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SOLID- LIQUID PHASE - TRANSFER CATALYTIC 
METHOD FOR N-ALKYLATION 

OF NITROIMIDAZOLE 

Zhen-Zhong Liu" Heng-Chang Chen 

Sheng-Li Cao Run-Tao Li 

Department of Chemistry, Zhengzhou University, 

Zhengzhou 450052, People's Republic of China 

ABSTRACT : A variety of 1 - alkyl - 2 - methyl - 4 - nitroimidazoles have 

been synthesized with a solid-liquid phase- transfer catalytic method in ex- 

cellent yield. 

Nitroimidazoles are important intermediates for the organic synthesis. 
Their N-alkyl derivatives have been widely used in the fields of medicine and 

other fine chemicals. 'J 
N-alkyl nitroimidazoles usually can be obtained by reacting nitroimida- 

zoles with alkylating agents like alkyl halides or sulfates. The N-aalkylation 

* T o  whom correspondence should be addressed. 
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2612 LIU ET AL. 

results in different products according to the reaction conditions. A 1-alkyl 

-4-nitro derivate is obtained under basic conditions, while the 1-alkyl- 5 
-nitro derivate is the major product under neutral or acidic conditions. ’. The 

main met hods concerning N - alkylation of nitroimidazoles under basic condi- 

tions are as follows. First, in the presence of sodium alcoholate, the reaction 

is carried out in protic solvents. 4 * 5 * 6  Second, the intermediate tetraalkylam- 

monium salts of nitroimidazoles , obtained through reaction of nitroimidazoles 

with equivalent tetraalkylammonium halide, react with alkyl halides. Third, 

using tetrabutylammonium bromide as phase- transfer catalyst, the N-alky- 

lation is carried out in the two phase system of aqueous potassium hydroxide 

and benzene. In the recent literature,’ A. K. S. B. Rao et al. reported the 

method that involves reaction of 2-methyl-445) -nitroimidazole with alkyl 

halides in K,CO,/DMF at 110 - 120’C. The shortcomings of first three 

methods are low yield, long reaction time and undesired by-products . Al- 
though the yields have been raised and the reaction time shortened with the 

final method’, the expensive solvent DMF must be used, and furthermore, 

the high reaction temperature is not favourable when alkyl halides with low 

boiling point are used. 

In consideration of the high activity of imino- hydrogen, phase- trans- 

fer catalysis promises to be a potentially good method for the nucleophilic sub- 
stitution reaction of nitroimidazoles. However, some loss of halides and oc- 

curence of other side reactions can not be avoided due to the contact with 

aqueous alkali in the liquid-liquid phase-transfer system. In order to elimi- 

nate this, we utilized solid-liquid phase- transfer system, in which potassi- 

um carbonate was used as alkali, acetonitrile or ethyl acetate as solvent and 

tetrabutylamrnonium bromide (TBAB) as catalyst. With this method, a vari- 

ety of 1 -alkyl- 2-methyl-4-nitroimidazoles have been synthesized by re- 

acting 2 - methyl - 4 (5)  - nitroimidazole with alkyl halides, and the results 

listed in table 1 show that this method possesses the advantages such as excel- 

lent yields, short reaction time and simple operation. The structure of all 

products were confirmed with elementary analysis,’H-NMR and IR (Table 

2 ) .  
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NITROIMIDAZOLE 2613 

TABLE 1 

O Z N T (  
RX/K2C0,/TBAB/CH,CN 

70 - 80% 
N CH, 

R 

O Z N G  
N CH3 
H I 

Alkylating agent Reaction time Yield 
RX h % No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

C,&CH,Cl 

n - C,H,Br 

n - C3H,Br 

CzH5Br 

ClCHzCHZOH 

C,HsCH=CHCHzCI 

CH, = CHCHzCl 

n - C6HI3Br 

C,H,0CHzCH2CHzBr 

ClCHZCOOCzH, 

1 

1.5 

1. 5 

1 

2 

1. 5 

3 

2 

1.5 

0. 5 

95 

93 

95 

84 

94 

86 

90 

95 

93 

9 1  

* Using excess 2-chloroethanol as solvent. 

EXPERIMENTAL 

Melting points were determined on the microscope melting point appara- 
tus and are uncorrected. IR spectra were obtained with a IR-435 infrared 
spectrophotometer as KBr disks. 'H-NMR spectra were recorded on a Ac- 
80 spectrometer using TMS as internal standard, CDCl, as solvent. Elemen- 
tary analysis were carried out using a PE2400 element analyzer. 
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NITROIMIDAZOLE 2615 

Typical procedure : 

Ethyl 2-methyl-4-nitroimidazole- 1 -acetate 

A mixture of 2-methyl-4~5)-nitroimidazole (2. Og, 15. 7mmol), 
ethyl chloroacetate (2.  3g, 18. 8mmol), potassium carbonate (4. 3g, 31.4 
mmol), TBAB (0. lg,O. Slmmol) and acetonitrile (12mL) was stirred vigor- 
ously at 70-8O'C for 0. 5h. Thin-layer chromatography (silica gel GF,,, 

plates) with ethyl acetate as developing agent showed one spot under 254nm 

uv lamp irradition. After cooling to room temperature, the inorganic salts 

were filtered off and washed with acetonitrile. The combined acetonitrile so- 

lution was evaporated and the residue was recrystallized from ethyl acetate- 

hexane (2 : 1) to give 3. Og (91%) of ethyl 2-methyl-~-nitroimidazole- 
1 -acetate as white crystal. 
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