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Abstract 
Bisbenzimidazole derivatives have known different structures as drug active substance were 
evaluated for their biological activities such as antiviral and anti-tumor activities. In 
addition, acid dissociation constants (pKa) were determined experimentially with 
potentiometric titration method and theoretically with SPARC computer programme about 
state acidity for these five compounds at 25oC. 
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Introduction 
Benzimidazoles are significant for many areas of chemistryi. They are contained in 
agrochemicals, dyestuffs, and high-temperature polymer products, and they have interesting 
biological and pharmaceutical activitiesii-vi. These kinds of heterocycles have also shown 
different pharmacological activities against gram-positive drug-resistant bacteria and some 
fungi, which are responsible for some infections in acute systemsvii. 
Benzimidazoles are the most prominent heterocycles with diverse biological functionsviii-x. 
Multiple previous reports have suggested that benzimidazoles to be very good cytotoxic 
agents against different types of cancer cell linesxi. Recently bisbenzimidazole conjugates 
have been reported to target mitochondria in cancer cells and induce their antiproliferative 
activity by caspase dependent apoptosisxii. In addition, bisbenzimidazoles bind to minor 
groove of the DNA to instigate its anti-proliferative effect and many DNA minor groove 
binders have entered clinical trials in cancer treatmentxiii,xiv. Furthermore, bisbenzimidazoles 
possess topoisomerase-115xv and serine protease inhibitionxvi, antiviralxvii, antileishmanialxviii, 
and several other biological propertiesxix.  
Benzimidazoles are heterocyclic compounds which display a wide spectrum of biological 
activities and thus have been a point of attraction in the eyes of synthetic organic chemists 
due to their use as potential pharmacopheresxx,xxi. Properties of benzimidazole and its 
derivatives have been studied for more than hundred years and keen interest of researchers 
has been triggered by the discovery of 5,6-dimethylbenzimidazole as a constituent unit in 
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vitamin B12xxii. Several antihelminthic, antacid and antibacterial drugs are known which have 
benzimidazole moiety as their essential constituentxxiii. 
Acidity constants, or pKa values, are one of the most important chemical properties which are 
very useful for understanding many fundamental reactions in chemistry and biochemistry. 
Thesevalues reveal the tendency of a molecule for deprotonating in a particular solvent. 
There is a great of interest to introduce different theoretical and semiempirical methods to 
calculate the pKa values for many different types of moleculesxix. 
 
Results and Discussion  
 
Antiviral Activity Results 
All compounds tested were low toxicity only compound 1 and 2 at 25 and 50 µg/cm3 in Vero 
and MDCK cells used to grow HSV-1 and influenza A virus, respectively. No anti-influenza 
virus activity of the compounds was detected. The results are given below in the Table 1. 
 

Table 1. Anti-HSV and anti-influenza A virus activity of the compounds. 
CNc HSV % Plaque reductiona Anti-influenza A activity (±)b 

Concentration (µg/cm3) Concentration (µg/cm3) 
6.25 12.5 25 50 100 50 25 12.5 6.2 3.1 1.5 0.7 

1 0 0 13 30 - - - - - - - - 
2 0 0 0 0 - - - - - - - - 
3 0 0 0 0 - - - - - - - - 
4 0 0 0 0 - - - - - - - - 
5 0 0 0 0 - - - - - - - - 
 

a Percentage of plaque reduction : [(mean number of plaques is control – mean number of 
plaques is test)/(mean number of plaques in control)] x 100 
b + and – indicate “no virus growth” and “virus growth”, respectively, as determined by 
hemagglutination assay using chicken erythrocytes 
cCompound number 
 
Antitumor Activity Results 
The tumor cell growth inhibition results in Table 2 indicated that some of the compounds 
exhibited a dosedependent inhibitory effect on adenocarcinoma (CT26) and melanoma 
(B16F10) cells. Five of the compounds, namely 3, was active against both cancer cell lines at 
concentrations below 10 µg/cm3.  
 
Table 2. Antitumor activity of the compounds. 
Compound Tumor cell growth inhibition (GI50, log µg/cm3) 
 Cell line 
 CT26 (adenocarcinoma) B16F10 (melanoma) 
1 1.459 1.697 
2 1.142 1.759 
3 0.910 1.643 
4 6.454 5.450 
5 12.970 1.788 
 

Acidity 
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In this study, all compounds were titrated potentiometrically with TBAH in isopropyl 
alcohol, N,N-dimethylformamide, tert‐butyl alcohol and acetonitrile. The mV values read in 
each titration were drawn against TBAH volumes (mL) added and potentiometric titration 
curves were formed for all the cases. Experiments were repeated 3 times in each experiment. 
Standard deviations was calculated for this three experiments. Calculations were performed 
within 95% confidence interval. From the titration curves (Figure 1), the HNP 
(half‐neutralization potential) values were measured and the corresponding pKa values were 
calculated. The HNP values and the corresponding pKa values of all triazole derivatives, 
obtained from the potentiometric titrations with 0.05 MTBAH in isopropyl alcohol, 
N,N‐dimethyl formamide, tert‐butyl alcohol and acetonitrile and pKa for all compounds were 
calculated theoretically with SPARC computer programme. All pKa and HNP values are 
presented in Table 3. Theoretical and experimental pKa values were comparisoned as an 
example of the compound 1in Figure 2. 
When the dielectric permittivity of solvents is taken into consideration, the acidic 
arrangement can be expected as follows: N,N‐dimethylformamide (ε = 36.7) > acetonitrile (ε 
= 36.0) > isopropyl alcohol (ε = 19.4) >tert‐butyl alcohol (ε = 12.0). But, in this studied that 
it is observed isopropyl alcohol >tert‐butyl alcohol >N,N‐dimethylformamide >acetonitrile  
for compound 2 and 3, isopropyl alcohol >tert‐butyl alcohol = acetonitrile 
>N,N‐dimethylformamide for compound 1, tert‐butyl alcohol > isopropyl alcohol 
>N,N‐dimethylformamide > acetonitrile   for compound 4, acetonitrile > isopropyl alcohol 
>tert‐butyl alcohol >N,N‐dimethylformamide for compound 5. 
When dielectric constant is examined according to the acidity forces (amphiprotic solvents 
the dielectric constant of isopropyl alcohol and tert-butanol, respectively, 19.4 and 12.0). The 
acidity of the compounds are expected more acidic for high dielectric constant has solvent 
(isopropyl alcohol). In this study, it is obtained a result of compounds 1, 2, 3 and 5data were 
found to be suitable in this order. When dipolar aprotic solvents is considered, the increase in 
strength of the acidity is expected as N,N-dimethyl formamide > acetonitrile. Compound 2, 3 
and 4 were observed to follow this order. 
When analyzed according to autoprotolysis constant, weak acidic property is showed in 
isopropyl alcohol (pKs: 20.6), N,N-dimethylformamide (pKs: 18.0)  and tert-butanol (pKs: 
22.0) but strong acidic property (except compound 3) is showed in acetonitrile (pKs: 33.0) for 
all compounds. By the time analyzed according to the functional group (-R) effect, it has 
showed very small effect for acidic protons due to the distance. By the time compounds were 
analyzed by each solvent, acidity strength decrease; 4>3>2>1>5  in isopropyl alcohol, 
3>1>2>4>5 in N,N-dimethylformamide, 4>3>2>1>5  in tert-butyl alcohol and 1>5>4> 2>3 
in acetonitrile as observed. Differentiated all compounds showed in the studied solvents when 
investigated the effect of the leveling and differentiated. When compared theoretical results 
with potentiometric results was obtained by the half-neutralization method, errors were found 
to be between 0.24% (compound 3 in acetonitrile) and -17.35% (compound 3 in N,N-
dimethylformamide). Percentage error values of between the theoretical values and the 
experimental values are given in Table 3. 
Table 3.Half‐Neutralization Potential (HNP) values, experimential and theoretical the 
corresponding pKa values of all studied molecules. 
Comp.  Solvent pKa 

(Experiential) 
HNP (mV) pKa 

(Theoretical) 
Relative  
Error, % 

 
 
1 

Isopropyl alcohol 15.19 ± 0.08 -485.6 ± 6.0 13.23 12.90 
N,N-Dimetilformamid 15.40 ± 0.08 -502.1 ± 9.2 17.50 -13.64 
Tert-Butily alcohol 15.30 ± 0.02 -492.3 ± 1.3 14.86 2.88 
Acetonitrile 15.30 ± 0.04 -491.0 ± 5.8 16.45 -7.52 
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2 

2-Propanol 14.59 ± 0.08 -450.6 ± 1.6 13.26 9.12 
N,N-Dimetilformamid 15.47 ± 0.03 -500.9 ± 1.8 17.52 -13.25 
Tert-Butamol 14.73 ± 0.11 -461.1 ± 6.0 14.88 -1.02 
Asetonitril 16.32 ± 0.09 -551.6 ± 5.5 16.48 -0.98 

 
 
3 

Isopropyl alcohol 14.39 ± 0.06 -434.0 ± 7.2 13.26 7.85 
N,N-Dimetilformamid 14.93 ± 0.05 -469.1 ± 4.9 17.52 -17.35 
Tert-Butily alcohol 14.49 ± 0.08 -443.1 ± 6.8 14.88 -2.69 
Acetonitrile 16.52 ± 0.04 -562.9 ± 5.3 16.48 0.24 

 
 
4 

Isopropyl alcohol 14.29 ± 0.07 -439.9 ± 5.9 13.44 5.95 
N,N-Dimetilformamid 15.77 ± 0.07 -521.2 ± 4.2 17.70 -12.24 
Tert-Butily alcohol 14.20 ± 0.09 -434.3 ± 7.3 15.06 -6.06 
Acetonitrile 16.16 ± 0.08 -546.1 ± 6.4 16.66 -3.09 

 
 
5 

Isopropyl alcohol 15.82 ± 0.05 -521.8 ± 6.6 13.44 15.04 
N,N-Dimetilformamid 16.42 ± 0.02 -557.1 ± 2.2 17.72 -7.92 
Tert-Butily alcohol 16.31 ± 0.04 -551.2 ± 2.9 15.08 7.54 
Acetonitrile 15.50 ± 0.06 -524.0 ± 7.3 16.67 -7.55 

 
 
 

                             (a)                                                                           

(b) 
                                     (c)                                                                           (d) 
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Figure 2.Experimental and theoretical results compared with Error % for compound 
 
Conclusion 
The acidity of a compound depends on mainly two factors, i.e. solvent 
structure. Half‐neutralization potential (HNP) values and corresponding pKa values obtained 
from the potentiometric titrations as experimentaly rely on the non
theoreticaly with SPARC computer program. 
for biological activities except antiviral and 
 
Experimental  
Methods 
In this study, five benzimidazole derivatives (2,2
bisbenzimidazole (1), 2,2′-bis(3-
chlorobenzyl)-1H,1′H-5,5′-bisbenzimidazole (
bisbenzimidazole (4), 2,2′-bis(4-
formules are given Figure 3) studied as biological activities and acidity. Thes
were synthesized in Recep Tayyip Erdoğan University Organic Chemistry Res
Laboratory and publishedxxv.  
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Figure 1.(a) pH‐mL (TBAH), (b) mV
(TBAH), (c) ∆E/∆V‐mL (TBAH), (d) 
∆2E/∆V2

‐mL (TBAH) and (e) ∆V/∆E
(TBAH) potentiometric titration curves of 
0.001 M solutions of compound 
with 0.05 M TBAH in isopropyl alcohol, 
N,N-dimethylformamide, tert‐butyl alcohol 
and acetonitrile at 25°C 
                                     (e) 
 
 
 

Experimental and theoretical results compared with Error % for compound 

The acidity of a compound depends on mainly two factors, i.e. solvent effect and molecular 
neutralization potential (HNP) values and corresponding pKa values obtained 

from the potentiometric titrations as experimentaly rely on the non‐aqueous solvents and as 
theoreticaly with SPARC computer program. These benzimidazole derivatives will evaluated 
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Figure 3.Studied of compounds 1
 
Pharmacology 
Antiviral Activity Testing 
Antiviral activity of the compounds against HSV
(A/PR/8, H1N1) was tested by plaque reduction and hemagglutination assays using Vero and 
MDCK cells, respectively, as described
monolayers of Vero cells grown in 24
pfu/well). After incubation for 1 h to allow viral adsorption, the inoculum was 
the infected cells were overlaid with 0.8
essential medium with 2% fetal bovine serum) containing various concentrations of the 
compounds in duplicate. Controls included mock
compounds. After 72 h of incubation, the cell monolayers were washed with phosphate buffer 
and then stained with naphthol blue black dye. The plaques were counted and the percentage 
of plaque reduction was calculated as follows: [(mean number 
number of plaques in test)/(mean number of plaques in control)] x 100. For the antiinfluenza 
activity test, briefly monolayers of MDCK cells were grown in 96
with 0.1 cm3 of x 100 TCID50 of influenza A 
maintenance medium (minimal essential medium with no serum but containing 1 µg/cm
trypsin). After incubation for 1 h 
decanted and the infected cells were overlaid with 
various concentrations (200, 100, 50, 25, 12.5, 6.2, 3.1, 1.5 µg/cm
triplicate. After 72 h of incubation at 37
each well was transferred into U
the hemagglutination assay. The result were reported as the presence (+) or a
virus growthxxviii. 
 
Antitumor Activity Testing 
The test for inhibition of tumor cell growth in the presence
essentially as describedxxix using murine tumor cell lines CT26 (adenocarcinoma) an
B16F10 (melanoma). Briefly, 1x
medium supplemented with 10% FBS were seeded in a 96
h. When cells reached greater than 80
incubated with twofold dilutions (100, 50, 25, 12.5, 6.2, 3.1, and 1.5 µg/cm
compounds prepared in 0.5% dimethyl sulf
37oC, the treated and untreated cells (controls) 
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1-5. 

ntiviral activity of the compounds against HSV-1 (wal strain) and influenza A virus 
(A/PR/8, H1N1) was tested by plaque reduction and hemagglutination assays using Vero and 

ls, respectively, as describedxxvi,xxvii. For the anti-HSV-1 activity test, briefly 
monolayers of Vero cells grown in 24-well plates were infected with the virüs (ca. 100 
pfu/well). After incubation for 1 h to allow viral adsorption, the inoculum was 

ed cells were overlaid with 0.8% methylcellulose in maintenance medium (
% fetal bovine serum) containing various concentrations of the 

compounds in duplicate. Controls included mock-infected wells with 
compounds. After 72 h of incubation, the cell monolayers were washed with phosphate buffer 
and then stained with naphthol blue black dye. The plaques were counted and the percentage 
of plaque reduction was calculated as follows: [(mean number of plaques in control 
number of plaques in test)/(mean number of plaques in control)] x 100. For the antiinfluenza 
activity test, briefly monolayers of MDCK cells were grown in 96-well plates and infected 

of x 100 TCID50 of influenza A virus (A/PR/8, H1N1) prepared in a 
maintenance medium (minimal essential medium with no serum but containing 1 µg/cm
trypsin). After incubation for 1 h to allow viral adsorption at 37oC, the inoculum was 
decanted and the infected cells were overlaid with fresh maintenance medium containing 
various concentrations (200, 100, 50, 25, 12.5, 6.2, 3.1, 1.5 µg/cm3) of the compounds in 

h of incubation at 37oC and 5 %CO2, 50 mm3of culture supernatant from 
each well was transferred into U-bottom microwell plates to detect the presence of virus by 
the hemagglutination assay. The result were reported as the presence (+) or absence (

The test for inhibition of tumor cell growth in the presence of the compounds was performed 
using murine tumor cell lines CT26 (adenocarcinoma) an

B16F10 (melanoma). Briefly, 1x105 viable cells from each cell line in RPMI-
% FBS were seeded in a 96-well plate and incubated for 24

n cells reached greater than 80% confluence, themedium was decanted and cells were 
incubated with twofold dilutions (100, 50, 25, 12.5, 6.2, 3.1, and 1.5 µg/cm3

compounds prepared in 0.5% dimethyl sulfoxide in triplicate. After 48 h of incubation at 
C, the treated and untreated cells (controls) were fixed by the addition of 1
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glutaraldehyde solution for 15 min, washed with deionized water, and dried in air. The c
were then stained with 0.4% 
phosphate buffered saline and allowed to dry overnight before diss
with 75% ethyl alcohol. The absorbance of developing color was determined by measuring 
the optical density (OD) at 570-630 nm using a multiwell spectrophotometer. The cell growth 
inhibiting (GI50) concentration of the compounds given as µg/cm
by GraphPad Prim 4 software. All determination
 
Acidity 
Potentiometric Titration 
In this study, Orion Model 720A pH ion meter, fitted witha combined pH electrode (Ingold) 
was used for potentiometric titrations. An Ingold pH electrode was preferred because of the 
advantage. A magnetic stirrer, a semi
titrations at 25oC. All the chemicals were supplied from Merck. Before potentiometric 
titrations (Figure 4), the pH meter was calibrated according to the instructions supplied by 
the manufactures of the pH meter. In 
and 12 pH tampon solution. 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.System of potentiometric titration cell 
 
For each compound that would be titrated, the 0.001 M solution was separately prepared in 
each non-aqueous solvent (isopropyl alcohol, 
acetonitrile). During the titrations, the titrant was added in increments 
stable reading, and mV values were recorded. After purifications, isopropyl alcohol was used 
to prepare 0.05 N tetrabutylammonium hydroxide (TBAH). For all potentiometric titrations, 
0.05 N TBAH in isopropyl alcohol, whic
used. The mV values, that were obtained in pH meter, were recorded. 
Graphs were drawn by obtained from all data and end point is determined by 
(TBAH, mL), ∆2E/∆V2 - (TBAH, m
neutralization potential (HNP) values were by drawing these graphic and pKa values were 
determined according to half-neutralization method.
 
SPARC Computer Program 
Theoretical methods presented in quantum computational chemistry are used as 
tool for calculating the pKa values of many different types of molecules. These include 
molecules that have not been synthesized, those for which experimental pKa determinations 
are difficult, and larger molecules where the local environment c
such as for certain amino acids that are part of
problem for calculating the pKa value in nonaqueous solvents is related to the estimation of 
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glutaraldehyde solution for 15 min, washed with deionized water, and dried in air. The c
% crystal violet for 30 min, then extensively washed with 

phosphate buffered saline and allowed to dry overnight before dissolving the retained dye 
% ethyl alcohol. The absorbance of developing color was determined by measuring 

630 nm using a multiwell spectrophotometer. The cell growth 
) concentration of the compounds given as µg/cm3 in log units was calculated 

by GraphPad Prim 4 software. All determinations were performed in triplicatexxviii

In this study, Orion Model 720A pH ion meter, fitted witha combined pH electrode (Ingold) 
was used for potentiometric titrations. An Ingold pH electrode was preferred because of the 
advantage. A magnetic stirrer, a semi-micro burette and a 25 ml beaker were also used in 

. All the chemicals were supplied from Merck. Before potentiometric 
), the pH meter was calibrated according to the instructions supplied by 

the manufactures of the pH meter. In this section, the pH electrode calibrated with 4, 7, 10 

potentiometric titration cell used in studied. 

For each compound that would be titrated, the 0.001 M solution was separately prepared in 
aqueous solvent (isopropyl alcohol, N,N-dimethylformamide, tert-butyl alcohol and 

acetonitrile). During the titrations, the titrant was added in increments of 0.05 m
stable reading, and mV values were recorded. After purifications, isopropyl alcohol was used 
to prepare 0.05 N tetrabutylammonium hydroxide (TBAH). For all potentiometric titrations, 
0.05 N TBAH in isopropyl alcohol, which was prepared from 0.1 N TBAH by dilution, was 
used. The mV values, that were obtained in pH meter, were recorded. 
Graphs were drawn by obtained from all data and end point is determined by 

(TBAH, mL) and ∆V/∆E - (TBAH, mL) graphics. Fina
neutralization potential (HNP) values were by drawing these graphic and pKa values were 

neutralization method. 

Theoretical methods presented in quantum computational chemistry are used as 
tool for calculating the pKa values of many different types of molecules. These include 
molecules that have not been synthesized, those for which experimental pKa determinations 
are difficult, and larger molecules where the local environment changes the usual pKa values, 
such as for certain amino acids that are part of a larger polypeptide chainxxx

problem for calculating the pKa value in nonaqueous solvents is related to the estimation of 
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Theoretical methods presented in quantum computational chemistry are used as an effective 
tool for calculating the pKa values of many different types of molecules. These include 
molecules that have not been synthesized, those for which experimental pKa determinations 
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∆G in these solvents. Thus, the determination of the free energy solvation of the proton in 
various nonaqueous solvents is a fundamental issue of central importance in solution 
chemistryxxxi. 
The computer program SPARC (SPARC Performs Automated Reasoning in Chemistry) was 
developed to predict numerous physical properties such as vapor pressure, distribution 
coefficient, and GC retention time as well as chemical reactivity parameters such as pKa and 
electronaffinity. SPARC predicts both macroscopic and microscopic pKa values strictly from 
molecular structure using relatively simple reactivity modelsxxxii. SPARC computer program 
is based on the thermodynamic cycle (Figure 5) as shown below. 
 
 
 
       ∆G = [((∆G3 + ∆G4) - ∆G2) + ∆G1] 
      ∆G =  ∆G = -2.303. R. T. logKa 
 
 
 

 
Figure 5. Thermodynamic cycle. 

 
The ionization of weak acid (HA) is given for the gas and solvent phase in Figure 5. 
Calculation of pKa were made using the free energy changes in the thermodynamic cycle. 
Respectively ∆G1, ∆G2, ∆G3 and ∆G4 are calculated for find the ∆G (in solvent phase). Then, 
pKa is calculated using the equation with calculated ∆G at 25oC. In this paper, we describe 
the details of the SPARC reactivity computational methods and its performance on predicting 
the pKa values of these benzimidazole derivatives in comparison with experimental values. 
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