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Synthesis, Antibacterial Activity and 
Photophysical Properties of Bis-benzamide 
derivatives
Bis-benzamid Türevlerinin Sentezi, Antibakteriyel Aktivitesi 
ve Fotofiziksel Özellikleri

Research Article

ABSTRACT
In this study, N,N’-(dodecane-1,12-diyl)bis(2,4-dichlorobenzamide) and N,N’-
(dodecane-1,12-diyl)bis(4-bromobenzamide) as new bis-benzamides were syn-
thesized by reaction of 1,12-diaminododecane and two different acyl chloride 
compounds in 88% and 92% yield, respectively. Their molecular structures were 
characterized using 1H NMR, 13C NMR and FT-IR techniques. Antibacterial 
activities of the synthesized compounds were screened against Staphylococcus 
aureus ATCC 25923 and Escherichia coli ATCC 25922 strains. Moreover, pho-
tophysical properties of the products in CH2Cl2 and CHCl3 were investigated us-
ing UV-vis spectroscopy. The compound 3a exhibited positive solvatochromism 
about 31 nm by increasing of solvent polarity.
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ÖZET

Bu çalışmada yeni bis-benzamid türevleri olarak, 1,12-diaminododekan 
bileşiğinin ve iki farklı açil klorür bileşiği ile tepkimesi sonucunda N,N’-
(dodekan-1,12-diil)bis(2,4-diklorobenzamid) ve N,N’-(dodekan-1,12-diil)bis(4-
bromobenzamid) bileşikleri sırasıyla %88 ve %92 verimle sentezlendi. Molekü-
ler yapıları 1H NMR, 13C NMR ve FT-IR teknikleri kullanılarak karakterize 
edildi. Sentezlenen bileşiklerin antibakteriyel aktiviteleri Staphylococcus aureus 
ATCC 25923 ve Escherichia coli ATCC 25922 suşlarına karşı tarandı. Ayrıca, 
CH2Cl2 ve CHCl3 içindeki ürünlerin fotofiziksel özellikleri UV-vis spektrosko-
pisi kullanılarak incelendi. Bileşik 3a, çözücü polaritesinin artmasıyla yaklaşık 
31 nm’de pozitif solvatokromizm gösterdi.
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1. Introduction

Bis-benzamides represent a group of compounds 
that are widely used in many fields such as bioactive 
compounds in medicinal chemistry [1] and anion 
recognition sensors in analytical chemistry [2-5]. It 
is known that bis-benzamides exhibit various phar-
macological activities such as potential metal chela-
tors inhibiting redox activity in Alzheimer’s disease 
[6], anticancer [1, 7, 8], antiproliferative [9], tyrosyl-
DNA phosphodiesterase I−topoisomerase I inhibi-
tors [10], anti-HIV [11] and anti-HCV activities [12] 
as well as α1-AR receptor [13], acetylcholinesterase 
[14], Kirsten rat sarcoma 2 viral oncogene homolog−
PDEδ [15], thioredoxin reductase [16], glutaminase 
and glutamate dehydrogenase inhibitors [17]. In ad-
dition, methylene-linked bis-phenylbenzimidazoles 
which stabilize telomeric DNA/RNA hybrids have 
been reported [18]. Furthermore, bis-benzamides are 
also useful as intermediate compounds for synthesis 
of pharmacologically active compounds such as ami-
doximes [19], lycopodium alkaloids (+)-flabellidine 
and (−)-lycodine [20]

In this study, the synthesis and antibacterial activity 
of bis-benzamide derivatives were reported. Addi-
tionally, investigation of photophysical properties of 
the products was also reported.

2. Materials and Methods

2.1. Materials and Instrumentation

The reagents used were purchased high grade from 
commercial Merck or Aldrich, and commercially 
available solvents were used without further purifi-
cation. The Fourier Transform Infrared Spectroscopy 
(FT-IR) technique was used for spectroscopic char-
acterization via Varian Scimitar Series FT-IR spec-
trophotometer using horizontal ATR. The Nuclear 
Magnetic Resonance (NMR) spectra and decoupling 
experiments were performed using Bruker Ultrash-
ield Plus Biospin GmbH (at 400 MHz). Chemical 
shifts were given in parts per million (δ) downfield 
from tetramethylsilane (TMS) as internal standard. 
DMSOd6 was used as solvent for the NMR meas-
urements. The following abbreviations were used; s 

= singlet, d = doublet, d = doublet of doublets, t = 
triplet and m = multiplet. Melting points were de-
termined on a Stuart SMP3 hot stage apparatus and 
were uncorrected. 

2.2. Synthesis of the Bis-benzamides, 3a, 3b

Bis-benzamides were synthesized used a literature 
method [19]. A solution of pyridine (2.2 mmol) in 
dichloromethane (15 mL) was dropwise added to 
a stirred solution of 1,12-diaminododecane 1 (1.0 
mmol) in dichloromethane (25 mL). After 15 minute, 
a solution of corresponding acyl chloride in dichlo-
romethane (25 mL) was dropwise added to a stirred 
mixture at room temperature. The reaction was ob-
served to be complete after three hours by thin layer 
chromatography and then the solvent was evaporat-
ed under reduced pressure. The crude solid mixture 
was washed with water followed by diethyl ether.

2.2.1. N,N’-(dodecane-1,12-diyl)bis(2,4-
dichlorobenzamide), 3a 

White crystals. Yield, 0.48 g, 88%. m.p.: 133 – 135 
ºC. IR (cm-1): υmax 3279 (N-H), 3055, 2919, 2851, 1643 
(C=O), 1587, 1539, 1471. 1H NMR (400 MHz, DM-
SOd6): δ 8.44 (t, 2H, J = 5.3 Hz, N–H), 7.67 (d, 2H, J = 
1.8 Hz, Ar–H), 7.47 (dd, 2H, J = 8.2 Hz, 1.8 Hz, Ar–H), 
7.41 (d, 2H, J = 8.2 Hz, Ar–H), 3.22-3.17 (m, 4H, C1H2 
and C12H2), 1.52 – 1.45 (m, 4H, C2H2 and C11H2), 
1.34 – 1.23 (m, 16H, C3H2, C4H2, C5H2, C6H2, C7H2, 
C8H2, C9H2 and C10H2). 

13C NMR (100 MHz, DM-
SOd6): δ 165.2 (2 x C=O), 136.2 (2 x Cq), 134.2 (2 x 
Cq), 131.1 (2 x Cq), 130.1 (2 x C), 129.0 (2 x C), 127.3 
(2 x C), 39.0 (2 x C), 28.99 (2 x C), 28.96 (2 x C), 28.8 
(2 x C), 28.7 (2 x C), 26.3 (2 x C). 

2.2.2. N,N’- (dodecane-1,12-diyl) bis 
(4-bromobenzamide), 3b 

White crystals. Yield, 0.52 g, 92%. m.p.: 188 – 190 
ºC. IR (cm-1): υmax 3226 (N-H), 3052, 2918, 2847, 1626 
(C=O), 1589, 1533, 1480. 1H NMR (400 MHz, DM-
SOd6): δ 8.50 (t, 2H, J = 5.3 Hz, N–H), 7.77 (d, 4H, J 
= 8.5 Hz, Ar–H), 7.66 (d, 4H, J = 8.5 Hz, Ar–H), 3.25-
3.20 (m, 4H, C1H2 and C12H2), 1.53 – 1.46 (m, 4H, 
C2H2 and C11H2), 1.30 – 1.21 (m, 16H, C3H2, C4H2, 
C5H2, C6H2, C7H2, C8H2, C9H2 and C10H2). 

13C NMR 
(100 MHz, DMSOd6): δ 165.1 (2 x C=O), 133.8 (2 x Cq), 
131.2 (4 x C), 129.3 (4 x C), 124.6 (2 x Cq), 28.97 (2 x 
C), 28.95 (4 x C), 28.7 (2 x C), 26.4 (2 x C). 

2.3. Antibacterial Activity of the Products

Disk agar diffusion method was used to evaluate the 
antibacterial properties (AMP) of the products [21] 
against Staphylococcus aureus (S. aureus) ATCC 

Hacettepe University Journal of the Faculty of Pharmacy

Volume 41 / Number 3 / September 2021 / pp. 145-151   Bobuş Alkaya  et al.146



25923 and Escherichia coli (E. coli) ATCC 25922 
strains. S. aureus or E. coli culture were inoculated 
to Triptic Soy Broth (TSB) then incubated at 37 ºC 
for 24 h. Activated culture was transferred to TSB 
again and incubated at 37 ºC for 5 h. Approximately 
450 µl of this culture were transferred to TSB and the 
absorbance of the culture was set to 0.08-0.1 ABS at 
625 nm (~ 106-7 cfu/ml). For the spread plate tech-
nique, 0.1 ml of this activated culture was transferred 
to Triptic Soy Agar (TSA) and spread homogeneous-
ly. Five sterile disks (6 mm filter paper disk) were 
placed on the agar surface. Sample solutions (15 µl) 
were inoculated on the discs; concentrations were 
500, 250, 125, 62.5 and 31.25 μg/ml, respectively. 
DMSO was used as negative control; ampicillin (Bi-
oanalyse LTD) was used as positive control. Then 
medium inoculated at 37 ºC for 24 h. Antibacterial 
effect around the disks was evaluated according to 
clear zone.

2.4. Determination of Photophysical Properties 
of the Products

The stock solutions of 3a and 3b were prepared in 
0,01 M concentration in CH2Cl2 and CHCl3 for the 
determination of absorption maxima and absorbance. 
Absorption spectra were recorded in a Shimadzu 
1800 spectrophotometer at 25 °C. The measurements 
were accomplished in thermostated quartz cuvettes 
(path length ł = 1 cm).

3. Results and Discussion

3.1. Synthesis and Characterization

The bis-benzamide derivatives N,N’-(dodecane-1,12-
diyl)bis(2,4-dichlorobenzamide) 3a and N,N’-
(dodecane-1,12-diyl)bis(4-bromobenzamide) 3b 
were synthesized using a literature method by re-
action of 1,12-diaminododecane 1 and 2,4-dichlo-
robenzoyl chloride and 4-bromobenzoyl chloride, re-
spectively, in dichloromethane at room temperature, 

in 88% and 92% yield, respectively (Scheme 1). The 
structures of the products 3a and 3b were character-
ized by using FT-IR and 1H/13C NMR techniques. 
Representative FT-IR, 1H NMR and 13C NMR spec-
tra for the compound 3a are given in Figure 1, Figure 
2 and Figure 3, respectively.

In the FT-IR spectra of the compounds 3a and 3b, 
amide N-H and aromatic C-H stretching peaks were 
observed at 3279 and 3226 cm−1, 3055 and 3052 cm−1, 
respectively. In addition, the aliphatic C-H stretch-
ing peaks for 3a and 3b were observed at 2919 and 
2851 cm−1 and 2918 and 2847 cm−1, respectively. The 
carbonyl (C=O) groups peaks were observed at 1643 
cm−1and 1626 cm−1, respectively. In the 1H NMR 
spectra of 3a and 3b, the aromatic protons were ob-
served in the range of 7.77-7.41 ppm, depending on 
the substituent group. The multiplet peaks observed 
in the range of 3.25–3.17 and 1.53 – 1.45 ppm was 
attributed to the protons of C1H2 / C12H2 and C2H2 
and C11H2, respectively. In the 13C NMR spectra of 
3a and 3b, the peak observed at 165.2 ppm and 165.1 
ppm was attributed to the carbon of the C=O groups. 
The peaks of carbons C1 and C12 in the aliphatic 
chain were observed at 39.0 ppm for compounds 3a. 
However, since the peaks of C1 and C12 carbons in 
the aliphatic chain shifted below the solvent peaks 
in the spectra of 3b, the shift values could not be 
determined exactly.

3.2. Antibacterial Properties

Antibacterial activity studies of the bis-benzamide 
derivatives 3a, 3b was performed against S. aureus 
ATCC 25923 and E. coli ATCC 25922 strains using 
disk agar diffusion method, and Ampicillin was used 
as reference drug. The compounds 3a and 3b ex-
hibited antibacterial activity against S. aureus with 
a zone of 8.3 mm and 7.4 mm, respectively, at 31.25 
μg/ml, while the reference drug ampicillin exhibit-
ed antibacterial activity against mentioned bacteria 
with a zone of 13.8 mm at 10 μg (Table 1). In addi-
tion, the compounds 3a and 3b exhibited antibacte-
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Scheme 1. Synthesis of bis-benzamide derivatives 3a, 3b
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rial activity against E. coli with a zone of 7.5 mm 
and 7.3 mm, respectively, at 31.25 μg/ml, while the 
reference drug ampicillin exhibited antibacterial ac-
tivity against mentioned bacteria with a zone of 14.9 

mm at 10 μg (Table 1). As a result, it can be said 
that bis-benzamide derivatives 3a, 3b have moderate 
antibacterial activity against both bacterial strains 
compared to ampicillin.
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Figure 1. Representative FT-IR spectrum for the compounds 3a

Figure 2. Representative 1H NMR spectrum for the compounds 3a
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3.3. Photophysical Properties

Molecules, that change their spectral behaviour 
(colour, bathocromic / hypsochromic shift etc.) 
in response to surrounding solvent polarity have 
great potential in understanding of the interactions 
of a molecule with its microenvironment [22, 23]. 
Therefore, solvatochromism is observed when the 
absorption/fluorescence spectra changes due to the 
dissolution of the same substance in various solvents. 
Such studies are important because they involve im-
portant information regarding the microenvironment 
dependence of a drug’s potential to reach a target re-
ceptor or the recognition of a chemical species by 
fluorogenic probes [24, 25]. The absorption spectra 

of 3a was obtained in solvents of different polarities 
and hydrogen bonding abilities; namely, polar protic 
(chloroform), polar aprotic (dichloromethane) while 
3b didn’t have any absorption peak in the range of 
300-800 nm. To conduct in-depth evaluation regard-
ing the influence of polarity of compounds 3a be-
haviour ET(30), Dimroth–Reichardt polarity indexes 
were used [chloroform: 39.1, dichloromethane 40.7] 
since the compounds have very limited solubility in 
other solvents such as MeOH, Toluene, Acetonitrile 
[26]. 3a exhibited positive solvatochromism about 
31 nm while a bathochromic shift (or red shift) was 
observed with increasing solvent polarity by chang-
ing the chloroform to dichloromethane [24-26]. On 
the other hand, 3a is soluble in polar aprotic solvent 

Figure 3. Representative 13C NMR spectrum for the compounds 3a

Table 1. Antibacterial activity of bis-benzamide derivatives 3a, 3b 

Bacteria / inhibition zone diameter (mm)

Compound S. aureus ATCC 25923 E. coli ATCC 25922

3a 8.3 7.5

3b 7.4 7.3

Ampicillin 13.8 14.9

DMSO - -
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such as THF and DMSO but no peak in the absorp-
tion spectra at 0.01 M concentration as seen example 
inset of blue peak of 3a in THF (Figure 4). 

Conclusion

In summary, we synthesized of bis-benzamide de-
rivatives by reaction of 1,12-diaminododecane and 
2,4-dichlorobenzoyl chloride and 4-bromobenzoyl 
chloride, respectively, in dichloromethane. The com-
pounds exhibited antibacterial activity against in a 
zone range of 7.3-8.3 mm at 31.25 μg/ml S. aureus 
and E. coli strains. Interestingly, 3a showed positive 
solvatochromism about 31 nm while a bathochromic 
shift was observed with increasing solvent polarity
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