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ABSTRACT

1,2,4-Triazine and Pyrrolidin-2-one derivatives with 1, 4 substituted salicylaldehyde were designed and synthesized
in order to obtain new compounds with potential anticancer activity. The structures of all synthesized compounds
were confirmed by means of spectroscopical analytical techniques. All compounds were evaluated for their anti-
angiogenic activity and cells invasion and metastasis potential by chorioallantoic membrane (CAM) assay method.
Compound 2b, 2c and 4d showed maximum antiangiogenic activity out of all synthesized compounds. Molecular
docking studies of most active compounds of the series revealed that they bind to a narrow hydrophobic pocket of
the N-terminal chain in the ATP binding site of VEGFR.

Key words: Angiogenesis, triazine, pyrrolidin-2-one, CAM agsSdEGFR.

INTRODUCTION

Cancer is the second frequent cause of human dedtie world with 11 million new incidences evergay. It is
responsible for one in eight deaths worldwide. €hare more than 100 distinct types of cancer caigig from
most of the cell types and organs throughout thedmbody. Cancer is characterized by relativelyontrolled
proliferation of cells escaping from apoptosis tbah invade beyond normal tissue boundaries andstasize to
distant organsCancer cells grow and divide much more rapidlyntharmal cells so that they have a much higher
demand for nutrients and oxygen. Angiogenegiswing blood vessels network) provides nutrition the growth
of tumors, growing tumor invade in to the adjacsdues (metastasis). Cancer cells cannot growriatiweable
tumors without sufficient amounts of capillariesedéng them oxygen- and nutrient-rich blood. Angigige
inhibitors are a new class of anticancer drugs laict by inhibiting nutrition carriers (blood velssgrowth) of
tumors. Angiogenesis inhibitors are unique caniggiting agents because they inhibit the growthlobd vessels
rather than tumor cells or prevents tumor from gngw The FDA has been approved angiogenesis imngbfior
cancer treatment including sorafenib, sunitinitzgganib and everolimus. Various types of angiogenegibitors
are currently being tested in clinical trials. W starve to kill approach (inhibition of angiogsisea nutrition path
to cancer cells) to fight with cancer. Triazine haigle pharmacological properties like anticancentivéral,
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antibacterial, antifungal, antiprotozoal, anti-afimatory and antidepressant. Pyrrolidin-2-one lees leported to
have anti-inflammatory, anticonvulsant and protéirase inhibition potential. [1-6]

CAM assays have been extensively used to studygegesis [2], tumor cell invasion and metastasi§]3The
CAM model has many benefits, such as the highlgwasized nature of the CAM greatly promotes thepadess
of tumor cell grafting, high reproducibility; simpity and cost effectiveness makes CAM assay a raogable
model for angiogenesis and metastasis studies [4,7]

We used molecular field mapping and alignment agghoto design triazine and pyrrolidin-2-one derixex.

Biological targets do not recognize a drug’'s stuitetmake up. The interaction between a ligand ampdogein

involves electrostatic fields and surface properfimolecular field). The molecular field descriptiof a compound
comprises four fields: positive and negative elestfitic, van der Waals attractive and hydrophoigild$. These
fields provide a means of finding the most bioladic relevant regions of a molecule, where inteéoast with a
protein are most likely to occur. The Field tectogyl is based on the assumption that two molechkgshind to the
same protein site would be expected to have thee dafd pattern in their bound conformation. Fielchpping

showed that triazine and pyrrolidin-2-one havedfislmilarity with SU4312 more than 65% (Figure These
findings encourage us to synthesize novel triaaime pyrrolidin-2-one derivatives. All the synthegizcompounds
were screened for anti-angiogenic activity in CAbsay and most active derivatives were analyzefoF-7 cell

induced anti-angiogenic activity and tumor invaséod metastasis inhibition.

MATERIALS AND METHODS

Chemistry

All the chemicals used were of laboratory grade mmodtured from Fisher Scientific, S.D. Fine Cherseand CDH.
Melting points were determined by open tube capill@method and are uncorrected. Thin layer chromafgy
(TLC) plates (silica gel G) were used to confirne fburity of commercial reagents used, compoundthsgirzed,
and to monitor the reactions as well. Two solvemstems; chloroform: methanol in the ratio 6:4 (ompounds of
Scheme 1) and ethylacetate : hexane in the rdiio(far compounds of Scheme 2) were used to rumti@ The
spots were located under iodine vapors/UV light. $Rectra were obtained on a Shimadzu 8400S FT-IR
spectrometer (KBr Pellets). 1H NMR spectra were@rmed on a 300 MHz dpx spectrometer in C@ing TMS

as internal standard. 13C NMR spectra were recoatld®0 MHz on BRUKER AMX 400 in CDglMass spectra
were recorded on an API 3000 LC/MS/MS Q3 (SHIMADZpectrometer.

General procedure for the preparation of 1,2,4-trizin-3-amine derivatives

Step 1: 1,2,4-triazin-3-amine (1.0 mol) was disedlin 20 ml ethanol and transferred into rounddiotflask. The
mixture was heated on water bath till completedalig®on was achieved. To the resulting mixture galgbde (2 mol)
was added dropwise, and mixture was refluxed for Fhe mixture was cooled; Schiff’'s base (1) wgsasated,
filtered, dried and recrystallized from chlorofoemd pet. ether (1:1) to afford yellowish microcajthe powder.

Step 2: Compound 1 (1 mol) was dissolved in methg@@bml) by gentle warming. Sodiumborohydride @rdol)
was added and mixture was stirred for 1 h. The umixtwas heated to 40 °C for 10-15 min. Methanol was
evaporated under reduced pressure. The residuevasted with water, dried, and recrystallized framooform
and pet. ether (1:1) to afford pale yellow micratafline powder of compound 2 (Scheme 1).[7-8]

4-amino-2-(((5,6-dimethyl-1,2,4-triazin-3-yl)amimogthyl)phenol (2a)

Light brown color solid, M.P. 110-112°C, m/z: 243.0100.0%), 246.13 (13.2%), 246.12 (1.8%), 247 1.2%)
(C12H1sNsO, calc. 245.28); FT-IR (KBr) (cm-1): 3350- 318CCONH- str), 2920.32 (C-H str), 813.77 (para
disubstituted benzene), 1560 (C-N- str), 1650 (Gt 1286 (—C—N- str), 1450 (—CN bend), 1145 (Afaend).
'"HNMR (300 MHz) DMSO, & (ppm): 2.33 (s, 3H), 2.86 &), 4.11 (S, 1H), 4.60 (s, 2H), 5.44 (s, 1H),766.53
(m, 3H), 6.31 (s, 1H)**C NMR (300 MHz) DMSO, & (ppm): 17.7, 19.5, 147.8812, 162.7, 39.9, 146.9, 128.7,
132.9, 117.1, 116.1, 115.9, 140.5. Elemental AnstlyS, 58.76; H, 6.16; N, 28.55; O, 6.52 found:58,15; H,
6.15; N, 28.77; O, 6.51.

2,4-dibromo-6-(((5,6-dimethyl-1,2,4-triazin-3-yl)amino)methyl ) phenol (2b)

Brown color solid, M.P. 131-132°C, m/z: 387.94 (Xi30), 385.94 (51.1%), 389.93 (48.4%), 388.94 (13,1%
386.94 (6.7%), 390.94 (6.4%), 388.93 (1.5%), 389192%), (G2H1,Br,N,0) Molecular Weight: 388.06.
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FT-IR (KBr) (cm-1): 3350 (-NH- str), 2920.32 (C—It)s 650 (C-Br), 1560 (C-N- str), 2902 (C=C str}50 (-CN
bend), 1145 (Ar—CH bendddNMR (300 MHz) DMSO, & (ppm): 2.74 (s, 3H), 2.40 81), 4.5 (s, 2H), 7.7-7.8 (m,
1H), 5.49 (s, 1H), 4.9 (s, 1HYC NMR (300 MHz) DMSO, & (ppm): 17.7, 19.5, 147.8915, 162.0, 149.9, 133.8,
38.5, 130.1, 115.1, 131.5, 110.7. Elemental Analy§i, 37.14; H, 3.12; Br, 41.18; N, 14.44; O, 4fadnd: C,
37.10; H, 3.10; Br, 41.11; N, 14.3; O, 4.02.

2-(((5,6-dimethyl-1,2,4-triazin-3-yl)amino)methyl)-4-methyl phenol (2c)

Reddish yellow color solid, M.P. 135-136 °C, m/44213 (100.0%), 245.14 (14.3%), 245.13 (1.5%), 24§1.2%)
(C13H16N4O, Molecular Weight: 244.29). FT-IR (KBr) (cm-18600 (-OH str), 3350 (-NH- str), 2920.32 (C-H str),
1560 (C-N- str), 2902 (C=C str), 1450 (—CN bend}3 (Ar-CH bend)*HNMR (300 MHz) DMSO, & (ppm): 2.74
(s, 3H), 2.34 (d, 6H), 4.5 (s, 2H), 7.1 (s, IHRT/(s, 1H), 6.92 (s, 1H), 5.49 (s, 1H), 4.2 (s, 1¥¢ NMR (300
MHz) DMSO, & (ppm): 17.7, 19.5, 147.7, 159.5, 1621Q0.5, 129.4, 130.5, 130.8, 128.9, 153.8, 40129.2
Elemental Analysis: C, 63.91; H, 6.60; N, 22.93,65, found: C, 63.90; H, 6.50; N, 22.90; O, 6.56.

2-(((5,6-dimethyl-1,2,4-triazin-3-yl)amino)methyl )-6-methyl phenol (2d)

Reddish yellow color solid, M.P. 141-142 °C, m/44213 (100.0%), 245.14 (14.3%), 245.13 (1.5%), 24§1.2%)
(C13H16N4O, Molecular Weight: 244.29). FT-IR (KBr) (cm-18600 (-OH str), 3350 (-NH- str), 2920.32 (C-H str),
1560 (C-N- str), 2902 (C=C str), 1450 (~CN bend}3 (Ar—CH bend)*HNMR (300 MHz) DMSO, & (ppm): 2.74
(s, 3H), 2.34 (d, 6H), 4.5 (s, 2H), 7.1 (s, IHRT/(s, 1H), 6.92 (s, 1H), 5.49 (s, 1H), 4.2 (s, 1¥F NMR (300
MHz) DMSO, & (ppm): 17.7, 19.5, 147.7, 159.5, 1621@0.5, 129.4, 130.5, 130.8, 128.9, 153.8, 40129.2
Elemental Analysis: C, 63.91; H, 6.60; N, 22.93,6(5, found Elemental Analysis: C, 63.81; H, 6.§022.83; O,
6.45.

3-(((5,6-dimethyl-1,2,4-triazin-3-yl)amino)methy?-methoxyphenof2e)

Light yellow color solid, M.P. 151-152 °C, m/z: 232 (100.0%), 233.10 (12.1%), 233.09 (1.5%), 234112%)
(C11H12N4O,, Molecular Weight: 232.24). FT-IR (KBr) (cm-1): 680 (-OH str), 3350 (-NH- str), 2920.32 (C—H
str), 1560 (C-N- str), 2902 (C=C str), 1450 (—Chdbe 1145 (Ar—CH bendfHNMR (300 MHz) DMSO, & (ppm):
2.34 (s, 3H), 2.84 (s, 3H), 3.93 (s, 3H), 4.5 (d),26.82-7.1 (m, 1H), 5.49 (s, 1H), 4.15 (s, 1HC NMR (300
MHz) DMSO, 8 (ppm): 139.7, 149.5, 162.0, 120.5, .416147.5, 147.8, 108.9, 133.8, 47.2, 56.9, 19547.1
Elemental Analysis: C, 56.89; H, 5.21; N, 24.12;13,78 found: C, 56.69; H, 5.11; N, 24.10; O, 13.68

2-(((1,2,4-triazin-3-yl)amino)methyl )-4-nitrophenol (2f)

Light yellow color solid, M.P. 109-110 °C, m/z: 287 (100.0%), 248.07 (12.8%). {fElgNsOs, Molecular Weight:
247.21). FT-IR (KBr) (cm-1): 3600 (-OH str), 3360{H- str), 2920.32 (C—H str), 1560 (C-N- str), 29€=C str),
1450 (-CN bend), 1145 (Ar—CH bendHNMR (300 MHz) DMSO, & (ppm): 8.74 (d, 1H), 8.54 (tH), 3.93 (s,
3H), 4.5 (s, 2H), 7.82-7.90 (m, 2H), 7.1 (d, 1H¥S(s, 1H), 4.15 (s, 1H}*C NMR (300 MHz) DMSO, & (ppm):
139.7, 149.5, 162.0, 125.5, 127.4, 117.5, 140.8,4,363.8, 40.1. Elemental Analysis: C, 48.5831,7; N, 28.33;
0, 19.42, Found : C, 48.48; H, 3.63; N, 28.13; @2%

4-(((1,2,4-triazin-3-yl)ami no)methyl )-2-methoxyphenol (2g)

Brown color solid, M.P. 120-121 °C, m/z: 232.10@1@%), 233.10 (12.1%), 233.09 (1.5%), 234.10 (1.2%)
(C11H12N4O,, Molecular Weight: 232.24). FT-IR (KBr) (cm-1): 680 (-OH str), 3350 (-NH- str), 2920.32 (C—H
str), 1560 (C-N- str), 2902 (C=C str), 1450 (-Chdbe 1145 (Ar-CH bend}HNMR (300 MHz) DMSO, 8 (ppm):
8.74 (d, 1H), 8.54 (d, 1H), 3.93 (s, 3H), 4.5 (8),26.82-7.1 (m, 1H), 5.49 (s, 1H), 4.15 (s, 1ML NMR (300
MHz) DMSO, 8 (ppm): 139.7, 149.5, 162.0, 120.5, .#]16147.5, 147.8, 108.9, 133.8, 47.2, 56.9. Eleaient
Analysis: C, 56.89; H, 5.21; N, 24.12; O, 13.78rfduC, 55.89; H, 5.01; N, 24.09; O, 13.51.

2-(((1,2,4-triazin-3-yl)ami no)methyl )-4,6-dibromophenol (2h)

Reddish yellow color solid, M.P. 109-110 °C, m/ZznB59.90 (100.0%), 357.91 (51.4%), 361.90 (48,836p.91
(11.0%), 358.91 (5.6%), 362.91 (5.4%), 360.90 (9.506,,HsBr,N4O, Molecular Weight: 360.00). FT-IR (KBr)
(cm-1): 3600 (-OH str), 3350 (-NH- str), 2920.32- str), 1560 (C-N- str), 2902 (C=C str), 1450 +Bend),
1145 (Ar—CH bend)*HNMR (300 MHz) DMSO, & (ppm): 8.74 (d, 1H), 8.5Q (H), 4.5 (s, 2H), 7.8 (s, 1H), 7.61
(s, 1H), 5.49 (s, 1H), 4.1 (s, 1HJC NMR (300 MHz) DMSO, & (ppm): 139.7, 149.5, 1621@9.9, 133.8, 38.5,
130.1, 115.1, 131.5, 110.7. Elemental Analysis:c@aC, 33.36; H, 2.24; Br, 44.39; N, 15.56; O, 4.found: C,
33.11; H, 2.21; Br, 43.99; N, 15.16; O, 4.64.
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2-(((1,2,4-triazin-3-yl)amino)methyl )-4-methoxyphenol (2i)

Reddish yellow color solid, M.P. 101-103 °C, m/82210 (100.0%), 233.10 (12.1%), 233.09 (1.5%), 234.
(1.2%). (G1H12N4O,, Molecular Weight: 232.24). FT-IR (KBr) (cm-1):680 (-OH str), 3350 (-NH- str), 2920.32
(C-H str), 1560 (C-N - str), 2902 (C=C str), 145G bend), 1145 (Ar-CH bend)dNMR (300 MHz) DMSO, &
(ppm):8.74 (d, 1H), 8.54 (d, 1H), 3.93 (s, 3H), &52H), 7.1 (s, 1H), 6.99 (s, 1H), 6.82 (s, 1549 (s, 1H), 4.15
(s, 1H).*C NMR (300 MHz) DMSO, & (ppm): 139.7, 149.5, 162129.5, 116.4, 155.5, 147.8, 113.9, 112.9, 47.2,
56.9. Elemental Analysis: C, 56.89; H, 5.21; NJ24.0, 13.78; found: C, 56.81; H, 5.22; N, 24.1013.18.

2-(((1,2,4-triazin-3-yl)amino)methyl )-6-methyl phenol (2j)

Yellow color solid, M.P. 103-105 °C, m/z: 216.100010%), 217.10 (13.4%). (@1:,N4O, Molecular Weight:
216.24). FT-IR (KBr) (cm-1): 3600 (-OH str), 3360IH- str), 2920.32 (C-H str), 1560 (C-N - str),@9(C=C str),
1450 (-CN bend), 1145 (Ar C-H bendHNMR (300 MHz) DMSO, & (ppm): 8.72 (s, 1H), 8.54 (), 2.23 (s,
3H), 4.5 (s, 2H), 6.82-7.1 (m, 1H), 5.49 (s, 1H}54(s, 1H).*C NMR (300 MHz) DMSO, & (ppm): 139.7, 149.5,
162.0, 123.5, 130.4, 153.5, 121.2, 128.9, 125.2,45%.9. Elemental Analysis: C, 61.10; H, 5.592K8,91; O, 7.40
found: C, 60.95; H, 5.51; N, 25.51; O, 7.39.

General procedure for the preparation of 2-(2-oxopyrolidin-1-yl)acetamide derivatives

Step 1:

2-(2-oxopyrrolidin-1-yl) acetamide (1.0 mol) was dissolved in 20 ml ethanol and tfemed into round bottom
flask. The mixture was heated on water bath tilnptete dissolution was achieved. To the resultirigtume,

aldehyde (2.0 mol) was added dropwise, and mixtvae refluxed for 4 h. The mixture was cooled; Sthifase
(3) was separated, filtered, dried and recrystdlirom chloroform and pet. ether (1:1) to afforétmocrystalline

powder.

Step 2:

Compound 1 (1 mol) was dissolved in methanol (2D gl gentle warming. Sodium borohydride (0.02 me§s

added and mixture was stirred for 1 h. The mixtues heated to 40 °C for 10-15 min. Methanol wagerated

under reduced pressure. The residue was washedvaii#n, dried, and recrystallized from chloroforndaet. ether
(1:1) to afford microcrystalline powder of compoutat4d (Scheme 2.

N-(2-hydroxy-5-nitrobenzyl)-2-(2-oxopyrrolidin-1-yl)acetamide (4a)

Reddish brown color solid, M.P. 140-141 °C, m/z329 (100.0%), 294.10 (15.2%), 295.11 (2.0%).3{sN3Os,
Molecular Weight: 293.28). FT-IR (KBr) (cm-1): 38@-OH str), 3350 (-NH- str), 2920.32 (C-H str),605(C-N -
str), 2902 (C=C str), 1450 (-CN bend), 1145 (Ar Gyehd)."HNMR (300 MHz) DMSO, & (ppm): 7.90-7.95 (m,
2H), 7.19 (d, 1H), 5.45 (s, 1H), 4.47 (s, 2H), @4, 1H), 4.51 (s, 1H), 3.35 (t, 2H), 1.80 (p, 2RIB5 (t, 2H)1*C
NMR (300 MHz) DMSO, & (ppm): 30.3, 17.0, 47.9, 1I77355.5, 171.0, 36.1, 129.8, 124.7, 140.3, 12715,4,
162.7. Elemental Analysis: C, 53.24; H, 5.16; N3B4 O, 27.28; found: C, 53.14; H, 5.06; N, 14.03,27.08.

N-(3,5-dibromo-2-hydr oxybenzyl)-2-(2-oxopyrrolidin-1-yl)acetamide (4b)

Pale white color solid, M.P. 143-144 °C, m/z: 4@5(200.0%), 403.94 (51.0%), 407.93 (48.2%), 40§18913%),
404.94 (7.3%), 408.94 (7.0%), 407.94 (1.7%),3Kz4BroN,Os, Molecular Weight: 406.07). FT-IR (KBr) (cm-1):
3600 (-OH str), 3350 (-NH- str), 2920.32 (C-H si$60 (C-N - str), 2902 (C=C str), 1450 (-CN berid}45 (Ar C-

H bend).*HNMR (300 MHz) DMSO, & (ppm): 7.54 (s, 1H), 7.76 {#), 5.35 (s, 1H), 4.47 (s, 2H), 8.03 (t, 1H),
4.58 (s, 1H), 3.32 (t, 2H), 1.99 (p, 2H), 2.352). *C NMR (300 MHz) DMSO, 8 (ppm): 30.3, 17.0, 47.9317,
55.5, 171.0, 37.1, 129.8, 135.7, 110.9, 132.1,8,1B49.8. Elemental Analysis: C, 38.45; H, 3.48; 89.35; N,
6.90; O, 11.82, found: C, 38.35; H, 3.38; Br, 391456.90; O, 11.62.

N-(2-hydroxybenzyl)-2-(2-oxopyrrolidin-1-yl)acetamide (4c)

Reddish color solid, M.P. 135-137°C, m/z: 248.1DQ(0%), 249.12 (14.4%), 250.12 (1.7%).14&eN>Os3,
Molecular Weight: 248.28). FT-IR (KBr) (cm-1): 38@-OH str), 3350 (-NH- str), 2920.32 (C-H str),605(C-N -
str), 2902 (C=C str), 1450 (-CN bend), 1145 (Ar Gyehd).*HNMR (300 MHz) DMSO, & (ppm): 6.51-6.53 (m,
2H), 6.76 (d, 1H), 3.89 (s, 3H), 5.35 (s, 1H), 4(472H), 8.03 (t, 1H), 4.58 (s, 1H), 3.32 (t, 2H)9 (p, 2H), 2.35

(t, 2H).™*C NMR (300 MHz) DMSO, & (ppm): 30.3, 17.0, 47.93177 55.5, 171.0, 37.1, 129.8, 143.7, 120.6, 122.1,
109.8, 148.7, 56.1. Elemental Analysis: C, 62.896190; N, 11.28; O, 19.33 found: C, 62.50; H, 64111.28; O,
19.13.
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N-(2-hydr oxy-3-methoxybenzyl)-2-(2-oxopyrrolidin-1-yl)acetamide (4d)

Yellowish white color solid, M.P. 141-142°C, m&78.13 (100.0%), 279.13 (15.5%), 280.13 (2.0%)4H&eN,O4,
Molecular Weight: 278.30). FT-IR (KBr) (cm-1): 36@dDH str), 3350 (-NH- str), 2920.32 (C-H str), D5@C-N -
str), 2902 (C=C str), 1450 (-CN bend), 1145 (Ar Gyehd).*HNMR (300 MHz) DMSO, & (ppm): 6.62-6.63 (m,
2H), 6.89 (t, 1H), 3.91 (s, 3H), 5.45 (s, 1H), 4(472H), 8.013 (s, 1H), 4.51 (s, 1H), 3.35 (t, 2HBO (p, 2H), 2.35

(t, 2H).™*C NMR (300 MHz) DMSO, & (ppm): 30.3, 17.0, 47.93177 55.5, 171.0, 36.1, 129.8, 144.7, 148.3, 123.1,
125.4, 109.7, 56.1. Elemental Analysis C, 60.426192; N, 10.07; O, 23.00; found: C, 60.24; H, 6.R010.1; O,
22.90.

Biological activity

Chorioallantoic membrane (CAM) assay

Fertilized eggs from a local commercial hatchergrgnteeing 95% fertilization of the eggs were pase. Dirt,
feathers and excrement were carefully removed filoeneggshells mechanically by dry wiping with patmerels
and 70% denatured ethanol. Eggs were kept in thbator on one side, marking the upper surfaceth@leggs
were incubated at temperature 37.8 °C, and the dityrat 47%. On development day 3, the eggs weenegp
under laminar airflow. Opening the eggs at a furtthevelopmental stage results in damage to the Cadvithe
membrane tends to stick to the shell. An infrar@ap is used to keep the eggs warm during the puoeedTo
lower the level of the CAM by two ml of albumen wasnoved through an 18 G needle inserted at theftthe
egg. A semipermeable adhesive film at the markgmbupide of the shell was applied in order to pnégpilling of
shell particles onto the CAM while cutting the wavd A window of 1 crfi in the shell was cut, using a pair of
sterile sharp-pointed surgical scissors. The eoibrgulsating heart and adjoining vessels can lsergbd at the
surface of the egg yolk. Remove the non-fertilizeghs or dead embryos. The window was sealed with a
semipermeable adhesive film. The eggs were incdifate72 more hours to have CAM reaching 2 cm anudter.
Subsequently (on day 8), the seal was removedtandiscs were placed on the chorioallantoic mentgdreach
egg. The seal was placed again and the eggs wemeirtbubated for 24 h. The angiogenesis level watuated
after that period by means of a stereomicroscope,olbserving the avascular zone surrounding the. disc
Antiangiogenic activity is expressed as a scorere/Be= no or weak effect, 1 =medium effect, and2reng effect
(capillary free zone is at least twice as largehaspellet). The eggs in which the pellets causéldrmmation and
embryo toxicity were excluded. Furthermore, mosivacanti-angiogenic derivatives were analyzedMi&2F-7 cell
induced angiogenesis inhibition in a CAM assay. MCE&ancer cells (5L, 40,000 cells) were loaded on top of
uncoated 12im ring inserts. The cells were allowed to migratd avade to the lower chamber for 6 hours. After
6h treated and MCF-7 found to increase the numbarewly formed blood vessel branch points compared
phosphate buffered saline (PBS)-treated controligré&cach test compound was also analyzed for #iglity to
inhibit growth of tumor. Each test compound waspgred in stock solution and diluted with PBS iroaaentration

of 1.0 uM. 10 uL of this solution was added directly to the disk top of CAM. Since we measured the blood
vessels in the area under the disk, the antiangiogiose was calculated as (/CAM drug concentration (1.0
uM), i.e. 0.01 nmol/CAM. [8-12] (Figure 2)

Cdll culture

MCF-7 cell line was obtained from NCCS Pune. Thd tiee was maintained in monolayer cultures in
supplemented Dulbecco’s modified eagle’s medium EMY with 10 % heat-inactivated fetal bovine serufBg),

1 % L-glutamine, and 50 Ig/ml gentamycin sulfate3a °C, in CQ incubator in an atmosphere of humidified 5 %
CO, and 95 % air.

Immunohistochemistry

CAM paraffin sections (fim) were incubated at 60 °C for 2 hours. Tissueicestwere dewaxed with xylene and
ethanol, followed by PBS washes. Immunoreactivigswletected using diaminobenzidine/H202 subst&itgn@a-
Aldrich). The sections were counterstained with 1866in (Sigma-Aldrich), dehydrated and mounted émtéX
(Medite Medizintechnik, Germany). Slides were ditlit scanned using the NanoZoomer (Hamamatsu Pioston
K.K.). For quantitative analysis of ovarian cancell invasion into the mesoderm layer, 8 to 12 Chhhges from
each embryo were assessed by two independentckeear

Molecular modeling

Molecular field mapping and alignment studies weeeformed using Forge V 10, Cresset software. Eeoeptor
model was built by using AutoDock Tools 1.4.6 ané6MTools 1.5.4 packages. Gasteiger partial chavga®
added to the ligand atoms. Non-polar hydrogen atexer® merged, and rotatable bonds were definedkibgc
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calculations were carried out on 10HV protein modedsential hydrogen atoms, Kollman united atometyp
charges, and solvation parameters were added hétlaitl of AutoDock tools. Affinity (grid) maps okxA ° grid
points and 0.375 A ° spacing were generated usiagAutogrid program. AutoDock parameter set- arstiadice-
dependent dielectric functions were used in theutalion of the van der Waals and the electrostaims,
respectively. Docking simulations were performethgighe Lamarckian genetic algorithm (LGA) and Salis &
Wets local search method. Initial position, ori¢iot® and torsions of the ligand molecules werergatiomly. All
rotatable torsions were released during dockinghEtocking experiment was set to terminate afteragaimum of
250,000 energy evaluations. The population size seaso 150. During the search, a translationg efed.2 A °,
and quaternion and torsion steps of 5 were apli&d16]

RESULTS AND DISCUSSION

Primarily, we performed field analysis of the desid compounds and compared with known antiangiegeni
compound SU4312. The field point pattern is a ssffdted ‘pharmacophore’ which can be used to deéin
template for binding. Molecules can be overlaidngstheir fields, rather than structure, and thédfigmilarity
between two molecules can be quantified and coested a similarity value. This is anticipated tieatmpounds
having similar arrangement of field points bindhe receptor in similar fashion and affinity. Fenolecular fields

to represent the binding properties of a ligandparstive electrostatic (colored red), negativectestatic (colored
blue), Van der Waals attractive i.e. ‘steric’ (a@d yellow), hydrophobic (colored orange). Compaunevning
field similarity more than 65% with field of referee SU4312 were selected for synthesis. The pHyaizhfield
similarity data of these compounds are presentedable 1. The syntheses of triazine and pyrro@iosme
derivatives (2a-2h and 4a-4d) are outlined in séhénand 2. 3, 5 substituted salicylaldehyde owoti@a with 3-
amino-1,2,4 triazine or pyrrodine-2-one acetamidegthanol, at 60-70 °C yielded corresponding Schiéses
which, in the presence of sodiumborohydride, wesduced to corresponding amines. Reaction progress w
monitored by thin layer chromatography. THé NMR, *C NMR, IR and mass spectral data of synthesized
derivatives were recorded and found in full agreeimaith the proposed structures. Elemental analgsita
confirmed the purity of the compounds.

The synthesized compounds were evaluated for agibgenic potential usinm-ovo CAM assay (Figure 3). The
chick immune system does not begin to develop tetfan until about 2 weeks into its development aad be
used for transplantation from various tissues witimmune response. Chicken eggs in the early pbllseeding
are betweein vitro andin vivo systems and provide a vascular test environmenbmigtto study angiogenesis but
also to study tumorigenesis. In addition to nurtgrileveloping allo- and xenografts, the CAM bloedsel network
provides a uniquely supportive environment for turoell intravasation, dissemination, and vasculaest and a
repository where arrested cells extravasate to foiono metastatic foci. Test compounds, at thedfigencentration
0.01nm, soaked in a disk were used for CAM assby.332 compound was used as reference for compardbn
the results are depicted in Table 2. DerivativeZthand 4d were found most potent during the amgimgassay and
further analyzed for MCF-7 cell induced angiogesdésia CAM assay. Derivative 2b, 2¢c and 4d are doumhave
anti-angiogenic activity score 1.9, 1.8 and 1.®eetively which is comparable with reference amtifiagenic score
1.91. Further it was observed that molecules 2ar2c4d inhibit tumor cell induced angiogenesis tamador growth
significantly Figure 4. Figure 4 displays Inhibiti@f angiogenesis which reveals that small bloossgks network
serve role as nutrition shipper for the tumor ameirtinhibition leads to retardation in tumor grbwMolecule 2b
(Figure 4B) was found more effective with less tugowth. The immunostaining of transverse sectigtigure 5)
of CAM also performed anda) Control shows the normal structure of the CAMelisy ectoderm (ET), mesoderm
(M) and endoderm (ED)}j figure showing cell grafts (CG) were placed on tfghe ectoderm layer and cancer
cell invasion into the CAM mesoderm was assessel@ynl4 chick embryos.c) Figure showing growth of cancer
after treatment with compound 2b.

The molecular docking was performed into the hytodyc site of VEGFR (Pdb: 3nlv) with the aim to gt anti-
angiogenic activity of the most active compoundstieé study (compounds 2b, 2c and 4d) (Figure 5 Th
complexes were energy-minimized with a MMFF94 fofigdd till the gradient convergence 0.01 kcal/nvahs
reached (Table 3). Compound 2b exhibited hydropghisitéractions; PRO-682 (-0.07 A), MET-589 (-0.0p ARP-
678 (-0.06 A), TRP-676 (1.2 A); Hydrogen bondinghWW/AL-670 (-5.8 A), VAL-680 (-1.9 A), PRO-681(0.92
Compound 2c exhibited hydrophobic interactions; P682 (-0.75 A), TRP-676 (-0.75 A); hydrogen bondimigh
TRP-678 (-0.7), VAL-680 (-0.5 A), VAL-677 (-0.1 Afompound 4d displayed hydrophobic interactionsQFI2
(-0.07 A), MET-589 (-0.06 A), TRP-678 (-0.06 A), PR676 (1.2 A); hydrogen bonding with VAL-670 (-549,
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VAL-680 (-1.9 A), PRO-681(0.02). Reference SU43h2wed hydrophobic interactions, PRO-682 (-1.4 ARPF
678 (-1.9A), Hydrogen bonding with VAL-677 (-0.2AyAL-680 (-0.3 A) (Figure 6).

The NH-bridge between to moiety is essential fatrbgen bonding with protein. Electronegative atarssitution
in phenol moiety leads to increase in activity doeincrease in hydrophobic interaction with proteind co-

planarity.
Table 1: Physical properties of the synthesized diemtives
R 0]
" S8 DUV
N NRY R ‘
RI \r/ H
rX .
\N Rn R
2a-2j 4a-4d
Code R R’ R”  Molecular formula slogP  Similaritplue MW  M.P (°C) Rf (%) Yield
2a H NH CH; Ci2Hi13NsO 13 0.726 2433 130-131 0.7 65
2b Br Br CH  CiHi2N,OBr, 35 0759 388.1 131-132 0.59 68
2c H CH; CH;  Cy3HieN,O 21 0.73¢ 244 13t-13€ 0.6 75
2d CH - CH;  CigHieNsO 21 0.737 2443 141-142  0.46 76
2e 4-OH 5-OCH CH; CisHigNsO; 1.8 0.791 260.3 151-152 0.8 42
2f H NO, H Ci10HoNsO3 1.C 0.671 247.z 10¢-11C 0.7 70
29 4-OH 5-0CH H C11H12N4O; 1.2 0.709 232.2 120-121 0.72 74
2h Br Br H C10HsN4OBE, 2.¢ 0.68¢ 360.C 10¢<-03 0.67 55
2i H -OCH H Ci1H12N4O; 1.2 0.686 232.2 101-103 0.65 54
2j CHs H H Ci1H12N4O 15 0.69 216.2 103-105 0.45 59
4e H NO, - C13H15N30s 0.4 0.66¢ 293.2  14C-141 0.5¢ 65
4b Br Br - G3H14N>03Brr;, 2.3 0.677 406..1 143-144 0.6 63
4c H H - G3sHi1eN2Os 0.6 0.694 248.3 135-137 0.75 55
4d OCH H - CiaH1sN204 0.6 0.684 278.3 141-142  0.65 68
SuU4312 GH16N,O 3.2 264.3
Table 2.in vivo anti-angiogenic activity of synthesized derivatives
Compounds| Concentration (nm) Score
2a 0.01 14+0.1(n=83
2b 0.01 1.9+0.1(n=3
2c 0.01 1.8+ 0.1 (n =3)
2d 0.01 1.3+ 0.1 (n =3)
2e 0.01 toxic (n =3)
2f 0.01 1.5+ 0.1 (n =3)
29 0.01 toxic (n =3)
2h 0.01 1.5+ 0.1 (n =3
2i 0.01 1.3+ 0.1 (n=3)
2j 0.01 1.4+0.1 (n=3)
da 0.01 1.4+ 0.1 (n =3),
4b 0.01 1.3+ 0.1 (n =3)
4c 0.01 1.5+ 0.1 (n =3)
4d 0.01 1.8+ 0.1 (n =3)
SU431: 0.01 1.91+0.1 (n =¢
Table 3: Energy table of active compounds and SU431
Est. Free Energy of Est. Inhibition vdW + Hbond + Electrostatic Total Intermolec. Interact.
Compound Binding Constant, Ki uM desolv Energy Energy Energy Surface
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
2b -6.63 13.73 -6.97 -0.20 -7.17 538.45
2C -7.14 5.81 -7.62 -0.11 -7.7% 591.0¢
4d -6.01 39.51] -6.7% -0.24 -6.97 574.3¢
SU4312 -6.84 9.66 -7.37 -0.06 -7.43 634.77
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Figure 1. Field point alignment of the most activesynthesized derivatives. The size of the point inciites the potential strength of the
interaction. Round-shaped field points are of tes2b, 2c and 4d. Diamond-shaped field points are oéference compound (SU4312). Sky
blue color: negative ionic fields; magenta color: psitive ionic fields; light yellow color: Vander waal interactions; dark yellow color:
hydrophobic fields. Field similarity score, 2b: 0.59; 2c: 0.739; 4d: 0.699
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Scheme 1. Synthesis route of triazine derivatives
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Scheme 2. Synthesis route of pyrrolidine-2-one dematives
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Figure 2. CAM assay. A: Fertilized eggs were purcteed from local market. B: Eggs shells were cleanadth ethanol. C: after three days
incubation 2-3 ml egg white was taken out to lowethe CAM. D: 6 days CAM, E: Placement of Disc Soakkwith test sample, F:

Angiogenesis inhibition
A A B I
C D

Figure 3: Anti-angiogenesis of compound referenc@b, 2c and 4d respectively
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- _-'-"/-
Figure 4. MCF-7 cells induced angiogenesis and mésis inhibition. A. Showing MCF-7 cells graft on @M. B, C, D, E Showing
angiogenesis inhibition and tumor growth of 2b, 2c4d and phosphate buffer respectively

Figure 5. (a) Control showing the normal structureof the CAM layers; ectoderm (ET), mesoderm (M) and&ndoderm (ED); (b) figure
showing cell grafts (CG) were placed on top of thectoderm layer and cancer cell invasion into the Ci mesoderm was assessed in day
14 chick embryos. (c) Figure showing growth of carer after treatment with compound CAM paraffin secions (6 um) were stained.
Original magnification x200, scale bar 10G«m
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Figure 6. Docking of compounds into the active sitef vascular epidermal growth factor receptor pdb:3nlv
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CONCLUSION

Cancer cells grow and divide much more rapidly thammal cells; they have a much higher demand @brients
and oxygen. Increase in blood vessels numbers ¢ontplete the demand of nutrients. Inhibition ofiagenesis
leads to cut off nutrient supplier and can inhib#ncer growth by starving them. Two series of inazand
pyrrolidin-2-one derivatives were synthesized inlesrto obtain new compounds with potential antiiagenic
activity. All compounds were evaluated for theitisangiogenic activity by chorioallantoic membrai@AM) assay
method. Compound 2b, 2c and 3d showed maximumitgctut of all synthesized compounds. Molecule 2dsw
found to inhibit MCF-7 cells induced angiogenesml dheir growth significantly. Molecular dockingusies of
most active compounds of the series revealed figat interact with narrow hydrophobic pocket of tderminal
chain in the ATP binding site of VEGFR. These restveal that angiogenesis is a nutrient supfdietumor and
inhibition of blood vessels leads to retardatiorthaf tumor growth.
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