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LS-NAPHTHYRIDINE DERIVATIVES AND
MELK INHIBITORS CONTAINING THE SAME

TECHMNICAL FIELD
5 The present invention relates to a 1,5-naphthyridine derivative having an inhibiory
activity against MELK, 8 method for the preparation thereof, and a pharmaceutical
compasition containing the compound as an active ingrediont.
BACKGROUND ART
MELK, maternal embryonic leucine zipper Kinase, was previously identifiod as a
10 new member of the snfl/AMPY serine-threonine kinase family that is involved in
mammalian endveyonic development (Heyer BS et al,, Dev Dyn. 1998 Aug 215(4):344-51).
The gene was shown to play an important role in stem cell renewal (Nakano [ et al, J Cell
Biol. 2005 Aug I, 170{33413-27), cell-cycle progression (Blot Fet al., Dev Biol. 2002 fan
15, 241(2):327-38; Seong HA et al, Biochem I 2002 Feb 1, 361(Pt 3:597-604} and pre-
15 mRMA splicing (Vulsteke V et al, J Biol Chem. 2004 Mar 5, 279(10):8642-7. Epub 2003
Dec 29).  In addition, through gone expression profile analysis using a genome-wide
cDNA microarray containing 23,040 genes, MELK was recently shown 0 be up-regulated
in breast cancer (Lin ML et al,, Breast Cancer Res. 2007; 9 (1:R17, WO2006/016525,
WOZ008/023841%.  In fact, MELK is up-regulated in several cancer celis, for exampile
26 lung, bladder, lymphoma and cervical cancer cells (See WOR004/03 1413, WOZB07/A013665,
and WO2006/085684, the disclosures of which are incorporated by reference herein).
MNorthern biot analysis on multiple human tissues and cancer cell lines demonstrated that
MELK was over-expressed at a significantly high level in a great majority of breast cancers

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

e
L

{WCR006/016525).  Furthermore, suppression of MELK sxpression by siRMNA was shown
to significantly inhibit growth of human breast cancer cells.  Accordingly, MELK is
considered o be a suiiable target for cancer therapy in the treatment of & wide array of

caneer types.
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SUMMARY OF INVENTION
The present inventors have endeavored to develop an effective inhibitor of MELK
ard have found that a compound can selectively inhibii the activity of MELKL

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

(%]

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

thereof’

0l

. ,

R E,NT&\TX%R“

R4 \f’f N7 R2
QS

1)

wherein,
10 XK' is selected from the group consisting of a direct bond, NR™Z. -0- and -8
1" is selected from the group consisting of a hydrogen atom, £;-Cs alky! and Cs-
Cio cycloalkyl;
Q' is selected from the group consisting of Ts-Cig eyeloalkyl, Cs-Cyg aryl, 5-to 10+

membered hetercaryl, 3- to 10-membered nos-aromatic heterocyelyl, {C3-Cig cvcloalkyl)-

-
L

Ci-Cs alkvl, {Co-Cio aryD-C-Cs alkyl, (3- to [0-membered heteroaryl)-C,-Cq alkyl, and (3~
to 10-membered non-aromatic hetercoyciyiyC,-Cs alkyl; wherein ' is optionally
substituted with one or more substiiuenis independently selected from A';

K2 is selected from the group consisting of ~CO-, -8+, -80-, and -S8Ch-;

R is selected from the group consisting of Ci-Cy alkyl, C5-Cig eycloalkyl, Co-Cio
20 aryl, S5-to 1¢-membered hetercaryl, 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, C3-C o oyeloalkyl, G-

Cio aryl, 8- 1o 10-membered hetercaryl, and 3- to 10-membered non-aromatic heterccyelyl;

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

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

A and A” are independently selected from the group consisting of a halogen atom,
cyano, ~-COOR", -CONRMRY | formyl, {C;-Cg alkylcarbonyl, C-Cp alkyl, Co-Cs alkenyl,
Cr-Ce atkynyl, nitro, NR'RY, -OR'®, -S{OWR", C5-Cro cycloalkyl, Ce-Cio aryl, 5+ to 10-
membered hetercaryl, and 3- to | J-membered noa-aromatic heteroeyelyl; wherein the
alkylcarbonyl, atkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are
optionally substitsted with one o more substituents independently selecied from A%

Al is independently selected from the group consisting of a halogen atom, cyano,
C3-Ciq cycloalkyl, carboxy, formyloxy, {C;-Cg atkyDearbonyloxy, hydroxy, Ci-Cq atkony,
amann, C-Cyg alkylamino, and di{C-Cy alkylamino;

R™, R, and R* are independently sefected from the group consisting of a
hydeogen atom, C-Cg alkyl, Co-Ce alkenyl, Co-Cp alkynyl, Ca-Cyp oveloalkyl, Cs-Cio aryl
5- to 10-membered heteroaryl, and 3- to 10-membered non-aromatic heterocyclyl; wherein
the alkyl, atkenyl, alkynyl, cycloallyl, aryl, betercaryl, and heteroeyelyl are optionally
substituted with one or more substituents independently selected from A% or R and RP
together with the nitrogen atom to which they are attached form 3~ to 10-membered
nitrogen-containing heterooyelyl, which is optionally substituted with one or more
suhstituents independently selected from At

R" and R™ are independently selected from the group consisting of a hydrogen
atom, C1-Cg alkyl, Ca-Cy alkenyl, Cp-Cy alkynyl, C5-Cio cycloalkyl, Co-Cioaryl, 5- 10 10-
membered heteroaryl, 3- to 10-membered non-aromatic heterocyclyl, and ---COR%; wherein
the alikyl, alkenyl, alkynyl, cycloalkyl, aryl, hetercaryi, and heterocyclyl are optionally
substituted with one or more substituents independently selected from A%, R" is selected
from the group consisting of a hydrogen atom, and Cy-Cy alkyl that is optionally substituted

with obe 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 10-membered nitro gen-containing
heterocyclyl, which is optionally substituted with one or more substituents independently
selected from A%;

R is selected from the group consisting of C,-Cs alkyl, C3-Cjq cycloalkyl, C¢-Cg
aryl, and 5- to 10-membered heteroaryl; wherein the alkyl, cycloalkyl, aryl, and heteroaryi
are optionally substituted with one or more substituents independently selected from A%

R? is selected from the group consisting of a hydrogen atom, -NR“R"*, C,-C;
alkyl, C,-Cg alkenyl, C,-Cs alkynyl, C3-Ciq cycloalkyl, Cs-C o aryl, 5- to 10-membered
heteroaryl, and 3- to 10-membered non-aromatic heterocyclyl; wherein the alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are optionally substituted with one or
more substituents independently selected from A®;

n is an integer independently selected from 0 to 2;

Atis independently selgcted from the group consisting of a halogen atom, cyano, -
COOR™, -CONR™R, formyl, (C;-Cs alkyl)carbonyl, C;-Cq alkyl, C,-Cé alkenyl, C,-Cg
alkynyl, nitro, -NR**R*, -OR*, -S(0),R”, C5-Cig cycloalkyl, Cs-Cyg aryl, 5- to 10-
membered heteroaryl, and 3- to 10-membered non-aromatic heterocyclyl; wherein the
alkylcarbonyl, alkyl, alkenyl, alkynyl, 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 atom, C;-Cs alkyl, C»-Cg alkenyl, C,-C; alkynyl, C5-Cy cycloalkyl, C¢-Cyp aryl,
5- to 10-membered heteroaryl, and 3- to 10-membered non-aromatic heterocyclyl; wherein
the alkyl, alkenyl, 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 10-membered
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,-Cy alkyl, C,-Cs alkenyl, C»-Cy alkynyl, C3-Cjo cycloalkyl, C¢-Cyg aryl, 5- to 10-

-4 -


ip-temp
Rectangle


10

15

20

25

membered heteroaryl, 3- to 10-membered non-aromatic heterocyclyl, and -COR?®; wherein
the alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are optionally
substituted with one or more substituents independently selected from A%: R? is selected
from the group consisting of a hydrogen atom, and C,;-Cg 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 nitro gen-containing
heterocyclyl, which is optionally substituted with one or more substituents independently
selected from A%

R? is selected from the group consisting of C;-C alkyl, Cs5-Cyy cycloalkyl, Cs-C1o
aryl, and 5- to 10-membered heteroaryl; wherein the alkyl, cycloalkyl, 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, -
NR*R”, C;-Cq alkyl, C,-Cs alkenyl, C-Cs alkynyl, Cs-C1o cycloalkyl, Ce-Cig aryl, 5- to
10-membered heteroaryl, and 3- to 10-membered non-aromatic heterocyclyl; wherein the
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are optionally
substituted with one or more substituents independently selected from A’ ;

A’is independently selected from the group consisting of a halogen atom, cyano, -
COOR™, -CONR¥R*, formyl, (C;-Cs alkyl)carbonyl, C;-Cy alkyl, C-Ce alkenyl, Cy-Cs
alkynyl, nitro, -NR*R*, -OR™, -S(0),R*", C3-Cy; cycloalkyl, Cs-Cio aryl, 5- to 10-
membered heteroaryl, and 3- to 10-membered non-aromatic heterocyclyl; wherein the
alkylcarbonyl, alkyl, alkenyl, alkynyl, 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 atom, C,-Cg alkyl, C,-Cs alkenyl, C-Cg alkynyl, C3-Co cycloalkyl, Ce-Cyq aryl,
5- to 10-membered heteroaryl, and 3- to 10-membered non-aromatic heterocyclyl; wherein
the alkyl, alkenyl, 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 10-membered
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nitrogen-containing heterocyclyl, which is optionally substituted with one or more
substituents independently selected from AS;

R* and R* are independently selected from the group consisting of a hydrogen
atom, C,-Cq alkyl, C;-Cy alkenyl, C,-Cy alkynyl, C5-Cyo cycloalkyl, C4-Cyp aryl, 5- to 10-
membered heteroaryl, 3- to 10-membered non-aromatic heterocyclyl, and -COR*®; wherein
the alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are optionally
substituted with one or more substituents independently selected from A% R™ is selected
from the group consisting of a hydrogen atom, and C1-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-containing
heterocycelyl, which is optionally substituted with one or more substituents independently
selected from AS:

R is selected from the group consisting of Cy-Cs alkyl, C3-Ci cycloalkyl, C¢-Cyg
aryl, and 5- to 10-membered heteroaryl; wherein the alkyl, cycloalkyl, aryl, and heteroaryl
are optionally substituted with one or more substituents independently selected from A°;

R*® s independently selected from the group consisting of a hydrogen atom, -
NR¥R®, C-C; alkyl, Cy-Cs alkenyl, C,-Cg alkynyl, Cs-Cio cycloalkyl, Cs-Cq aryl, 5- to
10-membered heteroaryl, and 3- to 10-membered non-aromatic heterocyclyl; wherein the
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are optionally
substituted with one or more substituents independently selected from A;

ACis independently selected from the group consisting of a halogen atom, cyano,
carboxy, -COOR*, -CONR™R®, formyl, (C,-C; alkyl)carbonyl, C;-Cg alkyl, C,-Cs alkenyl,
Cs-Cs alkynyl, nitro, -NR*R*, -OR*, $(0),R", C3-Cy cycloalkyl, Cs-Cyq aryl, 5~ to 10-
membered heteroaryl, and 3- to 10-membered non-aromatic heterocyclyl; wherein the
alkylcarbonyl, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, 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, C;-Cg alkylamino, and di(C;-

Cs alkyl)amino;
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RY R* and R” are independently seiected from the group consisting of a

3

, UG cyeloalkyl, Ce-Cio aryd,

H
i
i

hydrogen atorn, C-C alkyl, €o-Co alkenyl, $-Cs alkynyi
5- to 10-membered hetercaryl, and 3- to 10-membered non-aromatic haterocyclyl; wherein

the alkyl, alkenyl, allkynyl, cyeloalkyl, aryl, heteroaryl, and heterocyciyl are optionally

h

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

R" and R™ are independently selected from the group consisting of a hydrogen
atorn, C1-Cq alkyl, C5-Cig oyeloalkyl, Ce-Chy aryl, §- to 10-mernbered heteroaryl, 3- (o 10-
10 membered non-aromatic heteroeyelyi, and -COR™;

R? is selected from the group consisting of a bydrogen atom, and C,-Cy alkyl;

RY is selected from the group congisting of C-Cg alkyl, C5-Cyg cycloalkyi, Cp-Cyg
aryl, and 5- to [8-reembered beteroaryl; and

R% s independently selected from the group consisting of C-Ce alkyl, C3-Oyy

15 cycloatkyl, Co-Cho aryl, 5- 10 10-membered heteroaryl, and 3- to 10-membered non-
arcmatic heterocyelyl.

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

20 with one or more substituents independently selected from A

{3} The compound or a pharmaceutically acceptable salt thereof aceording to
above-mentioned (1) or (2), wherein X is selected from the group consisting of ~CO- and -
80,-; and R' s selected from the gronp consisting of Cy-Cs alkyl and C5-Cy eycloalkyl,

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

2
(3

the group consisting of hydroxy and a halogen atom.
{4) The compound or a pharmaceutically acceptable salt thereof according to any
onie of above~mentioned (1) to (3), wherein R’ is phenyl substituted with one to three

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

-7
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C-Cy alkyl, and C1-Cq alkoxy, wherein the alkyl and alkoxy are optionally substituted with
ong or more halogen atoms.

{53 The compound or a pharmaceutically acceptable salt thereof according to any
one of above-mentioned (1) to (4), wherein R” is a hydrogen atom.

5 {6 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 to any
one of above-wentioned (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 X' is -NH-.

{9) The compound or a pharmaceutically acceptable salt thereof according to any
one of above-mentioned {1) to (8), wherein the optional substituent of (3 s selected from
the group consisting of hydroxy, amino, Cy-Cg alkoxy, C;-Cs alkylamino, di(C,-Cs
alkyDamine, amino-Cy-Cy atkyl, (C4-Cg alikylamingy-Cy-Cy alkyd, di{Cy-Cg alkylyamino-Ci~

15 Cgalkyl, amino-Ci-Cq alkoxy, (Ci-Ce atkylaming)-C-Cs alkoxy, di{Ci-Ce alkyDamino-Cs-
Cg alkoxy, hydroxy-Cy-Cy alkyl, {C1-Cg alkoxy)-C-Cp alkyl, carboxy-C-Cy alkyl, [(Cr-
3Ek.()xy)carbcmy}}nC;«Cg, atkyl, carbamovi-Ci-Ce alkyl, [N-{C-Cs alkyDearbamoyl}-Ci-Ce

alkyl, [NN-EH{C-Cy alkyDearbamoyl}-C-Cy alkyi, (C-Cy alkylicarbonylamine, N-{Cy-Cy
alkyhearbonyl-N-(Cy-C¢ alkyhamino, pyrrolidiny], piperidyl, and piperazinyl;

20 wherein the alky! moiety of the group defined as the optional substituent of Q' is
optionally substituted with a substituent selected from the group consisting of amine, Ci-Ce
alkylamino, di(Cy-Cq atkyDamino, hydraxy, Ci-Ce alkouy, pyrrolidinyi, piperidyl, and
piperazinyl; and

wherein the pyrrolidinyl, pipendyl, and piperaziny} defined as the optional

]
L

substituent of Q' are optionally substituted with a substituent selected from the group
consisting of C,-Cs alkyl, amino, Cy-Cs alkylamino, di(Cy-C; alkyDamino, hydroxy, C,-Ce
H

alkoxy, pyrrolidinyl, piperidyl, and piperazinyi.

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

S8
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above-mentioned (9), wherein the optional substituent of Q' is selected from the group
consisting of hydroxy, amino, di(C-Cs alkyhamine, C-Ce alkyl, di(C,-C; alkyhamine-Cy-
Ce alkyl, di{C-Cq alkyDamino-Cy-Cg altkoxy, 6C-Cy alkylamine, [{amino-Cy-Cy
atkvhcarbonyijamino, N-(C-Ce alkyDpiperidyl, di{C,-Cy alkyDamino-pyrrolidin-1-yl,

5  amino-pyrrolidin-1-yl, {pyrealidin-1-yv1-Cy-Ce alkyl, {C-Cs alkyDamino-piperidin-1-yi,
amino-piperidin- i -y}, hydroxy-C;-Cs alkyl, [4(C-Ce alkyDamino-Ci-Cs allyljamino, {4~
{C;-Cg alikyi}-piperazin-1-yi}-C-Ce alkyl, (piperazin-1-y}-C~-Cy alkyl,
pyrrolidinylcarbonyl-amino, (hydroxy-pyrrolidin-1-y1)-C,-C; alkyl, morpholinyf-C-Cs
alkyl, [N-{hydroxy-C;-Cq alkyv])-N-(C-Cq alkyDamino}-Ci-Cg alkyl, and (CD;N-C-Cs

10 alkyl
{11) The compound or a pharmaceutically acceptable salt thereof according to
above-mentioned (1 ). which s selected from the group consisting of the following
compounds:
{~{6-chloro-d-{4-({dimethylaminomethyl} cyclohexyiamino}-1,3-naphthyridin- 3-
15 yhethasone;
1-(6-(3,5-dichiore-d-hydroxyphenyl-4-({4-(dimethylaminojeyelohexyarino)-
1,5~ naphthyridin-3-yhethanone;
1-{6-{3-chloro-5-fluore-4-hydroxyphenyl-4-((4-
{dimethylamino)cyclohexyl}amino)- 1,5-naphthyridin-3-yhethanone;
20 cyclopropyl(6-(3,5-dichioro-4-hydroxyphenyl-4-(4-({dimethylaminomethyvi)-
cyclohexylamino)-1, S-naphthyridin-3-ylimethanone;
{6-(3-chloro-5-fluoro-4-hydroxyphenyl-4-(4-{({dimethylaminomethyi)-
eyelobexylamino}-1, S-naphthyridin-3-yDoyclopropylimethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyD-4-{{(4-{((dimcthylaminoymethyboyelohexyl)-
25  amino)-1,5-naphthyridin-3-yDethanone;
1-{6-(3~chloro-S-fluore-4-hydroxyphenyli-4-{{4-
{{dimethylaminoymethylicyciohexyi)- amino)-|,5-naphthyridin-3-yljethanone;

1-{¢-{3-chinro-4-hydroxy-S-methoxypheny}-4-((4-({dimethylamino)methy -

-9.
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cyclohexyljamine)-1, S-naphthyridin-3-yljethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyl-4-((4-(2-(dimethylaminolethyDeyelohexyl-
amino}1,5-naphthyridin-3-yethanone;

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

i)

cyclohexylamino)-1, 5-naphthyridin-3-yDethanone;
I-(4-(4-({(dimethylamino)methyleyelohexylaming)-6-{4-hydroxy-3-
{trifluoromethoxy)- phenyi)-1,5-naphthyridin-3-yhiethanone;
2,56-dichloro-4-(8-({(4-({dimethylaminoimethylicyciohexyllaming)-7-
{methylsuffonyl}- 1.5-naphthyridin-2-yDphenol;
16 Z-chloro-4-(8-({4-({dimethylaminomethyleyclohexylaminoe - 7-{methylsulfonyl)-
L5 -napbthyridin-2-yD-6-fluorophenol;
Z~chlore-4-(8-({4-{(dimethylaminoimethyheyclehexyDamino - 7-{methyisulfony -
1,5~ naphthyridin-2-yi}-6-methoxyphenol;
2,8-dichlore-4-(8-((4-(dimethylamino)eyclohexviamine}-7-(methyisuifonyl)-1,5-
i5  naphthyridin-Z-vDphenol;
2,6-dichloro-4-(8-((4-({dimethylamino)methyhphenyDamino - 7-(methylsulfonyl)-
1,5~ naphthyridin-2-yphenol;
2-chloro-4-(8-{{4-({dimethylamingimethyhphenyDamino)-7-(methyisulfonyiy-1,5-
naphthyridin-2-y1)-6-fluorophenol;
20 2-chlore-4-(8-({4-({dim eﬂiayiamino)mct’nyi}phenyi')amino}u?’ -(methylsulfony)-1,5-
naphthyridin-2-yiy6-methoxyphenol
{-{6-(3,5-dichioro-4-hydroxyphenyl}- 4-((3-{Z-{pyrrolidin-1-
yhethyDpbenyDamino)-1,5- naphthynidin-3-yDethanone;

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

N
wh

yhethyhphenylamino)- 1, S-naphthyridin-3-yvDethanones;
F-{6-(3,5-dichloro-4-hydrowyphenyl)-4-{(6-(Z-{dimethylaminoiethoxyipyridin-3-
v1}~ amino}-1, 5-naphthyridin-3-yDethanone;

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

.10
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{dimethviamino)ethoxv)pyridin-3- vl)amino}-1,5-naphthyridin-3-yhethanone;
1 {6-(3-chioro-4-hydroxy-5-methoxypheny-4-((6-(2-
{dimethylaminojethoxy)pyridie- 3-vhamino}-1,5-naphthyridin-3-yhethanone;
2,6-dichloro-4-{8-{{6-(2-(dimethylamine)jethoxy)pyridin-3-yDamino)-7-(methyl-
sulfouyl}-1,S-paphthyridin-2-vphencl;
2-chioro-4-{8-{{6-(2-(dimethylaminojethoxy pyridin-3-yl yamino)}-7-
{methyisulfonyl)- 1,5-naphthyridin-2-vi-6-fluorophenol;
2-chioro-4-{8-{{(6-(2-(dimethviamingjethoxy Jpyridin-3-ylamino}-7-
(methyisulfonyl)- 1,5-naphthyridin-2-yi}-6-methoxyphench;
1-(6-(3,5-dichloro-4-hydroxypheny-4-{(1 -methyipiparidin-4-vDraethylamino)-
1,5~ naphthyridin-3-yDethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyl-4-((4-{{dimethylamino-
déymethyleyelohexyl)- amine)-1,S-naphthyeidin-3-yhethanone;
1-(6-(3,3-dichloro-4-hydroxyphenyi}-4-((4-(2-
{dimethylaminolethyDphenylamino)- 1,5-naphthyridin-3-vlethanone;
1-{8-(3-chioro-5-fluoro-4-hydroxypheny-4-((4-2-{dimethylamincjethyphenyly-
amino)-1,5-naphthyridin-3-yl)ethanone;
146-(3-chioro-4-hydroxy-S-methoxypheny D-4-((4-(2-
(dimethylaminc)ethyDphenyi)- amino)-1, S-paphithyridin-3-yhethanons;
2-chloro-4-(8-{(4-(dimethylamino)oyclohexyhamino - 7-(methyisulfonyi}-1,5-
naphthyridin-2-yl3-6-fluorophench;
1-(6-(3,5-dichloro-4-hydroxyphenyly-4-((1-(L-methylpiperidin-4-yh- 1 H-pyrazol-4-
vy aminn)- 1, 5-naphthyridin-3-vhethanone,
1-(6-(3,5-dichioro-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-yDethanone;

1-{6-(3,5-dichioro-d-hydroxyphenyly-4-(4-(2-{pyrrolidin- 1 -vDethyDpiperidin-1-v1)-
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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-naphthyridin-3-yijethanone;
1-{6-(3,3-dichloro-d-hydroxypheny!)-4-(6-{2-{dimethylaminoethylamino jpyridin-
5 3-ylamino)-1,5-naphthyridin-3-yethanone;
1~(6-(3-chloro-5-fluoro-4-hydroxypheny-4-(6-(2-(dimethylaminojethylamino}-
pyridin-3-ylamino)-1,5-naphthyridin-3-yhethanone:
(S}H{4-(6-(3-aminopiperidin-1-yhpyridin-3-ylamino)}-6-(3,5-dichloro-4-

hydroxyphenyl) 1,5-naphthyridin-3-vI¥cyclopropylimethanons;

hydreexyphenyly-1, 5-naphthyridin-3-yDethanone;
I-{4-{4-{{dimethylaminoymethvheyvelohexylaming -6-( 1 H-pyrazol-4-yh)-1,5-

N\

ethanone;

7

saphthyridin3-vi
1-(6-(3,5-dichloro-4-hydroxypheny! y-4-(4-(hydroxymethyleyclohexylaming)-1,5-
15 naphthyridin-3-yhethanone;
1-f{6-(3,5-dichloro-4-hydroxyphenyl}-4- {4-[{dimethylamine)methyl}-
cyclohexylamino}-1,5-naphthyridin-3-y1}-2-hydroxyethanone;
1-(6-(3, S-dichloro-4-hydroxyphenyl)-4-( L-methylpiperidin-4-ylamino)-1,5-
naphthyridin-3-yDethanone;
20 1-{8-(3-chioro-53-fluoro-4-hydroxyphenyD-4-{ 1 -methvipiperidin-4-ylamino}-1,5-
naphthyndin-3-yhethanone;
1-{6-[3,5-dichloro-4-hydroxyphenyl}-4-[4-(morpholinomethyheyclohexylaminol-
1,5 naphthyridin-3-yl}ethanone;
1-(6-(3,5-dichioro-4-hvdroxyphenyi)-4-{4-(((2-
25 hydroxyethyDaethyDaminoymethyl)- cyclohexyiamino)-1,5-naphthyridin-3-yljethanone;
1-{6-(3-chloro-53-flucro-4-hvdroxyphenyi}-4-(4-({(2-hydroxyethy){methy Damino)-
methyljcvelohexylamino)-1,5-naphthyridin-3-yhethanone;

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

1.



WO 2013/109388 PCT/US2012/071434

(¥

i

({dimethylaminomethyDevelohexylamino)- 1,5-naphthyridin-3-ylethanone;

1-{6-(3,S-dichloro-4-hydroxyphenyD-4-({6-(3-{dimethylamino)pyrrolidin-1-
yhpyridine 3-yhaminoy 1 5-aaphihynidie-3-viethanons;

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

vk pyridin-3-yDamino- 1, S-naphthyndin-3-ylethanone;

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

1-(6-(3-chloro-5-fluoro-4-hydroxyphenyi}-4-(6-(3-(methylamino)pyrrolidin-1-y1)-
pyridin-3-ylamino}-1,5-naphthyridin-3-ylethanone;

1-{8-{1H-benzo[dlimidazol-5-yD-4-(4-((dimethylaminoymethy Doyclohexylamino)-
1,5~ naphthyridin-3-yijethanone;

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

5-{7-acetyi-8-(4-({(dimethylaminoymethyDoyclohexylamino)- 1, 5-naphthyridin-2-
vh- pycimidine-2-carbonitrile;

1-(6-(3,5-dimethyl-1H-pyrazol-4-yi}-4-(4-
((dimethylamino)methyheyclohexylaming)- 1,5-naphthyridin-3-yDethanone;

1-(4-{4-{(dimethylammoimethyeyclohexylaming)-6-(4-bydroxy-3, 5-dimethyl-
phenyD-1,5-naphthyridin-3-yDethanone;

1-{6-(3,5-dichloro-4-hydroxyphenviy-4-{4-{pyrrofidin- I-yimethyl )phenylamine}-
1,5- naphthyridin-3-yijethanone;

1-(6-3,5-dichioro-4-hiydroxyphenyhi-4-{4-{pyrrolidin-1-
vimethyheyclohexylaming)- 1, Sepaphthyridin-3-yDethanone;

-{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-ylethanone;

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

- 13-
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hydroxyphenyl)- 1,5-naphthyridin-3-yljethanone;
1-{4-(6-(3-aminopiperidin- I -yhpyridin-3-ylamino-6-3-chlora-S-fluoro-4-
bydroxy- phenyi}1,5-naphthyridin-3-ylethanone,
1-{4-(4-aminocyelohexylamino-6-(3,5-dichioro-4-hydroxyphenyl)-1,5-
S paphthyridin-3-ylethanone;
i-[4-{4-aminocycliohexylamino}-6-(3-chloro-S-fluoro-4-hydroxyphenyl)-1,5-
naphthyridin-3-yljethanone;
i-(6-(3-chloro- 5-fhuoro-4-hydroxyphenyl-4-(4-((4-raethylpiperazin- L-yDmethy -
cyclohexylamino)-1, S-naphihyeidin-3-yljethanons;
10 N-{4-(3-acetyi-6-(3-chloro-5-fluoro-4-hydroxyphenyl)- 1, 5-naphthyridin-4-
ylamino}- cyclohexyl)-2-amino-3-methvibutanamide;
i-(&6-(3,5-dichloro-4-hydroxyphenvl}-4-{4-{piperazin-1-
ylmethyleyclohexylamino)-1,5-naphthyridin-3-yDethanone;
{8)-1-(4-(6-(3-aminopiperidin- [ -yDpyridin-3-ylamino}-6-(3,5-dichlore-4-hydroxy-
15 phenyl-1,S-naphihyndin-3-yhethanone;
(8)-1-{(4-(6-(3 -aminopipenidin- - ypyndin-3-ylamino}-6-(3-chlore-5-fluoro-4-
hydroxy- phenyl}-1,5-napbthyridin-3-yhethasone;
N-{4-((3-acetyl-6-(3,5-dichloro-4-hydroxyphenyD-1.5-naphthyridin-4-
vlaminojcyclo- hexyl)-2-aminopropanamide;
20 N-{4-(3-acetyl-6-3-chlore-5-fluore-4-hydroxyphenyli}- 1, 5-naphthyridin-4-
viamino)- cyclohexyl)-Z-aminopropanamide;
(SHN-{{1R,43)-4-(3-acetyl-56-(3,5-dichloro-4-hydroxyphenyi}-1,5-naphthyridin-4-
vl- amino)eyclohexylpyrrolidine-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~
vhmethyljeyclohexyl- amino)-1,5-naphthyridin-3-yhethanone;

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

- 14-



WO 2013/109388 PCT/US2012/071434

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

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

()

1,5- naphthyridin-3-yi}{cyclopropylimethanone;
cyclopropyl{6-(3,5-dichloro-4-hydroxyphenvi)-4-[4-(diraethylaminoeyclohexyl-
armminol-1,5-naphthyridin-3-ylimethanone;
1-{4-{4-{{dimethylamino)methyljcyclohexylamino } -6-(1H-pyrrolo{2,3-blpyridin-
5oy 1 Senaphthyridin-3-yiethanone;
10 {5}~ {4-[6-(3-aminopiperidin- | -y pyridin-3-ylamino]-6-(3-chloro-5-fluoro-4-
hydroxypbenyly-1, 5-naphthyridin-3-vi}{cyclopropyDmethanone;
-{4-f4-{{dmethylamino)methylicyclohexyl amino}-6-(4-methoxyphenyi}- 1,5~
naph‘thyridi3}-3-}@)&3{}:&&)’10{@;
1-{6-(3,5-dichloro-4-methoxyphenyli}-4- {4-{{dimethylaminoimethyiicyciohexyl-
i5  amino}-1,5-naphthyridin-3-yijethanone;
1-{4-{4-[(dimethylamino)methyljcyclohexylamino} -6-{C-hydroxypytidin-3-yi)-
i, 5-naphthyridin-3-yhethanone;
5-{7-acetyl-8- {4-{(dimethyiaminoymethylicyclohexylaming } -1, 5-naphthyridin-2-
yipicolinonitrile;
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-vlethanone;

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-yljethanone;

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

S iS5
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10

naphthyridin-3-yljethanone;

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

1-16-(3,5~dichloro-4-hyvdroxyphenyl}-4-{cis-4-
{(dimethylaminoimethyticyclohexyl- amino}-1,5-naphthyridin-3-viiethanone;

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

(R)-1-{4-{6-B-amumopiperidin- -yDpyridin-3-ylamine}-6-3-chiloro-5-fluoro-4-
hydroxyphenyl)-1,5-naphthyridin-3-yl} ethanone;

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

(K)-{4-{16-(3~aminopiperidin- 1-yDpyridin-3-yiamino} -6-(3-chloro-5-fluoro-4-
hydroxyphenyt)-1, S-naphthyridin-3-yi} {cyclopropyl) methanone;

{-{6-(3,5-dichloro-4-hydroxyphenyii-4-{{trans-4-{dimethyvlaminoycichexyll
amino}-1,5-naphthyridin-3-v1)-2-hydroxyethanone dihydrochloride;

I-{6-(3-chloro-5-fluore-4-hvdroxy phery D-4-({ trans-4-
{{dimethylaminoymethyileyelohexyly  amino)-1,5-naphthyridin-3-yD}-2-hvdroxyethanone
dirydrochloride;

I-[6-(3-chloro-3-fluorc-4-hydroxyphenyl}-4-( { irans-4-[{dimethylamino)methyl)]
cyclohexyll amino)-1,S-naphthyridin-3-yl}]propan-~1-one dihydrochionde;

i-{6-(3,5-dichloro-4-hydroxyphenyl}-4-( {trans-4-[(dimethylamino¥methyl}
cyclohexylaming) 1,5-naphthyridin-3-yhjpropan-{-one dihydrochlonde;

(83 1-{4-{16-Caminopiperidin-1 -y pyridin-3-yilamino} -6-(3,5-dichioro-4-
hydroxyphenyl)- 1, S-naphthyridin-3-yhpropan-1-one trihydrochloride;

(8- 144 {{6-3-ammopiperidin-T-yDpyridin-3-yliamino -6~ 3-chloro-5-fluore-4-
hydroxyphenyb-1, S-naphthyridin-3-ypropan-t-onc trihydrochloride;

§-[6-(3,5-dichloro-4-hydroxyphenyl}-4-({4-[({R)-3-flucropyrrolidin- 1yl imethyi]

cyciohexyl}aming)-1, S-naphthyridin-3-yHethanone dihydrochioride;

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

hydroxyphenyl)-1,5-naphthyridin-3-yD{cyclobutylimethanone dihydrochioride;
{(6-(3,5-dichloro-4-hydroxyphenyl}-4-((4-{(dimethylamino)methyl{cyclohexyl)
araine)-1,5-naphthyndio-3-v1) {cyclobutyiimethanone dihydrochloride;
5 {6-(3-chloro-5-fluore-4-hydroxyphenyi)-4-((4-
{{dimethylaminc)methyDeovelohexyl) amino)-1,5-naphthyridin-3-yh{cyclobutyl)methanone
dihydrochloride;

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

hydroxyphenyl)-1,5-naphthyridin-3-yl)¥cyclobutymethanone;
10 (R} 1-{4-({8-3-aminopiperidin- -y Dpyridin-3-yDamine)- 603, 5-dichioro-4-

hydroxyphenyl)-1, 5-naphthyridin-3-yDpropan- T-one tihydrochtonde;
{R)-1-{4-{{6-G-aminopiperidin-1-yDpyridm-3-yamino}-6-(3.5-dichloro-4-
hydroxyphenyl)- 1, 5-naphthyridin-3-yi)-2-methylpropan- i -one trihydrochloride;
1-16-(3,5-dichloro-5-4-hydroxypheny }-4-({trans-4-
15 {{dimethylaminownethylicyclohexyl} amino}-1,5-naphthyridin-3-yi}-2-methylpropan-1-one
dibydrochloride;
{-[8-chloro-4-( {trans-4-[(dimethylaminoymethyljcyclohexyl amino)-1,5-
naphthyridin-3-yl]-2-methyipropan-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-hydroxyphenyly-d-{irang-{4-
{dimethylamino)cyclohexyhamino)- 1,5-naphthynidin-3-yhethanone;
25 cyclopropyt (6-(3,5-dichioro-4-hydroxyphenyl}-4-(#rans-4-
{{(dimethylaminoimethyly cyclohexylamined-1,5-naphthyridin-3-yi} methanone;
(6-(3-chloro-S-fluoro-d-hydroxyphenyi-4-(trons-4-({dimethylamino ety >
cyciohexylamino}-1,5-naphthyridin-3-yi} {cyclopropyl) methanone;

17 -
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1-{6-(3,5-dichloro~-4-hydroxyphenyl)-4-{(irans-4-
{{dimethylareinc)methyhovelohexyl)- amino)-1,5-naphthyridin-3-vl) ethanone;
1-{6-(3-chloro-5-fluoro-4-hydroxyphenyl }-4-({#rans-4-({dimethylaminaymethyl)-
cyciohexyliamino}-1 S-naphthyridin-3-vi) ethanone;
3 1-{6-(3,5-dichioro-4-hydroxypheny}-4~{{(Frans-4-(2-
{dimethviaminojethylicyclobexyl)- amino)-1,5-naphthyridin-3-vi) ethanone;
{S)-{4-(6-(3-aminopiperidin-1-yDpyridin-3-ylaming)-6-(3, S-dichioro-4-
hyvdroxyphenyD-1, S-naphthyridin-3-y}{cyelopropylimethanone;
1-{6-(3,3-dichloro-4-iydroxypheny|)-4- {trans-4-[{dimethylaminc ynethyijcyclo-
10 hexylamino}-1,5-naphthvridin-3-yl}-2-hydrozyethanone;
1-{4-(6-(3-aminopiperidia- L-yDpyridin-3-ylamino}-6-(3,5-dichloro-4-
hydroxyphenyiy 1,5-naphthyridin-3-yethanone;
1-(4-(6-(3-aminopiperidin-1-yDpyridin-3-ylamino)-6-(3-chloro-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-hydrox y-
phenyly-1,5-naphthyridin-3-yDethanone;
{5)1-{4-(6-(3-aminopiperidin-1-yDpyridia-3-ylamino}-6-(3-chloro-5-fluoro-4-
feydroxy-phenyl}-1,5-naphthyridin-3-yhethanone;

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

20 hydroxy- phenyli-1,5-naphthyridin-3-y1} {cyclopropyl) methanone;
(R)-{-{4-[6-CG-aminopiperidin-1-yDpyridin-3-ylamino}-6-(3,5-dichloro-4-hydroxy-
phenyhy-1, S-naphthyndin-3-vi} ethanone;
(R)-1-{4-[6-(3-aminopiperidin-1-yDpyridin-3-ylamino}-6-(3-chloro-5-fhuom-4-
hydroxyphenyl)-1,3-naphthyridin-3-yl} ethanone;
25 and pharmaceutically acceptable salts thereof.

(13} A pharmaceutical compaosition comprising as an active ingredient a compound
or a pharmaceutically acceptable salt thereof sccording to any one of above-mentioned (1}

to (12).



WO 2013/109388 PCT/US2012/071434

{14y An MELK inhibitor comprising as an active ingredient a cornpound or 2
pharmaceutically acceptable salt thereof according to any one of above-mentionad (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 (12}

{16) An antitumeor 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 an active ingredient a compound or a
pharmaceutically acceptable sakli thereof according to any one of above-mentioned (13 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 to above-mentioned (18),
wherein the cancer is selected from the group consisting of breast cancer, hing cancer,
bladder cancer, lyrnphoma, and uierine cancer,

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

28 of MELK, which comprises administering an effective amouni 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 (32) for use in a treatment and/or prevention of a discase that

[
(V23

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

£}

preventive agent for a disease that involves overexpression of MELKL

R £



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

Q1X1
R5 N\ N X%RH
|
RN N R2
R® o

or a pharmaceutically acceptable salt thereof according to any one of above-mentioned (1)
to (12), wherein R® is phenyl optionally substituted with one or more substituents

5  independently selected from A° ; and Ql, X', X2, R”, Rz, R’ R* and A® are the groups as
defined in any one of above-mentioned (1) to (10); which comprises:

reacting a compound represented by formula (II):

Q1X1
X11 N\. N X%R'l‘l
R4 - N” R2

R? an

wherein Ql, X, Xz, R R2, R3, and R* are the groups as defined above, with the
10 proviso that the groups may have one or more protecting groups, and X'' is a halogen atom

such as a chlorine atom; with a compound represented by formula (III):

o) R51
R°—B
OR% 1)

wherein R’ is as defined above with the proviso that the group of R® may have one
or more protecting groups, and R*! and R* are independently selected from the group
15 consisting of C;-Cg alkyl, or R> and R> together with the boron atom to which they are
attached form 5- to 7-membered cyclic boronic acid ester optionally substituted with one or
more substituents independently selected from the group consisting of C;-Cs alkyl.
- 90 -
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(24} A compound represented by forrmda () or a pharmaceutically acceptable salt

thereof:
Qlys
11 2
X ENT/)\I TRt
R Y N TR?
R an

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

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

represented by forrmula (1) or a pharmaceutically acceptable salt thereof)

1o,
Q X!
5 2
R‘"’\{N\ \\‘\"X‘R”
/".: < b
R4 N™ TRZ
R* 6!
wherein,

XK' is “NH-;

0}’ 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 & halogen atom;

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

the group consisting of hydroxy, a halogen atom, C-Cs alkyl, and ()-Cq atkoxy wherein the

A
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alkyl and alkoxy are optionally substinsted with one or more halogen atoms;
RY RY, and R are hydrogen atoms;
Alis independently selected from the group consisting of hydroxy, amine, C+-Cy
alkoxy, Ci-Cg alkylamine, di{C,-Cq alkyDamine, amino-C-Cg alkyl, {(C-Cs alkylaming)-
5 C-Csalkyl, di{C-Cy alkyDamino-Ci-Cy alkyl, amino-C-Cq alkoxy, (C,-Cq alkylaraine)-
C1-Cg alkoxy, di{Ci-Cy alkyDamino-C-Cy alkaxy, hydroxy-C-Cs alkyl, (C-Ce alkoxy)Cs-
Cs alkyl, carboxy-C-Cy alkyl, [{Ci-Cs alkony)earbonyi]-Ci-Cs alkyl, carbamoy]-C-Cy
allyl, [N-{C-Ce alkyDearbamovi]-Ci-Cq alkyl, [N N-di{C-Cy alkylcarbamoyl}-C-Cy alkyl,
(Cy-Cq alkylicarbonylamino, N~{C;-Cs alkyDearbonyi-N-{({C1-Cs allyhamino, pyrrolidinyd,
10 piperidyl, and piperazinyl;
wherein the pyrrolidiny, piperidyl, and piperazinyi defined as A' are optionaily
substituted with a substituent selected from the group consisting of C-Cq alkyl, amino, Oy-
Cs alkylamine, di{C-Ce alkyDamine, 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 amine, Ci-Cs alkylamine, di{C-Cs
afkyamino, hvdroxy, Ci-Cs alkoxy, pyrralidinyl, piperidyl, and piperazinyl
According to another aspect of the invention, there is provided a compound

represented by formula (I

1
aly

RSIN T‘\\, S
RV ONTOR?
20 i ¢
or 8 pharmaceuticaily accepiable salt thereof, wherein,
X' is -NH-; and Q' is selected from the group consisting of Co-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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[

20

NI
L

A' is independently selected from the group consisting of kydroxy, amino, C;-C
alkoxry, C~Cs alkylamine, diC,-Ce atkyDamino, amino-Cy-Cs alkvl, {(Ci-Cg alkylamino)-
-Gy alioyl, di{C-Cy alky Damino-C-Cq alkyl, amino-C-Cg alkoxy, {(C-C¢ alkylamino)-
Ci-Ce alkoxy, di{C,-Cs alkybDamino-C-Cy alkoxy, hvdroxy-C-Cs alkyl, (C)-Cy alkoxy }-Cs-
Ce aliyl, carboxy-C - alkyl, [(C-Cq alkoxry)carbonyl]-C,-Cy alkyl, carbamoyh-C-Cq
alkyl, IN-{C-Co alkyDhearbamoyl]-C-Cs alkyl, INN-di{C-Cs alkvicarbamoy}Ci-Cg alkyl,
{C-Cg atkyhearbonylamine, N-{C-Cs alkyhicarbonyl-N-{C-Cs alkyamine, pyrrolidinyd,
piperidyl, and piperazinyl;

wherein the pyrrolidinyl, piperidyd, and piperazinyl defined as A" are optionally
substituted with a substituent selected from the group consisting of C-Ce alkyl, amino, Cy-
Ce alkylamino, di{C-Cs alkylamino, hydroxy, C-Cg alkony, pyreolidingl, piperidyl, and
pinerazinyl; and wherein the alkyl moiety of the group defined as Al is optionally
substituted with a substitnent selected from the group consisiing of amino, C-Cy
atkylamine, di(C-Cy alkyamino, hvdroxy, C-Cs alkoxy, pyrrolidinyl, piperidyl, and
piperazinyl;

X2 is selected from the group consisting of -CO-; and RY is selected from the

group consisting of Cy-Cy alkyl and C5-C5 cycloalkyl, which are optionally substituted with
one substituent selected from the group consisting of lydroxy and 2 halogen atom;

RY RS, and R are hydrogen atoms; and

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

in one aspect of the definitions of formula () indicated kereinbelore, the optional
substituent of Q' is selected from the group consisting of hydroxy, amine, di(C-Ce

alkybamino, C;-Cg alkyl, di(C-Cy alkyhamino-C-Cq alkyl, 4i(C-Ce alkyDamino-C-Cy
atkoxy, di{Cy-Cy alkiyhamino, {{amino-C-Cy alkyhearbonyllamine, N-(C,-Cy
aiyiipiperidyl, di(C-Cs alkyDaminc-pyrrolidin- 1 -vi, amino-pyrrolidin-1-vi, {pyrrolidin- i~
y-C1-Cp alkyl, (C-Cy alkyDamino-pipendin-1-vl, amino-piperidin-1-yl, hydroxy-C;-Cs
alkyi, {di(C-,—lcs atkyDaming-Ci-Cg atkyliaming, [4-(C,-Cq alkyl)-piperazin-1-yi}-Ci-Cq

alkyl, (piperazm- | -y-Ci-Cg alkyl, pyreelidinyicarbonyl-amine, (hydroxy-pyrrohidin-1-vi)-
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C;-Cs atkyl, morpholinyl-C-Cy alkyl, iN-(hydroxy-C;-Cyg alkyl}-N-(C-Cs alkyDamino}-Cy-
Cs allyl, and (CD: 1 N-C-Cy atkyl.
{n another aspect, X' is -NH-; and @' is selected from the group consisting of Cs-

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

"

or more substituents independently selected from A’

Alds independently selacted from the group consisting of hydroxy, amine, Ci-Cq
alkoxy, C1-Cs alkylamine, di{Cy-Ce alkyDamino, amino-Cy-Cq alkyl, (C-Cy alkylaminoe)-
Cy-Cp alliyl, di(C-Cy alkyDamino-C-Cy alkyl, amino-C-Cs alkoxy, (C-Cq alkylamino)-
C1-Cy alkogy, diC,-Cq alikylamino~-Cy~Cy alkoxy, hydroxny-C-Cq alkyl, (C-Cq alkoxy3-Cy-
10 Cgalkyl, carboxy-C;-Cs alkyl, [{C~C; alkoxyearbonyl]-Ci-Ce alkyl, carbamaoyl-C-Cy

alkeyl, [N-(C1-Cg alkyearbamoy}-C-Cy alkyl, [NN-dI(C,-Cq alkyDearbamoy-Ci-Cq alkyl,
{C-Cs alkyllearbonyiamino, N-{C;-Cq alkyhcarbonyi-N-(C-Cs alkyamine, pyrrolidinyt,
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 Cy-Cg alkyl, amino, Cs-
Ce alkylamine, dy{C-Cq alkyhamino, hydroxy, C-Cs alkoxy, pyrrolidinyd, 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-Cq atkylamine, di{C-Cy

20 alkyDamino, hyvdroxy, Ci-Ce alkoxy, pyrrolidinyi, piperidyl, and piperazinyi.
In another aspect, X' is NH-; ¢ is selected from the group consisting of
cyelohaxyl and pyridyt represented by the following formulae:
R@'i N R@gﬂ o
P ]
\\//j\ and P
wherein R” is amino-piperidin-1-y4, (C1-Cs alkyDamino- piperidin-1 -yl and di{Cy-
- et g e 1 b7 ; N .
25 Cyalkybamino-Cy-Cq atkyl; and R™ is selected from the group consisting of difC,-Cg

allylamine, and di{(C-Cy alkyhaming-Ci-Cy alkyl.  In one embodiment, k% is 3-amino-
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piperidin-1-yi 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-coniaining aromatic heterocyclyt such as pyrrolyl, pyrazolyl, and

mmidazolyl, and 3- to 10-membered nitrogen-containing non-aromatic heterooyvelyl such as

e

pyrrolidinyl, piperidyl, piperazinyl, and morpholinyl in which the nitrogen atom of the
heteroaryl or heterocyelyl attaches to the naphthylidine ring; wherein Q' is optionally
substituted with one or more substituents independently selected from A’

In still another aspect, X' is a direct bond; and @' is selected from the group
consisting of S~-membered nitrogen-containing aromatic heterocyelyl such as pyerolyl,
10 . pyrazolyl, imidazolyl, and 3~ to 10-membered nitrogen-containing non-aromatic
heteraoyeiyvi such as pyreolidingl, piperidyl, piperazinyl, and morpholiny! in which the
nitrogen atom of the heteroaryi or heterocyclyl attaches to the naphthyhidine ring; wherein
Q' is optionally substituted with one or more substituents independently selected from A';

alis independently selected from the group consisting of hydroxy, amimoe, C)-Ce

bant
W

alkoxy, C;-Cq alkylamino, di{C,-Cy alkyljamino, amino-Ci-Cq alkyl, (C-C alkylamine)-
Ci-Cg alkyl, di{C-Cq alkyDamino-C-Cs alkyl, aminoe-C-Cy alkoxy, {(C-Cs alkylamine)-

1-Cg alkoxy, di(C,-Cy alkyhamine-C-Cg alkory, hydroxy-C-Cy alkyl, (C-Cs alkoxy3-Cy-
Ce alkyl, carboxy-Ci-Cg alkyl, [{C-Cs alkoxy)carbonyti-C,-Cs alkyl, carbamoyi-Ci-Cs
alkyl, [NHC-Cg alkylcarbamoyiCr-Ce alkyl, [N,N-di{C-Cy alkylcarbamoyl}-Ci-Cy alkyl,
20 (C-Ce alkyDearbonylamino, NA(C,-Cy alkyhearbonyl-N-(C-Cy alkyhamine, 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-C; alkyl, amino, Cy-

Ce alkylamino, di{Cy-Cy alkyllamino, hydroxy, C1-Cy alkoxy, pyvrrolidinyl, piperidyl, and

.
Y

piperazinyl; and wherein the alkyl moiety of the group defined as A’ is optionally
substituted with a substituent selectad from the group consisting of amino, C1-Cs
atkyvlaming, di{C,-Cq allyllaming, hydroxy, C-Cg alkoxy, pyrrolidiny, piperidyl, and

piperazinyl.
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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 Ci-Cq alkyi and C3-Cy 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, hydroxymethyl and cyclopropyl,

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-diftuoro-4-hydraxyphenyl, and 3-chloro-3-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 group consisting of the
following compounds:

T-{-chloro-4-{irans-4-[{dimethylamineymethyllcyelchexylamine }-1,5-
naphthyridin-3- yhethanone;

15 1-{6-(3, 5-dichloro-d-hydroxyphenyl}-4-{frons-4-
{dimethylaminojcyclohexylaming]- L,5-naphthyridin-3-ylethanone;

{-{6-(3-chioro-5-fluore-4-hydroxyphenyiy4-{trans-4-{dimethylaminc)eyclohexyl-
amino}-1,5-naphthyridin-3-vi}ethanore;

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

28 Hdimethylaminomethyil- cyclohexylamino}-1.5-naphthyridin-3-vlmethanone;

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

[(dimethylamino methylicycio- hexylamino]-1,5-naphthyridin-3-
yiHeyelopropymethanone;

P-{6-(3,S-dichloro-d-hvdroxypheny-4-{{frans-4-[{dimethylamino)methyllcyclo-

25 bexyBlamino)-1,S-paphihyndin-3-yB ethanone;

i-{6-(3-chioro-5 -fluore-4-hydroxyphenyi-4-({1rans-4-
{{dimethylarnino)methyljeyeio- hexyiiamino}-1,5-naphthyridin-3-ylethanone;

1-{6-(3-chioro-4-hydroxy-5-methoxypheny}-4-{mrars-4-[{dimethylaminomethyl]-
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cyclehexylamino}-1, S-naphthyridin-3-vl)jethanone;
1-[6-(3,5-dichloro-4-hydroxypheny|}-4-( {trans-4-{2-
(dimethylamine)ethylloyclohexyl} - amino)-1, 5-naphthyridin-3-yljethanone;

E-{6-{3-chioro-S-fluoro-4-hydroxypheny -4~ {rans-4- [ 2-{dimethylaminc)ethyl]-

L

cyclobexylamino}-1,5-naphthyridin-3-yethanone;
i-{4-{prans-4-{{dimethylamino)methylcyelohexylaminog }-6-{4-hydroxy-3-
{trifluoro- methoxyiphenyll-1, S-naphthyridin-3-yhethanone;
2,6-dichlore-4-(8- {frans-4-[{dimethylaminoimethylicyclohexylamino} - 7-(methyl-
sulfonyi}-1,5-naphthyridin-2-yliphencl:
ig 6-{3-chlore-5-fuore-4-hydroxyphenyly-4-({trans-4-
[{dimethylaminoymethyljeyelo- hexyilamino}-3-maethyicoifonyi-1, S-naphthyndie;
6-{3-chlore-4-hvdroxy-5-methoxyphenyly-4-{frons-4-
[{dBimethylamino)methyljeyelo- hexylamino}-3-methylsulfonyl- 1, S-naphthyridine;
2,6~dichloro-4- { 8-Lrrams-4-{dimethylaminojeyclohexyiamino -7 -Onethylsolfonyi)-
15 1,5~ naphthyridin-2-v1} phenol;
2,6-dichloro-4-(8-{4-({dimethylamino)methylphenylamine)}-7-{methylsulfonyl)-
1,5~ naphthyridin-2-yijphenci;
2-chioro-4-(8-(4-{{dimethy laminc)methyDphenylamino)-7-(methylsulfonyl)-1,5-
naphthyridin-2-vi-6-fluorophenol;
20 2-chioro-4-(8-{4-({dimethylamino)methyiphenylamino - 7-(methylsulfonyli- 13-
naphthyridin-2-yh-6-methoxyphenol;
{-{6-(3,5-dichloro~4-hvdroxypheny)-4-(3-(2-{pyrrolidin- T-yDethyDphenylamino)-
{,5~naphthyridin-3-yethanone;
{-(6-(3~chloro-S-fluora-4-hydroxypheny!-4-(3-(2-{pyrrolidin- L -yhethylphenyl-
25 amino1,5-naphthyridin-3-yl)ethanone;
[-{6-(3,5-dichlore-4-hydroxypheny)-4-(6-(2 -{dimethylarine)-ethoxy hpyrdin-3-
yvi- amino)-1,5-naphthyridin-3-yijethanone;
1-(6-(3-chloro-5-fluoro-4-hydroxyphenyl}-4-(6-(2 -(dimethylamincjethoxypyridin-

~ ey
- r;‘"’l -
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3-ylamine}-1,S-naphthyridin-3-yijethanone;
1-{6-(3-chloro-d-hydroxy-S-methoxypheayi-4-(6-(2-
(dimethylaminojethoxy)pyridin- 3-yiamino 1, 5-naphthyridin-3-yDethanone;
2,6-dichloro-4-(B-(6-(2-{dimethylaminojethoxy pyridin-3-ylamino}-7-
{methyisulfony})-1,5-naphthyridin-2-yphenol;
2-chloro-4-(8-{8-(2-(dimethyiamino)ethoxy pyridin-3-ylamino}-7-
{methylsulfony- 1 S-naphthyridin-2-y{-6-fluorophenok;
2-chloro-4-{8-{&-{2-{dimethylaminothoxypyridin-3-ylamino)-7-
(methylsulfonyl}- 1,5-naphihyridin-2-y1}-6-methoxyphenol;
1-{6-(3,5-dichlore-4-hydroxypheny}-4-({ 1 ~methyipiperidin-4-ylmethylamino}-
1,5- naphthyridin-3-yljethanone;
1-(6-(3,5-dichioro-4~-hydroxyphenyi-4-{frans-4-{{dimethyviamino-dq)-
methyDeyelo- hexylamino)-1,5-naphthyridin-3-ylethanone;
1-{6-(3,5-dichloro~-4-hydroxyphenyl-4-(4-(2-{dimethylamino)-
ethylphenylamino}- 1,5-naphthyridin-3-yijethanone;
1-(6-(3-chloro-5-fluora-4-hydroxyphenyi4-(4-(2-
(dimethylaminojethyDphenviamine)-1,5-naphthyridin-3-yhethanone;
{-{6-(3-chlore-4-hydroxy-5-methoxyphenyiy-4-{4-(2-
{dimnethyiarainolethyDphenyl- amino-1,5-naphthyridin-3-yhethanone;
2-chlora-4-( 8-(trans-4-(dimethylaminoicyciohexylamine }- 7-{methylsulfonyvi- 1,5~
naphthyridin-2-yi}-6-fluorophenct;
1-{6-(3,5-dichloro-4-hydroxyphenyh-4-(1-{i -methylpiperidin-4-yi}- i H-pyrazot-4-
vi- amino}-1,5-naphthyridin-3-ylJethanone;
1-{6-(3,5-dichloro-4-hvdroxyphenyt}-4-{4-{{4-methylpiperazin-1-
yviymethyhphenyl- amino)-1,5-naphthyridin-3-yhethanone;
1-{6-(3-chioro~5-fluore-4-hydroxyphenyl}-4-(4-({(4-methylipiperazin- 1 -yDmethyi}-
phenyviamino)-1,5-naphthyridin-3-yijethanone;

1-{6-(3,5-dichloro-4-hydroxypheny4-{4-(2-{pyrrolidin- I-ylethyDpipendin- E-yi}-
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i,5-naphthyridin-3-ylethanone;
1-(6-(3-chloro-5-fluore-4-hydroxypheny D-4-{4-{2-(pyrralidin- L -yhethyDpiperidin-
i~ y[)-1,5-naphthyridin-3-yhethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyl -4-{6-(2-{dimethylaminoJethyiaminolpyndin-
5 3~ ylamino}-1,5-naphthyridin-3-yl)ethanone;
1-{6-{3-chioro-5-flucre~-4-hydroxypheny D-4-(6-(2-(dimethylaminojethylamino}-
pyridin-3-ylamino)-1, 5-naphthyridin-3-ylethanone;
{(S3-(4-(6-(3-aminopipertdin- | -ylpyridin-3-ylamino}-6-(3,5~dichloro-4-hydroxy-
phenyli |, S-naphthyridin-3-yD{cyclopropy b imethanone;
i0 {-(4-(2-(3-amunopyrrolidin- -yDpyrimidin-5-ylamino}-6-(3,5-dichloro-4-hydroxy-
phenyir L S-naphihyridie-3-yDethaoune;
t-{4-{frans-4-{{dimethylaminoymethyijoyclohexylamino} -6-( 1 H-pyrazol-4-yi}-1,5-
naphthyridin-3-yljethanone;
1-(6-(3,5-dichloro-4~-hydroxyphenyiy-4-{{frans-4-
1S (hydroxymethyleyelohexyllaminot- | 3-naphthyridin-3-yijethanone;
}-{6-(3,5-dichloro-4-hiydroxyphenyi -4~ {frans-4-
[{dimethylaminoymethyljeyclohexyl- amino}-1,5-naphthyridin-3-yt}-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-[{ 1 -methvipiperidin-4-yDaminc}-1,5-
naphthyridin-3-yi}ethanone;

P-{6-(3,5~-dichloro-4-hydroxyphenyl-4-{ [frans-4-(morpholinomethyDoyclchexyi]-
amino}- 1,5-naphthyridin-3-ylethanone;

I-{6-(3,5-dichloro-4-hydroxypheny-4-{frans-4- {1 (2-
25 hydroxyethyl¥methyDamino}- methyl} eyciohexylamino)-1,5-naphthyridin-3-y1}-ethanone;

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

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

A I
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[(dimethylamino)methyl]cyclohexyl- amino +-1,5-naphthyridin-3-yl)ethanone;

1-(6-(3,5-dichloro-4-hydroxyphenyl)-4- {6-[3-(dimethylamino)pyrrolidin-1-
ylIpyridin- 3-ylamino}-1 ,9-naphthyridin-3-yl)ethanone;

1-(6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4- {6-[3-(dimethylamino)pyrrolidin-1-
yl]- pyridin-3-ylamino}-1,5-naphthyridin-3-yl)ethanone;

1-(6-(3,5-dichloro-4-hydroxyphenyl)-4- {6-[3 -(methylamino)pyrrolidin-1-y
lIpyridin-3- ylamino}-1,5-naphthyridin-3 ~yl)ethanone;

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

1-(6-(1H-benzo[d}imidazol-5-yl)-4- {trans-4-[(dimethylamino)methyl]cyclohexyl-
amino}-1,5-naphthyridin-3-yl)ethanone;

1- {4-[4-(trans-4-dimethylamino)methylcyclohexylamino]-6-(pyridin—4-yl)- 1,5-
naphthyridin-3-yl}ethanone;

5-(7-acetyl-8-{trans-4-[(dimethylamino)methyl] cyclohexylamino}-1,5-
naphthyridin- 2-yl)pyrimidine-2-carbonitrile;

1-(6-(3,5-dimethyl-1H-pyrazol-4-y1)-4- {trans-4-[(dimethylamino)-methyl]-
cyclohexylamino}-1,5-naphthyridin-3-yl)ethanone;

1-(4- {trans-4-[(dimethylamino)methyl]cyclohexylamino} -6-(4-hydroxy-3,5-
dimethyl- phenyl)-1,5-naphthyridin-3-yl)ethanone;

1-(6-(3,5-dichloro-4-hydroxyphenyl)-4- {6-[3 -(dimethylamino)pyrrolidin-1-
yllpyridin- 3-ylamino}-1,5-naphthyridin-3 -yl)ethanone;

1- {6-(3,5-dichloro-4-hydroxyphenyl)-4-[trans—4-(pyrrolidin-l -ylmethyl)-
cyclohexyl- amino]-1,5-naphthyridin-3-yl} ethanone;

1-(6-(3 -chloro-5-fluoro-4-hydroxyphenyl)-4-{[ trans-4-(pyrrolidin-1-
ylmethyl)cyclo- hexyljamino}-1,5-naphthyridin-3 -yl)ethanone;

1-(6-(3,5-dichloro-4-hydroxyphenyl)-4- {trans-4-[(4-methylpiperazin-1-yl)-
methyl]- cyclohexylamino}-1,5-naphthyridin-3 -yl)ethanone;

1-(4-{[6-(3-aminopiperidin-1 -yDpyridin-3-ylJamino }-6-(3,5-dichloro-4-hydroxy-
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pheny-1, S-naphthyridin-3-vijethanone;
i -{4-{[6-(G-aminopiperidin-1 -yDpyridin-3-yHamino}-6-3-chloro-5-fluore-4-
hydroxy- phenyl}-1,5-naphthyridin-3-ylethanone;
i-{4-{rrans-(4-aminocyelohexyhDamino-6-(3,5-dichloro-4-hydroxvphenyi - 1,5-
5 paphthyridin-3-yi}ethanone;
- {4-{trans-(4-aminocyciohexyDamino]-6-(3-chloro-3-fluoro-4-hydroxyphenvi)-
1,5~ naphthyridin-3-yi} ethanone;
i-{6-(3-chioro-5-fluoro-4-hydroxypheny-4- {irans-4-{(4-methy piperazin- 1-yi}-
methylicyclohexylamino} -1, S-naphthycidin-3-yjethanone;
i0 N-{#rons-4-{13-acetyl-6-G-chloro-5-flucro-4-hydroxypheny)-1, S-naphthyridin-4-
vi} amino}eyclohexyly2-amine-3-methytbutanamide;
1-{6-(3,5-dichloro-4-hvdroxyphenyl}-4-{trans-4-{piperazin- i -ylmethyly
cyciohexyl- aminol-1,5-naphthyridin-3-yl}tethanone;

{8} 1-(4- {{6-(3-aminopipenidin- | -ylpyridin-3-vilamino}-6-(3,5-dichloro-4-

{5 hydroxy- pheny-1, S-naphthyridin-3-ylethanone;
(8} 1-{4-{i6-3-aminopiperidin- I~y pyridin-3~-vi]amino | -6-(3-chloro-5-fluore-4-
ftydroxyphenyh)-1, S-naphthyridin-3-y Dethanone;
N-{#rans-4-[3-acetyi-6-(3,5-dichloro-4-hydroxypheny}-1, S-naphthyridin-4-
ylamino}- cyclohexyl}-2-aminopropanamide;
20 N-{4-[3-acetyl-6-(3-chioro-5-fluoro-4-hydroxyphenyil- 1. 5-naphthyridin-trons-4-

vl- aminojeyelohexyl} -2-amincpropanamide;
{S)-M-{4-[3-acetyl-6-(3.5-dichioro-4-lydroxyphernyi}- 1, 5-naphthyridin-frans-4-yi-
arninojeyclohenyl} pyrrolidine-2-carboxamide,
{S)-N-{4-[3-acetyl-6-(3-chloro-5-fluore-4-hydroxygheny - 1.5 -naphthyridin-irans-
25 A~ ylaminojeyclohexyl}pyrrolidine-2-carboxamide;
1-{6-(3-hydroxypyrrolidin- 1 -y [)-4- {trans-4-[{3-hydrouypyrrolidin-1 -
yhmethyteyeio- hexylamine}-1, S-naphihyridin-3-yijethanone;

t-{&-{pyrrahidin-1-yi}-4-[frans-4-(pyrrolidin- 1 -vimethyl}-cyclohexylamino}- 1,5-

.17 -
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naphthyridin-3-yl}ethanone;

N-{traris-4-[3-acetyi-6-(3, S-dichloro-4-hydroxyphenyl)- 1, S-naphthyridin-4-
viamino]- cyclobexyli-Z-armine-3-methylbutasamide;

cyclopropyl{6-(3,5-dichloro-4-hvdroxypheny-4-[irans-4-
{(dimethyiamino)eycichexyl- amino}- 1, 5-naphthyridia-3-yi methanone;

1-[6-(3-chiora-5-fluoro-4-methoxyphenyi)-4- {frans-4-[{dimethylaminc)methyl]-
cyeiohexylamino}-1,S-naphthyridin-3-yijethanone;

1-{4-{trons-4-{{dimethylaminoimethylicyclobexylamino } -6~ 1 H-pyreelo{2,3-b}-
pyridin-5-yi)-1,S-naphthyridin-3-yljethanone;

{8)-{4-[6-{3-aminopiperidin- 1 -yDpyridin-3-ylaminc}-6-(3-chloro-5-fluoro-4-
hydroxy- phenyli-1,5-naphthyridin-3-yi H {cyclopropyhmethanone;

1e{4- {trans-4-[{dimethylaminomethyloyclohexylaming }-6-(4-methoxyphenyl)-
1,5- naphthyridin-3-yljethanone;

i-[6-(3,5-dichlor-4-methoxyphenyl)-4-{#roms-4-

[(dimethylaminomethylicyelohexyl- amino}-1,5-naphthyridin-3-yljethanone;

i~{4-{trans-4-[{dimethylaminoymethyljeycichexylarine §-6-(6-hydroxypyridin-3-
v} 1,5~-naphthyridin-3-yijethanone;

5-{T-acetyl-8-{frans-4-{{dimethylaminomethyvlicyciohexylamino}-1,5-
naphthyridin-2- yhpicolinonitrile;

P-{4-{trans-4-[{dimethylaminoimethyilcycichexylamino}-6-(4-hydroxyphenyi)-
1,5~ naphthyridin-3-yDethanone dihydrochior

1-[6-(3,5-dichloro-4-hydroxyphenvi}-4- {{trans-4-
{dimethylarainojeyclohexyllmethyl- amino}-1,5-naphthyridin-3-yijethanone;

1-[6-(3-chloro-5-flucro-4-hydroxyphenyl)-4- {{trans-4-
{dimethylamino)eyclohexyl}- methylamino}-1,5-naphthyridin-3-yijethanone;

1-[6-(3,5-dichloro-4-hydroxyphenyt-4-(rans-4-hydroxyeyclohexylamino)- 1,5
naphthyridin-3-yijethanone;

1-[6-(3-chloro-5-fluore-d-hydroxy pheny D-d-{grans-d-hydroxyeyelohexyiamino)-

P
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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-hydroxypheny-4-( {cis-4-[{dimethylammoimethyl]-
eyclohexyliamino}-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-y1} ethanone;

1+ {4-[6-C-aminopipenidin- Ty hpynidin-3 -ylamino}-6-{3-chlore-S-fluoro-4-
hydroxyphenyl)-1, S-naphthyridin-3-vl} ethanone;

and pharmaceutically acceptable salts thereof,

According to another aspect of the invention, there is provided & compound
representod by formula (I) or a pharmaceutically acceptable 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-((dirnethylaminoyncthyl)-
cyclohexylaming)-1, S-naphthyridin-3-v1} methanone;

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

1-(6-(3,5-dichloro-4-hydroxyphenyl-4-((4-({dimethvlaminoimethyllcyelohexyl)-
amno)-1,5-naphthyridin-3-v1) ethanone;

1-(6-(3-chloro-5-fluoro-4-hydroxyphenyi-4-{(4-
{{dimethylaminoymethyhoyclohexyl)- amino)-1,5-naphthyridin-3-y1) ethanone;

1-(6-(3,3-dichloro-4-hydroxyphenyl)-4-((4-(2-(dimethylaminojethy Deyclohexyl)-
amino}-1,5-naphthyridin-3-y1) sthanone;

(4-(6-(3-aminopiperidin-1-yD)pyridin-3-ylamino)-6-(3.5-dichloro-4-
hydroxyphenyl)- 1,5-naphthyridin-3-y{cyelopropylimethanone;

1-{6-(3,5-dichloro-4-hydroxyphenyl)-4- {irans-4-[{dimethylaminoymethylleyclo-
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hexylamino}-1,5-paphthyridin-3-vi}-2-hydroxyethanone;
1-{4-(6-(3-aminopiperidin-1-yDpyridin-3-ylamino}-6-(3,5-dichioro-4-
bydroxyphenyl)- 1,5~-naphthyridin-3-yhethanone;
1-{4-(6-(3-aminopiperidin--ylpyridin-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-naphthyridin-3-y{ethanone;
{4-[6-{3-aminopiperidin-1 -yDpyridin-3-ylamino}-6-(3-chloro-5-fluoro-4-hydroxy-
pheayl}-1, S-naphthyridin-3-v1} {cyclopropyl) methanone;
1D {-{4-16-(3-aminopipendin- L-yDpyridin-3-ylamino}-6-3,5-dichlore-4-hydroxy-
pbeoyli-1,5-naphthyridin-3-yiethanons;
1-{4-{6-(3-ammopipenidin-1-yhpyridin-3-ylamino}-6-3-chiore-5-fluoro-4-
hydroxyphenyl}- 1, 5-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 (I}

Q1
w/\LN RZ

or a pharmaceutically acceptable salt thereof according 1o any one of above-mentioned (1)

3
N 2ot op? ool 4 e e
to {12}, wherein ¥ i NH-; and X% R, RY R’ and R are the groups as defined in any one
20 of above-mentioned (1) to (10} or in the other descriptions hereinbefore, which corprises:

reacting a compound represented by formula (IVY):
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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
reprosented 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 ([1):

Q.‘;

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

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

preparing a compound of formula (I

or a pharmaceutically 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 in one of above-mentioned (1) to (10} or in the other descriptions

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

X12
11 2
RN RE
RB

w2 ol p? opd o e~ :
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 chlorine 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 G

1
Q\X‘
11 2
X l,N TJ‘\IXNRH
REY N R?
3
16 R (; and
reacting a compound represented by formula (3
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, X RV, R R, and R are the groups as defined above, with the
. . N 11
proviso that the groups may have one or more profecting groups, and X' 'is a halogen atorm;

15 with a compound represented by formula (111

_16-
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wherein R’ is as defined above with the proviso that the group of R® may have one
or more protecting groups; and R>' and R¥ are independently selected from the group
consisting of C)-Cs alkyl, or R* and R* together with the boron atom to which they are
attached forms 5- to 7-membered cyclic boronic acid ester optionally substituted with one
or more substituents independently selected from the group consisting of C,-Cg alkyl.

In one aspect, the protecting group to protect -NH- and/or -NH, is selected from
the group consisting of C;-Cs alkylcarbonyl (e.g. acetyl), C1-C¢ alkoxycarbonyl (e.g.
methoxycarbonyl, ethoxycarbonyl, and tert-butoxycarbonyl), phenyl(C;-Cs alkoxy)carbonyl
(e.g. benzyloxycarbonyl), (C;-Cs alkoxyl)C;-Cs alkyl (e.g. methoxymethyl), phenyl(C,-Cy
alkoxy)methyl (e.g. benzyloxymethyl), and (phenyl)C,-Cy alkyl (e.g. benzyl), and the
protecting group to protect hydroxy is selected from the group consisting of C;-Cg
alkylcarbonyl (e.g. acetyl), C-Cy alkoxycarbonyl (e.g. methoxycarbonyl, ethoxycarbonyl,
and tert-butoxycarbonyl), phenyl(C;-C alkoxy)carbonyl (e.g. benzyloxycarbonyl), (C;-Cq
alkoxyl)C;-Cs alky! (e.g. methoxymethyl), phenyl(Cy-Cs alkoxy)methyl (e.g.
benzyloxymethyl), (phenyl)C,-Cs alkyl (e.g. benzyl), tri(C;-Cy alkyDsilyl (e.g.
trimethylsilyl, and tert-butyl-dimethylsilyl), di(C;-C alkyl)phenylsilyl, (C,-C,
alkyl)diphenylsilyl, and triphenylsilyl. Furhter, the carboxy group may be protected with
C,-Ce alkyl (e.g. methyl and ethyl), (phenyl)C,-Cs alkyl (e.g. benzyl), (C-C alkoxyl)C-Cs
alkyl (e.g. methoxymethyl) or phenyl(C,-Cs alkoxy)C,-Cs alkyl (e.g. benzyloxymethyl) to
form the corresponding ester.

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

represented by formula (I1) or a pharmaceutically acceptable salt thereof:

-37-
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wherein Ql, Xl, X%, RY, Rz, R®, 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;-Cy
alkylcarbonyl (e.g. acetyl), C;-Cg alkoxycarbonyl (e.g. methoxycarbonyl, ethoxycarbonyl,
and tert-butoxycarbonyl), phenyl(C,-Cg alkoxy)carbonyl (e.g. benzyloxycarbonyl), (C;-C
alkoxyl)C;-Cs alkyl (e.g. methoxymethyl), phenyl(C;-Cs alkoxy)methyl (e.g.
benzyloxymethyl), and benzyl; and X'' is a halogen atom.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is composed of a series of graphs, (a)-(e), depicting In vitro anti-
proliferative activity of Compound Example 6. The graphs indicate growth inhibition
curves of Compound Example 6 for various types of human cancel cell ling; (a) A549 (lung
cancer), (b) T47D (breast cancer), (¢) DU4475 (breast cancer), and (d) 22Rv1 (prostate
cancer) cells, in which MELK is highly expressed, as well as (e) HT1197 (bladder cancer)
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 Example 6 on the growth of various human cancer
xenograft. Nude mice bearing (a,b) MDA-MB-231 (triple-negative breast cancer), (¢c,d)
A549 (lung cancer), (¢) DU145 (prostate cancer), or (f) MIAPaCa-2 (pancreatic cancer)
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-23 1;(c) 1, 5, or 10 mg/kg
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 (f) 10 mg/kg orally once a day for MIAPaCa-2. Mean
- 38 -
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tumor volumes = SD (n = 6 for each treatment group) are shown. (g) Lysates of tumor
samples taken from A549 and PC-14 xenograft mice were immunoblotted with anti-MELK
and anti-ACTB antibodies. (h) Compound Example 6 was administered to nude mice
bearing PC-14 (MELK -negative bladder cancer cells) at a dose of 10 mg/kg orally once a
day. Mean tumor volumes = SD (n =3 per group) are shown. i.v. q.2d; intravenously
once every two days, i.v. q.d.; intravenously once a day, p.o. q.d.; orally once a day.

Figure 3 is composed of a series of graphs, (a)-(D), depicting the Effect of Example
6 on body weight for mice xenograft models. Nude mice bearing (a,b) MDA-MB-231
(MELK-positive, triple negative breast cancer), (¢,d) A549 (lung cancer), (e) DU145
(prostate cancer), or (f) MIAPaCa-2 (pancreatic cancer) cells were administered either
vehicle control or Compound Example 6 for 14 days. Mean relative body weights + SD {n
= 6 per each treatment group) in comparison with the mean body weight just before the
administration (day 0) 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; (¢) 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
intravenously once a day in A549; (d) 0.99 for 5 mg/kg orally once a day, and 0.98 for 10
mg/kg orally once a day in A549; (e) 0.96 for 10 mg/kg orally once a day in DU145; (f)
0.97 for 10 mg/kg orally once a day in MIAPaCa-2. iv. q.2d; intravenously once every
two days, i.v. q.d.; intravenously once a day, p.0. q.d.; orally once a day.
DESCRIPTION OF EMBODIMENTS

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

Hereinafter, a compound represented by formula (I) will be referred to as
compound (I). The same applies to the compounds represented by the other formula

.39.
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numbers. It must be noted that as used herein and in the eppended claims, the singular
forms “a”, “an”, and “the” inchude plural reference unless the context clearly dictates
otherwise. Thus, for example, reference to a “group” is a reference (o one or wore 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 alkylaming”, “di(Cy-Cs
alkyDamino”, (C,-Cs alkybearbonyl and the like mean a straight-chain or branched-chain
ality! group having one to six carbon atoms.  Specifically, examples of the “Cy-Cq alkyl”
and the "Cy-Cq alkyl portion™ include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-

18 butyl, tert-butyl, pentyl, T-methylbutyl, T-ethylpropyl, 2-methylbutyl, isopentyl, tert-pentyl,
1, 2-dunethylpropyl, neopentyl, hexyl, I-methylpentyl, T-ethyibutyl, 2-methyipentyl, 3-
methyipentyl, 4-methyipenivl, ischexyl, 1,1-dimethyibutyl, 1,2-dimethylbutyl, 13-
dimethylbutyl, 1-isopropyipropyl, I-ethyl-1-methylpropyl, 2,3-dirnethylbutyl, 3,3-
dimethylbutyl, 2, 2-dimethytbutyl, Z-ethylbutyl, and 3-ethylbutyl, but are not limiied thereia.

15 The “Cy-C atkenyl”, and the C;-Cy alkenyl portion of “Co-C, alkenvioxy” and the
like mean a straight-chain or branched-chain alkeny! group having two to six carbon atoms
and one o three double bonds.  Specifically, examples of the “C,-Cq alkeny!” and the “Cy-
Ce atkenyl portion” inclode cthenyl (vinyl), T-propen-1-vl, 2-propen-1-yl (allyh), propen-2-
yi, T-buten-1-yl, 2-buten-1-vi, 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-Cs alkynyloxy” and the
jike mean a straight-chain or branched-chain allkyny! group having two to six carbon atoms
and one to three triple bonds.  Specifically, examples of the “Ci-Cs alkyny!” and the “Cy-
Cs alkynyl portion” include ethynyl, I-propyn-1-yl, Z-propyn-1-vl (prapargyi}, propyn-2-vi,

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

2
h

in this specification, the Cy-Cq alkyl portion in each group has the same definition
as the aforementioned “C-Ce alkyl portion” unless otherwise noted. 1o a case that & group
containe phural C-Cy alkyl portions, the C;-Cy alkyl portions raay be same or different,

Specific examples of “Ci-Cs alkoxy™ mclude methoxy, ethony, propoxy,

_40-
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isopropoxy, ischutyloxy, tert-butyloxy, butoxy, pentyloxy, and hexyloxy, but are not limited
thersto.
The “C}-Cs alkoxycarbony!” refers to a monovalent group represented by -
CE=0Y0-{C-Ce alkyl). Specific examples of “C1-Cy alkoxycarbonyl” inchude
5 methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl,
tsobutyvioxycarbonyl, tert-butoxyearbonyl, butoxyearbonyl, pentyloxycarbonyl, and
hexyloxycarbonyl, but are not Himited thereto,
The “{(C1-Cg alkyDearbonyi” refers 1o 2 monovalent group represented by -C{=0})-
(-5 alkyl).  Specific examples of “C-Cy alkylearbonyl” include meethylcarbonyl (Le.
16 acetyl), ethylcarbouyl, propylearbonyl, isopropyloarbonyl, isobutylearbonyl, tert-
butylearbonyl, butylcarbonyl, pentylcarbonyl, and hexylearbonyl, but are not Himited thersto.
Specific examples of “C,-Cs alkylaming” inchide methylamino, ethylamine,
propylamino, isopropylamino, butylamino, iscbutylaminoe, sec-butylamino, and tert-
butylamino, pentylamino, but are not limited thereto.
15 The alkyi portions of “dy(,-C alkylaming” may be same or different.  Specific
examples of “di{C-Cy alkylamine” include dimethylamino, diethylamino, dipropylamino,
diisepropylamino, dibotylamine, diiscbutylamino, di(sec-butyllamino, ditert-butylamino,
dipentylamine, ethyl{methyDamino, propyi{methyDamiog, isopropyl{methylamino,
butyl{methyhamino, iscbutyimethylamino, sec-butyl{methyljamino, tert-
20 butyl{methybaming, and pentyi{methyDamino, 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,-Ce alkylthio” such as methyithio, ethylthio, and isopropylthio,
-Gy alkylsulfonyl” such as methylsulfonyl, ethylsulfonyl, and isoprepylsulfonyl, and

“Cy-C alkylsulfinyl” such as methylsulfinyl, ethylsulfinyl, and isopropylsulfinyl, but are

N
h

not fimited thereto.  This will apply 1o definitions of the formulae (03, R, and -$(0), K.
Specific examples of “a halogen atom” include a fluorine, a chlorine, a bromine,
and an iodine atoms.
The term “Ci-C g eyeloalky!” refers to a saturated monocyclic hydrocarbon group
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having three to ten carbon atorns, and a bridged cyclic hydrocarbon group having four (o ten
carbon atoms which is formed when two or more saturated monocyclic hydrocarbons share
two or more carbon atoms.  The term “Cy-Cyg cycloalkyl” also encompasses a cycloalkyl
group condensed with an aromatic or non-aromatic carbocyclic ring to form a bicyclic
group.  Specifically, examples of “Cy-Cyq cycloaliy?” include saturated monoeyelic
hydrocarbon groups such as cyclopropyl, eyelobutyl, cyclopentyl, cyclobexyl, cyclohepty,
and eyelooetyl, and bridged cyclic hydrocarbon groups sach as adamantyl, but are not
fimited thersto,

The term “Ce-Crp aryl” refers to an aromatic carboeyclic group having six to ten
carbon atoms, and encompasses an aromatic carbocyelic group condensed with an aromatic '
or nop-aromatic carbocyclic riog to foro a bicyclic group.  Specific examples include
phenyl, -naphthyl, 2-naphthvyl, and 2.3-dihydro- 1H-indenyl, but are not Hmiied thereto.

The term “5- to 10-membered heteroaryl” refers to an aromatic heterocyelic group
having one or more heteroatoms, preferably one to three heteroatoms, selocted from the
group consisting of a nitrogen atom, an oxygen astom, and a sutfur atom.  The term “5- o
{0-rmembered heteroaryl” encompasses an aromatic heterocyclic group condensed with an
aromatic or non-aromatic sarbocyclic ring or an aromatic or nop-aromatic heterocychie ring
to form a bicyelie group, and also encompasses an aromatic carboeyelic group condensed
with an aromatic or non-aromatic heterocyclic ring to form a bicyelic group,  Specific
examples include furyl, thisnyl, pyrrolyl, imidazolyl, pyrazolyi, oxazolyl, isoxazolyl,
oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl, triazolyl, tetrazolyl, pyridvi, pyridazinyl,
pyrimidinyl, pyrazinyl, triazinyl, benzofuranyl, benzothiophenyl, benzoxazolyl,
benzathiazolyl, isoindolyl, indolyl, 1H-indazolyl, benzimidazolyl, benzoidazoly,
oxazolopyrunidinyl, thiazolopyrimidinyl, pyrrolopyridinyl, pyreolopyrimiding,
imidazopyridinyl, purinyl, quinelinvi, isoguinolinyl, cinnolinyl, phthalazinyl, quinazolinyi,
guinoxalinyl, naphthyridinyl, pyridopyrimidinyi, {1,2,4] triazolol 1,5-a]pyridyl, and
pyrrolo[2,3-blpyridyl, but are not limited thereto.  Particularly, thienyl, pyrroly],

imidazolyl, soxazolyl, pyridy!, pyrimidinyl, pyrazolyl, 1H-indazolyl, benzimidazolyl,

A
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[1.2 4%riazolo]1,5-alpyridyl, or pyrroloi2,3-blpyridyl is preferred.
H P P pyniaytis p
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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 nifrogen atom, an oxygen atom, and a sulfur atom.

o

The term “3- to 10-membered non-arcmatic heterocyelyl” encompasses a non-aromatic
heterocyclic group condensed with an aromatic or non-gromatic carbocyelic ring or an
arematic or non-aromatic heterocyclic ring to form a bicyclic group, and also encompasses
a non-aromatic carbocyelic group condensed with an aromatic or non-aromatic heteroeyelic
ring to form a bicyclic group.  Specific examples include azindinyl, azetidinyl,
pyrrolidinyl, piperidy! (including piperiding), azepanyl, 1,2,5,6-tetrabydropyridyl, 1,2,3,6-
tetrahydropyridyl, imidazolidinyl, pyrazolidinyl, piperazinyi, homopiperazinyl, pyraeotinyd,
oxiranyl, tetralivdrofuranyl, tetrahydro-ZH-pyranyl, 5,6-dihydro-2H-pyranyl, oxazolidinyl,
morpholinyl {(including morpholino), tetrahydrothiophenyl, tetrahiydro-2H-thiopyranyl,
thioxazolidinyl, thiomorpholinyl, 2H-oxazolyl, 2H-thioxazolyl, diliydroindolvl,
dibydrotsoindolyl, dihydrobenzofuranyl, benzoimidazobdinyl, 2, 3-dihydrobenzinidazoliyl,

2,3-dihydrobenzoxazolyl, diliydrobenzothioxazolyl, benzedioxolinyl, tetrahydroquinotyl,
tetrahydroisoquinoiyl, dibydro-2H-chromanyl, dibydee- TH-chromanyi, dibydro-2H-
thiochromanyl, dilydro- 1H-thiochromanyl, tetrahydroquinoxalinyl, tetrahydroquinazotinyl,
dihydrobenzodioxanyl, oxetanyl, 1,2-dihydropyridyl, 1-azabicyclo{2.2.2]octan-3-vi, 2,5-
azabicyclo[2.2.1theptyl, 8-azshicyclo[3.2. 1 loctyl, piperidin-4-spira-3 -pyrrolidin- 1 -vl, and
isoindolyl, but are not limited thereto.  In particular, azetidinyl, pyrrolidinyl, piperiding,
piperidyl, piperazinyl, morpholine, morpholinyl, 1,2-dilyvdropyridyl, 1.2,5,6-
tetrahydropyridyl, t~azabicyclol2.2.2)octan-3-vl, 2,5-azabicyclo[2.2.1 Theptyl, 8-
azabicyclof3.2. octyl, 2,3-dihydrobenzimidazoivl, or pipendin-4-spiro-3"-pyrrofidin-1-yl
is preferred.

i)'}

The term “3- to 10-membered nitrogen-containing heterocyely!” refers to an
arornatic or non-arematic heteroeyclic group having one nitrogen atont and one or more

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

- 43 .
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consisting of a nifrogen atom, an oxygen atom, and a sulfur atom.  The term “3- 1o 1§-
membered nitrogen-containing heteroeyclyl” encompasses a heterocvelic group condensed
with an aromatic or non-aromatic carbocyclic ring or an aromatic or non-arematic
heteroeyelic ring to form a bicychic group,  Specific examples include azinidinyl, azetidinyl,

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

Specific examples of “(Ca-Cp cycloalky -0 -Cg alkyl” include (Ch-Cig
cycloalkyl}-Ci-Cy alkyl, namely (C3-Cip oycloalkyD-methyl such as cyclopropyimethyl,
cyclobutylmethyl, cyciopentylmethyl, cyciohexyimethyl, cycloheptyimethyl and

10 cyclooctylmethyl 1-(Cs-Cyg cyeloalkyi}-ethyl such as T-cyclopropylethyl, loyclobutylethyl,
I-cyclopentylethyl, T-cyclohexylethyl, I-cyclobeptylethyl and 1-cyclooctylethyl; and 2-(Cs-
Cip eycloalkyii-ethyl such as 2-cyclopropylethyl, 2-cyclobutylethyl, 2-cyclopentyiethyl, 2-
cyclohexylethyl, 2-cycloheptylethyl and 2-cyelooctylethyl.  Specific examples of “{Ce-Cyy

ry1}-Ci-Cs atkyl” nclude {Co-Crp arvl}-Cy-Cr alkyl, namely {Ce-Cro aryi-methyl, such as

7

o

15 benzyi, 2-phenyvlethyl and t-phenylethyl.  Specific examples of (5- to 10-membered
heteroaryD)-Cy-Cs alkyl inclade (5- (¢ 18-membered heteroaryD)-C-C; alkyl, namely (3~ {0
td-membered heteroary)-rmethyl such as pyridylmethyl, namely pyridin-2-ylmethyl,
pyridin-3-ylmethyl, and pyridin-d-ylmethyl.  Specific examples of “(3- to 10-membered
non-aromatic heterceyelyi)-Ci-Cg atkyl” include namely (3- to 10-membered non-aromatic

20 heterocyelyl)-C;-C; alkyl, (3- to 10-membered non-aromatic heterocyclyD-methyl such as
piperidylmethyl, namely piperidin-1-yimethyl {i.e. piperidinomesthyl), piperidin-2-yimethyi,
piperidin-3-yimethyi, and pipendin-4-yimethyl; piperazinylmethyl, namely piperazia-1-
yimethyl, and piperazin-2-ylmethyl; and morpholinylmethvl, namely morpholin-2-yimethyl,
morpholin-3-yimethyl, and morpholin-4-yimethyl {i.e. morpholinomethyl).

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

aminoethyl, l-aminopropyl, 2-aminopropyl, 3-aminopropyl.  Specific examples of (C,-C4

alkylaming)}-C-Cs alkyl include (methylamino)-C,-Cg alky! such as (methylaminomethyl,

t-{rethylarmino)ethyl, 2-(methylaminojethyl, 1-(methylamine)propyl, 2-
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{methylamino)ipropyl, 3-tmethylamino)propyl, and (C-C; aliylamino}-methyl such as
{methylamineymethyl, {ethylaminoimethyl, (propylaminoimethyl, {(isopropylamine ymethyl,
(butylamino)methyl, (isobutylaminoimethyl, (sec-butylamine)methyl, (tert-

butylamino)methyl, and (pentylaminoknethyl, but are not limited thereto.  Specific

U

examples of di{fC;-Cy alkyhamino-Cy-Cq alkyl inchude (dimethylamino)}-C,-Cy alkyl such as

{dimethylamino)methyl, 1-(dimethylaminolethyl, 2-(dimethylamino)ethyi, 1-

{dimethylaminopropyl, 2-{dimethylamino)propyl, 3-{dimethylarinc)propyl, and d{{C;-C

alkyhamino-methyl such as (dimethylaminoymsthyl, (disthylaminolethyi,

{dipropylarsinoymethyl, (diisopropylamine)methyl, (dibutylamino)methyi,

10 (diisobutylaminoymethyl, [di{sec-butyDamino]-methyl, {{tert-butyljarninojmethyl,
(dipentylaminoyoethy, [ethyl{raethybamino Jmethyl, {propyl{methyhaminojmethyl,
Uisopropy{methyDaminolmethyl, [botyl(methyDamincimethyi,
[isobutylmethyDaminolmethyl, [sec-butyl(methyDamincimethyl, [tert-
putyl{methyDaminolmethyl, and [pentyl(rmethyllaminoimethyl, but are not limited thereto,

15 Specific examples of amine-C-Cq, alkoxy include aminomethoxy, 1-aminoethoxy,

2-arainoethony, 1-aminopropoxy, 2-aminopropoxy, J-aminopropoxy.  Specific examples

of (C1-Cy alkylamine - -C5 alkoxy melude (methylamino-C1-Cq altkoxy such as

{raethylamisoknethoxy, |-(methyvlamineethory, 2-(methylamino)ethoxy, 1-

{methylaminojpropoxy, 2-(methylaminoipropoxy, 3-(methylamino)propoxy, and (C-Cq

2
<

gikylamino)-methoxy such as {methylaminoc)methoxy, {ethylammoimethoxy,
{propylaminoymethoxy, (isopropylaminoimethoxy, (butylaminomethoxy,
(isobutylaminoymethoxy, (sec-butviammnoimethoxy, (tert-butylaminoymethoxy, and
{pentylamino)methoxy, but are not Himited thereto,  Spenific examples of di{C-C,
atkylamino-C,-Cs alkoxy include (dimethylamino)-C-Cg alkoxy such as

25 (dimethylamino)methoxy, -(dimethylaminolethoxy, 2-(dimethylamino)ethoxy, 1-
{dimethylamino)propory, 2-(dimethylaminoiprepoxy, 3-{dimethylamine)propoxy, and
di(Ci-Cs alkyDamino-methoxy such as (dimethylaminoymethoxy, {(diethviamino ymethoxy,

{dipropylaminoymethoxy, {dilsopropylamino)methoxy, (dibutylaminoimethoxy,
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(diisobutylamineymethoxy, [di(sec-butyDaminol-methoxy, [diftert-buiyDaminomethoxy,
{dipentylaminoymethoxy, [ethyKmethyvlaminolmethoxy, {propyl{imethylaminoimethoxy,
tisoprapyi{methyDamino]methoxy, [butyl{methyDamincimethoxy,
[isobutvi(methyDaminolmethoxy, [seo-butyl{methyDamincimethoxy, [tort-
butyli{methyljaminoimethoxy, and [pentyl(methyDaminolmethoxy, but are not limited
thereto.

Specific examples of hydeoxy-Ci~Cq alkyl include hydroxymethyl, 1-hydroxyethyl,
2-hydroxyethyl, I-hydroxypropyl, 2-hvdroxypropyl, 3-hvdroxypropyl.  Specific examples
of {C-Cy alkoxy)-Cy-Cg alkyl include methoxy-C-Cy atkyl such as methoxymethyi, 1-
{methoxyyethyl, 2-{methoxy)ethyi, 1-{methoxy)propyl, 2-(methoxy)propyl, 3
{methoxypropyl, and (C-Cq alkoxy)methy! such as {methoxy)methyl, (ethoxymethyl,
{propoxy ymethyi, (isopropoxy ¥ncthyd, {butoxyimethyl, {isobutoxy)methyl, (see-
butoxymethyl, (lert-butoxy)methyl, and (pentoxy yaethyl; but are not liraited thereto.

Specific examples of carboxy-Ci-Cs alkyl include carboxymethyi, 1-carboxyethyl,
2~carboxyethyl, 1-carboxypropyl, 2-carboxypropyl, and 3-carboxypropyl, but are not
limited thereto.  Specific examples of [{C;-Cy alkoxy)carbonylj-C-Cs alky! include
methoxycarbonyi-Cy-Cy alky! such as methoxycarbonyl-methyl, 1-(methoxycarbonyljethy,
2-{methoxycarbonyllethyi, I-(methoxycarbonypropyl, 2-{methoxycarbonypropyl, and 3-
(methoxycarbonylpropyl; and [(Cy-Cs alkoxyjcarbonyli-methyl such ag
{methoxycarbonyDmethyl, i-{methoxycarbonyethyl, 2-(methoxycarbonyDethyl, 1-
{raethoxycarbonyDpropyl, 2-(methoxycarbonybpropyl, and 3-(methoxycarbonyl)propyl; but
are not imited thercto.

Specific examples of carbamoyl-C1-Ce alky! include carbamoyimethyl, {-
carbarnoylethyl, 2-carbamoyiethyl, 1-carbamoylpropyi, Z-carbamaoylpropyl, and 3-
carbamovlpropyl, but are not limited thereto.  Specific examples of [MN-(C-Cq
alkyljcarbamoyi}-C-Cs alkyl tnclude N-methylcarbamoyC-Cq alky] such as N-
methylcarbamoyl-methyl, [-( N-methyicarbamoyhethvl, 2-(N-methylcarbamoyijethyl, 1-

{methylcarbamoylipropyl, 2-(Ne-methylcarbamoyBpropyl, and 3-(N-

T
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methylcarbamoyl)propyl; and [N-(C;-Cj alkoxyl)carbamoyl]-methyl such as (N-
methylcarbamoyl)methyl, (N-cthylcarbamoyl)methyl, (N-propylcarbamoyl)methyl, (N-
isopropylcarbamoyl)methyl, (N-butylcarbamoyl)methyl, [N-(tert-butyl)carbamoylJmethyl
and [N-(sec-butyl)carbamoyljmethyl; but are not limited thereto.  Specific examples of
[N,N-di(C,-Cy alkyl)carbamoyl]-C;-C alkyl include (N,N-dimethylcarbamoyl)-C;-Cg alkyl
such as (N,N-dimethylcarbamoyl)methyl, 1-(N,N-dimethylcarbamoyl)ethyl, 2-(N,N-
dimethylcarbamoyl)ethyl, 1-(N,N-dimethyl carbamoyl)propyl, 2-(N,N-
dimethylcarbamoyl)propyl, and 3-(N,N-dimethylcarbamoyl)propyl; and [N,N-di(C,-Cg
alkyl)carbamoyl]-methy] such as {N,N-dimethy! carbamoyl)methyl, (N,N-
diethylcarbamoyl)methyl, (N,N-dipropylcarbamoyl)methyl, (N,N-
diisopropylcarbamoyl)methyl, (N,N-dibutylcarbamoyl)methyl, (N,N-
diisobutylcarbamoyl)methyl, [N,N—di(sec-butyl)carbamoyl]methyI, [N,N-di(tert-
butyl)carbamoylmethyl, (N ,N-dipentylcarbamoyl)methyl, [N-ethyl-N-
(methyl)carbamoyl]methyl, [N—propyl-N~(methyI)carbamoyl]methyl, [N-isopropyl-N-
(methyl)carbamoyi jmethyl, [N-butyl-N—(methyI)carbamoyl]methyl, [N-isobutyl-N-
(methyl)carbamoylJmethyl, [N-sec-butyl-N—(methyl)carbamoyl]methyl, [N-tert-butyl-N-
(methyl)carbamoyljmethyl, and [N—pentyl-N—(methyl)carbamoyl]methyl; but are not limited
thereto.

Specific examples of (C;-Cy alkyl)carbonylamino include methylcarbonylamino,
ethylcarbonylamino, propylearbonylamino, isopropylcarbonylamino, butylcarbonylamino,
isobutylcarbonylamino, sec-butylcarbonylamino, tert-butylcarbonylamino, and
pentylcarbonylamino, but are not limited thereto. Specific examples of N-(C;-Cg
alkyl)carbonyl-N-(C;-Cj alkyl)amino include N-acetyl-N-(C,-Cs alkyl)amino such as N-
acetyl-N-methylamino, N-acetyl-N-ethylamino, N-acetyl-N-propylamino, N-acetyl-N-
isopropylamino, N-acetyl-N-butylamino, N-acetyl-N-isobutylamino, N-acetyl-N-sec-
butylamino, N-acetyl-N-tert-butylamino, and N-acetyl-N-pentylamino; and N-(C;-Cq
alkyl)carbony!-N-(methyl)amino such as N-acetyl-N-(methyl)amino, N-ethylcarbonyl-N-
(methyl)amino, N-propylcarbonyl-N-(methyl)arino, N-isopropylcarbonyi-N-
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{methyDamino, N-isobutylcarbonyl-N-(methyDamino, N-tert-butylcarbonyi-N-
{methyDamino, N-butylcarboayl-N-{methyDamino, N-pentylcarbonyl-N-{methyDamino,
and MN-hexylcarbony-N-(methyijamino, but are not Himited thereto.

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

the following formulae:

o om0
) ) 4
o o

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 salis of compound (1) include
inorganic acid salts such as hydrochloride, suifate, and phosphate, organic acid salis such as
acetate, maleate, firnarate, citrate, and such, and examples of pharmaceutically acceptable
amino acid-added salis include addition salts such as of lysine, glycine, phenylalianine,
asparagine acid, or glutarnic acid.  Particulaly, Pharmaceutically acceptable salts of
compound (I} include hydrochloride salt, dibydrochloride salt, and tribydrochloride salt.

Examples of diseases 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, cholangiocellular carcinoma, chronic
myeloid leukernia (CMLU}, colorectal cancer, endometriosis, esophagus cancer, gastric
cancer, liver cancer, non-small cell lung cancer (INSCLC), tymphoma, osteosarcoma,
ovarian cancey, pancreatic cancer, prostate cancer, renal carcinoma and smalf cell tung
cancer (SCCY, but are not limited thereto,  Examples of the cancer which may be treated
and/or prevented include breast cancer, bladder cancer, cervical cancer, cholangiocellular
carcinoma, CML, colorectal cancer, endometriosis, esophagus cancer, gastric cancer, liver
cancer, NSCLC, lymphoma, csteosarcoma, ovarian cancer, papcreatic cancer, prostate

cancer, renal carcinoma and SCC, but are not limited 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 mixiures thereof ace included o 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 1sotopes
indicated above.

Furthermore, compound (§) and pharmaseutically acceptable salis thereof may oxist
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 mvention are not limited thereto,
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Table 1
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1-{6-(3,5-Dichloro-4-hydraxyphenyi}-4~
<2HA
({trans-4-[{(dimethyiamino)meihyi}-
ql\ 487.1

cyclohexnyiamina-1, S-naphthyridin-3-

vi}ethanone dihydrochloride

N 1-{5{3-Chloro-5-fluoro-4-
e
ZEC o )
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7 ho\\/'éi\ ™~ /J\ T PR RIS . 1 Q7Y
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I N
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[
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N /*J\\ . . e
r amino}-i,5-naphthyridin-3-yl)ethanone
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~ 1-{4-{trans-4-[(Dimethylamino)methyl}-
.
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e, . 5 i } .
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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 fypes of
pharmaceutical formulations.  Such pharmaceutical formulations are used for animals or
humans.

5 Pharmaceutical formulations of the present invention may comprise as an active
ingredient corapound (1} or a pharmaceutically acceptable salt thereof alone, or a mixture
with any other active ingredients for treatment.  Furthermote, these pharmaceutical
formulations are produced by any methods well known in the technical field of drug
formulation by mixing the active ingredient together with one or more types of

10 pharmaceutically acceptable carriers {for example, diluents, solvents, and excipients).

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

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

Tablets are appropriate for oral administration and can be produced using

15 excipients such as lactose, disintegrants such as starch, lubricants such as magnesium
stearats, and binders such as hydroxypropyleaiiulose.

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.

20 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 to 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 adely, and it is administered once to several times a day.  In the case of parenderal

25 administration such as intravenous administration, 0.001 mg to 1000 mg, or preferably (.01
mg to 100 mg is administered to an adult once to several 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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below.

Scheme 1

0
X2.RI! Ci N
Eto’U\B’ |

cl N\ P> XE_RI 1
l _ S N>
NH H
0]

2 (OEt);CH, chlorobenzene OFt
A C
OH Cl
Dowtherm A c1mx2-lz“ POCI, Clmxzﬂ”
e —— —_—
250 °C NG PN
D E

The formula -X2-R" is defined hereinbefore, such as (C;-C alkyl)carbonyl, (Cs-
Cho cycloalkyl)carbonyl, (C,-Cg alkyl)sulfonyl, and (C3-Cyq cycloalkyl)sulfonyl, wherein
the alkylcarbonyl, cycloalkylcarbonyl, alkylsulfonyl, and cycloalkylsulfonyl are optionally
substituted with one or more harogen atoms.  Specific examples of -X*R" include acetyl,
ethylcarbonyl, cyclopropylcarbonyl, methylsulfonyl, ecthylsulfonyl, cyclopropylsulfonyl,
chloroacetyl, 1-chloroethylcarbonyl, 2-chloroethylcarbonyl, chlorocyclopropylcarbonyl,
chloromethylsulfonyl, 1-chloroethylsulfonyl, 2-chloroethylsulfonyl, and
chlorocyclopropylsulfonyl.

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 C
is added to hot Dowtherm™ A to facilitate the ring closure and to afford the 1,5-
naphthyridine D. Treatment of D 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
Scheme 2. Commercially available 2-methoxy-5-aminopyridine F is converted by heating

&

o

in the presence of ester B and triethyl orthoformate to the condensation product G a

™

mixture of olefin isomers {Scheme 2).  Intermediate & is added to hot Dowtherm™™ A to
cilitate the ring closure and to yield the 1,5-naphthynidine . Demethylation at the 6-
paocition of H is conducted by treatment with triraethylcilyi chioride and sodinm icdide in

refluxing acetonitrile to give intermediate I, which may be used, without purification, for

the reaction with phosphorus oxychloride to provide the key intermediate B (Scheme 2).

Scheme 3
o 1 X0 1
- i wd ap il O - wrxs i1 conditi .
LLTI/ N‘f.//t\r/ LR -0 ,\_;_\T_N\ A KERY conditions W i/ \\L \\ UXARM
i i — ] 3 —_—
\\;-"i\ 2 conditions iy ,./L P OR P
N T N Ri-' B’
P
E ¥ OR Formula (1)
Formula (1) Formuia )

The formula -X'-Q' is defined hereinbefore, such as C5-Cr cycloalkylaming,
phenylamino, pyridylamine, pyrazolylamine, pynmidinylamine, piperidyl amaine,
pyrrohddin- 1-yL, piperidin-1-yi, piperazin-1-vl, and morpholin-1-vi, which are optinally
Pt R o o

substituted with one or more sunbstitutents 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-C o
cycloalkyl, Ce-Cyg aryl, 5- {0 [ O-membered heteroaryl, and 3- (¢ | O-embered non-
aramatic hetercoyelyl; wherein the cyeloalkyl, aryl, heteroaryl, and heterocyelyl are

5 optionally substituted with oug or more substituents independently selected from A” as
defined hereinbefore.  Spesific examples of R® include pheny! substituted with one or three
substituents independently selected from A’, such as 3,5-dichlora-4- hydroxyphenyl, 3,5-
diffuoro-4-hydroxyphonyl, and 3-chloro-5-fluoro-4-hydroxyphenyl.

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 (1), is reacted at the 6-position with R-B(ORPYOR™, a
compound categorized by Formula (1T} to introduce a substituent indicated as 1°.

Scheme 4

3
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()

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 (II) (Scheme 4). Various amines that are commercially available,
20 known in the literature or prepared using known literature procedures are applicable o the

reaction.  lutermediate 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 (). Various boronate esters
that are commercially available, known in the literature or prepared using known literature
procedures are applicable to the reaction.  In scheme 4, the boronale ester N is f}repar@d by
reacling an aryl bromade 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 Sozuki 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 5, preferably selected from | o

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 subjected 10 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 belng limited
thereto.

20 Furthermore, 1n the Examples shown below, unless otherwise specified, it a
defined group becomes aliered 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 chemisiry {for example, “Protective Groups in Organic Synthesis”™, T. W. Greene,

25 John Wiley & Sons Ine., 1989),  Furthermore, the order of the reaction processes such as
substituent mtroduction can be changed as necessary.

EXAMPLES

General procedure I (substitution at the 4-position)

l
ST7 -
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To a suspension of intermediates E (1.0 equiv} in dioxane or a mixture of dioxane
and DMF (2:1) was added the requisite amine (1.0 — 2.0 equiv), N,N-diisopropyiethylamine
(2.0-5.0 equivy and finely grovnd KoCO; (2.0-3.0 eguiv) and the reaction mixture was
stirred with heat between 60— 100 °C for 16 h or until E was consumed {moniiored by
LOCMS analysis).  The reaction mixture was cooled, diluted with satd. ag. sodivm
bicarbonate and extracted with ethyl acetate. The combined organic layer was dried over
aphydrous sodium sulfate, filtered and the filtrate was concentrated.  The residue was
purified by colurn chromatography (silica, mcthanol/dichloromethane} to afford the
desired product L.

General procedure 1§ (substitution at the é-position)

To a suspension of intermediate L{1.0 equiv), the requisite boronic ester (1.5-2.0
equivy and Pd{dppiCh (0.1 ~ 0.2 equiv} in dioxane (0.1 — 0.2 M) was added Cs;CO; (1.0 M
i Hx0, 3.0~ 4.0 eq).  The reaction mixture was degassed with nitrogen and stirred with
heatat 86 °C for 2~ 24 b,  The reaction mixture was cooled, poured onto satd. ag. sodium
bicarbonate and extracted with 311 chioroform/isopropancl.  The combined crganic layers
were dried over anhydrous sodiurn sulfate, Diltered and the filtrate was concentrated.  The
residue was purified by chromatography (normal phase silica using
methanol/dichloromethane or reverse phase silica using water/acctonitrile containing
0.025% TFA) to afford the target compound.  In some instances the product was diluted in
methanol foliowed by the addition of excess HCE (2.0 - 5.0 eguiv as a solution i ether,
methanol, dioxane or water).  After S min the mixture was concentrated to dryness to
obtawn the HCI salt of the target compound.

General procedure I {synthesis of boronic esters)

To a suspension of the appropriate aryl bromide (1.0 equiv),
big{pimaceladodiboron (1.5 — 2.0 equiv) and KOAc (2.0 3.0 equiv) in dioxane (0.1 - 0.2
M) was added Pd{dpph)Cl; (0.05 — 0.1 eguiv).  The reaction mixture was degassed with
nitrogen followad by stirring with heat at 80 °C for 2 — 16 h. The reaction mixture was

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

SR -
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chromatography {siliva, cthyl acetate/hexanes) to afford the desired product M.
General procedure IV-1 (Boe-deprotection pratocsh)
To a solotion of Boc-protected compound in THF, methano or
methanol/methylene chioride (0.1 M) was added excess HCI (2.0 - 5.0 equiv as a solution
5 inether, methanol, dioxane or water).  The reaction was stirved at room temnperatare 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 protocsl)
To 4 solution of Boe-protected compound in THF was added excess TFA (2.0 - 10
10 equiv)y and the reaction mixture was stirred af room teraperature or with beat (50 - 70 °C)
untif the reaction was cornpleie (monitored by LOMS analysis).  The reaction mixture was
concentrated and the residus was diluted in methanol followed by the addition of excess
HCE{2.0 5.0 equiv as a solution in ether, methanol, dioxane or water).  After 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-6-chloro-1,5-naphthyridin-4-yDamino]
cyclohexylmethyl methanesalfonate (1.6 mmol) in a mixtuee of 14-dioxane and N)N-
dimethyiformamide (2:1) was added the requisite amine (2.0 — 4.0 equiv), triethyl amine or
N,N-diisopropylethylamine (2.0 3.0 squiv) and potassium iodide {cat.} and the reaction
20 mixture was stirring with heai 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 product.

N2
s

General procedure Vi
To a solution of 1-{4-{({4-aminocyclohexylamino}-6-chioro-1,5-naphthyridin- 3~
visethanone hydrochioride (1.0 mimol) in DMF (0.1 M) was added the requisite amino acid

{1.2 mmob), 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 mixture was diluted with water and

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

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

5 chromatography (silics, 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] acetonirile 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/0.05% Acetontirile w/(1.05%
Time
CF.COOH CF,CQOH
00 min 98 % 2%
18 min 10% GG,
21 min 1% 90%
23 min 98 %% 2%

Example |

1-{6-Chloro-4-{rrams-4-{{(dimethylamino)methyljeyelobexylamino} -

20 1.5-naphthyridin-3-vi)- ethanone

- 80 -
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HC

ST -CHG
f
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NH O
i N S
\“E,/ SN N \CH3

4 v/;f:k\a
Following general procedure §, 1-(4,6-dichloro-1,5-naphthyridin-3-yDeathanone
(360 mg, 1.5 mmol} was reacted with frans-4-[(dimethylaminoymethylicyclobexanamine
diacetic acid salt (SO0 mg, 1.8 mmol) to afford the desired product (340 mg, 63%) as a
5 yellow solid: 'HNMR (500 MHz, CDClL) 8 10.89 (s, 1H), 8.93 (5, 1H), 8.07 (d, /= 8.6 Hz,

THY, 7.514{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), 2.14(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 (m, 2Hy: BSIMS nvz 361 [M + HI'; HPLC 98.8% (AUC), fr = 8.42 min.
Example 2

10 1-{6-(3,5-Dichloro-4-hydroxyphenyl}-4-{rrans-4-(dimethylamino jeyclohexylamino}-1,5+

naphihyridio-3-yi}ethanone dihydrochloride

CHy
e s2HG
s
a N
MO \—f’\, )
< NH

H g
a” Ty N‘*j/’L\\j/zi\CHg
S ~o
Following general procedure 1, 1-{&-chloro-4-{frans-4-(dimethylaminc)eyciohexyl
ammno -1, 5-naphthyndin-3-yhethanone (61 mg, 0.16 mmot)} was reacted with 2,6-dichloro-
15 4-{4,4,55-tetramethyi-1,3,2-dioxaborolan-2-ylphenol (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, }
=89 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 (my, xb), 233 - 226 (m, 2H), LE8 ~ 171 (m, 4H). ESI M3 mvz 473 [M +
20 HY; HPLC »99% (AUQ), i, = 9.51 min.
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Example 3
- {6-(3-Chioro-S-fluoro-4-hydroxyphenyl 4 - {rans-4-(dimethylaminoeyelohexyiammo]-

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

CHy
H;Q -‘N,' 2HCH
i s /\{
HOL A —t
G ‘F NE O
F/j\\w/k\\[/ NV§£ //L\\\J’ //\\CHB
~ \Nf

Following general procedure H, 1-{6-chloro-4-{trams-4-(dimethylamino)eyciohexy!
amino)-1,5-naphthyridin-3-yljethanone (45 mg, .12 mmol) was reacted with 2-chloro-6-
fluoro-4-(4.4.5. 5 tetramethyi-1,3,2-dioxaborolan-2-yhpheno! (47 mg, 8.17 mmol) followed
by formation of the dihydrochloride salt to afford the desired product (6.9 mg, 11%} as an
off-white schid: 1H NMR (508 MHz, CD:00) 8 9.17 (5, 1H), 847 (4, I = 9.0 Hz, 1H), 8.34
(d, ¥=9.0Hz, tH), 800, [H), 791{dd, J=114,22 He, 1H), 5.69 - 559 (m, 1H), 3.52 -
3.45 (m, TH), 2.92 (s, 6H), 2.76 (s, 3H), 2.63 - 2.56 {m, 2H}, 2.33 - 2.26 (i, 2H), 1.89 -
1.71 {m, 4H). ESE MS sz 457 M + H]™ 5 HPLC »>99% (AUC), 1x = 9.32 min.

Example 4
Cyclopropyl(6-(3,5-dichloro-4-hydroxyphenyi}-4- {rans-4-[{dimethylaminoymethyi]-
cyclohexylamino}-1,5-naphthyridin-3-yhimethanone dihydrochloride

H3CN cn,

i
g «2H

..
e ! }

HOL AL b

~, N Ty T
J:”/ $ MH OO

it
I j
ol R - “T/)\\\bf/'j\\.ﬂ}?
N
~ N

N/

Following general procedure I, (6-chlore-4-{srans-4-[(dimethylaminojmethyl}-
cyclohexyl amino}-1,5-naphthyridin-3-yh{(cyclopropyDmethanone (60 mg, 0.16 mmol) was

reacted with 2,6-dichloro-4-(4,4,5, S-tetramethyl-1,3, 2-dioxaborolan-2-yDiphenol (65 mg,

- 82 -
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0.23 mmol) followed by formation of the dibydrochloride salt to afford the desired product
(66 mg, 73%) as a light yellow solid: TH NMR (500 MHz, CD;0D) 6 9.41 (5, 1H), 846 {d,
I=89Hz 1H), 834 (d, I =89 He, [H), 8.12(5, 2H), 5.74 - 5.64 (m, 1H), 3.09(d, T = 6.6
Hz, 2H), 2.93 (s, 6H}), 2.92 - 2.85 (5, 1H)}, 247 - 2,40 {m, ZH}, 2.08 - 1.96 (m, 3H), 1.72 -

(")

1.60 (m, ZH), 1.47 - 1.34 (m, 2H), 1.32 - 1.18 {m, 4H). BSIMS m/z 513 [M + HY ; HPLC
>98% (AUC), 1r = 9.67 min.

Example 5

{6-(3-Chiore-S-fluoro-4-hydroxyphenyiy-4- { frans-4-{{dimethylaminoymethyl] cyclohexyl-
arainod- 1 Snaphthyridin-3-yviXceyclopropy Umethanone dihydrochioride

HiC -
3! \N «-CHB

A
'«r¢
cl K\
Bry el
HO /’J\ g*"N;ﬁ: O
F7 NNy /i\\\ A

H
P P
\7 IS8

Following general procedure [1, (8-chloro-4-{irons-4-{(dimethylaminojmethyi}-

*ZHCI

\\ /

cyclohexyl amino}-1,5-naphthyridin-3-y ¥ cyclopropyhmethanone (60 mg, .16 mmol) was
reacted with Z-chloro-6-flucre-4-{4,4,5 S-terramethyl-1,3,2-dioxaborclan-2-yiphencl {61
mg, .23 mmol} followed by formation of the dibydrochloride salt to afford the desired

15 product (54 mg, 61%) as a light yellow selid: 'H NMER (500 MHz, CnOD) 8 9.41 (s, 1H),
845(d J=89Hz, 1HL 834 (d, I=88Hz, 1HLB02{L J=19Hz, 1H), 7.88(dd, I=11.6,
2.2 Haz, 1H), 573 = 5.64 (m, 1H), 3.09 (4, I = 6.6 Hz, 2H), 2.94 (5, 6H), 2.93 - 2.83 {m, 1H),
248248 {(m, 2H), 210 - 1.96 {m, 3H), 173 — 161 {m, 2H), 146 — 1.34 (i, 2H), 1.34 -
1.18 (m, 4H). ESE MS m/z 497 [M + H|" ; HPLC >99% (AUQC), = 10.26 min.

20 Example 6
1-{6-(3,5-Dichloro-4-hydroxyphenyt)-4-({ ramns-4-
{{dimethylaminoymethyllcyclohexyl}amino)-1,5-naphthyridin-3-yi}ethanone

dihydrochloride

€4

[
s
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Following genemi procedure 1, 1-(6-chloro-4- {irans-4-{{dimethylamincymethyi]
cyclohexyl aminoi-1, S-naphthyridin-3-yhethanone {20 mg, 0.055 ramcl) was reacted with
2,6-dichiore-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhphenol (29 rug, 8.10 mmol}
followed by formation of the dihydrochioride salt to afford the desired product (18 mg,
58%%) as an off-white solid: 'H NMR (300 MHz, CD;0D) 6 0.14 (5, 1H), 8.46 (4, F = 0.1 Hz,
iH), 8.33(d, F=9.1Hz, 1H), 8.12 {5, 2H}, 5.75 - 5.67 {m, 1H), 3.09(d, I = 8.0 Hz, 2H),
2.894 {s, 6H), 2.76 (5, 3H), 248 - 241 {m, ZH), 2.09 - 1.98 (m, 1H), 175~ 1.63 (m, 1H),
1.48 — 1.36 (m, 2H). ESI MS m/z 487 [M + H|" ; HPLC »99% (AUC), i = 9.67 min.
Example 7
1~ {6-{3-Chioro-3-flucro-4-hydroxypheny4-{ {rrans-4-
[{dimethylaminoymethyloyclohexyl}- amuna)-1,5-paphthyridin-3-yi} sthanone

dihvdrochloride

102~ s
\?«/ \E}\ AFH k‘3
p f“aj/\\ T NCH,
~ .{; g \\i"/
I

Following general procedure H, 1-{(6-chloro-4- {rrams-4-{{dimethylamino)methyll
cyclohexy! amino}-1,5-naphthyridin-3-ylethanone (20 mg, 0.055 mmol) was reacled with
2-chloro-6-fluore-4-(4.4,3, 3-tetramethyi-1,3, 2-dioxaborolan-2-yphenoi (27 mg, 0.10
mmol) followed by formation of the dihydrochloride salt to afford the desired product (16
mg, 52%) as a light yeliow solid: 'H NMR (500 MHz, CD,00) 8 9,15 (s, 1H), 845 (d, J =
1 Hz 1H), 833(d,J=0.0Hz, 1Hy, 802{ J=1.9Hz 1H), 788 (dd, 7= 11.5, 2.2 Hy,

- 84 -
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1H), 5.75 - 5.65 (m, 1H), 3.09 (d, J=6.6 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+ HI ; HPLC >99% (AUC), i = 9.66 min.
Example 8

1-{6-(3-Chloro-4-hydroxy-5-methoxyphenyiy-4-{ rans-4-
{dimethylamino)methylleyelohexy b amino}-1,5-naphthyridin-3-yljethanone
dikydrochloride

B on,

,
. <ZHCH

a Y
R

\/f \ NH o

Hy CO/\‘/ T\ L
//

Following general procedure 11, 1-{6-chloro-4-{#rans-4-[{dimethylsminoimethyl]
cyclohexyl amino}-1,5-naphthyridin-3-yhethanone (20 myg, 0.055 mmol) was reacied with
2-chioro-6-methony-4-{4.4,5, 5-tetramethyl-1,3,2-dioxaborolan-2-yhiphenol (28 mg, 1.0
mmol) fellowed by formation of the dibydrochioride salt to afford the desired product (18
mg, 59%0) as a yellow solid; "HNMR {500 MHz, CERODY S 913 (g, 1HL 849 (4, J =39
Hz, 1H)Y, 832 (L J=091Hz, 1H), 781 {d, I=2.1 Ha, [H), 758¢, J=2.1 He, 1H), 580~
370 (m, 1H), 4.03 (s, 3H), 3.08(d, J = 6.6 Mz, 2H}, 2.93 (s, 6H), 2.76 {3, 3H)}, 2,49~ 2.39
{m, 2H}, 2.08 - 1.96 {(m, 3H), .72 — 1.62 (m, 2H), 1.47 —~ 1.35 (m, ZH}. ESI M3 m/2 483 (M
+ HY"  HPLC >99% (AUC), t = 9.62 min.
Example 9
1-{6-(3,5-Dichloro-4-hydroxypheny-4-{ {frans-4-{ 2-

{dimethylamino)ethyl]eyclohexyl}amino)-1,5-naphthyridin-3-vijethanone dihydrochloride

-85 -
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Following general procedure H, 1-{6-chioro-4-{ frans-4-[{dimethylamino yoethyl]
cyclohexyl amino}-1,5-naphthyridin-3-vljethanone (50 mg, §.13 mmol) was reacted with
2,6-dichloro-4-(4,4,3, 5-tetramethyl-1,3,2-dioxaborolan-2-ylphenol (58 mg, 0.2 mmol)
followed by formation of the dihydrochloride salt to afford the desired product (64 mg,

83%) as an off-white sobid: 'H NMR (500 MHz, CD;00) §9.13 (s, 1H), 8.46{(d,) = 9.1 Hz,
1H), 833, 1=9.0Hz, 1H}, 8.13 (s, 1H), 5.74 - 5.64 {m, TH), 3.27 - 3018 (m, 2H), 2.81 s,
6H)Y, 2.75 (s, 3HY, 2.45 - 2.35 {m, 2H), 2.05 - 1.98 (i, 2H), £.78 — 170 {(m, 2H), 1.66

1.52 (m, 3H), 1.45 — 1.35 (m, 2H). EST MS m/& 501 [M + HI : HPLC 99% (AUC), & =
10.22 min.

Example 10

1-{6-(3-Chlore-5-fluorg-4-hydroxypheny -4~ {irans-4-[ 2-(dimethylamingjethyi]-

cyclobexyiamino}-1, S-naphthyridin-3-yhethanone dihydrochloride

CH,
Hg(,‘.’f\‘\l
£ 2RO
Y SN
o (]
MG A~ -
U | /&I,\]}—I 0
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\/// \NC/'

Following general procedure i, 1-{6-chloro-4-(#rans-4-({dimethylamino)methyl)-
cyclohexylamine)-1,5-naphthyridin-3-yijethanone (30 mg, .13 mmol) was reacted with 2-
chloro-6-flucro-4-(4,4,3,5-tetramethyl-1,3,2-dioxaborelan-2-yDphenol (53 mg, 8.2 mmol)

followed by formation of the dihydrochloride salt io afford the desired product (S8 mg,

-85 .
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78%) as an off-white solid: 'H NMR (560 MHz, CE30D) § 9,13 (5, 1H), 845 (d, I= 8.9 Hz,
IHEL 832¢(d, 3=89Hz, 1H), 804 (1, J=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, 611}, 2.75 {5, 3H), 2.44 — 2.37 {m, 2H), 2.5
1.98 (m, 2H), 1.78 — 1.69 (m, 2H), 1.67 — 1.51 {m, 3H), 1.44 — 1.34 (rq, 2H). ESI MS mz

5 485 [M+H]; HPLC »99% (AUC), 2 = 991 min.
Example 11
i-{4-{frans-4-{(Dimethyizminomethyljcyclohexylamino}-6-| 4-hydroxy-3-
{(triflucromethoxy}- phenyil-1,5-naphthyridin-3-ylsthanone dihydrochloride

HyC
g~ CHy

! SHC

10 Following general procedure i, 1-{(6-chioro-4- {#rans-4-[(dimethylaminemethiyi]
cyclohexyl amine}-1,5-naphthyridin-3-yhethanone (55 mg, 0.15 mmol) was reacted with 4-
{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y}-2-(trifluoromethoxy)phenol (68 mg, 0.23
mmol} followed by formation of the dibiydrochloride salt to afford the desired product {71
mg, 79%) as an off-white solid: "H NMR (500 MHz, CD,0D) §9.14 (s, 1H), 8.45(d, I =

15 BO9He, (H),832(4,1=90Hz 11, B.84-797 (m, 2H), 7.21 {d, } = 8.6 Hz, 1H), 5.70~
560 (m, 1H), 3.07 (d, I= 6.6 Hz, 2H), 2.94 (s, 61}, 2.76 {5, 3H), 2.50 - 2.46 (m, 2H), 2.08
~ 1.97 {m, 3H}, 1.74 — 1.62 (m, 2H), 1,39~ 1.27 (m, 2H). ESI MS #/z 503 [M + H]" ;
HPLC >99% (AUC), i = 2.80 min.

Example 12
20 2,5-Dichloro-4-(8- {mrans-4-[(dimethylaminoynethyljeyclohexylamino } - 7-(methylsulfonyi-

1, 5-naphthyridin-2-vliphenel dibydrochloride
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Following geﬂerai procedure I, G-chiore-N- {rans-4-[{diraethylaminomethyil-

cyclohexyil-3-(methylsulfonyi)-1,5-naphthyridin-4-amine (56 mg, 0.14 mmol) was reacted
with 2,6-dichloro-4-(4,4,3, 3-tetramethyl-1,3 2-dioxaborolan-2-ylphenol {61 mg, 0.21

5 mmol) followed by formation of the dihvdrochloride salt 1o afford the desired produci (43
mg, 31%) a5 a light vellow solid: "H NMR (500 MHz, CD.OD)Y 5 8.96 (s, 1H), 8.51(d, I =
0.0 He, 1H), 835(d, I 9.0 Hz, IH), 8.14 (s, 2H), 5.76 ~ 5.66 {m, 1H), 3.38 {5, 3H), 3.09
{(d, I=6.7 Hz, 2H)}, 2.94 (s, 6H), 2.50 ~ 2.43 (in, ZH), 2.08 — 1.96 (m, 3H), 1.74 — 1.64 {m,
2H), 147 - 1.35 (m, 2H). ESI MS m/z $23 IM + H]"  HPLC >99% (AUC), fx = 10.04 min.

10 Example 13

6-(3-Chioro-3-fluoro-4-hydroxyphenyl-4-{ {trans-4-{{dimethylamineymethyljoyclohexyl} -

amino}-3-methylsulfonyl-1,5-naphthyridine dihydrochloride
HLC,

N-CHs
L, 2HC
a [0
HOL AL ‘&
i Ho 0

\/,
\\/ ., /\ PN
/ \ ~
~ CH,

WL J

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

15 cyclohexyil-3-(methylsulfonyl}-1,.5-naphthyridin-4-amine (61 mg, 0.15 mmol} was reacled
with 2-chloro-6-flucro-4-(4,4,5,5 tetramethyl-1,3,2-dicsaborolan-2-yphenol (63 mg, 8.23
mmol) followed by formation of the dihydrochloride salt to afford the desired product (52
mg, 59%) as a light yeliow solid: 'H NMR (500 MHz, CD.OD) 8 8.90 (s, 11H), §.50(d, }
§9Hz, 1H), 835(d, J=9.0 He, 1H), 804 (4, i =1.8Hz IH), 7.90(dd, I = 11.5, 2.2 Hz,

20 THY, 577 -5.67 (m, 1H), 3.38 (s, 3H), 3.09{d, I = 6.6 Hz, 2H), 2.94 (5, 6H), 2.531 ~ 2.44 (m,

. §8.
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Z2H), 2.08 - 1.97 (m, 3H), 176 - 1.64 (m, 2H), 146~ 1.34 (m, 2H). ESI MS m/z 507 [M +
HI" 1 HPLC 99.0% (AUC), & = 9.81 min.

Example 14

8-(3-Chloro-4-bydroxy-5-methoxypheny}-4- {trans-4-[{dimethylaminoymethy -

5 cyciohexylamino}-3-methylsulfonyl-1,5-naphthyridive- dihydrochloride

B oy
L “2HC
-,

Cl !

-
HOL P \‘”"/\

L HHa 0
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Following general procedure I, 6-chloro-N-{rrans-4-[{dimethylamino)methyl]-
cyclohexyl}-3-{methylsulfonviy1,S-naphthvridin-4-amine (24 mg, (.061 mmol) was
reacted with 2-chioro-6-methoxy-4-(4,4 § S-tetramethyi-1,3,2-dioxaborolan-2-yhiphenol (28

10 mg, 0.10 mmol) followed by formation of the dihydrochloride salt 1o afford the desired
product (23 mg, 64%) as a yellow solid: 'H NMR (500 MHz, CTHOD) § 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), 760 (d, ] = 2.0 Hz,
EHY, 5.83 - 573 (m, 1H), 4.04 (5, 3H), 338 (5, 3H), 3.08(d, 1= 6.6 Hz, ZH), 2.93 (s, 6H),
2.50-2.43 (m, 2H), 2.07 — 1.95 {m, 38), 1.73 — 1.63 (m, 2H), 1.46 — 1.35 (m, 2H). ESI M8

PS5 wr 519 [M + HIT 5 HPLC >99% (AUC), g = 9.77 min.
Example 15
2,6-Dichloro-4-{8-[erams-4-{dimethylamino)oyclohexylamino - 7-(methyisulfonyl)- 13-
naphthyridin-2-yi} phencl dibydrochicride

:CHg
EWers. «2HCI
:I;L ’_/’,
C.jl /l x
no. L A

) A
Y MNHQ o
\ EL W i
C\’/ e \T :\§T/ ;\\}J/b\,cﬁs
‘\\\{//J\-N‘,{
20 Following general procedure 11, srans-N' [6-chloro-3-(methylsolfonyhi- {5

.86 .
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naphthyridin- 4-yI}--N°, N'-dimethylcyciohexane- 1, 4-diamine (40 mg, 0.10 mmof) was
reacted with 2,6-dichiore-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-vhphenol (43 mg,
0.15 mmol) followed by formation of the dibydrochloride salt to afford the desired prodact
(45 mg, 75%) as a light yellow solid: 'H NMR (560 MHz, CD300 & 5.93 (s, 1H), 8.51 {4,
F=89Hz 1H), 837(d, ] = 8.9 He, 1H), 812 {s, ZH}, 5.65 - 5.55 {m, 1M}, 3.50 - 3.4} {m,
PH), 3.39 (s, 3K, 2.91 (5, 6H), 2.67 - 2.57 {ra, 2H), 2.33 - 2.27 (ra, 2H), 1.87 - 1.73 (i,
4H). ESEMS m/z 509 [M+ HI"; HPLC 98.0% (AUC), & = 9.95 min.

Example 16

Z,6-Dichloro-4-( 8~ {4-{{dimethylamino)methyljphenylamino}-7-(methylsulfonyi}-1,5-

naphthyridin-2-yDphenol dihydrochloride
H,C

"y -CHs
(\ eHd
:f—f“\\
C i
W
HOL__A Y
) o
o Ne A -8
cl \/)\’/ 7 \\T CH;
AN i\m-/)

N

-

Following general procedure 1, 6-chloro-N-{4-{{dimethylaminoymethyliphenyl}-3-
{methylsulfonyl)-1,5-naphthyridin-4-amine (50 mg, 0.14 mmol) was reacted with 2,6-
dichloro-4-(4,4,5, 5-tetramethyl-1,3,2-dioxaborolan-2-ylphenol (61 mg, 0.21 mmol)
followed by formation of the dihydrochlonide salt to afford the desired product (35 mg,
42%) as an orange solid: "H NMR (500 MHz, CDOD) § 8.12 (s, 1H), §.47(d, 1 =9.1 Hz,
THY, 838 (d, J=9.2 Hz, 1H), 7.63 (4, I= 9.0 Hz, 2H), 7.59 — 7.52 {m, 2H}, 7.34 (s, 2H)},
4.43 (s, 2H), 3.48 (s, 3H), 2.86 (5, 6H). ; ESE MS m/z 517 [M + HY"; HPLC >99% (AUC), &
= {1 1.0% mn.

Example 17

2-Chioro-4-(8- {4-[{ dimethylandnoyaethyliphenyiamine - 7-{methvisafony -

1, 5-napbthyridin-2-y1)-6-fluorophenol dihydrochloride

- 90 -
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Following peneral procedure 1, 6-chloro-N-{4-[(dimethylamino)methyliphenyl}-3-
{methylsulfony)-1,5-naphthyridin-4-amine (60 mg, 0.14 mmol) was reacted with 2-chioro-
6-fluore-444,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yphenol (38 mg, 6.21 mmol)
followed by formation of the dibydrochioride salt to afford the desired product (51 mg,
63%3 as a veliow solid: 1H NMR (500 MHz, CI;0DY8 2,12 (s, 1H), 846 (d, J = 9.0 Hz,
TH), 837 (d, J= 0.0 ITe, 'T0), 7.68 — 7.61 {m, 211}, 7.60 — 7.5% (m, 211, 7.22 @, I = 1.6 Hz,

C1H), 7.06 (dd, I = 11.9, 2.2 He, 1H), 4.43 (s, 2H), 3.48 (5, 3H), 2.88 (s, 6H). ; BEST MS mz

501 [M + H}' HPLC »99%4 (AUC), s, = 10.68 min.
Example 18
2-Chloro-4-{8-{4-[{dimethylaminoYmethyllphenylamine}-7-{methylsulfonvi)y-

1,5-naphthyridin-2-yh-6-methoxyphenol dihydrochloride

HEL\_: -CH,
'& OHC
TN
i 4’\ /}
HQ\ /}J \\Aff;\ F
v j\ WHO 0
| | i 2
AN NeAvor
H 007 Y T i N “CH,4
\\;;'5"\, . 2

{methylsulfonyi}-1,5-naphthyridin-d-amine {50 mg, 8.14 mmol} was reacted with 2-chloro-
6-methoxy-4-{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhiphenol (60 mg, 0.21 mmol)
followed by formation of the dihydrochloride salt to afford the desired product (44 mg,
54%) as an orange solid: TH NMR (500 MHz, CD;CD3 6 9.11 (s, 1H), 8.30 (4, T =9.0 Hz,
1HL 836(d,J=90Hz, 1H)L, 762 -750(m, 4H), 734 (d, J=2.1 Hz, 1H), 668(d, I=2.0
Hz, 1H), 4.40 (s, 2H), 3.92 ¢s, 3H), 3.47 (s, 3H), 2.83 (5, 6H}; FSI MS m/z SI3 M+ HT

-9} .



WO 2013/109388 PCT/US2012/071434

HPLC »99% (AUC), & = 10.56 min.
Example 19

1-16-(3,5-Dichloro-4-hydroxyphenyl-4- 1 3-12-{pyrrolidin- 1-yhethylipherylamino } - 1,5-

naphthyridin-3-yl]ethanone dibvdrochloride
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Following general procedure i, {-{6-chloro-4-{3-[2-(pyrrolidin-1-
yhethylipbenylamino}-1,5-naphthyridin-3-yijethanone (59 mg, 0.15 mmol) was reacted
with 2,6-dichlora-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 MBz, D0y 5 913 (s, 1H), 8.13{d, J = 9.0 Hz,
1H, 801(d, =0  Hz, 1H)Y, 764 (1, )= 7.8 He, 1H), 741 (d, J =74 Hz, 1H), 7324, I =
7.9 Hz, 1H), 6.79 (5, 1H), 6.66 (br s, 2H), 3.36 - 3.27 {1, 2H), 2.78 (5, 3H), 2.74 - 2.64 (m,

2H), 2.62 - 2.42 (m, 4H), 1.87 — 1.72 {m, 4H}. ; ESI MS sz 521 [M + HI"; HPLC 98.9%
(AUC), £ = 10.34 min.

i15 Example 20
1-{6-(3-Chloro-5-flaoro-4-hydroxyphenyl}-4- {3-[2-(pyrrolidin-1-yethy lphenylamino} -

1,5~ naphthyridin-3-vilethanone dihydrochloride
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Following general procedure U, 1-(6-chioro-4- {3-[2-(pyrrolidin-1-yDethylphenyiamino} -
1,5-naphthyridin-3-yDethanone {59 mg, 0.15 mmol) was reacted with 2-chloro-6-fluorg-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yliphenol (61 mg, 0.23 mmol) followed by
formation of the dihydrochloride salt to afford the desired product (63 mg, 72%) as a yellow
5 solid: "HNMR (500 MHz, CIHOD) 8930 (s, 1H), 8.43 (4, I=9.0Hz 1H), 834 (d, ] =29

Hz, iH), 754 - 730 (m, 4H), 7.23 (brs, 1H), 7.13 {brs, 1H), 3.68 - 3.60 {m, 2H), 3.35 ~
323 0m, 28, 31— 2.99 (m, 4HD, 2.80 (brs, 3HY 219 - 2.67 (m, 2H), 2.65 — 1.96 (m,
2H). 5 B8 MS m/z 505 [M + H]'; HPLC >99% (AUC), £ = 10.17 min.
Example 21

16 1-16-(3,5-Dichioro-4-hydroxyphenyi4- {6-[2-{dimethylaminoethoxylpyridin-3-ylamino } -
1, 5-naphthyridin-3-yhethasone dihydrochloride

HgC\N ’-CH3

Following general procedure I, 1-(6-chloro-4- {6-[2-(dimethviaminolethoxypyridin-3-
viamino}-1,5-naphthyridin-3-yDethanone (50 mg, $.13 mmol} was reacted with 2,6-
i5  dichloro-4-(4,4,5,5-tetramethyl- 1,3, 2-dioxaborolan-2-yhphenol (56 mg, §.20 mmol)
followed by formation of the dihydrochloride salt 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
Hr, 1H), 837(d, J=90Hz 1H)Y, 824(d,1=27Hy, tH), 778(dd, 1= 88 2.7 Hz, 1H),
7.44 (brs,2H), 7.02 (d, J = 8.8 Hz, 1H), 4.72 — 4.66 {m, 2H), 3.64 - 3.58 (im, 2H), 3.00 (s,
20 6H), 2.84 (s, 3H). ; BSI MS m/z 512 [M + H}, HPLC 99% (AUC), 1 = .73 min.
Example 22
1-[6-(3-Chiloro-5-fluore-4-hydroxyphenyli-4- {8-[2-(dimethviamino)ethoxy|pyridin-3-

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

-93 .
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Following geneval procedure i, 1-{é-chioro-4- {6-[2-(dimethylaminolethoxyjpyridin-3-
ylamino}-1,5-naphthyridin-3-yDethanone (50 mg, 0.13 mmol) was reacted with 2-chlore-6-
fluoro-4-{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhphenol (53 mg, 0.20 mmol) followed

5 by formation of the dihydrochloride salt to afford the desired product (40 mg, 54%) as an
orange solid: HNMR (500 MHz, CD;0D) 8 9.35 (br s, 1H), 845 (d, I = 9.0 Hz, 1H), 8.37
(6, 1=85He 1H), 828{(d, =26 Hz, 1H), 776 (dd, = 8.8, 2.7 He, 1H) 7.35(brs, 1H),
710 (br g, VH), 7.00 {d, J = 8.8 He, 16D, 4.74 — 4.68 (m, 2H), 3.66 — 3.60 {m, 2H), 3.02 (s,
6H), 2.84 (s, 3H). ; BEST MS sz 496 [M + HJ", HPLC 98.3% (AUC), fp = 9.47 min.

0 Example 23
1-[6-(3-Chloro-4-hydroxy-5-methoxyphenyl}-4-{ 6-[2-(dimethylamino)ethoxy Jpyridin-3-

viamino}-1,5-naphthyridin-3-yljcthanone dihydrochloride

Gy
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/
N
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O-N 2HC]
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Foliowing geaeral procedure 1, 1{(6-chioro-4-{&-[2-(dimethylaminolethoxy lpyridin-3-

15 yiamino}-1,S5-napbthyridin-3-yhethanone (20 mg, §.052 mmol) was reacted with Z-chloro-
f-methoxy-4-¢4,4,5 5-tetramethy}- 13,2 dioxaborofan-2-yliphenol (28 mg, 0.10 mmol)
followed by formation of the dilyydrochloride salt w afford the desired product (22 mg,
74%; as an orange solid: 'H NMR. (500 MHz, CD,0LY) 8§ 9.33 (s, 1H), 8.47(d, § = 8.0 He,

BN R

Y.
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[H), 835 (d, I=9.0 Hz, 1H), 8.26 (4, I = 2.7 Hz, 1H), 7.74 (dd, I = 8.8, 2.7 Hz, 1H), 7.2¢
{brs, 1H). 6.96 (d, J = 8.8 Hz, 1H), 6.85 (br s, 11, 4.70 — 4.64 (m, 2H), 3.95 (s, 3H}, 3.62 ~
3.56 {m, 2H3, 2.99 (s, 6H), 2.83 (s, 3H). ; EST MS mez 508 {M + HI'; HPLC »99% (AUC),

mn= S36min.

5 Example 24
2,6-Dichloro-4-{8-{6-{2-{dimethylaminojethoxy]pyridin-3-yiamino } - 7-{methylsulfonyl)-
1,5-naphthyridin-2-yljphenol hydrochloride

MO o,
?
b
SIS HC
Cl !I 7,1
HOL /,L\ ‘\/,J\ .
MO oo
} \‘\".’/
- IR N\T/"»\\: /S\LH,
N /}"J‘\ =
¢
Following general procedure i, 1-[6-{3-chloro-4-hydroxy-5-methoxyphenyl)-4- {6-[2-
{dimethylamino)ethoxyipvridin-3-vlamino}-1,5-naphthyridin-3-yljethanone {60 mg, 0.14
mmeol} was reacted with 2,6-dichloro-4-{4,4,5 5-tetramethyi-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, CERODN 8 .11 (s, 1H), 8.49

(d,3=9.1Hz, 11}, 839 (4, J=9.0 Hz, 111}, 8.28¢d, J = 2.7 Hz, 1H), 7.83 (dd, J = 5.5, 2.8
Hz, VHD), 7.46 (s, 2H), 7.03 {d, J = 8.8 Mz, 1}, 4.71 ~ 4.65 {m, 2H), 3.63 ~ 3.57 {m, 2H),
3.49 (s, 3H), 3.00 {s, 6H);, ESI MS sz 548 {M + H]'; HPLC >99% (AUC), # = 10.87 min.
Example 25

20 2-Chloro-4-(8-{6-[2-{dimethylamincethoxypyridin-3-yviamino }-7-{methylsulfonyi}-

I, 5-naphthyridin-2-v)-6-fluoropheac! dibydrochloride

- 95 .



WO 2013/109388

Following general procedure 1L, 1-[6-(3-chloro-4-hydroxy-5-methoxyphenyi}-4-{6-{2-
{dimethylamino)ethoxylpyridin-3-ylaminc}-1,5-naphthyridie-3-yijethanone (50 mg, 0.16
mmol} was reacted with 2-chloro-6-fluoro-4-(4,4,5, 5-tetramethyl- 1,3, 2-dioxaborclan-2-
yhpheno!l (61 mg, 8.23 mmel) followed by formation of the dihydrochloride salt to afford
the desired product (S8 mg, 80%) as a yellow solid: 'H NMR (500 MHz, CD;0D} 5 9.11 (5,
iHy, 848(d, 1=9.1 Hz, IH, 838(d, I =90 He, 1H), 832(d, I=2.7Hz, 1H), 7.81 (dd. ]
=R8.8, 2.7 Hz, 1H), 738 (1, I = 1.8 Hz, 1H), 711 (dd, J =118, 22 He, 1H), 7.02(4,J=8.7
Hz, 1H), 4.74 — 4.68 (m, 2H), 3.66 - 3.60 (m, 2H), 3.49 {5, 3H), 3.02 (s, 6H). ; ESI MS m/iz
532 [M -+ HIT HPLC >99% (AUC), s, = 10.51 min.

Example 26

2-Chioro-4-{8-{6- [ 2-{dimsthylaminolethonylpyridin-3-ylamino} - 7-Guethylsulfony -

1,5-naphthyridin-2-y1-6-methoxyphenol

N ZHCH

NG 0

~

PSS - N A ,S'
HaCOT S N Ry T Ny o,

it - 3
= o~ ey
S \N.

Following general procedure I, 1-[6-(3-chloro-4-hydroxny-3-methoxyphenyi}-4-{6-[2~

{dimethylaminolethoxyipyaidin-3-viamino}- 1, 5-naphthyridin-3-yljethanone (4% mg, 0.12

- 96 -
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mmol) was reacted with 2-chloro-6-methoxy—4-(4,4,5,S-tetramethyl-1,3,2-di0xaborolan—2-
yDphenol (50 mg, 0.18 mmol) followed by formation of the dihydrochloride salt to afford
the desired product (56 mg, 78%) as an orange solid: '"H NMR (500 MHz, CD;0D) 6 9.09
(s, 1H), 8.49 (d, 1 = 9.0 Hz, 1H), 8.37 (d, ]=9.0Hz, 1H), 8.30 (d, ] = 2.6 Hz, 1H), 7.78 (dd,
J=8.8,2.8 Hz, 1H), 7.28 (d, ] =2.1 Hz, 1H), 6.96 (d, J = 8.8 Hz, 1H), 6.88 (d, ] = 2.0 Hz,
1H), 4.68 — 4.62 (m, 2H), 3.96 (s, 3H), 3.62 —3.54 (m, 2H), 3.49 (s, 3H), 2.98 (s, 6H). ; ESI
MS m/z 544 [M + H]"; HPLC 99%, (AUC), g = 10.23 min.

Example 27

1-(6-(3 ,5-Dichloro-4—hydroxypheny1)-4-((1 -methylpiperidin-4~yl)methylamino)- 1,5-
naphthyridin-3-yl)ethanone dihydrochloride

CHy
N
2HC
cl
HO
NH 0
N
cl NN e
-
Z >N

Following general procedure II, 1-{6-chloro-4-[( I-methylpiperidin—4-yl)methy1amino]—1,5—
naphthyridin-3-yl} ethanone (60 mg, 0.18 mmol) was reacted with 2,6-dichloro-4-(4,4,5,5-
tetramethyl-l,3,2~dioxab0r01an—2—y1)phenol (78 mg, 0.27 mmol) followed by formation of
the dihydrochloride salt to afford the desired product (7.3 mg, 7.6%) as an off-white solid:
'"H NMR (500 MHz, CD;0D) é 9.18 (s, 1H), 8.48 (d, J = 9.0 Hz, 1H), 8.35 (d, J = 8.9 Hz,
1H), 8.11 (s, 2H), 4.60 (d, J = 7.1 Hz, 2H), 3.65 — 3.59 (m, 2H), 3.09 (td, ] = 13.0, 2.8 Hz,
2H), 2.88 (s, 3H), 2.77 (s, 3H), 2.34 (brs, 1H),2.27 (d, ] = 14.7 Hz, 2H), 1.80 - 1.67 (m,
2H); ESTMS m/z 459 [M + H]*; HPLC >99% (AUC), g = 9.39 min.

Example 28

1—[6-(3,5-DichIoro-4-hydroxyphenyl)-4- {trans-4-
[(dimethylamino)methyl]cyclohexylamino}- 1,5-naphthyridin-3-yl]ethanone
dihydrochloride
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ip-temp
Rectangle

ip-temp
Rectangle


WO 2013/109388 PCT/US2012/071434

“-CD
!
Y, o2
¢ /\ )
HO 4
™~ f/ \ NH 0
,«\\ /'\

X \T
Following general procedure I, 1-(6-chloro-4-{mans-4-

[(dimethylaminoimethyi]cyciohexyiamine}-1,S-naphthyridin- 3-ylethanone (153 mg, 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 oft-white solid: ' NMER (500 MHz, CD,0D) 8 815 s, 1H),
8.46(d, J=9.0 Hz, 1H), 833 (4, F=9.0Hz, 1H), §.12 (s, ZH), 5.76 ~ 5.71 {m, 1H}, 3.09 {d,
J= 6.6 Hz, 2H), 2.76 (s, 3H), 2.50-2.40  (m, 2H), 2.08 - 198 (m. 3H), 1.74 - 1.64 {m,
2H), 1.47 — 1.37 (m, 2H). ; ESI MS m/z 493 [M + H]'; HPLC >99% (AUC), & = 9.83 min,

16 Example 29
1-[6-(3,5-Drichloro-4-hydroxypheny)-4- {4-[2-{dimethylamino)ethyijphenylamino}-1,5-

naphthyndin-3-yhethanone dihydrochlocide

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

15 (dimethylaminoyethyliphenylamino -1, S-naphthyridin-3-yiethanone (48 mg, 0.11 mmob)
was reacted with 2,6-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yiiphenol (43
mg, .15 mmol) followed by formation of the dihydrochloride salt to afford the desired
product (17 mg, 28%) as an orange solid: "1 NMR (500 Mz, CD;0D) 5 9.30 (5, 1H), 8.43
(d,J=90Hz, 1H),833(d, J=80Hz, iH}), 752w, CH), 742 (4, J=85Hz, 2 H),
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7A7(d, I = 8.5 Hz, 2H), 3.40 - 3.32 (m, 2H), 3.22 - 3.13 (m, 2H), 2.96 (s, 6H), 2.79 (s,
3. ESTMS m/z 495 [M + HJ" HPLC >99% (AUC), #g = 9.91 min.

Example 30

F-16-(3-Chioro-5-fluore-4-hydroxypheny i-4- {4- 1 2-(dimethylamino)ethyllphenylamino} -
S 1 5-naphthyridin-3-yijethanone dihydrochioride
CH,
N,

<ZHCH

T
v e
7

cl //'/xj,

J =
HO \g’///\\ N o

e T Nj”"\ﬁ;/u\cﬁg
R N
Following general procedure 1, [-(6-chioro-4-{4-[2-
{dimethylaminojethyliphenylamine} -1, 5-naphthyridin-3-yijethancone (40 mg, §.11 mmob)
was reacted with 2-chlore-6-fluorc-4- (4,4,5,5 tetramethyl-1,3,2-dioxaborolan-Z-yhpheno!
0 (4f mg, 0.15 mmol) followed by formation of the dihydrochioride 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=91 Hz, 1H), 832(d, I =9.0Hz, 1H), 744 (d, I = 8.5 Hz, 2 H), 7.41 - 7.35 (m, 3H),
711 {brs, 1H), 3.42 - 3.36 (i, 2H}, 3.23-3.13 (m, ZH), 2.98 (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-phencl-5~-methoxyphenyt)-4- {4-{2-(dimethylaminolethyHphenylamino}-

1, S-paphthyridin-3-yijethanone dihydrochloride

a [y
no Ak RSN
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Following general procedure If, 1-{&-chlorg-4-{4-{2-
{dimethylamino)ethyllphenylamino} -1, S-naphthyridin-3-yiethanone (40 mg, .11 mmol)
was reacted with Z-chloro-6-methoxy-4- (4,4,5,5tewamethyl-1,3,2-dioxaborolas-2-
yhphenol (57 mg, 8.20 mmol) followed by formation of the dihydrochloride salt to afford
the desired product (40 mg, 66%) as an orange sclid: "H NMR (500 MHz, CDs0OD) 8 9.30
(s, 1H), 847 (4, T=9.1 Hg, 1H), §.35(d, = 9.1 He, 1H), 741 (d, I=8.6Hz, 2 H}, 738,
J=8.6Hz, 2H), 733 (brs, | F), 6.88 {brs, 1H), 3.95 (5, 3H)}, 3.35 - 330 (m, 2H), 3.20 ~
3.12 (m, 2H), 2.98 (s, 6H), 2.31 (s, 3H). ; ESIMS m/z 491 [M + HI'; HPLC »99% (AUC),
e =9.62 min.

Example 32

2-Chloro-4-{8-[trons-4-{dimethylamino)ycichexylamino}-7-(methyisulfonyl)-

1,5-naphthyridin-2-yi}-6-fluorophenol
Hy;C-N IHO

Following goneral procedure 11, frans-A' (6-chloro-3-(methylsulfonyb)-1,5-
naphtbyridiﬂ—4~yl)—z‘v'”“,x“f—dimethyicycfohexane—E JA-diamine (28 mg, 8.073 mmol) was
reacted with 2-chlore-6-fluore-4-(4,4.5 S-tetramethyl- 1,3, 2-dioxaborolan-2-yDphenol (41
mg, 0.15 mmol) followed by formation of the dibydrochloride salt to afford the desired
product (30 mg, 72%) as an of-white solid: 'H NMR (500 Mz, CTHOD) S 5.92 (s, TH),
.51 (d, J =90 He, 1H), 8.37(d, J =89 Hz, 1H), 802 (1, = 1.7 He, TH), 7.92(dd, J =1 1.5,
2.2 Hz, 1H), 5.64 (brs, 1H), 3.52 - 3.42 (m, 1H), 3.39 (s, 3H), 2.91 (s, 6H), 2.65 — 2.55 (m,
JH), 233 - 2.26 (m, 26D, 1.88 — 1.72 Gm, 4H), 3 ESTMS m/z 493 [M + HI" HPLC 983%
(ALCY, i = 9.62 min,

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

1,5-paphthyridin-3-yllethanone dibydrochloride

H:C
N\ﬁ
(U
e
\ 2HCH
I\«\
& é\’.\ 7
i AV
HO., ,f;:\; ‘\NH o
R o N ,/L\ //:i
o T‘ \T \j “CH,
~F \N‘(

Following general procedure 1, 1-{6-chlioro-4-[1-{1-methyipiperidin-4-yl}-1H-

5 pyrazol-d-ylamino)-1,5-naphthyridin-3-ylethanone (77 mg, 0.2 mmol} was reacted with
2,6-dichioro-4-{4,4,5 S-tetramethyl-1,3,2-dioxaborotan-2-yphenol (87 mg, 0.30 mmmol}
followed by formation of the dihydrochioride salt to afford the desived product (67 mg,
579%) as a vellow solid: 'H NMR (500 MMz, 1,0} 5 9.14 (s, 1H), 815 (4, J = 9.0 Hz, 1H),
7994, I=89 He 1), 7.73 (4, ] = 2.8 He, 1H), 7.51 {br s, TH}, 6.97 {br s, 2H), 444

10 4.320m, 1H), 3.50(d, J = 12.5 Ha, 2H), 3.07 ¢, I = 13.0 Hz, 2H), 2.80 (s, 3H), 2.78 {5, 3H},
215 - 1.92 (m, 4H). ; ESTMS sz 511 [M + HI': HPLC >99% (AUC), & = 9.37 min,
Exaraple 34
1-{6-(3,5-Dichloro-4-hydroxyphenyl}-4-(4-({4-methylpiperazin- -y Dmethyl)-

phenylamino}-1,5-naphthyridin-3-yljethanone tritydrochloride

CH;
N
/ ™
Lo
W
)
{ Py e Tl
~ 3HCI
TR
(‘I < \
I
I \L jH o
PNy ,s v N
15 \ L \N /’

Foliowing general procedare 1, 1-(6-chloro-4-(4-({4-methylpiperazin-1-
ylmethyl phenyviaminoi-1.5-naphthyridin-3 -viethanone (74 mg, 0.18 mmol) was reacted

with 2,6-dichloro-4-(4,4,5, S-tetramethyl- 1,3, 2-dioxaborclan-2-yhipheno! (78 myg, 0.27
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mmnol) followed by formation of the dihvdrochioride salt to afford the desived product (34
rag, 77%) as a vellow solid: TH NMR (500 MHz, CD:0D) 8 9.33 (s, 1H), 845 (4, I = 9.1
Hez, 1H), 8364, i=9.0Hz, 1H), 7.70 (d, T = 8.1 Hz, 2H), 749 {(d, = 8.1 Hz, 2H), 738 (br
s, 2H), 4.45 (s, 2H), 3.55 (br s, 8H), 2.99 (s, 31}, 2.81 (s, 3H). : ESI MS m/z 536 [M + HI
HPLC 2895 (AUC), % = 9.57 min.

Example 35

1-{6-(3-Chloro-5-fluoro-4-hydroxyphenyl-4- {4-[(4-methyipiperazin-1-

yhmethyliphenylamino}-1,5-paphthyridin-3-yijethancae tohydrochloride

'\\E(‘ }/ TH N
\;’f"’ L\ N =

Following general procedure 1, 1-(6-chioro-4-{4-[(4-methylpiperazin-1-
yhmethyllphenyv] amine}-1,5-naphthyridin-3-yliethancne (74 wg, .18 ramol) was reacted
with 2-chloro-g-fluoro-4-{4,4,5,5-tetrarnethyi-1,3,2-dioxaborolan-2-yliphenol (74 mg, 0.27
mmol) followed by formation of the dihiydrochloride salt to afford the desired product (96
mg, 93%7 as a veliow sohid: "H NMR (500 MHz, ChODI3d 932 (s, 1H), 8.44¢d, I=9.1
Hez, TH), 834 (d, I=9.1 Hz, 1H), 765(d, I=76Hz 2H}), 748 {d, I =80 Hz, 2H), 731 {br
s, 1H), 712 (br s, 1H), 4.26 (brs, 2H), 3.45 (br s, 8H), 2.97 (s, 3H), 2.80 (s, 3H) ; ESI M8
widz 520 [M + HY HPLC »99% (AUQ), i = 9.37 min.

Example 36

i-[6-03,5-Dichloro-4-hydroxyphenyly-4- {4-[2-(pyrrolidin-1-yDethyi]piperidin- 1 -y1}-1,5-

naphthyridin-3-yljethanone dihydrochloride
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Folowing general procedure T, 1-{6-chloro-4- {4-12-{pyrrolidin-i-~
yhethylipiperidin-1-yl}-1,5-uaphthyridin-3-ylethanone (60 mg, 8.16 mmol) was reacted

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

(%2}

mmol) followed by formation of the diliydrochloride salt to afford the desived product (54
mg, 60%} as a yellow solid: "HNMR (500 MHz, Ci0By 8 891 (s, 1H), 846 (d, J=9.1
Hz, 1H), 835¢d, I =89 Hz, 1H), 8.16 (s, 2H), 4.63 {brs, 2H), 3.70 - 3.54 (m, 4H), 332 -
3.24 (m, 2H), 3.13 ~ 3.03 (m, 2H), 2.67 (5, 34}, 2.22 — 1.96 (m, TH), 1.82 ~ 1.6% (m, 4H}.:
ESIMS m/z M+ HY HPLC >99% (AUC)Y, = 9.75 min.

10 Example 37

1-[6-(3-Chlore-5-flucro-4-hydroxyphenyil-4- {4-12-(pyrrolidin-1-yethylipiperidin- -y} -

i, 5-naphthyridin-3-yljethanone dibydrochlioride

/)
ki \
Ny
,\L'
l IHCH
cl l/ ™
HO. /,j\ ~u P .

Following general procedure H, 1-(6-chloro-4-{4-[2-{pyrrolidin-t-yhethyl piperidin- 1 -y} -

o
L

I,5-naphthyridin-3-yllethanone (60 mg, 0.16 mmol} was reacted with 2-chloro-6-fluoro- 4-
(4,4,3,5-tetramethyl- 1,3, 2-dioxaborolan-2-yphenol {61 mg, 0.23 mmol) followed by
formation of the dihydrochloride salt o afford the desired product {73 mg, 83%) as a vellow

solid: TH NMR (500 MHz, CD;0D) & 8.91 (s, 1H), 8.45 (d, § = 9.0 Hz, 1H), 8.35(d, I =49

- 103 -



WO 2013/109388 PCT/US2012/071434

10

Hz, 1H}, B804 (1, J = L8 He, 1H), 7.89(dd, J=11.7, 2.2 Hz, 1H), 4.66 (brs, 2ZH), 3.6% ~
3.54 (m, 4H3,3.33-323 (m, 2H)L 313303 (m, 2H), 267 (s, 3HL 222~ 196 (m,
TH), 1.81 - 168 {m, 4H}. ; BSI MS m/z 497 (M + HJ"; HPLC >99% {AUC), i = 9.65 min.
Example 38

1-]6-(3,5-Dichloro-4-hydroxyphenyh-4- { 6-[ 2-(dimethylamino jethylaminojpyridin-3-

viamino}-1,5-naphthyridin-3-yljethanone wihydrochloride

H
BC},\.} ~CHy
{

.,

i

i
HH ae
_N. «3HC!

\_( \

it i It
i
H J \\/J\
O NH O

s
A : \ A
o \/}\\\:/ \\\jm\Cﬁs

NP N
Following general procedure 11, 1-{6-(3,5-dichloro-4-hydroxyphenyl)-4- {6-{2-
(dimethylamino) ethylaminolpyridin-3-viamino}-1,5-naphthyndin-3-yljethanone (6% mg,
(.18 mmol) was reacted with 2,5-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-dicxaborolan-2-
ylphenol (78 mg, 0.27 mmol) followed by formation of the trihydrochloride salt to afford
the desired product (87 mg, 78%) as a yellow-orange solid: 'H NMR (500 MHz, 1,0} 8
922 (s, IH}, 822{d, J =89 Hz 11,882, J=91Heg TH),752(d,1=25Hz 1H),
759 753 (my, 1), 698 (5, 2H), 6.79(d, J =94 He, 1HL 3.67(, =64 Hz, 2H), 3.23 (¢, ]
= 6.4 Hz, 2H), 2.82 (s, 6 H), 2.80 (s, 3H). ; ESI MS /2 511 [M + HJ; HPLC >99% (AUQ),
=913 min.
Example 39
1-16-(3-Chloro- S-fluoro-A-hydroxyphenyl)-4- {6-{ 2-(dimethylaminojethylamino | pyridin-3-

viamino}-1,5-paphthyridin-3-yilethanone trihydrochloride
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Following general procedure I, 1-{6-(3,5-dichloro-4-hydroxyphenyl-4-{6-{2-
(dimethylamine) ethylamincipyridin-3-ylamino}-1,5-naphthyridin-3-y{jethanone {69 mg,

(.18 mumol} was reacted with 2-chioro-6-flucre-4-(4.4,5, 5-tetramethyl-1,3,2-dioxaborolan-

wh

2-yDphenct (74 mg, ¢.27 mmol} followed by formation of the trihydrochloride salt to afford
the desired product (71 mg, 66%) as a yellow-orange solid: "H NMR {500 MHz, CaOD &
9,40 (s, TF), A9 (d, T= 9.0 Hy, 1H), 841 (d, I=9.1 Hz, 13D, 8.23(d. ] =2.5 He, 1H),
787 (dd, T = 9.4, 2.5 Hz, 15D, 7.42 (br 5, 2HD), 7.06 (d, } = 9.4 Hz, 1H), 3.91 (t J=6.4 Mz,
2H), 3.47(t, J = 6.4 Hz, 2H), 2.99 (s, 6H), 2.85 (s, 3H). ; BSI MS m/z 495 [M + H]"; HPLC
10 98.9% {AUC), i = 8.97 min.

Example 40

(8)-£4-{6-(3- Aminopiperidin- 1 -yDpyridin-3-vlamino}-6-(3,5-dichloro-4-hydroxypheny i}

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

e,
HN" o
TN “3HCY
cl /'\ P
HO. —

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

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

NME (500 MHz, CD-OD) 8 9.52 (brs, 1H), 8.51 (d, J = 9.0 Hz, 1H), 842 (d, ] =9.0 Hg,
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1H), 823 (d, ¥=2.6 Hz, 1H), 7.88(dd, 7=9.4,2.7 Hz, 1H), 769 (brs, 2H), 724 (4, = 9.5
Ha, 1H), 437(d, J =109 Hz, 1H}, 4.05-3.95 (m, 14}, 3.50-3.33 {m, 3H), 2.90 (br 5, 1H),
227217 (m, 1H), 2.06 - 1.96 (m, {H}, 1.86 - 1.74 (m, ZH), 1.37 - 1.18 {m, 4H). ; ES!
M8 mi/z 549 (M + HY"; HPLC 95.4% (AUC), & = 10.09 min.

5  Example 41
1-{4-[2-(3-Aminopyolidio-1-yDpyrimidin-5-ylamino}-6-(3,5-dichloro-4-hydroxyphenyl)-

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

Following general procedure 1V-1, feri-butyl 1-15-f 3-acety-6-(3,5-dichloro-4-

16 hvdroxyphenyl}-1,5-naphthyridin-4-ylaminolpyrimidin-2-yl} pyrrohidin-3-yicarbamate (123
g, 0.20 mmol} was reacted with 8§ N HCI (2 mbL)} followed by formation of the
trihydrochloride salt to afford the desired product (62 mg, 50%) as a Hght orange solid: 'H
MNMR (500 MHz, CI1H0D)Y 3 836 (brs, TH), 8.51 - 835 {m, 3H), 7.51 {ors, 2H), 4.12 -
3.97 {m, 21} 3.89 - 3.84 (m, 14, 3.80 - 3.69 {m, ZH), 2.84 {or g, 3H), 2.58 —~ 2.48 {(m, 1H),

15 228247 (m, {HY ; ESIMS w2 STO M + HY HPLC 65.6% (AUC), £ = .18 min.
Example 42
1-{4- Grans-4-[(Dimethylaminoymethylicyclobexylamino }-6-( 1 H-pyrazol-4-y1)-1,5-

naphthyridin 3 -yijethanone trihydrochloride

i \] HC)
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Following general procedure 1, 1-(6-chloro-4-{4-[{dimethylaminomethyl}-
cyclohexylamino}-1,5-naphthyridin-3-yethanone (55 mg, .15 mmol) was reacted with
fere-butyt 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y)-1H-pyrazole- | -carboxylate (68
mg, §.225 mmol) followed by formation of the trihydrochloride salt to afford the desired
product (32 mg, 42%]) as a yellow sofid: 'H MMR (300 MHz, CD;0D) 89,16 (s, 1H),
8.34 (s, 2H) 830~ 3.23 (m, 211, 5.64 {m, 1H), 3.14 {d, J=67 Hz, 2H), 2.94 (s, 68}, 2.7

3, 3H), 247 (d, J = 13.0 He, 2H), 2.08 - 1.97 {m, 3H}), 1.73 - 161 (m, 2H), 1.45 — 1.33 (m,
2Hy; ESTMS sz 393 [M + HI"; HPLC 98.3% (AUC), &

= §.60 min.

Example 43
{-{6-{3,5-Dichloro-4-hydroxypheny-4-rrans-4-(hydroxymethyeyelohexytamino}- 1,5-
naphthyridin-3-yijethanone hydrochloride

OF

i Lz\(,/\\} sH{l

HOL o\ .,
A S g 0

I : N‘V’L\W JJ\CHA

(—“/ R /\/
\ //\\

Following general procedure 11, 1-{8-chioro-4-{4-
(hydroxymethyleyclohexylamino}- 1,5-naphthyridin-3-yl}ethanone (34 mg, 0.10 mmol}
was reacted with 2,6-dichlore-4-(4,4,5,5- tetramethyi- 1,3, 2-dioxaborolan-2-yhphenol {44
mg, 0.15 mmol) followed by formation of the hydrechloride salt to afford the desired
product {40 mg, 80%) as an orange solid: "H NMR {560 MHz, DMSO-di) § 11.83(d, J =
8.0 He, THD, 10.91 (s, 1H), .22 (s, 1H), 8.61 {d, J= 89 Hz, 1H), 8.50(d, /=90 Hz, 1})},
3.16(s, 2H), 5.55~ 5.45 (m, 1H). 3.28(d, J=6.5 Hz, 2F), 2.76 (s, 3H), 2.25 - 2.23 (m, 2H),
1.96 — 1.88 (m, 2H}, 1.50 - 1.42 (m, 3K, 117~ 1.12 (m, 2H); BST MS m/z 460 [M -+ H]";
HPLC 96.8% (AUC), = 11.64 min.

Example 44
1-16-(3.5-Dichioro-4-hydroxyphenyl -4« { frams-4-[{dimethylamino)methylicyclohexyl-

aminoc}-1,3-naphthyridin-3-yi}-2-bydroxyethanone dibydrochloride

107 -



WO 2013/109388

10

—
h

HCO
N-CH;
! “2HC!

~
a ()
PN —

S L NH O
Cl/l\\\\/l Ny /L\\W/"\/OH

e -
H\\f; j\ . r{J

IR

Following general procedure 11, 1-(6-chloro-4- {trams-4-{(dimethylamino jmethyl]-
cyclohexylamine}-1,5-naphthyridin-3-yi)-Z-hydroxyethanone (18 mg, 0.048 mmol) was
reacted with 2 8-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-ylipheno! {18 mg,
§.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, CLO0D 8 9.13 (s, 1H), 8.47 (4,
J= 89 Hz, 1H), 8.33(d, =89 Hz, 1H), 8.13 (s, ZH), S.78 - 5.68 {m, 1H), 4.91 (s, ZH),
3.10(d, I = 6.7 Hz, ZH), 2.94 (s, 6H), 2.49 - 2.42 (m, 2H), 2.10 - 2.0 {m, 3H), 1.76 -
1.66  (m, 2H), 148 — 1.36 {m, 2H).; ESI MS m/z 503 [M + HI; HPLC >99% (AUC), i =
3.4G rain.

Example 43
1-£6-(3,5-Dichloro-d-hydroxypheny-4-[{ 1 -methyipiperidin-4-yjamino}- |,5-naphthyridin-

3-yl}ethanone

:"}3(:.\ o
i 2\:\{

PNy o
SO

NS A
s e NN e R // \.—-H
) 1 | J LAy
-

HO

u\{/,,\N;..
Following general procedure H, 1-{6-chloro-4-{{ I-methylpiperidin-1-yljaminc}- 1,5-
naphthyridin-3-viethanone {70 mg, 0.22 mmol} was reacted with 2,6-dichloro-4- (4,4,5,5~
tetramethyl-1,3,2-dioxaborolan-Z-yliphenot (95 mg, 8.33 mmol} to afford the desired
product (52 mg, 53%) as a yellow solid: 'H NMR (500 MHz, CD;0D) 8 8.85 (s, 1H), 8.09
~ 8.0 (r, 2H), 7.94 (s, 2H), 5.74 - 5.70 {m, 1H), 2.85 - 2.92 {m, 2H), 2.68 (5, 3H), 2.51 {t,

J=11.7 He, 2H), 2.37 (s, 3H), 2.33 — 2.25 {m, 2H), 1.73 — 173 {m, 2H); BST MS m/z 445

- 108 -
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IM + HI" HPLC >99% (AUC), g = 9.03 min.
Example 46
{~{6-{3-Chloro-5-fluoro-4-hydroxyphenyy-4-{(1 -methylpiperidin-d-yDamino}-

S-naphthyridin-3-yi}ethanone

H.C

' }i’\

i
i

HOL .
0 Y A\;{ 0

A RN

TVL j

Following general procedure 1L, 1-{6-chloro-4-[{1-methyipiperidin-4-yDamino]-

1,5-naphthyridin-3-y1}ethanone (69 mg, 0.22mmol) was reacted with 2-chioro-6-fluoro-4-
{4,4,5,5-ietramethyl-1,3,2-dioxaborolan-2-yhphenol (88 myg, (.32 mmoi) to afford the
desired product {44 mg, 47%) as a vellow solid: 'H NMR (500 MHz, CD:0D + D03 § .94
10 s, 1H), 8.15(s, 2H), 792 (5, 1H), 7.74 (dd, J = 12.0, 2.2 Hz, 1H)}, 5.70 - 5,62 {m, 1H), 3.17

=312 {m, ZH), 2.71 (s, 3H), 2.69 ~ 2.584 (m, 2H), 2.53 (s, 3H), 2.37 - 2.35 (m, 2H), 1.85 -

1.82 (m, 2HY;, ESI MS m/z 429 [M + HIY HPLC >99% (AUC), # = 8.80 min.

Example 47

1-16-(3.5-Dichloro-4-hydroxyphenyi)-4- {{rrams-4-{morpholinomethyicyclobexyllamine} -

15 1,5-naphthyridio-3-yljethanone

-

of e \\L
¥ )ﬂ\ /}\LL\\//
1 5 J\ i
i AR \1/ \\v/ \J// \CH3

NH O

i |
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N
Following general procedure 1L, [-{6-chiora-4- {{4-{morpholinomethyljeyclohexyll-
aming}-1,5-naphthyridin-3-yDethanone (85 myg, 0.21 munol) was reacted with 2,6-dichloro-
4-{4,4,5 S-tetramethyvi-1,3,2-dioxaborolan-2-yDphenol (91 mg, £.3] mmol) to afford the
20 desired product (39 mg, $3%) as an orange solid: 'H NMR (500 MHz, CDCI;) 8 1118~

- 169 -
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11,16 ém, TH), 8.95 (s, 1H), 821 (4, J= 8.8 Hz, 1H), 7.99 (s, 2K0), 7.94 (4, J= 8.8 Hg, 11},
515

A

(¥4

2 (m, TH), 170G, T = 4.7 Hz, 4H), 2.70 (s, 3H), 2.41 - 2.43 (m, 457}, 2.34 - 2.32
{ra, 2H), 2.23 - 2.22 (m, ZH), 2.02 — 1.95 {m, 2H), 1.62 —~ 1.58 {m, 1H), 1.46 - 1.39 (m, 2H),
128 —1.15 (m, 2H); ESIMS mr/z 529 [M + HI'; HPLC 98.2% (AUC), £z = 9.93 min.

5 Example 48
1-16-(3,5-Dichicro-4-bhydroxyphenyl)-4-(trans-4- {{(2-
hydroxyethyi}¥methyDarainoimethvil- cyelohexyiamino}- 1, S-naphthyridin-3-yilethanone
dibydrochloride
v HiCoy - OH
¢l . /\“.; <2HCT
HO\;/ S
o s i/ N*\-{ \r “Ciy
.y ,/X\N--;-

10 Following general procedure 11, 1-{6-chloro-4-{4- {[{2-hydroxyethyl(methy
aminoimethyllovelohexylaminoy-1,5-naphthyridin-3-vilethanone (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,
0.27 mumol) followed by formation of the dihydrochioride salt to afford the desired product
(68 rog, 64%6) as a light yellow solid: TH NMR (500 MHz, CD:0D)  §9.15 (s, tH), 8.46 (d,

15 J=9.0Hz 1H), 8.34(d,J= 9.0 Hz 1H), B.12 (s, 2H), 5.74 ~ .71 (m, 1H), 3.90 (1, J=5.0

He, 2H), 3.39 - 3.37 (m, 1H), 3.28 ~ 3.26 {m, 2H), 2.06 — 3.02 {m, 1H), 2.97 (s, 3H), 2.76
{m, 3H), 2.46 — 2.43 (m, ZH), 2.13 - 2.3 (ra, 3H), 1.69 — 1.66 (m, 21}, 1.44 - 1.42 (m,

THY, ESEMS m/z 517 [M + HT'; HPLC »99% (AUCH 5 = $.74 min.

H
Example 49
28 1-{6-(3-Chloro-3-fluoro-4-hydroxyphenyl-4-(rrans-4- {{(2-hydroxyethy D{methyDamino}-

methyiteyelohexylaminoi- 1,5 -naphthyridin-3-yijethanone dihydrochioride

110 -
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Following general procedure 11, 1-[6-chloro-4-(4-£{(2-

hydroxyethyD{methyDamino}- methyl} cyclobexylamine}-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 munol) followed by tormation of the dihydrochloride
alt to afford the desired product (32 myg, 73%) as a light yellow solid: 'H NMR (500 MHz,

CDLOM 892,14 (5, 1HD, 8.45(d, J=9.0 Hz, 1H}, 833 {d, /= 9.0 Hz, 1H), 8.03 (s, 1H}, 7.89

(=115 Hz, TH)L 574 - 571 {m, THD, 390 (1, /=51 He, 2H), 345 =332 (n, 1H) 3.30
326 (m, 2HD), 3.07 - 3.04 (m, 1H), 2.97 (s, 3H), 276 (5, 3H), 245 (5, 2H}, 217 - 2.2 {(m,

-..;
>
(53

3H), 178 - 1.62 (o, 2H), 1.48 — 1.36 (m, 2H), ESY MS m/é 501 [M + HY'; HPLC 98.2%
(AUC), & = 9.54 min.
Example 50
1-16-(3,5-Diftuore-4-hydroxyphenyl)-4- {rans-4-
[{dimethylamino)methyilcyclohexylamino}- 1,5-naphthyridin-3-yljethanone

15 dihydrochloride

HyC.-CHs

3
F L\}/\J “2HCH
HOL A, S

PN P

N
T’ \/ \\ - TCH,
1 | N

-
\\,/// Y 2 e

Following general procedure 1, 1-{6-chlore-4-{4-
[{dirsethylamincymethyljeyelohexyl- amino}- 1, 5-naphthyridin-3-yDethanone (65 mg, €.18
mmol) was reacted with 2,6-diflucro-4- {4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

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

- it~
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the desired product (87 mg, 90%) as an off-white solid: "H NIMR (500 MHz, CIHOD) 8

S 13 ¢s, 1M, B4 (d, J=9.0 He, 1H), 8.35{d, J/=9.0Hz, 1H), 7.78(dd, /= 7.8, 1.7 Hz,

ZH), 5.66 - 5.62 (m, 1H)}, 3.09 (d, J= 6.6 Hz, 2H), 2.94 {5, 6H}, 2.76 (s, 3H), 2.47 ~ 2.44 {1,

2H), 2.08 - 2.04 (m, 3H), 1.72 - 168 {rn, 2H}, 1.37 - 1.28 {m, ZH); ESI MBS m/z 455 M+
5 HIY HPLC >99% (AUIC), % = 9.49 min.

Example 51

1-[6-(3,5-Dichloro-4-hydroxyphenyi}-4-{ 6-[3-{dimethylamino)pyrrolidin- 1-yilpyridin-

3eylamino}-1,5-naphthyridin-3-yliethanone trihydrochioride

i0 Foliowing general procedure 11, 1-(6-chioro-4-{6-[3-(dimethylamino)pyrrofidin-i-
vi- pyridia-3-ylamino}-1,5-naphthyridin-3-vDethanone (55 mg, 0.134 mmol) was reacted
2, 0.20

forkd

with 2,6-dichloro-4-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2~-ylpheno! (58 1o
rarncl) followed by formation of the rihydrochloride salt to afford the desived product (75
mg, 86%) as an orange solid: 'H NMR (300 MHz, CD;00) 5941 (s, 1H), 8.55~ 838 (m,
15 2H), 830 (d, J=24He, TH), 7.97(dd, /= 90.5, 2.4 Hz, 1H}, 7.54 (s, Z2H), 7.05(d, /= 9.3
Hz, 1H), 4.20 -~ 4.16 (in, 2H), 4.02 - 3.86 (m, 2H}, 3.830 - 3.78 (m, 1H], 3.03 (s, 6H}, 2.85 (5,
3H), 2.82 - 2.68 (m, 1H), 2.39 — 2.52 (m, TH); ES} MS m/z S37 M + HI' HPLC >99%
{AUC), fg = 9.08 min.
Example 52
26 1-J6-(3-Chlore-S-fluora-d-hydroxypheny)-4- {6-[ 3-(dimethviaminopyrrolidin- T-ylipyridine

3- ylamino}-1,5-paphthyridin-3-yllethanone trihydrochioride
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Following general procedure II, 1-(6-chloro-4- {6-[3-(dimethylamino)pyrrolidin-1-
yl]pyridin-3-ylamino}-1,5-naphthyridin-3 -yDethanone (55 mg, 0.134 mmol) was reacted
with 2-chloro-6- ﬂuoro-4—(4,4,5,S-tetramethyl-1,3,2-dioxabor01an-2-yl)phenol (55 mg, 0.20
mmol) followed by formation of the trihydrochloride salt to afford the desired product (85
mg, 99%) as a yellow solid: '"H NMR (300 MHz, CD;0D) 6 9.41 (s, 1H), 8.54 — 8.37 (m,
2H), 8.29 (d, J=2.3 Hz, 1H), 7.99 (dd, /= 9.5, 2.3 Hz, 1H), 7.39 - 7.35 (m, 2H), 7.10 (d, J
=9.5 Hz, 1H), 4.29 - 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), 1r = 8.90
min.

Example 53

1-(6-(3,5-Dichloro-4-hydroxyphenyl)-4- {6-[3 ~(methylamino)pyrrolidin-1-yl]pyridin-3-
ylamino}-1,5-naphthyridin-3-yl)ethanone trihydrochloride

HN
H,C N
N
3HCI
ca Jf N
O -
H NH 0O
N
cl | TR CH,
o
Z N

Following general procedure D-1, tert-butyl 1-{5-[3-acetyl-6-(3,5-dichloro-4-
hydroxy- phenyl)-1 ,5-naphthyridin-4-y1 amino]pyridin-2-y1}pyrrolidin-3-
yl(methyl)carbamate (0.183 mmol) was reacted with TEA (2 mL) followed by formation of
the trihydrochloride salt to afford the desired product (57 mg, 49% over two steps) as an
orange-yellow solid: 'H NMR (500 MHz, CD;0D) 6 9.37 (s, 1H), 8.49 (d, /= 8.9 Hz, 1H),

-113 -
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3.40(d, J=89Hz, 1H), 8.24(d, 7=2.5Hz, 1H), 738 (dd, /=94, 2.5 Hz, 1H), 7.57 {s,
2H), 6.96(d, J=9.4 Hz, [H), 413 - 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 m/z 523 [M + H{'; HPLC
>99% (AUC), i = 8.97 ruin.

Exarapie 54

1-{6-(3-Chloro-5-fluoro-4-hydroxyphenyl-4- {6-[3-(methylamino)pyrrolidin- -y jpyridin-
3-ylamino}-1,5-naphthyridin-3-yDethanone trihydrochloride

HN Y

H,C N

N «3HCI

i AN
PR
HO.__AS =

r ] NH B
P S \5/\ /’j‘\}/ “CH,

N N

Following general procedure -1, fert-butyl 1-{5-[3-acetyl-6-{3-chlore-5-fluoro- 4-
fydroxypheryl]-1, S-naphthyridin-4-ylamino jpyidin-Z-yDpyrrobdin-3 -yHmethy)
carbamate (0.189 mmol) was reacted with TFA (2 mL) followed by formation of the
tritydrochloride salt to afford the desired product (73 mg, 63% over two steps) as an crange
solid: "H NMR (500 MHz, CDB,0D) 5 9.34 (5, [H), 8.46 (4, /= 9.0 Hz, 1H), §.38 (d, J= 0.0
He, 1H), 822 {d, J=2.5Hz, iH), 7.82{dd, /=94, 2.5 He, 1H), 740 (s, 1H), 7.32{d, J=
1.8 Hz, 1H), 6.92(d, J=94 Hz, 1H), 416397 (o, 2H), 390378 {m, 2H), 3.75 ~
3.65 (m, TH), 2.83 (s, 6H), 2.72 - 2.60 (m, 1H), 2.42 - 334 (m, 1H); ESIMS m/z 507 [M +
HT HPLC >99% (AUC), fp = 8.72 min.
Example 55
1-{6-{1H-Benzo[dlimidazol-5-y)-4-{rans-4-[{dimethylaminomethylcyclohexylamino} -

1. 5~napbthyridin-3-yhethanone tribydrochioride
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Following general procedure 11, 1-{(6-chloro-4-{ramns-4-
[{dimethylarincymethyljoyelo- hexylaminol-1,5-naphthyridin-3-vlethanone (68 mg, ¢.188
mmol) was reacted with 5-(4,4,5, 5-tetramethyi-1,3,2-dioxaborolan-2-yi}- 1 H-

5 benzo{diimidazole (6% mg, 0.282 mmol) followed by formation of the trihydrochlornide sakt
to afford the desired product (76 mg, 73%) as & yellow-brown solid: 'H NMR (500 MHz,
CDRODY 89,49 (g, 1H), 919 (s, 1H), 8.63(d, J= 89 Ha, IR}, 856, 1H),846{d, /=89
Hz, 1H), 837(d, /=85 Hz, 1H), 8.19(d, =85 Hz, 1H)L 5.65-555(m, IHL3.15(d, J=
6.9 Hz, 2H}, 2.93 (s, 6H), 2.78 (s, 3H), 2.52 - 248 (m, 2K}, 2.07 — 1.95 (m, 3H), 1.76 —

10 1.64(m, 28, 1.43 - 1.31 {m, 2H); ESI MS m/z 443 [M + BT HPLC 97.7% (AUC), =
8.20 min.
Example 56
1-{4-f4-(rans-4-Dimethylamino imethylcvcichexylamino }-0-{pyridin-4-vi}-
1,5-naphthyridin-3-yi}ethanone trihydrochloride
H,C. ,UH

*3HI

,A\

’W \/] 'N}} Q
k :

\[ \\ / CH“

\\»,/./ ~N

st
Ln

Following general procedure I, 1-{6-chloro-4-(fruns-4-
{{dimethylamincymethyhoyelo- hexylamino-1,5-naphthyridin-3-ylethanone (8% mg, 0.247
mmol) was reacted with 4-{4,4 5 S-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine {45 mg

0.370 mmol) followed by formation of the teibydrochloride salt to afford the desired product

20 (108 mg, 85%) as a vellow solid: 'H NMR (500 MHz, CD50D} 5 9.28 — 9.20 (m, 3H), 8.81

-5 -
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{d,J= 89 Hz, 1H), 874 - 8.69 (m, 2H}, 8.57 (4, J= 8.9 Hz, 1H), 5.51 - 543 (m, 1H), 3.17
{d,.7= 6.7 Hz, 2H), 2.94 (s, 6H}, 2.78 (5, 3H), 2.32 ~ 2.44 {m, 2H}, 2.08 — 1.97 (m, 3H},
1.77 - 1.65 (m, 2H), 1.42 — 1.33 (m, 2H); BST MS m/z 404 [M + H}"; HPLC 95.6% (AUC),
o= 762 min.

5  Example §7
S~{7-Acetyi-8~{rrans-4-[{dimethylaminomethyijcyclohexylamino} -

1, S-naphthyridin-2-yDpyrimidine-2-carbonitrile

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

10 [(dimethylaminonethyloyelo- hexylamino}-1,5-naphthyndin-3-yhethanone (87 myg, 0.24
murtol) was reacted with 5-(4,4,3, S-tetramethyi-1,3,2-dioxaborolan-2-y)pyrimidine-2-
carbonitrile {83 mg, 0.36 mmol} to afford the desired product (24 mg, 23%) as a yellow
solid: TH NMR {500 Mz, CD:0D + TFA-d) & 9.62 (5, 2H), 9.23 (s, 1H), 8.68 (4, /=89
Hz, TH), 8.51 (d. /=85 Hz, 11}, 5.52 - 5.41 {m, 1H) 312 {d, J = 6.8 Hz, 2H). 2.94 (s,

15 GH), 2.77 (s, 3H), 2.51 - 2.42 (m, 2H), 2.08 — 1.94 (m, 3H), 1.88— 1.65 {m, 2H), 1.37 ~

U

1.25 (m, 2H); ESI MS sz 430 (M + HJ" HPLC >99% (AUC), fp = 8.73 min.
Example 58
1-(6-(3,5-Dimethvi- 1 H-pyrazol-4-yi)-4- {grans-4-

{{dimethyiamino)methylloyclohexyiamino}- 1, 5-naphihiyridin-3-yijethanone

3]
<o

rilrydrochlonde
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Following general procedure D-1, reri-butyl 4-(F-acetyl-8-{rans-4-

{dimethylamino)- mothyl] cyclohexy!}amine}- 1,5-naphthyridin-2-v13-3,5-dimethyl- 1H-

pyrazole-1-carboxylate (8.25 mmol) was reacted with TFA (2 mL) followed by formation

L

of the rihydrochloride salt to afford the desired product (96 mg, 72% over two Steps} as &
yellow foam: "H NMR (560 MHy, CDOTH 8 9.17 (s, 1H), 836 (d, J= 8.8 Hz, [H), 8.08 (4,
J= 8.8 Hz, 1H), 5.64 - 5.52 {m, 1H), 3.05 (d, /= 6.7 Hz, 2H), 2.90 (s, 6H},2.76 (s, 3H),
247 (s, 6H), 2.38 - 2.29 (m, 25D, 1.99 — 1.87 (m, 3H), 1.68 — 1.52 (1s, 2H), 121 ~ 1.07 {1y,
2Hy; ESEMS mz 421 [M + H]" HPLC >99% (AUC), fr = 8.45 min,

10 Example 59

{-{4-{trans-4-{{ Dimethylamino}methyl]oycichexylarine -6-(4-hydroxy-3,5-
dimethyiphenyl)-

1, 5-naphthyridin-3.yDethanone dichloeride
HyC,

1 -CH3
/
A “ZHCI
. I
CH., K \\/
o, -
HOL //,\\i \T‘IJH 9
i i
e
!\\".;J\Nf;;
15 Following general procedure 1, 1-(6-chloro-4- {frans-4-

Hdimethylaminoymethyijevelo- hexylamino}-1,5-naphthyridin-3-yDethanone (60 mg, 0.166
mrnoh) was reacied with 2,6-dimethyl-4-{4,4,5,5-tetramethyl-1,3 .2 -dioxaborolan-2-
yhiphencl (62 mg, 0.25 mmol) followed by formation of the trihydrochloride salt to afford

the desired product (41 myg, 48%) as a veliow solid: 'H NMR (500 Mz, CD40D) 3 9.10 (5,

- 10

~~i
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1H), 8.39 (d, /= 9.0 Hz, IH), 8.26 (d, /= 9.0 Hz, 1H), 7.72 (s, 2H), 5.82 — 5.73 (m, 1H),
3.06 (d, /= 6.6 Hz, 2H), 2.93 (s, 6H), 2.75 (s, 3H), 2.49 - 2.42 (m, 2H), 2.35 (s, 6H), 2.09 —
1.98 (m, 3H), 1.73 ~ 1.60 (m, 2H), 1.40 — 1.27 (m, 2H); ESI MS m/z 447 [M + H]"; HPLC
98.4% (AUCQC), g = 9.81 min.

Example 60

1-(6-(3,5-Dichloro-4-hydroxyphenyl)-4-[4-(pyrrolidin-1 -ylmethyl)phenylamino]-1,5-
naphthyridin-3-yl)ethanone dihydrochloride

!

N
*2HC]
Cl
o)
H NH O
N
Cl B Xy CH;
- N/

Following general procedure II, 1-{6-chloro-4-[4-(pyrrolidin-1-
ylmethyl)phenylamino]- 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—Z-yl)phenol (82 mg, 0.284
mmol) followed by formation of the dihydrochloride salt to afford the desired product (50
mg, 45%) as a yellow solid: 'H NMR (500 MHz, CD;0D) 6 9.34 (s, 1H), 8.44 (d, J=8.9
Hz, 1H), 8.36 (d, /= 8.9 Hz, 1H), 7.68 - 7.62 (m, 2H), 7.54 — 7.47 (m, 2H), 7.40 (br s, 2H),
4.49 (s, 2H), 3.53 — 3.44 (m, 2H), 3.25 - 3.17 (m, 2H), 2.81 (s, 3H), 2.24 - 2.14 (m, 2H),
1.92 —2.05 (m, 2H); ESI MS m/z 507 [M + H]"; HPLC >99% (AUC), tr = 10.07 min.
Example 61
1-{6-(3,5-Dichloro-4-hydroxyphenyl)-4- [trans-4-(pyrrolidin-1 -ylmethyl)cyclohexylamino]-
1,5-naphthyridin-3-yl}ethanone dihydrochloride
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Following general procedure I, 1-{6-chloro-4-[irans-4-{pyrrolidin-1-yimethyl}-
cyclohexylamino}- 1, 5-naphthyridin-3-y1} ethanone (67 mg, 0.17 mmol} was reacted with
2,6-dichloro-4-{4,4, 5, S-tetramethyl-1,3,2-dioxaborolan-2-yhphenol (58 mg, .21 mmol
followed by formation of the dihydrochloride salt to afford the desired product (36 mg,
36%%) as an off-white solid: "H NMR (300 MHz, CDB;0D) 3 815 (5, 1H), 8.47 (d, 7= 9.0 Hz,
{H), 8.34(d, 7= 9.0 Hz, 1H), 812 (5, 2H), 5.75 - 5.67 (m, 1H), 3.72 - 3.65 {m, 2H}, 3.17 -
3.06 {m, 493, 2.76 (s, 3H), 2.4% — 2.40 (m, 2H), 2.20-1.99 (m, §H), 1.73 — 1.61, (m, 2H),
1,47 — 136 (o, 2H); BSEMS m/z 513 [M + HT HPLC 95.7% {AUC), & = 10.21 min.
Example 62
1-(6-(3-Chloro-5-fluorc-4-hydroxyphenyl)-4- { {rrans-4-{pyrrelidin-1-yimethyt)

cyclohexyl} amine}-1,5-naphthyridio-3-yhethanone dihydrochloride

~, 7
IR
[ 2HC
Cl ’f-.{f\
HG\\.{;,L\\‘ ~ L

e
~NH O
i 1 i
i
. P N PN

Y
N

Following general procedure 1, 1-(6-chioro-4-{{rans-d-(pyrrolidin-1-vimethyh-
cyclohexyljamino}-1,5-naphthyridin-3 -yhethanone (86 mg, 0.22 mmol) was reacted with 2~
chioro-6-fluore-4-(4,4,5, 5-teframethyl-1,3,2-dioxaborolan-2-ylpheno! (30 mg, .33 mmol)
followed hy formation of the dihydrochloride salt to afford the desired product (75 mg,
69%) as a tight brown solid: 'HIWMR (500 MHz, CD;0D) 8 9.14 (s, 1H), 8.45 {d, J= 9.0
Hz, 1H). 834 (d, J=9.0 Hz, TH), 8.02 (5, TH), 7.88 {(dd, J=11.5, 2.0 Hz, 1H)}, 5.74 - 5.64
{m, 1H), 3.74 - 3.68 (m, 2H), 3.18 - 3.10 (m, 4H), 2.76 (s, 3H)}, 2.47 - 2.4} (m, 2H), 2.22
1.95 (v, TH), 1.74 — 1.62 (m, 2H), 1.47 = 1.34 (m, 2H); ESI MS m/z 497 [M + H}', HPLOC
96.6% (AUC), & = 9.90 min.
Example 3
1-{6-(3.5-Dichicro-4-hydroxyphenyi)-4- {irans-4-|{(4-methylpiperazin-1-

yhmeihylloyelohexyl- arnino}-1,5-naphthyridin-3-yhethanone tithydrochloride
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Following general procedure 11, 1-(6-chlore-4-{4-{d-methylpiperazin-1-
yhmethyll- oyelohexyl aminod-1,5-naphthyridin-3 -vijethanone (32 mg, 4.078 mmol) was
reacted with 2,6-dichloro-4-(4,4,5,5-tetramethyk-1,3 2-dioxaborolan-2-ylphenol (26 mg,

5 $.092 mmol) followed by formation of the trihydrochioride salt to afford the desired product

(31 mg, 67%) as a yellow solid: "H NMR {500 MHz, CD.0OD) § 9.14 (s, 11]), 846 (d, 7=
8.9 Hz, iH) 833 (d. J=89 Hz, IH), 8.10 (s, 2H), 5.73 - 5.68 (m, 1H)}, 3.75 {br s, ¥H},
3.16 (brs, 28, 3.02 (s, 3H), 2.76 {5, 3H), 2.46 — 242 (m, 2H), 2.22 - 2.14 {on, 2H), 2,10 -
2.00 (m, 1H), 1.72-1.63 (m, 2H), 1.46 — 1.37 {m, 2H); ESI MS mz 542 [M + HT'; HPLC

18 96.7% (AUQC), 1, = 9.37 min.
Example 64
1-{4-{16-(3- Aminopiperidin-1-yDpyridin-3-vHamino }-6-(3,5-dichioro-4-hydroxypheny )

{,5-naphthyridin-3-yljethanone tribydrochloride

N

(93]

Following general procedure [V-2, feri-butyl [ {-(5-{3-acety}-6-(3,5-dichloro-4-
hydroxyphenyl}-1,S-naphthyridin-4-yilamino} pyridin-2-yDpiperidin-3-yijcarbamate (§.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

MHez, CD,0D) 8 .38 (5, 1H), 8.48(d, J=9.0 He, iH), 84} (4, J=9.0Hz, 1H}, 825¢d, J
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=72.6 Hz, 1H), 7.92 - 7.86 (m, 1), 7.38 (s, 2H}, 7.24 (4, J= 9.5 He, 1H), 441 - 4.34 {m,
TH), 4.03 - 396 (m, 1H}, 3.53 -3.32 (m, 4H), 2.84 (5, 3H), 2.24 - 2.27 (1, 1H), 2.05 -
1.97 (m, 1H), 1.84 ~ 1.76 (m, 2H); ESI MS mz 523 [M + H]'; HPLC 98.0% (AUC), 1 =
9.48 min.

Example 65

1-(4-{[6-(3-Aminopiperidin- 1-yDpyridin-3-yamino} -6-{3-chloro- 3-fluoro-4-

hydroxyphenyb)- 1,5-naphihyridin-3-yhethanone trihydrochlorids

NS
cl I\\ J
Ho\v/’fi\ v NH O

//.\\//:":\\ P

Following general procedure 1V-2, fert-butyl [1-(5-{{3-acetyi-6-(3-chlore-5-fluoro-

4- hydroxyphenyl)-1,5-naphthyridin-4-yijamino} pyridin-2-ybpiperidin-3-yijcarbamate
{020 mmol) was reacted with TFA (2 ml) followed by formation of the trihydrochloride

alt to afford the desired product {33 mg, 33% over two steps) as an orange solid: THONMR
{500 MHz, CD;0D)Y8 938 (5, 1H), 848(d, /=95 Hz, 1H), 841 (d, /=95 Hz), 8.25(d, ]
=25 Hz, 1H), 7.91 (dd, J= 9.5, 2.5 Hz, 1H), 7.41 =737 (m, 2H), 728 (d, J= 9.5 Hz, 1H},
4.374d, J=10.7Hz, 1H), 4.03 - 3.99 (m, 1H), 3.52 - 332 (m, 3H}, 2.84 {5, 3H), 2.28 -
220 (o, TH), 2.08 — 1.98 (m, 1H), 1.84-1.78 ¢m, 2H0); EST MS m/z 507 {M + H]"; HPLC
>99% (ALC), tn = 9.38 min.
Example 66

-{4-{rans-{4-Aminocyclohexylaming}-6-(3, S-dichlora-4-hydroxyphenyl}-1,5-

naphthyndin- 3-yl}-cthanone dihydrochioride
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Following general procedure TV-2, sert-butyl (4-{[3-acety}-6-(3,5-dichloro-4-
hydroxyphenyl)-1,5-naphthyridin-4-yllamino}cyclohexylcarbamate (0.23 mmol) was
reacied with TFA (2 mL) followed by formation of the dihydrochloride salt to afford the

desired product (32 mg, 27% over two steps) as a gray sotid: 'H NMR (300 MHz, D,0) 8

La

8.98 (s, 1H), 8.18-8.00 (m, ZH), 7.53 (s, 2H), 328 - 3.23 {m, 1H), 2.68 (s, 3H}, 2.28 -
2.24 {m, ZH), 2.16 — 2.13 {m, 2H}, 1.76 ~ 1.64 {m, 2H), 1.57 — 1.45 (m, ZH); ESI MS m/z
445 [M + H]" HPLC 98.4% (AUC)H, i = 9.34 min.

Example 6

1-{4-{#rans-(4-AmincoyclohexyDamino]-6-(3-chioro-§-fluoro-4-hydroxyphenyly-1,5-

10 naphthyridin-3-yiiethanone dihydrochloride

. ‘7»—\, «2H(CI
T /
wo 1 N

Following general procedure IV.-2, feri-butyi (4-{[3-acetyb-6-(3-chloro-5-fluoro- 4-
hydroxyphenyl)-1,5-naphthyridin-4-ylJamino }cyclohexyljcarbamate (0.20 mmol) was
reacted with TFA (2 mL) followed by formation of the dihydrochloride salt wo afford the

i5  desired product (45 mg, 45% over two steps) as a white solid "HNMER. (500 MHz, D0 8
8.99 (s, 1H), 8.13(d, /=90 Hz, 1H), 8.03(d, /=9.0 Hz, 1H), 740734 {r, 2H}, 491 —-
4.94 {my, 1HD), 3.35 - 328 (m, TH) 2.72 (5, 3H), 230 - 2.22 (i, 2H), 2.21 - 2.14 {m, 2H),
1,75 - 1.68 (m, 2H), 1.56 — 1.48 {m, 2H); ESI MS m/z 429 [M + H}; HPLC >99% (AUC),
fr =910 min.
20 Example 68
1-(6-(3~Chlore-5-flucro-4-hydroxypheny-4- {frans-4-{(4-methylpiperazin-1-yDmethyl}-

cvelohexviamino}-1,5-naphthyridin-3-yDethanone trikydrochloride
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Following general procedure 11, 1-{6-chinro-4- {4-[{(4-methylpiperazin-1-
ybhmethyl}- cyolohexyl amino}-1,5-naphthyridin-3-yiethanone {53 mg, .13 mmol) was
reacted with 2-chlore-6-fluore-4-{4,4,5, S-tetrarethyl-1,3,2-dioxaborolan-2-ylphenol (41

5 mg 0.152 mmol) followed by formation of the tribydrochioride salt to afford the desired
product (11 mg, 14%%) as a yellow solid: "H NMR (500 MHz, CD;0D) 8 9.14 (5, 1H), 8.45
{d, /=9.0Hz tH) 832(d. J=9.0Hz, 1H), 8.02 (s, 1H), 7.88{dd, /= 114,22 Hz, 1H},
575 585 (m, 1H), 3.70 {(brs, 8H), 3.10 (brs, 2H), 3.01 (5, 3H), 2.75 {s, 3H), 2.46 - 2.42
{m, ZH), 2.16 - 2.13 {m, 2H), 2.05 - 2.02 {m, 1H), 173~ 1.61 (m, 2H)}, .46 - 1.35 (m,

10 2H) BSIMS m/z $26 [M + R HPLC >99% (AUC), fn = 9.14 min.

Example 69
Ne(rrans-4-{13- Acetyl-6-(3-chioro-3-fluoro-d-hiydroxyphenyl)- 1,5-naphthyridin-4-

vilamino}- evelohexyl)-2-amino-3-methyibutanamide dihydrochloride

}—— CHy
(}\;‘/ z\
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Following general procedure 1V-2, tert-buty] [1-{frams-4- {[3-acetyl-6-(3-chloro-5-fluorc-4-
hydroxyphenyi)-1,5-naphthyridin-4-yliamno toycichexylamunoy-3-methyl- 1 -oxobutan-2-
yijcarbamate (0.19 mumol} was reacted with TFA (2 mbL) followed by formation of the
dilydrochloride salt to afford the desired product (35 mg, 30% over two steps) as an off-
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white solid: 'H NMR (500 MHz, CD30OD) 5 9.14 (5, TH), 8.44 (d, /= 9.0 Hz, 1H), 8.33 (d, J

=0.0 Hz, 1H), 8.00 (s, 1H), 7.87(dd, J= 114, 22 Hz, 1H), 563 -5.57 (m, 1H), 3.88 -

3.83 (m, 1H), 3.62(d, /= 6.0 Hz, 1H), 2.76 (s, 3H), 2.51 — 2.40 (o, 2H), 2.10 - 212 {m,

3H), 181~ 1.53 (m, 4H), 1.08 (1, J= 7.4 Hz, 6H); ESI MS oz 528 [M + H]"; HFLC 98.9%
5 (AUQ), ;=899 min.

Example 70

1-{8-(3,5-Drichloro-4-hydroxyphenyl)-4-{rans-4-(piperazin- 1 -ylmethycyclohexylamino }-

I, 5-naphthyridin-3-yi} ethanone tribydrochioride

T 3HCH

AO. 27N T
- ‘\\\/E‘E\T:f RS e
;;\45/’\}\,4’
10 Following general procedure IV-2, fert-butyl 4-({(4-((3-acetyl-6-(3,5-dichloro-4-

hydroxy-phenyl)-1,5-naphthyridin-4-yDaminojeyelohexyDmethylpiperazine- 1 -carboxylate

{0298 romnol) was reacted with TFA (2 mL) followed by formation of the trihydrochioride

salt t afford the desired product (84 mg, 47% over two steps) as a yellow solid: ' H NMR

{500 MHz, D;0) 5 9.00 (s, 1H), 8.22 - 811 (m, ZH}, 7.59 (s, 2ZH}, 5.06 (i, 1H), 4.76-4.71
15 (o, TH), 4.66 (s, 1H), 3.60 (s, 8H), 3.15{d, J= 6.7 Hz, 2H), 2.74 (5, 31}, 225 - 2.23 {m,

2H), 2.02 — 1.97 (m, 2H), 1.60 -1.58 {(m, 2H), 1.24 - 1.20 {w, 2H} ESI MS a2 528 [M +

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

Example 71

{8} 1-(4- {{6~(3-Aminopiperidin- I-yDpyeidin-3-ylamino}-6-(3,5-dichloro-4-

20 hydroxyphenyD- 1, S-naphthyridin-3-yDethasone tribydrochioride
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Following general procedure V-2, (S)-rerr-butyl [1-(5-{[3-acetyl-6-(3,5-dichloro-4-
hydroxy- phenyb-1,5-naphthyridin-4-yl amine Y pyridin-2~yDpiperidin-3-yijcarbamate
{0.197 mmol) was reacted with TFA (2 mL) followed by formation of the trihydrochloride
S saltto afford the desired product (42 mg, 33% over two steps) as a yellow solid: "HNMR
{300 MHz, CD,ODY8 939 (5, 1H), 849 (d, /= 2.0 He, 1H), 8.41 (d, .i:.‘).() Hz, IH), 8.25
(d, f=26Hz, 1H), 792{dd, /=95, 2.6 He, 1D, 7.57 (s, 2H), 7.27(d, /= 9.5 Hz, 1H},
37(d,.J= 109 Hz, 1H) 4.02 - 3.99 (m, 1H}, 3.52 -3.32 {m, 3H), 2.84 (5, 3H), 2.24 —
222 {m, 1H), 2.07 — 1.95 (m, [H), 1.82 — 1.77 (m, 2H); BRI MS my/z 523 [M + H}'; HPLC
10 97.3% (AUC), 1x = 9.56 min.

Exaraple 72

{83-1-{4-{[6-(3-Aminopiperidin- 1 -yDpyridin-3-ylamine}-6-3-chlore-§-fluoro-d-hydroxy-

phenyi}-1,5-naphthyridin-3-yljethanone trihydrochloride

HyN VJ\‘-N *3H(1

f\
/

- \\\\/ ~cH
e,
1S Following general procedure V.2, (R)-fert-butyl [1-5-{[3-acetyl-6-3-chioro-5-fluoro- 4-
hydroxyphenyD-1,5-naphthyridin-4-vljamino  pyridin-2-yDpiperidin-3-ycarbamate {8.20
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, CD:OD) 8 9.30 (s, 1H), 8.45 (d, /= 9.0 Hz, 1H), 8.35 (d,./= 9.0 Hz, 1H), §.19

~

20 {d, J=26Hz, 1H), 768(dd,.7=92,26Hz, 1H), 745 (brs, 1H), 7.27 {brs, 1H}, 7.05 (d, J
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=972 He, 1H), 443436 (n, 1H), 3.94 -3.92 (on, 1H), 3.44 - 332 {m, 3H), 2.81 (s, 3H),
2.23 205 (m, TH), 2.05 - 1.91 (o, 1HD, 1.77 - 1.73 {m, 2H); ESIMS mz 507 M + HY;
HPLC >99% (AUC), fp = 9.57 min.
Example 73

5 MN-ftrans-4-[3-Acetyl-6-(3,5-dichioro-d-trydroxyphenyl)-1, S-naphthyridin-4-ylamino -

cyclohexnyll-2-aminopropanamide dihydrochloride

N i

oA

7 o,
o

¢ O

A S

HQ —y,
Yy NH O

CE/»\\\\,/.'\E,:/N.}\ < k\\}?/ ~

CH,
Ei\\//; .\N;{//E
Following general procedure TV-1, crude tert-butyl 1-{trans-4-[3-acetyl-6-(3,5-
dichloro -4-bydroxypbenyl)-1,5-naphthyridin-4-ylaminojcyclohexylamino}-1-oxopropan-2-
10 vicarbamate (0.13 mmol) was reacted with HCH(5 mL, 2 M in ether) to afford the desired
product (32 mg, 41% over two steps) as a brown solid: "H NMR (500 MHz, CI0D) § 9.14
(s, 1H), 8.45(d, J= 8.5 Hz, 1H)}, 8.34¢d, J = 8.5 He, 1H}, 8.10 (s, 2H), 5.65 — .55 (m, 1H),
3.90(q, ./ = 6.9 He, 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, 2H), 1.65 - 1.52 (G, 2H), 1.51 {d, = 6.9 Hz, 3H); ESI M5 m/z
15 5§16 [M +HT" HPLC »99% {AUC), & = 9.65 min.
Example 74
MN-{4-[3-Acetyl-6-(3-chioro-5-fluore-4-hydroxyphenyli- 1.5 -naphthyridin-rrans-4-viamino|-

cyclohexyl}-Z-aminopropanamide dihydrochloride
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Following general procedure IV-1, rers-butyl 1-{4-[3-acetyl-6~(3-chioro-5-fluore- 4-
hydroxyphenyl}-1,S-naphthyridin-frams-d-ylaminojeyclohexylamino }- Leoxopropan-2-
vicarbarnate {€¢.13 mmol) was reacted was reacted with HCH(E mb, 2 M in ether) to afford

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

A

CDS0MN 3914 (s, TH), 8.44 (d, /=89 Hz, 1H), 8.33(d, /=889 Hz, IH), 800 (1, /=13
Hz, 1H), 7.87(dd, J=11.6, 1.8 Hz, 1H), 5.65 - 5.57 (m, 2H), 3.94 - 3.77 (m, 2H}, 2.76 (s,
3HY, 2,50 -2.40(s, 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); ESI MS m/z 500 [M + H]; HPLC 99.0% (AUC), & = 9.59 min.
10 Example 75
{53-MN-{4-[3-Acetyl-6-(3,5-dichloro-4-hiydroxyphenyl}-1, S-naphthyridin-frans-4-ylamincj-

cyciohexyl}pyreolidine-2-carboxamide dhydrochloride

HN
0\\\3 ? A
7 \\/‘/

HN *2HC
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Following general procedure IV-1, (8)-rers-buiyl 2- {4-[3-acetyl-6-(3,5-dichloro-4-

e
o

hydroxypheny-1, S-naphthyridin-trans-4-yiaminojoyclohexyicarbamoyi} pyrrolidine-1-
carboxyvlate (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 M¥Hz,
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CDHOD) 8 9.14 (s, 1H), 8.45 (d, 7= 9.0 Hz, 1H), 834 (d, J= 9.0 Hz, 1H), 8.09 (s, 2H), 5.66
~5.53 (m, 1H), 4.24 (dd, J= 8.5, 6.9 Hz, 1H), 3.90 - 3.77 (m, 1H), 3.46 - 3.38 {m, 2H]),
2.76 (s, 3H), 2.51 — 2.40 (m, 3H), 2.22 — 1.94 (m, SH), 1.80 — 1.53 (m, 4H); ESIMS oz

542 (M + HI'; HPLC 98.9% (AUC), i = 9.88 min.

A

Example 76
{S)-N-{4-[3- Acety -6-(3-chloro-3-flucro-4-hydroxypheny}-1, S-naphthyridin-trans-4-
viemino]- cyclohexyl}pyrrofidine-2-carboxamide dihydrochloride

o HN "“\\
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CH,

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

13 4- hydroxy-phenyi}- 1, 5-naphthyridin-4-ylaminojoyclohexylamino} - 1-oxopropan-2-

yicarbamate (0.19 momcl) was reacted with HCU(5 ml, 2 M in ether) to afford the desired

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

014 (s, 1H), 844 (d, /=89 He, 1H),833(d,J=89Hz, 1H),800( J=18Hz 1H), 7.87

{dd, /=114, 1.8 Hz, 1H), 5.69 — 5.52 (im, 1H), 4.23 {(dd, /=85, 6.9 Hz, 1H}, 3.80 - 3.88
15 {my, 1H), 3.47 =332 (m, 2H), 2.75 (s, 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); EST MS m/z 527 [M + H]"; HPLC

>99% (AUC), i = 9.69 min.

Example 77

1-{6-(3-Hydroxypyrrolidin-1-yD-4- {srans-4-{(3-hydroxypyrrclidin- 1 -y Dmethyl}-

20 cyclohexylamino-1,5-naphthyridin-3-yl)cthanone
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-y bveidin-frans-d-

Folltowing general procedure V, {4-[(3-acetyl-6-chlore-1,5-naphthyridin-frans

v~ aminojoyclohexyimethyl methanesulfonate (170 mg, 6.41 nunol) was reacted witl
pyrrolidin-3-ol (680 mg, 7.8 mmol} lo afford the product (33 mg, 17%) as an orange-brown
sofid: "H NMR (500 MHz, CD:OD} 8 §.64 (s, 1H), 7.85 (4, J=92 Hz, 1H), 7.04 (d, /= 9.2
, THD, 4.61 — 4.54 {m, 1H), 440 — 430 {m, 1H), 3.79 - 3.65 (m, 3H),
Hy, 279270 {m, 1H), 2.63 (5, 2H), 2.63 - 2.53 {m

{T1), 5.63
3.60—3.52 (m, 1H), 2.88 —2.80 (m, |
5 (m, 2H), 2.30 — 2.65 {m, 6H), 2.00 — 1.89 {m, 2H),
,ZED, 121 - 1,30 (m, 23); ESTMS

(%)

- 5.55

EH), 2.53 - 2.48 (m, 1H), 2.47 — 2.3¢
52 (m, 110}, 1.40 131 (m

175170 (m, 1H), 162 - 1.

10 mrz 454 [M + H|"; HPLC 98.1% (AUC), & = 8.66 min.
Example 78

i-{6-(Pyrrotidin-1-y1)-4-[irans-4-{pyrrolidin- I-ylimethy Doyelohexylaming]

naphthyridine3- vilethanone

/
: CH 3
S-naphthynidin-4-

yhaminol- cyclohexyll methy! methanesulfonate (180 mg, 8.437 mmol) was reacted with
as a brown

15
T2, J=9.2

olidine (34 mg, 0.48 mmeol) to afford the desired product (34 mg, 18%}
7.83¢d, J=982Hz 1H),

solid: 'H NMR (300 MHz, CD:0OD) 3 8.63 s, 1H)
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tHz, 1H), 5.57 (brs, 1H), 3.61 —3.53 (m, 4k}, 2.63 (s, 6H), 2.45 (&, J = 7.0 He, 25D, 2.30 -
2.18 (m, 2H), 2.14 - 2.04 {m, 4H), 1.98 ~ 1.91 (m, 2H), 1.89 ~ 1.86 (m, 4H), 1.68 — 1.55 (m,
1H), 1.40 — 1.28 {m, 25D, 1.18 — 1.08 (m, 2H); ESI M5 m/z 422 [M + H}: HPLC 97.5%
(AUC), g = 9.68 min.

Ch

Example 73
Ne{zromg-4-{ 3= Acety-6-(3, S-dichloro-d-bydroxyphenyly-1,5-naphthyridin-4-ylamine}-

cyclohexyl}-2-amino-3-methylbutanamide dihydrochioride

] H-’“\r CHy
G,
Ny /K AL
Y NHz «2HCE
HN,
F
¢ 4‘ /7
“U\{ // \,H O
e

X \T
Following general procedure 1V-2, fere-butyl 1-(4-(3-acetyl-6-(3,5-dichloro-4-

10 hydroxy- phenyl)-1,5-naphihyridin-4-vilarine) cyclohexylamine)-3-methyl-1-oxobutan-2-
ylearbaraate (0.19 mmol) was reacted with HC] (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) §
9.14 (s, 1H), 8.45(d, /=90 Hz, 1H), 833 (d, /=9.0 Hz, 1H), 8.10 (s, 2H), 5.67 — 5.53 (m,
PH), 3.91 - 3.80 (m, 1H), 3.62 (d, /= 6.0 Hz, TH)}, 2.76 (s, 3H), 2.49 - 2.40 (m, 2H), 2.25 ~

15 2.10¢m, 3H), 181 — 1.54 (m, 4K}, 1.07 (dd, /= 9.0, 6.9 Hz, 6HY;, ESI MS m/z 544 [M +
H]'; HPLC 99.0% (AUC), z = 10.15 min.

Example 80

Cyclopropyl{6-(3,5-dichloro-4-hydroxyphenyD-4-[rrans-4-(dimethylamino}-

cyciohexylaminel 1, S-naphthyridin-3-vi} methasone dihydrochioride



10

15

20

CH,

H3C"1‘f,‘ *2HCI
« ()
HO NH 0O
Cl | NS
= N/

Following general procedure II, {6-chlor0—4-[trans—4—(dimethylamino)cyclohexyl—
amino]-1,5-naphthyridin-3-y1}(cyclopropyl)methanone (50 mg, 0.13 mmol) was reacted
with 2,6-dichloro-4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)phenol (65 mg, 0.23 mmol)
followed by formation of the dihydrochloride salt to afford the desired product (65 mg, 84%)
as an off-white solid: 'H NMR (500 MHz, CD3;0D) § 9.43 (s, 1H), 8.46 (d, ] =9.0 Hz,
1H), 8.36 (d, ] = 9.0 Hz, 1H), 8.11 (s, 2H), 5.64 — 5.54 (m, 1H), 3.51 —3.44 (m, 1H), 2.91 (s,
6H), 2.93 —2.89 (m, 1H), 2.63 -2.56 (m, 2H), 2.32 — 2.24 (m, 2H), 1.87 — 1.68 (m, 4H),
1.33 — 1.18 (m, 4H).; ESI MS m/z 499 [M + H]*; HPLC >99% (AUC), tg = 10.12 min.
Example 81
1-[6-(3-Chloro-5-fluoro-4-methoxyphenyl)-4- { trans-4-[(dimethylamino)methyl]-
cyclohexylamino}-1,5-naphthyridin-3-yl]ethanone dihydrochloride

CHy
H,C-N, *2HCI
Cl Q
HO NH O
F 'N\ =
A\

Following general procedure I, {6-chloro-4-[trans-4-(dimethylamino)cyclohexyl—
amino}-1,5-naphthyridin-3-y1}(cyclopropyl)methanone (50 mg, 0.13 mmol) was reacted
with 2-chloro-6-fluoro -4-(4,4,5,5-tetramethy1-1,3,2-dioxaborolan—Z—yI)phenol (61 mg, 0.23
mmol) followed by formation of the dihydrochloride salt to afford the desired product (58 g,
78%) as an off-white solid: 'H NMR (500 MHz, CD;0D) 6 9.43 (s, 1H), 8.46 (d, 7= 8.9
Hz, 1H), 8.36 (d, J = 9.0 Hz, 1H), 8.00 (t, ] = 1.9 Hz, 1H), 7.91 (dd,J=11.6, 2.2 Hz, 1H),
5.66 —5.56 (m, 1H),3.53-3.43  (m, 1H), 2.91 (s, 6H), 2.93 — 2.86 (m, 1H), 2.62 —2.54
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{m, 2H), 233 223 {m,2H), 1.88 - 1.69 (m, 4K}, 1.33 ~ 1.18 {m, 4H). ESI MS m/z 483
M -+ HJ; HPLC »99% (AUC), ,»n =9.84 min. ,

Example 82

1-(4-{rems-4-f{Dimethylamino ymethyljcyelohexyiamino} -6-(1 H-pyrrolo[2,3-blpyridin-5-

yi 1,5-naphthyridin-3-yhethanone trihydrochioride

HCL LOHy
h *3HC
P -
JE Y
N T
\,/}“\ﬁ ~ "l\:v[

y ! 0
i /
: It | |
N NN ,N\} /{\\} /L\CH~

NN

Following general procedure 11, 1-(6-chloro-4-{frans-4-{{dimethyiaminomethyl}-
cyclohexylamino}-1,5-naphthyridin-3-viethanone (60 mg, 0.17 mmol) was reacted with 5-
{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yi}- 1 H-pyrrolo[ 2,3-bipyridine (60 mg, .25
minol} followed by formation of the tribydrochloride salt to afford the desired product (7.5
mg, 9% as an off-white solid: TH NMR (500 MHz, CD;0D) 8 2.19 (s, 11D, 9.08 (s, 2H),
8;55 (d,F=89Hz 1H), 844 (d, J=80H, 1H),772(d, F=37Hz, 1H), 6921 {d,J=36
Hz, 1H), 5695359 (m, {H}, 3.18(d, 1 =68 Hz, 2H), 2.94 {5, 61}, 2.77 (s, 3H}, 2.55 -
2.45 (m, 2D, 2.08 - 198 (m, 3H), 1.76 — 1.64 (ya, 2H), 1.48 - 136 (m, 2H). ESIMS
m/z 443 [M + HY'; HPLC >99% (AUC), fa = 9.25 min.
Example 83
{S)-{4-]6-(3-Aminopiperidin- L -yhpyridin-3-ylamino}-6-(3-chloro-S-fluoro-4-
hydroxyphenyiy- 1,5-naphthyridin-3-vi}cyelopropyDmethanone

{0
HNTNCN
e
{

i /

§ i

HOL___ A .
e i\t Eg\ih QO

N

4

N ! i
F,/*\\\\//J\\(N‘\\\r//\\«, k ,

| |
PN

i
T 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-ylamino pyridm-2-
yilpiperidin -3-yicarbamate (100 mg, 8.16 mmol) was reacted with TFA (3 mL) to affoed
the desired product {33 mg, 48%) as an orange-red solid: "H NMR (500 MHz, CD,00) 8

9.15 (s, 1HD), §.06 (4, 1 = 9.0 Hz, 1H), 8.01 (d, ] = 9.0 Hz, 15}, 7.94 (4, ] =2.7 Hz, 1H),

-

50 TA40(s, 1M}, 733(8d, ¥=0.0,28Hz, 1H}, 694 (dd, =126, 23 Hz, 1H), 6.69(d, 1=89
He, 1H}, 4.28 430 (m, 1), 3.87 - 377 {m, 1H), 3.30 - 3.21 {ra, 1H), 3.13 - 3.03 (m, 2H),
291283 {m, TH) 2,17 —2.06 (m, 1H), 1.98 - 182 {m, 1H), 1L.77 - 151 {m, Z2H), 143
- 1.04 (m, 45); EST MS sz 533 M+ H]"; HPLC »99% (AUC), £, = 9.97 min.

Example §4
W0 1-{4-{rans-4-{(Dimethylamino)methylleyelohexylamino} -6-{4-methoxyphenyl}-1,5-
naphthyridin-3-yhethanone dihydrochloride

HyC. CH,
I

L\\ ,/‘\\

i i
1 ¥

«Q2HCE

HSCO\//“\ "\V""’NH 9

\\/\/ \/\\

\T

Following general procedure i, 1-{6-chioro-4-{irans-4-[{dimethylaminoymethyl}-
cyclohexylamino}-1,5-naphthyridin-3-yhethanone (72 g, 0.20 mmol) was reacted with (4-

15 methoxyphenyDboronic acid (45 g, .30 mmol) followed by formation of the
dihydrochloride salt to afford the desired product (80 mg, 78%0) as an orange soli 'H
NME (300 MHz, CO:0D8 933 (s, 1H), 845 (d, /=80 Hz, 1H), 831 {d, /=90 Hy, 1H),
8.15—8.03 (m, 2Hy, 7.24 — 712 (m, 2H), .73 - 5.59 (m, 1H), 3.91 (5, 3H, 3.13 {4, J=46.7
Hz, 2H), 2.94 (s, 6H), 2.75 (s, 3H), 2.50 - 2.42 {m, 2H), 2.09 —~ 1.96 (m, 3H), 1.77 - 1.60 {m,

20 2H), 145 1.25 (m, 2H); ESE MS m/z 433 [M -+ HT' HPLC >99% (AUC), g = 9.83 min.
Example 85
i-[6-(3,8-Dichioro-4-methoxyphenyir4-{rans-4-{(dimethylaminoynethy -

cyclohexylaming} -1, 5-naphthyridin-3-yljethanone dihydrochloride
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Following general procedure Ii, 1-(6-chloro-4-{irons-4-{{dimethylaminc)methyi}-
cyelobexyviamine}-1,5-naphthyridin-3-yethanone (77 g, 0.21 mmol) was reacted with (3,5-
dichloro-4-methoxyphenyboronic acid (70 g, 0.32 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) 3 9.18 (5, 1H), 8.32 (4, /= 90 He, 1H), 839(d, 7=9.0 Hz, 1H), 8.20
(s, 2H}, 5.74 559 {m, 1H), 3.99 (s, 3H), 3.09 (4, J = 6.6 Hz, 2H), 2.94 (s, 6H), 2.76 {s,
3H), 2.48 - 2.40 (m, 2H), 2.10 - 2.00 (m, 3H), 1.79 - 1.61 (m, 2H), 1.50 - 1.31 (m, 2H};
ESEMS mifz 501 [M + H]" HPLC »99% (AUQC), & = 10,49 min.
16 Example 86
P-{4-{trans-4-[{ Dimethylaminoymethyijeyclohexylamino b -6-{6-hydroxypyridin-3-yi)-1,5-
naphthyridin-3-yl}ethanone dihvdrochloride

H’”‘C‘T‘? LCHy

ST YT NCH,

Following general procedure 1L, 1-(6-Chloro-4-{mrans-4-[(dimethylaminoymethyl]
15 cycichexylamine}-1,5-naphthyridin-3-yDethanone {74 g, 0.21 mmol) was reacted with (6-
hydrouypyridin-3-yhboronic acid (43 g, 0.31 mmol) followed by formation of the
dilvydrochloride sait to afford the desired product {49 g, 48%) as a yellow sohd: "HNMR
{500 MHz, CD0D) 6914 (5, 1H), 841 ~ 829 {m, 4H), 6.76 (d, /=95 Hx, 1H), 558 -
550 (m, 1H), 3.13 (4, /= 6.7 He, 2H}, 2.94 (s, 6H), 2.75 (s, 3H), 2.49 ~2.40 (m, ZH), 2.08
20 200 (m, 3H), 1.73 — 1.61 (m, 28D, 1.39~ 1.27 (m, 2H); BSI MS m/z 420 [M + H} ", HPLC
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>89% (AUC), f = 8.43 min.

Example 87
5-(7-Acetyl-8-{rans-4-{(dimethylaminomethyllcyeiohexylamino} -
1, 5-naphthyridin-2-ypicolinonitrile dihydrochloride

H, O CH,

N 2HCH
SN
L\L J
Mo S o

g
My~ \ﬂ/ NQY/%/U\CH}

A =
S \'N -

Fellowing general procedure i, 1-{é-chinrg-4- {frong-d-
[{dimethylamine)methylievelo- hexylaming} - 1,5 naphthyridin-3-yhethanone (77 g, 0.2]
mmol} was reacted with 5-(4,4,5,5- tetramethyl-1,3,2-dioxaborolan-2-yDpicolinoniirile (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 MHz, CD:00) 8 9.46 (d, J =
22 Hz, 1HL 921 (s, TH)L, 870 (dd, J= 8.2, 22 He, 1H)L 863 (d, /= 8.9 He, 1H), 847{d,J
=E9 He, 14}, 8.17(d, /= 8.2 Hz, 1H), 5.58 -~ 5.5 {m, 1H), 3.14(d, /= 6.8 Hz, 2H), 294
(5, 6H), 277 (s, 3H}, 2.49 - 2.42 (i, ZH), 2.05 - 1.97 (m, 3H), 1.75 — 1.63 (m, 2H), 1.39 —
1.27 (o, 2H), ESMS mez 428 [M + HTT; HPLC 96.2% (ALC), fip = 8.88 min,

Example §8
{4~ {trans-4-[(Dimethylaminoynethyijcyclohexylamino}-6-(4-hydroxyphenyl}-

1.5-naphthyridin-3-yhethanone dibydrochioride

oZHCY

ACHS
N 3
1\ N

HOw o | J
O ; SN

i . j\ i
NN 5 o PN
ST T S RN e
Y \I ST CH,

7

:\\,.;,5 \Nf
Following general procedure 11, 1-{(&-chloro-4-{#rans-4-{{dimethylaminomethyl]-
cyclohexylamino}-1,5-naphthyridin-3-viethanone (76 g, 0.21 mmol) was reacted with (4-
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hydroxyphenyliboronic acid (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,0D) 8 9,11 (5, 1H), 841 {d, /= 8.9 Hz, 1H), 8.28(d, J=8.9 Hz, 1H), 8.03
- 7.87 (m, 2H}, 7.04 - 6.98 (m, 2H), $.73 - 5.62 (m, 1H), 311 (d, J= 6.8 Hx, 2H}, 2.94 (5,
6HD, 2.75 {5, 3H), 2.50 — 2.42 {m, 2H), 2.06 — 1.99 (r, 3H), 1.73 - 1.61 (ra, 2H), 1.40 -
1.27 ém, 28D, ESI MS /s 419 [M + H]7; HPLC >99% (AUC), fp = 9.24 min.

Example 89

1-16-(3,5-Drichloro-4-hydroxyphenyl)-4- { [ trans-4-{dimethylaminojoyclohexyil-
methylamino}-1,5-naphthyridin-3-yljcthanone dihydroehloride

HoC., CHy

//\

J o1}
Ci S
PN L

cd | NI 0

o NS ey

H j

o1 )
N e
\;,/\,Nf

Following general procedure I, 1-(6-chloro-4-{{mans-4-
{diraethylaminooyciohexyil methylamino}-1,5-naphthyridin-3-yDethanone (100 mg, 9.27
mmol)} was reacted with 2 6-dichloro-4-(4,4, 5, S-tetramethyl-1,3,2-dioxaborolan-2-yDphenol
{86 g, 0.30 mmol)} followed by formation of the dikydrochloride salt to afford the desired
product {50 mg, 38%) as a pale veliow solid:  "H NMR (S00 MHz, CIHOD) 8 9.14 (s,
TH), 8.45 (dd, 1=9.0, 1.5 Hz, 1H), 8.37(d. J =981 Hz, 1), 8.08(d, I = 2.1 Mz, 2H}, 4.51
(dd, I= 72, 1.9 Hz, 2H), 3.33 - 3.24 (m, 1H), 2.87 (s, 6H), 2.78 (5, 3H), 2.30 - 220 {im,
4H), 2.03 (did, J=18.7, 7.3, 6.9, 3.4 Hz, 1H), 1.65(qd, J = 13.2, 12.3, 3.8 Hz, 2H}, 1.42 {ad,
3= 146, 13,8, 3.6 Hz, 2H), 0.14 — 0.06 (m, 2H);, ESI MS m/2 487 [M + H], HPLC 95.0 %
{AUCY, g = 9.74 min.

Example 90

1-[6-(3-Chloro-5-fluoro-d-hydroxypheny [)-4- {[rane-4-(dimethylamino)-

cyclohexyilmethylamino}-1,S-naphthyridin-3-yljethanone dihvdrochioride
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Following general procedure 11, 1-(6-chloro-4-{[frans-4-
{dimethylamino)jcyclohexyl]- methylamino}-1,5-naphthyridin-3-ylethanone (100 g, ¢.27
mmol) was reacted with 2-chloro-6-flucre-4-(4,4,5,5-tetramethyi-1,3 2-dioxaborolan-2-

5 yhphenol (85 g, .30 mmol) followed by formation of the dihydrochioride salt to affurd 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 (4, J=89Hz, 1H), 801 -795(m, 1H), 787 (dd, j=
115,22 He, 1TH), 4.51(d, I=7.0Hz, 2H), 4.25(d, 1 =67 Hz, 1H), 3.27 (4, J = 122,33
Hz, 1H), 2.87 (s, 3H), 2.77 (d, J=16.7 Hz, 6H),2.28 - 2.19 (m, 1H), 2.09 — 1.95 (m, 1H),

10 1.84(s, 1H), 1.64 (gd, J = 12.8, 12.1, 3.7 Hz, 1H), 1.41 {gd, J = 14.0, 13.3, 3.4 Hz, IH),
1.27(dd, J=23.6, 12.3 Hz, 1H); ESI MS m/z 471 [M + HJ"; HPLC 98.9% (AUC), & = 8.55
min.,

Example 91
1-}6-(3,5-Dichloro-4-hydroxyphenyiy-4-{srans-4-hydroxycyclohexylamino}-1,5-

{5 napbthyridin-3-yl}- ethanone hydrochloride

HO, -~
i l_r ™ HCL

Ho. Jo SN

~F \ﬂ NH O

!
{
1. i } i
R NN
i Ty Ry Ry
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S AN
o~
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|
S
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Following general procedure 11, 1-[6-chioro-4-(frans-4-hvdroxycyclchexnylamino)-
1,5- naphthyridin-3-ytlethanone (160 mg, 0.50 mmol) was reacted with 2,6-dichlore-4-
{4,4,5,5- tetramethyl-1,3,2-dioxaborolan-2-ylphenol (165 mg, 0.60 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, CDy0OD) 8 9.11 (s, 1H), 844 (d, ] = 9.0 He, 111, 8.30
(d,F=00Hz 1HL800{tJ=19Hs 1H)L 787, J =115 23 Hz, tH), 536001 J=
10.5,4.2 Hz, [H), 3.75 (&, I = 9.6, 4.2 Haz, [H), 2.75 (s, 3H), 2.42 - 2.35 {m, 2K}, 2.14
2.06 (m, 21, 1.74 - 1.54 (m, 4H); ESI MS mz 430 [M + H]", HPLC »99% (AUC), & =
1.9 mm.

Exarmple 92

1-16-(3-Chloro- S-fluoro-4-hydroxvpheny D-4-{(frans-4-hydroxyeyclobexylanunc)- 1,5~
naphthyridin-3-yi]ethanone hvdrochloride

TN HO

\
{

HO o A
T NHO

N NS e,
’\,;;i\.N,//”

Foilowing general procedure 1, 1-[6-chioro-d-{srans-4-hydroxycyclohexylamino)-
1,5~ naphthyridin-3-yliethanone {160 mg, 0.50¢ rormol} was reacted with 2-chioro-6-fluoro-
4-{4 4,5, S-tetramethyl-1,3,2-dioxkaborolan-2-yhphenod (1660 g, .60 mmol) followed by
formation of the hydrochloride salt to afford the desired product (120 mg, 57%) as an off-
white solid:  'H MR (300 MHz, CDy0D) 8 9.11 (5, 1H), 8.45(d, I= 9.1 Hz, [H), 830
(d, =9.0Hz, 1H), 8.11 {5, 2H), 560 (dg, J = 10.1, 4.5 Hz, 1H), 494 - 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), 238 (44, I = 5.0,
5.3 Hz, 2H), 2.14 - 2.07 (m, 2H), 2.03 (s, 1H), 174 — 1.57 (m, 4H); ESI MS m/z 446 [M +
HI' HPLC 96.7% (AUC), 1 = 11,1 min.

Example 93

i-{6-03-Chlore-S-fluore-4-hydroxyphenyd-( {cis-4-[{dimethylaminomethyl}

cyclohexyi}- amino-1,5-naphthyridin-3-y1} ethanone dikydrochloride
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Foltowing general procedure H, 1-(6-chloro-4- {cis-4-{dimethylaminaymethyl]-
eyvclohexyl aminoi-1,5-naphthyridin-3-ylethanone {120 mg, §.30 mmol) was reacted with

J

g, 830

L2

2~chioro-6-fhiore-4-(4, 4,5, S-terarnethyl-1,3,2-dioxaborolan-2-viphena] (100 m
mmol} followed by formation of the dihydrochioride salt to afford the desired product (150
g, 81%) as an of f-white solid: 'H NMR (500 MHz, CDLOI) 8 9.17 (s, 1H), 8.46(d, } =
9.0 Hz, 1HL 845830 (i, 1H), 7.99(q,J =27, 1.7 Hz, 1TH), 790 - 7.82 (m, 1H), 5.93 (p,
I=42Hz 1H),3.20(d,J=7.1 Hz, 2H), 2.95 (s, 6H), 2.78 (5, 3H), 2.15 (dddt, } =44 4,
147, 11.4, 4.1 Hz, 3H), 2.01 - 1.86 (m, 2H), 1.61 (dtd, = 14.3, 10.8, 3.6 Hz, 3H), 1.20 (s,
TED); BSIMS /2 471 [M + H], HPLC 95.7% (AUC), 1 = 9.2 min.

Exampie 94

1-{6-(3,5-Dichloro-4-hydroxyphenyl}-4-({cis-4-[{dimethylaminoymethyl]-

cyclohexyllamino)-1, S-naphthyridin-3-yljethanons dibydrochioride

. en,
é\/ *2HC
HO. //\T RN o
o *\\./\[ifN‘\If \\\Y/b\cm
s i

Following general procedure i, 1-{6-chloro-4-{cis-4-{{dimethylaminoimethyl]-
cyclohexyl amino}-1,5-naphthyridin-3-yljethanone (120 mg, 0.36 mmal} was reacted with
2,6-dichlore-4-{4,4,5, 5-tetramethyi-1,3,2-dioxaborolan-2-yhphero! (100 mg, 0.38 mmol)
followed by formation of the dihydrochioride salt to afford the desiced product (158 myg,

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

PHY, 834 (d, J=8.9 Hy, 1H), 8.11 (s, 2H), 592 {p, I =44 Hz, 1H),3.21(d, ] =72 He, 2H),
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2.96 (s, 6H}, 2.78 (s, 3H), 225 ~ 2.05 {m, 3H), 1.99 - 188 (m, 2H}, 1.62 (dtd, J = 14.1, 1.2,
10.8, 3.7 Hz, 3H), 1.20 (s, 1H); £S1 MS sz 487 [M + HJ"; HPLC 96.5% (AUC), tg =99
min.
Example 95
5 {R)y1-{4-]6-(3-Aminopiperidin- 1 -ypyridin-3-ylamino}-6-(3, S-dichloro-4-hydroxyphenyl)-
{,5- naphthyndin-3-yi}ethanone trihydrochioride
N
HN® \\/ *3HCH

N

o e

H = \i///‘i\i \N H (I)
'~ N

AR //\ o

i CH,

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

hydroxyphenyi}-1, 5-naphthyridin-4-ylaminojpyridin-2-ylipiperidin-3-yvlcarbamate (60 mg,
10 010 mmol} was reacted with TFA (1.5 mL) to afford the desired product (37 mpg, 74%) as =

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

{d, T=27Hz 1H),763{dd, J=01,2.8 Hy, 1H), 751 (5, 2H), 698 {(d, ]=9.1 Ha, IH},

4.40(dd, J=12.7,3.6 He, 1H), 393, J= {34 Hz, 1H), 341 -3.19 (m, 3H), 2.80 (5, 3H},

2.16{m, 1H), 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

(B)-1-{4-16-(3-Aminopiperidin-1 -yDpyridin-3-yiamino]-6-(3-chloro-5-fluoro-4-

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

/'r/\:
HNUNCN,
\7,/,{\’
F I} I/
{1
10 P \ \\” -
™ N‘ri u

20 Following general procedure V-2, (&)-feri-butyl 14(5-(3-acetyl-6-{3-chloro-5-
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fluoro- 4-hivdroxyphenyi)-1,5-naphthyridin-4-ylamino)pyridin-2-yhpiperidin-3-yicarbamate
{100 mg, 0.16 mmol) was reacted with TFA (2.0 mL) to afford the desired product (56 mg,
67%) as a yellow-brown solid: "H NMR (500 MHz, CD1OD)8  8.27 (s, 1H), 840 (d, I =
Q0 Hz 1M, 833(d,7=9.0Hz, IH), 816, J=2.7Hz, 1H), 7.59(dd, 1=9.1,2.8 Hz, 1),

5 T44{s, 1HD, 720(d, F=11.7Hy, 1H), 6.97(d, = 9.1 Hz, 1H}, 439 (dd, ] =12.6, 3.4 Hz,
EH,  3.38-3.94 (m, 2H), 3.43 - 3.21 (m, 5H), 2.79 (s, 3H), 2.17 (m, , ZH), 1.93 {m, 1H},
1.80 - 1.66 (m, 211).; ESI MS m/z 507 |M + H"; HPLC 98.8% (AUC), & = 9.34 min.
Example 97

Ethyt 2-{ethoxymethylene)-3-oxchutancate

99
B0 w/ e,
10 ToRt

A mixture of ethyl acetoacetate (106 g, .77 mol), tnethyl orthoformate (130 g,

0.92 mol), and acetic anhydride (150 g, 1.5 mol) was heated at 135°Cfor6—18hina

round bottomed flask that was equipped with a distillation apparatus o collect the ethanol

generated during the reaction.  The reaction was cooled, concenirated and the residue was
15 distilled under high vacuum to obtain the desired product (180 g, 70%) as a pale yellow wil:

ESEMS m/z 187 IM + H

Esample 98

Bl 2-Ho~chloropyridin-3-viamino ymethylene}i-3-oxobutancate

Clo N,
=

T

Okt

”////\N * S\W/L\CP
H ‘

1O N0

20 A mixture of ethyl 2-(ethoxymethylene)-3-oxobutancate (48 g, 0.26 mol) and 2-
chloro-S-aminopyridine (33 g, 0.26 mol} in chlorcbenzene {150 mL) was heated at 135 °C
for 4 b in & round bottomed flask that was equipped with a distiflation apparatus to collect

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 (35 g, 79%) as an off-white solid: "H NMR (560 MHz, ChCLY 3 12.76 {d, 12.3 He,
TH), 842 (s, {H), 838 (s, 1H}, 831 (d, J=28Hz 1H), 7.52 - 7.48 (m, 1H), 7.37-7.34
{m, TH), 430 (q, ] L Hez, 2H), 2.56 (s, 1H), 1.35¢¢, J="7.1 Hz, 3H); ESI MS m/z 269 [M
+HY

5  Example 99

Ethyl 2-[{(6~-methoxypyridin-3-ylamine)methylenel-3-oxobutancate

1.0
H,C0 \E . Ny o
!\\5/ \I\: : //4\\\()
H L
S
e Yo

A mixture of ethyl 2-{ethoxymethylene)-3-oxobulancate (100 g, §.54 mol) and 2-
raethoxy-S-aminopyridine {67 g, 0.54 mol) in chlorebenzene {500 mL) was heated at
10 135 °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 {12¢ g, 84%) as an off-white solid: 'H NMR (500 MHz, CDCL)Y $ 12.74 (4, 12.3 Hz,
FHY 8.35(d, 1=13.0Hz, 1H), 807 (4, J=2.8Hz 1), 755¢d, J=88 29 Hz, 1H), 679
15 {d, J=8.8Hz, 1H), 430 (g, J = 7.1 Hz, 2H), 2.55 (s, 3H), 1.33 (¢, J= 7.1 Hz, 1H); ESI M8
iz 265 [M + HI.
Example 100

[-{4-Hydrony-6-methoxy-1,5-naphthyridin-3-yljethanone

?H O
Hy,CO v Mo e,
E\\ o =
7 M
20 To a flask containing Dowtherm™ A (500 mL) at 250 °C was added ethyl 2-{(6-

methoxypyridin-3-ylamino)methylenel-3-oxobutancate {75 g, 0.28 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 femperature and diluted with

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

acetoniirile and dried under vacuom to afford the desired product (80 g, 46%4) as an off-
white solid: "H NMR (500 MHz, DMSO-dg) 8 12.48 (bs, 1H), .45 (d, = 5.2 Hz, 1H), 8.00
{d,J=89Hz, [H), 740~ 737 (m, 1H), 721(d I=89Hz 1H} 7.61 —6.99 {m, 1H),
3.96 (s, 3H), 2.61 (5, 3H), ESIMS m/z 219 [M + HJ™

Example 101

1-{4,6-Dichloro-1,5-napbthyridin-3-ylethanone

N A AL

Preparation following the synthetic route outlined in Scheme |:

To & flask containing Dowtherra’ ™ A (500 mL) at 250 °C was added ethyl 2-{(6-
chloropyridin -3-ylaminoimethylene}-3-oxcbutancate (10 g, 27 mmol) portion wise over 3
to 5 min and the reaction mixture was stirred for an additional 30 t0 45 min.  The reaction
mixfure was removed from the heat source, cooled to reom temperature and diluted with
hexanes to facilitate precipitation.  The solids were filtered, washed with 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 N,N-
dimethylformamide for 4 hat 70 °C.  The reaction was cooled and poured slowly info a
vigorously stirring mixture of ice-cold satd. ag. sodium bicarbonate and ethyl 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/cthyl acetate) to provide the desired product (3 g, 46% over two steps) as a brown
solid: ESI MS sz 241 [M + HY
Preparation following the synthetic route oulined m Scheme 2:

To g suspension of ethyl 2-[{6-methoxypyridin-3-viamino Jmethylene}-3-
oxobutanoate (70 g, (.32 mel) in acetomtrile (R00 ml) was added trimethylsilylehloride
{173 g, 1.6 mol} and sodium iodide (140 g, €.96 mol}) and the reaction mixture was heated at

reflux for 2 b, The reaction mixture was cooled to room temperature and satd. aq. sodium
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thiosulfate was added.  The mixture was concentrated to renyove acetonitriie, diluted with
brine and the solids were filtered and dried to provide the intermediate 1-(4,6-dihydroxy-
1,5-naphthyridin-3-yi)ethanone.  This intermediate was suspended in dichloroethane {350
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 nmuxture 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
collocted by filiration and purified by chromatography (silica, hexanes/ethyl acetate) to

10 provide the desired product (50 g, 74% over 2 steps) as a brown solid: "H NMR (300 MHz,
CDCly 6 9.00(s, THYL, 838 (4, I =88 He, 1H), 7.74(d, J = 8.8 He, TH), 4.30 (g, I = 7.}
Hz, 2H), 3.28-3.18 (m, 1H), 1.36 (1, 1= 7.1 Hz, 3H), ESIMS m/z 241 [M + H]"
Example 102

Methy!l 3-(6-chloropyridin-3-ylamino)-2-{cyclopropanecarbonyhacrylate

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

& muxtare of methyl 3-cyclopropyl-3-oxopropancate (7.2 g, 50 mmol), tricthyl
orthoformate (13 mL., 75 mameol) and 2-chloro-5-aminopyridine (6.4 g, 30 mmol} was heated
at 145 °C for 3 h in a round botformed flask that was equipped with a short path distillation
apparatus to collect the ethanol generated during the reaction.  The reaction was cooled,

20 concentrated and the residuc was purified by chromatography (silica, hexanesfethy! acetate)
to afford the desired product (4.2 g, 28%) as a pale yeliow oil: 'H MMR (300 MHz, CDCiy)
51278 (d, 12.5 Hz, 1H), 846 - 834 (m, T1H), 828 (d, I =29 Hy, 1H), 751 - 7.44 {m, 1H),
7.35¢d, J=86Hz 1H),430(q i=71Hz 2H), 328 - 318 (m, IH), 1.36{,J=7.1Hg,
3H), 117~ 1.09 {m, 2H), 1.02 - 0.86 (m, 2H). ESI MS m/z 281 [M+H]".

25  Example 103

Cyclopropyl{4,6-dichioro-1,5-naphthyridin-3-ylimethanone
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To a flask containing Dowtherm ™ A (500 mL) at 250 °C was added methy! 3-(6-
chloropyridin -3-ylamino}-2-(cyclopropanecarbonybacryiate (4.2 g |5 mmol) portion wise
over 3 fo 5 min and the reaction mixture was stirred for an additional 30 to 45 min.  The
reaction mixture was removed from the heat source, cooled to room temperature and diluied
with hexanes to faciliiate precipitation.  The solids were filiered, washed with hexanes and
dried under vacuurm to afford the intermediate (6-chloro-4-hydroxy- 1, 5-naphthyridin-3-
vy (eyclopropyliraethanone 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
cooled and poured slowly into a vigorously stirring mixture of ice-cold satd. aq. sodium
bicarbonate and sthyl acetate. The layers were separated and the organic layer was dried
over sodium sulfate, filtered and concentrated.  The residue was purified by
chromatagraphy (silica, methylene chloride/ethyl acetate) to provide the desired product
(0.78 g, 20% over two steps) as a brown solid: "H NMR {500 Mz, CDCLYS 893 (5, {H),
83004, J =87 He, 1H)L 7.74 (4, J=88Hz, 1M, 2.65(1,1=77,45Hz, 1H), 1.52 - 1.42
{(m, 2H), 132~ 1.22 (m, 2H); BRI MS mv/z 268 [M + H]".

Example 104
Ethyl 3-(6-chloropyridin-3-ylamino)-2-(methylsulfonylacrylate

C‘s N~ \‘\

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

concenirated and the residue was purified by chromatography (silica, methylene

PCT/US2012/071434
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chioride/ethy! acetate) to afford the desived product (8.2 g, 84%) as a pale yellow oil: ‘"
NMR (300 Mz, CDCL) 8 10.61 {d, 134 Hz, 1H), 834 (d,J =134 Hz, IH), 827(d, I~
29 Hz 1M, 7.50(dd, F=8.6,3.0 Hz, 1H), 7.37(d, =86 Hz, 1H), 441 (q, J=7.2 Hz, 2H),
3.18(s, 3H), 142 (1, }= 7.2 Hz, 3H); ESI MS m/z 305 [M + H]".

Example 1035

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

To a flask containing Dowtherm ™ A (500 mL) at 250 °C was added ethyl 3-(6-
chloropyridin-3-ylamino)-2-(methylsulfonyDacrylate (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-chloro-3-
{methyisulfonyl}-1,5-naphthyridin-4-ol which was stirred with heat at 70 °C in neat
phosphorus oxyehloride (31 mL) with catalytic N N-dimethylformanide for4h. The
reaction was cooled and poured slowly into a vigorously stirring mixture of ice~cold satd. ag.
sodivm bicarbonate and ethyl acetate.  The layers were separated and the orgasic layer was
dried over sodium sulfate, filtered and concenirated.  The residue was purified by
chromatography (silica, hexanes/ethyl acetate) to provide the desived product (2.7 g, 33%
over two steps) as 4 brown solid: "H NMR (500 MHz, CDCE; )8 9.50 (s, 1H), 846 (d, § =
8.8 He, 1H), 7.83 (d, J = 8.8 Hz, 1H), 3.41 {5, 3H);, BESI MS m/z 278 [M +H]™
Example 106

2-Chloro-1-(4,6-dichloro- 1, 5-naphthyridin-3-yhethanone
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To a solution of 1-{4,6-dichloro-1, 5-raphthyridin-3-yDethanone (3.0 g, 12 raraod)
in THF (120 mL} was added benzylirimethylammonium dichloroiodate (4.3 g, 12 mmol)
and the reaction muxture was stirred at 70 "C for 5 b, The reaction mixture was cocled,

5 diluted with satd. aq. sodium bicarbonate and extracted with dichloromethane, The
combined organic layers were dried over anhydrous sodium sulfate, filtered and the filtrate
was concentrated.  The residue was purified by column chromatography (silica,
dichloromethane/ethyl acetate) to afford the desired product (1.1 g, 32%) as an off-white
solid, BSI MS mz 275 [M +HY .

146 Example 107
2-(4.&-Dichloro-1,5-naphthyridin-3-y1)-2-oxoethy! acetate

aoo
cr_n A A _osc

\L \t‘{/ ‘\:J/
|
i
SN Pt

N \?\E

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 mi} was added 2-chlore-1-(4,6-dichloro-1,5-

15 naphthyridin- 3-yDethancne (8.26 g, .96 mmol) and the reaction mixture was stirred at
room temperature for 4 . The reaction minture was diluted with satd. ag. sodium
bicarbonate and extracted with dichloromethane. The combined orgamc layers were dried
over anhydrous sodinm suifate, filtered and the filtrate was concentrated.  The residue was
purified by column chromatography (silica, dichloromethane/ethyl acetate} to afford the

20 desired product (0.12 g, 42%) as 2 white solid. EST MS ar/z 299 [M + HJ.

Exarmple 108

Benzyl 4-[{dimethylaminoimethyijeyclohexylcarbamate

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

-3

i
-
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To a suspension of cornmercially available benzyl 4-{aminomethyljcyciohexyl-
carbamate {15 g, 57 mmol) in water {150 mL} was added formaldehyde (14 mL, 0.17 mol,
37% solution) and formic acid (6.5 mL, 0.17 mol).  The mixture was heated to reflux for
2h, cooled to 1, neutralized with 2 W NaOH, and extracted with CH;Cl,. The organic

5 exiract was dried over anbydrous sodium sulfate, filtered, and concentrated to give desired
product (16 g, 96%) as a tan, waxy sofid.: APCE MS m/z 291 [C7HM0p + HY™
Exampie 109

trans-4-[(Dimetbylaminoymethylcyclohexanamine diacetic sali

N
'\\(/\] *2A¢0H
o~ IHNHQ
16 To a flask containing PA/C (1.5 g, Degussa type E101} in methanol / acetic acid

{160 mL, 3:1) was added benzy! 4-{{dimethylanunoymethyvijeyclohexylcarbamate (16 g, 54
mmol) in methancl /acetic acid (300 mL, 3:1) and the reaction mixture was stirred under an
atmosphere of  Hy (1 atim) at room temperature for 6 b, The reaction mixiure was filtered
through  distomaceous, the fltrate 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 (m,
PH), 2.78 {4, J=7.0 Hz, 2H}, 2.69 (5, 6H}, 2.07 (brd, J= 139 He, 4H), 2.02 - .86 (i,
2H), 1.92 (s, 6H), 1.79 — 1.67 (m, 1H), 1.53 - 135 (m, 2H), 1.20- 1.05 {m, 2H).
Example 110

20 ters-Butyl [trons-4-(pyrrolidin-1-yImethyDeyclohexyljcarbamate

ST HBes

To a suspension of rans-4-({fert-butoxycarbonyllamino)eyclohexyDmethyl

methanesulfonate (1.8 g, 6.0 mamol), ¥,C04 (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
mixture was heated at 85 °C for 16 . The solution was cooled to room temperature,
diluted with a saturated NaBHCQO; solution and extracted with a mixture of
CHCly/tsopropann {311}, 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 [CisHN:0y + HY
Example 111

trans-4-(Pyrealidio- vimethyDeyclohexanamine dihydrochionide

N o2HCI

4
-
{
i
i
™~ /L:

10 ~ UNH

To a solution of tert-butyl (rans-4-{pyrrolidin-1-vimethyeyclohexyearbamate
(1.3 g, 4.5 mmoi} in THF (15 mb) 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 teraperature and concentraied to afford the desired product (1.2 g, »99%) as
15 anoff-white solid. B8 MS m/z 183 [C HuFRy + HY
Example 112

tert-Butyl (frans-4-{Z-(dimethylamino)ethyl]cyciohexyl tcarbamate

]

T NHBoe
To a suspension of rer-butyl {frans-4-(2-aminoethyDeyclohexylicarbamate (970
28 rog, 4.0 mmol) and paraformaldelyde (360 myg, 12 mmol} in methanol (48 mL) was added
sodium cyanoborohydride (750 mg, 12 mmol} and acetic acid (1 drop). The resuitant
suspension was stirred at room temperatore for 16 h, diluted with a saturzg:ed NaHCO;,
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solution and extracted with 2 muxiure of CHC/isopropanet (3:1). The combined organic
tayers were dried over anhydrous sodium sulfate, filtered and the filtrate was concentrated.
The residue was purified by chroratography (silica, methanol/dichloromethane} to afford
the desired product (340 mg, 31%%) as a white solid. ESI MS mz 271 {CysHagNgO, + BY

5 Example 113

wans-4-{2-(Dimethylamino)ethylcyclohexanamine dihydrochloride

=1

T

3

1%\ 2HCE
P
)

oy

a9l

AN~

HyC”

ST,

T NH,

2

Following general procedure IV-1, terr-butyl {frams-4-2-{dimcthylaminojothyi}-
cyclohexylicarbamate (330 rog, 1.2 mmol) was reacied with 6 N HCI (2 mb) (o afford the
1§ desired product as a viscous coloriess oil that was used withouot purification..
Example 114

NZ—{2~(Dimethy}amino}ethyi)pyridine-295~diam'ine

H,C
’ \11\7 -’"‘\\/ﬁ
HC N
oy
—;:\\
NH,

To a sofution of 2-chloro-S-nitropyridine {580 mg, 3.1 mmol} in THF 30 mL) was

added N, N'-dimethylethave-1 2-diaraine (310 mg, 3.5 mmeol) and triethyiamine (0.64 mL,

—t
L

4.5 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 HCl ag and water. The organic layer was dried over anhydrous sodivm suifate, filtered
and the filtrate was concentrated. The residue was dissolved in tetrahydrofuran (30 mL),

20 degassed with nitrogen, charged with catalvtic 10wt % Pd/C (8.3 g) and the reaction
mixture was placed under an atmosphere of hydrogen (40 Psi) until the reduction was
complete as wdicated by LOMS analysis. The reaction mixture was filtered over

digtomaceous earth and the {ilirate was concentrated to provide the desired product (280 mg,
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50%) as a purple solid: ESI MS m/z 181 [ColgNy + H}i'.
Example 115

6-{2-(Dimethylamino)ethoxylpyridin-3-amine

-Elic\
N7 .
{ I
H.C TR
3 Y
etd,
==
MH,

To a solution of 2-chloro-S-nitropyridine {500 mg, 3.1 mmol) in dioxane (30 mL)
at room {emperature was added 2-(dimethylamino)ethanol (309 mg, 3.5 mmol) and 60wt %
NaH (3.15 g, 3.7 mamol) and the reaction mixture was stirred at room temperature until the
reaction was complete by LOMS analysis. The resction mixiure was poured onte ce-cold
water and the product was extracted with dichloromethane. The organic layer was dried
over sodium sulfate, filtered and the filtrate was concenirated.  The residue was dissolved
in tetrahydrofuran (30 mlL), degassed with nitrogen, charged with catalviic 10wt % Pd/C
(0.3 g) and the reaction mixture was placed under an atmosphere of hydrogen (40 Psi) uatll
the reduction was complete by LCMS 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 MS m/z 182 {ColisN;0 + HT’.

Fxample 116

HC
HNTNONN
Bod \& ~
7 ONH,

To a solution of commercially available fert-butyl 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 (500 mg, 3.1 mmol) and the reaction mixiure was
stirred at room temperature for 16 h. The reaction mixture was diluted with a satd. aq.
NaHCO: and extracted with ethy! acetate.  The organic layer was dricd over sodiam

suifate, filiered and the filirate was concentrated.  The residue was purified by
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chromatography (silica, sthyl acetate/hexanes) to afford the desired product (1.0 g, quant.}
as a yellow solid. The sohd was dissolved in tetrahydeoforan (50 mbL), degassed with
nitrogen, charged with catalytic 10wt. % Pd/C (0.5 g) and the reaction mixture was placed

under an atmosphere of hydrogen {1 atm) until the reduction was complete by LCMS

5 analysis. The reaction mixture was filtered over diatornacecus earth and the filirate was
concentrated to provide the desired product (940 rag, 100%) as a red oil. ESI MS w293
[CrsHuNgGs + HI
Example 117
iere-Butyl {frans-4-[{dimethyl-dg-aminoymethylicyclohexyl}carbamate
O

{,’_“‘ . //\j
'\J/ - Boc
10 H

To a suspension of trans-4-[{teri-butoxycarbonyhaminooyelohexylimethyi
methanesulfonate (310 mg, 1.0 marnol), KT (330 mg, 2.0 mmol) and N,NV-
diisopropylethylamine (1.8 mL, 10 munol) in acetonitrile (4 mL) was added dimethyl-di-
amine hydrochloride (350 mg, 4.0 mmol) and the reaction vessel was heated in a CEM®

15 microwave at 100 °C for 1 h.  The reaction mixture was cooled, diluted with a 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. ES1 MS nvz 263 [CraHeDeNO, + BT
Example 118

280 rons-4-[(Dimethylamino-dgymethyteyelohexanamine dibvdrochioride

D30 D
Lo eznd
o \L
TN,

To a solution of rere-butyl {rrans-4-[{dimethyl-dg-
aminoymethyijoyciohexylfcarbamate (750 myg, 2.9 mmol) in THF (10 mL) was added water

{5 mL} and HCIH{6.0 M in H,O, 5.0 mL, 30 mmol).  The resultant solution was stirred with
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heat at 65 °C for 2 h, concentraled and dried to obtain a white sermisolid that was used
without further purification or characterization.

Example 119

feri-Butyl irans-4-{dimethylamino)cyciohexylcarbamate

CHy

o N
TN

\_/ {

NHBao

(V41

To a solution of fers-buty! mrans-4-aminocyclohexylearbamate (730 mg, 3.5 mmol),
paraformaldehyde (320 mg, 10 mmol), and sodium cyanoborohydride (660 mg, 13 mmol)
in methanol (30 mL) was added acetic acid (catalytic) and the reaction was stirred at room
temperature for 18 k. The reaction nuxture was diluted with water and methylene chioride

10 the layers were separated,  The aqueous layer was adjusted to pH 10 using | M sodium
hydroxide followed by extraction with methylene chloride.  The corbined organic layers
were dried over sodiura sulfate, fitered and the filirate was concenurated 1o afford the
desired product (800 mg, 95%) as a white solid: ESI MS m/z 243 [CisHogNaOy + HI™
Example 120

. R N S .. . .
15 mrans-N' W -Dimethylcyciohexane-1,4-diamine
CH,
CH,

me M

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 stirred with heat at 75 °C
for 18 h.  The reaction mixture was concentrated, the residue was loaded onto an SC X"
20 iom-exchange column, flushed with methanot and then 7 N ammonia in methanol to obtain
the destved product.  The fractions containing the product were concentrated to dryness to
obtain the desired product as the free base (400 mg, 85%) as an orange oil: EST MS miz 143
[CsHygNy + Hi'

Example 121
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6-13-(Dimethviaminoipyrolidin- 1-yl]pyridin-3-amine

HyCpy” s

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 triethylamine (8.64 mL,

5 4.6 mmol) and the reaction mixture was stirred at roem temperature for 161, The reaction
mixture was concentrated to dryness, the residue was dissolved in dichloromethane and
washed with | N HCEag. 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 diatomacecus earth and the filtrate was concentrated to provide the desired product
(360 mg, 56%) as a porple solid: EST MS m/z 207 [CHigNg + "

Example 12

15 tert-Butyl 1-(S-aminepyridin-2-y piperidin-3-yicarbamate

To a solution of 2-chioro-S-nitropyridine (300 mg, 3.1 mmel) i THF (30 mL) was
addead terr-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 concentrated to dryness, the residue was dissolved in dichloromethane and
washed with 1 N HCl aq. and water. The organic layer was dried over anhydrous sodium

sulfate, filtered and the filirate was concentrated to dryness. The residue was dissolved in

- 184 -



WO 2013/109388 PCT/US2012/071434

/

tetrahydrofuran (30 mlL), degassed with nitrogen, charged with catalytic 10wt. % Pd/C {0
g) and the reaction mixture was placed under an atmosphere of bydrogen (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 solid: ESE MS my/z 293 [CisthaNa0, + HYT
Example 123
{Syfert-Butyl -(S-ammopyridmn-2-yhpiperidin-3-vicarbamate

Boo Jr\
§ N IS

N
{! !
T OWH,
To a soiution of Z-chioro-3-nitropyridine (500 mg, 3. mmol} fo THE {30 mL) was
16 added (S)-tert-butyl piperidin-4-y ca:han {706 mg, 3.5 mmol} and tricthylamine (.64

mL, 4.6 mmol}y and the reaction mixture was stirred at room teraperature for 16 . The
reaction mixture was concentrated 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 suifate, filtered and the filirate was concentrated to dryness. The residue was

15 dissoived in tetrabydrofuran (30 ml), degassed with nitrogen, charged with catalytic
Howt. %6 PA/C (0.3 g} and the reaction ruixture was placed under as atmosphere of bydrogen
{40 Psi) until the reduction was complete as indicated by LCMS analysis. The reaction
mixture was filtered over diatormacecus earth and the filirate was concentrated to provide

¢ desired product (945 mg, quant.) as a purple solid: EST MS m/z 293 {CysHp NG, + H
20 Example 124

tert-Butyl 4-(4-nitro-1H-pyrazol-1-ylpiperidine-1-carboxylate

Boc~.
Boo S
N \\.* N:>
\D\_ /
=
AN
NG,
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To a solution of miropyrazole (3.0 g, 25 mmol), fer-butyl 4-hydroxypiperidine-
I-carboxylate (6.0 g, 30 mmol) and triphenylphosphine (7.9 g, 30 mmo}) in THF (200 mL)
at room temperature was added diisopropy! azodicarboxylate (6.0 g, 30 mumol) and the
reaction inixiure was stirred for 16 i The reaction mixture was concentrated and the

5 residue was purified by chromatography (sitica, hexanes/ethyl acetate) to provide the
desired product (4.2 g, 57%) as a white solid:
Example 125

I-(1-Methylpiperidin-4-y -1 H-pyrazol-4-amine

HiCol
3 N\

Lo
N G
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 ter-butyl 4-(4-nitro- 1H-pyrazol-1-yDpiperidine- 1-carboxylate (500
mg, 1.7 mmol} in THF {10 mL) and the reaction mixture was stirred with heat at 60 °C for
t6 b, The reaction mixture was cooled to 8 °C and quenched by the slow addition of
cthanol (8.3 mL) then water (0.3 mL) and fnally 3INNaOH aq. (0.3 mbL).  The resulting
15 mixture was stirred for 30 min, filtered and the filteate was concantrated and dried to obtain
the desired product (280 mg) which was used without any pudification: ESI MS m/z 181 [M
+HY"
Example 126

2,6-Dichloro-4-{4,4,5 S-tetramethyl-1,3,2-dioxabaorolan-2-vhiphenol
> & 2 7 a1 A

Ty,

A

A flask was charged with 4-bromo-2,6-dichlorophenol (45 g, 8.20 mol), KOAc (39

g, .40 mol), bis(pinacolato)diboron (61 g, 0.22 mol) and Pd{dppHiCl (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 mixture 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 yellow oil
5 which was treated with hexanes and the resulting solids were filtered to obtain the desired
product (24 g, 44%) as a white solid: "H NMR (500 MHz, CDCLY §7.57 (1, /=13 Hz,
THY, 7.42 {dd, /= 102, 1 3 Hz, 1H), 1.33 (s, 12H).
Example 127

2-Chioro-6-fluore-4-{4,4,5, S-tetramethyl-1,3, 2-diokaborclan-2-yliphenol

o
HO. ,L\j
~
B
3 Q/\
0 /T

Following the procedure outlined in Example 108, 4-bromao-2-chloro-6-

fluorophencl (270 mg, 1.2 mmol) was reacted with bis{pinacoiato)diboron (305 mg, 1.2

mmol) and Pd(dppfiCl; (88 mg, 0.12 mmol} to afford the desired product (340 mg, quant.)

as a colorfess oil: 'H NMR (500 MHz, CDClLY  §7.57 ¢, J= 1.3 Hz, i), 7.42 (dd, J =
15 10.2, 1.3 Hz, 1H), 1.33 (5, 12H).

Example 128

1-16-Chloro-d-{trans-4-(dimethylaminojcyciohexylaminoi-

1,5~-naphthyridin-3-y1}ethanone

CHy
He N,
[
\_(_/ {

NH ¢
SRR /\\/L\

~ //’\N

20 Following general procediure §, 1-(4,6-dichlioro-1,5-naphthyridin-3-yhethanone

{250 mg, 1.0 mmol} was reacted with mrans-N' N -dimethyicyclohexane-1.4-diamine

~ 157
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dikydrochloride (336 mg, 1.6 mumol} to aiford the desired product (156 mg, 38%%) as a light
browa solid:, "HNMR (500 MHz, CDCL ) 5 10.88 (brs, 1H), 894 (5, 1H), 8.08(d, i =87
Hz, tHY, 753 (3,3 = 8.8 He, 1H), 5.07 - 4.92 {m, 1H), 2.67 {3, 3H}, 234 {5, 6H), 2.39 ~
232(m, 2HL 231 -2.22¢m, T HY, 207199 (m, ZH), 1.56 - 1.35 (m, 4H);, ESI MS

wn

miz 347 M+ HY'
Example {29

{6-Chiloro-d~4 rans-4-{{dimethylamino ymethyljeyelohexviamino -

-

1,5-naphthyridin-3-yl}eyclopropylymethanone
H3C‘~N--C}—13

L
o

i
i
{

A

NH (E)
i s N*& /L\\M,./i\\_,__ .

|}\ J\ | \/
N P

E\;

16 Following general procedure §, eyclopropyl(4,6-dichloro-1,5-naphthyridin-3-vi}-
methanone (267 mg 1.0 mmol) was reacted with frans-4-[{dimethylaminoymethyl}
cyclohiexanamine diacetic acid salt (270 mg, 1.0 mmol) to afford the desired produoct (150
mg, 39%6) as an off-white sclid: "H NMR (500 MHz, CDCL ) 8 10.85 (brs, 1H), 9.19 (s,
[H), 8084, J=8.7 Hz, 1H), 751 (d, J =87 Hz, [H), 497 (brs, 1H), 2.72 262 {m, 1H},

15 231224 (m, 20, 2.22 (5, 6H), 213 (d, I = 7.2 Hz, 2H), 196~ 1.89 (mn, 2H), 1.55 ~ 1.46
(m, } H), 1.36 (qd, 7= 12.4, 3.3 Hz, 2H), 1.28 - 1.22 {ra, 2H), 1.21 — 1.09 {ra, 2H), 1 08~
1.02 (m, ZH); ESI MS m/4 387 [M + HI.”

Example 13¢
1-{6-Chloro-4-{frans-4-[ 2-(dimethylammo)ethyiloyeichexylamino} -

20 15-naphthyridin-3-yljethanone

158 -
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O
H.C M,

/
[
A

NH O
Ci\?’N\\\I/\ J// CHy

L\//// \N/

Following general procedure {, 1-(4,6-dichlore-1,5-naphthyridin-3-vlethanone
{250 mg, 1.0 mumol) was reacted with mrans-4-[2-(dimethylamino)ethytceyclohexanamine
dihydrochloride (300 mg, 1.2 mmol) to afford the desired product (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, I = 8.7
Hz, 1H), 7.52{d, J = 8.8 Hz, TH), 5.04 — 4.96 {m, 1H), 2.67 {5, 31}, 2.36 — 2.22 (m, 41]),
2.24 (s, 6 H), 1.93~1.83  (dd, = 13.9, 3.5 Hz, 2H), 1.4 — 1.31 (m, 5H), 1.27 — 115 (m,
2H); ESIMS vz 375 M+ HY
Example 13]
16 1-{6-Chioro-4-{cis-4-[{dimethylaminoimethyljcycichexylamino}-

1,5-naphthyridin-3-ylethanone

NH ©
Tl EN\\\I)\\\ I/Q\CH:é
o N
Following general procedure 1, 1-(4,6-dichloro-1,5-naphthyridin-3-yliethanone
(500 mg, 2.1 mamol) was reacted with cis-4-{{dimethylaminoimethyljcyclohexanamine (300
15 mg, 2.0 mmol) to afford the desired product (400 mg, 55%) as a yellow solid: ESI MS m/z
361 M+ HI;
Example 132
6-Chloro-N- {frons-4-[{dimethylaminoymethyloyelohexyli-3-

{methylsulfonyl}-1,5-naphthyridin-4-amine

H
h
]

i
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NHQ Q
oy )\‘ g\CH-‘
NN

N ,\\v

Clg My

Following general procedure 1, 2,8-dichioro-7-{methylsulfony}-1,5-naphthyridine
{150 mg, 0.54 munol) was reacted with frans-4-[(dimethylaminoymethyljoyclohexanarine

diacetic acid salt {198 mg, 0.68 mmol) to afford the desired product {150 mg, 68%%) asa

(&,

light yeliow solid: "H NMR (500 MHz, CDCl } 5884, 1H), 8.14(d, =88 Hz, 1H),
F0-7.60 (m, 1HY, 757 (d, ] = 8.8 Hz, 1H), 5.05-4.85 {(m, 1H), 3.00 {5, 3H), 2.34 —
2.24 (m, 8HD, 208 (d, F=7.0 Hz, 2H), 2.00 — 1.92 {m, 2H), 1.57 ~ 150 (m, 1H), 1.42 -
1.30 (my, 2H), 124 ~ 112 {m, 2H); ESEMS m/z 397 [M + HY
Example 133
10 wans-N'-[6-Chloro-3- {methylsulfonyD-1,5-naphthyridin-4-vi}- NENE
dimethylcyclohexane-1 4-diamine

CH;
HyC -_NI,;’/x

A

v}i(} O

AN "/

\T,A g

Followtug general procedure 1, 2,8-dichloro-7-(methyisulfonyl)-1,5-naphthyridine
{146 mg, .32 mamol} was reacted with szzs—vN],N1-vdimethyioyciohexane»E,4‘diamme
15 dikvdrochloride (140 mg, 0.65 mmol) to afford the desived product (68 mg, 34%) as an off-
white solid: 'HNMR (500 MHz, CDChL Y 5 8.85 (s, 1H), 8.15(d, ] = 8.8 Hz, 1H), 7.66 (d,
b=77Hz, 1H), 758(d, J =88 Hz, TH}, 5.06 -4.96  (m, 1H}, 3.069 (s, 3H), 2.33 (5, 6H),
2.33-228¢m, 2H), 227 - 217 (o, 1 M), 2.06 — 1.99 (m, 2H), 1.56 — .32 {m, 4H); ESI
MS m/z 383 [M+ BT

20  Example 134
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&-Chloro-N-{4-[{dimethylamino)methyl|phenyl}-3-(methyisulfonyi}-
{.5-naphthyridin-4-amine

HO,
n-CH;

Following general procedure §, 2,8-dichlore-7-{methylsuifonyh)-1,5-naphthyridine
5 (1530 mg, 0.53 mmol) was acted with 4-[(dimethviaminoimethyl]aniline (120 mg, §.80
mmol) to afford the desired product (150 mg, §0%) as a yellow solid: "H MMER (500 Milz,
CDCl; )8 9.05 (s, 1H), 8.95 (s, 1H), 8.18(d, J=8.8 Hz, 1H), 7.52 (4, ] = 8.7 Hz, 1H}, 7.34
=727 {m, 2H), 712 ~7.04 (m, 2H), 3.49 (s, 2H), 3.17 (s, 3H), 2.36 (s, 6H); ESE MS m/z
391 M +HY
10 Example 135

1-{6-Chioro-4- {3-[ 2-{pyrrolidin-1-yDethyl]pbenylamino} -1, S-naphthyridin-3-yiethanone

Followmng general procedure £, 1-(4,6-dichloro-1,5-naphthyridin-3-yhethanone
(250 mg, 1.0 mmol) was reacted with 3-[2-(pyrrolidin-1-yiethyljaniline 240 mg, 1.3
15 mnol) to afford the desired product (230 myg, 57%) as a yellow solid: 'H NMR (500 MHz,
CBCL )8 10.79 (brs, TH), 899 (5, 113, 8.16{d, I= 8.7 Hz, 1H), 7.52 (d, } = 8.8 Hz, {H},
729726 (m, 1H), 7.07{d, } = 7.7 Hz, 1H), 7.03 - 6.96 (m, 2H), 2.85-2.77 {(m, 2H),

S

2266 (mm, 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*

-161 -



WO 2013/109388 PCT/US2012/071434

Example 136
{-{6-Chloro-4-{6-[2-{dimethylaminoethoxy]pyridin-3-ylamino}-
1,5-naphihyridio-3-ylhethanone

10,

2i-ClLs

5 Following general procedure §, {-{4,6-dichloro-1,5-naphthyridin-3-yhjethanone

(170 my, .71 mmol) was reacted with 6-[2-(dimethylamino)ethoxyipyridin-3-amine (160
mg, 0.90 mmol)} to afford the desired product (120 mg, 44%:) as a light brown solid: 'H
NMR (306 MHe, CDCL 5 1183 (brs, 1H), 9.08 (s, 1H), 811 {d, I = 8.8 He, 1H), 7.99 (4,
J=2.7He, 1H), 747(d, J=8.7Hz 1H), 7.41 (dd, I = 8.8, 2.8 Hz, 1H)}, 6.80 (d, ] = 8.7 Hg,

10 1H), 446 (1 =546 He, 2H), 2.76 (¢, I = 5.6 Hz, 2H), 2.74 (s, 3H), 2.36 (s, 6H); ESI MS
mi/z 386 M + H]
Example 137
6-Chlore-M-(6-(2~(dimethylamme)ethonyipyridin-3-y[}-3-
(roethylsulfonyl}-1,5-paphthyridin-4-amine

R on

Following general procedure I, 2,8-dichioro-7-(methylsulfonyl)-1,5-naphthyridine
(150 mg, 0.54 mmol)} was reacied with 6-[Z-{dimethylaminojethoxy]pyridin-3-amine {120

X

rog, 0.65 mmol) to afford the desired product (160 mg, 70%) as a light vellow solid; . 'H
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NMR (560 Mz, CDCl ) 8 9.03 (s, 171, 8.98 (s, 1H), 8.17 (4, ] = 8.8 Hz, 1H), 7.98 (4, J =
2.8 Hz, 1H), 7.52 (4, = 3.8 Hz, 1H), 7.42 (dd, J= 8.8, 2.3 Hz, 1H), 6.82 (4, J = 5.8 Hz, 11D,
446 (6, 1= 5.5 He, 2H), 3.20 (s, 3H), 2.76 (t, T = 5.6 Hz, 2H), 2.37 (s, 6H); EST MS miz 422
M+ HY

§  Exarople [38

1-{6-Chioro-4-{grans-4-hydroxycyclohexylaming}- |, 5-naphthyridin-3-yljethanone

HO., N
{ {
N
- j"w o
Cio i B
\\f ]’ “CH,
\ //L\ e

N
Following general procedure 1, 1-(4,6-dichlore-1,5-naphthyridin-3-yl)ethanone

(480 g, 2.0 mmol) was reacted with frans-4-aminocyelohexano! (287 mg, 2.5 mmol} to

10 afford the desired produst (300 mg, 78%) as an otange-red solid: 'H NMR (500 Mz,
CERClL) 6 10.90 (s, 1H), 8.95 (s, 1H), 8.09(d, I=87Hz, 1H), 7.533{d, J= 8.7 He, 1H), 5.1
(tdt, J=11.2, 8.0, 3.9 Hz, T1H), 3.76 (¢, I = 10.0, 4.3 Hz, TH), 2.68 (s, 3H), 2.33 —2.24 {m,
ZH), 213 - 2.04 (m, ZH), 1.63 — 141 (m, 8H); ESI MS m/z 320 [M + H["
Example 139

15 1-(6-Chloro-4-{[rrans-4-{(dimethylaminoyclohexyllmethylamino} -

{,5-naphthyridin-3-yDethanone

HyC. . CH,
Loy

J

// ’\\

\g/
U

\] \// \
\

~

Ch,

/—-~\

Following general procedure I, 1-{4,6-dichloro-1,5-naphthyridin-3-yDethancne
{300 mg, 1.2 mmol) was reacted with rrans-4-(arinomethyi)}-N,N-

20 dimethyleyclobexanamine (3530 mg, 1.5 mmol) to afford the desired prodnct (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 He,
1H), 765 (d, J =88 Hz, 1H), 4067 (d, }=6.5 Hz, 2H), 2.69 (5, 3H), 2.32 (s, 6H}, 2.13 ~
1.95 (m, 4H), 1.43 — 1.08 (m, 4H); BSI MS m/z 361 [M + HY

Example 140

5 1-{6-Chloro-4-[{{ -methylpiperidin-4-yDimethylamino}- 1,5 -naphthyridin-3-yl}ethanone

CH,

~

NH Q
¢ ~ s /\\\J)L\cx»i R
SN
Following general procedure 1, 1-(4,6-dichloro-1,S-naphthyridin-3-yhethanone
{250 mg, 1.0 mmob) was reacted with (1-methylpipenidin-d-vhmethanamine {160 mg, 1.3
mmol) to sfford the desired product (170 mg, 49%) as a light yellow-brown solid: 'H NMR
16 (SO0 MHz, CDChy 611.06(brs, 1HL 895 (s, {HL, 810(d, J=88Hz, 1H), 7.53(d, I =
87 Hz, 1H), 413 (1, I=6.4 Hz, 2H), 2.99 - 2.92 (m, 2H), 2.6% (s, 3H), 2.32 (s, 3H), 2.07 ~
1.98{m, 2H), 1.97 - 1.8% (m, 2H), 1.85 - 1.75  (m, 1H), 1.57 — 1.47 (m, 2H); ESI MS m/z
333 M+ HYT
Example 141
15 (Srert-Butyl 1-{5-[3-(cyclopropanecarbonyl}-6-(3,5-dichloro-4-hydroxyphenyl}-

1, S-naphthyridin-4-vlamnincipyridin-2-vi} piperidin<3-vicarbamate

™
Boo / \

N
H het N\qf)‘f
o {p
wo o A
- NH O

i L
S N A M
e S Na S
EE E V/
kS s S
~ \\f/

Following general procedure H, (8)-fers-butyl 1-{5-[6-chloro-3-
{cyciopropanecarbonyl)- 1,5-naphthyridin-4-ylaminojpyridin-Z-yi} pipenidin-3-yicarbamate

20 (9% mg, 0.19 mmol} was reacted with 2,6-dichloro-4-(4,4,9, 5-tetramethyi-1,3,2-
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dioxaborolan-Z-yhphenol (87 mg, 0.30 ramol} to afford the desired product (73 mg, 60%)
as & red-brown solid: 'H NMR (500 MHz, CDCL) 8 11.55 {brs, 1H), 9.29 (s, 1H), 8.25
(d, J=88Hz, 1H}, 803¢d, J=2.7He, 1H), 792 (d, } = 8.8 Hz, 1H), 746 {s, 2H), 7.32 (dd,
J=9.0,2.8Hz, |H), 6.67(d,J=90Hz, 1H},478-472 (m, 1H)}, 3.87-3.6% (m, 3H),

50 3293487 (m, 2H), 279271 (m, 1H), 198 ~1.69(m,2H), 1.45(s, 9H), 1 .31 -
1.22 {m, 2H), 1.16 — 1.06 (in, 2H); EST MS m/z 649 [M + HY'
Example 142
{&)-zerr-Butyl 1-{5-[6-chloro-3-(cyclopropanecarbonyl}-1,5-naphthyridin-4-ylamino}-
pyridin-2-yl}piperidin-3-ylcarbamate
Boa, /’._—'\:/
;i SN
b NN
C
A
NH (ﬁ
Cle N A M
N R /\QY/
iE\ /l /E /

Following general procedure |, cyclopropyl{4,6-dichloro-1,5-naphthyridin-3-vi)-
methanone {267 mg, 1.0 mmol) was reacted with (S)-fere-butyl 1-{S-aminopyridin-2-yi)-
piperidin-3-vicarbamate (340 mg, 1.2 mmol} to afford the desired product (329 mg, 63%) as
a brown solid: 'H NMR (300 MBz, CDCLY 810,19 (e s, 110, 8.03 (s, {H), 817 (@, T =

i5 8.8 He 1H), 804 (d, J=2.8Hz 1H), 7.53(d, J=8.8 Hy, 1H), 731725 (m, 1H), .70 (4,
F=0.1Hz, tH), 478 (brs, TH), 3.83 — 3,62 (o, 3H), 3.47 - 325 (m, 2H), 2.55 - 247  (m,
TH), 197 — 1.83 {m, 2H), 1.73 - 1L.38 (m, TH), 145 (s, 9H), 112 1.04 {m, 2H), 180~
0.90 (m, 2H); ESE MS a2 523 [M + BT
Example 143

20 1-(6-Chloro-4-{grans-4-((dirsethylamine-de Ymethylcvelohexaylamino)-

1,5-naphthyndin-3-yijethanoue
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Following general procedure {, 1-(4,6-dickloro-1,5-naphthynidin-3-yhethanone

(100 mg, 0.42 mmol) was reacted with grans-4-[{dmethylamino-
deymethylioyelohexanamineg (87 mg, 0.37 mmol) fo afford the desired product (85 mg, 63%)

5 asa light brown solid: "H NMR (500 MHz, CD:0D) 58.96 (5, 1H), 8.11 (d, I=8.8 Hz, 1H),
7.70(d, I=87 Hz, 1TH), 5.08 - 498 (m, 1H), 2.68 (5, 3H), 2.34 - 2.24 (m, 4H), 2.00 - 1.9]
{ny, 2H), 1.68 = 1.53 {m, 1H), 1.46 — 1.36 (m, ZH), 1 25— 1.15 (m, 2H); ESI MS sz 367 [M
+HY
Example 144

19 1-(6-Chlore-4- {4-{Z-{dimethvlaminoethyllphenyiamino} -

1, S-paphthyndin-3-yhethanone

CHy
N
,H_g\_, )

)

L\' o
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¢ 7

o -
Ti\lH 0]
Ol N A oy
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Following general procedure 1, 1-(4,6-dichloro-1,5-naphthyridin-3-yljethanone
(150 mg, .64 mmol) was reacted with 4-[2-(dimethylaminc)ethylaniline (110 mg, 0.64
15 mmol) to afford the desired product (143 mg, 6096} as a yellow solid: 'H NMR (500 MHz,
CBCHY 81086 (brs, 1HY, 8.99 (s, 1H), 8.14(d, I =88 Hz, {H), 7.50(d, ) = 8.8 Hz, 1H),
F22 705 (my, 2K, 70— 7.04 (m, 2H), 2.87 (1, § = 8.1 Hz, 2H), 2.70 - 2.60 (m, 2H), 2.55
(s, 3H), 2.29 (s, 6 H); BSI M8 m/z 369 [M + HY'
Example 145
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trans-N'-{6-Chloro-3-(methylsulforyl)- 1, 5-naphthyridin-4-yH-NY N

dimethyicycichexane-1,4-diamine

E':I‘is
HyC- N,
[
/
\" !
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l\r’N\\/ “CH;
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\\/// \

Following general procedure |, 2,8-dichloro-7-(methylsulfonyl)-1,5-naphthyridine

LA

{140 mg, .52 mmol) was reacted with rrans-N' N -dimethyleyelohexane- 1, 4-diamine
dihiydrochloride (140 mg, .65 mmol) to afford the desired product (68 mg, 34%) as an off-
white solid: ESI MS m/z 383 [M + H

Example 146

1-{6-Chloro-4-[1-(i-methyipiperidin-4-vi}- IH-pyrazel-4-ylamino}-

10 1,5-naphthyridin-3-vi}ethanone

WH OO

I \\E‘N\\\'/i\\) i\m—g

N
Following general procedure |, 1-(4,6-dichloro-1,5-naphthyridin-3-yhethanone

{250 mg, 1.0 mumol) was reacted with  |-(i-methylpiperidin-4-y}- I H-pyrazol-4-amine

(216 mg, 1.2 mmol) to afford the desired product (304 mg, 76%) as a light orange sofid: 'H
15 NMR (500 MHz, CDCE)Y G 899 (5, 1H), 812 (d, J= 8.7 Hz, 1H), 7.56 - 7.48 {m, 2H), 7.42

(b, J=06Hz, 1THL 498411 (m, 1H), 3.00(d, J=11.4 Hz, 2H), 2.67 (s, 3H), 2.34 {5, 3H),

2.26 ~2.02 (m, 6H); ESI MS m/z 385 [M + H'

Example 147

tert-Butyl 1-{5-{3-acety]-6-(3,5-dichioro~-4-hydroxyphenyl)-1,5~ naphthyridin-4-
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ylaminolpyrimidin-2-yB pvrrolidin-3-yicarbamate

Following general procedure 11, ferr-butyl 1-[5-(G-acetyl-6-chlore-1,5-

naphthyndin- 4-yvlamineipyrimadm-2-yilpyrrolidin-3-ylcarbamate (126 mg, 8.25 mmol) was

wn

reacted with 2,6-dichloro-4-(4,4, S, S-tetrarnethyi-1,3,2-dioxaborolan-2-yhphenol {1 16 mg,
0.38 nuaol} to afford the product (120 mg, 30%) as ao orange solid: "H NMER {500 MHz,
CDRChRY S 1202 (s 1H), 912 (s, {H) 8.28 - 820 (m. 3H) 793 (. J= 8.8 Ha. 1H}, 7.39 (s,
2H), 4.72 (brs, 1H), 4.36(brs, 1H), 3.86 (br s, 1H), 3.65 (brs, 2H), 3.40 (brs, 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 + HJ"

10 Example 148

tert-Butyl 1-{5-3-acetyl-6-chioro-1,5-naphthyridin-4-vlamino)
pyamidin-2-ylipyrrolidin-3-ylcarbamate

LBoc
HM

Following general procedure 1, 1-{4,6-dichlore-1,5-naphthyridin-3-yhethanone
15 (300 mg, 1.2 mmol) was reacted with  fere-butyl 1-(5-aminopyrimidin-2-yDpyrrolidin-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, T = 8.8 Hz, 2H), 7.26 (s, 20}, 4.70 (s, 2H), 4.38 (s, 26, 3.90
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(dd, § = 11.6, 6.1 Hz, 2H), 3.78 - 3.66 (n, 4H), 3.52 (dd, T = 11.6, 4.3 Hz, 2H), 2.77 {s, 5H),
2.31¢dq, J = 13.4, 7.2 Hz, 2H), 1.57 (s, ZH), 1.47 (s, 17H), 1.19 (s, 1H}; BESE MS oz 484
M+ H}'

Bxample 149

%3

1-(6-Chiloro-4-{4-[{4-methylpiperazin-1-yDmethyl}phenylamino}-

1,5-naphthyridin-3-vlethanone
CHs

5\\

(Al
II\IH o

Ol Nk /ﬁ\

\ﬁ =y Sy oy,

’/\N

Following general procedure I, 1-(4,6-dichloro-1,5-naphthyridin-3-yethanone
{250 mg, 1.0 mmol} was reacted with 4-{{4-methylpiperazin-i-yDmethyl]aniline (260 mg,

16 1.3 mmol) to afford the desired product (256 mg, 5%) as a yellow solid: "H NMR (500
MHz, CDCly 2 11.04 (brs, 1H), 9.01 {5, 1H), 8.14 (4, =87 He, 1H), 7494(d, } = 8.7 Hg,
THY, 7304, J=8.0Hg, 2H), 730 (d, 1= 8.0 He, 2H)}, 3.52 {5, 2H), 2.58 (s, 3H), 2.48 {br s,
8H), 2.30 (5, 3H); EST MS m/z 410 [M + HY
Exampie 150

15 1-(6-Chloro-4-{4-[2-{pyrrolidin-i-yDethyllpiperidin- | -y} -1, 5-naphthyridin-3-yljethanone

K/A\ N

/\W/\
\/L

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-yhethylpiperidine (230 mg, 1.3
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mmol} to afford the desired product (190 mg, 47%) as a vellow solid: 'H NMR (500 MHz,
CDClh) 88744, T H), 8.18({d, =88 Hz, TH}, 7.53(d, I= 8.7 Hz, 1H), 398 - 3.90 {m,
2H), 3.32 323 (m, 2H), 2.58 - 2.50 (m, 6H), 2.55 {5, 3H), 1.86 ~ 153 (m, 11H}; ESI MS
miz 38T M+ H'

v

Example 151
1-{6-Chioro-4-{6-{ 2-{dimethylamino) ethylaminojpyridin-3-ylamino}-

1, 5-naphthyridin-3-yhethanone

Following general procedure I, 1-(4,6-dichloro-1,5-naphthyridin-3-yhethanone
10 {300 mg, 1.2 mmol) was reacted with N-{2-(dimethylamino)ethyilpyridine-2,5-diamine
(320 g, 1.5 mmold) to afford the desived product (210 mg, 37%) as an crange solid: 'H
NMR (5300 MHz, CDCE38 1147 (brs, 1H), .02 (5, [H), 813~ 8.07(m, 1H), 795 I=
25 He, tHL 7476, J=87, 1.1 He, 1H), 729 - 723 {m, 1H), 6,44 {d, ] = 8.8 Hz, 1H),
512(, F=51Hz, 1H), 341 {q,J=57 Hz, 2H), 2.69 (5, 3H), 2.60 (t, ] = 6.0 Hz, 2H), 2.30
15 (s, 6H), ESTMS m/z 385 (M +HLT
Example 152
{-f6-Chloro-4-{1-methyipiperidin-4-ylamino)- 1, 5-napithyridin-3-yijethanone

H 3(:\
N

A
NH IO
Cha My - *ﬁ/i\cm
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A -
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N
Following general procedure 1, 1-{4,6-dichloro-1,5-naphthyridin-3-yDethanone

20 {220 mg, 0.91 mmel) was reacted with T-methyipipenidin-d-amine (160 mg, 1.4 mmol) to
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U

15

afford the desired product (200 mg, 69%) as a light brown solid: 'H NMR (500 MHz,
CDCLY 8 1098 (5, TH), 896 (s, 1H), 8.10 (4, 7 =8.7Hz, 1H), 753 {d, /=87 Hz, 1H), 5.1}
(brs, 1H), 2.98 —2.870 (w, 2H), 2.69 (s, 3H), 2.41 ~2.28 (10, 5H), 2.28 - 2.20 (1, 2H},
1.85 - 1.73 (m, 2H); ESIMS mz 319 {M + HI" ESI MS m/z 319 [M + HY
Example 153
{(8)-ters-Buty (3-acetyl-6-chloro-1,5-naphthyridin-4-vlamino}
pyridin-2-ylipiperidin-3-yicarbamate
Boc I,"’/\?
g \,/m
Ny < )
C T e

Following general procedure I, 1-(4,6-dichloro-1,5-naphthyridin-3-yhethanone
{260 mg, 1.1 mmol} was reacted with (§)-terr-buty! 1-{S-aminopyridin-2-ypiperidin-3-
vlearbamate (470 mg, 1.6 mmol) to afford the desired product (350 mg, 65%) as an orange-
red solid: "H NMR (300 MHz, CDChL) § 11.48 (s, 1H), 9.04 (5, 1H), $.10(d, /= 8.7 Hz,
THY, 801 {4, /=28 Hz, 1H), 746 (d, 7= 87 Hz, 1H), 731 (dd, /= 9.0, 2.8 Hz, {H),6.73
{(d, J=9.0Hz, 1H), 4.80 (br s, 1H), 3.85 - 3.62 {im, 3H}, 3.55 - 3.25 (m, 3K}, 2.71 {5, 3H),
F96—1.84 (m, 1H), 182170 (i, 1ED, 172 — 1.55 (m, 1H), 1.45 (s, 9H); ESI MS m4
497 M+ HT
Exaraple 154

~{6-Chioro-4-[frans-4-{hydroxymethyloye }'C'h@x:y’ famino]-

i, S-naphthyridin-3-yitethanone

OH

e
\\/1

N .
~TUNH OO
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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-4-anmunoeyeichexyDmethanol (130 mg, 1.0

nmunol} to afford the desired produoct (180 myg, 65%) as an orange-yellow solid: "HNMR

{500 MHz, CDCL)Y 1090 (s, 1H), 894 (s, [H), 8.08(d, J=8.7 Hz, 1H), 7.52{d, J= 8.7
5 Hz, 1H}, 510492 (m, 1H), 3.58 — 3.47 (m, 2H}, 2.68 (5, 3H), 2.37 - 2.23 {m, 2H), 2.01

1.89 (m, 25, 1.65 — 151 {m, 1H), 1.42 - [.30 (m, 2H), 129 - 118 (i, 2H); ESI MS m%

334 M+ HIT

Exampie 155

{6-Chlora-d-irans-4-{dimethylamincieyclohexylamingi-

10 1,5-mapbthyridin-3-yl}{cyclopropyhimethanone

£
513-::"“‘«,/ -~
N
NH ()
‘."]\\ 5/ I - \T/ \ _____
i o

Following geaeral procedure 1, syclopropyi{4.6-dichloro- 1, S-paphthyrnidin-3-vh)
methanone (243 mg, 0.91 mmol) was reacted with rans-N' N'-dimethyicyclohexane-1,4-
diamine (168 mg, 1.2 mmol) to afford the desired product (150 mg, 44%%) as a light vellow

15 solid. TH NMR (500 MHz, Chloroform-d) 3 10.83 (br s, 1H), 9.20 (s, 1H), 8.09 (d, } = 8.7
Hz, 1H), 752 (&, =88 Hz, 1H), 498 (brs, 1H), 2.71 ~2.63  {m, 1H), 233 (s. 6H), 2.34
~2.29(m, 2H), 228 -2.19{m, 1H). 2.06 — 1.97 {m, 2k, 1.54 — 1.33 {m, 46), 1.31 ~ 1,22
(m, 2H), L1 = 1.01  (m, 2H). ESIMS m/z 373 {M + H'.

Example 156
26 {wons-4-{(3-Acetyl-6-chlore-1,S-naphthyridin-4-yDamincicyclohexyl ymethyl

methanesulfonate
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To a solution of 1-{6-chloro-4-[frans-4-(hydroxymethyl Jeyvelohexylaming]- 13-
naphthyridin-3-yl}ethanone (140 mg, 0.42 mmol) in methylene chloride (16 mL) was added

friethylamine { (.12 mL, 4.84 mmol} and methanesuifonyi chioride (65 111, 0.84 mmol) and

i

the reaction mixture was stirred at room temperature for 4 b, The reaction mixture was
difuted with satd. ag. sodium bicarbonate, the layers were separated and the organic layer
was concentrated 1o afford the crude product (180 rmg) as a yellow solid which was used
without further purification:  'H NMR (500 MHz, CDCH1 8 10.90 (brs, 1H), R9S (5, 1HD,
8.00(d, J= 8.7 Hz, 1H)}, 7.53 (¢, /= 8.7 Hz, 1H), 5,10~ 4.95 (m, 1H), 4.11 (d, /= 6.5 Hz,
19 2H), 3.03 (s, 3H), 2.68 (5, 3H), 2.39 = 2.26 {m, ZH), 2.01 — 1.92 {m, 2H), 1.90 — 178 {m,
1H), 1.47 ~ 1.24 (m, 4H); BSI MS m/z 412 [M + HY'

Exampie 137

tert-Butyl 4- {{rans-4-(3-acetyl-6-chloro-1,5-naphihyridin-4-viamino)

cyclohexylimethyl | piperazine- | -carboxylaie

\/’/ .
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Following general procedure V, {4-{(3-acetyl-6-chioro-1,5-naphthyridin-4-
yhamino}- eyclohexyl) methyl methanesulfonate (170 mg, 0.42 mmol) was reacted with
teri-outyl 4-[(zvans-4-aminocyelohexyDmethyl]piperazine-1-carboxnylate (93 mg, 0.50

mnol) to afford the desired product (150 mg, 73%) as a yellow solid. ESI MS m/z 302 [M +

~173 -
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HY”
Example 138
1-{6-Chioro-4-{rrans-4-(morpholinomethylcyclohexylaming)-

[, 5-naphthyridin-3-vi}ethanone

0.
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Foliowing geoeal procedure V, {fravs-4-[(G-acetyi-G-chioro-1,5 raphibyridin-4-
yi}- amine] cyvelohexylimethyl methanesulfonate (230 mg, 0.56 mmol) was reacted with
morpholine (72 mg, 0.84 mmol) to afford the desired product (85 mg, 38%) as a yellow
solid:  "HNMR (360 MHz, CDCh) & 10.90 (brs, 1H), 8.94 (s, 1H), 8.08 (d, /= 8.7 Hz,

10 IH), 7352, /=87 Hz 1H), 511 - 4.88 (m, TH), 3.77 - 3.65 (m, 4H), 2.68 (s, 3H), 2 46
238 (m, 4H), 236 - 221 (m, 2H), 2.21 - 2.15 (m, 2H), 2.01 — 1.89 {(m, 28}, 1.64 - 1.58 {m,
(H), 1.46 - 1.07 (m, 48 ESI MS m/z 403 [M + H]”
Example 159

1-{6-Chioro-d-(srans-4-{{(2-hydroxyethyl ¥ methvlamino]methylfjcyclohexylaming)-

—
wn

i,5-naphthyridin-3-vljethanone
0. e O
HyC . ~_-OH
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Following general procedure V, {frams-4-{(3-acetyl-8-chloro-1,5-naphthyridin-4-
v} aminojeyelohexylymethyl 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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yellow solid: "H NMR (300 MHz, CDCL) 8 10.89 (s, 1H), 8.94 (s, 1H), 8.08 (d, /= 8.8 1z,
THY, 7.52(d, S =88 Hz, TH), 5.09 - 488 {m, 1H), 3.63 (1, J= 53 Hz, 2H), 2.68 {5, 3H),
2.59(brs, 2H), 231 (brs, 7TH), 2.04 - 1.91 (m, 2H), 1.68 — 1.50 (my, 1H), 1.48 - 1.07 (m,
4H; ESI MS m/z 391 [M + HT

5  Example 160
{-{6-Chioro-4-[srans-4-(pyrrolidin- 1 -vimethyheyclohexylaminoj~

1,S-naphthyndin-3-yliethanone

Cl N%{ o
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Following general procedure 1, 1-(4,6-dichloro-1,5-naphthyridin-3-yvijethanone

10 (220 mg, 0.92 mmol) was reacted with 4-{pyrrolidin-1-yimethyheyclohexanamine {200 mg,
1.1 mmol) to afford the desired product (67 mg, 19%) as a brown solid: . 'H NMR (300
MHz, COCLI S 1088 {brs, 1R, 8.93 (s, 1H), 807 {4, /=87 Hz, 1H), 751 {d,/=8.7 Hz,
TH}, 5.09 —4.88 O, TH), 2.66 (brs, 7TH), 246 (4, J= 7.1 Hz, 2H), 2.37 - 2.25 {m, 2H),
2.08 - 1.76 (m, 6H), 1.72-1.55 {m, 1H), 1.51 — 112 {m, 41); ESE MS sz 387 (M + H]®

I5  Example 161
feri-Butyl 1-[5-(3-acetyl-6-chioro- 1, 5-naphthyridin-4-viaminopyridin-2-v1}-

piperidin-3-ylcarbamate

l//\\
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Following general procedure 1, 1-(4,6-dichloro-1,5-naphthyridin-3-yijethancne

2

=
o

{610 mg, 2.5 mmol) was reacted with fere-butyl 1-(5-aminopyridin-2-yDpiperidin-3-
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vicarbamate {590 mg, 3.0 mmol} o afford the desired product (420 mg, 35%) as an orange-

red solid: 'H NMR (300 MHz, CDCl) 8 1147 (5, 1H), 9.01 (s, 1H), 3.09 (4, J = 8.7 Hz,

TH), 801 (4,.7=26Hz, 1H), 745 (d, =87 Hz, 1H), 7.34 - 728 (m, 1H), 6.72(d, /=91

He, [H), 495 490 (m, [H}, 3.85 3,67 {m, 3H), 347 - 327 {m, 2H), 2.6% (5, 3H), 1.97 -
5 188 (m, 1ED), 1.86 - 175 (m, 1), 1.73 ~ 1.59 (m, 2H), 1.45 (s, 9H); ESI MS m/z 497 (M +

“#'

Example 162

1-{6-Chloro-4- {grans-4-[(4-methylpiperazin-1-ylimethylloyclohexylamino}-

1,5~naphthyridin-3-yhethanone
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Following general procedure §, 1-(4,6-dichloro-1,3-naphthyridin-3-yljethanone

{250 mg, 1.0 mmol) was reacted with frans-4-[{(4-methylipiperazin-1-

yvimethyllcyclohexanamine (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= 8T Hx 1HY, 7.53 (4, /=87 Hz, 1H), 5.09-4.90 (m, 1H), 3.31 {brs, 4H)}, 290 (br 5,

443, 2.75 (5, 3H), 2.68 {5, 3H), 2.43 - 2.24 (m, 44}, 1.99 - 1.87 (m, 2H), 1.62 ~ 1.46 (m,

VHD, 1.47 — 1,07 (m, 4H); ESIMS /2 416 (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,S-naphihyridin-3-yhethanone
{480 mg, 2.0 mmol) was reacted with rert-buiyl (trens-4-aminocyclohexylcarbamate (438

mg, 2.0 munol) e afford the desired product {600 mg, 71%) as 3 hight orange solid: ' NMR

ih

{500 MHz, CDCly 81080 {bes, 1H), 896 (6, 1H), 8.10{(d, I=88 Hy, 1H), 754 (d, I=
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
(m, 2H), 2.19 = 2.10 (m, 2H), 156~ 145 (o, 2H), 147 (s, 9H), 144~ 1.33 (m, 2H
ESIMS mz 419 [M + HY

Example 164

16 2-(6-Chlore-4- {trans-4-{{dimethylaminoynethylicyclchexyiamino b -

1, S-paphihyridin-3-y}-2-oxocthyl acetate

TLO .
3 \N “Ci‘{z

N
(L
’\'\H 0
Cs\\],_Ni\l,/L\\ _/‘ixv,«:m‘:
L
Following general procedure 1, 2-{4,8-dichloro-1,5-naphthyridin-3-y{}-2-oxoethyl
{5 acetate (301 mg, .33 mmol} was reacted with frons-4-[(dimethylaminoymethyllcyclohexan
amire {67 mg, (.43 mmol) to afford the desired product (90 mg, 65%) as an off-white solid.
ESI MS m/z 419 [M + HY.
Example 165
f-{&-Chloro-4- {irans-4-[{dimethylamincymethylicyclohexylamino} -

20 1S-paphthyridin-3-yD-2-hydroxyethanone

-17
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H,C

To a solution of 2-{6-chloro-4-{srans-4-
[{dimethylanminomethyijcyciohexylamino}-

5 1L5-naphthyridin-3-yi)-2-oxoethy! acetate (90 mg, 0.22 mmol) in methano! was added
freshly ground potassium carbonate (90 mg, 0.65 mmol) and the reaction mixture was
stirred at room eroperature for 30 minwes.  The reaction mixture was diluted with satd. ag,
sodium bicarbonate and extracied with ethyl acetate. The combined organic layers were
dried over anbydrous sodium sulfate, fliered and the Bltrate was concenirated.  The

10 residue was purified by column chromatography (silica, dichloromethane/methanol) to
afford the desired product {18 mg, 22%) as a yellow solid. EST MS m/z 377 [M + H]'.
Example 166
i-{4-{{4-AminocyclohexyDamino}-6-chloro-1,5-naphthyridin-3-yl} ethanone
dikydrochlonde

'7/\ IHC!

N

g

1 T H

Cha_ Ny Ay - “ox,
! i

SN \N{)

HLN

[u—y
(o33

Following general procedure V-1, rep-butyl {mrams-4-{{3-acetyl-6-chloro-1,5-
naphthyridin-4-yhaminojeyciohexy!jcarbamate (360 g, 0.86 mmol} was reacted with HCI
(5 ml., 2 M in ether) to afford the desired product (190 mg, 56%) as a white solid. ES] MS
iz 318 M+ HT
20 Example 167

1-{6-Chloro-4-[4-(pyrrolidin-T-vimethyDphenyvlaminei-1, S-naphthyridin-3-vi}ethanone

178 -
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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-i-yimethylaniline (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 (5, [H), 8.15(d, /=87 Hz, 1H), 7.50 (d, J= 8.7 Hz,
HY, 741 (d, =83 Hy, 2H), 713 (4, /= 8.3 Hz, 2H), 3.85 (br s, 2H), 2.80 (br s, 4H), 2.60
{s, 3H), 1.92 (brs, 4H); BST MS sz 381 (M +H}
Example 168
terr-Butyl 1-[5-(C-acetyl-6-chioro-1,5 naphthyridin-4-ylaminoypyridin-2-yi}-

10 pyrolidin-3-yi{methyhcarbamate

Xy "L\\T/ “CH,

LA
Following general procedure I, 1-(4,6-dichlore-1,5-naphthyridin-3-yDethanone
(200 mg, 0.83 mumol) was reasted with fesr-butyl -(S-aminopyridin-2-yDpyrrolidin-3-yl
{methyl) carbamate (360 mg, 1.2 mmual} to afford the desired product (360 mg, 85%) asa
15 dark red solid: 'H MMR (500 MHz, CDCL) 8 11.30 (s, 1H), 9.02 (s, 1H), .10 (d, J= 8.7
Hz, 1H), 802 (d, /=2.6Hz, 1H), 747(d,.J=87Hz, 1H), 732(dd, /=88, 2.6 Hz, 1H),
637{d, J=88 Hz, 1H), 4.91 (brs, 1H), 3.73 - 3.62 (m, 2H), 3.51 - 3.38 (m, 2H}, 2.83 (s,
3H3), 2.68 (5, 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)pyrrolidin- L-yljpyridin-3-ylamino}-
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1,S-paphthyridin-3-yijethanone

H,C
- 'f\\\
N~
\ s
H;C \‘,N\r/\
7

Following general procedure 1, 1-(4,6-dichlora-1,S-naphthyridin-3-yDethanons

(250 rag, 1.0 mmmol) 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,
CDCLY 6 11.35 (s, TH), 8.00 (s, 1H), 8.10(d, /= 8.7 Hz, 1H), 8.02 (dd, J=2.7, 0.7 Hz, 1H),
747 (d, J=87Hz, 1H), 7.30(dd, J= 8.9, 2.7 Hz, 1H), 6.35 (d, /= 8.9 Hz, 1H), 3.88 -3.77
{m, 1H)Y 3.62 - 3.72 (m, 1H), 3.49 -~ 3.37 {m, 1H), 3.33 - 3.22 (m, 1H), 2.94 - 2.76 {m. 1H},
2.68 (s, 3H), 2.34 (s, 6H), 234 ~ 2,18 (my, 1H), 2.06 — L.89 (my, TH); ESI MS mz 411 M +
10 HY
Example 170
tert-Butyl 4-[T-acety -8-({#rans-4-{{dimethylamino)methyloyclohexylamino)- 1,5-
naphthyridin-2-vi]-3,5-dimethyi-1 H-pyrazole-1-carboxylate
HyC
T N-CHs
/
/ ﬂ\/)
Bag, ) CH3\-*' =
Pl NHO
N N A I
Ty e
me LAl =
is Following general procedure 1, 1-(6-chloro-4-{trans-4-{{dimethylaminoymethyi]-

cyclohexylamingi-1,5-naphthyndin-3-yhethanone (92 mg, 0.25 mmol) was reacted with
cert-butyl 3, 5-dimethyl-4-{4,4,5,5~tetramethyl- 1,3, 2-dioxaborolan-2-y -1 Hpyrazole- -
carboxylate (120 mg, .37 mmoi) to afford crude product {100 mg) as a brown solid which

was carried forward without any purification: ESTMS m/z 521 [M + HI
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Example 171
fert-Butyl 1-(5-(3-acetyl-6-(3,5-dichioro-4-hydroxyphenyi}-1, 5-naphthyridin-4-viamino)-

pyridin-2-yDpyrrolidin-3-yi{methylcarbamate

HOL
.‘f \i NEO
NN j

R, RPN
Cl - TR O,

3 :
SN =2
~ N

L

Following general procedure H, fers-butyl 1-(5-(3-acetyl-6-chloro-1,5-
naphthyridin- 4-ylanune)}- pyridin-2-yDpyreolidin-3-yt (methyl) carbamate (91 mg, 0,183
ramol} was reacted with 2,6-dichloro-4-(4,4, 5, S-ietramethyi- 1,3,2-dioxaborolan-2-yhphenol
{79 myg, ¢.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-chioro-5-fluoro-4-hydroxyphenyl}- 1,5-naphthyridin-4-

vilamino)pyridin-2-yDpyrrolidin-3-yl{(methyl)carbamate

Boc
Ay
N~ i
N Y
N N
Cl 'I\ /
Ho_ N [\NH 0

Following general procedure , fer-butyl 1-{5-(3-acetyl-6-chloro-1,5-

15 paphthyridin- 4-ylamino}pyridin-2-yHpyrrolidin-3-yimethyljcarbamate (%4 mg, 0.19
mmol} was reacted with Z-chloro-6-fluora-4-(4,4,5, 5-tetramethyi-1,3,2-dioxaborolan-2-
vhphenol (77 mg, §.28 mmeol) to afford crude product {79 mg) as an orange solid which was
carried forward without any purification:  ESI MS mvz 607 [M + HY'

Fxaraple 173

20 rerr-Butyl (1-{rane-4-{(3-acetyl-6-chloro-1,5-naphthyridin-4-yDaminoevelohexyl-

- 181-
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amino}-3-methyl-1-oxobutan-2-ylcarbamate
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Following general procedure V1, 1-{4-{{(4-aminccyclohexylamino]-6-chloro- 1,5~
naphthyridin-3-yi}ethanone dihydrochloride (300 mg, 0.94 mmol) was reacted with 2-{{reri-
S butoxycarbenyl) aruine}-3-methylbutanoic acid (310 mg, 1.4 mmol) to afferd the desired
product (320 mg, 65%} as a white solid. ESI MS m/z S18 [M +HI”
Example 174
reri-Butyl 1-{#rans-4-] 3-acetyl-6-(3-chloro-3-flucro-4-hydroxyphenyi)- 1,5-naphthyridin-4-
viaminolcyciohexylamino}-3-methyi-1-oxobutan-2-ylecarbamate

HC on,

Following general procedure 11, sers-Butyl (1-{#rans-4-{{3-acetyl-6-chloro-1,5-
naphthyridin-4-yDaminojcyclohexylamino}-3- methyi-1-oxobutan-2-yhicarbamates {100
mg, 0.19 mmol) was reacted with 2-chlero-6-fluoro- 4-(1,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yhpheno! (50 mg, 0.23 sunol) to afford the crude produci (115 mg) as an

15 off-white solid: ST MS mz 628 [M + H} .
Example 175
sert-Butyl srans-4- {1 3-acetyl-6-(3,5-dichloro-4-hydroxyphenyl)-

1,5-naphthyridin-4-yilaminocyclohexyilcarbamate
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Following general procedure 1, ferr-butyl rrans-4-{(3-acetyl-6-chloro-1,5-
naphthyridin- 4-y1}- aminocyclohexyllcarbamate (100 mg, .23 mmol) was reacted with

2.6-dichloro-4- (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-vhiphenol (81 mg, (.28 mmol) to

LA

atford crude product which was carried forward without any purification: EST MBS m/z 545
M-+ HT.
Example 176

{By-tert-Butvl 1-(5-3-acetyl-6-chloro-1,5-naphthyridin-4-viaminolpyridin-2-v1)
piperidin-3-vicarbamate
10
™

Boctin N3

Following general procedure I, 1-(4,6-dichloro-1,5-naphthyridin-3-yiethanone

{340 mg, 1.4 mmol) was reacted with (R)-fert-butyl -{5-aminopyridin-2-yDpiperidin-3-

—
A=)

yicarbamate (300 mg, 1.7 mmeol) to afford the desired product (410 mg, 58%) as a brown-
orange solid. ESI MS m/z 497 [M + H["

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 1, (Ry-feri-butyl 1-(5-(3-acetyl-6-chloro-1,5-naphthyridin-4-

viamino)pyridin-2-yDpiperidin-3-yicarbamate (200 mg, 0.40 mmol} was reacted with 2,6~
dichloro-4-{4,4,5 5-tetramethyl-1 3, 2-dioxaborolan-2~yHiphenol (170 mg, 0.60 mmol} to
afford the desired product (210 mg, 85%) as a orange solid. ESI MS mz 623 M+ HY
Example 178

(Ry-tere-Butyl 1-(5-(3-acetyl-6-{3-chlcro-5-fluoro-4-hydroxyphenyi)-1, S-naphthyridin-

4-viaminojpyridin-2-yhipiperidin-3-yicarbamate

-
N
i
!
N

~ l\L NH O
) P N ’;}“\\v PN

T o
\/ N

f
{
BocHN" N _

CH,

5

Following general procedure I, (Ry-fers-butyl 1-(5-3-acetyi-6-chioro-1,5-naphthyndin-g-
viamino)pyridin-2-yDpiperidin-3-ylearbamate (200 mg, 0.40 mmol} was reacted with 2-
chioro-6-fhioro-d-{4,4,5 S-tetramethyl-1,3, 2-dioxabhorclan-2-yphenal {165 mg, 0.60

o

mnol) to afford the desived product (125 g, 51%) as a yellow-orange sobid. ES] MS m/z 607
[M+H}

Example 179

tere-Butyl [1-(5-{] 3-acety -6-(3-chloro-5-fluoro-4-hydroxyphenyi}-1,5- naphthyridin-4-

yilamino} pyridin-2-yhpiperidin-3-vijcarbamate

- 184 -
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Following general procedure I, fere-butyl (1-{5-[(3~acetyl-6-chlore-1,5-
naphthyridin- 4-yDaminclpyridin-2-vl} piperidin-3-ylxarbamate (100 mg, 0.20 mmol) was

reacted with 2-chloro-6-fluorc-4-{4,4.5, 5-tetramethyi-1,3,2-dioxaborolan-2-y Dphenol (65

rag, 0.24 rorod) to afford erude product which was carried forward without any
purification: ESI MS m/z 607 [M + HI".

Example 180

tert-Butyl {1-(6-{[3-acetyl-6-(3,5-dichioro-4-hydroxyphenyl)- 1, 5-naphthyridin-

4-vllamino}pyridin-2-yl)piperidin-3-yljcarbamate

,
Boe f{l\ ]
N
g N ;3N\
i / i
Y
H(}\/j\\ll\ TN o
.
o RN l‘kI/\\T/ “CH;
\\5}/ .N’;

Following general procedure 11, fert-butyl (3-{5-[(3-acetyl-6-chloro-1,S-naphihyridin-4-
vhaminolpyridin-2-yi}piperidin-3-ylcarbamate (100 mg, .20 mmol} was reacted with 2,6-
dichloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhphenol (68 mg, 0.24 mmeol} to
afford erude product (45 mg) which was carried forward without any purification: ESE MS
miz 623 (M +HI

Example 181

ters-Butyl 1-{4-[3-acetyl-6-(3,5-dichloro-4-hydroxyphenyly-1, S-naphthyridin-trans-4-

ylaminoleyciohexylamino}-3-methyi-1-oxobutan-2-ylcarbamate

PCT/US2012/071434
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Following general procedure 1, rert-butyl [ 1-({4-[(G3-acetyl-6-chioro-1,3-
naphthyridin- frams-4-yDarinaicyclohexyifamino)-3-methyi- -oxobutan-2-yljcarhamate
{100 mg, 0.19 mmol} was reacted with 2,6-dichloro-4-{4,4,5,5-tetramaethy}-1,3,2-

5 dioxaborolan-2-ylphenol (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 + HY'
Example 182
tere-Butyl 1-{rrans-4-[3-acetyl-6-(3,5-dichioro-4-hydroxyphenyi)-1,5-naphthyridin-

4-viaminojeyclohexylamino} -1 -oxopropan-2-vicarbamate

N -Boc
Q.

A
\: \CH3

) l\NH G
|

SRS
10 S
Following general procedure 11, rert-butyl 1-[rroms-4-(3-acetyl-6-chioro-1,5-
naphthyridin-frans-4-ylamino)oyclohexylaminoi-1- oxopropan-2-yicarbamate (65 mg, .13
mmol} was reacted with 2,6-dichioro-4- {4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
vhphenol (45 mg, 0.16 mmol) to afford crude product that was carried forward without any
1§ purification,
Example 183
fere-Butyl 1-{4-[3-acetyl-6-(3-chioro-3-flucro-4-hydroxyphenyl)-1,5-naphthyridin- frans-4-

yiamino]cvclohexylamino}-L-oxopropan-2-yicarhamate
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Following general procedure I, feri-butyl

PCT/US2012/071434

1-[4-(3-acetyl-6-chioro-1,5-

naphthyridin- frans-4-ylaminoeyclohexylamino]-1-oxopropan-2-vicarbamate (68 mg, 0.13

mmol} was reacted with 2-chloro-6-fluoro-4-(4,4

JS-tetramethyli-1,3,2-dioxaborolan-2-

5 yDhphenol (43 mg, 0.16 mumol)} to afford ernde product that was camied forward withowt any

purification.

Fxample 184

{S)-terr-Butyl 2-{4-[5-acetyl-6-(3-chioro-S-flucro-4-hydroxyphenylty-1,5-

trops-4- viaminojoyclohexylcarbamoyl) pyrrolidine-1

/\\

\J \\)LCH,
N N/

naphthyridin-

-carboxylate

Following general procedure 1, (S)-sert-butyl 2-[4-(3-acetyl-6-chlore-1,5-

naphthycidin- rons-d-ylaminokyclobexylcarbamoylpyrrolidine- L -carboxylate (100 myg,

.19 mmolb) was  reacted with |

Z-chloro-6-fluoro-4-(4,4,5,5tetramethyl-1,3,2.

dioxaborchan-2Z-yhphenol (63 mg, 0.23 macd) to afford crude product (75 mg) as an brown

Example 185
{Sy-fert-butyl 2-{4-{B3-acetyl-6-(3,5

15 solid that was carried forward without any purtfication:

EST MS m/z 626 [M + H'

chiore-4-hvdroxyphenyl}- 1,5-naphihyndin-trans-4-

viamino]- eyelchexyicarbaraoyl} pyrrolidine-1-carboxylate
Y k Y 1P J
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Following general procedure 1L, (8)-fers-butyl 2-{4-(3 -acetyl-6-chloro-1,5-

naphthyridin- rrans-4-ylamino)eyclohexylearbamoylipyrrolidine- 1 -carboxylate (100 mg,
§.195 mmol) was reacted with 2,6-dichlioro-4-{4,4,5,5-tetramethyl-1,3.2-dioxaborolan-2-
vhiphenol (66 mg, $.234 mmol) to afford erude prodact (813 mg) as a vehlow solid product
that was carried forward without any purification.

Example 186

{(&)-tert-butyl 2-]

4-(3-acetyb-6-chloro-1,5-naphthyridin-trons-4-ylaming)-

cyclohexylcarbamoylipyrrolidine- 1-carboxylate

Following general procedure V, I-[4-{frans-4-aminocyclobexyljamino}-6-chloro-
1,5-naphthyridin-3-yilethanone dihydrochloride (226 mg, 0.564 mmol) was reacted with
{(S)-1-(teri-butoxycarbonylipyrrolidine- 2-carboxylic acid (145 my, 0.676 mmol) to afford
the desired product (290 mg, 99%} as an off-white solid. ESI M8 m/z 518 (M + H]"

7

Example 187

tert-Butyl 1-[4-(3-acetyl-6-chioro-1, S-naphthyridin-d-ylamino)cyclohexylamino}-

I-oxopropan-Z-vicarbamate

- 188 -
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Following general procedure V, {1-{4-{frons-d-aminocyclohexyDamino}-6-chiloro-
{,5-naphthyridin-3-yi}ethanone dihydrochloride (130 mg, 0.35 mmol} was reacted with 2-

{ter-butoxyearbonviaminopropancic acid (78 mg, 0.42 mmol) to afford the desired product

5 {130 rag, 79%) as a yellow solid. ESI MS av/z 490 [M + H}
Example 188
{(S)-tere-Butyl [1-(5-{{3-acety]-6-(3-chloro-5-fluoro-4-hvdroxyphenyl)- 1, S-naphthyridin-
4-ylamine}pyridin-2-yDpiperidin-3-yijcarbamate
~N
Boe., / ?
N
H N
a
T
HO TN
\/ ’\5 N}* 0
F”A\\ \f’ s /\\\\[ QA 1
‘\\ PN
16 Following general procedure 1L, {(§)-rer-butyl (1-{5-[(3-acetyl-8-chiore- 1,5-

naphthyridin-4-vhaminooyridin-2-y piperidin-3-yicarbamate {100 mg, 020 mmol) was
priny i Py $ T 3 g )

o

-~

reacted with 2-chioro-6-fluore-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDiphenol (82
mg, §.30 mmol) to afford the crude product {72 mg) which was carried forward without any
purification: BSI MS m/z 607 IM + H}'

15  Example 189

{(S)-fere-Butyl [1-(5-{{3-acetyl-6-(3,5-dichloro-4-hydroxyphenyl)-1,5-naphthyridin-

4-yilamino} pyridin-2~-yhpiperidin-3-yl]carbamate

- 189 -
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Following general procedure {1, {S)-rers-butyl (1-{5-[(3-acetyl-6-chloro- |, 5-naphthyridin-4-
vh- aminolpyridin-2-yl} piperidin-3-yicarhamate (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 mumol) to
afford the product (56 mg) which was carried forward without any purification: ESE MS wm/z
625 M+ H]".

Exampie 19¢

{(&rterr-Butyl [1-(5-{{3-(cyclopropyicarbony-6-(G-chloro-5-flucro-4-hydroxyphenyl)- 1.5-

naphthyridin-4-vljamino}pyridin-2-yhpiperidin-3-yljcarbamate

N

Boc,
i N N
o )
HO. /L\ \“’j\
“ NHOO
5 AR //L\Y/ \\\ /-ju\\&//d\\_
v
\\./// N{/

Following general procedure I, (S)-7er-Buty! 1-{5-[6-chloro-3-
{cyclopropanecarbenyl} -1,5-naphthyridin-4-ylaminopyridin-2-yi} piperidin-3-yicarbamate
{131 mg, 0.25 mmol) was reacted with 2~chloro-6-fluoro -4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-vhpheno! (102 mg, §.38 mmol) to afford the desired product {100 mg, 63%)
as an orange red solid. ES1 MS ma/z 633 [M + H]".

Example 191
tere-Butyl 4-({prams-4-[3-acetyi-6-(3,5-dichloro-4-hydroxyphenyi}-1, S-naphthyridin-

4-ylaminoleyclohexyl}methylpiperazine-1-carbonylate

- 156 -
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Following general procedure 1, feri-butyl 4- {{mans-4-(3-acetyl-é-chloro- 1,5-

o

(2N

paphthyridin-4-ylamino) cyclohexyljmethyt} piperazine- | -carboxylate (150 mg, 0.30 mmol}
was reacted with 2,6-dichloro-4-{4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-ypheno! (130

5 mg, 0.45 mmol) to afford the product (170 mg) which was carried forward without any
purification: ESI MS mz 628 [M + Hi".
Fxample 192

tert-Buty] 1-{4-[3-acetyl-0-(3,5-dichloro-4-hydroxyphenyl

L

3 1,5-raphthyridin-trans-

7

4-ylaminojoyclobexylamine}-3-methyi-1-oxobutan-2-ylcarbamate

e CHy
(8] /
S
7 k -Boece
HN, o H

i K /I
HO\ /J\ -

R
B ‘N H

\\/\\[ I/\
NS J

Following general procedure B, tert-butyl (1-{4-[(3-acetyl-6-chloro-1,5-paphthyridin-

10

frams-4-yhaminocyclohexylamino}-3-methyl-1-oxobutan-2-yljcarbamate (100 mg, 0.19

mmal} was  reacted with 2.6-dichioro-4-(4.4,5 S-tetramethyl-1,3,2-dioxaborelan-2-

ylphenot {65 mg, 0.23 mmol) to afford crude product (80 mg) as a brown solid.  ESTMS
(5 oz 644 M+ MY

Example 193

tere-Butyl I-{rrans-4-[3-acetyl-6-(3,5-dichloro-4-hydroxyphenyl)- 1, S-naphthyridin-

4-ylaminojeycichexylamino}-1-oxopropan-2-ylearbamate

- 191 -
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Following general procedure B, fers-butyl 1-{#rans-4-(3-acetyl-6-chloro- 1,5-
naphthyridin-trons-4-ylaminojeyclohexylaminoi- 1-oxopropan-2-ylcarbamate (65 mg, 0.13
minol) was reacted with 2,6-dichlore-4-(4,4,5,S-tetramethyl-1,3,2-dioxaborolan-2-yvhphenol
{45 mg, (.16 mool) o afford crude product.

Example 194

teri-Butyl - {4-[3-acetyl-6-3-chlore-5-fluora-4d-hydroxypheny -1 5 -naphthyridin- fravs-4-

viaminolcyclohexylamino} - 1-oxopropan-2-yicarbamate

HN -Boc
O > /J
H’\e
o (]
HO /L\ /N

Q

f

e

>.

T
A
NN

N

.. ! QI//\\\I J\CHS
L\:f) ~ N;

F

Following general procedure B, rere-butyl §-[4-(3-acetyl-6-chiorn-1,5-
o o

naphthyridin- irans-d-ylammino)eyclohexylaraino}- T-oxopropan-2-yvicarbamate {68 mg, §.13
mmol) was  reacted with 2-chioro-6-fluoro-4-(4,4,5,5tetramethyl-1,3,2-dioxaborolan- 2-
yiphenol (43 mg, 0.16 numol) fo afford crude product which was carried forward withouwt
o e e
further purification or characterization.
Example 195
(S)-terr-Butyl 2-[4-(3-acetyl-6-chloro-1,5-naphthyridin-irans-4-ylaming)-
cyclohexylcarbamoyllpyrrolidine- L -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, $.564 mmol) was reacted with
(S)-1-{rerr-butoxycarbonypyrrolidine-2-carboxylic acid (145 mg, 0.676 mmol)} to afford
the desired product (290 mg, 99%) as an off-white solid, ESI MS m/z 518 [M + H]'
Example 196
{S)-tert-Butyl 2-{4-[3-acetyl-6-3-chloro-S-thuioro-4-hyvdroxyphenyil- 1, S-naphthyridin-

troms-4-ylaminojeyclohexylcarbamoyi} pyrrolidine- -carboxylate

Bog,
.

G \
N\
N

0
o /
Ho b N

LA
IO

< ~ \\Y/ e “CH,
Y s
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\\/// \N e

Followng genoral procedure B, {(8)-feri-butyl 2-{4-(3-acetyl-6-chlore-1,5-
naphthyridin- frans-4-ylamino)eyclohexylearbamoyijpyrrolidine- | -carboxylate (100 mg,
3,19 mmol) was  reacted with 2-chloro-6-fluore-4-{4,4,5, S-letramethyl-1,3,2-
dioxaborolan-2-yhpheno! (63 myg, .23 mmol) to afford crude product (75 mg) as an brown
solid which was carried forward without further purification or characterization: EST MS
m/z 626 (M +HY
Exaraple 197
tert-Butyl 1-[4-(G-acetyi-&-chioro-1,3-naphthvridin-4-vlaminoxyclohexylamine]-

t-oxopropan-2-ylcarbamate

PCT/US2012/071434
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Following general procedure C, 1-[4-(srans-d-arainncyciohexyamino]-6-chloro-
1,5-naphthyridin-3-yljethanone dihydrochloride (130 mg, 0.35 mmol) was reacted with 2-
{teri-butoxycarbonylaminopropanoic acid (78 mg, .42 mmel) to afford the desived product

5 {130 mg, 79%) as a yellow solid . ES{ MS m/z 490 |M + H}'
Exaraple [958
(S)-fere-Butyl 2-(4-(3-acetyl-6-{3.5-dichloro-4-hydroxyphenyl)-1,5-naphthyridin- frons-4-

JdaminoleyelohexyicarbamoyDpyrechidine- 1-carboxyiate
7 R o v

Eoc\
o, 4\
4
\\;}/{\/
HN,
N
Iy
Ci i
N R
e l NH 9
o e Y'N A

¢ \é{\j’ “CH,

U\\://_V'\N.;

1@ Following general procedure B, (S)-ferr-butyl 2-{4-(G-acetyl-6-chloro-1,5-
naphthyridin- rrans-4-ylaminoeyclohexylearbamoyijpyrrolidine- 1 -carboxyiate (1060 mg,
0.9 mmol} was  reacted with 2,6-dichlore-4-(4,4,5, S-tetramethyl-1,3,2-dioxaborolan-2-
viiphenal (66 myg, (.23 mmol} to afford crude product (113 myg) as 2 yellow solid which was
carried forward without further purification or characterization,

15 Example 199

tert-Butyl [rans-4-{dimcthylamino)oyclohexylimethylcarbamate

- §94 -
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“NRBoc
To a solution of fere-buty! [frans-4-aminocyelohenyl]methvlcarbamate (1.15 g, 5.00 mmol),
paraformaldehyde (454 mg, 15.0 mmol), and sodivra cyanoborohydride (940 mg, 15.0
mmol} in methanol (40 mL) was added acetic acid {catalytic) and the reaction mixture
$  stirred at room temperature for 18 h. The reaction mixture was quenched with water and
concentrated to remove methanol.  The pH of the agueous 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 oih FRTMS m/z 257 [C | HayeNaO, + HIY
10 Example 200
trans-4-{ AmmomethyD-N N-dimethylcyclohexanamine

0 e e
H,C | ‘7_.4,.13

Following general procedure 1V- 1, terr-butyl {frans -4-(dimethylaminocyclohexylimethyl
carbamate {1.2 g, 4.8 mmol) was reacted with 3 M hydrochloric acid {10 mL) to afford the

dilrydrochloride salt as the desired product (1.2 g, »99%) as white solid: ESI MS m/z 230

ot
Wy

[CoHaoN, + HY'
Example 201
{R)-{4-{{6-(3-aminopiperidin-1-yhpyridin-3-yijamino}-6-(3,5-dichloro-4-liydroxyphenyl)-

\

1,5-naphthyridin-3-vD{cyclopropyhimethanone
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Following general procedure V-2 (R)-tert-buty [ 1-(5-{{3-(cyclopropanecarbonyl)-
6-{3,5-dichloro-4-hydroxyphenyi}-1,5-naphthyridin-4-y1 amino)pyridin-2-yUpiperidin-3-
yhcarbamate {0.12 g, §.18 mmol,) was reacted with TFA (2 mLl). The resuiting

5 trifluoroacetate salt of the product was converted to the free base to afford the desired
product {67 mg, 67%) as an orange solid: "H NMR {500 MHz, CD,0D) 8 5.17 (s, 1H), $.09
(d,/=90Hz 1H,803(d,J~=90Hz 1H), 7.92(d, J=2.5 He, 1H), 744 {3, 2H), 7.37
(dd, =98 2.5 He, TH)L 870 (4, 7= 0.0 He, 1H), 416~ 413 (m, 1H), 3.87 - 3.84 {m, IH)Y,
327321 (m, 1H), 3.89 - 3.05 (m, 2H), 2.89 - 2.86 {m, 1H)}, 2.18 - 2.08 (m, 1H), 1.0

10 1.81¢m, 1H), 173~ 1.58 (m, 2H), 1.21 — 1.08 (in, 4H); ESI M3 m/z 549 [M + H}'; HPLC

>00% {AUC), (g = 10,15 min,

- 196 -
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Example 202
(R)-(4-{[6~(3-aminopiperidin-1-yl)pyridin-3 -yl]Jamino}-6-(3-chloro-5-fluoro-4-
hydroxyphenyl)-1,5-naphthyridin-3 -yl)(cyclopropyl)methanone

HzN"‘Q

N
Cl
Y/
HO NH O
F N\. =
I/N,

Following general procedure IV-2, (R)-tert-butyl [1-(5-{[3-(cyclopropanecarbonyl)-
6-(3-chloro-5-fluoro-4-hydroxyphenyl)-1 ,5-naphthyridin—4—yl)amino)pyridin-Z—yl)pipeﬁdin—
3-yl)carbamate (0.98 g, 0.16 mmol) was reacted with TFA (2mL). Theresulting
trifluoroacetate salt of the product was converted to the free base to afford the desired
product (58 mg, 71%) as an orange solid: '"H NMR (500 MHz, CD;0D) 6 9.18 (s, 1H), 8.09
(d, /=9.0 Hz, 1H), 8.04 (d, /= 9.0 Hz, 1H), 7.97 (d, J=2.0Hz, 1H), 7.37 (dd, /= 9.0, 2.0
Hz, 1H), 6.97 (d, /= 13.0 Hz, 1H), 6.75 (d, /= 9.0 Hz, 1H), 4.18 —4.15 (m, 1H), 3.83 —
3.81 (m, 1H), 3.31 - 3.22 (m, 1H}, 3.15 - 3.05 (m, 2H), 2.91 ~2.85 (m, 1H), 2.12 - 2.08
(m, 1H), 1.91 - 1.83 (m, 1H), 1.71 - 1.58 (m, 2H}, 1.25 - 1.08 (m, 4H); ESIMS m/z 533 [M
+H]"; HPLC 99.0% (AUC), fr = 9.18 min.

Example 203
1 —[6-(3,5-dichloro-4-hydroxyphenyl)-4-{[z‘rans-4—(dimethylamino) cyclohexyl]amino}-1,5-
naphthyridin-3-yl)-2-hydroxyethanone dihydrochloride

CH;
4

H,C-N,

*2HCI

e Q

HO
NH O
- |N\ N OH
== N/

Following general procedure I1, 2-[(tert-butyldimethylsilyl)oxy)]-1- {6-chloro-4-
[(trans-4-(dimethylamino)cyclohexyl) amino)-1,5-naphthyridin-3-yi)ethanone (44 mg,
- 197 -
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(.093 mmol} was reacted with 2,6-dichlore-4-{4,4,5, 5-tetramethyl-1,3,2-dioxaborclan-2-
yiipheno! {43 me, 0.15 mmol) followed by formation of the dibydrochloride salt to afford
the product {10 mg, 20%) as a yellow solid: solid: "H NMR {500 MEz, CE:0D) & 9.15 (s,
HD, BA47{d, J=0.0 Hy, 1H), 835(d,.7=9.0 Hy, 1H}, 8.11 (3, 2H}, 5658 - 5.60 {m, 1H),
4,92 (5, 2H), 351 - 3.42 (m, 1H), 2.92 (s, 6H), 2.63 — 2.59 (m, 2H}, 2.33 - 2.28 {m, 2H},
188~ 1.73 (m, 4H); ESI MS m/z 489 [M + HT"; HPLC >99% (AUQ), iz = 9.16 min.
Example 204
i-16-(3-chioro-3-fluore-4-hydroxyphenyl-4-({frans-4-
[{dimethylamino)methvijeyclohexyl} amine)-1,5-naphthyridin-3-v)}-2-hydroxyethanone

dihydrochloride

H:;Q\N/CH}
al < ;e
H()\ /ii\ - .
If I NE 0
F/ \\ e / \\j/ \\,/OH
\/f ~

Following general procedure I, 1-{6-chloro-4-{frans-4-{{dimethyiaminoymethyl]
cyciohexylamine}-1,5-naphthyridin-3-yD)-2-hydroxyethanone (49 mg, 0.13 mmol) was
reacted with 2-chloro-6-fluore-4-(4,4,5,5-tetramethyl- 1,3, 2-dioxaborolan-2-yijphenol {53
myg, 0.12 mynol) followed by formation of the dihydrochloride salt to afford the product (31
mg, 42%) as an off-white solid: "H NMR (500 MHz, CIx0D) 8 9.12 (s, 1H), 8.45¢(d, J =
GO Hz, 1HY, 832 (d J=9.0Hz, TH), 803 (s, 1H), 7.89(d, /= 11.0 Hz, 1H), 5.80 - 565
(o, 1H)Y, 491 (5, 2H), 343 3.05 (m, 2H), 2.94 (5, 6H), 2.5¢ 243 (m, 2H), 2.12 198
(ra, 2H), 1.78 — 1.65 (m, 2H), 1.48 — 1.35 (m, 2H); BSI MS sz 487 [M + H]™, HPLC »99%
{AUCY, /g = 9.26 min.

Example 205
1-{6-(3-chloro-S-fluoro-4-hydroxyphenyiy-4-{{frans-4-

{(dimethylaminopnethylovelohexyl} amingy-1,5-naphihyridin-3-yi}lpropan-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

cyclohexylamino} -1,5-naphthyridin-3-y-2-hydroxyethanone (170 mg, 0.50 mmol) was

Lh

reacted with 2-chioro-6-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-diouaborolan-2-vhphenol (170
mg, 660 mmoel). 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), 8.44 (d, J
=80 Hz, 1H), 833(d, J=0.0Hz, 1H), ROZ{d, /=2.0Hz, 1H), 788 (dd, 7= 11.5, 2.0 Hy,
EH), 572 - 5.53 (m, 1H),3.20 (g, J = 7.0 Hz, 2H), 3.13 - 3.08 (m, 2H), 2.94 (s, 6H}, 2.50 -
10 243 (m, ZH), 2,12 - 2.00 (m, 3H), 178 - 1.65 G, 2H), 148 - 1.35 (m, 2H), 125 (1, J=7.0
He, 3H); BEST MS a2 485 [M + HY, HPLC »99% (AUC), & = 9.96 min.

Example 206

1-[6-(3,5-dichlore-4-hydroxypheny}-4-({rans-4-
[{dimethylamino)methylleyclohexyltamino)- 1,5-naphthyridin-3-vDpropan-1-one

15 dihydrochioride

ol \ j snc
HOA N e o
Cl//\\ /L\\/ N\\\ /J‘\\E P \/,CH3

L

Following general procedure [, 1-{6-chloro-4-{frams-4-
H{dimethylaminoymethyljeycle hexylamino}-1,5-naphthyridin-3-y1-2-hydroxyethanone
{170 mg, 8.50 mmol} was reacted with Z,6-dichloro-4-(4,4,5.5-tetramethyl-1,3,2-

20 dicxaborolan-2Z-yDphenol {170 mg, 0.60 mmol). After work up and purification the
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dihydrochloride salt was obtained (45 mg, 14%) as a white solid: 'H NMR (500 MHz,
CDOBY39.37 (5, 1H), 845 (4, /=00 Hz, 1H), 834 (d, J=9.0 Hz, 1H), 8.11 (s, ZH), 5.75
- 5.66 {m, 1H), 3.20 (q, F=7.0 Hz, 2H), 313~ 3.08 {m, 2H), 2.94 (5, 6H), 2.50 - 2.41 {m,
ZHYL 280 - 200 (o, SHY, B4 - 162 {m, 2H), 148 - 136 {m, 2H), 125 (8, /=70 He, 3H)
EST MS av/z 501 [M + HY HPLC >99% (AUC)Y, = 10,17 min.

Example 207

{S)-1-(4-{{6-(3-aminopiperidin-T-ylpyridin-3-yljamine}-6-(3,5-dichloro-4-

hydroxnyphenyl)-1,5-naphthyridin-3-vDpropan-{-one trihvdrochloride

<N NH O
S AN A M ew,

Following general procedure IV-2, (S)-tert-butyl (1-(5-({6-(3,5-dichloro-4-
tydroxyphenyl)-3-propionyl-1,5-naphthyridin-4-yDaminopyridin-2-yDpiperidin-3-
vhicarbamate (0.195 mmol) was reacted with TFA (2 mL) 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, TH), 8.20 (¢, /=25 Hz, 1H), 776 (dd, /= 9.0, 2.5 Hz, [H), 7.61 (5,
ZHD, TH(E, S =90 Hz, [H), 441 - 438 (m, 1H), 3.97 - 395 {m, 1H), 3.48 - 316 (m,
SHY, 224215 (m, 1HD)L 2,08 - 1.8 (m, TH), LAZ - 174 (m, ZHD, 132 - 139 (m, 3H),
ESI MS vz 537 [M + HY"; HPLC »99% (AUC), i = 9.92 min,

Example 208
{S)-1-(4{{6-G-aminopipendin- | -yhpyridia-3-yilamino }-6-3-chloro-5-fluoro-4-

hydroxyphenyly-1,5-naphthyndin-3-ypropan-1-one tnbydrochloride

200 -
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Following general procedure [V-2, (Sktert-butyl [1-(5-{[6-(3-chloro-S-fluore-4-
hydroxyphenyh-3-propionyl-1,5-naphthyridin-4-ylfaminopyridin-2-yDpiperidin-3-
yllcarbamate(0.21 mmol) was reacted with TFA (2 rel) followed by formation of the

5 wikydrochloride sait to afford the desired product (67 mg, 52%) as a green-brown solid: 'H
NMR (500 MHz, CDOD) 5932 (s, 1H), 8§.46(d, J=9.0Hz, 1H), 837(d, /=9.0 Hz, 1H),
821{d, J=2.5Hz, 1H), 7.75(dd, J= 9.3, 2.5 He, 1H), 7.63 - 726 (m, 2H), 7.12 (4, /= 9.3
Hz, 1H), 439 (4, J=10.5 Hz, 1H}, 4.01 ~3.96 (m, 1H), 348 - 3.16 {m, 5H), 2.25 - 2.15 (m,
tH), 2.04 — 193 (m, {H), 1.82 - 1.71 (im, 2H), 1.32 — 119 {m, 3HY ESI MS m/z 521 [M +

10 HY; HPLC »>99% (AUC), tr = 9.75 min.

Example 209
1-{6-(3,5-dichloro-4-hydroxyphenyl)-4-({4-{((R}-3-fluoropyrrolidin- Tyl methylj

cyclohexyllamino}-1,5-naphthyridin-3~-vijcthanone

o ”I,,//\

HOL /,L\ N ﬂ

\ X
¢ I f

5 Following general procedure H, 1-(6-chloro-4-{({(4-(((R)-3-fluoropyrrolidin- 1+

e

\

yhmethyh) cyclohexyhamino)-1, S-paphthyridin-3-yDethanone (58 myg, 0.143 mmol) was
rescted with 2,6-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y Dphenol (62 mg,
0.21 mmob) to afford the desired product (52 myg, 60%) as an orange solid: TH NMR (50¢

MHz, COODN 915 (s, 1H), 846 (d, J=9.0Hz, {H), 833 (4, /=90Hz, 1H), 8.12(s,

bt
<
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2H), 5.74 - 5.69 (i, 1H), 5.53 - 5.43 {m, 1H), 4.12 - 3.84 (m, 2H}, 3.31 - 3.17 (m, 2H),
2.76(s, 3H), 2.50 - 2.43 (m, ZH), 2.18 - 1.96 (m, 3H), 1.74 -~ 1.62 (m, 2H}, 1.50 - 1.38 {m,
2HY; BSIMS m/z 531 [M + Hi+ HPLC 96.7% (AUC), tR = 10.05 min.
Example 210

5 (§3(4-{16-(3-aminopiperidin-1-vDpyridin-3-vilamino}-6-(3-chloro-5-theore-4-

hydroxnyphenyl}-1,S-naphthyridin-3-yD{cyclobutyDmethanone trihydrochlonde

o \?f’N/ SFHCE
I
o
HO A \/ \NH O
% N\ /J\ /:\j\\_,—‘\

Following peneral procedure 1V-2, {(8)-tert-butyi [ 1-(5-{{6-C-chloro-S-fluoro-4-
hydroxyphenyl)-3-{cyciobutanecarbonyi}-1,5-naphthyridin-4-yljamino } pyridin-2-

18 yhpiperidin-3-yijcarbamated0.20 mmol} 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 {4, J=90Hz, 1HLB22(d,J=3.0Hz, 1H), 7.74(dd, /=93, 3.0 He, 1H),
7.63 ~7.23 (m, 2H), 7.10{d, /= 9.3 Hz, 1H), 4.40¢d, /= 10.5 Hz, 1H), 4.38 —~ 4.23 (m, 1H),

15 4.03-3.92 (m, 1H), 3.45 - 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); ESI MS m/z 547 M + H]"; HPLC 982% (AUC), i =
16.33 min.

Example 211
{6-(3,5-dichloro-4-hydroxyphenyl}-4-{{4-[{dimethylamino)methyl {cyclohexyDaminod-1,5-

20 naphthyridin-3-v[}{cyclobutyDmethanone
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Following general procedure I, {6-chloro-4-({4-
{{dimethylamino}methyDeyclohexyl) amino)-1,5-naphthyridin-3-y)cyclobutylymethanone
{40 mg, 0.10 mmol} was reacted with 2,6-dichloro-4-(4,4,5,5-tetramethyi-1
5  dioxaborolan-2-yipheno! (43 mg, 0.15 mmol) to afford the desired product {53 mg, 68%)
as light yellow solid: "H NMR (500 MHz, CTROD) § §.93 (s, 1H), 8.45(d, J = 9.0 Hz, 1H),
334, =90 He, THY, 812 (s, 2H), 5.76 - 5.65 (m, TH), 4.30 ~ 420 (m, 1H), 3.12 - 3.07
{m, ZH), 2.95 (s, 61}, 2.52 - 2.41 (m, 411}, 2.39 - 2.34 (m, 2H), 2.22 - 2.12 {m, 1T}, 2.09 -
2.00 (m, 2H), 1.98 - 1.90 (s, 1HD), 176 — 1.64 (i, 2H), 149~ 1.36 (m, 2H);, ESI MS oz
10 527 [M+ B+ BPLC »90% (AUC), )R = 10.72 min.
Example 212
{6-(3-chloro-5-fluoro-4-hydroxypheny!-4-((4-((dimethylamino)methyheyclohexylamino)-

1,5-naphthyridin-3-y¥oyelobutyDmethanone

Cl ""r/f\\J
f”‘) \T;/{, \1 ‘\\v/ ‘N}-} O
P /*Q\\:/ \’I/N\YA/JQQ]//\ -
i )
\\"//J\N{/
15 Following general procedure U, {(6-chlorn-4-{{4-

{{dimethylaminojrnethyDeyelohesyl) amino}-1,5-naphthyridin-3 -yl cyclobutyDmethanone
(65 mg, 3.16 nunol) was reacted with 2-chlore-6-flucro-4-(4,4.5,5-teteamethyl-1,3,2-
dioxaborolan-Z-yhphenol (65 mg, 0.24 mmol) to afford the desived product (72 mg, 77%)
as tight vellow solid: 'H NMR {500 MHz, CD:0D) § 8.93 (5, 1H), 8.44 (d, 7= 9.0 Hz, 1H),
20 833(d,J=9.0Hz 1H),8.02(, IH), 788dd, J=11.526Hz (H,L 574564, iH)
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429419 (m, 1H), 3.12 — 3.07 (m, 2H), 2.95 (s, 6H), 2.52 — 2.41 {m, 4H), 2.38 ~ 234 (m,
TH), 224 - 212 {m, TH), 2.09 — 1.98 (m, 2H), 1.98 — 1.89 (m, 1), 1.78 - 1.66 {m, 2H).
149 - 135 (m, 2H); ESTMS miz 511 [M + Hl+; HPLC >99% (AUC), 1R = 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~yljpropan- 1 -one trichloride

-

H
4
H NS g

7—/ 5, S3HCH

N
Cl

A
T NH O

hydroxyphenyi)-3-propionyl-1,5-napbthyridin-4-yDamino)pyridin-2-yDpiperidin-3-

10 yhcarbamate (120 mg, 0.19 munol) 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: B NMR (500 MHz, CD,0D) 8 9.38 (s, 1H), 8.48 (d, /= 9.0 Hz, 1H), 8.41 {d, /= 9.0
He, TH), B25{d, J=2.5 Hz, [H), 7.9¢ (dd, J=9.5, 2.5 Hz, 1H), 7.56 - 730 (m, 24}, 7.27
(d, J=05Hz, 1H), 443 - 432 (o, 1H), 4.08 - 3.96 (m, 1H), 3.53 - 3.38 {m, 3H), 3.25 -~

15 3.20(m, 2H), 2.29-220{(mw, 1H), 2.09 - 1.98 (o, TH), 1.88—1.74 (m, 2H), 138 - 1.21 {m,
3HY, ESIMS m/z 521 IM + H]™ HPLC 97.6% (AUQC), & = 9.86 min.
Example 214
(R)-1-(4-((5-(3-aminopiperidin- 1 -yl)pyridin-3-vDaming)-6-(3,3-dichloro-4-
hydroxyphenyl)-1, 5-naphthyridin-3-yhpropan- 1 -one trilivdrochioride

/"/\

/

A
HoNY 3
b g \J\,_/,-N_‘
et

IS / hi *3HCH
o, Ao N\
HOL ;;\\: kNH O

i
[ AN A

CEJ\‘/ 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, 5-naphthyridin-4-yljamine }pyridin-2-ypiperidin-3-
yHcarbamate (80 mg, §.12 mmcl) was reacted with TFA {2 mL) followed by formation of
the trikydrochloride sali to afford the desired product (48 mg, 62%) as an orange sofid: 'H

5 NMR (500 MHz, CERODI S 939 (s, 1H), 848(d, J=9.5 Hz, 1H), 842 (4, =88 Hz, 1H},
326 (d, J=2.0Hz, 1HY, 7.92 (dd, /= 9.5, 2.0 Bz, 1H), 7.58 (s, 2H), 7.28 (d, J= 9.5 Hz,
IH), 4.42 - 432 (m, 11}, 4.16 - 3.96 (m, 1H), 3.52 - 3.22 (m, SH), 2.29 - 2. 18 (m, 1H),
2.08 - 1.9% (m, 1H), 1.38 — 1.75 (m, 2FD, 1.37 ~ 1.20 (i, 31 BSTMS mz 537 [M + B
HPLC 98.0% (AUC), i = 9.92 min
10 Example 215
(R)-1-(4-((6-(3-aminopiperidin-1-yDpyridin-3-yDamino}-6-(3-chlore-S-fluoro-4-

bydroxyphenyl)-1, S-naphthyridin-3-y}-2-methylpropan-1-one triliydrochloride

)

7N
Hah NN
N
C \/ ZZ 3HCH
HO\//A X - "N Q
da M P! CH

Xy - \} \/\ £y
U Y,
// H;

Following general procedure V-2, (R)-tert-butyl (1-(5-((6-(3-chloro-5-fluoro-4-

15 hydroxyphenyl)-3-isobutyryl-1,5-naphthyridin-4-yDamino)pyridin-2-yDpiperidin-3-
yvijcarbamate (168 mg, 0.26 mmol) was reacted with TFA {2 mL) followed by formation of
the trihydrochloride salt to afford the desired product (110 mg, 78%) as an orange sofid: 'H
NMR (500 MHz, CD;0D) 3 9.31 (s, 1H), 8.35 (5, 2H), 8. 18 (d, J=2.5 Hz, 1H), 7.64 (d,J =
9.0, 2.5 Hz, 1HD, 738 (bs, 1H), 722 - 712 TH), 7.02{d, /=590 Hz, 1H), 444 -4.32

20 {m, 1H),3.98 -390 (m, 1H),3.82-3.70{m, 1H),3.46 322 (m, 3H),2.22 - 2.12 {m, 1H),
2.01 ~ .88 (m, [H), 1.80~ 1.68 (m, 2H), 1.36 ~ 1.20 (m, 6H}; ESIMS mz 535 [M + HY';
HPLC >899 (AUC), i = 18,07 min.
Example 216
i-{6-03,S-dichloro-3-4-hydroxyphenyl -4-({ trans-4-{{dimethylaminomethyijcyclohexyi}
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amino}-1, S-naphthyridin-3-yi]-2-methylpropan- 1 -one dihydrochloride

- CH
i %L' \\, *2HCH
¥ '\.\‘_,J,
110\///,T NH G
o S ‘,NQ ,i\\\ fn JCH
H
Lf = CHS

Foliowing general procedurs 11, 1-[6-chioro-4-({frans-4-

[(dimethylamino)methyljoyelo hexyl}amino)-1,5-naphthyridin-3-y1}-2-methylpropan-1-one

L))

(0.25 g, 0.64 mmol) was reacted with 2,8-dichioro-4-(4,4.5,5-tetramethyi~1,3,2-
dioxaborolan-2-yvljpheno! (0.28 g, 0.98 mmol).  After work up and purification the
dihydrochloride salt was formed to afford the desired product (150 mg, 41%0) as a yellow
solid: 'H NMR (500 MHz, CD,0OD) 8 9.23 (5, [H), 8.45(d, J= 9.0 Hz, 1H), 8.35(d, /= 9.0
He, 1), 810 (s, 2H), 5.77 - 5.63 (m, TH), 3.83 - 3.71 (i, 1H), 311 - 3.04 (m, 2H), 2.94
10 (s, 6H), 247 2.4 (ra, 1H), 2.08 - 2.00 {m, 3H), 1.73 ~ 1.65 {m, 2H), 1.50 - 1.37 {m, 2H},
136~ 1.24 (m, 6HY; ESIMS mz 515 [M + HI™; HPLC 98.7% (AUC), e = 10.57 min.
Example 217

1-{6-chloro-4-{{rans-4-[{dimethylaminoymethyijeyciohexyl} amino)-1,5-naphthyridin-3-
yi}-Z-methylpropan-1-one

HsCL e,

.

i Q : IHC

’NH o
- \\\,//\ LI_I

\[\ /I\ // L. I3

Following general proceduore 1, 1-[6-chloro-4-({trans-4-
[(dimethylarmino)methylleyelo hexyllaming)-1,S-naphthyridin-3-vij-Z-methylpropan-1-one
(8.25 g, 0.64 rumol) was reacted with 3,5-dichlore-4-(4,4,5, S-teramethyi- 1,3.2-
dioxaborclan-2-yljpheno! (0.26 g, 0.96 munol}).  After work up and purification the

20 dihydrochloride salt was formed to afford the desived product (175 mg, 46%) as a light

- 206 -



WO 2013/109388 PCT/US2012/071434

LN

brown solid: 'H NMR (500 MHz, CEROD)Y 8 9.22 (s, TH), 8.45 (d, J = 9.0 Hz, 1H), §.34 (4,

4

J=9.0Hz, 1H), 8.03 (4, J=2.0,2H), 788 (dd, /= 11.5, 2.0 Hz, 1H), 5.75 -~ 5.68 {m, {H),

383 =374 (m, TH), 3,13 — 3.08 (m, 2H), 2.94 (s, 6H), 2.50 - 2.38 (m, 2H), 212 ~ £.99 (m,
3H), 178 — 165 (m, 2H), 149 — 1.37 (ma, 28, 1.33 — 1.25 (i, 6H); ESI MS m/z 499 [M +
HJ": HPLC 97.5% (AUC), 1z = 10.24 win.

Example 218

(Ry-tert-buty! [1-(5-{[3-(cyclopropanecarbanyl}-6-3,5-dichloro-4-hydroxyphenyl}-1,5-

naphthyridin-4-vlaminol pyridin-2-yvhpiperidin-3-ylicarbarate
Pty ¥ PPy Yipip Y

Boc. ,/ \W
Ny !
BNy
s I
H "
HO A N
\f/ EL /T\LH O
o R /N.\\ AR
SO v
\f; N{)

Foliowing general procedure I, (R)-tert-butyl {1 -(5-{[6-chioro-3-
{cvclopropanecarbony)-1,5-naphihyridin-4-ylamino} pyridin-2-yDpiperidin-3-ylcarhamate
{150 mg, 0.29 mmol) was reacted with 2,6-dichloro-4-{4,4,5,5-tetramethyi-1,3,2-
dioxaborolan-2-yhphenol (120 mg, 0.43 mmol) to afford the product (119 mg, 64%%) as an
orange solid: B8 MS m/z 649 [M + HY™
Example 219
{R)-tert butyl [1-(5-{{6-chlorc-3-(cvclopropanscarbonyl)-1, 5-naphthyridin-4-ylamino}

pyridia-2-yhpiperidin-3-yilcarbamate

e
Boc [ \\:
;}\{3',)' a\/f}\:, )
NN
L7
.\,,,J\
NH O
NN A
[ /J J A4
N~ \_N;

Foliowing general procedure §, 4,6-dichioro-1,5-naphthyridia-3-yi{cyclopropyl) methanone

{4560 mg, 1.5 mmol) was reacted with {R)-tert-butyl | {-(S-aminopyridin-2-yi} piperidine-3-
Yyl P2 Yiipp

s

.
o7 -
,
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yljcarbamate (550 mg, 1.9 mumol) to afford the product (600 mg, 76%) as an orange foam:
ESIMS m/z 523 [M + HY.

Example 220

{R}-tert-butyl {1~{5-{[3-{cyclopropanecarbonyl}-6-{3~chloro-5-fluoro-4-hydroxyphenyl)

5 1,5-naphthyndin-4-yiamino} pyridin-2-yDpiperidin-3-yijcarbamate
P p 13 Yupip .

\N‘ A /
H \V/\I\»;'N
i {f
N
HO\//J\; TN o
NN il 8] /E\\ Jj\
RSN RN e ~-y
) N/
S .Nf/‘

Following general procedure I, (R)-tert-butyl [1-{5-{{6-chlore-3-
{cyclopropanecarbonyil-1,5-naphthyridin-d-ylamino b pyridin-2-vDpiperidin-3-vijcarbamate
{150 mg, 0.29 mmel) was reacied 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: ESI MS m/z 633 [M + HY.
Example 221
Z-((tert-butyldimethylsilyDoxy)-1-(6-chloro-4-({trans-4-{dimethylaminocyclohexyl)

aminoj-1, 5-naphthyridin-3-vlethanone

NH O
ar_n A A oTss

S Ry
{

Following general procedure 1, 2-({tert-butyldimethyisilvDoxy)-1-(4,6-dichloro-1,5-
naphthyridin-3-yhethanone (87 mg, 0.23 mmol) was reacted with wans-
dimethylcyclohexane-1,4-diamine (50 mg, 0.35 mmol) to afford the product (44 mg, 40%)
as a light yellow oil: ESI MS m/z 477 [M + H]
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Example 222

2-((tert-butyldimethyisilyloxy)-1 -{4,6-dichloro-1,5-naphthyridin-3-yDethanone

oo

3
(/"\\\I{,N \\\T//E\\\j /Ji\\/ _OTRBS

i i
N LN
~ET N

N

To a solution of 1-{4,6-dichloro-1,S-naphthyridin-3-yi}-2-hydroxyethanone {128 mg, .5
mmob) tn DMF (& mL) was added  imidazole (68 mg, 1.0 mwol) and sert-
butyldimethylsilyl chioride (30 mg, 0.6 mumoly at 0 °C. The mixiure was stivred for 3 b,
poured into NaHCO, (saturated), and extracted with ethyl acetate.  The organic layver was
dricd over Na,SQ0y, concerdrated, and purified by chromatography to afford product {87 mg,
47% as a tight yetiow oil: EST MS m/z 371 [M + H]

Example 223

1~{6-chloro-4-({4~-{{dimethylaminoyoethyjeycichexylamino- 1, 5-naphthyridin-3-

yhpropan-1-one

HaClo
- N"CH:
/
ey
(|
TONH O
Chel Ny -CHs

Folowing general procadure §) 1-{4 6-dichloro-1,5-naphthyridin-3-vlipropan-f-one
{255 mg, 1.0 mmol) was reacted with trans-4-({(dimethylaminoymethyljeyclohesanamine
{310 mg, 2.6 mmol) to affowd the product (350 mg, 93%:) as a white solid: ESI MS m/z 375
M+ HT
Example 224

{-{4,6-dichlore-1, S-naphthyridin-3-y1) pmpan-- f-one
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To a suspension of 1-(4-hydroxy-6-methoxy- 1, S-npaphthyridin-3-yHpropan-1-one
(5.2 g, 22.4 mmol) in acetonitride (100 mi) was added rirsethylsilvichloride (12 g, 112

S =]

mmol) and sodium iodide (10 g, 67 mmol) and the reaction mixiure was heated at reflux for

N

i6h  The reaction mixture was cooled to room termperature and satd. ag. sedium
thicsulfate was added.  The mixture was concenirated to remove acetonitrile, dihuted with
brine and the solids were filtered and dried to provide the intermediate [-{4,6-dihydroxy-
i,5-naphthyridin-3-vljpropan-1-one.  This intermediate was suspended in dichloroethane
{10 mL) followed by the addition of phosphorus oxychloride (10 mL) and catalytic NN~

10 dimethylformamide and the reaction mixture was stirred with heat at 86 °C for 2 h.  The
reaction mixture was cooled 1o room temperature and quenched by pouring slowly iato ice-
cold said. ag. sodivm bicarbonate or 3 N sodium hydroxide.  The quenched reaction
mixfure was concentrated (o remove the dickioroethane and the resulting solids wers

collecied by filtration and purified by chromatography {silica, hexanes/ethy! acetate} to

15 provide the desired product (3.2 g, 56% over 2 steps) as a brown solid: ESTMS m/z 255 [M

+HY

Example 225

1-(4-hydroxy-6-methoxry- 1, 5-naphthyridin-3-vi)propan-1-one

on o
meo N A Ko
E PN f/;
T

20 To a flask containing Dowtherm ™ A (200 mL) at 250 °C was added ethyl 2-{(6-

chloropyridin -3-ylaminownethyvlene]-3-oxcbutanoate {10 g, 36 mumnol) portion wise over 3
to 5 min and the reaction mixture was stirred for an additional 30 to 45 mun. The reaction
mixnire was removed from the heat source, cooled to room temperature and diluted with

hexanes to facilitate precipitation.  The solids were filterad, washed with hoxanes and
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dried under vacuum to afford the desired product (5.0 g, crude) as a brown solid: EST MS
miz 241 M+ HT.
Example 226

ethyl 2-(({&-methoxypyridin-3-yhaminoynethylene}-3-oxopentancate

H;C
s 0
i\\\;/’\ \JJ\//\ L,
i
5 O/ OEt

Ethyl 2-({{(6-methoxypyridin-3-yDamino ymethylens}-3-oxopentanoate was prepared
with conditions described in Example 99 using Z-methoxy-S-aminopyridine and ethyl 2-
{ethoxymethviene}-3-oxopentanoate.
Example 227
10 (Srtert-butyl (1-(5-({6-(3,5-dichloro-4-hydroxyphenyl}-3-propionyi-1, 5-naphthyridin-4-

yhaminopyridin-2-yhpiperidin-3-ycarbamate

p—
Boc, \

el
NN

g -
\

¥

HOL A xu {

v

PN /\ w\/ N Y iy
e T

Following general procedure i{, (S)tert~butyl {1-(5-{{6-chioro-3-propionyl-1,5-

o

naphthyridis-4-yviamine)pyridin-2-yDpiperidin-3-yDcarbamate {100 mg, 0.20 mmol) was

[

reacted with 2,6-dichloro-4-{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-ylphenol (85 mg,
.30 mmol) to afford the product {100 mg) which was carried forward without any
purification” ESI MS m/z 637 [M + HY

Exampie 228

{Si-tert-butyi (1-(S-{{6-chioro-3-propionyi-1, Snaphthyridin-d-yDaminopyridin2-

20 yhpiperidin-3-yijcarbamate

-211 -



WO 2013/109388 PCT/US2012/071434

—
Boe, )
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i \; \§

(\\ /

- {

Tt \T,»\\\\/L\/ CH;

Following general procedure £, 1-(4,6-dichloro-1,5-naphthyridin-3-yhpropan-1-one (250
myg, 0.98 mmol) was reacted with (S)-fert-butyl {-(5-aminopyridin-2-yhipiperidin-3-
ylcarbaraate (430 mg, 1.5 mmol) (0 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) 800 (d, F=30He, 1H), 747 (L, J=9.0Hx, [H), 731729 {m, 1H}, 6.72{(d, /= 9.0
Hz, 1H), 4.79 (brs, 1H), 3.90 - 3.6 {m, 4H), 3.51 — 3.25 (o, 2H), 3.07 {g,.7= 7.0 Hz, 2H),
196184 {m, TH), 1L.B2 - 1.70(m, 1H), 1.72- 155 (m, 1H), 1.45(, 91, 126 (¢, /= 7.0
Hz, 3H); ESIMS m/z 511 M+ HY

Example 229

{S)-tert-butyl (1-{5-({6-(3-chloro-5-fluoro-4-hydroxyphenyl)-3-propionyi-1,5-naphthyridin-

doyDaminojpyidin-2-yDpipenidin-3-ylcarbamate

.
Boc, / \
. ;
3 ,I\L}:TJN
o & /\
HO NN
= NH O
- Axy \/\/i\ LCHy

L ;7\ N

Following general procedure 1, (S)-tert-butyl (1-(5-{(6-chloro-3-propionyi-1,5-
naphthyridin-4-yDaminopyridin-2-vlpiperidin-3-vlcarbamate (100 mg, 0.28 mmol} was
reacted with 2-chioro-6-fluore-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDphenol (83
mg, 0.31 mmol} to afford the product (102 mg) which was carried forward without any

purification: BSI MS m/z 621 [M + H].

Example 23¢

-212-



WO 2013/109388 PCT/US2012/071434

{-{6-chloro-4-({4-({{R}-3-fluoropyrrolidin-1-yDmethylcyclohexybhamino)-1,5-

naphthyndin-3-yhethanone

Foliowing general procedure [, 1-(436-dichioro»i,5»m;phthyri(iin-{%--yi)athancme (240
5 mg, 1.0 mmol) was reacted with 4-{({(&)-3-flucropyrrolidin- 1-yDmethyDeyciobexanamine
{108 mg, 0.5 mmol) to afford the product {61 mg, 15%) a5 a brown solid: EST MS wez 405
M+ HT".
Example 231

4-{{(R)-3-flucropyrrolidin- 1-yDmethyhoyelohexanamine

4-{{{R)-3-fluoropyrrolidin-1-ymethyheyclohexanamine was prepared with
conditions described in Example 117 and 118 using trans-4-[(tert-
butoxycarbonyDamino)eyclohexyl] methyl methanesulfonate and (R)-3-fluoropyrrolidine.

Example 232

L)

{S¥-tert-buiyl {1-(3-((6-(3-chloro-5-fluoro-4-hydroxypheny}-3-(cyclobutanecarbonyl)-1,5-

naphthyridin-4-vhaminopyridin-Z-ylpiperidin-3-yfcarbamate
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Following general procedure [, {S)tert-butyl (1-{5~({(6-chloro-3-{cyclobutanccarbony!)-1,5-
paphthyridin-4-yDamino)pyridin-2-vipiperidin-3-ylearbamate (1 10 mg, 0.20 mmol) was
reacted with Z-chloro-6-fluorc-4-{4,4.5 5-tetramethyl- 1,3, 2-dioxaborolan-2-yliphencl (82

3 mg, 0.30 mmol) to afford the product {134 mg) which was carried forward without any
purification: ESI MS nvz 647 [M + HI™.

Example 233

{S)-tert-bury! (1-(5-({(6-chloro-3-{cyclobutanecarbonyi}- 1, S-naphthyridin-4-

yhaminoypyridin-2-yDpiperidin-3-yDecarbamate

I/\
i

. wa/\ )
i T
H \/N\:;:N
)
i
A
NH O
G ~ N\\«/ SN
\1 o P e

Following general procedure |, cyciobutyl(4,6-dichloro-1,5-naphthyridin-3-viimethancne
{200 mg, 0.71 mmol) was reacted with (S)-rerr-butyi 1-(S-aminopyridin-2-yDpiperidin-3-
yicarbamate (311 mg, 1.1 mmol) to afford the desired product (350 mg, 78%) as an orange
solid: "H WNMR (300 MHz, CDCLY 8 11.52 (s, 1H), §.88 (s. 1H), 8.08(d, /= 8.7 Hz, 1),

IS B.02(d,J=27Hz 1H),745(d,/J=8."7Hz, IH),731(dd, J=9.0,2.7Hz, TH), 6.72(d,J

=90 He, 1H), 4.81 (brs, 1H), 4.15-3.97 (m, 1H), 3.91 - 3.60 (m, 3H), 3.58 - 3.31 {m,

ZH}, 2.54-2.21 (m, 4H), 2.20 - 2.00 (m, 1H), 2.00 - 1.85 (m, 2H), 1.82 - 1.63 (m, ZH),
1.51 (s, 9H); ESI MS sz 537 (M + HJ".

Example 234
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cyclobuiyl(4,6-dichloro-1,5-naphthyridin-3-ylimethanone

Cyclobutyl{4,6-dichloro-1,5-naphthyridin-3-yDmethanone was prepared with
conditions described in Example 101 {Scheme 2) using cyclobutyl{4-hydroxy-6-methoxy-
5 1.5-paphthyridin-3-vDmethanone.
Exarnple 235
cyclobutyl{4-hydroxy-6-methoxy-1,5-naphthyridin-3-yhmethanone

OH O
7,00, __N ,L\\ M

NN N
} H i\ \
: i \
s <4
\\:// N -

Cyclobutyi{4d-hydroxy-6-methoxy-1,5-naphihyridin-3- vy imethanone was prepared
10 with conditions described in Example 100 using ethyl 2-{cyclobutanecarbony-3-{((6-

methoxypyridin-3-yDaminoacrylate.

ethyi 2-{cyclobutanecarbony }-3-({6-methoxypyridin-3-yhamino)acrylate

vi ‘ \\\1 O
SN S

SR N \,/\\
: A A

07 ok
[ Ethyl 2-(eyelobutanecarbony!}-3-((6-methoxypyridin-3-yDaminoacrylate was
repared with conditions described in Example 99 using Z-methoxy-S-aminopyridine and
ethy! 2-(cyclobutanecarbonyl)-3-ethoxyacryiate.

Example 237

{&-chloro-4-((4-({dimethylamino imethyieyclohenyhamine - 1,5 -naphthyridin-3-

20 yD{oyclobutylimethanone
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{6-Chloro-4-{{4-{{dimethylaminoymecthyDoyclohexyllaminol- 1, 5-naphthyridin-3-
yh{cyclobutyimethanone was prepared with conditions described in Example 131 ueing

cyclobutyl{4,6-dichloro-1,5-naphthyridin-3-yUmethanoue and trans-4-

W

L]

{{dimethylaminoymethylcyclohexanamine.

Example 238

(R)-tert-butyl (1 -(5-((6-(3-chloro-5-fluoro-4-hydroxyphenyl)-3-propionyl- 1, 5-naphthyridin-
4-yDaminolpyridin-2-vhipiperidin-3-vhcarbamate

Roc

~

-
4
d

{
N N
N \_.‘ \‘\'::_f\f.
i

Ci /i
HOL A &"\
¥ NH O

N

N e
w7 e \\E N e \\,/('HS
i ‘

i H
Lo i
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M

10 Following general procedure 1, (R)-tert-butyl (1-{5-{({6~chloro-3-propionyl-1,5-
naphthyridin-4-ylamino)pyridin-2-ylpiperidin-3-yhearbamate (175 mg, 0.34 mmol) was
reacted with 2-chloro-6-fluoro-4-{4 4.5 S-tetramethyl- 1,3, 2-dioxaborclan-2-yhphencl (140
mg, 0.51 mmol} to afford the desired product {120 mg, 57%%) as a solid: ESI MS mv/z 621
M+ H

15 Example 239
{By-tert-butyl (1-{5-((6-chloro-3-propionyl-1, S-naphthyridin-4-yHamino)pyridin-2-

ypiperidin-3-yiicarbamate
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Following general procedure 1, 1-{4,6-dichlore-1, S-naphthyridin-3-yvDpropan-1-one (500
mg, 1.96 mmeol) was reacted with (R)-tert-butyl (1-{5-aminopyridiv-2-vDpipenidio-3-
vhearbamate (860 mg, 2.94 mmol) to afford the desired product (850 mg, 84%)asa  light
brown solid: ESI MS m/z 511 [M + H'.

Example 240

{(R)-tert-butyl (1 -(5-((6-(3,5-dichloro-d-hydroxy phery -3-proprony -1, S-naphthyridin-4-

yhaminoypyridin-2-yOpiperidin- 3-yijcarbamate

H
. { !
NY S N
H - NN
I SN
Ch N i
Hf\)\[ SN o
AN N AYL\ CH,

Following general procedure 1, (R)-tert-butyt (1 -(5-((6-chloro-3-propionyi-1,3-
naphthyridin-d-ylaminojpyridin-2-ylipiperidin-3-ylicarbamate {175 mg, .34 mmol) was
reacted with 2,6-dichlore-4-(4,4,5,5-tetrarnethyl-1,3,2-dioxaborolan-2-yhphenol (149 mg,
0.51 o) to afford the desired product (100 myg, 46%) as a solid: ESEMS m/z 637 [M +
HY .

Example 241
{(Fy-tert-buty! (1 -{5-({6-(3-chioro-5-flucro-4-hydroxyphenyl)-3-isabutyryl- 1, 5-naphthyridin-
4-yhaminopyridin-Z-y Dpiperidin-3-yhcarbamate

B

PCT/US2012/071434
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Following general procedure 11, (R)-tert-butyl (1-(5-((6-chloro-3-isobutyryl-1,5-
naphthyridin—4-yI)amino)pyridin-2-y1)piperidin-3-yl)carbamate (225 mg, 0.63 mmol) was
reacted with 2-chloro-6-ﬂuoro-4—(4,4,S,S-tetramethyl-1 ,3,2-dioxaborolan-2-yl)phenol (175
mg, 0.66 mmol) to afford the desired product (168 mg, 62%) as a solid: ESI MS m/z 635
[M+H]".

Example 242
(R)-tert-butyl (1-(5-((6-chloro-3-isobutyryl-1 ,>-naphthyridin-4-yl)amino)pyridin-2-

yl)piperidin-3-yl)carbamate

=N
N
NH O
Cl ’N X CH;
CH
P N/ 3

Following general procedure I, 1-(4,6-dichloro-1,5-naphthyridin-3-y1)-2-
methylpropan-1-one (500 mg, 1.85 nmumol) was reacted with (R)-tert-butyl (1-(5-
aminopyridin-2-yl)piperidin-3-yl)carbamate (815 mg, 2.78 mmol) to afford the desired
product (880 mg, 88%) as a red solid: ESI MS m/z 525 [M + HJ",

Example 243

1-(4,6-dichloro-1,5-naphthyridin-3 -yl)-2-methylpropan-1-one

Cl O
Cl IN\ SN CH;
CH
e N/ 3

To a suspension of 1-(4,6—dihyclroxy—1,5-naphthyridin—3-yl)-2-methylpropan—1-one
- 218 -
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mmol} and sodinm iodide (28.3 ¢, 189 mmol) and the reaction mixture was heated at reflax

g, 63.0 mmol) in acetonitrile (250 mi) was added trimethyisilylchloride (20.5 g, 189

for 3 k. The reaction mixture was conled to room temperature and satd. ag. sodiorg
thiosulfate was added.  The mixture was concentrated o remove acetomitrile, diluted with
brine and the solids were filtered and dried to provide the intermediate 1-(4-hydroxy-6-
methoxy-1,5-naphthyridin-3-yi}-2-methylpropan-1-one.  This intermediate was suspended
in phosphorus oxychloride (60 mL) and catalytic N N-dimethyHormamide and the reaction
mixture was stirred with heat at 70 °C for 30 min.  The reaction mixture was cooled to
roorn temperature and guenched by pouring slowly into ice-cold satd. aq. sodiure

bicarbounate or 3 N sodium hydroxide.  The quenched reaction mixture was concentrated to

" remove the dichloroethane and the resulting solids were collected by filtration and purified

v chromatography (silica, hexanes/ethyl acetate) to provide the desired product (12.0 g,
75% aver 2 steps) as a vellow solid: ESI MS m/z 255 (M + HY.
Example 244

[-{4-hydroxy-6-methoxy- |, 5-naphthyridin-3-yi}-2-methyipropan- 1 -one

OH O
‘VO\F N //ji\\/ T/(HB
:\. PN ',/j \éi};

~ N

{

o o flask containing Dowtherm ™ A {400 mL) at 250 °C was added ethyl 2-{{{6-
methoxypyridin-3-yhaminoymethylene)-4-methyl-3-oxopentanocate {11.5 g, 39.3 mmel)
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 source, cooled to room temperature
and diluted with hexanes to facilitate precipitation.  The sobds were filtered, washed with
hexanes and dried under vacuum to afford the desired product (13.7 g, erude) as a yellow-
brown solid: ST MS m/z 247 [M + H1"

Example 245

AN

vl 2-(({(6~-methoxypyridin-3-yDaminoymethylene)-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 Z-{ethoxymethylene)-4-methyl-3-oxopentancate.

Exaraple 246
I-{6-chloro-4-((4-({dimethylamino)methyleyclohexyDamino)- 1, 5-naphthyridin-3-y{)-2-

methylpropan-1-one

HLC
Il‘%"(\ﬁﬂ
§
I/w
I'
.
J\H O
TN Aoy
\,_;;i\ Nj CH
Following general procedure 1, 1-(4,6-dichicro- 1,5 naphthyridin-3-y1)-2-

methylpropan-1-one (500 mg, 1.85 mmol) was reacted with trans-4-
({dimethylaminomethyDeyclohexanamine (436 mg, 2.78 mmol} to afford the product (640
mg, 89%) as a white solid: ESI MS m/z 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
the above-mentioned Examples and such.

Mext, the pharmacclogical activities of compound (1) will be described in the
following Test Examples.

{Test Examples]

MELK activity was determined in the presence or absence of compounds using

fluorescern isothincyanate-labeled (FITC-labeled) histone H3 peptide as a substrate.  The

- 220 -
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extent of FITC-1abeled histore H3 peptide phosphorylation was measured by immobilized
metal ion affinity-based fluorescence poladzation (IMAP) technology (Sportsman JR, etal,
Assay Drug Dev. Technol. 2: 205-14, 2004) using IMAP FP Progressive Binding System
{(Molecular Devices Corporation).  Test compounds were dissolved in DM30 at 12.5 mM
and then serially diluted as the DMSO concentration in the assays to be 1%.  The senally
diluted compounds, 0.8 ng/micro-L PBK {Camna Biosciences} and 100 nM FITC-labeled
histone H3 peptide were reacted in a reaction buffer (20 mM HEPES, 0.01% Tween-20, 0.3
mM MgCly, 2 mM dithiothrettol, 50micro-M ATP, pH 7.4} at room temperature for 1 hour,
The reaction was stopped by the addition of three fold assay volume of progressive binding
sohition.  Following €.5 hour incubation at room temperature, fluorescence polarization
was measured by Wallac EnVision 2103 multilabel reader (PerkinElner).  IC50 valoes
were caloulated by nonlinear four parameter fit using SigmaPlot, version [0.0 (Systat
Software, Inc.).

ICso values of the typical cormpounds of the present invention are shown in the

following table 2:
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Table 2
. IC(pM)
Example Componnd Mame {kinase
assay}
] {-{6-Chloro-4- {trans-4-[{dimethylamino)methyll- 0.31
cyclohexyiaming}-1,5-naphthyridin-3-yhethanone ~t
5 1-{6-(3,5-Dichioro-4-hydroxypheny}-4-{rrans-4-{dimethylamino}- 0.0003
cyclohexylamino]-1,5-naphthyridin-3-y1} ethanone dihydrochloride T
) t-{ 3»(3--Chh)ro~-5«ﬂuoro-fi--hy_'dmx;t/Rhenyi)-/il-{z‘;‘*ans-li-(‘ dim ethylan} ino)~ 6.0012
- cyclohexylaming]-1,5-naphthyridin-3-y{} ethanone dihydrochloride )
Cyclopropyl(8-(3,3-dichloro-d-hydroxypheny -4 - {rrans-4-[{dimethyl-

4 aminomethytcyclohexyiamine - 1,5-naphthyridin-3-ymethanone 06005
gihydrochloride
{6-(3-Chloro-5-fluore-4-hydroxyphenyi)-4- {irans-4-[(dimethylamio -

5 methylloyclohexylaminol-1, 5-naphthyridin-3-yiHeyelopropyhDmethanone $.0008

dihydrochioride

1-{6-(3,5-Dichioro-4-hydroxyphenyi}-4-{ {rans-4-{{dioethylamino)-
6 methyljeyelohexyllamine)- 1, 5-naphthyridin-3-vi}ethanone ¢.0011
ditydrochioride

1-{6-(3-Chloro-5-fluoro-4-hydroxyphenyl)-4-( { frans-4-{{dimethyi-
7 aminoimethylicyciohexylamino}-1,S-naphthyridin-3-vl} ethanone 0.001
dihydrochloride

L)
b
A

1+{6-{3-Chloro-4-hydroxy-S-methonypheny-4-{irans-4-[{dimethy}-
8 aminoymethyllcyclohexylamino}-1,5-naphthyridin-3-yDethguone 0.0013
dihydrochloride

-[6-(3,5-Dichloro-4-hydroxyphenyi}-4-{ {#rans-4-[2-(dimsthylamino)-
9 ethyllcyclohexyl}amine)-1,5-naphthyridin-3-yljethanone 8.0007
dihydrochloride

1-{6-(3-Chioro-5-fluore-4-hydroxyphenyly-4- {trans-4-[2-
16 (dimethylamino)ethylleyclohexylamine}~1,5-naphthyridin- $.0014
3-ylyethanone dibydrochioride

1 4-{ trans-4-({ Dimetay lamino yoethyileyciohexylamino }-6-
i {d-hydroxy-3-{triflucromethoxy)phenyl}-1,S-naphthyridin- 0.0027
3-ybhethanone dihydrochioride

2,5-Dichioro-4-(8-{rrans-4-[(dimethylaminoimethyljeyclohexylamino} -
i2 7-(methylsuifonyl)-1,5-naphthyridin-2-ylphenol ¢.001
dihydrochloride

- 222 -
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&-{3-Chloro-5-fluoro-4-hydroxyphenyl}-4-{{ trans-4-{dimethylamino}-
i3 methyjeyclohexyl}amino)-3-methylsulfonyl-1,5- 0.0014
naphthyridine dihydrochloride

o

-(3-Chloro-4-hydroxy-$-methoxypheny}-4-{ srans-4-[{dimethylamino}-
14 methyljeyclohexylamine}-3-methylsulfonyl- (.0009
L5-agaphihyridioe dihydrochloride

15 2.6-DHehlore-4-{ 8- trans-4-{dimethylaraino ey clohexylamino]- 6.0005
T-{methylsulforyl}-1, 5-naphthyridin-2~-vilphenol dihvdrochloride R
3 S LIty visp Y
2 G-Dhchlora-4-( 8-{4-{{dirnethviam inoimethvl whenviamine - 7- g
16 2 6-inchiore-4-(8-{4-{{dirasthyiam inojmethyvlphenyiaming)- 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-metho cyphieno 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-hydroxypbenyi}-4-(6-(2-(dimethylamino)-
21 cthoxypyridin-3-ylamine)-1,S-naphthyridin-3-ylethanone {.0046
dihydrochioride

{-(6-(3-Chioro-5-fluoro-4-hydroxyphenyl)-4-(6-(2-{(dimethylamino}-
22 ethoxypyridin-3-ylamino)-1,S-naphihyridin-3-yDethanone $.015
dihydrochloride

F-(6~(3-Chloro-4-hydroxy-S-methexyphenyl-4-(6-2-(dmethylamino}-

23 ethoxy)pyridin-3-ylamino)-1,5-naphihyridin-3-yethanone 0.008%
dihvdrochloride

2.6-Dichlore-4-(8-(6

5-{2-{dimethyiaminolethoxypyridin-3-
24 yiamino}7-{methyls:

wlfony-1,5-naphthyridin-2-y)phenoi (.0053
hydrochloride

2-Chloro-4-(8-(6-(2-{dimethyiamineYethoxyjpyridin-
{methyisulfonyi}-1,5-naphthy ddin-2-y1}-6-fhuor
dihydrochloride

yiamino}-7-
phenol 0.019

[]
L

1

Ny

T2

()
¢
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2-Chlore-4-{8-(6-{2-(dimethylaminoe Jethoxy}pyridin-
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-yDimethyiamino)-1,5-naphthyridin-3-vhethanone (4.0007
dihydrochloride

1-{6-(3,5-Dichloro-4-hydroxy phenyi-4-(rrms-4-({dimethylamine-d6)}-
28 racthylicvelohexylaraine)- 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-tluore-4-hydroxyphenyi}-4-{4-{2-{dimethylaminc}-
30 ethyliphenylaming)-1,5-naphthyridin-3-yhethanone 0.005¢
dihydrochlioride

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-(rans-4-(dimethylamincjcyclohexylaming)-7-
{rosthyisuifonyi)-1,5-naphthyridin-2-y}-6-fluorophenol 0.0018
: dibiydrochloride

)
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 -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
tohydrochioride

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-hydeoxyphenyl }-4-{4-{2-(pyrrolidin-1-y -
ethyDypiperidin-1-yi}-1,5-naphthyridin-3-yijethanone 0.6}
dihydrochloride

2
-~

1-(6-(3,3-Dichioro-4-hydroxyphenyl-4-(6-(2-(dimethylaminojethyl-
3R aminojpyridin-3-ylamino}-1, S~naphthyridin-3-yijethanone G4.011
irihvdrochioride
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| {(8-(3-Chloro-S-fluore-4-hydroxyphenyl}-4-(6-(2-{dimethylamineo}-
35 ethyiamino)pyridin-3-ylaminc)- 1, S-naphthyridin-3-ylethanone 0.03
trihydrochioride

{S)-{4-(6-(3-Aminopiperidin- L-ylipyridin-3-ylamino}-
40 &-(3,3-dichloro-4-hydroxyphenyly-1,5-naphthyridin-3-y1- 8.0012
{cyelopropyDmethanone trihydrochloride

1-{4-C-G-Aminopyrrolidin-1-yDpytimidin3-
41 ylaming}6-(3, 5~dichioro-4-hydroxyphenyi}- $.001
1,5-naphthyridin-3-yDethanone trihvdrochloride

3

{-{4~{trans-4-[{Dimethylamino ymuethyljeyclohexylamine}-6-(1 H-pyrazol-
42 4-y1)- 0.017
1,5-naphthyridin-3-ylethanone trihydrochioride

03 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 . ) IO : (0.0061
amino}-1,S-naphthyridin-3-yl jethanone
47 1-(6-(3,5-Dichloro-4-hydroxypheayl}-4- {[4-(morpholinomethyi)- .01

cyclohexyliamine}~1, S-naphibyridin-3-ylethanone

1-}6-(3,5-Dichloro-d-hydroxypheny! -4-(4-{{2-hydroxyethyli{methyi)-
48 aminc]methyljoyelohexylamine)-1,5-naphthyridin-3-y1}- 0.0006
ethanone dikydrochioride

1-{6-(3-Chloro-S-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
rihydrochloride

£-(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
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1-(6~(3,5-Dichloro-4-hydroxyphenyl)-4- {6-[3-(methylamino)pyrrolidin-
1-yl]pyridin-3-ylamino} -1,5-naphthyridin-3-yl)ethanone trihydrochloride

0.0015

54

1-(6-(3-Chloro-5-fluoro-4-hydroxyphenyl)-4-{6-[3-(methylamino)-
pyrrolidin-1-ylJpyridin-3-ylamino}-1,5-naphthyridin-3-yl)ethanone
trihydrochloride

0.012

55

1-(6-(1H-Benzo[d]imidazol-5-yl)-4-{trans-4-[(dimethylamino)methyl]-
cyclohexylamino}-1,5-naphthyridin-3-yl)ethanone trihydrochloride

0.017

56

1-{4-[4-(trans-4-Dimethylamino)methylcyclohexylamino]-6-(pyridin-4-yl)-
1,5-naphthyridin-3-yl}ethanone trihydrochloride

0.016

37

5-(7-Acetyl-8-{trans-4-[(dimethylamino)methyl]cyclohexylamino}-
1,5-naphthyridin-2-yl)pyrimidine-2-carbonitrile

0.0012

58

1-(6-(3,5-Dimethyl-1H-pyrazol-4-yl)-4- {trans-4-[(dimethylamino)-
methyljeyclohexylamino}-1,5-naphthyridin-3-yl)ethanone
trihydrochloride

59

1-(4-{trans-4-[(Dimethylamino)methyl]cyclohexylamino}-
6-(4-hydroxy-3,5-dimethylphenyl)-1,5-naphthyridin-3-yl)ethanone
dihydrochloride

0.0047

60

1-(6-(3,5-Dichloro-4-hydroxyphenyl)-4- {6-[ 3-(dimethylamino)pyrrolidin-
1-yl]pyridin-3-ylamino}-1,5-naphthyridin-3-yl)ethanone
dihydrochloride

0.0043

61

1-{6-(3,5-Dichloro-4-hydroxyphenyl)-4-[trans-4-(pyrrolidin-1-ylmethyl)-
cyclohexylamino]-1,5-naphthyridin-3-yl}ethanone
dihydrochloride

0.0004

62

1-(6-(3-Chloro-5-flucro-4-hydroxypheny!)-4-{[trans-4-(pyrrolidin-
1-ylmethyl)cyclohexyl]amino}-1,5-naphthyridin-
3-yl)ethanone dihydrochloride

0.0009

63

1-(6-(3,5-Dichloro-4-hydroxyphenyl)-4- {4-[(4-methylpiperazin-1-yl)-
methyljcyclohexylamino}-1,5-naphthyridin-
3-yl)ethanone trihydrochloride

0.0008

64

1-(4-{[6-(3-Aminopiperidin-1-yl)pyridin-3-yl]amino}-6-(3,5-dichloro-4-
hydroxyphenyl)-1,5-naphthyridin-3-yl)ethanone trihydrochloride

0.0012

65

1-(4-{[6-(3-Aminopiperidin-1-yl)pyridin-3-yl]Jamino}-6-(3-chloro-5-
fluoro-4-hydroxyphenyl)-1,5-naphthyridin-3-yl)ethanone
trihydrochloride

0.0031
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66 i-{4-{{4-AminocyclohexyDamine]-6-(3,5-dichioro-4-hydroxyphenyi}-

1,5-naphthyridin-3-yl}ethanone dihydrochloride 0.001%
&7 1-{4-{irans-(4-Aminocyclo kyy1)&1“101~6~(3~chiom~5-ﬂuor0~4» 0.0012

hydroxyﬂ‘lmyj 1,5-naphthyridin-3-vi}ethanone dihydrochioride

[-(6-(3-Chioro-5-flucre-4-hydrokyphenyl-4-{4-[{4-methylpiperazin-
68 1-ybmethyljeyclohexylamino}-1,5-naphthyridin-3-ylethanone 0.0026
trihydrochionde

MNe{trans-4-{]3-Acetyl-6-(3-chloro-5-fluoro-d-hydroxyphenyij-1,5-
69 uaphthyridin-d-ylfaminojovelohexyi}-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-1 -yi)pyridin—3~yijamino}—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-viaminojoyciohexyl ‘-udxmnepmpanamlic 0.0075

dihvdroch foride

N-{4-{3-Acetyl-6-(3-chlore-3-fuoro-4-hydroxyphenyl)- 1,5~
74 naphthyridin-irans-4-ylaminoleyclohexyl} -2-aminopropanamide 9.0026
dihydrochlonde

(8)¥-N-{4-]3-Aceiyl-6-(3,5-dichloro-4-hydroxyphenyl}-1,5-
75 naphthyridin-trans-4-ylaminoleyelohexyilpyrrolidine-2-carboxamide ¢.001
dihvdrochloride

(8)-N-{4-[3-Acetyl-6-(3-chloro-S-fluoro- 4~n},droxypheﬁvﬂ~i 5-
76 napht hyudm trams-A- -ylaminojoyclohexyl}pyrrelidine-2-carboxamide 0.0024
dihydrochloride

- {-(6-(3-Hydroxypyrrolidin-1-yD-4-{irans-4-[(3-hydroxnypyrrolidin-1- \ -
77 - - LR SRR Y , G.74
yhmethyijcyelohesylamino}-1,S-naphthyridin-3-yhethanone
78 1-{6-{Pyrrolidin-1-y)-4-frrans-4-(pyrrolidin- l-yimethyl)- n

cyclohexylaminod-1,5-naphthyridin-3-ylethanone

- 227 -
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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
dihydrochlonide

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 methyljoyclohexylamine -1, 5-naphthyridin-3-yilethanone 0.0005
dihydrochioride

1-{4-{¢trans-A-[(Dimethylamino)methylicvclohexylamino }-6-(1H-
&2 pyrrelof 2, 3-blpyridin-S-yi)- [ S-naphthyridin-3-yiethanone 0.013
trihydrochioride

(S)-{4-[6-(3-Aminopiperidin-1-ylipyridin-3-ylaminc}-6-(3-chioro-5- 0.001
flnoro-4-hydroxyphenyl}-1,5-naphthyridin-3-yl j{cyclopropyijmethanone '“

o
%)

i-{4-{trans-4-[{Dimethvlaminomethyljeyclohexylamino}-6-(4-
84 methoxyphenyli-1, 5-naphthyridin-3-yhethanone 4.031
ditiydrochloride

1-{¢-(3,5-Dichlore-4-methoxyphenyi}-4- { rans-4-[{dimethylaming)-
85 methyljeyelohexylamine}-1,5-naphthyridin-3-yliethanone 012
dibydrochloride

1-{4-{irons-4-{{(Dimethylaminoimethyljeyelohexylamine } -
86 6-{6-hydroxypyridin-3-y1}-1,5-naphthynidin-3-yhethanone G.011
dihydrochloride

- 3{7-Acetyl-8- {rrans-4-[{dimethy lamincymethyleyclobexylamine - :

87 S Sora e A b 0.0045
{,5-naphthyridin-2-yhpicolinonitrile ditydrochloride

a8 -(4-{irens-4-{{Dimethylaminoymethyljoyclohexylaming }-6-(4-hydroxy- 0.0045

phentyl -1, 5-naphthyridin-3-ylethanone dihydrochioride

1-{6+(3,5-Dichloro-4-hydrosyphenyly-4- {irans-4-{dimethylamino)-
89 cyclohexyljmethylamino}-1,5-naphthyridin-3~yijethanone $.0006
dibydrochloride

90 cyclohexy{jmethylamino}-1,5-naphthyridin-3-yijethanone 5.0024
dihydrachloride

91 1-[6-(3,5-Dichioro-4-hydroxyphenyD-4-{4-hydroxycyciohexylamino)- 0.615
1. 5-naphthyridin-3-yi]ethanone hydrochloride '
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63 1-{6-(3-Chlore-S-fluoro-4-hydroxypheny -4-(4-hydroxycyelohexylaminn)-
1.5~-naphthynidin-3-yljethanone hydrochloride

0.012

1-{6-{3-Chloro-5-fluoro-4-hydroxyphenyl)-4-({cis-4-[{dimethyiamino)-
33 methytlcyclohexyllamino}- 1, 5-naphthyridin-3-y1} ethanone G.0011
dihydrochloride

1-{6-(3,3-Dichlore-4-hydroxyphenyi}-4-{{cis-4-{{dimethylaminc)-
94 methylleyelchexyl}amino)-1 S-naphthyridin-3-yIlethanone 0.0006
dihydrochloride

{(R}-1-{4-[6-3-aminopipendin- i -yDpyridin-3-ylamino]-6-(3,5-dichiore-
95 4-hydroxyphenyl}-1,5-naphthyridin-3-v1}ethanone 0.062
trihydrochioride

G R3-1-{4-[6-(3-Aminopiperidin- I-yDpyridin-3-ylamino}-6-(3-chioro-5- -
e SN e e ! 0.0036
uoro-4-hydroxyphenyi)- | S-naphthyridin-3-yi} sthanone

(R}{4-4{6-{3-arminopiperidin- t-ylpyridin-3-yHamino }-6-(3,5-dichloro-4-

2 L T . . 00093
281 hydroxyphenyl}-1,5-naphthyridin-3-y1} (cyclopropylimethanone 6.00

00 (B)-{4-4[6-(3-aminopiperidin-1-yl}  pyridin-3-yijamino}-6-(3-chloro-5- 0.00046
o fluoro -4-hydroxypbenyl)-1,5-naphthyridin-3-yi} {cyclopropyl} methanons T

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-({ trans-4-
204 [{dimethylaminoymethyljcyclohexyl} amino)-1,S-naphthyridin-3-yH}-2- $5.0013
hydroxyethanone dihydrochioride

1-{6-(3-chloroe-3-fluoro-4-hydroxyphenyl) -4-({#rans-4-
205 {dimethylaminoimethyl] cyclohexyl} aminge)-1,5-naphthyridin-3- 0.00228
yHipropan-{-one dihydrochionde

1-{6-(3 5~dichloro-4-hydroxyphenyl)-4~({ frans-4-[{dimethyiamino)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- I~y Dpyridin-3-yamino }-6-(3-chlore-5-
208 fluoro-4-bydroxyphenyiy-1,5-naphthyridin-3-yUpropan-f-one 0.00

trihydrochioride

[

b
o

[-[6-(3,5-dichioro-4-hydroxypheny )-4-({ 4-[{{R)-3-fluoropyrrolidin
209 Iylmethyl] evclohexyllamino}-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{ecyclobutylymethanone 0.0014
dihydrochioride

{6-{3,5-dichioro-4-hydroxyphenyl-4-{{4-
231 [(dimethylamine)methyl{cyclohexyl) amine)- [, 5-naphthyridin-3-y1} ¢.0027
{cyclobutyDmethanone dibydrochioride

{6-{3-chloro-3-fluoro-4-hydroxyphenyl}-4-({(4-{{dimethylaminoimethyl}
212 eycle  hexyl) amino)-1,5-naphthyridin-3-yD{cyclobutylpethanone 8.0016
dihydrochionde

414 {S)-{4- {{6-(G-aminopiperidin-1-yDpyridin-3-vijamino }-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-hydroxyphenyly-1,5-naphthyridin-3-y1y-Z-methylpropan-1-one .0065
triydrochioride

1-[6-(3,5-dichloro-5-4-hydroxyphenyy-4-({rans-4-
216 {{dimethylaminoymethylloyclohexyl} amino)-1,5-naphthyridin-3-yl}-2- $.0019
methylipropan-1-one dihydrochloride

{-{8-chloro-4-( {erans-4-[{dimethyiamino)methylicyclohexyliamino}-1,5-

2
217 naphthyridin-3-yi}-Z-methylpropan-1-one dihydrochloride

$.0018

Western blot analysis

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.  Anti-MELK
5 antibody (clone 31, BD Biosciences) was used 1o visualize the expression  Breast cancer
cell hnes, 22Rv]1, T47D, A549 and DU4A47S expressed MELK significantly although
Bladder cancer cell line and HT1197 showed no expression of MELK.
Cell-based assay
Active candidate inhibitors against MELK were evaluated for their target-specific
18 cvtoloxicity using 22Rvi, T47D, A549, DU4475 and HT-1197 cells was used for negative
condrol. 100 pucre-L of cell suspension was seeded onto 96-well microtiter plate

{(ViewPiate-96FTC, Perkinflmer).  The inmitial cell concentration of 22Rvl, T47D, A549,
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THI4475, and HT 1197 were 3,000 cells/well, 2,000 celis/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 sexial dilstion method (4,

calculated as described previously.

ICso values of the typical compounds of the present inveation are shown in the

following table 3:

Table 3;

5 1.5625,3.125,6.25, 12.5, 25, 50, and 100 micro-M}

Aceurate IC50 values were

Ex. Compound Name

1CS0
{(uM)
(22Rv1)

1050
(1M}
(T47D)

1C50
(M)
{A549)

1C50
(ubM)
(DU4475)

1050

{(uM)
(HT1197)

1-(6-Chloro-4-{irans-4-[{dimethyl-
S 1 { et

1 amminoymethylfeyclshexylaming -

1.3~-naphthyridin-3-yl)ethanone

(&)

o
frd

[
~3

3
192

ig

1-{6-(3,5- Dichloro-4-hydroxy-
cherryl)-4-[frans-4-(dimethyl-
2 aminojcyciotexylaraine]-1,3-
naphthyridin-3-yl }ethanone
dihydrochloride

0.0018

$.004

0.6015

1-§6-(3-Chloro-5-fluoro-4-
hiydroxyphenyly-4-{ rrans-4-
{dimethylaminojcyclohexylamineo -
i, 5-naphthyndin-3-yliethanone
Dihvdrochloride

L2

0.006

0.0026

0.0091

0.0033

Cyclopropyl(6-(3 5-dichiore-4-
nydroxyphenyi}-4-{rrans-4-
{(dimethylamino)methyljeyclo-
hexylamino}-1, 5-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-yiH{eydlopropyl)
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

1-{6-(3-Chloro-5-fluoro-4-hydroxy-
phenyl)-4-({trans-4-[{dimethyl-
aminomethyljeyclohexyljaminoe)-
i, 5-naphthyridin-3-yt}ethanone
dihydrochloride

0.0061

0.0035

0.0036

0.11

{-(6-(3-Chloro-4-hydroxy-3-
methoxyphenyl)-4-{rans-4-
[{dimethylamino)methylieyclo-
hexylamino}-1,5-naphthyridin-3-
yhethanone dihydrochloride

0.044

(.0064

.24

-[6-(3,5-Dxchlioro-4-hydrony-
phenyi)-4-({#rans-4-[2-{dimethyl-
aminaethyljcyelobexyi Yamine)-1,5-
naphthyridin-3-yljethanone
dihydrochlonide

3.611

8.0066

(.0055

Q
N
~1

H-(6-(3-Chlore-5-fluoro-4-hydroxy-
phenyly-4-{rans-4-{2-{dimethyl-
aminojethyljeyelohexylamino}-1,5-
naphthyridin-3-ylethanone
dihydrochlonde

0.01

0.0039

0.012

4.6049

[
i

I-{4-{erans-4-{(Dimethylaming)-
methyljcyclohexylamino}-6-{4-
hydroxy-3-{tri Buoromethoxy)-
phenyl}-1,5-naphthyridin-3-vi}-
ethanone dibydrochioride

0.027

€.042

0.049

0.14

2,6-Dichloro-4-(&-{ trans-4-
{{dimethylaminomethylicyclo-
hexylarino b~ 7-(methylsulfory (-
1,5-naphthyridin-2~vphenol
dihydrochioride

o
o
O

0.01%

$¢.053

0.0045

6-(3-Chloro-5-flucro-4-hydroxy-
phenyD-4-({srans-4-[{dimethyi-
amino}methyijcyclohexyl}aminoe)-
3-methyisulfonyl-1,5-naphthyridine
dibydrochloride

0.013

4.073

0.0068

&-(3-Chioro-4-hydroxy-3-rethoxy-
phenyl}-4-{ rans-a-{[{dirnethyl-
aminoymethyl] cyclohexylamino}-
3-racthylsulfonyl-1 S-naphthyridine
dihydrochloride

8.05

0.027

0.0096

2,6-Dichloro-4-{8-{trans-4-
{dimethylammojeyelohexylamine -
7T-{methylsuifony}-1,5-
naphthyridin-2-yiiphenol
dihydrochloride

0.026

0.018

™o
1)
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2,6-Dichlore-4-(8-(4-({dimethyl-

aminomethyhphenyiamine)-7- o - e - Y

16 {methvisulfory-1,5-naphthyridin- . 0.07% D47 B8.051 44
2-yDphenol dihydrochioride

2-Chloro-4-(8-{4-({dirnethylamino}-
p methylphenylamino)-7-(methyl- 7 - A .
A gt ? b3 312 {LA3 R
1 sulfonyl)-1,S-naphthyridin-2-yl}-6- ¢ 0.13 B 0.064 é
finorophenol dibydrochioride

2-Chlore-4-(8-(4-{{dimethylamino)-

: methy Dphenylamino)-7-{methyl- i 27 v g
18 sulfonyiy-1,5-naphthyridin-2-vi}-6- Ve 0.69 0.31 38
methoxyphenol dihydrochloride
1-{6-(3,5-Dichioro-4-hydroxy-
pheny}-4-(3-{2-(pyrroiidin-t-y1}-
19 ethyliphenylamioo)-1,5- 4.63 (.59 6.14 0.1 ‘ 7

naphthyridin-3-yDethanone
dihydrochioride

1-{6-{3-Chlore-5-fluoro-4-hydroxy-
pheayl-4-(3-(2-(pyerolidin-1-yI)-
20 ethyl)phenylamine)-1,5- 0.81 0.8 031 0.21 4.8
naphthyridin-3-yljethanone
dihydrochloride

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-vethanoue
dihydrochloride

I-{6-(3-Chlore-5-fluore-d-hydroxy-
phenyi)-4-(6-(2-{dimethylamino}-
22 ethoxypyridin-3~ylaming)-1,5- 3.35 ¢.1 §.2¢9 .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

[
[

.38 8.

Jo
~

043 5.9

ot
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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-fluorophenol
dihydrochloride

punes

[\

2-Chloro-4-(8-{6-(2-{dimethyl-
anainojethoxy pyridin-3-ylamino)-
26 T-(methyisuifonyh-1,5- 4.1 I 31 1.6
naphthyridin-2-y1}-6-methoxy- i
phenol diydrochloride

(2

1-{6-(3,5-Dichloro-4-hvdroxy-

pheny}-4-({(1 -methylpiperidin-4- 0

yimethylamino)-1,5-naphthyridin-
3-vijethanone dihydrochloride

383
~1
b2

0.079 ¢.11 8.1

ot

1-{6-(3,5-Dichloro-4-hydroxy-
pheny-4-(rrans-4-({dimethyl-
28 aming-dé methyDeyclohexyi- $0.0052 | 0.004 8.006 (0.0022 (.14
amino}-1,5-naphthyridin-3-yh-
ethanone dihydrochloride

1-(6-(3,5-thchioro-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 0. 0.14 0.041 £.2
naphthyridin-3-yljethanone
dilyydrochloride

-{6-(3-Chloro-4-hydroxy-5-
methoxyphenyl-4-{4-(2-(dimethyl-
31 amingjethybphenylamino)-1,5- 0.6
naphthyridin-3-yllethanone

dilydrochloride

o
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-y13-6-fluorophenc!
dihydrochloride
F-{6-(3,5-Dichloro-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-hydrosy-
phenyD-4-(4-{{4-methylpiperazin-1~
34 yhmethy hpbenylarmiao)-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-
i-yhmethyl}shenylamine)}-1,5- .65 0.22 0.41 0.3
naphthyridin-3-yljethanone
trihydrochloride

(9]
WL}
L]
it
tsd
o)

[-{6~{3,5-Dichloro~4-hvdroxy
pheny-4-(4-(2-{pyrrolidin-I-yi}
36 ethylpiperidin-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 ethyljpipevidin-1-y[)}-1,5- (.49 0.25 1.2 3.42 7.2
naphthyridin-3-yljethanone
dihydrochioride

1-{6-{3,5-Dichloro-4-hydroxy-
phenyl}-4-{6-2-{dimethylamino)-

38 ethylaminoipyridin-3-yiamino}- 0.24 0.11 0.26 (.069 a5
1,3-naphthyridin-3-ylethanone
trihydrochlonide
1-{A-(3-Chioro-5-fluoro-4-hydroxy-
phenyh-4-(6-(2-{(dimethylamino)-
39 ethylamino)pyridin-3-ylamine)- 3.38 012 G4 .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]

~235 -
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1-{4-{2-{3-Aminopyrrolidin- l_yi -
gvrimadm Seylaming -6+ (3

41 dichioro-4-hydroxyphenyi}-1,5- 0.052 | 0.027 | 027 0026 100
naphthyridin-: ~y1)cthm(\nc 3
trinvdrochloride

1-{4-{4-[{Dimethylarminoynethyl}-

4 cyclohexylamino}-6-(1H-pyrazol- ne < 9 - >
12 4131 5-naphthycidin-3-yl)- 8.063 0.0346 $.048 0.045 0.06

sthanone trihydrochloride

§-{6-{3,5-Dichloro-4-hydroxy-
phenyh4-{4-Chydroxymethyi)-

43 syclohexyllamino}-1,5- 0.085 0.024 $.057 0.019 (.64
naphthyridin-3-yhethanone
hydrochioride

1-}6-(3,5-Drichioro-4-hydroxy
chenyl)-4-{frans-4-{{dimethyl
44 a nmo)meihyi]wdohexviam 0} 0.006 | 0.0029 | 0.0067 0.0017 0.2
I, S-naphthyridin-3-yil-2-hydroxy-
ethanone dihydrochloride

1-{6-(3.5-Dichloro-4-hydroxy-

45 7hsnyh 4. ; -mrhihumxpenj finde

" yhamino}-1,5-naphthyridin-3-y1}-
ethanone

0096 | D086 0.065 0.096 0.45

i-{6-(3-Chloro-3-flucre-4-hydroxy-

46 | phenyD-4-{(1-methylpiperidin-4- 014 | 0092 | 0.098 0.14 0.53

vhamine}-1,5-naphthyridin-3-yl}- B o o :
ethancne

i-(6- (:,, -Dichioro-4-hydroxy-
; f - .
47 | phewyDA-fld-morpholinemetil)- 4 4 pas | ogors | 002 | 0009 0.16
«.ydohexyi}a;*x naj-1,5-
naphthyridin—3—yi}ethamne

1-{6-(3,5-Inchloro-4-hydroxy-
pheny-4-(4-{[{(2-hydroxyethyl-

48 | (methylaminclmethylleyelohexyl- | 0.6092 | 0.0068 0.02 0.0034 (.57
amino}-1,5-naphth yndin-}yi}-
ethanone dihvdrochloride
1-{6-{3-Chioro-5-fluoro-4-hydroxy-
phenyD-4-(4-{[(2-hydroxyethyl)-
49 | (methyllaminojmethylicyelohexyl- | (.0087 | 0.0039 | 0.021 0.0039 (.49

amino}-1,5-naphthyridin-3-yli-
athanone d 1hvm’ncHomie
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1-{6-(3,5-Difluoro-4-hydroxy-
henyiy4- {4-[{(dimethylamino}-
methyljeyclohexylamino}-1,5-
naphthyoidin-3-yhethanone
dihydrochloride

3.017

0.0061

0.615

(.6053

0.08

1-{6-(3,5-Dichloro-4-hydroxy-
phenyi)-4-{6-{3-(dimethylamine}-
pyrrolidin- -yl pyridin-3-ylamino}-
1,5-naphthyridin-3-yDethanone
trihydrochloride

0.36

0.32

0.32

2.8

N
N3

1-{6-(3-Chlore-$-fluoro-4-
hydroxyphenyD)-4-{6-[3-(dimethyl-
aminopyriolidin-1-yilpyridin-3-vi-
amino}-1,5-naphthyridin-3-yl}-
ethanone irihydrochioride

0.18

0.39

0.4

1-{6-(3,5-Dichloro-4-hydroxy-
phenyl}-d-{6-{3-(methylaminn - .
pyrrolidin-T-yipyridin-3-ylammo} -

1,5-naphthyridin-3-yijethanone
trihydrochloride

(5.078

0.042

8.2

160

1-(6-(3-Chlore-5-fluore-4-hydroxy-
phenyt}-d-{6-[3-(methylamino}-
pyrrolidin-1-yilpyridin-3-yviamino}~
1, 5-napbthyridin-3-yDethanone
trihydrochionde

3.08¢6

0.04

8.17

3.8

L1
w

{-{6-{ I H-Benzo{dlimidazol-
5-yi}-4-{trans-4-[{dimethylaming}-
methyljcyclohexylamino}-1,5-
naphthyridin-3-yhethanone
iriliydrochloride

8.3

¢.084

¢.25

0.65

2

1-{4-[4-(rans-4-Dimethylamino}-
methyleyclohexylamino}-6-
(pyridin-4-yb)-1 5-naphthyridin-3-
vitethanone
trihydrochloride

o
n
A%

LN
~3

5-(7-Acetyl-8-{rrans-4-{{dimethy}-
aminoymethyljcyclohexylamino}-
1,5-naphthyridin-2-vDpyrunidine-2-
carbomtrile

0.089

0.38

58

1-(6-(3,5-Dimethy}-1H-pyrazol-4-
yi-4-{rans-4-[{dimethylamino}-
methyljcycichexylamino}-
i, S-naphthyridin-3-yhethanone
trihydrochloride

2

16

- 237 -




WO 2013/109388

PCT/US2012/071434

1-{4-{ivans-4-[(Dimethylamino}-
methylicycliohexylamino}-6-{4-
hydroxy-3,5-dimethyipheny)-1,5-
naphthyridin-3-yethanone
dichlonide

)
L
foved
(o
O
<
™2

)

.21 7.5

60

1-{6-(3,5-Dichloro~-4-hydroxy-
phenyi)}-4-{6-{3-(dimethylaming)-
pyrrolidin-1-ypyridin-3-ylamino}-
1,5-paphthyridin-3-yljethanone
ditiydrochioride

¢.1 3.066 g.11 3041 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

YA

{-(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-Aminopiperidin- i-yi}-
pyridin-3-v}jamino §-6-{3,5-di-
chiovo-4-hydroxyphenyi)-1,5-
naphthyddin-3-ylethanone
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 | 0.0647 1 0.021 0.615 0.74

1-{4-[(4-AminocyclohexyDamino]-
6-{3,5-dichloro-4-hydroxyphenyl)-
i, 5~-naphthyridin~-3-yilethanone
dihydrochionde

0.0045 | ¢.0018 | 0.016 (.001 10

t-{4-{rrars-(4- Aminocyclohexy )
amino}-6-(3-chloro-3-fluoro-4-

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

8.0061 | 0.0019 | 0.022 0.0012 2.8

738 -
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1-{6-(3-Chloro-5-fluoro-4-hiydroxy-
phenyi)-4- {4-{(4-methyipiperazin-
88 | 1-yDmethyljeyciohexylaming}-1,5- | 0.039 0.012 0.026 8.012 0.11
naphthyridin-3-yijethanone
trilydrochloride

N-{irans-4-{{3-Acetyl-6-(G-chloro-
S-fluoro-4-hydroxyphenyi)1,5-
&9 naphthyridin-4-ylamino}eoyclo- 0.025 0.00G7 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-
76 methyeyelobexylamino)-1,5- 0.031 $.021 0.084 0.011
naphthyridin-3-yethanone
trihydrochloride

9

(5

{S3-1-(4-{[6-(3-Aminopiperidin-1~
yhpyridin-3-yliamine }-6-(3,5-di-
71 chloro-4-hydroxyphenyi)-1,5- 0.614 | 0.0074 0.09 0.008 3.4
naphthyridin-3-vljsthanone
trihydrochloride

(8} 1-{4-{[6-(3-Aminopiperidin-} -
vhpyridin-3-yilamino}~-6-{3-chloro-

72 S-flugre-4-hydroxyphenvl)-1,5- 0.014 | 0.06053 | 8.047 0.614 1.2
naphthyridin-3-y{}ethanons
trihydrochloride
M- {trans-4-{3-Acetyl-6-(3 5-di-
chloro-4-hydroxyphenyl}-1,5-
73 naphthyridin-4-ylaminojcyclo- 0.027 | 0.0086 0.18 (.0043 100

hexyi}-Z-aminopropanamide
dihydrochloride

M- {4-[3-Acetyl-6-(3-chloro-5-
fluoro-4-hydroxyphenyl)-1,5-
74 naphthytidin-rrans-4-ylamino]- 0.025 | 0.0043 0.13 0.063¢6 168
cyclohexyli}-2Z-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
[

0.019 8.7
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1-(6-(3-Hydroxypyirolidin-1-y1}-4-
{trans-4-{(3-hydroxypyreolidin- 1~ 19 10 10 0 10

mpen
e ylimethyl} cyclohexyiamine}-1,5- ’
naphthyridin-3-yhethanons
1-{6-(Pyrrolidin-1-yD-4-{rarns-4-
79 (pyrr(al‘;iimi-yimeshy])cycth(txy{— 56 <4 6.8 77 o8
aminoj-1,5-naphthyridin-3-vi}- o o ’ o o
ethanone

N-{frans-4-3-Acetyl-6-(3,5-di-
chloro-d-hydroxyphenyl}-1,5-
7G naphthyridin-4-ylamingjeyclo-
hexyl}-2-amino-3-meathyloutan-
amide dilyydrochloride

0.018 011 g.016 3.8

ot
<
[
i)

Cyclopropyl {#-(3,3-dichloro-4-
hydroxypheny-d-{1rans-4-
8¢ {dimethylamino)cyclohexylamine} | 0.0852 | ¢.0041 | 0.0078 0.062
1, 3-naphthyridin-3-y I methanone
Dihydrochloride

.(;:s
<o
©
L

1-[6-(3-Chloro-5-fluoro-4-methoxy-
pheny-4- {rans-4-[{dimethyl-
81 amino)methyllcyclohexylamine}~ 6.06049 1 0002 | 0.0062 0.0018 0.044
1,5-naphthyridin-3-yllethanone
dihydrochioride

1-(4-{rans-4-[{Dimethylamino)-
maethyljeyclohexylamino}-6-(1H-
52 pyrrolo[2,3-blpyridin-3-vi)-1,5- 0.
aaphthyridin-3-yDethanone
tribydrochloride

0.32 .33 (.65 23

a2
-k

{3)~{4-[6-(3-Aminopiperidin-1-yi}-
pyridin-3-ylamine]-6-(3-chiore-5-
83 fluore-4-hydroxyphenvi)-1,5- §.025 8.012 0.09 0.015 2.7
naphthyeidin-3-viHcyclopropyt)
methanone

f-{4-{irans-4-[{Dimethylamino)-

methyl[eyclohexylamino} -8-(d- 058 | 025 2.4 5.2 6

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

1-{6-(3,5-Dichloro-4-methoxy-
phenyiy-4-{rrans-4-{(dimethyl-

85 amino)methyljcyelchexylamino}- 8.77 {143 2.3 2.3 6.3
i S-naphthyridin-3-yllethanone
dihydrochloride
{-{4-{trans-4-[{ Dimethylamino}-
methyljeyclohexylaming j-6-(6-
84 hydroxypyridin-3-yi}-1,5- 5.3 52 S 6.5 14

naphthyndin-3-yhethanone
dihydrochloride

« 240 -
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S-(7-Acetyl-8-{rans-4-{{dimcthyl-

87 aiino)methyljeyelohexylamino}- 0.66 0.56 1.8 0.74 ~
e {,5-naphifyridin-2-yi}- . T + - -
picolinonitrile dihydrochloride
1-(4-{trans-4-f{IHmethylaning)-
gs | | melloydlohexylaminol-644- g 00 g3 | go23 | nent 0.039
hydroxyphenyl}-1,3-naphthyridin- e

3-ylethanone dihydrochioride

1-[{6-(3,5-Dichloro-4-hydroxy-
phenyDed-{ { frans-4-(dimethyi-
#9 aminooyclohexylimethylamino}- 0.028 0.023 (.04} $5.0063 0.9
1,5-naphthyridin-3-yilethanone
dihydrochloride

[-[6-(3-Chlore-5-fluoro-d-hydroxy-
phenyl}-4-{{trans-4-(dimethyi-
90 aminojeyclohexylimethylamino}- 0.052 $.03 012 0.627 16
1.5-naphthycdin-3-vilethanone

Dibydrochioride

1-{6-(3,5-Dichloro-4-hydroxy-
gy | phemhd-fihydronycyclohexsl- o7z | 0038 | 0048 0016 0

T St 572 33
amino}~1,S-naphthyridin-3-yi}-
ethanons hydrochioride
t-[6-{3-Chloro-5-fluoro-4-hyydroxy-
. aly -4-{ 4-hydroxycyclohexyl- PR . ey . _—
g7 | phemb-dbhydranyeyclohexyl- g a6y | G036 | 0053 0018 0.53

arino}-1,5-naphthyridin-3-vi}-
ethanone hydrochioride

1+{6-(3-Chicro-3-fluoro-4-hydroxy-
phenyh-4-{{cis-d-[{dimethyi-
@3 amino)methylleyciohexyliamino)- 8.632 06.02 §.039 0011 0.19
1,5-naphthyridin-3-yl}ethanone
Dihydrochloride

1-{6-(3,5-Dichioro-4-hydroxy
phenyi-d-{ {cis-4-[(dimethyl-
Q4 amino)methylicycishexyliamine)- 0.028 0.02 $.039 0.0073 0.25
{,5-naphthyridin-3-yi}ethanone
Dihydrechioride

{R)-1-{4-{6-(3-Aminopiperidin- i~
yipyeidin:3-viamine |-6-{3,5-
a8 dichloro-4-hydroxyphenyl}-1,5- 0.029 0.022 0,088
naphthyridin-3-yi}ethanone
trihydrochloride

[Se]
<
fud
Ja—

L)

(R)-1-{4-[6-(3-Aminopiperidin- -

c yhpyudin-3-ylamino]-0-(3-chloro- P y s 2z A 47

96 5 Fluoro-d-hydroxypheny}-1,5- (0.026 0.018 0.033 4.624 0.43
naphthyridin-3-yilethanone
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201

(R}-{4-{[6-(3-aminopiperidin-1-
vipyridin-3-yllamino-6-(3,5-
dichloro-4-hydroxyphenyi}-1,5-
naphthyridin-3-y)
{cyclopropylmethanone

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

0.0G354

0.001

0.047

1-[6-(3,5-dichioro~-4-hydroxyphenvi)-
4-{Htrans-4-
{dimethylamino)oyclohexyl] amino}-
1,5-paphthyridin-3-y -2~
hydroxyethanone dihydrochioride

0.017

0.034

0.013

1.2

1-{8~{3-chloro-5-fluoro-4-
hydroxypheny-4-({rans-4-
[{(dimethylaminoymethyljeyciohexyl}
amino)-1,5-naphthyndin-3-yh]-2-
hydroxyethanone dihydrochloride

(.02

0.414

3.058

0.013

205

1-{6-{3-chlore-S-Buoro-4-
hydroxyphenyl) -4-({srans-4-
[(dimethylaminojmethyi] cyciohexyl}
amino)-1,5-naphthyridin-3-
yiYpropan- | -one dihydrochloride

$.0083

0.032

0.033

$.69

[\
<
[o3

1-{6-(3,5-dichloro-4-hiydroxyphenyl)-

4-{{rrans-4-fdimethylaminoyumethyl]

cyclohexyl}amino}- 1,5-naphthyridin-
3-yvDlpropan- | -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-
naphthysdin-3-ylhpropan-t-one
vihvdrochioride

0.034

0.018

(.008

(.024

208

{S)-1-(4{[6-(3-aminopiperidin-1-
yhpyridin-3-vilamino} -6-(3-chlore-3-
finoro-4-hydroxyphenyi)-1,5-
naphihyridin-3-yDpropan-i-one
trihydrochloride

0.026

8.815

8.021

3.86

1-{6-(3,5-dichtoro-4-hydroxyphenyl)-
4-{{4-[{{R)-3-fluoropyrrelidin-1-
yiimethyl} eyclohexvitamino)-1,5-
naphthyridin-3-yijethanone
dihydrochloride

4.032

£.037

0.01

412

210

{S)-{4-((6-(3-aminopiperidin-t-
yhpyridin-3<yhamino -6~ 3-chlore-5-
fluoro-4-hydroxypheny-1,5-
naphthyridin-3-
yXcyelobutyDmethanone
dihtydrochioride

0.017

¢.0093

0.042
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10

{(6-(3,5-dichioro~-4-hydroxyphenyl}-4-
(@

. {(dimethylaminoymethyl{cyclohexyl) - vy
211 arpino)-1,S-naphthyridin-3-yh ! 0.0034
{eyclobutyDmethanone
dihvdrochloride

0.007s 0.643 0.0077

(6-(3-chloro-5-fluore-4-
hydroxyphenyl}-4-({4-
. {{dimethylaminomethyl) eyclo ~ v ; e \ 11 A
212 hexyl) amno)-1,5-naphthyridin-3- 0013 | 0.0074 5.014 $5.003 (.014
yh(eyelobutyDraethanone
dihydrochloride

(&34 {{o-3-aminopiperidin-1-
vijpyridin-3-yljamine;-6-(3-chloro-5-
213 fluoro-4-hydroxyphenyi}-1,5- 0.0071 | 0.0043 | 0.029 0.003 1.7

naphthyridin-3~
yh{oyclobutyimethanone

(R} 1-4-{{(6-(3-aminopipendin- -
yhpyridin-3-yhamino)-6-(3,5-
214 dichloro-4-hydroxyphenyi)-1,5- 0.0039 | 0.0028 0.013 0.004 0.34
naphthyridin-3-yDpropan-1-one
trilydrochloride

{R)~1-{4-{[6-(3-aminopiperidin-|-
yihpyridin-3-yijamino}-6-{3,5-
215 dichioro-4-hvdroxyphenyl)- 1,5~ $.032 0.016 0.083 0.014 1.7
naphthyridin-3-y1}-2-methylpropan-1-
one frihydrochloride

{-{6-(3,5-dichloro-5-4-
hydroxyphenyD-4-{ {trans-4-
216 | Hdimethylamineymethylicyclohexyi} NT NT 4.012 NT §.025

amino}-{, S-naphthyridin-3-y1-2-
methyipropan-1-one dihydrochloride

1-{8~chloro-4-({1rans-4-
f(dimethylaminemethyltjeyclobexyi} —
amino}-1,5-naphthyridin-3-y1j-2~ )
methyipropan- 1 -one dibydrochioride

3]
s
1

MT 0.021 NT 0.055

NT: Not tested

The growth inhibitory effect of Compound Example 6 was further examined on the
growth of various cancer eell lines.  fn vitro anti-proliferative assay using AS49 (lung),
T470 (breast), DUA4TS (breast), and 22Rv1 {prostate) cancer celis, in which MELK was
highly expressed, revealed 1sp values 0£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 10 value of 97 aM (Fig. 1e), clearly mnplying the MELK -dependent
growth inhibition effect of this compound.

Henogralt Model Antitumaor Assav

- 243 -




WO 2013/109388 PCT/US2012/071434

MDA-MB-231 cells were imjected into the mammary fat pads of NOD.CB17-
Pridc™™¥ mice (Charles River Laboratory). AS49, MIAPaCa-2 and PC-14 cefls (1 x 107
cells) were injected subcutanecusly in the left flank of female BALB/CSLC-nu/nu mice

(Japan SLC, Inc.).  DUIL4S cells were injecied suboutassously i the left flank of male

LN

BALB/cSLC-nw/nu mice (Japan SLC, Inc.).  When MDA-MB-231, A349, D43,
MIAPaCa-2, and PC-14 xenografts had reached an average volume of 100, 210, 110, 256,
and 250 mm”, respectively, animals were randornized into groups of 6 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% methylcellulose and given by oral garbage at the indicated

c—',:;

dose and schedule.  For intravencus administration, compounds were formulated in 5%
glucose and injected into the tail vein.  An administration volume of 10 mL per kg of body
woight was used for both administration routes. Concentrations were indicated in main text
and Figures.  Tumor volumes were determined every other day using a caliper.  The
results wers converted to tumor volume (mm’} by the formala length x width® x 1/2.  The
15 weight of the mice was determined as an indicator of tolerability on the same days. The
antimal expenments osing A349 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 inhibition {TG1} was caleulated according to the
formula {1 —{T— T3}/ {C ~ Cg)} » 100, where 7T and 7 are the mean tumor volumes at day
14 and day 0, respectively, for the experimental group, and €' — o are those for the vehicle
control group. Al values were presented as means £ SO Swatistical significance was
computed using student’s t-test, and the level of significance was set at p<0.05.
25 The present inventors subsequently examined in vive anti-tumor effect of
Compound Example 6 by a xenograft mode! using MDA-MB-231 cells (MELK-positive,
iriple-negative breast cancer cells),  The compound was administered {0 mice bearing

- . N % - .
xenografts for 14 days after the tumor size reached about 100 rmm”. The fumor size was
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measured as a surrogate marker of drug response (tumor growth inhibition (TGI)) (see
Methods). [Iniravenous administration of Example 6 at 20 mg/kg once every two days
resulted n TG of 73% (Fig. 2a).  Since the bicavailability of this compound was expected
10 be very high (dasa not shown), oral administeation of this compound was attempred.

5  The oral administration at 10 mg'kg once a day revealed TGI of 72% (Fig. 2b). Duetothe
high growth-suppressive effect on various cancer el lines, iz vivo growth-suppressive
effect using cancer el lines of other types was further investigated and found significant
fumor growth suppression by Example 6 for muitiple cancer types in dose-dependent
manners with no or a Hitle body-weight loss (Fig. 2 and Fig. 3). Forexample, mice

10 carying A349 (ung cancer) xenografis that were treated with 1, 3, and 10 mgrkg once 3
day of Examplc 6 by intravenous administration revealed TGl of 51, 91, and 108,
respectively {¥ig. 2¢) and those by orzl administration of 5 and 10 mg/kg once a day
revealed TG of 95 and 124%, respectively (Fig, 2d).  In addition, the present inventors
examined DUT45 (prostate cancer) and MIAPaCa-2 (pancreatic cancer) xenogralt models

1§ by oral admimistration of 10 mg/kg once a day, and cbserved TGE of 106 and §87%,
respectively (Big. 2e apd ). To further validate the MELK-specific in vive tumor
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 xenografis

20 (Fig. 2k}, further supporting the MELK -dependent antitumor activity of Exampile 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 inhibiting MELK.  Such pharmaceuatical compositions are surtable for

freating or preventing cancer,
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The invention claimed is;
1. A compound represented by formula (T) or a pharmaceu-
tically acceptable salt thereof:

D

wherein,

X' is selected from the group consisting of a direct bond,
—NRY¥— - O—, and —8§—;

R'# is selected from the group consisting of a hydrogen
atom, C,~Cj alkyl and C,-C,, cycloalkyl;

Q' is selected from the group cousisting of C,-C,,
cycloalkyl, C,-C, aryl, §- to 10-mernbered heteroaryl,
3- to 10-membered non-aromatic heterocyelyl, (C,-C
cycloalkyl)-C,-C, alkyl, (C4-C, aryl)-C,-C; alkyl, (5-
to 10-membered heteroaryl}-C,-C; alkyl, and (3- to
10-membered non-aromatic heterocyclyl)-C,-C, alkyl;
wherein Q' is optionally substituted with one or more
substituents independently selected from A;

X? is selected from the group consisting of —CO—,
—G—, —80-—, and —80,—;

R' is selected from the group consisting of C,-C, alkyl,
C,-C,, cyeloalkyl, Co-C, 4 aryl, 5- to 10-membered het-
eroaryl, and 3- to 10-membered non-aromatic heterocy-
clyl; wherein R is optionally substitated with one or
more substituents independently selected from A®;

R? is selecied from the group consisting of a halogen atom,
C,-C,, cycloalkyl, C.-C,, aryl, 3- to 10-membered het-
eroaryl, and 3- to 10-membered non-aromatic heterocy-
clyl; wherein the cycloalkyl, aryl, heteroaryl, and het-
erocyclyl 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 atom. a halogen atoni, and
C,-Cgalkyl;
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Al and A* are independently selected from the group con-
sisting of a halogen atom, cyano, —COQOR',
—CONRMR*3, formyl, (C,-Cy alkyl)carbonyl, C,-C,
alkyl, C,-C, alkenyl, C,-C, alkynyl, nitro, —NR'®R"7,
—OR', —8§(0),R', C,-C, eycloalkyl, Cp-C,, aryl, 5-
to 10-membered heteroaryl, and 3~ io I10-membered
non-aromatic heterocyclyl; wherein the alkylcarbonyl,
alkyl, alkenyl. alkynyl, cycloalkyl, aryl, heteroaryl, and
heterocycelyl are optionally substituted with one or more
substituents independently selected from A*;

A?is independently selected from the group consisting of a
halogen atom, cyano, C,-C,, cycloalkyl, carboxy,
formyloxy, (C,-C; alkyl)carbonyloxy, hydroxy, C,-C,
alkoxy, amino, C,-Cy alkylamino, and di(C,-C, alkyl)
amino;

R¥, R, and R'® are independently selected from the
group consisting of a hydrogen atom, C, -C, alkyl, C,-C,
alkenyl, C,-C; alkynyl, C;-C,, cycloalkyl, Co-C,, arvl,
3= to 10-membered heterocaryl, and 3- to 10-membered
non-aromatic heterocyclyl; wherein the alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, hetercaryl, 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 10-membered nitrogen-containing heterocyclyl,

which is optionally substituted with one or more sub-
stitnents independently selected from A%

R'® and R'® are independently selected from the group
consisting of a hydrogen atom, C,-Cy alkyl, C,-C, alk-
enyl, C,-C, alkynyl, C,-C,, cyeloalkyl, C,-C,, arvl, 5-
to 10-membered hetercaryl, 3- to 10-membered non-
aromatic heterocyelyl, and —COR?®; wherein the alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and het-
erocyclyl are optionally substituted with one or more
substituents independently selected from A% RY7 is
selected from the group consisting of a hydrogen atom,
and C,-C; 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-
containing heterocyclyl, which is optionally substituted
with one or mote substituents independently selected
from A%,
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R' is selected from the group consisting of C,-C, alkyl,
C5-C,p cyeloalkyl, Cs-C,, aryl, and 3- to 10-membered
heteroaryl; wherein the alkyl, cycloalkyl, aryl, and het-
eroaryl are optionally substitated with one or more sub-
stituents independently selected from A®,

R*® is selected from the group consisting of a hydrogen
atom, —NR"™RY, C,-C, alkyl, C,-Cy alkenyl, C,-C;
alkynyl, C;-Cy, cycloalkyl, C,-C,, aryl, 5- to 10-mem-
bered hetercaryl, and 3- to 10-membered non-aromatic
heterocyclyl; wherein the alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, heteroaryl, and heteracyclyl are option-
ally substituted with one or more substituents indepen-
dently selected from A*;

n is an integer independently selected from 010 2;

A*is independently selected from the group consisting of a halogen
atom, cyano, —COOR?!, —CONR*R®, formyl, {C,-
C, alkyljcarbonyl, Cva.g alkyl, C,-C, alkenyl, C,-C,
alkynyl, nmitro, —NR*R*, —OR*%, —8§(0},R%,
C,-C cycloalkyl, C,-C, , aryl, 5- to 10-membered het-
eroaryl, and 3- to 10-membered non-aromatic heterocy-
clyl; wherein the alkylcarbonyl, alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, heteroaryl, and heterocyelyl are option-
ally substituted with one or more substitvents indepen-
dently selected from A%

R*', R*, and R* are independently selected from the
group consisting ofa hydrogen atom, C,-Cg alkyl, C,-Cy
alkenyl, C,-Cy alleynyl, C;-C,,y eveloalkyl, Cy-C,  aryl,
J-to 10-membered heteroaryl, and 3- to 10-membered
non-gromatic heterocyclyl; wherein the alkyl, alkenyl,
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 10-membered nitrogen-containing heterocyclyl,
which is optionally substituted with one or more sub-

stituents independently selected from A
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R?* and R*® are independently selected from the group
consisting of a hydrogen atom, C,-C, alkyl, C,-C alk-
enyl, C,-C alkynyl, C,-C,,, cycloalkyl. C.-C,, aryl, 5-
to 10-membered heteroaryl, 3- to 10-membered non-
aromatic heterocyelyl, and —COR®; wherein the alkyl,
alkenyl, alkynyl cycloalkyl, aryl, heteroaryl, and hetero-
cyclyl are optionally substituted with one or more sub-
stituents independently selected from A®; R* is selected
from the group consisting of a hydrogen atom, and
C,-C; alkyl that is optionally substituted with one or
more substituents independently selecied from A®; or
R** and R* together with the nitrogen atom to which
they are attached 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 C,-Cy alkyl,
C,-C,, cycloatkyl, C,-C |, aryl, and 5- to 10-membered
heteroaryl; wherein the alkyl, cycloalkyl, aryl, and het-
eroaryl are optionally substituted with one or more sub-
stituents independently selected from A”;

R*® is independently selected from the group consisting of
a hydrogen atom, —NR**R*, C,-C, alkyl, C,-C, alk-

enyl, C;-Cg alkynyl, C;-C,, cycloalkyl, C4-C,q aryl, 5- to
19-membered heteroaryl, and 3- to 10-membered non-
aromatic heterocyclyl; wherein the alkyl, alkenyl, alky-
nyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are
optionally substituted with one or more substituents
independently selected from A%;

A’ is independently selected from the group consisting of a halogen
atom, cyano, —COOR*', —CONR>R*?, formyl, (C,-
Cs alkyljcarbonyl, C,-C, alkyl, C,-C; alkenyl, C,-C,
alkynyl, nitro, —NR*R*, —OR*°, —-S(0Q) R,
C,-C s eycloalkyl, C,-C |, aryl, 3- to 10-membered het-
eroaryl, and 3- to 10-membered non-aromatic heterocy-
clyl; wherein the alkylcarbonyl, alkyl. alkenyl, alkynyl,
cycloalkyl, aryl, heteroaryl, and heterocyclyl are option-
ally substituted with one or more substituents indepen-
dently selected from A%

- 249 -


ip-temp
Rectangle


R*', R*, and R* are independently selected from the
group consisting of a hydrogen atom, C, -C, alkyl, C,-C,
alkenyl, C,-C; alkynyl, C4-C,, cycloalkyl, C,-C,, aryl,
3- to 10-membered hetercaryl, and 3- to [0-membered
non-aromatic heterocyelyl; wherein the alkyl, alkenyl,
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 10-membered nifrogen-containing heterocyclyl,
which is optionally substituted with one or more sub-
stituents independently selected from A®;

R* and R are independently selected from the group
consisting of a hydrogen atem, C,-C; alkyl, C,-C, alk-
enyl, C,-Cy alkynyl, C5-C,, eyeloalkyl, C,-C, aryl, 5-
10 10-membered heteroaryl, 3- to 10-membered non-
aromatic heterocyelyl, and —COR’®; wherein the alkyl,
alkenvl, alkynyl, cvcloalkyl, aryl, heteroaryl, and het-
erocyclyl are optionally substituted with one or more
substituents independently selected from A% R* is
selected from the group consisting of a hydrogen atom,
and C,-C, alkyl that is optionally substituted with one or
more substituents independently selected from AS; or
R** and R™ together with the nitrogen atom to which
they are attached form 3- 10 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 C,-Cy alkyl,
C4-C, cycloalkyl, Cy-C,, aryl, and 5- to 10-membered
heteroaryl: wherein the alkyl, cycloalkyl, aryl, and het-
eroaryl are optionally substituted with one or more sub-
stituents independently selected from A%

R** is independently selected from the group consisting of
a hydrogen atom, —NR*R*?, C,-C, alkyl, C,-C alk-
enyl, C,-C, alkynyl, C;-C,, eveloalkyl, C-C,, aryl, 5-
to 10-membered hetercaryl, and 3- to [0-membered
non-aromatic heterocycelyl; wherein the alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl
are optionally substituted with one or more substituents
independently selected from A®;
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A%is independently selected from the group consisting of a halogen
atom, cyano, carboxy, —COOR*, —CONR*R™,
formyl, (C,-C, alkylearbonyl, C,-Cy alkyl, C,-C,4 alk-
enyl, C,-Cy alkynyl, nitro, —NR*R*, —OR*, §(0),
R*, C,-C,, cycloalkyl, C,-C,, arvl, 5-to 10-membered
heteroaryl, and 3- to 10-membered non-aromatic hetero-
cyclyl; wherein the alkylcarbonyl, alkyl, alkenyl, alky-
nyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are
optionally substituted with one or more substituents
independently selected from the group consisting of a
halogen atom, hydroxy, C,-C, alkoxy, amino, C,-C;
alkylamino, and di(C, -C alkyljamino;

R*, R* and R* are independently selected from the
group consisting of a hydrogen atom, C, -C, alkyl, C,-Cy
alkenyl, C,-C; allynyl, C;-C,; cycloalkyl, C4-C,q aryl,
5- to 10-membered heteroaryl, and 3- to 10-membered
non-aromatic heterocyclyl; wherein the alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl
are optionally substituted with one or more substituents
independently selected from the group consisting of a
halogen atom, hydroxy, C,-C; alkoxy, amino, C,-C;
alkylamino, and di(C,-C, alkyl)amino;

R™ and R* are independently selected from the group
consisting of a hydrogen atom, C,-C; alkyl, C5-Cq
cycloalkyl, C4-C,, aryl, 5- to 10-membered heteroaryl,
3- to I0-membered non-aromatic heterocyclyl, and
—COR*,

R* is selected from the group consisting of a hydrogen
atom, and C,-C, alkyl;

RY is selected from the group consisting of C,-C, alkyl,
C;-Cy cycloalkyl, C4-C,q aryl, and 5- to 10-membered
heteroaryl, and

R* is independently selected from the group cansisting of
C,-Cy akkyl, C;-C,p cycloalkyl, C4-C, aryl, 5- 1o
10-membered heteroaryl, and 3- to 10-membered non-
aromatic heterocyclyl.

2. The compound or a pharmaceutically acceptable salt
thereof according to claim 1, wherein Q' is selected from the
group consisting of C4-C, cycloalkyl, phenyl, pyridyl, pyra-
zolyl, pyrimidinyl, and piperidyl; wherein Q' is optionally
substituted with one or more substituents independently
selected from A'.
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3. The compound or a pharmaceutically acceptable salt
thereof according to claim 1 wherein X7 is selected from the
group consisting of —CO— and —80,—; and R'! is
selected from the group consisting of C,-C, alkyl and C,-C,
cycloalkyl, which are optionally substitated with one or more
substituents independently selected from the group consist-
ing of hydroxy and a halogen atom.

4. The compound or a pharmaceutically acceptable salt
thereoTaccording to ¢laim 1, wherein R is phenyl substituted
with one to three substituents independently selected from the
group consisting of hydroxy, a halogen atom, C,-Cg alkyl,
and C,-C alkoxy, wherein the alkyl and alkoxy are optionally
substituted with one or more halogen atoms.

5. The compound or a pharmaceutically acceptable salt
thereof according to claim 1, wherein R? is a hydrogen atom.

6. The compound or a pharmaceutically acceptable sait
thereof according to claim 1, wherein R* is a hydrogen atom.

7. The compound or a pharmaceutically acceptable salt
thereof according to claim 1, wherein R* is a hydrogen atom.

8. The compound or a pharmaceutically acceptable salt
thereof according to claim 1, wherein X! is —NH—.

9. The compound or @ pharmaceutically acceptable salt
thereof according to claim 1, wherein the optional substituent
of Q' is selected from the group consisting of hydroxy, amino,
C,-Cg alkoxy, C;-C; alkylammo, di(C,-C, alkylamino,
amino-C,-C, alkyl, (C,-Cy alkylamine)-C,-C, alkyl, di{C;-
Cs alkyljamino-C,-C, alkyl, amino-C,-C alkoxy, (C,-C,
alkylamino)-C,-C,; alkoxy, di(C,-C; alkyljamino-C,-C;
atkoxy, hydroxy-C,-Cy alkyl, (C,-C, alkoxy)-C,-Cq alkyl,
carboxy-C,-C, alkyl, {(C,-C, alkoxy)carbonyl]-C,-C; alkyl,
carbamoyl-C,-Cy alkyl, [IN—(C,-C; alkyl) carbamoyl}-C,-
Cq alkyl [N.N-di(C,-C, alkylcarbamoyl]-C,-C, alkyl, (C,-
Cs alkylcarbonylamino, N—(C -C, alkyl)carbonyl-N—
(C,Cy alkyllamino, pyrrolidinyl, piperidyl, 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 alkvl, amino, C,-C; alkylamino,
di{C,-CzalkyDamino, hydroxy, C,-C,alkoxy, pyrrolidi-
nyl, piperidyl, and piperazinyl; and
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wherein the alkyl molety of the group defined as the
optional substituent of Q' is optionally substituted with
a substituent selected from the group consisting of
amino, C;-C4 alkylamino, di(C,-Cs alkyl)amino,
hydroxy, C,-C atkoxy, pyrrolidinyl, piperidyl, and pip-
erazinyl.
10. The compound or a pharmaceutically acceptable salt
thereof according to claim 9, wherein the optional substituent
of Q' is selected from the group consisting of hydroxy, amino,
di(C,-C, alkyl)amino, C,-C alkyl, di(C,-C alkyl)aminc-
C,-Cy alkyl, di(C,-C; alkyl)amino-C,-C, alkoxy, di{C,-C,
alkyl)amino, [(amino-C, -C, alkyl)carbonylJamino, N—(C,-
Cy alkyllpiperidyl, di(C,-C, alkylamino-pyrrolidin-1-yl,
amino-pyrrolidin-1-yl, (pyrrolidin-1-y1) -C,-C, alkyl, (C,-C,4
alkyl)amino-piperidin-1-yl, antino-piperidin-1-yi, hydroxy-
C,-Cg alkyl, [di(C,-C, alkyDamino-C,-C, alkylJamino, [4-
(C,-C; alkyl)-piperazin-1-y1]-C,-C; alkyl, (piperazin-1-yl)-
C,-C, alkyl, pyrrolidinylcarbonyl-amino,  {hydroxy-
pyrrolidin-1-yI)-C,-C alkyl, morpholino-C,-C, alkyl, [N-
(hydroxy-C,-Cs  alkyl)}-N—(C,-C4; alkyljamino]-C,-Cj
alkyl, and (CD;),N—C,-C, alkyl.
11. The compound or a pharmaceutically acceptable salt
thereof according to claim 1, which is selected from the group
consisting of the following compounds:
1-(6-chloro-4-(4-((dimethylamino)methyl)cyclohexy-
lamino)-1,3-naphthyridin-3-ylethanone;

1-{6-(3,5-dichloro-4-hydroxyphenyl)-4-((4~{dimethy-
lamino)eyclohexyl)amino)-1,5-naphthyridin-3-yl)etha-
none;

1-{6-(3-chloro-5-fluore-4-hydroxyphenyl )-4-({(4-(dim-

ethylamino)cyclobexyl)amino)-1,5-naphthyridin-3-vI)
ethanone;
cyclopropyl{6-(3,5-dichloro-4-hiydroxyphenyl)-4-(4-
((dimethylamino}methyl)-cyclohexylamine)-1,5-naph-
thyridin-3-yl)methanone;
(6-(3-chloro-3-fluoro-4-hydroxyphenyl)-4-(4-((dimethy-
lamino)methyl}-cyclohexylamino)-1,5-naphthyridin-3-
yl)(cyclopropyl)methanone;
1-(6-(3,5-dichloro-4-hydroxyphenyl)-4-{ (4-((dimethy-
lamino)methylicyclohexy!l)-amino)-1,5-naplithyridin-
3-yDethanone;
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1-(6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-({4-((dim-
ethylamino Jmethyl)cyclohexyl)-amino)-1.5-naphthyri-
din-3-yl)ethanone;

[-(6-(3-chloro~-4-hydroxy-5-methoxyphenyl)-4-((4-
({dimethylamino}methyl}-cyclohexyl)amino)-1,5-
naphthyridin-3-yl)ethanone;

1-{6-(3,5-dichloro-4-hydroxyphenyl)-4-({4-(2-(dimethy-
lamino)ethyl)cyclohexyl}-amino)-1,5-naphthyridin-3-
yhethanone;

1-(6-(3-chloro-5-fluoro-4-hydroxypheny1)-4-(4-(2-(dim-
ethylamino)ethyl}-cyclohexylamino)-1,5-naphthyri-
din-3-yllethanone;

1-(4-(4-({(dimethylamino)methyljeyclohexylamino}-6-(4-
hydroxy-3-(tnfluoromethoxy }-phenyl}-1.5-naphthyri-
din-3-vDethanone;

2,6-~dichloro-4-(8~{(4-({dimethylamino ymethyl)cyclo-
hexylDamino)-7-(methylsulfonyl}-1,5-naphthyridin-2-
yljphenol;

2-chioro-4-(8-{(4-((dimethylamino)methyl)cyclohexyl)
amino)-7-(methvisulfonyl}-1,5-naphthyridin-2-y1)-6-
Huorophenol,

2-chloro-4-(8-({4-((dimethylamino)methyl)cyclohexyl)
amino)-7-(methylsulfonyl)-1,5-naphthyridin-2-v1)-6-
methoxyphenol;

2,6-dichloro-4-(8-((4-(dimethylamimo)eyclohexyl)
amino}-7-(methylsulfonyl}-1,5-naphthyridin-2-yl)phe-
nol;

2.6-dichloro-4-(8-((4-({dimethylamino )methyl}phenyl)
anmino)-7-(methylsulfonyl)-1,5-naphthyridin-2-yl)phe-
nol;

2-chloro-4-(8+({4-((dimethylantino ymethyl)phenyl)
amino)-7-(methvlsulfonyl)-1,3-naphthyridin-2-y1)-6-
fluorophenotl;

2-chloro-4-(8-({(4-((dimethylamino)methyl)phenyl)
anino)}-7-(methylsulfonyl}-1,5-naphthyridin-2-y1)-6-
methoxyphenol;
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1-(6-(3,5-dichloro-4-hydroxypheny!)-4-{(3-(2-(pyrroli-
din-1-yljethyphenyDamino)-1,5-naphthyridin-3-yl)
ethanone;
1-(6-{3-chloro-3-fluoro-4-hydroxyphenyl)-4-(3-(2-(pyr-
rolidin-1-yhethyl)phenylamino)- I.5-naphthyridin-3-
yljethanone;
1-(6-(3.5-dichloro-4-hydroxyphenyl}-4-((6-(2-(dimethy-
Jamino)ethoxy )pyridin-3-y1)-amino)-1,5-naphthyridin-
3-yljethanone;
1-(6-(3-chloro-3-fluoro-4-hydroxyphenyl}-4-((6-(2-(dim-
ethylamino)ethoxy)pyridin-3-yDamino)-1,5-naphthyri-
din-3-ylethanone;
1-(6-(3-chloro-4-hvdroxy-S-methoxyphenyl)-4-((6-(2-
(dimethylamino Jethoxy)pyridin-3-ylamine)-1,5-paph-
thyndin-3-yhethanone;
2,6-dichloro-4-(8-((6-(2-(dimethylamino)ethoxy)pyridin-
3-ylamino)-7-(methylsulfony)-1,5-naphthyridin-2-yl)
phenol;
2-chloro-4-(8-({6-(2-(dimethylamino Jethoxy)pyridin-3-
ylamino)-7-(methylsulfonyl)- 1,5-naphthyridin-2-yl)-
&-fluorophencl;
2-chloro-4-(8-({6-(2-{dimethylantino Jethoxy )pyridin-3-
ylamino)-7-(methylsulfonyl)-1,5-naphthyridin-2-y1)-
6-methoxyphenol;
1-(6-(3,5-dichloro-4-hydroxyphenyl}-4-({1 -methylpiperi-
din-4-yl)methylamino)-1,5-naphthyridin-3-yl)etha-
none;
1-(6+(3,3-dichloro-4-hydroxyphenyl}-4-((4-((dimethy-
lamino-d6)methylicyclohexyl)-amino)-1,5-naphthyri-
din-3-yljethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyl}-4-((4-(2-(dimethy-
lamino)ethyl)phenyl)amino)-1,5-naphthyridin-3-y1)
ethanone;
1-(6-(3~chloro-5-fluoro-4-hydroxyphenyl)-4-((4-(2-(dim-
ethylamino)ethyl)phenyl)-amino)-1,5-naphthyridin-3-
yljethanone;
1-(6-(3~chloro-4-hydroxy-5-methoxyphenyl )-4-((4-(2-
(dimethylamino Jethylphenyl}-amino)-1,5-naphthyri-
din-3-vijethanone;
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2-chloro-4-(8-((4-(dimethylamino)jcyclohexyl yamino)-7-
(methylsulfonyl)-1,5-naphthyridin-2-y1)-6-fluorophe-
nol;
1-(6-(3.5-dichloro-4-hydroxyphenyl}-4-({1-{1-methylpip-
eridin-4-yl)-1H-pyrazol-4-y1)-amino}-1,5-naphthyri-
din-3-yl)ethanone;
1-(6-(3,5~dichloro~-4-hydroxypheayl)-4-(4-((4-methylpip-
erazin-1-ylimethyl)-phenylamine)-1,5-naphthyridin-3-
yhethanone;
1-(6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-(4-((4-me-
thylpiperazin-1-yDimethyl)-phenylamino)-1, 5-naphthy-
ndin-3-yhethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyl)-4-(4-(2-(pyrrolidin-
L-yDethyDpiperidin-1-yI)-1,5-naphthyridin-3-yl)etha-
none;
1-(6-(3-chloro-3-fluoro-4-hydroxyphenyl)-4-(4-(2-(pyr-
rolidin-1-yDethyl)piperidin-1-yl)-1,5-naphthyridin-3-
vhethanone;
I-(6-(3,5-dichloro-4-hydroxyphenyl)-4-(6-(2-{dimethy-
Jamino)ethylamino)pyridin-3-ylamino)-1,5-naphthyri-
din-3-yl)ethanone;
1-{6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-{6-(2-(dim-
ethylamino ethylamino)-pyridin-3-ylamino)-1,5-naph-
thyridin-3-yl)ethanone;
(S)-(4-{6-(3-aminopiperidin-1-yl}pyridin-3-ylamino)-6-
(3.5-dichloro-4-hydroxyphenyl)-1,5-naphthyridin-3-
y1){cyclopropyl)methanone;
1-(4-((2-(3-aminopyrrolidin-1-yDpyrimidin-5-yljamino)-
6-(3,5~dichlore-4-hydroxyphenyl)-1,5-naphthyridin-3-
yhethanone;
1-(4-(4-((dimethylamino)methyl)cyclohexylamino)-6-
(1H-pyrazol-4-yl)-1,5-naphthyridin-3-yDethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyl}-4-(4-(hydroxym-
ethyl)eyclohexylamino)-1,5-naphthyridin-3-yl)etha-
1one;
1-{6-(3,5-dichloro-4-hydroxypheny!)-4-{4-] (dimethy-
lamino)metliyl]-cyclohexylamino}-1,5-naphthyridin-
3-ylJ-2-hydroxyethanone;
1-(6-(3,5-dichloro~-4-hydroxyphenyl)-4-(1-methylpiperi-
din-4-ylamino}-1,5-naphthyridin-3-ylethanone;
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1-(6-(3-chloro-5-fluore-4-hydroxyphenyl)-4-{1-meth-
vlpiperidin-4-yvlamino)-1,5-naphthyridin-3-y1jetha-
none;
1-{6-[3,5-dichioro-d-hydroxyphenyl]-4-[4-(morpholi-
nomethylicyclohexylamino]-1,5 -naphthyridin-3-
vl }ethanone;
1-(6-(3.3-dichloro-4-hydroxypheny!}-4-(4-({((2-hydroxy-
ethyl){methylJamino ymethyl}-cyclohexylaminej-1,5-
naphthyridin-3-ylethanone;
1-(6-{3-chloro-5-finoro-4-hydroxyphenyl }-4-(4-(((2-hy-
droxyethyl)(methyl)amino)-methylcyclehexylaming)-
1. 5-naphthyridin-3-yl)ethanone;
1-(6-(3,5-difluoro-4-hydroxyphenyl)-4-(4-((dimethy-
Jamino)methyi)cyclohexylamino)-1,5-naphthyridin-3-
vl)ethanone;
1-(6-(3,5-dichloro-4-hydroxyphenyl)-4-((6-(3-(dimethy-
lamino)pyrrolidin- 1-y1)pyridin-3-yl)amine)-1,5-naph-
thyridin-3-yl)ethanone;
1-{6-(3-chloro-3-fluore-4-hydroxyphenyl)-4-{(6-(3-{dim-
ethvlaminoe jpyrrolidin-1-y1)-pyridin-3-yljamino)-1,3-
naphthyridin-3-yllethanone;
1-(6~(3.5-dichioro-4-hydroxyphenyl)-4-{ 6-(3-(methy-
lamino)pyrrolidin- { -yDpyridin-3-ylamino)-1,5-naph-
thyridin-3-y1)ethanone;
1-(6-(3-chloro-3-fluoro-4-hydroxyphenyl)-4-(6-(3-{me-
thylamino)pyrrolidin-1-y1)-pyridin-3-vlamino }-1,5-
naphthyridin-3-yljethanone;
1-(6-(1H-benzo[d]imidazol-5-y1)-4-(4-({dimethylanuno)
methylcvclohexylamine)-1,5-naphthyridin-3-¥1)etha-
none;
1-(4-{{(4-({dimethylamino)methyevclohexylamino)-6-
(pyridin-4-y1)-1,5-naphthyridin-3-yljethanone;
3-(7-acetyl-8-(4-((dimethylamino)methyl)cyelohexy-
lamino)- 1.5-naphthyridin-2-y1)-pyrimidine-2-carboni-
trile;
1-(6-(3,5-dimethyl-1H-pyrazol-4-yl)-4-(4-({dimethy-
lamino)methylcyvelohexylamino)-1,3-naphthyridin-3-
vljethanone;
1-{4-{4~((dimethylamino)methylcyclohexylamino }-6-(4-
hydroxy-3,5-dimethyl-phenyl)- 1, 5-naphthyridin-3-yI)
ethanone:
1-(6-(3,5-dichloro-4-hydroxyphenyl}-4-(4-(pyrrolidin-1-
ylmethylphenylamino}-1,5-naphthyridin-3-yletha-
none;
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1-(6-(3,5-dichlore-4-hydroxyphenyl}-4-(4-(pyrrolidin-1-
vlmethyleyclohexylamino)-1,5-naphthyridin-3-y1)
ethanone;
1-{6-{3-chloro-5-fluore-4-hydroxyphenyl)-d-(4-(pyrroli-
din-1-ylmethyljcyclohexyl-amino}-1.5-naphthyridin-
3-yl)ethanone;
1-(6-(3,5-dichloro-4-hydroxypheny]}-4-(4-{{(4-methylpip-
erazin- 1 -yljmethylcyclo-hexylamino)-1,5-naphthyri-
din-3-yl)ethanone;
1-(4-(6-(3-aminopiperidin-1-yDpyridin-3-ylamino)-6-(3,
S-dichloro-4-hydroxyphenyl)-1,5-naphthyridin-3-vl)
ethanone;
1-{(4-(6-(3-aminopiperidin- 1-yDpyridin-3-ylamino)-6-(3-
chloro-5-flucro-4-hydroxy-phenyl)-1,5-naphthyridin-
3-yl)ethanone;
1-{4-{4-aminocyclohexylamino }-6-(3,5-dichloro-4-hy-
droxyphenyl)-1,5-naphthyridin-3-vl)ethanone;
1-{4-(4-ammocyclohexylamino)-6-(3-chloro-3-fluoro-4-
hydroxyphenyl)-1,5-naphthyridin-3-yijethanone;
1-(6-(3-chloro-3-fluore-4-hydroxyphenyl}-4 -(4-((4-me-
thylpiperazin- 1-yljmethyl}-cyclohexylamino)-1,5-
naphthyridin-3-yljethanone;
N-(4-(3-acetyl-6-(3-chioro-5-fluoro-4-hydroxyphenyl)-1,
S-naphthyridin-4-ylamino}-cyclohexyl)-2-amino-3-
methylbutananude;
1-(6-(3,5-dichloro-4-hydroxyphenyl}-4-(4-(piperazin-1-
vlmethyljcyclohexylamino}-1,5-naphthyridin-3-v1)
ethanone;
(S)-1-(4~(6-(3-aminopiperidin-1-yl)pynidin-3-ylamino}-
6-(3.5-dichloro-4-hydroxy-phenyl)-1,5-naphihyridin-
3-yljethanone;
(S)-1-(4-{6-(3-aminopiperidin-1-yDpyridin-3-ylamine)-
6-(3-chloro-5-fluoro-4-hydroxy-phenyl)-1,5-naphthy-
ridin-3-ylethanone;
N-(4-(3-acetyl-6-(3,5-dichloro-4-hydroxyphenyl)-1,5-
naphthyridin-4-vilamino )cyclo-hexyl)-2-aminopro-
panantide;
N-(4-(3-acetyl-6-(3-chloro-5-fluoro-4-hydroxyphenyl)-1.
S-naphthyridin-4-ylamino}-cyclohexyl)-2-aniinopro-
panamide;
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(S}—N-{{IR,4S}-4-(3-acetyl-6-(3.5-dichloro-4-hydrox-
yphenyl}-1,5-naphthyridin-4-vl-amino)cyclohexylpyr-
rolidine-2-carboxamide;

(8)}—N-({IR.45)-4-(3-acetyl-6-(3-chloro-5-fluoro-4-hy-
droxyphenyl)-1,S-naphthyridin-4-ylaminojeyelohexyl)
pyrrolidine-2-carboxamide;

1-(6-(3-hydroxypyrrolidin-1-y1)-4-(4-((3-hydroxypyrroli-
dip-1-yTimethyljeyclohexyl-amino)-1,5-naphthyridin-
3-yl)ethanone;

1-(6-(pyrrolidin-1-y1)-4-(4-(pyrrolidin-1-ylmethyl }eyclo-
hexylamino}-1,5-naphthyridin-3-yl)ethanone;

N-{4-(3-acety]-6-(3,5-dichloro-4-hydroxy  phenyl}-1.5-

naphthyridin-4-ylamino)-cyclohexyl)-2-amino-3-me-
thylbutanamide;
[6-(3-chloro-5-fluoro-4-hydroxyphenyl}-4-[4-(dimethy-
lamino)eyclohexylaniino}- 1. 5-naphthyridin-3-yl](cy-
clopropyl)methanone;
cyclopropyl[6-(3,5-dichloro-4-hydroxyphenyl)-4-{4-
(dimethylamino jcyclohexyl-amino]-1,5-naphthyridin-
3-yl}methanone;
1-(4-{4-[(dimethylamino)methy!Jeyclohexylamino }-6-
(1H-pyrrelo[2,3-b]pyridin-5-v1)-1,5-naphthyridin-3-
vhethanone;
(S)-{4-16-(3-aminopiperidin-1-ylpyridin-3-vlaminc]-6-
{3-chloro-5-fluoro-4-hydroxyphenyl}-1.5-naphthyri-
din-3-y1}(cyclopropylimethanone;
1-(4-{4-[(dimethylamine)methyl]cyclohexyl amino}-6-
(4-methoxyphenyl)-1,5-naphthyridin-3-ylethanone;
1-[6-(3,5-dichloro-4-methoxyphenyl)-4-{4-{ (dimethy-
Jlamine )methyljcyclohexyl-amine}-1,5-naphthyridin-
3-yl]ethanone;
1-(4-{4-[(dimethylamino)methyl [cyclohexylamino }-6-
(6-hydroxypyridin-3-v1)-1,5-naphthyridin-3-y1)etha-
none:
5-(7-acetyl-8-{4-{(dimethylamino ymethyl jeyclohexy-
lamine}-1,5-naphthyridin-2-yljpicolinonitrile;
1-(4-{4-| (dimethylamino)methyljcyclohexylamino }-6-
(4-hydroxyphenyl)-1,5-naphthyridin-3-ylethanone;
1-{6-(3,5-dichlore-4-hydroxyphenyl)-4-{[4-(dimethy-
lamino)cyclohexy{lmethyl-amino}-1,5-naphthyridin-
3-yljethanone;
1-{6-(3-chioro-5-fluoro-4-hydroxyphenyl }-4-{ [4-(dim-
ethylamino)cyclohexyl]-methylamine} -1,5-naphthyri-
din-3-yljethanone;
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1-[6-(3-chloro-3-fluoro-4-hydroxyphenyl }-4-(4-hydroxy-
cyclohexylamino)-1,5-naphthyridin-3-ylJethanone;

1-[6-(3,5-dichloro-4-hydroxyphenyl)-4-(4-hvdroxycyclo-
hexylamino}-1,5-naphthyridin-3-yl]ethanone:

1-[6-(3-chloro-5-fluore-4-hydroxyphenyl)-4- {cis-4-
[{dimethylamino)methyl]cyclo-hexylaniino}-1,5-
naphthyridin-3-yllethanone;

1-[6-(3,3-dichloro-4-hydroxyphenyl)-4-{cis-4-[ (dimethy-
lamino)methyljeyclohexyl-amino}-1,5-naphthyridin-
3-ylJethanone;

(R)-1-{4-[6-(3-aminopiperidin-1-yDpyridin-3-ylamino}-

6-(3,5-dichloro-4-hydroxy-phenyl)-1,5-naphthyridin-
3-yl}ethanone;

(R)-1-{4-[6-(3-aminopiperidin-1-yhpyridin-3-ylamino]-

6-(3-chloro-5-fluoro-4-hydroxyphenyl)-1,5-naphthyri-
din-3-y1}ethanone;
and pharmaceutically acceptable salts thereof.
12. The compound or a pharmacentically acceptable salt
thereof according to claim 1, which is selected from the group
consisting of the following compounds:
1-(6-(3,5-dichloro-4-hydroxypheny!}-4-(trans-{4-(dim-
ethylamino)eyclohexylamino)-1,5-naphthyridin-3-y1)
ethanone;

eyclopropyl{6-(3.5-dichloro-4-hydroxyphenyl)-4-(trans-
4~((dimethylamino)methyl)-cyclohexylamino)-1,5-
naphthyridin-3-y1) methanone;
{6-(3-chloro-5-uoro-4-liydroxyphenyl)-4-(trans-4-
({dimethylamino)methyl)-cyclohexylamino)-1,5-naph-
thyridin-3-yly(cyelopropyl) methanone;

1-(6-(3,5-dichloro-4-hydroxyphenyl}-4-({trans-4 -{{dim-
ethylaminoymethyl)cyclohexyl)-amino)-1,5-naphthyri-
din-3-yl) ethanone;
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1-(6-(3-chloro-3-fluoro-4-hydroxyphenyl)-4-{(trans-4-
((dimethylamino)ymethyl)-cyclohexylamino)-1,5-
naphthyridin-3-yl} ethanone;

1-(6-(3,5-dichloro-4-hydroxypheny!)-4-{{trans-4-(2-
(dimethylamino)ethyicyclohexyl)-amino)-1,5-naph-
thyridin-3-y1) ethanone;

(S)-(4-(6-(3-aminopipendin-1-ylpyridin-3-ylammo)-6-
(3.5-dichloro-4-hydroxyphenyl)-1,3-naphthyridin-3-
vl)(cyclopropyl)methanone;

1-[6-(3.5-dichloro-4-hydroxyphenyl)-4-{ trans-4-[{dim-
ethyl amme)methyi]cvck;-hexyiamum1 1,5-naphthyri-
din-3-y1}-2-liydroxyethanone;

1-(4-(6-(3-aminopiperidin-}-yDpyridin-3-ylamino)-6-(3,
5-dichloro-4-hydroxyphenyl)-1,5-naphthyridin-3-y1)
ethanone;

1-(4~{6~(3-aminopiperidin-I-ylpyridin-3-vlamino)-6-(3-
chloro-5-fluoro-d-hydroxy-phenyl)-1,5-naphthyridin-
3-yllethanone;

(83-1-(4-(6-(3-aminopiperidin-1-yDpyndin-3-ylamino)-
6-(3,5-dichloro-4-hydroxy-phenyl)-1,5-naphthyridin-
3-yljethanone;

(S)-1-{4-(6-(3-aminopiperidin-1 -yDpyridin-3-ylamino)-
6-(3-chloro-5-fluoro-4-hydroxy-phenyl)-1,5-naphthy-
ridin-3-yDethanone;

(S)-{4-{6-(3-aminopiperidin-1-yDpyridin-3-ylamino)-6-
(3-chloro-5-fluoro-4-hydroxy-phenyl}-1,5-naphthyri-
din-3-y1}{cyclopropyl) methanone;

(R)-1-{4-[6-(3~aminopiperidin-1-ylpyridin-3-ylamino]-
6-(3,5-dichloro-4-hydroxy-phenyl)-1,5-naphthyridin-
3-yl}ethanone;

(R)-1-{4-[6-(3-aminapiperidin-1-yDpyridin-3-ylamino]-
6-(3-chloro-3-fluoro-4-hydroxyphenyl)-1,5-naphthyri-
din-3-yl}ethanone;

(R)-(4-{[6-(3-aminopiperidin-1-y])pyridin-3-ylJamino}-
6-(3,5-dichloro-4-hydroxyphenyl)-1.5- ndphihx ridin-3-
vl){cyclopropylmethanone;

R){4-{[ 6-(3-aminopiperidin-1-y])pyridin-3 -yljamino}-
6-(3-chloro-5-finoro-4-hydroxyphenyl)-1,5-naphthyri-
din-3-y1)(cyclopropyl) methanone;
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1-]6~{3,5-dichloro-4-hydroxyphenyl}-4-{| trans-4-{dim-
ethylamino)cyelohexyljamino }-1,5-naphthyridin-3-
y1)-2-hydroxyethanone dihydrochloride;

1-[6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-{ { trans-4-
{(dimethylamino)methyl}cyelohexyl} amino}-1,3-
naphthyridin-3-yl}]-2-hydroxyethanone  dihydrochlo-
ride; _

1-[6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-({ trans-4-
[{(dimethylamino)methyl]cyclohexyl} amino)-1.5-
naphthyridin-3-yI)|propan-1-one dihvdrochloride;

1-[6-(3,5-dichloro-4-hydroxyphenyl)-4-({trans-4-[ (dim-
ethylamino)methyl]cyclohexyl }amino)-1,5-naphthyzi-
din-3-yl)]propan--one dihydrochloride;

(S)-1-(4-{[6~(3-aminopiperidin-1-yDpyridin-3-y1]
amino}-6-(3,5-dichloro-4-hydroxyphenyl)- 1,5-naph-
thyridin-3-yl)propan-1-one trihydrochloride;

(S)-1-(4 {[6-(3-aminopiperidin-1-yl}pyridin-3-y]]
amino }-6-(3-chloro-5-fluoro-4-hydroxyphenyl)-1,5-
naphthyridin-3-ylipropan-1-one trihydrochloride;

1-{6-(3,5-dichloro-4-hydroxypheny }-4-({4-[{{(R)-3-fluo-
ropyrrolidin-1yl)methyljcyclohexyl famino)-1,5-naph-
thyridin-3-yljethanone dihydrochioride;

(S)-(4-((6-(3-aminopiperidin-1-v1)pyridin-3-vljamino)-6-
(3-chloro-5-fluoro-4-hydroxyphenyl)- 1, S-naphthyri-
din-3-yI){cyclobuiylymethanone dihydrochloride;

(6-(3,5-dichloro-4-hydroxyphenyl)-4-((4-[ (dimethy-
lamino)methyH cyclobexyljamino)-1,5-naphthyridin-
3-yD){cyclobutyl)methanone dihvdrochloride;

{6-(3-chloro-5-fluoro-4-hydroxyphenyl}-4-((4-((dimethy-
lamino)methylicyclohexylamino)-1,5-naphthyridin-3-
yl)(cyclobutyl)methanone diliydrochloride;

(S)-(4-{[6-(3-aminopiperidin-1-y])pyridin-3-ylJamine} -
6-(3-chloro-3-fluora-4-hydroxyphenyl -1, 5-naphthyri-
din-3-y){cyclobutyl)methanone;

{R)-1-(4-({6-(3-aminopiperidin-1-yl)pyridin-3-yi)
amino)-6-(3,5-dichloro-4-hydroxyphenyl)-1.5-naph-
thyridin-3-yl)propan-1-one trihvdrochloride;

(R}-1-(4-{[6~(3-aminopiperidin-1-yl)pyridin-3-v1]
amino}-6-(3,5-dichloro-4-hydroxyphenyl}- 1, 5-naph-
thyridin-3-y1)-2-methylpropan-] -one trihydrochloride;
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1-[6+(3,3-dichloro-3-4-hydroxyphenyl)-4-({trans-4-
[(dimethylamino}methyl]cyclohexyl} amino)-1,5-
naphthyridin-3-y1}-2-methylpropan-1-one  dihydro-
chloride;
1-[6-chloro-4-({trans-4-[{dimethylaminomethyl]
cyclohexyl }amino)-1,5-naphthyridin-3-yl]-2-methyl-
propan-1-one dihydrochloride;
and pharmaceutically acceptable salts thereof.
13. A pharmacentical composition comprising as an active
ingredient a compound or a pharmaceutically acceptable salt
thereof according to claim 1.

14. A process for preparing a compound of formula (I):

{H

or a pharmaceutically acceptable salt thereof as defined in
claim I, wherein R* is phenyl optionally substituted with
one or more substituents mdependently selected from
A% and QF, X', X2, R, R R, R, and A? are the
groups as defined in any one of claim 1 to 10; which
comprises:
reacting a compound represented by formula (1)
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wherein Q, X', X%, RY,R* R?, and R* are the groups as
defined above, with the proviso that the groups may have
one or more protecting groups, and X! is a halogen
atom; with a compound represented by formula (11):
dmy
(R
R?>-—B
OR¥

wherein R” is as defined above with the proviso that the
group of R’ ntay have one or more protecting groups;
and R?' and R*? are independently selected from the
group consisting of C, -C, alkyl, or R*" and R* together
with the boron atom to which they are attached forms 5-
to 7-membered cyclic boronic acid ester optionally sub-
stitwted with one or more substituents independenily
selected from the group consisting of C,-C,; alkyl.

15. A compound represented by formula (II) or a pharma-

centically acceptable salt thereof:
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wherein Q', X', X*, R, R* R?, and R” are the groups as
defined in claim 1 with the proviso that the groups may
have one or more protecting groups, and X** isa halogen
atom.
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