Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2023

Mimicry of Sorafenib: Novel Diarylureas
as VEGFR2 Inhibitors and Apoptosis Inducers in Breast Cancer

Magda M. F. Ismail,! Ebtehal M. Husseiny 2*, Mona H. Ibrahim!

! Department of pharmaceutical Medicinal Chemistry and Drug Design, Faculty of Pharmacy (Girls), Al-Azhar
University, Cairo, Egypt
2 Pharmaceutical Organic Chemistry Department, Faculty of Pharmacy (Girls), Al-Azhar University, Nasr City
11754, Cairo, Egypt

Corresponding author:

*Ebtehal M. Husseiny: Pharmaceutical Organic Chemistry Department, Faculty of Pharmacy (Girls), Al-Azhar
University, Nasr City 11754, Cairo, Egypt; E-mail: ebtehal.ouf@azhar.edu.eg; ORCID: https://orcid.org/0000-
0001-6594-1766


https://www.scopus.com/authid/detail.uri?authorId=57210196628
mailto:ebtehal.ouf@azhar.edu.eg
https://orcid.org/0000-0001-6594-1766
https://orcid.org/0000-0001-6594-1766

Chemistry part data

D-alsymaa-cl-1H

T6€°L
T0F "L
T25°L
TIPS L
LESL
IF9 "L
299°L
L9 L
GLL: L
SET"8
oF1T°8
96T°8
891°8
26976

\ TN ="

200" TT—

Cl

0 ppm

- N

2

R
o

g |



D-alshymaa-c-1cl3

0.36679%8 H:
1.3631488 sec
201.61
20.800 usec

¢l H H
N\n/N Cl
(0}
Cl X
4a ©
T I 1 I I ] I 1
200 180 160 140 120 100 80 60




MONAlmB

PROTON BSU DMSO {C:\data} abeer 10

mhmvw//

FPIS" €
mﬁm.NUV

Qi e

S80" L
QT
0ge" L
0oE" ¢

cORL
8T¥%" L

9L9"

.___ll/f/\(
STL L
9g L
Ly L L
il
86L" L
688" L
826" L
6E£0" 8
T90"8
Zel’s
¢sl’8

6

069"

196°0T—

4b

J

LR B B et sl b s B [

L I L L LR |

T

11

3

10

LEO



D-monal-B-cl3

@

Cl

¢ H H
ST
O
1]

an

1

1

4b

Jm

1
200 180

T T r . :
160 140 120 100 80 60

ppm



| I NN\’

H
jenaciNen
al O N

L1 IMHIH,

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm



D-monal-saltl-H

S6F "9
LLS™
285"

188°
c06°
LEB:
9T0-"
£EG”
LLg”
009-"
BeY -
Elgcr
z8L”
96L"
ves”
858"
968"
616"

e e e g

. ==

LPO° 0T
€LE 01
L8L°0T

O

LA

LU

o™
W
—

s
W
o

=
e
=




D-monal-salt-cl3

@

04

T T T T T T
200 180 160 140 120 100



D-mona-ISpl-H

TEZS'T
SFETT
9G9E"T
S9E°T
PPS°T
FLB T
Lg88°'¢
006°¢

VN

2%0°L
P60 "L
FI1°L
aL9"L
065" L
Z18°¢
SZe°L
0€9 "L
8%9 "L
RLO L
- v
ECLL
EELEL
¢sL L
Bl
T08°L
EE8°L
858 °L
168" L4
S68°L
TTeTL
gle L
096°L
9¢0°8
9TIT6
95F" 11

C

- Ju B

T

10

T

15

13 12 11

14

eoL

ESh

~ 66 L

—_ro8_
si'e

ook



L

D-mona-ISp-cl

\l

Cl

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



D-mona-ISM1-H

L9
eeEL”
68L"
(A%
596 °

265
£09°
TE9”

MM NN NN

NV

w
™
w
e e e e O S il el el el ol ol ol L =}

916°
0ce "
(o5 iy N ol
LBL'OT
68F° 11

~

0 ppm

1

| ¢

(]
]

-

|

(]
un

o™
i
i

=

10

i

-

|

5c
13 12

14

15




D-mona-ISM-cl3
N e e — ( BRUKER
‘ okl ‘ | 1l unnl \ \. - o J
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0

ppm



D-alshymaa-F1-1H

-
Cl

Cl

ket

ppn

T
0

661

—ol'L

:

un
i ]
L]

o
o
-

7

00'L
9£'0

PO

;

[
<
o

|



D-alshymaa-F-1cl3

134.87

B\ |

127.75

-

20.800 usec
€.50 usec

mHEEDD

HUUHUD QD e e U =0 e
88

Ho
Bl

¢l H H
o
cl ° MC'
6 N

~NH

T T T T T
200 180 160 140 120 100 80 60



1

MONAmSS]

PROTON BSU DMSC {C:‘\datal abeer 9

Z20%°S

Fa¥”
g1e
£ee
99¢
Cit
€8¢
FeE
FO¥
To9
LO9"
ovo9’
L99”
969"
LTL*
0oL’
268"
voe”
L¥O"

0 - W

A4 ]

e N\ s

N

Cl

O)~NH2

N-N

O

I

b
(0]
7a

Iz

A

A W

it

ppm

10

1




D-mona--ss-1cl3

Mo o

—59.04
—uz.20

PUNTR
QNTN ®
cl (0] CI
7a N-N

O}‘NHz

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



D-mona-ssl-1H

€8¢°
626"
896"
LL6”
010"
T20°
QrL”
9FL”
65L°
oBL”

FEe”
ESE "

81IF”
AN

€90°
ELT
Z61"
TLE"
06€”
ECh:
S LS
ZES”
coL”
eeL’
96L"
06"
Fce’
861"
081"
g69°”

66T°

4

MO MmN

o=\l V
)

LT T O R e el e e e e e St el el el o U= ST T2

0 ppm

St'E

4

Lok

|




D-mona-ss—-1cl3

NN
'
A2 AN O

7b O)/‘NHz

1 lli._lﬂl | | |,

I I I |
200 180 160 140 120 100 80 60 40 20 0 ppm




D-mona-sthl-1H

LEOQT
6ET”
6E8 "
898"
TTe"

LeL?
ogg”
688"
Z1e”
91Z"
voz-
Z8E”
8ER "
65F "
TES®
8FS”
085"
§€9:%
L89°
8TL"
9€EL”
L08”
928"
£16°
FPEB "
ST0°”
060"
FLI"
§6T°
ZLe”
PIL”

€

}

T o,

e i e (2

ccoowo oo~~~ DWW

)

-
2
=]

!

o
-
-

w}fﬂ
i s |
=l

F

g

-
(-]
wi|

|

o
]
=]

|

8




D-mona-sth-1¢cl3

41

g

@
o o

B W

Cl H H
jogas
c ’ C'
8a N-N

S}~NH2

1

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



D-mona-sthl-2H

£E9e”
0gs”’
c60”
001"
gE8 "

8ra -
958 -°
£8g”

100°
€20 -
890"
£80”
860"
LIELE
E0F "
aly’
BT
08% "
01s”
A
SkFS T
¢eo’
ggs’

699"
Z8L”
oog-
cca’
€587
FLT”
LeT”
S9%F°
QLLE

R e Rl nl a T ol o S o o e T s T eI T o]

e LUUM | .




w -

i n

Cl

Ho R
wr
O

N-N

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



D-mona-G1-1H

BELT
6E8°
L6’
LEE"
STF-
66F"

oo~~~ SO0 0

s\

)\ ML | s

o
=
5




D-mecna-G-1lcl3

28

e

LTI

N_ _N

bl

© \ cl
N-N

9a }*NHQ

HN
L r |

T . T T T
200 180 160 140 120 100 80 60 40 20 0 ppm



D-mona-Gl-ZH

Fse”
816"
Lel”
[14-
106"
Lkg”
€26 °
686"
L9eg”
pee”
68¢"°
0T®”
S8S°
909"
£E£9°
S9L”
£8L:
ET6"
2e6”
LET"
§91°
LBTS
986"
AT 2
GE0”

e
Z

-
[
‘\

4

l

2

=T I e e e e e e e S e

B %

Jd

8

g

J

T
5
o
s
i

L0
L0

(]
N
jﬂv—

T
8
8
cils

8 e

1




D-mona-G-2c¢l3

01" 1T e

BE'9E ——

T07 2P —

LT L1T
TP LTT
6b 221
A S
65921
B9'LZT
LEN: T4
€8°8Z21
SS'621
EL'62T
TT°0ET
08°0ET
Z1°ZET
88 PET
LTARA 4
06°€FT
28" 151
TG 85T

NNV
J—NH,

GETEIT ——

lL

ps

ppm

T T T T T
180 160 140 120 100 80

T
200




Graphical representation of cytotoxicity of the synthesized compounds
against the selected breast cancer cells:
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Graphical representation of the cytotoxic activity of the most active
compounds against WI38 cell line
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Docking study

Molecular Operating Environment (MOE-Dock 2014.09) software was used to conduct docking
study. The structure of sorafenib, besides the most active derivatives 6 and 7a were sketched via
using the builder button. These compounds were then exposed to reduction of energy by the MOE
program's default MMFF94x force field. Now, the 3D conformers of such compounds were gained
by using the conformer search. VEGFR2 kinase enzyme was downloaded from the Protien data
bank (PDB ID: 4asd) and opened in the MOE where water molecules were removed and the absent
hydrogen atoms were added to obtain the appropriate ionization states of the protein structure. For
the active site search in the enzyme structure, the MOE Alpha Site Finder was employed with
default options. The attained alpha spheres were utilized to build the dummy atoms, which are the
active site. MOE's "Docking" module was performed to achieve molecular docking. After that, the
default docking procedure has been applied. The top thirty poses, which were ranked by London
dG, were reserved and reduced by using MMFF94x within a rigid receptor. In order to score the
generated postures, the Generalized-Born Volume Integral/Weighted Surface Area (GBVI/WSA
dG) scoring function was then utilized. The selection of poses of the compounds having the top

scores 1s done.



RMSD between the docked and co-crystalized ligands= 0.45 A

Table S1: physicochemical properties of the test compounds

MLOGP

MW Rotatable H-bond H-bond Lipinski Veber
Molecule S S
bonds acceptors donors violations violations

4a 445.73 7 2 2 5.31 1 0
4b 441.31 8 3 2 4.48 0 0
4c 42531 7 2 2 5.04 1 0
5a 452.29 6 3 3 3.61 0 0
5b 599.48 8 6 3 3.18 1 0
5¢ 601.46 8 7 3 2.22 1 1

6 459.76 6 2 3 4.97 0 0
7a 502.78 7 3 3 4.71 1 0
7b 482.36 7 3 3 4.44 0 0
8a 518.85 7 2 3 4.7 1 0
8b 498.43 7 2 3 4.43 0 0
9a 499.78 7 3 4 4.87 0 0
9b 479.36 7 3 4 4.61 0 0




Table S2 Pharmacokinetic properties and medicinal chemistry parameters

Compd  TPSA GI BBB Pgp Bioavailability =~ PAIN Synthetic
No. absorption  permeant  substrate Score S Accessibility
alerts

4a 58.2 High No Yes 0.55 0 3.06
4b 67.43 High No No 0.55 0 3.05
4c 58.2 High No Yes 0.55 0 3.16
S5a 87.3 High No No 0.55 0 3.29
5b 133.06 Low No No 0.55 0 4.04
5¢ 142.29 Low No No 0.55 0 4.01

6 65.52 High No No 0.55 0 3.65
Ta 99.82 High No No 0.17 0 3.88
7b 99.82 High No No 0.55 0 3.97
8a 114.84 Low No No 0.17 0 3.95
8b 114.84 High No No 0.55 0 4.05
9a 108.82 Low No No 0.55 0 3.2
9b 108.82 Low No No 0.55 0 33




