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Известно, что почти все реакции с атомом азота 3(5)-метил пиразола неизбежно 

приводят к образованию N-замещенных 3-метил и 5-метил пиразолов. Это касается 

также 1-пропаргил 3(5)-метил пиразола. В данной работе нам удалось разделить эти изо-

меры и идентифицировать их методами 1H и 13С ЯМР спектроскопии. С целью синтеза 

индивидуальных изомеров 3-метил-1-(проп-2-ил)-1H- и 5-метил-1-(проп-2-ил)-1H-пиразо-

лов нами было изучено алкилирование 3(5)-метил пиразола пропаргил бромидом в условиях 

межфазного катализа в системе жидкость-жидкость изопропиловый спирт-вода при 

температуре 0-5° С, что обеспечивает 75-80% выход пропаргил пиразолов. Нам впервые 

удалось идентифицировать полученные изомеры. В продуктах алкилирования всегда пре-

обладает З-метил изомер, но это не затрудняет их разделение. Представлялось интерес-

ным выявить влияние местоположения метильной группы пиразольного кольца в процес-

сах термической и каталитической полимеризации. Данные, полученные при термиче-

ской полимеризации отдельных изомеров, показали, что изомер, где метильный замести-

тель находится в третьем положении пиразольного кольца, при темперaтурe 120-130 °С 

за 20 ч практически не полимеризуется, тогда как у изомера, в котором метильный за-

меститель находится в пятом положении пиразольного кольца, выход при полимериза-

ции пиразолов составляет 40,0%. Совершенно иная картина наблюдается при каталити-

ческой полимеризации. Так, при температуре 120-130 °С за 20 ч в присутствии катали-

тического количества PdCl2 оба изомера полимеризуются на 50,0%. Так как при алкили-

ровании 3(5)-метилпиразола получаем смеси изомеров-3-метил-1-(проп-2-ил)-1H-пиразол 

(2а) и 5-метил-1-(проп-2-ил)-1H-пиразол (2б), целесообразно изучать их поведение при 

термической и каталитической полимеризации совместно. Результаты термической по-

лимеризации показали, что 3-метил-1-(проп-2-ил)-1H-пиразол (2а)-изомер почти полно-

стью подавляет процесс полимеризации, и выход полимера составляет лишь 8,0%, а в 

присутствии PdCl2 при полимеризации смеси изомеров 3(5)-метил-1-(проп-2-ил)-1H-пира-

зол (2а, 2б) выход полимера составляет ~40%. Термогравиметрический анализ (ТГА) по-

лученных полимеров проводился в условиях динамического нагревания и показано, что ин-

тенсивная потерия массы образцов 3, 4 и 5 начинается при температуре около 195 °С, 

200 °С и 215 °С соответственно. Значения удельной электропроводности полипропаргил 

пиразолов (10-3- 10-5  Ом-1. см-1) указывают на то, что они могут найти применение в ка-

честве органических полимерных полупроводников. 
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It is known that almost all reactions involving the nitrogen atom of 3(5)-methylpyrazole 

inevitably lead to the formation of N-substituted 3-methyl and 5-methyl pyrazoles. This also applies 

to 1-propargyl 3(5)-methylpyrazole. In this work, we succeeded in separating these isomers from 

each other and identifying them using 1H and 13C NMR spectroscopy methods. To synthesize indi-

vidual isomers of 3-methyl-1-(prop-2-yl)-1H- and 5-methyl-1-(prop-2-yl)-1H-pyrazoles, we studied 

the alkylation of 3(5)-methylpyrazole with propargyl bromide under conditions of interphase catal-

ysis in a liquid-liquid system of isopropyl alcohol-water at a temperature of 0-5°C, which provides 

a 75-80% yield of propargyl pyrazoles. For the first time, we were able to identify the obtained 

isomers. In the alkylation products, the 3-methyl isomer always predominates, but this does not 

complicate their separation from each other. It was of interest to determine the influence of the 

position of the methyl group in the pyrazole ring during the process of thermal catalytic polymeri-

zation. The data obtained from the thermal polymerization of the individual isomers showed that 

the isomer with the methyl substituent in the third position of the pyrazole ring does not polymerize 

practically at a temperature of 120-130 °C over 20 h, whereas the isomer with the methyl substituent 

in the fifth position of the pyrazole ring has a yield of 40.0% in the polymerization of pyrazoles. A 

completely different picture is observed during catalytic polymerization. At a temperature of 120-

130 °C over 20 h, in the presence of a catalytic amount of PdCl2, both isomers polymerize at a rate 

of 50.0%. Since the alkylation of 3(5)-methylpyrazole yields mixtures of the 3-methyl-1(prop-2-yl)-

1H-pyrazole (2a) and 5-methyl-1(prop-2-yl)-1H-pyrazole (2b) isomers, it is advisable to study their 

behavior during thermal and catalytic polymerizations together. The results of thermal polymeri-

zation showed that the 3-methyl-1(prop-2-yl)-1H-pyrazole (2a) isomer almost completely sup-

presses the polymerization process, with a polymer yield of only 8.0%, and in the presence of PdCl2 

during polymerization of a 3(5)-methyl-1-(prop-2-yl)-1H-pyrazole (2a, 2b) isomer mixture, the pol-

ymer yield is ~40%. Thermogravimetric analysis (TGA) of the obtained polymers was carried out 

under dynamic heating conditions and it was shown that intensive weight loss of samples 3, 4 and 

5 begins at a temperature of about 195 °C, 200 °C and 215 °C, respectively. The specific conductivity 

values of polypropargyl pyrazoles (10-3-10-5 Ohm-1.cm-1) indicate that they can find application as 

organic polymer semiconductors. 
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INTRODUCTION 

All reactions involving the nitrogen atom of 

3(5)-methylpyrazole inevitably lead to the simultane-

ous formation of N-substituted 3-methyl and 5-me-

thyl isomers, due to the tautomerism present in 3(5)-

methylpyrazole. 

Only in cases where the mobile hydrogen on 

nitrogen is replaced by relatively less mobile substituents 

is it possible to separate and identify these isomers. 

With the aim of synthesizing individual iso-

mers of 3-methyl- and 5-methyl-1-propargyl pyra-

zoles, we studied the alkylation of 3(5)-methylpyrazole 

(1) with propargyl bromide under phase-transfer catal-

ysis (PTC) conditions and the subsequent separation of 

the resulting isomers by rectification. 

The task of this work, namely the separation of 

the resulting isomeric products of alkylation, was suc-

cessfully solved by alkylation of 3(5)-methylpyrazole 

(1) with propargyl bromide in the presence of phase 

transfer catalysts (benzyltriethylammonium chloride, 

TEBAC) at a temperature of 0-5 °C to exclude the for-

mation of 1-allenyl-3(5)-methylpyrazoles.  

Polymerization of 3(5)-methyl-1-(prop-2-yl)-

1H-pyrazole, as well as individual isomers of 3-me-

thyl-1-(prop-2-yl)-1H and 5-methyl-1-(prop-2-yl)-1H-

pyrazoles was carried out at a temperature of 120-130 °C, 

in the catalytic presence of PdCl2. 

From the obtained data it is easy to see that the 

isomer with a methyl group in position 5 in the ring 

exhibits greater activity in the process of thermal 

polymerization. 

The obtained polypropargylpyrazoles are pow-

ders from dark brown to black colors, well soluble in 

many solvents (acetone, chloroform, DMF). They ex-

hibit a specific electrical conductivity in the range of 

2.2-2.4·10-4 Ohm-1·cm-1. 

EXPERIMENTAL PROCEDURE 

Alkylation of 3(5)-methylpyrazole with pro-

pargyl pyrazole was carried out under PTC conditions 

in the presence of isopropyl alcohol: water solution. 

The separation of the obtained isomers was done by the 

rectification method. The composition and structure of 

the synthesized isomers have been proven by NMR and 

IR spectroscopy methods and confirmed by elemental 

analysis data. Polymerization of individual isomers 

and their mixtures was carried out in the presence of a 

catalytic amount of PdCl2 and thermally at a tempera-

ture of 120-130 °C. Thermal properties of the polymers 

were studied, as well as electrical conductivity of the 

obtained polymers. 

EXPERIMENTAL PART 

3(5)-methyl-1-(prop-2-yn-1-yl)-1H-pyrazole 

(2a, b) 

a) A mixture of 16.4 g (0.2 mol) of 3(5)-

methylpyrazole, 12.0 g (0.3 mol) of sodium hydroxide, 

2.0 g of TEBAC, 5 ml of water and 60 ml of isopropyl 

alcohol was stirred under reflux at 25 °C for 30 min. 

After cooling to 5 °C, 22.8 ml (0.3 mol) of propargyl 

bromide were added dropwise to the reaction mixture. 

The mixture was stirred for 2 h. The reaction mixture 

was filtered, the resulting precipitate was washed with 

methylene chloride and left overnight. After removing 

the solvent and isopropyl alcohol, the residue was dis-

tilled under reduced pressure. Yield 20.2 g (84.0%), b. 

p. 85-90 °C/15 mm Hg, nD
20 1.500. IR spectrum, υ, cm-1: 

1526 (ring), 2124 (C≡C). Found, %: C 67.95; H 5.84; 

N 26.58; C7H8N2. Calculated, %: C 67.90; H 5.70; N 

26.40. 

b) The result is similar to the previous exam-

ple, with the difference that 22.8g (0.3 mol) of propar-

gyl bromide was added directly. Yield 18.2 g (75.8%). 

c) It is analogous to the first example, with the 

difference that after adding 22.8 g (0.3 mol) of propar-

gyl bromide, stirring was continued for 1 h. Yield 17.5 g 

(73.0%). 

To separate the mixture of isomers, a reactiva-

tion column 30 cm long, 4 cm in diameter, filled with 

a ceramic packing (0.5×0.1 cm) was used. The top tem-

perature is 70-72 °C, and the temperature of the cube 

is 94 °C, and the pressure is 3 mm Hg. R = 10 (reflux 

ratio). 100 g of the mixture of 1-propargyl-3(5)-

methylpyrazole isomers are loaded into the cube, the 

ratio is 3Me:5Me-3:1, respectively. After separation, it 

was obtained: 

a) 3-methyl-1-(prop-2-in-1-yl)-1H-pyrazole 

(2a) (25.0g), b. p. 75 °C/10mm Hg, nD
20 1.4906, purity 

according to 1H NMR spectrum - 98.3%. 1H NMR 

spectrum (400 MHz, DMSO-d6/CCl4/1:3), δ, ppm, Hz: 

2.21s (3H, 3-CH3), 2.90t (1H, J = 2.6, С≡СH), 4 .84d 

(2H, J = 2.6, N-CH2), 5.97d (1H, J = 2.2, 4-H), 7.49d 

(1H, J = 2.2, 5-H). 13C NMR spectrum (100 MHz, 

DMSO-d6/CCl4/1:3), δ, ppm: 12.96; 40.25; 74.84; 

77.48; 104.74; 128.97; 147.34. 
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b) 5-methyl-1-(prop-2-in-1-yl)-1H-pyrazole 

(2b) (10.0g), b. p. 80 °C /10 mm Hg, nD
20 1.5040, purity 

according to 1H NMR spectrum – 98 %. 1H NMR spec-

trum (400 MHz, DMSO - d6/CCl4/1:3), δ, ppm, Hz: 

2.39s (3H, 5-CH3), 2.85t (1H, J = 2.6, С≡СH), 4.84d 

(2H, J = 2.6, N-CH2), 5.97d (1H, J = 2.2, 4-H), 7.20d 

(1H, J = 2.2, 3-H). 13C NMR spectrum (100 MHz, 

DMSO-d6/CCl4/1:3), δ, ppm: 10.34; 30.27; 74.10; 

77.46; 129.88; 105.15; 137.43. 

During the separation, an intermediate fraction 

of approximately 30.0 g (3Me:5Me-4:1) was obtained. 

During the separation of isomers, a resinous mass of 

25.3 g was also formed. 

3(5)-methyl-1-allenyl pyrazole (2c, d). A 

mixture of 16.4 g (0.2 mol) of 3(5)-methylpyrazole, 

12.0 g (0.3 mol) of sodium hydroxide, 2.0 g of TE-

BAC, 5 ml of water and 60 ml of isopropyl alcohol was 

stirred under reflux at 20 °C for 30 min, 22.8 ml (0.3 mol) 

of propargyl bromide were added dropwise to the reac-

tion mixture. Stirred for 2 h. The reaction mixture was 

filtered, the resulting precipitate was washed with 

methylene chloride and left overnight. After the sol-

vent and isopropyl alcohol were removed, the residue 

was distilled under reduced pressure. Yield 12.1 g 

(50.5%) b. p. 80 °C/15 mm Hg, nD
20 1.5430. IR spec-

trum, υ, cm-1: 1950 cm-1, two absorption bands 

C=C=C and 1050 cm-1 respectively. 1H NMR spec-

trum (400 MHz, DMSO-CCl4/1:3), δ, ppm, Hz: 2.21s 

(3H, 3-CH3), 2.61s (3H, 5-CH3), 5.51m (4H, 2C=CH2), 

6.15d (1H, J = 2.4, 4-H), 6.22d (1H, J = 2.4, 4-H), 7.41-

7.43m (2H, 2N-CH=C), 7.45d (1H, J = 2.4, 3H), 7.65d 

(1H, J = 2.4, 5H). 

Polymerization of N-propargylpyrazoles 

a) Catalytically: 0.5 g (0.0042 mol) of N-pro-

pargylpyrazole and 0.0083 g (0.000047 mol) of PdCl2 

were loaded into a glass ampoule. The ampoule was 

sealed after degassing under vacuum and a nitrogen at-

mosphere: placed in an oil bath at 120-130 °C and kept 

for 20 h. After opening, the obtained dark brown mass 

was dissolved in acetone and the polymer was precipi-

tated in hexane, the precipitate was filtered and dried 

to constant weight at 50 °/10 mm Hg. The yield of pol-

ypropargyl pyrazoles of sample 3 and sample 4 is 

50.0%, respectively, the yield of polypropargyl pyra-

zoles of sample (5a, b) is 39.0%. 

b) Thermally: similar to example a), only the 

polymerization is carried out without palladium chlo-

ride at 120-130 °C for 20 h. The yield of polypropar-

gylpyrazole (3) is practically zero, and in the case of a 

mixture of polypropargylpyrazole isomers (5a, b) it is 

8.3%. 

The electrical conductivity of polymer samples 

3, 4 and 5a, b was determined in the AT-512 device 

(China). The obtained samples were pre-doped with 

0.1N hexane solution J2, after which they were dried to 

constant weight. The doped polymer was converted 

into tablets and the electrical conductivity was meas-

ured on the device. 

RESULT AND DISCUSSION 

Propargyl compounds, along with other acety-

lene compounds, are used in the synthesis of polycon-

jugated polymers with semiconductor properties. 

These compounds are promising reagents for con-

structing molecular building blocks of natural azole de-

rivatives [1-8]. For the synthesis of propargyl com-

pounds of the azole series, azoles containing a mobile 

hydrogen atom are usually used [9]. 

The developed method for alkylation of azoles 

under conditions of phase-transfer catalysis [10-12] 

and in the NMO/H2O system [13-16] opens up broad 

possibilities for the synthesis of N-propargylpyrazoles. 

Direct alkylation of pyrazole with propargyl 

bromide under phase-transfer catalysis (PTC) condi-

tions was first investigated in [17], where the authors 

showed that, using indicated method, instead of the ex-

pected 1-propargylpyrazole, the product of its isomeriza-

tion, 1-allenylpyrazole, is obtained with a yield of 52%. 

The essence of another method [18] for obtain-

ing propargylpyrazole (yield 76%) and 1-propargyl-

2,5-dimethylpyrazole (yield 35%) consists in alkyla-

tion of the corresponding sodium pyrazolates with pro-

pargyl bromide in absolute tetrahydrofuran. The dura-

tion of the process is 5 h, at the boiling point of the 

solvent (66 °C). 

To avoid the aforementioned disadvantages, it 

was advisable to carry out the alkylation of pyrazoles 

with propargyl bromide in the NMO/H2O system [13]. 

Using an aqueous solution of NMO and potassium hy-

droxide as a reaction medium allowed us to obtain N-

propargylpyrazoles with a yield of 66-79%, while the 

formation of a side allene derivative was not observed. 

Considering the aforementioned works and 

their disadvantages, partially in the NMO/H2O system 

of alkylation of azoles with propargyl bromide, high 

consumption of NMO and the associated high cost, in 

this work we investigated the alkylation of 3(5)-

methylpyrazole with propargyl bromide under condi-

tions of phase-transfer catalysis according to scheme 1. 

When transitioning from the NMO/H2O sys-

tem to the isopropyl alcohol/water system, it was found 

that the determining factor in propargylation under 

PTC conditions is the process temperature. The opti-

mum temperature is 0-5 C, which allows chemoselec-

tive alkylation of 3(5)-methylpyrazole. 
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Scheme 1 

Схема 1 

 

The yields of the target products are 75-80%. 

At a temperature of 20 °C, an acetylene-allenyl rear-

rangement is observed with the formation of 1-allenyl-

3(5)-methylpyrazole according to scheme 2. 

 

 
Scheme 2 

Схема 2 

 

Alkylation of 3(5)-methylpyrazole (1) with 

propargyl bromide, as expected [19-22], led to the for-

mation of a mixture of 3-methyl- (predominant) and 5-

methylpyrazoles (2a, b). 

The isomeric forms 3Me and 5Me were iden-

tified by the cross peaks of the methylene group with 

the proton of the pyrazole ring (compound with 3Me) 

and with the methyl group (compound with the methyl 

group in the 5-position). 

Polymerization of propargylpyrazoles 

It was of interest to determine the influence of 

the position of the methyl group of the pyrazole ring 

during thermal and catalytic polymerization. In order 

to obtain reliable results, in this work individual iso-

mers 2a and 2b were isolated by fractionation of their 

mixture 2a, b, obtained by alkylation of 3(5)-methylpy-

razole (1) with propargyl bromide. 

For this purpose, individual isomers 2a and 2b 

were polymerized thermally at a temperature of 120-

130 °C, as well as catalytically in the presence of pal-

ladium chloride according to scheme 3. 

As a result, during thermal polymerization of 

individual isomers 2a and 2b, it was revealed that iso-

mer 2a, where the methyl substituent is in the third po-

sition of the pyrazole ring, did not polymerize in almost 

20 h at a temperature of 120-130 °C. 

 

 
Scheme 3 

Схема 3 

 

At the same time, when the methyl substituent 

is in the fifth position of the pyrazole ring 2b, the yield 

of polypropargylpyrazole is 40.0%. 

A completely different picture is observed in 

catalytic polymerization. From the previously used cat-

alytic system PdCl2-pyridine-pyridine was excluded on 

the grounds that in the pyrazole ring itself the mono-

mers have a pyridine atom (nitrogen in position 2 of 

the pyrazole ring). 

Thus, at a temperature of 120-130 °C for 20 h 

in the presence of a catalytic amount of PdCl2, both 

isomers 2a and 2b polymerize by 50.0%. 

Since during the alkylation of 3(5) methylpy-

razole (1) with propargyl bromide always results in 

mixtures of isomers 2a, b, it was advisable to study 

their behavior in the mixture according to scheme 4. 

 

 
Scheme 4 

Схема 4 

 

The first experiments showed that during ther-

mal polymerization, the 3Me isomer almost com-

pletely inhibits the polymerization process and the 

yield of polymer 5a, b is only 8.2%. However, in the 

presence of a catalytic amount of PdCl2, the 3Me:5Me 

isomer mixtures polymerize by 40%. 

The analysis of IR spectra of the obtained pol-

ymers showed that polymerization of compounds 2a 

and 2b occurs via the triple bond of propargylpyrazoles 

without affecting the pyrazole ring. Thus, according to 
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IR spectroscopy data, the absorption bands of valence 

vibrations characteristic of the triple bond at 2124 cm-1, 

2122 cm-1 are completely absent in the obtained poly-

mers 3 and 4, however, a new absorption band charac-

teristic of the vinyl group appears in the region of 

1638 cm-1, and finally, the characteristic bands for va-

lence vibrations of the pyrazole ring at 1524 cm-1 for 

compounds 3 and 4 are preserved in the IR spectra of 

polyvinylpyrazoles. 

Some physicochemical characteristics of poly-

propargylpyrazoles are given in the table. 

 
Table 

Conditions of thermal and catalytic polymerization of 1-propargyl-3-methyl and 1-propargyl-5-methylpyrazoles 

and main physicochemical characteristics 

Таблица. Условия термической и каталитической полимеризации 1-пропалгил-3-метил и 1-пропаргил-5-

метилпиразолов и основные физико-химические характеристики 

Compound  
Polymerization 

method 

Polymer 

yield, % 

Characteristic 

viscosity σl/g 

Doping 

compound 

Specific Electrical 

Conductivity 

Ohm-1·cm-1 

Т. softenin, 

C 

2а 
PdCl2 50.0 0.042 0.1N J2 

in hexane  

10-3 115-120 

Thermal - - - - 

2b 
PdCl2 50.0 0.052 - 10-3 200-240 

Thermal 40.0 0.030 - 10-5 - 
 

 
Fig. 1. Thermogravimetric analysis curves of polymer sample 3. 

1-mass loss curve, 2-thermodynamic curve, 3-potential change 

curve 

Рис. 1. Кривые термогравиметрического анализа полимер-

ного образца 3. 1–кривая потери массы, 2-термодинамическая 

кривая, 3-кривая изменения потенцала 

 

 
Fig. 2. Thermogravimetric analysis curves of polymer sample 4. 

1-mass loss curve, 2-thermodynamic curve, 3-potential change 

curve 

Рис. 2. Кривые термогравиметрического анализа полимер-

ного образца 4. 1–кривая потери массы, 2-термодинамическая 

кривая, 3-кривая изменения потенцала 

 
Fig. 3. Thermogravimetric analysis curves of polymer sample 5a, 

b. 1-mass loss curve, 2-thermodynamic curve, 3-potential change 

curve 

Рис. 3. Кривые термогравиметрического анализа полимер-

ного образца 5а, б. 1–кривая потери массы, 2-термодинамиче-

ская кривая, 3-кривая изменения потенцала 

 

The specific conductivity values of polypro-

pargyl pyrazoles (10-3-10-5 Ohm-1 cm-1) indicate that 

they can find applications as organic polymer semicon-

ductors (table). 

To assess the thermal stability and the possibil-

ity of decomposition of the polymer samples 3 (Fig. 1) 
and 4 (Fig. 2), as well as their mixture of isomers (5a, 

b) (Fig. 3), a thermal study was carried out under dy-

namic heating conditions using the [TG/MSNE-

TZSHSTA499(TG)QSM403(MS)] device. 

According to thermogravimetric analysis 

(TGA), intensive weight loss of samples 3, 4 and 5 be-

gins at temperatures of about 195, 200 and 215 °C, re-

spectively. The first stage of weight loss for sample 5 

begins at 80 °C and ends at 140 °C, the weight loss is 

about 0.8%. This stage is manifested on the differential 
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thermogravimetry (DTG) curve as an intense peak, and 

on the differential scanning calorimetry (DSC) curve 

as a weak endothermic (endo) peak. 

Probably, at the first stage of thermal destruc-

tion of sample 5, adsorbed or weakly bound water is 

removed from the sample. At the beginning of inten-

sive loss of sample mass, at 196 °C, another process 

begins in the form of an endo effect (ends at 206 °C), 

and residual monomer may be removed. At tempera-

tures from 240 °C (beginning of the exo effect) to 270 °C, 

complex processes apparently occur in the sample with 

the formation of new chemical bonds. 

The mass loss for sample 3 starts at 80 °C and 

ends at 180 °C, the mass loss is about 1.5%. According 

to DTG and DSC data, the subsequent thermal behav-

ior of sample 3 is almost identical to the thermal be-

havior of sample 5. 

Sample 4 (according to TGA data), compared 

to samples 5, 3, is thermally stable and has no mass 

losses up to 200 C. Intensive thermodestruction (onset 

at 215 C) includes two exo processes with onsets tem-

peratures of 245 °C and 260 °C, suggesting the for-

mation of new structures, with their subsequent (with 

an increase in temperature above 260 C) destruction. 

The mass loss for samples 5, 3 and 4 with an 

increase in temperature to 600 °C is 60% of the orig-

inal mass. 

CONCLUSION 

In the presented work, it is once again shown 

that 3Me and 5Me isomers differ not only in their phys-

ical but also chemical properties. Thus, during thermal 

polymerization at 120-130 °C, the 3Me isomer is 

hardly polymerized, while the 5Me isomer is polymer-

ized by 50%. During catalytic polymerization, the two 

isomers polymerize in almost equal amounts, approxi-

mately 50 percent each. This suggests that during cat-

alytic polymerization, PdCl2 does not play a role for 

the 5Me isomer, whereas for the 3Me isomer, it pro-

motes the cleavage of the triple bond. During the ther-

mal polymerization of an isomer mixture, the 3Me iso-

mer completely inhibits the polymerization of the 5Me 

isomer. This phenomenon is not observed during cata-

lytic polymerization, which again suggests that the 

polymerization of the 3Me isomer proceeds under the 

influence of PdCl2. 

ACKNOWLEDGEMENT 

The work was supported by Grant 24DP-

1D007 of Higher Education and Science Committee of 

the RA MESCS. 

The authors declare the absence of a conflict 

of interest warranting disclosure in this article. 

Работа поддержана грантом 24DP-1D007 

Комитета по высшему образованию и науке МОН РА. 

Авторы заявляют об отсутствии кон-

фликта интересов, требующего раскрытия в дан-

ной статье. 
 

Л И Т Е Р А Т У Р А  

1. Huang J., Yu G. Structural engineering in polymer sem-

iconductors with aromatic N-heterocycles. Chem. Mater. 

2021. V. 33. N 5. P. 1513-1539. DOI: 10.1021/acs.chem-

mater.0c03975. 

2. Okamoto K., Luscombe C.K. Controlled polymeriza-

tions for the synthesis of semiconducting conjugated pol-

ymers. Polym. Chem. 2011. V. 2. N 11. P. 2424-2434. 

DOI: 10.1039/c1py00171j. 

3. Sikora M., Katrusiak A. Pressure-Controlled Neutral–Ionic 

Transition and Disordering of NH··· N Hydrogen Bonds in Py-

razole. J. Phys. Chem. C. 2013. V. 117. N 20. P. 10661-10668. 

DOI: 10.1021/jp401389v. 

4. Küpper F.C., Feiters M.C., Olofsson B., Kaiho T., Yan-

agida S., Zimmermann M.B., Carpenter L.J., Luther III 

G.W., Lu Z., Jonsson M., Kloo L. Commemorating two 

centuries of iodine research: an interdisciplinary overview 

of current research. Angew. Chem. Int. Ed. 2011 V. 50. N 49. 

P. 11598-11620. DOI: 10.1002/anie.201100028. 

5. Балян К.В., Погосян А.Р., Мовсисян Л.А., Саргсян 

А.Б., Аттарян О.С., Айвазян А.Г., Обосян Н.Г. Иоди-

рование пропаргилпиразола в присутствии ацетата кад-

мия (II). ЖОрХ. 2023. Т. 59. Вып. 9. С. 1223-1227. DOI: 

10.31857/S0514749223090124. 

6. Abdel-Fattah A.A., Soliman Y.S., Ghobashy M.M. Syn-

thesis and characterization of conjugated and nanostructured 

R E F E R E N C E S  

1. Huang J., Yu G. Structural engineering in polymer sem-

iconductors with aromatic N-heterocycles. Chem. Mater. 

2021. V. 33. N 5. P. 1513-1539. DOI: 10.1021/acs.chem-

mater.0c03975. 

2. Okamoto K., Luscombe C.K. Controlled polymeriza-

tions for the synthesis of semiconducting conjugated pol-

ymers. Polym. Chem. 2011. V. 2. N 11. P. 2424-2434. 

DOI: 10.1039/c1py00171j. 

3. Sikora M., Katrusiak A. Pressure-Controlled Neutral–Ionic 

Transition and Disordering of NH··· N Hydrogen Bonds in Py-

razole. J. Phys. Chem. C. 2013. V. 117. N 20. P. 10661-10668. 

DOI: 10.1021/jp401389v. 

4. Küpper F.C., Feiters M.C., Olofsson B., Kaiho T., Yan-

agida S., Zimmermann M.B., Carpenter L.J., Luther III 

G.W., Lu Z., Jonsson M., Kloo L. Commemorating two 

centuries of iodine research: an interdisciplinary overview 

of current research. Angew. Chem. Int. Ed. 2011 V. 50. N 49. 

P. 11598-11620. DOI: 10.1002/anie.201100028. 

5. Balyan K.V., Pogosyan A.R., Movsisyan L.A., Sargsyan 

A.B., Attaryan O.S., Ayvazyan A.G., Hobosyan N.G. Io-

dination of Propargylpyrazole in the Presence of Cadmium(II) 

Acetate. Zhur. Org. Khim. 2023. V. 59. N 9. P. 1223-1227 (in 

Russian). DOI: 10.31857/S0514749223090124.  

6. Abdel-Fattah A.A., Soliman Y.S., Ghobashy M.M. Syn-

thesis and characterization of conjugated and nanostructured 



 

А.А. Сукоян и др. 

 

98   Изв. вузов. Химия и хим. технология. 2025. Т. 68. Вып. 4 

 

 

poly (propargyl alcohol) polymers. J. Polym. Res. 2018. V. 25. 

P. 1-13. DOI: 10.1007/s10965-018-1496-4. 

7. Обосян Н.Г., Балян К.В., Петросян А.Л., Овакимян 

С.А., Чобанян Ж.А., Нерсисян Р.С. Алкилирование 1-

(проп-2-инил)-пиперидина CH-кислотами в присутствии 

ацетата ртути (II). ЖОрХ. 2017. Т. 87. Вып. 1. С. 33-36. 

DOI: 10.1134/S1070363217010066. 

8. Budeev A., Kantin G., Dar’in D., Krasavin M. Diazocar-

bonyl and related compounds in the synthesis of azoles. 

Molecules. 2021. V. 26. N 9. P. 2530. DOI: 10.3390/mole-

cules26092530. 

9. Sun Q., Harvey J. A., Greco K.V., Auerbach S.M. Mo-

lecular simulations of hydrogen bond cluster size and reor-

ientation dynamics in liquid and glassy azole systems. J. 

Phys. Chem. B. 2016. V. 120. N 39. P. 10411-10419. DOI: 

10.1021/acs.jpcb.6b07148. 

10. Hasratyan А.H., Suqoyan A.A., Danagulyan G.G., At-

taryan H.S. Alkylation of imidazole with dichloroethane and 

dehydrochlorination of the in-situ obtained 1-(2-chloroethyl) 

imidazole to vinylimidazole in an aqueous alkaline medium 

in the N-methyl morpholine N oxide sistem using transfer 

catalyst. Chem. J. Armenia. 2019. V. 72. N 4. P. 517-522. 

11. Wang Y., Wang Y., Du X., Zheng K., Zhai S., Bai S., Fang 

L., Zhang T. Catalytic Enantioselective Propargylation of 

Pyrazolones by Amide-Based Phase-Transfer Catalysts. Org. 

Lett. 2024. V. 26. N 35. P. 7318-7323. DOI: 10.1021/acs.or-

glett.4c0244. 

12. Baltayan A.O., Rstakyan V.I., Antanosyan S.K., Ki-

noyan F.S., Attaryan O.S., Asratyan G.V. Alkylation of 

pyrazoles with ethylene chlorohydrin under phase transfer 

catalysis. Russ. J. Gen. Chem. 2009. V. 79. P. 2417-2419. 

DOI: 10.1134/S107036320911022X. 

13. Zakaryan G.B., Hayotsyan S.S., Attaryan H.S., Has-

ratyan G.V. Alternative reaction medium for the synthesis 

of 1-propargylpyrazoles. Russ. J. Gen. Chem. 2015. V. 85. N 7. 

P. 1773-1774. DOI: 10.1134/s1070363215070348.  

14. Hasratyan A.H., Alexanyan A.G., Khachatryan H.N., 

Zakaryan G.B., Hayotsyan S.S., Danagulyan G.G., At-

taryan H.S. Aqueous N-methylmorpholine N-oxide as a new 

medium for alkylation of pyrazoles. Chem. Heterocycl. 

Compd. 2018. V. 54. P. 751-754. DOI: 10.1007/s10593-018-

2342-7. 

15. Алексанян А.Г., Бадалян К.С., Бичахчян Л.А., Асра-

тян А.Г., Шахатуни А.Г. Данагулян Г.Г., Аттарян 

О.С. Синтез 1-пропаргил-3(5)-метил-4-нитропиразолов 

в условиях МФК и в системе NMO/H2O. Изучение тер-

мической и каталитической полимеризации полученных 

пропаргилпиразолов. Арм. хим. ж. 2021. Т. 74. Вып. 3-4. 

С. 276-281. 

16. Асратян А.Г., Алексанян А.Г., Данагулян Г.Г., Атта-

рян О.С. Водный раствор N-метилморфолин-N-оксида 

как новая среда для алкилирования гетероциклических 

соединений. Изв. вузов. Химия и хим. технология. 2022. 

Т. 65. Вып. 1. С. 6-22. DOI: 10.6060/ivkkt.20226501.6485. 

17. Dou H. J. M., Elguero J., Espada M., Hassanaly P. Phase 

Transfer Catalysis in Azole Series. N-Alkylation of pyrazole. 

An. Quim. 1978. V. 74. N 7-8. P. 1137-1139. 

18. Reimlinger H., Noels A., Jadot J., Van. Overstraeten A. 

Synthesen mit Silber‐bzw. Natrium‐pyrazolen, I. Darstellung 

von Mono‐ und Polyhalogen‐ pyrazolen. Chem. Ber. 1970. 

V. 103. N 6. P. 1942-1948. DOI: 10.1002/cber.19701030633. 

19. Aleksanyan A.G., Hakobyan R.M., Shahkhatuni A.G., 

Shahkhatuni A.A., Attaryan H.S. Direct demonstration of 

poly (propargyl alcohol) polymers. J. Polym. Res. 2018. V. 25. 

P. 1-13. DOI: 10.1007/s10965-018-1496-4. 

7. Hobosyan N.G., Balyan K.V., Petrosyan A.L., Hovakimyan 

S.A., Chobanyan Zh.A., Nersisyan R.S. Alkylation of 1-

(propa-2-ynyl)-piperidine with CH-acids in the Presence of Mer-

cury(II) Acetate. Zhur. Org. Khim. 2017. V. 87. N 1. P. 33-36 (in 

Russian). DOI: 10.1134/S1070363217010066. 

8. Budeev A., Kantin G., Dar’in D., Krasavin M. Diazocar-

bonyl and related compounds in the synthesis of azoles. Mol-

ecules. 2021. V. 26. N 9. P. 2530. DOI: 10.3390/mole-

cules26092530. 

9. Sun Q., Harvey J. A., Greco K.V., Auerbach S.M. Mo-

lecular simulations of hydrogen bond cluster size and reor-

ientation dynamics in liquid and glassy azole systems. J. 

Phys. Chem. B. 2016. V. 120. N 39. P. 10411-10419. DOI: 

10.1021/acs.jpcb.6b07148. 

10. Hasratyan А.H., Suqoyan A.A., Danagulyan G.G., At-

taryan H.S. Alkylation of imidazole with dichloroethane and 

dehydrochlorination of the in-situ obtained 1-(2-chloroethyl) 

imidazole to vinylimidazole in an aqueous alkaline medium 

in the N-methyl morpholine N oxide sistem using transfer 

catalyst. Chem. J. Armenia. 2019. V. 72. N 4. P. 517-522. 

11. Wang Y., Wang Y., Du X., Zheng K., Zhai S., Bai S., Fang 

L., Zhang T. Catalytic Enantioselective Propargylation of 

Pyrazolones by Amide-Based Phase-Transfer Catalysts. Org. 

Lett. 2024. V. 26. N 35. P. 7318-7323. DOI: 10.1021/acs.or-

glett.4c0244. 

12. Baltayan A.O., Rstakyan V.I., Antanosyan S.K., Kinoyan 

F.S., Attaryan O.S., Asratyan G.V. Alkylation of pyrazoles 

with ethylene chlorohydrin under phase transfer catalysis. 

Russ. J. Gen. Chem. 2009. V. 79. P. 2417-2419. DOI: 

10.1134/S107036320911022X. 

13. Zakaryan G.B., Hayotsyan S.S., Attaryan H.S., Has-

ratyan G.V. Alternative reaction medium for the synthesis 

of 1-propargylpyrazoles. Russ. J. Gen. Chem. 2015. V. 85. N 7. 

P. 1773-1774. DOI: 10.1134/s1070363215070348.  

14. Hasratyan A.H., Alexanyan A.G., Khachatryan H.N., 

Zakaryan G.B., Hayotsyan S.S., Danagulyan G.G., At-

taryan H.S. Aqueous N-methylmorpholine N-oxide as a new 

medium for alkylation of pyrazoles. Chem. Heterocycl. 

Compd. 2018. V. 54. P. 751-754. DOI: 10.1007/s10593-018-

2342-7. 

15. Aleksanyan A.G., Badalyan К.S., Bichakhchyan L.А., 

Hasratyan A.H., Danagulyan G.G., Attaryan H.S. Synthe-

sis of 1-Propargyl-3(5)-methyl-4-nitropyrazoles under con-

ditions of phase-transfer catalysis and in the NMO/H₂O Sys-

tem. Study of the Thermal and Catalytic Polymerization of 

the Obtained Propargylpyrazoles. Khim. Zhur. Arm. 2021. V. 74. 

N 3-4. P. 276-281 (in Russian). 

16. Hasratyan A.G., Aleksanyan A.G., Danagulyan G.G., At-

taryan O.S. Aqueous solution of N-methylmorpholine-N-

Oxide as a new medium for the alkylation of heterocyclic 

compounds. ChemChemTech [Izv. Vyssh. Uchebn. Zaved. 

Khim. Khim. Tekhnol.]. 2022. V. 65. N 1. P. 6-22 (in Rus-

sian). DOI: 10.6060/ivkkt.20226501.6485.  

17. Dou H. J. M., Elguero J., Espada M., Hassanaly P. Phase 

Transfer Catalysis in Azole Series. N-Alkylation of pyrazole. 

An. Quim. 1978. V. 74. N 7-8. P. 1137-1139. 

18. Reimlinger H., Noels A., Jadot J., Van. Overstraeten A. 

Synthesen mit Silber‐bzw. Natrium‐pyrazolen, I. Darstellung 

von Mono‐ und Polyhalogen‐ pyrazolen. Chem. Ber. 1970. 

V. 103. N 6. P. 1942-1948. DOI: 10.1002/cber.19701030633. 



 

A.H. Sukoyan et al. 

 

ChemChemTech. 2025. V. 68. N 4  99 

 

 

tautomeric nature of 4‐bromo‐3 (5) ‐methylpyrazoles. J. Het-

erocycl. Chem. 2022. V. 59. N 11. P. 1927-1934. DOI: 

10.1002/jhet.4529. 

20. Emelina E.E., Petrov A.A., Filyukov D.V. Structure and 

tautomerism of 4-substituted 3 (5)-aminopyrazoles in solu-

tion and in the solid state: NMR study and Ab initio calcula-

tions. Russ. J. Org. Chem. 2014. V. 50. P. 412-421. DOI: 

10.1134/S1070428014030191. 

21. Secrieru A., Lopes S., Cristiano M. L., Fausto R. Structure 

and IR Spectra of 3(5)-Aminopyrazoles and UV-Induced 

Tautomerization in Argon Matrix. Molecules. 2021 V. 26. N 14. 

P. 4299. DOI: 10.3390/molecules26144299. 

22. Hakobyan R.M., Shahkhatuni A.G., Polynski M.V., 

Ayvazyan A.G., Aleksanyan A.G., Bichakhchyan L.A., 

Shahkhatuni A.G., Attaryan H.S. The Role of the Nitro 

Group on the Formation of Intramolecular Hydrogen Bond 

in the Methyl Esters of 1-Vinyl-Nitro-Pyrazolecarboxylic 

Acids. J. Mol. Struct. 2024. P. 140350. DOI: 10.1016/j.mol-

struc.2024.140350. 

19. Aleksanyan A.G., Hakobyan R.M., Shahkhatuni A.G., 

Shahkhatuni A.A., Attaryan H.S. Direct demonstration of 

tautomeric nature of 4‐bromo‐3 (5) ‐methylpyrazoles. J. Het-

erocycl. Chem. 2022. V. 59. N 11. P. 1927-1934. DOI: 

10.1002/jhet.4529. 

20. Emelina E.E., Petrov A.A., Filyukov D.V. Structure and 

tautomerism of 4-substituted 3 (5)-aminopyrazoles in solu-

tion and in the solid state: NMR study and Ab initio calcula-

tions. Russ. J. Org. Chem. 2014. V. 50. P. 412-421. DOI: 

10.1134/S1070428014030191. 

21. Secrieru A., Lopes S., Cristiano M. L., Fausto R. Structure 

and IR Spectra of 3(5)-Aminopyrazoles and UV-Induced 

Tautomerization in Argon Matrix. Molecules. 2021 V. 26. N 14. 

P. 4299. DOI: 10.3390/molecules26144299. 

22. Hakobyan R.M., Shahkhatuni A.G., Polynski M.V., 

Ayvazyan A.G., Aleksanyan A.G., Bichakhchyan L.A., 

Shahkhatuni A.G., Attaryan H.S. The Role of the Nitro 

Group on the Formation of Intramolecular Hydrogen Bond 

in the Methyl Esters of 1-Vinyl-Nitro-Pyrazolecarboxylic 

Acids. J. Mol. Struct. 2024. P. 140350. DOI: 10.1016/j.mol-

struc.2024.140350. 

 

 

Поступила в редакцию 14.11.2024 

Принята к опубликованию 18.11.2024 

 

Received 14.11.2024 

Accepted 18.11.2024 


