
 

 

 

 

 

 

 

 

 

 

 

CHAPTER-II 

 

(SECTION B) 

 
Solvent-free strategy: An expeditious 

synthetic protocol for Chlorination at 

C-2 position of Imidazoles Scaffold 

from Imidazole N-oxide and their anti-

microbial activity 

 

 

 
 



II.RESULTS AND DISCUSSION 

 

90 

 

II.B.A. Introduction 

Over the years, synthetic organic chemistry and particularly heterocyclic chemistry 

has taken quantum leaps in basic organic chemistry research. The multitude of manipulations 

of functional groups that can be achieved around a simple skeletal system can lead to new 

drug scaffolds. Moreover, if the routes to these pharmacologically active molecules come 

with a facile and greener protocol, it will, undoubtedly serve to be very rewarding for an 

environmental friendly and waste-free world. Heterocyclic compounds, due to its wide 

assortment of biological and pharmacological properties are exclusive organic molecules. 

Hence, the exploration of novel and benign routes to a broad range of heterocycles are being 

carried out globally. Imidazole derivatives are biologically active compounds that play an 

important role in various biochemical processes.
1
 Imidazole fragment is therefore often used 

as a building block in the development of new drugs.
2
 (Figure II.B.1). Synthetic imidazoles 

have been incorporated in many antifungal,
3
 antibacterial,

4,5
 antiprotozoal, anti-

inflammatory,
6
 antihypertensive

7
 and of late, anti-cancer medications.

8
 
 

 

Figure II.B.1. Representative molecules containing chloroimidazole moiety with 

pharmacological activities.  

 

II.B.B. Present work: Background and Objective 

Further applications of this moiety are found in coordination chemistry, 

organometallic chemistry and asymmetric synthesis.
9
 2-Chloroimidazole also represents a 

valuable synthetic precursor for further functionalizations under metal-free conditions. For 

example, simple nucleophilic substitution with thiolate anion leads to the formation of 2-

sulfenylimidazole derivatives, which serve as important candidates as anti-inflammatory 

drugs.
10 

A literature search for preparative methods for chlorination of imidazole reveals that 
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the reaction could be achieved from imidazole N-oxide using POCl3
11

 or tosyl chloride.
12

 

However, both procedures suffer from one or more disadvantages from green chemistry point 

of views. While POCl3 is toxic and expensive, use of tosyl chloride requires high 

temperature, refluxing in anhydrous solvents like CHCl3 or THF. Therefore, the development 

of mild and greener conditions for regioselective chlorination of imidazoles is of importance.  

 

In continuation of our interest in the use of mild and greener conditions in imidazole 

chemistry, we have developed an expeditious, a new, solvent-free and room temperature 

condition for nearly quantitative conversion of imidazole-N-oxide to 2-Chloroimidazole in 

excellent yields. (Scheme II.B.1) The starting compounds imidazole N-oxides are easily 

prepared following our previously reported protocol.
13

 The solvent-free protocol is greener 

and less time-consuming as it only requires mixing of the imidazole-N-oxide and various 

chlorinating agents in a mortar and pestle in open air in the presence of a base triethylamine 

(1.5 equivalent of the starting N-oxide) and subsequently isolating the desired product by 

column chromatography. To the best of our literature survey knowledge, no such work has 

been well filled before. Finally we have investigated the anti-microbial activity of substituted 

2-chloroimidazole.  

 
Scheme II.B.1. Different routes of chlorination for the synthesis of 2-chloroimidazole 

derivative. 
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II.B.C. Present work: Result and Discussion 

Using imidazole N-oxide, a variety of chlorinating agent combinations such as oxalyl 

chloride, tosyl chloride and acetyl chloride were investigated for selective C-2 chlorination 

(Scheme II.B.1). Here we have explored the reactivity of both electron withdrawing and 

electron donating group as well as aliphatic and biaryl system also. After treatment of various 

chlorinating agent here we compared the isolated yield at different conditions. An expeditious 

synthetic protocol finally found to good to excellent conversions were isolated using (COCl)2 

in presence of strong base like, triethylamine at rt stirring for 10 mins.  

 

Method A 

In general, the reaction was carried out by intimately mixing the reactants, the 

imidazole N-oxide (1 mmol), oxalyl chloride (2 mmol) and triethylamine (1.5 mmol) in an 

agate mortar and pestle. Continuous mixing of the reactants at room temperature for 10–20 

minutes resulted into complete conversion and the product was isolated by column 

chromatography over silica gel in 83-95% yields.
14

All compounds were characterized by 

NMR, FT-IR and mass spectrometry.
15 

In the study, a model reaction was conducted for the 

formation of 2h. The reaction was optimized with regards to the amounts of the substrate, the 

base and the time for the reaction which has been summarized in Table II.B.1.  

Table II.B.1. Optimized conditions for chlorination of imidazole N-oxide
a
 by oxalyl chloride 

 

Entry (COCl)2 

(mmol) 

Base (1.5 equiv) Temp (ºC) Time (min) (2h)Yield (%)
b
 

 1         1 triethylamine       RT          30       70 

 2         1.5            -       RT          30       90 

 3         2            -       RT          10       95
c
 

 6         2      pyridine       RT          10       79 

 7         2      no base       RT          10       67 
a
Reagent (1 mmol)                

b
Isolated Yield               

c
Optimized reaction condition 

 

We started optimization of the reaction conditions with a mixture of imidazole N-

oxide and oxalyl chloride (1:1 ratios) in the presence triethylamine (1.5 equiv). After mixing 

in a mortar (15 min.), the TLC of the reaction mixture showed the presence of starting N-

oxide. Further continuation for another 15 min. did not show much improvement. After 

column chromatography, we were able to isolate the desired product in 70% yield (Table 

II.B.1, entry 1). Increasing the quantity of oxalyl chroride up to 2 equiv and stirring for only 
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10 min at room temperature showed complete disappearance of the starting N-oxide (on 

TLC) and isolated the 2-chloroimidazole in 95% yield (Table II.B.1, entry 3). Changing the 

base with pyridine or without using any base afforded the product in relatively lower yields 

(Table II.B.1, entries 4 and 5). It is evident that the best conversion (95% yields) is achieved 

with 2 equivalents of oxalyl chloride with respect to 1 equiv. of imidazole N-oxide in the 

presence of 1.5 equiv. of base, and stirring for 10 minutes at room temperatures. The 

presence of triethylamine promotes the reactions, since its absence the reaction proceeds with 

moderate yields (67%).  

 

Based on the above optimization, a variety of 2-chloroimidazoles were synthesized 

using the solvent-free protocol (Table II.B.2). It was observed that the presence of electron- 

donating groups such as –Me, –OMe, at various position of the N-phenyl ring afforded the 

product in 83-89% (Table II.B.2, entries 2a, 2b, 2c). On the other hand, the presence of 

electron-withdrawing groups such as –Cl, –Br, –COOH and –NO2 gave slightly better yields 

and in the range of 91-95% yields (Table II.B.2, entries 2d, 2e, 2f, 2g, 2h). The results 

however could be explained on the basis of electrophilicity at the C-2 position of the 

imidazole ring system, which is increased by the presence of electron-withdrawing groups 

thereby facilitating attack by a nucleophile. We also carried out the reaction with imidazole 

N-oxide bearing a bulky naphthalene ring, which also afforded excellent conversion (Table 

II.B.2, entry 2i). Further extension of the protocol was examined with n-butyl group (an 

aliphatic substituent), which worked quite smoothly but afforded the desired product in 

relatively lower yield (85%; Table II.B.2, entry 2j). The reaction worked efficiently also 

from benzil monoxime yielding the desired 2-chloroimidazole with two phenyl groups at 4 

and 5 positions (95%; Table II.B.2, entry 2k). However, glyoxal monoxime did not result in 

the formation of desired 2-chloroimidazole derivative. 

 

 

 

 

 

 

 



II.RESULTS AND DISCUSSION 

 

94 

 

Table II.B.2: Substrate scope for chlorination using various chlorinating agents  

 

 

All reactions were carried out using 1 mmol of various substituted imidazole N-oxide and 2 

mmol of respective chlorinating reagents. 

  In due course of the methodology development, chlorination was carried out with 

tosyl chloride and acetyl chloride for 2h formation, as well. The chlorination’s, however, 

required anhydrous ZnCl2 to catalyze the reactions and as expected, to get optimum results, 

the reactions had to be carried out at higher temperatures. Optimized condition for 

chlorination with TsCl [Method B] and acetyl chloride [Method C] under solvent free 

conditions required heating at 140°C of the ground mixture containing imidazole N-oxide, 

with ZnCl2 and 1.5 equivalents of the base, triethylamine  for 10 minutes to give yields of 
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upto 90%. While [Method B] required only 2 equivalent of the chlorinating agent TsCl, 

[Method C] required 2 equivalents of acetyl chloride to get maximum yield of 87%. As the 

substituent’s variation for all three method of chlorination are same so further explanation of 

the substituent’s effect for below two methods are negligible.  

 

Method B 

In the previous work
12

, they used tosyl chloride for chlorination at C-2 position using 

THF as solvent give max 80% yield with BF3 as a lewis acid. Initially we trying to synthesize 

the chlorinated compound without using the lewis acid, the isolated product yield are not too 

good as that of with lewis acid. Here we used excess anhydrous ZnCl2 instead of AlCl3, FeCl3 

and BF3, despite being milder lewis acid, it activate the sulpher centre to producing the 

chloride ion easily as well as avoided the side reaction of imidazole N-oxide under solvent-

free condition, excellent yield are isolated. Here we have also used different substituent to 

understanding the progress of the reaction. After attack by nucheophile at C-2 position of the 

substituted imidazole motifs, base can easily picked up acidic hydrogen to give desired 

product. In case of para nitro substituent (Table II.B.2, entry 2h), that increases the 

electroplilic character at C-2 position with the help of electron withdrawing nitro group and 

isolated yield is maximum but in case of others substituent at different positions,  product 

yield is low this is because of groups effect. After optimized, here we found that 2 equivalent 

of tosyl chloride at 140
0
C for 10 mins gives the maximum yield, 90% (Table II.B.3).   

Table II.B.3. Optimized conditions for chlorination of imidazole N-oxide
a
 by Tosyl chloride 

Entry Equiv (m mol) Base (1.5 equiv) Temp (°C) Time (min) Tield (%)
b
 

1 1 triethylamine RT 10 NR 

2 1 - 60 10 47 

3 1 - 100 10 67 

4 1.5 - 100 10 77 

5 2 - 100 10 83 

6 2 - 120 10 85 

7 2 - 140 10 90
c
 

8 2 pyridine 140 10 78 

9 2 no base 140 10 67 
a
Reagent (1 mmol)                

b
Isolated Yield               

c
Optimized reaction condition 

 

We stated our journey with the mixture of N-oxide and tosyl chloride (1:1 ratios) in 

presence triethylamine as a base (1.5 equivalents) at rt, reaction does not proceed. But when 
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temperature is increases, product conversion is also increases. Further testing the product 

yield, we varied chlorinating reagent’s concentration keeping temperature fixed, product 

yield continuously increases. To know more temperature and reagent increasing 

simultaneously, product also increases. After a certain limit the reaction did not show to 

further improvement. It is evident that the best conversion (95% yields) is achieved with 2 

equivalent of tosyl chloride with respect to imidazole N-oxide in the presence of 1.5 

equivalents of base, and stirring for 10 minutes at room temperatures. The presence of 

triethylamine promotes the reactions, since it its absence the reaction proceeds with moderate 

yields (67%). When the reaction was carried out in pyridine, the yield of the product 

increased to about 80%. Triethylamine was thus found to give the best result.  

Method C 

In this method we have used acetyl chloride for chlorination. Electrophilicity of 

carbonyl carbon of acetyl chloride increases using milder lewis acid such as anhydrous zinc 

chloride. After reaction with imidazole N-oxide corresponding nucleophile, Cl
-
, is easily 

produced for further reaction at C-2 position of imidazole moiety. But here the product 

comparison with respect to others is low due to the lower polarity of –C-Cl bond. We have 

used same substituent as that of previous to comparing the isolated product. In this case, we 

got the highest conversion of desired product (Table II.B.4, entry 2h). Here we optimized 

the reaction condition using 2 equivalent of acetyl chloride and 1.5 equivalent of base at 

140
0
C for 10 mins to yielding 87% of required product.  

Table II.B.4. Optimized conditions for chlorination of imidazole N-oxide
a
 by Acetyl chloride 

Entry Equiv (m mol) Base (1.5 equiv) Temp (°C) Time (min) Yield (%)
b
 

              1            1 triethylamine         RT          10         NR 

              2            1           -         50          10         23 

              3            1           -         90          10         58 

              4            1.5           -         120          10         67 

              5            2           -         140          10         87
c
 

              6            2           -         140          10         87 

              7            2     pyridine         140          10         71 

              8              2     no base         140          10         66 

a
Reagent (1 mmol)                

b
Isolated Yield               

c
Optimized reaction condition 

In the study, a model reaction was conducted for the formation of 2h. The reaction 

was optimized with regards to the amounts of the substrate, the base and the temparature for 

the reaction which has been summarized in Table II.B.4. It is evident that the best conversion 

(87% yield) is achieved with 2 equivalent of acetyl chloride with respect to imidazole N-
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oxide in the presence of 1.5 equivalent of base, and stirring for 10 minutes at room 

temperatures. The presence of triethylamine promotes the reactions, since it its absence the 

reaction proceeds with moderate yields (67%). When the reaction was carried out in pyridine, 

the yield of the product increased to about 80%. Triethylamine was thus found to give the 

best result.  

The results of all the reactions have been summarized in Table II.B.5 vis-a-vis the 

results of other two reported methods. It is quite apparent that oxalyl chloride serves as the 

best chlorinating agent for the preparation of 2-chloroimidazoles. 

Table II.B.5:  Scope of chlorination on imidazole N-oxides using several chlorinating agents.   

Compounds   Oxalyl 

Chloride 

  Tosyl 

Chloride 

  Acetyl 

Chloride 

 

 Temp 

(°C) 

Time 

(min) 

Yield 

(%) 

Temp 

(°C) 

Time 

(min) 

Yield 

(%) 

Temp 

(°C) 

Time 

(min) 

Yield 

(%) 

2a RT 15 93 140 15 85 140 15 76 

2b RT 20 83 140 20 78 140 20 70 

2c RT 15 89 140 15 81 140 15 73 

2d RT 20 85 140 20 78 140 20 70 

2e RT 10 93 140 10 90 140 10 87 

2f RT 10 91 140 10 83 140 10 75 

2g RT 10 93 140 10 89 140 10 81 

2h RT 10 95 140 10 90 140 10 87 

2i RT 10 93 140 10 88 140 10 79 

2j RT 20 85 140 20 77 140 20 69 

2k RT 15 95 140 15 88 140 15 84 

 

II.B.D. Mechanism 

Literature reveals two plausible mechanistic pathways that can be drawn for the 

chlorination of Imidazole N-oxides to 2-chloroimidazoles. We have extended the same to 

chlorination using oxalyl chloride as these are analogous reactions.  

On the basis of the experimental observations, a plausible mechanism of cine 

substitution,
12 

is presumed to be operative (Scheme II.B.2). Thus, initially the imidazole N-

oxide (1) is activated by oxalyl chloride to form the imidazolium chloride (3), which is then 

converted to the intermediate (4). The hydrogen atom at the C-2 position, being now more 

acidic, is trapped by the base NEt3 to yield the desired product 2.   
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Scheme II.B.2. Plausible mechanisms for solvent-free synthesis of substituted 2-

chloroimidazole. 

Based on the above experimental results, a simplistic mechanism can be predicted in 

which the N-oxide (1) is initially activated by oxalyl chloride and then acidic proton at C-2 

position in the resulting imidazolium chloride (3) is picked up by triethylamine to generate a 

highly reactive and unstable electrophilic species such as a carbene intermediate. The 

presence of electro-deficient centre may also suggest the observed regioselectivity. Halide ion 

can act as nucleophiles in very rapidly to form desired substituted 2-chloroimidazole 

(Scheme II.B.3). 

 

Scheme II.B.3. Plausible mechanisms for solvent-free synthesis of substituted 2-

chloroimidazole through carbene intermediate. 

 

II.B.E. Anti-microbial study of substituted 2-chloroimidazoles 

In our biological studies, we have found the antimicrobial activities against gram 

negative (E.coli K12 MTCC1265 and Pseudomonas fluorescencs MTCC 103) or gram 

positive (Staphylococcus Aureus MTCC1144, and Bacillus Subtilis MTCC1305) bacteria. 

Eight compounds out of total chloroimidazole compounds exhibited potential antimicrobial 

activities against gram negative or gram positive bacteria. 2a compound showed 
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antimicrobial activity against three bacterial strain in both gram positive and gram negative 

bacteria. Whereas 2b and 2c compounds showed antimicrobial activity against four bacterial 

strain in both gram positive and gram negative bacteria. But here one compound (2e) showed 

the exceptionally more sensitive bacterial strain against Staphylococcus Aureus (MTCC1144) 

and have lewest MIC (µg/ml) i.e. 75 µg/ml . Compound 2f is also quite sensitive against 

Staphylococcus Aureus (MTCC1144). Compounds 2d and 2k does not respond any bacterial 

property against the used bacteria. All MIC (µg/ml) values of the entire compounds are 

shown in Table 6.   

Table II.B.6: MIC (µg/ml) values of the substituted 2-chloroimidazole compounds  

Compounds 

Code 

Bacillus Subtilis 

(MTCC1305) 

Staphylococcus 

Aureus 

(MTCC1144) 

Pseudomonas 

fluorescencs 

(MTCC 103) 

E.coli K12 

(MTCC1265) 

 

2a 100 200 --- 750 

2b 750 700 400 800 

2c 400 200 400 1000 

2d --- --- --- --- 

2e --- 75 --- --- 

2f --- 100 --- --- 

2g --- --- --- 1000 

2h --- 200 200 --- 

2i 1000 100 --- --- 

2j 750 --- 500 --- 

2k --- --- --- --- 

 

II.B.F. Conclusion 

In summary, we have unfolded a highly regioselective, expeditious and efficient synthetic 

route for chlorination at C-2 position of imidazole N-oxide under solvent-free condition with 

excellent yields and that too, in a very short span, which are very challenging for Synthesis. 

The protocol has been examined with diversely substituted N-phenyl group. In all cases, the 

yields are too good, although the electron-withdrawing groups’ presence at the ring system 

favors the reaction over electron-donating substituents. 2-chlorinated imidazole derivatives 

compounds are very useful intermediates and sub-units of numerous pharmacologically 

important compounds. This straightforward setup and facile protocol could be attractive to 

the synthetic organic chemists from academia and pharmaceutical industries. We have also 

reported the biological activity such as anti-bacterial activity, of all chloroimidazole 

compounds.  
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