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Introduction

In recently decades, the problems of multi-drug resistant 
microorganism have reached on alarming level in many 
countries around the world [1-3]. A numbers of recent clini-
cal reports describe the increasing occurrence of meticillin-
resistant S. aureus and other antibiotic-resistant human 
pathogenic microorganisms in United State and European 
countries. Infections caused by those microorganisms pose a 
serious challenge to the medical community and need for an 
effective therapy has led to a search for novel antimicrobial 
agents. In this work, we report the synthesis and biological 
activity of some 1,3,5-triazinyl urea and thiourea analogues 
a class of privileged structures that have a wide range of 
biological properties. Among the compound having good 
antimicrobial properties, thiourea derivatives constitute an 
important class of compounds possessing diverse pharma-
cological activities including broadly active as potent vanil-
loid receptor agonists and analgesics [4], antibacterial [5], as 
a new class of anti-allergic agents inhibiting IgE/Fc

RI receptor mediated mast cell leukotriene release [6], 
antiviral [7] and possible anticonvulsant activities [8]. It 
also represent a new class of human immuno deficiency 
virus type (HIV-1), non-nucleoside reverse transcriptase 

(NNRT) inhibitors [9], found as antagonist of transient 
receptor potential channel antagonist [10] and high density 
lipoprotein (HDL) elevating agents [11,12]. The combina-
tion the urea derivatives with thiourea lead to inhibitors of 
DNA topoisomerase [13], antihypertensive activity [14]. 
Furthermore, the pronounced antimicrobial activity of urea 
as well as thiourea derivatives [15,16] encouraged us to study 
the effect of the synthesized compounds against a variety of 
microorganisms.

Materials and methods

Chemistry
All chemical were of analytical grade and use directly. All 
melting points were determined in PMP-DM scientific melt-
ing point apparatus and are uncorrected. The completion 
of reaction was monitored by thin-layer chromatography 
(TLC) using silica gel-G coated Al-plates (0.5 mm thick-
ness, Merck) and spots were visualized under UV radiation. 
Elemental analyses were done on “Haraeus Rapid Analyser”. 
Infra Red spectra were recorded on Perkin Elmer-spectrum 
RX-1 model spectrophotometer using KBr pallets. 1H 
NMR spectra were acquired on a Bruker Avance-2 model 
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abstract
In an effort to establish new candidates with improved antimicrobial activities we report here the synthesis and 
in vitro biological evaluation of various series of compounds (5a-j) and (7a-j) which were evaluated against 
two Gram positive (S. aureus, B. subtilis), two Gram negative (S. typhosa, E. coli) strains and a yeast-like fungi (C. 
albicans) using the micro-dilution procedure. Among the synthesized compounds 2-(cyclohexyl amino)-4-(3,4-
dimethoxy phenyl ethyl thioureido)-6-(2-chloro phenyl ureido) s-triazine (7e) and 2-(cyclohexyl amino)-4-(3,4-
dimethoxy phenyl ethyl thioureido)-6-(4-chloro phenyl ureido) s-triazine (7g) proved to be effective with MIC 
(0.019 mg ML-1) against S. typhosa & E. coli respectively.

Keywords: s-triazine; thiourea; antibacterial; antifungal

http://www.informapharmascience.com/enz

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
M

al
m

o 
H

og
sk

ol
a 

on
 1

2/
26

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.

mailto:E-mail: ptl.mayank@gmail.com
http://www.informa.com/doifinder/10.1080/14756360802560966


1,3,5-triazinyl ureas/thioureas with antimicrobial activity  961

spectrophotometer using CDCl
3
 as a solvent and TMS as an 

internal reference (chemical shifts in , ppm).

2-(Cyclohexyl amino)-4,6-(dichloro) s-triazine (3)
To a stirred solution of cyclohexyl amine (0.1 mol, 10 ML) 
was added in cyanuric chloride (0.1 mol, 18.4g) in D.M.F. (92 
ML) at 0-5°C and pH was maintained neutral by the addition 
of 10% sodium carbonate solution. The stirring was contin-
ued at 0-5°C for 4h. After the completion of reaction the stir-
ring was stopped and the solution was treated with crushed 
ice. The solid product obtained was filtered and dried. The 
crude product was purified by crystallization from absolute 
alcohol. m.p. 165 oC, yield 85%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
amino)-6-(chloro) s-triazine (4)
To a stirred solution of (3) (0.1 mol, 24.7 g) in D.M.F. (92 
ML) at 0-5°C, the solution of 3,4-dimethoxy phenyl ethyl 
amine (1) (0.1 mol, 17.93ML) in D.M.F. (25 ML) was added 
drop wise maintaining the temperature 35°C. The pH was 
adjusted neutral by the addition of 10% sodium carbon-
ate solution. The temperature was gradually raised to 45°C 
during 2h. After the completion of reaction, the resultant 
content was poured into ice cold water. The solid product 
obtained was filtered and dried. The crude product was puri-
fied by crystallization from absolute alcohol. m.p. 147 oC,  
yield 68%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
amino)-6-(phenyl ureido) s-triazine (5a)
A mixture of (4) (0.01 mol, 4.50 g) and phenyl urea (0.01 
mol, 1.36 g) in acetone (20 ML) was refluxed in a water 
bath. The temperature was gradually raised to 80-90°C 
during 3h. The pH was adjusted neutral by the addition of 
10% sodium carbonate solution. After the completion of 
reaction, the refluxed content was added to cold water. The 
solid product obtained was filtered and dried. The crude 
product was purified by crystallization from absolute alco-
hol. m. p. 202-204 °C and yield 60%. IR (KBr): 1567 (s), 2944 
(s), 1607 (w), 2993 (s), 1471 (m), 1231 (s), 1515(s), 3280 (s), 
2838 (s) cm-1. 1H NMR (DMSO –d

6
, ): 3.74 (s, 3H, -OCH

3
), 

3.84 (s, 3H, -OCH
3
), 3.33 (t, 2H, -CH

2
), 3.24 (t, 2H, -CH

2
), 

10.21 (s, 1H, -NH), 7.2-8.25(m 8H, Ar-H), 9.24 (s, 1H, -NH), 
4.60 (s, 1H, -NH), 4.55 (s, 1H, -NH), 2.81 (m, 1H, -CH), 
0.81-1.91 (m, 10H, -CH

2
). Anal. Found: C 63.50, H 6.74, N 

19.93%. Calcd for C
26

H
33

N
7
O

3
: C 63.52, H 6.77, N 19.95%. 

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
amino)-6-(2-methyl phenyl ureido) s-triazine (5b) m. p. 
230-231 °C and yield 65%. IR (KBr): 1560 (s), 2949 (s), 1632 
(w), 2989 (s), 1465 (m), 1222 (s), 1512(s), 3276 (s), 2848 (s) 
cm-1. 1H NMR (DMSO –d

6
, ): 3.69 (s, 3H, -OCH

3
), 3.74 (s, 

3H, -OCH
3
), 2.83(s, 3H, -CH

3
), 3.29 (t, 2H, -CH

2
), 3.21 (t, 

2H, -CH
2
), 10.09 (s, 1H, -NH), 7.21-8.25(m 7H, Ar-H), 9.29 

(s, 1H, -NH), 4.67 (s, 1H, -NH), 4.51 (s, 1H, -NH), 2.83 (m, 
1H, -CH), 0.81-1.91 (m, 10H, -CH

2
). Anal. Found: C 64.12, 

H 6.95, N 19.37%. Calcd for C
27

H
35

N
7
O

3
: C 64.14, H 6.98, N 

19.39%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
amino)-6-(3-methyl phenyl ureido) s-triazine (5c)
m. p. 202-203 °C and yield 80%. IR (KBr): 1555 (s), 2958 
(s), 1641 (w), 769 (s), 2994 (s), 1460 (m), 1230 (s), 1519(s), 
3272 (s), 2854 (s) cm-1. 1H NMR (DMSO –d

6
, ): 3.61 (s, 3H, 

-OCH
3
), 3.69 (s, 3H, -OCH

3
), 2.33(s, 3H, -CH

3
), 3.21 (t, 2H, 

-CH
2
), 3.29 (t, 2H, -CH

2
), 9.98 (s, 1H, -NH), 7.12-8.25(m 7H, 

Ar-H), 9.33 (s, 1H, -NH), 4.57 (s, 1H, -NH), 4.54 (s, 1H, -NH), 
2.78 (m, 1H, -CH), 0.81-1.91 (m, 10H, -CH

2
). Anal. Found: 

C 64.11, H 6.96, N 19.36%. Calcd for C
27

H
35

N
7
O

3
: C 64.14, H 

6.98, N 19.39%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
amino)-6-(4-methyl phenyl ureido) s-triazine (5d)
m. p. 198-201 °C and yield 68%. IR (KBr): 1561 (s), 2952 (s), 
1650 (w), 2994 (s), 1456 (m), 1225 (s), 1519(s), 3266 (s), 2855 
(s) cm-1. 1H NMR (DMSO –d

6
, ): 3.70 (s, 3H, -OCH

3
), 3.63 

(s, 3H, -OCH
3
), 2.35(s, 3H, -CH

3
), 3.27 (t, 2H, -CH

2
), 3.24 (t, 

2H, -CH
2
), 9.95 (s, 1H, -NH), 7.12-8.25(m 7H, Ar-H), 9.28 

(s, 1H, -NH), 4.51 (s, 1H, -NH), 4.47 (s, 1H, -NH), 2.71 (m, 
1H, -CH), 0.81-1.91 (m, 10H, -CH

2
). Anal. Found: C 64.12, 

H 6.97, N 19.37%. Calcd for C
27

H
35

N
7
O

3
: C 64.14, H 6.98, N 

19.39%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
amino)-6-(2-chloro phenyl ureido) s-triazine (5e)
m. p. 157-158 °C and yield 70%. IR (KBr): 1561 (s), 2952 (s), 
1650 (w), 2994 (s), 1456 (m), 1225 (s), 838(s), 1519(s), 3266 
(s), 2855 (s) cm-1. 1H NMR (DMSO –d

6
, ): 3.75 (s, 3H, -OCH

3
), 

3.83 (s, 3H, -OCH
3
), 3.21 (t, 2H, -CH

2
), 3.29 (t, 2H, -CH

2
), 9.87 

(s, 1H, -NH), 7.12-8.25(m 7H, Ar-H), 9.06 (s, 1H, -NH), 4.52 
(s, 1H, -NH), 4.55 (s, 1H, -NH), 2.69 (m, 1H, -CH), 0.81-1.94 
(m, 10H, -CH

2
). Anal. Found: C 59.34, H 6.11, N 18.62%. 

Calcd for C
26

H
32

ClN
7
O

3
: C 59.37, H 6.13, N 18.64%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
amino)-6-(3-chloro phenyl ureido) s-triazine (5f)
m. p. 140-141 °C and yield 62%. IR (KBr): 1569 (s), 2959 
(s), 1640 (w), 2984 (s), 767(s), 1453 (m), 1235 (s), 838(s), 
1523(s), 3261 (s), 2842 (s) cm-1. 1H NMR (DMSO –d

6
, ): 3.85 

(s, 3H, -OCH
3
), 3.92 (s, 3H, -OCH

3
), 3.29 (t, 2H, -CH

2
), 3.22 

(t, 2H, -CH
2
), 9.81 (s, 1H, -NH), 7.12-8.25(m 7H, Ar-H), 8.90 

(s, 1H, -NH), 4.59 (s, 1H, -NH), 4.49 (s, 1H, -NH), 2.56 (m, 
1H, -CH), 0.81-1.93 (m, 10H, -CH

2
). Anal. Found: C 59.36, 

H 6.10, N 18.61%. Calcd for C
26

H
32

ClN
7
O

3
: C 59.37, H 6.13, 

N 18.64%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
amino)-6-(4-chloro phenyl ureido) s-triazine (5g)
m. p. 170-172 °C and yield 76%. IR (KBr): 1556 (s), 2969 (s), 
1647 (w), 2977 (s), 1459 (m), 1230 (s), 829(s), 1537(s), 3269 
(s), 2842 (s) cm-1. 1H NMR (DMSO –d

6
, ): 3.89 (s, 3H, -OCH

3
), 

3.98 (s, 3H, -OCH
3
), 3.23 (t, 2H, -CH

2
), 3.14 (t, 2H, -CH

2
), 9.92 

(s, 1H, -NH), 7.12-8.24(m 7H, Ar-H), 8.83 (s, 1H, -NH), 4.51 
(s, 1H, -NH), 4.43 (s, 1H, -NH), 2.52 (m, 1H, -CH), 0.84-1.95 
(m, 10H, -CH

2
). Anal. Found: C 59.34, H 6.09, N 18.63%. 

Calcd for C
26

H
32

ClN
7
O

3
: C 59.37, H 6.13, N 18.64%.
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2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
amino)-6-(3-nitro phenyl ureido) s-triazine (5h)
m. p. 176-177 °C and yield 72%. IR (KBr): 1561 (s), 765(s), 
2976 (s), 1651 (w), 2981 (s), 1463 (m), 1236 (s), 1531(s), 
3262 (s), 2849 (s) cm-1. 1H NMR (DMSO –d

6
, ): 4.0 (s, 3H, 

-OCH
3
), 3.96 (s, 3H, -OCH

3
), 3.33 (t, 2H, -CH

2
), 3.19 (t, 2H, 

-CH
2
), 9.88 (s, 1H, -NH), 7.12-8.24(m 7H, Ar-H), 8.81 (s, 1H, 

-NH), 4.45 (s, 1H, -NH), 4.53 (s, 1H, -NH), 2.42 (m, 1H, -CH), 
0.89-1.91 (m, 10H, -CH

2
). Anal. Found: C 58.18, H 5.98, N 

20.80%. Calcd for C
26

H
32

N
8
O

5
: C 58.20, H 6.01, N 20.88%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
amino)-6-(4-fluoro phenyl ureido) s-triazine (5i)
m. p. 170-172 °C and yield 76%. IR (KBr): 1560 (s), 2981 (s), 
1657 (w), 2971 (s), 1450 (m), 1232 (s), 1537(s), 3259 (s), 2862 
(s) cm-1. 1H NMR (DMSO –d

6
, ): 3.82 (s, 3H, -OCH

3
), 3.91 

(s, 3H, -OCH
3
), 3.29 (t, 2H, -CH

2
), 3.19 (t, 2H, -CH

2
), 9.88 (s, 

1H, -NH), 7.15-8.27(m 7H, Ar-H), 8.78 (s, 1H, -NH), 4.48 (s, 
1H, -NH), 4.55 (s, 1H, -NH), 2.51 (m, 1H, -CH), 0.84-1.95 (m, 
10H, -CH

2
). Anal. Found: C 61.25, H 6.30, N 19.20%. Calcd for 

C
26

H
32

FN
7
O

3
: C 61.28, H 6.33, N 19.24%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
amino)-6-(2-methoxy phenyl ureido) s-triazine (5j)
m. p. 172-174 °C and yield 65%. IR (KBr): 1560 (s), 2949 (s), 
1639 (w), 2989 (s), 1465 (m), 1234 (s), 1512(s), 3276 (s), 2841 
(s) cm-1. 1H NMR (DMSO –d

6
, ): 3.82 (s, 3H, -OCH

3
), 3.94 (s, 

3H, -OCH
3
), 3.21 (t, 2H, -CH

2
), 3.39 (t, 2H, -CH

2
), 10.04 (s, 

1H, -NH), 7.23-8.25(m 7H, Ar-H), 9.02 (s, 1H, -NH), 4.61 (s, 
1H, -NH), 4.51 (s, 1H, -NH), 2.83 (m, 1H, -CH), 0.81-1.91 (m, 
10H, -CH

2
). Anal. Found: C 62.15, H 6.73, N 18.78%. Calcd for 

C
27

H
35

N
7
O

4
: C 62.17, H 6.76, N 18.80%.

3,4-dimethoxy phenyl ethyl thiourea (2)
To a stirred solution of 3,4-dimethoxy phenyl ethyl amine 
(0.1 mol, 17.93 ML) in T.H.F. (92 ML) was added potas-
sium thiocynate (0.1 mol, 9.7 g). The mixture was heated 
at reflux for 24h. The mixture was diluted with water (100 
ML) and extracted with ethylacetate (200 ML). The inter-
facial solids and ethyl acetate extracts were combined and 
washed with 1N HCl (100 ML) and brine. The organic layer 
was dried (over sodium sulphate) and concentrated under 
reduced pressure to give solid product. The crude product 
was purified by crystallization from absolute alcohol. m.p. 
130-136 oC, yield 67 % IR (KBr): 3049 (s), 1504(s), 1529 (s), 
1446 (s), 1331 (s), 3302 (s) cm-1. 1H NMR (DMSO –d

6
, ): 

3.84(s, 3H), 4.0(s, 3H), 3.45 (t, 2H), 3.34 (t, 2H), 6.12 ( s, 
2H), 7.17-7.42(m 4H).

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
thioureido)-6-(chloro) s-triazine (6)
To a stirred solution of (3) (0.1 mol, 24.7 g) in D.M.F. (92 ML) 
at 0-5°C, the solution of 3,4-dimethoxy phenyl ethyl thiourea 
(2) (0.1 mol, 24.0 g) in D.M.F. (25 ML) was added drop wise 
keeping the temperature 35°C. The pH was adjusted neutral 
by the addition of 10% sodium carbonate solution. The tem-
perature was gradually raised to 45°C during 2h. After the 

completion of reaction, the content was poured into ice cold 
water. The solid product obtained was filtered and dried. The 
crude product was purified by crystallization from absolute 
alcohol. m. p. 233°C, yield 77%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
thioureido)-6-(phenyl ureido) s-triazine (7a)
A mixture of (6) (0.01 mol, 4.5 g) and phenyl urea (0.01 mol, 
1.36 g) in acetone (15 ML) was refluxed on a water bath. 
The temperature was gradually raised to 80-90°C during 3h. 
The pH was adjusted neutral by the addition of 10% sodium 
carbonate solution. After the completion of reaction, the 
refluxed content was added to cold water. The solid prod-
uct obtained was filtered and dried. The crude product was 
purified by crystallization from absolute alcohol. m. p. 252°C 
and yield 63%. IR (KBr):784 (s), 3442 (s), 1650(s),1529 (s), 
3302 (s), 1608 (s), 3049 (s), 1504 (w), 3203 (s) cm-1. 1H NMR 
(DMSO –d

6
, ): 4.0 (s, 6H, -OCH

3
), 3.45 (t, 2H, -CH

2
), 3.34 

(t, 2H, -CH
2
), 9.73 (s, 1H, -NH), 7.20-8.25(m 8H, Ar-H), 8.82 

(s, 1H, -NH), 4.61 (s, 1H, -NH), 9.62 (s, 1H, -NH), 3.73 (m, 
1H, -CH), 0.81-1.91 (m, 10H, -CH

2
), 8.94 (s, 1H, -NH). Anal. 

Found: C 58.87, H 6.20, N 20.32%. Calcd for C
27

H
34

N
8
O

3
S: C 

58.89, H 6.22, N 20.35%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
thioureido)-6-(2-methyl phenyl ureido) s-triazine (7b)
m. p. 160°C and yield 56%. IR (KBr): 784 (s), 3434 (s), 
1644(s), 1529 (s), 3296 (s), 1620 (s), 3055 (s), 1512 (w), 3192 
(s) cm-1. 1H NMR (DMSO –d

6
, ): 4.10 (s, 6H, -OCH

3
), 3.41 

(t, 2H, -CH
2
), 2.81 (s, 3H, -CH

3
), 3.32 (t, 2H, -CH

2
), 9.71 (s, 

1H, -NH), 7.20-8.25(m 7H, Ar-H), 8.79 (s, 1H, -NH), 4.57 (s, 
1H, -NH), 9.55 (s, 1H, -NH), 3.68 (m, 1H, -CH), 0.81-1.91 (m, 
10H, -CH

2
), 8.84 (s, 1H, -NH). Anal. Found: C 59.52, H 6.41, 

N 19.81%. Calcd for C
28

H
36

N
8
O

3
S: C 59.55, H 6.43, N 19.84%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
thioureido)-6-(3-methyl phenyl ureido) s-triazine (7c)
m. p. 160°C and yield 56%. IR (KBr): 780 (s), 3444 (s), 1654(s), 
1534 (s), 3310 (s), 1609 (s), 3045 (s), 1505 (w), 3191 (s) cm-1. 1H 
NMR (DMSO –d

6
, ): 4.10 (s, 6H, -OCH

3
), 3.41 (t, 2H, -CH

2
), 

3.32 (t, 2H, -CH
2
), 9.71 (s, 1H, -NH), 7.20-8.25(m 7H, Ar-H), 

8.79 (s, 1H, -NH), 2.41 (s, 3H, -CH
3
), 4.57 (s, 1H, -NH), 9.55 (s, 

1H, -NH), 3.68 (m, 1H, -CH), 0.81-1.91 (m, 10H, -CH
2
), 8.84 

(s, 1H, -NH). Anal. Found: C 59.53, H 6.40, N 19.82%. Calcd 
for C

28
H

36
N

8
O

3
S: C 59.55, H 6.43, N 19.84%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
thioureido)-6-(4-methyl phenyl ureido) s-triazine (7d)
m. p. 157-159°C and yield 67%. IR (KBr): 788 (s), 3439 (s), 
1651(s), 1531 (s), 3289 (s), 1615 (s), 3040 (s), 857(s), 1502 (w), 
3210 (s) cm-1. 1H NMR (DMSO –d

6
, ): 3.93 (s, 6H, -OCH

3
), 

3.31 (t, 2H, -CH
2
), 2.61 (s, 3H, -CH

3
), 3.52 (t, 2H, -CH

2
), 9.61 

(s, 1H, -NH), 7.20-8.25(m 7H, Ar-H), 8.71 (s, 1H, -NH), 4.52 
(s, 1H, -NH), 9.45 (s, 1H, -NH), 3.68 (m, 1H, -CH), 0.81-1.91 
(m, 10H, -CH

2
), 8.74 (s, 1H, -NH). Anal. Found: C 59.51, H 

6.42, N 19.81%. Calcd for C
28

H
36

N
8
O

3
S: C 59.55, H 6.43, N 

19.84%.
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2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
thioureido)-6-(2-chloro phenyl ureido) s-triazine (7e)
m. p. 174°C and yield 70%. IR (KBr): 779 (s), 3445 (s), 1639(s), 
1543 (s), 3321 (s), 1613 (s), 3044 (s), 1502 (w), 3199 (s) cm-1. 1H 
NMR (DMSO –d

6
, ): 4.02 (s, 6H, -OCH

3
), 3.45 (t, 2H, -CH

2
), 

3.39 (t, 2H, -CH
2
), 9.72 (s, 1H, -NH), 7.20-8.25(m 7H, Ar-H), 

8.81 (s, 1H, -NH), 4.51 (s, 1H, -NH), 9.52 (s, 1H, -NH), 3.63 (m, 
1H, -CH), 0.81-1.91 (m, 10H, -CH

2
), 8.88 (s, 1H, -NH). Anal. 

Found: C 55.39, H 5.66, N 19.13%. Calcd for C
27

H
33

ClN
8
O

3
S: C 

55.42, H 5.68, N 19.15%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
thioureido)-6-(3-chloro phenyl ureido) s-triazine (7f)
m. p. 155-156 °C and yield 50%. IR (KBr): 788 (s), 3439 (s), 
1639 (s), 1541 (s), 3301 (s), 1619 (s), 3030 (s), 1512 (w),  
3217 (s) cm-1. 1H NMR (DMSO –d

6
, ): 4.02 (s,  

6H, -OCH
3
), 3.49 (t, 2H, -CH

2
), 3.32 (t, 2H, -CH

2
), 9.85 (s, 1H, 

-NH), 7.20-8.25(m 7H, Ar-H), 8.89 (s, 1H, -NH), 4.59 (s, 1H, 
-NH), 9.42 (s, 1H, -NH), 3.69 (m, 1H, -CH), 0.81-1.91 (m, 
10H, -CH

2
), 8.76 (s, 1H, -NH). Anal. Found: C 55.41, H 5.67, 

 N 19.12%. Calcd for C
27

H
33

ClN
8
O

3
S: C 55.42, H 5.68, N 

19.15%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
thioureido)-6-(4-chloro phenyl ureido) s-triazine (7g)
m. p. 169 °C and yield 48%. IR (KBr): 851(s), 778 (s), 3431 (s), 
1631 (s), 1545 (s), 3322 (s), 1631 (s), 3032 (s), 1533 (w), 3254 
(s) cm-1. 1H NMR (DMSO –d

6
, ): 3.87 (s, 6H, -OCH

3
), 3.39 (t, 

2H, -CH
2
), 3.29 (t, 2H, -CH

2
), 9.81 (s, 1H, -NH), 7.20-8.25(m 

7H, Ar-H), 8.81 (s, 1H, -NH), 4.49 (s, 1H, -NH), 9.39 (s, 1H, 
-NH), 3.61 (m, 1H, -CH), 0.81-1.91 (m, 10H, -CH

2
), 8.71 (s, 

1H, -NH). Anal. Found: C 55.38, H 5.65, N 19.14%. Calcd for 
C

27
H

33
ClN

8
O

3
S: C 55.42, H 5.68, N 19.15%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
thioureido)-6-(3-nitro phenyl ureido) s-triazine (7h)
m. p. 157-159°C and yield 67%. IR (KBr): 788 (s), 3439 (s), 
1651(s), 1531 (s), 3289 (s), 1615 (s), 3040 (s), 857(s), 1502 (w), 
3210 (s) cm-1. 1H NMR (DMSO –d

6
, ): 3.93 (s, 6H, -OCH

3
), 

3.31 (t, 2H, -CH
2
), 3.42 (t, 2H, -CH

2
), 9.66 (s, 1H, -NH),  

7.20-8.25(m 7H, Ar-H), 8.74 (s, 1H, -NH), 4.58 (s, 1H, 
-NH), 9.42 (s, 1H, -NH), 3.61 (m, 1H, -CH), 0.81-1.91 (m,  
10H, -CH

2
), 8.70 (s, 1H, -NH). Anal. Found: C 54.41,  

H 5.56, N 21.14%. Calcd for C
27

H
33

N
9
O

5
S: C 54.44, H 5.58, N 

21.16%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
thioureido)-6-(4-fluoro phenyl ureido) s-triazine (7i)
m. p. 120 °C and yield 63%. IR (KBr): 858(s), 786 (s), 3431 (s), 
1641 (s), 1542 (s), 3314 (s), 1601 (s), 3012 (s), 1523 (w), 3211 
(s) cm-1. 1H NMR (DMSO –d

6
, ): 4.02 (s, 6H, -OCH

3
), 3.49 (t, 

2H, -CH
2
), 3.32 (t, 2H, -CH

2
), 9.85 (s, 1H, -NH), 7.20-8.25(m 

7H, Ar-H), 8.89 (s, 1H, -NH), 4.59 (s, 1H, -NH), 9.42 (s, 1H, 
-NH), 3.69 (m, 1H, -CH), 0.81-1.91 (m, 10H, -CH

2
), 8.76 (s, 

1H, -NH). Anal. Found: C 57.01, H 5.82, N 19.67%. Calcd for 
C

27
H

33
FN

8
O

3
S: C 57.03, H 5.85, N 19.70%.

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
thioureido)-6-(2-methoxy phenyl ureido) s-triazine (7j)
m. p. 165-167 °C and yield 75%. IR (KBr): 859(s), 768 (s), 3434 
(s), 1639 (s), 1541 (s), 3324 (s), 1635 (s), 3037 (s), 1538 (w), 
3259 (s) cm-1. 1H NMR (DMSO –d

6
, ): 3.98 (s, 6H, -OCH

3
), 

3.44 (t, 2H, -CH
2
), 3.32 (t, 2H, -CH

2
), 9.83 (s, 1H, -NH), 7.20-

8.25(m 7H, Ar-H), 8.87 (s, 1H, -NH), 4.42 (s, 1H, -NH), 9.32 (s, 
1H, -NH), 3.63 (m, 1H, -CH), 0.81-1.91 (m, 10H, -CH

2
), 8.66 

(s, 1H, -NH). Anal. Found: C 57.88, H 6.22, N 19.27%. Calcd 
for C

28
H

36
N

8
O

4
S: C 57.91, H 6.25, N 19.30%.

Biological assays
Compounds
Test compounds were dissolved in DMSO (12.5%) at an 
initial concentration of 20 mg ML -1 and then were serially 
diluted in culture medium.

Cells
Bacterial strains Staphylococcus aureus, Bacillus subtillis, 
Escherichia coli, Salmonella typhosa and yeast-like fungi 
stain Candida albicans.

Antimicrobial assays
The MICs of the chemical compounds assays were carried 
out as described by Clause [17] with minor modifications. 
Tetracycline was used as reference antibacterial agent. 
Solutions of the test compounds and reference drug were 
dissolved in DMSO at a concentration of 20 mg ML-1. The 
twofold dilution of the compounds and reference drug were 
prepared (20, 10, 5.0, 2.5, 1.25, 0.625, 0.31, 0.15, 0.07, 0.03, 
0.019, 0.01, 0.005 >) mg ML-1. Antibacterial activities of the 
bacterial strains were carried out in Muller– Hinton broth 
(Difco) medium, at pH 6.9, with an inoculum of (1– 2) × 103 
cells ML-1 by the spectrophotometric method and an aliquot 
of 100 µL was added to each tube of the serial dilution. The 
chemical compounds-broth medium serial tube dilutions 
inoculated with each bacterium were incubated on a rotary 
shaker at 37 °C for 24 h at 150 rpm. The minimum inhibitory 
concentrations of the chemical compounds were recorded 
as the lowest concentration of each chemical compounds 
in the tubes with no growth (i.e. no turbidity) of inoculated 
bacteria. A fungi was cultivated in Sabouraud Dextrose Agar 
(Merck). The fungi inoculums was prepared in Sabouraud liq-
uid medium (Oxoid) which had been kept at 36oC overnight 
and was diluted with RPMI-1640 medium with L-glutamine 
buffered with 3-[N-morpholino]-propansulfonic acid (MOPS) 
at pH 7 to give a final concentration of 2.5 × 103 cfu/ML. The 
twofold dilution of the compounds and reference drug were 
prepared (20, 10, 5.0, 2.5, 1.25, 0.625, 0.31, 0.15, 0.07, 0.03, 
0.019, 0.01, 0.005 > mg ML-1). The micro tubes were incubated 
at 36oC and read visually after 24 h. The incubation chamber 
was kept humid. At the end of the incubation period, MIC 
values were recorded as the lowest concentrations of the sub-
stances that gave no visible turbidity. Fluconazole was used as 
reference antifungal agent. Solutions of the test compounds 
and reference drug were dissolved in DMSO at a maximum 
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final concentration of 12.5% which had no effect on the micro-
organism’s growth.

Result and discussion

Chemistry
Commercially available 3,4-dimethoxy phenyl ethyl amine 
(1) was converted into 3,4-dimethoxy phenyl ethyl thiourea 
(2) in acceptable yield according to literature [18] (Scheme 1).  
The identity of the product was determined by IR and 1H NMR 
spectral studies. The IR spectrum of compound (2) revealed 
absorption band at 1506 cm-1 (-C=S- stretching in thiou-
rea), 3302 cm-1 and 3294 cm-1 (-NH- stretching in thiourea) 

indicating the formation of thiourea. NMR spectra shown 
6.50 (s, 2H, -NH

2
), indicating the formation of thiourea in the 

heterocyclic frame work. Commercially available s-triazine 
are converted in to 2-(cyclohexyl amine)-4,6-(dichloro)-s-
triazine (3) by using cyclohexyl amine in presence of sodium 
carbonate in DMF at 0-5 oC. The compound 2-(cyclohexyl 
amino)-4-(3,4-dimethoxy phenyl ethyl amino)-6-(chloro)-
s-triazine (4) were synthesized by condensation of (3) and 
3,4-dimethoxy phenyl ethyl amine (1) in presence of DMF 
at 30-40 oC. The reaction of compound (4) with aryl urea 
yielded 2-(cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl 
amino)-6-(aryl ureido) s-triazine (5a-j).

O

O

CH3

CH3 NH2

KSCN

THF, reflux

O

O

CH3

CH3 NH NH2

S

3,4-Dimethoxy phenyl 
ethyl amine

(1)

N

N

N

Cl

ClCl
+

NH2

0 - 5  C
N

N

N

N

ClCl

HDMF

s-triazine Cyclohexyl amine
2-(Cyclohexyl amino)-

(3)
4,6-dichloro s-triazine

[ 1 ] / DMF

30-40 [ 2 ] / DMF 

30-40

N N

NNH Cl

NH
O

O

CH3

CH3

N N

NNH Cl

NH
O

O

CH3

CH3 NH

S
2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl
           ethyl amino)-6-chloro s-triazine
                                (4)

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl
       ethyl thioureido)-6-chloro s-triazine
                               (6)

R

80 - 90  C
R

  Aryl urea

NHNH2

O DMF

N N

N N

NH

N

O

N

O

O

H3C

H3C
H H H

R

80 - 90  C

R

  Aryl urea

NHNH2

O

N N

N N

NH

N

O

N

O

O

H3C

H3C N

S

H H H H

DMF

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl amino)-
                         6-(aryl ureido) s-triazine

2-(Cyclohexyl amino)-4-(3,4-dimethoxy phenyl ethyl thioureido)-
                                6-(aryl ureido) s-triazine

(5a-j)

(7a-j)

Where R =H, 2-CH3, 3-CH3, 4-CH3, 2-Cl, 3-Cl, 4-Cl, 3-NO2, 4-F, 2-OCH3.

3,4-Dimethoxy phenyl ethyl
thiourea

(2)

Scheme 1. Synthesis of (5a-j) and (7a-j).
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The compound 2-(cyclohexyl amino)-4-(3,4-dimethoxy 
phenyl ethyl thioureido)-6-(chloro) s-triazine (6) was pre-
pared by reaction of 3,4-dimethoxy phenyl ethyl thiourea 
(2) and compound (3) in presence of DMF at 30-40 oC. 
Compound (6) reacted with aryl urea yielded 2-(cyclohexyl 
amino)-4-(3,4-dimethoxy phenyl ethyl thioureido)-6-(aryl 
ureido) s-triazine (7a-j). All the synthesized compounds 
were well characterized by spectroscopic data as IR, NMR 
and elemental analysis. The IR spectra of the synthesized 
compounds generally show the characteristic bands cor-
responding to the carbonyl and the thiocarbonyl functions, 
in addition to the NH moieties. The 1H-NMR spectra of the 
compounds showed the broad exchangeable singlets due 
to NH urea and thiourea protons. All other aromatic and 
aliphatic protons were observed in the expected regions.

Antibacterial activity
The present paper is focused on the synthesis of novel het-
erocyclic compounds as possible antibacterial agents. The 
minimal inhibitory concentration (MICs, mg ML-1) of tested 
compounds against bacteria are shown in Table-1. A series of 
novel compound (5a-j) and (7a-j) were prepared and tested 
for their in vitro antibacterial activity against the four strains 
of bacteria (two gram +ve, two gram –ve) and yeast-like fungi. 
Two compounds of the obtained series showed high in vitro 
antimicrobial activity. Compounds 2-(cyclohexyl amino)-4-
(3,4-dimethoxy phenyl ethyl thioureido)-6-(4-chloro phenyl 
ureido) s-triazine (7g) showed excellent activity against E. coli 
(0.019 mg ML-1) and 2-(cyclohexyl amino)-4-(3,4-dimethoxy 
phenyl ethyl thioureido)-6-(2-chloro phenyl ureido) s-triazine 
(7e) showed excellent activity against S. typhi (0.019 mg ML-1) 

comparable to or slightly lower than analogous to the stand-
ard drug.. The presence of electron-withdrawing group on the 
aromatic ring in general increase the antimicrobial activities 
of the tested compounds compared to compounds having 
electron donating groups. Based upon the results it will also 
be necessary to optimize the lead compound by substitution 
in the C

2
 and C

4
 position in of phenyl ring by chloro seem to 

be very important for antibacterial effect, as well as the pres-
ence and the position of –NHCSNH- group in the connecting 
linker between the aromatic ring seems to be very important 
for antibacterial effect. Most of the synthesized compounds 
were showed moderate activity against C. albicans whereas 
others were inactive compared with flucocazole”.
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