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ABSTRACT

A new series of quinoline containing compoundswasigded,synthesized and evaluated biologically Heirtinvitro
antitumor activity. Compoundg 8,11, 12,17and 18showed the best cytotoxic activity against fiveaxseell lines
(HePG-2, HCT-116, MCF-7, PC3 and Hela) withs§@ange between 5.6-19.2 pg/ml. Molecular modelinglies
have been performed for the investigated compotmawvaluate their recognition profiles at the VGBRosine
kinase binding-pocket.

Keywords: Quinoline; VGFR inhibition;molecular modeling aadtitumor activity.

INTRODUCTION

Quinoline is asignificant nucleus that found in maratural and synthetic products with various pharofogical

activities. The prominent ones have antimalaridl |Entibacterial [2],antifungal [3], antiinflamator[4], and
anticanceractivities [5].
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Figure 1: Quinoline containing antitumor agents

Cancer is one of the major health problems in dgirt as well as undeveloped countries causindhdeatldwide
[6]. From this point, many researches were accahel to afford potential safe promising anticaneads. In the
current study, the quinoline ring was selected ragssential core due to its well-known antiprolifere activity
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through inhibition of different enzymes includingpbisomerase (I) [7,8],thymidylate synthase(ll), [@lomerase
(111 [10,11], and different protein kinases [12]Bigure 1)

Among different protein kinase inhibitors, VEGF—EKascular endothelial growth factor receptoresyme kinase
inhibitors) are valuable kind of recently targetsthcer therapy [14,15]. The function of (VEGF) encer is not
limited to angiogenesis and vascular permeabiNEGF-mediated signaling occurs in tumour cells dhid
signaling contributes to key aspects of tumorigenasd tumour initiation, so its inhibition woule: & promising
strategy for controlling different tumors [16,1¥]aried quinoline-containing drugs such as TivozifiiB],Ki 8751
[19]and Lenvatinib [20] were recently approved fiatment of various solid tumors as VGFR-TKIs.

Inspired by the previous rationale, new series -@fr\2-4,6-disubstituted quinolines have been sysittesl, the
derived 4-substituted quinoline pharmacophoresstamgcturally related to Tivozinib, Ki 8751 and Lextinib by

insertion of lipophilic O-substituted phenyl at position 2 of quinoline ring addition; substituting amide or

methoxy moiety by lipophilic halogen at positiorttat improves the lipophilicity, therefore enhantes activity
towards cancerous cells.

Moreover, replacement of the urea linkage by anfmenpounds7, 8 11, 12, 13, 14, 1%nd 16) or carbonyl
(compound® and10) functions was performed to investigate the sigaifce of the hydrophilic spacer between the
quinoline core and the peripheral ring substitigioRluorinated or chlorinated phenyl group werdaegd with
different rings to get the appropriate assumptiboua the appropriate necessities of hydrophilicioeg The
terminal Tivozanib' isoxazole ring is replaced Igmative heterocyclic groups such as oxadiazola@undsl7
and18) or pyrazole (compoundsandl10).(Figure 2)
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Figure 2:Reported and purposed VGER inhibitors quiroline derivatives
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MATERIALS AND METHODS

Melting points (°C) were recorded usifgsher-Johnmelting point apparatus and are uncorrected. Miwbses
were performed at the microanalytical unit, Cairpivérsity. IR spectra were recorded on Mattson 5BU6IR
spectrometery(in cm-1) using KBr disk. Th&H - NMR and**C -NMR spectra were recorded on Bruker Ac 400 FT
NMR spectrometer (400 MHz) in DMS@);Cairo, Egypt The chemical shifts in ppm are expressed imits using
tetramethylsilane (TMS) as internal standard. M&lyses were performed on JOEL JMS-600H spectrometer
Cairo University. Reaction times were determineshgi§ LC technique on Silica gel plates 60 F245Erivi@nd
the spots were visualized by U.V. (366 nm).Compabrslibstituted indoline-2,3-diones (1, 2)vere synthesized
according to the reported methtid

General procedure for preparation of compounds3 andt

A mixture of the appropriate 4-substituted acetopime or propiophenone(5mmol), prepared 5-substitigatinl
or 2 (5mmol) and potassium hydroxide (1.28 g, 23mnimo50% aqueous ethanol (20 mL) was refluxedZ8rh.
After cooling to the room temperature, the reactiixture was diluted with 30% aqueous ethanol (2pmahd
neutralized with 50% acetic acid solution. The fethprecipitated solid was filtered, dried and retalfized from
ethanol.

6-Bromo-2-(4-methylphenyl)quinoline-4-carboxylic ad (3)
Yellow crystals, yield (74%), m.p.268. IR (KBr, cm"): 3424 very broad (OH), 1714 (C=¥-NMR (DMSO-d;,5

ppm): 2.38 (s, 3H, CH, Ar-H : 6 7.35 (d,J=7 Hz, 2H, 2-phenyl ring), 7.89 (d=8 Hz , 1H, C-7 quinoline), 8.02
(d, J=8 Hz, 1H, C-8 quinoline), 8.16 (dF 7 Hz, 2H, 2-phenyl ring), 8.40 (s, 1H, C-3 quine), 9.00(s, 1H, C-5
quinoline ),, 10.00 (1H, COOH, £ exchangeable).*C-NMR(DMSO-d): & 21.3, 119.4, 124.8, 125.7, 128.1,

129.3, 131.0, 133.0, 135.7, 138.4, 140.1, 141.7,4,456.7, 168.6. MSO(/0%) 342[M], 344[M"+2]. Anal.calcd
for Ci7H1,BINO,: C, 59.67; H, 3.53; N, 4.09. Found: C, 59.42; M53 N, 4.02.

2-(4-Bromophenyl)-6-chloro-3-methylquinoline-4-cartoxylic acid(4)

Pale yellow crystals, yield (71%), m.p.>300 IR (KBr,cm') 3447 very broad (OH), 1709 (C=3-NMR
(DMSO-c;,8 ppm): 2.5 (s, 3H, CHl,Ar-H : 8 7.60 (d,J= 8 Hz, 2H, 2-phenyl ring), 7.73 (&= 8 Hz, 2H, 2- phenyl
ring), 7.80 (m, 2H, C-7,8 quinoline), 8.10 (d, 1€5 quinoline),, 10.20 (1H, COOH,,D exchangeable). MSI (
/0%) 376.6[M], 378.9[M'+2]. Anal. calcd for GH,,BrCINO,: C, 54.21; H, 2.94; N, 3.72. Found: C, 54.11; H,
2.77; N, 3.64.

General procedure for preparation of compounds 7an®

A mixture of 6-substituted-2-arylquinoline-4-cariyties acids (10 mmol), thionyl chloride (2.4 g, 20ml), and
few drops of DMF in methylene chloride (50 mL) wasluxed overnight. The reaction mixture was evapext
under vacuum, the produced acid chloriggsr6) were dissolved in absolute ethanol (10 mL) withtwther
purification, hydrazine hydrate (99%; 3 mL) was eddrefluxed for 8 h. After cooling, the reactionxtare was
evaporated under vacuum and the crude product wifged by recrystallization from ethanol.

6-Bromo-2-(4-methylphenyl)quinoline-4-carbohydrazia (7)

Yellowish white crystals, yield (75%),m.p. 2@ IR (KBr,cm') 1613 (C=0O amide), 3446 (NH stth-NMR
(DMSO-d;,6 ppm): 2.5 (s, 3H, Ck}, 3.4 (s, 2H, NH, D,O exchangeable), Ar-H 7.3-7.4 (m, 3H), 7.86 (m, 1H),
7.99 (d, 1H), 8.1 (d, 2H), 8.33 (s, 1H),, 9.11Bl, NH, DO exchangeable).MSH (0%) 356[M’]. Anal.calcd for
C17H14BrN3O: C, 57.32; H, 3.96; N, 11.80. Found: C, 57.373199; N, 11.78.

2-(4-Bromophenyl)-6-chloro-3-methylquinoline-4-cartohydrazide (8)

White crystals, Yield (73%), m.p. 282. IR (KBr,cm®):1611 (C=0 amide), 3316 (NH stth-NMR (DMSO-d;,8
ppm): 2.51 (s, 3H, Ck), 4.7 (s, 2H, NH, D,O exchangeable), Ar-H: 7.5 (d, 2H), 7.7 (d, 2H), 7.75 (d, 1H), 7.84 (d,
1H), 8.07 (d, 1H),, 9.7 (s,1H, NH, D20 exchardgep MS: (1 /0%) 390.9[M], 392.6[M'+2]. Anal.calcd for
Cy7H13BrCIN;O: C, 52.27; H, 3.35; N, 10.76. Found: C, 52.113K0; N, 10.72.
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General procedure for synthesis of compounds 9 ariD

A mixture of 7 or 8 (10 mmol) and acetylacetong {10 mmol) in glacial acetic acid (15 mL) was vefd for 24h.
After cooling, the reaction mixture was poured o®water, filtered, washed with water, dried, aadrystallized
from ethanol.

[6-Bromo-2-(4-methylphenyl)quinolin-4-yl](3,5-dimethyl-1H-pyrazol-1-yl)methanone (9¥ellow crystals, yield
(51%), m.p. 257C.IR (KBr, cmi®): 1654 (C=0)!H-NMR, (DMSO-d;,5 ppm): 1.45 (s, 3H, CH, 2.4 (s, 3H, Ch),
3.3 (s, 3H, CH), 4.5 (s, 1H, =@)), ), Ar-H : 5 7.4 (d, 2H), 7.94 (m, 1H), 8.05 (m, 1H), 8.19 @H), 8.4(d, 1H), 8.8
(s,1H).MS:(8 /0%) 420[M7], 422[M*+2]. Anal. calcd for GH;gBrN;O: C, 62.87; H, 4.32; N, 10.00. Found: C,
62.77; H, 4.29; N, 10.08.

[2-(4-Bromophenyl)-6-chloro-3-methylquinolin-4-yl](3,5-dimethyl-1H-pyrazol-1-yl)methanone (10)

White crystals, yield (56%), m.p.1%Z.IR (KBr, cm): 1651 (C=0), 1585 (C=NH-NMR (DMSO-d;,5 ppm): 2.03
(s, 3H, CH), 2.22 (s, 3H, CH), 2.75 (s, 3H, CH), 6.39 (s, 1H, =8), Ar-H : § 7.64-7.67 (m, 3H), 7.74 (m, 2H),
7.82 (d, 1H), 8.12 (d, 1H). MS0(/0%) 454.7[M]. Anal. calcd for G,H,/BrCIN;O: C, 58.11; H, 3.77; N, 9.24.
Found: C, 58.18; H, 3.80; N, 9.28.

General procedure for synthesis of compounds 11 arikP

The appropriate acid hydrazide (1.5 mmol) was miwdith dilHCI(15 mL, 10%) and ethanol (5 mL), andeth
potassium thiocyanate (0.145g; 1.5 mmol), the métwas heated under reflux for 48h. After coolitige
precipitated solid product was filtered, washechwiviater, driedand recrystallized from DMF/ethanat.m

[6-Bromo-2-(4-methylphenyl)quinoline-4-carbonyllhydazinecarbothioamide (11)
Yellow crystals, yield (44%),m.p.>300. IR (KBr, cm'): 1624 (C=0), 3447 (NH)H-NMR (DMSO-d;,5 ppm):

2.46 (s, 3H, Ch), 5.4 (s, 2H, NB, D,O exchangeable), Ar-Ha 7.4 (d, 2H), 7.92-7.97 (m,2H), 8.07 (d, 1H), 8.15-
8.2 (m, 1H), 84 (s, 1H), 856 (s, 1H),, 9.49 (34, NH, D,O exchangeable), 10.8 (s, 1H, NH,®D

exchangeable).MS:0(/0%) 415[M], 417[M*+2]. Anal. calcd for GHsBrN,OS: C, 52.06; H, 3.64; N, 13.49.
Found: C, 52.02; H, 3.71; N, 13.35.

[2-(4-Bromophenyl)-6-chloro-3-methylquinoline-4-cabonyllhydrazinecarbothioamide (12)

Yellow crystals, yield (46%), m.p.222. IR (KBr, cm'):1668(C=0), 3422(NHH-NMR (DMSO-d;,8 ppm): 2.48
(s, 3H, CH), 4.5 (s, 2H, NH, D,O exchangeable), Ar-H& 7.46(d, 2H), 7.56-7.6 (m, 2H), 7.78 (d, 1H), 7(94,

1H), 8.1(s, 1H),,9.8 (s, 1H, NH,,.D exchangeable), 10.68 (s, 1H, NHexchangeable). MSa (0%) 449.9[M].

Anal. calcd for GgH1,BrCIN,OS: C, 48.07; H, 3.14; N, 12.46. Found: C, 48.033189; N, 12.40.

General procedure for synthesis of compounds 13 arit

A mixture of equimolar of the acid hydrazide (78)rand phthalic anhydride (1.48 g; 10 mmol) in gdhacetic acid
(15 mL) as a solvent, refluxed for 24 h. After doglto room temperature the reaction mixture wasr@o into a
suitable amount of crushed ice with stirring, tternfed precipitate was filtered, washed with watand
recrystallized from ethanol.

6-Bromo-N-(1,3-dihydro-1,3-dioxoisoindol-2-yl)-2-(4-methylpkenyl)quinoline-4-carboxamide (13)
Pale yellow crystals, yield (69%), m.p.286 IR (KBr, cm?): 3424 (NH), 1742, 1687 (two C=0, cyclic amide),

1610 (C=OCONH).*H-NMR (DMSO-ts, ppm): 2.42 (s, 3H, C4), Ar-H : § 7.43 (d, 2H), 8.02-8.14 (m, 6H), 8.28
(d,2H), 8.36 (s, 1H), 8.55 (s, 1H),, 11.8 (s, N#f, D,O exchangeabléfC-NMR (DMSO-@): & 21.0, 118.1, 120.8,
121.3, 124.5, 127.4, 127.8, 128.0, 129.9, 130.0,8,3132.2, 134.0,138.6, 140.6, 146.9, 156.6, 1659.1. MS:

(0/0%) 486[M], 487[M*+1]. Anal. calcd for GH.¢BrN;Os: C, 61.74; H, 3.32; N, 8.64. Found: C, 61.81; 223
N, 8.59.
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2-(4-Bromophenyl)-6-chloroN-(1,3-dihydro-1,3-dioxoisoindol-2-yl)-3-methylquindine-4-carboxamide(14)
White crystals, yield(60%), m.p.> 380, IR (KBr, cm?): 3421(NH), 1733, 1675 (two C=GH-NMR (DMSO-d;,8
ppm): 2.5 (s, 3H, C§, Ar-H :5 7.6 (d, 2H), 7.74-7.77 (d, 2H), 7.82-7.85 (d, 1AP-8.1 (m, 4H), 8.12 (m, 1H),
8.2 (s, 1H),, 11.2 (s, 1H, NH,.D exchangeable).M$1%) 520.8[M]. Anal. calcd for GsH;sBrCIN;Os: C,
57.66; H, 2.90; N, 8.07. Found: C, 57.53; H, 21988.12.

General procedure for synthesis of compounds 15 arib

An appropriate acid hydrazide (7 or 8) and succamhydride (0.5 g; 5mmol) were mixed in glacialtacacid (10
mL) as a solvent, refluxed for 24 h. After coolitggroom temperature the reaction mixture was pouméa a
suitable amount of crushed ice, the formed premipitvas filtered, washed with water and recryzidi from
ethanol.

6-Bromo-N-(2,5-dihydro-2,5-dioxopyrrol-1-yl)-2-(4-methylpheryl)quinoline-4-carboxamide(15)

White crystals, yield (75%), m.p. 218 IR (KBr, cm'): 3424(NH), 1774, 1732 (two C=0 cyclic amide), 165
(CONH). *H-NMR (DMSO-d;,8 ppm): 2.01( s, 3H,CH, 2.9 ( s, 4H, 2Ch), Ar-H: § 7.9 (m, 2H), 8.1 (m, 2H), 8.1-
8.2 (m, 2H), 8.52 (s, 1H), 8.59 (s, 1H),, 10.11¢d, NH, D,O exchangeable). MSI/1%) 439 [M'+1], 440 [M'+2].
Anal. calcd for GH;BrNsOs: C, 57.55 ; H, 3.68 ; N, 9.59. Found: C, 57.453t72; N, 9.47.

2-(4-Bromophenyl)-6-chloroN-(2,5-dihydro-2,5-dioxopyrrol-1-yl)-3-methylquinoline-4-carboxamide(16)
White crystals, yield (66%), m.p. 285. 'H-NMR (DMSO-d;,5 ppm): 2.3 (s, 3H, C§), 2.5 (s, 4H, 2Ch), Ar-H: §
7.78 (d, 2H), 7.85 (d, 2H), 8.08 (m, 1H), 8.13 ( 1), 8.3 (s,1H),, 10.15 (s, 1H, NH,D exchangeable). MS:
(0/0%) 472[M].Anal. calcd for GH,sBrCIN;Os: C, 53.36; H, 3.20; N, 8.89. Found: C,53.21; H3N, 8.92.

General procedure for synthesis of compounds 17 ariB

The suitable acid hydrazide(5 mmol) was stirrecetinanol (40 mL), containing potassium hydroxide28g; 5
mmol) for 1h until a clear solution was obtainedri@n disulfide (1.14 g; 15 mmol) was added drogimp to the
reaction mixture with stirring and heated undetweffor 8 h, the reaction mixture was concentratedalf the
volume cooled and acidified with dil. HCI and theparated product was filtered off, washed with wated
recrystallized from ethanol.

4.7.1. [6-Bromo-2-(4-methylphenyl)quinolin-4-yl]-13,4-oxadiazole-2-thiol (17)

Yellow crystals, yield(46%), m.p. 23Q.IR (KBr, cm?): 2749 (SH)'H-NMR, (DMSO-d;,5 ppm): 2.4 (s, 3H,CH),
Ar-H: 8 7.42(d, 3H), 8.05(d, 1H), 8.12(d, 1H), 8.25(d, 2B)Y(s, 1H),, 9.6(s, 1H, SH,,D exchangeable). MS:
(0/0%) 399[M'+1], 400[M"+2]. Anal. calcd for GH;,BrN;OS: C, 54.28; H, 3.04; N, 10.55. Found: C, 54.33; H
3.11; N, 10.61.

[2-(3-Bromophenyl)-6-chloro-3-methylquinolin-4-yl]-1,3,4-oxadiazole-2-thiol (18)

White crystals, yield (58%), m.p. 289.IR (KBr, cm): 2758 (SH)*H-NMR (DMSO-d;,5 ppm): 2.42 (s, 3H, CH),
Ar-H: 6 7.65 (d, 2H), 7.75 (d, 2H), 7.87 (d, 1H), 8.15 (@), 8.24 (s, 1H),, 13.1 (s, 1H, SH, @
exchangeableYC-NMR (DMSO-d¢): 19.1, 122.9, 124.1, 125.4, 127.6, 131.0, 1313%..8, 131.9, 132.1, 133.5,

139.0, 144.6, 157.1, 160.2, 178.6. MIBIf6) 399[M'+1], 400[M'+2]. Anal. calcd for GH1-BrN;OS: C, 49.96; H,
2.56; N, 9.71. Found: C, 49.88; H, 2.62; N, 9.79.

RESULTS AND DISCUSSION

2.1. Chemistry
The synthetic pathways adopted for the preparatf@mur new compounds are illustrated in Scheinasd?2.

Starting with 5-sustituted isatirignd? ) that were prepared according to the published piaeeof Sandmeyer

reaction [21],quinoline-4-carboxylic acid derivas/3and} were synthetized by Pfitzinger reaction [22]in erw
good vyield .These two acids were reacted with §li@hloride to prepare the corresponding acid ¢tiks’5 and
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6which are extremely unstable intermediates, so dhwagtly converted without separation to the cgprending acid
hydrazides [6-bromo-2-(4-methylphenyl)quinolinea@Hwohydrazide (7)and  2-(4-bromophenyl)-6-chloro-3-
methylquinoline-4-carbohydrazid8)] by refluxing them with hydrazine hydratein abgelethanol.

O

X _ COOH
O I R2

N T
H
N/
1. X=Br O
2: X=Cl R

3: X=Br R'=CH; R?=H
4:X=Cl R'=Br RZ?=CHj,3

Y

COClI
2
A9
—
e
R1

5:X=Br R'=CH; R?=H
6: X=Cl R'=Br R?=CHj,

7: X=Br R'=CH; R?=H
8: X=Cl R'=Br R?=CHj,

Scheme 1: The synthesis of 3-8: (i) 4-methylacetagrione or 4-bromopropiophenone, KOH, EtOH; (ii) SOCJ, drops DMF, CHCl,; (iii)
NH,NH,.H,0, ab.EtOH.

Scheme 2:

The two hydrazidéegBwere subjected to different reactions, firstly ¢wdis of [6-bromo-2-(4-
methylphenyl)quinolin-4-yl](3,5-dimethylH-pyrazol-1-yl)methanone (9) and [2-(4-bromophenyl)-6-chloro-3-
methylquinolin-4-yl](3,5-dimethyl-H-pyrazol-1-yl)methanong10) by boiling them with acetylacetone in acetic
acid. Refluxing the acid hydrazides with potassitmocyanate and dil HCI in aqueous ethanol mediaveg6-
bromo-2-(4-methylphenyl)quinoline-4-carbonyl]hydirsecarbothioamidg11) and 2-(4-bromophenyl)-6-chloro-3-
methylquinoline-4-carbonyl hydrazinecarbothioamide). Treating 7 and 8 with phthalic anhydride in glacial
acetic acid and heating overnight gave6-braw@:,3-dihydro-1,3-dioxoisoindol-2-yl)-2-(4-methylphyl)
quinoline-4-carboxamide (13) and  2-(4-bromophenyl)-6-chlod-(1,3-dihydro-1,3-dioxoisoindol-2-yl)-3-
methylquinoline-4-carboxamid&4), while boiling with equimolar succinic anhydride wrdthe same conditions
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resulted in(15, 16) Stirring under reflux the acid hydrazide 8with potassium hydroxide and excess carbon
disulfide in ethanol afforded 1,3,4 oxadiazole-Btlderivatives(17, 18).

NH,
O« _NH

2
X R

h\ _
Os_N_ 7 N O SH

N 1
X R? | R Y N~
O X 7:X=Br R'=CH, R2=H N
NZ O 8:X=Cl R'=Br R2=CH,
R1

9::X=Br R'=CH3 R?=H
10: X=Cl R'=Br R2=CH3 i i vi 17: X =Br R'=CH; R?=H
18: X=Cl R'=Br R2=CHj,3

CONHNHCSNH, O.__NH

2

X SR X R
N” © O
~
J N O
/
R? CONH o R

11: X =Br R'=CH3 R2=H X R 15:X =Br R'=CH, R2=H
12: X =Cl R'=Br R?=CH3 O _ 16:X =Cl R'=Br R?=CH,
T
R1

13: X =Br R'=CH; R?=H
14:X=Cl R'=Br R2=CH,

Scheme 2: The synthesis of 9-18: (iv) acetylacetoreOH; (v) KSCN, dilHCI, EtOH; (vi) phthalic anhyd ride, AcOH; (vii) succinic
anhydride, AcOH; (viii) CS,, KOH, EtOH.

2.2. Molecular Docking

2.2.1. Methodology

Enzyme crystallographic structure:

The crystallographic VEGFR-2enzyme in complex wi#mvatinibwas obtained from the RCSB Protein Data Bank
(PDB entry 3WZD) [23].

Ligand preparation:

The chemical structures of most active compou@d8 énd18) were built using the building module. The ligand
structure was charged using MMFF94 and energy nikeichusing MMFF force field. The lowest energy aamfier
was used for the docking in the binding site. Dogkstudy was performed and data were compared tvéh
reference ligand; Lenvatinib.

Molecular docking studies

To explain the antitumor effect of the new quineli@analogs, docking studies were performed using MQOE.09
program [24].The present work was based on the aoatipe study of docking the newly synthesized agsilin
VEGFR binding pockets. In order to compare the inigdaffinity of the most potentially active analoitj,was
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docked to evaluate its degree of recognition ned@ifi to one of the well-known antitumor agents WitEGFR
inhibition affinity. Lenvatinib was recognized by interaction with three consérgatrucial amino acid residues
namely Cys919, Glu885 and Aspl1046.(Figure 3)

A
@

Figure 3:Docking of Lenvatinib in VEGFR-2 binding site.N-quinoline showed favorable recognition with Cys91@nd both of Glu885
and Asp1046 favorably interacted with theN-CO of the urea bridge by forming strong two hydrogn bonds

Compound? is the most active quinoline analog that showeshyising cytotoxic activity against the tumor cell
lines and in agreement with the docking study tedhiat indicated its favorable complementaritytwmitie binding
site. The 2-tolyl group performed proper hydropleaigicognition since it sets tiNquinoline away from interaction
with any of the amino acids coating the binding katc However, the carbonyl oxygen was laid in prope
configuration that permits the interaction with & forming strong hydrogen bond. Terminal chainttod
hydrazide group was held by two hydrogen bonds thi¢hcrucial amino acids Asp1046 and Arg10@2gure 4)

Figure 4: Binding models of compound 7 docked intthe active site of VEGFR2.
Hydrogen bonds vere showed in blue dashed lint
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Remarkably, Compoun8 is substituted with 3-methyl group that forces theubstituted hydrazide group to be
conformationally strayed to the opposite directaoiding the steric effect. This new confirmati@adis to the
presence of two different patterns of recognitioithwthe surrounding pocket residugis comparison with

compound?). (Figure 5)
! )
=P_1048
) TH_{033

[
,mw )
_103 TYS\MS \

2
e
%

SP_1046

Ly 922

EU_840

7 hydrazino group interacted with Arg1032 8 hydrazno group turned 180 degree and interacted with G§46 and
Aspl1046

Figure 5:Effect of3-methyl group on hydrazino groupinteractions

\ ){uﬁau

Figure 6:Binding models of compound 18 docked intthe active site of VEGFR2.Hydrogen bonds were showén
blue dashed lines.

Compoundl8is one of the most active analogs that showedré&ble cytotoxic activity against the five cell Ise
Even theN-quinoline was set away due to the 4-bromophenyietgpohowever the presence of the oxazole ring
augment the complementarity between the Waweterocyclic ring that strongly interact with AQ88 and Arg1032
forming two hydrogen bonds. Additionally; Asp-10#6one of the conserved amino acids at the bingimgket
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performing favorable interaction with the thiol gm of the oxazole ring. The overall docking perfarmoe of
compound 18 was promising to consider it as ortb@potential VEGFR inhibitorgFigure 6)

3. Biological screening(antitumor activity):

All synthesized quinoline compounds were evaludtedtheir antitumor activities against five humanmtor cell
lines namely; hepatocellular carcinoma (HePG-2)lofextal carcinoma (HCT-116), mammary gland (MCF-7)
Human prostate cancer (PC3) and Epithelioid Camin@Hela). The results are presentethinle 1. Compounds
and8 exhibited the best activity (very strong) agaihst five tested cell lines (showed superior activity than 5-FU
against HePG2 and PC3). Compourdds 12, 17and 18 showed strong activities against all tested dekd.
Compoundl4 exhibited strong activity against HePG2 and HCT;1d/6ile moderately affected other cell lines.
Compound®, 10and13 showed moderate activity on the five cell linesnpoundl5 also had moderate effects on
the cell lines except PC3 (weak). Compowadad weak activity against most cell lines, but b#tter than that of
the starting compoundsand4.

The cell lines were obtained from ATG@a Holding company for biological products and vaesi{VACSERA),
Cairo, Egypt, 5-fluorouracil was used as a standatitancer drug for evaluation.

Chemical reagents:
The reagents are RPMI-1640 medium, DMSO, MTT, ®ftwracil (Sigma Co, USA) and Fetal Bovine serum
(GIBCO, UK).

MTT assay

The cell lines cited above were used to verify ¢otoxic effects of our compounds on cell growimging the
MTT assay. The principle of this assay is the timmsation of the yellow tetrazolium bromide (MTT9 & purple
formazan derivative by mitochondrial succinate dibgenase in viable cells [25, 26]. Cell lines weudtured in
RPMI-1640 medium with 10% fetal bovine serum. Tintikaotics added were 100ug/ml streptomycin and 100

units/ml penicillin at 37 C in a 5% Cgincubator. The cell lines were planted in a 96lvpéite at a density of

1.0x104 cells/ well at 37C for 48 h under 5% G[27].After incubation the cells were handled witbveral

concentrations of the synthesized compounds andtated for 24 h. After that, 20 ul of MTT solutiab 5mg/ml
was included and incubated for 4 h. Dimethyl sulex(DMSQO) in volume of 100 ul is supplemented istch
well to dissolve the purple formazan made. The rwletric assay is calculated and registered atrébsce of 570
nm using a plate reader (EXL 800 USA).

Table 1 Cytotoxic activity of the synthesized compmds against human tumor cells

In vitro Cytotoxicity IC s¢(ug/ml)e
HePGzZ HCT-11€ MCF-7 PC3 Hela
-FU | 7.940.2¢ | 5.3+0.17 | 5.4+0.2( | 8.3+0.3! | 4.8+0.2:
3 64.0+4.13| 83.7+4.87 >100 78.245.46  91.5+5)87
4 58.8+3.87| 65.5+4.3§ 90.4+6.5 82.045.14 >10(
7
8

N

5.6+0.25 5.4+0.30 8.1+0.9Q 7.4+0.4p 6.8+0.47

9.340.49 8.7+0.34 8.9+0.94 8.1+0.78 7.7+0.63

26.2+2.06  19.8+1(85
35.1+2.45 44.7+3|71
10.4+0.98  9.240.82
13.841.84 17.4+1}43
29.8+2.41 32.6x2/78
20.4+1.86 18.7+1172
59.7+3.67 46.0+3/41

9 40.5+2.77| 39.1+2.37 52.3+3.8
10 | 33.6%2.51| 25.5+1.96 44.3+3.4
11 | 13.4+1.06| 12.9+1.14 18.3*1.6
12 | 12.3+0.96| 11.0+1.03 15.6+1.2
13 | 19.9+41.34| 21.8+#1.4Q 30.5+2.8
14 | 17.4+1.40| 16.3#1.1§ 28.4+2.1
15 | 48.2+3.81| 26.9+1.89 33.4+2.5
16 | 68.2+44.35| 41.6+3.63 86.8+5.1 70.6+4.68 53.0+3/80

17 | 14.7+1.23| 15.8#1.23 19.2+1.6 12.5+#1.17 13.2+#1|56

18 | 10.3+0.88| 9.7+0.87| 14.4+1.1p 12.2+1.32 11.4+1{30

*IC50 (ug/ml) 1 — 10 (very strong).>10 — 20 (strong). >20 —@@oderate). >50 — 100 (weak) and above 100 (noatoyic).

OIR[W[OW[{[0N©

CONCLUSION
Most of the newly synthesized compounds showed @iamactivity against HePG2, HCT-116, MCF-7, PCf@l a

Hela cell lines in comparison to 5-FU as refereagent. A strong correlation between biologicaksaing results
and molecular modeling was proven. From the ackienesults, we can conclude tHgThe incorporation of
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hydrazide moiety (-CONHNH) at position 4 of quimairing is important for exerting the cytotoxicigity of these
compounds, so compounds 7, 8, 11 and 12 have astrnyg activity against the five cell liidsMethylation of
quinoline ring at position 3 slightly decreases dleéivity as in compounds 3Converting CONHNH to oxadiazole
ring in compounds 17 and 18 preserves the strotigitgcon most cell lines4)However, in compounds 13 and
14the presence of phthalimide moiety attached taC@NH)decreases their activity to moderate in nuedit line.
Finally these results would be a promising studyfditure more potent antitumor quinoline drugs.
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