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ABSTRACT: A series of novel N1-alkyl/aryl-N5-(1, 3-benzothiazol-2-yl)-1, 5-biurets were synthesized, 

characterized by 
1
HNMR, IR and elemental analysis. Synthesized molecules were screened for antimicrobial 

activity against some of the gram +ve and gram –ve bacterias and with t some of the fungal strains. Among the 

synthesized compounds 7d, 7g and 7h showed good activity and rest of the compounds showed moderate 

antibacterial and antifungal activity compared to standard dugs. 
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I. INTRODUCTION 
Emerging and re-emerging infectious diseases have left us facing a counter charge from infections. 

Infections with drug resistant organisms remain an important problem in clinical practice that is difficult to 

solve. Thus there is a abruptly growing global crisis in the clinical management of severe infectious disease, 

which demands for the discovery and development of novel antimicrobial leads with high efficacy.[1-2]  

Benzothiazoles found to be most interesting biophore in research because it is used as a synthon for the 

synthesis of bioactive structures.[3] It is present in compounds involved in research aimed at evaluating new 

products that possess interesting biological activities such as anticancer activity,[4] antioxidant activity,[5] 

antiviral activity,[6] antimicrobial activity.[7] Benzothiazoles are an extremely important part of compounds 

that occur widely as biologically active natural products, as well as in the form of marketed drugs or drug 

candidates. The feasible positions for substitution group at C-2 position exhibit various pharmacological 

activities such as antimicrobial activity, [8-9]
 
antitubercular activity, [10-11] Raf-1 inhibitor.[12] 

In this scenario, 2-aminobenzothiazole represent an important benzene fused thiazole bicyclic ring 

scaffolds which have been reported with a wide range of pharmaceutical and agrochemical applications. A 

number of 2‐aminobenzothiazoles have shown wide range of biological activity such as antibacterial activity, 

[13-16] antidiabetic activity, [17] antifungal activity, [18] antihelmenetic activity, [19] antiimflamatory activity, 

[20
 
]

 
antimicrobial activitity. [21-26]

 

On the other hand, Several urea derivatives are associated with diverse pharmaceutical applications 

such as diuretics, [27] antagonists of human vanilloid VR1 receptors, [28] anti-tuberculosis agents, [29] anti-

melanoma agents, [30] potent inhibitors of influenza virus neuraminidase, [31]  HIV-1 protease inhibitors, [32] 
 

anti-hyperglycemic agents, [33] and as inhibitors of  Murine receptor A and Murine receptor B. [34]
 

In continuation of our research work of heterocyclic conjugation, we have synthesized novel biurets by 

the conjugation of heterocyclic 2-amino benzothiazole with monosubstituted urea by considering the above 

mentioned biological importance of 2-aminobenzothiazole and substituted urea. 

 

II. MATERIALS AND METHODS: 
All chemicals ammonia, monomethylamine, benzyl amine, ethylamine, propylamine, butylamine, 

cyclohexylamine, TEA, DCM and other chemicals were purchased from s, d-fine chemicals, Merck, India. 

Methyl, ethyl, propyl urea and urea etc.  were procured from sigma Aldrich. All the solvents used for the 

synthesis and analysis were of analytical grade. TLC was carried out on precoated silica gel plates prepared in 

laboratory using silica gel. 
1
H NMR spectra were obtained on a 400 MHz Bruker FT-NMR spectrometer 

instrument using DMSO as solvent and TMS as an internal standard.  Elemental analysis was obtained by using 

VARIO EL III CHNS Elementar.  
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2.1 General procedure for the preparation of 6-Substituted-1, 3-benzothiazol-2-amine. [35]
 

A mixture of aniline (0.95g, 0.01 M) and potassium thiocyanate (0.97g, 0.01 M) in glacial acetic acid 

(20 mL) was cooled and stirred. To this solution bromine (4.95g, 0.01 M) was added from dropping funnel at 

such a rate that the temperature does not rise beyond 0
o
C. After all the bromine has been added, the solution 

was stirred for an additional 2hr at 0
o
C. It was allowed to stand for overnight during which period an orange 

precipitate settled at the bottom, water (6 mL) was added quickly slurry was heated at 85
o
C on steam bath and 

filtered hot. The orange residue was placed in a reaction flask and treated with 10 mL of glacial acetic acid, 

heated again to 85
o
C and filtered in hot. The combined filtrate was cooled and neutralized with concentrated 

ammonia solution to p
H
-6, when dark yellow precipitate was appeared and recrystallized from benzene to obtain 

the 6-substituted-1, 3-benzothiazol-2- amine. 

 

2-amino-1, 3-benzothiazole 

Yield - 82%; M. P. 127-128
O
C; IR (KBr): γ max cm

-1
 3410, 3252.5, 3040.5, 1645.7, 1535, 1462, 1319.5, 1102; 

1 

HNMR (60 MHz, CDCl3, δ ppm): δ7.65-7.55 (m, 4H, Ar-H), 5.55-5.71 (S, 2H, -C-NH2). 

 

2.2 General procedure for synthesis of N1-alkyl/aryl-N5-6-(substituted-1, 3-benzothiazol-2-yl)-1, 5-biurets. 

[36]
 

Solution of 2-aminobenzothiazole (0.01mmol) and pyridine (2.47mmol) in dry THF (10 mL) stirred at 

0
0
 C in an ice bath. The mixture was stirred for 0.5 h. phenyl chloroformate (0.015mmol) was added drop wise 

at such a rate to keep the temperature below 10
0
C. The reaction was stirred at room temperature for 5-6hr and 

filtered. The white to light yellow solid was collected and washed with DCM to obtain crude benzothiazol-2-yl-

carbamate (80-90%). 

A mixture of mono N-substituted urea (0.013mmol) and sodium hydride (5mmol) stirred for 30 mins 

and then a solution of crude benzothiazol-2-yl-carbamate (0.01mmol) in dry THF was added. The mixture was 

refluxed for 10-12hr before cooling to r. t. and concentration to about 1/3 of the initial volume on rotavapor. 

Hexane was added to the residue and the obtained precipitate was collected by filtration under reduced pressure 

to yield the crude product. When necessary, the isolated material was purified chromatography on silica gel 

with CHCl3–EtOAc as the eluent. 

 

S

N
NH

NH

O NH

O R
NH2

KSCN, 10% glacial acetic acid

Br2, 0 0C S

N
NH2

1.Phenylchloroformate 

Pyridine, dry THF, 0 0C-r t

2. Monosubstituted urea, NaH, 

dry THF, 0 0C- reflux

R = CH3, CH3 CH2,CH3(CH2)2,CH3(CH2)3, (CH3)3C, Ph, CH2Ph.

5 6 7(a-h)

 

Scheme: Synthesis of N1-alkyl/aryl-N5-6-(substituted-1, 3-benzothiazol-2-yl)-1, 5-biurets. 

 

Table-1.0: Physical characterization data of N1-alkyl/aryl-N5-(1, 3-benzothiazol-2-yl)-1, 5-biurets.  
 

Entry 

 

R 

 

Yield 

(%) 

 

Molecular 

formula 

       Elemental analysis (%) 

Calculated (found) 

 

1HNMR (DMSO, δ ppm) 

 

C 

 

H 

 

N 

 

S 

7a CH3- 85 C10H10N4O2S 47.90 

(47.73) 

4.25 

(4.93) 

22.45 

(22.55) 
 

12.71 

(13.01) 

7.44-8.4(m, 4H, ArH-Bz), 5.4(2H, NH, 

urea), 9.5(s, 1H, NH, imide), 3.1(d, 2H, 
αCH2, NHCONH), 2.9(t, 3H, CH3). IR 

(KBr, cm- 1): 3414 (N-H), 2972 (C-H), 

1616 C=C), 1149 (C-N), 1755 (C=O). 

7b CH3CH2- 90 C11H12N4O2S 51.68 
(53.10) 

5.80 
(5.85) 

20.90 
(19.93) 

11.82 
(11.25) 

7.40-8.35(m, 4H, ArH-Bz), 5.6(s, 2H, 
NH, urea), 9.2 (s, 1H, NH, imide), 

3.1(s, 2H, αCH2, NHCONH), 2.9(q, 

2H, βCH2), 1.1(t, 3H, βCH3).IR (KBr, 
cm-1): 3445 (N-H), 2990 (C-H), 1630 

(C=C), 1119 (C-N), 1710 (C=O). 

7c CH3(CH2)2- 89 C12H14N4O2S 51.45 
(51.60) 

5.75 
(6.05) 

19.98 
(20.50) 

11.44 
(11.50) 

7.41-8.30(m,4H, ArH-Bz), 5.1(s, 2H, 
NH, urea), 9.3(s, 1H, NH, imide), 3.3 

(s, 2H, αCH2, 

NHCONH),3.4(q,2H,αCH2),1.7(q,2H,β
CH2), 1.1(t, 3H, γCH3). IR (KBr, cm-1): 

3420 (N-H),2980(C-H),1620 (C=C), 
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1155 (C-N), 1735 (C=O). 

7d CH3(CH2)3- 90 C13H16N4O2S 

 

53.04 

(53.45) 

6.16 

(7.05) 

19.03 

(19.35) 

10.89 

(11.12) 

7.33-8.39 (m, 4H, ArH-Bz), 5.55 (2H, 

NH, urea), 9.0 (IH, NH, imide), 3.0(t, 

2H, αCH2, NHCONH), 3.35(q, 2H, 
αCH2), 1.45(m, 2H, βCH2), 1.3 (m, 2H, 

γCH2), 1.05(t, 3H, δCH3). 

IR(KBr, cm-1): 3410 (N-H),2960(C-H), 
1610(C=C), 1140(C-N), 1720 (C=O).. 

7e (CH3)3C- 90 C13H16N4O2S 53.04 

(53.75) 

6.16 

(6.30) 

19.03 

(19.15) 

10.89 

(11.25) 

7.40-8.42(m, 4H, ArH-Bz), 5.6(2H, 

NH, urea) 9.1(IH, NH, imide), 3.2(t, 
2H, αCH2, NHCONH), 1.42(s, 9H, 

CH3). IR (KBr, cm- 1): 3415(N-H), 

2970(C-H), 1605(C=C), 1155 (C-N), 
1755 (C=O). 

7f 

 

85 C15H18N4O2S 56.23 

(57.25) 

6.29 

(6.50) 

17.49 

(18.25) 

10.35 

(10.51) 

7.35-8.47(m,4H,ArH-Bz), 

5.4(2H,NH,urea)9.2(IH, 

NH,imide),3.3(t,2H,αCH2,NHCONH),

1.25.45(m,10H,CH2),3.45(m, 

1H,αCH). IR (KBr, cm-1): 3420(N-H), 
2960 (C-H), 1590 (C=C),1120(C-N), 

1150(C-C), 1470 (C=C), 1740 (C=O). 

7g 

 

88 C15 H12N4O2S 57.31 
(57.35) 

4.49 
(4.60) 

17.82 
(16.99) 

10.30 
(10.50) 

7.45-8.5(m, 5H, ArH-Bz), 5.4(s, 1H, 
NHCO, urea), 9.5(s, 1H, 

NHCONH,imide),5.6(s,1H,NHCONH)

, 7.1-7.55(m, 5H, ArH). IR (KBr, cm- 

1): 3450(N-H),2950(C-H),1580(C=C), 

1160(C-N), 1729(C=O).  

7h 

 

83 C16H14N4O2S 58.52 
(57.95) 

4.91 
(5.15) 

17.06 
(17.25) 

9.76 
(9.85) 

7.45-8.45(m,5H,ArH-Bz),5.45(s, 1H, 
NHCO, urea), 9.7(s, 1H,NHCONH, 

imide), 

5.62(s,1H,NHCONH),4.55(s,2H,αCH2, 
Benzyl),  7.12-7.35(m, 5H, CH2-Ar), 

IR (KBr, cm-1): 3455(N-H), 2960 (C-

H), 1590(C=C), 1195(C-N), 1749 
(C=O). 

 

2.3 Antibacterial assay 

General method for antibacterial assay:  

The antibacterial assay was carried out against gram +ve  and  gram -ve bacteria by following the 

procedure of  Perez. C et al., [37] with slight modifications. 

In vitro antibacterial assays were performed against Staphylococcus aureus, Escherichia coli, 

Klebesiella pnemoniae and Pseudomonas auregenosa by using agar well diffusion method. The bacterial strains 

were cultivated in Muller-Hinton broth and the inocculum concentration was adjusted by the method of mid-

logarithmic phase (OD 600=0.5). The molten media was prepared by adding Muller-Hinton agar in sterile 

distilled water and autoclaved for 1 hr. The autoclaved molten media was poured into pre-sterilized 90 mm 

petriplate and allowed to solidify. Then, the media was scooped out at the center by using 8 mm sterilized cup-

borer and inocculum were spread over the media and 50 μL of stock solution of compounds (10 µg/well) was 

added to the well made in the petriplate and kept for 3-4 days at 37 
0
C. All the synthesized compounds were 

tested in triplicate; Streptomycin was used as positive control and DMSO as negative control. The zone of 

inhibition was measured in mm and presented in Table-2.0. 

 

2. 4  Antifungal activity: 

General method of antifungal assay:  

The antifungal activities of the synthesized compounds were evaluated by following the procedure of 

Singh. I et al 
 
[38]

 
with slight modifications.  

 In vitro antifungal assays were performed against Aspergillus niger, Aspergillus flavus and Fusarium 

monoliforme by using agar well diffusion method. The fungal cultures were raised by growing on PDA media 

of pH 7.4 for six days at 25 
0
C. The spores were harvested in sterilized normal saline (0.9 % NaCl in distilled 

water) and its concentration was adjusted to 1 x 10
6
/ml with a Haemocytometer. The autoclaved molten media 

(20mL) was poured in to each 90 mm sterilized petriplate and allowed to solidify. To study the growth response 

of fungi species, 0.4 mL of the synthesized compounds (10 µg/mL) was poured in to each plate and spreaded 

uniformly over the agar media. A volume of 10 µl spore suspension was poured in to the small depression made 

at the center of the plate and kept for 6 days at 25 
0
C. After six days of incubation, the plates were observed and 

compared with their respective controls. The fungicidal activity of the synthesized compounds was assessed by 

comparing the zone of fungal growth in treated plates with that of control plates in mm and the results are 

presented in Table-3.0. 
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Table-2.0: Antibacterial activity of synthesized biurets: 
Compoundsa 

 

Inhibitory Zone (diameter) mmb 

Staphylococcus aureus Escherichia coli Pseudomonas auregenosa Klebesiella pneumoniae 

7a 06 06 07 07 

7b 07 08 07 06 

7c 07 08 08 07 

7d 09 08 07 08 

7e 07 06 07 06 

7f 07 06 07 06 

7g 09 08 09 09 

7h 10 07 08 07 

Streptomycin 13 11 10 11 
 

a
 Concentration of compounds and reference drug: 10 µg/well. 

b 
Values are mean of three determinations, the ranges of which are less than 5% of the mean in all cases. 

 

Table-3.0: Antifungal activity synthesized biurets: 

 

a
 Concentration of compounds and reference drug: 10 µg/well. 

b 
Values are mean of three determinations, the ranges of which are less than 5% of the mean in all cases. 

 

III. RESULTS AND DISCUSSION: 
We have synthesized a novel N1-substituted-(6-substituted-1.3-benzothizol-2-yl)-N5-(N1-substitutedurea) 

biurets.  The product obtained was characterized by TLC, elemental analysis and 
1
H NMR. The synthesized 

compounds were screened for antimicrobial activitity. 

 

3.1 Structural activity relationship. 

3.1.1 Antibacterial activity: 

All the synthesized Compounds were tested against strains of gram +ve and gram -ve bacteria such as 

Staphylococcus aureus, Klebesiella pneumoniae, Pseudomonas auregenosa and Escherichia coli. Streptomycin 

was used as positive control and DMSO as a negative control. The concentration used for both test compounds 

and that of standard remains the same.  Among all the synthesized compounds, compounds with long carbon 

chain in substituted urea and phenyl ring showed better activity over the other compounds. The presence of 

these helps the molecule to interact/penetrate more with cell membrane of the microorganisms thereby 

inactivating them. 

 

3.1.2 Antifungal activity: 

All synthesized Compounds were tested against fungal strains such as Aspergillus niger, Aspergillus 

flavus and Fusarium monoliforme. Nystatin was used as positive control and DMSO as a negative control. 

Among all the synthesized compounds, compounds with long carbon chain in substituted urea and phenyl ring 

showed better activity over the other compounds, the other compounds in the series showed mild to moderate 

antifungal activity. Here also the factors explained under antibacterial activity equally holds good.  

 

 

 

 

Compoundsa 

 

Inhibitory Zone (diameter) mmb 

Fusarium  monoliforme Aspergillus  niger Fusarium  monoliforme 

7a 05 05 05 

7b 06 05 06 

7c 063 06 06 

7d 07 06 07 

7e 06 05 04 

7f 06 05 05 

7g 07 06 07 

7h 08 07 08 

Nystatin 11 09 11 
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IV. CONCLUSION 
In an effort to discover a novel antimicrobials agents, among the synthesized biuret derivatives, some 

of the compounds with long carbon chain and phenyl ring in urea moiety in biuret deivatives showed equipotent 

antimicrobial and antifungal activity with the conventional antimicrobial drugs and others showed moderate to 

mild activity and these can be considered as novel antimicrobial agents.  

REFERENCES 
[1]. Coleman K. (2004) “Recent advances in the treatment of gram-positive infections” Drug Discov. Today Ther. Strateg., 1(4), pp. 

455-460. 

[2]. Cramer R. D, Patterson D. E, Bunce J. D. (1988) “Comparative molecular field analysis (CoMFA). Effect of shape on binding of 

steroids to carrier proteins.” J Am. Chem. Soc, 110, pp. 5959–5967. 
[3]. Agarwal S, Kalal P, Gandhi D, Prajapat P, (2018) “Thiazole containing Heterocycles with CNS activity”   

Curr Drug Discov Technol. 15(3), pp. 178-195. 
[4]. Wang, X. Shi, J. Wang et al, (2011) “Synthesis, structure-activity relationships and preliminary antitumor evaluation of 

benzothiazole-2-thiol derivatives as novel apoptosis inducers” Bioorg. Med. Chem. Lett., 21(4), pp.  1097–1101. 

[5]. Tzanova. T, Gerova. M, Petrov. O, Karaivanova. M, and Bagrel. D. (2008) “Synthesis and antioxidant potential of novel synthetic 

benzophenone analogues,” Eur. J. Med. Chem., 44(6), pp. 2724-2730. 

[6]. Srinivasan R.N, Gary A De C, Daniel P.G, Hwang Fun Lu, et  al., (2003) “Discovery of novel benzothiazolesulfonamides as potent 

inhibitors of HIV-1 protease,” Bioorg Med Chem, 11(22), pp. 4769-4777. 
[7]. Pramod K. Sahu, Praveen K. Sahu, Jaggi Lal, D. Thavaselvam & D. D. Agarwal (2012) “A facile green synthesis and in vitro 

antimicrobial activity 4H-pyrimido[2,1-b][1,3]benzothiazole derivatives using aluminum trichloride under solvent free conditions, 

Med. Chem. Res. vol 21, pp. 3826–3834. 
[8]. S. D Srivastava & J P Sen, (2008) “Synthesis & biological evaluation of 2-aminobenzothiazole derivatives” Indian J. Chem. 

Vol.47B, pp. 1583-1586. 

[9]. Mitesh H. M, Shailesh J.P and Geetaben C. D. (2011) “Synthesis of some heterocyclic compounds and studies of their 
antimicrobial efficacy” J. Chem. Pharm. Res. 3(4), pp. 831-837. 

[10]. Sibaji Sarkar (2018) “Design, synthesis, and evaluation of antitubercular activity of a novel benzothiazole-containing an 

azetidinone ring” Istanbul J Pharm, 48 (2), pp.  28-31,  
[11]. Sibaji Sarkar (2017), “Synthesis, characterization and biological evaluation of some benzothiazole containing azetidinone 

derivatives,” Int. Res. J. Pharm. 8 (7), pp. 30-34. 

[12]. Eun Young. S, Navneet Kaur, Mi-Young P, Yinglan Jin, (2008) “Synthesis of amide and urea derivatives of benzothiazole as Raf-1 
inhibitor”  Eur. J. Med. Chem.43(7), pp. 1519-24. 

[13]. Prabodh C. S, Ankit. J, Mohammad S. Y, Rakesh Pahwa, Jasbir Singh, Preeti Chanalia, (2017) “Novel fluoroquinolone derivatives 

bearing N-thiomide linkage with 6-substituted-2- aminobenzothiazoles; Synthesis and antibacterial evaluation” Arab. J. Chem. 10, 
pp. S568–S575. 

[14]. Mahesh B.. P,   Aniket P. G. Hampannavar Mahamadhanif S.S, Harun M. Patel , Ashish M. Kanhed, (2017) "Design, synthesis and 

QSAR studies of 2-amino benzo[d]thiazolyl substituted pyrazol-5-ones: novel class of promising antibacterial agents” Med Chem 
Res. 26. 

[15]. Manoj N. B, Mayuri A. B, Hitesh B. Parmar and Hitesh D. Patel. (2015) ”Synthesis and Characterization of novel N-

(benzo[d]thiazol-2-yl)-2-(2-(6-chloroquinolin-4-yl)hydrazinyl)acetamide derivatives containing Quinoline linkage as potent 
antibacterial agents” Int. lett. chem. phys. astron. Vol. 53 pp. 114-121. 

[16]. Madhu T, Mahendra B, Prashant K, Ravikant, Rashmi Pareekand,  Arun Pareek (2019) “Antibacterial activity and greener method 

of synthesis of heterocyclic compounds incorporating benzothiazole moiety using ionic liquid as solvent “ 12 ( 3) , pp. 1294 – 
1297.  

[17]. Hermenegilda Moreno-Dı´az, Rafael Villalobos-Molina, Rolffy Ortiz-Andrade (2008) “Antidiabetic activity of N-(6-substituted-

1,3- benzothiazol-2-yl)benzenesulfonamide” Bioorg. Med. Chem. Lett. 18, pp. 2871–2877.  
[18]. Akhilesh Gupta (2018), “Synthesis of C-6 Methyl Substituted Benzothiazole Derivatives and Antifungal Activity against 

Aspergillus Niger” Theranostics of Respiratory & Skin Diseases. pp. 36-40. 

[19]. Munirajshekhar, M Himaja and Mali sunil V, (2011) “Synthesis and antihelmintic activitiy of 2-amino-6-substituted 
benzothiaozles. International journal of pharmacy, 2(1), pp. 114-117. 

[20]. Shashank. D, VIshawanth. T, Arif Pasha. Md,  Blasubramaniam. V, Nagendra. A, Perumal. 5, Suthakaran. R, (2009) “Synthesis of 

some substituted benzothiazole derivaties and its biological activities” International Journal of Chem. Tech. Research 1(.4), pp 
1224-1231. 

[21]. Alang G, Kaur G, Kaur R, Singh A, Tiwari R (2010) “Synthesis, Characterization, and Biological Evaluation of certain 6-methyl-

2(3H)-benzo-1, 3-thiazolyl-1'-ethylidene-2-(o, p-Substituted Acetophenones) Hydrazine Analogs” Journal of Young Pharmacists, 2 
(4), pp.394-398. 

[22]. Padmavathi P. Prabhu, Sushant S. Pande, Rahul N. Dubey, and T. Panneer Selvam ,Syed Aamir. (2012) “Synthesis and 

antimicrobial activity of novel 2-amino Benzothiazole derivatives” Journal of Pharmacy Research, 5(7), pp.3830-3833. 
[23]. S. Baluja , K. Bhesaniya, R. Talaviya, (2013).”Synthesis And Biological Activities Of Fluoro Substituted Benzothiazole 

Derivatives” International Journal of Chemical Studies, Vol. 1( 2), pp. 28-33. 

[24]. Rajinder Kumar, Uday Kalidhar, Amandeep Kaur and Puneet Kaur, (2012) “Synthesis, Spectral Studies and Biological Evaluation 
of Schiff Base Derivatives of Benzothiazole for Antimicrobial Activity, Research Journal of Pharmaceutical, Biological and 

Chemical Sciences, Volume 3(4),  pp. 847-848. 
[25]. Manoj Kumar T, Aakash Kumar, Anuj Garg (2017), “Synthesis Characterization and Antimicrobial Studies of New Novel 

Derivatives of 2-Amino-6-Methylbenzothiazole” International Journal of Innovative Research in Science, Engineering and 

Technology Vol. 6(3), pp.4239-4244. 
[26]. Surbhi V Upadhyay, Raksha V Zala and Keyur D Bhatt, (2020) “Synthesis, Characterization and Biological Screening of Schiff 

bases derived from 4, 6-difluoro-2-amino Benzothiazole,” Med & Analy Chem Int J, 4(1), 000157. 

[27]. V. Papesch E. F., (1951) “Synthesis of 1-moko- and 1,3-di-bubstituted 6-aiciinouracils. Diuretic activity” J. Org. Chem., 16, pp. 
1879-1890. 

[28]. McDonell  M E,  Zhang  S P,  Dubin A E, Dax S L, (2002) “Synthesis and in vitro evaluation of a novel iodinated resiniferatoxin 

derivative that is an agonist at the human vanilloid VR1 receptor” Bioorg. Med. Chem. Lett., 12,  pp. 1189-1192.  
[29]. Brown J R, North  E J,  Hurdle J G,  Morisseau C, Scarborough  J S  et al., (2011) “The structure-activity relationship of urea 

derivatives as anti-tuberculosis agents” Bioorg. Med. Chem, 19(18), 5585-5595.  



Design, Synthesis And Antimicrobial Activity Of N1-Alkyl/Aryl-N5-(1, 3-Benzothiazol-2-Yl)-.. 

www.ijres.org                                                                                                                                               67 | Page 

[30]. Qing-Shan Li, Peng-Cheng Lv, et al., (2012) “Synthesis and biological evaluation of novel N, N′-disubstituted urea and thiourea 

derivatives as potential anti-melanoma agents” J. Enzym. Inhib. Med. Chem., 27(5), 708-714.  

[31]. Chuanwen Sun, Xiaodong Zhang, Hai Huang, Pei Zhou, (2006) “Synthesis and evaluation of a new series of substituted 
acyl(thio)urea and thiadiazolo [2,3-a] pyrimidine derivatives as potent inhibitors of influenza virus neuraminidase” Bioorg. Med. 

Chem, 14(24), pp. 8574-8581.  

[32]. Sree kanth sivan,Radhika vangala and Vijjulatha manga,  (2014) “Microwave Assisted Synthesis, Molecular Docking and HIV-1 
gp120–CD4 Binding Inhibition Studies of Symmetrical N, N'-disubstituted Urea/Thiourea” Chem. Sci. Trans.3(4), pp. 1418-1426.  

[33]. Shweta Verma, Riaz Hashim, Neha Krishnarth (2013) “Synthesis of Phenylurea Derivatives & Their Evaluation as 

Antihyperglycaemic Agents”  Indo Global J. Pharm. Sci., 3(1), pp. 33-39.  
[34]. Francisco G D, Li J Z, Albright D, Eudy N H,  Katz A H et al., (2004) “ Phenyl thiazolyl urea and carbamate derivatives as new 

inhibitors of bacterial cell-wall biosynthesis” Bioorg. Med. Chem. Lett., 14(1), pp. 235-238.  

[35]. Siddiqui N, Rana A, Khan. S.A, Mashooq A.B., (2008) “N-{[(6-Substituted-1,3-benzothiazole-2-yl)amino]carbonothioyl}-2/4- 
substituted benzamides: Synthesis and pharmacological evaluation” Eur. J. Med Chem., 4, pp. 1114-1122. 

[36]. Anolan Garcia Hernandez , Gregory M. Grooms, Abir T. El-Alfy, Jozef Stec., (2017) ”Convenient One-Pot Two-Step Synthesis of 

Symmetrical and Unsymmetrical Diacyl Ureas, Acyl Urea/ Carbamate/ Thiocarbamate Derivatives, and Related Compounds” New 
York-Synthesis., 49, 2163–2176. 

[37]. Perez. C, Paul. M, Bazerque. P, (1990) “Antibiotic Assay by Agar Well Diffusion Method” Acta Biol Med Exp. 15, pp. 113-115. 

[38].  Singh. I and Singh. V P, (2000) “Antifungal properties of aqueous and organic solution extracts of seed plants against Aspergillus 
flavus and A. niger.” Phytomorphology, 50(2), pp. 151-157. 


