 13.92 %. Found: C 

59.98.; H 6.68; N 14.15 %.
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, CH(CH3)2); 

1.771.87 (m, 2H, NHCH2CH2); 2.15–2.31 (m, 3H, CH(CH3)2, 2-CH2); 2.56 (s, 3H, 

SCH3); 2.70 (d, 2H, J = 7.2 Hz, CHCH2); 2.99 (t, 2Н, J = 7.5, 3-CH2); 3.55 (t, 2H, J 

= 7.6, 1-CH2); 3.573.68 (m, 4H, OHCH2, NHCH2); 4.17 (br, 1H, OH); 7.42 (br t, 

1H, J = 5.5, NH).  

4-Isobutyl-N-(3-methoxypropyl)-9-(methylthio)-2,3-dihydro-1H-cyclopenta 

[4',5']-pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-7-amine (2o). Yield 83%; mp 142-

144
o
C. Anal. Calcd for C21H28N4OS2: C 60.54; H 6.77; N 13.45 %. Found: C 60.88; 

H 6.98; N 13.70 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, CH(CH3)2); 

1.851.97 (m, 2H, NHCH2CH2); 2.15–2.33 (m, 3H, CH(CH3)2, 2-CH2); 2.55 (s, 3H, 

SCH3); 2.71 (d, 2H, J = 7.2, CHCH2); 3.00 (t, 2Н, J = 7.5, 3-CH2); 3.31 (c, 3H, 

OCH3); 3.45 (t, 2H, J = 7.6, 1-CH2); 3.513.64 (m, 4H, NHCH2CH2); 7.44 (br t, 1H, 

J = 5.5, NH). 

N-(2-Furylmethyl)-4-isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta 

[4',5']pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-7-amine (2p). Yield 80%; mp 80-82 
o
C. Anal. Calcd for C22H24N4OS2: C 62.23; H 5.70; N 13.20 %. Found: C 62.59; H 

5.89; N 13.43 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, CH(CH3)2); 2.15–2.33 

(m, 3H, CH(CH3)2, 2-CH2), 2.55 (s, 3H, SCH3); 2.71 (d, 2H, J = 7.2, CHCH2); 2.98 

(t, 2Н, J = 7.5, 3-CH2); 3.56 (t, 2H, J = 7.6, 1-CH2); 4.74 (d, 2H, J = 5.6, NHCH2); 

6.256.32 (m, 2H, 3,4-CHfur.); 7.37 (dd, 1H, J = 1.7, 0.8, 5-CHfur); 7.98 (br t, 1H, J 

= 5.7, NH).  

N-Benzyl-4-isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido 

[3',2':4,5]thieno[3,2-d]pyrimidin-7-amine (2q). Yield 86%; mp 76-78
o
C. Anal. 

Calcd for C24H26N4S2: C 66.32; H 6.03; N 12.89 %. Found: C 66.64; H 6.21; N 

13.13 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, CH(CH3)2); 2.15–2.33 (m, 3H, 

CH(CH3)2, 2-CH2); 2.52 (s, 3H, SCH3); 2.70 (d, 2H, J = 7.2, CHCH2); 3.00 (t, 2Н, J 

= 7.5, 3-CH2); 3.56 (t, 2H, J = 7.6, 1-CH2); 4.76 (d, 2H, J = 5.9 , NHCH2); 7.16–

7.41 (m, 5H, Ph); 8.08 (t, 1H, J = 5.7, NH).  

4-Isobutyl-9-(methylthio)-N-(pyridin-2-ylmethyl)-2,3-dihydro-1H-

cyclopenta-[4',5']pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-7-amine (2r). Yield 
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73%; mp 181-183 
o
C. Anal. Calcd for C23H25N5S2: C 63.42; H 5.78; N 16.08%. 

Found: C 63.77; H 5.98; N 16.31 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, 

CH(CH3)2); 2.15–2.33 (m, 3H, CH(CH3)2, 2-CH2); 2.47 (s, 3H, SCH3); 2.72 (d, 2H, 

J = 7.2, CHCH2); 3.01 (t, 2Н, J = 7.5, 3-CH2); 3.56 (t, 2H, J = 7.6, 1-CH2); 4.86 (d, 

2H, J = 5.8, NHCH2); 7.20 (ddd, 1H, J = 7.5, 4.7, 1.0, 5-CH-C5H4N); 7.38 (ddd, 1H, 

J = 7.6, 1.1, 0.9, 3-CH-C5H4N); 7.68 (ddd, 1H, J = 7.9, 7.4, 1.8, 4-CH-C5H4N); 8.10 

(t, 1H, J = 5.8, NH); 8.51 (ddd, 1H, J = 4.8, 1.8, 0.9, 6-CH-C5H4N).  

4-Isobutyl-9-(methylthio)-N-(pyridin-3-ylmethyl)-2,3-dihydro-1H-

cyclopenta-[4',5']pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-7-amine (2s). Yield 

77%; mp 109-111
o
C. Anal. Calcd for C23H25N5S2: C 63.42; H 5.78; N 16.08%. 

Found: C 63.72; H 5.97; N 16.33 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, 

CH(CH3)2); 2.15–2.33 (m, 3H, CH(CH3)2, 2-CH2); 2.53 (c, 3H, SCH3); 2.71 (2H, d, 

J = 7.2, CHCH2); 3.00 (t, 2Н, J = 7.5, 3-CH2); 3.56 (t, 2H, J = 7.6, 1-CH2); 4.75 (d, 

2H, J = 5.9, NHCH2); 7.23 (dd, 1H, J = 7.9, 4.9, 5-CH-C5H4N); 7.76 (dt, 1H, J = 

7.8, 2.0, 6-CH-C5H4N); 8.15 (t, 1H, J = 5.9, NH); 8.40 (dd, 1H, J = 4.8, 2.0, 4-CH-

C5H4N); 8.60 (t, 1H, J = 2.0, 2-CH-C5H4N).).  

4-Isobutyl-9-(methylthio)-N-(2-phenylethyl)-2,3-dihydro-1H-

cyclopenta[4',5']-pyrido[3',2':4,5]thieno[3,2-d]pyrimidin-7-amine (2t). Yield 

85%; mp 83-85
o
C. Anal. Calcd for C25H28N4S2: C 66.93; H 6.29; N 12.49 %. Found: 

C 67.29; H 6.51; N 12.73 %. 
1
H NMR δ, ppm, Hz: 0.99 (d, 6H, J = 6.7, CH(CH3)2); 

2.15–2.33 (m, 3H, CH(CH3)2, 2-CH2); 2.58 (c, 3H, SCH3); 2.70 (d, 2H, J = 7.2, 

CHCH2); 2.99 (t, 2H, J = 7.2, СH2Ph); 3.03 (t, 2Н, J = 7.5, 3-CH2); 3.56 (t, 2H, J = 

7.6, 1-CH2); 3.69–3.81(m, 2H, NHCH2); 7.10–7.31 (m, 5H, Ph); 7.55 (t, 1H, J = 5.7, 

NH). 

N,N-Diethyl-4-isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5'] 

pyrido-[3',2':4,5]-thieno[3,2-d]pyrimidin-7-amine (2u). Yield 81%; mp 121-

123
o
C. Anal. Calcd for C21H28N4S2: C 62.96; H 7.04; N 13.99 %. Found: C 63.28; H 

7.24; N 14.21 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, CH(CH3)2); 1.35 (t, 6H, 

J = 7.0, (CH2CH3)2 ); 2.15–2.33 (m, 3H, CH(CH3)2, 2-CH2); 2.54 (s, 3H, SCH3); 

2.70 (d, 2H, J = 7.2, CHCH2); 2.99 (t, 2Н, J = 7.5, 3-CH2); 3.57 (t, 2H, J = 7.6, 1-

CH2); 3.80 (q, 4H, J = 7.0, N(CH2CH3)2).  

2-[[4-Isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido 

[3',2':4,5]-thieno[3,2-d]pyrimidin-7-yl](methyl)amino]ethanol (2v). Yield 88%; 

mp 144-146
o
C. Anal. Calcd for C20H26N4OS2: C 59.67; H 6.51; N 13.92%. Found: C 

60.02; H 6.70; N 14.18 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, CH(CH3)2); 

2.15–2.33 (m, 3H, CH(CH3)2, 2-CH2); 2.55 (s, 3H, SCH3); 2.71 (2H, d, J = 7.2, 

CHCH2); 2.99 (t, 2Н, J = 7.5, 3-CH2); 3.50 (s, 3H, NCH3); 3.58 (t, 2H, J = 7.6, 1-

CH2); 3.71–3.78 (m, 2H, NНCH2CH2OH); 3.83–3.90 (m, 2H, NНCH2CH2OH); 4.56 

(br, 1H, OH).  

2-{Ethyl[4-isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido-

[3',2':4,5]thieno[3,2-d]pyrimidin-7-yl]amino}ethanol (2w). Yield 79%; mp 137-

139
o
C. Anal. Calcd for C21H28N4OS2: C 60.54; H 6.77; N 13.45 %. Found: C 60.85; 

H 6.94; N 13.68 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.7, CH(CH3)2); 1.30-1.41 
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(m, 3H, CH2CH3); 2.15–2.33 (m, 3H, CH(CH3)2, 2-CH2); 2.55 (s, 3H, SCH3); 2.71 

(d, 2H, J = 7.2, CHCH2); 3.00 (t, 2Н, J = 7.5, 3-CH2); 3.58 (t, 2H, J = 7.6, 1-CH2); 

3.71-3.86 (m, 4H, CH2CH2OH); 3.91 (q, J = 7.0, 2H, CH2CH3); 4.51 (br, 1H, OH).  

Procedure for the synthesis of compound 4. To an ice-cold solution of 

compound 1 (2 mmol) in glacial acetic acid (35 mL), a solution of sodium nitrite 

(276 mg, 4 mmol, dissolved in the least amount of water) was added dropwise under 

stirring in an ice-bath at 5
o
C. The reaction mixture was maintained at room 

temperature for 12 h, and then water (50 mL) was added. The resulting crystals were 

filtered off, washed with water, dried, and recrystallized from a mixture of 

ethanol/dichloromethane (1:3). 

7-Azido-4-isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido-

[3',2':4,5]thieno[3,2-d]pyrimidine/10-isobutyl-5-(methylthio)-8,9-dihydro-7H-

cyclopenta-[4',5']pyrido[3',2':4,5]thieno[2,3-e]tetrazolo[1,5-c]pyrimidine 

(4A/T). Yield 88%; mp 148149
o
C; IR ν/cm

–1
 (CHCl3): 2155, 2138 (N3). Anal. 

Calcd for C17H18N6S2: C 55.11; H 4.90; N 22.68 %. Found: C 54.79; H 5.08; N 

22.92 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 3.6H, J = 6.6, CH(CH3)2);1.02 (d, 2.4H, J = 

6.6, CH(CH3)2); 2.212.38 (m, 3H, 8-CH2 and CH(CH3)2); 2.65 (s, 1.8H, SCH3); 

2.94 (s, 1.2H, SCH3); 2.73 (d, 1.2H, J = 7.1, CHCH2); 2.77 (d, 0.8H, J = 7.1, 

CHCH2); 3.03 (t, 1.2H, J = 7.5, 9-CH2); 3.08 (t, 0.8H, J = 7.5, 9-CH2); 3.56 (t, 1.2H, 

J = 7.6, 7-CH2); 3.64 (t, 0.8H, J = 7.6, 7-CH2).  

Procedure for the synthesis of compound 5. A mixture of compound 4 (1 

mmol) and pyrrolidine (5 mL) was refluxed for 5 h. The reaction mixture was 

cooled, water (25 mL) was added, and the separated crystals were filtered off, 

washed with water, dried, and recrystallized from ethanol. 

4-Isobutyl-7,9-dipyrrolidin-1-yl-2,3-dihydro-1H-cyclopenta[4',5']pyrido 

[3',2':4,5]-thieno[3,2-d]pyrimidine (5). Yield 73%; mp 218220
o
C. 

1
H NMR (δ, 

ppm, Hz: 0.98 (d, 6H, = 6.6, CH(CH3)2); 1.95-2.00 (m, 4H, 2CH2, C4H8N); 2.02-

2.07 (m, 4H, 2CH2, C4H8N); 2.14–2.30 (m, 3H, 2-CH2, CH(CH3)2); 2.68 (d, 2H, J = 

7.1, CHCH2); 2.96 (t, 2H, J = 7.5, 3-CH2); 3.56 (t, 2H, J = 7.6, 1-CH2); 3.56-3.62 

(m, 4H, N(CH2)2); 3.83-3.88 (m, 4H, N(CH2)2). 
13

C NMR (75 MHz, DMSO/CCl4, 

1/3) δ: 22.2 (2CH3); 24.2 (CH2); 24.7 ((CH2)2); 25.0 ((CH2)2); 27.7 (CH); 29.8 

(CH2); 31.8 (CH2); 44.1 (CH2); 45.8 ((NCH2)2); 46.7 ((NCH2)2); 101.41; 134.2; 

150.2; 155.9; 157.0; 158.1. 

Procedure for the synthesis of compound 6. A mixture of compound 4 (1 

mmol) and 2-aminoethanol or morpholine (5 mL) was refluxed for 5 h. The reaction 

mixture was cooled, water (50 mL) was added, and the separated crystals were 

filtered off, washed with water, dried, and recrystallized from ethanol. Yield 71%. 

The physico-chemical data of obtained compound 4 in all aspects were identical 

with those of the same earlier synthesized compound and described in reference [9]. 

Procedure for the synthesis of compound 7. A mixture of compound 4 (370.5 

mg, 1 mmol) and morpholine (2.2 mmol) in ethanol (10 mL) was refluxed for 15 h. 

The reaction mixture was cooled, water (25 mL) was added, and the separated 

crystals were filtered off, washed with water, dried, and recrystallized from ethanol. 
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7-Azido-4-isobutyl-9-morpholin-4-yl-2,3-dihydro-1H-cyclopenta[4',5'] 

pyrido[3',2':4,5]thieno[3,2-d]pyrimidine (7). Yield 70%; mp 194196 
o
C; IR 

ν/cm
–1

: 2131 (N3). Anal. Calcd for C20H23N7OS: C 58.66; H 5.66; N 23.94 %. 

Found: C 58.39; H 5.81; N 23.73 %. 
1
H NMR δ, ppm, Hz: 0.98 (d, 6H, J = 6.6, 

CH(CH3)2); 2.19–2.33 (m, 3H, 2-CH2, CH(CH3)2); 2.70 (d, 2H, J = 7.1, CHCH2); 

3.00 (t, 2H, J = 7.5, 3-CH2); 3.51 (t, 2H, J = 7.6, 1-CH2); 3.72-3.77 (m, 4H, 

N(CH2)2); 3.81-3.86 (m, 4H, O(CH2)2). 
13

C NMR (75 MHz, DMSO/CCl4, 1/3) δ: 

22.2 (2CH3); 24.0 (CH2); 27.7 (CH); 29.7 (CH2); 31.7 (CH2); 40.0 (N(CH2)2); 44.4 

(CH2); 68.5 (O(CH2)2); 106.8; 121.4; 135.0; 150.5; 155.5; 159.0; 159.3; 159.4; 

160.7.  

9-(ØºÂÆÈÂÆà)ÂÆºÜà[3,2-D]äÆðÆØÆ¸ÆÜÆ Üàð 

²ØÆÜà²Ì²ÜòÚ²ÈÜºðÆ êÆÜÂº¼À ¨ ²¼Æ¸-îºîð²¼àÈ²ÚÆÜ 

Ð²ì²ê²ð²ÎÞèàôÂÚàôÜÀ 

¾. Î. Ð²Îà´Ú²Ü 

²ßË³ï³ÝùáõÙ ÝÏ³ñ³·ñí³Í ¿ óÇÏÉáå»Ýï³[4',5']åÇñÇ¹á[3',2':4,5]ÃÇ»Ýá[3,2-

d]åÇñÇÙÇ¹ÇÝÇ Ýáñ ³ÙÇÝá³Í³ÝóÛ³ÉÝ»ñÇ ëÇÝÃ»½Á Ñ³Ù³å³ï³ëË³Ý 7-ùÉáñáÃÇ»Ýá[3,2-

d]åÇñÇÙÇ¹ÇÝÇ ÑÇÙ³Ý íñ³: àõëáõÙÝ³ëÇñí³Í ¿ ³½Ç¹-ï»ïñ³½áÉ³ÛÇÝ ï³áõïáÙ»ñÇ³Ý 

10-Ç½áµáõïÇÉ-5-(Ù»ÃÇÉÃÇá)-8,9-¹ÇÑÇ¹ñá-7H-óÇÏÉáå»Ýï³[4',5']åÇñÇ¹á[3',2':4,5] ÃÇ»-

Ýá[2,3-e]ï»ïñ³½áÉá[1,5-c]åÇñÇÙÇ¹ÇÝáõÙ: ä³ñ½í»É ¿, áñ »Ã» Ù»ÃÇÉÃÇá ËÙµÇ Ý»ñÙáõ-

ÍáõÙÁ åÇñÇÙÇ¹ÇÝ³ÛÇÝ ûÕ³Ï Ñ³í³ë³ñ³ÏßéáõÃÛáõÝÁ ß»ÕáõÙ ¿ ¹»åÇ ³½Ç¹³ÛÇÝ Ó¨Á, ÇëÏ 

³ÙÇÝ³ÛÇÝ ËÙµÇ Ý»ñÙáõÍÙ³Ý ¹»åùáõÙ ³ÛÝ ³ÙµáÕçáíÇÝ ï»Õ³ß³ñÅíáõÙ ¿ ¹»åÇ ³½Ç-

¹³ÛÇÝ Ó¨Á: 

 

СИНТЕЗ НОВЫХ АМИНОПРОИЗВОДНЫХ 9-(МЕТИЛТИО)ТИЕНО[3,2-d] 

ПИРИМИДИНА И АЗИДО-ТЕТРАЗОЛЬНОЕ РАВНОВЕСИЕ 

Э. К. АКОПЯН 

В работе описан синтез новых 7-аминопроизводных циклопента[4',5']пиридо-

[3',2':4,5]тиено[3,2-d]пиримидина на основе соответствующего 7-хлортиено[3,2-

d]пиримидина. Исследована азидо-тетразольная таутомерия в 10-изобутил-5-

(метилтио)-8,9-дигидро-7H-циклопента[4',5']пиридо[3',2':4,5]тиено[2,3-e]тетразо-

ло[1,5-c]пиримидине. Выявлено, что, если введение метилтиогруппы в пиримиди-

новый цикл сдвигает равновесие в сторону азидной формы, то при введения ами-

ногруппы равновесие полностью перемещается в сторону азидной формы. 
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The phytochemical and mineral composition of BAS of round-leaved wintergreen (Pyrola 

rotundifolia) growing in the Lori Region of Armenia has been studied. It is established that the plant 

extracts are rich in a wide range of pharmacologically active and antioxidant (AO) substances, in 

particular, arbutin, tannins, naphthoquinones, triterpenoids, organic acids, micro- and 

macroelements, etc. The plant extracts were found to contain 10 amino acids and 20 vital micro-and 

macroelements. 

On the basis of the research carried out, extracts and broths of round-leaved wintergreen can 

be recommended as a source of amino acids, as well as a preventive and corrective agent when 

insufficiency or imbalance of macro- and microelements in tissue- and cellular structures in various 

pathological processes of the body. Extracts of wintergreen can be used as an environmentally 

friendly source of arbutin in urinary tract infections (UTI) and antioxidants against early aging.  

Fig. 1, tables 3, references 18. 

 

Phytotherapy is one of the most ancient sciences. Its history began more than 

six thousand years ago [1]. Already at the earliest stages of mankind development, 

herbs were not only a source of human nutrition, but also a remedy for the treatment 

of diseases. The mildness of the action of most plant preparations and the absence of 

toxic manifestations with their use (which is related to their naturalness, proximity to 

the human body) allow us to assume their significant importance in the prevention of 

various diseases. The undoubted merit of some species of medicinal plant raw 

materials is also the variety of biologically active substances that are capable of 

providing the polyvalence of pharmacological effects.  

mailto:slavik_dadayan@yahoo.com
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In modern life, it is impossible to avoid the development of various diseases 

including urological, the share of which is 10-12% in the total structure of morbidity 

of the world population [2]. Uncomplicated urinary tract infections are one of the 

most frequent diseases in women of reproductive age. According to statistics, 

annually 150 million cases of acute cystitis are registered in the world [3]. This high 

incidence testifies to the urgency and necessity of searching for safe, effective, side-

effects free drugs to which phytotherapeutic means primarily belong. 

In this regard, one of the promising plants is round-leaved wintergreen. The 

traditional areas of this plant spread are forests in the temperate zones of the 

Northern Hemisphere (from the Arctic to Mexico and the Himalayas). The plant 

grows well in the Russian Federation (Altai Territory) and Transcaucasian republics; 

specifically, as a wild plant it grows in the forest landscapes of the Lori Region. It is 

a perennial herb of the Pyroleae family with a long branched creeping rhizome, from 

the nodes of which additional roots and aboveground sprouts spread. Medicinal raw 

materials are the leaves of the wintergreen, its flowers, stem that contain a large 

amount of BAS (iridoids, tannin, phenol, naphthoquinone, triterpenoids, ericoline, 

chymaphylin), organic acids, micro- and macroelements, resins, essential oils, 

glycosides, etc.  

It is known that the composition and properties of plant raw materials of the 

same biological species can vary significantly depending on the place of their 

growth, time of collection, methods of processing and other factors [4-7]. In this 

regard, prior to the use of this raw material for medicinal purposes, or as a source of 

AO, it is necessary to study the properties of extracts of plant raw materials growing 

in a given geographical area.  

Hence, study of the qualitative and quantitative composition of biologically 

active substances (BAS) of round-leaved wintergreen growing in the Lori Region of 

Armenia is of great interest. 

Purpose and objectives of the study. The purpose of the present study is 

investigation of the phytochemical composition of BAS of round-leaved 

wintergreen, which provides a wide range of pharmacological effects of the plant.  

Experimental Part 

Materials and methods 

Collection and preparation of raw material. Raw material (leaves, stems and 

flowers of wintergreen) was collected in June-August 2017 in the forest landscapes 

in the vicinity of Vanadzor city, far from highways and settlements. The raw 

material was dried to an air-dry state in a drying chamber at 313K, packed in paper 

bags and stored at room temperature. To obtain the extract, the dried raw material 

was ground in a ceramic mortar to a powdery state (particle size 1 mm) and passed 

through a sieve with holes 1 mm in diameter.  
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Determination of moisture, ash content, extra active substances in the analyzed 

samples was carried out according to the standard procedures [8]. The results of 

studies are presented in Table 1.  

The amino acid, macro-, microelement composition of the plant was studied, 

the amount of BAS of the phenolic origin (flavonoids, tannins arbutin, vitamin P, 

vitamin C) displaying the highest physiological and therapeutic activities was 

determined.  

For quantitative determination of arbutin, 5 g (exact weight) of the crushed 

leaves of wintergreen was placed in a 100 ml flask, 50 ml of water was poured and 

the whole was boiled for 5 min. The extract was filtered into a 100 ml volumetric 

flask [9]. 25 ml of water was poured into the flask with raw material and boiled for 

20 min, after which the extract was filtered into the same flask; the raw material was 

transferred to a filter and washed twice with 10 ml hot water, connecting the rinsing 

water to the filtrate. Then 3 ml of a solution of basic lead acetate was added to the 

extract, mixed and after cooling, was adjusted with water to a mark. The flask was 

placed in a boiling water bath until the precipitate was completely coagulated. The 

hot liquid was filtered into a dry flask. To remove the excess of the basic lead 

acetate, 0.8 g of sodium sulfate was added. The solution was filtered (solution A). 

0.08 g of sodium sulfacyl was dissolved in 10 ml of water, 10 ml of 0.1N 

hydrochloric acid was added and the volume was adjusted to 100 ml (solution B). 

2 ml of solution B, 2 ml of a 0.02% water solution of sodium nitrite were introduced 

into a test tube, left for 3 min. Then 0.5 ml of solution A, 0.04 ml of a 10% water 

solution of sodium hydroxide were added, the volume was adjusted to 6 ml with 

water and kept in a warm water bath for 1 min. After 20 min, the optical density was 

measured on a UV1800PС spectrophotometer at 490 nm wavelength.  

The quantitative content of arbutin is calculated by the formula: X% = D x 

0.938 x 6 x100/E x a x b, where D is the optical density of the test solution (D = 

1.0501); 0.938 - conversion factor for anhydrous arbutin; 6 – total volume of the test 

solution, ml; 100 – volume of a volumetric flask, ml; E – specific absorption index 

of arbutin at a wavelength of 490 nm, equal to 221.5; a – weight of raw material (a = 

0.5 g); b – extraction volume taken for analysis (b = 0.5 g).  

The results are inserted in the formula: 

X%=1.05010.9386100/22.50.50.5=10.67% 

For the quantitative analysis of flavonoids, anthocyanins, carotenoids, rutin, 

sugars, spectrophotometry methods were used [10-12]. The amount of vitamin C, 

carboxylic acids and tannins was determined by a titrimetric method [8]. The results 

are shown in Table 1. 
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Table 1 

The quantitative content of biologically 

active substances in the extract of round-leaved wintergreen 

Moisture,% 7.2 

Extractive substances, % 28.59 

Arbutin, mg% 10.67 

Flavonoids, % 1.23 

Anthocyanins, % 0.085 

Rutin, mg% 22.59 

Vitamin C, mg% 235.72 

Carboxylic acids, % 2.35 

Tannins, in terms of tannin, % 19.55 

Water-soluble polysaccharides  11.25 

Carotenoids, in terms of  

β-carotene, mg % 

24.128 

 

Determination of the elemental composition was carried out by atomic emission 

spectrometry with inductively coupled plasma, using the IRISIntrepid spectrometer 

(ThermoElectron, USA). The sample weights were preliminary held in a muffle 

furnace at 450-500
o
C for 4 h. After cooling, the ash residue was treated twice with 

5 ml of 6N HCL with slow evaporation in a water bath. The residue was dissolved 

by heating in 0.1N HCl and filtered off [13]. The content of chemical elements in the 

leaves of round-leaved wintergreen is shown in Table 2. 

Table 2 

The content of chemical elements in the samples of round-leaved wintergreen 

growing in the Lori Region (in mg/kg of absolutely dry raw material)  

Macro-

microelements 

Certain indicators 

 mg / kg 

Macro-

microelements 

Certain 

indicators  

 mg / kg  

Fe 124.26 Mn 1.594 

Cu 4.75 Co <0.0047 

Zn 8.05 Se 1.389 

Ca  8857.4 Cd 0.052 

Mg 8324.74 V 0.795 

K 13158.3 Cr 0.596 

Na 603.12 Ni 0.0413 

Al 162.38 Pb <0.0046 

P 398.25 As 0.723 

S 352.38 Si 211.02 

 

Qualitative and quantitative analysis of free amino acids (Table 3 and Figure) 

was carried out using the amino acid analyzer Nexera X2 (Shimadzu, Japan).  
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Table 3 

The content of free amino acids in hydrolysate of round-leaved wintergreen  

Amino acids L-Asp L-Glu L-Ser L-His Gly L-Thr L-Arg L-Ala L-Leu L-Lys 

Content of 

amino acids 

in terms of 

dry raw 

material mg/g 

 

4.47 

 

4.768 

 

2.384 

 

1.788 

 

7.505 

 

2.09 

 

2.98 

 

2.95 

 

2.98 

 

2.98 

 

 
Fig. Chromatogram of free amino acids in the aboveground part of wintergreen. 

 

The device sensitivity is 0.1 μmol. The calculation was carried out by 

comparing the peak areas of the samples under study with the peak areas of a 

standard amino acid mixture (Sigma, USA). Preparation of the test samples for 

amino acid analysis was performed as follows: a sample (5 g) of the herb dried at 

60
o
C was placed in a 50 ml round-bottomed flask made of heat-resistant glass, 20 ml 

of 6N HCl was added, the flask was closed with a stopper and fixed with a steel 

clamp. Hydrolysis of the dry sample was carried out in a vacuum drying chamber at  

110
o
C for 22 h. After hydrolysis, the contents of the ampoule were cooled, filtered, 

evaporated and recrystallized from a solution of С2Н5ОН/Н2О = 1/1. After repeated 

filtration and drying, the amino acid mixture was dissolved in a citrate buffer pH 2.2 

[14]. The content of free amino acids in the aboveground part of wintergreen is 

given in Table 3 and Figure.  

To determine the antioxidant activity of wintergreen, to 1 g (exact weight) of 

the raw material 50 ml of 30% ethyl alcohol is poured and extracted with a reflux 

condenser for 30 min. Then, the contents of the flask are filtered through a paper 

filter, cooled and the volume of extraction is adjusted to 50 ml with 30% alcohol. 

8 ml of freshly boiled and cooled distilled water, 1 ml of a 20% solution of sulfuric 

acid, 1 ml of 0.05 N solution of potassium permanganate are introduced into a 50 ml 

beaker. The whole is mixed and titrated with a 30% alcohol infusion of wintergreen 
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from a microburette (volume 1 ml with a fission rate of 0.01 ml) until the pink color 

disappears. For the control experiment, about 0.0500 g (exact weight) of quercetin 

(FS 42-1290-79) is dissolved in 40 ml of ethanol, transferred to a 100 ml volumetric 

flask, made up to the mark with alcohol and stirred. 8 ml of freshly boiled and 

cooled distilled water, 1 ml of a 20% solution of sulfuric acid, 1 ml of a 0.05 N 

solution of potassium permanganate are mixed into a 50 ml titration beaker. The 

whole is mixed and titrated from a microburette (volume 1 ml with a division value 

of 0.01 ml) with a quercetin solution until the disappearance of the pink color. 1 ml 

of a 0.05 N solution of potassium permanganate corresponds to 0.25 mg of 

quercetin. 

The calculation of the indicator of the antioxidant activity (AOA, which 

corresponds to concentration of BAS of a reducing nature in terms of quercetin (in 

mg/g), is carried out according to the formula: B=CkxVkxVo/Vxxm, where B is the 

concentation of BAS of the reducing nature of the object under study, used for 

titration of 1 ml of 0.05 N potassium permanganate solution, mg/g; Ck – the 

concentration of quercetin in the solution used for the titration of 1 ml of 0.05 N 

potassium permanganate solution, mg/g (0.5 mg/ml); Vk – the volume of quercetin 

solution, spent on titration of 1 ml of 0.05 N solution of potassium permanganate, ml 

(1.4 ml); Vо – the volume of the investigated solution, ml (50 ml); Vx – the volume 

of the solution of the object under study, spent on the titration of 1 ml of 0.05 N 

solution of potassium permanganate, ml (0.4 ml); m is the mass of the sample of the 

object under study, g (1g).  

B = 0.51.450/0.41 = 87.5 mg/g 

Thus, the total amount of BAS of a reducing nature in terms of quercetin in 1 ml 

or 1 g of the drug was determined.  

According to the results obtained, during the titration in the case of quercetin, 

the consumption was more (1.4 ml) than with the extract of wintergreen (0.4 ml), 

which indicates that the wintergreen extract can be treated as an effective preventive 

means against antioxidant aging of the body [15].  

Results and discussion 

The research results of the elemental composition of the leaves of round-leaved 

wintergreen show the availability of 20 elements. Round-leaved wintergreen 

contains vital macroelements (Na, K, Ca, Mg), essential (Fe, Cu, Zn, Mn, Cr, Se, 

Co) and conditionally essential microelements (As, Ni, Cd) that ensure proper 

operation of the main systems of the body (muscle – participate in the process of 

muscle contraction, digestive and cardio-vascular).  

According to [16], the content of cadmium in plants collected in 

environmentally friendly growing areas is 0.05-0.3, arsenic 1.0-5/0 mg/kg. The 

excess content of mercury is considered to start from 1.0 mg/kg. On the whole, the 

level of concentrations of the investigated elements in the researched extracts of 
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round-leaved wintergreen is within the range of background values, which makes it 

possible to classify this plant as ecologically pure [17,18]. 

As a result of the performed study, 10 free amino acids were found in the 

hydrolysate (Table 2). The presence of such an amount of amino acids provides a 

wide range of pharmacological effect of this phytopreparation.  

From Table 2 it follows that the content of glycin, which has a positive effect 

on the CNS, prevails in round-leaved wintergreen. The plant is also rich in glutamic 

and aspartic acids. Among the numerous functions of these acids, the most 

significant are the regenerating and immunomodulating with a simultaneous 

beneficial effect on the hormonal status of the body. As follows from Table 3, the 

leaves of wintergreen contain a lot of tannins, vitamin C, rutin that have a 

bactericidal, anti-inflammatory, antioxidant effect. From a medical point of view, 

arbutin is valuable. Arbutin has an antiseptic property; it is used in chronic kidney 

diseases and purulent inflammation of the bladder and urinary tract, in inflammation 

of the prostate gland, chronic pyelonephritis, cystitis, urolithiasis. 

High antioxidant activity of wintergreen extracts can be explained by the fact 

that the investigated extracts contain multifunctional BAS with the presence of 

easily oxidizable functional groups (for example, -SH, (CH3)2CH-), which bind free 

radicals formed in living organisms relatively faster. 

Thus, preliminary studies of round-leaved wintergreen (Pyrola rotundifolia) 

growing in forest landscapes of the Lori Region have shown that it contains various 

classes of biologically active substances ensuring a wide range of pharmacological 

effect of the plant: immunomodulating, anti-inflammatory, wound healing, 

antioxidant, etc. 

 

ÎÈàð²ìàôÜ î²ÜÒ²îºðºìÀ àðäºê Ðºè²ÜÎ²ð²ÚÆÜ  

¸ºÔ²´àôê²ÚÆÜ ÐàôØø 

ê. ². ¸²¸²Ú²Ü, È. ². êîºö²ÜÚ²Ü, ². ê. ¸²¸²Ú²Ü, Ø. ´. ¶²êàÚ²Ü,  

Ð. è. äºîðàêÚ²Ü, ². ê. äàÔàêÚ²Ü ¨ ². Ð. Ì²îàôðÚ²Ü 

Ð»ï³½áïí»É ¿ Èáéáõ Ù³ñ½áõÙ Ñ³í³ùí³Í ÏÉáñ³íáõÝ ï³ÝÓ³ï»ñ¨Çó ëï³óí³Í 

¿ùëïñ³ÏïÝ»ñÇ (Î²Ü, ³½³ï ³ÙÇÝ³ÃÃáõÝ»ñ, Ñ³Ýù³ÛÇÝ ï³ññ»ñ ¨ ³ÛÉÝ) ýÇïáùÇÙÇ³-

Ï³Ý µ³Õ³¹ñáõÃÛáõÝÝ áõ Ñ³Ýù³ÛÇÝ Ï³½ÙÁ: ¾ùëïñ³ÏïÝ»ñÇ ÃÃí³ÛÇÝ ÑÇ¹ñáÉÇ½³ïáõÙ 

Ñ³ÛïÝ³µ»ñí»É »Ý ëåÇï³Ïáõó³ÛÇÝ Í³·Ù³Ý 10 ³½³ï ³ÙÇÝ³ÃÃáõÝ»ñ, ÇëÏ ³ïáÙ³-

¾ÙÇëÇáÝ³ÛÇÝ ëå»ÏïñáÙ»ïñÇ³ÛÇ »Õ³Ý³Ïáí å³ñ½í»É ¿, áñ µáõÛëÇ í»ñ·»ïÝÛ³ ûñ·³ÝÝ»-

ñáõÙ ³éÏ³ »Ý 20 Ñ³Ýù³ÛÇÝ ï³ññ»ñ, áñáÝóÇó Í³Ýñ Ù»ï³ÕÝ»ñÇ (Co, Cd, Cr, V, Ni, Pb, 

As ¨ ³ÛÉÝ) å³ñáõÝ³ÏáõÃÛáõÝÁ ·ïÝíáõÙ »Ý ¿ÏáÉá·Ç³å»ë Ù³ùáõñ µáõë³ÑáõÙù»ñÇ Ñ³-

Ù³ñ Ý³Ë³ï»ëí³Í å³Ñ³ÝçÝ»ñÇ Ï³Ù ¹ñ³Ýó ýáÝ³ÛÇÝ ³ñÅ»ùÝ»ñÇ ïÇñáõÛÃáõÙ: 

Ð»ï³½áïí»É ¿ Ý³¨ ÏÉáñ³íáõÝ ï³ÝÓ³ï»ñ¨Çó ëï³óí³Í ÃáõñÙ»ñÇ ¨ ¿ùëïñ³Ïï-

Ý»ñÇ Ñ³Ï³ûùëÇ¹³Ýï³ÛÇÝ ³ÏïÇíáõÃÛáõÝÁ,՝ Ñ³Ù»Ù³ï»Éáí ³ÛÝ Ñ³ÛïÝÇ Ñ³Ï³ûùëÇ¹³Ý-

ï³ÛÇÝ ÝÙáõßÇ՝ Ïí»ñó»ïÇÝÇ ÝáõÛÝ³ÝáõÝ ïíÛ³ÉÝ»ñÇ Ñ»ï: ä³ñ½í»É ¿, áñ Èáéáõ Ù³ñ½Ç 

ì³Ý³ÓáñÇ ï³ñ³ñ³Í³ßñç³ÝÇ ë³Õ³ñÃ³ËÇï ³Ýï³éÝ»ñÇ É³Ý¹ß³ýïÝ»ñÇó Ñ³í³ùí³Í 

ÏÉáñ³íáõÝ ï³ÝÓ³ï»ñ¨Ç Ñ³Ï³ûùëÇ¹³Ýï³ÛÇÝ ³ÏïÇíáõÃÛáõÝÁ Ùáï 3 ³Ý·³Ù ·»ñ³½³Ý-

óáõÙ ¿ Ñ³ÛïÝÇ Ñ³Ï³ûùëÇ¹³Ýï Ïí»ñó»ïÇÝÇ Ñ³ïÏáõÃÛ³ÝÁ:  
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êï³óí³Í ³ñ¹ÛáõÝùÝ»ñÇ ÑÇÙ³Ý íñ³ Ñ»ï³½áïí³Í ÏÉáñ³íáõÝ ï³ÝÓ³ï»ñ¨ µáõë³-

ÑáõÙùÁ Ï³ñ»ÉÇ ¿ ³é³ç³ñÏ»É, áñå»ë ûñ·³ÝÇ½ÙÝ»ñÇ Ñ³Ï³ûùëÇ¹³Ýï³ÛÇÝ Í»ñ³óÙ³Ý 

¹»Ù å³Ûù³ñÇ ³ñ¹ÛáõÝ³í»ï Ï³ÝË³ñ·»ÉÙ³Ý ¿ÏáÉá·Ç³å»ë Ù³ùáõñ ÙÇçáó: ´áõë³ÑáõÙ-

ùÇó å³ïñ³ëïí³Í ÃáõñÙ»ñÝ áõ ¿ùëïñ³ÏïÝ»ñÁ Ï³ñ»ÉÇ ¿ ÏÇñ³é»É Ý³¨ Ù³ñ¹áõ ûñ·³-

ÝÇ½ÙÇ ï³ñµ»ñ ³Ëï³µ³Ý³Ï³Ý åñáó»ëÝ»ñÇ՝  ÑÛáõëí³Íù³ÛÇÝ ¨ µçç³ÛÇÝ Ï³éáõóí³Íù-

Ý»ñáõÙ ³é³ç³óáÕ Ù³Ïñá- ¨ ÙÇÏñáï³ññ»ñÇ ³Ýµ³í³ñ³ñáõÃÛ³Ý Ï³ÝË³ñ·»ÉÙ³Ý Ýå³-

ï³Ïáí:  

ÆëÏ ³ñµáõïÇÝÇ Ù»Í ù³Ý³ÏáõÃÛ³Ý ³éÏ³ÛáõÃÛáõÝÁ ÑÝ³ñ³íáñáõÃÛáõÝ ¿ ÁÝÓ»éáõÙ 

Ý³¨ ³Û¹ µáõë³ÑáõÙù»ñÇ Ñ³É»Ý³ÛÇÝ å³ïñ³ëïáõÏÝ»ñÝ û·ï³·áñÍ»É Ý³¨ ÙÇ½³ë»é³-

Ï³Ý ûñ·³ÝÝ»ñÇ µáñµáùáõÙÝ»ñÇ Ï³ÝË³ñ·»ÉÙ³Ý Ýå³ï³Ïáí: 

 

ГРУШАНКА КРУГЛОЛИСТНАЯ В КАЧЕСТВЕ ПЕРСПЕКТИВНОГО 

ЛЕКАРСТВЕННОГО СЫРЬЯ 

С. А. ДАДАЯНа,б, Л. А. СТЕПАНЯНа, А. С. ДАДАЯНа,б, М. Б. ГАСОЯНа,  

А. Р. ПЕТРОСЯНб, А. С. ПОГОСЯНа и А. О. ЦАТУРЯНa,б 

Изучены фитохимический и минеральный составы экстрактов (БАВ, свобод-

ные аминокислоты, минеральные элементы и др.) грушанки круглолистной, соб-

ранной в Лорийском марзе Республики Армения. 

В кислотном гидролизате экстрактов обнаружены 10 свободных белковых 

аминокислот. С помощью атомно-эмиссионной спектрофотометрии установлено, 

что в органах надземной части растения присутствуют 20 минеральных элементов, 

в том числе тяжелые металлы (Co, Cd, Cr, V, Ni, Pb, As и др.), содержание которых 

соответствует требованиям, предъявляемым к экологически чистым растениям, 

или находится в пределах фоновых значений. 

Изучена также антиоксидантная активность настоев и экстрактов грушанки 

круглолистной по сравнению с аналогичными значениями известного антиокси-

данта – кверцетина. Установлено, что антиоксидантная активность образцов ГРУ-

шанки круглолистной, отобранных из ландшафтов густолиственных лесов в 

окрестностях г. Ванадзор Лорийского марза, почти в три раза превышает таковую 

кверцетина. 

На основании полученных результатов исследований биомассу грушанки 

круглолистной можно рекомендовать в качестве эффективного антиоксидантного 

средства, предупреждающего преждевременное старение. Настои и экстракты 

растения также можно применять для профилактики и коррекции недостатка или 

дисбаланса макро- и микроэлементов в тканевых и клеточных структурах при 

различных патологических процессах в организме человека. 

В тоже время присутствие в грушанке круглолистной большого количества 

арбутина позволяет использовать галеновые препараты растения в качестве 

противовоспалительного средства при заболеваниях мочеполовых органов.  
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NEW THREE-DIMENSIONAL HETEROCYCLIC CLUSTER. 

BIS-BENZO[4′,5′]IMIDAZO[2′,1′: 6,1]PYRIDO[2,3-d]PYRIMIDINES, 

SYMMETRICALLY LINKED BY A TRIARYLMETHANE LINKER 

 

 Modern methodology for finding new compounds for introduction into medical 

and industrial chemistry implies, among other approaches, the synthesis of chemical 

compounds of a fundamentally new design. In this report, we describe the synthesis 

of substituted bis-benzo[[4′,5′]imidazo-[2′,1′:6,1]pyrido[2,3-d]pyrimidines, in which 

two tetracyclic skeletons are symmetrically linked by a triarylmethane linker.  

 The design of the synthesized large molecule has a unique three-dimensional 

structure (Fig.1), which makes it interesting in terms of studying the affinity for 

various biomolecules and photophysical, chelating properties, and can be used for 

detection of nitro-containing explosives and ecotoxins, as well as fluorescent 

biomarkers in biomedical investigations. 

The synthesis was carried out according to the following Scheme: 

Scheme 

 
 The initial dialdehyde of the triarylmethane series 1 was obtained by the 

interaction of 4-nitrobenzaldehyde and vanillin in a ratio of 1/2 in the presence of 

ZnCl2 according to the method described in the literature [1]. However, in the cited 

work, the author was unable to establish the exact structure of the isomer of the 

synthesized compound, limiting himself only to the correct assignment of compound 
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1 to the triarylmethane derivative, in which aldehyde groups are present in the 

vanillin moiety. 

 We have established that two molecules of 4-hydroxy-3-methoxybenzaldehyde 

react on the carbonyl group of an electron-deficient 4-nitrobenzaldehyde 

(electrophile) in the presence of ZnCl2 to form a single isomer in which the 

introduced group is in the meta-position to the formyl and ortho-position to the 

hydroxyl groups of the vanillin moiety. This is in accord with the orientation rule for 

substituents in the aromatic ring in the Friedel-Crafts reaction. Dialdehyde 1 is put 

into the interaction with 4-methyl-2-phenyl-5,6-dihydrobenzo[4',5']imidazo[2',1',6,1] 

pyrido-[2,3-d]pyrimidine (2) [2] in a molar ratio of 1/2 by boiling in acetic 

anhydride according to the previously described method [3] with the formation of 

bis-derivative 3. As in the case of condensation of tetracycle 2 with aromatic and 

heterocyclic aldehydes in acetic anhydride [3] the reaction proceeds exclusively on 

the methylene group 6 of the heterocycle, followed by a 1,3-prototropic shift and the 

formation of 6-arylmethyl derivative 3. 

 The structure of the synthesized compounds 1,3 was proved by 
1
H NMR 

spectroscopy. 

 Visualization in the form of a ball and stick model, optimization of the three-

dimensional structure and analysis of the geometry of the molecule (Figure) were 

carried out in the Chem3D 16.0 program, the ChemOffice software. 

 

Figure. Ball and stick model of compound 3 after optimization of the three-dimensional 

structure. 

 

The nearest contacts are presented only for hydrogen atoms: H(127)-Lp(152), 

H(112)-Lp(149), H(127)-H(135), N(74)-H(135), N(76) -H(131), N(76)-H(128), 

N(74)-H(127), N(50)-H(123), H(112)-H(119), N(52)-H(119), N(50)-H(117), N(52)-

H(112), C(12)-H(93), C(35)-H(92), C(29)-H(91), C(4)-H(90), O(33)-H(89), C(3)-

H(89), O(9)-H(86), O(8)-H(85). 
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Experimental part 

 The IR spectra were recorded on a Nicolet Avatar 330 spectrometer from 

samples dispersed in mineral oil. The 
1
H NMR spectra were measured on a 

VarianMercury-300 spectrometer at 300 MHz using tetramethylsilan as internal 

reference. Thin-layer chromatography was performed on Silufol UV-254 plates in 

hexane – dichloroethane 
_
 ethanol / 1-1-1 system; spots were visualized by treatment 

with iodine vapor. Elemental analysis was carried out on an automated EA 

Eurovector elemental analyzer (Italy). 

 [(4-Nitrophenyl)-di-(2-hydroxy-3-methoxy-5-formylphenyl)]methane (1). 

Prepared according to the described method [1]. Yield 48%, mp 275-276°C from 

AcOH (lit. 276°C [1]), Rf 0.60. IR spectrum, ν, 3208 (OH), 1676 (CO), 1607, 1592 

(C=C
_
C=N). 

1
H NMR spectrum (DMSO-d6 / CCl4: 1/3), δ, ppm, Hz: 3.94 s (6H, 

OMe); 6.26 brs (1H, CH); 6.92 brd (2H, J = 1.8, H-6.6′ C6H3); 7.31-7.36 m (2H, H-

2.6 C6H4); 7.33 d (2H, J = 1.8, H-2.2 ′ C6H3 ); 8.11-8.16 m (2H, H-3.5 C6H4); 9.63 s 

(2H, CHO); 9.67 br (2H, OH). 

 {(4-Nitrophenyl)-bis-[2-acetoxy-5-[(4-methyl-2-phenylbenzo[4′,5′]imidazo 

[1′,2′:1,6]-pyrido-[2,3-d]pyrimidin-6-yl)]methyl-3-methoxy]phenyl}methane (3). 

A solution of 1.18 g (0.005 mol) of dialdehyde 1 and 3.12 g (0.01 mol) of 4-methyl-

2-phenylbenzo[4′,5′]imidazo[2′,1′: 6,1]-pyrido[2,3-d] -pyrimidine (2) in 40 ml of 

acetic anhydride was heated under reflux for 24 hours, evaporated to half the volume 

and left overnight in the cold. The precipitated product was filtered and dried. Yield 

64.8%, yellow-green crystals, mp 320-322
о
С (DMF), Rf 0.75. IR spectrum, ν, см

-1
: 

1770, 1675 (CO), 1594 (C=C
_
C=N). 

1
H NMR spectrum (DMSO-d6), δ, ppm, Hz: 

2.17 s (6H, 2 • Me); 2.24 brs (6H, 2 • Me); 3.54 brd (2H, J = 14.7 CH2
a
); 3.74 s (6H, 

2 • Me); 4.02 d (2H, J = 14.7 CH2
b
); 5.85 s (1H, CH); 6.95 brs (2H, H-5); 7.15-7.20 

m (4H, 2•H
2,6

 C6H2); 7.25 ddd (2H, J = 8.2,7.3,1,1.0 C6H4);7.37-7.43 m (6H, Ar); 

7.47-7.54 m (4H, Ar); 7.85 brd (2H, J = 8.0 C6H4); 8.04-8.08 m (4H, ortho-C6H5); 

8.22-8.26 m (2H, C6H4NO2); 8.31 brd (2H, J = 8.2 C6H4). Found %, C 72.62; H 

4.48; N 11.52. C67H51N9O8. Calculated,%: C 72.49; H 4.63; N 11.35. 
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Üàð ºè²â²ö ÐºîºðàòÆÎÈ²ÚÆÜ ÊðÒÆÎ.  

´Æê-´ºÜ¼à[4', 5']ÆØÆ¸²¼à[2',1':6, 1]äÆðÆ¸à[2,3-D]äÆðÆØÆ¸ÆÜ` 

Ð²Ø²â²öàðºÜ Î²äì²Ì ºè²ðÆÈØºÂ²Ü²ÚÆÜ Î²Øðæ²Îàì  

². ². Ð²ðàôÂÚàôÜÚ²Ü, Ð. ². ö²ÜàêÚ²Ü, 

¶. î. ÔàôÎ²êÚ²Ü ¨ ¶. Ð. ¸²Ü²¶àôÈÚ²Ü 

4-ÜÇïñáµ»Ý½³É¹»ÑÇ¹Ç ¨ 4-ÑÇ¹ñûùëÇ-3-Ù»ÃûùëÇµ»Ý½³É¹»ÑÇ¹Ç ÏáÝ¹»ÝëÙ³Ý ³ñ-

¹ÛáõÝùáõÙ ëÇÝÃ»½í³Í [(4-ÝÇïñáý»ÝÇÉ)-¹Ç-(2-ÑÇ¹ñûùëÇ-3-Ù»ÃûùëÇ-5-ýáñÙÇÉ)]Ù»Ã³ÝÁ 

÷áË³½¹»óáõÃÛ³Ý Ù»ç ¿ ¹ñí»É 4-Ù»ÃÇÉ-2-ý»ÝÇÉ-5,6-¹»ÑÇ¹ñáµ»Ý½á[4',5']-ÇÙÇ¹³½á 

[2',1',6,1]åÇñÇ¹á[2,3-d]åÇñÇÙÇ¹ÇÝÇ Ñ»ï ¨ ëï³óí»É ¿ {(4-ÝÇïñáý»ÝÇÉ)-µÇë-[2-

³ó»ïûùëÇ-5-[(4-Ù»ÃÇÉ-2-ý»ÝÇÉµ»Ý½á[4′,5′]ÇÙÇ¹³½á[1′,2′:1,6]-åÇñÇ¹á[2,3-d]åÇñÇÙÇ-

¹ÇÝ-6-ÇÉ)]Ù»ÃÇÉ-3-Ù»ÃûùëÇ]ý»ÝÇÉ}Ù»Ã³Ý: êÇÝÃ»½í³Í ÙÇ³óáõÃÛáõÝÝ»ñÇ Ï³éáõóí³ÍùÁ 

Ñ³ëï³ïí»É ¿ ØØè 1H ëå»Ïñ³É »Õ³Ïáí: 

 

СИНТЕЗ БИС-БЕНЗО[4 ', 5']ИМИДАЗО[2 ', 1': 6, 1]ПИРИДО[2,3-

d]ПИРИМИДИНА, СИММЕТРИЧНО ПОДКЛЮЧЕННОГО ЧЕРЕЗ 

ТРИАРИЛМЕТАНОВЫЙ ЛИНКЕР 

А. А. АРУТЮНЯН, Г. А. ПАНОСЯН, Г. Т. ГУКАСЯН и Г. Г. ДАНАГУЛЯН 

Конденсацией 4-нитробензальдегида с 4-гидрокси-3-метоксибензальдегидом 

синтезирован 4-нитрофенилметил-3,3’-бис(4-гидрокси-5-метоксибензальдегид), 

взаимодействием которого с 4-метил-2-фенил-5,6-дигидробензо[4',5']имидазо 

[2',1',6,1]пиридо[2,3-d]пиримидином получен бис-бензо[4′,5′]имидазо[2′,1′: 6,1] 

пиридо[2,3-d]пиримидин. Строение синтезированных соединений подтверждено 

ЯМР 
1
H спектроскопией. 
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активностью, статья может содержать результаты биологических исследований, вклю-

чающие ссылки на использованные методы изучения биологической активности, инфор-

мацию о типе использованных биообъектов, активности и токсичности синтезированных 

препаратов в сопоставлении с соответствующими показателями применяемых в медицине 

лекарств. 

В заключении следует привести краткий аргументированный вывод о связи между 

структурой и биологической активностью исследованных соединений. Опубликованные ма-

териалы, а также материалы, представленные для публикации в других журналах, к рас-

смотрению не принимаются. 

Авторские обзоры должны представлять собой обобщение и анализ результатов цикла 
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женные в краткой форме научные результаты принципиально важного характера, требую-

щие срочной публикации. Редакция оставляет за собой право сокращать статьи независимо 

от их объема. 

Для публикации статьи авторам необходимо представить в редакцию следующие 
материалы и документы: 

1) направление от организации (в 1 экз.); 
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3) подписанный всеми авторами текст статьи, включая аннотацию, таблицы, рисунки и 

подписи к ним (все в 2-х экз.); 

4) графический реферат (в 2-х экз.); 

Статья должна быть написана сжато, аккуратно оформлена и тщательно отредактиро-

вана. Не допускается дублирование одних и тех же данных в таблицах, в схемах и рисунках. 

Автор несет полную ответственность за достоверность экспериментальных данных, 

приводимых в статье. 

Все статьи, направляемые в редакцию, подвергаются рецензированию и научному ре-

дактированию. 

Статья, направленная авторам на доработку, должна быть возвращена в исправленном 

виде вместе с ее первоначальным вариантом в максимально короткие сроки. К перерабо-

танной рукописи необходимо приложить письмо от авторов, содержащее ответы на все за-

мечания и комментарии и поясняющее все внесенные изменения. Статья, задержанная на 
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исправлении более двух месяцев или требующая повторной переработки, рассматри-

вается как вновь поступившая. 

Редакция посылает автору перед набором для проверки отредактированный экземпляр 

статьи и корректуру.  

 

Структура публикаций 

Публикация обзоров, полных статей и кратких сообщений начинается с индекса 

УДК, затем следуют заглавие статьи, инициалы и фамилии авторов, развернутые названия 

научных учреждений, полные почтовые адреса с индексами почтовых отделений, номера 

факсов и адреса электронной почты. Далее приводится краткая аннотация (не более 20 

строк) с указанием конкретных результатов работы и вытекающих из них выводов. 

В статьях теоретического и физико-химического характера приводятся сжатое вве-

дение в проблему и постановка задачи исследования, экспериментальная или методическая 

часть, обсуждение полученных результатов с заключением, а в статьях, посвященных 

синтезу, — общая часть (введение и задача исследования), обсуждение полученных резуль-

татов с заключением и экспериментальная часть. Рисунки с подрисуночными подписями и 

таблицы могут быть введены в текст. В письмах в редакцию аннотация на русском языке 

не приводится и разбивка на разделы не требуется; даются индекс УДК, название статьи, 

инициалы и фамилии авторов, название научных учреждений и их адреса, резюме на 

армянском и английском языках.  

Графический реферат прилагается на отдельной странице (120×55 мм) и представляет 

собой информативную иллюстрацию (ключевую схему, структуру соединения, уравнение 

реакции, график и т.п.), отражающую суть статьи в графическом виде. Текст в графиче-

ском реферате допускается только в случае крайней необходимости, при этом следует избе-

гать дублирования названия статьи и текста аннотации. 

При несоблюдении указанных выше правил статья не принимается к публика-

ции. 
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Примеры оформления графических рефератов 

 

О взаимодействии N-алкилиминов с ацетоуксусным эфиром 

 

М. С. Саргсян 

С. С. Айоцян 

А. Х. Хачатрян 

А. Э. Бадасян 

С. Г. Конькова   

Хим. ж. Армении, 2011, т. 64, №4, с. 511 

 

Кинетика высокотемпературного азотирования тантала в изотермических 

условиях 

 

Ц. А. Адамян 

Е. Н. Степанян                                                     

А. А. Чатилян 

С. Л. Харатян 

 

Хим. ж. Армении,  

2011, т. 64, №3, с. 316 

 

Оформление статей в «Химическом журнале Армении» 

 
Текст статьи печатается через 1.5 интервала (без помарок и вставок) на белой бумаге 

стандартного размера (формат А4) с полями 3 см с левой стороны, 1.5 см с правой стороны, 

2.5 см сверху, 2.5 см снизу, размер шрифта — 12.  

Все страницы рукописи, включая список литературы и графический реферат, нуме-

руются. 

Уравнения, схемы, таблицы, рисунки и ссылки на литературу нумеруются в порядке 

их упоминания в тексте. 

Список цитируемой литературы должен включать ссылки на наиболее существенные 

работы по теме статьи. В тексте статьи должны быть упомянуты все ссылки, приведенные 

в списке литературы. В тексте ссылки на литературу даются в квадратных скобках и нуме-

руются строго в порядке их упоминания. Список литературы печатается на отдельной 

странице с указанием инициалов и фамилий всех авторов.  

Список литературы должен быть оформлен следующим образом: 

Книги: Бучаченко А.Л., Вассерман А.М. Стабильные радикалы. М., Химия, 1973, 58 с.  

Статьи в сборниках: Ола Дж., Фарук О., Пракаш Дж. К.С. в кн: Активация и катали-

тические реакции алканов / под ред. К.М.Хилла. М., Наука, 1992, с. 39.  

При цитировании переводных изданий после выходных данных русскоязычной вер-

сии в квадратных скобках необходимо указать выходные данные оригинального издания. 

Например: Внутреннее вращение молекул./ под ред. В.Д.Орвилл-Томаса. М., Мир, 1974, 374 

с. [Internal Rotation in Molecules, Ed. W. J. Orville-Thomas, Wiley, New York, 1974, 329 pp.]. 

Журналы: Gal´pern E.G., Stankevich I.V., Chistyakov A.L., Chernozatonskii L.A. // Chem. 

Phys. Lett., 1997, v.269, р.85. 

При цитировании русскоязычного журнала, переводимого за рубежом, необходи-

мо приводить ссылку и на англоязычную версию. Например: Лайков Д. Н., Устынюк Ю. 

А.// Изв. АН, Сер. хим., 2005, с.804 [Russ. Chem. Bull., Int. Ed., 2005, 54, 820]. 
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Патенты: А.с. 9854 СССР // Б.И., 1978, 61. или: US Pat. 55973 // Сhem. Аbstrs., 1982, 

97, 150732. 

Диссертации: Ковалев Б.Г. Автореф. дисс. «....» доктора хим. наук. Город, институт, 

год, стр.  

 Программы: Sheldrick G. M., SHELXL93, Program for the Refinement of Crystal 

Structure, Göttingen University, Göttingen (Germany), 1993. 

Банки данных: Cambridge Structural Database System, Version 5.17, 1999. 

Ссылки на неопубликованные результаты и частные сообщения даются исключи-

тельно в виде сносок, а в списке литературы не приводятся и не нумеруются. При цитирова-

нии неопубликованных работ и частных сообщений необходимо представить разрешение от 

лица, на чьи данные приводится ссылка. 

  

Памятка для авторов 

 

Для максимального сокращения сроков публикации редакция просит авторов обра-

тить особое внимание на оформление статьи. 

Общие положения 

Материалы, представляемые в редакцию: 

։ фамилия, имя, отчество и координаты лица, с которым редакция должна вести пере-

писку (почтовый адрес, номер телефона, номер факса, адрес электронной почты). Фамилия 

автора, ответственного за переписку, должна быть отмечена звездочкой. 

։ направление от организации 

։ экспертное заключение (для граждан РА) 

։ текст статьи, аннотации на русском, английском и армянском языках на отдельных 

страницах (либо в тексте), рисунки и таблицы (все в 2 экз.) 

։ графический реферат 

։ последовательность расположения частей статьи (кроме писем в редакцию): 

։ индекс УДК 

։ название статьи 

։ автор(ы) 

։ развернутое название научной организации 

։ почтовый адрес с индексом 

։ факс 

։ адрес электронной почты 

։ аннотация 

։ собственно текст статьи 

։ введение 

։ постановка задачи 

для статей физико-химической тематики: 

։ экспериментальная часть 

։ обсуждение полученных результатов c заключением 

для статей, посвященных синтезу:  

։ обсуждение полученных результатов c заключением 

։ экспериментальная часть 

։ благодарности 

։ список литературы 
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Требования к оформлению и подготовке рукописи 

 

։В экспериментальной части должны быть представлены доказательства строения 

и чистоты всех новых соединений, источники использованных нетривиальных реагентов 

или методики их получения, а также условия дополнительной подготовки реагентов и 

растворителей. 

։Для всех синтезированных соединений следует дать названия по номенклатуре 

IUPAC. Металлоорганические комплексы могут быть названы по системе Chemical 

Abstracts. 

։Все таблицы, схемы, рисунки, соединения и ссылки на литературу должны нуме-

роваться строго в порядке упоминания в тексте. 

։На осях графиков должны быть указаны наименования и единицы измерения соот-

ветствующих величин. 

։Рисунки спектров не должны быть выполнены от руки. 

։Все используемые аббревиатуры и сокращения должны соответствовать приведен-

ному в Правилах для авторов списку или расшифровываться при первом упоминании. 

։Данные рентгеноструктурного исследования следует представлять в виде рисун-

ка(ков) молекулы (с пронумерованными атомами) или кристаллической упаковки и таблиц, 

содержащих необходимые геометрические характеристики молекул (основные длины свя-

зей, валентные и торсионные углы). 

։ Для основного текста статьи обязательно использование шрифта Unicode, 

желательно Times New Roman, для греческих букв — шрифт Symbol. 

։Символы переменных физических величин (например, температура — T), единицы 

их измерения (K), стереохимические дескрипторы (цис, Z, R), локанты (N-метил), буквен-

ные (но не цифровые) символы при обозначении групп симметрии должны быть напечата-

ны курсивом (C2v, но не C2v). 

։В списке литературы должны использоваться только стандартные сокращения на-

званий журналов. 
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