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Abstract

The synthesis of new N-(3-substituted-benzylidene-2-oxoindolin-5-yl)
acetamide (5-14) derivatives along with their inhibitory activity against Src is
reported. Among all compounds, only 10, 12 and 13 were found slightly active
against Src with IC; values of 3.55, 6.39 and 7.29 mM, respectively. Docking
studies have been also performed to analyze the binding mode of compounds
and the results showed that the most active compound 10 showed a hydrogen
bond with Leu273 for the binding to the Src active site. It was found that
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replacement of ethylthiourea, benzylthiourea and methylaminosulphonic acid
group with acetamido group decreases the activity of compounds.
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Introduction

Since the understanding of the crucial role of Src in tumor
development and metastasis, it has been a promising target for
cancer theraphy over the past nearly three decades [1]. Src (c-Src)
is the first discovered intensively studied the protypical member of
Src Family Kinase (SFK) enzymes. Src is at the center of an immense
signaling network, and it can also be activated by integrins, receptor
tyrosine kinases, cytokine receptors and G protein-coupled receptors
[2]. Following activation of Src, it integrates and regulates a number
of cellular signaling pathways, including integrin/FAK, mitogen-
activated protein kinase/extracellular signal-regulated kinase
(MAPK/ERK), Janus-activated kinase (JAK)/signal transducers and
activators of transcription (STAT) and phosphatidylinositol 3-kinase
(PI3K)/AKT [3-5]. Through these interactions, Src controls multiple
cancer cell functions, including cell cycle progression, survival, and
metastasis. Increased Src activity has been observed in many human
malignancies, including colon, breast, pancreas, lung and brain
cancers [6-8]. Moreover, Src has a critical role in other pathological
disorders, such as myocardial infarction [9], stroke, osteoporosis
[10], and neurodegeneration [11].

In recent years much attention has been paid to development
of Src inhibitors. Based upon activation mechanism of Src, several
purine, pyridopyrimidine, naphthyridone,
quinazoline, oxindoles and quinoline-based inhibitors were designed
against ATP-binding site of Src [12]. In the literature, it was shown
that various substituted indolin-2-one derivatives have the ability
to inhibit several SFKs [13-15]. Several 5-methylaminosulphonic
acid containing 3-substituted benzylidene derivatives possess potent
activities against several SFK enzymes. Among them compound I and
I showed good inhibitory potence against Src kinase with IC, values

pyrrolopyrimidine,

of 10 nM and 70 nM, respectively. In addition, compounds III and
IV inhibited Src, Yes, Lck and Fyn as follow: compound 1II, IC, =
0.03 uM (Src), IC, = 0.01 uM (Yes), IC_ = 0.05 uM (Fyn), IC_ = 0.1
UM (Lck); compound 1V, IC_= 0.02 uM (Src), IC, = 0.01 uM (Yes),
IC,;= 0.1 uM (Lck), IC, = 0.4 uM (Fyn). We previously identified a
series of 3-(substituted-benzylidene)-1,3-dihydro-indolin-2-tione
derivatives (compound V and VI, Figure 1) as moderately active Src
inhibitors with IC, of 21.91 and 21.20 pM, respectively [16]. In our
recent study, we reported the synthesis and Src inhibitory activity of
novel 1,3,5-substituted-indolin-2-one derivatives. Among this series,
some of the compounds (VII-X, Figure 1) were found as promising
Src inhibitors with IC, of 1.02, 2.06, 1.24 and 4.04 uM values [17].
In the light of the above literature reports and in continuation of our
efforts to develop Src inhibitors, herein, we report the synthesis and
evaluation of Src kinase inhibitory activity of a series of new N-(3-
substituted-benzylidene-2-oxoindolin-5-yl)acetamide  derivatives.
Moreover, the structure-activity relationships and possible enzyme
binding modes were also illustrated by performing docking studies.

Materials and Methods
Chemistry

Isatine, hydrazine hydrate, ethyl acetate, hexane, sulfuric
acide, methanol were purchased from Merck. 2,4-difluoro-
benzaldehyde, 4-fluoro-benzaldehyde, 4-chloro-benzaldehyde, N,N-
dimethylamino-benzaldehyde, potassium nitrate, palladium %10,
3,4-dichloro-benzaldehyde were purchased from Aldrich. 4-Methoxy-
benzaldehyde and 3-fluoro-benzaldehyde were purchased from
Fluka. 2,6-dichloro-benzaldehyde, 2-chloro-6-fluoro-benzaldehyde,
p-tolyl-benzaldehyde were purchased Acros. Piperidine, ethanol,
acetic anhydride, hydrochloric acide were purchased from Riedel.
Analytical TLC was carried out on Merck 0.2 mm pre-coated silica
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Figure 1: Indole derivatives as Src kinase inhibitors.

gel (60 F-254) aluminium sheets (Merck), visualization by irradiation
with an UV lamp. Melting points were measured with a capillary
melting point apparatus (BUCHI Melting Point B-540). The Nuclear
Magnetic Resonance ("H-NMR) spectra were recorded on Varian
Mercury 400 NMR spectrometer 400 MHz (Varian Inc., Palo Alto,
CA, USA). The chemicals shift values were expressed in parts per
million (ppm) relative to tetramethylsilane as an internal Standard.
Mass spectra were recorded on a Waters ZQ Micromass LC-MS
spectrometer (Waters Corporation, Milford, MA, USA) Elemental
analysis was taken on a Leco-932 CHNS-O analyzer.

Synthesis of oxindole (1)

A mixture of isatine (6.82 g, 0.04 mol) and hydrazine hydrate (28
ml) was refluxed at 140 °C for 4h. The reaction mixture was poured
into ice-cold water and acidified by 6 N HCl. After standing at room
temperature for 2 days, 2.58 g pure oxindole (1) was obtained. Yield
41%, mp 127 °C (lit. 127-129 °C), [18].

Synthesis of 5-nitro-oxindole (2)

Oxindole 1 (0.03 mol; 5 g) was dissolved in 28 ml of cold
concentrated sulphuric acid at 0 °C. After complete dissolution of
potassium nitrate (0.03 mol; 3.87 g) was added as portions. The
temperature of the mixture should not exceed 5 °C. After further
stirring for 30 min, the mixture was poured on to 300 g of ice. The
precipitate was collected by filtration, washed with water, and dried.
The crude product was purified by recrystallization from acetic acid
(50%) to give 2.37 g of 5-nitro-oxindole (2). Yield: 35%, mp 240-243
°C [19].

Synthesis of 5-amino-oxindole (3)

A suspension of 5-nitro-oxindole (7.1 mmol; 1.2 g ) and 10%
palladium/C (0.32 g) in methanol (50 ml) was hydrogenated for 3 h
under 45 psi. Then, the reaction mixture was filtered through celite
and the resulting cake was washed with methanol. The filtrate was
concentrated and 0.5 g pure compound was obtained. Yield: 47%, mp
202-204°C (lit.213-214°C), [20].

Synthesis of N-(2-oxoindolin-5-yl)acetamide (4)

To 5-amino-oxindole (3, 1.75 mmol; 0.25 g) in THF (5 ml) was
added acetic anhydride (1.72 mmol; 0.16 ml). After further stirring
for 2h, the precipitate was filtered and dried to give 0.2 g of N-(2-
oxoindolin-5-yl)acetamide (4). Yield: 61%, mp 275-277 °C [21].

General Synthesis of N-(3-substituted-benzylidene-2-
oxoindolin-5-yl)acetamide derivatives (5-14)

A reaction mixture of N-(2-oxoindolin-5-yl)acetamide (4, 1
eq), the substituted-benzaldehyde (1.2 eq), and piperidine (0.1 eq)
in ethanol (1-2 ml/1 mmol) was stirred at 90 °C for 3-5 h. After the
reaction was completed, the mixture was cooled and the precipitate
filtered and washed cold ethanole. The pure compounds were obtained
with 10-80 % yield.

(E)-N-(3-(4-Chlorobenzylidene)-2-oxoindolin-5-yl)
acetamide (5)

Yield: 75%, mp: 295°C. '"H NMR (DMSO-d,, 400 MHz), § (ppm):
2.00 (s, 3H, CH,), 6.73 (d, J=8 Hz, 1H, H-7), 7.23 (dd, ] = 8, ] = 2 Hz,
1H, H-6), 7.49 (d, J= 8.8 Hz, 2H, H-10 and H-14), 7.61 (s, 1H, H-8),
7.88 (d, J= 2 Hz, 1H, H-4), 8.38 (d, ] = 8.8, ] = 2 Hz, 2H, H-11 and
H-13), 9.82 (s, 1H, NHCOCH,), 10.57 (s, 1H, indole-NH). MS m/z
313.8 [M+1]*. Elemental analysis calculated (%) for C _H ,CIN,O,: C:
65.29, H: 4.19, N: 8.96. Found: C: 65.46, H: 4.21, N: 9.01.

(E)-N-(3-(4-Fluorobenzylidene)-2-oxoindolin-5-yl)
acetamide (6)

Yield: 49%, mp: 272-274°C. '"H NMR (DMSO—dﬁ, 400 MHz), 6
(ppm): 2.03 (s, 3H, CH,), 6.75 (d, J= 8 Hz, 1H, H-7), 7.25 (dd, ] = 8,
]mz 2 Hz, 1H, H-6), 7.31 (d, J= 8 Hz, 2H, H-10 and H-14), 7.65 (s, 1H,
H-8), 7.90 (d, J= 2 Hz, 1H, H-4), 8.50 (q, 2H, H-11 and H-13), 9.83
(s, 1H, NHCOCHS), 10.57 (s, 1H, indole -NH). MS m/z297.8 [M+1]".
Elemental analysis calculated (%) for C_H ,FN,O, C: 68.91, H: 4.42,
N: 9.45. Found: C: 69.13, H: 4.28, N: 9.50.

(E)-N-(3-(3-Fluorobenzylidene)-2-oxoindolin-5-yl)
acetamide (7)
Yield: 44%, mp: 209-210°C. '"H NMR (DMSO-dS, 400 MHz), §
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(ppm): 2.03 (s, 3H, CH,), 6.77 (d, J= 8 Hz, 1H, H-7), 7.27 (dd, ] =
8, ]m: 2 Hz, 1H, H-6), 7.30-7.58 (m, 2H, H-12 and H-13), 7.66 (s,
1H, H-8), 7.93 (d, J= 1.6 Hz, 1H, H-4), 8.01 (d, J= 8 Hz, 1H, H-14),
8.54 (d, J= 8 Hz, 1H, H-10), 9.86 (s, 1H, NHCOCH3), 10.64 (s, 1H,
indole-NH). MS m/z 296.8 [M+1]*. Elemental analysis calculated (%)
for C_H FNZOZ: C: 68.91, H: 4.42, N: 9.45. Found C: 68.79, H: 4.21,

177713

N:9.58.

(E)-N-(3-(2,4-Difluorobenzylidene)-2-oxoindolin-5-yl)
acetamide (8)

Yield: 46%, mp: 248°C (decomp). "H NMR (DMSO-d,, 400 MHz),
8 (ppm): 2.00 (s, 3H, CH,), 6.80 (d, J= 8 Hz, 1H, H-7), 7.26 (dd, ] =
8.8,] =2Hz 1H, H-6), 7.42-7.48 (m, 3H, H-4, H-10 and H-11), 7.68
(s, 1H, H-8), 7.81 (g, 1H, H-13), 9.76 (s, 1H, NHCOCH3), 10.57 (s,
1H, indole-NH). MS m/z 215.7 [M+1]". Elemental analysis calculated
(%) for C,H,FEN,O,: C:64.97, H: 3.85, N: 8.91. Found: C: 65.35, H:

127272720

4.19,N: 8.97.

(E)-N-(3-(3,4-Dichlorobenzylidene)-2-oxoindolin-5-yl)
acetamide (9)

Yield: 76%, mp: 304-305°C. '"H NMR (DMSO—dG, 400 MHz), §
(ppm): 2.00 (s, 3H, CHS), 6.73 (d, J= 8 Hz, 1H, H-7), 7.22 (dd, J=38
J =2 Hz, 1H, H-6), 7.62 (s, 1H, H-8), 7.69 (d, J= 8.4 Hz, 1H, H-13),
7.91 (d, J= 2 Hz, 1H, H-4), 8.23 (d, J= 8.2 Hz, 1H, H-14), 8.80 (d, J=2
Hz, 1H, H-10),9.82 (s, 1H, NHCOCHs), 10.61 (s, 1H, indole-NH). MS
m/z 347.8 [M]*. Elemental analysis calculated (%) for C_H ,CLN.O.:

177712

C: 58.81, H: 3.48, N: 8.07. Found: C: 58.96, H: 3.44, N: 8.21.

(Z)-N-(3-(4-(Dimethylamino)benzylidene)-2-oxoindolin-5-
yl)acetamide (10)

Yield: 55%, mp: 278-280°C. '"H NMR (DMSO-d,, 400 MHz), §
(ppm): 1.96 (s, 3H, CH,), 3.01 (s, 6H, N(CH,),), 6.74 (d, J= 8 Hz, 1H,
H-7), 6.78 (d, J= 8 Hz, 2H, H-11 and H-13) 7.37 (dd, ] = 8, ], = 2 Hz,
1H, H-6), 7.46 (s, 1H, H-8), 7.64 (d, J= 8.8 Hz, 2H, H-10 and H-14),
8.11 (d, J= 1.6 Hz, 1H, H-4), 9.74 (s, 1H, NHCOCH,), 10.31 (s, 1H,
indole-NH). MS m/z 322.8 [M+1]". Elemental analysis calculated (%)
for C H N,O,: C: 71.01, H: 5.96, N: 13.08. Found: C: 70.89, H: 5.96,

1977197 37720

N: 12.96.

(E:Z=1:1)-N-(3-(4-Methoxybenzylidene)-2-oxoindolin-5-yl)
acetamide (11)

Yield: 71%, mp: 240-242°C. E-isomer: 'H NMR (DMSO—dﬁ, 400
MHz), § (ppm): 1.99 (s, 3H, CH,), 3.82 (s, 3H, OCH}), 6.70 (d, J= 8
Hz, 1H, H-7), 7.04 (d, J= 8 Hz, 2H, H-11 and H-13) 7.20 (dd, ] = 8,
] =2 Hz, 1H, H-6), 7.54 (s, 1H, H-8), 7.69 (d, J= 8 Hz, 2H, H-10 and
H-14), 7.83 (d, J= 2 Hz, 1H, H-4), 9.77 (s, 1H, NHCOCH,), 10.46 (s,
1H, indole-NH). Z-isomer: 1.95 (s, 3H, CH,), 3.80 (s, 3H, OCH,),
6.76 (d, J=8 Hz, 1H, H-7), 7.00 (d, J= 8 Hz, 2H, H-11 and H-13) 7.39
(dd, J=8,] =2Hz 1H, H-6), 7.52 (s, 1H, H-8), 8.02 (d, J=2 Hz, 1H,
H-4), 8.45 (d, J= 8 Hz, 2H, H-10 and H-14), 9.73 (s, 1H, NHCOCHS),
10.41 (s, 1H, indole -NH). MS m/z 309.8 [M+1]*. Elemental analysis
calculated (%) for C,HN,0,: C:70.12, H: 5.23, N: 9.09. Found: C:

167 273"

70.52, H: 5.26, N: 9.01.

(E)-N-(3-(4-Methylbenzylidene)-2-oxoindolin-5-yl)
acetamide (12)

Yield: 34%, mp: 265-267°C. '"H NMR (DMSO-d,, 400 MHz), §
(ppm): 2.02 (s, 3H, NHCOCH,), 2.37 (s, 3H, CH,), 6.74 (d, J= 8 Hz,
1H, H-7), 7.24-7.28 (m, 3H, H-6, H-11 and H-13), 7.58 (s, 1H, H-8),

7.88 (d, J= 1.6 Hz, 1H, H-4), 8.30 (d, J= 8.0 Hz, 2H, H-10 and H-14),
9.81 (s, 1H, NHCOCH,), 10.1 (s, 1H, indole-NH). MS m/z 293.7
[M+1]*. Elemental analysis calculated (%) for C H N O, C: 73.95,

1877167 2720

H: 5.52, N: 9.58. Found: C: 73.55, H: 5.66, N: 9.46.

(E)-N-(3-(2-Chloro-6-fluorobenzylidene)-2-oxoindolin-5-yl)
acetamide (13)

Yield: 72%, mp: 259°C. '"H NMR (DMSO-d,, 400 MHz), § (ppm):
1.89 (s, 3H, CH,), 6.76 (d, J= 8 Hz, 1H, H-7), 7.26 (t, 1H, H-12), 7.30
(s, 1H, H-8),7.36 (dd,] = 8,] =2 Hz, 1H, H-6), 7.40 (s, 1H, H-4), 7.49
(d,J=7.6 Hz, 1H, H-11), 7.56 (m, 1H, H-13),9.70 (s, 1H, NHCOCHs),
10.59 (s, 1H, indole-NH). MS m/z 331.9 [M+1]*. Elemental analysis
calculated (%) for C_H,,CIFN,O,: C: 61.73, H: 3.66, N: 8.47. Found:

177712

C:61.33, H: 3.98, N: 8.40.

(E)-N-(3-(2,6-Dichlorobenzylidene)-2-oxoindolin-5-yl)
acetamide (14)

Yield: 69%, mp: 176-178°C. '"H NMR (DMSO-ds, 400 MHz), 6
(ppm): 1.87 (s, 3H, CH,), 6.75 (d, J= 8 Hz, 1H, H-7), 7.01 (d, J= 2
Hz, 1H, H-4), 7.34 (dd, J=38,] =2Hz 1H, H-6), 7.35 (s, 1H, H-8),
7.50 (t, 1H, H-12), 7.60 (d, 2H, J= 8 Hz, H-11 and H-13), 9.66 (s, 1H,
NHCOCH,), 10.58 (s, 1H, indole-NH). MS m/z 347.6 [M]*. Elemental
analysis calculated (%) for C _H,,CLN,O,: C: 58.81, H: 3.48, N: 8.07.

177712

Found: C: 58.82, H: 3.31, N: 8.06.

Src kinase assay

The effect of test compounds on protein tyrosine kinase was
evaluated by using Universal Tyrosine Kinase Assay Kit (Takara,
MK410, Japan) according to the manufacturer’s instructions. This
assay is based on monitoring the transfer of g-phosphate residue from
ATP to peptide substrates. The phosphorylation of tyrosine was started
with addition of ATP-2Na and the plate immobilized with peptid
substrate was incubated with test reagents at 37°C for 30 min. The
phosphorylation level of substrate was probed with HRP-conjugated
anti-phosphotyrosine (PY20) antibody. The test compounds were
applied at 0.01, 0.1, 1, 10 and 100 mM concentrations and the
calibrtion curve was constructed by monitoring the diminished
activity of Src in at following concentrations: 0.88, 0.44, 0.22, 0.11,
0.06, 0.03, and 0.015 U/mL. The alteration on Src tyrosine kinase
activity was calculated by comparing the activity in the presence of
test compounds within the total activity of blank (DMSO). The IC_
value was determined by calculating the concentration of each test
compound to achieve 50% inhibition of Src tyrosine kinase activity.

Molecular docking study

All the docking calculations were performed using Autodock
Vina program. The crystal structure of Src kinase (PDB code 3GEQ)
was extracted from the protein data bank (PDB) and it was firstly
modified by removing water molecules and adding polar hydrogens.
The docking area was defined by a box, centered on the native ligand
PP2 (Figure 2). Grid points of 30x30x30 with 1.0 A spacing were
calculated using Autodock Vina default optimization parameters.
Exhaustiveness was set to 30. For the validation of the dock method,
the native ligand (PP2) was docked into its binding site. The RMSD
of the docked PP2 was 0.104 A as it appeared to be superimposed
almost exactly on the native ligand. Moreover, the obtained
binding free energy (AGb) was quite low being -8.8 kcal/mol. 2D
structures of aforementioned compounds were established by using
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Figure 2: Comparison of PP2 (pink, stick model) and compound 10 (gray, ball
and stick model) binding properties in the active site of Src. H-bond between
compound 10 and Leu271 is represented as green dashed lines.

ChemBioDrawUltra 11.0, then they were energitically minimized
with HyperChem8.0.7 using Semi Emperical Hamiltonian AM1 and
saved in mol2 format with ChemBio3DUltra 11.0. The rigid root
and rotatable bonds of compounds were defined by Autodock Tools
(ADT, version 1.5.6). The resulting files were saved as pdbqt files. The
docking results from each calculation were clustered on the basis of
root-mean square deviation (RMSD) and were ranked according to
the binding free energy. The structure with relative lower binding free
energy was chosen for the optimum docking conformation.

Results and Discussion
Chemistry

The target compounds (5-14) were reported in Scheme 1.
Oxindole (1) was obtained by a Wolft-Kishner reduction of isatin
in 50% yield [18]. 5-Nitro oxindole (2) was prepared by stirring of
oxindole (1) with potassium nitrate in concentrated sulfuric acid
at 0-5°C for 30min [19]. 5-Aminoindolin-2-one (3) was generated
from nitro compound (2) by catalytic hydrogenation in moderate
yield [22]. Reaction of compound 3 with acetic anhydride afforded
the compound 4. Finally, the target compounds N-(3-substituted-
benzylidene-2-oxoindolin-5-yl)acetamide (5-14) were prepared
by condensation of compound 4 with substituted benzaldehydes in
ethanol at reflux [23].

The all of target compounds (5-14) were obtained as the mixture
of E- and Z-isomer due to the exocyclic double bond at 3-position
of indole ring. Due to the rapid interconversion in solution at room
temperature, the mixture of isomers could not be separated by
column chromatography. The Z-isomer was assigned to the major
isomer for compound 10, while other compounds were obtained as
major E-isomer. The '"H NMR chemical shifts of all compounds have
been reported here to prove the major isomers. For only compound
11, E/Z ratio of isomers could be determined for as 1:1 using the
corresponding chemical shifts and integrals in the "H NMR spectra.
Some pure single isomers were obtained either Z or E isomer by
precipitation and crystallized with ethanol. In the Z-isomer, H-10
and H-14 of compound 11 display a down-field shift (8.45 ppm)
than E-isomer (7.69 ppm) due to the deshielding effect of the

Scheme 1: Synthesis of N-(3-substituted-benzylidene-2-oxoindolin-5-yl)
acetamide derivatives. Reagents and conditions: (a) Hydrazine hydrate, 140
°C, 4h, ice water, pH 2, 1, 2 days; (b) KNO,, H,SO,, 0-5 °C(c) Pd/C 10 %, H,,
MeOH, 45 psi, 3h, rt, (d) acetic anhydride, THF, 3h, rt (e) various substituted-
benzaldehydes, piperidine, EtOH, reflux.

carbonyl group at the 2-position of indole ring. The signals from
H-4 of Z-isomers of compound 10 (8.11 ppm) and 11 (8.02 ppm)
were markedly shifted downfield relative to the H-4 signal of other
E-isomers of target compounds (7.01-7.93 ppm) due to the shielding
effect of H-10 and H-14 of benzylidene substituent at the 3-position
of indole ring [24, 25].

Biological evaluation

The inhibitory activity of compounds (5-14) against Src kinase
were evaluated by universal tyrosine kinase assay that measures
the changes in the enzymatic activity of Src kinase by virtue
of following the alterations in the phosphorylation level of the
immobilized substrate that was used for this analysis [26]. The
activities of the these compounds were analyzed at 0.01, 0.1, 1, 10,
and 100mM concentrations and IC_; values were calculated. None of
compounds showed strong inhibitory potencies against Src kinase.
Only compounds 10, 12 and 13 were found slightly active against
Src kinase with IC,, value of 3.55, 6.39 and 7.29 mM, respectively.
The insertion of methyl group instead of dimethylamino in the para
position of benzylidene moiety of the best active compound 10,
leading to compound 12, brought approximately 2-fold decrease
of Src inhibitory activity. In addition, the replacement of the
dimethylamino in compound 10 with a chloro (5), fluoro (6) and
methoxy (11) resulted in complete loss of activity. Compound have
p-dimethylaminobenzylidene substitution at third position 10 was
well tolerated comparison to compounds 12 (IC, = 6.39 mM) and 13
(IC,,= 7.29 mM). This indicates that more hydrophilic compounds
would help improve inhibitory activity.

Comparison with slightly active 2-chloro-6-fluorobenzylidene
derivative 13, the compound bearing 2,6-dichlorobenzylidene
moiety 14, did not inhibit the Src kinase enzyme. It was also
reported that compounds having the polar and flexible ethylurea and
benzylthiourea substituents at the 5-position of indole, significantly
improved the inhibitory properties of Src kinase [17]. In addition
5-methylaminosulphonic acid containing indol-2-on derivatives
possess strong activity against Src [27]. Replacing ethylthiourea,
benzylthiourea and methylaminosulphonic acid group with
acetamido group considerably diminished the inhibitory potence of
these novel compounds. These results show that type of substituents
at 5-position is very important for Src kinase inhibition.

Molecular docking

To explore the interactions of compounds with Src kinase,
we docked the active compounds 10, 12 and 13 into the Src using
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Table 1: Src kinase inhibitory activity of N-(3-substituted-benzylidene-2-
oxoindolin-5-yl)acetamide derivatives.

Compd. R, R, 3 R, IC,, (mM)
5 -H -H -Cl -H ND
6 -H -H -F -H ND
7 -H -F -H -H ND
8 -F -H -F -H ND
9 -H -Cl -Cl -H ND
10 -H -H -N(CH,), -H 3.55
11 -H -H -OCH, -H ND
12 -H -H -CH, -H 6.39
13 -Cl -H -H -F 7.29
14 -Cl -H -H -Cl ND

ND: Not determined.

Autodock vina. The protein structures of the Src was downloaded
from PDB (PDB code: 3GEQ). The best active compound 10 (AGb:
-9.9 kcal/mol) located in somewhat similar position to the PP2 with
overlapping p-dimethylaminobenzylidene at 3-position of indole
ring and p-chlorophenyl group of PP2. Moreover, acetamido group
at 5-position of indole ring of compound 10 was directed toward
the solvent accessible region as tertbutyl group of PP2 and form
hydrogen bond with carbonyl of Leu273 (angle N-H--O = 138.6,
distance = 2.1 A, Figure 2). Among the docked compounds (10, 12
and 13), compound 12 revealed the poor binding affinity with the
binding free energy of AGb: -9.7 kcal/mol and showed no hydrogen
bonding interaction with Src kinase. Despite of the exhibiting one
hydrogen bond interaction between indole carbonyl and OH of
Thr338 with strong binding affinity (AGb: -10.1 kcal/mol), compound
13 demonstrated the weakest inhibitory activity against Src. The weak
Src inhibitory activity results of compounds could be explained with
lack of hydrogen bonding interaction with critical amino acids as Met
341 and Glu 339 for the binding to the Src active site.

Conclusion

In this study, we designed and synthesized novel N-(3-substituted-
benzylidene-2-oxoindolin-5-yl)acetamide (5-14) derivatives as Src
kinase inhibitors and evaluated relationships between biological
activity and binding properties of compounds by Autodock vina.
Some of the compounds (10, 12 and 13) exhibited slight inhibition
of Src. The best inhibitor activity was obtained by compound 10 with
IC,, value of 3.55 mM. According to the docking results, compound
10 formed hydrogen bond between the acetamide NH and carbonyl of
Leu273, which is a different H-bond interaction than PP2. Differences
in binding properties of compound 10 into the Src catalytic site
might contribute explaining the weaker inhibitory activity than PP2
against Src kinase. In conclusion, it may be necessary to design some

compounds with exactly the same binding properties with PP2 to
obtain better activity results.
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