
WO 2013/109388 PCT/US2012/071434 

1,5-N APHTHYR1DINE DERIVATIVES AND 

MELK INHIBITORS CONTAINING THE SAME 

TECHNICAL FIELD 

5 The present invention relates to a 1,5-naphthyridine derivative having an inhibitory 

activity against MELK, a method for the preparation thereof, and a pharmaceutical 

composition containing the compound as an active ingredient. 

BACKGROUND ART 

MELK., maternal embryonic leucine zipper kinase, was previously identified as a 

i 0 new member of the snfl /AMPK serine-threonine kinase family that is involved in 

mammalian embryonic development (Hever BS et a!., Dev Dyn. 1999 Aug 215(4):344-51), 

The gene was shown to play an important role in stem cell renewal (Nakano 1 et al,, J Cell 

Biol. 2005 Aug I, 170(3):413-27), cell-cycle progression (Blot J et al., Dev Biol. 2002 Jan 

15, 241(2)i327-38; Seong HA et al, Biochem J. 2002 Feb 1, 361 (Pt 3):597-604) and pre-

15 snRNA splicing (Vulsteke V et al., J Biol Chem. 2004 Mar 5, 279( 10):8642~7. Epub 2003 

Dec 29). In addition, through gene expression profile analysis using a genome-wide 

cDNA microarray containing 23,040 genes, MELK wag recently shown to be up-regulated 

in breast cancer (Lin ML et al., Breast Cancer Res. 2007; 9 (1):R!7, W02006/016525, 

W02008/023841). In fact, MELK is up-regulated in several cancer cells, for example 

20 lung, bladder, lymphoma and cervical cancer cells (See W02004/03 14 33, W02007/013665, 

and W02006/085684, the disclosures of which are incorporated by reference herein). 

Northern blot analysis on multiple human tissues and cancer ceil lines demonstrated that 

MELK was over-expressed at a significantly high level in a great majority of breast cancers 

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

25 (W02006/016525). Furthermore, suppression of MELK expression by siRNA was shown 

to significantly inhibit growth of human breast cancer cells. Accordingly, MELK is 

considered to be a suitable target for cancer therapy in the treatment of a wide array of 

cancer types. 
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SUMMARY OF INVENTION 

The present inventors have endeavored to develop an effective inhibitor of MELK 

and have found that a compound can selective!)' inhibit: the activity of MELK. 

The present invention relates to the following (1) to (24). 

(]) A compound represented by formula (i) or a pharmaceutical!}' acceptable salt 

thereof: 

"X1 

R4 ^ N^R2 

R3 0) 

wherein, 

10 X1 is selected from the group consisting of a direct bond, -NRU-, -0-, and -S-; 

R13 is selected from the group consisting of a hydrogen atom, Q-Ce alkyi and CV 

L]o cycloalkyl; 

Q1 is selected from the group consisting of C3-C10 cycloalkyl, CA-C.Q aryl, 5- to 10-

membered heteroary!, 3- to 10-mernbered non-aromatic heterocyclyi, (C^-CJO cycloalkyl)-

] 5 Ci-Cs alkyi, (Cg-Cso aryi)-C.-C6 alkyl, (5- to 10-membered heteroary i)-CrC6 alkyi, and (3-

to 10-membered non-aromatic beterocyclyl)-CrQ alkyl; wherein Q! is optionally 

substituted with one or more substituents independently selected from A1; 

Xz is selected from the group consisting of -CO-, -S-, -SO-, and -SO2-; 

R! 1 is selected from the group consisting of C1-Q5 alkyi, C'3-C]o cycloalkyl, Ce-Qo 

20 aryl, S- to 10-membered heteroary!, and 3- to 10-membered non-aromatic heterocyclyi; 

wherein R11 is optionally substituted with one or more substituents independently selected 

from A"; 

R" is selected from the group consisting of a halogen atom, Cj-Cio cycloalkyl, Cg-

Cio aryl 5- to lO-membered heteroaryi, and 3- to 10-membered non-aromatic heterocyclyi; 
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wherein the cycloalkyl, aryl, heteroaryi, and heterocyclyi are optionally substituted with one 

or more substituents independently selected from A3; 

R2, R3, and R4 are independently selected from the group consisting of a hydrogen 

atom, a halogen atom, and Ci-Cg alkyl; 

5 A1 and AJ are independently selected from the group consisting of a halogen atom, 

cyaoo, -COQR'3, -CONR'4RlS, formyl, (Cj-Q alkyl)carbonyI, Ci-C6 alkyl, CVCe alkenyl, 

C?-C6 alkynyl, nitro, ~"NRi6R!?, -OR1", ~S(0)„R19, C3-C10 cycloalkyl, C6-Cio aiyi, 5- to 10-

membered heteroaryi, and 3- to 10-membered non-aromatic heterocyclyi; wherein the 

alkylcarbonyl, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryi, and heterocyclyi are 

10 optionally substituted with one or more substituents independently selected from A4: 

A2 is independently selected from the group consisting of a halogen atom, cyano, 

C3-C10 cycloalkyl, carboxy, formyloxy, (Ci-Q, aIkyl)carbonyloxy, hydroxy, Ci-Q alkoxy, 

amino, Cj-Cg aikylamino, and di(Ci-Cg alkyj)ammo; 

R1J, R'4, and R'5 are independently selected from the group consisting of a 

1.5 hydrogen atom, Ci-Cg alkyi, Cj-Cs alkenvl, C2-C6 alkynyl, C3-C10 cycloalkyl, CVC10 aryl, 

5- to 10-membered heteroaryi. and 3- to 10-membered non-aromatic heterocyclyi; wherein 

the alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryi, and heterocyclyi are optionally 

substituted with one or more substituents independently selected from A*1; or Ri4 and R'3 

together with the nitrogen atom to which they are attached form 3- to 1 0-membered 

20 nitrogen-containing heterocyclyi, which is optionally substituted with one or more 

substituents independently selected from A4; 

R16 and R'8 are independently selected from the group consisting of a hydrogen 

atom, Cj-Cs alkyl, Cj-Csalkenyl, Ca-Cg alkynyl, C3-C10 cycloalkyl, Ce-Cioaryl, 5- to 10-

membered heteroaryi, 3- to 10-membered non-aromatic heterocyclyi, and -COR'20; wherein 

25 the alkyi, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryi, and heterocyclyi are optionally 

substituted with one or more substituents independently selected from A4; R1' is selected 

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

with one or more substituents independently selected from A4; or R!° and R?' together with 
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R45, R4i, and R43 are independentiy selected from the group consisting of a 

hydrogen atom, Ci-Q alkyi, C^-Cs alkenyl, C2-Q alkynyl, C3-C10 cycloalkyl, C6-Cto aryl 

5- to 10-membered heteroaryi, and 3- to ! 0-mernbered non-aromatic heterocyclyi; wherein 

the alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryi, and heterocyclyi are optionally 

5 substituted with one or more substituents independently selected from the group consisting 

of 'A halogen atom, hydroxy, Cj-Cg alkoxy, amino, C|-Q alkyiamino, and di(Cj-C6 

a3kyl)amioo; 

R44 and K46 are independently selected from the group consisting of a hydrogen 

atom, Ci-Cg alkyl, C3-C10 cycloalkyl, Cg-Cio aryl, 5- to 10-membered heteroaiyl 3- io 10-

S 0 membered non-aromatic heterocyclyi, and -COR48; 

R4J is selected from the group consisting of a hydrogen atom, and CpCs alkyl; 

R47 is selected from the group consisting of Cj-Q alkyl, C3-C10 cycloalkyl, Ce-Cjo 

aryl, and 5- to 10-membered heteroaiyl; and 

R"8 is independently selected from the group consisting of Ci-Co alkyl, Cj-C-.Q 

15 cycloalkyl, Cg-Cio atyl, 5- to 10-membered heteroaiyl, and 3- to 3 0-membered non-

aromatic heterocyclyi. 

(2) The compound or a pharmaceutically acceptable salt thereof according to 

above-mentioned (1), wherein Q1 is selected from the group consisting of C5-C7 cycloalkyl, 

phenyl pyridyl, pyrazolyl, pyrimidinyl, and piperidyl; wherein Q! is optionally substituted 

20 with one or more substituents independently selected from A1. 

(3) The compound or a pharmaceutically acceptable salt thereof according to 

above-mentioned (1) or (2), wherein X2 is selected from the group consisting of-CO- and -

SO?.-; and R11 is selected from the group consisting of CVCs alkyl and C3-C7 cycloalkyl, 

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

25 the group consisting of hydroxy and a halogen atom. 

(4) The compound or a pharmaceutically acceptable salt thereof according to any 

one of above-mentioned (1) to (3), wherein RJ is phenyl substituted with one to three 

substituents independently selected from the group consisting of hydroxy, a halogen atom, 
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Cj-Cg alkyl, and CrQ alkoxy, wherein the alkyi and aikoxy are optionally substituted with 

one or more halogen atoms, 

(5) The compound or a pharmaceutically acceptable sail thereof according to any 

one of above-mentioned (I) to (4), wherein R2 is a hydrogen atom. 

5 (6) The compound or a pharmaceutical]}' acceptable sait thereof according to any 

one of above-mentioned (1) to (5), wherein R' is a hydrogen atom. 

(7) The compound or a pharmaceuticaliy acceptable salt thereof according to any 

one of above-mentioned (1) to (6), wherein R4 is a hydrogen atom. 

(8) The compound or a pharmaceutically acceptable salt thereof according to any 

3 0 one of above-mentioned (I) to (7), wherein X1 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 Q1 is selected from 

the group consisting of hydroxy, amino. Cj-Cg aikoxy, Q-Q alkyiamino, di(C)-Q 

alkyi)amino, amino-C]-Q alkyl, (Cj-Q. alkylamino)-CrQ alkyi, di(C]-Q alkyl)amino-Cr 

15 Q alkyi, amino-Ci-Q aikoxy, (CrQ aikylaminoVC i-Q aikoxy, di(CrQ alkyl)amino-Cr 

Ce alkoxy, hydroxy-CrQ alkyl, (CrQ alkoxy)-CrQ alkvl, carboxy-CrQ alkyl, [(CrQ 

alkoxy)carbooyl]-Ci-Q alkyl, carbamoyl-C rQ alkyl, [N-(CrQ alkyl)carbamoyl]-CrQ 

aikyl, [N,N-di(CrQ alkyl)carbamoyl]-Ci-Q alkyl, (Q-Q alky!)carbony1amino, N-(CrQ 

alkyl)carbonyi-N-(CrQ alkyl)amino. pyrrolidinyl, piperidyl, and piperazinyi; 

20 wherein the alkyi moiety of the group defined as the optional substituent of Q1 is 

optionally substituted with a substituent selected from the group consisting of amino, CrQ 

alkyiamino, di(CrQ alkyl)amino, hydroxy, CrQ alkoxy, pyrrolidinyl, piperidyl, and 

piperazinyi; and 

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

25 substituent of Q1 are optionally substituted with a substituent selected from the group 

consisting of CrQ aikyl, amino, CrQ alkyiamino, di(CrQ alkyl)amino, hydroxy, CrQ 

alkoxy, pyrrolidinyl, piperidyl. and piperazinyi. 

(10) The compound or a pharmaceutically acceptable sait thereof according to 
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above-mentioned (9), wherein the optional substituent of Q1 is selected from the group 

consisting of hydroxy, amino, di(C|-Q alkyl)amino, Ci-C® alkyl, di(Cs-Cs alkyi)amino-Cr 

Cg alkyl, di(€j-C« alkyl)amino-C i-Cg alkoxy, di(Ci-Cg alkyl)annno, [(amino-Ci-Cg 

aIkyl}carbonyI]amino, N-(Ci-C« aikyi)piperidyl, diCCi-Q alkyl)amino-pyrrolidin-1 -yl, 

5 amino-pyrrolidin-1 -yi, (pyrrolidin-1 -ylVCi-Cs alkyl, (tVC^ alkyl)amino-piperidin-1 -yl, 

amino-piperidin-i-yl„ hydroxy-Q-Cs alkyl, [di(Ci-C& alkyl)amino-Cj-C6 alkyljamino, [4-

(Ci-Cc- alkyl)-piperazin-l-yl]-C|-Q, alkyl, (piperazin-l-yO-Ci-Cg alkyl 

pyrrolidlnylcarbonyl-arnino, (hydroxy-pyrroiidin-l-yO-Q-Ce alkyl, morpholinyi-C rC6 

alkyl, ["N-fhydroxy-Cj-Ct, alky])-N-(C|-C,5 alkyl)amino]-Ci-Cg alkyl, and (CDJ^N-CJ-Q 

10 alkyi. 

(11) The compound or a pharmaceutically acceptable salt thereof according to 

above-mentioned (1), which is selected from the group consisting of the following 

compounds: 

1 -(6-chloro-4-(4-((dimethylam ino)methyl) cyclohexylamino)-1,5-naphthyridin- 3-

15 yl)ethanone; 

l-(6-(3,5-dichloro-4-hydroxypheny!)-4-((4-(dimethylamino)cyclohexyi)amino)-

1,5- naphthyridin-3-yl)ethanone; 

l-(6-(3-chioro-5-fluoro-4-hydroxyphenyl)-4-{(4-

(dimethylamino)cyclohexyl)amino)- 1,5-naphthyridin-3-yl)ethanone; 

20 cyciopropy](6-(3,5~dich!oro-44iydFaxypheny!)-4-(4-((dimethylammo)methyi)-

cyclohexylamino)-!,5-naphthyridin-3-yl)methanone; 

(6-(3-chloro-5-fluoro-4-hydroxypheny l)-4-{4-{(d imethylam ino)methyl>-

cyclohexylamino)-l,5-naphthyridin-3-yl)(cyclopropyl)methanone; 

l-(6-(3,5-dich!oro-4-hydroxyphenyl)-4-((4-((dimethylaxnino)methyl)cycfohexyl> 

25 amino)-! ,5-naphthyridin-3-yl)ethanone; 

l-(6-(3-chioro-5-f]uoro-4-hydroxypheriy!)-4-((4-

({dimethylaminojmethyljcyclohexyl)- amino> 1,5-naphthyridin-3-yl)ethanone; 

l-(6-(3-chloro-4-hydroxy-5-rnethoxypheny])-4-((4-((diiriethylamino)rnethyl)-
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cyclobexy3)arnino)-l,5-naphthyridm-3-yl)ethaiione; 

l-(6-(3,5-dichloro-4-hydroxyphenyi)-4-((4-(2-(dimethytamino)ethyl)cyclohexyI)-

amino)-l,5-naphthyridin-3-yl)ethanone; 

l-(6-(3-chIoro-5-f]uoro-4-hydroxyphenyl)-4-(4-(2-(dimethy!arnino)ethyl)-

5 cyclohexy3amino)-l,5-naphthyridin-3-yl)ethanone; 

1-(4-(4-{(dimethylarnino)methyl)cyclohexylamino)-6-{4-hydroxy-3-

(trifluoromethoxy)- phenyl)-1,5-naphthyridin-3-yl)ethanone; 

2,6-dichIoro-4-(8-((4-({dimelhy!amino)methyl)cyclohexyl}axnino)-7-

(methylsuffonyl)- l,5-naphthyridin-2-yl)phenoi; 

10 2-chloro-4-(8-((4-((dimethylamino)me{hyl)cyclohexyl)amino)-7-(methyls«tfony!)-

l,5-napbtbyridin-2-yl)-6-fluorophenoi; 

2-ch]oro~4-(8-((4-((dimethylamino)methyl)cyclohexyi)amino)-7-(methyIsiilfonyi)-

1,5- rtaphthyridiri-2-yl)-6-rnethoxypheriol; 

2,6-dich!oro-4-(8-((4-(dimethylarnmo)cyclohexyI)amino)-7-(methylsulfonyl)-l,5-

15 riaphthyridin-2-yl)phenol; 

2,6-dichloro-4-(8-{(4-((dimethylamino)methyl)pheny])amino)-7-(methylsulfonyl)-

5,5- naphthyridin-2-yl)phenol; 

2-chloro~4~(8-((4-((dimethylamino)methyl)phenyl)amino)-7-(methy!sulfonyl)-l,5-

naplithyridin-2-yi)-6-fluorophenol; 

20 2-chloro-4-(8-((4-((dimethylamino)methyl)phenyl)amino)-7-(methyisulfonyl)-l,5-

naphthyridin-2-yl)-6-methoxyphenol; 

l-(6-(3,5-dichloro-4-hydroxyphenyl)-4-((3-(2-(pyrrolidin-l-

yl)ethyl)phenyi)amino)-1,5- naphfhyridin-3-yl)et3ianone; 

!-(6-{3-chloro~5-f1uoro-4-hydroxyphenyl)-4-(3-(2-(pyrrolidin-l-

25 yi)ethyl)pheny!amino> 1,5-naphthyridin-3-yl)ethariooe; 

l-(6-(3,5-dichloro--4-hydroxyphenyl)-4-((6-(2-(dirnethylamino)ethoxy)pyridiri--3-

yl)- amino)-1,5-napbthyridin-3-y f)ethanone; 

l-(6-(3-chloro-5-fluoro-4-hydroxypheriyl)-4-((6-(2-

- 10-
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(dimethylamino)ethoxy)pyridin-3- yl)amino)-l,5-naphthyridin-3-yl)ethanone; 

1-(6-(3-chloro-4-hydroxy-5-rnethoxyphenyl)-4-((6-(2-

(dimethylamino)ethoxy)pyridin- 3-yI)amino)-l,5-riaphthyridin-3-yl)ethanone; 

2}6-dichloro-4-(8-((6-(2-(dimethylamino)ethoxy)pyridin-3-yl)amino)-7-(methyl-

5 sulfonyl)-1,5-naphthyridin-2-yl)phenol; 

2-chloro-4-{8-((6-(2-(dimethylamino)ethoxy)pyridin-3-yl)amino)-7-

(metbyisulfonyl)- l,5-naphthyridin-2-yl)-6-f!uoropbenoi; 

2-chloro-4-(8-((6-(2-(diniethylamino)ethoxy)pyridin-3-yl)amino)-7-

(methyisulfonyi)- l,5-naphthyridin-2-y[)-6-methoxyphenol; 

10 l-(6-(3,5-dichloro-4-hydroxyphenyI)-4-((1-methy]piperidin-4-yl)raethylamino> 

1,5- naphthyridin-3-yl)ethanone; 

H6-(3,5-dichloro-4-hydroxyphenyl>4-((4-{(dimethylamino-

d6)methyl')cyclohexyi)- amino}-1,5-naphthyridin-3-yi)ethanone; 

l-(6-(3,5-dich3oro-4-hydroxypheny!)-4-((4-(2-

15 (diinetby!aniino)ethyi)phenyi)amino)- l,5-naphthyridin-3-y!)ethanone; 

l-(6-(3-chloro-5-fluoro-4-hy{lroxyphenyf)-4-((4-(2-(dimethyiamino}ethyl)phenyl)-

am ino)- i ,5-naphthyridm-3-yi)ethanone; 

l-(6-(3-eh!oro-4-hydroxy-5-meihoxypheny])-4-((4-(2-

(dimethyiamino)ethyl)phenyl)- amino)-l,5-naphthyridin-3-yl)ethanone; 

20 2-chloro-4-<8-((4-(dimethylamino}cyclohexyl)amino>7-(methylsuifonyf)-l,5-

naphthyridin-2-yl)-6-f!uoropheno]; 

1 -(6-(3,S-dichloro-4-hydroxyphenyl>4-((l -(1 -methyIpiperidin-4-yl> 1 H-pyrazo!-4-

v!V amino)-!,5-naphthyridin-3-yr)ethanone; 

l-(6-(3,5-dich!oro-4-hydroxypbeny!)-4-(4-((4-niethylpiperazin-l-yl)methyl)-

25 pheriylarnino)-l ,5-naphtbyridin-3-y])ethariQne; 

l-(6-{3-chSoro-5-Ruoro-4-hydroxyphenyl)-4-(4-((4-methylpiperazin-l-yI)methyl)-

phenylamino)-l,5-naphthyridin-3-y1)ethanone; 

l-(6-(3,5-dichloro-4-hydroxyphenyl)-4-(4-(2-(pyrrolidin-i-yl)ethy!)piperidin-l-yl)-

-11-
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l,5-naphthyridin-3-yl)ethanone; 

1 -(6-(3-cbioro-5-fiuoro-4-hydroxyphenyl>4-(4-(2-(pyrrolid in- i -ySjethy Ijpiperidin-

1- yI)-1,5-naphthyridin-3-yl)ethanone; 

l-(6-(3,5-dichloro-4-hydroxyphenyl)-4-(6-(2-(dimethylamino)ethylarnirio)pyridin-

5 3- ylamino)-l35-naphthyridin-3-yl)ethanone; 

l-(6-(3-chloro-5-:fluoro-4-hydroxyphenyl)-4-(6-(2-(dimethylamino)ethylamino)-

pyridin-3-ylamino)-l,5-naphthyridin-3-yI)ethanone; 

(S)-(4-(6-(3-aminopiperidin-]-yl)pyridiri-3-y!amino)-6-(3.,5-dichloro-4-

hydroxyphenyl)- 1,5-naphthyridin-3-yl)(cyclopropyl)rnethanone; 

SO l-(4-((2-(3-arninopyrrolidin~]-yi)pyrimidin-5-yl)amino)-6-(3,5-diehloro-4-

hydroxyphenyi)-l,5-naphthyridin-3-yl)ethanone; 

l-(4-(4-((dimethylamino)methyi)cycloiiexylamino)-6-(lH-pyrazo!-4-yl)-l,5-

naphthyridin-3-y!)etharione; 

I -(6-{3,5-dichloro-4-hydroxyphenyl)-4-(4-(hydroxymethy Ijcyclohexylarnino)-1,5-

15 naphtbyridin-3-yi)eihanone; 

l-[6-(3,5-dichloro-4-hydroxyphenyi)-4-{4-[(dimethylair!ino)methyl]-

cyclohexylamino}-l,5-naphthyridin-3-yl]-2-hydroxyethanone; 

]-(6-(3,S-dich]oro-4-hydroxyphenyl)-4-(l-inethyipiperidin-4-yiainino)-l,5-

naphthyridin-3-yl)ethanone; 

20 ]-(6-(3-ch1oro-5-fluoro-4-hydroxyphenyl)-4-(l-methy[piperidin-4-yiamino)-l,5-

naphi:hyridin-3-yl)ethanone; 

]-{6-[3,5-dichloro-4-hydroxyphenyl]-4-[4-{morpholinotnethyl)cyc!ohexylanjino]-

1,5- naphthyridisi-3-yi}ethanone; 

l-(6-(3,5~dichioro-4-hydroxyphenyl)-4~(4-(((2-

25 bydroxyethyl)(methy!)amino)methy!)- cyciohexylamino)-1,5-naphthyridin-3-yl)ethanone; 

l~(6-(3-ch!oro-5-f!uoro-4-hydroxyphenyl)-4-(4-(((2-hydroxyethylXmethyI)amino)-

methy!)cyclohexylamino)-l,5-naphthyridin-3-yl)ethaRone; 

l-(6-(3,5-difiuoro-4-hydroxyphenyl)-4-(4-

•• 12-
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({dimethyIamino)methyl)cyclohexylaiTiiiio)- l,5-naphthyridin-3-yl)ethanone; 

l-(6-(3,S-dichloro-4-hydroxyphenyl)-4-((6-(3-(dimethylamino)pyrroHdm-l-

yl)pyridin- 3-yi)amino)-1,5-naphthyridifi-3-yi)ethanone; 

l-(6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-((6-(3-(dimethy!amino)pyrro{idia-l-

5 yl)- pyridin-3-yl)amirto)- i ,5-naphthyridin-3-y])ethanone; 

l-(6-(3,5~dichloro-4-hydroxypheny!)-4-(6-(3-(methyfamino)pyrro!idin-l-

yi)pyndin-3-- ylamino)-! ,5-naphthyridin-3-yl)ethanone; 

l-(6-(3-chioro-5-fluoro-4-hydroxyphenyl)-4-(6-(3-(methyiamino)pyiTolidin-J-yl)-

pyridin-3-ylarnino)-l,5-naphthyridin-3-yl)ethanone; 

10 1 -(6-( 1 H-benzo[d]imidazo!-5-yl)-4-(4-((dimethylainino)rt>ethyl)cyc]ohexylamino> 

1,5- naphtliyridin-3-yS)ethanone; 

l-(4-((4-({dimethylamino)methyl)cyclohexy]amino)-6-(pyridin~4-yl)-l,5-

naphthyridin- 3~vl)ethanone; 

5-f7-acetyl-8-(4-((dimethylamino)methyi)cyclohexyIamino)-l,5-naphthyridin-2-

15 yl)- pyrimidine-2-carbonitrile; 

1 -(6~(3,5-d imethyi- 3 H-pyrazol-4-yl)-4-(4-

((dimethylamino)methyl)cyciohexylarnino)- 1,5~naphihyrk!in-3~yi)ethanone; 

l-(4-(4-((dimethylamino)m8thyl)cyclohexylamino>6-(4-hydroxy-3,5-d!methyl-

phenyl)-! ,5-naphthyridin-3-yi)ethanone; 

20 l-(6-(3,5-dichloro-4-hydroxyphenyj)-4-(4-(pyrro!idin-l-ylmethyl)phenyiamino)-

1,5- naphthyridin-3-yl)erhanone; 

l-(6-(3,5-dichloro-4-hydroxyphenyl)-4-(4-(pyrroiidin-l-

ylineihyl)cyclohexylamino)- 1,5-naphthyridin-3-yl)ethanone; 

l-(6-(3-chloro-5-fluoro-4-hydroxypheriylV4-(4-(pyrroHdin-l-y!methy!)cyc!ohexyl-

25 amino)-l,5-naphthyridin-3-yi)ethanc>ne; 

I-(6-(3J5-djch!oro--4-hydroxyphenyI)-4-(4-((4-methylpiperazin-l-yl)methyl)cyclo-

hexylamino)-l,5-naphtbyridin-3-yl)ethanone; 

l-(4-(6-(3-aminopiperidin-l-yl)pyridin-3-ylamino)-6-(3,5-dichloro-4-

- 13-
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hydroxypheny!)- 1,5-naphthyridin-3-yl)ethanone; 

1 -(4-(6-(3-aminopiperidin- i -vt )pyrtdin-3-ylamino)-6-(3-chloro-5-f[uoro-4-

hydroxy- phenyl)-1,5-naphthyridin-3-yl)ethanone; 

l-(4-(4-aininocyciohex.ylamino)-6-(3,5-dichloro-4-hydroxyphenyI)-l,5-

S naphthvridin-3-yl)elhanone; 

I-[4-(4-aininocyclohexylamino)-6-(3-ch3oro-5-fiuoro-4- hydroxyphenyl)-1,5-

naphthyridin-3-yl]etharione; 

1 -(6-(3-chloro-5-fiuora-4-hydroxyphenyJ)-4-(4-((4-Jiiethy3piperazin-l -yl)methyi)-

cyclohexylam ino)-I, S-naphthy rid in-3 -y ])ethanone; 

10 N-(4-(3-acetyl-6-(3-cbloro-5-fluoro-4-hydroxypheny1)-l,5-naphthyridin-4-

ylamino)- cyclohexyl)-2-amino-3-metliryibutanamide; 

l-(6-(3,5-dichloro-4-hydroxyphenyl)-4-(4-(piperazin-l-

y lmethyl)cyelohexylamino)-1,5-naphthyridin-3-y Ijeihanone; 

(S)-l-(4-(6-(3-aininopiperidin-l-yi)pyridin-3-ylamino)-6-(3,5-dichIoro-4-hydroxy-

15 phenyl)-1,5-naphthyridin-3-yl)ethanone; 

(S)-1 -(4-(6-(3 -aminopiperidin- f -yl)pyridin-3-ylamino)-6-(3-cbloro-5~fluoro-4~ 

hydroxy- phenyl)-l,5-napbthyridin-3-yl)ethanone; 

N-(4-((3-acetyl-6-(3,5-dichloro-4-hydroxyphenyl)-l,5-naphthyridin-4-

y3)amino)cyclo- hexy!)-2-aminopropanamide; 

20 N-(4-(3-acetyl-6-(3-chloro-5-fluoro-4-hydroxyphenyl)-l,5-naphthyridin-4-

ylamino)- cyclohexyl)-2-aminopropanamide; 

(S)-N-((l R,4S)-4-(3-acetyl-6-(3,5-dichloro-4-hydroxyphenyl)-l,5-naphthyridin-4-

yl- amino)cyclohexyl)pyrrolidine-2-carboxamide; 

(S)-N-((! R,4S)-4-(3-acetyi-6-(3-eh!oro-5-fluoro-4-hydroxyphenyi)-l,5-

25 naphthyridin-4- ylamino) cyclohexyl)pyrro!idine-2-carboxamide; 

l-(6-(3-hydroxypyrrolidin-l-yl)-4-(4-((3-hydroxypyrrolidin-l-

yl)methyl)cyc!ohexyl- amino)-I,5-naphthyridin-3-yl)ethanone; 

1 -(6-(pyrro!idin-l -yl)-4-(4-(pyrrolidin-l -ylmethyl)cyclohexylamino)-1,5-

- 14-
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naphthyridin- 3-yl)ethanone; 

N-(4-(3-acet>'l~6-(3,5-dichloro-4-hydroxy phenyl)-1,5-naphthyridin-4-ylamino)-

cyclohexyl)-2-amino-3-methylbutanamide; 

[6-{3-chloro-5-fluoro4-bydrox.yphenyl)-4-[4-(dimethylamino)cyclohexy3amino]-

5 3,5- naphthyridin-3-yl](cyclopropyl)methanone; 

cyclopropyl[6-(3,5-dicbloro-4-hydroxypbenyl)-4-[4-(dirnethylarnino)cyclobex.yl-

amino]-1,5-naphthyridin-3-yl]methanorie; 

l-(4-{4-[(dimethylamino)methyl]cyclohexylamino}-6-(l.H-pyrrolo[2.3-b]pyridin-

5- yl)-1,5-riaphthyridin~3-vI)ethanone; 

i 0 (S)- {4-[6-(3-aminopiperidin-1 -yl)pyridin-3-ylamino]-6-(3-chloro-5-fluoro-4-

bydroxyphenyl)-1,5-naphthyridin-3-yl}(cyciopropyl)methanone; 

1 -(4-{4-[(dimethylamino)methyl]cyciohexyl amino}-6-(4-methoxyphenyl> 1,5-

naphthyridin-3-y!)ethanone; 

l-[6-(3,5-dichloro-4-methoxyphenyl)-4-{4-[(diffiethyIamino)methyl]cyclohexyi-

i 5 amino}-], 5-naphthyridin-3-yl]ethanone; 

]-(4-{4-[(dimethylamino)methyi]cyclohexylamiiio}-6-(6-hydroxypyridm-3-yl)-

l,5-naphthyridin-3-yl)ethanone; 

5-(7-acetyi-8- {4-[(dimethylamino)methyl]cycfohexyIamino}-l ,5-naphthyridin-2-

y1)picol inonitrile; 

20 1 -(4-{4-[(dimethyIamiiio)methyl]cyclohexylamino}-6-(4-hydroxyphenyi)-l>5-

naphthyridin-3-yi)ethanone; 

1-[6-(3,5-dichIoro-4-hydroxyphenyl>4-{[4-(dimethylamino)cyclohexyl]methyf-

amino} -1,5-naphthy rid in-3 -y!)ethanone; 

l-[6-(3-chioro-5-fluoro-4-hydroxyphenyl)-4-{[4-(dinriethy]amino)cyclohexyl]-

25 methylajnino}-l,5-naphtbyridin-3-yl]etlianone; 

l-[6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-(4-hydroxycycIohexylamino)-l,5-

naphthyridin-3-yl]ethanone; 

1 -[6-(3,5-dichloro-4-hydroxypheny1)-4-(4-bydroxycyclohexylamino)-l,5-

- IS -
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naphthyridin-3-yl]ethanone; 

i-[6-(3-chloro-5-fliioro-4-hydroxyphenyi)-4-{c?5-4-[(dimethylamino)methyl]cyclo-

hexylamino}-i,5-naphthyridin-3-yl]ethanone; 

]-[6-(3,5-dichIoro-4-hydroxyphenyl)-4-{czs-4-

5 [(dimethylamino)methyl]cyciohexyI- amino}-l,5~naphthyridin--3-yl]ethanone; 

(R)-1 -{4-[6-(3-aminopiperidin-1 -yl)pyridin-3-ylamino]-6-(3,5-dichloro-4-hydroxy-

phenyl)-l,5-naphthyridin-3-yt}ethanone; 

(R)-]-{4-[6-(3-aminopiperidin-]-yl)pyridin-3-y3amino]-6-(3-chloro-5-fluoro-4-

hydroxyphenyl)-l,5-naphthyridin-3-yl}ethanone; 

10 (R)-(4-{[6-(3-aminopiperidin-l-yl)pyridin-3-yl]amino}-6-(3,5-dichloro-4-

hydroxypheny!)-1,5-naphthyridin-3-yl) (cyclopropyl)methanone; 

(R).(4-{[6-(3-aminopiperidin-l-yl)pyridin-3-yI]amino}-6-(3-ch!oro-5-fSuoro-4-

hydroxypheny!)-1,5-naphthyridin-3-yl) (cyciopropyl) methanone; 

!-[6-(3,5-dichlofO-4-hydroxyphenyl>4-{[trans-4-{dimethylamino)cyclohexy!] 

i 5 amino}-] ,5-naphthyridin-3-yl)-2-hydroxyethanone dihydrochloride; 

l-[6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-({trans-4-

[(dimethylamino)methyl]cyelohexyl} amino)-l,5-naphthyridin-3-yl)]-2-hydroxyethanone 

dihydrochloride; 

l-[6-(3-ch!oro-5-fluoro-4-hydroxyphenyl)-4-({trans-4-[(dimethylamino)methyl] 

20 cyeiohexyl} amino)-l,5-naphthyridin-3-yl)]propan~J-one dihydrochloride; 

1 -[6-(3,5-dichloro-4-hydroxyphenyi)-4-( {trans-4-[(dimethy!amino)methyi] 

cyclohexyl}amino> 1,5-naphthyridin-3-y!)]propan-1 -one dihydrochloride; 

(S)-]-(4-{[6-(3-aminop;peridin-]-yi)pyridin-3-yi]arnino}-6-{3,5-dichioro-4-

hydroxyphenyl)-l,5-naphthyridin-3-yl)propan-l-one trihydrochioride; 

25 (S)-]-(4{[6-(3-aminopiperidin~l-yl)pyridm-3-yl]amino}-6-(3-chiaro-5-fIuoro-4-

hydroxypheny!)-1 ,S-naphthyridin-3-yi)propan-l -one trihydrochioride; 

i-[6-(3,5-dich3oro-4-hydroxyphenyI)-4-({4-[((R)-3-fluoropyrrolidin-lyl)methyll 

cyclohexyf}amino)-1,5-naphtiiyridin-3-yl]ethanone dihydrochloride; 
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(S)-(4-((6-(3-aminopiperidin-l-yl)pyridin-3-yl)amino)-6-(3-chIoro-5-flaoro-4-

hydroxypheoyl)-]s5-naphthyridin-3-y!)(cyclobutyf)methanone dihydrochloride; 

(6-(3,5-dichloro-4-hydroxyphenyl)-4-((4-[(diniethy!amino)methyl{cyclohexyl) 

amino)-! ,5-naphthyridin-3-yl) (cyciobuty!)methanone dihydrochloride; 

5 (6-(3-chloro-5-fTuoro-4-hydroxyphenyl)-4-((4-

((dimethyIamino)tnethyI)cyclohexyl) amino)-l,5-naphthyridin-3-y!)(cyclobutyl)methanone 

dihydrochloride; 

(S)-(4-{[6-(3-aminopiperidin-l-y!)pyridin-3-yl]amino}-6-(3-chloro-5-fluoro-4-

hydroxypheny!)-! ,5-naphthyridin-3-ylXcyclobutyl)inethanone; 

10 (R)-l-(4-((6-(3-aminopiperidin-l-yi)pyridin-3-yl)amioo)-6-(3,5-dich3oro-4-

hydroxyphenyl)-1,5-naphthyridin-3-y3)propan- 3 -one trihydrochioride; 

(R)-l-(4-{[6-(3-aminopiperidin-l-yl)pyridin-3-yl]amioo}-6-(3,5-dichloro-4-

hydroxyphenyl)- S ,5-naphthyridin-3-yJ)-2-methylpropan-1 -one trihydrochioride; 

l-[6-(3,5-dichloro-5-4-hydroxyphenyl)-4-({trans-4-

15 [(dimethyIamino)nr!ethyl]cyclohexyl} amino)-1,5-naphthyridin-3-yl]-2-methylpropan- 3 -one 

dihydrochloride; 

1 -[6-chloro-4-({trans-4-[(dimethylamino)rn8thyi]cyclohexyl}amino)-3,5-

naphthyridin-3-y!]-2-methylpropan-l-one dihydrochloride; 

and pharmaceutically acceptable salts thereof. 

20 (12) The compound or a pharmaceutically acceptable sait thereof accord ing to 

above-mentioned (!), which is selected from the group consisting of the following 

compounds: 

[-(6-(3,5-dichloro-4-bydroxyphenyl)-4-(fraw.s'-(4-

(dimethylamino)cyclohexyl)amino)- l,5-naphthyridin-3-yl)ethanone; 

25 cyclopropy! (6-(3,5-dichloro-4-hydroxyphenyl)-4-(;ra?w-4-

((dimethylamino)methyi)- cyclohexylamino)-1,5-naphthyridin-3-y!) methanone; 

(6-(3-chloro-5-f!uoro-4»hydroxyphenyl)-4-{fra«5-4-((dimethy!amino)methyl)-

cyclohexylamino)-!,5-napbthyridin-3-y!) (cyclopropy!) methanone; 
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]-(6-(3,5-dichloro~4-hydroxyphenyl)-4-((irG«j-4-

((dirnethylartiino)methyl)cyc!ohexyl)- amino)-l,5-naphthyridin-3-yl) ethanone; 

1 -(6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-((fra?fs-4-((dimethylaminG)mei:hyl)-

cyciohexy3)amirto)-1,5-naphthyridin-3-y3) ethanone; 

5 l-(6-(3,5-dieh3orQ-4-hydroxyphenyl)-4-((/?YJKA'~4-(2-

(dimethylamino)cthy])cyc!ohexyi)- amino)-3,5-naphthyridiri-3-yl) ethanone; 

(S)-(4-(6-(3-aminopiperidin-3-yi)pyridin-3-ylamino)-6-(3,S-dichloro-4-

iiydroxyphenyI)-I,5-naphthyridin-3-y!)(cyciopropy!)methanone; 

l-[6-(3,5-diehloro-4-hydroxyphenyl)-4-{/rra«5-4-[(dimethy]amino)methyl]cyclo-

10 hexylamino}-l,5-naphthyridin-3-yl)-2-hydrox.yethanone; 

l-(4-(6-(3-aininopiperidii!-l-y!)pyridiin-3-ylamino)-6-(3,5-dichloro-4-

hydroxyphenyl)- 3 55-naphthyriGiti-3-yl)ethanone; 

l-(4-(6-{3-aminopiperidin~l -yi)pyridin-3-y{amino)-6-(3-chIoro-5-fluoro-4-

bydroxy- phenyl)-!,5-naphthyridin-3-yl)ethanone; 

3 5 (S)-l-(4-(6-(3-aminopiperidin-l-yl)pyridin-3-ylamino)-6-(3,5-dichloro-4-hydroxy-

phenyl)-1,5-naphthyridin-3-y3)ethanone; 

(S)-l-(4-(6-(3-arninopiperidin-3-yl)pyridin-3-yiamino)-6-(3-chloro-5-fluoro-4-

hydroxv-phenyS)-1,5-naphthyridin-3-yt)ethanone; 

(S)-(4-[6-(3-airtinopiperidin- 3 -y3)pyridin-3-ylaniino]-6-(3-chioro-5-ffuoro-4-

20 hydroxy- phenyl)- l,5-naphthyridin-3-y!} (cyclopropy!) methanone; 

(R)-3-{4-[6-(3-amtnopiperidin-l-yl)pyridin-3-ylamino]-6-(3,5-dich!oro-4-hydroxy-

phenyl)-3,5-naphthyridin-3-y I} ethanone; 

(R)-l-{4-[6-(3-aminopiperidin-l-yl)pyridin-3-y!amino]-6-(3-chloro-5-f3iioro-4-

hydroxypbeny 1)-3,5-naphthyridin-3-yl} ethanone; 

25 and pharmaceutically acceptable salts thereof. 

(13) A pharmaceutical composition comprising as an active ingredient a compound 

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

to (12). 
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(14) An MELK inhibitor comprising as an active ingredient a compound or a 

pharrnaceuticaily acceptable salt thereof according to any one of above-mentioned (1} to 

(12). 

(15) An MELK-expression modulating agent comprising as an active ingredient a 

5 compound or a pharmaceutically acceptable sait thereof according to any one of above-

mentioned (1) to (12). 

(16) An antitumor agent comprising as an active ingredient a compound or a 

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

(12). 

30 (17) A therapeutic and/or preventive agent for a disease that involves 

overexpression of MELK, comprising as an active ingredient a compound or a 

pharrnaceuticaily acceptable sait thereof according to any one of above-mentioned (1) to 

(12). 

(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, lung cancer, 

bladder cancer, lymphoma, and uterine cancer, 

(20) A method for treating and/or preventing a disease that involves overexpression 

20 of MELK, which comprises administering an effective amount of a compound or a 

pharmaceutically acceptable salt thereof according so any one of above-mentioned (11 to 

(12) to a subject in need thereof. 

(21) A compound or a pharmaceutically acceptable salt thereof according to any 

one of above-mentioned (1) to (12) for use in a treatment and/or prevention of a disease that 

25 involves overexpression of MELK. 

(22) Use of a compound or a pharrnaceuticaily acceptable salt thereof according to 

any one of above-mentioned (1) to (12) in the manufacture of a therapeutic and/or 

preventive agent for a disease that involves overexpression of MELK. 
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(24) A compound represented by formula (II) or a pharmaceutically acceptable salt 

thereof: 

Ql r 1 

R4'R2 

(ID 

wherein Q1, X', X", R1', R"*, RJ, and R'' are the groups as defined in one of above-

mentioned (1) to (10) with the proviso that the groups may have one or more protecting 

groups, and X: 1 is a halogen atom. 

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

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

10 wherein, 

X! is -Nil-: 

0' is selected from the group consisting of C5-C7 cycloalkyl, phenyl, pyridyl, 

pyrazolyi, pyrimidinyl, and piperidyl; wherein Q1 is optionally substituted with one or more 

substituents independently selected from A1; 

I 5 X2 is selected from the group consisting of-CO- and -SO?-; 

R'" is selected from the group consisting ofCpCs alkyl and C3-C7 cycloalkyl, 

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

the group consisting of hydroxy and a halogen atom; 

R5 is phenyl substituted with one to three substituents independently selected from 

2.0 the group consisting of hydroxy, a halogen atom, Ci-Q alkyl, and C1-C& alkoxy wherein the 

-21 -



WO 2013/109388 PCT/US2012/071434 

alkyl and alkoxy are optionally substituted with one or more halogen atoms; 

R". Ri, and R4 axe hydrogen atoms: 

A1 is independently selected from the group consisting of hydroxy, amino, Cj-Cg 

aikoxy, Cj-Cg alkyiamino. di(Ci-C6 alkyS)amino, amino-CrCg alkyl, (Ci-Cg alkylammo)-

5 Cj-Cg alkyl, di(Ci-C« aikyljarnino-C-.-Q; alkyl, amino-Ci-Q aikoxy, (Cj-C6 alkyiamino)-

Ci-Ce alkoxy, di(Ci-C6 alkyl)amino-C 1-C6 alkoxy, hydroxy-C i-Q alkyl, (Ci-Cg alkoxy )~Cj-

Ce alkyl, carboxy-Ci-Cg alkyi, [{CrC6 alkoxy)carbonyl]-Cj-C6 alkyl, carbamoyl-Ci-Cg 

alkyl, [N-(Ci-Ce alky f)carbamoyl]-C]-C(, alkyi, [N,N-di(Ci-C(> a!kyl)carbamoyl]-Ci-C6 alkyi, 

(Ci-Cg alkyl)carbonylamino, N-(C]-Q alkyl)carbonyl-N-(Ci-C6 alkyl)amino, pyrrolidinyl, 

10 piperidyl, and piperazinyi; 

wherein the pyrrolidinyl. piperidyl, and piperazinyi defined as A1 are optionally 

substituted with a substituent selected from the group consisting of Cj-C6 alkyl, amino, Ct-

Cs alkyiamino, di{Ci~C.$ alkyl)amino, hydroxy, Ci-Cg aikoxy, pyrrolidinyl, piperidyl, and 

piperazinyi; and 

15 wherein the alkyl moiety of the group defined as A1 is optionally substituted with a 

substituent selected from the group consisting of amino, Cj-Ce alkyiamino, di(C[-Cg 

alkyiamino, hydroxy, Cj-Cg aikoxv, pyrrolidinyl, piperidyl, and piperazinyi. 

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

represented by formula (I): 

or a pharmaceutically acceptable salt thereof, wherein, 

X1 is -NH-; and Q! is selected from the group consisting of C5-C7 cycloalkyl such 

as cyciohexyi and pyridyl; wherein Q! is optionally substituted with one or more 

substituents independently selected from A1; 
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A! is independently selected from the group consisting of hydroxy, amino, C]-Q 

alkoxy, CrCs alkyiamino, di(Ci-C6 alkyl)amino, amino-Ci-Gs alkyl, (Cs-C6alkyfamino)-

C|-Q alkyl, di(Cj-C<s alkyl)amino-Cj~C6 alkyl, axoino-Ci-Q alkoxy, (C-.-Q alkyiamino)-

Ci-Cs alkoxy, di(CrC6 alky!)ammo-CrC6 alkoxy, hydroxy-Ci-Cs alkyl, (Ci-Cs alkoxyj-CV 

5 Cf, alkyl, carboxy-Cj-Cg alkyl, [(C|-C« alkoxyJcarbonylj-CpCe alkyl, carbamoyi-Ci-Cg 

alkyl, [N-(CrC6 alkyl)carbarnoyl]-CrC5 alkyl, [N,N-df(CrCs alkyljcarbamoylJ-Ci-Cfi alkyl, 

(Cj-Cg alkyljcarbonylamirto, N-(Ci-Q alkyl)carbonyl~N-(C 1-C6 alkyljamino, pyrrolidinyl, 

piperidyl, and piperazinyi; 

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

10 substituted with a substituent selected from the group consisting of CrQ alkyl, amino, Cr 

C-6 alkyiamino, di{Ci~Cg alkyljamino, hydroxy, CrQ; alkoxy, pyrrolidinyl, piperidyl, and 

piperazinyi; and wherein the alky! moiety of the group defined as A* is optionally 

substituted with a substituent selected from the group consistmg of amino, Cj-Q 

alkyiamino, di(Ci-Cfi alkyljamino, hydroxy, Q-C6 aikoxy, pyrrolidinyl, piperidyl, and 

15 piperazinyi; 

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

group consisting of Cj-Cs alkyl and C3-C7 cycloalkyl, which are optionally substituted with 

one substituent selected from the group consisting of hydroxy and a halogen atom; 

R2, R5, and R4 are hydrogen atoms; and 

20 R5 is phenyl substituted with one hydroxy and two halogen atoms. 

In one aspect of the definitions of formula (I) indicated hereinbefore, the optional 

substituent of Q1 is selected from the group consisting of hydroxy, amino, di(CrC& 

alkyljamino, C|-C<s alkyl, di(Cj-C<j alkyljamino-Ci-Cg alkyl, di(Cj-C« a!kyl)amino-C 1 -Q 

alkoxy, di(C|-C6 alkyljamino, [(amino-Cj-Cg alkyl)carbooylJamino, N-(C]-C6 

25 alkyOpiperidyi, di(Ci-C6 alkyl)amino-pyrrolidin-!-yl, amino-pyrrolidin-3 -y S, (pyrrolidin-3-

yl)-Cj-C6 alkyl, {CrC6 alkyiamino-piperidin-1 -yl, arnino-piperidin-I-yl, hydroxy-C t-C6 

alkyl, fdiCCj-Cg alkyijamino-Ci-Q alkyljamino, [4-(CrC6 alkyl)-piperazin-1 -ylJ-Ci-C6 

alkyl, (piperazin-l-yl j-Cj-Cs alkyl, pyrrolidinylcarboriyl-amioo, (hydroxy-pyrrolidin-1 -yi)~ 
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C-.-Q alkyi, morpholinyl-Ci-Cg alkyl, [N-(hydroxy-CpQ alkyl)-N-(CpCg alkyl)amino]-Cp 

Q alkyl, and (CD3)3]\LCrC6 alkyl. 

In another aspect, X1 is -NH-; and Q1 is selected from She group consisting of C5-

C7 cycloalky! such as cyciohexyl and pyridyl; wherein Q' is optionally substituted with one 

5 or more substituents independently selected from A1; 

A: is independently selected from the group consisting of hydroxy, amino, CpCe 

alkoxy, Cj-Cg alkyiamino, di(CpQ, alkyl)amino, amino-CpCs alkyl, (CpCg alkylamino)-

Ci-Ce alkyl. di(CpC6 alkyl)amino-CpCo alkvl, amino-CpCg alkoxy, (CpC6 alkyiamino)-

CpCe alkoxy, di(CpQ alkyOamino-CpQ alkoxy, hydroxy-CpCs alkyl, (CpCg alkoxy)-Cp 

10 C(, alkyl, carboxy-CpC* alkyi. [(C rC6 alkoxy)earbony!j-Cj-Ce alkyl, carbamoyl-CpCa 

alkyl, [N-(CpCg aikyl)carbamoyl]-C 1 -Cg alkyl, [N,N-di(€pC6 alkylJcarbamoylj-CpQ alkyl, 

(CpCg alkyljcarboaylamino, N-CCpCs alkyl)carbonyi-N-(C'pCs alkyl)amino, pyrrolidinyl, 

piperidyl, and piperazinyi; 

wherein the pyrrolidinyl, piperidyl, and piperazinyi defined as A1 are optionally 

15 substituted with a substituent selected from the group consisting of CpCg alkyl, amino, C>-

Cf, alkyiamino, di(CpCft alkyljamino, hydroxy, CpC& alkoxy, pyrrolidinyl, piperidyl, and 

piperazinyi; and 

wherein the alkyl moiety of the group defined as A' is optionally substituted with a 

substituent selected from the group consisting of amino, CpC5 alkyiamino, di(CpC6 

20 aIkyl)amino5 hydroxy, CpC« alkoxy, pyrrolidinyl, piperidyl, and piperazinyi. 

In another aspect, X1 is -NH-: Q1 is selected from the group consisting of 

cyclohaxyl and pyridyl represented by the following formulae: 

RS^N R6L/\ 
!! j J 

and '»>/! 

wherein Rfcl is amino-piperidin-3 -yl, (CpCg aikvl)amino- piperidin-l-yl and di(Cp 

25 Cg alkyl)amino-CpC6 alkyl; and R6'' is selected from the group consisting of di(CpCg 

alkyljamino, and di(CpC6 aikyj)amino-CpQ, alkyl. In one embodiment, R6i is 3-amino-
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piperidin-l-yl and Kv2 is dimethylamino, or dimethyiamino-methyl. 

In one aspect, X1 is a direct bond; and Q1 is selected from the group consisting of 

5-membered nitrogen-containing aromatic heterocyclyi such as pyrroiyi, pyrazolyi, and 

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

5 pyrrolidinyl, piperidyl, piperazinyi, and morpholinyl in which the nitrogen atom of the 

heteroaryi or heterocyclyi attaches to the naphthyiidine ring; wherein Q® is optionally 

substituted with one or more substituents independentiy selected from A:. 

in still another aspect, Xs is a direct bond; and Q5 is selected from the group 

consisting of 5-membered nitrogen-containing aromatic heterocyclyi such as pyrroiyi, 

10 . pyrazolyi, imidazolyl, and 3-to 3G-membered nitrogen-containing non-aromatic 

heterocyclyi such as pyrrolidinyl, piperidyl, piperazinyi, and morpholinyl in which the 

nitrogen atom of the heteroaryi or heterocyclyi attaches to the naphthyiidine ring; wherein 

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

A1 is independentiy selected from the group consisting of hydroxy, amino. Cj-Cg 

15 aikoxy, C;-Cg alkyiamino, di(C|-Cg alkyl)amino, amino-Cj-Cg alkyl, (Cj-Cg alkylarnino)-

Ci-Ce aikyl, di(Cs-Cg alkyl)amino-C|-C6 alkyi, amino-Ci-Cg alkoxy, (Q-Cg alkylamino)-

Cj-Q alkoxy, di(C|-Cg alkyl)amino-Cj-Cg alkoxy, hydroxy-C j-Cg aikyl, (Cj-Cg alkoxy)-Ci-

C6 alkyl, carboxy-Ci-Cg aikyl, [(C|-C;, alkoxy)carbonyl]-Ci-Cg aikyl, carbamoyl-Cj-Cg 

alkyl, [N-iCj-Cg alk.yl)carbamovl]-C|-Cg alkyl, [N,N-di(C|-Cg alky{)carbamoylJ-Cj-Cg alkyl, 

20 (Ci-Cfi alkyj)carbony!amino, N-(CrCg alky l)carbonyl-N-(Ci-Cg alky!)amino, pyrrolidinyl, 

piperidyl, and piperazinyi; 

wherein the pyrrolidinyl, piperidyl, and piperazinyi defined as A1 are optionally 

substituted with a substituent selected from the group consisting of Cj-Cg aikyl, amino, Cj-

Cg alkyiamino, di(Cj-Cg alkyl)arnino, hydroxy, Cj-Cg alkoxy, pyrrolidinyl, piperidyl, and 

25 piperazinyi; and wherein the alkyl moiety of the group defined as A' is optionally 

substituted with a substituent selected from the group consisting of amino, Cj-Cg 

alkyiamino, di(CrCg alkyljamino, hydroxy, C\-C6 alkoxy, pyrrolidinyl. piperidyl, and 

piperazinyi. 
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In one aspect, X" is selected from the group consisting of -CO-; and R: 1 is selected 

from the group consisting of C;-C6 alky! and C}-C7 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®1 is selected from the group consisting of 

methyl, hydroxymethyl and cyclopropy!, 

hi one aspect, R5 is phenyl substituted with one hydroxy and two halogen atoms. 

In another aspect, R3 is selected froro the group consisting of 3,5-dichloro-4- hydroxyphenyl, 

3,5-dif1uoro-4-hydroxyphenyI, and 3-chloro-5-fluoro-4-hydroxyphenyf. 

3 0 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: 

1 -(6-chloro-4-{/ra«s-4-[(dimethyiainino)methyl]cyclohexylamino}-l,5-

naphthyridin-3- yi)ethanone; 

15 1 -{6-(3,S-dichloro-4-hydroxyphenyl)-4-[?rar?s-4-

(diniethyianiinojcyclohexylaniiiio]- 1,5-naphthyridin-3-yl} ethanone; 

i-{6-(3-chloro-5-fluoro-4-hydroxypheny!)-4-[<raas-4-(diimethylaniioo)cyclohexyl-

amino]-1,5-naphthyridin-3-yI} ethanone; 

cyclopropy l(6-(3,5-dichioro-4-hydroxyphenyl)-4-{irans-A-

20 [(dimethylaminojmethyi]- cyclohexylamino}-i,5-naphthyridin-3-yl)methanone; 

(6-{3-chloro-5-fluoro-4-hydroxyphenyl)-4-{/raM.y-4-

[(dimethylamino)methyl)cyclo- hexysamino]- 3,5-naphthyridin-3-

y!}(cyc!opropyl)snethanone; 

l-{6-(35S-dichloro-4-hvdroxyphenyl)-4-({/ro«5-4-[(dimethy!aniino)methyl]cycio-

25 bexyl}amino)-l,5-i!aph!liyridin-3-yl}ethanone; 

l-{6-(3-chloro-5-fluoro-4-hydroxypheny!}-4-({fra«5-4-

[(dimethylaraino)methyl]cycio- hexyl}amino)-l,5-naphthyridin-3-yl}ethanone; 

I-(6-(3-ch]oro-4-hydroxy-5-me!hoxyphenyl)-4-{»'a»s-4-[(ditnethylamino)methylJ-
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cyc!ohexylamino}-3,5-naphthyridin-3-y])ethanone; 

1 -[6-(3,5-dichloro-4-hydroxyphenyl)-4-({/r«ws-4-[2-

(dimethylamino)ethyl]cyclohexyl}- amino)-3,5-naphthyridiii-3-yl]et3ianone; 

l-(6-(3-chioro-5-fluoro-4-hydroxyphenyJ)-4-{lra«s-4-[2-(dirnethyiamino)elhyl]-

5 cyclohexylamino}-l,5-naphthyridin-3-yl)et!iaiione; 

1-(4-{fra»s-4-[(dimethyiamino)methyl]cyclohexy3amifio}-6-[4-hydroxy-3-

(trifluoro- methoxy)pheny!]-1,5-naphthyridin-3-yi)ethanone; 

2,6-dichloro-4-(8-{/r«3OTJ-4-[(dimethy3amino)methyI]cyclohexylamino}-7-(methyl-

sulfonyl)-1,5-naphthyridin-2-yl)phenol; 

10 6-(3-chioro-5-fluoro-4-hydroxyphenyI)-4-( {trans-4-

[(diraethyiamino)methyijcycio- Siexyi}amino)-3-methylsulfonyl- 1,5-naphthyridine; 

6-{3-chloro-4-3iydroxy-5-methoxypbet)y])-4-{*raras-4-

[(dfmethyiamino)methyl]cyclo- hexy!amino}-3-methylsulfony!-l,5-naphthyridine; 

2,6--dichloro-4-{8-[i,ra«j-4-(dimethylamino)cycfohexylamino|~7-(methy!sulfonyl)-

15 3,5- naphthyridin-2-yl} phenol; 

2,6-dichloro-4-(8-(4-((dimethy!amino)rnethy3)phenyIamino)-7-(methylsulfonyl)-

3,5- naphthyridin-2-yl)phenol; 

2-ehloro-4-(8-(4-((dimethyjamino)methyI)pbenylarnino)-7-(methylsulfonyl)-l ,5-

naphthyridin-2-yl)-6-f3uorophenol; 

20 2-chloro-4-(8-(4-((dimethylaiifiino)methyl)phenylatnino)-7-(inetby]sii]fony1)-1,5-

naphthyridin-2-yl)-6-methoxyphenol; 

i -(6-(3,5-dichloro-4-hydroxyphenyl)-4-(3-(2-(pyrrolidi o-1 -yi)ethyl)pbenylamirio)-

i,5-naphthyridin-3-yl)ethanone; 

1 -(6-(3-chioro-5-f1iioro-4-hydroxypheny])-4-(3-(2-(pyrrolidin-i-yl)ethyl)pheE!yi-

25 amino)-1,5-naphthyridin-3-yf)ethanone; 

I -(6-(3,5-d!chloro-4-hydroxyphenyl)-4-{6-(2-(dimethylan)ino)-ethoxy)pyridin-3-

yl- amino)-1,5-naphthyridin-3-y!)ethanone; 

l-(6-(3-chloro-5-fluoro-4-hydrQxyphenyl)-4-(6-(2-(diimethylamino)ethoxy)pyridin-
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3-ylamino)-1,5-naphthyridin-3-yl)ethanone; 

1-(6-(3-chloro-4-hydroxy-5-methoxyphenyl)-4-(6-(2-

(dimethylamino)ethoxy)pyridin- 3-ylamino)-l,5-naphtliyridin-3-yl)ethanone; 

2,6-dichloro-4-(S-(6-(2-(dimethylamino)ethoxy)pyridin-3-ylamino)-7~ 

5 (methyisulfonyl)-] ,5-naphthyridin-2-yl)phenol; 

2-chloro-4-(8-(6-(2-(dimethylamino)ethoxy)pyridin-3-ylaiiiino)-7-

(methylsulfonyl)- 3,5-naphthyridin-2-yl)-6-fluorophenol; 

2-chloro-4-( 8-(6-(2-(dimethy]amino)ethoxy )pyridin-3-ylamino)-7-

(methylsulfonyl)- l,5-naphthyridin-2-yl)-6-methoxyphenol; 

10 1-(6-(3,5-dichloro-4-hydroxyphenyl)-4-((l-methylpiperidia-4-yl)methy!am!no)-

1,5- naphthvridin-3-yl)ethanone; 

l-(6-(3,5-dichIoro-4-hydroxypheriy])-4-(frfl?js'-4-((d!methylamino-d6)-

methyl)cyclo- hexylamino)-1,5-naphthyridin-3-yl)ethanone; 

l-(6-(3,5-dichloro-4-hydroxyphenyl)-4-(4-(2-(dimethylamino)-

15 efhyBphenylaminoj- 1,5-naphthyridiri-3-yl)ethanone; 

!-(6-(3-chloro-5-fluoro-4-hydroxypheny!)-4-(4-(2-

(dimethylamino)ethyl)phenylamino)-l,5-naphthyridin-3-yl)ethanone; 

I -(6-(3-chloro-4-hydroxy-5-methoxyphenyl)-4-(4-(2-

(dimethylamioo)ethyl)phenyl- amino)-l,5-naphthyridin-3-yi)ethanone; 

20 2-ch!oro-4-(8-(»*flKS-4-(dimethyiamii!o)cyclohexylamino)-7-(methylsuifonyl>l>S-

naphthyridin-2-yl)-6-fluorophenol; 

1 -(6-(3,5-dichloro-4-hydroxyphenyl)-4-( 1 -(1 -methylpiperidin-4-yI)-1 H-pyrazol-4-

yl- amino)-1,5-naphthyridin-3-yl)ethanone; 

J-(6-(3,5-dichloro-4-hydroxyphenyl)-4-(4-((4-methylpiperazin-l-

25 yl)methyl)pheny!- amino)-!,5-naphthyridin-3-yi)ethanone; 

1 -(6-(3-chloro-5-fluoro-4-hydroxyphenv l)-4-{4-((4-methylpiperazin--1 -y l)methy !)-

phenylam ino)-1,5-naphthyridin-3-yi)ethanone; 

l-(6-(3,S-dichloro-4-hydroxyphenyl)-4-(4-(2-(pyrroIidin-l-yl)ethyi)piperid«n-i-y!)-

-28-
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l,5-napbthyridin-3-yl)ethanone; 

1 -(6-(3-chioro-5-fluoro-4-hydroxyphenyl)-4-(4-(2-(pyrrol id in-1 -yl)ethyi)piperidin-

1- yI)-l,5-naphthyridin-3-yl)etbanone; 

l-(6-(3,5-dichioro-4-hydroxyphenyl)-4-(6-(2-(dimethylamino)ethylamino)pyridin-

5 3- ylamino)-l,5-naphthyridin-3-yl)ethanone; 

l-(6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-(6-(2-(dimethylamino)ethylamino)-

pyridin-3-ylamino)-l,5-naphthyridin-3-yl)ethanone; 

(S)-(4-(6-{3-aminoptperidin-l-yl)pyridin-3-ylamino)-6-(3,5-dichloro-4-hydroxy-

phe!iyi)-l,5-naphthyridin-3-yi)(cyciopropyl)methanone; 

10 l-(4-(2-(3-aminopyrrolidin-l-yi)pyrimidin-5-ylamino)-6-(3,5-dich!oro4-hydroxy-

phenyl)-1,5-naphlhyridin-3-yi)ethanone; 

1 -(4-{*ra»s-4-[(dimethylaraino)methyl]cyclohexylaniino} -6-(lH-pyrazoi-4-y!)-l ,5-

naphthyridi n-3 -y i )eth anone; 

15 (hydroxymethyl)cyciohexyi]amino}- i ,5-naphthyridin-3-yl)ethanone; 

1 -[6-(3,5-dich!oro-4-hydroxyphenyl)-4- {trans-A-

[(dimefhylarnino)methyl]cyciohexyl- amino}-!,5-naphthyridin-3-yl]-2-hydroxyethanone; 

i -{6-(3,5-dichloro-4-hydroxyphenyl)-4-[( 1 -methylpiperidin-4-y l)amino]-! ,5-

naphthyridin-3 -y i} ethanone; 

20 l~{6-(3~chloro-5-f!uoro-4-hydroxyphenyi)-4-[(l-methylpiperidin-4-yl)amino]-l,5-

naphthyridin-3-y 1} ethanone; 

l-(6-(3,5-dich!oro-4-hydrox.yphenyl)-4-{[;ram'~4-(morphoiinornethyi)cyc!ohexyl]-

amino}- 1,5-naphthyrid in-3-yl)ethanone; 

1 -[6-(355-dichloro-4-hydroxyphenyl)-4-(/rara-4- {[(2-

25 hydroxyethyl)(methyl)arnino]- methyl}cyclohexyiamino)-! ,5-naphthyridin-3-yl]-ethanone; 

1 -[6-(3-chloro-5-f1uoro-4-hydroxypbenyl)-4-(;raws-4- {[(2-hydroxyethyl)(methyl)-

amino]methyl}cyclohexylamino)-l35-naphthyridin-3-yl]-ethanone; 

l-(5-(3,5-d3fluoro-4-hydroxyphenyl)-4-{/'r<3T;j-4-

-(6-(3,5-dichloro-4-hydroxyphenyI)-4-{[/r««,?-4-

- 29 -
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phenyl)-1,5-naphthyridin-3-y3)ethanone; 

!-(4-{[6-(3-aminopiperidin-!-yi)pyridin-3-yi]amino}-6-(3~chloro-5-fliioro-4-

bydroxy- phenyl)-1,5-naphthyridin-3-yl)ethanone; 

l-{4-[?ra«y-(4-afninocyclohexyl)ammo]-6-(3,5-dichloro-4-hydroxyphen.yl>l,5-

5 naphthyridin-3-yl} ethanone; 

l»{4-[irara^(4-aminocyclohexyl)amino]-6-(3-chloro-5-fluoro-4-hydroxypheny])-

1,5- riaphthyridin-3-yj) ethanone; 

1 -(6-(3-cbloro-5-fluoro-4-hvdroxyphenyl)-4- {/raws-4-[(4-methylpiperazin-1 -yl)-

metftyi]cyclohexylamino}-J,5-naphthyridin-3-y3)ethanone; 

10 N-(*raras-4- {[3 -acetyl-6-(3-chIoro-5-fluoro-4~hydros.yphenyi)-1, S-naphthyridin-4-

ylj- amino}eycloliexyl)-2-ainino-3-methylbutaJiamide; 

l-{6-(3,5-dichloro-4-hydroxyphenyl)-4-jyraw,s-4-(piperaz:in-1-ylmethyl)-

cyciohexyl- amino]-1,5-naphthyridin-3-yl}ethanone; 

(S>- 3 -(4- {[6-(3-arninopiperidin-1 -yl)pyridin-3-y!]amino}-6-(3,5-dichforo-4-

15 hydroxy- phenyl)-1,5-naphthyridin-3-yi)ethanone; 

(S)-l-{4-{[6-(3-aminopiperidin-l-yl)pyridin-3-yI]amino}-6-(3-chIoro-5-fluoro-4-

hydroxyphenyl)-1 ,5-naphthyrid in-3-y!)ethanone; 

N-{irawa-4-[3-acety!-6-(3,5-dichloro-4-hydroxyphenyl)-]j5-naphthyridin-4-

ylamino]- cyclohexyl}-2-aminopropanamide; 

20 'N-{4-[3-acetyl-6-(3-chloro-5-fluoro-4-hydroxyphenyl)-l?5-napht3iyridin-ira«s-4-

yl- amino]cyclohexyl)-2-aminopropanamide; 

(S)-N- }4-[3-acetyl-6-(3,5-dichloro-4-hydroxyphenyl)- i ,5-naphthyridin-ftms-4-yl-

amino]cyclohexyl}pyrroiidine-2-carboxamide; 

(S)-N- {4-[3-acetyl-6-(3-chforo-5-fluoro-4-hydroxypheny 1)-1,5-naphthyridm-irims;-

25 4- ylamiiio]cyclohexy!}pyrrolidine-2-carboxaniide; 

! -(6-(3-hydroxypyrro!idin-1 -y S)-4- {trams-4-[(3-hydroxypyrrolidin-1 -

y])methyi]eyc3o~ hexy lamino}-1,5-naphthyridin-3-yl)etbanone; 

1 -{6-(pyrroiidin-3-yl)-4-[/raTO-4-(pyrrolidin-] -ylmethyl)-cyclohexyiamino]- 1,5-

-31 • 
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naphthyridin-3-yl} ethanone; 

N-{//*<jH5-4-[3-acetyl-6-(3>5-dichloro-4-hydroxyphenyl)-l,5-naphthyridtn-4-

ylamino]- cyclohexyl}-2-amitio-3-rnethylbufanainide; 

cyclopropyl{6-(3,5-dichloro-4-hydroxyphenyl)-4-|>ms-4-

5 (dirnethylamino)cyc]ohexyl- amino]-l,5-naphthyridin~3-yi}methanone; 

I-[6-(3-ch[oro-5-fluoro-4-methoxypheny!)-4-{»"a«j-4-[(dimethylamino)methyi]-

cyelohexyiamino}-l,5-naphthyridin-3-y!]ethanone; 

1 -{4- {/nms-4-[(dimethylam ino)methyl]cyclohexylam ino) -6-( 1 H-pyrrolo[2,3-b]-

pyridin-5-y!)-1,5-naphthyridin-3~y!)ethanone; 

iO (S)-{4-[6-(3-aminopiperidin-l-yf)pyridin-3-yIamino]-6-(3-chloro-5-fluoro-4-

hydroxy- phenyl)- l,5-naphthyridin-3-yl}(cyclopropyl)methanone; 

I -(4-1 /ra?Js-4-[(dimethylammo)methyl]cyclohexylamino} -6-(4-methoxypheny i)-

1,5- naphthyridin-3-yl iethanone; 

l-[6-(3,5-dichioro-4-methoxyphenyl)-4-{/ra«i'-4-

15 [(dimethylam ino)metbyi]cyclohexyl- amino) - ls5-naphthyridin-3-y1]ethanone; 

l-{4-{iraw-4-[(dimethylamino)methyl]cycIohexylamino}-6-(6-hydrox.ypyridin-3-

yl)- 1,5-naphthyridin-3-yl)ethanone; 

5-{7-acety!-8-{/rans-4-[(dimethy!amino)methyl]cyclohexylamino}-l,5-

naphxhyridin-2- yl)picolmonitrile; 

20 1 -(4-{/rara-4-[(dimethylamino)methyl]cyclohexylaminc}-6-(4-hydroxyphenyi)-

1,5- naphthyridin-3-yl)ethanone dihydrochloride; 

l-[6-(355-dichloro-4-hydroxyphenyf)-4-{[?rara-4-

(dimethy!amino)cyclohexyl]methyl- amino}-1,5-naphthyridin-3-yl]ethanone; 

1 -[6-(3-chlon>5-fluoro-4-hydroxyphenyl)-4- {[*ra«s-4-

25 (dimethylamino)cyclohexyl]- methylarnino}-l,5-naphthyridin-3-yl]ethanone; 

1 -[6-(355-dichloro-4-hydroxyphenyl)-4-(/ra«A-4-hydroxycyc!ohexyIamino)-l ,5-

naphthyri d i n-3 -yi ] ethanone; 

3 -[6-(3-chloro-5-f!tioro-4-hydroxyphenyl)-4-(ira»s-4-hydroxycyc!ohexyiamino)-
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l,5-naphthyridin-3-yl]ethajnone; 

l-{6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-({c«-4-[(dimethyiamino)methyl]-

cyclohexyl}amino)-l,5-naphthyridin-3-yl}ethanone; 

l-{6-{3,5-dich]oro-4-hydroxypheny!)-4-({cjs-4-[(dimethyIamino)methyl]-

5 cyciohexyl}amino)-l,5-naphthyridin-3-yl} ethanone; 

{R)-l-{4-[6-(3-aminopiperidiri-l-yl)pyridin-3-ylamino]-6-(3,5-dichJoro-4-hydroxy-

phenyl)-S ,5-naphthyridin-3-yl}ethanone; 

(R)-l-{4-[6-(3-arninopiperidin-l-yl)pyridin-3-ylarnirio]-6-(3-chioro--5-fluorQ-4-

hydroxyphenyl)-l,5-naphthyridin-3-yl} ethanone; 

10 and pharmaceutically acceptable salts thereof. 

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

represented by formula (I) or a pharmaceutically acceptable salt thereof, which is selected 

from the group consisting of the following compounds: 

l-(6-(3,5-dichlQro-4-hydroxyphenyl)-4-((4-(dimethylamino)cyclohexyl)amino)-

15 1,5- naphthyridin-3-yl)ethanone; 

cyclopropyl (6-(3»5-dichloro-4-hydraxyphenyl)-4-(4-((dijmethylamino)rneUiy!)-

cyclohexylam ino)-1,5-naphthyridin-3-y!) methanone; 

(6-(3-chloro-5-fluoro~4-hydroxyphenyl)-4-(4-((dimetby1amino)methyl)cyclobexyl-

amino)-1,5-naphthyridin-3-yl) (cyclopropy!) methanone; 

20 l-(6-(3,5-dich!oro-4-hydroxyphenyI)-4-((4-((dimethylamino)methyl)cyclohexyl)-

amino)-3,5-naphthyridin-3-yl) ethanone; 

1-(6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-((4-

((dimethylamino)methyl)cyc!ohexyl)- amino)-1,5-naphthyridin-3-yl) ethanone; 

l-(6-(3,5-dichloro-4-hydroxyphenyl)-4-((4-(2-(dimethyIamino)ethyi)cyclohexyl)-

25 amino)-l,5-naphthyridin-3-yr) ethanone; 

(4-(6-(3-aminopiperidin-l-yl)pyridin-3-yIamino)-6-(3,5-dichloro-4-

hydroxyphenyl)- l,5-naphthyridin-3-yl)(cyciopropyl)methanone; 

l-[6-(3,5-dichloro-4-hydroxyphenyl)-4-{fra»j-4-[(dimethylamino)methyl]cyclo-

-33-



WO 2013/109388 PCT/US2012/071434 

hexy tam ino}-] ,5-naphthyridin-3-yl]-2-hydroxyethanone; 

l-(4-(6-(3-amiDopiperidin-!-y!)pyridin-3-ylaitiino)-6-(3,5-dichloro-4-

hydroxyphenyl)- 1,5-naphthyridin-3-yt)ethanone; 

l-(4-(6-(3-aminopiperidin-I-yl)pyridin-3-yIamino)-6-(3-chloro-5-f!uoro-4-

5 hydroxy- phenyl)-!,5-naphthyridin-3-yl)ethanone; 

l-(4-(6-(3-aminopiperidin-!-yi)pyridin-3-y]arnino)-6-(3,5-dichioro-4-hydroxy-

phenyl)-1,5-naphthyridin-3-yl)e(iianone; 

{4-[6~(3-aminopiperidin-l-yl)pyridin-3-yiamino]-6-(3-chloro-5-fluoro-4-hydroxy-

phenyl)-1 ,5-naphthyridin-3-yi} (cyclopropy!) methanone; 

10 1 - {4-[6-(3-aminopiperidin-1 -yl)pyridin-3-ylamino]-6-(3}5-dich ioro-4-hydroxy-

pbenyl)-l,5-«apljthyEidi!i-3-yi}e!liartofie, 

l-{4-[6-(3-aminopiperidin-l-yl)pyridin-3-ylamino]-6-(3-chloro-5-f]uoro-4-

hydroxyphsnv!)-1,5 -naphthvridi n-3-yi} ethanone; 

and pharmaceutically acceptable salts thereof. 

! 5 According to one aspect of the invention, there is provided a process for preparing 

a compound of formula (I): 

G-X1 

R5._.N.. ,-L ,xt 

N R2 

R° (1) 

or a pharmaceutically acceptable sait thereof according to any one of above-mentioned (1) 

to (12), wherein X1 is -NH-; arid X'4, R'R2, R', and R4 are the groups as defined in any one 

20 of above-mentioned (1) to (10) or in the other descriptions hereinbefore, which comprises: 

reacting a compound represented by formula (IV): 

- 34 -



WO 2013/109388 PCT/US2012/071434 

34' | IN n 
r-,3 

(IV) 

wherein X", R", R2, R~, and R* are the groups as defined hereinbefore, with the 

proviso thai the groups may have one or more protecting groups; and X1! and Xu are 

independently selected from a halogen atom such as a chlorine atom; with a compound 

represented by formula (V); 

Q'-NH2 (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 (II): 

Qlx, 
V'1 -NYVX-R!1 

^ N* R2 

R" (31), 

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

preparing a compound of formula (I): 

Ql fl 

RS N 1 v2 

^K11 

R4 T^N'' 'R2 

R3 (I) 

or a pharmaceutical!}' acceptable salt thereof according to any one of above-mentioned (1) 

to (11), wherein X! is -NH-; is phenyl optionally substituted with one or more 

substituents independently selected from A3; and Q1, X1, X2, Rn, R', R5, and R4 are the 

groups as defined in one of above-mentioned (1) to (10) or in the other descri ptions 

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

X12 

X . .. . N R* 
R3 (IV) 

wherein X2, RiS, R2, R3, and R4 are the groups as defined hereinbefore, with the 

proviso that the groups may have one or more protecting groups, and X" and Xu are 

S independently selected from a halogen atom such as a chlorine atom; with a compound 

represented by formula (V): 

Q'-NH2 (V) 

wherein Q1 is the group as defined hereinbefore, with the proviso that the groups 

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

(31); and 

reacting a compound represented by formula (13): 

'1 

XU,N.X,X;D11 

R4"^ N ^R2 

\liJ 

wherein Q1, X!, X2, R'1, R2, RJ, and R'! are the groups as defined above, with the 

proviso that the groups may have one or more protecting groups, and X1 'is a halogen atom; 

with a compound represented by formula (III): 
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numbers. It must be noted that as used herein and in the appended claims, the singular 

forms "a", "an", and "the" include plural reference unless the context clearly dictates 

otherwise. Thus, for example, reference to a "group" is a reference to one or more groups, 

unless otherwise noted. 

5 In the definitions of each of the groups of formulas indicated above, the "Ci-Q 

alkyi", and the CrC$ alkyl portion of "Cs-C6 alkoxy", "Cj-Cg alkyiamino", "difCrCe 

aikyi)arrnno", (Cj-Cg aikyi)carbonyi and the like mean a straight-chain or branched-chain 

aikyl group having one to six carbon atoms. Specifically, examples of the "C]-C& alkyi" 

and the "Ci-Cg alkyi portion" include methyl, ethyl, propyl, isopropyl, butyl, isobutvl, sec-

10 butyl, tert-butyl, pentyL 1-methylbutyl, ]-ethyipropy{, 2-methylbutyl, isopentyl, tert-pentyl, 

1,2-dhrtethylpropyl, neoperiiyl, hexyl, 3-rnethyipentyi, 1-ethylbulyl, 2-rnethylpentyl, 3-

methylpentyi, 4-methyIpentyl, isohexyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl, 1,3-

dimethylbutyl, 1 -isopropylpropyl, 1 -ethyl-1 -methylpropyl, 2,3-dimethyibutyl, 3,3-

dimethylbutyl, 2,2-dimethylbutyI, 2-ethylbutyl, and 3-ethylbutyl, but are not limited thereto. 

15 The "Cj-Q alkenyl". and the Qs-Qs alkenyl portion of "Co-Cf, aikenyloxy" and the 

like mean a straight-chain or branched-chain alkenyl group having two to six carbon atoms 

and one to three double bonds. Specifically, examples of the "Cj-Cg alkenyl" and the "Ci-

Cg aikeny! portion" include ethenyl (vinyl), 1-propen-i-yl, 2-propen-l-yl (ally!), propen-2-

yl, 1-buten-l-yl, 2-buten-1-yl, and 1,3-but-dien-l-yl, but are not limited thereto. 

20 The "C2-C6 alkynyl", and the C2-C6 alkynyl portion of "Cj-Cg alkynyloxy" and the 

like mean a straight-chain or branched-chain alkynyl group having two to six carbon atoms 

and one to three triple bonds. Specifically, examples of the "Ci-Cg alkynyl" and the "CV 

Q; alkynyl portion" include ethynyl, 1-propyn-l-yl, 2-propyn-l-yl (propargyl), propyn-2-yI, 

1-butyn-l-yl, 2-butyn-l-yl, and 1,3-but-diyn-l-yl, but are not limited thereto. 

25 In this specification, the Cj-Ce alkyi portion in each group has the same definition 

as the aforementioned "Cj-Cg alkyl portion" unless otherwise noted. In a case that a group 

contains plural CrQ alkyl portions, the CV-C'6 alkyl portions may be same or different. 

Specific examples of "Cj-Gs alkoxy" include methoxy, ethoxy, propoxy, 
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isopropoxy, isobutyloxy, tert-butyioxy, butoxy, pentyioxy, and hexyloxy, but are not limited 

thereto. 

The "Cj-Cg alkoxycarbonyi" refers to a monovalent group represented by -

C(~0)0-{C]-C6 alkyl). Specific examples ofCi-Cg alkoxycarbonyi" include 

5 methoxycarbonyl, ethoxyearbonyl, propoxycarbonyl, isopropoxycarbonyl, 

isobutyloxycarbonyl, tert-butoxycarbonyi, butoxycarbonyl, pentyloxycarbonyl, and 

hexyloxycarbonyi, but are not limited thereto. 

The "(Cr-Ce alkyl)carbonyl" refers to a monovalent group represented by -C(—O)-

(Cj-Q alkyl). Specific examples of "Ci-Cg alkylearbonyl" include methylcarbonyl {i.e. 

10 acetyl), ethylcarbonyl, propylcarbonyl, isopropylcarbonyl, isobutylcarbonyl, tert-

butylcarbonyl, butylearbonyl, pentylcarbonyl, and hexylcarbotiyl, but are not limited thereto. 

Specific examples of "Ci-Cs alkyiamino" include methylamino, ethylamino, 

propylamine, isopropylamino, butylamino, isobutylamino, sec-butylamino, and tert-

butylamino, pentylamino, but are not limited thereto. 

15 The alkyl portions of "difCj-Ce alkylJamino" may be same or different. Specific 

examples of "di(CrCb alkyl)amino" include dimethylamino, diethylamino, dipropylamino, 

diisopropylamino, dibutyiarnino, diisobutylamino, di(sec-bufyl)ani ino, di(tert-butyl)amino, 

dipentylamino, ethyl(methyl)atnmo, propyl(methyl)amino, isopropyl(methyi)aniirio, 

butyl(methyl)amino, isobutyl(methyl)araino, sec-butyl(methyl)am ino, tert-

20 buty!(methy!)amino, and pentyl(methyl)amino, but are not limited thereto. 

The formula: -S(0)nRi9 represents -SRiv (n=0), -SOR19 (n=l), and -SCbR19 (n-2), 

and the examples include "Ci-Ce alkylthio" such as methylthio, ethyithio, and isopropylthio, 

"Cj-Cg alkylsulfonyl" such as methylsulfonyl, ethylsulfonyl, and isopropylsulfonyl, and 

"CpCfi alkylsuifmyf" such as methylsulfinyl, ethylsulfinyl, and isopropylsulfinyl, but are 

25 not limited thereto. This will apply to definitions of the formulae -S(0)„R2', and -8{0)rR3'. 

Specific examples of "a halogen atom" include a fluorine, a chlorine, a bromine, 

and an iodine atoms. 

The term "C3-C10 cycloalkyl" refers to a saturated monocyclic hydrocarbon group 
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having three to ten carbon atoms, and a bridged cyclic hydrocarbon group having four to ten 

carbon atoms which is formed when two or more saturated monocyclic hydrocarbons share 

two or more carbon atoms. The term "CJ-CJO cycloalkyl" also encompasses a cycloalkyl 

group condensed with an aromatic or non-aromatic carbocyclic ring to form a bicyclic 

5 group. Specifically, examples ofCj-Cjo cycloalkyl" include saturated monocyclic 

hydrocarbon groups such as cyclopropy!, cyclobutyl, cyclopentyl, cyciohexyl, cycloheptyl, 

and cyclooctyl, and bridged cyclic hydrocarbon groups such as adamantyi, but are not 

limited thereto. 

The term "Cg-C-.o aryl" refers to an aromatic carbocyclic. group having six to ten 

10 carbon atoms, and encompasses an aromatic carbocyclic group condensed with an aromatic 

or non-aromatic carbocyclic ring to form a bicyclic group. Specific examples include 

phenyl, 1-naphthyl, 2-napbthyl, and 2,3-dihydro-lH-indenyl, but are not limited thereto. 

The term "5- to 10-membered heteroaryi" refers to an aromatic heterocyclic group 

having one or more heteroatoms, preferably one to three heteroatoms, selected from the 

15 group consisting of a nitrogen atom, an oxygen atom, and a sulfur atom. The term "5- to 

10-membered heteroaryi" encompasses an aromatic heterocyclic group condensed with an 

aromatic or non-aromatic carbocyclic ring or an aromatic or non-aromatic heterocyclic ring 

to form a bicycl ic group, and also encompasses an aromatic carbocyclic group condensed 

with an aromatic or non-aromatic heterocyclic ring to form a bicyclic group. Specific 

20 examples include fury!, thienyi, pyrroiyi, imidazolyi, pyrazolyi, oxazolyl, isoxazolyl, 

oxadiazoiyl, thiazolyl, isothiazolyl, thiadiazolyl, triazolyl, tetrazolyl, pyridyl, pyridazinyl, 

pyrimidinyi, pyrazinyl, triazinyl, benzofuranyl, benzothiophenyl, benzoxazolyl, 

benzothiazolyl, isoindolyl, indolyl, lH-indazolyl, benzimidazolyl, benzotriazolyi, 

oxazolopyrimidinyl, thiazolopyrim idinyl, pyrroiopyridinyl, pyrrolopvrirnidinyl, 

25 imidazopyridinyl, purinyl, quinoiinyl, isoquinolinyl, cinnolinyl, phthalazinyl, quinazolinyl, 

quinoxalinyl, naphthyridinyi, pyridopyrimidinyl, [1,2,4] triazolo[ 1,5-a]pyridyl, arid 

pyrrolo[2,3-b]pyridyI, but are not limited thereto. Particularly, thienyi, pyrroiyi, 

imidazolyi, isoxazolyl, pyridyl, pyrimidinyi, pyrazolyi, lH-indazolyl, benzimidazolyl, 

•• 42 •• 
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[ 1,2,4 jtriazoio[3,5-aJpyridyi, or pyrrolo[2,3-b]pyridyl is preferred. 

The term "3- to ] 0-membered non-aromatic heterocyclyi" refers to a non-aromatic 

heterocyclic group having one or more heteroatoms, preferably one to three heteroatoms, 

selected from the group consisting of a nitrogen atom, an oxygen atom, and a sulfur atom. 

5 The term "3- to 10-membered non-aromatic heterocyclyi" encompasses a non-aromatic 

heterocyclic group condensed with an aromatic or non-aromatic carbocyclic ring or an 

aromatic or non-aromatic heterocyclic ring to form a bicyclic group, and also encompasses 

a non-aromatic carbocyclic group condensed with an aromatic or non-aromatic heterocyclic 

ring to form a bicyclic group. Specific examples include aziridinyl, azetidinyl, 

10 pyrrolidinyl, piperidyl (including piperidino), azepanyl, 1,2,5,6-tetrahydropyridyi, 1,2,3,6-

tetrahydropyndyl, imidazolidinyl, pyrazolidinyl, piperazinyi, homopiperazinyl, pyrazoiinyl, 

oxiranyl, tetrahydrofuranyl, tetrahydro-2H-pyranyl, 5,6-dihydro-2H-pyranyl, oxazolidinyl, 

morpholinyl (including morpholino), tetrahydrothiophenyl, tetrahydro-2H-thiopyranyl, 

thioxazolidinyl, thiornorpholinyl, 2H-oxazolyl, 2H-thioxazoIyl, dihydroindolyl, 

15 dilsydroisomdolyi, dihydrobenzofuranyl, benzoimidazofidinyl, 2,3-dihydrobenzimidazoiyl, 

2,3-dihydrobenzoxazoiyl, dihydrobenzothioxazolyl, benzodioxolinyl, tetrahydroquinolyl, 

tetrahydroisoqutnolyl, dihydro-2H-c-hroinanyl, dihydro-1 H-chromanyl, d ihydro-2H-

thiochromanyl, dihydro- ll-l-thiochromanyl, tetrahydroquinoxalinyl, tetrahydroquinazolinyl, 

dihydrobenzodioxanyl, oxetanyl, 1,2-dihydropyridyl, 1 -azabicyclo[2.2.2]octan-3-yl, 2,5-

20 azabicyclo[2.2.1 jheptyl, 8-azabicyclo[3.2.1 joctyl, piperidin-4-spiro-3'-pyrrolidin-1 -yl, and 

isoindolyl, but are not limited thereto. In particular, azetidinyl, pyrrolidinyl, piperidino, 

piperidyl, piperazinyi, morpholino, morpholinyl, 1,2-dihydropyridyl, 1,2,5,6-

tetrahydropyridyl, l-azabicycio[2.2.2]octan-3-yl, 2,5-azabicycio[2.2.1 jheptyl, 8-

azabicyc!o[3.2.1 joctyl, 2,3-dihydrobenzimidazolyl, or piperidin-4-spiro-3'-pyrrolidin-1 -yl 

25 is preferred. 

The term "3- to 10-membered nitrogen-containing heterocyclyi" refers to an 

aromatic or non-aromatic heterocyclic group having one nitrogen atom and one or more 

additional heteroatoms, preferably one to three heteroatoms, selected from the group 
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consisting of a nitrogen atom, an oxygen atom, and a sulfur atom. The term "3- to 10-

membered nitrogen-containing heterocyclyi" encompasses a heterocyclic group condensed 

with an aromatic or non-aromatic carbocyciic ring or an aromatic or non-arontatic 

heterocyclic ring to form a bicyciic group. Specific examples include aziridinyl azetidinyl, 

5 pyrroiyi, pyrrolidinyl, piperidyl (including piperidino), azepanyl, imidazolyi, pyrazolyi, 

triazolyl, tetrazolyl, piperazinyi, and morpholinyl. 

Specific examples of "(C3-C10 cycloaikyi>C|-C6 alkyi" include (C3-C:o 

cycIoaikyl)-Cj-C2. alkyl, namely (C3-C10 cycloalkyll-methyl such as cyclopropyimethyl, 

cyclobutyimethy!, cyclopentylmethyl, cyclohexylmethyl, cycioheptylmethyl and 

10 cyclooctylmethyl; 1 -(C3-C to cycloalkyl)-ethvl such as 1 -cyclopropy I ethyl, 1-cyclobutylethyl, 

1 -cyclopentylethyl, 1-cyclohexylethyi, 1-cycloheptylethyl and 1-cyclooctylethyl; and 2-(C3-

C,o cycioaikylj-ethyl such as 2-cyclopropylethyl, 2-cyclobutylethyf, 2-cyclopentyiethyl, 2-

cyciohexylethyL 2-cycloheptylethyl and 2-cyciooctylethyl. Specific examples of "(Ce-Cjo 

aiyl)-Ci-C6 alkyl" include (Q-Cie aryi)-C]-C2 alkyl, namely (Q-Cio aryij-methyl such as 

15 benzyl, 2-phenylethyl and i-phenylethyl. Specific examples of (5-to 10-membered 

heteroaryl)-CrC6 alkyl include (5- to 10-membered heteroaryiyCi-C'2 alkyl, namely (5- to 

10-membered heteroaryIVmethyl such as pyridylmethyi, namely pyridin-2-ylmethyi, 

pyridin-3-ylmethyl, and pyridin-4-ylirnethy!. Specific examples of "(3- to 10-membered 

non-aromatic heterocyciyl)-C-,-C6 alkvl" include namely (3- to 10-membered non-aromatic 

20 heterocyciyi)-Cs-Cj. aikyl, (3- to 10-membered non-aromatic heterocyclyi)-meihy! such as 

piperidylmethyl, namely piperidin-1 ~yImethyl (i.e. piperidinomethyl), piperidin-2-ylmethyI, 

pipendin-3-yImethyl, and pipendin-4-ylmethyl; piperazmylmethyl, namely piperazin-1-

ylmethyl, and piperazin-2-ylmethyl; and morphol inylmethy 1, namely morpholin-2-ylmethyl, 

morphoIin-3-ylmethyl, and morpholin-4-yhnethyl (i.e. morpholinomethyl). 

25 Specific examples of amino-Cj-Cg alkyl include ammomethyi, 1 -aminoethyl, 2-

aminoethyl, 1-aminopropyl, 2-aminopropyl, 3-aminopropyi. Specific examples of (Ci-Q, 

alky!amino)-C|-Cg alkyi include (methylaminoJ-Ci-Cg alkyl such as (methylamino)methyl, 

1 -(meihy!amino)ethyl, 2-(methylamino)ethyl, l-(methylamino)propyl, 2-
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(methylamino)propyl, 3-(methy3amino)propyl, and (Cj-Q aikylaminoj-methyl such as 

(methylamino)methyi, (ethylan: ino)methyl, (propylamino)methyi, (isopropy!amino)methy!, 

(butyiamino)methy], (isobutylamino)methyl, (sec-butylamino)metbyl, (tert-

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

5 examples of di(Ci-Ce alkyDaoiino-Cj -Cg alkyl include (dimethylammo)-Ci-Ca alkyl such as 

(dimethylamino)methyl, l-(dimethylamino)ethyl, 2-(dimethylamino)ethyl, 1 -

(dirnethylamino)propyl, 2-(dimethylamino)propyl, 3-(dimethy!amino)propy!, and dI(Cs-C-6 

alkyl)amino--methyl such as (dimcthylamino)methyl, (diethyiamirio)rnethyL 

(dipropylarnino)methyl, (diisopropy!amino)methy3, (dibutylamino)methyl 

10 (diisobutylamino)methyi5 [di(sec-butyl)amino]-methyI, [(tert-butyl)amino]methyl, 

(dipen{ylamino)rriethyl, [ethyl(methyl)amino]methyl, [propyl(methyl)amino]methyI, 

[isopropyl(methyl)amjno]methyl5 [butyI(methyi)amino]methyl, 

[isobutyl(methy!)amtno]methyl, [ sec-buty l(tnethyl)arriino]methyl, [tert-

butyl(methyl)amino]methyl, and [pentyl(methyl)ainino]methyl, but are not limited thereto. 

15 Specific examples of amino-C)-C& alkoxy include aminomethoxy, 1-arainoethoxy, 

2-aminoethoxy, 3-aminopropoxy, 2-aminopropoxy, 3-aminopropoxy. Specific examples 

of (C)-C6 alkyiaminoi-Ci-Q alkoxy include (methyJamino)-Ci-C6 alkoxy such as 

(methylamino)methoxy, l-(methylamino)ethoxy, 2-(methyIamino)ethoxy, 1-

(methylamino)propoxy, 2-(methylamino)propoxy, 3-(methylamino)propoxy, and (C|-C6 

20 alkylaminoVmethoxy such as (methyiamino)methoxy, (ethy!amino)methoxy, 

(propylamino)methoxy, (isopropylamino)methoxy, (butytamino)methoxy, 

(isobutylamino)metboxy, (sec-butylamino)methoxy, (tert~butylamino)methoxy, and 

(pentyiamino)meihoxy, but are not limited thereto. Specific examples of di(C)-C6 

alkyl)amino-CrC6 aikoxy include (dimethylaminoj-Ci-Cg alkoxy such as 

25 (dimethylamino)methoxy, 1 -(dirnethyIamino)etfioxy, 2-(dimethy fam ino)ethoxy, 1-

(dimethylamino)propoxy, 2-(dimethylamino)propoxy, 3-(dimethylamino)propoxy, and 

di(Ci-Q alkyl)amino-methoxy such as (dimethylammo)methoxy, (diethylamino)methoxy, 

(dipropyiamino)raethoxy, (diisopropylamino)metboxy, (dibulyiasninotmethoxy. 
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(diisobutylamino)methoxy, [di(sec-butyl)amino]-methoxy, [di(tert-bu{yr)amino]methoxy, 

(dipentylam jno)methoxy, [ethyl(methyl)amino]niethoxy, [propy](n)ethyl)aminojmethoxy, 

[isopropyl(rnethyl)amino]methoxy, [butyi(methyl)amino]methoxy, 

[isobuty!(methyI)aminoJniethoxy» [sec~buty!(methy!)amino]methoxy, [tert-

5 butyi(methyl)amino]metboxy, and [pentyl(methyl)amino]niethoxy, but are not limited 

thereto. 

Specific examples of hydroxy-Ci-Cg aikyl include hydroxymethyl, 1 -hydroxyethyl, 

2-hydroxyethyl, 1 -hydroxypropyl, 2-hydroxvpropyl, 3-hydroxypropyl. Specific examples 

of (CVC-6 alkoxy)-€]-€(, alkyl include methoxy-CpQ alkyl such as methoxymethyl, 1-

10 (methoxy)ethyl, 2-(methoxy)ethyl, l-(methoxy)propyl, 2-(methoxy)propvl, 3-

(melhoxy)propyl, and (Cj-Cg alkoxy)-tnethyl such as (methoxy)methyl, (ethoxy)methyl, 

(propoxy)methyl, (isopropoxy)rneshyl, (butoxy)methyl, (isobutoxy)methyl, (sec-

butoxy)methyl, (test-butoxy)methyl, and (pentoxy)methyl; but are not limited thereto. 

Specific examples of carboxy-Ci-C6 alkyl include carboxymethy!, 1-carboxyethyl, 

15 2-carboxyethyl, 1-carboxypropyl, 2-carboxypropyl, and 3-carboxypropyl, but are not 

limited thereto. Specific examples of [(C) -Cg alkoxy)carbonyl]-C i -C<s alkyl include 

methoxycarbonyl-C; -Q alkyl such as methoxycaibonyl-methyl, 1 -(methoxycarbonyl)ethyl, 

2-(methoxycarbonyl)ethyl, 1 -(methoxycarbonyl)propyl, 2-(methoxycarbony!)propyl, and 3-

(rnethoxycarbonyl)propyk and [(Cj-Q alkoxy)carbonyl]-methyl such as 

20 (methoxycarbonyl)rtiethyl, 1 -(methoxycarbony !)ethyi, 2-(methoxycarbonyl)ethyl, 1-

(methoxycarbonyl)propyl, 2-(metboxycarbonyl)propyl, and 3-(rnethoxycarbony!)propyl; but 

are not limited thereto. 

Specific examples of carbamoyl-Ci-Q alkyl include carbamoylmethyl, I-

carbamoyletliyl, 2-carbamoylethyl, 1 -carbarnoylpropyl, 2-carbamoylpropyl, and 3-

25 carbarnoylpropyl, but are not limited thereto. Specific examples of [N--(CI-C6 

alkyljcarbamoylj-Ci-Cft alkyl include N-methylcarbamoyl-CrCg alkyl such as N-

methylearbamoyl-methyl, l-( N-methyicarbamoyl)ethyl, 2-CN-methylcarbamoyl)ethyI, 1-

(methyicarbamoyl)propyl, 2-(N-methylcarbamoyl)propyl, and 3-(N-
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(raethyl)amino, N-isobutylcarbonyl-N-(methyl)amino,N-tert-butylcarbonyl~N-

(metbyl)arsiino, N-butyicarbonyl-N-{methyl)amino, N-pentylcarhonyl~N-{methyl)amino, 

and N-hexyfcarbonyl-N-(tnethy!)a3mino, but are not limited thereto. 

Specific examples of 5- to 7-membered cyclic boronic acid ester are indicated by 

5 the following formulae: 

Pharrnaceuticaily acceptable salts of compound (1) mean, for example, 

pharmaceutically acceptable acid-added salts, amino acid-added salts, or such. Specific 

examples of the pharmaceutically acceptable acid-added salts of compound (I) include 

10 inorganic acid salts such as hydrochloride, sulfate, and phosphate, organic acid salts such as 

acetate, maleate, furoarate, citrate, and such, and examples of pharmaceutically acceptable 

amino acid-added salts include addition salts such as of lysine, glycine, phenylalanine, 

asparagine acid, or glutamic acid. Particulaly. Pharmaceutically acceptable salts of 

compound (I) inciude hydrochloride salt, dihydrochloride salt, and trihydrochioride salt. 

15 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 leukemia (CML), colorectal cancer, endometriosis, esophagus cancer, gastric 

20 cancer, liver cancer, non-small cell lung cancer (NSGLC), lymphoma, osteosarcoma, 

ovarian cancer, pancreatic cancer, prostate cancer, renal carcinoma and small eel! lung 

cancer (8CC), 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 

25 cancer, NSCLC, lymphoma, osteosarcoma, ovarian cancer, pancreatic cancer, prostate 

cancer, renal carcinoma and SCC, but are not limited thereto. 
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Compound (I) includes compounds which may have stereoisomers such as 

regioisomers, geometrical isomers, optical isomers, and tautomers, and all possible isomers 

including them and mixtures thereof are included in the present invention. 

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

5 or radio isotopes such as ZHS JB, ,JC, "*€, ,SN, lsO and the like, which can be preprared in 

line with comventional procedures for preparing a compound with one or more isotopes 

indicated above. 

Furthermore, compound (I) and pharmaceutically acceptable salts thereof may exist 

in a form of solvate with water (hydrate) or various other solvents, and these solvates are 

30 also included in the present invention. 

Specific examples of Compound (I) of the present invention are shown in Table 1. 

However, compounds of the present invention are not limited thereto. 
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Table 1 

Example 
No. Streets* re Name ESI MS 

(m/z) 

1 

\N/ 

kCI 
vvV-

l-(6-Cbloro-4-{trans-4-[(dimethylarrtino)-

methyl)cyclohexylammo}-! ,5-

naphthyri din-3-yi)- ethanone 

361.1 

2 

A ' 
/"' \ -2HCJ 

-J. xxc6x 
J -{6-(3,5-Dichl0i'0-4-hydr0xypheiiy!)-1-

[trans-4-(dimethylamino)cyclohexy!-

amino]-3,5- naphthyridin-3-y!} ethanone 

dihydrochloride 

473.1 

3 

i 

-2HCI 

3 - (6-(3-Chloro-5-fluoro-4-

hydroxypheriy i)-4-[ trans-4-

(dimethyiamino)cye!ohexyl amino]- 3,5-

naphthyridin-3-yl j ethanone 

dihydrochloride 

457.1 

4 

•2HCI 

0 

U..J v 

Cyclopropyi(6~(3,3-dichioro-4-

hydroxypheny!)-4-{trar.s-4-

[(dimethylarnino)metbyl]-

cyclohexylaroino}- i ,5-naphthyridin-3-

yl)methanone dihydrochloride 

513.1 

5 

] *2HCI 

- iTX 
xxCi^'-

(6-(3-Chloro-5-fUioro-4-hydroxyphenyi)-

4-{ trans-4-[(dimethylamino) methyl)-

cyclohexyl- amino]-! »5-naphthyridin- 3-

y 1} (cyciopropyljmethsnone 

dihydrochloride 

497.1 
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6 

Ci '*yN -2HCI 

HCV'^-|i o 

I - {6-(3,5-Dichloro-4-hydroxy phenyl)-4-

({trans-4-[(dimethyiamino)methy!j-

cyclohexyI}amino)-! ,5-naphthyridm-3-

yl }ethanor.e dihydrochloride 

487,1 

-7 

\ n 
•2HCI 

1 V!^l \-Av, 0 
X l H 1 l 

ci"' ^ \ 

kAy 

l-{6-(3-Cbloro-5-fluoro-4-

hydroxyphenyi}-4-{ {lrans-4-

S(dirriethy;airiino)methy!]cyclohexy:}-

amino)-1,5-naphthyr!din-3-yl} ethanone 

dihydrochloride 

471.2 

8 

I -2HCI 
° S^i 

f'°"VA, P/'S* ,> 

--,r 

1-(6-(3-Chioro-4-hydroxy-5-

methoxyphenyl)-4-{trans-4-

[(dimethylamino)rnethyl]cyelohexyl-

amino} - L 5-naphthyridin-3-yl )ethanone 

dihydrochloride 

483.2 

9 

1 
<2 HQ 

-xX't'X 
1 -[6-{3,5-Dichloro-4-hydroxyphenyl)-4-

({trans-4~[2-(dimethyIamino)e thyi]-

cyclohcxv!} amino)-1,5-naphthyridin-3-

yljethanone dihydrochloride 

501.1 

10 

\ 
\ 
'\ «2HC1 •U, 1X ' 

X] 'JH O 

II v 1 Jl 
\ j? 

i -(6-(3 -Chloro-5-fluoro-4-hydroxy-

phenyl)-4-{trans-4-[2-(dimethylairiino)-

ethyi'jcyclohexyl amino}- i.5-

rmphthyridin-3-yJ)ethanone 

dihydrochloride 

485.1 
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1 -(4- {trans-4-[(Dimethy ianrinojmeihyll- 1 
V./\ *2HCi cyclohexyiamino}-6-l4-hydroxy-3-

11 
N / V / i k--S p (trifluoramethoxy)- phenyl]-! ,5- 503.1 | 

'^r r v naphthyridin-3-yl)ethanone 
i | 

F 

dihydrochloride 

to' 

I 2,6-D:chloro-4-(8- {trans- 4-

T 

A ! | -2 HC! [(diniethylamino)methy!]-

12 O- , i, V V V Y V 

L X J 
cyc!ohexy!amino}-7-(mcthylsulfbnyl)-

l,5-naphthyridin-2-yl)pheno! 

dihydrochloride 

523. S 

S 6-(3-Ch!oro-5-fiuoro-4-hydroj<yphenyl)-

L 
f 

1 

*2HO 
4-({trans-4-[{dimethylamino)-

13 HOv iv, r i A As* 
0 0 ! \// methyllcyclohexyl}- am i no)-3 - 507.1 /• 

CI-' 

A As* 
0 0 ! \// 

methyIsuifonyl-1,5- naphthyridiiie 

A As* 
0 0 ! \// 

dihydrochloride 

\ 6-(3-Chlorci-4-hydroxy-5-methoxy-

? 
•:•!•; i 

"VP phenyl)-4-{trans-4-[(dimethylamino)-

14 
1-!C v—- X.. i °^° 

V' ^ v U^J 
methyI]cye!ohexylamino}-3-methy!- 519.1 

"v,. 

v—- X.. i °^° 
V' ^ v U^J sulfonyl- i ,5-naphthyridine 

dihydrochloride 

--
! 

' r"~\ 
( / -2HC1 

2,6-Dich!oro-4-{ 8-[trans-4-

CI 

1 

! 
' r"~\ 
( / -2HC1 ('uimethylamino)cydohexy]«rnino]-7~ 

15 "0. o. V « 1 V 
Y" ••••*': 'V 

1 j j 
(methylsulfonyl)- i ,5-naphthyridin-2-

yljphenol dihydrochloride 

509.1 

-52-
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T -2HCI 
2,6-Dichlcro-4-(8-{4-[(dimethy lamino)-

i 
i 

16 X XI 
>\ "* 0 0 

1 II M i. V 

j '2HC! 

methyl]phenyiamino}-7-(methyl-

suifonyl)-1,5-naphthyrirfm-2-y!)phenoi 

dihydrochloride 

2-Ch!oro-4-(8-{4-((dimethyiamino)-

517.1 

17 ! Y"\ 1T^ "X-^X T' f, ™ 0, o 
• li „ 1 V x v' v~ 

X^x^X 

melhyl)pheriy]amino)-7~(methy'su!fonyl)-

l,5-riaphthyridin-2-yl)-6-fluoropherio! 

dihydrochioride 

501.0 

18 

1 . -2HC 
" "vX'*x 

v ^--X 
V5^ >1 NK r, r, 

\ ! 1 "V J"X M ^-X-c - ^ T T ^ 
V--- "-N-

2-Chloro-4-(8-(4-((dimethylamino)-

methy i)pheny lamino)- ?-(methyl suifony 1)-

\ ,5-naphthyridm- 2-vi)-6-melhoxyphenoi 

dihydrochioride 

513.1 

X~X \K/' i -(6-(3,5-Dichioro-4-hydroxypher.yI)-4-

19 
X *2HG 

C! \ 

SvXv,,,. , 
II . 1' 1 

c--" VY-" 4v'''"*y-\ 
X X 

{3-(2-(pyrrol idin- i -yi)cthy1)phenyl-

arnino)-1,5-naphthyridin-3-yl)etharione 

dihydrochloride 

521.1 

( } 
N i 

l-(6-(3-Chloro-5-fluoro-4-hydroxy-

20 
""N 

i °2HCi 

f fA 
^<A o 

/VWy^ 
A'-X,X 

phcnyl)-4-(3-(2-(pyrroltdin- i -yl)-

ethyi)phenylamino)-I,5-naphthyridin-3-

yi)ethanone dihydrochloride 

505,2 
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j 

A vHG 
i -(6-(3,5-Dichloro-4-hydroxyphenyl)-4-

23 ? "Vs) 
^> s 

(6-(2-(dimethyfamino)ethoxy)pyridin- 3-

y!amino)-l,5-naphthyridin-3-yI) ethanone 

dihydrochioride 

512.1 

22 

'2HOi 
6. N, 

-r1] Q> , 
''V'XXX"'' 

"N*^ 

l-(6-(3-Chioro-5-fluoro-4-hydroxy-

phenyi)-4-(6-(2-(dimethyiamino)ethoxy)-

pyri diri-3 -ylamino)- i ,5-naphthyridin-3 -

yi) ethanone dihydrochloride 

496.1 

23 

^'NX | 
"x, '2HC! 

6, N. 
0 

HC'-- I 
>, ^ "NH 0 

- A Jk .V X X. ' ~ IXX 

i-(6-(3-ChlorG-4-hydrcxy-5-methoxy-

phenyi)-4-(6-(2-(diinethylarrtino)eihoxy)-

pyridin- 3-ylamino)-l,5-naphthyrid!n- 3-

yi)ethanone dihydrochioride 

508.1 

X^' 
i \ \ 

j -HCI 

J I -1 
"X " > 0 0 I 1 „ L V 

" v XXX"" N-" 

2,6-Dichloro-4-(8-(6-(2-(diiiisthyi-

24 

X^' 
i \ \ 

j -HCI 

J I -1 
"X " > 0 0 I 1 „ L V 

" v XXX"" N-" 

amino)ethoxy)pyridin-3-y!amino)-7-

(methyisulfony!)-] ,5-naphthyridin-2-y!)-

pheno! hydrochloride 

548.0 

i \ \ 2-Chioro-4-( 8-(6-(2-(dim ethyl amino)-

2.5 V\ *2HCl 
1 1 1 K'K -ck 

X"^ X N" 0 0 

fAxrV^ 
LA^X 

ethoxy)pyridiri-3-ylamino)-7-

(methyisuifonyi)- 1,5-naphthyridin-2-yl)-

6-fliiorophenoi dihydrochioride 

532.1 

- 54 -
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1 

/ \ / 
/ 

G__
_ 

I 1 (. 1 

l-(6-(3-Chloro-4-hydroxy-5-

methoxypheny])-4-(4-(2-(diiriethyl-

31 | "Y^I ° amino)eihyl)phenylaraino)-3,5-

naphthy ridin-3-yi) ethanone 

491.1 

1 dihydrochioride 

i / i 2-Chloro-4-{8-(tratis-4-(dimethyfamirio)-

1 n / N *2HCi 
•59 1 J*£ f >1 NH o 2 

cyclohexyiamino)-7-(methylsuIfonyl)-

J,5-naph.thyridin-2-yi)-6-fluorophenol 
493.0 

! UJ ! dihydrochioride 

| \ o 
i \ 
1 o '2HC3 

"2 7 1 i / !i 
I VA-! NH 0 

i ,>**>. '"^v -A ! * f T T 
i ^ N ! 

!-(6-(3,5-Dichloro-4-hydroxyphenyi)-4-

(1 ~{3 -methyIpiperidin-4-y!)-1 H-pyrazoi-

4-yIamino)- i ,5-naphihyridiri-3-yi) 

ethanone dihydrochioride 

511.1 

i 
| ! 
1 >v 
i f 
i i i 

I \X l-(6-(3,5-Dichloro-4-hydroxyphenyl)-4-
| -3HC! 

34 i Yl HO, .}. 'L 
| ^ -NH 0 

(4-((4-methyipiperaz!n- i-yi)roethy!)-

phenyiamino)-l,5-naphthyridin-3-yl) 
536.1 

| aAA/\AA ethanone trihydrochioride 

/ 
\ 

\ 
/ 

I-(6-(3-Chloro-5-fluoro-4-hydroxy-

F •JHU 

35 | " 1 1 
! Vs V\„ 0 

i kX ^ X X | c: ' v' Y' '''-y ' | ~x 
I 

phenyl)-4-;4-i(4-niethyipiperazin-I -yi)-

methyl )pheny lamino)-1,5-naphthyridin-
520.1 

F •JHU 

35 | " 1 1 
! Vs V\„ 0 

i kX ^ X X | c: ' v' Y' '''-y ' | ~x 
I 

3-y!) ethanone trihydrochioride 
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O 
N 

1 

: 

1 -(6-(3, 5-Dichloro-4-hydroxypheny i)-4-

36 CI 

*2 HQ 

| 

(4-(2-(pyrrolidin-1 -yi)et!iyi)piperidin-1 -

yi)-1.5- naphthyridin-3-yl)ethanone 
513.2 j 

^y"'-W''ST^'Xx- dihydrochioride 

i ">v 

(N,/ 
1 i-(6-(3-Chiorc-5-fiuoro-4-hydroxy-

37 

^v. »2H:CI J. 
CJ 

phenyi)-4-(4-(2-(pvTrolidin-1 -yl)ethyi)-

piperidin- i -yi)- S ,5-naphthyridin-3~yi)-
497.1 

ethanone dihydrochioride 

\ \ 
IS" -s i -(6-(3,5-Dichloro-4-hydroxyphei!yl)-4-

38 
H\ KI '-1HCI XX 

NH O 

(6-(2-(dimethy!araino)ethylaraino)-

pyridin-3-ylamino)-1.5-riaphthyridin- 3-
511.1 

l,vAA UJ 
\ 

j 
HN 

*3 HQ 

yi) ethanone trihydrochioride 

l-(6-(3-C'hloro-5-fluoro-4-hydroxy-

phenyl)-4-(6-(2-(dirriethylamino)ethyl-

39 \ J, 
\n O 

amino)pyridin-3-yi amino)-1 ,5- 495.1 

\ / 
\ \ 0

 TYV" 
X ^<>' rj-<^ 

riaphthyridin-3-yl) ethanone 

trihydrochioride 
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40 

-3HC! 

:i%. 

(S)-(4-(6-(3-AmirK)piperid!n-l-yl)-

pyridin-3-ylamino)-6-(3,5-dich!oro- 4-

hydroxypheny!)-1,5-naphthyndin-3-

yi)(cyciopropyi) methanone 

trihydrochioride 

549.1 

41 
\_-J -3HCS 

r V) :o0y. 
{-(4-(2-(3-Aminopyrrolidin-l-y!)-

pyrimidin-5-ylamino)-6-(3,5-dichloro- 4-

hydroxyphenyi)-1,5-naphthyri din-3-

yi)ethanone trihydrochioride 

510.1 

42 

•>» 
1-(4-{trans-4-[(Dimethyia!nino)methy!3-

cyclohexylarnino}-6-( 1 H-pyrazoi-4-yl)-

l,5-naphthyridin-3-y])ethanone 

trihydrochioride 

393.2 

43 iSn 
*^jrioA 

t -(6- {3,5-Dichloro-4-hydroxyphenyi)-4-

[trans-4-(hydroxymethy])cyciohe>;yi]-

amino}- i,5-naphthyridin-3-yi) ethanone 

hydrochloride 

460.1 

44 
k,. *2HCi 

' AoY'" 
i-[6-(3,5-DichIorc-4-hydroxyphenyl)-4-

{tra!is-4-[(dimethylamino)rnethylj-

cyciohexylamin.o} -1,5-naphthyridin-3-

yi]-2-hydroxye1hanone dihydrochloride 

503.1 

- 58 -
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r D l-{6-(3,5-Dich!oro-4-hydrQxypheriy!)-4-

45 Yl t I 
XXX 

[(l-ir,ethylpipendin-4-y!)amino]- 1,5-

naphthyridin-3-y!} ethanone 

445.1 

t X} 1 -{6-(3-Chloro-5-fluoro-4~hydroxy-

46 'XAaR' 
phenyl)-4-[(3-methyipiperidiri-4-yl)-

amino]- S ,5-naphthyri din-3-y! 5 ethanone 

429.0 

0 l-(6-(3,5-D;c.hlcro-4-hydroxypheny1)-4~ 

47 

>• 
-Js'XX . 

{}trans-4-(morphoiinomethyl)-

cyclohexyV]-amino(-3,5-naphthyridin- 3-

yi)ethanoiie 

529,1 

l-[6-(3,5-Dichloro-4-hydroxyphcny!)- 4-

a '2HC1 

X I X 
Y >; ''^H o 

jAiAyAy^/S. 

(trans-4-{[(2-hydroxyethvl)-

48 

a '2HC1 

X I X 
Y >; ''^H o 

jAiAyAy^/S. 

(methyl)amino]methyl}-

cyciohexylamifio)-L5-naphthyridiiv3-

ySjethanone dihydrochloride 

517.1 

f - [6-(3 -Chloro-5 -fl uero-4-hydroxy-

L ^ -2HC1 
1 I 1 

phenyl)-4-(trans-4- {[(2-hydroxyethy 1)-

49 •••^'' '';j "HH 0 

P^v^x^*<iY^sV'i'v 

Xx^x 

(methyl)amino]methyi}cyclohexyl-

amino)-!,5-naphthyridin-3-y1]ethanone 

dihydrochloride 

500.1 
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55 

kv--~-N *3HO 

l-(6-(lH-Benzo[d]imidazol-5-y])-4-

{trans-4-[(dimethylarnino)meihyl]-

cyclohexyiamino}-

!,5-naphthyridin-3-y1)etha!ione 

trihydrochioride 

443.3 

56 

"3HCI o.gv 
1 - {4- [4-(tvans-4-Di methyiamino)-

methyicyclohexyiamino]-6- (pyridin-4-

v 1)-1,5-naphthyridin-3-yl} elhanone 

trihydrochioride 

404.2 

57 3-.. CUH 
^•kKj 

5-(7-Aeety i-8-{trar,s-4-[(dimethyl-

amino)meihyl]cyclohexy(amlno}- 1,5-

naphthyridin-2-yi)pyrimidlne- 2-

carbonitriJe 

430.2 

58 

/ "\—^ OH CI 
1 ~(6-{3,5-Dimethyl-1 H-pyrazoi-4-yl)-4-

{lrans-4 •• [(di methyl ami tio)methy :]-

cyclohcxylaiiiiiK)}- l,5-i'iapiHhyridifi-3-

yl)ethanone trihydrochioride 

421.3 

59 

HA rF 
N "Lii3 

k ^ *2HCi 
CH3 r) 

H Vb VNH 0 
KJC'-^-'N.-' NV^<Y'^ CH3 

1-(4- (trans-4--[(Dimethylamino)methy!j--

cyclohexy lamino) -6-(4- hydroxy-3,5-

dimethyl phenyl)-l,5-naphthyridin-3-yl) 

ethanone dihydrochloride 

447.3 

- 61 
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60 

2HQ 

1 1 

1 -(6-(3,5-Dichforo-4-hydroxyphenyI)-4-

{6-[3-(dimethy lamincOpyrrolidin-1 -y 1]-

pyridin-3-ylatnino)-l,5-n£^)hthyridin-3-

yljethanone dihydrochloride 

61 

62 

63 

64 

•2 HQ 

'SV,> 

v"v 

1 - {6~(3, S-Dichioro-4- hydroxy pheny i)-4-

[trans-4-(pyrrolidin-!-ylmethyl)-

cyciohexylamino3-l,S-naphthyridin-3-

yl}ethanoric dihydrochloridc 

\ v 
*"N 

C! R,/' 
..A. X/••••,, 

v.HC! 

X 
'NH O 

JL A 

.N. 
A A 

•3HG 

J. i. 
j? X- ^ '•"TVH 0 

l-(6-(3-Ch]oro-5-fluoro-4-hvdroxy-

phcnyl)-4- {[trans-4-(pyrro!idin- i -yl-

rnethyl) cyclohexyiamino}- 1,5-

naphthyridin-3-y l)ethanone 

dihydrochioride 

I -(6-(3,5-Dich!oro-4-hydroxyphenyi)-4-

{trans-4-[(4-methy!pip«amin-1 -yl)-

mcthyl]cyclohexy!amino}-1,5-

naphthyridin-3-yl) ethanone 

trihydrochioride 

V--« r > !i 

X A 

! -(4- {[6-{3-Aminopjperidin- i -yl)pvridin-

3-yi]aminf>(-6-(3,5-dichIoro-4-

hydroxypheny!)-I,5-naphthyridiri-3-yl) 

ethanone trihydrochioride 

•• 62 -
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A v, 

HG..^ ^A.. 

X 
V .A. ̂  

l-(4-{ [6-(3-Aminopiperidin-1 -yl)pyridin-

3-yl]arnir,o}-6-(3-chloro-5-fluoro-4-

hydroxyphenyl)- ! ,5-naphihyrldin-3-

y!)ethanone trihydrochioride 

1 2HCI 

N ^ o JL 1 1 
I T 

\ v., 

l-{4-[trans-<4-AminocyclohexyI)aminoj-

6-(3,5-d:chloro-4-hydroxyphenyl)-1.5-

naphthyridin- 3-yi}-ethanone 

dihydrochloride 

1-{4-[trans-(4-Aminocyc!ohexvl)arriino]-

6-(3-chioro-5-fluoro-4-hydroxyphenyl)-

1,5- naphthvridin-3-yl i ethanone 

dihydrochloride 

/ ") 

A J 

l-(6-(3-C'hloro-5-fluoro-4-hydroxy~ 

phenyl)-4-{trans-4-[(4-methylpiperazin-

l-yl)methyljcyclohexylamino}-l„5-

naphthyridin-3-yl)ethanone 

trihydrochioride 

X-
•2 HO 

XI 
/ 

"V NH C 

N-(trans-4- ([3-Acety!-6-(3-ch!oro-5-

fliioro-4-hydroxyphenyl)-: .5-

naphthyridin-4-yl]amino'| - cyc!ohexvi)-2~ 

amino-3- methylbutanamide 

dihydrochloride 

528.2 
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\ 
r 

l-{6-(3,5-DicMoro-4-hydroxypheny!)-4-

70 
\ -31-1(1 

HO.. X L j-.„ 

[trans-4-(piperazin-1 -y!methyl)cycio-

heixylaminoJ-l,5-naphthyricHn-3-yl} 

ethanone trihydrochioride 

528.1 | 

71 

r"~ \ 

"3HCi 

T 4. i 
HO-\ --^-v. '""" \ ^ ws o 

ji I ii 

(S)-3-(4-{[6-(3-Ammopiperidin-i-yl)-

pyridin-3-yl]amino}-6-(3,5-dich!oro-4-

hydroxyphenyi)- i ,5-riaphthyridiri-3-
523.1 

c,/ v • UU yl)ethanone trihydrochioride 

c"\ (S)-l -(4-{[6-(3-Aminopiperidin-l -yi)-

K;N \ -N *3HC1 V-'-\ pyridin-3-yijarnino}-6-{3-ch!oro-5-

71 / iL. 

C-! / /) 

^ i VA 
Xi X 1. • IIT 

^ ~~H 

fluoro-4-hydroxy- phenyl)-i,5-

naphthyridin-3-yl)ethanone 

trihydrochioride 

507.1 

W-. 

,, I. N-f irans-4-[3-Acetyi-6-(3,5-dichloro- 4-

73 
j - *2HC1 

C-! 

^ ^ "- NH C •^xry~ 
hydroxyphenyl)-! ,5-naphthyridin- 4-

ylamino]- cyciohexyl\ -2-

aminopropanamide dihydrochioride 

516.1 

- f -2HC1 N-{4-[3-Acetyi-6-(3-ehloro-5-fluoro-4-

74 a »JS 

hycvoxyphenyl)-1,5-naphthyridin- trans-

4-yi amino]- cyciohexyl}-2-

aminopropanamide dihydrochloride 

500.5 
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m---\ 

o. JL / (S)-"N-{'!-[3-Acety!-6-(3,5-dich!oro-4-

75 
c °2HCI 

] | | 
«\ J-v k A, 

K JL a- Y -<•' 
hydroxyphenyl)-1,5-naphthyridin-trans-

4-ySaminoj- cyciohexyl) pyrrolidine-2-

carboxam idea ihydrochiori de 

542.1 

K*-—, - t > (S)-N-{4-[3-Acetyl-6-(3-chforo-5- fluoro-

V 
"i «2HO 

Y"\ 
4-hydroxyphenyl)-I,5- naphthyridin-

76 c, / ^ 

Vi v"\ i >£*. X N. A Jv 

lrans-4- yl arri i no jcy c! o- 527.1 c, / ^ 

Vi v"\ i >£*. X N. A Jv hexy1} pyrrolidine-2-carboxamide 

|i I i 
-V ^ dihydrochioride 

OH cr l-(6-(3-Hydroxypyrrolidin-1 -y!)-4-{trans-

77 n "O 
h-i, \ | 
^V'vV^ 

4-[(3-hydroxypyrroHdin-l-yl)methy!3-

cyciohexyiamino} -1,5-naphthyridin-3-

yl)ethanone 

454.2 

/--w (J 
I i - {6-(Pyrroiidin-1 -yl) -4~[traiis~4-

78 ( / 
"•-"S 

/ 'I NhS C U-y,A 
V\3 

(pyrrolidin- i -ylmeShyOcyclohexyi-

aminoj-1 »5-naphthyridin-3- yl}ethanone 

422.2 

vC, N-{trrtns-4-[3-Aceiy!-6-(3,5-dichloro- 4-

| 79 
HN«, -2HC3 

„ ";rA 
no .1 'V 

.--•W- -'• S' 
cr V ::'f' 

• A ̂  M 

hydroxy phenyl)-! ,5-naphfhyridin- 4-

y lam ino}- cyciohexyl }-2-armn»-3-

methylbutanamide dihydrochioride 

544.1 

65-
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i Cycfopropyi (6-(3,5-dichioro-4-

f \ -HCl hydrcxypbenyI}-4-jtrans-4-

80 1 \ ' MC., X. V 

T1 i ! 
- - I t y v 

N 

(dimsthylatnino)- cyclohexylamino]-1,5-

naphthyridin-3- yl}methanone 

dihydrochloride 

499.1 

i 
i -[6-(3-Ch!oro-5-fluoro-4-

«2HCI 

ci ' 
methoxypheny 1 )-4- {trans-4-

81 A-,, ^"'Sm 

l X j v 
-' "N' 

[(dimethylammo)methyl]- 483.3 A-,, ^"'Sm 

l X j v 
-' "N' 

cyclohexylamino}-I,5-naphthyridiri-3-

yijethanone dihydrochioride 

82 
/==, V'^ 

a\ k .J r ] ~ r j 
^ T * 

k. ^ 
"*•>* "N" 

l-(4-{trans-4-[(Dimethylamino)methyl]-

cyclohexy!amino}-6-(tH-pyrrok»[2,3-bJ-

pyridin-5-ylV 1,5-naphthyridin-3-
yl)ethanone trihydrochioride 

443.2 

S3 

,o 
y-'-X 

CI j fl \ x t 
HO, A X--"~ \, 

,AA/VW T t ^ 

(S)-{4-[6-(3-Aminopiperidin- i-yl)-

pyridin"3-ylamino]-6-(3-ch!oro-5-fluoro-

4-hydroxyphenyl)-l,5-naphthyridin-3-

yl}(cyclopropyi) methanone 

533.1 

l-(4-{trans-4-[(Dirriethylamino)methylj-

84 
yX *2HC! 

7, ^ '-NH 0 yYy 
cydohexylamirio5-6-(4-methoxypheriyl)-

l,5-naphthyridin-3-yl)ethanone 

dihydrochloride 

433.2 

- 66 -
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i 

! -[6-(3,5-Dichloro-'1-•methoxyphenyl)-4-

85 
V -2HC; 

T I ! 
'XXXXX 

{lrms-4-[(dimethylamino)rnelhyl]-

cyclohexyiamino}-l,5-naphthyridin-3-
SOi.l 

V -2HC; 

T I ! 
'XXXXX 

yljethanone dihydrochloride 

s 1 -(4-{trans-4-[(Dimethylamino)methyi]-

86 
-2HC! 

o 

N .. 'L N JL A ^ "V VY t. A J 

cyclohcxylamino}-6-(6-hydroxypyridin-

3-yl)-1,5-naphthyri din-3-yl)ethanone 

dihydrochioride 

420.2 

| 
5-(7-Aceiyi-8-{trans-4-[(dimethyl-

87 
<^S .2HCI 

- 1 1. 
I i ... X JL 

1X7 ~ ^ -i'K 

ajTi!no)aiethyl]cyciohexyiamino j - 1 ,5-

naphthyi'idin-2.-yi)picoiij]':!r',ilrile 

dihydrochloride 

429.3 

H4-{lrans-4-[(Dimethyiamino)mcthyl]-

88 
V\ '2HCi 

MO. ^ L ).. 
X X,H 0 

L 1 ... .1 I 
~ IX 7 ' 

N" 

cycf ohexyl amino} -6-(4~hydroxyphenyl)-

1,5-naphthyridin-3-yl)ethanone 

dihydrochloride 

419.2 

1 -j 6-(3,5-Dic-h!oro-4-hydroxyphenyl )-4-

89 
f" X -2HC! 

.. 1 I 
N-S^ "S ^NH 0 

{[trans-4-(dimethylamino)cyclohexyl]-

meth)'iamino}-i,5-naphthyridin-3-
487.1 

XXsrVX-LA J 
yi]ethanone dihydrochloride XXsrVX-LA J 
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"N 

o 
l-[6-(3~Chiora-5-fluoio-4-hydrcxy-

phenyi)-4-{[trans-4-(dimethyi-

90 
CI \/ -2HCI 

A V 
'V^"" "N ~**NH 0 -urtv--

amino)cyclohexyi]mcthy!amino}-1,5-

naphthyridin-3-yl] ethanone 

dihydrochloride 

471.i 

91 

HQ. 

V"\ 
! ( / 

0 

AA\/XyArL 
V AA A x-- N 

] -[6-(3,5-Dich!oro-4-hydroxyphe!iyl)-4-

(trans-4-hydroxycyciohexylarr,ino)-1.5-

naphihyridin-3-yi] ethanone 

hydrochloiide 

430.1 

92 

T" \ HCi 

^X ^A y ""ji Nk °, 

y%y\ As. /A 
kA/1 

l-[6-(3-Chloro-5-fluoro-4-hydroxy-

pheny!)-4-(trans-4-hydroxycyc!ohcxyl-

amino)-1,5-naphthyridin-3-yl]ethanone 

hydrochloride 

446.1 

1 ••{ 6-(3-Chloro -5- ;luoro-4-

? SA "2HCi hydroxyphenyi)-4-({cis-4-

93 >K> ,,J\ k. A*. 
Y' > Q 

A A ^ I 1 F' " Y Y T * LA ̂  
|(dimcthylamino)methy]] cyciohexyl}- 471.2 >K> ,,J\ k. A*. 

Y' > Q 

A A ^ I 1 F' " Y Y T * LA ̂  amino)-1,5-naphthyridin-3-yl }ethanone 

dihydrochioride 

s-..^ / 
*N | 

1 -{6-(3)5-DichioKM-hydroxy{rfi«iyl)-4-

94 
V *2HCi 

i T ! 
! ! il ; ji 
! -

({ds-4-[(diniethylaniirio)methylj-

cyclobexyl } amino)-1,5-naphthyridin-3-

yi) ethanone dihydrochloride 

| 487.1 
i 
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95 
? / ) 

V"\„ 

.A JL ^ X 
•••-" ^ "N^*" Y" j 

-3HC! 

(R)- i ••{ 4- [6-( 3-Atninopiperidin-1 •• 

y!)pyridin-3-y!armnoJ-6-(3,5-dich!oro-4-

hydroxyphenyl)"! ,5- naphthyridin-3-

yl) ethanone trihydrochioride 

96 

201 

202 

-!,KW \ / 

, 1"\ 
JL v-'\ 

'NH O 
! !* 

,-^S. .A-. 

(R)-1 -{4-[6-(3-Aminopiperidin-1 -yi)-

pyridin-3-y!aniinoj-6-(3-t:hiQro-5-f!uoro-

4-bydroxyphenyi)-l,5-najrt«hyridm-3-

vl} ethanone 

/ N, 

H2N"' \ 

CI 
HC> 

A, 
Y 

vV ) 
\S___ X 

"NH o 
NSs i JL 

V 

n,Nv'' 

CI 
A, 

T"' \ CI 
A, V A 

NH O 

[> 

-t> 
(R)-(4-{[6-(3-airiinopiperidin-l-

y i )pyri d i n- 3-y 11 am i no } -6 -( 3,5 -

dichioro-4-hydroxyphenyi)-1,5-

naphthyridin-3-yl) 

(cyclopropy l)m ethanone 

(R)-(4-{[6-(3-aminopiperidin-l-yl) 

pyridin-3-y]]arnino}-6-(3-chloro-5-

fiuoro -4-hydroxyphenyl)-1,5-

naphthyri din-3 -y 1) (cycl opropyl) 

methanone 

203 

:H. 
H3C'N 

no. ^ 
rx> —c 

-2HC! 

.X NH O 

!-[6-(3,5-dichloro-4-hydroxyphenyl)-

4-{[trans-4-

(dimethyiamino)cyclohexyi] amino}-

! ,5-naphthyridin-3-yI)-2-

hydroxyethanone dihydrochloride 



WO 2013/109388 PCT/US2012/071434 

204 
a r> -2Ha 

1 NH 0 
pAj^NyUOlH 

1 -[6-(3-ch !oro-5-fluoro-4-

bydroxypheny3)-4-( {trans-4 -

[(dimethy lamino)methyl]cyclohexyl} 

amino)-1,5-naphthyri din-3-yl)]-2-

hydroxyethanone dihydrochloride 

487,2 

205 

lw vu, 

c, *2HC! 
: ^ / 

HO. .jK. 
Y |) NH 0 

S -[6-(3-chloro-5-fluoro-4-

hydroxypheny 1) -4-( {trans-4-

[(dimethyiamino)methyij cyclohexyi} 

arnir]o)-l,5-naphthyridm-3-

yi)]propan-l -one dihydrochloride 

484.5 

501.2 206 

H3Q 
N'"v' -/ 

CI / ^ -2HC) 
h°V^| \'H 0 

a^^YVllv/Hi 
k-AN*J 

l-[6-(3,5-dich!oro-4-hydroxyphenyi)-

4-({trans-4-[(dimethylamino)methyl] 

cyciohexyl}amino)- 5,5-naphthyridin-

3-yl)|propan-l-one dihydrochloride 

484.5 

501.2 

207 

208 

,r\ 
H.,N-\ ,w 

c,'' >"'% •-'HC1 

HO.X VA 
>1 NH 0 
JL /M„ ,X A ^CH, 

a. ^ T^: - • 

(S)-l-(4-{[6-(3-aminopiperidin-l-

yI)pyridin-3-y3]arnino}-6-(3,5-

dichloro-4-hydroxypheny])-l,5-

naphEhyridin-3-yi)propan-i-one 

trihydrochioride 

537.0 207 

208 

-VJ^I 
2 X"NVN 

Cl L 7i -3HCS 
mY^ VANH O 
rAA A. ••CH~ F 1 T ^ 

^ N 

(S)-l-(4{[6-{3-aminopiperidm-i -

y i)pyri din-3 -y 1 ] am HIo} -6-(3-chloro-5-

fluoro-4-hydroxypheny 1)-1,5-

naphthyridin-3-yl)propan-1 -one 

trihydrochioride 

521.0 

i 
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F / 
i 

209 

1 ^ 
? r i 

"Y j] 9 
a^^NV^j' CH3 

A.?' ̂  

l-[6-(3,5-dicbloro-4-hydroxyphenyl)-

4-({4-[((R)-3-fluoropyrrolidiTi-

lyl)rnethylj cyc)obexy]}amino)-3s5-

naphthyridin-3-yijethanone 

dihydrochioride 

531.0 | 

1 

(S)-(4-((6-(3-aminopiperidin-l-

yl)pyridin~3-yl)arrLino)~6~(3-chlo!'o-5-

210 
r >, •3HCi 

HSA| ^ NH 9 
/L.. j-L ,N^ 

~N" 

fluoro-4-hydroxyphenyi)-1,5-

naphthyridin-3-

yl)(cyclobutyr)methanone 

dihydrochloride 

547.2 

H3C-NX-H3 

J 
a 

HCk k k A 
7l NH O 

aJA*AA,, 
UA VJ 

(6-(3,5-dichloro-4-hydroxyphenyl)-4-

((4-

211 

H3C-NX-H3 

J 
a 

HCk k k A 
7l NH O 

aJA*AA,, 
UA VJ 

[(dimethylamino)methy!{cyciohexy!) 

amino)-1,5-naphthvridifi-3-yl) 

(cyc3obutyl)methaTiorie 

dihydrochloride 

527.1 

H3C.NXH3 

a l"f 

(6-(3-chloro-5-f!uoro-4-

hydroxypheny 1 )-4-((4-

212 
huyS "^^NH O 

Ji, .N A Y F ~ T J J X3 
((ditnethylamjno)methyl) cyclo 

hexy!) amino}- i ,5-naphthyridin-3-

yl)(cyclobutyl)mcthanonc 

dihydrochloride 

511.1 
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213 

fs] 
" *3HC! 

HO. A kA Y^A NH 0 
rAA.A:yAy-A/CH, 

] 
(S)-{4- {[6-(3-aminopiperidin-3 -

yl)pyridin-3~yl]arnino}-6-(3-chloro-5-

fluoro-4-hydroxy phenyl)-1,5-

naphthyridin-3-

yl)(cyclobutyl)methanone 

521.0 

(R)-l-(4-((6-{3-aminopiperiditi-l-

234 

HjN" V-N.. ^ 
PI T~ "]} *3HC1 »<vX A A A NH 0 

yl)pyridin-3-yl)amino)-6-(3,5-

dichloro-4-hydroxyphenyI)- 3,5-

naphthyridin-3-yl)propan-1 -one 

537.0 

trihydrochioride 

(R)-1 -(4-{ [6-(3-aminopiperidin- 3 -

215 

H,N" A-N^ _N 

? r > *3HC! 
H0Y^I! ^ 9 
CI ^ V "V A r UJ CH5 

y])pyridin-3-yl]amino}-6-(3,5-

dichloro-4-hydroxyphenyl)-1,5-

naphthyridin-3-y!)-2-methylpropan-1 -

one trihydrochioride 

535. S 

H3VCH3 

V-\ 
CI / ) -2HC! 

^AAN " 'NH 0 

aAAYYVVfli 
CH-j 

l-[6~(3,5-dichioro-5~4-

216 

H3VCH3 

V-\ 
CI / ) -2HC! 

^AAN " 'NH 0 

aAAYYVVfli 
CH-j 

hy droxypheny l)-4-( (trans-4-

[{dimethy lamino)rrsethyl]cyclohexy!} 

amino)-3,,5-naphthyridin-3-yl]-2-

methylpropan- 3 -one dihydrochioride 

515.1 

Ci / ) <2HCI 

HfSA ' "NH o 
FAA/VAA/H3 

I Av J CH, ^ N 

1 -[6-chloro-4-({trans-4-

237 
Ci / ) <2HCI 

HfSA ' "NH o 
FAA/VAA/H3 

I Av J CH, ^ N 

[(difnethyIamino)methyl]cyclohexyl} 

amino)-l,5-naphthyridin-3-yl]-2-

mcthylpropan-1 -one dihydrochioride 

498.9 
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Compound (I) and pharmaceutically acceptable salts thereof may be administered 

singly as they are; however, ordinarily, they are desirably provided as various types 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 compound (I) or a pharmaceutically acceptable salt thereof alone, or a mixture 

with any other active ingredients for treatment. Furthermore, these pharmaceutical 

formulations are produced by any methods well known 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 exeipients). 

Desirably, the route of administration most effective for the treatment is used, and 

examples include oral route, or parenteral route such as intravenous route. 

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

Tablets are appropriate for oral administration and can be produced using 

15 exeipients such as lactose, disintegrates such as starch, lubricants such as magnesium 

stearate, and binders such as hydroxypropyicellulose. 

Injections are appropriate for parenteral administration, and can be produced using, 

for example, solvents or diluents such as sait solutions, glucose solutions, or a mixture of 

salt water and glucose solution. 

20 The dose of compound (I) or a pharmaceutically acceptable sait 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 0.01 mg to 1000 mg, preferably in the range of 0.05 mg to 100 rag 

for an adult, and it is administered once to several times a day. In the case of parenteral 

25 administration such as intravenous administration, 0.001 mg to 1000 mg, or preferably 0.01 

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 compounds will be indicated 
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Scheme 2 

H,C(X _,N II ^ 'Nil 

X?'R" H3CO. 
B li 

(EtO)yCH 
chlorobenzene 

Dowthenn 
\)Kt H kR" 

.H,o: 
I I 

OH H 9H 
TMSCL Mai O^N^/^X'-R11 P0C!3 

:H,CN, reflux 

CK „N„ ,-L ^,X2-R: 

IX J 

An alternative synthetic sequence to obtain the key intermediate E is described in 

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

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

mixture of olefin isomers (Scheme 2). Intermediate G is added to hot Dow thermlM A to 

facilitate the ring closure and to yield the 1,5-naphthyridine II. Demethylation at the 6-

position of H is conducted by treatment with trimethylsilyl chloride and sodium iodide in 

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

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

15 

q x'-cv ^'-Q1 

:-R!I n-x'-Q' Ci-V N -4^.X2..Ri! conditions ^ RYN'Y^'X?"R" 

I X ^ C)R51> V;X N conditions 
-8 

"»32 K OR Formula (!) 
Formula (il) Formula (IS!) 

The formula -X'-Q is defined hereinbefore, such as C5-C7 cycloaikylamino, 

phenyiamino, pyridylamino, pyrazolylamino, pyrimidinylamino, piperidyl amino, 

pyrroliddin-l-yl, piperidin-1-yl, piperazin-l-yl, and morpholin-1-yl, which are optinally 

substituted with one or more sunbstitutenls independently selected from A1 as defined 
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hereinbefore. 

The formula -R5 as defined hereinbefore other than a halogen atom, such as C3-C10 

cycloalkyl, C^-CJO aryl, 5- to 10-membered heteroaryi, and 3- to 10-membered non-

aromatic heterocyclyi; wherein the cycloalkyl, aryl, heteroaryi, and heterocyclyi are 

5 optionally substituted with one or more substituents independently selected from as 

defined hereinbefore. Specific examples of R5 include phenyl substituted with one or three 

substituents independently selected from A5, such as 3,5-dichloro-4- hydroxy phenyl, 3,5-

difluoro-4-hydroxypheny!, and 3-chIoro-5-fluoro-4-hydroxyphenyl. 

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

10 E is reacted at the 4-position with a compound defined as H-X'-Q1 to introduce a 

substituent indicated as X '-Q1. The resulting intermediate K, which belongs to 

compounds categorized by Formula (II), is reacted at the 6-position with R3-B(ORM)OR52, a 

compound categorized by Formula (III) to introduce a substituent indicated as RJ. 

Scheme 4 

Ci NRI2-Q' ^ ̂  
Ci\/NVA>.X2-R!i H-NRK-Q' CK N i X2.RII conditio,ls f=C|] F,2-Q' 

11 \ - ITT x2-1 
-^v. base, heat k. ^ S I I 1 

N js[ / 

L I 
N 

E Formate (J1) i Formula (1) 

CH, 
fi \ Hi 

' base, heat 

M 
l -H-3C 

H'c ™? / 
I I 

:M3 \ N 
-°v \ Formula (1U) 

i3"r" 

To introduce an amino group at the 4-position of the i ,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 to the 

reaction. Intermediate L is subjected to a standard Suzuki cross-coupling reaction with a 
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boronate ester N to provide compounds belonging to Forumla (1). Various boronate esters 

that are commercialiy available, known in the literature or prepared using known literature 

procedures are applicable to she reaction. In scheme 4, the boronate ester N is prepared by 

reading an aryl bromide M with bis(pinaco!ato)diboron in the presence of an 

5 organopalladium to provide compounds belonging to Formula (1). If necessary, a 

protecting group removal is conducted after the Suzuki reaction to obtain the target 

compound. 

In Scheme 4, AJ represents a optional substituent on the benzene ring as defined 

hereinbefore, and m represents an integer selected from 0 to 5, preferably selected from 1 to 

10 3. 

The intermediates and compounds of interest in the following Examples can be 

isolated and purified by subjecting them to separation and purification methods commonly 

used in synthetic organic chemistry unless otherwise specified, and examples include 

filtration, extraction, washing, drying, concentration, reciystallization, and various types of 

15 chromatographies. Alternatively, intermediates can be subjected to the next reaction 

without purification. 

Hereinbelow, the present invention will be specifically described with reference to 

the Examples, but the scope of the present invention is not to be construed as being limited 

thereto. 

20 Furthermore, in the Examples shown below, unless otherwise specified, if a 

denned group becomes altered under the conditions of the production method or is 

unsuitable for carrying out the method, the compound of interest can be produced by using 

the methods for introducing and removing protecting groups commonly used in synthetic 

organic chemistry (for example. "Protective Groups in Organic Synthesis", T. W. Greene, 

25 John Wiley & Sons Inc., 1999). Furthermore, the order of the reaction processes such as 

substituent introduction can be changed as necessary. 

EXAMPLES 

General proe.edare I {substitution at ilie 4-position) 
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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), jV,A7-diisopropyiethylamine 

(2.0-5.0 equiv) and finely ground K2CO3 (2.0-3,0 equiv) and the reaction mixture was 

stirred with heat between 60 - 100 °C for 16 h or until E was consumed (monitored by 

5 LCM8 analysis), The reaction mixture was cooled, diluted with satd. aq. sodium 

bicarbonate and extracted with ethyl acetate. The combined organic layer was dried over 

anhydrous sodium sulfate, filtered and the filtrate was concentrated. The residue was 

purified by column chromatography (silica, methanol/dicbloromethane) to afford the 

desired product L. 

10 Genera! procedure II (substitution at the 6-positiom) 

To a suspension of intermediate L( 1.0 equiv), the requisite boronic ester (3.5- 2.0 

equiv) and Pd(dppf)Cl2 (0.1 - 0.2 equiv) in dioxane (0.1 - 0.2 M) was added CS2CO3 (1.0 M 

in H2O, 3.0 - 4.0 eq), The reaction mixture was degassed with nitrogen and stirred with 

heat: at 80 °C for 2 - 24 h. The reaction mixture was cooled, poured onto satd. aq, sodium 

15 bicarbonate and extracted with 3:1 chloroform/isopropanol. The combined organic layers 

were dried over anhydrous sodium sulfate, filtered and the filtrate was concentrated. The 

residue was purified by chromatography (normal phase silica using 

methanol/dichloromethane or reverse phase silica using water/acetonitrile containing 

0.025% TFA) to afford the target compound. In some instances the product was diluted in 

20 methanol followed by the addition of excess HCi (2.0 - 5.0 equiv as a solution in ether, 

methanol, dioxane or water). After 5 min the mixture was concentrated to dryness to 

obtain the HCi salt of the target compound. 

General procedare III (synthesis of boronic esters) 

To a suspension of the appropriate aryl bromide (i .0 equiv), 

25 bis(pinacolado)diboron (1.5 - 2.0 equiv) and KOAc (2.0 - 3.0 equiv) in dioxane (0,1 - 0.2 

M) was added Pd(dppi)Cl2 (0.05 - 0.1 equiv). The reaction mixture was degassed with 

nitrogen followed by stirring with heat at 80 °C for 2 - 16 h. The reaction mixture was 

cooled, filtered, and the filtrate was concentrated. The residue was purified by 
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chromatography (silica, ethyl acetate/hexanes) to afford the desired product M. 

General procedure J.V-1 (Boc-deprotection protocol) 

To a solution of Boc-protected compound in THf, methanol or 

methanol/methylene chloride (0.1 M) was added excess HCI (2.0 - 5.9 equiv as a solution 

5 in ether, methanol, dioxane or water). The reaction was stirred at room temperature or 

with heat (50 - 70 °C) and upon completion (monitored by LCMS analysis) the reaction 

mixture was concentrated to obtain the HCI salt of the target compound. 

General procedure IV-2 (Boc-deprotection protocol) 

To a solution of Boc-protected compound in THF was added excess TFA (2.0 - 10 

10 equiv) and the reaction mixture was stirred at room temperature or with heat (50 - 70 °C) 

until the reaction was complete (monitored by LCMS analysis). The reaction mixture was 

concentrated and the residue was diluted it? methanol followed by the addition of excess 

HCI (2.0 — 5.0 equiv as a solution in ether, methanol, dioxane or water). After 5 min the 

mixture was concentrated to dryness to obtain the HCI salt of the target compound. 

15 General procedure V 

To a solution of {4-[(3-acetyl-6-chloro-1,5-naphthyridin-4-yl)amino] 

cyciohexyl}methyl methanesulfonate (1.0 mmol) in a mixture of 1,4-dioxane and N,N-

dimethylformamide (2:1) was added the requisite amine (2.0 - 4,0 equiv), triethyl amine or 

N,N-diisopropyieshylainine (2.0 -3.0 equiv) and potassium iodide (cat.) and the reaction 

20 mixture was stirring with heat at 85 °C for 38 h. The reaction mixture was cooled and 

diluted with water and ethyl acetate. The layers were separated and the ethyl acetate layer 

was dried over sodium sulfate, filtered and the filtrate was concentrated. The residue was 

purified by chromatography (silica, hexanes or methylene chloride/ethyl acetate) to afford 

the desired product. 

25 General procedure VI 

To a solution of 1 -(4-((4-aminocyclohexyl)amino)-6-ch!oro-1,5-naphthyridin- 3-

yl)ethanone hydrochloride (3.0 mmol) in DMF (0.1 M) was added the requisite amino acid 

(1.2 mmol), diisopropylethylamine (5.0 equiv) and HATU (2-(7-Aza-l H-benzotriazole-1-
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yl)- 1,1,3,3-tetraxnethyluroniura hexafluorophosphate) (1.2 equiv) and the reaction mixture 

was stirred at room temperature for 18 h. The reaction mixture was diluted with water and 

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

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

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

product. 

Regarding the retention time indicated as fR, HPLC analysis was performed under 

the following condition: 

Column: Gemini-NX™ CIS column 150 x 4.6mm, 5 micro 100 A (Phenomenex); 

10 Mobile phase: [Eluent A] water w/0.05% CF3COOH; 

[Eluent B] acetonitrile w/0,05% CF3COOH; 

Flow rate: 1 mL/'min 

Temperature: ambient 

Detection wavelength: 223 nm or 254 ran 

15 Gradient operation: 

Time 
U2O w/0.05% 

CF3COOH 

Acetonitrile w/0.05% 

CF3COOH 

00 min 98 % 2 % 

18 min 10% 90% 

21 min 10% 90% 

23 min 98 % 2% 

Example 1 

1 -(6-Chioro-4-{/raws-4-[(dimethyiamino)methyl]cyciohexylamino} -

20 i,5-naphthyridin-3-yl)- ethanone 

80 
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H,C. 

\ 

NH 0 
C! 'CHj 

Following general procedure I, 1 -(4»6-dichIoro-1,5-naphthyridin-3 -yl)ethanone 

(360 mg, 1.5 mmol) was reacted with /ra«$-4-[(dimetbylam5no)reethyl]cyc!obexanamine 

diacetic acid salt: (500 rng, 1,8 mmol) to afford the desired product (340 mg, 63%) as a 

5 yellow solid: 'HNMR (500 MHz, CDCl3) 8 10.89 (s, 1H), 8.93 (s, 1H), 8.07 (d, ,/= 8.6 Hz, 

1H), 7.51 <d, J = 8.6 Hz, 3 H), 5.16- 4.96 (m, 1H), 2.67 (s, 3H), 2.34 - 2.24 (m, 2H), 2.22 (s, 

6H), 2.14 (d, J~ 7.1 Hz, 2.H), 1.98- 1.89(m, 2H), 1.56- 1.47 (m, 1H), 1.41 - 1.32 (m, 2H), 

1.28 - 1.10 (m, 2H): ESI MS m/z 361 [M + H]+; HPLC 98.8% (AUC). fR - 8.42 min. 

Example 2 

10 i-{6-(3,5-Dichloro-4-hydroxyphenyl)-4-[irrara-4-(dimethy!amino)cycIohexyiamino]-l,5-

naphthyridin-3-yl}ethanone dihydrochloride 

Following general procedure II, l-{6-chioro-4-[fraBS-4-(dimethyiamino)cyc!ohexyl 

amino}-1,5-naphthyridin-3-yl)ethanone (61 mg, 0.16 mmol) was reacted with 2.6-dichIoro-

15 4-(4,4,5,5-tetramethyl-i ,3,2~dicxaborolart~2-yS)phenol (65 mg, 0.23 rnmol) followed by 

formation of the dihydrochloride sal t to afford the desired product (76 mg, 90%) as an off-

white solid: !H NMR (500 MHz, CD3OD) 8 9.17 (s, 1H), 8.47 (d, j - 9.0 Hz, !H), 8.36 (d, J 

= 8.9 Hz, 1H), 8.10 (s,2H), 5.65 - 5.55 (m, 1H), 3.52 - 3.43 (m, 1H), 2.91 (s, 6H), 2.76 (s, 

3H), 2.66 - 2.56 (in, xH), 2.33 - 2.26 (in, 2H), 1.S8 - 1.71 (m, 4H). ESI MS m/z 473 |M + 

20 H]+; HPLC >99% (AUC), tR - 9.51 min. 

CH-



WO 2013/109388 PCT/US2012/071434 

Example 3 

I-{6-(3-Cbloro-5-fiuoro-4-hydroxyphenyl)-4-[/ra«s-4-(dimethylam{no)cyclohexylaminoJ-

l,5-naphthyridin-3-yl}ethanone dihydrochloride 

CH, 
u r-N, .2HC! 

r ( ) 
"VI NH ff F^NYYV, 

N 

Following general procedure 11, l-{6-ch!oro-4-[/r<OTjf-4-(dimethylamino)cyclohexyl 

arnino)-l,5-naphthyridin-3-yl)ethanone (45 mg, 0.12 mmol) was reacted with 2-chioro~6-

fluoro-4-(4,4t5,5-tetramethyl-l»3»2-dioxaboro!an-2-yl)phenol (47 mg, 0.17 mmol) followed 

by formation of the dihydrochloride salt to afford Ehe desired product (6.9 mg, 11%) as an 

10 off-white solid: 1H NMR (500 MHz, CD3OD) 5 9.17 (s, 1II), 8.47 (d, J - 9.0 Hz, 1Fl), 8.34 

(d, J = 9.0 Hz, 1H), 8.00 (s, 1H), 7.91 (dd,J = 11.4, 2.2 Hz, 1H), 5.69-5.59 (m, 1H), 3.52-

3.45 (m, 1H), 2.92 (s, 6H), 2.76 (s, 3H), 2.63 - 2.56 (m, 2H), 2.33 - 2.26 (m, 2H), 1.89 -

1.71 (m, 4H). ESI MS m/z 457 [M + Hf ; HPLC >99% (AUC), tR = 9.32 min. 

Example 4 

15 Cyclopropyl(6-(3,5-dichloro-4-hydroxyphenyl)-4-{/raHS-4-[(dimethylaminG)methyl]-

cyclohexylamino} -l,5-naphthyridin-3-yI)methanone dihydrochloride 
1 i ;C 

I 
N'CH3 

•2HC 
CI 

HOv A 
"r- n NH 0 

CI 

N 
Following general procedure II, (6-chloro-4-{/ra»s-4-[(dimethyfamino)methyl]-

cyclohexyl aminoJ-l.S-naphthyridin-S-ylXcyclopropylJmethanone (60 mg, 0.16 mmol) was 

reacted with 2,6-dichloro-4-(4,4,5,5-l:etramethyl-1,3,2-dioxaborolan-2-yl)phenoI (65 mg, 

- 82-
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0.23 mmol) followed by formation of the dihydrochloride salt to afford the desired product 

(66 mg, 73%) as a light yellow solid: 1H NMR (500 MHz. CD3OD) S 9.41 (s, 1H), 8.46 (d, 

J - 8.9 Hz, 1H), 8.34 (d, J - 8.9 Hz, 1H), 8.12 (s, 2H), 5.74 - 5.64 (m, 3H), 3.09 (d, J - 6.6 

Hz, 2H), 2.93 (s, 6H), 2.92 - 2.85 (s, 1H), 2.47 - 2.40 (ra, 2H), 2.08 - 1.96 (m, 3H), 1.72-

5 1.60 (m, 2H), 1.47 - 3.34 (ra, 2H), 1.32 - 3.3 8 (m, 4H). ESI MS m/z 513 [M + Hf ; HPLC 

>99% (AUC), JR ::: 9.67 rain. 

(6-(3-CWoro-S-fluoro-4-hydroxypheny3)-4-{/r<ms-4-[(dimethylamino)methyrj cyclohexyl­

amino} -i ,5-naphthyridin-3-ylXcyclopropyl)rnethanone dihydrochloride 

Following general procedure I], (6-chloro-4-{/ra«s-4~[(dimeihylaniino)methy3]-

cyclohexyl amino}-l,5-naphthyridin-3-yf)(cyclopropyi)methanone (60 mg, 0.16 mmol) was 

reacted with 2-chloro-6-fluoro-4-(4,4,5,5-teiramethyl-l,3,2-dioxaborolan-2-yl)phenol (61 

mg, 0.23 mmol) followed by formation of the dihydrochloride salt to afford the desired 

15 product (54 mg, 61%) as a Sight yellow solid: !H "NMR (500 MHz, CD3OD) 6 9.41 (s, 1H), 

8,45 (d, I = 8.9 Hz, 1H), 8.34 (d, J « 8.9 Hz, 1H), 8.02 (t J = 3.9 Hz, 1H), 7.88 (dd, J = 11,6, 

2.2 Hz, 1H), 5.73 - 5.64 (m, 3 H), 3.09 (d, J = 6.6 Hz, 2H), 2,94 (s, 6H), 2.93 - 2.83 (m, 1H), 

2.48 - 2.40 (m, 2H), 2,3 0 - 3.96 (m, 3H), 1.73 - 1.61 (m, 2H), 3.46 - 1.34 (m, 2H), 3.34 -

3.3 8 (m, 4H). ESI MS m/z 497 [M + H]+ ; HPLC >99% (AUC), tR = 10.26 min. 

20 Example 6 

l-{6-(3,5-Dichloro-4-hydroxyphenyl)-4-({#ms-4-

[(dimethy lam ino)methyl]cyclohexyl} amino)-1,5-naphthyridin-3-yl} ethanone 

dihydrochloride 

Example 5 

2HC1 r\ 

10 
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•2HCi 

9 O 
"CH, 

Following general procedure II, 1 -(6-chloro-4- {fraro^-[(dimethylammo)methyl] 

cyciohexyl amino}-1 ,5-naphthyridin-3-yi)ethanone (20 mg, 0.05S mmol) was reacted with 

2,6-dichloro-4-(4,4,5,5-teframelhyl-l,3>2-dioxaborolan-2-yl)phenol (29 rag, 0.10 mmol) 

5 followed by formation of the dihydrochloride salt to afford the desired product (18 rag, 

58%) as an off-white solid: 'l-I NMR (500 MHz, CD3OD) 5 9.14 (s, 1H), 8.46 (d, J = 9.1 Hz, 

3H), 8.33 (d, .1 = 9.1 Hz, !H), 8.12 (s, 2H), 5.75 - 5.67 (m, 1H), 3.09 (d, J = 6.6 Hz, 2H), 

2.94 (s, 6H), 2.76 (s, 3H), 2.48 - 2.41 (m, 2H), 2.09 - 1.98 (m, 1H), 1.75 - 1.63 (m, 1H), 

3.48 - 1.36 (m, 2H). ESI MS m/z 487 [M + H]+ ; HPLC >99% (AUC), lR - 9.67 min. 

3 0 Example 7 

1 ~ {6~(3 -Chloro-5-fI uoro-4-hydroxypheny!)-4-( {tram-4-

[(dimelhylainino)methyl]cyclohexyl}- amino)-l,5-naphthyridin-3-yl}ethanone 

dihydrochloride 

cyciohexyl amino}-1,5-naphthyridin-3-yl)ethanone (20 mg, 0.055 mrnoi) was reacted with 

2-chioro-6-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (27 mg, 0.10 

mmol) followed by formation of the dihydrochloride salt to afford the desired product (16 

mg, 52%) as a fight yellow solid: fH NMR (500 MHz, CDjOD) 8 9.15 (s, Hi), 8.45 (d, J = 

20 9.1 Hz, 1H), 8.33 (d, J — 9.0 Hz, 1H), 8.02 (t, 3.9 Hz, 1H), 7.88 (dd, J= 11.5,2.2 Hz, 

•2HC1 

s Following general procedure 13, 1 -(6-chloro-4-{mm-4-[(dimethylarnino)methyl] 

- 84-
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1H), 5.75 - 5.65 (m, 1H), 3.09 (d, J= 6.6 Hz, 2H), 2.94 (s, 6H), 2.76 (s, 3H), 2.45 (d,J-

12.5 Hz, 2H), 2.11 - 2.01 (m, 3H), 1.75 - 1.63 (m, 2H), 1.47 - 1.36 (m, 2H). ESI MS m/z 

471 [M + Hf ; HPLC >99% (AUC), fR = 9.66 min. 

Example 8 

1-(6-(3-ChIoro-4-hydroxy-5-nietboxyphenyl)-4-{fraws-4-

[(diraelhylamino)methyI]cyelohexy!- amino}-l,5-naphthyridin-3-y!)ethanone 

dihydrochloride 

HO. 

H,C. 

Ci 
i 

-CH, 

•2HCi 

-V ,N XX 
NH O 
L A "CH-, 

Following general procedure II, l-(6~chforo-4-{#/*<2TO-4-[(dimethylamino)methyl] 

30 cyciohexyl am ino}-1,5-naphthyridin-3-yl)ethanoiie (20 mg, 0.055 mmol) was reacted with 

2-chloro-6-methoxy-4-(4,4,5,5-tetrame(hyl-l!.3>2-dioxaborolan-2-yl)phenol (28 mg, 1.0 

mmol) followed by formation of the dihydrochloride sait to afford the desired product (18 

mg, 59%) as a yellow solid: !H "NMR (500 MHz, CD3OD) § 9.13 (s, 1H), 8.49 (d, J - 8.9 

Hz, 1H), 8.32 (d, .1 = 9.1 Hz, HI}, 7.81 (d.J-2.1 H>:, iI 1), 7,58 (d, J - 2.1 Hz, 1H),5.80-

3 5 5.70 (m, 3H), 4.03 (s, 3H), 3.08 (a, J = 6.6 Hz, 2H), 2.93 (s, 6H), 2.76 (s, 3H), 2.49 - 2.39 

(m, 2H), 2.08 - 1.96 (m, 3H), 3.72 - 1.62 (m, 2H), 3.47 ~ 3.35 (m, 2H). ESI MS m/z 483 [IV 

4- H]+ ; HPLC >99% (AUC), fR - 9.62 min. 

Example 9 

l-[6-(3,5-Dich!oro-4-hydroxyphenyl)-4-({frcsTO-4-[2-

20 (dimethylamino)ethyl]cyclohexyl}amino)-1,5-naphthyridin-3~yl]ethanone dihydrochloride 
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Following genera! procedure 0, 1 -(6-ch!oro-4-{/rans-4-[(dimethylamino)inethyi] 

cyciohexyl amino}-!,5-naphthyridin-3-yl)ethanone (50 mg, 0.13 mmol) v/as reacted with 

2,6-dichloro-4-(4,4,5,5-tetramethy!-I,3,2-dioxaborolan-2-y!)pheno1 (58 mg, 0.2 mmol) 

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

83%) as an off-white solid: fH NMR (500 MHz, CD3OD) 8 9.13 (s, IH), 8.46 (d, j - 9.1 Hz, 

IH), 8.33 (d, J = 9,0 Hz, IH), 8.13 (s, IH), 5.74 - 5.64 (m, IH), 3.27 - 3.18 (m, 2H), 2.91 (s, 

6H), 2.75 (s, 3H), 2.45 - 2.35 (1:1. 2H), 2.05 ••• 1.98 (01, 2H), i .78 -• 1.70 (m, 2H), 1.66 -

1.52 (m, 3H), 1.45 - 1.35 (m, 2H). ESI MS m/z 501 [M + Hf ; HPLC >99% (AUC), tR = 

10 10.22 min. 

Example 10 

l-(6-(3-Chioro-5-fluoro-4-hydroxyphenyl)-4-{fra«s-4-[2-(dimethylarriino)ethy3]-

cyclobexylamirio}-l,5-naphthyridm-3-yl)ethanone dihydrochloride 

cyclohexylamino)-l,5-naphthyridin-3»yl)ethanone (50 mg, 0.13 mmol) was reacted with 2-

chloro-6-fluoro-4~(4,4,5,5-tetramethyl-l,3,2-dioxaboro3an-2-yl)phenol (55 mg, 0.2. mmol) 

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

>2HC 

15 Following general procedure II, 1 -(6-chloro-4-(*raw-4-((dime!hyiarnino)methyl)-
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78%) as an off-white solid: SH NMR (500 MHz, CDjOD) S 9,13 (s, IH), 8.45 (d, J - 8.9 Hz, 

IH), 8.32 (d, J = 8.9 Hz, IH), 8.04 (t, J - 1.8 Hz, IH), 7.89 (dd, J - 11.6, 2.2 Hz, IH), 5.73 

- 5.63 (m, IH), 3.27 - 3. \ 8 (m, 2H), 2.91 (s, 6H), 2.75 (s, 3H), 2,44 - 2.37 (m, 2H), 2.05 -

1.98 (m, 2H), 1.78 - 1.69 (in, 2H), 1.67 - 3,51 (m, 3H), 1.44 - 1,34 (m, 2H). ESI MS m/z 

5 485 [M + Hf ; HPLC >99% (AUC), *s - 9.91 min. 

Example 13 

l-(4-{foro-4-[(Dimethylamino)methyrjcyciohexylamino}-6-[4-hydroxy-3-

(irifluorornethoxy)- phenyl]-1,5-naphthyridin-3-yl)ethanone dihydrochioride 

cyciohexyl amino}-1,5-naphthyridin-3-yi)ethanone (55 mg, 0.15 rnmol) was reacted with 4-

(4,4,5,5-tetramethyl-1,3,2-dio>^borolan-2-yl)-2-(trifluoromethoxy)phenol (68 mg, 0,23 

mmol) followed by formation of the dihydrochloride salt to afford the desired product (7] 

mg, 79%) as an off-white solid: 'H NMR (500 MHz, CD;iOD) § 9.14 (s, I H), 8.45 (d, J = 

15 8.9 Hz, IH), 8.32. (d, J - 9.0 Hz, IH), 8,04- 7.97 (m, 2H), 7.21 (d, J - 8.6 Hz, 3H), 5.70-

5.60 (m, IH), 3.07 (d, J = 6.6 Hz, 2H), 2.94 (s, 6H), 2.76 (s, 3H), 2.50 - 2.40 (in, 2H), 2.08 

- 1.97 (m, 3H), 1,74 - 1.62 (rn, 2H), 1,39 - 1.27 (m, 2H), ESI MS m/z 503 [M + Hf ; 

HPLC >99% (AUC), ,'R - 9.80 min. 

Example 12 

20 2,6-Dich!oro-4-<8-{?nms-4-[(dimethyiamino)methyl]cyclohexylamino}-7-(methylsulfony!)-

1,5-naphthyridin-2-y])phenol dihydrochloride 

"N'" 
Following general procedure II, l-(6-chloro-4-{/raw-4-[(dirneihylamino)inetl:iyi] 10 

- 87 -
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Following general procedure II, 6-chloro-N-{0*<my-4-[(dimethylamino)methyl]-

cyelohexyJ}-3-(methy]su!fony{)-l,5-naphthyridiJt-4-amine (56 mg, 0.14 mmol) was reacted 

with 2,6-dichloro~4-(4.,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenQl (61 mg, 0.21 

5 imnol) followed by formation of the dihydrochloride salt to afford the desired product (43 

mg, 51 %) as a light yellow solid: !H NMR (500 MHz, CD3OD) 8 8.90 (s, 1H), 8.51(d,J = 

9.0 Hz, IH), 8.35 (d, J - 9.0 Hz, IH), 8.14 (s, 2H), 5.76 - 5.66 (m, IH), 3.38 (s, 3H), 3.09 

(d, J = 6.7 Hz, 2H), 2.94 (s, 6H), 2.50 - 2.43 (m, 2H), 2.08 - 1.96 (m, 3H), 1.74 - 1.64 (m, 

2H), 1.47 - 1.35 (m, 2H). ESI MS m/z 523 [M + H]+ ; HPLC >99% (AUC), = 10.04 min. 

10 Example 13 

6-(3-Chloro-5-fluoro-4-hydroxyphenyl)-4-({&iaKs-4-[(dimethyiamino)methyl]cyciohexyl}-

arnmo)~3-methylsutfonyl-1,5-naphthyridine dihydrochloride 

15 cyclohexyl}-3-(methylsulfonyl> 1,5-naphthyridin-4-amine (61 mg, 0.15 mmol) was reacted 

with 2-chIoro-6-fluoro-4-{4,4,5,5-tetramethyi-l,3,2-dioxaboroian-2-yi)phenol (63 mg, 0.23 

mmol) followed by formation of the dihydrochloride salt to afford the desired product (52 

mg, 59%) as a light yellow solid: 'H NMR (500 MHz, CD3OD) § 8.90 (s, IH). 8.50 (d, J ::: 

8.9 Hz, IH), 8.35 (d, J - 9.0 Hz, IH), 8.04 (i, J - 1.8 Hz, IH), 7.90 (dd, J - 11.5, 2.2 Hz, 

20 IH), 5.77 - 5.67 (m, IH), 3.38 (s, 3H), 3.09 (d, J = 6.6 Hz, 2H), 2.94 (s, 6H), 2.51 - 2.44 (m, 

- 88 -

•2HC1 

CI 

Following general procedure II, 6-chloro-N-{fraro'-4-[(dimelhylarnina)methy{]-
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2H), 2.08- 1.97 (m, 3H), 1.76 - 1.64 (m, 2H), 1.46 - 1.34 (m, 2H). ESI MS m/z 507 [M + 

H]+ ; HPLC 99,0% (AUC), fe = 9.81 min. 

Example 34 

6-(3-Chloro-4-hydroxy-5-methoxyphenyl)-4-{iraH5-4-[(dimethylamino)methyl]-

5 cyclohexy3amino}-3-methy3su)fonyl-1,5-naphthyridine- dihydrochloride 

Following general procedure II, 6-chloro-N- {«rowj-4-[(dimcthylamino)miethyl]-

cyciohexyl}-3-(methylsulfonyl)-ls5-naphthyridin-4-amine (24 mg, 0.061 mmol) was 

reacted with 2-chloro-6-methox.y-4-(4>4>5>S-(etramethyl-l>3,2-dioxaborolan-2-yl)phenol (28 

3 0 mg, 0.30 mmol) followed by formation of the dihydrochloride salt to afford the desired 

product (23 mg, 64%) as a yellow solid: 'H NMR (590 MHz, CD3OD) 8 8.89 (s, IH), 8.54 

(d, J = 9.1 Hz, 1H), 8.34 (d, J = 9.0 Hz, IH), 7.83 (d, J - 2.0 Hz, 1H), 7.60 (d, .1 - 2.0 Hz, 

il-I), 5.83 - 5.73 (m, IH), 4.04 (s, 3H), 3.38 (s, 3H), 3.08 (d, J = 6.6 Hz, 2H), 2.93 (s, 6H), 

2.50-2.43 (m, 211), 2.07- 1.95 (m, 3H), 3.73- 1.63 (m, 2H), 1.46 - 3.35 (m, 2H). ESI MS 

15 m/z 519 [M + Hf ; HPLC >99% (AUC), /R - 9.77 min. 

Example 15 

2,6-Dichloro-4-{8-[<r£»«r-4-(diTiiethyiamino)cyclohexy3aniino]-7-(niethyisulfonyl)- 1,5-

naphthyridin-2-yl}phenol dihydrochloride 

H:;CX 

•2HC1 

N 

CH 

20 Following general procedure II, ft-flKS-Ni-[6-chloro-3-(methyisulfonyI)-i,5-
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naphtbyridin- 4-yl]-N4,N4-dimethylcyclohexane-l,4-diamine (40 mg, 0.10 mmol) was 

reacted with 2s6-dichioro-4-(4,4s5»5-tetramethyi-l,3»2-dioxaborolan-2-yI)phenol (43 mg, 

0.15 mmol) followed by formation of the dihydrochloride salt to afford the desired product 

(45 mg, 75%) as a light yellow solid: !H NMR (500 MHz, CD3OD) 6 8.93 (s, IH), 8.51 (d, 

5 J = 8.9 Hz, IH), 8.37 (d, J = 8.9 Hz, IH), 8.12 (s, 2H), 5.6S - 5.55 (m, IH), 3.50-3.41 (m, 

IH), 3.39 (s, 3H), 2.91 (s, 6H), 2.67 - 2.57 (m, 2H), 2.33 - 2.27 (m, 2H), 1.87 - 1.73 (m, 

4H). ESI MS m/z 509 [M + Hf ; HPLC 98.0% (AUC), ?R = 9.95 min. 

Example 16 

2,6-Dichloro-4-(8-{4-[(dimethylamino)niethyl]phenylamino}-7-(methy!sulfony!}-l ,5-

10 naphthyridin-2-yl)phenol dihydrochloride 

Following general procedure II, 6-chloro-N-{4-[(dimethylamino)methyl]phet)yl}-3-

(methylsiilfonyi)-l,5-naphthyridin-4-amine (50 mg, 0.14 mmol) was reacted with 2,6-

dichloro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenol (61 mg, 0.21 mmol) 

1 5 followed by formation of the dihydrochloride salt to afford the desired product (35 mg, 

42%) as an orange solid: !H NMR (500 MHz, CD3OD) 8 9.12 (s, 1H), 8.47 (d, J ~ 9.1 Hz, 

IH), 8.38 (d, J - 9.2 Hz, IH), 7.63 (d, J - 9.0 Hz, 2.H), 7,59 - 7.52 (m, 2H), 7,34 (s, 2H), 

4.43 (s, 2H), 3.48 (s, 3H), 2.86 (s, 6H). ; ESI MS m/z 517 [M + H]+; HPLC >99% (AUC), tR 

= 1 1.03 TIIin. 

20 Example 17 

2-Chioro--4-(8- (4-[(d imetbyiamino)methyl]pheny lamino}-7-(methy!sulfony IV 

l,5-naphthyridin-2--yl)-6-fluorophenoi dihydrochloride 

-90-
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Following general procedure II, 6-chloro-N-{4-[(dime!hylamino)methyl]phenyl}-3-

(methylsulfonyl)-3,5-naphthyridin-4-amine (50 mg, 0.14 mmol) was reacted with 2-chloro-

6-:f]uoro-4-(4,4)S,S-tetrarnethyl-l,3,2-dioxaborolan-2-yl)phenol (58 nig, 0.21 mmol) 

5 followed by formation of the dihydrochloride salt to afford the desired product (51 mg, 

63%) as a yellow sol id: 1H NMR (500 MHz, CDjOD) S 9,12 (s, 1H), 8.46 (d, J - 9.0 Hz, 

1H), 8.37 (d, J = 9.1 Hz, 5II), 7.68 - 7.61 (m, 211), 7.60 - 7.53 (m, 211), 7.22 (t, J = 1.8 Hz, 

' IH), 7.06 (dd, J = 11.9, 2.2 Hz, IH), 4.43 (s, 2H), 3.48 (s, 3H), 2.88 (s, 6H).; ESI MS m/z 

501 [M + ll| ; HPLC >99% (AUC), ;R = 10.68 min. 

10 Example 18 

2-Chloro-4-(8-{4-[(dimetbylaniino)methyl]phenylamino}-7-(methylsiilfonyl)-

],5-naphthyridin-2-yl)-6-methoxyphenoI dihydrochioride 

Following general procedure 31, 6-chloro-/V-{4-[(dimethylamiRo)metbyl]phenyi}-3-

15 (methylsulfonyl)-1,5~naphthyridin-4-amine (50 mg, 0.14 mmol) was reacted with 2-cbioro-

6-methoxy-4-(4,4,5,5-tetramethyl-l,3,2-dioxaboro!an-2-yl)phenol (60 mg, 0.21 mmol) 

followed by formation of the dihydrochloride salt to afford the desired product (44 mg, 

54%) as an orange solid: 1H NMR (500 MHz, CD3OD) 5 9.11 (s, IH), 8.50 (d, J - 9.0 Hz, 

IH), 8.36 (d, J - 9.0 Hz, IH), 7.62 - 7.50 (m, 4H), 7.34 (d, J = 2.1 Hz, IH), 6.68 (d, J = 2.0 

20 Hz, 1H), 4,40 (s, 2H), 3.92 (s, 3H), 3.47 (s, 3H), 2.83 (s, 6H); ESI MS m/z 513 [M + Hf; 

-91 -
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HPLC >99% (AUG), tR - 10.56 rain. 

Example 19 

l-[6-(3,5-Dichioro-4-hydroxyphenyl)-4-{3-[2-(pyrroIidin-l-yi)ethyr]phenylamino}-l,5-

naphthyridin-3-yl]ethanone dihydrochloride 

N 

•2HC1 
Ci 

HO. J\ 

Ci' 1 
NH O 

A 
7 CH-, 

Following general procedure II, l-(6-chloro-4-{3-[2-(pyrrolidin~l-

y))ethyl]phenylamino}-l,5-naphthyridin-3-yl)ethanone (59 rag, 0.15 mmol) was reacted 

with 2,6-dichloro-4~(4,4,5,5- tetramethyl-l,3,2-dioxaborolan-2-yl)phenoI (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: 1H NMR (500 MHz, D20) 5 9.13 (s, 1H), 8.13 (d, J - 9.0 Hz, 

IH), 8.01 (d, J - 9.1 Hz, IH), 7.64 (t, J - 7.8 Hz, IH), 7.41 (d, J - 7.4 Hz, IH), 7.32 (d, J = 

7.9 Hz, IH), 6.79 (s, ll-I), 6.66 (br s, 2H), 3.36 - 3.27 (m, 2H), 2.78 (s, 3H), 2.74 - 2.64 (m, 

2H), 2.62 - 2.42 (ra, 4H), 1.87 - i .72 (m, 4H).; ESI MS m/z 521 [M + H]+; HPLC 98.9% 

(AUC), /R - 10.34 min. 

15 Example 20 

1 -[6-(3-Chloro-5-flooro-4-hydroxyphenyl)-4-{3-[2-(pyrrolidm-l-yl)ethyl]phenylarnino}-

1,5- naphthyridin-3-yl]ethanone dihydrochloride 

N 
\ 

•2HC! 
CI 

HO. o 
,N. 

i: 
NH O 

X 
CH, 

..-V 
N 
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Following general procedure II, 3 -(6-chloro-4-{3-[2-(pyrrolidin-!-yl)ethyl]phenylamino}-

l,5-naphthyridin-3-yl)ethanone (59 mg, 0.15 mmol) was reacted with 2-chloro-6-fluoro-4-

(4,4,5,5-tetramethyl-l,3,2-dioxahorolan-2-yl)phenol (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: 'H NMR (500 MHz, CD3OD) 5 9.30 (s, IH), 8.43 (d, 1 = 9.0 Hz, IH), 8.34 (d, J - 8.9 

Hz, IH), 7,54 - 7.30 (m, 4H), 7.23 (br s, IH), 7.33 (br s, 1H), 3.68 - 3.60 (m, 2H), 3.35 -

3.23 (m, 2H), 3.11 -2,99 (m, 4H), 2.80(brs, 3H), 2.19-2.07 (m, 2H), 2.05 - 1.96(m, 

2H).; ESI MS m/z 505 [M + H]+; HPLC >99% (AUC), = 10.17 min. 

Example, 2,1 

10 l-[6-(3,5-Dichloro-4-hydroxyphenyl)-4-{6-[2-{dimethylamino)ethoxy]pyridin-3-ylainino}-

l,5-naphthyridin-3-yl)ethatione dihydrochloride 

Following genera! procedure II, l-(6-chloro-4-{6-[2-(dimethy!amino)ethoxy]pyridin-3-

ylamino}-1,5-naphthyridin-3-yl)ethanone (50 mg, 0.13 mmol) v/as reacted with 2,6-

3 5 dichloro-4-(4,4,5,5-tetramethyI-1,3,2-dioxaborolan-2-yl)pheno! (56 mg, 0.20 rnmol) 

followed by formation of the dihydrochloride salt to afford the desired product (63 mg, 

83%) as a yellow-orange solid: 'H NMR (500 MHz, CD3OD) 5 9.35 ($, IH), 8,46 (d, J = 9.0 

Hz, 3H), 8,37 (d, J = 9.0 Hz, IH), 8.24 (d,.1 - 2.7 Hz, IH), 7.78 (dd, .1 = 8.8, 2.7 Hz, IH), 

7.44 (br s, 2H), 7.02 (d, J = 8.8 Hz, IH), 4.72 - 4.66 (m, 2H), 3.64 - 3.58 (m, 2H), 3.00 (s, 

20 6H), 2.84 (s, 3H). : ESI MS m/z 512 [M + H]'; HPLC 99% (AUC), tR = 9,73 min. 

Example 22 

l-[6-(3-Chioro-5-f!uoro-4-hydroxyphenyl)-4-{6-t2-(dimethylamino)ethoxy]pyridin-3-

ylamino}-l,5-naphthyridin-3-yl)ethanone dihydrochloride 
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i 
O. 

Following general procedure II, l-C6-chloro-4-{6-[2-(dimethylammo)ethoxy]pyridin-3~ 

ylamino}-!,5-naphthyridin-3-yl)ethanone (50 mg, 0.13 mmol) was reacted with 2-chloro-6-

fluoro-4-(4,4,5,5-tetramethy!-I,3,2-dioxaborolan-2.-yl)pheRol (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: !H NMR (500 MHz, CD3OD) 8 9.35 (br 3, IH), 8.45 (d, J = 9.0 Hz, IH), 8.37 

(d, J = 8.9 Hz, IH), 8.28 (d, J - 2.6 Hz, IH), 7.76 (dd, J - 8.8, 2.7 Hz, IH), 7-35 (br s, IH), 

7.10 (br s, 1H), 7.01 (d, J - 8.8 Hz, 1H), 4.74 - 4.68 (m, 211), 3.66 - 3.60 (m, 2H), 3.02 (s, 

6H), 2.84 (s, 3H).; ESI MS m/z 496 [M + H]+; HPLC 98.3% (AUC), ?R - 9.47 min. 

10 Example 23 

l-[6-(3-Chloro-4-hydroxy-5-methQxyphenyi)-4-{6-[2-(dimethylamino)ethoxy]pyridin-3--

ylamino}-! ,5-naphthyridin-3-yl]ethanone dihydrochloride 

Following general procedure II, 1 -(6-chioro-4-{6-[2-(dimethylamino)ethoxy]pyridin-3-

15 ylamino}-1,5-naphthyridin-3-yl)etharione (20 nig, 0.052 mmol) was reacted with 2-chioro-

6~methoxy-4-(4,4,5,5-tetramethyl-I,3!2-dioxaboroIan-2-yl)phenol (28 mg, 0.10 mmol) 

followed by formation of the dihydrochloride salt to afford the desired product (22 mg. 

74%) as an orange solid" 'H NMR (500 MHz, CD3OD) S 9.33 (s, IH), 8.47 (d, J - 9.0 Hz, 

N 
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IH), 8.35 (d, J = 9.0 Hz, IH), 8.26 (d, J - 2.7 Hz, 3H), 7.74 (dd, J « 8.8, 2.7 Hz, IH), 7.29 

{br s, 3H), 6.96 (d, J = 8.8 Hz, IH), 6.85 (br s, 1H), 4.70 - 4.64 (m, 2H), 3.95 (s, 3H), 3.62 -

3.56 (m, 2H), 2.99 (s, 6H), 2.83 (s, 3H).; ESI MS m/z 508 [M + Hf; HPLC >99% (AUC), 

?R= 9.36 rnin. 

5 Example 24 

2,6-Dicb]ora-4-(8-{6-[2-(dimethylamino)ethoxy]pyridin-3-y!amino}-7-(methylsulfonyS)-

1,5-naphthyridin-2-yl)phenol hydrochloride 

Following general procedure II, 1 .-[6-(3-chloro-4-hydroxy-5-methoxyphenyl)-4-{6-[2-

(dimethylamino)ethoxy]pyridin-3-ylamino}-1,5-naphthyridin-3-yl]ethanone (60 mg, 0.14 

mmol) was reacted with 2,6-dichloro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaboroian-2-yl)phenol 

(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, CD3OD) 8 9.11 (s, iH), 8.49 

(d, J = 9.1 Hz, IH), 8.39 (d, J - 9.0 Hz, IH), 8.28 (d, J - 2.7 Hz, IH), 7.83 (dd, J - 8.8, 2.8 

Hz, IH), 7.46 (s, 2H), 7.03 (d, J = 8.8 Hz, IH), 4.71 - 4.65 (m, 2H), 3,63 - 3.57 (m, 2H), 

3.49 (s, 3H), 3.00 (s, 611); ESI MS m/z 548 [M + Hf; HPLC >99% (AUC), /R - 10.87 min. 

Example 25 

20 2-Chloro-4-(8-{6-[2-(dimethylamino)ethoxy]pyridin-3-ylamino}-7-(methyisuifonyi)-

1,5-naphthyridin-2-yl)-6-fluoropi]enol dihydrochloride 

°\ ^ -HCi 
r" > 

10 

-95 
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O. 

CH 

Following general procedure fl, l-[6-(3-chloro-4-bydroxy-5-mefhoxyphenyl)-4-{6-[2-

(dimetiiylamino)ethoxy]pyridin-3-y3amino}-! ,5-naphthyridin-3-yl]ethanone (SO mg, 0.16 

rnmol) was reacted with 2-chloro-6-fluoro-4-(4,4,5,5-tetramethyH ,3,2-dioxaborolan-2-

5 y3)phertol (61 mg, 0.23 mmol) followed by formation of the dihydrochloride salt to afford 

the desired product (58 mg, 80%) as a yellow solid: 'H NMR (500 MHz, CD3OD) 8 9.11 (s, 

IH), 8,48 (d, J = 9.1 Hz, IH), 8.38 (d, J = 9.0 Hz, IH), 8.32 (d, J - 2.7 Hz, IH), 7.81 (dd, j 

= 8.8, 2.7 Hz, IH), 7.38 (t, J - 1.8 Hz, IH), 7.1! (dd, J - 31.8, 2.2 Hz, 3H), 7.02 (d, J = 8.7 

Hz, IH), 4.74-4.68 (m, 2H), 3.66 - 3.60 (m, 2H), 3.49 (s, 3H), 3.02 (s, 6H).; ESI MS m/z 

10 532 [M + Hf; HPLC >99% (AUC), fo = 10.51 min. 

Example 26 

2-Chloro-4-(8-{6-[2-(dimethyiamino)ethoxy]pyridin-3-ylamino}-7-(met3iylsulfonyl)-

1,5-naphthyridin-2-y3)-6-methoxyphenol 

Following general procedure II, 1 -[6-(3-chlon>4-bydroxy-5-methoxyphenyl)-4-{6-[2-

(dimethy!amino)ethoxy]pyridin-3-ylamino}-1,5-naphthyridin-3-yl]ethanone (49 mg, 0.12 
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•2HCI 

Following genera! procedure II, l-(6-chloro-4-{/ra«j-4-

[(dimethy!amino)methyI]cyc!ohexy!atnino}-l,5-naphthyridin- 3-yl)ethanone (153 mg, 0.42 

mmol) was reacted with 2,6-dich3oro-4-(4,4»5,5-tetrame1hyl-1,3,2-dioxaborolan-2-yl)phenol 

5 (180 rag, 0,63 mmol) followed by formation of the dihydrochloride salt to afford the desired 

product (164 mg, 69%) as an off-white solid: !H NMR (500 MHz, CD3OD) 5 9.15 (s, IH), 

8.46 (d, J = 9.0 Hz, IH), 8,33 (d, I = 9.0 Hz, IH), 8.12 (s, 2H), 5.76 - 5,71 (m, IH), 3.09 (d, 

j - 6,6 Hz, 2H), 2.76 (s, 3H), 2.50 - 2.40 (m, 2H), 2.08 - 1.98 (rn, 3H), 1,74 - 1.64 (m, 

2H), 1.47- 1.37 (in, 2H).; ESI MS m/z 493 [M + Hf; HPLC >99% (AUC), fc = 9.83 min. 

10 Example 29 

l-[6-(3,5-Dich!oro-4-hydroxyphenyl)-4-{4-[2-(ditnethylamino)ethy!]pheny1amino}-l,5-

naphthyridin-3 -yl)ethanone dihydrochloride 

15 (dimethylamino)ethyi]phenyiamino}-l,5-naphthyridin-3-yi)ethanone (40 mg, 0.11 mmol) 

was reacted with 2,6-dichloro-4-(4,4,5»5-tetramethyH,3,2-dioxaborolan-2-yl)phenol <43 

mg, 0,15 mmol) followed by formation of the dihydrochloride salt to afford the desired 

product (17 mg, 28%) as an orange solid: 'H NMR (500 MHz, CD3OD) § 9.30 (s, IH), 8.43 

(d, J - 9.0 Hz, 3 H), 8.33 (d, J - 9.0 Hz, 1H), 7,52 (br s, 2H), 7.42 (d, J = 8.5 Hz, 2 H), 

U. 
N 

Following general procedure II, l-(6-chloro-4-{4-[2-
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7.37 (d, J - 8.5 Hz, 2H), 3.40 - 3.32 (m, 2H), 3,22 - 3.13 (m, 2H), 2,96 (s, 6H), 2.79 (s, 

3H).; ESI MS m/z 495 |M + H]+; HPLC' >99% (AUC), tR = 9.91 min. 

Example 30 

I-[6-{3-Chloro-5-fluoro-4-hydroxyphenyJ)-4-{4-[2-(dirnethylainino)ethyl]phenylamino}-

5 l,5~naphtbyridin-3-yl)ethanone dihydrochioride 

Following genera] procedure II, i-(6-chloro-4-{4-[2-

(dimethyIamino)ethyi]phenyianiino}-l,5-naphthyridin-3-yl)ethanone (40 mg, 0.11 mmol) 

was reacted with 2-chioro-6-fluoro-4- (4,4,5,5-tetramethy!-3,3,2-dioxaborolan-2-yl)pheno! 

10 (41 mg, 0.15 mmol) followed by formation of the dihydrochloride sait to afford the desired 

product (13 mg, 22%) as an orange solid: !H NMR (500 MHz, CD3GD) 5 9.29 (s, IH), 8.42 

(d, J = 9.1 Hz, IH), 8.32 (d, J = 9.0 Hz, IH), 7.44 (d, I - 8.5 Hz, 2 H), 7.41 - 7.35 (m, 3H), 

7.11 (br s, IH), 3.43 - 3.36 (m, 2H), 3.23-3.13 (m, 2H), 2.98 (s, 6H), 2.80 (s, 3H). ; £S1 MS 

m/z 479 [M + Hjf; HPLC >99% (AUC), fo = 9.67 min. 

15 Example 31 

l-[6-(3-Ch!oro-4-phenoi-5-methoxyphenyl)-4-{4-[2-(dimethylamino)ethyl]phenylaimno}-

1,5-naphthyrid!n-3-yl)ethanoae dihydrochloride 

CH-

H3C":S| 

2HC! 

CM; 

H3C-NN 
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Following general procedure II, l-(6-chloro-4-{4-[2-

(dimethyiarnino)ethyl]phenylamino} -! ,5-naphUhyridin-3-yl)ethanone (40 mg, 0.11 mmol) 

was reacted with 2-chloro-6-methoxy-4~ (4,4,5,5-tetramethyl-l,352-dioxaboro!afi-2-

yijphenol (57 mg, 0.20 mmol) followed by formation of the dihydrochloride salt to afford 

5 the desired product (40 mg, 66%) as an orange solid: 'H NMR (590 MHz, CD3OD) 5 9.30 

(s, IH), 8.47 (d, J - 9.1 Hz, IH), 8.35 (d, 1 = 9.1 Hz, IH), 7.41 (d, J = 8.6 Hz, 2. H), 7.38 (d, 

J = 8.6 Hz, 2 H), 7.33 (br s, 1 H), 6.88 (br s, 1H), 3.95 (s, 3H), 3.35 - 3.30 (m, 2H), 3.20 -

3.12 (m, 2H), 2.98 (s, 6H), 2.81 (s, 3H). ; ESI MS m/z 491 [M + Hi : HPLC >99% (A1JC), 

/R = 9.62 min. 

10 Example 32 

2-Chloro-4-{8-[/raH5-4-(dimethylamino)cyclohexylamino]-7-(methylsulfonyl)-

l,5-naphthyridin-2-yl}-6-fliiorophenoI 

15 naphthyridin-4-yl>iV4^V4-dimethyicyc!ohexane-l,4-diafnine (28 mg, 0.073 mmol) was 

reacted with 2-chloro-6-fluoro-4-(4,4,5,5-tetramethyl-i ,3,2-dioxaborolan-2-yl)phenol (41 

mg, 0.15 mmol) followed by formation of the dihydrochloride salt to afford the desired 

product (30 mg, 72%) as an off-white solid: 'H NMR (500 MHz, CD3OD) 8 8.92 (s, IH), 

8.SI (d, J - 9.0 Hz, IH), 8.37 (d, j - 8.9 Hz. IH), 8.02 (t, J - 1.7 Hz, IH), 7.92 (dd, J = i 1.5, 

20 2.2 Hz, IH), 5.64 (brs, 1H), 3.52-3.42 (m, Hi), 3.39 (s, 3H), 2.91 (s,6H), 2.65-2.55 (in, 

2H), 2.33 - 2,26 (m, 2H), 1.88 - 1.72 (m, 4H). ; ESI MS m/z 493 [M + H]+; HPLC 98.3% 

(AUC), /R - 9,62 min. 

Example 33 

l-[6-(3,5-Dichloro-4-hydrox.yphenyl)-4-[l-(l-methylpiperidin-4~yl)-lH-pyrazoi-4-

Following general procedure II, trans-N1 -(6-chloro-3-(methylsulfonyl)-1,5-
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ylamino]-

l,5-naphthyridin-3-yl]ethanorie dihydrochloridi 
H3C 

\ -2HC1 
Nv ? %x 

NH 0 
N. i. A cr ^ Y ^ ll A j ' ^ >N-

Following genera! procedure 11, l-{6-chloro-4-[l-( 1 -methyipiperidin-4-yl)-lH-

5 pyrazol-4-y!amino)-1,5-naphthyridin-3-yf)]ethanone (77 mg, 0.21 mtrioi) was reacted with 

2,6-dichloro-4-(4,4,5,5-tetramethyl-l,3»2-dioxaboroian-2-yl)phenoJ (87 mg, 0.30 mmol) 

followed by formation of the dihydrochloride sail to afford the desired product (67 mg, 

57%) as a yellow solid: !H NMR (500 MHz, D20)S9.14(s, IH), 8.15 (d,J = 9.0 Hz, IH), 

7.99 (d, J === 8.9 Hz, IH), 7.73 (d, J - 2.8 Hz, IH), 7.51 (br s, IH), 6.97 (br s, 2H), 4.44-

10 4.32 (m, 1H), 3.SO (d, j - 12.5 Hz, 2H), 3.07 (t, J =13.0 Hz, 2H), 2.80 (s, 3H), 2.78 (s, 3H), 

2.15 - 1.92 (m, 4H).; ESI MS m/z 511 [M + H]+; HPLC >99% (AUC), - 9.37 min. 

Example 34 

l-(6-(3,5~Dichioro-4-hydroxyphenyl)-4-(4-((4-methylpiperazin-l-y3)methyl)-

phenylamino)-1,5-naphthyridin-3-yl)ethanone trihydrochioride 
CH3 

/ \ / 
"N 
(, -3 HCI 

'Y, CI a i 
HO.. y ]j NH p 
cr Y ^ "CH3 

15 N 
Following general procedure II, 1 -(6-chloro-4-(4-((4-methyIpiperazin-1 -

yl)methy!> phenylamino)-!,5-naphthyridiii-3-yl)ethanone (74 mg, 0.18 mmol) was reacted 

with 2,6-dichloro-4-(4,4,5>S-tetramethyl-l,3,2-dioxaborolan-2-yl)phenol (78 mg, 0.27 
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mmol) followed by formation of the dihydrochloride salt to afford the desired product (84 

mg, 77%) as a yellow solid: ;H NMR (500 MHz, CD3OD) 5 9.33 (s, IH), 8.45 (d, J = 9.1 

Hz, IH), 8.36 (d, J = 9.0 Hz, IH), 7.70 (d, J - 8.1 Hz, 211), 7.49 (d, J - 8.1 Hz, 2H), 7.38 (br 

s, 2H), 4,45 (s, 2H), 3.55 (br s, 8H), 2.99 (s, 3H), 2.81 (s, 3H).: ESI MS m/z 536 [M + Hf; 

HPLC >99% (AUC), fR = 9.57 min. 

Example 35 

l-[6-(3-Chioro-5-fluoro-4-hydroxyphenyl)-4-{4-[(4-methy!piperazin-J-

yi)methyI]phenylamino}~1,5-naphthyridin-3-yl]ethanone trihydrochioride 
CH-, ) • 
\ / 
i 

M"^ 
v "3HC! Y\ 

NH O 
•N. X A. "V CH, ill 
^ ~N" 

10 Following general procedure II, l-(6-chioro-4~{4-[(4-methyipiperazin-l-

yl)methyi]pheny! amino}-!,5-naphthyridin-3-yl)ethanone (74 rag, 0.18 rnmol) was reacted 

with 2-chloro-6-fluoro-4-(4,4,5,5-tetraffiethyl-]53,2-dioxaboro!an-2-yl)phenol (74 mg, 0.27 

mmol) followed by formation of the dihydrochloride salt to afford the desired product (96 

mg, 93%) as a yellow solid: ]H NMR (500 MHz, CD3OD) 8 9.32 (s, IH), 8.44 (d, J = 9.1 

15 Hz, 1H), 8.34 (d, J - 9.1 Hz, 1H), 7.65 (d, J = 7.6 Hz, 2H), 7.48 (d, J - 8.0 Hz, 2H), 7.31 (br 

s, IH), 7.12 (br s, IH), 4.26 (br s, 2H), 3.45 (br s, 8H), 2.97 (s, 3H), 2.80 (s, 3H); ESI MS 

m/z 520 [M + H]1; HPLC >99% (AUC), /R ~ 9.37 min. 

Example 36 

l-[6-(3,5-Dichloro-4-hydroxyphenyl>4-{4-[2-(pyrrolidin-l-y!)ethyl]piperidin-j-yl}-l,5-

20 naphthyridin-3-yl]ethanone dihydrochloride 
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>21-101 

N 0 
X 

'CH3 

Following general procedure II, l-(6~chloro-4- {4-[2-{pyrrolidin-l~ 

yl)ediyl]piperidin-l-yr}-3,5-naphthyridin-3-yl)ethanone (60 mg, 0.16 mmoi) was reacted 

with 2,6-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro!an-2-yl)phenoI (65 mg, 0.23 

5 mmol) followed by formation of the dihydrochloride salt to afford the desired product (54 

mg, 60%) as a yellow solid: 'HNMR (500 MHz, CD3OD) 8 8.91 (s, IH), 8.46 (d, J = 9.1 

Hz, IH), 8.35 (d, J = 8.9 Hz, IH), 8.16 (s, 2H), 4.63 (br s, 2H), 3.70 - 3.54 (m, 4H), 332 -

3.24 (m, 2H), 3.13 - 3.03 (m, 2H), 2.67 (s, 3H), 2.22 - 1.96 (ra, 7H), 1.82 - 1.69 (m, 4H).; 

ESI MS m/z [M + Hf; HPLC >99% (AUC), /R - 9.75 min. 

10 Example 37 

1 -[6-(3-Cli loro-5-fluoro-4-bydroxyphenyl)-4- {4-[2-(pyrrotidin-1 ~yl)ethy!jpiperidin-1 -yl}-

1,5-naphthyridin-3-yl]ethanone dihydrochloride 

Following general procedure 13, 1 -(6-chloro-4-{4-[2-(pyrrolidin-1 -yl)ethyl]piperidin-1 -yi}-

15 1,5-naphthyridin-3-yl)ethanone (60 mg, 0.16 mmol) was reacted with 2-chloro-6-fluoro- 4-

(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenol (61 mg, 0.23 mmol) followed by 

foniiation of the dihydrochloride salt io afford the desired product (/3 mg, 83%) as a yellow 

solid: 'H NMR (500 MHz, CD3OD) 8 8.91 (s, IH), 8.45 (d, J = 9.0 Hz, IH), 8.35 (d, J = 8.9 

N 
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Hz, IH), 8.04 (t, J = 1.8 Hz, IH), 7.89 (dd, J =11.7, 2.2 Hz, IH), 4.66 (brs, 2H), 3.69 -

3.54 (ra, 4H), 3.33 - 3.23 (m, 2H), 3.13 - 3.03 (m, 2H), 2.67 (s, 3H), 2.22 - 1.96 (m, 

7H), 1.8!- 1.68 (in, 4H).; ESI MS m/z 497 [M + Hf; HPLC >99% (AUC), /R - 9.65 min. 

Example 38 

5 l-[6-(3,5-Dichloro-4-hydroxyphenyI)-4-{6-[2-(dimethySam!no)ethylamino]pyridin-3-

ylamino}-l,5-napbthyridin-3-yl]ethanone trihydrochioride 

Following general procedure II, l-[6-(3,5-dichloro-4-hydroxyphenyl)-4-{6-[2-

(dimethylamino) ethylamino]pyridin-3-y!amino}-1,5-naphthyridin-3-yl]ethanone (69 mg, 

10 0.18 mmol) was reacted with 2,6-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxahorolan-2-

y])phenol (78 mg, 0.27 mmol) followed by formation of the trihydrochlorido salt to afford 

the desired product (87 mg, 78%) as a yellow-orange solid: 'H NMR (500 MHz, D20) 8 

9.22 (s, .1H), 8.22 (d, J - 8.9 Hz, 1H), 8.02 (d, J = 9.1 Hz, 1H), 7.92 (d, j =2.5 Hz, 1H), 

7.59 - 7.53 (m, IH), 6.98 (s, 2H), 6.79 (d, J = 9.4 Hz, IH), 3.67 (t, J - 6.4 Hz, 2H), 3.23 (t, J 

3 5 « 6.4 Hz, 2H), 2.82 (s, 6 H), 2.80 (s, 3H).; ESI MS m/z 511 [M + Hf; HPLC >99% (AUC), 

/R :;= 9.13 rnin. 

Example 39 

l-[6-(3-Chloro-5-fluoro-/1-hydroxyphenyl>4-{6-[2-(dimethylamino)ethy!amino]pyridin-3-

ylaniino}-) ,5-naphtbyridin-3-yl]ethanone trihydrochioride 
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H3C; CH 
N 

HO. 

Following general procedure II, 3-[6~(3,5-dichioro-4-hydroxyphenyl)-4-{6-[2-

(dimetbyiamino) ethy3amitio'jpyridin-3-ylamino}-3,5-naphthyrldin-3-yl]ethanone (69 mg, 

0,18 mmol) was reacted with 2-ch!oro-6-fluoro~4-(4,4,5,5-tetramethy1-3,3,2-dioxaborolan-

5 2-y!)phenoi (74 mg, 0.27 mmol) followed by formation of the trihydrochioride salt to afford 

the desired product (71 mg, 66%) as a yello w -orange solid: !H NMR (500 MHz. CD3OD) 3 

9.40 (s. 1H), 8.49 (d, J = 9.0 My j H), 8.4 i (d, .1-9.. 1 Hz, i H), 8.23 (d. J - 2.5 Hz, 1H), 

7.87 (dd, J - 9.4, 2.5 Hz, IH), 7.42 (br s, 2H), 7.06 (d, .1 = 9.4 Hz, iH), 3.9! (t, J = 6.4 Hz, 

2H), 3.47 (t, J = 6.4 Hz, 2H), 2.99 (s, 6H), 2.85 (s, 3H).; ESI MS m/z 495 [M + Hf; HPLC 

i0 98.9% (AUC), tR = 8.97 min. 

Example 40 

(S)-{4-[6-(3-Amiaopiperidin-3-yl)pyridin-3-ylamino]-6-(3,5-dichloro-4-hydroxyphenyI)-

1,5~naphthyridin-3-yl} (cyclopropyl)methanone trihydrochioride 

rx 
"" VN\ °3HC! 

ci / H 
Jk 

NH O .11 ^ /V .A. C; ^ "vj xy \ y 

H 
Following general procedure IV-2, (S)-tert-buty! l-{5-[3-(cyciopropanecarbonyl)-

6-(3,5-dichloro-4-hydroxyphenyf)-i>5-naphthyridin-4-ylamino]pyridin-2-y3}piperidin-3-

ykarbamate (73 nig, 0.11 minoJ) was reacted with TFA (3 mL) followed by formation of 

the trihydrochioride salt to afford the desired product (3 3 mg, 42%) as an orange solid: 

NMR (500 MHz, CD3OD) 8 9.52 (br s, IH), 8.51 (d, J - 9.0 Hz, IH), 8.42 (d, J = 9.0 Hz, 
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IH), 8,23 (d, J - 2.6 Hz, IH), 7.88 (dd, J = 9.4, 2.7 Hz, IH), 7.69 (br s, 2H), 7.24 (d, J - 9.5 

Hz, IH), 4.37 (d, J - 10.9 Hz, IH), 4.05-3.95 (m, 3H), 3.50-3.33 (m, 3H), 2.90 (br s, IH), 

2.27-2.17 (m, IH), 2.06- i.96(m, IH), 1.86- l.74(m,2H), 1.37- 1.18 (m,4H).; ESI 

MS m/z 549 [M + Hf; HPLC 95.4% (AUC), tR = 10.09 min. 

l-{4~[2-(3-Amfnopyrrolidio-l-yl)pyrimidin-5-ylarainoj-6-(3,5-dich!oro-4-hydroxyphenyl)-

l,5-naphthyridin-3-yl} ethanone trihydrochioride 

Following general procedure IV-1, /erf-butyl 1-{5-[3-acetyl-6-(3,5-dichloro-4-

! 0 hydroxypheny!)- l>5-naphthyridin-4-ylamino]pyrimidin-2-yl}pyrrolidin-3-ylcarbamate (3 23 

mg, 0.20 mmol) was reacted with 6 N HCi (2 mL) followed by formation of the 

trihydrochioride sait to afford the desired product (62 mg, 50%) as a lighj; orange solid: 'H 

NMR (500 MHz, CD3OD) S 9,36 (br s, IH), 8.51 - 8,35 (m, 3H), 7.51 (br s, 2H), 4.32 — 

3.97 (m, 2H), 3.89 - 3.84 (m, IH), 3,80 - 3.69 (m, 2H), 2,84 (br s, 3H), 2.58 - 2,48 (m, IH), 

15 2.28-2.17 (m, IH). ; ESI MS m/z SW [M + Hf; HPLC 95.6% (AUC), (R = 9.18 min. 

Example 42 

l-(4-{fram--4-[(Diroethylamino)methyi]cyclobexylamino}-6-(lH-pyrazol-4-yl)-l!5-

naphthyridin-3 -yi)ethanone trihydrochioride 

5 Example 4 3 

H,C\ ..CH, 
" N 

- 106 
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Following general procedure II, l-(6-chloro-4-{4-[(dimethylamino)methyl]-

cyclohexy!amino}-l,5-naphthyridin-3-yl)ethanone (55 mg, 0,15 mmol) was reacted with 

tert-butyl 4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl>lH-pyrazole-l-carboxylate (66 

mg, 0,225 mmol) followed by formation of the trihydrochioride salt to afford the desired 

5 product (32 mg, 42%) as a yellow solid: 'll NMR (300 MHz, CD3OD) 8 9.30 (s, IH), 

8.34 (s, 2H) 8.30 - 8.23 (in, 2H), 5.64 (m, IH), 3.14 (d, ,/= 6.7 Hz, 2H), 2.94 (s, 6H), 2.75 

(s, 3H), 2.47 (d, J - 13.0 Hz, 2H), 2.09 - 1.97 (m, 3H), 1.73 - 1.61 (m, 2H), 1.45 - 1,33 (m, 

2H): ESI MS m/z 393 [M + Hf; HPLC 98.3% (AUC), tR - 8.60 min. 

Example 43 

10 3-(6-{3,5-Dichloi'o-1~hydroxyphenyl)-4-[/.i"a/«-4-(hydroxymetbyl)cyclohexyl]aiT;if!o}'- 1,5-

naphthyridin-3-y!)ethanons hydrochloride 

Following general procedure II, 1-{6-chioro-4-[4-

(hydroxyniethyl)cyclohexylairunQ]- 1.5-naphthyridin-3-yI}ethanone (34 mg, 0.10 mmol) 

15 was reacted with 2,6-dichloro-4-(4,4,5,5- tetramethyl-1,3,2-dioxaborolan-2-yI)phenoi (44 

mg, 0.15 mmol) followed by formation of the hydrochloride salt to afford the desired 

product (40 mg, 80%) as an orange solid: 'H NMR (500 MHz, DMSCM5) § 11.83 (d, J~ 

8.0 Hz, IH), 10.91 (s, IH), 9.22 (s, IH), 8.61 (d,J= 8.9 Hz, IH), 8.50 (d, J= 9.0 Hz, IH), 

8.16 (s, 2H), 5.55 - 5.45 (m, IH), 3.28 (d, J-6,5 Hz, 2H), 2.76 (s, 3H), 2.25 - 2.23 (m, 2H), 

20 1.96 - 1.88 (rn, 2H), 1.50- 1.42 (m, 3H), 1.17 - 112 (m, 2H); ESI MS m/z 460 [M + H]+; 

HPLC 96.8% (AUC), tR - 11.64 min. 

Example 44 

l-[6-(3,5-Dichioro-4-hydroxyphenyl)-4-{/raHS-4-[(dimethylamino)metby!]cyc]ohexyl-

amino}-l,5-naphthyridin-3-yl]-2-hydroxyethanone dihydrochloride 

OH 
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'N"CH; 

9 k 

Following general procedure II, l-(6-chioro-4»{/ra«s-4-[(dimethy!arrrino)methyl]-

cyclohexylamino}-ls5-naphthyridin-3-yi)-2-hydroxyethanone (18 mg, 0X48 mmol) was 

reacted with 2,6-dichioro-4-(4,4,5,5-tetramethyl-15352-dioxaborolan-2-yl)phenol (3 8 rag, 

5 0.062 mmol) followed by formation of the dihydi'ochloride salt to afford the desired product 

(9.1 mg. 33%) as an off-white solid. !H NMR (500 MHz, CD3OD) 8 9.13 (s, 1H), 8.47 (d, 

J - 8.9 Hz. IH), 8.33 (d, J = 8.9 Hz, 1H), 8.13 (s, 2H), 5.78 - 5.68 (m, 1H), 4.91 (s, 2H), 

3.10 (d, J - 6.7 Hz, 2H), 2.94 (s, 6H), 2.49 -- 2.42 (m, 2H), 2.10 - 2.00 <m, 3H), 1.76-

1.66 (m, 2H), 1.48 - 1.36 (m, 2H).; ESI MS m/z 503 [M + Hf; HPLC >99% (AUC), fe -

10 9.40 min. 

Example 45 

1 - (6-(3,5-Dichloro-4-hydroxyphenyl)-4-[(1 - methylpiperidin-4-yl)amino]- 1,5-naphthyridin-

3-yl}ethanone 

15 Following genera! procedure II, I-{6-chloro-4-[(l-methyIpiperidin--/1-yl)aminoj- 1,5-

naphthyridin-3-yi}ethanone (70 mg, 0.22 rnmol) was reacted with 2,6-dichloro-4- (4,4,5,5-

tetramethyl-l,3,2-dioxaborolan-2-yl)phenol (95 mg, 0,33 mmol) to afford the desired 

product (52 mg, 53%) as a yellow solid: 'H NMR (500 MHz, CD3OD) 8 8.85 (s, IH). 8.09 

- 8.01 (m, 2H), 7.94 (s, 2H), 5.74 - 5.70 (m, IH), 2.95 - 2.92 (m, 2H), 2,68 (s, 3H), 2.51 (t 

20 J - 11.7 Hz, 2H), 2.37 (s, 3H), 2.33 - 2.25 (m, 2H), 1.73 - 1.71 (in, 2H); ESI MS m/z 445 
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[M Hf, HPLC >99% (AUC), /R = 9.03 min. 

Example 46 

l-{6-(3-Cbloro-5-fluoro-4-hydroxyphenyl)-4-[(l-methyipiperidin-4-yl)amino]-

1,5-n aphthyridin-3-y 1} ethanone. 
H-,C. 

CH 

Foliowing genera! procedure II, 1 - {6~ohloro-4-[( 1 -methy!piperidin-4-yl)amino]-

l,5-naphthyridm-3-yl}sthanone (69 mg, 0.22mmof) was reacted with 2-chloro-6-fluoro-4-

(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenoi (88 mg, 0.32 mmol) to afford the 

desired product (44 mg, 47%) as a yellow solid: 'H NMR (500 MHz, CD3OD + DjO) 5 8.94 

10 (s, IH), 8.15 (s, 2H), 7.92 (s, IH), 7.74 (dd, / = 12.0, 2.2 Hz, IH), 5.70 - 5.62 (m, IH). 3.37 

- 3.12 (m, 2H), 2.71 (s, 3H), 2.69 - 2.64 (m, 2H), 2.53 (s, 3H), 2.37 - 2.35 (ra, 2H), 1.85 -

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

Example 47 

l-[6-(3,5-Dichloro-4-hydraxyphenyi)~4-{[fr<am-4-(morpho!inomethyl)cyc!ohexy]]airiino}-

15 1,5-naphthyridin-3 -yljethanorie 

Following general procedure II, l-(6-ch1oro-4-{[4-(morpho!irtomethyl)cycIohexyl]-

amino)-1,5-naphthyridin-3-y!)ethanone (85 mg, 0.2 i mmol) was reacted with 2,6-dichloro-

4- (4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenol (91 mg, 0,31 mmol) to afford the 

20 desired product (59 mg, 53%) as an orange solid: !H NMR (500 MHz, CDClj) S 11.18 — 
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11.16 (m, IH), 8.95 (s, IH), 8,21 (d, J= 8.8 Hz, IH), 7.99 (s, 2H), 7.94 (d, J = 8.8 Hz, IH), 

5.51 - 5.42 (m, IH), 3.71 (t, J- 4.7 Hz, 4H), 2.70 (s, 3H), 2.41 - 2.43 (m, 4H), 2.34 -2.32 

(m, 2H), 2.23 - 2.22 (m, 2H), 2.02 - 1.95 (m, 2H), 1.62 - 1.58 (m, IH), 1.46 - 3.39 (m, 2H), 

1.28 - 1.15 (m, 2H); ESI MS m/z 529 [M + Hf; HPLC 98.2% (AUC), fe = 9,93 rain. 

5 Example 48 

1 - [6-(3,5-Dichloro-4-hydroxypheny1)-4-(iraras-4- {[(2-

hydroxyelhyi)(mef:hyf)arrrino]methyl}- cyclohexyiamino)-1,5-naphthyrid in-3-ylj|efhanane 

dihydrochloride 

H,C, „OH 
" N 

amino]raethyl}cyclohexylamino)-l,5-naphthyridin-3-yl]ethatione (70 mg, 0.18 mmol) was 

reacted with 2,6-dichloro4-(4,4,5,5-tetramethyi-l ,3,2-dioxaborolan-2-yf)pheno{ (76 mg, 

0.27 mmol) followed by formation of the dihydrochloride salt to afford the desired product 

(68 rug, 64%) as a light yellow solid: !H NMR (500 MHz, CD3OD) 8 9.15 (s, IH), 8.46 (d, 

35 J= 9.0 Hz, IH), 8.34 (d, J~ 9.0 Hz, IH), 8.12 (s, 2H), 5.74-5.71 (m, IH), 3,90 (t J= 5.0 

Hz, 2H), 3.39 -3.37 (m, 3H), 3.28 -3.26 (m, 2H), 3.06- 3.02 (m, 1H), 2.97 (s, 3H)» 2.76 

(m, 3H), 2.46 - 2.43 (m, 2H), 2.13 - 2,03 (m, 3H), 1.69 - 1.66 (m, 2H), 1.44 - 1.42 (in, 

2H), ESI MS m/z 5 37 [M + Hf; HPLC >99% (AUC), rR - 9.74 min. 

Example 49 

20 !-[6-(3-ChlorQ-5-fluoro-4-hydroxypheny3)-4-(rraw.s-4-{[(2-hydroxyethylXrnethyl)amino]-

methyl}cyclohexylamino)-1,5-rtaphthyridin-3-yl]ethanone dihydrochloride 

10 Following general procedure !1, l-[6-chloro-4-(4-{[(2-hydroxyethyl)(methyl)-

110 -
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^"s-, ^OH 3 N -v-

X. •2HC! 

Following genera! procedure II, 1 -[6-ch!oro-4-(4- {[(2-

hydroxyethyi)(methyi)amino]- methyl} cyciobexylamino)-1,5-naplithyridin-3-yl]ethanone 

(30 mg, 0.076 mmol) was reacted with 2~chloro-6-ftuoro-4-(4,4,5,5-tetramethyl-1.3,2-

5 dioxaborolan-2-yl)phenol (31 mg, 0.11 mmol) followed by formation of the dihydrochloride 

CD3OD) 5 9.14 (s, 1H), 8.45 (d, J = 9.0 Hz, IH), 8.33 (d, J = 9.0 Hz, 1H), 8.03 (s, 1H), 7.89 

(d,J~ H .5 Hz, IH), 5.74-5.71 (m, IH), .3.90 (t, ./= 5.1 Hz, 2H), 3.45 -3.32 (m, 1H),3.30 

- 3,26 (m, 2H), 3.07 - 3.04 (m, IH), 2.97 (s, 3H), 2.76 (s, 3H), 2.45 (s, 2H), 2.17 -2.02 (m, 

10 3H), 1.70 - 1.62 (in, 2H), 1.48 - 1.36 (m, 2H); ESI MS m/z 501 [M + H]+; HPLC 98.2% 

(AUC), tR = 9.54 min. 

Example 50 

l-[6-(3,5-Difluoro-4-hydroxyphenyl)-4-{itraw-4-

[(dimethyiamino)methyl]cyclohexylatnino}- 1,5-naphthyridin-3-yl]ethanone 

15 dihydrochloride 

Following general procedure II, l-(6-chloro-4-{4-

[(diniethylamitio)methyi]cyciohexyl- amino}-1,5-naphthyridin-3-yl)ethanone (65 mg, 0.18 

mmol) was reacted with 2,6-difluoro-4- (4,4.5,5-tetramethyH,3,2-dioxahorola»-2-

20 yl)phenol (69 mg, 0.27 rnmol) followed by formation of the dihydrochioride salt to afford 

salt to afford the desired product (32 mg, 73%) as a light yellow solid: 'H NMR (500 MHz, 

IS _ 
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the desired product (87 nig, 90%) as an off-white solid: 'HNMR (500 MHz, CD3OD) 8 

9.13 (s, IH), 8.44 (d, .7=9.0 Hz, IH), 8.35 (d, J-9.0 Hz, IH), 7.78 (dd, J = 7.8, 1.7Hz, 

2H), 5.66 - 5.62 (m, IH), 3.09 (d, J= 6.6 Hz, 2H), 2.94 (s, 6H), 2.76 (s, 3H), 2.47 - 2.44 (m, 

2H), 2.08 - 2,04 (m, 3H), 1.72 - 1.68 (m, 2H), 1.37 - 1.2.8 (m, 2H); ESI MS m/z 455 [M + 

5 Hf; HPLC >99% (AUC), & = 9.49 min. 

Example 51 

l-[6-(3,5-Dichloro-4-hydroxyphenyl)-4-{6-[3-(dimethylamino)pyrrolidin-l-yi]pyridin-

3-ylamino}-l,5-naphthyridin-3-yl]ethanone trihydrochioride 

10 Following general procedure II, 1 -(6-chloro-4- {6-[3-(dimethylamino)pyrrolidin-l -

yl]- pyridjn-3-y!amino}-l,5-naphthyridin-3-yl)ethanone (55 mg, 0.134 mmol) was reacted 

with 2,6-dichloro-4-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-yl)phenoi (58 mg, 0.20 

mmol) followed by formation of the trihydrochioride salt to afford the desired product (75 

mg, 86%) as an orange solid: !H NMR (300 MHz, CD3OD) 8 9.41 (s, IH), 8.55 - 8.38 (m, 

15 2H), 8.30 (d, J= 2.4 Hz, IH), 7.97 (dd, J- 9.5, 2.4 Hz, IH), 7.54 (s, 2H), 7.05 (d, J- 9.5 

Hz, IH), 4.20 -4.16 (m, 2H), 4.02 - 3.86 (m, 2H), 3.80 - 3.70 (m, IH), 3.03 (s, 6H), 2.85 (s, 

3H), 2.82 - 2.68 (m, IH), 2.39-2.52 (m, IH); ESI MS m/z 537 [M + Hf; HPLC >99% 

(AUC), fR = 9.08 min. 

Example 52 

20 l-[6-(3-Chloro-5-fluoro-4-hydroxyphenyi)-4-{6-[3-(dimethyiamino)pyrrolidin-l-yl]pyridin-

3- ylamino}-1,5-uaphthyridin-3-yl]cthanone trihydrochioride 
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8,40 (d, J= 8.9 Hz, IH), 8.24 (d, J= 2.5 Hz, IH), 7.88 (dd, J = 9.4, 2.5 Hz, IH), 7.57 (s, 

2H), 6.96 (d, J = 9.4 Hz, IH), 4.13 - 4.00 (m, 2H), 3.92 - 3.79 (m, 211), 3.66 - 3.73 (m, IH), 

2.83 (s, 6H), 2.72 - 2,60 (m, IH), 2.45 - 2,34 (ra, IK).; ESI MS m/z 523 [M + H]4; HPLC 

>99% (AUC), fe = 8.97 min. 

5 Example 54 

l-(6-(3-€hioro-5-fluoro-4-hydroxyphenyl)-4- {6-[3-(methy!aniino)pyiTolidin-1 -yljpyridin-

3-ylamino}-3,5-naphthyridin-3-yl)ethanone trihydrochioride 

10 hydroxy-phenyl]-! ,5-naphthyridin-4-ylamino'}pyridin-2-yl)pyrroIidin-3 -yS(methyl) 

carbamate (0.189 mmol) was reacted with TFA (2 mL) followed by formation of the 

trihydrochioride salt to afford the desired product (73 mg, 63% over two steps) as an orange 

solid: !H NMR (500 MHz, CD3OD) 8 9.34 (s, 1H), 8.46 (d, J= 9.0 Hz, IH), 8.38 (d, 9.0 

Hz, IH), 8.22 (d, 2.5 Hz, 1H), 7.82 (dd, J - 9.4, 2.5 Hz, IH), 7.40 (s, IH), 7.32 (d, ./" 

15 11.8 Hz, IH), 6.92 (d, J = 9.4 Hz, IH), 4,16 - 3.97 (m, 2H), 3.90 - 3.78 (m, 2H), 3.75 -

3.65 (m, 1H), 2.83 (s, 6H), 2.72 - 2.60 (m, 1H), 2.42 - 3.34 (m, 1H); ESI MS m/z 507 [M + 

H]+; HPLC >99% (AUC), /R - 8.72. min. 

Example 55 

1 -{6-(lH-Benzo[d]imidazoi-5-yl)-4-{/rom-/i-[(dimethykminQ)methyl]cyclohexyJarnmo}-

20 1,5-naphthyridin-3-yl)ethanone trihydrochioride 

m~~/X 
H,C" V--N 

C1 [I 1 
HO. J. 

•3HC 

Following general procedure D-l, /erf-butyl 1 -{5-[3-acelyf-6-(3-chloro-5-fluoro- 4-
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H,C.N,CH-
•3HC1 

CH-

Following genera! procedure II, l-(6~chloro-4-{?m«,?-4-

[(dixnethylamino)methyi]cycio- hexylamino}-! ,5-naphthyridin-3-yl)eihanone (68 mg, 0.188 

mmol) was reacted with 5-(4,4,5,5-tetramethy!-l,3,2~dioxaborolan-2-yS)-lH-

5 benzo[d]imidazole (69 mg, 0.282 mmol) followed by formation of the trihydrochioride salt 

to afford the desired product (76 nig, 73%) as a yellow-brown solid: *H NMR (500 MHz, 

CD3OD) 8 9.49 (s, IH), 9.19 (s, IH). 8.63 (d,J= 8.9 Hz, IH), 8.56 (s, IH), 8.46 (d, J--- 8.9 

Hz, IH), 8.37 (d, J~ 8.5 Hz, IH), 8.39 (4/= 8.5 Hz, IH), 5.65 - 5.55 (m, IH), 3.15 (d 

6.9 Hz, 2H), 2.93 (s, 6H), 2.78 (s, 3H), 2.52 - 2.48 (m, 2H), 2.07 - 1.95 (m, 3H), ! .76 -

10 1.64 (m, 2H), 1.43 - 3.31 (m, 2H); ESI MS m/z 443 [M + H]+; HPLC 97.7% (AUC), tR = 

8,20 min. 

Example 56 

l-{4-[4-(«r(ms-4-Dimethyiamino)methylcycIohexy!aniino]-6-(pyridin-4-yr)-

] ,5-naphthyridin-3-yi}ethanone trihydrochioride 

Following general procedure IS, 1 -(6-chioro-4-(?raras-4-

((dimethyfamino)methyl)cyclo- hexyiamino)-l,5-naphthyridin-3-yl)ethanone (89 rng, 0.247 

mmol) was reacted with 4-(4,4,5,5-tetrametbyl-i,3,2-dioxaborolan-2-yi)pyridine (45 mg, 

0.370 mmol) foilowed by formation of the trihydrochioride salt to afford the desired product 

20 (108 mg, 85%) as a yellow solid: *H NMR (500 MHz, CD3OD) 5 9.28 - 9.20 (m, 3H), 8.81 
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(d, J— 8.9 Hz, IH), 8.74-8.69 (ms 2H), 8.57 (d, /= 8.9 Hz, IH), 5.51 - 5.43 (m, 1H), 3.17 

(d, J- 6.7 Hz, 2H), 2.94 (s, 6H), 2.78 (s, 3H), 2.52 - 2.44 fm, 2H), 2.08 - 1.97 (m, 3H), 

1.77 - 1.65 (m, 2H), 1.42 - 1.33 (m, 2H): ESI MS m/z 404 [M + Hf; HPLC 95.6% (AUC), 

/R ::: 7.62 min. 

5 Example 57 

5-(7-Acetyf-8-{/ra«5-4-[(dimethyJamino)methyl]cyclohexy]amino}-

3,5-naphthyridin-2-yi)pyrimidine-2-carbonitrile 

10 [(dimetbylamino)rne{hy!]cyclo- hexy{amino}-l,5-naphthyridin-3-yl)ethanone (87 mg, 0.24 

mmol) was reacted with 5-(4,4,5,5-tetramethyi- 3,3,2-dioxaborolan-2-yl)pyriinidine-2-

earbonitrile (83 mg, 0.36 mmol) Eo afford the desired product (24 mg, 23%) as a yellow 

solid: !H NMR (500 MHz, CD3OD + T¥A-d) 8 9.62 (s, 2H), 9.23 (s, IH), 8.68 (d, J= 8.9 

Hz, IH), 8.51 (d8.9 Hz, IH), 5.52 - 5.41 (m, IH), 3,12 (d, 6.8 Hz, 2H); 2.94 (s, 

15 6H), 2.77 (s, 3H), 2.5 3 -• 2.42 (m, 2H), 2.08- 1.94 (m, 3H), 1,88 - i .65 (m, 2H), 1.37 — 

1.25 (m, 2H); ESI MS m/z 430 [M + Hf; HPLC >99% (AUC), iR = 8.73 min. 

Example 58 

1 -(6-(3,5-Dimethyl-1 H-py razol-4-yl)-4- {trans-4-

[(dimethylamino)methyl]cyclohexylamino}- ],5-naphthyridin-3-yl)ethanone 

20 trihydrochioride 

Following general procedure II, 1 -(6-chloro-4-{trans-4-
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H-,C 
N"CH3 

r> '3HCi 
HN^NH O 

V^V NV^V^CH. / ji H3C U 
^ N ': 

Foliowing general procedure D-l, ter.'-butyl 4-(7-aeetyl-8-{/rarcs-4-

[(dimethylatnino)- methyl] cyciohexyl}amino)- 1,5-naphthyridin--2-yi)--3,5-dimethyl- 1H-

pyrazole-1 -carboxylate (G.25 mrnol) v/as reacted with TFA (2 mL) followed by formation 

5 of the trihydrochioride salt to afford the desired product (96 mg, 72% over two steps) as a 

yellow foam: !HNMR (500 MHz, CD3OD) 8 9.!7 (s, 1H), 8.36 (d, J- 8.8 Hz, 111), 8.08 (d, 

J~ 8.8 Hz, IH), 5.64- 5.52 (m, IH), 3.05 (d, ./= 6.7 Hz, 2H), 2.90 (s, 6H), 2,76 (s, 3H), 

2.47(s, 6H), 2.38- 2.29 (m, 2H), 1.99-1.87 (m, 3H), 3,68 - 1.52 (m, 2H), 1,21 - 1.07 (rn, 

211): ESI MS m/z 42.1 [M + Hf; HPLC >99% (AUC), tR = 8.45 min. 

] 0 Example 59 

l-{4-{fr-a«5-4-[(Dimethylamino)methyI]cyclohexylamino}-6-(4-hydroxy-3,5-

dimethylpheny!)-

1,5-tiaphthyridin-3-yl)ethanone dichloride 
H>VCH3 

I 

CH-i 
_ «2HC1 

HO A. V1" NH 0 

H,cV x -N, A JI, Y YXT 3 

Foliowing general procedure 11, l-(6-chloro-4-{rraKJ~4-

[(din)ethy3amino)methyJJcyclo- hexylamino}-! ,5-naphthyridin-3-yl)ethanone (60 mg, 0.166 

mmol) was reacted with 2,6-dimethyl-4-(4,4,5,5-tetramethyl-Ts3!2-dioxaboro!an-2--

yl)phenol (62 mg, 0.25 mmol) followed by formation of the trihydrochioride salt to afford 

the desired product (41 mg, 48%) as a yellow solid: 'H NMR (500 MHz, CD3OD) S 9.10 (s, 

- 117-
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Following general procedure II, 1 -{6-ch{oro4-[/raw-4-(pyrroiidin-l-ylmethyl> 

cyciobexylamino]- i,5-naphthyridin-3-yl}ethanone (67 mg, 0.17 mmol) was reacted with 

2,6-dichloro-4-(4,4,5,5-tetrametbyl-l,3,2-dioxaborolan-2-yl)phenol (58 mg. 0.21 mmol) 

followed by formation of the dihydrochloride salt to afford the desired product (36 mg, 

5 36%) as an off-white solid: 'H NMR (300 MHz, CDjOD) 8 9.15 (s, IH), 8.47 (d, 7= 9.0 Hz, 

IH), 8.34 (d, J= 9.0 Hz, IH), 8.12 (s, 2H), 5.75 - 5.67 (m, IH), 3.72 - 3.65 (m, 2H), 3.17 -

3.06 (m, 4H), 2.76 (s, 3H), 2.48 - 2.40 (m, 2H), 2.20-1,99 (m, 6H), 1.73 - 1.61, (m, 2H), 

1.47 - 1.36 (m, 2H); ESI MS m/z 513 [M + Hf; HPLC 95.7% (AUC), tR - 10.21 min. 

Example 62 

10 1 -(6-(3-Chloro-5-fluoro-4-hydroxyphenyl)-4- {[/ri»?5-4-(pyrroIidin~3 -ylmiethyS) 

cyciohexyl] amino}-3,5~naphthyridin-3-yl)ethanone dihydrochloride 

Following general procedure 11, 1 -(6-chloro-4-{[fraras-4-(pyrrolidin-1 -yimethyl> 

cyclohexyi]amino}-l,5-naphthyridin-3-yl)ethanone (86 mg, 0.22 mmol) was reacted with 2-

15 chJoro-6-fluoro-4-(4,4,5,5-tetramethyl-l,3>2-dioxaborolan-2-yl)phenol (90 mg, 0,33 mmol) 

followed by formation of the dihydrochloride salt to afford the desired product (75 mg, 

69%) as a light brown solid: 'H NMR (500 MHz, CD3OD) 6 9.14 (s, IH), 8.45 (d, J- 9,0 

Hz, II-I), 8,34 (d, J-9.0 Hz, IH), 8,02 (s, 1H), 7.88 (dd, J- 13.5, 2.0 Hz, IH), 5.74 - 5.64 

(m, 1H), 3.74 - 3.68 (m, 2H), 3.18-3.10 (m, 4H), 2.76 (s, 3H), 2.47 - 2.41 (m, 2H), 2.22 -

20 1.98 (m, 7H), 1.74 - 1.62 (m, 2H), 1.47 - 1.34 (m, 2H); ESI MS m/z 497 [M + H]1; HPLC 

96.6% (AUC), /R - 9.90 min. 

Example 63 

1 -(6-(3,5 - Dichloro-4-hydroxypheny !)-4- {trans-4-[(4-methylpiperazin-1 -

yl)methyl]cyc!ohexyl- amino}-1,5-naphthyridin-3-yl)ethanone trihydrochioride 

•2 HCI 

O 
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a 
HO.. ' 

CH3 
i 

J -3HC1 
S"K7' 
! 1 

r Ti 'NH O 
1 11 

ci"' ^rf' TH3 
v <>' 

N 

Foliowing genera! procedure 11, l-(6-chioro-4-{4-[(4-raethylpiperazin-3 -

yl)mei:hyl]- cyciohexyl amino}-!,5-naphthyridin-3-yl)ethanone (32 mg, 0.076 mmol) was 

reacted with 2,6-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (26 mg, 

5 0.092 mmol) followed by formation of the trihydrochioride salt to afford the desired product 

(31 mg, 67%) as a yellow solid; NMR (500 MHz, CD3OD) 8 9.14 (s, I B), 8.46 (d, J = 

8.9 Hz, IH), 8.33 (d, J - 8.9 Hz, IH), 8.10 (s, 2H), 5.73 - 5.68 (m, IH), 3.75 (br s, 8H), 

3.16 (br s, 2H), 3.02 (s, 3H), 2.76 (s, 3H), 2.46 -2.42 (m, 2H), 2.22 - 2.14 (m, 2H), 2.10-

2.00 (m, 1H), 1.72-1.63 (m, 2H), 1.46 - 1.37 (m, 2H); ESI MS m/z 542 [M + H]+; HPLC 

10 96.7% (AUC), tR = 9.37 min. 

ipie 64 

l-(4-{f6-(3-Atninopiperidin-l-yl)pyridin-3-yI]amino}-6-(355-dichloro-4-hydroxyphenyl)-

l,5-naphthyridin-3-yl)ethanone trihydrochioride 

rx 
H2N-\^N ,, 

*3 HCi 

l' \ " "VS NH 9 
ci^Xy'NV^VAcH3 

Following general procedure IV-2, ?er/-butyl [ 1 -(5- {[3-acetyl-6-(3,5-dichloro-4-

hydroxyphenyl)-3,5-naphthyridin-4-yl]amino}pyridin-2-yl)piperidin-3-yl]carbamate (0.20 

mmol) was reacted with TFA (2 mL) followed by formation of the trihydrochioride salt to 

afford the desired product (31 mg, 30% over two steps) as an orange solid: *H NMR (500 

MHz, CD3OD) 8 9.38 (s, IH), 8.49 (d, J= 9.0 Hz, IH), 8.41 (d, J- 9.0 Hz, 1H), 8.25 (d, J 

,N. 
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- 2.6 Hz, IH), 7.92 - 7.86 (m, IH), 7.58 (s, 2H), 7.24 (d, J= 9.5 Hz, IH), 4.41 - 4.34 (m, 

IH), 4.03 - 3.96 (m, IH), 3.53 - 3.32 (m, 4H), 2.84 (s, 3H), 2.24 - 2.2] (m, IH), 2.05 -

] .97 (m, IH), 1.84 - 3.76 (m, 2H); ESI MS m/z 523 [IV! + H]+; HPLC 98.0% (AUC), tR -

9.48 min. 

5 Example 65 

l-(4-{[6-(3-Aminopiperidin-l-y{)pyridiii-3-yl]amino}-6-{3-cliloro-5-tluoro-4-

hydroxyphenyl)- 1,5-naphthyridin-3-yI)e{haaone trihydrochioride 

Following general procedure IV-2, /fenr-butyl [!-(5-{[3-acety!-6-(3-chioro-5-fluoro-

10 4- hydroxy phenyl)-1,5-naphthyridin-4-yl]amino}pyridin-2-yi)piperidin-3-yl]carbamate 

(0.20 mmol) was reacted with TFA (2 mL) followed by foniiation of the trihydrochioride 

(500 MHz. CD3OD) 5 9.38 (s, IH), 8.48 (d, J= 9.5 Hz, IH), 8.41 (d,,/- 9.5 Hz), 8.25 (d, J 

- 2.5 Hz, IH), 7.93 (dd, J= 9.5, 2.5 Hz, IH), 7.43 -7.37 (m, 2H), 7.28 (d, J-9.5 Hz, IH), 

3 5 4.37 (d, J= 3 0.7 Hz, IH), 4.03 - 3.99 (m, IH), 3.52 - 3.32 (m, 3H), 2.84 (s, 3H), 2.28 -

2,20 (111, IH), 2.08-3.98 (m, IH), 1.84-1,78 (m, 2H); ESI MS m/z 507 [M + Hf; HPLC 

>99% (AUC), tR - 9.38 min. 

Example 66 

l-{4-[fra»5-(4-Aminocyclohexyl)amino]-6-(3,5-dich!oro-4-hydroxypher>y!)-l,5-

20 naphthyridin- 3-yl} -ethanone dihydrochioride 

salt to afford the desired product (33 rag, 33% over two steps) as an orange solid: 'H NMR 

- 121 -
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Following general procedure IV-2, tert-butvi (4- {[3-ac«tyJ-6-(3,5-dichloro-4-

hydroxyphenyl)-1,5-naphthyridin-4-yl]amino}cyclohexy!)carbamate (0.23 mmol) was 

reacted 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 solid: 'H NMR (300 MHz. D20) S 

5 8.96 (s, IH), 8.18 - 8.00 (m, 2H), 7.53 (s, 2H), 3.28 - 3.23 (m, IH), 2.68 (s, 3H), 2.28-

2.24(m, 2H), 2.16-2.13 (m, 2H), {.76- 1.64 (m, 2H), 1.57- 1.45 (m, 2H); ESI MS m/z 

445 [M + Hf; HPLC 98.4% (AUC), rR - 9.34 min. 

Example 67 

]-{4-[»Y^'-(4-AniinocYciohexy!)amino]-6-(3-chloro--5~fluoro-4~hydroxyphenyl)--l.,5-

10 naphthyridin-3-yl} ethanone dihydrochloride 

Following general procedure IV-2, ten-butyl (4-{[3-acetyi-6-(3-chloro-5-fluoro- 4-

hydroxyphenyl)-1,5-naphfhyridin-4-yi]amino}cyclobexyl)carbamate (0.2.0 mmol) was 

reacted with TFA (2 mL) followed by formation of the dihydrochloride sait to afford the 

i 5 desired product (45 mg, 45% over two steps) as a while solid: 'H NMR (500 MHz, D2O) 8 

8.99 (s, IH), 8.13 (d, 7= 9.0 Hz, IH), 8.03 (d, .7 = 9.0 Hz, IH), 7.40-7.34 (m, 2H), 4.91 -

4.94 (m, IH), 3.35 - 3.28 (m, IH), 2.72 (s, 3H), 2.30 - 2.22 (m, 2H), 2.2! - 2.14 (m, 2H), 

1.75 - 1.68 (m, 2H), 1.56 - 1.48 (m, 2H); ESI MS m/z 429 [M + Hf; HPLC >99% (AUG). 

tR = 9.10 min. 

20 Example 68 

1 -(6-(3-Chloro-5-fiuoro-4-hydroxyphenyl)-4~ {/rawi'-4-[(4-methylpiperazin-l -yi)methyl]-

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

H2N. 

- 322 -
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CH-, 

HO. 

F 

•3KCI 

'CH 

Following genera! procedure II, 1 -(6-chloro-4-{4-[(4-methyIpiperazin-1 -

yjjmethyl]- cyciohexyl amino)-l,5-naphthyridin-3-y3)et:hanorfe (53 mg, 0.13 mmoi) was 

reacted wish 2-chloro-6-f]uoro-4-(4,4,5,S-te{ramethyl-l,3J2-dioxaboroian-2-yl)phenol (41 

5 mg. 0.152 mmol) followed by formation of the trihydrochioride salt to afford the desired 

product (31 mg, 14%) as a yellow solid: !H NMR (500 MHz, CDjOD) § 9.14 (s, I H), 8,45 

id../ !)0 Hz, 3H), 8.32 (d, J= 9.0 Hz, IH), 8.02 (s, IH), 7.88 (dd, J =11.4, 2,2 Hz, IH), 

5/75 - 5.65 <m, IH), 3.70 (br s, 8H), 3.10 (br s, 2H), 3.03 (s, 3H), 2.75 (s, 3H), 2.46 - 2.42 

(ffl, 2H), 2.16-2.13 (m, 2H), 2,05 -2.02 (m, IH), 1.73 - 1.61 (m, 2H), 1.46 - 1.35 (m, 

3 0 2H); ESI MS m/z 526 [M + Hf; HPLC >99% (AUC), iR = 9.14 rain. 

Example 69 

Ar-(fraj7i--4-{[3-Acetyl-6-(3-chloro-5-fluoro-4-hydroxyphenyi)-l,5-naphthyridin-4-

yljamino}- cyclohexyl)-2-araino-3-methylbutanamide dihydrochloride 

3 5 Foilowing general procedure IV-2, terl-butyl [ 1 -(/raP75-4-{[3-acetyi-6-(3-cli!oro-5-fluoro-4-

3iydroxyphenyl)-l,5-naphthyridin-4-yljamino}cyciohexylamino}-3-methyl- l-oxobutarn-2-

yljearbamate (0.19 rnmol) was reacted with TFA (2 mL) foilowed by formation of the 

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

H,c, 
VCR 
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white solid: !H NMR (500 MHz, CD3OD)5 9.14 (s, IH), 8-44 (d, J- 9.0 Hz, 1H), 8.33 (d, J 

= 9.0 Hz, 1H), 8.00 (s, IH), 7.87 (dd, J:==: 11.4, 2.2 Hz, 1H), 5.63 - 5.57 (tn, 1H), 3.88 -

3.83 (m, IH), 3.62 (d, J= 6.0 Hz, IH), 2.76 (s, 3H), 2.51 - 2.40 (m, 2H), 2.10 - 2.32 (m, 

3H), 1.81 - 3.53 (m, 4H), 1.08 (i, J = 7.4 Hz, 6H); ESI MS m/z 528 [M + Hf; HPLC 98.9% 

5 (AUC), /R =- 9.99 min. 

Example 70 

l-{6-(3,5-Dichloro-4-hydroxyphenyl)-4-[fm«s-4-(piperazin-l-ylmethyl)cyclohexylamiiio]-

1,5-naphtbyridin-3~yi} ethanone trihydrochioride 

H 

-3 HCi 

ci y' X I ^""NH O 

ci' V""''XY ci i3 

V^NV' 

10 Following general procedure IV-2, tot-butyl 4-((4~((3~acety3~6-(3,5-dich!oro-4-

hydroxy-phenyl)- !,5-naphthyridin-4-yl)amino)cyclohexyl)methyi)piperazine-]-carboxyiate 

(0.298 rnmol) was reacted with TFA (2 mL) followed by formation of the trihydrochioride 

salt to afford the desired product (84 mg, 47% over two steps) as a yellow solid: ' H NMR 

(500 MHz, D20) 5 9.00 (s, IH), 8.22 - 8.11 (m, 2H), 7.59 (s, 2H), 5.06 (m, IH), 4.76 - 4.71 

15 (m, 1H), 4.66 (s, 1H), 3.60 (s, SH), 3.15 (d, J = 6.7 Hz, 2H), 2.74 (s, 3H), 2.25 - 2.23 (m, 

2H), 2.02 - 1.97 (m, 2H), 1.60-1.58 (m, 2H), 1.24 - 3.20 (m, 2H); ESI MS m/z 528 [M + 

Hf; HPLC 98.0% (AUC), /R - 9.29 min. 

Example 73 

(S)-l-(4-{[6-(3-Aminopiperidin-l-yl)pyridin-3-yl]amino}-6-(3,5-dichloro-4-

20 hydroxyphenyl)- 1,5-naphthyridin-3-yl)ethancne trihydrochioride 
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H2N^-N XI 
*3HC1 ci L y 

HO.J\ 
V j] NH 9 

cr Y VY CH. 

Following genera! procedure IV-2, (SVtert-butyl [l-(5-{[3-acetyl-6-(3,5-dichloro-4-

hydroxy- phenyl)-1,5-naphthyridin-4-yi]amino}pyridin-2-yI)piperidin-3-y]]carbamate 

(0.197 mmol) was reacted with TFA (2 mL) foilowed by formation of the trihydrochioride 

5 salt to afford the desired product (42 mg, 33% over two steps) as a yellow solid: 'H NMR 

(500 MHz, CDjOD) § 9.39 (s, IH), 8.49 (d, J= 9.0 Hz, IH), 8.41 (d, J= 9.0 Hz, IH), 8.25 

(d, J-2.6 Hz, IH), 7.92 (dd, ./ = 9.5, 2.6 Hz, III), 7.57 (s, 2H), 7.27 (d,J = 9.5 Hz, IH), 

4.37 (d, J- 10.9 Hz, IH), 4.02 - 3.99 (m, IH), 3.52 -3.32 (m, 3H), 2.84 (s, 3H), 2.24 -

2.22 (m, IH), 2.07 - 1.95 (m, IH), 1.82 - 1.77 (m, 2H); ESI MS m/z 523 [M + HJ1; HPLC 

10 97.5% (AUC), /R = 9.56 m in. 

Example 72 

(S)-l-(4-([6-(3-Aminopiperidin-l-yl)pyridin-3-yl]amino}-6-(3-chloro-5-f!«oro-4-hydroxy~ 

phenyi)-i,5-naphthyridin-3-yl)ethanone trihydrochioride 

*3HC1 

Ci 4 J* 
h0V#=S) NH O V A N x JU r v W CH3 

^ N 

15 Following general procedure IV-2, (S)-tert-buty! [l-(5-{[3~acety!-6-(3~chloro~5~fiuoro- 4-

hydroxypheny!)-l,5-naphthyridin-4-yl]amino}pyridin-2-yl)piperidin-3-y3]carbamate (0.2.0 

mmol) was reacted with TFA (2 mL) followed by formation of the trihydrochioride salt to 

afford the desired product (42 mg, 34% over two steps) as an orange-yellow solid: !H NMR. 

(500 MHz, CD3OD) 8 9.30 (s, iH), 8.45 (d, J= 9.0 Hz, 1H), 8.35 (d, J = 9.0 Hz, 1H), 8.! 9 

20 (d, J= 2.6 Hz, IH), 7.68 (dd, J= 9.2, 2.6 Hz, IH), 7.45 (br s, IH), 7.27 (br s, IH), 7.05 (d, J 
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- 9,2 Hz, IH), 4.43 - 4.36 (m, IH), 3.94-3.92 (m, IH), 3.44 - 3,32 (m, 3H), 2.81 (s, 3H), 

2.23 - 2.15 (m» 1H), 2.05 - 1,91 (tn, 1H), 1.77 - 1.73 (m, 2H); ESI MS m/z 507 [M + Hf; 

HPLC >99% (AUC), iR - 9.57 min. 

Example 73 

5 N-{fran.?-4-[3-Acetyl-6-(3,5-dichloro4-hydroxypheny!)-l,5-naphthyridm-4-ylammo]|-

cyclohexyl}-2-aminopropanainide dihydrochloride 

Foliowing genera! procedure TV-1, crude /erf-butyi {-{/nms-4-[3-acetyl-6-(3,5-

dichioro -4-bydroxypheiiyi)-l,5-naphthyridin-4-ylamino]cyc!ohexylammo}-1-oxopropan-2-

10 y{carbamate (0.13 mmol) was reacted with HCi (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, CDjOD) 8 9.14 

(s, IH), 8.45 (d, J= 8.5 Hz, IH), 8.34 (d, J~ 8.5 Hz, IH), 8.10 (s, 211), 5.65 - 5.55 (m, IH), 

3.90 (q, J~ 6,9 Hz, IH), 3.85 -3.76 (m, IH), 2.76 (s, 3H), 2.50 - 2.39 (m, 2H), 2.21 - 2.10 

(tn, 2H), 3.78 - 1.69 (m, 2H), 1.65 - 1.52 (m, 2H), 1.51 (d, J - 6.9 Hz, 3H); ESI MS m/z 

15 516 [M -hHf; HPLC >99% (AUC), fR = 9.65 min. 

Example 74 

N-{4-[3-Acetyf-6-(3-chloro-5-fluoro-4-hydroxypbeny]>!,5-naphthyridin-/r(ms-4-ylamino]-

cyciohexyl}-2-aminopropanamide dihydrochloride 
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n NH2 °\ -( 
S-" \ «?HC 
/ CH, 

HN, 
~T\ 
V-C 9 A / 

HO. ^k. NH 0 

r""^- --r <:f ""CH, 

Foliowing general procedure IV-1, ten-butyl l-{4-[3-acetyl-6-(3-chloro-5-fliioro- 4-

hydroxyphenyl)-1,5-naphthyridin-/raw5-4-ylamino]cyclohexy iamino}-1 -oxopropan-2-

ylcarbamate (0.33 mmol) was reacted was reacted with HCI (5 ml,, 2 M in ether) to afford 

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

CDjOD) 8 9.14 (s, IH), 8.44 (d, J= 8.9 Hz, IH), 8.33 (d, J = 8.9 Hz, IH), 8.00 (t, J= 1.8 

Hz, iH), 7.87 (dd, J= 11.6, 1.8 Hz, IH), 5.65 - 5.57 (m, 2H), 3.94 - 3.77 (m, 2H), 2.76 (s, 

3H), 2.50 - 2.40 (s, 2H), 2.20 -2.12 (m, 2H), 1.78- 1.58 (m, 2H), 1.61-3.52 (m, 2H), 

1.51 (d, J=l.\ Hz, 3H); ESi MS m/z 500 [M + Hf; HPLC 99.0% (AUC), fc = 9.59 min. 

10 Example 75 

(S)-N-{4-[3-Acetyi-6-(3,5-dichIoro-4-hydroxyphenyl)-l,5-naphthyridm-/ra«s-4-yiamino]-

cyclohexy]}pyrrolidine-2-carboxamide dihydrochloride 

- HN~~\ 
% I \ V 
HN *2 HCI 

C! ' 

ri NH O 
,.. „ .. JL cr x "V CH, 

\ i 
N 

Following general procedure IV-1, (S)-fert-buty! 2-{4-[3-acetyl-6-(3,5-dichloro-4-

hydroxyphenyl)-ls5-naphthyridin-fra«.s-4-ylamino]cyclohexylcarbamoy]} pyrrolidine-! -

carboxyiats (0.19 mmol) was reacted was reacted with HCi (5 mL, 2 M in ether) to afford 

the desired product (70 mg, 58% over two steps) as an off-white solid: 'H NMR (500 MHz, 
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CD3OD) 5 9.14 (s, IH), 8.45 (d,./= 9.0 Hz, IH), 8.34 (d, J= 9.0 Hz, IH), 8.09 (s, 2H), 5.66 

- 5.53 (m, IH), 4.24 {dd,8.5, 6.9 Hz, IH), 3.90 - 3.77 (m, !H), 3.46 - 3.30 (m, 21)). 

2.76 (s, 3H), 2.51 - 2.40 (m, 3H), 2.22 - 1.94 (m, 5H), 1.80 - 1.53 (m, 4H); ESi MS m/z 

542 [M + H]+; HPLC 98.9% (AUC), fR - 9.88 min. 

5 Example 76 

(S)-N-{4-[3-Acetyl-6-(3-chloro-5-fluoro-4-hydroxyphenyl)-I,5-naphthyridjn~/raH.?-4-

ylamino]- cyciohexyl} pyrrolidine-2-carboxamide d ihydrochloride 

HN—, 
Os f \ 

HN, __ «2HC1 

a r\ 
HO"A V\H 0 

V /••. _ , N . ,^'v 
^ if "Y CH, 

Following general procedure IV-1, fert-birtyl 1 - {4-[3-acetyi-6-(3-chloro-5-fluoro-

10 4- hydroxy-phenyl>l,5-naphthyridin-4-ylamino]cyclohexylamino}-l-oxopropan-2-

ylcarbamale (0.19 mmol) was reacted with HCI (5 tnL, 2 M in ether) to afford the desired 

product (46 mg, 45% over two steps) as an off- white solid: 'H NMR (500 MHz, CDjOD) 5 

9.14 (s, IH), 8-44 01,./ 8.9 Hz, IH), 8.33 (d: J - 8.9 Hz, IH), 8.00 (t, J~ 1.8 Hz, IH), 7.87 

(dd, J = 13.4, 1.8 Hz, IH), 5.69 - 5.52 (in, IH), 4.23 (dd, ./= 8.5, 6.9 Hz, IH), 3.80 - 3.88 

15 (m, IH), 3.47 - 3.32 (im, 2H), 2.75 (s, 3H), 2.51 -2.39 (m, 3H), 2.20 - 2.13 (m, 2H), 2.12 -

1.95 (in, 3H), 1.81 - 1.68 (m, 2H), 1.67 - 1.52 (m, 2H); ESI MS m/z 527 [M + H]+: HPLC 

>99% (AUC), tR - 9.69 min. 

Example 77 

1 -(6-(3 -Hydroxypyrrol id in-1 -yi)-4-{/ra«s'-4-[(3-hydroxypyrrolidin-l -yl)merhylj-

20 cyclohexylamino}-l,5-naphthyridin-3-yl)ethaiione 
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HO \ 

k 
HO 

! r 

/ x'- "NH 0 

"CH3 

Following general procedure V, {4-[(3-acetyl-6-chloro-l,5-naphthyridin-/ra«s-4-

yl)- aminojcyclohexyimethyl methanesulfonate (170 mg, 0.41 mmol) was reacted with 

pyrrolidin-3-ol (680 mg, 7.8 rnmol) to afford the product (33 mg, 17%) as an orange-brown 

5 solid: !H NMR (500 MHz, CD3OD) 8 8.64 (s, 1H), 7.85 (d, J=9.2 Hz, 1H), 7.04 (d, J = 9.2 

Hz, IH), 5,63 5.55 (ra, IH), 4.61 - 4.54 (m, IH), 4.40 - 4.30 (m, IH), 3.79 -3.65 (m, 3H), 

3.60-3.52 (m, IH), 2.88-2.80 (m, IH), 2,79 - 2.70 (m, IH), 2.63 (s, 2H), 2.63 - 2.53 (m, 

1H), 2.53 - 2.48 (m, 1H), 2.47 - 2.35 (m, 2H), 2.30 - 2.05 (m, 6H), 2.00 - 1.89 (m, 2H), 

1.75- 1.70 (m, IH), 1.62- 1.52 (m, IH), 1.40-1.31 (m, 2H), 1.21 - 1.10 (m, 2H); ESI MS 

10 m/z 454 [M + Hf; HPLC 98.1 % (AUC), /R - 8.66 min. 

Example 78 

!-{6-(Pyrrotidin-l-yl)-4--[?rflK5-4-'(py!Tolidii]~I-yln]et:hyl)cYclohexylami:no]-S,5-

rt a ph thy r i d i rt- 3 - y 1} etb an one 

yi)aminoj- cyciohexyl}methyl methanesulfonate (180 mg, 0.437 mmol) was reacted with 

pyrrolidine (34 mg, 0.48 mmol) to afford the desired product (34 mg, 18%) as a brown 

solid: !H NMR (500 MHz, CD,OD) 8 8.63 (s, IH), 7.83 (d, J= 92 Hz, IH), 7.02 (d, J------ 9.2 

N 

15 Following general procedure V, {4-[(3-acetyl-6-chloro-1,5-naphthyridin-4-
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Hz, IH), 5.57 (br s, IH), 3.61 •••• 3.53 (;». 4H), 2.63 (s, 6H), 2.45 (d, J= 7.0 Hz, 2H), 2..30 -

2.18 (m, 2H), 2.14 - 2.04 (in, 4H), i.98 - 1.91 (in, 2H), 1.89 - 1.80 (m, 4H), 1.68 - 1.55 (m, 

IH), 1.40 — 3.28 (m, 2H), 1.18 - 1.08 (m, 2H); ESI MS m/z 422 [M + Hj"; 1-3PLC 97.5% 

(AUC), ;;; 9.68 min. 

5 Example 79 

N-{fr«?w-4-[3-Acetyl-6-(3,5-dichioro-4-bydr0xyphenyl)-l,5-napbthyridin-4-ylam!no]-

cyciohexyI}-2~amino-3-methy]butanamide dihydrochloride 

10 hydroxy- phenyl)-l,5-naphthyridiii-4-ylamino) cyclohexylamino)-3-methyi-l-oxobutan-2-

ylcarbamate (0.19 mmol) was reacted with HCI (5 mL, 2 M in ether) to afford the desired 

product (55 mg, 47% over two steps) as an off-white solid: 'H NMR (500 MHz, CD3OD) 8 

9.14 (s, 1H), 8.45 (d, J = 9.0 Hz, 1H), 8.33 (d, J = 9.0 Hz, 1H), 8.10 (s, 2H), 5.67 - 5.53 (m, 

1H), 3.9! - 3.80 (m, 1H), 3.62 (d, J- 6.0 Hz, 1H), 2.76 (s, 3H), 2.49 - 2.40 (m, 2H), 2.25 -

15 2.30 (m, 3H), 1.81 - 1.54 (m, 4H), 1.07 (dd, J- 9.0, 6.9 Hz, 6H); ESI MS m/z 544 [M + 

H]': HPLC 99.0% (AUC), tR = 10.15 min. 

Example 80 

Cyclopropyl{6-(3,5-dichioro-4-hydroxyphenyl)-4-[fr£»w-4-(dimethylamino)-

cyclohexyiamino]-1 »5-naphthyridin-3-yi}methanone dihydrochloride 

Following general procedure IV-2, rm-butyl l-(4-(3-acety]-6-(3,5-dichloro-4-
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(m, 2H), 2.33 - 2.23 (m, 2H), 1.88 - 1.69 (m, 4H), 1.33 - 1.18 (m, 4H). ESI MS m/z 483 

[M + 1!| : HPLC >99% (AUC), rR = 9.84 min. 

Example 82 

l-(4-{/rajw-4-[(Dimethylamino)methyl]cycfohexylamino}-6-(lH-pym}lo[2,3-b]pyridin-5-

5 yl)- l,5-naphthyridin-3-yl)ethanone trihydrochioride 

Following general procedure II, l-(6-cbloro-4-{^tms-4-[(dimetbylamino)methyl]-

cyclohexylamino}-I,5-tiaphthyridin-3-yi)ethanone (60 mg, 0.3 7 mmol) was reacted with 5-

(4,'4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-lH-pyrrolo[2,3-b]pyridine (60 mg, 0.25 

10 mmol) followed by formation of the trihydrochioride sait to afford the desired product (7.5 

mg, 9%) as an off-white solid: !H NMR (500 MHz, CD3OD) § 9.19 (s, IH), 9.08 (s, 2H), 

8,65 (d, J - 8,9 Hz, IH), 8.44 (d, J = 8.9 Hz, IH), 7.72 (d, J - 3.7 Hz, IH), 6.91 (d, J - 3.6 

Hz, IH), 5.69 - 5.59 (m, iH), 3.18 (d, J = 6,8 Hz, 2H), 2.94 (s, 6H), 2,77 (s, 3H), 2.55 -

2.45 (m, 2H), 2.08 - 1.98 (m, 3H), 1.76 - 1.64 (m, 2H), 1.48 - ! .36 (m, 2H). ESI MS 

15 m/z 443 [M + H]+; HPLC >99% (AUC), iR = 9.25 min. 

Example 83 

(S)-{4-[6-(3-Aminopipendin-l-yl)pyridin-3-ylamino]-6-(3-chloro-5-fluoro-4-

hydroxyphenyi)- l,5-naphthyridin-3-yl}(cyclopropyl)methanone 

20 Foliowing general procedure IV-2, (S)-te«-Butyl 1 -{5-[6-(3-chloro-5-fluoro-4-
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hydroxy- phenyl)-3-(cyc!opropanecarbonyl)-1,5-naphthyridin-4-ylamino)pyridm-2-

yljpiperidin -3-ylcarbamate (100 mg, 0,16 mmol) was reacted with TFA (3 mL) io afford 

the desired product (33 mg, 40%) as an orange-red solid: !H NMR (500 MHz, CD3OD) § 

9.15 (s, III), S.06 (d, J = 9.0 Hz, IH), 8.01 (d, J = 9.0 Hz, IH), 7.94 (d, J = 2,7 Hz, IH), 

5 7.40 (s, IH), 7.33 (dd, J - 9.0, 2.8 Hz, 1H), 6.94 (dd, J - 12.6, 2.3 Hz, 1H), 6.69 (d, J - 8.9 

Hz, IH), 4.20 — 4.10 (m, IH), 3.87 - 3,77 (m, IH), 3.30 - 3.21 (m, IH), 3.13 - 3.03 (m, 2H), 

2.91 - 2.83 (m, 1H), 2.17 - 2.06 (m, III), 1.90 - 1.82 (m, 1H), 1.77 - 1.51 (m, 2H), i .43 

- 1.04 (m, 4H); ESI MS m/z 533 [M + Hj+; HPLC >99% (AUC), tR = 9.97 min. 

Example 84 

10 1 -(4- {/ra«,?~4-[(Dimethylarr! ino)methy!]oyclohexyiam ino} -6-(4-methoxypbenyl)-1,5-

naphthyridin-3-yi)ethanone dihydrochloridc 

Following genera! procedure II, ] -(6-chioro-4-{o*a/w-4-[(dimethyiamino)methyl]-

cyc!ohexyiamino}-l,5-naphthyridin-3-yl)ethanone (72 g, 0.20 rnmol) was reacted with (4-

15 methoxyphenyl)boronic acid (45 g, 0.30 mmoi) followed by formation of the 

dihydrochloride salt to afford the desired product (SO mg, 79%) as an orange solid: 'H 

NMR (300 MHz, CD3OD) 5 9.13 (s, IH), 8.45 (d, J= 9.0 Hz, IH), 8.31 (d, J - 9.0 Hz, IH), 

8.15-8.03 (m, 2H), 7.24 - 7.12 (m, 2H), 5.73 - 5,59 (m, IH), 3.91 (s, 3H), 3.13 (d, J- 6.7 

Hz, 2H), 2.94 (s, 6H), 2.75 (s, 3H), 2.50 - 2.42 (m, 2H), 2.09 - 1.96 (in, 3H), 1,77 - 1.60 (rn, 

20 2H), 1.45 - 1.25 (m, 2H); ESS MS m/z 433 [M + H]+; HPLC >99% (AUC), lR = 9.83 min. 

Example 85 

l-[6-(3,5-Dfchloro-4-rnelhoxyphenyl)-4-(/ra«s-4-[(dimethyIammo)niethyl]-

cyclohexylamino}-1,5-naphthyridin-3-yl]ethanone dihydrochioride 
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H3C. .CH, 
' *2HC1 

CI 
H,C(X 

cr 
NH 0 

H, A. A T c ZE} 

Following general procedure II, l-{6-chloro-4-{?rc(ra-4-[(dimethylamino)methyl]-

cyc!ohexyiamino}-l,5-naphthyridin~3-yl)ethanone (77 g, 0.21 mmol) was reacted with (3,5-

dichloro-4-methoxyphenyl)boronie 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; 'H NMR 

(300 MHz, CDjQD) 8 9.18 (s, IH), 8.52 (d, J - 9.0 Hz, IH), 8.39 (d, J=9.0 Hz, 1H), 8.20 

(s, 2H), 5.74 — 5.59 (m, IH), 3.99 (s. 3H), 3.09 (d, 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); 

ESI MS m/z 501 [M + H]+; HPLC >99% (AUC), tR = 10,49 min. 

10 Example 86 

l-(4-{/raro-4-[(Dimethylamino)methy{]cye]ohexylarnino}-6-(6-hydroxypyridin-3-yl)-l,5-

naphthyridin-3-yl)ethanone dihydrochloride 

H,C. XH-, 
^ " -2 HCi 

HCX V >; NH 0 

FoUowing general procedure II, l-(6-Cb!oro4-{mjws-4-[(dimethyiainino)methyl] 

15 cyclohexylamino) • 1,5-naphthyridin-3-yl)ethanone (74 g, 0.21 mmol) was reacted with (6-

hydroxypyridin-3-yl)boronic acid (43 g, 0.31 mmol) followed by formation of the 

dihydrochloride salt to afford the desired product (49 g, 48%) as a yellow solid: ! H NMR 

(500 MHz, CD3OD) 8 9.14(s, 1H), 8.41 - 8.29 (m, 4H), 6.76 (d, J-9.5 Hz, IH), 5.58-

5.50 (m, IH), 3,33 (d, J= 6.7 Hz, 2H), 2.94 (s, 6H), 2.75 (s, 3H), 2.49-2.40 (m, 2H), 2.08 

20 ~ 2.00 (m, 3H), 1.73 - 1.61 (m, 2H), 1.39- 1.27 (m, 2H); ESI MS m/z 420 [M + Hj"; HPLC 
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>99% (AUC), tR = 8.43 min. 

Example 87 

5-(7-Acetyl-8-{fraM-4-[(dimethylammo)methyl]cyciohexylamino}-

l,5-iiaphthyridin-2-yl)picolinonitrile dihydrochloride 

H3C. ,CR 
•our;] 

5 

"CH-

Following general procedure II, 1 -(6-chloro-4-{irans-A-

[(dimethylaxTjino)methyl]cyclo- hexylamino} -! ,5-naphthyridir)-3-yi)ethanone (77 g, 0.2] 

rnmol) was reacted with 5-(4,4,5,5- tetramethyl-l,3,2-dioxaborolan-2-yl)picolinonitrile (72 

g, 0.32 mmoi) followed by formation of the dihydrochloride salt to afford the desired 

10 product (100 g, 95%) as a light brown solid: *H NMR (500 MHz, CD3OD) S9.46(d, J = 

2.2 Hz, IH), 9.21 (s, IH), 8.70 (dd, J ~ 8.2, 2.2 Hz, IH), 8.63 (d, J - 8.9 Hz, IH), 8.47 (d, J 

----- 8.9 Hz, IH), 8.17 (d, J~ 8.2 Hz, IH), 5.58- 5.50 (in, IH), 3.14 (d, J---- 6.8 Hz, 2H), 2.94 

(s, 6H), 2.77 (s, 3H), 2.49 - 2.42 (m, 2H), 2.05 - 1.97 (m, 3H), 1.75 - 1.65 (m, 2H), 1.39 -

1.27 (m, 2H); ESI MS m/z 429 [M + Hf; HPLC 96.2% (AUC), /R = 8.88 min. 

i 5 Example 88 

l-(4-{fl"a«5-4-[(Dimethylaraino)methyl]cyclohexylamino}-6-(4-hydroxyphenyl)-

155-naphthyridin-3-yl)ethanone dihydrochloride 

Following genera! procedure II, 3-(6-chloro-4-{?ra«s-4-[(dimethylamino)methyl]-

20 cyclohexylamino}-!,5-naphthyridin-3-yl)ethanone (76 g, 0.21 mmol) was reacted with (4-
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hydroxyphenyljboronic acid (43 g, 0.32 mmoi) followed by formation of the 

dihydrochloride salt to afford the desired product (35 g, 34%) as a yellow solid: 'HNMR 

(500 MHz, CD3OD) 8 9,11 (s, 1H), 8.41 (d,/==8.9 Hz, IH), 8.28 (d,. 7=8.9 Hz, 1H), 8.03 

- 7,97 (m, 2H), 7.04 - 6.98 (m, 2H), 5.73 - 5.62 (m, IH), 3.11 (d, J = 6.8 Hz, 2H), 2.94 (s, 

5 6H), 2.75 (8,311), 2.50-2.42 (m, 2H), 2.06- i.99(m, 3H), 1.73-1.61 (m, 2H), 1.40-

1.27 (m, 2H); ES3 MS m/z 419 [M +• H]~; HPLC >99% (AUC), rR = 9.24 min. 

Example 89 

l-[6-(3,5-Dichioro-4-hydroxyphenyl)-4-{[ira«s-4-(dimethylamino)cycfohexyl]-

methyiamino}-1,5-naphthyridin-3-yl]ethanone dihydrochloride 

Following general procedure II, 1 -(6-ehloro-4-{[trans-A-

(diiT3ethylamino)cyclohexyl] methylamino}-],5-naphthyridin-3-yl)ethanone (100 mg, 0.27 

mmol) was reacted with 2,6-dichloro-4-(4>4>5,5-tetramethyl-3,3,2-dioxaborolan-2-yl)phenol 

(86 g, 0.30 rnmol) followed by formation of the dihydrochloride salt to afford the desired 

15 product (50 mg, 38%) as a pale yellow solid: !H NMR (500 MHz, CD3OD) 5 9.14 (s, 

IH), 8.45 (dd, J = 9.0, 1.5 Hz, IH), 8.37 (d, J - 9.1 Hz, IH), 8.08 (d, J = 2. i Hz, 2H), 4.51 

(dd, J - 7.2, 1.9 Hz. 2H), 3.33 - 3.24 (m, IH), 2.87 (s, 6H), 2.78 (s, 3H), 2.30 -2.20 (m, 

4H), 2.03 (dtd, J - 18.7, 7.3, 6.9, 3.4 Hz, IH), 1.65 (qd, J - 13.2, 12.3, 3.8 Hz, 2H), 1.42 (qd, 

J - 14.6, 13.8, 3.6 Hz, 2H), 0.14-0.06 (m, 2H); ESI MS m/z 487 [M + H]+; HPLC 95.0 % 

20 (AUC), fR - 9.74 min. 

Example 90 

1-[6-(3-Chloro-5-fliiQro-4-hydroxyphenyl)-4-{[fr£iro'-4-(dimethylatnino)-

cyclohexyl]methylamino}-1,5-naphthyridin-3-yl]ethanone dihydrochloride 

SO 
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Hi 

N 

Following general procedure II, l-(6-chloro-4-{[/ra«j-4-

(dimethylamino)cyclohexyl]- methylamino}-l,5-naphthyridin-3-yl)ethanone (100 g, 0.2.7 

mmol) was reacted with 2-chloro-6-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

5 y!)phenol (85 g, 0.30 mmol) followed by formation of the dihydi'ochloride salt to afford the 

desired product (50 g, 38%) as a white solid: 'H NMR (500 MHz, CDjOD) 8 9.12 (s, 

IH), 8.43 (d, I = 9.0 Hz, IH), 8.36 (d, J - 8,9 Hz, IH), 8.01 - 7.95 (m, IH), 7.87 (dd, J = 

11.5, 2,2 Hz, !H), 4.51 (d, J - 7.0 Hz, 2H), 4.25 (d, .1 = 6.7 Hz, 3 H), 3.27 (dt, J = 12.2, 3.3 

Hz, IH), 2.87 (s, 3H), 2.77 (d, J - 16.7 Hz, 6H), 2.28-2.19 (HI, IH), 2.09- 1.95 (m, IH), 

10 1.84 (s, IH), 3.64 (qd, J = 12.8, 12.1,3.7 Hz, IH), 1.41 (qd, J- 14.0, 13.3, 3.4 Hz, IH), 

1.27 (dd, J = 23.6, 12.3 Hz, IH); ESI MS m/z 471 [M + Hf; HPLC 98.9% (AUC), /R - 8.55 

min. 

Example 91 

I--[6-(3,5--Dichloro-4"hydroxyphenyi}-4-(,'r<ms-4-hydroxycyclohexyiamino}-1,5-

15 napbthyridin-3-yl]- ethanone hydrochloride 

1,5- naphthyridin-3-yl]ethanone (160 mg, 0.50 mmol) was reacted with 2,6-dichloro-4-

(4,4,5,5- tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (165 mg, 0.60 mmol) followed by 

20 formation of the hydrochloride sait to afford the desired product (120 mg, 56%) as a paie 

Following general procedure 31, J-[6-cbioro-4-(fnms-4-hydroxycyc3ohexyiamino)-
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yellow solid: fH NMR (500 MHz, CDjOD) S 9.11 (s, IH), 8.44 (d, J - 9.0 Hz, IH), 8.30 

(d. J - 9.0 Hz, 1H), 8,00 (t, J = 1,9 Hz, 1H), 7.87 (dd, J = 11.5, 2.3 Hz, 1H), 5,60 (tt, i = 

10.5,4.2 Hz, IH), 3.75 (It, J = 9.6, 4.2 Hz, IH), 2.75 (s, 3H), 2.42 - 2.35 (m, 2H), 2.14 -

2.06 (m, 2H), 1.74 - 3 .54 (ra, 4H); ESI MS m/z 430 [M + H]+; HPLC >99% (AUC), % = 

10.9 min. 

Example 92 

l-[6-(3-ChIoro-5-fluoro-4-hydroxyphenyl)-4-(fr-a«s-4-hydroxycyclohexy!amino)-l,5-

naphthyridin-3-yi]etbanone hydrochloride 

HO, 
a rX) HC1 

HO-. 

F' 

X. ^ 7| NH O 
A N. ,-k Ji 

<: ; i 
..--v -v.. 

N 

10 Following general procedure li, l-[6-ehloro-4-Or<ros-4-hydroxycyclohexylamiao> 

3,5- iiaphthyridin-3-yl]ethanone (160 rng, 0.50 mmol) was reacted with 2-chloro-6-fluoro-

4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pbeaol (160 g, 0.60 mmol) foilowed by 

formation of the hydrochloride salt to afford the desired product (120 mg. 57%) as an off-

white solid: ]H NMR (500 MHz, CD3OD) 8 9.11 (s, IH), 8.45 (d, J - 9.1 Hz, IH), 8.30 

15 (d, J = 9.0Hz, 3H), 8.11 (s, 2H), 5.60 (dq, J - 10.1, 4.5 Hz, IH), 4.94 - 4.83 (in, IH), 3.75 

(tt, J - 7.6, 3.9 Hz, IH), 3.66 (s, 2H), 3.41 - 3.31 (m, IH), 2.75 (s, 3H), 2,38 (dd, J - 9.0, 

5.3 Hz, 2H), 2.14-2.07 (m, 2H), 2.03 (s, iH), 1.74- 3.57 (m, 4H); ESI MS m/z 446 [M + 

H]+; HPLC 96.7% (AUC), tK - 13.3 min. 

Example 93 

20 l-{6-(3-Chloro-5-fluoro-4-hydroxyphenyl>4-({c/i-4-[(dimethyIamino)methyl] 

cyciohexyl} - amino)-1,5-naphthyridin-3-yl}ethanone dihydrochloride 
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I-H 

N 

Following general procedure II, l-(6-ohiaro-4-{c/,s-4-[(dimeth)dammo)methyi]-

cyclohexy! amino} - l,5-naphthyridin-3-yi)ethanone (120 mg, 0,30 mmoi) was reacted with 

2-chioro6-fluoro4-(4,4,5,5-tetramethyl-l33,2-dioxaboro1an-2-yJ)pheno] (100 mg, 0.30 

5 mmol) foilowed by formation of the dihydrochioride sait to afford the desired product (150 

nig, 81%) as an off-white solid: 'H NMR (500 MHz, CDiOD) 8 9.17 (s, IH), 8.46 (d, J ~ 

9.0 Hz, IH), 8.45 - 8.30 (m, IH), 7.99 (q, J = 2,7, 1.7 Hz, IH), 7.90 - 7,82 (m, IH), 5.93 (p, 

J - 4.2 Hz, IH), 3.20 (d, J - 7.1 Hz, 2H), 2.95 (s, 6H), 2.78 (s, 3H), 2.15 (dddt, j - 44.4, 

14.7, 11.4,4.1 Hz, 3H), 2.01 - 1.86 (m, 2H), 1.61 (dtd, J = 14.3, 10.8, 3.6 Hz, 3H), 1.20 (s, 

10 IH); ESI MS m/z 473 [M + H]*; HPLC 95.7% (AUC), (R — 9.9 min. 

Example 94 

l-{6-(3,5-Dicb!oro-4-hydroxyphenyl)-4-({cis-4-[(din)ethylarr)ino)methyl]-

cyclohexy!}amino)-l,5-naphthyridin-3-yl}ethanone dihydrochloride 

cyciohexyl amino}-1,5-naphthyridin-3-yl)ethanone (120 mg, 0,30 mmoi) was reacted with 

2,6~dichloro~4-(4,4,5,5-tetramethyl~l,3,2-dioxaborolan-2->'l)pheno! (100 mg, 0.30 mmoi) 

followed by formation of the dihydrochioride sait to afford the desired product (ISO mg. 

81%) as an off-white solid: !H NMR (500 MHz, CD3OD) 5 9.17 (s, IH), 8,47 (d, J = 9.0 Hz, 

20 IH), 8.34 (d, J = 8.9 Hz, IH), 8.11 (s, 2H), 5.92 (p, J = 4.4 Hz, IH), 3.21 (d, J - 7.2 Hz, 2H), 

Following general procedure II, l-(6-chloro-4-{c/i-4-[(dirnethylarnino}methyi]-
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2.96 (s, 6H), 2,78 (s, 3H), 2.25 - 2.05 (m, 3H), 1.99 - 3.88 (in, 2H), 1.62 (dtd, J - 14.1, 11.2, 

10.8, 3.7 Hz, 3H), L20 (s, IH); ESI MS m/z 487 [M + Hf; HPLC 96.5% (AIJC), fR = 9.9 

min. 

Example 95 

5 (if)-1 - {4-[6-(3-Aminopiperidin-1 -yl)pyridin-3-ylamino]-6-(3,5-dichloro-4-hydroxyphenyi)-

1,5- naphthyridin-3-yl j ethanone trihydrochioride 

Following general procedure 1Y-2, (/f)-ferf-butyl l-(5-(3-acetyl-6-(3,5-dichloro-4-

hydroxypheny!)-l,5-naphthyridin-4-ylamino)pyridin-2-y!)piperidin-3-yfcarbamate (60 mg, 

10 0.! 0 mmol) was reacted with TFA (1.5 mL) to afford the desired product (37 mg, 74%) as a 

yellow-brown solid: !H NMR (500 MHz, CD3OD) 5 9.28 (s, 1H), 8.49 - 8.31 (in, 2H), 8.3 6 

(d, J = 2.7 Hz, IH), 7.63 (dd, J = 9.1, 2.8 Hz, iH), 7.51 (s, 2H), 6.98 (d, J = 9.1 Hz, iH), 

4.40 (dd, J = 12.7, 3.6 Hz, iH), 3.93 (d, J = 13.4 Hz, iH), 3.41 -3.19 (m, 3H), 2.80 (s, 3H), 

2.16(m, IH), 3.97- 1.89 (m, iH), 1.78- 1.65 (m, 2H); ESI MS m/z 523 [M + Hf;HFIX 

15 98.1% (AUC), — 9.87 min. 

Example 96 

(R)-1 -{4-[6-(3-Aminopiperidin-1 -yI)pyridin-3-ylamino]-6-(3-chloro-5-fiuoro-4-

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

H,NV" V N 
/" 

20 Following general procedure IV-2, (R)-lert-butyl l-(5-(3-acetyl-6-(3-chIoro-5-
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fiuoro- 4-hydroxyphenyl)-l,5-naphthyridin-4-ylamino)pyridin-2-yl)piperidin-3-ylcarbaniate 

(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, CDiOD) 5 9.27 (s, IH), 8.40 (d, J = 

9.0 Hz, IH), 8.33 (d, J = 9.0 Hz, 1H), 8,16 (d, .1 = 2,7 Hz, IH), 7.59 (dd, J = 9.1, 2.8 Hz, IH), 

7.44 (s, IH), 7.20 (d, I- 11.7 Hz, IH), 6.97 (d, J = 9.1 Hz, IH), 4.39 (dd, J = 12.6, 3.4 Hz, 

IH), 3.38-3.94 (m, 2H), 3.43 - 3.21 (m, 5H), 2.79 (s, 3H), 2.17 (m,, 2H), 1.93 (m, IH), 

1.80 - 1.66 (m, 2H).; ESI MS m/z 507 j M + Hj+; HPLC 98.8% (AUC), ?R ~ 9.34 mm. 

Example 97 

Ethyl 2-(ethoxymethylene)-3-oxobutanoate 

O o 
JI 

EtO" 

30 "OEt 

A mixture of ethyl acetoacetate (100 g, 0,77 mol), triethyl orthoformate (130 g, 

0.92 mol), and acetic anhydride (150 g, 1.5 mol) was heated ai 135 °C for 6 - 18 h in a 

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

generated during the reaction. The reaction was cooled, concentrated and the residue was 

15 distilled under high vacuum to obtain the desired product (100 g, 70%) as a pale yellow oil: 

ESI MS»J/Z187 [M + H'J+. 

Example 98 

Ethyl 2-[(6-chloropyridin-3-ylamino)methylene)]-3-oxobutanoate 

CJv. ,N^ Y ^ OEt 

^ N "O 
H I 
H3C xO 

20 A mixture of ethyl 2-(ethoxymethyiene)-3-oxobutanoate (48 g, 0.26 mol) and 2-

chloro-5-aminopyridine (33 g, 0.26 mol) in chiorobenzene(150 mL) was heated at 135 °C 

for 4 h 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 
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product (55 g, 79%) as an off-white solid: :H NMR (500 MHz, CDCI3) 8 12.76 (d, 12.3 Hz, 

IH), 8.42 (s, iH), 8.38 (s, IH), 8.31 (d, J - 2.8 Hz, IH), 7.52 - 7.48 (m, IH), 7.37 - 7.34 

(m5 IH), 4.30 (q, J - 7.1 Hz, 2H), 2.56 (s, IH), 1.35 (t, J = 7.1 Hz, 3H); ESI MS m/z 269 [M 

+ nr. 
5 Example 99 

Ethyl 2-[(6-methoxypyridm-3-ylamino)methylene]-3-oxobutanoate 

A mixture of ethyi 2-(ethoxymethylene)-3-oxobutanoate (100 g, 0.54 mol) and 2-

niethoxy-5-aminopyridine (67 g, 0.54 raoi) in chlorobenzene (500 mL) was heated at 

10 135 °C for 4 h 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 is) diethyiether and filtered to obtain the desired 

product (120 g, 84%) as an off-white solid: 'H NMR (500 MHz, CDCij) 5 12.74 (d, 12.3 Hz;, 

IH), 8.35 (d, j = 13.0 Hz, IH), 8.07 (d, J =-~ 2.8 Hz, IH), 7.55 (d, J = 8.8, 2.9 Hz,, 1H), 6.79 

15 (d, J - 8.8 Hz, IH), 4.30 (q, J = 7.3 Hz, 2H), 2,55 (s, 3H), 3.33 (t, J - 7.1 Hz, IH); ESI MS 

m/z 265 [M + H]4. 

Example 100 

1 -(4-Hydroxy-6-methoxy-1,5-naphthyridin-3-yl)etbaoone 

methoxypyridin-3-yiamino)methylene]-3-oxobutanoate (75 g, 0.28 moi) portion wise over 3 

to 5 min and the reaction mixture was stirred for an additional 30 to 60 min. The reaction 

mixture was removed from the heat source, cooled to room temperature and diluted with 

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

H ^ 
HjC^'O 

OH O 

To a flask containing Dowtherm™ A (500 mL) at 250 °C was added ethyl 2-[(6-
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acetonitrile and dried under vacuum to afford the desired product (60 g, 46%) as an off-

white solid: NMR (500 MHz, DMSO-d6) 5 12.48 (bs, IH), 8.45 (d, J - 5.2 Hz, IH), 8.00 

(d, J = 8.9 Hz, IH), 7.40 - 7.37 (m, IH), 7.21 (d, J - 8.9 Hz, IH), 7.01 - 6.99 (m, 3H), 

3.96 (s, 3H), 2.61 (s, 3H); ESI MS m/z 219 [M + Hf. 

5 Example 101 

1 -{4,6-Dichioro-1,5-naphthyridin-3-yl)ethanone 

Preparation following the synthetic route outlined in Scheme i: 

To a flask containing Dowtherm™ A (500 mL) at 250 °C was added ethyi 2-[(6-

10 chloropyridin -3-ylamino)methylene]-3-oxobutanoate (10 g, 27 mmol) portion wise over 3 

to 5 min arid 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 solids were filtered, washed with hexanes and 

dried under vacuum to afford the intermediate 1 -(6-ch!oro-4-hydroxy-l,5-naphthyridin-3-

15 yl)ethanone which was heated in neat phosphorus oxychloride with catalytic N,N» 

dimethyiformamide for 4 h at 70 °C. The reaction was cooled and poured slowly into a 

vigorously stirring mixture of ice-cold satd. aq. sodium bicarbonate and ethyl acetate. The 

layers were separated and the organic layer was dried over sodium sulfate, filtered and the 

filtrate was concentrated. The residue was purified by column chromatography (silica, 

20 hcxanes/ethyi acetate) to provide the desired product (3 g, 46% over two steps) as a brown 

solid: ESI MS m/z 241 [M + Hf. 

Preparation following the synthetic route outlined in Scheme 2: 

To a suspension of ethyl 2-[(6-methoxypyridin-3-ylamino)methylene]-3-

oxobutanoate (70 g. 0.32. mo!) in acetonitrile (800 ml) was added trimethylsilylchloride 

25 (173 g, 1.6 mo!) and sodium iodide (140 g. 0.96 mol) and the reaction mixture was heated at 

reflux for 2 h. The reaction mixture was cooled to room temperature and satd. aq. sodium 

C! O 
QI i L! 
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thiosulfate was added. The mixture was concentrated to remove acetonitrile, diluted with 

brine and the solids were filtered and dried to provide the intermediate l-(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-

5 dimelhylfbrmarnide and the reaction mixture was stirred with heat at 80 °C for 3 h. The 

reaction mixture was cooled to room temperature and quenched by pouring slowly into ice-

cold satd. aq. sodium bicarbonate 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 by chromatography (silica, hexanes/ethyl acetate) to 

10 provide the desired product (50 g, 74% over 2 steps) as a brown solid: 5H NMR (300 MHz, 

CDC13) 8 9.00 (s, IH), 8.38 (d, J = 8.8 Hz, IH), 7.74 (d, J = 8.8 Hz, IH), 4.30 (q, J - 7.1 

Hz, 2H), 3.28 - 3.18 (m, 1H), 1.36 (t,J = 7.1 Hz, 3H), ESI MS m/z 241 [M + Hf. 

Example 102 

Methyl 3-(6-ch3oropyridin-3-ylamino)-2-(cyc!opropanecarbonyl)aciylate 

A mixture of methyl 3-cy clopropyl-3 -oxopropanoate (7.2 g, 50 mmol), triethyl 

orthoformate (13 mL, 75 mmoi) and 2-ch!oro-5-amiiaopyridine (6.4 g, 50 rnmol) was heated 

at 145 °C for 3 h in a round bottomed 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 residue was purified by chromatography (silica, hexanes/ethyl acetate) 

to afford the desired product (4.2 g, 28%) as a pale yellow oil: \H NMR (300 MHz, CDCI3) 

5 12.78 (d, 12.5 Hz, 1H), 8.40 - 8.34 (m, 1H), 8.28 (d, j = 2.9 Hz, 1H), 7.51 - 7.44 (m, i H), 

7.35 (d, J = 8.6 Hz, IH), 4.30 (q, J = 7.1 Hz, 2H), 3.28 - 3.18 (m, iH), 1.36(t, 1 = 7.1 Hz, 

3H), 1.17 - 1.09 (m, 2H), 1.02 - 0.86 (m, 2H). ESI MS m/z 281 [M + Hf. 

25 Example 103 

Cyclopropyi(4,6-dichloro-l,5-naphthyridin-3-yl)methatiO!]ie 

Ck N 

15 V' 
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CI o 

'N* 

To a flask containing Dowtherra™ A (500 mL) at 250 °C was added methyl 3-(6-

chioropyridm -3-ylamino>2-(cyclopropanecarbonyl)aciylate (4.2 g, 15 mmol) portion wise 

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

5 reaction mixture was removed from the heat source, cooled to room temperature and diluted 

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

dried under vacuum to afford the intermediate (6-chloro-4-hydroxy-1,5-napbthyridin-3~ 

yl)(cyclopropy!)rnethanone which was stirred with heat at 70 °C in neat phosphorus 

oxychloride (10 mL) with catalytic AyV-dimethylforrnamide for 4 h. The reaction was 

10 cooled and poured slowly into a vigorously stirring mixture of ice-cold satd. aq. sodium 

bicarbonate and ethyl acetate. The layers were separated and the organic layer was dried 

over sodium sulfate, filtered and concentrated. The residue was purified hv 

chromatography (silica, methylene chloride/ethyl acetate) to provide the desired product 

(0.78 g, 20% over two steps) as a brown soluh H NlVlR. (500 IviHCDCI3) 5 8.93 (s, IHj, 

15 8.39 (d, J = 8.7 Hz, 1H), 7. 74 (d, J = 8.8 Hz, 1H), 2.65 (L .1 - 7.7, 4.5 Hz, 1H), 1.52 - 1.42 

(m, 2H), 1.32-1.22 (m, 2H); ESI MS m/z 268 [M + Hf. 

Example 104 

Ethyl 3-(6-ehloropyridin-3-ylamino)-2-(methylsulfonyl)acryiate 

chloro-5-aminopyridine (4.1 g, 32 mmol) in chlorobenzene (16 mL) was stirred with heat at 

135 °C for 3 h in a round bottomed flask that was equipped with a short path distillation 

apparatus to collect the ethanol generated during the reaction. The reaction was cooled, 

concentrated arid the residue was purified by chromatography (silica, methylene 

20 A mixture of ethyl 3-ethoxy-2-(methylsulfonyl)acry!ate (7.0 g. 32 mmol) and 2-
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chloride/ethyl acetate) to afford the desired product (8.2 g, 84%) as a paie yellow oil: 'H 

NMR (500 MHz, CDC13) 5 10.61 (d, 13.4 Hz, iH), 8.34 (d, J = 13.4 Hz, IH), 8.27 (d, J -

2.9 Hz, 1H), 7.50 (dd, J - 8.6, 3.0 Hz, 1H), 7.37 (d, J = 8.6 Hz, 1H), 4.41 (q, J = 7.2 Hz, 2H), 

3.18 (s, 3H), 1.42 (t, J = 7.2 Hz, 3H), ESI MS m/z 305 [M + H]+. 

5 Example 105 

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

To a flask containing DowthermTN* A (500 mL) at 250 °C was added ethyl 3-(6-

chloropyridin-3-ylamino)-2-(methylsulfonyl)acryIate (8.2 g, 30 mmol) portion wise over 3 

10 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 solids were collected by filtration, filtered, washed 

with hexanes and dried under vacuum to afford the intermediate 6-ehloro-3-

(methy!su]fonyl)-l,5-naphthyridin-4-ol which was stirred with heat at 70 °C in neat 

15 phosphorus oxychloride (31 mL) with catalytic iV,A'-dimethylformamide for 4 h. The 

reaction was cooled and poured slowly into a vigorously stirring mixture of ice-cold satd. aq. 

sodium bicarbonate and ethyl acetate. The layers were separated and the organic layer was 

dried over sodium sulfate, filtered and concentrated. The residue was purified by 

chromatography (silica, hexanes/ethyl acetate) to provide the desired product (2.7 g, 33% 

20 over two steps) as a brown solid: 'H NMR (500 MHz, CDCI;i) S 9.50 (s, 1H), 8.46 (d, j -

8.8 Hz, IH), 7.83 (d, J - 8.8 Hz, 1H), 3.41 (s, 3H); ESI MS m/z 278 [M + H]\ 

Example 106 

2-Chloro-l-(4,6-dichloro-l,5-naphthyridin-3-yl)ethanone 

146 
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Ck. Xxy 
CI o 

•CI 

To a solution of i-(4,6-dichloro-1,5-naphthyridin-3-yl)ethaTione (3.0 g, 12 mmol) 

in THF (120 mL) was added benzyltrimethylammonium dichloroiodate (4.3 g, 12 mmol) 

and the reaction mixture was stirred at 70 °C for 5 h. The reaction mixture was cooled, 

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/'ethyi acetate) to afford the desired product (1.1 g, 32%) as an off-white 

solid. ESI MS m/z 275 [M + Hf. 

10 Example 107 

2-(4,6-Dichloro-1,5-naphthyridin-3-yl)-2-oxoethyl acetate 

To a solution of acetic acid (0.32 mL, 5.5 mmol) and N,T^-diisopropylethylamine 

(0.87 mL, 5.0 mmol) in acetone (20 mL) was added 2-chloro-l-(4,6-dichloro~l,5~ 

15 naphthyridin- 3-y!)ethanone (0.26 g, 0.96 mmol) and the reaction mixture was stirred at 

room temperature for 4 h. The reaction mixture was 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 (siiica, dichloromethane/ethyl acetate) to afford the 

20 desired product (0. i2 g, 42%) as a white solid. ESI MS m/z 299 [M + H]'. 

Example 108 

Benzyl 4~[(dimethyiamino)methyl]cyclobexyfcarbamate 

CI () 
Ck ,'NL A. AV-OAC 

•CH 

H 
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To a suspension of commercially available benzyl 4-(aminomethyl)cyclohexyl-

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 it, neutralized with 2 N NaOH, and extracted with CHjCL. The organic 

extract was dried over anhydrous sodium sulfate, filtered, and concentrated to give desired 

product (16 g, 96%) as a tan, waxy solid.: APCI MS m/z 291 [C17H26N2O2 + H]+. 

Example 109 

*ra/w-4-[(Dimetby]amino)methy3]cyclohexaaamirie diacetic sal! 

H-jCv -CH-; 
J N 

Yi„ 
•2AcOH 

'NH, 

10 To a flask containing Pd/C (1.5 g, Degussa type El 01) in methanol / acetic acid 

(100 mL, 3:1) was added benzyl 4-[(dimethylamino)methyl]cyclohexylcarbamate (16 g, 54 

mmol) in methanol /acetic acid (300 mL, 3:3) and the reaction mixture was stirred under an 

atmosphere of H2 (I atm) at room temperature for 6 h. The reaction mixture was filtered 

through diafomaceous, the filtrate was concentrated, and azeotroped with toluene. The 

15 thick oil was dried under vacuum to give desired product (18 g, crude) as a waxy solid 

which was used without any purification: 5HNMR (300 MHz, CD3OD) 8 3.11 -2.98 (m, 

IH), 2.78 (d, J= 7.0 Hz, 2H), 2.69 (s, 6H), 2.07 (br d, ./= 13.9 Hz, 4H), 2.02 - 1.86 (m, 

2H), 1.92 (s, 6H), 1.79 - 1.67 (m, IH), 1.53 - 1.35 (m, 2H), 1.20 - 1.05 (m, 2H). 

Example 110 

20 /erf-Butyl [t'rar/5~4-(pynolidin~ 1 -ylmethy!)cyclohexyl]carbamate 

/ \ 
V 

1 NHBoc 

To a suspension of tran.s,-4-((fer/-butoxycarbonyl)amino)cyclohexyl)methyl 

methanesulfonate (1.8 g, 6.0 mmol), K2CO3 (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 h. The solution was cooled to room temperature, 

diluted with a saturated NaHCOj solution and extracted with a mixture of 

CHCls/isopropanol (3:1). The combined organic layers were dried over sodium sulfate, 

5 filtered and the filtrate was concentrated. The residue was purified by chromatography 

{silica, methanol/dichloromethane) to afford the desired product (1.3 g, 76%) as a white 

solid. ESI MS m/z 283 -i- Hf 

Example 111 

irare,s~4-(Pyrrolidin-1 -ylmethyl)cyclohexanamine dihydrochloride 

To a solution of tert-b\xty\ (frans-4-(pyrrolidin-]-y!methyi)cyclohexy!)carbamate 

(1.3 g, 4.5 mmol) in THF (15 mL) was added aqueous 6 N HCI (6 mL) and water (6 mL) 

and the reaction mixture was stirred with heat at 65 °C for 3 b. The reaction mixture was 

cooled to room temperature and concentrated to afford the desired product (1.2 g, >99%) as 

15 an off-white solid. ESI MS m/z 183 [C11H22FN2 + H]' 

Example 112 

/erf-Butyl (fraMS-4-[2-(diniethylamjno)ethyl]cyclohexyl}carbamate 

To a suspension of ten-butyl [fraws-4-(2-aminoethyl)cyciohexyi]carbamate (970 

20 mg, 4.0 mmol) and paraformaldehyde (360 mg. 12 mmol) in methanol (40 mL) was added 

sodium cyanoborohydride (750 mg, 12 mmol) and acetic acid (1 drop). The resultant 

suspension was stirred at room temperature for 16 h, diluted with a saturated NaHCOj 

- 149 -

<-x > 
N 

/ \ 
•2HC1 

CH-, 
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solution and extracted with a mixture of CHCK/isopropanoI (3: i), The combined organic 

layers were dried over anhydrous sodium sulfate, filtered and the filtrate was concentrated. 

The residue was purified by chromatography (siiica, methanol/dichloromethane) to afford 

the desired product (340 mg, 31%) as a white solid. ESI MS m/z 271 [C35H30N2O2 + H]+ 

5 Example 113 

/rara-4-[2-(Dimethykrnino)ethyl]cyclohexana.mine dihydrochloride 

Following genera! procedure IV-1, *ert-butyl {?ran5-4-[2~(dimcthyiammo)ethyl]~ 

cyclohexyl} carbamate (330 rng, 1.2 mmol) was reacted with 6 N HCI (2 mL) to afford the 

10 desired product as a viscous colorless oii that was used without purification.. 

Example 114 

15 added NSN'-dimethylethane-l ,2-diarnine (310 mg, 3.5 mmol) and triethyiamine (0.64 mL, 

4.6 mmol) and the reaction mixture was stirred at room temperature for 16 h. The reaction 

mixture was conceiitrated, the residue was dissolved in dichloromethane and washed with 1 

N HCI aq and water. The organic layer was dried over anhydrous sodium sulfate, filtered 

and the filtrate was concentrated. The residue was dissolved in tetrahydrofuran (30 mL), 

20 degassed with nitrogen, charged with catalytic 1 Owt. % Pd/C (0.3 g) and the reaction 

mixture was placed under an atmosphere of hydrogen (40 Psi) until the reduction was 

complete as indicated by LCMS analysis. The reaction mixture was filtered over 

diatomaceous earth and the filtrate was concentrated to provide the desired product (280 mg, 

N2-[2-(Diinethy3amino)ethyl)pyridine-2,5~diamine 

NH2 

To a solution of 2-chloro-5-nitropyridine (500 mg, 3.1 mmol) in THF (30 mL) was 
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50%) as a purple solid: ESI MS m/z 181 [C9HI6N4 + H]+. 

Example 115 

6-[2-(Dimethylamino)ethoxy]pyridin-3-amine 

NH, 

S To a solution of 2-chloro-5-nitropyridine (500 mg. 3.1 mmol) in dioxane (30 mL) 

at room temperature was added 2-(dimethylamino)ethanol (309 mg. 3.5 mmol) and 60wt. % 

NaH (0.15 g, 3.7 mmol) and the reaction mixture was stirred at room temperature until the 

reaction was complete by LCMS analysis. The reaction mixture was poured onto ice-cold 

water and the product was extracted with dichloromethane. The organic layer was dried 

10 over sodium sulfate, filtered and the filtrate was concentrated. The residue was dissolved 

in tetrahydrofuran (30 mL), degassed with nitrogen, charged with catalytic lOwt. % Pd/C 

(0,3 g) and the reaction mixture was placed under an atmosphere of hydrogen (40 Psi) until 

the reduction was complete by LCMS analysis. The reaction mixture was filtered over 

diatomaceous earth and the filtrate was corjcentrated to provide the desired product (340 mg, 

15 61 %) as a purple solid: ESI MS m/z 182 [C9H;5N30 + H]+. 

Example 116 

re?"/-Butyl [ 1 -(5-aminopyridin-2~yl)pyrrolidin-3-yl](methyl)carbamate 

20 yl jcarbamate (1.0 g, 5.0 mmol) in THF (25 mL) was added triethyiamine (0.70 mL, 5.0 

mmoi) and 2-chioro~5-nitropyridine (500 rng, 3.1 mmol) and the reaction mixture was 

stirred at room temperature for 16 h. The reaction mixture was diluted with a satd. aq. 

NaHCOj and extracted with ethyl acetate. The organic layer was dried over sodium 

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

To a solution of commercially available ter»*-butyl methyl(pyrroiidin-3 
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chromatography (siiica, ethyl acetate/hexanes) to afford the desired product (1.0 g, quant.) 

as a yellow solid. The solid was dissolved in tetrahydrofuran (50 mL), degassed with 

nitrogen, charged with catalytic lOwt. % Pd/C (0.5 g) and the reaction mixture was placed 

under an atmosphere of hydrogen (1 atra) until the reduction was complete by LCMS 

5 analysis. The reaction mixture was filtered over diatomaceous earth and the filtrate was 

concentrated to provide the desired product (940 mg, 100%) as a red oil. ESI MS m/z 293 

- Hf 

Example 117 

tert-Butyl {/ra??s-4-[(dimethyl-£4-amino)methyl]cyclohexyl}carbaniate 

To a suspension of jTra^-4-[(ter^butoxycarbonyl)amino)cyciohexyI]methyi 

methanesulfonate (310 trig, 1.0 mmol), KI (330 mg, 2.0 mmoi) and N.JV-

diisopropyiethylamine (1.8 mL, 10 mmol) in acetonitrile (4 ml,) was added dimethyl-f­

amine hydrochloride (350 mg, 4.0 mmol) and the reaction vessel was heated in a CEM®' 

! 5 microwave at 100 °C for 1 h. The reaction mixture was cooled, diluted with a satd. aq. 

NaHCOs and extracted with ethyl acetate. The organic layer was dried over sodium 

sulfate, filtered and the filtrate was concentrated to afford the product (240 mg, 90%) as a 

light brown solid. ESI MS m/z 263 [Q4H22D6N2O2 +H]+ 

Example 118 

20 rra//.?-4-[(Dinieihylamirio-fi6)miethyl]cyciohexanamme dihydrochioride 

To a solution of few-butyl {caro-4-[(dimethyl-4s-

amino)irtethyl]cyclohexyl}carbamate (750 rng, 2,9 mmol) in THF (10 mL) was added water 

(5 mL) and HCI (6.0 M in H2O, 5.0 mL, 30 mmol), The resultant solution was stirred with 

10 H 

'2HC1 
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heat at 65 °C for 2 h, concentrated and dried to obtain a white semisolid that was used 

without further purification or characterization. 

Example 119 

fert-Butyl frvms-4-(dimethy!amino)cycIohexylcarbamate 

CH, 

/ N 
V-A 

5 NHBoc 

To a solution of /erf-butyl fr,a?M-4-arninocyclohexylcarbamate (750 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 h. The reaction mixture was diluted with water and methylene chloride 

10 the layers were separated. The aqueous layer was adjusted to pH 10 using 1 M sodium 

hydroxide followed by extraction with methylene chloride. The combined organic layers 

were dried over sodium sulfate, filtered and the filtrate was concentrated to afford the 

desired product (800 mg, 95%) as a white solid: ESI MS m/z 243 [CisHjgN^O, + H]+. 

Example 120 

15 irans-N5 ,N] -Dimethylcyclohexane-1,4-diamine 

HJC 

CH, / 
-N. 3 Tx> 

VA 
NH, 

To a solution of ter/-bulyi S-«?M-4-(dime{hyian)ino)cyclohexyicarbamate (800 mg, 

3.3 mmol) was added TEA (5 mL) 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 SCX® 

20 ion-exchange column, Hushed with methanol and then 7 N ammonia in methanol to obtain 

the desired 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: ESI MS m/z 143 

iCsil^N; • H; . 

Example 121 



WO 2013/109388 PCT/US2012/071434 

6-[3-(Dimethyiamino)pyrrolidin-1 -yl]pyridin-3-am ine 

To a solution of 2~chioro~5-nitropyridine (500 mg. 3.1 mmoi) in THF (30 mL) was 

added N,N-diraethylpyrrolidin-3-amine (400 nig. 3.5 mmol) and triethylamine (0.64 mL. 

5 4.6 rnmol) and the reaction mixture was stirred at room temperature for 16 h. The reaction 

mixture was concentrated to dryness, the residue was dissolved in dichloromethane and 

washed with 1 N HCI aq. 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 lOwt. % 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 diatomaceous earth and the filtrate was concentrated to provide the desired product 

(360 mg, 56%) as a purple solid: ESI MS m/z 207 [C, |H!SN4 + Hf. 

Example 122 

15 tert-Bntvl l-(5-aminopyridin-2-yl)piperidin-3-ylcarbamate 

To a solution of 2-chloro-5-nitropyridine (500 mg, 3.1 mmoi) in THF (30 mL) was 

added ,'er/-butyi piperidin-3-ylcarbamate (700 mg, 3.5 mmoi) and triethylamine (0.64 mL, 

4.6 mmol) and the reaction mixture was stirred at room temperature for 16 h. The reaction 

20 mixture was concentrated to dryness, the residue was dissolved in dichloromethane and 

washed with I N HCI aq. and water. The organic layer was dried over anhydrous sodium 

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

NH 

- 154-
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tetrahydrofuran (30 mL), degassed with nitrogen, charged with catalytic IGwt. % Pd/C (0.3 

g) arid 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 diaiomaceous earth and the filtrate was concentrated to provide the desired product 

5 (850 mg, 93%) as a purple solid: ESI MS m/z 293 [Cistk^Oz + H]+. 

Example 123 

(5)-fer/-Butyl l-(5-aminopyridin-2-yl)pipertdin-3-ylcarbamate 

10 added (S)-*ert-biityl piperidin-4-ylcarbamate (700 rng, 3.5 mmoi) and triethylamine (0.64 

mL, 4.6 mmol) and the reaction mixture was stirred at room temperature for 16 h. The 

reaction mixture was concentrated to dryness, the residue was dissolved in dichloromethane 

arid washed with ] N HCI aq. and water. The organic layer was dried over anhydrous 

sodium sulfate, filtered and the filtrate was concentrated to dryness. The residue was 

15 dissolved in tetrahydrofuran (30 mL), degassed with nitrogen, charged with catalytic 

lOwt. % Pd/C (0.3 g) and the reaction mixture was placed under an atmosphere of hydrogen 

(40 Psi) until the reduction was complete as indicated by LCMS analysis. The reaction 

mixture was filtered over diatomaceous earth and the filtrate was concentrated to provide 

the desired product (945 mg, quant.) as a purple solid: ESI MS m/z 293 [C15H24N4O2 + H] \ 

20 Example 124 

ter/-Buty! 4-(4-nitro-1 H-pyrazoi-1 -yl)piperidine-1 -carboxylate 

To a solution of 2-chloro-5-nitropyridine (500 mg, 3.1 mmol) in THF (30 ml.) was 

NO? 
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10 

15 

To a solution of nitropyrazole (3.0 g, 25 rnmol), terf-butyl 4-hydroxypiperidine-

1-carboxylate (6.0 g, 30 mmol) and triphenylphosphine (7,9 g, 30 mmol) in THF (200 mL) 

at room temperature was added diisopropy! azodicarboxylate (6.0 g, 30 mmol) and the 

reaction mixture was stirred for 16 h. The reaction mixture was concentrated and the 

residue was purified by chromatography (silica, hexanes/ethyl acetate) to provide the 

desired product (4.2 g, 57%) as a white solid: 

Example 125 

l-(l-Methylpiperidin-4-yl)-]H-pyrazol-4-amirie 

To a suspension of lithium aluminum hydride (0.32 g, 8.4 mmol) in THF (15 mL) 

was added a solution of Jert-butyl 4-(4-nitro-lH-pyrazol-l-yl)piperidine-l-carboxylate (500 

rng, 1.7 mmol) in THF (10 mL) and the reaction mixture was stirred with heat at 60 °C for 

16 h. The reaction mixture was cooled to 0 °C and quenched by the slow addition of 

ethanol (0.3 ml.,) then water (0.3 mL) and finally 3 N NaOH aq. (0.3 mL). The resulting 

mixture was stirred for 30 min, filtered and the filtrate was concentrated and dried to obtain 

the desired product (280 mg) which was used without any purification: ESI MS rn/z 181 [M 

A flask was charged with 4-bromo-2,6-dichIoropbenol (45 g, 0.20 nrol), KOAc (39 

g, 0.40 mol), bis(pinacoSato)difooron (61 g, 0.22 mol) and Pd(dppf)CL (8.1 g, 0.010 mol) 

•• 156-

Example 126 

2,6-Dichloro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yI)phenoi 

ci 
H<X 
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followed by the addition of 1,4-dioxane (1200 mL). T he reaction mixture was degassed 

with nitrogen and stirred with heat at 90 °C for 16 h. The reaction mixture was cooled, 

diluted with methylene chloride, filtered and the filtrate was concentrated to dryness. The 

residue was purified by chromatography (silica, hexanes/ethyl acetate) to 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, CDC13) 8 7.57 (i, J= 1.3 Hz, 

11-1), 7.42 (dd, J - 10.2, 1,3 Hz, IH), 1.33 (s, 12H). 

Example 127 

2-Chjoro-6-fluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)pheno! 

Following the procedure outlined in Example 106, 4-bromo-2-chloro-6-

ffuorophenol (270 mg, 1.2 mmol) was reacted with bis(pinaco!ato)diboron (305 mg, 1.2 

mmol) and Pd(dppf)Cl2 (98 mg, 0.12 mmol) to afford the desired product (340 mg, quant.) 

as a colorless oil: !H NMR (500 MHz, CDCI3) 8 7.57 (t,/= 1.3 Hz, iH), 7.42 (dd, J-

15 10.2, 1.3 Hz, IH), 1.33 (s, 12H). 

Example 128 

l-{6-ChIoro-4-[/raKS-4-(dimethylamino)cyclohexylamino]-

l,5~naphthyridin-3-yl} ethanone 

Ci 

10 

CR 

NH 0 

20 Following general procedure 1, 1-(4,6-dich]oro-l,5-naphthyridin-3-yl)ethanone 

(250 mg. 1.0 mmol) was reacted with iraws-N!,N!-dimethylcyclohexane-1,4-diamine 

~ 157 -
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dihydrochloride (336 mg, 1.6 mmol) to afford the desired product {156 mg, 38%) as a light 

brown solid:. 'HNMR (500 MHz, CDC'K ) 5 10,88 (br s, IH), 8.94 (s, IH), 8.08 (d, J = 8.7 

Hz, IH), 7.53 (d, J - 8,8 Hz, IH), 5.07 - 4.92 (m, IH), 2.67 (s, 3H), 2.34 (s, 6H), 2.39 -

2.32 (m, 2 H), 2,31 - 2.22 (ID, 1 H), 2.07 - 1.99 (m, 2H), 1.56 - 1.35 (m, 4H); ESI MS 

5 m/z 347 [M + HTr 

Example 129 

(6-Ch loro-4-{ ̂ •<2«s,-4-l(dnTiethy{amino )m cthy i jcyci ohexylamino} -

l,5-naphthyridin-3-yl)(cyclopropyl)methanone 

methanone (267 rag, 1.0 mmol) was reacted with frOTs-4-[(dimethylamino)methyf] 

cyclohexanamine diacetic acid salt (270 nig, 1.0 mmol) to afford the desired product (150 

mg, 39%) as an off-white solid: :H NMR (500 MHz, CDC13) § 10.85 (br 8, IH), 9.19 (s, 

IH), 8.08 (d, J == 8.7 Hz, IH), 7.51 (d, J - 8.7 Hz, iH), 4.97 (br s, IH), 2.72 - 2.62 (in, IH), 

15 2.3 3 - 2.24 (m, 211), 2.22 (s, 6H),2.13 (d, j - 7.2 Hz, 2H), 1,96- 1.89 (rn, 2H), 1.55- 1.46 

(m, 1 H), 3.36 (qd, J = 12,4, 3.3 Hz, 2H), 1.28 - ! .22 (rn, 2H), ! .21 - i .09 (in. 2H), 1,08 -

1.02 (m, 2H); ESI MS m/z 387 [M + H].+ 

Example 130 

l-(6-Chloro-4-{/ra«a-4-[2-(dimethylamino)ethy]Jcyclohexylaniiiio}-

20 1,5-naphthyridin-3-yl)ethanone 

NH O 
CI 

0 Following general procedure 1, cyclopropyi(4,6-didhioro-1,5-naphthryridin-3-yl)-

- 158-
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CH; 
H3C"NN 

NH O 
CI\ 

Following general procedure I, 3 -(4,6-dichloro-1,5-naphthyridin-3-yl)ethanone 

(250 rng, 1.0 mmol) was reacted with fra«s-4-[2-(dimethylamino)ethyl]cyclohexanamine 

dihydrochloride (300 mg, 1.2. mmol) to afford the desired product (140 mg, 36%) as an off-

5 white solid: 'H NMR (500 MHz, CDC!3) 8 10.88 (br s, 1H), 8.93 (s, IH), 8.07 (d, J - 8.7 

Hz, IH), 7.52 (d, J = 8.8 Hz, IH), 5.04 - 4.96 (m, Hi), 2.67 (s, 311), 2.36 - 2.22 (m, 4H), 

2.24 is, 6 H). 1.93 - 3.83 (dd, j = 33.9, 3.5 Hz, 2H), 1.49-1.31 (m, 5H), 1.27- 1.15 (rn, 

2H); ESI MS m/z 375 [M + tij 

Example 131 

10 l-(6-Ch1oro-4-{c/,s-4-[(dimethylamino)rnethyl]cycIohexylamino}-

l,5-naphthyridin-3-yl)ethanone 

Following general procedure 1. l~(4,6~dich!oro-l ,5-naphthyridin-3-yi)ethanone 

(500 mg, 2.1 mmol) was reacted with di-4-[(dimethyiamino)methyl]cyclohexanamine (300 

15 mg, 2.0 mmol) to afford the desired product (400 mg, 55%) as a yellow solid: ESI MS m/z 

363 [M + H]1; 

Example 132 

6-Chlofo-N-{&-an5-4-[(dimethylamino)methylJcyclohexyI}-3-

(raethylsulfonyl)-1,S-naphthyridin-4-arnine 

I 

V-
NH O 

Ci -v. N v 

159 -
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"CH, 

Following general procedure I, 2,3-dichIoro-7-(rnethylsulforiyl)-1,5-naphthyridine 

(150 mg, 0.54 mmol) was reacted with /ra«s-4-[(dimethylamino)methyi]cyclohexaramine 

diacetic acid salt (390 mg, 0.68 mmol) to afford the desired product (150 mg, 68%) as a 

5 light yellow solid: 'HNMR (500 MHz. CDCI3) 8 8.84 (s, 1H), 8.14 (d, J = 8.8 Hz, IH), 

7.70- 7.60 (m, IH), 7.57 (d, J = 8.8 Hz, IH), 5.05 - 4.95 (m, IH), 3.09 (s, 3H), 2.34 -

2.24 (m, 8I-I), 2.18 (d, J - 7.0 Hz, 211), 2.00 - 1.92 (m, 2H), 1.57 - 1.50 (m, IH), 1.42 -

1.30 (m, 2H), 1.24 -1.12 (rn, 2H); ESI MS m/z 397 [M + Hf 

Example 133 

10 JraH5-N3-f6-Chloro-3-(methylsuIfonyl)-},5-naphthyridin-4-yi]-N'i,N4-

dimethylcyclohexane-1,4-diam ine 

Following general procedure I, 2>8-dichloro-7-(methylsulfonyl)-1,5-naphthyridine 

(140 mg, 0.52 rnmol) was reacted with iraw-N'.N'-dimethylcyclohexane-M-diamine 

15 dihydrochloride (140 mg, 0.65 rnmol) to afford the desired product (68 mg, 34%) as an off-

white solid: 'HNMR (500 MHz, CDCh ) 5 8,85 (s, IH), 8.15 (d, J = 8.8 Hz, IH), 7.66 (d, 

.1 = 7.7 Hz, 1H), 7.58 (d, J - 8.8 Hz, IH), 5.06 - 4.96 (m, IH), 3.09 (s, 3H), 2.33 (s, 6H), 

2.3.3 - 2.28 (m, 2 H), 2.27 - 2.17 (m, 1 H), 2.06 - 1.99 (m, 2H), 1.56 - 1.32 (m, 4H); ESI 

MS m/z 383 [M + Hf 

20 Example 134 

CH 

NH o 0 
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6-Chloro-N-{4-[(dimethyIamino)methyl]phenyi}-3-(methylsu1foayl)-

1 ,5 -naphthyridiri-4-amine 

NHOwO 

Following general procedure 1,2,8-dichloro-7-(methylsulfonyl)- i ,5-naphthyridine 

5 (350 mg, 0.53 mmoi) was acted with 4-[(dimethyIaniino)metbyl]aniline (120 mg, 0.80 

CDCI3 ) 8 9.05 (s, IH), 8.95 (s, IH), 8.18 (d, J = 8.8 Hz, IH), 7.52 (d, J = 8.7 Hz, IH), 7.34 

- 7.27 (in, 2H), 7.12- 7.04 (m, 2H), 3.49 (s, 2H), 3.17(8, 3H), 2.30 (s, 6H); ESI MS m/z 

393 [M •+• H]+ 

10 Example 135 

l-(6-Chloro-4-{3-[2-(pyrrolidin-l-yl)ethyl]phenylamino}-] ,5-naphthyridin-3-yl)ethanone 

Following general procedure 1, 3-(4,6-dichloro-!s5-naphthyridin-3-y])ethanone 

(250 rng, 1.0 mmol) was reacted with 3-[2-(pyrrolidin-3-yl)ethyl]ani1ine (240 mg, 1.3 

15 mmol) to afford the desired product (230 mg, 57%) as a yellow solid: *H NMR (500 MHz, 

CDCI3 ) 8 10.79 (br s, IH), 8.99 (s, IH), 8.16 (d, J === 8.7 Hz, IH), 7.52 (d, J - 8.8 Hz, IH), 

7.29 -7.20 (m, IH), 7.07 (d, J = 7.7 Hz, IH), 7.03 - 6.96 (m, 2H), 2.85 - 2.77 (m, 2H), 

2.72. - 2.66 (m, 2H), 2.59 - 2.49 (m, 4H), 2.53 (s, 3 H), 3.84 - 1.74 (m, 4H); ESI MS m/z 

395 [M + {{] 

mmoi) to afford the desired product (150 mg, 80%) as a yellow solid: !H NMR (500 MHz, 

- 361 -
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Example 136 

l-(6-Cbloro-4-{6-[2-(dimethylamino)etboxy]pyridin-3-ylamino}-

1,5-naphthyridin-3-yl)ethanone 

r-ii, N 3 

/ 

V 
NH O 

,N v X. sX • ^ ^ Ci. i; 

5 Following general procedure 1. l-(4,6-dichloro-l,5-naphihyridin-3-yl)ethanone 

(170 mg, 0.71 mmol) was reacted with 6-[2-(dimethyiamina)ethoxy]pyridin-3-arnine (160 

mg, 0.90 mmol) to afford the desired product (120 mg, 44%) as a light brown solid: 'H 

NMR (500 MHz, CDC13 ) 8 11.63 (br s, IH), 9.08 (s, IH), 8.11 (d, J = 8.8 Hz, IH), 7.99 (d, 

J = 2.7 Hz, IH), 7.47 (d, J = 8.7 Hz, 1H), 7.41 (dd, J = 8.8, 2.8 Hz, IH), 6.80 (d, J = 8.7 Hz, 

10 IH), 4.46 (t, .1 = 5.6 Hz, 2H), 2.76 (t, j = 5.6 Hz, 2H), 2.74 (s, 3H), 2.36 (s, 6H): ESI MS 

m/z 386 [M + H]+ 

Example 137 

6-Chloro-N-(6-(2-(diinethyla:mino)ethoxy)pyridin-3-yl)-3-

(methylsulfonyl)-1,5-naphthyridin-4-amme 

I 
I 

0. -.N 
i /•' 
VA 

NH0 O 
CK T T 

'-S. 

15 ^ N 

Following general procedure I, 2,8-dicbloro-7-(imethylsulfonyl)-1,5-naphthyridine 

(150 mg, 0.54 mmoi) was reacted with 6-[2-(dime1hylamino)ethoxy]pyridin-3-amine (120 

mg, 0.65 mmol) to afford the desired product (160 mg, 70%) as a light yellow solid;. 'H 

- 162 -
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NMR (500 MHz, CDC33) § 9.03 (s, IH), 8.98 (s, IH), 8,17 (d, J = 8.8 Hz, IH), 7.98 (d, J = 

2.8 Hz, IH), 7,52 (d, J = 8,8 Hz, IH), 7.42 (dd, J - 8,8, 2.8 Hz, IH), 6.82 (d, J = 8.8 Hz, IH), 

4.46 (t, J = 5,5 Hz, 2H), 3.20 (s, 3H), 2.76 (t, J - 5.6 Hz, 2H), 2.37 (s, 6.H); ESI MS m/z 422 

[M + H]+ 

5 Exam pie 138 

l-[6-Chioro-4-(/ra«s~4-hydroxycycJohexylamino)~I,5-naphthyridin-3~yl]ethanone 

HO,, _ 

H. „ 
Q A' 'NV' 

\A-A 
Following general procedure I, I -(4,6-ciichioro-l ,5-naphthyridin-3-yl)ethanone 

(480 mg, 2.0 mmol) was reacted with *ra»s-4-arninocyc!ohexanol (287 mg, 2.5 mmol) to 

10 afford She desired product (500 mg, 78%) as an orange-red solid: !H NMR. (500 MHz, 

CDCI3) 6 10.90 (s, IH), 8.95 (s, IH), 8.09 (d, J = 8.7Hz, IH), 7.53 (d, J = 8.7 Hz, IH), 5.10 

(tdt, J - 11.2, 8,0, 3.9 Hz, IH), 3.76 (tt, .1 = 10.0,4.3 Hz, IH), 2.68 (s, 3H), 2.33-2.24 (m, 

2H), 2.13 - 2.04 (m, 2H), 1.63 - 1.41 (m, 8H); ESI MS m/z 320 [M + Hf 

Example 139 

15 l-(6-Chloro-4-{[/ra«s-4-(dimethylamiiio)cyciohexyl]methylamino}-

1,5 -naphthyrid in-3-yl )ethanone 

H,C„ ,CH, 
N 3 

u 
NH o 

CK ,.N 4^A Y :-y CI , 
•Ax -A 

N 

Following general procedure I, 1 -(4,6-dichloro- i ,5-naphthyridirt-3-yl)ethano»e 

(300 rag, 1.2 mmol) was reacted with *wras-4-(aminomethyl)-N,N-

20 dimetihylcyclobexanamine (350 mg, 1.5 mmoi) to afford the desired product (400 mg, 86%) 

- 163 -
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as an orange-red solid: 'H NMR (300 MHz, CD3OD) 6 8.95 (s, iH), 8,11 (d» J = 8,8 Hz, 

IH), 7.69 (d, J = 8.8 Hz, IH), 4.07 (d, J - 6.5 Hz, 2H), 2.69 (s, 3H), 2.32 (s, 6H), 2,13 -

1.95 (m, 4H), 1.43 - 1.08 (m, 4H); ESI MS m/z 361 [M + Hf 

Example 140 

5 l-{6-Cb!oro-4-[(l -methy!piperidin-4-yl)methylamino]-l,5-naphthyridin-3-yl}ethanone 

Foliowing genera! procedure i, i -(4,6-dichioro-l,5-naplithyridm-3-yl)ethanone 

(250 mg, 1.0 mmol) was reacted with (1 -methyipiperidin-4-yl)methanamine (160 mg, 1.3 

10 (500 MHz, CDCI3) S 11.06 (br s, IH), 8.95 (s, IH), 8.10 (d, J = 8.8 Hz, IH), 7.53 (d, J = 

8.7 Hz, IH), 4.13 (t, J = 6,4 Hz, 2H), 2.99-2.92 (m, 2H), 2.69 (s, 3H), 2.32 (s, 3H), 2.07 -

1.98 (m, 2H), 1.97 - 1.89 (m, 2H), 1.85 - 3.75 (m, 1H), 1.57 - 3,47 (m, 2H); ESI MS m/z 

333 [M ; Hf 

Example 143 

15 (5>;v<rf"Biilyl l-{5-[3-(cyclopropanecarbonyl)-6-(3,5-dicliloro-4-hydroxyphenyl)-

1,5-naphthyridin-4-ylamino]pyridin-2-yl} piperidin-3-y lcartmmate 

Following general procedure H, (S)-ter?-butyl I - {5-[6-c3iloro-3 -

(cyciopropanecarbonyl)- l,5-naphthyridin-4-ylammo]pyridin-2-yl}piperidin-3-yicarbamate 

20 (98 mg, 0.19 mmol) was reacted with 2,6-dich!oro-4-(4,4,5,5-tetramethy3-1,3,2-

NH o 
I 1! 

tmnol) io afford the desired product (170 mg, 49%) as a light yellow-brown solid: H NMR 
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dioxaborolan-2-yl)pheno! (87 rng, 0.30 mmol) to afford the desired product (73 rng, 60%) 

as a red-brown solid: 'H NMR (500 MHz, CDC13) 5 11.55 (br s, IH), 9.29 (s, IH), 8.25 

(d, J = 8.8 Hz, IH), 8.03 (d, J - 2.7 Hz, IB), 7.92 (d, J - 8.B Hz, IH), 7.46 (s, 2H), 7.32 (dd, 

J = 9.0, 2.8 Hz, IH), 6.67 (d, .1 = 9.0 Hz, IH), 4.78-4.72 (m, IH), 3.87-3.69 (m, 3H), 

5 3.29 - 3.07 (m, 2H), 2.79 - 2.71 (m, 1H), 1.98 - 3.69 (m, 2H), 1.45 (s, 9H), 1.31-

1.22 (m, 2H), 1.16 - 3.06 (in, 2H); ESI MS m/z 649 [M + H]+ 

Example 142 

(5>/ar?-Biatyi l-{5-[6-ch3oro-3-(cyclopropanecarbonyl)-l,5-naphthyridin-4-ylamino]-

pyridin-2-yl}piperidin-3-ylcarbamate 

Following general procedure I, eyclopropyi(4,6~dichloro-L5-naphthyridin-3-yl)~ 

methanone (267 mg. 1.0 mmol) was reacted with (Sytert-bufyl l-(5-aminopyridin-2-yl)-

piperidin-3-ylcarbamate (340 mg, 1.2 mmol) to afford the desired product (329 mg, 63%) as 

a brown solid: JH NMR (500 MHz, CDC13) 5 10.19 (br s, IH), 9.03 (s, IH), 8 17 (d, J = 

15 8.8 Hz, IH), 8.04 (d, J = 2.8 Hz, IH), 7.53 (d, J = 8.8 Hz, IH), 7.31-7.25 (m, IH), 6.70 (d, 

j = 9.1 Hz, IH), 4.78 (br s, 1H), 3.83 - 3.62 (m, 3H), 3.47 - 3,25 (m, 2H), 2.55 - 2.47 (m, 

IH), 1.97- 1.83 (m,2H), 1.73 - 1.58 (m, IH), 1.45 (s, 9H), 1.12-1.04 (m, 2H), 1.00-

0.90 (m, 2H); ESI MS m/z 523 [M + Hf 

Example 343 

20 l-(6-Chioro-4-(/raH.s-4-((dimethylairnno-d6)methyf)cyclohexylarnino)-

1,5 - n aphthyrid in-3 -y 1 )ethanone 

NH 0 

10 

- 165 -
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\ 

NH O 

CK 

N 

Following general procedure i, 1 -(4,6-dichloro-1,5-naphthyridin-3-y!)ethanone 

(100 mg, 0.42 mmol) was reacted with /raw-4-[(dimethylarnino-

rfe)methyl]cyclohexanamme (87 mg, 0.37 mmol) to afford the desired product (85 mg, 63%) 

5 as a light brown solid: 'H NMR (500 MHz, CD3OD) 5 8,96 (s, 1H), 8.11 (d, J = 8.8 Hz, 1H), 

7.70 (d, j = 8.7 Hz, IH), 5.08 - 4.98 (m, IH), 2.68 (5, 3H), 2.34 - 2.24 (m, 4H), 2.00 - 1.91 

(m, 2H), 1.68- 1.53 (m, IH), 1.46- 1.36 (111, 2H), 1.25-1.15 (m, 2H); ESI MS m/z 367 [M 

+ sir 
Example 144 

10 'l-(6-Chloro-4-{4-[2-(dimethylamino)ethyl]phenylamino}-

1,5 - naphthyri d i n-3-y i)ethanorie 

Following general procedure 1, 1-(4,6-dichloro-1,5-naphthyridin-3-yl)ethanone 

(1 50 mg, 0.64 mmol) was reacted with 4-[2-(dimethylamino)ethyl)aniline (110 mg, 0.64 

15 mmoi) to afford the desired product (143 mg, 60%) as a yellow solid: 'H NMR (500 MHz, 

CDCb) 5 30.86 (br s, IH), 8.99 (s, IH), 8.14 (d, J = 8.8 Hz, IH), 7.50 (d, J = 8.8 Hz, IH), 

7.22 - 7.15 (m, 2H), 7.11 - 7.04 (rn, 2H), 2.87 (t J - 8.1 Hz, 2H), 2.70 - 2.60 (m, 2H), 2.55 

(s, 3H), 2.39 (s, 6 H); ESI MS m/z 369 [M + H]+ 

Example 145 

NH O 

- 166-
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ft,aN5-N,-[6-Chioro-3-(!^ethy!sulfony!)-],5-naphthyrsdin~4-yl]-N4;)N4--

dimethyicyclohexane~l,4-diamine 

CH3 

H3C-N 

Q 
NHqwO 

Cl^ X. ,VN Y -V Y" CH3 

Following general procedure i, 2,8-dichloro-7-(methylsu!fonyl)-l,5-naphthyridine 

5 (140 mg, 0,52 mrnol) was reacted with trans-'ts1 ,N'-dimethylcyclohexane-1,4-diamiae 

dihydrochloride (140 mg, 0.65 rnrnol) to afford the desired product: (68 mg, 34%) as an off-

white solid: ESI MS m/z 383 [M + H]+ 

Example 146 

l-{6-Qhloro-4-[ 1 -(1 -methylpiperidin-4-yl)-lH-pyrazoI-4-yiamino]-

10 1,5-naphthyri din-3 -y 1} ethanon e 
H-iC -* * 

(' \ 

V 
A 

NH O 
CI- -N 1 A t A J °H3 

v-v'' "IN" 

Following general procedure I, l-(4,6-dichloro-l,5-naphthyridin-3-yl)ethanone 

(250 mg, 1.0 mmol) was reacted with 1 -(1 -methylpiperidin-4-yi)-1 H-pyrazol-4-amine 

(216 mg, 1.2 mmol) to afford the desired product (304 mg, 76%) as a light orange solid: !H 

15 NMR (500 MHz, CDCS3) 6 8.99 (s, 1H), 8.12 (d,J = 8.7 Hz, IH), 7.56 - 7.48 (m, 2H), 7.42 

(d, J = 0.6 Hz, IH), 4.18 - 4.11 (m, IH), 3.00 (d, J = 11.4 Hz, 2H), 2.67 (s, 3H), 2.34 (s, 3H), 

2.26 - 2,02 (m, 6H); ESI MS m/z 385 [M + Hf 

Example 147 

terf-Butyl l-{5-[3-acetyl-6-(3,5-dichloro-4-hydroxyphenyl)-!,5- naphthyridin-4-
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ylamino]pyrimidin-2-yi}pyrrolidin-3-ylcarbamate 

.Boc 
HN 

) 

C! 
HO ' ? 4 U 

V n 'NH o I ! cr "CH3 

Following general procedure 11, tert-bvXyi l-[5-(3-acetyJ-6-chloro-l,5-

naphthyridin- 4-ylamino)pyrimidin-2-yi]pyrrolidin-3-ylcarbamate (120 mg, 0,2.5 mmol) was 

5 reacted with 256-dichloro-4-(4>4>S,5-tetramethy{-1,3»2-dioxaborolan-2-yl)phenol (110 rag, 

0.38 mmol) io afford the produtl (120 nig, 80%) as an orange solid: !H NMR (500 MHz., 

CDC1-0 5 12.02 (s, IH), 9.12 ($, IH), 8.28 - 8.20 (m, 3H), 7.93 (d, J = 8.8 Hz, IH). 7.39 (s, 

2H), 4.72 (br s, IH), 4.36 (br s, IH), 3.86 (br s, IH), 3.65 (br s, 2H), 3.40 (br s, IH), 2.80 

(s, 3H), 2.28 (br s, IH), 2.03 - 1.93 (m, IH), 1.48 (s, 9H); ESI MS m/z 610 [M + H]+ 

10 Example 148 

fert-Butyi l-[5-(3-acetyl-6-chioro-l,5-naphthyridin-4-ylamino) 

pyrimidin-2-yl]pyrrolidin-3-ylcarbamate 

Ji OC 
HN 

"Nv-^ 
I "> 

VA. // 

'NH O 'N •, 
Foliowing general procedure I, l-(4,6-dich]oro-l,5-naphthyridin-3-yi)ethanone 

(300 rng, 1.2 mmol) was reacted with terr-butyl l-(5-aminopyrirnidin-2-yi)pyrrolidin-3-

ykarbamate (380 mg, 1.4 mmol) to afford the desired product (468 mg, 78%) as a yef low-

orange solid: 'H NMR (500 MHz, CDC13) 6 11.72 (s, 2H), 9.G9 (s, 2H), 8.21 (s» 3H), 8.11 

(d, J - 8.7 Hz, 2H), 7.48 (d, J = 8.8 Hz, 2H), 7.26 (s, 2H), 4.70 (s, 2H), 4.38 (s, 2H), 3.90 
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(dd, i - 11.6, 6.1 Hz, 2H), 3.78 - 3.66 (m, 4H), 3.52 (dd, J - 11.6, 4.3 Hz, 2H), 2.77 (s, 5H), 

2.31 (dq, J = 13.4, 7-2 Hz, 2H), 1.57 (s, 2H), 1.4 7 (s, 17H), 1.19 (s, 1H); ESI MS m/z 484 

[M • m 

Example 149 

l-(6-ChIoro-4~{4-[(4-methyIpiperazin-l-yl)rnethyl]pheny lamino}-

l,5-naphthyridin-3-yl)ethanone 
CH, 
I 

U 
o 

NH O 

"YrV1-™, '•L ^ ^ N 

Following general procedure I, l-(4,6-dichloro-l,5-naphthyridin-3-yl)ethanone 

(250 mg, 1.0 mmol) was reacted with 4-[(4-methylpiperazin~l-yl)methyl]aniline (260 mg, 

10 1.3 mmol) to afford the desired product (250 rng, 58%) as a yellow solid: !H NMR (500 

MHz, CDC13) 5 11.04 (br s, IH), 9.01 <s, IH), 8.14 (d, J - 8.7 Hz, IH), 7.49 (d, J = 8.7 Hz, 

1H), 7.30 (d, I = 8.0 Hz, 2H), 7.10 (d, J - 8.0 Hz, 2H), 3.52 (s, 2H), 2.58 ($, 3H), 2.48 (br s, 

8H), 2.30 (s, 3H); ESI MS m/z 410 [M + H]+ 

Example 1 50 

15 1 -(6-Chloro-4- {4-[2-(pyrrolidin-1 -yl)ethy! jpiperidin-1 -yl}-1,5-naphthyridin-3-yl)ethanone 

r~~ ) 

1 
N O 

C,^NYS^CH3 
Following general procedure I, l-(4,6-dichloro-3,5-naphthyridin-3-yl)ethanone 

(250 mg, 1.0 mmol) was reacted with 4-[2-(pyrrolidin-l-yl)ethyl]piperidine (230 mg, 1.3 

- 169 -
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mmol) to afford the desired product (190 nig, 47%) as a yellow solid: 'H NMR (500 MHz, 

CDClj) S 8.74 (s, 1 H), 8.18 (d, J = 8.8 Hz, IH), 7.53 (d, J= 8.7 Hz, 1H), 3.98-3.90 (m, 

2H), 3.32 - 3.23 (m, 2H), 2.58 - 2.50 (m, 6H), 2.55 (s, 3H), 1.86 - 1.53 (m, 11H): ESI MS 

m/z 387 [M •+• H]H" 

Example 151 

1 -(6-Chloro-4- {6-[2-(dimethylamino) ethylamino]pyridin-3-ylamirio}-

l,5-naphthyridin-3-yl)ethanone 

/ ! vA 
NH O 

CK ^ AAXCH, 1 I 
N 

Following general procedure I, 1-(4,6-dichloro-l,5-naphthyridin-3-yl)ethanone 

10 (300 mg, 1.2 mmol) was reacted with N2-[2-(dimethylamino)ethyl]pyridiiie-2,5-diamine 

(320 mg, 1.5 rnmol) to afford the desired product (210 mg, 37%) as an orange solid: !H 

NMR (500 MHz, CDCI3) 8 11.41 (br s, IH), 9.02 (s, IH), 8.13 - 8.07 (m, IH), 7.95 (d,.! -

2.5 Hz, IH), 7.47 (dd, J = 8.7, 1.1 Hz, IH), 7.29-7.23 (m, IH), 6.44 (d, J = 8.8 Hz, IH), 

5.12 (t, .1 = 5.1 Hz, 1H), 3.41 (q, j = 5.7 Hz, 2H), 2.69 (s, 3H), 2.60 (t, J - 6.0 Hz, 2H), 2.30 

15 (s, 6H); ESI MS m/z 385 [M + H].+ 

Example 152 

1 -[6-Chforo-4-( 1 -methylpiperidin-4-ylamino)- i ,5-naphthyridin-3-yl]ethanone 
H3CX 

N "\ 

vA 
NH O 

CK A A CH3 I 
N 

Following general procedure 1, 1 -(4,6-dichloro-l,5-naphthyridin~3~yi)ethanone 

20 (220 nig. 0.91 mmol) was reacted with l-methylpiperidin-4-amine (160 mg, 1.4 mmol) to 

- 370 -
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afford the desired product (200 mg, 69%) as a light brown solid: 'HNMR (500 MHz, 

CDCI3) 8 i0.98 (s, IH), 8.96 (s, IH), 8.10 (d,/= 8.7 Hz, IH), 7.53 (d, J=8.7Hz, IH), 5.11 

(br s, IH), 2.98 - 2.870 (in, 2H), 2.69 (s, 3H), 2.41 - 2.28 (m, 5H), 2.28 - 2.20 (m, 2H), 

1.85- 1.73 (m, 2H); ESI MS m/z 319 [M + Hf; ESI MS m/z 319 [M + Hf 

5 Example 153 

(5"Her?~ButyI l-[5-(3-acetyl-6-chloro-l,5-naphthyridin-4-y!amino) 

pyridin-2-yl]piperidin-3-ylcarbamate 

Boc\ / "N 
N*" \ . \ 

10 (260 mg, 1.1 mmol) was reacted with (S)-ferf-butyl l-(5-aminopyridin-2-yl)piperidin-3-

ylcarbamate (470 mg, 1.6 rnmol) to afford the desired product (350 mg, 65%) as an orange-

red solid: 'H NMR (300 MHz, CDClj) 8 11.48 (s, 1H), 9.04 (3, 1H), 8.10 (d, J - 8.7 Hz, 

IH), 8.01 (d, J-2.8 Hz, IH), 7.46 (d, 7=8.7 Hz, IH), 7.31 (dd, J- 9.0, 2.8 Hz, 1H),6.73 

(d, J - 9.0 Hz, IH), 4.80 (br s, IH), 3.85 - 3.62 (m, 3H), 3.55 •• 3.25 (m, 3H), 2.71 (s, 3H), 

35 1.96- 1.84 (rn, IH), 1.82-1.70 (m, IH), 1.72- 1.55 (m, IH), 1.45 (s, 9H); ESI MS m/z 

497 [M + Hf 

Example 154 

]-{6-Chioro-4-[fraiw-4-(hydroxymetfiyl)cycfohexyiamino]-

1,5 -naplithvridin-3 -y 1} ethanone 

H '• 

NH O 

^ N 

Following general procedure 1, I -(4,6-dichloro-1,5-•naphthyrjdin-3-yi)ethaiione 

20 
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Following general procedure I, l-(4,6-dichloro-l,5-oaphthyridin-3-yl}ethanone 

(200 mg, 0.83 mmoi) was reacted with (/ra»s-4-aminoeyeiohexyl)methanol (130 mg, 1.0 

mmol) to afford the desired product (380 mg, 65%) as an orange-yellow solid: '.H NMR 

(500 MHz, CDCI3) 5 10.90 (s, IH), 8.94 (s, III), 8,08 (d, J- 8.7 Hz, IH), 7.52 (ci, 8.7 

5 Hz, IH), 5.10-4.92 (m, IH), 3.58 - 3.47 (rn, 2H), 2,68 (3, 3H), 2.37 -2,23 (m, 2H), 2.01 -

1,89 (m, 2H), 1.65-1.51 (m, HI), 1.42-1.30 (m, 2H), 1.29- 1.18 (m, 2.H); ESI MS m/z 

334 [M +f11 

Example 155 

{6-Cbloro-4-[/?*a«5-4-(dimeThylaraino)cyciohexylaiTssnoj-

10 l,5-naphthyridin-3-yl}(cyclopropyl)methanone 

CH3 

•n S. 

\ 
\ 

NH 
N A. 

if r 
Following general procedure I, cyclopropyl(4,6-dicli3oro-l,5-naphthyridin-3-yl) 

methanone (243 mg, 0.91 mmol) was reacted with /raws-N!,N!-dimethylcyclohexane-1,4-

diamine (168 mg, 1.2 mmol) to afford the desired product (150 mg, 44%) as a light yellow 

15 solid. IH NMR (500 MHz, Chloroform-d) 5 30.83 (br s, IH), 9.20 (s, IH), 8.09 (d, J == 8.7 

Hz, IH), 7.52 (d, J - 8.8 Hz, IH), 4.98 (br s, IH), 2.71 -2.63 (m, IH), 2.33 (s, 6H), 2.34 

- 2.29 (m, 2H). 2.28 -2.19 (m, 1 H): 2.06 - 1,97 (m, 2H), 1.54 - 1.33 (m, 4H), 1.31 - 1,22 

(m, 2H), 1.11 - 1.03 (m, 2H). ESI MS m/z 373 [M + !i| . 

Example 156 

20 {ira«s-4-[(3-Acetyl-6-chloro-l,5-naphthyridin-4-yl)amino]cyclohexyl}methyl 

methanesulfonate 
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OMs 

""""" 'NH O 
CK A A ir'Tt CH, 

N" 

To a solution of l-{6-ch]oro-4-[/mHj-4-(bydroxymethyl)cyclohexylarnino]- 1,5-

naphthyridio-3-yl}ethanone (140 mg, 0.42 mmol) in methylene chloride (10 mL) was added 

triethylamine (0.12 mL, 0.84 mmol) and methanesuifonyl chloride (65 pL, 0.84 rnrnol) and 

5 the reaction mixture was stirred at room temperature for 4 h. The reaction mixture was 

diluted with satd. aq. sodium bicarbonate, the layers were separated and the organic layer 

was concentrated to afford the crude product (180 mg) as a yellow solid which was used 

without further purification: 'H NMR (500 MHz, CDCI3) 8 10.90 (br s, IH), 8.95 (s, IH), 

8.09 (d, J - 8.7 Hz, IH), 7.53 (d, J = 8.7 Hz, 1H), 5.10-4.95 (m, IH), 4,11 (d, J = 6.5 Hz, 

10 2H). 3.03 (s, 311), 2,68 (s, 3H), 2.39 - 2.26 (m, 2H), 2.01 - 1.92 (m, 2H), 1.90 - 1.78 (m, 

IH), 1.47 - 1.24 (rn, III) ESI MS m/z 412 [M + H]+ 

Example 157 

terr-Buty! 4-{[jrom-4-(3-acetyl-6-chloro-1,5-naphthyridin-4-ylamino) 

cyc!ohexyl]methyl} piperazine-1 -carboxylase 

Boc 
1 

,N. 

'NH O 

I 7 >3 

Following general procedure V, {4-[(3-acetyl-6-chloro~ 1,5-naphthyridin-4-

yl)amino]~ cyciohexyl}methyl rnethanesuifonate (170 tng, 0.42 mmol) was reacted with 

terf-butyl 4-[(rra«s-4-aminocyclohexyl)methyi]piperazine-l-carboxylate (93 rng, 0.50 

mmol) to afford the desired product (150 nig, 73%) as a yellow solid. ESI MS m/z 502 [M + 
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H'f 
Example 158 

l-{6~Chloro-4-[7ra«.s~4-(morpholinomethyl)cyclohexylamino 

L5-naphthyridin~3-yl}ethanone 

-0.. 

Following general procedure V, {/ra«s--4-[(3-acelyl-6-chloro-l,5-iiaphtiiyridiif-4-

yl)- arninoj cyciohexyl}methyl rnethanesuifonate (230 mg, 0.56 mmol) was reacted with 

morpholine (72 rag, 0.84 mmol) to afford the desired product (85 mg, 38%) as a yellow 

solid: 1H NMR (300 MHz, CDCI3) 8 30.90 (brs, 1H), 8.94 (s, IH). 8.08 (d,/- 8.7 Hz, 

10 IH), 7.52 (d,J- 8.7 Hz, 3H), 5.11 -4.88(m, IH), 3.77 - 3.65 (m, 4H), 2.68 (s, 3H), 2.46 -

2.38 (m, 4H), 2.36 - 2.21 (m, 2H), 2,21 - 2.15 (m, 2H), 2.03 - 3.89 (m, 2H), 1.64 - 1.50 (m, 

IH), 1.46 - 1.07 (m, 4H); ESI MS m/z 403 [M + Hf 

Example 159 

l-[6-Chloro-4-(/rQW5-4-{[(2-hydroxyethylXfnetbyl)amino]metbyl]cyclohexylamino)-

15 1,5-naphthyridin-3-yl]ethanone 

H,C„ ^ ,OH 
N ^ 

Following general procedure V, {fraras-4-[(3-acetyl-6-chloro-l,5-naphthyridin-4-

yXy amino]cyclohexyl}methyl rnethanesuifonate (240 mg, 0.58 mmol) was reacted with 2-

methylamino ethanol (88 mg, 1.2 mmol) to afford the desired product (130 mg, 47%) as a 

o 
fl M 1 11 

174-
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yellow solid: 'H NMR (300 MHz, CDC13) 8 10.89 (s, IH), 8.94 (s, 1H), 8.08 (d, J = 8.8 Hz, 

IH), 7.52 (d, J~ 8.8 Hz, IH), 5.09 - 4.88 (m, IH), 3.63 (t, J= 5.3 Hz, 2H), 2.68 (s, 3H), 

2.59 (br s, 211), 2.31 (br s, 7H), 2.04 - 1.91 (rn, 2H), 1.68 - 1.50 (m, IH), 1.48 - 1.07 (m, 

4H: ESI MS m/z 393 [M + H]+ 

5 Example 160 

1 - {6~Chloro-4-[/ran5-4-(pyrro1idin-1 -ylmethyl)cyclohexy!amino]-

1,5- n aphthy rid in-3 -y 1} ethanone 

O 

o 

Following general procedure I. 3-(4,6-dichloro-3,5-naphthyridin--3-yl)ethanone 

10 (220 mg, 0.92 mmol) was reacted with 4-(pyrrolidin-1 -ylmethyl)cyelohexanamine (200 mg, 

1.1 mmol) to afford the desired product (67 mg, 19%) as a brown solid: . 'H NMR (300 

MHz, CDC13) 5 10.88 (brs, IH), 8.93 (s, 3H), 8.07 (d,J-8.7 Hz, IH), 7.53 (d,,/-8.7Hz, 

3 H), 5.09 - 4.88 (rn, 3 H), 2.66 (br $, IH), 2,46 (d, J - 7.1 Hz, 2H), 2.37 - 2.25 (m, 2H), 

2.08-1.76 (m,6H), 1.72-1.55 (m, IH), 1.51- 1.12 (iti, 4H); ESI MS m/z 387 [M + Hf 

15 Example 161 

ter/-Butyl 1 -[5-(3-acetyl-6-ch!oro-l ,5-aaphthyridin-4-ylamino)pyridin-2-yl]-

piperidin-3-ylcarbamate 
--— 

Sioc x / *> 
N-\^ 
H \^-N. ' 

CI 
NH O 

cu Av A. ui'c!,) 
-N' 

Following general procedure I, 3 -(4,6-dichloro-1,5-naphthyridin-3-yl)ethanone 

20 (610 mg, 2,5 mmol) was reacted with /erf-butyl l-(5-aminopyridin-2-yl)piperidin-3-

•• 175 -
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ylcarbamate (590 mg, 3.0 mmol) to afford the desired product (420 mg, 35%) as an orange-

red solid: 'H NMR (500 MHz, CDC!3) 5 13.47 (s, 1H), 9.0 i (s, 1H), 8,09 (d, J = 8.7 Hz, 

IH), 8.0! (d,.7-2,6 Hz, IH), 7.45 (d,J= 8.7 Hz, IH), 7.34-7.28 (rn, IH), 6.72 (d,.7-9.1 

Hz, IH), 4.95 - 4.90 (rn, IH), 3.85 - 3.67 (rn, 3H), 3.47 - 3.27 (m, 2H), 2,69 (s, 3H), 1.97 -

5 1.88 (in, IH), 1.86 - 3.75 (m, IH), 1.73 - 3,59 (m, 2H), 1.45 (s, 9H); ESI MS m/z 497 [M + 

Following general procedure 1, 1 -(4,6-dichloro-1,5-naphthyridin-3-yl)ethanone 

(250 mg, 1.0 mmol) was reacted with trans-4-[(4-methyipiperazin-1 -

yl)methyl]cyclohexanamine (330 mg, 1.6 mmol) to afford the desired product (32 mg, 7%) 

as a yellow solid: !H NMR (300 MHz, CDCI3) 5 10,93 - 10,89 (m, IH), 8.95 (s, IH), 8.11 

15 (d, J- 8.7 Hz, IH). 7,53 (d,J~ 8.7 Hz, 3H), 5.09-4.90 (m, IH), 3.31 (br s, 4H), 2.90 (br s, 

4H), 2.75 (s, 3H), 2.68 (s, 3H), 2.43 - 2.24 (m, 4H), 1.99 - 3.87 (m, 2H), 1.62 - 1,46 (m, 

1H), 1.47 - 1,07 (m, 4H); ESI MS m/z 416 [M + Hf 

Example 163 

lert-Butyl {?row,s-4-[(3--acetyl-6-chloro-] ,5-naphthyridin-4-yl)amioo]cyclohesyl}carbaraate 

1 
N 

10 

- 176-
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Boc 
HN n V-/ 

"'NH O 

w ' 
Following general procedure I, 1 -(4,6-dichloro-1,5-naphthyridin-3-y!)ethanone 

(480 mg., 2.0 mmol) was reacted with lert-butyl (/ra«s-4-aminocyclohexy!)carbamate (430 

mg, 2.0 mmol) to afford the desired product (600 mg, 71%) as a light orange solid: 'H NMR 

5 (500 MHz, CDCI3) 5 10.91 (br s, !li). 8.96 (s. IH), 8.10 (d, J - 8.8 Hz, IH), 7,54 (d, I -

8.8 Hz, iH), 5.10-4.99 (m, IH), 4.48 (br s, IH), 3.55 (br s, IH), 2.69 (s, 3H), 2.34-2.25 

(m,2H), 2.19-2.10 (m, 2H), 1.56- 1.45 (m, 2H), i.47(s,9H), 1.44 - 1.33 (m, 2H): 

ESI MS m/z 419 [M + Hf 

Example 164 

10 2-(6-Chloro-4-{/ran5-4-[(dimethylamino)methyl]cyclohexylatTiino}-

1,5-E)aphthyridin-3-yl)-2-oxoethyl acetate 

"3CN-CH3 
! 
r 

! 
NH O 

CiyN^. ^OAc 

Following general procedure 1, 2-(4,6-diehIoro-l,5-naphthyridin-3-yl)-2-oxaethyl 

15 acetate (101 mg, 0.33 mmol) was reacted with /raws-4-f(dimethylamino)niethyI]cyclohexan 

amine (67 mg, 0.43 mmol) to afford the desired product (90 mg, 65%) as an off-white solid. 

ESI MS m/z 419 [M + Hf. 

Example 165 

l-(6-Chioro-4-{fra»s-4-[(dimethylamino)methyJ]cyc!ohexylamiRo}-

20 l,5-naphthyridin-3-yl)-2-hydroxyethanone 

-177-
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N"CH3 

CU N X A ..OH 

To a solution of 2-(6"Ch{oro-4-{fr<ms-4-

[(dimethyIamino)methyI]cyciohexylamino}-

5 l,5-iiaphthyridin-3-yl)-2-oxoethyl acetate (90 mg, 0.22 mmol) in methanol was added 

freshly ground potassium carbonate (90 mg, 0.65 mmol) and the reaction mixture was 

stirred at room temperature for 30 minutes. The reaction mixture was diluted with satd. aq. 

sodium bicarbonate and extracted with ethyl acetate. The combined organic layers were 

dried over anhydrous sodium sulfate, filtered and the filtrate was concentrated. The 

10 residue was purified by column chromatography (silica, dichloromethane/methanol) to 

afford the desired product (18 mg, 22%) as a yellow solid. ESI MS m/z 377 [M + H]+. 

Example 166 

l-(4-[(4-Arninocyclohexyl)amino]-6-ch!oro-l,5-naphthyridin-3-yl} ethanone 

dihydrochloride 
H,N 

\—-2HC! 

Following general procedure IV-1, *<?r/-butyl {mOTS-4-[(3-acetyI-6-chloro-1,5-

naphthyridin~4-yl)an)inojcyclohexyl}carbamate (360 rag, 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. ESI MS 

m/z 318 [M + Hf 

20 Example 167 

1-{6-Chforo-4-[4-(pyrro!idin-l-ylmethy])phenylamino]-l,5-naphthyridin-3-yl}ethanone 

NH O 

15 
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N 
L 

N 

"CH, 

FolSowing general procedure I, I-(4,6-dichloro-l,5-naphthyridin-3-y3)ethanone 

(200 mg, 0.83 mmol) was reacted with 4-(pyrroiidin-1 -ylmethyl)aniline (310 mg, 3.24 

mmol) to afford the desired product (78 mg, 25%) as a brown-orange solid: 'H NMR (300 

5 MHz, CDCk) 8 11.06 (s, IH), 9.03 ($, IH), 8.15 (d, J~ 8.7 Hz, 1H), 7.50 (d, J =8.7 Hz, 

IH), 7.41 (d,./=--= 8.3 Hz, 2H), 7 13 (d, J= 8.3 Hz, 2H), 3.85 (br s, 2H), 2.80 (br s, 4H), 2.60 

(s, 3H), 1.92 (br s, 4H); ESI MS m/z 38 3 [M + Hf 

Exam pie 168 

tert-Bvty\ 1 -[5-(3-acety 1-6-chloro-1,5 -naphthyridin-4~ylamino)pyridin-2-yl]-

10 pyrrolidin-3~y!(methyf)earbamate 

Following general procedure I, i-(4,6-dichlorc-3 35»!iiapbthyridiri-3--yl)e1;hanone 

(200 mg, 0.83 mmol) was reacted with teri-butyl 1 -(5-aniinopyridiD-2-yl)pyrrolidin-3-yl 

(methyl) carbamate (360 mg, 3.2 mmol) to afford the desired product (360 mg, 85%) as a 

15 dark red solid: SH NMR (500 MHz, CDC13) 8 11.39 (s, 1H), 9.02 (s, 3 H), 8. 3 0 (d, J------ 8.7 

Hz, iH), 8.02 (d, J=2.6 Hz, 1H),7.47 (d,.7=8.7 Hz, IH), 7.32 (dd, 7= 8.8, 2.6 Hz, IH), 

6.37 (d, ./ = 8.8 Hz, 3H), 4.91 (br s, IH), 3.73 - 3.62 (in, 2H), 3.51 3.38 (m, 2H), 2.83 (s: 

3H), 2.68 (s, 3H), 2.28 - 2.06 (m, 2H), 1.49 (s, 9H), ESI MS m/z 497 [M + Hf 

Example 369 

20 l-(6-Chloro-4-{6-[3-(dimetby3amino)pyrrolidin-l-yljpyridin-3-ylaniino}-

Boc 

NH O 
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l,5-naphthyridin-3-yI)ethanone 
H3C 

YH H-,C V-

NH O 
Ck „N„ X X 

V* YNY ~CH3 

Following general procedure T, i -(4,6-dichIoro-1,5-naphthyridin-3-yl)ethanorse 

(2S0 mg, 1.0 mmoS) was reacted with N,N-dimethylpyrro!idm-3-aimne (260 mg, S .2 rnmol) 

5 to afford the desired product (380 mg, 89%) as an orange solid: 'H NMR (300 MHz, 

CDCb) 5 11.35 (s, IH), 9.00 (s, IH), 8.10 (d, J = 8.7 Hz, IH), 8.02 (dd, J = 2.7, 0.7 Hz, IH), 

7.47 (d, J~ 8.7 Hz, IH), 7.30 (dd, J= 8.9, 2.7 Hz, IH), 6.35 (d,J== 8.9 Hz, iH), 3.88 - 3.77 

(m, IH), 3.62 - 3.72 (m, IH), 3.49 - 3.37 (rn, 1H), 3.33 - 3.22 (m, IH), 2.94 - 2.76 (rn, iH), 

2.68 (s, 3H), 2.34 (s, 6H), 2.34 - 2.18 (m, IH), 2.06 - 1.89 (m, IH); ESi MS m/z 411 [M + 

10 H]+ 

Example 170 

tert-Butyl 4~[7-acety3-8-({?rar«-4~[(dimethyiainino)methyI]cyciohexyl}amino)- 1,5-

naphthyridin-2-y!J-3,5-dimethyi-1 H-pyrazole-1 -carboxylate 

H:iC. 
1M -CH3 

/ n Bo\ ,CHM 
NH O 

VA. ̂  X X 7 l Y CH3 
H3C 

^ W 

15 Following general procedure II, l-(6-chloro-4-{?r«m-4-[(dimethyiamino)methyl]-

cyclohexylamino}-l,5-naphthyridin-3-y!)ethanone (92 mg, 0.25 mmol) was reacted with 

/erf-butyl 3,5-dimethyl-4-(4,4,5,5-tetramethyl- i,3,2-dioxaborolan-2-yl)-lH-pyrazoic- 1-

carboxyiate (120 mg, 0.37 mmol) to afford crude product (100 mg) as a brown solid which 

was carried forward without any purification: ESI MS m/z 521 [M + H]" 

- 180-
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Example 171 

/erf-Butyl !-(5-(3-acetyl-6-(3,5-dichioro-4-bydroxyphenyl)-1,5-naphthyridin-4-yiamino)-

pyridin-2-yl)pyrrolidin-3-y3(methyl)carbamate 
Boc. 

R3V. 

C! il '7 
fK> V'X ^ SlH o 

5 Following general procedure II, /erf-butyl I -(5-(3-acetyl-6-ch!oro-1,5-

naphthyridin- 4-ylamino)- pyridin-2-yf)pyrrolidin-3-yl (methyl) carbamate (91 mg, 0,183 

mmol) was reacted with 2,6-dichloro-4--(4,4,S,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol 

(79 mg, 0.273 mmoi) to afford crude product (72 mg) as an orange solid which was carried 

forward without any purification: ESI MS m/z 623 [M + H]+ 

10 Example 172 

tort-Butyl I -(5-(3-acetyl-6-(3-chloro-5-fluoro-4-hydroxyphenyl)- 1,5-naphthyridin-4-

ylamino)pyridin-2-yl)pyrroiidin-3-y!(rnethyl)carbamate 
Boc 

N-. 
H,C \—N. ,. 

v.--' JN 

ci li ^ 
H<X 

71 NH 0 

u I I 
i. 

N y* 

11T 
y<>.. N /S_ 

F' ' Nr VY VY CH. 

N 

Following general procedure II, terf-butyl l-[5-(3-acetyl-6-ch3oro-1,5-

15 naphthyridin- 4-ylamino)-pyridm-2~yl]pyrrolidin-3~yl(methyl)carbamats (9-1 mg, 0.19 

mmol) was reacted with 2-chloro-6-fluoro-4-(4,4,5,5-tetramethyi-1,3,2-dioxaboro!an-2-

yl)phenol (77 mg, 0.28 mmol) to afford crude product (79 mg) as an orange solid which was 

carried forward without any purification: ESI MS m/z 607 [M + H]f 

Example 173 

20 /er/'-Butyl (1 -{/raro--4-[(3-acetyl-6-chloro-1,5-naphthyridin-4-yl)amino]cyclohexyi-

- 181 -
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amino}-3-methyl-l-oxobutan-2-yl)carbamate 

T Nsj -Boc 
HN, H 

NH O 

'CH 

Following genera! procedure VI. l-{4-[(4-aminocyciohexyl)amino]-6-chloro- 1,5-

naphthyridin-3-yl}ethanone dihydrochloride (300 mg, 0.94 mmol) was reacted with 2-[(tert-

5 butoxycarbonyl) arninoj-3-methylbutanoic acid (3 ! 0 mg, 1,4 mmoi) to afford the desired 

product (320 mg, 65%) as a while solid. ESI MS m/z 518 [M + Hf 

Example 174 

rerf-Butyi 1 - {/ra«^-4-[3-acety1-6~(3-chloro-5-fluoro~4-hydrosyphenyi)- 1,5-naphthyridin-4-

ylamino]cyclohexyiamino}-3-methyl-l-oxobutan-2-ylcarbamate 

Following genera! procedure II, fcrf-Rutyl (l-{ira«,s-4-[(3-acetyl-6~chIoro-1,5-

naphthyridin-4-yl)amino]cyc!ohexyiamino}-3- methyl-1 -oxobutan-2-yi)carbamates (100 

mg, 0.19 mmol) was reacted with 2-chloro-6-fluoro- 'HVLS^-tetramethyl-l^^-

dioxaboro!an-2-yl)phenol (50 mg, 0.23 mmoi) to afford the crude product (115 rng) as an 

15 off-white solid: ESI MS m/z 628 [U + Hf. 

Example 175 

jejf-Butyi trans-4-{[3-acetyl-6-(3,5-dichioro-4-hydroxypheayI>-

l,5-naphthyridin-4-yl]aminocyclohexyi} carbamate 

10 

- 182-
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10 

Boc 
HN 

V1 ( / 
HO.N J? y 

* V-'' ^ 'NH O 

X" "V "V" CH3 Ov 
Following general procedure II, fer/-butyi fra«5-4-[(3-acetyl-6-chloro-1,5-

naphthyridin- 4-yl)- aminocyclohexyljcarbamate (100 mg, 0.23 mmol) was reacted with 

2,6-dichloro-4- (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yI)phenol (81 mg, 0.28 mmoi) to 

afford crude product which was carried forward without any purification: ESI MS m/z 545 

[M 4 Of. 

Example 176 

(RYtert- Butyl 1 -(5-(3-acetyi-6-chloro-l 55-oaphthyridin-4-ylamino)pyridin-2-yi) 

pi perid i n-3-y [carbamate 

/ 
\ >\X'i i\ \.„N 

l" "') 

NH O 

'CH 3 

Following general procedure I, l-(4,6-dichloro-l,5-naphthyridin-3-yl)ethanone 

{340 mg, 1.4 mmol) was reacted with (R)-tert-butyl l-(5-aminopyridin-2-yl)piperidin-3-

15 yScarbamate (500 mg, 1.7 mmol) to afford the desired product (410 mg, 58%) as a brown-

orange solid. ESI MS m/z 497 [M 4 Hf 

Example 177 

(li)-tert-Butyl l-(5-(3-acetyl-6-(3,5-dichloro-4-hydroxyphenyl)-l,5-naphthyridin- 4-

ylamino)pyridin-2-yl)piperidin-3-yicarbamate 
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:H 

N 

Following general procedure II, (/?)-tenf-bu1yJ 1 -(5-(3-acetyl-6-chloro-1,5-naphthyridin-4-

ylamino)pyridin-2-yl)piperidin-3-ylcarbamate (200 mg, 0.40 mmol) was reacted with 2,6-

dichloro-4-(4,4,5,5-tetramethyl-l ,3,2-dioxaboro1an-2~yl)phenol (170 mg, 0.60 mmoi) to 

5 afford the desired product (210 mg, 85%) as a orange solid. ESI MS m/z 623 [M + Hf 

Example 178 

(/f)-tert-Butyl l-(5-(3-acetyl-6-(3-chloro-5-fiooro-4-hydroxyphenyi)-l,5-naphlhyridin-

4-y!amino)pyridin-2-y1)piperidin-3-ylcarbamat.e 

f) 
BocHN \ 

10 Following general procedure II, (Kytert-butyl 1 -(5-(3-acetyl-6-chloro-1,5-naphlhyridin-4-

yiajmino)pyridin-2-yI)piperidin-3-ylcarbamate (200 mg, 0.40 mmol) was reacted with 2-

chloro-6-fluoro-4-(4,4>S>5-istramethyl-l53,2-dioxaborolan-2-yl)phenoi (165 mg, 0.60 

mmol) to afford the desired product (125 g, 51%) as a yellow-orange solid. ESI MS m/z 607 

15 Example 179 

fert-Butyl [1 -(5-{[3-acetyl-6-(3-chloro-5-fluoro-4-bydroxypheny!)-l ,5- naphthvridin-4-

yl]amino}pyridm-2-yi)piperidin-3-yl]carbamate 

[M + H] 

184 
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R - - r 

Following general procedure li, fer/-butyl (!-{5-[(3-acetyl-6-ch3oro-l,5-

naphthyridin- 4-yl)arnino]pyridin-2-yl}piperidin-3-yl)carbamate (100 mg, 0.20 mmoi) was 

reacted with 2-chioro-6-fluoro-4-(4,4,5,5-tetrametiiyl-l ,3,2-dioxaborolan-2-yl)phenol (65 

5 mg, 0,24 mmol) to afford crude product which was carried forward without any 

purification: ESI MS m/z 607 [M + IT]\ 

Example 180 

te/t-Butyi [l-(5-{[3-acetyl-6~(3,5-dichloro-4-hydroxyphenyl)-l,5-napbtbyridin-

4-y]]amino}pyridin-2-yl)piperidin-3-y!]carbamate 

iw f 

Following general procedure il, rert-butyl (I-{5-[(3-acets'l-6-chloro-l,5-naphtliyridin-4-

yI)amino]pyridin-2-yl}piperidin-3-yl)carbamate (100 nig, 0.20 mmoi) was reacted with 2,6-

dichloro-4-(4,4,5,5-tetramethyl~l,3,2-dioxaborolan-2-yl)phenol (68 mg, 0.24 mmoi) to 

afford crude product (45 mg) which was carried forward without any purification: ESI MS 

15 m/z 623 [M + H]+. 

Example 181 

?er/~ButyI l-{4-[3-acetyl-6-(3.5-dichioro-4-hydroxyphenyl)-l,5-naphthyridin-f?*aHs-4-

y iamino]cyclohexylamino}-3-rriethy 1-1-oxobutan-2-y {carbamate 

10 

- 185 -
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H3C. V-CH3 

'N "Boc 
H 

Ci 

NH O 

cr K 

Following genera] procedure II, tert-butyl [l-{{4-[(3-acetyl-6-chloro-I,5-

naphthyridisn- ?r<»»--4-yl)amino]cyclohexyI}amino)-3-melJhyl-l-oxobutaii-2-yl]carbamate 

(100 mg, 0.19 mmol) was reacted with 2,6-dichloro-4-(4,4,5,5-tetramethy]-l,3,2-

5 dioxaborolari-2-yl)pheno! (65 mg, 0.23 mmol) to afford crude product (80 mg) as a brown 

solid which was carried forward without any purification: ESI MS m/z 644 [M + H]"f 

Example 382 

/er?-Butyi l-{»'<m-4-[3-acety!-6-(3,5-diehloro-4-hydroxypheny!)-l,5-naphthyrid3n-

4-ylamino]cyclohexylarnino} -1 -oxopropan-2-ylcarbamate 

Following general procedure II, terf-butyi l-[/raw.r-4-(3-acetyl-6-chloro-ls5-

naphthyridin-/rcR5-4-yiamino)cyc!ohexyiamino]-l- oxopropan-2-ylcarbamate (65 mg, 0.13 

mmol) was reacted with 2,6-diehloro-4~ (4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2.~ 

yljphenoi (45 mg, 0.16 mmo!) to afford crude product that was carried forward without any 

15 purification, 

Example 183 

tert-&vty\ 1 - {4-[3-acetyl-6-(3-chloro-5-fluoro-4-hydroxyphenyl)- 3,5-naphthyridin- trans-4-

ylamino]cycfohesylamino}-l-oxopropan-2-ylcarbamate 

K 
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10 

/ 
HH 

HN"BOC 

f ) 
" ^NH o 

CH-J 

Foliowing general procedure II, tert-butyl 1 -[4-(3-acetyl-6-chIoro-1,5-

naphthyridin- /ra«s-4-ylam[ino)cyclohexylamtno]-l-oxopropan-2-ylcarbamate (68 mg, 0.13 

mmo!) was reacted with 2-ehioro-6-f1uoro~4-(4A5,5-tetramethyl-l,3,2-dioxaboroian-2-

yi)phenoi (43 mg, 0.16 mmol) to afford crude product that was carried forward without any 

purification. 

Example 184 

(S)-/ert-Butyi 2-{4-[3-acetyl-6-(3-chloro-5-fluoro-4-hydroxyphenyl)-l,5-naphthyridin-

trans-4- ylamino]cyclohexylcarbamoy])pyrrolidine-l-carboxylate 
Bocs 

yO 
HN 

v V 1 
HO. A, ̂

 NH O 
,N.. ^CH> 

A 
A 

Following general procedure II, (S)-/ert-butyl 2-[4-(3-acetyl-6-chloro~l,5-

naphthyridin- /ro«a-4-ylamino)cyclohexylcarbamoyl]pyrroiidine-1 -carboxylate (100 mg, 

0.19 mmol) was reacted with 2--chioro-6-fluoro -4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-y!)pheno! (63 mg, 0.23 mmoi ) to afford crude product (75 mg) as an brcswn 

solid that was carried forward without any purification: ESI MS m/z 626 [M + H] h 

Example 185 

{5)-/ert-butyl 2-{4-[3-acetyl-6-(3,5-dichloro-4-hydroxyphenyl)- 1,5-naphthyrid in-/raras-4-

ylarnino]- cyclohexylcarbamoyl}pyrrolidine-1-carboxylate 
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Boc, 
O N~-\ 

HH 
\ 

HO., X 1 "\ NH 0 

CI' ii "CR 

N 

Following general procedure II, (S)-tert-butyl 2-[4~(3-acetyl-6-chloro-1,5-

naphthyridin- *rara-4-yiamino)cyclohexylcarban3oyi]pyrroiidine-1 -carboxylate (100 mg, 

0,195 mmoi) was reacted with 2,6-dichloro-4-(4,4,5,5-tetramethyI-l,3,2-dioxaborolan-2-

5 yljphenoi (66 mg, 0.234 mmo!) to afford crude product (i 13 rng) as a yellow solid product 

that was carried forward without any purification. 

Example 186 

(5)-&rt-I>u1yl 2-[4-(3-acetyl-6-chloro-l,5-naphthyridin-?ranj-4-ylamino)-

cyc1ohexylcarbamoyl]pyrroiidine-1 -carboxylate 

Following geiieral procedure V, 3 -[4-(/ra«s-4-a!ninocyc!ohexyr)ainino)-6-chloro-

.1,5-naphthyridin-3-yl]ethanone dihydrochloride (220 mg, 0.564 mmoi) was reacted with 

(Sj-1 -(/er/-butoxycarbonyf)pyrrolidine-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]+ 

15 Example 187 

fert-Butyl l-[4-(3-acetyi-6-chloro-l,5-!iaphthyridin-4-ylar!!ino)cyciohexylamiino]-

1 -oxopropan-2-yIearbamate 

Boc \ 

NH O 

10 

188 
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HN "BOC 
Ov '/ V'\ / CH, HN. 
"r\ 

NH O 
Cl^N, i A 

T V CH3 
N 

Following general procedure V, {l-[4-(^£»is'-4-ammocyclohexyl)atnir!o]-6-chloro-

l,5-naphthyridin-3-yi}etbanone dihydrochloride (130 mg, 0.35 mmo!) was reacted with 2-

(terr-butox.ycarbonylamino)propanoic acid (78 mg, 0.42 mmo!) to afford the desired product 

(130 nig, 79%) as a yellow solid. EST MS m/z 490 [M + Hf 

Example 188 

(5)~ierf-Butyf [l~(5~{[3-acetyl~6-(3-chloro-5~fiuoro-4-hydroxypheny!)-K5-naphthyridin-

4-yl]amino}pyridm-2-yl)piperidin-3-y3]carbamate 
-x 

Boc. / \ 

C1 ( li 
HO A V' ,1 NH O 

-N-. --V. I T CH3 
N 

Following general procedure II, (Sfrerr-hutyi (l-{5-[(3-acetyl-6-chioro-1,5-

naphthyridin-4-yl)amino]pyridin-2-yl}piperidin-3-yl)carbamate (100 mg, 0.20 mmol) was 

reacted with 2-chloro-6-fluoro-4-(4,4,5,5-tetraniethyl-l,3,2-dioxaborolan-2-yl)phenol (82 

mg, 0.30 mmol) to afford the crude product (72 mg) which was carried forward wsthoist any 

purification; ESI MS m/z 607 [M + Hf. 

Example 189 

uSV&rf-Butyi [ 1 -(5-{[3-acetyi-6-(3,5-dichloro-4-hydroxyphenyl)-1,5-naphthyridin-

4-yi]amino}pyridin-2-yl)piperidin-3-y!]carbamate 
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8ocx j 

Following general procedure II, (S)-/er/-butyl (l-{5-[(3-acetyl-6-chloro-1.5-naphthyridin-4-

yl)- amino]pyridin-2-yl}piperidin-3-yi)carbamate (98 mg, 0.20 mmol) was reacted with 2,6-

dichloro-4-(4,4,5,5-telramethyi-l,3,2-dioxaborolan-2-yl)phenol (85 rng, 0.30 mmol) to 

5 afford the product (56 mg) which was carried forward without any purification: ESI MS m/z 

625 [M + H]H", 

Example 190 

(5)-?e/t-Buty3 [1 -(5-{[3-(cyclopropylcarbonyl)-6-(3-chloro-5-fluoro-4-hydroxyphenyl)- 1,5-

naphthyridin-4-y3]amino}pyridin-2-yl)piperidin-3-yl]carbamate 

Following general procedure II, (S)-rer.f-Buty3 ]-{5-[6-chloro-3-

(cyclopropanecarbonyl) -l,5-naphthyridin-4-ylamino]pyridin-2-y!}piperidin-3-yicarbamate 

(331 mg, 0.25 mmoi) was reacted with 2-chloro-6-f3uoro -4-(4,4,5,5-tetramethyl-l,3,2-

dioxaboro3an-2~y3)pheno! (102 nig, 0.38 mmo!) to afford the desired product (j 00 mg, 63%) 

15 as an orange red solid. ESI MS m/z 633 [M + Hf. 

Example 193 

fert-Butyl 4-({/raj>K-4-[3-acetyl-6-(3,5-dichloro-4-hydroxyphenyi)-3,5-naphthyridm-

4-ylamino]cyclohexyI} methyl)piperazine-1 -carboxylate 

10 

Bo< 

Hi 
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Bee 
t 

r" 

'CH. 

Following general procedure II, /er/-butyl 4-{[mms'-4-(3-acetyl-6~chioro~ 1,5-

naphthyridin-4-ylamino) cycfohexyl]methyl}pipera2rae-i-carboxylale (150 mg, 0.30 mmo!) 

was reacted with 2,6-dichloro-4-(4A5,5-tetramethyJ-l,3»2-dioxaborotan-2-y])phenoi (130 

5 mg, 0.45 mmol) to afford the product (170 nig) which was carried forward without any 

purification: ESI MS m/z 628 [M + HI4. 

Kxampie 192 

tert-&\xty\ !-{4-[3-acetyl-6-{3,5-dichloro-4-hydroxyphenyl)-l,5-naphthyridin-ft"am--

4-ylamino]cyc!ohexy!atnino}-3-methyl-l-oxobulan-2-yicarbamate 

Following general procedure B, teri-butyl (l-{4-[(3-acetyi-6-chloro-J,5-naphthyridin-

/r£fWi-4-yl)arninocyc!ohexy]amino}-3-methyi-l -oxobutan-2-yl)carbamate (100 mg, 0.19 

mmol) was reacted with 2,6-dichioro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-

yl)phenoi (65 mg, 0.23 mmol) to afford crude product (80 mg) as a brown solid. ESI MS 

15 m/z 644 [M + H]+ 

Example 193 

ferf-Buty] 1 -{?raos:-4-[3-acelyl-6-(3,5-dichloro-4-hydroxyphenyi> 1,5-naphthyridin-

4-ylani ino]cyc!ohexylamino} -1 -oxopropan-2-ylcarbamate 

o 
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I-IN "Boc 

C! / ") 

N 

'CH3 

Following general procedure B, tert-butyl l-[?rans-4-(3-aeetyl-6-chloro- 1,5-

naphthyridin-frflnj-4-ylamino)cyclohexylamino]-l-oxopropaii-2-ylcarbamate (65 mg, 0.13 

mmol) was reacted with 2,6-dichloro-4-(4,4,5,5-tetramethyl-i,3,2-dioxaborolan-2-y!)phenol 

5 (45 rrig. 0.16 mmol) to afford exude product. 

Example 194 

fcr/-Buiyl 1 - {4-[3-acetyI-6-(3-chloro-5-fluotw-4-hydroxypheiryl)- 3,5-naphthyridin- tram-4-

yiaminojcyclohexylamir.o} -1 -oxopropan-2-ylcarbamate 

Following general procedure B, tert-buty! 1 -[4-(3-acetyl-6-chloro-1,5-

naphthyridin- frara*4-ylamino)cyclohexylaraino]-l-oxopropan-2-ylcarbamate (68 mg, 0.13 

mmol) was reacted with 2-chloro-6-tluoro-4-('1,4,5,5-tetraniethyl-l,3,2--dioxaborolan-2-

y!)phenol (43 mg, 0.16 mmo!) to afford crude product which was carried forward without 

15 further purification or characterization. 

Fixample 195 

(S)-ten'-Butyi 2-[4-(3-acetyl-6-ch]oro~ 1,5-naphthyridin-/raras-4-ylaratno)-

cyelohexylcarhaiBayijpyrrolidine-1 -carboxylate 

10 
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Boc 
N O. i \ y<,> 

His', 

\'H O 
A o cHs 

N 

Following genera! procedure D. l-[4-(/r(a?w-4-arninocyciohexy!)amino]-6-chloro-

3»5-naphthyridin-3-yl)ethanone dihydrochioride (220 mg, 0.564 mmol) was reacted with 

(S)-l-(ter/-butoxycarbonyl)pyrroiidine-2-cait»oxylic acid (145 mg, 0.676 mmoi) to afford 

the desired product (290 mg, 99%) as an off-white solid. ESI MS m/z 518 [M + Hj h 

Example 196 

(S)-/en-Butyl 2-{4-[3-acetyl-6-(3-ch3oro-5-fluoro-4-hydroxyphenyi)-i,5-naphthyridin-

;r<3«,y-4-ylamino]cyciohexylcarbairioy!} pyrrolidine-! -carboxylate 
Boc 

yO 
HN, 

ci O 
NH O 

.Nk A A. "CH, 

^ N 

10 Following general procedure B, (S)-ter,'-butyl 2-[4-(3-acetyl-6-chloro-l,5-

naphthyridin- /rara-4-ylamino)cyclohexylcarbamoyl]pyrrolidine- i -carboxylate (100 mg, 

0.19 mmol) was reacted with 2-chloro-6-fluoro-4-(4,4,5,5-tetramethyl-ls3,2-

dioxaboroiati-2-yl)pheno! (63 rrig, 0.23 mmol) to afford crude product (75 mg) as an brown 

solid which was carried forward without further purification or characterization: ESI MS 

15 m/z 626 [M + H]'' 

Example 197 

f;?rt-Buty3 1 -[4-(3-acety3-6-ch!oro-l ,5-naphthyridin-4-ylamiino)cyclohexylamtno]-

l-oxopropan-2-ylcarbamate 
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NH 0 
C! "CH; 

Following genera! procedure C, l-[4-(fr*^.y-4-arrtiriocyclohexyI)amino]-6-chloro-

l,5-naphthyridin-3-yl)etbanone dihydrocb Sonde (130 mg, 0.35 mmol) was reacted -with 2-

(?m'-butoxycarbonylarnino)propanoic acid (78 mg, 0.42 mmol) to afford the desired product 

5 (130 mg, 79%) as a yellow solid . ESI MS m/z 490 [M + H]' 

Example 198 

(S)-fer/-Birtyl 2-(4-(3-acetyl-6-(3,5-dichioro-4-hydroxyphenyl)-1,5-naphthyridin- trans-A-

ylamino)cyclohexylcarbanioyl)pyrrolidine-3-carboxylate 

naphthyridin- jrram-4-ylamino)cyclohexyIcarbamoyl]pyrrolidine-l -carboxylate (300 mg, 

0.19 mmol) was reacted with 2,6-dichloro-4-(4,4,5>5-tetramethyl-1,3,2-dioxaboro!an-2-

yl)phenol (66 mg, 0.23 mmol) to afford crude product (313 mg) as a yellow solid which was 

carried forward without further purification or characterization. 

5 5 Example 199 

fert-Bufvl [/ran.s--4-(dimeShy!ainino)cyclohexyljmethylcarbamate 

Bocs 

pr> X 

Following general procedure B. (S)-/ert-butyl 2-[4-(3-acetyl-6-chloro-3,5-10 
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H,C\ ..CR J N 

NHBoc 

To a solution of /e?t-butyl [/f<3ws-4-ammocyclobexyl]metbylcarbamate (1.15 g, 5.00 mmol), 

paraformaldehyde (454 mg, 15.0 mmo!), and sodium cyanoborohydride (940 mg, 15.0 

mmol) in methanol (40 mL) was added acetic acid (catalytic) and the reaction mixture 

5 stirred at room temperature for 18 h. The reaction mixture was quenched with water and 

concentrated to remove methanol. The pH of the aqueous layer was adjusted to 10 with 1 

M aqueous sodium hydroxide followed by extraction with methylene chloride. The 

organic layers were dried over anhydrous sodium sulfate, filtered, and concentrated to 

afford the desired product (3.2 g, 96%) as a thick oil: F.ST MS m/z 257 [Ci4H2«NbAj + H]+. 

10 Example 200 

?ra«j~4-(Arnmomethyl)-AVV-dimethyicydohexanamirie 

Following general procedure IV-1, Jerf-butyi [trans -4-(dimethylamii)o)cyclohexyTjtnethyi 

carbamate (1.2 g, 4.8 mmoi) was reacted with 3 M hydrochloric acid (10 mL) to afford the 

15 dihydrochioride salt as the desired product (1.2 g, >99%) as white solid: ESI MS m/z 230 

[C9H20N2 + H]1. 

Example 201 

(R)-(4-{[6-(3-aminopiperidin-]-yl)pyridin-3-y!]amino}-6-(3,5-dichloro-4-hydroxypheriyi)-

l,5-naphthyridin-3-yl)(cyclopropyf)methanone 

1 
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Following general procedure IV-2, (R)-tert-butyl [I-(5-{[3-(cyclopropanecarbonyl)-

6-(3,5-dichloro-4-hydroxyphenyl)-l,5-naphthyridin-4-yl}amino)pyridin-2-yl)piperidin--3-

yl)carbamate (0.12 g, 0.18 rnmol,) was reacted with TFA (2 mL). The resulting 

5 trifluoroacetate salt of the product was converted to the free base to afford the desired 

product (67 nig, 67%) as an orange solid: 'H NMR (500 MHz, CDjOD) 5 5.17 (s, IH), 8.09 

(d, J- 9.0 Hz, IH), 8.03 (d, J-9.0 Hz, IH), 7.92 (d, J-2.5 Hz, IH), 7.44 (s, 2H), 7.37 

(dd, 9.0, 2.5 Hz, IH), 6.70 (d, J-9.0 Hz, 1H), 4.16-4.13 (in, IH), 3.87 - 3.84 (rn, IH), 

3.27 - 3.21 (rn. IH), 3.09 - 3.05 (m, 2H), 2.89 - 2.86 (m, IH), 2.18 - 2.08 (rn, IH), 1.90 -

10 LSI (rn, IH), 1.73 - 1.58 (m, 2H), 1.21 - 1.08 (m, 4H); ESI MS m/z 549 [M + H]1'; HPLC 

>99% (AUC), = 10.15 rain. 
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0.093 mmoi) was reacted with 2s6-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolao-2-

yS)phenol (43 mg, 0.15 mmol) followed by formation of the dihydrochloride sail to afford 

the product (10 mg, 20%) as a yellow solid: solid: !H NMR (500 MHz, CD3OD) 8 9.15 ($, 

IH), 8.47 (d,J= 9.0 Hz, IH), 8,35 (d,J------ 9.0 Hz, IH), 8.11 (s, 2H), 5,68 - 5.60 (m, iH), 

5 4.92 (s, 2H), 3.51 - 3,42 (m, IH), 2.92. (s, 6H), 2.63 - 2.59 (m, 2H), 2.33 - 2.28 (m, 2H) 

i .88 - 1.73 (m, 4H); ESI MS m/z 489 [M + H]+; HPLC >99% (AUG), tR = 9,16 min. 

Example 204 

l-[6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-({^,aH5-4-

[(dimethyla.raiiio)methyl]cyc3ohexyl} amino)-1,5-naphthyridin-3-y!)]-2-hydroxyethanone 

10 dihydrochloride 

Following general procedure II, l-(6-chloro-4-{fra«s-4-[(dimetliylamino)rnethyl] 

cyclohexylamino}-],5-naphthyridin-3-yl)-2-hydroxyetbanone (49 mg. 0.13 mmol) was 

15 reacted with 2-chloro-6-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yi)phenol (53 

mg, 0.12 mmol) followed by formation of the dihydrochloride salt to afford the product (31 

mg, 42%) as an off-white solid: !H NMR (500 MHz, CD3OD) 5 9.12 (s, IH), 8.45 (d, J-----

9.0 Hz, IH), 8,32 (d, J - 9.0 Hz, lH),8.03(s, IH), 7.89 (d,J= 11.0 Hz, IH), 5.80 - 5.65 

(m, IH), 4.91 (s,2H), 3.13 3.05 (m, 2H), 2.94 (s, 6H), 2,SO 2.43 (m, 2H), 2.12 1.98 

2,0 (m, 2H), 3,78 - 1.65 (rn, 2H), 1.48 - 1.35 (m, 2H); ESI MS m/z 487 [M + H]+; HPLC >99% 

(AUC), (R = 9.26 min. 

Example 205 

l-[6-(3-chloro-5~fluoro-4-hydroxyphenyl)-4-({fra«i--4-

[(dimethylamino)methyl]cyclohexy3} amino)-3,5-naphthyridin-3-yl)]propan-l-orie 
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dihydrochioride 

Hi 

Following general procedure 1), !-(6-chioro-4-{/ra«s-4-[(dimetbylamino)methyi] 

cyclohexylamino} • 1,5-naphthyridin-3-yl)-2-hydroxyethanone (170 mg, 0.50 mmol) was 

5 reacted with 2-chloro-6-fluoro-4-(4,4,5,5-tetramethyl-1,3s2~dioxaboroian-2-yl)phenof (170 

mg, 0.60 mmol). After work up and puri fication the dihydrochloride salt was obtained 

(31 mg, 42%) as an off-white solid: 'H NMR (500 MHz, CDjQD) 8 9.17 (s, IH), 8.44 (d, J 

= 9.0 Hz, IH), 8.33 (d, J~ 9.0 Hz, iH), 8.02 (d, J= 2.0 Hz, IH), 7.88 (dd, J- 1 i .5, 2.0 Hz, 

iH), 5.72 - 5.53 (m, iH), 3.20 (q, J- 7.0 Hz, 2H), 3.13 - 3.08 (m, 2H), 2.94 (s, 6H), 2.50 -

10 2.43 (m, 2H),2.i2-2.00 (m, 3H), 1.78-1.65 (m, 2H), 1.48 - 1.35 (ra, 2H), 1.25 (t,/-7.0 

Hz, 3H); EST MS m/z 485 [M 4- Hf; HPLC >99% (AUC), /R = 9,96 rain. 

Example 206 

i-[6-(3,5-dichloiT>"4-hydroxyphenyi)-4-({&ms-4~ 

[(dimethyiam i no)niethyl | cyciohexyl} am ino)- 1,5-naphthyridin-3-yl)]propan-1 -one 

15 dihydrochloride 

Following general procedure fl, 1 -(6-chioro-4-[trcms-4-

[(dimethylamino)methyl]cyclo hexyiami!io}-l,5-naphthyridin-3-yI)-2-hydroxyethanone 

(170 mg, 0.50 rnrnol) was reacted with 2,6-dich!oro-4-(4!4,5,5-tetrarnethyi-S,3.2-

20 dioxaborolan-2-yl)phenol (370 rng, 0.60 rnmol). After work up arid purification the 
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dihydrochloride salt was obtained (45 mg, 14%) as a white solid: 'H NMR (500 MHz, 

CD3OD) S 9.17 (s, IH), 8.45 (ci,J== 9.0 Hz, IH), 8,34 (d, J= 9.0 Hz, IH), 8.11 (s, 2H), 5,75 

- 5,66 (m, IH), 3.20 (q,./= 7.0 Hz, 2H), 3.13-3.08 (rn, 2H), 2.94 (s, 6H), 2.50-2.41 (m, 

2H), 2.10 — 2.00 (m, 3H), 1.74-1.62 (m, 2H), 1.48- 1.36 (m, 2H), 1.25 (t, /== 7.0 Hz, 3H); 

5 EST MS m/z 501 [M + Hf; HPLC >99% (AUC), /R - 10.17 min. 

Example 207 

(S)-l-(4-{[6-(3-a.minopiperidin~l-y])pyridin-3-y]]3niino}-6-(3,5-dichloro-4-

hydroxyphenyl)-1,5-naphthyridin-3-y3)propan-l-one trihydrochioride 

hydroxypheny!)-3-propionyl-f>5-naphthyridin-4-y])aamino)pyridin-2-yl)piperidin-3-

yi)carbamate (0.195 mmol) was reacted with TFA (2 mL) followed by formation of the 

trihydrochioride sait to afford the desired product (78 mg, 62% over two steps) as an 

orange-brown solid: lH NMR (500 MHz, CD3OD) S 9.32 (s, IH), 8.47 (d,9.0 Hz, IH), 

15 8.37 (d,./- 9.0 Hz, IH), 8.20(d, J- 2.5 Hz, IH), 7.76 (dd, J = 9.0,2.5 Hz, IH), 7.61 (s, 

2H), 7.1 i (d, J-9.0 Hz, iH), 4.41 - 4.38 (m, IH), 3.97 -3.95 (m, IH), 3.48-3.16 (m, 

5H), 2.24 -2.15 (m, JH),2.03 - 1.91 (m, IH), 1.82- 1.74 (m, 2H), 3.32-1.19 (m, 3H); 

ESI MS m/z 537 [M + H]+; HPLC >99% (AUC), lR = 9,92 min. 

Example 2.08 

20 (S)- l-(4{[6-(3-aminopiperidin-l -yl)pyridin-3-y!]arnino}-6-(3-chloro-5-fluoro-4-

hydroxyphenyi)-1,5-naphlhyridin-3-yi)propan-l-one trihydrochioride 

r\ 

10 Foliowing general procedure IV-2, (S)-tert-butyl (l-(5-((6-(3,5-dichloro-4-
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r"'\ 
H;,N 

a 
HCX X 

-N ,-N 
a 

~\ 
•3 HCi 

NH 0 
N Js. j-L f!-L 

III "N' 

Following general procedure IV-2, (S)-tert-buty! [ 1 -(5-{[6-(3-ch!oro-5-fluoro-4-

hydroxyphenyl)-3-propionyl-l,5-naphthyridin-4-yljaminojpyridin-2-yi)piperidin-3-

yl]carbamate(G.21 mmol) was reacted with TFA (2 mL) followed by formation of the 

trihydrochioride sait to afford the desired product (67 mg, 52%) as a green-brown solid: 'H 

NMR (500 MHz, C/D,Of>) 5 9.32 (s, IH), 8.46 (d, J= 9.0 Hz, iH), 8.37 (d, ,/= 9.0 Hz, iH), 

8.21 (d, J - 2.5 Hz, IH), 7.75 (dd, J- 9.3, 2.5 Hz, IH), 7.63 - 7.26 (m, 2H), 7.12 (d, J - 9.3 

Hz, IH), 4.39 (d, J-"- 10.5 Hz, IH), 4.01 -3.96 (m, IH), 3.48 -3,16 (m, 5H), 2.25 -2.15 (m, 

1 i !). 2,04 - 1.93 (m, i H), 1,82 - 1.71 (rn, 2H), 1.32 -1.19 (m, 3H); ESI MS m/z 521 [M +• 

HT; HPLC >99% (AUC), fa- 9,75 min, 

Example 2.09 

I -[6-(3,5-dichloro-4-hydroxypheny!)-4-( {4-[((R)~3 -fluoropyrrol idin-1 yl)methylj 

cyciohexyl}amino)-l,5-naphthyridin-3-yi]ethanone 

F 

d \ M 

HCX 

CI"' 

NH O 

"CH, 

Following general procedure If, 1 -(6-chloro-4-((4-(((/?)-3-fluoropyrrolidin-1 -

yl)methyl) cyclohexyi)amino)-1,5-naphthyridin-3-yl)ethanone (58 mg, 0.143 mmol) was 

reacted with 2,6-dichioro-4-(4,4,5,5-tetrainethyi~l.,3,2-dioxaboroian-2-yl)phenol (62 mg, 

0,21 rnrnol) to afford the desired product (52 mg, 60%) as an orange solid: !H NMR (500 

MHz, CD3OD) 89.15 (s, 1H), 8,46 (d, J= 9.0 Hz, IH), 8.33 (d, J= 9.0 Hz, IH), 8.12 (s, 
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2H)„ 5.74-5.69 (m, iH), 5.53 -5.43 (m, iH), 4.12- 3.84 (m, 2H), 3.31 - 3.17 (rn, 2H), 

2.76 (s, 3H), 2.50 - 2.43 (m, 2H), 2.i 8 - 1.96 (m, 3H), 1.74 - 1.62 (m, 2H), i .50 - 1.38 (m, 

2H); ESI MS m/z 531 [M + H]+; HPLC 96.7% (AUC), tR - 10.05 min. 

Example 210 

S (S)-(4-{[6-(3-aininopiperidin-l-yl)pyridin-3-y3]amino}-6-(3-chloro-5-fluoro-4-

hydroxyphenyl)-l,5-naphthyridin-3-yl)(cyciobutyi)methanone trihydrochioride 

Following general procedure IV-2, (S)-tert-butyl [3-(5-{[6-(3-chloro-5-fIuoro-4-

hydroxyphenyl)-3-(cyc3obutanecarbonyl)-l ,5-naphthyridin-4-yljainino}pyridin-2-

30 yl)piperidin-3-yI]carbamate(0.20 mmol) was reacted with TFA (2 rn L) foilowed by 

formation of the trihydrochioride sait to afford the desired product (94 mg, 72% over two 

steps) as a orange-brown solid: 'HNMR (500 MHz, CD3OD) § 9.10 (s, 3H), 8.45 (d, ./= 9.0 

Hz, IH), 8.36 (d>.7=9.0Hz, 1H),8.22 (d,,7=3.0 Hz, 1H), 7.74 (dd, J -9.3, 3.0 Hz, IH), 

7.63-7.23 (m, 2H), 7.10 (d, J= 9.3 Hz, 1H), 4.40 (d,J= 10.5 Hz, IH), 4.38-4.23 (m, 3H), 

15 4.03 - 3.92 (m, 1H), 3.45 - 3.36 (m, 2H), 2.60 - 2.36 (m, 4H), 2.26 - 2.13 (m, 2H), 2.03 -

3.90 (m, 2H), 1.83 - 1.70 (m, 2H); ESI MS m/z 547 [M + H] ' : HPLC 98.2% (AUC), t?, -

30.33 min. 

Example 213 

(6-(3,5-dichioro-4-hydroxyphenyi)-4-((4-[(diraethy!amino)methyl{cyclohexyl)amino)-I,5-

20 napbthyridin-3-yi)(cyclobutyl)methanone 

r\ 
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Following general procedure II, (6-chloro-4-((4-

((dimethylamino)niethyl)cyc]ohexyl) amino)-S ,5-naphthyridin-3-y!)(cyclobutyl)methanone 

(40 mg, 0.10 mmol) was reacted with 2,6-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-

5 dioxaborolan-2-yl)phenol (43 mg, 0.15 mmol) to afford the desired product (53 mg, 68%) 

as light yellow solid: 'H NMR (500 MHz, CD/3D) 8 8.93 (s, IH), 8.45 (d, J - 9.0 Hz, IH), 

8.33 (d, ./= 9.0 Hz, IH), 8.12 (s, 2H), 5.76 - 5.65 (m, IH), 4.30 - 4.20 (m, IH), 3.12 - 3.07 

fra, 2H), 2,95 (s, 6H), 2.52 - 2.41 (m, 4H), 2.39 - 2.34 (m, 2H), 2.22 - 2.12 (m, 1H), 2.09 ~ 

2.00 (m, 2H), 1.98 - 1.90 (m, 1H), 1,76 - 1.64 (rn, 2H), 1,49 - 1.36 (m, 2H); ESI MS m/z 

10 527 [M + H]+; HPLC >99% (AUC), tR = 10.72 min. 

Example 212 

(6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-((4-((dimethylamino)methyl)cyclohexyl)amino)-

l,5-naphthyridin-3-ylXcyclobu1yl)methanone 

H,C..N.CH3 

((dimetby]amino)me^hyl)cycloliexyl) amino)-1,5-naphthyridin-3-ylXcyclobutyl)methanooe 

(65 mg, 0.16 mmo!) was reacted with 2-chforo-6-fluoro-4-(4,4,5,5-tetramethy!-l,3,2-

dioxaboroian-2~yl)phenol (65 mg, 0.24 mmol) to afford the desired product (72 mg, 77%) 

as light yellow solid: 'H NMR (500 MHz, CD3OD) 5 8.93 (s, IH), 8.44 (d, .7 = 9.0 Hz, 1H), 

20 8.33 (d, .7= 9.0 Hz, IH), 8.02 (s, IH), 7.88 (dd,.7= 11.5, 2.0 Hz, IH), 5.74 - 5.64 (m, IH), 

15 Following general procedure II, (6-c!i!oro-4-((4~ 
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4.29 - 4.39 (m, IH), 3.12 - 3.07 (m, 2H), 2.95 (s, 6H), 2.52 - 2.41 (m, 4H), 2.39-2.34 (m, 

2H), 2.24 - 2.12 (m, IH), 2.09 - 1.98 (m, 2H)» 1.98 - 1.89 (rn, IH), 1.78 - 1.66 (m, 2H), 

1.49 - 1.35 (m, 2H); ESI MS m/z 511 [M + H]+; HPLC >99% (AUC), tR - 10.52 min. 

Example 213 

5 (R)-l-(4-((6-(3-aminopiperidin-l-y3)pyridin-3-yl)amino)-6-(3-chloro-5-fluoro-4-

hydroxyphenyi)-1,5-naphthyridin-3-yl)propan-1 -one trichloride 

o H,Nl" x Al 
«3HCI a / /) 

HO.v Jv. 
Y ]l 9 

p ' ^ , C Hi 

A, yj 
^ N 

FoSlowing genera! procedure IV-2, (R)-tert-butyl (1 -{5-((6-(3-chioro-5-fluoro-4-

hydroxyphenyI)~3-propionyl-3,5-napbthyr!din-4-yl)amino)pyridfn-2-yl)piperidin-3-

10 yl)carbamate (120 mg, 0.19 mmol) was reacted with TFA (2 mL) foilowed by formation of 

the trihydrochioride salt to afford the desired product (78 mg, 65%) as a orange-brown 

solid: li NMR (500 MHz, CDjOD) § 9.38 (s, IH), 8.48 (d, J~ 9.0 Hz, IH), 8.41 (d, J~ 9.0 

Hz, 1H), 8.25 (d, J= 2.5 Hz, !H),7.90 (dd, 7=9.5, 2.5 Hz, III), 7.56-7.30 (m, 2H), 7.27 

(d, J=9.5 Hz, IH), 4.43 - 4,32 (m, IH), 4.08 - 3.96 (rrt, 1H), 3.53 - 3.38 (m, 3H), 3.29 -

15 3.20 (m, 2H), 2.29 - 2.20 (rn, 1H), 2,09 - 1.98 (m, 1H), 1.88 - 1,74 (m, 2H), 1.38 - 1.21 (m, 

3H); ESI MS m/z 521 [M + Hf; HPLC 97.6% (AIJC), tR = 9.86 min. 

Example 214 

(R)-l-(4-((6-(3-aminopiperidin~3-yl)pyridin-3-yi)amino)-6-(3,5-diehloro-4-

hydroxyphenyl)-3,5-naphthyridin-3-yl)propan-l-one trihydrochioride 

/ ^ 
HzN" X-N^N„ 

Q / ,ij *3HU 

HOv H NH ° 
A. ..N, .A, X. XT 

20 N 

,CHi 
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Following genera! procedure IV-2, (R)-tert-butyl [ 1 -(5-{[3-(cyciopropanecarbonyt)-

6-(3,5-dichloro-4-hydroxyphenyl)-l,5-naphthyridin-4-yl]amino}pyridin-2-yl)piperidin-3-

yljcarbamate (80 mg, 0.32 mmol) was reacted with TFA (2 mL) followed by formation of 

the trihydrochioride salt to afford the desired product (48 rng, 62%) as an orange solid; 'H 

5 NMR (500 MHz, CIHOD) 5 9.39 (s, IH), 8.49 (d, 9.5 Hz, IH), 8.42 (d, J - 9.0 Hz, IH), 

8.26 (d, /== 2.0 Hz, IH), 7.92 (dd, J~ 9.5, 2.0 Hz, IH), 7.58 (s, 2H), 7.28 (d, J~ 9.5 Hz, 

IH), 4.42 -4,32 (in, IH), 4.36 -3.96 (m, IH), 3.52 -3.22 (m, 5H), 2.29 -2.18 (m, IH), 

2.08 - 1.98 (m, 1H), 1.88 - 1.75 (m, 2H), 1.37 - 1.20 (m, 3H); ESI MS m/z 537 [M + Hf; 

HPLC 98.0% (AUC), /R - 9.92 min 

10 Example 215 

(R)-l-(4-((6-(3-aminopiperidin-l-yl)pyridin-3-yl)airuno)~6-(3-chloro-5-fiuoro-4-

hydroxyphenyl)-l,5-naphthyridin-3-yl)-2-methylpropan-l-one trihydrochioride 

Following general procedure IV-2, (R)-tert-butyl (l-(5-((6-(3-chloro-5-fluoro-4-

15 hydroxyphenyl)-3-isobutyryl-l,5-naphthyrtd!n-4-yl)amino)pyridin-2-yI)pipcridin-3-

yl)carbamate (168 mg, 0.26 mmoi) was reacted with TFA (2 mL) followed by formation of 

the trihydrochioride salt to afford the desired product (110 mg, 78%) as an orange solid: *H 

NMR (500 MHz, CD3OD) S 9.33 (s, IH), 8.35 (s, 2H), 8.18 (d,J-2.5 Hz, 3H), 7.64 (d,J = 

9.0, 2.5 Hz, IH), 7.38 (bs, IH), 7.22-7.12 (m, IH), 7.02 (d,./=9.0Hz, IH), 4.44-4.32 

20 (m, IH), 3.98 - 3.90 (m, IH), 3.82 - 3.70 (m, IH), 3.46 -3.22 (m, 3H), 2.22 - 2.12 (m, IH), 

2.01 - 1.88 (m, iH), 1.80 - 1.68 (m, 2H), 1.36 - 1.20 (m, 6H); ESI MS m/z 535 [M + Hf; 

HPLC >99% (AUC), tR - 10.07 rain. 

Example 2 3 6 

l-[6-(3,5-dichloro-5-4-hydroxyphenyl)-4-({/r<2ns-4-[(dimethylamino)methyl]cyclohexyl} 

,r\ 
H2Nl" 

/ > «.3HCi 
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amino)-1,5-naphthyridin-3-yl]-2-methyIpropan-1 -one dihydrochloride 

0 
S- \ •2BC; 

HO. 

CI 

Following general procedure II, l-[6-chloro-4-({fr,a«^-4-

[(dimethy!amioo)methyl]cyc!o hexyl}amino> 1,5-naphthyridin-3-yl}-2-methyipropan-l-one 

5 (0.25 g, 0.64 mmol) was reacted with 2,6-dichloro-4-(4.4.5,5-tetramethyl-l,3,2-

dioxaborolan-2-yl)phenoi (0.28 g, 0.96 mmol). After work up and purification the 

dihydrochloride salt was formed to afford the desired product (1 50 mg, 41%) as a yellow 

solid: 'HNMR (500 MHz, CDjOD) 8 9.23 (s, IH), 8.45 (d, J- 9.0 Hz, 1H), 8.35 (d, ,/= 9.0 

Hz, IH), 8.10 (s, 2H), 5.77 — 5.63 (tn, IH), 3.83 — 3.71 (m, IH), 3.11 -3.04 (in, 2H), 2.94 

10 (s, 6H), 2.47 -2.42 (m, IH), 2.08 - 2.00 (m, 3H), 1.73 - 1.65 (m, 2H), 3.50 - 1.37 (m, 2H). 

1.36 - 1.24 (m, 6H); ESI MS m/z 515 [M + Hf; HPLC 98.7% (AUC), tR - 10.57 min. 

Example 217 

l-[6-chloro-4-({i£ran5-4-[(dimethylamino)methyl]cyc!ohexyi}amino)-l,5-naphthyridin-3-

y!]-2-methylpropan-1 -one 

Following genera! procedure II, 1 -[6-chloro-4-({frmts-4-

[(dimethylamiiio)methyl]cyclo hexyl}amino)-l s5-naphthyridin-3-yl]-2-methylpropan-1 -one 

(0,2.5 g, 0.64 mmol) was reacted with 3,5-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenol (0.26 g, 0.96 mmol). After work up and purification the 

20 dihydrochioride salt was formed to afford the desired product (! 75 nig, 46%) as a light 

H3C. 
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brown solid: !H NMR (500 MHz, CD3OD) § 9.22 (s, IH), 8.45 (d, J - 9.0 Hz, IH), 8.34 (d, 

J= 9.0 Hz, IH), 8.03 (d, J-- 2.0, 2H), 7.88 (dd,J = 11.5,2.0 Hz, IH), 5.75 - 5.68 (m, IH), 

3.83 -3.74 (m, IH), 3.13 - 3.08 (m, 2H), 2.94 ($, 6H), 2.50 - 2.38 (rn, 2H), 2.12 - i.99 (rn, 

3H), 1.78- 1.65 (m, 2H), 1.49 - 1.37 (m, 2H), 1.33 - j .25 (m, 6H); ESI MS m/z 499 [M + 

5 Hf; HPLC 97.5% (AUC), tR - 10.24 rain. 

Example 218 

(R)-tert-butyi [1 -(5-{[3-(cyclopropanecarbonyl)-6-(3,5-dichloro-4-hydroxyphenyl)-i,5-

naphthyridia-4-yl]amino}pyridin-2-yl)piperidin-3-yl]carbamate 

Boc.^ / "N 
H' N^'N\5aNs 

|j NH O 

I;L .J v 
N' 

10 Following general procedure II, (R)-tert-butyl [!-(5-{[6-chioro-3-

(cyclopropanecarbonyl)-l,5-naphthyridin-4-yl]amirto}pyridin-2-yl)p!peridin-3-yl]carbamate 

(150 mg, 0.29 mmol) was reacted with 2,6-dichloro-4-(4,4.5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenol (120 mg, 0.43 mmol) to afford the product (119 mg, 64%) as an 

orange solid: ESI MS m/z 649 [M + Hf. 

15 Example 219 

(R)-ten butyl fl-(S-{[6-chloro-3-(cyclopropanecarix>nyl)-l,5-naphthyridin-4-yl]amino} 

pyridin-2-y! )piperidin-3 -yl]carbamate 

Bc%w( ^ 

U 
NH O 

Following general procedure 1, 4,6-dichloro-1,5-naphthyridin-3-yl(cyclopropyi) methanone 

20 (400 mg, 1,5 mmol) was reacted with (R)-terS-butyl [ I -(5-aminopyridin-2-yl) piperidine-3-
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yljcarbamate (5.">0 rag, 1-9 mmol) to afford the product (600 rng, 76%) as an orange foam: 

ESI MS m/z 523 [M + H]+. 

Example 220 

(R)-lert-butyf [I~(5~{[3-(cyclopropaRecarbonyl)-6-(3~chloro~5-fluoro~4-hydroxyphenyl)~ 

l,5-naphthyridin-4-y!]amino}pyridin-2-y!)piperidin-3-yi]carbamate 

r—\ Boex I ) 
N'"\ —N 
H V--M 

ci r > 
HOv X T ]| ° 

J,j ' 
^ N 

V 

Foliowing general procedure IJ, (R)-tert-buty] [l-(5-{[6-chloro-3-

(cyclopropanecarbonyj)-l,5-naphthyridin-4-yl]arnino}pyridin-2-yi)piperidin-3-yl]carbamate 

(150 mg, 0.29 rnmol) was reacted with 2-chloro6~fluro~4-(4,4,5,.5-tetramethyl-1,3,2-

10 dioxaborolan-2-yl)pheno! (120 mg, 0.43 mmoi) io afford the product (100 mg, 54%) as an 

orange-red solid: ESI MS m/z 633 [M + H]". 

Example 221 

2-((tert-but>'ldimethyisilyl)oxy)-l-(6-chloro-4-((trans-4~(din'iethylamino)cyclohexyl) 

am ino)-1,5-naphthyridin-3-y l)et.hanone 

CH, 

V~\ 
<: ,> 
\—^ 

NH O 
CK „-L A. _OTBS 

1 I "j 
15 

Following general procedure I, 2~((teit-butyldifflethylsily!)oxy)-l~(4,6-diehloro-L5-

naphthyridsn-3-yl)ethanorie (87 mg, 0.23 mmol) was reacted with trans-

dimetbylcyclohexane-1 ,4-diamine (50 rng, 0.35 mmo!) to afford the product (44 rng, 40%) 

as a light yellow oil: ESI MS m/z -ill [M + H]r. 
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Example 222 

2-((tGrt-butyldimethylsilyl)oxy)-1 -(4,6-dichioro-l ,5-napbthyridin-3-yl)ethanone 

C! O 

^ N 

To a solution of l-(4,6-dichloro-l,S-naphthyridin-3-yI>2-hydroxyethanone (128 mg, 0.5 

5 mmol) in DMF (5 mL) was added imidazole (68 mg, 1.0 mmol) and teri-

butyidimethylsilyl chloride (90 mg, 0.6 mmol) at 0 °C. The mixture was stirred for 3 h, 

poured into NaHCOj (saturated), and extracted with ethyl acetate. The organic layer was 

dried over N^SCM, concentrated, arid purified by chromatography to afford product (87 mg, 

47%) as a light yellow oil: ESI MS m/z 371 [M + Hf. 

10 Example 223 

]-(6-chloro-4-((4-((dimethylarnino)methyl)cyc3ohexyI)amino)-l,5-naphthyridin-3-

yljpropan-1 -one 

15 (255 mg, 1.0 mmol) was reacted with trans-4 -((dimethy!amino)niethyl)cyclohexanamine 

(310 mg, 2.0 mmol) to afford the product (350 rng, 93%) as a white solid: ESI MS m/z 375 

[M + Hf. 

Example 224 

1 • (4,6-dich loro-1,5-naphthyridin-3 -yl)propan-1 -one 

NH o 

Following general procedure I, 1-(4,6-dichloro-1,5-naphthyridin-3-yl)propan-1 -one 

- 209 -



WO 2013/109388 PCT/US2012/071434 

Ci o 
C! .1 A XH3 

To a suspension of l-(4-hydroxy-6-rnethoxy- !,S-naphthyridin-3-y!)propan-I--one 

{5.2 g, 22.4 rnmol) in acetonitrile (100 ml) was added triroethylsilylchloride (12 g, 112 

mmol) and sodium iodide (10 g, 67 mmoi) and the reaction mixture was heated at reflux for 

5 16 h. The reaction mixture was cooled to room temperature and satd. aq. sodium 

thiosulfate was added. The mixture was concentrated to remove acetonitrile, diluted with 

brine and the solids were filtered and dried to provide the intermediate l-(4,6-dihydroxy-

],5-naphthyridin-3-yi)propan~l-one. This intermediate was suspended in dichloroethane 

(10 mL) followed by the addition of phosphorus oxychloride (10 mL) and catalytic N,N-

10 dimethylformamide and the reaction mixture was stirred with heat at 80 °C for 2 h. The 

reaction mixture was cooled to room temperature and quenched by pouring slowly into ice-

cold satd. aq. sodium bicarbonate 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 by chromatography (silica, hexanes/ethyl acetate) to 

15 provide the desired product (3.2 g, 56% over 2 steps) as a brown solid: ESI MS m/z 255 [M 

chioropyridin -3-ylamino)methylene]-3-oxobutanoate (10 g, 36 mmol) portion wise over 3 

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

mixture was removed from the heat source, cooled to room temperature and diluted with 

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

+ H]+. 

Example 225 

1 -(4-hydroxy-6-methoxy-1,5-naphthyridin-3-yl)propan-1 -one 

OH o 
F ™ ™ 1 CHj 

20 To a flask containing DowthennlM A (200 mL) at 250 °C was added ethyl 2~[(6-
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dried under vacuum io afford the desired produce (5.0 g, crude) as a brown solid: ESI MS 

m/z 24i [M + Iff. 

Example 22.6 

ethyl 2-(((6- methoxypyridin--3 -yi)amino}iTiethylene)-3-oxoperitanoate 

Ethyl 2-(((6-methoxypyridin-3~y!)amino)methylene)-3-oxopentanoate was prepared 

with conditions described in Example 99 using 2-niethoxy-5-aminopyridine and ethyl 2-

(ethoxymethy!ene)-3-oxopentanoate. 

Example 227 

10 (S)-tert-butyl (1 -(S-((6-(3,5-dichloro-4-hydroxyphenyl)-3-propionyi-1,5-naphthyridin-4-

yl)airrino)pyridin~2-yi)pipendin-3-y[)carbarnate 

Following genera! procedure II, (S)-tert-butyi (1-(5-((6-chloro-3-propiony!-1,5-

naphthyridin-4-y3)ammo)pyridin-2-y])piperidin-3-yI)carbamate (100 rng, 0.20 mmol) was 

15 reacted with 2,6-dichioro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenol (85 mg, 

0.30 mmol) to afford the product (100 mg) which was carried forward without any 

purification: ESI MS m/z 637 [M -f H]+. 

Example 228 

(S)-tert-butyl (l-(5-((6-chloro-3-propionyl-l,5-naphthyridin-4-yl)ainino)pyridin-2-

20 yl)piperidin-3-yl)carbamate 
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Boc 

V-rN, 
> 

NH O 

FoSlowing general procedure I, 1-(4,6-dichloro-l,5-naphihyridin-3-yI)propan-l-one (250 

mg, 0.98 mmol) was reacted with (S)-ferf-biityl i-(5-aminopyridin-2-yl)piperidin-3-

ylcarbamate (430 rng, 1.5 mmo!) So afford the desired product (550 tng, crude) as an dark 

5 brown solid: ]H NMR (500 MHz, CDC13) 8 i 3.29 (s, IH), 9.03 (s» iH), 8.11 (d, /= 9.0 Hz, 

IH), 8.01 (d, J = 3.0 Hz, IH), 7.47 (d,.7-9.0 Hz, iH), 7.33-7.29 (in, IH), 6.72 (d, ,/= 9.0 

Hz, IH), 4.79 (br s, 3H), 3.90 - 3.61 (m, 4H), 3.51 -3.25 (m, 2H), 3.07 (q, ./= 7.0 Hz, 2H), 

1.96-1.84 (m, IH), 1.82- 3.70 (m, 3H), 1.72- 3.55 (m, 3H), 1.45 (s, 9H), 1.26 (t, 7.0 

Hz, 3H); ESI MS m/z 513 [M + H] + 

10 Example 229 

(S)-tert-butyl (1 -(5-((6-(3-chloro-5-fluoro-4-hydroxyphenyf)-3-propionyi- 3,5-naphthyridin-

4-y3)aEnirto)pyridin-2-yl)piperidii]-3-y3)carbaina1:e 

Following general procedure II, (S)-tert-butyl (l-(5-((6-chloro-3-propionyl-l,5-

15 naphthyridin-4-yl)amino)pyridin-2-yl)piperidin-3-yl)carbamate (100 mg, 0.20 mmol) was 

reacted with 2-chioro-6-fluoro-4-(4,4,5>5-tetramethyl-l,3,2-dioxaboroian-2-y3)phenoi (83 

mg, 0,31 mmol) to afford the product (102 mg) which was carried forward without any 

purification: ESI MS m/z 621 [M + H] 

Example 230 
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l-(6-chloro-4-({4-(({R)-3-fluoropyiTolidin-l-y!)methyl)cyclohexyl)amino)-l,5-

naphthyridin-3-yl)ethanone 

F 

r ̂
NH O 

I •CH3 

\; 

FoSlowing general procedure L 1-(4,6-dichloro-i,5-naphthyridin-3-yl)ethanone (240 

5 mg, 1.0 rnrnol) was reacted with 4-(((J?)-3-fluoropyrro]id'm-1 -yl)methyl)cyc]ohexanamine 

(100 mg, 0,5 mmol) to afford the product (61 mg, i 5%) as a brown solid: ESI MS m/z 405 

[M + Hf. 

Example 231 

4-(((R)-3-fluoropyrrolidin-l-yl)rnethyl)cycIohexanamine 

4-(((R)-3-fluoropyrrolidin-l-yl)methyl)cyclobexariamine was prepared with 

conditions described in Example 117 and 118 using trans-4-[(tert-

butoxycarbonyl)amino)cycIohexyl] methyl rnethanesuifonate and (R)-3-fluoropyrrolidine. 

Example 232 

15 (S)-teit-butvl (1 -(5-((6-(3-chloro-5-fluoro-4-hydroxyphenyl)-3-(cyclobutanecarbonyl)-1,5-

naphthyridin-4-yi)amino)pyridin-2-yl)piperidin-3-yl)carbamate 

F / 

10 
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Boc. \ "\ 
y=N-, 

v1 I a 

Following general procedure II, (S)-tert-butyl (l-(5-((6-chIoro-3~(cyclobufanecarbonyl)-l,5~ 

naphthyridin-4-_yi)amino)pyridin-2-yl)p!pendin-3-yl)carbaiRate (110 mg, 0.20 mmol) was 

reacted with 2-chloro-6-fluoro-4-(4,4,5,5-tetramelhyl-1,3,2-dioxaborolan-2-yl)phenol (82 

5 mg, 0.30 mmo!) to afford the product (134 mg) which was carried forward without any 

purification: EST MS m/z 647 [M + Hf. 

Example 233 

(S)-tert-buiy 1 (1 -(5-((6-ehloro-3-(cycIobutanecarbonyl)-1,5-naphthyridin-4-

yl)amino)pyridm-2-yS)piperidin-3-yi)carbamate 

Boc r'j 
N"\ 

Following general procedure I, oyc!obutyi(4,6-dichJoro~ 1,5-naphthyridin-3-yl)metbanone 

(200 mg, 0.71 mmol) was reacted with (S)-terf-butyl 1 -(5-aminopyridin-2-yf)piperidin-3-

ylcarbamate (311 mg, 1.1 mmol) to afford the desired product (350 mg, 78%) as an orange 

solid: 'H NMR (300 MHz, CDCI3) 8 11.52 (s, IH), 8.88 (s, IH), 8.08 (d, J = 8.7 Hz, IH), 

15 8.02 (d,/-2.7 Hz, IH), 7.45 (d, J = 8.7 Hz, IH), 7.31 (dd, J= 9.0, 2.7 Hz, IH), 6.72 (d, J 

-9.0 Hz, IH), 4.81 (br s, 1H), 4.3 5 - 3.97 (m, IH), 3.91 -3.60 (m, 3H), 3.58-3.31 (m, 

2H), 2.54 - 2.21 (m, 4H), 2.20 - 2.00 (m, 1H), 2.00 - 1.85 (rn, 2H), 1.82 - 1.63 (rn, 2H), 

1.51 (s, 9H); ESI MS m/z 537 [M + Hf. 

Example 234 

H 

NH o 

10 
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cyclobuiyl(4,6-dic{iIoro-l>5-naphthyridin-3-yI)niethanone 

Cyciobutyl(4,6-dichloro-lJ5-naphthyridin-3-yl)tnethanone was prepared with 

conditions described in Example 5 01 (Scheme 2) using cyclobirty!(4-hydroxy-6-methoxy-

5 1,5-naphthyridin-3-yl)methanone. 

Example 235 

cycIobutyl(4-hydroxy-6-me£hoxy-l,5-naphthyridin-3-yi)methanone 

10 with conditions described in Example 100 using ethyl 2-(cyclobutanecarbonyl)-3-((6-

me thoxypy ridin-3 -yl )am ino)aciylate. 

Example 236 

ethyl 2-(cyclobulanecarbony3)-3-{(6-methoxypyridin-3-yl)amino)acEyIate 

prepared with conditions described in Example 99 using 2-raethoxy-5-aminopyridine and 

etSiy 1 2-(cyclobutanecarbonyl)-3 -eihoxyacry 1 ate. 

Example 237 

(6-chIoro-4-((4-((dimethylammo)meihyi)cyclohexyl)ainino)-l»S-naphthyridin-3-

20 yl)(cyclob«tyi)methanone 

OH O 

Cyclobutyl(4-hydroxy-6-rnethoxy-1,5-naphthyridin-3-y!)methanone was prepared 

15 Ethyl 2-(cyciobutanecarbooyl)-3-((6-methoxypyridin-3-yi)amino)aciyiate was 

-215-



WO 2013/109388 PCT/US2012/071434 

(6-ChIoro-4-((4-((dimethy!amino)methyl)cyclohexyl)amino)-l,5-naphthyridin-3-

yi)(cyciobulyl)methanone was prepared with conditions described in Example 131 using 

cycIobutyl(4,6-dichioro-l,S-naphthyridin-3-y!)methanone and traris-4-

5 ((dimethyiamino)Kiethyl)cyc1ohexanamine. 

Example 238 

(R)-tert-butyl (1 -(5-{(6-(3-chloro-5-fluoro-4-hydroxyphenyi)-3-propionyl-1,5-naphthyridin-

4-yl)amino)pyridin-2-yi)piperidiii-3-yi)earbamate 

naphthyridin-4-yl)ajnino)pyridin-2-yl}piperidin-3-yl)carbarnate (175 mg, 0.34 mmol) was 

reacted with 2~chforo~6-f!uoro~4-(4A5,5-teirameihyI-1,3,2-dioxaborolan-2-yl)phenoS (140 

mg, 0.51 mmol) io afford the desired product (120 trig, 57%) as a solid: ESI MS m/z 621 

[M + iff. 

15 Example 239 

(R)-tert-butyl (l-(5-((6-chloro-3-propiony!-],5-naph1jiyridin-4-yl)airiino)pyridin-2-

yi)piperidirs-3-y3)carbamate 

5 0 Following general procedure 11, (R)-tert-butyl (i~(5-((6-chloro-3-propionyl-1,5 
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Boc, / ) 

NH O 

Foliowing general procedure I, 1 -(4,6-dichloro-1,S-naphthyridin-3-yl)propan-l -one (500 

mg, 1.96 mmol) was reacted with (R)-tert-butyi (1 -(5-aminopyridtn-2-yI)piperidin-3-

yl)carbamate (860 mg, 2.94 mmoi) to afford the desired product (850 mg, 84%) as a light 

brown solid: ESI MS m/z 511 [M + Hf. 

Example 240 

(R)-tert-butyf (1 -(5-((6-{3,5-didilofQ-4-hydroxypher!yl)-3-propionyl-l,5-naphUiyridin-4-

yl)amino)pyridin-2-yi)piperidin-3-yl)carbama.te 

Boc, / , 
Nl"'\ Ai 
H X..N ci C ) no, JL 

"li "!>IH 

.K A-s. A. ^CH; 

10 Following general procedure II, (R)-tert-butyl (1 -(5-((6-chloro-3-propionyl-1,5-

naphthyridin-4-yl)arnino)pyridin-2-yI)piperidin-3-yr>carbaroate (175 mg, 0.34 mmol) was 

reacted with 2,6-dich!oro-4-(4,4,5,5-tetramethyl-l,3,2-dioxabofo!an~2-yl)phenoi (149 mg, 

0.51 mmol) to afford the desired product (100 rng, 46%) as a solid: ES! MS m/2 637 [M + 

Hf. 
15 Example 241 

(R)-tert-butyl (l-(5-((6-(3-chloro-5-fluoro-4-hydroxyphenyl)-3-isobutyryl-l,5-napbtbyridin-

4-yl)amino)pyridin-2-yl)piperidin-3-yl)carbanriate 
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(15.5 g, 63.0 mmol) in acetonitrile (250 ml) was added trimethylsilylchloride (20.5 g, 189 

mmoi) and sodium iodide (28.3 g, 189 mmol) and the reaction mixture was heated at reflux 

for 3 h. The reaction mixture was cooled to room temperature and satd. aq. sodium 

thiosulfate was added. The mixture was concentrated to remove acetonitrile, diluted with 

5 brine and the solids were filtered and dried to provide the intermediate l-(4-hydroxy-6-

methoxy-1,5-naphthyridin-3-yl)-2-methylpropan-1 -one. This intermediate was suspended 

in phosphorus oxychloride (60 mL) and catalytic isyv-dimethylfomiamide and the reaction 

mixture was stirred with heat at 70 °C for 30 min. The reaction mixture was cooled to 

room temperature and quenched by pouring slowly into ice-cold satd. aq. sodium 

10 bicarbonate 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 

by chromatography (silica, hexanes/ethyl acetate) to provide the desired product (12.0 g, 

75% over 2 steps) as a yellow solid: ESI MS m/z 255 [M + H]+. 

Example 244 

15 1 -(4-hydroxy-6-methoxy-1,5-naphthyridin-3-yl)-2-methy lpropan-1 -one 

To a flask containing DowtherraiM A (400 mL) at 250 °C was added ethyl 2-(((6-

methoxypyridin-3-yl)amino)methylene)~4-methyl-3-oxopentanoate (11.5 g, 39.3 mmol) 

portion v/ise over 3 to 5 min and the reaction mixture was stirred for an additional 30 to 45 

20 min. The reaction mixture was removed from the heat source, cooled to room temperature 

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

hexanes and dried under vacuum to afford the desired product (33.7 g, crude) as a yellow-

brown solid: ESI MS m/z 247 [M -f- H]+. 

Example 245 

25 ethyl 2-(((6-methoxypyridin-3-yl)amino)methylene)-4-methyl-3-oxopentanoate 

OH o 
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H3CO. N 

Y .CH 

CH-

Etliyl 2-(((6-niethoxypyridin-3-y])amino)methylene)-4-methyl-3-oxopentanoate was 

prepared with conditions described in Example 99 using 2-methoxy-5-aminopyridine and 

ethyl 2~(eihoxymethyIene)-4-methyl~3~oxopentanoate. 

5 Example 246 

l-(6-chloro-4-((4-((djmetbylamino)methyl)cyclohexyl)amino)-l,5-naphthyridin-3-y!)-2-

methy lpropan-1 -one 

10 methyfpropan-1 -one (500 mg, 1.85 mmol) was reacted with trans-4-

((dimethyfamino)methyl)cycJohexanamine (436 rng, 2.78 mtnol) to afford the product (640 

rng, 89%) as a white solid: ESI MS m/z 389 [M + H]+. 

Compounds of the invention of this application not particularly described in the 

Examples above were also be synthesized by similar or analogous methods by referring to 

15 the above-mentioned Examples and such. 

Next, the pharmacological activities of compound (I) will be described in the 

following Test Examples. 

[Tes! Examples] 

Kinase assay 

20 MELK activity was determined in the presence or absence of compounds using 

fluorescein isothiocyanate-labeled (FITC-labeled) histone H3 peptide as a substrate. The 

H,C. 

NH O 

Following general procedure I. l-(4,6-dichloro-l,5-naphthyridin-3-yl)-2-
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extent of FITC-labeled historte H3 peptide phosphorylation was measured by immobilized 

metal ion affinity-based fluorescence polarization (IMAP) technology (Sportsman JR. eta!.. 

Assay Drug Dev. Technol. 2: 205-1-1, 2004) using IMAP FP Progressive Binding System 

(Molecular Devices Corporation). Test compounds were dissolved in DMSO at 12.5 mM 

5 and then serially diluted as the DMSO concentration in the assays to be 1%. The serially 

diluted compounds, 0.8 ng/micro-L PBK (Carina 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 MgCl2, 2 mM dithiothreitoi, SGmicro-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 

10 solution. Foliowing 0.5 hour incubation at room temperature, fluorescence polarization 

was measured by Wailac EnVision 2103 muitilabel reader (PerkinEimer). IC50 values 

were calculated by nonlinear four parameter fit using SigmaPlot, version 10.0 (Systat 

Software, Inc.). 

IC50 values of the typical compounds of the present invention are shown in the 

15 following table 2: 
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Table 2 

ExampSe Compossred Name 
ICso ((iM) 

(kinase 
assay) 

] l-(6-Chloro-4-{<raras-4-[(dimethylarnmo)methyl]-
cyclohexyiamino}-l,5-naphthyridin-3-yl)ethanone 0.31 

2 l-{6-(3,5-Dichloro-4-hydroxyphenyl)-4-{/ra«A'-4-(dirnethylamino)-
cyclohexy lamino]-l,5-naphthyridin-3-yl}ethanone dihydrochioride 0.0003 

3 ! -{6-(3-Chloro-5-fluoro-4-hydroxyphenyl)-4-[fr«ns-4-(dimethylamino)-
cyclohexy lamino]-!,5-naphthyridin-3-y!}ethanone dihydrochioride 0.0012 

4 
Cyclopropyl(6-(3,5-dichlcro-4-hydroxypheny!)-4-{frara-4-[(difnethyl-

amino)methy Ijcyciohexy lamino} -l,5-naphthyridin-3-yl)methanone 
dihydrochloride 

0.0(305 

5 
(6-(3-Chloro-5-fliioro-4-hydroxyphenyl)-4-{?raKS-4-[(dimethylarnino}-

methyl)cyclohexylamino]-l,5-naphlhyridin-3-y!}(cyc!opropyl)methanone 
dihydrochloride 

0.0008 

6 
l-{6-(3,5-Dichloro-4-hydroxyphenyl)-4-({/ra?M-4-[(dimethylamino)-

methyl]cyciohexyl}amino)-1,5-naphthyridin-3-yl}ethanone 
dihydrochloride 

0.0011 

'7 
l-{6-(3-Chloro-S-fluoro-4-hydroxypheny!)-4-({j,"aKS-4-[(dimetbyl--
amino)methyl]cyciohexyI}afnino)-l,5-mphthyridin-3-yl}ethanone 

dihydrochloride 
0,0013 

8 
l-(6-(3-Chloro-4-hydroxy-5-methoxypbenyl)-4-{*ra«s-4-[(dimeihyl-

a!nino)methyl]cyclohexylamiRo}-],5-naphthyridin-3-y!)ethanone 
dihydrochloride 

0.0015 

9 
l-[6-(3,5-Dichioro-4-hydroxyphenyl)-4-({*rewfs-4-[2-(dirnethylairiino)-

ethyl]cyclohexyl}amino)-l,5-naphthyridin-3-yl]ethanone 
dihydrochloride 

0.0007 

10 
l-(6-(3-Chloro-5-fluoro-4-hydroxyphenyi)-4-{,'/an.?-4-[2-

(dimethylamino)eEhyl]cyclohexylaaiino}-1,5-naphthyridin-
3-yl)ethanone dihydrochloride 

0.0014 

11 
1 -(4- {irans-4-K Dimethy lamino}methyl]cyclohexy lamino} -6-
[4-hydroxy-3-(trifluoromethoxy)phenyl]-1,5-naphthyridin-

3-yi)ethanorie dihydrochloride 
0.0027 

12 
2,6-Dich!oro-4-(8-{frara-4-[(dimethyiamino)methylJcyclohexylamirto'}-

7-(methy!sulfonyl}-1,5-naphthyridin-2-y !)phenol 
dihydrochloride 

0.001 
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13 
6-{3 -Chloro-5-fl uoro-4-hy droxypheny !)-4-( {trans-4- [(dimethy Sam ino)-

methyl]cyc!ohexyl}amino)-3-methylsulfonyl-1,5-
naphthyridine dihydrochloride 

0.0014 

14 
6-(3-Chloro-4-hydrcxy-5-methoxyphenyl)-4-{/ra^«-4-[(dimethylamino)-

methyl]cyclohexyiamino}-3-methyhulfonyl-
1,5-naphthyridine dihydrochloride 

0.0009 

]5 2,6-Dichloro-4-{8-[/rans-4-(dimethy]amirio)cyclohexylamino]-
7-(methylsulfonyl)-l,5-naphthyridin-2-yl}phenoi dihydrochloride 0.0005 

16 2,6-Dichloro-4-(8-(4-((dimethylamiBo)methyJ)pheny!amino)-7-
{methylsuJfony!)-3,5-naphthyridin-2-yl)phenoi dihydrochioride 0.0028 

17 
2-Chloro-4-(8-(4-((dimethyiajTiino)methyl)phenylamino)-7-

(methylsulfonyl)-i,5-naphthyridin-2-yl)-6-fluorophenol 
dihydrochloride 

0.0081 

18 
2-Chloro-4-(S-(4-((dimethyiamino)methy!)phenyIaniino)~7-
(methy!suifonyi)-l,5-naphihyridin-2-y])-6-methoxyphena! 

dihydrochloride 
0.005 

19 l-(6-(3,5-Dichloro-4-hydroxypheny!)-4-(3-(2-(pyrrolidin-3-yl)ethyl)-
phenyiamino)-1,5-naphthyridin-3-yl)ethaiione dihydrochloride. 0.032 

20 
1 -(6-(3-Chloro-5-fluoro-4-hydroxyphenyl)-4-(3-(2-(pyrrotidin-1 -yl)-

ethyl)phenylamino)-l,5-naphthyridin-3-yl)etharsone 
dihydrochloride 

0.14 

21 
1 -(6-(3,5-Didiloro-4-hydroxyphenyi)-4-{6-(2-(d'methyiam<no)-

ethoxy)pyridin-3-ylamino)-3,5-naphthyridin-3-yl)ethanone 
dihydrochloride 

0.0046 

22 
1 -(6-(3-Chloro-5-f!uoro-4-hydroxyph«iyl)-4-(6-(2-(dimethylamino)-

ethoxy)pyridin-3-ylamino)-l,5-naphthyridin-3-yl)ethaiione 
dihydrochloride 

0.015 

23 
1 -(6-(3-Chloro-4-hydroxy-5-methoxyphet2yl)-4-(6-(2-(dirnethylamino)-

ethoxy)pyridin-3-ylamino)-l,5-naphthyridin-3-yl)ethanone 
dihydrochloride 

0.0089 

24 
2,6-Dichloro-4-(8-(6-(2-(dimet3iylamino)ethoxy)pyridin-3-
ylamino)-7-(methy3sulfonyl)-l,5-naphthyridin-2-yf)phenol 

hydrochloride 
0.0053 

25 
2-Chloro-4-(8-(6-(2-(dimethyiamino)ethoxy)pyridin-3-vlamino)-7-

(methylsulfonyi)-1,5-naphthyridin-2-yl)-6-fluoropheno! 
dihydrochloride 

0.019 
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26 
2~Chloro~4-(8-(6~(2-{dimethy!amino)ethoxy)pyriciiri-

3-ylamino)-7-(!nethylsulfotiyl)-l,5-naphthyridia-2-yl)-6-rnethoxyphenol 
dihydrochloride 

0.01 

27 
! -(6-(3,5-Dichloro-4-hydroxyphenyl)-4-(( 1 -methylpiperidin-

4-yl)methylamino)-l,5-naphthyridin-3-y!)ethanone 
dihydrochloride 

0.0007 

28 
l-(6-(3,5-Dich3oro-4-hydroxyphenyl)-4-(fr'£OTj-4-((dimethyiamino-d6)-

methy l)cyclohexylamino)-! ,5~naphthyridin-3-y!)ethanone 
dihydrochloride 

0.0004 

29 
! -(6-(3,5-Dichloro-4-hydroxypberiy!)-4-(4-(2~(dirriethylamino)-

ethyl)phenylamino)-l ,5-naphthyridin-3--y|)ethanone 
dihydrochloride 

0.0026 

30 
l-(6-(3-Chioro-5-f!uoro-4-hydroxyphenyl)-4-(4-(2-(dimcthy!amino)-

ethyl)phenyiamino)-l,5-naphthyridin-3-yI)ethanone 
dihydrochloride 

0.0059 

31 
i-(6-(3-Chloro-4-hydroxy-5-methoxyphenyl)-4-(4-(2-(dimethylaniino)-

ethyl)phenylamino)-1,5-naphthyridiri-3-yi)ethanone 
dihydrochloride 

0.0037 

32 
2-Chloro-4-(8-(/m«s-4-(dime<hylamino)cyclohexyiamino)-7-

(methylsulfbny!)-],5-naphthyridin-2-yl)-6-fluorophenol 
dihydrochloride 

0.0036 

33 
! -(6-(3,5 -Dichloro-4-hydroxyphenyl)-4-( 1 -(1 -methylpiperidin-4-

yl)-1 H-pyrazol-4-viaraino)-1,5-naphthyridin-3-yl)ethanone 
dihydrochloride 

0.0078 

34 
M6-(3,5-Dichloro-4-hydroxyphenyi)-4-{4-((4-methy!piperazin-

J -y])raethyl)phenyIamino)-l ,5-naphthyridin-3-yl)ethanone 
trihydrochioride 

0.0061 

35 
I-(6-(3-Chloro-5-ffuoro-4-hydroxyphmy!)-4-{4-((4-methylpipera2in-

l-yl)methy!)phenylamino)-l,5-naphthyridin-3-yl)ethanone 
trihydrochioride 

0.037 

36 
l-(6-(3,5-Dichloro-4-hydroxyphenyl)-4-(4-(2-(pyrrolidin-l-

yl)ethyl)piperidin-1 -yl)-1,5-naphthyridin-3-yi)etharione 
dihydrochioride 

0.0023 

37 
l-(6-(3-Ch!oro-5-fii!oro-4-hydroxyphenyl)-4-<4-(2-(pyrro!)din-l-yl)-

ethyl)piperidin~l-yi)-l ,5-naphthyridin-3-yl)ethanone 
dihydrochloride 

0.01 

38 
l-(6-(3,5-Dich]oro-4-hydroxyphenyl)-4-(6-(2'-(dimethy lam ino)ethyl-

amino)pyridin-3-yIamino)-! ,5-naphlhyridin-3-yl)ethanone 
trihydrochioride 

0.011 
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39 
i-(6-(3-Chloro-5-fluoro-4-hydroxyphenyl)-4-(6-(2-(dimethylamino)-

ethylant ino)pyridin-3-yfam ino}-1,5-naphthyridin-3-yl)ethanone 
trihydrochioride 

0.03 

40 
(S)-(4-(6-(3-Araniopiperidiri-l-yI)pyridin-3-ylamino)-

6-(3,5-dichloro-4-hy droxypheny 1)-1,5-naphthyridin-3 -y 1)-
(cydopropyl)methanone trihydrochioride 

0,0012 

41 
l-(4-(2-(3-Aminopyrrolidin-l-yl)pyrimidin-5-
y lamina )-6-(3,5-dichloro-4~hydroxyphenyi )-

!,5-napbthyridin-3-yI)ethanone trihydrochioride 
0.0017 

42 
l-(4-{.fra«i'-4-[(Dimethylamino)niethyi]cydohexyiamino}-6-(IH-pyrazoS-

4-yi }-
l,5^nap3nthyridin-3-yl)ethanone trihydrochioride 

0.017 

43 ]-(6-{3,5-DichIoro-4-hydroxyphenyl)-4-[,'ra??s-4-(hycroxymet:hyi)-
cyc!ohexyl]amino}-l,5-naphthyridin-3-yl)ethanone hydrochloride 0.0031 

44 
i-[6-(3,5~Dichloro-4-hydroxyphenyl)~4~{?r«»s-4-[(dimethyiarnirio)~ 

methy Ijcyciohexy lamino}-1,5-naphthyridin-3-yl]-2-
hydroxyethanone dihydrochloride 

0.0003 

45 i- {6-(3,5-Dichloro-4-hydroxyphenyl)-4-f(l-methylpiperidiri-4-yi)amino]-
1,5-naphthyridin-3-yl} ethanone 0.0058 

46 1 -{6-{3-Chloro-5-fluoro-4-hydroxyphenyl)-4-[( I -methylpiperidin-4-yl)-
aminoj-l ,5-naphthyridm-3-yl lethanone 0.0061 

47 !-{6-(3,5-Dichioro-4-hydro>:yphenyl)-4-{[4-(morpho!inomethyl)-
cyclohexyI]amino}-l,5-naphthyridin-3-yl)ethanone 0.01 

48 
1 - [6-(3,5-Dichloro-4-hydroxyphenyl )-4-(4-{j (2-hydroxyethyl)(methyi}-

aminojrn ethyl} cyclohexylamino)-1,5-naphthyri din-3-y!]-
ethanone dihydrochloride 

0.0006 

49 
l-[6-(3-Chloro-5-fli3oro-4-hydroxyphenyl)-4-(4-{[(2-hydroxycthyl)-
(methyi)aminojmethyl} cyclohexylamino)-1,5-naphthyridin-3-yl]-

ethanone dihydrochloride 
0.001 

50 
l-(6-(3,5-Difluoro-4-hydroxyphenyl)-4-{4-[(dimethylamino)methyI]-

cyclohexy lamino}-l,5-riaphthyrid)n-3-yl)ethanone 
dihydrochloride 

0.0019 

51 
l-(6-(3,5-Dichloro-4-hydroxypheny])-4-{6-[3-(dimethyiamino)pyrrolidm-

l-yl]pyridin-3-y!amino}-l,5-naphthyridin-3-yl)ethanone 
trihydrochioride 

0.0082 

52 
I -(6-(3-Chloro-S-fluoro-4-bydroxyphenyl)-4-{6-[3-(dimethylamino)-
pyrrolidin-1 -yljpyridin-3 -yl amino } -1,5 -naphthyridin-3 -yl)ethanone 

trihydrochioride 
0.027 
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66 !-{4-[(4"Aminocydohex>'S)arnroo]"6"(3,.>dschloro-4-hydroxyphenyl)-
l,5-naphthyridin-3-yl}ethanone dihydrochloride 0.003 8 

67 l-{4-[fra«j-(4-Aminocyc!ohexyl)amino]-6-(3-chloro-5-f]uoro-4-
hydroxyphenyl)-l,5-naphthyridin-3-yI}ethanone dihydrochloride 0.0012 

68 
H6"(3-ChIoro-5-f]uorc-4~hydroxypbertyl)-4-{4-[(4-methylpiperazin-

l-yl)methyl]cyclohexylamino}-l,5-naphthyridm-3-yl)eth3none 
trihydrochioride 

0.0026 

69 
N-(fra«y-4-{[3-Acetyl-6-(3-chloro-5-fluoro-4-hydroxyphenyl)-l,5-
naphthyridin-4-yl]amino}cyclohexy3)-2-ainiiio-3-Kiiethy]butanamide 

dihydrochloride 
0.00)2 

70 
I-{6-(3,5-Dichloro-4-hydroxyphenyl)-4-[m»K-4-(piperaziri-l-ylmethyi)-

cyclohexylamino]-1,5-naphthyridin-3-y l}elhanone 
trihydrochioride 

0.0006 

71 
(S)-1-(4-{[6-{3-Anrinopiperidin-1-y l)pyridin-3~yi] amino }-6-(3,5-

dichloro-4-hydroxyphenyl)-1,5-naphtbyridin-3-yl)ethanone 
trihydrochioride 

0.0005 

72 
(S)-I-(4-{[6-(3-Aminopiperidin-1-yl)pyridin-3-y!]amino}-6-(3-chloro-

5-f1uoro-4-hydroxypheiryl)-l J5-iiaphthyridin-3-yl)ethanone 
trihydrochioride 

0.0043 

73 
N- {trans-4-[3 -Acety l-6-(3,5-diehloro-4-hy droxy pheny!)-1,5-
naphthyridin~4-yiainirJo]cyclohexyi}-2-amiriopropanamide 

dihydrochioride 
0.0075 

74 
N-{4-[3-Acetyl-6-(3-ch!oro-5-fluoro-4-hydroxyphenyl)- i ,5-

naphthyridin-fnms-4-y1amino]cyclohexyl)-2-ammopropanamide 
dihydrochioride 

0.002.6 

75 
(S)-N-{4-[3-Acetyl-6-{3,5-dichloro-4-hydroxyphenyl)-l,5-

naphthyridin-/mTC-4-ylainiino]cyc}ohexyl}pyrrolidine-2-carboxamide 
dihydrochloride 

0.001 

76 
(S)-N-{4-f3-Acetyi-6-(3-chloro-5-fluoro-4-hydroxyphenyl)-i>5-

naphthyridin-/raws-4-ylaiTimojcyciohexyl}pyrrolidine-2-carboxait!ide 
dihydrochloride 

0.0024 

77 !-(6-(3-Hydroxypyrrolidin-l-yl)-4-{/ra«s-4-[(34iydroxypyrrolidin-l-
yi)methyi]cyck>hexy lamino}-) ,5-naphthyridirt-3-yl)ethanone 0.74 

78 3 - {6-(Pyrrolidin- 3 -yl)-4-[fran5-4-(pyrrolidin--1 -ylrnethy i>-
cyctohexylanriino]-l,5-napl)tbyridin-3-yi}ethanone 

O 
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79 
-Acety l-6-(3,5-dichloro-4-hydroxyphenyl)-1,5-

naphthyridin-4-y!amino]cyclohexyi}-2-ainir!o-3-methy!butanamide 
dihydrochloride 

0.0016 

80 
Cyciopropyi{6-(3,5-dichloicMl-hydroxyphenyl)-4-[?rans-4-

(dimetbylamino)cyclobexylamino]-l,5-naphtbyridin-3-yl}methanone 
dihydrochloride 

0.0006 

81 
l-[6-(3~Chforo-5-fluoro-4-me!hoxypheoyl)-4-{/rafls-4-[(dimethylajiimo)-

methyl] cyclohexylamino) - !,5-naphthyridin-3 -yl] ethanone 
dihydrochloride 

0.0005 

82 
l-(4-{fra«i'-4-[(Dimethylamino)methyl]cyclohexy!amino}-6-(lH-

pyrrolo[2,3-b]pyridin-5-yl)- l,5-naphthyridin-3-yl)ethanone 
trihydrochioride 

0.013 

83 (S)-{4-[6-(3-Aminopipraidin-l-yl)p>Tidiii-3-ylamino]-6-(3-chloro-5-
fluoro-4-hydroxyphenyl)-1,5 -naphthyridin-3 -yl} (cyclopropy 3)methan one 0.001 

84 
l-(4-{fr-ans-4-[(Dimethylamino)methyl]cyclohexylamino}-6-(4-

methoxyphenyl}-l,5-naphthyridin-3-yl)£thanone 
dihydrochloride 

0.031 

85 
l-[6-(3,5"Dichloro-4-mefnoxyphcnyl)-4-ffro«,j-4-[(dimet]-iylasnino)-

methyljcyclohexylaraino j - 3,5-naphthyridir>-3-yl]ethanone 
dihydrochloride 

0.12 

86 
l-(4-{/raws-4-[(Dimethylamino)methy3]cyclohexylammo}-
6-(6-hydroxypyridin-3-yl)-l,5-naphthyridin-3-yl)ethanone 

dihydrochloride 
0.011 

87 5-(7-Acety 1-8-{'m«i'-4-[(di:methy!c!rnino):methyi]cydobexy lam ino}-
l,5-iiaphthyridin-2-y3)picolinonitrile dihydrochloride 0.0045 

88 I -(4-{jVrws-4-[(Dimethylam ino)rnethy!]cyclohexyl am ino} -6-(4-hydroxy-
pheny!)-3>5-naphthyridin-3-yl)ethanone dihydrochloride 0.0045 

89 
]-[6-(3,5-Dich[oro-4-hydroxyphenyl)-4-{(frw?5-4-(dimethy3amino)-

cyclohexyl]rnethylamino}-l,5-naphthyridin-3-y!]ethanone 
dihydrochloride 

0.0006 

90 
l-[6-(3-Chloro-5-fluoro-4-hydroxyphK3yl)-4-{[<m«s-4-(dimethylamino)-

cyclohexy i}methylamino}-1,5-naphthyridin-3-y]]ethanone 
dihydrochloride 

0.0024 

91 l-[6-(3,5-Dichloro-4-hydroxyphenyl)-4-(4-hydroxycyc!ohexylarnino)-
l,5-naphthyridin-3-yl]ethanone hydrochloride 0.015 
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92 ] -[6-(3-r,h!oro-vfhioro-4-hydroxypheny!)-4-(4-hydroxycyc]ohexytamir!o)-
1,5-naphthyridin-3-yl]ethanorie hydrochloride 0.012 

93 
l-{6-(3-Chloro-5-fluoro-4-hydroxyphenyl)-4-({c/s-4-[(dimethyiainino)-

methyljcyclohexyl}amino)-l,5-naphthyridiTi-3-y]}ethanone 
dihydrochioride 

0.0011 

94 
l-{6-(3,5-Dichloro-4-hydroxyphenyI)-4-({cis-4-[(dimeihylaniino)-

methyl]cyclohexy!}ammo)-I,5-naphthyridin-3-yl}ethanone 
dihydrochloride 

0.0006 

95 
(R)-l-{4-[6-(3-ainiinopipeRdin-l-yi)pyridin-3-ylamino]~6-(3,5-dichloro-

4-hydroxyphenyl)-l,5-naphthyridin-3-yl}ethanQne 
trihydrochioride 

0.002 

96 (R)-1 - {4-[6-(3-Aminopiperidin-1 -yl)pyridin-3-ylam ino]-6-(3-chloro-5-
fiuoro-4-hydroxyphenyi)-1,5-naphthyridin-3-yS) ethanone 0.0036 

201 (RK4-{[6-(3-aitunopiperidin-l-yi)pyridin-3-yljamino}-6-(3,5-dichloro-4-
hydroxyphenyl)-1,5-naphthyridin-3-y!) (cyclopropy!)methanone 0.00093 

202 (R)-(4- {[6-(3-arniriopiperidin-3 -yl) pyridin-3-yl]amino}-6-(3-chloro-5-
ffuoro •4-hydroxyphenyl)-1,5-naphthyridin-3-yl) (cyclopropy!) methanone 0.00046 

203 
l-[6-(3,5-dichloro-4-hydroxyphenyl)-4-{[ira«5-4-

(dsmethyiamino)cyclohexyl ] amino} - i ,5-naphthyridin-3 -yl)-2-
hydroxyethanonc dihydrochloride 

0.0015 

204 
l-[6-(3-chloro-5-fiuoro-4-hydroxyphenyl)-4-({fra«s-4-

[(dimethylacmino)methyl]cyclohexyl} amino)-!,5-naphthyridin-3-yl)]-2-
hydroxyethanone dihydrochioride 

0,0013 

205 
1 -[6-(3-chloro-5-fiuoro-4-hydroxyphenyl) -4-({tram-4-

[(dimethylaminojmethylj cyciohexyl] amino)-1 »5-naphthyridin-3-
yl)]propan-i-one dihydrochloride 

0.0028 

206 3-[6-(3^-dichloro-4-hydroxyphenyl)-4-({?m«s-4-[(ditnethylamino)methyl] 
cyciohexyl} amino)-1,5-naphthyridin-3-yl)]propan-1 -one dihydrochloride 0.0013 

207 (S)-l-(4-{[6-(3-aininopiperidin-l-yl)pyridin-3-yl3atnino}-6-(3,S-dichloro-4-
hydroxyphenyl)-1,5-naphthyridin-3-y l)propan-1 -one trihydrochioride 0.0016 

208 
(S)-1 -(4{ [6-(3-aminopiperidin-1 -yl)pyridin-3-y I]amino}-6-(3-chforo-5-

11 uoro-4-hydroxypheny !)• 1,5-naphthyridin-3-y3)propan- i -one 
trihydrochioride 

0.0026 

2.09 
l-[6-(3.5-dichloro-4-hydroxyphenyl)-4-({4-[((R)-3-fluoropyrrolidin-

1 yijmeihyij cyciohexyl }amino)-!,5-naphthyridin-3-yl]ethanone 
dihydrochloride 

0.002 
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210 
(S)-(4-((6-(3-aminopiperidiii-l-yl)pyridin-3-yl)amino)-6-(3-chloro-5-

fIuaro-4-hydroxyphenyl)-l,5-naphthyridin-3-yl)(cyclobutyl)metbanone 
dihydrochloride 

0.0014 

211 
{6-(3,5-dichloro-4-hydroxyphenyl)-4-((4-

[(dimethyiamino)tnethyf{cyciohexyl) amino)-l,5-naphihyridin-3-yl) 
(cyclobutyl)methanone dihydrochloride 

0.0027 

212 
(6-<3-chloro-5-flooro-4-hydroxyphenyi)-4-((4-((dimethylatnino)meihyl) 

cyclo hexyl) amino)-! .5-naphthyridin-3-yl)(cyclobutyl)methanone 
dihydrochloride 

0.0016 

213 (S)-(4-{[6-(3-aminopiperidin-l-yl)pyridin-3-yl]amino}-6-(3-chloro-5-
fluoro-4-hydroxypheriyl)»l,5-naphtbyridin-3-yl)(cyclobutyi)m ethanone 0.0011 

214 (R)~l-(4-((6-(3-ammopiperidin-l-y])pyridin-3-yl)ainino)-6-(3,5-dichloro-4-
hydroxy phenyl)-! ,5-naphthyridin-3-yl)propan-I -one trihydrochioride 0.0013 

215 
(R)-l-(4-{[6-(3-aminopiperidin-l-y!)pyridiri-3-yl]amino}-6-(3,5-dichloro-

4-hydroxyphenyl)-l,5-naphthyridin-3-v l)-2-methy lpropan-1-one 
trihydrochioride 

0.0065 

216 
l-[6-(3,5-dichloro-5-4-hydroxyphetiy0-4-({/ra«s-4-

[(dimethy1amino)methyl]cyciohexyl} am ino)-1 ,5-naphthyridin-3-ylj-2-
methy 1 propan-1 -one dihydrochloride 

0.0019 

217 I-[6-chloro-4-({wa/«-4-[(dimethy!amino)methyl]cyclohexyl}amino)-l,5-
naphthyridin-3-yi]-2-methylpropan-I-o.ne dihydrochloride 0.0018 

Western biot analysis 

To evaluate the expression status of MELK in several eel! lines, western biot. 

analysis was performed using crude cell lysate collected from those cells. Anti-MELK 

5 antibody (clone 31. BD Biosciences) was used to visualize the expression. Breast cancer 

cell lines, 22Rvl, T47D, A549 and DU4475 expressed MELK significantly although 

Bladder cancer cell line and HT1197 showed no expression of MELK. 

(Md&asedassay 

Active candidate inhibitors against MELK were evaluated for their target-specific 

10 cytotoxicity using 22RvL T47D, A549, DU4475 and HT-1197 cells was used for negative 

control. 100 micro-L of cell suspension was seeded onto 96-well microliter plate 

(ViewPlate-96FTC, PerkinElmer). The initial cell concentration of 22Rvl, T47D, A549, 
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DU4475, and HTi 197 were 3,000 cells/well, 2,000 cells/well and 2,500 cells/well, 

respectively. Cellular growth was determined using Cell Counting Kit-8 (DOJTNDO) at 

72 hours after the exposure of the candidate inhibitors. 1C50 was used as an indicator of 

the anti-proliferative activity of the inhibitors, and calculated by serial dilution method (0, 

5 3.5625, 3,325, 6.25, 12.5, 25, 50, and i00 micro-M). Accurate IC50 values were 

calculated as described previously. 

ICso values of the typical compounds of the present invention are shown in the 

following table 3: 

Table 3; 

Ex. Compound Name 
1CS0 
(plvl) 

(22Rv[) 

ICSO 
(pM) 

(T47D) 

1C50 
(pM) 

(A549) 

IC50 
(pM) 

(DU4475) 

1C50 
(pM) 

(HTI 197) 

1 
1 -(6-Chloro-4-{fra«s-4-[(dimethyl-
ain ino) methyl {cyclohexyiamino}-

l,5-naphthyridin-3-yl)ethanone 
5 5.3 2.7 2.5 10 

2 

1 - {6 -(3,5 - Dichloro--A -hydroxy-
pheny!)-4-[*raMS-4-(dimethyl-
amino)cyclohexylarnino]-1,5-
naphthyridin-3 -y 1} ethanone 

dihydrochloride 

0.0032 0.0018 0.004 0.0015 0.19 

3 

1 - (6(3 -Chloro-5-f!uoro-4-
hydroxypheny!)-4--[fraas,-4-

(dimethylamino)cyclohexylamino]~ 
1,5-naphthyridin-3 -yl} ethanone 

Dihydrochloride 

0.006 0.0026 0.0091 0.0033 0.39 

4 

Cycl opropyl (6-(3,5 -d ichloro-4-
hydroxyphenyl)-4-{?raw-4-

[(dimethyiamino)methyl]cyclo-
he.xylamino}-! ,5-rsaphthyridin-3-

y!)methanone d ihydrochloride 

0.0064 0.0055 0.0062. 0.0026 0.036 

5 

(6-(3-Chloro-5-f!uoro-4-hydroxy-
phenyl)-4-{/ra«s-4-[(dira ethyl-

ami no)methy 3)cy c iohe xy lam ino] -
l,5-naphthyridin-3-ylj (cyclopropy!) 

methanone dihydrochloride 

0.0057 0.0029 0.006! 0,003 0.018 

6 

1 - {6-{3,5-Djch]oro-4- hydroxy -
phenyI)-4-({/raws-4-[(dimethyl-

amino)methyS]cyc!ohexy!}amino)-
3,5-naphthyridin-3-y 1} ethanone 

dihydrochioride 

0.0052 0.0053 0.0089 0.0033 0.12 
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16 
2,6-Dichloro-4-(8-(4-((ditnethyl-
amino)methyl)phenylamino)-7-

(methylsuIfonyl)-l,5-naphthyridln-
2-yl)pheno! dihydrochloride 

0.17 0.078 0.47 0.031 4.4 

17 

2-Chloro-4-(8-(4-((dimethylarnmc)-
methyl)phenylamino)-7-(methyl-

sul foriylj-! ,5-naphthyri din-2-yl)-6-
fiuorophenoi dihydrochioride 

0.33 0.13 0.83 0.064 6.6 

18 

2-ChJoro-4-(8-(4-((dimethylamino)-
methy!)phenyJamino)-7--(rtiethyl-

sulfony!)- l,5-naphthyridin-2-yl)-6-
tnetlioxypheno! dihydrochloride 

1 0.32 0.69 0.31 3.8 

19 

l-(6-(3,5-Dichioro-4-hydroxy-
phenyl)-4-(3-(2-(pyrrolidin- S -yl)-

elhy i jphenvlam ino)-1,5-
naphthyridin-3-yl)ethanone 

dihydrochloride 

0.63 0.59 0.14 0.11 7 

20 

l-(6-(3-Chloro-5-fluoro-4-hydroxy-
phenyi)-4-(3-(2-{pyrro!idin-l-y!)-

ethyl)pheny lamino)-1,5-
naphthyridin-3-yl)ethanone 

dihydrochloride 

0.81 0.5 0.31 0.21 4.8 

21 

1 -(6-(3,5-Dieh3oro-4-hydroxy-
phenyl)-4-(6-(2-(dimethylatnino)-
ethoxy)pyridin-3-ylamino)-l,5-

naphthyridin-3-yl)ethanone 
dihydrochloride 

0.27 0.1 0.21 0.096 2.3 

22 

l-(6-(3-Chloro-5-fluoro-4-hydroxy-
phenyi)-4-(6~(2-(dimethylamino)-
ethoxy)pyridin-3-ylamino)-l ,5-

naphthyri din-3 -y i)eth anone 
dihydrochloride 

0,35 0.1 0,29 0.31 3.5 

23 

l-(6-(3-Chloro-4-hydroxy-5-
raethoxyphenyl)-4-(6-(2-(<3imethyl-
am ino)ethoxy)pyridin-3 -y lam ino)-

1,5-naphthyridin-3-yl)ethanone 
dihydrochloride 

1.3 0.38 0.47 0.41 8.9 
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24 

2,6-Dichioro-4-(8-(6-{2-(dimeihyl-
airtino)ethoxy)pyridin-3-ylamino)-

7-(methy Isuifonyl)-1,5-
naphthyridin-2-y))phcnol 

hydrochloride 

1.8 0.58 5.! 0.38 15 

25 

2-Chioro-4-(8-(6-(2-(dm;ethy!-
amino)ethoxy)pyridin-3-ylamino)-

7-(methylsulfonyl)-1,5-
naphthyridin-2-yl)-6-fluoraphencl 

dihydrochloride 

2.8 0.7 5.9 0.74 21 

26 

2-Chloro-4-(8-(6-(2-(diniethyl-
axnino)ethoxy)pyridin-3-ylamino)-

7-(methylsulfonyi)-1,5-
naphthyridiri-2-y3)-6-methoxy-

phenol dihydrochloride 

4.1 1 3.1 1.6 ] 5 

27 

]-(6-(3s5-Dichioro-4~hydroxy-
phenyi)-4-((] -methy lpiperidin-4-

yl)melhylamino)-l,5-naphthyridiri-
3-yi)ethanone dihydrochioride 

0.1 0.079 0.11 0.1 

28 

! -(6-{3,5-Dichioro~4 -hydroxy-
phenyl)-4-(frara-4-((dimethyi-
ainino-d6)tnethy])cyclohexyl-

amino)-1,5-naphthyridin-3-yl)-
ethanone dihydrochlori de 

0.0052 0.004 0.006 0.0022 0.14 

29 

l-(6-(3,5-Dichloro-4-hydroxy-
phenyl)-4-{4~(2~(dimeihylanrino)~ 

ethyl)pheny (amino)-1,5-
naphthyri dsn-3 -yl)ethanone 

dihydrochioride 

0.084 0.085 0.11 0.028 0.68 

30 

l-(6-(3-Chloro-5-fluoro-4-hydroxy-
phenyi)-4-(4-(2-(dimethy3amirto)-

ethyljphenylarnino)-1,5-
naphthyrldin-3-yl)ethanone 

dihydrochioride 

0.17 0.13 0.14 0.041 1.2 

33 

i -(6-(3-ChIoro-4-hydroxy-5-
methoxyphenyl)-4-(4-(2-(dimethyl-

arnino)ethyi)phenylamino)-1,5-
naphthyridin-3-yl)ethanone 

dihydrochioride 

0.65 0.41 0.31 0.19 4.4 
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32 

2-ChIoro-4-(8-(/rQW~4-(dimethyl-
am ino)cyciohexy i am ino)- 7-

(methylsulfonyl)-l ,5-naphthyridirt-
2-yl)-6-fluorophencl 

dihydrochloride 

0.046 0.024 0.2 0.0063 3.1 

33 

l-(6-(3,5-Dichloro-4-hydroxy-
phenyl)-4-( 1 -(I -m ethy lpiperidin-4-

y 1)-1H-py razol -4-ylatn ino)-! ,5-
naphthyridin-3-yi)ethanone 

dihydrochloride 

0.64 0.35 0.93 0.34 100 

34 

1 -(6-(3,5~Dichloro-4-hydroxy-
pheriyl)-4-(4~((4-methylpiperazin-l~ 

y!)metbyOpheny lain ino)-1,5-
naphthyri din-3 -y I iethanone 

trihydrochioride 

0.21 0.3? 0.19 0.096 1,6 

35 

1 -(6-(3 -Chloro-5-fluaro-4-hydroxy 
phenyI)-4-(4-((4-!nethy]-piperazin-

1 -yl)methyl)phenyiamino)-1,5-
naphthyridin-3-yl)ethanone 

trihydrochioride 

0.65 0.22 0.41 0.33 3.8 

36 

l-(6-(3,5-DichlOTO-4-hydroxy 
pheny!)-4-(4-(2-(pyrrolidin-l-y!)-

ethy!)piperidin-I -yi)- i ,5-
riaphthyridiri-3-y3)ethanone 

dihydrochioride 

0.36 0.23 0.63 0.22 4.7 

37 

l-(6-(3-Chloro-5-f!uoro-4-hydroxy-
phenyl)-4-(4-(2-(pyrrolidin-l-yl)-

ethy Ijpiperidin-1 -y i)-1,5-
naphthyridin-3-yl)ethanone 

dihydrochloride 

0.49 0.25 1.2 0.42 7.2 

38 

1 -(6-(3,5-Dichloro-4-hydroxy-
phenyl)-4-(6-{2-(dimetfiylamino)-
ethy!amino)pyridin-3-ylarnino)-
! ,5 -naphthy ri din- 3 -y i )ethan on e 

trihydrochioride 

0.24 0.31 0.26 0.069 9.5 

39 

l-(6-(3'Chioro-5-fiuoro-4-hydroxy-
phenyI)-4-(6-(2-(ditnethy!amino)-
ethy lamino)pyrid in-3 -y lamino)-
l,5-fiaphthyridin-3-yl)ethanone 

trihydrochioride 

0.38 0.12 0.44 0.19 10 

40 

(S)-(4-(6-(3-Aminopiperidin-1 -yi)-
pyridjn-3-ylamino)-6-(3,5-dichloro-

4-hydi"oxyphenyl)-l ,5-
naphthyridin-3-yl)(cyciopropyl)-

methanone trihydrochioride 

0.034 0.025 0,29 0.02 4.2 
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41 

1 -(4-(2-(3-Aminopyrrolidin-1 -yl}-
pyrimidin-5-ylatnino)-6-(3,5-

dich! oro-4-hydroxyphenyi)-1,5-
naphthyri din-3 -y!)ethanone 

trihydrochioride 

0.052 0.027 0.27 0.026 100 

42 

1 -{4- {4'-[(Dimethy lan: ina)m ethyl ] -
cyclohexylamino}-6-(lH-pyrazol-

4-yl}-! ,5 -naphthyridin-3-y!}-
ethanone trihydrochioride 

0.063 0.036 0.049 0.045 0.06 

43 

1-(6-{3,5-Dichloro-4-hydroxy-
phenyl)-4-[4-(hydroxymethyl)-

oyclohexyijamino}-1,5-
naphthyri din-3 -y ] )ethanone 

hydrochloride 

0.085 0.02.4 0.0S7 0.019 0.64 

44 

1 -[6-(3,5 -Dich! oro-4-hydroxy 
phenyl)-4-{<ra«s-4-[(diinethy! 

amino)niethyl]cyclohexylamirio}-
l,5-naphfhyridin-3-yl]-2-hydroxy-

ethanone dihydrechl ori de 

0.006 0.0029 0.0067 0.0017 0.2 

45 

1 - {6-(3,5- Dichloro-4-hydroxy-
pheny l)-4-[{ i -methylpiperidin-4-

yl)aminoj-1,5-naphthyridin-3-yl}~ 
ethanorie 

0.096 0.086 0.065 0.096 0.45 

46 
3 -{ 6-(3-ChIoro-5-fluoro-4-hydroxy-

phsnyl)-4-[(3-methyipiperidin-4-
yljamino]-1 ,5-naphthyridin-3-yl}-

ethanone 

0.14 0.092 0.098 0.14 0.53 

47 
l-(6-(3,5-Dichloro-4-hydroxy-

phenyl)-4-{[4-(morpholinomethyi)-
cy cl oh exy 3 ] am i no} -1,5 -

naphthyridin-3-yi)ethanone 

0.034 0.015 0.02 0.009 0.16 

48 

1 -! 6-(3,5 -Dichl oro-4-hydroxy-
phenyi)~4~(4-{ [(2-hydroxv ethyl}-

(rr!ethyl)arrnrio]methyl}cyc:ohexyS-
aniino)-1,5-naphthyridir.-3-yl]-

ethanone dihydrochloride 

0.0092 0.0068 0.02 0.0034 0.57 

49 

l-[6-(3-Chloro-5-fluoro-4-hydroxy-
phenyi)-4-(4-{[(2-hydroxyethyl)-

(methy l)amino]methyl) cyciohexyl -
amino)-1,5-naphthyridin-3-yl]-

ethanone dihydrochloride 

0.0087 0.0039 0.021 0.0039 0.49 
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50 

3-(6-(3,5-Difluoro-4-hydroxy-
phenyl)-4-{4-[(dimethylamino)-
methy i] cyclohexylamino} -1.5-

naphthyridin-3-yl)ethanone 
dihydrochioride 

0.017 0.0063 0.015 0.0053 0.08 

51 

l-(6-(3,5-DichIoro-4-hydroxy-
phenyl)-4-(6-[3-(dimethylamino}-

pyrrolidin-1 -y{]pyridio-3-y!amino}-
l,5-naphthyridin-3-yl)sthanone 

trihydrochioride 

0.36 0.19 0.32 0.32 2.8 

52 

1 - (6 -(3 -ChIoro-5 •• fluoro-4 -
hydroxypheny l)-4- { 6- [3 -(dimethy 1-
amino)pyrroiidin-l-yl]pyridin-3-yl-

amino j -1,5-naphthyridin-3-yl)-
ethanone trihydrochioride 

0.44 0.18 0.39 0.4 2 

53 

3-(6-(3,5-Dichloro-4-hydroxy-
phenyj)-4-{6-[3-(methyJainiRo)-. 

pyrrolidin-l-y]pyridin-3-ylaxnino} -
l,5-naphthyridin-3-yl)ethanone 

trihydrochioride 

0.078 0.042 0.2 0.073 3 00 

54 

l-(6-(3-Chloro-5-fluoro-4-hydroxy-
pheiiyl)-4-{6-[3-(tnethylamino)-

pyrroiidin-l-yl]pyridin-3-ylamino}-
3,5-naphthyridin-3-y3)etlianone 

trihydrochioride 

0.086 0.04 0.3 7 0.31 3.9 

55 

1 -(6-( i H-Benzo[d]imidazol-
5->'3)-4-{tram-A-\{ dimethylamino)-

methyljcyclohexylamino}-1,5-
naphchyridin-3-yl)ethanone 

trihydrochioride 

0,3 0.084 0.25 0.65 2 

56 

1 - {4-[4-(fr««s-4-Dimethy!amino)-
methylcyclohexylamino]-6-

(pyridin-4-yI)- i ,5-naphthyridin-3-
yi} ethanone 

trihydrochioride 

0.86 0,38 0.52 0,46 1.7 

57 

5-(7-Acetyl-8-{/ra/w-4-[(diinethy]-
ain 1 no)methy l]cy clohexy lam i no} -

3,5-naphthyridin-2-y!)pyrim idine-2-
carbonitrile 

0.24 0.089 0,56 0.22 0,38 

58 

3 -(6-(3,5-Dimethyl-1 H-pyrazoI-4-
y! )-4- {tram--4- [(d i rr • ethy 3a m i no)~ 

methy! ] cyclohexy lam ino } -
i.5-napbthyridin-3-yl)ethanone 

trihydrochioride 

6.3 1.6 3 5.9 10 
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59 

l-(4-{?rans-4-[(Dimethy3amino)-
methyl]eye:ohexy lam ino}-6-(4-

hydroxy-3,5-dimethylpheny3)-3,5-
naphthyri din- 3 -y 1 )ethan on c 

dichloride 

2.5 0.39 0.23 0.21 7.5 

60 

J-(6-(3,5-Dichloro-4-hydroxy-
pheny 3)-4-{6-[3-(dimethy lamino)-

pyrrolidin-l-yl]pyridin-3-ylamino}-
1,5-naphthyridin-3-yl)ethaiione 

dihydrochloride 

0.1 0.066 0.13 0.041 i.i 

61 

1 - (6-(3,5-DichJoro-4-hydroxy-
phenyl)-4-[imii-«-4-(pyrroiidin-1 -
yimethyljcyclohexykrriirio]- ] ,5-

naphthyri din-3 -y 3} ethanone 
dihydrochloride 

0.011 0.0069 0.032 0.0044 0.15 

62 

l-(6-(3-ChIoro-5-f!uoro-4-hydroxy-
phenyl)-4-{ [»*a«s-4-(pyrro!idin-l -
ylme?hyl)cyclohexyi]am ino}-! ,5-

naphthyridin-3-yl)ethanone 
dihydrochioride 

0.0073 0.0034 0.011 0.0037 0.091 

63 

]-(6-(3,5-DichIoro-4-hydroxy-
phenyj)-4-{4-[(4-methylpiperazin-
l-yl)niethyl]cyc!ohexy3amino}-l,5-

naphthyridin-3-yl)ethanone 
trihydrochioride 

0.025 0.016 0.02 0.0092 0.13 

64 

1 -(4-{[6-(3-Aminopiperidin-1 -yl)-
pyridin-3-vljamino}-6-(3,5-di-
ehSoro-4-h.ydroxypheny!)-1,5-

naphthyri din-3-yl)ethanone 
trihydrochioride 

0.016 0.0064 0.07 0.03 6 2.9 

65 

] -(4-{ [6-(3- Aminopiperidin -1 -yl)-
pyridin-3-y!]amino}-6-(3-eh3oro-5~ 

fluoro-4-hydroxypheny 1)- i ,5-
naphthyridin-3-yi)ethanone 

trihydrochioride 

0.013 0.0047 0.021 0.015 0.74 

66 

1 - {4 - [(4-Am inocy clohexy 3)am ino] -
6-(3,5-dich3oro-4-hydroxyphenyl)-

S ,5-naphth>Tidin-3-yl }ethanone 
dihydrochloride 

0.0045 0.0018 0.016 0.001 10 

67 

1 -{4-[,'ra.'!5-(4- Am inocy clohexy l)-
amino]-6-(3-chloro-5-fluoro-4-

hydroxypheny!)- 3,5-naphthy ridin-
3-yi} ethanone dihydrochloride 

0.0063 0.0019 0.022 0.0012 2.8 
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68 

l-(6-(3-Chloro-5-fluoro-4-hydroxy-
phenyI)-4- {4-[(4-methyipiperazk-
l-yl)methyl]cyclohexylamino}-l,5-

naphthyridin-3-yl)et:hanone 
trihydrochioride 

0.039 0.032 0.026 0.012 0.11 

69 

N-(i'ro«s-4-{[3-AcetyI-6-(3-chioro-
5-fluoro-4-hydroxypheny 1)-1,5-
naphthyridin-4-yI]amino}cyc]o-
hexyi)-2-amino-3-methylbutan-

airiide dihydrochloride 

0.025 0.007 0.064 0.013 2,5 

70 

1 -{6-(3,5-Dichloro-4-hydroxy-
phenyl)-4-[/ra«M-(ptperazm-l-y]-

metbyi)cyclobexylamiooj-l ,5-
naphthyridin-3-y 1} ethanone 

trihydrochioride 

0.0.11 0.021 0.084 0.0 il 3.9 

71 

(S)-1 -(4-{[6-{3-Aminopiperidin- i -
y !)pyridin-3-y Ijarni no}-6-(3,5 -di-

chioro-4-hy droxypheny I)- 3,5 -
naphthyridin-3-yl)ethanone 

trihydrochioride 

0.014 0.0074 0.09 0.008 3.4 

72 

(S)-1 -(4-{[6-(.3-Aminopiperidin-l -
yl)pyridin-3-yi]arnino}~6-(3-chioro-

5 -fiuoro-4-hydroxypherty!)- S ,5-
naphthyridin~3~yl)ethanone 

trihydrochioride 

0.014 0.0053 0.047 0,014 1.2 

73 

N-{fra«s-4-[3-Acetyl-6-(3,5-di-
cfaloro-4-ay droxypheny 1)-1,5-
naphthyridin-4-ylamino]cyclo-
hexyl} -2-aminopropanam ide 

dihydrochloride 

0.027 0.0086 0.18 0,0043 100 

74 

N-{/l-[3-Acety!~6-(3-chloro-5-
fluoro-4-hydroxypheny!)-1,5-

napbthyridin-rrara-4-ylarnino]-
cyclohexy!} -2-amsnopropanam ide 

dihydrochloride 

0.025 0.0043 0,33 0.0036 100 

75 

(S)-N-{4-[3-Acetyl-6-(3,5-dichloro-
4-liy droxypheny 3)- 3,5-

naphthyridiiWraw-4-ylaniino]-
cyclohexv i} pyrrol idine-2-

carboxamide dihydrochloride 

0.099 0.036 0.21 0.02.1 8.4 

76 

(S>N-{4-[3-Acetyl-6-(3-chloro-5-
fluoro-4-hydroxyphenyl)-l,5-

naphthyridiii-frara-4-ylamino]-
cyclohexyl} pyrrolidines -

carboxamide dihydrochioride 

0.073 0.03 0.32 0.019 8.7 
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77 

1 -(6-(3-Hydroxypyrrolidin-l -yl)-4~ 
{trans-4- [(3 -hydroxypyrro i i din-1 
yl)methy]j cyclohexyiam!no}-l,5-

naphthyrs (3 in - 3 -y! )ei harsone 

10 10 10 10 10 

78 

I-{6-(Pynolidin-l-yI)~4~[/rara~4~ 
(pyrrolidin-l-ylmethyl)cyclohexyl-

amino]-I,5-naphthyridin-3-yI}-
ethanone 

5.6 5.4 6.8 7.7 9.8 

79 

N- {trcins-4-[3 - Acety l-6-(3,5-di-
ch1oro-4-hydroxyphenyl)-l,5-
naphthyridin-4-yIamino]cycio-
hexyS}-2.-amirio-3-iiiethyibutan-

amide dihydrochloride 

0,038 0.018 0.11 0,016 3.9 

80 

Cyclopropyl{6-{3,5-dichloro-4-
hydroxypheny])-4-[//w;ts-4-

(dimethylamino)cyclohexylaminoj-
l,5-naphthyridin-3-yl}methanone 

Dihydrochloride 

0.0052 0.0041 0.0076 0.002 0.084 

81 

l-[6-(3-Chloro-5-fluoro-4-Tnethoxy-
pheny!)-4- (/ro«s-4-f(dimethy]-

am i n o) m ethy 1 ] cy c lohexy 1 am i no} -
1,5-naphthyridin-3-y!]ethanone 

dihydrochloride 

0.0049 0.002 0.0062 0.0018 0.044 

82 

l-(4-{/ra«s-4-[(Dimethylarnino)-
meihy]jcyc[ohex>ia.niino}-6-(lH-
pyrro3o[2,3-b]pyridin-5-yl)-i,5-

naphlhyridin-3-yl)ethanone 
trihydrochioride 

0.37 0,32 0.33 0.65 2.3 

83 

(S)-{4-[6-(3-Aminopiperidin-l-yl)-
pyri din-3 -y iam ino] -6 -(3-ch loro-5 -

fluoro-4-hydroxyphenyl)-l,5-
naphthyridin-3-y!}(cyclopropyl)-

methanone 

0.025 0.012 0.09 0.015 2,7 

84 

1 -(4-{ trans A -[(Dimethyiamino)-
msthyI]cyclohexylaxnino}-6-(4-

methoxyphenyl)- 1 ,5-naphthyridin-
3-yl)ethanone dihydrochloride 

0.58 0.25 2.4 5.2 6 

85 

l-[6-(3,5-Dichioro-4-methoxy-
phenyl)-4-{rra«,s-4-[(dimethyl-

amino)methyljcyclohexylamino}-
i,5-naphthyridin-3-y!]etharione 

dihydrochloride 

0.77 0.43 2.3 2.3 6.5 

86 

l-(4-{?ra«s-4-[(Dirnethylamino)-
methy! ]cyc lohexyl amino} -6-{6-

hydroxypyridin-3-yi)-1,5-
naphthyridin-3-yi)ethanone 

dihydrochloride 

5.3 6.2 8 6.5 10 

- 240 -



WO 2013/109388 PCT/US2012/071434 

87 
5-(7-Acetyl-8-{rn2«s-4-[(dimcthy!-
arrtino)m ethyl jcyclohexylarnino}-

1,5-naphthyridin-2-yl> 
pi col inon itri ie dihydrochloride 

0.66 0.66 1.8 0.74 2 

88 

!-(4»{?ra»5-4-[(Djmethylarnino)-
methyljcy cl ohexy lamino}-6-(4-

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

0.04 0.031 0.023 0.021 0.039 

89 

l-[6-(3,5-Dichloro-4-hydroxy-
phenyl)-4-j[/rans-4-(diraethyl-

am i n o) cy c 1 ohexy i ] m ethyl am ino} 
1,5-naphthyridin-3-yi3ethanone 

dihydrochloride 

0.028 0.023 0.041 0.0063 0.9 

90 

I-[6-(3-Chloro-5-fluoro-4-hydroxy-
phenyl)-4-{ f/rara-4-(dimethyl-

aminojcyclohexyljmethylarnino}-
1,5-naphthyridin-3-yl j ethanone 

Dihydrochloride 

0.052 0.03 0.12 0.027 10 

91 

1 - [6 -(3,5 - Di chloro -4-hydroxy-
phenyl)-4-(4-hydroxy cyclohexyl­
amino)- i ,5-naphihyridin-3-y 1]-

ethanone hydrochloride 
0.072. 0.038 0,048 0.016 0.33 

92 
l-[6-(3-Chloro-5-fluoro-4-hydroxy-
phenyl)-4-(4-hydraxycyclohexyl-
amino)-1,5-naphthyridin-3-yl]-

ethanone hydrochloride 
0.061 0.036 0.053 0.018 0.53 

93 

1 - {6-(3 -Chloro- 5 -fluoro-4-hydroxy-
phenyl)-4-({c/s-4-[(dim ethyl-

am i no)methy! ]cy clohexy 1 jamino)-
1,5 -naphthy ri d in •-3 -y 1} eth anon e 

Dihydrochloride 

0.032 0.02 0.039 0.011 0.19 

94 

1 - {6-(3,5-Diehioro-4-hydroxv 
pheny!)-4-( {cft-4-[(dimethyl-

amioo)me)hyl]cycIohexyl}amino)-
i, 5 - naphthy r i d i n -3 -y 1} cthan one 

Dihydrochloride 

0.028 0.02 0.039 0.0073 0.25 

95 

(R)-1 - {4-[6-(3-Aminop iperidin-! -
y])pyridin-3-ylaminoj-6-(3,5-

d i ch 1 oro-4-hy droxypheny !)-l ,5-
naphthyridin-3-y 1 }ethanone 

trihydrochioride 

0.029 0.022 0.088 0,03 1.9 

96 

(R)-1 -{4-[6-(3-Aminopiperidin-1-
y!)pyridin-3-ylamino]-6-(3-chloro-

5-fluoro-4~hydroxypheny!)-i ,5-
tsaphthy ridin-3 -yl} ethanone 

0.026 0.018 0.0.35 0.024 0.43 
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20 i 

(R)-(4-{[6-(3-aminopiperidin-l-
yl)pyri din-3 -y 1 ] amino} -6-(3,5 -
dichloro-4-hydroxyphenyl)- i ,5-

naphthyri din-3 -y 1) 
(eye 1 opro py 1 )meth ar.one 

0.0061 0.0025 0.0061 0.003 0.032 

202 

(R)-(4-{[6-(3-aininopiperidin-l-yl) 
pyridin-3-y!]aminoj-6-(3~chioro~5~ 

fluoro -4-hydroxyphenyl)-l ,5-
naphthyridin-3-yl) (cyclopropy!) 

methanone 

0.0044 0.0038 0.0054 0.001 0.047 

203 

l-[6-(3,5-dichloro-4-hydroxyphenvl)-
4-{ [trans-4-

(dimethylamino)cyclohexyl] amino}-
1,5-naphthyridin-3-y !)-2-

hvdroxyethanone dihydrochloride 

0.017 0.0093 0.034 0.013 1.2 

204 

3 -[6-(3-chloro-5-fluoro-4-
hydroxy ph eny 1)-4 -({trans-4-

[(dimeihylamino)methyijcyelohexyl} 
amino)-1,5-naphthyridin-3-y f)]-2-
hydroxyethanone dihydrochloride 

0.02. 0.014 0.058 0.013 10 

205 

] - f 6-(3 -chl oro-5 • Ouoro-4 •• 
hydroxypheny3) -4~({tram-4-

[(diniethylamina)melhyl] cyciohexyl} 
amino)-1,5-naphthyridin-3-

vl)]propan- i-one dihydrochloride 

0.022 0.0083 0.032 0.033 0.69 

206 

l-[6-(3,5-dichloro-4-hydroxyphenyl)-
4-( {trans-4-[(dimethy lam ino)methy 1] 
cyclohexyl}amino)- 1,5-naphthyridin-
3-vl)]propan- i -one dihydrochloride 

0.022 0.01 0.061 0.023 10 

207 

(S)-l-(4-{[6-(3-aininopiperidHi-l-
yl)pyridin-3~yl]amino}-6-(3,5-

dichloro-4-hydroxyphenyl)-1,5-
naphthyri din-3-y i)propan-1 -one 

trihydrochioride 

0.034 0.018 0.098 0.024 3.9 

208 

(S)-1 -(4{[6-(3-aminopiperidin-l-
yl)pyridin-3-y!]amino}-6-(3-ch]oro-5-

fluoro-4-hy droxypheny 1)-1,5-
naphthyridin-3-y !)propan-1 -one 

trihydrochioride 

0.026 0.015 0.063 0.021 0,86 

209 

l-[6-(3,5-dichloro-4-hydroxypheny!)-
4-( {4-[((R)-3-fluor opyrrolidin-1 -

yl)methyl] cyciohexyl jarnino)-1,5-
naphthyridin-3 -yl] ethanone 

dihydrochloride 

0.032 0,036 0.037 0.01 0.12 

210 

(S)-(4-((6-(3-aminopiperidin- S -
yl)pyridin-3-yl)amino)-6-(3-chloro-5-

fluoro-4-hydroxypherty!)-1,5-
naphthyridin-3-

y1)(cycIobutyl)ni ethanone 
dihydrochioride 

0.017 0.0093 0.042 0.022 1.4 
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211 

(6-(3,5-dichloro-4-hydroxyphenyI}~4-
((4-

[(dimethy lam ino)rneihy 1 {cy clohexy 1) 
amino)-] ,5-naphthyridin-3-yl) 

(cyclobutyi)methanone 
dihydrochloride 

0.0072 0.0034 0.0076 0.003 0.0077 

2.12 

(6-(3-chloro-5-fluoro-4-
hydroxyphenyl)-4-((4-

((dimethylamino)rnethyi) cyclo 
hexyl) amino)-1,5-naphthyridin-3-

yl)(cyclobutyl)methanone 
dihydrochloride 

0.013 0.0074 0.014 0.003 0.014 

213 

(S)--(4- {[6-(3-aminopiperidin-1 -
yl)pyridin-3-yl]amlno}-6-(3-ch!oro-5-

fluoro-4-hydroxyphenyl)-] ,5-
naphthyrid in-3 -

yS)(c>x4obutyr)rnatharione 

0.0071 0.0043 0.029 0.003 1.7 

214 

(R)-1 -(4-((6-(3-aminopiperidin-1 -
yl)pyridin-3-yi)amino)-6-(3,5-

dichloro-4-hydroxyphenyl)-1,5-
naphthyridin-3-yl)propan-! -one 

trihydrochioride 

0.0059 0.0028 0.013 0.004 0.34 

215 

(R)-l-(4-{[6-(3-aminopiperidirj-l-
yl)pyridin-3-ylJamino}-5-(3,5-

dichloro-4-hydroxyphenyl)-1,5-
naphthyridin-3-y!)-2-methy lpropan-1 -

one trihydrochioride 

0.032 0.016 0,083 0,014 1.7 

216 

1 -[6-(3,5-dichl oro-5-4-
hy droxypheny I)-4-( {trans-4-

[(dimethylamino)methyl]cyclohexyl} 
amino)-1,5-naphthyridin-3-yl]-2-

methylpropan-1 -one dihydrochloride 

NT NT 0.012 NT 0.025 

217 

3 -[6-chloro-4-( {trans- 4-
[(diraethylamino)methyf]cyclobexyl} 

amino)-1,5-naphthyridin-3-ylj-2-
methylpropan-l-one dihydrochloride 

NT N'T 0.021 NT 0.0 S 5 

NT: Not tested 

The growth inhibitory effect of Compound Example 6 was further examined on the 

growth of various cancer cell lines. In vitro anti-proiiferative assay using A549 (lung), 

5 T47D (breast), DU4475 (breast), and 22Rvl (prostate) cancer cells, in which MELK was 

highly expressed, revealed IC50 values of 6.7, 4,3, 2.3, and 6,0 nM, respectively (Fig, la-d). 

On the other hand, HT1197 (bladder) cancer ceils, in which MELK. expression was hardly 

detectable, revealed IC50 value of 97 nM (Fig, le), clearly implying the MELK-dependent 

growth inhibition effect of this compound. 

10 Xenograft Model Antitumor Assav 
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MDA-MB-231 cells were injected into the mammary fat pads of NOD.CB17-

Prkdcsa'J/i mice (Charles River Laboratory), A549, MIAPaCa-2 and PC-14 cells (1 x 10' 

cells) were injected subcutaneousiy in the left -flank of female BALB/cSLC-nu/nu mice 

(Japan SLC, Inc.). DU145 ceils were injected subcutaneousiy in the left flank of male 

5 BALB/cSLC-nu/nu mice (Japan SLC, Inc.). When MDA-MB-231, A549, DUf 45, 

MIAPaCa-2. and PC-14 xenografts had reached an average volume of 100, 210, 110, 250, 

and 250 mm", respectively, animals were randomized into groups of 6 mice (except for PC-

14, for which groups of 3 mice were vised). For oral administration, compounds were 

prepared in a vehicle of 0.5% methylcellulose and given by oral garbage at the indicated 

10 dose and schedule. For intravenous administration, compounds were formulated in 5% 

glucose and injected into the tail vein. An administration volume of 10 mL per kg of body 

weight was used for both administration routes. Concentrations were indicated in mair, text 

and Figures. Tumor volumes were determined every other day using a caliper. The 

results were converted to tumor volume (nntiJ) by the formula length x width" x 1/2. The 

15 weight of the mice was determined as an indicator of tolerability on the same days. The 

animal experiments using A549 xenografts were conducted by contract with KAC Co., Ltd, 

(Shiga, Japan) in accordance with their Institutional Guidelines for the Care and Use of 

Laboratory Animals, T he other animal experiments were conducted at OncoTherapy 

Science, Inc. in accordance with their Institutional Guidelines for the Care and Use of 

2.0 Laboratory Animals. Tumor growth inhibition (TGI) was calculated according to the 

formula {1 - (T- To) f (C - Co)} X 100, where T and 7b are the mean tumor volumes at day 

14 and day 0. respectively, for the experimental group, and C — Co are those for the vehicle 

control group. All values were presented as means ± SD. Statistical 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 vivo anti-tumor effect of 

Compound Example 6 by a xenograft model using MDA-MB-231 cells (MELK-positive, 

triple-negative breast cancer cells). The compound was administered to mice bearing 

xenografts for 14 days after the tumor size reached about 100 ram3. The tumor size was 
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measured as a surrogate marker of drug response (tumor growth inhibition (TGI)) (see 

Methods). Intravenous administration of Example 6 at 20 mg/kg once every two days 

resulted in TGI of 73% (Fig. 2a). Since the bioavailability of this compound was expected 

to be very high (data not sho wn), oral administration of this compound was attempted. 

5 The oral administration at 10 mg/kg once a day revealed TGI of 72% (Fig. 2b). Due to the 

high growth-suppressive effect on various cancer cell lines, in vivo growth-'suppressive 

effect using cancer cell lines of other types was further investigated and found significant 

tumor growth suppression by Example 6 for multiple cancer types in dose-dependent 

manners with no or a little body-weight loss (Fig. 2 and Fig, 3). For example, mice 

10 carrying A549 (lung cancer) xenografts that were treated with 1, 5, and 10 mg/kg once a 

day of Example 6 by intravenous administration revealed TGI of 51, 91, and 108, 

respectively (Fig. 2c) and those by oral administration of 5 and 10 mg/kg once a day 

revealed TGI of 95 and 124%, respectively (Fig, 2d). In addition, the present inventors 

examined DU145 (prostate cancer) and MIAPaCa-2 (pancreatic cancer) xenograft models 

15 by oral administration of 10 mg/kg once a day. and observed TGI of 106 and 87%, 

respectively (Fig. 2e and fl. To further validate the MELK-specific in vivo turn,or 

suppressive effect, the inventors examined PC-14 lung cancer cells in which MELK 

expression was hardly detectable (Fig. 2g). Oral administration of 10 mg/kg Example 6 

once a day for 14 days showed no tumor growth suppressive effect on PC-14 xenografts 

20 (Fig. 2h), further supporting the MELK-dependent antitumor activity of Example 6. 

1NDU STRI AL APPLIC ABILITY 

The present invention provides a novel quinoline derivative having MELK 

inhibitory effect. The compounds of the present invention may be used for pharmaceutical 

25 composition for inhibiting MELK. Such pharmaceutical compositions Eire suitable for 

treating or preventing cancer. 



The invention claimed is: 
1.A compound represented by formula (I) or a pharmaceu- 

tically acceptable salt thereof: 

Qc 
X.' 

wherein, 

..'N RI I 

X.' is selected from the group consisting of a direct bond, 
___NRI 2 0-, , 
	 and —8—; 

group consisting of a hydrogen ^ 12 K 	is selected from the 
atom, C1-05  alkyl and Cs-C 1 0  cycloalkyl; 

Q` is selected from the group consisting of C3-C10  
cycloalkyl, c„-c,„ aryl, 5- to 10-membered heteroaryl, 
3- to 10-membered non-aromatic heterocyclyl, (C3-C10  
cycloalkyl)-C1-C6  alkyl, (C6-C10  aryl )-C i  -C6  alkyl, (5 - 
to 10-membered hetemary1)-C1 -C6  alkyl, and (3- to 
10-membered non-aromatic heterocycly1)-C1-C6  alkyl; 
wherein Q' is optionally substituted with one or more 
substituents independently selected from/kJ ; 

X2  is selected from the consisting 	CO—, group 	of 
—5—, —SO--, and —S02—; 

R" is selected from the group consisting of C1-05  alkyl, 
C3-C10  cycloalkyl, C6-C10  aryl, 5- to 10-membered het- 
eroaryl, and 3- to JO-membered non-aromatic heterocy- 
cly1; wherein R" is optionally substituted with one or 
more substituents independently selected from A2; 

R5  is selected from the group consisting of a halogen atom, 
C3-C10  cycloalkyl, C6-C10  aryl, 5- 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 A3; 

R2, R3, and R4  are independently selected from the uroup 
consisting of a hydrogen atom, a halogen atom, and 
C1-C6  alkyl; 
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A' and A3  are independently selected from the group con- 
sisting 	of a 	halogen 	atom, 	cyano, 	—COOR13, 

CONR"R", fonnyl, (C1 -C6  alkyl)carbonyl. C1 -C6  
alkyl, C;  C6  alkenyl, C1-C6  alkynyl, nitro, —NR16R17, 

—OR", —S(0)„R19, C3-C10  cycloalkyl, C6-C10  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 A4; 

A' is independently selected from the group consisting of a 
halogen atom, cyano, c3-c,0  cycloalkyl, carboxy, 
formyloxy, (C1-C6  alkyl)carbonyloxy, hydroxy. C1-C6  
alkoxy, amino, C1-C6  alkylamino, and di(C1-C6  alkyl) 
amino; 

R13, 1V4, and R1' are independently selected from the 
group consisting of a hydrogen atom, C1  -C6  alkyl, C2-C6  
alkenyl, G-C6  alkynyl, C3-C10  cycloalkyl, C6-C10  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 A4; or R14  and R15  together 
with the nitrogen atom to which they are attached form 
3- to 10-membered nitrogen-containing hetemeyclyl, 

which is optionally substituted with one or more sub-
stituents independently selected from A4; 

R" and R18  are independently selected from the group 
consisting of a hydrogen atom, C1-C6  alkyl, C,-C6  alk-
enyl, C,-C6  alkynyl, C3-C10  cycloalkyl, C6-C10  aryl, 5-
to 10-membered heteroaryl, 3- to 10-membered non- 
aromatic heterocyclyl, 	COR'°; and 	wherein the alkyl, 
alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and het-
erocyclyl are optionally substituted with one or more 
substituents independently selected from A4; Rn  is 
selected from the group consisting of a hydrogen atom, 
and C1-C6  alkyl that is optionally substituted with one or 
more substituents independently selected from A4; or 
R1 6  and Rn  together with the nitrogen atom to which 
they are attached lam 3- to 10-membered nitrogen-
containing heterocyclyl, which is optionally substituted 
with one or more substituents independently selected.  
from A4; 
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V is selected from the group consisting of C1-C6  alkyl, 
C3-C10  cycloalkyl, C6-C10  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 A4; 

R2°  is selected from the group consisting of a hydrogen.  
atom, —NR14R15, 	-C6  alkyl, 	-C6  alkenyl, 	-C6  C1 C, C,
alkynyl, C3-C10  cycloalkyl, C6-C10  aryl, 5- to 10-mem-
bered heteroaryl, and 3- to 10-membered non-aromatic 
heterocyclyl; 	wherein 	the 	alkyl, 	alkenyl, 	alkynyl, 
cycloalkyl. myl, heteroaryl, and heterocyclyl are option-
ally substituted with one or more substituents indepen-
dently selected from A4; 

n is an integer independently selected from 0 to 2; 

A4  is independently selected from the group consisting of a halogen 
COORn, 	CONR22R23, fonnyl, atom, cyan, 	 (C, - 

CO  alkyl)carbonyl, C1-C6  alkyl, C,-C6  alkenyl, C2-C6  
OR26, alkynyl, 	nitro, 	—NR24R25, 	—S(0)„R27, 

C,-C10  cycloalkyl, C6-C10  aryl, 5- to 10-membered het-
eroaryl, and 3- to 10-membered non-aromatic heterocy-
clyl; wherein the alkylearbonyl, alkyl, alkenyl, alkynyl, 
cycloalkyl, aryl, heteroaryl, and heterocyclyl are option-
ally substituted with one or more substituents indepen-
dently selected from A5; 

R21, R22, and R23  are independently selected from the 
group consisting of a hydrogen atom, CI -C6  alkyl, C,-C6  
alkenyl, C,-C6  alkynyl, C3-C10  cycloalkyl, C6-C10  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 fromA); or R22  and R23  together 
with the nitrogen atom to which they are attached Tom' 
3- to 10-membered nitrogen-containing heterocyclyl, 
which is optionally substituted with one or more sub-
stituentsindependently selected from A5; 
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R24  and R.26  are independently selected from the group 
consisting of a hydrogen atom, CI-C6  alkyl, C2-C6  alk-
enyl, C2-C6  alkynyl, C3-C10  cycloalkyl, C6-C10  aryl, 5-
to 10-membered heteroaryl, 3- to 10-membered non- 
aromatic heterocyclyl, 	 the and —COR28; wherein 	alkyl, 
alkenyl, alkynyt cycloalkyl, aryl, heteroaryl, and hetero-
cyclyl are optionally substituted with one or more sub-
stituents independently selected from As  ;122-5  is selected 
from the group consisting of a hydrogen atom, and.  
C1 -C6  alkyl that is optionally substituted with one or 
more substituents independently selected from A5; or 
R24  and R25  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 As; 

12.27  is selected from the group consisting of C1 -C6  alkyl, 
C3-C10  cycloalkyl, C6-C,0  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 A5; 

R28  is independently selected from the group consisting of 
hydrogen 	 -I-C6 	C, a 	atom, _NR22R23,  t- 	alkyl, 	-C6  alk- 

enyl, C2-C6  alkynyl, C3-Cio  cycloalkyl, C6-C10  aryl, 5- to 
10-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 A5; 

A5  is independently selected from the group consisting of a halogen 
atom, 	COOR31, 	CONR32R33, formyl, cyan, 	 (C1- 
C6  alkyl)carbonyl, C1-C6  alkyl, C1-C6  alkenyl, C2-C6  
alkynyl, 	 S(0)„R37, nitro, —NR34R3s, 	—OR36, 
C3-C, 0  cycloalkyl, C6-C10  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 heterocyclyl are option-
ally substituted with one or more substituents indepen-
dently selected from As: 
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R31, R32, and R33  are independently selected from the 
group consisting o f a hydrogen atom, C1-C6  alkyl, C2-C6  
alkenyl, C2-C6  alkynyl, C3-C11, cycloalkyl, C6-C10 art, 
5- to 10-membered heteroaryl, and 3- to ]0-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 A6; or 1233  and R33  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 A6; 

R34  and R36  are independently selected from the aroup 
consisting of a hydrogen atom, C1 -C6  alkyl, C2-C6  alk-
enyl, C,-C6  alkynyl, C3-C10  cycloalkyl, C6-C10  aryl, 5-
to l0-membered heteroaryl, 3- to 10-membered non- 
aromatic heterocyclyl, and 	C0R38; wherein the alkyl, 
alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and het-
erocyclyl are optionally substituted with one or more 
substituents independently selected from A6; R35  is 
selected front the group consisting of a hydrogen atom, 
and C1-C6  alkyl that is optionally substituted with one or 
more substituents independently selected from A6; or 
R34  and R3s  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.5; 

R3 ' is selected from the group consisting of C, -C6  alkyl, 
c3-c10  cycloalkyl, c6-c10  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 A6; 

R35  is independently selected from the group consisting of 
a 	atom, —NR32R33, 	-C6  alkyl, 	-C6  alk- hydrogen 	 C1 C2 
enyl, C2-C6  alkynyl, C3-C10  cycloalkyl, C6-C10  aryl, 5-
to 10-membered heteroaryl, and 3- to 10-membered 
non-aromatic heterocyclyl; wherein the alkyl, alkenyl, 
alkynyl, cycloakl, aryl, heteroaryl, and heterocyclyl 
are optionally substituted with one or more substituents 
independently selected from A6; 
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A6  is independently selected from the group consisting of a halogen 

COM', atom, cyano, carboxy, 	 —CONR4.-143, 
formyl, (C1-C6  alkyl)carbonyl, C1-C6  alkyl, C-,-C6  alk- 

C1 NR4412.4), 	006, S(0)„ enyl, 	-C6  alkynyl, nitro, 
R47, C3  -C10  cycloalkyl, C6-C10  aryl, 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, C1-C6  alkoxy, amino, C1 -C6  
alkylamino, and di(C, -C6  alkyl)amino; 

R4 ', R42, and R43  are independently selected from the 
group consi sting of a hydrogen atom, C, -C6  alkyl, C,-C, 
alkenyl, C,-C6  alkpyl, C3-C10  cycloalkyl, C6-C10  aryl, 
5- to 10-membered heteroaryl, and 3- to 10-membered 
non-aromatic heterocyclyt 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, C1-C6  alkoxy, amino, C E -C6  
alkylamino, and di(C, -C6  alkyl)amino; 

R4-1-  and R46  are independently selected from the group 
consisting of a hydrogen atom, C1-C6  alkyl, C.5.-C10  
cycloalkyl, C 6-Ci 0  aryl, 5-to 10-membered heteroaryl, 
3- to 10-membered non-aromatic heterocyclyl, and 

COR48; 
R45  is selected from the group consisting of a hydrogen 

atom, and C1-C6  alkyl; 
R47  is selected from the group consisting of C1-C6  alkyl, 

C3-C10  cycloalkyl, C6-C10  aryl, and 5- to 10-membered 
heteroaryl; and 

R48  is independently selected from the group consisting of 
C1-C6  alkyl, C3-C10  cycloalkyl, C6-C10  my], 5- to 
10-membered hetemaryl, and 3- to 10-membered non-
aromatic heterocyclyl. 

2. The compound or a pharmaceutically acceptable salt 
thereof according to claim 1, wherein Q1  is selected from the 
group consisting of C5-C;  cycloalkyl, phenyl, pyridyl, pyra-
zolyl, pyritnidinyl, 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 X' is selected from the 

R11- 	is group consisting of —CO— and —S07—; and 
selected from the group consisting of CI -Co  alkyl and C3-C7  
cycloalkyl, which are optionally substituted 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 
thereof according to claim 1, wherein R5  is phenyl substituted 
with one to three substituents independently selected from the 
group consisting of hydroxy, a halogen atom, C1-C6  alkyl, 
and C, -C6  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 ft" is a hydrogen atom. 

6. The compound or a pharmaceutically acceptable salt 
thereof according to claim 1, wherein le is a hydrogen atom. 

7. The compound or a pharmaceutically acceptable salt 
thereof according to claim 1, wherein le is a hydrogen atom. 

8. The compound or a pharmaceutically acceptable salt 
thereof 	 1, 	X' is according to claim 	wherein 	—NH—. 

9. The compound or a pharmaceutically acceptable salt 
thereof according to claim 1, wherein the optional substituent 
of Q' is selected from the group consisting of hydroxy, amino, 
C, -C6  alkoxy, C,-C6  alkylamino, di(C,-C6  alkyl)amino, 

amino-C1-C6  alkyl, (C1-C6  alkylamino)-CI-C6  alkyl, di(Cr  
C6  alk-yl)amino-C,-C6  alkyl, amino-C1-C6  alkoxy, (CI-Co  
alkylamino)-C1-C6 	alkoxy, 	di(CI  -C6 	alkyl)amino-C1-C6  
alkoxy, hydroxy-C,-C6  alkyl. (C1 -C6  alkoxy)-C,-C6  alkyl, 
carboxy-C1-C6  alkyl, [(CI-C.6  alkoxy)carbortyl]-C1-C6  alkyl, 
earbanioyl-C1-C6  alkyl, [N—(C1-05  alkyl) carbamoy1]-C1- 
05  alkyl [N,N-di(C, -C6  alkyl)carbamoyl]-C1 -C6  alkyl, (Cr  
C5  alkyl)carbonylamino, N—(C, -C6  alk-yl)carbonyl-N— 
(C1-C6  alkyl)ainino, 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 CI-C.6  alkyl, amino, C1-C6  alkylamino, 
di(Ci  -C6  a lkyl)amino, hydroxy, CrC6  alkoxy, pyrrolidi-
nyl, piperidyl, and piperazinyl; and 
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wherein the alkyl moiety of the group defined as the 
optional substituent of Q1  is optionally substituted with 
a substituent selected from the group consisting of 
amino, 	C1-C6 	alkylamino, 	di (C1-C6 	alkyl)amino, 
hydroxy, C, -C6  alkoxy, pyrrolidinyl, piperidyl, and pip-
enizinyl. 

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, -C6  alkyl)amino, C1-C6  alkyl, di(C,-C6  alkyl)amino- 
C., -C6  alkyl, di(C1 -C6  alkyl)amino-C, -C6  alkoxy, di(C,-C6  
alkyl)amino, [(amino-C1 -C6  alkylicarbonyllamino, N—(C1 - 
C6 	alkyl)pi peridyl, 	di (C1 -C6 	alkyDatnino-pyn-olidin-l-yl, 
am ino-pyrrolidin-l-yl, (pyrrolidin-l-y1) -C , -C 6 alkyl, (C1-C6  
alkyl)amino-pip eridin-l-yl, a rnino-piperidin-1-yl, hydroxy- 

C1-C6 alkyl, [cli (C , -C6  al kyljamino-C, -C6  alkyllamino, [4- 
(C, -C6  alkyl)-piperazin-l-y1]-C1 -C6  alkyl,, (piperazi n-l-y1)- 
C , -C6 	alkyl, 	pyrrolidinylcarbonyl-amino, 	(hydroxy- 
pyrrolidin- 1 -y1)-C1-C6  alkyl, morpholino-C1-C6  alkyl, [N- 
(hydroxy-C1 -C6 	alkyl)-N—(C1 -C6 	alkyl)amino]-C1-C6  
alkyl, and (CD3)2N—C1-C6  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)-1,5-naphtbyridin-3-ypethanone; 

I -(6-(3,5-d ic hloro-4-hydroxypheny1)-4-((4-(di methy-
lamino)cyclohexyl)amino)-1,5-naphthyri din-3-ypetha-
none; 

I -(6-(3-chloro-5-fluoro-4-hydmxypheny1)-44(4-(dim-
ethylamino)cyclohexypamino)-1,5-naphthyridin-3-y1) 
ethanone; 

cyclopropy1(6-(3,5-dichloro-4-hydroxypheny1)-4-(4-
((dimethylamino)methyl)-cyclohexylamino)-1,5-naph-
thyridin-3-yOrnethanone; 

(6-(3-chloro-5-fluoro-4-hydroxypheny1)-4-(4-((dimethy- 
lamino)methyl)-cyclohexylamino)-1,5-naphthyridin-3-
y1)(cyclopropyl)methanone; 

I -(6-(3,5-dichloro-4-hydroxypneny1)-4-( (4-((dimethy- 
lamino)methyl)cyclohexyl)-amino)-1,5-naphthyrid in- 
3-y Dethanone; 
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1 -(6-(3-chl oro-5 -fluoro-4 -hydroxypheny1)-44(4-((dim-
ethylatnino)nethyl)cyclohexyl)-amino)-1 ,5 -naphthyri-
din-3 -yflethanone; 

1 -(6-(3-chl oro-4-hydroxy-5-inethoxypheny1)-444-
((dimethylanino)methyl)-cyclohexyl)am ino)- 1,5 - 
naphthyridin-3-y Dethanone; 

1 -(6-(3,5-dichloro-4-hydroxypheny1)-4-(0-(2-(diniethy-
la mino)ethyl )cyclohexyl)-amino)- 1,5 -naphthyridin-3-
yl ethanone; 

1-(6-(3-chloro-5-fluore-4-hydroxypheny1)-4-(4-(2-(ditn-
ethylamino)ethyl)-cyclohexylamino)-1,5-naphthyri-
din-3-yflethanone; 

1 -(4-(4-((dimethylatnino)methyl)cyclohexylamino)-6-(4 - 
hydroxy-3-(trifluommethoxy)-pheny1)-1,5-naphthyri-
din-3-ypethanone; 

2,6-dichloro-4-(8-((4-((dimethylamino)methyl)cyclo-
hexyl)amino)-7-(nethylsnIfonyl)-1,5-naphthyridin-2-
y1)phenol; 

2-chloro-4-(8((4-((ditnethylamino)methyl)cyclohexyl) 
amino)-7-(methyl su Ifony1)- 1 ,5-naphthyridin-2-y1)-6-
11.norophenol; 

2-chlore-4-(8-((4-((dimethylamino)inethyl)cyclohexyl) 
amino)-7-(nwthylsulfony1)-1,5-naphthyridin-2-y1)-6-
methox-yphenol; 

2,6-clichloro-4-(84(4-(climethylamino)cyclohexyl) 
amino)-7-(methylsulfony1)-1 ,5-naphthyridin-2-yl)phe-
nol; 

2,6-dichloro-4-(84(4-((dirnethylamino)metly1)phenyl) 
amino)-7-(Tnethylsullony1)-1,5-naphthyridin-2-y1)phe-
nol; 

2-chloro-4-(8((4-((dimethylamino)methyl)phenyl) 
amino)-7-(rnethyl sulfony1)- 1 ,5-naphthyridin-2-y1)-6-
19uorophenol; 

2-chloro-4-(8((4-((dimethylamino)methyl)phenyl) 
amino)-7-(methylsulfony1)-1,5-naphthyriclin-2-y1)-6-
methoxyphenol; 
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1-(6-(3,5-clichloro-4-hydroxypheny1)-4-((3-(2-(pyrroli-
din- 1 -y Dethyl)p heny Dam ino)- 1 ,5-napht hy ri d in-3-y1) 
ethanone; 

1-(6-(3-chloro-5-fluoro-4-hydroxypheny1)-4-(3-(2-(pyr-
rolidin-1-yOethyl)phenylantino)-1,5-naphthyridin-3-
ypethanone; 

1-(6-(3,5-dichloro-4-hydroxypheny1)-44(6-(2-(dimethy-
larnino)ethoxy)pyridin-3-y1)-amino)-1,5-naphtlayridin-
3-yDethanone; 

1-(6-(3-chloro-5-fluoro-4-hydroxypheny1)-44(6-(2-(ditn-
ethylantino)ethoxy)pyridin-3-yl)amino)-1,5-naphthyri-
din-3-ypethanone; 

1-(6-(3-chloro-4-hydroxy-5-methoxypheny1)-4-46-(2-
(dimethylamino)ethoxy)pyridin-3-yl)amino)-1,5-naph-
thyridin-3-yDethanone; 

2,6-dichloro-4-(8-((6-(2-(dintethylamino)ethoxy)pyridin- 
311)amino)-7-(niethylsulfony1)-1,5-naphthyridin-2-y1) 
phenol; 

2-chloro 4 (8 ((6 (2 (dhnethylarnino)ethoxy)pyridin-3-
yflamino)-7-(tnethylsulfony1)-1,5-naphthyridin-2-y1)-
6-fluorophenol; 

2-chloro-4-(84(6-(2-(dimethylantino)ethoxy)pyridin-3- 
yDamino)-7-(niethylsulfonyl)-1,5-naphthyridin-2-y1)-
6-methoxyphenol; 

1-(6-(3,5-dichloro-4-hydroxypheny1)-44(1-methylpiped-
din-4-yl)methylamino)-1,5-naphthyridin-3-ypetha-
none; 

1 - (6 -(3,5-dichloro-4-hydroxypheny1)-4-((4-((ditnethy-
lamino-d6)rnethyl)cyclohexyl)-amino)-1,5-naphthyri-
din-3-y1)ethauone; 

1-(6-(3,5-dichloro-4-hydroxypheny1)-444-(2-(dimethy-
lantino)ethyl)phenypamino)-1,5-naphthyridin-3-y1) 
ethanone; 

1-(6-(3-chloro-5-fluoro-4-hydroxypheny1)-444-(2-(dim-
ethylamino)ethyl)pheny1)-amino)-1,5-naphthyridin-3-
ypethanone; 

1-(6-(3-chloro-4-hydroxy-5-methoxypheny1)-4-(e4-(2-
(diateihylamino)othyl)pheny1)-arnino)-1,5-naphthyri-
din-3-y1)ethanone; 
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2-chlon)-4-(84(4-(ditnethylarnino)cyclohexyl)amino)-7-
(nethylsulfony1)-1,5-naphthyridin-2-y1)-6-11uorophe- 
no1; 

1 -(6-(3,5-d ichloro-4-hydroxypheny1)-4-0 -(1 -inethylpip-
eridin-4-y1)-1H-pyrazol-4-y1)-ami no)- 1,5-naphthyri-
din-3-yl)ethanone; 

1 -(6-(3, 5-dichloro-4-hydroxypheny0-4-(44(4-niethylpip-
erazin- 1 -y1 )methy1)-phenylamino)- 1,5-naph thyridin-3-
yOethanone; 

1 -(6-(3-chIoro-5-fluorothydroxypheny1)-4-(444-me-
thy1piperazin-1 -yl)methyl)-phenykunino)-1,5-naphthy-
ridin-3-y1)etlianone; 

1 -(6-(3,5-dichloro-4-hydroxypheny1)-4-(4-(2-(pyrrol idin-
1 -yl)ethyppiperidin- 1 -y1)-1,5-naphthyridin-3-yl)etha-
none; 

1 -(6-(3-chl oro-5-11uoro-4-hydroxyphenyl )-4-(4-(2-(pyr-
rolidin- 1 -yOethyl)piperidin-1 -y1)-1, 5-naphthyridirt-3-
ypethanone; 

1 -(6-(3,5-dichloro-4-hydroxypheny1)-4-(6-(2-(dimethy-
la mino)ethylamino)pyri din-3-y1a mino)-1,5 -naphthyri-
din-3 -yflethanone; 

1 -(6-(3-chl oro-5-fluoro-4-hydroxypheny1)-4-(6-(2-(dim-
ethylamino )ethylamino)-pyridin-3-ylarnino)-1,5-naph-
thyridin-3-yflethanone; 

(S)-(4-(6-(3-aminopiperidin-1-yl)pyridin-3-ylatnino)-6-
(3,5-dichloro-4-hydroxypheny1)-1,5-naphthyridin-3-
y1)(eyelopropyl)tnethanone, 

1 -(4 -((2-(3-arninopyrrolidin-1 -yl)pyrimidin-5-y1)amino)-
6-(3 ,5 -dichloro-4-hydmxypheny1)- 1,5 -naphthyridin-3 - 
yOethanone; 

1 -(4-(4-((dimethylamino)methypcyclohexyl amino)-6-
( 1 H-pyrazo1-4-y1)- 1,5 -naphthyridin-3-yDethanone; 

1 -(6-(3,5-dichloro-4-hydroxypheny1)-4-(4-(hydroxym-
ethyl)cyclohexylamino)- 1,5-naphthyridin-3-ypetha-
none; 

1 46 -(3,5-dichloro-4-hydrovpheny0-4-{4-RdirnetIty-
larnino)methyli -cyclohexylamino} - 1,5-tiaphthyrid in-
3-y1]-2 -hydroxyethanone; 

1 -(6-(3, 5-dichloro-4-hydroxypheny1)-4-(1-methylpiperi-
din-4-y latnino)- 1 ,5-naphthyridin-3-yl)ethanone; 
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1 -(6-(3-chl oro-5-fluoro-4-hydroxypheny1)-4-(1 -meth-
yl piperidin-4-ylami no)-1,5-aaphthy ri diti-3-yl)ctlia-
none; 

1 -16-[3,5-clichloro-4-hydroxypheny1]-444-(molpholi- 
nomethyl)cyclohexylamino]-1,5-napbthyridin-3- 
yl } ethanone; 

1 -(6-(3,5-diehloro-4-bydroxypheny1)-4-(44((2-hydroxy - 
ethyl)(methyDaraino )methyl)-cyclohexylamino)-1 ,5-
naphthyridim3-yflethanone; 

1 -6-(3 -chloro-5-fluoro-4-hydroxypheny1)-4-(4 -(((2 -by-
droxyethyl)(methyl)amino)-methyl)cyclohexylamino)-
1,5 -naphthyridin-3-ypethanone; 

1-(6-(3,5-difluoro-4-hydroxypheny1)-4-(4-((dimethy- 
lamino)methypcyclohexylatnitio)-1,5-uaphthyridin-3-
ypetharione; 

1-(6-(3,5-dichloro-4-hydroxypheny0-4-((6-(3-(dimethy- 
Ia mino)pyrrolidin- 1 -yOpyriclin-3-y1)amino)-1,5-m-ph-
thyridin-3-yl)ethanone; 

1 -(6-(3-chl oro-5-fluoro-4-hydroxyphertyl )-446-(3-(dim-
ethylatnino)pyrroliditi-1-y1)-pyridiu-3-yflamino)-1,5-
naphthyridin-3-ypethanone; 

1 -(6-(3.5-dichloro-4-hydroxypheny1)-4 46-(3-(methy- 
iambi° )pyrrolidin- 1 -yOpyridin-3-ylainitio)-1,5-naph-
thyricliti-3-yDethanone; 

1 -(6-(3-chloro-5-fluoro-4-hydroxypheny1)-4-(6-(3-(me-
thyl atu ino)pyrrolidin- 1 -y1)-pyri din-3-ylamino)- 1,5-
naphthyridin-3-ypethanone; 

1 -(6 -(1H-benzo[(1] imidazol-5-y1)-4-(4-((d i tnethylamino) 
methypcyclohexylamino)-1,5-naphthyrid in-3-yl)etha-
none; 

I -(44 (4-((dimethy lamino)methyl)cycloltexylarnino)-6-
(pyridin-4-y1)-1,5-napbthyridin-3-yl)ellianone; 

5-(7-acety1-8-(44(dimeihylamitio)flictliy1)qclohexy-
lark-611°)d ,5-naphthyridin-2-y1)-pyrimidine-2-carboni-
trile; 

1 4643, 5-dimethy1-1H-pyrazol-4-y0-4-(4-((dirnethy- 
la tnino)methyl)cyclohexylamino)-1,5-naphthyridin-3- 
ypethanone: 

1 -(4-(4-((dimethyl amino)methyl)cyclohexylarnino)-6-(4-
hydroxy-3,5-dimethyl-pheny1)-1,5-naphthyrid in-3 -y1) 
ethanone: 

1 -(6-(3,5-dithloro-4-hydroxyphetly1)-4-(4-(pyrrolidind - 
y hnethyl)phenylainino)- 1,5-naphthyridi n-3-ypetha-
none; 
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14643,5 -dichloro-4-hydroxypheny1)-4-(4-(mirro idin-1 - 
yltnethyl)cyclohexylamino)-1,5-naphthyridin-3-y1) 
ethanone: 

1-(6-(3-ehl oro-5 -fluoro-4-hydroxypheny))-4-(4-(pyrroli-
din- 1 -ylmethyl)eyclohexyl-amino)-1,5-naphthyridin-
3 -yl)ethanone; 

1-(6-(3,5-diehl oro-4-hydroxyphetw))-4-(4-((4-rnethylpi p-
erazin- 1 -ylhnethyl)cycl o-hexylatnino)-1,5-naphthyri-
din-3-yl)ethanone: 

1 -(4-(6-(3-aminopiperidin-1-y1)pyrid in-3-ylamino)-6-(3, 
5-dichloro-4-hydroxypheny1)- 1,5-naphthyridin-3 -y1) 
ethanone: 

1 -(4-05-(3-arninopiperidin-1-yepyridin-3-y1 atnino)-6-(3-
chloro-5-fluoro-4-hydroxy-pheny11-1,5-naphthyridin-
3 -yl)ethanone; 

1 -(4-(4-aminocyclohexyl amino)-6-(3, 5-dichloro-4-hy-
droxypheny1)-1, 5-naphthyrid in-3-yflethanone; 

1 44-(4-aminocyclohexyl ami no)-6-(3-chl oro-5-11 uoro-4-
hydroxyphenyl)- 1,5-naphthyridin-3 -yllethanone; 

1 -(6 -(3-chloro-5-fluoro-4 -hydroxypheny))-4 -(4-((4-me-
thy 1piperazin- 1-yl)methyl)-cyclohexylamino)- 1,5-
naphthyrid in-3-yeethanone; 

N-(4-(3-acetyl-6-(3-ehloro-5-fluoro-4-hydroxypheny))-1, 
5-naphthyridin-4-yla mino)-eyelohexyl)-2-amino-3-
methyl butanamid e; 

1-(6-(3,5-dichloro-4-hydroxypheny))-4-(4-(pipenizin-1-
yhnethyl)eyelohexylamino)-1,5-naphthyridin-3-y1) 
ethanone; 

(S)- 1 -(4-(6-(3-aminopiperidin-1 -yl)pyri din-3-y larnino)- 
6-(3,5-dichloro-4-hydroxy-pheny1)-1,5-naphthyri din-
3-y1 Jet hanone; 

(S)- 1 -(4-(6-(3-aminopiperidi n-1 -yppyri din-3-ylamino)- 
6-(3-chloro-5-110oro-4-hydroxy-pheny1)-1,5-naphthy-
ri din-3 -ypethanone; 

N-(4-(3-acety1-6-(3,5-dichloro-4-hydroxypheny))-1,5-
naphthyridin-4-y1)amino)cyclo-hexyl )-2-aminopro-
panamide; 

N-(4-(3-acety1-6-(3-chloro-5-thtoro-4-hydroxypheny1)-1, 
5 -naphthyridin-4-yla adno)-cycl ohexyl)-2 -aminopro-
panamide; 
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(S)—N-((1 R,4S)-4-(3-acety1-6-(3.5-dichloro-4-hydrox- 
yphenyI)- 1,5-naphthyridin-4-y1 -amino)cyclohexyl)pyr-
ro l i dine-2-carboxami de; 

1 R,4S)-4-(3-acery1-6-(3-chloro-5-fluoro-4-hy-(S)—N-(( 
droxypheny1)-1,5-naphthyridin-4-ylamino)cyc lohexyl ) 
pyrrolidine-2-carboxamide; 

1-(6-(3-hydroxypytrolidin-1-y1)-4-(4-((3-hydroxypyrroli-
din-1 -yOmetItyl )cyc lohexyl-amino)- 1,5-naphthyri din-
3-y pethanone; 

1 -(6-(pyrrolidin-1 -y1)-4-(4-(pyrrolidin-l-ylinethyl)qclo-
hexylamino)-1,5-naphthyridin-3-yl)ethanone; 

N-(4-(3-acetyl-6-(3,5-dichloro-4-hydroxy 	pheny1)-1,5- 
naphthyridin-4-ylamino)-cyclthexyl)-2-amino-3-me-
thylbutanamide; 

[6-(3-chloro-5-fluoro-4-hydroxypheny1)-414-(dimethy-
lamino)cyclohexylamino]-1,5-naphthyridin-3-y1](cy-
clopropyl)rnethanone; 

cyc lop ropyl [643,5 -dichloro-4-bydroxypheny1)-414-
(dimethylamino)cyclohexyl-aminoH,5-naphthyridin-
3-ylimethanone; 

1-(41-{4-Mirnethy landno)methylicyclohexylamino 1 -6-
(1 H-pyrrolo[2,3-b]pyridia-5-y1)-1,5-naphthyridin-3-
ypethanone; 

(S)-{446-(3-aminopiperidin-l-y1)pyridin-3-ylam ino]-6-
(3-chlom-5-tinoro-4-hydrox-ypheny1)-1,5-naphthyri-
di n-3-y1) (cyclopropy Dmethanone; 

1 -(444-[(dimethylami no)methyl]cyclobexyl 	a mi no1-6- 
(4-metboxypheny1)-1,5-naphthyridin-3-yl)ethanone; 

1 46-(3,5-dichloro-4-methoxypbeny1)-4- {4-[(di meaty-
lamino)methyl]cyclohexyl-amino) - 1,5-naphthyridin-
3-yllethanone; 

1-(4-14-Rdimethylamino)methylicyclohexylamino }-6-
(6-hydroxypyridin-3-y1)-1,5-napbthyridin-3-ypetha- 
Bone; 

5-(7-acety1-8-0-[(dimethylamino)methyl]gclobexy-
laminol-1,5-naphthyridin-2-yl)picolinonitrile; 

1 -(4-14-[(dimethylamino)methyl]cyclohexylamino}-6-
(4-hydroxypheny1)-1,5-naphthyriclin-3-y1)ethanone; 

11643, 5-d ichloro-4-hyd roxypheny1)-4-{ [4-(dimethy-
lami no)cyclohexyl]methyl-aminol- 1 ,5-naphthyridin-
3-yeetbanone; 

1 46-(3-cbloro-5-fluoro-4-hydroxypheny1)-4-{ [4-(dim-
ethylamino )cyclohexyl]-m ethylamino} - 1,5-naphthyri-
di n-3 -yllethanone; 

- 259 - 

ip-temp
Rectangle



1 -116-(3-chl oro-5-11 uoro-4-hydroxyphenyI)-4-(4-hydroxy-
cyclohexyiamino)-1,5-naphthyriclin-3-ylJethanone; 

146-(3,5-dichloro-4 hydroxypheny1)-4-(4-hydroxycyclo- 
hexylamino)-1,5-naphthyridin-3-yllethanone: 

I -16-(3-chloro-5-Iluoro-4-hydroxypheny1)-4-Icis4- 
[(di metivlamino)methyl]cyc I o-he.xylamino } -1 ,5-
naphthyridin-3-yllethanone; 

1 -16-(3,5-dichlorothydroxypheny 04-{cis-4-[(dimethy-
lamino)methyl]cyclohexyl-amino) -1,5-naphthyridin-
3-y get hanone; 

(R)- 1 -{ 44 6-(3-aminopiperidin- 1 -yOpyridin-3-ylamino1-
6-(3,5-dichloro-4-hydroxy-phenyl)-1,5-naphthyridin-
3-yl}ethanone; 

(R)-1-{4-[6-(3-aminopiperidin-1-yl)pyridin-3-ylamino]-
6-(3-thloro-5-11uoro-4-hydroxypheny1)-1,5-naphthyri-
din-3-yllethanone; 

and pharmaceutically acceptable salts thereof. 
12. 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-(3,5-dichlorothydroxypheny0-4-(trans-0-(dim-
ethylamino)cyclohexyDatnino)-1,5-naphthyridiu-3-y1) 
ethanone: 

cyt lopropy1(6-(3 4-di ch lorothydroxypheuy1)-4-(trans-
4-((dimellwlamino)methyl)-cyc lohexylami no)-1,5-
uaph thyridin-3-y1) methanone; 

(6-(3-chloro-5-fluoro-4-hydroxyphenyl)-4-(transt 
((di methylami no)methyl)-cyclohexyla mino)-1,5-naph- 
thyridin-3-y1)(cyclopropyl) metha none ; 

1-(6-(3,5-dichlorothydroxypheny1)-4-(Orans-4-((dim-
ethylamino)methyl)cyclohexyl)-amino)-1,5-naphthyri-
din-3-y1) ethanone: 
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1-(6-(3-chloro-5-fluom-4 hydroxypheny1)-4-((trans-4-
((dimethylamino)methyl)-cyclohexy Da mino)-1,5-
naplityridin-3-)1) cilia none; 

1-(6-(3,5-dichloro-4-hydroxypheny1)-4-((trans-4-(2- 
(dimethylamino)ethyl)cycloliexyl)-amino)-1,5-naph-
thyridin-3-y1) ethanone; 

(S)-(4-(6-(3-k-uninopiperid in-l-y1)pyrid in-3-ylatnino)-6-
(3,5-di chloro-4-hydroxypheny1)-1,5-naphthyridi n-3-
ye(cycl opropyl)methanone; 

116-(3,5-dichloro-4-hydroxypheny1)-4-{trans--4-Rdim-
ethylamino)methylicyclo-hexylaminol-1,5-naplithyri-
din-3-y1]-2-hydroxyethanone; 

1 -(4-(643-aminopiperidin-111)pyridin -3-ylamino)-6 -(3, 
5-dichlorothydroxypheny1)-1,5-naphthyridin-3-y1) 
ethauone; 

1 -(4-(6-(3-ami nop iperidin-l-yOpyridin-3-ylarnino)-6-(3-
chloro-5 -fluoro-4-hydroxy-pheny1)-1,5-naphthyrid in.-
3 -ypethanone; 

(S)-1 -(4-(6-(3-aminopiperidi n- 1 -y Opyri din-3-ylainino)-
6-(3,5-dichloro-4-hydroxy-pheny1)-1,5-naphthyri d in-
3 -yl)ethanone; 

(S)- I -(4-(6-(3-andnopiperidin-1 -yl)pyri din-3-y la mino)-
6-(3-chloro-5-fluoro-4-hydroxy-pheny1)-1,5-naphthy-
ri din-3 -yl)ethanone; 

(S)-{4[643-aminopiperidin-1-yppyridin-3 -yl amino] -6-
(3-chloro-5-fluoro-4-hydroxy-pheny1)-1,5-naplithyri-
d in-3-y1) (cyclopropyl) media none; 

(R)-1-{4-[6-(3-aminopiperidin-l-yOpyridin-3-ylandno]- 
6-(3.5-dichloro-4-hydroxy-pheny1)-1,5-naplithyridin-
3-y Iletlianone; 

(R)-1 -{4-[6-(3-ami nop iperidin- 1 -yepyridin-3-y1 aniitio]-
6-(3-clilore-5-fltioro-4-hydroxyphenyl)-1,5-naphthyri-
din-3-y1) ethano ne; 

(R)-(4-1[6-(3-aminopiperi din-1-yOpyridin-3-yl]rani no} - 
6-(3,5-dichloro-4-hydroxypheny1)-1 ,5-naphthyrid in-3-
yl)(cycl opropyl)methanon e; 

(R)-(44[6-(34-uninopiperidin-111)pyridin-3-yl]aminol-
6-(3-chloro-5-11uoro-4-hydroxyphenyl)-1,5-naphtlyri-
din-3-y1)(cyclopropyl) metlianone; 

- 261 - 

ip-temp
Rectangle



1 -16 -(3,5-dichl o ro-4-hydroxypheny1)-4-{ Itrans-4-(di tn-
ethy I amino)cyclohexyllamino1-1,5-naphthyri din-3-
y1)-2-hydroxyet hanone dihydrochloride; 

116-(3-chloro-5-fluoro-4-hydroxypheuy1)-44{ trans-4- 
[(dimethylamino)nethyl]cyclohexy11 	amino)-1,5- 
naphthyridin-3-y1)1-2-hydroxyethanone 	dihydrochlo- 
ride;  

1-16-(3-chloro-5-fluoro-4-hydroxypheny1)-4-(Inans-4- 
Rditnethylamino)rnethylIcycl °beryl} 	amino)-1.5- 
naphthyridin-3-y1)1propan-1 -one dihydrochloride; 

1 -16-(3,5-dichloro-4-hydroxypheny1)-4-(1trans-4-Rdim-
ethy I arninohnethyll cyclohexy0 am ino)-1,5-naphthyri-
din-3-y1)1propan- 1-one dihydrochloride, 

(S)- 1 -(4-{ [6-(3-aminop iperidin- 1 -yl)pyridin-3-yl] 
amino1-6-(3,5-dichl oro-4-hydroxypheny1)- 1,5-naph-
thyrid in-3-yl)propan-1 -one trihydrochloride; 

(S)- 1 -(4 	46-(3-aminopiperidin-1-yl)pyridin-3-y11 
amino} -6-(3-chloro-5-filloro-4-hydroxypheny1)- 1,5-
naphthyridin-3-y1 )propan- 1-one trihydrochloride; 

11643,5-dichl oro-4-hydroxypheny1)-4-(144(R)-3-thio-
ropyrrol idin-1 yl)methyl]cyclohexyllamino)-1,5-naph-
thyridi n-3 -yliethanone dihydrochloride; 

(S)-(44(6-(3-aminopiperidind -yOpyridin-3-yl)atnino)-6-
(3-chloro-5-fluoro-4-hydroxypheny1)-1,5-naphthyri-
din-3-y1)(cyclobutyl)methanone dihydrochloride; 

(6-(3,5-dichloro-4-hydroxypheny1)-4-((4-[(dirnethy- 
lamino)methyl {cyclohexyl)amino)-1,5-naphthyri din-
3-y1)(cyclobutyl )methanone dihydrochloride; 

(6-(3 -ehloro-5-fluon)-4-1wdroxypheny1)-444-((diruethy-
lamino)methylnclohexyl)arnino)-1,5-naphthyridin-3-
y1)(cyclobutypmethanone dihydrochloride; 

(S)-(4-1[6-(3-aminopipericlin-1 -yl)pyridin-3-yl] amino - 
6-(3-chloro-5-11uoro-4-hydroxypheny1)-1,5-naphthyri-
din-3-y1)(eyelobutyernethanone; 

(R)- 1-(4-((6-(3-aminopi peridin- 1 -yl)pyridin-3-y1) 
amino)-6-(3,5-dichloro--4-hydroxypheny1)-1.5-naph-
thyridin-3-yl)propan-1-one trihydrochloride; 

(R)- 1-(4-116-(3-annnopiperidin- 1 -yl)pyridi 11-3111 
amino} -643,5 -dichl oro-4-hydroxypheny1)- 1,5-uaph-
thyridin-3-v1)-2-methyl propan-1 -one trihydrochloride; 
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146-(3,5-dichloro-5-4-hydroxypheny1)-4-([trans-4- 
[(dimethylainino)methyl]cyclohexyl[ 	amino)-1,5- 
naphthyridin-3-y1]-2-methylpropan-1-one 	dihydro- 
chloride; 

1-[6-chloro-4-({trans-4-[(dimethylamino methyl] 
cyclohexyl } amino)-1,5-naphthyridin-3 -y1]-2-methyl- 
propan-1 -one dihydrochloride; 

and pharmaceutically acceptable salts thereof 

13. A pharmaceutical composition comprising as an active 
ingredient a compound or a pharmaceutically acceptable salt 
thereof according to claim 1. 

144 A process ibr preparing a compound of formula (I): 

(i) 
Q:, 

Xi 

R5 	N X2  
I  

RI I 

I 

R47-.NC7-%N7  .N7 	R2  

R3  

or a pharmaceutically acceptable salt thereof as defined in 
claim 1, wherein R5  is phenyl optionally substituted with 
one or more substituents independently selected from 
A3; and  Q1, X', X2, R'', R2

, 
 R3, 

I(
n4, and A3  are the 

groups as defined in any one of claim 1 to 10; which 
comprises: 

reacting a compound represented by formula (II): 
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x" 	N 
N. RH 

R2  

wherein Q', X', X2. R", R2, R3, and R4  are the groups as 
defined above, with the proviso that the groups may have 

one or more protecting groups, and X11  is a halogen 
atom; with a compound represented by formula (I11): 

(ED 
OR5' 

R.-)-B 
„ \

R- O 

wherein R' is as defined above with the proviso that the 
group of R5  may have one or more protecting groups; 
and R5' and R52  are independently selected from the 
group consisting of C I  -C6  alkyl, or R51  and R52  together 
with the boron atom to which they are attached forms 5- 
to 7-membered cyclic boronic acid ester optionally sub- 
stituted with one or more substituents independently 
selected from the group consisting of CI  -c alkyl. 

15. A compound represented by formula (ii) or a pharma- 
ceutically acceptable salt thereof: 
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Xii  
"..\ R" 

N 

R3  

wherein Q1, X'. X2, R", R2, R3, and R4  are the groups as 
defined in claim 1 with the proviso that the groups may 
have one or more protecting groups, and X" is a halogen 
atom. 
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