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Abstract: The antimicrobial properties of silver compounds and biological properties of 
benzimidazole derivatives have been well known for many years. In the present study, in terms of 
their biological potential, six novel silver(I)-N-alkylbenzimidazole derivatives were synthesized in 
order to examine their carbonic anhydrase (CA) inhibitory properties. All complexes were 
characterized by the combination of 1H NMR, 13C NMR, mass, FT-IR spectroscopic methods and 

elemental analyses. The inhibitory properties of all complexes were tested on the esterase activity 
of human CA I and II (hCA I and hCA II). Acetazolamide was used as a standard. All complexes 
inhibited the hCA I and hCA II activity in the range of 27.37-29.58 µM and 20.93-27.25 µM, 

respectively.    
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INTRODUCTION 

 
The antimicrobial properties of silver have 
been known for more than two thousand 
years. The historical use of silver in the 
treatment of burns and ulcer is well 
documented by Klasen (1). However, at the 
beginning of modern coordination chemistry 

era, scientists mainly focused on the synthesis 
and catalytic activity of silver compounds. The 
use of silver in modern medicine began with 

the use of 0.5% solution of silver nitrate in the 
wound treatment by Moyer in 1965 (2). Three 
years later, Fox discovered silver sulfadiazine 
as a cream in the treatment of burns and 

wounds (3). It is known that silver does not 
have a toxic effect to human body at low 
concentrations (4). Additionally, some recent 
studies showed that silver has a more 
favorable toxicological profile compared with 
gold and platinum, which are other biologically 

relevant metals (4,5). The relative safety and 

strong antimicrobial activity of silver 
compounds led many research groups to 
synthesize different complexes of silver and 
investigate their biological activity. In recent 
years, in addition to their antimicrobial 
properties, anticancer activity of silver 
complexes was also reported (6,7).  

 
Organometallic complexes of silver(I) also 
attracted much attention in recent years. The 

most used ligands for the synthesis of 
organometallic silver complexes are N-
heterocycles (8), N-heterocyclic carbenes 
(NHC) (9), and phosphines (10). 

Benzimidazole, which is an N-heterocyclic 
compound plays highly important role in 
organometallic and medicinal chemistry with 
biological properties such as anti-helmintic, 
anti-ulcer, anticancer, and antimicrobial (11-
13). On the other hand, many transition metal 
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complexes were reported in which 

benzimidazole acts as N-donor ligand (14-16). 

In addition, 1,3-disubstituted 
benzimidazolium salts are commonly used as 
NHC precursors in coordination chemistry (17-
21).  
 
Enzyme inhibition is a highly important issue 

in medicinal chemistry. In addition to the 
important role of enzyme inhibition in 
anticancer mechanisms of action, inhibitors of 
some enzymes are used in drug design. For 
example, sulfonamides are carbonic 
anhydrase (CA, EC 4.2.1.1) inhibitors and 

used as anti-glaucoma drugs (22). CAs are 
metalloenzymes that play a critical role in 
physiological pH control by the catalyzing the 
reversible hydration of CO2 to bicarbonate and 
a proton (23). Today, seven generically 

distinct CA families: α-, β-, γ-, δ-, ζ-, η-, and 
θ-CAs, and sixteen human isoforms of α-CAs 

(hCAs) are known (24). Abnormal levels of 
CAs are associated with epilepsy (25), obesity 
(26), and cancer (27), in addition to glaucoma. 
Therefore, development of strong inhibitors 
without side effects is an important target for 
the treatment of the mentioned diseases.  
 

Based on the information above, in this study, 
we synthesized six novel silver(I) complexes 
of N-alkylbenzimidazoles (1-6) in order to 
investigate their CA inhibitory properties. The 
structures of these complexes were 
established by the combination of 1H NMR, 13C 

NMR, IR, mass spectrometry methods and 
elemental analyses. Inhibitory properties of all 

complexes were determined by the esterase 
activity of hCA I and II.         
  
MATERIALS AND METHODS 
 

5-Nitrobenzimidazole, methyl iodide, allyl 
bromide, pentyl bromide, decyl chloride, N,N-
dimethyl-N-(3-chloropropyl)amine, silver 
nitrate and the solvents were purchased from 
Aldrich Chemical Co and used as received. 
Synthesis of silver complexes was carried out 
under ambient conditions. The C, H, and N 

elemental analysis were determined by LECO 
CHNS-932 elemental analyzer. Melting points 
were determined in open capillary tubes by 
Electrothermal-9200 melting point apparatus 
and are not corrected. FT-IR spectra in the 
range of 4000-550 cm-1 were recorded in a 

Perkin Elmer Spectrum 100 Spectrometer by 
using ATR Sampling Accessory. LC-MS spectra 
were recorded in an Agilent 1100 LC/MSD SL 
mass spectrometer equipped with an 
electrospray ion source. 1H and 13C NMR 
spectra were recorded by using Bruker 
AscendTM 400 Avance III HD operating at 400 

MHz (1H), 100 MHz (13C) and DMSO-d6 was 
used as the solvent. Chemical shifts were 
given in ppm relative to tetramethylsilane 

(TMS). NMR multiplicities were abbreviated as 

s = singlet, d = doublet, t = triplet, quin = 

quintet, m = multiplet, dd = doublet of 
doublets, ddt = doublet of doublet of triplets.         
 
Synthesis and characterization of 
silver(I) complexes (1-6) 
N-alkylbenzimidazole derivatives were 

synthesized by the previously reported 
procedure (28). 2 mmol of N-
alkylbenzimidazole derivative was added into 
the suspension of 170 mg (1 mmol) of AgNO3 
in 20 mL of ethanol. The mixture was stirred 
at 50 oC for 3 hours and then allowed to cool 

to the ambient temperature. The precipitated 
crude product was collected by filtration, 
washed with diethyl ether (3x10 mL), and 
dried under reduced pressure. 
 

Bis(N-methylbenzimidazole)silver(I) 
nitrate (1): White solid, yield: 94% (410 

mg), mp:203-204 oC. FT-IR spectrum (cm-1): 
3119, 1610, 1515, 1459. 1H NMR spectrum: δ 
8.62 (m, 2H, NCHN), 7.86-7.84 (m, 2H, ArH), 
7.76-7.74 (m, 2H, ArH), 7.41(m, 4H, ArH), 
3.98 (s, 6H, NCH3). 13C NMR spectrum: δ 
146.6 (NCHN), 141.6, 133.9, 124.2, 123.6, 
119.4, 111.7, 31.9 (NCH3). LC-MS Calculated 

for [Ag(C8H8N2)]+, m/z: 371.0; Found, 371.0. 
Elemental analysis, Calculated for 
C16H16AgN5O3; C, 44.26, H, 3.71, N, 16.13; 
Found; C, 44.20, H, 3.63, N, 16.04.  
 
Bis(N-methyl-5-

nitrobenzimidazole)silver(I) nitrate (2): 
White solid, yield: 90% (470 mg), mp:281-

283 oC. FT-IR spectrum (cm-1): 3105, 1623, 
1599, 1529, 1513, 1475, 1447. 1H NMR 
spectrum: δ 8.79 (d, 2H, J = 2.2 Hz, ArH), 
8.77 (s, 2H, NCHN), 8.27 (dd, 2H, J1 = 8.9 Hz, 
J2 = 2.2 Hz, ArH), 7.92 (d, 2H, J = 8.9 Hz, 

ArH), 4.00 (s, 6H, NCH3). 13C NMR spectrum: 
δ 150.2 (NCHN), 143.7, 141.7, 138.6, 119.1, 
116.1, 112.2, 32.2 (NCH3). LC-MS Calculated 
for [Ag(C8H7N3O2)2]+, m/z: 463.0; Found, 
463.0. Elemental analysis, Calculated for 
C16H14AgN7O7; C, 36.66, H, 2.69, N, 18.70; 
Found; C, 36.58, H, 2.62, N, 18.61. 

 
Bis(N-allylbenzimidazole)silver(I) 
nitrate (3): White solid, yield: 64% (310 
mg), mp: 128-130 oC. FT-IR spectrum (cm-1): 
3099, 1507, 1464, 1434. 1H NMR spectrum: δ 
8.67 (s, 2H, NCHN), 7.91-7.88 (m, 2H, ArH), 

7.73-7.70 (m, 2H, ArH), 7.40 (m, 4H, ArH), 
6.10 (ddt, 2H, J1 = 5.5 Hz, J2 = 10.3 Hz, J3 = 
17.3 Hz, NCH2CH=CH2), 5.29 (dd, 2H, J1 = 
10.3 Hz, J2 = 1.3 Hz, CH=CH2-cis), 5.20 (dd, 
2H, J1 = 17.2 Hz, J2 = 1.3 Hz, CH=CH2-trans), 
5.08 (d, 4H, J = 5.6 Hz, NCH2CH=CH2). 13C 
NMR spectrum: δ 146.1 (NCHN), 141.9, 

133.4, 133.2, 124.2, 123.6, 119.7, 118.7, 
112.0, 47.6 (NCH2). LC-MS Calculated for 
[Ag(C10H10N2)2]+, m/z: 425.1; Found, 425.1. 
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Elemental analysis, Calculated for 

C20H20AgN5O3; C, 49.40, H, 4.15, N, 14.40; 

Found; C, 49.33, H, 4.10, N, 14.31. 
 
Bis(N-pentylbenzimidazole)silver(I) 
nitrate (4): White solid, yield: 94% (510 
mg), mp: 73-74 oC. FT-IR spectrum (cm-1): 
3102, 2982, 2882, 2859, 1617, 1512, 1463. 
1H NMR spectrum: δ 8.67 (s, 2H, NCHN), 
7.89-7.86 (m, 2H, ArH), 7.80-7.77 (m, 2H, 
ArH), 7.40 (m, 4H, ArH), 4.39 (t, 4H, J = 7.0 
Hz, NCH2), 1.85 (quin, 4H, J = 7.3 Hz, 
NCH2CH2), 1.36-1.20 (m, 8H, CH2CH2CH3), 
0.84 (t, 6H, J = 7.2 Hz, CH2CH3). 13C NMR 

spectrum: δ 146.0 (NCHN), 141.8, 133.2, 
124.2, 123.5, 119.6, 111.8, 45.2 (NCH2), 29.4 
(NCH2CH2), 28.6 (CH2CH2CH3), 22.1 
(CH2CH3), 14.3 (CH2CH3). LC-MS Calculated 
for [Ag(C12H16N2)2]+, m/z: 483.2; Found, 

483.2. Elemental analysis, Calculated for 
C24H32AgN5O3; C, 52.76, H, 5.90, N, 12.82; 

Found; C, 52.70, H, 5.84, N, 12.71.       
 
Bis(N-(3-(N,N-
dimethylamino)propyl)benzimidazole)sil
ver(I) nitrate (5): Beige solid, yields: 66% 
(380 mg), mp:87-88 oC. FT-IR spectrum (cm-

1): 3038, 1614, 1519, 1460. 1H NMR 

spectrum: δ 8.63 (s, 2H, NCHN), 7.87 (d, 2H, 
J = 7.8 Hz, ArH), 7.81 (d, 2H, J = 7.8 Hz, 
ArH), 7.42 (quin, 4H, J = 8.6 Hz, ArH), 4.45 
(t, 4H, J = 7.1 Hz, NCH2CH2), 3.15 (m, 4H, 
CH2CH2N), 2.79 (s, 12H, N(CH3)2), 2.24 (quin, 
4H, J = CH2CH2CH2). 13C NMR spectrum: δ 

145.8 (NCHN), 141.9, 133.0, 124.4, 123.7, 
119.7, 111.7, 54.5 (NCH2), 42.8 (N(CH3)2), 

42.5 (CH2N), 24.9 (CH2CH2CH2). LC-MS 
Calculated for [Ag(C12H17N3)2]+, m/z: 513.2; 
Found, 513.3. Elemental analysis, Calculated 
for C24H34AgN7O3; C, 50.01, H, 5.95, N, 17.01; 
Found; C, 49.90, H, 5.82, N, 16.88. 

 
Bis(N-decylbenzimidazole)silver(I) 
nitrate (6): White solid, yield: 82% (560 
mg), mp: 84-85 oC. FT-IR spectrum (cm-1): 
3100, 2985, 2915, 2851, 1619, 1511, 1464. 
1H NMR spectrum: δ 8.66 (s, 2H, NCHN), 
7.88-7.85 (m, 2H, ArH), 7.80-7.77 (m, 2H, 

ArH), 7.39 (m, 4H, ArH), 4.39 (t, 4H, J = 6.9 
Hz, NCH2), 1.84 (quin, 4H, J = 6.6 Hz, 
NCH2CH2), 1.31-1.17 (m, 28H, 
CH2(CH2)7CH3), 0.84 (t, 6H, J = 6.7 Hz, 
CH2CH3). 13C NMR spectrum: δ 145.9 (NCHN), 
141.9, 133.3, 124.1, 123.4, 119.6, 111.8, 

45.2 (NCH2), 31.7, 29.7, 29.4, 29.3, 29.1, 
28.9, 26.5, 22.5, 14.4 (CH2CH3). LC-MS 
Calculated for [Ag(C17H26N2)2]+, m/z: 623.3; 
Found, 623.4. Elemental analysis, Calculated 
for C34H52AgN5O3; C, 59.47, H, 7.63, N, 10.20; 
Found; C, 59.37, H, 7.55, N, 10.16. 
             

In vitro CA inhibition assay 
Preparation of hemolysate and 
purification from red blood cells: Blood 

samples were taken from healthy human 

volunteers into anticoagulated tubes (25 mL). 

They were centrifuged at 5000 rpm for 20 min 
at 4 oC and the plasma was removed. The 
erythrocytes in the tubes were washed with 
0.9% NaCl three times and then hemolyzed in 
cold water. The hemolysate was centrifuged at 
15000 rpm for 30 min at 4 oC to remove ghosts 

and any intact cells and the pH of the 
hemolysate was adjusted to pH 8.5 with solid 
Tris-base. The 25 mL hemolysate was applied 
to an affinity column containing L-tyrosine-
sulfonamide-Sepharose-4B (29) equilibrated 
with 25 mM Tris–HCl/0.1 M Na2SO4 (pH 8.5). 

The affinity gel was washed with 50 mL of 25 
mM Tris–HCl/22mM Na2SO4 (pH 8.5). The 
human CA (hCA) isozymes were then eluted 
with 0.1 M NaCl/25 mM Na2HPO4 (pH 6.3) and 
0.1 M CH3COONa/0.5 M NaClO4 (pH 5.6), 

which recovered hCA I and II, respectively. 
Fractions (3 mL) were collected and their 

absorbance was measured at 280 nm to see 
the protein density.  
 
Esterase activity assay. As mentioned in the 
literature, the activity was assayed by 
following the change in absorbance at 348 nm 
of 4-nitrophenyl-acetate (NPA) to 4-

nitrophenylate ion over a period of 3 min at 25 
oC using a spectrophotometer (Biotek, 
Winooski, VT) (30). The enzymatic reaction 
contained 1.4 mL of 0.05 M Tris–SO4 buffer 
(pH 7.4), 1 mL of 3 mM 4-nitrophenylacetate, 
0.5 mL H2O and 0.1 mL enzyme solution, in a 

total volume of 3.0 mL. The inhibitory effects 
of the silver complexes (1-6) were examined. 

A reference measurement was obtained by 
preparing the same cuvette without enzyme 
solution. Different concentrations of the 
compounds were used. 
 

In vitro inhibition studies. Different 
concentrations of the compounds were added 
to the enzyme for the inhibition. Activity 
percentage values of hCAI and h CAII for 
different concentrations of each complex were 
determined by regression analysis using 
Microsoft Office 2000 Excel (Microsoft, 

Redmond, WA). CA enzyme activity without a 
silver complex solution was accepted to be 
100% activity. Inhibitory effects of the 
compounds on enzyme activities were tested 
under in vitro conditions. 
 

RESULTS AND DISCUSSION      
 
Synthesis and characterization of 
complexes 
In the scope of this study, we aimed the 
synthesis of novel silver(I)-benzimidazole 
complexes in order to investigate their 

carbonic anhydrase inhibitory properties. For 
this purpose, firstly, six N-alkylbenzimidazole 
derivatives were synthesized by the previously 
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described method (28). The target complexes 

were prepared in good yields (64-94%) by the 

reaction of N-alkylbenzimidazole derivatives 
and silver nitrate in ethanol at 50 oC for 3 
hours under ambient conditions as shown in 
Scheme 1. The structures of complexes were 
established by the combination of 1H NMR, 13C 
NMR, mass spectrometry, FT-IR spectroscopic 

methods and elemental analyses as shown in 
“Supporting Information”.  
 
In the 1H NMR spectra of complexes, the 
signals of C2-H imino hydrogens were 
observed in the range of 8.62-8.67 ppm for 1 

and 3-6 and at lower field (δ 8.77 ppm) for 2, 
by the presence of nitro group. For complex 3, 
allylic hydrogen was observed as doublet of 
doublet of triplets with three coupling 
constants. In the 13C NMR spectra of 

complexes, the resonances of C2-imino 
carbons were observed in the range of 145.8-

146.6 ppm for 1 and 3-6 and at 150.2 ppm for 

2. All these signals for both 1H and 13C NMR 

are consistent with the literature (31). LC-MS 

spectra of complexes were recorded for further 
characterization, and the peaks observed at 
371.0, 463.0, 425.1, 483.2, 513.3, and 623.4 
m/z can be attributed to Ag(benzimidazole)2

+ 
part of complexes. In the FT-IR spectra of the 
complexes, the strong bands in the range of 

1459-1475 cm-1 are attributable to C=N bond 
which contain coordinated nitrogen to silver 
center (32). Based on spectroscopic data and 
elemental analyses, the cationic silver 
complexes (1-6) contain two benzimidazole 
molecules as shown in Scheme 1. Another 

point we must underline that, melting point of 
complexes 4-6 decreased to below 100 oC as 
shown in Table 1. In 2004, Lee et al. showed 
that similar long chain containing imidazole 
complexes of silver(I) have liquid crystalline 

properties. Therefore, decreased melting 
points of the complexes are not surprising and 

consistent with literature (33).              

 
Scheme 1. Synthesis and structure of silver(I)-benzimidazole complexes (1-6). 
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Table 1. Physical, spectral properties and IC50 values of complexes. 

Structure Physical and spectral data IC50 values (µM) 

Compound R X Yield (%) M.P. (oC) NCHN (δ) NCHN (δ) hCA I hCA II 

1 -CH3 -H 94 203-204 8.62 146.6 29.14  26.23 

2 -CH3 -NO2 90 281-283 8.77 150.2 27.37 20.93 

3 -CH2CH=CH2 -H 64 128-130 8.67 146.1 29.58 27.25 

4 -CH2(CH2)3CH3 -H 94 73-74 8.67 146.0 29.55 24.72 

5 -(CH2)3N(CH3)2 -H 66 87-88 8.63 145.8 29.06 23.14 

6 -CH2(CH2)8CH3 -H 82 84-85 8.66 145.9 28.18 22.59 

Acetazolamide(34) 4.6 3.9 
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CA Inhibition studies 

The inhibitory properties of all complexes were 

tested on the esterase activity of hCA I and II. 
IC50 values were listed in Table 1 and all 
complexes inhibited the activity in micromolar 
level. Acetazolamide is a sulfonamide derived 
CA inhibitor and anti-glaucoma drug, and 
therefore we used as standard for comparison 

(34). As seen from Table 1, IC50 values of 
complexes are higher than acetazolamide, and 
in the range of 27.37-29.58 µM for hCA I and 
20.93-27.25 µM for hCA II. When we compare 
the activities of complexes, IC50 values of all 
complexes are comparable with each other. 

Only nitro-substituted 2 performed slightly 
stronger inhibitory activity than others but it is 
difficult the reach any definite conclusion. 
Based on these results we suggest the length 
of chain on benzimidazole is not decisive on CA 

inhibitory activity. As we mentioned in the 
“Introduction” section, silver compounds have 

antimicrobial properties. Although the 
antimicrobial mechanisms of action are not 
completely known yet, some studies showed 
silver can kill bacteria by causing impairment 
or inhibition of some essential enzymes (3). 
Therefore, we suggest that the complexes, 1-
6 perform the inhibitory activity by the 

interaction of silver with some residues.  
 
Sulfonamides are the most used CA inhibitors 
and coumarin, amine, and phenol derivatives 
are other known inhibitors of CA (23). 
Although many inhibitors were developed for 

CA, there is still need for novel selective and 
non-toxic inhibitors. We think that although 

the activity of 1-6 is lower than 
acetazolamide, they may have an advantage 
that human body can tolerate silver in low 
concentrations without toxicity. Additionally, 
Supuran and co-workers reported that cationic 

compounds may be used as selective inhibitors 
of membrane-bound tumor-associated 
isoforms of CA (35-38) and complexes 1-6 
deserve further investigation on the inhibition 
of the activity of membrane-bound isoforms of 
CA due to their ionic structure.       
          

CONCLUSION 
 
In conclusion, we reported the synthesis and 
characterization of six novel silver(I)-N-
alkylbenzimidazole complexes. The complexes 
were fully characterized by appropriate 

spectroscopic methods and elemental 
analyses. Inhibitory properties of complexes 
were investigated on the esterase activity of 
hCA I and II. The results showed that all 
complexes inhibited the activity of hCA I and 
hCA II and it was observed that the length of 
the chain on benzimdazole does not affect the 

inhibitory activity for this type of complexes. 
In view of relative safety of silver compounds, 
we believe that the reported complexes 

deserve further research in CA inhibition and 

the treatment of glaucoma.  
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