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1L,S-NAPHTHYRIDINE DERIVATIVES AND
MELK INHIBITORS CONTAINING THE SAME

TECHNICAL FIELD
5 The present invention relates to a 1,5-naphthyridine derivative having an inhibHory
activity against MELK, a methad for the preparation thereof, and a pharmaceutical
composition containing the compound as an active ingrediont.
BACKGROUND ART
MELK, maternal embryonic leucine zipper kinase, was previously identified as a
10 new member of the snfl/AMPY serine-threonine kinase family that is involved in
mammalisn enbryouic development (Heyer BS et al,, Dev Dyn. 1999 Aug 215(4%344-510).
The gene was shown to play an important role in stem cell rerewal (Makano [ et al, J Cell
Biol. 2005 Aug 1, 170(33413-27), cell-cycle progression {Blot et al,, Dev Biol. 2602 lan
15, 241(2):327-38; Seong HA et al, Biochem 1. 2002 Feb 1, 361(Pt 33:597-604} and pre-
1S mRMA splicing (Vulsteke V et al., § Biol Chem. 2004 Mar 5, 279{1028642-7. Epub 2063
Dee 29).  In addition, through gene expression profile analysis using a genome-wide
cDNA microarray containing 23,040 genes, MELK was recently shown to be up-regulated
in breast cancer {(Lin ML et al., Breast Cancer Res. 2007; ¢ {13:R17, WO2006/016525,
WOZ008/023841).  In fact, MELK is up-regulated in several cancer cells, for example
20 lung, bladder, lvmphoma and cervical cancer cells {See WO2004/03 1413, WOZ007/413665,
and WO2006/085684, the disclosures of which are incorporated by reference herein).
Morthern biot analysis on multiple human tissues and cancer cell Jines demonstrated that
MELK was over-expressed at a significantly high level in a great majority of breast cancers

and cell lines, but was not expressed in normal vital organs (heart, Hiver, lung and kidney)

e
L

(WC2006/016323).  Furthermore, suppression of MELK expression by siRNA was shown
to significantly inhibit growth of human breast cancer cells. Accordingty, MELK is
considered to be a suitable target for cancer therapy in the treatment of & wide array of

cancer types.
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SUMMARY OF INVENTION
The present inventors have endeavored to develop an effective inbibitor of MELK
and have found that a compound can selectively inhibit the activity of MELK.

The present invention relates to the following (1} to (24},

(%]

{1} A compound represented by formuda (1) or a pharmaceutically accepiable salt

thereof:
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wherein,
10 K s selected from the group consisting of a direct bond, MR -O-, and -8-;
1" is selected from the group consisting of a hydrogen atom, C-Cs alky! and Cs-
Cyo cyeloalkyl;
Qi is selected from the group consisting of U5-Cyg cyeloalkyl, Cs-Cyg aryd, 5- 1o 10-

membered hetercaryl, 3- to 10-membered non-aromatic heterocyelyl, {C4-Cyo cycloalkyl)-

-
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C1-Ce alkyh, (Co-Cog aryl)-Ci-Cq alkyl, (5- to 10-membered heteroaryh-C,-Cy alkyl, and (3-
to 10-membered non-aromatic heterccychyi}-C,-Cs alkyl; wherein (' is optionally
substituted with one or more substituents independently selected from Al

K is selected from the group consisting of -CO-, -8, -80-, and -S0h-;

R is seleoted from the group consisting of Ci-Cy alkyl, C5-Cig cycloatkyl, Ce-Cro
20 aryl, $- to 1¢-mernbered heteroaryl, and 3- to 10-membered non-aromatic heterocyclyl;
wherein R'' is optionally substituted with one or more substituents independently selected
from A%

R is selected from the group consisting of a halogen atom, C1-Cyg cyctoalkyl, Ce-

Cio aryl, 5- 1o 10-membered hetercaryl, and 3- to 10-membered non-aroimatic heterocyelyl

~
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wherein the cycloalkyl, aryl, heteroaryl, and heterocyclyl are optionally substitated with one
or more substituents independently selected from A

k% R and R? are independently selected from the group consisting of a hydrogen
atom, 2 halogen atom, and C-Cg alkyl;

5 Aland A” are independently selected from the group consisting of a halogen atom,
cyano, -COORY, -CONRMRY, formyl, {C;-Cq alkylearbonyl, C-Cs alkyl, Co-Cs alkenyl,
Ca-Ce alkynyl, nitro, NRRT, -OR™ -S{OLR", C3-Cig cycloalkyl, Ce-Cro atyl, 5- o 10-
membered hetercaryl, and 3- to 10-membered non-aromatic heterocyelyl; wherein the
alkylcarbonyl, atkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are

16 optionally substituted with one or more substituents independently selected from A%
Al is independently selected from the group consisting of a halogen atom, cyano,
C3-C i cycloalkyl, carboxy, formyltoxy, {Ci-Cs atkyDearbonylony, hydroxy, C-Cq alkoxy,
aminn, C-Cy alkylamino, and di(C)-Cq alkyDamino;
R™, R, and R" are independently selected from the group consisting of a
15 hyvdrogen atom, C-Cs alkyl, Co-Ce alkenyl, Co-Ce alkynyl, Ca-Cip eveloalkyl, Cs-Cro aryl,
3- to 10-membered heteroaryl, and 3- to 10-membered non-aromatic heterccyclyl; wherein
the alkyl, alkenyl, alkynyl, cycloalkyl, arvi, hetercaryl, and heterocyelyt are optionaily
substituted with one or more substituents independently selected from A% or R and R
together with the nitrogen atom to which they are attached form 3- to 10-membered
20 nitrogen-containing heterocovelyl, which is optionally substituted with one or more
substituents independently selested from A®;
R'® and R™ are independently selected from the group consisting of a hydrogen
atom, 01-Cg atkyl, Co-Cg alkenyl, Cp-Cy alkynyl, C3-Cio cycloalkyl, Co-Cho arvl, 5- 10 18-

. : - ey .
membered heteroaryl, 3- to 10-merabered non-aromatic heterocyelyl, and ~COR™; wherein

2
o

the alkyl, alkeayl, alkynyl, cycloalkyl, arvi, hetercaryl, and heterocyclyl are optionally
substituted with one or more substituents independently selected from A% R s selected
from the group consisting of a hydrogen atom, and C;-Cg alkyl that is optionally substituted

with ope or more substituents independently selected from A% or R'® and R' together with

.
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the nitrogen atom to which they are attached form 3- to {0-membered nitrogen-containing
heteroeyelyl, which is optionally substituted with one or more substituents independently
selected from A™;
RY is selected from the group consisting of C1-Cg alkyl, Cs-Cyg cycloalkyl, Ce-Cio
5 aryl, and 5- to 10-membered hetercaryl; wherein the alkyl, cycloalkyl, aryl, and hetercary!
are optionally substituted with one or more substituents independently selected from A%
R is selected from the group consisting of a hydrogen ator, -N RYURE, €)-Cq
alkyl, Co-Cs atkenyl, C-Cs alkynyl, C3-Cyp eyeloalkyl, Co-Cio aryl, 5- to 10-membered
heteroaryl, and 3- to 10-membered non-aromatic heterocyclyl; wherein the alkyl. alkenyl,
10 alkynyl, cyeloalkyl, aryl, heteroaryl, and heterocyciy! are optionally substituted with one or
snore substituents independently sslected from A%
n is an integer independently selected from U 10 2;
A' is independently selected from consisting of a halogen atom, cyano, -C COORY
CONRYRZ, formyl, (C-Cs alkylearbonyl, Ci-Cq alkyl, C2-Cs alkenyl, C2-Cq alkynyl, nitro,
15 NRMRP, OR®, -O)RY, C3-Cio cyeloatkyl, Ce-Croaryl, 5- to 10-membered heteroaryl,
and 3 to H0-membered non-aromatic hetercoyclyl, wherein the alkylearbonyl, alkyl,
atkenvl, alkynyl, cycloalkyl, arvi, heteroaryl, and heterocyelyl are optionally substituted
with one or more substituents independently selected from A%

R?' R%, and R* are Independently selected from the group consisting of a

20 hydrogen atom, C1-Cs alkyl, Co-Cy alkenyi, C-Cs alkynyl, Ci-Cio Ty cloalkyl, Ce-Cio aryl,
5-t0 10-membered heteroary!, and 3- to 10-membered non-aromatic heterocyclyl; wherein
the alkyl, aikenyl, aikymyl, cycloalkyl, aryl, heteroaryl, and heterocyciyl are eptionally
substituted with orie or more substinients independently sefected from A”; or R™ and R
together with the nitrogen atom to which they are attached form 3- to 10-meribered

25  nitrogen-containing heterocyelyl, which is optionally substituted with one or more

substituents independently selected from A

R™ and R™ are independently selected from the group consisting of a hydrogen

-~

atom, C;-Ce alkyi, Cr-Cs alkenyl, Co-Cs alkynyl, C5-Cyg eyeloalkyl, Cs-Cro aryl, 3- 10 16-

L4 .
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mambered heteroaryl, 3- o 1 0-membered non-aromatic heterocyelyl, and -COR; wherein
the atkyl, atkenyl, alkyny! cycloalkyl, aryl, heteroaryl, and heterocycly! are optionally
substituted with one or more substituents independently selected from A% RY is selected

from the group consisting of a hydrogen atom, and Ci-Cs alkyl that is optionally substituted

(943

with one or more substituents independently selected from A%; or R* and R® together with
the nitrogen atom fe which they are atiached form 3- to 10-membered nitrogen-containing
heterocyclyl, which is optionally substituted with one or more substituents independently
selected from A”:
R is selected from the group consisting of Ci-Cs alkyl, Ci-Cyo oycloalicyl, Ce-Chg
10 aryl, and 5- to 10-membered heteroaryl; wherein the alkyl, eycloalkyl, aryl, and heteroaryl
are optionally substituted with one or more substituents independently selected from A%
R* is independently selected from the group consisting of a hydrogen atom, -
NRPR¥| C-Cs alkyl, Co-Cs alkenyl, Co-Cq alkynyl C5-C o eyoloalkyl, Co-Crp aryl, 5- to 10-
membered heteroaryl, and 3- to 10-membered non-aromatic heterosyclyl; wherein the alkyl,
£5  alkenyl, alkynyl, cycloalicyl, aryl, heteroaryl, and heterocyelyl are optionally substituted
with one or more substituents independently selected from A%
A’ 15 independently selected frorm consisting of a halogen atom, cyano, -COOR™Y, -
CONR™RY, formyl, (C,-Cs alkyDearbonyl, C,-Cs alkyl, Co-Cq alkenyl, C,-Cs alkyayl, nitro,
-NRR"QR:KS, —OR%, -5( O)nR37, C3-Cig cveloalkyl, Ce-Cip aryl, 5- to 10-membered heteroaryl,
20 and 3- to 10-membered non-aromatic heterceyelyl; wherein the alkylcarbonyl, atkyl,

i
1
X

~alkenyl, allynyl, cycloalkyl, aryl, hetercaryl, and heterocyelyl are optionally substituted
with one or more substituents mdependently selected from_r’\é;
R B and R are independently selected from the group consisting of 4
hydrogen atomn, Ci-Cg alkyl, Co-Ce aikenyl, Co-Cs alkynyi, C3-Cig cyoloalkyl, Co-Cip aryl,
25 5-to 10-membered hetercaryl, and 3- to 10-membered non-aromatic heterocyclyl; wherein
the atkyl, atkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are optionally
substituted with one or more substituents independently selected from A®; or R* and R™

together with the nitrogen atom to which they are attached form 3- to [0-membered

L
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nitrogen-containing heterocyclyl, which is optionally substituted with one or more
substituents independently selected from A%,

1 and B are independently sclected from the group consisting of a hiydrogen
atom, C;-Cs alkyl, C3-Cg alkenyl, Cp-Cy alkynyl, C3-Cyg cyeloalkyl, Cs-Cyp aryl, 5- to 10-

5 werobered heteroaryl, 3- to 10-membered non-aromatic heterocyelyl, and -CORY,; whersin
the alkyl, alkenyl, alkynyi, cycloalkyl, arvl, heteroaryl, and heterocyclyl are aptionally
substituted with one or more substituents independently selected from A% R s selected
from the group consisting of a hydrogen atom, and C-Cy alky! that is optionally substituted

with ane or more substituents independently selected from A% or R* and ®* together with

[
o

the nitrogen atom fo which they are attached form 3- to 10-memnbered nitrogea-containing
heterocyclyl, which is optionally substituted with one or more substituents independently
selected from A%

1Y {s selected from the group consisting of Ci-Cg alkyl, C3-Cig eyeloalkyt, Cs-Cio
arvl, and 5- to 10-membered hetercaryl; whetein the alkyl, cycloalkyl, aryi, and heteroaryl
15 are optionaily substituted with one or more substituents independently sefected from A%
B is independently selected from the group consisting of a iydrogen aforg, -

NEPR®, C-C; atkyl, C-Cq alkenyl, C-Ce alkynyl, C-Cip cyeloaliyl, Cs-Co aryl, 5- to

P

10-memberad heteroaryl, and 3- to 1 0-membered non-aromatic heterocyclyl; wherein the
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are optionally
20 substituted with one or more substituents independently selected from A%,
A% is independently selected from consisting of a halogen atom, cyano, carbaxy, -
CoORY, CONRYR®, formyl, (C,-Cg alkyhearbonyl, C1-Cs afkyl, Co-Ce alkenyl, Co-Ce
alkynyl, nitro, -NR¥R®, -OR™, 8(0),RY, C3-Cro cyeloatkyl, (,ﬁ—(,;p, aryl, 5- to 10-

raembered heteroaryl, and 3- to 10-membered non-aromatic heterocyelyl; wherein the

2
[

alkylcarboryi, alkyl, alkenyi, alkynyl, cycloalkyl, aryl, beteroaryl, and heterocyclyl are
optionally substituted with one or more substituents independently selected from the group
consisting of a halogen atom, hydroxy, C;-Cs alkoxy, amino, C1-Ce alkylamino, and di(Cy-

Cy atkylamino;
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RY, R*, and R* are independently selected from the group consisting of a
hydrogen atom, C-Cq alkyl, Co-Cy alkenyl, C-Co allynyl, T5-Cyo oycloalkyl, Co-Cro aryl,
5- 16 1D-membered betercaryl, and 3- to 13-membered nou-aromatic heterocyclyl; wherein

the alkyl, atkenyl, alkynyl, cyeloalkyl, arvl, heteroaryl, and heterocycly! are optionally

h

substituted with one or more substituents independently selected from the group consisting
of a halogen atom, hydroxy, C-Cy alkoxy, amino, C1-Cy alkylamino, and di{Ci-Cy
atkyDaming;

RY and R™ are independently selected from the group consisting of a hydrogen
atorn, C1-Ce atkyl, C5-Cyp oyeloaikyl, Co-Chp aryl, 5+ to 10-membered heteroaryl, 3- (o 10-
13 membered non-aromatic heterocyelyl, and -COR™,

R is solocted from the group consisting of a hydrogen atom, and C;-Cs alkyk

R is selected from the group consisting of C-Cg alkyl, C3-Cyg cveloatkyl, Co-Cio
aryl, and 5- o [ J-reembered heteroaryl; and

R is independently selected from the group consisting of Ci-Cg alkyl, C3-Cyp

15 cycloalkyl, Co-Cio aryl, 5- to 10-membered heteroaryl, and 3- to 10-membered non-
aromatic heterocyelyl.

(2) The compound or a pharmaceutically acceptable salt thereof according 1o
above-mentioned (1), wherein Q' is selected from the group consisting of Cs-Cy cycloalkyl,
phenyl, pyridyl, pyrazolyl, pyrimidiny, and piperidyl; wherein ' is optionally substituted

20 with one or more substituents independently selected from Al

{3} The campound or a pharmaceutically acceptable salt thereof according to
above-mentioned {1} or (2), wherein X7 is selected from the group consisting of -CO- and -
8O-; and R is selected from the group consisting of C3-Cs alkyl and C5-Cy cycloalkyl,

which are optionally substituted with one or more substituents independently selected from

2
()

the group consisting of hydroxy and a halogen atom.
{4) The compound or a pharmaceutically acceptable salt thereof according to any
one of above-mentioned (13 to (3), wherein R’ is pheny! substituted with one (o three
y yH y

substituents independently selected from the group consisting of hydroxy, a halogen atom,

-7
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C-Cy alkyl, and C)-Cg atkoxy, wherein the alkyl and alkoxy are optionally substituted with
one or more halogen atoms.
(53 The compound or a pharmacentically acesptable salt thereof according to any

one of above-mentioned (1) to {4), wherein R” is a hydrogen atorn.

i

{(f) The compound or a pharmaceutically acceptable salt thereof according to any
one of above-mentioned {1) to {5), wherein R’ is a hydrogen atom.

{7} The compound or a pharmaceutically acceptable salt thereof according o any
one of above-mentioned (1} to {6), wherein ®* is a hydrogen atom.

(8) The compound or a pharmaceutically accepiable salt thereof according o any
10 one of above-mentioned {1) to {7}, wherein K s -NH-.

{9) The compound or a pharmaceutically acceptable salt thereof according to any
one of above-mentioned {1} to (&), wherein the optional substituent of (3 is sefected from
the group consisting of hydroxy, amino, C1-Cq alkoxy, Ci-Cg alkylamino, di{C-Cs
alkylamine, amino-C;-Cs alkyl, (C-Ce alkylamino}-C,-Cy alkyl, di{Cy-Co alkyllaming-Ci-

15 Cgalkyl, amino-Ci-Cy alkoxy, (C-Ce alkylaminog)-C-Cs alkoxy, di{Ci-Ce alkyDamino-Cs-
(g alkoxy, hydroxy-C;-Cs alkyl, (C;-Ce alkoxy)-C-Cp alkyl, carboxy-C-Cy alkyl, [(Ch-
3Ek.()X}')CaE'})()E))’H"C}"Cé, atkyl, carbamovi-Ci-Ce alkyl, [N-{C-Cs alkyDearbamoyl}-Ci-Ce
afkyl, M, N-di{(C,-Cq alkyDearbamoyl-C-Cs alkyl, {(C1-Cy alkyilearbonylamine, N-{C,-Cy
alkyicarbonyi-N~-(C;-Cg alkyDamine, pyrrolidinyd, piperidyl, and piperazinyl;

20 wherein the alky! moiety of the group defined as the optional substituent of Q' is

optionally substituted with a substituent sefected from the group consisting of amine, Ci-Ce
alkyvlamine, di{Cy-Cq atkyDamino, hydroxy, C-Cg alkoxy, pyrrolidinyi, piperidyl, and
piperazinyl; and

wherein the pyrrolidinyl, piperidyl, and piperazinyl defined as the optional

]
L

substituent of Q' are optionally substituted with a substituent selected from the group
consisting of €~ alkyl, amino, €;-Ce alkylamino, di{C;-Csq alkyDamino, hydrony, C-Cs
3

alkoxy, pyrrolidinyl, piperidyl, and piperazinyl.

{10} The compound or a pharmaceutically acceptable salt thereof according to

S8
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above-mentioned (9), wherein the optional substituent of (' is selected from the group
consisting of hydroxy, amino, d{C-Cs alkyhamino, Ci-Ce alkyl, di(Ci-Cs alkylaminoe-C;-
Cy atkyl, di{Cy-Cs alkyDaminge-Cy-Cg atkoxy, di{C-Cs alkylamine, [famine-C;-Cq
atkylcarbonyiamino, N-(C-Ce alkyDpiperidyl, di{C,-Cq alkylamino-pyrrolidin-1-vl,

5 amino-pyrrolidin-1-yi, (pyrrolidin- 1-vD}-C,-Cg alkyl, (C;-Cs alkyBamino-piperidin-1-yl,
amine-piperidin- -yl, hydroxy-C;-Cq alkyl, 1di(C-Cs alkyDamine-Cy-Cs alicyl]amino, {4-
{C;-Ce alkyD-piperazin. 1-y1}-C-Ce alkyl, (piperazin-1-yH-Ci-Cs alloyl,
pyrrolidinyleatbonyl-amino, (hydroxy-pyrrolidin-1-vh-C;-Cs alkyl, morpholinyl-Cy-Cs
alkyl, [N-{hydroxy-Ci-Cg alkyD-N-{C-C alkyDamino-Cy-Cg atkyl, and (CD3N-C-Cs

10 alkyl
(11) The compound or a pharmaceutically acceptable salt thereof according to
above-mentioned (1), which is selected from the group consisting of the following
compounds:
{-(B-chloro-4-(4-({dimethylaminomethyl) cyelohexyiamino)-1,5-naphthyridin- 3-
15 yhethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyl-4-({4-(dimethylaminojeyelohexy Damino}-
1,5- naphthyridin-3-yDethanone;
V-{6-{3-chloro-5-fluore-4-hydroxyphenyl-4-((4-
{dimethylamino)eyelohexyllamino)- 1,5-naphthyridin-3-yhethanone;
20 cyclopropyl(6-(3, S-dichioro-4-hydroxyphenyh-4-(4-({dimethyiamine Jmethyi)-
cyclohexylaming)-1,3-naphthyridin-3-ymethanone;
{6-(3-chloro-3-flucro-4-hydronyphenyi4-(4-({dimethylaminomethyi}-
cyclohexylamino}-1,S-naphthyridin-3-yl}{cyclopropylimethanone;
1-(6-(3,5-dichioro-4-hvdroxyphenyiy-4-{($-{(dimethylarminoimethylcyelohexyh)-
25 amino)}1,5-naphthyridin-3-yhethanone;
1-{6-(3-chloro-5-fhuoro-4-hydroxypheny }-4-({4-
{{dimethylaminornethylicycliohexyi} amino)-|,5-naphthyridin-3-yvljethanone;

1-{6-(3-chloro-4-hydroxy-S-methoxypheny}-4-((4-({dimethylaminomethyl)-

-9.
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cyciohexyljamine)-1, S-naphthyridin-3-yljethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyl-4-((4-(2-(dimethylaminoiethyDeyelohexyl)-
amino}-1,5-naphthyridin-3-yhethanone;

-~ Y

1-(6-(3-chioro-3-fluore-4-hydroxyphenyl-4-(4-(Z-(dimethy lamino)ethyi)

i)

cyclohexylamine)-1, 5-naphthyridin-3-yDethanone;
I-(4-(4-((dimethylamino)methyleyelohexylaming)-6-{4-hydroxy-3-
{trifiuoromethoxy)- phenyl)-1,5-naphthyridin-3-ylethanone;
2,8-dichloro-4-(8-({(4-({dimethylaminoimethylicyciohexyllaming - 7-
{methylsulfonyt)- 1.5-naphthyridin-2-yDphenol;
16 Z-chloro-4-(8-({4-({dimethylaminomethyleyclohexylaminoe - 7-{methylsulfonyl)-
Li-napbthyridin-2-yD)-6-fluorophenol;
Z~chlore-4-(8-({4-({(dimethylaminoimethyheyclehexyDamino - 7-{methyisulfony -
1,5~ naphthyridin-2-yl}-6-methoxyphenol;
2,8-dichlore-4-(8-((4-(dimethylamino)eyclohexviaminc}-7-(methyisuifonyl)-1,5-
i5  naphthyridin-2-vDphenol;
2,6-dichloro-4-(8-((4-({dimethylamino)methyhphenyDamino - 7-(methylsulfonyl)-
1,5~ naphthyridin-2-yDphenol;
2-chloro-4-(8-{{4-({dimethylamincimethyhphenyDamino)-7-(methyisutfonyiy-1,5-
naphthyridin-2-yi)-6-fluorophenol;
20 2-chlore-4-(8-({4-({dim eﬂiayiamino)mct’nyi}phenyi')amino}u?’ -(methylsulfony-1,5-
naphthyridin-2-virS-methoxyphenol;
{-{6-{3,5-dichioro-4-hydroxyphenyl}- 4-((3-{Z-{pyrrolidin-1-
yhethyDpbenyiamino)-1,5- naphihycidin-3-ylethanone;

F-{6-(3-chloro-5-fluoro-4-hydroxypheny -4-(3-(2-(pyrrolidin-1-

N
wh

yvhethyhpbenylamino)- 1, S-naphthyridin-3-yDethanone;
F-{6-(3,5-dichloro-4-hydronyphenyl)-4-{(6-(Z-{dimethylaminoiethoxyipyridin-3-
¥1}~ amino}-1,5-napbthyridin-3-ylethanone;

F-{6-(3-chioro-5-fluoro-d-hydroxyphenyD-4-({6-(2-

.10
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16

15

o]
(%

{dimethylamino)ethoxy)pyridin-3- yhamino)-1,5-naphthyridin-3-yhethanone;
1 {6-(3-chioro-4-hydroxy-5-methoxypheny-4-((6-(2-
{dimethylamino)ethoxy)pyridin- 3-vhamino}-1,5-naphthyridin-3-yhethanone;
2,6-dichloro-4-{8-{{6-(2-(dimethylaminejethoxy)pyridin-3-yDamino)-7-(methyl-
sulfonyl)-1,S-naphthyridin-2-y{phenc;
2-chioro-4-{8-{{6-(2-(dimethylaminojethoxy pyridin-3-yl yamino)}-7-
{methylsalfonyD- 1,5-naphthyridin-2-vi-6~fluorophenol;
2-chioro-4-{8-{{(6-(2-(dimethviamingjethoxy Jpyridin-3-ylamino}-7-
(methyisulfonyl)- 1,5-naphthyridin-Z-yi)-6-methoxyphencl;
1-(6-(3,5-dichloro-4-hydroxypheny-4-{(1 -methyipiperidin-4-vDroethylamino)-
1,5~ naphthyridin-3-yDethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyl-4-((4-{{dimethylamino-
déymethyheyelokexyl)- amine}-1,5-paphthycidin-3-yhethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyi}-4-((4-(2-
{dimethylaminoyethyDpbenylamine)- 1,5-naphthyridin-3-ylethanone:
1-{8-(3-chioro-5-fluoro-4-hydroxypheny-4-((4-2-{dimethylamincjethyphenyly-
amino} i, S-naphthyridin-3-yhethanone;
148-(3-chioro-4-hydroxy-5-methoxypheny D-4-((4-(2-
(dimethylamino)ethyDphenyl)- amino)-1, S-naphthyridin-3-yhethanous;
2-chloro-4-(8-{(4-(dimethylamino)oyclohexyhamino - 7-(methyisulfonyi-1,5-
naphthyridin-2-y1-6-fluorophencl;
1-(6-(3,5-dichloro-4-hydroxyphenyly-4-((1-(L-methylpiperidin-4-yh- 1 H-pyrazol-4-
vy avinnd- | S-naphthyridio-3-yDethanone,
1-(6-(3,5-dichloro-4-hvdronyphenyl-4-(4-((4-methylpiperazin-1-ymethyi)-
phenylamino)-1, S-naphthyridin-3-yDethanone;
1-{6-{3-chioro-S-flucro-4-hydroxyphenyli-4-(4-({d-methyipiperazin-1-yDmethyl)-
phenylamino)-1, S-naphthyridin-3-ylethancne;

1-{6-(3,5-dichioro-d-hydroxyphenyl-4-(4-(2-{pyrrolidin- 1 -vDethyDpiperidin-1-v1)-

11 -
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1,5-naphthyridin-3-yhethanone;
-(8-(3~chioro-5-fluoro-d-hydroxyphenyl}-4-(4-(2-(pyrrolidin- | -yhethyDpiperidin-

1- whi-1,5-naphthyridia-3-yijethanone;
1-{6-(3,3-dichloro-d-hydroxypheny!)-4-(6-{2-{dimethylaminojethylamino jpyridin-

5 3-ylamino)-1,5-naphthyridin-3-yhethanone;

1~(6-(3-chloro-5-fluoro-4-hydroxypheny-4-(6-(2-(dimethylaminoethylamino}-

pyridin-3-ylamino}-1,5-naphthyridin-3-yhethanone:
(S}{4-(6-(G-aminopiperidin-1-yhpyridin-3-ylamino)}-6-(3,5-dichloro-4-

hydroxyphenyly 1,5-naphthyridin-3-y)(cyclopropyimethanone;

hydeexyphenyl-1, 5-naphthyridin-3-ylethanone;
I-{4-{4-{{dimethylaminoymethvheyvclohexylaming -6-( 1 H-pyrazol-4-yh)-1,5-

N\

ethanone;

7

saphthyridin-3-vi
1-(6-(3,5-dichloro-4-hydroxypheny! }-4-(4-(hydroxymethyleyclohexylaming)-1,5-
15 naphthyridin-3-vl)ethanone;
1-f{6-(3,5-dichloro-4-hydroxyphenyl}-4- {4-[{dimethylamine)methyl]-
cyclohexylamino}-1, 5-naphthyridin-3-yi}-2-hydeoxyethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyl)-4-( L-methylpiperidin-4-ylamino)-1,5-
naphthyndin-3-yiethanone;
20 1-{6-(3-chioro-53-fluoro-4-hydroxyphenyD-4-{1 -methvipiperidin-4-ylamino}-1,5-
naphithyridin-3-yiiethanone;
1-{6-[3,5-dichloro-4-hydroxyphenyl}-4-[4-(morpholinomethyheyclohexylaminol-
1,5~ naphthyridin-3-yltethanone;
1-(6-(3,5-dichioro-4-hvdroxyphenyi)-4-{4-(((2-
25 hydroxyethyD{nethyDaminoyoethyl)- cyclohexyiamino)- 1, 5-naphthyridin-3-yDethanone;
1-{6-(3-chloro-5-flucro-4-hvdroxyphenyi}-4-(4-({(2-hydroxyethy){methy Damino)-
methylcyclohexylamino)-1, 5-naphthyridin-3-yhethanone;

1-(6-(3,5-difluoro-d-hydroxypheny)-4-(4-

1.
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(¥

i

({dimethylaminomethyleyclohexylamino)- 1,5-naphthyridin-3-yhethanone;

1-{6-(3,S-dichloro-4-hydroxyphenyD-4-({6-(3-{dimethylamino)pyrrolidin-1-
yhpyridia- 3-yDamiooy- 1, S-uaphihynidia-3-viethanons;

1-{6-{3-chloro-3-flucro-4-hydroxypheny y-4-{(6-(3-(dimethylaminopyrrolidin- 1-

v pyridin-d-yDamino}- | S-naphthyndin-3-ylethanone;

1-{6-03, 5-dichloro-4-hydroxyphenyl}-4-(5-(3-(methylamino)pyrrolidin-1-
ylpyridin-3- ylamino)-1,5-naphthyridin-3-yDethanone;

1-(6-{3-chloro-5-fluoro-4-hydroxyphenvi-4-(6-(3-(methylamino)pyrrolidin-1-y1)-
pyridin-3-ylamino}-1,5-naphthyridin-3-yl)ethanone;

1-{8-{1H-benzo[dlimidazol-5-yD-4-(4-((dimethylaminoymethyDeyclohexylamino)-
1,5~ naphthyridin-3-yljethanone;

{-{4-{(4-((dimethylaminoymethyDoyclohexylaming)-6-{pyridin-4-y1}-1,5-
naphthyridin. 3~yhethanone;

5-{7-acetyi-8-(4-({(dimethylaminoymethyDoyclohexylamino)- 1, 5-naphthyridin-2-
vhi- pyrioddine-2-carboniirile;

1-(6-(3,5-dimethyl-1H-pyrazol-4-yi}-4-(4-
((dimethylaminoymethyleyclohexylamino)- 1,5-naphthyridin-3-yhethanone;

1-(4-{4-{(dimethylammoymethyeyclohexylaming-6-(4-bydroxy-3, 5-dimethyl-
phenyD-1,5-naphthyridin-3-ybethanone;

1-(6-(3,5-dichloro-4-hydroxyphenyiy-d-(4-(pyrrolidin- I -yimethyl )phenylamino}-
1,5- naphthyridin-3-yDethanone;

1-(6-(3,5-dichioro-4-hiydroxyphenyl-4-{(4-{pyrrolidin-1-
vimethyheyclohexylaming)- 1, S-naphthyridin-3-yDethanone;

F-{6-(3-chloro-5-Tluore-4-hydroxypheny -4-{(4-{ pyrrolidin- 1 -vimethyljcyciohexyl-
amino)-1,5-naphthyridin-3-yhethanone;

1-{6-{3,5-dichloro-4-hydroxyphenyl)-4-{4-({4-methylpiperazin-1-yDmethyljeyclo-
hexylamino-1, S-naphthyridin-3-yDethanone;

i -{4-{6-(3-aminopiperidin- L -yDpyridin-3-yvlaming)-6-(3,5-dichloro-4-

- 13-
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hydroxyphenylb)- 1,5-naphthyridin-3-yhethanone;
1-{4-(6-(3-aminopiperidin- I -yhpyridin-3-ylamino-6-3-chlora-S-fluoro-4-
hydroxy- phenyl}-1,5-naphthyridin-3-ylethanons;
1-{4-(4-aminocyelohexylamino-6-(3,5-dichioro-4-hydroxyphenyl)-1,5-
S naphthyridin-3-ylethanone;
1-[4-(4-aminocyciohexylamino)-6-3-chloro-§-fluoro-4-hydronyphenyl}-1,5-
naphthyridin-3-yljethanone;
i-(6-(3-chloro-5-fhuoro-4-hydroxyphenyl-4-(4-({4-raethylpiperazin- L-yDmethy -
cyclohexylamino)-1, S-naphthyridin-3-vlethanone;
10 N-{4-{3-acetyi-6-(3-chloro-5-fluoro-4-hydroxyphenyl)- 1, 5-naphthyridin-4-
ylamine}- cyclohexyl)-2-amino-3~methvibutanamide;
i-(&6-(3,5-dichloro-4-hydroxyphenvl-4-{4-{piperazin-1-
ylmethyheyclohexylamino)-1,5-naphthyridin-3-yDethanone;
{8)-1-(4-(6-(3-aminopiperidin- [ -yDpyridin-3-ylamino}-6-(3,5-dichlore-4-hydroxy-
15 phenyD-1,5-paphihyndio-3-yhethanone;
(8)-1-{4-(6-(3-aminopipenidin- [-yDipyndin-3-ylamino}-6-(3-chlore-5-fluoro-4-
hydroxy- phenyll-1,5-naphthyridin-3-yiethanone;
N-{4-((3-acetyl-6-(3,5-dichloro-4-hydroxyphenyl-1.5-naphthyridin-4-
vljamino)oyclo- hexyl}-2-aminopropanamide;
20 N-{4-(3-acetyl-6-3-chlore-5-fluore-4-hydroxyphenyl}- 1, 5-naphthyridin-4-
viamino)- eyclohexyl}-Z-aminopropanamide;
(SHN-{{1R,43)-4-(3-acetyl-5-(3,5-dichloro-4-hydroxyphenyi}-1,5-naphthyridin-4-
vl- amino)eyelohexyDpyrrolidine-2-carboxamide;
{S-N-{{I R, 43)}-4-(3-acetyi-6-(3-chloro-5-fluoro-d-hydroxyphenyl)-1,5-
25 naphthyridin-4- ylamino) cyclohexylpyrrolidine-Z-carboxamide;
{-{6-(3-hydroxypyrrolidin- 1 -v-4-(4-{((3-hydroxypyrrolidin- 1~
vhmethylleyclohexyl- amino)-1,5-naphthyridin-3-yhethanone;

f-{&~{pyrrolidin-1-y1}-4-{4-{pyrrobidin- [ -ylmethyDevelohexylamine)- 1,5~

- 14-
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naphthyridin- 3-yljethanone;,
N-{4-(3-acetyl-6-(3,5-dichlora-4-hydroxy phenyl)-1,5-naphthyridin-d-ylamino)-
cyclohexyl)-2-amino-3-methyibutanamide;

[6-(3-chioro-5-fluoro-4-hvdroxyphenyly-4-[4-{(dimethylamino )eyelohexyiaminoi-

()

1,5- naphthyridin-3-yl{{cvelopropylimethanone;
cyclopropyl{6-(3,5-dichloro-4-hydroxyphenvi)-4-[4-(diraethylaminoeyclohexyl-
arminoi-1,5-naphthyridin-3-ylimethanone;
1-{4-{4-{{dimethylamino)methyljcyclohexylamino } -6-(1H-pyrrolo{2,3-blpyridin-
Se yhie | Senaphthyridin-3-yhethanone;
10 {5}~ {4-[6-(3-aminopiperidin- 1 -yDpyridin-3-ylamino]-6-(3-chloro-2-fluero-4-
hydroxypbeayl)- 1, S-naphthyridin-3-yi} {cyclopropyDmethanone;
-{4-{4-{{dmethylamino)methylicyclohexyl amino}-6-(4-methoxyphenyi}- 1,5~
naphthyridinv-3-y§)eﬁ:xanone;
1-{6-(3,5-dichloro-4-methoxyphenyi}-4- {4-{{dimethylaminoimethyiicyciohexyl-
{5 amino}-1,S-naphthyridin-3-yljethanone;
1-{4-{4-[(dimethylamino)methyljcyclohexylamino} -6-{C-hydroxypyridin-3-yi)-
1, S-paphthyndin-3-yhethanone;
5-{7-acetyl-8- {4-{(dimethyiaminoymethylicyclohexylaming }- 1, 5-naphthyridin-2-
yipicalinoritrile;
20 1-{4-{4-{{dimethylaminoimethylicyclohexylamino } -6-(4-hydroxyphenyi)-1,5-
naphthyridin-3-yhethanone;
[-[6-(3,5-dichloro-4-hydroxypheny!}-4-{[4-(dimethylaminocyclohexyl imethyl-
amino}-1,5-naphthyridin-3-yDethanone;

1-16-(3-chloro-3-fluoro-4-hydroxy phenyl}-4-{{4-(dimethylamino)cyclohexyl]-

2
h

methylamino}-1,5-naphthyridin-3-vijethanone;
1-16-{3-chloro-5-fluoro-4-hydroxyphenyl}-4-{4-hydroxyeyelohexylamino)-1,5-
naphthyridin-3-yijethanone;

1-16-(3,5-dichioro-d-hydroxyphenyD-4-{4-hydroxveyelohexylamine -1, 5-

S5
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10

naphthyidin-3-yljethanone;

1-{6-(3-chloro-5-flucro-4-hydroxyphenyD-4- {cis-4-[{dimethylamino)methyl]cyeio-
bexylamino}-1, S-naphthyridin-3-vijethancne;

1-16-(3,5-dichloro-4-hyvdroxyphenyl-4-{cis-4-

[(dimethylamsineimethyHovelohexyl- amine}-1,5-naphthyridin-3-vijethanone;

(R}-1-{4-[6-(3-aminopiperidin- I -yDpyridin-3-ylaminc}-6-(3,5-dichloro-4-hydroxy-
phenyl)-1,5-naphthyridin-3-yl} ethanone;

(R}-1-{4-{6-G-ammopiperidin-1-vDpyridin-3-vlamine}-6-3-chicro-5-fluore-4-
hydroxyphenyi)-1,5-naphthyridin-3-yl}ethanone;

{R)-(4-{| 6-(3~-aminopiperidin-1-ylpyridin-3-yi]amino}-6-(3,5-dichloro-4-
hydroxyphenyl)-1,5-naphthyridin-3-y1) {(cyclopropylmethanone;

(K)-(4- {{6-(3-aminopiperidin- I-yhpyridin-3-yijamino} -6-3-chloro-5-fluoro-4-
hydroxyphenyt)-1,S-naphthyridin-3-v1) {cyclopropyl) methanone;

{-{6-(3,5-dichloro-4-hydroxyphenyi}-4- {{trans-4-{dimethylamino ) yclohexyl]

amino}-1,5-naphthyridin-3-vD-2-hydeoxyethanone dikydrochloride;

I-{6-(3-chloro-5-fluore-4-hvdroxy phery D-4-({ trans-4-
{{dimethylaminoymethyijcyclohexyl}  amino}-1,5-naphthyridin-3-yD}-2-hvdroxvethanone
difiydrochloride;

I-{6~{3-chloro-S-fluorc-4-hydroxyphenyi}-4-( { rans-4-[{(dimethylaminoymethyl)]

yelohexyl} amino)-1,S-naphthyridin-3-yDlpropan- 1-one dihydrochloride;

i-{6-(3,5-dichloro-4-hydroxyphenyl}-4-( {trans-4-[(dimethylamino¥methyl}
cyclohexyliaming)- 1, S-naphthyridin-3-yD}propan- 1-one dihydrochlonde;
{(S)-1+{4-{16-(3-aminopiperidin-1-ypyridin-3-yijamino}-6-(3,5-dichlore-4-
hydroxyphenyl}-1, S-naphthyridin-3-yhpropan- 1-one tribydrochloride;

(8- 144 {{6-3-amnopiperidin-T-yDpyridin-3-yliamino -6~ 3-chloro-5-fluore-4-
hydroxyphenyl)-1, S-naphihiyridin-3-yDpropan-1-onc trihydrochloride;

E-[6-(3,5-dichloro-4-hydroxyphenyl}-4-{ {4-[({R)-3-Tluoropyrrolidin-1 yDmethyi]

cyclobexyilaraing)- 1, S-naphthyridin-3-vijethanone dihydrochioride;

T
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{8)-(4-{(6-(3-aminopiperidin-1-yhpyridin-3-vlamino}-6-(3-chloro-5-fluoro-4-

hydroxyphenyl-1, S-naphthyridin-3-yD{cyclobutylimethanone dihydrochioride;
{(6-(3,5-dichloro-4-hydroxyphenyl}-4-({(4-{(dimethylamino)methyl{cyclohexyl)
araine)-1,5-naphthyridin-3-v1) {cyclobutylimethanone dihydrochloride;
5 {6-{3-chloro-3-fluore-4-hydroxyphenyl}-4-((4-
{{dimethylaminc)methybevelohexyl) amino)-1,5-naphthyridin-3-yh{cyclobutylymethanone
dihydrochloride;

(5)-(4-{[6-(3-aminopiperidin- 1-yl)pyridin-3-yllamino}-6-(3-chioro-S-flucro-4-

hydroxyphenyl)-1,5-naphthyridin-3-ycyclobutylimethanone;
10 {R}1-{4-({8-3-aminopiperidin- -y Dpyridin-3-yDammne )63, 5-dichioro-4-

hydroxyphenyl)-1, S-naphthyridin-3-yDpropan- 1-one tihydrochtonide;
{R)-1-{4-{{6-G-aminopiperidin-1-yDpyridm-3-yamino}-6-(3.5-dichloro-4-
hydroxypheny i |, 5-naphthyridin-3-viy-2-methylpropan- i -one trihydrochloride;
1-16-(3,5-dichloro-5-4-hydroxypheny}-4-({trans-4-
15 {{dimethylaminoimethvljcyelobexyi} amine}-1,5-naphthyridin-3-yi}-2-methylpropan-1-one
dihydrochloride;
{-[8-chloro-4-( {trans-4-[(dimethylaminomethyljcyclohexyl amino)- 1,5+
naphthyridin-3-yl|-2-methylpropan-1-one dihydrochlonde;
and pharmaceutically acceptable salts thereof
20 (12} The compound or a pharmaceutically acceptable salt thereof according to
above-mentioned (1), which is selected from the group consisting of the following
compounds:
E-(6-(3,5-dichloro-4-hydroxyphenyiy-d-{irans-{4-
{dimethylaminoeyclohexyhamino}- 1,5-naphthyrnidin-3-yihethanone;
25 cyclopropyt (6-(3,5-dichioro-4-hydroxyphenyl}-4-(#rans-4-
{{dimethylaminoimethyly cyclohexylamine)-1,5-naphthyridin-3-yi} methanone;
(6-(3-chloro-S-fluoro-d-hydroxyphenyi-4-(trons-4-({dimethylamino ety
cyciohexylaming -1, 5-naphthyridin-3-y1} (eyvclopropyl} methanone;

17 -
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1-{6-(3,5~dichloro-4-hydroxyphenyl)-4-{ (framns-4-
{{dimethylarninc)methyheyelohexyl)- amino)-1,5-naphthyridin-3-yl) ethanone;
1-{6-(3-chloro-5-fluoro-4-hydroxyphenyl}-4-({#rans-4-({dimethylaminaymethyl)-
cveichexylamino}-1,5-naphthvridin-3-y1j ethanone;
3 1-{6-(3,5-dichloro-4-hydroxypheny}-4~{{(#rans-4-(2-
{dimethyiaminojethyDevelobexyl)- amino)-1,5-naphthyridin-3-vl) ethanone,
{Sy-{4-(6-(3-aminopiperidin-1-yDpyridin-3-ylaming)-6-(3, S-dichioro-4-
hydroxyphenyi-1,5-naphthyridin-3-yi}{cyelopropymethanone;
1-{6-(3,5-dichloro-4-hydroxypheny|)-4- {rans-4-[{dimethylaminersthyljcyclo-
10 hexylamino}-1,5-naphthvridin-3-y1}-2-hydroxyethanone;
1-{4-(6-{3-aminopiperidin- L-yDpyridin-3-ylamino}-6-(3,5-dichloro-4-
hydroxyphenyiy- 1.5-naphthyridin-3-vijethanone;
1-(4-(6-(3-aminopiperidin-1-yDpyridin-3-ylamino)}-6-(3-chioro-5-fluoro-4-
hydroxy- phenyl)-1,5-naphthyridin-3-yijethanone;
i35 {S3-1-(4-(6-(3-aminopiperidin-1-yDpyridin-3-ylamino}6-3, 5-dichloro-4-hydroxy-
phenyl}-1,5-naphthyridin-3-yhethanone;
{3 1-{4-(6-(3-aminopiperidin-1-yDpyridia-3-ylamino}-6-(3-chloro-5-fluoro~-4-
fydroxy-phenyl)-1,5-naphihyridin-3-ylethanons;

(8)-{4-[6-(3-aminopiperidin-1-yUpyridin-3-ylaming}-6~(3-chloro-5-fluoro-4-

20 hydroxy- phenyid-1,5-naphthyridin-3-y1} {oyclopropyl) methanone;
(R)-1-{4-16-3-aminopiperidin-1-yDpyridin-3-ylamino}-6-(3,5-dichloro-4-hydroxy-
phenyl)-1,S-naphthynidin-3-vi}ethanone;
{R)-1-{4-[6-(3-aminopiperidin-1-yDpyridin-3-ylamino}-6-3-chloro-5-fluaro-4-
hydroxyphenyly-1,5-naphthyridin-3-yi ethanone;
25 and pharmaceutically acceptable salts thereof.

{13} A pharmaceutical compaosition comprising as an active ingredient a compound
3

or a pharmaceutically acceptable salt thereof sccording to any one of above-mentioned (1}

to (12,
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{14} An MELK inhibitor comprising as an active ingredient a cornpound or 2
pharmaceutically seceptable salt thereof according to any one of above-mentioned (1) to
(12).

{15} An MELK-expression modulating agent comprising as an active ingredient a

5 compound or a pharmaceutically acceptable salt thereof according to any one of above-
mentioned (1) to (123

{16} An antitumor agent comprising as an active ingredient 2 compound or a

pharmaceutically acceptable salt thereof according to any one of above-mentioned (1) to

12).

o~

10 {7 A-therapeui’:ic and/or preventive agent for a disease that involves
overexpression of MELK, comprising as 4n active ingredient a compound or &
pharmaceuntically acceptable salt thereof according to any one of above-mentioned (1) to
{12y

{18} The therapeutic and/or preventive agent according to above-mentioned {17),

15 wherein the disease is cancer.

{19} The therapeutic and/or preventive agent according 1o above-mentioned {18},
wherein the cancer is selected from the group consisting of breast cancer, hung cancer,
bladder cancer, Iympboraa, and ulerine cancer.

{20} A method for treating and/or preventing a disease that involves overexpression

20 of MELK, which comprises administering an effective amount of a compound or a
pharmaceutically acceptable sali thereof according to any one of above-mentioned (1) to
{12} to a subject in need thereof.

{21} A compound or a pharmaceutically acceptable salt thereof according to any

one of above-mentioned (1} to (12) for use in a treatiment and/or prevention of a discase that

[
(V23

involves overexpression of MELK.
(22} Use of & compound or a pharmaceutically acceptable salt thereof according to
any one of above-mentioned (1) to (12} in the manufacture of a therapeutic and/or

preventive agent for a disease that involves overexpression of MELK.

T
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(23) A process for preparing a compound of formula (I):

| 2
L LN
N~ R?
3
R ®
or & pharmaceutically acceptable sak thereof according to any one of above-mentioned (1)
to (12), wherein R’ is pheny! optionally substituted with one or more substituents
5  independently selected from selecied from A° ; and QI, X X2 R Rr? R JRY and A are

the groups as defined o any one of above-raentioned {1} to (10}, which comprises:

reacting a compound represented by foooulka (1)
Q’i
X1 ;
1; e
()

. H s o2 . 3 4 o :
wherein Q', X', X% RY, R? R, and R? are the groups as defined above, with the

-

roviso that the groups may have one or more protecting groups, and X' s a halogen atom
o ’ b=l o

[

such as a chlorine atom; with a compound represented by formula (I

R g . ~ Y . . . ~
wherein R 1s as defined above with the proviso that the group of R raay have one

or more protecting groups, and R’ and K™ are independently selected from the group

—
L9

consisting of C;-Cg alkyl, or R and B™ together with the boron atom to which ¢ hey are
attached form 5-to 7-membered eyelie boronic acid ester optionally substituted with one or

more substituents independently selected from the group consisting of C,-Cs alkyl.
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20

(24} A compound represented by forrmda () or a pharmaceutically acceptable salt

thereof®
Qlys
11 2
X ENT/)\I TRt
RYY NTTR?
R )

wherein Q‘, XL RY R R and 1 are the groups as defined in one of above-
mentioned (1) to (10} with the provise that the groups may have one or more profecting
groups, and X'! is a halogen atom.

According to one aspect of the invention, there is provided a compound

represented by formmuda (1) or a pharmaceutically acceptable salt thereof:

- Q1X1 5
5 2
R\gN\ ;\\\],X\RM
RYYNTTR?
R® )
wherein,

XK' is “NH-;

' is selected from the group consisting of Cs-Cy eycloalkyl, phenvl, pyridyl,
pyrazolyl, pyrimidinyl, and piperidyl; wherein Q' is optionally substituted with one or more
substituents independently selected from Al

X7 is selected from the group consisting of -CO- and -S0,-;

R s selected from the group consisting of C;-Cq alkyl and C3-Cy cycloalkyl,
which are optionally substituted with one or more substituents independently selected from
the group consisting of hydroxy and a halogen atom;

R’ is pheny! substitited with one to three substituents independently selected from

the group consisting of hydroxy, a halogen atom, C,-C; alkyl, and C)-Cy atkoxy wherein the

A
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atkyl and alkoxy are optionally substinuted with one or more halogen atoms;
Rz, Ra, and R are hydrogen atoms;
Al s independently selected from the group consisting of hydroxy, amino, C-Cy
alkoxy, C4-Cs alkylamine, di{C-Ce alkyDaming, amine-C-Ce atkyl, {(T-Ce alkylaming-
5 GGy alkoyl, di{C-Cs alkyhamino-Ci-Co alkyl, amine-C-Cq alkoxy, (C-Cq alkylamino)-
-G alkoxy, di{Ci-Cq alkylamino-C,-Cg alkoxy, hydroxy-Ci-Cs alkyl, {C-Cg alkoxy)-C;i-
Cs alkyl, carboxy-Ci-Cy alkyl, [(C-Cs alkony)earbonyi]-Ci-Cs alkyl, carbamovi-C-Cy
aliyl, [N-{C-Ce alkyhicarbamoyi}-Ci-Cy alkyl, [N N-dI{C-Cs alkyticarbamoyl}-C-Cy alkyl,
(C3-Cg alkyhicarbonylamino, N-{C-Cq alkyhcarbonyl-N-(-Cy alkyhamino, pyrrolidiny],
16 piperidyl, and piperazinyl;
wherein the pyrrolidinyl, piperidyl, and piperaziny! defined as A' are optionaily
substituted with a substituent selected from the group consisting of C;-Cg alkyl, amino, O~
Cs alkylamino, di(C-Cs alkyhamino, hydroxy, C,-Cg alkoxy, pyrrolidinyl, piperidyl, and
piperazinyl; and
15 wherein the alkyl moiety of the group defined as A' is optionally substituted with a
substituent selected from the group consisting of aming, Ci-Cy alkylamine, di(C-Cs
alkylyaming, hydroxy, Ci-Cy alkoxy, pyrrcliding, piperidyl, and piperazinyi.
According to another aspect of the invention, there is provided a compound

represented by formula (1)

T
aly
55 2
RaINT’\\,x.Rﬁ
RYOY N OR?
20 R a

or & pharmaceutically acceptable salt thereof, wherein,
A1, 1. e . p :
XK' is -NH-; and ' is selected from the group consisting of Cs-Cy cycloalkyt such

as cyclohexyl and pyridyl; wherein Q' is optionally substituted with one or more

substituents independently selected from Al

S0
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[

26

NI
947

A' is independently selected from the group consisting of hydroxy, amino, Ci-Ce
alkexy, C-C4 alkylaming, di{C-Cs alkyDamine, amino-C-Cy alkyl, {Ci-Ce alkylamino)-
Cy-Cs alkyl, di{Ci-Cy alkyDamino-Cy-Cy alkyl, amine-Cy-Ce alkoxy, {Ci-Cg alkylamino)-
C-Cs alkoxy, di{C;-Cq alkybamine-C-Cy alkoxy, hydroxy-C-Cs alkyl, (C-Cs alkoxy}-Ci-
Ce alkvl, carboxy-Ci-Cy alkyl, [{C-C alkoxyjcarbonyh]-C,-Cq alkyl, carbamoy-C-Cy
alkyl, IN-{C-Cg atkyarbamoyl]-C-Cs alkyl, INN-di{C-Cs alkyljcarbamoyl}-C1-Co alkyl,
{C1-Cg alkyDearbonylamine, N-{C-Cy alloylicarbonyl-N-{C-C, alkyiamine, pyrvolidiny,
piperidyl, and piperazinyl;

wherein the pyrrolidinyl, piperidyi, and piperazinyl defined as Al are optionally
substituted with a substituent selected from the group consisting of C-Ce alkyl, amino, Cy-
Ce alkylamino, di{C-Cy atkyDamino, hydroxy, C-Cyg alkoxny, pyrroliding, piperidyl, and
piperazinyl; and wherein the alkyl moiety of the group defined as Al is optionally
substituted with a substituent selected from the group consisting of amino, C-Cs
aikylamino, dHC1-Ce alkyDamino, hydroxy, Ci-Cs alkoxy, pyrrolidinyl, piperidyl, and
piperazinyl;

X is selected from the group consisting of -CO-; and B! s selected from the
group consisting of Cy-Cy alky! and C5-C; cycloalkyl, which are optionally substituted with
one substituent selected from the group consisting of hydroxy and a halogen atom;

RY, R, and R® are hydrogen atoms; and

R’ is pheny! substituted with one hydroxy and two halogen atoms.

{n one aspect of the definitions of formula (I} indicated hereinbefore, the optional
substituent of ¢ is selected from the group consisting of hydroxy, amino, d{C-Cq
alkybamino, C;-Cq alkyl, di(C-C; alkyBamino-C-Cq alkyl, di(C-C altkylamino-C-Cy
atkoxy, di{C-Cs alkyhamino, [{amino-C-Cy alkyhearbonyljamine, N-(C-Cs
aikylipiperidyl, di(C-Ce alkyDaminc-pyrrolidin-1-vl, amino-pyrrolidin-1-yi, (pyrrolidin-1-
y13-Ci-Cq alkyl, {Ci-Cp alkylDaminoe-pipendin-1-yL amino-piperidin-i-yl, hydroxy-C,-Cs
alkyi, {di(C-,—lcs atkyDaming-C-Cg alkyilamino, [4-(C-Cy alkyl)-piperazin- 1-yi}-Ci-Cq

alkyl, (piperazin-1-y1-C,-Cq alkyl, pyreclidinylcarbonyl-arsine, (hydroxy-pyrrolidin-1-yi}-
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C-Cs alkyl, morpholinyl-Cy-Cy alkyl, IN-(hydroxy-C-Cg alkyl-N-C-Cq alkybamine}-C-
Cy alkyl, and (C1)N-C-Cs alkyl.
in another aspect, X' is -NH-; and @' is selected from the group consisting of Cs-

C; cyeloalky! such as cyclohexyl and pyridyl; wherein Q' is optionally substitutad with one

"

or more substituents independently selected from A';

A is independently selosted from the group consisting of hydroxy, amine, Ci-Cq
alkoxy, C-Cy alkylamino, di(C-Ce alkyDamino, amino-C-Cy atkyt, (C-Cg alkylamino -
-G alkyl, difC-Cy alkyhamino-C)-Cy atkyl, amino-C~Cy alkoxy, (C-Cg alkvlamino)-
C-Cy alkoxy, di{C,-Cy alkyDamins-Cy-Cy alkoxy, hydroxy-Ci-Cq atkyl, (C)-Cq alkoxy)-Cy-
10 Csalkyl, carbony-C,-Cy allyl, [{C-Cy alkoxy)earbonyl]-C-Co alkyl, carbamoyi-Ci-Cs

alkyl, IN-(C1-Cs alkyBoarbarmoyl}-Cy-Cs alkyl, [NN-di{(C-Cg alkyhearbamoyi]-Ci-Cq alkyl,
{C;-Cs alkyiearbonylamino, N-(C;-Cy alkyDearbonyb-N-(C-Cs alkyDamino, pyrrolidinyd,
piperidyl, and piperazinyl;
wherein the pyrrolidinyl, piperidyl, and piperaziny] defined as A are optionally
15 substituted with a substituent selected from the group consisting of C1-Cy alkyl, amine, C)-
Co alkylamine, di{C)-Cs alkyhamino, hydroxy, C-Cs alkoxy, pyrrofidingd, piperidyl, and
piperazinyl; and
wherein the alkyl moiety of the group defined as A’ is optionally substituted with a

substituent selected from the group consisting of amino, C-Cg alkylamine, di{C,-Cy

20 alkylamino, bydroxy, Ci-Ce alkoxy, pyrrolidinyl, piperidyd, and piperazinyl.
tn another aspect, X' is “NH-; ' is selected from the group consisting of
cyelohaxyl and pyridyl represented by the following formulae:
R@'i N R@gﬂ o
P ]
\\//’j\ and T ey
wherein R is amino-pigeridin- {-yL, (Ci-Cs atkyDamino- piperidin-1-yl and di{C-
25 Csalkybamino-Ci-Cy alkyl; and R™ is selected from the ercup consisting of di(C,-Cy

alkyljamine, and di(C-Cs alkyDamino-C-Cg alkyl.  In one embodiment, k% is 3-amino-
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piperidin-1-yl and R® is dimethylamino, or dimethylamino-methyl.
In one aspect, X' is a direct hond; and Q' is selected from the group consisting of
S5-membered nitrogen-containing aromatic heterocyclyl such as pyrrolyl, pyrazobyvi, and

imidazolyl, and 3- to 10-membered nitrogen-containing non-aromatic heterocyely! such as

L

pyrrolidinyl, piperidyl, piperazinyi, and morpholiny! in which the nitrogen atom of the
heteroary! or heterocyelyl attaches to the naphthylidine ring; wherein Q' is optionally
substituted with one or more substituents independertly selected from A’

In still another aspect, X' is a direct bond; and @' is selected from the group
cansisting of S-membered nitrogen-containing aromatic heterocyely! such as pyerolyl,
18 pyrazolyl, imidazolyl, and 3- to 10-membered nitrogen-containing non-aromatic
heteracyclyl such as pyrrolidingl, piperidyl, piperazinyl, and morpholingl in which the
nitrogen atom of the hetercaryl or heterocyelyl attaches to the naphthylidine ring; wherein

Q' is optionally substituted with one or more substituents independently selected from A

Alis independently selected from the group congsisting of hydroxy, amino, C-Cg

bant
W

alkoxy, C;-Cg alkylamineg, di{C-Cs alkyllamino, aming-Ci-Cy alkyl, (C1-Cy alkylamino)-
Ci-Cs alkyl, di{C-Cq alkyDamino-C-Cy alkyl, amine-Ci-Cy alkoxy, (Cy-Cs alkylamino)-

1-Cg alkony, difC-Cs alkybamino-Ci-Cy alkoxy, hydroxy-Cy-Cy alkyl, (Ci-Cy alkoxy)-Ci-
Ce alkyl, carboxy-Ci-Cq alkyl, {{C1-Cs alkony)carbonylt]-C,-Cy alkyl, carbamoyi-C-Cs
alkyl, [N-{C4-Cy alkyDoarbamoyil-C-Cs alkyl, [NN-dI{C-Cy alkylicarbamoyi}-C-Cy alkyi,
20 (C-Ce alkylearbonyiamino, NAC-Cs alkylcarbonyl-N-(C1-Cy alkyamine, pyrrolidinyi,
piperidyl, and piperazinyl

wherein the pyrrolidinyl, piperidyl, and piperaziny! defined as A' are optionally

substituted with a substituent selected from the group consisting of C-Cg alkyl, amino, Ci-

s aikylamino, di{C,-Cs alkyllamino, bydroxy, Ci-Cy alkoxy, pyirolidinyl, piperidyl, and

2
()

piperazinyl; and wherein the alkyl moiety of the group defined as A' is optionally
substituted with a substituent selected from the group consisting of amino, C;-Cy
alkylamino, di{C,-Cs alkyDamino, hydroxy, C-Ce alkoxy, pyrrolidinyl, piperidvl, and

piperazinyl.

3

'
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In one aspect, X7 is selected from the group consisting of -CO-; and R'! is selected
from the group consisting of C,-Ce alkyi and C3-C5 cycloalkyl, which are optionally
substituted with one substituent selected from the group consisting of hydroxy and a
halogen atom.

5 in another aspect, X% is -CO-; and R is selected from the group consisting of
methyl, hydroxymethy] and cyciopropyl,

In one aspect, R’ is phenyl substituted with one hydroxy and two halogen atoms.
in another aspect, R is selected from the group consisting of 3,5-dichloro-4- hydroxyphenyl,
3,5-difluoro-4-hydroxyphenyl, and 3-chlore-5-fluore-4-hydroxyphenyl.

10 According to one aspect of the invention, there is provided a the compound or a
pharmaceutically acceptable salt thereof, which is selected from the groug consisting of the
following compounds:

- -chloro-d-{irans-4-[{dimethylamineymethyllcyelochexylamine }-1,5-
paphthyridin-3- yhethanone;

15 1-{6-(3,5-dichloro-d-hydroxyphenyl}-4-{frons-4-
{dimethyiaminojeyclochexylaming]- 1,5-naphthyridin-3-ytethanone;

{-{6-(3-chioro-5-fluoro-4-hydroxyphenyiy4-{trons-4-{dimethylarminc)cyclohexyl-
amino}-1,5-naphthyridin-3-vi}ethanore,

cyclopropy(6-(3,5-dichloro-4-hydroxyphenyi)-4- {rans-4-

28 Hdimethylaminoimethyl}l- cyclohexylamino}-1,5-naphthyridin-3-vlmethanone;

{6-(3-chloro-5-flucro-4-hydroxyphenyl)-4- {frans-4-

[{dimethylamino pmethyljcyclo- hexylamino]-1,5-naphthyridin-3-
yieyelopropyDmethanone;

P-{6-(3,5-dichloro-d-hydroxypheny-4-{{frans-4-[{dimethylamino)methylleyclo-

25 bexybBlamino)-1,S-paphthyridin-3-yi}ethanone;

i-{6-(3-chioro-5-fluore-4-hydroxyphenyi-4-({1rans-4-
{{dimethylarnine)methylicyeio- hexyllamino}-1,5-naphthyridin-3-yi}ethanone;

1-{6-(3-chioro-4-hydroxy-5-methoxypheny}-4-{mrars-4-[{dimethylaminomethyl]-
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cyclohenylamino}-1,S-naphthyridin-3-ylethanone;
1-{6-(3,5-dichloro-4-hydroxypheny!}-4-( { rans-4-{2-
{(dirnethylaminc)ethylticyclohexyl}- amino)-1,5-naphthyridin-3-yljethanons;

E-{6-{3-chioro-5-fluoro-4-hydroxypheny -4~ {rans-4- [ 2-{dimethylaminolethyl]-

L

cyclobexyiamino}-1,5-naphthyridin-3-yljethanong;
{-{4-{trans-4-[(dimethylamino)methylleyelohexyiaming }-6-{4-hydroxy-3-
{triflzoro- methoxy)phenyll-1,S-naphthyridin-3-yethanone;
2,6-dichlore-4-(8- {frans-4-[{dimethylaminoymethyllcyclohexylamine} - 7-(methyl-
sulfonyl)-1,5-naphthyridin-2-yiiphencl;
ig 6-(3-chlore-5-fluore-4-hydroxyphenyly-4-{{irans-4-
Hdimethylamino)methyljeyelo- hexyll amino)-3-methyisulfonyi-1,S-naphthyridine;
6-{3-chloro-4-hvdroxy-5-methoxyphenyly-4-{ frans-4-
[{dimethylamino)methyljeyelo- hexylamino}-3-methylsulfonyl- 1, 5-naphthyridine;
2,6-dichloro-4- { 8-{rrans-4-(dimethylaminojoyclohexylamino]-7-(methyisalfony)-
15 1,5 naphthyridin-2-y1i phenol;
2,6~-dichloro-4-(8-{4-{{dimethyltamincimethyphenylamine)-7-(methylsulfonyl)-
1,5~ naphthyridin-2-yiphenac;
2-chioro-4-(8-(4-((dimethylaminoymethylphenylaming)- 7-(methylsulfonyl)-1,5-
naphthyridin-2-yi)-6-fluorophernol;
20 2~chloro-4-(8-(4-((dimethyiamino)methylphenyiamine)-7-(methylsulfonyl)- 1 5-
naphthyridin-2-vi}-6-methoxyphenot;
i-{6-(3,5-dichloro-4-hydroxypheny}-4-3-(2-(pyrrolidin-T-vDethyhphenviamino)-
1, 5-naphthyridin-3-yliethanone;
1 -(6-(3-chloro-5-fluoro-4-hydroxyphenyl-4-(3-(2-(pyrrolidin- L -yhethylphenyl-
25 aminok1,5-naphthyridin-3-ylethanone;
1-(6-(3,5-dichloro-4-hydroxypheny{)-4-(6-(2 -(dimethylamine)-ethoxypyridin-3-
vi- amino1,5-naphthyridin-3-yhethanone;
1-{6-(3-chloro-5-fluoro-4-hydroxyphenyi}-4-(6-(2-(dinethylamincethoxypyridin-

~ ey
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3-vlamino}-1,5-naphthyridin-3-yl)ethanone;
1-{6-(3-chloro-4-hydroxy-S-methoxypheayl }-4-(6-(2-
(dimethylaminolethoxy)pyridin- 3-ylaminc)-1,5-naphthyridin-3-yhethanone;
2,6-dichloro-4-(B-(6-(2-(dimethylaminolethoxypyridin-3-ylamino - 7-
5. (methylsuifonyl}-1,5-naphthyridin-2-ylphenol;
Z-chloro-4-{ §-{8-{2-(dimethylamino)ethoxy)pyridin-3-ylamino)-7-
{methyisulfonyh)- 1,5-naphthyridin-2-yl}-6-fluoraphenol;
2-chloro-4-{8-{6-(2-(dimethylaminojethoxy jpyridin-3-ylaming)-7-
(methylsulfonyl)- 1,5-naphihyridin-2-yi)-6-methoxyphenol;
10 1-(6-(3,5-dichloro-4-hydroxyohenyD-4-({ 1 -methylpiperidin-4-yhmethylamino}-
1,5~ naphthyridin-3-vljethanone;
1-{6-{3.5-dichioro-4-hydroxyphenyl-4-(frans-4-{{direthylamino-ds -
methyeyclo- hexylamino)-1,5-naphthyridin-3-ylethanone;

1-{6-(3,5-dichloro-4-hydroxypheny ! 1-4-{4-(2-{dimethylamino)-

15 ethylphenylamino)- 1,5-naphthyndin-3-yljethanone;
1-(6-(3~chlore-S-fluore-4-hydroxypheny4-(4-(2-
(dimethylaminolethyDphenviamine)-1,5-naphthyridin-3-yhethanone;
[-{6-{3-chlorg-4-hydroxy-5-methoxyphenyp-4-{4-{2-
(dirpethviamino)ethylphenyl- amino}-1,5-naphthyridin-3-ylethanone;
28 2-chloro-4-(8-(srans-4-(dimethylaminoicyciohexylamino)-7-(methylsulfonyi-1,5-

naphthyridin-2-y-6-fluorophenol;
1-(6-(3,5-dichloro-4-hydroxyphenyl-4-( i -( i -methylpiperidin-4-yi}-1 H-pyrazol-4-
vi- amino}-1,5-naphthyridin-3-yDethanone;
1-(6-(3,5-dichloro-4-hvdroxyphenyly-4-{4-((4-methylpiperazin-1-
25 yhmethyhphenyl- amino}-1,5-naphthyridin-3-yiethanone;
1-{6-(3-chioro-5-fluoro-4-hydroxyphenyii-4-(4-({(4-methylpiperazin-1-yhmethyi}-
phenyiamino)-1,5-naphthyridin-3-yijethanone,

1-{6-(3,5-dichloro-4-hydroxyphenyl)-4-{4-2~(pyrrofidin- -yhethypipendin- 1-yi)-
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i,5-naphthyridin-3-yljethanone;
1-(6-(3-chloro-5-fluore-4-hydroxypheny D-4-{4-{2-(pyrralidin- 1 -yhethyDpiperidin-
i~ y[)-1,5-naphthyridin-3-yhethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyl -4-{6-(2-{dimethylaminoJethylaminolpyndin-
5 3. ylamino}-1,5-naphthyridin-3-yl)jethanone;
1-{6-{3-chioro-5-flucre~-4-hydroxypheny D-4-(6-(2-(dimethylaminojethylamino}-
pyridin-3-ylamino)- 1, S-naphthyridin-3-yvethanone;
{S3-(4-(6-(3-aminopiperidin- 1~y jpyridin-3-ylamino}-6-{3,5-dichloro-4-hydroxy-
pheny -1, S-naphthyridin-3-yi¥cyclopropymethanone;
i0 L-(4-(2-(3-amunopyrrolidin- -yDpyrimidin-5-ylamino}-6-(3,5-dichloro-4-hydroxy-
pheny -1, S-naphihyridin-3-yDethaoong;
t-{4-{frans-4-[{dimethylaminoymethyijoyclohexylamino} -6-(1 H-pyrazol-4-yi}-1,5-
naphthyridin-3-ylethanone;
P-(6-(3,5-dichloro-4~-hydroxyphenyiy-4-{{frans-4-
1S (hydroxymethyheyelohexyllaminol- 1 3-naphthyridin-3-yethanone;
}-{6-(3,5-dichloro-4-hiydroxyphenyi -4~ {frans-4-
[{dimethylaminoymethyljeyclohexyl- aminol -1 S-naphthyridin-3-yl}-2-hydroxyethanone;
}-{6-(3,5-dichioro-4-hydroxyphenyl)-4-f{ L-methyipipendin-4-yamino}-1,5-

naphthyridin-3-vilethanone,
4 A 9

]
]

I-{6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-[{ I -methvipiperidin-4-yDaminc}-1,5-
naphthyridin-3-vi} ethanone;

F-{6-(3,5-dichloro-4-hydroxyphenyl-4-{ [frans-4-(morpholinomethyDoyclchexyi]-
amino}- 1,5-naphthyridin-3-yhethanone;

I-{6-(3,5-dichloro-4-hydroxypheny-4-{frans-4- {{(2-
25 hydroxyvethyD(methyDamino]- methyl} eyclohexylamino)- 1, 5-naphthyridin-3-y{]-ethanone;

I-{8-(3-chloro-5-fluoro-4-hydroxypheayl-4-(frans-4- {{(2-hvdroxyethyD{methyl)-
aminojmethyiieyclohexylamine)-1,5-naphthyridin-3-vl]-ethanone,

I{8-(3,5-diflucro-4-hydroxyphenyD-4-{ fraris-4-

A I
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)
W

{(dimethylaminomethyljcyciohexyl- amino}-1,5-naphthyridin-3-yiethanone;
1-{6-{3,5-dichioro-4-hrydroxyphenyl}-4-{6-[3-{dimethylamino)pyrrolidin-1-
vijpyridio- 3-ylamino}- 1 5-naphthyridin-3-yhethanone;
1-{6-(3-chloro-5-fluorc-4-hydroxyphenyi}-4- {6-f 3-(dimethylamino ypyrrolidin- i -
vi}- pyridin-3-ylamino}-1,5-naphthyridin-3-yDethanone;
1-{6-03,5-dichdoro-4-hiydroxyphenyl-4-{6-{3-{methylamino)pyreolidin- i -
vipyridin-3- viamino}-1, 5~nag)hﬁ)_yrieiEn-3-~yl)e:1‘hari()ﬂe;
1-{6-(3-chioro-5-fluorc-4-hydroxy phenyi-4- {6-[ 3-(raethylamino y-pyrrobdin- 1-v1}-
pyridin-3-ylamino}-1,5-naphthvridin-3~yDethanone;
1-(6-(1H-benzo[dlimidazol-5-yi)}-4- {irans-4-[(dimethylaminoymethyl]oyelohexyl-
arainG}-1,5-naphthyridin-3-yDethanone;
1-{4-{4-{frans-4-dimethylaminomethylcyclohexylamino}-6-{pyridin-4-y1)-1,5-

i

naphthyridin-3-yi}ethanone;

5 7-acetyl-§-{ons-4-[(dimethyiaminoymethylevelohexylaming-1,3-
naphthyridin- 2-yDpyrimidine-2-carbonitrile;
1-(6-(3,5-dimethyl- 1 H-pyrazol-4-y1-4- {trans-4-[{dimethylarmine)-methyl}-
cyclohexylaming}-1,5-naphthyridin-3-vi)ethanone;
[-(4-{irans-4-[{dimethylamino)methyllcyelohexyiamino | -6-(4-hydroxy-3,5-
dimethyl phenyl)-1, S-naphthyridin-3-yethanone;
F-(6-03,5-dichioro-4-hydroxyphenyiy-4- {6-[3-{dimethylamino)pyrrolidin-1-
yiipyadin- 3-ylammo}-1,5-naphthyridin-3-yiethanone;
1-16-(3,5-dichlore-4-hydroxyphenyly-4-{rrans-4-{pyrrotidin-1-yImethyl)-
cyciohexyl amino-1, 5-naphthyridin-3-yllethanone;
1-(6-(3-chloro-5-fluorc-4-hydroxypheny -4 { [ frans-4-(pyrrolidin-1 -
vimethyheyclo- hexyilamino} -1, S-naphthyridin-3-yDethanone;
1-(6-03,53 -dichloro-4-hydroxyphenyly-4- {rraps-4-[[4-methylpiperazin-1-vi}-
methyl}- cyclchexylamino}- 1, 5-naphthyridin-3-yllethanone;

b{4-{{6-(3-aminopiperidin- Lylipyndin-3-yljamino} ~6-(3, S-dichloro-4-hydroxy-
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phenyl}-1, S-naphthyridin-3-yijethanone;
-{4-{[6-(3-aminopiperidin- 1 -yDpyridin-3-yHamino} -6-(3-chloro-5-fluore-4-
hydroxy- phenyix1,5-naphthyridin-3-yllethanone;
i-{4-{rans-(4-aminocyclohexylamino|-6-(3,5-dichloro-4-hydroxyphenyli}-1,5-
5 paphthyridin-3-~yi}ethanone;
-{4-{rans-(4-aminocyclohexyDamino}-6-(3-chloro-5-fluoro-4-hydroxyphenyi)-
1,5~ naphthyndin-3-yi} ethanone;
-{6-(3-chioro-5-fluoro-4-hydronyphenyi-4- {#rons-4-[(4-methy piperazin-1-yi)}-
methyljcyclohexylamino} -1, S-naphthyridin-3-yDethanone;
i0 N-{#rams-4-{[3-acetyl-6-(3-chloro-5-fluoro-4-hydroxyphenyi)- 1, S-naphthyridin-4-
vi}- amino}eyelohexyl)-2-amino-3-methylbutanamide;
i-{6-(3,5-dichloro-4-hvdroxyphenyly-4-{srans-4-(piperazin-1-ylmethy -
cyciohexyl- amino]-1,5-naphthyridin-3-yliethanone;

{83 1+(4- {{6-(3-aminopipenidin- | -yljpyridin-3-vilamine}-6-(3, 5~dichioro-4-

i5  hydroxy- phenyb-1,5-naphthyridin-3-yethanone;
{8¥-1-{4-{I6-(3-aminopiperidin- 1-ypyridin-3-vi]amino}-6-3-chloro-5-fluorc-4-
hydroxyphenyl)-1, S-naphthyridin-3-yDethanoue;
N-{trans-4-{3-acetyi-6-(3,5-dichloro-4-hydroxyphenyi}-1, S-naphthyridin-4-
ylamino}- cyciohexy!}-2-aminopropanamide;
20 N-{4-[3-acety-6-(3-chioro-5-fluoro-4-hydroxyphenyl)-1,5-naphthyridin-troms-4-

vl- amincjeyeclohexyl} -2-aminopropanamide;
{S)-MN-{4-[3-acetyl-6-(3,5-dichloro-4-hiydroxyphenyi}- 1, 3-naphthyridin-trans-4-yi-
aminajoyclohexyl} pyrrofidine-2-carboxamide,
(5)-M-{4-[3-acetyl-6-(3-chloro-5-fluore-4-hiydroxygheny - 1.5 -naphthyridin-irans-
25 d-ylaminojoyclohexyl}pyrrolidine-2-carboxamide;
H-{6-(3-hydroxypyrrolidin-1-yi}-4- {trans-4-{(3-hydroxypyrrolidin-1 -
yhmethylleyelo- hexylamino}-1, S-naphthyridin-3-yDethanone;
1-{&-(pyrrolidin-1-yi}-4-[trans-4-(pyrrolidin- 1 -vimethyl}-cyclohexylamino}- 1,5-

31
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naphthyridin-3-vi} ethanone;
N-{traris-4-[3-acetyi-6-(3, S-dichloro-4-hydroxyphenyl)- 1, S-naphthyridin-4-
viaminol- cyclobexyl}-Z-amine-3-methyibutanamide;
cyclopropyl{6-(3,5-dichloro-4-hvdroxypheny-4-[irans-4-
5 (dimethylamino)eyclchenyh amino]- | S-naphthyridin-3-yi methanone;
1-[6-(3-chiora-5-fluoro-4-methoxyphenyi)-4- {frans-4-[{dimethylaminc)methyl]-
cyciohexylamino}-1,5-naphthyridin-3-yljethanone;
1-{4-{trons-4-{{dimethylaminoimethylicyclobexylamino } -6~ 1 H-pyreolo{2,3-b}-
pyridin-5-yi}1,5-naphthyridin-3-vljethanone;
ig {8)-{4-[6-{F-aminopiperidin- | -yDpyridin-3-ylaminc}-6-(3-chloro-5-fluoro-4-
hydroxy- phenyl-1,5-naphthyridin-3-yi{cyelopropybmethanone;
1e{4- {trans-4-[{dimethylaminomethyloyclohexylaming }-6-(4-methoxyphenyl)-
1,5- naphthyridin-3-yljethanone;
i-[6-(3,5-dichlor-4-methoxyphenyl)-4-{#rans-4-
15 {dimethylaminojmethyljcyclohexyl- amino}-1,5-naphthyridin-3-yljethanone;
i~{4-{trans-4-[{dimethylaminoimethyljeyciochexylamine §-6-(6-hydroxypyridin-3-
v} 1,5-naphthyridin-3-yljethanone;
5-{T-acetyl-8-{frans-4-{{dimethylaminomethyvlicyciohexylamino}-1,5-
naphthyridin-2- yipicolinonitrile;
20 P-{4-{trans-4-[{dimethylaminoimethyilcycichexylamino}-6-(4-hydroxyphenyi)-
1,5- naphthyridin-3-yethanone dihydrochior
1-[6-(3,5-dichloro-4-hydroxyphenvi}-4- {{trans-4-
{dimethylarnincjeyclchexymethyl- amino!-1,5-naphthyridin-3-yvilethanone;

1-[6-(3-chloro-5-flucro-4-hydroxyphenyl-4- {{traas-4-

[ 3]
L

{dimethylamino)eyciohexyi]- methylamine}-1,5-naphthyridin-3-yljethanons;
1-[6-(3,5-dichloro-4-hydroxyphenyt-4-(rans-4-hydroxyeyclohexylamino)- 1,5

naphthyridin-3-yijethanone;
i-[6-(3-chloro-5-fluoro-4-hydroxyphenyl}-4-(grans-d-hydroxyeyelohexylamino)-

P

y
32 -
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L,5-naphthyridin-3-yllethanone;
1-{6-(3-chlore-5-fluore-4-hydroxnypheny3-4-({cis-4-{(dimethylaminomethyl}-
cyciohexyliamino}1,5-naphthyridin-3-yl}ethanone;

{-§6-(3,5-dichloro-4-hyvdroxypheny-4-{ {cis-4-[{dimethylammoimethyl]-
cyclohexyvitaming}-1,5-naphthyridin-3-yl}ethanone;

{(R)-1-{4-[6-(3-aminopiperidin-1-yDpyridin-3-ylamino]-6-(3,5-dichloro-4-hydroxy-
phenyil-1,5-naphthyridin-3-yi} ethanone;

1+ {4-[6-C-aminopipenidin- -y hpynidin-3-ylamino}-6-{3-chlore-S-fluoro-4-
bydroxyphenyi-1, S-naphthyridin-3-v1} ethanone;

and pharmaceutically acceptable salts thereof,

According to another aspect of the invention, there is provided & compound
represented by formulda () or a pharmaceutically accepiable salt thereof, which is selected
from the group consisting of the following compounds:

1-(6-(3,5-dichloro-4-hydroxypheny! -4-{(4-{dimethylaminojcyclohexyDamino)-
1.5~ naphthyridin-3-yllethanone;

cyclopropyl (6-(3,5-dichloro-4-hydroxyphenyh-4-(4-((diroethylaminoyncthyl)-
cyclohexylamino)-1, S-naphthyridin-3-vi) methanone;

{6-(3-chloro-5-flucro-4-hydroxyphenyi-4-(4-({(dimethylaninoymethyDoyclohexyl-
amino)-1,5-raphthyridin-3-y1} {cyclopropyl) methanone;

1-(6-(3,5-dichloro-4-hydroxyphenyl-4-((4-({dimethvlaminoimethyllcyclohexyl)-
amno)-1,5-naphthyridin-3-y1) ethanone;

1-(6-(3-chloro-5-fluoro-4-hydroxyphenyi-4-{(4-
{{dimethylaminoymethyhcyciohexyl)- amino)-1,5-naphthyridin-3-yi} ethanone;

1-(6-(3,3-dichloro-4-hydroxypheny!)-4-((4-(2-(dimethylaminojethy Dcyclohexyl)-
amino}-1,5-naphthyridin-3-y1) sthanone;

(4-(6-(3-aminopiperidin-1-yl)pyridin-3-ylamino)-6-(3.5-dichloro-4-
hydroxyphenyh)- 1,5-naphthyridin-3-y}{eyclopropyhimethanone;

1-{6-(3,5-dichloro-4-hydroxyphenyl)-4- {irans-4-[{dimethylaminoymethylleyclo-
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hexylamino}~1,S-paphthyridin-3-vi}-2-hydroxyethanone;
1-{4-(6-(3-aminopiperidin-1-yDpyridin-3-ylamino}-6-(3,5-dichioro-4-
hydroxyphenyl)- 1,5-naphthyridin-3-yhethanone;
1-{4-(6-(3-aminopiperidin--yhpyridin-3-ylamino}-6-{3-chloro-5-fluoro-4-
5 hydroxy- phenyl}-1,5-naphthyridin-3-ylethanone;
§-{4-{6-(3-aminopiperidin-1-yDpyridin-3-ylamino}-6-(3,5-dichloro-4-hydroxy-
phenyl}-1, S-paphthyridin-3-yDethanone;
{4-[6-{3-aminopiperidin-1 -yDpyridin-3-ylamino}-6-(3-chloro-5-fluoro-4-hydroxy-
pheayl}-1, S-naphthyridin-3-y1} {cyclopropyl} methanone;
1D {-{4-16-3-aminopipendin- L-yDpyridia-3-ylamino}-6-3,5-dichlore-4-hydroxy-
pheoy -1, S-naphthyridin-3-yl}ethanons;
1-{4-{6-(3-ammopipenidin-1-yhpyridin-3-ylamino}-6-(3-chiore-5-fluoro-4-
hydroxyphenyl)-1,3-naphthyridin-3-yi}ethanone;
and pharmaceutically accepiable salts thercof
15 According to one aspect of the invention, there is provided a process for preparing

a compound of formula (£}

aly
5N AR
IJ NS R:’i
RYF NS R?
RS

or a pharmaceutically acceptable salf thereof according fo any one of above-mentioned (1)

a3

O N 2ot op? ool 4 ) - .
to {12}, wherein % is NH-; and X% R', RY B’ and R are the groups as defined in any one
2¢  of above-mentioned (1) to {10} or in the other descriptions hereinbefore, which comprises:

reacting a compound represented by formula (IVY):
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W

10

av

wherein X%, R', B2 RS, and R are the groups as defined hereinbefore, with the
provisc that the groups may have one or more protecting groups; and X' and X' are
independently selected from a halogen atom such as a chlorine atom; with a compound
represented by formula (V)

Q'"NH: (V)

wherein Q' is the group as defined above, with the proviso that the groups may

have one or more protecting groups; to obtain a compound represented by formula (11):

Q.‘;

\f\ RH
R"'R
(1),

According to another aspect of the invention, there is provided a process for

preparing a compound of formula (I

ol
X
RY EN\\ e R g
RY O NTTR?
3
R o

or a pharimaceutically acceptable salt thereof according to any one of above-mentioned {1}
to (11), wherein X' is -NH-; R’ is pheny! optionally substituted with one or more
substituents independently selected from A’ and QL XL XA R RY R, and R are the
groups as defined i one of above-mentioned (1) to (10} or in the other descriptions

hereinbefore; which comprises:
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reacting a compound represented by formula (V)

X12
11 2
RN RE
RB

R R L R T . :
wherein X%, R, RY R, and R are the groups as defined hercinbefore, with the

av)

5 independently selected from a halogen atom such as a chiorine atom; with a compound
represented by formula (V)
QNH: (V)
wherein Q' is the group as defined hereinbefore, with the proviso that the groups

may have one or more protecting groups; {o obtain a compound represented by formula (11x

1
Q\X‘
11 2
X l,N TJ‘\IXNRH
R ONTOR?
3
16 R (1; and
reacting a compound represented by formula (31
1
Qe 51
11 2
X1 l,N\IJ\\ RSy
TN T
R4L( N7 TR?
3
R (an

. 2 nil p? pl 4 - -
wherein QE, x, X5 RV, RO RY, and R are the groups as defined above, with the
. . N 11
proviso that the groups may have one or more protecting groups, and X 'is a halogen atorm;

15 with a compound represented by formula (I

_16-



WO 2013/109388 PCT/US2012/071434

OR™ iy

wherein R is as definad above with the proviso that the group of RY may have one
or more profecting groups; and R’ and R™ are independently selected from the group
consisting of C1-Cg alkyl, or R7 and R™ together with the boron atom to which they are
5 attached forms 5- to 7-membered cvelic boronic acid ester optionally substituted with one
or more substituents independently selected from the group consisting of C-Cg alkvi.
In one aspect, the protecting group to protoct ~MNH- and/or -NH; 1s selected from
the group consisting of C-C; alkylcarbony! (e.g. acetyl), Ci-C; alkoxycarbonyl (e.g.
methokycarbonyl, ethoxyearbonyl, and tert-butoxyearbonyll, phenvl{Ci-Cs alkoxyicarbonyl
it {e.g. benzyloxycarbonyl), (Ci-Co alkoxyYCi-Cs alkyl {e.g. methonymethyh), phenyl{C-Cs
afkoxyymethyl {e.g. benzyloxymethylh), and {phenyvh(C-Cs alkyl {e.g. benzyi), and the
protecting group to protect hydroxy is selected from the group consisting of C;-C¢
alkyicarbonyl {e.g. acetyl), C-Cs alkoxycarbouyl {(o.g. racthokycarbonyl, ethoxycarbonyl,
vi, (Ch-Ce

v
-

and tert-butoxyearbonyl), phenyiC,-Cs alkoxy)earbonyl {e.g. benzyvioxyearbon

U

alkoxyDDC-Cs alkyt {e.g. methoxymethyl), phenylC,-Cy alkoxyimethyi {e.g.

benzyloxymethyl), {phenvl)C,-Cy alkyvi {o.g. benzyl), wi{Ci-Cy alkyixilvl (e.g

{157

A
trimethyisiivi, and tert-butyl-dimethyisilyl), di{C-Cq alkyhiphenyisilyl, (C-Cy
alkylydiphenylsilvl, and triphenylsiiyl.  Furhter, the carboxy group may be protected with
Ci-Cs atkyi {e.g. methyl and ethy), (phenyDC-Cq atkyl (e.g. benzyD), {C-Co alkoxyHC-Cq

26 alkyi {e.g. methoxymethyl) or phenyl(C1-Cy alkoxyiCi-Co alkyl (8.2, benzyloxymethyl) to
form the corresponding ester,

According to one aspect of the invention, there is provided a cempound

represented by formula (1) or a pharmaceutically acceptable salt thereof:
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leﬁ
XN A e,
R“”E“E\/ NTTR?
R3 {0

wherein Q"ﬁ %% R RA RY and R are the groups as defined in one of above-

mentioned (1) to (10} with the proviso that -NH- and/or -NH; containing in the groups may
have one or more protecting groups selected from the group consisting of C-Ce

5 alkylcarbonyl (e.g. acetyl), Ci-Cyalkoxyearbonyl {e.o. methokycarbonyl, ethoxycarbonyl,
and tert-butoxycarbonyl), pheayl{C;-Cy alkoxny)earbonyl (e.g. benzyloxycarbonyl), (C-Ce
alkoxyHC-Cy alkyl {e.g. methoxymethy), phenyRC,-Ce alkoxyymathyl {e.g.
benzyloxymethyi), and benzyl; and X'’ is a halogen atom.
BRIEF DESCRIPTION OF DRAWINGS

10 Figure | s composed of a series of graphs, (a)-{e), depicting /n vitro anti-

protiferative activity of Compoond Example 6. The graphs ind_icate growth inhibition
curves of Compound Example 6 for various types of human cancel cell ling; (a) A549 (lung
cancer), {b) T47E (breast cancer), (¢) DU4475 (breast cancer), and {(d) 22Rv1 {prostate

cancer) cells, in which MELK i3 highly expressed, as well as (¢) HT1197 (bladder cancer)

[
o

cell line , in which MELK expression is hardly detectable,

Figure 2 is composed of a series of graphs, (a)-(h), depicting mice xenograft
models showing the effectiveness of Exanple 6 on the growth of various human cancer
xenograft.  Nude mice bearing {a,h) MDA-MB-231 {(triple-negative breast cancer), {¢,d)
A545 (lung cancer), (e} DU145 {prostate cancer), or (f} MiAPaCa-Z {pancreatic cancer)

20 were treated with either vehicle control or Compound Example 6 of given concentrations
for 14 days. The administration doses were {a) 20 mg/kg intravenously once every two
days or (b} 10 mg/kg orally once a day for MDA-MB-231; (¢} 1, 5, or 10 mg/kp
intravenously once a day or (d) 5 or 10 mg/'kg orally once a day for A549; {e) 10 mg/kg

orally once a day for DU145; and () 10 mg/kg orally once a day for MiAPaCa-2. Mean

- 38 -



WO 2013/109388 PCT/US2012/071434

<

tumor volumes & 3D (0 = 6 for sach wreatment group) are shown. (g) Lysates of tumor
samples taken from AS549 and PC-14 xenograft mice were immunoblotted with anti-MELK
and anti-ACTE antibodies. (k) Compound Example 6 was admiaistered to nude mice
bearing PC-14 (MELK-negative bladder cancer cells) at a dose of 10 mg/kg orally once a
day. Mean tunor volumes + 8D (0 = 3 per group) are shown,  Lv. g.2d; intravenously
once every two days, Ly, q.d.; intravenously once a day, p.o. q.d.; orally once a day.

Figure 3 is composed of a series of graphs, (a)-(f), depicting the Effect of Example
& on body weight for mice xenograft meodels.  Nude mice bearing {a,b) MDA-MB-231
{MELF.-positive, triple negative breast cancer), (g,d) A549 (lung cancer), {¢) DU145
{prostate cancer), or () MIAPaCa-2 (pancreatic cancer) cells were administered either
vehicle control or Compuund Example 6 for 14 days.  Mean relative body weights = SD {n
= 6 per each treatraent group) in comparison with the mean body weight just before the
adminisiration {day €} are shown. The mean relative body weights after 14 days of
administration were: {a) 0.93 for 20 mg/kg intravenously once every two days. in MDA-
MB-231; (b} 0.89 for 10 mg/kg orally once a day in MDA-MB-231; (23 1.06 for 1 mg/kg
intravenously once a day, 1.03 for 5 mg/kg intravenously once a day, and 1,00 for 10 mg/kg
infraventously once a day in AS4%; {d) 0.99 for 5 mg/kg orally once a day, and 8.98 for 1¢
mg/kg orally once a day m A549; (e} 8.96 for 10 mg/kg orally once a day in DUT4S; (B
0.97 for 10 mg/kg orally once a day in MIAPaCs-2.  iv. ¢.2d; intravenously once every
two davs, Lv. q.d.; intravenously once a day, p.o. q.d.; orally once a day.
DESCRIPTION OF EMBODIMENTS

An object of the present mnvention to provide a compound having inhibitory
activity against MELK, which is useful for treating proliferative diseases such as cancer,
and a pharmaceutical composition somprising the compound.  Another object of the
present invention is to provide a method for treating and/or preventing a proliferative
discase. A further object is to provide a process for preparing the compound.

Hereinafter, a compound represented by formula (1) will be referred to as

compound (1),  The same applies & the compounds represented by the other formula

-39-
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mumbers. It must be noted that as used herein and i the appended claims, the singular
forms “a”, “an”, and “the” include plural raference unless the context clearly dictates
otherwise. Thus, for example, reference to a “group” is a reference to one or more groups,
unless otherwise noted.

in the definitions of each of the groups of formulas indicated above, the “C-Cs

A3

alkyl”, and the C;-Cq alkyl portion of “C,-Cs alkoxy”, “C-Cs alkylamine”, “di{C~Cs
alkyDamino”, (C,-Cs alkyDearbonyl and the like mean a straight-chain or branched-chain
alicy! group having one to six carbon atoms.  Specifically, examples of the “C;-Cq alkyl”
and the “C;-Cq alkyl portion™ include methyl, ethyl, propyl, iscpropyl, butyl, isobutyi, sec-

18 butyl, tert-butyl, pentyl, T-methyibutyl, T-ethylpropyl, 2-methylbutyl, isopentyl, tert-pentyl,
1, 2-dimethylpropyl, neopentyl, hexyl, 1-methylpentyl, T-ethylbutyl, 2-methyipentyl, 3-
methyipentyl, 4-methylpenivl, isohexyi, 1,1-dimethylbutyl, 1,2-dimethylbutyl, 1,3-
dimethylbutyl, 1-isopropylpropyl, 1-ethyl-i-methylpropyl, 2,3-dirnethyibutyi, 3,3-
dimethylbutyl, 2,2-dimethylbuotyl, Z-ethylbutyl, and 3-ethylbutyl, but are not limited thereto.

15 The “Cy-Co atkenyl”, and the C;-Cy alkenyl portion of “Co-C,, alkenvioxy” and the
like mean a straight-chain or branched-cham alkeny! group having two to six carbon atoms
and one o three double bonds.  Specifically, examples of the “C;-Ce alkeny!” and the “C,-
Ce atkenyl portion” include etheny! {vinyl}, T-propen-1-vl, 2-propen-1-y1 (allvl}, propen-2-
yi, L-buten-i-yl, 2-buten-1-y¥{, and 1,3-but-dien-1-yl, but are not limited thereto.

24 The “Co-Cs atkynyl”, and the Co-Cs alkynyi portion of *“Ca-Co alkynylioxy” and the
fike mean a straight-chain or branched-chain alkyny! group having two to six carbon atoms
and one to three triple bonds.  Specifically, examples of the “Ci-Ce alkynyl” and the “Cs-
Cs alkynyl portion” include ethynyl, I-propyn-1-yl, 2-propyn-1-vl (propargyl}, propyn-2-vi,

F-butyn-1-yl, 2-butyn-1-vi, and 1,3-but-diyr-1-y{, but are not limited thereio.

2
h

in this specification, the Cy-C¢ alkyl portion in each group has the same definition
as the aforementioned “,-Cs alkyl portion” unless otherwise noted.  In a case that a group
contains plural C;-Cy alkyi portions, the C-Cy alkyl portions raay be same or different,

Specific examples of “Ci-Cs alkoxy™ nclude methoxy, ethoxy, propoxy,

_40-



WO 2013/109388 PCT/US2012/071434

isopropoxy, isobutyloxy, tert-butyloxy, butoxy, pentyloxy, and hexyloxy, but are not limited
thersto.
The “C-C;s alkoxyearbonyl” refers to a monovalent group represented by -
CE=0Y0-{Cr-C alkyl).  Specific examples of “C-Cy alkoxycarbonyl™ inchude
5 methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl,
tsobutvloxycarbonyl, tert-butoxycarbonyl, butoxycarbonyl, pentyloxycarbonyl, and
hexyloxycarbonyl, but are not limited thereto,

-~

The “(C1-Cg alkyDearbonyi” refers to 2 monovalent group represented by -C{=0})-
{05 alkyD). Specific examples of “C-Cy alleylecarbony!” include methylcarbonyl (e
16 acetyl), ethylearbonyl, propylearbonyl, isopropylearbonyl, isobutylcarbonyl, tert-
butylearboayl, buivlcarbonyl, pentylcarbonyl, and hexylearbonyl, but are not Himited thersto,
Specific examples of “C,-Cs alkylamine” inchide methylamino, ethylamine,
propylamino, isopropylamino, butylamino, isobutylamine, sec-butylamine, and tert-
butylaming, pentylamino, but are not limited thereto.
15 The alkyi portions of “dy(,-C alkylaming” may be same or different.  Specific
examples of “di(Cy- 4 alkyDamine” include dimethylanuno, diethylaming, dipropylamino,
diisepropylamine, dibotylamino, discbutylamino, di{sec-butyllamino, didtert-butyDaming,
dipentylamino, ethyl{methyDamino, propyl{methyDamino, isopropyi(methyllamino,
butyl{methyllamino, iscbutyl{methyljamino, sec-butyi{methyljamino, tert-
20 butyi(methybDaming, and pentyimethyDamino, but are not limited thereto.
The formula: -S(O), R represents -5 spP {(n=0), -SO R (n=1}, and —8O,R" {n=2),
and the examples include “C-Cq alkylthio” such as methyithio, ethylthio, and isopropylthio,
C,-Cy alkylsulfonyl” such as methylsulfonyl, ethylsulfonyl, and isopropylsulfonyi, and

“Ci-Cg alkylsulfinyl” such as methyisulfiny, ethylsulfinyl, and sopropyisulfinyl, but are

N
h

not limited thereto.  This will apply to definitions of the formulae -3(0), ®Y and wS(O}nRBT.
Specific examples of “a halogen atom” mclude a fluorine, a chlorine, a bromine,
and an jodine atoms.
The term “Cia-Cyg eyeloalky!” refers to a saturated monocyclic hydrocarbon group

-4
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]

(s}

having three to ten carbon atoms, and a bridged cyclic hydrocarbon group having four to ten
carbon atoms which is formed when two or more saturated monocyelic hydrocarbons share
two or more carbon atoms.  The term “Ci-Cyp cyeloalkyl™ also encompasses a cycloalkyl
group condensed with an aromatic or non-aromatic carbocyclic ring to form a bicyelic
group.  Specifically, examples of “Cy-Cyq cycloaliy?” include saturated monoeyelic
hydrocarbon groups such as cyclopropyl, eyelobutyl, cyclopentyl, cyclohexyl, cycloheptyi,
and eyelooctyl, and bridged cyclic hydrocarbon groups such as adamantyl, but are not
himited thersto,

The term “Ce-Crp aryl” refers to an aromatic carboeyclic group having six to ten
carbon atoms, and encompasses an aromatic carbocyvelic group condensed with an aromatic '
or non-aromatic carbocyclic ring to fora a bicyclic group.  Specific examples include
phenyl, I-naphthyl, 2-napbthyl, and 2.3-dihydro- 1 H-indenyl, but are not limifed thereto.

The term “5- to 10-membered heteroaryl” refers to an aromatic heterocyelic group
having one or more heteroatoms, preferably one to three heteroatoms, selected from the
group consisting of a nitrogen atom, an oxygen atom, and a sulfur atom.  The term “3- to
{0-membered heteroaryl” encompasses an aromatic heterocyclic group condensed with an
aromatic or non-aroraatic carbocyclic ring or an aromatic or nop-aromatic heterocyelie ring
to form a bieyelic group, and also encompasses an aromatic carboeyelic group condensed
with an aromatic or non-aroraatic heterocyclic ring to forn a bicyclic group.  Specific
examples include furyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiazolyl, isothizzolyl, thiadiazolyl, triazclyl, fetrazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, triazinyl, benzofuranyl, benzothiophenyl, benzoxazolyl,
benzothiazolyl, isoindolyl, indolyl, 1H-indazolyl, benzimidazolyl, benzotdazoly,
oxazolopyrimidinyl, thiszolopyrimidinyl, pyrrolopyridinyl, pyrrolopyrimidiny,
imidazopyridinyl, purinyl, quinelinyi, isoguinolinyl, cinnolinyi, phthalazinyi, quinazolinyi,
guinoxalinyl, naphthyridinyl, pyridopyrimidinyl, [1,2,4] triazclo] 1,5-alpyridyl, and
pyrrolo[2,3-blpyridyl, but are not limited thereto.  Particularly, thienyl, pyrrolyl,

imidazolyl, isoxarolyl, pyridvl, pyrimidinyl, pyrazoiyl, 1H-indazolvl, benzimidazolyl,

A
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1.2 4%triazolol 1, S-alpyridyl, or pyrroloi2 3-blpyridyl is preferred.
H P P pyniaytis p

«Mw Ea?

The term “3- to 10~-membered non-aromatic heterocyelyl” refers to a non-aromatic
heterocyclic group having one or more heteroatoms, preferably one to three heteroatoms,
selected from the group consisting of a nitrogen atom, an oxygen atom, and a sulfur atom,

o

The term *“3- to 10-membered non-arematic heterocyclyl” encompasses a non-aromatic
heterocyclic group condensed with an aromatic or non-aromatic carbocyelic ring or an
arematic or non-gromatic heterocychc ring to form a bicyclic group, and also encompasses
armra-varmnai:ic carbosyclic group condensed with an aromabic or non-aromatic heteroeyelic
ring to form a bicychc group.  Specific exanmples include azindinyl, azetidinyl,
pyrrofidinyl, piperidyl (including piperidino), azepanyl, 1,2,5,6-tetrabydropyridyt, 1,2,3,6-
tetrahydropyridyl, imidazolidingd, pyrazolidinyl, piperazinvl, homopiperazinyl, pyracolinyl,
oxiranyl, tetrahydrofuranyl, tetrahydro-2H-pyranyl, 5,6-dihydro-2H-pyranyi, oxazolidinyl,
morpholinyl (including morpholino), tetrahydrothiophenyl, tetrahydro-2H-thiopyranyl,
thioxazolidinyl, thiomorpholinyl, 2H-oxazolyl, ZH-thioxazolyl, diliydroindolyl,
dibydroisoindolyl, dihydrobenzofuranyl, benzotmidazohidinyl, 2, 3-dihydrobenzimidazoiyl,

2,3-dihydrobenzoxazoiyl, diliydrobenzothioxazolyl, benzedioxolinyl, tetrahydroquinolyl,
tetrahydroisoquinolyl, dibydro-2H-chromanyl, dibydeo- TH-chromanyl, dibydro-2H-
thiochromanyl, dihydro-1H-thiochromanyl, tetrahydroquinoxalinyl, teteabvdroquinazolinyl,
dihydrobenzodioxanyl, oxetanyl, 1,2-dihydropyridyl, i-azabicyclo{2.2.2]octan-3-v1, 2,5-
azabicyclo[2.2. 1iheptyl, 8-azabicyclo[3.2.1loctyl, piperidin-4-spiro-3°-pyrrolidin-1-vi, and
isoindolyl, but are not Himited thereto.  In particulay, azetidiny], pyrrolidinyl, piperidine,
piperidyl, piperazinyl, morpholino, morpholinyl, 1,2-dihydropyridyl, 1,2,3,6-

f’\ n

tetrahydropyridyl, 1-azabicyelo[2.2. 2)octan-3-v], 2,5-azabicyclo[2.2 1 thepty, 8-
azabicyclo{ 3.2, octyl, 2,3-dihydrobenzimidazolyl, or pipenidin-4-spire-3"-pyrrotidin~-1-v!
Is preferred.

i)'}

The term “3- to 10-membered nitrogen-containing heterocyely!” refers to an
aroraatic or nop-aromatic heterocyelic group having one nitrogen atom and one or more

additional heteroatoms, preferably one to three hetercatoms, selected from the group

- 43 .
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consisting of a nitrogen atom, an oxygen atom, and a sulfur atom. The term “3- 1o 1§-
membered nitrogen-contaiming heteroeyelyl” encompasses a heterocyelic group condensed
with an aromatic o1 non-aromatic carbocyclic ring or an aromatic or nos-aromatic
heterocyelic ring to form a breyclic group.  Specific examples include azindinyl, azetidinyl,

5 pyrrolyl, pyrrolidiny, piperidyl (including piperidine), azepanyl, imidazolyl, pyrazolyl,
triazolyl, tetrazolyl, piperazinyl, and morpholinyl.

Specific examples of “(Ca-Cp cycloalky -0 Oy alkyl” include (Ch-Cig
cycloalkyl}-Ci-Co alkyl, namely (Cs-Cip cycloalkyll-methyl such as cyclopropyimethyl,
cyclobutyimethyl, evclopenivimethyl, cyclohexvimethyl, cyclcheptylmethy! and

10 cyclooctylmethyvly 1-(Cs-Cyg cycloalkyib-ethyl such as T-cyclopropylethyl, -eyelobutylethyl,
I-cyclopentylethyl, 1-cyclohexylethyl, 1-cyciobeptyviethyl and 1-cyclooctylethyl; and 2-(Cs-
Cip eyeloalkyl-ethyl such as 2-cyclopropylethyl, 2-cvclobutylethyl, 2-cyclopentylethyi, 2-
cyclohexylethyl, 2-cyclcheptylethyl and 2-cyclooctylethyl.  Specific examples of “(Ce-Cyy

ry1}-Ci-Cs alkyl” include {(Ce-Cie aryl}-Ci-Co alkyl, namely {Ce-Cig arvi-methyl, such as

7

o

3

{5 benzyl 2-pheoviethyl and I-phenylethyl.  Specific examples of (5- t0 10-membered
heteroaryl}-Cy-Cy alky! inclade (5- 10 18-membered heteroaryl)-C-Cy alkyl, namely (3~ o
t0-membered heteroary-methyl such as pyridvimethyl, namely pyridin-2-yvimethyl,
pyridin-3-ylmethyl, and pyridin-4-ylmethyl.  Specific examples of “(3- to 10-~membered
non-aromatic heteroeycivl)-C;-Cq alkyl” include namely (3- to 1¢-membered non-aromatic

20 heterocyelyl)-C;-C; atkyl, (3- to 18-membered non-aromatic heterocychyl}-methyl such as
piperidyimethyl, namely piperidin-1-yimethyi (i.e. piperidinomethyl), piperidin-2-ylmethyi,
piperidin-3-yimethyl, and pipendin-4-yimethyl; piperazinylmethyl, namely piperazin-1-
yimethyl, and piperazin-2-yhmethyl; and morpholinylmethvl, namely morpholin-2-yimethyl,
morpholin-3-yimethyl, and morpholin-4-yimethy! (i.e. morpholinomethyl).

25 Specific examples of aminoe-Ci-Cq alkyl include aminomethyl, -aminoethyl, 2-

aminoethyl, 1-aminopropyl, 2-aminopropyl, 3-aminopropyl.  Specific examples of (C,-Cq

alkylaming)-C -y alky! include (methylamino)-C,-Cg alky! such as (methylamino}methyl,

t-{roethylamino)ethyl, 2-(methylaminojethyl, I-(methylamins)propyi, 2-

- 44 -
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{methylamine)jpropyl, 3-(methylaminojpropyl, and (Ci-Cy alkylamine -methyl such s
{methylamino)methyl, {ethylaminoimethyl, (propylamine)methyl, (isopropylaminoimethyl,
{butylamino}methyl, (isobutylaminoimethyl, (sec-butylamine)methyl, (tert-
butylamine)methyl, and (pentylaminolmethyl, but are not Hrmited thereto.  Specific
examples of di{C;-C; alkyDamino-Cy-Cy alkyl include (dimethylamino)-C-Cs alkyl such as
{dimethylaminoimethyl, 1-(dimethylaminolethyl, 2-(dimethylamino)ethyi, 1-
{(dimethylamino)propyl, 2-(dimethylamino)propyl, 3-(dimethylaming)propyi, and diC,-Cq
alkyhamino-methyl such as (dimethylamino)raethyl, {(diethylaminomethyl,
{dipropylamincimethyl, (diisopropylamine ymethyl, (dibutylamino¥methyi,
(ditscbutylaminolmethyl, [di{sec-butyDamino]-methyl, [{tert-butyljaminc methyl,
(dipeniylaminoynethyl, [ethyl(methyDaminojmethyl, [propyl{methyhaminometyi,
{isopropymethyDaminolmethyl, [butyi{methyDamincimethyi,
[isobutymethyllaminojmethyl, [sec-butyl(mettyDaminceimethyl, ftert-
putyl{methylDaminolmethyl, and [penivi(uethyDaminojmethyl, but are not Hmited thereto.
Specific examples of amine-C-Cg alkoxy include aminomethoxy, 1-aruinoethoxy,
2-aminoethoxy, -aminopropoxy, 2-aminopropoxy, 3-anunopropoxy.  Specific examples
of {C-Cy alkylamino}-Ci-Cp alkoxy include (methylamine)-C,-Cq alkoxy such as
{methylaminoymethoxy, |-(methylamino)ethoxy, 2-(methylamino)ethoxy, 1
{methylaminojpropoxy, 2-(methylaminaejpropoxy, 3-(methvlaminolpropoxy, and (C-Cy
aikylamino)-methoxy such as (methylamino)methoxy, {ethylaminc)methoxy,
{propytaminepnethoxy, (isoprepylaminonethoxy, (butylamine ymethoxy,
{isobutylamino)methoxy, (sec-butylaminoimethoxy, (fert-butylaminojmethoxy, and
{pentylaminoymethoxy, but are not limited thereto,  Specific examples of di{C-Cq
kylamino-C-Cs alkoxy include (dimethylamine)-C-Cq alkoxy such as
(dimethylaminomethoxy, 1-(dimethylamino)ethoxy, 2-(dimethylamino)ethoxy, 1-
(dimethylamino)propoxy, 2-{dimethylamincipropoxy, 3-(dimethylaminc)propoxy, and
di{C-Cy alkyDamino-methoxy such as (dimethylaminoynethoxy, {diethyviaminoimethoxy,

{(dipropylaminomethoxy, (diisopropylaminoimethoxy, (dibutylaminoimethoxy,

- 45 .
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(diisobutylaminoymethoxy, [di(sec-butyDaraine]-methoxy, [ditert-buivlaminolmethoxy,
{dipentylaminoymethoxy, [ethvi{rmethyDaminchmethoxy, [propyl(reethyvhaminoimethoxy,
tisopropyi(methyDaminofmethoxy, [butyl{methyDamincimethoxy,

lisobutvi(methyDaminolmethoxy, [seo~-butvi{methyDamincjmethoxy, {tert-

L

butyli{methyDamincimethoxy, and [pentyl(methyDamino]methoxy, but are not limited
thereto.

Specific examples of hydroxy-Ci~Cq alkyl fnclude hydroxymethyl, 1-hydroxyethyl,
2-hydroxyethyl, I-hydroxypropyl, 2-hydroxypropyl, 3-hydroxypropyl.  Specific examples
of {C-Cy alkoxy)}-Cy-Cs alkyl include methoxy-C-Cg atky! such as methoxymethvi, 1-
i¢  (methoxylethyl, 2-(methoxy)ethy!, 1-{methoxyipropyl, 2-(methoxylpropyl, 3

{methoxypropyl, and (C-Cq alkoxymethy! such as {methoxy)methyl, (ethoxymethyl,
{propoxy iaethyl, (sopropoxyimethyl, {butoxymethyl, {isobutoxy methyl, (sec-
butoxyjmethyl, (fert-butoxy)methyl, and (pentoxyinethyl; but are not limited thereto.
Specific examples of carboxy-Ci-Cs alkyl include carboxymethyi, 1-carboxyethyl,
15  2-carboxyethyl, 1-carboxypropyl, 2-carboxypropyl, and 3-carboxypropyl, but are not
limited thereto.  Specific examples of [{C,-Cy alkoxy)carbony§-C -Cy alky! nclude
methoxycarbonyl-Cy-Cy alkyl such as methoxycarbonyl-methyl, 1-(methoxycarbonyljethy,
2-{methoxycarbonyllethyl, -(methoxycarbonyhpropyl, 2-(methoxycarbonylipropyl, and 3-
(methoxycarbonyhpropyh and {(C-Cq alkoxyjcarbonylimethyl such ag
20 {methoxycarbonyDmethyl, [-{methoxycarbonyiethyl, 2-{methoxyecarbonylethyl, 1-
{raethoxycarbonypropyl, 2-(methoxycarbonylipropyl, and 3-(methoxycarbony)propyl; but
are not imited thereto.
Specific examples of carbamoyl-C g alkyi include carbamovimethyl, 1+
carbarnoylethyl, 2-carbamoyiethyl, {~carbamoylpropyi, 2-carbarmoylpropyl, and 3-
25 carbamovlpropyl, butf are not limited thereto.  Specific examples of [MN-(C-Cq
alkyljcarbamoyl}-C;-Cg alky! include N-methyicarbamoyi-Ci-Ce alkyl such as N-
methylecarbamoybmethyl, -{ Nomethylearbamoyijethyl, 2-(homethylcarbamoyilethvl, i-

{methyicarbamoyDpropyl, 2-(N-methylcarbamoyhpropyl, and 3-(N-

T
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methylcarbameyDpropyt; and [N-(C1-Cs alkuylicarbamoyl]-methy! such as (N-
methylearbamoyiimethyl (N-ethylecarbamoyDmethyl, Ml-propyicarbamoyDmethyl, (N-
isepropylcarbamoyDmethyl, (N-butylcarbamoy Dmethyl, N-(tert-butyDearbaraoyimethy}
and [N-{sec-butyDearbamoyimethyl; but are not limited thereto.  Specific examples of

P N-dH(C-C alkylicarbamoyl}-C-Ce alkyl fnclude (N N-dimethyicarbamoyi}-Ci-Cq alkyl
such as (N, M-dimethylcarbamoylimethvi, 1-(0, N-dimethylcarbamoylethyl, 2-04,N-
dimethylcarbamaoyDethyl, 1-(0NN-dimethyt carbamoypropyl, 2-(N,N
dimethylcarbamoylpropyl, and 3-(MN,N-dimethvicarbamovipropyl; and [NMN-di{C;-Cq
alkyhearbamovi]-methyi such as (N, N-dimethyl carbamoylmethyl, (N, N-
diethylcarbamoymethyi, (N, N-dipropylearbamoyymethyi, (N,N-
dissopropylearbamoymethyl, (N N-dibotylearbamoy Dmethyl, (N,N-
diisobutylcarbamoyiimethyl, [N, N-di{sec-butytcarbamoylimethyl, [N N-di{tert-
butyhearbamovimethyl, (N, N-dipentylearbamoylimethyl, [Nosthyl-N-
(methyDearbamoylimethyl, {N-propyl-N-{methyDcarbamoyimethyl, {(N-isopropyl-N
{methyljcarbamoylimethyl, N-butyl-N-{methyljcarbamoyimethvl, [N-isobuty}-N-
{methyDearbamoylimethyvl, [N-sec-buty-N-{methyljcarbamoyl|methyl, [N-tert-butyl-M-
{ruethyDearbamoylimethyl, and [N-pentyl-N-{methyicarbamoylimethyl; but are not limited
thereto.

.

Specific examples of (C-C; alkyicarbonylamine include methylcarbonylamino,
ethylcarbonyiaming, propylearbonyviamine, isopropylearbonylamine, butylcarbonylaming,
isobutylearbonylamino, sec-butylcarbonylamine, tert-butylcarbonylaming, and
perdyicarbonylaming, but are not iimited thereto.  Specific examples of N-{C-Cs
alkylearbonylNe{C-Cy alkyDaming incinde NoacatylN-(C-0, alkyDamino such as N-
acetyl-MN-methylamino, N-acetyl-N-ethylamino, N-acetyl-N-propylamino, N-acetyl-MN-
isopropylamino, N-acetyl-N-butylamino, N-acetyi-N-isobutylamino, N-acetyl-N-see-
butylarnino, N-acetyl-N-tert-butylamino, and N-acetyl-M-pentylamino; and N-(C;-C
alkyljcarbonyl-N-{methyllamino such as Neaceiyl-N-{methyhamino, Neethyicarbonyl-N-

(methyhamino, M-propylcarbonyi-N-{methy Damino, N-isepropylcarbonyl-N-
3 3 : 4 ¥ Prop) b
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{methylamino, N-isobutylcarbonyl-N-(methylamino, N-tert-butylcarbonyl-N-
{methyiamino, N-butylearbonyl-N-{raethyDamino, N-pentylcarbonyl-N-{methyDamino,
and N-hexylcarbonylt-N-(methy)amino, but are not limited thereto.

Spectfic oxamples of §- 1o 7-membered cyelic boronic acid ester are indicated by

the following formulae:

Pharmaceutically acceptable salts of compound {1) mean, for example,
pharmaceutically acceptable acid-added salts, amino acid-added salts, or such.  Specific
exaraples of the pharmaceutically acceptable acid-added salts of compound () include
inorganic acid salts such as hydrochloride, sulfate, and phosphate, organic acid salts such as
acetate, maleate, flumarate, citrate, and such, and examples of pharmaccutically acceptable
amino acid-added salts include addition salts such as of lysine, glycine, phenylalanine,
asparagine acid, or glutamic acid.  Particulaly, Pharmaceutically acceptable salts of
compound (I} include hydrochloride salt, dihydrochloride salt, and tribydrochloride salt.

Examples of discases involving overexpression of MELK, which may be treated
and/or prevented by pharmaceutical compositions comprising as an active ingredient a
compound or a pharmaceutically acceptable salt thereof of the present invention, include
cancer, breast cancer, bladder cancer, cervical cancer, cholangiocelular carcinoma, chronic
myeloid leukernia {CML), colorectal cancer, endometriosis, esophagus cancer, gastric
cancer, liver cancer, non-small cell lung cancer (NSCLC), tvymphoma, osteosarcoma,
ovarian cancer, pancreatic cancer, prostate cancer, renal carcinoma and smalf cell tung
cancer {SCCY, but are not imited thereto,  Examples of the cancer which may be treated
and/or prevented include breast cancer, bladder cancer, cervical cancer, cholangiocellular
carcinoma, CUML, colorectal cancer, endometriosis, esophagus cancer, gastric cancer, liver
cancer, NSCLC, lymphorna, ostecsarcoma, ovarian cancer, papcreatic cancer, prostate

cancer, renal carcinoma and SCC, but are not liratted thereto.
? b
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Compound (1) includes compounds which may have stereoisomers such as
regioisomers, geometrical isomers, optical isomers, and tautomers, and all possible isomers
including them and mixtures thereof ace included b the present invention,

Compound (1) also includes compounds having one or more minor stable isotopes

5 orradio isotopes such as °H, 1, PC, UC, PN, 0 and the ke, which can be preprared in
line with comventional procedures for preparing a compound with one or more isotopes
indicated above.

Furthermore, compound (§) and pharmaseutically acceptable salis thereof may exist
in a form of solvate with water (hydrate) or various other solvents, and these solvates are

10 also included in the present invention.
Specific examples of Compound (1) of the present invention are shown in Table 1.

However, compounds of the present invention are not limited thersto,
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Compound () and pharmaceutically acceptable salts thereof may be administered
singly as they are; however, ordinarily, they are desirably provided as various types of
phatmaceutical formulations.  Such pharmaceutical formulations are used for animals or
humans.

Pharmaceutical formulations of the present invention may comptrise as an active
ingredient corspound (I} or a pharmaceutically acceptable salt thereof alone, or a mixture
with any other active ingredients for treatment.  Furthermore, these pharmaceutical
formulations are produced by any methods well known 8 the technical field of drug
formulation by mixing the active ingredient together with one or more {ypes of
pharmaceutically aceeptable carriers {for example, diluents, solvents, and excipients).

Desirably, the route of administration most effective for the treatrnent is used, and
examples mclude oral route, or parenteral route such as ntravenous route.

The form of administration is, for example, tablets and injections.

Tablets are appropriate for oral administration and can be produced using
excipients such as lactose, disintegrants such as starch, lubricants such as magnesium
stearate, and binders such as hydroxypropyleeliulose.

Injections are appropriate for parenteral administration, and can be produced using,
for example, solvents or diluents such as salt solutions, glucose solutions, or a mixture of
salt water and glucose solution.

The dose of compound () or a pharmaceutically acceptable salf thereof, and the
number of doses differ depending on the form of administration, the age and body weight of
the patient, the nature of the symptom {o be treated or severity, and such, but ordinarily for
oral administration, it is .01 mg to 1000 mg, preferably in the range of 0.05 mg to 100 mg
for an adalt, and it is administered once to several times a day.  In the case of parenteral
administration such as intravenous administration, 6.001 mg to 1000 mg, or preferably .01
mg to 100 mg is administered to an adult once to soveral times a day.  However, these
doses and the number of doses vary depending on the various conditions mentioned above.

General methods for producing the above-mentioned compouads will be indicated
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The formula -X-R" s defined hereinbefore, such as (C,-Cs alkyicarbonyl, (Cs-
Cip cyeloatkyDearbonyl, (Cy-Cy alkylisulfonyl, and {C5-Cyp oycloalkysulfonyl, wherein
the alkylcarbonyi, cyvoloalkyijcarbonyl, alkyisulfonyl, and cveloatkyisulfonyl are optionally
substituted with one or more harogen atoms.  Specific examples of -X*R" include acetyl,
sthylcarbonyl, eyclopropylecarbonyl, methylsulfonyl, ethylsulfonyl, cyclopropylsulfonyl,
chiorpacetyl, L-chloroethylearboayl, 2-chloroethyicarbonyl, ehlorocyclopropylearbonyl,
chloromethylsulfonyl, |-chicroethyisulfonyl, 2-chlorcethvisaifonyl, and
chlorocyclopropyisuiforyl

The 2-chloro-5-aminopyridine A is converted by heating in the presence of ester B
and triethyl orthoformate to the condensation product C as a mixture of olefin isomers
{Scheme 1} Various esters that are commercially available, known in the literature or
prepared using known literature procedures are applicable to the reaction.  Intermediate €
is added to hot Dowtherm' ™ A to facilitate the ring closure and $o afford the 1,5-
naphthyridine B, Treatment of B with phosphorus oxychloride affords the key

intermediate E (Scheme 1),

- 74 -
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An alternative synthetic sequence to obtain the key intermediate ¥ is described in

in the presence of ester B and triethyl orthotormate to the condensation product G
mixture of olefin isomers {Scheme 2).

Facilitate the ning closure and fo yield the 1,5-naphthyridine I

{ntermediate G is added to hot Diowtherm

Scheme 2. Commercially available 2-methoxy-5-aminopyridine F is converted by heating

&

a

o

T
D

A

S Ato

4

Demethylation at the 6-

position of H is conducted by treatment with trireethyisilvi chioride and sodinm icdide in

refluxing acetonitrile fo give intermediate L, which may be used,

3

without purification, for

the reaction with phosphorus oxychloride 1o provide the key intermediate E (Scheme 2).

Scheme 3

H-33 -0

conditions

K
Formula (1)

i1 conditions

\O}'\’”
Formuia {51}

¢!

e

R
T

N

P 2

N N
NN

Formula (1)

The formula -X'-Q' is defined hereinbefore, such as C5-Cr cycloalkylaming,

phenylamino, pyridylamine, pyrazolylamino, pyrimidinylaminoe, piperidyl amine,

pyrrohiddin- 1-yl, piperidin- i-yi, piperazin-1-yl, and morpholin-i-vl, which are optinally

substituted with one or more sumbstitutents independently selected from A’ as defined

- 75 -
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hereinbefore.

The formula -R> as defined hereinbefore other than a halogen atom, such as C3-Cip
cycloalkyl, Ce-Cig aryl, 5- to [ G-membered heteroarv, and 3- to 10-membered non-
arcomatic hetercoyelyl; wherein the cyeloalkyl, aryl, heteroarvi, and heterocyclyl are

5 optionally substituted with one or more substituents independently selected from A’ a3
defined hersinbefore.  Speeific examples of R® include pheny! substituted with one or three
substituents independently selected from A’, such ag 3,5-dichlora-4- hydroxyphenyl, 3,5-
diffuoro-4-hydroxyphenyl, and 3-chloro-5-fluoro-4~-hvdroxyphenyl.

The preparation of the target compounds is deseribed in Scheme 3. Intermediate

10 E isreacted at the 4-position with a compound detined as H-X'-Q' to introduce a
substituent indicated as X'-Q'.  The resulting intermediate K, which belongs to
compounds categorized by Formula (11}, is reacted at the 6-position with R>-B{OR’HYOR™, a
compound categorized by Formula (I} to introduce a substiteent indicated as 1°.

Scheme 4

3
i NRIZ g o )Q,; 5 A
. ; 1 H-NRPGOU . o L. P NRIZ.Q
U\E TI\{*%/L\\\ UXARTEOHINRTGQ u\[:/N{ /)\\\Y,)&‘-n.“ conditions ;\\ | \ Q.Z_R”
Q /7:\\ /J 5 = ! ]
RN & & - ?

()

To introduce an amino group at the 4-position of the {,5-naphthyridine ring, E is
heated with an appropriate amine in the presence of base to afford intermediate L,
belonging to Formula (IT) (Scheme 4). Various amines that are commercially available,
20 known in the Hterature or prepared using known literature procedures are appiicable to the

reaction.  Intermediate L is subjected to a standard Suzuki cross-coupling reaction with a
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boronate ester N to provide compounds belonging to Forumla (1), Various boronate esters
that are commercially available, known in the Hiterature or prepared using known literature
procedures are applicable to the reaction.  In scheme 4, the boronate ester N s f}repar@d by
reacting an ary! bromide M with bis(pinacolato)diboron in the presence of an

5 organopalladium to provide compounds belonging to Formula (1), If necessary, a
protecting group removal is conducted after the Suzuki reaction to obtain the target
compound,

in Scherme 4, A” represents a optional substituent on the benzene ring as defined
hereinbefore, and m represents an integer selected from 0 1o S, preferably selected from | to

10 3

The intermediates and compounds of interest in the following Examples can be
isolated and purified by subjecting them to separation and purification methods commonly
used i synthetic organic chemistry unless otherwise specified, and examples include
filtration, extraction, washing, drying, concentration, recrystatlization, and various types of

15 chromatographies.  Alternatively, intermediates can be cubjected 16 the next reaction
without purification.

Hereinbelow, the present invention will be specifically described with reference to
the Examples, but the scope of the present invention is not to be construed as being limited
thereto.

20 Furthermore, 1n the Examples shown below, unless otherwise specified, it a
defined group becomes altered under the conditions of the production method or is
unsuitable for carrying out the method, the compound of interest can be produced by using
the methods for introducing and removing protecting groups commonty used in synthetic
organic chemistry (for example, “Protective Groups in Organic Synthesis”™, T. W. Greene,

25 John Wiley & Sons Inc., 1999),  Furthermore, the order of the reaction processes such as
substituent introduction can be changed as necessary.

EXAMPLES

Geperal procedure I (substitution at the 4-position)

X

-7~



WO 2013/109388 PCT/US2012/071434

16

To a suspension of intermediates E (1.0 equiv} in dioxane or a mixture of dioxane
and DME (2:1) was added the requisite amine (1.0 — 2.0 equav), N, N-diisopropyiethylamine
(2.0-5.0 equivy and fnely grovnd KoC0s {2.0-3.0 eguiv) and the reaction mixture was
stirred with heat between 60 160 °C for 16 h or until E was consumed {moniiored by
LCMS analysis).  The reaction mixture was cooled, diluted with satd. ag. sodivm
bicarbonate and extracted with ethyl acetate.  The combined organic layer was dried over
anhydrous sodium sulfate, filterad and the filtrate was concentrated.  The residue was
purified by coluran chromatography (silica, mcthanol/idichioromethane} to afford the
desired product L.

General procedure I (substitution at the &-position}

To a suspension of intermediate L{1.0 equiv), the requisite boronic ester (1.5-2.0
equivy and Pd{dppfYCh (0.1 ~ 0.2 equiv) in dioxane (0.1 — 0.2 M) was added Cs;CO; (1.6 M
in Hx0, 5.0~ 4.0 eq).  The reaction mixture was degassed with nitrogen and stirred with
heatat 8¢ "C for 2 —~ 24 b, The reaction mixture was cooled, poured onto satd. aq. sodium
bicarbonate and extracted with 3:1 chioroform/isopropancl.  The combined organic layers
were dried over anhydrous sodiurn sulfate, filtored and the filirate was concentrated.  The
residue was purified by chromatography (normal phase silica using
methanol/dichloromethane or reverse phase silica using water/acetonitrile containing
0.025% TFA) to afford the target compound.  In some instances the product was diluted in
methanol followed by the addition of excess HCH(2.0 - 5.0 equiv as a solution in ether,
methanol, dioxane or water),  After 5 min the mixture was concentrated to dryness to
obtan the HCI salt of the target compound.

General procedure T (synthesis of boronic esters)

To a suspension of the appropriate aryl bromide (1.0 equiv),
big{pinacoladoidiboron (1.5 - 2.0 equiv) and KOA (2.0 - 3.0 equiv) in dioxane (0.1 - 0.2
M) was added Pd{dppt)¥Cl; (0.05 — 8.1 equiv).  The reaction mixture was degassed with
nitrogen followed by stirring with heat at 8 °C for 2 - 16 h. The reaction mixture was

conled, filtered, and the filtrate was concentrated.  The residue was purified by
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chromatography (silica, ethyl acetate/hexanes) to afford the desired product M.
General procedure [V-1 (Boe-deprotection pratocsh)
To a solotion of Boc-protected compound in THF, methano or
methanol/methylene chloride (0.7 M) was added excess HCI (2.8 — 5.0 egquiv as a solution
5 inether, methanol, dioxane or water).  The reaction was stirred at room temperature or
with heat (50 — 70 °C) and upon completion {monitored by LCMS analysis) the reaction
mixiure was concentrated to obtain the HCI salt of the target compound.
General procedure 1V-2 (Boc-deprotection protocsi)
To 4 solution of Boe-protected compound in THF was added excess TFA (2.0 - 10
10 cquiv)yand the reaction mixture was stirred at room ternperature or with beat (50 - 70 °C)
until the reaction was corplete (monitored by LOMS analysis). The reaction mixture was
concentrated and the residue was diluted in methano! followed by the addition of excess
HCE{2.0 - 5.0 equiv as a solution in ether, methanol, dioxane or water).  Afler 5 min the
mixture was concentrated £o dryness to obtain the HCI salf of the target compound.
15 (General procedure V
To a solution of {4-}{3-acetyl-é-chloro-1,5-naphthyridin-4-yDamino]
cyclohexyltmethy methanesulfonate (1.0 mmol) v a mixtuee of 14-dioxane and NN-
dimethyiformamide (2:1) was added the requisite amine (2.0 — 4.0 equiv), triethy] amine or
N,N-diisopropylethylarnine (2.0 3.0 equiv) and potassium iedide {cat.} and the reaction
20 mixture was stirring with heat at 85 °C for 18 h. The reaction mixture was cooled and
difuted with water and ethyl acetate.  The layers were separated and the ethyl acetate layer
was dried over sodiure sulfate, filtered and the filirate was concentrated.  The residue was
purified by chromatography (silica, hexanes or methylene chloride/ethy] acetate) to afford

the desired produst.

N2
s

General procedure Vi

To a solution of 1-{4-{({4-aminocyclohexylamino}-6-chioro-1,5-naphthyridin- 3~
visethanone hydrochloride (1.0 mimol) in DMF (0.1 M) was added the requisite amino acid
{1.2 mmol), diisopropyiethylamine (5.0 equiv) and HATU (2-(7-Aza-1H-benzotriazole-1-

.79 .
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yh- 1, 1,3, 3~tetramethyluronium hexafluorophosphate) (1.2 equiv) and the reaction mixture

was stirred at room temperature for 18 b, The reaction muxture was diluted with water and

ethyl acetate.  The layers were separated and the ethy! acetate layer was dried over sodiom

sulfate, filtered and the filirate was concentrated.  The residue was purified by

5 chromatography (silica, hexanes or methylene chloride/ethyl acetate) to afford the desired

product.

Regarding the retention time indicated as fp, HPLC apalysis was performed under

the following condition:

Colurmn: Gemini-NX™ C18 column 150 X 4.6mm, § micro 100 A (Phenomenex);

10 Muobile phase: [Eluent Al warer w/6.05¢

{Eluent B] acetoniirile w

Flow rate: | mbi/min

Temperature: ambient

Detection wavelength: 223 nm or 254 mm

"
(¥4

Gradient operation:

4 CFCO0H,

8.05% CF,COOH;

H O w/.05% Acetoniirile w/0.05%
Time
CFCO0OH CF.COOH
00 min 98 % 2%
18 min 1% G0%
21 min 10% 0%
23 min 08 %% 2%

Example |

1-{6-Chloro-4-{rrans-4-{ (dimethylaminomethyljeyelohexylamino~

20 1.5-naphthyridin-3-vi)- ethanone

- 80 -
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Following general procedure §, 1-(4,6-dichloro-1,5-naphthyridin-3-yDeathanone
{360 mg, 1.5 mraol) was reacted with srans-4-[(dimethylaminoymethylicyclobexanamine
diacetic acid salt (500 mg, 1.8 mmol) to afford the desired product (340 mg, 63%) as a
yellow solid: "HNMR (500 MHz, CDCl) 8 10.89 (s, 1H), 8.93 (5, 1H), 8.07 {d, /= 8.6 Hz,
THY, 7.51(d, J=8.6 Hz, 1H), 5.16 —4.96 (m, 1H), 2.67 (s, 3H}, 2.34 - 2.24 {m, 2H), 2.22 (5,
6H), 214 (d, J=7.1 Hz, 2H), 1.98~ 1.89 {m, 2H), 1.56 ~ 1.47 (m, 1H), 1.41 — 1.32 {m, ZH),
1.28 — 1.10 ¢, 2Hx BSIMS nvz 361 [M + HI; HPLC 98.8% (AUC), 1 = 8.42 min.
Example 2
{-{6-(3.5-Dichlore-4-hydroxyphenyy-4-{trans-4-{dimethylaminojeyclohexylamino}-1,5-
naphihyridin-3-yi}ethanone dihydrochloride

CHy

i
. e
H:C ——N,’ 2HC]

fw
i /

Ho. \—/’\, ]
~ NH

=N B oo
a” Ty N‘*j/’L\\j/zi\CHg
S ~o

Following general procedure 1, 1-{8-chloro-4-{frans-4-(dimethylaminc)eyciohexyl
ammnok1,5-naphthyndin-3-yhethanone (61 mg, 0.16 mmol} was reacted with 2,6-dichlore-
4-{4,4.5 S-tetramethyl-1,3,2-dicxaborolan-2-vphenol (85 mg, .23 mmol) followed by
formation of the dihydrochloride salt to afford the desired product (76 mg, 90%) as an off-
white solid: "H NMR (500 MHz, CD,0D) 8 9.17 (s, 1H), 8.47(d, J = 9.0 Hz, {H), 8.36 (4, ]
= 8.9 Hz, 1H), 810 (s, 2H)}, 5.65 - 555 {m, 1H), 3.52 - 343 (m, 1H}, 2.91 {5, 6H), 2.76 (5,
3H}), 2.66 ~ 2.56 (m, xH}, 2.33 - 2.26 (m, 2H), 1L.88 - 1.71 (m, 4H). EST M35 m/z 473 [M +
HT'; HPLC »99% (AUC), i = 9.51 min.

PCT/US2012/071434
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Example 3
[-{6-(3-Chloro-S-flucro-4-hydroxypheny4-rans-4-(dimethy laminoJoyeichexyiammol-

1,S-paphthyridin-3-yi}ethanone dihydrochloride

ICH 3
H.C -‘N,, 2HCH
Bl ', (o
HO e
~ ‘F NE O
F "'!\\b/ k\\[/' NVT/ /L\\\J/ A\CH3
N N z

Following general procedure B, 1-{6-chloro-4-{rans-4-(dimethylaminoeyciohexyl
amino)-1, S-naphthyridin-3-vijethanone (45 mg, 0.12 mmol) was reacted with 2-chloro-6-
fluoro-4-{4,4.5,5-tetramethyi-1,3, 2-dioxaborolan-2-yhipheno! (47 mg, 0.17 mmol) followed
by formation of the dihydrochloride salt to afford the desired product (6.9 mg, 11%) as an
off-white sclid: 1H NMR (508 MBz, CB:00) 3 9.17 (5, 1H), 8.47 (3, J = 9.0 He, 1H), 8.34
(d, ¥=9.0Hz, 1H), 8.00¢s, 1H), 791 (dd, J=11.4,2.2 He, 1H), 5.69 - 559 (m, 1H), 3.52
3.45 (m, 1H), 2.92 (5, 6H), 2.76 (5, 3H), 2.63 — 2.56 (m, 2H}, 2.33 — 2.26 (m, 2H), 1.89 -
1.71 {m, 4H). ESI MS mz 457 [M + H] ; HPLC >99% (AUC), 1 =932 min.

Example 4
Cyclopropyl{6-(3,5-dichloro-4-hydroxyphenyl}-4-{/rans-4-{{dimethylamino)methyi]-

cyclohexylamino}-1,5-naphthyridin-3-yhimethanone dihydrochloride

}‘}3{1’4\4 CHs
A SZHCI
o ,r"/ x}?
Ho, \"

Following g&:nﬁ:rai procedure I, (6-chlore-4-{srans-4-[(dimethylaminojmethyl}-
cyclohexyl amine}-1,5-naphthyridin-3-yD{cyclopropyDmethanone (60 mg, 0.16 mmol) was

reacted with 2,6-dichlore-4-(4,4,5,S-{etramethyi-1,3 2-dioxaborolan-2-ylphenal (65 mg,

S8
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0.23 mmol) followed by formation of the dibydrochloride salt to afford the desired product
(66 mg, 73%) as a fight yellow solid: 1H NMR (500 MHez, CD;0D) 6 9.41 5, 1H), 8.46 {d,
J=89Hz 1H), 834 (d, T =89He, 1H), 8.12 (5, 2H), 5.74 ~ 564 {m, 1H), 3.09 (d, =66
Hz, 2H), 2.93 (5, 6H}, 2.92 - 2.85 (s, 1 H}, 247 - 2.40 (m, 2H}, 2.08 - 1.96 {m, 3H), 1.72 -

(")

1.60 (m, ZH), 1.47 — 1.34 (m, 2H), 1.32 - 118 {m, 4H). BRI MS m/z S13 [M + H] ; HPLC
>98% {AUC), 1 = 9.67 min.

Example 5

{6-(3-Chlore-5-fluoro-4-hydroxyphenyl-4- { irans-4-[{{dimethylaminoymethyl] cyclohexyl-
araign -1, 5-naphthyridin-3-viXcyclopropyDimethanone dihydrochioride

HiC -
3! \N «-CHB

A
'«r¢
cl K\
Bry el
HO /’J\ g*"N;ﬁ: O
ad RPN /i\\\ A

H
P
e S

Following general procedure 11, (8-chloro-4-{irons-4-{(dimethylaminoymethyl}-

*ZHCI

\\ /

cyclohexyl amino}-1,5-naphthynidin-3-yi{cyclopropyhmethanone (60 mg, .16 mmol) was
reacted with Z-chloro-6-flucre-4-(4,4,5, S-tetramethyl-1,3, 2-dioxaborolan-2-yDphenol (61
mg, .23 mmol) followed by formation of the dihydrochloride salt to afford the desired

product {54 mg, 61%) as a light yellow selid: 'H NMER (500 MHz, ChOD) 6 9.41 (s, 1H),

L

8.45(d, J=89Hz, 1H), 8.34(d, ] =89 He, 1H), 8.02{(t, J= 1.9 Hz, 1H), 7.88(dd, I =116,
2.2 Hz, 1H), 5.73 - 5.64 (m, 1H), 3.09 {d, J = 6.6 Hx, 2H), 2.94 {5, 6H), 2.93 — 2.83 (m, 1H),
2.48 - 2.40 (m, ZH), 2.10 — 1.96 (m, 3H), 1.73 — 161 (o, 2H), 146 — 1.34 {m, 2H), 1.34 -
1.18 (m, 4H). ESI MS m/z 497 [M + H]" ; HPLC >00% (AUC)Y, # = 10.26 min.
20 Example 6
1-{6-(3,5-Dichloro-4-hydroxyphenyl)-4-({ frans-4-
[(dimethylamino)methyijeyciohexy! lamino}-1,5-naphthyridin-3-vi}ethanone

dihydrochloride

€4

[
s
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Following genemi procedure [, 1-(6-chloro-4- {irans-4-{{dimethylamincymethyi]
cyclohexyl aminoi-1,5-naphthyridin-3-yhethanone (20 mg, 0.035 mmol} was reacted with
2,6-dichloro-4-{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhphenol (29 mg, 0.10 munol}

5 followed by formation of the dihydrochloride salt 1o afford the desired product (18 mg,
58%) as an oft-white solid: 'H NMR (300 MHz, CD;0D) 6 0.14 (5, 1H), 846 (4, F = 0.1 Hz,
iH), 8.33(d, F=9.1 Hz, 1H), 812 (s, 2H), 5.75 -~ 5.67 {m, 1H), 3.09(d, I = 6.6 Hz, 2H),
2.84 {s, 68, 2.76 (5, 3H), 248 - 2,41 {m, ZH), 2.69 - 1.98 (m, 1H), 175~ 1.63 (m, 1H),
1.48 — 1.36 (m, 2H). ESI MS m/z 487 [M + Hi" ; HPLC >09% (AUC), i = 9.67 min,

16 Dxample 7
1~ {6~{3-Chioro-3-flacro-4-hydroxyphenyl-4-{ {mans-4-
[{dimethylarmnoymethyleyclohexyl} - amuno}-1,S-paphthyridin-3-yvijethanone

dihydrochioride

102~ s
e \E; TH o
L :
F < \\//i\ /\;j/’\\\ ~ \CHz
SN

Following general procedure H, 1-{6-chloro-4- {rrams-4-{{dimethylamino)methyll

o,
1943

cyclohexy! amino}-1,5-naphthyridin-3~-ylethanone (20 mg, 6.055 mmol} was reacted with
2-chloro-6-fluoro-4-(4,4.5, S-tetramethyl-1,3, 2-dioxaborolan-2-yDphenol (27 mg, 0.10
mmol) followed by formation of the dihydrochioride sait to afford the desired product (16
mg, 52%) as a flight yellow solid: 'H NMR (500 MHez, CD;00)3 9.18 (5, 1H), 8.45 (d, J/ =
20 91 Hz 1H), 833(d,J=00Hz, IR 802{ J=19Hz, 1H), 788 (dd, J= 115 2.2 Hz,

- 84 -
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1H), 5.75 - 5.65 (m, 1H), 3.09 (d, /=66 Hz, 2H), 2.94 {5, 6H}, 2.76 (5, 3H), 2.45 (4, J =
{2.5Hz, 2H), 2 —2.01 {m, 3H), 1.75 - 1.63 (m, 2H), 1.47 - 1.36 (m, 2H). ESI MS m/z

471 M+ HY ; HPLC >09% (AUC), i = 9.66 min.

Example 8

1-{6-(3-Chloro-4-hydroxy-5S-methoxyphenyly-4-{rans-4-
{dimethylaminoymethylloyelohexyl amino}-1,5-naphthyridin-3-yljethanone

dihydrochloride

Hal
- CH,
’, <ZHCH

a Y
HoL o N

\/f \ NH o

Hy CO/\‘/ T\ L
//

Following general procedure T, 1-{6-chloro-4-{#rans-4-[{dimethylsminomethyl]
cyclohexyl amine}-1,5-naphthyridin-3-yljethanone (20 mg, 8.055 mmol) was reacied with
2-chioro-6-methoxy-4-(4,4.5, 5-tetramethyl-1 3, 2-dioxaborolan-2-yiiphenol {28 mg, 1.0
mmol) followed by formation of the dihydrochioride salt to afford the desived product (18
mg, 59%) as a yellow solid; "HNMR {500 MHz, CERODY S 913 (g, 1HL 849 (4, J =39
Hz, 1HR 832 (L J=91Hg, 1H), 781 {4, I=2.1 Hy, 1H)L 758(d, J=2.1Hg, 1H), 588~
370 (m, TH), 4.03 (s, 3H), 3.08 {4, J = 6.6 Hz, 2H), 2.93 (5, 6H), 2.76 {5, 3H}, 2.48 - 2.39
{m, 2H}, 2.08 - 1.96 {m, 3H), .72 - 1.62 (m, 2H), 1.47 - 1.35 {m, ZH). ESI MS m/2 483 {M
+ HY  HPLC >99% (AUC), = 9.62 min.
Example 9
1-{6-(3.53-Dichloro-4-hydroxypheny-4-({{frans-4-{ 2-

{dimethylamino)ethyl]jcveiohexyl}amino)-1,5-naphthyridin-3-yijethanone dihydrochloride

- 85 -
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Following general procedure 1, 1-(6-chioro-4-{ frans-4-{{dimethylaminoimethyl]
cyclohexyl amino}-1,5-naphthyridin-3-yiethanone (80 mg, 0.13 mmel) was reacted with
2,6-dichloro-4-(4.4,5, S-tetramethyl-1,3,2 -dioxaborolan-2-yyphenc! (58 mg, (.2 mmol)

5 followed by formation of the dihydrochloride salt to afford the desired product (64 mg,

83%%) as an off-white solid: "H NMR (500 MHz, CD500) 8 9.13 (s, 1H), 8.46 {d, ] =9.1 Hz,
1H), 833 (4, J=9.0He, 1H), 8.13 (s, 1H), 5.74 - 5.64 {m, 1H), 3.27 - 3.18 (m, 2H), 2.91 (s,
6H), 2.75 {s, 3H}, 2.45 - 2.35 (m, 2H), 2.05 - 1.98 (w, 2H), L.78 ~ 1.70 (m, 2H), 1.66 —
1.52 (m, 3H), 1.45 — 1.35 (m, 2H). ESI MS m/x 501 [M + HY" ; HPLC >99% (AUC), &z =

16 1022 min
Example 10
1-{6-(3-Chlorc-5-fluoro-4-hydroxyphenyi)-4- {trans-4-[2-(dimethylaminojethyi]-
cyclobexylamino}~-1, S-naphthyridin-3-yljethanone dihydrochioride

CHy
H oM

e} ] M

A i
i i
HOO A \\/”\
Y \L

¥ ,,.A\\\‘/ - T N \I//:\\\q’ /J\\C}{z
P A
o \N{/]

15 Following general procedure I, 1-(6-chloro-4-(srans-d-({dimethylamincmethyl)-

NH O

cyclohexylamino)- 1, 5-naphthyridin-3-yiiethanone (30 mg, 0.13 mmol} was reacted with 2-
chlore-6-fluoro-4-(4,4,5, 5-tetramethyl- 1,3, 2-dioxaborolan-2-yDphenol {55 mg, 0.2 mmol)

followed by formation of the dihydrochloride salt to afford the desired product (58 mg,

-85 -
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78%) as an off-white solid: 'H NMR (560 MHz, CE»0D) § 9,13 (5, 1H), 845 (d, I= 8.9 Hz,
IHY, 832(d,1=89Hz IH), 8044, =18Hz 1H), 7.89(dd, J = 11.6, 2.2 Hz, 1H), 5.73
—5.63 (m, 1H},3.27 -3.18 {(m, 2H}, 2.91 (s, 641}, 2.75 {s, 3H), 2.44 — 2.37 {m, 2H), 2.05 ~
1.98 (m, 2H), 1.78 — 1.69 (m, 2H), 1.67 — 1.51 {m, 3H), 1.44 — 1.34 (ra, 2H). ESI MS mz

5 485 M+ H] HPLC >99% (AUC), 2 = 991 min.
Example 11
i-{4-{frans-4-{( Dimethylaminomethyljcyciohexylamino }-6-] 4-hydroxy-3-

{(trifluoromethoxy - phenyil-1,5-naphthyridin-3-yHethanone dihydrochloride
H.C.

1~ CHa
“ZHCI
-
S
i
RO~ "
\f//\F WH O
1 H .
F yo/\\v/\ ,’N%L/J\ TN,
o «Nf/’
10 Following general procedure i, 1-(6-chioro-4- {irans-4-[(dimethylaminemethyi]

cyclohexyl amino}-1,5-naphthyridin-3-yDethanone {55 mg, 0.15 mmol) was reacted with 4-
{4,4,5, 5-tetramethyl- 1,3, 2-dioxaborolan-2-y1)-2 {trifluoromethoxy)phenot (68 mg, 0.23
mmol} followed by formation of the dilvwdrochloride salt to afford the desired product {71
mg, 79%) as an offowhite solid: "H NMR (500 MHz, CDOD) § 9.14 (s, 1H), 8.45(d, I =

15 B9He, ML 8324, I=90Hz I1H), 804797 (m, 2H), 721 {d, } = 8.6 Hz, 1H)}, 5,70~
560 (m, 1H), 3.07(d, I=6.6 Hz, 2H), 2.94 (5, 68, 2.76 (s, 3H), 2.50 - 2.40 (m, 2H), 2.08
~ 1.97 {m, 3H), 1.74 ~ 1.62 (m, 2H), 1,39~ 1.27 (m, 2H). ESI MS /2 503 [M + H]" ;
HPLC >99% (AUC), i = 9.80 rain.
Exampie 12

20 2,8-Dichloro-4-{8- {mans-4-[(dimethylaminoimethyeyclohenylamino} - 7-(methylsulfonyl)-

1, 5-naphthyridin-2-yhphencl dibhydrochloride
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Following geﬂerai procedure I, G-chiore-N- {rans-4-[{diraethylaminomethyi}-

cyclohexyl}-3-(methyisulfonvi}-1,5-naphthyridin-4-amine (56 mg, .14 mmaol) was reacted
with 2,6-dichloro-4-(4,4,3, 5-tetramethyi-1,3,2-dioxabarolan-2-vlphenol (61 mg, 0.21

5 mmol) followed by formation of the dihvdrochioride salt to afford the desired product (43
mg, 51%) as a light yeliow solid: 'H NMR (500 MBz, CD,ODY 8 890 (s, 1H), 851 (d. I=
0.0 He, 1H), 835¢{d, ]~ 9.0 Hz, 1H), 8.14 {5, 2H), 5.76 — 5.66 (m, 1H), 3.38 (5, 3H), 3.49
{(d, J=6.7 Hz, 21}, 2.94 (5, 6H), 2.50 ~ 2.43 (i, ZH), 2.08 — 1.96 (m, 3H), 1.74 — 1.64 {(mn,
2H), 1.47 - 1.35 (m, 2H). BSI MS w2z S23 [M + HI 1 HPLC >99% {AUC), fr = 10.04 min.

10 Example 13

6-(3-Chiloro-53-fluoro-4-hydroxyphenyD-4-( {#rans-4-[{(dimethylamino)methyljoyclohexyl} -

amino)-3-methylsulfonyl-1,5-naphthyridine dihydrochloride
H.C,

N -CHs
L, 2HC
a {7
HO. //L\ \/"\,
It \,,0
\/ o /

L ‘\I (\}4-,

Following general procedure U, §-cidore-N-{irans-4-[{dimethylaminc ymethyl]-

15 cyclohexyi}-3-(methyisuifonyl}y-1,.5-naphthyridin-4-amine (61 mg, 0.15 mmol} was reacied
with 2-chloro-6-flucro-4-(4,4,5,5 tetramethyl-1,3,2-dicxaborolan-2-ylphenol (63 mg, 0.23
mmol) followed by formation of the dihydrochioride salt to afford the desired product (52
mg, 59%) as a light vellow solid: 'H NMR (500 MHz, CD,OD) § 8.90 (s, 1), 8.50(d, J
§9Hz 1H), 835(d, J=%0He, 1H)L,8.04(, 1 =1.8Hzg IH), 7.90(dd, 1= 115, 2.2 Hz,

20 THYL 577 -5.67 (o, 1HY, 33845, 3H), 3.09 (d, I = 6.6 Hz, 2H), 2.94 (s, 6H), 2.51 ~ 2.44 (m,

. §8.
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Z2H), 2.08 - 1.97 {m, 3H), 1.76 - 1.64 (m, ZH), 146 ~ 1.34 {m, 2H). ESI MS m/z 507 [M +

-+

HI" HPLC 99.0% (AUCY, & = 9.81 min.

Example 14

6-(3-Chloro-4-hydroxy-5-methoxyphenyl}-4- {frams-4-{(dimethylamino)methyi}-
cyclohexylamino}-3-methylselfonyl-1,5-naphthyridine- dihydrochloride

H,C.

2 -CHj

/ ZHCI

3
™

;/"r,/»
Cl { !
HO /,L\ \‘”"/\

L L NH 0\“/()
> \/NQ//'\ S

H oo Y TN,

L\{//»‘\N.,/)

Following general procedure H, 6-chiloro-N-{mans-4-[{dimethylamincynethyl}-
cyclohexyl}-3-{methylsulfonyl)-1,5-naphthyridin-d-amine (24 mg, 0.061 mmol) was
reacted with 2-chioro-6-methoxy-4-{4,4,5 S-tetramethyl-1,3,2-dioxaborolan-2-yphenol (28
mg, 0.10 mmol) followed by formation of the dihvdrochloride salt 1o afford the desired
product {23 mg, 64%:; as a yellow solid: "H NMR (500 MHz, CD:OD) § 8.89 (s, 1H), 8.54
{d, ¥ = 9.1 Hz, 1H), 8.34 (d, J= 9.0 Hz, 1H), 7.83(d, J= 2.0 Hz, 1H}, 7.60 (d, ] = 2.0 Hz,
EHY, 5.83 - 573 {m, TH), 4.04 (s, 3H), 3.38 (s, 3H), 3.08(d, T = 6.6 Hz, 2H), 2.93 (s, 6H),
2.50 ~2.43 (m, 2H), 2.07 — 1.95 (m, 3H), 1.73 — 1.63 (m, 2H), 146 — 1.35 (m, 2H). ESI MS
m/z 519 M+ HI' ; HPLC >99% (AUC), g = 9.77 min.

Example 15
2,6-Dichloro-4- {8-[trams-4-(dimethylamino)eyclohexylamine |- 7-(methyisulfonyi)- 1,5-
naphthyridin-2-vi}phencl dihydrochicride

CH;
“3C —»T"],./ «2HCI

Cl <l

Following general procedure 11, srans-N' [6-chloro-3-(methylsolfonyli- 1, 5-

.86 .
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naphthyridin- 4-y1II-N* N'-dimethyleyclohexane-1,4-dlamine (40 mg, (.10 mmol) was
reacted with 2 6-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhiphenc (43 mg,
0.15 mmol) followed by formation of the dihydrochloride salt to afford the desired product
(45 mg, 75%) as a light yellow solid: "H NMR (560 MHz, CD;00 8 .93 (5, 1H), 8.51 (d,
F=89Hz 1H), 837(d, T =89 He, 1H), 8.12 {s, 2H), 5.65 ~ 5.55 {m, 1}, 3.50 - 3.4} {m,
PH), 3.39 (8, 3H), 2.91 (5, 6H), 2.67 - 2.57 (ra, 2H), 2.33 - 2.27 {1a, 2H), 1.87 - 1.73 (i,
4. BSEMS a2 509 M+ HI"; HPLC 98.0% (AUC), fx = 9.95 min.

Example 16

Z,6-Dichloro-4-(8- {4-{{dimethyiaminomethyljphenyiamino } - 7-(methylsulfonyi}-1,5-

naphthyridin-2-yDphenol diliydrochloride
H,C

“-CH3
(\ eHd
D SN
Ci i i
i : if
HO AN RN

4”\E NHG O
| PN
\L/)\’// [N N

BN
\'\k/ CH 3

N
Following general procedure 1, 6-chloro-M-{4-{(dimethylaminoymethyliphenyl}-3-
{methylsulfonyl)-1,5-naphthyridin-4-amine (50 mg, 0.14 mmol} was reacted with 2,6-
dichloro-4-{4,4,3,5-tetramethy(-1,3,2-dioxaborolan-2-vlpheno! (61 mg, 0.21 mmol)
followed by formation of the dihydrochloride salt to afford the desired product (33 g,
42%) as an orange solid: 'H NME (500 MHz, CD:OD) § 8.12 (s, 1H), §.47(d, 1 = 9.1 Hz,
THY, B38(d, 1 =92 Hy, 1H), 763 (d, 1= 9.0 Hz, 2H), 7.59 — 7.52 {m, 2H), 734 (s, 2H},
4.43 (s, 2H), 3.48 (3, 3H}, 2.86 (5, 6H). ; ESI MS m/z 517 [M + HI"; HPLC >99% (AUC), ik
=1 1.0% min.
Example 17
2-Chioro-4-(8-{4-[{dimethylaminoaethyliphenylaraine - 7-(methyiseony -

1, 5-naphthyridin-2-y1}-6-fluorophenol diliydrochloride

- 90 -
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Following peneral procedure 1, 6-chloro-N-{4-[(dimethylamino)methyliphenyl}-3-
{methylsutfonyt}-1,5-naphthyridin-4-amine (59 mg, 0.14 mmol} was reacted with 2-chioro-
6-fluore-4-{4,4, 5, S-tetramethyl-1,3,2-dioxaborolan-2-ypheno! (38 mg, 0.21 mmol)
followed by formation of the dihydrochlonide salt to afford the desired product (51 mg,
63%3 ag a vellow solid: 1H NMR (500 MHz, CD;ODYS 2,12 (s, 1H), 846 (d, J = 9.0 Hz,
TH), 8.37(d, I = 0.1 e, '), 7.68 — 7.61 {m, 210), 7.60 — 7.5% (m, 211, 7.22 @, I = 1.6 Hz,

C1H), 7.06 (dd, 1= 11.9, 2.2 He, 1HD, 4.43 (s, 2H), 3.48 (5, 3H), 2.88 (s, 6H). ; ESI MS /s

501 [M+ H HPLC »99%4 (AUQ), 5 = 10.68 min.

Example 18
2-Chloro-4-{8-{4-{{dimethylammo)methvilphenylamine}-7-{methylsulfonvl)-

1,S-naphthyridin-2-yi}-6-methoxyphenol dihydrochloride

H:C, -8,

& QHC

HQ\ /}J H\Aff'ﬂ\ F
\L NH o o
PN : N e A

H 00T YT T! vy CH,

A
N ”\, =
Ny

'w

{methylsulfony}-1,5-naphthyridin-4d-amine (530 mg, 8.14 mmol) was reacted with 2-chloro-
6-methoxy-4-{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-vDphenol (60 mg, 0.21 mumol)
followed by formation of the dibvdrochloride salt 1o afford the desired product (44 mg,
54%) as an orange solid: TH NMR (500 MHz, CD;0D 8 9.11 (s, 1H), 8.50 (4, = 9.0 Hz,
1H, 836(d,J=90Hz 1H), 762 - 7.50(m, 4H), 734 (d, J=2.1 Hz, 1H), 6.68(d,I1=2.0
Hz, 1H), 4.40 (s, 2H), 3.92 (s, 3HD, 3.47 (s, 3H), 2.83 (5, 6H}; BSI MS m/z SI3 M+ HT

-9} .
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HPLC >99% (AUC), & = 10.56 min.
Example 19
1-16-(3,5-Dichloro-4-hydroxyphenyl-4- { 3-[2-(pyrrolidin- 1-yDethylphenviamino}-1,5-

naphthyridin-3-yljethanone dihvdrochioride

£
S A
N
™
A S2HCI
i ;*f’ f\‘
HO. //J\ SN

T T o
/ \\ /\\// I/= j/ \

\\//

L4

Following general procedure [, {-{6-chloro-4-{3-[2-(pyrrolidin-1-

yhethylpbenylamino}-1,5-naphthyridin-3-yhethancne (59 mg, 0.15 mmol) was reacted
with 2,6-dichloro-4-(4,4,5,5~ tetramethyl-1,3,2-dioxaborolan-2-yDphenol (65 mg, 0.23
mmol} followed by formation of the dihydrochloride salt to afford the desired product (67

10 mg, 75%) as a yellow solid: TH NMR (500 MHz, D038 913 (s, 1H), 8.13(d, J = 9.0 Hz,
1H), 8.01 (4, J=9.1 Hz, 1H}, 764 (£, 3= 78 Hz, 1H), 741 (4, } =74 Hz, 1H), 732, I=
7.9 He, 1H), 6.79 (s, 13}, 6.66 (br s, 2H), 3.36 - 3.27 (m, 2H), 2.78 (5, 3H), 2.74 - 2.64 (m,
2H), 2.62 - 2.42 (mn, 4H), 1.87 — 1.72 {m, 4H}. ; ESI MS sz 521 [M + HT"; HPLC 98.9%
{AUCH = 1034 min.

i15 Example 20
1-[6-(3-Chloro-5-fluoro-4-hydroxypheny3-4- {3-{ 2-(pyrrakidin-1-yDethyliphenylamino}-

1,5~ naphthyridin-3~-vilethanone dihydrochioride
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Following general procedure 1I, 1-{(6-chloro-4-{3-[2-(pyreolidin-1-yDethylIphenyiamino} -
1, S-naphthyridin-3-yhethanone {59 mg, 0.15 mmaol} was reacted with 2-chloro-6-flucro-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDiphenol {61 mg, 0.23 mmol) followed by
formation of the dihydrochloride salt to afford the desired product (63 mg, 72%}) as a veilow
5 solid: "HNMR (500 MHz, CIHOD) 6 630 (s, 1H), 8.43 (4, I=9.0Hz 1H), 834 (d, ] =29

Hz, 1H), 7.54 - 7.30 (m, 48), 7.23 (brs, 1H), 7.13 (brs, 1H), 3.68 - 3.60 {m, 2H), 3.35 ~
3.23 {m, 2H), 311 - 2.99 (m, 4HD), 2.80 (brs, 3H), 219 - 2.07 (m, 2H), 2.05 - 1.96 (m,
2H). 5 BSI MS mz 505 [M + H]'; HPLC >99% (AUC), £, = 10.17 min.
Example 21

16 1-16-(3,5-Dichloro-4-hydroxyphenyil-4- {6-[2-(dimethylaminojethoxypyridin-3-ylamino} -
1, 5-naphthyridin-3-yhethasone dihydrochlonde

H:‘,C\E\E ’CH3

I

Following general procedure [L, 1-(6-chloro-4-{6-[2-(dimethylaminojethoxylpyridin-3-
viamino}-1, 5-naphthyridin-3-yDethanone (30 mg, .13 mmol) was reacted with 2,6-
i5  dichloro-4-(4,4,5,5-tetramethyl- 1,3, 2-dioxaborolan-2-vhphenol (56 mg, .20 mmol)
followed by formation of the dihydrochloride sali to afford the desired product (63 mg,
83%} as a yellow-~orange solid: "HNME (500 MHz, CTOD 3 635 (s, 1H), 846 (d, 1 =90
Hi, 1H), 837 (L, J=90Hz, 1H)Y, 824(d,1=27Hy, 1H), 778{dd, I= 8.8, 2.7 Hz, 1),
744 (brs,2H), 7.02(d, J=8.8 Hz, 1H), 4.72 - 4.66 {m, ZH), 3.64 - 3.58 {m, 2H), 3.00 (s,
20 6H), 2.84 (s, 3H). ; ESI MS m/z 512 [M + HI', HPLC 99% (AUC), = 9.73 min.
Example 22
1-[6-(3-Chloro-5-fhiore-4-hydroxyphenyl}-4- {6-[2-(dimethyiamino)ethoxy|pyridin-3-

ylamino}-1,5-naphthyridin-3-ylethanone dihydrochloride

-93 .
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Following general procedure U, 1-(6-chloro-4-{6-[2-(d imethylamino)ethoxy Jpyridin-3-

vilamino}-1,5-naphthyridin-3-vhethanone (50 mg, .13 mmol) was reacted with 2-chloro-6-

fluoro-4-{4,4,5,5-tetramethyl-1,3 2-dioxaborolan-2-yhipheno! (53 mg, 8.20 mmol) followed
5 by formation of the dihydrochioride salt to afford the desired product (40 mg, 54%) as an

orange sohid: HNMR (500 MHz, CD:0D) 8 9.35 {brs, 1H), 845(d, =90 Hz 1H), 837
{d,J=89Hz 1H), 8.28(d, J=26Hz, TH), 7.76 (dd, 1 = 8.8, 2.7 Hz, 1H), 7.35 {br s, 1 H),
TG (b, 1H, 7.01 (d, J = 8.8 He, 1H), 474 — 4.68 (m, 2H), 3.66 — 3.60 (m, 2H), 3.02 (s,
6H), 2.84 (s, 3H). ; EST MS sz 496 [M + HI";, HPLC 98.3% (AUQC), fp = 9.47 min.

10 Example 23
1-[6-(3-Chlore-4-hydroxy-3-methoxyphenyiy-4-{6-[2-{dimethylamino)ethoxylpyridin-3-

vlamino}~1,5-naphthyridin-3-vljethanone dihydrochioride

I‘i; :\ 1
- CHy
i
N
!
O-N S2HC
i} ll\ i/
AN i
HOW RPN
i NH OO
H,onT TR /"NQ-;/:\( CH,
7/)\\ //I

Foliowing general procedare I, 1-(6-chioro-4-{6-[Z-(dimethylaminoiethoxylpyridin-3-

15 ylmino}-1,5-naphthyridin-3-yDethanone (20 mg, 0.052 mimol) was reacted with 2-chloro-
S-methoxy-4-(4,4,5,5-tetramethy-1,3,2-dioxaborolan-2-ylipheno! {28 mg, 0.10 mmol}
followed by formation of the dilrydrochloride salt wo afford the desired product (22 mg,

74%) as an crange sohid: HNMR (500 Mbe, CD-OD) 8 9.33 (s, 1H), 8.47(d, | = 8.0 He,

Y.
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{9, 835 (d, 1= 9.0 Hz, 1H), 8.26 (4, J = 2.7 Hz, 11}, 7.74 {dd, ] = 8.8, 2.7 Hz, 1H), 7.29
(brs, TH), 6.96 (4, } = 8.8 Hz, 1H), 6.85 (br s, 1H), 4.70 — 4.64 (m, 26, 3.95 ¢s, 3H), 3.62 ~
3.36 (m, 2H), 2.99 (s, 6H), 2.83 (s, 3H). ; BST MS m/z 508 [M + HI'; HPLC »99% (AUC),

n= 936min.

5 Example 24
2,6-Dichloro-4-(8-{6-{2-{dimethylaminojethoxy|pyridin-3-ylamino}-7-(methylsulfonyl)-
1,5-naphthyridin-2-yjphenol hydrochloride

G
b N.»LH
i
N
!
SIS “HC
Cl !I 7,1
HOL /,L\ ‘\/,J\
- MO oo
| 7]
AN ?\I /S\
S B
N /}"J‘\N'JV
¢
Following general procedure 1, 1-[6-(3-chloro-4-hydroxy-5-methoxyphenyl)-4- {6-{2-
{dimethylamino)sthoxylpyridin-3-ylanmino}-1,5-naphthyridin-3-yljethanone {60 mg, 0.14
mmel} was reacted with 2,6-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDphenol
{65 mg, 0.23 mmol} followed by formation of the dihydrochloride salt to afford the desired
15 product (70 mg, 79%) as a yellow solid: 'H NMR (500 MHz, CEOD 8 9,11 (5, 1), 849

(d,3=9.1 Hz, 11), 8.39(d, 1= 9.0 Hz, 1), 8.28(d, J=2.7 Hz, 1H), 7.83 (dd, J = 5.5, 2.8
Hz, 1H), 7.46 (s, 2H), 7.03 {d, J = 8.8 Hz, 1}, 4.71 - 4.65 (m, 2H), 3.63 ~3.57 {m, 2H),
3.49 (s, 3H), 3.00 {5, 6H);, ESI MS m/z 548 [M + H]'; HPLC >99% (AUC), # = 10.87 min.
Example 25

20 2-Chloro-4-(B-{6-[2-(dimethylaminocethoxypyridin-3-ylamine }-7-(methylsulfonyi)-

I, 5-naphthyridin-2-v-6-fleorophenc! dibydrochionide
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Following general procedure 11, 1-[6-(3~-chlorn-4-hydroxy-5-methoxyphenyl)-4-{6-{2-
{dimethylamino)ethoxylpyridin-3-ylamino}-1,5-naphthyridin-3-vijethanone (50 mg, 0.16
mmol} was reacted with 2-chloro-6-fluoro-4-(4,4,3, 3-tetramethyl- 1,3, 2-dioxaborolan-2-
yhphenol (61 mg, 0.23 mmol) followed by formation of the dihydrochloride salt io afford
the desired product (S8 mg, 80%) as a yellow solid: 'H NMR (500 MHz, CD;0D) 5 0.11 (s,
1H}, 848 (d, 1=9.1 Hz, IH}Y, 838{d, 3 =30z, 1H), 832, I=2.7Hz, 1H), 7.81 {dd, J
=8.8 27Hz iH), 7380, J=18He 1H), 711 (dd, J= 118,22 Hz, 1H), 7.02(d, ] =87
Hz, 1H), 4.74 — 4.68 (m, 2H}, 3.66 - 3.60 (m, 2H), 3.4%9 {5, 3H), 3.02 (s, 6H). ; ESI MS m/z
532 [M + 1] BPLC >99% (AUQC), f = 10.51 min.

Example 26
2-Chloro-4-{8-{6-[2-(dimethyvlaminolethonylpyridin-3-ylamine}-7-(rmethyisufony -

1, 5-naphthyridin-2-v)-6-methoxyphenol
priig Vi, yp

n-C
!
.
H
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U\/“N\ atle

NHG o
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N > e
S \N.

Following general procedure I, 1-[6-(3-chloro-4-bydroxy-5-methoxyphenyi-4-{8-{2-

{dimethylaminoJethoxy]pyridin-3-yviamino}-1,5-naphthyridin-3-yljethanone (49 mg, 0.12
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mmol) was reacted with 2-chloro-6-rnethoxy-4-{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
vhpheno! {58 mg, 0.18 munol) followed by formation of the dihydrochloride salt to afford

the desired product (56 mg, 78%) as an orange solid: 'H NMR (500 MHz, CDHOD) § 9.09

{s, 1H} 849¢d, I1=90Hz, 1H), 8.37(d, J=9.0Hz, 1H), 830{d ] =26 Hz, 1H)}, 7.78 {dd,
5 J=88 28 Hz IH), 728, =21 He, 1H), 6.96 (¢, I = 8.8 Ha, 1H), 688 (4, J=2.0Hz,

TH), 4.68 —4.62 {m, 2H), 3.96 {5, 3H), 3.62 - 3.54 {m, 2H), 3.49 (5, 3H)}, 2.98 {5, 6H)}. ; ESI

MS mz 544 [M + HI'; HPLC 99% (AUC), i = 10.23 min.

Example 27

1-(6-(3,5-Dichloro-d-hyvdroxyphenyiy-4-((1 -methylpiperidin-4-ymethylamino)-1,5-

10 naphthyridin-3-vijethanone dihydrochloride

CHy
BN
[ Y Te!
o \I/
HO
\,/ T‘ “NWH E
N ( N o e e,
H

S
Following general procedure 1, 61-{&-chdoro-4-{{(T-mcthyipiperidin-d-yDrocthylarinoj-
1.5-naphthyridin-3-vi}tethanone (60 mg, 0.18 mmol) was reacted with 2,6-dichloro-4-
{4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-ylphenol {78 mg, 0.27 mmol) followed by
15 formation of the dikydrochioride salt to afford the desired product (7.3 mg, 7.6%) as an off-
white solid: 'H NMR (500 MHz, CDOD) 8 918 (s, TH), 8.48(d, 1 =90 Hz, 1H), 835 (d, J
=§.9 Hz, 1H), 8.11 (s, ZH), 4.60 (d, = 7.1 Hz, 2H), 3.65 - 3.5 {m, 2H), 3.09(1d, } = 13.0,
2.8 Hz, 2H), 288 (5, 3H), 277 {s, 3H), 234 (brs, 1H), 227 (4, J=14.7 Hz, 2H), 1
£.67 (ro, 2H); B MS m/z 459 [M + H]; HPLC >99% (AUC), fr = 9.39 min.
20 Example 28
F-[6-03,5-Dichioro-4-hydroxyphenyl-4- {rans-4-
[{(BimethyiammomethyHeyelohexylamino}- 1, 5-naphthyridin-3-yljethanone

dilydrochlonde
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Following general procedure I, 1-(6-chloro-4-{mans-4-

[(dimethylaminoimethyi]cyciohexylamino}-1, S-naphthyridin- 3-yDethanone ( ng, 0.42
mmol} was reacted with 2,6-dichloro-4-(4,4,5,5~tetramethyl-1,3,2-dioxaborolan-2-ylphenol

5 (180G mg, 0.63 mmol) followed by formation of the dihvdrochioride salt to afford the desired
product (164 mg, 69%) as an off-white solid: Y NMER (500 MHz, CDB,0D) 8 815 s, 1H),
8.46(d, J=9.0 Hz, 1H), 833 (d, J=9.0Hz, 1H), 812 (s, ZH), 5.76 - 571 {m, 1H}, 3.09 (d,
J=6.6Hz, 2H), 2.76 (s, 3H), 2.50-2.40  (m, 2H} 2.08 - 1.98 (m, 3H}, 1.74 - 1.64 {m,
2H), 1.47 — 1.37 (m, 2H). ; ESI MS m/z 493 [M + HT'; HPLC >99% (AUC), & = 9.83 min,

180 Exzample 29
1-[6-(3,5-Trichloro-4-hydroxyphenyD-4- {4-[2-(dimethylam inojethyliphenylamino}-1,5-

naphthyndin-3-yhsthanone dihydrochloride

TR
Cl { /
HOL //,L\ \’;’1< )
= 1 ’i\i G

Following general procedure I, 1-{6-chlore-4-{4.{2-

15 (dimethylaminoethyliphenylamino}-1,5-naphthyridin-3-yDethanone {48 mg, 8.11 mmol}
was reacted with 2,6-dichioro-4-(4,4,5,5-tetramethyl- 1,3, 2-dioxaborolan-Z-yDphenol (43
mg, 0.15 mmol) followad by formation of the dilydrochloride salt to afford the desired
produet {17 mg, 28%) as an orange solid: "1 NMR (500 MBz, CD;0D) 5 9.30 (5, 1H), 8.43
(d,J=90Hz 1), 833(d, =00 Hz, 1M}, 7.52 (brs, UH), 742 (4, J = 8.5 Hz, 2 H),
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T37(d, =85 Hz, 2H), 3.40-3.32(m, 2H), 3.22 - 3.13 (m, 2H), 2.96 {5, 61}, 2.79 (5,
3H). ; EST MS m/z 495 [M + HI"; HPLC >99% (AUQ), 1z = 9.91 min.
Example 3D
F-16-(3-Chloro-5-fluorc-4-hydroxyphenyli-4- {4-[2-(dimethylaminc)ethyi]phenylamino}-
5 1, 5-naphthyridin-3-yhethanone dihydrochloride
CHy
INGREN

¢l /;/\

!

<ZHCH

P

HO\V//\[ o 0

N T Nj”"\ﬁ;/u\cﬁg
R N
Following general procedure 1, [-(6-chioro-4-{4-{2-
{dimethylamino)ethyllphenylamine}-1,5-naphthyridin-3-yljethancone (40 mg, §.11 mmob)
was reacted with 2-chlore-6-fluore-4- (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yijphenol
0 (4f mg, 0.15 mmol} followed by formation of the dihydrochloride salt to afford the desired
product {13 mg, 22%) as an orange solid: 'HNMR (500 MHBz, CD:0D} 8 9.29 (5, 1H), 8.42
(cd, J=0.1Hz 1H), 832(d, =90 Hz, 1H), 7.44 (d, =85 Hz, 2 H), 7.41 - 7.35 (in, 3H),
T A1 {brs, 1H), 3.43 ~ 3.36 {m, 2H), 3.23-3.13 (m, ZH), 298 (s, 6H), 2.80 {5, 3H). ; ESI MS
m/z 479 [M -+ HY", HPLC »99% (AUC), i = 9.67 min,
15  Example 31 |
1-{6-(3-Chloro-4-phenok-5-methoxyphenyl}-4- {4-[2-(dimethylaminoethyljphenylamino}-

1, S-paphthyridin-3-yhethanone dihydrochloride

-89 -
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Following general procedure {1, 1-{6-chloro-4-{4-{2-
{dimethylamino)ethyllphenylamino} -1, 5-naphthyridin-3-yhethanone (40 mg, 0.11 mmol)
was reacted with 2-chloro-6-methoxy-4- (4,4,3,5-tewamethyl-1,3,2-dioxaborolan-2-
yhpheno! (57 myg, 0.20 mmol) followed by formation of the dihvdrochioride salt to afford
the desired product (40 mg, 66%) as an orange sclid: "H NMR (500 MHz, CDs0OD) 8 9.30
(s, 1H}, B.47{d, J=9 1 He, 1H), 835(d, I=09.1 He, {H}, 741 {4 J=86H:, 2 H), 7.38{,
J=8.6He, 2, 733 (brs, | H, 6.88 {bws, 1H), 3.95 (5, 3H), 3.35 - 330 {m, ZH), 3.20~
3.12 (m, 2H), 2.98 (s, 6F), 2.31 {5, 3H). ; ESE MS m/z 491 [M + HI'; HPLC >99% (AUC),
fr=9.62 min.

Example 32
2-Chloro-4- {8-{trans-4-{dimethylamino)kyciohexylamino}-7-(methylsulfonyiy-

1,5-naphthyridin-2~yi}-6-fluorophenod

Following goneral procedure 1L, frans-~'-(6-chloro-3-(methylsulfonyi)-1,5-
naphtbyridiﬂ—4~yl)—z‘v'”“,x“f—dimethyicycfohexane—E JA-diamine (28 mg, 8.073 mmol) was
reacted with 2-chloro-6-fluorp-4-(4,4,5 S-tetramethyl- 1,3 2-dioxaborolan-2-yhphenol (41
mg, 0.15 mmol} followed by formation of the dibvdrochloride salt to afford the desired
product (30 mg, 72%) as an off-white solid: 'H NMR {560 Mz, CD0DY 8 8.92 (5, 1H),
851 (4, J =90 He, 1H), 8.37(d, = 89 Hz, 1H), BO2 (5, ] = 1.7 He, 1H), 7.92(dd, J =1 1.5,
2.2 Hz, 14, 5.64 (brs, 1H), 3.57 - 3.42 (m, 1H) 3.39 (s, 3H), 2.91 (s, 6H), 2.65 - 2.55 {m,
JH), 233 —2.26 {m, 2H), 1.88 — 1.72 Gm, 4H). ; ESI MS sz 493 [M + 1" HPLC 98.3%
(ALCY, ;= 9.62 min.

Example 33
1-[6-(3,5-Dichloro-4-hydroxyphenyi}-4-[ I-(I -methylpiperidin-4-yi)- 1 H-pyrazal-4-
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yviamino}-

1,5-paphthyridin-3-yljethanone dibydrochloride
PRy M
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Following generai procedure 1, 1-{6-chioro-4-[1-(1-methyipiperidin-4-yl)-1H-

5 pyrazol-4-ylamino)-1,5-naphthyridin-3-ylY]ethanone (77 mg, 0.21 mmol} was reacted with
2,6-dichloro-4-{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yphenol (87 mg, 8.30 rmmol}
followed by formation of the dihydrochloride salt to afford the desived product (67 mg.
57%) as a yellow solid: 'H NMR (500 Mz, I3,0) 5 9.14 (s, 1H), 8.15 (4, J =9.0 Hz, 1H),
7.99(d, 1= 89 Hz, 1H), 7.73(d, ] =2.8 Hz, TH), 7.51 {brs, 1H), 6.97 (br s, 2H), 4.44 -

10 432 (m, TH), 3.50(d, I = 12.5 Ha, 2H), 3.07 (¢, T = 13.0 Hz, 2H), 2.80 (s, 3H), 2.78 (s, 3H),
215~ 1.92 (ra, 4H). ; ESI MS sz 511 [M + HI"; HPLC >99% (AUC), & = 9.37 min.
Example 34
1-{6-(3,5-Dichloro-4-hydroxyphenyl}-4-(4-({4-methylpiperazin- -y Dmethy -

phenylamine)-1,5-naphthyridin-3-yljethanone tritydrochloride

CHs
N
/ ™
Lo
bihd

L “3HCI

I” \L jH o

‘
N ~ \, \\/ \T\:}{a

N ZF \Nx/’
Following general procedure 11, [<(6-chloro-4-{4-({4-methylpiperazin-1-
yiimethyly phenylaminoy-1.5-naphthyridin-3-vlethanone (74 mg, 0.18 mmol} was reacted

with 2,6-dichloro-4-(4,4,5, S-tetramethy!-1,3,2-dioxaborolan-2-yhipheno!l (78 mg, 0.27
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mmol)} followed by formation of the diliydrochioride salt to afford the desired product (34

rag, 77%) as a vellow solid: "H NMR (500 MHz, CO:0D) 8 9.33 (s, 1H), 845 (4, ] =9.1

He, 1H), 8.36(d, J = 9.0 Hz, 1H), 7.70 (d, ¥ = 8.1 Hz, 2H), 749 (4, I = 8.1 Hz, ZH), 7.38 (br

s, 2H), 4.45 (s, 2H}, 3.55 (br s, 8H), 2.99 (s, 3H), 2.81 (s, 3H). : ESI MS m/z 536 [M + HI;
5 HPLC »99% {AUC), % =957 min.

Example 35

1-{6-(3-Chioro-5-flucro-4-hydroxyphenyl}-4- {4-[(4-methyipiperazin-1-

yhmethyllphenylamine}-1,5-naphthyridin-3-yHethanooe tahydrochloride

=z \F NH O
‘ /L AN A
H

F ~ 1 \{:H3
9
N
10 Fotlowing general procedure If, 1-(6-chloro-4- {4-{(4-methyipiperazin-1-

yhmethyvi]pheny! aminoe}-1,5-naphthyridin-3-yljethancene (74 mg, .18 romol) was reacted
with 2-chloro-6-fluoro-4-(4,4,5, 5 tetramethyi-1,3,2-dioxaborolan-2-ylphenol (74 mg, 0.27
mmol} followed by formation of the dihydrochloride salt to afford the desired product (96
mg, 93%) as a vellow sclid: 'H NMR (500 MHz, CDy0D) 8 9.32 (s, 1H), 5.44 (4, 1= 9.1

15 Hz, 1HL 834 (d, 1=9.1 Hz, 1H), 7.65(d, I="7.6 Hz, 2H}, 748 {4, I = B0 He, 2H), 731 {br
s, V), 712 (br s, 1HD, 4.26 (br s, 2H), 3.45 (br s, 8H), 2.97 (s, 3H), 2.50 (s, 3H) ; ESI M5
wisz 520 M + H]T HPLC >99% (AUC), 1y = 9.37 min.
Example 36
{-[6-(3,5-Dichloro-4-hydroxyphenyiy-4- {4-[2-(pyrrolidin-1-yDethyl]piperidin-1-y1}-1,5-

24 paphthyridin-3-yl]ethanone dihydrochloride
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Following general procedure 1L, 1-{6-chloro-4-{4-{2-(pyrrelidin-1-
yhethyllpiperidin-1-yl}-1,5-naphthyridin-3-yljethanone (60 mg, 3.16 mmol) was reacted

with 2,6-dichloro-4-(4,4,5, 5-tetramethyi-1,3,2-dioxaborolan-2-ylphenol (65 mg, 0.23

(%2}

mimol} followed by formation of the dihydrochloride salt to afford the desired product (54
mg, 60%) as a yellow solid: "HNMR (506 MHz, CD;0D) 8 8.91 (s, 1H), 8.46 (d, } = 9.1
Hz, 1H), 835¢d, J =R 9 Hz, 1H), 8.16 (s, 2H), 4.63 (brs, 2H), 3.76 - 3.54 {m, 4H), 332 -
3.24 {m, 2H), 3.13 - 3.03 (m, 2H), 2.67 (5, 34, 2.22 — 1.96 (ra, TH}, 1.82 - 1.89 (m, 4H}.;
ESIMS m/z  [M + HY, HPLC >99% (AUC), s = 9.75 min.

10 Example 37

1-[6-(3-Chloro-S5-flucro-4-hydroxyphenyl-4- {4-[2-(pyrrolidin-1-yhethy f}piperidin-1-y1}-

1, 5-naphthyridio-3-ylethanone dihydrochioride

/o
0
N
L
l DHCH
<l 1/" ™
1
HU\ }/j\\ ~ . e -
ARy /j\\ PN /J\ 'LE\
= = ST e,

Following general procedure £, 1-{6-chloro-4-{4-[2-{pyrrolidin-1-yhethylpiperidin- 1 -vi}-

1,5-naphthyridin-3-yllethanone (60 mg, 9. 16 mmol) was reacted with Z-chlore-6-fluoro- 4-

o
L

(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhipheno! (61 myg, 0.23 mmel) followsd by
formation of the dihydrochloride salt to afford the desived product (73 mg, 83%) as a vellow

solid: 'H NMR (500 MHz, CDyOD) 8 8.91 (s, 1H), 8.45 (4, J = 9.0 Hz, 1H), 835(d, J = 4.9
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Hz, 1H)L, 8.04 (1, F = 1.8 Hz, 1H), 7.89 (dd, 1= 11.7, 2.2 Hz, 1H), 4.66 (brs, ZH), 3.69 ~
3.54  (m, 4H3, 333323 {m, 2H), 313303 {m, ZH), 2.67 (3, 3H), 222 - [.96 {m,
TH), 1.81 — 1.68 (m, 4H). ; ESIMS mrz 497 (M + H"; HPLC »99% (AUC), = 9.65 ruin.
Example 38

S5 1-[6-(3,5-Dichloro-4-hydroxyphenyi-4- {8-[2-(dimethylaminojethylaminoJpyridin-3-
viamino}-1,5-naphthyridin-3-yljethanone wrihydrochloride

H
BC\E"\" ~CH;
N

.,

i

HN LN <3HCI
[ \r:/z\r} ’

- { i
AN

HO\{/”\ T e 0
RN N ‘\I’A\CH:
NP N
Following general procedure 11, 1-[6-(3,5-dichloro-4-hydroxyphenyl}-4- {6-{2-
{dimethylamino) ethylaminolpyridin-3-ylamino}-1,5-naphthyndin-3-yljethanone (69 mg,
10 0.18 mmol} was reacted with 2,8-dichioro-4-(4,4,5, 5-teteamethyl- 1 3, 2-dioxaborolan-2-
yipheno! (78 mg, 0.27 mmotl) followed by formation of the trikydrochloride salt to afford
the desired product (87 mg, 78%) as a yellow-orange solid: 'H NMR (500 MHz, D,0) 3
022{s, 18),822(d, }=89Hz, 11}, 862{ J=01Hez, IHL792(d, J=25Hz IH),
.59 753 (m, 1H), 6.98 (5, 2H), 6.79(d, ] =94 Hz, 1H}, 3.67 (1, J = 6.4 Hz, 2H)}, 3.23 (1, ]
15 =64 Fy, 2H), 2.82 (s, 6 H), 2.80 (5, 3H). ; ESEMS sz 511 (M + HI'; HPLC >99% (AUC),
=913 min.
Example 39
1-[6-{3-Chioro- $-fluoro-A-hydroxyphenyl)-4- [8-[ 2-(dimethylaminojethylamino | pyridin-3-

yiamino}-1,5-paphthyridin-3-yijethanone trihydrochloride
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Following general procedure I, 1-{6-(3,5-dichloro-4-hydroxyphenyly-4-{6-{2-
{(dimethylamine) ethylamincpyridin-3-ylamino}-1,5-naphthyridin-3-yljethanone {69 mg,

(.18 mumol) was reacted with 2-chloro-6-fluoro-4-{4,4,5, 5-tetramethyl-1,3,2-dioxaborolan-

wh

2-yDpheno! (74 mg, (.27 mmol) followed by formation of the trihydrochloride salt to afford
the desired product (71 mg, 66%) a5 a yellow-orange solid: "H NMR ({500 MHz, C:00 &
.40 (s, 17D}, R4S (d, T=9.0 Hyz, 1H), 841 (4, I=9.1 Hz, 1}), 8.23(d. ] =2.5 He, 1H),
TET(Ad, IJ=94,25He, 1H), 742 {(brs, 2H), 7.06 (4, I =94 Hz, 1H)},3.91 (1 =64 Hz,
2H), 3.47(t, J = 6.4 Hz, 2H), 2.99 (5, 6H), 2.85 (s, 3H). ; BSI MS m/z 495 [M + H{", HPLC
10 98.9% (AUC), iz = 8.97 min.

Example 40

($)-14-{6-3-Aminopiperidin-1 -vhpyridin-3-ylamino}-6-(3,5-dichloro-4-hydroxypheny i}

1,5-naphthyridin-3-y1} {cyclopropylimethanone wihydrochloride

7
HN S
N “3HC
a L

is5 Following general procedure TV-2, (S)-tert-butyl 1-{5-[3-(cyclopropanecarhonyl}-
6-(3,5-dichloro-4-hydroxyphenyi)-1,5-naphthyridin-4-viaminolpyridin-2-yi} piperidin-3-
vicarbamate (73 mg, 0.11 mmol) was reacted with TFA (3 ml) followed by formation of

- . \ . . . . \ P C e . [
the trihydrochloride sali to afford the desired product (31 mg, 42%) as an orange solid: 'H

NME (500 MHz, CDHOD) 8 9.92 (brs, 1H), 8.51 (d, J= 9.0 Hz, 1H), 842(d, ] =9.0 Hg,
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1H), 823 (d, J=2.6 Hz, 1H), 7.88(dd, 1=9.4,2.7 Hz, 1H), 7.69 (brs, 2H), 7.24 (4, J = 9.5
2, 1HD, 437 (d, J = 160.9 Hz, 1H}, 405 -3.95 (m, 1H), 3.50-3.33 {m, 3H), 2.90 (br 5, 1 H),
227247 (m, 1H), 2.06 - 1.96 (m, {H), 1.86 - 1.74 (m, 2H), 1.37 - 1.18 (m, 4H}. ; ESI
MS w4z 549 {M + HI", HPLC 95.4% (AUQC), & = 10.0% rain.
5 Example 41
1-{4-[2-{3-Aminopyrolidia- -yDpyrimidin-S-ylamina}-6-(3,5-dichloro-4-hydroxyphenyl)-

1,5-naphthyridin-3-vi}ethanone trihydrochloride

N
g
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N 3HCI
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N N

Following general procedure [V-1, fer-buty! 1-{5-[3-acetyi~6-(3,5-dickloro-4-

10 hvdroxyphenyi}-1,5-naphthyridin-4d-ylaminolpyrimidin-2-yi} pyrrolidin-3-yicarbamate {123
myg, 0.20 mmol) was reacted with 8 N HCH (2 mL) followed by formation of the
trihydrochloride salt to afford the desired product (62 mg, 50%) as a light orange solid: 'H
MNMR (560 MHz, CIH0ODY 3 836 (brs, 1H), .57~ 835 (m, 3H), 7.57 {brs, 2H), 412 -
397 {m, 2H), 3.89 - 3.84 (m, 11}, 3.80 - 3.69 {m, 2H}, 2.34 (brs, 3H), 2.58 - 2.48 (m, 1H},

15 228217 (o, TH). ; BESEMS sz STO M+ HY HPLC 85656 (AUC), i =218 min.
Example 42
1-{4-{ trans-4-[{Dirmethylamino)methyljoyclobexylamino }-6-( 1 H-pyrazol-4-yH-1.5-
aaphthyridin-3-vijethanone trthydrochionide

HCL CH;
N 3
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”,N W 7 M 0
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Following general procedure I, 1-(6-chioro-4- {4-[{dimethylaminojmethyl}-
cyclohexylamino}-1,5-raphthyridin-3-yiethanene (55 mg, .15 mimol) was reacted with
fert-buty} 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolas-2-yi)-1H-pyrazole- 1 -carboxylate (66
meg, $.225 mmol} followed by formation of the trihydrochioride salt to afford the desired

5 product (32 mg, 42%]) as a yellow sofid: 'H MMR (300 MHz, CD:0D) 39,10 (s, 1H),
8.34 (5, 2H) 830~ 3.23 (m, 28, 5.64 {m, 1H), 3.14 {d, J=6.7 Hz, 2H), 2.94 (s, 6H), 2.
(5. 3H), 2.47 (d, J = 13.0 Hz, 21, 2.06 — 1.97 {m, 3H), 1.73 — 1.61 (m, ZH), 1.45 — 1.33 (m,
2H); ST MS mz 393 [M + HI'; HPLC 98.3% (AUC), &

= §.60 min.
Example 43

16 1-(6-{3,5-Dichloro-4-hydroxyphenyl-4-[rans-4-(hydroxymethyleyelohexyamine} - 1,5-
naphthyridin-3-yiethanone hydrochloride

OF

o \r/\} “HE

HO. ff\ o -;._ : o
«,/\\/\/ \/\ -
Cl L 0\ W CH;
Following general procedure 11, 1-{6-chlore-4-[4-
{(hydroxymethyDeyclohbexylamino}- 1,5-naphthyridin-3-yi}jethanone (34 mg, 0.10 mmol}
15 was reacted with 2,6-dichloro-4-(4,4,5,5- tetramethyl-1,3,2-dioxaborolan-2-yhphenol (44
mg, 0.15 mmol) foliowed by formation of the hydrochloride salt to afford the desired
product (40 mg, 80%) as an orange solid: " NMR (500 MHz, DMSO-do) 8 11.83(d, J=
8.0 Hz, TH)YL 10.91 (s, 1H), 9.22 (s, IH), 861 (d, /=89 Hz, 1H), 850(d, /=90 Hz, 1H},
8.16(s, 2H), 5.55 - 5.45 (m, 1H), 3.28(d, J=6.5 He, 2H), 2.76 {s, 3H}, 2.25 - 2.23 {m, 2H)},
20 1.96— 1.88 (m, 2H), 1.50 ~ 1.42 (m, 3H), 117 112 (m, 2H); ESE MS nrz 460 [M + HI
HPLC 96.8% (AUC), 1 = 11.64 min.
Example 44
1-[6-(3,5-Dichloro-4-hydroxyphenyl}-4- {frans-4-[{dimethylaminomethyljeyclohenyl-

arainc}-1,5-naphthyridin-3-y1}-2-hydroxysthanone dibydrochloride

107 -
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Following general procedure H, 1-{&-chloro-4-{trans-4-{{dimethylaminc)methyl]-
cyclobexylamine}-1,5-naphthyridin-3-y)}-2-hydroxyethanone {18 mg, 0.048 mmol) was
reacted with 2,6-dichloro-4-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-yphenol {18 mg,
0.062 mmol) followed by formation of the dihydrochloride salt to afford the desired product
(9.1 mg, 33%) as an off-white solid. 'H NMR (500 MHz, C[HOD} 8 9.13 (s, 1H), 8.47 (4,
F=89Hz, 1), 833, I =89 Hz 1H), 8.13 (s, ZH), S.78 - 5.68 (m, 1H), 491 (s, ZH),
31044, 7= 6.7 Hz, 2HD), 2.94 (5, 6H), 2.49 - 2.42 (m, 2H), 2.10 - 2.00  {m, 3H), 1.76 -
1,66 (m, 2H), 148 ~ 1.36 (m, 2H).; ESI MS m/z 503 [M + HI'; HPLC >99% (AUC), fp =
9.40 main.

Example 45
1-£6-(3,5-Dichioro-4-hydroxypheny}-4-[{1-methylpiperidin-4-y Jamino}- 1,5-naphthyridin-

3-yliethanone
:"}3(:.\
N-
i {

~
\f) ™ V’J\NI—E )
EL n. A M

|
> ~ 3

(-‘]/ o N e “CH

L 1 / J CHi

/

HO
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Following general procedure H, 1-{6-chloro-4-{{1-methylpiperidin-1-yljamino}- 1,5-
naphthyridin-3-ylethanone (70 mg, 0.22 mmol) was reacted with 2,6-dichloro-4- (4.4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yljpheno! (95 mg, 3.33 mmol} to afford the desired
product (52 rag, 53%) as a yellow solid: 'H NMR (560 MHz, CD30D) 8 8.85 (s, 1H), 8.09
~8.01 (m, 2H}, 7.94 (s, 2H), 5.74 - 5.70 (m, 1H) 2.95 - 2.92 {m, ZH}, 2.68 (5, 3H}, 2.51 (¢,
J= 117 He, 2H), 2.37 (s, 38, 2.33 — 2.25 {(m, 2H), 1.73 ~ £.71 {m, 2H); ESI MS m/z 445

- 108 -
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IM + HY", HPLC »99% (AUC), fx = 9.03 min.
Fxample 46
{-{6-(3-Chloro-5-fhioro-4-hydroxypheny-4-{(1-methylpiperidin-4-yDaminc}-

S-paphthyridin-3-yl}ethanone

HC,
a 1Y

i

IS oA

HO

el \ \r{ (}
A\\ / \[ P‘ﬂ\ \\ / \ ﬂ\z
5 \\// \ /
Following general procedure 11, 1-{6-chioro-4-{{1-methylpiperidin-4-vhamino]-

1,5-naphthyridio-3-y1}ethanone (69 mg, 0.22mmol) was reacted with 2-chloro-6-fluoro-4-

{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhpheno! {88 mg, 0.32 mmol} to afford the

desired product {44 mg, 47%) as a vellow sobid: 'HNMR (560 Mz, CD0D + 13,00 § 8.94
10 (s, TH), 8.15 (s, 2H), 7.92 (s, 1H), 7.74 (dd, J= 12.0, 2.2 Ha, {H), 5.70 - 5.62 (m, 1H), 3.17

~3.32 (o, 2H), 2.71 (s, 3H), 2.69 - 284 {m, 2H}, 2.53 (s, 3H), 237 - 2.35 {im, ZH), 185 ~

1.82 (m, 2H); BSI MS sz 429 [M + HI', HPLC >99% (AUC), 7 = 8.80 min.

Example 47

1-]6-(3,5-Dichloro-4-hydroxypheny)-4- {{rramns-4-{morpholinomethyicyclohexyllamino}-

15 1,5-naphthynidio-3-yllethanone

] /I['.’ /,\\L
Hﬂ\rfé\l L\\//
e L i
i AR - J\;ﬁ” /J\\J/ / \CH3

WNH O
H |

LN LA “
N \N/

Following general procedure 11, {-(6-chioro-4-{{4-{morpholinomethyljcyelohexyll-
amino}-1,5-naphthyridin-3-yljethanone (85 mg, 0.21 munol) was reacted with 2,6-dichloro-
4~ {4,4,5,5-tetramethyl-1,3,2-dicxaborolan-2-yDphenol (21 mg, 0.31 mmel) to afford the

20 desired product (59 mg, 53%;) as an orange solid: "H NMR (500 MHz, CDCEY§ 1118~
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11.16 (m, TH), 8.95 (s, 1H), 821 (4, J= 8.3 Hz, 1H), 7.99 (s, 2H), 7.94 {d, J = 8.8 Hz, H),
5.51 542 (m, 1H), 3.71 (1, J= 4.7 Hz, 47), 2.70 (s, 3H), 2.41 - 2.43 {r, 4H}, 2.34 - 2.32
(s, 2H), 223 - 2.22 (m, 2H), 2,02~ 1.95 (m, 2H), 1.62 — 1.58 {m, 1H), 1.46 — 1.39 {m, 2H),
128~ 1.15 (m, 28); EST MS ar/z 529 [M + H]'s HPLC 98.2% (AUC), £ = 9.93 min.

5 Example 48
1-16-(3,5-Dichloro-d-hydroxyphenyl-4-(trans-4- {{(2-
hydroxyethymethyDaminolmethyl}- cyelohexylamino)-1,S-naphthyridin-3-vijethanone
dihydrochduride
' HiCoy O
¢l . N aua
Ho ~ R T
o™ 1’}"*;/%[/ “CH,
\\’//j\;\f;‘

10 Following general procedure 1, 1-{6-chloro-4-(4-{[{2-hydroxyethy i (methy b-
aminolmethyl}eyvelohexylamino}-1,5-naphthyridin-3-yijethanone (70 mg, 0.18 mmol) was
reacted with 2,6-dichloro-4-{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhphenol (76 mg,
.27 mmol) followed by formation of the diliydrochloride salf to afford the desired product
(68 rog, 64%) as a light yolfow solid: "H NMR (500 MHz, CD;0D)  89.15 (s, 1H), 8.46 (4,

15 J=9.0 Hz, 1H), 8.34 (d, /= 9.0 Hz, 1H), B.12¢s, 2H), 5.74 - 5.71 (m, 1H), 3.90 (1. J=5.0

He, 2H), 3.39 = 3.37 (m, 1H), 3.28 - 3.26 {m, 21), 3.06 = 3.02 {m, 1H), 2.97 (s, 3F), 2.76
L3, 2,46 — 2.43 (m, ZH), 2.13 — 2.83 (ra, 3H), 1.69 — 1.66 (m, 2H), 1.44 ~ 1.42 (m,

JHY, ESEMS sz 517 [M 4 H]'; HPLC >99% (AUC), i, = 9.74 min.

i
Example 40
20 1-[6-(3-Chloro-S-flucro-d-hydroxypheny-4-{rrans-4- {{(2-hydroxyethy l{methy Damino -

methylcyelohexylamino}-1,5-naphthyridin-3-yllethanone dihydrochloride

1140 -
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Following general procedure 11, 1-[6-chloro-4-(4-£{(2-
hydroxyethyimethyDamino}- methyl} cyclobexylamino)-1,5-naphthyridin-3-yljethanone

(30 mg, 0.076 mmol) was reacted with Z-chloro-6-fluore-4-(4,4,5,5-tetramethyl-1,3.2-

N

dioxaborolan-2-ylphenol (31 mg, 0.11 mmot) followed by formation of the dilydrochloride
alt to afford the desived product (32 mg, 73%) as a light yellow solid: 'H NMR (500 MHz,
CD000 89,14 (5, 1H)Y, 8.45 (4, /=90 Hz, 1H), 8.33{d, /= 0.0 Hz, 1H), 8.03 (s, 1H), 7.89
(4, J= 11 S Hz, 1H), 5.74 - .71 {m, THYL 3.90 (4. /= 5.1 Hz, 2H), 3.45 -3.32 (m, JH), 3.30
3.26 (m, 2H), 3.07 - 3.04 (ra, 1H), 2.97 {s, 3H), 2.76 (s, 3H), 2.45 (s, 2H), 2.17 - 2.02 (m,
10 3H), 1.70 - 1.62 (m, 2H), 1.48 — 1.36 {m, 2H); ESI MS m/z 501 [M + H]" HPLC 98.2%
(AUC), iz = 9.54 min.
Example 50
1-16-(3,5-Diftuoro-4-hydroxyphenyl}-4- {zrans-4-
[(dimethylamino)methyileyclohexylamino}- 1,5-naphthyridin-3-yijethanone
15 dihydrochloride

HC.,-CHy

~ L\,/»’_\

%i i J ~2HC
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Following general procedure 1, 1-{6-chlore-4-{4-
[{(dirnethylamisoymethyilcyclohexyl- amino}-1,5-naphthyridin-3-yhethanone (65 mg, (.13
ramcl} was reacted with 2,6-diflucre-4- {4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

20 yhphenol (69 mg, 0.27 mmol) followed by formation of the dikydrochloride salt to afford

- il -
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R

the desired product (87 mg, 90%) as an off-white solid: HNMER (500 MHz, CD30D) 8
$.13¢s, 1), 844 (d, J= 9.0 Hz, 1H), 8.35{d, J=9.0Hz, 1H),7.78(dd, /= 78, 1.7 Hz,
2H), 5.66 - 5.62 (m, {H}, 3.09 (d, J = 6.6 Hz, 2H), 2.94 (5, 6H), 2.76 (5, 3H), 2.47 ~ 2.44 (m,
ZH), 2.08 - 2.04 (m, 3H), 1.72 - 1.68 {m,2H), 1.37 - 1.28 (m, ZH, ESE MBS mz 455 (M +
HIY HPLC >99% (AUC), = 9.49 min.

Example 51

1-[6-(3,5-Dichloro-4-hydroxyphenyl}-4-{ 6-[3-(dimethylamino)pyrrolidin- 1-yijpyridin-
3-ylamino}-1,5-naphthyridin-3-yljethanone trihydrochloride

Ha

Foliowing general procedure 11, 1-(6-chicro-4- {6-[3-(dimethylamino)pyrrolidin-1-
yil- pyridin-3-ylamino}-1,5-naphthyridin-3-yDethanone (55 mg, 0.134 ramol) was reacted
2, 0.20

forkd

with 2,6-dichloro-4-{4,4,5,5-tetramethyi- 1,3, 2-djoxaborolan-2-ylpheno! (58 ra
ramol) foliowed by formation of the irihydrochloride salt to afford the desived product (75
mg, 869} as an orange solid: "H NMR (300 MHz, CD;0D) 5941 (s, TH), 8.55 - 838 (in,
28H), 830 (d, J=2.4 He, 1H), 797 (dd, /= 9.5, 2.4 Hz, 1H), 7.54 (s, 2H), 7.05(d, /= 9.5
Hz, 1H), 420 - 4.16 (m, 2H), 4.02 — 3.86 (m, 211}, 3.30 - 3.70 (m, 1H), 3.03 (s, 6H), 2.85 (5,
3H), 2.82 - 2.68 (m, 1H), 2.39 - 2.52 (m, 114} ESI MS m/z 537 IM + HY'; HPLC >999%
{AUC), i = 2.08 min.

Example 52

1-[6-(3-Chlore-5-fluora-d-hydroxyphenyl)-4- {6-[3-(dimethylamino)pyrrolidin- L-ylpyridin-

3- ylamino}-1,5-paphthyridin-3-yilethanone trihydrochioride
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Following general procedure 11, 1-(6-chloro-4-{6-[3-(dimethylamino)pyrrolidin-1-
ylpyridin-3-ylamino}-1,5-naphthyridie-3~yDethanone (55 mg, 0.134 mmol} was reacted
with 2-chilore-6~ finoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-ylphenol (35 mg, 8.20
mmol) followed by formation of the irthydrochloride salt to afford the desired product (85
mg, 99%) as a yellow solid: "H NMR (300 MHz, CD,0D) 8 941 (s, 1H), 8.54 —~ 8.37 (m,
2H), 8.29 ¢, S =23 Hz, 1H), 7.99 (dd, /= 9.5, 23 Hy, 1H), 7.39 - 7.35 (m, 2H), 710 {d. J
=95 Hz, 1H), 429 = 4.11 {m, 2H), 4.03 - 3.85 {m, 2H}, 3.75 - 3.71 {m, 1H}, 3.03 (s, 6H},
2.85 (s, 3H), 2.71 — 2.82 (s, 1H); ESI MS m/z 521 [M + H['; HPLC >99% (AUC), 1z = 5.90
min.

Exampie 53

1-(6-(3,5-Dichloro-4-hydroxyphenyl}-4-{6-[3-{methylamino)pyrrolidin-1-ylpyridin-3-
yp

viamino}-1,5-naphthyridin-3-ylethanone trihydrochloride
Y
HC e
N 2N <3HC
o {f 7
HOW . PN
e | NH OO

} i i i
Ct /)\\x/’ \ﬁf I\'\§ R \(:H:;

I

T
Following general procedure D-1, tert-butyl {-{3-{3-acetyl-6-(3,5-dichlorg-4-
hydroxy- phenyi)-1,5-naphthyridin-4-ylaminc]pyridin-2-yt pyrrotidin-3-
vi(methylearbamate (0.183 mmol) was reasted with TFA (2 mL) followed by formation of
the rihydrochloride salt to afford the desired product (57 mg, 49% over two steps} as an

orange-yellow solid: "H NMR (500 MHz, CD,0D) 8 9.37 (s, 1H), 8.49 (d, /= 8.9 Ha, 1H),

- 113 -
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10

3.40(d, J=89Hz, 1H),8.24(d,J=2.5Hz, 1H), 7838 {dd, /=94, 2.5 Hz, 1H), 7.57 {s,
2H), 6.96 (d, J=9.4 Hz, 1H), 4.13 - 4.00 (m, 2H), 3.92 - 3.79 (m, 2H), 3.66 - 3.73 (m, 1H),
2.83 (s, 6H), 2.72 - 2.60 (m, 1H), 2.45 — 2.34 (m, 1H}; BSI MS vz 523 [M + H]'; HPLC
>90% (AUCY, fp = 8.97 mun.

Exaraple 54

1-(6-(3-Chloro-5-fluoro-4-hydroxypheayl-4- {6~ 3-(methylamino)pyrrolidin- L -yl pyridin-
3-ylamine}-1,5-naphthyridin-3-yDethanone trihydrochloride

HN Y

H,C AN

NN 3HCI
i NN
Cl // ~ /

HO\/ ;’t\ Ko il

= ] 'NH j})
P S \5/\ /’j‘\}/ “CH,

N \.Nf?'

Following general procedure -1, fert-butyl 1-{5-[3-acetyl-6-{3-chlore-5-fluoro- 4-
fydroxypheryl)-1,5-naphthyridin-4-ylamino f pyadin-Z-yDpyrrobidin-3 -yi{methy)
carbamate (0.189 mmol) was reacted with TFA (2 mL) followed by formation of the
tritydrochloride salt to afford the desired product {73 mg, 83% over two steps) as an crange
solid: "H NMR (500 MHz, CD,0D) 8 9.34 (s, [H), 8.46 (4, J= 9.0 He, 1H), 8.38(d, /= 9.0
He, 1H), 822 {(d, J=2.5Hz, {H), 7.82{dd, /=94, 2.5 Hz, 11}, 740 (s, 1}), 7.32(d, J=
1.8 Hz, 1H)L 6.92{d, J= 94 Hz, 1H}, .16~ 3.97 {m, 2H}, 3.90 - 3.78 {m, 2H}, 3.75 ~
3.65 (m, TH), 2.83 (s, 610, 2.72 - 260 (m, TH), 242 ~ 334 {m, 1H); ESEMS w2z 507 [M +
HT; HPLC >99% (ALIC), i = 8.72 min.

Example 55
1-{6-{1H-Benzo[dlimidazol-5-y1-4-{irons-4-[(dimethylaminohmethyljoyclohexylamine -

1, 5~-naphthyridin-3-ylethanone trihydrochioride
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Following general procedure 11, 1-(6-chloro-4-{ramns-4-
[{dimethylaminoymethyijcyclo- hexylaminol-1,5-naphthyridin-3-yljethanone (68 mg, G188
mmol} was reacted with 5-(4,4,5, 5-tetramethyi-1,3,2-dioxaborolan-2-yi}- 1 H-
benzo[dlimidazole (6% mg, 0.282 mmol) followed by formation of the trihydrochloride salt
to afford the desired product (76 mg, 73%) as a yellow-brown solid: TH NMR (500 MHz,
CEHODI8 949 (s, 1H), 919 (s, 1H}, 8.63 (¢, /= 8.9 Hz, 1H), 856 (5, 1H), 846(d, /=89
Hz, 1H), 837(d, J=85Hz, 1TH), 5.19(d, 7= 8.5 Hz, IH}, 5.65-5.55(m, [H}, 3.15(d, J=
6.9 Hz, 2H), 2.93 (s, 6H), 2.78 (s, 3H), 2.52 ~ 2.48 (m, 2FD, 2.07 - 1.95 (m, 3H), 1.76 —
1.64 {m, 2H), 1453 - 1.31 {m, 2H); BSI MS m/z 443 [M + ], HPLC 97.7% (AUC), & =
8.20 min.

Example 56
1-{4.[4-(irans-4-Dimethylaminoymethylcvelohexylamino o-{pyridin-4-yi)-
1,S-naphihyridin-3-yi}ethanone trihvdrochioride

HiC €

1
-~
\,< ~

’ﬁ S 'N}} Q

*3HI

Following general procedure I, 1-{6-chloro-4-(irans-4-
{{dimethylamincymethyhovelo- hexylamino)-1,5-naphthyridin-3-ylethanone (89 mg, 0.247
mmol) was reacted with 4-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-ylpyridine (45 mg
0.370 mmol) followed by formation of the teihydrochloride salt 1o afford the desired product

{108 mg, 85%) as a yellow solid: "H NMR (500 MHz, CD:0D) 6 9.28 ~9.20 (m, 3H), 8.81

-5 -
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(d,J= 8.9 Hz, 1H), 8.74 - 8.69 (m, 2H), 8.57 (d, J= 8.9 Hz, 1H), $.51 - 543 (n, 1H),3.17
(d,.7= 6.7 Hz, 2H), 2.94 (s, 6F), 2.78 (s, 3H), 2.52 - 2.44 {ma, 2H}, 2.08 - 1.97 {m, 3H},
177~ 1.65 (m, 2H), 1.42 — 1.33 (m, 2H); ESI MS m/z 404 [M + HJ"; HPLC 95.6% (AUC),
fr = 767 min

5  Example 57
5-{7-Acetyl-§-{rans-4-{(dimethylamino)methyljcyclohexylamino}-

1,5-naphthyridin-2-yDpyrimidine-2-carbonitrile

Following general procedure I1, 1-(6-chloro-4- {#rans-4-

10 [(dimethylaminoymethylcyclo- hexylamino}-1,5-naphthyridin-3-ylhethanone (37 mg, 0.24
mmol} was reacted with 5-(4,4,3,5-tetramethyl-1,3,2-dioxaborolan-2-yDpyrimidine-2-
carbonitrile {83 mg, 0.36 mmol) to afford the desired product (24 mg, 23%) as a yellow
solid: 'H NMR (500 Mz, CD0D + TFA-d) 3 9.62 (s, 2H), 9.23 (s, 1H), 868 (d, /=89
Hz, 1H), 8.51(d, f= 8.5 Hz, 1H),5.52 - 541 (m, 1H), 3.12 {d, J= 6.8 Hg, 2H), 2.94 s,

15 GH), 2.77 (s, 33, 2.51 — 2.42 (m, 2H), 2.08 — 1.94 (m, 3H}, 1.88 — 1.65 (m, 2H), 1.37 -
1.25 (m, 2H); ESI MS m/z 430 (M + HI"; HPLC >99% (AUC), 2 = 8.73 min.

Example 58
1-(6-(3,5-Dimethyi- 1 H-pyrazol-4-y1)-4-{ frans-4-

{(dimethylamino)methyljoyclohexylamino}- 1, 5-naphthyridin-3-yhethanone

3]
<o

trilrydrochloride
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Following general procedure D-1, feri-butyl 4-(7-acetyl-8-{ rans-4-
[{dimethylamine)- methyl} cyclohexyi}amino}- 1,S-naphthyridin-2-y1)-3,5-dimethyi-1H-

pyrazole-1-carboxyiate (.25 mmol} was reacted with TFA (2 mL) followed by formation

L

of the frihydrochloride salt to afford the desired product (96 mg, 72% over two steps) as 4
yellow foam: "H NMR (500 MHz, CD30D) § 9.17 (5, 1H), 836 (d, /= 8.8 Hz, 1H), 8.08 (4,
J= 8.8 Hz, 1H), 5.64 - 5.52 {m, 1), 3.05 (¢, /= 6.7 Hz, ZH), 2.90 (s, 6H}, 2.76 (5, 3H),
2.47 (s, 6H), 2.38 - 2.29 (m, 2H), 1.99 — 1.87 (i, 3H), 1.68 — 1.52 {m, 2H), 1.21 — 1.07 (m,
2H): ESEMS m/z 421 [M + H]; HPLC >99% (AUC), ix = 8.45 min.

10 Example 59

1 -{4-{ traps-4-{{ Dimethylamino)methyiloyoliohexylamine ;- 6-{(4-hydroxy-3,5-

dimethylphenyh-

1, 5-naphthyridin-3-yDethanone dichloride

HyC,

e 2
CH,y K f
HOL N N

S MH OO

o)

A N .
> N O -
NN oy
H i |

H,C “ClHy

P
L AN ol
N "~y
SN

15 Following general procedure 1, 1-(6-chloro-4- {frans-4-
[{dimethylarninc)methyijevelo- hexylamino}-1,5-naphthyridin-3-yhethanone (60 g, 0.166
mracl) was reacted with 2,6-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhiphenol (62 mg, 0.25 mmol} followed by formation of the trihydrochloride salt to afford

the desired product (41 mg, 48%) as a yeliow solid: 'H NMR {500 MHz, CD,0D3 8 910 (s,

- 11
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1H), 839 (d, J=9.0 Hz, 1H), 8.26 (d, J= 9.0 Hz, 1H), 7.72 (s, 2H), 5.82 - 5.73 (m, 1H),
3.06 (4, J = 6.6 Hz, 2H), 2.93 (s, 611), 2.75 (s, 3H), 2.49 — 2.42 {m, 2H}, 2.35 (s, 61}, 2.09 ~
1.9% €m, 3H), 1.73 - 1.60 (m, 2H), 1.40 — 1.27 (m, 2H); ESI MS m/z 447 {M + HI'; HPLC
08.4% (AUQ), = 9.81 min.

Example 68

1-{6-(3,5-Dichloro-4-hydroxyphenyli-4- {6-[ 3-(dimethylaminopyrrolidin- 1-yijpyridin-

3-ylamino}-1,5-naphthyridin-3-yhethanone dihydrochloride

=2HCI

oY
HO._ //}\: A NE 0
v /L\\T’kc&

Following general procedure {i, 1-{6-chlore-4-[4-(pyrrolidin-1-

yhoethyliphenylaming- 1,5-naphthyridin-3-yl}ethanone (72 mg, 0.189 mmol) was reacted
with 2,6-dichloro-4- (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yphenol (82 mg, 0.284
mmol) followed by formation of the dihydrochloride salt to afford the desired product (50
mg, 43%) as a yellow solid: 'HNMR (500 MHz, CD;0D) 3934 (s, 1H), 844 (d, /=89
Hz, 1H), 8.36 (d, 7= 8.9 Hz, 1H), 7.68 — 7.62 {m, 2H), 7.54 ~ 7.47 {m, 2H), 7.40 {br 5, ZH)},
449 (s, 2F), 3.53 ~ 3.44 (m, 2H), 3.25 - 3.17 (m, 2H), 2.81 {5, 3H), 2.24 - 2.14 {m, 2H},
1.92 —2.05 {m, 7H); BSEMS sz 507 {M + H} ; HPLC »99% (AUC), e = 10.07 min,
Example 61
1-{6-(3,5-Dichioro-4-hydroxyphenyi-4-{trans-4-(pyrrolidin-1 -ylmethycyclohexylamino}-

I,5-naphthyridin-3-yi} ethanone dihydrochloride
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Following general procedure 1L, i-{6-chloro-4-{rrams-4-{pyrrolidin- 1-ylmethyl}-
cyclobexylaminol- 1, 5-naphthyridin-3-yi} ethanone (67 mg, .17 mmol) was reacted with
2,6-dichioro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yliphenc! (58 mg, 0.21 mumol)
followed by formation of the dihydrochloride salt to afford the desired product (36 mg,
36%%) as an off-white solid: "H NMR (300 MHz, CD; 0D} 5 915 (s, 1H), 8.47 (d, 7= 9.0 Hz,
1H), 8.34(d, F=9.0Hz, 1H), 812 (s, 2H), 575~ 5.67 (m, 1H}, 3.72 - 3.65 {m, 2H), 3.17 -
3.06 (m, 4H), 2.76 (s, 3H), 2.48 — 2.40 (m, 2H), 2.20-1.99 (m, 6¥1), 1.73 — 161, (1, 2H),
1,47 — 1.36 (m, 2H); BSIMS sz 513 [M -+ HY; HPLC 95.7% (AUQC), & = 10.21 min.
Example 62
1-{6-(3-Chloro-5-fluoro-4-hydroxypheny}-4- { irans-4-{pyreclidio-T-yimethyi}

cyelohexyl} amino}-1,5-naphthyridin-3-yhethanone dihydrochloride

)
N e
IR
E/ »2HCI
i "'{/\L
HG\\{;,L\\‘ ~

e
~NH O
i i i
I
. R PN

LY
N

Following general procedure H, [-(6-chioro-4- {{frans-4-{pyrrotidin-1-ylmethyh-
cyclohexyllamino}-1,5-naphthyridin-3-yhethanone (86 mg, 0.22 mmol) was reacted with 2-
chloro-6-fhuore-4-(4,4,5, S-tetramethyl- 1,3, 2-dioxaborelan-2-yDphenoel (30 mg, 6.33 mmol)
followed by formation of the dihydrochloride salt to afford the desired product {75 mg,
69%) as a light brown solid: "HNMR (500 MHz, CD;0D) 8 9.14 (s, 1H), 8.45 {d, J=9.0
Hz, 1)L 834 (d, J=9.0 Hy, 1H), 802 (5, TH), 7.88 (dd, /=115, 2.0 Hz, 1H), 574 - 5.64
(i, T, 3.74 - 3.68 (m, 2H), 3.18 — 3.10 {m, 4H), 2.76 (s, 3H), 2.47 ~ 2.41 (m, 2H), 2.22 -
1.9 (m, TH), 174~ 1.62 (m, 2H), 1.47 — 1.34 (m, 2H); ESI MS m/z 497 [M + H]'; HPLC
96.6% (AUC), i = 9.90 min.
Example 63
i-{6-(3,5-Dichioro-4-hydroxyphenyi}-4-{irans-4-|{4-methylpiperazin-1-

yhimethylloyclohexyl- arnino}-1,5-naphthyridin-3-yhethanone tnbydeochloride

- 119 -
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Following general procedure 11, 1-(6-chloro-4-{4-[{4-methylpiperazin-1-
yhmethyll- cyclohexyl amino}-1,5-naphthyridin-3-yhethanone (32 mg, 0.076 mmol) was
reacted with 2,6-dichioro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDphenol (26 mg,

5 §.092 mmol) followed by formation of the trihydrochloride salt to afford the desired product
(31 mg, 67%) as a yellow solid: 'H NMR (500 MHz, CD20D) § 9.14 (s, 1H), 846 (d, 7=
$.9 Hz, iH), 833 (d, /=89 Hz, 1H), 8.10 (s, 2H), 5.73 - 5.68 {m, 1H}, 3.75 {br s, 3H),
3.16 (br s, 2H), 3.02 (s, 3H), 2.76 (s, 3H), 2.46 — 2,42 {m, 2H}, 2.22 - 2.34 {m, 2H), 2.10 -
2.00 (m, 14, 1.72-1.63 (m, 2H), 1.46 — 1.37 {m, 2H), ESI MS m/z 542 [M + HT'; HPLC

10 98.7% {AUQC), rp = 9.37 min.
Example 64
1-{4-{16-(3-Aminopiperidin-1-yDpyridin-3-yijamino}-6-(3,5-dichloro-4-hydroxypheny -

1,5-naphthyridin-3-yhethanone tribydrochloride

TN
[
HNTS N
. \F_—.N7 JHC
nf).\r///"{\h \r.r H O

!
} i i
X 3 X3
Ao A N O
NS N -
i " 1=/ \\T \T C}'{'(
i 3
1

i i
=2 s
- e

(93]

Following general procedure [V-2, ferr-butyl [ 1-(5-{[3-acetyl-6-(3,5-dichloro-4-
hydroxyphenyl)-1,5-naphthyridin-4-yliamino} pyridin-2-yDpiperidin-3-yljcarbamate (0.20
mmol) was reacted with TFA (2 mL) followed by formation of the trihydrochioride saltto
afford the desired product (31 mg, 30% over two steps) as an orange solid: "H NMR (500

MHz, CD:OD) § 2.38 (s, 1H), 8.49(d, J= 9.0 Hz, 1H), 841 (4, /= 9.0 Hz, 1H}, 825(d. J

- 120 -
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=7.6 Hz, 1H), 792 - 7.86 (m, 1H), 758 (s, 2H), 7.24 (d, J=9.5 Hz, 1H}, 441 - 434 (m,
THY, 4.03 -3.96 (m, 1H}, 3.53 - 332 {m, 4H), 2.84 {5, 3H), 2.24 - 2.21 (1, 1H), 2.05 -
1.97 (m, TH), 1.84 ~ 176 (m, 261); ESI MS a2 523 [M + H]'; HPLC 98.0% (AUC), i =
9.48 min.

Example 65

1-(4-{{6-(3-Aminopiperidin- 1-yDpyridin-3-vilamino}-6-{3-chlore-5-fluors-4-

hydroxyphenyi)- 1,5-naphihyridin-3-ylhethanons trihydrochloride

‘\r/’f h NH O
\]\ /j\\\ /U\

]/ ‘CH,

i
//\ -
\\4/ ~ N ’al

B \/\

Following general procedure 1V-2, fert-butyl [1-(5-{[3-acetyi-6-(3-chloro-3-flucro-
4~ hydroxyphenyl)-1,5-naphthyridin-4-yljamino} pyridin-2-yDpiperidin-3-yijcarbamate
{0.20 mmol) was reacted with TFA (2 mL) followed by formation of the wrihydrochloride
salt to afford the desired product (33 mg, 33% over two steps) as an orange solid: THONMR
(500 MHz, CDsOD) 8 9.38 (s, 1H), 8.48 (d, ./ =9.5 Hz, 1H), 8.41 (d,.7 = 9.5 Hz), 825 (d, J
=3 5 Hez, 1H), 7.91 {dd, J=9.5, 2.5 He, 1H), 741 =737 {m, 2H}, 728 {d, J= 9.5 Hz, 1H},
4.37(d, J=107Hz, 1H), 4.03 - 3.99 (m, 1H}, 3.52 - 332 (m, 3H}, 2.84 (5, 3H), 2.28 -
2.20 (m, TH), 2.08 — 1.98 (m, 1H), 1.84-1.78 &m, 200); ESI MS sz 507 {M + H]'; HPLC
>99% (ALC), in = 9.38 min.

Example 66
i-{4-{mans-(4-Aminocyclohexylaming-6-(3, S-dichioro-4-hydroxyphenyiy-1,5-

naphthyridin- 3-yl}-cthanone dihydrochioride
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Following general procedure [V-2, rere-butyl (4-{[3-acetyl-6-(3,5-dichloro-4-
hydroxyphenyb)- 1, 5-naphthyridin-4-yl]amince} cyclohexylcarbamate (0.23 mmol} was
reacted with TFA (2 mL) followed by formation of the dibydrochloride salt to afford the
destred product (32 mg, 27% over two steps) as a gray solid: "H NMR (300 MHz, D,0) 8
8.96 (s, 1H), 8.18 - 8.00 {m, ZH}, 7.53 (s, 2H}, 3.28 - 3.23 (m, 1H)}, 2.68 (s, 3H}, 2.28 ~
2.24 (m, 2HD), 2.16 - 2.13 (m, 2H), L.76 ~ 1.64 (i, 2H), 1.57 — 1.45 (m, ZH), ESI MS m/z
445 M+ HI™ 88.4% {AUCH, fa = 334 mun,

Example 6
1-{4-[frans-(4-AminccyclohexyDaming]-6-3-chlore-5-flucro-4-hydroxypheny-1,3-
naphthyridin-3-yiethavone dihydrochloride

\,_-\ #2HCI

Following general procedure IV-2, tere-butyl (4-{[3-acetyl-6-(3-chloro-5-fluoro- 4-
hydroxyphenyl}- 1, 5-naphthyridin-4-yiJamino }cyclobexyl jearbamate (0.20 mmol} was
reacted with TFA (2 mL) followed by formation of the dihydrochioride salt to afford the
desired product (45 mg, 45% over two steps) as a white solid i NMER (500 MHz, DO 8
8.99 (s, 1H), 8.13(d, /=98 He, 1H), 8.03 (d,J= 9.0 Hz, 1H), 740734 {m, 2H}, 4.91 ~
4.94 (m, 1H), 3.35 - 3.28 (m, 1H), 2.72 (s, 3H), 2.30 (o, 2H), 2.21 - 2.14 (m, 2H},
175~ 1.68 {m, 2H), 1.56 — 1.48 (m, 2H); BESI MS m/z 429 [M + HI"; HPLC >99% (AUC),
= =9.10 min.

Example 68
1-{6-(3-Chlore-5-flucro-4-hydroxyphenyi}-4- (frans-4-[(4-methylpiperazin-1-yhmethylj-

cyciohexylamine}-1,5-naphthyridin-3-yDethanone trikydrochloride
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Following general procedure {1, 1-{6-chinro-4- {4-[{(4-methylpiperazin-1-
yhmethyl}- cyclohexy! amino}-1,5-naphthyridin-3-yhethanone {53 mg, 0.13 mmol) was
reacted with 2-chloro-8-fluore-4-{4,4,5, S-tetrarnethyi-1,3, 2-dioxaborolan-2-yhphenol (41
mg, 0.152 mmol} followed by formation of the tribydrochloride salt to afford the desired
product {11 mg, 14%8) as a yellow solid: "H NMR (500 MHz, CD;0D) 5 9.14 (5, 1), 8.45
{d, J=90Hz, {H), 832, J=90Hz 1H), 8.02 (s, 1H), 7.88{dd, /= 11.4, 2.2 Hz, iH},
$.75 - 5.65(m, 1H), 3.70 (brs, 8H), 3.10 (brs, 2H), 3.01 (5, 3H), 2.75 {5, 3H), 2.46 - 2.42
{m, 2H), 2.16 — 2,13 {m, 2H), 2.05 - 2.02 {m, 1H), 173~ 161 (m, 2H}, 1.46 - 1.33 (m,
2H); ESIMS m/z §26 [M + BT HPLC >99% (AUC), tr = 9.14 min.

Example 62
N-(trans-4-{13-Acetyl-6-(3-chioro-5-flunro-d-hydroxyphenyl)-1,5-naphthyridin-4-
yilamino}- eyeclohexyl)y-2-amino-3-methyibutanamide dihydrochloride

H,C

N-CHs
Q.
\ z\NH_Z ZHC
HN,
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Following general procedure 1V-2, rert-butyl {1-{trams-4-{[3-acetyl-6-(3-chlots-5-1luoro-4-
hydroxyphenyi)-1,5-naphthyridin-4-yijamino} cyclohexylamino}-3-methyl-1-oxobutan-2-
yilcarbamate (0.19 mmeol) was reacted with TFA (2 mL) followed by formation of the

dilvydrochloride salt to afford the desired product (35 mg, 30% over two steps) as an off-

- 123 -
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white solid: "H NMR (500 MHz, CD;0D) 5 9.14 s, 1H), 844 (&, /= 9.0 He, 1H), 8.33¢(d, J
= 9.0 He, 1H), 8.00 (s, IH), 7.87¢dd, J= 114, 2.2 Hz, 1H), 563 - 557 (m, 1H), 3.88 -

3.83 (m, THD, 3.62 (4, J=6.0 Hz, 1H)}, 2.76 (s, 3H), 2.51 — 2.40 (o, 2H), 2.10 - 2,12 (m,
3, T8 - 153 {my, 4HD, LOR (L J= T4 Hz, 6HR ESI M m/z 528 (M + HI'; HPLC 98.9%
{AUC), g =299 min,

Example 70

1-{6-(3,5-Dichloro-4-hydroxyphenyl)-4-{ trans-4-(piperazin- 1 -ylmethyljcyclohexylamino}-

1, 5-naphthyridin-3-yi} ethanone trihydrochloride

S SHC

. A,
DR G N

~ N

h
g R TN N A NN N
i g \E: ~Y ~ CE f};
H 1]
H
\\/':A\j\";‘)
R

Following general procedure V-2, rert-butyl 4-((4-((3-acety}-6-(3,5-dichloro-4-
hydroxy-phenyi}-1,5-naphthyridin-4-yDamino)eyelohexyhmethylpiperazine- 1 -carboxylate
{0.298 rarnc!) was reacted with TFA (2 mL} followed by formation of the trihydrochloride
salt to afford the desired product (84 mg, 47% over two steps) as a yellow solid: TH NMR
{500 MHz, D,0) 5 9.00 (s, 1H), 822 - &.11 (m, ZH), 7.5%9 {5, ZH)}, 5.86 (m, 1H), 4.76 - 4.71
{m, 1H), 4.66 (s, TH}, 3.60 (s, 8H), 3.15(d, J= 6.7 Hz, 2H), 2.74 (5, 3H), 2.25 - 2.23 {m,
2HD), 2.02 - 1.97 (m, 2H), 1.60 -1.58 (m, 2H), 1.24 — 1.20 {m, 2H), ESIMS s 528 [M +

HI') HPLC 98.0% (AUC), iz = 2.29 min.

(85} 1-{4-{[6-{3-Aminopiperidin- 1-yDpyridin-3-vllamino}-6-(3,5-dichloro-4-
(D] 1104 pip yip ¥ij {

hydroxyphenyl)- 1,5-naphthyridin-3-yDethanone tribvdrochloride
3 ypHenyl) patiy Yij )

- 124 -
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Following general procedure TV-2, (8)-rer-butyl [1-(5-{{3-acetyl-6-(3,5-dichloro-4-
hydroxy- phenyl)-1,5-naphthyridin-4-yiamino } pyridin-2-yDpiperidin-3-vilcarbamate
{0.197 mmol) was reacted with TFA (2 mL) followed by formation of the trilydrochloride
5 saltto afford the desired product (42 mg, 33% over two steps) as a yellow solid: 'H NMR
{500 MHz, CU0DY 8939 (5, 1H), 849 (d, /= 9.0 He, 11}, 841 (4, .i:.‘)k(} Hz, 1H), 8.25
(d, f=206Hz 1H), 792{dd, /=95, 2.6 He, 115, 7.57 (s, 2H), 727 {d. /=85 He, 1H},
43744, 7= 109 Ha, 1), 4.02 - 3.99 (m, 1H}, 3.52 -3.32(m, 3H}, 2.84 (s, 3H), 2.24 -
2272 (m, 1H), 2.07 — 1.95 (ma, 1H), 1.82— 1.77 (m, 2H); B8I MS m/z 523 [M + HY ; HPLC
10 97.5% (AUQC), 1 = 9.56 min.

Example 72
(S3-1-{4-{]6-(3-Aminopiperidin-1-yDpyridin-3-yljamino}-6-(3-chlore-§-fluoro-4-hydroxy-
phenyi-1, 3-naphthyridin-3-yljethanone trihydrochloride

HyN "'J\,-m =3HCI

FEN

/ j
Ho \,!/
- \\\\// o
e,

15 Following general proceduore V.2, (R)-jert-buty! {1-(5-{[3-acetyl-6-(3-chloro-S-fluoro- 4-
hydroxyphenyD-1,5-naphthyridin-4d-vijamino fpyridin-2-yDpiperidin-3-yijcarbamate (.20
mumol) was reacted with TFA (2 ml) followed by formation of the trihydrochloride salt to
afford the desired product (42 mg, 34% over two steps) as an orange-yellow solid: "H NMR

(500 MHz, CDyOD) § 9.30 (5, 1H), 8.45 (d, /= 9.0 Hz, 1H), 835 (d,./ = 9.0 Hz, 1H), §.19

~

20 (4, J=26Hz 1H), 7.68(dd,.7=92,26He, 1H), 745 (brs, 1HYL 727 {(brs, 1H), 7.65 (d, J

]
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=972 He, 1H), 4.43 —4.36 ¢, 1H), 3.94 -3.92 (o, 1H), 3.44 - 332 {m, 3H), 2.81 {5, 3H),
2.23 215 (m, 1HD), 2.05 — 1.9 (o, 1THY, 1.77 - 1.73 (o, 2H); ESIMS moz 507 [M + H;
HPLC >99% (AUQ), & = 9.57 min.
Example 73

5 MNefrans-4-{3-Acety’-6-{3,S-dichioro-4-hydroxyphenyl)-1, 5-naphthyridin-4-ylamino-

cyclohexyl}-Z-aminopropanamide dibydrochloride

N i
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CH,
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Following general procedure TV-1, crude tert-butyl 1-{trans-4-[3-acetyl-6-(3,5-
dichloro -4-hydroxyphenyiy-1,5-naphthyridin-4-ylaminojcyciohexylamino}- 1-oxopropan-2-
10 vicarbamate (0.13 mmol) was reacted with HCH(S mL, 2 M in sther) to afford the desired
product (32 mg, 41% over two steps) as a brown solid: 'H NMR {500 MHz, CD5OE) & 9.14
{s, 14}, 8.45(d, J= 8.5 Hz, 1H)}, 8.34 {d, /= 8.5 Hz, 11}, 8.10 (s, 2H), 5.65 — 5.55 (m, 1H),
3.90(q, /= 6.9 Hz, 1H), 3.85 — 3.76 (m, 1H), 2.76 (s, 3H), 2.30 - 2.39 {m, 2H}, 2.21 - 2.10
(im, 2H), 1.78 — 1.69 {m, ZH), 1.65 - 1.52 (m, 2H), 1.51 (4, J = 6.9 Hz, 3H), ESIMS m/4z
15 516 IM +H]" HPLC »99% (AUC), f = 9.65 min.
Example 74
MN-{4-[3-Acetyl-6-(3-chloro-5-fluore-4-hydroxyphenyl)- 1, 5 -naphthyridin-rrans-4-vlamino|-

cyclohexyl}-Z-aminopropanamide dibydrochioride
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Following general procedure [V-1, seri-butyl 1-{4-{3-acetyl-6~(3-chloro-5-fluore- 4-
hydroxyphenyl)-1,S-naphthyridin-frams-4-ylaminoloyclohexylamino b~ -oxopropan-2-
yvicarbamate {0.13 mmol) was reacted was reacted with HCH(S mb, 2 M in ether) to afford

the desired product (6.0 mg, 8% over two steps) as a white solid: 'H NMR (500 MHz,

A

CDS0D) 8 9.14 (5, 1H), 844 (d, /=89 Hz, 1H), 833 (d, /=89 Hz, [H), 8.00(,/=138
Hz, 1H), 7.87(dd, /= 11.6, 1.8 Hz, 1H), 5.65 - 557 (m, 2H), 3.94 = 3.77 {m, 2H}, 2.76 (s,
3HY, 2.50-2.40 (5, 2H), 2.20 - 2.12 (m, 2H), 1.78 — 1.58 (m, 2H), 1.61 — 1.52 (m, 2H),
1.51{(d, /= 7.1 Hz, 3H); BSE MS m/z 500 [M + HI'; BIFLC 99.0% (AUC), & = 9.59 min.
10 Ixample 73
{(53-N-{4-[3-Acetyl-6-(3,5-dichloro-4-hydroxyphenyl}-1, S-naphthyridin-trans-4-yiamino}-

cyciohexyl} pyreelidine-2-carboxamide diydrochloride

HN
0\\\3 ? A
T e
HN, *2HCI
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Following general procedure IV-1, (8)-rers-buiyl 2- {4-[3-acetyl-6-(3,5-dichloro-4-

e
o

hydroxyphenyi)-1,5-naphthyridin-frrans-4-yvlaminojcyclohexyicarbamoyi} pyrrolidine-1-
carboxylate (0.19 mmol} was reacted was reacted with HCI (5 mL, 2 M in ether) to afford

the desired product {70 mg, 58% over two steps) as an off-white solid: 'H NMR (500 MHz,
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CDHOD) §9.14 {s, TH), 845 (4, /= 9.0 Hz, 1H), 8.34 (d, J= 9.0 Hz, 1H), 8.09 (s, 231), 5.66
~5.53 (m, 1H), 4.24 (dd, J= 8.5, 6.9 Hz, 1H}, 3.90 ~ 1.77 (m, 1¥), 3.46 - 3.30 {m, 2H},
2.76 (s, 3H), 2.51 — 2.40 (m, 3H), 2.22 — 1.94 (m, SH), 1.80 — 1.53 (m, 4H); ESI MS mz

542 (M + H{"; HFLC 98.9% (AUC), fg = 9.88 min,

AN
]
=
o}
3_3
=
I
=

{S)-N- {4-[3- Acety:6-(3-chloro-5-flucro-4-hydroxyphenyl)- 1, S-naphthyridin-trans-4-
viemino}- cyclohexyl} pyrrolidine-2-carboxamide dihydrochioride
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\// ]\ NH O
/\/ N\\ /A\ ’ ~
//

~.
e N

HO

CH,

Following general procedure 1V-1, tere-butyl 1-{4-[3-acety}-6-(3-chlore-S-fluore-

13 4- hydroxy-phenyl}- 1, S-naphthyridin-4-ylaminojoyelohexylamino} - -oxopropan-2-

yicarbamate (0,19 mrmcl) was reacted with HCU(S mi, 2 M in ether) to afford the desired

product (46 mg, 45% over two steps) as an off-white solid: "HNMER {500 MHz, CD:0OD) 8

014 (s, 1H), 8.44(d, /=89 Hz, 1H),833(d, 1 =89 Hz, 1H), 8.00( J=1.8Hz, 1H), 7.87

{dd, /=114, 1.8 Hz, 1H), 5.69—-5.52 (m, 1H), 423 {(dd, /= 85,69 He, 1H), 3.80 - 3.88
15 {my, 1H), 347 - 3372 (m, 2H), 2.75 {5, 3H), 2.51 = 2.39 (m, 3H), 2.20 - 2.13 {m, 2H), 2.12 ~

1.95 (m, 3H), 1.81 — 1.68 (m, 2H), 1.67 — 1.52 (m, 2H); BSI MS m/z 527 [M + HB]"; HPLOC

>99% {AUC)Y, i = 9.69 min.

Example 77

1-{6-(3-Hydroxypyrrolidin- | -yi}-4- {rans-4-[{(3-hydroxypyrrolidin- 1 -y Bmethy -

20 cyclohexylamino}-~1,5-naphthyridin-3-yDethanone
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Following general procedure V, {4-[(3-acetyl-6-chlore-1,5-naphthyridin-frans
v~ amnincjoyelokexyimethyl methanesolfonate (170 mp, 641 nunel) was reacted with
17%) as an orange-brown

-o1 (68¢ g, 7.8 mmol} io alford the product (33 mg,
H), 7.85(d, /=92 He, 1H), 7.04(d, /=92
m, 1H), 3.79 — 3.65 {m, 3H),

pyrrofidin-3
5 solid: 'H NMR {500 MHz, CDnODN 8 §.64 (s
{H), 5.63 — 5,35 (ma, [H), 4.61 —4.54 {m, 1H), 440 - 4.30¢
3.60—-3.52 (m, 1H), 2.88 — 2.80 (m, 1H), 2.79-2.70 (m, 1H), 2.63 (5, 2H), 2.63 - 2.53 {m
FH), 2.53 — 2,48 (m, 1H), 2.47 = 235 (m, 2H), 2.30 — 2.05 {m, 6H), 2.00 - 1.89 (m, ZH),
.75 —1.70 (m, 1H), 1.62 — 1.52 (m, 1H), 1.40 - 131 {m, 2H), 1.21 - 1.10 {m, ZH); ES{ MS
10 avz 454 (M + HI; HPLC 98.1% (AUC), & = 8.66 min.

Example 78
i {6-(Pyrrotidin-1-y1)-4-[#rans-4-{pyrrolidin- [-yimethy Doyclokexylamino]

naphthyridin-3- vi}ethanone

{ \
T\
/ M o N“{ (;
N
S
15 Following general procedure V, {4-{(3-acetyl-6-chioro-1,5-naphthyridin-4-
lohexyl}methy! methanesulfonate (180 mg, 0.437 mmol) was reacted with
2} as a brown

yhamino}- cyc
pyrrolidine (34 mg, 0.48 mumol) to afford the desired product (34 mg, 18%) a
83(d, J=92Hz, IH) 7.02{, J=92

solid: "H NMR (500 MHz, CD-0D) 8 8.63 (s, 1H)
- 129 -



WO 2013/109388 PCT/US2012/071434

h

Hz, 1H), 5.57 (brs, 1H), 3.61 - 353 (m, 4H), 2.63 {s, 6H), 2.45 (4, /= 7.0 Hz, 2H}, 230 -
218 {m, 2H), 2,14 - 2.04 (m, 4H), 1.98 - 1.91 (i, 2H), 1.89 — 1.80 (m, 4H), 1.68 — 1.55 (1m,
1H), 1.40 — 128 (m, 2H), 1.18 — 108 (m, 2H); ESI MS m/z 422 [M + HI", HPLC 97.5%
(AUCY, iz = 5.68 min.

Example 73

Ne{zroms-4-{3-Acety-6-(3, S-dichloro-4-bydroxyphenyl)-1,5-naphthyridin-4-ylamine}-

cyclohexyl}-2-amino-3-methylbotanamide dihydrochloride

Al o,
(SR

ﬁ',& . SHC
NH, 2R
HN

G

R
HO ///\ *\H O

EI\T

Following general procedure IV-2, rerr-butyl 1-(4-(3-acetyl-6-(3,5-dichloro-4-

ci /\\/

hydroxy- phenyl)-1,5-naphihyridin-4-vilarine) cyclohexylamine)-3-methyi-1-oxobutan-2-
ylearbamate (0.19 mmol) was reacted with HCI (5 mL, 2 M in ether) to afford the desired
product (55 mg, 47% over two steps) as an off~white solid: "H NMR (500 MHz, CD:0D) §
014 (s, 1H), B45(d, /=9.0Hz, 1H), 833 (d, /=9.0Hz, 1H), 810 (s, 2H), 5.67 - 5.53 (m,
PH), 3.91 - 3.80 (m, 1H), 3.62 (4, /= 6.0 Hz, 1H), 2.76 (s, 3H), 2.49 - 2.40 (m, 2H}, 2.25 -
210 (m, 3H), L8 - 1.54 (m, 4H), 1.07 (dd, /= 9.0, 6.9 Hz, 6H); ESI MS mz 544 [M +
H]'; HPLC 99.0% (AUC)Y, fz = 10.15 min.

Example 80

Cyclopropyl{6-(3,5-dichloro-4-hvdroxyphenyi)-4-f7rans-4-(dimethylamino)-

cyciohexylamine-1, 5-naphthyridin-3-vi}methanone dihydrochloride
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Following general procedure 11, {6-chloro-4-{#rans-4-{dimethylamino)eyclohexyl-
amino]-1, 5-naphthyridin-3-vi}{evciopropylmethanone (58 mg, 0.13 mmol) was reacted
with 2,6-dichloro-4-{4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-ylphenol {65 g, (.23 mumol)

5 followed by formation of the dihydrochloride salt to afford the desired product (85 g, 84%%)
as an off-white solid:  'H NMR {500 MHz, CEROD} 8 6.43 (s, 1H), 8.46(d, 1 = 9.0 Hz,
THD), 836 (d, T=9.0 Hz, 1H), 8.11 (5, 2H), 5.64 ~ 554 {m, 1H), 3.51 - 3.44 (m, 1H), 291 (5,
6H), 2.93 - 2.89 (m, 1H), 2.63-2.56{(m, 2H}, 232 - 2.24 (m, 2H)}, 1.87 - 1.68 {m, 4H},
1.33 — 118 (mn, 4H).; ESE MS w2 499 [M -+ HJ; HPLC >99% (AUC), & = 10.12 min.
1¢  Example 81

1-{6-(3-Chloro-5-fluoro-d-methoxyphenyl)-4-{ rans-4-[(dimethylamino)methyl}-

cyclohexnylamino}-1,5-naphthyridin-3-yljethanone dihydrochloride

CH;
H.O0-N, <2HCI
3 -
Ci {7
HOL A N

NN

KJ; E‘ N H jf

¥ \\V/A\E’ Nor S
' | v

b - o}
SN
el N

Following general procedure H, {6-chloro-4-[rrans-4-(dimethylaminoleyelohexyl-
15 aminol-1, 5-naphthyridin-3-y {cyeloprapyDimethanone (50 mg, (.13 mmol) was reacted
with Z-chloro-6-fluoro -4-(4,4,5,5tetramethyl- 1,3,2-dioxaborolan-2-yhphenol (61 mg, 0.23
ramol) followed by formation of the dihydrochioride salt to afford the desived product (58 g,
78%} as an off-white solid:  'H NMR (500 Mz, CI0D) 6 9.43 (5, 1H), 8.46 (4, 1 =89
Hz, 1H), 8.36(3, J=90Hz, 1H), 800 (, J=1.9Hz, 1H), 791 (dd, J=11.6,2.2 Hz, {H),

20 566556 (m, 1H)Y, 3.53-343  (m, [H}, 2.91 (5, 6H), 2.93 - 2.86 (m, 1H), 2.62 -2.54
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<

{m, 2H), 233 2723 {m, 2H), 188 -1.69 {m, 45}, 1.33 - 118 {m, 4H). ESEMS m/z 483
M+ BT HPLC »99% (AUC), 1/n = 9.84 min. )

Example 82

1-{4-{rrems-4-[{Dimethylamino ymethylcyclohexylamino }-6-( 1 H-pyrrolo]2,3-blpyridin-5-

yi 1,5-naphthyridin-3-yhethanone tribydrochlonde

I SJHC

Following general procedure 11, 1-(6-chloro-4-{frans-4-{{dimethyiaminomethyl}-
cyclohexylamino} -1, S-naphthyridin-3-vilethanone (60 mg, 0.17 mmol) was reacted with 5-
{4,4,5, 5-tetramethyl-1,3,2-dioxaborolan-2-y1}- | H-pyrrolo[ 2,3-blpyridine (60 mg, §.25
minol) foliowed by formation of the wrilydrochloride salt to afford the desired product (7.5
mg, 9% as an off-white solid: 'H NMR (500 MHz, CD:0D) 8 9.19 (s, 11, 9.08 (s, 2H),
8;55 (d, J==89Hz, I1H), 8.44{d, J =89 He, 1H), 772 (4, F=37Hz, 1H) 6981 (4, J=36
Hz, 1H), 5.69-559 (m, 1HL3.I8(, J=68Hz 21}, 2.94 (5, 6H}, 2.77 (5, 3H}, 2.55 -
2.45 (m, 2H),2.08 - 1.98 (m, 3H), 1.76 - 1.64 (m, 2H), 1.48 - 136 (m, 2H). ESIMS
m/z 443 M + H'; HPLC >99% (AUC), 1 = 9.25 min,

Example 83
{S)-{4-[6-(3-Amincpiperidin- | -yDpyridin-3-ylamino}-6-(3-chloro-5-fluoro-4-
hydroxyphenyl) 1,5-naphthyridin-3-yl}{cyclopropyDmethanone

{0
NN
Nyl

& K/
HOL o N

\:{/’ \i\t 3{\5\’5 O
= ,/E“l}c//j\ - N‘\\T/)\\‘T/lk >

N

P

! 1 |
PN P
NN N =

Following general procedure 1V-2, (S)-fert-Butyl 1-{5-[6-(3-chloro-5-fluoro-4-
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hydroxy- phenyl}-3-{cyclopropanccarbonyl)-1,5-naphthyridin-4-ylaminoypyridm-2-
yilpiperidin -3-ylcarbamate (100 mg, 0.16 mimol} was reacted with TFA (3 mL} to afford
the desired product (33 mg, 40%) as an orange-red solid: "H NMR (500 MHz, CD,00) 8

9.15 (s, 1H), 8.06 (d, 1 = 9.0 Ha, 1H), 8.01 (d, ] =9.0 Hz, 1H), 7.94 (d, ] = 2.7 Hz, 1H),

-

740 (s, IHY, 733 (dd, I=0.0, 28 Hz, 1H}, 694 (dd, I=12.6, 23 He, 1H}, 6.69(d, I=89
He, 1H), 420~ 410 (m, 1D, 3.87 - 3.77 (m, 1TH), 3.30 - 3.21 (ra, TH), 3.13 - 3.03 (m, 2H),
291283 (m, 1H), 2.17 —2.06 (m, 1H), 1.90 - 182 (m, 1K), 177151 (m, ZH) 143
— 1.04 (m, 4H); EST MS m/z 533 [M + HT; HPLC »99% (AUC), 7, = 9.97 min.

Example 84

1-{4-{zrans-4-{(Dimethylaminomethyloyclohexylamino} -6-(4-methoxyphenyl)-1,5-
naphthyridin-3-yijethanone dihydrochlonde

HyC. CH,
I

L\\ ,/‘\\

i i
i H

«Q2HCE

HSCO\\//;‘\ L\\//’J /NH 0

\\/\/ \/\\

L \T

Following general procedure i, 1-{6-chioro-4-{irans-4-[{dimethylaminomethyl}-
eyclohexylamino}-1,5-naphthyridin-3-yhethancne (72 g, 0.20 mmol) was reacted with (4-
methoxyphenylboronic acid (45 g, 8.30 mmol) followed by formation of the
dihydrochloride salt to afford the desired product {80 mg, 78%) as an orange solid: 'H
NME (300 MHz, CDODY 6 913 (5, TH), 845 (d, =00 Hz, 1H), 831 (4, /=90 Hz, 1H),
815803 (m, 2H), 7.24 - 732 (m, 2HY, 373 ~ 559 (my, 1HD), 3.91 (5, 3H), 3.13 (d, J=4.7
Hz, 2H), 2.94 (5, 6H), 2.75 (s, 3H), 2.50 - 2.42 {m, 2H), 2.09 - 1.96 (mp, 3H), 1.77 - 1.60 {m,
2H), 1.45 - 1.25 (m, 2H); ESEMS m/z 433 [M -+ HI' HPLC >99% (AUC), &k = 9.83 min.
Example 85

i-[6-(3,5-Dichioro-4-methoxyphenyiy4- { rans-4-[(dimethylaminomethy il

cyclohexylamino}-1,5-naphthyridin-3-yljethanone dihydrochloride
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Following general procedure Ii, 1-(6-chloro-4-{irons-4-{{dimethylaminc)methyi}-
cyelohexvlaminot-1, 5-naphthyridin-3-yhethanone {77 g, 0.21 mmol) was reacted with (3,5-
dichloro-4-methoxyphenyDboronic acid (70 g, .32 mmol} followed by formation of the

5 dihydrochloride salt to afford the desired product (80 g, 66%) as a brown solid: "HNMR
(300 MHz, CD,OD) 8 9.18 (5, 1H), 832 (4, /=90 He, 1H),839(d, 7=9.0Hz 1H), 820
(s, 2H}Y, 574 5.39 {m, 1H), 3.99 (5, 3H), 3.09 (4, J = 6.6 Hz, 2H), 2.94 (s, 65}, 2.76 (s,
3H), 2.48 - 2,40 (m, 2H), 2,10 - 2,00 (m, 3H), 179~ 181 (m, 2H), 1.50-1.31 (m, 2H},
ESE MS m/z 501 [M + HY™; HPLC »99% (AUQC), & = 10,49 min.
16 Example 86
P-{4-{ traps-4-{{Dimethylaminoymethyieyciohexylanmino -6-{6-hydroxypyridin-3-y1)-1,5-

naphthyridin-3-viethanone dihvdrochloride

Y CH
NP
SN

Following general procedure 1L, 1-(6-Chloro-4-{mrans-4-[{(dimethylaminomethyl]
15 cyclohexylamino}-1,5-naphthyridin-3-yhethanone {74 g, 0.21 mmol) was reacted with {6-
hydroxypyridin-3-yhiboronic acid (43 g, 0.31 mmel) followed by formation of the
dilvydrochioride sait to afford the desired product {49 g, 48%} as a yellow sohd: "HNMR
{500 MHz, CDODN 6914, 1H), 841 ~ 8289 (m, AH), 6.70 {4, /=95 Hx, 1H), 558~
5.50 (G, THY, 313 (4, /= 6.7 He, 2H}, 2.94 (s, 6H), 2.75 (5, 3H), 2.49 ~ 2,40 (m, 2H), 2.08
20 200 (m, 3H), 1.73 - L.61 {m, 2H), 1.39 - 1.27 (m, 2H); BST MS m/z 420 {M + H} ; HPLC
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>89% (AUC), = 8.43 min.

Example 87

S5-(7-Acetyl-8- {grans-4-[(dimethylaminomethyllcyciohexylamine} -
1, 5-naphthyridin-2-yDpicolinonitrile dihydrochloride

H,OL CH;

N 2HCH
SN
L\l i
NC. o~ E

e | ~TNH O

My \ﬂ/ Ni\’//%// j\c} ;

A =
S \'N -

Fellowing general procedure i, 1-{é-chinrg-4- {frong-4-
[{dimethylamino)methyljovelo- hexylaraing) - 1,5 -naphthyridin-3-yijethanone (77 g, 0.2]
mmol) was reacted with 5-(4,4,5,5- tetramethyl-1,3,2-dioxaborolan-2-yhpicolinonitrile (72
g, .32 mmol) followed by formation of the dihydrochloride salt to afford the desired
product (100 g, 95%) as a light brown solid:  "HNMR (500 Mz, CD:00) 8§ 9.46 (d, J=
2.2 Hz, TH), 921 (s, 1H), 8.70 (dd, J= 8.2, 2.2 Hz, 1H), 8.63 (d, /=89 Hz, 1H), 8.47(d,J
= B9 He, 1H), 817(d, /=82 He, 1H), 558~ 5.50 {m, 1H), 3. 14 {d, J= 6.8 Hz, 2H), 2.94
(5, 6H)}, 2.77 (s, 3H}, 2.49 ~ 242 (m, ZH), 2.05 ~1.97 (m, 3H), 1.75 — 1.65 (m, 2H}, 1.39 -
1.27 {rn, 28y, ESEMS mr 429 M+ H]"; HPLC 96 2% (ALC), fp = 8.88 min,

Exampie §8
1-{4-{&rans-4-{(Dimethylaminoynethylicyclohexylamino} -6-(4-hydroxyphenyl)-
1.5-naphthyridin-3-yhethanone dibydrochloride

HiC. CHy

1\ N

HO 2 :\/J""N'.»; 0
Loow, A MK

e -
AR

= 7 CH;,
I

Following general procedure I}, 1-(&-chloro-4-{#rans-4-[{dimethylaminomethyl]-

oZHCY

BRI NP

~

cyclohexylamino}-1,5-naphthyridin-3-vljethanone (76 g, 0.21 mmol) was reacted with (4-
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hydroxyphenyhboronic actd (43 g, 0.32 mmol} followed by formation of the
dihyvdrochloride salt to afford the desired product (35 g, 34%) as a yellow solid:  "HNMR
(500 MHz, CD,ODY 39,11 (5, 1H), 841 (d, /= 8.9 Hz, 11}, 828 (d,J= 8.9 Hz, 1H), 8.03
-~ 7.87 (m, 2H), 7.04 - 6.98 (m, 2H), 873 - 562 (m, TH), 3L (4, J= 6.8 Hy, 2H}, 2.94 (5,
6HD, 2.75 {5, 3H), 2.50 - 2.42 (m, 2H), 2.06 - 1.99 (1, 3H}, 1.73 - L.61 (m, 2H), 1.40 -
1.27 ém, 210, ESI MS avz 419 [M 4 H]T; HPLC >99% (AUC), 1 = 9.24 min.

Example §%9

1-16-(3,5-Drichloro-4-hydroxyphenyD-4- { [#rans-4-{dimethylaminojoyclohexyil-
methylamino}-1,5-naphthyridin-3-yl|cthanone dihydrochloride

HoC. CHy

//\
J o2 H
Ci I\(
HO. {)\ “NHOO

N . i
o o Ny
,

J

|

A .

N e
ST N

“CH;

Following general procedure 1, 1-{6-chloro-4-{{mans-4-
{diraethylamino)eyclobexyl] methylamino}-1,5-naphthyridin-3-yljethanone (100 mg, 8.27
mmol} was reacted with 2,6-dichlore-4-(4,4,5 S-tetramethyl-1,3,2-droxaborolan-2-yDphenol
{86 g, 0.30 mmol} followed by formation of the dibydrochloride salt to afford the desired
product {50 mg, 38%) as a pale vellow solid:  'H NME (S08 MHz, CInOD) 39,14 (s,
TH), 845 {dd, 1 =9.0, 1.5 Hz, iH), 837 (4, =81 Hz, 1H), 5.08(d, = 2.1 Mz, 2H}, 4.5
(dd, I =72, 1.9 Hz, 2H), 3.33 - 3.24 (my, 1H}, 2.87 (5, 6H), 2.78 (5, 3H), 2.30 - 2.20 (m,
4H), 2.03 (did, J =187, 7.3, 6.9, 3.4 Hz, 1), 1.65 {qd, J = 13.2, 12.3, 3.8 Hz, 2H}, 1.42 {(qd,
3= 146, 13.8, 3.6 Hz, 2H), 0.14 — 0.06 (m, 2H); ESI MS sz 487 [M + H]", HPLC 95.0 %
{AUCY, tg = 9.74 min.

Exampie 90

1-[6-(3-Chioro-5-fluoro-4-hydroxypheny)-4- {{rrane-4-(dimethylamine)-

cyclohexyllmethylamino} - 1,5-naphthyridin-3-yllethanone dihvdrochioride
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Following general procedure 11, 1-(6-chloro-4-{[frans-4-
{dimethyiaminojcyclochexyi]- methylamino}-1,5-naphthyridin-3-ylethanone (100 g, 0.27
mmol) was reacted with Z-chloro-6-fluore-4-{4,4,5, 5-tetramethyl-1,3, 2-dioxaborolan-2-

5 yhphenol (85 g, ¢.30 mmol) followed by formation of the dibydrochiloride salt to afford the
desired product {50 g, 38%%) as a white solid. 'HNMR (500 MHz, CD;0D) 5§ 9.12 (s,
1H), 8.43 (¢, I =90 Hz, 1H), 836 (d,J=89Hz, 1H)L 801 -795{m, 1H), 7874, I=
115,22 He, 1HD, 4.51(d, J=7.0Hz, 2H}, 425(d, 1= 6.7 Hz, 1H), 3.27 (dt, = 12.2,3.3
Hz, 1H), 2.87 (s, 3H), 2.77 (d, I = 16.7 Hz, 6H),2.28 ~ 2.19 (m, 1H}, 2.09 — 1.95 (m, 1H),

10 1.84(s, 1H), 1.64 (ad, 1= 12,8, 12.1, 3.7 Hz, 1H), 1.41 {gd, J = 14.0, 13.3, 3.4 Hz, 1H),
1.27(dd, § =236, 12.3 Hz, 1H); ESI MS m/z 471 [M + H]; HPLC 98.9% (AUC), 5 = 8.55
min.

Example 91
1-}6-(3,5-Dichloro-4-hydroxyphenyi}-4-(trans-4-hydroxycyclohexylamino}- 1, 5-

{5 napbthyridin-3-yl]- ethanone hydrochloride
HO, |
T HC
fE l_f 7 C
Y A N
HC A \ﬂ A‘NH E
S 7 R TS
N
Following general procedure 11, 1-[6-chioro-4-(frans-4-hydroxycyclchexylamino}-
1,5- naphthyridin-3-yllethanone (160 mg, 0.50 mmol) was reacted with 2 6-dichlore-4-
{4,4,5,5- tetramethyl-1,3,2-dioxaborolan-2-yDphenol (165 mg, 0.64 mmol) followed by

20 formation of the hydrochloride salt to afford the desired product {120 mg, 56%) as a pale
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yellow solid:  "H NMR (500 MHz, CDyCOD)  §9.11 (s, 1H), 8.44 (d, I = 9.0 He, 110), 8.30
(d,J=90Hz 1), 800(t, I=19Hs 1H),787{dd, J=11523Hg, IH}, 560, 1=
10.5, 4.2 He, 1H), 3.75 (i, J = 9.6, 4.2 He, [H), 2.75 (s, 3H), 2.42 - 2.35 {(m, 2H}, 2.14 ~
2.06 (m, 21), 1.74 — 1.54 (m, 4H); ESI MS sz 430 [M + HY, HPLC »99% (AUC), 1 =
14.9 mm.

Example 92
1-16-(3-Chloro-S-thuoro-4-hydroxyphenyl}-4-(frons-4-hydroxycyclobexyiamimne)-1,5-

naphthyridin-3-yi]ethanone hvdrochiornde

HO,
e
i | i

wo A S

NH OO

e

/’)\\\t// .\AI/NQX/’);\,/’ \(\Hz

’-‘\,;;i\.N,//”
Following general procedure 11, 1-[6-chioro-d-{rans-4-hydroxycyclohexylamino)-
1,5~ naphthyridin-3-yijethanone (160 mg, 8.50 ool was reacted with 2-chioro-6-fluoro-
4-{4 4,5, 5 tetramethyl-1,3,2-dioxaborolan-2-yhiphenol (160 g, $.60 mmol) followed by
formation of the hydrochloride sali to afford the desired product (120 mg, 57%%) as an off-
white solid: "THNMR (500 MHz, CDOD)  89.11 s, 1H), 8.45 (d, T = 9.1 Hz, 1H), 8.30
(d, J=9.0Hz 1H), 8.11 {5, 2H}, 5.60 (dg, I = 10.1, 4.5 Hz, 1H), 4.94 ~4.83 (m, 1H), 3.75
{tt, J=7.6, 3.9 Hz, 1H}, 3.66 (s, 2H), 3.41 331 (m, 1H), 2.75 (s, 3H}, 2.38 (dd, I = 9.4,
5.3 Hz, 2H}, 2.14 - 2.07 (m, 2H), 2.03 (s, 1H), 1.74 - 1.57 {m, 48); E5] MS m/z 446 (M +
H1'; HPLC 96.7% (AUC), tg = 1 1.1 min.
Example 63

i-{6-(3-Chloro-S-fluorc-4-hydroxyphenyD-d-{ {cis-4-[{dimethylaminoimethyl}

cyclohexyi}- amine -1, 5-naphthyridie-3-y1} ethanone dihvdrochlonide
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Cl {
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HOL NH O
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g \\\'/\ETN*I/L\\\T/}\\(:HS

A
Foltowing general procedure H, 1-(6-chloro-4- {cis-4-{dimethylaminaymethyl]-
eyvclohexyl aminot- 1, S-naphthyridin-3-ylethanone (120 g, 0.30 rormol) was reacted with

J

g, 830

L2

2~chineo-6-fhiore-4-(4,4,5, S-tetramethyl- 1,3, 2-dioxaborclan-2-yhphenal {100 ;m
mmol} followed by formation of the dihydrochloride salt to afford the desired product (150
g, 819%) zs an off-white solid: "H NMR (500 MHz, CDOD) 8§ 9.17 (s, 1H), 846 (d, } =
9.0 Hz, 1H), 845 - 830 (i, 1H), 7.99 (g, =27, 1.7 He, 1H), 7.90 - 7.82 (m, 1H), 5.93 (p,
I=42Hz iH),3.20(4, =71 Hz, 2H), 2.95 (5, 0H), 2.78 (5, 3H), 2.15 (dddt, } = 44 4,
147, 114, 4.1 Hz, 3H), 2.01 — 1.86 (m, 2H), 1.61 {dtd, J=14.3, 10.8, 3.6 Hz, 3H), 1.20 (s,
TED; BSIMS sz 471 [M + HJT HPLC 95.7% (AUC), fp = 9.9 min.

Example 94

1-{6-(3,5-Dichlore-4-hydroxyphenyh-4-( {cis-4-[{dimethylaminoymethyi]-

cyclohexyilamino)-1,S-naphthyridin-3-yl}ethanone dibydrochioride

H;C\N CH,

f\/ “2HC]
e
HO. //;E\F *-—/\NH 0

i S M '/i\\\r’/l'\(:}a;
!\:'/’I\N‘/"’i
Following general procedure i, 1-{6-chloro-4-{cis-4-[{dimethylaminoimethyl]-
cyclohexyl amino}-1,5-naphthyridin-3-yhethanone {120 mg, 8.30 mmol} was reacted with
2,6-dichlore-4-04,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yiyphero! (100 mg, 0.36 mmol)
followed by formation of the dihydrochloride salt to afford the desived product (150 mg,

81%) as an off-white sohd: "H NMR {500 MHz, CD:0D) 8 9.17 (s, 1H), 847 (d, } = 9.0 Hy,

1H), 8.34 (d. J = 8.9 Hz, 1H), §.11 (s, 2H), 5.92 (p, I = 4.4 Hz, 1H), 3.21 (4. J = 7.2 Hz, 2H),
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2.96 (s, 6H), 2.78 {s, 3H), 2.25 - 2.05 (m, 3H), 1.99 — 1.88 (m, 2H}, 1.62 (dtd, J=14.1, 11.2,
10.8, 3.7 Hz, 3H), 1.20 (s, 1H); BSI MS /2 487 [M + HJ™; HPLC 96.5% (AUC), (g = 9.9
min.
Example 95

5 (Ry1-{4-]6-(3-Aminopiperidin-1-ylpyridin-3-yvlamino]-6-(3,5-dichloro-4-hydroxyphenyi)-

1,5~ naphthyridin-3-y1} ethanene teibydrochlaride

/”\

LN
ctoo{ g
N
no A X
‘\}// \i NH (-,
A - ! N. ‘ ‘=~
Cr S e ‘f’//\‘ “CH,

Xy \?N -
Following general procedure 1V-2, (R)-ters-butyl 1-(5-(3-acetyl-6-(3,5-dichloro-4-

hydroxyphenyi}-1, 5-naphthyridin-4-ylaminopynidin-2-yipiperidin-3-ylearbamate (60 mg,
10 010 mumol) was reacted with TFA (1.5 mb) to afford the desired product (37 mp, 74%) asa

yellow-brown solid: THNMER {500 Mz, CDOODY6 928 {5, 1H), 849~ 8.31 (m, 2H), 8.16

(d, T=27Hz, 1H), 7.63 (dd, I = 9.1, 2.8 Hz, TH), 7.51 (5, 2H)}, 6.98(d, ] = 9.1 Hz, 1H),

440¢dd, F=12.7, 3.6 He, 1H}, 393 (1, 1= 134 He, 1H)}, 341 -3.19{m, 3H), 2.30 (5, 3H},

216 (m, TH), 1.97 — 1.89 (m, 1H), 1.78 — 1.65 (m, 2H}; BSI MS m/z 523 M + H]"; HPLC
15 98.1% {(AUC), & = 9.87 min.

Example 96

{R)y-1-{4-[6-(3-Aminopiperidin- 1 -yDpyridin-3-viamino}-6-(3-chloro-5-fluore-4-

hydroxyphenyi)-1, 5-naphthyridin-3-yl} ethanone

/'r/\:
H?N\“\/T‘j ;
- ‘\7,/,{\’
F ) H
|
10 s \’
\ "r{ u

/’\\ / \

( L :/[\// j
\\

20 Following general procedure V-2, {(&)-fer-butyl 14(5-(3-acetyl-6-{3-chloro-5-
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flucro- 4-hydroxyphenyi-1,5-naphthyridin-4-ylamino)pyridin-2-yhpiperidin-3-ylcarbamate
{100 mg, 0.16 mmol) was reacted with TFA (2.0 1al) to atford the desired product (S6 mg,
§7%) as a yellow-brown sohid: "H NMR (500 MHz, CD:OD) 8 0.27 (s, 1H), 840 (d, J =
9.0 He, 15, 833 (4, T=9.0 1z 1H), 816 (4, 1=2.7Hz, 1H), 7.59(dd, 1=9.1, 2.8 tz, 1H),
5 TA4(s, THY, 720(d, J= 117 He, 1H), 6.97{d, J=9.1 Hz, 1H) 439(dd. J=12.6,34Hz,
PHY,  3.38-3.94 (m, 2I0), 3.43 - 3.21 (m, 3H), 2.79 {5, 3H), 2.17 {m, , 2H), 1.93 {m, 1H),
.80 1.66 (m, 2H).; ESI MS m/z 507 |M + H}'; HPLC 98.8% (AUC), & = 9.34 mun.
Example 97
Ethyl 2-{ethoxymethylene}-3-oxobutancaie
g9
Ei)" YT TCH,
1 T1"”0&:
A mixture of ethy! acetoacetate (100 g, 8.77 mol), triethyl orthoformate (130 g,
4.92 mol), and acetic anhydride {150 g, 1.5 mol) was heated at 135°C for 6 - 18 hina
round botioimed flask that was equipped with a distillation apparatus to collect the ethanol
generated during the reaction.  The reaction was cooled, concentrated and the residue was
15 distilled under high vacuum to obtain the desired product {100 g, 70%) as a pale vellow oil:
ESIMS mfz 187 [M + H".
Esample 98
Ethyi 2-[(8-chloropyridin-3-yiaminomethylene}l-3-oxobutancate

Clo N,
DY

TI\ ; Ot
\,,///E\\ 2N ‘L

NG
H §
A
O Y0
20 A mixture of ethyl 2-{ethoxymethylene)-3-oxobutancate (48 g, .26 mol} and 2-
chiore-S-aminopyridine (33 g, 8.26 mol} in chlorobenzene (130 mL) was heated at 135 °C
for 4 h in a round bottomed flask that was equipped with a distillation apparatus to eollect

the ethanol generated during the reaction,  The reaction mixiure was cooled and

concentrated and the residue was triturated in diethylether and filtered to obtain the desired
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product (55 g, 79%) as an off-white solid: 'H NMR (500 MHz, CDCLY 3 12.76 {d, 12.3 He,
TH), 842 (s, [H}, 838 (s, 1H), 831 (4, J=28Hz 1H), 752~ 748 {m, 11, 7.37 - 7.34
{m, 1H), 430, } L Hez, 2H), 2.56 (s, 1H), 1.35¢¢, J="7.1 Hz, 3H); BESI MS m/z 269 [M
+HY,

Example 99

pthyl 2-[(6-methoxypyridin-3-ylaminomethvlene]-3-oxchutancate

HyCG N.
N T OFt
'~ = \N \N\\\\\ (,/"\\§O
H [
/"\\
1,07 Y0

A mixture of ethy} 2-(sthoxymethylene}-3-oxobutancate (100 g, €.54 mol) and 2-
methoxy-S-aminopyridine {87 g, 0.54 mol) in chlorobenzene (300 mL) was heated at
135 °C for 4 b in a round bottomed flask that was equipped with a distillation apparatus to
collect the ethanol generated during the reaction.  The reaction mixture was cooled and
concentrated and the residue was triturated in diethylether and filtered to obtain the desired
product (120 g, 84%) as an off-white sclid: "H NMR (500 MHz, CDCh) 6 12.74 (d, 12.3 Hz,
FHY 835(d, J=13.0Hx, 1H), 807(d, I=28Hz 1H), 755(d, J=8.8, 29 Hz, 1H), 679
{d, J=88Hz, 1H), 430 (q, I=7.1 Hz, 2H), 2.55 (s, 35, 1.33 (1, J= 7.1 He, 1H); ESI M5
wilz 265 (M + HI'.
Example 100

-{4-Fydroxy-6-methoxy-1,5-naphthyridin-3-ylethanone

?H O
H,CO \T[« NQ X '//‘\C Hs
E\ i =
~ N

To a flask containing Dowtherm ™ A (500 mL) at 250 °C was added ethylt 2-{(6-
methoxypyridin-3-ylaminoYmethyvlene]-3-oxobutanoate (75 g, €.2% mol) portion wise over 3
0 5 min and the reaction mixture was stirred for an additional 30 to 60 min.  The reaction
mixture was removed from the heat source, cooled to room temperature and diluted with

hexanes to facilitate precipitation.  The solids were filtered, washed with bexanes and
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10

acetonitrile and dried under vacuum to afford the desired product (80 g, 46%4) as an off-
white salid: "H NMR (500 MHz, DMSO-de) 8 12.48 {bs, 1H), 8.45 (d, 1= 5.2 Hz, 1H), 8.00
{d, J=89 Hz, tH)}, 740~ 737 (m, 1H), 721 J=89Hz 1H} 7.01 —699 (m, 1H},
3.96 (s, 3H), 2.61 (s, 3H)Y; FSIMS m/z 219 [M + HJ™

Example 101

1-{4,6-Dichicro-1,5-naphthyridin-3-ylethanone

ot n A A

Preparation following the synthetic route outlined in Scheme 1:

To a flask containing Dowtherra’ ™ A (500 mL) at 250 °C was added ethyl 2-[(6-
chloropyridin -3-ylaminoymethylene]-3-oxobutancate (10 g, 27 mmol} portion wise over 3
to § min and the reaction mixture was stirred for an additional 30 to 45 min.  The reaction
mixfure was removed from the heat source, cooled to room temperature and diluted with
hexanes to facilitate precipitation.  The solids were filtered, washed wiih hexanes and
dried under vacuum to afford the intermediate 1-(6-chloro-4-hydroxy-1,5-naphthyridin-3-
yhethanone which was heated in neat phosphorus oxychloride with catalytic NN~
dimethylformamide for 4 hat 70 °C.  The reaction was cooled and poured slowly into a
vigorously stirring mixture of ice-cold satd. aq. sodium bicarbonate and ethy! acetate. The
layers were separated and the organic layer was dried over sodium suifate, filtered and the
filtrate was concentrated.  The residue was purified by column chromatography (silica,
hexanes/ethyl acetate) to provide the desired product (3 g, 46% over two steps) as a brown

solid: ES] MS mez 241 [M + HY
Preparation {ollowing the synthetic route outlined in Scheme 2:

To g suspension of ethyl 2-[{6-methoxypyridin-3-viamino Jmethylene}-3-
oxobutanoate (70 g, ¢.32 mol) in acetonitrile (800 ml) was added trimethylsilylchloride

{173 g, 1.6 mol} and sodium iodide (140 g, .96 mol} and the reaction mixturc was heated at

reflox for 2 b, The reaction mixture was cooled to room terperature and satd. aq. sodium
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thiosuifate was added.  The mixture was concentrated to remove acetonitrile, diluted with
brine and the solids were filtered and dricd to provide the intermediate 1-(4,6-dihvdroxy-
1,5-naphthyridin-3-yiethanone. This intermediate was suspended in dichloroethane (3506
mL} followed by the addition of phosphorus oxychloride (200 mL) and catalytic N.N-

53 dimethylformamide and the reaction mixture was stirred with heat at 80 °C for 3 h.  The
reaction muxture was cooled to room temperature and quenched by pouring slowly into fce-
cold satd. ag. sodium bicarbonate or 3 N sodium hydroxide.  The quenched reaction
mixture was concentrated to remove the dichloroethane and the resulting solids were
collected by filiration and purified by chromatography (silica, hexanes/ethy! acetate) to

G provide the desired product {50 g, 74% over 2 steps) as a brown solid: "HNMR (300 MHz,
CDCl3d 9.00(s, THY, 838 (4, =88 Hz, 1H), 7.74{(4, I = 88 He, 1H),4.30(q, I= 7.1
Hz, 2H), 3.28 =318 (m, 1H), 1.36 (t, I=7.1 Hz, 3H), EBSTMS nvz 241 [M + H]"
Example 102

Methyl 3-(6-chioropyridin-3-ylamino}-2-{cyclopropanecarbonyhacrylate

Cl .M i
M 7 OCH,
e \}\3«“"\\\\[’ X
: .
P
o o

& mixtare of methyl 3-cyclopropyl-3-oxopropancate (7.2 g, 50 mmol), tricthyl
orthoformate (13 mL, 75 mmel) and 2-chloro-S-aminopyridine (6.4 g, 30 mmol) was heated
at 145 °C for 3 k in 2 round botioraed flask that was squipped with a short path distillation
apparatus to collect the ethanol genersted during the reaction.  The reaction was cooled,

20 concentrated and the residuc was purified by chromatography (silica, hexanes/ethyl acetate)
to afford the desired product (4.2 g, 28%) as a pale yellow oil: 'H MMR (300 MHz, CDCL)
51278 (d, 12.5 Hz, 1H), 848 - 834 (m, 1H), 828 (4, I=29 Hyz, iH), 751 — 7.44 {m, IH),
7.35¢d, J=86Hz, 1H), 430(q,J=71Hz 2H),3.28 - 318 (m, IH), 1.36{,J=7.1Hg,
3H), 117~ 1.09 (m, 2H), 1.02 — 0.86 (m, 2H). EST MS m/z 281 [M + HY.

25  Example 103

~

Cyclopropyl{4,6-dichioro-1,5-naphthyridin-3-yhimethanone
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[ O
[N

\ ~N e \T\J/
To a flask containing Dowtherm ™ A (500 mL) at 250 °C was added methy! 3-(6-
chloropyridin -3-yvlamino)-2-{cyclopropanecarbonyacryiate (4.2 g 15 mmol) portion wise

over 3 to 5 min and the reaction mixture was stirred for an additional 30 to 45 min.  The

()

reaction mixture was removed from the heat scurce, cooled to room temnperature and diluted

with hexages o factlitate precipitation.  The solids were fliered, washed with hexanes and

dried under vacuurn to afford the infermediate (6-chloro-d-hydrony- 1 5-naphthyridin-3-

yh(eyelopropyhracthanone which was stirred with heat at 70 °C in neat phosphorus

oxychloride (10 mL} with catalytic N,N-dimethylformamide for 4 h.  The reaction was

10 cooled and poured slowly into a vigorously stirring mixture of ice-cold satd. aq. sodium
bicarbonate and ethyl acetate.  The layers were separated and the organic layer was dried
over sedivm sulfate, filtered and concentrated.  The residue was purified by
chromatography (silica, methylene chloride/ethyl acetate) to provide the desired product
(0.78 g, 20% over two steps) as a brown solid: 'H NMR (360 MHz, CDCL) 8 8.93 (s, {H),

15 839, J=87He 1HLT7.74(d4, J=88Hz tH,2.65(1,1=77,45Hz, 1H), 1.52 - 1.42

{(m, 2H), 1.32 ~ 1.22 (m, 2H); BRI MS m/2 268 [M + H]".

Example 104

Ethyi 3-(6-chloropyridin-3-ylamino)-2-(methyisulfonyDacrylate

a\,
i
//\‘% 0
(

H O S5
20 A mixture of ethyl 3-ethoxy-2-(methylsulfonylacrylate (7.0 g, 32 mmol) and 2-
chloro-5-aminopyridine (4.1 g, 32 mmol) in chlorobenzene {16 mL} was stirred with heat at
135 °C for 3 b in & round bottomed flask that was equipped with a short path distillation
apparatus to collect the ethanol generated during the reaction.  The reaction was cooled,

concenirated and the residue was purified by chromatography (silica, methylene
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chioride/ethyl acetate) to afford the desired product (8.2 g, 84%) as a pale yellow oil: ‘"
NMR (50¢ Mz, CDCL)Y 8 1061 {d, 13.4 Hz, 1H}, 8344, J= 134 Hz, iH),8.27(d, |~
29 Hz 1H), 7.50(dd, F=8.6,30Hz, 1H), 7.37(d, J =8.6 Hz, 1H), 441 {q, =72 Hz, 2H),
3.18(s, 31, 1.42 (1, F = 7.2 Hz, 3H); ESI M3 m/z 305 M + H]"

Example 102

2,8-Dichloro-7-(methylsulfonyl}- 1, 5-naphthyridine

a oo

N

y—

Cla N A

S
SOA
! . s

N~ TN

N

To a flask containing Dowtherm ™ A (500 mL) at 250 °C was added ethyl 3-(6-
chloropyridin-3-viamino)-2-(methylsulfonylacrylate (8.2 g, 30 mmol} portion wise over 3
10 5 min and the reaction mixture was stirred for an additional 30 10 45 min.  The reaction
mixture was removed from the heat scurce, cooled to room temperature and diluted with
hexanes to facilitate precipitation.  The solids were collected by filtration, filtered, washed
with hexanes and dried under vacuum to afford the intermediate 6-chioro-3-
{methyisulfonyl)-1,5-naphthyridin-4-0l which was stirred with heat at 70 °C in neat
phosphorus oxychloride (31 mL) with catalytic N V-dimethylformamide for 4. The
reaction was cooled and poured slowly into a vigorously stirring mixiure of ice-cold satd. aq.
sodivm bicarbonate and ethyl acetate.  The layers were separated and the organic layer was
dried over socdium sulfate, filtered and concendrated.  The residue was purified by
chromatography (silica, hexanes/ethy! acetate) to provide the desired praduct (2.7 g, 33%
over two steps) as a brown solid: "H NMR (500 MHz, CDCE; )8 9.50 (s, 1H), 8.46 (d, § =
2.8 He, 1H), 7.83¢d, J = 8.8 Hz, 1H}, 3.41 {5, 3H); ESI MS m/z 278 [M + H]
Example 106

2-Chloro-1-(4,6-dichloro- 1, 5-naphthyridin-3-yDethanone
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To a solution of 1-{4,6-dichlore-1, 5-naphthyridin-3-yDethanone (3.0 g, 12 raraod)
in THF (120 mL) was added benzylirimethylammonium dichloroiodate (4.3 g, 12 mmod)
and the reaction mixture was stirred at 70 °C for 5 b, The reaction mixture was cooled,

5 diluted with satd. 2q. sodium bicarbonate and extracied with dichloromethane, The
combined organic layers were dried over ankydrous sodium sulfate, filtered and the filtrate
was concontrated.  The residue was purified by column chromatography (sifica,
dichloromethane/ethyl acetate) to afford the desired product (1.1 g, 32%) as an ofi-white
solid, BEST M8 mz 275 [M + H}.

1¢ Example 107

2-(4.&-Dichloro-1,5-naphthyridin-3-yD-2-oxcethyl acetate

oo
TNy A A __onc
1 J
~NN

To a solution of acetic acid (8.32 ml, 5.5 mmol} and N,N-diisopropylethylamine
{0.87 ml, 5.0 mmol) in acetone (20 ml.} was added 2-chloro-1-(4.6-dichloro-1,3-

15 naphthyridin- 3-yDethanone (0.26 g, 0.96 mmol) and the reaction mixture was stirred at
room temperature for 4 b The reaction mbrture was diluted with satd. ag. sodium
bicarbonate and extracted with dichloromethane. The combined orgamc layers were dried
over anhydrous sodiwm sulfate, filtered and the filtrate was councentrated.  The residue was
purified by cotumn chromatography (silica, dichloromethane/ethyl acetate) to afford the

20 desired produoct (0.12 g, 4294) as a white solid. EST MS m/z 299 [M + HY'.

Exarple (08

Benzyl 4-[(dimethylaminoimethyijoyclohexyicarbamate

. .-CH
/\]/ Ti\j 3
Chz.. L, CHy

a7z

-3

i
-
~
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To a suspension of cornmercially available benzyl 4-{aminomethyljcyciohexyl-
carbamate {15 g, 57 mmeol) in water {150 mL) was added formaldehyde (14 mL, 8.17 mol,
37% solution) and formic acid (6.5 mL, 8.17 mol).  The mixture was heated 1o reflux for
2h, cooled to i, neutralized with 2 W NaOH, and extracted with CH;Cl;. The organic

5 exiract was dried over anhvdrous sodium sulfate, filtered, and concentrated to give desired
product (16 g, 96%6} g5 a tan, waxy solid.: APCE MS naz 291 [CyHMN0n + HI™
Example 109

trans-4-[{THmethylaminonethyoyclohexanamine diacetic sali

N
'\\(/\] *2A¢0H
\\‘/ ’INH:‘
16 To a flask containing PA/C (1.5 g, Degussa type E101}) in methanol / acetic acid

{160 mL, 3:1) was added benzyi 4-[{dimethylamino)methvijeyclohexylearbamate (16 g, 54
mmol) in methanol /acetic acid (300 mL, 3:1) and the reaction mixture was stirred under an
atmosphere of  Hj (1 atm) at room temperature for 6 b, The reaction mixture was filtered
through  diatomaceous, the filtrate was concentrated, and azeotroped with toluene.  The
15 thick oil was dried under vacuum to give desired product (18 g, crude) as a waxy solid
which was used without any purification: 'H NMR (300 MHz, CD:ODY8 311 —2.98 (i,
FH), 2.78 {d, /= 7.0 Hz, 2H)}, 2.69 {5, 6H), 2.07 {br d, J= 139 Hz, 4H)}, 2.02 — 1.86 (i,
2H), 1.92 (s, 6H), 1.79 - 1.67 (ra, 1H), 1.53 - 1.35 (m, 2H), .20 - 1.05 {m, 2H).
Example 110

20 ters-Butyl {frans-4-{pyrolidin-T-yimethyDoyclohexylcarbamate

P

o WHBoc

To a suspension of rans-4-({fert-butoxycarbonyllamino)eyclohexyDmethyl

methanesulfonate (1.8 g, 6.0 mamol}), K,CO4 (1.7 g, 12 mmol) and KI (600 mg, 3.6 mmol) in
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acetonitrile (30 mL) was added pyrrolidine (5.0 mL, 60 mmol)} dropwise and the reaction
mixgture was heated at 85 °C for 16 . The solution was cooled to room temperature,
diluted with a saturated NaHCQO; solution and extracied with a mixture of
CHCly/isopropauc] {3:1).  The combined organic layers were dried over sodium sulfate,
5 filtered and the filtrate was concentrated.  The residue was purified by chromatography
{(silica, methanol/dichloromethane) to afford the desired product {1.3 g, 76%) as a white
solid. ESI MS m/z 283 [C1aH N0, + HY
Example 111

trans-4-{Pyreolidin- {-vimethyheyclohexanamine dihydrochioride

N s HCI

4
-
{
i
i
™~ /L:

10 ~ UNH,

To a solution of tert-butyl (rans-4-{pyrrolidin-1-vimethyeyclohexyDearbamate
(1.3 g, 4.5 mmol} in THF (15 mbL) was added agueous 6 N HCI (6 mL} and water (6 mL)
and the reaction mixture was stirred with heat at 65 °C for 3 b, The reaction mixture was
cooled to room temperature and concentrated to afford the desired product (1.2 g, >99%) as
15 anoff-white solid. BST MS m/z 183 {CHpFNy + HY
Example 112

tert-Butyl (frans-4-{2-(dimethylaminojethyl]cyciohexyl jcarbamate

e
S B
To a suspension of rerr-butyl {rans-4-(2-aminoethyDeyclohexylicarbamate (970
28 g, 4.0 mmol) and paraformaldehyde (360 mg, 12 mmol) in methanol (48 mL) was added
sodium oyanchorohydnde (750 mg, 12 mmol} and acetic acid {1 drop). The resultant
suspension was stirred at room temperatare for 16 b, diluted with a saturzg:ed NaHCO;,
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solution and extracted with a mixture of CHCH/isopropanol (3:1). The combined organic
tayers were dried over anhydrous sodium sulfate, [iHerad and the {iltrate was concentrated.
The residue was purified by chromatography (silica, methanol/dichloromethane) to afford
the desired product (340 mg, 31%%) as a white solid. ESI MS az 271 {CsHsgNgO, + HY
Example 113

wans-4-{2-(Dimethylamino)ethyljoyelohexanamioe dihydrochioride

H
¥
i

3

1\ S2HCH
S
P

.
(
{
N

A

AN,

HyC”

NH,

2

Foliowing general procedure IV-1, teri-butyl {frans-4-{2-{dimcthylamino)othyi]-
cyclohexyl}carbamate (330 rag, 1.2 mmol} was reacted with 6 N HCI1 (2 mLj to afford the
destred product as a viscons colorless oil that was nsed without purification .

Example 114

NZ—{2~(Dimethy}amino}e‘diyi)pyridine-295~diam'ine

HyC
’ \11\7 -""\\/ﬁ
H,C S
0
—;:\\
HH,

To a solufion of 2-chioro-S-nitropyridine {580 mg, 3.1 mmol} in THF (30 mL) was
added M’ N'-dimethylethane-1,2-diarine (310 mg, 3.5 mmeol) and triethyiémine {0.64 mL,
4.6 mmol} and the reaction mixture was stirred at room temperature for 16 h.  The reaction
mixture was concentrated, the residue was dissolved in dichloromethane and washed with 1
N HCI ag and water. The organic layer was dried over anhydrous sodivm sulfate, filtered
and the filtrate was concentrated. The residue was dissolved in tetrahydrofuran (30 mL),
degassed with nifrogen, charged with catalviic 10wt % PA/C (8.3 ¢} and the reaction
mixture was placed under an atmosphere of hydrogen (40 Psi) until the reduction was
complete as indicated by LOMS analysis. The reaction mixture was filtered over

diatomacecus earth and the filirate was concentrated to provide the desired product (280 mg,

- 150 -
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L%
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LA

20

50%}) as a purple solid: ESI MS m/z 181 [ColfisNe + HI'
Example 115

6-{2-(Dimethylamino)ethoxyJpyridin-3-amine

Hy&
i\l‘/\\ .
H C i7 ’N‘
Y
od
=

To a solytion of 2-chloro-S-nitropyridine {500 mg, 3.1 mmol) in dicxane (30 mlL)
at room femperature was added 2-(dimethylaminoethanol (309 mg, 3.5 mmol) and 60w, %
NaH (0.15 g, 3.7 munol} and the reaction mixture was stirred at room temperature unti] the
reaction was compiste by LOMS analysis. The resction mixture was poured onto ice-cold
water and the product was extracted with dichloromethane. The organte layer was dried
over sodium sulfate, filtered and the filtrate was concenirated.  The residue was dissolved
in tetrahydrofuran (30 mL), degassed with nitrogen, charged with catalvtic 10wt. % Pd/C
(0.3 g) and the reaction mixture was placed under an atmosphere of hvdrogen (40 Psi) until
the reduction was complete by LUMS analysis. The reaction mixture was filtered over
diatomaceous sarth and the filtrate was concentrated to provide the desired product (340 mg,
61%) as a purple solid: ESI M8 m/z 182 {CoHsMN;0 + HT’.

Example 116
rerf-Butyl {1-(5-aminopyridin-2-yDpyrrolidin-3-yi{methyDcarbamate

BC

NN NN
Bod - \& \1
T ONH,

To a solution of commercially available fert-butvl methvKpyrrolidin-3-
viarbamate (1.0 g, 5.0 mmol) in THF (25 mL) was added triethylamine (0.70 mL, 5.0
mmol} and 2-chloro-S-nitropyridine (300 mg, 3.1 mmol) and the reaction mixture was
stirred at room temperature for 16 h. The reaction mixture was diluted with a satd. aq.
NaHCO; and extracted with ethyl acetate.  The organic layer was dried over sodium

sulfate, filtered and the filtrate was concentrated.  The residue was purified by
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chromatograpby (silica, ethy! acetate/hexanes) to afford the desired product (1.0 g, quant.}
as a yellow solid. The sclid was dissolved in tetrahydrofuran (50 mL), degassed with
nitrogen, charged with catalytic 10wt. % PA/AC (0.5 g) and the reaction mixture was placed

under an atmosghere of hydrogen {1 atm) unti! the reduction was complete by LUMS

5 analysis. The reaction mixiure was filtered over diatormacecus earth and the filtrate was
concentrated to provide the desired product (940 myg, 100%%) as a red oil, ST MS m/z 293
FC1sHaNOy + HY
Example 117
tere-Butyl {rans-4-[{dimethyi-ds-amino)methyljcyclohexyljcarbamate
B30y -

:fr/,‘ r//\j
'\J/ - Boc
10 H

To a suspension of trans-4-[{teri-butoxycarbonyhaminooyelohexylimethyi
methanesulfonate (310 mg, 1.0 mrool), KT (330 mg, 2.0 mmol) and NN-
diisopropylethylamine (1.8 mL, 10 mmol) in acetonitrile (4 mL) was added dimethyl-d-
amine hydrochloride (350 mg, 4.0 mmol) and the reaction vessel was heated ina CEM®

15 microwave at 100 °C for T h.  The reaction mixture was cooled, diluted with & satd. aq.
NaHCO; and extracted with ethyl acerate.  The organic layer was dried over sodium
sulfate, filtered and the filtrate was concentrated to afford the product {240 mg, 30%) as a
light brown solid. ESI MS m/z 263 [CiuHuDeNO, + BT
Example {18

20 rons-4-f(Dinethylamino-dgymethyllcyclohexanamine dibyvdrochloride

D30 -CDs
Y & |
o \L
ST,

To a solution of rerr-butyl {rrans-4-[{dimethyl-dg-
aminoymethylfoyclohexylcarbamate (750 mg, 2.9 mmol) in THF {10 mL) was added water

(S mbL}and HCI{(6.0 M in Ha0, 5.0 mL, 30 mmol).  The resultant solution was stirred with
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(V41

16

15

heat at 65 °C for 2 b, concentrated and dried to obtain a white semisolid that was used
without further purification or characterization.

Example 119

feri-Butyl rans-4-(dimethylaminejcyciohexylcarbamate

CHy

o
3 / \

i

\_/ {

S,
NHBoo

To a solution of fers-buty! mrans-4-aminocyclohexylearbamate (730 mg, 3.5 mmol),
paraformaldehyde (320 mg, 10 mmeol), and sodium cyanoborohydride (660 mg, 13 mmol)
in methanct (30 mL) was added acetic acid (catalytic) and the reaction was stirred at room
temperature for 18 k. The reaction nunture was diluted with water and methylene chioride
the layers were separated.  The aqueous iayer was adjusted (o pH 10 using | M sodium
hydroxide followed by extraction with methylene chloride.  The combined organic layers
were dried over sodiura sulfaie, fitered and the filirate was concentrated 1o afford the
desired product (806 mg, 95%) as a white solid: ESI MS sz 243 [C1HueN-O, + HI
Example 120

arl

trans-N' N -Dimethylcyclohexane-1,4-diamine

CH,
]

e

A

To a solution of ters-butyl rans-4-{dimethylaminoeyciohexyicarbamate {800 mg,
3.3 yamol) was added TFA (5 wL) and the reaction mixture was stirced with heat at 75 °C
for 18 h.  The reaction mixture was concenirated, the residue was loaded onto an SC X"
ion-exchange column, flushed with methanol and then 7 N ammonia in methano! to obtain
the desived product.  The fractions containing the product were concentraied to dryness to
obtain the desired product as the free base (400 mg, 85%}) as an orange oil: EST MS miz 143
[CsHigN, + HI'

Example 121

¢

[

W

()
13
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6-3-(Dimethylaminopyrrolidin- I-yl]pyridin-3-amine

Hy G

To a solution of 2-chlore-5-nitropyridine (500 mg, 3.1 mmol) in THF 30 mL) was
added N, N-dimethylpyrrolidin-3-amine {400 mg, 3.5 mmol} and triethviammne (8.64 mL,
5 4.6 mmol) and the reaction mixture was stirred at room temperature for 16 . The reaction
mixture was concentrated to dryness, the residue was dissolved in dichloromethane and
washed with 1 N HC ag. and water. The organic layer was dried over anhydrous sodium
sulfate, filtered and the filtrate was concentrated to dryness. The residue was dissolved in
tetrahydrofuran (30 mL), degassed with nitrogen, charged with catalytic 10wt % Pd/C (0.3
10 g) and the reaction mixture was placed under an atmosphere of hydrogen (40 Psi) until the
reduction was complete as indicated by LCMS analysis. The reaction mixture was filtered
over digtomaceous earth and the filtrate was concentrated o provide the desired product
(360 mg, 56%) as a purple solid: B3] MS m/z 207 [C 13Ny + HY.
Example 12

15 tert-Butyl 1-(S-aminopyridin-2-vDpiperidin-3-yicarbamate

Boe '/’ \/
”\/ N

TZ’Z

To a solution of 2-chioro-S-nitropyridine (300 mg, 3.1 mmel) i THF (30 mL) was
added tferr-butyl piperidin-3-ylcarbamate (700 mg, 3.5 mmol) and triethylamine (0.64 ml,

4.6 mmol} and the reaction mixture was stirred at room temperature for 16 h.  The reaction

el
[o=

mixture was cancentrated to dryness, the residue was dissolved in dichloromethane and
washed with 1 N HCl ag. and water. The organic layer was dried over anhydrous sodium

sulfate, filtered and the filtrate was concentrated to dryness. The residue was dissolved in

- 184 -
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tetrahydrofuran (30 mL), degassed with nitrogen, charged with catalytic 10wt. % Pd/C (0.3
g) and the reaction mixture was placed under an atmosphere of hydrogen (40 Psi) until the
reduction was complete as indicated by LCMS analysis. The reaction mixture was filtered
over diatomaceous earth and the filtrate was concentrated to provide the desired product

S {850 mg, 93%) as a purple sofid: ESI MS m/z 293 [CisHaeNa0y + HY
Example 123

{Syferi-Butvl I-(S-aminopynidin-2-yDpiperidin-3-vicarbamate

r "\
Boo =/

§ o ﬁ"\w—;\"'

To a seiution of Z-chioro-3-nitropyridine (500 mg, 3.1 mmol} fo THE {30 mL) was
10 added (S)iert-buiyl pEperidin—li~$/Eca:'han}aﬁ‘e {700 mg, 3.5 mmoi} and trnethylamine (§.64
mL, 4.6 mmol} and the reaction mixture was stirred at room temperature for 16 h.  The
reaction mixture was concentrated to dryness, the residue was dissolved in dichloromethane

oy
¥
A

and washed with 1 N HCI ag. and water. The organic layer was dried over anhydrous
sodium sulfate, filtered and the filtrate was concentrated to dryvness. The residue was

15 dissoived in teteabydrofuran (30 ml), degassed with nitrogen, charged with catalytic
10wt %0 P&/C (0.3 g) and the reaction mixture was placed under as atmosphere of hydrogen
{40 Psi) until the reduction was complete as indicated by LUMS analysis. The reaction
mixture was filtered over diatormaceous earth and the filirate was concentrated to provide
the desired product (945 g, quani) as a purple solid: EST MS ov'z 293 [CysHpa NGy + HY

20 Example 124

tert-Butyl 4-(4-nitro-1H-pyrazol-1-yhpiperidine-1-carboxylate

Bog.
Boo S
N \\I\;‘,N:>
\D\_ /
=
\
NG,
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To a solution of miropyrazole (3.0 g, 25 mmol), feri-butyl 4-hydroxypiperidine-
I-carboxylate (6.0 g, 30 mmol) and triphenylphosphine (7.9 g, 30 mmol) in THF (20¢ mL)
at room temperature was added diisopropy! arodicarboxylate (6.0 &, 30 mmol) and the
reaction mixiure was stirred for 16 . The reaction mixture was concentrated and the

5 residue was purified by chromatography (silica, bexanes/ethyl aceiate) to provide the
desired product (4.2 g, 57%;) as a whits sofid:
Example 125

I-(1-Methylpiperidin-4-y1)- 1 H-pyrazol-4-amine

HiCo e
3 N\

L\v// :‘\N AN .
:‘b \';‘)
:.(\
NH,
10 To a suspension of lithium alumitoum hydride (0.32 g, 8.4 mmol) in THF (15 mL)

was added a solution of reri-butyl 4-(4-nitro- 1H-pyrazol-1-ypiperidine- 1 -carboxylate (5300
mg, 1.7 mmol} in THF {14 mL)} and the reaction mixture was stirred with heat at 66 °C for
16 h.  The reaction mixture was cooled to 0 °C and quenched by the slow addition of
cthanol (4.3 mL) then water (0.3 mL) and finally 3 NNaOH aq. (0.3 mb}.  The resulting
15 mixture was stirred for 30 min, filtered and the filteate was concantrated and dried to obtain
the desired product (280 myg) which was used without any purification: ESI MS m/z 181 [M
+HY"
Example 126

2,6-Dichloro-4-(4,4,5, 5-tetramethyl-1,3,2-dioxaborelan-2-viiphenol
> & 2 7 a1 o

Ty,

A

A flask was charged with 4-bromo-2,6-dichlorophenol (45 g, 0.20 mol), KOAc (39

g, 0.40 mol}, bis{pinacolatoidiboron (61 g, 0.22 mol) and Pd{dpptiChL (8.1 g, 8.010 mol)
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foliowed by the addition of 1,4-dioxane {1200 mL). The reaction mixture was degassed
with nitrogen and stirred with heat at 90 °C for 16 h.  The reaction mixiure was cooled,
difuted with methylene chloride, filtered and the filtrate was concentrated to dryness.  The
residue was purified by chromatography (silica, hexanes/ethyl acetate) 1o obtain a vellow oil
5 which was treated with hexanes and the resulting solids were filtered to obtain the desived
product (24 g, 44%) as a white solid: "HNMR (500 MHz, CDCL) §7.57 (5, J=1.3 Hz,
THY, 7.42 {dd, /= 10.2, 1.3 Hz, 1H), 1.33 (s, 1ZH).
Example 127

2-Chioro-6-fluore-4-{4,4,5, 5-tetramethyl-1,3, 2-dioxaborclan-2-yiphenel

Following the procedure outlined in Example 106, 4-bromao-2-chloro-6-
fluorophencl {270 mg, 1.2 mmol) was reacted with bis{pinacoiato)diboron (305 mg, 1.2
mmoi) and Pd{dppfiCl; (88 mg, 0.12 mmol) to afford the desired product (340 mg, quant.)
as a colorfess oil: 'H NMR (300 MHz, CDCl3) 8 7.57 ¢, J= 1.3 Hz, iH), 7.42 (dd, J =
15 10.2, 1.3 Hz, 1H), 1.33 (5, 12H)
Example 128
1-16-Chloro-4-{mrans-4-{dimethylaminejcyciohexylaminoi-

1,5~-naphthyridin-3-yl;ethancne

CH;
HyC N ~
O
’/\b
NH O
Ch ;“N‘\\r’*\\\\r’l'\(:}{;
!\\5‘/""\N”;’I
20 Following general procediure §, 1-(4,6-dichlioro-1,5-naphthyridin-3~-yhethanone

(250 mg, 1.0 mmol) was reacted with rans-N' N'-dimethvicyclohexane- 1.4-diamine

¥
J

~-¥

- 15
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wn

15

dihyydrochloride (336 mg, 1.6 mmol) to afford the desired product (156 mg, 38%) as a light
browa solid:. "HNMR ($00 MHz, CDChL )8 10.88 (brs, 1H), 894 (s, 1H), $.08(d, J=8.7
Hz, tH), 7.55 (4, 1 = 8.8 Hz, 1H), 5.07 —~ 4.92 {im, 1H), 2.67 {5, 3H}, 2.34 (5, 61}, 2.39 —
2320, 2H, 231 - 222 (m, FHY, 207 1.9%(m, 2H), 1.56 - 1.35 (m, 4H);, ESI MS
miz 347 M+ HY

Example 129

{6-Chlore-4-{ rans-4-1{dimethylamino ymethyiicyclohexviamino -

-

1,5-naphthyridin-3-yh{eyclopropylimethanone
H3C‘~N--C}—13

L
o

!
¢
{

A

NH (E)
i ~ N*& /L\\M,./i\\_,__ .

|i\ J\ | \/
N

E\;

Following geaeral procedure §, eyclopropyl(4,6-dichloro-1,5-naphthyridin-3-vi}-
methanone (267 mg, 1.0 mmol) was reacted with frans-4-[{dimethylaminomethyl}
eyclohiexanamine diacetic acid salf (270 mg, 1.0 mmol) to afford the desired product (150
mg, 39%%) as an off~white solid: "H NMR (500 MHz, CDCL ) 8 10.85 (brs, 1H), 9.19 (s,
[H), 8.08(d, 3= 8.7 Hz, 1H), 751 (d, J =87 Hz, [H), 4.97 (brs, 1H}, 2.72 262 {m, 1H},
231224 {m, 20, 2.22 (5, 61), 213 (d, I = 7.2 ¥z, 2H), 1.96 ~ 1.89 (mn, 2H), 1.55 ~ 1.46
(m, 1 H, 1.36 (qd, 7= 12.4, 3.3 Hz, 2H), 1.28 — 1.22 (ro, 2H), 1.21 — 1.09 (rq, 2H), 1 .08 ~
1.02 (m, 2H); ESE MS m/z 387 [M + HL."

Example 13¢
1-{6-Chloro-4-{frans-4-] 2-(dimethyiamino)ethylcyciohexylamino} -

§,5-naphthyridin-3-yliethanone

158 -
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&
H,C M,

/
{
L

NH O
¢ \?’W\EI/\ J// CHy

L\//// \N/

Following general procedure {, 1-(4,6-dichlore-1,5-naphthyridin-3-vlethanone
{250 mg, 1.0 mmol) was reacted with frans-4-[2-{dimethylaminc)ethylicyclohexanamine
dihiydrochloride (300 mg, 1.2 mmol) to afford the desired prodact (140 mg, 36%) as an off-
5 white solid: 'H NMR (500 MHz, CDCL ) 6 10.88 (brs, 1H), 8.93 (5, 1H), 8.07(d, ¥ =8.7
He, 1H), 7.52(d, J = 8.8 Hz, TH), 5.04 — 4.96 (m, 1H), 2.67 {5, 311}, 2.36 - 2.22 {m, 41D,
2.24(s, 6 H), 1.93 - 1.83  (dd, J = 13.9, 3.5 Hz, 2H), 1.49 — 1.31 (m, 5H), 1.27 — 1.15 (m,
2H); ESIMS mz 375 (M HY
Example 131
i8¢ 1-{6-Chloro-4-{cis-4-[ (dimethylaminoimethyijcyciohexylamino}-

1,5-naphthyridin-3-yljethanone

NH ©
Tl EN\T)\\\ I/Q\CH:é
- N
Following general procedure 1, 1-(4,6-dichloro-1,5-naphthyridin-3-yliethanone
(500 mg, 2.1 mmol} was reacted with cis-4-{{dimethylaminoymethylicyclohexanamine (360
15 mg, 2.0 mmol) to afford the desired product (4008 mg, 55%) as a yellow solid: ESI MS m/z
361 M+ HI;
Example 132
6-Chloro-N-{rans-4-[(dimethylamino)methyljoyelohexyii-3-

{methylsulfonyl}-1,5-naphthyridin-4-amine

H
h
]

i
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Following general procedure 1, 2,8-dichioro-7-{methylsulfony}-1,5-naphthyridine
{150 mg, 0.54 munol) was reacted with rrans-4-[{dimethylaminoimethylicyclohexanarnine

diacetic acid salt {190 mg, 0.68 mmol) to afford the desired product {150 my, 68%%) as a

(&,

light yellow solid: "H NMR (500 MHz, CDClL ) 58.84 (s, 1H), 8.14(d, ] = 8.8 Hz, 1H),
70G-7.60 {m, 1H} 7.57{d, = 8.8 Hz, 1H),5.05-495 (m, 1H), 3.09{s, 3H),2.34 -
2.24 (e, 81}, 218 {d, F = 7.0 Hz, 2H3 2.00 — 1.92 (m, 2H), 1.37 — L.50 (m, 1H), 1.42 -
130 (m, 2H), 1.24 ~ 112 (m, 2H); ESEMS m/2 397 (M + HY

Example 133

10 srans-M-[6-Chloro-3-(methylsulfonyl)-1,5- aaphthyridin-4-yi}-N* N*

dimethylcyelohexane-1 4-dianiine

CHy
1,0
3 ’//
I/
AN _1;
v}i OO0
\\"/

RS \T

Followtug general procedure 1, 2,8-dichloro-7-(methyisulfonyl)-1,5-naphthyridine
{146 mg, 0.52 mameol} was reacted with szzs—vN],N1-vdimethyioyciohexane»E,4‘diamme
15 dihvdrochioride (140 mg, (.65 mmol) to afford the desived product (68 mg, 34%%) as an off-
white solid: "H NMR (500 MHz, COCL ) 5 8.85 (s, 1H), 8.15 (d, J = 8.8 Hz, 1H), 7.66 (d.
F=77Hz, 1H), 758 (d, J =88 Hz, TH}, S.06-4.9¢  (m, 1H}, 3.69 (s, 3H), 2.33 (5, 6H),
2.33-228(m, 2H), 227 - 217 (o, T H), 2,06 - 1,99 (m, 2H), 1.56 — 132 {m, 4H); ESI
MS m/z 383 [M+ HY

20 Example 134
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6-Chiloro-N-{4-[{(dimethylaminoymethyi]phenyl}-3-(methyisalfonyi)-

{.5-naphthyridin-4-amine
0O

n-CHy
§

\\c—;—’ .

Following general procedure §, 2,8-dichloro-7-(methylsulfonyl- 1,5 -naphthyridine

W

(130 mg, .53 mmol} was acted with 4-[(dimethviaminoimethylaniline (120 mg, 5.8¢
mmol) to afford the desired product (150 rag, 80%) as a yeilow solid: 'H MMR (500 Milz,
CDC;Y89.05 (s, 1H), 895 (s, 1H), 8.18(d, J=8.8Hz, 1H), 7.52(3, ] = 8.7 Hz, 1H), 7.34
=727 {m, 2H), 7.0 - 7.04 (m, 2H), 3.49 (s, 2H), 3.17 (s, 3H), 2.30 (s, 6H); ESE MS /2
301 M+ HT

10 Example 135

F-{(6-Chioro-d- {3-{2-(pyrrolidin-1-yDethyliphenyiamino -1, S-naphthyridin-3-yDethanone

Followmg general procedure §, 1-{4,6-dichlore-1,5-naphthyridin-3-ylethanone
(250 mg, 1.0 mmol) was reacted with 3-{2-(pyrrolidin-1-yljethyljaniline 240 mg, 1.3
15 mumol) to afford the desired product (236 mg, 57%) as a yeliow solid: 'H NMR (500 MHz,
CDCL S 1079 (brs, [H), 8.99 (s, 1H), 8.16(d, J= 8.7 Hz, 1H), 7.52(d, § = 8.8 Hz, IH),
7.28 =720 (m, 1H}, 7.07(d, J = 7.7 Hz, 1H), 7.03 - 6.96 {(m, 2H), 2.85-2.77 {(m, 2H),

S

2266 (m, 2H), 2.59 — 2.49 (m, 4H), 2.53 (5, 3 H), 1.84 — 1.74 {m, 4H); ESI MS m/z
395 M + HJ*
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Example 136
{-{6-Chloro-4-{6-[ 2-{dunethylaminolethoxyipyridin-3-ylamino}-
1,5-naphibynidis-3-yhethanone

10,

2y -ClL

5 Following general procedure §, {-{4,6-dichloro-1,5-naphthyridin-3-yhethanone

(170 my, ¢.71 mnol) was reacted with 6-[2-(dimethylamino)ethoxypyridin-3-amine (160
mg, 0.90 mmol} to afford the desired product (120 mg, 44%) as a light brown solid: 'H
NMR (500 MHz, CDCL ) 8 11.63 (brs, 1H), 9.08 (s, TH), 811 {d, } = 8.8 He, 1H), 7.99 (4,
J=2.7He, 18, 747(d, =87 Hz, 1H}, 741 (dd, 1=88, 2.8 Hz, IH)}, 680 {(d, I =87 Hg,

10 1H), 446 J=506Hz 2H), 2.76 (t, I = 5.6 Hz, 2H), 2.74 (s, 3H), 2.36 (s, 6H); ESI MS
nmi/z 386 (M + H]"
Example 137
6-Chlore-M-(6-(2-(dimethylamino)ethouy jpyridin-3-y[}-3-
(rethylsalfonyl}-1,5-naphthyridin-4-amine

R on

i

Ny A
Cl \H, NGNS ~ch,

o 2
15 NN 7

NHQ 6

O\

Following general procedure I, 2,8-dichioro-7-(methylsulfonyh)-1,5-naphthyridine
(150 mg, 0.54 mmol} was reacted with 6-[Z-(dimethylaminojethoxy]pyridin-3-amine {120

rog, 0.65 mmol) to afford the desired product (160 mg, 70%) as a light yeliow solid; . 'H

167 -
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NMR (560 MHz, CDCl ) §9.03 ¢s, 17, 8.98 (5, 1H), 8.17 (4, 1= 8.8 Hz, 1H), 7.98 (4, F =
2.8 Hz, 1H), 7.52 (4. ] = 3.8 Hz, 1H), 7.42 (dd, J = 8.8, 2.3 He, 1H), 6.82 (4, J = 8.8 Hz, 11D,
446 (8, = 5.5 He, 25D, 3.20 (s, 3H), 2.76 (t, = 5.6 Hz, 21D, 2.37 (5, 6H); ESI MS m/z 422
M+ HY

$  Example 138

1-{6-Chioro-4-{frans-4-hydroxycyclohexyiamino}- 1, 5-naphthyridin-3-ylethanone

HO., N
{ !
N
- J\NH o
Clo T b A
T \( ]’ “CH,
\ //L o

N
Following general procedure 1, 1-(4,6-dichlore-1,S-paphthyridin-3-yljethanone
(480 myg, 2.0 mamol) was reacted with frans-4-aminocyclohexanc! (287 me, 2.5 mmol} to
10 afford the desired product (300 mg, 78%) as an otange-red solid: 'H NMR (500 Mz,
CRCIE) 6 10.90 (s, 1H), 8.95 (s, 1H), 8.09(d, J=8.7Hz, 1H), 7.33{d, J = 8.7 He, 1H), 5.1
(idt, J =112, 8.0, 3.9 He, TH), 3.76 (81, 1= 10.0, 43 Hz, 1H}, 2.68 (5, 3H), 2.33 - 224 {m,
IH), 213 - 2.04 (m, 2H), 1.63 — 1.41 (m, 8H); ESI MS w2 320 [M + H"
Example 139
15 1-(6-Chloro-4-{{rans-4-(dimethylaminooyelohexylimethylamino} -

{,5-naphthyridin-3-yDethanone

H4C. CH,
Loy

J

//:\\]
1/
Q
\i/ N \] \// \
\\// \
Following general procedure L, 1-{4,6-dichloro-1,5-naphthyridin-3-yDethancne
{300 mg, 1.2 mmol) was reacied with rrans-4-(aminomethy-N,N-

20 dimethyleyclobexanamine (350 mg, 1.5 mmol) o afford the desired product (400 mg, 86%)

o5
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as an orange-red solid: "HNMR (300 MHz, CThODN ¢ 895 (s, 1H), 8.11 (4, F=88 Hz,
1H), 7.69(d, J=8.8 Hz, 1H), 407 (d, = 6.5 Hz, 2H), 2.65 (5, 3H), 2.32 (s, 6H), 2.13 ~
1.95 (m, 4H), 1.43 — 1.08 {m, 4H); BSI MS w2 361 (M +HY

Exampie 140

5 1-{6-Chloro-4-[{1-methylpiperidin-4-yDimethylaminol- 1,5 -naphthyridin-3-yl} ethanone

CH,

~

NH Q
¢ ~ s /\\\J)L\cx»i R
N \N'/
Following geneval procedure §, 1-(4,6-dichloro-1,S-naphthyridin-3-yhethanone
{250 mg, 1.0 mmol) was reacted with (I-methylpiperidin-d-vhmethanamine {160 mg, 1.3
mmol) to afford the desired product (170 mg, 49%) as a light yellow-brown solid: 'H NMR
16 (500 MHz, CDChy 61106 (bre, 1H), 895 (5, 1H), 8.10(d, =88 Hz, 1H), 7534, }=
87 Hz, 1H), 413, I=06.4Hz, 2H), 2.99-2.92 (m, 2H), 2.69 (5, 3H), 2.32 (5, 3H), 2.07 -
1.98{m, 2H), 1.97 - 1.8% (m, ZH), 1.85 - 1.75  {(m, 1H), 1.57 — 1.47 (m, ZH); ESI MS m/z
333 M+ HYT
Example 141
15 (Sriere-Butyl 1-{5-[3-(cyclopropanecarbonyl}-0-(3,5-dichloro-4-hydroxyphenyl)-

1 S-naphthyridin-4-ylamincipyridin-2-vl} piperidin-3-vicarbarnate

™
Boo / \

N=
BN
N
S
wo. %A

Following general procedure H, (8)-fers-butyl 1-{5-{6-chlore-3-
{cyciopropanecarbonyl)- 1,5-naphthyridin-4-yvlaminojpyridin-2-yi} pipendin-3-yicarbamate

20 (9% mg, .19 mmol} was reacted with 2,6-dichioro-4-{4,4,5,5-tetramethyi-1,3.2-
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dioxaborolar-2-yvliphenol (87 mg, 8.30 rarnol} to afford the desired product (73 mg, 60%)
as & red-brown solid: 'H NMR (500 MHz, CDChL) 8 11.55 {brs, 1H), 9.29 (s, 1H), 8.25
(d, J=88 Hz, 1H}, 8.03(d, J=2.7THe, 1H), 792 (¢, J = 8.8 Hz, 1H), 746 {s, 2H), 7.32 (dd,
J=9.0,2.8Hz, 1H), 667(d,FJ=90Hz 1H, 478-472 {m, 1H}, 3.87-3.6%(m, 3H),

5 0 329307 (m,2H), 279271 (m, 1H), 1.98 —1.6%9(m, 2H), 1.45(s, OH), 1.31 —
1.22 {m, 2H), 1.16 — 1.06 (m, 2H); EST MS m/z 649 [M + HY'
Example 142
{&)-zeri-Butyl 1-{5-{6-chloro-3-(cyclopropanecarbonyl}-1,5-naphthyridin-4-ylamino}-
pyridin-2-yilpiperidin-3-ylcarbamate
Roc, /’._”\\/
NN
H N
NN
& |
A
NH (ﬁ
Cle N A M
\// .;. /\QY/
iE\ /l /E /
1¢ N

Following general procedure |, cyclopropyl{4,6-dichloro-1,5-naphthyridin-3-vi)-
methanone (267 mg, 1.0 mmol) was reacted with (S)-fers-butyl 1-(5-aminopyridin-2-yi)-
piperidin-3-ylearbamate (340 mg, 1.2 mmol)} to afford the desired product (329 mg, 63%) as
a brown solid: 'H NMR (500 MHz, CDCLY 8 10,19 (brs, 1H), .03 (s, {H), 817 (4, J =

i5 8.8 He 1H),804(d, J=2.8Hz 1H), 753(d, J=88Hz, IH), 731 -725(m, 1H), 6.70(d,
§=9.1Hz, tH), 478 (brs, 1H), 3.83 — 3.62 (m, 3H), 3.47 - 3.25 (m, ZH), 2.55 - 247 {m,
TH), 1.97 - 1.83 (m, 2H), 1.73 — 1538 (m, TH), 145 (s, 98, 112 1.04 {m, 2H), 1.60
0.90 (m, 2H); ESE MS /s 523 [M + HI
Example 143

20 1-(6-Chlorg-4-{grans-4-{{dimethvlamino-de Jmethylhicyclohexylamine)-

1,5-paphthyndin-3-yiethanoue
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DL
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T T OTCH,
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i H
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TN
Following general procedure {, 1-(4,6-dichloro-1,5-naphthynidin-3-yhethanone

(100 mg, 0.42 mmol) was reacted wiih frans-4-[{dimethylamino-
deymethylioycichexanamine (87 mg, 0.37 mmol) {o afford the desired product (85 mg, 63%)

S asa light brown solid: 'H NMR (500 MHz, CD:0D) 58.96 (5, 1H), 8.11 (d, I =88 Hz, 1H),
7.70(d, J =87 He, 1H), 5.08 - 498 (m, 1H), 2.68 (5, 3H), 2.34 — 2.24 (1, 48), 2.00 - 1.9]
{ny, 2H), 1.68 — 1.53 (i, 1H), 1.46 — 1.36 (m, 2H), 1.25 — 1.15 (i, 2H); ESI MS mz 367 [M
+HY
Example 144

19 1-(6-Chlore-4-{4-2-{dimethylaminoethyijphenylamino} -

1, 5-paphthyndin-3-yhethanone

NH OO
Cl\'/N J\ /f”“\

N " Y
Ty
o

X o e
RS

Following general procedure 1, 1-(4,6-dichloro-1,5-naphthyridin-3-yljethanone
(150 mg, 0.64 mmol) was reacted with 4-[2-(dimethylaminojethylaniline (110 mg, 0.64
15 mmol) to afford the desired product (143 mg, 60%) as a yellow solid: ' NMR (500 MHz,
CBCh) S 1086 (brs, 1H), 889 (5, 11, §.14(d, I = 8.8 Hz, {H), 7.50(d,} = 8.8 Hz, 1H),
F22 708 (m, 24, 701 - 7.04 (m, 2H), 2.87 (1, = 8.1 Hz, 2H), 2.70 - 2.60 (m, 2H), 2.55
(s, 3H), 2.39 {5, 6 H); BSI M5 m/z 369 [M + HY'

Example 145
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trans-N'-[6-Chlore-3-(rmethylsulforyl- 1, 5-naphthyridin-4-yF-NY N

dimethyicyelohexane-1,4-diamine

E':I‘is
HyC- N,
[
I
\" !
h \P
[ )
l\K,N\\/« ~CH,
| 7
\\/.{/ \

Following general procedure [, 2,8-dichloro-7-(methylsulfonyl)-1,5-naphthyridine

LA

{140 mg, §.52 mmol) was reacted with rrans-N' N'-dimethyleyclohexane-1 4-diamine
diltydrochioride (140 mg, 0.65 mmol) to afford the desired product {68 mg, 34%) a3 an off-
white solid: ESI MS m/z 383 [M + H]'

Example 146

1-{6-Chiore-4-{1-(1 -methyipiperidin-4-yl}- H-pyrazol-4-viamino}-

10 1, 5-naphthyridin-3-yi}ethanone

NH O
Clv N

T

\/‘\/ A "CH,
NP N«//’
Following general procedure |, 1-(4,6-dichloro-1,5-naphthyridin-3-yhethanone

{250 mg, 1.0 mmol} was reacted with  1-{i-methvipiperidin-4-y}- 1 H-pyrazol-4-amine
(216 mg, 1.2 mmol) to afford the desired product (304 mg, 76%) as a Hght orange solid: 'H

15 NMR (500 MHz, CDCEYS 8.99 (5, 1H), 8.12(d, I = 8.7 Hz, 1H), 7.56 — 7.48 {(m, 2H), 7.42
(b, I=06Hz, TH)L, 418 —-4.11 (m, 1H), 3.00{d, J=11.4 Hz, 2H), 2.67 (s, 3H}, 2.34 (5, 3H},
2.26 ~2.02 (m, 6H); ESEMS m/z 385 M + HJ
Example 147

tert-Butyt 1-{5-[3-acetyi-6-(3,5-dichloro-4-hydroxyphenyi)-1,5~ naphthyridin-4-

167 -



WO 2013/109388 PCT/US2012/071434

ylaminopyrimidin-2-yi} pyrrolidin-3-yicarbamate

Following general procedure 11, ferr-butyl 1-[5-(G-acetyl-6-chlore-1,5-

naphthyridin- 4-ylamino)pyrimidin-2-ylpyrrolidin-3-yicarbamaie (126 mg, 8.25 mmol) was

wn

reacted with 2,6-dichloro-4-(4,4, 5, S-tetrarnethyi-1,3,2-dioxaborolan-2-yhphenol (1 10 mg,
0.38 muool}y to aflford the product (120 mg, 30%) as ao orange sohd: "H NMER {500 MHz,
CDRChY S 1202 1HL 912, 1HL 828 -8 20 (m. 3, 793 (=88 Hz 1HL 739 (s,
2H), 4.72 (brs, 1H), 4.36(brs, 1H), 3.86 (brs, 1H), 3.65 {(brs, 2H), 3.40 (br s, 1H), 2.80
(5,3H), 2.28 (brs, 1H), 2.03 — 1.93 (m, 1H), 1.48 (5, 9H); ESI MS m/z 610 [M + H]"

10 Example 148

tert-Butyl 1-{5-(3-acetyl-6-chloro-1,5-naphtbyridin-4-viamino)
pynmidin-2-yvlipyrrolidin-3-ylcarbamate

LBoc

Following general procedure §, 1-{4,6-dichlore-1,5-naphthyridin-3-yhethanone

N

{300 mg, 1.2 mmol) was reacted with  rers-butyl 1-(3-aminopyrimidin-2-vDpyrrolidin-3-
vicarbamate (380 mg, 1.4 mmol) to afford the desired product (468 mg, 78%) as a yellow-
orange solid: 'HNMR {500 MHz, CDCly) 6 11.72 (s, 2H), 9.09 (s, 2H), 8.21 (s, 3H), &.11

(d, )= 8.7 Hz, 2H), 7.48 (d, I = 8.8 Hz, 2H), 7.26 (s, 2H), 4.70 (s, 2H), 4.38 (s, 260, 3.99
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(dd, § = 11.6, 6.1 Hz, 2H), 3.78 - 3.66 (m, 4H), 3.52 (dd, T = 11.6, 4.3 Hz, 2H), 2.77 (5, SH),
2.314¢dqg, § = 13.4, 7.2 Hz, 2H), 1.57 (s, ZH), 1.47 (s, 17H), 1.19 (s, 1H}; BST MS oz 484
M+ H}'

Bxample 149

%3

1-(6-Chloro-4-{4-[{4-methylpiperazin-1-yDmethyilphenylamino}-

1,5-naphthyridin-3-vDethanone
CHs
FH

N
4 N

KE\‘ )

S
\::-”f‘l\
NH O

N
Following general procedure I, 1-(4,6-dichloro-1,5-naphthyridin-3-ylethanone
{250 mg, 1.0 mmol} was reacted with 4-{{(4-methylpiperazin-I-yDmethyl]anitine (260 mg,
16 1.3 mmol) to afford the desired product (256 mg, S8%) as a yellow solid: "H NMR (500
MHz, CDCHY 81104 (brs, 1H), 9.01 (s, 1), 814 (4, ] =87 He, 1H), 74944, J = 8.7 Hg,
THYL 730(d, J=8.0Hy, 2H), 730 (4, F =80 Hz, 2H), 3.52 {5, 2H), 2.58 {5, 3H), 248 {br 5,
8H), 2.30 (5, 3H); ESI MS m/z 410 M + HY

Example 150

15 1-(6-Chloro-4-{4-[ 2-{pyrrolidin- I-yDethyl]pipenidin- | -yl}-1,5-naphthyrnidin-3-yljethanone

NT 0
T Ne A ANy

1 ,;L j Ha
\\:‘/ N
Following general procedure 1, 1-(4,6-dichloro-1,5-naphthyridin-3-ylethanone

{250 mg, 1.0 mmol) was reacted with 4-{2-(pyrrolidin-1-yhethylipiperidine (230 mg, 1.3
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mmol) to afford the desired produet (190 mg, 47%) as a vellow solid: 'H NMR (500 MHz,
CBCLY 8874(s, 1 H), 8.18(d, I=88Hz, 1H), 7.53(d, = 8.7 Hz, 1H), 3.98 - 3.90 {m,
2H),3.32 323 (m, 2H), 2.58 — 2.50 (m, 6H), 2.55 {s, 3H), 1.86 — 1.53 {m, 11H}); ESI MS
m/z 387 M+ H'

v

Example 151
1-{6-Chloro-4-{6-{2-{dimethylamino} ethylaminojpyridin-3-ylamino}-

1, 5-naphthyridin-3-yDethanone

Following general procedure I, 1-(4,6-dichloro-1,5-naphthyridin-3-yhethanone
10 (300 mg, 1.2 mmol) was reacted with N>-{2-(dimethylaminoethyllpyridine-2,5-diamine
(320 g, 1.5 mmol) to afford the desired product (210 mg, 37%) as an orange solid: 'H
NMR (500 MHz, CDCEYS 1141 (bes, 1H), Q02 {5, 1HL 813~ 8.07 (m, 1H), 795 (d I =
25 He, 1H), 747 (44, J=87, 1.1 Hz, 1H), 729 - 7.23 {m, 1H), 6.44 (d, I = 8.8 Hz, 1 H),
512, J=51Hz, 1H), 341 {q, J=5.7Hz, 2H), 2.69 (5, 3H), 2.60 (t, § = 6.0 Hz, 2H), 2.30
15 (s, 6H); ESIMS m/z 385 (M + HL”
Example 152

1-f6-Chlore-4-{1-methyipipenidin-4-ylamino}- 1, 5-napithyridin-3-yijethanone
H3C\

o

oA

NH O

—

Cl N

;
" R Ny
\I \>§/ CH,

Pl
e

\\f/
!
~EFTN

Following general procedure 1, 1-{4,6-dichloro-1,5-naphthyridin-3-yhethanone

20 {220 mg, 0.91 mmeol) was reacted with T-methyipipenidin-d-amize {160 mg, 1.4 mmol) io
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CDCL) 5 1098 (s, 1H), 896 (s,
(brs, 1H), 2.98—
1.85— 1.73 (m, 2H); ESI MS mz 319 [M + Hi"

U

(S)-rere-Buty

pyridin-2-ylipiperidin-3-ylcarbamate

N

Boe, |/

Example 153

(3-acetyl-6-chloro-1

X T y

\,/\’

afford the desired product (200 mg, 69%) as a light brown solid: '
(H), 810, /=

2.870 (m, 2H), 2.69 (s, 3H), 2.41 —

S-naphthyridin-4-vlamino}

2 (m, 3H), 2.28 —
ESIMS sz 319 M+ HT

PCT/US2012/071434

H NMR (500 ViHz,
C1H). 7.53 {4, /= 8.7 Hz, 1H), 5.11

2.20 (m, 2HY,

Following general procedure I, 1-(4,6-dichloro-1,5-naphthyridin-3-yhethanone

10 260 mg, 1.1

mmol) was reacted with {(§)-fer-butyl 1-(S-aminopyridin-2-yDpiperidin-3-
3 Py PP

ylecarbamate (470 mg, 1.6 mmol) to afford the desired product (330 mg, 65%) as an orange-

red sofid: 'H NMR (300 MHz, COCH) 3 11.48 (s, 1H). 9.04 (s, 111}, .10 (d, J = 8.7 Haz,

1Hy, 8.01 (d, /= 2.8 Hz, 1H), 7.46 (d, J= 8.7 He, 1H), 7.31 (dd

(d, J=9.0 Hz, 1H), 4

15 196-1.84¢

m, 1H),

497 M+ HT

Example 154

~{6-Chloro-4-{frans-4-(hydroxymethylieyclchexylaming]-

i, S-naphthyridin-3-yilethanone

¢ N
LI\YI’*T/\;’ “OH,
NN //:
26 ~ N

4.8 {brs, 1H}, 3.85 -
{82170 (o, 1M,

3.62{m, 3H} 3

.

LJ=9.0, 2.5 He, 1H), 6.73
55 - 3.25 (m, 3H), 271 (5, 3H),

1.55 Gm, 1H), 1.45 (s, 9H); ESI MS m/s
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Following general procedure 1, 1-(4,6-dichioro-1,5-naphthyridin-3-yljethanone

{200 mg, 0.83 mmol) was reacted with {frans-d-ammnocycishexylimethanol (130 mg, 1.0

nunol}l to afford the desired product (18¢ mg, 65%) as an orange-yellow solid: "HNMR

{500 MHz, CDCL)Y 8 10.90 (s, 1H), 8.94 (s, [H), 8.08{d, =87 Hz, I1H)}, 7.52{d, J= 8.7
5 Hz, 1H), 5310492 (m, 1H), 3.58 - 3.47 (m, 2H), 2.68 (5, 3H), 2.37 - 2.23 (m, 2H), 2.0l

1.89 (am, 2ED), 1.65 - 1.51 {m, 1H), 1.42 - 1.30 (m, 2H}, 1.29 - 1.18 (ma, 2H}); ESI MS m%

334 [M+HT

Example 155

{6-Chloro-d-[trans-4-{dimethylaminojcyclohexylamine}-

10 1,5-naphthyridin-3-yi}{cyclopropyhaethanone

U
513-::"“‘«,/ -~
N
NH ()
‘."]\\ 5/ I - \T/ \ _____
i o

Following geaeral procedure 1, syclopropyi4.6-dichioro-1,5-paphthyrnidin-3-vh)
methanone (243 mg, 0.91 mmol) was reacted with srans-N' N’ -dimethylcyclohexane-1,4-
diamine (168 mg, 1.2 mmol) to afford the desived product (150 mg, 44%) as a light yellow

15 solid. 1H NMR (500 MHz, Chioroform-d) 3 10.83 (brs, 1H), 8.20 (s, 1H), 8.09 (¢, I = 8.7
Hz, 1H), 7.32{d, J =88 Hz, 1H), 498 (brs, 1H), 271 -2.63 {m, 1H), 233 {s. 6H), 2.34
~2.29 (m, 2H), 2.28-2.19{m, 1H), 2.06 ~ 1.97 (m, 25D}, 1.54 — 1.33 {m, 480, 1.31 — 1.22
(m, 2H), 111~ 101 (m, 2H). ESIMS m/z 373 (M +H{'.

Example 156
26 {rons-4-{(3-Acetyl-6-chloro-1,S-naphthyridin-4-yhaminclcyclochexyl fmethyl

methanesulfonate
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To a solution of 1-{6-chloro-4-[frans-4-(hydroxymethyloyelobexylaminol- 1,5+
naphthyridin-3-y1}ethanone (140 mg, 0.42 mmol) in methyiene chloride (1¢ m1) was added

triethylamine ( .12 mL, .84 mmol} and methanesuifonyl chloride (65 121, 0.84 mumol) and

i

the reaction mixture was stirred at room temperature for 4 h. The reaction mixture was
difuted with satd. ag. sodivm bicarbonate, the layers were separated and the organic layer
wag concentrated o afford the crude product {180 mg) as a vellow solid which was used
without further purification:  "H NMR (500 MHz, CDCl) & 10.90 (be s, 1H), 895 (s, 1H),
3.00(d, J= 8.7 Hz, 1H), 7.53 (¢, J= 8.7 He, 1H)Y, 510495 (m, 1H), 411 (d, /= 6.5 Hz,
10 24D, 3.03 (s, 3H), 2.68 (5, 3H), 2.39 - 2.26 {m, ZH), 2.01 — 1.92 {my, 2H), 1.90 - 1.78 {m,
1H), 1.47 ~ 1.24 (m, 4H); BSI MS m/z 412 [M + H]'

Exampie 157

tert-Butyl &-{[rrams-4-(3-acetyl-6-chloro-1,5-naphthyridin-d-viamino)

cyclohexylimethyl} piperazine- | -carboxylate

\/’/ .
Y
i

TUNH O

Choo N AL 4
R S Rt £
N
i5 TN

Following general procedure V, {4-[(3-acetyl-6-chloro-1,3-naphthyridin-4-
yhamino}- cyclobexyl} methyl methanesulfonate (170 mg, 0.42 mmol) was reacted with
tert-butyl 4-[(frans-4-aminocyciohexvlimethylpiperazine- [ -carboxyiate {93 mg, 0.50

mmol} fo afford the desired product (150 mg, 73%) as a yellow solid. ESIMS /2 502 [M +
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HY”
Example 158
1-{6-Chioro-4-{rrans-4-(morphelinomethyljeyciohexylaming-

I, 5-naphthyridin-3-vi}ethanone

0.
l P
| ]
S o
Cl., ,NQ.\:/‘L\\{ :\CHQ
5 \H\f’;i\;?«f;

Foliowing geoeal procedure V, {fravs-4-[(G-acetyi-G-chioro-1, 5-raphibhyridin-4-
yi}- aming] cyclohexyl}methyl methanesulfonate {230 mg, 0.56 mmol) was reacted with
morpholine (72 mg, 0.84 mmol) to afford the desired product (835 mg, 38%) as a yellow
solid:  THNMR (360 MHz, CDCl) & 10.90 (brs, 1H), 8.94 ¢s, 1FH), 8.08 (d, /= 8.7 Hz,

10 I, 752 J=87Hz 1H), 511 —4.88 {m, [H), 3.77 - 3.65 {m, 4H)}, 2.68 (s, 3H), 2.46
238 (m, 4H), 236 - 2.21 (m, 2H), 2.21 - 2.15 {m, 2H), 2.01 ~ 1.8% (m, 2H), 1.64 — 1.5 {m,
[H), 1.46 - 1.07 (m, 418} ESI MS m/z 403 (M + H]”
Example 159

1-{6-Chloro-4-(zrans-4-{{(2-hycdroxyethyl ) methyllamino]methyljcyclohexylaming)-

—
wn

i,5-naphthyridin-3-vijethanone
0. e O
HyC M ~_-OH

H
I"".,/'f\

J

~TNH 0

N

Cl N

Ty o
i:\\if. ™~ ’//:

Fellowing general procedure V, {frams-4-{(3-acotyl-8-chloro-1,5-naphthyridin-4-
v} aminolcyclohexyl}methyl methanesulfonate (240 mg, 0.58 mmol) was reacted with 2-

methylamino ethanol (88 mg, 1.2 mmol) to afford the desired product (110 mg, 47%} as a
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20

yellow solid: "H NMR (300 MHz, CDCE) 8 10.89 (s, 1H), 8.94 (s, 1H), 8.08 (d, /= 8.8 Iz,
tH), 7.52(d, /= 8.8 Hz, 1H), 5.09 — 488 {m, 1H), 3.63 (t, /= 5.3 Hz, 2H), 2.68 {5, 3H),
259 (brs, 2H), 2.31 (brs, 7TH), 2.04 - 1.91 (m, 2H), 1.68 — 1.50 (i, 1H), 1.48 - 1.07 (m,
4H; ESIMS mi/z 391 [M + HY'

Example 160

{-{6-Chioro-4-[frans-4-{pyrrolidin-  -yimethyDeyclohexylamino -

1,5-naphthyndin-3-yl}ethanone

NH O

Mo e,

L

Following general procedure I, 1-{4,6-dichloro-1,5-naphthyridin-3-vljethanone
{220 mg, 0.92 mmol) was reacted with 4-(pyrrolidin- {-yimethyDeyclohexanamine (200 mg,
1.1 mmol) to afford the desired product (67 mg, 19%) as a brown sojid: . 'H NMR {300
MHz, CDCLY & 18.88 (br s, 1H), 8.93 (s, 1H), 807 {d,J =87 Hz, 1H), 751 {d,/=8.7 Hz,
iH), 5.09 - 488 (mn, 1H), 2.66 (brs, 7H), 2.46 (d, J= 7.1 Hz, 2H), 2.37 - 223 {m, 2H),
2.08—1.76 (m, 6H), 1.72-1.55 {m, 1H), L.31 — 1.12 {m, 4H); ESI MS m/z 387 IM + B}
Example 161
teri-Butyl 1-[5-(3-acetyl-6-chioro- 1, 5-naphthyridin-4-ylaminodpyridin-2-yi}-

piperidin-3-ylearbamate

Boc, ,"I \l‘?
NTNCN
N NN N

Cl /.NN,& L .
i \E ~ LS4 3
[

TN
N A

Following general procedure 1, 1-(4,6-dichioro-1,5-naphthyridin-3-yl)ethanone

{610 mg, 2.5 mmol} was reacted with fert-butyl 1-(S-aminopyridin-2-yDpiperidin-3-
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vicarbamate {590 mg, 3.0 mmol} to afford the desived product (420 mg, 35%) as an orange-

red solid: "H NMR (360 MHz, CDCI) 8 11.47 (5, 1H), 9.61 €5, 1H), 8.05 (d, /= 8.7 He,

THY, 8.01 (d, /=26 Hz, 1T, 745 (d,J=8.7 Hz, 1H), 734 - 728 {m, 1H}, 6.72(d, /=91

He, 1H), 495 - 4.90 (rn, 1H), 3.85 - 3.67 (m, 3H), 347 - 327 {m, ZH), 2.6% (s, 3H}, 1.97 -
5 L88(m, 1H), 1.86 - 175 (m, 1H), 1.73 ~ 159 (m, 2H), 1.45 (s, 9H); ESI MS m/z 497 (M +

“#'

Example 162

1-{6-Chloro-4- {trans-4-[{(4-methylpiperazin- 1 -ylimethyl]cyclohexylamino} -

1,5~naphthyridin-3-yhethanone

¢,
,N\
f
0
8 ~, 0 \\ t

E T \ "CH,
//)\ T\:

Following general procedure §, 1-(4,6-dichloro-1,3-naphthyridin-3-yljethanone

{250 mg, 1.0 mmol) was reacted with frans-4-[{4-methyipiperazin-1-

yvhmethyllcyclohezanamine (330 mg, 1.6 mmol) to afford the desired product (32 mg, 7%)

as a yellow solid: 'H NMR (300 MHz, CDCl) 8 10.93 ~ 10.86 (m, 1H), 8.95 (s, 1H), &.11
15 {d, J= 87 Hz, 1H) 7.53(d, /= 8.7 Hz, 1H}, 5.09-4.90 (m, 1H), 3.31 {(br s, 4H}, 290 (br 5,

443, 2.75 {5, 3H), 2.68 {5, 3K, 2,43 - 2.24 (m, 4H), 1.99 - 1.87 (m, 2H), 1.62 ~ 1,46 (m,

VHD, 1.47 - 1,07 (m, 4H); ESI MS m/z 416 (M + H]"

Example 163

fert-Butyl {trans-4-[(3-acetyl-6-chloro-1,S-naphthyridin-4-yDamincjoyclohexyl} carbamate

~176 -
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Following general procedure £, 1-(4.6-dickloro-1,5-naphthyridin-3-yhethanone
{480 mg, 2.0 muaol) was reacted with ter-butyl (frems-4-aminocyciohexyiearbamate (43¢

mg, 2.0 mmol) to afford the desired product {600 mg, 71%) as a hight orange sohd: H NMR

ih

{500 MHz, CDCLY 51091 {brs, 1), 896 (5, 1H), 8.104(d, I=88 Hz, 1H), 7.54(d, J=
8.8 Hz, 1H), 5.10 - 4.99 {m, 1H), 4.48 (brs, 1H), 3.55 (br s, 1H), 2.69 (s, 3H), 2.34 — 2.25
(o1, 2H), 2.19 - 2.10 (m, 2H), 1.56—1.45 (m, 2H), 1.47 (s, OH), 1.44 — 1.33 (m, 2H);
ESIMS miz 419 [M +HY

Example 164

16 2-(6-Chlorg-4- {trans-4-{{dimethylaminoynethylicyclchexylamino b -

1, 5-paphthyridin-3-yD-2-oxoethyl acetate

.
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Following general procedure 1, 2-{4,8-dichloro-1,5-naphthyridin-3-y{}-2-oxoethyl
{5 acetate (101 mg, .33 mmol) was reacted with rens-4-[{dimethylaminomethylcyvelohexan
amine {67 mg, ¢.43 mmol)} to atford the desired product (80 mg, 65%) as an off-white solid.
ESI MS m/z 419 [M + HJ.
Example 165
[-(&-Chloro-4- {irans-4-[{dimethylamino)methylicyclohexylamino} -

20 1LS-paphthyridin-3-y}-2-hydroxyethanone

-1
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H,C

To a solution of 2-{6-chloro-4-{srans-4-

[{dimethylaninoymethvijcy

5 1,5-naphthyridin-3-y1}-2-oxoethyl acetat

clohexylamino}-

PCT/US2012/071434

e {90 mg, 0.22 mmol} in methano! was added

freshly ground potassium carbonate (90 mg, 0.65 mmol) and the reaction mixture was

stirred al yoom terpperature for 30 minutes.

The reaction mixlure was diluted with satd. ag,

sodium bicarbonate and extracied with ethyl acetate. The combined organic layers were

dried over anhydrous sodium sulfate, fltered and the Blixate was concenirated.  The

10 residue was purified by column chromatography (silica, dichloromethane/methanol) fo

afford the desired product (18 mg, 22%

Example 166

i-{4-[{4-Aminocyclohexyaminol-6-chloro-1,5-naphthyridin-3-v1}

dikydrochlende

";,/\ SIH(T

HLN

Ci\’ I -

\ // /)

[u—y
(o33

}as

a yellow solid. ESI MS m/z 377

M+ HT

ethanone

Following general procedure 1V-1, rerr-butyl {mrons-4-{(3-acetyl-6-chioro-1,5-

naphthyridin-4-yhaminojoyclohexyl fcarbamate (366 rag, .86 mmol} was reacted with HCI

{Eml, 2
nez 318 (M + HJ

20 Example 167

M in ether) to afford the desired product (190 mg, 56%) as a white solid. ESI MS

1-{6-Chiloro-4-[ 4-(pyrrolidin- L-vimethyDphenyvlamine-1,5-naphihyridin-3-v ethanone
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Following general procedure 1, 1-(4,6-dichloro-1,5-naphthyridin-3-vhethanone

{200 mg, 0.83 mmol) was reacted with 4-(pyrrolidin-1-yvimethyljaniline (310 mg, 1.24

mmol) to afford the desired product (78 mg, 25%) as a brown-orange solid: 'H NMR (300
S MHz, CBCl) 8 11.06 (s, 1H), 9.03 (s, 1H), 8.15(d. J= 8.7 He, 1H)}, 7.50 (d, J= 8.7 Hz,

PHY, 741 6, J=83 He, 2H), 713 (d, /= 8.3 Hz, 2H), 3.85 (br s, 2H), 2.80 (br s, 4H), 2.60

{s, 3H), 1.92 (br s, 4H); BSI MS sz 381 (M +HY

Example 168

tere-Butyl 1-{5-(G-acetyl-6-chicoro-1,5-naphthyridin-4-ylamino)pyridin-2-yi}-

10 pyrolidin-3-yl{methyhcarbamate

Boe ~
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L9 \\ET,N\\//\\ PEaN CHS

Following general procedure 1, 1-(4,6-dichlore-1,5-naphthyridin-3-yDethanone

(200 mg, 0.83 nunol) was reacted with fert-butyl 1-(S-aminopynidin-2-yhHpyerolidin-3-vyl

{methyl) carbamate (360 myg, 1.2 ramaol) to afford the desired product (360 myg, 85%) as a
15 dark red solid: 'H MMR (500 MHz, CDCI) 8 11.30 (s, 1H), 9.02 (s, 1H), .10 (d, J= 8.7

Hz, 1H), 8.02(d, /=2.6Hz, 1H), 747 (d,.J=87 Hz, 1H), 7.32 (dd, 7= 8.8, 2.6 Hz, 1H},

637{(d, J=88 Hz, 1H), 4.91 {brs, IH), 3.73 - 3.62 (m, 2H), 3.51 —3.38 (m, 2H}, 2.83 (s,

3H), 2.68 (s, 3H), 2.28 — 2.06 (m, 2H), 1.49 (s, 9H);, ESE MS m/z 497 (M + H]"

Example 169

26 1-(6-Chloro-4-{6-[3~(dimethylamino)pymrolidin-1-yljpyridia-3-ylamino}-
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1,S-paphthyridin-3-yhethanone
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Following general procedure 1, 1-(4,6-dichlorae-1,S-naphthyridin-3-yDethanone

(250 rag, 1.0 mmol) was reacted with N\N-dimethylpyrrolidin-3-amine (260 mg, 1.2 mmol)

5 toafford the desired product (380 mg, 89%) as an orange solid: 'H NMR (300 MHz,
CDCl3 6 11.35 (s, 1H), 8.00 (s, 1H), 8.10(d, /= 8.7 Hz, 1H), 8.02(dd, J=2.7, 0.7 Hz, 1H)},
7.47(d, =87 Hz, 1H), 7.30{dd, = 8.9, 2.7 Hz, 1H), 6.35 (d, /= 8.9 Hz, 1H), 3.88 -3.77
{m, 1H), 3.62 - 372 (m, 1H), 3.45 - 3.37 (m, 1H), 3.33 - 3.22 {m, 1H), 2.94 - 2.76 {m. 1H},
2.68 (s, 3H), 2.34 (5, 6H), 234 ~ 2,18 (m, 1H), 2.06 — [.89 (m, 1H); ESI MS m/z 411 M +
10 HY
Example 17¢
tert-Butyl 4-[T-acetyl-8-{{#rans-4-{{dimethylamino)methyljcyelohexyllamino)- 1,5-
naphthyridin-2-vi]-3,5-dimethvl- 1 H-pyrazole-1-carboxylate
HyC
T OWN-CHy
/
/’M\/)
Bag, CH3\-* =
P NHOO
N N M
Y \T CHs
HLC i«i\/,;;\ ~
s Following general procedure 1, 1-(6-chloro-4-{trans-4-{{dimethylaminoymethyi]-

cyclohexylaminol-1,5-naphthyridin-3-yhethanone (92 mg, 0.25 mmol) was reacted with
tert-butyl 3, 5-dimethyl-4-{4,4,5 S-tetramethyl- 1,3,2-dioxaborolan-2-yi}- iH-pyrazole- |-
carboxylate (120 mg, 8.37 mmoi) to afford crude product {100 mg) as a brown solid which

was carried forward without any purification: ESIMS m/z 521 [M + HY
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Example 171
fert-Butyl 1-{5-(G-acetyl-6-(3,5-dichioro-4-hydroxyphenyiy-1,5-naphthyridin-4-viamino)-

pyridin-2-yDpyrrolidin-3-yl{methylcarbamate

Following general procedure H, fers-butyl 1-(5-(3-acetyl-6-chloro-1,5-
naphthyridin- 4-ylanmine)- pyridin-2-yhpyrrolidin-3-yl {methyl} carbamate (81 mg, 0. 183
ramol} was reacted with 2,6-dichlore-4-(4,4, 3, S-tetramethyl- 1,3,2-dioxaborolan-2-yhphenol
{79 mg, 0.273 mmol) to afford crude product (72 mg) as an orange solid which was carried
forward without any purification:  ESI MS sz 623 [M + U
Example 172
tert-Butyl 1-{5-(3-acetyl-6-(3-chloro-2-fluors-4-hydroxyphenyi}- 1,5-naphthyridin-4-

vlaminopyridin-2-yDpyrrolidin-3-yl{(methyl)carbamate

BQ(‘.\
N Y

He o O\

Following general procedure 1, feri-butyl 1-{5-(3-acetyl-6-chloro-1,5-
naphthyridin- 4-ylamino}-pyridin-2-yHpyrrolidin-3-yimethyljcarbamate (94 mg, 0.19
mmol} was reacted with Z-chloro-6-fluoro-4-(4,4,5, 5-tetramethyl-1 3,2-dioxaborolan-2-
vhphenol (77 mg, 8.28 mmeal) to afford crude product {79 mg) as an orange solid which was
carried forward without any purification:  ESE MS w2z 607 (M + H'

Fxaraple 173

teri-Butyl (1-{rame-4-{(3-acetyl-6-chloro-1,5-naphthyridin-4-ylamino]evelohexyl-
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WO 2013/109388 PCT/US2012/071434

amino }-3-methyl-1-oxobutan-2-yl)carbamate
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Following general procedure V1, 1-{4-{(4-aminccyclohexylamino]-6-chloro- 1,5~
naphthyridin-3-yl} ethancne diliydrochloride (300 mg, 0.94 mmol) was reacted with 2-[(reri-
S butoxycarbenyl) arnine]-3-methylbutanoic acid (310 mg, 1.4 mmol) to afford the desired
product (320 mg, 65%) as a white solid. ESI MS m/z S18 [M +HI™
Example 174
rert-Butyl 1-{#rans-4-[3-acetyl-6-(3-chloro-5-flucro-4-hydroxyphenyh)- 1,5-naphthyridin-4-

viaminolcyciohexylamino}-3-methyl-1-oxobutan-2-vicarbamate

HiC e
0.\/ ) Jr'
\/ g ~Boc
HN, H
S
HO. 2 \Vf/l‘\
\E NH G
PN 7 N ™Sy om,
3 §
R~ e
(¢ e

Following general procedure I, sers-Butyl (1-{#rans-4-{(3-acetyl-6-chloro-1,5-
naphthyridin-4-vlaminoloyelohexylaming}-3- methyi-1-oxobuian-2-vcarbamates (100
mg, 0.19 mmol) was reacted with 2-chloro-6-fluore- 4-(,/,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yiphenol (50 mg, (.23 mumol) to afford the crade product (115 mg) as an

15 off-white solid: EST MS m/z 628 [M + HY .
Example 175
tert-Butyl rans-4-{{3-acetyl-6-(3,5-dichioro-4-hydroxyphenyl}-

1,5-naphthyridin-4-yijaminocyclohexyll carbamate
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Following general procedure 1, fere-butyl rrans-4-{(3-acetyl-6-chloro-1,5-
naphthyridin- 4-yl}- aminocyclohexyt]earbamate (100 mg, 6.23 mmol) was reacted with

2.6-dichloro-4- (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-vliphenol (81 mg, (.28 mmol) to

LA

atford crude product which was carried forward without any purification: EST MS m/z 545
M-+ HY
Example 176

{By-tert-Butyl 1-{5-3-acetyl-6-chioro-1,5-naphthyridin-4-ylamino)pyridin-2-vi)
piperidin-3-ylcarbamate
10
™

BoctiN® N1

Following general procedure I, 1-(4,6-dichloro-1,5-naphthyridin-3-yiethanone

{340 mg, 1.4 mmol) was reacted with {f}-fert-butyl I-{S-aminopyridin-2~yDpiperidin-3-

—
A=)

yicarbamate (500 mg, 1.7 mmol) to afford the desired product (410 mg, 58%}) as a brown-
orange solid. ESI MS m/z 497 [M + HY"

Example 177

{Ry-tert-Butyl 1-{5-(3-acetyl-6-(3,5-dichloro-4-hydroxyphenyl)-1, 5-naphthyridin- 4-

yiamino)pyridin-2-vpiperidin-3-vicarbamate
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Following general procedure I, (R)-feri-buty] 1-(5-(3-acetyl-6-chloro-1,5-naphthyridin-4-
viamine)pyridin-2-yDpiperidin-3-yicarbamate (200 mg, 0.40 mmol) was reacted with 2,6~
dichloro-4-(4,4.5, 5-tetramethyl-13,2-dioxaborolan-2~-yhphenol (170 mg, 0.60 mmol} to

5 afford the desired product (210 mg, 85%) as a orange solid. ESI MS miz 623 M+ HY
Example 178
(Ry-tere-Butyl 1-(5-(3-acetyl-6-(3-chloro-5-fluoro-4-hydroxyphenyh)-1, S-naphthyridin-

4-viaminoypyridin-2-yipiperidin-3-ylearbamate

N
ol
BocHN" N__N N
Sy
S
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Hou A A
v l\L NH O
C ;// I.\\\\1// \[,//N - //\\n’/)\\(_ }‘13
\»f \\\N/U

16 Following general procedure 1, {(R)-fert-butyi 1-{5-(-acety-6-chioro-1,5-naphthyadin-g-
viaminopyridin-2-yDpiperidin-3-ylcarbamate (200 mg, 0.40 mmol} was reacted with 2-
chiore-6-Thioro-4-(4,4, 5 S-ietramethyl-1,3,2-dioxaboralan-2-yphenal (165 mg, 0.60

o

mnol) to afford the desived product (125 g, 51%) as a yellow-orange sohid. ESI MS mz 607
[M-+H}

1§  Example [ 79
teve-Butyl [1-(5-{[3-acetyl-6-(3-chioro-5-fluoro-4-hydroxyphenyl}-1,5- naphthyridin-4-

yilamino} pyridin-2-yhpiperidin-3-yijcarbamate
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Following general procedure i, fere-butyl (1-{5-[(3~acetyl-6-chlore-1,5-
naphthyridin- 4-yDaminclpyridin-2-yi}ipiperidin-3-yl)carbamate (100 mg, 0.20 mmol) was
reacted with 2-chloro-6-flucro-4-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-yhphenol (65
mg, 0.24 mmol) 1o afford crude product which was carried forward without any
purification: ESI MS m/z 607 [M + 1T
Example 180
tert-Butyl [1-{5-{{3-acetyl-6-(3,5-dichloro-4-hydroxypbenyl - 1, 5-napbthyridin-

4-vllamino}pyridin-2-ylpiperidin-3~yljcarbamate

p
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cr Ry \:/ o \\T/ “CH;
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Following general procedure 1, fert-butyl (§-{5-{{3-acetyl-6-chloro-1,S-naphthyridin-4-
vhaminolpyridin-2-yi}piperidin-3-yhearbamate (100 mg, 8.20 mmel} was reacted with 2,6-
dichloro-4-{4,4,3,5-tetramethyi-1,3,2-dioxaborolan-2-ylpheno! {68 mg, 0.24 mmol) to
afford crude product (45 mg) which was carried forward without any purification: ESE MS
m/z 623 IM + HI

Example 181

tert-Butyl 1-{4-[3-acety}-6-(3,5-dichloro-4-hydroxyphenyl}-1, S-naphthyridin-frans-4-

ylaminoleyclohexylamino}-3~-methyi-1-oxcbutan-Z-ylcarbamate

PCT/US2012/071434
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Following general procedure 1, rert-butyl [ 1-({4-[(3-acetyl-6-chioro-1,3-

naphthyridin- frans-4-yhamincicyclohexyhramino)-3-methyl- I-oxobutan-2-ylJcarhamate
{100 mg, 0.19 mmol} was reacted with 2,6-dichloro-4-{4,4,5,5-tetramethy}-1,3,2-

5 dioxaborolan-2-yhphenol (65 mg, 0.23 mmol) to afford crude product (80 mg) as a brown
solid which was carried forward without any purification:  BSI MS m/z 644 [M + H]'
Example 182
tere-Butyl 1-{rrans-4-{3-acetyl-6-(3,5-dichloro-4-hydroxyphenyi)-1,S-naphthyridin-

4-viamincjcyclohexylamine} -1 -oxopropan-2-ylearbamate
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16 M
Following general procedure 11, rert-butyl 1-[roms-4-(3-acetyl-6-chioro-1,5-

naphthyndin-frans-4-ylamino)cyclohexylaminoi-1- oxopropan-2-yicarbamate (65 mg, .13
mmol} was reacted with 2,6-dickloro-d- {4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
vhphenol (45 mg, (.16 mmol) o afford crude product that was carried forward without any
1§ purification,

Example 183

fere-Butyl 1-{4-[3-acetyl-6-(3-chioro-5-fluoro-4-hydroxyphenyl)-1, S-naphthyridin- irans-4-

yiamino]eyclohexylamino}- l-oxopropan-2-ylcarbamate

- 186 -
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Following general procedure I, feri-butyl 1-[4-(3-acetyi-6-chioro-1,3-
naphthyridin- frans-4-ylaminoeyelochexylamino]-1-oxopropan-2-ylcarbamate (68 mg, 0.13
mmol} was reacted with 2-chloro-6-fluoro-4-{4,4,3, 5-tetramethyi-1,3,2-dioxaborolan-2-

5 yhphenol (43 mg, 0.16 mmol)} to afford crude product that was carried forward without any
purification.

Fxample 184
{S)-tert-Butyt 2-{4-[5-acetyl-6-(3-chloro-S-fluoro-4-hydroxyphenyl}-1, 5-naphthyridin-

trops-4- vianunoicyclohexylcarbamoyl} pyriolidine- L-carboylate

~F \E\ NH ¢
£ N SN ey,

Following general procedure 1, (S)sert-butyl 2-[4-(3-acetyl-6-chlore-1,5-
naphthyndin- frons-d-ylaminojeyclohexylcarbamoylpyrrolidine- D -carboxylate (100 myg,
0.19 mmol) was  reacted with 2-chicro-6-fluero-4-(4,4,5, 5tetramethyl-1,3,2-
diexaborclan-2-yhphenol (63 mg, 0.23 mracl) o afford crude product (75 mg) as an brown
15 solid that was carried forward without any purification:  EST MS m/z 626 [M + HY'
Example 185
{&Y-gert-butyl 2-{4-[3-acetyl-6-(3.5-dichlore-4-hydroxvphenyh- 1.5-naphthyndin-trans-4-

viaminol- evelohexvicarbamoyl} pyrrolidine-1-carboxylate
Y k ¥ 1P J

~ 187 -
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Following general procedure 1L, (8)-fers-butyl 2-{4-(3 -acetyl-6-chloro-1,5-

naphthyridin- rans-4-ylaminoleyclohexylearbamoylipyrrolidine- 1 -carboxylate (100 mg,

§.195 mmol) was reacted with 2,6-dichloro-4-(4,4,5,5-tetramethyl-1,3.2-dicxaborolan-2-

5 yDphendo {66 mg, 6.234 mmol) to afford crude product (113 mg) as a yeliow solid product
that was carried forward without any purification.
Example 186
{&)-tere-butyl 2-{4-(3-acetyb-6-chloro-1,S-naphtlryridin-srons-4-ylaming)-
cyclohexylearbamoyljpyirolidine- 1-carboxylate
Boe
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Following general procedure V, I-[4-(frans-4-aminocyclohexylamino}-6-chloro-
1.5-naphthyridin-3-yiethanone dilydrochloride (220 mg, 0.564 mmol) was reacted with
{(S)-1-€teri-butoxycarbonylipyrrolidine- 2-carboxrylic acid (145 my, 0.676 mmol) to afford
the desired product (290 mg, 99%} as an off-white solid. ESI MS m/z 518 [M + H]"

15 Example 187

tert-Butyl 1-[4-(3-acetyl-6-chloro-1, S-naphthyridin-d4-viamino)eyclohexylamino}-

I-oxopropan-2-vicarbamate

- ]88 -
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Following general procedure V, {1-{4-{frons-d-aminocyclohexyDamino}-6-chiloro-
{,5-naphthyridin-3-yi} ethanone dihydrochloride (138 mg, 0.35 mmol) was reacted with 2-

{ter-butoxyearbonyilaminoipropanoic acid (78 mg, §.42 mmol) to afford the desired product

5 {130 rag, 79%) as a yellow solid. EST MS m/z 490 {M + HY'

Example 188

{S)-tert-Buiyl [1-(5-{|3-acetyl-6-(3-chloro-5-fluoro-4-hivdroxyphenyl)- 1, S-naphthyridin-

4-ylamino} pyridin-2-yDpiperidin-3-yijcarbamate
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10 Following general procedure 1L, {(§)-rer-butyl (1-{5-[{3-acetyl-8-chioro- 1,5-

naphthyridin-d-vhaminojpyridin-2-vii piperidin-3-ylcarbamate {100 mg, 0.20 mmol) was
reacted with 2-chloro-6-fluore-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yiiphenol {(§2
mg, 0.30 mmol) to afford the crude product {72 mg) which was carried forward without any
purification: ESI MS m/z 607 [M + H'

15  Example 189
{(S)-fert-Butyl [ 1-(5-{{3-acetyl-6-(3,5-dichloro-4-hydroxyphenyi)-1,5-naphthyridin-

4-yllamino} pyridin-2~yhpiperidin-3-yljearbamate

- 189 -
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Following general procedure H, {S)-fers-butyl (1-{5-[{(3-acetyl-6-chloro- 1, 5-naphthyridin-4-

vh- aminolpyridin-2-yi} piperidin-3-ylicarhamate {98 mg, 0.20 mmol} was reacied with 2,6-

dichloro-4-(4,4,5, 5-tetramethyl-1,3,2-dioxaborolan-2-yDphenol (85 mg, 0.30 mmel) to

afford the product (56 mg) which wags carried forward without any purification: ESEMS m/z
625 M+ H"

Example 19¢

{&rterr-Buty! [1-(5-{[3-(cyclopropylcarbonyi}»-6-(G-chloro-5-flucro-4-hydroxyphenyl)- 1.5-

naphthyridin-4-yllamino}pyridin-2-yhpiperidin-3-yljcarbamate

Boc, /r/'\/
R :
H”"\/ N LN
¢
o
SO SN
HO /’ ;* NH O
l‘ /!\\ /\ - \\\ //j“§\§.,/‘/u\\
(S
. /// i
~ N

Following general procedure I, (S)-7er-Buty! 1-{5-[6-chloro-3-
{cyclopropanccarbonyl} -1,5-naphthyridin-4-ylaminopyridin-2-yl} piperidin-3-yicarbamate
{131 mg, 0.25 nunol) was reacted with 2-chloro-6-fluoro -4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-ylypheno! (102 mg, 0.38 mmol) to atford the desired product {100 mg, 63%)
as an orange red solid. ES1 MS m/z 633 [M + H]".

Example 191
tere-Butvl 4-({trans-4-[3-acetyl-6-(3, 5-dichloro-d-hydroxypheny}-1. S-naphthyridin-

4-ylaminoleyclohexyl}methyDpiperazine-1-carbonylate

- 156 -
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Following general procedure I, feri-butyl 4- {{mrans-4-(3-acetyl-6-chloro- 1,5-

o

naphthyridin-4-viamino) cyclohexylimethyl} piperazine- i carboxylate (158 myg,

(.30 mmol}

was reacted with 2,6-dichiore-4-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-Z-yDpheno! (130

U

10

purification: ESI M8 mz 628 [M + H

Example 192

{4-{3-a

L

fert-Butyl

Y

mg, 0.45 mmol) o afford the product (170 mg) which was carried forward without any

tyh-6-(3,5-dichloro-4-hydroxypheavi}-1, 5-naphthyridin-trans-

4-ylaminojcyclobexylamino}-3-methvi-1-oxobutan-2-yicarbamate

N,
B ‘NH

\\/\\[ I/\
NN J

Following general proce

dure B, terr-butyl

{i-{4-f(3-acetyl-6-chioro-

1,5-paphthyridin-

trans-d-yhaminocyciohexylamino}-3-methyl-1-oxobutan-2-yljcarbamate (100 mg, 0.19

mmal) was
yhpheno! (65 mg, 0
itz 644 [M + H]
Example 193

fert-Butyl -{rans-4-3

reacted with 2

~acetyl-6~

4-yiaminojcyclohexylamine} - 1-oxopropan-2-yicarbamate

- 191 -

2.6-dichloro-4-(4,4,5, S-tetramethyl-1,3,2-dioxaborolan-2-

23 ramol) to afford crude product (80 mg) as a brown solid.  ESI MS

(3,5-dichloro-4-hydroxyphenyl)-1, S-naphthyridin-
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Following general procedure B, fers-butyl 1-{#rans-4-(3-acetyl-6-chloro- 1,5-

Y=

“CH,

N N

naphthyridin-trans-4-ylamino)eyclohexylamino]- 1-oxopropan-2-vicarbamate {65 mg, 0.13
minoly was reacted with 2,6-dichlore-4-(4,4, 5, 5-tetramethyl- 1,3, 2-dioxaborolan-2-yi)phenol
{45 mg, ¢.16 mool} o afford crude product.

Example 194

tert-Buiyl 1-{4-[3-aceiyi-6-(3-chlore-5-fluoro-4-hydroxyphenyD- 1,5 naphthyridin. ravs-4-

viaminelcyclohexylamino} - 1-oxopropan-2-vicarbamate

N HN ~Boc
9, > )
HN, g
Ci k
HO ///L\F /J\N H oo
£ P /\ [\

Following general procedure B, feri-butyl 1-[4-(3-acetyl-6-chiorn-1,5-
o o

naphthyridin- rans-4-ylamino)oyclohexylaminol-1-oxoprapan-2-yvicarbamate {68 mg, §.13
mmol) was  reacted with 2-chioro-6-flucro-1-(1,4,5,5-tetramethyl-1,3,2 - dioxaborolan-2-
yiphenol (43 mg, 0.16 mmol) fo afford crude product which was carried forward without
o e e
further purification or characterization.
Example 195
{S)-terr-Butyl 2-[4-(3-acetyl-6-chloro-1,5-naphthyridin-trans-4-ylaming)-
cyclohexylcarbamoyi}pymrolidine- 1 -carboxylate

=182 -
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Following general procedure D, 1-[4-(frans-d-aminocyciohexyllamino}-6-chloro-
1,5-raphthyridin-3-yhethanone dihydrochioride (220 mg, 0.564 mmol) was reacted with
(8)-1-{rerr-butoxycarbony!pyrrolidine-Z-carboxylic acid (145 mg, 0.676 mmol) to afford
the desired product (290 mg, 99%4) as an off-white solid. ESI MS m/z 518 [M + H]'
Example 196
{S)-tert-Butyl 2-{4-[3-acetyl-6-3-chioro-S-thuoro-4-hyvdroxyphenyi}-1, S-naphthyndin-

troms-d-ylamnoleyclohexylcarbamoy !} pyrrolidine- I-carboxylate

Bog,
.

G \
N\
N

0
A /
HOL A N

e j\.r_
T s

Ny \V/\\\T "CH;
7 CH;

i i
N,
ST

Followng gencral procedure B, {(8)-feri-butyl 2-{4-(3-acetyl-6-chlore-1,5-
naphthyridin- frans-4-ylamino)eyelohexylearbamoyijpyrrolidine- | -carboxylate (160 mg,
3.19 mmol) was  reacted with 2-chloro-6-fluore-4-{4,4,5, S-letramethyl-1,3,2-
dioxaborolan-2-yhpheno] (63 mg, 0.23 mnwl) to afford crude product (75 mg) as an brown
solid which was carried forward without further purification or characterization: ESI MS
m/z 626 M + HY
Example 197
tert-Bytyl 1-[4-(G-acetvi-6-chioro-1,5-naphthyridin-4-ylaminocyclohexylaminc]-
t-oxopropan-2-ylcarbamate

103 -
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Following general procedure C, 1-[4-(srans-d-arainncyciohexyamino]-6-chloro-

1,5-naphthyridin-3-yl)ethanone dihydrochloride (130 mg, 0.35 mmol) was reacted with 2-
{teri-butoxycarbonylaminojpropanoie acid (78 myg, 0.42 mmol) to afford the desired product
5 {130 mg, 79%) as a yellow solid . B8 MS m/z 400 [M + H}'
Exaraple 198
(S)-fert-Butyl 2-(4-(3-acetyl-6-(3,5-dichioro-4-hydroxyphenylt)-1,5-naphthyridin- frons-4-
yviaminojeyelohexylcarbarnoylpyrrotidine- 1 -carboxylate
Boc,

Ny

O\\:}/{

et
T
HOL A N
Ll
N N\\/L\\ ‘

oo Y T’ “CHy
LA e

¢

e

N
1@ Following general procedure B, (S)-rerr-butyl 2-[4-(G-acetyl-6-chloro-1,5-
naphthyridin- zrans-4-ylaminojeyclohexylearbamoylijpyrrofidine- 1 -carboxylate (160 mg,
0. 19 mmol} was  reacted with 2,6-dichloro-4-(4,4,5 S-tetramethyl-1,3,2-dioxaborolan-2-
viiphenol (66 myg, .23 mmol} to afford crude product {113 mg) a8 a vellow solid which was
carried forward without further purification or characterization,
15 Example 199

tert-Butyl {trans-4-{(dimcthylaminojoyciohexylimethylecarbamate

- 1§94 -
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To a solution of fere-butyl [rans-4-aminocyclohexyllmethvicarbamate (1.15 g, 5.00 mmol},
paraformaldehyde (454 mg, 15.0 mmol), and sodivra cyancborohydride (940 mg, 15.0
mmol} in methanol (40 mL) was added acetic acid {catalytic) and the reaction mixture
S stirred at room temperature for 18 h.  The reaction mixture was quenched with water and
concentrated 1o remove methanol.  The pH of the aqueous layer was adjusted to 10 with 1
M agueous sodium hydroxide followed by extraction with methylene chloride.  The
organic layers were dried over anhydrous sodium sulfate, filtered, and concentrated to
atford the desired product (1.2 g, 96%) as a thick off: B8 MS m/z 257 [T HygMNoOn + HIY
10 Example 200
trons-4-{ Ammomethy-N, N-dimethylcyclohexanamine

0 e e
H,C | 7_.«,.13

Following general procedure IV-1, fers-butyl {frans -4-(dimethylaminojcvelohexyljmethyi
carbamate (1.2 g, 4.8 mmol) was reacted with 3 M hydrochloric acid (10 mL) to afford the

dilrydrochioride salt as the desired product (1.2 g, >99%) as white solid: ESI MS m/z 230

ot
Wy

[CoHapNa + HY'
Example 201
(R)-{4-{{6-(3-aminopiperidin-1-yDpyridin-3-yiamine}-6-(3,5-dichioro-4-hydroxyphenyi)-

\

1,5-naphthyridin-3-vl}{cyclopropylimethanone
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Following general procedure V-2 (R)-tert-buty [ 1-(5- {{3-(cyclopropanecarbonyl)-
6-{3,5-dichloro-4-hydroxyphenyi}-1,5-naphihyridin-4-y1 amino)pyridin-2-yhipiperidin-3-
yhcarbamate (0.12 g, .18 mmol,) was reacted with TFA (2 ml). The resulfing

5 trifluoroacetate salt of the product was converted to the free base to afford the desired
product {67 mg, 7%} as an orange solid: 'H NMR (500 MHz, CD:0D) 8 5.17 (s, 1H), .09
(d,/=90Hz, 1H) 8.03(d, J=90Hz, 1H), 7.92(d, /= 2.5 Hz, 1H}, 7.44 (5, 2ZH), 7.37
(dd, F=90,2.5He, THYL 6.70 (4, = 0.0 He, 1H), 4.16 - 4.13 (mn, IH), 3.87 - 3.84 (. IH),
327321 {m, 1H), 3.89 - 3.05 (m, 2H), 2.89 - 286 {m, 1H), 2.18 - 2.08 (m, 1H), 1.5¢~

10 1.81{m, 1H), 173~ 1.58 {m, 2H), 1.21 — 1.08 (in, 4H); BST M3 sz 549 [M + H}'; HPLC

>090% (AUC), (g = 13,15 min,

- 196 -
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Example 202
{(B)~{4-4[6-3-aminopiperidin-1-yDpyridin-3-yljamino } -6-(3-chloro-5-fluero-4-

hydroxyphenyl)-1,5-naphthyridin-3-yh{cyclopropylmethanone

D
o LN
HO_ N V"\NH o
- I
i" L‘i‘//&\\/‘}\i\\ //Ji\ //J\ ,,,,,,
DY
~ ;N’ff

Following general procedure 1V-2, (R )-tert-butyl [1-(S-{[3-{cyclopropanecarbonyl)-
6-{3-chioro-5-fluoro-4-hydroxyphenyl}-1, S-naphthyridin-4-yDamino)pydidin-2-yhpipeaidin-
3-vharbamate (0.98 g, ¢.16 mmol) was reacted with TFA (2 mL). The resulting
trifluoroacetate salt of the product was converted to the free base to afford the desired
product {58 mg, 71%4) as an orange solid: TH MR (500 MHz, CDs0D) 5 9.18 (s, 1H), 8.00
(d, J=9.0 Hz, 11D, 8.04 (d, J= 9.0 Hz, 1H), 7.97 (d, J= 2.0 Hz, 1H), 7.37 (dd, 7= 9.0, 2.0
He, 1), 6.97{d, J=13.0Hz, 1H), 6.75(d, /= 9.0 Hz, 1H), 4.18 - 415 (m, 1H}, 3.83
381 {m, 1HY, 331 - 322 o, 133), 3015 - 305 (m, 2H), 291 - 285 (m, 1H), 2.12 - 2.08
{m, TH)Y, 191~ 1.83 {m, 1H}, L.7% - L.58 (m, ZH), 125 - 1.08 (m, 4H); ESIMS m/z 533 [M
+ HY' HPLC 99.0% (AUC), f = 9.18 min.

Example 203
1-[6-(3.5-dichloro-4-hydroxyphenyl)-4- {{frams-4-(dimethylaminojeyclohexyilamino }- 1,5

naphthyridin-3-yI}-2-hydroxyethanone dihydrochloride

CH;
H,C-N
N Rt
a ; e
Ho.\f-,L\E ) (‘NH 0

oS A .,ﬂ\v,OH
i‘l\ ,/‘/i\_ <
~o N
Following general procedure 11, 2-[{tert-butyldimethvisilyDoxy)l-1-{6-chloro-4-

[(trans-4-{dimethylamino)eyclohexyl) amino)-1,5-naphthyridin-3-yljethanone (44 mg,

197 -
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(.093 mmol) was reacted with 2,6-dichloro-4-(4,4,5, 5-tetramethyl-1,3,2-dioxaborolan-2-
yiiphenol (43 me, 0.15 mmol) followed by formation of the dihydrochloride salt to afford
the product (10 mg, 20%) as a yeliow sotid: solid: "H NMR {500 MHz, CD:0D) & 9.15 (s,
HY, BA7 (L J=0.0 He, 1}, 835 (d..7=9.0 He, 1H), 8.11 {s, ZH}, 5.68 ~ 5.60 {m, 1H),
4,92 (5, 24, 351 - 3.42 (m, 1), 2.92 (s, 6H), 2.63 - 2.59 (m, 2H}, 2.33 - 2.28 {m, 2H},
188~ 1.73 (m, 4H); ESE MS m/z 489 [M + HT; HPLC >99% (AUQC), ix = 9.16 min.
Example 204
-16-(3-chlovo-53-fluore-d-hydroxypheny-4-{ {rrans-4-
[{dimethylamino)methylicyelohexyl} amino)-1,5-naphthyridin-3-v}}-2-hvdroxyethanone

dihydrochloride

e w-CHs
l < , 2R
HO. &
“3 N ()
F/ -\\ / / \\j/ \\,/OH
\/f ~

Following general procedure I, 1-(6-chloro-4-{rans-4-{(dimethylaminoymethyl]

cyciohexylamino}-1,5-naphthyridin-3-y1}-2-hydroxyethanone (49 mg, 0.13 mmol} was

reacted with 2-chloro-o-fluore-4-(4,4,5, 5-tetramethyl- 1,3, 2-dioxaborolan-2-yiphenol {53
myg, 0.12 ol followed by formation of the dihydrochloride salt to afford the product (31
mg, 42%) as an off-white solid: "H NMR (500 MHz, CD;0D3 §9.12¢s, 1H), 8.45(d, J =
S0 Hz, [H), 832 (d, J=9.0Hz, 1H), 803 (s, 1H), 7.89(d, J=11.0 Hz, 1H), 5.80 - 565
(o, THD, 491 (5, 2HL 383 3.05 (m, 2H), 294 (5, 6H)Y, 2,50 243 (m, 2H), 212 198
(ra, 2H), 1.78 —~ 1.65 (m, 2H), 1.48 — 1.35 (m, 2H); ESI MS m/z 487 [M + H] ', HPLC »99%
{AUCY, i = 8.26 min.
Example 205
{-{6-(3-chlore-S-fluoro-4-hydroxyphenyiy-4-({frans-4-

{(dimethylaminoymethylloyclohexyl} aming)-1,5-naphthyridin-3-yhipropan-1-one

198 -
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Following general procedure I}, 1-{6-chloro-4-{irans-4-[{(dimethyvliaminoimethyi
g8 p E L Y ; 3

NH O

i\\j/) L _cm
n7

cyclohexylarnined - 1, 5-naphthyridio-3-vi-2-hydroxyethanone (170 mg, .50 mmol) was

Lh

reacted with 2-chioro-6-fluoro-4-(4,4,5, 5-tetramethyl-1,3,2-dioxaborolan-2-ypheno! (170
mg, 0.60 mmol). After work up and purification the dihydrochloride salt was obtained
{31 mg, 42%} as an off-white solid: "H NMR (560 MHz, CD;0D3 8917 (5, 1H), 844 {(d, J
=80 Hz, 1Hy, 833(d, /=0.0Hz 1H) RO2{d, J=20Hz 1H}), 783 (dd, J= 115, 2.0 Hz,
EH), 572 -5.53 (m, 1H), 3.20 (g, /= 7.0 Hz, 2H), 3.13 - 3.08 (m, 2H), 2.94 (s, 6H}, 2.50 -
10 243 (my, 2H), 2,12 - 2,00 (m, 3H), 178 - 165 (m, 2H), 1.48 - 1.35 (m, 2H), 125 ¢, /=70
He, 3H); BST MS akz 485 [M + HY, HPLC »99% (AUC), = 9.96 rin.

Example 206

i-[6-(3,5-dichloro-4-lrydroxypheny-4-{{#rans-4-
[{dimethylamino)methylleyelohexyllamino) 1,5-naphthyridin-3-y]propan-1-one

15 dihydrochioride

Cl /K\/ IHC)
HO\J //\\: "’\N o

Following general procedure I, 1-{6-chloro-4-{frams-4-
{{dimethylamino)methyljcycle hexylamino}-1,5-naphthyridin-3-yi}-2-hydroxyethanone
{170 mg, 0.50 mmol) was reacted with Z,6-dichlore-4-(4,4,5, 5-tctramethyl-1,3,2-

20 dicxaborolan-2-yhpheno! (170 mg, 8.60 mmol). After work up and purification the

- 196 -
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dihydrochloride salf was obtained (45 mg, 14%) as a white solid: 'H NMR (500 MHz,
CDODRY39.17 (5, 1), 845 (&, J=00 Hz, iH), 834 (d,J=9.0Hz, 11}, 8.11 (s, 2H), 5.75
- 5.66 (m, TH), 320 (q, /=70 Hz, 2H), 313 - 3.08 (m, 2H), 2.94 (5, 6H}, 2.50 - 241 (m,
ZHY 200 - 200 {m, 3H), 174 - 162 (m, 2H), 148~ 136 {m, 2H), 125 {1, /= 7.0 Hz, 3H)
EST MS »oz 501 [M + HY, HPLC >99% (AUC), = 10.17 min.

Example 207

{S)-1-(4-{{6-(3-aminopiperidia-T-vhpyridin-3-yi]amine}-6-(3,5-dichloro-4-

hydronyphenyl)-1,5-naphthyridin-3-yDpropan-1-one teihydrochioride

N s3HC

= \, NH O
("."/ \\\/ \ //\\\ /il\\ /L{ i}
U\ //)\\

Following general procedure V-2, (S)-tert-butyl (1-(5-({6-(3,5-dichloro-4-
tydroxypheny-3-propionyl-1,5-naphthyridin-4-yamino)pyridin-2-ylpiperidin-3-
vhcarbamate (0.195 mmol} was reacted with TFA (2 L) followed by formation of the
trihydrochloride salt to afford the desired product {78 mg, 62% over two steps) as an
orange-brown solid: "HNMR {500 MHz, CD,UDY 8 932 (5, 1H), 847 (d, J=9.0 He, 1H),
837(d, J=9.0Hz, 1H), 820, /=2.5Hz, 1H), 7.76(dd, /= 9.0, 2.5 Hz, 1H}, 7.61 (5,
IHY, TN, J= 90 He, 1H)Y 441 438 (m, 1H), 3.97 - 3.95 (m, 1H), 348 -3.16 {m,
5H), 2.24 - 285 (m, THD), 2.03 - 1.91 {m, 1H), LA2 - 174 Gm, ZH), 1.32 - 119 (m, 3HY;
ESI MS vz 537 M + HT HPLC »99% (AUC), 1z = 9.92 min,

Example 208
{S)-1-(44{6-G-aminopiperidin- L -yhpyndia-3-ylamino}-6-3-chlore-5-flucro-4-

hydroxyphenyly- 1, 5-naphthyridin-3-yDpropan-1-one trbydrochloride

200 -
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Following general procedure [V-2, (Sktert-butyl [1-(5-{[6-(3-chloro-S-fluore-4-
hydroxyphenyl)-3-propionyl- 1, 5-naphthyridin-4-yl jamino|pyridin-2-yhpiperidin-3-
yllcarbamate(0.21 mmol) was reacted with TFA (2 ral) followed by formation of the

5 wikydrochloride sait to afford the desived product (67 mg, 52%) as a green-brown solid: 'H
NMR (500 MHz, CD,OD) 8 932 (s, 1H), 8.46(d, /=90 Hz, 1H), 837 (4, /= 9.0 Hz, 1H),
821{d, /J=25Hz, 1H),7.75(dd, /= 9.3, 2.5 He, 1H), 7.63 - 7.26 (m, 2H), 7.12 {d, /= 9.3
Hz, 1H), 439 {4, J= 105 Hz, 1H)}, 4.01 ~3.96 (m, 1H)}, 3.48 - 3,16 {m, 5H), 2.25 - 2,15 (m,
tH), 2.04 193 (m, 1H), 1.82 171 (m, ZH), 1.32 - 119 (m, 3H) ESI MS m/z 521 [M +

10 HY; HPLC »99% (AUCQ), tn= 9.75 min.

Example 209
1-{6-(3,5-dichioro-4-hydroxyphenyl)-4-({4-[{(R)-3-fluoropyrrolidin- Ty methylj

cyclohexnyllamino}-1,5-naphthyridin-3-vijcthanone

o S .'//\
H3L L\
R NH O

,\\/l\,\ g
L f

5 Following general procedure H, 1-(6-chloro-4-({(4-(((R)-3-fluoropyrrolidin- 1+

e

\

yhmethyl) eyclohexyDaming)-1, S-naphthyridin-3-yDethanone (58 mg, 0.143 mmol) was
rescted with 2,6-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yphenol (62 mg,
0.21 mmoly to afford the desired product {52 mg, 60%) as an orange solid: TH NMR (50¢

MHz, CDOD 8915 (5, 1HY, 846 (d, J=9.0 Hz, 1H)}, 8.33 (4, /=90 Hz, 1H), §.12 (s,

bt
<
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2H), 5.74 - 5.69 {m, 1H), 5.53 ~ 5.43 {m, 1H), 412 - 3.84 {m, 2H}, 3.31 - 3.17 (i, 2H),
2.76(s, 3H), 2.50-2.43 (m, ZH), 2.18 - 1.96 (m, 3H), 1.74 -~ 1.62 {m, ZH), .50 - 1.38 {m,
2HY; BSIMS nyv/e 531 [M + Hi+ HPLC 96,79 (AUC), tR = 10.05 min.

Example 210
(83-(4-{[6-3-aminopiperidin-1-vpyridin-3-yilamino}-6-3-chloro-5-hiore-4-

hydromyphenyl)-1, 5-naphthyridin-3-y )} cyclobutyDmethanone wrihydrochlonds

/ \

NN S3HCE
o
HO_ A~ e,

\/,\ NHO
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F | //]/\ J’

Foliowing general procedure 1V-2, (8)-tert-butyl [1-(5-{[6-(3-chloro-S-fluoro-4-
hydroxyphenyh)-3-(cyclobutanecarbonyl)-1,5-naphthyridin-4-yljamino} pyridin-2-
yhpiperidin-3-yijcarbamate{0.20 nunol) was reacted with TFA (2 mL) followed by
formation of the trihydrochloride salt to afford the desired product (94 %rxg, T2%s over two
steps) as a orange-brown solid: "H NMR (500 MHz, CDOD) 8 9.10 (s, 1H), 8.45(d, J=9.0
He, 1H), 836{d,J=90Hz 1HLB22 J=3.0 Hz, 1H), 7.74 (dd, /=9.3, 3.0 Hz, 1H),
7.63 ~7.23 (m, 2H), 7.10 {d, J= 9.3 Hz, 1H), 4.40(d, J= 10.5 Hz, 1H), 438 — 4.23 (m, 1H),
403392 (m, 1H), 345 -3.36 {m, 2H), 2.60 236 {m, 4H), 2.26 - 2.13 {m, 2H), 2.03 ~
1.90 (m, 2H), 1.81 — 1.70 (m, 2H); ESE MS m/z 547 [M -+ H]'; HPLC 98.2% (AUC), & =
10.33 min.

Example 211

{6-(3,5-dichloro-4-hydroxyphenyl}-4-{{4-[{dimethylamino)methyl {cyclohexyDamino}- 1.5

naphthyridin-3-y1}{cyclobutylymethanone
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Following general procedure I, {6-chloro-4-({4-
{{dimethylaminoymethyDoyclohexyl) amino)-1,5-naphthyridin-3-yi)cyelobutylimethanone
{40 mg, 0.10 mmol} was reacted with 2,6-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-

5  dioxaborolan-2-ylipheno! (43 mg, 0.15 mumol) to afford the desired product (53 mg, 68%)
as light yellow solid: "H NMR (500 MHz, OO § £.93 (s, 1H), 8.45 (4, J = 9.0 Hz, 1H),
8334, J=9.0Hz, TH), 8.12 (s, 2ZH), 5.76 - 5.65 (m, 1H), 4.30 ~ 420 (m, 1H), 3.12 - 3.07
{m, ZH), 2.85 (s, 61}, 2.52 - 2.41 (m, 458}, 2.39 - 2.34 (m, 2H)}, 2.22 - 2.12 (m, 1H), 2.09 -
2.00 (m, 2H), 1.98 - 190 (s, 1H), 176 — 1.64 (m, 2H), 149~ 1.36 (m, 2H}; ES] MS m/z

10 527 [M + B+ BPLC »99% (AUC), IR = 10.72 min.

Example 212
{6-(3-chloro-5-fluoro-4-hydroxyphenyD-4-((4-((dimethylamino)methybheyclohexylamino)-

1, S-naphthyridin-3-y¥oyelobutyDmethanone

Cl ""r/f\\J
f”‘) \?I’.:/G \1 ‘\\v/ ‘N}-} O
P /*Q\\:/ \’I/N\YA/JQQ]//\ -
i )
\\"//J\N{/
15 Following general procedure U, {(6-chlor-4-{{4-

{{dimethylaminojyaethyDeyclobexyl} amino)- 1, S-naphthyridin-3-vI){cyclobuty imethanone
(65 mg, 0.16 numol) was reacted with 2-chlore-6-flucro-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yhphenol (65 mg, 0.24 mxmol) to afford the desired product (72 mg, 77%)
as tight veliow solid: "HNMR (500 MHz, CD:OD) 5 8.93 (5, 1H), 844 (4, /=9.0Hz 1H),
20 833(4,/=950Hz IHL 8020, 1HL 788(dd, /=115 2.0Hz 1H}, 574564 (m, IH)
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429419 (m, 1H), 3.12 - 3.07 (m, 2H), 2.95 (s, 61, 2.52 ~ 2.41 {m, 4H), 2.38 ~ 234 {m,
TH), 2.24 - 2.12 {m, TH), 2.09 — 1.98 {m, 2H), 1.98 — 1.89 (m, 1H), 1.78 — 1.66 (m, 2H),
149 - 1.35 (m, 2H); BSEMS vz 511 1M + H+; HPLC >99% (AUC), tR = 10.52 min.

Example 213

e

(R)-1-(4-{(6-(3-aminopiperidin-1-yDpyridin-3-yDamino}-6-(3-chloro-5-fluore-4-
hydroxyphenyi)-1,S-naphthyridin-3~yjpropan- 1 -one trichloride
r

4
H NS N
7—'/' 5, S3HCH

hydroxyphenyl)-3-propionyl-1,5-naphthyridin-4-yhDamino)pyridin-2-ypiperidin-3-

10 yhcarbamate (120 mg, .19 mynol) was reacted with TFA (2 mL) followed by formation of
the trihydrochloride salt to afford the desired product (78 mg, 65°%) as a orange-brown
solid: 'H NMR (500 MHz, CD,0D) 8 9.38 (s, 1H), 8.48 (d, /= 0.0 Hz, 1H), 8.41 {4, J=9.0
He, TH), B25(d, /=25 Hz, 1H), 790 (dd, J=19.5, 2.5 Hz, 1H), 7.56 - 730 {m, 24}, 7.27
(d, J=95Hz, 1H), 443 — 432 (ra, 1H), 4.08 - 3.96 (m, 1H), 3.53 - 3.38 (m, 3H), 3.29

15 3.20(m, 2H), 229 -2.20{m, 1H), 2.09 - 1.98 (im, 1H), 1.88 - 1.74 (m, 2H), 1.38 - 1.21 (i,
3HY, ESIMS m/z 521 [M + HJ™ HPLC 97.6% (AUQ), & = 3.86 min.

Example 214
(R)~1-¢4-({5-(3-aminopiperidin-1-yDpyridin-3-yhamino}-6-(3,3-dichloro-4-
hydroxyphenyl)-1,5-naphthyridin-3-yDpropan- 1 -one trikvdrochloride

/"/\\,

N /
HoNYN 3
2 e \J\,_/,—N_‘
/ 3 «3HCH

o [ )
HOL A \-/‘QNH 5

O /*\ ,N /’L\ /LL\/,CH:;

Cro Y \T \\T
L‘\\‘/,; \N/}

20
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Following general procedure IV-2, (R)-tert-butyl [ 1-(5-{{3~{cyclopropanccarbonyi)-
6-(3,5-dichloro-4-hydroxyphenyl}- 1, S-naphthyridin-4-yHamine } pyridin-2-ylpiperidin-3-
ylcarbamate (80 mg, 8.12 mmol) was reacted with TFA (2 mL) followed by formation of
the triydrochioride salt to afford the desired product (48 mg, 62%) as an orange solid: 'H

5 NMR (500 MHz, CDODY 8939 (s, 1H), 849 (d, /=95 Hz, 1H), 842 (d, J=96.0 Hz, 1H),
BA6{d, J=2.0Hz 1H), 7.92 (¢d, J= 9.5, 2.0 Hz, 1H), 7.58 (5, 2H), 7.28(d, J= 9.5 Hz,
TH), 4.42 - 432 (m, 1), 4.16 - 3.96 (m, 1H), 3.52 - 3.22 (m, 51}, 2.28 - 2.18 (m, 1H),
2.08 ~ 1.98 (m, TH), 1.38 — 1.75 {m, 2HD, 1.37 ~ 1.20 (m, 3H); EST MS mez $37 [M + HY
HPLC 98.0% (AUC), i = 9.92 min
10 Example 215
(R)-1-(4-{(6-3-aminopiperidin-1-yhipyridin-3-yDamino)-6-(3-chloro-5-fluoro-4-

bydroxyphenyl)-1,S-naphthyridin-3-y[}-2-methylpropan-1-one triliydrochloride

)

NS

C \/ ZZ 3HCH
HO\//A X - "N 0
A g

¥ Xy /\\[’ N\}[’ ‘\\\/’M\\E/‘("HS
I\\,//? \Nf?" CH}

Following general procedure V-2, (R)-tert-butyl (1-(5-((6-(3-chloro-5-fluoro-4-

15 hydroxyphenyl)y-3-isobutyryl-1,S-naphthyridin-4-yDaminolpyridin-2-yhpiperidin-3-
yijcarbamate (168 mg, 0.26 mmol) was reacted with TFA (2 mL) followed by tormation of
the trihydrochioride salt o afford the desired product (110 mg, 78%) as an orange solid: 'H
NMR (580 MHz, CD0D)8 931 (s, 1H), 8.35 (s, 2H), 8.18(d, J=2.5 Hz, 1H), 7.64 (d, J=
9.0, 2.5 Hz, TED, 738 (bs, 1H), 722 - 712 {m, 1H), 7.02 (d, /= 9.0 Hz, 1H), 4.44 432

20 {m, 1H) 398 -390 (m, 1H}, 3.82 - 3.70 (m, 1H), 346 =322 (m, 3H}, 2.22 - 212 {m, 1H),
2.01 ~ 1.88 {m, 1H), 1.80~ 1.68 (m, 2H), [.36~ 1.20 {m, 6H}; BSI MS m/z 535 [M + H];
HPLC >899 (AUC), i = 18,07 min.
Example 216
i-[6~(3,5-dichloro-5-4-hiydroxypheny-4-( {trans-4-{(dimethylaminodnethyijeyclohexyll
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amino}-1,S5-naphthyridin-3-yi]-2-methylpropan- 1-ons dihydrochioride

H Gl
- h ;r‘(:. }'{3
i % \, istel
", s
¥) e
HO \ff’? T o
o SN ‘/N{ /i\\\ j/n JCH
H
Lf = CHS

Foliowing general procedurs {1, 1-[6-chloro-4-({#rans-4-
[(dimethylamino)methyljoyelo hexyllamino)-1,5-naphthyridin-3-y1}-2-methylpropan-1-one

(0.25 g, 0.64 ramol) was reacted with 2,6-dichioro-4-(4,4, 5, 5-tetramethyl-1 3,2~

L))

dioxaborolan-2-viipheno! {0.28 g, 0.98 mmol).  After work up and purification the
dihydrochloside salt was formed to afford the desired product {150 mg, 41%4) as a yellow
solid: 'H NMR (500 MHz, CD,00) 3 9.23 (5, [H), 8.45 (4, J= 9.0 He, 1H), 8.35(d, /= 9.0
He, 1H), 8.10 (s, 2H}, 5.77 ~ 5.63 (e, TH), 383 - 371 (i, 1HD, 311 = 3.04 (m, 2H), 2.94
10 (s, 6H), 247 - 2.42 (m, 1H}, 2.08 - 2.00 {m, 3H), 1.73 ~ 1.65 {m, 2H), 1.50 - 1.37 (m, 2H},
1.36 - 1.24 (m, 6H); ESIMS m/z 515 [M + HI"; HPLC 98.7% (AUC), i = 10.57 min.
Example 217
1-{6-chloro-4-{ {#rans-4-[{dimethylaminoymethyijcyclohexyl} amino)-1,5-naphthyridin-3-
yi}-Z-methylpropan-1-one

HsCL e,

.

G IHC

i .
L, .

no ~F \ ”NH o

- \\\,/ /\ L I_f

\[\ /I\ // L I3

Following general proceduore 3, 1-[6-chloro-4-({trans-4-
[(dimethylaminomethylloyelo hexyllamine)-1, S-naphthyridin-3-vi]-Z-methylpropan-1-one
{(8.25 g, 0.64 mumol) was reacted with 3.5-dichlore-4-(4,4,5,5tetramethyl-1,3,2-
dioxaborolan-2-yhphenol {(0.26 g, 0.96 nunol}.  After work up and purification the

20 dihydrochloride salt was formed to afford the desired product (175 mg, 46%) as a light
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LN

brown solid: "H NMER (500 MHz, CIHOD) § 9.22 (s, 1H), 5.45 (d, J = 9.0 Hz, 1H), 8.34 (4,

4

J=9.0Hz, 1H}, 8.03(d, J=2.0,2H), 788 (dd, /= 11.5, 2.0 Hz, 1H), 575 - 5.68 {m, {1},

3.83 —3.74 (m, TH), 3,13~ 3.08 (m, 2H), 2.94 (s, 613, 2,50~ 2.38 (m, 2H), 2,12~ 1.99 {m,
3D, 1.78 ~ 1.65 (m, 2H), 149 — [.37 (m, 2H), 1.33 ~ 1.25 (i, 6H); ESI M3 sz 499 [M +
HI': HPLC 97.5% (AUC), 1 = 10.24 min.

Example 218

(Ry-tert-buty! [1-(5-{{3-{cyclopropanscarbonyl)-6-(3,5-dichloro-4-hydroxyphenyl}-1,3-

naphthyridin-4-vljamino} pyridin-2-yhpiperidin-3-ylicarbarnate
PRI ¥ PPy Yipip Y

Boc. ,/ \W
N !
BN
s I
H "
HO A N
\f/ EL /T\LH O
o SN /N.\\ AR
U S0
\f; N{)

Foliowing general procedure I, (R)-tert-butyl {1-(5-{[6-chioro-3-
{cvclopropanecarbony -1, 5-naphthyridin-4-vHamino  pyridin-2-yUpiperidin-3-ylcarbamate
{150 mg, 0.29 mmol} was reacted with 2,6-dichloro-4-{4,4,5, 5-tetramethyl-1,3,2-
dioxaborclan-2-yhphenol (120 mg, 0.43 mmol) to afford the product (119 mg, 64%%) as an
orange solid: ESI MS m/z 649 [M + HY™
Example 219
{R)-tert buiyl [1-{5-{{6-chlore-3-(cyclopropanscarbonyi)-1,5-naphthyridin-4-yllamine}

pynidin-2-ypiperidin-3-yilcarbamate

Boc ( }
N ,./'
Ho NN
L7
.\,,,J\ )
NH O
NN A
[ /J J AV
N~ \_N;

Following general procedure i, 4,6-dichioro-1,3-naphthyridin-3-vi{cyclopropy!) methanone

{450 mg, 1.5 mmol) was reacted with {R)-tert-butyl [ {-(S-arunopyridin-2Z-vi) piperiding-3-
il P2 Yiipp

s

-
o7 -
,
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yljcarbamate (550 mg, 1.9 sunol) 1o aftord the product (600 mg, 76%0) as an orange foam:
ESIMS m/z 523 [M + HY.

Example 220

{R}-tert-butyl [1-(5-{[3~{eyelopropanecarbonyl-6-(3-chloro-5-fluoro-4-hydroxyphenyl)-

5 1,5-naphthynidin-d-yilamino}pyridin-2-yDpiperidin-3-vijcarbamate
P p P73 Yupip .

-
Boc f\l
N ™ 3
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A2 il 4 J
AN \. N \\\l\. - J\\____?
| Y
S N

Following general procedure I, (R)-tert-butyl [1-{5-{{6-chlore-3-
{cyciopropanecarbony!}-1,5-naphthyridin-4-ylarmmo  pyridin-2-vi)piperidin-3-vijcarbamate
{150 mg, 0.29 mmel) was reacted with 2-chloros-fluro-4-{4,4,5, 5-tetramethyi-1,3,2-
10 dioxaborolan-2-yDphenol (120 mg, 0.43 mmol} to afford the product (100 mg, 54%) as an
orange-red solid: BST MS m/z 633 M+ HY.
Example 221
2-{(tert-butyldimethylsityhoxy - 1 -(6-chioro-4-({trans-d-(dimethylamino)cyclohexyl)

amino}-1, 5-naphthyridin-3-ylethanone

v
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ciw A M omss

y "\j/ Xy
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N 45 X el
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Following general procedure 1, 2-({tert-butyldimethyisilvDoxy)-1-(4,6-dichloro-1,5-
naphthyridin-3-ylhethanone (87 mg, 0.23 mmol) was reacted with trans-
dimethylcyclohexane-1,4-diamine {50 mg, 0.35 mmol) to afford the product (44 mg, 40%)
as a light yellow oil: EST MS m/z 477 M + H'.
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Example 222

2-((tert-butyldimethyisilyDoxy)-1-(4,6-dichloro-1,5-naphthyridin-3-yhethanone

oo

3
(/"\\\I{,N \\\T//E\\\j /Ji\\/ _OTBS

i i
N AN
~T N

N

To a solution of 1-{4,6-dichioro-1,S-naphthyridin-3-y1}-2-hydroxyethanone {128 rag, 6.5
mmob) in DMF (5 mL) was added  imidazole (68 mg, 1.0 munol) and sert-
butyldimethylsilyl chioride (90 mg, 0.6 mamol) at 0 °C. The mixture was stirred for 3 b,
poured into NaHCO; (saturated), and extracted with ethyl acetate.  The organic layver was
dricd over NapSQ4, concerdrated, and purified by chromatography to afford product (87 mg,
47% as a light yetiow oil: BST MS wz 371 [M + H]".

Example 223

1~{6-chloro-4~{{4-({dimethylamino)methyleyciohexyhamino -1, 5-naphthyridin-3-

yhpropan-1-one

Folowing general procadure §) 1-{4 6-dichloro-1,5-naphthyridin-3-vlipropan-f-one
{255 mg, 1.0 mmol) was reacted with trans-4-({dimethylaminoimethyleyelohexanamine
{310 mg, 2.0 mmol) 1o affurd the product (330 mg, 93%) as 2 white solid: EST MS a2 375
M+ HT"
Example 224

{-{4,6-dichlore-1, S-naphthyridin-3-y1) pmpan-- I-one
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To a suspension of 1-(4-hydroxy-6-methoxy-1, S-naphthyridin-3-yDpropan-1-one
(5.2 g, 22.4 mwmol) in acetonitrile (306 ml) was added trimvethylsilvichloride (12 g, 112

S - 5y

mmol) and sodivm iodide (10 g, 67 munol) and the reaction mixiure was heated at refiux for

N

i6h  The reaction mixture was cocled to room ternperature and sald. ag. sodium
thicsulfate was added.  The mixture was concenirated to remove acetonitrile, diluted with
brine and the solids were filtered and dried to provide the intermediate [-{4,6-dihydroxy-
i,5-naphthyridin-3-vDpropan-1-one.  This intermediate was suspended in dichloroethane
{10 mL) followed by the addition of phosphorus oxychloride (10 mL) and catalytic NN~

10 dimethyH{ormamide and the reaction mixture was stirred with heat at 86 °C for 2 h.  The
reaction mixture was cooled to room temperatine and quenched by pouring slowly iato ice-
cold satd. &g, sodivm bicarbonate or 3 N sodium hydroxide.  The quenched reaction
rixiure was concentrated €6 remove the dichloroethane and the resulting solids were

collecied by filtration and purified by chromatography (silica, hexanes/ethyl acetate} to

15 provide the desired product (3.2 g, 56% over 2 steps) as a brown solid: ESI MS mvz 255 [M

+HY

Example 225

1-(4-hydroxy-6-methoxy-1,5-naphthyridin-3-yDpropan-1-one

on o
meo. N A a
E P fyi
e N

20 To a flask containing Dowtherm ™ A (200 mL) at 250 °C was added ethyl 2-{(6-

chloropyridin -3-ylaminomethylene]-3-oxcbutanoate {10 g, 36 mmol) portion wise over 3
to 5 min and the reaction mixture was stirred for an additional 38 to 45 mun. The reaction
mixnre was removed from the heat source, cooled to reom temperature and diloted with

hexanes to facilitate precipiiation.  The solids were filterad, washed with hexanes and

~210-
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dried under vacuum to afford the desived product (5.0 g, crude) as a brown solid: ESI MS
miz 241 M+ HY .
Example 226

ethyl 2-({{&-methoxypyridin-3-yhaminoymethylene-3-oxopentancate

H;C
s 0
i\\\;/’\ \JJ\//\ L,
i
5 O/ OEt

Ethyl 2-({{(6-methoxypyridin-3-yDaminoymethylens}-3-oxopentanoate was prepared
with conditions described in Example 99 using Z-methoxy-S-aminopyridine and ethyl 2-
{ethoxymethyiene)-3-oxopentanoate.
Example 227
10 (Srtert-butyl {1-(5-{6-(3,5-dichloro-4-hydroxyphenyl}-3-propionvi-1, S-naphthyridin-4-

yhamino)pyridin 2.y Dpiperidin-3-yl)carbamate

—
Boc, \

N )
i M N
o F b
no A e
" xu 0
PN /\ w\/ A,

'\,//\
Following general procedure i, {S)teri-butyl {1-(5-{{6-chioro-3-propionyl-1,5-

naphthyridin-4-yDamino)pyridin-2-yDpiperidin-3-yhcearbamate (100 mg, 0.20 mmol) was

[

reacted with 2,6-dichioro-4-{4,4,5 S-tetramethyl-1,3,2-dioxaborolan-2-yliphenol (85 mg,
.30 mimof) to afford the product {100 mg) which was carried forward without any
purification: ESI MS m/z 637 [M + H]™

Exampie 228

{Si-tert-butyi (1-{8-{{6-chicro-3-propionyi-1, S-naphthyridin-d-yDamino ypyeidin-2-

20 yhpiperidin-3-ylicarbamate
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Following general procedure [, 1-(4,6-dichloro-1,5-naphthyridin-3-yhipropan-1-one 25¢
mg, 0.9% mmol} was reacted with (S)-fert-butyl {-(5-aminopyridin-2-yhpiperidin-3-
ylcarbarate (430 mg, 1.5 mmol) (o afford the desired product (S50 mg, crude) as an dark
brown solid: 'H NMR {500 MHz, CDCRYS 1129 (s, 1H), 9.03 {5, 1H}, 811 (4, /=9.0 He,
PH), 801 (d, J=30He, 1H), 747, J=90Hz 1H), 731-729 (5, 1H), 6.72{d, /= 9.0
Hz, 1H), 4.79 (brg, 1H), 3.90 - 3.61 {m, 41}, 3.51 - 3.25 {0y, 2H), 3.07 (q, /= 7.0 Hz, 2H),
196-1.84(m, 1H), 1.82-1.70 (m, 1H), 1.72 ~ 155 (m, 1H), 145 (s, 9H), 1.26 {t, /= 7.0
Hz, 3H); ESIMS m/z SHT M+ HY

Example 229

{S)-tert-butyl {1-(5-({6-(3-chloro-5-fluoro-4-hydroxyphenyi}-3-propionyi-1,5-naphthyridin-

deoyDaminojpyndin-2-yhpipendin-3-yhearbamate

Baog, VJ;\

NN
al
HOL_~ K/ it o

/,
PN N\/\\//L\ _CHy

\ f/\ i
N

Following general procedure 1, (S)-tert-butyl (1-{5-{(6-chloro-3-propionyl-1,5-
naphthyridin-4-yhaminolpyridin-2-vhpiperidin-3-vicarbamate (100 mg, 0.28 mmol) was
reacted with 2-chlore-6-fluoro-4-(4.4,5 5-tetramethyl- 1,3 2-dioxaborelan-2-yiphenol (83
mg, 0.31 mmol) to afford the product (102 mg) which was carried forward without any
purification: ESI MS m/z 621 [M + H]™

Example 23(

-212-
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I-{6-chloro-4-({4-({(R-3-Tuoropyrrolidin-1-yDmethylcyclohexyhamino)-1,5-

naphthyndin-3-yihethanone

Foliowing general procedure [, 1-(436-dichioro»i,5»m;phthyri(iin-{%--yi)athancme (240
5 mg, 1.0 mmol) was reacted with 4-{{{(R)-3-flucropyrolidin- -yDmethyDeyclobexanamine
{108 mg, 8.5 mmol} to afford the product (61 mg, 159%) as a brown solid: EST MS sz 405
M+ HT.
Example 231

4-{{(R)-3-fluoropyrrolidin- 1-yDmethyloyvelohexanamine

4-{{{R)-3-fluoropyrrolidin-1-ymethyheyclohexanamine was prepared with
conditions described in Example 117 and 118 using trans-4-{(tert-
butoxycarbonyDamino)eyclohexyl] methy! methanesulfonate and (R)-3-fluoropyrrolidine.

Example 232

L)

{S¥-teri-butyl {1-(3-({6-(3-chloro-5-fluoro-4-hydroxyphenyD-3-{cyclobutanecarbony}- 1, §-

naphthyridin-4-vDaminojpyridin-2-ylpiperidin-3-yhcarbamate
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Following general procedure [I, {S)-tert-buty! (1-{5~-{(6-chloro-3-(cyclobutanccarbony!}-1,5-
paphthyridin-4-yDaminopyridin-2-ypiperidin-3-yhearbamate {1 18 mg, 0.20 mmol) was
reacted with Z-chloro-6-fluorc-4-{4,4,5 5-tetramethyl- 1,3, 2-dioxaborolan-2-yliphencl (82
mg, .30 munol} to afford the product (134 mg) which was carried forward without any
purification: ESI MS mvz 647 [M + HI™.

Example 233

{S)-tert-bury! (1-(5-({(6-chioro-3-{cyclobutanecarbonyl)- 1, 5-naphthyridin-4-
yhamino)pyndin-2-yDpiperidin-3-ylecarbamate

I/\
i

Boe

N
IR “
H \/'N\;-;N
7
A
NH Q
Ch N

i
i
Ny AN \Y/‘\
H } I

o

\\////E\N&; -
Following general procedure [, cyelobutyi(4,6-dichioro~1,5-naphthwridin-3-yljmethanone
{200 mg, 0.71 mmol) was reacted with {S)-rers-butyl 1-(S-aminopyridin-2-yDpiperidin-3-
yicarbamate (311 mg, 1.1 mmol) 1o afford the desired product (350 mg, 78%) as an orange
solid: 'H NMR (300 MHz, CDCL)Y 8 11.52 (s, 1H), §.88 (s, 1H), 8.08(d, /= 8.7 Hz, 1H),
BOZ2(d, J=27Hz, 1H),7.45(d, J=8THz 1H), 731 (dd, J=9.0,2.7Hz, 1H} 6.72(d,J

=90 Hz, 1H), 4.81 (brs, 1H), 4.15~3.97 (m, 1H), 3.91 - 3.60 (m, 3H), 3.58 - 3.31 {m,

ZH}, 254 -2.21 (m, 4H), 2.20 - 2.00 (m, 1H), 2.00 - 1.85 (m, ZH), 1.82 - 1.63 (m, ZH),
1.51 (s, 94); ESI MS m/z 537 [M + H}™

Example 234
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cyclobuivi(4,6-dichlore-1,5-naphihyridin-3-yvhraethanone

Cyclobutyl{4,6-dichloro-1,5-naphthyridin-3-yDmethanone was prepared with
conditions described in Example 101 (Schome 2) using eyclobutyl(4-hydroxy-6-methoxy-
5 1,5-naphthyridin-3-yvD)methanone.
Exawmple 23§
cyclobutyli4-hydroxy-6-methoxy-1,5-naphthyridin-3-yhmethanone

H oo

0

ot

e N
reo N A A
El L i Vo
' - ] Lo

N =

Cyclobutyi{4d-hydroxy-6-methoxy-1,5-naphihyridin-3-yimethanone was prepared
10 with conditions described in Example 100 using ethyl 2-(cyclobutanecarbony}-3-((6-

methoxypyridin-3-yDaminojacrylate.

ethyi 2-{eyclobutanecarbonyl}-3-{{6-methoxypyridin-3-ylamino)acrylate

E 1 3
T
H f

\
A A

0% o
ts Ethyl 2-(eyelobutanecarbony!}-3-((6-methoxypyridin-3-yDaminocjacrylate was
repared with conditions described in Example 99 using 2-methoxy-5S-aminopyridine and
ethvi 2-(cyclobutanecarbonyi}-3-ethoxyacryiate.

Example 237

{6-chloro-4-({4-({dimethylamino)methyijeyclohexyhamino)-1,5-naphthyridin-3-

20 yDleyelobutyDmethanone
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{6-Chloro-4-{{4-{{dimethylaminoymethyloyclohexyDamino}-1,5-naphthyridin-3-
yH{cyclobutyDmethanone was prepared with conditions described in Example 131 using
eyclobutyl{4,6-dichlore-1,5-naphthyridin-3-yUmethanone and trans-4-
{{dimethylamino)methylicyclohexanamine.
Example 238
{R)-text-butyl (1-(5-{(6-(3-chloro-5-fluorc-4-hydroxyphenyl)-3-propionyl-1,5-naphthyridin-

4-yDaminoypyridin-Z-vi}piperidin-3-yhicarhamate

-
Boc,, / )
I\‘( w -] J
H \/ \‘\—:;'-i\’ ;
9} & 7
H I7s
HO_ S BN
o NH O

Following general procedure 1, (R)-tert-butyl (1-{5-{({6~chlora-3-propionyl-1,5-
naphthyridin-4-yhamino)pyridin-2-yhpiperidin-3-yhearbamate (175 mg, 0.34 mmol) was
reacted with 2-chloro-6-fluore-4-{4,4,5 S-tetramethyi- 1,3, 2-dioxaborolan-2-vhphenol (148
mg, 0.51 mmol} to afford the desired product (120 mg, 57%) as a solid: ESI MS nv/z 621
M+ HT
Example 239
{F-tert-butyl (1-(5-({6-chloro-3-propionyt-1, S-naphthyridin-4-yDamino)pyridin-2-

47

yDpiperidin-3-yixcarbamate

PCT/US2012/071434
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Following general procedure 1, -{4,6-dichlore-1, S-naphthyridin-3-yvlpropan-1-one (500
mg, 1.96 mmol) was reacted with (R-tert-butyl (1-(S-aminopyridin-2-vipipendin-3-
vhearbamate (860 mg, 2.94 mmol) to afford the desired product (850 mg, 84%) asa  light
brown solid: ESI MS mz 511 [M + H]".

Example 240

{(R)-tert-butyl (1-{5-{(6-(3,5-dichloro-d-hydroxypheny i-3-propionyl-1, S-naphthyridin-4-

yhaminoypyridin-2-yiipiperidin-3-yijcarbamate

N\ { !
NYS___N
NN
. TN
ol
HO \{{;Ll N o
e S N L en,

Following general procedure 1, (R)-tert-butyt (1 -(5-((6-chloro-3-propionyi-1,3-
naphthyridin-d-yDamino)pyridin-2-yDpiperidin-3-yhearbamate (175 mg, 3.34 mmol) was
reacted with 2,6-dichlore-4-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-yDphenol {149 mg,
0.51 mmod) to afford the desired product (100 mg, 46%) as a solid: ESEMS w/2 637 [M +
HT.

Example 241
{(Fy-tert-butyt (1-{5-{{6-(3-chloro-5-fluoro-4-hydroxyphenyl)-3-iscbutyryl- 1, 5-naphthyridin-

4-yhaminopyridin-2-yDpiperidin-3-yhcarbamate
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Foliowing general procedure Il (R)-tert-butyl (1-(5-({(5-

naphthyridin-4-yhaminoypyridin-2-vipiperidin-3-yijcarbamate (22

PCT/US2012/071434

chioro-3-isobutyryl-1,5-

mg, .63 mmol) was

reacted with Z-chloro-6-fluoro-4-{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yljphenol (175

{R)-tert-butyl (1-(5-({6-chloro-3-isobutyryl-1,

5
HY
Example 242
yhpiperidin-3-yljcarbamate
Boc é \
NS N N
7-::— N
St
NH
Ci“\ /N\\ N
10 ;\/f’\ V7

Following general procedure |, 1-{4,6-dichloro-1

mg, 0.66 mmol) to afford the desired product (168 mg, 62%) solid: ESI MS m/z 635 [M +

S-npaphthyridin-d-yDaminojpyridin-2-

JS-naphthyridin-3-yi-2-

methylpropan-1-one (500 mg, 1.85 mmol) was reacted with (R)-tert-butyi {1-(5-

aminopyridin-2-ylpiperidin-3-vicarbamate (815 mg, 2

product (830 mg, 8%} as a red solid: ES] MS mvz 525 [M + H]™

15§ Example 243

1-{4,6-dichloro-1,5-naphthyridin-3-y1}-2-methylpropan- |

Cl ﬂ
Cl A,N\/J\\\ J\ _-CHs
\\’//\N T (.‘i’i}

To a suspension of 1-{4,6-dihydroxy-1,5-naphihyridin-3-v-2-

2,78 mmol) to afford the desired

methylpropan-1-one
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in
L

{1

mmol} and sodim fodide (28.3 g, 189 mmol) and the reaction mixture was heated at reflox

g, 63.0 murol} in acetonitrile (250 mi) was added trimethyisilylchioride (20.5 g, 189

for 3k, The reaction mixture was cooled o room temperature and satd. aq. sodiom
thiosulfate was added. The mixture was concentrated {0 remove acefoniirife, diluted with
5 brine and the solids were filtered and dried to provide the intermediate 1-(4-hydroxy-6-
methoxy-1,5-naphthyridin-3-y}-Z-methyipropan-1-one.  This intenmediate was suspended
in phosphorus oxvehioride {60 mL) and catalytic M N-dimethyvHormamide and the reaction
mixiure was stirred with heat at 70 °C for 30 min.  The reaction muxture was cooled to
roorn temperature and guenched by pouring slowly into ice-cold satd. aq. sodiure
10 bicarbonate or 3 N sodium hydroxide.  The quenched reaction mixture was concentrated o
" remove the dichloroethane and the resulting solids were collected by filtration and purified
by chromatography {silica, hexanes/ethyl acetate) to provide the desired product (12.0 g,
75% over 2 steps) as a vellow solid: ESI M8 m/z 255 (M + HY".
Example 244

15 -(4-hydroxy-6-methoxy- |, 5-naphthyridin-3-yi}-2-methyipropan-{ -one

OH O
“’O\{/ : R //]Q\\/ T/(HB
NPEN M{» Cil

o o flask containing Dowtherm ™ A {400 mL) at 250 °C was added ethyl 2-{{{6-
methoxypyridin-3-yhamino)methylene)-4-methyl-3-oxopentanocate (11.5 g, 393 mmol)

portion wise over 3 to 5 min and the reaction mixture was stirred for an additional 30 to 45

20 min.  The reaction mixture was removed from the heat source, cooled to room temperature
and diluted with hexanes to facilitate precipitation.  The sobids were filtered, washed with
hexanes and dried under vacuum to afford the desired product (13.7 g, erude) as a yellow-
brown solid: EST MS m/z 247 [M + HI".

Example 245
25 vl 2-({{6-methoxypyridin-3-yhaminoymethylene-4-methyi-3-oxopentanoate
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Ethyl 2-({{s-methoxypyridin-3-ylamino)methylene -4-methyi-3-oxopentancate was
prepared with conditions described in Example 99 using 2-methoxy-3-aminopyridine and

ethyl 2-{ethoxymethylene)-4-methyl-3-oxopentancate.

“h

Exaraple 246
I-{6-chloro-4-({4-({dimethylamine)methyDeycichexyDamino - 1, 5-naphthyridin-3-y1)-2-

methylprapan-1-one

Following general procedure 1, 1-(4,6-dichicro-1,5-naphthyridin-3-y1)-2-
10 methylpropan-1-one (500 mg, 1.85 mmol) was reacted with trans-4-
N

((dimethylaminoimethyhoyclohexanamine (436 mg, 2.78 mmol} to afford the product (640

mg, 89%) as a white solid: ESI MS m/iz 389 [M + HJ.
Compounds of the invention of this application not particularly deseribed in the
Exzamples above were also be synthesized by similar or analogous methods by referring to
{5 the above-mentioned Examples and such.
Mext, the pharmacclogical activities of compound (1) will be described in the
following Test Examples.
{Test Examples]
20 MELK activity was determined in the presence or absence of compounds using

fluorescein isothiocyanate-labeled (FITC-labeled) histone H3 peptide as a substrate.  The

220 -
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extent of FITC-labeled histone H3 peptide phosphorylation was measured by inmobilized
metal ion affinity-based fluorescence polarization (IMAFP) technology (Sportsman IR, et al|
Assay Drug Dev. Technol. 2: 205-14, 2004) using IMAP FP Progressive Binding System
{(Molecular Devices Corporation).  Test compounds were dissolved in DMBSO at 12.5 mM
S and then serially diluted as the DMSO concentration in the assayvs to be 1%.  The serially
diluted compounds, 0.8 ng/micro-L PBK {Cama Biosciences) and 100 nM FITC-labeled
histone H3 peptide were reacted in a reaction buifer (20 mM HEPES, 0.01% Tween-20, 8.3
mM MgCly, 2 mM dithiothreitol, S&micro-M ATP, pH 7.4} at room temperature for 1 hoor,
The reaction was stopped by the addition of three fold assay volume of progressive binding
10 schition.  Following 0.5 hour incabation at room temperature, {luorescence polanzation
was measured by Wallac EnVision 2103 multilabel reader (PerkinBlrner).  ICS50 values
were caleulated by nonlinesar four parameter it using SigmaPlot, version 10.0 (Systat
Software, Inc.).
ICso values of the typical cornpounds of the present invention are shown in the

15  following table 2
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Table 2
. ICq (M)
Exampie Componnd Mame {kinase
assay)
) 1-{6-Chloro-4-{trans-4-{{dimethylaminomethyl}- 0.31
cyelohexylamine}-1, S-naphthyridin-3-ylethanone e
5 1-{6-(3,5-Dichioro-4-hydroxypheny}-4-{rrans-4-{dimethylamino}- 0.0003
eyelohexylamino]-1,S-naphthyridin-3-yi}ethanong dihydrochloride o
4 t-{ S»(.?--Chh)ra-ﬁ' «ﬂuoro-/i--hy_'dmx;t/ghenyi)—/il-{z‘mns-li-(‘ dim ethylan} inoj~ 6.0012
- cyclohexylaming]-1,5-naphthyridin-3-y{} ethanone dihydrochloride )
Cyclopropyl(8-(3,3-dichloro-d-hydroxypheny -4 - {rrans-4-[{dimethyl-

4 aminomethylcyclohexyiamine}~1,5-naphthyridin-3-ymethanone 0.0005
gihydrochloride
{6-(3-Chioro-5-fluore-4-hydroxypheny -4~ {irans-4-[{(dimethylamio )}

5 methylleyclohexylaminol-1, 5-naphthyridin-3-ylHeyelopropyhDmethanone 0.0008

dihydrochioride

1-{6-(3,5-Dichioro-4-hydroxyphenyi}-4-{ {trans-4-{{dioethylamino)-
6 methyljeyelohexyliamine)- 1, 5-naphthyridin-3-vi}ethanone ¢.0011
ditydrochioride

1-{6-(3-Chloro-5-fluoro-4-hydroxyphenyl)-4-{ { frans-4-| {dimethyl-
7 amninoimethylicyciohexyiaminoy-1,S-naphthyridin-3-vl} ethanone 0.0013
dihydrochloride

1-{6~{3-Chloro-4-hydroxy-3-methoxyphenyh)-4-{srans-4-[(dimethy i
8 aminoymethyllcyclohexylamino}-1,5-naphthyridin-3-yDethgnone 0.0013
dihydrochloride

-[6-(3,5-Dichloro-4-hydroxyphenyi}-4-( {#rans-4-[2-(dimsthylamino)-
9 ethylicyclohexyilamine}-1,5-naphthyridin-3-yljethanone 8.0007
dihydrochloride

1-{6-(3-Chioro-5-fluore-4-hydroxyphenyly-4- {trans-4-[2-
16 (Himethylamino)ethylleyclohexylamine}~1,5-naphthyridin- $.0014
3-ylyethanone dibydrochioride

| {4-{trans-4-{ Dimetaylamino yoethylleyciohexylamino }-6-
i {4-hydroxy-3-{triflucromethoxyyphenyl}-1,S-naphthyridin- 0.0027
3-ybhethanone dihydrochioride

2.6-Dichloro-4-{8-{trans-4-[{dimethylaminomethyljeyclohexylamino -
i2 7-(methylsuifonyl)-1,5-naphthyridin-2-ylphenol 4,601
dihydrochloride

- 222 -
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&-{3-Chloro-5-fluoro-4-hydroxyphenyl}-4-{{ trans-4-{dimesthylamino}-
i3 methyjeyclohexyl}amino)-3-methylsulfonyl-1,5- 0.0014
naphthyridine dihydrochloride

o

-(3-Chloro-4-hydroxy-$-methoxypheny}-4-{ trans-4-[{dimethylamino}-
14 methyljeyclohexylamino}-3-methylsulfonyl- (.0009
L,5-gaphihyridioe dihydrochloride

2.6-DHehlore-4-{ 8- rans-4-{dimethylaraine ey clohexylamino]-

15 T-{methylsulfonyi)-1,5-naphthyridin-2-vi}phenol dihydrochloride 0.6005
2 G-Dhichioro-4-(8-(4-{{dimethyiaminomethyliphenylaming)-7- e
16 2. 6-nchiore-4-(8-{4-{{dirasthyiaminojmethyvliphenyiaming)- 0.0008

{methylsulfonyi)-1,5-naphthyridin-2-yhipheno! dihydrochionide

2-Chioro-4-(8-(4-({dimethylaminoimethy Dphenyiamino - 7-
17 (methyisulfonyl}- 1, 5-naphthyridin-2-y1}-6-fluorophenol 0.0081
dihydrochloride

2-Chlore-4~(8-{4-({dimethyiamino)methyi)phenylamine}-7-
18 (methyisutfonyly-1, S-uaplihyridin-2-y1)-6-methoxyphenc 4.005
dihydrochloride

19 1-{8-(3,5-Dichloro-4-hydroxyphenyi}-4-(3-{2-{pyrrolidin-1-yhethyl}- 0.0%2
phenylaming)-1,5-naphthyridin-3-yljethanone dihydrochioride e

{~{6-(3-Chloro-3-fluoro-4-hydroxyphenyl)-4-3-(2-(pyrrolidin-1-yi}-
20 ethyUphenylamino)-1,5-naphthyndin-3-ylethanone
dihydrochloride

<
Lo

F-(6-(3,5-Dyichioro-4-hydrexypbenyi-4-(6-(2-(dimethylamino)-
21 cthoxypyridin-3-ylamine)-1,S-naphthyridin-3-yljethanone {.0046
dihydrochioride

{-(6-(3-Chloro-5-fluoro-4-hydroxyphenyl)-4-(6-(2-{(dimethylamino}-
22 ethoxypyridin-3-ylamino)-1,S-naphihyridin-3-yDethanone $.015
dihydrochloride

-(6~(3-Chloro-4-hydroxy-5-methexyphenyl-4-(6-2-(dhmethylamino}-
23 ethoxy)pyridin-3-ylamino)}-1,5-naphihyridin-3-yethanone 0.008%
dihvdrochloride
2.6-Dichloro-4-{8-(6-2-{dimethyiamino)ethoxypyridin-3-
24 yviamino)}7-(methylsulfonyl}-1,5-naphthyridin-2-yDphenol (.0053
hydrochloride
2-Chlore-4-(8-(6-(2-{dimethyiamine jethoxy)pyridin-3-yiamino)-7-
25 {raethyisulfonyi}-1,5-naphthyridin-2-y-6-fhsorophenol 0.019

dihydrochloride

1

Ny

T2

()
¢
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2-Chlore-4-{8-(6-{2-(dimethylaminoe Jethoxypyridin-
26 3-ylamino)-7-(methylsalfonyD~1,5-naphthyridin-2-y)-6-methoxyphenol 8.01
dihydrochloride

1-{6-(3,5-Dichloro-4-hydroxypheny}-4-(( {-methyipiperidin-
27 4-yDimethylamino}-1,5-naphthyridin-3-vhethanone (4.0007
dihydrochloride

1-{6-(3,5-Dichloro-4-hydroxy phenyi-4-(roms-4-({dimethylamino-d6)-
28 raethylicvelohexylarine)-1,3-naphthyridin-3-ylethanone 0.0004
dihwdrochloride i

1-(6-(3,5-Dichloro-4-hydroxypheny-4-(4-(2-(dirnethylamino)-

28 ethyl)phenylamine}-1,5-naphthyridin-3-yliethanone G¢.0026
dihydrochlioride

§-(6-(3-Chloro-S-fluore-4-hydroxyphenyi}-4-{4-{2-{dimethylaminc}-
30 ethyliphenylaming)-1,5-naphthyridin-3-yhethanone 0.005¢
dihydrochioride

I-(6-(3-Chloro-4-hvdroxy-3-methoxypheny}-4-{4-2-(dimethylamino)-
3i ethylphenyviamino}-1,5-naphthyridin-3-yi)ethanone 0.0037
dihydrochioride

2-Chloro-4-(8-(zrans-4-(dimethylamincjcyclohexylaming)-7-
{rosthyisuifonyi)-1,5-naphthyridin-2-y(}-6-fluorophenol 0.0018
: dibydrochloride

)
1)

F-{6-(3,5-Dichloro-4-hydroxyphenyi}-4-(1-{ I-methylpiperidin-4-
33 yi-1H-pyrazol-4-yiamino}-1,5-naphthyridin-3-yl)ethanone 3.0078
dihydrochioride

34 P-ymethybphenylamino)-1,5-naphthyridin-3-yDethanone .0061
trihydrochloride

1 -{6-(3-Chloro-3-fluoro-4-hydroxypheny-4-(4-{{4-methylpiperazin-
35 LyDmethylphenylamino)-1,5-naphthyridin-3-yDethanone 0.037
toihydrochioride

1-{6-(3,5-Dichloro-4-hydroxyphenyl3-4-(4-(2-(pyrroiidin-i-
36 yhethyDpiperidin-1-y1)-1,5-naphthyridin-3-yhethanone 0.6021
dihydrochloride

1(&6-{3-Chioro-5-fluore-d-hydroxyphenyl }-4-{4-{2-(pyrrolidin-{-yh)-
ethyDipiperidin-1-yi}-1,5-naphthyridin-3-yijethanone 0.01
dihydrochloride

22
-~

1-(6-(3,3-Dichioro-4-hydroxyphenyl}-4-(6-(2-(dimethylaminojethyl-
3R aminojpyridin-3-ylamino}- 1, S~naphthyridin-3-yijethanone .01
irihvdrochioride
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| {(8-(3-Chloro-S-fluore-4-hydroxyphenyl}-4-(6-(2-{dimethylamineo}-
39 ethyiamino)pyridin-3-ylaminc)- 1, S-naphthyridin-3-ylethanone 0.03
trihydrochioride

{S)-{4-(6-(3-Aminopiperidin- L-ylipyridin-3-ylamino}-
40 &-(3,3-dichlore-4-hydroxyphenyl-1,5-naphthyridin-3-y1)- 8.0012
{cyelopropyDmethanone trihydrochloride

1-{4-C-(3-Aminopyrrolidio-1-yDpytimidin-3-
41 ylaming}6-(3, 5-dichioro-4-hydroxypheny!i}- $.001
1,5-naphthyridin-3-yDethanone trihydrochloride

3

{-{4~{trans-4-[{Dimethylamino ymuethyljeyclohexylamine}-6-(1 H-pyrazol-
42 4-y1)- 0.017
1,5-naphthyridin-3-yethanone trihydrochioride

0 1-{6~ {:5,5--L}ichipr0_~4fh>/dr :«:ypheyxyE)--4--{fmns--!&--(hydmxyn_ﬁaih:y"i}-- 0.0071
i cyciohexyllaming i-1,5-naphthyridin-3-yhethanone hydrochloride '

1-{8-(3,5-Dichloro-4-hydroxyphenyl}-4-{ srans-4-[{dimethylamine)-
44 methylicyelohexylamine}-1,5-naphthyridin-3-y1}-2- 0.0003
hydroxysthanene dihydrochleride

45 1-{6-3 ,5--Dishioro--4--hjy'(irﬁxypﬁher}y_i 4-{{1 —'n}@’ihy!pipsridinwd-yE)amino}" 1.0058
1,5-naphthyridin-3-yl}ethanone

1-{6-(3-Chlcro-5-fluoro-4-hydroxyphenyl}-4-{{ | -methylpiperidin-4-yl}- o
46 . <o oty : 0.0061
amino}-1,S-naphthyridin-3-yl jethanone
47 {-{6-(3.5-Dichloro-4-hydroxyphenyl}-4- {{4-(morpholinomethyl)- 0.1

cyclohexyliaming}~1, S-naphibyridin-3-ylethanone

1-}6-(3,5-Dichloro-d-hydroxypheny! -4-(4-{{2-hydroxyethyli{methyi)-
48 amino]methyljcyelohexylamine)-1,5-naphthyridin-3-y1}- 0.0006
ethanone dikydrochioride

1-{6-(3-Chloro-5-fluoro-d-hydroxyphenyi}-4-(4-{}{Z-hydroxyethyl)-
49 {methyDamine Jmethyi} cyclohexylamino)-1,5-naphthyridin-3-vi}- 3.00G1
ethanone dihydrochloride

1+{6~(3,5-Difluoro-4-hydroxyphenyi}-4- {4-{{dimethylamino methyl]-
30 cyclohenylamine -1, S-naphthyridin-3-yljethanone 0.0010
dihydrochloride

1-{6-(3,5-Dichioro-4-hydroxypheny}-4- {6-{3-(dimethylaminejpyrrolidm-
51 Fylpyridin-3-ylamino}-1,5-naphthyridin-3-yDethanone 0.0082
rinydrochloride

E-(6-(3-Chlore-S-fluoro-4-hydroxyphenyly-4-{ 6-3-(dimethylamina)-
pyrrolidin- t-yilpyridin-3-ylamine}-1,5-naphthyridin-3-yethanone 04.027
trihydrochloride

o
NS

- 225 -
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53 1-{6-(3, 5-Inchlora-4-hydroxyphenyl-4-{6-[3-{methylaminopyrrolidin- 0.0015
e Lyipyridin-3-ylamino}-1,5-naphthyridin-3-yiyethanone trihydrochioride -
1-(6-(3-Chloro-S-fluoro-4-hydroxyphenyi}-4- {63 -{methylamino)-
54 pyrrolidin-t-ylpyridin-3-ylamino}-1 S-naphthyridin-3-yljethanone 0.012
tribydrochloride
55 1-{6-(1H-Benzo{d]imidazol-5-yi}-4-{trans-4-{{dimethylaminoimethyi]- 0017
- cyclohexylamino}-1,S-naphthyridin-3-vethanone trihydrochloride e
o - {4-{4-(rrans-4-Dimethylaminopusthyicyclohexylamino }6-(pyridin-4-y - &
56 : * N AN I ? g.01¢
1,5-naphthyridin-3-yl} cthanone trihydrochloride
57 S-{7-Acetyl-8-{mrans-4-[{dimethylamino)methyljoyclohenylamino} - 0.0017

1, 5-naphthyridin-2-yDhpyrimidine-2-carboniirile

1-(6-(3,5-Dimethyl-1 H-pyrazol-4-yy-4- {frans-4-{ (dimethylamine)-
58 methyllcyciohexylamino}-1,5-naphthyridin-3-ylethanone i
trilrydrochioride

1-{4- {trans-4-[{ Dimethylamino Dimethylamino ymethyljcyclohexylamine §-
59 6-{4-hydroxy-3,5-dimethylphenyt)-1,5-naphthyridin-3-yjethanone 0.6047
dihydrochloride

1-{6-(3,5-Dichloro-4-hydroxyphenyi}-4- {6-[ 3-(dimethylamine)pyreolidine
60 [-yljpyridin-3-ylamino}-1,5-naphthyridin-3-yDethanone $5.8043
dihydrochionde

1-{6-(3,5-Dichloro-4-hydroxyphenyi)-4-{sroms-4-(pyrrolidin- 1-yimethyl)-
5l cyclohexylamino-1,5-naphthyridin-3-yi}ethanone {(.0004
dihydrochloride

1-{6-(3-Chloro-3-fluoro-4-hydroxypheny}-4-{{frans-4-(pyrrolidin-
f

62 -ylmethyheyclohexyljamino}-1,5-naphthyridin- (0.0005
3-yiethanone dibydrochioride
1-(6-(3,5-Drichloro-4-hydroxypheny -4~ {4-[(4-methyIpiperazin-1-y1)-
]

n3 methyllcyclohexylamine -1, S-naphthyridin- (3.0008
3-yhethanone trihydrochloride

64 -{4-{{6-{3- Aminopiperidin-1-yDpyridin-3-yijamino}-6-(3,5-dichloro-4-

R - . 0.06012
hydraxyphenyl}-1, Sonaphthyridin-3-yhethanone tribydrachloride

i-(4-{[6-(3-Aminopiperidin- 1-yDpyndin-3-ylamine }-6-(3-chioro-5-
fluoro-4-hydroxyphenyl)-1,5-naphthyridin-3-ylsthanone 0.6531
tritiydrochioride

o
LA
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66 i-{4-{{4-AminocyclohexyDamine]-6-(3,5-dichioro-4-hydroxyphenyi}- 0.0018
1,5-naphthyridin-3-yl}ethanone dihydrochloride ;

67 1-{4-{irans-(4-Aminocyclo kyy1)&1“101~6~(3~chiom~5-ﬂuor0~4»

112
hydroxyﬂ‘lmyj 1,5-naphthyridin-3-vi}ethanone dihydrochioride 0.0l

[-(6-(3-Chioro-5-flucre-4-hydroxyphenyl-4-{4-[{4-methylpiperazin-
68 1-ybmethyljeyclohexylamino}-1,5-naphthyridin-3-ylethanone 0.0026
trihydrochionde

M-(rans-4-{{3-Acetyl-6~{3-chloro-S-fluoro-4-hydroxyphenyi)-1,5-

69 uaphthyridin-d-ylaminojovelohexyi)-2-amino-3 -methylbutanamide 4.0012
dityydrochloride

1-{6-(3,5-Dichlore-4-hydroxypheny-4-[rrans-4-(piperazin- 1 -yimethyl)-

70 velohexylaminol-1,5- naphti yridin-3-yi}ethanons 4.0006

trﬁhyd"(smie ride
(&) i {4-{{6~(3-Aminopiperidin- I-yi)p}r din-3-yHamino}-6-(3,5-

71 dichloro-4-hydroxyphenyl)- 1, 5-napbthyridin-3-yDethanone 0.0005

trihydr ochloride
(S)-1-{4-{[6-3-Aminopiperidin- 1 -yDpyridin-3-yllaming }-6-(3-chloro-

72 A- ﬁ noro-d-hydroxyphenyi)-1,5-naphthyridin-3-ylethanone 0.0043

trihydrochloride
N-{trans-4-{3-Acetyl-6-(3,5- dlbhlomu»-hyd“axw phenyl}1,5-

73 naphthyridin-4-viaminojoyclohexy! ‘-udxmnepmpanamlic 0.0075

dihvdroch foride

N-{4-{3-Acetyl-6-(3-chloro-3-fuoro-4-hydroxyphenyl)- 1,5~
74 naphthyridin-frans-4-ylaminocyclohexyl}-2-aminopropanamide 3.0026
dihydrochionde

(8)3-N-{4-]3-Aceiyl-6-{3,5-dichloro-4-hydroxyphenyl}- 1,5+
75 naphthyridin-trans-4-ylaminoleyelohexyilpyrrolidine-2-carboxamide ¢.001
dihvdrochloride

($3-N-{4-[3-Acetyl-6-(3-chiore-5-fluoro- 4~n‘_ydroxyphe'wﬂ~i 5.
76 napht hyudm trams-A- -ylamineloyclohexylpyrrelidine-2-carboxaride 0.0024
dihydrochloride

{-(6-(3-Hydroxypyrrolidin-1-yD-4-{irans-4-[(3-hydronypyrrolidin-1-

7 . ., . L 4.7
7 yhmethyijcyclohexylamino}-1,S-naphthyridin-3-yhethanone 0.74
78 1-{6-{Pyrrolidin-1-y)-4-frrans-4-(pyrrolidin- l-yimethyl)- n

cyclohexylaminod-1,5-naphthyridin-3-ylethanone
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N-{trans-4-[3-Acetyl-6-(3,5-dichloro-4-hydroxyphenyi}-1,5-
79 naphthyridin-4-viamino eyclohexyt}-2-amine-3-methyibutanamide 0.5016
dihydrochloride

Cyclopropyl{6-(3,5-dichloro-4-hydroxyphienyl)-4-{irans-4-
80 {dimethylaraino)eyclohexylaming-1,5-naphthyridin-3-yl jmethancne (3.0006
dihydrochloride

1-{6-(3-Chloro-5-fluoro-d4-methoxyphenyly-4-{ rans-4-{ (dimethylamine}-
81 methyljeyclohexylamine -1, 5-naphthyridin-3-yilethanone 0.0005
dihydrochioride

1-{4-{troms-4-[(Dimethylamino)methylicvclohexylamino }-6-(1H-
&2 pyrrelof 2, 3-blpyridin-S-yi)- [ S-naphthyridin-3-ylethanone 0.013
trihydrochioride

o
%)

(S)-{4-[6-(3-Aminopiperidin-1-ylipyridin-3-ylaminc}-6-(3-chioro-5- 0.001
flnoro-4-hydroxyphenyl}-1,5-naphthyridin-3-yi j{cyclopropyijmethanone '“

i-{4-{trans-4-[{Dimethvlaminomethyljcyclohexylamino}-6-(4-
84 methoxyphenyli-1, 5-naphthyridin-3-yhethanone 4.031
ditiydrochloride

1-{¢-(3,5-Dichlore-4-methoxyphenyi}-4-{ rans-4-[{dimethylaming)-
85 methyljeyclohexylamine}-1,5-naphthyridin-3-yijethanone 012
dibydrochloride

1-{4-{irons-4-{{(Dimethylaminoimethyljeyelohexylamine } -
86 &-{6-hydroxypyridin-3-y1}-1,5-naphthynidin-3-yhethanone G.011
dihydrochloride

- 3{7-Acetyl-8- {rrans-4-[{dimethy lamincymethyleyclobexylamine - :

87 e ST Ao A = 0.0045
{,5-naphthyridin-2-yDpicolinonitrile ditydrochloride

a8 1-(4-{irems-4-{{Dimethylaminoymethyljoyclohexylaming }-6-(4-hydroxy- 0.0045

phentyl -1, S-naphthyridin-3-ylethanone dihydrochioride

1-{6+(3,5-Dichloro-4-hydrosyphenyly-4- {{irans-4-{dimethylamino)-
89 cyclohexyljmethylamino}-1,5-naphthyridin-3~yijethanone $.0006
dibydrochloride

1-{6-{3-Chlore-5-fluore-4-hydroxyphenyl)-4-{ [irans-4-(dimethylamino)-
90 cyclohexyijmethylamino}-1,5-naphthyridin-3-yijethanone 5.0024
dihydrachloride

91 1-[6-(3,5-Dichioro-4-hydroxypheny-4-{4-hydroxycyciohexylamino)- 0.615
1. 5-naphthyridin-3-yi]ethanone hydrochloride '

t

N3

[

v
t
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63 1-{6-(3-Chlore-S-fluoro-4-hydroxypheny -4-(4-hydroxycyelohexylaminn)-
1. 5~-naphthyridin-3-yljethanone hydrochloride

0.012

1-{6-{3-Chloro-5-fluoro-4-hydroxyphenyl)-4-({cis-4-[{dimethyiamino)-
33 methytleyclohexyltamino}- 1, 5-naphthyridin-3-y 1 ethanone G.0011
dihydrochloride

1-{6-(3,3-Dichlore-4-hydroxyphenyi}-4-{{cis-4-[{dimethylaminc)-
94 methyljeyelchexyl}amino)-1 S-naphthyridin-3-yI}ethanone 0.0006
dihydrochloride

{(R}-1-{4-[6-B-aminopipendin- L -yDpyridin-3-ylamino]-6-(3,5-dichiore-
95 4-hydroxyphenyl}-1,5-naphthyridin-3-y1ethanone 0.062
trihydrochioride

o6 R3-1-{4-[6-(3-Aminopiperidin- I-yDpyridin-3-ylamino}-6-(3-chioro-5- 0.0
uoro-4-hydroxyphenyi)- 1, 5-naphthyridin-3-yi} ethanone

(Ry{4-4{6-3-arinopiperidin-t-ylpyridin-3-yHamino }-6-(3,5-dichloro-4-

201 - Al e " \ ; 0.00093

hydroxyphenyl}-1,5-naphthyridin-3-y1} (cyclopropylimethanone

(B)-{4-{[6-(3-aminopiperidin-1-yl}  pyridin-3-yijamino}-6-(3-chloro-5- . .

202 - LA T I, e g v 0.0004¢6
fluoro -4-hydroxypbenyl)-1,5-naphthyridin-3-yi} {cyclopropyl} methanons

1-{6-(3,5-dichlore-4-hydroxyphenyl)-4- { {irans-4-
203 {dmethylaminojeyclohexyl] amino -1, 5-naphthyridin-3-yH-2~ §.0015
hydroxyethanone dihydrochloride

1-[6~(3-chioro-3-fluoro-4-hydroxypheny D-4-({ frans-4-
204 [{dimethylaminoymethyllcyclohexyl amino)-1,S-naphthyridin-3-yH}-2- 30,0013
hydroxyethanone dihydrochioride

1-{6-(3-chloroe-3-fluoro-4-hydroxyphenyl) -4-({#rans-4-
205 {dimethylaminoimethyl] cyclohexyl} amince)-1,5-naphthyridin-3- 0.00228
yHpropan-{-one dihydrochlonde

1-{6-(3 5~dichloro-4-hydroxyphenyl)-4~({ rans-4-[{dimethylamino)methyl]

206 s 1a : 2 o . 30013
cyclohexyi}amine)- 1,5-naphthyridin-3-yliipropan-1-one dihydrochloride 0.0¢
207 (S»-1-{4-{{6-(Z-aminopiperidin--yDpyridin-3-yijamine}-6-(3 S-dichloro-4- 0.0016

hydroxyphenyl)-1,5-naphthyridin-3-yDpropan- i-one trihydrochloride

(S3-1-(3{{6-3-aminopiperidin- -y Dpyridin-3-yamino }-6-(3-chloro-5-
208 fluoro-4-bydroxyphenyiy-1,5-naphthyridin-3-yUpropan-f-one 0.00

trilhydrochioride

[

b2
o

[-[6-(3,5-dichioro-4-hydroxypheny )-4-({ 4-[{{R)-3-fluoropyrrolidin-
209 Iylmethyl] evclohexyltamino}-1,S-naphthyridin-3-yljsthanone $4.002
dihydrochloride

-39 -
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{(8)-(4-{(6-(3-aminopiperidin-1-yDpyndin-3-yhamino}-6-(3-chloro-5-
210 fluore-4-hydroxypheny)-1,5-naphthyridin-3-y{cyclobutylmethanone 0.0014
dihydrochioride

{6-{3,5-dichioro-4-hydroxyphenyl-4-{{4-
231 (dimethylamine)methyl{cyclohexyl) amine)- |, S-naphthyridin-3-y1} ¢.0027
{cyclobutyDmethanone dibydrochloride

{6-{3-chloro-3-fluoro-4-hydroxyphenyl}-4-({4-{{dimethylaminoimethyl}
212 eycle  hewxyl) amino)-1,5-naphthyridin-3-yD{cyclobutylmethanone 8.0016
dihydrochionde

414 {S)-{4- {{6-(G-aminopiperidin-1-yDpyridin-3-vilamino }-6-(3-chiore-2- 0.0011
i fluore-4-hydroxyphenyl}-1,5-naphthyridin-3-y Y eyclobutylimethanone ;
214 {R)-1-{4-{({8-(3-aminopiperidin-1-yDpyridin-3-vamino}-6-(3,5-dichiore-4- 00012

hydroxyphenyh)-1,5-naphthyridin-3-ylipropan- [ -one trihydrochloride

{K)-1-(4~{[6-(3-aminopiperidin-1-yDpyridin-3-yljamino}-6-(3 5-dichloro-
215 4-bydroxyphenyly-1,5-naphthyridin-3-y1y-Z-methylpropan-1-one .0065
triydrochioride

1-[6-(3,5-dichloro-5-4-hydroxyphenyly-4-({rans-4-
216 {{dimethylaminoymethyllcyclohexyl} amino)-1,5-naphthyridin-3-yl}-2- $.0019
methylipropan-1-one dihydrochloride

217 {-{8-chloro-4-{ {eranse-4-[{dimethyiamino)methylicyclohexyliamino}-1,5-

naphthyridin-3-yi}-Z-methylpropan-1-one dihydrochloride o018

Western blot anslysis

B
X

o evaluate the expression status of MELK in several cell lines, western blot
analysis was performed using crude cell lysate collected from those cells.  Antt-MELK
5 antibody (clone 31, BD» Biosciences) was used to visualize the expression.  Breast cancer
cell hnes, 228v1, T47D, AS49 and DU4475 oxpressed MELK significantly although
Bladder cancer cell Hine and HT1197 showed no expression of MELK.
Cell-based agsay
Active candidate inhibitors against MELK were evaluated for their target-specific
18 cvtoloxicity using 22Rvi, T47D, AS49, DU4475 and HT-1197 cells was used for negative
condrol. 100 micro-L of cell suspension was seeded onto 36-well microtiter plate

{(ViewPlate-96FTC, PerkinBlmer). The mitial cell concentration of 22Rv1, T47D, A549,
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THI4473, and HT 1197 were 3,000 cells/well, 2,000 cells/well and 2,500 cells/well,

respectively.

72 hours after the exposure of the candidate inhibitors.

Cellular growth was determined using Cell Counting Kit-8 (DOJNDO) at

1C50 was used as an indicator of

the anti-proliferative activity of the inhibitors, and calculated by serial dilubon msthod (8,

S 1.5625,3.125,6.25,

calculated as deseribed previously.

1Cso values of the typical compounds of the present inveation are shown in the

following table 3:

Table 3;

12.5, 25, 53¢, and 100 micro-Mh

Aceurate IC50 values were

Ex. Compound Name

1CS0
(UM}
(22Rv1)

1056
{1}
(T47D)

1C50
(M)
{A549)

1C50
(uM)
(DU4475)

1C50

{(uM)
(HT1197)

1-(6-Chloro-4-{irans-4-[{dimethyl-
S 1 { et

1 aminoymethylfeyclshexylamino -

1,3~-naphthyridin-3-yl)ethanone

(&)

o
frd

2
~3

>3
192

ig

1-{6-(3,5-Dichloro-4-hydroxy-
cherryl)-4-[frans-4-(dimethyl-
2 aminojcyciotexylaraine}-1,3-
naphthyridin-3-yl }ethanone
dihydrochioride

0.0018

$.004

0.6015

1-§6-(3-Chloro-5-fluoro-4-

hiydroxyphenyly-4-{ rrans-4-

3 {dimethylaminojcyelohexylamine}-

i,5-naphthyndin-3-yliethanone
Dihvdrochloride

£.006

0.0026

0.6091

(.0033

Cyclopropyl(6-(3 5-dichiore-4-
nydroxyphenyi}-4-{rrans-4-
{(dimethylamino)methyljeyclo-
hexylamino}-1, S-naghthyadin-3-
yiymethanone dihydrochloride

i

9.0064

0.0055

3.0062

3.0020

{6-(3-Chloro-3-fluoro-4-hydroxy-
pheny-4-{irans-4-[(dimethyl-
amino)methyDeyclohexylaming)-

1, 5-naphthyridin-3-yi}H{eyclopropyl)
methanone dibydrochloride

(=51

0.0057

8.6029

{.003

0.018

1-{6-(3,5-Dhchloro-4-hydraxy-
phenyD-4-({rans-4-[{dimethyl-
6 amino}methyijcyelohexyl amine)-
1,5-naphthyridin-3-yijethanone
dibydrochloride

$.0052

$4.0053

(.0089

0.0033
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1-{6-(3-Chloro-5-Hluoro-4-hydroxy-
phenyh-4-({trans-4-[{dimethy}-
aminoymethyi]cyclohexyljamino)- | 0.0061 | 0.0035 | 0.0087 0.0036 0.11
i, 5-naphthyridin-3-yt}ethanone
dihydrochloride

~1

{-(6-(3-Chloro-4-hydroxy-3-
methoxyphenyl)-4-{rans-4-
8 [{dimethyiamino)methvijevclo- 0.044 $5.013 0.024 (¢.0064 §.24
hexylamino}-1,5-naphthyridin-3-
yhethanone dihydrochloride

-f6-(3,5-Dxchioro-4-hydrony-
pheny-4-({rans-4-[2~{dimethyl- ,
9 | aminokthylleyolohexyldaming)-1,5- | 0.011 | 0.0066 | 0.013 0.6055 8.
naphthyridin-3-yljethanone

dihydrochloride

N
~3

H-(6-(3-Chlore-S-fluoro-4-hydroxy-
phenyl}-4-{rans-4-2-{dimethyl-
10 | aminojethyljeyclchexylamino}-1,5- 0.01 0.003% | 0.012 4.6049
naphthyridin-3-ylethanone
dihydrochlonde

f=)
a

I-{4-{erans-4-{(Dimethylaming)-
methyljcyclohexylamino}-6-{4-
i hydroxy-3-{tri Buoromethoxy)- (.066 0.027 €.042 0.049 0.14
phenyl}-1,5-naphthyridin-3-vi}-
ethanone dibydrochioride

2,6-Dichloro-4-(&-{ trans-4-
{{dimethylaminomethylicyclo-
12 hexylarno b~ 7-(methylsulfory -
1,5-naphthyridin-2~yphenol
dihydrochioride

o
)
O

0.01% £¢.053 0.0045 (.46

¢-{3-Chlovo-5-flucro-4-hydroxy-
phenyD-4-({srans-4-[{dimethyi-
13 ansinomethyijeyclohexyllaminge)- 0.019 0.013 0.073 0.0068 0.32
3-methyisulfonyl-1,5-naphthyridine
dihydrochloride

&-(3-Chioro-4-hydroxy-5-rethoxy-
phenyl}-4-{ rans-d-{[{dirnethyl-
14 aminojmethyl} cyclohexylamino}- $.05 0.027 §.033 {.0096 0.14
3-rasthylsulfonyl-1 S-naphthyridine
dihydrochloride

2,6-Dichloro-4-{8-{trans-4-
{dimethylammojeyelohexylamine -
5 T-{methylsulfony[}-1,5- 0.026 0.014 0.092 0.0027
naphthyridin-2-yiiphenol

dihydrochloride

™o
1)
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2,6-Dichlore-4-(8-(4-({dimethyl-

aminomethyDphenylaming)-7- o ~ A - Y

16 {methvisulfory-1,5-naphthyridin- u.i 0.078 047 0.031 44
2-yDphenol dihydrochioride

2-Chloro-4-(8-{4-({dirnethylamino}-
p methylphenylamino)-7-(methyl- 7 - A .

Ay gt ? b3 312 {LA3 R

1 sulforyl)-1,S-naphthyridin-2-yl}-6- 0.33 0.13 B 0.064 é

finorophenol dibydrochloride

2-Chlore-4-(8-(4-{{dimethylamino)-

18 methy Dphenylamino)-7-{methyl-

sulfonyi)-1,5-naphthyridin-2-yi}-6-
miethoxyphenol dihydrochloride

(.69 0.31 3.8

<
o8]
e

1-{6-(3,5-Dichioro-4-hydroxy-
pheny}-4-(3-{2-(pyrroiidin-t-y1)-
19 ethylphenylamino)-1,5- 4.63
naphthyridin-3-yDethanone
dihydrochioride

o
L
Ne

6.14 0.1 7

1-{6-{3-Chlore-5-fluoro-4-hydroxy-
pheayl-4-(3-(2-(pyerolidin-1-yI)-
20 ethyDphenylamino)- 1,5+ 0.81 (.5
naphthyridin-3-yljethanone
dihydrochloride

Y

0.31 0.21 4.8

1-{6-(3,5-Dichloro-4-hydroxy-
phenyD)-4-(6-2~{dirnethylamino}-
21 ethoxyjpyridin-3-ylamino}-1,5- .27 0.1 0.21 $.096 2.3
naphthyridin-3-vethanone
dihydrochloride

I-{6-(3-Chlore-5-fluore-d-hydroxy-
phenyi)-4-(6-(2-{dimethylamino}-
22 ethoxypyridin-3~ylaming)-1,5- 3.35 ¢.1 .29 .31 3.5
paphthyridin-3-ylethanone
dihydrochloride

F-{6-{3-Chloro-4-hydroxy-5-
methoxyphenyh-4-{6-(2-(dimethyl-
aminojethoxy)pyridin-3-ylamino}- i
1, S-naphthyridin-3-yethanone
dihydrochloride

b
[

.38 8.

Jo
~

043 5.9

[

~233-
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2,6-Dichloro-4-{8-(6-(2-(dimethyl-
aring)ethexy ypyridin-3-viamino -
24 7-{methylsuifonyl}-1,5- 1.8 0.58 5.1 0.38 15
naphthyridio-2-yliphenol
hydrochloride

2-Chlore-4-(8-{6-(2-(dimethyl-
aminoJethoxy pyridin-3-yviamino -
25 T-(methylsulfonyl)-1,5- 2.8 8.7 5.9 0.74
naphthyridin-2 -y }-6-flucrophenol
dihydrochloride

punes

[\

2-Chloro-4-(8-{6-(2-(dimethyl-
aninojethoxy pyridin-3-ylamino)-
26 T-(methyisuifonyh-1,5- 4.1 I 31 1.6 i5
naphthynidin-2-y}-6-mmethoxy-
phenol diydrochloride

[

1-{6-(3,5-Dichloro-4-hvdroxy-

pheny}-4-({(1 -methylpiperidin-4- 0

yimethylamino)-1,5-naphthyridin-
3-vljethanone dihydrochloride

383
~1
b2

0.079 ¢.11 8.1

ot

1-{6-(3,5-Dichloro-4-hydroxy-
pheny-4-(rrans-4-({dimethyl-
28 aming-d6 YmethyDeyclohexyi- $0.0052 | 0.004 8.006 (0.0022 (.14
amino}-1,5-naphthyridin-3-yh-
ethanone dihydrochloride

1-(6-(3,5-Dhchioro-4-hydroxy-
phenyD-4-(4-(2~{dimethylamino)-
ethyl}phenylamine)-1,5- 0.084
naphthyridin-3-viethanone
dihydrochilonde

2
=)
<
<<
XK
o
@
<
@
[
o0

0.68

F-{6-(3-Chloro-5-fluoro-4-hydroxy-
phenyD-4-(4-(2-(dimethylamine}-
30 ethyliphenylaming)-1,5- $8.17 UNY 0.14 0.041 £.2
naphthyridin-3-yljethanone
dilyydrochioride

-{6-(3-Chloro-4-hydroxy-5-
methoxyphenyl-4-{4-(2-(dimethyl-
31 amingjethylphenylamino)-1,5- 0.6
naphthyridin-3-yllethanone

dilydrochloride

N
194
e
i
i

.31 0.19 4.4
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2-Chloro-4-(8-{trans-4-{dimethyl-
aminojcyciohexylaming)-7-

32 {methyisulfonyl}-1,5-naphthyridin- 0,046 0.024 4.2 {.0063 3.1
2-yl3-6-fluorophenc!
dihydrochloride
F-{6-(3,5-Dnchloro-4-hydroxy-
phenyD-4-(1-(I-methylpiperidin-4-
33 yi-1H-pyrazel-4-ylamino)-1,5- 0.64 $.35 0.93 (.34 160

naphthyridin-3-yhethanone
dihydrochloride

1-(6-{3,5-Inchioro-4-hydroxy-
phenyD-4-(4-{{4-methylpiperazin-1~
34 yhmethy bpbenylarmino)-1,5-
naphthyridin-3-vijethancne
trihydrochlonde

0.11 6.19 0.096

ey
[
o)

1-{(6~(3-Chloro-3-fluoro-4-hydroxy
phenyD-4-(4-{{(4-methyl-piperazin-
1-yhimethyl}shenylamine)}-1,5- .65 0.22 0.41 0.3
naphthyridin-3-yljethanone
trihydrochloride

(9]
WL}
L]
it
tsd
o)

I-{6~{3,5-Dichloro~4-hvdroxy
pheny-4-(4-(2-{pyrrolidin-1-yi}-
36 ethyl)piperidin-1-yi)-1,5- 0.36 021 0.63 (.22 4.
riaphthyridin-3-yiethanone

dihydrochloride

i

1-{6-(3-Chloro-5-tlusro-4-hydroxy~
phenvi}4-(4-Q2-(pyrrolidin-{-y1}-
37 ethyljpiperidin-1-y[)}-1,5- (.49 0.25 1.2 3.42 7.2
naphthyridin-3-ylethanone
dihydrochioride

1-{6-{3,5-Dichloro-4-hyvdroxy-
phenyl}-4-{6-2-{dimethylamino)-

38 ethylaminoipyridin-3-yiamino}- 0.24 0.11 0.26 (.069 a5
1,3-naphthyridin-3-ylethanone
trihydrochloride
1-{A-(3-Chioro-5-fluoro-4-hydroxy-
phenyh-4-(6-(2-{(dimethylamino)-
39 ethylamino)pyridin-3-ylamine)- 3.38 012 0.4 .19 10

1, 3-naphthyridin-3-yhethanone
trihydrochloride

{(S3-(4-{6-(3-Aminopiperidin-1-y1)-
pyridin-3-ylaming}-6-{3,5-dichlore-
40 4-hydroxyphenyly1,5- 0.034 3.625 g.2¢9
naphthyridin-3-yl{cyciopropyi)
methanone trihydrochioride

et
[
{

o
1]
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1-{4-(2-{3-Aminopyrrolidin-1-y{}-

pyrimidin-3-ylaming}-6-(3,5-
41 dichioro-4-hydroxyphenyl}-1,5- G.052 0.027 0.27 0.026 100
naphthyridin-3-ylethanonc
trinvdrochloride

1-{4-{4-[{Dimethylarminoymethyl}-

4 cyclohexylamino}-6-(1H-pyrazol- ne < 9 - >
12 4-y1)-1 5-naphtbyridin-3-yl- 0.063 0.036 .049 0.045 (.06

sthanone trihydrochloride

§-{6-{3,5-Dichloro-4-hydroxy-
phenyh4-{4-Chydroxymethyi)-
43 syclohexyllamino}-1,5- 0.
naphthyridin-3-yhethanone
hydrochloride

<
(o]
(¥

0.024 8,057 0.019 0.64

1-}6-(3,5-Drichioro-4-hydroxy
chenyl)-4-{frans-4-{{dimethyl
44 amincimethyljeyclobexylamino}- 0.006 | 0.0029 | 0.0067 0.6017 0.2
1,5-naphthyridin-3-yil-2-hydroxy-
ethanone dihydrochloride

1-{6-{3.5-Dichloro-4-hydroxy-
pheny (-4-[{ T-meathyipiperidin-4-

45 yhamino}-1,5-naphthyridin-3-y1}- 0.096 0.086 9.965 0.696 b.45
ethanone
i-{6-(3-Chloro-3-flucre-4-hydroxy-
46 | phenyb-4-{(T-methyipiperidin-d- 014 | 0092 | 0.098 0.14 0.53
vhamine}-1,5-naphthyridin-3-yl;}- : o
ethancne

1-(6-(3,5-Dichloro-4-hydroxy-
vhenyD-4-f{4-(morpholinometiyl)- R i -

47 | phenyD-d-{id-morpholinomethyl)- | poag | ogors | 0.2 0.009 6.16

cyclohexyllaming}-1,5-

naphthyridin-3-yhethanone

1-{6-(3,5-Inchloro-4-hydroxy-
pheny-4-(4-{[{(2-hydroxyethyl-
48 (methylaminolmethylleyclohexyl- | 0.0092
amino}-1,5-naphthyridin-3-y1}-
ethanone dihvdrochloride

e
o
&
&
&

0.02 0.0034 (.57

1-{6-{3-Chioro-5-fluoro-4-hydroxy-
phenyD-4-(4-{[{(2-hydroxyethyl)-
49 (methyDaminofmethyljeyclohexyl- | 0.0087 | 0.06439
amino}-1,5-naphthyridin-3-yii-
ethanone dihydrochloride

o
o2
N
—

0.003% 0.49




WO 2013/109388 PCT/US2012/071434

1-{6-(3,5-Difluoro-4-hydroxy-
phienyi}-4- {4-{{dimethylamino)-

50 methyljeyclohexylaming}-1,5+ 8.017 | 0.0001 0.615 0.0053 0.08
naphthyoidin-3-yhethanone
dihydrochloride

1-{6-(3,5-Dichloro-4-hydroxy-
phenyi-4-{6-{3-(dimethylamine}-
51 pyrrolidin- -yl pyridin-3-ylamino}- (.36 0.19 G.32 0.32 2.8
1,5-naphthyridin-3-yDethanone
trihydrochloride

1-{6-(3-Chlore-$-fluoro-4-
hydroxyphenyD)-4-{6-[3-(dimethyl-
amino)pyrolidin-1-yipyridin-d-y1- .44 0.18 0.39 (.4 2
amino}-1,5-naphthyridin-3-yl}-
ethanone irihydrochioride

N
N3

1-{6-(3,5-Dichloro-4-hydroxy-
phenyl}-d-{6-{3-(methylamino - .
53 pyrrefidin-i-ypyridin-3-vlamino}- (3.078 0.042 0.2 0.071 100
1,5-naphthyridin-3-yijethanone
trihydrochloride

1-(6-(3-Chlore-5-fluore-4-hydroxy-
phenyt}-d-{6-[3-(methylaminoe}-
54 | pyrrolidin-t-ylipyridin-3-yiamiso}- | 0.086 (.04 0.y
1, 5-naphbthyridin-3-yDethanone
trihydrochionde

-
=

3.8

{-{6-{ 1 H-Benzo{d}imidazol-
S-yi}-4-{trans-4-[{dimethylaming}-
methylicycichexylamino}-1,5- 4.3 0.684 ¢.25 0.65
naphthyridin-3-yhethanone
iriliydrochloride

L1
w
oo}

1-{4-[4-(rans-4-Dimethylamino}-
methyleyclohexylamino}-6-
56 (pyridin-4-yh)-1 5-naphthyridin-3-
vitethanone
trihydrochloride

<
[#,9}
b
S"J
L
[
o
o
A
<
I
=3
—
-3

5-(7-Acetyl-8-{rrans-4-{{dimethyl-
aminoymethyljcyclohexylamino}-
1,5-naphthyridin-2-vDpyrunidine-2-
carbonitrile

LN
~J

0.24 0.089 0.5¢ 0,22 0.38

1-(6-(3,5-Dimethy}-1H-pyrazol-4-
yi-4-{rans-4-[{dimethylamino}-
58 methyl|cyclohexylamino}- 6.1 1.6
i, S-naphthyridin-3-yhethanone
trihydrochloride

2
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1-{4-{ivans-4-[(Dimethylamino}-
methylicyclohexylamino}-6-{4-
hydroxy-3,5-dimethyipheny{)-1,5-
naphthyridin-3-y]ethanone
dichlonide

)
L
foved
[
O
<
™2

)

.21 7.5

60

1-{6-(3,5-Dichloro~-4-hydroxy-
phenyi)-4-{6-{3-(dimethylamingo)-
pyrrolidin-1-ypyridin-3-ylamino}-
1,5-paphthyridin-3-yljethanone
diiydrochioride

¢.1 3.066 g.11 3.041 i1

61

1-§6-03 S-Dichloro-d-hydroxy-
phenyD-4-{trons-4-(pyrrolidin-1-
yvimethyleyclohexylamine}-1,5-

naphthyridin-3-yi}ethanone
dihydrochioride

0.011 | 0.0069 | 0.012 (.0044 8,15

Y

1-(6-(3-Chloro-5-fluore-4-hydroxy-
phenyD-4-{{rrans-4-(pyrrolidin-1-
vimethyheyclohexytlamino}-1,5-
naphthyridin-3-yljethanone
dibydrochioride

0.0073 | 6.0034 | 0.011 0.0437 §.091

63

1-(6-(3,5-Dichloro-4-hydroxy-
phenyi}-4-{4-[(4-methylpiperazin-
L-yhmethyljeyclohexylammo}-1,5-
naphthyridin-3-yljethanone
trihydrochloride

0.025 3.016 .02 04.0092 0.13

64

1-{4-{[6-(3-Aminopiperdin- i-yi}-
pyridin-3-v}amino §-6-{3,5-di-
chiovo-4-hydroxyphenyi)-1,5-
naphthyrdin-3-yDethasone
trihydrochloride

$.016 | 0.0064 §.07 0016 2.9

1-{4-{[6-(3-Aminopiperidin-1-y}-
pyridin-3-yljamino }-6-(3-chloro-3-
fusro-4-hydroxyphenyl}-1.5-
naphthyridin-3-yhethanone
trihydrochloride

0.013 | 0.0047 | 0.021 0.615 0.74

1-{4-[(4-AminocyclohexyDamino]-
6-{3,5-dichloro-4-hydroxyphenyl)-
i, 5~-naphthyridin~-3-yilethanone
dihydrochionde

0.0045 | ¢.001 0.016 .001 10

o
]

t-{4-{rrars-(4-Aminocyclohexy{}-
amino}-6-(3-chloro-3-fluoro-4-

hydroxyphenyi}-1,5-naphthyridin-
3-yl}ethanone dihydrochloride

8.0061 | 0.0019 | 0.0622 0.0012 2.8

738 -




WO 2013/109388 PCT/US2012/071434

1-{6-(3-Chloro-5-fluoro-4-hydroxy-
phenyi)-4- {4-{(4-methyipiperazin-
o8 1-yDmethyljeyciohexylaming}-1,5- 0.039 0.012 0.026 0.012 4.1
naphthyridin-3-yijethanone
trilydrochloride

N-{irans-4-{{3-Acetyl-6-(G-chloro-
S-fluoro-4-hydroxyphenyi)1,5-
&9 naphthyridin-4-yllaminceyclo- 0.025 0.0G7 0.064 0.013 2.5
hexyl)-Z-amino-3-methyibutan-
anide dihydrochloride

1-46-(3,5-Dichloro-4-hydroxy-
phenyl}-4-lirans-4-{piperazin-1-y1-
70 methyleyelohexylamino]-1,5- 0.031 3.021 0.084 0.011 3.9
naphthyridin-3-yl}ethanone
trihydrochloride

{8)-1-{4-{[6-(3-Aminopiperidin-1-
yhpyridin-3-yliamine }-6-(3,5-di-
71 chiloro-4-hydroxyphenyi}-1,5- 0.014 | 0.0074 .09 {.068 3.4
naphthyridin-3-vljsthanone
trihydrochloride

(8} 1-{4-{[6-(3-Aminopiperidin-1 -
vhpyridin-3-yilamino}~6-{3-chloro-

7z S-fluore-4-hydronyphenvi)-1,5- 0.014 | 0.0053 | 0.047 5,014 1.2
naphthyridin-3-y{}ethanons
trihydrochloride
M-{trans-4-{3-Acetyl-6-(3 5-di-
chloro-4-hydroxyphenyl}-1,5-
73 naphthyridin-4-ylaminoicyclo- 0.027 | 0.0086 0.18 (.0043 100

hexyi}-2-aminopropanamide
dihydrochloride

M- {4-{3-Acetyl-6-(3-chloro-5-
fluoro-4-hydroxyphenyl)-1,5-
74 naphthyridin-frans-d-ylamino]- $.025 | 0.0043 §.13 0.063¢6 168
cyclohexyli}-Z-aminopropanamide
dihydrochloride

{S)-N-{4-[3- Acetyl-6-(3,5-dichlore-
4-hyydroxyphenyl}-1,5-
saphthyridin-reans-4-ylamine |- 0.699 0.036 021 0.0
gyclohexylipyrrofidine-2-
carboxamide dibydrochioride

~3
L4

)

3
-OG
15Ny

(SyN-{4-3-Acety6-(3~chloro-5-
fiuoro-4-hydroxyphenyly-1,5-
76 naphthyridin-grans-4-ylamine- 80.073
cyclohexyi}pyrrolidine-2-
carboxamide dihydrochloride

<
<o
¥}
o
(3
N3

0.019 8.7
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~
¥

1-(6-(3-Hydroxypyirolidin-1-y1}-4-
{trans-4-{(3-hydroxypyreolidin- -
ylimethyl} cyclohexyiamine}-1,5-

10

i0

16

78

naphthyridin-3-yhethanons

1-{6-(Pyrrolidin-1-yD-4-{rarns-4-
{pyreclidine-1-yimethyDeyclohexyl-
aminoj-1,5-naphthyridin-3-vi}-
ethanone

6.8

N-{frans-4-13-Acetyl-6-(3,5-di-
chloro-d-hydroxyphenyl}-1,5-
naphthyridin-4-ylamingjeyclo-
hexyl}-2-amino-3-meathyloutan-
amide dilyydrochloride

&
P
3
o

0.018

011

g.016

8¢

Cyclopropyl {#-(3,3-dichloro-4-
hydroxypheny-d-{1rans-4-
{dimethylamino)eyclohexylamine]-
1, 3-naphthyridin-3-y I methanone
Dihydrochloride

0.0052

(.0041

0.0076

0.042

.(;:s
<o
©
L

81

1-[6-(3-Chloro-5-fluoro-4-methoxy-
phenyD-4- {rans-4-[{dimethyl-
aminoymethylcyclohexylamino}~
i,5-naphthyridin-3-yllethanone
dihydrochioride

¢.0049

3.602

0.0062

0.0018

G.044

1-(4-{rans-4-[{Dimethylamino)-
maethyljeyclohexylamino}-6-(1H-
pyrrolof2,3-blpyridin-5-vi)-1,5-
aaphthyridin-3-yDethanone
tribydrochloride

8.32

[N
s

83

{3)~{4-[6-(3-Aminopiperidin-1-yi}-
pyridin-3-ylamino}-6-(3-chilore-3-
fluore-4-hydroxyphenyi)-1,5-
naphthyridin-3-viHcyclopropyty-
methanone

0.025

0.012

¢.015

f-{4-{irans-4-[{Dimethylamino)-
methyljoyclohexylaming}-6-{4-
methoxyphenyl}-1,5-naphthyridin-
3-yhethanone dilydrochloride

0.25

6

85

1-{6-(3,5-Dichloro-4-methoxy-
phenyty-4-{rrans-4-{(dimethyl-
amingymethyljcyelohexylamino}-
i S-naphthyridin-3-yllethanone
dihydrochloride

0.77

jo
L

86

{-{4-{trans-4-[{ Dimethylamino}-

methyljeyclohexylaming j-6-(6-
hydroxypyridin-3-yi)-1,5-
naphthyndin-3-yhethanone

(¥l
L3

o
b

o0

dihydrochloride
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S-{7-Acetyl-B-{trans-4-{{dimcthyl-

simino)rpe::hyi}cyc%chexylamim}- 0.66 0.56 1.8 0.74 2
1,5-naphthyridin-2-yi)- ’

picolinonitrife dihydrochloride

el
~

1-{4-{erans-4-{(Dimethylaming)-

38 methyljcyclohexylaminoe}~6-{4- .04 0.031 8073 0o 0.039
hydmxyphenyi)«-1,5»s1.=3.p.‘m;1'1yridin- ) e T o T
3-yljethanone dihydrochioride

1-[6-(3,5-Dichloro-4-hy droxy-
phem 4= trans-4-(dimethyl-

#9 ami m)cy»mmxy ]mc(hvmmnu} 0.028 0.023 ¢.041 3.0063 8.9
1,5-naphthyridin-3-yilethanone
dihydrochloride

f-[6-(3~ Ll 10}‘0 S-fluoro-4-hydroxy-
phenyD-4-{{rans-4-(dimethyl-
30 amvno)cydﬂnuy jmethylamino}- 0.052 $.03 0.12 0.627 16
1, 5-naphthycidin-3-yilethanone
Dikydrochlioride

1-{6-(3,5-Dichdoro-4-hydroxy-
syl -d-f A Y hascyl- )
g1 | Phembedldhydroyeyslohoxyl- g 09n | g038 | 6048 0016 0
amino)-1,S-naphthyridin-3-vi}-
sthanone hydrochioride

|78

Lo

t-[6-(3-Chloro-5-fluoro-4-hydroxy-

97 phen‘yi)--'ﬂw(ls~hydr(3xy§3'rf:Es)hgyin 0.061 0036 0053 6.018 9

| amno}-1,5-naphthyridin-3-vi}- ‘ T T ) ’
ethanone hydrochioride

L
ad

1-{6-(3-Chloro-S-fluoro-4- ?‘ydmxy—
pimny Yé-{{cis-d-[{dimethyi-
@3 ammn)me‘fhﬂ}c}c nhvai;amino)— 8.632 06.02 §.039 0011 Q.
1,5- mphsh»z din-3-yilethanone
Dihydrochloride

‘:2;3

1-{6~(3,5-Dichioro-4-hydroxy
phenyi}-4-( {cis-4-[{dimethyi-
94 aminoymethylicycishexyliamine)- 0.028 0.02 $.039 $.0073 (.25
{,5-naphthyridin-3-yi}cthanone
Dihydrechioride

{(R)-1-44-[6-(3-Aminopiperidin-1-
yhpyeidin:3-viamine|-6-(3,5-
Qs dichloro- i—h‘vdroxyp'lcm" 1,5- 0.029 0.022 0.088
naphthyridin-3-yi}ethanone
‘mhyd ochloride

<D
<
fud
Ja—

L)

(R)-1-{4-[6-(3-Aminopipertdin-i-

. yhpyridin-3-ylamino-6-(3-chloro- P P vz 54 7

96 5-Fluoro-4-hydroxy phenyt-1,5- (0.026 0.018 $.035 0.624 $.43
naphithyridin-3-yi}ethanone
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201

(R)}-{4-{[6-(3-aminopiperidin-1-
vipyridin-3-yilamino-6-(3,5-
dichloro-4-hydroxyphenyi}-1,5-
naphthyridin-3-yD)
{cyclopropylimethanone

0.0061

o
»
boat
D
A

0.0061

0.003

{R}-(4-{[6-(B-aminopiperidin-1-y])
pyridin-3-yijamino }-6-(3~chloro~5-
fluoro -4-hydroxyphenyi}-1,5-
naphthyridin-3-y1} (cyclopropyl)
methanone

(.0044

G.0038

0.0G34

0.001

0.047

1-[6-(3,5-dichioro~-4-hydroxyphenyi)-
4-{Htrans-4-
{dimethylamino)cyclohexyl] amino}-
1,5-naphthyridin-3-y -2~
hydroxyethanone dihydrochioride

0.017

0.034

0.013

1.2

1-{8~{3-chloro-5-fluoro-4-
hydroxypheny-4-({trans-4-
[{(dimethylaminoymethyljeyciohexyl}
amino)-1,5-naphthyridin-3-yH]-2-
hydroxyethanone dihydrochloride

0.02

0.414

3.058

0.013

205

1-{6-{3-chlore-S-fuoro-4-
hydroxyphenyl) -4-({srans-4-
[(dimethylaminohmethyi] cyciohexyl}
amino)-1,5-naphthyridin-3-
yiYpropan- | -one dihydrochloride

$.0083

0.032

0.033

$.69

[\
o)
[o3

1-{6-(3,5-dichloro-4-hiydroxyphenyl)-

4-{{rrans-4-f{dimethylaminoeymethyl]

cyclohexyllamino}- 1,5-naphiliyridin-
3-yvDpropan- | -one dihydrochloride

0.022

0.061

0.023

19

{8} 1-{4-{f6-3-aminopiperidin- -
yhpyridin-3-ylaminoe}-6-(3,5-
dichioro-4-hydroxyphenyi)-1,5-
naphthydin-3-ylhpropan-t-one
ribvdrochloride

0.034

0.018

(.008

{.024

208

{S)-1-(4{[6-(3-aminopiperidin-1-
yhpyridin-3-vilamino}-6-(3-chloro-3-
finoro-4-hydroxyphenyi)-1,5-
naphihyridin-3-yDpropan-i-one
trihydrochloride

0.026

8.815

8.021

3.86

1-{6-(3,S-dichtoro-4-hydroxyphenyl)-
4-{{4-[{{R)-3-fluoropyrrelidin-1-
yiimethyl} eyclohexyvitamino)-1,5-
naphthyridin-3-yijethanone
dihydrochloride

4.032

£.037

0.01

412

210

{S)-{4-((6-(3-aminopiperidin-{-
yhpyridin-3-<yhamino -6~ 3-chlorg-5-
fluoro-4-hydroxyphenyy-1,5-
naphthyridin-3-
yXcyelobutyDmethanone
dihtydrochioride

0.017

¢.0093

0.042
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{(6-(3,5-dichioro~-4-hydroxyphenyl}-4-
(@
{{dimethylaminoymethyl{cyclohexyl)
arnino)-1,S-naphthyridin-3-yh
{eyclobutyDmethanone
dihvdrochloride

0.0034

0.007s

0.643

212

(6-(3-chioro-5-fluore-4-
hydroxyphenyl}-4-({4-
{{dimethylaminomethyl) eyclo
hexyl) amino)-1,5-naphthyridin-3-
yh(eyelobutyDraethanone
dihvdrochloride

0.013

3.0074

0.014

0.503

0.014

(&34 {{o-3-aminopiperidin-1-
vijpyridin-3-yljamine;-6-(3-chloro-5-
fluoro-4-hydroxyphenyi}-1,5-
aaphthyridin-3~
yh{oyclobutyimethanone

0.0071

0.0043

0.629

£.003

(R} 1-4-{{(6-(3-aminopiperidin- -
yhpyridin-3-yDamino)-6-(3,5-
dichloro-4-hydroxyphenyl)-1,5-
naphthyridin-3-yDpropan-1-one
tribydrochloride

0.0059

3.0028

0.013

0.004

{(R)-1-{4-{[6-(3-aminopiperidin-|-
yhpyridin-3-yijamino}-6-{3,5-
dichloro-4-hydroxyphenyl)-1,5-
naphthyridin-3-y1}-2-methylpropan-1-
one frihydrochleride

0.016

8.083

0.014

216

{-{6-(3,5-dichloro-5-4-
hydroxyphenyD-4-{ {trans-4-
f(dimethylaminodmethylicyclohexyl}
amino}-{,S-naphthyridin-3-yH-2-
methyipropan- 1 -one dihydrochloride

NT

NT

0.012

0.025

3]
s
1

1-{8~chloro-4-({irans-4-
f(dimethylamineymethyljeyclobexyi}
amino}-1,5-naphthyridin-3-yij-2~
methyipropan-1-one dibydrochioride

NT

0.055

NT: Not tested

growth of various cancer cell lines.

The growth Inhibitory effect of Compound Example 6 was further examined on the

in vitro anti-proliferative assay using A5S49 (lung),

T4703 (breast), DU4475 (breast), and 22Rv1 {prostate) cancer cells, o which MELK was

highly expressed, revealed 1Csg values 0f 6.7, 4.3, 2.3, and 6.0 nM, respectively (Fig. 1a-d),

COm the other hand, HT1197 (bladder) cancer cells, in which MELK expression was hardly

detectable, revealed 1Cs) value of 97 nM (Fig. 1e), clearly mnplying the MELK -dependent

growth inhibition effect of this compound.

Henograft Model Antitumor Assav
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MDA-MB-231 cells were injected into the mammary fat pads of NOD.CB17-
Pridc™ Y mice (Charles River Laboratory).  A549, MIAPaCa-2 and PC-14 cells (1 x 197
cells) were injected subcutaneously in the left flank of fernale BALB/CSLC-nu/nu mice

(Yapan SLC, Inc).  DUIL4S cells were injecied suboutaneously in the Jeft flank of male

Lh

BALB/cSLC-nw/nu mice (Japan SLC, Inc).  When MDA-MB-231, A549, DU14S,
MIAPaCa-2, and PC-14 xenografts hard reached an average volume of 100, 210, 110, 250,
and 250 mm’, respectively, animals were randornized into groups of ¢ mice {except for PC-
14, for which groups of 3 mice were used).  For oral administration, compounds were

prepared in a vehicle of 0.5% methylcelinlose and given by oral garbage at the indicated

c—',:;

dose and schedule.  For intravenous adminisiration, compounds wers formulated in 5%
glucose and injected into the tail vein.  An administration volume of 10 mL per kg of body
weight was used for both administration routes. Concentrations wers indicated i main fext
and Figures. Tumor volumes were determined every other day using a caliper.  The
resuits were convertad to tumor valume (mm™) by the formula length x width® % 1/2.  The
15 weight of the mice was determined as an indicator of tolerability on the same days.  The
animal experiments using A549 xenografis were conducted by contract with KAC Co,, Ltd.
{Shiga, Japan) in accordance with their Institutional Guidelines for the Care and Use of
Laboratory Animals.  The other animal experiments were conducted at OncoTherapy
Science, Inc. in accordance with their Institutional Guidelines for the Care and Use of
28 Laboratory Animals.  Tumor growth infubition {TG1} was caleulated according to the
formula {1 (T T}/ {C — Co3} ¥ 100, where Tand 75 are the mean tumor volumes af day
14 and day 0, respectively, for the experimental group, and € — (6 are these for the vehicle
controf group. Al values were presented as means £ SO Statistical significance was
computed using student’s t-lest, and the level of significance was set at p<0.05.
25 The present inventors subsequently examined in vivo anti-tfumor effect of
Conipound Example § by a xenograft model using MDA-MB-231 cells (MELK-positive,
triple-negative breast cancer cells).  The compound was administered to mice bearing

- . . 3 - .
xenogratis for 14 days after the tumor size reached about 188 om”.  The fumor size was
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measured as a surrogate marker of drog response (tumor growth inhibition (TGI)) (see
Methods). Intravenous administration of Example 6 at 20 mprkg once every two days
resulted m TG of 73% (Fig. 2a).  Since the bicavailability of this compound was expected
10 be very high (data not shown), oral administeation of this compound was attempied.

5  The oral administration at 10 mg/kg once a day revealed TGI of 72% (¥ig. 2b). Dusto the
high growth-suppressive effect on various cancer cell Hnes, in vive growth-suppressive
effect using cancer cell Hines of other types was further 1nvestigated and found signiticant
fumor growth supprecsion by Example 6 for multiple cancer types in dose-dependent
manners with no or a liitle body-weight loss (Fig. 2 and Fig. 3). Forexample, mice

10 canrying A549 (lung cancer) xenografis that were treated with 1, 5, and 10 mgrkg once a
day of Example 6 by intravenous administration revealed TGl of 51, 91, and 108,
respectively {Fig. 2¢)and those by oral administration of 5 and 10 mg/kg once a day
revealed TGl of 85 and 124%, respectively (Fig, 2d).  In addition, the present mventors
examined DU 45 (prostate cancer) and MIAPaCa-2 (pancreatic cancer) xenograft models

1S by oral administration of 18 mg/kg once a day, and cbserved TGI of 166 and §7%,
respectively (Fig. 2e and ). To further validate the MELK-specific in vive tunor
suppressive effect, the inventors examined PC-14 lung cancer cells in which MELK
expression was hardly detectable (Fig. 2g).  Oral administration of 10 mg/kg Example 6
once a day for 14 days showed no tumor growth suppressive effect on PC-14 xenografts

20 (Fig. Zh), further supporting the MELK -dependent antitumor activity of Example 6.

INDUSTRIAL APPLICABILITY
The present invention provides a novel gumnoline derivative having MELK
inhibitory effect.  The compounds of the present invention may be used for pharmaceutical
25 composition for mhibiting MELK.  Such pharmaceatical compositions are suitable for

freating or preventing cancer.
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CLAIMS

i A compound represented by formula (1) or 2 phaonaceutically acceptable salt

thersof

Qlys
RS !NﬁX%Rﬂ
R‘;[\f’ NTUR2
R\.

wherein,

Lh

(0

X' is selected from the group consisting of a direct bond, -NR'-, -O-, and -8-;

1™ is selected from the group consisting of a hydrogen atom, C-Cy alkyi and Cs-
Cip cycloalkyi;

10 Q' is selected from the group consisting of C3-Cig oycloalkyl, Ce-Cip arvd, 5- to 10-
membered heteroaryl, 3~ to H0-membered non-aromatic heterocyelyl, (C3-Cig oycloalkyi)-
Ci-Cs alkyl, (Co-Crp aryD-C-Ce alkyl, {5~ to 10-membered heteroaryD-Cy-Ce alkyl, and (3-
to 10-membered non-arornatic heterocyelyl)-Cy-Cg alkyl; wherein Q' is optionally
substituted with one or more substituents independently selected from A';

15 X is selected from the group congisting of -CO-, -8-, -80-, and -850;-;

7! s selected from the group consisting of C-Cq alkyl, Cs-C iy oyeloalkyl, Cs-Cro
aryl, 5- to 10-membered heteroaryl, and 3- to 10-membered non-aromatic heterocyelyl:
wherein R'' is optionally substituted with one or more substituents independently sclocted
from Az;

20 R’ is selected from the group cansisting of a halogen atom, C3-Cy, cycloalkyl, Cs-
Cyo aryl, 5~ to 10-membered heteroaryl, and 3- to {B-membered non-aromatic heterocyelyl;
wherein the cycloalkyl, aryl, heteroaryl, and heterocyciyl are optionally substituted with one
or more substituents independently selected from A®;

R? RP and RY are independently selected from the group consisting of a hydrogen

- 246 -



WO 2013/109388 PCT/US2012/071434

(%))

atom, & halogen atom, and C;-Cq alkyl;

Aland A are independently selected from the group consisting of a halogen alom,
cyano, -COOR'’, -CONRYR ", forrayl, (Ci-Cs alkyhearbonyl, C1-Ce alkyl, Cp-Cs abkenyl,
C,-Ce atkynyl, nitro, -NR'*RY, -OR'S, nS(O;nR”, C3-Cyo eycloatkyl, Co-Cro aryl, 5- to 10~
membered heteroaryl, and 3- to 10-membered non-aromatic heterocyclyl; wherein the
allylcarbonyl, alkyl, alkenyl, alkynyl, cyvcloalkyl, aryl, heteroaryi, and heterocyelyl are
optionally substituied wiih one or more substituents independently selected from A%

A% Is independently selected from the group consisting of a halogen atom, cyvano,
C3-Cip oycloalkyl, carboxy, formyloxy, (C;-Cg atkylcarbonyioxy, hydroxy, Ci-Cy alkony,
amino, C-Cy alkylaming, and di{C;-Ce alkylamino;

RE R and B are inde spendently selected from the group consisting of a
hydrogen aton, C;-Cs alkyl, Co-Ce alkenyi, Co-Cg allynyl, C3-Cyo cycloalkyl, Ce-Cio arvl,

o }0-membered hetercaryl, and 3- to 10-membered non-aromatic heterocyelyl; wherein
the alkyl, alkenyl, alkynvi, cycloalkyl, arvl, heteroaryl, and heterocyelyl are optionally
substituted with one or more substituents independently selected from A%; or R' and R
together with the nitrogen atom to which they are attached form 3- to 1G-rmembered
nitrogen-containing heterocyclyl, which is optionally substituted with one or more
substituents independently selected from A"

R' and R" are independently selected from the group consisting of a hydrogen
atom, C-Cg alkyl, C-Cs alkenyl, Cr-Cs alkynyl, C3-Cyp eycioalkyl, Co-Cho aryl, 5- 10 10-
membered heteroaryl, 3- to 10-membered non-aromatic heteroeyelyl, and ~COR™; wherein
the alkyi, atkenyl, alkynyl, cycloalkyl, aryl, betercaryl, and heterocyclyl are optionally
substituted with one or more substituents independently selected from A% RY is selected
from the group consisting of a hydrogen atom, and C;-C, alkyl that is optionally substituted
with one or more substitients independently selected from A", or R'® and R together with
the nitrogen atom to which they are attached form 3- to 10-membered nitrogen-containing
heterocychyl, which is optionally substitated with one or more substituents independently

selocted from A4;

b
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RY is selected from the group consisting of Cy-Cg alkyl, C3-Cyp ayeloalkyl, Ce-Chg
aryl, and 5- to 10-membered heteroaryl; wherein the alkyl, cycloalkyl, aryl, and heteroaryl

are optionally substituted with cne or more substituents independently selected from A%

Ce-Cy

<0

R¥ is selected from the group consisting of a hydrogen atom, -NRYR', C-Cq
alkyl, Co-Cy alkenyl, Co-Co alkymyvl, C5-C i oyeloalkyl,

10 31

1, 5- to 10-membered

s
<

betercaryl, and 3- to 10-membered non-aromatic heterocyclyl; wherein the alkyl, alkenyl,

alkynyt, cycloalkyl, arvl, hetercaryl, and heterocyclyl are optionatly substituted with one or
more substituents independently selected from A%
n is an integer independently selected from 0 to 2;

A’ is independently selected from consisting of a halogen atomn, cyano, -COOR?,
CONRPR™, formyt, (C;-C,, atkylearbonyl, ©-Cy alkyl, Co-Cs alkenyl, Co-Co alkynyl, nitro,

. % s 3T . ) .
NRMR® .OR* *S{())HRN, C3-Cig eycloalkyl, Co-Cip aryl, 5- to 1d-membered heteroaryl,
and 3- to 10-membered non-aromatic heterocyelvl; whersin the alkylcarbonyl, alkyl,

alkenyl, alkynyi, cycloalkyl, aryl, heteroaryl, and heterocyclyl are optionally substituted
with one or more substituents independently selected from A%,

R*, R* and R” are independently selected from the group consisting of a
hydrogen atorn, C,-Cq alkyl, C-Cs alkenyl, C3-Cg alkynyl, C5-Cyy cyeloalkyl, Cs-Cyp arvl,
20

5-to 10-membered heteroaryl, and 3- to 10-membered non-aromatic heterocyelyl; wherein
the atkyl, atkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and hetercoycly! are optionally

Yl - . 2 3 e 23
substituted with one or more substituents independently selected from A; or R and R®

together with the nitrogen atom to which they are attached form 3- to 10-membered

[
L

nitrogen-containing heterocyelyl, which is optionally substituted with one or more
substituents independently selectad from A7)

: P . . . s
R* and R® are independenily selected from the group consisting of a hydrogen

¥

atom, Cy-Cq alkyl, Cyo-Cg alkenyl, Cp-Cq alkynyi, C3-Cyg cvcloalkyl, Co-Crg arvi, 5-10 10-
the alkyl, alkenyl, alkynyl cycloalkyl, aryl, hetercaryl, and heterocyelyl are optionally

- e ¥ y 2 .
membered heteroarvl, 3- to 10-membered non-aromatic heterocyelyl, and -COR™: wherein

substituted with one or more substituents independently selected from A”; R™ is selected
~ 248 -
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from the group consisting of a hydrogen atom, and C;-Cs alkyl that is optionally substituted
with one or more substituents independently selected from A’; or R’ and R together with
the nitrogen atom to which they are attached form 3- to 10-membered nitrogen-condaining
heterocyelyl, which is optionally substituted with one or more substituents independentiy
5 selected from A”;
%7 is selected from the group consisting of C,-Cq alkyl, Cs-Cip cycloalieyl, Cs-Cro
aryl, and 5~ o 10-membered heteroaryl; wherein the alkyl, cyeloalkyl, aryl, and heteroaryl
are optionally substituted with one or more substituents independently selected from A”
R* is independently selected from the group consisting of a hydrogen atom, -

16 NR22R23, Ci-Cp alkyl, Co-Cg alkenyl, C-Cy alkynyl C-Chp eyeloalkyl, Cs-Cig arvl, 5- t0 10~
mermbered heteroaryl, and 3- to 10-membered non-aromatic heterocyelvl; wherein the alkyl,
atkenyl, alkynyl, cycloalkyl, arvl, heteroaryl, and heterocyclyl are optionally substituted
with one or more substituents independently selected from A™;

< . . . 8 3%
A is independently selacted from consisting of a halogen atom, eyano, -COOR™, -

ot
L

CONRR®, formyl, (C;-Cs alkylcarbonyl, C,~-Cs alkyl, C2-Cg alkenyl, Ca-Cy alkynyl, nitro,
NRMRT, -ORY, -S(OLRY, Ci-Cip cveloalkyl, Ca-Cip arvl, 5- to 10-membered heteroaryl,
and 3- to 10-membered non-aromatic heterocyclyl; wherein the alkylcarbonyl, alkyl,
alkenyl, alkynyl, cycloaikyl, aryl, heteroaryl, and heteroeyely! are optionally subsirntuted
with oue or more substituents independentiy selected from A%

20 R R and R are independently selected from the group consisting of a
hydrogen atom, Cp-Cq alkyl, Co-Ce alkenyl, T alkynyl, Ca-Cip oycloalkyl, Cs-Chp aryi,
5- to 10-merubered heteroaryl, and 3- to 10-membered non-aromatic heterocyclyl; wherein

the alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are optionally

: : : . 22 3
substituted with one or more substituents independently selected from A% or R and R

foe]
o

together with the nitrogen atom to which they are attached forrn 3- to 10-membered
pifrogen-containing heterocyelvl, which is optionally substituted with one or more
substituents independently selected from A%

¥

a4 36 N P
R™ and R* are independently selecied from the group consisting of a hydrogen
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atom, C-Cy alkyl, Co-Cg alkenyl, Co-Cs alkynyl, C5-Cyp cyeloalkyl, Co-Cip arvl, 5- to 10-
memberad hetercarvl, 3- w 1¥-membered non-aromatic heterocyelyl, and -COR*, wherein
the alkyl, alkenyl, alkynyl, cycloatkyl, aryl, heteroaryl, and heterocyelyl are optionalty

. . . . . o G 1435 - .
substituted with one or more substituents independently selected from A% R” is seloctod

L

from the group consisting of a hydrogen atom, and C-Cy, alky! that is optionally substituted
with one or more substituents independently selected from A% or R* and R*® together with
the nitrogen atom to which they are attached form 3- 1o 10-membered nitrogen-containing
heterocyelyl, which is optionally substituted with one or more substifuents independently

selected from A®;

j—
<

R is selected from the group consisting of C-Cs alkyl, Ci-Cre oveloalkyl, Cs-Cio
aryl, and 5- to 10-membered heteroaryl; wherein the alkyl, cycloalkyl, aryl, and heteroaryl
are optionally substituted with one or more substifuents independently selected from A%,

R™ is independently selected from the grouip consisting of a hydrogen atom, -

NRYR™, €1-Cs alkyl, C2-Cs atkenyl, Co-Ce alkynyl, Ca-Cio oyoloalkyl, Ce-Crg aryl, 5-to

bt
L

10-membered heteroaryl, and 3- to {0-membered non-aromatic heterocyciyl; wherein the
alkyl, atkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are optionally
substituted with one or more substituents independently selected from AS;

Alis independently selected from consisting of a halogen atom, cyano, carboxy, -
COORY, LCONRYR®, formyl, (C-Cq alkyhicarbonyl, C,-Cs atkyl, Co-Cq atkenyl, C5-Cy
20 alkyayl, nitro, -NRYRY, SOR™, S(OWRY, Ci-Chp cycloaltkyl, Ce-Cyg aryl, 5-10 10-
membered heteroaryl, and 3- to 10-membered non-aromatic heterooyelyl; wherein the
alkylearbonyl, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, hetercaryi, and heterocyclyl arc
optionally substituted with one or more substituents independently selected from the group

consisting of a halogen atom, hydroxy, C-C; alkoxy, amino, £-Ce alkylamine, and di{C;-

da
L

Cs alkybamino;
EY %1 - . . -
R, R™, and R™ arce independently selected from the group consisting of a
hydrogen atom, C;-Cg alkyl, Co-Cy alkenyl, Cr-Cs alkynyl, C3-Cyg cycloaliyl, Co-Cip ary,

5~ 1o 1G-membered heteroaryl, and 3- to 10-membered non-aromatic heterocyvelyl; wherein
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the alkyl, alkenyl, alkynyl, cyeloalkyl, arvl, heteroaryi, and heterocycly! are optionally
substituted with one or more substifuenis independently selected from the growp consisting
of a halogen atom, hyvdroxy, Cy-Cs alkoxy, amino, C-Cy alkylamino, and di{C-Cs
alkyllamino;

5 R* and R™ are independently selected from the group consisting of a hydrogen
atom, C-Cg alkyl, Ci-Cyg cycloalkyl, Co-Cip aryl, 5- to 10-membered heteroaryl, 3- to 10-
membered non-aromatic heteroeyelyl, and -COR™;

R* is selected from the group consisting of a hydrogen atom, and C;-Cy alkyl;
RY is selected from the group consisting of C-Cg alkyl, Cs-Cig cycloalkyl, Co-Cyo
190 aryl and 5- to 10-membered hetercaryl; and
R% g independently selected fror the group consisting of C;-Cy alkyl, C3-Cyp
cycloatkyl, Co-Cip aryl, §- to 1 G-membered heiercaryl, and 3- to 1G-membered non-
aromatic heterocyclyl.
2. The compound or a pharmaceutically accepiable salt thereof according to claim 1,

wherein Q' is selected from the group conaisting of Cs-C; cycloaikyl, phenyl, pyridyl,

o
(%4

pyrazolyl, pyrimidinyl, and piperidyl; wherein Q' is optionally substituted with one or more

substituents independently selected from A',

3. The compound or a pharmaceutically acceptable salt thereof according to claim 1
or 2, wherein X7 is selected from the group consisting of -CO- and -§0,-; and R is

20 selected from the group counsisting of C-Cy alkyl and C4-Cy cyclealkyl, which are
optionally substituted with one or more substituents independently selected from the group
consisting of hydroxy and a halogen atom.
4. The compound or a pharmaceutically acceptable salt therecf according to any one

of claims 1 to 3, wherein R” is phenyl substituted with one to three substituents

[ o]
A

independently selected from the group consisting of hydroxy, a halogen atom, C-Cy alkyl,
and C;-Cg alkoxy, wherein the alkyl and alkoxy are optianally substituted with ane or more
halogen atoms.

5. The compound or a pharmaceutically acceptable salt thereof according 10 any one

o
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of claims | to 4, wherein R? is a hydrogen atom.
6. The compound or a pharmaceutically acceptable salt thereof acoording 1o any one
of claims | to 5, wherein R” is a hydrogen atom.
7. The compound or a pharmaceutically acceptable salt thereof according to any one
5 ofclaims | to 6, wherein R is a hydrogen atom.
8. The compoeund or a pharmaceutically acceptable salt thereof according to any one
of claims | to 7, wherein xHis NH-.
2 The compeund or & pharmacentically acceptable sali thereof according to any one
of claims 1 to 8, wherein the optional substituent of ' is selected from the group consisting
10 of hydroxy, amino, C;-Cy alkoxy, C-Cg alkyviaming, difC-Cy alkyDaming, amino-Cy-Cq
alkyl, (C,-Cq alieylamino 3O -y alkyl, 6iC,-Cy alkyhaminoe-C-Cy alkyl, amine-C,-Cy
alkoxy, (£-Cs alkylamino)}-Cy-Cs alkoxy, di{C-Cs alkyhamine-Ci-Cq alkoxy, hvdroxy-Cy~
Ce alkyl, (Ci-Cq alkoxyy-C-Cs alkyl, carboxy-Ci-Cs alkyl, [{C-Cs alkoxy)earbonyl}-C-Cs
alkyl, carbamoyl-C;-Cs alkyl, [N-(C1-Ce alkyl) carbamoyt]-Ci-Cs alkyl, [NN-d(Ci-Cs
15 alkylcarbamoyl]-Ci-Cs atkyl, (Ci-Co alkyicarbonylamino, N-(C-Cq atkyDcarbonyl-N-{C -
Cs alkvhamine, pyreclidingd, pipenidyl, piperazinyl;
wherein the pyrrolidinyl, piperidyl, and piperazinyl defined as the optional
substituent of Q' are optionally substituted with a substituent selected from the group
consisting of C,-Cy alkyl, amino, C-C4 alkylamino, di{C,-Cy alkyDamino, hydroxy, €;-Cs
20 alkoxy, pyrrolidinyl, piperidyl, and piperazinyl; and
wherein the atkyl moiety of the group defined as the optional substituent of Q' is
optionally substituted with a substituent selected from the group consisting of amino, C,-Cq

alkylamino, di{C-Ce alkyDamino, hydroxy, C-Cs alkoxy, pyrrofidinyl, piperidvi, and

piperazinyl.
25 16 The compound or a pharmaceutically acceptable salt thereof according 1o claim 9,

wherein the optional substituent of Q' is selected from the group consisting of hydroxy,
amino, di{C,-Cy alkyliamino, C)-Cy alkyl, d{C\-Cs alkyliamine-C-Cy alkyl, d{C-Cs

alkyDammno-C-Cy alkoxy, difC;-Ce atkyhamino, [{amine-C;-Cq alkyhearbonyiamine, N-
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(C1-Co aikyDpiperidyl, di{C-Cg alkyDamino-pyrrolidin-1-yl, amino-pyrrolidin Ty,
{pyrrolidin-1-y1-C;-Cq alkyl, (C-Cs atkyltamino-piperidin-1-yl, amino-piperidin-{-vl,
teydroxy-Cy-Cy alkyl, [dHC-Cy alkyDamino-Cy-Cg atkyHamino, [4-(C-Cy alkyl-piperazin-
1-y1}-Ci-Cy alkyl, {piperazin-1-y1}-C-Cs alkyl, pyrrolidinylearbonyl-arting, (hydroxy-
5 pyrrolidin-1-y13-Cy-Cy alkyl, morpholino-C-Cy alkyl, {N-(hydroxy-C;-Cg allky-N-{C-Cs
alkyhamino-Ci-Cs alkyl, and (Ch)}N-C-Cy alkyl.
1L The compound or a pharmaceutically acceptable salt thereof according to claims 1
to 10, which is selected from the group consisting of the following compounds:
I-{6-chloro-4-{4-({dimethylamino ynethyl} eyclohexyiamino)-1,5-naphthyridin- 3-
19 yhethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyl)-4-((4-(dimethylaminoeyelohexyamino)-
1.5~ naphthyridin-3-yDethanone;
1-{(6-{3-chloro-S-fluoro-4-hydroxyphenyl-4-((4-
{dinethylamino)eyclohexyllamino)- 1,5-naphthyridin-3-yhethanone;
15 cyclopropyi{6-(3,S-dichloro-4-hydroxyphenyl}-4-(4-({dimethylaminomethyl}-
cyciohexylaminoy-1,5-naphthyndin-3-ylraethanone;
{6-(3-chloro-3-fluoro-4-hydroxyphenyl)-4-(4-({dimethylamino)methyl)-
cyelohexvlamino)-1,5-naphthyndin-3-vl¥cyclopropyl jmethanone;
1-(5-(3,5-dichloro-d-hydroxyphenyh-4-({4-({dimethvlaminoymethyheyelohexyl)-
20 amino)-1,5-naphthyridin-3-yl}ethanone;
1-{6-{3-chioro-5-fluoro-4-hydroxyphenyi}-4-((4-
{{dimethylaminoymethyeyclohexyly- amino}-1,5-naphthyridin-3-yDethanone;
1-{6~{3-chioro-4-hydroxy-5-methoxypheny! }-4-{{4-{{dimethylamino imethyl)-

cyclohexyDamino}-1,5-naphthyridin-3-yhethanone;

oo
(%3

1-{6-(3,S-dichloro-4-hydroxyphenyl)-4-((4-(2-(dimethylaminoethyleyclohexyl)-
amino}-1,5-paphthyridin-3-yhethanone;
1-{&6~{3-chloro-5-flacro-4-hydronyphenyl-4-(4-(2-{dimethylaminejethy -

cyclohexylamino)-1,5-naphthyridin-3-yl)ethanone;
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[

10

1-{4-{4-{{(dimethylamino ymethyDoyclohexylaminoy-6-{4-hydroxy-3-
(riflucromethoxy)- phenyi)-1,5-naphthyridin-3-yDethanone;

2,6-dichloro-4-(8-({4-{{dimethylaminomethy DeyelohexyDaming)-7-
(methylsulfonyi}- 1,5-naphthyridin-2-yiiphenol;

2-chlore-4-(8-({(4-{{dimethylaminoimethyDeyelohexyDamine )} T-{methylsuifony i}
b, 5-naphthyridin-2-v13-6-fluorcphencl;

2-chloro-4-8-{(4-({dimethylaminoymethyDeyelobexylam ino)-7-(methylsulfoayi)}
1.5- naphthyridin-2-y1}-6-methoxyphenol;

2,6-dichloro-4-(8-({4 {dimethylaminoicyclohexyliam ino)- T-(methylsulfonyh- 1,
naphthyridin-2-yiphenol;

2,6-dichloro-4-(8-{{4-{{dimethylaminoimethyDphenyDamino}-7-{methyisuifonyl)-
1,5~ naphthyridin-2-yiphenol;

2-chloro-4-{8-{{4~{{dimethylamino)methyvDphenylJamme}-7-(methylsulfonyh-1,5-
naphthyridin-2-yi}-6-fluorophencl;

2-chioro-d-{8-{{4-{(dimethyianduoynethyDphenyDamine - 7-{methylsubfonyi} 1, 5-
naphthyridin-2-yi}-6-methoxyphenol;

1-{6-(3,5-dichioro-d-hydroxypheny-4-((3- (2 -(pyrrolidin- 1~
yhethyDphenyDamino)-1,5- naphthyridin-3-vhethanone;

i -{5-3-chioro-5-fluoro-4-hydroxypheny-4-(3-(2-(pyrrolidin-1-
yhethyDphenylamino)-1,5-naphthyridin-3-vDethanone;

{-{6~(3,5-dichloro-4-hydroxyphenyl}-4-((6-(2-(dimethylamino)ethoxy)pyridin-3-
v amino}-1,5-naphthyridin-3-ylethanone;

{<{6-(3-chloro-5-fluoro-4-hydroxyphenyb-4-((6-(2-
(dimethylaminolethoxypyridin-3- ylamino}-1,S-naphthyridin-3-yethanone;
-{6-(3-chloro-4-hydroxy-5S-methoxyphenyl)-4-((6-(2-

{(dimethylaminolkthoxylpyndin- 3-yvDamino}-1, S-naphthyvridin-3-yijethanone;

2,6~dichloro-4-(8-{(6-(2-(dimethylamino Jethoxyypyridin-3-ylamino}-7-(methyl-

sulfonyly-1, S-naphthyridin-Z-yDphenol;
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20

2-chloro-4-(8-({6-(2-(dimethylaminojethony )pyridin-3-yDarione)-7-
{methylsulfonyl)}- 1,5-naphthyridin-2-yi)-6-tfiuorophenof;

2-chioro-d-{ 8-{({(8-2-(dimethylaminalethoxy)pyridin- 3-yDarnine}- 7+
{methylsulfonyl}- 1.5-naphthyridin-2-yl}-6-methoxyphencl;

1-(6-(3,5-dichloro-4-hydroxyphenyD-4-{(1 -methylpiperidin-4-yDhmethylamino}-
1,5- naphthyridin-3-vl)ethanons;

1-(6-(3,5~dichloro-4-hydroxyphenyl 4-{{(4-({dimethylamino-
déymethylicyclohexyl) amino}-1,S-naphthyridin-3-yhethanons;

1-(6-(3,5-dichloro-4-hydroxyphenyh-4-{(4-(2-
{dimethylaminc)ethyvhipbenyllamino}- 1, 5-naphthyridin-3~yl)ethanone;

1-(6-(3-chloro-5-fluorc-4-hydroxyphenyl}-4-((4-(2-(dimethylamino)ethyl jphenyi)-
amino)- 1, 5-naphthyridin-3-yijethanone;

1-(6-(3-chloro-4-hydroxy-5-methoxypheny )-4-{{4-(2~
{dimethylamino)ethyphenyl)- amino}-1, S-naphthyridin-3-yDethanone; -

2-chloro-4-(8-({(4-(dimethylamino kyclohexyllamino}- 7-(methylsuifonyi)- 1,5~
uaphthyridin-2-y1)-6-fluorophenc;

163, 5dichloro-4-hydroxyphenyD-4-((1 -(L-methylpiperidin-4-y -1 H-pyrazol-4-
vi- amino)- 1, 3-naphthyridin-3-ylethanone;

1-{6-(3,5-dichloro-4-hydroxyphenyl}-4-(4-((4-methylpiperazin-1-yDmethyD-
phenylamino)-1,5-naphthyridin-3-yiethanone;

1-{6-(3-chioro-5-fluoro-4-hydroxyphenyl)-4-(4-((4-methylpiperazin-1-yDmethyl)-
phenylamine)-1,5-naphthyridin-3-viethanone;

1-4{6-{3,5-dichloro-4d-hydroxyphenyi}-4-(4-(2-(pyrrolidin-1-yhethy Dpiperidin- |-
vy}~ 1, 5-naphthyridin-3-yDethanone;

1-{8~-{3-chloro-5-fluoro-4-hydroxypheny -4-(4-(2-(pyrrolidin-1-yDethyDpiperidin-
I-yi)-1,5-naphthyridin-3-yDethanone;

1-(6-(3,5-dichloro-4-hydroxyphenyi}-4-(6-Q-(dimethylamino)ethyviaminopyridin-

3- yviamino)~1, S-naphthyridin-3-yljethanone;

'

I

A

Ln
1
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1-{6-(3-chioro-5-fluoro-4-hydroxyphenyl)-4-(6-(2-(dimethylamino)ethylamino)-
pyridin-3-ylamino)- 1, 5-naphthyridin-3-vethanone;
(S3-(4-{6-Graminopiperidin- 1 -yDipyridin-3-yvlamine)}-6-(3,5-dichloro-4-
hydroxyphenyl)-1,5-naphthyridin-3-yDi{oyclopropylmethanone;
5 F-{4-{(Z2-(3-aminopyrrolidin-1-yDpyrimidin-5-yhamine)-6-(3, 5-dichioro-4-
hydroxyphenyl)-1,5-naphthyridin-3-yethanone;
F-{A-(4-((dimethylamino)methyleyclohexylaming - 6-(3 Hepyrazob-d-y1)-1,5-
naphthyridin-3-yhethanone;
1-{6-(3,5-dichloro-4-hydroxyphery}-4-(4-(hydoxymethyDeyclohexylaming)-1,5-
10 naphthyridin-3-yhethanone;
1-{6-(3,5-dichloro-4-hydroxyphenyD-4- {4-[{dimethylaminoymethyl]-
cyclohexylamino} -1, S-naphthyridin-3-yi}-2-hydroxyethanone;
1-(6-(3, S~dichloro-d-hydroxypheny-4-(1 -methylpiperidin-4-ylamino)-1,3-
naphthyridin-3-yljethanone;
15 1-{6-(3-chloro-5-flucro-4-hydroxnypheayl)-4-(L-methylpiperidin-4-ylaming)-1,5-
naphthyridin-3-yDethanone;
1-£6-[3.5-dichlore-4-hydroxyphenyl}-4-{4-(morpholinomethy Doyclohexylamino}-
1,5~ naphthyridin-3-vi}ethanone;
1-{6-(3,5-dichloro-4-hydroxypheny}-4-(4-({{2-
20 hydroxyethyD(methyamino imethy{)- oyclohexylamine}-1,5-naphthyridin-3-yDethanone;
{-{6-(3-chloro-S-fluoro-4-hydroxypheny-4-{4-({{(Z-hydroxvethyDmethylamino)-
methyijcyelchexylamino}-1,S-naphthyridin-3-vethanone;
1-{6-(3,5-diffuoro-4-hydroxyphenyl}-4-(4-
{{dimethylamino)methylioyelohexylamino)- 1,5-naphthyridin-3-yDethanone;
25 1-{6-(3,5-dichloro-4-hydroxyphenyD-4-{(6-(3-(dimethylamino)pyrolidin-1
vhpyridin- 3-yhamino)-1,5-naphthyridin-3-yijethanone;
}-{6-(3-chloro-S-fluoro-4-bydroxyphenyl-4-({(6-G-(dimsthylamino)pyrrolidin- {-

v pyridin-3-vhamino)- 1,5-naphthyridin-3-yDethanone;
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1-{6-(3,5-dichloro-4-hydroxyphenyl}-4-(6-(3-(methylamino)pyreolidin-1-
yhpyridin-3~ ylamino)-1,5-naphthyridin-3-yhethanons:

1-{6-(3-chioro-5-fluoro-d-hydroxypheny}-4-(6-(3-(methylaminojpyrolidin-1-yl)-
pyridin-3-ylamino}-1, S-naphthyridin-3-yijethanone;

i -{6-(1H-benzo[diimidazol-5-yi}4-{4-({(dunethyiamino ymethyhcyclobexylamino}-
1,5- naphthyridin-3-vlethanone;

L-(4-((4-({dimethylaminoimethyleyciohexylamino -6-(pyridin-4-vi}-1,3-
naphthyridin- 3-yDethanone;

5-(7-acetyl-8-(4-({dimethylaminoynethylloyclobexylamino)-1,5-naphthyridin-2-
vB- pyrimidine-2-carbonitrile;

1-(6-(3,5-dimethy - 1H-pyrazol-d-y1)-4-(4-
{{dimethylaminomethylicyclohexylamino}- 1,5-naphthyridin-3-yiethanone;

1-(4-(4-{(dimethylaminoymethyDoyclohexylamino }-6-(4-hydroxy-3,5-dimethyl-
phenyl}-1,5-naphthyridin-3-ylethanone;

1-(6-(3, 5-dichioro-d-hydroxyphenyl-4-(4-(pyrrotidin--yimethyDphenylaminc)-
1,5~ naphthyridin-3-yhethanone;

16-(3,5-dichioro-4-hydroxyphenyi}-4-(4-(pyrrolidin-1-
yvimethyljcyclohexylamino} 1,5-naphthyridin-3-yijethanone;

1-{5-(3-chloro-5-fluoro-4-hydroxyphenyl}-4-{(4-{pyrrolidin- I-ylmethyheyelohexyl-
amino)-1,5-naphthynidin-3-yliethanone;

1-{6-(3,5-dichloro-4-hvdroxyphenyi}-4-(4-({(4-methylpiperazin-1-yDmethy ey elo-
hexylamino)-1,5-naphthyridin-3-yljethanone;

1-{4-(6-{3-aminopiperidin-1 -y Dpyridin-3-ylamino 36-3,5-dichlorc-4-
hydroxyphenyi)- 1,5-naphthyridin-3-yl)ethanone;

1-(4-(6-{3-aminopiperidin-1-yhpyridin-3-ylamino}-6-{3-chloro-5-fluoro-4-
hydroxy- phenyvi}-1,5-naphthyridin-3-yiethanone;

1-{4-{4-aminocycichexylamine}-6-(3,5-dichloro-4-hydroxypheny{}-1,5-

naphthyridin-3-yhethanone;



WO 2013/109388 PCT/US2012/071434

1-{4-(d-aminocyclohexylaming)-6-(3-chioro-5-Huoro-d-hydroxyphenyii-1,5-
naphthyridin-3-yllethanone;

F{6-(3-chloro-3-fluorc-d-hydroxypheny U-4-{(4-{{4-wethylpiperazin- -y Doethy -
cyeloherylamine)-1,S-naphthyridin-3-vilethanone;

3 N-{4-(3-acetyi-6-(3-chloro-S-fluorc-4-hydroxyphenyiy- 1, S-naphthyridin-4-

yviamino}- cyclohexyl)-2-aminc-3-methyvibutanamide;

1-(6-(3, 5-dichloro-4-hydroxyphenyl)-4-(4-{piperazin-1-
yvimethyheyclohexylamino}-1,5-naphthyridin-3-yiethanone;

{3} 1-{4-{6-(3-aminopiperidin-1-ylpyridin-3-ylamino)}-6-(3,5-dichloro-4-hydroxy-

10 phenyD-1,5-naphthyridin-3-yhethanone;

{(8)-1-(4-{6-(3-aminopiperidin- | -ypyridin-3-ylamino}-6-3-chlore-5-fluore-4-
hydroxy-phenyl)-1,5-naphthyridin-3-vhethanone;

N-{4-{(3-acetyl-6-(3,5-dichloro-4-hydroxyphenyl}- 1,5-naphthyridin-4-

yhaminojeyelo- hexnyi-2-aminopropanamide;

[y
O

N-(4-(3-acetyl-6-(3-chloro-5-fluoro-4-hydroxyphenyl)- 1, 3-naphthyridin-4-
ylamino}- evciohexyl-2-aminopropanamide;
{(83N-{{iR,48)-4-(3-acetyl-6-(3,5-dichloro-4-hydroxyphenyl}-1,5-naphthyridin-4-
yvi- aminceveiohexypyrrolidine-Z-carboxamide;
(SI-N-{(I1K,453}-4-3-acetyl-6-{3-chloro-5-flucro-d-hydroxyphenyi)-1,3-
20 naphthyridin-4-ylaminc) cyclohexypyrrotidine-2-carboxamide;
E-(6-(3-hydroxypyrrolidin. L -y D-4-(4-{(3-hydroxypyrrolidin-1 -
yhmethyljeyelohexyl- amino}-1,5-naphthyridin-3-yDethanone;
t-(6-(pyrrotidin-1-y1-4-(4-(pyrrolidia-1 -yimethyoyclohexylaming - 1,5-

naphthyridin- 3-yhethanone;

2
L

N-{d-3-acetyi-6-(3,5-dichloro-4d-hydroxy pheayi}1,S-naphthyridin-d-viamine)-
cyeiohexy-2-amino-3-methylbutanamide;
{8-(3-chioro-5-fluoro-4-hydroxyphenyD-d-{4-{dimethylamineoyclchexylaminoe}-

1,3~ paphthyridin-3-yl}{cvciopropyiimethanone;
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cyclopropyl{6-(3,5-dichloro-4-hydronyphenyD-4-[4-(dimathylaminolevelohexyl
aminol-1,5-naphthyridin-3-yljmethanons;
I-(4-{4-[(dimethylaminoyuethyljcyelohexylamine }-6-(1H-pyreolof 2, 3-bipyridin-
5-y13-1,5-naphthyridin-3-yhethanone;
5 (8)-{4-[6-(3-aminopiperidim- -y pyridin-3-yiamino}-6-(3-chloro-S-fluoro-4-
hydroxyphenvi)-1,5-naphthyridin-3-vi} {cyclopropyDimethanons;
1-(4-{4-[{dimethylaminoymethyijeyclohexyl amino}-6-(4-methoxyphenyl)- 1,5-
naphthyridin-3-yDethanone;
1-[6-(3, 5-diehloro-4-methoxyphenyl}-4-{4-[{dimethylaminoymethyl]eyclohexyi-
i amino}-1,5-naphthyridin-3-yljethanone; .
1-(4-{4-[{dimethylaminoymethyijeyelohexylamine  -6-{8-hydroxypyridin-3-yi)-
1.5-naphthyridin-3-yhethanone;
5-(7-acetyl-8-{4-{{dimethylaminoimethylicyclohexylamino }- 1, S-naphthyridin-2-
yhpicolinonitrile;
5 1-(4- {4-[{dimethylamino)methyijcyclohexylamino}-6-{d-hydroxyphenyh- 1,5-
naphthyvridin-3-yethanone;
1-[6-(3,5-dichloro-4-hydroxyphenyl}-4- {[4-(dimethylaminojeyelohexyl methyl-
arnine b~ 1,5-naphthyndin-3-yhethanone;
1-[6-(3-chloro-S-fluoro-4-bydroxyphenyi}-d- {[4-(dimethylamino)eyelohexyl]-
20 methylaminol-1,5-naphthyridine3-vllethanone;
{-{6-(3-chloro-5-fluoro-4-hydroxyphenyl-d-(d-hydroxyeyelohexylamino)-1,3-
naphthyridin-3-vijethanone:
1-[6-(3,5-dichloro-4-hydroxyphenyi)-4-(4-hydroxyoyelohexylamino-1,5-

naphthyridin-3-vyilethanone;

o]
h

{-[6-(3-chloro-5-fluoro-d-hydroxyphenyDed- {cis-4-
[{dimethylamino)methyvijoyelo- hexylamino} -1, S-naphthyridin-3-yllethanone;
i-[6-(3,5-dichloro-4-hydroxyphenyiy-4-{cis-4-

[{dimethylamino)methyljoyclohexyl- amino} -1, S-naphthyridin-3-yljethanone;
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{R)-1-{4-[6-(3-aminopiperidin-1-vDpyridin-3-ylamino]-6-(3,5-dichloro-4-hydroxy-
phenyl)-1,5-naphthyridin-3-vl}ethanone;
(R)-1-{4-[6-(3-aminopiperidin- 1 -yhpyridin-3-ylamino]-6-(3-chloro-5-fluoro-4-
hydroxyphenyi)-1,5~-naphthyridin-3-yl} ethanone;
5 and pharmaceutically acceptable salts thereof.
iZ. The compound or a pharmaceutically acceptable salt thereof according to ¢laim 1,
which is selected from the group consisting of the following compounds:
1-(6-(3,5-dichloro-4-hydroxyphenyl}-4-(rrams-(4-
{dimethylamino)oyclohexyDamino)- 1,5-naphthyridin-3-yhethanone;
ig cyciopropyl (6-(3,5-dichloro-4-hydroxyphenyl-4-(irans-4-
{{dimethylamingimethyi}- eyelohexylamino)-1, 5-naphthyridin-3-y1) methanone;
{6~(3-chloro-5-fluorc-4-hydronypheny!-4-{(frans-4-{dimethylamino)methyl
cvelohexylamino)-1,5-naphthyrdin-3-yl) {cvclopropyl) methanone;
1-(6-(3,5-dichloro-4-hydroxyphenyviy-4-((srans-4-
15 {{dimethylaminoymethyDoyclohexyly- amino)-1,5-naphthyridin-3-y1) ethanone;
1-{6-{3-chloro-5-flucro-4-hvdroxyphenyl}-4-({ rans-4-{{dimethylaruno ymethyl)-
cyclohexyhamino)-1,5-naphthyridin-3-vl} ethanone;
1-(6-(3,5-dichioro-4-hydroxypheayly-4-({frans-4-(2-
{dimethylarninojethvleyelohexyl)- arninoe)-1,5-naphthyridin-3-yi} ethanone;
20 {S3-{4-(56-(3-aminopiperidin--ylpyridin-3-ylamino}-6-(3,5-dichloro-4-
hydroxyphenyi)-1, S-naphthyridin-3-y)cyclopropylmethanone;
1-16-(3,5-dichloro-d-hydroxyphenyl-4- {trans-4-{(dimethylaminojmethyljeyclo-
hexyiamino}-1, S-naphthyridin-3-y1j-2-bydroxyethanone;
F{4-(6-(3raminopiperidin-1-yvDpyridin-3-ylamino)-6-(3,5-dichloro-4-
25 hydroxypbenyly- 1,5-naphthyridin-3-yljethanone;
{-{4-{5-(3-aminopiperidin-1-yDpyridin-3-ylamine)}-6-3-chloro~3-fluoro-4-
hydroxy- phenyi)-1,5-naphthvridin-3-yijethanone;

(S 1-{4-{6~(3-aminopiperidin-1-y Dpyridin-3-ylamino)-6-(3,5-dichloro-4-hydroxy-
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phenyi-1,5-naphthyridin-3-yhethaosone;
{8)-1-{4-{6-3-aminopiperidin- | -yDpyridin-3-ylamino}-6-(3-chioro-5-fluore-4-
lydroxy-phenyl)-1,5-naphthyridia-3-vijethanone;
{5)}-{4-[6-(3-aminopiperidin- I -yDpyridin-3-ylamiao]-6-(3-chloro-5-fluoro-4-
5 hydroxy- phenyl)-1,5-naphthyridin-3-vl} (cyclopropyl) methanone;
{R)-1-{4-[5-CG-ammopiperidin- 1 -yhpyndin-3-ylamino}-6-(3,5-dichlorc-4-hydroxy-
phenyb-1,5-naphthyridin-3-yi} ethanone;
{R)}-1-{4-[5-(3~-aminopiperidin- 1 -vhpyridin-3-viamino}-6-(3-chioro-5-fluore-4-
hydronyphenyl)-1,5-naphthyridin-3-yi} ethanone;
34 (R3-(4- {[6-(G-aminopiperidin-T-yDpyridin-3-yijamino } -6-(3,5-dichloro-4-
bydeoxypbeayh-1, S-naphthyridin-3-y1) {oyvelopropylimethanone;
(R}-(4- {[6-Gaminoppenidin- L-yDpyndin-3-yilamino} -6-(3-chloro-5-fluorc-4-
bydroxyphenyi)-1,5-naphthyridin-3-v) (cyclopropyl) methanone;
1-[6-(3,5-dichloro-4-hydroxypbenyl}-4- {[trans-4-{dimethylaminojoyclohexyl]
15 amino}-1,5-naphthyridin-3-y1}-2-hydroxyethanone dihydrochloride;
1-[6-(3~chloro-5-flioro-4-hydroxyphenyii-4-{ { trans-4-
[(dimethylamino)methyllcyclohexyl}  amino)-1,5-naphthyridin-3-y1)-2-hydroxyethancne
dihydrochloride;
1-[6-(3-chloro-5-fluoro-4-bydroxyphenyD-4-( {trans-4-[{dimethylamino)methyl]
20 cyelohexyl} amguo)-1,5-naphthynidin-3-yhpropan- 1-one dihydrechloride;
1-{6-{3,5-dichloro-4-hydroxypheny}-4-( {trans-4-{{ dimethylamino)methyl]
eyelohexylfamino}- 1,5-naphthyndin-3-viliprepan- 1-one dihydrochloride;
(8} i-{4-{[6-(3-aminopiperidin-L-yDpyridin-3-yljamino}-6-(3,5-dichloro-4-

hydroxypbenyi)-1,5-naphthyridia-3-vhpropan-1-one trikydrochloride;

™2
h

{(8)-1-~{4{[5-G-aminopiperidin- 1 -yDpyridin-3-yiamino } -6-(3-chioro-5-fluoro-4-
hydroxyphenyh-1, 5-naphthyridin-3-yDpropan- 1-one trihydrochloride;
1-{6-(3,5-dichloro-4-hydroxyphenyl-4-({4-{{{R}-3-fluoropyrrolidin- L yDimethyi]

cyciohexyl}amino)-1,5-naphthyridin-3-vijethanone dihydrochloride;
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(83-(4-((6-(3-aminopiperidin- I -yDpynidin-3-yhamino)}-6-(3-chloro-5-flucro-4-
hydroxyphenyl}-1, S-naphthyridin-3-y YeyelobutyDmethanone difivdrochlonde;

(6-(3.5-dichloro-4-hydroxyphenyl-4-{(4-{{(dimethylaminoymethyl {eyclobexyl)
amino)-1,5-naphthyridin-3-yl} {cyclobutyhmethanone dihydrochionde;

b) {6-(3~chioro-S-fluoro-4-hydroxyphenyl-4-((4-
{{dimethylaminoymethycyelohexyly amino)-1,S-naphthyridin-3-y}{eyclobutyDmethanone
dihydrochloride;

(S)-{4-{{6-(3-amunopiperidin- T-yDpyridin-3-yljamino} -6-3-chlore-S-flucro-4-
hydroxyphenyi-1, 5-naphthyridin-3-yDi{cyclobutyDmethanone;
19 {R)-1-{4-({6-(G-arnmopiperidin-L-yhpyridin-3-yhamino}-6-(3, 5-dichloro-4-
hydroxyphenyl}-1,5-naphthyridin-3-yl)propan-1-one trihydrochloride;
(B)-1-{4-{[6-(3-aminopiperidin- I -yhpyridin-3-ylamino}-6-(3,5-dichloro-4-
hydroxyphenyl)-1,5-naphthyridin-3-y1)-2-methylpropan-1-ong trihydrochloride;
1-[6-(3,5-dichloro-5-4-hydroxyphenyl}-4-{ {trans-4-
15 [(dimethylaminomethylicyclohexyl} amino)-1, $-naphthyridin-3-vi}-2-methylpropan-1-one
dibydrochloride;
1-[6-chloro-4-({trans-4-[(dimethylamino ynethylieyelohexyl} amino)-1,5-
naphthyridin-3-y1}-2-methylpropan-1-one dihvdrochloride;
and pharmaceutically acceptable salts thereof.
200 13 A pharmaceutical composition comprising as an active ingredient a compound ora
pharmaceutically acceptable salt thereof according to any one of claims 1 1o 12,
14 An MELK inhibitor comprising as an active ingrediont a compound ora

pharmaceutically acceptable salt thereof aecording to any one of claims 1 1o 12,

15, An MELK-expression modulating agent comprising &s an active ingredient a

25 compound or 4 pharmaceutically acceptable salt thereof according to any one of claims 1 1o
12.
16. An antitumor agent comprising as an active ingredient a compound or &

pharmaceutically acceptable salt thereof according to any one of claims 1 o 12.
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17, A therapeutic and/or preventive agent for a disease that involves overexpression of
MELK, comprising as an active ingredient a compound or a pharmaceutically acceptable
salt thereof according to any one of claims 1 to 12
i8. The therapeutic and/or proventive agont according to claims17, wherein the discase
5 iscancer
9, The therapeutic and/or preventive agent according to claim 17, wherein the cancer
is selected from the group consisting of breast cancer, ing cancer, bladder cancer,
Iymphoma, and uterine cancer.
20. A method for treating and/or preventing a disease that involves overexpression of
16 MELK, which comprises administering an effective amount of a compound or a
pharmaceutically acceptable salt thereof according to any one of claims 1 to 12 to a subject
in need thereof.
21 A compound or a pharmaceutically acceptable salt thereof according to any one of
claims 1 to 11 for use in a treatraent and/or prevention of a disease that involves
15 overexpression of MELK.
22. Use of a compound or a pharmaceutically acceptable salt thereof according to any
one of above-mentioned 1 to 12 in the manufacture of a therapeutic and/or preventive agent
for a disease that involves overexpression of MELK.

23. A process for preparing a sompound of formula §x

3
20 R )
or a pharmaceutically acceptable salt thereof as defined in any one of claims | to 12,
wherein B is pheny! optionally substituted with nne or more substituents independently
N 3oaaa ey ol v mll pl i ol : .
selected from A”; and Q' xL 3 rRL R R . Rt and A° are the groups as defined in any
one of claims 1 to 10; which comprises:
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reacting a compound represented by formuda ()

Qly

11 2
X INQ Ao X

R4 NTR?
3 !
R a
wherein Q’, X.‘, X?; rRYR7 R, and B? are the groups as defined above, with the proviso

that the groups may have one or more protecting groups, and X' is a balogen atom; with a

O

compound represented by formwla ()

ORS‘?
R5—B

£y

OR™

wherein R’ is as defined above with the proviso that the group of B® may have one or more

protecting groups: and R”' and R™ are independently selected from the group consisting of

Cy-Cg alkyl, or &> and R¥ together with the boron atom to which they are attached forms
16 5-to 7-membered cyclic boronic acid ester optionally substituted with one or move

substituents independently selected from the group counsisting of C-Cg alkyl.

24, A compound represented by formula (11) or a pharmaceutically acceptable salt
thereof:
al,,
11 2
XN \TJ\\ X
4 E e ‘:/E )
R* W N R°
3 X
R ()
15 wherein QF, X', X% g R R, and RY are the groups as defined in one of claims |

to 16 with the proviso that the groups may have one or more protecting groups, and X'’ is a

halogen atom.
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