WO 2009/156284PCT/EP2009/057320 NOVEL SUBSTITUTED PYRIDIN-2-ONES AND
IWRIDAZIN-3-ONES The present invention relates to the use of novel derivatives which inhibit

Bruton's ngs%ﬂ%g/ﬁ’ﬁﬁ%‘e (Btk) and are useful for the treatment of auto-imﬁ\%ﬂgpﬁﬁgjg{%?@rwmatory

diseases caused by aberrant B-cell activation. The povel 5-phenyl-1H-pyridin-2-one and
6-phenyl-2H-pyridazin3-one derivatives described herein are useful for the treatment of arthritis. 5 Btk
is a member of the Tec family of tyrosine kinases, and has been shown to be a critical regulator of
early B-cell development and mature B-cell activation and survival (Khan et at Immunity 1995 3:283;
Ellmeier et al. J. Exp. Med. 2000 192:1611). Mutation of Btk in humans leads to the condition X-linked
agammaglobutinemia (XLA) (reviewed in Rosen et at New Eng. J. Med. 1995 333:431 and Lindvall et

at Immunot Revagdp P Q3 AP FOGSPPISHE IS IO RR UM IAHPISEARRGeY impaired

maturation of B-cells, decreased immunoglobulin and peripheral B-cell levels, diminished T-cell
independent immune responses as well as attenuated calcium mobilization following BCR stimulation.

Evidencg,fos,adale for B inamaimmung apiplameainiy diseasemnas alsabeenprayided by

Btk-deficient mouse models. In preclinical murine models of systemic lupus erythematosus 15 (SLE),

Btk-defibicaseiiBe srodharsanedal don dlie iatrimat gk esiscippane s8ié mildraaginsh dBtes ettt mice
are resigland0.colagen-ipduassafiitR,(dassspnartiolmaant G -FXR-dRaHngk 4 993.94:459). A

selective Btk inhibitor has been demonstrated dose-dependent efficacy in a mouse arthritis model
(Panel topReélsiiwieETissTibudrrhgsysak Rrahoiwenesied BYPEbis other than B-cells that may

be involved in disease processes. For 20 example, Btk is expressed by mast cells and Btk-deficient

Biol. Chom. 3008 80,4061, Thie ahows bis boud b6 dopt o reat pathdod L past odls

Biol. (‘hem. 5 :40261). This shows Btk could he useful to treat pathologi ast cells

respond&&LHs earﬁ@rﬁgﬁaﬁdir%\éﬁm%&8%&%&%@%&&%5&&5&&%’ (e ffcnvity is

absent,ﬁhﬁwmﬁm@sw) ; s?BIEJEmM@ @{@ﬁupm@.f@ﬁ?wﬁm@tl@mlmim.@%bewmd)detfat@Emd\ﬂ@lcli
197:1603, 25 2003). Therefore. TNF alpha medjated inflagmmmation could he modulate sma
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Immungl. WO R8B91256R284ME TAERZ09/0b Ia20indi Rev. 2030203849). andsthpisiBik imkibitors would

be usefiil for the treatment of certain B-cell | homas and leukemias (Felghahn et al, J, Exp. Med.
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calcg.l\Q mobilization following BCR stimulation.
Evidence for a role for Btk in autoimmune and inflammatory diseases has also been provided by
Btk-deficient mouse models. In preclinical murine models of systemic lupus erythematosus

15 (SLE), Btk-deficient mice show marked amelioration of disease progression. In addition, Btk-
deficient mice are resistant to collagen-induced arthritis (Jansson and Holmdahl Clin. Exp.
Tmmunol. 1993 94:459). A selective Btk inhibitor has been demonstrated dose-dependent
efficacy in a mouse arthritis model (Pan ez al., Chem. Med Chem. 2007 2:58-61).

Btk is also expressed by cells other than B-cells that may be mvolved mn disease processes. For
20 example, Btk is expressed by mast cells and Btk-deficient bone marrow derived mast cells
demonstrate impaired antigen induced degranulation (Iwaki ez al. J. Biol. Chem. 2005
280:40261). This shows Btk could be useful to treat pathological mast cells responses such as
allergy and asthma. Also monocytes from XLA patients, in which Btk activity is absent, show
decreased TNF alpha production following stimulation (Horwood et al. ] Exp Med 197:1603,
25 2003). Therefore TNF alpha mediated inflammation could be modulated by small molecular Btk

inhibitors. Also, Btk has been reported to play a role in apoptosis (Islam and Smith /mmunol.



wherein: is H, -RI, -R1-R2-R3, -R1-R3, or -R2-R3; wherein Rl is aryl, heteroaryl, cycloalkyl, or
heterocyclgadkylyad-ig optionally substituted with 10Rr; wherein Rr is lowgraliodsJaydrxy, lower
hydroxyalicyl, lower alkoxy, halogen, nitro, amino, cycloalkyl, heterocycloallcyl, cyano, or lower
haloalkyl; R2 is -0(--0), -C(-0)0, -C(=0)N(RZ2"), -(CH2)q, or -S(-0)2; wherein R2"is H or lower alkyl; and
gis 1,2, or3; R3is H or le; wherein R4 is lower alkyl, lower alkoxy, lower heteroalkyl, aryl, arylakyl,
neterocyqoaliyt alky| hetaratytosliyl or hetorocycloplin It A 5 opvorclly substivted with
eterocycloallcyl, a eterocycloalkyl, or heteracycloallcyl a and is optionally substituted wit
one or rﬁ@@%%gr VISR %G ‘ﬂ?@(}}? ét‘z?]yd%%?ﬂ;mgigﬁ{é%?}\alogen, nitro, amino, cyano,
lower alk34sulfonyl, or lower haloalkyk WO 2009/156284PCT/EP2009/057320 -3- Xis CH or N; Q is
N; Y1 is Fhoplawedabipdure provi@daciZesanyzb; Wherein Yris thokhalegepHaneidé2h-is lower alkyl,
optionall¥1 sHbstitE(ted Swith one or more Y2b'; and Y2 "ig hydérc%é, Io\;@/eigm, O%Qalogen; each Y2'
is indep(()enede'%l%l‘ﬁ/a V5% ’érR?FB%ﬁfe?SiﬂF\?En Slg%cgfoé%%;oaﬁ%flg SR : %rti ally substituted
with one or more Y2w; wherein Yrb' is hydroxy, lower alkoxy, or halogen; is 0, 1, ?, or 3; is H, halogen,

or lower alkyl, wh erein lower alkyl is optional%subituteq with one or 10more substituents selected
from the grpth.co "\T':.Lle of hydroxy, lower, alkaxy-"aminG, and
|

Y2
H S
N
5 Yo AgEN Y
_ Yal Y y
(IIH (IV)
wherein: | |
R isH,-R', -R'-R*R’* -R'-R% or -R*-R’; wherein
R'  isaryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally substituted with
10 R'; wherein R is lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, halogen,
nitro, amino, cycloalkyl, heterocycloalkyl, cyano, or lower haloalkyl;
R* i ~C(=0), ~C(=0)0, ~C(=0NR"), /(CHy),, or ~S(=0),; wherein R is H or lower
alkvt; and q 1s 1, 2, or 3;
R®  is Hor RY; wherein R® is lower alkyl, lower alkoxy, lower heteroalkyl, aryl, arylalicyl,
15 alkylaryl, heteroaryl, alkyl heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl cycloalkyl,

cycloalkyl alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or heterocycloalkyl alkcyl,
and is optionally substituted with one or more lower alkyl, hydroxy, oxo, lower
hydroxyalkyl, lower alkoxy, halogen, nitro, amino, cyane, lower alkylsulfonyl, or

lower haloalkyl;



halogen; is 0 or 1; y4 is y4d, y4b, y4c, or Y -4d; wherein y4a is H or halogen; 15y4b is lower alkyl,
optionally syl Q?%Hﬁ. @3@5}1 one or more substituents selected from the gro conS|st|n of lower
haloalkyl, halogen, hydroxy, amino, and lower alkoxy; y4c is lower cycloallﬁf 6%?&98% ) Sébstituted
with one or more substituents selected from the grogip consisting of lower alkyl, lower haloalkyl,
halogen; hydroxy, amino, and lower alkoxy; and 20y4d is amino, optionally substituted with one or
more lower alyiropaypharmaceutically acceptable salt thereof. More specifically, the present
disclosure provides compounds according to Fonula I, 11, Il or WO 2009/156284PCT/EP2009/057320
-4- wheféin: § N; -RI, -RI-R2-R3, -RI-123, or -R2--R3; wherein Rlis aryl, heteroaryl, cycloalkyl, or
heterocygloaligyl; gpgis.pRfiQRally substituted with RI'; wherein Rr is lower alkyl, hydroxy, lower
hydroxyalkyl, tower alkgxy, halogen, nitro, amino, cycloalkyl, heterocycloalkyl, cyano, or lower
haloalkyl is -8(Z0)or S R0y af=BINER YT idhvRyy 20 -S(=0) iywehetein, REistkliorsldwenaiyl; and g

is 1I %k (l)r 3; 10R3Js:HoLR4 yaheggmgﬁ |§}J@ng§§ alkyLJower }%Ilg%ilower heteroalkyl, aryl,
arylalkyt,
each Y*' is independently Y** or Y**; wherein Y** is halogen; end Y2? is lower alkyl, optionally

substituted with one or more Y2 wherein Y*? is hydroxy, lower alkoxy, or halogen;
n  i80,1,2,0r3
Y®  is H, halogen, or lower atkyl, wherein lower alky! is optionally substituted with one or
10 more substituents sclected from the group consisting of hydroxy, lower alkoxy, amino, and
halogen;
m is0orl;
Y* s Y™ Y™ Y™ or Y. wherein
Y% isH or halogen;
15 Y*® is lower alkyl, optionally substituted with one or more substituents selected from the
group consisting of Jower haloalkyl, halogen, hydroxy, amino, and lower alkoxy,
Y* is lower cycloalkyl, optionally substituted with one or more substituents selected
from the group consisting of lower alkyl, lower haloalkyl, halogen, hydroxy, amino,
and lower alkoxy; and |
20 Y% is amino, optionally substituted with one or more lower alkyl;

or a pharmaceutically acceptable salt thereof

More specifically, the present disclosure provides compounds according to Formula I, IL, XTI or

Iv:



alkylaryl, heteroaryl, alkyl heteroaryt, heteroaryl alkyl, cycloallcyl, alkyl cycloalkyl, cycloalkyl alkyl,
hetcrocycloalkgl alkyl heterocycloalkyl or heterocycloalkyl alkyl, and is opt é)nal 9%3/%517}2 uted with one
or more loWk oxy, oxo, lower hydroxyalLicyl, lower alkoxy, halog itro, amlno cyano,
lower aIIcyIsquonyI or 15lower haloalkyk is CH or N is H or lower alkyl; is y2a or y2b; wherein
YZ2a is H or halogen; and Y2b is lower alkyl, optionally substituted with one or more Y2b.; and Y2bl is
hydroxy, lower allcoxy, or halogen; -5-- each Y2'isgndependently Y2'a or Y2'b; wherein Y2'a is
halogen; anq_inb i Iower alkyl optlonally subﬁltut 0 W|Lp1one or more Yrif; wherein Y2'b' is hydroxy,
Iower allc : har@gen or lower alkyl, wherein lower alkyl is
s setected from the group consisting of hydroxy,
4a, y4Db, y4c, or -.- .4d; Y wherein y4a is H or
' e Qr more substltuents selected from the
mln, cyano and lower alkoxy; y4c is lower
‘ ected from the group consisting of

n, hydroxy, ami oY:aI'rm xy; and y4d is amino, optionally
>EI or a pharma Ot c@lly accep ab(le)salt thereof. 5a

group conig;s
cycloalkyl, optionally'substituted Wlth one or more
lower alkyl, lower aI

substituted with on¥’dm

Y [ ;
Y lm
(1) Y (Iv)
wherein:
R isH,-R',-R'-R*-R’, -R'-R’, or -R*-R’; wherein
5 R isaryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally substituted with

RY; wherein R" is lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, halogen,
nitro, amino, cycloalkyl, heterocycloalkyl, cyano, or lower haloalkyl;

R?  is-C(=0), -C(=0)0, ~C(=0)N(R*), ~(CH2)q, or ~S(=0),; wherein R* is H or lower
alkyl;and qis 1, 2,01 3;

10 R® is Hor R, wherein R® is lower alkyl, lower alkoxy, Jower heteroalkyl, aryl, arylalkyl,
alkylaryl, heteroaryl, alkyl heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl cycloalkyl,
cycloalkyl alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or heferocycloalkyl alkyl,
and is optionally substituted with one or more lower alkyl, hydroxy, oxo, lower
hydroxyalkyl, lower alkoxy, halogen, nitro, amino, cyano, lower alkylsulfonyl, or

15 lower haloalkyl;

X 1sCHorN;
Y!  is Hor lower alkyl;
Y? s Y* or Y**; wherein Y** is H or halogen; and Y is lower alkyl, optionally substituted

with one or more Y*"'; and Y**' is hydroxy, lower alkoxy, or halogen;



In a first aspect, there is provided a compound according to Formula lll or IV:  wherein: is H, -121,
-Ri-R2-R2, -W-R2, or -R2-1C.2; wherein R.'is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is
optionally substituted with RI'; wherein RP is lowegr alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy,
halogen, nitro, amino, cycloalkyl, heterocycloalkyl, cyano, or lower haloalicyl; R2is -C(=0), -C(=0)0,

-CEONEREY, D enQE RO 2oprerein, B2 isyH oflowyer alkyleptbqdsler 931, BRinddinr R4,
wherein R4 is lower alkyl, lower alkoxyj,gpwer hetero&l,kyl, aryl, arylalkyl, alkylaryl, heteroaryl, alkyl
heteroaryl, subssitotayveticpneyeioarmRyy, alkyheyeinakyl, Byrioutyl SR Mkesrpoyhsdtiepn:alkyl
heter%cy(:l(?ﬂj(yi, gr hieterocycloalkyl alkyl, and is optionally substituted with one or more lower alkyl,

hydrox%, oxo, lower hydroxyalkyl, lower allcoxy, halogen, nitro, amino, cyano, lower alkylsulfonyl, or
lower Kaloaskl; halo o or Nwatiklisviesrolwercardiy e tatepal b sebfitiedremby 4 % H or halogen;

and ¥2b is et apUsoRlycaunsiad it ane ot NERSINA Y ahhisRydiniiyolamer alkoxy,

or halogen; each Y2'is independently Y2'a or Yrb; wherein Y2'a is halogen; and Y2'11 is lower alkyl,
optionally dulegitnted with one or more Y2'b'; wherein Y2'11' is hydroxy, lower alkoxy, or halogen; nis

0,1, 2m0r 3!% Qorl;
Y4 is Y, Y™ Y* or Y wherein

Y* is H or halogen;

Y*® s lower alkyl, optionally substituted with one or more substituents selected from the
group consisting of lower haloalkyl, halogen, hydroxy, amino, cyano and lower alk-
0xy,

Y* is lower cycloalkyl, optionally substituted with one or more substituents selected
from the group consisting of lower alkyl, lower haloalkyl, halogen, hydroxy, amino,
and lower alkoxy; and

Y4 is amino, optionally substituted with one or more lower alkyl;

or a pharmaceutically acceptable salt thereof.



Y3 is H, halogen, or lower alkyl, wherein lower alkyl is optionally substituted with one or more
substituents selected from the group consisting of hyctroxy, lower alkoxy, amino, and halogen; mis O
or 1; y4 is y4a; y4b; y4c; y4d; wherein or y4a is $}0r halogen; y4b is lower alkyl, optionally substituted
with one or more substituents selected from the group consisting of lower haloalkyl, halogen, hydroxy,
amino, cyano, and lower allcoxy; y4c is lower cycloallcyl, optionally substituted with one or more
substituents selected from the a-roup consisting of lower alkyl, lower haloalkyl, halogen, hydroxy,
amino, and lower alkoxy; and y4 d is amino, optionally substituted with one or more lower alkyl; or
a pharmaceutically acceptable salt thereof. In a first embodiment, the disclosure provides a compound
of formulallt HITH BFrRetvikEretPPTidadhetRron GrsoTensvdvaraitlpid Bresent disclosure provides
a compound of formula I, 11, 11l or IV wherein X is CH. In another embodiment, the present disclosure
provides a compou of foonula I, 11, 11l or IV wherein m is 0. In another embodhe present disclosure
provides a comypound. of formula I, 11, 11l or IV wherein g is O. WO 2009/156284PCT/EP2009/057320
-6- In an embodi , %e present disclosure pro‘&ide a copnpound of formula I, II, 1l or W'Y5

Alkyl; or a group of foiinGila (a] *wHErein Y5 is H, halogen, lower 011

Y X
[Yz' O Y2
! l b [Yz n Oxg:0
3 3
[Y m [Y m v
(1) vy

wherein:
R isH,-R',-R'-R%-R’ ~R'-R% or -R*-R”; wherein

R’  isarvl, heteroaryl, cycloatkyl, or heterocycloalkyl, and is optionally substituted with
R': wherein R" is lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, halogen,
nitro, amino, cycloalkyl, heterocycloalkyl, cyano, or lower haloalkyl;

RY  is —C(=0), ~C(=0)0, ~C{=ON(RY), ~(CHa)q, of =S(=0)y; wherein R” is H or lower
alkyl; and gis 1,2, or 3;

R® isHorRY v&;emin R* is lower alky!, lower alkoxy, lower heteroalkyl, aryl, arylalkyl,
alkylaryl, heteroaryl, alkyl heteroaryl, heteroary! atkyl, cycloalkyl, atkyl cycloalicyl,
cycloalkyl atkyl, heterocycloalkyl, alkyi heterocycloalkyl, or heterocycloalkyl alicyl,
and is optionally substituted with one or more lower alkyl, hydroxy, oxo, lower
hydroxyalkyl, lower atkoxy, halogen, nitro, amino, cyano, lower alkytsulfonyl, or
lower haloalkyl;

¥  isCHorN;



6 alkyl, or lower haloalkyl; or a group of formula (b)ywherein Y5 and Y5 are Ys N." 6 independently H,
lower alkyl, or lower haloalkyl; or a group of folinula (c)wherein 5 Y5 and Y6 are independently H or
lower alkyl; or a group of fo,',luta (d) and Y6 are independently H, lower alkyl, or lower haloalkyl.
wherein Y5 In another embodiment, the presentgdisclosure provides a compound of formula I, II, Il or
IV wherein R is -R-R2-124; wherein R' is phenyl or pyridyl; R2 is -C(=0); R3 is R4; and R4 is

morpholipe or. pj %Ea%i\gg tlllonally substituted with one or more lower alkyl. 10In another

embodimqnt, the reseh’f ISt osure provides a compound of formula I, 11, 1l or IV wherein R is -R2-R4

wherein R2 iStCEOINIITY anbleR3i¥ o ised atikiyhidacanatier Ebdimenthepiesant diselasude provides

a compound of Formula 1. In apether.empodiment, the present disclosure provides a compound of
A SRR, 16 dnotdb i BouRER I

Formula 1, wherein Y is"methyl. 1817 dnothe EPréSefittstiosure provides a
compounebbfFoiiminidehandentinyX isCH. trndrather Efribadiogent, she Preseniwisclosureppravides a
compound o CRTMBL SIS TR 845015 0. o Soplr GBS, e ep et dscosur
2009/156284ROTIER28(9/057320 -7-
Y*  isH, halo gen, ot lower alkyl, wherein lower alkyl is optionally substituted with one or
more substituents selected from the group consisting of hydroxy, lower alkoxy, amino, and
halogen, |
m wslorl;
Yo Y™ Y™ Y, or Y wherein
Y* isHor halogen;
Y* s lower alkyl, optionalty substituted with one or more substituents selected from the
group consisting of lower haloalkyl, halogen, hydroxy, amino, cyano, and lower alk-
OxYy,
Y is lower cycloalkyl, optionally substituted with one or more substituents selected
from the group consisting of lower alkyl, lower haloalkyl, halogen, hydroxy, amino,
and lower alkoxy; and
Y* is amino, optionally substituted with one or more lower alkyl;

or a pharmaceutically acceptable salt thereof.

In a first embodiment, the disclosure provides a compound of formula I, If, TII or IV wherein Y

is methyl.

In another embodiment, the present disclosure provides a compound of formuia I, I, 1T or IV
wherein X is CH.

In another embodiment, the present disclosure provides a compound of formula I, IT, I or IV

wheremn m 1s 0.

In another embodiment, the present disclosure provides a compound of formula 1, 11, T or IV

whereinn 1s 0.

In another embodiment, the present disclosure provides a compound of formula I, II, 1IT or IV

wherein Y* is methyl or hydroxymethyl.



In another embodiment, the present disclosure provides a compound of Foilula I, wherein Y2 is

hydroxyme‘gy#ﬂg&,’%, 4thyl, m is 0 and n is 0. In another embodiment, thepgrl(?ﬁ?%tﬂgg}aq?%ure provides -
yl; m’is And

a compound of Formula I, wherein X is CH, Y2 is hydroxymethyl, Y1 is met nis 0.5 The
disclosure provides a compound of Formula |, wheggin Y4 is a group of o ula (a) Ys ...", wherein Y5 is
H, halogen, lower alkyl, or lower haloallcyl. The disclosure provides a compound of Formula 1, wherein

YA4is a gronpaldaadh) Q- XGIheTsln-Y 5 aneY ek inderersienty H lawermeikyl, or lower

haloalkyl. The disclosure provides a compound of Formula I, wherein Y4 is a group of formula (c) Y5
*.N ,6 10l wherein Y and Y6 are independently H or lower alkyl. The disclosure provides a compound
Wh%ﬂ

of Formulka |, wharein Y4 is.a group of form agégg Y5.1" Y‘ﬁ%“a‘r‘ld g@ are i (ﬁ endently H, lower
alleyl, or o%%l? haIga%%‘ﬁ?rﬁ%%igéloﬁ%pp?gﬁ 1% {:%?mpoun f EOfma I,l\‘c}vﬁegg %%% -R2-R3;
wherein R' is phenyl or pyridyl; R2 is -C(=0); R3 is R.4; and Bﬁ is morpholine or piperazine, optionally
sub- 15 stituted with one or more lower alkyl. In one emgo_(g‘uent of Foimnula |, XisN.nisOand ms

&

0. ¥

atkyl, or lower haloalkyl; or a group of formula (b) Y wherein Y° and Y° are

5

Y
wm=N

' 6
independently H, lower alkyl, or lower haloalkyl; or a group of formula (¢) ¥ wherein

5 Y° and Y® are independently H or lower alkyl; or a group of formula (d) wherein Y*

and Y® are independently H, lower alkyl, or lower haioalkyl.

In another embodiment, the present disclosure provides a compound of formula I, II, Iil or IV
wherein R is -R'-R™-R?; wherein R’ is phenyl or pyridyl; R* is ~C(=0); R? is R*; and R* is

morpholine or piperazine, optionally substituted with one or more lower alkyl.

10 In another embodiment, the present disclosure provides a compound of formula I, TI, TII or IV

wherein R is ~-R*-R® wherein R” is C(=0)NH and R’ is lower alkyl.

In another embodiment, the present disclosure provides a compound of Formula 1.

In another embodiment, the present disclosure provides a compound of Formula I, whereip Y is

methyl.

15 Tn another embodiment, the present disclosure provides a compound of Formula L, wherein X is

CH.

In another embodiment, the present disclosure provides a compound of Formula ¥, wherein m is 0

and n is 0.

i . . R 2.
In another embodiment, the present disclosure provides a compound of Formula I, wherein Y s

20 hydroxymethyi.



In one embodiment of Formula |, Y1 is methyl, X is N, nis 0 and m is 0. In one embodiment of Formula
[, Y1 is methytodoisbeshn is 0, and mis 0. In one embodiment of Foin ula lpdiiemetbytand Y2 is
hydroxymethyl. WO 2009/156284PCT/EP2009/057320 -8- in one embodiment of Formula I, Y' is
methyl, Y2 is hydroxymethyl, Xis N, n is 0 and m #§-0. In one embodiment of Formula |, Yi is methyl, X
is N, nis 0, and mis 0. In one embodiment of Formula!, 111 is methyl, Y2 is hydroxymethyl, X is N, n

is 0 andp,idfed B:-LRR:GAPOAMPALAT EQimuwa k(R mefyba dnong.embodiment gkkormula |, Y2
is hydroxyd?-thyl. In ong .embodiment of Foimula I, Y2 is halogen. In one embodiment of Formula I, Xis

CH, n iSOUSRIHIIE O I SHEPSHBOYHABAE 8 Eormula I, Y1 is methyl, X is CH, nis 0, and m is 0. In

one embodiment of Formula I, Y1 is methyl, Y2 is hydroxymethyl, X is CH, n is 0 and m is 0. 10 In one
embodienetbéForhedimtnty thispreyEsvRSg RS HE ISEmONNTS BRTEHAE H2RBhe dmbodiment of

Formulaiy ¥ is Methmé@is hydraxyethyl iXuisdeid 9vis 0 and m is 0. In one embodiment of Formula
[, Y1 is methyl, Y2 is halogen, X is CH, nis 0 and mis 0. In one embodiment of Formula!, Y' is methyl,

Y2 is hydroxymethyl, X is CH, nis 0, mis O, and Y4 is a grqup of formula (a) wherein Y5 is H, halogen,
lower allk, dbiclewes maviisg comprnsy Tarritioh SheempoltAeBb aMRREE Bbrmula I, R is
-122-R2-R3'Ywherein Rl is phenyl or pyridyl; R2 is -C(=0); R3 is R4; and R4 is morpholine or
piperazine, gptonally substituted with one or more lower alkyl. In one embodiment of Formula I, Y4 is
lower afkyt: ehereimbodinkE ntbfdEormulen 2% ¥ lisomiettvgl; Mdoilihyidroxymethyl, X is CH, n is 0, m is
0, 20 and Y4 is lower alkyl. In one variation of the above embodiment of Fotinula 1, R is -R1-R2-R3;
wherein Rl is phenyl or pyridyl; R2 is -C(=0); R3 is R4; and R4 is morpholine or piperazirte, optionally
substitutdd disthoore wrTisse loweraikydf MrO2009Y156284PET FERP00S/08732D -9- In another
variation of thgyabove embodiment of Formula I, R is -R2-R3; wherein R2 is -C(=0)NH; R3 is H or R4,

and R4 is Ioéer alkyl. '
* 5
Y .
6

Y wherein Y* and Y® are independently H, lower alkyl, or lower haloalkyl.

The disclosure provides a compound of Formula I, wherein Y* is a group of formula (c)

i0 Y wherein Y° and Y® are independently H or lower alkyl.

The disclosure provides a compound of Formula I, wherein Y* is a group of formula (d)
N

y

Y wherein Y® and Y® are independently H, lower alkyl, or lower haloalky!.

The disclosure provides a compound of Formula I, wherein R is -R'-R*-R’; whereim R is
phenyl or pyridyl; R* is —C(=0); R* is R"; and R is morphotine or piperazine, optionally sub-

15 stituted with one or more lower alkyl.
In one embodiment of Formula I, X is N, n 18 0 and m is 0.
In one embodiment of Formula I, Y' is methyl, X is N, nis 0 and mis 0.
Tn one embodiment of Formula ¥, Y* is methyl, X is N, nis 0, and m is 0.

In one embodiment of Formula I, Y is methyl and Y? is hydroxymethyl.



In one embodiment of Formula I, Y1 is methyl, Y2 is hydroxymethyl, Xis CH, nis 0, mis O, and Y4 is a

group of formul}éb) wherein Y5 and Y6 are independently H, lower alkyl, J‘ig r cyl. In one
variation ol'tHe 886v&&bodiment of Formula I, Ris -111-R2-R3; Whereir?é %%%%zg?ggpyridyl; R2

is -C(-0); 12.3 is R4; and R4 is morpholine or pipergzine, optionally substituted with one or more lower
alkyl.  In one embodiment of Foiniula I, Y is methyl, Y2 is hydroxymethyl, X is CH, nis 0, mis 0, and

10 Y4 is A QoURRLIMNE (QMDEr iR Y R ARdhy P gred B%Rﬁ%?éiﬂgﬂ'b@{s lek kvl @ig variation
of the above embodiment of Formulal, R is -R2--R ; wherein R2 is -C(0)NH; R3 is H or RI; and R4 is

lower alkyl. In another variation of the above embodiment of Formula I, R is -R'-R2-R3; wherein ft5 is
phenyl 8 poriapbesmeneqEypdad B 5798w s s i3nBiR & sfifeiadine, optionally 15 substituted
with one or more lower alkyl. In one embodiment of Formula!, Y1 is methyl, Y2 is hydroxymethyl, Xis
CH, n igi0om sbedidcXeogi@umolddrititiia (etinieveins Y daoxy6tars, iNdepemdethnti mrisdwer alky!.
In one variation of the above embodiment of Foula I, R is -R1-R2-R3; wherein RI is phenyl or

pyridyl; %ﬁ%'e gbﬁ%{soﬁﬁéﬁg\%ﬁé@?%gﬁgﬂne or piperazine, optionally substituted with 20 one

or more lower alkyl. In one em meént of Formula!, Y1 is methyl, Y2 is hydroxymethyl, X is N, nis 0,
mis 0, and Y4 is a group of formulgoﬁc wherein Y5 and Y6 are independently H or lower alkyl. In one
variatiofoTh e grhpbERHEREGK ForhiisorR sk 1--R2--R3; wherein RI is phenyl or pyridyl; R2
is -C(=0); R3 is R4; and R4 is morpholine or piperazine, optionally substituted with 25 one or more

lower aligybri @ris> e adinestot Edrmala ha¥okda methyl, Y2 is hydroxymethyl, X is N, nis 0, mis O,
and Y4 is a group of formula (c) wherein Y5 and Y6 are independently H or lower alkyl. WO

2009/156284PCT/EP2009/057320 -10+,1n variation,of the,above embodiment of Formula I, R is
-RI-RZ%@?%ﬁg}gﬁ%ﬁngB ‘eﬁ§/ Saap%m 3}?@; %mca(:%‘)doﬁlﬁsl?lm and R4 is morpholine or piperazine,
optionally substituted with one or more lower alkyl. In one embodiment of Formula I, Yl is methyl, Y2
is hydrdsaenetipbodimatpifiromia ks B, #nashyk % & GRub blicinsim i - wherein Y5 and Y6 are
independently H, lower alkyl, or lower halo-alkyl. In another embodiment, the disclosure provides a

compourdaé ERBEMAIIS tizsiasur e, ProvWdesa Cormponaefimasmylastis wierein I aisimeihyl. The

disclosure provides a compound of Folinula 11, wherein X'is CH. 10The disclosure provides a

compound of Formula Il, wherein m is 0.and n jsO.. Ihe disclosuyre provides a compound of Formula H,
theiﬁ%% m%?gWﬁ?éﬁgﬁafﬁg%igc%sh r@%bg%f)i eslsan%%%yp%%{nla é%llzgrlrsn(jllgn ,n\[/?/ﬁtl::-ﬂr?ein Y4is a

group of formula (a) wherein Y5 is H, halogen, lower alkyl, or lower haloalkyl. In one embodiment of
Formulddlpd¢ ismpodiment of Formula I, Y'is methyl, Y?is hydroxyethyl, X is CH, n1s 0 and m 1s 0.

In one embodiment of Formula I, Y' is methyl, Y?is halogen, X is CH, nis 0 and mis 0.

In one embodiment of Formula I, Y' is methyl, Y? is hydroxymethyl, X is CH, nis 0, mis 0,

and Y* is a group of formula (a) wherein Y~ is H, halogen, lower alkyl, or lower haloalkyl.

15 In one variation of the above embodiment of Formula I, R is -R'-R*-R?; wherein R’ is phenyl or
pyridyl; R? is ~C(=0); R* is R*; and R* is morpholine or piperazine, optionally substituted with

one or more lower alkyl.
In one embodiment of Formula 1, Y* is lower alkyl.

Tn one embodiment of Formula 1, Y is methyl, Y? is hydroxymethyl, X is CH, nis0, mis 0,
20 and Y' is lower alkyl.

In one variation of the above embodiment of Formula I, R is -R'-R*-R*; wherein R’ is phenyl ot
pyridyl; R? is ~C(=0); R is R*; and R* is morpholine or piperazine, optionally substituted with

one or more lower alkyl.



15 In one embodiment of Formula Il, X is N, nis 0 and m is O. In one embodiment of Formula Il, Y2 is
hydroxymethyl, X is N, nis 0 and m is 0. In one embodiment of Formula Il, Y| is meth(){éll,]s[)éis N,nisO

and m is 0V 6?‘?3%?%%?3diment of Formula Il, Y2 is hydroxymethyl, Y1 is r%SEF{ﬁF%‘Z‘%% %soandmis

0. In one embodiment of Formula I, Y2 is methyl,. 20 In one embodiment of Formula Il, Y2 is
hydroxyethyl. In one embodiment of Foiiuula I, Y2 is halogen. In one embodiment of Formula H, X is

CH, n i5,0.306, {3 0.40,00e RMBRdieR At ROMIHR YA iE RYroymethvhais RH, nis 0 and m is
0. WO 2009/156284PCT/EP2009/057320 -11- In one embodiment of Formula II, Y is methyl, Xis CH,

nis 0 akc-G{FOUN: dhdsdmooBimast B sdewaralky¥2 is hydroxymethyl, Y1 is methyl, X is CH, n is 0
and m is 0. In one embodiment of Formula Il, Y2 is hydroxymethyl, Y' is methyl, X is CH, nis 0 and m

is 0, anth YshiemusaiR-al fmavaufaivwhereieryisy ihaleaeryiawes akyl orlawenhalealdnd In one
variation of the above embodiment of Formula |l R is -1('-R2-R3; wherein Rl is phenyl or pyridyk R2 is

-C(=0); R PR AG RAMHBISHETHTE o (FiBErazife, BRsHEN) Substifltetalitt Sh&dihore lower
alkyd. InngapatiRey variation of the above embodiment of Formula Il, R is -R2-R3; R2 is -C(0)NH; R3is H
or R4; and R4 is lower alkyl. 10 In yet another variation of the above embodiment of Formula Il, R is

RI; and Rl is pyrazolyl, aptionally substituted with.Ru. | emhodi of. Formuyla.ll, Y2 i

ycony eI EATGR SRR G A G Ao T o T CAATERET v i
H, halogenididywt &lkyl(-ad)pRveisidloatkyR* is incapaodimbediipertoid; omriotally ¥disthydieigmethyl,
Yl is methyl, Xis N,ln is 0 ntlil mis 0, 15 and Y4 is a group of formula (a) wherein Y5 is H, halogen,
lower af%l/%{(gr SWer Wa%%% . In one embodiment of Formula H, Y2 is hydroxymethyl, 14 is methyl,
Xis N, nis 0 and mis 0, and Y4 is a group of formula (a) wherein Y5 is H, halogen, lower alkyl, or
lower hétoakydmbodimcstmfdiimane &f EOmorahy. YW is sweraligthylIX sneBmbedimeri bardrmula

I, Y& s Hr et e Yl e 115 EHnR B0 405, 829,30 g R Jnes alky!.

In one variation of the above embodiment of Formula I, R is -R*-R?; wherein R* is -C(=0)NH;

R’ is H or R*; and R* is lower alkyl.

In another variation of the above embodiment of Formula I, R is ~-R'-R*-R*; wherein R’ is
phenyl or pyridyl; R* is -C(=0); R’ is R”; and R" is morpholine or piperazine, optionally

15 substituted with one or more lower alkyl.

In one embodiment of Formula I, Y is methyl, Y? is hydroxymethyl, X is CH, n is 0, m is 0, and

Y* is a group of formula (c) wherein Y? and Y° are independently H or lower alkyl.

In one variation of the above embodiment of Formula I, R is —-R'-R*-R?; wherein R’ is phenyl or
pyridyl; R? is ~C(=0); R* is R*; and R is morpholine or piperazine, optionally substituted with

20  one or more lower alkyl.

In one embodiment of Formula I, Y is methyl, Y* is hydroxymethyl, X is N, n is 0, m is 0, and

Y" is a group of formula (c) wherein Y° and Y® are independently H or lower alkyl.

In one variation of the above embodiment of Formula I, R is -R'-R*-R’; wherein R is phenyl or
pyridyl; R is ~C(=0); R’ is R"; and R* is morpholine or piperazine, optionally substituted with

25 one or more lower alkyl.

In one embodiment of Formula I, Y' is methyl, Y? is hydroxymethyl, X is N, nis 0, m is 0, and

Y* is a group of formula (c) wherein Y° and Y° are independently H or lower alkyl.



In one variation of the above embodiment of Formula Il R is -R1-R2-1(3; wherein Rl is phenyl or
pyridyl; R as206¢R85283 is R4; and R4 is morpholine or piperazine, opticraiigsrdestitrted with one or
more lower alkyl.  In another variation of the above embodiment of Formula Il, R is -R2-1(3; wherein
R2 25 is -C(-0)NH; R3 is H or R4; and R4 is lowerl&kyl. WO 2009/156284PCT1EP2009/057320 -12-
In yet another variation of the above embodiment of Formula Il, R is RI; and Rl is pyrazolyl, optionally
substitlesheithr Riloinob e ehaedintedint Forfidariyly 3, iB hycRoxgimethywhvids Methphegs @H, n is 0

andmis Q ar 114 islower.alkyl, £ In ope embodiment of Formula ll, Y.2 is hydroxymethyl. Y1 is
ey S o 8 R ¥ e T o s R LTS rou
of formera ¢h)ywiredeimeY Blanid Y6 are independently H, lower alkyl, or lower haloalkyl. In one

embodiment of Formula Il, Y2 is hydroxymethyl, Y1 is methyl, Xis CH, nisOand mis 0, 10 and Y4 is a

group qf farmula.(hy wherein Xa.anq. %ﬂ%@e@ﬂgsaeﬂg%}}g%g&ﬁ@% elowenhajqalkyldn one

variation of the above embodiment of Formula Il, R is - erein Rl is phenyl or pyridyl; R2 is
-C(50)Wdsis Rovared enis nshpiibiieency piserizines dgeperdieubboieitss st ooy she-lower
alkyl. 1 ianother variation of the above embodiment of Foiinula I, R is -R2-Fe; wherein R2 is
-C(=0)NH:; R3 is H or R4; and R4 is lower alkyl. In yet another variation of the above embodiment of

Formula Il, R is RI; and RI is pyrazolyl, optionally substitu&e%gvith RI',. In one embodiment of Formula

11, 1/2 iSthyeh By AvetRgIowmistha QiR PR R d55i8 BPERG R Pkt va is a group of formula (b)

wherein Y5 and Y6 are independently H, lower alkyl, or lower haloalkyl. In one embodiment of Formula

I, Y2 isthydroaymetbydy ks Retivndoisrimis A, andenis/Oisandnyt is a group of formula (b) wherein
Y5 and Y6 are independently H. lower alkyl, or lower haloalkyl. 25 In one embodiment of Formula Il,

Y2 is hydroxymethyl, Y1 is methyl, X i nis Q %P%J?QX%@@}\@ is a group of formula (b) wherein
N e S R B R
2009/156284PCT/EP2009/057320 -13- In one embodiment of Formula li, Y4 is a group of formula (c)

WHéreinT¥s dsdoYseams ite perientid I Soravrkiggficrein m is 0 and s 0
The disclosure provides a compound of Formula XX, wherein Y? is hydroxymethyl.

The disclosure provides a compound of Formula IL, wherein Y* is a group of formula (a) wherein

Y® is H, halogen, lower alkyl, or lower haloalkyl.
In one embodiment of Formula ¥, X 13 N.
15 In one embodiment of Formula IL, X is N, nis 0 and m is 0.
In one embodiment of Formula IL, Y? is hydroxymethyl; X is N, n is 0 and m is 0.
In one embodiment of Formula IL Y’ is methyl, X is N, nis 0 and m is 0.
In one embodiment of Forrula I, Y2 is hydroxymethyl, Y s methyl, X isN, nis 0 and mis 0.
Tn one embodiment of Formula I, Y is methyl.
20 In one embodiment of Formula IT, Y* is hydroxyethyl.
Tn one embodiment of Formula I, Y* is halogen.
In one embodiment of Formula EF, X 1s CH, n 1s 0 and m is 0.

In one embodiment of Formula I, Y* is bydroxymethyl, X is CH, n is 0 and m is 0.



In one embodiment of Formula Il, Y2 is hydroxymethyl, Y is methyl, Xis CH, nis 0 and m is 0, and Y4
is a group of folinulag(é:g wherein Y5 and Y6 are independently H or lower al(l§¥|- 5 In one variation of
the above ¥RBSHHEATbf Formula II, Ris -R1-R2-R3; wherein Rl is phenﬁ or/%f/%%')%?ﬁyps -C(=0); R3
is 124; and R4 is morpholine or piperazine, optionglly substituted with one or more lower alkyl. In
another variation of the above embodiment of Formula I, R is -R2-R3; wherein R2 is -C(O)NH.; R3is H

or R4; and, 124 is lawsralkykAdlyat $nqthaygliationhtheabang gmbgdiment of Formula Il, Ris

RI; and RI'is pyrazolyl, optionally substituted with RI'. In oné embodiment of Formula Il, Y2 is
hydroxymethyl, Y*is methyl, X is CH, nis,0 and mis 0, and Y1 is a %‘;%ug of formula (c) wherein Y5
[

and Y6 BrenmaEpedias At tewed iyl is hAranEaiysdim s MEbith it 9258 AU hethyl,

Y1 is methyl, X is N, nis 0 and mis 0, 15 and Y1 is a group of formula (c) wherein Y5 and Y6 are
independenidy:hinydonet aiksorhinenE enbotinentyafBoymilaitl méthid, By dr Gimeh§ land hissdethyl,

Xis N, nis Qand mis 0O, Y4.is a group of farm wherein Y5.and Y6 are 'naig dently H or
lower aﬁ&ﬂ.qf n GifeXEMBSdi gﬁ?@f@%ﬁﬂ%ﬁl ys&siﬁ Zh éﬁr nbgof'gr@ﬁw%@k’d‘frw%xg%ih éig??ld Y6 are
independently H, lower alkyl, or lower haloalkyl. 20 In one embodiment of Foirauta Il, Y1 is methyl, Xis

CH 5n idi0careckmidsioy afithY dbisva grbediofdorafifartdywhERein Y5-aRi X6 wheindaRcisddsty!H, lower

Ikyl, or lower haloalkyl. dn. jagi j Eormula. e R 8 3R R2-R;
erar R R ety

substitutath with @newe Mo Wwdr alkyl. 25 In another variation of the above embodiment of Formula
II, R is -R2-R3; wherein R2 is -C(=0)NH; R3 is H or 124; and R4 is lower alkyl. WO

2009/156284RETVERRRAYPEE3AR vl 4rifLyehanashenyatiating Rfthe ahove mboginsatokFgiluta I,
RisR1;and R1lis %{Jazolyl, optionally substituted with Rit. In one embodiment of Formula I, 171 is

methyl, 5X 9§ &h?ﬂldi oiaerer iglyland Y4 is a group of formula (d) wherein Y5 and Y6 are

independently H, lower alkyl, or lower haloalkyl. 5 In one embodiment of Formula Il, Y' is methyl, X is
N, 10is Grapsd Badsher andatdns frasabpwefdpbadiante) virseinMIRMIiYR amdRiependeatlytH, lower
alkyl, or Iower%nalo Ikyl. In.one embodiment of Formula 11, 14 is methyl, X is N, nis 0 and m is 0, and
Y4'is a §POGP 'ﬁ’féﬁ%ﬂ}%}‘tﬁ‘j WHB#in Y5 and Y6 are independently H, lower alkyl, or lower haloalkyl. In
another embodiment, the disclosure provides a compound of Formula HI. 10 The disclosure provides a
compoundoé Fotmdimétl, offereinld Alisyhathydaod MeIGH YT he detbidstire (idyidistecmpetnd of

FOImmaarlxl&’ ‘Whlg 'S lg%%'%? fgpnqgfalfas) wherein Y° is H, halogen, lower alkyl, or lower haloalkyl.

In one embodiment of Formula 11, Y2 is hydroxymethyl, Y'is methyl, X is N, nis 0 and mis 0,

15 and Y*is a group of formula () wherein Y?® is H, halogen, lower alkyl, or lower haloalkyl.

In one embodiment of Formula Ii, Y? is hydroxymethyl, Y’ is methyl, X is N, nis 0 and m is 0,

and Y* is a group of formula (a) wherein Y’ is H, halogen, lower alkyl, or lower haloalkyl.
In one embodiment of Formula X1, Y* is lower alkyl,

Tn one embodiment of Formula 11, Y? is hydroxymethyl, ¥' is methyl, X is CH, n is 0 and m is 0,
20 and Y* is lower alkyl.

In one variation of the above embodiment of Formula II R is ~R'-R*-R’; wherein R’ is phenyl
or pyridyl; R? is ~C(=0); R* is R*; and R* is morpholine or piperazine, optionally substituted

with one or more lower alkyl.

In another variation of the above embodiment of Formula H, R is ~R*-R? ; wherein R?

25 is -C(=0)NH; R® is H or R; and R” is lower alkyl,



The disclosure provides a compound of Formula Ill, wherein Y2 is hydroxymethyl. In one embodiment
of PoiHada HI Y thyL In one embodiment of Formula HI, Y'is methy }ﬁo‘% 0.15In one
embodlme%)taomgor flga HI, Y2 is hydroxymethyl, Y1 is methyl, nis 0 and #jné?fs (%%%ie e%r%bodlment of
Formula I, Xis N. In one embod ent of Foimula II[,})(J_ is methyl, nis 0, mis 0, and X is N. In one
embodiment of Foimula 111, Y2 is hydroxymethyl, y' is methyl, nis 0, mis 0, and X is N. In one

embodim?e% QfsaEma Mo MBIV dhisoRdifbi Or POESISIE T RRM Qe mbgadiment, of
PoiLinda Ill, Y2 is hydroxymethyl. Y* is methyl,.n is 0, mis O, and Xis CH. In one embodiment of

Fommlé’ﬁ‘lw}(%lﬁﬂibﬁ‘il%@iém%|ment of Foi['luta IIl, \r2 is methyl. WO
2009/156284PCT/EP2009/057320 -15- In one embodiment of Formula IH, Y2 is hydroxyethyl. In one

embodirnesk itk b Farisalngan.iimone embeimarntiehiaimuia ik C N Aniss @ group of formula
€) whereln Y5 is H, ha %E n, lower alkyl, or lower haloallcyl. 5 In one embodiment of Formula Ill, Y2 is
hydrox ?ﬁyf‘ iﬂ"? §I nis 0, mis 0, X is CH, and Y4 is a group of formula (a) wherein Y5
ishalogen, lower alkyl, or lower haloalkyl. In one variation of the above embodiment of Formula lll, R is
-125- Rzmwhmmﬁuafmmmmmw?dylhmuxymeﬂﬁm, 2. BimRUyladis, is mOrphbinelr
plperazm% ptlclJ:pallé/ H(Pf tituted with one or more lower alkyl. 10 In another variation of the above
embodifien ormuta il R is -R2- R11; wherein R2 is -C(=0)NH; R3 is Ei or R4; and R4 is lower
alkyl. In yet another varlatlon of the abov§ embodiment of Formula lll, R is R cg R1 is pyrazolyl,

optionaliy erbemkrdimenrhabiarmulmibng dnfbeamratformulaiblavheryi ¥ w@r&wﬁ%tﬁ% Y1is
methyl, r&gﬁgﬂ s, Qo@@aﬁé?i%r%év@é?%éﬁa‘l%ﬁ group of formula (a) wherein Y5 is H, halogen, lower

alkyl, or lower haloalkyl.
In one embodiment of Formula I1, Y? is hydroxymethyl, Y' is methyl, X is CH, n is 0 and m is 0,

10 and Y* is a group of formula (b) wherein Y° and Y® are independently H, lower alkyl, or lower
haloalkyl.

In one variation of the above embodiment of Formula TI, R is -R'-R*-R’; wherein R' is phenyl
or pyridyl; R? is ~C(=0); R’ is R; and R* is morpholine or piperazine, optionally substituted

with one or more lower alkyl.

15 In another variation of the above embodiment of Formula II, R is ~R*-R*; wherein R?
is -C(=0)NH; R? is H or R*; and R* is lower alkyl.

In yet another variation of the above embodiment of Formula I, R is R'; and R' is pyrazolyl,

optionally substituted with R' .

Tn one embodiment of Formula I, Y is hydroxymethyl, Y' is methyl, X is CH, nis 0 and m is 0,
20 and Y' is a group of formula (b) wherein Y and Y® are independently H, lower alkyl, or lower
haloalkyl.

In one embodiment of Formula I, Y is hydroxymethyl, Y' is methyl, X is N, nis 0 and m s 0,
and Y” is a group of formula (b) wherein Y* and Y® are independently H, lower alkyl, or lower
haloalkyl.

25 Inone embodiment of Formula IT, Y? is hydroxymethyl, Y' is methyl, X is N, n is 0 and m is 0,
and Y* is a group of formula (b) wherein Y’ and Y are independently H, lower alkyl, or lower
haloalkyl.



In one embodiment of Formula HI, Y4 is a group of formula (b) wherein Y5 and Y6 are independently
El, lower alkél or lower haloalkyl. In one embodiment of Formula lll, Y2 i é]y@%g%%y%& Y1lis
are’in

methyl, n i ?&0%16(?2%5 CH, and Y4 is a group of formula (b) wherein Y5 an ependently

H, lower alkyl, or lower 20 haloalkyl. In one variatign of the above embodiment of Formula I, R is
-121-R2-R3; wherein Ri is phenyl or pyridyl; R2 is -C(=0); 123 is R1; and R4 is morpholinc or

piperazife,ARYQRAl-SHPSHIIRLMATY OPeioh MRS oSt Alky! 6%&11@’@9_!@%\6@”@% ofdbe above
embodiment of Formula lll, R is -R2-R3; wherein R2 25 is -C(0)NH; R3 is H or R4; and R4 is lower
alkyl. \wepdmobyibepkamcale2009/057320 -16- In yet another variation of the above embodiment of

Fotnula 1ll, R is 12.1; and Rl is pyrazolyl, optionally substituted with RI'. In one embodiment of Formula

Illr,] Y2 isﬂwgé@agmﬁe@mwm\g ﬂ$w%mxl'm 1'52'@5 Hy@ﬁgﬂam;lmm ,is-;]lﬂiét}(lﬁ,iS{asQE@H& of @Géﬂdukaiéb)f,
wherein Y5 and Y6 are independently H, lower; alkyl, gr lowey 5haloalkyl, In one empadiment o
Formuld™f ¥4l BB IPIaMIRIAL) ﬁ@’rgﬁl ‘V’ggnd”'?é { ﬁ?&i&’b‘gz My MO SWer alkyl. In one

embodiment of Formula HI, Y2 is hydroxymethyl, Y1 is methyl, nis 0, mis 0, X is CH, and Y4 is a
grodp ofiformulaiftiowbéraina¥avarthi@ianerindt fenteatl HR 65 ldieR aiRY wiedriroRé ivatiatiph of the

above embodimentof Farmula.li,. R.is -R1-R2-R3: wherein R'is pheny! or.pyridyl; R2.i % =0); R3is
: FOITING . t

R4; and’ h@%drﬂo%h%lir%(w i&erlgzmé%&p |oﬁ%wg%s%ﬂat%%p\}moagﬁlg’gp F@&ﬁ%ﬁe?ﬁﬁyéln another

variation-of e alb oweretyoditight of Formula lll, R is -R2-R3; wherein R2 is -C(0)NH; R3 is H or R4;

and R4 is lower alkyl. 15 In yet another variation of the above embodiment of Founula lll, R is RI; and

Rl is pypzglyh QREGRAMN syslitied with Rimthopermbedinentot Rorpula il Y2Hs hydroxymethyl,

Y1is methyl, nis O, m.is 0, and 3( IS N,4and Y4 is a group of formula (c) wherein Y5 and Y6 are
independentyChMgr1dwes HileyR " anfl dhelsdletseioiiseht of Formula HI, Y4 is a group of formula (d)

wherein Y5 and Y6 are indepen20 dently H, lower alkyl, or lower Italoalkyl. In one embodiment of
Formulad N ity dratpateyind dbisyenaiigd inisnOo FFis-AuXISICK iRt ¥ iR 'aigpgtipeiiformula (d)
wherein Y5 and Y6 are independgntly H, lower alkyl, or lower haloallcyl. In one variation of the above
embodifféitat il Kifk 8 24-R2-R3; wherein Rl is phenyl 25 or pyridyl; R2 is -C(=0); R3 is RI;
and R4 is morpholine or piperazine, optionally substituted with one or more lower alkyl.

In one embodiment of Formula I1, Y* is hydroxymethyl, Y!is methyl, X is CH, nis 0 and mis 0,

and Y* is a group of formula (c) wherein Y* and Y?® are independently H or lower alkyl.

In one embodiment of Formula L, Y” is hydroxymethyl, Y! is methyl, X is N, nis 0 and m is 0,

15 and Y* is a group of formula (c) wherein Y and Y® are independently H or lower alkyl.

In one embodiment of Formula IL Y? is hydroxymethyl, Y' is methyl, X is N, nis 0 and m is 0,

and Y* is a group of formula (¢) wherein Y° and Y° are independently H or lower alkyl.

Tn one embodiment of Formula II, Y* is a group of formula (d) wherein Y and Y® are inde-

pendently H, lower alkyl, or lower haloalkyl.

20 Tn one embodiment of Formula I, Y' is methyl, X is CH, n is 0 and m is 0, and Y* is a group of

formula (d) wherein Y* and Y® are independently H, lower alkyl, or lower haloalkyl.

In one variation of the above embodiment of Formula II, R is -R'-R*-R”*; wherein R’ is phenyl
or pyridyl; R? is ~C(=0}); R” is R*; and R* is morpholine or piperazine, optionally substituted

with one or more lower alkyl.

25  In another variation of the above embodiment of Formula I, R is -R*-R?; wherein R

is -C(=0)NH; R? is H or R* and R* is lower alkyl.



WO 2009/156284PCT/EP2009/057320 -17- In another variation of the above embodiment of Formula

I, R is -Ré-dBpoymaesgin R2 is -C(=0)NH; R3 is H or IR4; and R4 is lowenalkyl,in-yet.anpther variation
of the above embodiment of Formula HI, R is RI; and Rl is pyTazolyl, optionally substituted with R1'. 5

In one embodiment of FoLulula 111, Y2 is hydroxymaethyl, Y1 is methyl, nis 0, mis 0, and Xis N, and Y4
is a group of foimula (d) wherein Y5 and Y6 are independently H, lower alkyl, or lower haloalkyl. In

anotherepebedimentifie:dispsiy etoravidess aicempaundal Eamria I aditediselogure provides a
compound of Formula IV, wherein Y1 is methyl and X is CH. 10 The disclosure provides a compound

of FornfREoRA W REPERIHASB R Rd n is 0. The disclosure provides a compound of Formula IV, wherein
Y2 is hydroxymethyl. In one embodiment of Foimula 1V,y is methyl. In one embodiment of FoiHuila IV,

Xis N. [l one enthbdttimmentfddronmula, V) Xismdiyl,iXAss0H m is 025 tnioneembodimensof doirnula
IV, Y2 is hydroxymethyl, Xsis N, xis 0 and mis O, | e emhodiment of Fotjnula |V, Y1 is methyl, X is
N, nis go 5%3{%@/% 8’%?% (L)[Jf'ug ef I%(}%ir%%ﬁ? %\fpf_egijs%l%%’?%% &Q%‘ﬁ?ﬁ{}ﬁf%ﬁglmethyl, Xis N, nis
0 and mis 0. In one embodiment of Formula 1V, Y2 is methyl. In one embodiment of Formula IV, Y2 is
hydroxyetmyg. 2tbiriisrereriBodiméentloh asmethyly XYi2 1§ hale emdmdné, embodimentaffrdinula IV,

V2 e e S T e P 6801057320 1. 1
one embodiment of-Formula IV, Y1 is methyl, Xis CH, nis 0 and mis 0.
In one embodiment of Formula 1T, Y’ is_ methyl, X 15N, nis0and mis 0, and Y'isa group of
formula (d) wherein Y* and Y are independently H, lower alkyl, or lower haloalkyl
In another embodiment, the disclosure provides a compound of Fornmla IIE
10 The disclosure provides a compound of Formula I, wherein Y' is methyl and X is CH.
The disclosure provides a compound of Formula ITI, wherein m is 0 and n is 0.
+ The disclosure provides a compound of Formula III, wherein Y is hydroxymethy!.
In one embodiment of Formula ITE, Y is methyl.
In one embodiment of Formula HL Y' is methyl, nis 0 and m is 0.
15 In one embodiment of Formula 1T, Y* is hydroxymethyl, Y is methyl, n 1s O and mis .
In one embodiment of Formula ITE, X is N.
In one embodiment of Formula X1, Y is methyl, nis 0, m1s 0, and X is N,
In one embodimernt of Formula ITT, Y7 is hydroxymethyl, Y' is methyl, 1180, m1is 0, and X is N.

In one embodiment of Formula IIT, Y? is methyl, nis 0, mis 0, and X is CH.

20 In one embodiment of Formula IFL, Y* is hydroxymethyl, Y' is methyl, nis 0, m is 0, and X is
CH.

In one embodiment of Formula I, X is CH.

In one embodiment of Formula II, Y* is methyl.



In one embodiment of Formula 1V, Y2 is hydroxymethyl, Yt is methyl, Xis CH,nisOand mis 0. In
one embodiment of Formula IV, 114 is a group of formula (a) wherein Y5 is H, halogen, lower 5 alkyl,
or lower ha%%ﬁ?)?ﬁ/ IR%%%e embodiment of Foiuula IV, Y2is hydroxymethyl,%F@%@?ﬁ%&% CH,nisO
and mis 0, and Y4 is a group of formula (a) wherein Y5 is -1, halogen, lower alkyl, or lower haloalkyl.
In one variation of the above embodiment of Formula IV R is -RI-R2-R3; wherein Rl is phenyl  or
pyridyl; 218, G0 R318 AR4nang ﬁﬁ ?zng{%}%mgtgﬁpiperazinc, optionally substituted 10 with one
or more lower alkyl. In another variation of the above embodiment of Formula IV, R is -R2-R3; wherein
R2is -C(---0)NH; R3 is H or 124; and R4 is lower alkyl. In yet another variation of the above
embodiH&W&‘ﬁW@Wfﬁom BiaRiiFplageblyl, optionally substituted with RI'. 15 In one
embodiment of Foiinula IV, Y2 is hydroxymethyl, Y1 is methyl, X is N, nisOand mis 0, and Y4 is a
group offeinsuithta)inkareinfétis ik THavden: oeey afkyhnarito@enhatealkyl. iFhnelegehpiment of
Formula |V, Y4 js lowgr,alkyl. In one embodiment of Formula IV, Y2 is hydroxymethyl, Y1 is methyl, X
is CH, rf y&, 85!}0%6 s%}oé't \(4 is lower alkyl. 20 In one variation of the above embodiment of FoilLula
IV R is -RI-R2-R3; wherein le is phenyl or pyridyl; R2 is -C(=0); R3 is R4; and Fe is morpholine or
piperazimeyrsptivhedimsubsfilitetuathllbié os hydredpmwehzliyl. s mwtitlenvafiatiors bf hes Alibve
embodi of Fo I 1S;-:R2-R3: Whetein R2.5,-C(=0 . R3is H ' IS lower
alkyl. Zg}f%né’etfsa% é‘%ﬁ g‘Egg%%g%i%i%@%%%%e%&%%ﬁg% %’fi orm ﬁ%ﬂg’ igrgc?;‘}agﬁg%qéiqé%érazolyl ,
optionally substituted with RP. WO 2009/156284PCT/EP2009/057320,-19- In one embodiment of
Formuldnynsy vardakiparekimetape vmodisien ok fenuipitid Bl mikis ), dhd Wieisfesaksavin one

embodigenk-pfyEaryladiais)argroupiof failetla (k- VHABIRIR M HRAEHE, RSy substituted

with one or more lower alkyl.

10 In another variation of the above embodiment of Formula II1, R is -R*-R’; wherein R?

is -C(=0)NH; R® is H or RY; and R* is lower alkyl.

In yet another variation of the above embodiment of Formula IXT, R is R'; and R! is pyrazolyl,

optionally substituted with R" .

In one embodiment of Formula IT1, Y is hydroxymethyl, Y' is methyl, n is 0, mis 0, and X is N,

15  and Y'is a group of formula (a) wherein Y° is H, halogen, lower alkyl, or lower haloalkyl.

In one embodiment of Formula I, Y* is a group of formula (b) wherein Y° and Y® are inde-

pendently H, lower alkyl, or lower haloalkyl.

In one embodiment of Formula YT, Y is hydroxymethyl, vlis methyl, nis 0, m1s 0, X is CH,
and Y* is a group of formula (b) wherein Y* and Y° are independently H, lower alkyl, or lower
20  haloalkyl

In one variation of the above embodiment of Formula L, R 15 —R'-R*R? wherein R' is phenyl
or pyridyl; R? is <C(=0); R* is R"; and R* is morpholine or piperazine, optionally substituted

with one or more lower alkyl.

In another variation of the above embodiment of Formula I, R is ~-R*-R*; wherein R*

25 s -C(=0)NH; R is H or R*; and R” is lower alkyl.



pendently H, lower alkyl, or lower haloalkyl. 5 In one embodiment of Formula 1V, Y2 is hydroxymethyl,

Y'is meth;ﬁl Xis CH, nis 0 and mis 0, and Y4 is a group of formula (b) wherein Y5 and Y6 are

independe t@ﬂ?%&fé?d‘alkyl, or lower haloalkyl. In one variation of the abdVe SRHSSIRER of Formula
IV, Riis -RI-R2-R3; wherein Rl is phenyl  or pyridyk R2 is -C(=0); R3is 12.1; and 114 is morpholine
or piperazinc, optionally substituted 10 with one or more lower alkyl. In another variation of the above

embodipent of QBN RS R 26 WHESRIMES &% rEfr@IN L 8 S anf & folgjower alkyl.

In yet another variation of the abol\(e embodiment of Formula IV, R is RI; dnd Rl is pyrazolyl, optionally
substitiretionithyl St treewiloliment of Formula IV, Y2 is hydroxymethyl, Y1 is methyl, X is N, nis 0
and mis 0, and Y4 is a group of formula (b) wherein Y5 and Y6 are independently H, lower alkyl, or

lower haloglk\drip,angamPrediment ofiFeMUIR Ao xihishy UPUR AideRWas () wheoeimy T and,Y6 are
independently H or lower alkyl. 20 In one embadiment of Formula IV, Y2 is hydroxymethyl, Y1 is

methy!,34sYCH, o midormula (Bhwhescia ¥ of80p oS risdracaderiie fidovs ke nigver

indepengdently or lower alkyl. In one variation of the above embodiment of Formula IV, R is
-R1-R2-R3; wherein Fe is phenyl or pyridyl; R2 is -C(=0); R3is 12_4; and Fe is morpholine or

piperazine, optio a%subs ituted with one,or more lo alkyl. 25 In anothey varigtion af the above
e RGPS RATIERO! LA s T LG T or Y0 IS fower alkyl
WO 209e1lieal84P& TdaR2OBYI057320 -20- In yet another variation of the above embodiment of
Formula IV, R is R1; and Rl is pyrazolyl, optionally substituted with R1'. In one embodiment of Formula

IV, Y2i Y e ' ' IS Qs qf ula{c)
wherein§$%%§%%8% llﬁrsl8g§%ﬂ§gfr%}ﬁﬂi%o%arrgﬁ%ﬁﬁﬁﬁeﬂﬁn ¥§g§m@e g@ﬁgrg;%f}l\&%%4 is a
group ofrfenfiuaa(@jonhefdimvelany Wcaeinidendidemsyirdcrondrmaliyl coldswerlrloalkyl. In one

embodiment of Formula IV, Yl is methyl, X is CH, nis 0 and mis 0, and Y4 is a group of formula (d)

wheyeiny srandYRifie e pendentivddiianen aHoimallerverhaloglloyh. rM gRe-varation,pibe above
embodiment of Formula IV, R is -RI-R2-R3; wherein Rl is phenyl 10 or pyridyl; R2 is -C(=0); R3 is R4;
and RA9E PBEbfoRnes aiGhTRYaBine Rop oA Biyis Mssnliather it DAt G m BRSOMEY HkltHnother
variatioq, gf the. akoys-emhediment of Fotou a IV, R is -R2-R21; wherein R2 is -C(0)NH; R3 is H or R4;
and R4 is lower alkyl.

In another variation of the above embodiment of Formula I, R is -R*-R*; wherein R
is -C(=0)NH; R® is H or R*; and R* is lower alkyl.

15 In yet another variation of the above embodiment of Formula I, R is R'; and R' is pyrazolyl,

optionally substituted with R' .

In one embodiment of Formula ITL, Y7 is hydroxymethyl, v!is methyl, nis0, mis 0, and X is N,

and Y* is a group of formula (c) wherein Y? and Y° are independently H or lower alkyl.

In one embodiment of Formula ITI, Y* is a group of formula (d) wherein Y° and Y® are indepen-

20  dently H, lower alkyl, or lower haloalkyl.

In one embodiment of Formula TIT, Y? is hydroxymethyl, Y' is methyl, nis 0, mis 0, X is CH,
and Y is a group of formula (d) wherein Y and Y® are independently H, lower alkyl, or lower
haloalkyl.

In one variation of the above embodiment of Formulfa ITL, R is ~-R'-R*-R*; wherein R is phenyl
25 or pyridyl; R? is ~C(=0); R® is R*; and R* is morpholine or piperazine, optionally substituted

with one or more lower alkyl.



In yet another variation of the above embodiment of Formula IV, R is RI; and Rl is pyrazolyl, 15
optionally spstittegmith RI". In one embodiment of Formula IV, Y" is metipsh gHis,Nydk 45,9 and m is 0,
and Y4 is a group of formula (d) wherein Y5 and Y6 are independently H, lower alkyl, or lower
haloallcyl. In another embodiment the invention prb¥ides a compound selected from the group
consisting of the compounds listed in TABLE | below. 20 The disclosure provides a method for treating
an inflammascint aadiobauimmne eandidioncoprisingadministeriRg 1o’ apatigatdA need thereof a
therapeutically effective. moung‘oﬁfﬂté%;l Bth inhibitor compound of any one of Formulae I-IV. The
disclosd?é@ﬁb%i%é‘n@ &4 for %hégé%ﬁ?ft ©omprising administering to a patientin  need
thereof a therapeutically effective amount of the Btk inhibitor compound of any one of 25 Foimulae
WO 2008456284RCTHRRA009/05 A320c-2tbddimeiscléBurenprovitiek & methedHbistrsatingtheumatoid
arthritis cg{gl?arfﬁirggbasgl(gmgésé%&nglto a patient in need thereof a therapeutically effective amount of the
8th inhibROY cor‘Xpoun of any one ‘of the above Fo,mulae or variations thereof. The disclosure
provides a method for treating asthma comprising administering to a patient in 5 need thereof a
thefapelnticadiyeifebiivensoiGannokthELBK inhiitox vomtbpund of mathphe of the: abbyvenEdimdae or
variations thereqf di i . reating | ( rising, adminjstering to a
patient ?nﬁ%gicﬁ %é@g ﬁﬁ%%%%%ﬁ%@%@ﬁi@mﬁ%%ﬁl&tﬁg’éﬁt%‘ﬁ i %Br%%ﬁ%ggnoé (fn(}“éeﬁy one of
the abobve@d@iiiriulae or variations thereof 10 The disclosure provides a method for treating an
inflammatory and/or autoimmune condition comprising administering to a patient in need thereof a
therapeutigaltyetpctivenamaldnt Rfhe. %mbat%@%mpmﬁmgmne of the above Formulae or
variations thereof. The disclosure provides a method for treating arthritis comprising administering to a
patient in . need thereof a therapeutically effective amount of the Btk inhibitor compound of any one
of the 15051988 6t RIGrAE bR CarRETBNSIReraiaie wisersrepretidbad Thsthbd of inhibiting B-cell
proliferation comprising administering to a patient in need thereof a therapeutically effective amount of
thel 8th rthikitoloenmpouide: af-any @ne of themahome, keimaulaeion vadiations thereof The disclosure
provides a method for inhibiting Btk activity comprising administering the Btk 20 inhibitor compound of
any one of the above Farmulae or variations thetreof, whereli .trﬂ?e tk inhibitor compound exhibits an
050 of 55 AT G B LSRR Ol SIS AP Sty LS REAUI In one variation of the
above method, the Btk inhibitor compoung exhibits an ICH of 100 nanomolar or less in an in vitro

biocherfcaiagdky Grem athiompuisii, ondsvagltidn of the above method, the compound exhibits an

ICso of 10 nanomolar or less in an in vitro biochemical assay of 8th activity. The disclosure provides a
method fosdreatipgdandnfiamraatary ponrlition. comprising co-ad-

In one embodiment of Formula TV, X 1s N, n.1s 0 and m is €.
15 In one embodiment of Formula IV, Y7 is hydroxymethyl, X is N, n is 0 and m is 0.
in one embodﬁ}lent of Formula IV, Y' is methyvl, X1s N, n is O and mis 0.
In one embodiment of Formula IV, Y7 is hydroxymethyl, Y’ is methyl, X is N, nis 0 and m is 0,
In one embodiment. of Formula IV, Y% is methyl,
In one embodiment of Formula IV, Y is hydroxyethyl.
20  Inone embodiment of Formula IV, Y* is halogen.
In one embodiment of Formula TV, X 1s CH.
In one embodiment of Formula IV, X1s CH,nis 0and m 1s 0.

In one embodiment of Formula IV, Y7 is hydroxymethyl, X is CH, n is 0 and m is 0.



ministering to a patient in need thereof a therapeutically effective amount of an anti-inflam- matory
compound.in combination with the Btk inhibitor compound of any one of e li e or
variations tHheréo 9l?“i‘rﬁ(’(%séisclosure provides a method for treating arthritis clgerb@n%\é’%ﬁgig}gg@ministering
to a patient in need thereof a therapeutically effectijg amount of an anti-inflammatory compound in
combination with the Btk inhibitor compound of any one of the above Poiinulae or variations thereof
The disglosyre pravidles,AgPetiog forireating,a pIPRomerpr A BER AR fpukemia cells by
administering to a patient in need thereof a therapeutically effective amount of the Btk inhibitor
compound of any one of the above Formulae or variations thereof In a second aspect, there is
provide PO BHEPRGIBFRPh BT AL Vietin S ABERE TRF %k th (rmiHY bRl ah &id
autoimmune condition or of inhibiting B-cell proliferation. The disclosure provides a pharmaceutical
composition comprising the Btk inhibitor compound of any one of the above Formulae or variations
thereof,,admixed with at Jeast one iihaceutically a tahle carrier, excipient ar diluent, In a third
e N e e R SCT RN S et e
defifieddbdyer &dmixedorlityat least one pharmaceutically acceptable carrier, excipient or diluent. In a
fourth aspect, there is provided the use of a compound of formula as defined above for the preparation
of 2 mefieapepoN e AIIERY AT {1TRMRIADLAA UMD X SORIH s D Pl SEN!
disclosure provides compounds of genéric Formulaé 1-1V;, which comprises the Btk inhibitor
compouhdsdFidrmatasn e fémeila @twhewimiYT to i lrdogerd lnwen alsybvonlowsslalosimibbles O, R,
X, Y1, Y2, Y3, Y4, n, and m are as defined herein above. In one embodiment of the present
disclosygee fRerg i BIOYIdRd ASRENIKhREEYHING R BaNeRG SRR RANGR ORI Iga e
exemplified Btk inhibitor compounds of Formylae I-1 to 1-3. In another embodiment of the present
disclos\eP1Fkd:i& pibvide® EortigdurdhBedtdigbrgaR snidpering ARVARMILSHASHEES he
exemplifigs Bik m;@r}@@giwds of Formulae 11-i to 11-4. In yet another embodiment of the
present disclosure, there is provided a compound according to generic Foimula Il which comprises the
exemplified Bté< inhibitar compounds of Formulae 11]-1. to 11l-14. In yet gaather embodiment of the
orosentAEEBEF AR R RS TSR ARG 18 crtore P Bt hicn comprises
the exeinplified B |Mtikkter @okipeuhds wfiFesmallad IN-1 to n7-4. 22a The phrase "as defined herein
above" refers to the broadest definition for each group as provided herein or the broadest claim. In all

other aspects, vatiati n odimen g&qeerg ' gl @Vﬁf c_az[hg)?{p{ tzlﬂ ach

: t
embodisggli@%sgﬂ%q%v icﬁ%@%cﬁ%ﬁ%% ﬁa?r@ retai%%sr%{#oargeét dleggﬁli’[ion prov?c?gélncl hersgfn. WO
2009/156284PGTYERH00SH0BIB RO ~23- The compounds of generic Formulae I-IV inhibit Bruton's
tyrosine kinase (Btk). Activation of Btk by upstream kinases results in activation of phospholipase-C

whieh, ith iR, FHAAWRIES @f%%ﬁﬁéﬁ'&@;i@ﬂmmﬁ&{gxﬁ%ﬁiﬁf?% BI5eNPRUAds RlasreriGFmrmulae
I-TV, incorporating substituted side chains of 3,4-Dihydro-2H-isoquinolin-l-one,

2,3-DihyJfoYTHS R MA IRBIE: G D HBRISH Mo ER J5riRee Jovst #kybim- e wrehalpetin lin-4-one,
2H-Phthalazin-1-one, or 3,4- Dihydro-2H-benzole][1,2]thiazine 1,1-dioxide on the .
5-phenyihIddeptiidintoneandrarpladny| 21 pwidazinkgtone ring systems, exhibit unexpectedly
enhanced inhibitory activity compared to analogues without said bicyclic side chains. Furthermore,

inhibitony acivinyis EANANGES ST, ., 3 W Rl RHIRHAY Rubeiyied W DYooy
activity 1S enhanced when IS
0, and Y* is lower alkyl. :

20  In one variation of the above embodiment of Formula IV R is —R'-R*-R*; wherein R’ is phenyl
or pyridyl; R* is —-C(=0); R® is R and R is morpholine or piperazine, optionally substituted

with one or more lower alkyl.

In another variation of the above embodiment of Formula IV, R is —-R*-R’; wherein R?
is -C(=0)NH; R’ is H or R*; and R* is lower allcyl.

25 In yet another variation of the above embodiment of Formula IV, R is R'; and R’ is pyrazolyl,

optionally substituted with R'",



10 hydroxymethyl. Compounds of Foxinulae I-TV are useful in the treatment of arthritis and other

anti-inflamwgt%i{ Ecgrz%lto-immune diseases. Compounds according to Fli;;'pi] _gfo&gf)(}%a?%r inhibiting

accordingly, use ﬁ% e treatment of arthritis. Compounds of Formulae are use

Btk in cells and for modulating B-cell developmentghe present invention further comprises
.pharmaceutical compositions containing compounds of Formulae I-IV admixed with 15
pharmageuticaliy,agrapiRbiereatias RXCIPIRNS RO JIHRAS, Neiphiass! & RINan entihias Weed
herein refers4tg one or more of that entity; e.g., a compound refers to one or more compounds or at
least orfé¢dmpoar Akglich, the terms "a" (or "an"), "one or more", and "at least one" can be used
interchangeably herein. The phrase "as defined herein above" refers to the broadest definition for each

group amprevissshaharinmyrthebrvaddst elaiaupnabethas embodimiarys providedeiataw,
substituents which can be present in each embodiment and which are not explicitly defined retain the
broadeﬂﬁangoﬁ’ﬁ?df(ﬁaég(We%i??%%aﬂé]%% is specification, whether in a transitional phrase or in

the body of the claim, the terms "comprise(s)" and "comprising" are to be interpreted as having an
opefi-endedmednitn@s Thatisutad Yeriisahedo beinteyhréted syibylyMos§liiwitls thenghmases
"having at leasti or "including.at least'. When. used in, the context of a pro the term "comprising”
means Rt The b e e e L I e B L B e AT e
used inlthiedbptext of a compound or composition, the term "comprising" means that the compound or
composition includes at least the recited features or components, but may also include additional 30

features,op COMPAREAtSs Y R0 UBAARMRCIHES AR 1320_R4pAsused HereiR) Wiksssy!

specifically indicated otherwise, the word "or” is used in the "inclusive” sense of "and/or" and not the
"exclusivergidde f ierhErdl R heRerandiRdapaiaabalngs nisguiatsnant pradsa st dsshriable is
applied %ﬁtﬁ@ﬁ@ﬂ?ﬂﬂﬁ@l&%}”&@gyt regard to the presence or absence of a variable having that same
or a different definition 5 within the same compound. Thus, in a compound in which R" appears twice

and is defined as "independently carbon or nitrogen’, both R"s can be garlon, both R’s can be _
nitroge&?&ﬁ%ﬂ’@rﬁm@%%‘eogé}?%ﬁ(ﬁ’ﬁc?wé’:ﬁ’@? ?tr% Q@ﬁ%ﬂgn%ﬁﬁ/"%ggbi&géﬁ?}&%ore than one

time in W@mgrﬁéﬁm'lam‘pi@ﬁ@ghﬁdﬁ@qmg compounds employed or claimed in the present
invention, its definition on each occurrence is 10 independent of its definition at every other

occurrence. Also, combinations of substituents, and/or variables.are per i,ssiétg only if such
compou?rqd‘fcﬁ3 tr%%%‘f??ﬁ \Sz%%%og&?@oeyar% $e 'Fﬁlg%lmmggfsofiﬁoa H?ed ﬂd}g 2 bon (%""% J&var%(mldugh a
bond eaghiseféivteuflreipoidtweitmiachment of a functional group or other chemical moiety to the rest of

the molecule of which it is a part. Thus, e.g.:
15 In one embodiment of Formula IV, Y? is hydroxymethyl, Y' is methyl, X is N, n is 0 and m is 0,

and Y* is a group of formula (b) wherein Y> and Y° are independently H, lower alkyl, or lower
haloalkyl.

In one embodiment of Formula IV, Y* is a group of formula (c) wherein Y* and Y* are indepen-

dently H or lower alkyl.

20 In one embodiment of Formula IV, Y* is hydroxymethyl, Y' is methyl, X is CH, n is 0 and m is

0, and Y* is a group of formula (¢) wherein Y and Y® are independently H or lower alkyl.

In one variation of the above embodiment of Formula IV, R is -R'~-R*-R*; wherein R’ is phenyl
or pyridyl; R* is ~C(=0); R* is R*; and R* is morpholine or piperazine, optionally substituted

with one or more lower alkyl.

25  In another variation of the above embodiment of Formula IV, R is -R*-R?; wherein R*
is -C(=0)NH; R is H or R*; and R” is lower alkyl.



MeC(=0)OR4 wherein R4 = *-cl or +41 MeC(---0)0-- 15 A bond drawn into ring system (as opposed to

connectedyah agdistnekyertex) indicates that the bond may be attached tganyephibesyiable ring
atoms. The term "optional" or "optionally" as used herein means that a subsequently described event

or circumstance may, but need not, occur, and th&gthe description includes instances where the 20
event or circumstance occurs and instances in which it does not. For example, "optionally substituted"”
means thatthanktionalhtisubstitistesh moiatyodiayinest Poratela hdkdgar; and Bllstitwently, The

phrase "optional bond" means, that the bond may or may not be present, and that the description
include§ ?Hﬁw,ycfb%ﬁq’é?% fHiffefbonds. If a substituent is designated to be a "bond" 25 or "absent", the
atoms linked to the substituents are then directly connected. The term "about" is used herein to mean
approximatelyrindiaregiofifaft;molaghly Yoriahydnu: wWistny the termetapbif iisNiset hashiurdlion with a

numerical ramge, it modifies that range by extending the boundaries abgve and | the numerical
values %?%?t .éh%r é)gﬁé)rka%,ngﬁlgffae@r%%%{%é 152)%89?11 6284F éb&i%ﬁ?bgz%ﬁ Wig-% !%\ﬁé)ut Is used
herein to modify a numerical value above and below the stated value by a variance of 20%. Certain

confpoundsotigmitentiofFonayleXNbI ta Acmssnd. frantdiieie bomipolinel chnassigdas two or
more intercanmMer, ies. P ' omers result from the migration of 5 a covalently
dﬁhg%%nﬁﬁ %ﬁ?&%@%ﬁﬁ&?ﬁ ot IQRRH PG a‘@%‘%ﬁ.

bonde ogen atom between two atoms. Tautomers generally exist in equilibrium and attempts to
isolate an individual tautomers usually produce a mixture whose chemical and p%ygical properties are

consistéhenatrabasiicse of EorpsuRtsY THaBORort 6F tHE:agsifisrdm is Bepéhdert B oHRRfical
featuresg within themelesine’ fFarexamplg. n-many aiphatic-aldehydes.and ketangs, such as

acetaldehyde, the keto form predominates while; in 10 phenols, the enol form predominates. Common
prototropic tautomers include keto/enol (C(=0)-CH- A -C -OI:}?;%H- . amjde/imidic acid. (- %:O -NH- A
_C(-OH) ENY T AR BReRSRTIRASITACIE £ ﬁﬁ}lﬁl‘@-}(\é “eﬁé)“PrrT |aBEFTHS Bre larly
ComMOoB:iphptarae v ang-tetexdeyriicings’ anshihshpiesent ivention, epcompassesatitalitomeric
forms of the compounds. 15 Technical and scientific terms used herein have the meaning commonly
understBd BYRSHEBF SKARA HEYAr to which the present invention pertains, unless otherwise defined.
Reference is made herein to various methodologies and materials known to those of skill in the art.
Standaiig mefetenceruttkscetingdotthribe deretalfitinciples ¥f pharhaddlogpéneiu@é Goodman and

Gilman's The naeol icabﬁlﬁasi f Therapeutics, 10111 Ed., McGraw Hill Companies Inc., 20
1 Ar SLBle s i, et

New Yok ials an methods known to those of skill can be utilized in

carrying out the present invention. However, preferred materials and _metlhods are described.
Materials, yeiagethsrandithiotiké i wiith seferémoenard Frage:lin tHeRoRdWirgdBsésiptivrraid examples

arelgbt%}lggigg{é%gﬁm@g%@ gources, unless otherwise noted. The definitions described herein

may be appen orm chemically-relevant combinations,

In one embodiment of Formula IV, Y' is methyl, X is N, nis 0-and m is 0, and Yiisa group of

formula (d) wherein Y and Y® are independently H, lower alkyl, or lower haloalkyl.

In another embodiment the mvention provides a compound selected from the group consisting of

the compounds listed in TABLE 1 below.

20 The disclosure provides 2 method for treating an inflammatory and/or autoimmune condition

comprising administering to a patient in need thereof a therapeutically effective amount of the

Btk inhibitor compound of any one of Formulae I-IV.

The disclosure provides a method for treating arthritis comprising administering to a patient in

need thereof a therapeutically effective amount of the Btk inhibitor compound of any one of
25  Formulae I-IV.



25 such as "heteroalkylaryl,” "haloaLkylheteroaryl," "arylalkylheterocyclyl,” "alkylcarbonyl,"

"alkoxyalk)(#'(')%gg}%ki‘}(e. When the term "alkyl" is used as a suffix follomm Q,%Q%.t%%, asin

"phenylalkyl,” or "hydroxyalkyl," this is intended to refer to an alkyl group, as defined above, being
substituted with one to two substituents selected frpm the other specifically-named group. Thus, e.g.,
"phenylalkyr refers to an alkyl group having one to two phenyl substituents, and thus 30 includes
benzyl, hanylelind, gad iphemilohn: aliiamingalod i An Ak ghaup, BRYIAGARR o alkylamino
substituents. "HydroxyalLkyl" includes 2-hydroxyethyl, 2-hydroxypropyl, 1-
(hydroxyﬁﬁéﬂ%yr)-@@ﬁééh%F@ﬁ%@pﬁ%%@tﬁfﬁflﬁﬂzﬁ%W@%ﬁﬁ@f{%ﬁmﬁ glagyo

2009/156284RCTER2IAADL380261 Rydrexysyopyl, and so forth. Accordingly, as used herein, the
term "hydroxyalkyl" is used to define a subset of heteroalkyl groups defined below. The term -(ar)alkyl

refers to either an unsubstituted alkyl or an aralkyl group. The term (hetero)aryl or (het)aryl refers to
either ahSePSHEtErddey P gietipd Brireiegpstipylcomprisad Hanilstaarotes BREPBUP of formula
-C(z0)Ruveiarein® isthydpegeruny laweratkyhasefinad Bareinitite termoiabdsadienylinas used
herein denotes a group of folinula C(=0)R wherein R is alkyl as defined herein. The tetin C16 acy!
refers t¢ QYT PEEGTRES N BTN on atoms. The term "arylearbonyl” as used herein means a
group of formula C(-0)R wherein R is an aryl group; the term "benzoyl" as used herein an
"arylcarbbayiicl@ngrqupvidbeseirt R dsfpheayhsThe:Wilinalkyly asdisedhgrein genatesaadinbranched

or branched chain, saturat onovalent hydrocarbon residue containing 1.to 10 carpon atoms. The
term "Io%vl\j}érreg %/Ijtggreaﬁé gg%ﬁ%ﬁa%cﬁxtvgra r%%% Oe?cﬁ}:%lgn{ H@%I%%gr%%ﬁﬁpr%%ﬁg e Eé%fg’iﬁﬁ%?f % ®'8arbon

atoms. Toiloblkylt asiaSenk hessinfrefers to an alkyl composed of 1 to 10 carbons. Examples of alkyl
groups include, but are 15 not limited to, lower alkyl groups include methyl, ethyl, propyl, i-propyl,

n-hutyl, Kbutyl, t-butyl or-pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl. When the term "alkyl" is
uskglg as a%ug?x %Lﬁoéfinvé g%%%ﬁ%?‘{é’fg ,%g%g'%%gnﬁg |§>§§fydarnﬁé3§ FOYAIIS SIS ¥ htended to refer
to an alkghyrospgasitefisedabove pigintisuisstititedvithtomrepoitwal lsuliStitien sreelgatéthérom the
other spegifically-named gro Us. €.0s, 0.5 I;} llcyl" denotes the radical R'R"-, wherein R' is a
phenyl %ﬁﬁ&ﬁﬁ%ﬁ%@%gﬁngl%ge%eg%ﬁa agbgeﬁ rrgé?rﬁuey%?ne\rfv\{ﬁ% I%énﬁsn@g%%nding that the
attachment point of the phenylalkyl moiety will be on the akylene radical. Examples of arylalicyt
radicals Theldidgdohue areviiet limitedddybentyl ptiehilesrisphemyipsepyk Thepteemaidarylalkyl” or
"aralkyl’,atg {pter: preted.similarin exRept R A Ak Ao FRdiR TGS IS E1ERAY AL O5f the
“(het)aralkyl" are 25 interpreted similarly except R' is optionally an aryl or'a heteroaryl radical. The
tema "aRdpEn EvBRuERGERE BeNg$BY #tein denotes a divalent saturated linear hydrocarbon radical
of 1 to 10 carbon atoms (e.g., (CH2)n)or a branched saturated divalent hydrocarbon radical of 2 to 10

carbon gioms R Gre Fr5ME: aoﬁlé%tlg&%%ﬁ&%]#&ﬂ"H?!)%%érgtmx’?E%i%%ﬁ@ﬂi@ﬁ%% in the case of

methylene, the open’valences of an alkylene group are not 30 attached to the same atom. Examples

of allcyl SRETdr AR haRTaR! %Eﬁ%?@%ﬁ”ﬂtﬁ%%fge amount of the Btk inhibitor compound of any

one of the above Formulae or variations thereof '

The disclosure provides a method for inhibiting Btk activity comprising administering the Btk
20 inhibitor compound of any one of the above Formulae or variations thereof, wherein the Btk
inhibitor compound exhibits an 1Cse of 50 micromolar or less in an in vitro biochemical assay of

Btk activity.

In one variation of the above method, the Btk inhibitor compound exhibits an ICs; of 100

nanomolar or less in an in vitro biochemical assay of Btk activity.

25 In one variation of the above method, the compound exhibits an 1Csy of 10 nanomolar or less in

an in vitro biochemical assay of Btk activity.

The disclosure provides a method for treating an inflammatory condition comprising co-ad-

ministering to a patient in need thereof a therapeutically effective amount of an anti-inflam-



WO 2009/156284PCT/EP2009/057320 -27- methylene, ethylene, propylene, 2-methyl-propylene, 1,1
-dimethyl-ethylene, butylene, 2- ethylbutylene. The term "alkoxy" as used herein means an -0-alkyl
group, wheroin.aliyl isias defined:aRoyssuEn=s MEHRYY c8£ﬁ;§&¥n@&r&@/b%éyof*iﬂé%@>‘6'98‘y’
n-butyloxy, I*butyloxy, t-butyloxy, pent- 5 yloxy, hexyloxy, including their iSsomers. "Lower allcoxy" as
used heseinudenotestaneikdraroup with a "lower alkyl" group as previously defined. "Ci-i0alkoxy" as
used herein refers to an -0-alkyl wherein alkyl is CIAO. The term "allcoxyalkyl" as used herein refers to
the radigal BRowWNESGILR. 1380 alkoxyadical as delinedibereina AndR-1is argucdene radical as
defined herein with the understanding that the 10 attachm(_ar_;éﬁsmt of the alkoxyalkyl moiety will be on
the alkipksAcemdicat (I dikeNyiikrtiensres d'groap sherel Thaaiky PorponTé Bomprised of 1-6

carbon algms.exclusive;afear 9%%%@’&%&};@&@5@%%9{9 O QLG OLOMR- ok ST IGOXY;GL Balkyl

denotes a group wherein the alkyl portion Is comprised of 1-6 carbon atoms and the alkoxy group is
1-3 catbereeExamples are methoxymethyl, methoxyethyl, methoxypropyl, ethoxymethyl, ethoxyethyl,
ethoxypropyl, 15 propyloxypropyl, methoxybutyl, ethoxybutyl, propyloxybutyl, butyloxybutyl,

t-butyl : t ntyl entvl, propyloxypentyl including their jso The term
o e e R B ol WNELEIeELE) ) rec
hydrogHIEIeHHS BR WifereREcErBERaRS Iare rosIEcEd by Ryeliskyrarenneal thadtemfabitor
"alkylsulfopyhiands arylsulfonyl: as\veed,hereln sefersdqagrmuRgf formu- 20 la -S(-0)2R wherein R is
alkyl or aryl respectively and alkyl and aryl are as defined herein. The term "heteroalkylsulfonyr as
used herein refers herein denotes a group of formula -S(=0)2R wherein R is "heteroalkyl" as defined
herein *rAct&TRT EPERalks SEREG et TR T SEBRAPA B TR AR Fing cBifitaining 3 to 8
carboriratoms;i efleyciapro pyly eyelabitylreyelopentyd; oy cibitexyt Byeldhepiitraiayclooetyl. 25 '

"C3_T7cycloalkyl" as used herein refers to an cycloalkyl composed of 3 to 7 carbons in the carbocyclic

ring. "Aryl" means a monovalent cyclic aromatic hydrocarbon moiety copsisting of a mopo-, b. or
troyclic S TEUE T FHE A BTGS LA G2 BN BNAI SSRGS BBRSh REFa iamples of aryl
moieties:inchade, thetavesriatrimitedotoy optional esebstitdatk phenil, ahdgsistiyls 302pHeprREY,
fluorenyl, indenyl, azulenyl. oxydiphenyl, biphenyl, methylenediphenyl, WO
2009/1%%23%%%?@506@@%?% C-leﬁ[ge'%[Er')ninodiphenyl, diphenylsulfidyl, diphenylsulfonyl,
diphenylisopropylidenyl, benzodioxanyl, benzodi es%q;(%iq%l henzoxazinonyl, und
benzoéﬁearﬁldfﬁy ,pﬁcéth)(zhgf)ﬁﬁse%oz‘\f%fﬁ Bgﬁ%%afrr%f%%%%gnzomorp o?iln’)’/_l, methylenedip%%pﬁenyl,
ethylenesiisfypthelyic.aduhited i, 1 FrashaylegreRimasrai Gt GaeiRaBI fIEHT- B AR oY
heterocycloalkyl ring, as herein defined.

In a fourth aspect, there is provided the use of a compound of formula as defined above for the

preparation of a medicament for the treatment of an inflammatory and/or autoimmune condition.

The present disclosure provides compounds of generic Formulae I-IV, which comprises the Btk
inhibitor compounds of Formulae I-1 to I-3, II-1 to I}-4, IH-1 to Iil-14, and IV-1to IV-4,

wherein variables Q, R, X, v Y? Y3, YY, n, and m are as defined herein above.

In one embodiment of the preseﬁt disclosure, there is provided a compound according to generic

-~ Formula I which comprises the exemplified Btk inhibitor compounds of Formulae 1-1 to I-3. In
. another embodiment of the present disclosure, there is provided a compound according to generic
Formula I which comprises the exemplified Btk inhibitor compounds of Formulae Ii-1 to II-4.
In vet another embodiment of the present disclosure, there is provided a compound according to
generic Formula JII which comprises the exemplified Btk inhibitor compounds of Formulae Iil-1

to ¥-14. In vet another embodiment of the present disclosure, there is provided a compound
according to generic Formula IV which comprises the exemplified Btk inhibitor compounds of

Formulae IV-1 to IV-4.



5 Examples of an aryl group fused to a heterocycloalkyt group include 3,4-dihydro-114-quinolin-2- one,
3,4-dihydro-2H-benzo[1,4]oxazine, and 1,2,3,4-tetrahydro-isoquinoline. Preferred aryl include
optionally substituted phenyl and optionally substituted naphthyl. The term "heteroaryl" or
"heteroaromatic" as used herein means a monocyclic or bicyclic radical of 5 to 12 ring atoms having at
least one aromatic ring containing four to eight atoms per ring, 10 incorporating one or more N, 0, or S
heteroatoms, the remaining ring atoms being carbon, with the understanding that the attachment point
of the heteroaryl radical will be on an aromatic ring. As well known to those skilled in the art, hetcroaryl

rings Havelsascarsiatioesharaarerbmun 1aBnsdn-berbepdotimeipans fhshieiomr 3 esEss of the
invention.. hetereabuligietRinees ANty havasome degremohatomatiarharaciereamples of

heteroaryl moieties include monocyclic 15 aromatic heterocycles having 5 to 6 ring atoms and 1 to 3
hetcroﬁt@ﬁi@ﬁﬁ&dﬁ'@%&?&%ﬁﬁﬁﬂé@t@?‘ﬁﬁ@ﬁ%ﬁ%ﬁ\ﬂl}ﬁ}/ﬁé%wFﬁyldrféﬂbf,g@fﬁéf‘iﬂﬂfi%idazolyl,
oxazoly,isgxazele (HHAZRIR JRAHAT ai8fiazoline, thiadiazole and oxadiaxoline which can optionally be
substituted with one or more, preferably one or two substituents selected from hydroxy, cyano, alkyl,
alkoxy, thio, lower haloalkoxy, allcylthio, halogen, lower haloalkyl, alkylsulfinyl, alkylsulfonyl, halogen,
20 amino, allcylarnino, dialkylamino, aminoalkyl, alkylaminoallcyl, and dialkylaminoallcyl, nitro,
alkoxycarbonyl and carbamoyl, alkylcarbamoyl, dialkylcarbamoyl, arylcarbamoyl, alkylcarbonylamino
and arylcarbonylamino. Examples of bicyclic moieties include, but are not limited to, quinolinyl,
isoquinolinyl, benzofuryl, benzothiophenyl, benzoxazo le, benzisoxazole, benzothiazole and
benzisothiazole. Bicyclic moieties can be optionally substituted on either ring; 25 however the point of
attachment is on a ring containing a heteroatom. The tenn "heterocycloalkyr, "heterocyclyl", or
"heterocycle" as used herein denotes a monovalent saturated cyclic radical, consisting of one or more
fused or spirocyclic rings, preferably one to two rings, of three to eight atoms per ring, incorporating
one or more ring heteroatoms (chosen from N,0 or S(0)0-2), and which can optionally be
independently substituted with one or 30 more, preferably one or two substituents selected from
hydroxy, oxo, cyano, lower alkyl, lower alkoxy, lower haloallcoxy, alkylthio, halogen, lower haloallcyl,
hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl, alkytaminosulfonyl,
WO 2009/156284PCT/EP2009/057320 -29- arylaminosulfonyl, allcylsulfonylamino, arylsulfonylamino,
allcylaminocarbonyl, arylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino, unless otherwise
indicated. Examples of heterocyclic radicals include, but are not limited to, azetidinyl, pyrrolidinyl,
hexahydroazepinyl, oxetanyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl, thiazol- 5 idinyl,
isoxazolidinyl, morpholinyl, piperazinyl, piperidinyl, tetrahydropyranyl, thiomorpholinyl, quinuclidinyl
and imidazolinyl. Commonly used abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile (AIBN),
atmospheres (Atm), 9-borabicyclo[3.3.1]Jnonane (9-BBN or BBN), tert-butoxycarbonyl (Boc), di-tert-
butyl pyrocarbonate or boc anhydride (BOC20), benzyl (Bn), butyl (Bu), Chemical Abstracts 10
Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole (CDI),
1,4-diazabicyclo[2.2.2]octane (DABCO), diethylaminosulfur trifluoride (DAST), dibenzylideneacetone
(dba), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-diazabicyclo [5.4.0]- widec-7-ene (DBU),
N,N'-dicyclohexylcarbodiimide (DCC), 1,2-dichloroethane (DCE), dichloromethane (DCM), diethyl
azodicarboxylate (DEAD), di-iso-propylazodicarboxylate



15 (DIAD), di-iso-butylaluminumhydride (DIBAL or D1BAL-H), di-iso-propylethylamine (D1PEA),
N,N-dimetg%/l acetamide (DMA), 4-N,N-dimethytaminopyridine (DMAP), Ni)Ndimetha/Iformamide (DMF),
dimethyl s Mngﬁ%O), 1,1'-bis-(diphenylphosphino)ethane (dppe), CT/EP2009/057320
1,1'-bis-(diphenylphosphino)ferrocene (dppf), 1-(3:g§r_nethylaminopropyl)-3- ethylcarbodiimide
hydrochloride (EDCI), ethyl (Et), ethyl acetate (EtOAc), ethanol (EtOH), 2- 20

ethoxy'%hlé%gmggﬂg#:({%gﬁéﬂi%m&%@ﬂﬁ/g@ﬁi%bn@%pﬁi Eﬂﬁﬁéﬁé@k . Activation of

0-(7-azabenzotriazole N, N,N'N'-tetramethyluronium hexafluorophosphate acetic acid (HATU),
acetic d3tl i OpsticaNthgsioseulin 2o aidzekoHO Bipspighipressure tigidh, chiomasdgralsig (HPLC),
iSO-pro I lithi [sila: ' 1) el int-(mp),
PR B L A L R B B S AT
mass spebstimicthasic shatinglaf bl Aliher M TBE) g ringlombsneciimidley (nB S -nubadstiydsimgdride

(NCH), Ma@g%ggﬁ]iﬁimre%? {NGRImN-etvinorphotng MMM N-meHyipyralidone (NVP).

pyridinium romate (FCC), pyridinium dichromate (PDC), phenyl (Ph), propyl (Pr), iso-propyl
(i-Pr), p&i@dﬁ%@ﬁsﬁ%@@@ﬂdﬁﬂﬁé%@?rbh@%ﬁ?,(r@é‘m kﬁp@?ﬁ%@@@ﬂ?ﬂéﬁﬁ@&mmthylsiIonr
LBuMe3i 30 (OOMS) RPN ABIE (TEACLEINN 2 8 elamalipinalsing Lo AEYPO)
triflate or CF3S02- (TO, trifluoroacctic acid (TFA), 1,1'-bis-2,2,6,6-tetramethylheptane-2,6-dione
(TMHD R0 ipeesotideait sajd RigyaliavidetehnteshliatbeiimaT cetrafhitrobesrave Y TRIERcad viFer
Chroma@f@ﬁ*@&’eﬁﬁh&i’oﬁm Q&H@ﬁxgmhtﬂﬂ)?ﬁg%_y{!siﬁ{h@fimjdqtly'@eﬁiaW@ when Y* is
2009/156284PCT/EP2009/057320 -30- toluenesdulfonic¢ acid mondhydrate (TSOH or pTsOH),
4-Nfe-Chraso2ashybsfiqmepuds et Fananiasak i dxgemtipduda aNTaines evertibisl aieradisElature
including,the, prefixesnoumel (. isex(ine SRE0RAANY SeG IR GRE HAIAEANRYE their customary

meaning when used with an alkyl moiety. (Rigaudy and Klesney, Nomenclature in Organic Chemistry,
IUPAC acorgslngdergsafidopibesraaipsad 91 FrbarissmCarpetsd sefukeundreih Y edn s wéutmeumatic
arthritis; ghranic meumataidaptitischiamydisl aiitisigrenic fhspratius arfbrtisnthious arthritis,
arthritis based on bowel disease, filarial arthritis, gonorrheal arthritis, gouty arthritis, hemophilic
arthritis CORPEIPS PHE BRGNS 2| Foeris BRSO BiR YRS copmruafhafiEoreakatkild shartiy thodular
arthsitis ,10-Q6RrERENS, ALRLSISHRSOHANE, akhplsQ S URRKRLIVE arthritis, or the related diseases which
require %he administration to a mammal in a therapeutic effective dose of a compound of Formulae 1-V
in a sufficient dose, tg inhibit BTK. The compounds, of this invention can be used to treat subjects with
aUtomAR AN oy of BISGHASIS WELESEPRGRFTS (RO AT BRIDRNHEE BR drfort SR ke term
means gslisgaskrsli disOrdendt coniondcalse by e tpmphasysterohananimal Ayteimmune

disorders are those whergjn the anjmal's oyn immune system mistakenly attacks itself, thereby
targetingfthé’ 8ﬁ'§fffs‘§’85§f= ﬁ”ﬁéU"E}r%?@ta?%eyc;)lf:ﬁ%gﬁlﬁﬁ%f@tﬁ%ﬂ%@;&g?@%mple, the autoimmune
reaction is directed against the nervous system in multiple sclerosis and the gut in Crohn's disease. in
other adftbinphoasie"distefiecd bucinasystantiodup tiscdnythdaviateSusi¢hufus)aciffecten dispuesiand
organs 20 may vary. among individuals,with the same disease.. erson . with lupus may have
e R e L R e R AR L L R ol
damagétoestaintisstiesniiy thednirauh e/ bicdtemn noayipdipeimiahend, mswithdestdetiateition
insulin-produ i@ cells of the pancreas in Type | diabetes mellitus. Specific autoimmune disorders that
may be%‘%veif%ra?{%rglﬁl'sing the compounds and methods of this invention include without 25 limitation,
autoimmune disorders of the nervous system (e.g., multiple sclerosis, myasthenia gravis, autoimmune

neuropatfiiescd e ihas soudifgatBarrshether autolrmnsiimadlvdinsg autbidmhody afdbeddritaftiise blood
(€.9., ayIQIRMUNERRMOVIE LRI BRENHOUS FOEMIZ AR AXIPURG JRFOMROSHeRGRIA),

autoimmune disorders of the blood vessels (e.g., temporal arteritis, antiphospholipid syndrome,

vaséulitibles suthedsrveyerieds grenpieierhiramnarerBs etk sheisbensey, "having at least™ or

"including at least". When used in the context of a process, the term "comprising" means that the
process includes at least the recited steps, but may include additional steps. When used in the
context of a compound or composition, the term "comprising" means that the compound or
composition includes at least the recited features or components, but may also include additional

30 features or components.



30 autoirnmune disorders of the skin (e.g., psoriasis, dermatitis herpetifolutis, pemphigus vulgaris, and
vitiligo), autoimmune disorders of the gastrointestinal system (e.g., Croft's disease, ulcerative colitis,

primary bill’ﬁ@%ﬂ?mg?ssf‘and autoimmune hepatitis), autoimmune disorderE GF R{Eg0o/057320
2009/156284PCTIEP2009/057320 -31- the endoc_r'ﬂ@ glands (e.g., Type 1 or immune-mediated
diabetes mellitus, Grave's disease. Hashimoto's thyroiditis, autoimmune oophoritis and orchitis, and

autoimme isgrdsy of e sgtenl alone) and auiamun disprdse oLl oags aclucing

connective tissue and musculoskeletal system diseases) (e.g., rheumatoi ritis, systemic lupus
erythensatsswd, "srstterodel e, thoRaxsjosits’ sarsnatorenyosits] spondyloarthropathies such as
ankylosing spondylitis, and Sjogren's syndrome) or the related diseases which require the

admi”isﬁﬁéi%&P‘%%%g%@lﬂﬁl"%tﬂ@éé@ﬁ%iﬁ effeptive dose LlasemRousiof Fosmuae Vi

sufficient dose to inhibit BTK. In addition, other immune sﬁe_m mediated diseases, such as
[

grail-versiitonb Sab s antrsansrye ahseraed aratibls ivvirethin wegsin Bsk s ARBE®Bisorders

herejn. 10 BREALSER RUMPSHRS MILRE Misrdstndre caxser D infammationdthelerisome overlap
between disorders that are considered immune disorders and inflammatory disorders. For the purpose

of this iNVEISRERITHUNSHREB BF BIEILEH VNP PiREdieSHEP PRty s edfm SriRitERRERNRF 25 Fmune
disordeggf gdnfiRmmatary sisqrarfogdieatment of an immune disorder” herein refers to administering
a compound or a composition of the invention to a subject, who has an 15 immune disorder, a

t f such a di di ition t d h a di ith th t ,
rlieve, SILSF: 4R6LETBP [ SEH 18 ST G e e e S SHOPH 8P e e dispoifgin

towardscimpbaridsaaparedd, dhetigred 'asthamatsnaansdatiplrionafndiease caitarcdenaneondition
characterized by reversible airway obstruction, airway inflammation, and.increased airway 20
resHbnaHEBETH ST LRy BY GRALRY T 1T HEER S 1rol iGN BHSEA G d ST P both
therapepiit/ sreatiiadidsand propkyleletiendy Prevdntaiiyemdastiias whsskindhpelnjdet is to prevent or
slow down (lessen) an undesired physiological change or disorder, such as the development or spread

of C?"?C%’heBs‘iﬁ%X' ' "Wﬂ%ﬁkff%ﬂd%ﬂc%ﬁﬁs ‘Sm‘?'“de’a*%%ﬁr%%%%‘o‘%{’dtg 8%"1%%?@8%]@ SYfpptoms,
diminishment o 2 extent of disease, stablilized (i.e., not worsening) state ofa Isease, delay or slowing
of diseastaprobresyion admslionsti gnoop paltidtiorfthe biverte tsttite rema rémissibawiétbicpartial
or total)ﬁwshae er q%g%ctgugle or undetectable. "Treatment" can also mean prolonging survival as
compared to expected sutvival if not receiving treatment. Those in need of treatment include those

already with the condition or disorder as well as those prone to have the condition or 30 disorder or

those mr\}fgagh(r)]

ok conditio Qrﬂdisor%r is to: bepr d. For.e; glgtreating an inflammatory
condition mea iz)?%dﬁ%?ﬁ%}{#e extentdr Severityof e flar}'\n&&a\?iloﬁ?Th reduction can mean but is not

limitéd to the complete ablation of inflammation. For example, the reduction WO
2009/156284PCT/EP2009/057320 -32-
A bond drawn into ring system (as opposed to connected at a distinct vertex) indicates that the

bond may be attached to any of the suitable ring atoms.

The term “optional” or “optionally” as used herein means that a subsequently described event or
‘circumstance may, but need not, occur, and that the description includes instances where the

20 event or circumstance occurs and instances in which it does not. For example, “optionally
substituted” means that the optionally substituted moiety may incorporate a hydrogen or a

substituent.

The phrase “optional bond” means that the bond may or may not be present, and that the
description includes single, double, or triple bonds. If a substituent is designated to be a "bond”

25  or "absent", the atoms linked to the substituents are then directly connected.

The term "about™ is used herein to mean approximately, in the region of, roughly, or around.
When the term "about" is used in conjunction with a numerical range, it modifies that range by

extending the boundaries above and below the numerical values set forth. In general, the term



can comprise a 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% reduction, or any

point in between, compared to an untreated or control subject as determined b suitable

)] an
measurem‘&%%%@ﬁ’rﬁ%@ or assay disclosed herein or known in the art. Exampieg® f(g’ﬁrz’ Lentative

compounds encompassed by the present inventiop and within the 5 scope of the invention are
provided in the following Table. These examples and preparations which follow are provided to enable

those skiigdlin;{he artia mare slcary.undersiand and 0 REAGHESIRG REESEREINVANEGR- T hey should

not be considered as limiting the scope of the invention, but merely as being illustrative and
represeraetivecthe?8b6.1n general, the nomenclature used herein is based on AUTONOMTm v.4.0, a
Beilstein Institute 10 computerized system for the generation of IUPAC systematic nomenclature. If

there is@-fisareRapsYasreshm Henigiechslyusib: andARARE. Jiveiatstbehsendiedepicted
structure is to be accorded more weight. In addition, if the stercochemistry of a structure or a pqrtion of

a structiHS Bt B T8 Y5 TR BFASS hEtP I G RIS Fe BH S I B PRk diptiEire is to
be interprgiad-as £osaieRasainrg il sterarisnmeisefilohd. TARIImEdepistseamlas of pyridinone
and pyridazinone compounds of generic Formulae |-IV: TABLE I. Cpd # Structure Nomenclature MP
I-1 0 ONRAURHgTfyg and attempts to 1solate an individual tautomers usually produce a mixture whose
chemical and physical properties are consistent with a mixture of compounds. The position of
the equilibrium is dependent on chemical features within the molecule. For example, m many
aliphatic aldehydes and ketones, such as acetaldehyde, the keto form predominates while; in
10 phenols, the enol form predominates. Common prototropic tautomers include keto/enol (-
C(=0)-CH- A -C(-OH)=CH-), amide/imidic acid (-C(=0)-NH- A -C(-OH)=N-) and amidine (-
C(=NR)-NH- A -C(-NHR)=N-) tautomers. The latter two are particularly common in heteroaryl

and heterocyclic rings and the present invention encompasses all tautomeric forms of the

compounds.

15 Technical and scientific terms used herein have the meaning commonly understood by one of
skill in the art to which the present invention pertains, unless otherwise defined. Reference 18
made herein to various methodologies and materials known to those of skill in the art. Standard
reference works setting forth the general principles of pharmacology include Goodman and
Gilman's The Pharmacological Basis of Therapeutics, 10™ Ed., McGraw Hill Companies Inc.,

20  New York (2001). Any suitable materials and/or methods known to those of skill can be utilized
in carrying out the present invention. However, preferred materials and methods are described.
Materials, rcagents and the like to which reference are made in the following description and

examples are obtainable from commercial sources, unless otherwise noted.

The definitions described herein may be appended to form chemically-relevant combinations,

25 such as “heteroalkylaryl,” “haloalkytheteroaryl,” “arylalkylheterocyclyl,” “alkylcarbonyl,”
“alkoxyalkyl,” and the like. When the term “alkyl” is used as a suffix following another term, as
in “phenylalkyl,” or “hydroxyalkyl,” this is intended to refer to an alkyl group, as defined above,
being substituted with one to two substituents selected from the other specifically-named group.
Thus, ¢.g., “phenylalkyl” refers to an alkyl group having one to two phenyl substituents, and thus

30 includes benzyl, phenylethyl, and biphenyl. An “alkylaminoalkyl” is an alkyl group having one
to two alkylamino substituents. “Hydroxyalkyl" includes 2-hydroxyethyl, 2-hydroxypropyl, 1-
(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl, 2,3-dihydroxybutyl, 2-(hydroxymethyl}, 3-
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hydroxypropyl, and so forth. Accordingly, as used herein, the term “hydroxyalkyl” is used to
define a subset of heteroalkyl groups defined below. The term -(ar)alkyl refers to either an
unsubstituted alkyl or an aralkyl group. The term (hetero)aryl or (het)aryl refers to either an aryl
or a heteroaryl group.

5 The term “acyl” as used herein denotes a group of formula -C(=0)R wherein R 18 hydrogen or
lower alkyl as defined herein. The term or "alkylcarbonyl" as used herein denotes a group of
formula C(=0)R wherein R is alkyl as defined herein. The term C, 4 acyl refers to a group -
C(=O)R contain 6 carbon atoms. The term "arylcarbonyl” as used herein means a group of
formula C(=0O)R wherein R is an aryl group; the term "benzoyl" as used herein an "arylcarbonyl”

10 group wherein R is phenyl.

The term “alkyl” as used herein denotes an unbranched or branched chain, saturated, monovalent
hydrocarbon residue containing 1 to 10 carbon atoms. The term “lower alkyl” denotes a straight
or branched chain hydrocarbon residue containing 1 to 6 carbon atoms. "Ci-10alkyl” as used
herein refers to an alkyl composed of 1 to 10 carbons. Examples of alkyl groups include, but are

15 not limited to, lower alkyl groups include methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, r-butyl
or pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl.

When the term “alkyl” is used as a suffix following another term, as in “phenylaikyl,” or
“hydroxyalkyl,” this is intended to refer to an alkyl group, as defined above, being substituted
with one to two substituents seiected from the other specifically-named group. Thus, e.g.,

20 “phenylalky!” denotes the radical RR"-, wherein R'is a phenyl radical, and R" is an alkylene
radical as defined herein with the understanding that the attachment point of the phenylalkyl
moiety will be on the alkylene radical. Examples of arylalkyl radicals include, but are not
limited to, benzyl, phenylethyl, 3-phenylpropyl. The terms “arylalkyl” or "aralkyl" are inter-
preted similarty except R' is an aryl radical. The terms "(het)arylalkyl" or "(het)aralkyl" are

25  interpreted similarly except R’ is optionally an aryl or a heteroaryl radical.

The term "alkylene" or "alkyleny!” as used heremn denotes a divalent saturated linear hydro-
carbon radical of 1 to 10 carbon atoms {e.g., (CHa),)or a branched saturated divalent hydro-
carbon radical of 2 to 10 carbon atoms (e.g., -CHMe- or -CHyCH(i-Pr)CH;-), unless otherwise
indicated. Except in the case of methylene, the open valences of an alkylene group are not

30 attached to the same atom. Examples of alkylene radicals include, but are not limited to,
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methylene, ethylene, propylene, 2-methyl-propylene, 1,1-dimethyl-ethylene, butylene, 2-
ethylbutylene.

The term "alkoxy" as used herein means an -O-alkyl group, wherein alkyl is as defined above
such as methoxy, ethoxy, n-propyloxy, i-propyloxy, #-butyloxy, i-butyloxy, -butyloxy, pent-

5 vyloxy, hexyloxy, including their isomers. "Lower alkoxy" as used herein denotes an alkoxy
group with a "lower alkyl" group as previously defined. "Ci-ioalkoxy" as used herein refers to an

-0O-alkyl wherein alkyl is Ci.10.

The term “alkoxyalkyl” as used herein refers to the radical R'R"-, wherein R' is an alkoxy radical
as defined herein, and R" is an alkylene radical as defined herein with the understanding that the

10 attachment point of the alkoxyalkyl moiety will be on the alkylene radical. Cy alkoxyalkyl
denotes a group wherein the alkyl portion is comprised of 1-6 carbon atoms exclusive of carbon
atoms in the alkoxy portion of the group. Ci.aalkoxy-C,salkyl denotes a group wherein the alkyl
portion is comprised of 1-6 carbon atoms and the alkoxy group is 1-3 carbons. Examples are
methoxymethyl, methoxyethyl, methoxypropyl, ethoxymethyl, ethoxyethyl, ethoxypropyl,

15 propyloxypropyl, methoxybutyl, ethoxybutyl, propyloxybutyl, butyloxybutyl, -butyloxybutyi,
methoxypentyl, ethoxypentyl, propyvloxypentyl including their isomers.

The term "hydroxyalkyl" as used herein denotes an alkyl radical as herein defined wherein one to

three hydrogen atoms on different carbon atoms is/are replaced by hydroxyl groups.

The terms "alkylsulfonyl" and "arylsulfonyl" as used herein refers to a group of formu-
20 la-S(=0).R wherein R is alkyl or aryl respectively and alkyl and aryl are as defined herein. The
term “heteroalkylsulfonyl” as used herein refers herein denotes a group of formula -S(=0),R

wherein R 1s “heteroalkyl” as defined herein.

The term “cycloalkyl” as used herein refers to a saturated carbocyclic ring containing 3 to 8
carbon atoms, 1.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl.
25  “Ciicycloalkyl" as used herein refers to an cycloalkyl composed of 3 to 7 carbons in the

carbocyclic ring.

“Aryl” means a monovalent cyclic aromatic hydrocarbon moiety consisting of a mono-, bi- or
tricyclic aromatic ring. The aryl group can be optionally substituted as defined herein.
Examples of aryl moieties include, but are not limited to, optionally substituted phenyl, naphthyl,

30 phenanthryl, fluorenyl, indenyl, azuleny!, oxydiphenyl, biphenyl, methylenediphenyl,
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aminodiphenyl, diphenylsulfidyl, diphenylsulfonyl, diphenylisopropylidenyl, benzodioxanyl,
benzodioxylyl, benzoxazinyl, benzoxazinonyl, benzopiperadinyl, benzopiperazinyl, benzo-
pyrrolidinyl, benzomorpholinyl, methylenedioxyphenyl, ethylenedioxyphenyl, and the like. The
aryl group may optionally be fused to a cycloalkyl or heterocycloalkyl ring, as herein defined.

5 Examples of an aryl group fused to a heterocycloalkyl group include 3,4-dihydro-1H-quinolin-2-
one, 3,4-dihydro-2H-benzo[1,4Joxazine, and 1,2,3 4-tetrahydro-isoquinoline. Preferred aryl
inctude optionally substituted phenyl and optionally substituted naphthyl.

The term "heteroaryl” or "heteroaromatic” as used herein means a monocyclic or bicyclic radical
of 5 to 12 ring atoms having at least one aromatic ring containing four to eight atoms per ring,

10  incorporating one or more N, O, or S heteroatoms, the remaining ring atoms being carbon, with
the understanding that the attachment point of the heteroaryl radical will be on an aromatic ring.
As well known to those skilled in the art, heteroaryl rings have less aromatic character than their
all-carbon counter parts. Thus, for the purposes of the invention, a heteroaryl group need only
have some degree of aromatic character. Examples of heteroaryl moieties include monocyclic

15  aromatic heterocycles having 5 to 6 ring atoms and 1 to 3 heteroatoms include, but is not limited
to, pyridinyl, pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl, imidazolyl, oxazol, isoxazole, thiazole,
isothiazole, triazoline, thiadiazole and oxadiaxoline which can optionally be substituted with one
or more, preferably one or two substituents selected from hydroxy, cyano, alkyl, alkoxy, thio,
lower haloalkoxy, alkylthio, halogen, lower haloalkyl, alkylsulfinyl, alkylsulfonyl, halogen,

20 amino, alkylamino, dialkylamino, aminoalkyl, alkylaminoalkyl, and dialkylaminoalkyl, nitro,
alkoxycarbonyl and carbamoyl, alkylcarbamoyl, dialkylcarbamoyl, arylcarbamoyl,
alkylcarbonylamino and arylcarbonylamino. Examples of bicyclic moieties include, but are not
fimited to, quinolinyl, isoqﬁino linyl, benzofuryl, benzothiophenyl, benzoxazole, benzisoxazole,
benzothiazole and benzisothiazole. Bicyclic moieties can be optionally substituted on either ring;

25  however the point of attachment is on a ring containing a heteroatom.,

The term “heterocycloalkyl”, "heterocyclyl”, or "heterocycle” as used herein denotes a mono-
valent saturated cyclic radical, consisting of one or more fused or spirocyclic rings, preferably
one to two rings, of three to eight atoms per ring, incorporating one or more ring heteroatoms
(chosen from N,O or $(O)e.2), and which can optionally be independently substituted with one or
30 more, preferably one or two substituents selected from hydroxy, oxo, cyano, lower alkyl, lower
alkoxy, lower haloalkoxy, alkylthio, halogen, lower haloalkyl, hydroxyalkyl, nitro,
alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl, alkylaminosulfonyl,
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arylaminosulfonyl, alkylsulfonylamino, arylsulfonylamino, alkylaminocarbonyl,
arylaminocarbonyl, alkylcarbonylamino, arylcarbonytamino, unless otherwise indicated.
Examples of heterocyclic radicals include, but are not limited to, azetidinyl, pyrrolidinyl,
hexahydroazepinyl, oxetanyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl, thiazol-

5 idinyl, 1soxazolidinyl, morpholinyl, piperazinyl, piperidinyl, tetrahydropyranyl, thiomorpholinyl,

quinuclidinyl and imidazolinyl.

Commonly used abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile (AIBN), atmo-
spheres (Atm), 9-borabicyclo[3.3.1]nonane (9-BBN or BBN), fert-butoxycarbonyi (Boc), di-fert-
butyl pyrocarbonate or boc anhydride (BOC,0), benzyl (Bn), butyl (Bu), Chemical Abstracts

10 Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole (CDI),
1,4-diazabicyclo[2.2.2]octane (DABCQ), diethylaminosulfur trifluoride (DAST),
dibenzylideneacetone (dba), 1,5-diazabicyclof4.3.0lnon-5-ene (DBN), 1,8-diazabicyclo[5.4.0]-
undec-7-ene (DBU), N,N'-dicyclohexylcarbodiimide (DCC), 1,2-dichloroethane (DCE),
dichloromethane (DCM), dicthyl azodicarboxylate (DEAD), di-iso-propylazodicarboxylate

15 (DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H), di-iso-propylethylamine (DIPEA),
N,N-dimethyl acetamide (DMA), 4-N,N-dimethylaminopyridine (DMAP), N,N-
dimethylformamide (DMF), dimethyl sulfoxide (DMSO), 1,1-bis-(diphenylphosphino)ethane
(dppe), 1,1-bis-(diphenylphosphino)ferrocene (dppf), 1-(3-dimethylaminopropyl)-3-
cthylcarbodiimide hydrochioride (EDCI), ethyl (Et), ethyl acetate (EtOAc), ethanol (EtOH), 2-

20 ethoxy-2H-quinoline-1-carboxylic acid ethyl ester (EEDQ), diethyl ether (Et,O), O-(7-aza-
benzotriazole-1-y1)-N, N,N’N’-tetramethyluronium hexafluorophosphate acetic acid (HATU),
acetic acid (HOAc), 1-N-hydroxybenzotriazole (HOBt), high pressure liquid chromatography
(HPLQC), iso-propanol (IPA), lithium hexamethyl disilazane (LiHMDS), methanol (MeOLH),
melting point (mp), MeSO,- (mesyl or Ms), methyl (Me), acetonitrile (MeCN), m-chloro-

25 perbenzoic acid (MCPBA), mass spectrum (ms), methyl -butyl ether (MTBE), N-bromo-
succinimide (NBS), N-carboxyanhydride (NCA), N-chlorosuccinimide (NCS), N-methyl-
morpholine (NMM), N-methylpyrrolidone (NMP), pyridinium chlorochromate (PCC),
pyridinium dichromate (PDC), phenyl (Ph), propyl (Pr), iso-propyl (i-Pr), pounds per square inch
(psi), pyridine (pyr), room temperature (1t or RT), fert-butyldimethylsilyl or -BuMe;Si

30 (TBDMS), triethylamine (TEA or Et;N}), 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO), triflate
or CF3S0;- (T1), trifluoroacetic acid (TFA), 1,1-bis-2,2,6,6-tetramethylheptane-2,6-dione
(TMHD), O-benzotriazol-1-yi-N,N,N',N'-tetramethyluronium tetrafluoroborate (TBTU), thin
layer chromatography (TLC), tetrahydrofuran (THF), trimethylsilyl or MesSi (TMS), p-
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toluenesulfonic acid monohydrate (TsOH or pTsOH), 4-Me-CsH4SO»- or tosyl (Ts), N-urethane-
N-carboxyanhydride (UNCA). Conventional nomenclature including the prefixes normal (n),
iso (i-), secondary (sec-), tertiary (tert-) and neo have their customary meaning when used with
an alkyl moiety. (Rigaudy and Kiesney, Nomenclature in Organic Chemistry, ITUPAC 1979

5 Pergamon Press, Oxford.).

The term “arthritis” as used herein means acute rheumatic arthritis, chronic rheumatoid arthritis,
chiamydial arthritis, chronic absorptive arthritis, chylous arthritis, arthritis based on bowel
disease, filarial arthritis, gonorrheal arthritis, gouty arthritis, hemophilic arthritis, hypertrophic
arthritis, juvenile chronic arthritis, Lyme arthritis, neonatal foal arthritis, nodular arthritis,

10 ochronotic arthritis, psoriatic arthritis or suppurative arthritis, or the related diseases which
require the administration to a mammal in a therapeutic effective dose of a compound of

Formulae I-V in a sufficient dose to inhihit BTK.

The compounds of this invention can be used to treat subjects with autoimmune conditions or
disorders. As used herein, the term "autoimmune condition” and like terms means a disease,

15 disorder or condition caused by the immune system of an animal. Autoimmune disorders are
those wherein the animal's own immune system mistakenly attacks itself, thereby targeting the
cells, tissues, and/or organs of the animal's own body. For example, the autoimmune reaction 1s
directed against the nervous system in multiple sclerosis and the gut in Crohn's discase. In other
autoimmune disorders such as systemic lupus erythematosus (tupus), affected tissues and organs

20 may vary among individuals with the same disease. One person with lupus may have affected
skin and joints whereas another may have affected skin, kidney, and lungs. Ultimately, damage
to certain tissues by the immune system may be permanent, as with destruction of insulin-
producing cells of the pancreas in Type 1 diabetes mellitus. Specific autoimmune disorders that
may be ameliorated using the compounds and methods of this invention include without

25 limitation, autoimmune disorders of the nervous system (e.g., multiple sclerosis, myasthenia
gravis, autoimmune neuropathies such as Guillain-Barre, and autoimmune uveitis), autoimmune
disorders of the blood (e.g., autoimmune hemolytic anemia, pernicious anemia, and autoimmune
thrombocytopenia), autoimmune disorders of the blood vessels (e.g., temporal arteritis, anti-
phospholipid syndrome, vasculitides such as Wegener's granulomatosis, and Behcet's disease),

30 autoimmune disorders of the skin (e.g., psoriasis, dermatitis herpetiformis, pemphigus vulgaris,
and vitiligo), autoimmune disorders of the gastrointestinal system (e.g., Crohn's disease,

ulcerative colitis, primary biliary cirrhosis, and autoimmune hepatitis), autoimmune disorders of
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231-
the endocrine glands (e.g., Type 1 or immune-mediated diabetes mellitus, Grave's disease.
Hashimoto's thyroiditis, autoimmune oophoritis and orchitis, and autoimmune disorder of the
adrenal gland); and autoimmune disorders of multiple organs (including connective tissue and
musculoskeletal system diseases) (e.g., theumatoid arthritis, systemic lupus erythematosus,

5 scleroderma, polymyositis, dermatomyositis, spondyloarthropathies such as ankylosing
spondylitis, and Sjogren's syndrome) or the related diseases which require the administration to a
mammal in a therapeutic effective dose of a compound of Formulae I-V in a sufficient dose to
inhibit BTK. In addition, other immune system mediated diseases, such as graft-versus-host
disease and allergic disorders, are also included in the definition of immune disorders herein.

10 Because a number of immune disorders are caused by inflammation, there is some overlap
between disorders that are considered immune disorders and mflammatory disorders. For the
purpose of this invention, in the case of such an overlapping disorder, it may be considered either
an immune disorder or an inflammatory disorder. "Treatment of an immune disorder” herein
refers to administering a compound or a composition of the invention to a subject, who has an

15 immune disorder, a symptom of such a disease or a predisposition towards such a disease, with
the purpose to cure, relieve, alter, affect, or prevent the autoimmune disorder, the symptom of it,

or the predisposition towards it.

As used herein, the term “asthma” means a pulmonary disease, disorder or condition
characterized by reversible airway obstruction, airway mflammation, and increased airway

20 responsiveness to a variety of stimult

The terms "treat," "treatment," or "treating" refer to both therapeutic treatment and prophylactic
or preventative measures, wherein the object 1s to prevent or slow down (lessen) an undesired
" physiological change or disorder, such as the development or spread of cancer. Beneficial or
desired clinical results include, but are not limited to, alleviation of symptoms, diminishment of
25 extent of disease, stabilized (i.e., not worsening) state of disease, delay or slowing of disease
progression, amelioration or palliation of the disease state, and remission (whether partial or
total), whether detectable or undetectable. "Treatment” can also mean prolonging survival as
compared to expected survival if not receiving treatment. Those in need of treatment mclude
those already with the condition or disorder as well as those prone to have the condition or
30 disorder or those in which the condition or disorder is to be preveﬁted. For example, treating an
inflammatory condition means reducing the extent or severity of the inflammation. The reduction

can mean but is not limited to the complete ablation of inflammation. For example, the reduction
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can comprise a 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% reduction, or
any point in between, compared to an untreated or control subject as determined by any suitable

measurement technique or assay disclosed herein or known in the art.

Examples of representative compounds encompassed by the present invention and within the
scope of the invention are provided in the following Table. These examples and preparations
which follow are provided to enable those skilled in the art to more clearly understand and to
practice the present invention. They should not be considered as limiting the scope of the

invention, but merely as being illustrative and representative thercof.

In general, the nomenclature used herein is based on AUTONOM™ v.4.0, a Beilstein Institute
computerized system for the generation of IUPAC systematic nomenclature. If thereisa
discrepancy between a depicted structure and a name given that structure, the depicted structure
is to be accorded more weight. In addition, if the stereochemistry of a structure or a portion of a
structure is not indicated with, e.g., bold or dashed lines, the structure or portion of the structure

1s to be mterpreted as encompassing all stereoisomers of it.

TABLE I depicts examples of pyridinone and pyridazinone compounds of generic Formulae I-

Iv:
TABLE I
Cpd # | Structure Nomenclature MP
I-1 1-{5-[3-(7-tert-Butyl-4-ox0-4H-

oo A o quinazolin-3-yl)-2-methyl-phenyl]-

Va | NN 1-methyl-2-ox0-1,2-dihydro-pyri-

°=<NH din-3-yl}-3-methyl-urea

I-2 I 7-Dimethylamino-3-(2-methyl-3-{1-

N\
Ol N OYQ methyl-5-{5-(morpholine-4-carbon-
HN%NVN vi)-pyridin-2-ylamino]-6-oxo-1,6-
N dihydro-pyridin-3-yl}-phenyl)-3H-

quinazolin-4-one
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AN N pyridin-2-ylamino]-6-0xo-1,6-di-
: N hydro-pyridazin-3-yi}-phenyl)-3H-
quinazohin-4-one
I1-1 ! 7-Dimethylamino-3-(2-methyl-3-{1- | 247.1-
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dihydro-pyridin-3-yl}-phenyl)-2H-
° N/\o phthalazin-1-one
It-2 o Lo ) L\ 6-Dimethylamine-2-(2-hydroxy-
| E;Ij methyl-3- {1-methyl-5-[5-(morpho-
H/N% 0 line-4-carbonyl)-pyridin-2-ylamino -
N 6-oxo-1,6-dihydro-pyridin-3-yl}-
o N()O phenyl)-2H-phthalazin-1-one
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[Nj phthalazin-1-one
o
1114 o A o 6-tert-Butyl-2-(2-hydroxymethyl-3-
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The pyrimidine and pyridine derivatives described herein are kinase inhibitors, in particular Btk
inhibitors. These inhibitors can be useful for treating one or more diseases responsive to kinase
inhibition, including diseases responsive to Btk inhibition and/or inhibition of B-cell
5 proliferation, in mammals. Without wishing to be bound to any particular theory, it is believed

that the interaction of the compounds of the invention with Btk results in the inhibition of Btk
activity and thus in the pharmaceutical utility of these compounds. Accordingly, the invention
includes a method of treating a mammal, for instance a human, having a disease responsive to
inhibition of Btk activity, and/or mhibiting B-cell proliferation, comprising administrating to the

10 mammal having such a disease, an effective amount of at least one chemical entity provided
herein. An effective concentration may be ascertained experimentally, e.g. by assaying blood
concentration of the compound, or theoretically, by calculating bioavailability. Other kinases that
may be affected in addition to Btk include, but are not limited to, other tyrosine kinases and

sering/threonine kinases.



N 1NNOHOAON *5-[3-(6-Cyclopropy1-1,1-dioxo-3,4-

dihydro-ll%%gg}ggﬂ(%‘?k [1,2]thiazin-2-y1)-2-hydroxymethyl- phenyll- 1 mﬁ%}@%?g@%%o

line4-carbony0-pyridin-2-ylamino]-1Hpyridin-2-one 1IV-30HN--0 IN O
5-[3-(6-Dimethylamino-1,1-dioxo3,4-dihydro-IH-1Xggbenzole][1,2]-
thiazin-2-yl)-2-hydroxymethyl-phenyl]-1-methyl-345-(morpholinc-4-carbony1)-pyridin-2-ylamino]-1Hpyri
din-2-0RgniVeéplay notable roles in signaling pathways controlling fundamental celtular processes such

as proliferation, differentiation, and death (apoptosis). Abnormal kinase activity has been

implicated in a wide range of diseases, including multiple cancers, autoimmune and/or

inflammatory diseases, and acute inflammatory reactions. The multifaceted role of kinases in key

5 cell signaling pathways provides a significant opportunity to identify novel drugs targeting

kinases and signaling pathways.

An embodiment includes a method of treating a patient having an autoimmune and/or inflam-
matory disease, or an acute inflammatory reaction responsive to inhibition of Btk activity and/or

B-cell proliferation.

10 Autoimmune and/or inflammatory diseases that can be affected using compounds and compo-
sitions according to the invention include, but are not limited to: psoriasis, allergy, Crohn's
disease, irritable bowel syndrome, Sjogren's disease, tissue graft rejection, and hyperacute
rejection of transplanted organs, asthma, systemic lupus erythematosus (and associated
glomerulonephritis), dermatomyositis, multiple sclerosis, scleroderma, vasculitis (ANCA-

15 associated and other vasculitides), autoimmune hemolytic and thrombocytopenic states,
Goodpasture's syndrome (and associated glomerulonephritis and pulmonary hemorrhage),
atherosclerosis, rheumatoid arthritis, chronic Idiopathic thrombocytopenic purpura (ITP),
Addison's disease, Parkinson's disease, Alzheimer's disease, diabetes, septic shock, and

myasthenia gravis.

20 Included herein are methods of treatment in which at least one chemical entity provided herein is
administered in combination with an anti-inflammatory agent. Anti-inflammatory agents include
but are not imited to NSAIDs, non-specific and COX-2 specific cyclooxgenase enzyme
inhibitors, gold compounds, corticosteroids, methotrexate, tumor necrosis factor receptor (TNF)

receptors antagonists, immunosuppressants and methotrexate.

25 Examples of NSAIDs include, but are not limited to, ibuprofen, flurbiprofen, naproxen and
naproxen sodium, diclofenac, combinations of diclofenac sodium and misoprostol, sulindac,
oxaprozin, diflunisal, piroxicam, indomethacin, etodolac, fenoprofen calcium, ketoprofen,
sodium nabumetone, sulfasalazine, tolmetin sodium, and hydroxychloroquine. Examples of
NSAIDs also include COX-2 specific inhibitors such as celecoxib, valdecoxib, lumiracoxib

30 and/or etoricoxib.
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3-(6-FluorQ=1,1-diox0-3 4-dihydro-1H-1A.6-benzol[e][1,2]thiazin2-y1)-2-hydrexypsiiiphsnyl-1-
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useful for treating one or more diseases responsive to kinase inhibition, including diseases responsive
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Accordiggilyylthesinvention includes a method of treating a mammal, for instance a human, having a
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may be affected in addition to Btk include, but are not limited to, other tyrosine kinases and
serine/tArEOAME Kifases. WO 2009/156284PCT/EP2009/057320 -38- Kinases play notable roles in
signaling pathways controlling fundamental_ cellular processes such as proliferation, differentiation,
and dedthe(Biiidimakisnbadmemitalikinaseniltmany bewn iffpliektcampavnide chrng i deditses,
includin&i%gjgg&aﬂﬁg@ﬂgtoimmune and/or inflammatory diseases, and acute inflammatory
reactions. The multifaceted role of kinases in key 5 cell signaling pathways provides a significant
opportunity to identify novel drugs targeting kinases and signaling pathways. An embodiment includes
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and/or inflammatory diseases that can be affected using compounds and compositions according to
the invelfATREGNEY BIHUR ndthatddiiBop&fasis, allergy, Crohn's disease, irritable bowel
syndrome, Sjogren's disease, tissue grafi rejection, and hyperacute rejection of transplanted organs,
asthma(eystemisipuseryfhemiatestis aotlAs socatddmglidone iulodéghsitisgsdetinatamyesitis, multiple
sclerosiﬁ, scleroderma, vas(ci;ulitis ANSA- . . i
Ammatory compound 18 an anti-C3 monoclonal antibody (such as eculizumab or pexelizumab),
a TNF antagonist, such as entanercept, or infliximab, which is an anti-TNF alpha monoclonal

15  antibody.

Still other embodiments of the invention pertain to combinations in which at least one active
agent is an immunosuppressant compound such as an immunosuppressant compound chosen
from methotrexate, leflunomide, cyclosporine, tacrolimus, azathioprine, and mycophenolate

mofetil.

20 B-cells and B-cell precursors expressing BTK have been implicated in the pathology of B-cell
malignancies, including, but not limited to, B-cell lymphoma, lymphoma (including Hodgkin's
and non-Hodgkin's lymphoma), hairy cell lymphoma, multiple myeloma, chronic and acute

myelogenous leukemia and chronic and acute lymphocytic leukerma,

BTK has been shown to be an inhibitor of the Fas/APO-1 {CD-95) death inducing signaling

25  complex (DISC) in B-lineage lymphoid cells: The fate of leukemia/lymphoma cells may reside
in the balance between the opposing proapoptotic effects of caspases activated by DISC and an
upstream anti-apoptotic regulatory mechanism involving BTK and/or its substrates (Vassilev et
al., J. Biol. Chem. 1998, 274, 1646-1656).



15 associated and other vasculitides), autoimmune hemolytic and thrombocytopenic states,
Goodpasture's syndrome (and associated glomerulonephritis and pulmonary hemorrha %,
atheroscle%gig?'iﬂé?fﬁ%toid arthritis, chronic Idiopathic thrombocytopenic%(g?&})rg)?ﬁ%% ddison's
disease, Parkinson's disease, Alzheimer's diseaseygliabetes, septic shock, and myasthenia gravis. 20
Included herein are methods of treatment in which at least one chemical entity provided herein is
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not limited to NSAIDs, non-specific and COX-2 specific cyclooxgenase enzyme inhibitors, go
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ibuprofe Iprofen, naproxen and naproxen sodium, diclofenac, combinations of diclofenac sodium

and mishsroetonsiining &1 Bxapibizans dfllnds s0ppiserictase Inabihiserncinmetothsria, Tevpieran),
calcjum, Ketopriag. ff)ﬂlﬁmtq?p emﬁoﬁ%ﬁ%@ﬁéﬁ&g@ﬁtmm%%%r@%%oxychloroquine.

Examples of NSAIDs also include COX-2 specific inhibitors such as ce ecoxib, lumiracoxib

30 and/ercephespibmidronzopbiiBerBYPCYIEPRbObIObTa2eL 88 SotnéaephBodiviEH st ifse:
ant':'hflaﬁa%?&%fgiaﬂ%gwﬂé ligyaisaialioalesin@ysin anars poitiméed iaacabrsalicyligracid or
aspirin, sodium Salicylate, and choline and magnesium salicylates. The anti-inflammatory agent may
also be @editiedisteroid. For example, the corticosteroid may 5 be cortisone, dexamethasone,
methylprednisolone, prednisolone, prednisolone sodium phosphate, or prednisone. In additional

embodim@ris: e ant-inflammakikRaemtiseangold.cempaunarskitheas gpld sodiusbihipmalate or
auranofin. The invention alsqg includes embodiments in which the anti-inflammatory agent js a
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which igen@rtnlddb/alpamengcimal 36 antbady- 8tippther embodiments of the invention pertain to
combinations in which at least one active agent is an immunosuppressant compound such as an

immunosuppressant,compound chasen from methotrexate, leflunomide, cyclosporine,.tacrolimus,
s e R RS PR
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19%6’ 2%6'&0]& ,41163:5151?,519_?1'%11& ignza%%gsl&l?p%%1 6‘%%45@%%‘286%?5%%@%%er routes of administration.
The preferred manner of administration is generally oral using a convenient daily dosing regimen
which can be adjusted according to the degree of affliction and the patient's response to the

active mgredient,

A compound or compounds of the present invention, as well as their pharmaceutically useable

25  salts, together with one or more conventional excipients, carriers, or diluents, may be placed into
the form of pharmaceutical compositions and unit dosages. The pharmaceutical compositions
and unit dosage forms may be comprised of conventional ingredients in conventional proportions,
with or without additional active compounds or principles, and the unit dosage forms may
contain any suitable effective amount of the active ingredient commensurate with the intended

30  daily dosage range to be employed. The pharmaceutical compositions may be employed as
solids, such as tablets or filled capsules, semisolids, powders, sustained release formulations, or

liquids such as solutions, suspensions, emulsions, elixirs, or filled capsules for oral use; or in the



It has also been discovered that BTK inhibitors are useful as chemosensitizing agents, and, thus, are
useful_ in combination with other chemotherapeutic drugs, in particular, drugs that induce apoptosis.
Examples W%H‘é?/{:ﬁé%otherapeutic drugs that can be used in combinatigﬁgWﬁﬁZgﬁ%?ﬁagé’nsitizing
BTK inhibitors include topoisomerase | inhibitors (camptothecin or topotecan), 5 topoisomerase |l
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additiongl etk fRIIRRHAGR O principles, and the unit dosage forms may contain any suitable
effective amount of the active ingredient commensurate with the intended 30 daily dosage range to be
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the form"61'8 8%}5%}% it ]I%ascgﬁﬁ%%lg or E%Pélﬁjt‘g Aruds A %yﬁll%}éilln re?)ré?%%nl\cl\% "ESntain from about

5% to about 95% active compound or compounds (w/w). The term "preparation” or "dosage form" is
intended tépincineeebothl solicbeptdtlquidt fdormlafienswfth masiient srapelsadraniel yrmerkitled in the art

;vri" 5 ap&@%gefggngfm&a '}48&@9@9}%%@%%%% ifferent %W%%%%Pﬁﬂ&{@,ﬁ&ﬂsﬂhe target
gan or tissue and on the desir ose an pharmac Inetic parameters. The tem' "excipient" as
used hefwin.rafdraay eveomppoined thdfdet deenhiemnpeegamingiaspHaha acuvrisatedppositioresgeeterally
Saff@ n%’%e%%tﬂ%%{v@? IBQ:@@M&’}Q r?ﬁg?ﬁ)ﬁﬁg “pharmaceutically acceptable salt” of a
compound means a salt that is pharmaceutically acceptable and that possesses the desired
pharmacological activity of the parent compound. Such salts include: (1) acid addition salts,
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric
acid, phosphoric acid, and the hike; or formed with organic acids such as acetic acid, propionic
25 acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic
acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfomc acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,
30 camphorsulfonic acid, 4-methylbicyclo{2.2.2]-oct-2-ene-1-carboxylic acid, glucoheptonic acid,
3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid,

gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid,



undesirable, and includes excipients that are acceptable for veterinary use as well as human 10
pharmaceutical use. The compounds of this invention can be administered alone but will generally be
administer@PiA’4YMHe with one or more suitable pharmaceutical cxcipf’e%?é’?izﬁ?ﬁgﬁf? carriers
selected with regard to the intended route of adminjstration and standard pharmaceutical practice.
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activity irrthetiveaipeTNeopHbatdvpramsaseditiialiyacceptable salt” of a compound means a salt that is
pharmaceutically acceptable and that possesses the desired pharmacological activity of the parent
compounlidSsh satisminclidenthiRaid rdeitiantalsyiosoeskwil neraaNic.asita el arihydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the_like; or foiwed with organic
acids sYUMPHS ASHEHRE: pPoiBAIEPECALHY HSRIFORE HElkF, BRISpentarEphIpiaialsaerd, Blycolic acid,
pyruvic @gidniactisvacisy MARRIgAGIKISHECRISRalds DAl Adit: RIRIC BEidedIMAtE-agigetartaric acid,
citric acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, .
methantUif SRR ST EYh AR EUSIBR A SERFP IR ERsIRBLTIS Ih RO RS IRy aRETeBRAELuIfS fic acid,
benzengguliomicidcidofiChiRPRNIZERGSHW QRIE agidindtpaphithaepasulenisaeid. 4dekvengsuifonic

acid, 30 camphorsulfonic acid, 4-methylbicyclo[2.2.21-oc¢t-2-ene-1-carboxylic acid, glucoheptonic acid,
3-penyprEpRTE SRT" BFRBHYIAL St S b s B IAKEEC IR RECRNHY SUMAE SEECHonic acid,
glutamigiaeisle v poxinaPii B Qenasid csoliciCsaeid, S1@afe it MUSONIGRWE M Onclude but
2009/156284PCT/EP2009/057320 -42- and the like; or (2) salts f?rmed when an acidic proton present
in the pa’f%HPEBPH‘&%%%P#W@@@@G%%&%@%‘F%ﬁ‘i‘"’é‘?@?%ﬁ GIRYEFhet5198h PaA BiEfHE arth
ion, r?r %Eﬁﬂiﬂ,ngmym,imf@é&mrﬁi%@ﬁéblmllb% w&am%fﬁs@ﬁﬁ@thﬂgﬁtg?@@,tawwsmw@xﬁargine,
triethanolamine, tromethamine, N-methylglucamine, and the like. 5 Solid form preparations include
powderSOtABIRIE ifted dap diifes; UL IRHE RGPHGERERE AR L PABE YYAMIBS 2846 lid carrier may
beigne esippiesybsiances Mich Nabtise acudisdilueisidlavdring.egentsceatbiizgrisshtpsjcants,
suspen(gng(agents, bg}g‘ers, preservatives, tablet disintegrating agents, or an encapsulating material.
In powd&IE<TRE L AR éﬁ‘&&ﬁ%@’aaﬂﬂé% ided solid which is a mixture with the finely divided active
component. In tablets, the 10 active component generally is mixed with the carrier having the
necessaryiih dhngndapanitylio suitablaljedpodivhalandigompactetiiie theush &penahticize dedingd.
Suitable cagriers include bt are aqtlmited o magnesium carbonate. MAgnSSM. iGAA(e, falc, sugar,
lactose, pecfln, deXint ,’s%arcﬁ,’ggﬂal in, tragacanth,"me y%ce?lul}ose, sodium car%oxymet yicellulose, a
low meltirgavaigreosbabattentandbthe ieeccButid o rmlgrep dratiopis pasaticonshit in tadditioncto the
active 15 ¢ onent, colorants,.flavars, .stabilizers, buffers, artifigial and ral.swe ers,

s CAEIREERS S0 R R R e BUS[R, AU O STRSHESIRE o1 ora
administratian archisl&ylicgigforsmulcition lrvaluuing el sionecsEtp sy elixing, dusous soluimss,
agueous,suspensions. These incl solid for rai i inte nverted to
i Tog e e R L S M SO RS R
aqueoufprapy kxtslglngnlesd| tticksnorgrayntentsinenmssifyimgiogecds bephcasrhedithihissoditan
monoolegat cla.Aqueo QNS e Issglving the acti tin
water 00 L e AR eions
caddbe preparsdiiy tigbetsiliy e, fiodyuividboxaotbytortipbrentid othterwgittkwistous material, such
as natursﬁl H% S h,gté%t%S gums, resins, methylcellulose, sodium carboxymethylcellulose, and other
well known susp n§ing agents. The compounds of the present invention may be formulated for
parenteral administration (e.g., by injection, e.g. botus injection or continuous infusion) and may be

presentéBaFUBRISES 951AF PreseiB ol BreomE Acsirtea cd iy Posrnipa i AfRIBS B Ri-dose

containgtsiithaR 2ddeg iys injection or continuous infusion) and may be presented in unit dose form
in ampoules, pre-filled syringes, small volume infusion or in multi-dose containers with an added
30  preservative. The compositions may take such forms as suspensions, solutions, or emulsions in
oily or agueous vehicles, e.g. solutions i aqueous polyethylene glycol. Examples of oily or

nonaqueous carriers, diluents, solvents or vehicles include propylene glycol, polyethylene glycol,



30 preservative. The compositions may take such forms as suspensions, solutions, or emulsions in
oily or aqueous vehicles, e.g. solutions in aqueous polyethylene glycol. Examples of oil O
nonaqueoﬁ)g%é?f}%}g%ﬁfuents, solvents or vehicles include propylene g|yc8f?‘§§ﬁ?é’ﬂ%’{}i% glycol, WO
2009/156284PCT/EP2009/057320 -43- vegetable gijs (e.g., olive oil), and injectable organic esters
(e.g., ethyl oleate), and may contain formulatory agents such as preserving, wetting, emulsifying or
suspending. siabilieing angor dispersing;agenis. Allrioelively.the agye lgsedientmaydae.in powder
form, obtained by aseptic isolation of sterile solid of by lyophilisation ffom solution for Constitution
before deenBuithra egdnibdekidisseryngterit gy wyekifieec vanrrradiesmisbildecomierpresent
inventiogiaihe lounulaleg-fationicalagninisiatane s seidelRee MMl ggms or lotions,
ents

or as a hansdermal patch. Ointm and creams may, e.g., be formulated with an agueous or oily
base witheiéc aslition of sisrdo ke Hsierdridyrhdrst galfingreigdnto nUioticABsHaYBEIRIATfISEed with an
aqueous, &, 9ily, base angdylljn gengial ﬁ}l,w 0 eQutaiping one or more emulsifying agents, stabilizing
agents, dispersing agents, suspending agents, thickening agents, or coloring agents. Formulations
suitable for topical administration in the mouth include lozenges comprising active agents in a flavored

base, uSTAIRPEIRYEYE Qh 1 PARISNbATAGHEAARY DsSonas A IASTINE At LRSI GPM an inert

base ;L&h@%@@la&iaiﬁlgfklﬁ{wg@aﬁ &kl %ﬁ@@s?@ﬂa@@tﬁiﬁh?ﬁ?ﬁl%ﬁbﬂ!ﬁgﬁ&%ﬁm Qﬁ@iég@d?@ @ﬁ}gyyed f
ingredient in a 15suitable liguid carrier. The compoun the present invention may. be formulated for
administratidly S LHeSHE %’?ﬂqﬁﬁ%gﬁm&’%%& s ?é%agqﬁ&fbf) IRE g%ﬁ!f‘@[%?fb‘ggor cocoa

butter is;firshgnglieek andibasastive cgrrpangsd isitdispeisesbhonragseausiig evlipy sttringisthe
molten homogeneous mixture is then poured jnto&g;nv_enient sized molds, allowed to cogl, and to
solldlify. ST HREEANHBLAWE CPTHESHPERE AR TOH RS BRS8NSRt SUFRFISHaton.
PessariggedaNpansnG{eansi § s cPasies afeams BisRRybeoniainngin agditivaiteitherattven

ingredient such carriers as are known in the art to be appropgiate. The compounds of the present
inventioh g b F e e RS R AR SN SPSodp BRGNS 5 Bfiphed directly

to the nasalig@yity, Bycenmypatigne eprRit: Jhewith RS idipen pipele baspiah dhefaimulations
may be provided in a single or multidose form. In the L%tter case of a drg&&erg&{pi@etteq this may be
achievetPBPtHE PAAEPEASAARIIAG L 4h PIOBME G SOSBFRNR (Y StdRe BERESBIRiBN or
suspensigmbir theigeaggfra spray, this may be achieved e.g. by means of a metering atomizing spray
pump. The compounds of the present invention may be formulated for aerosol administration, pa
icu30 | to the respira tract and including intranasal.administration, . The compound will. WO
2000115 SO L bS50 A Stb T e e R i SR e o
micronsfoldessicBingwapatidieszermaycd ditginad by casdesdomoseibuther arfimstgndyed and
micronization.. The active ingredient is, provided in a,pressurized pack with_a suitabl ellant such
2o e R o R R e SSRGS R T ool
dichlorotetraffaosoethaneral cavhomvenient sized molds, allowed to cool, and to solidify.

20 The compounds of the present invention may be formulated for vaginal administration.
Pessaries, tampons, creams, gels, pastes, foams or sprays containing in addition to the active

ingredient such carriers as are known in the art to be appropriate.

The compounds of the present invention may be formulated for nasal administration. The
solutions or suspensions are applied directly to the nasal cavity by conventional means, e.g., with
25  a dropper, pipette or spray. The formulations may be provided in a single or multidose form. In
the latter case of a dropper or pipette, this may be achieved by the patient administering an
appropriate, predetermined volume of the solution or suspension. In the case of a spray, this may

be achieved ¢.g. by means of a metering atomizing Spray pump.

The compounds of the present invention may be formulated for acrosol administration, particu-

30 larly to the respiratory tract and including intranasal administration. The compound will



5 dioxide or other suitable gas. The aerosol may conveniently also contain a surfactant such as
lecithin. The dose of drug may be controlled by a metered valve. Alternatively the active ingredients
may be pr&;%é%ﬂ?ﬁlgé%gﬁo of a dry powder, e.g. a powder mix of the comp8 @ﬁ%%’%’ﬁﬁ%?g powder
base such as lactose, starch, starch derivatives sugh_as hydroxypropylmethyl cellulose and
polyvinylpyrrolidine (PVP). The powder carrier will form a gel in the nasal cavity. 10 The powder
compositi re i it das ' e.Qql i of , in_or blister
ks T e o e B e a1
fotinulatissanboe prapetdd withne ieriercativgetadgptadnidrsoringd Sheesiislvgiulisases

admin SRR L1 ARl RGN s EXAPIS MAAATRANIAINSRISENLENROKER can be
formulated in transdermal or subcutaneous drug delivery devices. 15 These delivery systems are

advantageods e shstaimsthrak dsehdtipiduesmpsbing iondsaisatytitiorhethpatientedeipliance
withsa trealment eGIPen s, A UGl [ HOMRRUNARAD 55%%9%%&?{' AGIUERSY atm&aﬁtfgisy ghtly

attached to an skin-adhesive solid support. The compound of’interest can also be combined with a

penetraﬁ@ﬁfénh dieetose gl MQ@@&mbq@eé@pIéihby@l abriprad 2 lope A Gusedinda W@elivery
system NSRS HDGHANRAUS!Y [Biterh %&%&%@Erﬁ'ﬁ‘% JBRF Y SHEGROLINSEIRR ] he

subdeinial implants encapsulate the compound in a lipid soluble membrane, e.g., silicone rubber, or a

b@odegraéb?@l@ p@}yﬁ%ﬂ?aé?gswﬁwa{éﬁ@ghi&.asé}sta@r@h&?ﬁmi_m§wbﬁg idhophatrRIdEsticd) carriers,
diluents apgh &XPEIRIRIHAGIFEIGTIRRY IDREMIPAIRWHe SeienceiandFragies.ahPharmany:995,

edited by Martin, Mack Publishing Company, 19th edition, Easton, Pennsylvania. A skilled formulation

scithtist AfalomeifOaosE ifsr mMatabio NECHGA thadaAindaror tite Bpudifidation torpréssde hugerous
fot inulagigngfar 8 1RACHIGUIAL ostieof A @H@i%@@&ﬂﬂﬁ?‘h%“&&ﬁ%ﬂ%%ﬁ?fﬁ@%@%%? Rhekihe present

invention unstable or compromising their therapeutic activity. The modification of the present
compounds to render them more solyble in water or other vehicle, e.g., may_be easjly accomplished

by minoP Aot LEAn D RN AR NARHOR PESREF ARS8 IS COR R APL G BIF VRIS B rdinary skil

in the adpdtisiRiseowelewithimineasdioatiskiliof theradide Madibkihe route: ebagininisitian and
dosage regimen of a particular compound in WO 2009/156284PCT/EP2009/057320 -45- order to

manag @IS PHEFRAAYRTARS BF HaSeE B MCSATHBANRS SR ARG AT AV HEMESH patients.

ThesteiiThisempruticalitaiecty elemeunio asvisatheipiadnerns af tnesnbieadireddaiaaice
symptoms of the disease in gn individual. The dose will be, adjus_tid to the indjvidual 5 requirements in

each patiurireRases; L0458 VAR GAFGARRA SRR R STHS BN SRR hirHarS BE Bkors such

as the s@ygrity el therdiseagedicheytiealaddtheageiandigenarabhealipreenditiencehifupadent, other
medicaments with hiigenthe atient is being treated, tge route and form {)f gdmin%stration and the
prefereﬂf&t&ea‘h%%%%’r BRE WEHRBPTHRHABSEPIRGET B Foroort LdRariEtPshon, a daily

dosage @icheivyean nbavl. 05Qitaneiablutd 000 g /kahady10ieight perdayahiaulddie @pREOpriate in
mapother %/an or in combination thetra y.,@epref rrr%%éjail dotsa%e is between about 0.1, and about
50 mgﬂ?g a7 WRYGRE RS FTHES 8 1 aht aB5tE RGBS Wﬁéﬁ%ﬁ? U AR BiLtBAed 1.0

and abaigid Goh@lkgedyranejght. paticlay: fivbsr.for admivgtsdtion i brherke. permivadiie Aakage range
would be about 7 mg to 0.7 g per day. The daily dosage can be administered as a single dosage or in

divided gl?f?ﬁ%g %b%yr%lf;a%{%s along with pharmaceutical carriers, diluents and expcipients are described
in Remington: The Science and Practice of Pharmacy 1995, edited by Martin, Mack Publishing
Company, 19th edition, Easton, Pennsylvania. A skilled formulation scientist may modify the
25 formulations within the teachings of the specification to provide numerous formulations for a
particular route of administration without rendering the compositions of the present invention

unstable or compromising their therapeutic activity.

The modification of the present compounds to render them more soluble in water or other
vehicle, e.g., may be easily accomplished by mmor modifications (salt formulation, esterification,
30 etc.), which are well within the ordinary skill in the art. It is also well within the ordinary skill of

the art to modify the route of administration and dosage regimen of a particular compound in



15 between 1 and 5 dosages per day. Generally, treatment is initiated with smaller dosages which are
less than the ogjtimum dose of the compound. Thereafter, the dosage is increased by small increments

until the oﬁﬂﬁ‘i PROEFE R %or the individual patient is reached. One of ordina?ygﬁﬁ%ﬁﬂ?fg%@ﬁ& diseases

described herein will be able, without undue expe[_i‘gi]ggntation and in reliance on personal knowledge,
experience and the present disclosure, to ascertain a therapeutically 20 effective amount of the

compounds of t resent invention for a gi ' [ T | arations
e bro B e A o
containingapprepriate quantities of the active component. The unit dosage form can be a packaged

preparation, the package containing discrete quantities of preparation, such as packeted tablets,

capsulep, 2R ROWEHELSARVIAIS OFAMPOMES.AISE REIARWMLHERAIE, DHB SRR iR EAP UG LaDIEL,

cachet, or lozenge itself, or it can be the appropriate number of any of these in packaged form. WO

2009/158BATTSYE o cosArS A3 20 1adly deterdhsdrsnieil begstusiod toihe wWdvidual

2009/1 1Q57; AL G di
L et {6155 sy 531 g 10 5 ions 2 Tt tyiine (2 8030 SN 10

dimethyBEMsicfieH aaBRHBta sSHsH L aflsBRAisce S 12 8¢ T3 atadhion 2ecrapdrBRpRHEASHIE (1.64mL,
14 smmalh1and istrabytyiamnianivmeiadide-(360an O AR AmPebrAdVES egtadat heQGufordd hours.

The mixture was made acidic with 1M aqg. HCI and was patrtitioned between DCM and water. The

aqueouRyef afsainision srd it RicE S dith earpercae Hhe Wedilrmsatomthipeedrhe 10

organicgygrWagHred ok, anir ausRagnesivR shbake oqgn&%&u%@mmm@ﬁg&g%agwas triturated
with water to yield 1-methyl-4-(6-nitro-pyridin-3-yfi-piperazine (1.82g, 8.19mmol). MS (ESI) 223.1
(MI81-1yeigkiass 9y sheauld MeprpiEFRi Re NP R ALS i franbination thérapy. A preferred

1-Methylsdi( Griiten: RYHiRe3nydnoR e 1azin e (b uf 489, B85 B\ LExarmpies ) wRS - shed

about 100 mg/kg body weight and most preferred 1.0 and about 10 mg/kg body weight per day.
Thus, for administration to a 70 kg person, the dosage range would be about 7 mg to 0.7 g per
day. The daily dosage can be administered as a single dosage or in divided dosages, typically

15  Dbetween 1 and 5 dosages per day. Generally, treatment is imitiated with smaller dosages which
are less than the optimum dose of the compound. Thereafter, the dosage is increased by small
mcrements until the optimum effect for the individual patient is reached. One of ordinary skill in
treating discases described herein will be able, without undue experimentation and in reliance on
personal knowledge, experience and the present disclosure, to ascertain a therapeutically

20 effective amount of the compounds of the present invention for a given disease and patient.

The pharmaceutical preparations are preferably in unit dosage forms. In such form, the pre-
paration is subdivided into unit doses containing appropriate quantitics of the active component.
The unit dosage form can be a packaged preparation, the package containing discrete quantities
of preparation, such as packeted tablets, capsules, and powders in vials or ampoules. Also, the
25 unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can be the appropriate

number of any of these in packaged form.



15 30mL methanol with 175mg 10% palladium on carbon under an atmosphere of hydrogen gas for 5

hours. Th| ?g and concentrated in vacuo to yield 5-(4-Methyl-pi To¥ k320
pyridin-2- yam'neg{ B9, 7.724mtnol). MS (ESI) 193.1 (M+H)t. WO ARRRBabMY

2009/156284PCT/EP2009/057320 -48- Example 34-
5-Bromo-1-methyl-345-(4-methyl-piperazin-I-yl)-pyridin-2-ylamino]-1Hpyridin-2-one To
S-(4-methylapieiadind o/ 1)-pyridin-2-ylamine (1.06g, 5.53mmol) (Example 2), 3,5-dibromo-
51-methyl-1H-pyridin-2-one (1.23g, 4.61mmol), 4,5-bis(diphenylphosphino)-9,9- dimethylxanthene
(400mg 0. 691rpmo|), and S|um carbonate (405093‘;3 .8mmol) was added 45mL 1,4-dioxane and

concentr: ted in vacuo, and purifi
methanol/DCM) to yield
5-bromo-1-methy1-345-(4-methylpipeLain:
1.28mmol) MS (ES1) 380 0 (M+H)".
5-Bromo-1-methyl-3y(5-r ol TR yyridin-2- ylamlnb) 1H- pyr|d|n A 15 This compound was
made anategessly ¢ 3 _
pyridin-2- ylamln ‘1H pyr|d|
5-Bromo-I-methyi- '3- (1-methyd2t 3 ]
3,5-Dibromo-1-methyl-1H-pyridin-2-one (469mg, .~76mmol), srrethyl-1H-pyrazol-3-yla (205mg,
2.11mmol), wris@wilbenzyLidineacetone)dipalladium(0) (80mg, 0.087mmol), 2,2'- WO
2009/156284PCT/EP2009/057320

General Scheme 2.

;5 X=NorCH



-49- bis(dip henylp hosphino -1,1 '-binap htha lene (82mg, 0.13mmol), and cesium carbonate (801mg,
2.46mmol ited in a sealed vial with 10mL toluene. This was h r 18 hours.
The result?‘r’?éfr%glxg@fg)eg\%%s poured into 50 mL water. This was extracted WI t ‘%tgéi?%

ethylacetate layer was washed with brine, dried ovgf_anhydrous magnesium sulfate, f||tered 5
concentrated in vacuo, and purified by flash chromatography (eluted with ethylacete/hexanes) to yield
5-Bromgr i mrsiddraikk-gnethyl-1H-pyrazol-3-yLamino)-1H-pyridin-2-one (271mg, 0.957mmo1l). MS
(ESI) 284.9 (M+Hf. Example 6:
5-Bromo-1-methyl-3-(5-morpholin-4-ylmethyl-pyridin-2-ylamino)-1Hpyridin-2-one 10
5-Bromo-I-methy1-345-(ingrpholine-4-carbony0-pyridin-2-ylamino]-1H-pyjgi-2-one (2.3g, 5.9mmot)
was dissolved in 30m5\|%2<9l: Boranec[HE complex (2.5g, 29mmoj) was d. After stirring for 18
hours, thlsowaslconcentﬁeted |n vags@=d-thanol was added. Thjs A as reflu ed for one hour. This was

y1-3-(5-mo
! }Eom%l 0 (M+H)f.

| oa'ss‘miutlon of

20 piperazine (2.30g, 22.1mmol) and triethylamine (2.18g, 21.5m#hol). After stirring for 18 hours, this
was partitioned between ethyl acetate and water. The ethylacefate layer was dried over anhydrous
sodium sulfate, concentrated in vacuo, axyerhy ified Ryufl sh chromatography (elution with 3%

etrﬁ/l

5 Bromo- I-r‘ﬁ g?%ﬁcﬁw (4-methyl- plperazme 1-c8 yl) py‘i’ldln 2-ylaminol-11-1-pyridin-2-one To a
solution of &3 ot -Byrldln 3-y1)-(4-methyl-piperazin-l-yl)-methanone (2.00g, 7.46 mmol) 5 (Example
7) in 10 inL DMF was added 3-amino-5-bromo-1-methyl-1H-pyridin-2-one (1.80g, 8.95mmol) and
sodium BydiNgd_(587mg, 22.4mmol). After stirring for 18 hours, this was

(benzotrlazol -1- onxy)tpyrrolldlnophosphonlum hexafluorophqggh ?te (20.9¢g, 20.9mmo 1), 1-methyl-

Example 1: 1-Methyl-4-(6-nitro-pyridin-3-yl}-piperazine

5 To 5-bromo-2-nitro-pyridine (2.00g, 9.85mmol) in 10 mL dimethylsulfoxide was added
potassium carbonate { 2.72¢, 19.7mmol}, 1-methylpiperazine (1.64mL, 14.8mmol}, and
tetrabutylammonium iodide (36mg, 0.097mmol) and was heated at 120°C for 18 hours. The
mixture was made acidic with 1M aq. HCI and was partitioned between DCM and water. The
aqueous layer was made basic with 2M aq. sodium carbonate and was extracted with DCM. The

10 organic layer was dried over anhydrous magnesium sulfate, concentrated in vacuo, and was
triturated with water to yield 1-methyl-4-(6-nitro-pyridin-3-yl)-piperazine (1.82g, 8. 19mmol).
MS (ESI) 223.1 (M+H)".

Example 2: 5-(4-Methyl-piperazin-1-vl)-pyridin-2-ylamine

1-Methyl-4-(6-nitro-pyridin-3-yl)-piperazine (1.748g, 7.865mmol) (Example 1} was stirred in

15  30mL methanot with 175mg 10% palladium on carbon under an atmosphere of hydrogen gas for
5 hours. This was filtered and concentrated in vacuo to yield 5-(4-Methyl-piperazin-1-yl)-
pyridin-2-ylamine (1.485g, 7.724mmol). MS (ESI) 193.1 (M+H)".



guenched with water. This was extracted with ethylacetate. The ethylacetate layer was dried over
anhydrous sodium sulfate, concentrated in vacuo, and purified by flash chromato%%r%})hy g%radient
elution 0 té’v@/%“r??é’th‘?ﬁ%l/DCM) to yield 5-bromo-1-methyl-3-15-(4-methy|-lf)‘fgé$§ MRSy
1-carbonyl)-pyridin-2-ylamino]-1H-pyridin-2-one (QQQ_mg, 1.94mmol). MS (ESI) 406.0 (M+H)'. Example
9: 2-(3-Bromo-2-methyl-phenyl)-3-(3-dimethylamino-phenylamino)-acrylic acid ethyl ester

(3-Bromg-2-methyl-pheayl)-acetic agid henzyl gg 3% ! 9issalyed iny gthyl 15
formatr(;?i‘(),ég{r‘ﬁ%,l%t’:{Im?ne‘oglg/(1 (?:ji%rkrgll ﬁé@.ggr%g%ﬁ %ﬁéﬁ ,ﬂg%grlhzn}% r&g@ g‘ﬁ. jf?er st?r)rfing for 30 min,
this was quenched withirldinaZroH€ 1. This was partitioned between ethyl acetate and water. The ethyl
acetate layer was washed with water, washed with brine, dried over anhydrous magnesium sulfate,

and concengrated je=acyo. A portion of this material and N,N-dimethyl-benzene-1,3-diamine (96mg,
\ W‘Z{ skfre [

0 70mmutiwe nAmL ethanol for 18 hours. This was concentrated in vacuo and purified by
flash chromatograp i’ (ar, it elution 5 to 20% ethyl acetate/hexanes) to yield 2-(3-bromo-2-methyl-
WO 2009/156284PCT/E 9/057320 -51- phenyl)-3-(3-dimethylamino-phenylamino)-acrylic acid
ethyl ester (164mg, 0.4@Ymmol). MS (ESI) 405.0 (M+H)-. Example 10: 6-Chloro-pyridazin-3-ylamine
3,6-Dichloro-pyridazine (7.5 g, 50.35 mmol) was dissolved in ethanolic ammonia (100 mL) and 5

heated &8 1B6E mstsilarngeiR-prebiradiassalamin(thetsrandmmed dbapapitet) uhaehiPiytted

pregsure_gpg cruge Hiﬁdztaﬁéiti9@%li%fﬁﬁrﬁgg,m%%t@&%ﬁ&ﬂnfmm@pb}gusing EtOAc/Hexane
(6:4) to afford the title compound (4 g, 61 %) as a solid. Example 11:
4-Bromé@féh}6¥é%1§’?¥ﬂ’6(ﬁ§0§18d%§ﬁ’1 B.smdssrunexhriehitiotsid Bomaminets s mmoly

(Example 40) 1in mpetharal (@8 kit - yas edded Nakit 0218 @) 62 11pob)48 hareactivnignixiire was
stirred for 30 min at RI then Br2 (4.9é;h31 mmol) was added drop wise. Then the resulting reaction

mixture s dined RGHARR16 BorRindakEeeBmplatisss srr4etth PehrcELRyReRLS

concentatediRdefreducediRre sriarBosud e ifiediy 1ailigaarAOR:2Qa mashy, diamatagraphy
usinqg] EtOAc/1-lexane (8:2) to afford 4-bromo-6-chloro-pyridazin-3-ylamine (2.3 g, 36 A) as a solid. 15

Exdfnplaniydupys Brneiamony oig. soRerTated dhacry s RabREIESHRB A RBISEIHRARIEYN 1 g, 13.20
mmol) i EntBRUh aimLdvsas ades AT Imes6reMotamiisiazinegrylanine(Z.3tgyil 1 mmol)

(Example 11) in 50 int of acetic acid. Then the reaction mixture was stirred far Ih at 20C followed by

additiorPBIHRBr (25 Y SR SR b ARG B 5 e T M rEZRHER niYkeE k8% e d with
EtOAc, dripdigver Na2504,

Example 4: 5-Bromo-1-methyl-3-(5-morpholin-4-yl-pyridin-2-ylamino)-1H-pyridin-2-one

/'""\N J N\ _E
-/ Q%jo
N o

Cred

15 Br
This compound was made analogously to 5-Bromo-1-methyl-3-{5-(4-methyl-piperazin-1i-yi)-
pyridin-2-ylamino]-1H-pyridin-2-one. MS (ESI) 365.0 (M+H)".

Example 5:  5-Bromo-1-methyl-3-(1-methyl-1H-pyrazol-3-ylamino)-1H-pyridin-2-one

!
X,
<

N

20 3,5-Dibromo-1-methyl-1H-pyridin-2-one (469mg, 1.76mmol), 1-methyl-1H-pyrazol-3-ylamine
(205mg, 2.11mmol), tris(dibenzylidineacetone)dipalladium(0) (80mg, 0.087mmol), 2,2°-



20 concentrated under reduced pressure and crude purified by silica gel (100-200 mesh)
chromatography using EtOAc/Hexane (8:2) to afford the title compound (2.2 g, 95 %) as aoyellowish
solid. Exani$fe*4%3/1268% mo-6-ehloro-2-methyl-2H-pyridazine-3-one PCT/EP2009/05732
4-Bromo-6-chloro-21-1-pyridazin-3-one (5.02g, 23149)7_ mmol) (Example 12) was dissolved in 40 25 ml
DMF. Cesium carbonate (9.37g, 28.76 mmol) was added. After 5 min, iodomethane (5.103g, 35.95
mmol) wa, ded,dropwise over 20 min, T ion mi as Stirre e
MR e e R R R T e
The insdldtenmbtertat das filtet dd it agdiniandithddned witeRC VhiF e filkeatedmad 300 for 18

2009/156284PCT/ Q% 0.-52- [ 0 ield . th oo
‘+-bromick 1% o A e SR VACHS S preemued it ethylissg
Exampléht4tBy@hioats biyaethgd-d(dhed ottty kg whaod b Sey lamhivibp2Hregrigdrin-Subete, Gltsred,

1-Mgthyl-11-1- zol-3-amipe,( ' ved i ml g |

e b b FE L B b Sy e 3-0ne
(1.7 g, yield rviiodwals medett 3G 8- theshmixibre wazo biridairfer®-Hblinyad ambieat Bdhperature. The
reaction, pixture wa jrgo ® ml Erlenmeyer flask and acidified with 15 ml 1 M aqueous
hydroch gm&#dﬁﬁﬁﬁéﬁé : vvq;%*a aturated sodium 10 bicarbonate solution until the pH
reached about 8. It was extracted twice with each 100 ml of DCM; the organic phase was dried with
sodium Beimglerfterctt Binmeoheastiilsh (Frinscnb eyt ims g s ey fisHioradg@ieglal Hnis crude
material was triturateg wjifjpsmxire of DCM and hexane. The suspension was filtered off and the
resulting filter cake was dried under high vacuum to yield
6-chloro-2-methyl-4-(1-methyl-1H-pyrazol-3-ylamino)-2H-pyridazin-3-one 15 (967 mg, 4.03 mmol). MS
(ESI) 240.0 (M4 xamplg 15: 4-Bromo-2-(2-bromo-ethyl)-benzenesulfonyl chloride Chlorosulfonic
acid (17 wad=aslde pwise to 1-bromo-3-(2-bromo-ethyl)-benzene (5 g, 19 mmol) at 0C. The
mixture @tirred at OC fopstrthen an additional 3h at rt. The mixture was poured into an ice-water
slowly a xtracted with methylene chloride, and the combined 20 organic layers were evaporated
und@r reduced pressu?é to give 4.3 g of crude 4-bromo-2-(2- bromo-ethyp-benzenesulfonyl chloride

hich irectly f on. 16,
a3 (o B L e e P2 one 236,

(tert-butyPdimethylsifasspltyeginme BynLoRE Ry IEg4sn¢rnt bHS leotmm - Cader 36mmo pyridipddogdiamitil-1H-py
idin-2- . / PCT/EP 7. -53- - - ide (0.4
o, 1 08 T B e e 00 for

30 mm,shehcaddddia weesmeeiiambmoatiy hobanzdvasbifdlayh ciiemeriq@aply 1©08%rhol) and
DIREA {1 4ak) ﬂ%ﬁ%@ﬁé@&ﬁ&@%ﬁﬁ&ﬁ%ﬁﬁ&ﬂ?ﬁ%ﬂw this,pregessdhees imes. the

mixture was conce
1.32mmol). MS (ESI) 381.0 (M+H)",

Example 7:  (6-Chlore-pyridin-3-yD)-(4-methyl-piperazin-I-yl}-methanone

To a solution of 6-chloro-nicotinic acid (3.00g, 19.0mmol) in 30mL DMF was added (benzo-
triazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate (10.9g, 20.9mmol), 1-methyl-

20 piperazine (2.30g, 22.1mmol) and triethylamine (2.18¢g, 21.5mmol). After stirring for 18 hours,
this was partitioned between ethyl acetate and water. The ethylacetate layer was dried over
anhydrous sodium sulfate, concentrated in vacuo, and purified by flash chromatography (elution
with 3% methano/DCM) to vield (6-Chloro-pyridin-3-yl)-(4-methyl-piperazin-1-yl)-methanone
(2.50g, 9.33mmol).



5 afford a dark residue. Purification by silica gel chromatography (methylene chloride/acetone)
afforded 0.15 g of 513-%6-Bromo-1,1-dioxo-3,4-dihydro-lH-1X6-benzo[e][1 2 thiazin-lz- 1)-2-
(tert-butyl-'a‘mi Qﬁ%g‘ﬁ’g onxyrnethyI)-phenyI]-345-(morpho|ine-4-carbonylf{8 Hdin o 057320
ylamino]-1H-pyridin-2-one as a pale solid MS (ES|}{96.2 (M + H)*. Example 17:
543-(6-Bromo-1,1-dioxo-3,4-dihydro-11-1-1X6-benzo[e][1,2]thiazin-2-y1)-2-

oA QU HhE R AES (QUPRAR RAERRAN PRy YRR 2 hpyicin-2-one
5-[3-(6-bromo-1,1-dicweisod-thinrddipr28ebenzole][1,2]thiazin-2-y1)-2-(tertbutyl-dimethyl-silanylo
xymethyp-pheny1]-345-(morpholine-4-carbonyl)-pyridin-2-ylamino]- 1H-pyridin-2-one (0.05 g, 0.06
mmol), conc. HC1(1 mL) in methanol (10 mL) was stirred rt for 15 30 mm. The mixture was neutralized
with solid dg2€0O3 and concentrated to afford a dark residue. Purification by silica gel chromatography

(336mg, 0.4 01), cuprous iodide (168mg, 0.882mmo1) was added DMF (45mL), triethylamine
(1.72g, 17.0mmol), and trimethylsilylacetylene (2.229¢g, 22.70mmol). The resulting mixture was heated

at 90C ypdesanRinasphene3Setaikogen-farheuming pbisAvas-phttilahehhetyeop, athaglagatdle and
water. The ethylacetate layer was washed with brine, dried over aph us Mg504, concentrated in
Va0, MRS 2oEy DRt DN o 81y APEI A ] OB G PRl 0-one U1 S0E.
gté%?i?é%%%@% P 20001087320 %gmgmg’l-%a%%@j%%&%mgfml 2 nitio.benzs

, -54- Example 19: 4-tert-Butyl-1-ethyny1-2-nitro-benzen
(4-tert-§ﬁﬁﬂ§§3%t\ydt- Wé‘ﬁ%ﬂe%%ﬁrﬁﬁg%ﬁgﬂ%‘ee@ &t%lﬁmfhﬁ?éﬁg&%gf@f&%ﬁ%potassium
Caqun@ﬁgﬁ%ﬂ%@r@@s@ﬁ%{ﬁ@ﬁ%@e?éﬁﬁﬁﬂ&&ﬁﬂﬂh Eaelﬂaaa@ﬂfp;iraﬁbmw e bﬁhﬁb&hﬁkﬁghgmpqﬁlyfb' hiyre Oxlxv_azI
partitioned hetween ethylacetate an ter. The et etate layer was ed wjth._brine, drie
Cver anlGBIHE FRSON Goesi 08 VAL TR aEr sy TRy P A Loy WA Picent
elutipn withiBdeyBp pibilarstataiekanesyiodieitohdenobuty|- Lotymely 2 RB nmse (M-,
9.398mmol). Example 20: 4-tert-Butyl-2-nitro-benzoic acid 4-tert-Butyl-1-ethyny1-2-nitro-benzene

ard 4ORU TR porda g TR e DA S R e

hydrate (85mg, 0.41rathplesétier stirring of 90 min, the resulting mixture was diluted with water and
extracted with three portions of DCM. The combined DCM layers were dried over anhydrous MgSO4,
and concastrated in vacuo to yield 4-tert-butyl-2-nitro-benzoic acid (1.924g, 86.19mmol) 15 Example
21: 2-AmiaQ-4-tert-butyl-benzoic acid 4-tert-Butyl-2-nitro-benzoic acid (199mg, 8 91mmol) (Example
20), ano pdlladium on carbon (40mg) were stirred in 6mL ethanol under an atmosphere of
hydrogenTor i 0dfs. The resulting mixture was filtered and concentrated in vacuo to yield
2-amino-4-tert-yl-benzoic acid (177mg, 0.916mmol). 20 Example 22:
7-tert-Buty1-3-12:methy1-3-(4,4,5,5-tetramethyl-11,3,21dioxaborolan-2-y1)-

(3-Bromo-2-methyl-phenyl}-acetic acid benzyl ester (421mg, 1.32mmol) was dissolved in ethyl
15 formate (2.5mL, 31mmol). Sodium hydride (95%, 67mg, 2.6mmol) was added. After stirring
for 30 min, this was quenched with 1M aq. HCL This was partitioned between ethyl acetate and
water. The ethyl acetate layer was washed with water, washed with brine, dried over anhydrous
magnesium sulfate, and concentrated in vacuo.
A portion of this material and N,N-dimethyl-benzene-1,3-diamine (36mg, 0.70mmol) were
20  stirred in ImL ethanol for 18 hours. This was concentrated in vacuo and purified by flash

chromatography (gradient elution 5 to 20% ethyl acetate/hexanes) to yield 2-(3-bromo-2-methyl-



A solution of 2-amino-4-tert-butyl-benzoic acid (78mg, 0.41mmol) (Example 21) in 2mL
trimethylorthofoimate was heated to 105C for 30 min. The resulting soluti ted in
vacuo. 2-I\X%%%ﬂ(-}gpéﬁ%ﬁ%,5-tetramethyl-[l,3,2]d io xaboro Ian-2-y|)-phenyl%%%%ﬁéggﬁh%%gﬁ% 0.41mmol)
in 2mL toluene was added. The resulting mixture was heated at reflux for 1 hour, concentrated in
vacuo, and purified by flash chromatography (15%ethylacetate/hexanes) to yield

-tert-buiyl-342- 11,3214 29645 inagglin-4-
7-tert f;&@“ﬂ@%& it %ﬂaﬁgﬂmﬁw z\lﬁg&]m&%ﬁgﬁo@e&%m‘ %J?fglgggl%umg n-4-one

(68mg, 0.1 ol). MS (ESI) 419.2 (M-EI-1)+. 2009/156284PC -55- Example
23: (EST) 405.0 (M+H)".

7-tert-Butyl-3-(2-methyl-3-{1-methyl-5-[5-(morpholine-4-carbonyl)-pyridin2-ylaminc]-6-oxo-1,6-dihydro-
pyridazige3nvpio henye-CiineHRaiiisi-PR® thideA solution of
6-chloro-2-methy1-445-(morpholine-4-carbonyl)-pyridin-2-ylamino]-2H-pyrid- 5 azin-3-one (56mg, 0
16mmal), ... — . . . y

7-tert-b t?/]%ﬁ%%%‘@xﬂ%%tﬁ%%,SSgte%Pa%é%Hlﬁl ﬂﬁ?ﬂ%ﬁ%&’gé&% gﬁ%%ﬁ%ﬁ%ﬁﬁﬁ&&%%@%lin-4-on
e (Bmgcadbmnia(ExacvplaiZR) itetraids(trphesly Piostiei ntipall adis ry@) (B8 gndd T6dapedl), and
sodium carbonate, (52 0.49mmol),in 2 -dimeth thang and linL water was heated on the
crowAiE W e Er o EIO ot T APt ey T S S B meen
ethylac&taia abidwatelt The effiyldcetaidddlapenwiad washee with sotide, dried over anhydrous
MgSO4, concentrated in vacuo, and purified by preparative TLC (10%Me0OH/CH2C12) to yield

T-tert-byy R e el S vidacin-3-yiamy
(morphgi%ﬁé—%a@ﬁonyﬁ@ﬁ%-&y@nﬁ%g}%ﬁ?o-igllgiliﬁf}dro-pyridazin-S-yl}-phenyl)-SHquinazoIin-4
-one (26.4mg, 0.044mmol) MS (ES1) 606 (M+H)-. Example 24 )

7-tert-BUSyR 30t 0 f-shioraramsidasins rrlampniiees arnBal i Esmania s S ymmstiang JdL8- 18 dihydr

0-Ryidazin-Rryldnoanry 23 iyt onkba - Ainezeiin4rona ik TarfeMisIe @fn at RT then
7-tert-butyl-3-(2-methyl-3-(1-methyl-545-(morphogline-4-carbanyl)-pyridin-2- .

ylamindPis-6kd & Ldyatbusriddshdsopriishe Ry She-EisinEpE 5k ST EHNTG D 18 HMol) (1-3) and
sodium LignrekareRydrisle 41 Bmoy APIgmEneiniiia et anotuasoadaed behn 9 @Mer

hydrochloric acid in methanol to bringté[he pH to 3. After stirring for 45 min, the resulting mixture was

partitioriSEMSehPEHE WIS BYE e i sHaca gL RN Ak Bers) s aaigHRBR Y EYer was washed

with bripgodried.Quat enhydious MaSPdmeoneaiFatedidyacuslanthpyrified by weparatve TLC
(5%MeOH/CH2C12) to yield 7-tert-butyl-3-(2-methyl-3- 1-methyl-5-15-

(morpholine-4-carbonyl)-pyridin-2-ylaminol-6-0x0-1,§-dihydro-pyridazin-3-y1}-phenyl)-2,3- 25
di dro%ﬁfamﬁz\{ on%ﬁ‘ﬁé"(gﬁﬁdé‘f % Fﬁé%‘)z;l A '?Egl) 608 (M+H)-. Example 25:
(6-Amino-pyridin-3-yl)-morpholin-4-yl-methanone To a solution of morpholine (9.00g, 103mmol) in

400mL Ethanod dscdddet(Sr-{3-dinidinemihaprohifl yamiceitiylcenboldiiitidé yeMactiksrided 6:0g,
P U S e s G PG SRR R S o
100mL Feththeoleaction mixture was stirred for 1h at 20°C followed by addition of water (75 mL) and
stirring continued for 5 h at RT. The reaction mixture extracted with EtOAc, dried over NasSOa,
20 concentrated under reduced pressure and crude purified by silica gel (100-200 mesh)
chromatography using EtOAc/Hexane (8:2) to afford the title compound (2.2 g, 95 %) asa

yellowish solid.
Example 13: 4-Bromo-6-chioro-2-methyi-2H-pyridazine-3-one

4-Bromo-6-chloro-2H-pyridazin-3-one (5.02g, 23.97 mmol} (Example 12) was dissolved in 40
25 ml DMF. Cesium carbonate (9.37g, 28.76 mmol) was added. After 5 min, iodomethane (5.103g,

35.95 mmol) was added dropwise over 20 min. The reaction mixture was stirred 3 hours at RT.

The precipitate was filtered off and concentrated and the resulting residue was treated with 20 ml

DCM. The insoluble material was filtered off again and washed with DCM. The filtrate was



WO 2009/156284PCT/EP2009/057320 -56- and 100rnL DCM to yield (6-amino p

.din-3-y1)- moegt)holln -4-yl-methanonc (3.08g, 14.9mmol). MS (ESI) 208.1 éa&wple 26
6-Chloro-2%f ‘W - (morpholrne -4-earbonyl)-pyridin-2-ylaminol-2Hpytri 12:h259802
(6-Amino-pyridin-3-34)-morpholin-4-yl-methanone £3.921g, 14.11mmol) (Example 25) was suspended
in 50mL DMF and cooled to OC. Sodium hydride 60% suspension in mineral oil (847mg, 21.2mmol)
was ad@@&em'éta&%ﬁ JURASLRIG i%?quﬁ"@ a%wa&&&%%ﬁ PlridhBine-3-ome (5.223 g, 23.37
Dichloro-2-methyl-2H-pyridazih-3-one (1.256g, 7.056mmol) was added. After 2 hours, this was 10
partitiomeadbtVSetEsa3RAdd MquBous ammonium chloride solution and ethylacetate. The
cthylacetate layer was dried over anhydrous MgSO4, concentrated in vacuo, and purified by flash
chromafagiapiy {220MefiRifetiZmbalioygldReRioIer p a5 Samamxiney fdamonyire
pyridin-2-ylamino]-2H-pyridazin-3-one (732mg, 2.09mmol). MS (ESI) 350.1 (M+H)-. Example 27:
4,6-Diehloro-2H- pyrrdazrn -3-one 15 3,4,6-Trichloro-pyridazine (34.39g, | 87.5mmol) in 100 mL acetic
acid was heated at rflux for three hours. The resulting mixture was cooled to RT and filtered. The
filtrate wag~dirted it

over an 4 ui S MSOé[F concentrated in vacuo, and purified by flash chromatography (30%
ethylacet te/hexaneyf 20 to yield 4,6-dichloro-2H-pyridazin-3-one (6.143g, 37.23mmol). MS (ESI)
165.0 (M+H)t. WO 2809/156284PCT/EP2009/057320 -57- Example 28:

4-tegt- BI-HMENT%% il”lﬁll%'?éé;‘éo]l QI—QM iﬁ@&b@&gﬁ')@ﬁm&)@ﬁ@i@&@éaﬁ mrﬁﬁﬁl'ﬁgcanc Potassitém .
2-amino-2-methy anol was weighed | enmey tted with a stir bar an
septumwﬂd‘d&a’ﬁ%@rﬁp?@Hbﬁ%.’@é@ eacﬁgﬁfg%d]a%%tg ‘c?g@?:[% T '%%a}iggtrrred the
solution,riaazpeisaiet bathy, Addeshdé iyl kiddnmal)iof ﬂnﬂaﬁartmmstydiaemrszylazhtﬁmdetdropwrse over

30 mm. A white precipitate formed. Stirred at RT overn emove f||tr
AT e e A e é?t%&fé%ﬁﬁt@

45.79 gaefdiTRditieiaornpauntiag actighhyeheotre fino Mot Si3248atbd with.a saturatcd Sodmm

10 bicarbonate solution until the pH reached about 8. It was extracted twice with each 100 ml of

&o obtain

DCM; the organic phase was dried with sodium sulfate, filtered, and concentrated in vacuo to
give 1.5 g of a light orange solid. This crude material was triturated with a mixture of DCM and
hexane. The suspension was filtered off and the resulting filter cake was dried under high
vacuum to yield 6-chloro-2-methyl-4-(1-methyl-1H-pyrazol-3-ylamino)-2H-pyridazin-3-one

15 (967 mg, 4.03 mmol). MS (ESI) 240.0 (M+H)"

Example 15: 4-Bromo-2-(2-brome-ethyl)-benzenesuifonyl chloride

Chlorosulfonic acid (17 mL) was added dropwise to 1-bromo-3-(2-bromo-ethyl)-benzene (5 g,
19 mmol) at 0°C. The mixture was stirred at 0°C for 1h then an additional 3h at rt. The mixture
was poured into an ice-water slowly and extracted with methylene chloride, and the combined

20 organic layers were evaporated under reduced pressure to give 4.3 g of crude 4-bromo-2-(2-
bromo-ethyl)-benzenesulfony! chloride which was used directly for next reaction. MS (ESI)
342.9 (M-CHOH)Y". '

Example 16: 5-[3-(6-Bromeo-1,1-dioxo-3,4-dihydre-1H-1A.6-benzo[e][1,2]thiazin-2-yi)-2-
(tert-butyl-dimethyl-silanyloxymethyl)-phenyl}-3-[5-(morpholine-4-carb-
25 onyl}-pyridin-2-ylamine}-1H-pyridin-2-one

The mixture of 5-[3-Amino-2-(tert-butyl-dimethyl-silanyloxymethyl)-phenyl}-1-methyl-3-[5-
(morpholine-4-carbonyl)-pyridin-2-ylamino]-1H-pyridin-2-one (0.2 g, 0.36 mmol), 4-bromo-2-



Example 29: 2-(4-ten-Butyl-phenyl)-4,4-dimethy1-4,5-dihydro-oxazole 10 All of the

4-tert-butyI-N-%2- (Z/‘ldrox{}/-l,1-dimethyl-ethyl)-benzamide prepared above %é# rrlgrrtl)olg) (FE7xza[}mpIe 28)
was charggvé)i P8°4 588 ML round bottom flask fitted with a stir bar and sepfti- EStabnsHad and
maintained nitrogen atmosphere. Added 50 ml. (683 mmol) of thionyl chloride dropwise over 20 min.
Warmed the flask with a heat gun to dissolve some of the resin and initiate the reaction. The reaction

mbdure solidficd Wyt the dastyihaiesbaun asdisoiiaahifie sl basiad i), Poured

the reaction SO?)U'[IO In a thin stream into 500 mlﬂ&’stirred Et20. A white précipitate folmed. Collected
the prediptighdasgsilteasdhlanb Wwesshaemorogd iy MAHCERD brisoied trdeeattdeesarssiids in 300 mL

water %&g%{ﬂiﬁ%%%&ﬁ%&f%@g@?fgg{ ihes AAHFBE SOWERM Wit Atrd 08 Et20.

Washed the yellow extracts with 200 brine, dried over MgSO4, and removed the solvent on rotavap to

obtain 28 B 20} drpintld Reniprsatiosdis waggsitecdomes MS (ESTyR3peMORILEs&eH e 30
o eyt B2, (fuk dUnahy tedivet Qxezolerortengall AR AD et iRl 220 iy 3 neck

round bottom flask was fitted with a thermometer, stir bar, septum, and nitrogen inlet. Added 8.02 g

(34.7 mafloidef 2 (4 eaf Bl pHizioyipl 4-divatid=disydimidio bikdzere (kb 9y2 Fdtablished
it _ _ ¥ 8.
e I P R e R e ropwise

over 10viainistilBd-theidledt-anseragulletioiidMS0 RSN 96 . T 1dre&Btion mixture became red-amber
and cloudy. Cooled the mixture to -78. Stirred rapidly and added 12 mL of DMF dropwise at a rate to

keep thﬁﬁﬁméafé@tﬂfest{@'-%‘!-ls§9n1§ﬂf[f’-(2‘1ﬁﬁb7~§ foni iRt Riaa 80 S kieiiredd-RT for 1 30
hr. Quenched with 100 rrtL, of 0.5 M aqueous KESO4. The agueous phase was still strongly WO

2000/156284PCTTEhadoeyosrty-1pgenykic mdbebisranoopitolziedcsa o theprdias-2. Diluted

the two phase soluti%ﬁmmgpgﬂ_ gﬁiégp‘%gtﬁq,pﬂases and extracted the aqueous phase with 100
ml. Et20. Washed thé combined organic phases with"200 mL brine and dried over 1C2CO3. Filtered

through 120 g of silica gel and washed through with 300 mL Et20 to remove baseline impurities.

RemovadeBwEgd it bh(fobavas tb bstane 8.fediudind Hnd Cohsparlsd he lhéeir alibwigtia. Ms
ESI) 2 mnle 31 5eier BHL- Frathexy3Risahenz i 6 mop of
o oS R Cambie S .a%;*fga@g%ﬁza3%%33%?&%%g?’e%%s@a%% o a
200 mL idundidorerantdS0ate @ Wirmaalis srrcaRtidiurlooie srdbanad ( IRdaky wes sirrsd stfdinol and

stirred toaltRirrCigaEaRIIR-ARHEL PO MLs0fio 0% eareaus shilriaRalh Stsrad akrgflux for 22 hr.

Poured the reaction mixture into 400 mL water. Extracted the aqueous mixture with 2 x 200 mL

CH2C 15588 BIREH M8 apilica:arhebsupd st M gensrb gt aestrag biddeded 88lsand

remov?Qﬁ@%ﬁ?é‘lﬁé%Qf‘l[?I&%%B-j?ﬂ%ﬂé%l%eiﬁ@ﬂé’-@%&@:ﬁ?}&%ﬁi&%&%ﬁﬁéf@eﬁﬂs mpound as an
off-white solid. MS (ESI) 235 (M 15 + Example 32: 6-tert-Buty1-2H-phthalazin-1-one 2.9 g(12 mmol) of
5-tert-bdigedheirolapapiigopdnophanylohengtxarplé-Gryipaslineidteagbonyl)-pyridin-2-

ylamino]-1H-pyridin-2-one as a pale solid MS (EST) 682.0 (M + H)+.
20 Example 18: (4-tert-Butyl-2-nitro-phenylethynyl)-trimethyl-silane

To trifluoro-methanesulfonic acid 4-tert-butyl-2-nitro-phenyl ester (3.715g, 11.35mmol), di-
chlorobis(triphenylphoshpine)palladium(Il) (336mg, 0.478mmol), cuprous iodide (168mg,
0.882mmol) was added DMF (45ml), triethylamine (1.72g, 17.0mmol), and trimethylsilyl-
acetylene (2.229¢, 22.70mmol). The resulting mixture was heated at 90°C under an atmosphere

25  ofnitrogen for 15 min. This was partitioned between ethylacetate and water. The ethylacetate
layer was washed with brine, dried over anhydrous MgSQOy, concentrated in vacuo, and purified
by flash chromatography with clution with CH,Cl, to yield (4-tert-butyl-2-nitro-phenylethynyl)-
trimethyl-silane (3.193g, 11.61mmol).



into a 50 mL round bottom flask fitted with a stir bar and cap. Added 10 mL (130 mmo1) of hydrazine
monohydrate. Added 15 ml. of glacial acetic acid. Stirred at 1000 overnight. Poured 20 the reaction
mixture int8" 908 M6 4%irred water. Collected the solids by filtration and WASHERRORAWER . Dried
under high vacuum to obtain 2.24 g of the title comppund as an off-white solid. MS (ESI) 203 (M +
Example 33: 2-Bromo-6-(6-tert-butyl-1-oxo-1H-phthalazin-2-y1)-benzaldehyde 5.90 g (22,4 mmol) of
2,6-dibr zglde ] o)) 0f. 6 -putyl-2H- 25 phthalazin-l-one (Example 32),
6.02g (%g}gpﬁm(%'ogﬁggufén‘%%%g%g% 1?‘99%%](0( %3% rLré1moI) of copper(l) iodide, and 428 mg (1.87
mmol) of 4,7-dimethoxy-1,10-phenanthroline were weighed into a 100 mL reaction flask fitted with a

stir bar htPEeBHiv EapraaheySehAty br st ardsdaie A 7 put hedmreols desdmmaddiéndith

nitroge 5@5&&@%&&&{5@@@1}%@9@3@5&&)0 Faditioned thesaachiammbiwe hehygeTiROQmL of 10%
MeOH/CH2C12 and 200 ml. of 30 water. Separated @Elases and extracted the aqueous phase with 2 x
100 mLSSHt IR tRoPRE RS TR Godytrs P80 a8d witsh HT b byiscet#e kymBied organic

extracts,Wereiwash 8eith-200, 1k AfRERS:INIRE Oy &oNaSRR4d 39408 Saiu 8 ipayed on
rotavap. Purified the crude by flash chromat%%raphy on silica gel to obtain 2.3 Ig 2ftthe titte compound

as an of T BREINISIE SRR 885V R Y RV sthBlickkrisiie aacs to yield 4-tert-butyl-1-
2-(6-tert-Ryhyrb-oreolkbpathalazineg: W)s63:ammathyl-545-(morpholine-4-
carbonyl)-pyridin-2-ylaminol-6-oxo-1,6-dihydro-pyridin-3-yll-benzaldehyde 149 mg (0.338 mmol) of
1-methy1-345-(marpholine-4-cactbonyl)-pyridin-2-ylamino]-5-(4,4,5,5-

tetramefti§i 1Es: -%ioféff(ﬁ' a‘}ﬂéﬁﬂ@ﬁ%ﬁﬂ@ﬁ%&ﬂ; and 116 mg (0.301 mmol) of 2-bromo-6-
(6-tert-butyl-l-oxo-1H-phthalazin-2-y1)-benzaldehyde (Example 33) were weighed into a 4 mL 10
reactiorfiviiet fBteplwitttlaysiit-Dantand gepnmilcaim: shdded ol lJofaipkah) #ekddws0188dmi (0.92

for 10 e P ) "
chloriderdmb Bowaplesdedtifo besrod, e thirtume( Il shdpradg day duitie (iroge . fdnBnoih. Seatetittiegvial with
«cop g o.9606.0 M, Copla 1 115 T, AR Bl GHGE2 and cri

over Na2S04. Filtere 45 )IM syringe tilter and removed the solvent'on rotavap. Purified
the crude{By fldsk comdrinstbabhippmsition dektboistainhy2oomgdE$hk. tithd conspourigddaa light

Lo o BT SR M R R aciq (L024g, 56 1ommoD.

ridin-2-ylamino1-6-oxo-1,6-dihydro-pyridin-3-yll-pheny1)-2H-phthalazin201-one (11I-4) 121 mg (0.20
&yrﬁéD @fxyample 21: Z-Amino-4-t{rt-bﬁ¥yl-benzéc gcid yh) P (11-4) o

2-(6-tert-buty1-1-oxo-IH-phthalazin-2-y1)-6-11-methyl-545-(morpholine-4-carbonyl)-pyridin-2-ylamino]-
6-0x0-146telihpatokayritin-Beytiohentaldobyde (Exampe BB)wasvetighed itk R dalnreaction vial
fitted with a stir bar and septum. Added 4 mL of CH2C2 and 2 nil, IVIeOH and stirred to obtain a clear
amer S0 RGRO 5 TETD DO M8 AT 1OPRGRTR EorutoTSt L0t
borohydggldtindveltirStiedledrRiTatar htefpuenthechtne teadtidrwiitinb mlcpf-baturdted gueous
NH4CL1. Afggles m %f H202 to the reaction mixture and separated phases. Washed the organic
phase Wit ooig er Na2504, and removed the solvent on rotavap. Added 2 mL
acetonitrile to the residue and immersed the vial in an ultrasonic bath. The residue dissolved

maotientaximphedla WHtet3Byrdditatecthpldiy( 4 Siatizbcoetinflsdlidididwidedodani 25120 to the
mixture and collected

phenyl]-3H-quinazolin-4-one
A solution of 2-amino-4-tert-butyl-benzoic acid (78mg, 0.41mmol) (Example 21) m 2mL tri-
methylorthoformate was heated to 105°C for 30 min. The resulting solution was concentrated in
vacuo. 2-Methyl-3-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl-phenylamine (100mg,

25 0.41mmol) in 2mL toluene was added. The resulting mixture was heated at reflux for 1 hour,
concentrated in vacuo, and purified by flash chromatography (15%ethylacetate/hexanes) to yield
7-tert-butyl-3-[2-methyl-3-(4.4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-phenyl]-3H-
quinazolin-4-one (68mg, 0.16mmol). MS (ESI) 419.2 (M+H)".



WO 2009/156284PCT/EP2009/057320 -60- the precipitate by filtration. Dried under high vacuum to
obtain 95 mg_of the title compound as an off-white solid. MS (ESI) 621 (M + g’g Examgf)le 36: Bruton's
tyrosine kiﬁ‘aggéﬁ@ﬁséﬁﬁ#ibition Assay The assay is a capture of radioactivé 3 Pﬁﬁ%%%osrzf}lated
product through filtration. The 5 interactions of Btksbiotinylated SH2 peptide substrate (Src homology),
and ATP lead to phosphorylation of the peptide substrate. Biotinylated product is bound streptavidin

sephargsg, b §35AIIﬁ&gﬂ%Jﬁﬁ%%ﬁ%%&%@f)gﬂ?ﬁﬁ,@{ﬁyﬁ%t §£6ﬂ&$ﬁﬁimuﬁﬂ8¢{}§6’ﬁ§f’ﬁ‘fﬁyﬁﬁfﬁ§

assayed are 96-well polypropyle ner) and 96-well 1.2 p.m hydrophilic PVD er plates
(Millipore). Concentratislsniagdréeorheté-ahib¥iea-aysidaginderirafenyDtdH 1Qdipre o ¢@Mounds in
DMSO (Burdick and\}lgél%son), 5-10 nM Btk enzyme (His-tagged, full-length), 30 !IM peptide substrate
(Biotin-Aca-AAAEEI -NH2), 100 uM ATP (Sigma), 8 mM imidazole (Sigma, pH 7.2), 8 mM

glycerol-2-phosphate (Sigma), 200 JAM EGTA (Roche Diagnostics), 1 mM MnCI2 (Sigma), 20 mM
o2 (SRR i AP ARy PO (SRR D8 S APPSR 2006

streptavighiil SRRBAREEDeadeAME BRI A T BRRA-BX 4Qiben) cZaMINA/L[(Gilgele2aM NaClw/
1% phosphoric acid (Gibcg), microscint-20 (Perkin Elmer), 1050 determinations are calculated from 10
data pohﬁ’t’é’B@F%@%‘ﬁbﬁ%ﬁ%ﬁiﬂiﬂ%@%ﬁi@ﬂﬁé@gﬁlﬁnoaléfﬁﬁlﬂ’é}&%%ﬁ %@téegﬁéigféf?hﬁé’{é. One
control gaEIPRMAEchaINCH SEMEAT) LNKABVOXNINGIRHETS WersEsiad aBrach(plaig andweashiplatentas run

twice. Typically, compounds were 20 diluted in half-log starting at 100 uM and endjng at 3 nM.The
control ﬁﬁ%ﬂm&%&%@ﬁ%&%&%ﬁﬁamf OUHEENAh &Y ADE R %gﬁpﬁoérs%gtrate.

Total agHuity mrassietatininadrindhaprrsence-abeaptidec-shifabate: Ihelatewmgpiatosalaas used to
determine Btk 1)Sample preparation; The test compounds were diluted a& half-log increme_?ts in assay

25hiittelAHrRitAS STES g CRHo BIphdlp by EERIITRHI A4SS Vg EORs B EAS? AP pfp Atk a.) rinse
beads by, gepfefigiRIralc 0% M oasasituteithadeadeahtPBS ante BRI A (o-piatyrs-p520% bead

slurry 3)Pre-incubate reaction mix without substrate (assay huffer, DTT, ATP, 33P ATP mix
Sovitn {TORRUEE) BUML AT o9 e P e RSB ) T I

quinazolin-4-one (26.4mg, 0.044mmol). MS (ESI) 606 (M+H) .

Example 24;: 7-tert-Butyl-3-(2-methyl-3-{1-methyl-5-[S-(morpholine-4-carbonyl)-pyridin-
15 2-ylamineo|-6-0x¢-1,6-dikydro-pyridazin-3-yl}-phenyl)-2,3-dihydro-1H-

guinazolin-4-one (11-4)

To a mixture of 7-tert-butyl-3-(2-methyl-3- {1 -methyl-5-[ 5-(morpholine-4-carbonyl)-pyridin-2-
ylamino}-6-ox0-1,6-dihydro-pyridazin-3-yl}-phenyl)-3H-quinazolin-4-one (11mg, 0.018 mmol)
(1-3) and sodfum cyanoborohydride (1.3mg, 0.019mmol}) in ImL methanol was added 1 drop of
20 2M hydrochloric acid in methanol to bring the pH to 3. After stirring for 45 min, the resulting
mixture was partitioned between cthylacetate and dilute aqueous NaHCOs. The ethylacetate
layer was washed with brine, dried over anhydrous MgSQOy, concentrated in vacuo, and purified
by preparative TLC (5%MeOH/CH,Cly) to vield 7-tert-butyl-3-(2-methyl-3- {I-methyl-5-[5-
(morpholine-4-carbonyl)-pyridin-2-ylamino] -6-0%0~1 ,6-dihydro-pyridazin-3-yl}-phenyl)-2,3-
25  dihydro-1H-quinazolin-4-one (6.5mg, 0.011mmol). MS (EST) 608 (M+H)".

Example 25: (6-Amino-pyridin-3-yl}-morpholin-4-yl-methanone

To a solution of morpholine (9.00g, 103mmol) in 400mL ethanol was added N-(3-dimethyl-
aminopropyl}-N’-ethylcarbodiimide hydrochloride (10.0g, 52.2mmol), 1-hydroxybenzo-
triazole(7.00g, 51.8mmol), and 6-aminonicotinic acid (6.00g, 43.4mmol). After sturing for 18

30 hours, the resulting solid was filtered. This was triturated with a mixture of 100mi. methanol



WO 2009/156284PCT/EP2009/057320 -61- 4) To start assay, pre-incubate 10 1il_, Btk in enzyme
buffer (imidazole, glycerol-2-phosphate, BSA) and 104 of test compounds for 10 min at RT. 5) Add 30
tL reaction' WAL or with substrate to Btk and compounds. 6) |nc885{%”%6“%’{’?8§§? assay mix
for 30 min at 30C. 5 7)Transfer 40 tiL of assay to 180 1.11_, bead slurry in filter plate to stop reaction.
8)Wash filter plate after 30 min, with following steps a. 3 x250 iLNaCl b. 3 x 250 tit NaCl containing 1%

Phosphate ARELE D\ZRP ALIZ0 0. BRGNS (01 Wb AARe orpYRImE AL RRADNALORNL

microscint-20 and count ation er. Calculate percent activity from raw
cpm petdéritadiivitg.+ (8krhile - bkg) / (total activity - bkg) x 100 Calculate 1050 from percent activity,
using one-site dose response sigmoidal model 15y = A + ((B - A) / (1 ((x / C)D)))) x = cmpd conc, y =

% actiVighMApia 8. Bs=(RHeC 1l &R91-1-F5- Lo HoRs-BoR! Wa1@sulis aigiRo]2e |l below:
TABLE IL. Copmpound B'gl((i in_hibétion 1%30 %ﬁm)w SRR ATy of
pyridazin-3-one

(6-Amino-pyridin-3-yl)-morpholin-4-vi-methanone (2.921g, 14.11mmol) (Example 25) was
suspended in 50mL DMF and cooled to 0°C. Sodium hydride 60% suspension in mineral o1l
(847mg, 21.2mmol) was added. This was stirred at RT for 30 min and was cooled to 0°C. 4,6-
Dichloro-2-methyl-2H-pyridazin-3-one (1.256g, 7.056mmol) was added. Afier 2 hours, this was
10 partitioned between saturated aqueous ammonium chloride solution and ethylacetate. The
ethylacetate layer was dried over anhydrous MgSO,, concentrated in vacuo, and purified by flash
chromatography (2%MeOH/CH;CL) to yield 6-chloro-2-methyl-4-[5-(morpholine-4-carbonyl)-
pyridin-2-ylamino]-2H-pyridazin-3-one (732mg, 2.09mmol). MS (EST) 350.1 (M+H)".

Example 27: 4,6-Dichloro-2H-pyridazin-3-one

O N
1
N
15 i Ci

3,4,6-Trichloro-pyridazine (34.39g, 187.5mmol) in 100 mL acetic acid was heated at reflux for

three hours. The resulting mixture was cooled to RT and filtered. The filtrate was diluted with

ethylacetate. This was washed three times with water, washed with brine, dried over anhydrous

MgS0y, concentrated in vacuo, and purified by flash chromatography (30% ethylacetate/hexanes)
20 to yield 4,6-dichloro-2H-pyridazin-3-one (6.143g, 37.23mmol). MS (ESI) 165.0 (M+H)",



1-10.112 11-1 0.022 11-3 0.018 11I-1 0.124 Inhibition of B-cell Activation - B cell FLIPR assay in

Ramos cells Inhibition of B-cell activation by compounds of the present in\i)ent}og IS Sg{()e,_monstrated by
determinin‘é’ﬂ'@%@%‘? the test compounds on anti-IgM stimulated B cell r%E&o%%%éi?éz‘iLhe B cell

FLIPR assay is a cell based functional method of dgtermining the effect of potential inhibitors of the
intracellular calcium increase from stimulation by an anti-IgM antibody. Ramos cells (human Burkitt's

ggg)%?f%%ﬁ&g%%’ég}f%%%‘g?g"%ké—??’l\ﬁ}égﬁ%a%ggﬁ%?& %%@V@Tﬂgolaﬁ%g{aildgrior to assay, Ramos cells

were resuspended in fresh growth media (same as above) and set at a concentration of 0.5 x 106/mL

in tissué GafFEHdsREDPE BT R Bt Lrsasinlevra st iebe din e iR hdaieamexto6/mL1 in

growth medigsuppigmentedawithalav rhURsdAdlydd teflabs @at-Ne. k4 Rigpakss dmanhydrous
DMSO and 5 10% Pluronic acid) in a tissue culture flask, and incubated at 37C (4% CQO2) for one h.

To rem8VEO8R AEBASPRETy > EERY (he e MO A CBRST R B0 A SR 41850 1AFeal Rb&nded in

FLIRR buffey,(desarbed-heiaws abhwidoseets/minandiher Ffé@@&%@dmﬁe&&mﬂlﬂd@@yﬂysine
coated black/clear plates (BD Cat-No. 356692) at 1 x 105 cells per well. Test comtogounds were added

at varioD¥EBIREN &S Ahg g 4o BTN 3B VRS N afiehe et 26 5% ow), and

allowedgiginglibmie.nitheslis for3@ mieaiRD Rasnos edlakafs. pignaking.was stimatedpy the
addition of 10 ii,g/mL g:m'&i}-igl\g/}lsI Southern Biotech, Cat-No. 2020-01) and measured on a FLIPR

(MolecuighpeliRudesiy Agés B¥lgd el plates using a CCD camera with an argon laser at
480nM excitation). Media/Buffers: 15 Growth Medium: RPMI 1640 medium with L-glutamine

(Invitrogexafysic 30, QLBEA-AIBNHIOHhHht BodhreHerid) R dBermmitoBiotechnology Cat-No.
FP-100-05); 1mM Sodium Pyruvate (Invitrogen Cat. No. 11360-070). FLIPR buffer: HBSS (Invitrogen,

Cae SIHBTIRABY BIOHEE H CAPAEER (it G oo

(Sigma (BetnipdeG8p5¢8)charged into a 500 mL round bottom flask fitted with a stir bar and septum.
Established and maintained nitrogen atmosphere. Added 50 mL (685 mmol) of thionyl chloride
dropwise over 20 min. Warmed the flask with a heat gun to dissolve some of the resin and
initiate the reaction. The reaction mixture solidified. Warmed the flask with a heat gun to

15 dissolve all the solids. Cooled to RT. Poured the reaction solution in a thin stream into 500 mL

of stirred Et,0. A white precipitate formed. Collected the precipitate by filtration and washed
thoroughly with Et;0. Dissolved the collected solids in 300 mL water and neutralized with 25%
NaOH. Extracted the yellow aqueous solution with 2 x 200 mL Et;O. Washed the yellow
extracts with 200 brine, dried over MgSQ,, and removed the solvent on rotavap to obtain 28,50 g

20  of the title compound as a waxy white solid. MS (ESI) 232 (M + H)".
Exampie 30: 5-fert-Butyl-2-(4,4-dimethyl-4,5-dihydro-oxazol-2-yl}-benzaldehyde

An oven dried 250 mL 3-neck round bottom flask was fitted with a thermometer, stir bar, septum,
and nitrogen inlet. Added 8.02 g (34.7 mmol) of 2-(4-rert-butyl-phenyl)-4,4-dimethyl-4,5-
dihydro-oxazole (Example 29). Established and maintained N, atmosphere. Added 100 mL of
25 anhydrous THF. Cooled the clear solution to -78°. Stirred rapidly and added 17 mL (43 mmol)
of a 2.5 M solution of n-butyllithium in hexane dropwise over 10 min. Stirred the clear amber
solution at -20° for 4 hr, The reaction mixture became red-amber and cloudy. Cooled the
mixture to -78°, Stirred rapidly and added 12 ml. of DMF dropwise at a rate to keep the
temperature below -60°, Stirred at -78° for 15 min. Stirred at -20° for 1 hr, Stirred at RT for 1
30 hr. Quenched with 100 mL of 0.5 M aqueous KHSO4. The agueous phase was still strongly



Compound dilution details: In order to achieve the highest final assay concentration of 100 gM, 24 gL
of 10 mM compound stock solution (made in DMSO) is added directly to 576 gL of FLIPR buffer. The
test compc%ﬂt%ﬁgf]es?ﬁﬁﬁted in FLIPR Buffer (using Biomek 2000 robotic pi%(é’fi?oErszrgeggﬁﬁ?ﬁaoin the 25
following dilution scheme: vehicle, 1.00 x 104 M, 1440 x 10-5, 3.16 x 10-6, 1.00 x le, 3.16 x 10- 7, 1.00
x 10-7, 3.16 x 10-8. Intracellular increases in calcium were reported using a max - min statistic

(subtragfing theredting Rase s B Meneak saused-by asldifiene! the Slime'aiemaanikadyssing a

Molecular Devices FLIPR control and statistic exporting software. The IC50 was determined using a

non- 30mid4r@uiepitalct aphradmErisimasttiiieeu s pbesy 58 8APaT/ EROo0Ymebid i -63-

Examp'&%&é%%ga MixasGallageningdecsd-arthatis i &ia) @@%@M{@é@&ﬂ%ﬂ@i@@%@ﬁhe base
of the tail or several spots on the back with an'emulsion of Type Il Collagen (i.d.) inf Complete Freund's

adjuvariiicres). el wankes dbtrgpdrvitnAeRi 2akioh,; Q tnieRoxsbaesiars praptaiRs aRerard 21cto 35
days. T v%%%%h%?ﬁ%ﬁiﬂ?dﬁtﬁ%ﬂﬁhfé?%ié?%é {BReSIaH) BYaSYSIeTG SUMIRISH At MAs %@29%0"1

Incomplete Freund's adjuvant (TEA, i.d.) at day 21. Animals are examined daily after day 20 for any

onset of¥hitdtBrthritis (score of 1 or 2; see score description below) which is the signal to boost.
Following boost, mice are scored and dosed with candidate therapeutic agents for the prescribed time

( typicaiy £ndonesks)sand-gnsipoiiaadencrdedldsbieaiucendaily (BID). 10 Example 39: Rat In

Vivo Collagen-induced arthritis (rC1A) On day O, rats are injected with an emulsion of Bovine Type Il

Collagen in Incomplete Freund's adjuvant (IEA). is injected intradermally, (id.) .on several locations on
the bacg'.éﬁ %cﬁ)%r}c]eﬁlr%%}jt otlr:%? @(ﬁéé’é%?é(éﬁﬁ@%e}g%%g%%%gﬁgﬁo a%%‘f i'.)g?)'%etnﬁ%%ﬁ% (geof the tail or
alternatifxsiipk 60 thabaekAd hnitsid WemdratymbsetvadbRi1f dd yeidfte sith®anitial cdllagen
injection. 15 Anima| e evaluated for the development of.arthritis as descri below {(Eyvaluation
of Zﬁth rfff’sﬂ%%?ﬁrd %ﬁégg%%g%g? i\%%%xsa %gr]é“%1 o%ﬁe% wi ha%la%a%%agtgoﬁﬁg?gpe%%%cgé g nI{sS“l r?véggﬁ/éa/entive
fashionspacting sat filnéc tieid. of Seredrd ae§lioh &he Ry brarkb foedhbeprastibeditinme (itypddilinPR-Ganeeks)

and dosing fr ncy, dail or twice-daj | mple 40:; Evaluation .of Arthritis: 20 In both
ol B e AR B i
a scoringasystewitthz®imiblbes ¢hdasdassmdhs DDthmd pawsdo lbnsnly thewriterisage Seribéd below:

Scoring:1= swelling and/ar redne f paw or one digit. 2= swelling in. two_of. marg.jgints. Wross
swellin%u%q&fﬁ\gl%%v‘@% Wi m‘r%%?e %gsr?t%)v% ?%itn %tilﬁ\c;o Ve .Oﬁgas‘ésv&e%) lgl‘%ﬁ}llﬂ% S(S)f[ 1tﬂ]ecief‘rsltlae [pﬁazvzél digits.
15 +H)"

Example 32: 6-ferr-Butyl-2H-phthalazin-1-one

2.9 g (12 mmol) of 5-ferr-butyl-3-ethoxy-3H-isobenzofuran-1-one (Example 31) was weighed
into a 50 mL round bottom flask fitted with a stir bar and cap. Added 10 mL (130 mmol) of
hydrazine monohydrate. Added 15 mL of glacial acetic acid. Stirred at 100° overnight. Poured

20 the reaction mixture into 200 ml of stirred water. Collected the solids by filtration and washed
with water. Dried under high vacuum to obtain 2.24 g of the title compound as an off-white
solid. MS (EST) 203 (M + H)".

Example 33: 2-Bromo-6-(6-tert-butyl-1-oxe-1H-phthalazin-2-yl}-benzaldehyde

5.90 g (22.4 mmol) of 2,6-dibromobenzaldehyde, 1.80 g (8.90 mmol) of 6-tert-butyl-2H-

25 phthalazin-1-one (Example 32), 6.02 g (18.5 mmol) of cesium carbonate, 179 mg (0.940 mmol)
of copper(D) iodide, and 428 mg (1.87 mmol) of 4,7-dimethoxy-1,10-phenanthroline were
weighed into a 100 mL reaction flask fitted with a stir bar and septum cap. Added 50 ml of
anhydrous dioxane. Purged the reaction mixture with nitrogen for 15 min. Stirred at 100° for 18
h. Partitioned the reaction mixture between 200 mL of 10% MeOH/CH,Cl, and 200 mL of

30 water. Separated phases and extracted the aqueous phase with 2 x 100 mL of 10%



Evaluations are made on day O for baseline measurement and starting again at the first signs or
swelling for up to three times per week until the end of the experiment. Th }ﬁlgit' ' or WO
2009/1562% E%t09/057320 -64- each mouse is obtained by addings ?ﬁ{e ozub(raé%%?ésg of the
individual paws, giving a maximu score of 16 per agymal. Example 41: Rat In Vivo Asthma Model Male
Brown-Norway rats are sensitized i.p. with 100 jig of OA (ovalbumin) in 0.2 ml alum once 5 every week

for thref SRR ifiey.O rheaithbikd WAk 2hiang werklolpnngipsieanowization)oihe Jais are

dosed g.d. with either vehicle or compound formulation subcutaneously 0.5 hour before OA aerosol

challende:80s. @nd fihe 45 Insmiutas reme edraiheiagap o pafirsuke et ilsal s hmmie B8N crifice,
serum and plasma.areealiected figm aliaoimals S seralpayrand:R (G ike SPRCtvElY dhuirehes

cannula is inserted and the lungs are lavaged 3X with PBS. The 10 BAL fluid is analyzed for total
leukocyd€ hUvhiiéland differential leukocyte counts. Total leukocyte number in an aliquot of the cells
(20-100 )tl) is detelmined by Coulter Counter. For differential leukocyte counts, 50-200 41 of the

samplejis griplifagething Lryivanin poddhgsptersipinac Wi Qjff-Retk yile Bropedionsigé-monocytes,
eosinophils, neutrophils and lymphocytes are counted under light microscopy using standard

morphological criterid 2P BXBraxsingg-xaminalarzed Refrdeneidinrisitore srade vl

decreased total leucocyte count in the BAL of OA sensitized and challenged rats as compared to
control lieMetsg Exaatpiendd) Phamabelfida-coorphsitiont-Gompeliiyndor-Drahadmiristiation (A)
Ingredient Yo WEIVG A5tYe Ingredient 20,9% 53ci888 19:%d 116 mg (0.301 mmol) of 2-bromo-6-
(6-tert-butyl-1-0x0-1 H-phthalazin-2-yl)-benzaldehyde (Example 33) were weighed into a 4 mL
10 reaction vial fitted with a stir bar and septum cap. Added 2.5 mL of dioxane. Added 0.33 ml.
{0.92 mmol) of an 0.91 g/mL solution of cesium carbonate in water. The mixture was sparged
with nitrogen for 10 min. Added 13 mg (0.016 mmol) of [1,1"-bis(diphenyiphos-
phino)ferrocenc]palladium(TT) chloride 1:1 complex with DCM. The mixture was sparged with
nitrogen for 5 min, Sealed the vial with a cap and stirred at 95° for 90 min. Cooled the reaction
15  to RT, diluted with 15 mL CH,Cl, and dried over Na,SO,. Filtered through a 0.45 pM syringe
filter and removed the solvent on rotavap. Purified the crude by flash chromatography on silica

gel to obtain 129 mg of the title compound as a light yellow sotid. MS (ESI) 619 (M + H)".

Exampie 35: 6-fert-Butyl-2-(2-hydroxymethyl-3-{1-methyl-3-[5-(morpholine-4-carbonyl}-
pyridin-2-ylamino}-6-0xo0-1,6-dihydro-pyridin-3-ylj-phenyl)-24-phthalazin-
20 1-one (IT1-4)

121 mg (0.20 mmol) of 2-(6-rert-butyl-1-ox0-1H-phthalazin-2-yl}-6- {1-methyl-5-[5-(morpho-
line-4-carbonyl)-pyridin-2-ylamino |-6-0x0-1,6-dihydro-pyridin-3-yl} -benzaldehyde (Example
34) was weighed into a 20 mL reaction vial fitted with a stir bar and septum. Added 4 mL of
CH,Cl; and 2 mL MeOH and stirred to obtain a clear amber solution. Added 1.1 mlL (0.29 mmol)
25 of a freshly prepared 10 mg/mlL solution of sodium borohydride in MeOH. Stirred at RT for 3 hr.
Quenched the reaction with 5 mL of saturated aqueous NH4Cl. Added 5 mL of CHCl; to the
reaction mixture and separated phases. Washed the organic phase with 5 mL brine, dried over
Na,S04, and removed the solvent on rotavap. Added 2 mL acetonitrile to the residue and
immersed the vial in an ultrasonic bath, The residue dissclved momentarily, then a white

30 precipitate rapidly crystallized out of solution. Added 5 mL Et;O to the mixture and collected



Magnesium stearate 0.5%  The ingredients are mixed and dispensed into capsules containing about
100 mg each; one 20 capsule would approximate a total daily dosage. Composition for Oral
Administraw&z@a’ﬁ@%%ient % wt./wt. Active ingredient 20.0% Magnesiur%%’gg?é)fg 183
Crosscarmellose sodium 2.0% Lactose 76.5% WQ2009/156284PCT/EP2009/057320 -65- PVP
(polyviny pyrrolidine)1.0% The ingredients are combined and granulated using a solvent such as

methang) - ign.is them o] ' : N tive
Compote B D e R o 5 RS ot
an off-white solid. MS (EST) 621 (M +H)".

Example 36: Bruton’s tyrosine kinase (Btk) inhibition Assay

The assay is a capture of radioactive >'P phesphorylated product through filtration. The
5 interactions of Btk, biotinylated SH; peptide substrate (Src homology), and ATP lead to
phosphorylation of the peptide substrate. Biotinylated product is bound streptavidin sepharose

beads. All bound, radiolabeled products are detected by scintillation counter.

Plates assayed are 96-well polypropylene (Greiner) and 96-well 1.2 pm hydrophilic PVDF filter
plates (Millipore). Concentrations reported here are final assay concentrations: 10- 100 uM

10 compounds in DMSO (Burdick and Jackson), 5-10 nM Btk enzyme (His-tagged, full-length), 30
uM peptide substrate (Biotin-Aca-AAAEEIYGEI-NH3), 100 uM ATP (Sigma), 8 mM imidazole
(Sigma, pH 7.2), 8 mM glycerol-2-phosphate (Sigma), 200 pM EGTA (Roche Diagnostics), 1
mM MnCl, (Sigma), 20 mM MgCl (Sigma}, 0.1 mg/ ml BSA (Sigma), 2 mM DTT (Sigma), 1
1Ci**P ATP (Amersham), 20% streptavidin sepharose beads (Amersham), 50 mM EDTA

15 (Gibeo), 2 M NaCl (Gibeo), 2 M NaCl w/ 1% phosphoric acid (Gibco), microscint-20 (Perkin
Elmer).
1Csp determinations are calculated from 10 data points per compound utilizing data produced
from a standard 96-well plate assay template. One control compound and seven unknown
inhibitors were tested on each plate and each plate was run twice. Typically, compounds wete

20 diluted in half-log starting at 100 uM and ending at 3 nM.The control compound was
staurosporine. Background was counted in the absence of peptide substrate. Total activity was
determined in the presence of peptide substrate. The following protocol was used to determine

Btk inhibition.

1) Sample preparation: The test compounds were diluted at half-log increments in assay
25 buffer (imidazole, glycerol-2-phosphate, EGTA, MnCl, MgCl;, BSA)}.
2) Bead preparation
a.) rinse beads by centrifuging at 500 g
b.) reconstitute the beads with PBS and EDTA to produce a 20% bead slurry
3)  Pre-incubate reaction mix without substrate (assay buffer, DTT, ATP, *P ATP) and mix
30 with substrate (assay buffer, DTT, ATP, **P ATP, peptide substrate) 30°C for 15 min.



% wt./wt. Active compound 1.0 g Fumaric acid 0.5 g Sodium chloride 2.0 g Methyl paraben 0.15 g
Propyl paraben O.OS#SGranulated sugar 25.5 g Sorbito (70% solution) 12'1§(5; Veegum K (Vanderbilt

Co.) 1.0 g Bifind

10

15

20 Example 37:

30

4)

3)
6)
7)
8)

9
10)

885 ml Colorings 0.5 mg Distilled water EP2609/657320

-61-

To start assay, pre-incubate 10 pL Btk in enzyme buffer (imidazole, glycerol-2-phosphate,
BSA) and 10pk of test compounds for 10 min at RT.

Add 30 pL reaction mixture without or with substrate to Btk and compounds.

Incubate 50 ul total assay mix for 30 min at 30°C.

Transfer 40 uL of assay to 150 puL bead slurry i filter plate to stop reaction.

Wash filter plate after 30 min, with following steps

a. 3 x 250 uL NaCl

b. 3 x 250 uL NaCl containing 1% phosphoric acid

¢. 1 x250 uL H:O

Dry plate for 1 h at 65°C or overnight at RT

Add 50 uL microscint-20 and count *°P cpm on scintillation counter,

Calculate percent activity from raw data in cpm
percent activity = (sample — bkg) / (total activity - bkg) x 100

Calculate 1Csq from percent activity, using one-site dose response sigmoidal model
y=AF(B-A)/ (11 (/O
x = empd cong, y = % activity, A = min, B = max, C = [Cso, D = 1 (hill slope)

Representative results are in Table IT below:

TABLE IL

Btk inhibition
Compound
1Cso (uM)
I-1 0.112
-1 0.022
-3 0.018
I11-1 0.124

Inhibition of B-cell Activation - B cell FLIPR assay in Ramos cells

Inhibition of B-cell activation by compounds of the present invention is demonstrated by

determining the effect of the test compounds on anti-IgM stimulated B cell responses.

The B cell FLIPR assay is a cell based functional method of determining the effect of potential

inhibitors of the intracellular calcium increase from stimulation by an anti-IgM antibody. Ramos

cells (human Burkitt’s lymphoma cell line, ATCC-No. CRL-13596) were cultivated in Growth



g.s. to 100 ml 5 The ingredients are mixed to form a suspension for oral administration. Parenteral
Formulation D%}In redient % wt./wt. Active ingredient 0.25 g Sodium Chloride gs to make isotonic
Water for i‘ﬁf & 8?&861% ml The active ingredient is dissolved in a portioﬁ% e Watsy 14t injection. A
sufficient quantity of sodium chloride is then addeg?w_ith stirring to make the solution isotonic. The
solution is made up to weight with the remainder of the water for injection, filtered through a 0.2 micron

20 e e AR A S ST T i
media (same as above) and set at a concentration of 0.5 x 10°/mL in tissue culture flasks. On day
of assay, cells are counted and set at a concentration of I x 10%mL} in growth media
supplemented with 1M FLUO-3AM(TefLabs Cat-No. 0116, prepared in anhydrous DMSO and

5 10% Pluronic acid) in a tissue culture flask, and incubated at 37°C (4% CO3) for one h. To
remove extracellular dye, cells were collected by centrifugation (Smin, 1000 rpm), resuspended
in FLIPR buffer (described below) at 1 x 10° cells/mL and then dispensed into 96-well poly-D-
lysine coated black/clear plates (BD Cat-No. 356692} at 1 x 10° cells per well. Test compounds
were added at various concentrations ranging from 100 uM to 0.03 uM (7 concentrations, details

10 below), and allowed to incubate with cells for 30 min at RT. Ramos cell Ca* signaling was
stimulated by the addition of 10 ug/mL anti-IgM (Southern Biotech, Cat-No. 2020-01) and
measured on a FLIPR (Molecular Devices, captures images of 96 well plates using a CCD

camera with an argon laser at 480nM cxcitation).

Media/Buffers:

15 Growth Medium: RPMI 1640 medium with L-glutamine (Invitrogen, Cat-No. 61870-010), 10%
Fetal Bovine Serum (FBS, Summit Biotechnology Cat-No. FP-100-05); 1mM Sodium Pyruvate
(Invitrogen Cat. No. 11360-070).

FLIPR buffer: HBSS (Invitrogen, Cat-No. 141175-079), 2mM CaCl; (Sigma Cat-No. C-4901),
HEPES (Invitrogen, Cat-No. 15630-080), 2.5mM Probenecid (Sigma, Cat-No. P-8761), 0.1%
20  BSA (Sigma, Cat-No.A-7906), | ImM Glucose (Sigma, Cat-No.(G-7528)

- Compound dilution details:
In order to achieve the highest final assay concentration of 100 uM, 24 uL of 10 mM compound
stock solution {(made in DMSO) is added directly to 576 pL of FLIPR buffer. The test
compounds are diluted in FLIPR Buffer (using Biomek 2000 robotic pipettor) resulting in the
25 following dilution scheme: vehicle, 1.00 x 10 M, 1.00x 107, 3.16 x 10, 1.00 x 10, 3.16 x 10°
7, 100x107,3.16 x 10,

Intraceliular increases i calcium were reported using a max — min statistic (subtracting the
resting baseline from the peak caused by addition of the stimulatory antibody using a Molecular
Devices FLIPR control and statistic exporting software. The 1Csq was determuned using a non-

30 linear curve fit (GraphPad Prism software).



WO 2009/156284PCT/EP2009/057320 -66- Polyethylene glycol 4000 24.5% The ingredients are
melted to 5 nd mixed on a steam bath, and poured into molds contai?}' .‘Q‘QE % eight. 1:
ical Formgﬁa} .2&"%&*}% n 4F‘edients grams Active compound 0.2-2 Span 60 2 Wee%2 (glé%%}egral oil 5

Petrolatum 10 Methyl paraben 0.15 -63-
Example 38: Mouse In Fivo Collagen-induced arthritis (mCIA)

On day 0 mice are injected at the base of the tail or several spots on the back with an emulsion of
Type 11 Collagen (i.d.) in Complete Freund’s adjuvant (CFA). Following collagen immunization,
animals will develop arthritis at around 21 to 35 days. The onset of arthritis is synchronized

5 (boosted) by systemic administration of collagen in Incomplete Freund’s adjuvant (IFA; 1.d.) at
day 21. Animals are examined daily after day 20 for any onset of mild arthritis (score of 1 or 2;
see score d.éscription below) which is the signal to boost. Following boost, mice are scored and
dosed with candidate therapeutic agents for the prescribed time ( typically 2-—3 weeks) and
dosing frequency, daily (QD) or twice-daily (BID).

10  Example 39: Rat In Vivo Collagen-induced arthritis (rCIA)

On day 0, rats are injected with an emulsion of Bovine Type II Collagen in Incomplete Freund’s
adjuvant (IFA) is injected intradermally (i.d.) on several locations on the back. A booster
injection of collagen emulsion is given around day 7, (i.d.} at the base of the tail or alternative
sites on the back. Arthritis is generally observed 12-14 days after the initial collagen injection.
15 Animals may be evaluated for the development of arthritis as described below (Evaluation of
arthritis) from day 14 onwards. Animals are dosed with candidate therapeutic agents in a
preventive faghion starting at the time of secondary challenge and for the prescribed time

( typically 2——3 weeks) and dosing frequency, daily (QD) or twice-daily (BID).
Example 46: Evaluation of Arthritis:

20 In both models (Examples 38 and 39), developing inflammation of the paws and limb joints 1s
quantificd using & scoring system that involves the assessment of the 4 paws following the

criteria described below:

Scoring: 1= swelling and/or redness of paw or one digit.
2= gwelling in two or more joints.
25 3= gross swelling of the paw with more than two joints involved.

4= gevere arthritis of the entire paw and digits.

Evaluations are made on day 0 for baseline measurement and starting again at the first signs or

swelling for up to three times per week until the end of the experiment. The arthritic index for



Propyl paraben 0.05 BRA (butylated hydroxy anisole) 0.01 Water g.s. 100 5 The foregoing invention

has been described in some detail by way of illustration and example, for purposes of clarity and
understandf®y21¢24AfB& obvious to one of skill in the art that changes and Yddfiedttis #hy be

practiced within the scope of the appended claims, Iherefore, it is to be understood that the above
description is intended to be illustrative and not reSQri?:tive. The scope of the invention should,
therefore, be determi %d.noé with ferﬁch to g@oe asb(%xg[%elo es&:rizﬁtionw, but should instead be
detetinifed With reference 1o PrYe flo P&%\nna gbl;r)en &d clalm]"sl? a%n% with ﬁ‘lglf‘rfﬁ%cé%%ngnéguivalents to
which seghctditsparessmtitled. All patents, patent applications and publications cited herein are hereby
incorporated by reference in their entirety for all purposes to the same extent as if each individual

patent, EQ%&@ﬂgcqggpﬁrmpljg%qﬂa%@ao individually denoted. 15 - 67 -
Claims I. A compound according to Formula lll or IV:  wherein: is H, -R’, -121-R2-Rs,or -122-R3;

wherein R1is aryl, heteroaryl, cycloalkyl, or heteraocycloalkyl, and is optionally substituted with
Male Brown-Norway rats are sensitized 1.p. with 100 pg of OA (ovalbumin) in 0.2 mi alum once

5 every week for three weeks (day 0, 7, and 14). On day 21 {(one week following last sensitization) ,
the rats are dosed q.d. with either vehicle or compound formulation subcutaneously 0.5 hour
before OA acrosol challenge (1% OA for 45 minutes) and terminated 4 or 24 hours after
challenge. At time of sacrifice, serum and plasma are collected from all animals for serology and
PK, respectively. A tracheal cannula is inserted and the lungs are lavaged 3X with PBS. The

10 BAL fluid is analyzed for total leukocyte number and differential leukocyte counts. Total
leukocyte number in an aliquot of the cells (20-100 ul) 1s determined by Coulter Counter, For
differential leukocyte counts, 50-200 ul of the sample 1s centrifuged in a Cytospin and the slide
stained with Diff-Quik. The proportions of monocytes, cosinophils, neutrophils and lymphocytes
are counted under light microscopy using standard morphological criteria and expressed as a

15 percentage. Representative inhibitors of Btk show decreased total leucocyte count in the BAL of

OA sensitized and chalienged rats as compared to control levels.
Example 42: Pharmaceutical compositions

Composition for Oral Administration (A)

Ingredient % wt./wt.
Active ingredient 20.0%
Lactose 79.5%
Magnesium stearate 0.5%

The ingredients are mixed and dispensed into capsules containing about 100 mg each; one

20  capsule would approximate a total daily dosage.

Composition for Oral Administration (B)

Ingredient % wt./wt,
Active ingredient 20.0%
Magnesium stearate 0.5%
Crosscarmellose sodium 2.0%
Lactose 76.5%




; wherein 12" is lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, halogen, nitro, amino,
cycloalkyl, heterocycloalkyl, cyano, or lower haloalkyl; R2is -C(---0), -C(=0)0, -CgcgN(_RZ . -(CH2),, or
-S(=0)2; WW&&???%%ZIBFOI‘ lower alkyl; and g is 1, 2, or 3; is H or RI; wher i TR S yl, lower
alkoxy, lower heteroalkyl, aryl, arylalkyl, alkylaryl, [bestproaryt, alkyl heteroaryl, heteroaryl alkyl,
cycloalkyl, alkyl cycloalkyl, cycloalkyl alkyl, heterocycloalkyl. alkyl heterocycloalkyl, or heterocycloalkyl
alkyl, and is optionall pstituted-with-ong-or moretlqwer-atkyt, hydroxy;-oxo;tower hydroxyalkyl, lower
alkoxy, halogen, nitrcff%ﬁ%?ﬂé’yé%@?&‘v’eﬁdéﬁﬁ Isulfo%')t;l,oor lower haloalkyl; Xis CH or N; WO
2009/156R84PETHRR2009(G6B20 a68-ghiisiiddniowersalkyintyRishyRanmtivand2 G hwHerewldt@a is H or

41t

halogen; and Y.2b is lower alkyl, optionally su stitute@ W'tagane ar.more Y2D.: an% Y26’ is hydroxy,
ower Ak SRR R S RO AR SR AP S 82 B00 Ve ower

alkyl, oppnaly2Sstibstitutechwith one or more Yn'; wherein Y2'b' is hydroxy, lower alkoxy, or halogen;
nis 0, 1, 2, or 3; Y3 is H, halogen, or lower alkyl, wherein lower alkyl is optionally substituted with one

or more sybstityentsseles

10 misOorI;ydisy4a,y

[%Hﬁﬁ@sﬁ%ﬁigﬁ% consisting of hydroxy, lower alkoxy, amino, and halogen;

b; v4c: or y4d; wherein y4a is H or halogen;._y4hb is lower alkyl, optionally

substituted with one ofmgoedienbstituents selected fréfmwitékoup consisting of lower haloalkyl,
hglogen, hydroxy, anﬁmwmwmo yi 84D i_s i_ower cycloatkyt, optionally substituted
with one or more substituents selected from the group consisting of lower alkyl, lower haloallcyl,
halogen, hyciroxy, aminopandaower alkoxy; and Y4d ¢sSamino, optionally substituted with one or more
lower alkyl; Sodium chioride 20g

Methyl paraben 015¢g

Propyl paraben 0.05¢

Granulated sugar 255¢

Sorbitol (70% solution) 1285 ¢

Veegum K (Vanderbilt Co.) 1.0g

Flavoring 0.035 ml

Colorings 0.5 mg

Distilied water q.s. to 100 ml

Parenteral Formulation (D)

The ingredients are mixed to form a suspension for oral administration.

in

sredient

% wt./wt.

Active ingredient

025¢

Sodium Chloride

qs to make isotonic

Water for injection to

100 mi

The active ingredient is dissolved in a portion of the water for injection. A sufficient quantity of

sodium chloride is then added with stirring to make the solution isotonic. The solution is made

up to weight with the remainder of the water for injection, filtered through a 0.2 micron

10

Suppository Formulation (E)

membrane filter and packaged under sterile conditions.

Ingredient Y% wt./wt.
Active ingredient 1.0%
Polyethylene glycol 1000 74.5%




20 or a pharmaceutically acceptable salt thereof. 2. The compound according to claim 1, wherein Y1 is
methyl. 3. The compound according to claim 1, wherein X is CH. 4. The compound according to claim
1, whereinWPig%*85%f4 compound according to claim 1, wherein n is 0. %E{Ef)ﬂ%('%ﬁ%%’und
according to claim 1, wherein Y2 is methyl or hydrc %Ymethyl. 7. The compound according to.claim 1,
wherein Y4 is halogen, lower alkyl; or a group of Y5 -69- OH formula (b) Y6 wherein Y5 and Y6 are

independently H, layer alkyt-ortowerhal aI'r\yI, NS *5N ofagroup of-formuta (,)"4 wherein Y5 and ya
are independently tﬁogﬁ%l\ﬁgp & 1)}’I?Cgr{'gl‘sﬁg};;brjoup of f%}%'r%lﬁa (d) haloalkyl.

The ingredients are melted together and mixed on a steam bath, and poured into molds

containing 2.5 g total weight.

Topical Formulation (F)

Ingredients grams
Active compound 0.2-2
Span 60 2
Tween 60 2
Mineral o1l 5
Petrolatum 10
Methyl paraben 0.15
Propyl paraben 0.05
BHA (butylated hydroxy 0.01
anisole)

Water g.s. 100

53 The foregoing invention has been described m some detail by way of illustration and example,
for purposes of clarity and understanding. It will be obvious to one of skill in the art that
changes and modifications may be practiced within the scope of the appended claims. Therefore,
it is to be understood that the above description is intended to be illustrative and not restrictive.
The scope of the invention should, therefore, be determined not with reference to the above

10 description, but should instead be determined with reference to the following appended claims,

along with the full scope of equivalents to which such claims are entitled.

All patents, patent applications and publications cited herein are hereby mcorporated by
reference in their entirety for all purposes to the same extent as if each individual patent, patent

application or publication were so individually denoted.

15



wherein Y5 and Y6 are independently H, lower alkyl, or lower 5 8. The compound according to claim

1, wherein R is -124-122-R3; wherein R1 is phenyl
morpholine or piperazine, optionally substituted wit
compound of any one of claims 1-8 for use in tre%g
of inhibiting B-cell proliferation. 10 10.The Btk inh

or pyridyl; R2 is -C(=0); R3is R4; and R4 is

h one or more lower alkyl. 9. A Btk inhibitor

ng an inflammatory and/or autoimmune condition or
itor compound of claim 9, wherein he condition is

arthritis. 11. A pharmaceutical composition comprising the Btk inhibitor compound of any one of
claims 1-8, admixed with at least one pharmacewiaally acceptable carrier, excipient or diluent. 12.
The use of a compound of formula | according to any one of claims 1-8 for the preparation of a
medicamehtfopthwtrdagrredinstaiomidmhatd®; and/or autoimmune condition. 1513. The use of claim

12, wherein said condition is arthritis.

N Y
R 1 [?1
=K
Y2
[ V2 O
n
)
Na. Y3] v
m
(I
wherein:
R isH, ~R', -R'-R*R’, R-R* or -R™-R’; wherein

R’ is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally substituted with
RY: wherein R" is lower alkyl, hydroxy, lower hydroxﬁalkyi, lower alkoxy, halogen,
nitro, amino, cycloalkyl, heterocycloalkyl, cyano, or lower haloalkyl;

R s ~C(=0), ~C(=0)0, ~C(=OMN(R?), «(CH,),, or ~8(=0)y: wherein R* is H or lower
alkvl; and qis 1,2, or 3;

R?  is Hor R" wherein R* is lower alkyl, lower alkoxy, lower heteroalkyl, aryl, arylaliyl,
alkylaryl, heteroaryl, alkyl heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl cycloalkyl,
cycloalkyl alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or heterocycloatkyl alkyl,
and is optionally substituted with one or more lower alkyl, hydroxy, oxa, lower
hydroxyalkyl, lower alkoxy, halogen, nitro, amino, cyano, lower alkylsuifonyl, or
lower haloalkyt;

X isCHorN;



10

20

25

WO 2009/156284 PCT/EP2009/057320
68-

Y'  is Hor lower alkyl;

Y2 is Y* or Y®; wherein Y™ is H or halogen; and Y*' is lower alkyl, optionally substituted
with one or more Y2 and Y*' is hydroxy, lower alkoxy, or halogen;

each Y? is independently Y**® or Y*®, wherein Y?* is halogen; and Y™ is lower alkyl, optionally
substituted with-one or more Yz’b’; wherein Y* i3 hydroxy, lower alkoxy, or halogen;

n 180,1,2,0r3;

Y®  is H, halogen, or lower alkyl, wherein lower alkyl is optionally substituted with one or

more substituents selected from the group consisting of hydroxy, lower alkoxy, amino, and

halogen;

1sOorl;

isY*® Y*® Y% or Y wherein

< B

Y*  is H or halogen;

Y*® s lower alkyl, optionally substituted with one or more substituents selected from the
group consisting of lower haloalkyl, halogen, hydroxy, amino, cyano, and lower alk-
OXY:

Y% is lower cycloalkyl, optionally substituted with one or more substituents selected
from the group consisting of lower alkyl, lower haloalkyl, halogen, hydroxy, amino,
and lower alkoxy; and

Y*  is amino, optionally substituted with one or more lower alkyl;

or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1, wherein viis methyl.

3. The compound according to claim 1, wherein X 1s CH.

4, The compound according to claim 1, wherein m s 0.

5. The compound according to claim 1, wherein n 1s 0.

6. The compound according to claim 1, wherein Y? is methyl or hydroxymethyl.

7. The compound according to claim 1, wherein Y* is halogen, lower alkyl; or a group of

§

Y
formula (a) *“‘% wherein Y” is H, halogen, lower alkyl, or lower haloalkyl; or a group of



10

15

-69-

6

formula (b) Y wherein Y and Y® are independently H, lower alkyl, or lower haloalkyl;

=N

G
or a group of formula (c) Y" wherein Y* and Y® are independently H or lower alkyl; or a

group of formula (d) wherein Y® and Y® are independently H, lower alkyl, or lower

haloalkyl.

8. The compound according to claim I, wherein R is ~R'-R*-R? wherein R' is phenyl or pyridyl;
R is ~C(=0); R? is R*; and R is morpholine or piperazine, optionally substituted with one or

more lower alkyl.

9. A Btk inhibitor compound of any one of claims 1-8 for use in treating an inflammatory and/or

autoimmune condition or of inhibiting B-cell proliferation.
10.  The Btk inhibitor compound of claim 9, wherein the condition is arthritis.

11. A pharmaceutical composition comprising the Btk inhibitor compound of any one of claims

1-8, admixed with at least one pharmaceutically acceptable carrier, excipient or diluent.

12. The use of a compound of formula [ according to any one of claims 1-8 for the preparation of

a medicament for the treatment of an inflammatory and/or autoimmune condition.

13. The use of claim 12, wherein said condition is arthritis.



