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(57) ABSTRACT

The invention is directed to a compound of Formula (I),

@

wherein R is selected from the group consisting of hydrogen
atom and unsubstituted or substituted phenyl group; R, is
selected from the group consisting of hydrogen atom and
unsubstituted or substituted phenyl group; X is selected from
the group consisting of hydrogen atom or halogen atom; and
Y is selected from the group consisting of hydrogen atom,
halogen atom, C,-C, alkyl group, nitro group, and —OCF;
group, as well as for its use in therapy, preferably for the
treatment of cancer, and to a related pharmaceutical compo-
sition, the use of the compound for the manufacture of a
medicament for the respective medical indication, and a
method of synthesis of the compounds of the invention.
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NOVEL N, N’-HYDRAZINO-BIS-ISATIN
DERIVATIVES WITH SELECTIVE ACTIVITY
AGAINST MULTIDRUG-RESISTANT
CANCER CELLS

BACKGROUND

[0001] Cancer is one of the most dreaded diseases of man-
kind, it is a leading cause of death throughout the world,
currently, one in 4 deaths in the United States is due to cancer
[1]. More than ten million new cancer cases occur annually,
roughly half of which is in the developed countries, and the
disease causes over six million deaths a year [2,3]. Recent
studies revealed that cancer has become an ever-increasing
problem in Saudi Arabia [4-6]. In 2005, cancer killed
approximately 12,000 of Saudi people, 8000 of those people
were under age of 70 [7]. Furthermore, cancer is growing in
Saudi Arabia with 7,000 new cases being reported each year
and the figure will reach 30,000 in 15 years, according to one
expert [8]. The treatment of disseminated cancer has become
increasingly aimed at molecular targets derived from studies
of'the oncogenes and tumor suppressors known to be involved
in the development of human cancers [9]. This increase in
specificity of cancer treatment, from the use of general cyto-
toxic agents such as nitrogen mustard in the 1940s, to the
development of natural-product anticancer drugs in the 1960s
such as Vinca alkaloids and anthracyclines, which are more
cytotoxic to cancer cells than normal cells, to the use of
specific monoclonal antibodies [10] and immunotoxins [11]
targeted to cell surface receptors and specific agents that
inactivate kinases in growth-promoting pathways [12], has
improved the response rate in cancer and reduced side effects
of anticancer treatment but has not yet resulted in cure of the
majority of patients with metastatic disease. A study of the
mechanisms by which cancers elude treatment has yielded a
wealth of information about why these therapies fail and is
beginning to yield valuable information about how to circum-
vent drug resistance in cancer cells and/or design agents that
are not subject to the usual means of resistance.

[0002] The failure of the curative treatment of cancer
patients often occurs as a result of intrinsic or acquired drug
resistance of the tumor to chemotherapeutic agents. The resis-
tance of tumors occurs not only to a single cytotoxic drug
used, but also occurs as a cross-resistance to a whole range of
drugs with different structures and cellular targets. This phe-
nomenon is called multiple drug resistance (MDR). Once
MDR appears, using high doses of drugs to overcome resis-
tance is ineffective, toxic effects appear and resistance are
further stimulated. Multidrug resistance (MDR) severely lim-
its the effectiveness of chemotherapy in a variety of common
malignancies and is responsible for the overall poor efficacy
of cancer chemotherapy [13-17].

[0003] The cytotoxic drugs that are most frequently asso-
ciated with MDR are hydrophobic, amphipathic natural prod-
ucts, such as the taxanes (paclitaxel and docetaxel), vinca
alkaloids (vinorelbine, vincristine, and vinblastine), anthra-
cyclines (doxorubicin, daunorubicin, and epirubicin), epi-
podophyllotoxins (etoposide and teniposide), antimetabo-
lites (methorexate, fluorouracil, cytosar, S5-azacytosine,
6-mercaptopurine, and gemcitabine), topotecan, dactinomy-
cin, and mitomycin C [16,18-20].

[0004] In spite of the large number of available chemo-
therapeutic agents the medical need is still largely unmet. The
main reasons are: the lack of selectivity of conventional
drugs, leading to toxicity; the metastatic spreading, implying
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early tumor implantation in organs other than primary site;
the heterogeneity of the disease, comprising about 100 types
of cancer; the intrinsic or acquired resistance to chemo-
therapy developed after few therapeutic cycles, i.e. multi-
drug resistance (MDR) [21]. Therefore, new drugs that offer
improvements over current therapies are desperately needed.
New chemical entities with novel mechanisms of action will
most likely possess activity against MDR cancer. [MDR
severely limits the effectiveness of chemotherapy in a variety
of common malignancies and is responsible for the overall
poor efficacy of cancer chemotherapy [19-23].]

SUMMARY OF THE INVENTION

[0005] Accordingly, the present invention describes
design, synthesis and antiproliferative activity of novel N,N"-
hydrazino-bis(isatin) derivatives with the following general
structure (1)

@

wherein

R is selected from the group consisting of hydrogen atom and
unsubstituted or substituted phenyl group;

R, is selected from the group consisting of hydrogen atom
and unsubstituted or substituted phenyl group;

X is selected from the group consisting of hydrogen atom or
halogen atom; and

Y is selected from the group consisting of hydrogen atom,
halogen atom, C,-C, alkyl group, nitro group, and —OCF;
group.

[0006] In one embodiment of the present invention, R is
selected from the group consisting of hydrogen atom and
unsubstituted phenyl group.

[0007] In another embodiment of the invention, R, is
selected from the group consisting of hydrogen atom and
unsubstituted phenyl group.

[0008] In a further embodiment of the invention, X is
selected from the group consisting of hydrogen atom and
fluorine atom.

[0009] In still further embodiment of the invention, Y is
selected from the group consisting of hydrogen atom, fluorine
atom, chlorine atom, bromine atom, methyl group, nitro
group and —OCF; group.

[0010] Moreover, the present invention is also related to a
compound according to the present invention for use in
therapy, preferably for the treatment of cancer and most pref-
erably for the treatment of multidrug resistant cancer.
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[0011] Further, the present invention is directed to a phar-
maceutical composition comprising a compound according
to the present invention together with at least one pharmaceu-
tically acceptable excipient.

[0012] In a further embodiment, the present invention is
directed to the use of a compound according to the present
invention for the manufacture of a medicament for the treat-
ment of cancer, most preferably for the treatment of multidrug
resistant cancer.

[0013] The present invention is also related to a method of
synthesis of a compound according to claim 1, wherein

[0014] (i) an isatin of Formula (1) is reacted with hydra-
zine or a hydrazine hydrate to obtain a hydrazone of
Formula (2),

o N/NHZ
X X /
o — (6]
N N
\ \
R R

M @

wherein R and X are as defined in claim 1; and
[0015] (ii) reacting the hydrazone obtained in step (i)
with an isatin of formula (1")

an

N

\
R

to obtain a compound of formula (1), wherein R, andY are as
defined hereinabove.

[0016] Preferably, step (i) and (ii) are conducted in a polar
organic solvent, preferably methanol in step (i) and ethanol/
acid in step (ii).

[0017] Inapreferred embodiment, step (i) and (ii) are inde-
pendently conducted either under reflux conditions or with a
microwave assisted method.

DETAILED DESCRIPTION OF THE INVENTION
1. General Synthesis of the Target Compounds

[0018] The general procedures for the preparation of the
target derivatives of isatin is described in Schemes 1 and 2.

Scheme 1.
(0]
X
aorb
N
\
R
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-continued

X /

O
N\
R
2a-c
la, R=H; X=H
1b,R=Ph; X=H
le, R=H; X=F

Reagents and conditions: (a) NH,NH,*H,0, MeOH, MWI, 50 W (90° C.), 1 min, 85-
90%; (b) NH,NH,*H,0, MeOH, reflux 1 h, 69-77%.

Scheme 2.
0]
Y.
O +
N
\
R
la-h
N—NH:
X /
o aorb
N
\
R
2a-c
Ry
\
N.
(0]

3-23

(a) EtOH/ACOH, MWI, 50 W (90° C.), 7 min, 72-95%; (b) EtOH/AcOH, reflux 4-6 h,
66-89%.

[0019] The target compounds can be synthesized via the
reaction of the appropriate isatin with hydrazine hydrate to
get the corresponding (Z)-3-hydrazinyl-indene-1-H— or
1-phenyl-indolin-2-one (2a-c) [24], Scheme 1. 2a-c can be
achieved by conventional method or microwave, assisted
method (MWI). Target compounds can also be obtained by
conventional method or MW1I through coupling the appropri-
ate isatin derivatives with 2a-c as illustrated by scheme 2.

[0020] The synthesized compounds were purified by flash
chromatography and crystallized from ethanol. The struc-
tures were confirmed by spectroscopic methods of analyses.
Structures of these targets are given in Table 1.
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TABLE 1

Structure of reactants isatins 1a-h, hydrazones 2a-c and products 3-23

Isatin la-h Hydrazone 2a-c Products 3-23
0 N—NH: H\
/ N
e} e}
e}
N
H N\ /
N
—
la H 7
2a
e}
N
\
H
3
O N —NH; Ph\
A N
e} e}
e}
N
\Ph N\ /
H N —N
1b
2a /
e}
N
\
H
4
O N —NH, H
F \
/ N
e} e}
e}
N
F
\H N\ /
H N —N
lc
2a /
e}
N
\
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TABLE 1-continued

Structure of reactants isatins 1a-h, hydrazones 2a-c and products 3-23

Isatin la-h Hydrazone 2a-c Products 3-23
O N —NH; H
Cl / \N
e} e}
e}
N N cl
\ \
H _.N
H N
1d
2a /
e}
N
\
H
6
O N —NH; H\
Br. /
N
e} e}
e}
N N Br
\H \
H N —N
le
2a /
e}
N
\
H
7
O N —NH; H
Me / \N
e} e}
e}
N N / Me
\H \
H N —N
1f
2a /
e}
N
\
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TABLE 1-continued

Structure of reactants isatins 1a-h, hydrazones 2a-c and products 3-23

Isatin la-h Hydrazone 2a-c Products 3-23
O N—NH H\
O,N / N
e} e}
e}
N
\ N\ / NO,
H
H N—N
1
¢ 2a /
e}
N
\
H
9
(0] N —NH; H\
F;CO / N
e} e}
e}
N
\ N\ / OCF;
H
H N —N
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2a /
e}
N
\
H
10
O N —NH, Ph
/ N
e} e}
e}
N
\Ph N\ /
Ph N —N
1b
- [
e}
N
\
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TABLE 1-continued

Structure of reactants isatins 1a-h, hydrazones 2a-c and products 3-23

Isatin la-h Hydrazone 2a-c Products 3-23
O N —NH; H
F. / \N
e} o e}
N N / F
\H \
Ph N —N
lc /
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N
\
Ph
12
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e}
N
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O N —NH; H\
Br / N
0 e}
N N / Br
\H \
Ph N —N
le /
2b

Ph
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TABLE 1-continued

Structure of reactants isatins 1a-h, hydrazones 2a-c¢ and products 3-23

Isatin la-h Hydrazone 2a-c Products 3-23
O N —NH, H\
Me / N
e} o e}
N
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5 /
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N
\
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N
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H

18
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TABLE 1-continued

Structure of reactants isatins 1a-h, hydrazones 2a-c and products 3-23

Isatin la-h Hydrazone 2a-c Products 3-23
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TABLE 1-continued

Structure of reactants isatins 1a-h, hydrazones 2a-c¢ and products 3-23

Oct. 4,2012

Products 3-23

Isatin la-h Hydrazone 2a-c

O N —NH,
O,N
g F /
e}
e}
N\ N
H \
H
1
g % F.
O N ——NH;
F;CO
’ F /
e}
e}
N\ N
H \
H
1h
2c F

H
\
N

) NO,

) OCF;

2. Synthesis of hydrazones 2a-c

2.1. Conventional Method:

[0021] A mixture of isatins la-c (1 mmol) and hydrazine
hydrate (99%, 0.055 g, 1.1 mmol) in absolute methanol (25
ml) was refluxed for 1 h, and then cooled to room tempera-
ture. The precipitate of hydrazones was filtered and dried. The
crude product was recrystallized from EtOH/DMF to give
hydrazones 2a-c in 69-77% yield.

2.2. Microwave Method:

[0022] Theappropriateisatins la-c (1 mmol)and hydrazine
hydrate (99%, 0.055 g, 1.1 mmol) in absolute methanol (10
ml) were placed in the tube of microwave reactor and irradi-
ated at 90° C. for 1 min. The temperature of the reaction
mixture was adjusted by the computer of the microwave
device. Then left to cool, the resulting residue was recrystal-
lised from EtOH/DMF to afford the corresponding hydra-
zones 2a-c in 85-90% yield.

3. Synthesis of bis-indolin-2-ones 3-23

3.1. Conventional Method:

[0023] A mixture of hydrazones 2a-c (1 mmol) and isatins
la-h (1 mmol) in ethanol (25 ml) was refluxed for 4-6 h, and
then cooled to room temperature. The precipitate was filtered

and dried. The crude product was recrystallized from EtOH/
DMF to obtain compounds 3-23 in 66-89% yield.

3.2. Microwave Method:

[0024] A solution of hydrazones 2a-c (1 mmole) and isatins
la-h (1 mmole) in ethanol (15 ml) were prepared. Few drops
of glacial acetic acid were added and whole reaction mixture
was irradiated under microwave irradiation at 90° C. for 7
minutes. The reaction mixture was cooled. The solid that
separated on cooling was filtered, washed with cold ethanol,
dried and recrystallised from EtOH/DMF.

4. Spectroscopical Data of the Synthesized
Compounds

(2)-3-Hydrazonoindolin-2-one (2a)

[0025] IR (KBr) v 3361-3199 (NH, NH,), 1687 (C—0),
1609 (C—N) cm™*; 'H NMR (DMSO-d,) 8 6.87 (d, 1H,
J=7.0 Hz, ArH), 6.97 (¢, 1H, J-6.5 Hz, ArH), 7.16 (t, 1H,
J=6.5 Hz, ArH), 7.37 (d, 1H, 1=7.0 Hz, ArH), 9.57 (d, 1H,
J=14.0 Hz, D,0O exch., amino H), 10.56 (d, 1H, J=14.0 Hz,
D,O exch., -amino H), 10.71 (s, D,O exch., 1H, NH); **C
NMR 5 109.93, 117.43, 12132, 126.17, 127.0, 162.75; MS
m/z (%) 161 (M*, 39.7), 103.7 (64.3), 46.8 (100).

(Z)-5-Fluoro-3-hydrazonoindolin-2-one (2b)

[0026] IR (KBr) v 3365-3153 (NH, NH,), 1682 (C—0),
1585 (C—=N) cm™'; "H NMR (DMSO-d,) & 6.85 (m, 1H,
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ArH), 6.97 (m, 1H, ArH), 7.15 (d, 1H, J=7.5 Hz, ArH), 9.81
(d, 1H, J=15.0 Hz, D,0 exch., amino H), 10.65 (d, 1H, J=15.0
Hz, D,O exch., amino H), 10.72 (s, D,O exch., 1H, NH); 1*C
NMR 8 104.30 (*1,_.~=25.3 Hz), 110.74 (*],._~8.3 Hz), 113.
10 (*J;.~24.2 Hz), 123.59 (*1,_~9.2 Hz), 125.65, 134.69,
158.10 (1], =235.3 Hz), 162.95; MS m/z (%) 179 (M*,
11.8), 61.9 (55.7), 40.1 (100).

(Z)-3-Hydrazono-1-phenylindolin-2-one (2¢)

[0027] IR (KBr) v 3375-3208 (NH,), 1674 (C=0), 1592
(C=N) cm™; 'H NMR (DMSO-d,) 8 6.82 (m, 1H, ArH),
7.11 (m, 1H, ArH), 7.20 (m, 1H, ArH), 7.43-7.53 (m, 4H,
ArH), 7.59 (m, 2H, ArH), 9.90 (d, 1H, J=15.0 Hz, D,0 exch.,
amino H), 10.61 (d, 1H, J=14.5 Hz, D, 0O exch., amino H); 1*C
NMR & 109.06,117.51,122.52,124.63,126.63,126.98, 127.
86, 129.44, 129.51, 133.79, 139.44, 159.98; MS m/z (%)
237.1 (M*, 100), 192 (60.1), 51 (93.6).

(37,3'7)-3,3'-(Hydrazine-1,2-diylidene)diindolin-2-
one (3)

[0028] IR (KBr) v 3276 (2NH), 1722 (2C—0), 1615
(2C—=N)cm™; 'HNMR (DMSO-d,) 8 6.92 (d, 2H, J=7.5 He,
ArHD), 7.02 (t, 1H, J=7.5 Hz, ArHl), 7.43 (1, 1H, J=7.5 Hz,
ArHD), 7.51 (d, 1H, J=7.5 Hz, ArH), 11.02 (s, 2H, 2NH); *C
NMR 8 111.09, 115.75, 122.53, 128.17, 134.39, 144.70, 145.
16, 163.39; MS m/z (%) 290.5 (M*, 6.6), 46 (74.9), 40.1
(100).

(Z£)-3-((2)-(2-Oxoindolin-3-ylidene)hydrazono)-1-
phenylindolin-2-one (4)

[0029] IR (KBr) v 3448 (NH), 1734 (2C—0), 1606
(2C—=N) cm™; MS m/z (%) 266.1 (M*, 3.5), 40.1 (100).

(2)-5-Fluoro-3-((Z)-(2-oxoindolin-3-ylidene)hydra-
zono)indolin-2-one (5)

[0030] IR (KBr) v 3420-3284 (2NH), 1722 (2C—0), 1616
(2C=N) cm™'; ‘H NMR (DMSO-d,) & 6.92-7.53 (m, 7H,
ArH), 11.02 (s, D,O exch., 2H, 2NH); *C NMR $ 111.09,
112.12 (1,..=7.4 Hz), 115.0 *1,..=25.7 Hz), 115.77, 116.
20 (*J,.=8.6 Hz), 120.77 (3,.=23.7 Hz), 122.52, 128.48,
134.59, 141.56, 144.70, 145.16, 145.44, 145.64, 157.50 (*],..
c=263.0 Hz), 163.39, 163.44; MS vz (%) 308.2 (M™, 5.0),
46 (100).

(£)-5-Chloro-3-((Z)-(2-oxoindolin-3-ylidene )hydra-
zono)indolin-2-one (6)

[0031] IR (KBr) v 3420-3244 (2NH), 1736 (2C—0), 1617
(2C—=N) cm™'; "H NMR (DMSO-d,) & 6.86-7.58 (m, 7H,
ArH), 11.03 (s, D,O exch., 2H, 2NH); MS m/z (%) 325.2
(M'+1, 6.8), 324.4 (M™, 15), 78 (100).

(£)-5-Bromo-3-((Z)-(2-oxoindolin-3-ylidene )hydra-
zono)indolin-2-one (7)

[0032] IR (KBr) v 3239 (2NH), 1735 (2C=0), 1612
(2C=N) cm™*; 'H NMR (DMSO-d,) 8 6.88-7.66 (m, 7H,
ArH), 11.02 (s, D,Oexch., 1H,NH), 11.15 (s, D,O exch., 1H,
NH); *C NMR § 111.11, 113.05, 113.64, 115.79, 117.48,
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122.52,125.05, 128.62, 130.34, 134.62, 136.52, 144.35, 144.
76, 145.43, 145.91, 163.06, 163.43; MS nvz (%) 369 (M*,
19.0), 40.1 (100).

(2)-5-Methyl-3-((Z)-(2-oxoindolin-3-ylidene)hydra-
zono)indolin-2-one (8)

[0033] IR (KBr) v 3286 (2NH), 1723 (2C—0), 1615
(2C=N) cm™; 'H NMR (DMSO-d,) d 2.21 (s, 3H, CH,),
6.82-7.53 (m, 7H, ArH), 11.01 (s, D,O exch., 2H, 2NH); 1*C
NMR 8 20.53, 110.87, 111.08, 115.75, 122.53, 128.17, 128.
48, 131.42, 134.39, 134.74, 142.94, 144.70, 144.81, 145.16;
MS m/z (%) 303.9 (M*, 4.0), 40.1 (100).

(£)-5-Nitro-3-((Z)-(2-oxoindolin-3-ylidene)hydra-
zono)indolin-2-one (9)

[0034] IR (KBr) v 3447 (2NH), 1731 (2C=0), 1617
(2C=N) cm™*; 'H NMR (DMSO-d,) 8 6.93-8.36 (m, 7H,
ArH), 11.06 (s, D,Oexch., 1H,NH), 11.69 (s, D,O exch., 1H,
NH); MS m/z (%) 335 (M™*, 9.7), 47.8 (100).

(2)-3-((2)-(2-Oxoindolin-3-ylidene)hydrazono)-5-
(trifluvoromethoxy)indolin-2-one (10)

[0035] IR (KBr)v3446-3245 (2NH), 1740 (2C=0), 1617
(2C=N) cm™*; 'H NMR (DMSO-dy) 8 6.92-7.56 (m, 7H,
ArH),11.02 (s,D,Oexch., 1H,NH), 11.20 (s, D,Oexch., 1H,
NH); *C NMR & 111.11, 112.18, 115.72, 116.42, 121.12,
122.54,127.20,128.67,134.69, 142.95,144.26, 145.15, 145.
49, 146.00, 159.38, 163.36, 163.43; MS m/z (%) 374 (M",
7.9), 44.9 (100).

(37,3'7)-3,3'-(Hydrazine-1,2-diylidene)bis(1-phe-
nylindolin-2-one) (11)

[0036] IR (KBr)v 1731 (2C—0), 1605 (2C—N)cm™"; 'H
NMR (DMSO-d,) & 6.82-7.78 (m, 18H, ArH); *C NMR
110.03, 115.47,123.53, 126.92, 128.48, 128.62, 129.67, 133.
48, 13438, 144.11, 146.18, 161.53; MS m/z (%) 442.2 (M*,
3.3), 64 (100).

(Z)-5-Fluoro-3-((Z)-(2-oxo-1-phenylindolin-3-
ylidene)hydrazono)indolin-2-one (12)

[0037] IR (KBr) v 3282 (NH), 1735 (2C—0), 1608
(2C=N) em™; 'H NMR (DMSO-d,) § 6.82-7.67 (m, 12H,
ArHl), 11.07 (s, D,0 exch., 1H, NH); MS m/z (%) 384.2 (M,
3.5), 48 (100).

(Z)-5-Chloro-3-((£)-(2-ox0-1-phenylindolin-3-
ylidene)hydrazono)indolin-2-one (13)
[0038] IR (KBr) v 3448 (NH), 1736 (2C—0), 1609
(2C=N) cm™; 'H NMR (DMSO-d,) § 6.83-7.63 (m, 12H,
ArH), 11.18 (s, D,O exch., 1H, NH); MS m/z (%) 400.1 (M™,
5.1), 63 (100).

(Z)-5-Bromo-3-((£)-(2-ox0-1-phenylindolin-3-
ylidene)hydrazono)indolin-2-one (14)
[0039] IR (KBr) v 3448 (NH), 1734 (2C—0), 1608
(2C=N) cm™"; MS m/z (%) 444.7 (M™, 1.8), 43.8 (100).
(Z)-5-Methyl-3-((Z)-(2-0x0-1-phenylindolin-3-
ylidene)hydrazono)indolin-2-one (15)

[0040] IR (KBr) v 3447 (NH), 1736 (2C—0), 1609
(2C=N) cm™'; 'H NMR (DMSO-d,) § 2.20 (s, 3H, CH,),
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6.83-7.63 (m, 12H, ArH), 11.18 (s, D,O exch., 1H, NH); MS
m/z (%) 379.9 (M*, 7.4), 62.9 (100).
(£)-5-Nitro-3-((Z)-(2-0x0-1-phenylindolin-3-
ylidene)hydrazono)indolin-2-one (16)
[0041] IR (KBr) v 3447 (NH), 1740 (2C—=0), 1609
(2C=N)cm™"; MS m/z (%) 411.1 (M*, 1.7), 45.8 (100).
((2)-3-(Z2)-(2-ox0-1-phenylindolin-3-ylidene)hydra-
7ono)-5-(trifluoromethoxy)indolin-2-one (17)
[0042] IR (KBr) v 3236 (NH), 1747 (2C=0), 1608
(2C=N) cm™"; MS m/z (%) 449.6 (M"*, 2.7), 49.9 (100).
(37,3'7)-3,3'-(Hydrazine-1,2-diylidene)bis(5-fluor-
oindolin-2-one) (18)
[0043] IR (KBr) v 3252 (2NH), 1739 (2C=0), 1625
(2C=N) cm™*; 'H NMR (DMSO-d,) § 6.93-7.33 (m, 6H,
ArH), 11.04 (s, D,O exch., 2H, 2NH); °C NMR §112.12
(*J..o~7.2 Hz), 11520 (*1,_~25.5 Hz), 116.24 (*1,_~9.2
Hz), 120.90 (*]. ~23.8 Hz), 141.82, 145.93, 157.50 (‘1.
c=238.0 Hz), 163.49; MS m/z (%) 326 (M*, 11), 44.9 (100).

(Z)-5-Chloro-3-((Z)-(5-fluoro-2-oxoindolin-3-

ylidene)hydrazono)indolin-2-one (19)
[0044] IR (KBr) v 3245 (2NH), 1736 (2C=0), 1618
(2C=N) cm™%; 'H NMR (DMSO-d,) § 6.94-7.54 (m, 6H,
ArH), 11.04 (s, D,Oexch., 1H,NH), 11.14 (s, D,O exch., 1H,
NH); '*C NMR § 112.08 (*I,_~=7.5 Hz), 112.60, 115.35
(*J.725.7Hz),116.26 (*]._..~8.9 Hz), 117.05, 120.90 (*1 ..
c=23.9 Hz), 126.03, 127.82, 133.89, 141.81, 144.24, 145.59,
146.13, 157.50 (*1,..=237.9 Hz), 163.24, 163.50; MS m/z
(%) 342 (M*, 17.9), 63 (100).

(Z)-5-Bromo-3-((£)-(5-fluoro-2-oxoindolin-3-

ylidene)hydrazono)indolin-2-one (20)
[0045] IR (KBr) v 3245 (2NH), 1735 (2C=0), 1616
(2C=N) cm™*; 'H NMR (DMSO-d,) 8 6.89-7.66 (m, 6H,
ArH), 11.04 (s, D,0Oexch., 1H,NH), 11.14 (s, D,O exch., 1H,
NH); '*C NMR d 112.14 (*];..~7.0 Hz), 113.06, 113.61,
115.37 (}1. =253 Hz), 116.24 (*1._.~8.9 Hz), 117.54, 120.
90 (*J,.~23.7 Hz), 130.57, 136.69, 141 81, 144.61, 145.50,
146.18, 157.50 (*1,.=238.0 Hz), 163.11, 163.50; MS m/z
(%) 387 (M*, 8.5), 46.9 (100).

(Z)-5-Fluoro-3-((Z)-(5-methyl-2-oxoindolin-3-
ylidene)hydrazono)indolin-2-one (21)
[0046] IR (KBr)v3392-3186 (2NH), 1735 (2C=0), 1623
(2C=N) cm™'; '"H NMR (DMSO-d,) d 2.22 (s, 3H, CH,),
6.81-7.33 (m, 6H, ArH), 10.91 (s, D,O exch., 1H,NH), 11.02
(s, D,O exch., 1H, NH); MS m/z (%) 322.3 (M*, 6.9), 40.1
(100).
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(Z)-5-Fluoro-3-((Z)-(5-nitro-2-oxoindolin-3-ylidene)
hydrazono)indolin-2-one (22)

[0047] IR (KBr) v 3248 (2NH), 1737 (2C=0), 1624
(2C=N) cm™*; 'H NMR (DMSO-d,) 8 6.93-8.35 (m, 6H,
ArH), 11.08 (s, D,Oexch., 1H,NH), 11.71 (s, D,O exch., 1H,
NH); MS m/z (%) 353.5 (M™*, 12.4), 63 (100).

(Z)-5-Fluoro-3-((Z)-(2-oxo0-5-(trifluoromethoxy)
indolin-3-ylidene)hydrazono)indolin-2-one (23)

[0048] IR (KBr) v 3246 (2NH), 1735 (2C—0), 1624
(2C=N) cm™"; MS m/z (%) 392.4 (M*, 8.9), 62.9 (100).

5. In Vitro Cell Lines and MTT Cytotoxicity Assay

[0049] The cytotoxicity of the prepared compounds was
evaluated at Laboratory of Cell Biology, National Cancer
Institute, National Institutes of Health, Bethesda, Md. 20892,
Group in Biomolecular, USA, using the following protocol:

[0050] KB-3-1 cells (a Hela deriviative) and its MDR
derivative (KB-V1) were grown as previously described [ 24].
Cell survival was measured by the MTT (3-(4,5-dimethylthi-
azol-2-y1)-2,5-diphenyltetrazolium bromide) assay as previ-
ously described [24]. Briefly, cells were seeded in 100 uL of
growth medium at a density of 5000 cells/well in 96-well
plates and allowed to establish for 24 h, at which time serially
diluted drugs were added in an additional 100 puL of growth
medium. Cells were then incubated for 72 h at 37° C. in
humidified 5% CO,, at which time the growth medium was
drawn and replaced with MTT in IMDM growth medium and
incubated for 4 h. The MTT solution was then drawn from the
wells, and 100 pL. of acidified ethanol solution was added to
each well and after 15 min absorption at 560 nm was mea-
sured. ICs, cytotoxicity values were determined as the drug
concentration that reduced the absorbance to 50% of that in
untreated control wells and derived from at least three sepa-
rate experiments-hours, treated with the specified compound
or vehicle (0.1% DMSO final) control, and incubated at 37°
C. an additional 72 hours. The effect of treatment on cell
viability was determined using the luminescent Cell Titer Glo
Assay (Promega). Results are given in Table 2.

RESULTS

[0051] Variable and promising activity and selectivity
revealed by the synthesized compounds against MDR cells,
results are given in Table 2. Accordingly the synthesized
bis-isatin derivatives are potential candidates for treatment
MDR cancer.

TABLE 2

Structure of compounds considered in this study, along with ICs, values deter-

mined against the parental KB-3-1 cell line, and the P-glycoprotein-expressing cell line KB-V17

IC50KB3-1 ICs,KBV1
Compound Structure (mM) (mM) RR
2a N/NHZ >500 125.18 £39.39  N/A

=z



US 2012/0252860 Al
12

TABLE 2-continued

Structure of compounds considered in this study, along with ICs, values deter-

mined against the parental KB-3-1 cell line, and the P-glycoprotein-expressing cell line KB-V19

ICso KB3-1 ICs, KBV1

Compound Structure (mM) (mM) RR
2b N/NHZ 348.99 £51.65 198.68 +54.02 1.76
%O
N
\
Ph
2c N/NHZ 150.42 £ 67.67 31.35+13.38 4.80

"y

17.12 £0.83 17.26 £ 1.59 0.99

N
H
H
N
(6]
N/N
(6]
N
H
4 % 8.70 £2.21 10.80 = 1.10 0.81
0=
N/N
%O
N
\
Ph
% 28.12 £2.48 2529 +10.10 1.11
/ F
—N
(6]

pa
o

Oct. 4,2012
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TABLE 2-continued

Structure of compounds considered in this study, along with ICs, values deter-
mined against the parental KB-3-1 cell line, and the P-glycoprotein-expressing cell line KB-V1¢

ICso KB3-1 ICs, KBV1

Compound Structure (mM) (mM) RR
6 % 9.67 +1.74 7.72 £0.50 1.25
e}
/ Cl
N —N

9.71 £0.31 7.58 £1.43 1.28

7 H
N
(@]
/ Br
8 H
N
(@]
/ Me

12.12 £ 3.14 14.93 £ 1.26 0.81
29.22 +2.81 30.39 £6.75 0.96

9.75 £0.11 5.67+1.18 1.72

N
H
10 )i
N
:‘ I j F
0 )<F
/ 0 F
N—N
/
0

Oct. 4,2012
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TABLE 2-continued

Structure of compounds considered in this study, along with ICs, values deter-

mined against the parental KB-3-1 cell line, and the P-glycoprotein-expressing cell line KB-V19

IC5,KB3-1  IC4 KBVI

Compound Structure (mM) (mM) RR
11 Ph 25.56 £2.39 22.02 £2.37 1.16
\
N
e}
N/N
e}
N
\
Ph
12 10.20 £1.52 11.24 £ 0.61 0.91

6.79 £ 0.63 6.07 = 1.19 1.12

N
H
13 H
N
(6]
/ Cl

7.93 £2.11 8.71 £0.27 0.91

14 H
N
O
/ Br

Oct. 4,2012
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TABLE 2-continued
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Structure of compounds considered in this study, along with ICs, values deter-

mined against the parental KB-3-1 cell line, and the P-glycoprotein-expressing cell line KB-V19

—

o

IC5o KB3-1 ICs, KBV1
Compound Structure (mM) (mM) RR
15 8.37 £0.62 8.06 = 1.68 1.04
H
N
e}
/ Me
N/N
%O
N
\
Ph
16 37.12 £4.05 48.61 +2.32 0.76
H
N
e}
/ NO,
N/N
%O
N
\
Ph
17 % 7.67 £0.88 4.80 £0.12 1.60
F
° pe
/ O F
N/N
CE;O
N
\
Ph
18 % 20.42 £4.62 16.54 +6.28 1.23
e}
/ F
N N
e}
N
H

Oct. 4,2012
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TABLE 2-continued
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Structure of compounds considered in this study, along with ICs, values deter-

mined against the parental KB-3-1 cell line, and the P-glycoprotein-expressing cell line KB-V19

IC5,KB3-1 1C5, KBV1
Compound Structure (mM) (mM) RR
19 17.40 £ 4.41 11.28 £3.26 1.54
H
N
e}
/ Cl
N/N
F /
e}
N
H
20 15.39 £3.97 18.64 £2.01 0.83
H
N
e}
/ Br
N/N
e}
N
H
21 18.92 £0.46 17.85 £0.82 1.06
H
N
e}
/ Me
N/N
e}
N
H
22 56.00 = 1.50 38.63 £13.54 145

NO,

Oct. 4,2012
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TABLE 2-continued

Structure of compounds considered in this study, along with ICs, values deter-
mined against the parental KB-3-1 cell line, and the P-glycoprotein-expressing cell line KB-V1¢

Oct. 4,2012

IC50KB3-1 ICso KBV1
Compound Structure (mM) (mM) RR
23 % 1523 £1.34 11.63 £2.55 1.31

“The MDRI selectivity (RR) is calculated as the ratio of a compound’s ICsq against KB-3-1 cells divided by its IC5q against KB-V1 cells.
A value of >1 indicates that the compound kills P-gp-expressing cells more effectively than parental cells, so-called MDR1 -selective activity.
A value of <1 indicates that the P-gp-expressing cells are resistant to the compound, relative to parental cells, as is normally observed for P-gp

substrates.
“N/A” denotes not tested for selectivity.
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1. A compound of Formula (I)

@
R,

\
N

wherein

R is selected from the group consisting of hydrogen atom

and unsubstituted or substituted phenyl group;

R, is selected from the group consisting of hydrogen atom

and unsubstituted or substituted phenyl group;

X is selected from the group consisting of hydrogen atom

or halogen atom; and
Y is selected from the group consisting of hydrogen atom,
halogen atom, C,-C, alkyl group, nitro group, and
—OCEF; group,

wherein the compounds in which R, R;, X and Y are
hydrogen atoms and in which R and R, are hydrogen
atoms and X and Y are bromine atoms are excluded.

2. The compound according to claim 1, wherein R is
selected from the group consisting of hydrogen atom and
unsubstituted phenyl group.

3. The compound according to claim 1, wherein R, is
selected from the group consisting of hydrogen atom and
unsubstituted phenyl group.

4. The compound according to any of claim 1, wherein X is
selected from the group consisting of hydrogen atom and
fluorine atom.

5. The compound according to claim 1, wherein Y is
selected from the group consisting of hydrogen atom, fluorine
atom, chlorine atom, bromine atom, methyl group, nitro
group and —OCF, group.

6. The compound of Formula (1)

@
Ry

18

Oct. 4,2012

wherein
R is selected from the group consisting of hydrogen atom
and unsubstituted or substituted phenyl group;
R, is selected from the group consisting of hydrogen atom
and unsubstituted or substituted phenyl group;
X is selected from the group consisting of hydrogen atom
or halogen atom; and
Y is selected from the group consisting of hydrogen atom,
halogen atom, C,-C, alkyl group, nitro group, and
—OCF, group for use in therapy.
7. The compound according to claim 6 for the treatment of
cancet.
8. The compound according to claim 7 for the treatment of
multidrug resistant cancer.
9. A pharmaceutical composition comprising a compound
according to claim 6 together with at least one pharmaceuti-
cally acceptable excipient.

10. A use of a compound of Formula (1)

@

wherein

R is selected from the group consisting of hydrogen atom
and unsubstituted or substituted phenyl group;

R, is selected from the group consisting of hydrogen atom
and unsubstituted or substituted phenyl group;

X is selected from the group consisting of hydrogen atom
or halogen atom; and

Y is selected from the group consisting of hydrogen atom,
halogen atom, C,-C, alkyl group, nitro group, and
—OCF; group for the manufacture of a medicament for
the treatment of cancer.

11. The use according to claim 10 for the manufacture of a
medicament of multidrug resistant cancer.

12-14. (canceled)



