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Abstract

In searching for drugs from natural product scaffolds has gained interest among researchers.
In this study, a series of twelve halogenated thiourea (ATX 1-12) via chemical modification
of aspirin (a natural product derivative) and evaluated for cytotoxic activity against
nasopharyngeal carcinoma (NPC) cell lines, HK-1 via MTS-based colorimetric assay. The
cytotoxicity studies demonstrated that halogens at meta position of ATX showed promising
activity against HK-1 cells (ICsp value < 15 uM) in comparison to cisplatin, a positive
cytotoxic drug (ICsp value = 8.9£1.9 uM). ATX 11, bearing iodine at meta position, showed
robust cytotoxicity against HK-1 cells with an 1Cs value of 4.7+0.7 uM. Molecular docking
interactions between ATX 11 and cyclooxygenase-2 demonstrated a robust binding affinity
value of -8.1 kcal/mol as compared to aspirin’s binding affinity value of -6.4 kcal/mol. The
findings represent a promising lead molecule from natural product with excellent cytotoxic

activity against NPC cell lines.

Keywords: aspirin; thiourea; cytotoxicity; molecular docking; cyclooxygenase-2

1


mailto:nzainab@unimas.my

80-:
70-:
60+
50-:
40-:
30°
20-:
101

1000

L0'L6TT

18'/GET

1500

¢S LLLT

2000

Wavenumbers (cm-1)

2500

3000

80'€9€E

3500

0-
S10<

FTIR spectrum of ATX 1

Figure S1

70-:
60-:
50-:
a0]

162.9 €T'L69

LE0SL 1698/
L¥',98 6€'.68
25816 SO'TTOT
EV'eror
16'2L0T
€9EYTT
IT/811

09997

§/'65¢€€

30 -
20 -
10-:
o1
-10 -

1%

1500 1000

2000

Wavenumbers (cm-1)

FTIR spectrum of ATX 2

igure S2

F

3000

3500

_201%




9/°€69

cSEVL
S¥'S18

L2'8¢€8
60'800T

€7°080T
LE00TT
SL8YTT

SO0T1CT

6T'8.2T
/ow.ﬂmmﬁ

SL0vST
STTO9T

02991

0'8LLT

2000 1500 1000
Wavenumbers (cm-1)

2500

3000

FTIR spectrum of ATX 3

igure S3:

F

¥6'Tv0T
¢y'SLOT
TTSSTT

TVe6TT

8'LVET

¢T9eST

L¥'899T

1%

2500 2000 1500 1000
Wavenumbers (cm-1)

3000

3500

_10<

FTIR spectrum of ATX 4

Figure S4



o
O

[=}
@©

Cl

ZT

o o
~ ©

HANH
o

1€'8.8

11’656
T80T

8€8SLT

(o]
o]
-101

89°00.
VO'ESL 01y 22

1000

Py 0oSTT
L0ELTT

60'0€CT
TLTIET
BT OVET
[a4°E14"
816871

8G€EYST
89'88ST

o
-o
n
“

€991

2000

Wavenumbers (cm-1)

2500

3000

8v'GLcE

3500

-20 -

FTIR spectrum of ATX 5

igure S5:

F

82069

99'v¢8

¢ST10T
TT'180T

€6'05¢T

SL8YTT

€8'T6TT

G9'¢S€ET

79'68YT
0S.2ST

LV 16ST

66 -
641
621
601
58 1

. . . - . '
2500 2000 1500 1000
Wavenumbers (cm-1)

3000

. v
3500

FTIR spectrum of ATX 6

Figure S6



m
86129 ] 86'€89
<« 9z'55.
| Uiyl
m - GE'€98
EBTT6 ] £1'606
o
-o
658L0T S 0£080T
YEBSTT | SE69TT
A\\\ 8£982T
£6'6EET i Ov'6rET
| S9T8YT
o
SOTEST -3 956251
¥5'28ST IS
£219971 M~
i X
05SLLT [
1 Y
55 §
L =
3 5]
. E D
2 o
- o S
w o
I ~
o LL
-0
n ..
N N~
I (9p]
[5)
P
>
o 5
L
o o
o i)
o™
ZT ZT
SHA SHA
ZT : I zT
° ° 99248 | o o 16988
— L/ i/
o) = o
mn
(vl
e S O O O S o o o ° 5 o o ° o o
~ © ©o 0 Te} < < o o N N - - ' 1,A 1_. o © ~ © n < (2] N —
1% 1%

1500 1000

2000

Wavenumbers (cm-1)

FTIR spectrum of ATX 8

Figure S8

3000

3500

-10




Br

60'800T
S¥'9.0T
€0'69TT

TL6vel
TT'/SET

€T'S8YT

19'GeST

89'/6ST
¢r'0L9T

1500 1000

2000

Wavenumbers (cm-1)

2500

3000

FTIR spectrum of ATX 9

Figure S9

08'GeST

YZv991

€GLLT

2000 1500 1000

Wavenumbers (cm-1)

3000

2500

FTIR spectrum of ATX 10

igure S10:

F

ZT | T
o= O[A Tresee | for—" O‘\ ocvoee

100 |

95 -
90 -

85 -
80 -
75-.
70 -
65 -
60 -

1%

55 -

3500

307
28-5
26-5
245
22
20-5
18-
16 -
14-5

1%

12
102




88'609
M{\ 2LvL9

E€T9V.L G9CLL

65'G98 €0ET6

226001

1000

0Svvel
CLYSET

8¥'SLYT
6.'9¢ST
€6'TGST

1500

T€8ST
2'€99T

68LLT

2000

Wavenumbers (cm-1)

2500

3000

ZT
6T'CLEE
O O \

3500

90 -
80 <
70
60 <
0
401
0
0
0
0-
-10 <
-20 -

1%

FTIR spectrum of ATX 11

S11

igure

F

75:
70%
651
601
551
50

68'€L0T

6098¢T

vSvest

G58LE€E

45
40
351
30
251
20
1514
104

5-

01

52

1%

1500 1000

2000

Wavenumbers (cm-1)

FTIR spectrum of ATX 12

2500

Figure S12

3000

3500

-10




abundance

120

110

100

90

80

103
101

14.0 13.0 12.0

12219
118419

X : parts per Million : 1H

518

oA

1035

i
LI

11.0 10.0 9.0 3.0 7.0 6.0 5.0 4.0

33299 —

Figure S13: 'H NMR spectrum of ATX 1

abundance

174

150

100 10 120 130 140

80

40 50 0

30

0

14.0 13.0 1z.0

124105

X : parts per Million : 1H

>:L’/J
-
2902

iy

E

|
=)
| ==

=3
=
3

2
=

110 10.0 9.0

117318

36754
33529

2785

3.0 2.0

25000
23135

Figure S14: 'H NMR spectrum of ATX 2




=

Al
H H
0
o)\ g !
i
‘
= | \
- =2 | |= |
g g |
| | il e | ‘
| i
5 | | | H
| il
14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2,‘" 1.0 o ~1.0
X : parts p
H .1
Figure S15: "H NMR spectrum of ATX 3
i ]
N/LN
H H
Cl
O
07k
Rk |
B i L |
A ; Ll t
13.0 12.0 11.0 10.0 9.0 80 T 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
X : parts ;:m- Million : 1FL

Figure S16:

'H NMR spectrum of ATX 4




504

—O
p=4
=
e}
83

a0
O

=
=
=
=
=
g
: !
2 g |
E
| |
- (. y I
14.0 13.0 12.0 11.0 10.0 2.0 8..(1 7.0 6.0 5.0 4.0 3.0 2.0 1.0 o
= = = = =
g g £ 2 E
g = ] 7 E
s parts per Million - 111
: .1
Figure S17: "H NMR spectrum of ATX 5
=
5 cl g E
g o s
“ | ]
E
g N~ N
a3 H H
=
e
= (0]
s )\
S -
s o i
Z
=
-
=
=
E
<
g ] |
=
= |
= |
" ‘
= 3 =& \
= - - = ]
=2
s
s
= |
= |
s
= 1
s ‘ |
g < {
B i |
E s s ; J1
ikl Al .
12.0 11.0 10.0 2.0 8.0 7.‘() 6.0 5.0 4.0 3.0 2.0 1.0 [
1 \ N
AN 1
e 3 o
g 2 gsgge &8 g8
g SEEES ] kge

X : parts per Million : 1H

Figure S18: 'H NMR spectrum of ATX 6

10




=
=

o” k
£ 5 [
£ |
= | i ! -
14.0 13.0 12.0 11.0 10.0 2.0 8.0 ' 7.0 6.0 5.0 ' 4.0 3.0 2.0 1.0 o
X : parts per Million : 1H
H .1
Figure S19: "H NMR spectrum of ATX 7
1L :
B N)LN Br
H H
o
0% k
‘
H B (
E | |
o il
14.0 13.0 12.0 11.0 10.0 2.0 8.0 9 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

X : parts per Million : 1H

Figure S20: 'H NMR spectrum of ATX 8

11




Br

o

0Tl 0T 001 06 08 0L 09 05 0 e

07

01 0

uepunge

Lo
el
SI6T
0057
2
Do et
3
Lo
a
‘s
%

SB0EL
H009'L
wyl
- 9I99L
69L9°L

10.0 2.0

11.0

- EROLTE

12.0

- Ign

X : parts per Million : 1H

Figure S21: *H NMR spectrum of ATX 9

L

08

T
[

UepunGe

2.0

11.0

10.0

12.0

13.0

FERTE
wer

X : parts per Million : 1H

Figure S22: 'H NMR spectrum of ATX 10

12



60

50

40

>:(/)
Zé
205
T

= | \
; i 1
- (5 g2 )3
% (] 1
=i | | | |
0
B .
I I
) L a 1
13.0 ' ‘llﬂ 11.0 10.0 9.0 ‘76‘0 - 5.0 i 74.[7 - 30 “‘ 20
|
X : parts per Million : 1H
H .1
Figure S23: "H NMR spectrum of ATX 11
E | oy
= o S‘ /@/
= N)\N
s o
4 O)\
= |
|
8=
I ilig
|
H ‘té H
= dIsl
14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0

X : parts per Million : 1H

Figure S24: "H NMR spectrum of ATX 12

13




3 F
O)\
b=
=]
=1
r. ,
H i ‘
= L ! ‘I |
hd bem A A
200.0 190.0 180.0 1700 160.0 150.0 140.0 130.0 = 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40,0 30.0 20.0 10.0 o
Vs \
= iz 52 2 SREZE TR =28 =)
£ =2 [ S EEELE LR S €
= €  £Z = EEEEEEREE a8 s
X : parts per Million : 13C
N N : F
- H H
3
O)\
e
3
i
|
=
|
g |
5
k| |
) ‘ | /
- |
fad I | \ | i I i 1 " ) ' A
- ‘ ‘ i I S i . T, S N
190.0 180.0 170.0 160.0 150.0 140.0 130.0, 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 4(),[) 30.0 20.0 10.0 o
. = o e s cma =
g EBZEF E & EFE§EZ5sg =% - H §
g EE 8= = 2 SSES9Hs == =2 =
X : parts per Million : 13C

Figure S26: *C NMR spectrum of ATX 2

14




‘abundance

|

l,J ‘ HH _J

220.0 210.0 200.0 190.0 180.0 170.0 160.0 1500 140.0 130.0 120.0, 110.0 100.0 90.0 80.0 70.0 60.0 500 40,0 30.0

179.76%0

X : parts per Million : 13C

V| AN

169.4485
166.9400
1615413
159.6050
1487885
1347767
3731
1304940
1271175
1264116
1238267
116.0053

20.0

21,3088

10.0

o

Figure S27: 3C NMR spectrum of ATX 3

TITTATCE

20

16 17 18 19

13 14 15

12

06 07 08 09 10 LI

5

02 03 04 0.

0.1

200.0 190.0 180.0 1700 160.0

515

1797
7 168784

X : parts per Million :

1500 140.0 | 130 1200 1100 100.0 0.0 80.0 70.0 60.0 50.0 40,0 30.0

2255
127.929%
manr

8314

ns

25,
1231
39617

1482083

1299519

1294941

128

12
305000
038

o

Figure S28: *C NMR spectrum of ATX 4

15




0 01020304 0506070809 10 L1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

X : parts per Million : 13C

E
E
g
E | [ |
I { | L
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 o
E g g 2 = g
=3 = ] = =
2 = bd = =
X : parts per Milli 3C
Figure S29: *C NMR spectrum of ATX 5
= Cl
N N
| H H
o
o)\
=
3
3
b=
s
= ‘
g b
E = 1
E | | |
- 1 . L J|
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 ' 80.0 70.0 60.0 50.0 4},0 30.0 20.0 10.0 o
! ZZAANN N
= Ssema Igs E
g g 85 SE8 g
£ B SES =

Figure S30: *C NMR spectrum of ATX 6

16




abundance

210.0  200.0 190.0 180.0

1799137

X : parts per Million : 13C

148.1987
39.6622
39383

168.7824
166.6743

20.0 10.0 o

Figure S31: *C NMR spectrum of ATX 7

abundance

=

(0] S
N)LN Br
o

PN

210.0  200.0 190.0 1800

178.9694

X : parts per Million : 13C

170.0

5
2560

39,5000

168.8301
1663311
1482274
139.423
133166
130520
129.999
1290649
1265806
126.5181
1258123
135899
6622
39.3283

123
120.9287

20.0 10.0 o0

207417

Figure S32: *C NMR spectrum of ATX 8




Br
LT
3 ©\)LN)\N
H H
(0]

PN

=
=
E-
£
£ |
=2 I
£ (|
- VY.L L
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 20.0 80.0 70.0 60.0 50.0 40,0 30.0 20.0 10.0 0
2 =S8 2 S
g 23 3 =
£ R = s
X : parts per Million : 13C
H . 13
Figure S33: *°C NMR spectrum of ATX 9
=5 o S
1 )L
! N~ >N
|
e H H
=4
| j\
= (@)
o
E]
3
ae]
=
1
{
w
]
‘
= |
= ‘
" ‘ |
g | |
5 | I
H | ! }
g I
- ! I | | I
I s A M R A AR S e L
200.0 190.0 180.0 1700 160.0 150.0 1300 | 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40,0 30.0 ZT.O 10.1
| I / 7\ | /3'\
| I / =7 I\ \ | ( |
= TS PEBEIEREEZET = = E =
E s EEEE2EREE5E g g8E =
E B EEEEEEEERRE] & E R =
X : parts per Million : 13C

Figure S34: *C NMR spectrum of ATX 10

18



16 17 18 19 20 21 2

14 15

12 13

11

10

abundance

L

0 01 02 03 04 05 06 07 08 09

190.0

1794733

X : parts per Million : 13

Lo J |

180.0  170.0, 160.0 1500  140.0

69.5344

66,9113

148.7408
94.2961

20.0

2299

Figure S35: *C NMR spectrum of ATX 11

08

0.6

03

01

‘abundance

200.0  190.0

X : parts per Million : 13C

917494
2519

148.7885
40

20.0

Figure S36: *C NMR spectrum of ATX 12




Table S1: 1Cso values of ATX 1-12, cisplatin and aspirin (in uM) against NPC cell lines,

HK1.

Compounds ATX 1Cs0 (LM)
1 1(0-F) 126+15
2 2 (m-F) 7.0+14
3 3 (p-F) 12.3+37
4 4 (0-Cl) 124+ 34
5 5 (m-Cl) 56+0.8
6 6 (p-Cl) 8.6+1.4
7 7 (0-Br) 10.8+16
8 8 (m-Br) 14.6 £3.3
9 9 (p-Br) 57+16
10 10 (o-1) 13.9+1.2
11 11 (m-1) 4.7+0.7
12 12 (p-1) 8.3+1.4
13 Cisplatin 89+19
14 Aspirin >50
15 Aniline (m-1) >50

Note: All the values are expressed as mean + SEM, significant difference (P<0.05)
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Table S2: 95% confidence interval for mean statistical analysis on cytotoxicity of ATX 1-12.

N Mean Std. Deviation | Std. Error | 95% Confidence Interval for Mean
Lower Bound Upper Bound
1 3 12.6000 2.60000 1.50111 6.1412 19.0588
2 3 7.0000 2.38956 1.37961 1.0640 12.9360
3 3 12.3333 6.40104 3.69564 -3.5677 28.2344
4 3 12.3667 5.80460 3.35128 -2.0527 26.7861
5 3 5.5667 1.44684 .83533 1.9725 9.1608
6 3 8.6000 2.40624 1.38924 2.6226 14.5774
7 3 10.7667 2.82902 1.63333 3.7390 17.7943
8 3 14.6333 5.78475 3.33983 .2632 29.0034
9 3 5.6667 2.77909 1.60451 -1.2370 12.5703
10 3 4.6667 1.17189 .67659 1.7555 7.5778
11 3 8.2667 2.37136 1.36910 2.3759 14.1574
12 3 13.9333 2.11975 1.22384 8.6676 19.1991
Total 36 9.7000 4.52510 .75418 8.1689 11.2311
Table S3: ANOVA statistical analysis on cytotoxicity of ATX 1-12.
Sum of Squares df Mean Square F Sig.

Between Groups 405.280 11 36.844 2.840 .016
Within Groups 311.400 24 12.975
Total 716.680 35
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Table S4: Homogeneous subset statistical analysis on cytotoxicity of ATX 1-12.

Subset for alpha = 0.05
Compound N
1
10 3 4.6667
5 3 5.5667
9 3 5.6667
2 3 7.0000
11 3 8.2667
6 3 8.6000
7 3 10.7667
3 3 12.3333
4 3 12.3667
1 3 12.6000
12 3 13.9333
8 3 14.6333
Sig. .079

Table S5: T-test (one-sample statistics) statistical analysis on cytotoxicity of ATX 1-12.

Mean

Std. Deviation

Std. Error Mean

IC50

36

9.7000

4.52510

.75418

Table S6: T-test (one-sample test) statistical analysis on cytotoxicity of ATX 1-12.

Test Value =0
t df Sig. (2-tailed) | Mean Difference | 95% Confidence Interval of the
Difference
Lower Upper
IC50 12.862 35 .000 9.70000 8.1689 11.2311
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Data S1: Data Analysis of ATX 1-12

2-(((2-fluorophenyl)carbamothioyl)carbamoyl) phenyl acetate (ATX 1)

Yield 0.1068 g, 32.2% as white solid, m.p.: 151-153 °C, Elemental analysis (Found: C,
57.67; H, 3.62; N, 8.01; S, 9.42. C4sH13FO3N,S Requires C, 57.82; H, 3.94; N, 8.43; S,
9.65%); Vmax FTIR (KBr/cm™) 3364 (N-H), 1778 (C=0 ester), 1670 (C=O amide), 1524 (Ar-
C), 1152 (C-N), 749 (C=S). 84 *H NMR (500 MHz, DMSO-dg) 2.31 (3H, s, CH3), 7.24-7.43
(5H, m, Ar-H), 7.64 (1H, t, Ar-H), 7.75 (1H, d, J=7.7 Hz, Ar-H), 8.01 (1H, t, Ar-H), 11.84
(1H, s, NH), 12.27 (1H, s, NH). 8¢ *C NMR (125 MHz, DMSO-dg) 20.7 (CHs), 115.8 (Ar-
C), 123.2 (Ar-C), 124.2 (Ar-C), 125.8 (Ar-C), 126.5 (Ar-C), 127.0 (Ar-C), 128.2 (Ar-C),
130.0 (Ar-C), 133.2 (Ar-C), 148.2 (Ar-C), 154.3 (Ar-C), 156.3 (Ar-C), 166.6 (C=0), 168.8

(C=0) and 179.8 (C=S).

2-(((3-fluorophenyl)carbamothioyl)carbamoyl) phenyl acetate (ATX 2)

Yield 0.1033 g, 31.1% as white solid, m.p.: 115-116 °C, (Found: C, 57.06; H, 3.82; N, 8.30;
S, 9.52. C16H1sFO3N,S Requires C, 57.82; H, 3.94; N, 8.43; S, 9.65%); Vmax FTIR (KBr/cm™)
3356 (N-H), 1774 (C=0 ester), 1666 (C=0 amide), 1561 (Ar-C), 1144 (C-N), 787 (C=S). &4
'H NMR (500 MHz, DMSO-dg) 2.31 (3H, s, CH3), 7.13 (1H, t, Ar-H), 7.29 (1H, d, J=8.5 Hz,
Ar-H), 7.40-7.47 (3H, m, Ar-H), 7.64 (1H, t, Ar-H), 7.73 (1H, d, J=7.6 Hz, Ar-H), 7.79 (1H,
d, J=10.7 Hz, Ar-H), 11.73 (1H, s, NH), 12.41 (1H, s, NH). 8¢ *C NMR (125 MHz, DMSO-
dg) 21.3 (CH3), 111.8 (Ar-C), 113.5 (Ar-C), 120.9 (Ar-C), 123.8 (Ar-C), 126.4 (Ar-C), 127.1
(Ar-C), 130.6 (Ar-C), 133.8 (Ar-C), 139.9 (Ar-C), 148.8 (Ar-C), 161.2 (Ar-C), 163.0 (Ar-C),

166.9 (C=0), 169.4 (C=0) and 179.2 (C=S).

2-(((4-fluorophenyl)carbamothioyl)carbamoyl) phenyl acetate (ATX 3)
Yield 0.1020 g, 30.7% as yellowish crystals, m.p.: 141-143 °C, (Found: C, 57.75; H, 3.70; N,

8.78; S, 9.78. C16H13FO3N,S Requires C, 57.82; H, 3.94; N, 8.43; S, 9.65%); Vmax FTIR
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(KBr/cm™) 3374 (N-H), 1778 (C=0 ester), 1667 (C=0 amide), 1541 (Ar-C), 1149 (C-N), 744
(C=S). 84 *H NMR (500 MHz, DMSO-ds) 2.32 (3H, s, CH3), 7.24-7.31 (3H, m, Ar-H), 7.39
(1H, t, Ar-H), 7.63-7.74 (4H, m, Ar-H), 11.65 (1H, s, NH), 12.24 (1H, s, NH). 5c *C NMR
(125 MHz, DMSO-dg) 21.3 (CHs), 116.0 (Ar-C), 123.8 (Ar-C), 126.4 (Ar-C), 127.1 (Ar-C),
130.5 (Ar-C), 133.7 (Ar-C), 134.8 (Ar-C), 148.8 (Ar-C), 159.6 (Ar-C), 161.5 (Ar-C), 166.9

(C=0), 169.4 (C=0) and 179.8 (C=S).

2-(((2-chlorophenyl)carbamothioyl)carbamoyl) phenyl acetate (ATX 4)

Yield 0.1155 g, 33.1% as white solid, m.p.: 140-143 °C, (Found: C, 55.40; H, 3.92; N, 8.94;
S, 9.13. C46H13CIO3N,S Requires C, 55.09; H, 3.76; N, 8.03; S, 9.19%); Vmax FTIR (KBr/cm’
1) 3357 (N-H), 1777 (C=0 ester), 1668 (C=0O amide), 1536 (Ar-C), 1155 (C-N), 750 (C=S).
Su 'H NMR (500 MHz, DMSO-ds) 2.31 (3H, s, CHs), 7.30-7.34 (2H, m, Ar-H), 7.40-7.43
(2H, m, Ar-H), 7.59 (1H, d, J=7.7 Hz, Ar-H), 7.64 (1H, t, Ar-H), 7.75 (1H, d, J=7.7 Hz, Ar-
H), 8.03 (1H, d, J=6.2 Hz, Ar-H), 11.79 (1H, s, NH), 12.40 (1H, s, NH). ¢ °C NMR (125
MHz, DMSO-ds) 20.7 (CHs), 123.1 (Ar-C), 125.8 (Ar-C), 126.5 (Ar-C), 127.3 (Ar-C), 127.9
(Ar-C), 128.2 (Ar-C), 128.3 (Ar-C), 129.5 (Ar-C), 130.0 (Ar-C), 133.2 (Ar-C), 135.2 (Ar-C),

148.2 (Ar-C), 166.7 (C=0), 168.8 (C=0) and 179.8 (C=S).

2-(((3-chlorophenyl)carbamothioyl)carbamoyl) phenyl acetate (ATX 5)

Yield 0.1188 g, 34.1% as yellowish solid, m.p.: 167-177 °C, (Found: C, 54.90; H, 3.57; N,
7.84; S, 9.00. C16H13CIO3N,S Requires C, 55.09; H, 3.76; N, 8.03; S, 9.19%); Vmax FTIR
(KBr/cm™) 3275 (N-H), 1663 (C=0O amide), 1588 (Ar-C), 1173 (C-N), 754 (C=S). &y ‘H
NMR (500 MHz, DMSO-dg) 1.00 (3H, s, CH3), 7.03 (1H, t, Ar-H), 7.34 (1H, d, J=6.9 Hz,
Ar-H), 7.43 (1H, t, Ar-H), 7.52 (1H, t, Ar-H), 7.59 (1H, d, J=6.9 Hz, Ar-H), 7.97-8.00 (3H,
m, Ar-H), 11.71 (1H, s, NH), 12.65 (1H, s, NH). 8¢ *C NMR (125 MHz, DMSO-ds) 19.0

(CHs), 116.8 117.8 (Ar-C), 120.9 (Ar-C), 123.5 (Ar-C), 124.4 (Ar-C), 126.8 (Ar-C), 130.9
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(Ar-C), 131.8 (Ar-C), 133.3 (Ar-C), 136.1 (Ar-C), 139.7 (Ar-C), 157.2 (C=0), 165.4 (C=0)

and 178.9 (C=S).

2-(((4-chlorophenyl)carbamothioyl)carbamoyl) phenyl acetate (ATX 6)

Yield 0.1213 g, 34.8% as white solid, m.p.: 140-141 °C, (Found: C, 54.87; H, 3.85; N, 8.66;
S, 9.11. C46H13CIO3N,S Requires C, 55.09; H, 3.76; N, 8.03; S, 9.19%); Vmax FTIR (KBr/cm’
1) 3376 (N-H), 1778 (C=0 ester), 1664 (C=0O amide), 1528 (Ar-C), 1149 (C-N), 751 (C=S).
Su 'H NMR (500 MHz, DMSO-dg) 2.31 (3H, s, CHg), 7.29-7.31 (1H, d, J=7.7 Hz, Ar-H),
7.39 (1H, t, Ar-H), 7.47 (2H, d, J=9.2 Hz, Ar-H), 7.63 (1H, t, Ar-C), 7.71-7.74 (3H, m, Ar-
H), 11.70 (1H, s, NH), 12.31 (1H, s, NH). c *C NMR (125 MHz, DMSO-ds) 20.7 (CHs),
123.2 (Ar-C), 125.8 (Ar-C), 126.2 (Ar-C), 126.5 (Ar-C), 128.5 (Ar-C), 130.0 (Ar-C), 130.3
(Ar-C), 133.1 (Ar-C), 136.8 (Ar-C), 148.2 (Ar-C), 166.3 (C=0), 168.8 (C=0) and 178.9

(C=9).

2-(((2-bromophenyl)carbamothioyl)carbamoyl) phenyl acetate (ATX 7)

Yield 0.1365 g, 34.7% as white solid, m.p.: 130-131 °C, (Found: C, 48.61; H, 3.09; N, 7.02;
S, 8.18. C16H13BrO3N,S Requires C, 48.87; H, 3.33; N, 7.12; S, 8.15%); Vmax FTIR (KBr/cm’
1) 3378 (N-H), 1776 (C=0 ester), 1667 (C=0 amide), 1531 (Ar-C), 1159 (C-N), 755 (C=S).
81 'H NMR (500 MHz, DMSO-dg) 2.31 (3H, s, CHs), 7.25-7.32 (2H, m, Ar-H), 7.40-7.47
(2H, m, Ar-H), 7.64 (1H, t, Ar-H), 7.74-7.76 (2H, m, Ar-H), 7.89 (1H, d, J=10.0 Hz, Ar-H),
11.86 (1H, s, NH), 12.30 (1H, s, NH). 8¢ *C NMR (125 MHz, DMSO-dg) 20.7 (CHs), 119.3
(Ar-C), 123.1 (Ar-C), 125.8 (Ar-C), 126.5 (Ar-C), 127.8 (Ar-C), 128.7 (Ar-C), 129.9 (Ar-C),
132.7 (Ar-C), 133.2 (Ar-C), 136.7 (Ar-C), 148.2 (Ar-C), 166.7 (C=0), 168.8 (C=0) and

179.9 (C=S).
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2-(((3-bromophenyl)carbamothioyl)carbamoyl) phenyl acetate (ATX 8)

Yield 0.1353 g, 34.4% as white solid, m.p.: 113-114 °C, (Found: C, 48.60; H, 3.05; N, 7.09;
S, 7.94. C16H13BrO3N,S Requires C, 48.87; H, 3.33; N, 7.12; S, 8.15%); Vmax FTIR (KBr/cm’
1y 3367 (N-H), 1785 (C=0 ester), 1675 (C=0 amide), 1529 (Ar-C), 1169 (C-N), 863 (C=S).
81 'H NMR (500 MHz, DMSO-dg) 2.32 (3H, s, CH3), 7.29-7.31 (1H, d, J=8.4 Hz, Ar-H),
7.37-7.42 (2H, m, Ar-H), 7.47 (1H, d, J=10.0 Hz, Ar-H), 7.62-7.67 (2H, m, Ar-H), 7.72 (1H,
d, J=6.9 Hz, Ar-H), 8.06 (1H, s, Ar-H), 11.72 (1H, s, NH), 12.33 (1H, s, NH). 3¢ **C NMR
(125 MHz, DMSO-ds) 20.8 (CH3), 120.9 (Ar-C), 123.3 (Ar-C), 123.6 (Ar-C), 125.8 (Ar-C),
126.5 (Ar-C), 126.9 (Ar-C), 129.1 (Ar-C), 130.0 (Ar-C), 130.5 (Ar-C), 133.2 (Ar-C), 139.4

(Ar-C), 148.2 (Ar-C), 166.3 (C=0), 168.8 (C=0) and 179.0 (C=S).

2-(((4-bromophenyl)carbamothioyl)carbamoyl) phenyl acetate (ATX 9)

Yield 0.1285 g, 32.7% as white solid, m.p.: 157-159 °C, (Found: C, 48.31; H, 3.20; N, 7.41;
S, 8.37. C16H13BrO3N,S Requires C, 48.87; H, 3.33; N, 7.12; S, 8.15%); Vmax FTIR (KBr/cm’
1) 3382 (N-H), 1775 (C=0 ester), 1670 (C=0 amide), 1526 (Ar-C), 1169 (C-N), 820 (C=S).
8 *H NMR (500 MHz, DMSO-dg) 2.31 (3H, s, CH3), 7.29 (1H, d, J=7.6 Hz, Ar-H), 7.39
(1H, t, Ar-H), 7.60-7.67 (4H,m, Ar-H), 7.72 (2H, d, J=6.9 Hz, Ar-H), 11.69 (1H, s, NH),
12.30 (1H, s, NH). 8¢ **C NMR (125 MHz, DMSO-dg) 20.8 (CHs), 118.6 (Ar-C), 123.3 (Ar-
C), 125.8 (Ar-C), 126.5 (Ar-C), 130.0 (Ar-C), 131.5 (Ar-C), 137.3 (Ar-C), 148.2 (Ar-C),

166.4 (C=0), 168.9 (C=0) and 178.8 (C=S).

2-(((2-iodophenyl)carbamothioyl)carbamoyl) phenyl acetate (ATX 10)

Yield 0.1691 g, 38.4% as yellowish solid, m.p.: 121-122 °C, (Found: C, 43.15; H, 2.65; N,
5.99; S, 7.56. C1gH13103N2S Requires C, 43.65; H, 2.98; N, 6.36; S, 7.28%); Vmax FTIR
(KBr/cm™) 3364 (N-H), 1775 (C=0 ester), 1665 (C=0 amide), 1526 (Ar-C), 1154 (C-N), 747
(C=S). 84 *H NMR (500 MHz, DMSO-dg) 2.32 (3H, s, CH3), 7.08 (1H, t, Ar-H), 7.30 (1H, d,

J=7.7 Hz, Ar-H), 7.40-7.48 (2H, m, Ar-H), 7.64-7.67 (2H, m, Ar-H), 7.74 (1H, d, J=7.6 Hz,
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Ar-H), 7.94 (1H, d, J=7.7 Hz, Ar-H), 11.84 (1H, s, NH), 12.15 (1H, s, NH). 3¢ *C NMR
(125 MHz, DMSO-dg) 20.9 (CHs), 97.4 (Ar-C), 123.2 (Ar-C), 125.9 (Ar-C), 126.7 (Ar-C),
128.6 (Ar-C), 128.9 (Ar-C), 129.0 (Ar-C), 129.9 (Ar-C), 133.2 (Ar-C), 139.0 (Ar-C), 140.2

(Ar-C), 148.3 (Ar-C), 166.8 (C=0), 168.9 (C=0) and 180.2 (C=S).

2-(((3-iodophenyl)carbamothioyl)carbamoyl) phenyl acetate (ATX 11)

Yield 0.1850 g, 42% as brownish solid, m.p.: 120-122 °C, (Found: C, 43.77; H, 2.58; N,
6.16; S, 6.90. C16H13103N,S Requires C, 43.65; H, 2.98; N, 6.36; S, 7.28%); Vmax FTIR
(KBr/cm™) 3372 (N-H), 1779 (C=0 ester), 1663 (C=0 amide), 1527 (Ar-C), 1146 (C-N), 773
(C=S). 5 *H NMR (500 MHz, DMSO-dg) 2.32 (3H, s, CH3), 7.20 (1H, t, Ar-H), 7.29 (1H, d,
J=7.7 Hz, Ar-H), 7.39 (1H, t, Ar-H), 7.63-7.74 (4H, m, Ar-H), 8.16 (1H, s, Ar-H), 11.71 (1H,
s, NH), 12.60 (1H, s, NH). 8¢ *C NMR (125 MHz, DMSO-dg) 21.4 (CHs), 94.5 (Ar-C),
123.8 (Ar-C), 124.6 (Ar-C), 126.4 (Ar-C), 127.1 (Ar-C), 130.6 (Ar-C), 131.1 (Ar-C), 133.2
(Ar-C), 133.7 (Ar-C), 135.5 (Ar-C), 139.8 (Ar-C), 148.8 (Ar-C), 166.9 (C=0), 169.4 (C=0)

and 179.5 (C=S).

2-(((4-iodophenyl)carbamothioyl)carbamoyl) phenyl acetate (ATX 12)

Yield 0.1567 g, 35.6% as yellowish solid, m.p.: 153-154 °C, (Found: C, 44.01; H, 2.78; N,
6.22; S, 7.06. C16H13103N2S Requires C, 43.65; H, 2.98; N, 6.36; S, 7.28%); Vmax FTIR
(KBr/cm™) 3379 (N-H), 1776 (C=0 ester), 1667 (C=0O amide), 1525 (Ar-C), 1165 (C-N), 818
(C=S). 34 *H NMR (500 MHz, DMSO-dg) 2.31 (3H, s, CH3), 7.29 (1H, d, J=8.4 Hz, Ar-H),
7.39 (1H, t, Ar-H), 7.52 (2H, d, J=7.7 Hz, Ar-H), 7.63 (1H, t, Ar-H), 7.72 (1H, d, J=7.7 Hz,
Ar-H), 7.76 (2H, d, J=8.4 Hz, Ar-H), 11.68 (1H, s, NH), 12.30 (1H, s, NH). 3¢ *C NMR
(125 MHz, DMSO-dg) 21.3 (CHs), 91.7 (Ar-C), 123.8 (Ar-C), 126.4 (Ar-C), 127.0 (Ar-C),
127.1 (Ar-C), 130.6 (Ar-C), 133.7 (Ar-C), 137.9 (Ar-C), 138.3 (Ar-C), 148.8 (Ar-C), 166.9

(C=0), 169.4 (C=0) and 179.2 (C=S).
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