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Article 

In-silico based designing of benzo[d]thiazol-2-amine deriva-
tives as analgesic and anti-inflammatory agents 
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4 Drug Design Laboratory, School of Pharmaceutical Sciences, IFTM University, Moradabad, 244001, India 
5 School of Pharmaceutical Sciences, Delhi Pharmaceutical Sciences & Research University, New Delhi 110017 

* Correspondence: arun_azam@rediffmail.com 

Abstract: The synthesis of the presented benzo[d]thiazol-2-amine derivatives was performed by 
condensing-(4-chlorobenzylidene) benzo[d]thiazol-2-amine with a number of substituted phenols 
in the presence of potassium iodide and anhydrous potassium carbonate in dry acetone. IR spec-
troscopy, 1HNMRspectroscopy and spectroscopy methods were used to characterize the structural 
properties of newly synthesized derivatives. In order to observe the attributes of drug-like candi-
dates of these derivatives, number of their molecular properties was estimated. Benzo[d]thiazol-2-
amine derivatives were molecularly docked with selective enzymes COX-1 and COX-2. Findings 
suggested that Compounds G3, G4, G6, G8and G11 possess higher binding affinity than diclofenac 
sodium, when docking was performed with enzyme COX-1. Compounds G1, G3, G6, G8and G10 
showed lower binding affinity than Indomethacin when docking performed with enzyme COX-2.In 
vitro evaluation of the COX-1 and COX-2 enzyme inhibitory activities were performed for synthe-
sized compounds. Compounds 10 and 11 exhibited significant COX-1 and COX- enzyme inhibitory 
action with IC50 value of 5.0 and 10 µM, respectively. Using the hot plate method and the carragee-
nan-induced rat paw edema model, the synthesized compounds were screened for their biological 
activities, including analgesic and anti-inflammatory activities. Highest analgesic action was exhib-
ited by derivative G11and the compound G10 showed highest anti-inflammatory response. 

Keywords: Benzothiazole; Docking; Analgesic; Anti-inflammatory 

 

1. Introduction 

The availability of commercially important intermediate molecules, which are re-
quired for the synthesis of several classes of biologically active drugs, is greatly influenced 
by the benzo[d]thiazol-2-amine and its derivatives. Exploration of the synthesis of some 
new benzo[d]thiazol-2-amine, characterization, and their computational investigations, 
along with evaluation of their pharmacological activity, were taken into consideration as 
a crucial component of present research. 

Trauma, foreign bodies, and pathogens cause biochemical inflammation [1,2]. In ex-
treme cases of allergies, autoimmune illnesses, and organ rejection, inflammatory disor-
ders can be catastrophic. Chronic inflammation is implicated to many diseases, notably 
cardiovascular, cancer, diabetes, arthritis, Alzheimer's, pulmonary, and many others [3]. 
Non-steroidal anti-inflammatory drugs (NSAIDs) are analgesic, antipyretic, and anti-in-
flammatory [4]. NSAIDs impede cyclooxygenase (COX) production. COX, commonly 
known as prostaglandin H-synthase or prostaglandin endoperoxide synthase, is the rate-
limiting enzyme in prostanoid production. COX exists in two different isoforms, 
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cyclooxygenase-1 (COX-1) andcyclooxygenase-2 COX-2 [5]. COX-1, performs normal 
physiological activities in all tissues [6]. 

COX-2 transforms arachidonic acid of biological tissues to prostaglandins, promot-
ing cytokine inflammation [7,8]. In order to effectively treat pain and inflammation, new 
synthetic compounds are being sought. The present task has been carried out as a contin-
uation of the previous work. The commonly used drugs of the said NSAIDs class are as-
pirin [8], ibuprofen [9], naproxen [10], diclofenac sodium [11,12] and indomethacin [13]. 

The majority of NSAIDs work by reducing the activity of COX-1 and COX-2 to inhibit 
the production of prostaglandins and thromboxane. Nevertheless, blocking the COX-2 en-
zyme delivers the expected anti-inflammatory, analgesic, and antipyretic effects [14,15]. 
Considering the side effects of current anti-inflammatory compounds, new and potent 
compounds should be developed. Researchers are interested in benzo[d]thiazol-2-amine, 
bicyclic heterocycles with fused benzene, thiazole rings and electron-rich heteroatoms in-
cluding nitrogen and sulphur, due to their high pharmacological activity [16]. 

Particularly, benzo[d]thiazol-2-amine has a significant impact on medicinal chemis-
try and has already exhibited a wide spectrum of significant biological activities (Figure 
1). As a result, the synthesis of benzo[d]thiazol-2-amines may be quite interesting because 
of their powerful and important biological activities as well as their high medicinal value. 

 

Figure 1. Schematic representation of biological activities ofbenzo[d]thiazol-2-amine. 

2. Results and Discussion 
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2.1. Synthesis 

The efficient synthetic route for the synthesis of benzo[d]thiazol-2-amine derivatives 
is presented (Scheme 1). The key compoundN-(4-chlorobenzylidene) benzo[d]thiazol-2-
amine (A) was synthesized by substitution reaction of 2-aminobenzothiazole with 4-chlo-
robenzaldehyde in acetone. Finally,N-(4-chlorobenzylidene) benzo[d]thiazol-2-amine (A) was 
reacted with various substituted phenols in the presence of the anhydrous potassium car-
bonate and potassium iodide in dry acetone to obtain the synthetic derivatives, namely 
G1, G2, G3, G4, G5, G6, G7, G8, G9, G10, G11, G12 and G13. 

 

Where,R= H (G1), 2,5-CH3 (G2), 2-NO2 (G3), 3-OCH3 (G4), 4-Br (G5), 2-Cl (G6), 4-OCH3 (G7), 4-F (G8), 4-NO2 (G9), 4-CHO 
(G10), 3-C2H5 (G11), 4-Cl (G12), 3-CH3(G13) 

Scheme 1. Synthetic routes for accessing the synthesis of different benzo[d]thiazol-2-amine derivatives. Reagents and con-
ditions: a) Ethanol, glacial acetic acid, reflux,10h b) Substituted phenols, acetone, anhydrous potassium carbonate, potassium iodide, 
reflux, 21h. 

The structures of all the synthesized benzo[d]thiazol-2-amine derivatives were iden-
tified by IR, 1HNMR spectroscopy and Mass spectrometry. The physical characterization 
data of synthesized derivatives are presented in Table 1. Highest yield was obtained for 
G10. The structures of all synthesized compounds are presented in supplementary file. 
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Table 1. Physical characterization data of benzo[d]thiazol-2-amine derivatives. 

S. No. 
Compound 

Code 
R M.P (0C) 

Molecular 

formula 

Molecular 

weight 
% Yield Rf. Value 

1.  G1 H 140-142 C20H14N2OS 330.40 57.89 0.75 

2.  G2 2,5-CH3 120-122 C22H18N2OS 358.46 63.27 0.70 

3.  G3 2-NO2 132-134 C20H13N3O3S 375.40 59.58 0.65 

4.  G4 3-OCH3 128-130 C21H16N2O2S 360.43 55.35 0.80 

5.  G5 4-Br 145-147 C20H13BrN2OS 409.30 57.36 0.68 

6.  G6 4-Cl 85-87 C20H13ClN2OS 364.85 61.15 0.58 

7.  G7 4-OCH3 165-167 C21H16N2O2S 360.43 59.33 0.47 

8.  G8 4-Fl 173-175 C20H13FN2OS 348.39 52.61 0.53 

9.  G9 4-NO2 140-142 C20H13N3O3S 375.40 61.75 0.63 

10.  G10 4-CHO 160-162 C21H14N2O2S 358.4 64.33 0.77 

11.  G11 4-C2H5 110-112 C22H18N2OS 358.46 51.84 0.51 

12.  G12 2-Cl 138-140 C20H13ClN2OS 364.85 56.71 0.59 

13.  G13 3-CH3 122-124 C21H16ClN2OS 344.43 54.73 0.55 

2.2. Computational Evaluation 

To determine the drug-like candidate nature of synthesized compounds, the physi-
cochemical features of the compounds were assessed to predict the pharmacokinetic prop-
erties of the compounds (Table 2). 

Table 2. Physicochemical Properties of newly synthesized benzo[d]thiazol-2-amine compounds. 

CC MWa log P MRb SASc MSAd SEVe TPSAf MTIg WIh OVi HBAj HBDk nRBl 

G1 330.40 4.73 9.80 565.51 297.81 249.26 33.95 12531 1633 1.554 3 0 4 

G2 358.45 5.39 10.73 613.91 329.76 283.30 33.95 15477 2012 1.580 3 0 4 

G3 375.40 4.62 10.41 584.30 311.72 267.21 85.76 16057 2219 1.553 4 0 5 

G4 360.43 4.63 10.42 605.88 321.82 271.15 43.18 15371 2050 1.588 4 0 5 

G5 409.30 5.53 10.58 597.22 318.04 269.30 33.95 13546 1847 1.577 3 0 4 

G6 364.84 5.36 10.29 589.47 312.66 263.55 33.95 13546 1847 1.572 3 0 4 

G7 360.43 4.63 10.42 605.89 321.83 271.16 43.18 15611 2086 1.588 4 0 5 

G8 348.39 4.89 9.82 571.57 301.47 252.47 33.85 13546 1847 1.560 4 0 4 

G9 375.40 4.62 10.41 595.76 317.86 266.74 85.76 16705 2327 1.582 4 0 5 

G10 358.41 4.45 10.30 591.45 314.33 264.18 51.02 15565 2086 1.578 4 0 5 

G11 358.45 5.64 10.73 621.07 332.20 282.21 33.95 16045 2086 1.596 3 0 5 

G12 364.84 5.36 10.29 589.47 312.66 263.56 33.95 13546 1847 1.572 3 0 4 

G13 344.43 5.39 10.73 613.91 329.76 283.30 33.95 15477 2012 1.580 3 0 4 

Ind. 357.8 4.17 11.26 547.16 298.94 266.94 66.84 9936 1424 1.4910 3 1 5 
a Molecular Weight, b Molar refractivity, c Connolly solvent accessible surface area, d Connolly molecular surface area, e 
Connolly solvent excluded volume, f Topological polar surface area, g Molecular topological index, hWienner index, iOval-
ity, j Hydrogen bond acceptor, k Hydrogen bond donor, l Number of rotable bonds. 

All the synthesized compounds were found to have the log P values less than 5.6 and 
this shows a good solubility profile on the basis of log P, It be said that it can penetrate 
into lipid layer. All the compounds had nRB less than 10 signifying that these compounds 
may be suitable for oral bioavailability. It was observed that all synthesized compounds 
can permeate the cell because the calculated TPSA is less than 140 Å2in each case. The 
percentage solubility of the synthesized derivatives was calculated from % Absorption 
(ABS) and it was observed that all synthesized compounds have excellent solubility at 
85.94 to 97.28 %, there after these may exert excellent bioavailability. 

2.3. Screening through in silicoPharmacokinetics, drug likeness and toxicity parameters 

The findings of pharmacokinetics and toxicity study are presented in supplementary 
file. The risk of toxicity (in silico) measurable outcomes for the test derivatives (G1-G13) 
were evaluated and it was compared with reference drug. The findings suggested that the 
synthesized derivatives may be good at high doses or long-term therapeutic use. The out-
come of predicted toxicity parameters was complying with standard drugs. 
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2.4. Molecular Modeling Studies 

The important parameter as a result of molecular docking is binding energy. It offers 
us an idea of the interaction's strength and affinities between the ligand and the receptor. 
The interaction is weaker if there is the higher the binding energy. Therefore, whenever 
we do a docking study, we aim to find the ligand that exhibits the lowest binding energy 
and best affinity among the test compounds. Docking of COX-1 with benzo[d]thiazol-2-
amine  derivatives was performed in comparison to diclofenac sodium as control. Con-
trol group showed binding affinity of -7.4 kcal/mol. Compounds G3, G4, G6, G8 and G11 
showed higher binding affinity than control.  

Docking of COX-2 with benzo[d]thiazol-2-amine  compounds was done with indo-
methacin which served as the control. Control group showed binding affinity of -8.7 
kcal/mol. Compounds G1, G3, G6 and G10 showed lower binding affinity than control. 
Binding affinity of newly synthesized benzo[d]thiazol-2 amine derivatives and reference 
standard compounds are presented in Table 3. 

Table 3. Binding affinity of newly synthesized benzo[d]thiazol-2 amine derivatives and reference standard compounds. 

Compounds 
Binding affinity (kcal/mol) 

COX-1 COX-2 

Indomethacin  -8.7 

Diclofenac Sodium -7.4  

G1 -7.1 -8.5 

G2 -7.4 -8.1 

G3 -7.7 -8.2 

G4 -8.0 -8.2 

G5 -5.7 -7.4 

G6 -7.7 -8.3 

G7 -6.7 -7.3 

G8 -7.9 -8.4 

G9 -6.9 -7.0 

G10 -8.1 -8.6 

G11 -8.4 -7.3 

G12 -6.4 -7.9 

G13 -6.9 -6.5 

The hydrophobic interaction, hydrogen bond surface interactionand COX-1 complex 
of most significant synthesized compound (G11) benzo[d]thiazol-2 amine derivatives on 
COX-1 receptor are presented in Figure 2 a, 2 b and 2 c, respectively. 
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2 (a)The hydrophobic interactions surface for mol-
ecule G11 with COX-1. 

 

2(b)The hydrogen bond surfaces for mole-
cule G11 with COX-1. 

2(c )COX-1 complex with G11. 

 

Figure 2. (a, b,c). The hydrophobic interaction, hydrogen bond surface interaction and COX-1 complex of most significant 
synthesized compound (G11) benzo[d]thiazol-2 amine derivatives. 

The hydrophobic interaction, hydrogen bond surface interaction and COX-1 complex 
of most significant synthesized compound (G10) benzo[d]thiazol-2 amine derivatives on 
COX-2 receptor are presented in Figure 3 a, 3 b and 3 c,respectively. 
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3 (a)The hydrophobic interactions surface 
for molecule G10 with COX-2. 

 

3 (b)The hydrogen bond surfaces for mole-
cule G10 with COX-2. 

 

3 (c) COX-2 complex with G10. 

 

Figure 3. (a, b,c). The hydrophobic interaction, hydrogen bond surface interaction and COX-2 complex of most significant 
synthesized compound (G10) benzo[d]thiazol-2 amine derivatives. 

In order to find out drug likeness properties of the newly synthesized benzo[d]thia-
zol-2-amine derivatives, bioavailability radar graph of benzo[d]thiazol-2-amine deriva-
tives were drawn and the same is presented in supplementary file. 

2.5. In vitro Cyclooxygenase enzyme inhibitory activity 

Table 4 showed the results of In vitro Cyclooxygenase inhibitory activity. Diclofenac 
sodium and Indomethacin were used as a standard drug. Synthesized compounds G4, 
G10 and G11 demonstrated potent COX-1 inhibitory action with IC50 value of 13, 11 and 
10 µM but standard drug diclofenac sodium and indomethacin demonstrated IC50 value 
2.97 and 0.72 µM. Synthesized compounds G1, G8 and G10demonstrated potent COX-2 
inhibitory action with IC50 value of 7.0, 8.0 and 5.0 µM but standard drug diclofenac so-
dium and indomethacin demonstrated IC50 value 0.79 and 0.98 µM. 
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2.6. Acute toxicity  

According to OECD recommendations, rats were used to test the preliminary toxicity 
of all the synthesized compounds G1 to G13. All the synthesized compounds were found 
to be safe up to 1000 mg/kg b.w. Thus, 1/10th of highest tolerated dose (100 mg/kg), was 
used as a therapeutic dose for biological activity. No significant changes were found in 
body weight and results are presented in Table 5. Acute toxicity results showed that none 
of the newly synthesized derivatives are harmful and toxic by nature and these com-
pounds can be investigated further. 

Table 4. In vitro COX-1 and COX-2 enzyme inhibition data for the synthesized compounds. 
Compounds 

COX-1 

IC50 (µM) 

COX-2  

IC50 (µM) 

SI 

COX-1/COX-2 

Indomethacin 0.72 ±0.27 0.98±0.04 0.73 

Diclofenac Sodium 2.97 ± 0.03 0.79 ± 0.07 3.75 

G1 24±0.98 7.0±0.19 3.42 

G2 21±0.79 15±0.26 1.40 

G3 18±0.17 12±0.31 1.5 

G4 13±0.21 11±0.29 1.18 

G5 38±0.68 18±0.33 2.11 

G6 19±0.32 10±0.20 1.90 

G7 28±0.42 22±0.78 1.27 

G8 16±0.36 8.0±0.11 2.00 

G9 27±0.40 26±0.28 1.03 

G10 11±0.14 5.0±0.12 2.20 

G11 10±0.16 23±0.60 0.43 

G12 30±0.32 16±0.24 1.87 

G13 25±0.87 13±0.30 1.92 

All values are expressed as a mean of three replicates ± SD. Selectivity index = (COX-1 IC50/COX-2 IC50). 

Table 5. Effect of compounds on body weight. 

Group Doses                                    Body Weight 

  Initial day 7th day 14th day 

Control - 153.23 ± 3.02 158.02 ± 4.21 158.55 ± 5.61 

G1 1000 mg/kg 154.20 ± 4.03 ns 157.19 ± 4.34 ns 156.33 ± 4.84 ns 

G2 1000 mg/kg 155.21±5.17 ns 156.43±4.27 ns 157.12±5.04 ns 

G3 1000 mg/kg 154.36±3.73 ns 156.68±4.95 ns 157.24±5.36 ns 

G4 1000 mg/kg 153.21 ± 6.25 ns 155.25 ± 5.01 ns 156.41 ± 5.79 ns 

G5 1000 mg/kg 152.23 ± 3.25 ns 154.04 ± 4.23 ns 155.15±5.02 ns 

G6 1000 mg/kg 154.13 ± 3.51 ns 156.39 ± 4.72 ns 156.97±4.31 ns 

G7 1000 mg/kg 155.41 ± 4.14 ns 157.14 ± 4.14 ns 156.74±5.32 ns 

G8 1000 mg/kg 154.15 ± 3.68ns 156.35 ± 4.81 ns 158.14±5.03 ns 

G9 1000 mg/kg 155.84 ± 3.11 ns 157.15 ± 4.27 ns 159.11±4.72 ns 

G10 1000 mg/kg 152.27 ± 6.03 ns 159.69± 6.24 ns 160.16±6.07ns 

G11 1000 mg/kg 153.63 ± 5.71 ns 160.05 ± 4.74 ns 161.12±5.12 ns 

G12 1000 mg/kg 149.13 ± 2.03 ns 158.07 ± 4.31 ns 158.19±3.07 ns 

G13 1000 mg/kg 154.21 ± 6.95 ns 160.08 ± 5.84 ns 161.14±7.11 ns 

*ns- Not Significant,Body weight is presented as mean ± SD (standard deviation), n=6 each group, one-way Analysis of 
Variance (ANOVA) test was used,p value < 0.05 was considered statistically significant. 

2.7. Biological activity 

Hot plate method and carrageenan induced rat paw edema method were used to 
evaluate analgesic and anti-inflammatory activity at a dose of 100 mg/kg b.w. and Table 6 
showed the results of analgesic activity. Table 7presents the results of anti-inflammatory 
activity.  Diclofenac sodium and Indomethacin were used as a standard drug.  
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Table 6. The response of analgesic activity by hot plate method. 

Treatment Dose(mg/kg) b.w. 

Analgesic Response by hot plate method 

Reaction time in seconds (Mean ±SEM) 

0 m 60 m 120 m 180 m  240m 

Control (normal 

saline) 
5 ml/kg 2.39±0.23 2.46±0.17 2.43±0.21 2.45±0.18 2. ±0.22 

Diclofenac sodium 10  4.37±1.32** 
7.52±0.74*

** 

11.49±0.94**

* 
13.35±1.01*** 

10.28±0.93**

* 

G1 100 2.52±0.73 
5.22±0.67*

** 
8.32±0.75*** 9.41±0.88*** 8.29±0.67*** 

G2 100 2.55±0.81 
5.28±0.69*

** 
8.39±0.71*** 9.36±0.85*** 8.41±0.73*** 

G3 100 3.12±0.97* 
6.21±0.59*

** 
9.33±0.70*** 10.29±0.91*** 9.36±0.89*** 

G4 100 3.14±0.68 
6.42±0.61*

** 

10.11±0.72**

* 
11.37±0.97*** 8.39±0.91*** 

G5 100 2.55±0.83 
3.58±0.65*

* 
4.37±0.79 5.22±0.75 4.41±0.65** 

G6 100 3.15±0.96* 
6.19±0.61*

** 
9.21±0.73*** 10.11±0.93*** 9.25±0.90*** 

G7 100 3.35±0.71* 
4.48±0.79*

* 
5.36±0.95** 6.10±0.83*** 5.25±0.97** 

G8 100 3.32±0.65* 
6.28±0.60*

** 

10.10±0.71**

* 
11.14±0.95*** 8.30±0.90*** 

G9 100 2.45±0.88 
4.52±0.97*

* 
5.49±0.97** 6.23±0.85*** 5.48±0.98** 

G10 100 3.23±0.71* 
4.36±0.77*

* 
5.21±0.93** 5.84±0.81*** 5.19±0.68** 

G11 100 2.50±0.81 
7.34±0.69*

** 

10.28±0.72**

* 
12.46±1.02*** 9.28±0.91*** 

G12 100 2.57±0.83 
4.14±0.69*

* 
5.12±0.91** 5.37±0.79*** 4.63±0.65** 

G13 100 2.58±0.84 
3.63±0.63*

* 
4.89±0.79 5.62±0.73 4.26±0.65** 

Data are presented as mean ±SEM, n=6 each group, one-way Analysis of Variance (ANOVA) test was used,p value < 0.05 
was considered statistically significant. 

Table 7. Anti-inflammatory activity by Carrageenan induced rat paw edema method. 

Treatment 
Dose 

(mg/kg) b.w. 

% inhibition (1-Vt/Vc)×100 

0 m 60 m 120 m 180 m 240m 

Control 5 ml/kg ---- ---- ---- ---- ---- 

Indomethacin 10  0 68.81 72.63 74.36 69.27 

G1 100  0 59.56 63.89 67.21 64.84 

G2 100  0 58.11 62.29 65.42 63.11 

G3 100  0 58.29 62.43 65.71 63.49 

G4 100  0 57.16 61.49 63.76 62.81 

G5 100  0 56.37 60.22 62.46 60.87 

G6 100  0 58.89 62.77 66.10 63.82 

G7 100  0 55.51 59.45 60.83 58.11 

G8 100  0 59.23 63.11 66.77 64.29 

G9 100  0 49.53 52.37 55.17 53.83 

G10 100  0 63.71 64.51 67.88 65.29 

G11 100  0 55.42 59.12 60.22 57.52 

G12 100  0 57.10 61.32 63.41 62.33 

G13 100  0 50.24.53 52.89 56.38 54.86 

Anti-inflammatory response is presented as mean ± SD (standard deviation), n=6 each group, one-way Analysis of Vari-
ance (ANOVA) test was used,p value < 0.05 was considered statistically significant; m-Minutes. 
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Highest analgesic response was observed by derivative G11 having 4-C2H5 group in 
the phenyl ring and it showed reaction time ranging from 2.50±0.81-12.46±1.02whereas 
least analgesic response was demonstrated by derivative G5 bearing 4-Br group in the 
phenyl ring and it demonstrated reaction time ranging from 2.55±0.83-5.22±0.75at 100 
mg/kg b.w. Among the compounds tested for anti-inflammatory activity, compound 
G10was having 4-amino group demonstrated highest anti-inflammatory response which 
was 67.88% inhibition of edema but G9 having 4-NO2 group demonstrated lowest anti-
inflammatory action around 54.79% inhibition of edema at 120 m. 

The results suggested that the analgesic and anti-inflammatory activity reactions 
were because of good results in docking study. This shows that newly synthesized com-
pounds are having potential to inhibit COX-1 and COX-2 enzymes resulting into inhibi-
tion of the synthesis of PGs and therefore results into analgesic and anti-inflammatory 
response. 

2.7. Structure activity relationship (SAR) 
The literature-based data and on the basis of observations of present research, some 

points has been concluded on structure activity relationship by comparing the analgesic 
as well as anti-inflammatory response of synthesized derivatives (G1-G13).Based upon 
the findings of present work, Structure Activity Relationship of benzo[d]thiazol-2-amine 
derivatives is presented in Figure 4. 

 

Figure 4. Graphical presentation of SAR of synthesized derivatives. 

NSAIDshave been used to relieve pain by preventing the enzymes that make prosta-
glandins from being produced. However, it is clear that NSAIDs also have analgesic ef-
fects through a variety of additional peripheral and cerebral mechanisms in addition to 
peripheral reduction of prostaglandin synthesis. Analgesics are one of the most often used 
types of drugs for pain treatment.The existence of two structurally distinct cyclo-oxygen-
ase enzyme variants is well established (COX-1 and COX-2). COX-1 is present in healthy 
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cells by nature;however, COX-2 is produced by inflammatory cells. The most likely mech-
anism of action for NSAID-mediated analgesia is COX-2 inhibition, while the ratio of 
COX-1 to COX-2 inhibition by NSAIDs should indicate the likelihood of side effects 
[46,47,48].  

It has been suggested that a potential mechanism for efficient analgesic and anti-in-
flammatory actions is the inhibition of the COX-1 and COX-2 enzymes. Furthermore, 
docking investigations made the same clear. 

According to the findings of the current investiga-
tion, the basic ring of the newly synthesised derivatives, benzo[d]thiazol-2-
amine, has analgesic and anti-inflammatory properties. 

In previous work as reported by other researchers, different benzothiazole deriva-
tives were synthesized and tested for anti-inflammatory and analgesic activities.Structural 
activity data exhibited that substitution at the para position of the benzenesulphonamide 
and presence of electron rich NH or OH group enhanced the anti-inflammatory and anal-
gesic properties.Further, it was observed that N-(1,3-Benzothiazol-2-yl)-3-(1H-indol-2-yl)-2-
[N-(4-nitrobenzenesulfonyl)-1 phenylformamido]propenamide showed the highest anti-inflam-
matory and analgesic activitieswhen compared to indomethacin and celecoxib and also 
showed the highest binding energy against COX enzyme[49]. 

2-[[2-alkoxy-6-pentadecylphenyl)methyl]thio]-1H-benzimidazoles/benzothiazoles was syn-
thesized by Paramashivappaet al. and in a human whole blood trial, it was tested for its 
ability to block the COX-2 enzyme, whereas the more potent compounds were tested for 
their capability to block the COX-1 enzyme. This compound was found to be 384-fold 
more selective than COX-1, and compound 19 was found to be more than 470-fold more 
active[50]. 

After observing the results of this study, we can say that these synthesized deriva-
tives (G1-G13) could be developed and investigated as a novel class of analgesic and anti-
inflammatory agents. However, further thorough biological evaluation at the molecular 
level would be necessary to identify the valuable pharmacologically active molecules with 
the fewest side effects. 

3. Materials and Methods 

3.1. Chemicals  

2-aminobenzothiazole, 4-chlorobenzaldehyde, and other substituted phenols were 
procured from CDH Pvt. Ltd., New Delhi, and S.D. Fine, Mumbai, India. The synthetic 
strategy for the proposed research is presented in scheme 1. 

All the synthesized compounds were recrystallized from ethanol. The Thin Layer 
Chromatography (TLC) was used to check the purity of newly synthesized compounds. 
Ethyl acetate: hexane (1:1) was used as solvent system for same. The conventional method 
(open capillary tube method) was used to observe the melting point of intermediates of 
newly synthesized compounds. The results were recorded as uncorrected. The Fourier 
Transform Infrared (FTIR) spectrum was captured using an FTIR spectrophotometer 
(8400SS Shimadzu, Japan) using potassium bromide pellets method. The 1HNMR spec-
trum was recorded at 25 °C using a 500 MHz Bruker Avance III HD spectrometerin DMSO-
d6. As an internal standard, Tetramethylsilane (TMS) was used. The 1HNMR chemical 
shifts were recorded as parts per million (ppm) downfield from TMS. Shimadzu GCMS-
QP-2000 mass spectrometer was used to record the mass spectrum.  

3.2. Synthesis 

Synthesis of N-(4-chlorobenzylidene) benzo[d]thiazol-2-amine (A) 
Equimolar of 2-aminobenzothiazole and 4-chlorobenzaldehyde was dissolved in eth-

anol (100ml) in 250ml round bottom flask (RBF) and 4-5 drops of glacial acetic acid was 
added in this. The reaction mixture was refluxed for 10 h. The reaction mixture was cooled 
to room temperature and set aside overnight for precipitation. The precipitated com-
pounds were filtered, washed with water and recrystallized using ethanol. The reaction 
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mixture was concentrated and filtered. Yellow colored product was obtained which was 
dried at room temperature. Then, melting point and TLC were observed. 

M.P: 90-920C; Rf. Value: 0.74; IR (KBr) cm-1: 1488 (C-C Str. Aromatic), 1596 (C=C Str. 
Aromatic), 3054 (C-H  Str. Aromatic), 1728 (C=N Str.), 1342 (C-N  Str.), 718 (C-Cl Str.); 
1HNMR (500 MHz) (ppm): 8.56 (s, 1H, CH), 8.17 (d, J = 10 Hz, 1H, benzothiazole), 7.99 (d, 
J = 5.14 Hz, 1H, benzothiazole), 7.75 (d, J = 4 Hz, 2H, Ar-H), 7.53 (t, J = 6.73 Hz, 2H, benzo-
thiazole), 7.51 (d, J = 9.0 Hz, 2H, Ar-H); 13CNMR (500MHz) 121.3, 121.5, 124.3, 125.1, 125.5, 
148.42, 174.3 (C, Benzothiazole), 159.83 (CH), 128.70, 128.73, 129.85, 130.10, 133.31, 135.32 
(C, Ar-C.); MS (FAB) [M+1]+:(m/z) 273.01 

General procedure for synthesis of Benzo[d]thiazol-2-amine derivatives 

Equimolar of A and various substituted phenols were dissolved in 125 ml dry acetone 
in 250ml RBF. Thenequimolarof anhydrous potassium carbonate was added in reaction 
mixture and potassium iodide was added. The reaction mixture was refluxed for 21 h. 
After the completion of reaction, the reaction mixture was cooled and subjected to freeze 
overnight for precipitation. The reaction mixture was concentrated, filtered, washed with 
water and dried. Then, melting point and TLC was performed. In the reaction procedure, 
different phenols were used which resulted into newbenzo[d]thiazol-2-amine  deriva-
tivesnamely G1-G13. 

(E)-N-(4-Phenoxybenzylidene) benzo[d]thiazol-2-amine (G1) 
IR (KBr) cm-1:3115 (C-H Aromatic), 1651 (C=N), 1613 (C-N), 1505 (C-C Str. Aromatic), 

1482 (C=C Str. Aromatic), 1261 (C-S), 1128 (C-O str.); 1HNMR (500 MHz) (ppm): 8.53 (s, 
1H, CH), 8.15 (d, J = 9.96 Hz,1H, benzothiazole), 7.98 (d, J = 5.37 Hz, 1H, benzothiazole), 
7.87 (d, J = 4.12 Hz, 2H,.), 7.52 (t, J = 6.49 Hz, 2H, benzothiazole), 7.39 (d, J = 7.0 Hz, 2H,Ar-
H), 7.21 (d, J = 7.5 Hz,2H, Ar-H), 7.18 (d,J = 8.27 Hz, 2H, Ar-H), 7.15  (t, J = 9.0 Hz,1H, Ar-
H), 13CNMR (500MHz) 121.42, 121.60, 124.33, 125.21, 125.49, 148.53, 174.50 (C, 
Benzothiazole), 159.98 (CH), 117.12, 117.57, 118.52, 118.63, 120.83, 128.65, 128.75, 129.80, 
129.92, 130.15, 156.49, 158.37 (C, Ar-C.);MS (FAB) [M+1]+:(m/z) 331.08 

(E)-N-(4-(2,5-Dimethylphenoxy) benzylidene) benzo[d]thiazol-2-amine (G2) 
IR (KBr) cm-1:3112 (C-H Aromatic), 1649 (C=N), 1614 (C-N), 1507 (C-C Str. Aromatic), 

1485 (C=C Str. Aromatic), 1264 (C-S), 1130 (C-O str.); 1HNMR(500 MHz) (ppm): 8.53 (s, 
1H, CH), 8.16 (d, J = 9.98 Hz,1H, benzothiazole), 7.96 (d, J = 5.71 Hz,1H, benzothiazole), 
7.87 (d, J = 4.15 Hz,2H, Ar-H.), 7.51 (t, J = 6.43 Hz,2H, benzothiazole), 7.89 (d, J = 5.0 Hz,2H, 
Ar-H), 6.84 (d, J = 8.0 Hz,1H, Ar-H), 2.34 (s, 6H, CH3); 13CNMR (500MHz) 121.39, 121.55, 
124.37, 125.29, 125.53, 148.46, 174.57 (C, Benzothiazole), 159.95 (CH), 117.09, 117.51, 118.49, 
118.57, 120.78, 128.67, 128.71, 129.83, 129.95, 130.16, 156.51, 158.32(C, Ar-C.), 15.21 (CH3), 
21.22 (CH3); MS (FAB) [M+1]+:(m/z) 359.11 

(E)-N-(4-(2-Nitrophenoxy) benzylidene) benzo[d]thiazol-2-amine (G3) 
IR (KBr) cm-1:3115 (C-H Aromatic), 1651 (C=N), 1617 (C-N), 1501 (C-C Str. Aromatic), 

1479 (C=C Str. Aromatic), 1303 (N-O Str.), 1259 (C-S), 1128 (C-O str.); 1HNMR(500 MHz) 
(ppm): 8.58 (s, 1H, CH), 8.21 (d,J = 7.50 Hz,  1H, Ar-H.), 8.17 (d, J = 9.50 Hz, 1H, 
benzothiazole), 8.10 (d, J = 5.50 Hz, 1H, benzothiazole), 7.89 (d, J = 4.35 Hz, 2H, Ar-H), 7.76 
(t, J = 6.50 Hz, 2H, Ar-H), 7.72 (d, J = 1.50 Hz, 1H, Ar-H), 7.50 (t, J = 4.98 Hz, 2H, 
benzothiazole), 7.20 (d, J = 5.0 Hz, 2H, Ar-H); 13CNMR (500MHz) 121.33, 121.54, 124.31, 
125.22, 125.49, 148.43, 174.52 (C, Benzothiazole), 159.83 (CH), 117.31, 117.53, 118.43, 118.52, 
120.65, 128.71, 128.73, 129.79, 129.98, 130.19, 149.63, 159.28 (C, Ar-C.); MS (FAB) 
[M+1]+:(m/z) 376.05 

(E)-N-(4-(3-Methoxyphenoxy) benzylidene) benzo[d]thiazol-2-amine (G4) 
IR (KBr) cm-1:3119 (C-H Aromatic), 1655 (C=N), 1619 (C-N), 1509 (C-C Str. Aromatic), 

1481 (C=C Str. Aromatic), 1262 (C-S), 1130 (C-O str.); 1HNMR(500 MHz) (ppm): 8.56 (s, 
1H, CH), 8.16 (d, J = 9.0 Hz, 1H, benzothiazole), 8.11 (d, J = 5.25 Hz, 1H, benzothiazole), 
7.90 (d, J = 4.45 Hz, 2H, Ar-H), 7.52 (t, J = 6.0 Hz, 2H, benzothiazole), 7.18 (d, J = 5.50 Hz, 
2H, Ar-H); 7.14 (t, J = 7.50 Hz, 1H, Ar-H), 6.35 (t, J = 4.58 Hz, 1H, Ar-H), 6.31 (d, J = 5.0Hz, 
1H, Ar-H), 6.21 (d, J = 1.5 Hz, 1H, Ar-H), 3.81 (s, 3H, OCH3),  13CNMR (500MHz) 121.28, 
121.49, 124.28, 125.19, 125.46, 148.39, 174.55 (C, Benzothiazole), 160.31 (CH), 117.30, 117.52, 
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118.40, 118.57, 120.59, 128.67, 128.75, 129.81, 129.92, 130.17, 157.65, 159.28 (C, Ar-C.), 55.31 
(C, OCH3); MS (FAB) [M+1]+:(m/z) 361.08 

(E)-N-(4-(4-Bromophenoxy) benzylidene) benzo[d]thiazol-2-amine (G5) 
IR (KBr) cm-1:3114 (C-H Aromatic), 1653 (C=N), 1616 (C-N), 1510 (C-C Str. Aromatic), 

1475 (C=C Str. Aromatic), 1260 (C-S), 1132 (C-O str.), 705 (C-Br Str.); 1HNMR(500 MHz) 
(ppm): 8.50 (s, 1H, CH), 8.13 (d,J = 9.25 Hz,  1H, benzothiazole), 8.02 (d, J = 5.34 Hz, 1H, 
benzothiazole), 7.88 (d, J = 4.36 Hz, 2H, Ar-H), 7.55 (d, J = 6.5 Hz, 2H, Ar-H), 7.50 (t, J = 7.0 
Hz,2H, benzothiazole), 7.46 (d, J = 6.0 Hz, 2H, Ar-H), 7.20 (d, J = 7.05 Hz, 2H, Ar-H), 
13CNMR (500MHz) 121.29, 121.50, 124.31, 125.24, 125.51, 148.47, 174.61 (C, Benzothiazole), 
159.88 (CH), 117.29, 117.49, 118.43, 118.54, 120.48, 128.63, 128.71, 129.84, 129.96, 130.13, 
157.62, 159.30 (C, Ar-C.); MS (FAB) [M+1]+:(m/z) 410.99 

(E)-N-(4-(4-Chlorophenoxy)benzylidene)benzo[d]thiazol-2-amine (G6) 
IR (KBr) cm-1:3116 (C-H Aromatic), 1655 (C=N), 1618 (C-N), 1512 (C-C Str. Aromatic), 

1478 (C=C Str. Aromatic), 1259 (C-S), 1129 (C-O str.), 705 (C-Cl Str.); 1HNMR (500 MHz) 
(ppm): 8.58 (s, 1H, CH), 8.14 (d, J = 9.33 Hz,  1H, benzothiazole), 7.95 (d, J = 4.98 Hz, 1H, 
benzothiazole), 7.90 (d, J = 4.45 Hz, 2H, Ar-H), 7.55 (d, J = 6.0 Hz, 2H, Ar-H), 7.50 (t, J = 7.09 
Hz, 2H, benzothiazole), 7.41 (d, J = 6.12 Hz, 2H, Ar-H), 7.20 (d, J = 7.10 Hz, 2H, Ar-H),  
13CNMR (500MHz) 121.27, 121.55, 124.34, 125.29, 125.54, 148.43, 174.57 (C, Benzothiazole), 
159.79 (CH), 117.26, 117.45, 118.38, 118.50, 120.46, 128.57, 128.73, 129.88, 129.94, 130.21, 
157.58, 159.42 (C, Ar-C.); MS (FAB) [M+1]+:(m/z) 365.05 

(E)-N-(4-(4-Methoxyphenoxy) benzylidene) benzo[d]thiazol-2-amine (G7) 
IR (KBr) cm-1:3120 (C-H Aromatic), 1650 (C=N), 1615 (C-N), 1514(C-C Str. Aromatic), 

1469 (C=C Str. Aromatic), 1250 (C-S), 1125 (C-O str.); 1HNMR (500 MHz) (ppm): 8.55 (s, 
1H, CH), 8.12 (d, J = 9.12 Hz,  1H, benzothiazole), 7.90 (d, J = 4.50 Hz, 1H, benzothiazole), 
7.88 (d, J = 7.5 Hz, 2H, Ar-H), 7.53 (d, J = 6.25 Hz, 2H, Ar-H), 7.49 (t, J = 7.05 Hz, 2H, 
benzothiazole), 6.97 (d, J = 7.42 Hz,2H, Ar-H),  3.85 (s, 3H, OCH3); 13CNMR (500 MHz) 
121.39, 121.48, 124.45, 125.19, 125.73, 148.62, 174.46 (C, Benzothiazole), 159.83 (CH), 113.85, 
114.32, 117.11, 117.39, 119.46, 128.32, 128.69, 129.83, 129.91, 131.21, 154.32, 158.76 (C, Ar-
C.), 54.82 (C, OCH3); MS (FAB) [M+1]+:(m/z) 361.08 

(E)-N-(4-(4-Fluorophenoxy) benzylidene) benzo[d]thiazol-2-amine (G8) 
IR (KBr) cm-1:3119 (C-H Aromatic), 1658 (C=N), 1621 (C-N), 1515 (C-C Str. Aromatic), 

1477 (C=C Str. Aromatic), 1255 (C-S), 1131 (C-O str.), 687 (C-F Str.); 1HNMR(500 MHz) 
(ppm): 8.57 (s, 1H, CH), 8.11 (d, J = 10 Hz,  1H, benzothiazole), 8.01 (d, J = 5.0 Hz,  1H, 
benzothiazole), 7.90 (d, J = 7.0 Hz,2H, Ar-H), 7.52 (t, J = 6.50 Hz,2H, benzothiazole), 7.43 
(d, J = 7.0 Hz, 2H, Ar-H), 7.20 (d, J = 7.45 Hz, 4H, Ar-H); 13CNMR (500 MHz) 121.40, 121.51, 
124.39, 125.23, 125.78, 148.65, 174.51 (C, Benzothiazole), 159.76 (CH), 113.71, 114.29, 117.19, 
117.42, 119.53, 128.35, 128.62, 129.78, 129.95, 131.24, 154.36, 158.51 (C, Ar-C.);MS (FAB) 
[M+1]+:(m/z) 349.08 

(E)-N-(4-(4-Nitrophenoxy)benzylidene)benzo[d]thiazol-2-amine (G9) 
IR (KBr) cm-1:3116 (C-H Aromatic), 1653 (C=N), 1612 (C-N), 1507 (C-C Str. Aromatic), 

1472 (C=C Str. Aromatic), 1305 (N-O Str.), 1251 (C-S), 1129 (C-O str.); 1HNMR (500 MHz) 
(ppm): 8.57 (s, 1H, CH), 8.21 (d, J = 9.98 Hz,  2H, Ar-H),  8.17 (d, J = 7.0 Hz,  1H, 
benzothiazole), 8.02 (d, J = 5.12 Hz,  1H, benzothiazole), 7.89 (d, J = 7.5 Hz, 2H, Ar-H), 7.49 
(t, J = 6.25 Hz, 2H, benzothiazole), 7.21 (d, J = 7.25 Hz,4H, Ar-H); 13CNMR (500 MHz) 121.38, 
121.54, 124.37, 125.26, 125.69, 148.77, 174.56 (C, Benzothiazole), 159.68 (CH), 113.66, 114.31, 
117.23, 117.45, 119.48, 128.39, 128.59, 129.72, 129.89, 131.27, 154.39, 158.48 (C, Ar-C.);MS 
(FAB) [M+1]+:(m/z) 376.05 

(E)-4-(4-((Benzo[d]thiazol-2-ylimino) methyl) phenoxy) benzaldehyde(G10) 
IR (KBr) cm-1:3118 (C-H Aromatic), 1656 (C=N), 1618 (C-N), 1510 (C-C Str. Aromatic), 

1475 (C=C Str. Aromatic), 1257 (C-S), 1125 (C-O str.); 1HNMR (500 MHz) (ppm): 9.85 (s, 
1H, CHO), 8.52 (s, 1H, CH), 8.17 (d, J = 9.75 Hz,  1H, benzothiazole), 7.99 (d, J = 5.25 Hz,1H, 
benzothiazole), 7.89 (d, J = 7.75 Hz, 2H, Ar-H), 7.46 (t, J = 6.50 Hz, 2H, benzothiazole), 7.21 
(d, J = 7.0 Hz, 2H, Ar-H), 6.79 (d, J = 5.50 Hz, 2H, Ar-H), 6.71 (d, J = 7.0 Hz, 2H, Ar-H); 
13CNMR (500 MHz) 121.29, 121.59, 124.28, 125.21, 125.65, 148.69, 174.48 (C, Benzotriazole), 
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159.65 (CH), 113.71, 114.42, 117.31, 117.48, 119.46, 128.41, 128.53, 129.69, 129.85, 131.23, 
154.33, 158.51 (C, Ar-C.); MS (FAB) [M+1]+:(m/z) 359.06 

(E)-N-(4-(4-Ethylphenoxy)benzylidene)benzo[d]thiazol-2-amine (G11) 
IR (KBr) cm-1:3114 (C-H Aromatic), 1652 (C=N), 1614 (C-N), 1509 (C-C Str. Aromatic), 

1481 (C=C Str. Aromatic), 1260 (C-S), 1129 (C-O str.); 1HNMR (500 MHz) (ppm): 8.58 (s, 
1H, CH), 8.18 (d, J = 9.83 Hz,  1H, benzothiazole), 8.01 (d, J = 5.50 Hz,  1H, benzothiazole), 
7.91 (d, J = 8.0 Hz, 2H, Ar-H), 7.50 (t, J = 6.75 Hz, 2H, benzothiazole), 7.35 (d, J = 4.50 Hz, 
2H, Ar-H), 7.25 (d, J = 7.25 Hz,2H, Ar-H), 6.98 (d, J = 6.0 Hz, 2H, Ar-H); 2.55 (s, 2H, CH2), 
121 (s, 3H, CH3); 13CNMR (500 MHz) 121.31, 121.60, 124.31, 125.23, 125.68, 148.65, 174.41 
(C, Benzothiazole), 159.52 (CH), 113.51, 114.46, 117.38, 117.51, 119.62, 128.43, 128.55, 
129.63, 129.80, 131.28, 154.29, 158.48 (C, Ar-C.), 28.11 (C, CH2), 14.23 (C, CH3); MS (FAB) 
[M+1]+:(m/z) 359.10 

(E)-N-(4-(4-Chlorophenoxy) benzylidene) benzo[d]thiazol-2-amine (G12) 
IR (KBr) cm-1:3119 (C-H Aromatic), 1655 (C=N), 1618 (C-N), 1514 (C-C Str. Aromatic), 

1471 (C=C Str. Aromatic), 1264 (C-S), 1135 (C-O str.), 708 (C-Cl Str.); 1HNMR(500 MHz) 
(ppm): 8.57 (s, 1H, CH), 8.15 (d, J = 10 Hz,  1H, benzothiazole), 7.93 (d, J = 7.95 Hz, 1H, 
benzothiazole), 7.88 (d, J = 8.25 Hz, 2H, Ar-H), 7.53 (d, J = 6.50 Hz,2H, Ar-H), 7.48 (t, J = 7.0 
Hz,2H, benzothiazole), 7.38 (d, J = 7.50 Hz, 2H, Ar-H), 7.18 (d, J = 7.25 Hz, 2H, Ar-H),  
13CNMR (500 MHz) 121.27, 121.63, 124.38, 125.29, 125.75, 148.59, 174.39 (C, Benzothiazole), 
159.61 (CH), 113.42, 114.53, 117.42, 117.55, 119.58, 128.46, 128.52, 129.66, 129.83, 131.32, 
154.26, 158.46 (C, Ar-C.); MS (FAB) [M+1]+:(m/z) 365.03 

(E)-N-(Benzo[d]thiazol-2-yl)-1-(4-(m-tolyloxy) phenyl) methanimine (G13) 
IR (KBr) cm-1:3111 (C-H Aromatic), 1643 (C=N), 1617 (C-N), 1501 (C-C Str. Aromatic), 

1480 (C=C Str. Aromatic), 1265 (C-S), 1132 (C-O str.); 1HNMR(500 MHz) (ppm): 8.55 (s, 
1H, CH), 8.18 (d, J = 9.50 Hz,  1H, benzothiazole), 7.93 (d, J = 7.83 Hz, 1H, benzothiazole), 
7.83 (d, J = 8.0 Hz, 2H, Ar-H), 7.52 (t, J = 6.25 Hz, 2H, benzothiazole), 7.05 (d, J = 4.50 Hz, 
1H, Ar-H), 7.20 (d, J = 7.25 Hz, 2H, Ar-H), 6.89 (d, J = 5.0 Hz, 1H, Ar-H), 6.75 (d, J = 4.0 
Hz,1H, Ar-H); 1.23 (3H, CH3); 13CNMR (500 MHz) 121.19, 121.58, 124.41, 125.32, 125.68, 
148.54, 174.35 (C, Benzothiazole), 159.58 (CH), 113.45, 114.48, 117.36, 117.58, 119.53, 128.39, 
128.55, 129.61, 129.78, 131.30, 154.32, 158.53 (C, Ar-C.), 21.33 (C, CH3);  MS (FAB) 
[M+1]+:(m/z) 359.11 

3.3. Computational Study 

The computational evaluation of all the synthesized compounds and reference stand-
ard compounds (Indomethacin) was done using the softwares Chem3D Ultra versions 
12.0 and 16.0. Some of the important molecular metrics that were calculated includes e.g., 
log P, molecular weight, hydrogen bond acceptor, hydrogen bond donor, total polar sur-
face area, number of rotatable bonds, molar refractivity,connolly molecular surface and 
connolly solvent accessible surface area.Findings of physicochemical properties and mo-
lecular metrics of all the newly synthesized benzo[d]thiazol-2-amine derivatives are pre-
sented in Table 2. 

3.4. Screening through in silicoPharmacokinetics, drug likeness and toxicity parameters 

Other than physicochemical properties, some features including parameters of phar-
macokinetics (Insilco method) drug likeness and toxicity were determined also. The phar-
macokinetic parameters were determined through in-silico method to determine Absorp-
tion, Distribution, Metabolism, Excretion and Toxicity (ADMET), which provided an idea 
of the therapeutic efficacy of the newly synthesized compound. Since a long time, phar-
macokinetic properties of newly synthesized derivatives have been predicted using their 
physicochemical properties [30]. Compound percentage solubility was obtained using 
percent ABS=109–0.345TPSA [31]. In the present research work, pharmacokinetics and 
toxicity parameters were determined using SwissADME and OSIRIS property explorer 
(SwissADME; Osiris Property Explorer). Carcinogenicity, mutagenicity, 
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reproductive/developmental toxicity, and skin irritating effects of synthesized com-
pounds were screened to evaluate the toxicity. 

3.5. Molecular Modeling Studies 

The synthesizedbenzo[d]thiazol-2 amine derivatives (G1-G13) were molecularly 
docked using AutoDockVina software into the human COX-1 and COX-2 enzyme and the 
findings were compared to the results of diclofenac sodium and Indomethacin, which 
have already been known to have potentCOX-1 and COX-2 inhibitory activity. Each syn-
thesized derivatives were subjected to docking. By observing the inhibition values to-
wards COX-1 and COX-2 enzymes, the anti-inflammatory and analgesic effects of these 
newly synthesized benzo[d]thiazol-2 amine derivatives were evaluated. 

COX-1 and COX-2 multi-chain protein crystal structures with PDB IDs 2OYU and 
1PXX were obtained from the protein data bank (PDB). The docking method involved the 
use of a single chain-A. Molecules with two-dimensional (2D) structures were drawn us-
ing the ChemDraw/ChemSketch editor. The structural geometry of the 2D (.mol file for-
mat) structures was further tuned for the lowest energy state before being translated to a 
3D structure. Finally, pdb files for stable 3D structures were saved. Docking was done 
following the creation of “pdb” files for both the protein structures and ligand molecules. 
For docking, Chain-A of the complete protein structure was taken into account. Multiple 
poses of each ligand with negative binding affinity values in kilocalories per mole 
(kcal/mol) unit wererecorded by each docking experiment. The optimal docked position 
at the binding site of individual target was determined by accessing best fitting docking 
pose with the highest negative binding affinity value.The results were determined by us-
ing Discovery studio (BIOVIA, Discovery Studio Modeling Environment, 2017[32]. 

Diclofenac sodium has been reported for inhibiting COX-1 and COX-2 both whereas 
literature suggests that Indomethacin has preferential COX-2 inhibition activity. This was 
the rationale behind selecting Indomethacin and diclofenac sodium as standard drug for 
present research work.  

3.6. In vitro Cyclooxygenase enzyme inhibitory activity 

The potential of the synthetic compounds G1 to G13, as well as diclofenac sodium 
and indomethacin as standard drug, to inhibit human COX-1 and COX-2 enzymes in 
terms of IC50(µM) was screened. The human COX-1 and COX-2 inhibitor screening kit was 
used for the said purpose. All the synthesized compounds were dissolved in dimethyl 
sulfoxide (DMSO) and a mixture of COX-1 or COX-2 enzyme (10 µl), heme (10 µl) and 
samples (20 µl) were added to the supplied reaction buffer solution (160 µl, 0.1 M Tris–
HCl), pH 8 containing 5 mMEthyleneDiamine Tetra Acetate (EDTA) and 2 mM phenol and 
were incubated for 10 m at 37 ̊ C. This was followed by the addition of arachidonic acid 
(10 µl, final concentration in reaction mixture 100 µM) to initiate the reaction, after 2 m, 
The COX reactions were stopped using stannous chloride (30 µl) followed by incubation 
for 5 m at room temperature. This was followed by quantification of PGF2αformed in the 
samples by COX reactions by Enzyme-Linked ImmunoSorbent Assay (ELISA). Following 
itstransfer to a 96-well plate, the plate was incubated with samples for 18 h at room tem-
perature. After incubation, the plate was washed to remove any unbound reagent and 
then Ellman’s reagent (200 µl), containing acetyl cholinesterase, was added and incubated 
at room temperature for 60–90 m until the absorbance of Bo (maximum binding) well is in 
the range 0.3–0.8 A.U. at 410 nm. The plate was then read by an ELISA plate reader. By 
comparing sample treatment incubations to control incubations, the IC50 values of inhibi-
tion against both COX-1 and COX-2 enzymes were determined [33]. 

3.7. Biological Evaluation 

3.7.1. Experimental Animals 

For analgesic and anti-inflammatory activities, mature albino rats (150-180 g) of both 
sexes were procured from the Institutional Animal House, IFTM University, Lodhipur-
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Rajput, Moradabad, India. Rats were kept in polypropylene cages at a temperature of 25±2 
°C and a relative humidity of 45±55%. Prior to beginning the experiment, all of the rats 
spent a week in becoming used to lab conditions. These rats were given free access to 
water and conventional animal diet. The Committee of IAEC as per guidelines from for 
Control and Supervision of Experiments on Animals (CPCSEA) of the Government of In-
dia, New Delhi reviewed, examined and approved the experimental protocols with Reg. 
No. 837/PO/ReBiBt/S/04/CPSCEA/38. 

3.7.2. Preparation of Test Compounds 

All the newly synthesized benzo[d]thiazol-2-amine derivatives and the standard 
drugs (diclofenac sodium and indomethacin) were used to prepare a suspension in 1% 
Tween 80. Animals of control group received 1 ml of tween 80 suspension orally. 

3.7.3. Acute Toxicity Study 

The acute toxicity study was conducted in accordance with recommendations made 
by the Organization for Economic Co-operation and Development (OECD) (OECD 2000). 
There were 90 animals, which were divided into 15 groups of 6 animals each (n=6). Ani-
mals were dosed with 10, 20, 100, 200, and 1000 mg/kg body weight (b.w) test compounds 
orally on the first day of the toxicity estimation. For three hours, the animals were sepa-
rated and observed to check for any typical behavioral, neurological, or autonomic re-
sponses. With a difference of every 30 m, the assessment was continued for 24 hours or 
until the animals died. Relative body weight was also calculated to find out any adverse 
effect due to dosing of synthesized compounds. 

3.8.1. Evaluation of Analgesic Activity 

3.8.1.1. Eddy’s Hot Plate Method 

The Eddy's hot plate method was used to assess the analgesic activity of all freshly 
synthesizedbenzo[d]thiazol-2-amine derivatives [34,35].Total fifteengroups; each group 
with 6 animals (n=6) was selected. The hot plate that was used in this research work con-
tained a shell that was heated by electricity and kept at a constant 55°C±1°C. Separate 
animals were placed on the hot plate, and a stopwatch was used to record the duration it 
took for any paw jumping or licking to occur. To prevent paw harm, the maximum limit 
of analgesic response of 15 s was used. As a standard drug, diclofenac sodium (10 mg/kg) 
was given. After the drug administration, the reaction time for each animal was noted at 
0, 60, 120, 180 and 240 m.  

3.9. Anti-inflammatory Activity 

3.9.1.1. Carrageenan induced rat paw edema method 

By using the carrageenan-induced rat paw edema method, all the newly synthesized 
benzo[d]thiazol-2-amine derivatives were assessed for their ability to reduce inflamma-
tion in experimental rats [36]. There were fifteen groups of six animals each (n=6). For 
comparison, Indomethacin (10 mg/kg b.w.) was used as the reference drug especially. 
Acute inflammation was induced by injecting the aqueous suspension of carrageenan (1%, 
w/v, 0.1 ml) in the right hind paw in the sub plantar region of each rat after 1 h after oral 
administration of the benzo[d]thiazol-2-amine derivatives and Indomethacin to the test 
groups and standard drug treatment group, respectively. To make the readings easier, a 
marking for identification was put on the leg. 

The paw volume was calculated plethysmometrically at 0, 60, 120, 180 and 240 m 
after the injection of carrageenan. The formula used to calculate the % Inhibition was as 
follows-  

%Inhibition = 100(1–Vt/Vc) 
Where Vt= mean change in paw volume of treated rats 

Vc= mean change in paw volume of control rats. 
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4. Conclusions 

Through this present work, we attempted for the synthesis, pharmacological assess-
ment, computational studies and in–silicostudy of synthesized benzo(d)thiazole-2-amine 
derivatives as analgesic and anti-inflammatory agents. The designed and synthesized de-
rivatives were effectively and well characterized by spectral data such as IR Spectroscopy, 
1HNMR Spectroscopy and Mass Spectrometry. Docking study concluded good of newly 
synthesized compounds interaction with COX-1 and COX-2 enzyme. In silico studies con-
cluded all the synthesized derivatives with assuring results, mainlyG11[(E)-N-(4-(4-
ethylphenoxy) benzylidene) benzo[d]thiazol-2-amine]as analgesic compound and the com-
pound G10[(E)-N-(4-(4-aminophenoxy) benzylidene) benzo[d]thiazol-2-amine]as anti-inflam-
matory agent, however, further clinical studies require to be doing to reconfirm and 
proved the obtained results. In vitro evaluation of theCOX-1 and COX-2 enzyme inhibitory 
activities was performed and finding suggested that compounds G10 and G11 arepos-
sessing effective COX-1 and COX- inhibitory action with IC50value of 5.0 and 10 µM, re-
spectively.These findings concluded that the synthesized derivatives G10 and G11 
showed promising analgesic and anti-inflammatory effect and these may be subjected to 
further clinical investigation for establishing this as a promising compound for human-
kind. 
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