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Description
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to new compounds having an aryl amine substituted guinoxaline and their use.

2. The Prior Arts

[0002] Overexpression of cancerous inhibitor of protein phosphatase 2A {(abbreviated as CIP2A) has been found in
several common human cancers including acute leukemia, prostate cancer, non-small cell lung cancer, gastric cancer,
head or neck cancer, colon cancer and breast cancer and has been linked to clinical aggressiveness in tumors and
promotion of the malignant growth of cancer cells. CIP2A interacts directly with the transcription factor c-Myc and inhibits
the PP2A dephosphorylation of ¢-Myc, thereby stabilizing the oncogenic c-Myc from degradation,

[0003] Protein phosphatase 2A (abbreviated as PP2A) is a crucial regulator of cell proliferation by dephosphorylation
of protein kinases on serine or threcnine residues. PP2A is composed of three subunits which regulate substrate spe-
cificity, cellular localization and enzymatic activity. For example, PP2A dephosphorylates p-Aktatserine 473 and reduces
the cell growth. Hence, the CIP2A-PP2A-Akt signaling cascadeis thoughtto be an importantsurvival regulator in cancers.
In addition, SET has been found as another potent inhibitor of PP2A, and the expression of SET has been found in
tumer tissues of different human malignant disease, the expression level of SET is closely correlated with cell growth rate.
[0004] Accordingly, it needs to develop a compound which is capable of antagonize SET or CIP2A repressing PP2A
to reactive PP2A in cancer cells and subsequently reducing p-Akt cancer signal cascade to induce tumor cell apoptosis,
the compound can be a new anficancer strategy.

[0005] Organic & Biomolecular Chemistry, vol. 11, no. 39, 6680; Tetrahedron Letters, vol. 53, no. 45, 6059-6066;
Tetrahedron, vol. 34, 981-988; Die Pharmazie: An international journal of pharmaceutical sciences, vol. 52, no. 10,
797-798; Organometallics, vol. 33, no. 7, 1617-1622; Chemistry Letters, 369-370; CA 2 278 244 A1: WO 02/20463 A;
Cell Death & Disease, vol. 5, no. 7, page E1359; Pharmazie, vol. 52, no. 10, 797-798; and Indian Journal of Heterocyclic
Chemisiry, vol. 18, no. 2, 197-198 disclose aryl amine substituted quinoxaline compounds.

SUMMARY OF THE INVENTION

[0008] The present invention provides new compounds, which can inhibit the binding ability of PP2A and SET, and
also effectively inhibit cancerous inhibitor of protein phosphatase 2A (CIP2A) and p-Akt expression. It can be used as
protein phosphate 2A (PP2A) accelerator and oncoprotein SET antagonist, and can treat cancers effectively.

[00867] One objective of the present invention is to provide an aryl amine substituted quinoxaline which is represented

by Formula I(b)
NN
T R
N yRe
H

wherein R? and R3 are same or different substituted phenyl groups, and the substituted phenyl group each is

cl
Cl
51'@\*5: , 'I"'@CF:»,? I;m\, }{@CI , 5’1&@/\ "
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O/l OCF; SF5
N<gi<eaviNeaNogl

or

\'{NH

[0008] Anotherobjective ofthe presentinventionis to provide an aryl amine substituted quinoxaline whichis represented

by Formula Kc)
X NN
T
N7 R

H X

-

wherein R* and RS are same or different substituted pheny! groups and the substituted phenyl group each

o™ (L O o o
. L O
is'z'l r : "z'l 3 'Y Py :1!‘ %
OH COOH
K 1 : (vl ‘q : OH % CF3 '{©/ % : 5{ : “Br
’ 3 ¥, 3 8
F ;: F OH cl : _SO,NH,
F
L ] » or ;
and

wherein X is amino, or carboxyl.
[0009] Anotherobjective of the presentinvention is to provide an aryl amine substituted quinoxaline which is represented

by Formula I(d)
CaoN N H
2 o R
NT N
H

wherein R8 and R7 are same or different substituted phenyl groups , and the substituted phenyl group each is

H
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OCF; OCH, CFs OH
O o o O 2,

F N-NH
L 4
» OF s

[0010] Another objective of the present invention is to provide a pharmaceutical composition comprising an above-
described compound and a pharmacological acceptable carrier.

[0011] Accordingto the inventionis also a pharmaceutical composition according to claim 7 and a compound according
to claim 8. Further embodiments are disclosed in the dependent claims.

[0012] Also provided is 2 pharmaceutical composition for enhancing protein phosphatase 2A (PP2A) activity in a cell,
used as oncoprotein SET antagonist or cancerous inhibitor of protein phosphatase 2A (CIP2A) inhibitor, and disrupting
the binding between oncoprotein SET and protein phosphatase 2A (PP2A), comprising an above-described compound
and a pharmacological acceptable carrier.

[0013] Also provided Is a pharmaceutical composition for treating a disease or condition characterized by inactive
protein phosphatase 2A (PP2A), increased oncoprotein SET expression or increased cancerous inhibitor of protein
phosphatase 2A (CIP2A} expression, comprising an above-described compound and a pharmacological acceptable
carrier.

[0014] One embodiment of the present invention, the pharmaceutical composition further comprises an anti-cancer
drug, and the anti-cancer drug is sorafenib or paclitaxel.

[0015] Also provided is a method of manufacturing a medicament including an above-described compound for freating
a disease or condition characterized by inactive protein phosphatase 2A (PP2A), increased oncoprotein SET expression,
increased cancerous inhibitor of protein phosphatase 2A (CIP2A) expression.

[0016] The disease or condition characterized by inactive protein phosphatase 2A (PP2A), increased oncoprotein SET
expression, increased cancerous inhibitor of protein phosphatase 2A (CIP2A) expression is hepatocellular carcinoma,
lung cancer, leukemia, breast cancer, renal cancer, thyroid cancer, colon cancer, head and neck cancer.

[0017] The detailed technology and above preferred embodiments implemented for the presentinvention are described

in the following paragraphs accompanying the appended drawings for people skilled in this field to well appreciate the
features of the claimed invention.

BRIEF DESCRIPTICN OF THE DRAWINGS

[0018] FIGs. 1A to 1G show that an erlotinib derivative of the present invention, TD-52, has a better pro-apoptotic
effect of HCC cells than erlotinib. FIG.1A shows pro-apoptotic effects of TD-52 and erlotinib in HCC cells by MTT assay.
IC50 0f TD-52 in different cells is illustrated. Points, mean; bars, 8.D. (n=3). FIG 1B shows dose-dependent effect of TD-
52 and erlotinib on cell apoptosis in HCC cells by flowcytometry. Bar, mean; error bars, S.D. {n=3). FIG1C shows the
proportion of apoptosis and necrosis of cancer cell by annexin-V/PI double-staining assay. FIG 1D shows western blot
for the expressions of caspases-3, caspases-9 and subsequent cleavage of poly {ADP-ribose) polymerase (PARP). FIG
1E is DNA fragmentation test (n=6} after TD-52 treatment. FIG 1F shows the pro-apoptotic effects induced by TD-52 is
diminished by co-treatment with z-VAD-fmk, cells are analyzed by western blot (upper panel) and flow cytometry (fower
panel). FIG. 1G shows that TD-52 exhibits little EGFR phosphorylation activity than eriotinib by western blotting.

[0018] FIGs. 2A to 2H show that p-Akt downregulation by inhibition of CIP2A determines effects of TD-52 on apoptosis
in HCC cells. FIG. 2A shows TD-52 downregulated CIP24 protein expression in HCC cells in a dose-dependent manner,
HCC cells are treated with TD-52 at indicated concentration for 24 hr; cell lysates are subsequently collected for analysis
of CIP2A, P-Akt, Akt protein expression by western blot. FIG. 2B shows TD-52 downregulated CIP2A protein expression
in HCC cells in time-dependent manner, HCC cells are treated with 1 uM TD-52 at indicated duration; cell lysates are
subsequently collected for analysis of CIP2A, P-Akt, Akt protein expression by westem blot. FIG. 2C shows PP2A
activities in HCC cells are enhanced after treating with TD-52, cell lysates are prepared for measuring PP2A phosphatase
activity. Bar, mean; error bars, S.D. {(n=3). FIG. 2D shows the effects of TD-52 on protsin expression of PP2A, the
expression of the subunits of PP2A are determined by western blot. FIG 2E shows ectopic expression of CIP2A-myc
abolishes effects of TD-52 on apoptosis in PLCS cells, which is respectively analyzed by flow cytometry (right panel)
and western blot (left panel). Bar, mean; error bars, S.D. (n=3). FIG. 2F shows that co-treatment with OA, a PP2A
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inhibitor, reduces the effect of TD-52 on apoptosis, which is respectively analyzed by flow cytometry {right panel) and
western blot (left panel). Bar, mean; error bars, 8.D. (n=3}. FIG. 2G shows that downregulating PP2A-C by siRNA
diminishes the pro-apoptotic effects of TD-52 in PLCS5 cells, cell apoptosis is analyzed by flow cytometry (right panel}
and expression of P-Akt, PP2A and PARP are analyzed by western blot(left panel). Bar, mean; error bars, $.D. (n=3).
FIG. 2H shows ectopic expression of myc-tagged Akt1 aholishes the effects of TD-52 on apoptosis in PLC5 cells, which
is respectively analyzed by flow cytometry (right panel) and western blot {left panel). Bar, mean; error bars, 8.D. (n=3)
[0020] FIGs. 3A to 3D show that TD-52 downregulates transcription of CIP2A via interfering Elk-1 function. FIG. 3A
show that TD-52 affects transcription of CIP2A in a dose- and time-dependent manner. PLC5 cells are treated with TD-
52 at indicated doses (Left upper panel} and time (Left lower panel}; CIP2A mRNA is quantified by reverse transcription-
PCR. Bar, mean; error bars, S.D. (n=3), after treating cells with cycloheximide in the presence {Right lower panel) or
absence (Right upper panel) of TD-52 for the indicated length of time, the expression of CIP2A protein in whole-cell
lysates is assessed by western blot. FIG. 3B shows that identification of the CIP2A proximal promoter region that is
affected by TD-52 (n=3, *P<0.05, Bar, mean; error bars, $.D. NS, nonsignificant}. FIG. 3C shows that TD-52 inhibits the
protein expression of transcriptional factor Elk-1 in nuclear and inhibits the protein expression of CIP2A in cytoplasm of
PLC5 cells. PLC5 cells are lysed and whole-cell extract, the expression of CIP2A and Elk-1 are analyzed by western
blot. Tubulin and lamin B were used as loading contrel. FIG 3D shows that inhibiticn of the binding of Elk-1 to the CIP2A
promoter determines the effect of TD-52 in PLCS5 cells. ChlP assay is conducted to evaluate the binding ability of Elk-1
on the putative binding sites of CIP2A promoter region, PCR products are analyzed by gel-electrophoresis (Left panel).
Right pane!, Ectopic expression of Elk-1 reduced the pro-apoptotic effects of TD-52 in PLC5 cells {Right upper and Right
lower panel). Bar, mean; error bars, 8.D. (n=3)

[0021] FIGs. 4A to 4D validates that the CIP2A-PP2A-p-Akt signaling pathway In clinical HCC samples and in vivo
PLC5 nude mice model. FIG 4A shows the growth curves of PLCS xenograft tumor in TD-52-, sorafenib- and DMSO
{vehicle)- treated nude mice. * P<0.05; Points, mean; bars, 8.D. (n=6). FIG. 4B shows that the expression levels of
CIP2A, p-Akt and Akt1 in PLC5 xenograft tumors are analyzed by westem blot. FIG 4C shows that analysis of PP2A
activity of PLCS xenograft tumor in TD-52- or DMSO (vehicle)-treated nude mice. *P<{.05; Bar, mean; error bars, 5.D.
(n=3). FiG 4D shows that dose-dependent effects of sorafenib and TD-52 on cell viability in PLC5 cells. Bar, mean; error
bars, S.D. {n=3). FIG 4E is schema of the signaling pathways that explains pro-apoptotic effects of TD-52 In HCC cells.
FIG 4F is immunohistochemical image of p-Akt nuclear expression and CIP2A cytoplasmic expression in clinical HCC
samples.

[0022] FIGs. 5A to 5F show SET overexpression in tumor tissue of patients with HCC. FIG. 5A is representative image
of immunohistochemical staining of SET in the HCC tumor tissue and paired adjacent normal tissue. FIG 5B shows
levels of SET expression in the tumor and non-tumor fissue of the clinical HCC samples. Bar: mean; error bar. S.D.
(n=294). FIG 5C shows expression ratio of tumor tissue to paired non-tumor tissue. Point: mean expression ratio of an
individual patient (n=147); short bar, the average ratio of this cohort. FIG. 5D, Left panel is Representative image of
immunchistochemical staining of SET and p-Akt in different patients. Right panel shows Recurrence-free survival from
the time of HCC resection by co-expression of SET and p-Akt. FIG. 5E is representative image and quantitative analysis
of the colony formation of PLCS cells with and without knockdown of SET (n=6). FIG. 5F is representative image and
quantitative analysis of the hepatosphere formation of Hep3B cells with and without knockdown of SET (n=6).

[0023] FIGs. BA to 6F show the erlotinib derivatives (EMQA) of the present invention can be a SET antagonist to
induce apoptosis of HCC cells. FIG. 6A shows that EMQA irhibits the viabilities of HCC cells by MTT assay. Points,
mean; bars, 8.D. (n=3). FIG 6B shows that dose-dependent promotion of apoptosis of HCC treated with EMQA is
analyzed by flowcytometry. Bar, mean; error bar, 5.D. (n=3). FIG 6C shows that dose-dependent promotion of apoptosis
of HCC treated with EMQA is analyzed by DNA fragmentation test. Bar, mean; error bar, S.D. {n=3). FIG 6D shows that
EMQA induced downregulation of p-Akt and apoptosis of HCC cells in a time-dependent manner are analyzed by
flowcytometry (upper panel) and westem blot(lower panel). Bar, mean; error bar, $.D. (n=3) CF: cleaved form. FIG. 8E
shows that growth curves of PLC5 xenograft tumors in EMQA- and vehicle-treated nude mice. Points, mean; bar, $.D.
(n=10). FIG 6F shows expression of p-Akt and Aktt {left panel) and PP2A activity (right panel) in the PLC5 xenograft
tumor lysate analyzed by western blot. Bar, mean; error bar, S.D. {(n=10). '
[0024] FIGs. 7A to 7F show enhancement of PP2A-mediated p-Akt downregulation by targeting SET determined the
anti-tumor effects of EMQA. FIG. 7A shows that ectopic expression of Akt-myc abolishes the effects of EMQA on
apoptosis in PLC5 cells, which is analyzed by flow cytoemetry and westemn blot. Bar, mean; error bars, S.D. {n=3). FIG.
7B shows that co-treatment with PP2A inhibitor, okadaic acid (OA), reduces the effects of EMQA on p-Akt and apoptosis,
which is analyzed by flow cytometry and westemn blot. Bar, mean; error bars, S.D. (n=3). FIG 7C shows thatdownregulating
PP2Ac by siRNA diminishes the pro-apoptotic effects of EMQA in PLC5 cells, which is analyzed by flow cytometry and
western blot. Bar, mean; error bars, S.D. (n=3). FIG 7D shows that EMAQ downregulates p-Akt expression without
affecting the expressions of PI3K, PTEN and PDK1, which is analyzed by western blot. FIG. 7E shows that ectopic
expression of SET-myc abolishes the effects of EMQA on apoptosis in Hep3B cells, which is analyzed by flowcytometry
and western blot. Bar, mean; error bars, 5.D. (n=3). FIG. 7F shows that Sk-Hep1 cells are transfected with vectors
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coding fulllength SET, the N-terminal fragment (SETyy, 1-227 a.a.) and the C-terminal (SETpyg, 76-277 a.a) of SET
protein to determine the SET antagonist effects of EMQA (left panel), which is analyzed by surface plasmon resonance
(SPR, left panel) and co-immunoprecipitation (co-IP, right panel). Bar, mean; error bars, $.D. (n=3}. Western blot analysis
showed that EMQA significantly decreased the full-length SET -PP2Ac and SET ¢ binding, while the SETnT-PP2AC
association was not affected (right panel).

[0025] FIGs. 8A to 8E show that combination of sorafenib and EMQA showed synergism in vitro and in vivo anti-HCC
effects. FIG. 8A shows that combination index of sorafenib and EMQA suggested synergy. Different HCC cell lines are
exposed to a combination of sorafenib and EMQA and analyzed by MTT, the results are calculated by CalcuSyn software
(Biosoft, Cambridge, U.K.). FIG. 8B shows that EMQA significantly improves the pro-apoptotic effects of sorafenib in
HCC, which are analyzed by flow cytometry and western blot. FIG 8C is the growth curve of tumors, which indicates
that the combination treatment with EMQA and sorafenib significantly inhibit HCC tumor growth {n=10), Point, mean, *
P<0.05. FIG 8D is bar chart of tumor size, which indicates that the combination treatment with EMQA and sorafenib
significantly inhibit HCC tumor growth. Bar, mean; error bar, S.D., * P< 0.05). FIG 8E shows PP2A activity of PLC5
xenograft tumor in vehicle and combination of EMQA and sorafenib therapy- treated nude mice Bar, mean:; error bar,
8.D. (n=10) (upper panel). The expression of p-Akt, Akt1 and SET in the PLC5 xenograft tumor lysate were analyzed
by western blot {lower panel).

[0026] FIGs.9A to 8D show that downregulation of p-Akt determines the synergism of EMQA and paclitaxel combination
treatment. FIG. 9A shows EMQA and paclitaxel combination treatment induced downregulation of p-Akt, which is three
different non-small-cell lung cancer (NSCLC) cell lines exposedto EMQA and/or paclitaxel are analyzed by western blot.
FIG 9B shows the time-dependent effects of EMQA and paclitaxel combination treatment on p-Akt and poly (ADP-ribose}
polymerase (PARP) in A549 cells. FIG. 9C shows the dose-dependent effects of EMQA and paclitaxel combination
treatment on p-Akt and PARP in A549 cells. FIG 9D shows that ectopic expression of Akt-myc diminishes the effects of
EMQA and paclitaxel combination treatment on apoptosis in A549 cells, which are analyzed by flow cytoemetry and
westemn blot. Bar, mean; error bars, 5.D. (n=3).

[0027] FIGs. 10A to 10E show the in-vive anti-tumor effects of paclitaxel and EMQA combination treatment. FIG. 10A
shows the growth curves of A549 xenografted tumor in nude mice treated with vehicle, paclitaxel and/or EMQA. Points,
mean, “P <0.05 (n=10 in each treatment arm}. FIG. 10B shows the average tumor weight of resected A549 xenografted
tumor after exposing to vehicle, paclitaxel and/or EMQA treatments. Bar, mean; error bar, $.D. FIG. 10C shows PP2A
activity. Bar, mean; error bar, 8.D. (n=3}. FIG 10D shows western blot image of the expression of p-Akt and Akt in A549
xenografted tumor lysate. FIG. 10E shows the changes of body weights of nude mice exposed to the indicated treatments.
Points, mean.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0028] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood by a person skilled in the art to which this invention belongs.

[0029] As used herein, the singular forms "a", "an", and "the" include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to "a sample" includes a plurality of such samples and equivalents thereof known
fo those skilled in the art.

[0030] As used herein, the term "EMQA" refers to the erlotinib derivatives, which comprise TD-52 te TD-95, ITRI TD-
627, ITRI TD-602 to ITRI TD-605, ITR1 TD-607, ITRI TD-608, ITRI TD-612 to ITR1 TD-6286, ITRI TD-628 fo ITRI TD-631
and TD-632 compounds.

[0031] The term "carboxyl” denotes the group-C{O)OR, where R is hydrogen, lower alkyl, substituted lower alkyl, aryl,
substituted aryl, and the like as defined herein.

[0032] The term "haloalkyl" denotes alkyl radical having one or more hydrogen atoms replaced by a halogen atom,
which includes, but are not limited to trifluoromethyl.

[0033] The term "halogen" denotes fluorine, chlorine, bromine, lodine, and astatine.

[0034] The presentinvention is to explore erlotinib structure relationship with its bioactivity. The present invention is
to develop erlotinib derivatives capable of SET antagonist, and which have a more potenttherapeutic effect than traditional
anti-cancer drugs, such as erlofinib, sorafenib and paclitaxel, the compounds of the present invention has a potent
therapeutic effect on some disease, e.g. cancer. In the present invention, the novel compounds can be used as SET
antagonist, and used for treating a disease or condifion characterized by increased SET expression, such as hepato-
cellular carcinoma, lung cancer, leukemia, breast cancer, renal cancer, thyroid cancer, colon cancer, head or neck
cancer. The compounds of the present invention can disrupt SET-PP2A binding to active PP2A, which leads to cancer
cell apoptotic effect. Therefore, the compounds of the present invention provides an alternative cancer therapy by the
new target mechanism, which is very helpful to the patients resistant to traditional medicine

[0035] In one aspect, the present invention provides an aryl amine substituted quinoxaline which is represented by
Formula Kb}
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@I

I(b)

Ci
L OG0, O™

[0036] In one embodiment, the compound of Formula i(b) is one of the compounds as listed in Table 2, but not limited
to, TD-70 to TD-82.

NH
Ol"l"-/

OCH,

Table 2 The compound of Formula I(b)

o7 | o OCF, SFs
¢ SN< QN o0 SN G AN o)

Cl

No R2/R3 No. R2/R3
TD-70 TD-77 iﬁ\

% N CFa

o Cl
TD-71 /©/ \© TD-78 /@\
% b cl
cl
TD-72 .I‘L/\© TD-79 /@[
% CFs
OCF,
TB-73 5{@ TD-80 D/
k't
TD-74 D\ TD-81
%
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{continued)
No R?/R3 No. R%R3
CFa
TD-75 'r,l/@ TD-82
NO
2 % CF3
%

[0037] In another aspect, the present invention provides an aryl amine substituted guinoxaline which is represented
by Formula I(c) '

X NN
109 E-
N7 N-Rs
H I(©)

wherein R* and RS are same or different substituted phenyl groups, and the substituted phenyl group each

O™ O ™ ™y, O

is T > ¥ 3, H [ &

% B CFs EO ‘.(@, HNF X
OH COOH

o i OH’ ca’ﬂ ’l{@ ’ Br’

F F OH cl SONH;
\(@(’;@"HC LI
F
and

wherein X is amino, or carboxyi.

[0038] In one embodiment, the compound of Formula l{c) is one of the compounds as listed in Table 3, but not limited
to, TD-83 to TD-95, ITRI TD-602 to ITRI TD-604, ITRI TD-607 to ITRI TD-608, [TRI TD-813 to ITRI TD-618, ITRI TD-
620 to ITRI TD-624 and ITRI TD-629.
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[0038] In another aspect, the present invention provides an aryl amine substituted quinoxaline which is represented

H
N Ny N..Ra
I R 1@
N~ N7
H

wherein R8 and R” are same or different substituted phenyl groups, and the substituted phenyl group each is

[
LI A T

by Formula I(d)

0O

EP 3 167 887 B1

F n-NH
SO
, OF N

[0040] In one embodiment, the compound of Formula l{d) is one of the compounds as listed in Table 4, but not limited
to, ITRI TD-605, ITRI TD-812, ITRI TD-619, {TRI TD-625, ITRI TD-628, |TRI TD-628, ITRI TD-630, ITRI TD-631.

Table 4 The compound of Formula 1(d)

No. RS R7
, OCH;
ITRI TD-605
>
OCH,
ITRI TD-612
OH
OH
ITRI TD-619
A
OH
ITRI TD-625 .{©\ I{J\i;j/
>
CF3 OCH,
ITRITD-626 ﬂ '1(©/
OH N-NH
ITRI TD-628 \(@l H{[f\/)\
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{continued)
No. R6 R7
OCFy OCH3
ITRI TD-630
F OCH,
ITRI TD-631

[0041] The compounds of the present invention thus synthesized can be further purified by chromatography or crys-
tallization or any other prior method known in the art.

[0042] The present invention provides a pharmaceutical composition comprising one or more of the above-described
compounds and a pharmacological acceptable carrier. The pharmacsutical composition of the present invention may
be used for disrupting the binding between protein phosphatase 2A (PP2A) and oncoprotein SET to increase biological
activity of PP2A in a cell, or for freating a disease or condition characterized by inactive PP2A or CIP2A and SEP
overexpression. In addition, also within the scope of this invention is the use of any of the above-described compounds
for activing PP2A in a cell or oncoprotein SET antagonist, or freating a disease or condition characterized by inactive
PP2A or SET overexpression as described herein and for manufacture of a medicament for treating the same.

[0043] Also provided is a method for increasing PP2A or decreasing oncoprotein SET expression level or biological
activity in a cell, comprising contacting the cell with an effective amount of a2 compound or a pharmaceutical composition
as described herein. Further provided is a method for treating a disease or condition characterized by inactive PP2A or
SET overexpression in a subject in need thereof, comprising administrating to the subject an effective amount of a
compound or a pharmaceutical composition as described herein.

[0044] The compounds of the present invention can be used for the treatment of diseases or conditions characterized
by inactive PP2A or oncoprotein SET overexpression. A compound of the present invention can be administrated to a
human patient by itself or in pharmaceutical compositions where it is mixed with suitable carriers or excipients at doses
fo treat or ameliorate various conditions characterized by decreasing PP2A expression or oncoprotein SET overexpres-
sion. Increased or decreased expression levels or biological activity of a factor {e.g. PP2A) can be readily detected by
the gene product of the factor such as a protein or RNA, in a sample from a subject {e.g. from blood or biopsy tissue)
and assaying it in vifro for RNA levels, structure and/or activity of the expressed proteins and the like, using detection
methods known in art such as enzyme-linked immunosorbent assay {ELISA), western blotting and northern blotiing.
Particular examples of the disease or conditions characterized by inactive PP2A, or oncoprotein SET and CIP2A over-
expression according fo the invention includes, but not limited to, cancer (e.g. hepatocellular carcinoma, leukemia, lung
cancer, breast cancer, renal caner) and osteoporosis.

[0045] The term "treatment” includes prophylaxis of the specific disorder or condition, or alleviation of the symptoms
associated with a specific disorder or condition and/or preventing or eliminating said symptoms.

[0046] A "subject” is particularly a mammal, such as a human, but can also be a companion animal (e.g., dogs, cats,
and the like), farm animals (e.g., cows, sheep, pigs, horses, and the like) or laboratory animals (e.g., rats, mice, guinea
pigs, and the like) in need of the treatment as described hergin,

[0047] "“An effective amount’ as used herein refers to the amount of an active agent required to confer therapeutic
effects on a subject, either alone or in combination with one or more other active agents. Effective amounts vary, as
recognized by those skilled in the art, depending on route of administration, excipient usage, and co-usage with other
active agents.

[0048] Suitable routes of administration may, for example, include oral, rectal, transmucosal, or intestinal administra-
tion; parenteral delivery, including intramuscular, subcutaneous, intramedullary injections, as well as intrathecal, direct
intraventricular, intravenous, intraperitoneal, intranasal, or intraocular injections, and optionally in a depot or sustained
release formulation.

[0049] The pharmaceutical compositions of the present invention may be manufactured in a manner known in the art,
e.g., by means of conventional mixing, dissolving, emulsifying, encapsulating, entrapping, or lyophilizing processes.
Pharmaceutical compositions for use in accordance with the present invention thus may be formulated in conventional
manner using one or more physiologically acceptable carriers comprising excipients and/or auxiliaries that facilitate
processing of the active compounds into preparations, which can be used pharmaceutically. As used herein, "acceptable”
means that the carrier must be compatible with the active ingredient of the compasition (and preferably, capable of
stabilizing the active ingredient) and not deleterious to the subject to be treated. Proper formulation is dependent upon
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the route of administration chosen.

[0050] In particular, for injection, the compounds of the invention may be formulated in, for example, physiologically
compatible buffers, such as Hank’s solution, Ringer's solution, or physiological saline buffer. For oral administration, the
compounds of the invention may be farmulated by combining the active compounds with pharmaceutically acceptable
carriers known in this art, such as lactose, sucrose, mannitol, sorbitol, maize starch, wheat starch, rice starch, potato
starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethylcellulose, sodium carboxymethylcellulose, andfor
polyvinylpyrrolidone (PVP), to enable the compounds of the invention to be formulated as tablets, pills, dragees, capsules,
liquids, gels, syrups, slurries, suspensions and the like. For administration by inhalation, the compounds of the invention
can be formulated in the form of an aerosol spray presentation from pressurized packs or a nebulizer, with the use of a

suitable propellant, e.g., dichlorodiflusromethane, trichloroflucromethane, dichlorotetrafluoroethane, carbon dioxide or
other suitable gas,

EXAMPLE 1

CHEMICAL SYNTHESIS

[0651] Particularly, the procedure shown in the scheme [ to V as below exemplifies synthesis of certain compounds
of invention.

1.1 Synthetic Scheme |

[0052]

R

1
@NICI RNH,, HCI N C[N INH
N/ cl IPA, 60°C Nf I;&H

R

[0053] The compounds of the present invention can be obtained from above Synthetic Scheme |, the detailed synthetic
scheme is described below. In Synthetic Scheme |, 2,3-dicholoroguinoxaline (1 equiv) and phenylamine analogues (2.3
equiv} were added in isopropyl alcohol (3 to 5 ml), followed by 2 drops of concenirated HCI. The mixture was then heated
to 60 °C overnight and was expected fo yield white or yellow solid. After the reaction was completed, the reaction mixture
was filtered, and the solid was washed by isopropyl alcohol to give di-substituted quinoxaline derivatives, which would

be further purified by normal phase chromatography using ethyl acetate/hexane as eluent to give TD-52 to TD69 and
ITRI TD-627 compounds.

1.1.1 N2,N3-bis(3-ethynylphenyl)quinoxaline-2,3-diamine (TD-52)

[0054]

W\

X TD52

[0055] 'H NMR (400 MHz, MeOH-d,) § 3.47 (s, 1H) 7.16 (d, J = 7.6 Hz, 1H), 7.29-7.33 (m, 2H), 7.56 (dd, J = 3.4,6.4
Hz, 1H), 7.84 (dd, J = 8.0, 1.2 Hz, 1H), 7.95 (s, 1H).
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1.1.2 N2,N3-bis(4-phenoxyphenyl)quinoxaline-2,3-diamine {TD-53)
O :
CLC,
P
N~ "NH
O

[0057] H NMR (400 MHz, DMSO-dg) 5 7.02 (d, J = 7.6 Hz, 2H), 7.08-7.13 {m, 3H), 7.32 (s, 1H), 7.38 (t, J = 7.2 Hz,
2H), 7.53 (s, 1H), 7.92 (d, J = 8.4 Hz, 2H).

[0056]

TD-53

1.1.3 N2,N3-dibenzylquinoxaline-2,3-diamine (TD-54) (not according to the invention)

[0058]

TD-54

[0059] 'H NMR (400 MHz, MeOH-d,) 8 4.72 (s, 2H), 7.18-7.24 (m, 2H), 7.29 (t, J = 7.2 Hz, 2H), 7.38 (d, J = 7.2 Hz,
2H), 7.52 (dd, J = 3.4, 6.4 Hz, 1H).

1.1.4 N2, N3-diphenylquinoxaline-2,3-diamine (TD-55) (not according to the invention}

[0060]
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N, _NH

-~

N” "NH
TD-55

[0061] *H NMR (400 MHz, MeOH-d,) 8 7.10 (t, J = 7.6 Hz, 1H), 7.34 (dd, J = 3.4, 6.4 Hz, 1H), 7.39 {t, J = 7.6 Hz, 2H),
7.58 (dd, J = 3.4, 6.4 Hz, 1H), 7.83 (d, J = 8.0 Hz, 2H),

1.1.5 N2,N3-bis(3-chlorophenyl)quinoxaline-2,3-diamine (TD-56) (not according to the invention)

[0062]

[0063] 'H NMR (400 MHz, DMSO-dg) 5 7.14 (d, J = 8.0 Hz, 1H), 7.38-7.43 (m, 2H), 7.60 (dd, J = 3.2,6.0 Hz, 1H), 8.02
(d, J = 8.4 Hz, 1H), 8.24 (s, 1H).

1.1.6 N2,N3-bi5(2-ﬂuoro-5-methy|phenyl)quinoxaline-2,3-diamine(TD-58)

[0064]

TD-58

[0065] 'H NMR (400 MHz. MeOH-d,}  2.42 (s, 3H), 7.23 (s, 1H), 7.25 (d, J = 1.2 Hz, 1H), 7.43 (dd, J = 3.4, 6.4 Hz,
1H), 7.51 {d, J = 7.2 Hz, 1H), 7.61 {dd, J = 3.4, 6.4 Hz, 1H).

1.1.7 N2,N3-bis(3-ethyiphenyl)quinoxaline-2,3-diamine (TD-59) (not according to the invention)

[0066]
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o
"
N NH
TD-59

[0067] TH NMR (400 MHz, MeOH-d,) 1.23 {t, J = 7.6 Hz, 3H), 2.61 (q, J = 7.6 Hz, 2H), 6.86 (d, J = 7.6 Hz, 1H), 7.21
{t, J = 7.6 Hz, 1H), 7.26 (s, 1H), 7.54-7.56 (m, 2H), 7.62 (d, J = 7.6 Hz, 1H).

1.1.8 N2,N3-bis(3-{trifluoromethyl)phenyl)quinoxaline-2,3-diamine (TD-60) (not according to the invention)

[0068]

[0069] 1H, NMR (400 MHz, DMSO-dg) 7.40 (1,J= 8.0 Hz. 2H). 7.68 {dd, J = 3.6, 5.6 Hz, 1H), 7.62 (t, J = 8.0 Hz, 1H),
8.19 (d, J = 8.0 Hz, 1H), 8.34 (s, 1H), 9.33 (s, 1H).

1.1.9 2,2'-((quinoxaline-2,3-diylbis(azanediyl))bis{4,1-phenylene))diacetonitrile (TD-62)

[0070]

[0071] 'H NMR (400 MHz, DMSO-d,) 4.03 (s, 2H), 7.35-7.39 {m, 3H), 7.58 (dd, J = 3.4, 6.4 Hz, 1H}, 7.99(d, J=8.8
Hz, 2H)}.
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1.1.10 N2,N3-bis(4-chloro-3-{trifluoromethyl)phenyl)quinoxaline-2,3-diamine {TD-63)

[0672]

S TD63

[0073] 'H NMR (400 MHz, MeOH-d,) 7.28 (dd, J = 3.6, 6.0 Hz, 1H), 7.45 (d, J = 8.8 Hz, 1H), 7.48 (dd, J = 3.4, 6.4
Hz, 1H), 8.03 (dd, J = 8.8, 2.4 Hz, 1H), 8.34 (d, J = 2.4 Hz, 1H).

1.1.11 N2 ,N3-bis(4-(triflucromethoxy))phenyl)quinoxaline-2,3-diamine (TD-65)

[0074]

OCF,

o
NZ “NH

OCFs TD.65

[0075] 'H NMR (400 MHz, MeOH-d,) 7.26 (d, J = 8.4 Hz, 2H), 7.32 (dd, J = 3.2, 6.0 Hz, 1H), 7.57 (dd, J = 3.2, 6.0
Hz, 1H), 7.90 (d, J = 9.2 Hz, 2H).

1.1.12 5,5’-{quinoxaline-2,3-diylbis(azanediyl)}bis{2-methylphenol}{TD-66)

[0076]
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OH

OH
TD-66

[0077] 'H NMR (400 MHz, MeOH-d,) 2.24 (s, 3H), 7.03 (dd, J = 8.0,2.0 Hz, 1H), 7.21 (d, J = 8.0 Hz, 1H), 7.26 (s, 1H)
7.44 (dd, J = 3.4, 6.0 Hz, 1H), 7.67 (dd, J = 3.4,6.0 Hz, 1H).

1.1.13 N2,N3-bis(4-(Pentafluorothio}phenyl)quinoxaline-2,3-diamine {TD-68)

[0078]

SFs

SFs TD-68

[0079] *H NMR (400 MHz, MeOH-d) 7.41 (dd, J = 3.6, 6.0 Hz, 1H), 7.67 (dd, J = 3.4, 6.4 Hz, 1H), 7.79 (d, J = 9.2
Hz, 2H), 8.03 (d, J = 8.8 Hz, 2H).

1.2 Synthetic Scheme ll

[0080]

R
1
@zwj:ct RNH,, HCI NiNH
- . [ I o
N7 Cl IPA, 150 °C, 30 min N” i
[0081] Thecompounds of the present invention can be obtained from above Synthetic Scheme 11, the detailed synthetic
scheme is described below. In Synthetic Scheme II, 2,3-dicholoroquinexaline (1 equiv) and phenylamine analogues {1
equiv) were added in isopropyl alcohol (3 to 5 ml), followed by a drop of concentrated HCIL. The mixture was then heated
to 150 °C for 30 minutes by microwave machine. After the reaction was completed, the reaction mixture was filtered by

IPA to yield white solid, which was washed by ether or ethyl acetate to give mono-substituted quinoxaline derivatives
TD-70 toTD-82 compounds.
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1.2.1 3-chloro-N-(3,5-dichlorophenyl)quinoxalin-2-amine (TD-78) (not according to the invention)

[0082]

[0083] "H NMR (400 MHz, DMSO-dg) 7.20-7.28 (m, 4H), 7.52 (d, J = 8.0 Hz, 1H), 8.35 (s, 2H), 9.82 (s, 1H).

1.2.2 3-chloro-N-{4-chloro-3-(trifluoromethyl}phenyl)quinoxalin-2-amine (TD-79) (not according to the invention)

[0084]

[0085] "H NMR (400 MHz, DMSO-dg) 7.21-7.26 (m, 3H), 7.47 (d, J = 8.0 Hz, 1H), 7.64 (d, J = 8.8 Hz, 1H), 8.47 (d, J

= 8.8 Hz, 1H), 8.89 (s, 1H), 9.97 (s, 1H).

1.2.3 3-chloro-N-(4-(trifluoromethoxy)phenyl)quinoxalin-2-amine(TD-80} (not according to the invention)

[0086]

[0087] 'H NMR (400 MHz, DMSO-dg) 7.19-7.20 (m, 3H), 7.34 (d, J = 8.4 Hz, 2H}, 7.50 (d, J = 7.6 Hz. 1H), 8.28 {d, J

= 8.4 Hz, 2H), 9.65 (s, 1H).

1.2.4 3-chloro-N-{4-(Pentafluorothio)phenyl)quinoxalin-2-amine (TD-81} {not according to the invention)

[0088]

EP 3 167 887 B1

Ci Cl

: :N NH
=
/I
N™ ~Ci

cl

TD-78

CFy

N, _NH
X
@ /I
N° Cl

OCF3

N, _NH
e
@[ -I
N° TCl
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SFs

N.. .NH
\
X
N° Cl TD-81
[0089] 'H NMR (400 MHz, DMSQ-d) 7.22-7.27 (m, 3H), 7.54 (d, J = 7.6 Hz, 1H), 7.84 (d, J = 8.4 Hz, 2H), 8.38 (d, J
= 8.8 Hz, 2H), 9.90 (s, 1H).

1.3 Synthetic Scheme i

[0090]

X NH; o o HCl, 2 dropa X N\ OH
+ /\.0 ~ T l
NH, I 170~180 °C, reflux NP OH
a b
XUNJ\:OH POCI3 XON‘ICI
N/ OH 110 °C, raflux, 3 hr N/ ci
b c

R

)
X\C[N\ICI RNH2, HCI R x NINH
N/ cl [PA, BO2C EIN/ I:lH

1] d R

[0091] The compounds ofthe presentinvention can be obtained from above Synthetic Scheme IlI, the detailed synthetic
scheme is described below. In Synthetic Scheme [Il, Phenylenediamine with modification at 4 positions (a) was dissolved
in diethyloxalate with 2 ml of concentrated HCI and heated to 180°C overnight. The mixture was filtered by water and
dried to obtain the precipitate intermediate b. Intermediate b was then dissolved in POCI; and heated to 110°C for 3 hr.
After the reactant mixture was cooled down to room temperature, the mixture was poured into ice-water, resulting in the
precipitation of the product, which was dried in oven to obtain intermediate ¢. Phenylamines and intermediate ¢ were
dissolved in IPA, followed by 2 drops of concentrated HCI and then heated to 60°C overnight. The mixture was filtered
by IPA and the precipitates was further purified by chromatography to give TD-83 toTD-85, ITRI TD-602 to |TRI TD-604,
ITRI TD-607, ITRI TD-608. ITRI TD-613 to ITRI TD-618, ITRI TD-620 to ITRI TD-624, ITRI TD-629.

1.3.1methyl 2,3-bis({4-{trifluoromethoxy}phenyl}amino)quinoxaline-6-carboxylate (TD-94)

[0092]
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[0093] TH NMR (400 MHz, DMSO-dy) 3.84 (s, 3H), 7.38 (dd, J = 4.4, 8.0 Hz, 4H), 7.56 (d, J = 8.4 Hz, 1H), 7.83 (dd,

EP 3 167 887 B1

OCF,

OCF; TD-94

J=8.6, 1.6 Hz, 1H), 8.10 (d, J = 1.2 Hz, 1H), 8.18 (t, J = 8.8 Hz, 4H).

1.3.2 N2 N3-bis(4-methoxyphenyl)-6-nitroquinoxaline-2,3-diamine(ITRI TD-602)

10094]

[0095] 'H NMR (500 MHz, DMSO-d6) 3.79 (s, 6H), 7.00 (dd, 4H), 7.56 (d, 1H), 7.89 (dd, 4H), 8.03 (d, 1H), 8.23 (s,TH),

10.0(b,2H).

OZNC[N\ m-;—<-__-:>—0m-l3
X o
N® “NH OCHs
{TRI TD-602

1.3.3 N2,N3-bis(3-ethynylphenyl)-6-nitroquinoxaline-2,3-diamine (ITRI TD-604)

[0096]

[0097) 1H NMR (500 MHz, DMSO-d6) 4.19 (s,1H)4.20(s,1H) 7.23 (dd, 2H), 7.42 (m, 3H), 7.64 (d, 1H), 8.11 (b, 4H),

8.23 {s,1H), 10.1(b,2H).

CCC
N NH

ITRI TD-604

1.3.4 N2,N3-bis(4-(trifluoromethyl)phenyl}quinoxaline-2,3,6-triamine(ITRI TD-607)

[0098]
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H2N\©:NiNH—Q—CF3
=
N NH—@—CF;

[0099] 'H NMR (500 MHz, DMSO-d6) 7.71 (d, 1H), 7.77 {m, H), 8.1(m, 5H), 9.6 (s, 1H), 9.80 (s,1H) .
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ITRI TD-607

1.3.5 N2 N3-bis(3-methoxyphenyl}-6-nitroquinoxaline-2,3-diamine {ITRI TD-608)

[0100]

[0101] HNMR (500 MHz, DMSO-d6) 3.98 (s,3H), 3.97(s, 3H), 6.68 (dd, 2H), 7.27 {t, 2H), 7.43 (d, 1H), 7.44 {d, 1H),

\0
e
I _Q
NH
/0 ITRI TD-608

7.61 (s,1H), 7.62(m, 2H), 8.05(d, 1H), 8.25(s, 1H), 9.28(s, 1 H), 9.35,(s, 1H).

1.3.6 3-(2-(3-hydroxyphenylaminoe}-6-nitroquinoxalin-3-ylamine)phenol (ITRI TD-613)

[0102]

O:N N NH—dH
U,;EWQ

[0103] H NMR (500 MHz, DMSO-d6) 6.68 (dd, 2H), 7.09 (m, 2H), 7.18 (m, 2H), 7.58 (d, 1H), 7.61 (d,1H), 7.70(d,

1H), 8.10(d, 1H), 8.31(s, 1 H), 9.60-10.1,(b, 4H).

1.3.7 N',N3-bis(3-bromophenyl)-6-nitroquinoxaline-2,3-diamine {ITRI TD-618} (not according to the invention)

[0104)

OH JTRITD-613

Br

OzN\(:[NiNHO
o

A

[0105] 'H NMR (500 MHz, DMSO-d6) 7.00 (dd, 1H), 7.19 (m, 2H), 7.30 (m, 1H), 7.58 (d, 1H), 7.39 (dd, 2H), 7.62(d,

1H}, 8.05(m, 3H), 8.38(s, 1 H}, 10.2-10.6,(b, 2H).
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1.3.8 N2,N3-bis(4-fluorophenyl)-6-nitroquinoxaline-2,3-diamine (ITRI TD-620}

ozuﬁu\ NH—@—F
X o
N~ “NH F
ITRI TD-620

[0107] 'H NMR (500 MHz, DMSO-d6) & 7.25 (m, 4H), 7.59 (d, 1H), 7.88 (m, 4H), 8.06 (d, 1H), 8.26 (s, 1H), 9.34(s,
1H), 9.51(s, 1H).

[0106]

1.3.9 N2,N3-bis(4-chloro-3-fluorophenyl)-6-nitroquinoxaline-2,3-diamine (ITRI TD-624) (not according to the in-
vention)

[0108]
F -
(X G
N NH Cl

F ITRI TD-624

[0109] 'H NMR (500 MHz, DMSO-d6) § 7.41 (dd, 2H), 7.68 (m, 3H), 7.95 (s, 1H), 8.08 (s, 1H), 8.10 (d, 1H), 8.30(s,
1H), 10.0(b, 2H).

1.3.10 N2,N3-his{4-phenylsulfonamide)-6-nitroquinoxaline-2,3-diamine {ITRI TD-629) (notaccording to the inven-
tion)

[0110]

ozu\g:n\ NH—OSD:HH;

LS

N~ “NH S0NH,
ITRITD-629

[0111] 'H NMR (500 MHz, DMSO-d6) & 7.29 (b, 4H), 7.74 (d, 1H), 7.88 (d, 4H), 8.20 {m, 5H), 8.42 (s, 1H), 10.14(s,
1H), 10.30(b, TH).

1.4 Synthetic Scheme IV

[0112] The compounds of the presentinvention can be obtained from above Synthetic Scheme IV, the detailed synthetic
scheme is described below. In Synthetic Scheme IV, 4-(2-chloro-7-nitroquinoxalin-3-ylamino)phenocl), 3-chloro-N-(4-
methoxyphenyl)-6-nitroquinoxalin-2-amine), 4-(2-chloro-7-nitroquinoxalin-3-ylamina)-3-methylphenol} or 3-chloro-N-(5-
methyl-1H-pyrazol-3-yl)-6-nitroquinoxalin-2-amine) {1 equiv) and phenylamine analogues (1.2 equiv) were added in
DMF (3 to 5 ml). The mixture was then heated to 110 °C for 3 hr. After the reaction was completed, adding water into
the reaction mixture, extracting the reaction mixture with ethyl acetate, then washing by ethyl acetate, After drying,
concentrating and drying under reduced pressure to obtain the crude product. The crude product was further fittered
with ethyl acetate/hexane by normal chromatograph to obtain ITRI TD-605, ITR! TD-612, ITRI TD-619, ITRI TD-625,
ITRI TD-6286, ITRI TD-628, ITRI TD-630, ITRI TD-631 compounds.
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1.4.1 N3-(3-ethynylphenyl}-N2-(4-methoxyphenyl)-6-nitroquinoxaline-2,3-diamine ({TRI TR-605)

[0113]

2 \Q:NINH —O—oﬂﬂa

[0114] "H NMR (500 MHz, DMSO-d6), 4.21(s, 1H), 7.00 (d, 2H), 7.21 (d, 1H), 7.42 {t, 1H), 7.59(d, 1H), 8.01 (dd, 2H),
8.02(d, 2H), 8.07(d, tH), 8.26(s, 1H), 9.34(s, 1H), 9.41(s, 1H).

[TRI TR605

1.4.2 3-(2-(4-methoxyphenylamino)-6-nitroquinoxalin-3-ylamino)phenol (ITRI TD-612}

[0115]

OH
o
-
N NH-@—QCH;;
ITRI TD-612

[0116] 'HNMR (500 MHz, DMSO-d8), 6.51(d, 1H), 7.02 (dd, 2H), 7.17 (t, 1H), 7.24 (d, 1H), 7.56(d, 1H), 7.68 (s, 1H),
7.77(dd, 2H), 8.06(d, 1H), 8.30(s, 1H), 9.16(s, 1H), 9.45(s, 1H), 9.47(s, 1H).

1.4.3 4-(2-(3-ethynylphenylamino)-7-nitroquinoxalin-3-ylamino)phenol {ITRI TD-619)

[0117]

ON Ny -NH
X O
N~ “NH OH
ITRI TD-619

[0118] H NMR (500 MHz, DMSO0-d6), 6.81(dd, 2H), 7.20 (d, 1H), 7.22 (¢, 1H), 7.54 (d, 1H), 7.60(dd, 2H), 8.00 (d,
2H), 8.05(d, 1H), 8.23(s, 1H), 9.31(b, 2H), 9.39(b, 1H).

14.4 4-(2-(3-ethynylphenylamino)-7-nitroguinoxalin-3-ylamino)-3-methylphencl (ITRI TD-625)

[0119]
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O,N N._-NH
-~
X
N™ "NH CH

ITRI TD-625

[0120] 'H NMR (500 MHz, DMS0-d6), 4.21(s, 1H), 6.65 (d, 1H), 6.67 (s, 1H), 7.13 (d, 1H), 7.21(d, 1H), 7.42 (m, 2H),
8.05(d, 1H), 8.05(m, 2H),8.26(s, 1H), 9.10(s, 1H), 9.25(s, 1H). 9.39(s, 1H).

1.4.5 N2-(4-(trifluoromethyl)phenyl)-N2-(4-methoxyphenyl)-6-nitroquinoxaline -2,3-diamine {(ITRI TD-626)

[6121]

ON Ny NHO—GF3
(XX o
N~ “NH OCH,
ITRI TD-626
[0122] 'H NMR (500 MHz, DMSO-d6), 7.00(d, 2H), 7.58 (d, 1H), 7.77 (m, 4H), 8.11(d, 1H), 8.17 (d, 2H), 8.36(s, 1H),
9.47(s, 1H), 9.56(s, 1H).

1.4.6 4-(2-(5-methyl-1H-pyrazol-3-ylamino)-6-nitroquinoxalin-3-ylamino)phenol (ITRI TD-628)

[0123]

OQN\E:[NKNH—@—OH
N/ NH\&
= ITRI TD-628

[0124] H NMR (500 MHz, DMSO-d6), 6.80(d, 2H), 6.88 (s, 1H), 7.64 (d, 1H), 7.65(d, 2H), 8.03 (d, 1H), 8.21(s, 1H),
9.28(s, 1H), 9.30(s, 1H), 10.2(s, 1H).

1.4.7 N3-(4-fluorophenyl)-N2-{4-methoxyphenyl)-6-nitroquinoxaline-2,3-diamine (ITRI TD-631)

OZN\@NINH—Q—F
e
N NH@—OCHa

[0126] H NMR (500 MHz, DMSO-d6), 7.00(d, 2H), 7.26 (t, 2H), 7.57 (d, 1H), 7.93(d, 2H), 7.92 (dd, 2H), 8.07(d, 1H),
8.25(s, 1H), 9.31(s, 1H), 9.40(s, 1H).

[0125]

ITRI TD-631

1.5 Synthetic Scheme V

[6127] The compounds ofthe presentinvention can be obtained from above Synthetic Scheme V, the detailed synthetic
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scheme is described below. In Synthetic Scheme V, 2,3-dichloroguinoxalin-6-yl)(phenyl}methanone {1 equiv) and 3-
ethynylbenzenamine {1.2 equiv) in [PAwas heated to reflux for 5 hr, then is cooled to exiract solid, and the solid was
washing with IPA and dried to obtain the TD-632 (formula Il}.

1.5.1 2,3-bis{3-ethynylphenylamino}quinoxalin-6-yl){phenyl)methanone (TD-632) (not according to the inven-
tion)

[0128]

N 1D-632

[0128] 'H NMR (400 MHz, DMSO-dg) 4.2 (s,1H), 4.1(s,1H).7.24 {d, 1H), 7.25 (d, 1H),7.56 (d, 2H), 7.40 (m ,2H), 7.6
(m, 3H), 7.64 (m 3H) ,7.79 (m 2H) 7.82 (s 1H),8.15(b,2H) ,9.25(b,2H).

EXAMPLE 2

BIOASSAY

2.1 Materials And Methods
2.1.1 Reagents and antibodies

[0130] Sorafenib (Nexavar), erlotinib (Tarceva) and Paclitaxel were kindly provided by Bayer Pharmaceuticals {Pitts-
burgh, PA, USA) and Roche Pharmaceuticals (Basel, Switzerland) respeciively. Okadaic acid {OA) was purchased from
Cayman Chemical (Ann Arbor, MI, USA) and z-VAD-fmk was obtained from Sigma (St. Louis, MO, USA). For in vitro
studies, drugs at various concenfrations were dissolved in dimethyl sulfoxide (DMSOQ}, and added to cells in Dulbecco’s
modified Eagle’s medium (DMEM) or Roswell Park Memorial Institute (RPMI) containing 5% fetal bovine serum (FBS).
[0131] For in vitro studies, the final DMSO concentration was 0.1% after addition to the medium, Antibodies for im-
munoblotting including anti-CIP2A, anti-Aktl, anti-PARP, anti-PP2A-C, ant-PP2A-A, anti-PP2A-B55 and anti-Elk-1 were
purchased from Santa Cruz Biotechnology (San Diego, CA, USA). Other antibodies such, as anti-caspase-3 and anti-
P-Akt (Ser473) were obtained from Cell Signaling (Danvers, MA, USA).

2.1.2 Cell culture

[0132] The Sk-Hepl, PLC/PRF/5 (PLC) and Hep3B cell lines were obtained from American Type Culture Collection
(ATCC; Manassas, VA, USA). The Huh-7 HCC cell line was obtained from the Heaith Science Research Resources
Bank (HSRRB; Osaka. Japan; JCRB0403). Cells were maintained in DMEM supplemented with 10% FBS in a 37°C
humidified incubator in an atmosphere of 5% COZ in air. Other cell lines, including non-small cell lung cancer cells e.g.
H358, H460 and A549 and human squamous cell carcinoma cells e.g. NCI-1703, H2170, H520, SW900 and NCI-H226

all obtained from American Type Culture Collection (Manassas, Virginia) were also provided for the assays describes
below.

2.1.3 Apoptosis analysis

[0133] The numbers of apoptotic cells after treatment with DMSO, sorafenib or the erlotinib derivatives of the present
invention were assessed by flow cytometry (sub-Gl). Annexin-V/propidium iodidie (P1) double-staining assay was used
fo determine numbers of both apoptotic and necrotic cells. For above tow assays, HCC cells were harvested after the
erlotinib derivatives of the present invention freatment and incubated with Pl alone for sub-G| assay and in combination
with annexin-V-FITC. Analysis of cell composition was performed by flow cytometry. The erlotinib derivatives of the
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presentinvention-induced apoptotic cell death was assessed by western blot analysis of activated caspases and cleaved
PARP, and cell death enzyme-linked immunosorbent assay (ELISA) for cytoplasmic histone-associated DNA fragments
(Roche, Indianapolis. IN, USA). The effect of co-treatment with the erlotinib derivatives of the present invention and z-
VAD-fmk, the caspase inhibitor, were assessed by western blot analysis and flow cytometry.

2.1.4 Western blot analysis

[0134] Cells were treated with caspase-3, PARP, P-Akt, Akt, CIP2A and so on for a time period. Cell lysates were
analyzed by western blot analysis.

2.1.5 Gene knockdown using siRNA

[0135] Smart-pool small interfering RNA (siRNA) reagents, including control {D-00181 0-10) and PP2A-C (L-
001810-01) were purchased from Dharmacon (Chicago, IL, USA)11121-11133). according to the manufacturer’s in-
structions, cells were first transfected with siRNA (final concentration, 100 nM} in six-well plates using the Dhamia-
FECT4 fransfection reagent (Dharmaccen) for 48 h. Afterward, the medium was replaced and the cells were freated with
the erlotinib derivatives of the present invention (2 pM for 48 h) and then harvested for western blot analysis and apoptosis
analysis by flow cytometry.

2.1.6 Transient transfection

[0136] CIP2A cDNA (KIAA1524) and Elk-1 cDNA was purchased from Origene (RC219918 and RG208921; Rockville,
MD, USA). Following fransfection for 48 h, cells were treated with the erlotinib derivatives of the present invention for
the indicated times and subsequently harvested for further analysis,

2.1.7 PP2A phosphatase activity

[0137] The protein phosphatase activity in each cell lysate was determined by measuring the generation of free
phosphate from threonine phosphopeptide using the malachite green-phosphate complex assay as described by the
manufacturer (Upstate Biotechnology, Lake Placid, NY, USA). In brief, HCC cell lysates were first prepared in a low-
detergent lysis buffer. The phosphatase assay was carried out in 3 PP2A-specific reaction butter {Milipore, Billerica,
MA, USA) containing 750 M phosphopeptide substrate. After incubation for 10 min at 30 °C, the malachite dye was
added and free phosphate was measured by optical density at 650 nm. In order to avoid variation resulting from differences
in the amount of immunoprecipitation protein between samples, the phosphatase activities were normalized to the
amounts of PP2A immunoprecipitated, which were detected and quantified by immunoblot analysis for each treatment
group.

2.1.8 Luciferase reporter constructs for the CIP2A promoter and 5' detection analysis

[0138] The upsiream region of the CIP2A promoter containing exon 1 (-2000 bp to -1 bp) was amplified by PCR from
the genomic DNA of PLCS cells according to a previous study and cloned into the reporter vector, Firefly vector (pGL4.17,
Promega, Madison, W, USA) by Kpnf and Bgliirestriction sites. PCR amplified promoter regions -10001-1, -4001-1,
-300/-1, 1501, -110/-1, were cloned into the Kpnl and Bg/il restriction sites of the pGL4-basic vector. The nucleotide
sequence of the clones was verified by sequencing.

2.1.9 Chromatin immunoprecipitation (ChiP} assay

[0139] ChIP kit was purchased from Novus Biologicals (NBP1-71709; Littleton, CO, USA). ChiP was performed using
1 x 107 PLCS5 cells, which were treated with the erlotinib derivatives of the present invention for 16 h, followed by 37%
formaldehyde {Sigma, F1635) at 1% final concentration and v/v for 10 min at room temperature to cross-link proteins to
DNA. After cross-linking, the cells were washed twice with 1x ice-cold PBS containing protease inhibitor cocktail. The
cells were collected and centrifuged at 800 X g for 5 min, resuspended in 400 pl of lysis buffer with protease inhibitor
cocktail. The cells were then sonicated for six pulses, 50% output for 15 s at each pulse, with a 60-s ice rest in between
pulses. The cell lysate was centrifuged at 12500 X g for 5 min at 4 °C. Immunoprecipitation was performed by adding
Elk1 or rabbit IgG antibodies as the negative control. The immunocomplex was precipitated by incubation with 25 ul of
protein A/G magnetic beads for 1 h at 4 °C. Ths protein-DNA complex was eluted using 200 pl of elution buffer from the
beads. Cross-linking of protein-DNA was reversed by adding 8 pl of 5 M NaCl at 95 °C for 15 min. The DNA was purified
using spin columns and 2 pl of the DNA was used in the semi-PCR reaction for amplification of the CIP2A promoter
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region (-139/-16 bp).
2.1.10 Xenograft tumer growth

[0140] Male NCr athymic nude mice {5-7 weeks of age) were obtained from the National Laboratory Animal Center
(Taipei, Taiwan). All experimental procedures using these mice were performed in accordance with protocols approved
by the Institutional Laboratory Animal Care and Use Committee of National Taiwan University. Each mouse wasinoculated
subcutaneously in the dorsal flank with 1 X 108 PLCS or A549 cells suspended in serum-free medium containing 50%
Matrigel (BD Biosciences, Bedford, MA, USA). When tumors reached 100-150 mm3, mice were treated with sorafenib,
the erlotinib derivatives of the present invention, or vehicle {control} at 10 mg/kg/day daily by oral gavage for 4 weeks.

2.1.11 Immunohistochemical staining

[0141] Paraffin-embedded HCC tissue sections (4-mm) on poly-1-lysine-coated slides were deparaffinized and rinsed
with 10 mM Tris-HCI {pH 7.4} and 150 mM scdium chloride. Peroxidase was guenched with mathanol and 3% hydrogen
peroxide. Slides were then placed in 10 mM citrate buffer {pH 6.0) at 100 °C for 20 min in a pressurized heating chamber.
After incubation with 1: 200 dilution of p-Akt1/2/3 (Thr 308)-R antibody (ab8805, Abeam, Cambridge, UK) and with 1 :
100 dilution of CIP2A antibody (ab84547, Abcam) for 1 h at room temperature, slides were thoroughly washed three
times with PBS. Bound antibodies were detected using the EnVision Detection Systems Peroxidase/DAB, Rabbit/Mouse
kit (Dako, Glostrup, Denmark). The slides were then counterstained with hematoxylin. Paraffin-embedded sections of
mouse kidney tissue and human colon carcinoema were used as positive controls for p-Akt1/2/3 and CIP-2A, respectively,
as described in the datasheet from the manufacturer. Negative controls had the primary antibody replaced by PBS. The
expression of p-Akt1/2/3 and CIP-2A was assessed semigquantitatively based on the intensity of staining by a board
certified pathologist. The intensity of staining was scored as negative, weak, moderate and strong.

2.2.12 Surface plasmon resonance (SPR)

[0142] Binding affinities of full-length SET and fruncated SET {o PP2Ac and the effect of the erlotinib derivatives of
the present invention on disrupting SET and PP2Ac were analyzed. PP2Ac-GST recombinant protein was bound in the
CMS5 chip pre-coated with GST-capture antibodies. Sensorgrams were generated by injecting several concentrations of
the erlotinib derivatives of the present invention mixed with fixed-concentration of SET recombinant protein, or the mixture
of different concentration of truncated SET proteins in a fixed-dose EMQA. PP2Ac-GST recombinant protein used for
this experiment was purchased from Abnova (H00005515) and SET-His recombinant protein was obtained from Genway
(GWB-ATG319).

2.2.13 Statistical analysis

[0143] Tumor growth data points are reported as mean tumor volume=S.E. and compared by independent samples
t-test. Characteristics of clinical samples were compared by y2-test. A P-value<0.05 was regarded as statistically sig-
nificant on the two-tailed tests. All statistical analysis was computed using SPSS for Windows software (version 17.0;
SPS8§, Inc,, Chicago, IL, USA).

RESULT
2.2.1 Erlotinib derivatives of the present invention increases HCC cell apoptosis

[0144] The present invention compared the antitumor activities of an erlotinib derivative of the present invention, TD-
52, and erlotinib on HCC cells. The present invention used MTT assay to evaluate cell viability after exposure to TD-52
or erlotinib for 48 h. As shown in FIG. 1A, TD-52 caused greater reduction in cell viability than erlofinib in all the HCC
cell fines {including HA22T, Hep3Bm PLC5 and Hep3B), which showed HA22T (IC50=0.9 moll), Hep3B (IC5,=0.9
pmoll), PLC5 (IC50=0.8 pmolfl) and Sk-Hepl (IC55=1.2 wmolll). To further evaluate the cell apoptosis induced by the
treatments, all four cell lines were treated with TD-52 and erlotinib at the indicated concentration for 24 h and the
percentages of sub-G1 cells were determined by flow cytometry {F1G. 1B). Results of sub-Gl analysis echoed the findings
observed inthe MTT assay, that is, they showed that TD-52 had more potent antitumor effects on HCC cells than erlotinib.
[0145] Tobettercharacterize the antitumor properties of TD-52, annexin-V/propidium iodide (P} double-staining assay,
western blot analysis, cell cycle analysis and DNA fragmentation assay were performed (FIGs. 1C-1E). At dose increase,
the proportion of apoptosis and necrosis of cancer cell ware analyzed by annexin-V-FITC/P| double-staining assay. After
48 h incubation with TD-52 at 2 pM or higher doses, the extents of cancer cell death, included apoptotic and necrotic
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death, were 50% or more in the four different HCC cells (FIG. 1C). Hep3B cell was more sensitive to TD-52-induced
necrotic cell death, while apoptotic cell death was responsible for larger proportion of cell death in HA22T, PLC5 and
Sk-Hep1 cells at the same dose range. As indicated by the results of western blotting, TD-52 treatment caused the
activation of caspase-9, caspase-3 and subsequent cleavage of poly (ADP-ribose} polymerase (PARP} in a dose-
dependentmanner (FIG. 1D). Furthermore, after co-treatment of TD-52 (2 pM) and z-VAD-fmk, the pan-caspase inhibitor
for 48 hr, reduced the pro-apoptotic effects of TD-52 (FIG. IF). Also, DNA fragmentation of cancer cells was induced by
TD-52 at relatively low concentration (1 pmolil, 24 h; FIG. IE). However, TD-52 were not have the ability of epidermal
growth factor receptor (EGFR) kinase inhibitor as erlotinib shown (FIG. 1G). Therefore, these results suggest that the
erlotinib derivatives of the present invention exhibits more potent antitumor activity than erlotinib, and that this activity
is independent of EGFR kinase inhibition.

[0146] In addition, the present invention respectively used 1pM and 10 wM of each erlotinib derivative to detect cell
viability and ICg of human squamous cell carcinoma cells e.g. NCI-1703, H2170, H520, SW800 and NCI-H226, non-
small cell lung cancer cells e.g. A549, H358. The results are shown in Table 5, which validates that the erlotinib derivatives
of the present invention effectively induce cancer cells death.

2.2.2 Enhancement of PP2A by inhibition of CIP2A determines the pro-apoptotic effect of the erlotinib derivatives
of the present invention

[0147] The presentinvention next investigated the molecular mechanism associated with TD-52, with particular focus
on the cancerous inhibitor of protein phosphatase 2A (CIP2A)-protein phosphatase 2A (PP2A)-p-Akt signaling pathway.
As shown in FIGs. 2A and 2B, TD-52 downregulated the protein expression of CIP2A and p-Akt in a dose- and time-
dependent manner. Furthermore, PP2A activity was enhanced after HCC cells treated with 1 uLTD-62 for 24 hr (FIG.
2C), while the expression level of PP2A-related subunits, PP2A-A, PP2A-B5 and PP2A-C subunits, were not affected.
From these results, PP2A activity was enhanced by TD-52 treatment through inhibition of expression of CIP2A that
subsequently led to downregulation of p-AKT and HCC cell apoptosis (FIG. 2D).

[0148] To confirm the role of the CIP2A/PP2A/p-Akt pathway in mediating induction of apoptosis by TD-52, after
transfecting PCL5 cells with ectopic overexpression of myc-tagged CIP2A for 48 hr {FIG. 2E), cells were treated with
TD-52 at 2 uM for 24 hr. Compared with wild-type cells, the expression level of p-AKT was upregulated in the CIP2A-
overexpressing cells. Furthermare, using sub-G1 analysis, the apoptotic effect of TD-52 was significantly reduced in
these CIP2A-overexpressing PLCS cells. Next, the present invention investigated the role of PP2A in mediating the
efiects of TD-52 on HCC cells by two strategies, knockdown of PP2A by silencing RNA (siRNA), and co-treatment with
aPP2A inhibitor, okadaic acid (OA) (FIGs. 2F and 2G). When PLC5 cells were treated with OA at 100 nM, the expression
level of p-Akt was enhanced and TD-52-induced HCC tumor cell apoptosis was reduced (FIG. 2F). Similarly, when PP2A
was knocked down by siRNA of PP2A, expression of p-Akt was increased and the antitumor effects of TD-52 were
reversed. The present invention further generated Akt-overexpressing PLC5 cells by transient transfection and found
that TD-62-induced apoptosis of HCC cells was significantly reduced (FIG. 2H)}. The results validated the critical role of
the CIPZA/PP2A/p-Akt signaling pathway in mediating the effect of TD-52 in HCC cells.

2.2.3 The erlotinib derivatives of the present invention induce cell apoptosis via CIP2A-PP2A-p-Akt signaling pathway

[0149] To further understand how TD-52 affects the CIP2A-PP2A-p-Akt signaling pathway, the present invention
examined whether elimination (degradation) of CIP2A was affected by TD-52 when franslation was blocked by the protein
synthesis inhibitor cycloheximide. As shown in FIG. 3A, the time needed for CIP2A protein degradation was not signif-
icantly affected by TD-52, but the mRNA expression detected by RT-PCR was suppressed by TD-52 treatment. As the
result suggested that TD-52 inhibited transcription of CIP2A, the present invention examined whether the CIP2A promoter
determined the mechanism of action, When the promoter of the CIP2A gene was linked to luciferase reporters, TD-52
suppressed the luciferase activity in a dose-dependent manner (FIG. 3B, upper panel). In order to further identify which
elements of the CIP2A gene promoter region were critical for the effects of TD-52, serial PCR deletion clones were
constructed in pGl4 luciferase vectors. As shown in FIG 3B, TD-52 treatment did not affect luciferase activity in cells
with the -110/-1 construct. This finding suggests that the region between -110 and -150 contains the binding sites for
CIP2A expression in PLC5 cells. Prior reports suggested that Elk-1 could bind to this region. Elk-1 regulated the expression
levels of CIP2A in cervical and endometrial cancers together with another transcriptional factor, Etsl. Therefore, the
present invention tested the role of Elk-1 in mediating the regulation of the CIP2A-PP2A-p-Akt signaling pathway in HCC
cells. In treatment-PLC5 cells, expression of Elk-1 and CIP2A could be detected by western blot; while the expression
of Elk-1 was particularly dominant in the nuclear lysate, the expression of CIP2A was mestly identified in the cytoplasmic
lysate. After TD-52 treatment, however, the expression of both CIP2A and Elk-1 in PLC5 cells was significantly inhibited
(FIG. 3C). To further illustrate the interplay between Elk-1 and CIP2A, the present invention used chromatin immuno-
precipitation (ChlP) analysis and quantitative PCR to assess the direct association of Elk! with the CIP2A promoter gene
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{FIG. 3D). In untreated cells, Elk-1 expression was detected in a cross-linked protein-DNA complex, which supported
the direct binding of Elk-1 to the promoter regions of the CIP2A gene. Furthermore, when cells were exposed to TD-52,
the expression of Elk-1 was reduced In a dose-dependent manner. These results indicate that TD-52 downregulates
CIP2A by interfering with the binding between Elk-1 and the CIP2A promoter subsequently leading fo decreased fran-
scription of CIP2A. As CIP2A was inhibited, PP2A was activated, leading to dephosphorylation of Akt and cancer cell
apoplosis. Moreover, ectopic overexpression of Elk-1 reduced TD-52-induced downregulation of CIP2A and cancer cell
apoptosis (FIG.3D, right panel).

2.2.4 In vivo antitumor effects of the erlotinib derivatives of the present invention on a PLC5 xenograft tumor model

[0156] The presentinvention used a PLCS xenograift mouse model to assess the effects of TD-52 in vivo. The present
choose sorafenib as one of the comparative freatment arms. Tumor-bearing mice were administered sorafenib {10
mg/kg), TD-52 (10 mg/kg) or DMSO {vehicle, as control). After 4 weeks of treatment, the tumor sizes of the mice receiving
sorafenib and TD-52 were smaller than those of the control arm. Furthermore, in a comparison with sorafenib, TD-52
treatment demonstrated more potent inhibition of in vivo tumor growth and in vitro cell viability (P<0.05; FIGs. 4A and
4D). The present invention further examined the xenografted tumors taken from mice receiving TD-52 and vehicle to
confirm the molecular events in the tumor tissue. As shown in FIGs. 4B and 4C, TD-52 enhanced PP2A activity and
downregulated the expression levels of CIP2A and p-Aktin in vivo tumor samples, mirroring the molecular events found
in vitro. In summary, TD-52 was shown to interfere with binding between Elk-1 and the promoter of the CIP2A gene
subsequently leading to downregulation of transcription of CIP2A and increased PP2A activity. When PP2A aclivity was
enhanced by TD-52, Akt was dephosphorylated, promoting HCC cell apoptosis.

2.2.5 Detection of liver tumor tissue from patients with HCC

[0151] To validate the clinical relevance of p-Akt and CIP2A, the present invention analyzed tumor samples from 147
patients with HCCs and their clinical characteristics. In FIG. 4F, CIP2A is highly expressed in 55.5% of the tumor samples
examined. Moreover, immunohistochemical staining for p-Akt showed that the intensity of nuclear expression of p-Akt
correlated significantly with cytoplasmic staining for CIP2A.

2.2.6 Oncoprotein SET is overexpressed in tumor tissues

[0152] The present invention further confirms that SET is overexpressed in HCC tumor tissues and co-expression of
SET and p-Akt predicts higher post-resection recurrence risks in HCC patients. We first confirmed the aberrant expres-
siohs of ancoprotein SET in a set comprising 147 HCC patients with paired samples collected from the tumor tissue and
adjacent normal tissue (FIGs. 5A to 5C). The expression of SET in the tumor tissue was significantly higher than that
observed in normal tissue. The average H scores of SET expressions in the 284 HCC tumor samples {a pair of samples
for every patients) were 170.8 in the tumor tissue, and 86.7 in the non-tumor tissue (p=86.8) (FIG. 5B). The specificity
of SET expression in tumors was further demonstrated when compating the expression level of SET in tumors with its
paired normal fissue from the same patient. As shown in FIG.5C, almest every patients in our cohort had significantly
higher SET expression in the tumor fissue with an average ratio of tumor to non-tumor SET expression of 2.2, Notably,
high levels of SET expression were significantly associated with poor clinical characteristics, including advanced diinical
stage and poor differentiation, Since SET is a potent inhibitor of the tumor suppressor phosphatase PP2A, the present
invention next investigated whether the aberrant expression of SET is associated with the dysfunction of PP2A in HCC.
Alternatively, high levels of SET expression were significantly associated with activation of Akt signaling, one of the
important oncogenic signaling pathways regulated by PP2A (FIG. 5D).Of note, co-expression of high SET and p-Akt
predicted higher risks of recurrence of HCC after surgery (FIG. 5D, lower panel). To further investigate the oncogenic
potential of SET in HCC, the presentinvention assessed the effects of SET silencing on cell growth using specific shRNA.
As shown in FIG. 5E, the growth rate of the PLCS cells transfected with the shRNA against SET was significantly reduced
as compared to cells transfected with negative control shRNA. In concordance, SET silencing lead to significantly reduced
ability of hepatosphere formation of Hep3B cells (FIG. 5F). Taken together, these results indicated that aberrant expres-
sion of SET is a common event in promoting hepatocarcinagenesis. Also, the present invention validated that SET plays
a critical oncogenic role in lung cancer by detecting NSCLC A549 cell lines and tissues from patients with NSCLC, and
the binding of SET and PP2Ac {catalytic domain} led to enhance PP2A activity {data no show).

2.2.7 PP2A promotes downregulation of Akt and apoptosis of HCC cells

[0153] The present invention next investigated whether targeting SET-PP2A may constitute a potential anti-HCC
strategy. First, the present invention used MTT assay to evaluate cell viability of HCC cells after exposure to the erlotinib
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derivatives of the present invention (EMQA) at the indicated doses for 48 hours. As shown in FIG. 6A, EMQA caused
significant reduction in cell viability in all the HCC cell lines tested, including PLC5, HuH7, Hep3B and Sk-Hep1. To
further examine the pro-apoptotic effects induced by the treatment, all four HCC cell lines were exposed to EMQA at
the indicated concentration for 24 hours and analyzed by flow cytometry, cell death ELISA and westemn blot, and DMSO-
treated as vehicle. The percentages of sub-G1 cells detected by flow cytometry increased in correspondence to both
higher doses and longer duration of EMQA treatments (FIG. 6B and FIG. 6D, upper panel}. The extent of DNA fragmen-
tation shown by cell death ELISA was also significantly increased with higher doses of EMQA treatments (FIG. 8C).
Notably, EMQA-induced-apoptosis of HCC cells corresponded to downregulation of p-Akt signaling in both a time- and
does-dependent manners (FIG. 6D). Furthermore, the present invention used a PLCS xenografted mouse model to
assess the in vivo anti-HCC effects of EMQA. Compared with mice receiving vehicle, tumor-bearing mice treated with
EMQA 10 mgrkg/day had significantly reduced tumor growth (FiG. 6E). To confirm the molecular events happened in
the tumeor tissue, the xenografted tumor from mice receiving EMQA and vehicle are analyzed by western blot and PP2A
activity assay. In line with the data observed in vifro, p-Akt expression was much lower and the PP2A aclivity was
significantly higher in the tumor lysate taken from mice receiving EMQA treatment than the vehicle {FIG. 6F).

2.2.8 [nhibition of the SET/PP2A/p-Akt signaling determines the pro-apoptotic effects of the erlotinib derivatives of the
present invention ’

[0154] The presentinvention next investigated whether Akt was vital in mediating the anti-HCC effects of EMQA. PLCS
cells with ectopic expression of myc-tagged Akt were generated by transient transfection and freated them with 5 e
EMQA for 24 hr. As shown in FIG.7A, compared to wide-type cells, the percentage of sub-G1 cells and the cleaved
forms of PARP after EMQA treatment were significantly reduced in the Akt overexpressing PLC5 cells, which indicated
that Akt determines the pro-apoptotic effects of EMQA. Next, the present invention sought to validate the role of PP2A
involved in EMQA-mediated Akt downregulation using three different strategies. First, a PP2A inhibitor, okadaic acid
(OA) are used to suppress the PP2A activity. As shown in FIG. 7B, downregulation of p-Akt expression and pro-apoptotic
effects induced by EMQA treatment were significantly reversed by co-treatment with 5.M EMQA and100 nM OA. Next,
the present invention used siRNA to knock down PP2Ac more specifically. Compared to wide-type PLC5 cells, the
expression of p-Akt was enhanced when PP2Ac was knocked down by siRNA (FIG. 7C). Mareover, the proportion of
MQA-induced apoptotic cells was significantly reduced in these PP2Ac-knockdown-PCL5 cells. In addifion to PP2A,
other rotein kinases, including PI3K, PTEN and PDK1 have been reported to be involved in regulating the activation of
Akt signaling. Therefore, the present invention checked the expression of these proteins in the EMQA-treated HCC cell
lysates. As shown in FIG. 7D, EMQA treatment significantly inhibited the expressions of p-Akt, but the expression of
PI3K, PTEN and PDK1 was not affected. These data indicated that PP2A plays the major role in mediating EMQA-
induced Akt downregulation.

[0155] EMQA reactivates PP2A by disrupting the binding of SET-PP2Ac. To validate the role of SET, the present
invention generated Hep3B cells with ectopic expression of myc-tagged SET by transient transfection. In these SET-
overexpressing cells, EMQA treatment-induced downregulation of p-Akt and the apoptetic effects were also diminished
(FIG. 7E). To elucidate the target site of EMQA, the present invention further generated two truncated SET proteins, the
N-terminal fragment (SETyye, a.a. 1-227) and C-terminal fragment (SET g, a.a. 76-277), and tested them in the ex
vivo SPR system (FIG.7F, left panel} and cell-based system (FIG. 7F, right panel). With a fixed amount of PP2Ac coated
on the CM chip, the present invention tested the effects of a fixed-dose of EMQA on interfering different proportions of
full-length and truncated forms of SET proteins in SPR system. As shown in FIG. 7F, the effects of EMQA were not
affected by increasing proportion of SETyyre, In contrast, the binding affinities of SET protein complex containing SE Ty
and full-length SET to PP2Ac were increased with higher proportions of SETyrr. To validate the findings of this ex vivo
system, the present invention generated cells with ectopic overexpression of these two truncated forms of Flag-tagged
SET proteins by transient transfections. Corresponding to the results of SPR, EMQA diminished the binding of full-length
SET and SETqqr, but not SETy1g, to PP2Ac (FIG. 7F, right panel). Taken together, the present invention validated the
same result in lung cancer A549 cell line (data no show}, the results suggested that EMQA targets the C-terminal of
SET protein specifically.

2.2.9 PP2A functions Enhanced by the erlotinib derivatives of the present invention improves the sensitivities
of HCC cells to sorafenib in vitro and in vivo

[0156] Sofar, sorafenib is the only approved targeted therapy for patients with HCC. Qwning to the limited progression-
free survival and high level of treatment-associated toxicities, it is necessary to improve the drug sensitivity of sorafenib
in HCC patients. To test whether reactivating PP2A could improve the effect of sorafenib, the present invention first used
MTT assay to test the effects of combining EMQA and sorafenib. In the four different HCC cell lines, the anti~tumor
effects were significantly improved when combining EMQA and sorafenib were used in combination at a ratio of 1:5.
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The combination indexes of all the HCC cell lines were determined by the results of MTT, which suggests synergism
{FIG. 8A). The pro-apoptotic effects of this combination treatment were further characterized by sub-G1 assay and
western blotting. Comparing treatment with sorafenib alone, the percentage of sub-G1 cells detected by flow cytometry
and the cleaved forms of PARP were significantly increased when EMQA was added to sorafenib in Hep3B and PLCS
cells (FIG. 8B). Currently sorafenib is only indicated for patients with advanced HCC, whose tumors are often huge and
not eligible for other local treatments. in order to mimic this clinical scenario, the present invention generated mice with
larger PLCS xenografted tumors and tested the effecis of sorafenib and EMQA combination treatment. As shown in FIG.
8C, the tumor growth rate was significantly suppressed in the combination arm in comparison to mice receiving either
EMQA or sorafenib alone. The average tumor weights of the tumor taken at the end of treatment were also significantly
lower in the combination arm (FiG. 8D). Furthermore, this combination freatment also enhanced PP2A activity (FIG. 8E,
upper panel} and suppressed p-Akt expressions in tumors

2.2.10 Co-treatment with the erlotinib derivatives of the present invention and paclitaxel downregulate the ex-
pression of p-Akt and promotes apoptotic death of NSCLC

[0157] The present invention analyzed the cell lysate treated with paclitaxel and/or EMQA by western blot. As shown
in FIG. 9A, the expression of p-Akt was significantly decreased in all the lung cancer cell lines treated with EMQA and
paclitaxel. Furthermore, co-freatment-induced downregulation of p-Akt was shown in a dose-and time-dependent manner
(FIGs. 9B and 2C). Importantly, the activation of PARP signaling corresponded to downregulation of p-Akt. To further
validate the role of Akt, the present invention generated A549 cells with ectopic expression of myc-tagged Akt by transient
transfection and treated them with 1 ul. EMQA and 10 nM paclitaxel. As shown in FIG. 9D, the efficacies of co-treatment
were significantly reduced in the Akt-overexpressed cells. Therefore, the inhibition of Akt signaling determines the
synergistic effects of EMQA and paclitaxe! in NSCLC cells.

2.2.11 In vivo synergistic anti-cancer effects of the erlotinib derivatives of the present invention and paclitaxe!

[6158] To test the in vivo anti-tumor effects of combining EMQA and paclitaxel, the present invention generated an
A548 xenografted mouse model and treated mice with vehicle, paclitaxel andfor EMQA. Compared to mice receiving
EMQA or paclitaxel alone, the tumor growth rate of mice receiving paclitaxel and EMQA was significantly reduced (FIG.
10A). The average tumor weight of mice receiving combination freatment measured at the end of study of was much
lower than mice in other treatment arms (FIG. 10B). Notably, there was no obvious difference in the body weights of
mice exposed to different treatments (FIG. 10E). The present invention also analyzed the tumor lysate by westemn blot
and PP2A activity assay. In concordance with previous results, the PP2A activity in tumors taken from mice receiving
combination therapy were significantly higher than those receiving vehicle (FIG 10C), and their expressions of p-Akt
were also downregulated; the present invention analyzed the tumor lysate by western blot of the expression of p-Akt
and Akt in A549 xenografted tumor lysate (FIG. 10D).

[0159] Accordingly, the erlotinib derivatives of the present invention demonstrate their new novel therapeutic mecha-
nism in tumor cells, thatis, enhancement of PP2A-dependent p-Akt downregulation by inhibition of CIP2A. These results
suggest that the erlotinib derivatives of the present invention increasing the activity of PP2A may be a cancer therapy.
Also, the present invention validates that SET overexpression is associated with patients with advanced cancer and
poor prognosis, therefore, the present invention suggest that SET-PP2A binding can be a novel strategy for cancer
therapy, and the combination of the erlotinib derivatives of the present invention and sorafenib or paclitaxel can enhance
the therapy effect of sorafenib and inhibit tumor growth. The present invention provides an alternative cancer therapy,
which is very helpful to the patients resistant to traditional medicine therapy.

32




EP 3 167 887 B1

00Z-001
00Z-001
66'EF LZV0OL LLG6FL8OLL
LLSTFPYF 98 L9SFZH 28
6V'C F 82768 98°9FVbOLL
gL'OFLL'0 1907 6E'69
91°0F E9'EE 2STFYIELL
LELFOLE B8P0 F 0S'1L0)
0L0F 920 SreTes i
98'€¥2666 SR LFLL'60L
E90FEL'6 ST LFSKSL
95 pF PE'G8 LY 175526
LO'ELFLE2E YT TFLL'96
S90FLPO  680F2°TL
EY1T96'8 LOZFLYE8
L¥'EF 20’68 £0Z=58'Z6
9FEFLY LY  TLLFI8'EE
80'PLFOPZE  L6'0F00°GH
S0'0 F08'V6 €40 F £27201
89'2F 80'6. E£6¥FZ 00}
GZIF6L'6S 00'9FLL66
6V'6FY8°L  LZ'€FOV00L
{n) o1 (wn) 1

(9) Angea 1182 0L1L2H

10

VFOPLL
POF¥ 9°9LL
voxL2)
8°0+L91
A TS
0'E*FB¥L
0e+E8l
6'L1L+0L5
£ L¥201
L'8*¥ L6
glF 902
£Lriel
517061

907 L2y
6 ET6 LY
L0FZLL
(wn) oL

0oL >
002- 00} .8
L'9F €62l €6F6'96 <C8F9L6 S9FGTLL
SYF LLEL 8LTF6L6 8ZZFEE0L LELTFHEZL
ZSF620L L0F66  €9FFLL  §LF0'8T
gLFPeC  OFPF6ZE  LBLFELS  £O0F8YL
PEZTEGLL €ZTF60Z 6SFLV6  LO0FEL
607996 90FL'LL L'S¥GSS  LOFLY
ZTLFLVIZ  0CFLLT 69FF99 TLFLYL
067189 L'8FET6 BOLFELOL 9€FEL68
§'8F8'99 ZTF6'lZ 8LFCEL  FOFY6L
ZZFELZL  6ZFL0ZL  L'ETTFOGAL  Z2'8¥1L06
ZTLIF66E 2LTFO8L @GFL6E 8T F60C
6LFEGE  PILFFLE  OVFEL6  OLF6'S
LVELFELLL GEFLPZ LOFOVYL  §TFGEE
SLF6VL
LLFOEE
0'Z 706l
TPLFSE0L 6'6FGOE  TLFLO00L  ¥IFVO6
g'0%6°0L)
Z6756LL 6'66F.T8 69Fr66 L'Z 89S
geF866 60FL6  09FGLL  L'0FES
(An) 1 (wn) 01 (wn} (wn) o1

(%)AMmaqela @2 gGeH
LpEap [|99 Joouea ajowoid AjaAldayes Loluaau] Jussald 8y} JO SSABALISP qiUiole aul G a|qeL

w0
-

&

(%)Anngeln jjeo 6pSY

s
& &

£9'vF 8C'E
8L'9-+ 6L°L21
LSC+00y
2 Bl
L+ 162
81'6F GL'l6
Yeve+ SL°16
09'Ex o¥'L

SE'EF BL VS
08°'L¥ pe'8cl
8L°6F L1101
8L'9%0E'61
08'L+ £2°601
oL+ LvLLL
£0'L= 8S°LOL
WSF8LLLL

¥L'0FSY0
g¥'e+Liv00)L
0905 1LL°)
gL'059¢e0
Ze0+1iy0
99 ¥+€9'96
FAA AN 4 ]
¥ OF9L Y

62'L¥62'88 B9 9¥6F00L S8'GL+0C65

95°0LF SO LZF ZPSZLOFL T LLLOL
G192zl

SO'LF 108 LOBF O0°LZL 850 F Z50L

CCLLT L6 LL ELEL +22°L0) ¥LOF 96°EL
gYLFE8LL o' 9'8F0 LY
L'GF1'00lL ol < ¥LFL6S
0’1l F0'69 b ¥0 F5'61
0T 0V LLFEeE
AT e 005 1L
ZLFTLL Z0FL0k
STFT 9P 0'1FE92
8'Y 7966 ¥0L¥S'L8
£ PF6'66 62882
025098 9'072'S9
v'e F6'ES £0 €0 F58
L7526 907192
9zZFLLeL 0TV oz
g¢ FZ'ETl 1’7686
Gl F0'06 9ZF¥ e
80F¥GLL £279'82
£ LLFS 901 £ PT66V
6770021 TrTL96
L'S72°98 ¥l Z0TL9Y
69 ¥G'6L 9 L'OF L 0L

(wn) | 0521 (wnjol

(sa)Angen (99 9zgH-1ON

[=]
o

85'0++582
0L'1L+GE'E0L
6£°9+50FS
el F 08°Le
0S5'L+62'88
22’ LTEC96
££'8+62'86
18°9%01'86
Z20'L+Z6'68
ooe+legil

¥£'0+ GO'LOL
9Z'L+14'G6
9'¢ ¥1'68
L'G FTEL
SV ¥¢26
0'Z598p
Zvreze
£T F5¥8
£'2FTES
£'17268
§GTG S
9EFILLL
gL FILE
62F6°LS
VIT9ELL
6ZFL9ZL
SPFLer
Lvw66h
£'G FZ'¥9
0'2+T T
¥l T1'89
Sz FLv8
(wn} L

(%) Aunaeia 180 €02 L-1DN

©
-

w3
<+

50

punodulos

58

£9dl
Zedl
L9alL
09dlL
6501
864l
4801
95d.L
§9dl
vaal

£8dl
2sdl
L4al
0401
6901
8241
£94L
99dl
sodl
Podl
€9dl
¢9al
l9dl
09dl
6501l
8sdl
L501
9sdlL
ssdl
radl
€sdl
28al

33




EP 3 167 887 B1

34

002 < 002 < G1'0ZF 90°66 29'9F 95901 L0'BE¥ 2L°64 OVZFGE'90L €441
002< 002 < LZ'ZF 0E'SLL 82T LLLLL B80T 9920l €9°0%8€60L  z.4L
ZYPFE¥¥lL  L0F6YL  LCFSEL  BLFESL  TOF8L '0=E 0L Lo $'079'02 8LTLIT z6dL
§ZFL'EL  $LF08E  S0T9EL  09FGS8  VOFSS v'ZTosh 60 T AETAYA LETL8Y L6al
9'$FL'ZL  20%92L ZOFEL0L  L'LF96S VOFLL L'0FLZE [} geF0LE 09FTIE 06dL
vOF9LL  62FGCZT  €0FFZL 897629 ZO0FVL VZFO9Y o LOLFE LT 9EF64E 680L
TLFLE  LEFLVY €TFTIL  OFFLLE 80%LZL 9EFVBY 88al
L0FL'8  giF88l OLEQOL  €LFL0Z LIEFgEL 9'y¥2'9Z isal
ZTLFLE  0ZTFLPE TL¥80L  0ZFsEC £ 070l 9'076'¢E 98dl
8LFTLL  L'8FV02 0ZF9LL  8TFGILT S0F6'EL TIFLLE Geal
OLFELL OLESLL 9°4FZ6L  09LF0TZ  L0FS6 ZLTEYE 200 £eF80e 1 T¥98 #80L
20798l 80F9EL 90TETL LEFERS  ZT0FLQ 207628 L0 0'ST6'¥T A4 T4 £801
G/'0F99°Ge QEET 0908 OLFOEL ZTFOTLL  VEEEILL  CPFOCLL €8LFCS0L §.F6T0) gLFeI6 0L TFOVL zsal
PPEZT6028 0T9FPZ00L BE€FSSL 66T LGLL VEFFE9 6'GLF966 Q€ F026  LPFE00L L'0¥8'68 06 .28 LeqlL
80F05/8 2ZYSTOSLE BLLFF6E8 LE€F68LL FOLFFES 0'0F960L £BFRLE  LOLFLEOL ¥'Z¥€2S  ZGFEo0l 0gal
99°6795°10L 9G°L F 0686 @ LFL L8 VZFEELL LOMFYLL  VPFES96 60l FE6ZL £YLTO0EL SPFEP9  60FL€ZL 6201
09'0T60'E6 69'L F ¥8OLL ¥ LTE06 OPF L6 SLLFLPE 9GFOLL 6ZLFOO0LL ZTEZFOLLL L'PLFZeL  28+90. 8.al
PG 078500l BL'PF LO96 POF0GE 99F TG0L 09FLL8 ZTEFFO8  99FL6LL  0'ELF09ZL £C¥506  9CFL80L 0L
V15928, PELTBEVE POFZES VELF P60L €0ZTLV. L6LFG96 VIF66F TLFEVEL 9E¥SE9  ¥'8¥6°10L 9.0l
BETFIT06 LZT T OFELL LLL¥026 OEFL'LLL ¥8LFZ06 L8FCE6 87F898 THF6ELO0L gL Fe8r VL FYSZL G.a.
L90FZ0P8 2907 Z0V8 99F L'LLL ¥ZFOEEL 0STTO69 GLIFET6 6 LFCP8  8EF0CE STFOV9  P'vyF6Es vial
E6'ETOPOL LVPTELT6 VBT ES0L 9PFLZZL TLLFS0L LEVF099 S1F99L 8L F¥06 §'Z¥6'09 67 FSCLL g/l
GL LTS L0l PSOF OVSLL SSTLEZL €1ZFL0ZL 96FS'80L FEFFI0L OLF6E6  GTFLGE L'LF226  6'¢ F6'.8 z.aL
£OLZF LT LLZLL eFPFSE'Ee Z8LFO0S00L bidL
48901
08’6 96°08 PLGF €6'G0L LOZFSEE6 LZLFLL'ZOL 0201
0L’ LF0V'gr ZE£'8LF 06'80L ZL'EFEL'EL 662F2L LS 69dL
05> 0S ZZO0TLS0 VvOPT 8EE  LLOTLPFO GO0F800L  godl
002-001 00l > L'g LULFOL'E  8STLF bYLL  8ZTOFOLL  9%bTFLLI'Z6  Z9dlL
zz £G'0ZF L840 POV POZLL OVOZFLLLS £48FG6'S0L 9901
001-08 001 > SLEFIO L ZELFEL0  900FLPO  S€TIF6V8L  S9dL
98'ZLF OF'LS LEEF LO/8 SVSFIVIE LSLF6SZLL  P9dl
(Wn) o1 (An) 1 {wn) o1 {wn} | {nn) o1 (AN} 1 (wn) oL (wn) L 059 (Wniol (n) 1
(%) AuligelA 1120 0LLZH {%)AnNqela |80 ggeH (%Agein |90 6¥5Y  (%)ANNIGEIA 1190 9ZZH-1ON (%) Anigeis 182 £0LL-1DON punoduwioo
{panuyuog)

25
35
40
45
50
55

(=]
o



EP 3 167 887 B1

€L2F 9001 Z2ELF9F'66 L'G¥E€20)L  L'SF9C0L 6'GL¥P a0l 04L¥L60)
YZOFLLY  €98F092LL E€'€EFLLE OPP¥660L SEFEDL SEFGLL
€60 FPEL 6L PLFBEE0L €0+12L SSlL+i9ll 90+G6 6'SF5°00L
9L'0F9.L0 E¥E¥Fe9'66 SO0xLFL  SLF090L V'lL¥E'6 S'LLFEES
180 FES'G 8E8'€ F08L0L OZLFEELL 9CL¥L00L €8LF2ELL 0L¥L¢c8
99°0F790°C 8E9FLLVPL G8F €9LL 086FLVYLE L'SFOTEL TLFSOLL
L2'0%G6'6 88'le¥60'2E 9 0x¥ <l 907691l 10526 90+2'PL
TYe+vLl  I6°EFL0CLL S0F07TL 26¥£88 80%00L VeFvLiy
gLLFOP'9  E6°L+9L'86 L.IxZVel L'G¥8'9Ct EEelF09LL L0L=L€EL)
e0+LLL SLFLEL SO0+gLL '5+662
6'G¥ LGl ¢0+0¢€l 607801 S9T06F
Al g'0¥5'¢gl ZLFLLL LL+E'6L
00¢< 002 <
00¢ < 00g<
002Z< 002 <
002 < 002-001
002 < 002 <
002 < 002 <
(wn} ol (wn) 1 {wn) g1 (wn) 1 {wn} ot {wn} |

(%) Aungea jas 0L LZH

10

(%)Anngen 182 gGeH (%) ANNgeIA 190 615V

15
20
25

6'8¥g'6s
AT N
FAAT A1
00xLr
<0 %8S
£0 g9
S'0x.L'9
¥FoFl'g
8exr8
4 VA
(A EN R
£0+y'e

{wn) ol

2'cL¥999
SZ¥5E0l
9Z¥8'60l
#6888
6'LFLes
L'LFe0v
yo+eLL
6°5+1'86
FAEN
LOFeer
FAr A A
A A

81’61
* 64°€01
SLULLFSE09
ge'CL+ 1088
G8'61+L.'88
gL'l FL0'V8
cL' L= BLT6
20'9% 89'€9
60°€¥ SsL'eL

gg+leg LVFOLS
6'0FL¢Cl SP¥eEs
£l LFFEL LeFLl6Y
" o *eol 0'e+5L2
S0 c0+8'tl ¥'0¥8°02
90 £'0+5¢Cl §0F2GL
Z0+5'8 9°0+2'9L
0'0+86 'L w0'eh
£0+6'2CL ¥exeor
'l £0+6'LL 90¥¢'8¢
L0 L'L*+G61 8'9F76'6¢
A L2L+0'9¢ ¥ 0F6ve

8¥'0L¥ L¥'00L €48+ 85°L0OL P92+8.L'86

9g'L¥ 1698 VELLFBECL ¥L'OF6E'E0L
c8'LLF ¥B'66 Z¥v¥ Z2'¢6 0g'L + 050l
62'€ 0686 109 FL066 L9'GF £9'96
69'9+ 859°L0L €22+ ¥1'801 ¥1°0+ 05'801
89'vP+EZL'ELl |L0= 8520l 0Z'L ¥¥0°0L)
96'8L+0L°L0L 95'CF0L'EL PL0¥G840L
OF'9+ PE'¥0OL 0G'GF G2°GL GS'0¥95°€0L

€Sl ¥ 65'6L SL'C+ S1'G0L 229 L9PB (0S°Z+.LG'E6

{wn) ¢

(%)Aunaen 1192 92gH-1ON

(penupuos)

o
(2]

35

(1]+28]] (Mol (Wn) 1
(%) Auigein 1192 £021-19N

40
45
50

punodwicd

56

50901
8094L
20901
9090l
S08QaL
080l
£0801
090l
L09aL
g6alL
¥eaLl
€60l
¢6dl
i6dl
0s6dl
6801
88dl
4801
98dl
g8dl
¥8dlL
£80L
280l

18dl
osal
6.4l
8441
4241
9.4l
G0l
vidL

35




EP 3 167 887 B1

90F1'ZZ 9E w8 L'l F60Z S61FTS0L L0IS6L
SEFY0Z 9LTFO9E 0LFE9T C9FTES LLEL9L
002 < 002 <
raln’
00l >
00l <
00l <
00l <
002 < 002 <
002 < 002 <
002 < 002 <
002-001 00Z-001
0s > 001-05 15
8
€LT90LL O9GFSELL ECELFFEEL §SF8TZL 6LLFOTLL
87 F6'/C G0l FOV6 OSFLPe ZTFT8LL 9PFLET
9ZIrbZ GETFILE  LZF60Z  YI YOS Z0F69l
£O'LPFRELE 96'STRAGLL  LOFEZL  OLFOGLL  LOFPEL LFYELL  BLFFRY
geLT2o Ll 667 LT0580L SO0F0ECL L'09F669 L0FG6  VEF0S0L  £0F0L
0Ll F1622 PIYTERO0L  POF8TL  VELFEL6 TUFE0L  TBLFO08  PLFOBE
PULEFQL6E ZELTIS00L GEFOLLL €ST 8801 98FZETL LGLFOELL 99F8LL
Z299%¢L'Z8 OV LFSL'96 QEFG90L L'LF620L OLFEPE 8OLFRIE 8GFLYVL
(wn) o1 {wn) | (wn) o1 {mn) | (Wn) oL (Wny L {wn) o1
(%) Aaela 182 01 2H {%)Anaen (192 gseH (%)Aungela 1182 6rSY
(panupuo3}
o e 2 8 S 8

(%6 )AieiA (199 9ZZH-1ON

'L =88l
8V *e'8¥

¥'6 F9'¢e
06 +6'LE

'8l ¥9'60L
¥'6 ¥96f

08°L ¥ 180 00T F¢€0LLL LEO+ZE0 26+ L9901
08'c ¥ 1608 02, = E8'SLL 220848l 050 + S¥66
00'F + 89'¥9 OV'€ + S6'v0L 02') + L6CL 29°C + B6L°L0L
02°0L = €2°04 08'9 ¥ 682°6LL 1982 F 16'0F L9l + ¥¢'60L
00'9 F 85°G8 08’8 =+ L£'S0l €2'¥ + $#2'C0i 99°C + €L60L
02'G + 99'S0L 0Z'€ = 04710} LL ¥+ S6°LLL BS'0 F 99'801
LIS F LL6E 092 ¥ 00PLL OL'L F LL'L P86l + S6°96
00°S = 190 OFOL ¥ 9868 000 = 90°0- 69'ES + 0¥'e9

Q0EF $2°0- OFOFSL66 LEQF #E0 £6°21
+ ¢le0l
vl ¥ 12'e LTAZ F L0°48 6€'0F8L0C 600 F Ll'68

V'L F 000 SLeC +21'98 200660 ¥l LS0E
S+ ¥6'C 8EEL ¥ LL88 SPOF LB0 LS| +E0Vl
Se+s0C 086+956LL L¥0+68°0 LEZFI5E0L

656l LO'Z F LE'E0L 0472 F 8298 LS'L F 2.'96
T 86'VLL
9876911 0'9¥9'lZl S0FV'iZL
970 LI 9PFEGE B EFCOLL
90 FZ'LY 0L FE£0E  LO0FVOV
ILLFV 6L 0L ¥8'6  L'SLFE9LL
6L TGGL 02F8¥Z 607098
80T ¢'69 LOFPEL ¥'Z¥L28
8'6FE L. £0Fe 0l PEFLLL
6'6%1'€9 STFROF  GEFEYL

{nn) 1 0801 (nnjol {wn} L

(%) Aungeia 82 €04L-1ON

35
40
45
50

punodwos

55

6L9d1
81901
£19dl
olLedL
siedl
riedl
€Leal
Zl9al
11901
0L9alL
60901
8090QL
2094l
909d1

s08dL
#0801
£09dl
2094l
109401

S6a.L

¥6al

€6aL

21941
819d.L
Slodl
viedl
£lsdl
¢leal
LLedl
01L9aL

36



EP 3 167 887 B1

00¢< 00z <
6LFrOr
ULFeve
9EF¥ELL
eLF00FL

gEFEYC
L3926
OLFELL

L'F0'29 FEF0E9

gEFeey PeEFP6EE

L'0F9CL ¥L¥eve
(n} o1 {(Wn) L (wn ot (Wn) 1
(%) Aungela Jj32 0LLZH {%)Algeta jjeo ggeH

4]
L'E¥6'8S 6'9+8'SE
L EFE08 L L=¥8y
clFx¥all 9L+c0ovl
LVixg'lel L1+6°1LStE
g'0F¥ 0¥ 2e+0'6¢
0eFLEL ¢LFrGLL
gexrevl 8'0xLGl

09FL'¥S §EFSELL  ¥9FE'SOL  99FYE0L

g'6F008 €9FL'9S L'€FSLL  99F0LLL

¥Y0¥8'.  t'8¥ley 90+F6Ll 06§ FCTEL

{(Wn) 01 (Wn) | (Wn) 01 (wn) |

(%6)Anaen 1o 615V (%)ANIIGeIA Jj80 9ZZH-ION
{panujjuoo)

25

(=]
m

35

40

LeFley
vi £0F9'eE
£0 LLF01E
050l {nwnol

8¢5y
L0F6°0¥%
olL¥geet
SrFeorl

gLFeLLL
vlxgece
=206

G'9FL 10l
12F0TY
9'072'92
{wn) |

(%) Augen 190 €0LL-IDON

45

50

punoduwlo?

55

L€9dl
0g9dL
6290l
890l
42901
929d1
§29d1
¥2o0dL
g€gedl
¢29dl
12edl
0Z9dL
8L901
81941
Leadal
0£9dL
6290l
8290l
4294l
9z9dl
§29dL
veedl
£290L
[£A:aNR
rgeal
0zoal

37




10

15

2¢

25

30

35

40

45

50

b5

EP 3 167 887 B1

Claims

1.  An aryl amine substituted quinoxaline which is represented by Formula I(b)

N N
1 R
N e
b

wherein R2Z and R? are same or different substituted phenyl groups and the substituted phenyl group each is

Cl
}\’©\\‘:\\ ’ }l'v’@:CF a ’

cl o7 |
NN RN ANy e d

0

OCF, SF,
’(©/ 'ﬁ{@l ’or,g;?, )

2. An aryl amine substituted quinoxaline which is represented by Formula I{c)

X N H
SRy
I
UN/IN'R5 ©
H

wherein R4 and R® are same or different substituted phenyl groups and the substituted phenyl group each is

OCF; cl
p‘L/@/ 4 YQCFS 4
©/3F5 OCH; CFy
» ’ \J@f ’{©/ "X

38
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Lp\ OH COOH

OH’ CFs? R(O, ’ ’ Br -
F F OH < SO,NH,
,‘ﬁ ; F orﬂ ; and

wherein X is amino or carboxyl group.

3. An aryl amine substituted quinoxaline which is represented by Formula I(d)

H
O,N N. _N.
TR w
NN
H

wherein R® and R7 are same or different substituted phenyl groups, and the substituted phenyl group each is

OCF5 OCH; CFy
VANV oA
OH F N~-NH
f\&‘{@m’r@, ,ﬂ ,orll{()—.

4. A pharmaceutical composition comprising a compound as defined in any of claims 1 to 3and a pharmacological
acceptable carrier.

5. The pharmaceutical composition of claim 4 further comprises an anti-cancer drug.

6. The pharmaceutical composition of claim 5, wherein the anti-cancer drug is sorafenib or paclitaxel.

7. A pharmaceutical composition comprising a compound as defined in any of claims 1 to 3 and a pharmacological
acceptable carrier for use in the treatment of a disease or condition characterized by increased cancerous inhibitor
of protein phosphatase 2A (CIP2A) expression, wherein the disease or condition is hepatocellular carcinoma, lung
cancer, leukemia, breast cancer, renal cancer, thyroid cancer, colon cancer, head or neck cancer.

8. Acompound as defined in any of claims 1 to 3 for use in the treatment of cancer.

9. The compound for use according to claim 8, wherein the cancer is hepatocellular carcinoma, lung cancer, leukemia,
breast cancer, renal cancer, thyroid cancer, colon cancer, head or neck cancer.

Patentanspriiche

1. Arylamin-substituiertes Chinoxalin, welches durch Formel I(b) dargestelit ist
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NN
X "R2
CE /I -Ra 1®)
N N
H

wobei R2 und R3 gleiche oder verschiedene substiluierte Phenylgruppen sind und die substituierte Phenylgruppe

jeweils
Cl
’\"@\%, "11'1/@0':3,
cl o~ |
0L O X
x X cl, = , X OH,
O
0
OCH;
: LOCF, : _SF5 Q
K ,1}1 oder %{NH
ist.

Arylamin-substituiertes Chinoxalin, welches durch Formel I(c) dargestellt ist

X NN
\C[:[ Z I(c)
N™ "N’

H

wobei R4 und R gleiche oder unterschiedliche substituierte Phenylgruppen sind und die substituierte Phenylgruppe

jeweils
OCF, lﬂﬂ : SFs OCH; CF,
% : CF3 % g : \p/
OH
,\@\\"{QO/ "p\on "%C “CFy ’ \(Q/ ’
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COOH F £ oH

ist; und
wobei X Amino- oder Carboxylgruppe ist.

Arylamin-substituiertes Chinoxalin, welches durch Formel 1(d) dargestellt ist

H
O,N N. _N.
J o I
NN
H

wobei Rg und Ry gleiche oder unterschiedliche substituierte Phenylgruppen sind und die substituierte Phenylgruppe

jeweils
/O/OCFg, OCH;
Ty *(C
CFs OH F
-(@ a\':\i\‘l{:‘on '{: ’z(:

oder

N-NH

[/
ist.

Pharmazeutische Zusammensetzung, umfassend eine Verbindung, wie sie in einem der Anspriiche 1 bis 3 definiert
ist, und einen pharmakologischen annehmbaren Tréger.

Pharmazeutische Zusammensetzung nach Anspruch 4, weiter umfassend ein Antikrebsarzneimittel.

Pharmazeutische Zusammensetzung nach Anspruch 5, wobei das Antikrebsarzneimitiel Sorafenib oder Paclitaxel
ist.

Pharmazeutische Zusammensetzung umfassend eine Verbindung, wie sie in einem der Anspriiche 1 bis 3 definiert
ist, und einen pharmakologischen annehmbaren Trager zur Verwendung in der Behandlung einer Erkrankung oder
eines Zustands, gekennzeichnet durch erhéhten krebsartigen Inhibitor von Proteinphosphatase 2A-Expression
(CIP2A), wobei die Erkrankung oder der Zustand hepatocelluldres Karzinom, Lungenkrebs, Leukémie, Brustkrebs,

41
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Nierenkrebs, Schilddriisenkrebs, Darmkrebs, Kopf- oder Halskrebs ist.
8. Verbindung, wie sie in einem der Anspriiche 1 bis 3 definiert ist, zur Verwendung in der Behandlung von Krebs.

9. VerbindungzurVerwendung nach Anspruch 8, wobei der Krebs hepatocellulédres Karzinom, Lungenkrebs, Leukamie,
Brustkrebs, Nierenkrebs, Schilddrisenkrebs, Darmkrebs, Kopf- oder Halskrebs ist.

Revendications

1. Quinexaline substituée arylamine qui est représentée par la Formule I(b)

H
Ny -N.
L %o
Ol

oll R et R? sont des mémes ou de différents groupes phényles substitués et les groupes phényles substitués sont

chacun

0 ¢
VNN ¥,

Cl o~

RSN x@q*@/\mﬂ LI,
L0

OCF,

YepVoat s

2. AQuinoxaline substituée arylamine qui est représentée par la Formule I(c)

X AN e
LR o
N H'

ol R% et RS sont des mémes ou de différents groupes phényles substitués et les groupes phényles substitués sont
chacun
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OCF, Cj
%J::j/ ' CFy
SFy Ha CFs
-I(©/ ? Y()/oc ’(@I ’,\"@L T "(QO/ :
(@\ ‘p\ OH COOH
OH* % CF;’Y©, "ﬂ ’Y©\Br :
J . or\g ;s

ol X est un groupe amino ou carboxyle.

Quinoxaline substituée arylamine qui est représentée par la Formule I{d)
O:N Ny th
ol R® et R7 sont des mémes ou de différents groupes phenyle substitués et les groupes phényles substitués sont
chacun
il,_ L] 3 ’
OH F p~NH
r W
"\ % OH’ \@/ ? 2 0 l,{"\-v)*

Composition pharmaceutique comprenant un composé selon I'une quelconque des revendications 1 4 3 et un
véhicule pharmacologiquement acceptable.

ou

Composition pharmaceutique selon la revendication 4, comprenant en outre un médicament anticancéreux.
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Composition pharmaceutique selon la revendication 3, dans laquelle le médicament anticancéreux est du sorafénib
ou du paclitaxel.

Composition pharmaceutique comprenant un composé selon l'une guelconque des revendications 1 4 3 et un
véhicule pharmacolegiqguement acceptable, pour une utilisation dans le traitement d'une maladie ou d’'une condition
caractérisée par une expression augmentée d'inhibiteur cancéreux de protéine phosphatase 2A (CIP2A), ol la
maladie ou condition est un carcinome hépatocellulaire, un cancer du poumon, une leucémie, un cancer du sein,
un cancer du rein, un cancer de la thyroide, un cancer du ¢8lon, un cancer de la téte ou du cou.

Composé selon I'une quelcongue des revendication 1 a 3, pour une utilisation dans le traitement du cancer.
Compoesé pour une utilisation selon la revendication 8, ol le cancer est un carcinome hépatocellulaire, un cancer

du poumon, une leucémie, un cancer du sein, un cancer du rein, un cancer de la thyroide, un cancer du célon, un
cancer de [a téte ou du cou.
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