


 

 

434 

ÀÉÀÑÒÀÍÈ  ÊÈÌÈÀÊÀÍ  ÀÍÄÅÑ 
 

“Õèìè÷åñêèé æóðíàë Àðìåíèè” ÿâëÿåòñÿ îðãàíîì Íà-

öèîíàëüíîé Àêàäåìèè íàóê Àðìåíèè. Â íåì ïóáëèêóþòñÿ 

ðåçóëüòàòû òåîðåòè÷åñêèõ è ýêñïåðèìåíòàëüíûõ 

èññëåäîâàíèé, ïðîâîäèìûõ â íàó÷íî-èññëåäîâàòåëüñêèõ 

èíñòèòóòàõ, âóçàõ è ëàáîðàòîðèÿõ ïðîìûøëåííûõ 

ïðåäïðèÿòèé Àðìåíèè è äðóãèõ ðåñïóáëèê â îáëàñòè 

îáùåé, ôèçè÷åñêîé, íåîðãàíè÷åñêîé, àíàëèòè÷åñêîé, 

îðãàíè÷åñêîé è áèîîðãàíè÷åñêîé õèìèè, õèìè÷åñêîé 

ôèçèêè è õèìè÷åñêîé òåõíîëîãèè. 

 

Âûõîäèò 4 ðàçà â ãîä. 

 

 

 

Ðåäàêöèîííàÿ êîëëåãèÿ æóðíàëà ïðîñèò íàïðàâëÿòü ñòàòüè 

ïî àäðåñó: Ðåñïóáëèêà Àðìåíèÿ, 0019, Åðåâàí, ïð. Ìàðøàëà Áàãðàìÿíà, 

24ã, òåë: 56-08-31. 

 

Address: Chemical Journal of Armenia 

24g, Marshal Baghramyan Ave., 0019, Yerevan, Republic of Armenia 

Phone:  (374 10) 56-08-31 

E-mail:  anulyamour@rambler.ru 

Website: www.flib.sci.am 

 

 

Êîìïüþòåðíàÿ âåðñòêà  Àíàèò Àêîïÿí 

E-mail: anulyamour@rambler.ru 
 

À ä ð å ñ  ð å ä à ê ö è è  

0019, Åðåâàí, ïð. Ìàðøàëà Áàãðàìÿíà, 24–ã, II ýòàæ, 2 ê., òåë. 56-08-31 

 

Ñäàíî â íàáîð 02.11.2020.   Ïîäïèñàíî ê ïå÷àòè 02.12.2020. 

Áóìàãà ôèðìåííàÿ.  Íàáîð êîìïüþòåðíûé. 

Ïå÷. лèñòîâ 8.875.   Òèðàæ 150.   Çàêàç ¹82. 

Èçäàòåëüñòâî Íàöèîíàëüíîé Àêàäåìèè íàóê Ðåñïóáëèêè Àðìåíèÿ 

0019, Åðåâàí, ïð. Ìàðøàëà Áàãðàìÿíà, 24–ã. 

Öåíà äîãîâîðíàÿ. 

 



 

 

293 

Ð²Ú²êî²ÜÆ Ð²Üð²äºîàôÂÚ²Ü ¶ÆîàôÂÚàôÜÜºðÆ 

²¼¶²ÚÆÜ ²Î²¸ºØÆ² 

ÍÀÖÈÎÍÀËÜÍÀß  ÀÊÀÄÅÌÈß  ÍÀÓÊ 

ÐÅÑÏÓÁËÈÊÈ  ÀÐÌÅÍÈß 

NATIONAL ACADEMY OF SCIENCES 

OF THE REPUBLIC OF ARMENIA 

 

  

Ð²Ú²êî²ÜÆ 

øÆØÆ²Î²Ü Ð²Ü¸ºê 

ХИМИЧЕСКИЙ ЖУРНАЛ 

АРМЕНИИ 

CHEMICAL  JOURNAL 

OF  ARMENIA 

 

 

ÍÀÓ×ÍÛÉ  ÆÓÐÍÀË 

¶Æî²Î²Ü  Ð²Ü¸ºê 

Ð²îàð  73  ÒÎÌ 

4 

Ð²Ú²êî²ÜÆ Ð²Üð²äºîàôÂÚ²Ü ¶ÆîàôÂÚàôÜÜºðÆ ²¼¶²ÚÆÜ ²Î²¸ºØÆ²ÚÆ 

§¶ÆîàôÂÚàôÜ¦ Ðð²î²ð²ÎâàôÂÚàôÜ 

ÈÇÄÀÒÅËÜÑÒÂÎ “ÃÈÒÓÒÞÍ” ÍÀÖÈÎÍÀËÜÍÎÉ ÀÊÀÄÅÌÈÈ ÍÀÓÊ ÐÀ 

 

ºðºì²Ü 2020 ÅÐÅÂÀÍ 

 



 

 

294 

 
¶ÉË³íáñ ËÙµ³·Çñ`  ê³ÕÛ³Ý ².ê.       

¶ÉË³íáñ ËÙµ³·ñÇ ËáñÑñ¹³ïáõ`  Ø³ÝÃ³ßÛ³Ý ².Ð. 

¶ÉË³íáñ ËÙµ³·ñÇ ï»Õ³Ï³ÉÝ»ñ`  Ê³é³ïÛ³Ý ê.È. 

  Ðáí³ÏÇÙÛ³Ý Ø.Ä. 

ä³ï³ëË³Ý³ïáõ ù³ñïáõÕ³ñ`  ê³Ñ³ÏÛ³Ý ê.ê.   

 

Ê Ø ´ ² ¶ ð ² Î ² Ü  Î à È º ¶ Æ ²  

²ñë»Ýï¨ ê.¸. (å³ï³ëË³Ý³ïáõ ËÙµ³·Çñ), ¸³Ý³·áõÉÛ³Ý ¶.Ð. (å³ï³ëË³Ý³ïáõ 

ËÙµ³·Çñ), Ê³ã³ïñÛ³Ý Ð.¶., ÔáãÇÏÛ³Ý î.ì., îáÝáÛ³Ý ².Ð. (å³ï³ëË³Ý³ïáõ ËÙµ³·Çñ), 

ö³ÝáëÛ³Ý Ð.²., ´»Éáí ¶.ä. (è¸), ¶¨áñ·Û³Ý ì.Ü. (²ØÜ), ¸áõñáí ì.². (è¸), Ð³ñáõÃÛáõÝáí 

ì.ê. (è¸), Ø³É»¨ ì.Æ. (è¸), ø»Ñ»Û³Ý º. (Æï³ÉÇ³): 

 

 

Главный редактор  Сагян А.С.        

Консультант главного редактора  Манташян А.А.   

Заместители главного редактора  Овакимян М.Ж.  

 Харатян С.Л.      

Ответственный секретарь  Саакян С.С.          

 

Р Е Д А К Ц И О Н Н А Я  К О Л Л Е Г И Я  

Арсентьев С.Д. (ответственный редактор), Данагулян Г.Г. (ответственный редактор), 

Кочикян Т.В., Паносян Г.А., Тоноян А.О. (ответственный редактор), Хачатрян А.Г., 

Арутюнов В.С. (Россия), Белов Г.П. (Ðîññèÿ), Геворгян В.Н. (США), Дуров В.А. 

(Россия), Кегеян Е. (Италия), Малеев В.И. (Ðîññèÿ). 

 

Editor-in-chief  Saghyan A.S. 

Editor-in-chief Consultant  Mantashyan A.A. 

Deputy Editors  Kharatyan S.L. 

 Hovakimyan M.Zh. 

Responsible Secretary  Sahakyan S.S.  

 

E D I T O R I A L  B O A R D  

Arsentev S.D. (executive editor), Ghochikyan T.V., Danagulyan G.G. (executive editor), 

Khachatryan H.G., Panosyan H.A, Tonoyan A.H. (executive editor), Belov G.P. (Russia), 

Gevorgyan V.N. (USA), Durov V.A. (Russia), Harutyunov V.S. (Russia), Keheyan Ye. (Italy), 

Maleev V.I. (Russia). 

 

 

"Химический журнал Армении" реферируется 

в “Chemical Abstracts” (США) и РЖХим (Россия). 
 

http://chemjournal.sci.am 

www.flib.sci.am 

 
 

 



 

 

295 

ГРАФИЧЕСКИЕ РЕФЕРАТЫ 

Magnesio-carbothermic reduction of Ag2WO4. DTA/TG study 
 

 

 

M.K. Zakaryan 

A.S. Arzumanyan 

S.L. Kharatyan 

 

0

5

10

15

20

200 400 600 800

80

85

90

95

100

D
T

A

T, 
o
C

T
G

, m
g

410 
o
C

Mg 

melting

●

Mg,

Ag2WO4

●

Mg, Ag, 

WO3

●

MgO, 

Ag, WO2

  
Хим. ж. Армении, 2020, т. 73, №4, с. 300 

 
Photocatalytic decomposition of methylene blue dye in aqueous solution 

in the presence of WO3-doped titanium dioxide  
 

 

L.A. Manucharova 

T.J. Sargsyan 

L.A. Tavadyan 

 
           Methylene blue 

 
Хим. ж. Армении, 2020, т. 73, №4, с. 311 

 
Oxifluoride glasses as a basis for producing 

multilayer associated glass ceramic chips 

 

 

 

A.K. Kostanyan                           

N.B. Knyazyan 

 

  
Хим. ж. Армении, 2020, т. 73, №4, с. 318 

 



 

 

296 

 
The influence of synthesis parameters 

on calcium silicate species thermal crystallization 

 

A. R. Isahakyan 

N. H. Zulumyan 

A. M. Terzyan 

S. A. Melikyan 

H. A. Beglaryan 

 

92% 90% 89% 87%
94%

8% 10% 11% 13%
6%

38%
48%

63% 61% 62%

29%

30%

24% 25% 25%

33%
22%

13% 14% 14%

93%

78%
86% 88%

95%

7%

22%
14% 12%

5%

14%

38%
44% 48%

42%

41%

29%

33% 29%
35%

31%
18%

7% 7% 6%

14% 15% 16% 16% 17%

15 30 60 90 120

0

20

40

60

80

100
1:1.61:1.0

m
a

s
s
 (

%
)

15 30 60 90 120

0

20

40

60

80

100

m
a

s
s
 (

%
)

15 30 60 90 120

0

20

40

60

80

100
1:1.4

m
a

s
s
 (

%
)

Time (min)

15 30 60 90 120

0

20

40

60

80

100

 b-CaSiO3  Ca2SiO4  CaO  Ca3SiO5

m
a

s
s
 (

%
)

Time (min)

1:2.0

  
Хим. ж. Армении, 2020, т. 73, №4, с. 330 

 

Стеклообразование, магнитные и некоторые физико-химические свойства 

стекол в системе NaF-Fe2O3-LiPO3 
 

 

 

А.А. Зангинян 

  
Хим. ж. Армении, 2020, т. 73, №4, с. 343 

 



 

 

297 

 

Methylation of 1,2,4-triazolo[1,5-а]pyrimidines and methodology for determining 

the regioselectivity of the reaction by the NOESY 1H NMR spectroscopy technique 

 

 

 

G.G. Danagulyan 

A.P. Boyakhchyan 

A.K. Tumanyan 

A.G. Danagulyan 

M.R. Araqelyan 

N
N

N

N

N
N

N

N

N
N

N

N

H3C Y

CH3

+    CH3I

X

N
N

N

N

H3C Y

X

N
N

N

N

H3C Y

X

CH3

I
I

D3C CD3

D3C

COOC2H5

D

D

CH3

CH3CD3ONa

CD3OD

CD3ONa

CD3OD

H

X = H, Y = CH3

X = COOC2H5,  Y = H

  
Хим. ж. Армении, 2020, т. 73, №4, с. 349 

 

Synthesis and antibacterial activity of new hydrochlorides 

of 2-dialkylamino(chloro)alkyl 2-substituted quinoline-4-carboxylates 
 

 

A.U. Isakhanyan 

G.M. Stepanyan 

R.V. Paronikyan 

A.A. Shahatuni 

 

 

  

N

x

y
COCI

OH N

OH N

OH N

N

x

y
COO N

+

H

CCI-

N

x

y
COO N

+

H

CCI-

N

x

y
COO N

+

H

CCI-

s

sa

saturated  ether
solution of  HCI

saturated  ether

solution of  HCI

saturated  ether
solution of  HCI

 
Хим. ж. Армении, 2020, т. 73, №4, с. 359 

 



 

 

298 

 

Synthesis of new derivatives of 

3-allyl-spiro[benzo[h]quinazoline-5,1'-cycloheptane] 
 

 

 

A.S. Ayvazyan  

 

  
Хим. ж. Армении, 2020, т. 73, №4, с. 367 

 
Простой и высокоэффективный синтез алкиловых эфиров аминокислот 

 

 

 

А.А. Оганесян 

А.Т. Макичян 

В.О. Топузян 

Н.А. Оганнесян 

  
Хим. ж. Армении, 2020, т. 73, №4, с. 381 

 

Однореакторный трехкомпонентный метод синтеза 

высокофункционализированных 1,2,3,4-тетрагидропиридинов 
 

М.С. Саргсян 

К.А. Авагян 

А.А. Саргсян 

А.Э. Бадасян 

А.Х. Хачатрян 

А.Г. Манукян 

Г.А. Паносян 

А.Г. Айвазян 

 

 

  

Хим. ж. Армении, 2020, т. 73, №4, с. 391 

 



 

 

299 

 

Physico-chemical characteristics of new pyrrolidine-2,5-dione derivatives and 

comparative evaluation of their anticonvulsant properties 

 

 

S․L. Kocharov 

H․A. Panosyan 

S․J. Czuczwar 

J․J. Luszczki 

 

 
            

 
Хим. ж. Армении, 2020, т. 73, №4, с. 401 

 

Investigation of the causes of stability violation of propagating polymerization heat 

waves in the process of frontal polymerization 

 

A. O. Tonoyan 

A. H. Minasyan 

A. Z. Varderesyan 

A. G. Ketyan 

S. P. Davtyan 

  
Хим. ж. Армении, 2020, т. 73, №4, с. 412 

 

 

 

 

 

 

 



 

 

300 

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 

Химический журнал Армении            73, №4, 2020        Chemical Journal of Armenia 
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MAGNESIO-CARBOTHERMIC REDUCTION OF Ag2WO4. 

DTA/TG STUDY 

M. K. ZAKARYAN1,2, A. S. ARZUMANYAN1,2 and S. L. KHARATYAN1,2 

1A.B. Nalbandyan Institute of Chemical Physics NAS RA 

5/2, P. Sevak Str., Yerevan, 0014, Armenia 
2Yerevan State University 

1, A. Manoukyan Str., Yerevan, 0025, Armenia 

E-mail: zakaryan526219@gmail.com 

In the paper the mechanism of reduction of silver tungstate with combined (Mg+C) reducer 

under the conditions of linear heating with the rates of 5-30°C min-1 was studied. It was shown that 

for both the cases of using separate reducing agents and a combined reducer, the interaction begins 

before reaching the melting point of magnesium, and increase in the heating rate shifts the value of 

Tmax towards the high-temperature region. It was revealed that the magnesio-carbothermic reduction 

of silver tungstate is started by carbon at 410oC, followed by simultaneous action of magnesium and 

carbon at 640oC (Vh=10oC min-1); wherein the reaction starts with the solid+solid and continues with 

the solid+liquid mechanism. The effective values of activation energy (Ea) for the magnesiothermic 

reduction stages for the binary (Ag2WO4-Mg) and ternary (Ag2WO4-Mg-C) systems were determined. 

Figs. 8, table 1, references 27. 

1. Introduction 

W-Ag composite materials are widely using for manufacturing of super-

powerful electrical contacts since they offer the advantages of both 

refractory tungsten (welding and erosion resistance) and silver (high thermal 

and electrical conductivities) [1-3]. Low coefficient of thermal expansion 

makes it possible to obtain such substructures that can later be used in 

semiconductor devices. These alloys could also be used in microwave ovens, 

micro-electrical devices as heat dissipating materials and in electrical 

contacts of powerful switches [4-8]. 
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It should be mentioned that the properties of W-Ag pseudo-alloys 

depend not only on the composition, but also on the method of production. 

This means that the size, shape, heat-resistant phase distribution, 

homogeneity of particle and degree of porosity have a huge impact on the 

mechanical, electrical and thermophysical features of the composite [9-11]. 

For the preparation of W-Ag pseudo-alloys several methods are used: 

powder metallurgy [12], reduction of silver tungstate by hydrogen [13], 

explosive pressing [14], reduction of silver tungstate (prepared by chemical 

precipitation) and Ag+WO3 mixture (prepared by solution combustion 

method) by Mg+C combined reducer in combustion mode [15-16]. 

In the work [15] -silver tungstate, Ag2WO4, is suggested to use as an 

initial precursor due to the fact, that both the metals are in the same 

crystalline structure, thus the formation of more homogeneous composite is 

expected. For reduction of silver tungstate, a combined reducer (Mg+C) was 

used that allows to control the reaction temperature in a wide range. This 

approach is known as reactions’ thermo-kinetic coupling [17] when a low 

exothermic or endothermic reaction is coupled with a high caloric one with 

possible change of reaction pathway [18-20]. 

Because of the high rates of processes ongoing in the combustion wave 

it is often difficult to control them and to reveal the reaction mechanism. One 

of the approaches for clarifying the interaction mechanism in the combustion 

wave is thermal analysis method or process modeling in temperature-

programmed heating conditions. In the Ag2WO4-Mg-C ternary system at low 

heating rates (Vh=2.5-30oC min-1) the experiments were carried out by 

DTA/TG method. This gives an opportunity to reveal the sequential 

character of interaction mechanism of the process, to explore intermediate 

states and calculate kinetic parameters for each stage. 

Note that according to the available literature data, the reduction 

mechanism of Ag2WO4 by magnesium, carbon and the combined Mg+C 

reducer was not studied yet. In our previous studies in the NiO-Mg-C [21-

22], NiO-WO3-Mg-C [23], WO3-Mg-C [24], CuMoO4-Mg-C [25] 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. This study is motivated by the need to reveal the 

interaction mechanism and kinetic features of the Ag2WO4-Mg and 

Ag2WO4-C binary and Ag2WO4-Mg-C ternary systems at non-isothermal 

conditions using the DTA/TG technique. The data obtained will serve as a 

basis for optimizing the synthesis conditions of the Ag-W composite powder 

in the combustion mode. 
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2. Materials and methods 

Sodium tungstate (Na2WO4·2H2O, chemically pure grade), silver nitrate 

(AgNO3, 7761-88-8, Czechia), magnesium powder (MPF-3, Russia, pure 

grade, particle size 0.15<<0.3 mm), carbon (P-803, Russia, µ<0.1 m) were 

used in experiments as raw materials. 

Chemical precipitation route was utilized for the preparation of Ag2WO4 

nanopowders by reacting aqueous solutions of silver nitrate and sodium 

tungstate: 

2Ag(NO3)+Na2WO4·2H2O=Ag2WO4+2NaNO3+2H2O 

These solutions were mixed slowly in 2:1 molar ratio with contineous 

stirring at room temperature for 20 min, keeping the pH value at the constant 

magnitude 7. The precipitate formed was centrifuged, filtered and washed by 

ethanol and distilled water several times. Then it was dried at 70oC for 4 hrs. 

A light yellow final product was obtained. The formation of single phase -

Ag2WO4 was confirmed by XRD examination. Microstructural examinations 

testify that the final product obtained by chemical precipitation represents 

fine-grained rod-like particles with average size of 10-20 nm [16]. 

The reactive powder mixture in amounts of 50-100 mgs was used in the 

differential thermal analysis (DTA) and thermogravimetric (TG) experi-

ments on the Q-1500 instrument (Derivatograph Q1500 MOM, Hungary). 

As a reference material Al2O3 powder was used. All measurements were 

conducted in N2 flow (120 ml∙min-1). Heating rate was programmed to be 

2.5, 5, 10, 15, 20, 30°C∙min-1. 

Intermediate and final products were examined by the X-ray diffraction 

(XRD) method with monochromatic CuKα radiation (diffractometer DRON-

3.0, Burevestnik, Russia) operated at 25 kV and 10 mA. To identify the 

products from the XRD spectra, the data were processed using the JCPDS 

database. 

The isoconversion method suggested by Kissinger [26] was used to 

calculate the effective activation energy values for the systems under study. 

This method is based on the shift of temperature corresponding to the 

maximum advance in the DTA curves depending on the heating rate kept 

constant. The derived expression for determination of activation energy by 

Kissinger has the following form: 
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where A is a constant, E is the effective activation energy of the process, 

(kJmol-1), Vh is the heating rate (Kmin-1), Tmax is the reduction temperature 
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(K) corresponding to the maximum advance in the DTA/DTG curve, R is the 

universal gas constant. 

3. Results and discussion 

To clarify the interaction mechanism in Ag2WO4-Mg-C ternary system, 

first, the stability of silver tungstate synthesized by the chemical 

precipitation method up to Tmax=1000oC was investigated. Then the behavior 

of Ag2WO4-Mg and Ag2WO4-C binary systems in identical heating 

conditions was studied. 

Ag2WO4 was heated at a rate of 20oC min-1 under conditions of 

continuous N2 flow. According to the results (Fig. 1), there is an 

endothermic area on the DTA curve (Tmin=630oC) within temperature 

interval 620-650oC, which corresponds to the melting point of Ag2WO4 [27]. 

It should be mentioned, that in the investigated temperature interval the 

sample’s weight (TG curve) remains constant. 
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Fig. 1. DTA/TG curves of Ag2WO4, Vh=20oC min-1. 

 

3.1. Ag2WO4-Mg binary system 

Figure 2 depicts DTA/TG curves of Ag2WO4+4Mg binary mixture 

under heating conditions at the rate of 20oC min-1. As seen, there is no mass 

change, because all the reactants and products are in condensed phase. An 

exothermic interaction registered on the DTA curve in the wide temperature 

interval 560-800oC (Tmax=674oC), which corresponds to the magnesiother-

mic reduction of the silver tungstate (Fig. 2). Endothermic effect at the 

beginning of exothermic interaction corresponds to the melting of Ag2WO4. 

It follows from the provided data that the magnesiothermic reduction starts 

with a solid+solid mechanism and continuеs with a solid+liquid one. It 

should be mentioned that the reduction reaction comes to end with a 

liquid+liquid mechanism, because exothermic reduction range includes also 

the melting point of the reducer, Mg (650oC). 
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Fig. 2. DTA/TG curves of the Ag2WO4+4Mg mixture,Vh=20 oC min-1. 

 

As seen in the Fig. 3, with increasing of the heating rate, magnesiother-

mic reduction of silver tungstate shifts to higher temperature area (see also 

Table). 
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Fig. 3. DTA curves of the Ag2WO4+4Mg mixture at various heating rates, Vh=5, 10, 15, 20, 
30oC min-1. 

 

Therefore, in cases of all investigated heating rates (5, 10, 15, 20, 30oC 

min-1) the interation starts with a solid+solid and continuеs with a 

liquid+liquid mechanism (melting of Ag2WO4 is expressed on the reduction 

exothermic peaks for all the samples). Except the heating rate value of 5oC 

min-1, in all other cases the process comes to end with a liquid+liquid 

mechanism because the reduction temperature interval includes also melting 

point of magnesium. 
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Table 

DTATmax
values of magnesiothermic and magnesio-carbothermic reduction 

of Ag2WO4 at various heating rates 

Vh, °C min-1 

DTATmax
, oC 

Ag2WO4+4Mg 
Ag2WO4+2Mg+2C 

I stage II stage 

30 612 671 689 

20 600 655 666 

15 591 648 660 

10 583 622 641 

5 569 600 617 

3.2. Ag2WO4-C binary system 

As can be seen from the Fig. 4, the carbothermic reduction of silver 

tungstate proceed in two stages, which are distinctly expressed on TG, DTG 

and DTA curves. According to the data obtained from TG and DTG curves, 

the carbothermic reduction starts at 460oC. At that the first stage includes 

temperature area up to 535oC followed by the second stage including mainly 

temperature interval of 540-610oC. 
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Fig. 4. DTA/TG curves of the Ag2WO4+3C mixture, Vh=20oC min-1. 

 

In any case the decrease in the mass of the mixture continuеs up to the 

studied maximum temperature (950oC). Change (loss) of the mass is 9 mg 

(from 100 mg mixture), which corresponds to complete reduction of silver 

and partial reduction of tungsten (Fig. 4). This fact was approved by the 

results of XRD analyses. 

The absence of endothermic peak of Ag2WO4 melting on the DTA curve 

indicates that there is no silver tungstate in the mixture at that temperature, 

because its carbothermic reduction starts earlier – at about 460oC. 
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3.3. Ag2WO4-Mg-C ternary system 

Fig. 5 demonstrates DTA/DTG curves of the Ag2WO4+2Mg+2C 

mixture at the heating rate of 10oC min-1. As may be seen from the figure, in 

this case the endothermic peak of silver tungstate melting is also absent on 

the DTA curve. This is explained by the fact that carbothermic reduction of 

silver tungstate (410oC) starts before the melting point of the letter. For this 

system magnesiothermic reduction at the heating rate of 10oC min-1 starts at 

640 and ends at 720oC: the melting point of the reducer Mg (650oC) is also 

highlighted on the curve. 

Thus, magnesio-carbothermic reduction of silver tungstate starts with 

carbon at 410oC, which is lower by 50oC as compared with carbothermic 

reduction, then it continues with Mg at 640oC: the reaction starts with 

solid+solid and continues with solid+liquid mechanism. 
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Fig. 5. DTA/TG curves of the Ag2WO4+2Mg+2C mixture, Vh=10oC min-1. 

 

Based on the results of XRD analyses the reaction’s sequence during 

magnesio-carbothermic reduction of silver tungstate may be presented as 

follows: 

Ag2WO4+C→Ag+WO3+CO/CO2↑, 

WO3+Mg→W+WO2+MgO. 

Therefore, it can be concluded that the investigated temperature area 

(Tmax=950-1000oC and heating rate up to 30oC min-1) are not enough for 

complete reduction of silver tungstate. 
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Fig. 6. DTA curves of the Ag2WO4+2Mg+2C mixture at various heating rates. Vh=5, 10, 15, 20, 
30oC·min-1. 

 

Thus, in studied conditions: (a) magnesiothermic reduction of Ag2WO4 

proceeds by the formation of Ag, W and WO3, (b) carbothermic reduction – 

by the formation of Ag, W and WO2.7, and (c) magnesio-carbothermic 

reduction – by the formation of Ag, W and WO2. 

As in the case of the above discussed system, at magnesio-carbothermic 

reduction of silver tungstate with the increasing of heating rate the 

exothermic peak corresponding to the magnesiothermic reduction stage, 

shifts to higher temperature area (Fig. 6, Table 1). 

Using the data for the temperatures of exothermic peak’s maximum 

deviation at different heating rates, the values of the effective activation 

energies for the magnesiothermic reduction stages were calculated by 

Kissinger's method (Figs. 7 and 8), using equation (1). 
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Fig. 7. Linear fitting of the -ln(Vհ(1/Tm)2) - 1/Tm.103 plots to extract effective activation energy of 
the reaction Ag2WO4+4Mg. 
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Fig. 8. Linear fitting of the -ln(Vհ(1/Tm)2) - 1/Tm.103 plots to extract effective activation energy of 
the reaction Ag2WO4+2Mg+2C. 

 

According to the results obtained, activation energy for the first stage of 

Ag2WO4+Mg magnesiothermic reduction is 58 kJmol-1, and for the second 

stage is 36 kJmol-1. Activation energy for the Ag2WO4+2Mg+2C magnesio-

carbothermic reduction is 39 kJmol-1. When using the combined Mg+C 

reducer, the Ea value of the Ag2WO4 reduction reaction is almost identical to 

the Ea value of the second stage of magnesiothermic reduction (after the 

melting of Ag2WO4) and almost 1.5 times smaller than the Ea value of the 

first stage of magnesiothermic reduction reaction. 

 

Ag2WO4-Æ Ø²¶Üº¼ÆàôØ²-Î²ð´àÂºðØ ìºð²Î²Ü¶ÜØ²Ü 

Ðºî²¼àîàôÂÚàôÜÀ ¶Ì²ÚÆÜ î²ø²òØ²Ü ä²ÚØ²ÜÜºðàôØ 

Ø© Î© ¼²ø²ðÚ²Ü« ²© ê© ²ð¼àôØ²ÜÚ²Ü & ê© È© Ê²è²îÚ²Ü 

DTA/TG Ù»Ãá¹áí áõëõáõÙÝ³ëÇñí»É ¿ áã-Ç½áÃ»ñÙ å³ÛÙ³ÝÝ»ñáõÙ Mg+C Ñ³Ù³Ïó-
í³Í í»ñ³Ï³Ý·ÝÇãÇ ÏÇñ³éÙ³Ùµ ³ñÍ³ÃÇ íáÉýñ³Ù³ïÇ í»ñ³Ï³Ý·ÝÙ³Ý Ù»Ë³ÝÇ½ÙÁ 

ï³ù³óÙ³Ý ³ñ³·áõÃÛ³Ý 5-30
o
C ñáå»

-1
 ÙÇç³Ï³ÛùáõÙ: òáõÛó ¿ ïñí»É« áñ ÇÝãå»ë 

³é³ÝÓÇÝ í»ñ³Ï³Ý³·ÝÇã»ñÇ« ³ÛÝå»ë ¿É Mg+C Ñ³Ù³Ïóí³Í í»ñ³Ï³Ý·ÝÇãÇ ÏÇñ³éÙ³Ý 

¹»åùáõÙ ÷áË³½¹»óáõÃÛáõÝÁ ëÏëíáõÙ ¿ Ý³Ëù³Ý Ù³·Ý»½ÇáõÙÇ Ñ³Éí»ÉÁ: ÀÝ¹ áñáõÙ« 

ï³ù³óÙ³Ý ³ñ³·áõÃÛ³Ý µ³ñÓñ³óÙ³ÝÁ ½áõ·ÁÝÃ³ó DTA ÏáñÇ ß»ÕÙ³ÝÁ Ñ³Ù³å³ï³ë-
Ë³ÝáÕ ³é³í»É³·áõÛÝ ç»ñÙ³ëïÇ×³ÝÇ ³ñÅ»ùÁ ß»ÕíáõÙ ¿ ¹»åÇ ³í»ÉÇ µ³ñÓñ ç»ñÙ³ëïÇ-
×³Ý³ÛÇÝ ïÇñáõÛÃ: ´³ó³Ñ³Ûïí»É ¿« áñ ³ñÍ³ÃÇ íáÉýñ³Ù³ïÇ Ù³·Ý»½ÇáõÙ³-Ï³ñµá-
Ã»ñÙ í»ñ³Ï³Ý·ÝáõÙÁ ëÏëíáõÙ ¿ ³ÍË³ÍÝáí 410

o
C-áõÙ« 640

o
C-Çó ëÏë³Í ß³ñáõÝ³ÏíáõÙ 

¿ Ù³·Ý»½ÇáõÙáí (Vï=10
o
C min

-1
) ¨ ³ÍË³ÍÝáí ÙÇ³Å³Ù³Ý³Ï£ Ð³ëï³ïí»É ¿« áñ µáÉáñ 

¹»åù»ñáõÙ Ù³·Ý»½ÇáõÙ³Ã»ñÙ í»ñ³Ï³Ý·ÝÙ³Ý ÷áõÉÁ ëÏëíáõÙ ¿ åÇÝ¹+åÇÝ¹« ¨ ß³ñáõ-
Ý³ÏíáõÙ åÇÝ¹+Ñ»ÕáõÏ Ù»Ë³ÝÇ½Ùáí: ´ÇÝ³ñ (Ag2WO4-Mg) ¨ »éÛ³Ï (Ag2WO4-Mg-C) 

Ñ³Ù³Ï³ñ·»ñÇ Ñ³Ù³ñ áñáßí»É »Ý Ù³·Ý»½ÇáõÙáí í»ñ³Ï³Ý·ÝÙ³Ý ÷áõÉÇ ¿ý»ÏïÇí ³Ï-
ïÇí³óÙ³Ý ¿Ý»ñ·Ç³ÛÇ (Ea) ³ñÅ»ùÝ»ñÁ: 

 



 

 

309 

МАГНЕЗИО-КАРБОТЕРМИЧЕСКОЕ ВОССТАНОВЛЕНИЕ Ag2WO4. 
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В работе исследован механизм восстановления вольфрамата серебра комби-

нированным восстановителем Mg+C в неизотермических условиях методом 

ДТА/ТГ в диапазоне скоростей линейного нагрева 5-30°C мин-1. Показано, что как 

для случаев использования отдельных восстановителей, так и комбинированного 

восстановителя взаимодействие начинается до достижения точки плавления маг-

ния, а увеличение скорости нагрева сдвигает значение максимальной температу-

ры, соответствующей смещению кривой DTA в сторону высокотемпературной об-

ласти. Выявлено, что магнезио-карботермическое восстановление вольфрамата 

серебра начинается углеродом при 410°C с последующим одновременным учас-

тием магния и углерода при 640°C (Vн=10oC min-1). Установлено, что во всех слу-

чаях магниетермическая стадия восстановления начинается по механизму твер-

дое+твердое, и продолжается по механизму твердое+жидкое. Определены эффек-

тивные значения энергии активации (Ea) для стадий магниетермического восста-

новления для бинарной (Ag2WO4-Mg) и тройной (Ag2WO4-Mg-C) систем. 

REFERENCES 

[1] Costa F., Silva A., Filho F., Gomes U., Vieira F. // Powder Technol., 2008, v. 188, p. 30. 

[2] Caceres P.G. // Mater. Charact., 2002, v.49, №1, p. 1. 

[3] Azhar S., Es-Saheb M. // Res. J. Appl. Sci., Eng. Tech., 2015, v. 9, №8, p. 549. 

[4] Walkden P., Albiston J.N., Sale F.R. // Powder Metall., 1985, v. 28, №1, p. 36. 

[5] Saiz E., Tomsia A.P. // Nat. Mater., 2004, v. 3, №12, p. 903. 

[6] Findik F., Uzun H. // Mater. Des., 2003, v. 24, №7, p. 489. 

[7] Abyzov A.M., Kidalov S.V., Shakhov F.M. // J. Mater. Sci., 2010, v. 46, №5, p. 1424. 

[8] Roberts A., GarboCzi E. // J. Mech. Phys. Solids, 1999, v. 47, №10, p. 2029. 

[9] Stone D., Liu J., Singh D., Muratore C., Voevodin A., Mishra S., Rebholz C., Geb Q., 

Aouadia S. // Scr. Mater., 2010, v. 62, p. 735. 

[10] Kaidatzis A., PsyCharis V., Niarchos D. // Microelectron. Eng., 2016, v. 159, p. 6. 

[11] Leung C.H., Wingert P.C., Kim H.J. // IEEE T. Compon. Hybr., 1986, v. 9, №1, p. 86. 

[12] German R.M., Hens K.F., Johnson J.L. // Int. J. Powder Metall., 1994, v. 30, №2, p. 205. 

[13] Costa F., Silva A., Filho F., Gomes U. // Int. J. Refract. Met. Hard Mater., 2008, v. 26, p. 318. 

[14] Peikrishvili A., Godibadze B., Chagelishvili E., Tsiklauri M., Dgebuadze A. // Eur. Chem. 

Bull, 2015, v. 4, №1, p. 37. 

[15] Zakaryan M.K. // Chem. J. Arm., 2019, v. 72, №4, p. 401. 

[16] Zakaryan M.K., Baldryan A.A., Kharatyan S.L. // XV International Symposium on SHS, 

2019, September 16-20, Moscow, Russia, p. 543, DOI: 10.24411/9999-0014A-2019-10197 

[17] Kharatyan S.L., Merzhanov A.G. // Int. J. SHS, 2012, v. 21, p. 59. 

[18] Zakaryan M., Kirakosyan H., Aydinyan S., Kharatyan S. // Int. J. Refract. Met. Hard Mater., 

2017, v. 64, p. 176. 



 

 

310 

[19] Zakaryan M.K., Kirakosyan H.V., Abovyan L.S., Aydinyan S.V., Kharatyan S.L. // Chem. J. 

Arm., 2017, v. 70, №4, p. 450. 

[20] Aydinyan S.V., Kirakosyan H.V., Zakaryan M.K., Abovyan L.S., Kharatyan S.L., 

Peikrishvili A., Mamniashvili G., Godibadze B., Chagelishvili E.Sh., Lesuer D.R., Gutierrez 

M. // Eurasian Chem.-Technol. J., 2018, v. 20, p. 301. 

[21] Zakaryan M.K., Niazyan O.M., Aydinyan S.V., Kharatyan S.L. // Chem. J. Arm., 2018, v. 71, 

№4, p. 473. 

[22] Zakaryan M.K., Nazaretyan Kh.T., Aydinyan S.V., Kharatyan S.L. // J. Therm. Anal. 

Calorim., 2020, DOI: 10.1007/s10973-020-10148-5 

[23] Zakaryan M.K., Niazyan O.M., Aydinyan S.V., Kharatyan S.L. // Chem. J. Arm., 2019, v. 72, 

№3, p. 223. 

[24] Aydinyan S.V., Nazaretyan Kh.T., Zargaryan A.G., Tumanyan M.E., Kharatyan S.L. // J. 

Therm. Anal. Calorim., 2018, v. 133, №1, p. 261. 

[25] Kirakosyan H., Minasyan T., Niazyan O., Aydinyan S., Kharatyan S. // J. Therm. Anal. 

Calorim., 2016, v. 123, №1, p. 35. 

[26] Kissinger H.E. // Anal. Chem., 1957, v. 29, p. 1702. 

[27] Thresiamma G., Sunny J., Suresh M. // Pramana-J. Phys., 2005, v. 65, №5, p. 793. 



 

 

311 

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 

Химический журнал Армении            73, №4, 2020        Chemical Journal of Armenia 
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It has been investigated the photocatalytic decomposition of industrial dye Methylene blue 

(MB) in the presence of the heterogeneous photocatalyst nano-titanium dioxide (ТiО2), doped by 

tungsten oxide (WO3), ТiО2 /WO3, under UV-irradiation (= 253.7 nm). The photocatalyst preparation 

method by wet impregnation of titanium oxide nano-powder with ammonium paratungstate was 

simplified by us in comparison with the known ones. 

It has been shown, that doping of TiO2 with WO3 leads to considerably higher photocatalytic 

activity of the WO3/TiO2 composit as against to pure TiO2. The mechanism of the removal of MB in 

the presence of ТiО2/WO3 photocatalyst may be assumed to involve following two processes: 

photocatalytic oxidative destruction and adsorption of the substrate on the surface of the catalyst. 

Figs. 3, table 1, references 8. 

Introduction 

Currently, wide use of chlorinated derivatives of mono- and polycyclic 

hydrocarbons in different areas, including chemical, agricultural and dye 

industries, causes serious ecological and environmental problems. 

Contaminated water bodies no longer cope with significant pollution through 

the natural process of water self-purification, so water purification from 

toxic halogen-containing organic contaminants is an actual health and 

environmental task. 

Currently, the most promising are photocatalytic water treatment 

technologies, which have advantages due to their simplicity, profitability, the 

possibility of using sunlight. The latter is especially important, since energy 

saving technologies have an unconditional advantage. From this point of 

view, heterogeneous photocatalysts based on photosensitive carriers were 

widely used. Generally, transition metal oxides could be used as adsorbents 

or catalysts to remove organic pollutants from water. 

mailto:loriettam@yandex.ru
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The photocatalytic process using TiO2 photocatalyst is very promising 

for application in the water purification, because many organic compounds 

can be decomposed and mineralized by the proceeding oxidation and 

reduction processes on TiO2 surface. The most commonly tested compounds 

for decomposition through the photocatalysis are phenols, chlorophenols, 

pesticides, herbicides, benzenes, alcohols, dyes, pharmaceutics, humic acids, 

organic acids, and others [1-3]. TiO2 is the most commonly used 

photocatalyst, because it is nontoxic, chemically stable, cheap, and very 

efficient. 

Earlier we investigated the photocatalytic oxidation of some chlorine-

containing organics in aqueous solution in the presence of catalyst based on 

the photosensitive support TiO2 [4.5.6]. 

Over the past years, coupled semiconductors, especially TiO2 

composites, have been extensively studied for organics degradation and 

catalytic applications due to their coupled effect. Incorporation and doping 

of other species into TiO2 can improve the electronic or 

photoelectrochemical characteristics of TiO2. 

In this work, as an example of potential application, the us-prepared 

nano-ТiО2 doped by WO3 (ТiО2 /WO3) was used as heterogeneous catalyst 

in wastewater treatment. Methylene blue (MB), a common dye in the textile 

industry, was chosen as a typical organic waste. 

 
Methylene blue 

 

Experimental 

ТiО2/WO3 (nTi:nW=4:1) catalyst was synthesized by impregnation of 

semiconductor TiO2 nanoparticles (Sigma-Aldrich, anatase, 50 m2/g, 21 nm) 

with ammonium paratungstate solution followed by calcination (500oC). 

The phase composition of TiO2 and TiO2/ WO3 catalyst was measured 

by XRD in DRON-0.5 diffractometer with CuKα lamp (1000, 2000 imp/sec). 

The morphology of the photocatalysts surface and content of WO3 in TiO2/ 

WO3 catalyst were evaluated by SEM (VEGA TS 5130MM) measurements 

with EDS analysis. The size of WO3 particles were also calculated by the P. 

Scherrer equation. BET surface area, pore volume, pore size were measured 

in Gemini VII Version 3.03 Analyzer from Micromeritics. 

Diffuse reflectance spectra of TiO2 and TiO2/ WO3 powders were taken 

in UV-Vis spectrometer SPECORD-M-40-UV-VIS. SiO2/WO3 (nSi:nW = 4:1) 

composite based on nonconductor SiO2 (300 m2/g) was prepared in the same 
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way as ТiО2 /WO3. Experimental setup consisting of photochemical reactor 

(quartz, 30 mL) with a magnetic stirrer and optical junction for UV-

irradiation (λ = 253.7 nm), Hg-lamp (DRT-230, Russia), were used. 

Reaction mixture was 10 mL of water solution of MB (1.25 mg/L), 

containing 0.05g of the ТiО2 /WO3 catalyst. Consumption of MB in solution 

was monitored by CФ-46 and Agilent Technolodies Cary 60 UV-Vis 

spectrophotometeres. 

Results and discussion 

The photocatalytic activity of the prepared catalyst was studied for a 

model reaction of the well-known industrial dye Methylene blue 

decomposition under irradiation with a UV lamp. This lamp emits the 

radiation with a maximum at around 253.7 nm. MB aqueous solution was 

exposed to UV-irradiation in air, in the presence of the prepared ТiО2/WO3 

catalyst, as well as pure ТiО2 and without them, in different time intervals. 

Experimental results of the consumption of MB are presented in Fig.1. 

 

t, min

a

b
c

 
Fig.1. Consumption of Methylene blue under UV-irradiation in the presence of (a) – ТiО2/WO3, 
(b) – ТiО2, (c) – only UV- irradiation, without (a), (b). 

 

Curve (a) in Fig.1 corresponds to ТiО2/WO3 catalyst, the curve (b) 

corresponds to the photochemical decomposition of MB on the surface of 

“pure” TiO2 (without WO3). The simple comparison of two curves indicates 

a significant increase of the consumption of MB in the presence of the 

mentioned catalyst (Fig.1.b). Under the same conditions, but in the absence 

of the WO3, the photooxidation of MB on “pure” TiO2 is a relatively slow 

process (Fig.1.b). The above facts indicate the catalytic character of the 

overall process in the presence of the ТiО2/WO3 catalyst. 

It is shown, that doping of TiO2 with WO3 leads to considerably higher 

catalytic activity of the TiO2 /WO3 catalyst as against to pure TiO2. 

Particularly, during 2 min of exposition 91,3% of MB was removed and after 

10 min it practically disappeared completely. Note, that photocatalytic 

activity of WO3 itself in the mentioned reaction was shown to be negligible. 
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With the purpose of additional confirmation the photocatalytic nature of 

the reaction decomposition of MB in the presence of ТiО2/WO3 catalyst, this 

reaction was also studied in the presence of a composite based on a 

nonconductor SiO2. Experimental results of the consumption of MB in the 

presence of nonconductor SiO2 and SiO2/WO3 composite are presented in 

Таble. Тhe results obtained in the presence of SiO2 and SiO2/WO3, both with 

and without irradiation, indicate that in the presence of a composite based on 

a nonconductor, MB is consumed as a result of adsorption on a SiO2 surface. 

The reaction of photocatalytic decomposition of MB does not proceed. Note, 

the specific surface of SiО2 (300 m2/g) is 6 time more than of TiO2 (50 m2/g). 

Table 

Consumption of methylene blue (MB) under UV-irradiation 

in the presence of SiO2 and SiO2/WO3 

  SiO2 (in dark)  

 SiO2,UV-irradiation  

SiO2/WO3  SiO2/WO3,  

 UV-irradiation 

Irradiation time, min  0 10 30 60   10   10   10 

 D (optical density) 0.654 0.207 0.202 0.203  0.083  0.147  0.128 

Consumption of 

MB, %  

 68.9 69.0 64.6  85.7  75.2  77.9 

 

The composition of the photocatalysts and the particle size were 

determined using photographs of a VEGA TS 5130MM scanning electron 

microscope (SEM) equipped with an INCA Energy 300SEM microanalytical 

system. Images of the surface in secondary and reflected electrons with a 

magnification of 50x ÷ 20000x were obtained to determine the morphology 

of the sample surface. Images in secondary electrons (SE) were used to 

localize the areas of analysis. In Fig. 2 SEM photographs of nonmodified 

TiO2 (a) and TiO2/WO3 photocatalyst before (b) and after (c) the reaction are 

presented. 
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(a) (b)  (c) 

Fig.2. SEM photographs of nonmodified TiO2 (a) and TiO2 / WO3 photocatalyst before (b) and 
after (c). 

 

Some agglomerates of primary TiO2 particles are larger than TiO2 doped 

with WO3 consisting of smaller particles. Apparently doping of TiO2 with 

tungsten oxide causes a decrease in the catalyst particle size, mainly due to a 

decrease in the tendency of TiO2 particles to form agglomerates. The effect 

of a decrease in the particle size of TiO2/WO3 composites in comparison 

with TiO2 obtained by the sol-gel method was also noted by other authors 

[4]. From the EDS analysis, the measured Ti was 31.05 at%, O 68.95 at% for 

TiO2 and Ti 28,32 at%, W 4,85 at% and O 66,83 at% for TiO2/WO3. The 

UV-visible spectra of the measured TiO2 and WO3-TiO2 photocatalysts are 

shown in Fig. 3. As can be seen from Fig. 2, modification of TiO2 with WO3 

causes an increase in the absorption of light in the visible range up to 

520 nm. 

0 200 400 600 800 1000

λ,nm

TiO /Wo2 3TiO2

    

 
Fig.3. UV-Vis diffuse reflectance spectra of TiO2 / WO3 catalyst and TiO2. 
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Conclusion 

The method of wet impregnation, which is simplified in comparison 

with the known ones, was used to prepare a photocatalyst based on nano-

titanium dioxide, doped with tungsten oxide. Doping WO3 into TiO2 

increased its absorption of light, adding to the visible range. Although it is 

known that the formation of OH radicals on the surface of TiO2/WO3 

photocatalysts is higher than on TiO2 [8], this is not the main factor affecting 

the rate of MB decomposition. It is obvious that the noticeable adsorption of 

MB on the surface of the photocatalyst and its ability to absorb both UV and 

visible light are responsible for the increasing of the photocatalytic 

properties of the doped photocatalyst with the composition (nTi: nW = 4: 1), 

as a result of which the decomposition of MB in an aqueous solution was 

achieved up to 99% in just 10 min. The doping of WO3 into TiO2 also caused 

a decrease of its particle size, which could also contribute to a greater 

dispersion of TiO2 in water, thus increasing the surface available for MB 

adsorption. The expansion of the light absorption limit of the photocatalyst 

to the visible light region is of great importance for sensitized photocatalysis, 

and the photocatalyst itself is effective in the process of removing MB from 

aqueous solutions. 

 

ØºÂÆÈºÜ²ÚÆÜ Î²äàôÚî ÜºðÎ²ÜÚàôÂÆ üàîàÎ²î²ÈÆ¼²ÚÆÜ 

î²ðð²ÈàôÌàôØ WO3-¸àäÆÜ²òì²Ì îÆî²ÜÆàôØÆ ºðÎúøêÆ¸Æ 

ÜºðÎ²ÚàôÂÚ²Ø´ æð²ÚÆÜ ÈàôÌàôÚÂàÆØ 

È© ²© Ø²Üàôâ²ðàì²*« î© æ© ê²ð¶êÚ²Ü & È© ²© Â²ì²¸Ú²Ü 

àõëáõÙÝ³ëÇñí»É ¿ Ù»ÃÇÉ»Ý Ï³åáõÛï (ØÎ) ³ñ¹ÛáõÝ³µ»ñ³Ï³Ý Ý»ñÏ³ÝÛáõÃÇ ýáïá-
Ï³ï³ÉÇ½³ÛÇÝ ù³Ûù³ÛáõÙÁ çñ³ÛÇÝ ÉáõÍáõÛÃáõÙ` Ñ»ï»ñá·»Ý ýáïáÏ³ï³ÉÇ½³ïáñÇ` ïÇ-
ï³ÝÇ Ý³Ýá»ñÏûùëÇ¹` (TiO2) Ñ³í»Éí³Í (doped) íáÉýñ³ÙÇ ûùëÇ¹áí (WO3)« (TiO2/WO3) 

Ý»ñÏ³ÛáõÃÛ³Ùµ« áõÉïñ³Ù³Ýáõß³Ï³·áõÛÝ ×³é³·³ÛÃÙ³Ý (=253.7 ÝÙ) ï³Ï: 

üáïáÏ³ï³ÉÇ½³ïáñÇ å³ïñ³ëïÙ³Ý »Õ³Ý³ÏÁ` ïÇï³ÝÇ »ñÏûùëÇ¹Ç Ý³Ýá÷áßÇÝ 

³ÙáÝÇáõÙÇ å³ñ³íáÉýñ³Ù³ïáí Ã³ó Ý»ñÍÍÙ³Ùµ« Ù»ñ ÏáÕÙÇó å³ñ½»óí»É ¿ Ñ³Ù»Ù³-
ï³Í Ñ³ÛïÝÇ Ù»Ãá¹Ý»ñÇ Ñ»ï: òáõÛó ¿ ïñí»É« áñ TiO2-Ç íñ³ WO3-Ñ³í»ÉáõÙÁ (¹áåÇÝ-
·Á) Ñ³Ý·»óÝáõÙ ¿ TiO2/WO3 ÏáÙåá½ÇïÇ ýáïáÏ³ï³ÉÇïÇÏ ³ÏïÇíáõÃÛ³Ý ½·³ÉÇ µ³ñÓ-
ñ³óÙ³ÝÁ` Ç ï³ñµ»ñáõÃÛáõÝ Ù³ùáõñ TiO2-Ç: ²ñí»É ¿ »½ñ³Ï³óáõÃÛáõÝ« áñ TiO2/WO3 

ýáïáÏ³ï³ÉÇ½³ïáñÇ ³éÏ³ÛáõÃÛ³Ý ¹»åùáõÙ ØÎ-Ç Ñ»é³óÙ³Ý Ù»Ë³ÝÇ½ÙÁ Ý»ñ³éáõÙ ¿ 

Ñ»ï¨Û³É »ñÏáõ åñáó»ëÝ»ñÁ` ýáïáÏ³ï³ÉÇ½³ÛÇÝ ûùëÇ¹³ÛÇÝ ù³Ûù³ÛáõÙ ¨ ³¹ëáñµóÇ³` 

Ï³ï³ÉÇ½³ïáñÇ Ù³Ï»ñ¨áõÛÃÇ íñ³: 
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ФОТОКАТАЛИТИЧЕСКОЕ РАЗЛОЖЕНИЕ КРАСИТЕЛЯ 

МЕТИЛЕНОВОГО ГОЛУБОГО В ВОДНОМ РАСТВОРЕ 

В ПРИСУТСТВИИ ДИОКСИДА ТИТАНА, ДОПИРОВАННОГО WO3 

Л. А. МАНУЧАРОВА*, Т. Дж. САРКИСЯН и Л. А. ТАВАДЯН 

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

Армения, 0014, Ереван, ул. П.Севака, 5/2 

E-mail: loriettam@yandex.ru 

 

Исследовано фотокаталитическое разложение промышленного красителя ме-

тиленовый синий (МС) в водном растворе, в присутствии гетерогенного фотоката-

лизатора, нанодиоксида титана (TiO2), допированного оксидом вольфрама (WO3), 

(TiO2/WO3), при УФ-облучении ( = 253.7 нм). Метод приготовления фотокатали-

затора влажной пропиткой нанопорошка оксида титана паравольфраматом аммо-

ния нами был упрощен по сравнению с известными. Показано, что допирование 

диоксида титана обеспечивает значительно более высокую фотокаталитическую 

активность композиту TiO2/WO3 по сравнению с чистым TiO2. Сделано заключе-

ние о том, что механизм удаления МС в присутствии фотокатализатора TiO2/WO3 

включает следующие два процесса: фотокаталитическую окислительную деструк-

цию и адсорбцию субстрата на поверхности катализатора. 
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To expand the base of new technical glasses, glass-ceramics and composite materials based 

on them, it is always important to study new glass-forming systems which combine two important 

characteristics, such as relatively low fusibility and high dielectricity. 

The purpose of this work is to study the glass formation and properties of the glasses in the 

systems MeB2O4-Al2O3-(SiO2)-MeO / MeF2 (Me – Mg, Ca, Sr, Ba), to identify the possibility of their 

use both as a glass-crystalline material and as a binder in compositions “Glass+ceramics” for 

obtaining low-temperature co-fired ceramic materials for electronics. The features of glass formation 

and the regularities of changes of the physicochemical properties of glasses and glass-ceramic 

materials have been studied. The materials are obtained by directional crystallization of glasses and 

glass-ceramics compositions synthesized by sintering a mixture of glass and crystal. General issues 

of the processes of wetting, adhesion and interaction of glass melts with crystalline fillers and their 

influence on the electrical and thermophysical parameters of co-fired composites have been 

considered. Based on the complex studies of the properties and structure of synthesized glass-

crystalline materials, new compositions have been developed, combining high mechanical and 

dielectric characteristics, for low-temperature co-fired ceramics (Low Temperature Co-fired Ceramic, 

LTCC). 

Figs. 3, table 1, references 24. 

 
The development of complex high-frequency miniaturized circuits for 

electronics is related to the technology of obtaining substrates from low-

temperature co-fired ceramics (Low Temperature Co-fired Ceramic, LTCC). 

Such small-scale integrated circuits combine many thin layers of ceramics 

and conductors, as a result of which the multilayer LTCC modules are 

usually used in the form of a three-dimensional circuit boards and composed 

of a dielectric compositions with a low dielectric permittivity (usually εr ≈ 4-

mailto:ionx@sci.am
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9). In addition, it allows making flexible combinations of passive microwave 

components and makes it possible to design integer matrices, significantly 

reducing the size of the contours. Since LTCC boards can be sintered at low 

temperatures (<950oC), power lines can be made of highly conductive metals 

such as silver or copper with low current loss and low electrical resistance at 

high frequencies [1-3]. 

There are two approaches for obtaining ceramic compositions which are 

sintered below 1000oC. The first approach is to obtain a glass-crystalline 

material (sitall), which supposes almost complete crystallization of the initial 

glass during sintering. The initial materials are glasses of practically 

stoichiometric composition, such as cordierite, spodumene, eucryptite, etc. 

[4, 5], which are condensed during firing and then crystallized. The glass-

ceramic (sitallic) way assumes in some cases the complete crystallization of 

the pre-synthesized glass in the process of secondary heat treatment 

(sintering). The physical properties of the obtaining material are largely due 

to the degree of crystallinity, which can be increased by adding a small 

amount of the crystalline phase, acting as a crystallization center. The 

obtained glass-ceramic (sitall) materials are distinguished by minimal 

porosity, high mechanical and electro-physical characteristics, and low 

TCLE values. By using a catalyst, it is possible to change the crystallization 

kinetics, phase composition, and properties (relative dielectric permittivity 

εr, quality factor Q, TCLE and temperature coefficient of relative dielectric 

permittivity τε) of the synthesized material. In the second, the most common 

approach (glass + ceramics), the initial fired mixture consists of glass and 

crystalline material (α-Al2O3, 3Al2O32SiO2, ZrSiO4, etc.) [6, 7]. Compaction 

of the “glass + ceramic” composition is described by three stages: the 

appearance of a liquid phase, partial dissolution of the filler in the liquid 

phase and the excretion of new phases, and solid-phase sintering. Depending 

on the type and amount of added glass, two sintering mechanisms are 

possible [8, 9]: reactive and non-reactive liquid-phase sintering. The 

compaction of the glass + ceramic composition can be classified as non-

reactive, partially reactive and fully reactive, depending on the reactivity 

between glasses and ceramic. 

The composition of glass has a great importance for sintering process, 

since the softening of the glass plays a major role in the mechanism of 

viscous flow and wetting of the developed surface of the crystalline particles 

of filler, ensuring the compaction of the composition. The glasses which are 

used for LTCC technology are mainly synthesized on the basis of oxide 

systems (borate, borosilicate, boroaluminosilicate, etc.), containing alkaline 

earth metal oxides, ZnO, PbO as modifiers and, in some cases, for adjusting 

properties and control glass crystallization process – Li2O, La2O3, TiO2, etc. 

[3]. 
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The purpose of this study was to determine glass formation and study 

the properties of glasses in boroaluminosilicate systems MeB2O4-Al2O3- 

(SiO2) -MeO / MeF2 (Me- Mg, Ca, Sr, Ba), to identify the possibility of their 

use in the form of a glass-crystalline materials, and as a binder in 

compositions of “glass+ceramics” for obtaining low-temperature co-fired 

ceramic materials for electronics. 

In this work some properties of glasses of fluorine containing 

aluminoborate systems are presented, as well as the comparison with the 

properties of known glasses which are used to obtain co-fired ceramics. 

Experimental part 

The synthesis of fluorine containing glasses was carried out in 

corundum and platinum crucibles at 150-250oC above the liquidus 

temperature with a duration of 40 min. (melt cooling rate ~10 K s-1). In order 

to reduce the volatility of boron and fluorine compounds, in the synthesis of 

glasses were used metaborates and Al2O3, which in the glass-forming melt 

contributed to the formation of relatively stable aluminate and borate 

oxyfluoride complexes by reducing the loss of fluorine. Glass formation was 

determined by tempering 15-20 g of the melt on a metal plate. The 

measurement of the temperature coefficient of linear expansion (TCLE) of 

glasses and glass-crystalline materials was carried out on a DKV-4 quartz 

dilatometer at a heating rate of -5 K min-1,  3·10-7 K-1. The viscosity of 

the glasses was determined in the range of 1012-104 Pa·s by the method of 

indentation of a cylindrical indenter. The measurement accuracy was 

 0.06l g. Specific volume resistance, dielectric losses and dielectric 

permittivity of glasses and sitalls were determined on an E6-13A 

teraohmmeter and an E7-20 universal meter by using silver electrodes at a 

frequency of 103-106 Hz. The measurement error was  0.1l g. The contact 

angle of wetting was determined in an inert atmosphere using the resting 

drop method. 

Results and discussion 

Elements which oxides form glasses at melt cooling rates of 10-102 Ks-1 

are characterized by average values of electronegativity and the nature of 

bonds in oxide glasses is mixed – covalent-ionic, and their structures 

represent a three-dimensional polymer framework. Consequently, oxide 

glasses in a softened or molten state are characterized by high values of 

viscosity, and the processes of spreading and wetting by the crystal melt 

proceed with more significant energy barriers than occurs in ionic or 

molecular liquids or melts. In oxide glasses, partial replacement of oxygen 

by fluorine, which is characterized by low polarizability, makes it possible to 
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synthesize glasses with a special course of changes in properties [10]. These 

are fusibility, low viscosity and activation energy of viscous flow, high 

chemical resistance to the action of fluorine-containing reagents, high values 

of electrical characteristics, and the possibility of synthesizing glass-

crystalline materials with crystal sizes from 10 nm to 3-5 microns and from 

30 to 85% or more degree of crystallinity. 

Interest in the study of glass formation, three component glasses MeO-

Al2O3-B2O3 (Me-Mg, Ca, Sr, Ba, Zn, Cd, Pb) and more complex systems 

containing oxides of these divalent metals is associated with their unique 

electro-physical characteristics and the possibility to obtain glass-crystalline 

materials with a wide range of properties. 

  

  
Fig. 1. Diagrams of glass formation of oxide and oxyfluoride systems.MeB2O4-Al2O3-
MeO/MeF2 (Me-Mg,Ca,Sr,Ba) [11-14]. 

 

Fig. 1 shows diagrams of glass formation of pseudo-ternary systems 

MeB2O4-Al2O3-MeO / MeF2 (Me-Mg, Ca, Sr, Ba) and the compositions of 

the most studied glasses. Metaborate melts do not form glass upon air 

cooling in a platinum crucible, and upon sharp cooling (quenching in water) 

the content of the stelophase is from 5 to 15%. The formation of glasses is 
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also not observed when an oxide of the same metal is introduced into the 

initial metaborate. It can be seen from the diagrams that in fluorine-

containing systems the areas of glass formation are much wider than the 

areas of glass formation for purely oxide systems. An increased glass-

forming ability of melts is due to the simultaneous presence of oxide and 

fluoride structural groups of the same cations and the formation of terminal 

fluorine bonds, leading to increase the interionic distances. 

Depolymerization of the glass structure, accompanied by an increase of free 

volume, contributes to the optimal and energetically favorable distribution of 

the oxide and oxyfluoride groups of modifier cations [15]. 

The wetting of crystals, ceramics of metals and their alloys with molten 

or softened glass in the production of composite materials and coatings is of 

paramount importance for the technology of soldering dissimilar materials, 

regardless of whether it is an equilibrium or non-equilibrium process. The 

wetting precedes by dissolution and diffusion, and manifests itself in the 

form of droplets spreading over a solid. The driving force of spreading is 

determined in accordance with the ideas of Young [16], by the equation: f = 

sg-sl-lg cos, where  is the contact angle. In real experimental 

conditions, the droplet sizes are taken to be deliberately small so that the 

effect of gravity on spreading to be insignificant in comparison with the 

surface stress. The driving force coincides in order with the surface tension 

of the melt. Depending on the chemical composition of the glass, the surface 

tension varies from 0.16 to 0.47 N/m (20-80 Pa) [17]. The normal 

component of the driving force of spreading  is related to the viscosity and 

the velocity gradient by the equation [16]  = 3  dv/dx, where  is the 

dynamic viscosity, dv/dx is the gradient of the flow velocity in the direction 

of the force action. Assuming that the normal component of the stress tensor 

does not depend on the distance, then after integration we obtain – V =  (x-

xo) / 3 , which is permissible for estimating calculations. We have 

performed estimated calculations for the time and rate of spreading of glass 

melts at  = 50 Pa and conditional spreading (x-xo) = 1 cm (Table). 

Table 

Time and rate of spreading of glass melts of different viscosity 

, Pa.s 1010 108 106 104 103 

V, cm/sec 1.710-9 1.710-7 1.710-5 1.710-3 1.710-2 

spreading time 

5.9108 5.9106 5.9104 5.9102 5.910 
sec 

hour 16.4104 16.4102 16.4 0.164 0.0164 
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The data in Table 1 shows that a drop in the high-viscosity state of the 

melt spreads very slowly and the spreading time approaches to infinity. 

Wetting is a required condition for adhesion and sticking of the melt to the 

substrate. The studying of wetting ability of glass melts by the spreading 

method has shown that with increasing temperature a decrease of the contact 

angle is observed. If the adhesion between the melt and the substrate is 

carried out by molecular forces (physical wetting), the temperature usually 

has a little effect on the contact angles of wetting [18]. In chemical wetting, 

the contact angles are very temperature dependent, and this is manifested by 

the “wetting threshold” – the temperature, upon reaching which there is a 

sharp change in the contact angle. 

 

 
Fig. 2. Dependence of the contact angle (I) and viscosity (II) of oxyfluoride (a, b, c) and oxide 
(d) glasses on temperature, a) window glass+glass b) 22ХС+glass, c) Mn-Zn ferrite+glass, d) 

alloy Х18Н10Т+silicate glass (SiO2-55 % ); (III) dependence of the contact angle of wetting of 
the original glass (1) and compositions (2,3,4,5) on temperature. 

 

Fig. 2 shows changes of the contact angle and viscosity of fluorine-

containing (a, b, c,) and oxide (d) glasses from temperature. A sharp 

decrease of the contact angle occurs in the temperature range when the 

viscosity of the glasses changes in the range of 1.1-1.3104 Pas. The values 

of glass viscosities, taking into account the data in Table 1, indicate that the 

equilibrated contact angles are achieved within 11-13 min, and these values 

can be used in calculating the work of adhesion, and also characterize the 

wetting ability of the glass melt. It can be seen from the temperature 

dependence of the viscosity that the fluoride glasses are shorter, taking into 
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account the steepness of the lg-t line and the smaller temperature range of 

changes in the same viscosities of oxide and oxyfluoride glasses. The 

introduction of fluorine ions into purely oxide glass increases the oxidizing 

ability of their melts, and consequently, the corrosiveness in relation to 

crystalline and amorphous materials. The interaction of the glass melt and 

the solid phase with the formation of a transition layer is manifested for 

fluorine-containing glasses by a sharp change in the course of the wetting 

curves (Fig. 2 a, b, c) in the low-temperature region of soldering. Alkaline 

earth metal fluorides are comparatively less active than alkali metal 

fluorides, and the activity of aluminoborate melts increases with the 

interchange of fluorides in the following series MgF2  CaF2  SrF2 BaF2. 

The cohesion force is related to the work of adhesion by the equation [16] 

Wa =Xo f (x) dx (1), where f (x) is a function which determines the 

decrease of the cohesion force with distance when the system is separated. It 

is shown that in condensed systems, upon interaction of atoms or ions, the 

interaction force decreases inversely proportional to the degree of the 

distance between particles, by the exponent n  4 [16]. Therefore, with the 

minimum possible approach of the phases (Xo) f (x) = fа (xo/x) n, where fа 

is the cohesion force between the phases at Xo. After integration of equation 

(1), we obtain fа = Wa (n-1) / xo. The work of adhesion of glass melts to 

ceramics and metals varies in the range of 0.2-0.5 J/m2 [19] and in the case 

of chemical interaction, the minimum interphase distance can be estimated to 

be in order of  410- 10 m. The calculation of adhesion force, gives values in 

order of (2.0-4.0) 109 Pa, which is close to the theoretical strength of 

materials. The chemical interaction of two materials should be understood 

not only as cases of the formation of new phases at the interface, but also the 

formation of a chemical bond between the interacting phases without the 

formation of new glassy or crystalline phases. 

Studies of the fusibility and glass formation diagrams of aluminoborate 

systems MeB2O4-Al2O3-MeO/MeF2 (Me-Mg, Ca, Sr, Ba), phase 

transformations during crystallization of glasses and the regularities of 

changes in thermal expansion and electrical characteristics of glass crystals 

from composition have shown that they are promising for obtaining sitalls 

with low values of TCLE and dielectric properties [20]. It can be seen from 

the presented curves (Fig. 3a) that the closer the composition of the glass of 

the binary system to the composition of the ternary crystalline borate of the 

composition MeAl2B2O7 (where Me is Mg, Ca, Sr, Ba), the lower the TCLE 

values of the sitalls (the content of MeF2 and TiO2 in initial glasses is 5%). 

X-ray phase analysis of crystallization products of glasses of hypoeutectic 

composition of the MgB2O4-Al2O3 system showed the presence of Mg2B2O5 

and MgB4O7. Aluminoborate by composition of MgAlBO4 is released 

simultaneously with the above mentioned borates when the content of Al2O3 

is more than 25 mol.%. The ternary compound b-CaAl2B2O7 ( = 
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16.710-7 K-1) in the crystallization products of glasses of the CaB2O4-Al2O3 

system, along with α-CaB2O4 and Ca2B2O5, is formed with the introduction 

of Al2O3 more than 25 mol%. The release of SrAl2B2O7 (=5.510-7 К-1) and 

BaAl2B2O7 (=14.310-7 К-1) is recorded, the content of Al2O3 is 35 and 

40 mol.%, respectively [20]. 

 

           

Fig. 3. Dependences of TCLE (in the range 20-300°C) (a) and resistivity 

logρ300 (b) of sitallized glasses of the system of MeB2O4-Al2O3 (Mg, Ca, Sr, B) 

from composition. Influence of filler concentration on TCLE (c) and resistivity 

logρ (g) of compositions: 1-PbTiO3, 2-ZrSiO4, 3- LiAlSiO4; the duration of heat 

treatment at 800oC is 30 min. 

 

When the glass contains less than 40 mol.% Al2O3, crystals of 

3BaO·2Al2O3·2B2O3 and 5BaO·2Al2O3 are precipitated, the total TCLE of 

them is higher than the TCLE of BaAl2B2O7, which is released during 

crystallization of glasses containing more than 40 mol.% Al2O3. The 

closeness of the TCLE values of crystallized glasses of stoichiometric 

compositions is due to the isostructurality of crystalline aluminoborates with 

the general formula MeAl2B2O7. In the crystal structure of aluminoborates, 

the determining ones are chains of trigonal borate and tetragonal aluminate 

groups, in which AlO4 tetrahedrons are connected by vertices and each with 

an isolated BO3 triangle. According to [21], the low thermal expansion of 

aluminum borates and sitalls based on them is associated with anomalous 
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contraction of one of the crystal lattice axes and the simultaneous rotation of 

BO3 groups upon heating. In the structure of glass-crystalline material, 

aluminoborate chains form columns connected by atoms of alkaline earth 

elements. Thus, the significant asymmetry in the structure of the crystal 

lattice of MeAl2B2O7 (where Me – Ca, Sr, Ba) and MgAlBO4 causes low 

values of thermal expansion of the synthesized sitalls in a wide temperature 

range. Glasses and sitalls of aluminoborate systems containing only alkaline 

earth oxides and fluorides are distinguished by unusually high electrical 

resistance (Fig. 3 b), even at high temperatures (ρ600 = 108.5-109 Ω∙cm) with 

anomalously low dielectric constant (3.5< <5.4) [22]. By controlling the 

crystallization processes of alkaline-earth aluminoborate glasses 

(stoichiometric and non-stoichiometric compositions containing fluorides), 

glass-crystalline materials with TCLE (5.0 48.0)·10-7 K-1 were obtained. 

Both groups of materials have high values of microhardness 6500-

7500 MH/m2, low dielectric characteristics ( =57, tg =  =4.51510-4) 

and low cooking temperature (1400-1500oС), differing from all known glass 

ceramics with low values of thermal expansion [20]. 

Glass composite materials are a mixture of low-melting glass and 

ceramic filler powders that together have undergone heat treatment and have 

a low or negative TCLE. By changing the ratio of components, can vary the 

value of thermal expansion; synthesis compositions with high electrical and 

mechanical parameters. 
The features of the behavior of the heterogeneous media were studied, 

such as composite materials based on fluorine-containing aluminoborate 

glasses and crystalline materials: refractory fillers zircon ZrSiO4, β-

eucryptite Li2O.Al2O3.2SiO2 and lead titanate PbTiO3 were used. The filler 

should practically not enter into chemical interaction with glass, but should 

form a heterogeneous system with phase boundaries. In general, the 

appearance of a new phase gives the system a number of valuable properties, 

expanding the scope of both glasses and compositions based on them. When 

choosing glasses that serve as matrices in compositions, the main attention is 

paid to the resistance of glasses to crystallization: glasses of magnesium 

aluminoborate system, containing up to 50% AlF3, MgF2, BaF2 and 

resistant to crystallization for 60-80 min. in a gradient temperature field, 

were studied. The compositions were prepared by dry mixing of powders 

(specific surface 1600×200 cm2/g) of glass and filler. Among the fillers used, 

b Li2O.Al2O3.2SiO2 has the highest absolute value of negative TCLE (-

130.10-7 K-1) compared to PbTiO3 and ZrSiO4 (-10 and -37.10-7 K-1, 

respectively). The widespread use of PbTiO3 in the production of glass 

compositions with low TCLE is associated with the good dielectric 

properties of PbTiO3. In the study of the wetting of the initial glass (Fig. 2, in 

curve 1) and compositions (Fig. 2, in curves 2, 3, 4), almost linear decrease 

of the contact angle () with increasing temperature was found, and the 
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appearance of a “wetting threshold”' gives full reason to believe that the 

mechanism of adhesion and wetting of glass and substrate (22XC) occurs 

similarly to chemical interaction [23, 24]. It was revealed that an increase of 

the content of MgO, MgF2 and AlF3 in the glass shifts the onset of wetting of 

the composition to the high-temperature levels. The temperature dependence 

of the wetting angle of the crystallizing compositions has a different 

character. In the area of beginning of the exothermic effect of crystallization 

of the composition (according to the DTA curves), the course of the 

temperature curve changes sharply and stabilizes at a certain value of the 

contact angle (Fig. 2, in curve 5), until the precipitated crystals melt. Fig. 3.c 

presents the results of the effect of the concentration of fillers on the TCLE. 

It is seen that the required TCLE value can be achieved at different 

concentrations of the added fillers, and b Li2O.Al2O3.2SiO2 has a more 

significant effect on the thermal expansion of the composites. However, at 

high filler concentrations, the spreading of the composition is significantly 

reduced and, accordingly, the sintering temperature increases. Compositions 

based on alkali-free glasses have both low-melting properties and high 

dielectric properties. Analyzing the obtained values of electrical resistivity 

from the type and concentration of the filler, the following can be noted: 

with an increase of all types of fillers, the electrical resistance of the 

composition decreases, while the compositions with ZrSiO4 have lower 

electrical conductivity values. The synthesized compositions are 

distinguished by low melting point and relatively high microhardness values 

of 5500-6000 H/m2, low dielectric characteristics ( =12-16, tg =18-

2210-4). 

Thus, studies of the fusing and glass formation diagrams of fluorine-

containing aluminoborate systems, phase transformations during the 

crystallization of glasses and the regularities of changes in thermal expansion 

and electrical and mechanical characteristics of glass-crystalline materials 

from the composition, have shown their promising prospects for obtaining 

sitalls with low TCLE values and high mechanical and dielectric properties. 

The possibility of using fluorine-containing aluminoborate fusible glasses in 

the form of a glass-crystalline material and as a binder in the glass 

compositions for obtaining low-temperature co-fired ceramic materials for 

electronics is shown. 

úøêÆüîàðÆ¸²ÚÆÜ ²ä²ÎÆÜºðÀ àðäºê ÐÆØø ´²¼Ø²Þºðî 

Ð²Ø²îºÔ ºè²Î²Èì²Ì ²ä²ÎºÎºð²ØÆÎ²Î²Ü ØÆÎðàêÊºØ²ÜºðÆ 

êî²òØ²Ü Ð²Ø²ð 

²© Î© Îàêî²ÜÚ²Ü & Ü© ´© ÎÜÚ²¼Ú²Ü 

Üáñ ï»ËÝÇÏ³Ï³Ý ³å³ÏÇÝ»ñÇ« ¹ñ³Ýó ÑÇÙùáí ³å³Ï»Ï»ñ³ÙÇÏ³Ï³Ý ¨ ÏáÙåá½Ç-

ï³ÛÇÝ ÝÛáõÃ»ñÇ µ³½³ÛÇ ÁÝ¹É³ÛÝÙ³Ý Ñ³Ù³ñ ÙÝáõÙ ¿ ÙÇßï ³Ïïáõ³É Ýáñ ³å³Ï»·áÛ³ó-
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ÝáÕ Ñ³Ù³Ï³ñ·»ñÇ áõëáõÙÝ³ëÇñáõÃÛáõÝÁ« áñáÝù Ñ³Ù³ï»ÕáõÙ »Ý Ñ³ñ³µ»ñ³Ï³Ý ¹Ûáõ-

ñ³Ñ³ÉáõÃÛáõÝÁ ¨ ëÇÝÃ»½í³Í ÝÛáõÃ»ñÇ µ³ñÓñ ¿É»Ïïñ³Ù»ÏáõëÇã µÝáõÃ³·ñ»ñÁ: 

²ßË³ï³ÝùÇ Ýå³ï³ÏÁ Ñ³Ý¹Çë³ÝáõÙ ¿ MeB2O4-Al2O3-(SiO2)-MeO/MeF2 (Ме- 
Mg« Ca« Sr« Ba) Ñ³Ù³Ï³ñ·»ñÇ ³å³Ï»·áÛ³óÙ³Ý ¨ ³å³ÏÇÝ»ñÇ Ñ³ïÏáõÃÛáõÝÝ»ñÇ 

áõëáõÙÝ³ëÇñáõÃÛáõÝÁ« ¹ñ³Ýó ÏÇñ³éÙ³Ý ÑÝ³ñ³íáñáõÃÛ³Ý µ³ó³Ñ³ÛïáõÙÁ áñå»ë 

³å³Ï»µÛáõñ»Õ³ÛÇÝ ÝÛáõÃ« ¨ áñå»ë Ï³å³ÏóáÕ “³å³ÏÇ+Ï»ñ³ÙÇÏ³” ÏáÙåá½ÇïÇ µ³-

Õ³¹ñáõÃÛáõÝáõÙ ëï³Ý³Éáõ ó³Íñç»ñÙ³ëïÇ×³Ý³ÛÇÝ Ñ³Ù³ï»Õ »é³Ï³Éí³Í Ï»ñ³ÙÇÏ³-

Ï³Ý ÝÛáõÃ ¿É»ÏïñáÝÇÏ³ÛÇ Ñ³Ù³ñ: Ð»ï³½áïí»É »Ý ³å³Ï»·áÛ³óÙ³Ý ³é³ÝÓÝ³Ñ³ï-

ÏáõÃÛáõÝÝ»ñÁ« ³å³ÏÇÝ»ñÇ ¨ ¹ñ³Ýó áõÕÕáñ¹í³Í µÛáõñ»Õ³óÙ³Ùµ« ³å³Ïáõ ¨ µÛáõñ»ÕÇ 

Ë³éÝáõñ¹Ý»ñÇ »é³Ï³ÉÙ³Ùµ ëÇÝÃ»½í³Í ³å³Ï»Ï»ñ³ÙÇÏ³Ï³Ý ÝÛáõÃ»ñÇ ýÇ½ÇÏ³ùÇ-

ÙÇ³Ï³Ý Ñ³ïÏáõÃÛáõÝÝ»ñÇ ÷á÷áËáõÃÛ³Ý ûñÇÝ³ã³÷áõÃÛáõÝÝ»ñÁ: ¸Çï³ñÏí³Í »Ý 

³å³Ïáõ Ñ³ÉáõÛÃÇ ¨ µÛáõñ»Õ³ÛÇÝ Éó³ÝÛáõÃ»ñÇ ÷áË³½¹»óáõÃÛ³Ý« ÃñçÙ³Ý ¨ ³¹Ñ»-

½Ç³ÛÇ åñáó»ëÝ»ñÇ ÁÝ¹Ñ³Ýáõñ Ñ³ñó»ñÁ ¨ ¹ñ³Ýó ³½¹»óáõÃÛáõÝÁ Ñ³Ù³ï»Õ »é³Ï³Éí³Í 

ÏáÙåá½ÇïÝ»ñÇ ¿É»Ïïñ³Ï³Ý ¨ ç»ñÙ³ýÇ½ÇÏ³Ï³Ý Ñ³ïÏáõÃÛáõÝÝ»ñÇ íñ³: êÇÝÃ»½í³Í 

³å³Ï»µÛáõñ»Õ³ÛÇÝ ÝÛáõÃ»ñÇ Ñ³ïÏáõÃÛáõÝÝ»ñÇ ¨ Ï³éáõóí³ÍùÇ Ñ³Ù³ÉÇñ áõëáõÙ-

Ý³ëÇñáõÃÛáõÝÝ»ñÇ ÑÇÙ³Ý íñ³ Ùß³Ïí³Í »Ý µ³ñÓñ ç»ñÙ³Ù»Ë³ÝÇÏ³ÏÝ ¨ ¹Ç¿É»ÏïñÇÏ 

Ñ³ïÏáõÃÛáõÝÝ»ñÇ ½áõ·³ÏóÙ³Ùµ Ýáñ ÏáÙåá½ÇïÝ»ñ ó³Íñç»ñÙ³ëïÇ×³Ý³ÛÇÝ Ñ³Ù³ï»Õ 

»é³Ï³Éí³Í Ï»ñ³ÙÇÏ³ÛÇ Ñ³Ù³ñ (Low Temperature Cofired Ceramic« LTCC): 

 

ОКСИФТОРИДНЫЕ СТЕКЛА КАК ОСНОВА ДЛЯ ПОЛУЧЕНИЯ 

МНОГОСЛОЙНЫХ СООБОЖЖЕННЫХ СТЕКЛОКЕРАМИЧЕСКИХ 

МАТЕРИАЛОВ 

А. К. КОСТАНЯН и Н. Б. КНЯЗЯН 

Институт общей и неорганической химии им .М.Г. Манвеляна НАН Республики Армения 

Армения, 0051, Ереван, ул. Аргутяна, 2 пер., дом 10 

Факс: (374 10) 231275, E-mail: ionx@sci.am 

 

Для расширения базы новых технических стекол, стеклокерамических и ком-

позиционных материалов на их основе, остается всегда актуально исследование 

новых стеклообразующих систем, сочетающих относительную легкоплавкость и 

высокие диэлектрические характеристики. 

Целью данной работы является исследование стеклообразования и свойств 

стекол в системах MeB2O4-Al2O3-(SiO2)-MeO/MeF2 (Ме- Mg, Ca, Sr, Ba), выявле-

ние возможности их применения как в виде стеклокристаллического материала, и 

как связующее в составах композиций “стекло + керамика” для получения низко-

температурных сообжигаемых керамических материалов для электроники. Иссле-

дованы особенности стеклообразования и закономерности изменения физико-хи-

мических свойств стекол и стеклокерамических материалов, полученных направ-

ленной кристаллизацией стекол и стеклокерамических композиций, синтезирован-

ных спеканием смеси стекла и кристалла. Рассмотрены общие вопросы процессов 

смачивания, адгезии и взаимодействия расплавов стекол с кристаллическими на-

полнителями и их влияние на электрические и теплофизические параметры сооб-

жиговых композитов. На основе комплекса исследований свойств и структуры 

синтезированных стеклокристаллических материалов синтезированы новые ком-

позиции, сочетающие высокие механические и диэлектрические характеристики, 

для низкотемпературной совместно обожжённой керамики (Low Temperature 

Cofired Ceramic, LTCC). 

mailto:ionx@sci.am
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This paper is devoted to the investigation of the interaction between a silica hydrogel species 

derived from a serpentine-group mineral (Mg(Fe))6[Si4O10](OH)8 and calcium hydroxide Ca(OH)2 in 

aqueous medium in air at ambient pressure depending on stirring time and Ca(OH)2 concentration. 

The aim of the research was to study the influence of stirring time and Ca(OH)2 concentration on the 

yield and crystallinity of calcium silicate species, particularly, β-wollastonite produced by thermal 

crystallization of amorphous calcium hydro- and hydroxosilicates, which had been previously 

precipitated in the boiling aqueous suspension prepared from the mentioned reagents. The 

experimental data have revealed the optimal parameters guaranteeing the highest portion of β-

wollastonite in the final product and have suggested possible mechanisms of processes occurring 

during the precipitation and thermal crystallization. 

Figs. 6, references 29. 

 

Owing to a series of remarkable properties, such as a low coefficient of 

thermal expansion, low thermal conductivity, thermal stability, low dielectric 

constant, low dielectric loss, shrinkage, as well as extreme whiteness, a 

synthetic β-wollastonite (β-CaSiO3) has become an interesting material for 

various domains of modern engineering. It is used in ceramic [1, 2], as an 

insulator of high frequency [3], in medical materials for artificial bones and 

dental roots [4-6], in paint and frictional materials, as a filler in resins and 

plastics [7, 8]. 

One of the most popular routes to β-wollastonite synthesis consists of 

two steps: (i) the precipitation of intermediate solid phase in aqueous 

medium via the interaction of calcium hydroxide Ca(OH)2 or calcium salts 

with a silica-containing reagent (quartz, diatomite or various silica-

mailto:Isahakyananna@yahoo.com
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containing industrial wastes as well as tetraethoxysilane (TEOS) 

Si(OC2H5)4), and (ii) calcination (900-1400°C) of the intermediate 

synthesized in the first stage [9-12]. Commonly, the intermediate phase is 

produced either by autoclave treatment [13-15] or sol-gel syntheses [11, 12, 

16, 17] that are both energy-consuming. 

Hydrothermal environments are required for the formation of infinite 

silicate chains with a three-tetrahedron repeat, similar to chains in 

wollastonite1, which are intrinsic in such calcium silicate hydrates as 

tobermorite (Ca5Si6O16(OH)2·4H2O or Ca5Si6(O,OH)18·5H2O) and xonotlite 

(Ca6Si6O17(OH)2), that can be easily transformed into β-wollastonite by 

subsequent heating [18-20]. 

The sol-gel processing associated with wollastonite syntheses is а multi-

step procedure frequently combined with combustion techniques using 

organic compounds as a fuel (sucrose C12H22O11, glycine C2H5NO2) and a 

precursor of SiO2 (TEOS), and calcium nitrate Ca(NO3)2 as a source of 

calcium cations [16, 17]. Naturally, subsequent gel evaporation and heat 

treatment of the synthesized intermediates at 900°C and higher for many 

hours (up to 12 hours) generate a large amount of gases as oxides of carbon 

CO2 and nitrogen NO2 that is undesirable [11, 16, 17]. 

Recent studies have shown that autoclave treatment and difficulties 

associated with the complicated sol-gel syntheses for β-wollastonite 

production can be avoided if a new species of silica xerogel produced from 

serpentinites2 is involved in the precipitation process as a raw material with 

Ca(OH)2 in the presence of sodium hydroxide NaOH [21]. The latter 

promotes the faster and deeper progress of the reaction between the SiO2 and 

Ca(OH)2 requiring less activation energy. 

One of the main microscopic factors accounting for the small energy 

input for β-wollastonite production from the above mentioned silica xerogel 

is the chain-like silicate units bound up with each other by unsaturated 

(weaker) bonds inherent in this species of silica [21-23]. While being stirred 

with the silica xerogel and Ca(OH)2 in aqueous suspension, NaOH by 

penetrating into the structure of the SiO2 interacts with Si–O–H silanol 

groups and simultaneously breaks the relatively weak Si–O(Si) siloxane 

bonds, thus reproducing silicate anions of different complexities [21]. The 

silicate anions released are easily involved in the interaction with Ca(OH)2. 

The amount of β-wollastonite synthesized from the intermediates by heat-

                                                 
1 Wollastonite is a calcium metasilicate belonging to the group of pyroxenoids, i.e. 
silicates with a chain structure of ilicon-oxygen anions.  
2 Serpentinite is a rock largely composed of serpentine group minerals 
(Mg(Fe))6[Si4O10](OH)8 belonging to phyllosilicate group, layer-type silicates or sheet 
silicates in other words.  
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treatment is determined by the number of chain-like silicate anions produced 

during stirring [21]. 

The silica constitutes up to 6% of the silica hydrogel whence it is 

separated by dehydration. In turn, this silica hydrogel is produced by the 

polycondensation of silicic acids formed from ortho- [SiO4]
4-, di-[Si2O7]

6-, 

[Si3O10]
8-, [Si4О13]

10- and other silicate anions less polymerized and having 

oligomeric dimension which have been leached from the dehydrated 

structure of serpentine minerals [24-26]. Hence, the structure of the silica 

xerogel obtained from the silica hydrogel is made up of mono- [SiO4], one-, 

two-dimensional and oligomeric silicate units that distinguishes it from all 

other species of traditional silicon dioxide. Despite the fact that the Si–O(Si) 

bonds arisen between the silicate anions during the polycondensation are less 

saturated, i.e. weaker than the primary Si–O(Si) ones intrinsic in the silicate 

oligomers formed in magma prior serpentinization, they must have been 

marginally strengthened by the silica hydrogel dehydration, and NaOH 

addition is therefore required for both the cutting of siloxane bonds slightly 

strengthened and silicate anions releasing. 

The knowledge about the structural particularities of the SiO2 and a 

deeper insight into how NaOH affects the interaction mechanism of the SiO2 

with Ca(OH)2 have suggested replacing the silica xerogel with the silica 

hydrogel. This replacement has allowed excluding NaOH participation in the 

β-wollastonite synthesis thus simplifying the procedure of the intermediate 

phase precipitation at ambient pressure. 

In order to find optimal parameters providing higher yields of β-

wollastonite in the final product, a number of intermediates have been 

prepared by the interaction of the silica hydrogel derived from a serpentine 

group mineral with Ca(OH)2 changing the molar ratio of the initial reagents 

and stirring time. Thermal crystallization of the synthesized intermediates 

into calcium silicate species has been studied by differential thermal analysis 

(DTA), X-ray diffraction (XRD) analysis, Fourier transform infrared 

spectroscopy (FT-IR) and scanning electronic microscopy (SEM). 

Experimental 

A serpentinite sample located in Shorja (Armenia) was used as a 

precursor for the silica hydrogel production using the method described in 

the work [24]. 

Reagent grade CaO 98% (248568 Sigma-Aldrich) previously annealed 

at 1000°C for 30 min was used as a raw material for the Ca(OH)2 production. 

A serpentinite sample located in Shorja (Armenia) was used as a precursor of 

the silica hydrogel. 

Four samples of suspension with liquid/solid ratio of 15 were 

prepared from the primary mixtures of Ca(OH)2 and the silica hydrogel 
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with SiO2 and CaO molar ratios (hereinafter referred to as S:C for short) 

of 1:1.0, 1:1.4, 1:1.6, 1:2.0. The S:C of 1:1.0 is the stoichiometric ratio 

required for wollastonite synthesis, the S:C of 1:1.4 used to be the 

optimal ratio providing the highest yields of β-wollastonite in the case of 

using the amorphous silica separated from the silica hydrogel, the S:C of 

1:1.6 is the ratio allowing to study the effect of CaO excess on the 

calcium silicate species formation on heating, the S:C of 1:2.0 is the ratio 

which is supposed to lead to larnite Ca2SiO4 formation. When the silica 

hydrogel was metered, SiO2 content in the hydrosilicagel that is 5.8% was 

taken into consideration in order to guaranty the appropriate molar ratio 

of SiO2 to CaO and liquid/solid ratio. Each of the prepared samples was 

put into a vessel and heated up to the temperature of 95°C (boiling point). 

The boiling samples were stirred with mechanical stirrer in air for 15 min 

at ambient pressure. Then each of the slurries produced in the mixer was 

filtered and a gel-like mass remained in the filter was dried at the 

temperature of 60-80°C for 24 hours in a dryer type KBC G – 100/250 

manufactured by Premed (Warszawa, Poland). As a result, a white 

precipitate powder was produced. The second, third, fourth and fifth 

series of experiments were repeated for all the four samples by increasing 

the stirring time: 30, 60, 90 and 120 min. 

All the precipitate samples were studied in air by DTA from room 

temperature up to 1000ºC. The mass of the test specimen was 300 mg. 

DTA and thermogravimetry (TG) measurements were performed by 

using a Derivatograph Q–1500D equipment (MOM company, Hungary) 

in air at a heating rate of 10°C min-1. The samples of equal mass were 

investigated in platinum crucibles. The mass of the test specimen was 

250 mg. 

All the precipitate samples and the samples produced after DTA were 

studied in air by XRD analysis. Of the precipitate samples the four ones 

produced by stirring for 15 min were chosen to be annealed at different 

temperatures in the range from 700 up to 1000ºC for 30 min and also 

subjected to XRD analysis. The temperature values were set and 

controlled by using High temperature muffle furnace type BR-14S-5 

(China). The mass of the each test specimen was 220–240 mg. X-ray 

powder diffraction (XRPD) measurements were made on a Dron-3 

diffractometer (Russia) equipped with nickel filter, under the following 

conditions: CuΚ-radiation; power supply 25 kV/10 mA; angular range 

2θ=8–80° at the room temperature in air. All the reflections were 

identified and interpreted using the ICDD-JCPDS database of 

crystallographic 2008. The average crystallite size (L) in the final sample 

heated at 1000ºC was automatically estimated by Match! software using 

the Scherer formula: 
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L = 0.94 λ/β cosθ, 

where λ is the X-ray wavelength in Å, β is the peak width of the diffraction 

peak profile at half maximum height resulting from small crystallite size in 

radians [27]. 

The final product demonstrating the highest yield of β-wollastonite was 

studied by the FT-IR method. The FT–IR spectrum was recorded using 

“Nexus” spectrometer of the Thermo Nicolet Corporation (USA) (ATR 

method) in the range of 650–1600 cm-1 with the resolution of 2 cm-1. 

SEM analysis was also used to characterize the morphology of the 

synthesized product. It was conducted by scanning electronic microscope 

Tesla BS 300 (CZ). A small amount of the investigated powder was added in 

solvent such as ethanol and ultrasonicated for dispersion. A droplet of the 

suspension was dropped onto the thoroughly cleaned substrate. To avoid 

charge effect that will cause image distortion or drift, the sample was coated 

by thin layer of silver. 

Results and Discussion 

Independently of the molar ratios and stirring time, the reflections 

characteristic of calcium carbonate CaCO3 (Card № 84–0654) are recorded 

for all the precipitate samples dried at 80°C (Fig. 1). There are no additional 

peaks in the diffraction patterns of the intermediates prepared from the initial 

reagents taken in the S:C of 1:1.0, 1:1.4 and 1:1.6. Besides CaCO3 

reflections, the ones of Ca(OH)2 are traceable in the XRPD patterns of the 

sample with the S:C of 1:2.0 (Fig. 1). The more the stirring time, the less 

Ca(OH)2 reflections intensity becomes. Because of the XRPD patterns 

identity for the intermediate samples with the S:C of 1:1; 1:1.4, 1:1.6 and 

1:2.0 prepared by stirring for different time, the diffraction patterns of the 

samples precipitated by the thirty-minute stirring are represented (Fig. 1). 
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Fig. 1. XRPD patterns of the precipitate samples. 

 

The XRPD patterns of all the precipitate samples produced after the 

DTA reveal that the gradual heating up to 1000°C results in the 

transformation of all the intermediates into calcium silicate species – largely, 

monoclinic β-wollastonite (Card №84–0654) and monoclinic larnite Ca2SiO4 

(Card № 83–0460). The most intensive peaks of β-CaSiO3 are fixed in the 

diffraction patterns of the samples with the S:C of 1:1.0 and 1.4. Particularly, 

β-wollastonite reflections of higher intensities are observable for the samples 

treated for 15 and 120 min. As for the rest of the samples, their XRPD 

patterns recorded after the DTA, demonstrate β-CaSiO3 peaks of lower 

intensities along with the intensive reflections of monoclinic Ca2SiO4 and 

CaO. Moreover, additional diffraction peaks corresponding to another 

calcium silicate species, namely, triclinic Ca3SiO5 (Card № 31–0301), 

appeared in the diffraction patterns of the sample with the S:C of 1:2.0. 

Based on the fact that the diffraction line intensity is proportional to the 

phase volume content, the relative concentration of each phase in the 

synthesized mixtures was estimated from the diffraction peaks intensities by 

the nonstandard method measuring the ratio of intensities of the different 

phases. The calculations were graphically represented in Fig. 2. According to 

the XRD analysis, there are some regularities between the stirring 

time/calcium hydroxide amount and calcium silicate species phases 

formation. Despite the comparatively big portion of β-wollastonite in the 

products produced from the suspensions stirred for 15 min, the increasing of 
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stirring time over 15 min leads to the reduction of β-wollastonite share in the 

synthesized product, but the extension of the reaction time up to 120 min 

promotes the increasing of β-wollastonite concentration in the final mixture 

again (Fig. 2). In turn, the increasing of Ca(OH)2 amount in the initial 

solution is not desirable. The experimental results indicate, the number of 

CaO moles greater than 1.4 in the initial mixture (the S:C of 1:1.6 and 1:2.0) 

causes the appearance of CaO reflections and the formation of another 

species of calcium silicate abovementioned with the growth of larnite portion 

thereby decreasing β-wollastonite percent in the final products (Fig. 2). 

Thus, in the samples with the S:C of 1:1.6 and 1:2.0, Ca(OH)2 is not 

completely involved in the reaction with the SiO2 and therefore cannot 

provide the higher yields of larnite, its unreacted part is decomposed into 

CaO and H2O on heating. 

As β-CaSiO3 peaks of higher intensity are observable for the samples 

with the S:C of 1:1.0 and 1:1.4 stirred for 15 and 120 min, the DTA curves 

of the samples produced after fifteen-minute stirring have been chosen for 

the demonstration (Fig. 3). 

Each of the DTA curves for the precipitate samples chosen displays a 

number of endothermic events of different intensities and minima up to 800 

°C and an intensive exothermic peak above 800°C (Fig. 3). The trend of the 

TG curves shows that all the endothermic processes are accompanied by 

mass loss whereas the exothermic ones occur without any mass change (Fig. 

3). On the DTA curve of the sample with the S:C of 1:1.0 within the 

temperature range of 490-510°C there is no endotherm which is observable 

on the DTA curves of the samples with the S:C of 1:1.4, 1:1.6 and 2.0 

(Fig. 3). 

Both Ca(OH)2 and CaO reflections recorded in the diffraction patterns of 

the precipitate sample with the S:C of 1:2.0 (Fig. 2) and the samples with the 

S:C of 1:1.6 and 1:2.0 after the DTA (Fig. 2), respectively, imply that this 

endotherm is referred to the decomposition of Ca(OH)2 unreacted with the 

formation of H2O and CaO. Ca(OH)2 peaks absence in the diffraction 

patterns of the precipitate samples with the S:C of 1:1.4 and 1:1.6 is 

explained by its negligible amount formed which is detectable by the 

exothermic effects with minima barely traceable at 490 and 488°C for these 

samples, respectively (Fig. 3). The endotherm events set in the range of low 

temperatures 100-200°C (Fig. 3) are caused by the removal of adsorbed and 

crystalline water; the intensive endothermic peaks with minima at 783, 794, 

800 and 788°C within the temperature range of 780-800°C on the DTA 

curves of these samples (Fig. 3) are produced by the process of 

dehydroxylation with the simultaneous formation of amorphous calcium 

hydroxosilicate species, the phases of which cannot be discovered by the X-

ray analysis of the precipitates. These endotherms are immediately followed 

by the upward trend of the noticeable exothermic peaks over 800°C with 
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Fig. 2. Relative phase concentrations of the components in the products produced after the 
DTA of the precipitate samples depending on stirring time. 
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Fig. 4. XRPD patterns of the heated precipitate samples. 
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maxima at 821, 827, 831 and 835°C originated by the crystallization of the 

amorphous precipitate samples with the C:S of 1:1.0, 1:1.4, 1:1.6 and 1:2.0, 

respectively into calcium silicate species (Fig. 3). 

In order to determine the feasibility of the fifteen-minute treatment for 

providing higher yields of β-wollastonite, all the intermediate samples 

synthesized by stirring for 15 min were examined at various heating rates. 

The XRPD patterns of these samples heated at different temperatures exhibit 

their crystalline state dependent on temperature and temperature-induced 

phase transformations on heating up to 1000°C. 

Since on heating up to 700°C no phase changes are fixed, only the 

diffraction patterns of the chosen samples heated at 700°C and higher are 

shown (Fig. 4). 

CaCO3 reflections the intensity of which remains unchangeable on 

heating up to 600°C are not seen in the diffraction patterns of all the samples 

heated at 700°C and higher (Fig. 4). 

Both the reflections of β-wollastonite and larnite are barely traceable in 

the diffraction patterns of the samples with the S:C of 1:1.0 and 1:1.4 heated 

at 700°C (Fig. 4). Subsequent heating over 700°C leads to the abrupt growth 

of β-wollastonite peaks at 800°C the intensity of which goes on increasing 

gradually up to 1000°C whereas the temperature increase over 700°C does 

not lead to any changes in the intensity of larnite reflections (Fig. 4). Only at 

1000°C a slight increase in larnite peaks intensity is observed for the sample 

with the S:C of 1:1.4 (Fig. 4). 

Besides the reflections of β-wollastonite and larnite, the ones of CaO, 

which is one of the products of the unreacted Ca(OH)2 decomposition, are 

seen in the XRPD patterns of the intermediate samples with the S:C of 1:1.6 

and 1:2.0 annealed at 700°C. Apart from these diffraction peaks, the ones 

corresponding to triclinic Ca3SiO5 (Card №31–0301) are recorded in the 

diffraction patterns of the sample with the S:C of 1:2.0 at 700°C (Fig. 5). As 

distinct from the previous samples, the more intensive reflections of larnite 

together with β-wollastonite peaks of lower intensity are recorded in the 

XRPD patterns of the sample with the S:C of 1:1.6 and 1:2.0 heated from 

700 up to 1000°C (Fig. 4). As compared to the samples with the S:C of 1:1.0 

and 1:1.4, the intensities of both larnite and β-wollastonite diffraction peaks 

of the sample with the S:C of 1:1.6 are gradually and simultaneously 

increasing from 800 up to 1000°C, whereas larnite reflections growth is 

mainly traceable in the same temperature range for the sample with the S:C 

of 1:2.0 (Fig. 4). CaO reflections disappear in the XRPD patterns of the 

intermediate sample with the S:C of 1:1.6 annealed at 1000°C, but they are 

observable in all the diffraction patterns of the sample with the S:C of 1:2.0 

(Fig. 4). 

As for calcium carbonate, its reflections disappear in the diffraction 

patterns of all the samples annealed at the temperatures over 600°C and at 
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higher temperatures no additional peaks are recorded but the ones of calcium 

silicate species and CaO. It is quite logical to suggest that on heating over 

600°C CaСO3 reacts with the SiO2 that remained in an amorphous state, 

producing calcium silicate species and CO2. The exothermic event that 

should be seen over 600°C and evidence calcium silicate species formation 

is most likely overlapped by the endothermic process of CO2 releasing. As a 

result, no heat effects are detectable over 600°C on the DTA curves of all the 

samples. 

As follows from the data of X-ray analysis, the fifteen-minute stirring 

turns out to be sufficient for guaranteeing higher yields of β-wollastonite. 

The higher concentration of Ca(OH)2 in the initial mixture leads to the 

increasing of larnite and the formation of other species of calcium silicate in 

the final product on heating and therefore is not profitable for β-wollastonite 

high yields. The excess of Ca(OH)2 remains unreacted. 

Ca2SiO4 crystalline phase appearance in the diffraction patterns of the 

intermediate samples heated at 700°C and higher suggests the formation of 

amorphous calcium hydroxosilicate species largely made up of discrete 

orthosilicate units in the structure of synthesized precipitates, along with 

chain-like silicate units guaranteeing β-CaSiO3 formation on heating. 

According to the Scherer equation, the average particle size of β-CaSiO3 

is variable from 80 up to 100 nm. 

In spite of the fact that both Ca2SiO4 and β-CaSiO3 crystals immediately 

begin getting formed at about 700°C, in the samples with the S:C of 1:1.0 

and 1:1.4, β-CaSiO3 crystallinity is improved as the temperature is increased 

up to 1000°C, whereas the crystallinity of Ca2SiO4 crystals produced at 

800°C remains almost unchangeable on subsequent heating. On the contrary, 

in the samples with the S:C of 1:1.6 and 1:2.0 heated at 1000°C there is a 

noticeable improvement in the crystallinity of Ca2SiO4. 

The experimental data have allowed concluding that the fifteen-minute 

stirring of the boiling aqueous suspensions prepared from the silica hydrogel 

and Ca(OH)2 taken in the S:C of 1–11.4 results in the formation of such 

amorphous calcium hydroxosilicate species the dehydroxylation of which at 

about 700°C is accompanied by their transformation into nano-sized β-

CaSiO3 crystals achieving final crystallization by the thirty-minute annealing 

at 1000°C. 

According to IR spectroscopy data available in literature the three 

absorption bands at 680, 642, 566 cm-1 produced by the symmetric stretching 

vibrations of three SiOSi bridges (νsSiOSi) and six absorption ones within 

the 900-1100 cm-1 range (at 1087, 1056, 1019, 964, 952, 904 cm-1) belonging 

to SiOSi, O–SiO– asymmetric (νasSiOSi, νasO
–SiO–) and O–SiO–symmetric 

(νsO
–SiO–) stretching vibrations are characteristic of β-wollastonite [28, 29]. 

In the FT-IR spectrum of the final product, which was produced from the 

precipitate previously synthesized by fifteen-minute stirring of the sample 
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with the C:S of 1:1.0, β-wollastonite is easily identified by the main six 

absorption bands at 1065.7, 1026.2, 1010.5, 958.1, 931.65 and 891.3 cm-1 

representing νasSiOSi, νasO
–SiO– and νsO

–SiO– and two ones at 682 and 

650 cm-1 corresponding to νsSiOSi (Fig. 5) [28, 29]. Hence, the FT-IR 

spectroscopic analysis of the above mentioned final product has also shown 

that the origins of all the absorption bands in the range of 650-1110 cm−1 can 

be definitely assigned to β-wollastonite. 
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 Fig. 5. FTIR spectrum of the final product.  Fig. 6. SEM image of the final product. 

 

The morphological features of the final product, which was synthesized 

from the precipitate sample with the C:S of 1:1 formed via fifteen-minute 

stirring have been studied by SEM. It is clearly seen that β-wollastonite 

represents agglomerates made up of nano-sized particles and has a uniform 

morphology (Fig.6). 

The background information and previous findings allow to gain a 

deeper insight into the processes occurring during gelation. 

The higher yields of β-wollastonite synthesized from the intermediates, 

which were prepared from the silica hydrogel and CaO with the S:C 1:1.0 

and 1:1.4 without involving NaOH via the fifteen-minute stirring are 

indicative of the fact that the Si–O(Si) bonds arisen inside the structure of 

the silica during the polycondensation are really more weakened than the 

same ones after the silica hydrogel dehydration; and the short-time stirring is 

therefore enough to cut some of them without involving NaOH by releasing 

chain-like silicate anions, which are easily involved in the reaction with 

Ca(OH)2 resulting in β-wollastonite formation on heating. The extension of 

the stirring time over 15 min leads to the breakage of more number of 

siloxane bonds weakened and the separation of orthosilicate anions from the 

siloxane bridges of the silica thereby yielding larnite in the final product. 

Subsequent increase of the reaction time up to 120 min is most likely 

accompanied by silicate anions bonding providing the formation of extended 

silicate chains which is also promotive of β-wollastonite production. The 

experimental results gained for the samples with the S:C of 1:1.6 and 1:2.0 
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encourage to think that the higher concentrations of Ca(OH)2 in the initial 

solutions also further the release of the more number of orthosilicate anions 

and prevent silicate anions from conformation and bonding thereby 

promoting the precipitation of a greater amount of amorphous calcium 

hydro- and hydroxosilicate species largely made up of orthosilicate units 

resulting in the growth of larnite portion and the formation of Ca3SiO5 in the 

final products. At the same time, the part of Ca(OH)2 which does not 

participate in the reaction with the SiO2 in the solution remains unreacted. 

Consequently, the reactions development during gelation and the yields 

of calcium silicate species in the final products are determined by the 

number of ortho- and chain-like silicate anions released and involved in the 

reaction with Ca(OH)2 during stirring. The amount of chain-like silicate 

anions dependent on the number of broken Si–O(Si) bonds can be controlled 

by the stirring time and the Ca(OH)2 concentration. 

Conclusion 

The experimental data have confirmed the idea concerning the existence 

of comparably weakened Si–O(Si) bonds bonding silicate units of different 

complexities inside the structure of the amorphous silica constituting the 

silica hydrogel in comparison with the same bonds inside the silica xerogel 

separated from the silica hydrogel by dehydration. This type of siloxane 

bonds is the reason for avoiding NaOH involvement in the procedure of the 

intermediates preparation. 

It has been revealed that the proportion between chain-like and ortho-

silicate anions released in the solution is the main factor playing a major role 

in the development of the reactions of Ca(OH)2 with the SiO2 constituting 

the silica hydrogel resulting in the precipitation of various amorphous 

calcium hydro- and hydroxo- silicate species composed of the different 

number of meta- and orthosilicate units. The share of each calcium silicate 

species in the final products, namely β-CaSiO3, Ca2SiO4 and Ca2SiO5 

crystallized from the intermediates on heating is conditioned by the 

percentage of one or another compound variety synthesized in the 

precipitates. On heating, dehydroxylation of the compounds largely made up 

of chain-like silicate units is followed by their crystallization into β-CaSiO3 

which starts at about 700°C and completes at 1000°C, whereas the ones are 

comprised of orthosilicate units are either crystallized into Ca2SiO4 or 

Ca3SiO5. The amount of meta- and orthosilicate anions released and 

involved in the reaction with Ca(OH)2 in the suspension by stirring depends 

on both the number of broken Si–O(Si) bonds and the rate of the two 

processes – silicate anions releasing and bonding which can be governed by 

stirring time and Ca(OH)2 concentration. 
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Proceeding from the experimental data, the higher yields of β-

wollastonite having nano-sized particle dimensions 80-100 nm are 

expectable in the final products synthesized by the thirty-minute heat-

treatment at 1000°C of the intermediates, which were previously prepared by 

the fifteen-minute stirring of the aqueous suspension prepared from the silica 

hydrogel and Ca(OH)2 where the SiO2 and Ca(OH)2 molar ratio is 1:11.4. 

These investigations are of great interest and practical value because 

they create all the prerequisites required for the further development of a 

new cost-effective eco-technology for β-wollastonite production with the 

involvement of the silica hydrogel derived from a serpentine-group mineral. 
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êÆÈÆÎ²îÜºðÆ æºðØ²ÚÆÜ ´ÚàôðºÔ²òØ²Ü ìð² 

²© è© Æê²Ð²ÎÚ²Ü« Ü© Ð© ¼àôÈàôØÚ²Ü« ²© Ø© Âºð¼Ú²Ü« 

ê© ²© ØºÈÆøÚ²Ü & Ð© ²© ´º¶È²ðÚ²Ü 

Ðá¹í³ÍÁ ÝíÇñí³Í ¿ ë»ñå»ÝïÇÝ³ÛÇÝ Ñ³Ýù³ÝÛáõÃ»ñÇó (Mg(Fe))6[Si4O10](OH)8 

ëï³óí³Í ëÇÉÇÏ³ÑáÕÇ ÑÇ¹ñáÅ»ÉÇ ¨ Ï³ÉóÇáõÙÇ ÑÇ¹ñûùëÇ¹Ç (Ca(OH)2) çñ³ÛÇÝ ÙÇç³í³Û-

ñáõÙ ÙÃÝáÉáñï³ÛÇÝ ×ÝßÙ³Ý ï³Ï ÷áË³½¹»óáõÃÛ³Ý áõëáõÙÝ³ëÇñáõÃÛ³ÝÁ` Ë³éÝÙ³Ý 

ï¨áÕáõÃÛáõÝÇó ¨ Ca(OH)2-Ç ÏáÝó»Ýïñ³óÇ³ÛÇó Ï³Ëí³Í: ²Ûë áõëáõÙÝ³ëÇñáõÃÛ³Ý 

Ýå³ï³ÏÝ ¿ áõëáõÙÝ³ëÇñ»É Ë³éÝáõñ¹Ç ï¨áÕáõÃÛ³Ý ¨ Ca(OH)2-Ç ÏáÝó»Ýïñ³óÇ³ÛÇ 

³½¹»óáõÃÛáõÝÁ Ï³ÉóÇáõÙÇ ëÇÉÇÏ³ïÝ»ñÇ« Ù³ëÝ³íáñ³å»ë« β-íáÉ³ëïáÝÇïÇ »ÉùÇ ¨ µÛáõ-

ñ»Õ³óÙ³Ý ³ëïÇ×³ÝÇ íñ³« áñÁ ëï³óí»É ¿ Ï³ÉóÇáõÙÇ ³Ùáñý ÑÇ¹ñá- ¨ ÑÇ¹ñáûùëáëÇÉÇ-

Ï³ïÝ»ñÇ ç»ñÙ³ÛÇÝ µÛáõñ»Õ³óÙ³Ùµ« áñáÝù Ý³Ë³å»ë Ýëï»óí³Í »Ý »Õ»É í»ñáÝßÛ³É 

é»³ÏïÇíÝ»ñÇó å³ïñ³ëïí³Í »éÙ³Ý ç»ñÙ³ëïÇ×³ÝáõÙ ·ïÝíáÕ çñ³ÛÇÝ ëáõëå»Ý-

½Ç³ÛáõÙ: öáñÓ³ñ³ñ³Ï³Ý ïíÛ³ÉÝ»ñÁ ÑÝ³ñ³íáñáõÃÛáõÝ ïí»óÇÝ ëï³Ý³É ûåïÇÙ³É 

å³ñ³Ù»ïñ»ñÁ« áñáÝù »ñ³ßË³íáñáõÙ »Ý í»ñçÝ³ÝÛáõÃáõÙ β-íáÉ³ëïáÝÇïÇ ³Ù»Ý³Ù»Í 

ã³÷³µ³ÅÇÝÁ ¨ ³é³ç³ñÏ»É Ýëï»óÙ³Ý ¨ ç»ñÙ³ÛÇÝ µÛáõñ»Õ³óÙ³Ý ÁÝÃ³óùáõÙ ï»ÕÇ 

áõÝ»óáÕ ·áñÍÁÝÃ³óÝ»ñÇ ÑÝ³ñ³íáñ Ù»Ë³ÝÇ½Ù: 
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Статья посвящена исследованию взаимодействия гидрогеля кремнезема, вы-

деленного из серпентинового минерала (Mg(Fe))6[Si4O10](OH)8 с гидроксидом 

кальция Ca(OH)2 в водной среде при атмосферном давлении в зависимости от дли-

тельности перемешивания и концентрации Ca(OH)2. Цель данного исследования 

заключалась в изучении влияния длительности перемешивания и концентрации 

Ca(OH)2 на выход и степень кристаллизации силикатов кальция, в частности β-

волластонита, получаемого термической кристаллизацией аморфных гидро- и 

гидроксосиликатов кальция, которые были предварительно осаждены в кипящей 
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водной суспензии, приготовленной из упомянутых реагентов. Экспериментальные 

данные позволили выявить оптимальные параметры, гарантирующие наибольшую 

долю β-волластонита в конечном продукте, и предложить возможные механизмы 

процессов, протекающих во время осаждения и термической кристаллизации. 

REFERENCES 

[1] Sreekanth Chakradhar R.P., Nagabhushana B.M., Chandrappa G.T., Ramesh K.P., Rao J.L. 

// Mater Chem Phys, 2006, v. 95, №1, p. 169. 

[2] Yun Y.-H., Yoon C.-H., Kim Y.-H., Kim C.-K., Kim S.-B., Kwon J.-T. // Ceram Int, 2002, 

v. 28, №5, p. 503. 

[3] Negmatov N.S., Abdullaev Z.Z. // Glass Ceram, 2001, v. 58, №11, p. 396. 

[4] Palakurthy S., K V.G.R., Samudrala R.K., P A.A. // Materials Science and Engineering: C, 

2019, v. 98, p. 109. 

[5] Lin K., Lin C., Zeng Y. // RSC Advances, 2016, v. 6, №17, p. 13867. 

[6] Morsy R., Abuelkhair R., Elnimr T. // Silicon, 2014, v. 9, №4, p. 489. 

[7] Ding Q., Zhang Z., Wang C., Jiang J., Li G., Mai K. // J Therm Anal Calorim, 2014, p. 115. 

[8] Jingjiang L., Xiufen W., Qipeng G. // J Appl Polym Sci., 1990, v. 41, №11-12, p. 2829. 

[9] Yazdani A., Rezaie H.R., Ghassai H., Mahmoudian M. // J Ceram Process Res., 2013, v. 14, 

№1, p. 12. 

[10] Lin K., Chang J., Chen G., Ruan M., Ning C. // J Cryst Growth, 2007, v. 300, №2, p. 267. 

[11] Wang H., Zhang Q., Yang H., Sun H. // Ceram Int., 2008, v. 34, №6, p. 1405. 

[12] Tangboriboon N., Khongnakhon T., Kittikul S., Kunanuruksapong R., Sirivat A. // J Sol-Gel 

Sci Technol., 2011, v. 58, №1, p. 33. 

[13] Yazdani A., Rezaie H.R., Ghassai H. // J Ceram Process Res., 2010, v. 11, №3, p. 348. 

[14] Lin K., Chang J., Lu J. // Mater Lett., 2006, v. 60, №24, p. 3007. 

[15] Ismail H., Shamsudin R., Abdul Hamid M.A. // Mater Sci Eng, C, 2016, v. 58, p. 1077. 

[16] Lakshmi R., Velmurugan V., Sasikumar S. // Combust Sci Technol., 2013, v. 185, №12, 

p. 1777. 

[17] Anjaneyulu U., Sasikumar S. // Bull Mater Sci., 2014, v. 37, №2, p. 207. 

[18] Wu H., Yang J., Ma H.W., Wang M.W. // Integrated Ferroelectrics, 2013, v. 146, №1, p. 144. 

[19] Lin K., Chang J., Liu X., Ning C. // Int J Appl Ceram Technol, 2010, v. 7, №2, p. 178. 

[20] Matekonis G., Šiaučiūnas R., Vaičiukynienė D. // Materials science = Medžiagotyra, 2010, 

v. 16, №3, p. 242. 

[21] Zulumyan N., Isahakyan A., Beglaryan H., Melikyan S. // JIOPM, 2017, v. 27, №5, p. 1323. 

[22] Zulumyan N., Isaakyan A., Pirumyan P., Beglaryan A. // Russ. J Phys. Chem. A, 2010, v. 84, 

№4, p. 700. 

[23] Isahakyan A.R., Beglaryan H.A., Pirumyan P.A., Papakhchyan L.R., Zulumyan N.H. // Russ. 

J Phys. Chem. A, 2011, v. 85, №1, p. 72. 

[24] Zulumyan N.O., Isaakyan A.R., Ovsepyan T.A., Kazanchyan A.M., Terzyan A.M. 

inventorsMethod for complex processing of serpentinit. Russian Federation patent 2 407 704 

C2. 2010. 

[25] Zulumyan N., Mirgorodski A., Isahakyan A., Beglaryan H. // J Therm. Anal. Calorim., 2014, 

v. 115, №2, p. 1003. 

[26] Zulumyan N., Isahakyan A., Beglaryan H., Melikyan S. // J Therm. Anal. Calorim., 2018, 

v. 131, №2, p. 1201. 

[27] Langford J.I., Wilson A.J.C. // J Appl Crystallogr., 1978, v. 11, №2, p. 102. 

[28] Lazarev A.N. Vibrational spectra and structure of silicates. 1 ed: Springer US, 1995, 302 p. 

[29] Chukanov N.V. Infrared spectra of mineral species. 1 ed: Springer Netherlands, 2014, 

1726 p. 



 

 

343 

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 

Химический журнал Армении            73, №4, 2020        Chemical Journal of Armenia 

 

СТЕКЛООБРАЗОВАНИЕ, МАГНИТНЫЕ И НЕКОТОРЫЕ 

ФИЗИКО-ХИМИЧЕСКИЕ СВОЙСТВА СТЕКОЛ В СИСТЕМЕ 

NaF-Fe2O3-LiPO3 

А. А. ЗАНГИНЯН 

Институт общей и неорганической химии им. М.Г. Манвеляна НАН Республики Армения 

Армения, Ереван, 0051, ул. Аргутяна, II пер., 10 

E-mail: ashotzzz@mail.ru 

 

Железосодержащие стекла интересны своими магнитными и магни-

тооптическими свойствами. Особое значение они приобретают в связи 

с развитием в последнее время современной области электроники – 

спинтроники (магнитоэлектроники). Элементарная система спинтрони-

ки представляет собой тонкие магнитные слои, разделенные проводни-

ковым слоем [1]. 

Стеклообразующая система NaF-Fe2O3-LiPO3 может стать перспек-

тивной базой для разработки материалов новых направлений электро-

ники. 

 
Рис.1. Область стеклообразования в системе NaF-Fe2O3-LiPO3. 

 

Стеклообразование определялось на образцах, полученных путем 

резкой закалки расплава в количестве 10-15 г на холодной метал-

лической плите. Стекла для этой цели варились в стеклоуглеродных 

тиглях марки "СУ-2000" в атмосфере воздуха при температуре 1200oС. 
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Синтез стекол для изучения физико-химических свойств производился 

в тех же условиях. Количество стекла составило 30-50 г, из него отли-

вались образцы и отжигались в муфельной печи при температурах 300-

350оС в зависимости от состава. 

На рис. 1 представлена область стеклообразования в системе NaF-

Fe2O3-LiPO3. Белыми кружочками и квадратиками обозначены составы, 

расплавы которых остывают в виде стекла. Соответственно черными 

квадратиками – закристаллизованные образцы. Белыми кружками отме-

чены изученные составы стекол. Состав, который находится на разрезе 

Fe2O3/NaF= 1/1 за пределами области стеклообразования, отмеченный 

белым кружком, на самом деле кристалличный, но его свойства были 

интересными, поэтому были измерены и его параметры. На рис. 2 

представлены изменения магнитной проницаемости стекол системы 

Fe2O3–LiPO3 и NaF–Fe2O3–LiPO3 по разрезу Fe2O3/NaF = 1/1 от состава, 

определенного по методу магнитных весов Фарадея. В качестве 

эталонного образца служил феррит 2000НМ. Как видно из рисунка, в 

обеих системах с введением Fe2O3 стекла проявляют слабые магнитные 

свойства. Это свидетельствует о том, что в структуре ближнего порядка 

стекол имеются слабые обменные взаимодействия. Максимальной маг-

нитной проницаемостью, порядка 25 единиц, обладает стекло системы 

NaF-Fe2O3-LiPO3 по разрезу Fe2O3/NaF= 1/1= 40 мол%. Магнитная про-

ницаемость следующего состава этого разреза, расплав которого при за-

калке кристаллизуется, резко увеличивается, достигая до значения 196 

единиц. 

 
Рис. 2. Магнитная проницаемость стекол системы NaF-Fe2O3-LiPO3. 

 

Для выяснения причин ферромагнетизма у данных стекол провели 

дериватографические и рентгенофазовые исследования. Они показали, 

что после кристаллизации в рентгенограммах образцов, наряду с крис-

таллами LiPO3, LiFePO4, присутствуют кристаллы литиевого феррошпи-

неля – LiFe5O8 и магнетита – Fe3O4. 
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Рис. 3. Рентгенофазовый анализ закристаллизованного образца стекла LiPO3-70.0 мол.%; 
NaF-15.0 мол.%; Fe2O3-15.0 мол.%. 

 

Таким образом, можно констатировать, что исследованные стекла 

могут служить основой для разработки материалов с магнитооптически-

ми (стекла с малым содержание Fe2O3 и окислами редкоземельных эле-

ментов) и магнитными свойствами для магнитных систем электронных 

схем. 

Поскольку материалы в электронике наиболее часто используются в 

виде пленок на различных подложках, важное значение приобретают и 

такие свойства стекол, как термический коэффициент линейного расши-

рения (ТКЛР), плотность, химическая устойчивость. 

На рис. 4 и 5 представлены изменения ТКЛР и температуры начала 

деформации стекол (tнд.) в зависимости от состава. Как видно, ТКЛР сте-

кол в системе Fe2O3-LiPO3 почти линейно уменьшается, а tнд увеличи-

вается. Это связано с тем, что более легкоплавкий компонент – LiPO3 

(температура плавления порядка 650оС), заменяется более тугоплавким 

компонентом – Fe2O3 (температура плавления 1560оС). У стекол по 

разрезу Fe2O3/NaF= 1/1 ТКЛР и tнд меняются несколько иначе. До 30 

мол.% совместного присутствия Fe2O3+NaF они почти не меняются. 

 
Рис. 4. Изменение ТКЛР стекол системы NaF-Fe2O3-LiPO3. 
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Рис. 5. Изменение tнд стекол системы NaF-Fe2O3-LiPO3. 

 

Видимо, в этой области составов полимеризующие свойства Fe2O3 

сбалансируются деполимеризующими воздействиями NaF. Далее резко 

снижается значение ТКЛР и повышается tнд, значительным становится 

влияние Fe2O3. 

На рис. 6 представлены результаты изменения плотности, которая 

линейно увеличивается с введением Fe2O3 и Fe2O3+NaF. Расчет молеку-

лярного объема (которая линейно уменьшается) показывает, что увели-

чение плотности связано не только с парциальным вкладом вводимых 

компонентов, но и более плотной упаковкой структурных элементов. 

 
Рис. 6. Изменение плотности стекол системы NaF-Fe2O3-LiPO3 в зависимости от состава. 

 

Об уплотнении структуры стекол при введении в литийметафосфат-

ную основу железосодержащих компонентов свидетельствует и резкое 

увеличение химической устойчивости, которую определяли путем рас-

чета потерь веса образцов после кипячения монолитных кусков стекол в 

дистиллированной воде. Изменения химической устойчивости приведе-

ны на рис. 7. 
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Рис. 7. Химическая устойчивость стекол системы NaF-Fe2O3-LiPO3 

 

Таким образом, стекла исследованной системы могут служить перс-

пективной основой для разработки практических составов стекол и стек-

локомпозиций с ферромагнитными свойствами для электроники. 
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NaF-Fe2O3-LiPO3 Ð²Ø²Î²ð¶àôØ 
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Ä³Ù³Ý³Ï³ÏÇó ï»ËÝáÉá·Ç³Ý»ñÇ ½³ñ·³óáõÙÁ ë»ñïáñ»Ý Ï³åí³Í ¿ Ýáñ ÝÛáõÃ»ñÇ 

ëÇÝÃ»½Ç ¨ ³éÏ³ ÝÛáõÃ»ñÇ Ï³ï³ñ»É³·áñÍÙ³Ý Ñ»ï: Üáñ ë³ñù»ñÇ ëï»ÕÍáõÙÝ ³ÝÑÝ³ñ 

¿ å³ïÏ»ñ³óÝ»É ³é³Ýó Ûáõñ³Ñ³ïáõÏ Ñ³ïÏáõÃÛáõÝÝ»ñáí ÝÛáõÃ»ñÇ ëÇÝÃ»½Ç: ²Ûë ï»-
ë³ÝÏÛáõÝÇó ³å³ÏÇÝ»ñÝ ³Ý÷áË³ñÇÝ»ÉÇ »Ý ³ÛÝ Ñ³Ý·³Ù³Ýùáí« áñ ÑÝ³ñ³íáñ ¿ É³ÛÝá-
ñ»Ý ÷á÷áË»É ùÇÙÇ³Ï³Ý Ï³½ÙÁ« Ñ»ï¨³µ³ñ Ý³¨ Ñ³ïÏáõÃÛáõÝÝ»ñÁ£ 

êÇÉÇÏ³ï³ÛÇÝ ¨ µáñëÇÉÇÏ³ï³ÛÇÝ ³å³ÏÇÝ»ñÇó µ³óÇ Ù»Í Ñ»ï³ùñùñáõÃÛáõÝ »Ý Ý»ñ-
Ï³Û³óÝáõÙ ³ÉÏ³ÉÇ³Ï³Ý ýïáñáýáëý³ï³ÛÇÝ ÑÇÙùáí ³å³ÏÇÝ»ñÁ£ ²Ûë ³å³ÏÇÝ»ñ 

É³ÛÝ ÏÇñ³éáõÃÛáõÝ »Ý ·ï»É ·ÇïáõÃÛ³Ý ï³ñµ»ñ ×ÛáõÕ»ñáõÙ« ÇÝãåÇëÇù »Ý ûåïÇÏ³Ý« 

¿É»ÏïñáÝÇÏ³Ý« É³½»ñ³ÛÇÝ ï»ËÝÇÏ³Ý ¨ ³ÛÉÝ£ 

ºñÏ³Ã å³ñáõÝ³ÏáÕ ³å³ÏÇÝ»ñÁ Ñ»ï³ùñùÇñ »Ý Çñ»Ýó Ù³·ÝÇë³Ï³Ý ¨ Ù³·ÝÇë³-
ûåïÇÏ³Ï³Ý Ñ³ïÏáõÃÛáõÝÝ»ñÇ ßÝáñÑÇí£ ²ÛëåÇëÇ ³å³ÏÇÝ»ñÁ û·ï³·áñÍáõÙ »Ý ·ï»É 

ëåÇÝïñáÝÇÏ³ÛáõÙ (Ù³·ÝÇë³¿É»ÏïñáÝÇÏ³): 

Ðá¹í³ÍáõÙ µ»ñí³Í »Ý NaF-Fe2O3-LiPO3 Ñ³Ù³Ï³ñ·Ç ³å³Ï»·áÛ³óÙ³Ý ¨ Ù³·ÝÇ-
ë³Ï³Ý Ã³÷³Ýó»ÉÇáõÃÛ³Ý ïíÛ³ÉÝ»ñÁ: ²å³ÏÇÝ»ñÝ áõÝ»Ý ÃáõÛÉ Ù³·ÝÇë³Ï³Ý Ñ³ïÏáõ-
ÃÛáõÝÝ»ñ: ü»ññáÙ³·Ý»ïÇ½ÙÁ Ï³åí³Í ¿ ³å³Ïáõ Ï³éáõóí³ÍùáõÙ ÷áË³Ý³ÏÙ³Ý 

÷áË³½¹»óáõÃÛáõÝÝ»ñÇ Ñ»ï: LiPO3-Çó ¨ LiFePO4-Çó µ³óÇ µÛáõñ»Õ³óÙ³Ý Ñ»ï¨³Ýùáí 

³é³ç³ÝáõÙ »Ý ÉÇÃÇáõÙÇ ý»ñáßåÇÝ»ÉÇ µÛáõñ»ÕÝ»ñ – LiFe5O8, ¨ Ù³·ÝÇïÇï – Fe3O4: 

Ðá¹í³ÍáõÙ ÝÏ³ñ³·ñíáõÙ ¿ Ý³¨ ·Í³ÛÇÝ ÁÝ¹³ñÓ³ÏÙ³Ý ç»ñÙ³ëïÇ×³Ý³ÛÇÝ ·áñÍ³ÏÇóÁ« 

¹»ýáñÙ³óÙ³Ý ç»ñÙ³ëïÇ×³ÝÇ« ËïáõÃÛ³Ý ¨ ùÇÙÇ³Ï³Ý Ï³ÛáõÝáõÃÛ³Ý ·áñÍ³ÏÇóÝ»ñÁ: 

Ð»ï³½áïáõÃÛ³Ý ïíÛ³ÉÝ»ñÁ óáõÛó »Ý ï³ÉÇë« áñ ³å³Ïáõ Ï³éáõóí³ÍùÁ ¹³éÝáõÙ ¿ 

³í»ÉÇ ËÇï« ù³ÝÇ áñ »ñÏ³Ã å³ñáõÝ³ÏáÕ µ³Õ³¹ñÇãÇ ù³Ý³ÏÁ Ù»Í³ÝáõÙ ¿: 
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The development of modern technology is closely connected with the synthesis of 

new, and the improvement of existing materials. Creating new devices is impossible to 

imagine without materials with unique properties. In this sense, glasses are 

indispensable due to the fact that it is possible to vary the chemical composition in a 

very wide range, as well as in view of the very interesting features of the vitreous state.  

Along with traditional silicate, borosilicate and other glasses, alkaline 

fluorophosphate glasses are of great interest. These types of glasses are widely used in 

various branches of science and technology, such as optics, electronics, laser 

technologies (creation of materials with high radiation resistance), dosimetric 

instruments, solid electrolytes, etc. 

Iron-containing glasses are interesting for their magnetic and magneto-optical 

properties. They acquire particular importance in connection with the recent 

development of the modern field of electronics – spintronics (magnetoelectronics). The 

elementary system of spintronics is represented by thin magnetic layers separated by a 

conductive layer. 

The article describes glass formation and magnetic permeability data of NaF-Fe2O3-

LiPO3 system. Glasses have weak magnetic properties. Ferromagnetism is related with 

exchange interactions in the short-range order of the glass structure. Along with LiPO3 and 

LiFePO4, crystals of lithium ferrospinel – LiFe5O8 and magnetite – Fe3O4 are formed in the 

crystallization products. The article also describes coefficient of thermal expansion, 

deformation temperature, density and chemical resistance. Research data indicates 

that glass structure is becoming denser as the amount of iron-containing component 

increases. 
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The interaction of some 1,2,4-triazolo[1,5-a]pyrimidines with methyl iodide was investigated. It 

has been proven that methylation occurs at the nitrogen atom of the triazole ring resulting in the 

formation of quaternary salts of 3-methyl-1,2,4-triazolo[1,5-a]pyrimidinium. This differs from the 

previously noted direction of methylation of pyrazolo[1,5-a]pyrimidines which occured at the nitrogen 

atom of the pyrimidine ring. The basic deuterium exchange of protons of the synthesized systems 

has been studied. Regiospecifically proceeding deuterium substitution of protons of methyl groups 

located in the pyrimidine ring was noted. The efficiency of using the NOESY 1H NMR spectroscopy 

technique in proving the structure of synthesized substances and determining the direction of the 

reactions is shown. 

Figs. 3, references 11. 

 

Annelated heteroarenes containing azine and azole rings in the molecule 

are compounds with an uneven (asymmetric) distribution of p-electron 

density. Five-membered heteroarenes, especially those containing nitrogen 

atoms exhibit pronounced -redundancy, while six-membered azines are -

deficient systems. Such an uneven distribution of p-electron density should, 

as expected, be reflected in regional orientation of reactions both with 

electrophilic and nucleophilic reagents. Thus, the reactions of nucleophilic 

mailto:gdanag@email.com


 

 

350 

substitution and nucleophilic recyclization are known to proceed with an 

attack on the electron-deficient azine ring [1-5]. 

Earlier, on a series of substituted pyrazolo[1,5-a]pyrimidines, it has been 

shown that methylation with methyl iodide occurs at the nitrogen atom of the 

pyrimidine ring, which leads to the formation of the corresponding N-4 

methyl derivatives of pyrazolo[1,5-a]pyrimidinium salts [6, 7]. This 

direction of the electrophilic attack, however, is theoretically not 

uncontested, since the attack could proceed both at the nitrogen atom (N-4) 

of the pyrimidine ring (which was recorded in the noted works, and which is 

no less expected and more logical, taking into account the pronounced -

redundancy of the five-membered azole ring), and at the five-membered 

annelated ring (nitrogen atom N-1 of pyrazolo[1,5-a]pyrimidine). However, 

the study of 1H NMR spectra recorded by the NOESY method, in which the 

interaction of the protons of the N-methyl group with the protons of the 

neighboring groups is observed, definitely indicates the alkylation of the N-4 

nitrogen atom of the pyrimidine, rather than the pyrazole ring. 

In continuation of these studies, in this work, the reactions of 5,7-

dimethyl-1,2,4-triazolo [1,5-a]pyrimidine (1) and 7-methyl-6-

ethoxycarbonyl-1,2,4-triazolo[1,5-a]pyrimidine (2) with methyl iodide were 

explored. The experiments, unexpectedly for us, showed that in both cases 

the reaction proceeded not at the pyrimidine ring, as was noted in the case of 

pyrazolo[1,5-a] pyrimidines, but at the N-3 nitrogen atom of the triazole 

ring. 

 

This conclusion was made based on the study of the NMR spectra. The 

spectrum of both methylation products 3 and 4 showed signals of new 

methyl groups in the range of 4.0-4.2 ppm (which is typical for the 

quaternary nitrogen atom). The signals of aromatic protons were also 

displaced in a weak field, which is explained by the appearance of a positive 

charge in the molecule due to the quaternization of the nitrogen atom of the 

ring. However, on the basis of 1H NMR spectra, it was not possible to 

unambiguously determine the position of N-methylation, i.e., the direction of 

the attack. This was proved by studying the NMR spectra obtained by the 

NOESY method. It turned out that the spectrum of compound 3 contained 

cross peaks between the protons of the N-methyl group and the proton of the 

triazole ring, and on the contrary, there was no interaction between the new 
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methyl group N-CH3 and any of the methyl groups of the pyrimidine ring, 

which certainly indicates the occurrence of alkylation at one of the two 

triazole nitrogen atoms. We did not exclude the possibility of methylation at 

the triazole N-1 nitrogen atom. However, the absence of a cross-peak, 

indicating the interaction of protons of two methyl groups (pyrimidine ring 

and N-methyl triazole, which was expected during the formation of a 

methylated adduct at N-1), indicates that the reaction proceeds at the N-3 

position of the studied molecule, i.e. obtaining iodide of 3,5,7-trimethyl-

1,2,4-triazolo [1,5-a]pyrimidinium (3). 

 
Fig. 1. NOESY 1Н NMR spectrum of compound 3․ 

 

The fact that methylation at the triazole ring of the triazolo[1,5-

a]pyrimidine derivative is not accidental was also confirmed by the example 

of the reaction of methyl iodide with 7-methyl-6-ethoxycarbonyl-1,2,4-

triazolo[1,5-a]pyrimidine (2). And in this case, it was proved that the 

alkylation proceeded at the position N-3 of the bicyclic system. In particular, 

as in the above example, the NMR spectrum, recorded by the NOESY 

method, showed signals confirming the interaction between the protons H-2 

of the triazole ring and N-CH3. This is also evidenced by the absence of 

cross-peaks between the protons of the newly formed N-methyl group with 

any group or hydrogen atom in the pyrimidine ring. 
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Fig. 2. NOESY 1Н NMR spectrum of compound 4․ 

 

Thus, it can be concluded that the introduction of one more nitrogen 

atom into the azole ring (that is, the transition from pyrazolo[1,5-

a]pyrimidines to triazolo[1,5-a]pyrimidines) leads to a significant shift of the 

electron density towards the five-membered ring, which becomes the reason 

for the alkylation of the triazole nitrogen atom rather than the pyrimidine 

fragment of the molecule. 

Synthesis of the initial triazolopyrimidines 1 and 2 was carried out by 

the interaction of 3-amino-1,2,4-triazole, respectively, with acetylacetone 

and ethoxymethylidene acetoacetic ether (according to the methods 

published earlier [6, 8]), and their structure was also unambiguously 

confirmed using the NOESY technique. We considered it necessary and 

important to prove the structure of the initial substances, taking into account 

the possibility of the formation of isomers during the synthesis [2, 3, 6-8]. In 

the case of compound 1, we excluded the possibility of the formation of the 

isomeric triazolo[4,3-a]pyrimidine derivative due to the absence of cross-

peaks of the protons of the methyl groups of pyrimidine with the proton of 

the triazole ring. The spectrum shows only the interaction of the H-6 proton 

with the methyl groups of the pyrimidine ring. 
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Spectral studies confirmed that compound 2 is also a derivative of 1,2,4-

triazolo[1,5-a] pyrimidine, but not of an isomeric compound with a [4,3-a]-
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junction. It is interesting that the reaction with ethyl ester of 

ethoxymethylidene acetoacetic acid, can theoretically result in the formation 

of 12 different isomers, and not only of two different isomeric systems – 

triazolo[1,5-a] pyrimidine and triazolo[4,3-a] pyrimidine. This is explained 

by the possibility of involving three different electrophilic groups of ethyl 

ester of ethoxymethylidene acetoacetic acid (ester (СООС2Н5), acetyl 

(СН3СО) and ethoxymethylidene (=СН-ОС2Н5), respectively) in the 

cyclocondensation process, as well as by two different directions of 

cyclization in the triazole ring, (with involvement of nitrogen atoms N-1 or 

N-4), as a result of which different reaction products should be obtained. 

Formulae for 8 of these molecules are given below. Isomeric 

triazolopyrimidines, in which condensation would have proceeded due to the 

acetyl and ester groups, and not due to the more active ethoxymethylidene 

group, are less probable. Therefore we did not show their formulae in the 

Scheme. 

 

However, as our experiments have shown, the reaction is regiospecific 

and only one bicyclic product was isolated, the structure of which was 

determined on the basis of 1H NMR spectra. 

The spectrum of the obtained compound contains signals of the protons 

of the ethyl (triplet /1.43 ppm/ and quartet /4.45 ppm/) and methyl groups 

(singlet 3.27 ppm), as well as two single singlets of aromatic protons (8.48 

and 9.32 ppm). On this basis, we concluded that the acetyl and 

ethoxymethylidene groups participated in the condensation of the pyrimidine 

ring, as a result of which the ester group remained in the synthesized 

substance. It can be seen from the above Scheme, that 4 of the compounds 

shown in the diagram – 1-[1,5-a], 2-[1,5-a], 1-[4,3-a] and 2-[4,3-a] can 

correspond to such a spectrum. Since in the spectrum obtained by the NOE 

method (nuclear Overhauser effect), apart from the long-range interaction 

between the protons of the methyl and ethyl groups, as well as the 7-H 

proton and the protons of the ethyl group, no other interactions were 

observed (for example, two aromatic protons or a proton of the triazole ring 
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and methyl group), the isolated compound was assigned the structure of the 

isomer 1-[1,5-a] (compound 2). The choice between 2-[1,5-a] and 1-[1,5-a] 

was made in favor of the latter model, since earlier [7] on the models of 

pyrazolo[1,5-a]pyrimidines it was proved that cyclization began from the 

attack of the amine group on the ethoxymethylidene group (=СН-ОС2Н5), 

which should lead to the production of compound 2. 

This methodology for determining the direction of attack turned out to 

be acceptable not only in the reaction with electrophilic, but also with 

nucleophilic reagents: in particular, in reactions with deuterated methylate 

ion, in the process of studying deuterium exchange of protons. Earlier, in a 

number of examples, it was noted that in a solution of deuterated sodium 

methoxide in deuterated methanol, isotopic exchange of protons of alkyl 

groups directly bound to the pyrimidine ring occurs [7, 9]. Such deuterium 

exchange can be carried out by attack of a nucleophilic particle at the alkyl 

group, and not at the pyrimidine carbon atoms due to the high CH-acidity of 

the alkyl groups. Similar transformations were noted in some heterocyclic 

systems capable of undergoing both basic [10] and acidic [11] deuterium 

exchange. 

We have studied a similar interaction of the synthesized bicyclic 

pyrimidinium salts with solutions of deuterated sodium methoxide in 

deuterated methanol. In particular, the behavior of salts 3 and 4 with 

CD3ONa in CD3OD was studied, in which selective isotopic exchange 

(deuterium exchange) of C-alkyl groups was observed. 1H NMR spectral 

studies of the products of this interaction were carried out, which confirmed 

such transformations. 

Control experiments showed that in the 1H NMR spectrum obtained in 

deuterated methanol (CD3OD) without the addition of deuterated sodium 

methoxide, signals of all protons contained in the compound are observed. 

However, in the NMR spectrum recorded after adding a small amount of 

CD3ONa to the same ampoule, an easy, quantitative, and, most importantly, 

selectively proceeding basic deuterium exchange of protons of the C-methyl 

groups of the pyrimidinium salt was observed (within a few minutes, due to 

the replacement of hydrogen atoms with deuterium atoms). The signals of C-

methyl groups disappeared completely at room temperature. With an 

increase in the duration of exposure to the deuterated reagent, the 

disappearance of the signal of one of the aromatic protons (apparently 

located in the triazole ring, in the position adjacent to the quaternized 

nitrogen atom) was noted. 
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Fig. 3. 1Н NMR spectrum of compound 3 after adding CD3ONa․ 

 

 
The scheme of the deuterium exchange reaction is apparently associated 

with the attack of the methylate ion at the most electrophilic position in the 

molecule, which leads to the elimination of a proton. The resulting carbanion 

is stabilized by the addition of a proton (or, when the reaction is carried out 

in a solution of deuterated methanol – of a deuterium atom). 

It is important to note that in the spectrum of compound 4, the signal of 

the protons of the 7th methyl group also rapidly disappeared completely, 

while the signals of other protons were retained. As in the example described 

above, with time (after 24 h), a deuterium exchange of one of the aromatic 

protons occurred. 
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The disappearance of the signals of the protons of the C-methyl groups 

of the pyrimidine ring in the 1H NMR spectra unconditionally indicates the 

basic deuterium exchange of protons in the indicated groups. 

The noted phenomenon of selective deuterium exchange, undoubtedly, 

can become a tool for studying the structure of various azines, as well as for 

the implementation of targeted isotopic exchange in heterocyclic systems, in 

particular, in the pyrimidine ring, and for the introduction of not only 

deuterium atoms into the molecule, but possibly tritium, which is especially 

important when studying drug metabolism. It is also shown that a convenient 

(and in some cases the only possible) method for determining the structure of 

substances is the methodology of using NOESY 1H NMR spectroscopy. 

Experimental part 

NMR spectra were obtained at the Molecule Structure Research Center 

of the Scientific Technological Center of Organic and Pharmaceutical 

Chemistry of NAS RA on a Varian Mercury 300 device with a resonance 

frequency of 300.077 MHz for 1H. TLC was performed on Silufol UV-254 

plates, developed with iodine vapors and Ehrlich’s reagent. Elemental 

analysis was performed on a Euro EA 3000 analyzer. 

3,5,7-Trimethyl-1,2,4-triazolo[1,5-a]pyrimidinium iodide (3). A 

mixture of 1.5 g (0.01 mol) of 5,7dimethyl-1,2,4-triazolo[1,5-a]pyrimidine 

(1) [8] and 7.1 g (3 ml, 0.1 mol) of methyl iodide in a sealed ampoule placed 

in a boiling water bath is heated for 8-10 h. The precipitate formed is filtered 

off, washed with ether and dried. Yield 2.75 g (94.8%) of iodide 3, mp 240-

241oC. 1H NMR spectrum δ, ppm, Hz (DMSO-d6/CCl4): 2.87 (3H, s, CH3); 

2.95 (3H, d, J = 0.9, CH3); 4.07 (3H, s, N+CH3); 7.92 (1H, q, J = 0.9, 6-H), 

9.73 (1H, s, 2-H). Found, %: C 33.41; H 3.75; N 19.24. C8H11IN4. 

Calculated, %: C 33.12; H 3.82; N 19.31. 

3,7-Dimethyl-6-ethoxycarbonyl-1,2,4-triazolo[1,5-a]pyrimidinium 

iodide (4). A mixture of 7.1 g (3 ml, 0.05 mol) of methyl iodide and 1.5 g 

(0.005 mol) of 7-methyl-6-ethoxycarbonyl-1,2,4-triazolo[1,5-a] pyrimidine 

(2) [6], placed in a sealed ampoule, is heated in a boiling water bath for 8-10 

hours. The precipitate formed is filtered off, washed with ether and dried in 

air. Yield 1.6 g (91.4%) of 3,7-dimethyl-6-ethoxycarbonyl-1,2,4-

triazolo[1,5-a]pyrimidinium iodide (4), mp 147-148°C. 1H NMR spectrum δ, 

ppm, Hz): 1.50 (3H, t, J = 7.1, OCH2CH3); 3.28 (3H, s, 7-CH3); 4.17 (3H, s, 

N+CH3); 4.53 (2H, q, J = 7.1, OCH2CH3); 9.58 (1H, s, = CH), 9.97 (1H, s, = 

CH). Found, %: C 33.89; H 4.04; N 17.28. C10H13IN4O2. Calculated, %: C 

34.09; H 3.78; N 17.04. 

Dynamics of the change in 1Н NMR spectra of 3,5,7-trimethyl-1,2,4-

triazolo[1,5-a] pyrimidinium iodide (3) under the action of CD3ONa in a 

CD3OD solution. In an NMR ampoule, a solution of several mg of iodide 3 
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in a CD3OD solution is prepared and a control 1H NMR spectrum is 

recorded. Next, 2-3 drops of a solution of CD3ONa in CD3OD prepared in 

advance by the interaction of sodium with CD3OD are added to the ampoule 

and the spectrum is re-recorded. The registration of spectra is periodically 

repeated, observing the dynamics of change in the spectra, which occurs as a 

result of deuterium exchange, in time. 
1H NMR spectrum, δ, ppm, Hz of compound 3: 2.87 (3H, s, CH3); 2.95 

(3H, d, J = 0.9, CH3); 4.07 (3H, s, N+CH3); 7.92 (1H, q, J = 0.9, 6-H), 9.73 

(1H, s, 2-H). 
1H NMR spectrum δ, ppm, Hz of compound 3 (5 min after adding 

CD3ONa): 4.07 (3H, s, N+CH3); 7.82 (1H, q, J = 0.9, 6-H). 
1H NMR spectrum δ, ppm, Hz of compound 3 (10 min after adding 

CD3ONa): 4.07 (3H, s, N+CH3); 7.75 (1H, q, J = 0.9, 6-H). 
1H NMR spectrum δ, ppm, Hz of compound 3 (2 h after adding more 

CD3ONa): 3.25 (3H, s, N+CH3); 6.92 (1H, q, J = 0.9, 6-H). 

Dynamics of the change in 1H NMR spectra of 3,7-dimethyl-6-

ethoxycarbonyl-1,2,4-triazolo [1,5-a]pyrimidinium iodide (4) under the 

action of CD3ONa in a CD3OD solution. 
1H NMR spectrum δ, ppm, Hz of compound 4: 1.50 (3H, t, J = 7.1, 

OCH2CH3); 3.28 (3H, s, 7-CH3); 4.17 (3H, s, N+CH3); 4.53 (2H, q, J = 7.1, 

OCH2CH3); 9.58 (1H, s, = CH), 9.97 (1H, s, = CH). 
1H NMR spectrum δ, ppm, Hz of compound 4 1 min after adding 

CD3ONa: 1.50 (3H, t, J = 7.1, OCH2CH3); 3.28 (3H, s, 7-CH3); 4.17 (3H, s, 

N+CH3); 4.53 (2H, q, J = 7.1, OCH2CH3); 9.58 (1H, s, = CH), 9.97 (1H, s, = 

CH). 
1H NMR spectrum δ, ppm, Hz of compound 4 10 min after adding 

CD3ONa: 1.50 (3H, t, J = 7.1, OCH2CH3); 4.17 (3H, s, N+CH3); 4.53 (2H, q, 

J = 7.1, OCH2CH3); 9.58 (1H, s, = CH), 9.97 (1H, s, = CH). 
1H NMR spectrum δ, ppm, Hz of compound 4 24 h after adding 

CD3ONa: 1.50 (3H, t, J = 7.1, OCH2CH3); 4.17 (3H, s, N+CH3); 4.53 (2H, q, 

J = 7.1, OCH2CH3); 9.58 (0.5 H, s, = CH), 9.97 (1H, s, = CH). 
1H NMR spectrum δ, ppm, Hz of compound 4 48 h after adding a new 

amount of CD3ONa: 1.50 (3H, t, J = 7.1, OCH2CH3); 4.17 (3H, s, N+CH3); 

4.53 (2H, q, J = 7.1, OCH2CH3); 9.58 (0.2 H, s, = CH), 9.97 (1H, s, = CH). 

1«2«4-îðÆ²¼àÈà[1«5-а]äÆðÆØÆ¸ÆÜÜºðÆ ØºÂÆÈ²òàôØ 

ºì èº²ÎòÆ²ÜºðÆ èº¶ÆàêºÈºÎîÆìàôÂÚ²Ü àðàÞØ²Ü 

ØºÂà¸àÈà¶Æ²Ü ØØè 1Н êäºÎîðàêÎàäÆ²ÚÆ 

NOESY êäºÎîðÜºðÆ ØÆ¼àòàì 

¶©Ð© ¸²Ü²¶àôÈÚ²Ü« ²©ö© ´àÚ²ÊâÚ²Ü« ²©Î© ÂàôØ²ÜÚ²Ü© 

²©¶© ¸²Ü²¶àôÈÚ²Ü & Ø©è© ²è²øºÈÚ²Ü 

Ð»ï³½áïí»É ¿ áñáß 1«2«4-ïñÇ³½áÉá[1«5-а]åÇñÇÙÇ¹ÇÝÝ»ñÇ ÷áË³½¹»óáõÃÛáõÝÁ Ù»-

ÃÇÉÛá¹Ç¹Ç Ñ»ï: ²å³óáõóí»É ¿« áñ Ù»ÃÇÉ³óáõÙÁ ÁÝÃ³ÝáõÙ ¿ ïñÇ³½áÉ³ÛÇÝ ûÕ³ÏÇ ³½á-
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ïÇ ³ïáÙÇ íñ³Ûáí« áñÇ ³ñ¹ÛáõÝùáõÙ ³é³ç³ÝáõÙ »Ý 3-Ù»ÃÇÉ-1«2«4-ïñÇ³½áÉá[1«5-а]åÇ-

ñÇÙÇ¹ÇÝÇáõÙÇ ãáññáñ¹³ÛÇÝ ³Õ»ñ: ¸³ ï³ñµ»ñíáõÙ ¿ ÙÇÝã ³Û¹ åÇñÇ½áÉá[1«5-a]åÇñÇÙÇ-

¹ÇÝÝ»ñÇ ß³ñùáõÙ ÝÏ³ïí³Í é»³ÏóÇ³ÛÇ áõÕÕáõÃÛáõÝÇó« áñÝ ÁÝÃ³ÝáõÙ ¿ åÇñÇÙÇ¹Ç-

Ý³ÛÇÝ ûÕ³ÏÇ ³½áïÇ ³ïáÙáí: Ð»ï³½áïí»É ¿ ëÇÝÃ»½í³Í Ñ³Ù³Ï³ñ·»ñáõÙ ÁÝÃ³óáÕ 

åñáïáÝÝ»ñÇ ÑÇÙÝ³ÛÇÝ ¹»Ûï»ñ³÷áË³Ý³ÏáõÃÛáõÝÁ: ²ñÓ³Ý³·ñí»É ¿ åÇñÇÙÇ¹ÇÝ³ÛÇÝ 

ûÕ³ÏáõÙ ·ïÝíáÕ Ù»ÃÇÉ ËÙµ»ñÇ åñáïáÝÝ»ñÇ é»·ÇáÁÝïñáÕ³µ³ñ ÁÝÃ³óáÕ ¹»Ûï»ñ³÷á-

Ë³Ý³ÏáõÙÁ: 

Ð³ëï³ïí»É ¿ ØØè 
1Н ëå»ÏïñáëÏáåÇ³ÛÇ NOESY »Õ³Ý³ÏÇ ÏÇñ³éÙ³Ý ³ñ¹ÛáõÝ³-

í»ïáõÃÛáõÝÁ ëÇÝÃ»½í³Í ÙÇ³óáõÃÛáõÝÝ»ñÇ Ï³éáõÛóÇ ³å³óáõóÙ³Ý ¨ é»³ÏóÇ³Ý»ñÇ 

áõÕÕáõÃÛ³Ý áñáßÙ³Ý Ñ³Ù³ñ: 

 

МЕТИЛИРОВАНИЕ 1,2,4-ТРИАЗОЛО[1,5-а]ПИРИМИДИНОВ 

И МЕТОДОЛОГИЯ ОПРЕДЕЛЕНИЯ РЕГИОСЕЛЕКТИВНОСТИ 
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Исследовано взаимодействие некоторых 1,2,4-триазоло[1,5-a]пиримидинов с 

метилйодидом. Доказано, что метилирование идет по атому азота триазольного 

кольца, приводя к получению четвертичных солей 3-метил-1,2,4-триазоло[1,5-

a]пиримидиния. Это отличается от ранее отмеченного направления метилирова-

ния пиразоло[1,5-a]пиримидинов, протекающему по атому азота пиримидинового 

кольца. Изучен основный дейтерообмен протонов синтезированных систем. Отме-

чено региоспецифично протекающее дейтерозамещение протонов метильных 

групп, находящихся в пиримидиновом кольце. Показана эффективность исполь-

зования методики NOESY ЯМР 1Н спектроскопии при доказательстве строения 

синтезированных веществ и определении направления протекания реакций. 
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This work presents studies of antibacterial activity of new hydrochlorides of 2-dialkyl-

aminoalkyl-4-[2-(4-substituted phenyl)quinolyl]benzoates. It has been shown that some compounds 

in this series have the indicated activity against gram-positive and gram-negative bacteria. The 

structure and biological activity regulations have been found. 

Table 1, references 14. 

 

Infectious diseases are widely controlled by antimicrobial agents, but 

increasing the resistance of microorganisms to antimicrobial agents in the 

last few years has become a serious public health problem, and this has led 

to the need to develop some new, powerful and safe antimicrobial agents 

against resistant strains of microbes. It has been established that quinolines 

are becoming increasingly important due to their wide range of biological 

and pharmacological activities [1]. A number of biological activities are 

associated with quinoline-containing compounds, such as anti-malarial drugs 

[2,3], especially those that contain chalcones [4], anti-inflammatory agent, 

asthmatic, antibacterial [5,6], antihypertensive, anti-cancer [7], tyrosine 

kinase inhibitors and antinuclear inhibitors of the immunodeficiency virus 

[8]. In addition, quinoline derivatives were used to prepare nanostructures 

and polymers that combine improved electronic, optoelectronic, or nonlinear 

optical properties with excellent mechanical properties [9]. 

In the present work, the newly synthesized 2-dialkylaminoalkyl-4-[2-(4-

substituted phenyl) quinolyl]carboxylate hydrochlorides 1-10 were screened 

for antibacterial activity against gram-positive staphylococci 

(Staphylococcus aureus 209p, 1) and gram-negative rods (Sh. Fleaneri 6858, 

E. Coli 0-55) [10]. 
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The experimental pharmacological part 

The antibacterial activity of compounds 1-10 was studied according to 

the procedure [11] with a bacterial load of 20 million microbial bodies per 1 

ml of medium. Gram-positive staphylococci (Staphylococcus aureus 209p, 

1) and gram-negative bacilli (Sh. Fleaneri 6858, E. Coli 0-55) were used in 

the experiments. Compounds were tested at a dilution of 1-20 prepared in 

DMSO. The molten agar media were poured in two layers into Petri dishes. 

For the lower layer, an inoculated medium 10 ml was used, and for the upper 

layer, agar medium 5 ml was previously seeded with the appropriate test 

culture. The temperature of the molten medium for seeding was 48-50°C. 

After solidification of the seeded agar on its surface, at a distance of about 

28 mm from the center of the plate, 6 sterile stainless steel cylinders were 

placed. All cylinders were of the same weight and size with a height of 

10 mm and an inner diameter of 6 mm. At the same time, 0.1 ml was pipetted 

into the cylinders of each cup (test compound solution). 
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The cups were kept at room temperature for 2 hours, after which they 

were incubated in a thermostat at a temperature of 37°C for 20-24 hours. 

The results were taken into account by the diameter (d, mm) of zones of the 

absence of growth of microorganisms at the site of application of the 

compounds. The diameters of the zones were measured with great accuracy 

using a ruler or an enlarger. The experiments were repeated at least 3 times. 

Statistical processing was performed according to the Student-Fisher 

method. As a positive control, the well-known drug furazolidone in tablets 

was used, taking into account the pure substance. 



 

 

361 

Results and their discussion 

Studies of the antibacterial activity of compounds 1-10 showed (Table) 

that some of them had antimicrobial properties. It turned out that compounds 

2, 4, 7, 10 with 4-(3-methylbutoxy)] phenyl radical in position 2 of the 

quinoline ring exhibited weak antibacterial activity, inhibiting the growth of 

microorganisms used in the zone with a diameter of 10-13 mm. When the 4-

(3-methylbutoxy)]phenyl radical was replaced at the 2nd position of the 

quinoline ring by the 4-methoxyphenyl 1, 3, 6, the activity of the substances 

increased significantly (d = 17-21 mm). The introduction of 4-

hydroxyphenyl radical led to a noticeable decrease in the activity of 

compounds 5, 8. As can be seen from the Table, the aminoalkyl part of the 

molecule strongly affected the activity of the compounds. 

Table 

Antibacterial activity of compounds (1-10) 

 

So, in compounds 9, 10 there is no tertiary amine (-NR2) group, 

antibacterial activity drops sharply, although other pharmacophore groups 

(ester, 2-methoxyphenyl, quinoline) are present. This allows us to conclude 

that the tertiary amine (-NR2) group plays an important role in the 

appearance of activity. However, it should be noted that the studied 

compounds are inferior in activity to the control drug furazolidone (d = 24-

25 mm). 

Thus, the synthesis of new derivatives in the series of hydrochlorides of 

2-dialkyl-aminoalkyl-4-[2-(4-substituted phenyl)quinolyl]carboxylates and 

the search among them for compounds with antibacterial activity will 

continue. 

Compounds №  209p  1 Sh.lexneri 6858 E. coli 0-55209p 

 1  15.0±1.0  15.3±2.0  17.3±1.2  17.0±1.0 

 2  12.3±0.6  12.0±1.0  16.6±0.6  15.0±1.0 

 3  18.0±2.0  17.0±1.0  16.3±1.5  16.6±0.6 

 4  11.0±1.0  12.3±0.6  11.0±0  10.0±0 

 5  12.3±0.6  10.0±0  10.0±0  10.0±0 

 6   11.0±0  11.6±0.6   12.3±0.6  12.0±1.0 

 7  10.0±0  10.3±0.6  12.0±1.0  11.3±0.6 

 8  17.6±1.3  16.3±0.6  21.0 ±2.0  21.3±1.5 

 9  11.0±1.0  12.3±0  10.0±0  10.0±0 

 10  11.0±1.0  12.0±1.0  10.0±0  10.0±0 

 Furazolidone   25.0±2.0  4.0±1.0  4.6±1.0  24.3±0.6 
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The experimental chemical part 

IR spectra were recorded on a NICOLET AVATAR 330 FT-IR 

spectrometer. 1H NMR spectra were recorded on a Mercury VX-300 

spectrometer (300.08 MHz), in a DMSOd6-CF3COOD mixture, internal 

standard – TMS. The melting point of the obtained substances was 

determined on a Boetius instrument. The individuality of substances was 

controlled by TLC on Silufol-254 plates in the butanol – ethanol – acetic 

acid – water system (8–2–1–3) and the developer — iodine vapors. 

2-Substituted quinoline-4-carboxylic acids were prepared according to 

the method of [12], acid chlorides according to [13], aminoalkyl esters of 2-

substituted quinoline-4-carboxylic acids and hydrochlorides 1-10 - by [14]. 

Compounds 1-10 are crystalline substances with a bright yellow color, 

the structure of which is confirmed by 1H NMR and IR spectrometry. In the 

IR spectra of esters, strong absorption bands of stretching vibrations of the 

carbonyl group at 1700-1725 cm-1 are observed. C-O ether in the region of 

1100-1110 cm-1, vibration +NH hydrochloride in the region of 2400-2600 

cm-1. In the 1H NMR spectra there is a wide singlet of hydrochloride protons 

at 10.81, 11.40, 12.08 ppm, a set of signals of the quinoline, benzene rings. 

Hydrochlorides of 2-dialkylamino(chloro)alkyl-2-substituted 

quinoline-4-carboxylates (1-10). (General production method). To a 

solution (0.046 mol) of the corresponding acid chloride in 35 ml of dry 

benzene, while cooling, 0.061 mol of aminopropanol in 35 ml of dry benzene 

was gradually added dropwise. The mixture was boiled in a water bath for 6-

7 hours, cooled, and 10 ml of a saturated solution of potassium carbonate 

was slowly added dropwise. The benzene layer was separated, and the 

aqueous was extracted with benzene (3×50 ml). The combined benzene 

extracts were dried with anhydrous sodium sulfate. After distillation of 

benzene, oily substances were obtained. To the ether solution 10 ml of a 

saturated ether solution of HCl (to pH1) was added dropwise with cooling. 

The precipitate was filtered off, recrystallized from absolute acetone. 

2-({[2-(4-Metoxyphenyl)quinolin-4-yl]carbonyl}oxy)-N,N-

dimethylpropan-1-aminium chloride (1). Yield 73%, mp 167-170°C, Rf 

0.55. IR spectrum, υ, cm-1: 1715 (COO). 1H NMR spectrum, ppm: 1.54 d 

(3H, CH3CH, J 6.3 Hz); 2.88-2.89 both d (3H each, N (CH3) 2, J 3.0 Hz); 

3.47 dd (1H, CH2, J1 14.0, J2 6.7, J3 2.3 Hz); 3.66 dd (1H, CH2, J1 14.0, J2 

9.2, J3 3.5 Hz); 3.90 s (3H, OCH3); 5.72 m (1H, OCH); 7.03-7.039 and 8.45-

8.50 (2H, both m, C6H4OCH3); 7.63 dd (1H, C6H4, J1 8.5, J2 6.8, J3 1.4 Hz); 

7.79 dd (1H, C6H4, J1 8.6, J2 6.8, J3 1.5 Hz); 8.31 dd (1H, C6H4, J1 8.5, J2 

1.4 Hz); 8.63 dd (1H, C6H4, J1 8.5, J2 1.5 Hz); 8.87 s (1H, H-3); 12.16 wide 

(1H, HCI). Found, %: C 65.90; H 5.94; N 6.96; CI 8.84. C22 H25 N2 O3 CI. 

Calculated, %: C 65.91; H 5.99; N 6.99; CI 8.66. 
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2-({[2-(4-(3-Methylbutoxy)phenyl)quinolin-4-yl]carbonyl}oxy)-N,N-

dimethylpropan-1-aminium chloride (2). Yield 71%, mp 163-165°C, Rf 

0.55. IR spectrum, υ, cm-1: 1711 (COO). 1H NMR spectrum, ppm: 1.00 d 

(6H,(CH3)2CHCH2CH2O, J 6.6 Hz); 1.16 d (3H, CH3) 2CHCH2CH2O, J 6.6 

Hz); 2.81-2.84 both d (3H each, N(CH3)2, N (CH3) 2, J 4.9 Hz); 2.95 dd (1H, 

N CH2, J1 13.0, J2 9.7, J3 3.9 Hz); 3.07 dd (1H, NCH2, J1 13.0, J2 6.3, J3 

2.6 Hz); 4.09 t (2H, OCH2, J 6.6 Hz); 4.16 dcd (1H, OCH, J1 9.7, J2 6.3, J3 

2.6 Hz); 7.00-7.05 and 8.25-8.30 both m (2H each, C6H4OC5 H11); 7.62 dd 

(1H, C6H4, J1 8.5, J2 6.8, J3 1.4 Hz); 7.79 dd (1H, C6H4, J1 8.5, J2 6.8, J3 

1.5 Hz); 8.39 dd (1H, C6H4, J1 8.4 Hz); 8.43 s (1H, H-3); 8.76 dd (1H, C6H4, 

J1 8.5, J2 1.5 Hz); 10.81 wide (1H, HCI). Found, %: C 68.32; H 7.21; N 

6.10; CI 7.75. C26H33N2O3CI. Calculated, %: C 68.34; H 57.22; N 6.13; CI 

7.77. 

2-({[2-(4-Metoxyphenyl)quinolin-4-yl]carbonyl}oxy)-N,N-Dipropyl-

propan-1-aminium chloride (3). Yield 76%, mp 188-189°C, Rf 0.55. IR 

spectrum, υ, cm-1: 1714 (COO). 1H NMR spectrum, ppm: 0.95 and 1.01 both 

t (3H each, CH3CH2CH2), J 7.3 Hz); 1.55 d (3H CH3CH, J 6.8 Hz); 1.82-

2.08 m (4H, N(CH2CH2CH3)2); 2.96-3.26 m (4H, N(CH2CH2CH3)2); 3.90 s 

(3H, OCH3); 4.02 m (1H, OCH); 4.77 dd (1H, CH2CH, J1 12.6, J2 4.1 Hz); 

4.87.d.d. (1H, CH2CH, J1 12.6 Hz, J2 5.3 Hz); 7.03-7.08 and 8.36-8.41 both 

m (2H, C6H4OCH3 each); 7.64 dd (1H, C6H4, J1 8.5, J2 6.9, J3 1.4 Hz); 7.81 

dd (1H, C6H4, J1 8.5, J2 6.8, J3 1.5 Hz); 8.34.dd (1H, C6H4, J1 8.5, J2 1.4 

Hz); 8.65 s (1H, H-3); 8.66 dd (1H, C6H4, J1 8.5, J2 1.5 Hz); 12.08 wide 

(1H, HCI). Found, %: C 68.30; H 7.20; N 6.12; CI 7.76. C26H33N2O3CI. 

Calculated, %: C 68.34; H 7.22; N 6.13; CI 7.77. 

2-({[2-(4-(3-Methylbutoxy)phenyl)quinolin-4-yl]carbonyl}oxy)-N,N-

Dipropylpropan -1-aminium chloride (4). Yield 78%, mp 98-199°C, Rf 

0.56. IR spectrum, υ, cm-1: 1713 (COO). 1H NMR spectrum, ppm: 0.95 and 

1.01 both t (In 3H, CH3CH2CH2) 2, J 7.3 Hz); 1.00 d (6H, (CH3)2CHCH2, 

CH2O, J 6.6 Hz); 1.16 d (3H, CH3CHO, J 6.3 Hz); 1.53 d (3H, CH3CH, J 6.3 

Hz); 1.70 k (2H, (CH3)2CHCH2CH2O, J 6.6 Hz); 1.78-1.91 m (4H,  

N(CH2CH2CH3) 2); 1.88 n (1H, (CH3)2CHCH2CH2O, J 6.6 Hz); 3. 01-3.19 m 

(4H, N (CH2CH2 CH3)2); 3.38-3.47 and 3.60-3.70 both m (1H, ОCH2 each); 

5.62 m (1H, CHCH3); 7.00-7.05 and 8.25-8.30 both m (2H each, 

C6H4OC5H11); 7.62 dd (1H, C6H4, J1 8.5, J2 6.8, J3 1.4 Hz); 7.79.ddd (1H, 

C6H4, J1 8.5, J2 6.8, J3 1.5 Hz); 8.39 dd (1H, C6H4, J1 8.4 Hz); 8.43 s (1H, 

H-3); 8.76.dd (1H, C6H4, J1 8.5, J2 1.5 Hz); 10.81 wide (1H, HCI). Found, 

%: C 70.21; H 8.00; N 5.44; CI 6.90. C30 H41N2O3CI. Calculated, %: C 

70.24; H 8.00; N 5.46; CI 6.92. 

1-({[6-Bromo-2-(4-hydroxyphenyl)quinolin-4-yl]carbonyl}oxy)-N,N-

dipropylpropan-2-aminium chloride (5). Yield 64%, mp. 206-207°C, Rf 

0.53. IR spectrum, υ, cm-1: 1713 (COO). 1H NMR spectrum, ppm: 0.95 and 

1.01 both t (3H each, CH3CH2CH2)2), J 7.3 Hz); 1.55 d (3H, CH3CH, J 6.8 
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Hz); 1.82-2.08 m (4H, N(CH2CH2CH3)2); 2.963.26 m. (4H, 

N(CH2CH2CH3)2); 3.90 s (3H, OCH3); 4.02 m (1H, OCH); 4.77 dd (1H, 

CH2CH, J1 12.6, J2 4.1 Hz); 4.87 dd (1H, CH2CH, J1 12.6, J2 5.3 Hz Hz); 

6.88-6.93 and 8.17-8.22 both m (2H, C6H4OH each); 7.84 dd (1H, C6H3Br, 

J1 8.9, J2 2.28 Hz); 8.00 d (1H, C6H3 Br, J1 8.9 Hz); 8.66 s (1H, H-3); 8.89 d 

(1H, C6H3Br, J 2.2 Hz); 9.71 br (1H, OH); 11.40 wide (1H, HCI). Found, %: 

C 57.50; H 5.73; N 5.33; CI 6.79. C25H30BrN2O3CI. Calculated, %: C 57.52; 

H 5.75; N 5.36; CI 6.80. 

3-({[2-(4-Methoxyphenyl)quinolin-4-yl]carbonyl}oxy)-N,N-dimethyl-

propan-1-aminium chloride (6). Yield 69%, mp 207-209°C, Rf 0.55. IR 

spectrum, υ, cm-1: 1724 (COO). 1H NMR spectrum, ppm: 2.34-2.43 m (2H, 

OCH2CH2CH2); 2.81d (6H, N(CH3)2, J 4.9 Hz); 3.26-3.33 m (2H, NCH2), 

3.90 s (3H, OCH3); 4.58 t (2H, OCH2, J 6.1 Hz); 6.88-6.93 and 8.17-8.22 

both m (2H, C6H4OH each); 7.84 dd (1H, C6H3Br, J1 8.9, J2 2.28 Hz); 8.00 

d (1H, C6H3Br, J1 8.9 Hz); 8.66 s (1H, H-3); 8.89 d (1H, C6H3Br, J 2.2 Hz); 

9.71 br (1H, OH); 11.40 wide (1H, HCI). Found, %: C 55.80; H 4.85; N 

3.10; CI 7.84. C21H22BrNO3CI. Calculated, %: C 55.81; H 4.87; N 3.10; CI 

7.86. 

3-({[2-(4-3-Methylbutoxy)phenyl)quinolin-4-yl]carbonyl}oxy)-N,N-

dimethylpropan-1-aminium chloride (7). Yield 70%, mp. 166-167°C, Rf 

0.55. IR spectrum, υ, cm-1: 1713 (COO). 1H NMR spectrum, ppm: 1.00 d 

(6H, (CH3)2CHCH2CH2O, J 6.6 Hz); 1.70 k (2H, (CH3) 2CHCH2CH2O, J 6.6 

Hz); 1.82-1.96 m (3H, (CH3)2CHCH2CH2O and OCH2CH2CH2N); 2.77 d 

(6H, N(CH3)2, J 4.6 Hz); 3.10-3.16 m (2H, OCH2CH2CH2N); 3.56 t (2H, 

OCH2CH2CH2N, J 5.8 Hz); 4.6 t (2H, (CH3)2CHCH2CH2O, J 6.6 Hz); 6.97-

7.00 and 8.17-8.22 both m (2H each, C6H4OC5H11); 7.53 dd (1H, C6H4, J1 

8.5, J2 6.8, J3 1.5 Hz); 7.69.ddd (1H, C6H4, J1 8.5, J2 6.8, J3 1.5 Hz); 8.09 

dd (1H, C6H4, J1 8.5, J2 1.5 Hz); 8.39 s (1H, H-3); 8.78.dd (1H, C6H4, J1 

8.5, J2 1.5 Hz); 11.34 wide (1H, HCl). Found, %: C 68.33; H 7.21; N 6.11; 

CI 7.76. C26H33N2O3CI. Calculated, %: C 68.34; H 7.22; N 6.13; CI 7.77. 

3-({[2-(4-Hydroxyphenyl)quinolin-4-yl]carbonyl}oxy)-N,N-

dimethylpropan-1-aminium chloride (8). Yield 69%, mp 207-209°C, Rf 

0.55. IR spectrum, υ, cm-1: 1724 (COO). 1H NMR spectrum, ppm: 2.34-2.43 

m (2H, OCH2CH2CH2); 2.81 d (6H, N(CH3)2, J 4.9 Hz); 3.263.33 m (2H, 

NCH2), 3.90 s (3H, OCH3); 4.58 t (2H, OCH2, J 6.1 Hz); 6.88-6.93 and 8.17-

8.22 both m (2H, C6H4OH each); 7.84 dd (1H, C6H3Br, J1 8.9, J2 2.28 Hz); 

8.00 d. (1H, C6H3 Br, J1 8.9 Hz); 8.66 s (1H, H-3); 8.89 d. (1H, C6H3Br, J 

2.2 Hz); 9.71 br (1H, OH); 11.40 wide (1H, HCI). Found, %: C 55.80; H 

4.85; N 3.10; CI 7.84. C21H22BrNO3CI. Calculated, %: C 55.81; H 4.87; N 

3.10; CI 7.86. 

2-Chloroethyl-2-(4-methoxy)phenyl]quinoline-4-carboxylate (9). 

Yield 91%, mp 167-169°C, Rf 0.55. IR spectrum, υ, cm-1: 1722 (COO). 1H 

NMR spectrum, ppm: 3.89 s (3H, OCH3); 3.99 m (2H, OCH2CH2CI); 4.71 m 
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(2H, OCH2CH2CI); 7.027.70 and 8.21-8.26 both m (2H each, C6H4OCH3); 

7.61 dd (1H, C6H4, J1 8.6, J2 6.8, J3 1.4 Hz); 7.78 m (1H, C6H4); 8.24 dd 

(1H, C6H4, J1 8.6, J2 1.4 Hz); 8.44 s (1H, H-3); 8.66 dd (1H, C6H4, J1 8.5, J2 

1.5 Hz). Found, %: C 66.76; H 4.71; N 4.09; CI 10.36. C19H16CI NO3. 

Calculated, %: C 66.77; H 4.72; N 4.10; CI 10.37. 

2-Chloroethyl-2-[4-(3-methylbutoxy)phenyl]quinoline-4-carboxylate 

(10). Yield 93%, mp 170-172°C, Rf 0.55. IR spectrum, υ, cm-1: 1723 (COO). 
1H NMR spectrum, ppm: 1.00 d (6H, (CH3)2CHCH2CH2O, J 6.6 Hz); 1.71 q 

(2H, (CH3)2CHCH2CH2O, J 6.6 Hz); 1.89 n (1H, (CH3)2CHCH2, J 6.6 Hz); 

3.98 m (2H, OCH2CH2CI); 4.08 t (2H, OCH2CH2CH (CH3)2, J 6.6 Hz); 4.71 

m (2H, OCH2CH2CI); 7.00-7.05 and 8.25-8.30 both m (2H each, 

C6H4OC5H11); 7.62 dd (1H, C6H4, J1 8.45, J2 6.8, J3 1.5 Hz); 7.79 ddd (1H, 

C6H4, J1 8.5, J2 6.8, J3 1.5 Hz); 8.30 dd (1H, C6H4, J1 8.5, J2 1.5 Hz); 8.44 s 

(1H, H-3); 8.66 dd (1H, C6H4, J1 8.5, J2 1.5 Hz); Found, %: C 69.42; H 

6.07; N 3.51; CI 8.90. C23H24CINO3. Calculated, %: C 69.43; H 6.08; N 

3.52; CI 8.91. 

 

Üàð ¸Æ²ÈÎÆÈ²ØÆÜ²(øÈàð )²ÈÎÆÈ-4-[2-(4-îºÔ²Î²Èì²Ì 

üºÜÆÈ)øÆÜàÈÆÈ]Î²ð´úøêÆÈ²îÜºðÆ ÐÆ¸ðàøÈàðÆ¸ÜºðÆ êÆÜÂº¼À 

ºì Ð²Î²Ø²Üð¾²Î²Ü ²ÎîÆìàôÂÚ²Ü àôêàôØÜ²êÆðàôÂÚàôÜÜºðÀ 

²© Ð© Æê²Ê²ÜÚ²Ü« Ð© Ø© êîºö²ÜÚ²Ü« 

è© ì© ä²ðàÜÆÎÚ²Ü & ²© ²© Þ²ÐÊ²îàôÜÆ 

²Ûë ³ßË³ï³ÝùáõÙ Ý»ñÏ³Û³óí³Í »Ý Ýáñ 2-¹Ç³ÉÏÇÉ³ÙÇÝ³³ÉÏÇÉ-4-[2-(4-ï»Õ³Ï³É-

í³Í ý»ÝÇÉ)ùÇÝáÉÇÉ]Ï³ñµûùëÇÉ³ïÝ»ñÇ ÑÇ¹ñáùÉáñÇ¹Ý»ñÇ ëÇÝÃ»½Á ¨ Ñ³Ï³Ù³Ýñ¿³Ï³Ý 

³ÏïÇíáõÃÛ³Ý áõëáõÙÝ³ëÇñáõÃÛáõÝÝ»ñÁ: òáõÛó ¿ ïñí»É« áñ ³Ûë ß³ñùÇ áñáß ÙÇ³óáõ-

ÃÛáõÝÝ»ñ áõÝ»Ý Ýßí³Í ³ÏïÇíáõÃÛáõÝÁ ·ñ³Ù¹ñ³Ï³Ý ëï³ýÇÉ³ÏáÏÏ»ñÇ (Staphylo-

coccus aureus 209p«1) ¨ ·ñ³Ùµ³ó³ë³Ï³Ý(Sh©Fleaneri 6858« E©Coli 0-55) óáõåÇÏÝ»ñÇ 

ÝÏ³ïÙ³Ùµ: Ð³ÛïÝ³µ»ñí»É »Ý Ï³éáõóí³ÍùÇ ¨ Ï»Ýë³µ³Ý³Ï³Ý ³ÏïÇíáõÃÛ³Ý ÙÇç¨ 

áñáß ûñÇÝ³ã³÷áõÃÛáõÝÝ»ñ: 

 

СИНТЕЗ И ИЗУЧЕНИЕ АНТИБАКТЕРИАЛЬНОЙ АКТИВНОСТИ 

НОВЫХ ГИДРОХЛОРИДОВ 2-ДИАЛКИЛАМИНО(ХЛОР)АЛКИЛ-4-[2-(4-

ЗАМЕЩЕННЫХ ФЕНИЛ)ХИНОЛИЛ]КАРБОКСИЛАТОВ 

A. У. ИСАХАНЯН, Г. М. СТЕПАНЯН, Р. В. ПАРОНИКЯН и А. А. ШАХАТУНИ 

Научно-технологический центр органической и фармацевтической химии 

НАН Республики Армения 

Армения, Ереван, 0014, пр. Азатутян, 26 

E-mail: anush.isakhanyan.51@mail.ru 

 

В данной работе представлены исследования антибактериальной активности 

вновь синтезированных гидрохлоридов 2-диалкиламино(хлор)алкил-4-[2-(4-заме-

щенных фенил)хинолил]карбоксилатов. Показано, что некоторые соединения 

этого ряда обладают указанной активностью в отношении грамположительных 

стафилококков (Staphylococcus aureus 209p,1) и грамотрицательных палочек 
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(Sh.Fleaneri 6858, E.Coli 0-55). Обнаружены закономерности между структурой и 

биологической активностью. 
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SYNTHESIS OF NEW DERIVATIVES 

OF 3-ALLYL-SPIRO[BENZO[h]QUINAZOLINE-5,1'-CYCLOHEPTANE] 

A. S. AYVAZYAN 

The Scientific Technological Center of Organic and Pharmaceutical Chemistry NAS RA 

26, Azatutyan Str., Yerevan, 0014, Armenia 

Phone: +374 10 288 443  E-mail: ani.ayvazyan17@mail.ru 

As a result of condensation of 3-allyl-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quinazoline-5,1'-

cycloheptan]-4(6H)-one with 2-bromo-1-phenylethanone and 2-thioxobenzo[h]quinazolines of 

various structures, 2-methylthio derivatives of spiro[benzo[h]quinazoline-5,1'-cycloheptane] were 

synthesized. By the transformations of 3-allyl-2-hydrazinyl-3H-spiro[benzo[h]quinazoline-5,1'-cyc-

loheptan]-4(6H)-one, benzhydrazide, hydrazino-carbonothioylbenzamide, arylidenhydrazides, 4-allyl-

4H-spiro[benzo[h[1,2,4]triazolo[4,3-a]quinazoline-6,1'-cycloheptan]-5(7H)-one and 4-allyl-1-

mercapto-4H-spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-cyclo-heptan]-5(7H)-one were 

synthesized. The latter by alkylation with various halides was converted into 1-alkylthio derivatives. 

References 25. 

 

The number of publications in the field of benzo[h]quinazoline 

derivatives synthesis has grown significantly in recent years [1-16]. 

However, there are limited number of publications on benzo[h]quinazolines 

of spirocyclic structure, containing a cyclohexane spirocyclic fragment [17-

21]. This report describes the synthesis of new derivatives of 3-allyl-

spiro[benzo[h]quinazoline-5,1'-cycloheptane]. We studied the reaction of 3-

allyl-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-

4(6H)-one (1) [22] with halogens of various structures, in the presence of 

KOH. Using 2-bromo-1-phenylethanone, as a halide, 3-allyl-2-((2-oxo-2-

phenylethyl)thio)-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-

one (2) was synthesized. By condensation of 1 with 2-chloromethyl-5,5-

dimethyl-5,6-dihydrobenzo[h]quinazoline-4(3H)-one [23], 2-chloromethyl-

5-ethyl-5-methyl-5,6-dihydrobenzo[h] quinazoline-4(3H)-one [24] and 2-

chloromethyl-3H-spiro[benzo[h]quinazoline-5,1'-cyclopentan]-4(6H)-one 

[25], were synthesized 2-{[(3-allyl-4-oxo-4,6-dihydro-3H-spiro[benzo[h]-

quinazoline-5,1'-cycloheptan]-2-yl)thio]methyl}-5,5-dimethyl-5,6-

dihydrobenzo[h]quinazoline-4(3H)-one (3), 2-{[(3-allyl-4-oxo-4,6-dihydro-

mailto:ani.ayvazyan17@mail.ru
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3H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-2-yl)thio]methyl}-5-ethyl-

5-methyl-5,6-dihydrobenzo[h]quinazoline-4(3H)-one (4) and 3-allyl-2-{[(4-

oxo-4,6-dihydro-3H-spiro [benzo[h]quinazoline-5,1'-cyclopentan]-2-

yl)methyl]thio}-3H-spiro[benzo[h]quinazoline-5,1'-cyclo-pentan]-4(6H)-one 

(5), respectively (Scheme 1). 

 

Scheme 1 

 
By transformations of 3-allyl-2-hydrazinyl-3H-spiro[benzo[h]quinazo-

line-5,1'-cycloheptan]-4(6H)-one (6) [22], N'-(3-allyl-4-oxo-4,6-dihydro-3H-

spiro[benzo[h]quinazoline-5,1'-cycloheptan]-2-yl)benzohydrazide (7), N-(2-

(3-allyl-4-oxo-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-

2-yl)hydrazinecarbonothioyl)benzamide (8) and 9-13 arylidenhydrazines 

were synthesized. The hydrazinoderivative 6 was reacted with 

ethylorthoformate and carbon disulfide, resulting in 4-allyl-4H-spiro[ben-

zo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-cycloheptan]-5(7H)-one (14) and 

4-allyl-1-mercapto-4H-spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-

cycloheptan]-5(7H)-one (15), respectively. The latter by alkylation with 

halides of various structures is converted to 4-allyl-1-(alkylthio)-4H-

spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-cycloheptan]-5(7H)-one 

(16-19) according to Scheme 2. 
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Scheme 2 

 
R=CH3 (16), C2H5 (17), CH2CH=CH2, (18), CH2C6H5 (19) 

Experimental part 

The IR spectra were recorded on a Thermo Nicolet Nexus FT-IR 

spectrometer from samples dispersed in mineral oil. The 1H and 13C NMR 

spectra were recorded on a Varian “Mercury-300VX” 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. 

3-Allyl-2-((2-oxo-2-phenylethyl)thio)-3H-spiro[benzo[h]quinazoline-

5,1'-cycloheptan]-4(6H)-one (2). The reaction mixture of 1.76 g  (5 mmol) 

of 3-allyl-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quinazoline-5,1'-cyclohep-

tan]-4(6H)-one (1), 1.0 g  (5 mmol) of 2-bromo-1-phenylethanone and 30 ml 

of absolute acetone was placed into a single-necked round-bottom flask and 

boiled for 10 hrs. Then reaction mixture was cooled and 10 ml water was 

added. The precipitate was filtered off and recrystallized from acetone. Yield 

1.10 g (47%) of 2, mp 159-161oC, Rf 0.67 (ethylacetate-benzene, 1:5). IR 

spectrum, ν, cm–1: 1594 (C=C arom); 1663 (C=Օ); 1697 (C=Օ). 1H NMR 

spectrum (300 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 1.29-1.41 (m, 2H, 

cycloheptane), 1.45-1.70 (m, 6H, cycloheptane), 1.71-1.85 (m, 2H, 
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cycloheptane), 2.21-2.33 (m, 2H, cycloheptane), 2.83 (s, 2H, C6H2), 4.70 

(dt, 2H, J=7.0, 1.2, CH2-CH=CH2), 4.83 (s, 2H, S-CH2), 5.28 (dq, 1H, 

J=10.1, 1.2, CH2-CH=CH2), 5.33 (dq, 1H, J=17.0, 1.2, CH2-CH=CH2), 5.96 

(ddt, 1H, J=17.0, 10.1, 7.0, CH2-CH=CH2), 6.78-6.85 (m, 1H, Ar), 7.05-7.10 

(m, 1H, Ar), 7.11-7.20 (m, 1H, Ar), 7.44-7.49 (m, 1H, Ar), 7.50-7.57 (m, 

2H, Ar), 7.61-7.68 (m, 1H, Ar), 8.05-8.10 (m, 2H, Ar). 13C NMR spectrum 

(75 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 23.8 (2×CH2 cycloheptane), 29.6 

(2×CH2 cycloheptane), 35.6 (2×CH2 cycloheptane), 38.8 (С5), 39.6 (С6Н2), 

39.9 (CH2-CH=CH2), 45.9 (S-CH2), 118.1 (CH2-CH=CH2), 123.0 (C4a), 

124.7 (CH Ar), 125.7 (CH Ar), 127.0 (CH Ar), 128.0 (2×CH Ar), 128. 

(2×CH Ar), 129.3 (CH Ar), 130.5 (CH Ar), 131.5 (C Ar), 132.7 (CH2-

CH=CH2), 135.7 (C Ar), 136.1 (C Ar), 150.7 (C10b), 157.3 (С2), 159.6 (C4), 

191.2 (C(O)-Ph). Found, %: C 74.11; H 6.59; N 5.83; S 6.74. C29H30N2O2S. 

Calculated, %: C 74.01; H 6.43; N 5.95; S 6.81. 

2-{[(3-Allyl-4-oxo-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-

cycloheptan]-2-yl)thio]-methyl}-5,5-dimethyl-5,6-dihydrobenzo[h]quina-

zoline-4(3H)-one (3). A mixture of 1.76 g  (5 mmol) of 3-allyl-2-thioxo-2,3-

dihydro-1H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (1), 0.3 

g (9 mmol) of KOH and 30 ml of absolute ethanol was placed into a round-

bottom flask and boiled for 30 min. Then 1.37 g (5 mmol) of 2-chloromethyl-

5,5-dimethyl-5,6-dihydrobenzo[h]quinazolin-4(3H)-one was added and 

boiling continued for 12 hrs. The reaction mixture was cooled, and 10 ml of 

water was added. The precipitate was filtered off and recrystallized from 

butanol. Yield 2.8 g  (95%) of 3, mp 242-244 oC, Rf 0.70 (ethyl acetate-

benzene, 1:2). IR spectrum, ν, cm–1: 1604 (C=C arom); 1653 (C=Օ); 1672 

(C=Օ); 3150 (NH). 1H NMR spectrum (300 MHz, DMSO-d6/CCl4 1/3), δ, 

ppm: 1.31-1.43 (m, 2H, cycloheptane), 1.34 (s, 6H,C(CH3)2), 1.44-1.69 (m, 

6H, cycloheptane), 1.70-1.84 (m, 2H, cycloheptane), 2.22-2.34 (m, 2H, 

cycloheptane), 2.72 (s, 2H, [C6]H2), 2.87 (s, 2H, C6H2), 4.50 (s, 2H, S-CH2), 

4.69 (dt, 2H, J=7.0, 1.2, CH2-CH=CH2), 5.27 (dq, 1H, J=10.1, 1.2, CH2-

CH=CH2), 5.32 (dq, 1H, J=17.0, 1.2, CH2-CH=CH2), 5.94 (ddt, 1H, J=17.0, 

10.1, 7.0, CH2-CH=CH2), 7.07-7.15 (m, 2H, Ar), 7.16-7.31 (m, 4H, Ar), 

8.04-8.09 (m, 1H, Ar), 8.13-8.18 (m, 1H, Ar), 12.41 (s, 1H, NH). 13C NMR 

spectrum (75 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 23.9 (2×CH2 

cycloheptane), 25.4 (C(CH3)2), 29.6 (2×CH2 cycloheptane), 32.8 ([С5]), 34.1 

([С6]Н2), 35.6 (2×CH2 cycloheptane), 39.7 (С5), 40.1 (С6Н2), 44.0 (CH2-

CH=CH2), 45.7 (S-CH2), 118.1 (CH2-CH=CH2), 123.2 (C4a), 124.37 ([C4a]), 

125. (2×CH Ar), 125.9 (CH Ar), 126.2 (CH Ar), 127.0 (C Ar),127.0 (CH 

Ar), 129.3 (CH Ar), 129.5 (CH Ar), 130.6 (CH Ar), 131.8 (C Ar), 131.9 

(CH2-CH=CH2), 136.0 (C Ar), 136.2 (C Ar), 151.0 (C10b), 152.8 ([C10b]), 

154.3 ([С2]), 157.3 (С2), 159.7 (C4), 161.3 ([С4]). Found, %: C 73.38; H 

6.59; N 9.56. S 5.33. C36H38N4O2S. Calculated, %: C 73.19; H 6.48; N 9.48; 

S 5.43. 
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2-{[(3-Allyl-4-oxo-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-

cycloheptan]-2-yl)thio]-methyl}-5-ethyl-5-methyl-5,6-dihydroben-

zo[h]quinazoline-4(3H)-one (4). Similarly, from 1.76 g  (5 mmol) of 3-

allyl-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-

4(6H)-one (1), 0.3 g (9 mmol) of KOH and 1.44 g  (5 mmol) of 2-

chloromethyl-5-ethyl-5-methyl-5,6-dihydro-benzo[h]-quinazoline-4(3H)-

one, 2.8 g  (93%) of 4 was obtained: mp 244-246oC, Rf 0.73 (ethyl acetate-

benzene, 1:2). IR spectrum, ν, cm–1: 1604 (C=C arom); 1651 (C=Օ); 1670 

(C=Օ); 3150 (NH). 1H NMR spectrum (300 MHz, DMSO-d6/CCl4 1/3), δ, 

ppm: 0.77 (t, 3H, J=7.4, CH2-CH3), 1.31-1.43 (m, 2H, cycloheptane), 1.32 (s, 

3H, CH3), 1.44-1.69 (m, 7H, 6×CH cycloheptane, 1×CH CH2-CH3), 1.70-

1.84 (m, 2H, cycloheptane), 2.00 (dq, 1H, J=14.8, 7.4, CH2-CH3), 2.21-2.34 

(m, 2H, cycloheptane), 2.58 (d, 1H, J=15.7, [C6]H2), 2.87 (s, 2H, C6H2), 

2.90 (d, 1H, J=15.7, [C6]H2), 4.48 (d, 1H, J=15.0, S-CH2), 4.54 (d, 1H, 

J=15.0, S-CH2), 4.69 (dt, 2H, J=7.0, 1.2, CH2-CH=CH2), 5.27 (dq, 1H, 

J=10.1, 1.2, CH2-CH=CH2), 5.32 (dq, 1H, J=17.0, 1.2, CH2-CH=CH2), 5.94 

(ddt, 1H, J=17.0, 10.1, 7.0, CH2-CH=CH2), 7.06-7.31 (m, 6H, Ar), 8.05-8.10 

(m, 1H, Ar), 8.11-8.16 (m, 1H, Ar), 12.40 (s, 1H, NH). 13C NMR spectrum 

(75 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 19.0 (CH2-CH3), 23.9 (2×CH2 

cycloheptane), 24.0 (CH3), 29.6 (2×CH2 cycloheptane), 30.0 (CH2-CH3), 

34.1 ([С6]Н2), 35.6 (CH2 cycloheptane), 35.7 (CH2 cycloheptane), 36.3 

([С5]), 39.6 (С5), 39.9 (С6Н2), 40.1 (CH2-CH=CH2), 45.7 (S-CH2), 118.0 

(CH2-CH=CH2), 123.2 (C4a), 123.5 ([C4a]), 125.4. (CH Ar), 125.4 (CH Ar), 

125.7 (CH Ar), 126.1 (CH Ar), 127.0 (CH Ar), 127.0 (C Ar), 129.4 (CH Ar), 

129.5 (CH Ar), 130.6 (CH Ar), 131.8 (C Ar), 131.8 (CH2-CH=CH2), 136.1 

(C Ar), 136.3 (C Ar), 150.9 (C10b), 153.6 ([C10b]), 154.3 ([С2]), 157.3 (С2), 

159.7 (C4), 161.4 ([С4]). Found, %: C 73.66; H 6.62; N 9.43. S 5.19. 

C37H40N4O2S. Calculated, %: C 73.48;  

H 6.67; N 9.26; S 5.30. 

3-Allyl-2-{[(4-oxo-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-

cyclopentan]-2-yl)methyl]-thio}-3H-spiro[benzo[h]quinazoline-5,1'-

cyclopentan]-4(6H)-one (5). Similarly, from 1.76 g  

(5 mmol) of 3-allyl-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quinazoline-5,1'-

cycloheptan]-4(6H)-one (1), 0.3 g (9 mmol) of KOH and 1.5 g (5 mmol) of 

2-chloromethyl-3H-spiro[benzo[h]quinazoline-5,1'-cyclopentan]-4(6H)-one, 

1.9 g (62%) of 4 was obtained: mp 243-246oC, Rf 0.73 (ethyl acetate-

benzene, 1:2). IR spectrum, ν, cm–1: 1604 (C=C arom); 1661 (C=Օ); 1675 

(C=Օ); 3180 (NH). 1H NMR spectrum (300 MHz, DMSO-d6/CCl4 1/3), δ, 

ppm: 1.30-1.94 (m, 16H, 10×CH cycloheptane, 6×CH cyclopentane), 2.21-

2.35 (m, 4H, 2×CH cycloheptane, 2×CH cyclopentane), 2.76 (s, 2H, 

[C6]H2), 2.87 (s, 2H, C6H2), 4.51 (s, 2H, S-CH2), 4.68 (dt, 2H, J=7.0, 1.2, 

CH2-CH=CH2), 5.27 (dq, 1H, J=10.1, 1.2, CH2-CH=CH2), 5.31 (dq, 1H, 

J=17.0, 1.2, CH2-CH=CH2), 5.94 (ddt, 1H, J=17.0, 10.1, 7.0, CH2-CH=CH2), 
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7.05-7.31 (m, 6H, Ar), 8.04-8.10 (m, 1H, Ar), 8.14-8.20 (m, 1H, Ar), 12.43 

(s, 1H, NH). 13C NMR spectrum (75 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 

23.9 (2×CH2 cycloheptane), 25.1 (2×CH2 cyclopentane), 29.6 (2×CH2 

cycloheptane), 34.1 ([С6]Н2), 35.1 (2×CH2 cyclopentane), 35.6 (2×CH2 

cycloheptane), 39.7 (С5), 40.1 (С6Н2), 41.6 (CH2-CH=CH2), 43.1 ([С5]), 

45.7 (S-CH2), 118.1 (CH2-CH=CH2), 123.2 (C4a), 124.8 ([C4a]), 125.4 (CH 

Ar), 125.5 (CH Ar), 125. (CH Ar), 126.2 (CH Ar), 127.0 (C Ar), 129.2 (CH 

Ar), 129.5 (CH Ar), 130.6 (CH Ar), 131.9 (C Ar), 132.3 (CH2-CH=CH2), 

136.1 (C Ar), 136.2 (C Ar), 151.0 (C10b), 153.1 ([C10b]), 154.0 ([С2]), 

157.3 (С2), 159.7 (C4), 161.1 ([С4]). Found, %: C 74.16; H 6.69; N 9.22; S 

5.35. C38H40N4O2S. Calculated, %: C 73.99; H 6.54; N 9.08; S 5.20. 

N'-(3-Allyl-4-oxo-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-

cycloheptan]-2-yl)benzo-hydrazide (7). The mixture of 2.1 g  (6 mmol) of 

3-allyl-2-hydrazinyl-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-

one (6), 1.12 g (8 mmol) of benzoyl chloride and 25 ml of benzene was 

boiled for 10 hrs in a reaction flask with a backflow condenser. After solvent 

distillation, the precipitate was recrystallized from ethanol. Yield 2.5 g 

(92%) of 7, mp 178-179oС, Rf 0.45 (ethylacetate-benzene, 3:1). IR spectrum, 

ν, cm–1: 1600 (C=C arom); 1645 (C=Օ); 1686 (C=Օ); 3347 (NH). 1H NMR 

spectrum (300 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 1.31-1.44 (m, 2H, CH2 

cycloheptane), 1.46-1.87 (m, 8H, 4×CH2 cycloheptane), 2.25-2.37 (m, 2H, 

CH2 cycloheptane), 2.84(s, 2Н, С6Н2), 4.73 (dt, 2H, J=5.4, 1.5, CH2-

CH=CH2), 5.22 (dq, 1H, J=10.3, 1.5, CH2-CH=CH2), 5.33 (dq, 1H, J=17.3, 

1.5, CH2-CH=CH2), 5.96 (ddt, 1H, J=17.3, 10.3, 5.4, CH2-CH=CH2), 7.03-

7.11 (m, 2H, 2×CH Ar), 7.15-7.23 (m, 1H, CH Ar), 7.44-7.59 (m, 3H, 3×CH 

Ar), 7.79-7.85 (m, 1H, CH Ar), 7.96-8.03 (m, 2H, 2×CH Ar), 8.86 (s, 1H, 

NH), 10.27 (s, 1H, NH). 1H NMR spectrum (300 MHz, DMSO-d6/CCl4 1/3), 

δ, ppm: 23.9 (2×CH2 cycloheptane), 29.7 (2×CH2 cycloheptane), 36.1 

(2×CH2 cycloheptane), 39.4 (С5), 40.48 (С6Н2),41.7 (CH2-CH=CH2), 116.8 

(CH Ar), 118.4 (CH2-CH=CH2), 124.8 (C4a), 125.6 (CH Ar), 126.9 (CH Ar), 

127.3 (2×CH Ar), 127.7 (2×CH Ar), 128.9 (CH Ar), 130.9 (CH Ar), 131.4 

(CH2-CH=CH2), 132.7 (C Ar), 132.9 (C Ar), 136.4 (C Ar), 151.7 (C10b), 

152.0 (С2), 160.3 (C4), 166.2 (C=O). Found, %: C 74.11; H 6.59; N 12.53. 

C28H30N4O2. Calculated, %: C 73.98; H 6.65; N 12.33. 

N-[2-(3-Allyl-4-oxo-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-

cycloheptan]-2-yl)-hydrazinecarbonothioyl]benzamide (8). The mixture 

of 2.1 g (6 mmol) of 3-allyl-2-hydrazinyl-3H-spiro[benzo[h]quinazoline-5,1'-

cycloheptan]-4(6H)-one (6), 1.14 g  (7 mmol) of benzoylisothiocyanate and 

30 ml of methanol was boiled for 5 hrs with a backflow condenser. The 

precipitate was filtered, washed with 70% ethanol and recrystallized from 

butanol. Yield 1.0 g  (58%) of 8, mp 209-210oС, Rf 0.62 (ethyl acetate-

benzene-hexane, 1:7:1). IR spectrum, ν, cm–1: 1600 (C=C arom); 1650 

(C=Օ); 1669 (C=Օ); 3187 (NH). 1H NMR spectrum (300 MHz, DMSO-
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d6/CCl4 1/3), δ, ppm: 1.30-1.42 (m, 2H, cycloheptane), 1.44-1.71 (m, 6H, 

cycloheptane), 1.72-1.86 (m, 2H, cycloheptane), 2.22-2.34 (m, 2H, cyclo-

heptane), 2.88 (s, 2H, C6H2), 4.72 (dt, 2H, J=7.0, 1.2, CH2-CH=CH2), 5.39 

(dq, 1H, J=10.1, 1.2, CH2-CH=CH2), 5.51 (dq, 1H, J=17.0, 1.2, CH2-

CH=CH2), 5.97 (ddt, 1H, J=17.0, 10.1, 7.0, CH2-CH=CH2), 7.10-7.17 (m, 

1H, Ar), 7.24-7.34 (m, 2H, Ar), 7.45-7.54 (m, 2H, Ar), 7.56-7.64 (m, 1H, 

Ar), 8.08-8.14 (m, 2H, Ar), 8.25-8.31 (m, 1H, Ar), 9.31 (s, 1H, NH), 11.63 

(s, 1H, NH), 13.64 (brs, 1H, NH). 13C NMR spectrum (75 MHz, DMSO-

d6/CCl4 1/3), δ, ppm: 24.0 (2×CH2 cycloheptane), 29.7 (2×CH2 

cycloheptane), 36.1 (2×CH2 cycloheptane), 39.5 (С5), 40.4 (С6Н2), 42.5 

(CH2-CH=CH2), 118.8 (CH2-CH=CH2), 119.7 (C4a), 125.38 (CH Ar), 126.1 

(CH Ar), 126.9 (CH Ar), 127.7 (2×CH Ar), 128.5 (2×CH Ar), 129.4 (CH 

Ar), 130.5 (CH Ar), 131.6 (C Ar), 132.0 (C Ar), 132.3 (CH2-CH=CH2), 

136.3 (C Ar), 148.4 (C10b), 151.4 (С2), 159.7 (C4), 167.6 (C(O)-Ph), 172.8 

(C=S) . Found, %: C 67.98; H 6.24; N 13.53. S 6.24.C29H31N5O2S. 

Calculated, %: C 67.81; H 6.08; N 13.63; S 6.24. 

Synthesis of 2-(arylidenehydrazinyl)-3-allyl-3H-spiro[benzo[h]qui-

nazoline-5,1'-cycloheptan]-4(6H)-ones (9-13). (General method). The 

mixture of 2.8 g (8 mmol) of 3-allyl-2-hydrazinyl-3H-spiro-[benzo[h]quina-

zoline-5,1'-cycloheptan]-4(6H)-one (6), 8 mmol of aromatic aldehyde and 30 

ml of benzene was boiled under reflux for 10 hrs. It was cooled and 30 ml of 

hexane was added to the reaction mixture. The precipitate was filtered, 

washed with hexane and dried on air. 

3-Allyl-2-(2-(4-methoxybenzylidene)hydrazinyl)-3H-

spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (Ar=4-

CH3OC6H4) (9). Yield 3.0 g (80%) of 9, mp 184-185oС, Rf 0.75 (ethyl ace-

tate-benzene, 1:5). IR spectrum, ν, cm–1: 1593 (C=C arom); 1615 (C=N); 

1668 (C=Օ); 3367 (NH). 1H NMR spectrum (300 MHz, DMSO-d6/CCl4 

1/3), δ, ppm: 1.30-1.42 (m, 2H, cycloheptane), 1.44-1.71 (m, 6H, 

cycloheptane), 1.72-1.86 (m, 2H, cycloheptane), 2.22-2.34 (m, 2H, cyclo-

heptane), 2.89 (s, 2H, C6H2), 3.84 (s, 3H, O-CH3), 4.60 (dt, 2H, J=7.0, 1.2, 

CH2-CH=CH2), 5.14 (dq, 1H, J=10.1, 1.2, CH2-CH=CH2), 5.27 (dq, 1H, 

J=17.0, 1.2, CH2-CH=CH2), 5.93 (ddt, 1H, J=17.0, 10.1, 7.0, CH2-CH=CH2), 

6.90-6.96 (m, 2H, Ar), 7.24-7.31 (m, 1H, Ar), 7.38-7.48 (m, 2H, Ar), 7.52-

7.59 (m, 1H, Ar), 7.64-7.71 (m, 2H, Ar), 8.27 (s, 1H, N=CH), 9.59 (s, 1H, 

NH). 13C NMR spectrum (75 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 23.9 

(2×CH2 cycloheptane), 29.5 (2×CH2 cycloheptane), 36.1 (2×CH2 

cycloheptane), 38.9 (С5), 40.5 (С6Н2), 41.5 (CH2-CH=CH2), 54.6 (OCH3), 

113.6 (2×CH Ar), 113.8 (C4a), 116.8 (CH2-CH=CH2), 20.9 (CH Ar), 126.3 

(C Ar), 126.6 (CH Ar), 127.4 (C Ar), 128.2 (CH Ar), 128.2 (2×CH Ar), 

130.3 (CH Ar), 132.1 (CH2-CH=CH2), 136.8 (C Ar), 139.4 (C10b), 149.4 

(С2), 151.3 (N=CH), 159.7 (C Ar), 160.2 (C4). Found, %: C 74.31; H 6.77; 

N 11.73. C29H32N4O2. Calculated, %: C 74.33; H 6.88; N 11.96. 
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3-Allyl-2-(2-(4-chlorobenzylidene)hydrazinyl)-3H-spiro[ben-

zo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (Ar=4-ClC6H4) (10). Yield 

1.5 g (40%) of 9, mp 171-173oС, Rf 0.77 (ethyl acetate-benzene, 1:5). IR 

spectrum, ν, cm–1: 1600 (C=C arom); 1614 (C=N); 1666 (C=Օ); 3371 (NH). 
1H NMR spectrum (300 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 1.30-1.42 (m, 

2H, cycloheptane), 1.44-1.71 (m, 6H, cycloheptane), 1.72-1.86 (m, 2H, 

cycloheptane), 2.22-2.34 (m, 2H, cycloheptane), 2.89 (s, 2H, C6H2), 4.62 

(dt, 2H, J=7.0, 1.2, CH2-CH=CH2), 5.15 (dq, 1H, J=10.1, 1.2, CH2-

CH=CH2), 5.28 (dq, 1H, J=17.0, 1.2, CH2-CH=CH2), 5.93 (ddt, 1H, J=17.0, 

10.1, 7.0, CH2-CH=CH2), 7.24-7.31 (m, 1H, Ar), 7.36-7.46 (m, 4H, Ar), 

7.53-7.60 (m, 1H, Ar), 7.72-7.79 (m, 2H, Ar), 8.31 (s, 1H, N=CH), 9.65 (s, 

1H, NH). 13C NMR spectrum (75 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 23.9 

(2×CH2 cycloheptane), 29.5 (2×CH2 cycloheptane), 36.0 (2×CH2 

cycloheptane), 38.9 (С5), 40.5 (С6Н2), 41.6 (CH2-CH=CH2), 114.3 (C4a), 

116.9 (CH2-CH=CH2), 121.2 (CH Ar), 126.1 (C Ar), 126.6 (CH Ar), 128.1 

(2×CH Ar), 128.2 (CH Ar), 128.2 (2×CH Ar), 130.4 (CH Ar), 131.9 (C Ar), 

133.5 (CH2-CH=CH2), 134.1 (C Ar), 136.8 (C Ar), 139.5 (C10b), 50.1 

(N=CH), 150.2 (С2), 159.5 (C4). Found, %: C 71.21; H 6.36; Cl 7.69; 

N11.56. C28H29ClN4O. Calculated, %: C 71.10; H 6.18; Cl 7.50; N 11.84. 

3-Allyl-2-(2-(3-hydroxy-4-methoxybenzylidene)hydrazinyl)-3H-

spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (Ar=3-OH-4-

CH3OC6H3) (11). Yield 3.7 g (95%) of 11, mp 185-187oС, Rf 0.63 (ethyl 

acetate-benzene, 1:5). IR spectrum, ν, cm–1: 1023 (C-O-C); 1600 (C=C 

arom); 1614 (C=N); 1673 (C=Օ); 3150-3250 (NH); 3352 (OH). 1H NMR 

spectrum (300 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 1.30-1.42 (m, 2H, 

cycloheptane), 1.44-1.71 (m, 6H, cycloheptane), 1.72-1.86 (m, 2H, cyclo-

heptane), 2.22-2.34 (m, 2H, cycloheptane), 2.89 (s, 2H, C6H2), 3.87 (s, 3H, 

O-CH3), 4.59 (dt, 2H, J=7.0, 1.2, CH2-CH=CH2), 5.14 (dq, 1H, J=10.1, 1.2, 

CH2-CH=CH2), 5.27 (dq, 1H, J=17.0, 1.2, CH2-CH=CH2), 5.93 (ddt, 1H, 

J=17.0, 10.1, 7.0, CH2-CH=CH2), 6.86 (d, 1H J=8.2, Ar), 7.04 (dd, 1H J=8.2, 

1.8, Ar), 7.23-7.31 (m, 1H, Ar), 7.29 (d, 1H J=1.8, Ar), 7.39-7.50 (m, 2H, 

Ar), 7.55-7.61 (m, 1H, Ar), 8.18 (s, 1H, N=CH), 8.73 (s, 1H, OH), 9.59 (s, 

1H, NH). 13C NMR spectrum (75 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 23.9 

(2×CH2 cycloheptane), 29.6 (2×CH2 cycloheptane), 36.2 (2×CH2 

cycloheptane), 38.9 (С5), 40.6 (С6Н2), 41.5 (CH2-CH=CH2), 55.2 (OCH3), 

111.3 (CH Ar), 112.8 (CH Ar), 113.7 (C4a), 116.8 (CH2-CH=CH2), 119.5 

(CH Ar), 120.9 (CH Ar), 126.3 (C Ar), 126.9 (CH Ar), 127.9 (C Ar), 128.2 

(CH Ar), 130.4 (CH Ar), 132.1 (CH2-CH=CH2), 136.8 (C Ar), 139.4 (C10b), 

146.7 (C Ar), 149.1 (C Ar), 149.4 (С2), 151.7 (N=CH), 159.8 (C4). Found, 

%: C 72.01; H 6.59; N 11.43. C29H32N4O3. Calculated, %: C 71.88; H 6.66; 

N 11.56. 

3-Allyl-2-(2-(4-hydroxy-3-methoxybenzylidene)hydrazinyl)-3H-

spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (Ar=4-OH-3-
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CH3OC6H3) (12). Yield 3.7 g (96 %) of 12, mp 173-175oС, Rf 0.58 (ethyl 

acetate-benzene, 1:5). IR spectrum, ν, cm–1: 1000 (C-O-C); 1602 (C=C 

arom); 1624 (C=N); 1669 (C=Օ); 3150-3326 (NH, OH). 1H NMR spectrum 

(300 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 1.30-1.42 (m, 2H, cycloheptane), 

1.44-1.71 (m, 6H, cycloheptane), 1.72-1.86 (m, 2H, cycloheptane), 2.22-2.34 

(m, 2H, cycloheptane), 2.89 (s, 2H, C6H2), 3.92 (s, 3H, O-CH3), 4.59 (dt, 

2H, J=7.0, 1.2, CH2-CH=CH2), 5.14 (dq, 1H, J=10.1, 1.2, CH2-CH=CH2), 

5.26 (dq, 1H, J=17.0, 1.2, CH2-CH=CH2), 5.93 (ddt, 1H, J=17.0, 10.1, 7.0, 

CH2-CH=CH2), 6.80 (d, 1H, J=8.2, Ar), 7.07 (dd, 1H, J=8.2, 1.8, Ar), 7.25-

7.30 (m, 1H, Ar), 7.35-7.45 (m, 2H, Ar), 7.39 (d, 1H, J=1.8, Ar), 7.57-7.62 

(m, 1H, Ar), 8.20 (s, 1H, N=CH), 8.89 (s, 1H, OH), 9.71 (s, 1H, NH). 13C 

NMR spectrum (75 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 23.9 (2×CH2 cyc-

loheptane), 29.6 (2×CH2 cycloheptane), 36.1 (2×CH2 cycloheptane), 38.9 

(С5), 40.6 (С6Н2), 41.5 (CH2-CH=CH2), 54.9 (OCH3), 109.3 (CH Ar), 113.6 

(C4a), 115.0 (CH Ar), 116.7 (CH2-CH=CH2), 120.9 (CH Ar), 121.4 (CH Ar), 

126.2 (CH Ar), 126.3 (C Ar), 126.5 (C Ar), 128.2 (CH Ar), 130.3 (CH Ar), 

132.1 (CH2-CH=CH2), 136.9 (C Ar), 139.4 (C10b), 147.5 (C Ar), 148.6 (C 

Ar), 149.4 (С2), 151.6 (N=CH), 159.8 (C4). Found, %: C 71.96; H 6.59; N 

11.73. C29H32N4O3. Calculated, %: C 71.88; H 6.66; N 11.56. 

3-Allyl-2-(2-(3,4,5-trimethoxybenzylidene)hydrazinyl)-3H-

spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (Ar=3,4,5-(4-

CH3O)3C6H2) (13). Yield 3.4 g (80%) of 13, mp 179-181oС, Rf 0.61 (ethyl 

acetate-benzene, 1:1:5). IR spectrum, ν, cm–1: 1001 (C-O-C); 1590 (C=C 

arom); 1621 (C=N); 1665 (C=Օ); 3150-3360 (NH, OH). 1H NMR spectrum 

(300 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 1.30-1.42 (m, 2H, cycloheptane), 

1.44-1.71 (m, 6H, cycloheptane), 1.72-1.86 (m, 2H, cycloheptane), 2.23-2.35 

(m, 2H, cycloheptane), 2.89 (s, 2H, C6H2), 3.77 (s, 3H, O-CH3), 3.90 (s, 6H, 

2×(O-CH3)), 4.61 (dt, 2H, J=7.0, 1.2, CH2-CH=CH2), 5.16 (dq, 1H, J=10.1, 

1.2, CH2-CH=CH2), 5.27 (dq, 1H, J=17.0, 1.2, CH2-CH=CH2), 5.94 (ddt, 

1H, J=17.0, 10.1, 7.0, CH2-CH=CH2), 7.04 (s, 2H, Ar), 7.26-7.31 (m, 1H, 

Ar), 7.33-7.44 (m, 2H, Ar), 7.57-7.62 (m, 1H, Ar), 8.23 (s, 1H, N=CH), 9.79 

(s, 1H, NH). 13C NMR spectrum (75 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 

23.9 (2×CH2 cycloheptane), 29.5 (2×CH2 cycloheptane), 36.1 (2×CH2 

cycloheptane), 38.9 (С5), 40.5 (С6Н2), 41.5 (CH2-CH=CH2), 55.2 (2×(O-

CH3)), 59.6 (OCH3), 104.1 (2×CH Ar), 113.9 (C4a), 116.8 (CH2-CH=CH2), 

121.0 (CH Ar), 126.23 (C Ar), 126.4 (CH Ar), 128.2 (CH Ar), 130.1 (C Ar), 

130.4 (CH Ar), 132.0 (CH2-CH=CH2), 136.9 (C Ar), 139.1 (CH Ar), 139.5 

(C10b), 150.1 (С2), 150.8 (N=CH), 152.8 (2×C Ar), 159.7(C4). Found, %:  
C 70.61; H 6.69; N 10.53. C31H36N4O4. Calculated, %: C 70.43; H 6.86; N 

10.60. 

4-Allyl-4H-spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-

cycloheptan]-5(7H)-one (14). The mixture of 2.1 g (6 mmol) of 3-allyl-2-

hydrazinyl-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (6), 
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and 15 ml of ethylorthoformate was boiled for 15 hrs with a backflow 

condenser. After distillation of ethylorthoformate excess, the precipitate was 

recrystallized from butanol. Yield 1.0 g  (46%) of 14, mp 148-150oС, Rf 0.65 

(ethyl acetate-benzene, 1:1). IR spectrum, ν, cm–1: 1600 (C=C arom); 1624 

(C=N); 1666 (C=Օ). 1H NMR spectrum (300 MHz, DMSO-d6/CCl4 1/3), δ, 

ppm: 1.24-1.36 (m, 2H, CH2 cycloheptane), 1.44-1.88 (m, 8H, 4×CH2 

cycloheptane), 2.22-2.34 (m, 2H, CH2 cycloheptane), 2.92 (s, 2Н, С7Н2), 

4.77 (dt, 2H, J=5.4, 1.5, CH2-CH=CH2), 5.25 (dq, 1H, J=10.3, 1.5, CH2-

CH=CH2), 5.38 (dq, 1H, J=17.3, 1.5, CH2-CH=CH2), 6.01 (ddt, 1H, J=17.3, 

10.3, 5.4, CH2-CH=CH2), 7.33-7.51 (m, 3H, 3×CH Ar), 7.82-7.87 (m, 1H, 

CH Ar), 8.97 (s, 1H, C1H). 13C NMR spectrum (75 MHz, DMSO-d6/CCl4 

1/3), δ, ppm: 24.0 (2×CH2 cycloheptane), 29.3 (2×CH2 cycloheptane), 34.5 

(2×CH2 cycloheptane), 40.2 (С6), 40.5 (С7Н2), 44.3 (CH2-CH=CH2), 118.4 

(CH2-CH=CH2), 124.2 (C5a), 124.4 (CH Ar), 125.3 (C Ar), 126.8 (CH Ar), 

128.3 (CH Ar), 130.6 (CH2-CH=CH2), 130.7 (CH Ar), 135.3 (C1H), 136.3 

(C Ar), 136.7 (C11b), 147.9 (C3a), 157.2 (C=O). Found, %: C 73.18;  
H 6.59; N 15.73. C22H24N4O. Calculated, %: C 73.31; H 6.71; N 15.54. 

4-Allyl-1-mercapto-4H-spiro[benzo[h][1,2,4]triazolo[4,3-

a]quinazoline-6,1'-cycloheptan]-5(7H)-one (15). The mixture of 2.1 g (6 

mmol) of 3-allyl-2-hydrazinyl-3H-spiro[benzo[h]quinazoline-5,1'-

cycloheptan]-4(6H)-one (6), 15 ml of carbon disulfide and 15 ml of pyridine 

was boiled for 20 hrs with a backflow condenser. Then the mixture was 

cooled and acidified by 10% chlorohydric acid up to pH=3.0-3.5. The 

precipitate was filtered and recrystallized from butanol. Yield 1.9 g  (81%) 

of 15, mp >250oС, Rf 0.60 (ethyl acetate-benzene, 1:5). IR spectrum, ν, cm–1: 

1600 (C=C arom); 1632 (C=N); 1673 (C=Օ). 1H NMR spectrum (300 MHz, 

DMSO-d6/CCl4 1/3), δ, ppm: 1.20-2.00 (m, 10H, 5×CH2 cycloheptane), 

2.72-3.16 (m, 2H, CH2 cycloheptane), 2.91 (s, 2Н, С7Н2), 4.60 (dt, 2H, 

J=5.4, 1.5, CH2-CH=CH2), 5.23 (dq, 1H, J=10.3, 1.5, CH2-CH=CH2), 5.34 

(dq, 1H, J=17.3, 1.5, CH2-CH=CH2), 5.94 (ddt, 1H, J=17.3, 10.3, 5.4, CH2-

CH=CH2), 7.14-7.23 (m, 2H, 2×CH Ar), 7.82-7.87 (m, 1H, CH Ar), 7.53-

7.58 (m, 1H, CH Ar), 13.81 (s, 1H, SH). 13C NMR spectrum (75 MHz, 

DMSO-d6/CCl4 1/3), δ, ppm: 24.0 (2×CH2 cycloheptane), 28.9 (2×CH2 

cycloheptane), 28.9 (2×CH2 cycloheptane), 40.1 (С6), 41.3 (С7Н2), 43.8 

(CH2-CH=CH2), 118.5 (CH2-CH=CH2), 123.7 (CH Ar), 124.0 (C5a), 126.5 

(CH Ar), 129.0 (C Ar), 129.3 (CH Ar), 129.8 (CH Ar), 130.3 (CH2-

CH=CH2), 134.8 (C Ar), 139.2 (C11b), 145.4 (C3a), 156.7 (C1), 162.5 

(C=O). Found, %: C 67.18; H 6.33; N 14.38. S 8.04. C22H24N4OS. 

Calculated, %: C 67.32; H 6.16; N 14.27; S 8.17. 

4-Allyl-1-(methylthio)-4H-spiro[benzo[h][1,2,4]triazolo[4,3-

a]quinazoline-6,1'-cycloheptan]-5(7H)-one (16). The mixture of 3.92 g  

(10 mmol) of 4-allyl-1-mercapto-4H-spiro[benzo[h][1,2,4]triazolo- 

[4,3-a]quinazoline-6,1'-cycloheptan]-5(7H)-one (15), 0.56 g  (10 mmol) of 
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KOH, 30 ml of absolute ethanol was boiled in round bottom flask with a 

backflow condenser for 30 min. Then 1.7 g (12 mmol) of methyl iodide was 

added and continued to boil for another 10 hrs. The reaction mixture was 

cooled and 20 ml of water was added. The precipitate was filtered and 

recrystallized from ethanol. Yield 3.6 g  (89%) of 16, mp 180-182oС, Rf 0.60 

(ethyl acetate-benzene, 1:1). IR spectrum, ν, cm–1: 1595 (C=C arom); 1612 

(C=C); 1662 (C=Օ). 1H NMR spectrum (300 MHz, DMSO-d6/CCl4 1/3), δ, 

ppm: 0.86-2.20 (brs, 11H, cycloheptane), 2.61 (s, 3H, CH3), 2.64-3.24 (brs, 

3H, 1×CH cycloheptane, С7Н2), 4.74 (dt, 2H, J=7.0, 1.2, CH2-CH=CH2), 

5.25 (dq, 1H, J=10.1, 1.2, CH2-CH=CH2), 5.38 (dq, 1H, J=17.0, 1.2, CH2-

CH=CH2), 6.00 (ddt, 1H, J=17.0, 10.1, 7.0, CH2-CH=CH2), 7.28-7.37 (m, 

2H, Ar), 7.38-7.46 (m, 2H, Ar). 13C NMR spectrum (75 MHz, DMSO-

d6/CCl4 1/3), δ, ppm: 16.6 (CH3), 23.9 (2×CH2 cycloheptane), 29.2 (brs, 

2×CH2 cycloheptane), 37.2 (brs, 2×CH2 cycloheptane), 40.0 (С7Н2), 41.4 

(С6), 44.1 (CH2-CH=CH2), 118.5 (CH2-CH=CH2), 124.9 (C5a), 125.3 (С1), 

125.3 (CH Ar), 126.6 (C Ar), 127.6 (CH Ar), 130.6 (2×CH Ar), 135.6 (CH2-

CH=CH2), 137.1 (C Ar), 143.8 (C11b), 149.5 (С3a), 156.7 (C5). Found, %: C 

68.11; H 6.63; N 13.63. S 8.04. C23H26N4OS. Calculated, %: C 67.95; H 

6.45; N 13.78; S 7.89. 

4-Allyl-1-(ethylthio)-4H-spiro[benzo[h][1,2,4]triazolo[4,3-

a]quinazoline-6,1'-cycloheptan]-5(7H)-one (17). Similarly, from 3.92 g  

(10 mmol) of 4-allyl-1-mercapto-4H-spiro[benzo[h][1,2,4]tri-azolo[4,3-

a]quinazoline-6,1'-cycloheptan]-5(7H)-one (15) and 1.7 g  (11 mmol) of 

ethyl iodide, 2.9 g  (69%) of 17 was obtained: mp 130-132oС, Rf 0.66 (ethyl 

acetate-benzene, 1:1). IR spectrum, ν, cm–1: 1600 (C=C arom); 1613 (C=C); 

1660 (C=Օ). 1H NMR spectrum (300 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 

0.86-2.20 (brs, 11H, cycloheptane), 1.34 (t, 3H, J=7.3, CH2-CH3), 2.64-3.24 

(brs, 3H, 1×CH cycloheptane, С7Н2), 3.16 (q, 2H, J=7.3, CH2-CH3), 4.74 

(dt, 2H, J=7.0, 1.2, CH2-CH=CH2), 5.25 (dq, 1H, J=10.1, 1.2, CH2-

CH=CH2), 5.39 (dq, 1H, J=17.0, 1.2, CH2-CH=CH2), 6.00 (ddt, 1H, J=17.0, 

10.1, 7.0, CH2-CH=CH2), 7.27-7.46 (m, 4H, Ar). 13C NMR spectrum (75 

MHz, DMSO-d6/CCl4 1/3), δ, ppm: 14.0 (CH2-CH3), 23.9 (2×CH2 

cycloheptane), 28.5 (CH2-CH3), 29.3 (brs, 2×CH2 cycloheptane), 37.2 (brs, 

2×CH2 cycloheptane), 40.1 (С7Н2), 41.4 (С6), 44.2 (CH2-CH=CH2), 118.5 

(CH2-CH=CH2), 125.0 (C5a), 125.2 (С1), 125.3 (CH Ar), 126.7 (C Ar), 

127.6 (CH Ar), 130.6 (2×CH Ar), 135.6 (CH2-CH=CH2), 137.2 (C Ar), 

142.9 (C11b), 149.4 (С3a), 156.7 (C5). Found, %: C 68.71; H 6.59; N 13.49;  

S 7.77. C24H28N4OS. Calculated, %: C 68.54; H 6.71; N 13.32; S 7.62. 

4-Allyl-1-(allylthio)-4H-spiro[benzo[h][1,2,4]triazolo[4,3-

a]quinazoline-6,1'-cycloheptan]-5(7H)-one (18). Similarly, from 3.92 g  

(10 mmol) of 4-allyl-1-mercapto-4H-spiro[benzo[h][1,2,4]triazolo[4,3-

a]quinazoline-6,1'-cycloheptan]-5(7H)-one (15) and 1.21 g (10 mmol) of 

allyl bromide, 2.5 g(58 %) of 18 was obtained: mp 129-131oС, Rf 0.67 (ethyl 
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acetate-benzene, 1:1). IR spectrum, ν, cm–1: 1600 (C=C arom); 1615 (C=C); 

1660 (C=Օ). 1H NMR spectrum (300 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 

0.84-2.18 (brs, 11H, cycloheptane), 2.62-3.22 (brs, 3H, 1×CH cycloheptane, 

С7Н2), 3.77 (dt, 2H, J=7.0, 1.2, S-CH2-CH=CH2), 4.74 (dt, 2H, J=7.0, 1.2, 

N-CH2-CH=CH2), 5.07 (dq, 1H, J=10.1, 1.2, S-CH2-CH=CH2), 5.20 (dq, 1H, 

J=17.0, 1.2, S-CH2-CH=CH2), 5.25 (dq, 1H, J=10.1, 1.2, N-CH2-CH=CH2), 

5.38 (dq, 1H, J=17.0, 1.2, CH2-CH=CH2), 5.86 (ddt, 1H, J=17.0, 10.1, 7.0, 

S-CH2-CH=CH2), 5.99 (ddt, 1H, J=17.0, 10.1, 7.0, CH2-CH=CH2), 7.28-7.47 

(m, 4H, Ar). 13C NMR spectrum (75 MHz, DMSO-d6/CCl4 1/3), δ, ppm: 

23.9 (2×CH2 cycloheptane), 28.6 (brs, 2×CH2 cycloheptane), 37.1 (brs, 

2×CH2 cycloheptane), 37.1 (S-CH2-CH=CH2), 40.0 (С7Н2), 41.3 (С6), 44.1 

(N-CH2-CH=CH2), 118.4 (N-CH2-CH=CH2), 118.5 (S-CH2-CH=CH2), 125.0 

(C5a), 125.2 (С1), 125.3 (CH Ar), 126.7 (C Ar), 127.6 (CH Ar), 130.5 (CH 

Ar), 130.6 (CH Ar), 132.1 (S-CH2-CH=CH2), 135.6 (N-CH2-CH=CH2), 

137.2 (C Ar), 142.4 (C11b), 149.4 (С3a), 156.7 (C5). Found, %: C 69.60; H 

6.71; N 13.13; S 7.58. C25H28N4OS. Calculated, %: C 69.41; H 6.52; N 

12.95; S 7.41. 

4-Allyl-1-(benzylthio)-4H-spiro[benzo[h][1,2,4]triazolo[4,3-

a]quinazoline-6,1'-cycloheptan]-5(7H)-one (19). Similarly, from 3.92 g  

(10 mmol) of 4-allyl-1-mercapto-4H-spiro[benzo[h][1,2,4]triazolo[4,3-

a]quinazoline-6,1'-cycloheptan]-5(7H)-one (15) and 1.27 g  (10 mmol) of 

chloromethyl-benzene, 4.2 g  (87%) of 19 was obtained: mp 165-166oС, Rf 

0.75 (ethyl acetate-benzene, 1:1). IR spectrum, ν, cm–1: 1595 (C=C arom); 

1612 (C=C); 1660 (C=Օ). 1H NMR spectrum (300 MHz, DMSO-d6/CCl4 

1/3), δ, ppm: 0.80-2.14 (brs, 11H, cycloheptane), 2.54-3.14 (brs, 3H, 1×CH 

cycloheptane, С7Н2), 4.28 (brs, 2H, S-CH2), 4.73 (dt, 2H, J=7.0, 1.2, CH2-

CH=CH2), 5.26 (dq, 1H, J=10.1, 1.2, CH2-CH=CH2), 5.38 (dq, 1H, J=17.0, 

1.2, CH2-CH=CH2), 6.00 (ddt, 1H, J=17.0, 10.1, 7.0, CH2-CH=CH2), 7.12-

7.43 (m, 9H, Ar). 13C NMR spectrum (75 MHz, DMSO-d6/CCl4 1/3), δ, 

ppm: 23.9 (2×CH2 cycloheptane), 28.6 (brs, 2×CH2 cycloheptane), 37.0 (brs, 

2×CH2 cycloheptane), 39.8 (С7Н2), 41.2 (С6), 41.2 (S-CH2), 44.1 (CH2-

CH=CH2), 118.4 (CH2-CH=CH2), 125.0 (C5a), 125.2 (С1), 125.2 (CH Ar), 

126.6 (C Ar), 126.4 (CH Ar), 127.6 (CH Ar),127.8 (2×CH Ar), 128.5 (2×CH 

Ar), 130.5 (CH Ar), 130.5 (CH Ar), 135.5 (CH2-CH=CH2), 135.8 (C Ar), 

137.1 (C Ar), 142.5 (C11b), 149.4 (С3a), 156.6 (C5). Found, %: C 72.11; H 

6.13; N 11.50; S 6.46. C29H30N4OS. Calculated, %: C 72.17; H 6.27; N 

11.61; S 6.64. 
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3-²ÈÆÈ-êäÆðà[´ºÜ¼à[h]ÊÆÜ²¼àÈÆÜ-5«1'-òÆÎÈàÐºäî²ÜÆ] Üàð 

²Ì²ÜòÚ²ÈÜºðÆ êÆÜÂº¼À 

²․ ê․ ²Úì²¼Ú²Ü 

3-²ÉÇÉ-2-ÃÇûùëá-2«3-¹ÇÑÇ¹ñá-1H-ëåÇñá[µ»Ý½á[h]ËÇÝ³½áÉÇÝ-5«1'-óÇÏÉáÑ»åï³Ý]-

4(6H)-áÝÇ ÏáÝ¹»ÝëÙ³Ùµ 2-µñáÙ-ý»ÝÇÉ¿Ã³ÝáÝÇ ¨ ï³ñµ»ñ Ï³éáõóí³ÍùÇ 2-ÃÇûùëáµ»Ý-
½á[h]ËÇÝ³½áÉÇÝÝ»ñÇ Ñ»ï ëÇÝÃ»½í»É »Ý 3-³ÉÇÉ-2-((2-ûùëá-2-ý»ÝÇÉ¿ÃÇÉ)ÃÇá)-3H-ëåÇ-
ñá[µ»Ý½á[h]ËÇÝ³½áÉÇÝ-5«1'-óÇÏÉáÑ»åï³Ý]-4(6H)-áÝ« 2-{[(3-³ÉÇÉ-4-ûùëá-4«6-¹ÇÑÇ¹ñá-

3H-ëåÇñá[µ»Ý½á[h]ËÇÝ³½áÉÇÝ-5«1'-óÇÏÉáÑ»åï³Ý]-2-ÇÉ)ÃÇá]Ù»ÃÇÉ}-5«5-¹ÇÙ»ÃÇÉ-5«6-

¹ÇÑÇ¹ñáµ»Ý½á[h]ËÇÝ³½áÉÇÝ-4(3H)-áÝ« 2-{[(3-³ÉÇÉ-4-ûùëá-4«6-¹ÇÑÇ¹ñá-3H-ëåÇñá[µ»Ý-
½á-[h]ËÇÝ³½áÉÇÝ-5«1'-óÇÏÉáÑ»åï³Ý]-2-ÇÉ)ÃÇá]Ù»ÃÇÉ}-5-¿ÃÇÉ-5-Ù»ÃÇÉ-5«6-¹ÇÑÇ¹ñáµ»Ý-
½á[h]ËÇÝ³½áÉÇÝ-4(3H)-áÝ ¨ 3-³ÉÇÉ-2-{[(4-ûùëá-4«6-¹ÇÑÇ¹ñá-3H-ëåÇñá[µ»Ý½á[h]ËÇ-
Ý³½áÉÇÝ-5«1'-óÇÏÉáÑ»åï³Ý]-2-ÇÉ)Ù»ÃÇÉ]ÃÇá}-3H-ëåÇñá[µ»Ý½á[h]ËÇÝ³½áÉÇÝ-5«1'-óÇÏ-
Éáå»Ýï³Ý]-4(6H)-áÝ£ 3-²ÉÇÉ-2-ÑÇ¹ñ³½ÇÝÇÉ-3H-ëåÇñá[µ»Ý½á[h]ËÇÝ³½áÉÇÝ-5«1'-óÇÏÉá-
Ñ»åï³Ý]-4(6H)-áÝÇ ÷áË³ñÏáõÙÝ»ñáí ëÇÝÃ»½í»É »Ý N'-(3-³ÉÇÉ-4-ûùëá-4«6-¹ÇÑÇ¹ñá-

3H-ëåÇñá[µ»Ý½á[h]ËÇÝ³½áÉÇÝ-5«1'-óÇÏÉáÑ»åï³Ý]-2-ÇÉ)µ»Ý½áÑÇ¹ñ³½Ç¹« N-[2-(3-³ÉÇÉ-

4-ûùëá-4«6-¹ÇÑÇ¹ñá-3H-ëåÇñá[µ»Ý½á[h]ËÇÝ³½áÉÇÝ-5«1'-óÇÏÉáÑ»åï³Ý]-2-ÇÉ)ÑÇ¹ñ³½Ç-
ÝáÏ³ñµáÝáÃÇáÇÉ]µ»Ý½³ÙÇ¹« 2-(³ñÇÉÇ¹»Ý-ÑÇ¹ñ³½ÇÝÇÉ)-3-³ÉÇÉ-3H-ëåÇñá[µ»Ý½á[h]ËÇ-
Ý³½áÉÇÝ-5«1'-óÇÏÉáÑ»åï³Ý]-4(6H)-áÝ« 4-³ÉÇÉ-4H-ëåÇñá[µ»Ý½á[h][1«2«4]ïñÇ-³½á-
Éá[4«3-a]ËÇÝ³½áÉÇÝ-6«1'-óÇÏÉáÑ»åï³Ý]-5(7H)-áÝ ¨ 4-³ÉÇÉ-1-Ù»ñÏ³åïá-4H-ëåÇ-
ñá[µ»Ý½á[h][1«2«4]ïñÇ³½áÉá[4«3-a]ËÇÝ³½áÉÇÝ-6«1'-óÇÏÉáÑ»åï³Ý]-5(7H)-áÝ£ ì»ñçÇÝë 

ï³ñµ»ñ Ï³éáõóí³ÍùÇ Ñ³Éá·»ÝÇ¹Ý»ñáí ³ÉÏÇÉ³óÝ»Éáí ÷áË³ñÏí»É ¿ 1-³ÉÏÇÉÃÇá³Í³Ýó-
Û³ÉÝ»ñÇ£ 

 

СИНТЕЗ НОВЫХ ПРОИЗВОДНЫХ 

3-АЛЛИЛ-СПИРО[БЕНЗО[h]ХИНАЗОЛИН-5,1'-ЦИКЛОГЕПТАНА] 
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В результате конденсации 3-аллил-2-тиоксо-2,3-дигидро-1H-спиро[бен-

зо[h]хиназолин-5,1'-циклогептан]-4(6H)-она с фенацилбромидом и 2-тиоксобен-

зо[h]хиназолинами различного строения синтезированы 2-метилтиопроизводные 

спиро[бензо[h]хиназолин-5,1'-циклогептана]. Превращениями 3-аллил-2-гидрази-

нил-3H-спиро[бензо[h]хиназолин-5,1'-циклогептан]-4(6H)-она синтезированы 

бензгидразид, гидразинокарбонотиоилбензамид, арилиденгидразиды спиробен-

зо[h]хиназолинового ряда, а также 4-алил-4H-спиро[бензо[h][1,2,4]триазоло[4,3-

a]хиназолин-6,1'-циклогептан]-5(7H)-он и 4-алил-1-меркапто-4H-спиро[бен-

зо[h][1,2,4]триазоло[4,3-a]хиназолин-6,1'-циклогептан]-5(7H)-он. Последний алки-

лированием с различными галогенидами переведен в 1-алкилтиопроизводные. 
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Реакцией аминокислот с алкиловыми спиртами (метанол, этанол, пропанол) в присутст-

вии дихлордиметилсилана синтезированы гидрохлориды алкиловых эфиров некоторых 

природных α- и β-аминокислот, а также фталоиламинокислот и п-аминобензойной кислоты. 

Процесс проводится при комнатной температуре или при кипячении реакционной смеси и 

приводит к высоким выходам (75-99%) целевых продуктов. В случае аспарагина и глутамина 

протекает параллельная реакция за счет боковых амидогрупп с получением диметиловых 

эфиров аспарагинoвой и глутаминовой кислот. Исследовано влияние продолжительности 

реакции и соотношение реагентов, а также количества спирта на выход целевых продуктов. 

Табл. 2, библ.ссылок 13. 

 

Алкиловые эфиры аминокислот нашли широкое применение в 

синтезе пептидов [1], физиологически активных соединений [2,3] и по-

лимеров [4,5]. В синтезе алкиловых эфиров аминокислот применялись 

такие производные кремния, как тетрахлорсилан [6] и триметилхлорси-

лан [7-10]. Последний был применен также в синтезе эфиров N-заме-

щенных аминокислот и пептидов [11]. 

Настоящая работа посвящена исследованию возможности примене-

ния дихлордиметилсилана (ДХДМС) для синтеза гидрохлоридов 

алкиловых эфиров как природных аминокислот (9-20,25,26), так и их N-

замещенных аналогов (30-36) и п-аминобензойной кислоты (38). 

Синтез целевых соединений осуществлен при комнатной темпера-

туре взаимодействием ДХДМС и аминокислоты в спирте. 

mailto:ani.makichyan@rau.am
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При этом соотношение ДХДМС к аминокислоте варьировалось в 

пределах 2:1 эквивалента. Как показывают данные, приведенные в 

табл. 1, гидрохлорид метилового эфира глицина (10) получается с высо-

ким выходом при соотношении ДХДМС – аминокислота 2:1 и 1.5:1 при 

проведении синтеза в течение 24 ч. Однако в случае соотношения 

реагентов 1:1 в течение 24 ч выход целевого продукта 10 составляет 

68%. Соединение 10 с высоким выходом (99%) получается также при 

соотношении ДХДМС/глицин 1.5:1 в течение 3 ч. 

Установлено, что на выход целевого продукта влияет также поря-

док добавления реагентов. В случае добавления ДХДМС к глицину и 

прикапывания метанола продукт – метиловый эфир 10, получен с отно-

сительно более высоким выходом, чем при добавлении ДХДМС к сус-

пензии глицина с метанолом (см. опыт 6 табл.1). 

Таблица 1 

Зависимость выхода гидрохлорида метилового эфира глицина (9) 

от условий проведения синтеза 

 

№ 

опыта 

Соотношение 

аминокислота/ДХДМС, 

моль  

Объем 

растворителя/ 

глицин, 

мл/моль 

Время 

реакции, 

ч 

Выход 

эфира 

IIа, % 

1 1 : 2  10 / 0.01 24 99.2 

2 1 : 2 5 / 0.01 24 90.3 

3 1 : 1,5 10 / 0.01 24 98.8 

4 1 : 1,5 5 / 0.01 24 96.4 

5 1 :1,5 5 / 0.01 3 99.0 

6 1 : 1 10 / 0.01 24 68.0* 

*При изменении порядка добавления реагентов выход 48.0%. 

 

В связи с этим алкиловые (метиловые, этиловые и пропиловые) 

эфиры ряда аминокислот получены при соотношении 1:1.5 или 1:2 при 

комнатной температуре в течение 3-24 ч (табл.2). 
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В случае этерификации глицилглицина (21) в присутствии ДХДМС 

при комнатной температуре в течение 24 ч нами выделена смесь гидро-

хлоридов метилового эфира глицилглицина (22) и глицина (9) в соотно-

шении 4:1, соответственно (определен ЯМР спектроскопией). 

 

Таблица 2 

Зависимость выхода гидрохлоридов метиловых эфиров 

аминокислот (10-21) от условий проведения синтеза 

Соеди-

нение 

Соотношение 

аминокислота/Д

ХДМС 

Продол-

житель-

ность 

реакции, ч 

Выход 

эфира, 

% 

 

Rf 

 

Т. пл., оС 

полученный в литературе 

9 1:1.5 24 98.8 0.50 174-175 175 /1/ 

10 1:1.5 3 79.1 0.57 141-142 144 /1/ 

10 1:1.5 24 79.9 – – – 

11 1:2 24 89.9 0.76 79-81 – 

12 1:2 24 96.4 0.67 154-157 158-158,5 /1/ 

13 1:1.5 24 97.0 0.77 83-85 86,5-87 /1/ 

14 1:2 24 71.4 0.90 118-120 120-122/1/ 

15 1:1.5 24 95.8 0.38 162-164 165-166/1/ 

16 1:1.5 3 97.6 0.77 152-154 158/1/ 

16 1:1.5 24 99.0 – – – 

17 1:2 24 99.0 0.88 186-188 190/1/ 

18 1:1.5 24 96.2 0.81 212-214 214/1/ 

19 1:1.5 3 95.7 0.44 104-105 103-104/12/ 

19 1:1.5 24 90.3 – – – 

20 1:1.5 24 91.7 0.65 70-72 – 

 

Очевидно, что в этом случае происходит частичная трансформация 

пептидной связи в эфирную. Похожий результат зафиксирован в случае 

этерификации этим методом аспарагина (23) и глутамина (24), по-

лучены диметиловые эфиры аспарагиновой (25) и глутаминовой кислот 

(26). Трансформация амидной или имидной групп в сложноэфирную 

под воздействием хлортриметилсилана наблюдалась и ранее [12,13]. 
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С целью выяснения стабильности фталоильной N-защитной группы 

в условиях предлaгаемого метода синтеза эфиров аминокислот нами 

исследован синтез алкиловых эфиров ряда фталоиламинокислот (30-

36). 

 

При этом установлено, что в присутствии 1.5 эквивалента ДХДМС 

при комнатной температуре в течение 24 ч выход метилового эфира 

фталилглицина (30) составляет 95%. Хорошие результаты получены 

также в случае фталил-β-аланина (28) и фталил-γ-аминомасляной кис-

лоты (29). Выходы алкиловых эфиров этих аминокислот (30-36) колеб-

лются в пределах 80-95%. На примере синтеза метилового эфира фта-

лоил-β-аланина установлено, что фталильная группа сохраняется даже 

в случае кипячения реакционной смеси в течение 3 ч.  

ДХДМС нами использован также для этерификации п-аминобен-

зойной кислоты (37). В этом случае реакцию проводили при 

соотношении аминокислота – ДХДМС, 1:2 и кипячении реакционной 

среды. При этом целевой метиловый эфир п-аминобензойной кислоты 

(38) получен с выходом 75.8%. 

 

Таким образом, разработан простой и высокоэффективный метод 

синтеза алкиловых эфиров как аминокислот, так и фталоиламинокис-

лот. 
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Экспериментальная часть 

Температура плавления измерены на приборе "Boetus" (Германия). 

ИК-спектры синтезированных соединений сняты в вазелиновом масле 

на спектрометре "Specord M-80". Спектры Спектр ЯМР 1H и 13C 

растворов этих соединений в ДМСО-d6 сняты на спектрометре 

"Mercury-300" (300 МГц). Элементный анализ выполнен на анализаторе 

"EuroEA3000 CHNS-O". 

Общая методика синтеза гидрохлоридов алкиловых эфиров 

аминокислот (9-20). К 0.01 моля соответствующей аминокислоты по 

каплям добавляли 0.02 моля (0.015 или 0.01 моля) дихлордиметилсила-

на и 50 мл (25 мл) соответствующего спирта. При этом получается го-

могенный раствор. В случае глицина наблюдается выпадение осадка. 

Через 24 ч (3 ч) растворитель удаляли на роторном испорителе, к остат-

ку добавляли 25 мл диэтилового эфира, протирали, оставляли при ком-

натной температуре 1 ч, отфильтровали и сушили на воздухе. Пере-

кристаллизацию проводили из смеси этанол-эфир. 

Гидрохлорид метилового эфира глицина (9). Выход 98.8%, т.пл 

175-177оС. Rf 0.46. ИК-спектр, ν, см-1: 1747 (СО-эфирн.). Спектр ЯМР 
1Н, δ, м.д.: 3.71 с (2Н, СН2), 3.99 с (3Н, ОСН3), 8.78 ш.с. (3Н, NH2 и 

HCl). Спектр ЯМР 13С, δ, м.д.: 39.2 (CH2), 51.9 (OCH3), 167.3 (CO). 

Найдено, %: C 28.97; H 6.71; N 10.93. C3H8ClNO2. Вычислено, %: C 

28.70; H 6.42; N 11.16. 

Гидрохлорид этилового эфира глицина (10). Выход 67.1% (3 ч), 

79.9% (24 ч), т.пл. 140-141оС. Rf 0.57. ИК-спектр, ν, см-1: 1745 (СО-

эфирн.). Спектр ЯМР 1Н, δ, м.д., Гц: 1.30 т (3Н, CH3, J=7.1), 3,69 с (2H, 

NCH2), 4.23 к (2H, OCH2, J=7.1), 8.71 уш.с. (3H, NH2 и HCl). Спектр 

ЯМР 13C, δ, м.д.: 13,7 (CH3), 39.4 (NCH2), 61.0 (OCH2), 166.8 (CO). 

Найдено, %: C 34.06; H 7.59; N 9.81. C4H10ClNO2. Вычислено, %: C 

34.42; H 7.22; N 10.04. 

Гидрохлорид пропилового эфира глицина (11). Выход 99.8% 

(24 ч), т.пл. 60-62оС. Rf 0.76. ИК-спектр, ν, см-1: 1753 (CO-эфирн.). 

Спектр ЯМР 1Н, δ, м.д., Гц: 0.95 т (3H, CH3, J=7.4), 1,61-1.73 м (2H, 

CH2CH3), 3.70 с (2H, NCH2), 4.12 т (2H, OCH2, J=6.7), 8.73 уш.с (3H, 

NH2 и HCl). Спектр ЯМР 13C, δ, м.д.: 9.9 (CH3), 21.3 (CH2), 39.4 (NCH2), 

66.5 (OCH2), 166.9 (CO). Найдено, %: C 39.28; H 7.54; N 9.36. 

C5H12ClNO2. Вычислено, %: C 39.09; H 7.88; N 9.12. 

Гидрохлорид метилового эфира DL-аланина (12). Выход 94% 

(3 ч), т.пл. 154-157оС. Rf 0.85. ИК-спектр, ν, см-1: 1746 (СО-эфирн.). 

Спектр ЯМР 1Н, δ, м.д., Гц: 1,52 д (3Н, СН3, J=7.2), 3,77 с (3Н, ОСН3), 

3,96 к (1Н, СН, J=7.2), 8,82 ш.с (3Н, NH2 и HCl). Спектр ЯМР 13С, δ, 

м.д.: 15,4 (CH3), 47.7 (CH), 52,2 (OCH3), 169,8 (CO). Найдено, %: C 
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34.02; H 7.46; N 10.39. C4H10ClNO2. Вычислено, %: C 34.42; H 7.22; N 

10.04. 

Гидрохлорид этилового эфира DL-аланина (13). Выход 97.6% 

(24 ч), т.пл. 83-85оС. Rf 0.78. ИК-спектр, ν, см-1: 1751 (СО-эфирн.). 

Спектр ЯМР 1Н, δ, м.д., Гц: 1.30 т (3H, CH3CH2, J=7.1), 1.51 д (3H, 

CH3CH, J=7.2), 3.91 к (1H, CH), 4.21 к (2H, CH2, J=7.1), 8.83 уш.с (3H, 

NH2 и HCl). Спектр ЯМР 13C, δ, м.д.: 13.7 (CH3), 15.4 (CH3), 47.7 (CH), 

61.1 (CH2), 169.3 (CO); Найдено, %: C 39.40; H7.56; N9.21. C5H12ClNO2. 

Вычислено, %: C 39.09; H 7.88; N 9.12. 

Гидрохлорид метилового эфира DL-валина (14). Выход 71.4% 

(24 ч), т.пл. 118-120оС. Rf 0.78. ИК-спектр, ν, см-1:1751 (СО-эфирн.). 

Спектр ЯМР 1Н, δ, м.д., Гц: 0,99 д (3Н, СН3, J=6.9), 1,05 д (3Н, СН3, 

J=6.9), 2,29 сеп. д (1Н, СН, J=6.9, 4.8), 3,69 д (1Н, CH, J=4.8), 3.76 с 

(3H, ОСН3), 8,89 уш.с (3Н, NH2 и HCl). Спектр ЯМР 13С, δ, м.д.: 17.4 

(CH3), 18.5 (CH3), 29.0 (CH), 51.8 (OCH3), 57,2 (NCH), 168,5 (CO). 

Найдено, %: C 42.61; H 8.70; N 8.03. C6H14ClNO2. Вычислено, %: C 

42.99; H 8.42; N 8.36. 

Гидрохлорид метилового эфира L-серина (15). Выход 94% (3 ч), 

т.пл. 162-164оС. Rf 0.85. ИК-спектр, ν, см-1: 1750 (СО-эфирн.); 3345 

(ОН). Спектр ЯМР 1Н, δ, м.д.: 3,80 с (3Н, ОСН3), 3,85-399 т (3Н, CH и 

СН2), 5,45 ш.с (1Н, ОН) 8,72 ш.с (3Н, NH2 и HCl). Спектр ЯМР 13С, δ, 

м.д.: 52.1 (OСН3), 54.5 (OСН2), 59.3 (СН), 167.9 (CO). Найдено, %: C 

31.52; H 5.99; N 9.33. C4H9ClNO3. Вычислено, %: C 31.08; H 5.87; N 

9.06. 

Гидрохлорид метилового эфира DL-фенилаланина (16). Выход 

95.8% (24 ч), т.пл. 152-154оС. Rf 0.38. ИК-спектр, ν, см-1:1745 (СО-

эфирн.). Спектр ЯМР 1Н, δ, м.д., Гц: 3.15 д.д (1Н, СН2, J=13.9, 8,1), 3.34 

д.д (1Н, СН2, J=13.9, 5.2), 3.66 c (3Н, OСН), 4.10 д.д (1Н, ОСН), 7.18-

7.35 м (5Н, C6H5), 9.02 уш.с (3Н, NH2 и HCl). Спектр ЯМР 13С, δ, м.д.: 

35,7 (CH2), 51.8 (OCH3), 53.2 (CH), 126.6 (CH), 128.0 (2CH), 129.1 

(2CH), 134.6, 168.8 (CO). Найдено, %: C 55.48; H 6.39; N 6.09. 

C10H13ClNO2. Вычислено, %: C 55.95; H 6.10; N 6.53. 

Гидрохлорид метилового эфира L-тирозина (17). Выход 97.6% 

(24 ч), т.пл. 186-188оС. Rf 0.77. ИК-спектр, ν, см-1:1743 (СО-эфирн.), 

3470 (ОН). Спектр ЯМР 1Н, δ, м.д., Гц: 3.08 д.д (1H, СН2, J=14.1, 7.1), 

3.16 д.д (1Н, СН2, J=14.1, 5.3), 3.71 с (3Н, ОСН3), 4.02 д.д (1Н, СН, 

J=7.1, 5.3), 6.67-6.72 м (2H, C6H4), 6.97-7.02 м (2Н, С6Н4), 8.83 уш.с (3Н, 

NH2 и HCl), 9.08 уш.с (1Н, ОН). Спектр ЯМР 13С, δ, м.д.: 34.8 (CH2), 

51.8 (OCH3), 53.3 (CH), 115.2 (2CH), 123.8, 129.9 (2CH), 156.6, 168,9 

(CO). Найдено, %: C 51.57; H 6.42; N 6.43. C10H14ClNO3. Вычислено, %: 

C 51.84; H 6.09; N 6.05. 

Гидрохлорид метилового эфира L-триптофана (18). Выход 100% 

(24 ч) 92% (3 ч), т.пл. 212-214оС. Rf 0.88. ИК-спектр, ν, см-1: 1736 (СО-
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эфирн.). Спектр ЯМР 1Н, δ, м.д., Гц: 3.42 д (2Н, CH2, J=6.0), 3.68 c (3H, 

OCH3), 4.12 т (1H, CH, J=6.0); 6.96 д.д.д (1H, C6H4, J=7.7, 7.1, 1.2), 7.03 

д.д.д (1H, C6H4, J=8.0, 7.1, 1,2), 7.30 д (1H, =CH, J=2.5), 7.36 уш.д. (1Н, 

C6H4, J=8.0), 7.47 уш.с. (3H, NH2 и HCl), 10.99 уш.д (1H, NH, J=2.5). 

Спектр ЯМР 13C, δ, м.д.: 25.8 (CH2), 52.0 (OCH3), 52.4 (CH), 105.8, 111,2, 

117.5, 118.1, 120.5, 124.9, 126.7, 136,1, 169.2. Найдено, %: C 60.09; H 

6.51; N 5.60. C12H15ClNO2. Вычислено, %: C 59.88; H 6.28; N 5.82. 

Гидрохлорид метилового эфира β-аланина (19). Выход 96.2% 

(24 ч), т.пл. 198-202оС. Rf 0.81. ИК-спектр, ν, см-1: 1739 (СО-эфирн.). 

Спектр ЯМР 1Н, δ, м.д, Гц: 2.78 т (2Н, J=7.3, СН2CO); 3.05 т (2Н, J=7.3, 

NСН2); 3,67 с (3Н, ОСН3); 8.41 уш.с (3H, NH2 и HCl). Спектр ЯМР 13C, 

δ, м.д.: 31.0 (CH2); 34.4 (NCH2); 52.2 (OCH3); 170.0 (CO). Найдено, %: C 

34.69; H 7.51; N 9.73. C4H10ClNO2. Вычислено, %: C 34.42; H 7.22; N 

10.04. 

Гидрохлорид пропилового эфира β-аланина (20). Выход 90.3% 

(24 ч) 95.7% (3 ч), т.пл. 77-80оС. Rf 0.41. ИК-спектр, ν, см-1: 1733 (СО-

эфирн.). Спектр ЯМР 1Н, δ, м.д. Гц: 0.96 т (3Н, CH3, J=7.4), 1.59-1.2 м 

(2H, CH2CH3), 2.76 т (2H, СН2CO, J=7.3), 3.04 т (2Н, NСН2, J=7.3), 4.02 

т (2H, OСН2, J=6.7), 8.40 уш.с (3H, NH2 и HCl). Спектр ЯМР 13C, δ, м.д.: 

9.9 (СН3), 21.3 (СН2), 31.0 (СН2CO), 34.3 (NСН2), 65.4 (OСН2), 169.6 

(CO).). Найдено, %: C 43.36; H 7.61; N 8.23. C6H12ClNO2. Вычислено, %: 

C 43.51; H 7.30; N 8.46. 

Синтез диметиловых эфиров аспарагиновой и глутаминовой 

кислот из аспа-рагина и глутамина (25, 26). К суспензии 0.02 моля 

аспарагина (глутамина) в 22 мл метанола добавляли 7.7 г (0.06 моля) 

ДХДМС, нагревали на водяной бане до гомогенизации и оставляли при 

комнатной температуре на 24 ч. Растворитель удаляли на роторном 

испорителе, к остатку добавляли 50 мл диэтилового эфира, протирали, 

оставляли при комнатной температуре на 1 ч, отфильтровали и сушили 

на воздухе. Перекристаллизацию проводили из смеси этанол-эфир. 

Диметиловый эфир DL-аспарагиновой кислоты (25). Выход 

71% (24 ч), т.пл. 96-98оС. Rf 0.65. ИК-спектр, ν, см-1: 1747 (СО-эфирн.). 

Спектр ЯМР 1Н, δ, м.д., Гц: 3.08 д (2H, CH2, J=5.6), 3.70 с (3H,OCH3), 

3.79 с (3H,OCH3), 4.24 т (1H, CH, J=5.6), 9.04 ш,с (3Н, NH2 и HCl). 

Спектр ЯМР 13C, δ, м.д.: 33.7 (CH2), 48.2 (CH), 51.5 (OCH3), 52.3 

(OCH3), 168.1 (CO), 169.0 (CO). Найдено, %: C 53.21; H 8.75; N 8.01. 

C6H14ClNO2. Вычислено, %: C 42.99; H 8.42; N 8.36. 

Диметиловый эфир L-глутаминовой кислоты (26). Выход 75% 

(24 ч), т.пл. 99-102оС. Rf 0.73. ИК-спектр, ν, см-1: 1733, 1745 (СО-

эфирн.). Спектр ЯМР 1Н, δ, м.д., Гц: 2.13-2.21 м (2H, CH2), 2.44-2.67 м 

(2H, COCH2), 3.65 с (3H, OCH3), 3.79 с (3H, OCH3), 3.98 т (1H, CH, 

J=6.7), 8.96 уш.с (3H, NH2 и HCl). Спектр ЯМР 13C, δ, м.д.: 24.9 (CH2), 

28.8 (CH2), 50.9 (OCH3), 51.0 (OCH3), 52,1 (CH), 168.9 (CO), 171.5 (CO). 
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Найдено, %: C 36.53; H 6.39; N 7.23. C6H13ClNO4. Вычислено, %: C 

36.28; H 6.60; N 7.05. 

Синтез алкиловых эфиров фталоиламинокислот (30-35). К 

суспензии 0.01 моля фталоиламинокислоты в 20 мл метанола добавляли 

1.9 г (0.015 моля) ДХДМС, нагревали до полной гомогенизации и 

оставляли при комнатной температуре на 24 ч. Растворитель удаляли на 

роторном испорителе, к остатку добавляли 40 мл гексана, протирали, 

оставляли при комнатной температуре на 4 ч, отфильтровывали и 

сушили на воздухе. Перекристаллизацию проводили из гексана. 

Метиловый эфир фталоилглицина (30). Выход 92.6% (24 ч), т.пл. 

108-110оС. Rf 0.81. ИК-спектр, ν, см-1: 1730 (СО-эфирн.). Спектр ЯМР 
1Н, δ, м.д.: 3.76 с (3H, OCH3), 4.38 c (2H, CH2), 7.79-7.92 м (4H, C6H4). 

Спектр ЯМР 13C, δ, м.д.: 38.1 (CH2), 51.8 (OCH3), 123.0 (2CH), 131 (2C), 

133,8 (2CH), 166,2 (2CO), 166.8 (OCO). Найдено, %: C 47.11; H 8.09; N 

7.51. C7H14ClNO2. Вычислено, %: C 46.80; H 7.85; N 7.80. 

Этиловый эфир фталоилглицина (31). Выход 95.2% (24 ч), т.пл. 

98-100оС. Rf 0.62. ИК-спектр, ν, см-1: (СО-эфирн.). Спектр ЯМР 1Н, δ, 

м.д., Гц: 1H: 1.30 т (3H, CH3, J=7.1), 4,21 к (2H, OCH2, J=7.1); 4.35 с (2H, 

NCH2), 7.80-7.92 м (4H, C6H4). Спектр ЯМР 13C, δ, м.д.: 13.7 (CH3), 38.2 

(NCH2), 60.8 (OCH2), 123.0 (2CH), 131.4 (2C), 133.8 (2CH), 166.2 (OCO), 

166.3 (2CO). Найдено, %: C 59,89; H 4.36; N 6.03. C11H9NO4. 

Вычислено, %: C 60.27; H 4.14; N 6.39. 

Метиловый эфир фталоил-β-аланина (32). Выход 92.9% (3 ч), 

т.пл. 68-72оС. Rf 0.79. ИК-спектр, ν, см-1: 1734 (СО-эфирн.). Спектр 

ЯМР 1Н, δ, м.д., Гц: 1H: 2.67 т (2H, COCH2, J=7.3), 3.64 с (3H, OCH3), 

3.88 т (2H, NCH2, J=7.3), 7.75-7.86 м (4H, C6H4). Найдено, %: C 62.04; H 

4.59; N 5.79. C12H11NO4. Вычислено, %: C 61.80; H 4.75; N 6.01. 

Этиловый эфир фталоил-β-аланина (33). Выход 45.1% (3 ч), т.пл. 

52-56оС. Rf 0.82. ИК-спектр ν, см-1: 1730 (СО-эфирн.). Спектр ЯМР 1Н, 

δ, м.д., Гц: 1.22 т (3H, CH3, J=7.1), 2.65 т (2H, COCH2, J=7.2), 3.88 т (2H, 

NCH2, J=7.2); 4.07 к (2H, OCH2, J=7.1), 7.75-7.87 м (4H, C6H4). Спектр 

ЯМР 13С, δ, м.д.: 13.6 (CH3), 32.2 (CH2), 33.1 (CH2), 59.6 (ОCH2), 122.6 

(2CH), 131.5 (2C), 133.5 (2CH), 166.7 (OCО), 169.3 (2CО). Найдено, %: 

C 63.29; H 5.16; N 5.39. C13H13NO4. Вычислено, %: C 63.15; H 5.30; N 

5.67. 

Пропиловый эфир фталоил-β-аланина (34). Выход 86.9% (24 ч), 

т.пл. 60-62оС. Rf 0.82. ИК-спектр ν, см-1: 1724 (СО-эфирн.). Спектр ЯМР 
1Н, δ, м.д., Гц: 0.92 т (3Н, CH3, J=7.4), 1.55-1.67 м (2H, CH2CH3), 2.66 т 

(2H, COCH2, J=7,3), 3.88 т (2H, NCH2, J=7.3), 3.98 т (2H, OCH2, J=6.7), 

7.75-7.86 м (4H, C6H4). Спектр ЯМР 13С, δ, м.д.: 9.9 (CH3), 21.2 (CH2), 

32.2 (CH2), 33.1 (CH2), 65.3 (OCH2), 122.6 (2CH), 131.5 (2C), 133.5 

(2CH), 166.6 (OCO), 169.4 (2CO). Найдено, %: C 64.02; H 6.05; N 5.13. 

C14H15NO4. Вычислено, %: C 64.36; H 5.79; N 5.36. 
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Метиловый эфир фталоил-γ-аминомасляной кислоты (35). 

Выход 94.6% (24 ч), т.пл. 72-76оС. Rf 0.62. ИК-спектр, ν, см-1: 1729 (СО-

эфирн.). Спектр ЯМР 1H, δ, м.д., Гц: 1.94 т.т (2H, CH2, J=7.3, 6.8), 2.34 т 

(2H, COCH2, J=7.3), 3.59 с (3H, OCH3), 3.67 т (2H, NCH2, J=6.8), 7.74-

7.86 м (4H, C6H4). Спектр ЯМР 13С, δ, м.д.: 23.2 (CH2), 0.4 (CH2), 36.4 

(NCH2), 50.6 (OCH3), 122.5 (2CH), 131.5 (2C), 133.4 (2CH), 167.0 (2CO), 

171.5 (OCO). Найдено, %: C 62.95; H 5.51; N 5.89. C13H13NO4. 

Вычислено, %: C 63.15; H 5.30; N 5.67. 

Пропиловый эфир фталоил-γ-аминомасляной кислоты (36). 

Выход 75% (24 ч), т.пл. 43-45оС. Rf 0.86. ИК-спектр, ν, см-1: 1735 (СО-

эфирн.). Спектр ЯМР 1Н, δ, м.д., Гц: 0.94 т (3H, CH3, J=7.4), 1.55-1.67 м 

(2H, СН2CH3), 1.99 т.т (2H, CH2, J=7.3, 6.8), 2.33 т (2H, СОCH2, J=7.3), 

3.67 т (2H, NCH2, J=6.8), 3.94 т (2H, ОCH2, J=6.7); 7.74-7.85 м (4H, 

C6H5). Спектр ЯМР 13С, δ, м.д.: 9.9 (CH3), 21.3 (CH2), 23.2 (CH2), 30.6 

(CH2), 36.4 (NCH2), 64.9 (OCH2), 122.5 (2CH), 131.5 (2C), 133.4 (2CH), 

167.0 (OCO), 171.1 (2CO). Найдено, %: C 65.12; H6.43; N5.21. 

C15H17NO4. Вычислено, %: C 65.44; H 6.23; N 5.09. 

Гидрохлорид метилового эфира п-аминобензойной кислоты 

(38). Выход 75.8%, т.пл. 137-140оС. Rf 0.87. ИК-спектр, ν, см-1: 1726 

(СО-эфирн.). Спектр ЯМР 1Н, δ, м.д.: 3.85 с (3H, OCH3), 7.31-7.36 м 

(2H, C6H4), 7.90-7.95 м (2H, C6H4), 9.57 уш.с (3H, NH2 и HCl). Спектр 

ЯМР 13С, δ, м.д.: 51.4 (OCH3), 121.0 (2CH), 126.2; 130.3(2CH), 139.8, 

165,0 (CO). Найдено, %: C 50.89; H 5.44; N 7.11. C8H10ClNO2. 

Вычислено, %: C 51.21; H 5.37; N 7.47. 
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SIMPLE AND HIGHLY EFFECTIVE SYNTHESIS 

OF ALKYL ESTERS OF AMINO ACIDS 
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The reaction of amino acids with alkyl alcohols (methanol, ethanol, propanol) in 

the presence of dichlorodimethylsilane synthesized hydrochlorides of alkyl esters of 

certain natural α- and β-amino acids, as well as phthaloylamino acids and p-

aminobenzoic acid. The process is carried out at room temperature or by boiling the 

reaction mixture leading to high yields (75-99%) of the target products. It was found that 

in the case of asparagine and glutamine, a parallel reaction proceeds due to amide side 

groups, affording dimethyl esters of aspartic and glutamic acids. The effect of the 

reaction time and the ratio of reagents, as well as the amount of alcohol on the yield of 

the target products was investigated.  
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Установлено, что трёхкомпонентное взаимодействие ариламидоэфиров малоновой 

кислоты, ароматических альдегидов и динитрила малоновой кислоты протекает при 

комнатной температуре в присутствии триэтиламина с образованием алкил 6-амино-1,4-

диарил-2-оксо-5-циано-1,2,3,4-тетрагидропиридин-3-карбоксилатов с выходами 47-98%. 

Согласно данным ЯМР спектроскопии, если в исходных соединениях ароматическое кольцо 

амидной части молекулы содержит орто-заместитель, то полученные продукты существуют в 

растворе в виде двух ротамеров. 

Рис. 2, табл. 1, библ. ссылок 12. 

 

Известно, что производные пиридина широко распространены в 

природе и представляют большой интерес в качестве физиологически 

активных соединений. Функционализированные пиридины пригодны 

для лечения себорейного дерматита [1], болезни Альцгеймера [2], 

заболеваний ЦНС [3] и могут проявлять антибактериальную [4] 

противоопухолевую активность [5]. Для синтеза указанных типов 

соединений исследователи часто применяют реакции нуклеофильного 

присоединения к электрофильной двойной (C=C) связи. В качестве 

потенциального нуклеофила (C-H кислота), чаще всего, используют 

амиды различных кислот. В этом аспекте недавно нами было показано, 

что при взаимодействии ариламидоэфиров малоновой кислоты с 

арилметилиденмалонодинитрилом в присутствии триэтиламина или 
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пиперидина образуются этил 6-амино-1,4-диарил-2-оксо-5-циано-

1,2,3,4-тетрагидропиридин-3-карбоксилаты [6]. 

С целью расширения методов синтеза указанных соединений в 

данной работе исследованы однореакторные трёхкомпонентные 

взаимодействия с участием ариламидоэфиров малоновой кислоты (1), 

ароматических альдегидов (2) и динитрила малоновой кислоты (3). При 

трёхкомпонентном варианте взаимодействия промежуточно могут 

образоваться два электрофильных алкена 4, 5 (реакция Кневенагеля), 

которые, реагируя с нуклеофилами 1 или 3, могут давать либо 

соединение 9 [7] (путь В), либо соединение 10 [6] (путь А или Б), или 

же соединение 11 (путь Г, схема). 

Исследования показали, что при комнатной температуре в 

присутствии триэтиламина взаимодействие протекает с образованием 

алкил 6-амино-1,4-диарил-2-оксо-5-циано-1,2,3,4-тетрагидропиридин-3-

карбоксилатов (10) с выходами 47-98%. 

 
Строение производных тетрагидропиридина 10а-н предложено на 

основании данных ИК, ЯМР (1Н, 13С) спектроскопии, а также РСА. По 

данным ЯМР 1Н соединений 10и-н, если в исходных соединениях аро-
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матическое кольцо амидной части молекулы содержит орто-замести-

тель, то полученные продукты в растворе находятся в виде двух рота-

меров, приблизительно в равных долях [8] (в экспериментальной части 

сигналы второго ротамера обозначены звёздочкой). То, что указанные 

соединения (10и-н) существуют в виде двух ротамеров, свидетельст-

вует и тот факт, что при наличии двух заместителей (CH3) в орто- и 

пара-положениях соединения (10м,н) химсдвиг протонов пара-замести-

теля не меняется. 

Трёхкомпонентное взаимодействие протекает последовательно, по 

типу домино: реакция Кнёвенагеля – реакция Михаэля – нуклеофиль-

ное присоединение амидной группы к карбонитрильной. По всей ве-

роятности, на начальной стадии в реакцию Кнёвенагеля вступают 

соединения 2 и 3 с образованием арилметилиденмалонодинитрила 5. 

Вторая часть взаимодействия – присоединение по реакции Михаэля, 

т.е. соединения 1 к непредельному динитрилу 5, приводит к аддукту 7, 

который далее подвергается внутримолекулярной циклизации (соед. 8). 

Взаимодействие завершается изомеризацией соединения 8 в производ-

ное тетрагидропиридина 10. Надо отметить, что не исключена возмож-

ность образования аддукта 7 и по пути Б, поскольку ранее было показа-

но, что при взаимодействии амидоэфиров малоновой кислоты 1 с аро-

матическими альдегидами 2 образуются производные глутаримида 9 

(путь В) [7]. Наличие в реакционной среде более сильной C−H кислоты 

3, чем амидоэфир 1, объясняет отсутствие соединения 9 в продуктах 

трёхкомпонентной реакции. В продуктах реакции не зафиксировано 

также соединение 11 (путь Г). Нужно заметить, что при трёхкомпонент-

ном взаимодействии выходы тетрагидропиридинов 10 более высоки 

(62-91%), чем в случае двухкомпонентных реакций (65-80%) [6], учи-

тывая, что в последнем случае выходы выступающих в качестве исход-

ных электрофилалкенов 5 составляют 60-80% [9]. 

Дифракционные измерения проведены при комнатной температуре 

на автодифрактометре "Enraf-Nonius CAD-4" (графитовый монохрома-

тор, Мо-Кα излучение, θ/2θ-сканирование). Параметры триклинной эле-

ментарной ячейки определены и уточнены по 24 рефлексам с 

13.08<θ<15.75. Структура расшифрована прямыми методами, коорди-

наты атомов водорода были определены по геометрическим расчетам и 

уточнены по модели наездника со следующими условиями: длина 

связей C-H=0.93÷0.98Å, Uiso(H)=1.2÷1.5Ueq(C). Структура уточнена 

полноматричным МНК в анизотропном приближении для неводород-

ных атомов и изотропном – для атомов водорода. Все структурные рас-

четы были проведены по комплексу программ SHELXTL[10]. 

Кристаллографические данные в формате CIF депонированы в 

Кембриджском центре кристаллографических данных, номер депозита 

CCDC 2018177. 



 

 

394 

Основные кристаллографические и экспериментальные данные 

приведены в таблице. 

Таблица 

Основные кристаллографические характеристики и 

экспериментальные данные 

Кристаллографические характеристики 

соединение 10к 

брутто-формула C22H21N3O3 

молекулярный вес 375.42 

сингония триклинная 

пространственная группа P-1 

a, b, c [Å] 7.9275(16), 8.6548(17), 14.846(3) 

α, β, γ [град.] 86.47(3), 80.14(3), 86.43(3) 

V [Å3] 1000.3(4) 

Z 2 

плотность(выч.) [г/см3] 1.246 

μ(MoKα) [ mm-1 ] 0.084 

F(000) 396 

размер кристалла [мм] 0.12×0.20×0.26 

Экспериментальные данные 

температура (K) 293 

излучение [Å] 0.71073 

θmin, θmax [град.] 1,4, 30.0 

область сканирования 0≤h≤11; -12≤k≤12; -20≤l≤20 

число измеренных отражений 6181 

число наблюдаемых отражений с 

[I > 2.0 σ(I)] 

2599 

Расчетные данные 

Nref, Npar 5787, 347 

R, wR2, S 0.0688, 0.1940, 1.01 

 

Структура молекулы соединения 10к представлена на рис. 1. В 

структуре участвуют два ароматических кольца: фенильное и толиль-

ное, а также цикл тетрагидропиридина. Максимальное отклонение ато-

мов от плоскостей ароматических колец не превышает 0.0067(1)Å. Тет-

рагидропиридиновое кольцо имеет конформацию искаженного полу-

кресла, отклонения атомов от усредненной плоскости составляют 

0.1315(3), 0.0825(3), -0.2904(3), 0.2860(3), -0.0825(3) и -0.1272(3) Å для 

атомов N1, C2, C3, C4, C5 и C6, соответственно. В молекуле соедине-

ния 10к имеются хиральные центры на асимметричных атомах C3 и C4, 

но в связи с тем, что соединения кристаллизовались в центросиммет-

ричной пространственной группе P-1, в кристалле имеется рацемиче-

ская смесь (3R,4S) и (3S,4R) энантиомеров. В ходе расшифровки анализ 



 
 
 

 

 
Рис. 1. Строение молекулы 10к, эллипсоиды анизотропных тепловых колебаний изобра-

жены с 30% вероятностью. 
 

 

 
Рис. 2. Схема межмолекулярных водородных связей, образующих ленточку вдоль [1 0 0]. 
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эллипсоидов тепловых колебаний и разностных синтезов Фурье элект-

ронной плотности указал на возможность статистической неупорядо-

ченности атомов толильного кольца и атомов C14, C15 этилацетатной 

группы. Окончательная модель структуры была уточнена с учетом 

расщепления позиций этих атомов, что указывало на статистическое 

заселение позиций с 40 и 60% вероятностью. 

Анализ упаковки молекул в кристаллической решетке показал, что 

молекулы связываются в димеры с помощью межмолекулярных во-

дородных связей N7-H7A…..N10ii и N10…..H7Aii-N7ii, длина донорно-ак-

цепторной связи 3.015(4)Å (рис. 2). Димеры в свою очередь, связываясь 

с помощью межмолекулярных водородных связей N7-H7B…..O12i, дли-

на донорно-акцепторной связи 3.080(3)Å, образуют бесконечную лен-

точку вдоль (1 0 0) (рис. 2). Связи между ленточками описываются ван-

дерваальсевскими взаимодействиями. 

Острую токсичность и противоопухолевую активность соединений 

изучали по общепринятым методам [11,12]. Токсичность веществ оп-

ределяли на белых мышах обоего пола, весом 19-21 г при однократном 

внутрибрюшинном введении. Для каждого соединения были установле-

ны абсолютно смертельная (ЛД100) и максимально переносимая (МПД) 

дозы. Изучение противоопухолевой активности проводили на мышах с 

прививаемой опухолью – саркомой -180. В химиотерапевтических опы-

тах соединения вводили внутрибрюшинно, ежедневно в течение 6 дней 

в дозах ≈1/15 от ЛД100. 

Подопытные и контрольные группы состояли из 6-8 животных. 

Полученные результаты подвергали статистической обработке по мето-

ду Стьюдента-Фишера. При изучении острой токсичности соединений 

10в,г,ж,л установлено, что испытуемые вещества относительно 

малотоксичные. Их абсолютная смертельная доза (ЛД100) выше 

2000 мг/кг. 

Химиотерапевтические опыты показали, что испытуемые вещества 

в дозах 125-150 мл/кг проявляют противоопухолевую активность в от-

ношении саркомы 180. При этом соединение 10ж оказывает выражен-

ное действие, подавляя рост опухоли на 69% (Р<0.01). Остальные ве-

щества проявляют слабую противоопухолевую активность (торможе-

ние роста опухоли на 31-39%, Р=0.05). 

Таким образом, нами разработан однореакторный трёхкомпонент-

ный метод синтеза алкил 6-амино-1,4-диарил-2-оксо-5-циано-1,2,3,4-

тетрагидропиридин-3-карбоксилатов путём взаимодействия ариламидо-

эфиров малоновой кислоты, ароматических альдегидов и динитрила 

малоновой кислоты. Показано, что при наличии в ароматическом коль-

це амидной части соединений 10 орто-заместителей вещество в раство-

ре существует в виде двух ротамеров примерно в равных долях. 
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Экспериментальная часть 

ИК-спектры сняты на спектрофотометре “Nicolet Avatar 330 FT-IR” 

в вазелиновом масле. Спектры ЯМР 1H и 13C получены на приборе 

Varian “Mercury 300VX” с рабочими частотами 300.077 и 75 МГц, раст-

воритель – ДМСО-d6-CCl4 (1:3), внутренний стандарт – ТМС. Темпера-

туры плавления определены на столике “Boetius”. 

Общая методика получения алкил 6-амино-1,4-диарил-5-циано-

2-оксо-1,2,3,4-тетрагидропиридин-3-карбоксилатов (10а-н). Раствор 

эквимольных количеств (1.5 ммоля) соединений 1-3 в абсолютном эта-

ноле в присутствии триэтиламина оставляют на 3 дня при комнатной 

температуре. Выпавшие кристаллы отфильтровывают, промывают аб-

солютным эфиром и перекристаллизовывают из абсолютного этанола. 

Этил 6-амино-5-циано-2-оксо-4-фенил-1-(4-метилфенил)-1,2,3,4-

тетрагидропиридин-3-карбоксилат (10а). Выход 0.42 г (75%), т. пл. 

174-175ºC (этанол) [6]. 

Этил 6-амино-5-циано-2-оксо-4-фенил-1-(4-метоксифенил)-1,2, 

3,4-тетрагидропиридин-3-карбоксилат (10б). Выход 0.48 г (82%), т. 

пл. 164ºC. ИК-спектр, ν, см-1: 3460, 3362 (NH2), 2185 (CN), 1750 

(COOC), 1698 (CON), 1630 (C=C). Спектр ЯМР 1H, δ, м. д., Гц: 1.28 т 

(3H, J=7.1, CH3); 3.81 д (1H, J=5.6, CH); 3.85 с (3H, ОCH3); 4.18 д (1Н, 

J=5.6, CHPh); 4.23 к ( 2H, J=7.1, OCH2); 5.58 уш. (2H, NH2); 6.97-7.02 ш. 

(2H, C6H4); 7.08-7.13 м (2H, C6H4); 7.25-7.46 м (5H, C6H5). Спектр ЯМР 
13C, δ, м. д.: 13.7 (CH3); 39.7 (CH); 54.8 (CH); 55.6 (OCH3); 57.3 (CCN); 

60.9 (OCH2); 114.4 (2.CH); 119.4 (CN); 126.4; 126.7 (2.CH); 127.0 (CH); 

128.3 (2.CH); 129.8 (2.CH); 139.3; 153.8; 159.3; 164.6; 166.9. Найдено, %: 

C 67.12; H 5.64; N 10.98. C22H21N3O4. Вычислено, %: C 67.51; H 5.41; N 

10.74. 

Этил 6-амино-5-циано-1-(3.5-диметилфенил)-2-оксо-4-фенил-1, 

2,3,4-тетрагид-ропиридин-3-карбоксилат (10в). Выход 0.47 г (81%), 

т. пл. 230ºC. ИК-спектр, ν, см-1: 3464, 3322 (NH2), 2182 (CN), 1708 

(COOC), 1643 (CON), 1586 (C=C). Спектр ЯМР 1H, δ, м. д., Гц: 1.30 т 

(3H, J=7.1, CH3); 2.38 уш. (6H, 2CH3); 3.81 д (1H, J=5.5, CH); 4.18 д (1Н, 

J=5.5, CH); 4.20-4.28 м ( 2H, OCH2); 5.56 уш. (2H, NH2); 6.79 м (2H, 2.21-

CH, C6H3); 7.07 уш. (1H, 4-CH, C6H3); 7.26-7.43 м (5H, C6H5). Спектр 

ЯМР 13C, δ, м. д.: 13.7 (CH3); 20.6 (2.CH3); 39.8 (CH); 55.5 (CH); 57.3 

(CCN); 60.9 (OCH2); 119.4 (CN); 126.2 (2.CH); 126.7 (2.CH); 127.0 (CH); 

128.3 (2.CH); 130.3 (CH); 134.0; 138.5 (2.CH); 139.3; 153.5; 164.3; 166.8. 

Найдено, %: C 70.71; H 5.71; N 11.02. C23H23N3O3. Вычислено, %: C 

70.93; H 5.95; N 10.79. 

Этил 6-амино-5-циано-1-(4-нитрофенил)-2-оксо-4-фенил--1,2,3, 

4-тетрагидропиридин-3-карбоксилат (10г). Выход 0.4 г (65%), т. пл. 

190ºC. ИК-спектр, ν, см-1: 3445, 3325 (NH2), 2184 (CN), 1737 (COOC), 
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1655 (CON), 1590 (C=C). Спектр ЯМР 1H, δ, м. д., Гц: 1.28 т (3H, J=7.1, 

CH3); 3.91 д (1H, J=5.8, CH); 4.22 д (1H, J=5.8, CH); 4.24 к ( 2H, J=7.1, 

OCH2); 6.02 уш. (2H, NH2); 7.25-7.43 м (5H, C6H5); 7.45-7.50 м (2H, 

C6H4); 8.28-8.33 м (2H, C6H4). Спектр ЯМР 13C, δ, м. д.: 13.6 (CH3); 39.8 

(CH); 55.5 (CH); 58.6 (CCN); 61.0 (OCH2); 119.1 (CN); 124.0 (2.CH); 

126.7 (2.CH); 127.0 (CH); 128.3 (2.CH); 130.3 (2.CH); 138.9; 140.4; 147.2; 

153.3; 164.6; 166.6. Найдено, %: C 61.81; H 4.29; N 14.02. C21H18N4O5. 

Вычислено, %: C 62.06; H 4.46; N 13.79. 

Метил 6-амино-5-циано-2-оксо-4-фенил-1-(4-метилфенил)-1,2,3, 

4-тетрагидропиридин-3-карбоксилат (10д). Выход 0.45 г (83%), т. пл. 

206-208ºC. ИК-спектр, ν, см-1: 3433, 3331 (NH2), 2180 (CN), 1737 

(COOC), 1636 (CON), 1593 (C=C). Спектр ЯМР 1H, δ, м. д., Гц: 2.43 с 

(3H, CH3); 3.78 с (3H, OCH3); 3.86 д (1H, J=5.5, CH); 4.19 д (1H, J=5.5, 

CH); 5.55 уш. (2H, NH2); 7.07-7.11 м (2H, C6H4); 7.26-7.42 м (7H, C6H5, 

C6H4 ). Спектр ЯМР 13C, δ, м. д.: 20.7 (CH3); 39.6 (CH); 52.1 (CH); 55.4 

(OCH3); 57.5 (CCN); 119.3 (CN); 126.7 (2.CH); 127.0 (CH); 128.3 (2.CH); 

128.5 (2.CH); 129.7 (2.CH); 131.5; 138.2; 139.3; 153.5; 164.3; 167.4 

Найдено, %: C 69.43; H 5.12; N 11.98. C21H19N3O3. Вычислено, %: C 

69.79; H 5.30; N 11.63. 

Этил 6-амино-4-(4-хлорфенил)-5-циано-1-(4-метоксифенил)-2-

оксо-1,2,3,4-тетрагидропиридин-3-карбоксилат (10е). Выход 0.4 г 

(62%), т. пл. 175ºC. ИК-спектр, ν, см-1: 3462, 3311 (NH2), 2195 (CN), 

1739 (COOC), 1641 (CON), 1586 (C=C). Спектр ЯМР 1H, δ, м. д., Гц: 

1.28 т (3H, J=7.1, CH3); 3.84 д (1H, J=5.9, CH); 3.85 с (3H, OCH3); 4.18 д 

(1H, J=5.9, CHPh); 4.17-4.27 м (2H, OCH2); 5.64 уш. (2H, NH2); 6.97-7.02 

м (2H, C6H4OMe); 7.08-7.13 м (2H, C6H4OMe ); 7.33-7.40 м (4H, C6H4Cl). 

Спектр ЯМР 13C, δ, м. д.: 13.6 (CH3); 39.1 (CH); 54.8 (CH); 55.3 (OCH3); 

56.9 (CCN); 61.0 (OCH2); 114.4 (2.CH); 119.2 (CN); 126.3; 128.4 (2.CH); 

128.5 (2.CH); 129.8 (2.CH); 132.4; 138.0; 153.9; 159.3; 164.4; 166.7. 

Найдено, %: C 61.75; H 4.52; N 10.04. C22H20ClN3O4. Вычислено, %: C 

62.05; H 4.73; N 9.87. 

Этил 6-амино-4-(4-хлорфенил)-5-циано-1-(4-нитрофенил)-2-ок-

со-1,2,3,4-тетрагидропиридин-3-карбоксилат (10ж). Выход 0.43 г 

(65%), т. пл. 238-240ºC. ИК-спектр, ν, см-1: 3442, 3327 (NH2), 2181 (CN), 

1785 (COOC), 1643 (CON), 1587 (C=C). Спектр ЯМР 1H, δ, м. д., Гц: 

1.28 т (3H, J=7.1, CH3); 3.94 д (1H, J=6.2, CH); 4.18-4.28 м (2H, OCH2); 

4.24 д (1H, J=6.2, CH); 6.07 уш. (2H, NH2); 7.38 с (4H, C6H4Cl); 7.46-7.51 

м (2H, C6H4); 8.28-8.33 м (2H, C6H4NO2). Спектр ЯМР 13C, δ, м. д.: 13.7 

(CH3); 39.2 (CH); 55.3 (CH); 58.2 (CCN); 61.1(OCH2); 119.0 (CN); 124.1 

(2.CH); 128.5 (2.CH); 128.6 (2.CH); 130.4 (2.CH); 132.5; 137.7; 140.4; 

147.2; 153.4; 164.5; 166.5. Найдено, %: C 56.86; H 3.61; N 13.09. 

C21H17ClN4O5. Вычислено, %: C 57.22; H 3.89; N 12.71. 
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Метил 6-амино-5-циано-1-(3,5-диметилфенил)-2-оксо-4-фенил-

1,2,3,4-тетрагидропиридин-3-карбоксилат (10з). Выход 0.43 г (77%), 

т. пл. 241ºC. ИК-спектр, ν, см-1: 3445, 3311 (NH2), 2183 (CN), 1750 

(COOC), 1635 (CON), 1589 (C=C). Спектр ЯМР 1H, δ, м. д., Гц: 2.8 с 

(6H, CH3); 3.78 с (3H, OCH3); 3.86 д (1H, J=5.5, CH); 4.19 д (1H, J=5.5, 

CHPh); 5.57 уш. (2H, NH2); 6.80 с (2H, C6H3); 7.07 с (1H, C6H3); 7.26-7.44 

м (5H, C6H5). Спектр ЯМР 13C, δ, м. д.: 20.6 (2CH3); 39.7 (CH); 52.1 

(OCH3); 55.4 (CH); 57.3 (CCN); 119.3 (CN); 126.3 (2CH); 126.7 (2.CH); 

127.0 (CH); 128.4 (2.CH); 130.3 (CH); 134.0; 138.6; 139.3; 153.5; 164.2; 

167.4. Найдено, %: C 70.05; H 5.38; N 11.48. C22H21N3O3. Вычислено, %: 

C 70.38; H 5.64; N 11.19. 

Метил 6-амино-4-(4-хлорфенил)-5-циано-2-оксо-1-(2-метилфе-

нил)-1,2,3,4-тет-рагидропиридин-3-карбоксилат (10и). Выход 0.58 г 

(98%), т. пл. 196ºC. ИК-спектр, ν, см-1: 3460, 3349 (NH2), 2186 (CN), 

1740 (COOC), 1640 (CON), 1591 (C=C). Спектр ЯМР 1H, δ, м. д., Гц: 

2.02 с (1.4H) и 2.22 с (1.6H, CH3
*); 3.77 с (1.6H) и 3.79 с (1.4H, OCH3

*); 

3.95 д (0.55 H, J=5.5) и 4.02 д (0.45H, J=5.9, CH*); 4.22 д (0.55H, J=5.5) и 

4.25 д (0.45H, J=5.9, CH*); 5.59 уш. (0.9H) и 5.69 уш. (1.1H, NH2
*); 6.98-

7.02 м (0.55H), 7.14-7.18 м и 7.25-7.42 м (7.45H, Ar); Найдено, %: C 

63.41; H 4.36; N 10.98. C21H18ClN3O3. Вычислено, %: C 63.72; H 4.58; N 

10.62. 

Этил 6-амино-5-циано-2-оксо-4-фенил-1-(2-метилфенил)-1,2,3,4-

тетрагидропиридин-3-карбоксилат (10к). Выход 0.35 г (63%), т. пл. 

190ºC. ИК-спектр, ν, см-1: 3419, 3310 (NH2), 2193 (CN), 1720 (COOC), 

1645 (CON), 1590 (C=C). Спектр ЯМР 1H, δ, м. д., Гц: 1.28 т (1.6H, 

J=7.1) и 1.30 т (1.4H, J=7.1, CH3*); 1.97 с (1.4H) и 2.25 с (1.6H, CH3
*); 

3.88 д (0.55H, J=5.1) и 3.96 д (0.45H, J=5.2, CH*); 4.19-4.30 м (3H, CH и 

OCH2); 5.53 уш. (0.9H) и 5.63 уш. (1.1H, NH2
*); 6.96 м (0.55H) и 7.15-

7.44 м (8.45H, Ar). Найдено, %: C 70.15; H 5.41; N 11.61. C22H21N3O3. 

Вычислено, %: C 70.38; H 5.64; N 11.19. 

Этил 6-амино-5-циано-2-оксо-4-фенил-1-(2-нитрофенил)-1,2,3,4-

тетрагидропиридин-3-карбоксилат (10л). Выход 0.3 г (49%), т. пл. 

195ºC. ИК-спектр, ν, см-1: 3433, 3330 (NH2), 2185 (CN), 1737 (COOC), 

1639 (CON), 1583 (C=C). Спектр ЯМР 1H, δ, м. д., Гц: 1.13 т (1.5H, 

J=7.1) и 1.24 т (1.5H, J=7.1, CH3*); 3.80 д (0.5H, J=9.3) и 3.93 д (0.5H, 

J=6.3, CH*); 4.09 к (1H, J=7.1) и 4.18 к (1H, J=7.1, OCH2*); 4.23 д (0.5H, 

J=6.3) и 4.24 д (0.5H, J=9.3, CH*); 6.03 уш. (1H) и 6.05 уш. (1H, NH2
*); 

7.25-7.42 м (5.5H), 7.50 дд (0.5H, J=7.8, 1.4), 7.65-7.87 м (2H); 8.14 дд 

(0.5H, J=8.1, 1.6) и 8.20 дд (0.5H, J=8.1, 1.5, Ar). . Найдено, %: C 61.81; 

H 4.19; N 14.08. C21H18N4O5. Вычислено, %: C 62.06; H 4.46; N 13.79. 

Метил 6-амино-5-циано-1-(2,4-диметилфенил)-2-оксо-4-(4-

хлорфенил)-1,2,3,4-тетрагидропиридин-3-карбоксилат (10м). Выход 

0.47 г (77%), т. пл. 206-207ºC. ИК-спектр, ν, см-1: 3456, 3342 (NH2), 2187 
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(CN), 1734 (COOC), 1635 (CON), 1592 (C=C). Спектр ЯМР 1H, δ, м. д., 

Гц: 1.97 с (1.3H) и 2.17 с (1.7H, 2-CH3*); 2.38 с (3H, 4-CH3); 376 с (1.7H) 

и 3.78 с (1.3H, OCH3*); 3.92 д (0.57H, J=5.6, CH*) и 3.99 д (0.43H, J=5.8, 

CH*); 4.20 д (0.57H, J=5.6, CH*) и 4.23 д (0.43H, J=5.8, CH*); 5.55 уш. 

(0.86H) и 5.62 уш. (1.14H, NH2
*); 6.88 д (0.57Н, J=7.9) и 7.03 д (0.43Н, 

J=8.3, 6-Н, C6H3); 7.02-7.15 м (2H) и 7.33-7.42 м (4H, Ar). Найдено, %: C 

64.05; H 4.69; N 10.56. C22H20ClN3O3. Вычислено, %: C 64.47; H 4.92; N 

10.25. 

Этил 6-амино-5-циано-2-оксо-4-фенил-1-(2,4-диметилфенил)-1, 

2,3,4-тетрагидропиридин-3-карбоксилат (10н). Выход 0.27 г (47%), т. 

пл. 202ºC. ИК-спектр, ν, см-1: 3424, 3312 (NH2), 2195 (CN), 1736 

(COOC), 1644 (CON), 1594 (C=C). Спектр ЯМР 1H, δ, м. д., Гц: 1.28 т 

(1.2H, J=7.1) и 1.30 т (1.8H, J=7.1, CH3CH2O*); 1.93 c (1.8H) и 2.20 c 

(1.2H, 2-CH3*); 2.38 c (3H, 4-CH3); 3.86 д (0.4H, J=5.1) и 3.93 д (0.6H, 

J=5.1, CH*); 4.19-4.29 м (3H, OCH2 и CH); 5.49 уш. (1.2H) и 5.58 уш. 

(0.8H, NH2
*); 6.86 д (0.4H, J=7.9), 7.02-7.15 м (2.6H) и 7.24-7.44 м (5H, 

Ar). Найдено, %: C 70.56; H 6.10; N 10.80. C23H23N3O3. Вычислено, %: C 

70.99; H 5.95; N 10.79. 

 

´²ðÒðüàôÜÎòÆàÜ²È²òì²Ì 1«2«3«4-îºîð²ÐÆ¸ðàäÆðÆ¸ÆÜÜºðÆ 

ºèÎàØäàÜºÜî ØºÎ öàðÒ²ÜàÂ²ÚÆÜ êÆÜÂº¼Æ ºÔ²Ü²Î 

Ø© ê© ê²ð¶êÚ²Ü« Î© ²© ²ì²¶Ú²Ü« ²© ²© ê²ð¶êÚ²Ü« ²© ¾© ´²¸²êÚ²Ü« 

²© Ê© Ê²â²îðÚ²Ü« ²© ¶©Ø²ÜàôÎÚ²Ü« Ð © ²© ö²ÜàêÚ²Ü & ²© ¶© ²Úì²¼Ú²Ü 

Ð³ëï³ïí»É ¿« áñ Ù³ÉáÝ³ÃÃíÇ ³ñÇÉ³ÙÇ¹á¿ëÃ»ñÝ»ñÇ« ³ñáÙ³ïÇÏ ³É¹»ÑÇ¹Ý»ñÇ ¨ 

Ù³ÉáÝ³ÃÃíÇ ¹ÇÝÇïñÇÉÇ »éÏáÙåáÝ»Ýï ÷áË³½¹»óáõÃÛáõÝÁ ÁÝÃ³ÝáõÙ ¿ ë»ÝÛ³Ï³ÛÇÝ 

ç»ñÙ³ëïÇ×³ÝáõÙ« ïñÇ¿ÃÇÉ³ÙÇÝÇ Ý»ñÏ³ÛáõÃÛ³Ùµ« ³é³ç³óÝ»Éáí ³ÉÏÇÉ 6-³ÙÇÝá-1«4-

¹Ç³ñÇÉ-2-ûùëá-5-óÇ³Ýá-1«2«3«4-ï»ïñ³ÑÇ¹ñáåÇñÇ¹ÇÝ-3-Ï³ñµûùëÇÉ³ïÝ»ñ 47-98% »É-
ù»ñáí: 

Ð³Ù³Ó³ÛÝ ØØè ëå»ÏïñáëÏáåÇ³ÛÇ ïíÛ³ÉÝ»ñÇ« »Ã» Ýßí³Í ÙÇ³óáõÃÛáõÝÝ»ñÁ ³ÙÇ-
¹³ÛÇÝ Ñ³ïí³ÍÇ ³ñáÙ³ïÇÏ ûÕ³ÏáõÙ å³ñáõÝ³ÏáõÙ »Ý o-ï»Õ³Ï³ÉÇã« ³å³ ¹ñ³Ýù Éáõ-
ÍáõÛÃáõÙ ·ïÝíáõÙ »Ý »ñÏáõ éáï³Ù»ñÝ»ñÇ Ó¨áí: 

Ð³Ï³áõéáõóù³ÛÇÝ áõëáõÙÝ³ëÇñáõÃÛáõÝÝ»ñÁ óáõÛó »Ý ïí»É« áñ ëÇÝÃ»½í³Í ÙÇ³óáõ-

ÃÛáõÝÝ»ñÇó Ù»ÏÁ óáõó³µ»ñáõÙ ¿ ³ñï³Ñ³Ûïí³Í (69%)« ÇëÏ ÙÛáõëÝ»ñÁ ÃáõÛÉ (31-39%) 

³ñï³Ñ³Ûïí³Í Ñ³Ï³áõéáõóù³ÛÇÝ ³ÏïÇíáõÃÛáõÝ: 
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OF HIGHLY FUNCTIONALIZED 1,2,3,4-TETRAHYDROPYRIDINES 
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bCrisis Management State Academy 

1, Acharyan Str., Avan admin. district, Yerevan, 0040, Armenia 

E-mail: mushegh.sargsyan@yahoo.com 

 
It is established that the three-component interaction of malonic acid 

arylamidoesters, aromatic aldehydes and malonic acid dinitrile proceeds at room 

temperature in the presence of triethylamine with the formation of alkyl 6-amino-1,4-

diaryl-2-oxo-5-cyano-1,2,3,4-tetrahydropyridine-3-carboxylates with yields of 47-98%. 

According to NMR spectroscopy data, if the aromatic ring of the amide part contains an 

ortho-substituent in these compounds, they exist in the solution as two rotamers. 

The fact that these compounds (10 i-n) exist in the form of two rotamers is also 

evidenced by the fact that in the presence of two substituents (CH3) in the ortho- and 

para-positions of the compound (10 m, n), the chemical shift of the para-substituent 

protons does not change. 

The three-component interaction proceeds sequentially, according to the Domino 

type: Knoevenagel reaction – Michael reaction – nucleophilic addition of an amide 

group to a carbonitrile group. 

Antitumor studies showed that one of the synthesized compounds showed 

pronounced activity (69%), while the other showed weak activity (31-39%). 
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The series of pyrrolidine-2,5-dione derivatives, including N-aryl and N-arylaminomethyl 

analogs, few of which have anticonvulsant properties, have been synthesized and their structure has 

been confirmed with instrumental analytical methods. The data of analyses are presented in this 

article. 

References 16. 

Introduction 

A large number of publications on the search for new substances 

possessing the anticonvulsant action confirm the fact that treatment of 

epilepsy is still a topical problem and clinicians today do not dispose a 

sufficient arsenal of highly effective drugs devoid of any substantial 

undesired effects. This is why a need for newer antiepileptic drugs is 

obvious. Several classes of structurally unrelated organic compounds are 

used in therapy of this neurological disorder, but they all have certain 

drawbacks [1]. Earlier a series of 3-(4-alkoxyphenyl)pyrrolidine-2,5-diones 

were synthesized in Mnjoyan Institute of Fine Organic Chemistry (Yerevan, 

Armenia) [2], and 4-isopropoxyphenyl analog was licensed in the former 

USSR as an efficacious antiepileptic drug (Pufemid) [2,3]. Moreover, it has 

been shown that this compound significantly enhanced the anticonvulsant 

action of phenytoin and valproate in the mouse seizure model, hence it may 

find potential application also in polytherapy of epilepsy [4]. 

mailto:serlevko@mail.ru
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With the purpose of searching for the influence of additional aryl residue 

on its anticonvulsant properties a series of N-aryl (2-14), N-hydroxymethyl 

(15), N-morpholinomethyl (16), and N-arylaminomethyl (17-25) derivatives 

were synthesized. 

         
 1 – 14  15, 16  17 - 25 

R = 4-(CH3)2CHO-C6H4; R1 = H (1), C6H5 (2, 17), 4-CH3O-C6H4 (3), 4-

CH3C(O)-C6H4 (4, 18), 4-(CH3)2N-C6H4 (5), 3-Br-C6H4 (6, 19), 3-HOOC-

CH=CH-C6H4 (7, 20), 2-HOOC-C6H4 (8, 21), 3-HOOC-C6H4 (9, 22), 4-

HOOC-C6H4(10, 23), 4-C2H5OOC-C6H4 (11, 24), 3-HOOC-4-HO-C6H3 

(12), 2,4-NO2-C6H3-NH (13), 4-[2-F-C6H4-C(O)NH]-C6H4 (14, 25); R2 = 

OH (15), N(CH2CH2)2O (16). 

Results and Discussion 

All the synthesized 3-(4′-iso-propoxyphenyl)pyrrolidine-2,5-dione N-

substituted derivatives were evaluated for their anticonvulsant properties in 

vivo screening tests in rodents. The screening has demonstrated the 

folowing: introduction of phenyl and substituted phenyl ring in position 1 of 

precursor 1 results in the complete disappearance of tested activity except for 

4. The replacement of hydrogen at N atom of imide ring by hydroxymethyl 

group (15) preserves bioactivity. Seven derivatives, namely from the class of 

Mannich bases (16, 17, 19, 21-24) were determined as having anticonvulsant 

potency. Data of biotests have been represented in [5-12]. The studied 

compounds with respect to their anticonvulsant potency in the maximal 

electroshock-induced seizure threshold model in mice test can be arranged as 

follows: 21 >15 >17 > 22 >16 > 1 >23 > 4 >19 >24 [12]. 

Thus obtained results confirm that research in the class of pyrrolidine-

2,5-diones with the aim of creating new compounds with anticonvulsant 

properties remains relevant. 

Experimental Section 

Materials and methods 

All chemicals used were of analytical or reagent grade. Melting points 

were determined on a Boetius PHMK 76/0904 hot stage microscope (GDR) 

and are uncorrected. Infrared spectra were obtained in Nujol on a 

spectrometer. 1H NMR spectra were recorded on a Varian Mercury-300 
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spectrometer, operating at 300 MHz; chemical shifts are reported in δ values 

(ppm) relative to tetramethylsilane as internal standard. Coupling constants 

(J values) are given in Hertz (Hz). The solvents mixture was DMSO-

d6/CCl4, 1:3; the signals are reported as follows: s (singlet), d (doublet), t 

(triplet), q (quartet), dd (double doublet), p (pentet), m (multiplet), br 

(broad). Analytical TLC was used to check the purity of products and 

performed on Silasorb 600 silica gel (5 µ) ( Czech Republic) glass-backed 

plates developed in chloroform-hexane-ethanol, 2:2:0.1 (system A), 

benzene-AcOH-H2O, 7:3:1 (upper layer) (system B). Compounds were 

detected stained with I2 (iodine), spraying with a 5% solution of 

phosphomolybdic acid in ethanol followed by heating at 80-90oC during 

5 min; if there is a free carboxyl group in a molecule, Bromocresol Purple 

indicator (as water solution spray) was also used. 

Homogeneity of all final substances was checked by thin layer 

chromatography (TLC), purity by elemental analysis, and their structure was 

confirmed based on data of IR and 1H NMR spectroscopy. Each sample 

tested by TLC was detected on chromatograms as a single spot. The 

analytical samples gave combustion values for carbon, hydrogen, nitrogen 

and when needed halogen within ±0.4% of the theoretical values. IR spectra 

contained all characteristic absorption bands attributable to succinimide [13-

15] and benzene rings and other fragments. 1H NMR spectra of all 

compounds were consistent with the assigned structures. 

All compounds were synthesized from isopropoxyphenylsuccinic acid 

according to the scheme as shown in [12]. 

General procedure for the syntheses of compounds 3-14. The mixture 

of 3-(4-isopropoxy-phenyl)-succinic acid (0.012 mol) and acetic anhydride 

(10 ml) was heated for 6 h at 100oC and excess of acetic anhydride and 

acetic acid formed was removed at a reduced pressure. To a residue primary 

amine (0.012 mol) and glacial acetic acid (7 ml) were added and the mixture 

was refluxed for 2-3 h. The product precipitated on cooling was filtered, 

washed by a small volume of acetic acid, water, dried and recrystallized. If 

no precipitate was on cooling of the reaction mixture, the latter was either 

concentrated till solid appeared or evaporated to dryness in a rotary 

evaporator under a reduced pressure. The residue was recrystallized with 

addition of activated charcoal (Norit). 

3-(4-Isopropoxyphenyl)pyrrolidine-2,5-dione monohydrate (1) was 

prepared as described in [2]. 

3-(4-Isopropoxyphenyl)-1-phenylpyrrolidine-2,5-dione (2) was 

synthesized from 3-(4-isopropoxyphenylsuccinic acid and 1,3-diphenylurea 

according to [16]. Cream-coloured scaly crystals. Yield: 83%, mp. 129-130 
oC (ethanol). Rf 0.90 (A). IR, ν, cm-1: 1784, 1707 (C=O), 1609, 1596, 1512, 

1463 (C=C), 1377, 1365 (i-Pr). 1H NMR: 1.33 [d, 3J=6.0 Hz, 6H, 

(CH3)2CH], 2.84 [dd, 2J=18.0 Hz, 3J=5.2 Hz, 1H, C(O)-CHa-CH], 3.31 [dd, 
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2J=18.0 Hz, 3J=9.6 Hz, 1H, C(O)-CHb-CH], 4.18 (dd, 3J=9.6 Hz, 3J=5.2 Hz, 

1H, Ph-CH), 4.56 (sp, 3J=6.0 Hz, 1H, O-CH) 6.84, 7.23, 7.30-7.50 (m, m, m, 

2H, 2H, 5H resp., arom.). Found, %: C 73.54; H 6.33; N 4.79. C19H19NO3. 

Calculated, %: C 73.77; H 6.19; N 4.53. 

3-(4-Isopropoxyphenyl)-1-(4-methoxyphenyl)pyrrolidine-2,5-dione 

(3) was synthesized from anhydride and p-anisidine. White scaly crystals. 

Yield: 75%, mp 171oC (gl. AcOH). Rf 0.84 (A). IR, ν, cm-1: 1775, 1702 

(C=O), 1608, 1513, 1463 (C=C). 1H NMR: 1.32 [d, J=6.0, 6H, (CH3)2CH], 

2.81 (dd, 1J=18.0 Hz, 2J=5.2 Hz, 1H, CHa-CH), 3.28 (dd, 1J=18.0 Hz, 2J=9.6 

Hz, CHb-CH), 3.83 (s, 3H, OCH3), 4.14 (dd, 1J=9.6 Hz, 2J=5.2 Hz, 1H, CH2-

CH), 4.55 (sp, J=6.0 Hz, 1H, O-CH), 6.83, 6.96 (m, m, 2H, 2H, O-C6H4), 

7.20, 7.21 (m, m, 2H, 2H, N-C6H4-O). Found, %: C 71.05; H 6.02; N 4.44. 

C20H21NO4. Calculated, %: C 70.78; H 6.24; N 4.13. 

1-(4-Acetylphenyl)-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione (4) 

was synthesized from anhydride and 4′-aminoacetophenone. White bright 

scaly crystals. Yield: 60%, mp 199-201oC (gl. AcOH). Rf 0.66 (A). IR, ν, 

cm-1: 1777, 1707 (C=O imide), 1691 (C=O ketone), 1612, 1600, 1579, 1514, 

1474 (C=C), 1377, 1352 (i-Pr). 1H NMR: 1.32 [d, 3J=6.0 Hz, 6H, 

(CH3)2CH], 2.61 [s, 3H, CH3-C(O)], 2.87 [dd, 2J=18.0 Hz, 3J=5.4 Hz, 1H, 

C(O)-CHa-CH], 3.33 [dd, 2J=18.0 Hz, 3J=9.6 Hz, 1H, C(O)-CHb-CH], 4.21 

(dd, 3J=9.6 Hz, 3J=5.4 Hz, 1H, CH-CH2), 4.56 (sp, 3J=6.0 Hz, 1H, O-CH), 

6.84, 7.24 (m, m, 2H, 2H, O-C6H4), 7.49, 8.04 (m, m, 2H, 2H, N-C6H4).  

Found, %: 71.61; H 6.40; N 4.12. C21H21NO4. Calculated, %: C 71.78; H 

6.03; N 3.99. 

1-(4-Dimethylaminophenyl)-3-(4-isopropoxyphenyl)pyrrolidine-2,5-

dione (5) was synthesized from anhydride and N,N-dimethyl-1,4-

phenylenediamine. Cream-coloured bright scaly crystals. Yield: 58%, mp 

179-180oC (i-PrOH – dioxane, 3:1). Rf 0.83 (A). IR, ν, cm-1: 1786, 1704 

(C=O), 1609, 1580, 1521, 1511, 1465 (C=C), 1377, 1348 (i-Pr). 1H NMR: 

1.32 [d, 3J=6.0 Hz, 6H, (CH3)2CH], 2.78 (dd, 2J=17.9 Hz, 3J=5.1 Hz, 1H, 

CHa-CH), 3.00 [s, 6H, N(CH3)2], 3.26 [dd, 2J=17.9 Hz, 3J=9.6, 1H, CHb-

CH), 4.12 [dd, 3J=9.6 Hz, 3J=5.1 Hz, 1H, CH2-CH], 4.56 (sp, 3J=6.0 Hz, 1H, 

O-CH), 6.73, 6.83 (m, m, 2H, 2H, O-C6H4), 7.07, 7.21 (m, m, 2H, 2H, N-

C6H4). Found, %: 71.44; H 6.54; N 7.71. C21H24N2O3. Calculated, %: 71.57; 

H 6.86; N 7.95. 

1-(3-Bromophenyl)-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione (6) 

was synthesized from anhydride and 3-bromoaniline. Light-yellow powdery 

crystals. Yield: 55%, mp 124.5-125.5oC (ethanol). Rf 0.90 (A). IR, ν, cm-1: 

1779, 1708 (C=O), 1610, 1573, 1512, 1463 (C=C), 1376, 1366 sh. (i-Pr). 1H 

NMR: 1.32 [d, 3J=6.0 Hz, 6H, (CH3)2CH], 2.84 (dd, 2J=18.0 Hz, 3J=5.4 Hz, 

1H, CHa-CH), 3.30 (dd, 2J=18.0 Hz, 3J=9.6 Hz, 1H, CHb-CH), 45.18 (dd, 
3J=9.6 Hz, 3J=5.4 Hz, 1H, CH2-CH), 4.55 (sp, 3J=6.0, 1H, O-CH), 6.83, 7.23 

(m, m, 2H, 2H, O-C6H4), 7.32-7.43, 7.51-7.56 (m, m, 2H, 2H, N-C6H4). 



 

 

405 

Found, %: C 58.49; H 5.00; N 3.70; Br 20.35. C19H18BrNO3. Calculated, %: 

C 58.77; H 4.67; N 3.61; Br 20.58. 
(E)-3-{3-[3-(4-Isopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-

pyrolyl]phenyl}propenoic acid (7) was synthesized from anhydride and 3-

amino cinnamic acid. White crystals. Yield: 73%, mp 211-212oC (i-PrOH). 

Rf 0.74 (B). IR, ν, cm-1: 1777, 1703, 1683 (C=O imide, carboxyl), 1632, 

1584, 1512, 1464 (C=C), 1379, 1369 sh. (i-Pr). 1H NMR: 1.32 [d, J=6.0 Hz, 

6H, (CH3)2CH], 2.85 (dd, 1J=18.0 Hz, 2J=5.3 Hz, 1H, CHa-CH), 3.32 (dd, 
1J=18.0 Hz, 2J=9.6 Hz, 1H, CHb-CH), 4.19 (dd, 1J=9.6 Hz, 2J=5.3 Hz, 1H, 

CH2-CH), 4.56 (sp, J=6.0 Hz, 1H, O-CH), 6.44 (d, J=16.0 Hz, 1H, =CH), 

6.84, 7.25 (m, m, 2H, 2H, O-C6H4), 7.34 (dt, 1J=8.0 Hz, 2J= 1.6 Hz, 1H, N-

C6H4), 7.50 (t, J=7.8 Hz, 1H, N-C6H4), 7.56-7.62 (m, 2H, N-C6H4), 7.59 (d, 

J=16.0, 1H, =CH). Found, %: C 70.01; H 5.72; N 3.81. C22H21NO5. 

Calculated, %: C 69.64; H 5.58; N 3.69. 

2-[3-(4-Isopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolyl]ben-

zoic acid (8) was synthesized from anhydride and anthranilic acid. After 

reaction was complete, the reaction mixture was cooled, diluted with water. 

The precipitated crude product was filtered, washed by water, dried. It was 

resolved in boiling ethanol with addition of Norit and filtered. After 

concentration of filtrate ether was added and Rf 0.71 (B). IR, ν, cm-1: 3194 

(OH), 1766, 1740, 1691 (C=O imide, carboxyl), 1609, 1604, 1583, 1513, 

1465, 1457 (C=C), 1376, 1366 (i-Pr). 1H NMR: 1.32 [d, 3J=6.0 Hz, 6H, 

(CH3)2CH], 2.77 (dd, 2J=18.0 Hz, 3J=6.0 Hz, 1H, CHa-CH), 3.30 (dd, 
2J=18.0 Hz, 3J=9.7 Hz, 1H, CHb-CH), 4.19 (dd, 3J=9.7 Hz, 3J=6.0 Hz, 1H, 

CH2-CH), 4.57 (sp, 3J=6.0 Hz, 1H, O-CH), 6.84, 7.25-7.33, 7.55, 7.67 (m, 

m, m, m, 2H, 3H, 1H, 1H, resp., arom.), 8.09 (d, 3J=7.7 Hz, 1H, arom.), 

12.89 (br, 1H, COOH). Found, %: C 67.79; H 5.55; N 3.73. C20H19NO5. 

Calculated, %: C 67.98; H 5.42; N 3.96. 

3-[3-(4-Isopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolyl]ben-

zoic acid (9) was synthesized from anhydride and m-aminobenzoic acid. 

Cream-coloured crystals. Yield: 59%, mp 228-229oC (ethanol). Rf 0.61 (B). 

IR, ν, cm-1: 1783, 1707, 1685 (C=O imide, carboxyl), 1610, 1590, 1511, 

1458 (C=C), 1377, 1365 sh. (i-Pr). 1H NMR: 1.31 [d, 3J=6.0 Hz, 6H, 

(CH3)2CH], 2.87 (dd, 2J=17.9 Hz, 3J= 5.5 Hz, 1H, CHa-CH), 3.31 (dd, 
2J=17.9 Hz, 3J=9.5 Hz, 1H, CHb-CH), 4.22 (dd, 3J=9.5 Hz, 3J=5.5 Hz, 1H, 

CH2-CH), 4.57 (sp, 3J=6.0 Hz, 1H, O-CH), 6.85, 7.27 (m, m, 2H, 2H, O-

C6H4), 7.52-7.61, 7.94-8.01 (m, m, 2H, 2H, N-C6H4), 12.89 (br, 1H, COOH). 

Found, %: C 67.67; H 5.28; N 4.01. C20H19NO5. Calculated, %: C 67.98; H 

5.42; N 3.96. 

4-[3-(4-Isopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolylami-

no]benzoic acid (10) was synthesized from anhydride and p-aminobenzoic 

acid. Yield: 64%, mp 242-244oC (ethanol). Rf 0.71 (B). IR, ν, cm-1: 1783, 

1702, 1692 (C=O imide, carboxyl), 1586, 1512, 1464 (C=C). 1H NMR: 1.31 



 

 

406 

[d, 3J=6.0 Hz, 6H, (CH3)2CH], 2.88 (dd, 2J=18.0 Hz, 3J=5.4 Hz, 1H, CHa-

CH), 3.32 (dd, 2J=18.0 Hz, 3J=9.5 Hz, 1H, CHb-CH), 4.22 (dd, 3J=9.5 Hz, 
3J=5.4 Hz, 1H, CH2-CH), 4.57 (sp, 3J=6.0 Hz, 1H, O-CH), 6.85, 7.26, 7.45, 

8.06 (m, m, m, m, 2H, 2H, 2H, 2H 2C6H4), 12.80 (br, 1H, COOH). Found, 

%: C 68.09; H 5.64; N 3.69. C20H19NO5. Calculated, %: C 67.98; H 5.42; N 

3.96. 

Ethyl 4-[3-(4-Isopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrro-

lyl]benzoate (11) was synthesized from anhydride and ethyl p-

aminobenzoate. White crystals. Yield: 85%, mp 173-175oC (ethanol). Rf 0.85 

(B). IR, ν, cm-1: 3466 (NH), 1779, 1705, 1685 sh. (C=O imide, ester), 1600, 

1583, 1510, 1465 (C=C), 1396, 1379 (i-Pr). 1H NMR: 1.32 [d, 3J=6.0 Hz, 

6H, (CH3)2CH], 1.40 (t, 3J=7.1 Hz, 3H, CH3-CH2), 2.87 (dd, 2J=18.0 Hz, 
3J=5.4 Hz, 1H, CHa-CH), 3.32 (dd, 2J=18.0 Hz, 3J=9.6 Hz, 1H, CHb-CH), 

4.20 (dd, 3J=9.6 Hz, 3J=5.4 Hz, 1H, CH2-CH), 4.36 (q, 3J=7.1 Hz, 2H, O-

CH2), 4.56 (sp, 3J=6.0 Hz, 1H, O-CH), 6.8ν4, 7.24 (m, m, 2H, 2H, O-C6H4), 

7.47, 8.08 (m, m, 2H, 2H, N-C6H4). Found, %: C 68.97; H 6.34; N 3.71. 

C22H23NO5. Calculated, %: C 69.28; H 6.08; N 3.67. 

1-(3-Carboxy-4-hydroxyphenyl)-3-(4-isopropoxyphenyl)pyrrolidine-

2,5-dione (12) was synthesized from anhydride and 5-aminosalicylic acid. 

Cream-coloured crystals. Yield: 86%, mp 206oC (i-PrOH – H2O, 1:1). Rf 

0.58 (B). IR, ν, cm-1: 1786, 1703, 1669 (C=O imide, carboxyl), 1610, 1587, 

1513, 1462 (C=C), 1378, 1366 sh. (i-Pr). 1H NMR: 1.32 [d, J=6.0, 6H, 

(CH3)2CH], 2.82 (dd, 1J=18.0 Hz, 2J=5.3 Hz, 1H, CHa-CH), 3.27 (dd, 
1J=18.0 Hz, 2J=9.6 Hz, 1H, CHb-CH), 4.15 (dd, 1J=9.6 Hz, 2J=5.3 Hz, 1H, 

CH2-CH), 4.55 (sp, J=6.0 Hz, 1H, O-CH), 6.83, 7.23 (m, m, 2H, 2H, O-

C6H4), 6.98 (d, J=8.8 Hz, 1H, 5CH C6H3), 7.38 (dd, 1J=8.8 Hz, 2J=2.6 Hz, 

1H, 6CH, C6H3), 7.77 (d, J=2.6 Hz, 1H, 2CH C6H3), 11.42 (br, 1H, OH), 

13.57 (br, 1H, COOH). Found, %: C 64.92; H 5.27; N 3.65. C20H19NO6. 

Calculated, %: C 65.03; H 5.18; N 3.79. 

1-(2,4-Dinitroanilino)-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione 

(13) was synthesized from anhydride and 2,4-dinitrophenylhydrazine. Light-

yellow powdery crystals. Yield: 77%, mp 218-220.5oC (dioxane –water). Rf 

0.75 (B). IR, ν, cm-1: 3341 (NH), 1786, 1732, 1721, (C=O imide), 1548 (as. 

NO2), 1343(s.NO2), 1623, 1613, 1602, 1514, 1507, 1464 (C=C), 1378, 1366 

sh. (i-Pr), 1343, 1179 (C-N arom.). 1H NMR: 1.33 [d, J=6.0 Hz, 6H, 

(CH3)2CH], 2.78 (dd, 1J=18.0 Hz, 2J=5.4 Hz, CHa-CH), 3.37 (dd, 1J=18.0 

Hz, 2J=9.4 Hz, 1H, CHb-CH), 4.25 (dd, 1J=9.4 Hz, 2J=5.4 Hz, 1H, CH2-CH), 

4.57 (sp, J=6.0 Hz, 1H, O-CH), 6.84, 7.27 (m, m, 2H, 2H, O-C6H4), 7.34 (d, 

J=9.4 Hz, 1H, 6CH C6H3), 8.28 (dd, 1J=9.4 Hz, 2J=2.6Hz, 1H, 5CH C6H3), 

9.00 (d, J=2.6 Hz, 1H, 3CH C6H3), 10.30 (br, 1H, NH). Found, %: C 54.85; 

H 4.19; N 13.29. C19H18N4O7. Calculated, %: C 55.07; H 4.38; N 13.52. 

N-{4-[3-(4-Isopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-

pyrrolyl]phenyl}-2-fluorobenz-amide (14) was synthesized from anhydride 
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and 4-amino-N-(2-fluorophenyl)benzamide. Light-cream-coloured crystals. 

Yield: 75%, mp 187-189oC (methyl cellosolve). Rf 0.65 (B). IR, ν,  

cm-1: 3310 (NH), 1771, 1701, 1695 sh. (C=O imide), 1667 (amide I), 1613, 

1603, 1519, 1462 (C=C), 1528 (amide II), 1378, 1366 (i-Pr). 1H NMR: 1.33 

[d, 3J=6.0 Hz, 6H, (CH3)2CH], 2.84 (dd, 2J=17.9 Hz, 3J=5.2 Hz, 1H, CHa-

CH), 3.31 (dd, 2J=17.9 Hz, 3J=9.6 Hz, 1H, CHb-CH), 4.17 (dd, 3J=9.6 Hz, 
3J=5.2 Hz, 1H, CH2-CH), 4.56 (sp, 3J=6.0 Hz, 1H, O-CH), 6.84 (m, 2H, 

arom.), 7.18-7.31 (m, 6H, arom.), 7.51 (m, 1H, arom.), 7.70 (td, 3J=7.4 Hz, 
4J=1.9 Hz, 1H, arom.), 7.87 (m, 2H, arom.), 10.21 (s, 1H, NH). Found, %: C 

69.76; H 5.21; N 6.22; F 3.95. C26H23FN2O4. Calculation, %: C 69.94; H 

5.19; N 6.27; F 4.26. 

1-Hydroxymethyl-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione (15). 

To a solution of 1 (0.1 mol) in 100 ml ethanol 37% formalin (0.33 mol) was 

added. The mixture was refluxed for 50 min and allowed to stand at room 

temperature overnight. The precipitated solid was filtered off, washed with 

water, dried and recrystallized from benzene–ethanol, 1:2 v/v. On 

concentrating the mother liquid, additional portion of product was isolated. 

White crystals. Yield: 95%, mp 84-85oC. Rf 0.50 (B). IR, ν, cm-1: 3514, 3269 

(OH), 1773, 1693 (C=O imide), 1610, 1510, 1472, 1464 (C=C). 1H NMR: 

1.31 [d, 3J=6.0 Hz, 6H, (CH3)2CH], 2.64 (dd, 2J=18.1 Hz, 3J=5.0 Hz, 1H, 

CHa-CH), 3.16 (dd, 2J=18.1 Hz, 3J=9.6 Hz, 1H, CHb-CH), 4.00 (dd, 3J=9.6 

Hz, 3J=5.0 Hz, 1H, CH2-CH), 4.0 (br., 1H, OH), 4.54 (sp, 3J=6.0 Hz, 1H, O-

CH), 4.82, 4.83 (d, d, 2J=10.3 Hz, 2J=10.3 Hz , 2H, N-CH2), 6.80, 7.12 (m, 

m, 2H, 2H, C6H4). Found, %: C 64.09; H 6.64; N 5.17. C14H17NO4. 

Calculated, %: C 63.86; H 6.51; N 5.32. 

General procedures for the syntheses of compounds 16-25. A 

mixture of equimolar amounts of 15 and appropriate amine (usually 0.015 

mol of each) in ethanol (25-30 ml) was refluxed for 50-60 min. On cooling, 

precipitated product was isolated and recrystallized. 

3-(4-Isopropoxyphenyl)-1-morpholinomethylpyrrolidine-2,5-dione 

(16) was synthesized from 15 and morpholine. White powdery crystals. 

Yield: 87%, mp 93-94oC (ethanol). Rf 0.59 (B). IR, ν, cm-1: 1771, 1700 (C=O 

imide), 1611, 1580, 1513, 1462, 1455 (C=C). 1H NMR: 1.31 [d, 3J=6.0 Hz, 

6H, (CH3)2CH], 2.51 (m, 4H, CH2-N-CH2), 2.69 (dd, 2J=18.1 Hz, 3J=5.1 Hz, 

1H, CHa-CH), 3.18 (dd, 2J=18.1 Hz, 3J=9.6 Hz, 1H, CHb-CH), 3.55 (t, 
3J=4.6 Hz, 4H, CH2-O-CH2), 4.04 (dd, 3J=9.6 Hz, 3J=5.1 Hz, 1H, CH2-CH), 

4.33 (s, 2H, N-CH2-N), 4.54 (sp, 3J=6.0 Hz, 1H, O-CH), 4.82, 4.83 (d, 
2J=10.3 Hz, 1H, d, 2J=10.3 Hz, 1H, N-CH2), 6.81, 7.12 (m, m, 2H, 2H, 

C6H4). Found, %: C 64.96; H 7.01; N 8.49. C18H24N2O4. Calculated, %: C 

65.04; H 7.28; N 8.43. 

1-Anilinomethyl-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione (17) 

was synthesized from 15 and aniline. White crystals. Yield: 95%, mp. 129-

130oC (ethanol). Rf 0.80 (B). IR, ν, cm-1: 3369 (NH), 1764, 1683, (C=O 
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imide), 1605, 1520, 1509, 1500, 1458 (C=C), 1375, 1364 (i-Pr). 
1H NMR: 1.29 [d, 3J=6.0 Hz, 6H, (CH3)2CH], 2.56 (dd, 2J=18.1 Hz, 3J=4.8 

Hz, 1H, CHa-CH), 3.13 (dd, 2J=18.1 Hz, 3J=9.5 Hz, 1H, CHb-CH), 3.80 (br, 

1H, NH), 3.96 (dd, 3J=9.5 Hz, 3J=4.8 Hz, 1H, CH2-CH), 4.50 (sp, J=6.0 Hz, 

1H, O-CH), 6.60-6.78 (m, 5H, N-C6H5), 6.94, 7.07 (m, m, 2H, 2H, O-C6H4). 

Found, %: C 71.11; H 6.39; N 7.99. C20H22N2O3. Calculated, %: C 70.98;  

H 6.55; N 8.28. 

1-(4-Acetylanilinomethyl)-(4-isopropoxyphenyl)pyrrolidine-2,5-

dione (18) was synthesized from 15 and 4′-aminoacetophenone. White 

crystals. Yield: 54%, mp 161-162oC (ethanol). Rf 0.57 (B). IR, ν, cm-1: 3341 

(NH), 1764, 1691, 1661 (C=O imide, ketone), 1601, 1540, 1509, 1462, 1453 

(C=C), 1376, 1364 (i-Pr). 1H NMR: 1.29 [d, 3J=6.0 Hz, 6H, (CH3)2CH], 2.41 

(s, 3H, CH3-C=O), 2.63 (dd, 2J=18.2Hz, 3J=5.0 Hz, 1H, CHa-CH), 3.17 (dd, 
2J=18.2 Hz, 3J=9.5 Hz, 1H, CHb-CH), 4.01 (dd, 3J=9.5 Hz, 3J=5.0 Hz, 1H, 

CH2-CH), 4.51 (sp, 3J=6.0 Hz, 1H, O-CH), 4.91 (br, 2H, N-CH2-N), 6.73, 

6.83, 7.02, 7.70 (m, m, m, m, 2H, 2H, 2H, 2H, arom.), 7.15 (br, 1H, NH). 

Found, %: C 69.49; H 6.15; N 7.50. C22H24N2O4. Calculated, %: 69.45; H 

6.36; N 7.36. 

1-(3-Bromoanilinomethyl)-(4-isopropoxyphenyl)pyrrolidine-2,5-

dione (19) was synthesized from 15 and 3-bromoaniline. Light-yellow 

needles. Yield: 91%, mp 106oC (ethanol). Rf 0.79 (B). IR, ν, cm-1: 3374 

(NH), 1770, 1700, 1686, (C=O imide), 1600, 1576, 1513, 1460, 1458 (C=C), 

1377, 1367 sh. (i-Pr). 1H NMR: 1.30 [d, J=6.0 Hz, 6H, (CH3)2CH], 2.60 (dd, 
2J=18.2 Hz, 3J=4.9 Hz, 1H, CHa-CH), 3.16 (dd, 2J= 18.2 Hz, 3J=9.6 Hz, 1H, 

CHb-CH), 3.99 (dd, 3J=9.6 Hz, 3J=4.9 Hz, 1H, CH2-CH), 4.51 (sp, 3J=6.0 

Hz, 1H, O-CH), 4.86 (d, 3J=7.2 Hz, 2H, N-CH2-N), 6.56 (t, 3J=7.2 Hz, 1H, 

NH), 6.71-6.78, 6.94-7.02 (m, m, 4H, 4H, arom.). Found, %: C 57.29;  

H 5.28; N 6.66; Br 18.98. C20H21BrN2O3. Calculated, %: C 57.56; H 5.07; N 

6.71; Br 19.15. 

(E)-3-{3-[3-(4-Isopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-

pyrolylmethylamino]phenyl}-propenoic acid (20) was synthesized from 

15 and 3-amino cinnamic acid. White crystals. Yield: 90%, mp 195-197oC 

(decomp.) (ethanol). Rf 0.75 (B). IR, ν, cm-1: 3353 (NH), 1766, 1754, 1700, 

1684 (C=O imide, acid), 1609, 1602, 1586, 1510, 1463, 1456 (C=C), 1376, 

1369 sh. (i-Pr). 1H NMR: 1.28 [d, 3J=6.0 Hz, 6H, (CH3)2CH], 2.59 (dd, 
2J=18.2 Hz, 3J=4.8 Hz, 1H, CHa-CH), 3.16 (dd, 2J=18.2 Hz, 3J=9.5 Hz, 1H, 

CHb-CH), 3.99 (dd, 3J=9.5 Hz, 3J=4.8 Hz, 1H, CH2-CH), 4.49 (sp, 3J=6.0 

Hz, 1H, O-CH), 4.92 (s, 2H, N-CH2-N), 6.28 (d, 3J=15.9 Hz, CH-COOH), 

6.38 (br., 1H, NH), 6.70, 6.81-6.84 (m, m, 2H, 2H, O-C6H4), 6.97, 7.08, 7.10 

(m, t, 4J=1.9 Hz, t, 3J=7.9 Hz, resp., 2H, 1H, 1H, resp., N-C6H4), 7.41 (d, 
3J=15.9 Hz, 1H, C6H4-CH=), 11.89 (br, 1H, COOH). Found, %: C 67.27; H 

6.00; N 6.59. C23H24N2O5. Calculated, %: C 67.63; H 5.92; N 6.86. 
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2-[3-(4-Isopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolylme-

thylamino]benzoic acid (21) was synthesized from 15 and anthranilic acid. 

Cream-coloured powdery crystals. Yield: 60%, mp 137.5-139oC (ethanol). Rf 

0.72 (B). IR, ν, cm-1: 3371 (NH), 1771, 1719 sh., 1702, 1643 (C=O imide, 

carboxyl), 1610, 1588, 1520, 1512, 1463, 1456 sh. (C=C), 1378, 1367 (i-

Pr).1H NMR: 1.31 [d, 3J=6.0 Hz, 6H, (CH3)2CH], 2.63 (dd, 2J=18.1 Hz, 
3J=4.8 Hz, 1H, CHa-CH), 3.16 (dd, 2J=18.1 Hz, 3J=9.5 Hz, 1H, CHb-CH), 

4.01 (dd, 3J=9.5 Hz, 3J=4.8 Hz, 1H, CH2-CH), 4.52 (sp, 3J=6.0 Hz, 1H, O-

CH), 5.04 (d, 3J=7.2 Hz, 2H, N-CH2-N), 6.64-6.75, 7.00, 7.10, 7.34 (m, m, 

m, m, 3H, 2H, 1H, 1H, resp., arom.), 7.88 (dd, 3J=7.9 Hz, 4J=1.8 Hz, 1H, 

CH=C-COOH), 8.68 (t, 3J=7.2 Hz, 1H, NH), 12.37 (br., 1H, COOH). Found, 

%: C 65.70; H 5.85; N 7.19. C21H22N2O5. Calculated, %: C 65.95; H 5.80; N 

7.33. 

3-[3-(4-Isopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolylme-

thylamino]benzoic acid (22) was synthesized from 15 and m-aminobenzoic 

acid. Light-cream-coloured crystals. Yield: 90%, mp 156-157oC (ethanol). Rf 

0.64 (B). IR, ν, cm-1: 3360 (NH), 1770, 1693, 1683 (C=O imide, carboxyl), 

1609, 1591, 1513, 1510, 1466, 1455 sh. (C=C), 1379, 1366 (i-Pr). 1H NMR: 

1.29 [d, 3J=6.0 Hz, 6H, (CH3)2CH], 2.58 (dd, 2J=18.1 Hz, 3J=4.9 Hz, 1H, 

CHa-CH), 3.15 (dd, 2J=18.1 Hz, 3J=9.5 Hz, 1H, CHb-CH), 3.98 (dd, 3J=9.5 

Hz, 3J=4.9 Hz, 1H, CH2-CH), 4.50 (sp, 3J=6.0 Hz, 1H, O-CH), 4.92 (br, 2H, 

N-CH2-N), 6.43 (br., 1H, NH), 6.71, 6.97 (m, m, 2H, 2H, O-C6H4), 7.00, 

7.27, 7.42 (m, m, m, 1H, 1H, 1H, N-C6H4), 7.16 (t, 3J=7.8 Hz, 1H, N-C6H4), 

12.22 (br, 1H, COOH). Found, %: C 65.62; H 5.61; N 7.35. C21H22N2O5. 

Calculated, %: C 65.95; H 5.80; N 7.33. 

4-[3-(4-Isopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolylme-

thylamino]benzoic acid (23) was synthesized from 15 and p-aminobenzoic 

acid. White crystals. Yield: 78%, mp 196-198oC (ethanol). Rf 0.67 (B). IR ν, 

cm-1: 3343 (NH), 1769, 1689 sh., 1683, 1671 sh. (C=O imide, carboxyl), 

1605, 1535, 1508, 1462 (C=C), 1378, 1367 (i-Pr). 1H NMR: 1.29 [d, 3J=6.0 

Hz, 6H, (CH3)2CH], 2.62 (dd, 2J=18.2 Hz, 3J=4.9 Hz, 1H, CHa-CH), 3.16 

(dd, 2J=18.2 Hz, 3J=9.6 Hz, 1H, CHb-CH), 4.01 (dd, 3J=9.6 Hz, 3J=4.9 Hz, 

1H, CH2-CH), 4.51 (sp, 3J=6.0 Hz, 1H, O-CH), 4.91 (d, 3J=6.8, 2H, N-CH2-

N), 6.73, 7.01 (m, m, 2H, 2H, O-C6H4), 6.96 (t, 3J=6.8 Hz, 1H, NH), 6.81, 

7.71 (m, m, 2H, 2H, N-C6H4). Found, %: C 66.09; H 5.97; N 7.41. 

C21H22N2O5. Calculated, %: C 65.95; H 5.80; N 7.33. 

Ethyl 4-[3-(4-Isopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrro-

lylmethylamino]benzoate (24) was synthesized from 15 and ethyl 4-

aminobenzoate. White needles. Yield: 64%, mp 139-141oC (ethanol). Rf 0.81 

(B). IR, ν, cm-1: 3335 (NH), 1771, 1757, 1703, 1686 (C=O imide ester), 

1602, 1528, 1508, 1459 (C=C), 1378, 1367 (i-Pr). 1H NMR: 1.29 [d, 3J=6.0 

Hz, 6H, (CH3)2CH], 1.35 (t, 3J=7.1 Hz, 3H, CH3-CH2), 2.62 (dd, 2J=18.2 Hz, 
3J=4.9 Hz, 1H, CHa-CH), 3.16 (dd, 2J=18.2 Hz, 3J=9.6 Hz, 1H, CHb-CH), 
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4.00 (dd, 3J=9.6 Hz, 3J=4.9 Hz, 1H, CH2-CH), 4.23 (q, 3J=7.1 Hz, 2H, O-

CH2), 4.50 (sp, 3J=6.0 Hz, 1H, O-CH), 4.91 (br., 2H, N-CH2-N), 6.73, 6.82, 

7.01, 7.73 (m, m, m, m, 2H, 2H, 2H, 2H, arom.), 7.04 (br, 1H, NH). Found, 

%: C 68.97; H 6.34; N 3.71. C23H26N2O5. Calculated, %: C 69.28; H 6.08; N 

3.67. 

N-{4-[3-(4-Isopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolyl-

methylamino]phenyl}-2-fluorobenzamide (25) was synthesized from 15 

and 4-amino-N-(2-fluorophenyl)benzamide. White crystals. Yield: 88%, mp 

136-138oC (ethanol). Rf 0.64 (B). IR, ν, cm-1: 3401, 3271 (NH amine, 

amide), 1768, 1700, 1686, 1640 (C=O imide, amide I), 1618, 1609, 1510, 

1462, 1452 (C=C), 1529 (amide II),1376, 1365 sh. (i-Pr) . 1H NMR: 1.28 [d, 
3J=6.0 Hz, 6H, (CH3)2CH], 2.56 (dd, 2J=18.2 Hz, 3J=4.7 Hz, 1H, CHa-CH), 

3.15 (dd, 2J=18.2 Hz, 3J=9.6 Hz, 1H, CHb-CH), 3.97 (dd, 3J=9.6 Hz, 3J=4.7 

Hz, 1H, CH2-CH), 4.51 (sp, 3J=6.0 Hz, 1H, O-CH), 4.90 (s, 2H, N-CH2-N), 

5.98 (br, 1H, NH-CH2), 6.71-6.79, 6.93, 7.18, 7.25 (m, m, m, m, 4H, 2H, 

1H, 1H, resp., O-C6H4, N-C6H4-N), 7.43-7.51, 7.71 (m, td, resp., 3J=7.5 Hz, 
4J=1.9 Hz, 3H, 1H, resp., F-C6H4), 9.60 (d, 5J=3.3 Hz, 1H, NH-C=O). Found, 

%: C 68.43; H 5.47; N 9.00; F 4.12. C27H26FN3O4. Calculated, %: C 68.20; 

H 5.51; N 8.84; F 4.00. 

 

ФИЗИКО-ХИМИЧЕСКИЕ ХАРАКТЕРИСТИКИ НОВЫХ ПРОИЗВОДНЫХ 

ПИРРОЛИДИН-2,5-ДИОНОВ И СРАВНИТЕЛЬНАЯ ОЦЕНКА 

ИХ ПРОТИВОСУДОРОЖНЫХ СВОЙСТВ 

С. Л. КОЧАРОВ1*, Г. А. ПАНОСЯН1, С. Е. ЧУЧВАР2, и Я. ЛУШЧКИ2 

1 Научно-технологический центр органической и фармацевтической химии 

НАН Республики Армения 
2 Медицинский университет, Люблин, Польша 

 

Синтезирован ряд новых производных пирролидин-2,5-диона, включая N-

арил- и N–ариламинометилзамещённые аналоги. В настоящей работе представ-

лены результаты инструментальных методов анализа синтезированных соедине-

ний и проведена сравнительная оценка соединений с выявленной противосудо-

рожной активностью. 

 

äÆðàÈÆ¸ÆÜ-2«5-¸ÆàÜÜºðÆ Üàð ²Ì²ÜòÚ²ÈÜºðÆ 

üÆ¼ÆÎ²-øÆØÆ²Î²Ü ´ÜàôÂ²¶ÆðÀ ºì Üð²Üò Ð²Î²òÜòàôØ²ÚÆÜ 

Ð²îÎàôÂÚàôÜÜºðÆ Ð²ØºØ²î²Î²Ü ´ÜàôÂ²¶ðàôØÀ 

ê© È© øàâ²ðàì« Ð © ²© ö²ÜàêÚ²Ü« ê© º․ âàôâì²ð & Ú³© ÈàÆÞâÎÆ 

êÇÝÃ»½í»É ¿ åÇñáÉÇ¹ÇÝ-2«5-¹ÇáÝÝ»ñÇ Ýáñ ÙÇ³óáõÃÛáõÝÝ»ñÇ ß³ñù« ³Û¹ ÃíáõÙ N-

³ñÇÉ- ¨ N-³ñÇÉ³ÙÇÝáÙ»ÃÇÉï»Õ³Ï³Éí³Í ³Í³ÝóÛ³ÉÝ»ñ: Ü»ñÏ³Û³óí³Í »Ý ëÇÝÃ»½í³Í 

ÙÇ³óáõÃÛáõÝÝ»ñÇ ³Ý³ÉÇ½Ç ·áñÍÇù³ÛÇÝ Ù»Ãá¹Ý»ñÇ ³ñ¹ÛáõÝùÝ»ñÁ ¨ Çñ³Ï³Ý³óí³Í 

Ñ³Ï³óÝóáõÙ³ÛÇÝ Ñ³ïÏáõÃÛáõÝÝ»ñ óáõó³µ»ñ³Í ÙÇ³óáõÃÛáõÝÝ»ñÇ Ñ³Ù»Ù³ï³Ï³Ý 

·Ý³Ñ³ïáõÙÁ: 
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In the work the causes of the stability violation of self-propagating heat waves in the process of 

frontal polymerization (FP) are studied. FP is an autowave process of the propagation of 

polymerization heat waves. One of the major factors for the practical implementation of FP is the 

necessity to establish the causes and boundaries of the stability violation of propagating heat waves 

in the process of FP. The paper clarifies one of the causes of stability violation during frontal 

polymerization of complexes of acrylamide with transition metals. Taking into account the fact that 

for the specified monomers the cause of stability violation and appearance of spin modes is 

shrinkage of polymer, we have investigated nanoparticle additions to the polymerizing media. It is 

shown that it is possible to regulate the stability violation during FP of the monomers depending on 

the amount of nanoparticle additions. 

 

1. Introduction 

In relation to the synthesis of functional gradient materials (FGM), 

which is one of the main advantages of frontal polymerization (FP) [1, 2], it 

has become necessary to study the stability of FP heat waves for the 

synthesis of high-temperature superconducting polymer composites with an 

objective of developing a strong linkage between superconducting composite 

and polymer according to a prescribed program. As it is known [3, 4], 

superconducting composites were obtained on the basis of cobalt- and 

nickel-complexes of acrylamide (AAm) using additions of superconducting 

ceramic, and studied for superconducting properties, transitions and 

electrical conductivity. However, in terms of the adhesion of these 

mailto:atonoyan@mail.ru
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composites to the required polymers for the synthesis of FGM, we faced the 

task of detailed investigation of the polymerization of metal-complexes of 

AAm both with and without additions. In Ref. [5], FP of the monomers as 

well as stability violation and appearance of spin modes were observed. It 

was shown that the main cause of the above-mentioned phenomena was 

shrinkage of polymer in the process of FP. To verify this, we specifically 

carried out FP in strict adiabatic conditions and confirmed that there was no 

heat loss from the walls of the reaction vessel [5]. A possible mass transfer 

from a hot polymeric part to a cool monomeric was checked as well. To that 

end, experiments were carried out where FP was initiated both from the top 

down and from the bottom up. The data obtained were consistent and the 

possibility of mass transfer was also excluded. Thus, in the work [5], the 

main causes of stability loss as a result of shrinkage of polymer were 

established.  

Accordingly, the investigations with the additions of nanoparticles make 

it possible to synthesize compatible components of FGM by the method of 

FP.  

 

2. Experimental Section 

Reagents used: acrylamide (>99%) (AAm), cobalt nitrate hexahydrate 

(99.5%) (Co(NO3)2 · 6H2O), nickel nitrate hexahydrate (99.5%) (Ni(NO3)2 · 

6H2O), silicon dioxide nanoparticles (10 nm, 99.9%) (all purchased from 

Sigma – Aldrich), bentonite of the local origin (63-80 μm, 99.5%). 

Synthesis of cobalt- and nickel-containing acrylamide complexes 

(Co(AAm)4(NO3)2, Ni(AAm)4(NO3)2) was carried out according to the 

method described in [6].  

The FP of the monomers was carried out in glass ampoules with a 

diameter of 8mm. The mechanical mixtures of the monomer and 

nanoparticles and bentonite were prepared by mixing the substances for a 

long time to thoroughly distribute the nanoparticles in a monomeric medium. 

The prepared mixtures were then loaded into the ampoules. To start the FP 

reaction of the monomeric mixtures, an instant heat was locally applied on 

the upper end of the ampoules.  

The measurements were taken using thermocouples located in the recess 

holes on the reaction ampoules.  

The samples obtained were examined on microscope MB30. 

 

3. Results & Discussion 

The FP of the monomers was investigated using thermocouples. The 

temperature profiles of the processes are given in Figures 1 and 2 (the 

thermocouples were located at a distance of 3mm from each other). 
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Figure 1. Temperature profiles of FP of Ni (curve 1) and Co (curve 2) complexes of AAm. 

 

As can be seen from the Figures, the temperature of the waves reaches 

the adiabatic heating temperature for the polymerizing monomer and, at a 

certain moment, a part of the polymer formed during FP shrinks and gets 

detached from the monomer. At this detachment zone the wave temperature 

declines, which in turn decreases the polymerization rate. When sufficient 

amount of heat, released from the exothermic polymerization, transfers to the 

neighboring layer of the monomer on account of thermal conductivity, the 

FP process is restored and the temperature again reaches the adiabatic 

heating temperature. 

 
Figure 2. Temperature profiles of FP of Ni-complex of AAm in comparison with spin rings 
formed on the samples as a result of polymer shrinkage. 
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Figure 3 shows the temperature profiles of FP of Co(AAm)4(NO3)2 with 

additions of different amounts of SiO2 nanoparticles. As can be seen from 

the Figure, FP of Co(AAm)4(NO3)2 proceeds with formation of instabilities 

and spin modes (curve 1). The addition of up to  

5 wt% of SiO2 nanoparticles leads to a decrease in the gap between the 

polymer and monomer (curve 2), which, in turn, may be resulted by 

intermolecular interactions of the nanoparticles with the polymer chains [6].  

 
Figure 3. Temperature profiles of FP of Co(AAm)4(NO3)2 with the additions of 0 (curve 1), 5 
(curve 2), 10 (curve 3), 15 (curve 4), and 20 (curve 5) wt% of SiO2 nanoparticles. 

 

Next, the further increase (10-15 wt %) in the amount of the 

nanoparticles leads to a uniform propagation of the FP heat waves (curve 3, 

4) with a decrease in both the rate and maximal adiabatic heating of the 

polymerization process. The behavior of the curves in relation to the 

adiabatic heating of the FP of Co(AAm)4(NO3)2 is shown in Figure 4. 

 
Figure 4. Dependence of the maximal adiabatic heating temperature of FP of Co(AAm)4(NO3)2 
on the concentration of SiO2 nanoparticles. 
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Figure 5 shows the samples of nanocomposites obtained by FP of 

Co(AAm)4(NO3)2 with the additions of 0 (1), 5 (2), 10 (3), 15 (4), and 20 (5) 

wt% of SiO2 nanoparticles. It is clearly seen from the Figure that addition of 

the nanoparticles up to 10 wt% gives the samples a homogeneous structure 

(Figure 5-2, 5-3). The fact is that, as mentioned above, the nanoparticles 

interacting with the polymer chains, attract them to each other and change 

the structure of the resulting composite. Nevertheless, with a further increase 

in the amount of nanoparticles, the structure of the obtained composites 

becomes inhomogeneous with the formation of uneven ruptures of the 

polymer matrix of the composite (Figure 5-3, 5-4). 

 
  1)  2)  3)  4)  5) 

Figure 5. Samples of nanocomposites obtained by FP of Co(AAm)4(NO3)2 with the additions of 
0 (1), 5 (2), 10 (3), 15 (4), and 20 (5) wt% of SiO2 nanoparticles. 

 

The samples of the obtained nanocomposites were also examined under 

the microscope MB30. The microimages of the composites (Figure 6) 

confirm the conclusions made. As can be seen from the microscope 

photographs, indeed, with additions of nanoparticles more than 15 wt% the 

structure of the nanocomposites becomes non-uniform and crumbly (Figure 

6-3, 6-4). 

    
1)  2)  3)  4) 

Figure 6. Microscopic images of the samples of nanocomposites (at 100x magnification) 
containing 5 (1), 10 (2), 15 (3), and 20 (4) wt% of SiO2 nanoparticles. 

 

FP of Co(AAm)4(NO3)2 with the addition of 5, 10, 15, and 20 wt% of 

bentonite as an inert filler was investigated as well. The results are 

demonstrated in Figure 7. 
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Figure 7. Temperature profiles of FP of Co(AAm)4(NO3)2 with the addition of 5 (curve 1), 10 
(curve 2), 15 (curve 3) and 20 (curve 4) wt% of bentonite. 

 

As seen from the Figure, the shrinkage area decreases as the bentonite 

concentration increases. This phenomenon is caused by the dilution of the 

monomer with inert filler that reduces the front velocity, and consequently 

the shrinkage of the resulting composite. 

 

4. Conclusion 

The work presents investigations of stability loss of self-propagating 

heat waves in the process of FP. In the paper the effects of nanoparticles on 

the stationarity of FP heat waves were studied. From the presented data it 

can be concluded that the additions of nanoparticles diminish the effect of 

polymer shrinkage, and therefore instabilities and spin modes. At the same 

time denser filling disrupts the smoothness of the propagation of the heat 

waves, which is due to the agglomeration of the nanoparticles as a result of 

their very tight packing. From the presented data it can be concluded that by 

adjusting the quantity and quality of nanoparticles, it is possible to regulate 

the properties of the resulting composites. The results indicate that by means 

of nanoparticles it is possible to regulate the kinetics of the FP process, and 

therefore, obtain polymeric nanocomposites with prescribed properties and 

synthesize compatible components of FGM by the method of FP. 
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üðàÜî²È äàÈÆØºð²òØ²Ü ¶àðÌÀÜÂ²òàôØ î²ð²ÌìàÔ 

äàÈÆØºð²òØ²Ü æºðØ²ÚÆÜ ²ÈÆøÜºðÆ Î²ÚàôÜàôÂÚ²Ü Ê²ÊîØ²Ü 

ä²îÖ²èÜºðÆ àôêàôØÜ²êÆðàôÂÚàôÜÀ 

²․ ú․ îàÜàÚ²Ü« ²․ Ð․ ØÆÜ²êÚ²Ü« ²․ ¼․ ì²ð¸ºðºêÚ²Ü« 

²․ ¶․ ÎºîÚ²Ü & ê․ ä․ ¸²ìÂÚ²Ü 

²ßË³ï³ÝùáõÙ áõëáõÙÝ³ëÇñíáõÙ »Ý ýñáÝï³É åáÉÇÙ»ñ³óÙ³Ý ÁÝÃ³óùáõÙ 

ÇÝùÝ³ï³ñ³ÍíáÕ ç»ñÙ³ÛÇÝ ³ÉÇùÝ»ñÇ Ï³ÛáõÝáõÃÛ³Ý Ë³ËïÙ³Ý å³ï×³éÝ»ñÁ£ 

üñáÝï³É åáÉÇÙ»ñ³óáõÙÁ åáÉÇÙ»ñ³óÙ³Ý ç»ñÙ³ÛÇÝ ³ÉÇùÝ»ñÇ ï³ñ³ÍÙ³Ý 

³íïá³ÉÇù³ÛÇÝ ·áñÍÁÝÃ³ó ¿£ üñáÝï³É åáÉÇÙ»ñ³óÙ³Ý ·áñÍÝ³Ï³Ý Çñ³·áñÍÙ³Ý 

·ÉË³íáñ Ý³Ë³å³ÛÙ³Ý ¿ Ñ³Ý¹Çë³ÝáõÙ ·áñÍÁÝÃ³óÇ ÁÝÃ³óùáõÙ ï³ñ³ÍíáÕ ç»ñÙ³ÛÇÝ 

³ÉÇùÝ»ñÇ Ï³ÛáõÝáõÃÛ³Ý ÏáñëïÇ å³ï×³éÝ»ñÇ å³ñ½áõÙÁ ¨ ¹ñ³Ýó ë³ÑÙ³ÝÝ»ñÇ 

Ñ³ëï³ïáõÙÁ£ ²ßË³ï³ÝùáõÙ ùÝÝ³ñÏíáõÙ ¿ ³ÝóáõÙ³ÛÇÝ ß³ñùÇ Ù»ï³ÕÝ»ñÇ Ñ»ï 

³ÏñÇÉ³ÙÇ¹Ç ÏáÙåÉ»ùëÝ»ñÇ ýñáÝï³É åáÉÇÙ»ñ³óÙ³Ý ÁÝÃ³óùáõÙ ÇÑ³Ûï »Ï³Í 

³ÝÏ³ÛáõÝáõÃÛáõÝÝ»ñÇ å³ï×³éÝ»ñÇó Ù»ÏÁ£ Ð³ßíÇ ³éÝ»Éáí« áñ Ýßí³Í ÙáÝáÙ»ñÝ»ñÇ 

Ñ³Ù³ñ Ï³ÛáõáõÃÛ³Ý ÏáñáõëïÇ ¨ ëåÇÝ³ÛÇÝ é»ÅÇÙÝ»ñÇ ³é³ç³óÙ³Ý å³ï×³é ¿ 

Ñ³Ý¹Çë³ÝáõÙ åáÉÇÙ»ñÇ Ýëï»óÙ³Ý »ñ¨áõÛÃÁ« áõëáõÙÝ³ëÇñí»É »Ý åáÉÇÙ»ñ³óíáÕ 

ÙÇç³í³ÛñáõÙ Ý³ÝáÙ³ëÝÇÏÝ»ñÇ Ñ³í»ÉáõÙÝ»ñÇ ³½¹»óáõÃÛáõÝÁ ·áñÍÁÝÃ³óÇ Ï³ÛáõÝáõ-
ÃÛ³Ý íñ³£ òáõÛó ¿ ïñí»É« áñ ïíÛ³É ÙáÝáÙ»ñÝ»ñÇ ýñáÝï³É åáÉÇÙ»ñ³óÙ³Ý ÁÝÃ³óùáõÙ 

ÑÝ³ñ³íáñ ¿ Ï³é³í³ñ»É ·áñÍÁÝÃ³óÇ Ï³ÛáõÝáõÃÛáõÝÁ Ï³Ëí³Í é»³ÏóÇáÝ ÙÇç³-
í³ÛñáõÙ Ý³ÝáÙ³³ëÝÇÏÝ»ñÇ Ñ³í»ÉáõÙÝ»ñÇ ù³Ý³ÏÇó£ 

 

ИССЛЕДОВАНИЕ ПРИЧИН  НАРУШЕНИЯ СТАЦИОНАРНОСТИ 
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ФРОНТАЛЬНОЙ ПОЛИМЕРИЗАЦИИ 

А. О. ТОНОЯН, А. А. МИНАСЯН, А. З. ВАРДЕРЕСЯН, А. Г. КЕТЯН и С. П. ДАВТЯН 
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Кафедра общей химии и химических процессов 
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В работе исследуются причины нарушения устойчивости самораспростра-

няющихся тепловых волн в процессе фронтальной полимеризации (ФП). ФП – это 

автоволновый процесс распространения тепловых волн полимеризации. Одним из 

важнейших факторов практической реализации ФП является необходимость 

установления причин и границ нарушения устойчивости распространяющихся 

тепловых волн в процессе ФП. В статье выяснена одна из причин нарушения ус-

тойчивости при фронтальной полимеризации комплексов акриламида с переход-

ными металлами. Учитывая, что для указанных мономеров причиной нарушения 

стабильности и появления спиновых мод является усадка полимера, нами были 

исследованы добавки наночастиц в полимеризующиеся среды. Показано, что 

можно регулировать нарушение стабильности при ФП мономеров в зависимости 

от количества добавок наночастиц. 
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вана. Не допускается дублирование одних и тех же данных в таблицах, в схемах и рисун-

ках. 

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 
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таблицы могут быть введены в текст. В письмах в редакцию аннотация на русском языке 
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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 
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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, желатель-

но 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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