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	 In	view	of	pharmacological	importance	of	benzimidazole	and	1,2,3‐triazole	nuclei,	we	made	an
effort	to	synthesize	the	bi‐functional	mimic	1,2,3‐triazolyl‐benzimidazoles	through	the	copper
catalyzed	 azide‐alkyne	 1,3‐dipolar	 cycloaddition	 reaction	 in	 ionic	 liquids.	 The	 synthesized
compounds	 were	 characterized	 by	 NMR,	 IR	 and	 Mass	 spectral	 analysis.	 The	 synthesized
compounds	were	screened	for	antimicrobial	and	antioxidant	activities.	A	good	number	of	the
compounds	found	to	possess	potent	antioxidant	and	antimicrobial	activities.	
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1.	Introduction	
	

Benzimidazole	 and	 1,2,3‐triazole	 nuclei	 are	 valuable	
functionalities	 in	the	field	of	medicinal	chemistry	due	to	their	
important	pharmacological	properties.	The	benzimidazole	has	
been	 an	 important	 pharmacophore	 and	 privileged	 structure,	
encompassing	 a	 diverse	 range	 of	 their	 biological	 properties	
[1,2].	Benzimidazoles	have	been	reported	as	antimicrobial	[3‐
10],	 antiviral	 [11‐14],	 antioxidant	 [15],	 anti‐inflammatory	
[16,17],	 antitumor	 [18]	 and	 anticancer	 agents	 [19‐21].	 1,2,3‐
Triazoles	 due	 to	 their	 exclusive	 chemical	 and	 structural	
properties,	 have	 acknowledged	 a	 lot	 of	 awareness	 over	 the	
past	 decades	 and	 found	 extensive	 applications	 in	 medicinal	
chemistry	 [22‐25],	 biological	 activities	 such	 as	 anti‐HIV	 [27]	
and	antimicrobial	[27,28].	Several	methods	for	the	synthesis	of	
1,2,3‐triazoles	 have	 been	 reported	 in	 the	 literature	 [29,30].	
Among	 them,	 the	 most	 common	 method	 is	 the	 “click	
chemistry”	copper‐catalyzed	cycloaddition	of	azides	to	alkyne	
[31].	During	 the	 investigation	of	highly	efficient	and	environ‐
mentally	benign	processes	ionic	liquids	have	been	emerged	as	
sustainable	 solvents.	 They	were	 employed	 in	many	 reactions	

including,	in	the	synthesis	of	azides	[32],	in	the	N‐alkylation	of	
amines	 [33‐35],	 and	 in	 copper	 catalyzed	 cycloaddition	 of	
azides	to	alkyne	[36,37].	Further,	one	pot	synthetic	procedure	
[38,39]	 has	 been	 become	 an	 attractive	 option	 in	 click	
chemistry	in	which	azides	generated	in	situ,	followed	by	azide‐
alkyne	 cycloaddition	 to	 avoid	 the	 isolation	 of	 the	 azide	
intermediates	 since	 the	 organic	 azides	 tend	 to	 be	 explosive	
and	are	difficult	to	handle.	

In	view	of	the	above	considerations	and	in	continuation	of	
our	 effort	 to	 design	 the	 new	 bifunctional	mimic	 heterocyclic	
compounds	 consisting	 the	1,2,3‐triazole,	 here	 in,	we	 report	 a	
highly	 efficient	 multi	 component	 one	 pot	 method	 for	 the	
synthesis	of	1‐((1‐aryl‐1H‐1,2,3‐triazol‐4‐yl)methyl)‐1H‐benzo	
[d]imidazoles	 using	 N‐propargylbenzimidazole,	 aniline	 and	
sodium	 azide	 in	 ionic	 liquid	 1‐butyl‐3‐methylimidazolium	
hexafluorophosphate	 [BMIM][PF6]	 and	 their	 antioxidant	 and	
antimicrobial	activities.	
	
2.	Experimental	
	
2.1.	Materials	and	methods	
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Table	1.	Synthesized	1,4‐di‐substituted	1,2,3‐triazole	derivatives	of	benzimidazole	(A‐N).	
Ar‐NH2	 Product	

	
Time	(hr)	
	

Yield	(%)	 	 Ar‐NH2	 Product	 Time	(hr)	
	

Yield	(%)	

	

A	 8.0	 95

	

H 8.5	 88

	

B	 9.0	 90	 	 I	 9.5	 75	

	

C	 10.0	 88 J 9	 80

	

D	 8.5	 91 K 8	 92

	

E	 8.5	 90 L 8	 90

NH2Br

	

F	 8.5	 92	 	 M	 9	 86	

	

G	 9.0	 85 N 9.5	 85

	
	

All	 reactions	 were	 carried	 out	 in	 a	 round	 bottom	 flask	
under	 room	 temperature.	 Copper	 (I)	 iodide,	 benzimidazole,	
propargyl	 bromide,	 [BMIM][PF6]	 and	 aromatic	 amines	 were	
purchased	 from	 Aldrich	 chemical	 company.	 All	 the	 reagents	
and	solvents	were	purchased	from	S.D.	Fine	chemicals	limited	
and	 used	 without	 further	 purification.	 Thin‐layer	 chromato‐
graphy	 (TLC)	 was	 performed	 using	 Merck	 silica	 gel	 60F254	
precoated	plates	(0.25	mm)	and	silica	gel	(particle	size	60‐120	
mesh)	was	used	for	column	chromatography.	1H	and	13C	NMR	
spectra	 were	 recorded	 on	 a	 400	 MHz	 instrument.	 1H	 NMR	
spectra	 were	 reported	 relative	 to	 Me4Si	 (δ,	 0.00	 ppm)	 and	
residual	CDCl3	(δ,	7.26	ppm).	13C	NMR	was	reported	relative	to	
CDCl3	 (δ,	 77.16	 ppm).	 FT‐IR	 spectra	 were	 recorded	 on	 a	
Bruker	 spectrometer	 and	 are	 reported	 on	 the	 frequency	 of	
absorption	(cm‐1).	Mass	spectra	were	recorded	on	ESI‐MS.	
	
2.2.	Synthesis	
	
2.2.1.	Synthesis	of	N‐propargylbenzimidazole	
	

N‐Propargylation	 was	 carried	 out	 by	 the	 addition	 of	
propargyl	bromide	(1.2	mmol)	 to	a	mixture	of	benzimidazole	
(1	mmol),	Cs2CO3	(1	mmol)	in	1	mL	of	[BMIM][PF6]	and	3	mL	
of	 H2O	 and	 stirred	 at	 room	 temperature	 for	 12	 hours.	 The	
reaction	was	stopped	by	addition	of	H2O	and	the	product	was	
extracted	 with	 ethylacetate.	 The	 organic	 layer	 was	 washed	
with	 brine,	 dried	 over	 anhydrous	 Na2SO4	 and	 evaporated	
under	 reduced	 pressure	 to	 afford	N‐propargylbenzimidazole.	
The	residue	ionic	liquid	was	washed	with	water	and	reused	for	
the	cycloaddition	reaction.	Color:	Pale	yellow	solid.	Yield:	90%.	
M.p.:	112‐114	°C.	1H	NMR	(400	MHz,	CDCl3,	δ,	ppm):	7.978	(s,	
1H,	N‐CH=N),	7.820	(d,	1H,	 J	=	8.4	Hz,	Ar),	7.515	 (m,	2H,	Ar),	

7.310	(m,	1H,	J	=	4	Hz,	Ar),	4.762	(s,	2H,	N‐CH2),	2.489	(s,	1H,	
CH‐alkyne).	MS	(EI,	m/z	(%)):	157	(M+H,	100).	

	
2.2.2.	General	procedure	for	1‐{[1‐(aryl)‐1H‐1,	2,	3‐triazol‐
4‐yl]	methyl}‐1H‐benzimidazoles	(A‐N)	
	

Aryl	amines	(0.8	mmol)	were	homogenized	by	mixing	solid	
p‐TsOH	hydrate	(2.4mmol)	and	0.2	mL	of	water	into	a	round‐
bottom	flask	and	cooled	 to	0	 °C	 in	an	 icebath.	To	 this	stirred	
mixture	 NaNO2	 (1.6	 mmol)	 was	 added,	 followed	 by	 the	
solution	 of	 NaN3	 (2.2	mmol)	 in	 [BMIM][PF6]	 (14	mmol,	 2.64	
mL)	 and	 5	 mL	 of	 H2O	 drop	 wise	 and	 thoroughly	 stirred	 at	
room	 temperature	 for	 3	 h.	 N‐Propargylbenzimidazole	 (0.9	
mmol)	and	CuI	(15	mol	%)	were	then	added	and	the	reaction	
was	 stirred	 for	 8	 hours	 at	 room	 temperature.	 The	 reaction	
proceeds	 smoothly	 and	 rapidly	 to	 afford	 1,2,3‐triazoles	 in	
excellent	 yields	 (Figure	 1).	 The	 product	 was	 extracted	 with	
ethyl	 acetate	 (65‐85%	 extraction	 yields)	 and	 the	 results	 are	
presented	in	Table	1.	

	

	

Figure	 1.	Numbering	 of	 carbon	 atoms	 in	 1,4‐disubstituted	 1,2,3‐triazoles	
(A‐N).	

	
1‐{[1‐(4‐Methoxyphenyl)‐1H‐1,	2,	3‐triazol‐4‐yl]methyl}‐1H‐

benzimidazole	 (A):	 Color:	White	 solid.	 Yield:	 95%.	M.p.:	 152‐
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154	 °C.	 FT‐IR	 (KBr,	 cm‐1):	 3135	 (triazole‐H),	 1593	 (C=C,	
triazole),	 1516	 (N=N,	 triazole).	 1H	 NMR	 (400	 MHz,	 CDCl3,	 δ,	
ppm)	 :	 8.070	 (s,	 1H,	 N‐CH=N),	 7.820	 (d,	 1H,	 J	 =	 8.4	 Hz,	 Ar),	
7.641	(s,	1H,	triazole‐H),	7.515	(m,	3H,	Ar),	7.310	(t,	2H,	J	=	4	
Hz,	Ar),	6.977	(d,	2H,	J	=	8.8	Hz,	Ar),	5.582	(s,	2H,	N‐CH2),	3.843	
(s,	3H,	O‐CH3).	13C	NMR	(100	MHz,	CDCl3,	δ,	ppm)	:	159.8	(1C,	
C‐41),	145.8	(1C,	C‐4),	143.0	(1C,	C‐22),	138.7	(1C,	C‐92),	135.6	
(1C,	C‐11),	134.1	(1C,	C‐82),	130.2	(2C,	C‐21	&	C‐61),	125.3	(1C,	
C‐52),	124.9	(1C,	C‐62),	122.3	(2C,	C‐31	&	C‐51),	119.1	(1C,	C‐42),	
115.5	(1C,C‐72),	114.7	(1C,	C‐5),	57.3	(1C,	N‐CH2),	55.6	(1C,	O‐
CH3).	MS	(EI,	m/z	(%)):	306	(M+,	100).	

1‐{[1‐(Naphthalen‐1‐yl)‐1H‐1,	 2,	 3‐triazol‐4‐yl]methyl}‐1H‐
benzimidazole	(B):	Color:	Pale	red	solid.	Yield:	90%.	M.p.:	169‐
171	 °C.	 FT‐IR	 (KBr,	 cm‐1):	 3144	 (triazole‐H),	 1594	 (C=C,	
triazole),	 1518	 (N=N,	 triazole).	 1H	 NMR	 (400	 MHz,	 CDCl3,	 δ,	
ppm):	 7.933	 (s,	 1H,	 N‐CH=N),	 7.847	 (d,	 2H,	 J	 =	 5.2	 Hz,	 Ar),	
7.710	 (s,	 1H,	 triazole),	 7.540	 (m,	 5H,	 Ar),	 7.324	 (m,	 4H,	 Ar),	
5.676	(s,	2H,	N‐CH2).	13C	NMR	(100	MHz,	CDCl3,	δ,	ppm)	:	145.0	
(1C,	C‐4,	triazole),	142.9	(1C,	C‐22),	139.5	(1C,	C‐92),	138.7	(1C,	
C‐91),	 135.6	 (1C,	 C‐11),	 134.4	 (1C,	 C‐82),	 133.4	 (1C,	 C‐101),	
132.1	(1C,	C‐21),	130.5	(1C,	C‐41),	128.3	(1C,	C‐51),	128.2	(1C,	
C‐81),	127.0	(1C,	C‐31),	126.4	(1C,	C‐61),	124.4	(1C,	C‐52),	124.1	
(1C,	C‐62),	123.5	(1C,	C‐71),	120.1	(1C,	C‐42),	116.5	(1C,	C‐72),	
115.5	 (1C,	C‐5),	57.6	 (1C,	N‐CH2).	MS	 (EI,	m/z	 (%)):	326	 (M+,	
100).	

{2‐[4‐(1H‐Benzimidazol‐1‐ylmethyl)‐1H‐1,	2,	3‐triazol‐1‐yl]‐
4‐fluorophenyl}	methanol	 (C):	Color:	White	 solid.	Yield:	88	%.	
M.p.:	 142‐144	 °C.	 FT‐IR	 (KBr,	 cm‐1):	 3390	 (‐OH),	 3131	
(triazole‐H),	 1594	 (C=C,	 triazole),	 1516	 (N=N,	 triazole).	 1H	
NMR	(400	MHz,	CDCl3,	δ,	ppm):	8.191	(s,	1H,	N‐CH=N),	7.641	
(s,	1H,	triazole‐H),	7.498	(m,	2H,	Ar),	7.424	(d,	1H,	J	=	8	Hz,	Ar),	
7.216	(m,	2H,	Ar),	7.130	(m,	1H,	Ar),	6.985	(d,	Ar,	J	=	8	Hz,	1H),	
5.517	(s,	2H,	N‐CH2),	3.910	(s,	2H,	Ar‐CH2‐OH),	3.501	(br	s,	1H,	
‐OH).	 13C	 NMR	 (100	 MHz,CDCl3,	 δ,	 ppm):	 160.9	 (1C,	 C‐41),	
145.0	 (1C,	 C‐4,	 triazole),	 143.1	 (1C,	 C‐22),	 138.2	 (1C,	 C‐92),	
137.7	(1C,	C‐91),	134.6	(1C,	C‐21),	128.2	(1C,	C‐11),	127.0	(1C,	
C‐31),	123.2	(1C,	C‐51),	123.2	(1C,	C‐52),	122.5	(1C,	C‐62),	119.9	
(1C,	C‐42),	116.5	(1C,	C‐72),	115.9	(1C,	C‐5)	 ,	60.7	(1C,	Ar‐CH2‐
OH),	57.5	(1C,	N‐CH2).	MS	(EI,	m/z	(%)):	346	(M+Na,	100).	

1‐{[1‐(4‐Chlorophenyl)‐1H‐1,	 2,	 3‐triazol‐4‐yl]methyl}‐1H‐
benzimidazole	(D):	Color:	Yellow	solid.	Yield:	91%.	M.p.:	149‐
151	 °C.	 FT‐IR	 (KBr,	 cm‐1):	 3132	 (triazole‐H),	 1595	 (C=C,	
triazole),	 1521	 (N=N,	 triazole).	 1H	 NMR	 (400	 MHz,	 CDCl3,	 δ,	
ppm):	 8.070	 (s,	 1H,	 N‐CH=N),	 7.935	 (d,	 1H,	 J	 =	 4.4	 Hz,	 Ar),	
7.641	(s,	1H,	triazole‐H),	7.515	(m,	3H,	Ar),	7.314	(m,	2H,	Ar),	
7.050	(d,	2H,	J	=	4	Hz,	Ar),	5.562	(s,	2H,	N‐CH2).	13C	NMR	(100	
MHz,	CDCl3,	δ,	ppm):	148.1	(1C,	C‐41),	144.8	(1C,	C‐4,	triazole),	
143.8	(1C,	C‐22),	138.3	(1C,	C‐92),	137.7	(1C,	C‐82),	134.8	(1C,	
C‐11),	134.1	(1C,	C‐41),	128.8	(2C,	C‐31	&	C‐51),	124.5	(2C,	C‐21	
&	C‐61),	120.0	(1C,	C‐62),	116.5	(1C,	C‐42),	115.5	(1C,	C‐5),	57.5	
(1C,	N‐CH2).	MS	(EI,	m/z	(%)):	310	(M+,	100).	

1‐{[1‐(4‐Fluorophenyl)‐1H‐1,	 2,	 3‐triazol‐4‐yl]methyl}‐1H‐
benzimidazole	 (E):	 Color:	 Paleyellow	 solid.	 Yield:	 90%.	
M.p.:136‐138	 °C.	 FT‐IR	 (KBr,	 cm‐1):	 3140	 (triazole‐H),	 1593	
(C=C,	triazole),	1515	(N=N,	triazole).	1H	NMR	(400	MHz,	CDCl3,	
δ,	 ppm):	8.110	 (s,	1H,	N‐CH=N),	7.830	 (d,	 J	=	8.4	Hz,	1H,	Ar),	
7.650	(s,	1H,	triazole‐H),	7.516	(m,	3H,	Ar),	7.311	(m,	2H,	Ar),	
7.088	(d,	2H,	J	=	8	Hz,	Ar),	5.518	(s,	2H,	N‐CH2).	13C	NMR	(100	
MHz,	CDCl3,	δ,	ppm):	155.1	(1C,	C‐41),	144.2	(1C,	C‐4,	triazole),	
143.7	(1C,	C‐22),	138.3	(1C,	C‐92),	137.7	(1C,	C‐82),	135.1	(1C,	
C‐11),	134.1	(2C,	C‐31	&	C‐51),	127.5	(2C,	C‐21&C‐61),	123.3	(1C,	
C‐62),	 119.9	 (1C,	 C‐42),	 115.5	 (1C,	 C‐5),	 57.3	 (1C,	N‐CH2).	MS	
(EI,	m/z	(%)):	294	(M+,	100).	

1‐{[1‐(4‐Bromophenyl)‐1H‐1,	2,	3‐triazol‐4‐yl]methyl}‐1H‐
benzimidazole	 (F):	 Color:	White	 solid.	 Yield:	 90%.	 M.p.:	 141‐
143	 °C.	 FT‐IR	 (KBr,	 cm‐1):	 3135	 (triazole‐H),	 1594	 (C=C,	
triazole),	 1516	 (N=N,	 triazole).	 1H	 NMR	 (400	 MHz,	 CDCl3,	 δ,	
ppm):	 8.120	 (s,	 1H,	 N‐CH=N),	 7.832	 (d,	 1H,	 J	 =	 9.2	 Hz,	 Ar),	
7.621	(s,	1H,	triazole‐H),	7.511	(m,	2H,	Ar),	7.452	(m,	1H,	Ar),	
7.321	(m,	2H,	Ar),	6.940	(d,	2H,	J	=	9.2	Hz,	Ar),	5.528	(s,	2H,	N‐
CH2).	 13C	 NMR	 (100	 MHz,	 CDCl3,	 δ,	 ppm):	 145.7	 (1C,	 C‐4,	

triazole),	 143.7	 (1C,	 C‐22),	 138.2	 (1C,	 C‐92),	 137.5	 (1C,	 C‐82),	
134.5	(1C,	C‐11),	132.1	(1C,	C‐41),	128.7	(2C,	C‐31	&	C‐51),	127.2	
(2C,	C‐21&C‐61),	123.2	(1C,	C‐62),	119.9	(1C,	C‐42),	115.8	(1C,	C‐
5),	57.5	(1C,	N‐CH2).	MS	(EI,	m/z	(%)):	355	(M+,	100).	

1‐{[1‐(2‐Fluorophenyl)‐1H‐1,	 2,	 3‐triazol‐4‐yl]methyl}‐1H‐
benzimidazole	 (G):	 Color:	 Pale	 yellow	 solid.	 Yield:	 85%.	M.p.:	
137‐139	 °C.	 FT‐IR	 (KBr,	 cm‐1):	 3140	 (triazole‐H),	 1594	 (C=C,	
triazole),	 1515	 (N=N,	 triazole).	 1H	 NMR	 (400	 MHz,	 CDCl3,	 δ,	
ppm):	8.154	(s,	1H,	N‐CH=N),	7.948	(m,	1H,	Ar),	7.927	(s,	1H,	
triazole‐H),	7.452	(m,	2H,	Ar),	7.290	(m,	5H,	Ar),	5.393	(s,	2H,	
N‐CH2).	 13C	NMR	 (100	MHz,	 CDCl3,	 δ,	 ppm):	 160.6	 (1C,	 C‐21),	
145.5	 (1C,	 C‐4,	 triazole),	 143.1	 (1C,	 C‐22),	 138.6	 (1C,	 C‐11),	
137.5	(1C,	C‐92),	136.7	(1C,	C‐82),	134.6	(1C,	C‐31),	133.6	(1C,	
C‐51),	128.2	(1C,	C‐41),	127.0	(1C,	C‐61),	123.2	(1C,	C‐62),	121.6	
(1C,	C‐42),	116.5	(1C,	C‐5),	57.5	(1C,	N‐CH2).	MS	(EI,	m/z	(%)):	
294	(M+,	100).	

1‐{[1‐(4‐Nitrophenyl)‐1H‐1,	2,	3‐triazol‐4‐yl]methyl}‐1H‐
benzimidazole	 (H):	 Color:	White	 solid.	 Yield:	 88%.	M.p.:	 161‐
163	 °C.	 FT‐IR	 (KBr,	 cm‐1):	 3135	 (triazole‐H),	 1593	 (C=C,	
triazole),	 1502	 (N=N,	 triazole).	 1H	 NMR	 (400	 MHz,	 CDCl3,	 δ,	
ppm):	8.140	(s,	1H,	N‐CH=N),	7.830	(d,	1H,	J	=	8	Hz,	Ar),	7.645	
(s,	1H,	triazole‐H),	7.520	(m,	3H,	Ar),	7.310	(m,	2H,	Ar),	6.971	
(d,	2H,	J	=	8.8	Hz,	Ar),	5.582	(s,	2H,	N‐CH2).	13C	NMR	(100	MHz,	
CDCl3,	δ,	ppm):	147.3	(1C,	C‐41),	145.5	(1C,	C‐4,	triazole),	143.7	
(1C,	C‐22),	138.5	(1C,	C‐11),	137.7	(1C,	C‐92),	135.5	(1C,	C‐82),	
134.1	(2C	,	C‐31	&	C‐51),	128.2	(2C,	C‐21	&	C‐61),	123.0	(1C,	C‐
62),	120.2	(1C,	C‐42),	116.9	(1C,	C‐5),	56.2	(1C,	N‐CH2).	MS	(EI,	
m/z	(%)):	321	(M+,	100).	

1‐{[1‐(3,5‐dichlorophenyl)‐1H‐1,2,3‐triazol‐4‐yl]methyl}‐1H‐	
benzimidazole	 (I):	 Color:	 White	 solid.	 Yield:	 75%.	 M.p.:	 169‐
171	 °C.	 FT‐IR	 (KBr,	 cm‐1):	 3133	 (triazole‐H),	 1594	 (C=C,	
triazole),	 1516	 (N=N,	 triazole).	 1H	 NMR	 (400	 MHz,	 CDCl3,	 δ,	
ppm):	 8.210	 (s,	 1H,	 N‐CH=N),	 7.830	 (d,	 1H,	 J	 =	 8.4	 Hz,	 Ar),	
7.651	(s,	1H,	 triazole‐H),	7.530	(s,	1H,	Ar),	7.421	(m,	3H,	Ar),	
7.056	(d,	2H,	J	=	4.8	Hz,	Ar),	5.503	(s,	2H,	N‐CH2).	13C	NMR	(100	
MHz,	CDCl3,	δ,	ppm):	145.1	(1C,	C‐4,	triazole),	143.5	(1C,	C‐22),	
137.7	(1C,	C‐92),	135.8	(2C,	C‐31	&	C‐51),	135.5	(1C,	C‐82),	131.8	
(1C,	C‐11),	128.8	(1C,	C‐41),	123.4	(2C,	C‐21	&	C‐61),	123.7	(1C,	
C‐62),	 120.1	 (1C,	 C‐42),	 115.6	 (1C,	 C‐5),	 57.5	 (1C,	 N‐CH2).	MS	
(EI,	m/z	(%)):	345	(M+,	100).	

1‐{[1‐(3‐Chlorophenyl)‐1H‐1,	2,	3‐triazol‐4‐yl]	methyl}‐1H‐
benzimidazole	 (J):	 Color:	 Yellow	 solid.	 Yield:	 80%.	 M.p.:150‐
152	 °C.	 FT‐IR	 (KBr,	 cm‐1):	 3139	 (triazole‐H),	 1596	 (C=C,	
triazole),	 1515	 (N=N,	 triazole).	 1H	 NMR	 (400	 MHz,	 CDCl3,	 δ,	
ppm):	8.116	 (s,	 1H,	N‐CH=N),	7.840	 (s,	 1H,	 triazole‐H),	7.630	
(d,	 2H,	 J	=	 8.4	 Hz,	 Ar),	 7.517	 (m,	 2H,	 Ar),	 7.291	 (m,	 2H,	 Ar),	
6.994	(d,	2H,	J	=	5.3	Hz,	Ar),	5.512	(s,	2H,	N‐CH2).	13C	NMR	(100	
MHz,	CDCl3,	δ,	ppm):	145.5	(1C,	C‐4,	triazole),	143.1	(1C,	C‐22),	
138.6	(1C,	C‐92),	137.6	(1C,	C‐82),	134.6	(1C,	C‐31),	133.6	(1C,	
C‐21),	131.6	(1C,	C‐11),	128.2	(1C,	C‐41),	127.0	(1C,	C‐51),	126.2	
(1C,	 C‐61),	 122.2	 (1C,	 C‐62),	 121.6	 (1C,	 C‐42),	 116.5	 (1C,	 C‐5),	
57.5	(1C,	N‐CH2).	MS	(EI,	m/z	(%)):	332	(M+Na,	100).	

1‐{[1‐(3‐Methylphenyl)‐1H‐1,	2,	3‐triazol‐4‐yl]methyl}‐1H‐
benzimidazole	 (K):	 Color:	White	 solid.	 Yield:	 92%.	M.p.:	 134‐
136	 °C.	 	 FT‐IR	 (KBr,	 cm‐1):	 3135	 (triazole‐H),	 1593	 (C=C,	
triazole),	 1516	 (N=N,	 triazole).	 1H	 NMR	 (400	 MHz,	 CDCl3,	 δ,	
ppm):	8.120	(s,	1H,	N‐CH=N),	7.830	(d,	1H,	J	=	8	Hz,	Ar),	7.643	
(s,	1H,	triazole‐H),	7.515	(m,	3H,	Ar),	7.310	(m,	2H,	Ar),	6.977	
(d,	2H,	J	=	8.8	Hz,	Ar),	5.582	(s,	2H,	N‐CH2),	2.41	(s,	3H,	Ar‐CH3).	
13C	NMR	(100	MHz,	CDCl3,	δ,	ppm)	 :	144.1	 (1C,	C‐4,	 triazole),	
143.1	(1C,	C‐22),	138.6	(1C,	C‐92),	138.0	(1C,	C‐82),	134.3	(1C,	
C‐11),	128.2	(1C,	C‐31),	127.1	(1C,	C‐21),	126.2	(1C,	C‐61)	123.3	
(1C,	 C‐51),	 122.8	 (1C,	 C‐62),	 119.3	 (1C,	 C‐42),	 115.6	 (1C,	 C‐5),	
57.1	(1C,	N‐CH2),	21.1	(1C,	Ar‐CH3).	MS	(EI,	m/z	(%)):	290	(M+,	
100).	

1‐{[1‐(2,3‐Dimethylphenyl)‐1H‐1,	2,	3‐triazol‐4‐yl]methyl}‐
1H‐benzimidazole	 (L):	 Color:	 White	 solid.	 Yield:	 90%.	 M.p.:	
139‐141	 °C.	 FT‐IR	 (KBr,	 cm‐1):	 3141	 (triazole‐H),	 1594	 (C=C,	
triazole),	 1515	 (N=N,	 triazole).	 1H	 NMR	 (400	 MHz,	 CDCl3,	 δ,	
ppm):	8.100	(s,	1H,	N‐CH=N),	7.654	(s,	1H,	triazole‐H),	7.531	
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Table	2.	Antibacterial	activity	of	1,4‐di‐substituted	1,2,3‐triazole	derivatives	of	benzimidazole	(A‐N).	
Compound	 MIC,	µg/mL	

E.	coli	 S.	aureus B.	subtilis P.	vulgaris	
A	 46	 48	 50	 66	
B	 80	 46	 58	 78	
C	 NA	 64 62 48	
D	 NA	 62 46 NA	
E	 NA	 78 64 80	
F	 74	 48 NA 68	
G	 58	 45 NA 78	
H	 45	 60 44 NA	
I	 54	 54	 40	 64	
J	 58	 52	 NA	 70	
K	 62	 36	 NA	 NA	
L	 58	 40 42 72	
M	 40	 44	 42	 54	
N	 40	 40 40 44	
Streptomycin	sulphate	 10	 12	 16	 14	
	
	
Table	3.	Antifungal	activity	of	1,4‐di‐substituted	1,2,3‐triazole	derivatives	of	benzimidazole	(A‐N).	
Compound	 MIC,	µg/mL	 	

Aspergillus	sp	 Penicillium	sp	
A	 25	 34
C	 32	 ‐
E	 38	 ‐
F	 50	 28
G	 52	 48
I	 26	 26	
K	 42	 42	
N	 44	 ‐
Ampothericin‐B	 25	 25	
	
	
(m,	 3H,	 Ar),	 7.311	 (m,	 2H,	 Ar),	 6.971	 (d,	 2H,	 J	=	 8.8	 Hz,	 Ar),	
5.553	 (s,	 2H,	 N‐CH2),	 2.781	 (s,	 3H,	 Ar‐CH3),	 2.401	 (s,	 3H,	 Ar‐
CH3).	 13C	 NMR	 (100	 MHz,	 CDCl3,	 δ,	 ppm):	 144.5	 (1C,	 C‐4,	
triazole),	 143.4	 (1C,	 C‐22),	 138.0	 (1C,	 C‐92),	 137.4	 (1C,	 C‐82),	
136.3	(1C,	C‐11),	134.6	(1C,	C‐21),	133.5	(1C,	C‐31),	128.2	(1C,	
C‐61),	127.1	(1C,	C‐51),	123.3	(1C,	C‐41),	122.2	(1C,	C‐62),	119.3	
(1C,	C‐42),	115.5	(1C,	C‐5),	56.6	(1C,	N‐CH2),	24.5	(1C,	Ar‐CH3),	
22.1	(1C,	Ar‐CH3).	MS	(EI,	m/z	(%)):	304	(M+,	100).	

1‐({1‐[3‐(Trifluoromethyl)phenyl]‐1H‐1,	2,	3‐triazol‐4‐yl}	
methyl)‐1H‐benzimidazole	 (M):	 Color:	 Orange	 solid.	 Yield:	
86%.	 M.p.:	 165‐167	 °C.	 FT‐IR	 (KBr,	 cm‐1):	 3135	 (triazole‐H),	
1593	(C=C,	triazole),	1516	(N=N,	triazole).	1H	NMR	(400	MHz,	
CDCl3,	δ,	ppm):	8.110	(s,	1H,	N‐CH=N),	7.844	(s,	1H,	triazole‐H),	
7.631	(d,	2H,	 J	=	8.4	Hz,	Ar),	7.514	(m,	2H,	Ar),	7.295	(m,	2H,	
Ar),	6.992	(d,	2H,	J	=	5.3	Hz,	Ar),	5.515	(s,	2H,	N‐CH2).	13C	NMR	
(100	MHz,	CDCl3,	δ,	ppm):	144.5	(1C,	C‐4,	 triazole),	143.2	(1C,	
C‐22),	138.1	(1C,	C‐92),	137.2	(1C,	C‐82),	134.8	(1C,	C‐31),	133.3	
(1C,	C‐21),	131.4	(1C,	C‐11),	128.1	(1C,	C‐41),	127.2	(1C,	C‐51),	
126.8	(1C,	C‐61),	123.3	(1C,	CF3)	122.4	(1C,	C‐62),	121.2	(1C,	C‐
42),	 116.8	 (1C,	 C‐5),	 57.7	 (1C,	N‐CH2).	MS	 (EI,	m/z	 (%)):	 344	
(M+,	100).	

1‐{[1‐(2‐Methylphenyl)‐1H‐1,	2,	3‐triazol‐4‐yl]methyl}‐1H‐
benzimidazole	 (N):	 Color:	White	 solid.	 Yield:	 85%.	M.p.:	 133‐
135	 °C.	 1H	 NMR	 (400	MHz,	 CDCl3,	 δ,	 ppm):	 8.115	 (s,	 1H,	 N‐
CH=N),	 7.834	 (d,	 1H,	 J	=	 8	 Hz,	 Ar),	 7.642	 (s,	 1H,	 triazole‐H),	
7.516	(m,	3H,	Ar),	7.320	(m,	2H,	Ar),	6.978	(d,	2H,	 J	=	8.8	Hz,	
Ar),	5.552	(s,	2H,	N‐CH2),	2.441	(s,	3H,	Ar‐CH3).	13C	NMR	(100	
MHz,	CDCl3,	δ,	ppm):	144.2	(1C,	C‐4,	triazole),	143.3	(1C,	C‐22),	
138.4	(1C,	C‐92),	138.2	(1C,	C‐82),	134.3	(1C,	C‐11),	130.1	(1C,	
C‐21),	128.4	(1C,	C‐31),	127.6	(1C,	C‐41),	126.8	(1C,	C‐61),	123.4	
(1C,	 C‐51),	 122.9	 (1C,	 C‐62),	 119.3	 (1C,	 C‐42),	 115.6(1C,	 C‐5),	
57.1(1C,	 N‐CH2),	 22.4(1C,	 Ar‐CH3).	 IR	 (KBr,	 cm‐1):	 3141	
(triazole‐H),	1595	(C=C,	triazole),	1504	(N=N,	triazole).	MS	(EI,	
m/z	(%)):	290	(M+,	100).	
	
2.4.	Biological	activity	
	
2.4.1.	Antimicrobial	activity	
	

A	broad	panel	of	bacterial	and	fungal	strains	was	used	for	
testing	 the	 antimicrobial	 properties	 of	 the	 synthesized	

molecules.	 The	 molecules	 were	 screened	 against	 both	 Gram	
positive	 (S.	aureus	and	B.	Subtilis)	 and	Gram	negative	 (E.	coli	
and	 P.	 vulgaris)	 organisms.	 The	 samples	 were	 tested	 by	
standard	 protocols,	 Agar	 well	 diffusion	 method	 [40,41]	 for	
antibacterial	 activity	 (Table	 2)	 and	 Agar	 plug	 method	 for	
antifungal	activity	(Table	3).	For	all	the	derivatives,	minimum	
inhibitory	 concentration	was	 determined	 by	 using	microtiter	
plate	 technique	 and	 resazurin	 as	 bio‐indicator.	 Streptomycin	
sulphate	was	used	as	a	standard	drug	for	antibacterial	activity	
and	 ampothericin‐B	 was	 used	 as	 a	 standard	 for	 antifungal	
activity	 and	 they	 were	 also	 screened	 under	 identical	
conditions	for	comparison.	All	the	culture	used	in	this	present	
study	 was	 obtained	 by	 Agricultural	 Research	 Service‐United	
States	Department	of	Agriculture	(ARS‐USDA)	on	request	and	
their	help	in	this	regard	is	duly	acknowledged.	
	
2.4.2.	Antioxidant	activity	
	

The	synthesized	compounds	(A‐N)	were	investigated	for	in	
vitro	 antioxidant	 activity	 in	 terms	 of	 hydrogen	 donating	 or	
radical	 scavenging	ability	by	rapid	and	convenient	 technique,	
i.e.	1,1‐diphenyl‐2‐picryl‐hydrazyl	(DPPH)	assay	[42,43]	using	
trolax	 and	 ascorbic	 acid	 as	 standard	 drugs.	Methanol	 (95%),	
DPPH	solution	and	standard	drugs	were	used	as	blank,	control,	
and	reference,	respectively.	Absorbance	was	calculated	at	517	
nm	 (at	 an	 absorption	 maximum	 of	 DPPH)	 after	 keeping	 the	
mixture	of	100	µL	of	synthesized	compounds	of	concentration	
10	 µg/mL	 (dissolved	 in	 DMSO)	 and	 900	 µL	 of	 DPPH	 radical	
solution	(0.004%	w:v	of	DPPH	in	methanol)	in	a	dark	place	for	
30	min	 incubation	period.	Antioxidant	 activity	was	evaluated	
in	IC50	in	µM	(the	effective	concentration	at	which	50%	of	the	
radicals	were	scavenged)	and	depicted	in	Table	4.	
	
3.	Results	and	discussion	
	
3.1.	Chemistry	
	

In	 the	 present	 work,	 we	 report	 an	 efficient	 N‐pro‐
pargylation	 of	 benzimidazole	 in	 the	 presence	 of	 Cs2CO3	 and	
one	pot	multi‐component	synthesis	of	1,2,3‐triazoles	using		
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Table	4.	Antioxidant	activity	of	1,4‐di‐substituted	1,2,3‐triazole	derivatives	of	benzimidazole	(A‐N)	by	DPPH	method	.	
Compound	 IC50	
A	 50.37±1.35
B	 15.64±1.32
C	 25.93±1.19	
D	 22.49±1.42	
E	 87.02±1.23	
F	 58.05±1.25	
G	 26.34±1.26
H	 51.85±1.10
I	 6.308±1.35
J	 38.31±1.40
K	 94.20±1.52
L	 101.62±1.35
M	 8.51±1.18
N	 134.20±1.32	
Trolox	 14.80±1.43
Ascorbic	acid	 3.0±1.34
	

	
N‐propargylbenzimidazole,	 anilines,	 sodium	 nitrite	 and	
sodium	 azide	 in	 ionic	 liquid	 [BMIM][PF6]·H2O	 at	 room	
temperature.		

N‐Propargylation	 was	 carried	 out	 by	 the	 addition	 of	
propargyl	bromide,	under	stirring,	to	the	[BMIM][PF6]	and	H2O	
mixture	 containing	 benzimidazole	 and	 Cs2CO3	 at	 room	
temperature	 for	 12	 hours	 (Scheme	 1).	 The	 ionic	 liquid	 was	
recycled	and	used	for	the	cycloaddition	reaction.	

	

 
	

Scheme	1	
	

In	 a	 typical	 reaction	 (Scheme	 2),	 aryl	 amines	 were	
homogenized	by	mixing	a	wet	solid	p‐TsOH	hydrate	 followed	
by	addition	of	NaNO2	and	NaN3	in	[BMIM][PF6]·H2O	stirred	at	
room	temperature	for	3	h.	N‐Propargylbenzimidazole	and	CuI	
were	then	added	and	the	reaction	was	stirred	for	8‐10	hrs	at	
room	 temperature.	 The	 reaction	 proceeds	 smoothly	 and	
rapidly	to	afford	1,2,3‐triazoles	in	excellent	yields.	The	results	
are	presented	in	Table	1.	The	residue	ionic	liquid	was	washed	
with	water	and	reused.	
	

 
	

Scheme	2	
	
3.2.	Antimicrobial	activity	
	

All	 the	 new	 compounds	 were	 screened	 for	 their	
antibacterial	and	antifungal	activities	using	standard	protocols	
and	the	minimum	inhibitory	concentration	(MIC)	values	were	
recorded	 (Table	 2	 and	 3).	 Among	 the	 compounds	 tested,	
compound‐B	and	D	exhibited	excellent	antibacterial	activities	
against	gram	negative	bacteria	E.coli	 and	P.vulgaris	while	 the	
compound	 F	 exhibited	 appreciable	 activity	 against	 S.	 aureus	
and	 B.	 Subtilis.	 The	 compounds	 A	 and	 C	 are	 more	 potent	
against	Aspergillus	and	compounds	F	and	I	exhibited	moderate	
activity.	
	
3.3.	Antioxidant	activity	
	

Evaluation	of	antioxidant	activity	revealed	that	the	most	of	
the	 tested	 compounds	 exhibited	 moderate	 to	 strong	 DPPH	
radical	scavenging	ability	compared	with	the	positive	controls	
trolox	 and	 ascorbic	 acid.	 Among	 them,	 the	 compounds	 3,5‐

dichloro	phenyl	and	3‐(trifluoromethyl)	phenyl	on	the	triazole	
ring	that	is	I	and	M	were	found	to	be	more	effective	and	potent	
DPPH	radical	scavenging	ability	when	compared	with	positive	
control	drug	Trolax.	Remaining	all	the	compounds	have	shown	
good	 to	moderate	radical	scavenging	activity	with	 IC50	values	
in	the	range	of	15.64±1.32	and	134.20±1.32	µM.	It	was	noticed	
that,	 the	 compounds	with	 electrons	 attracting	 groups	 on	 the	
phenyl	 ring	were	 found	 to	be	good	 radical	 scavenging	 ability	
(Table	4).	
	
4.	Conclusion		
	

In	 conclusion,	 the	 present	 work	 demonstrated	 an	
environmentally	 benign	 and	 a	 convenient	 method	 for	 the	
synthesis	of	biodynamic	1,2,3‐triazole	hybrid	compounds.	The	
antioxidant	and	antimicrobial	activities	indicate	that	the	newly	
synthesized	 compounds	 are	 worthy	 for	 further	 pharmaco‐
logical	studies.	
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