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In this article, the possibility of applying phase transfer catalysis (PTC) in the N-

methylmorpholine-N-oxide-water system for the alkylation of imidazole with dichloroethane was 

considered. It has been shown that the alkylation of imidazole with dichloroethane in the 

aforementioned system is accompanied by dehydrochlorination of the in situ obtained 1-(2'-

chloroethyl)imidazole, which allows the synthesis of 1-vinylimidazole without the use of explosive 

acetylene. 

References 21. 

 

N-vinylazoles are an important class of azole derivatives that can form 

radical polymerization and copolymerization products [1-7]. Many vinylazole-

based polymeric compounds exhibit biological activity and serve as effective 

drugs [8-10]. 

In [11-12] articles, we showed that the alkylation reaction of azoles in the 

NMO/H2O system in comparison to various phase transfer catalysts was not 

inferior in reaction yields during phase transfer catalysis (PTC). 

In this communication, the possibility of using phase transfer catalysis 

(PTC) in the N-methylmorpholine-N-oxide-water (NMO) system was 

considered. 

Further, our studies on the alkylation of imidazole (1) with dichloroethane 

using phase transfer catalysts (quaternary ammonium salts) in an aqueous 

solution of N-methylmorpholine-N-oxide (NMO/H2O) were carried out. 
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According to published data, there are many examples of N-alkylation of 

imidazole (1) under PTC conditions [13-17], but there is no alkylation of 

imidazole with dichloroethane. 

The need for development was dictated by the fact that 1-(2-

chloroethyl)imidazole (2) is simultaneously an intermediate product in the 

synthesis of an important class of 1-vinylimidazole, on the other hand, 1-

vinylimidazole and its derivatives are still obtained under acetylene pressure at a 

temperature of 130 °C and higher [18]. 

During the alkylation reaction of imidazole (1) with dichloroethane (
1
H 

NMR spectroscopic control) in the PTC/NMO system, it has been found that in 

the absence of a base the alkylation reaction does not proceed, and in the 

presence of sodium hydroxide, alkylation is also accompanied by elimination of 

dichloroethane according to Scheme 1. 

Scheme 1 

 

It has been found that the basicity is the determining factor for the isolation 

of 1-(2’-chloroethyl)imidazole (2) from the reaction medium. The basicity of 

imidazole (1) upon proton addition is pk
a
=6.95, while the basicity value of 

pyrazole or 1,2,4-triazole is pk
a
=2.2-2.5 [19]. Therefore, the monoalkylation 

product of imidazole (1), in comparison with pyrazole or 1,2,4-triazole [20-21], 

undergoes intermolecular quaternization upon distillation with the formation of 

polysalt 4 according to Scheme 2. 

Scheme 2 

 
The presence of 1-(2’-chloroethyl)imidazole (2) in the reaction medium was 

proved by 
1
H NMR spectroscopy. With an equimolar ratio of imidazole: sodium 

hydroxide and a five-fold excess of dichloroethane (DCE), the yield of 

compound 2 after three hours is 1.2 g (9.2%). The low yield of 1-(2’-

chloroethyl)imidazole (2) is due to the fact that the relatively high basicity of 
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imidazole (pk
a
 6.95) makes it difficult to deprotonate it under the influence of 

sodium hydroxide and the base is used to eliminate dichloroethane. 

When a second portion of sodium hydroxide is added, the alkylation 

continues, at the same time the alkylated product is in-situ dehydrochlorinated to 

1-vinylpyrazole (3), the elimination of dichloroethane continues parallel, 

therefore, both dichloroethane and sodium hydroxide must be taken in excess. 

It has been experimentally found that the molar ratio of reagents – 

imidazole:NaOH:DCE is equal to 0.1:1.2:1.5, which within 7-8 hours provides 

50-55% yield of 1-vinylimidazole (3) in the PTC/NMO/H2O system. 

Alkylation of imidazole (1) with dichloroethane and the 

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

aqueous alkaline medium in the presence of NMO and PTC has also been 

studied (Scheme 3). 

Scheme 3 

 

Thus, it has been shown that PTC can be successfully used compatible with 

an aqueous solution of NMO during alkylation reactions. 

The study was carried out at the Russian-Armenian University at the 

expense of the funds allocated under the subsidy of the Ministry of Education 

and Science of Russia to finance research activities of the RAU. The research 

was carried out with the financial support of the State Committee for Science of 

the Ministry of Education and Science of the Republic of Armenia within the 

framework of the scientific project №18T-2Е151. 

Experimental Section 

IR spectra are recorded on a “Termo Nicoletion Nexus” spectrometer in 

vaseline oil. NMR spectra of 
1
H and 

13
C of the synthesized compounds were 

recorded on a Varian "Mercury-300 VX" spectrometer (300 and 75 MHz, 

respectively) at a temperature of 300 K in a solution of DMSO-d6-CCl4 1:3 

(internal standard-TMS). Elemental analysis is performed on a “Eurovector EA-

3000” device. 

1-(2'-Chlorethyl)imidazole (2). A mixture of 6.8 g (0.1 mol) of imidazole 

(1), 50 g (0.5 mol) of dichloroethane, 4 g (0.1 mol) of sodium hydroxide, 1 g 

(TEBAC) in 50 ml of 50% aqueous NMO solution at 70-80°C was stirred 

vigorously for 3 hours. After cooling, it was extracted with chloroform. After 

removal of chloroform, 1.2 g (9.2%) of 1-(2'-chloroethyl)imidazole (2) was 
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obtained, which was proved by 
1
H NMR spectroscopy. NMR 

1
H , ppm, J (Hz): 

3.85 t (2H, CH2, J = 6.2), 4.39 t (2Н, СН2, J = 6.2), 7.12 br. s (1Н, 4-Н), 7.39 t 

(1Н, 5-Н, J = 1.5), 7.78 br. s (1Н, 2-Н). Upon distillation, compound (2) was 

quaternized to polysalt (4) with a m.p. 144-149
 о

С, [ή]=0.02 dl/g. IR spectrum, 

ν, cm
-1

: 1510 (ring), 2000 (salt effect). 

1-Vinylimidazole (3). A mixture of 6.8 g (0.1 mol) of imidazole (1), 156 g 

(1.6 mol) of dichloroethane, 8 g (0.2 mol) of sodium hydroxide, 1 g (TEBAC) in 

50 ml of 50% aqueous NMO solution at 70-80°C was stirred vigorously for 3 

hours. Then, a solution of 40 g (1.0 mol) of sodium hydroxide in 100 ml of 

water is added dropwise over 2 hours and stirring is continued for 5 hours. After 

cooling, 100 ml of water was added to the mixture and extracted with 

chloroform, the organic layer was dried over calcium chloride. After removal of 

chloroform, the residue was distilled off under reduced pressure. The yield of 1-

vinylimidazole (3) 5.2 g (55%), b.p. 71°C / 2 mm Hg, nD
20

 1.5300, d4
20

 1.039. IR 

spectrum, ν, cm
-1

: 1510 (ring), 1650 (C=C). NMR 
1
H , ppm, J (Hz): 5.06 dd 

(1H, =CH2, J = 8.9 и 1.7), 5.50 dd (1Н, =СН2, J =15.8), 7.12 dd (1Н, =СН, J = 

15.8 и 8.9 ), 7.12 br. s (1Н), 7.48 br. s (1Н) и 7.91 br. s (1Н, protons of the 

cycle). 
13

С: 101.8 (=СН2), 116.1 (С=Н), 127.8 (N-СН), 128.7 (N=СН), 136.3 

(NСНN). Found, %: C 63.78; H 6.04; N 30.13. C5H6N2. Calculated, %: C, 

51.79; H, 6.47; N, 30.21. 

Synthesis of 1-vinylimidazole (3) under PTC conditions. A mixture of 

6.8 g (0.1 mol) of imidazole (1), 156 g (1.6 mol) of dichloroethane, 8 g (0.2 mol) 

of sodium hydroxide, 1 g (TEBAC) at 70-80°C was stirred vigorously for 2 

hours. Then, a solution of 40 g (1.0 mol) of sodium hydroxide in 100 ml of 

water was added dropwise over 2 hours and stirring is continued for 5 hours. 

After cooling, 100 ml of water was added to the mixture and extracted with 

chloroform. After removal of chloroform, the residue was distilled off under 

reduced pressure. Yield of 1-vinylimidazole (3) 2.8 g (30%), b.p. 68 
о
С / 1 mm 

Hg, nD
20

 1.5300. 

Synthesis of 1-vinylimidazole (3) in the NMO/H2O system. A mixture of 

6.8 g (0.1 mol) of imidazole (1), 156 g (1.6 mol) of dichloroethane, 8 g (0.2 mol) 

of sodium hydroxide in 50 ml of 50% aqueous NMO solution at 70-80°C was 

stirred vigorously for 2 hours. Then, a solution of 40 g (1.0 mol) of sodium 

hydroxide in 100 ml of water is added dropwise over 2 hours and stirring is 

continued for 5 hours. After cooling, 100 ml of water was added to the mixture 

and extracted with chloroform. After removal of chloroform, the residue was 

distilled off under reduced pressure. The yield of 1-vinylimidazole (3) 2.3 g 

(25%), b.p. 71°C / 3 mm Hg, nD
20

 1.5300. 
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ÆØÆ¸²¼àÈÆ ²ÈÎÆÈ²òàôØÀ ¸ÆøÈàð¾Â²Üàì æð²ÐÆØÜ²ÚÆÜ 

ØÆæ²ì²ÚðàôØ N-ØºÂÆÈØàðüàÈÆÜ N-úøÆ¸Æ Ð²Ø²Î²ð¶àôØ 

ØÆæü²¼ Î²î²ÈÆ¼²îàðÆ ú¶î²¶àðÌØ²Ø´ 

ºì IN-SITU ä²ÚØ²ÜÜºðàôØ ²è²æ²ò²Ì 

1-(2'-øÈàð¾ÂÆÈ)ÆØÆ¸²¼àÈÆ ¸ºÐÆ¸ðàøÈàð²òàôØÀ 

1-ìÆÜÆÈÆØÆ¸²¼àÈÆ 

². Ð. Ð²êð²ÂÚ²Ü2, ². ². êàôøàÚ²Ü2, 

¶. ¶. ¸²Ü²¶àôÈÚ²Ü1 ¨ Ð. ê. ²ÂÂ²ðÚ²Ü1 

Ü»ñÏ³Û³óí³Í ³ßË³ï³ÝùáõÙ Çñ³Ï³Ý³óí»É ¿ ÇÙÇ¹³½áÉÁ ³ÉÏÇÉ³óáõÙÁ ¹ÇùÉáñ¿Ã³-

Ýáí çñ³ÑÇÙÝ³ÛÇÝ ÙÇç³í³ÛñáõÙ ÙÇçý³½ Ï³ï³ÉÇ½Ç û·ï³·áñÍÙ³Ùµ N-Ù»ÃÇÉÙáñýáÉÇÝ 

N-ûùÇ¹-çáõñ Ñ³Ù³Ï³ñ·áõÙ: òáõÛó ¿ ïñí»É, áñ Ýßí³Í Ñ³Ù³Ï³ñ·áõÙ ÇÙÇ¹³½áÉÇ ³ÉÏÇ-

É³óáõÙÁ ¹ÇùÉáñ¿Ã³Ýáí áõÕ»ÏóíáõÙ ¿ in situ å³ÛÙ³ÝÝ»ñáõÙ ëï³óí³Í 1-(2'-ùÉáñ-

¿ÃÇÉ)ÇÙÇ¹³½áÉÇ ¹»ÑÇ¹ñáùÉáñ³óÙ³Ý՝ 1-íÇÝÇÉÇÙÇ¹³½áÉÇ ³é³ç³óÙ³Ùµ, ÇÝãÁ ÃáõÛÉ ¿ ï³-

ÉÇë í»ñçÇÝÇë ëÇÝÃ»½Á ³é³Ýó å³ÛÃáõÝ³íï³Ý· ³ó»ïÇÉ»ÝÇ û·ï³·áñÍÙ³Ý: 

 

АЛКИЛИРОВАНИЕ ИМИДАЗОЛА ДИХЛОРЭТАНОМ 

И ДЕГИДРОХЛОРИРОВАНИЕ IN-SITU ПОЛУЧЕННОГО 

1-(2'-ХЛОРЭТИЛ)ИМИДАЗОЛА ДО 1-ВИНИЛИМИДАЗОЛА 

В ВОДНО-ЩЕЛОЧНОЙ СРЕДЕ В СИСТЕМЕ 

N-МЕТИЛМОРФОЛИН N-ОКСИДА С ИСПОЛЬЗОВАНИЕМ 

КАТАЛИЗАТОРА МЕЖФАЗНОГО ПЕРЕНОСА 
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В настоящей работе рассматривается возможность применения межфазного 

катализа в системе N-метилморфолин-N-оксид-вода при алкилировании имидазо-

ла дихлорэтаном. Показано, что алкилирование имидазола дихлорэтаном в вышеу-

казанной системе сопровождается дегидрохлорированием in situ полученного 1-

(2'-хлорэтил)имидазола, что позволяет провести синтез 1-винилимидазола без ис-

пользования взрывоопасного ацетилена. 
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