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Abstract 

Novel N-arylacetamides 2a–f were synthesized based on benzo[d]thiazole scaffold. The compounds 2a–c underwent 
Knoevenagel condensation through green synthetic method with different aromatic aldehydes and pyrazole-7-car-
baldehydes delivered the respective arylidenes with efficient yields. Arylidenes 4 reacted with malononitrile affording 
the corresponding N-arylpyridones 11a–i. Moreover, the reaction of 2a–c with each of salicylaldehyde and 5-arylazo 
salicylaldehydes afforded the unexpected coumarins rather than quinolin-5-ones. The structure of coumarin 8 
was confirmed by density functional theory (DFT) calculations using basis set B3LYP/6-311 G +  + (d,p) to obtain 
the suitable geometrical structure with molecular orbitals` energies revealing its planar structure and its agreement 
with experimental data. Besides, the antibacterial activity was tested against different bacterial strains revealing 
potent activity especially Gram-negative bacteria with excellent minimum inhibition concentration (MIC) value rang-
ing from 31.25 to 250 µg/L. Additionally, compounds 2c and 4m showed enzyme inhibition against dihydrofolate 
reductase in Escherichia coli with greater potency  (IC50 for 2c = 3.796 µM,  IC50 for 4m = 2.442 µM) than the standard 
antibiotic trimethoprim  (IC50 = 8.706 µM). Investigation of the physicochemical properties of the newly compounds 
exhibited their better ADME properties that can be developed for the discovery of new antibacterial agents.
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Graphical Abstract

Introduction
Infectious diseases are major cause in many fatalities. 
Antimicrobial resistance is one of the largest risks to con-
temporary global health, and it is becoming more and 
more common. Bacterial resistance reduces the efficiency 
of antibiotics and increases the death rates associated 
with bacterial illnesses [1]. This problem came to the top 
of the list of global public health issues [2]. There were 
about 5 million death cases due to bacterial resistance 
in 2019 [3]. The bacterial strains: E. coli, K. pneumonia, 
A. baumannii, P. aeruginosa, St. aureus and St. pneumo-
nia were major contributors for deaths associated with 
resistance, so that a major fight to combat the bacterial 
infections caused by these strains is the highest priority 
of modern medicines and many researches came up with 
new compounds of antibacterial activity against these 
strains [4–7]. In recent years, numerous nations have 
engaged in the fight against the microbial diseases that 

are now the most serious health issues [8]. These global 
trends contribute to develop new chemical structures 
with strong antibacterial capabilities, which could result 
in innovative and potent pharmaceutical formulations.

DHFR is an enzyme that controls converting dihydro-
folate to THF, which is a critical step in the synthetic 
pathway of DNA, RNA, and proteins. Also, THF takes 
responsibility in DNA methylation, which is necessary 
for the activity of folate-dependent enzymes. Addition-
ally, DHFR is required for the intracellular conversion 
of synthetic folic acid, which can be found in fortified 
foods and supplements-into THF can be involved in the 
metabolism of folate and homocysteine. In vivo, DHFR 
inhibition suppresses cell growth and proliferation by 
preventing thymidine production and hence deactivating 
DNA synthesis. Therefore, targeting DHFR is an impor-
tant aim for drug design and development [9]. As a result, 
drugs are designed to target DHFR, including benzo[d]
thiazoles. Thakkar et al. [10] have developed N-(benzo[d]
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thiazol-2-yl)-1-(4-aryl) methenamine I and II, which 
showed effective DHFR inhibition with  IC50 = 0.0415 and 
0.0312 µM, respectively, besides being excellent antima-
larial agents (Fig. 1). Moreover, benzo[d]thiazoles-incor-
porating into pyrimidine moiety as III and IV, exhibited 
 IC50 against DHFR activity equals 4.1and 1.3 µM, respec-
tively [11]. A recent report showed that certain benzo-
thiazoles can form a more effective binding relationship 
with P. aeruginosa and E. coli dihydrofolate reductase’s 
active sites through docking study [12].

Medicinal chemistry researchers are taking considera-
tion about benzothiazoles because of their diverse and 
valuable range of biological activities including antimi-
crobial [13], anticancer [14], antidiabetic [15], anti-con-
vulsant [16], antibacterial and antiviral activities [17]. The 
benzothiazole moiety was found in several other distinct 
chemical templates and moieties with antibacterial activ-
ity. Taking for an example hydrazone-incorporating ben-
zothiazole V showed antibacterial activity against E. coli 
and P. aeruginosa with effective MIC values = 200  µg/L 
(Fig. 2) [18]. Tratrat et al. have reported the synthesis of 
thiazolidine-4-one derivatives of benzothiazole VIa,b as 
antibacterial agents with MIC value of 0.009–0.18 mg/
ml in E. coli and P. aeruginosa [19]. Kaushik et  al. have 
synthesized 1,2,3-triazoles containing benzothiazole 
moiety, which were assessed for their ability to combat 
the bacterial strains: St. aureus, B. subtilis, K. pneumonia 
and E. coli. They were reported of excellent antibacterial 
activity among those compounds the triazole-benzothia-
zoles VII, that showed to be potent with better MIC val-
ues: ~ 0.023–0.049  µg/L [20]. Moreover, thiazolidinone 
derivative of 2-aryl-3-(6-trifluoromethoxy)benzothia-
zole VIII revealed MIC value equals 0.023–0.049  µg/L 
which is more effective than the used standard against 
E. coli, P. aeruginosa and St. aureus [21]. Similarly, Skok 
et  al. examined the newly synthesized benzothiazole 
derivatives IXa,b for being antibacterial agents showing 

effective MIC value (3.13  µg/L) against E. faecalis [22]. 
Numerous studies have found that benzothiazole deriva-
tives with bacterial growth inhibition capability can also 
be attributed to their capability of interacting with a vari-
ety of cellular targets, especially enzymes such as DNA 
gyrase [23–25], dihydropteroate synthase [26, 27], dihy-
drofolate reductase [10–12], dihydroorotase [28], peptide 
deformylase [29] and aldose reductase [30].

According to the aforementioned facts and in keep-
ing up with our work in synthesis of new compounds of 
biological activities with potential activity in protein and 
enzyme inhibition [31–45], herein we report the novel 
synthesis of 2-(benzo[d]thiazol-2-yl)-N-arylacetamides 
2a–f based on benzothiazole scaffold. Our design strat-
egy depended on the contribution and blending of the 
benzothiazole core in the newly synthesized acetamide 
derivatives as a biological active scaffold with good phar-
maceutical background then we introduced different 
substituents with variety of electronic properties and 
features by reaction with different chemical reagents. 
The starting 2a–c reacted with different aromatic and 
heteryl aldehydes affording the respective aryl meth-
ylene derivatives through conventional method. Also, 
green synthetic protocol was operated for the synthesis 
of the aryl methylene derivative using p-tolyl sulphonic 
acid as a catalyst through a grinding method. Also, the 
unexpected coumarins were obtained from the reaction 
of 2a–c with substituted salicylaldehydes rather than 
quinolines, the expected products. The structure and 
formation of 8 were proved by chemical techniques with 
spectral tools [IR and 1H NMR] and DFT using basis set 
B3LYP/6-311 +  + G (d, p) level of calculation. Aryl meth-
ylenes 4 reacted with malononitrile to afford N-aryl pyri-
dones. The majority of the newly produced compounds 
were tested for their effectiveness as antibacterial agents 
against four strains of Gram-negative bacteria and two 
strains of Gram-positive bacteria and they revealed mod-
erate to strong antibacterial activity against most of the 
strains. The MIC for the strongest antibacterial candi-
dates was evaluated revealing values = 31.25–250  µg/L. 
then, the most antibacterial active compounds 2, 4m and 
11c were tested for DHFR inhibition activity showing 
effective potency for 2c and 4m than that of the stand-
ard antibiotic trimethoprim. Finally, the pharmaceutical 
properties and health and toxic hazards were detected 
using Osiris Methodology and Swiss ADME predictions 
displaying good and better profile for most of the newly 
synthesized compounds and the high possibility for 2c, 
4m and 11c to be as drug potential candidates (Fig. 3).

Fig. 1 Benzothiazole derivatives of DHFR enzyme inhibition activity
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Results and discussion
Chemistry
A series of some new 2-(benzo[d]thiazol-2-yl)-N-ary-
lacetamides 2a–f were prepared through the reaction of 
2-aminothiophenol with 2-cyano-N-arylacetamides 1a–f 
(Scheme  1). The structures of the prepared compounds 
2a–f were proved through spectral data techniques. The 
IR spectra of the compounds 2a–f showed the disappear-
ance of an absorption band at νmax ~ 2200–2300  cm−1 for 
the cyano group confirming the in  situ heterocycliza-
tion between 2-aminothiophenol and compounds 1a–f, 
besides the 1H NMR spectra of 2a–f revealed a singlet 
signal between the region δ ~ 10.44–10.78 ppm attributed 
to NH`s proton and a characteristic singlet signal for 
 CH2`s proton between the region δ ~ 3.78–4.14 ppm. As 
an example, the IR spectrum of 2a revealed absorption 

bands at νmax = 3448 and 1657   cm−1 for the imino and 
carbonyl functions, respectively. The 1H NMR spectrum 
of 2a displayed a singlet signal at δ = 4.29 ppm for meth-
ylene protons besides one doublet signal at δ = 7.61ppm 
with J coupling constant equals 7.5 Hz assigned for phe-
nyl proton. In addition, multiplet signals at δ = 7.07–7.10, 
7.30–7.33, 7.39–7.42 and 7.49–7.52 ppm for aryl protons 
and a singlet signal at δ = 10.43 ppm for NH`s proton. 
Also, the 1H NMR spectrum of 2a showed two multi-
ple signals at δ = 7.96–7.98 and 8.05–8.08 ppm for ben-
zothiazole moiety protons. The 13C NMR of 2a revealed 
a signal at δ = 41.7 ppm for  CH2`s carbon besides sig-
nals at δ = 165 and 166.1 ppm for carbonyl carbons and 
S-C = N, in addition to a signal at δ = 152.3 ppm for aryl 
carbon of phenyl moiety. Furthermore, the 13C NMR of 
2a displayed characteristic signals at δ = 119.3, 122.0, 
122.3, 123.7, 125.0, 126.1, 128.9, 135.3, 138.8 ppm 

Fig. 2 Structure of antibacterial active compounds comprising benzothiazole scaffold
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for aryl carbons. The Mass spectrum of 2a revealed a 
molecular ion peak at m/z = 268  (M+, 65.3%) compat-
ible with the molecular formula  C15H12N2OS and a base 
peak at m/z = 176 (100%) besides other expected peaks 
(Scheme 1).

Next, we underwent an equimolar mixture of 2a–c 
with aromatic aldehydes 3a–e under the Knӧvenagel 
condensation delivering the respective 4a–o (Scheme 2). 
The spectral characterization of products 4a–o were 
performed by considering their IR, 1H NMR, 13C NMR 
and MS spectra techniques. The 1H NMR spectra of the 
prepared series showed the disappearance of a singlet 
signal at δ ~ 3.78–4.14 ppm attributed to  CH2`s pro-
ton that emphasizes the Knӧvenagel condensation. The 
IR spectrum of 4a, as an example, showed the presence 
of absorption bands at νmax = 3234 and 1649   cm−1 for 
imino (NH) and carbonyl (CO) functions, respectively. 
The 1H NMR spectrum of 4a revealed two doublet sig-
nals at δ = 8.01 and 8.10 ppm with J coupling constants 
equal 7.8 and 8.1 Hz, respectively, assignable to ben-
zothiazole moiety protons. Its 1H NMR of 4a also dis-
played a singlet signal at δ = 10.76 ppm attributed to NH 
proton in addition to other expected multiplet signals at 
δ = 7.10–7.15, 7.30–7.41, 7.48–7.55 and 7.69–7.71 ppm 

for aryl protons. The 13C NMR spectrum of 4a revealed 
characteristic signals at δ = 166.0, 164.7, 153.1, 138.8 and 
134.1 ppm for the carbonyl carbon, S–C=N, carbon of 
benzothiazole moiety, vinylic carbon and carbon of phe-
nyl moeity, respectively. Additionally, the 13C NMR spec-
trum showed signals for aryl carbons at δ = 119.6, 122.2, 
122.8, 124.0, 125.8, 126.7, 128.8, 128.9, 129.2, 129.7, 132.5 
and 133.9 ppm. Alternatively, the arylidenes 4a–o were 
obtained through the reaction of 2a–c with the aro-
matic aldehydes 3a–e in the presence of p-tolyl sulfonic 
acid as a catalyst through the grinding method for 1 h. 
The formed products had the same physical and spectral 
aspects (Scheme 2).

Similarly, compounds 2a–c condensed with pyrazole-
2-carbaldehydes 5a–c to furnish the corresponding 
arylidene derivatives 6a–i (Scheme 3). Then, a green syn-
thetic approach was operated to obtain the compounds 
6a–i with the aid of p-tolyl sulfonic acid as a catalyst 
through a grinding method for 1 h. The IR spectrum of 
6a displayed expected absorption bands at νmax = 3436 
and 1670  cm−1 for imino (NH) and carbonyl (CO) func-
tions, successively. Its 1H NMR spectrum showed two 
doublet signals at δ = 7.99 and 8.08 ppm with J cou-
pling constants equal 8.1 and 7.5  Hz, respectively, for 

Fig. 3 Synthetic strategy of 2a–c, 4a–r, 6, 8a–c and 11a–f comprising benzo[d]thiazole core 2 
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benzothiazole moiety protons. Also, the 1H NMR spec-
trum showed multiple bands at δ = 7.16–7.18 and 7.37–
7.78 ppm referring to aryl protons besides a singlet signal 
at δ = 10.81 ppm for NH`s proton, in addition to two sin-
glet signals at δ = 7.52 and 8.41 ppm for vinylic proton 
(=CH) and pyrazole`s proton. The 13C NMR spectrum of 
6a revealed characteristic signals for aryl and vinylic pro-
tons at δ = 115.5, 118.7, 119.5, 122.1, 122.7, 124.1, 124.4, 
125.6, 126.7, 127.1, 127.3, 128.6, 128.9, 129.0, 129.7, 
131.4, 131.6, 133.9, 138.7 ppm, besides, it showed signals 
at δ = 138.8, 153.0, 153.1, 164.7 and 165.3 ppm attributed 
to vinylic, pyrazole, benzothiazole, S–C=N and carbonyl 
carbons, respectively. The mass spectrum of 6a showed 
a molecular ion peak at m/z = 498  (M+, 32.5%) attrib-
uted to the molecular formula  C31H22N4OS besides other 
expected peaks, also the mass spectrum showed two base 
peaks at m/z = 91.0 and 188.4 (100%) (Scheme 3).

Furthermore, compounds 2a–c reacted with salicy-
laldehyde in ethanol in the presence of piperidine to 
obtain the same product 8 for 2a–c, as identified from its 
physical properties as melting and mixed melting points 
and IR spectra (Scheme  4). From the reaction equation 
shown in Scheme  4, coumarin derivative instead of the 
expect products 1-arylquinolines 7a–c was obtained. The 
proposed mechanism for the formation of compounds 
7a and 8 is shown in Scheme 4. It was suggested that the 

formation of 8 progressed by Knӧvenagel condensation 
of compounds 2a–c with salicylaldehyde with removal 
of water molecule, followed by nucleophilic addition of 
oxygen atom on the carbonyl moiety with elimination of 
aniline molecule as presented in Scheme  4. Compound 
8 [46] can be obtained alternatively through the reaction 
of 2-cyanomethylbenzo[d]thiazole with salicylaldehyde 
under the previous conditions (Scheme 4). Similarly, the 
reaction of 2a–c with 5-arylazosalicylaldehydes 9a–c 
under the previous conditions afforded the arylazo cou-
marins 10a–c (Scheme  5) [47]. Spectroscopic analyses 
were used to validate the structure of 10a–c (Scheme 5). 
The structure of 10b was emphasized by an absorption 
band at 1727  cm−1 in its IR spectrum for carbonyl group. 
As well as, its 1H NMR chart showed a singlet signal at 
chemical shift equals 2.43 ppm for methyl protons, in 
addition to multiplet signals corresponding to aromatic 
protons ranging from 7.63 to 7.79 ppm related to aryl 
protons. Also, its 1H NMR revealed two doublet signals 
at δ equal 7.38 and 7.89 ppm for aromatic protons with J 
coupling constant equal 8.1 and 7.5 Hz, respectively. The 
benzothiazole protons appeared in the 1H NMR chart as 
multiplet signals at δ = 8.02–8.04 and 8.09–8.21 ppm.

The formation of compounds 7a and 8 was also the-
oretically confirmed by DFT. So, during this study, 
Gaussian 09W software package [48] was used to run 
the molecular modeling calculations of potential tar-
get derivatives (2a, 7a, and 8) using the DFT study and 
the basis set B3LYP set 6-311 +  + G (d, p) [49–53]. The 
molecular structures of target derivatives (2a, 7a, and 8) 
were geometrically optimized and their D. M. are detailed 
in Table  1. During the geometry optimization, no sym-
metry constrains were applied [54, 55]. The same level of 
theory has been applied to compute vibrational frequen-
cies for each compound, and the molecular structure of 
target compounds were found correspond to real minima 
of the potential energy surface. GaussView (v6.1) [56] and 
ChemCraft (v1.6) package [57] were used to visualize the 
optimized structure and molecular orbitals revealing the 
value of HOMO` and LUMO`s energies for 2a, 7a and 
8 (Table 2). From optimized geometry data using DFT, it 
clarified that the 3-(benzo[d]thiazol-2-yl)-2H-chromen-
2-one 8 has planner structure which was computable to 
experimental and the deviation of dipole moment indi-
cates charge flow in case of electronic transition, while 
the structure of starting compound 2a wasn’t planner 
(Fig. 4).  

Accordingly, it was concluded that B3LYP in predict-
ing bond lengths and angles is the most satisfactory func-
tional with preferred time CPU. In particular, B3LYP was 
found to be the most adequate functional with respect 
to computational time and power uses. Therefore, 
B3LYP was selected for geometry optimizations and all 

Scheme 1 Explains the synthesis of benzo[d]thiazole-acetamides 
2a–f 



Page 7 of 22Metwally et al. BMC Chemistry           (2025) 19:29  

calculations for ground state rather than using transi-
tion state searching. Form the frontier molecular orbit-
als surfaces and energies combined with experimental 
spectra reported in the work the coumarin derivative 
is best pathway rather than other pathways as shown in 
Fig. 5. Also, the formation of compound 8 was confirmed 
alternatively by the reaction of 2-cyanomethyl-benzothi-
azole with salicylaldehyde under the same reaction con-
ditions to afford product identical in all respective of 8 
(m.p, mixed m.p and IR spectrum) as demonstrated in 
Scheme 4.

Finally, we performed synthetic pathway for the prep-
aration of N-arylpyridone derivatives 11a–f through 
the reaction of 2-(benzo[d]thiazol-2-yl)-N-phenylacet-
amides 2a–c with malononitrile in ethanol in the pres-
ence of piperidine under reflux for 12 h (Scheme 6). The 
formation of 11 was suggested to proceed firstly by the 
Micheal addition step of the methylene group of malo-
nonitrile, followed by the nucleophilic addition of NH 
to cyano group. Finally, heterocyclization and aroma-
tization. Taken 11a, as a representative example, its IR 

spectrum displayed a broad band at νmax =  3448–3302 
 cm−1 attributed for the amino group besides two sharp 
bands at νmax = 2206 and 1643  cm−1 for CN and CO 
functions, respectively. The 1H NMR spectrum of 11a 
revealed two doublet signals at δ = 7.37 and 7.43 ppm for 
aryl protons with J coupling constants equal 8.0 and 7.5 
Hz, respectively, besides two doublet signals at chemical 
shift equals 7.57 and 7.86 ppm assignable for benzothia-
zole protons with J coupling constant equals 7.5 Hz. In 
addition to multiplet signals appeared at δ = 7.21–7.28 
ppm for aryl and amino protons with other multiple sig-
nals at δ = 7.33–7.34 and 7.52–7.55 ppm for aryl protons. 
The Mass spectrum of 11a revealed a molecular ion peak 
at m/z = 420  (M+, 77.9%), which was compatible with 
the molecular formula  C25H16N4OS and a base peak at 
m/z = 89 (100%) besides other expected signals. Alter-
natively, compounds 11a–f were obtained through the 
reaction of anilides 2a–c with arylmethylene malononi-
trile derivatives 12a,b in absolute ethanol in the presence 
of a catalytic amount of piperidine for 10 h (Scheme 6).

Scheme 2 Describes the Knӧvenagel condensation of 2a–c with different aromatic aldehydes 3a–f afforded the corresponding arylidenes 4a–o 
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Biological evaluation
Antibacterial activity determination through agar diffusion 
method
The bacterial growth inhibition activity of most of the 
newly synthesized compounds was examined against 
different Gram-positive and Gram-negative strains. The 
Agar diffusion method was used to assess the antibac-
terial and antifungal activity [56]. The Gram-negative 
strains were: E. coli, K. pneumonia, P. aeruginosa and A. 
baumannii, the Gram-positive strains were: St. aureus, 
St. mutans and the standard antibiotics were gentamicin, 
tigecycline and ampicillin. The IZD values were meas-
ured through the assay for the tested compounds, are 
shown in Table 3. The revealed data concluded that most 
of the tested compounds exhibited moderate to excel-
lent antibacterial activity against the selected strains, 
but a few showed a broad-spectrum activity against both 
Gram-negative and Gram-positive bacteria.

It is worth noting that the 4-(2-(benzo[d]thiazol-2-yl)
acetamido) benzoic acid 2e exhibited excellent antibac-
terial activity with a broad spectrum profile against both 
Gram-negative and Gram-positive bacteria except St. 
mutans with better IZD values that are most better than 
the used standards, for example the IZDs of 2e in E. coli, 

K. pneumonia, P. aeruginosa and A. baumannii were 
35 ± 1, 36 ± 1, 36 ± 1 and 36 ± 1 mm, respectively com-
pared to gentamicin and tigecycline that exhibited IZDs 
in E. coli, K. pneumonia, P. aeruginosa and A. baumannii: 
27 ± 0.1, 29 ± 0.5, 32 ± 0.4 and 23 ± 0.4 mm, respectively. 
Also, compounds 2a and 2c revealed excellent antibacte-
rial activities in almost all of the strains while the com-
pound 2b showed no activity against any bacterial strain. 
Thus, replacing the moieties: phenyl, 4-chlorophenyl and 
benzoic (compound 2a, 2c and 2e, respectively) with 
tolyl (compound 2c) deactivates the antibacterial activity.

Interesting results were obtained for the series of 
arylidenes 4, which displaying good bacterial growth 
inhibition. The introduction of phenyl, 4-methoxyphe-
nyl and dimethoxyphenyl in compound 2a as in com-
pounds 4a, 4b and 4c, respectively didn`t enhance its 
antibacterial activity although it suppressed the activity. 
While, the introduction of 4-chlorophenyl (compound 
4d) enhanced the activity but not as potent as the par-
ent compound 2a. The arylidene derivatives of 2b, 4e–g 
revealed good antibacterial activity among them, the 
arylidene 4f. Hence, introduction of the 4-methoxyphe-
nyl moiety (compound 4f) in the compound 2b (contains 
methylphenyl moiety) activated the bacterial growth 

Scheme 3 The reaction of 2a–c with pyrazole-2-carbaldehydes 5a–c to afford the corresponding products 6a–i through both thermal and green 
methods
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inhibition for the compound 4f in more potent way than 
the parent 2b (See Table 3). The compound 4k revealed 
good broad-spectrum activity in both Gram-negative and 
Gram-positive strains. The compound 4k is the arylidene 

derivative of 2c that contains dimethoxyphenyl moiety. A 
similar behavior was revealed by both 4d and 4i towards 
the tested strains with the IZD values almost the same. 
The IZDs for 4d and 4i in E. coli were 20 ± 1 mm and in A. 

Scheme 4 The suggested formation of 3-(benzo[d]thiazol-2-yl)-1-phenylquinolin-2(1H)-one 7a and 3-(benzo[d]thiazol-2-yl)-2H-chromen-2-one 8 
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baumannii were 15 ± 1 mm for both 4d and 4i, also both 
compounds showed no activity against P. aeruginosa.

Furthermore, an excellent inhibition can be observed 
for 4-formylphenyl benzoate moiety as in case of 4m 
that showed excellent IZD values better than the stand-
ard antibiotics in five strains: E. coli, K. pneumonia, P. 
aeruginosa, A. baumannii and St. mutans with IZD val-
ues: 35 ± 1.1, 35 ± 1.1, 30 ± 1, 35 ± 1.1 and 28 ± 1.1 mm, 
respectively compared to the standard antibiotics. The 
derivative 4o showed moderate activity only against 
two strains: K. pneumonia and A. baumannii with IZD 
values: 13 ± 1 and 10 ± 1 mm, respectively. In contrast, 
the compound 4n revealed no antibacterial activity 
toward any bacterial strains.

Introducing a phenyl pyrazole moiety in compound 
2a as in the arylidene derivative 6a revealed good 

Scheme 5 Pathway for the formation of arylazo coumarins 10a–c 

Table 1 The D.M. of the newly synthesized compounds 2a, 7a 
and 8 

Compd No. D. M

2a 4.3368

7a 3.7572

8 5.1745

Water 2.1591

Ph-NH2 1.5908
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antibacterial activity in the strains; E. coli, K. pneu-
monia and P. aeruginosa with IZD values equal 20 ± 1, 
20 ± 1 and 23 ± 1 mm, respectively, meanwhile, the 
arylidenes 6b and 6c which contains p-tolyl-pyrazole 
and 4-choloropyrazole, respectively showed moder-
ate antibacterial activity. The arylidene derivatives 
6a–c suppressed the antibacterial activity of the par-
ent compound 2a. The compound 6e which contains 
p-tolyl-pyrazole moiety revealed excellent IZD values 
in E. coli, K. pneumonia and St. aureus equal 31 ± 1, 
36 ± 0.8 and 29 ± 0.5 mm, respectively, compared to the 
standard antibiotics that enhanced the antibacterial 
activity of the parent compound 2b in marked man-
ner. The arylidene derivatives 6g–i of compound 2c 
showed moderate to no activity in the tested strains 
except 6i that showed good bacterial growth inhibi-
tion. The introduction of pyrazole derivatives in the 
compound 2c suppressed its antibacterial activity. Fur-
thermore, the compounds 6b and 6d showed the same 
antibacterial activity against the same bacterial strains, 
they showed only bacterial growth inhibition in K. 
pneumonia and A. baumannii with the same IZD val-
ues: 13 ± 1 and 10 ± 1 mm, respectively. The derivative 
6c showed an IZD value of 13 ± 1 mm in A. baumannii 
(See Table 3).

None of the tested pyridone derivatives 11 exhibited 
excellent inhibition against the tested strains except 
compounds 11c and 11d, pyridone derivatives of 2b, 
which were more potent in bacterial growth inhibition. 
The compound 11c was found to be more potent than 
the used standards in the Gram-negative strains: E. coli, 
K. pneumonia, P. aeruginosa and A. baumannii with 
IZD values: 35 ± 1, 36 ± 1, 35 ± 1 and 35 ± 1 mm, respec-
tively. Excellent bacterial growth inhibition in E. coli was 
observed in the treated bacterial strain with 11d showing 
an IZD value of 35 ± 1 mm higher than that of the stand-
ard gentamicin [IZD value = 27 ± 0.1 mm].

The MIC for the most potent compounds was detected 
to detect that there is no bacterial growth for 24 h at 
37  °C [57] and detailed in Table  4. Serial dilution was 
operated for each compound to detect the least con-
centration that can cause bacterial death which be 

observed by unaided eye. It was observed that the MIC 
values of the tested compounds revealed better MIC 
values ~ 31.25–250  µg/L. For the parent compound 2, 
compounds 2c and 2e were the most active antibacterial 
agents. Compound 2c exhibited MIC value equals 31.25 
µg/L in all tested Gram-negative and Gram-positive 
strains which was as the same as that of the used stand-
ard: gentamicin, tigecycline and ampicillin (See Table 4). 
The same was for compound 2e except in showed MIC 
value equals 125 µg/L in A. baumannii while the stand-
ard tigecycline has MIC value equals 31.25 µg/L. The 
arylidene derivative 4m was the most active antibacte-
rial candidate among the other arylidene series 4. The 
MIC of compound 4m equals 31.25 µg/L in all bacterial 
strains. The second active antibacterial agent was 4f that 
revealed MIC value in E. coli equals 62.5  µg/L (MIC of 
gentamicin = 31.25  µg/L) and in K. pneumonia equals 
31.25 µg/L which was more potent than the used antibi-
otic (MIC of gentamicin = 62.5  µg/L). In contrast, com-
pound 4f showed MIC value in P. aeruginosa equals 
125 µg/L while the MIC of gentamicin = 31.25 µg/L. The 
same behavior of 4f was observed in the pyrazolyl deriva-
tive 6a (See Table 4). The pyridone 11c showed excellent 
MIC values in E. coli, K. pneumonia, P. aeruginosa and A. 
baumannii that was more potent than the used antibiot-
ics, while 11d was as active as gentamicin in E. coli and 
K. pneumonia with the same MIC values. As concluded, 
the compounds 2c, 4m and 11c were the most active 
antibacterial candidates among the newly synthesized 
compounds.

SAR for antibacterial activity
The biological activity data resulted from the Agar dif-
fusion method and MIC assays was explained accord-
ing to the SAR and diagrammed as in Fig. 6. From the 
antimicrobial activity assessment`s results, we con-
cluded that the hybridization between the benzo[d]
thiazole moeity and each of N-phenylacetamide, 
N-(4-chlorophenyl)-acetamide and N-(3-carboxy-
phenyl)acetamide enhanced the antibacterial activ-
ity in the compounds 2a, 2c and 2e, respectively, that 
may be their electron rich nature. The introduction of 

Table 2 The optimized energy of the newly synthesized compounds 2a, 7a and 8 together with relative energies for reaction using 
B3LYP/6-311 +  + G (d, p) level of calculation

Total energy, H Total energy, H Relative energy, H Relative energy, kcal/mol

2a − 1506.444106 Reactant, 2a − 1506.444106

7a − 1430.001816 7a + water − 1506.460347 − 0.016240671 − 10.19118352

8 − 1218.762542 8 + Ph-NH2 − 1506.450273 − 0.006166797 − 3.869726786

Water − 76.45853077

Ph-NH2 − 287.6877311
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Fig. 4 The optimized geometry, numbering system, vector of dipole moment of the newly synthesized compounds (2a (A), 7a (B) and 8 (C)) using 
B3LYP/6-311 +  + G (d, p) level of calculation
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4-formylphenyl benzoate into the parent compound 
2a was the cause of the excellent antimicrobial growth 
as observed in 4m it may be reasoned for the benzo-
ate antibacterial activity [58]. The benzo[d]thiazole-
pyrazole derivative 6a exerted excellent antimicrobial 
activity that may be due to the presence of pyrazolyl 
moiety which known for enhancing the antibacterial 
activity [59] besides being electron rich ring. Similarly, 
the excellent antimicrobial activity of 11c and 11d may 

be due to the presence of p-tolyl and p-methoxy phe-
nyl moieties which are donating substitutions, also, the 
introduction of pyridone ring, proved to have antibac-
terial activity property [60], containing electron donat-
ing moiety such as amino group besides p-tolyl and 
p-methoxy phenyl moieties improved the antibacterial 
activity of the parent compound 2b that found inactive 
antibacterial agent.

(HOMO) -0.22673 H                               (LUMO) -0.08250 H
A

(HOMO) -0.22883 H                          (LUMO) -0.08301 H
B

(HOMO) -0.24073 H                          (LUMO) -0.09808 H
C

Fig. 5 Frontier molecular orbitals and Energy (Hartree) of the newly synthesized compounds 2a (A), 7a (B) and 8 (C) using B3LYP/6-311 +  + G (d, p) 
level of calculation
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In vitro DHFR inhibition assessment for 2c, 4m and 11c
The DHFR inhibition activity of the most active antibac-
terial candidates; 2c, 4m and 11c were tested in  vitro 
using trimethoprim as a reference drug. The obtained 

data are detailed with  IC50 in Table  5. The tested com-
pounds revealed potent inhibitory activity than tri-
methoprim except compound 11c. As displayed in 
Table  5, all the tested compounds showed effective 

Scheme 6 The pathway for formation of N-aryl aminopyridones 11a–f through method A and B
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DHFR activity inhibition with  IC50 values ranging from 
2.442 to 15.04 μM, relative to trimethoprim reference 
drug  (IC50 = 8.706 ± 0.455 μM). Compounds 2c and 
4m displayed excellent DHFR inhibitory activity with 
effective down regulation in the DHFR concentration 
 (IC50 = 3.796 ± 0.198 and 2.442 ± 0.128 μM, respectively), 
highly equipotent in compared to trimethoprim. Addi-
tionally, compound 11c’s efficacy was almost half that 
of trimethoprim against DHFR with  IC50 = 15.04 ± 0.785 
μM. Significantly, compound 4m proved to be the most 
effective derivative among the examined compounds in 

the assessment, with an  IC50 that was lower than the ref-
erence drug trimethoprim.

SAR for enzyme inhibition investigation
The SAR study has focused on the influence of occur-
rence of substitution of the parent acetamide 2 on its 
inhibitory activity against DHFR enzyme. The SAR dia-
gram describing the DHFR activity inhibition is dis-
played in Fig. 7. As mentioned in Table 5, the compound 
2c excreted excellent DHFR down regulation that may 
be due to the presence of N-(4-chlorophenyl) group in 
2c enhanced its inhibitory activity against DHFR about 

Table 3 Revealing IZD values for the tested compounds in the Gram-negative bacteria, Gram-positive bacterial and fungal strains 
measured in mm

Cpd. No. Gram-negative bacteria Gram-positive bacteria

E. coli K. pneumonia P. aeruginosa A. baumannii St. aureus St. mutans

St. Anti-biotic Gentamicin Gentamicin Gentamicin Tigecycline Ampicillin Ampicillin

27 ± 0.1 29 ± 0.5 32 ± 0.4 23 ± 0.4 29 ± 0.2 22 ± 0.1

2a 34 ± 0.5 34 ± 0.8 NA NA 31 ± 1 NA

2b NA NA NA NA NA NA

2c 35 ± 1 35 ± 1 36 ± 1 35 ± 1 28 ± 1 25 ± 1

2e 35 ± 1 36 ± 1 36 ± 1 36 ± 1 20 ± 1 NA

4a 11 ± 1 NA NA NA NA NA

4b NA NA NA 13 ± 1 NA NA

4c NA NA NA NA NA NA

4d 20 ± 1 20 ± 1 NA 15 ± 1 NA NA

4e NA NA NA NA NA NA

4f 25 ± 1.1 25 ± 1.1 20 ± 1 15 ± 1.1 25 ± 1.1 18 ± 1.1

4g 18 ± 1 NA NA NA NA NA

4i 20 ± 1 23 ± 1 NA 15 ± 1 12 ± 1 NA

4j NA NA NA NA NA NA

4k 22 ± 1.1 25 ± 1.1 20 ± 1 23 ± 1.1 25 ± 1.1 18 ± 1.1

4m 35 ± 1.1 35 ± 1.1 30 ± 1 35 ± 1.1 25 ± 1.1 28 ± 1.1

4n NA NA NA NA NA NA

4o NA 13 ± 1 NA 10 ± 1 NA NA

6a 20 ± 1 20 ± 1 23 ± 1 NA NA NA

6b NA 13 ± 1 NA 10 ± 1 NA NA

6c NA NA NA 13 ± 1 NA NA

6d NA 13 ± 1 NA 10 ± 1 NA NA

6e 31 ± 1 36 ± 0.8 NA NA 29 ± 0.5 NA

6g NA NA NA NA NA NA

6h NA NA NA 13 ± 1 NA NA

6i 18 ± 0.5 NA NA 19 ± 0.5 14 ± 1 15 ± 1

11a 18 ± 0.5 NA NA 19 ± 0.5 14 ± 1 15 ± 1

11b 19 ± 1 NA NA 15 ± 1 NA NA

11c 35 ± 1 36 ± 1 35 ± 1 35 ± 1 NA NA

11d 35 ± 1 23 ± 1 13 ± 1 10 ± 1 NA NA

11e NA NA NA NA NA NA

11f 17 ± 1.1 20 ± 1.1 16 ± 1 15 ± 1.1 20 ± 1.1 20 ± 1.1
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two-fold that of trimethoprim that may be due to the 
electron withdrawing effect exerted by N-(4-chlorophe-
nyl) group found in benzo[d]thiazole-acetamide 2c. For 

compound 4m, it was the most active DHFR enzyme 
inhibitor and more potent than trimethoprim and that 
may be reasoned for the presence of benzoyl benzoate 

Table 4 Revealing MIC values for the tested compounds in the Gram-negative and Gram-positive bacteria measured in µg/L

Cpd. No. Gram-negative bacteria Gram-positive bacteria

E. coli K. pneumonia P. aeruginosa A. baumannii St. aureus St. mutans

St. Antibiotic Gentamicin Gentamicin Gentamicin Gentamicin Ampicillin Ampicillin

31.25 62.5 31.25 31.25 62.5 62.5

2a 250 125 – 125 250 62.5

2c 31.25 31.25 31.25 31.25 31.25 31.25

2e 31.25 31.25 31.25 125 – –

4d 125 125 – 250 – –

4f 62.5 62.5 125 – – –

4i 125 125 – – – –

4k 125 62.5 125 31.25 62.5 –

4m 31.25 31.25 31.25 31.25 31.25 31.25

6a 62.5 62.5 125 – – –

6e – – – – – –

11c 31.5 31.5 31.5 31.5 – –

11d 31.5 62.5 – – – –

Fig. 6 the SAR diagram explains the antibacterial activity
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moiety (an electron withdrawing group) that improved 
its inhibitory activity about four-fold that of trimetho-
prim. As noted, the benzo[d]thiazole-N-arylpyridone 11c 
revealed effective inhibitory activity against DHFR but 
not as equipotent as trimethoprim that may be due to the 
presence of p-tolyl moiety which is an electron donating 
group, also, the hybridization between benzothiazole and 

pyridone caused improvement in the inhibitory activity 
(Fig. 7).

Computational studies
In silico toxicity potential by Osiris property explorer
All newly synthesized compounds have been checked 
for toxic effects because drug design considers a com-
pound’s potential toxicity such as mutagenic, tumori-
genic properties and skin irritants, besides their effect 
on the reproductive system via Osiris methodology 
[61]. The Osiris methodology is a prediction technique 
that relies on a precomputed set of structural fragments 
that, when present in the drawn structure, cause tox-
icity alerts. In addition to completely decomposing all 
compounds identified as active in a particular toxicity 
class (e.g., mutagenicity) in the RTECS database. Pre-
diction results are valued and color coded; green color: 
shows less toxic, orange color: shows mid toxic, red 

Table 5 Revealed data of inhibitory investigation of compounds 
2c, 4 m and 11c for DHFR enzyme using trimethoprim as a 
standard drug

Cpd. No. DHFR
IC50 (mean ± SD) μM

Trimethoprim 8.706 ± 0.455

2c 3.796 ± 0.198

4m 2.442 ± 0.128

11c 15.04 ± 0.785

Fig. 7 the SAR diagram explains the enzyme inhibition activity for 2c, 4m and 11c 
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color: shows high tendency of toxicity. The obtained 
results are detailed in Table 6. The results revealed that 
the majority of the synthesized compounds are safe as 
drug candidates. The compounds 2-(benzo[d]thiazol-
2-yl)-N-arylacetamides 2a–f showed good pharmaceu-
tical properties with no health hazards or toxic effects 
except 2d revealed the potential for medium risk in 

causing irritation as it containing chlorine atom at the 
ortho position in the phenyl moiety of the anilide, in 
addition being with no risk as tumor causing products, 
mutagenic agents or with reproductive effect. Also, the 
derivatives 4a–o found to be safe with excellent phar-
macochemical properties in all aspects. The benzo[d]
thiazole-pyrazole derivatives 6a–i exhibited no health 
hazards or toxic effects with good properties. In 

Table 6 Predicted toxicity risks and physicochemical properties obtained according to Osiris property explorer software

Green color: shows less toxic, orange color: shows mid toxic, red color: shows high tendency of toxicity

Comp. no Toxicity risks Solubility Drug-likeness Drug score TPSA

Mutagenicity Tumorgenicity Irritancy Reproductive 
effect

2a Green Green Green Green − 3.36 2.0 0.8 70.23

2b Green Green Green Green − 3.7 2.88 0.77 70.23

2c Green Green Green Green − 4.09 4.54 0.75 70.23

2d Green Green Orange Green − 4.83 4.31 0.5 70.23

2e Green Green Green Green − 3.37 2.83 0.82 107.5

2f Green Green Green Green − 2.62 3.97 0.91 96.01

4a Green Green Green Green − 4.72 2.22 0.56 70.23

4b Green Green Green Green − 4.74 3.43 0.57 79.46

4c Green Green Green Green − 4.75 5.18 0.56 88.69

4d Green Green Green Green − 5.45 3.98 0.45 70.23

4e Green Green Green Green − 5.06 2.44 0.5 70.23

4f Green Green Green Green − 5.08 3.63 0.5 79.46

4g Green Green Green Green − 5.1 5.41 0.49 88.69

4h Green Green Green Green − 5.8 4.17 0.4 70.23

4i Green Green Green Green − 5.45 4.63 0.46 70.23

4j Green Green Green Green − 5.47 5.8 0.45 79.46

4k Green Green Green Green − 5.49 7.5 0.43 88.69

4l Green Green Green Green − 6.19 5.98 0.35 70.23

4m Green Green Green Green − 6.19 4.13 0.31 96.53

4n Green Green Green Green − 6.53 4.34 0.27 96.53

4o Green Green Green Green − 6.92 6.44 0.24 96.53

6a Green Green Green Green − 6.23 5.97 0.32 88.05

6b Green Green Green Green − 6.25 5.88 0.31 97.28

6c Green Green Green Green − 6.97 6.9 0.25 88.05

6d Green Green Green Green − 6.59 6.05 0.27 97.28

6e Green Green Green Green − 6.92 5.93 0.25 88.05

6f Green Green Green Green − 7.31 7.02 0.22 88.05

6g Green Green Green Green − 6.97 8.22 0.25 88.05

6h Green Green Green Green − 7.31 6.66 0.22 88.05

6i Green Green Green Green − 7.7 8.77 0.2 88.05

11a Green Green Green Green − 6.1 1.74 0.48 111.2

11b Green Green Green Red − 6.12 1.9 0.27 120.4

11c Green Green Green Green − 6.45 − 0.29 0.32 111.2

11d Green Green Green Red − 6.46 − 0.14 0.19 120.4

11e Green Green Green Green − 6.84 1.54 0.37 111.2

11f Green Green Green Red − 6.86 1.67 0.21 120.4
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contrast, the N-aryl pyridone derivatives 11a–f, some 
of them showed toxicity in some aspects such as 11b, 
11d and 11f, while the rest of the derivatives revealed 
good properties (Table 6). The compound 11b, 11d and 
11f showed high risk on the reproductive system due 
to containing p-methoxy group attached to the phenyl 
moeity attached to pyridine ring.

Swiss ADME predictions of 2c, 4m and 11c
The most antibacterial active candidates 2c, 4m and 11c 
were subjected for more in silico studies using Swiss 
ADME free application (http:// www. swiss adme. ch). The 
ADME is mainly used in fields such as pharmacokinet-
ics and pharmacology. The four letter stands for descrip-
tors quantifying how a given drug interacts within body 
over time, that defines the compounds’ drug-likeness and 
consequently their medical chemical characteristics by 
establishing these assessments on their pharmacokinet-
ics, physicochemical properties, lipophilicity, and solubil-
ity. The data obtained from Swiss ADME application for 
2c, 4m and 11c was detailed in Table S1 (see Electronic 
supplemental file).

The absorption factor describes how a substance enters 
a tissue, which is typically through the circulation and 
frequently occurs through intestinal absorption, which 
occurs when mucous surfaces in the digestive tract absorb 
a component before the target cells absorb it. For that the 
compound`s solubility is an important factor that affects 
its absorption. From the revealed data, the water solu-
bility of these compounds found to be insoluble except 
2c, which is water moderately soluble. The number of 
rotatable bonds is low for 2c, 4m and 11c as the follow-
ing 4, 8 and 3, respectively, their molar refractivity equals 
83.43, 140.22 and 130.17 for 2c, 4m and 11c, respectively. 
The lipophilicity properties for 2c, 4m and 9c depends 
on calculating five factors ILOGP, XLOGP3, WLOGP, 
MLOGP and SILICOS-IT and they range from 2.68 to 
6.72. The compound 2c is found to be high gastrointes-
tinal absorption, while 4m and 9c were found to of low 
gastrointestinal absorption. Besides, Absorption critically 
determines how the compound can be administrated; 
either by oral intravenously or by inhalation administra-
tion. Compounds that absorb poorly when taken orally 
must be administered in some less desirable way, like 
intravenously or by inhalation, so that compound 2c can 
by administrated orally due to its high gastrointestinal 
absorption. Absorption critically determines the com-
pound’s bioavailability. The bioavailability  refers to the 
extent a substance or drug becomes completely available 
to its intended biological destination. The bioavailabil-
ity  score equals ≥ 0.55 is considered ideal and absorbed 
very well by the body [62], so compounds 2c, 4m and 11c 
are considered ideal drug from the absorption aspects 

as they have bioavailability  score equals 0.55. The Dis-
tribution factor is defined as the reversible transfer of a 
compound between one compartments to another. Some 
factors affecting drug distribution include regional blood 
flow rates, molecular size, polarity and binding to serum 
proteins, forming a complex. Distribution can be a seri-
ous problem at some natural barriers like the blood–
brain barrier. As noted from the obtained data, the TPSA 
for 2c is 70.23 Å2 and its molecular weight is lower than 
500 g/mol while that of 4m and 9c are 96.53 and 112.94 
Å2, respectively with molecular weights equal 476.55 and 
434.51 g/mol, respectively.

The drug’s breakdown is determined by the metabo-
lism factor since the chemical breaks down into metab-
olites as soon as it enters the body. That usually occurs 
in the liver by redox enzymes termed cytochrome P450. 
All the compounds 2c, 4m and 9c are cytochrome P450 
inhibitors leading to drug-drug interactions. According 
to Drug-likeness rules, compound 2 obeyed all the rules; 
Lipinski, Veber, Muegge, Ghose and Egan rules it showed 
no violation. The Lipinski rule states: MW less than 
500, no more than 5 hydrogen bond donors, no more 
than 10 hydrogen bond acceptors and A calculated Clog 
P that does not exceed 5. Compound 2c obeyed all the 
rules; Lipinski, Veber, Muegge, Ghose and Egan rules it 
showed no violation, while 4m obeyed Lipinski and Mue-
gge rules` parameters, it showed violations in other rules 
in compare to compound 9c it obeyed Lipinski, Mue-
gge and Ghose rules only. The synthetic accessibility for 
a compound was stated that the value equals 1 for syn-
thetic accessibility means it is very easy to obtain while 
the value equals 10 means it is very difficult to obtain. 
The synthetic accessibility for 2c, 4m and 9c are 2.48, 
3.55 and 3.66, respectively.

Conclusion
In this context, Novel N-arylacetamides 2a–f were syn-
thesized bearing benzo[d]thiazole moiety. The starting 
compounds 2a–c underwent Knoevenagel condensa-
tion through green synthetic method with different 
aromatic aldehydes and pyrazole-7- carbaldehydes 
delivered the respective arylidenes with efficient yields. 
The arylidenes 4 reacted with malononitrile to afford 
the corresponding N-arylpyridones 11a–i. Further-
more, 2a–c reacted with each of salicylaldehyde and 
5-arylazo salicylaldehydes giving the unexpected cou-
marins rather than the expected quinolin-5-ones. The 
structure of coumarin 8 was confirmed by DFT cal-
culations using basis set B3LYP/6-311 G +  + (d,p) to 
obtain the suitable geometrical structure with molecu-
lar orbitals` energies revealing its planar structure and 
its agreement with experimental data. The antibacte-
rial activity was investigated against different bacterial 

http://www.swissadme.ch
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strains revealing potent activity especially Gram-neg-
ative bacteria with excellent MIC value ranging from 
31.25 to 250  µg/L. Moreover, compounds 2c and 4m 
showed enzyme inhibition against dihydrofolate reduc-
tase in E. coli with greater potency  (IC50 for 2c = 3.796 
µM,  IC50 for 4m = 2.442 µM) than the standard anti-
biotic trimethoprim  (IC50 = 8.706 µM). Investigation 
of the physicochemical properties of the newly com-
pounds exhibited their better ADME properties that 
can be developed for the discovery of new antibacterial 
agents.
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