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Abstract
 Nitroimidazole derivatives such as Metronidazole (MTZ) have been used as anti- protozoa and 
anti-anaerobic bacteria. In this study several derivatives of MTZ were synthesized and evaluated against 
Giardia lamblia cyst. MTZ were reacted with several alkyl halide to obtain o-alkyl MTZ derivatives, 
then products were purified and their chemical structures were confirmed by spectral analysis (1HNMR 
and Mass). In order to assess biological evaluation, all compounds were investigated against 25 Giardia 
samples isolated from Giardia-infected patients. Results showed that compound 2 had the most activity on 
cyst of Giardia in comparison with MTZ.
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1. Introduction
 Giardia is a flagellate protozoan that 
causes significant gastrointestinal diseases in a 
wide variety of vertebrates, including human (1). 
The parasite is responsible for significant morbid-
ity and mortality in a number of countries. The life 
cycle of Giardia alternates between the active, pro-
liferating trophozoite and the dormant cyst (2, 3). 
The infectious cysts begin excysting in the acidic 
environment of the stomach and become trophozo-
ites (the vegetative form). The trophozoites attach 
to the intestinal mucosa through the suction gener-
ated by a ventral disk (4). 
 Several drugs are used for the therapy and 
prophylaxis of parasitic diseases, both in humans 
and domestic animals (2). Nitroimidazoles are a 
very important class of pharmacophores with wide 
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range of biological activities (5). Nitroimidazoles 
are a well-established group of antiprotozoan and 
antibacterial agents that are effective against infec-
tions due to anaerobic protozoa and bacteria (6). 
 Metronidazole (MTZ) is a nitroimidazole 
derivative that is used in the treatment of infections 
caused by gram negative anaerobic bacteria like 
Helicobacter pylori, and protozoan such as Giar-
dia lamblia, Entomoeba histolytica and Tricho-
monas vaginalis (7). Due to its vital role in defense 
against Helicobacter pylori infections, MTZ has 
been included in the ‘‘essential medicines’’ list by 
the WHO (8-10). Several adverse effects of MTZ 
are reported that neurotoxicity is one of the most 
important of them (11). Also, impairment of car-
diac rhythm due to the chelation of MTZ with cal-
cium ions is an important adverse effect of MTZ. 
It also induces some tumors in rodents, and it is 
mutagenic in bacteria (12). MTZ is classified in 
the 2B group as possibly carcinogenic to humans 
and proved carcinogenic to animals. 
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 In order to improve pharmacokinetic 
and pharmacodynamic properties of MTZ, many 
modifications have been done on MTZ structure 
(13-18). Biological activities of many synthe-
sized azole compounds having diphenylmethyl or 
trityl moiety were reported in our previous stud-
ies (19-21). Due to reasonable activities of those 
compounds, in this study a new series of 2-methyl, 
4-nitro imidazole derivatives with diphenylmethyl 
or trityl moiety was synthesized and their anti-
Giardia effects were investigated against samples 
isolated from giardiasis patients.

2. Material and methods
 All solvents and reagents were purchased 
from Sigma or Merck Chemical Companies. The 
reactions were done under microwave condition in 
Sharp instrument. The products were purified by 
column chromatography techniques. NMR spec-
tra were recorded on a Brucker Avance DPX 250 
MHZ instrument. Mass spectra were recorded on a 
Hewlett-Packard GC-MS.

2.1. General procedures for the synthesis of com-
pounds 2-6
 Five mmol of appreciated alkyl chloride 
were added to five mmol of MTZ in 10 ml dimeth-
ylformamide (DMF) in the presence of 40 mg 
K2CO3. The reaction was done under microwave 
condition for maximum 5 times for 20 seconds. 
The progress of the reaction was monitored with 
TLC. After completion of the reaction, the suspen-
sion was filtered and then washed with water and 
ethyl acetate. The organic phase was extracted, 
dried over anhydrous Na2SO4 and evaporated 
by rotary evaporator. The product was purified 
by column chromatography using ethyl acetate/
petroleum ether or ethyl acetate/petroleum ben-
zene (90/10) as eluent to get the final compounds 
(Scheme 1).

2.2. 1-(2-chloroethyl)-2methyl-5-nitro-1-H-imid-
azole (1)

 Five mmol (0.59 g, 0.36 ml) thionyl chlo-
ride and five mmol (0.855 g) of MTZ were added 
to 20 ml benzyne at reflux condition for 8 h. After 
completion of reaction, the solvent was evaporated 
under vacuum and then the product was extracted 
with ethyl acetate. The product was purified by 
column chromatography with ethyl acetate/petro-
leum benzyne (70/30) (90%, mp=98 °C).
1H-NMR(250MHz,CDCl3),δ(ppm)=7.84(s,1H
,Imidazole),4.51(t,2H,N-CH2),3.76(t,2H,CH2-
Cl),2.45(s,3H,CH3).
13C-NMR (125 MHz):14.62,30.79,42.68,47.54, 
133.34,138.20,151.49.
MS,M/Z (%):189(54),143(100),63(77),154(8).

2.3. 1-[2-(diphenylmethoxy) ethyl]-2-methyl-5-ni-
troimidazole (2)
 Five mmol (0.855 g) of MTZ and 5 
mmol (1.013 g) of chlorodiphenyl methane were 
added to 10 ml of DMF in the presence of anhy-
drous potassium carbonate (0.40 g) and then the 
reaction was done under microwave radiation  
(11.3%, mp=148 °C). 1H-NMR (250 MHz,
CDCl3),δ(ppm)=7.87(s,1H,Imidazole),7.14–
7.33(m,10H, phenyl),5.25(s,1H,Hb),4.55(t,2H,N-
CH2),3.84(t,2H, O-CH2),2.65(s,3H,CH3).
13C-NMR(125 MHz):14.63,46.57,67.11,84.23, 
126.55,127.78,128.52.
MS,M/Z(%):336
(M-1,75),165(100),290(50),154(25),273(8), 
182(8),124(6).

2.4. 1-[2-(4chlorophenyl)-(phenylmethoxy) ethyl]-
2-methyl-5-nitro-2-H-imidazole (3)
 Five mmol (0.855 g) of MTZ and 5 mmol 
(1.185 g) of 4-chlorobenzhydryl chloride were 
added to 10 ml of DMF in the presence of  anhy-
drous potassium carbonate (0.40 g) and then the 
reaction was done under microwave radiation con-
dition (12.5%, mp=112 °C).
1H-NMR(250MHz,CDCl3),δ(ppm)=7.89(s,1H,-
Imidazole),6.98–7.26(m,9H,phenyl),5.15(s,1H,H
b),4.59(t,2H,N-CH2),3.69(t,2H,O-CH2),2.40(s,3H 
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Scheme 1. Synthesis of MTZ derivatives (2-6).
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,CH3).
13C-NMR(125M
Hz):55.24,113.20,127.14,127.83,127.87,127.92, 
128.06, 129.20, 130.07.
MS,M
/Z(%):371.5(17),165(100),201(84),109(50), 
325(19),125(17), 217(13).

2.5. 1-[2-(trityloxy)ethyl]-2-Methyl-5nitro-1-H-
imidazole (4)
 Five mmol of MTZ (0.855 g) and 5 mmol 
(1.395 g) of chlorotriphenyl methane were added 
to 10 ml of DMF in the presence of anhydrous po-
tassium carbonate (0.40 g) and then the reaction 
was done under microwave radiation condition 
(12.8%, mp=170 °C). 1HNMR (250 MHz , CDC
l3),δ(ppm)=7.95(s,1H,Imidazole),6.9–7.3(m,15H, 
phenyl) , 4.48 (t, 2H, N-CH2) , 3.5 (t, 2H, O-CH2) 
,2.5(s,3H,CH3).
13C-NMR(125M
Hz):14.67,46.54,62.14,127.28,127.70,127.93, 
128.35,132.95, 143.
MS,M/Z(%):412
(M-1,17),241(100),153(25),257(8),124(4),77(3).

2.6. 1-[(4-methoxyphenyl)-(diphenylmethoxy)
ethyl]-2-methyl-5-nitro1-H-imidazole (5)
 Five mmol (0.855 g) of MTZ and 5 mmol 
(1.544 g) of 4-methoxy-chlorotriphenyl meth-
ane were added to 10ml of DMF  in the presence 
of  anhydrous potassium carbonate (0.40 g) and 
then the reaction was done under microwave ra-
diation condition (6%, mp=124 °C).1H-NMR 
(250 MHz,CDCl3),δ(ppm)=7.96(S,1H,Imid-
azole),6.98-7.19(m,14H,phenyl),4.44(m,2H,N-
CH2),4.02(m,1H,O-CH2),3.38(s,3H,O-
CH3),3.79(m,2H,O-CH2),2.64(s,3H,CH3).
13C-NMR(125M
Hz):55.24,113.20,127.14,127.83,127.87,127.92, 
128.06, 129.20,130.07. 
MS,M/Z(%):440(M-3,12.5),271(100),152(8).

2.7. 1-[2-bis(4-methoxyphenyl)-(phenylmethoxy)
ethyl]-2-methyl-5-nitro-1-H-Imidazole (6)
 Five mmol (0.855 g) of MTZ and 5 mmol 
(1.690 g) of 4,4’-dimethoxy-chlorotriphenyl meth-
ane were added to 10ml of DMF  in the presence of  
anhydrous potassium carbonate (0.40 g) and then 
the reaction was done under microwave radiation 
condition (10.3%, mp=118 °C).
1H-NMR(250MHz,CDCl3),δ(ppm)=7.86(S,1H-

,Imidazole),6.74–7.22(m,13H,Ar),4.37(t,2H,N-
CH2),3.8(s,6H,O-CH3),3.7(t,2H,O-
CH2),2.64(s,3H,CH3)
13C-NMR (125 MHz): 14.66, 46.64, 55.22, 61.92, 
113.19, 127.76, 127.90, 129.12, 129.76 
MS, M/Z (%): 473(8), 303(100), 154(8).

2.8. Isolation of Giardia lamblia cysts
 Giardia lamblia cysts were isolated from 
faecal samples of giardiasis patients. Twenty 
samples which had no contamination with other 
parasites were selected. Giardia cysts were puri-
fied from the stool samples, using 1.2 gradients of 
sucrose. Briefly, 5-10 g of stool sample was added 
to 25 ml of distilled water mixed thoroughly. The 
samples was passed through a four-fold gauze and 
centrifuged at 4000 g for 10 min. Supernatant was 
discarded and the pellet was washed. In a 15 ml 
Falcon tube, 5 ml of 1.2 molar sucrose and 6 ml 
of parasite suspension was slowly added to the 
tube and centrifuged at 800 g for 7 min. The up-
per layer was removed and centrifuged at 1400 g. 
Pellet which were contained the purified cysts was 
washed with normal saline and stored at in PBS at 
4 °C until use. Viability of the cysts was assessed 
by using 1% eosin.  Numbers of viable cysts (neg-
ative staining by eosin) were determined by hemo-
cytometer.

2.9. Assessment of anti-Giardia activities 
 In this study, four concentrations of each 
compound, 1, 2, 4 and 8 mM, were used. First, for 
each compound a stock solution of 20 mM in 2% 
DMSO was prepared and final dilution of com-
pounds were prepared immediately before test.  
Giardia cysts suspension, 100μl, was exposed to 
different concentration of the compounds in a one 
ml Eppendorf tube in one ml volume solution. 
Tubes were kept at room temperature for 30 min 
and viability of the cysts was evaluated by 1% Eo-
sin method. As a positive control, metronidazole 
powder was purchased from Sigma-Aldrich and 
was used at same concentration as compounds. For 
each isolate negative control was also considered 
where the cysts were exposed to DMSO solution 
(same concentration as used as diluent of the com-
pounds). All experiments were performed in dupli-
cate.

3. Results and discussion
3.1. Chemistry
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 In this study, six MTZ derivatives were 
synthesized at microwave radiation and their 
chemical structures were confirmed by NMR and 

Mass spectroscopy. However, the yield of reac-
tions were less than 20% but the time of reactions 
were very fast and it is nature friendly and sup-

Table 1. Anti-Giardia effects of metronidazole derivatives at different concentrations.

Compound Mortality (%)
1 mM 2 mM 4 mM 8 mM

1

 
N

N

Cl

CH3

NO2

25 36.47 38 37.57

2

 

N

N

CH3

NO2

O

58.8 60.06 58.8 64.26

3

 

N

N
O

CH3

NO2

Cl

29.72 39.13 48.95 47.9

4

 

N
N

CH3

NO2

O

42.42 52.42 52.1 44

5

 

N
N

CH3

NO2

O

O

CH3

32.17 37.76 46.15 44.52

6

 

N
N

CH3

NO2

O

O

O

CH3

CH3

23.53 28.66 32.8 32.6

MTZ

 

N
N

CH3

NO2

OH

84.4 82.56 77.88 69.24
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ports green chemistry. 

3.2. Pharmacological assay
 Mortality rate of controls, Eosin and 
DMSO, were less than 5%. MTZ at concentration 
of 1 to 8 mM had mortality rate of 84.4 to 69.24 
percent. Statistical analysis of the results, using 
multivariate analysis, revealed that the efficacy of 
the studied compounds on Giardia cyst are differ-
ent and these differences were statistically signifi-
cant (p<0.05). Using post HOC test, Tukey HSD, 
it was found that some of the compounds have a 
better efficacy against Giardia cysts. Compound 2 
had the highest activity, compound 4 was the sec-
ond most effective and compound 6 had the lowest 
effects against Giardia cysts. Compound 1 and 3 
had the highest effect at 4 mM concentration while 
compound 2 had the highest efficacy at 8 mM 
concentration. The effect of compound 4 and 5 on 
Giardia cysts were not dose dependent. 
 Table 1 shows the anti-Giardia activities 
of the studied compounds and Fig. 1 shows the 
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Figure 1. Mean of mortality rate of metronidazole derivatives (compounds 1-6) in comparison with MTZ con Giardia cysts.
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