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Abstract 

Some Chalcones [(2E)-1-(Substituted-Methylthiophene-2-yl)-3-(pyridin-substituted-yl)prop-
2-en-1-ones]  derivatives were titrated with tetrabutylammonium hydroxide (TBAH) in four 
non-aqueous solvents (isopropyl alcohol,  tert-butyl alcohol,  N,N - dimethylformamide  and  
acetonitrile ),   using   potentiometric   method.   The    half neutralization  potential  values  
and  the  corresponding  pKa  values  were  determined for  all cases.  

Keywords: Tetrabutylammonium hydroxide, potentiometric method, half-neutralization  
potential. 

 

Introduction  

Chalcone is an aromatic ketone that forms the central core for a variety of important 
biological compounds, which are known collectively as chalcones. They show antibacterial, 
antifungal, antitumor and anti-inflammatory properties. Some chalcones demonstrated the 
ability to block voltage-dependent potassium channels [1]. They are also intermediates in the 
biosynthesis of flavonoids, which are substances widespread in plants and with an array of 
biological activities. Chalcones are also intermediates in the Auwers synthesis of flavones. 
Methyl hydroxychalcone (MCHP), found in cinnamon, was thought to be an insulin mimetic, 
improving insulin response of diabetics [2]. It has since been determined that a flavonoid is 
responsible for the insulin-like biological activity [3]. ....................................... .......  
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Chalcones derivatives of 1,3-diphenylprop-2-enone, are natural products known to act as 
precursors of flavonoids [4] and cyclobutane-containing dimeric products [5-6]. 
Azachalcones contain an annular Natom in the phenyl ring, giving rise to a pyridyl moiety. In 
the past years, the syntheses of azachalcones [7-13] and their N-alkyl-substituted derivatives 
[7-11] have been studied, as well as their photochemistry [9-10, 14]. Further, the preparation 
of furan and thiophene analogues of azachalcones have been described [15-21], and some of 
them have been found to possess a wide variety of biological activities, including 
antituberculosis, antimicrobial, antioxidant, anti-inflammatory, and antibacterial properties 
[7-12]. There have been a number of systematic studies of the basicity and acididity in 
different media using different techniques [22-34], but unfortunately very few have dealt with 
chalcones derivatives. It is well known that two major factors influence the acidity of a 
molecule [35-38], namely, structural and solvent effects. In most molecules there are two or 
more structural effects and it is usually very difficult to assess how much each effect 
contributes to the acidity of a molecule. Moreover, it is sometimes extremely difficult to 
differentiate between structural and solvent effects.                             ………………………  

In this paper, we tried to investigate structural and solvent effects of several substituents on 
the basicity or acidity. The chalcones derivatives was titrated potentiometrically as acids with 
tetrabutyl ammonium hydroxide (TBAH) in four non-aqueous solvents (isopropyl alcohol, 
tert-butyl alcohol, N,N-dimethylformamide and acetonitrile).  

Results and Discussion  

There have been studies about the potentiometric titrations of different 6 chalcones 
derivatives with tetrabutyl ammonium hydroxide in the non-aqueous solvents such as 
isopropyl alcohol, methyl alcohol, t-butyl alcohol and acetone and the pKa values were found 
between 13.76 – 16.21. In this study, six chalcones derivatives were titrated 
potentiometrically with tetrabutylammonium hydroxide in non-aqueous solvents such as 
isopropyl alcohol (ε = 19.4), t-butyl alcohol (ε = 12), N,N-dimethylformamide (ε = 36.7) and 
acetonitrile (ε = 36). 

The half-neutralization potential (HNP) values and the corresponding pKa values of all 
compounds, obtained from the potentiometric titrations with 0.05 M TBAH in isopropyl 
alcohol, tert-butyl alcohol, acetonitrile and N,N-dimethylformamide, are presented in Table 1. 
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) >  isopropyl alcohol (ε=19.4) >  tert-butyl alcohol (ε=12). As seen in Table 1, the 

acidic arrangement for compounds 1 and 6 is: isopropyl alcohol > tert-butyl alcohol > N,N-

dimethyl formamide > acetonitrile, for compounds 2, 3, 4 and 5 is : isopropyl alcohol > N,N-

dimethyl formamide > tert-butyl alcohol > acetonitrile. isopropyl alcohol, 1, 2, 3, 4, 5 and 6 
compounds show the strongest acidic properties, in acetonitrile 1, 2, 3, 4, 5 and 6 compounds 
show the weakest acidic properties. 
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Fig. 2.  pH - mL (TBAH) Potentiometric titration curves of  0.001 M solutions of 
compound 6 (2E)-1-(3-methylthiophene-2-yl)-3-(pyridin-4-yl)prop-2-en-1-one) titrated 
with 0.05 M TBAH in isopropyl alcohol, t-butyl alcohol, acetonitrile and N,N-
dimethylformamide at 25°C. 
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Fig. 3.  mV - mL (TBAH) Potentiometric titration cu rves of 0.001 M solutions of 
compound 6 (2E)-1-(3-methylthiophene-2-yl)-3-(pyridin-4-yl)prop-2-en-1-one) titrated 
with 0.05 M TBAH in isopropyl alcohol, t-butyl alcohol, acetonitrile and N,N-
dimethylformamide at 25°C. 
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Fig. 4.  ∆E/∆V - mL (TBAH) Potentiometric titration curves of 0.001 M solutions of 
compound 6 (2E)-1-(3-methylthiophene-2-yl)-3-(pyridin-4-yl)prop-2-en-1-one) titrated 
with 0.05 M TBAH in isopropyl alcohol, t-butyl alcohol, acetonitrile and N,N-
dimethylformamide at 25°C. 
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Fig. 5. ∆2E/∆V2 - mL (TBAH) Potentiometric titration curves of 0.001 M solutions of 
compound 6 (2E)-1-(3-methylthiophene-2-yl)-3-(pyridin-4-yl)prop-2-en-1-one) titrated 
with 0.05 M TBAH in isopropyl alcohol, t-butyl alcohol, acetonitrile and N,N-
dimethylformamide at 25°C. 
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Table 1. The half-neutralization potentials (HNP) and the corresponding pKa values of all compounds in in isopropyl alcohol, tert-butyl 
alcohol, N,N-dimethylformamide and acetonitrile. 

 

This situation may be attributed to the hydrogen bonding between the negative ions formed and the solvent molecules in the amphiprotic neutral 
solvents. As it is well known, the acidity of a compound depends on some factors. The two most important  factors are the solvent effect and 
molecular structure. Table 1 and Figure 1 shows that the HNP values and corresponding pKa values obtained from the potentiometric titrations 
rely on  the non-aqueous solvents used. 

 

 

Compound 

Non-aqueous solvents 

Isopropyl alcohol Tert-butyl alcohol N,N-Dimethyl formamide Acetonitrile 

HNP (mV) pKa HNP (mV) pKa HNP (mV) pKa HNP (mV) pKa 

1 -375.8 ± 2.3 14.00 ± 0.04 -458.5 ± 3.1 15.40 ± 0.07 -458.9 ± 2.5 15.42 ± 0.04 -486.5 ± 3.3 15.88 ± 0.09 

2 -367.2 ± 1.8 13.86 ± 0.05 -473.3 ± 2.2 15.66 ± 0.03 -465.2 ± 3.1 15.53 ± 0.06 -501.7 ± 2.3 16.13 ± 0.05 

3 -375.8 ± 2.7 14.01 ± 0.08 -480.4 ± 2.9 15.77 ± 0.06 -475.7 ± 3.2 15.70 ± 0.09 -505.1 ± 2.8 16.19 ± 0.04 

4 -361.4 ± 3.4 13.76 ± 0.07 -450.5 ± 3.7 15.27 ± 0.08 -447.1 ± 3.6 15.25 ± 0.08 -481.1 ± 2.4 15.80 ± 0.06 

5 -383.3 ± 2.4 14.12 ± 0.06 -480.2 ± 3.2 15.77 ± 0.06 -447.4 ± 2.8 15.24 ± 0.09 -506.1 ± 2.5 16.21 ± 0.05 

6 -385.6 ± 3.3 14.18 ± 0.08 -474.2 ± 2.7 15.67 ± 0.07 -483.7 ± 3.3 15.83 ± 0.05 -483.4 ± 2.1 15.84 ± 0.07 
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Fig. 6. ∆V/∆E - mL (TBAH) Potentiometric titration curves of 0.001 M solutions of 
compound 6 (2E)-1-(3-methylthiophene-2-yl)-3-(pyridin-4-yl)prop-2-en-1-one) titrated 
with 0.05 M TBAH in isopropyl alcohol, t-butyl alcohol, acetonitrile and N,N-
dimethylformamide at 25°C. 

 

Material and Methods 

Experimental ………………………………………………………… 

In this study, 6 different chalcones derivatives [(1) (2E)-1-(5-methylthiophene-2-yl)-3-
(pyridin-3-yl)prop-2-en-1-one, (2) (2E)-1-(4-methylthiophene-2-yl)-3-(pyridin-3-yl)prop-2-
en-1-one, (3) (2E)-1-(3-methylthiophene-2-yl)-3-(pyridin-3-yl)prop-2-en-1-one, (4) (2E)-1-
(5-methylthiophene-2-yl)-3-(pyridin-4-yl)prop-2-en-1-one, (5) (2E)-1-(4-methylthiophene-2-
yl)-3-(pyridin-4-yl)prop-2-en-1-one, (6) (2E)-1-(3-methylthiophene-2-yl)-3-(pyridin-4-yl) 
prop-2-en-1-one] were synthesized. All product were synthesized according to the reported 
procedures [39,40] (Scheme-I). 

Potentiometric titrations, a HANNA 4521 model Ph-meter equipped with a combined pH 
electrode (Ingold) and indicator elektrode were used. A magnetic stirrer, a semi micro burette 
and a 25 mL beaker were also used in titrations. Before potentiometric titrations, the pH meter 
was calibrated according to the instructions supplied by the manufactures of the pH meter. 
During the titrations, the titrant was added in increments of 0.05 mL after each stable reading 
and mV values were recorded. 
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              Scheme-I 

The necessary chemicals were supplied from Fluka and Merck. After purifications, isopropyl 
alcohol was used to prepare 0.05 N tetrabutylammonium hydroxide. For all potentiometric 
titrations, 0.05 N tetrabutylammonium hydroxide in isopropyl alcohol, which was prepared 
from 0.1 N tetrabutylammonium hydroxide by dilution, was used. 

 

 

Fig. 1. Potentiometric titration cell 
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