NOVEL SUBSTI TUTED PYRI DI N- 2- ONES AND PYRI DAZI N- 3- ONES The present
invention relates to the use of novel derivatives which inhibit Bruton's
Tyrosi ne Kinase (Btk) and are useful for the treatnent of auto-immune and
i nfl ammat ory di seases caused by aberrant B-cell activation. The novel

5- phenyl 1R- pyri di n- 2-one and 6-pheny1:éP+pyridazin3-one derivatives
described herein are useful for the treatnent of arthritis. 5 Btk is a
menber of the Tec fam |y of tyrosine kinases, and has been shown to be a
critical regulator of early B-cell devel opnent and mature B-cel
activation and survival (Khan et al. Inmmunity 1995 3:283; Ellneier et at
J. Exp. Med. 2000 192:1611). Mutation of Btk in hunmans | eads to the

condi tion X- NOWer sagssTRaleRp! pYRIHENXONES ARY BYRIDAZIROSGONES at New
Eng. J. Med. 1995 333:431 and Lindvall et at Imunot Rev. 2005 203:200).
These patients are 10 i nmunoconprom sed and show i npaired maturation of
B-cel |5, decr %gﬁidn%?&QE%eu&ge%f ?18961%%5'\!?(%5 @Jhtlct%- ﬁﬁibkt Iid'ﬁyo?ll’ssl“ gi;pd ni shed
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col l agen-induced arthritis (Jansson and Hol ndahl Cin. Exp. linnunot 1993
94: 459tk ida seingetr bftheBide family lof tyosihakinbssemnddap hetir showa tdbs e cdbipedndent

efficacy in a.no apthritis del (Pan, et,at, Chem. Med | 2007
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smal | - 1Bl n B RinbBER s RtioBt K has been reported to play a role
in apoép’)gt?%gllﬁlsm?(lhs amnaniciiB SmSgth Iélsjnunot10 -2- Rev. 2000 178:49) and thus Btk

inhibitors would be useful for the treatnent of certain B-cell |ynphonas
and | ebikidaiadoy FoilefatBtken awbimmuixgnd nBamrR00% dRedses 8387)lso tRea ppoedehy

inventpon provides novel 5-phenyl-1H pyridin-2-.one and
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acqer digi)t BkIRIR e nfi€ fHehmbskell bmeliblatioh of ¥Msease pYdpREeioRn: In addition, Btk-
deficient mice are resistant to collagen-induced arthritis (Jansson and Holmdahl Clin. Exp.

Immunol. 1993 94:459). A selective Btk inhibitor has been demonstrated dose-dependent
efficacy in a mouse arthritis model (Pan et af., Chem. Med Chem. 2007 2:58-61).

Btk is also expressed by cells other than B-cells that may be involved in disease processes. For
20  example, Btk is expressed by mast cells and Btk-deficient bone matrow derived mast cells
demonstrate impaired antigen induced degranulation (Iwaki et 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. J Exp Med 197:1603,
25 2003). Thercfore TNF alpha mediated inflammation could be modula{ed by small molecular Btk

inhibitors. Also, Btk has been reported to play a role i apoptosis (Istam and Smmth Immunol.



isH -R, -R-R--R3, -Ri---R3, or -R2--R3; wherein R is aryl,
het eroaryl, cycl oal kyl, or heterocycloal kyl, and is optionally substituted
with 10RI.; whereinis |ower alkyl, hydroxy, |ower hydroxyal kyl, | ower
al koxy, hal ogen, nitro, am no, cycloal kyl, heterocycloal kyl, cyano, or
| ower hal oal kyl; R2 is -C(--=0), -C(=0)0, -9=0)1?1(R2'), -(CH2)q, or
-S5(=0)2; wherein R2' is Hor lower alkyl; and qis 1, 2, or 3; R3is Hor
R4; wh [ | ,
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Y2a or Y2b; wherein Y2ais H or hal ogen; and Y2b is | ower aIkyI optionally
substituted 5with one or nore y2y; and Y2b' is hydroxy, |ower alkoxy, or
hal ogen; egch ji ndependently Yra oryYrbgy wherein y2'a is hal ogen; and Yrb

is | ower &Nk ﬁ@Ylonally substlhdﬂ:ovJ%fVone or nore Yrb'; wherein Yrb'
i s hydroxy, Homer al koxy, or halogen;|lis 0, 1, 2, or 3; Y3 is H, halogen,
or |ower al kyhZ%herein | ower al kyl is~gptionally substituted with one or
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wherein:

R s H, R, R'-R2R? -R'-R’, or —R*:-R’; wherein
R' is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally substituted with
10 RY; wherein RY 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?), (CHy)q, or =S(=0)z; wherein R* is H or lower
alkyl; and qis 1, 2, or 3;
R® isH or R wherein R” is lower alkyl, lower alkoxy, lower beteroalkyl, aryl, arylalkyl,
15 alkylaryl, heteroaryl, alkyl heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl cycloalkyl,
cycloalkyl alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or heterocycloalkyl atkyl,
and is optionally substituted with one or more lower alkyl, hydroxy, oxo, lower
hydroxyalkyl, lower alkoxy, halogen, nitro, amino, cyano, lower alkylsulfonyl, or

lower haloalkyl;



15y4b is lower alkyl, optionally substituted with one or nore substituents
sel ected fromthe group consisting of |ower hal oal kyl, hal ogen, hydroxy,
am no, and | ower al koxy; y4c is |lower cycloal kyl, optionally substituted
Wi th one or nore substituents selected fromthe group consisting of | ower
al kyl, I ower hal oal kyl, hal ogen, hydroxy, am no, and | ower al koxy; and
20y4d is amno, optionally substituted with one or nore lower alkyl; or a
phar mageut j.¢ah ,ynaccept abl e salt thereof Mre specifically, the present

i nvention provide$ conpounds according to Fornmula 1, I, Il or IV: -4-
wherei isM, -RI, -RI-R2-R3, -Rl-R3, or -R2--R3; wherein 5RI is aryl,

het er oanyl, c] oal kyl . or heterocycloal kyl, and is optionally substituted
with R mﬁéféfh“ﬁF5¥¥hlomer al kyl , hydroxy, |ower hydroxyal kyl, | ower
al koxyyzhajsogesy v th@reif e &Mﬁ%@hwﬁd yhgt wa&xéﬁiﬂai(ﬂﬁxha11ycsx@§tﬁuteer
| ower hal oal kyl ; R2is i&X:O)Q,1CX: 0, -C(=0)N(R2"), -(CH2)q, or -9S(=
whebei n Rewith gngfoomoteoVier, aaf T is bydtoxy.ilewer alkyxypor BalogR3 i s H or R4;

wherei n RAis | ower . al kylza | | KOXY,2ral h Kyl .
ol ol ol ¥ R oy WA s ey S A qggiprally
cycl oal ky! subslitedd wirch@abiotbre YYC vkl v el is%ﬂroxﬁ}?kﬁﬁe@ﬁlk@kﬁ&ir'ﬁﬂogerﬂ' kyl

het erocycl oal kyl, or heterocycl oal kyl al kyl, and is optionally substituted
with ofle oB Omdrd Fdwer al kyl, hydroxy, oxo, |ower hydroxyal kyl, | ower

al koxysyszh %q%%fgg’ﬁ%&%w‘?‘?'ﬁqé wﬁ?x@ﬂﬂovde?é%ﬁr% R lolf)}’ibﬁamyf LB uted withdQWE" hal o

0) 2;

al kyl; Xis r lower a _
10 more substituents selected from the group consisting of hydroxy, lower alkoxy, amino, and
halogen;

m isDorl;
Y is YR, Y®, Y, or Y, wherein
Y* is H or halogen;
15 | Y™ is lower alkyl, optionally substitiuted with one or more substituents selected from the
group consisting of lower haloalkyl, halogen, hydroxy, amino, and lower alkoxy;
Y* s 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* s amino, optionally substituted with one or more lower alkyl;

or a pharmaceutically acceptable salt thereof.

More specifically, the present invention provides compounds according to Formula 1, T, 11T or

Iv:



y2is y2a or ..2b; Y wherein Y2a is H or halogen; and Y211 is

| ower al kyl, optionally substituted with one or nore Y2y; and Y2b' is
hydr oxy, |ower al koxy, or hal ogen; -5- each Y2' is independently Yra or
Yn; wherein Yn is halogen; and Yn is |lower al kyl, optionally substituted
with one or nore Yry; wherein Yrb. is -Bydroxy, |ower alkoxy, or hal ogen;
nis 0, I, 2, or 3; Y3 is H halogen, or |lower alkyl, wherein | ower alkyl
is optionallyc§ubstituted wi th one or re substituents selected fromthe
group congksting of hydroxy, |ower nal k .yam no, and hal ogen; inis 0 or
y4 is y4ﬁgN Ao,NwXC, y4d; whereifri isﬁH or hal ogen; 10Ylb is | ower

al kyl , optidhal lly substituted with o nore substituents selected from
the group cons#sting of | ower hal oal kyl], hal ogen, hydroxy, am no, cyano
and | ower aIkoxy;Yz Y4  is | ower_cygl ¥’ optionally substituted with
one or Le gUBstitgents selecte@y e gkoup consisting of | ower

al kyl , m% B | hal ogen, *h SR 5and | ower al koxy; and
Vid is anm no, ~opt'Nona substituted mjt@que re lower alkyl; or a
pharnaceuticaﬁ@y ccep e salt there$ﬁ g nbodi nent, the

i nvention provi dd% A cofpourdef formula I, HE, 111 orfyV wherein NY3 is
met hyl . 20 I npanot her enbodi t, the present inventioh provides a
conpound fgromula I, 11, 11l or IV wherein Xis CH |In another

enbodi Np?esent invention ppovifes a conpound of formula I, I,
[l or IV bre1n mis 0. . | n anp&th epbbdi ment, the present invention
provi des a cofpound of forrmula I, 11, I 1 Nor 1V 25 wherein nis O

=X

am Y av)

wherein:
R isH,-R!,-R'-R-R* -R'-R’, or -R*R’; wherein
5 R’ s aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally substituted with
RY; wherein R" is lower alkyl, hyd:rdxy, lower hydroxyalkyl, lower alkoxy, halogen,
nitro, amino, cycloalkyl, heterocycloalkyl, cyano, or lower haloalkyl;
R?  is —-C(=0), ~C{=0)0, ~C(=0)N(R*"), (CH,),, or -S(=0),; wherein R* is H or lower
alkyl; and q is 1, 2, or 3;

10 R®  is Hor R wherein R* is lower alkyl, lower alkoxy, lower heteroalkyl, aryl, arylalkyl,
alkylaryl, heteroaryl, alkyl heteroaryl, heteroaryi alkyl, cycloalkyl, alkyl cycloalkyl,
cycloalkyl alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or heterocycloalkyl 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 18sCHorN;
Y!  isH or lower alkyl;
Y2 is 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;



I n anot her enbodi nent, the present invention provides a conmpound of
foiinula I, Il, Ill or I'V wherein Y2 is nethyl or hydroxynethyl. -6- In
anot her enbodi nent, the present invention provides a conmpound of formula
[, 1l, 11l or 1V Y5 wherein Y4 is |lower alkyl; or a group of forrmula (a)
wherein Y5 is H, hal ogen, |ower OH Y55alkyl, or | ower hal oal kyl; or a
group of formula (b)Y6 wherein Y5 and Y4 are Y5 "6 independently H, |ower
al kyl , caok Yoiseidchaideatik P * ool * % wheveip 51 * if balngdrg afd YY" whewer alkgl, ygticanly Y6
are independently H or |ower alkyl: or ag,gro of forrmula (d) ,and Y6 are
independeﬁPb?“?FXW@RéPﬁQF?VF?q%rYV@ﬁﬁwlﬁéLd%#£¥?¥”lqmﬁﬁﬁﬁﬁgvgt%W$Qhunher
enbodi yrenti; gt e gresent invention provides a conpound of foinula I, I,

1l or |V wherein Ris -R1-122-R3; wherein Rl is phenyl_or%ﬁyridyl; R is
- C(=0)Y’ R3s Hs hitdgerand lorer iafkyiovistiein fleeisrkyliipentionn e subsptutesaith goe or

R
Ris -R2-Rajopesrein R2 is C(=0)Nfl and R3 is |ower alkyl. _
m isQorl;
Y s Y™ Y™ Y*, or Y, wherein
Y* is H or-halogen;

10 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 cycloaikyl, optionally substituted with one or more substituents selected
from the group consisting of lower alkyl, lower haloalkyl, balogen, hydroxy, amino,

15 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 invention provides a compound of formula I, 11, Il or IV wherein Y!

1s methyl.

20 In another embodiment, the present invention provides a compound of formula I, T, I or IV

wherein X 18 CH.

In another embodiment, the present invention provides a compound of formula 1, If, Hl or IV

wherein m 18 0.

In another embodiment, the present invention provides a compound of formula I, II, 1i1 or IV

25 wheremnis 0.

In another embodiment, the present invention provides a compound of formula I, I, Hl or IV

wherein Y? is methyl or hydroxymé'thyl.



I n anot her enbodi nent, the present invention provides a conmpound of
Formul al . I n another enbodi nent, the present invention provides a conpound
of Formula |, wherein Y| is methyl. 15 In another enbodi nment, the present
i nvention provides a conpound of Fornmula |, wherein X is CH In another
enbodi nent, the present invention provﬁdes a conmpound of Forrmulal!, wherein
mis O and n is O. I n anot her enbodi nent, the present invention

provi disanatleo epbodiceot, teqrasgnhinvenyigrepwividey 2 compomdmfdemsylabtlhyillor IV7. | n
anot her enbodi nent, the present invention provi des a conmpound of Formula
1, wherein Y2 is hydroxymethyl, Y1 is nethyl,?n1is Oand nis 0. In

T wnor bFRRY; ETRher 40, & FRGTR oF AR O £ CL Sl TR Gher R §

5 The invention provides a conpound of Formulg,l, wherein Y4 is a group of
formula (a) Y5 41 wherein Y5 is H, hal ogen, Ilfower alkyl, or |ower
hal oal kyl . The invention provides a conpotn *Formula |, wherein Y4 is a
group of fornula (b) OH Y6 wherein Y5 d Y6 are gndeggndently H,

| ower alkily by loover halpetkyh at s arap of femeulpdblent | on pideredey” and¥npSund of

Formula 1, wherein Y4 is a group of forrmula (c) Y5 *-N 6 10Y w@erein Y5
and Y6 are independently H or lower alkyl. The invention prowdes a
conmpound of Forrmula I, wherein Y4 is a group of formula (ﬁU‘W@tmherein Y5
and Y6irieerdep@PEN thentk hikyHlor iov@rhadakyyl; orar grbamef fohabledbky| . ¥ Twkerein

i nvention provides a conpound of Forrmula I, wherein Ris -111}E2-R3;
wherein 111 is phenyl or pyridyl; R2is -C(=0); R3is R4; a 4 1S
nor phol i ne or piperazine, optionally sub-15 stituted with g or

| ower al kyl . o v
YG

nore

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 Jower haloalkyl.

In another embodiment, the present invention provides a compound of formuta I, IT, Il or IV
wherein R is —R'R%-R?; wherein R’ is phenyl or pyridyt; 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 invention provides a compound of formula I, T, Il or IV

wherein R is —R*R> wherein R? is C(=0)NH and R’ is lower alkyl.
In another embodiment, the present invention provides a compound of Formula 1.

In another embodiment, the present mvention provides a compound of Formula I, wherein Y'is

methyl.

15 In another embodiment, the present invention provides a compound of Formula X, wherein X is

CH.

In another embodiment, the present invention provides a compound of Formula X, wherein mis 0

and nis 0.

In another embodiment, the present invention provides a compound of Formula 1, wherein Y?is

20  hydroxymethyl.



In one enbodi ment of Fornmula I, Xis N, nis 0 and mis 0. In one

enbodi nent of Fornula!, Y1l is nethyl, Xis N, nis O and mis 0. In one
enbodi ment of Formula I, Y1 is methyl, Xis N nis 0, and mis 0. In one
enbodi nent of Forrmula I, Y1 is nmethyl and Y2 is hydroxyrnethyl. -8- In
one enbodi nent of Formula I, Y1 is metflyl, Y2 is hyclroxynethyl, Xis N n
is 0O and mis O. Inoneenbodlrrent of Forrmlal Y1l is nethyl, XISN nis
0, andimarioghed embndiowet, ﬂrdp:rda;enmmemﬁon:momdeaa Icomlmundsofrfmtmyla 1, Whetesn Y is

hydr ox 0. In one enbodi nent of Forrmula I,

Y2 is dmétg% % &ﬁg&Bﬁleﬂ’iS 110115 =ormula |, Y2 is hydroxyethyl. In one
enbodi nent of Fornmula I, Y2 is hal ogen I n one enbodi nent of Fornmula I, X
i s CH, Idario$hdd en®bdini®nt, Shdpresadt dRenBehpaivitRBh cofn E@fdﬂﬂfﬁ)rhxula\llvdhsreﬁfexhyl ,
Xis CH_n_i,s O, andmlsp. In one e |rrento Formula 1, Y1 is methyl,

Y2 is B0y hdeonpmetiyleY oy mefhyls npis drFHS d-0. 10 In one embodi nent of
Formula I, Y1 is rrethyl Y2 is nethyl, Xis CH nis 0 and mis 0. In one
enbadi 4f o JTEoRklia Y3 HbS rbYd{stry%'@E ¥ fo r&{hﬁ niso
andgm i s@gl.vgﬁmﬁgé] od| nt of Formﬁl a1, { Y2 |s Iogen,
Xis CH nys 0 and mISO I'n one embodi ment of Forrrulal Y1 is nethyl,

Y2 is hydr rrethyl is CH nis 0, mis O, andY4|sagroupof forrrula
(a) vvhé‘rel gvhiescin mﬁio?gaéqagemwaﬂmwowham@?ﬂhm oal kyl. 15 In one
variation of the above enbodiment of Formula I, Ris -11/-R2-R3; wherein

Rl is phenyl or pyridyl; R2is -C(=0); 1:13 |s R4; and R4 is norpho line
or pi p&hanivestionopoividaad qulsmbsltqftﬁswr@dlavii wihersireY Ofs agroap pbeemukal(kyl . I n one

enbodi nment Formula I, Y4 is |lower alkyl. In one enbodi nent of Fatmula
I, Y1 is thyl, Y2 is hydroxyrrethyI,Xis CH nis O, nais 0, 20 and Y4
is | owe .- In one variation of the above enbodi rrent of Formula I, R
is -Rl-R2- wherein Rl _is phenyl or pyridyl; R3 is R4 and

s
R4 is m)rphol i wherelp Yoi aﬁér‘ézﬁfﬁ@debﬁﬁ%ﬂﬁ PWB&YH‘W@WW&&M@“@M or nore
| ower al kyl .

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

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

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

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

The invention provides a compound of Formula I, wherein R is -R'“R’-R?; wherein R’ is
phenyl or pyridyl; R? is ~C(=0); R* is R*; and R is morpholme or piperazine, optionally sub-

15 stituted with one or more lower alkyl.
In one embodiment of Formula ¥, X is N, n 18 0 and m 1s 0.
In one embodiment of Fornmla I, Y'is methyl, X is N, nis 0 and m is 0._
In one embodiment of Formula I, 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.



-9- In another variation of the above enbodi ment of Fornula I, Ris
-R2-R3; wherein RR is -C(O)NH, R3is Hor R4; and R4 is lower alkyl. In
one enbodi nent of Formula I, Y is nethyl, Y2 is hydroxymethyl, X is CH n
is 0, mis 0, and Y4 is a group of fornula (b) wherein Y5 and Y6 are

i ndependently H, |ower alkyl, or | owerd5 hal oal kyl. In one variation of

t he above enbodi nent of Forrml a I, R |s -111-R2-R3; wherein Rl is phenyl
or pyrineyk emBedinent ¢ Forgjula R liis nRt!wl,aﬁdlthwdrcgmﬂpfrh,deié ois Opindem &70.ne,

optionally substituted with one or nore | ower alkyl. I n one enbodi nent
of Forymul a 1] t hyl ) th |sCH nis 0, mis O,
and 1(@\?&6 e?bg(\{lﬁ}egﬁf)f%?m%%hﬁ ef%&h%% %6 aaﬁg are i ndependently H
or lower alkyl. In one variation of the above enbodi mrent of Forrmula I, R

i s - RAnR3e cwibed@icnt G2Fd s, =30) NdictiRd, V5isHiydroxRaietiamdX RAN] 5isl 0o & ty! .
In anot her vari ation of the above enbodi nent of Fornula!, Ris

- 111 - wherein Rl i | or pyridyl; RZis -C(=0); R3 is R4; and
R4 is Il‘f’(ﬂ“ﬁl"?l‘ﬂ PW@G&FOBE%@%E@%&%%M ly 15 substituted with one or nore
| ower allcyl. In one enbodinent of Formula I, Y1 is methyl, Y2 is
hy d 0xyRRk R¥ibo difnen® o Fbrofld 8, ‘ﬁzmﬂ?ré}olz_(?&ﬁ ylY4 is a group of fornula (c)
wherein Y5 and Y6 are i ndependent | oner al kyl . In one variation
of the above enbodi ment of Forjula I, Ris -R-R2-R3; wherein R is phenyl
or pyringpe embediment of Eqymuigg Ysishalogamd R4 is norpholine or piperazine,
optionally substituted with 20 one or nore |ower alkyl. In one enbodi nent
of For Xis N nis 0, mis O,
and Y. “geg“é’?%'bé“ﬁ %% I\% %é%/\lhh%?eq))r%{%ﬁand Y6 are independently H or
| ower aI kyl In one variation of the above enbodinent of Formula I, Ris
- Rl - R2nRaie em’wedmmamtRwamlpm&nﬁﬁlsmmetlmlrxdyCH Rds Dsand@10).; R3 is R4; and R4
i s nmorpholine or p| perazine, optionall y substituted with 25 one or nore

| ower al kyl . .1n. 1 of For Y1 | h Y2 A S .

nydr oo st digSiE oFSHTOE e A s et Rt M B Bt m i &y
wherein Y5 and Y6 are independently Hor |lower alkyl. -10- In one

vani at inahe @nboiEnad 0¥ Boentiad] YieRtmaliylFof uhehl), XRsiCH, 1\ B2nR3) iswherei n R
is phenyl or pyridyl; R2 is -C(=0); RS is R4; and R4 is nDrphoIine or

pi perazi ne, qpt.ional yt ed wi one
B od e <amoisrar A promags L ¢ gt V35 R B st i s e

O, mis O, and 5 Y4 is a group of fornula (d) wherein Y5 and Y6 are

i ndepepdgRtenbollimdri®WeFohiy I, v0fs chay@r yhal 1%hyk is O, 8000 BRI magpodi ment,
the invention provides a conpound of  Fornul a The invention provides a

compound of Fotmula |1, wherein Yl is npthyl. The invention provides a
conpoukcbnsferthorirotnd of FormHedeY hisxngthylCH istiyydrmemietisdnKiinGHp moy Dgess §,

o compBtha B Sty G Eb e P 3R ah St npr o BET R " O

provi des a conmpound of Formula Il, wherein Y4 |s j:Cleroup of for mul a (a)
whépei In offe vagiatihn dfthe gb;nfe drﬂhﬁﬁlﬂmaitWFprmmla Lo - RaRoaR k whereit R @nehenyl or
enbodi nent of Formula LI, Xis N.

pynidyl; R? is <C(=0); R* ¢ R’

one or more lower alkyl.

and R™ is morpholine or piperazine, optionally substituted with

In one embodiment of Formula I, Y* is lower alkyl.

Tn one embodiment of Formula I, Y' is methyl, ¥ is hydroxymethyl, X is CH, nis 0, 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 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 one enbodinent of Formula Il, Xis N, nis O and mis O In one
enbodi nent of Fornula Il, Y2 is hydroxynethyl, Xis N, nis 0 and mis 0.
I n one enbodi nent of Fornmula H, Y4 is nmethyl, Xis N nis 0 and mis O.
In one enbodi nent of Fornmula I, Y2 is hydroxynethyl, Yl is nmethyl, Xis
N, nis 0 and mis 0. In one enbodi nent%-of Fornmula H, Y2 is nethyl. 20 In
one enbodi nent of Foiltula Il, Y2 is hydroxyethyl. In one enbodi nent of
gor mél n dirio,theYXIthUdiﬁiﬁlgﬁct;ﬁlaodemnﬂfc)ﬁ}rﬁdﬂﬁQ)Cﬂ iFlﬁﬁﬁiﬁlaQIRzli_slﬂmﬂhRé;d whereitt sthc:'t nis
and mis I.n_one e i ment. of For all, Y2 is hydroxyrnethyl, X is
CH n s ‘3 |§SI@°1’RQ=P1K1P?HS E’r‘i‘?réﬂ‘g’gdi ment of Formula Il, Y1 is
methyl, Xis CH nis 0 and mis 0. In one enbodinent of Formula II, Y2 is
hydr OXYI{TEﬁé‘Mhbod\ﬁ%eﬁtsofﬁ%hﬂﬁlla’I X! 'LsSm 1,R%i8h %@%é&;ﬁs X0is AHN 1988, ﬁi@@déﬂ?ient
of Formyla I'l, Y2 is hydroxymeth ilsrrehy CH 'nis’ 0 and mis
0, andYVY4s 4 grogp @f Garpudef (bh G«rhﬁtﬂna‘f%ayld W ereindepederg yH, lesicogllml, of omer al kyl |
or |OV\§I’ %%I ggl kyl. 5 In one variation of the above enbodi nent of Fornula
R3; wherein Rl is phenyl or pyridyl; RRis -C(=0); R3 is
R4, and R4 is norpholine or piperazine, optionally substituted with one or
nore | dwetic aidayibn ofmearaew\@ﬁwambﬂctdmror@mama abpieR’epbodidreintr'aé E@ﬂym a

H Ris (=Q)NH,_R3 is H or RA; and R4 is | ower aI(?/
In yet pﬁ‘"ﬁ‘@iﬂh%rlsvﬁl Qﬂ#%n‘sgf %W@%%P@#B‘@d%fma@e Pty sustityted Witk
and reghSoPyhAZeLY alkPPtional Iy substituted with RI'. In one enbodi nent ' of

Formula It Y2 is hydroxymethyl, Y1 is methyl, Xis CH nis 0 and mis O,
and Y4 is a group of formul a (?) V\/nereln Y5 is H, halogen, |ower alkyl, or

| ower Mabeedrihddiment of Fermnle leih ddinatbyt, Yofis Fodrogymethyl, Xvig (g nhy Grmyﬂmﬂrﬂyl
Y1l | S

() o & hetubiot Tt Sty b 57 pin R Mlenl R RothrfBL 1 one -

enbodi nent of Fornmula Il, Y2 is hydroxyrrethyl YL is nethyl, Xis N tt is

0 and m b Gariatiofl ol theiabove GHBSHIMER & FaFR X R)is WRBLES: fh¥Rin R%lsHC(Jslaszgen
| ower alLkyl, or, | ower hal oal kyl. I'n one enbodi nment of Formula H, Y4 is

| over & RWHOI“R4 and K ois dovesidiailment  of For mul a 11, Y2 is hydroxynmethyl, Y1
is nethyl, Xis CH nis O and mis O, 20 and Y4 is |lower alkyl. In one

var :O at E@éh&ﬁerkﬁﬁa@@?&ﬁh@ﬁﬁﬁ@' STRIOHirREnt BPFBHAR T Rid SR RP-12WR3reiifREfLI N R
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 1, Y' is methyl, Y* is hydroxymethyl, X is CH, n is 0, m is 0, and
Y* is a group of formula (¢) wherein Y* and Y* are independently I or lower alicyl.

" In one variation of the above embodiment of Formula I, R is -R'-R*-R?; wherein R’ is phenyl or
pyridyl; R? is ;C(.=O); 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 mdependently H or lower alkyl.

In one variation of the above embodiment of Formula 1, 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 L, 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.



or pyridyl; R2is -C(=0); R3 is R4; and R4 is norpholine or piperazine,
optionally substituted with one or nore | ower alkyl. I n anot her

vari ation of the above enbodinent of Formula I, Ris -R2--R3; wherein R2
25 is -C(=0)NH, R3is Hor R4; and R4 is | ower aIkyI -12- in yet another
variation of the above embodi ment of E&mul a I, Ris R; and Rl is
pyrazolyl, optionally substituted with RLl. In one enbodlnent of For nul a
11, Y2in memadnanmyoﬁhhylbqve\émhosimeﬁh)flfommlad Rk —R'-RS—R’; awtetrein RS isOpheaylcbry4

S ot RO E R '%g%ﬁ 8 g o Py pPerepingeg Pty SR

enbodlgﬁg@rﬁﬂheﬁgw&thg Y4 is a group of foLula (b) wherein Y5 and Y6
are inde- pendently | ower al kyl, or |ower haloal kyl. In one

enbodi ment of Formula Il, Y2 is hydroxxgethyl YI is nmethyl, Xis is
0 and i ¢ns gubotimen@f ?ﬂrrméaé,‘é isupetBy L ForsiidopmetiieXes & alaﬂdnwsﬂ a@ﬂé

i ndegpe ent b I the
aboge drbour bt Sk @) ke VR RL T sl s T 100E Y20 B R o)
pyrldyhmyRQ |s -C(=0; R3is R4; and R4 is norpholine or piperazine,
optional Iy substituted with one or nore lower alkyl. 15 In another

varlat on of th ove enbodi nent of, Fornmul a |, is, -R2-R3;: wherein R2
& L ghafcr enbe it i gt oot 8 chUREPAED e st anot nor
varlatlon of the above enbodinent of Formula Il, Ris RI; and Rl is

pyr azolryd inveRtidopabidy¥s 55&%@&@@%% Rywhereﬂtlrm@en&mmodi ment of Fornul a
[, Y2 |s hydr oxynet hyl is methyl, Xis CH nis 0 and mis 0, 20 and

Y4 is group of formula (b) wherein Y5 and Y6 are_independently H, | ower
al kyl , Tbe NVSWERN PraN et k gempeundgtd cermbdinghtrew X foFul a 11, Y2 i's
hydroxynethyl Y1 is nethyl, Xis N nis 0 and mis O, and Y4 is a group

Fgm@?rﬁi{f%feﬁ %gﬁk&aoneﬁ@ﬂﬁgﬁrﬁmﬁ e%él‘éﬁx%hé/o'ahdh%r al kyl, or

ment of Formula 11, Y2 iIs hydroxynethyl
YI is methyl, Xis N, nis 0O and mis 0, and Y4 |s a group of fornula (b)
wher ei Thy#vantonyprogides & nompeurdeeit Formmla Howkerein Kyis hydroxymstiylhal oal kyl .
-13- In one enbodi nent of Fornmula Il, Y4 is a group of formula (c) wherein

" 20T AR R Do o U R by RIS GIRBEIERIE: g/ wERgA) 2
is a gﬁﬁﬁ@ﬂphﬂbg@@ﬂdw%r@mewﬂewﬁwﬂhdﬁﬁﬂqﬂd Y6 are independently H or |ower
alkyl. 5 In one variation of the above enbodi nent of Fornmula Il, Ris
-R1-R2-R3; wherein RI_is p@' pyridyl; RRis -C(=0O; R3 is R4; and R4
is nnrﬁ%em?ﬁ@b%¢ﬂﬁmﬁ€?ﬂﬁpﬁ jld%ﬂﬁ nal |y substituted with one or rore | ower
al kyl .

15 Inone embodiment of Formula I, X is N, n1s 0 and mis 0.
In one embodiment of Formula IE, Y? is hydroxyme;thyl, Xis N, n is 0 and mis 0.
In one embodiment of Formula IL, Y' is methyl, X is N, nis 0 and m is 0.
Tn one embodiment of Formula I, Y? is hydroxymethyl, Y' is methyl, X is N, nis 0 and m is 0.
In one embodiment of Formula 1L, Y? is methyl.
20  In one embodiment of Formula 11, Y? is hydroxyethyl.
In one embodiment of Formula IT, Y” is halogen.
In one embodiment of Formula 1, X is CH, n is 0 and m is 0.

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



I n anot her variation of the above enbodi nent of Fornmula Il, Ris -R2--10;
wherein R is -C(O)NH, R3is Hor R4; and R4 is |lower alkyl. 10 In yet
anot her variation of the above enbodi ment of Fornula Il, Ris R; and Rl
is pyrazolyl, optionally substituted with RI'. In one enbodiment of
Formula H, Y2 is hydroxymethyl, Y1 is-hethyl, Xis CH nis 0 and mis O,
and Y4 is a group of formul a (c) wherein Y5 and Y6 are independently H or
| ower ]addqelembodundnmoﬁFm*naﬂ:bdiI;lﬁffammedfylFﬁnmﬁHanIxsQaﬁmnmsOhydroxynet hyl , VI
IS rrethyl Xis N nis 0 and mis 0, 15 and Y4 is a group of formula (c)

o B0 BRI s Shel ) 2 SRR o

and Y4 |s a group of fornmula (c) wherein Y5 and Y6 are i ndependently H or

| over @l dael embodirBsie o€ FbeEiIAEN Y “0f hirdvoryinathlyl, Y Yéhmicthyd 30 isaCi, ©fs  admm hsaO R d)
wherein Y5,and Y6 are independently. H__|ower alkyl, or |ower aI oal ky

' oneashE bt EE S foraplmiavhgreint s, NENETN lowPraliy), Olhlo“@f alm is o
and Y4 is a group of forrmula (d) wherein Y5 and Y6 are |ndependently H,

OWE{)r il lvarlgﬁ?_{l SMYERE a %@e%llﬁﬁﬂllmeﬁtrbf%?mﬁﬁrﬂ atioplafz R%ﬁ&ﬁﬁ?iqy%&k yrent

3; wherein R Is phenyl or pyridyl
- (- - - O pyrRELIRE 1R4C(:a]w RRAs RE amd Ry Hiptriomphadine pi pleclazxnnmptmpahlwn@lsﬂm}ated
substltH%ed with one or nFre | ower al kyl. 25 In another variation of the
above WHBOAF AEAPIHPYELAIR Ris -R2--R3; wherein RZ is -C(O)NH, R3 is

Hor fe; and R4 is |ower al kyI -14- In yet another variation of the

above BIhREIeRHMiatRh JfOERYe kinboRinéent BIf Foanda B, R i —By &z &’ yd ,C(ePONHNAT lsy
substituted with 12.3'. In one enbodi ment of For mul a 1, Y1 is methyl, Xis

CH, n BeorR'amel R isdower allad- Y4 is a group of formula (d) wherein Y5 and Y6
are |ndependently H lower alkyl, or |ower haloalkyl. 5 In one enbodi ment

! L. 2R0R Yéprizylgr OUp
P! 1 bl bR BE s il 51 QA A € AR Wiph
Iower bﬁmllkyhbstﬂmecbmth@nbodl ment of Fornula Il, Y1 is nethyl, X| s N n
is 0 and mis O, and Y4 is a group of formula (d) wherein Y5 and Y6 are

indepe ent | 0 al k l,0 haI I ot her

the i n bogﬂla%‘i‘t\l\g? Ogmc‘,%r%’o‘g{nﬁ hé’\fliﬁqi‘gp}?u]}ﬁ {d P H]f:g] y},‘;ﬂé 5 Q@é%?ﬁ%ﬁpﬁgpﬁes
a Corrp%t{l@“ of a FOUFBE Rriolila (ayBERINY Yis Hshd@ichylowanaliof, ot @er Thlealkgvent i on
provides a conpound of Forhmula |11, wherein mis O and n |s 0. The

invention provides a conpound of Fornul alll, wherein Y2 i

hydr oxJir pies ¢rpbodimantafdompledimbnts Torasmetivg Y| s mefhyli X L?”%Tt R 0 31}41“16?1%
erhact IR0 &l BRI ﬁ)rﬂula’ (af b1 W, hﬂo%eﬁ BoRR YL bf Idver halohRypne

-enbodi nent droxyrret Y115 nethyl, ni5 0 and m
is 0. In one enbodi ment of Fornul alll, Xis N I n one enbodi nent of
For mul Zn bihd embodimsntrmedtfoynptarj ¥ (};hydm)@nﬁ:th}é,nﬂ XmieghyNl X is N, nis 0 and m s 0,

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 lower alkyl.

In one embodiment of Formula I, Y* is hydroxymethyl, Yiis methyl, X is CH, nis 0 and m 15 0,
20 and Y* is lower alkyl.

In one variation of the above embodiment of Formula 1 R is -R'-R*—R*; wherein R’ is phenyl
or pyridyl; R? is —C(=0); R? is R*; and R* is morpholine or p1perazme 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.



In one enbodi nent of Fornmula I11, Y2 is hydroxynmethyl, Yl is nethyl, nis
0O, ms 0, and Xis N. In one enbodinent of Fornmula Ill, Y1 is nethyl, nis
0O, mis 0, and Xis CH 20 In one enbodinent of Formula H, Y2 is
hydroxynethyl, Y is nethyl, nis O, mijs 0, and Xis CH 1In one

enbodi nent of Formula 111, Xis CH |n-ble enbodi rrent of Formula IIl, Y2 is
nmethyl. -15- In one enbodi nent of Formula HI, IS g droxyet hyl. 1 n one
enbodi Ineyet anfthdForanmatien of the a@ve entvairogetml F]Ot‘melndl ; pehR " sfoyrgehll a

1] Y4lS r.0 la (a) wherein Y5 is H, hal ogen, |ower alkyl,
or | owdptt ﬁ%%%%iﬁ““{swttﬁkone enbodi nent of Fornula H, Y2 is

hydr oxymethyl, Y1 is nethyl, nis O, mis 0, X is CH, and Y4 is a group of
fotun g &@)eﬂ%etrﬁélﬁ oYsohﬁuttaLﬂ hetl i9 Bedroxlmeeiy], at' Ky mettgt, X BweH, halocalkikaylis 0,1 n
one variatjon of the above enbodi ment of Fornula H, Ris -123-R2-R3;
wher ei Y isdowseieayl- or pyridyl; R is -C(=0; R3 is R4; and it is norpho
| ine or piperazine, optionally substi t ut ed with one or nore | ower alkyl.

10 kn W%@%ﬁboﬁ%&tﬁ%‘f@ﬂrrﬁﬁlatm eﬁqp Hy@roﬁ tlS ﬁfetﬂé& RO d k10 anB ch & 0,
IS

-R2-R3 eretn R2 is -C(=0) and is |'ower alkyl. I'n
yet analtdﬁ‘r"ls\lawemﬁqin of the above enbodl rrent "of Formul a H, Ris 12.1;
and R3 is pyrazolyl, optionally substl tut ed vmth R11. In one

enbodi nt of i rox shy. Ly 6, , Mmis
e NG AT o A T R e A R A N L

hal oge @n(ﬂeQWH &viarlalk rorll@whahajtml kyI I n one enbodi nent of Fornul a
11, 114 is a group O fornula(b) wherein Y5 and Y6 areindependently H,

| ower al kyl, or | ower__hal oal k In one e di nme I | J
hydr ox{iheasmbodimertof Formyle ILnY|’§h®dm|’fﬂf’§ Iyl % 15 gne I%gll’?o&%‘ B 155 %Pdgtpdﬁé

forypul anf E) rs%ﬁfg) Bf 6 fh%b?@rh@tre‘ﬁl vhgdependanhlidpehliek QR Noweriattyl, & lotv@iNe r

20 hal oa ne variation of the above enbodi nent of Formula II1,
is -thﬂﬁallaﬁl, wherein R is phenyl or pyridyl; R is -C(=0); R3 is le; and
R4 is m)rphol i ne or piperazine, optionally substituted with one or nore

| ower anot her var.i at i over f.FE ul a
over 5 e ARSI byl RPN B A
| ower 61‘ byﬂldyi rRAG —C(mO) R*isR"; and R is morpholme or ptperazme opttonally substituted

with one or more lower alkyl

15 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.

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

optionally substituted with R".

Tn one embodiment of Formula II, Y” is hydroxymethyl, v!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 1§, Y* is hydroxymethyl, Y' is methyl, X is N, n is 0 and mis 0,
and Y* is a group of formula (b) wherein Y® and Y® are independently H, lower alkyl, or lower
haloalkyl.

25  Tn one embodiment of Formula IT, Y7 is hydroxymethyl, Y!is methyl, X isN, nis 0 and m is 0,
and Y* is a group of formufa (b) wherein Y and Y? are independently H, lower alkyl, or lower

haloalkyl.



In yet another variation of the above enbodinment of Formula Ill, Ris R;

and RI is pyrazolyl, optionally substituted with Rl'. In one enbodi nent of
Formula 111, Y2 is hydroxynethyl, Yi is nethyl, nis 0, mis 0, and X is

N, and Y4 is a group of formula (b) wherein Y5 and Y6 are independently H,
| ower al kyl, or lower 5 haloalkyl. In -bire enbodi nent of Formula I11, Y4 is

a group of forrrul a (c) wherein Y5 and Y6 are |ndependently H cor | ower

al ky! . It eneosmeboslirhentiofotmate TEOF ik arauy of fepmitle (bywhersig ¥Etang 1Y, avg inde-

met hyl EII Xis CH and Y4 is a group of foiinula (c) wherein
Y5 andpvgieaﬁ% ?{?‘éﬁ%‘n ly Hor lower alkyl. 10 In one variation of the
above enbodi nent of Fornmula Ill, P. is -123-R2-R3; wherein Rl is phenyl or
pyr i dy ki ofenhifodirtaém Q) FoRBulia LR, is apdioRﬂm'c&yﬂ(U[ Ak edetHi®, 201s QI petsazdden is 0,
optionally,substituted with one or_jore Lower alkyl. |In another variation
of - t heaBbby® fCRBBRPHORMIH CEERRaITaY | d Y Rajedindqpondently fhet lewar #v]
-C(=0)NH, R3 is Hor R4; and R4 is |ower alkyl. 15 In yet another

var isat ;[19 Ofartafibn a?&\é%bsi@aﬂbman&if 1%%%' B, ki -RRRE|RRivheRR Rs lghé% .

pyrazo , opti ona stituted wth 1n one enbodi nent of

11, Y8r pmdygrdi axyﬁféfﬂa);lR iR asldrﬁatm;do;rpholms 00 piperazieOoptmnallyGubsiifutednd Y4
i's a growp of for wherein Y5 and Y6 are independently H or |ower

al kyl . W Onf’r?rgﬁ’égg’ nt of Fornula Ill, Y4 is a group of fornula (d)

wherein Y5 and Y6 are |ndepen20 dently H, lower alkyl, or |ower haloalkyl.
I'n onehﬁ@ﬁh@l@&rmﬁﬂﬁmﬁoﬂ%ﬁé Hﬂtd\& ellbodinteht io$ Foutahile Ay, ReishRP-RY WheidRE hyl , n is

0, mis 0, Xis CI—% and group of fornmula (d) wherein Y5 and Y6 are
i ndepefd&RTPINI; R tﬁv{épfgl Wld d~‘ﬁ lowsabyhal oal kyl . ~ In one variation of

t he above enbodi ment of Formula Ill, Ris -Rl-R2-R3; wherein RL is phenyl
25 1 BYLds he&aﬂaaog%me%ovée{%omﬁ@ﬂt a%rﬁmmoﬁpﬁqs k1A% R iPpResaal ne,
optionalfy su stitute one or nore [ ower S17- not her

vari at mermdlymhbmmlued!mtérﬁfodl ment of Fornul a | I I R is -R2--R3, wherein R2

is -C(=0)NH; R3 is Hor R4; and R4 is | ower aIkyI In yet anot her

vari at' on of a enb t . of For II i and Rl

var O RN R P 1RSSR Bl R
IT1, Yénd ¥4Esa/groq%s»mrhmlia (cYwhirinet hyd Y ard ifdépendantly For BREr Xkiys N, and
Y4 is a group of tTormula (d wherel n Y5 and Y6 are independently H, | ower

al kyl, or | ower_hal oal k anpot her enbodi mspt t he |nvent| on provides a

conpouhHoBF eTrbRdiiieat qf\Porqul@ ]ilsn\\? eﬁt}iyé‘ﬁ”‘my& 15 iR ot N of Ispbihinas Py,
wheysei fam}ﬂf‘* 'ﬁ%g;%hp B f&ﬂﬁl%ieg%%lgém 0, Jhecinvig geﬁ&ﬂw bldx%%veﬁa&s?ﬂpou nd of

For mul a nmis Is 0. The 1 nvention provides a”conpound
of Formula IV, wherein Y2 is hydr oxymet hyl . I n one enbodi nent- of Fornul a
[V, Ylln sm’ra’andlment of Formula 11, Y7 is hydroxymethyl Y is methyl, X is N, n is 0 and m is 0,

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

In one embodiment of Formula IT, Y* is a group of formula (d) wherein Y and Y? are inde-

pendently H, lower alkyl, or lower haloalkyl.

20 In one embodiment of Formula 1Y, 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 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.

25 In another variation of the above embodiment of Formula 11, R is -R>R?; wherein R*

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



I n one enbodi nent of Formula IV, Xis N In one enbodi nent of Fornula IV,
Xis N nis 0O and mis 0. 15 In one enbodi nent of Fornula IV, Y2 is
hydroxynmethyl, Xis N, nis 0 and mis 0. In one enbodi nent of Formula 1V,
Y1 is nmethyl, Xis N, nis 0 and mis 0. In one enbodi nent of Formula 1V,
Y2 is hydroxymethyl, Y1 is nmethyl, X i$%N, nis 0 and mis 0. In one
enbodi nent of Fornula IV, Y2 is nethyl I n one enbodi nent of Formula 1V,
Y2 is hyyht@nytéehwrm@mef the aheverhbaiiiment ofdformpiarkl) R id R; a¥@ Ri' &5 pratavden. | n
one enbodi ﬁﬁ# L i1V, Xis CH In one enbodi nent of Fornula IV,
Xi s CHOPHOTREY 6”@%@‘ %ﬁ ‘I'n one enbodi nent of Fornula IV, Y2 is

hydr oxymethyl, Xis CFl, nis O and mis 0. -18- In one enbodi nent of

Fol mul @& b erfaiodnsleﬁfeifwhnulms ‘ﬂ‘is niethl, R a0, 0i§ 6 akd m oonal ehhadipinss of
Formula 1V, Y2 is hydgox nF . Y1l is nethy [, Xis CH nis 0 and mis O.
I'n onelosrydtldrathe é@%ﬁ are lvdewndfflﬁlsffaﬁglpwbalbﬂ %lom Balpalkylsherein Y5
is H hal ogen, Iomer 5 al kyl, or |l ower haloal kyl. In one enbodi nent of
For %vl B bt en?{eodﬁe&m:eﬂmqbw lsﬁethﬁ B is § a'nﬁ .0, And T8 9&% Eb
and"Y4 is a group of fornmula ’(a) wherein Y5 is ogén, | ower

| ower ﬁakrméd (dOyNherelnnYéami Y ricainileprendénttyhia, iabfewdkye]mbnhhmhalomikyl:or rruI al V R
is -Rl- R2- R3; mhereln Rl is phenyl or pyrldyl R2 |s -C( =0); R3 is R4;

and R4.is rno zine pti.o Stlt Owth o e or
ror e | Gt SrRglmerH R arReATy B e R HOGHE R b aRfance LronsP

1V, R igmfRtdRhcievehnd R aiSind en@dmity; R wiesalklyDbr Bhicr aidalRYLi s | ower
alkyl. I'n yet another variation of the above enmbodinent of Fornula IV, R
is R;_and Rl is pyrazolyl, optionally substituted with RI'. 15 In one
embodi Fefrothr erdiodment, the wgmil%n prpdidsk ¢ rempgund ofForgulsdthyl, Xis N, nis 0
and mis O, and Y4 is a group of fornula (a) wherein Y5 is H hal ogen,
lovey  ah&YdvenBbn hoVWRIes BROABOEN of Formula I, wherein Y' is methyl and X is CIH.

The invention provides a compound of Fornmla IIX, wherein m is 0 and n is 0.
The invention provides a compound of Formula IIT, wherein Y* is hydroxymethyl.
In one embodiment of Formula I, Y! is methyl.
In one embodiment of Formula IIE, Yis methyl, nis 0 and m is 0.
15 1In one embodiment of Formula XX, Y is hydroxymethyl, Y' is methyl, n is 0 and m is 0.
In one embodiment of Formula IEE, X is N.
Tn one embodiment of Formula 11, Y' is methyl, nis 0, m 15 0, and X 18 N.
Tn one embodiment of Formula I, Y* is hydroxymethyl, Y is methyl, nis 0, mis 0, and X is N.
In one embodiment of Formula 11X, Y' is methyl, 118 0, m is 0, and X is CH.

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

In one embodiment of Fornmla I, X 1s CH.

In one embodiment of Formula IEE, Y? is methyl.



In one enbodi nent of Formula IV, Y4 is |ower alkyl. In one enbodi nent of
Foirnula IV, Y2 is hydroxynethyl, Y1 is nethyl, Xis CH nis O and mis
0O, and Y4 is lower alkyl. 20 In one variation of the above enbodi nent of
Formula IV Ris -R1-R2-R3; wherein Rl is phenyl or pyridyl; R2 is -C(=0);
R3 is R4; and R4 is norpholine or pipel&zine, optionally substituted wth
one or nore lower alkyl. In another variation of the above enbodi nent of
For mul #n dn¢ emfbddsmerkaf Rermwia dieivid 1RRydrexyd@#0) NH, R3 is Hor R4; and R4 is
| ower aIkyI 25 In yet anot her variation of the above enbodi nent of

Forrrul olyl, optionally substituted with RI'.
-19- %%e' e@?%bdi% ﬁ?‘“&?‘ﬁﬁ&m}p E o8 i s hydroxynethyl, YI is nmethyl,
Xi s N,n|50andm|so, and Y4 is lower alkyl. In one enbodi nent of

For mul 2n b erf@bd'u&elﬁ of Fotpulafllf, o' rivih ardup)ofMbrenes (k) Wheteitl YY6s HI alogen, lower
i ndepen entlilqv pa V\@I’ al kyl, or lower haloalkyl. 5 In one enbodi nent of
qI'

For rul &lkylyor B’]oxymethyl YI is nmethyl, Xis CH nis 0 and mis O,
and Y4 is a group of formul a (b) wherein Y5 and Y6 are independently H,
| onar gl k¥d emBidi @RI Fbﬁhﬁ’lﬁllﬁf he? 3 Hy&ﬂ?gﬁ@th&lat(" %afhyt R&s BoRAYSo, ment
of ForrruIaIV Ris -R - ; wherein phenyl or pyri R2is
- ( =0) andR®*jissa gavp aﬁﬂmmlm ®) Wbﬁq@thf isrid, ledogshplewar alhl, oojstwep lhalbhkkyl
substituted 10 vvlth one or nore |lower alkyl. In another var|at|on of the

' above | i I ej
H or 1%Ou/ola %@Bn %5% c[arﬁtledlmleRﬂt OsfePtOl%lHo e\rﬁ]g’a?i at’i on K er?'t(%l

enbodl mepqutl TE0ik FFG(=€O] ‘R? Mﬁ ;anBIR” tamd)rﬁiolms opyipazaingl optﬁmhﬂjaﬁl&ishwted
substituted with .15 I n one enbodi ment of Forrmula IV, Y2 is
hydrox?‘ﬁ%‘t%&?lmmﬂfe Oéveﬁétkﬁyl Xis N nis 0 and mis 0, and Y4 is a group
of formula (b) wherein Y5 and Y6 are independently H, |ower alkyl, or

| oner ebahXhuialgh A5 STRRUNTRRmAN oF @5 MAE thVi 1;/4Fk§fawae1@mnf forml a

(c) wherein Y5 an Y6 ar e |ndependent H or ovver 20 I'n one
enbodi ief=0INHEpRidsdl xR vadiRs mmmmt hyl, Yl is methyl, Xis CH, nis O
and mis O, and Y4 is a group of fannula (c) wherein Y5 and Y6 are

d dent | nbod
POePERGST L Sl LT a3t ARG BhRINE L R SRR

- C(=0) opfiSndlly sﬁigstmﬁékﬂwﬂﬁﬂ s norpholine or piperazine, optionally
substituted vvith one or nore | ower al kyI 25 I'n another variation of the
above enbodi of Formula |V, RL Rﬁ wherein R2 is -C(z0)NH, R3 is
H or 11gon%ﬁ'a gt q g\ﬁgpulgﬂa,ﬁ 18 ydroxymet ¥1, Y' is methyl, nis 0, mis 0, and X is N,

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

In one embodiment of Formula IiI, 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 ITI, Y” is hydroxymethyl, Y' is methyl, n is 0, mis 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 ¥IL, 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 ITL, R is -R*-R?; wherein R?

25 s -C(=O)NH; RY is H or RY; and R? is lower alkyl.



-20- In yet another variation of the above enbodi ment of Fornmula IV, Ris
RI; and 111 is pyrazolyl, optionally substituted with 11F. In one

enbodi ment of Formula IV, Y2 is hydroxynmethyl, Yl is methyl, Xis N nis
0O and mis O, and Y4 is a group of formula (c) wherein Y5 and Y6 are

i ndependently H or lower alkyl. 5 In eife enbodi ment of Formula IV, Y4 is a
group of fornula (d) wherein Y5 and Y6 are independently H, |ower alkyl,
or | ovigryehadcuiadt Whriatioh efie epbednbpaimeit FfPormkla TITYR YR sdFetibpirazofyl, s CH,
nis O0and mis Q, and Y4 .is a group of formula (d) wherein Y5 and Y6 are
i ndepetideptiiysubstiitsge¥ iRyl | or | ower hal oal kyl . In one variation of

t he above enbodi nent of Formula IV, Ris -R4--R2--R3; wherein Rl is phenyl
10 or pydreQlbodfent 51 F&miPh 111R82 isShydforAldh Ay & Iﬁaﬁfbf? id 0,315, and X is N,

pi perazine, optionally substifuted wth one or more 1ower ‘alkyl. In

anot heandVit i atgraup dffotrhela bjowkereimdd dindeYat arofindspemdently Fy JovRriadcyl, R IRgr

whe ein1 Hs -C(=0)NH, R3is Hor R4; and R4 is | ower alkyl. In yet
ano? helf? Yation of the above embodinent of Fornula IV, Ris R; and R
is pyrazolyl, 15 optionally substituted with It". In one enbodi nent of

Fol undg dn¥,embodingentBf Rttneul XITH, ¥ ish g1®up of Rfnild @) Vhe@BAY Yénd B° sre@hideup of
formula (d) wherein Y5 and Y6 are independently H, |ower alkyl, or |ower
haIoaIN@ﬁ@ﬁbﬂﬂﬁﬁbﬂﬁﬁﬁﬂﬁﬂbodinent the invention provides a conpound
selected fromthe group consisting of the compounds listed in TABLE

bel ow. ;3fhe EifholihaA b PRI YIS ichyBEARACLAA Y LGAlhAON AD, il id AIURICHY
and/ or aut ol mmune condition conprising ‘admnistering to a patient in need
t her eodnday't kergamauef forhibily (ef Weatine oY hare addepéreleBtik Hi erHowert adkylc o nmpound
of any one of Fornmulae I-1V. The invention provides a nethod for treating

arthriji s conpri Si mnisterin a patient. i p: 2 ,heed theneof, a

£ haP ool e SR RGprio e B Sl ib o o P BR s e b & RO ASHA R B ¥bne
of 25 HofymdyBR’ lis LM=0Y; R14s Thenil RY einbafho o fieragingRIpiesalfysubititerlli ng
rheumatoid arthritis conprising admnistering to a patient in need thereof
a t her apbane eampie lapeeelkyle anount of the Btk inhibitor conpound of any
one of the above Fornul ae or variations thereof The invention provides a
nmet hody. f I %ﬂ% S il b 6 0 pa Leniz in 5 need
t her eo %6% g?%%%{ég iogg]{l gg ? @?F@é&g%unt é hl?’h%r%%( Fn’h\?%%[%@;ﬁ conpound
of anyiseGE=@NH;R iabbwveR Fand®l* aelosrer vyl at i ons t hereof The invention
provides a nethod for treating | upus conprising admnistering to a patient
i n_pneed therepf a .therapeuticall ffecti amoupt _of the Bik inhibiftor
cotBouiab iRy Gralid of e ke artredimeral YErAVR AT R s e S dsPIreeerne
inventgﬂﬂn@npmhggﬁnaiwﬁﬁm@d for treating an inflanmatory and/or autoi nmune
conditi'on conprising admnistering to a patient in need thereof a
therapeutical ly effective amount of the Btk inhibitor conpound of any one
of t heltahvamntpdimensodEogpulg 4, At ilbwgireandbyl, Y pHacthil et ¢.0n i ovd des Dh
met hod afreall] h.itd i S]Ngs ol i ent in
necd et Cob bHEA B} FREFPL BOE BERMpEARRIPE dtpReh kT,
conpound of any one of the 15 above Forrnul ae or variations thereof. The

i nvent Imgnepmeboiditeant @ f Fetthold THF, Yi*iha picuprd fBnwéd (d) wietdid & and ¥ acombepesi ng
adm nistering to atient in need thereof a therapeutically effective
anmstint %FyﬁﬁgoﬁfkﬁkﬁhPﬁkW%¥hﬁ@ﬁgﬁﬂnd of any one of the above Fornul ae or
vari ations thereof.

In one embodiment of Formula ITE, Y? is hydroxymethyl, Y is methyl, n is 0, m is 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 Formula IT1, 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



The invention provides a nmethod for inhibiting Btk activity conprising
adm ni stering the Btk 20 inhibitor conpound of any one of the above
Potinul ae or variations thereof, wherein the Btk inhibitor conpound
exhibits an 1050 of 50 micronolar or less in an in vitro biochem cal assay
of Btk activity. In one variation of the above nethod, the Btk inhi bitor
conpound exhibits an |1 C50 of 100 nanomplar or less in ap in vitro

bi ochelmianatheasariayiontof Biekebare pmbegimensof Rorgwda Uk dt-FonRofvhesendove

nmet hod, 1€ r nd, exki bits4 | 10 nanonolar or less in an in
vitro %r@@ﬁ%ﬁﬁgﬁfﬂégg%ﬁ?kﬁmﬁﬁk%Q8P§€$¥§L The invention provides a nethod
for treating an inflammtory condition conprising co-admnistering to a
pat i enfy yeh aRRRE VaRRGGO6T the hbercapshudiraht of Fefhela tllly B, iaRbyand Rfis gprazolyl,
anti-inflam -22- matory,.conpound in conbination with the Btk inhibitor
conpouwﬁmwﬁnﬁﬁymﬁﬁ@ﬁbwﬂ@ée-above Fornul ae or variations thereof The

i nvention provides a nethod for treating arthritis conprising

co- adnj ni 3 &l JAgn LR o FB&M@ M1, vP o?hﬁétﬁgf vaidthah@Ape W 0,6akd o, «af e, ve
anount of ‘an anti-inflammtory conmpound in 5 conbination with the Btk

i nhi bi ser Y ¢ snppumgoborani (Ghwhekin Yeanb ¥y erchadapandeatly H, Jaw s dn 'oWer eof .
The i nyventjon provides a nethod for treating a | ynphoma or a BCR-ABLIT
Ieuken?gpﬂkﬁfs by administering to a patient in need thereof a

t herapeutically effective anmobunt of the Btk inhibitor compound of any one
of t hepphvier EaboBinaRt e iradntiah ipendddsheccegfoutd ol ernulw Bt i on provi des a
pharmaceutical conposition conprising the Btk inhibitor conpound of any
one of the above Fornul ae or varjatiops thereaf, ;adm xe iLh | east one
phar naéBetivenigypravileps %‘F@O‘El&irqfli F@F{““E“)Jc‘}’ﬁ’fq@ﬁ‘im Sr ‘%"inf’{ff@ﬁ?n\.,‘\f #ﬁseé{ﬁ!r esent

i nvention provides conpounds of generic Forrmulae I-1V, which conprise the
Bt kol niP E&a@ﬁti&r%%%@% oBapEAHIBH RRmhtalI Y, GvHerdin milksOlanti@ i D: 4, 111-1 to
111-14, and IV-1"to V-4, ES wherein variables Q R X, vyi, y2, y3, y4, n,
and mare as defined herein above. In one enbadi nent of the_ﬁresent

i nvent Tba jnvehdereprovidss avpapaun ldinsaukdl\acrran Yg 1§ Byderners®ylror nul a |

whi ch conprises the exenplified Btk inhibitor conpounds of Fornmulae I-1to
1-3. In ano . odh sgnt invention, there is provided a
conpou@ﬂog%%%§§ﬁ¢%¥%é?%ﬁ%%gwﬁ§nEgﬁﬂuegaﬁl whi ch conprises the exenplified
Bt k i nhi bitor conpounds of Fornulae 11-1 to 11-4. 20 In yet another

enbodi i@ohe ahbsdimepr ed®ntoulanthe i isdw, there is provided a conpound
according to generic Foirmula Il which conprises the exenplified Btk

i nhi bi tor conpounds, of . Fot . 117-. 14. In yet another
enbodi h’éﬂ’t‘e 6’%‘?%@%’?%&@ “fa%}éﬁﬁsjol\i’,n%shjﬂeérng%ﬁir ovi ded a compound

according to generic Formula |V which conprises the exenplified Btk

i nhifi 9HnE SNBOdRRS: S FdrmumiNg ey’ ihidioayibthdl, 326 N hneis pndseistas def ned
herei n above"” refers to the broadest definition for each group as provided
herein or the broadest claim_In all other. aspects,, varjations and

enbodi Aerpe cpbedinatiof Karpeidd MYreht i "%%‘?Séﬂﬁé%ﬁ b ‘%?T@s%‘ﬁ% in each embodi ment
and which are not explicitly defined retain the broadest definition

provi dql HELAbBimepP ot oL AP U0k BRAGLIC iEAiMyL3€id NI Misihidah is 0.
Bruton"s tyrosine ki hase (Btk). Activation of Btk by upstream ki nases
results in activation of phosphqupase-c which, in turn, stinmulates

r el easdnohe pmbednidnanfiéaronya RedY asorshyiThe conmpounds of generic Fornul ae
| -TV, incorporating substituted side chains of

3, 4- D Ry dr o gk iR QgL PRy Anl 1ON$? isdydidRyBgr O- 1H qui nazol i n-4-one,
20 In one embodiment of Formula IV, Y” is halogen.
In one embodiment of Formula IV, X is CH.
In one embodiment of Formula IV, X is CH, nis 0 and m is 0.

In one embodiment of Formula IV, Y? is hydroxymethyl, X 1s CH, nis 0 and mis 0.



5 2H 1 soqui nol i n-1-one, 3H Qui nazolin-4-one, 1H Quinolin 4 one,

2H Pht hal azi n-1-one, or 3,4- Di hydro-2H benzo[e][1, 2]thiazine 1, 1-di oxide
on the 5-phenyl - 1H pyri di n-2-one and 6-phenyl 2H pyri dazi n-3-one ring
systens, exhibit unexpectedly enhanced, jnhibitory activity conpared to
anal ogues wi thout said bicyclic side CH%ins. Furthernore, inhibitory
activity is enhanced when Y2 is. |lower alkyl optjionally substituted with
hydr oxkp. odergmitisidiroeny ofEerowle §Vi ¥ isinethybd widh nys Giagd 10 isf dr oxynet hyl .
Compounds of Fornulae 1-1V are useful in the treatnment of arthritis and
ot her anti-infl| t ut,0- | ?%Fgé ages. lsfll ROist O
For nul %‘eorfe-?'{‘})oéﬁ;ngf}ﬁ gggéﬁ“@ﬂ% él?i/w ll.lg sefu ortﬁflh?ér t% r%gagg%%{g gﬂ’ glﬁtggra?éti iﬂgl.s
Compoupds of Fornulae 1-TV are useful for inhibiting Btk in cells and for
nodul ating B-cell devel opnment. The present invention further conprises

- pharmageuti cal conpositions.contkaining c ounds. of Forygul |4 T m.xed
N th 15 SRR RBAETOLF PO IRASp AR LERRPIT Bp UL ARSI off th RRPaO e q
phrgseaigiopkwkg@&bgm&tty as used herein refers to one or nore of that

entity; g., a conpound refers to one or nore conpounds or at |east one

conpound. As such, the terns "a' (or "an"), "one or nore’, and "at |east
one" chnotrecobastimenitod TotravigdXb Ny ihaydsprymathel. Xhisserhyh X i SH.med Ofed & 1

b " f .to th L0i<td f i 20
hor er n?ofid feis S toARARTS FRbL Y Bl RlooEE ok ErA, Gl REOKLEARIY

substituents which can be present in each embodi ment and which are not
expl i ciii bie defatinadf thetabove ¢hiodimeacdeordedd I RiloAR pRovR dexhehrsn &' #5. phagylused

in this specifigcation, whether ina transitional phrase or jin th y of
he. oI ar Bimdsekt Briv-0) dhgt Foardhk st ains of Sinshrony e e b sfrifihel s, o
as Raving AR KRN fhiedeani ng. 25 That is, the terns are to be

interpreted synonynously with the phrases "having at least” or "including

at least". Wien used in the context of a process ,thethrn1"coq£gising"
means fmanothérevapirteresisihe AbdvecasbogimentpfiFormelai¥e ReiggR stRe pwhengip Ry

i ncl ude diti.0nak . steps.a. : i he context of a conpound or
conposﬂﬁ%g%bgbﬁgﬁtggﬁpgibﬁ%gﬁgﬁﬁgsgﬁggké'that t he conpound or conposition
includes at least the recited features or conponents, QUt may al so include
addi t i gnagbt B0tHce fhridtds ofthecahopo nmbbdiment AAForABIAUBER et eamd Rubipssazolyl,
specifically indicated otherwise, the word "or" is used in the "inclusive"
sense @PHorHlywPstticd WidtRthe "excl usive" sense of "either/or". The term
"i ndependent|y" is used herein to indicate that a variable is applied in
any; Ny, i)Bs LABESintnl SO ROV A1 19 h&ﬁh@)x@ﬁ@&?[}@ 9ol S0 RN of is® andrm abl,e
having that same or a different definition within the same co d?nd.
Thus, ~ iand & *‘deageanpcbfiferowia 6 wereip Yo s BL hulpecn, laverpkylior floyed hglpalkyl.
"independently carbon or nitrogen", both R's can be carbon, both R's can
be nitrogen, or .one R..can.b he ot her nitrogen. \Wen any

vari abl'8 888H&8dﬁ%?%g%Eﬁﬁp%ﬁéygfag%gﬁég%§hhniety or fornula depicting and
descri bi ng conpounds enpl oyed or clained in the present invention, its

def i ni tih@he @mbOaRNO6EEGHRICEY | 8 Byindepetgénit' iptetityd, Xef CHj nisthamt méver y
ot her occurrence. Al so, conbinations of substituents and/or variables are
pernis§LBp@Ybﬁ$@“ﬁfa¥MEh conpounds result in stable conpounds. The synbol s
"*" at the end of a bond or"" drawn' through a bond each refer to the

POi B  n ope 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 morphoh'ﬁe or piperazine, obtionaily substituted

with one or more lower alkyl.

In another vari_étion 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.

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

optionally substituted with R".



of attachment of a functional group or other chemcal noiety to the rest
of the nolecule of which it is a part. Thus, e.g.: MC(=0)0R4 wherein R4
=or MeC(-0)0-<1 15 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 atons. The t etin "optional" or "optionally" as
used herein neans that a subsequently described event or circunmstance may,
but nebdnesmbediuent of Bexdntiady, ﬁf?l@ hydsenimatindnY | isohetbpls Xiindt anc@ sndvngs &, t he
20 eventd\c{u. (ii rcunstance occurs and instances in which it does not. For
exanpl & oBt?%ﬁaﬁrﬁa}‘ substituted” neans that the optionally substituted
noi ety may incorporate a hydrogen or a substituent. The phrase "optional
bond" Me@RSrilvdiméhes Bonsuinay, §F ismgronpiof kenpiade phereand’ hitbV® hiednde-
description includes_single, g&lbl e, or triple bonds. If a substituent is
desi gnBtdgnitptplower eyl @F lomer -Oﬂgﬁﬁent ", the atons linked to the
substituents are then directly connected. The term "about"” is used herein

to Rea, SRNHITRIR LY Folrulh e, ¥e W IRrSfymdRUTR! % mahyRKaY adl, nMYeRnd Aeist er m
"about” Is used in conjunction with g rumerical range, it nodifies that

range ByandxX eindignepptdfdotmaua dariesseindovandan durb éldependsat i Hiomes alkyl air lpseers et
forth., ln.general, the term -25- "about"” is used herein to nodify a
nunerig%%f’alg%'ue above and bel ow the stated value by a variance of 20%
Certain conmpounds of formulae |I-EST may exhibit tautonmerism Tautonerie
conpoungéncCaniatixih 6f thaabdwoembodibee df Foemanrive Rt ia bRE-BpRE vlsreiRRO tioplicnyi C
tautonmers result fromthe mgratiqgn of 5 coval ent]y bonded hydrogen at om
bet weef! PYSYAHE —fﬁér&bﬁ‘grl%Rgeﬂﬂéngmf Vl@é@h@ﬂe Pﬁp@awanﬁmnt@ﬁ%lg}fﬂ%a? ts to
i sgloat %i@%n}sr&g%ggwergﬁgtoners usual |y produce a m xture whose chem cal
and physical properties are consistent with a m xture of conpounds. The
position of the equilibriumis dependent on chem cal L;‘egt ures vm'zt hin the
nol ec ulreanofimar vexatinl of thé abavereyntwkinpind of Eomnde BY dé ds altdRkevbavein R'such as
acet al dehyd he; ket o form.pjsedom nates while; in 10 phenols, the enol
form p?se"g%"ﬁﬁmeg 136(1:%%%” aﬂi‘flg{ﬁg’(?f)ef(éi[l‘ty utoners include ket o/ enol
(C(=0-CH A -C(-OH=CH), amide/imdic acid (-C(=0)-NH A -C(-0OH)=N-) and
anmi di ngy {ct 206HNRYarMHon Af the(ab bR} mbbJimcats frmRMms la IM® 1s&'] &1d RWe paraeolyl,
particularly compn in heteroaryl and heterocyclic rings and the present

i nvent PBW@%E@H%%%@@%W&NR t-automeric forms of the conpounds. 15 Techni cal
and scientific terns used herein have the neani ng commonly understood by
one <of . . . _ . . 08,

ot her B L g e iy et BLATE
mat er i ahd YR fxongrotip of fooswmleofb) swbictdin ¥ anh¥° aretindSendetalyd, rlewer skideomiowies
setti n% f%{] the general principles of pharmacol ogy include Goodman and
G | mant@OH5EL phar macol ogi cal Basis of Therapeutics, 10th Ed., McGraw Hil|
Conmpani es Inc., 20 New York (2001). Any suitable materials and/or nethods
known 49ohd@880 BfnestdfiHor@an e Yitis h bz dffor@aild i) Rehefdik YE Bed BF @eiRliepen-

i nvention. However, preferred materials and net hods are descri bed.
dently H or lower alkyl.

20  In one embodiment of Formula IV, Y?is hydroxymethyl, Y'is methyl, X is CH, n1s 0 and m 1s

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 TV, 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.



Materials, reagents and the like to which reference are made in the

foll ow ng description and exanpl es are obtai nable from comrerci al sources,
unl ess otherw se noted. The dentitions described herein may be appended to
formchem cal l y-rel evant conbi nati ons, 25 such as "heteroal kyl aryl, "

"hal oal kyl heteroaryl,"” "aryl al kyl het er%Q:ycI yl," "al kyl ear bonyl , "

"al koxyal kyl ," and the |ike. Wen the term"alkyl" is used as a suffix

f ol | owlmyrt anathéreraringomypf ths above' ghindjinghtkofi Eotmota Myiﬁisd&yaidldyl is bytabolgl,i s

i nt ende .tollrefe. to an Lkyl group, as defined above, being substituted
with ofly epsEied Withdnts sel ected from the other specifically-named
group. Thus, e.g., "phenylalkyl" refers to an al kyl group having one to
two pheiyie dintslitéd @MFESrmAAd VL, W ss BRIrd0EhaBAS YH@nayihyl, Xhie ™y hat D¥hd nAR®,

bi phenyl .gﬁ_n "al kyl am noal kyl " is a{: al kyl group havi 3‘? one to two

al kyl adih¥ BisEers aﬁf@r@m&@a’h@rﬁyﬁ gnd Y7 prelndrosndenly &t esdpeengtkyl.

2- hydroxypropyl, 1- (hydroxynethyl)-2-nethyl propyl, 2-hydroxybutyl,

2, 3<di qg%,g,ta- : EWwAoR 6 50

for ';5 h. ﬂ%\%geor I n%‘?{%/m %&%@%%%W%ﬁg%ﬁ g?@%@(]%ﬂ%&%@?ﬂg?s aﬁcggd to
def i nependsuthg Ht loofer hikybrowdd ey hafpratlyps defi ned bel ow. The term - (ar) al kyl
refers to either an unsubstituted al kyl or an aral kyl group. The term

(hetergp)aryl .or.(het)aryl r .to ei r ary r a het aryl grouyp.
5 The Tkgticin O ok ouindyars idrGebatls Gobis bt i S gt ot
wher ei forRula(dpndeRAET” aid YRS mddpenderdly MEbiveealk Pebriotver TAIBalk@l Nt Or

"al kykar bonyl " as used herein denotes a group of fornmul a C(=0) R wherein R
is alkyl as defined herein. The termCl 6 acyl refers, to a gr_ouK;:T]é- C(=0)R
cont ai H' @recEFREMN af @ﬁé‘bOWH]P‘éjriﬁPﬂté’rf)ﬁoéfé‘Plﬁdﬁ;y Reis g& i el reharin Rrdapkenyl

ar qup SR paherel faR4; g . | " as
sad g B R TR FUT QPR ICR B 1SRRI oPbpieRzink G BAM e ey

"al kyl Wwithonasedhohelosien atkyhot es an unbranched or branched chain, saturated,
nonoval ent hydrocarbon residue containing 1 to 10 carbon atons. The term

"l ower ;al kyl " denote trai ght .or branche aj,n_hydr.acar bon r.esi due
cont a1 H H YT BT R B S Gredibodhent gBF Ryt 1°hda o SPAHRBALr < toan
al kyl @Qm@e@pmpﬁ);gﬂ@rm&)’ HAFIA0 owesByp! es of al kyl groups include, but
are 15 not limted to, |ower alkyl groups include nethyl, ethyl, propyl,

i -pr op}/I , n-butyl, i- but%/I , t_bUtéA .or pentyl, i sope_néél , nheppentyl,

hexyl , Ihgiagetheiyriagen of theghere enbodigens ofdigaputa FVs Ryisdd: and B 8 pyraglyl,

f ol{lzow - Ler m: in "phenylallcyl,” or "hydroxyal kyl," this is
int]esn\c/im(e)g&f%n%%m%tg&%ma Kyl group, as defined above, being substituted
with one to two substituents selected fromthe other specifically-naned

gr oup. Itnesgmisndgment2G PopielayiVa Y gy trethyb 10 ises, 1t isd argdi ¢, aRi R* {5 a glepeifn R

is a phen di.cal., .and,Rs is. an alk r adi as defined herein with
e undEPA A I S S BT riovar * ke opRests PPTEYA ot ot y
will be on the al kylene radical. Exanples of arylalicyl radicals include,

but ar en afthdricfibo@End® thdigention &GRS aeédh(yj;ioupasém@cea ERRORY broupRBndifFof
"arylal kyl" or "aralkyl" are inter- preted simlarly except is an aryl

radi cakhe cp@opadsisted ekABEYiITdclop." or "(het)aral kyl" are 25 interpreted
simlarly except R is optionally an aryl or a heteroaryl radical. The

terym " " P 5 . 2| [ e sat ur at ed
0y T8 S Efton Bovi B AR o BRatiRaih BALERAATRAEw fo M B SheRBh.

br anchedmprsitg admikigdéntal ©rd pdviedr inaredtherdodditieshpaaticlyt dictGveandon ofthens
(e.g., .-CHWe- or -CH2CH(ji-Pr)CH2-), unless otherw se indicated. Except in
t he ca?ékW‘Wﬁ?@ﬂ@?ﬁ?@%’ﬁéﬁ%g%@ﬁﬁ%&gf an al kyl ene group are not 30
attached to the same atom Exanples of alkylene radicals include, but are
not |1 Mink @flch@on 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 Tormulae -1V,



-27- nmet hyl ene, ethyl ene, propylene, 2-nethyl-propyl ene,

1, 1-di net hyl - et hyl ene, butyl ene, 2- ethyl butylene. The term "al koxy" as
used herein neans an -0-al kyl group, wherein alkyl is as defined above
such as netboxy, ethoxy, n-propyloxy, |-propyloxy, n-butyl oxy, i-butyloxy,
t-butyl oxy, pent- 5 yloxy, hexyl oxy, é1ud|ng their |soners "Lower

al koxy" as used herein denotes an alkoxy group with a "lower al kyl" group
as pr eThe)hwlexyticd:eIBrbmﬂds a tr€thiooldbt toatine rheumsted dvdhrigs nompfigng adwinasterig-talaky |

the r abr el raced sickigtareraesnrly afeciesRy Phor BEPHEERIR FoRBHE Ay ana

R' Is g @Mﬁylam ForfhuGalor @arisleins mededrer ein Wi th the under st andi ng t hat
the 10 attachnment point of the al koxyal kyl noiety will be on the al kyl ene

radi cal . Cl1 al koxyal kyl denotes a group wherein the alkyl portion is
conpri $belinyentiorsprexidsha methadf 0@%@*‘% aﬁﬁﬂ@w cUEBElE MnyRsterng the pam%sey
porti o f |

al kt;I g%e?itt}l%ﬁr%sf%{hggd?r’p?%gg%% Car gﬁmaet%rﬁrsntggﬁgj %ﬁ gﬁllgdoxy rggf))rflﬂg 1-3
carbonshnEXhﬂphE&oawamnﬁmhdxy@ﬁﬂhyI, met hoxyet hyl , net hoxypr opyl ,
et hoxyrnet hyl, ethoxyethyl, ethoxypropyl, 15 propyloxypropyl

met hoxybut yl , .et hoxybut yl , on ut yl , butyl oxyhbut but xybutyl ,
et hoxifﬁ% s hiSLpRsiSs e P sl bt o e R e e s £ Pl o
term mé@é&waérhﬁadmmﬁemﬁde bﬁbﬁhﬂbfdﬁ@gﬁemnoaédﬁﬂou&la@fﬁ@ oRSof1BE Bhdve
defined wherein one to three hydrogen atons on di ff'erent carbon at ons
|s/arefbﬁmﬂa@eUWbymeﬁ@GM?f groups. The tets "al kyl sul fonyl" and

"arylsul fonyl" as used herein refers to a group of forrnu- 20 la -S(=0)2R
wher.ei I e, . fined
mor 0 ToEidsEpfirt KloxRles Bitcnd AP FEbile nPRG0RII bnd@OCa B im BleCeo Rl 1F
denot esompgdsing admmls‘taﬁr[g.lba pﬁéﬂ)ﬁlﬁe%ﬂfe&dﬁ aRberipgeulitelysstiraliydmows oféfei ned

herein. The tenn "cycl Kyl " us rel refers . to sat ur at ed
car boc R imbitos gopphEng qafJ 3y oge o g a@a% BB W,Varla%@%és%t‘rc%{ar opyl ,
cyclobutyl cycl opentyl, cycl ohexyl, cycl oheptyl or cyclooctyl. 25

" C3_2cygl Qlekitbs pl%sfldé§ %Qné%ﬁd@fo@ trre@tfix%' éﬁﬂ{rﬂw%ﬂnﬁﬁ%gﬂhﬂﬁﬁ* istsnPRSeshiRft i3 to 7

carbons in the carbocyclic ring. " means a nonoval ent cyclic aromatic

hydr oc aegsbthereof ettl}prwntsq:aélm effgciafe @m@mﬁ@f theptk idribitaricopwioned af averticef theng.
é@r%L%%{ ﬁgi%% I 30n§ E%Lg substituted as defined herein. Exanples

et hefud Uf “%re not 1inited to, optionally substituted

phenyl napht hyl , 30 phenanthryl, fluorenyl, indenyl, azul enyl,

oxydi pmﬁyﬁvcnﬁb;pbﬂﬁ’}des amdthyd ehiebibperylcell pro'lﬁeraﬁcm' cftﬁﬁtirmi@hdmmistermg to a

di phenyl sul fidyl, diphenylsulfonyl, diphenylis yl i denyl

benz odiPaseH i ne%ieth%eﬁ %Sbﬂﬂwuﬁq&gﬁf %ﬂermounbaﬁt%sﬁg& %ﬁ&ﬂf compound of any

benzoplng@gkg%h R ReFAgiN therl§PZOPYTr rol i di nyl, benzonorphol i nyl,

met hyl enedi oxyp eny hy eneéloxyphenyl and the Ilke The aryl group

may optionally be fused to a cycl oal kyl or heterocycl oal kyl ring, as

her ei n Thefiiveadon proxdespleshod foambabying dith apitysethptising atletirestooygthedtky |

. i de 3, d 1H-
9 A Db A Ridnad P AR ok a8 St variasipus et dsain st Bike.
Pr ef er ﬁﬁﬂb%rydon&ﬁa%&l gnipid 401 by e HRSbinb Uk 6B @Y lin 306 BBt la¥say of

substituted napht
Btk activity.

In one variation of the above method, the Btk mhibitor compound exhibits an 1Csy 0f 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 1Cs of 10 nanomelar or less in A

an in vitro biochemical assay of Btk activity.

The invention 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-



The M m "heteroaryl" or "heteroaromatic" as used herein neans a
nmonocyclic or bicyclic radical of 5 to 12 ring atons having at | east one
aromatic ring containing four to eight atons per ring, 10 incorporating
one or nmore N, O, or S heteroatons, the remaining ring atons being carbon,
wi th the understanding that the attachﬁ%nt point of the heteroaryl radlcal
will be on an aromatic ring. As well known to those skilled in the art,

het er oaraydry rcbmpamithim&ohbmtian outit the Bek arhaloito co tnheumdt dfeiny oak lof tarabove
counte arts. Thu e pur poses of the invention, a heteroaryl group
need o 5“%398r?3W§0W;§?§8 -of aromatic character. Exanples of heteroaryl
noi eti es include nonocyclic 15 aromatic heterocycles haying 5 to 6 ring

at ons gme uilvehﬂoﬁpﬂaeideg QAR foh Eredtl; artittisicOmpabink icBlatighiberin® 4 gitiewd in

pyri m dlgf/ gr azinyl, E)yr rolyl, pyrazolyl, imdazolyl, oxazol,
i soxazopd thersphe Blceapeitics lmeéf,@@tﬂreeammmt@i ol it lepTinaoiyoeme uBhin oxadi axo

l'in | t I r f one
o " o0 98 R0 B USRS YL E o Uy S5 RLY
| oner litpdreefl koxy, al kyl t hi o, hal ogen, |ower hal oal kyl, al kyl sul fnyl,

al kyl sul fonyl, hal ogen 20 am no, al kyI am no, dial kyl am' no, am noal kyI

al kyl am, noal k dlal noal. ni.tro, n
car bamdyf ¥ iﬁﬂ}ﬁle Pyt o fs?r %Hfmghpmamﬁéﬁf?ﬁﬁw%&eﬂm cells by

al kyl e%&&ﬁﬂ%kﬁﬁ?ﬁo@pﬁ@ﬁ’t ﬁwé&ﬁ{e%w |t BEFaputicEATRICBSe SthoBhiCFhd 1StkITBhiBHb€S
include, but are not limted qui noli nyl, i soqui nol i nyl, benzofuryl,

benzot. Iﬁomphmtwf anm@nzof(ﬁ@@beve Eymlmmlaéonwbmgﬁ hi azol e and
benzi sot hi azol e. Bicyclic noieties can be optionally substituted on either

ri howe Ler t he f att o1 S . ont:

et oAl VEHER plotfte? RablrBics BT Rl oy B nEC MRl SuPosmgre-

as usednhenebnthd abelcForan iR vatigitins ShdrtsfRadixey wlmhcat fcagli mlphaﬁmmtsdanp g
of one or npre fused or splrocycllc rings, preferably one to two rings, of
three R6csdiaif catignexaientor §§ueitncor porating one or nore ring heteroat ons
(chosen from N, 0 or §(0)02), and which can optional 1y be i ndependent |y
substi t ?ﬁjes\éhtt ilvaRBn ‘f&Fov?&s%hﬁmuﬂ&ﬁﬁeﬁ&hé’F&%l&rl I%ﬁh‘l%&ﬂlﬁﬂi@eﬂhé Btk

selecte droxy, oxo, cyano, |ower al kyl, [ower alkoxy, |ower
hal oal kmimbl,toraiokxmouindscqf Hoahulgefi 1 ﬂodv\hr ThbkiookH JIT; 1 toyidF-0%yaididy-] tnT¥+o,

2ieaet g O R SV EDTI & R S rEle B no,

aryI sul f onyl am no, al kyl am nocar bonyI aryl am nocar bonyI

al kyl canbaayhdodifent @t b0 Me&ﬁbﬂ,&hewﬁlé posided h@biﬂpﬁﬁld zlitﬁibﬁﬂﬂgeﬁ generic
Exanpl es of heterocyclic radicals include, but are not limted t

azet i difieymuladyyiieh saimpraes theesxamplifisd Bépiohihitor garapais of Fesmp W&ﬂ é@ Famy!
tetrah , |
o AL AR R M ALl RS e

qui nuc|Hohnokal IX aﬁﬁbh gongaized ihﬁ)ebcemﬁbﬁm)ﬁﬂymhﬂb&dr abzh;romﬂsabf Emmmlamcﬂldde TI-4.

b bu Initrile | h
o bAS ah S LingR Y ST HBRAHE: (o PEBRM OV BER, kit DHUIER Y CAMBBNY “echisiye t
d' - t er t roBYd A FHRANDGREs ARGxER }guﬁéd g& &ﬁ@%@éemﬁﬁﬁﬂybfﬁ&%ﬁ)ae Tty

&enm ca‘% Abstracts 10 ‘Regi stration Number (CASRN)', benzyl oxycar bonyl
( CBZ orl B)II-téhr hDyvylancdha:rrﬂmdmziuhelt(oéﬂle) preﬂs:nﬂmm‘mambtmm:ils @mvx@edza] ootEed

(dba) s ey oy dRbpHI O Rt e By ni s A& P B P o C

undec- emRglae®PBY 1o VN - di cycl ohexyl carbodi i m de (DCC), 1, 2-dichloroethane
(DCE), dichloronethane (DCM, diethyl azodi car boxyl ate (DEAD)

di-iso ﬁ)eopyl azodi carboxylate 15 (DIM), di-iso-butylal um nunmhydride
( DI BAL Ge mhraal’ aa—f}eﬁnéd hesss. ProapyT @rﬁw %W@@I@@N}mnlﬁ)ﬂ\ﬁa@h EUyAS provided

acet am , P oonanai de
(DVF) , h%? ?ﬁm bm I\l%)t%l aghn?%)%ga)%%g)@é{s’ g%rspd f %’F%p\)@e%ﬁ& ospgﬁ}dqé%etdhane
(dppe) ,suﬂ:stituerbs sfh(cdlcpllﬂbﬁyﬂepémsm) baghogniiteidimeenad (damfare not explicitly defined retain -
1- (3-di pet hyl am nopr.opyl ) - 3-. et hyl carbodi i m de hydrochl oride (EDCl), ethyl
(Et), dbnproadestd “‘QIEP’G’K@)C betdidnol (EtoH), 2- 20

et hoxy- 2H qui nol i ne- 1-carboxylic acid ethyl ester (EEDQ, diethyl ether
(Et20), O-(7-azabenzotriazole-1-yl1)-N, N,N N -tetranethyl uroni um

hexaf | uor ophosphate acetic acid (HATU), acetic acid (HOAc),

| - N- hydr oxybenzotriazole (HOBt), high pressure |liquid chromatography
(HPLC), iso-propanol (IPA), lithium hexanethyl disilazane (Li HVDS),

met hanol (MeOH), nelting point (rap), MeS02- (nesyl or M), nmethyl (M),
acetonitrile (MCN), mchloro- 25 perbenzoic acid (MCPBA), nmass spectrum
(ms), methyl t-butyl ether (MIBE), N bronosuccinimde (NBS),



30 (TBDMS), triethylam nc (TEA or Et3N), 2,2,6, 6-tetranethyl pi peridine
1-oxyl (TEMPO), triflate or CF3S02- (TO, trifluoroacetic acid (TFA),

1,1 -bis-2,2,6,6-tetranet hyl hept ane- 2, 6-di one (TWVHD),

0- benzotriazol -1-yl -N, N, N, N1- t et r anet hyl uroni um t etr af | uoroborate (TBTU),
thin | ayer chromatography (TLC), tetraRydrofuran (THF), trinmethylsilyl or
Me3Si (TMS), p- -30- toluenesul fonic acid nonohydrate (TsOH or pTsOH),
4- Me- C@he edBPaundsof pasyic Hofs):laeN-iV eibitanBheey tyeograrkinbe i(Be) ( WEMtion of
Conven?’gogal nonmencl at ur e f ncl udi ng thﬁg%r efi xes normal (n), iso (i-),
second&tty Oy $BULGM Kigases Lesylty naigttyatignpipiigspholipatenei r whight lriamy stiraelateng
when u ] hef: (R chat: [
O gani o i B o s e o BT oy AR i ing
"ar t hr isebsttuted sids duhinserfed A- nbado-2d usce uitdinniaong 2a8-Difryidtd- $H-quitagolis4-one,

h ' theiti | di al thrjtis., chroni ti thritis,
R A o LB aoPh o BRI P
gonor r maRydras i bédzb ][ 1g5HiazI® 1,0didAie of @ROPPhdnyE 1 B did-d Dae Hﬂcpf@fphléleﬁhi c

a

arthritis, juvenile chronic arthritis, Lyne arthritis, neonatal fo
ar t hr i 2HsPYiigan hpnespmystqnas, crlgbd apexnrstadly ephepgadtinkibitprysetivity eompardd fot i s

or sup I . . - e | es..Whi ch .requise the

adm i S SABELLA bEvoIR QPR BbAR R ERRRY sERuOE0 St Rmuna
of Foi Ailiskwhr Wikiyhoptiomali§ bbsenttediwdh hiydrdxgh ikfiibitd3¥ Kctivities epiameetoHe0l* (i s
i nvention can %g used to tr?ﬁt S b‘jﬁﬁé{s wi th aut oi nunune conditions or _
di st ddy&oxxethyl Corapaingds of Rarpdpnd-1X e iriHun siccarmgment o erthites andasherer ms
means anQisRasRatoh Pl SR L.t i ' . m of
an ani mal . Autoi mg‘?usane %ﬁsgﬁﬁg%d%?%g% hggglpg er%?%&%iﬁghgﬁ?fr%}ig@ gm}e?nunune
syst emapdosdiaglyniisefidtfontbk sreptrsat 6Hf athrgise Yoprugds bH Fotthelae BIV qre tisefid dms,

and/ or .organs of .t he anipal's. own d For exanple, the autoi. n
reactid _Iﬁgm% iB?%EJtcéigl? 3&%&&04@@%2@ Géo(‘&ﬁem%‘-i lﬁ%rﬁf%?% I%VEEEMF% and
t he guloinPriédsPharmsactitiRASEMpdsiticHsNBhtaddh® coMPRMdE bEPEIRIIS B Rd@ABea¥alem
| upus erythematosus (lupus), affected tissues and organs 20 may vary anong
i ndisvi gbamacogtically h@eﬁf@g@ WFEagipicyfs opdilegsts.- wi t h | upus may have af f ect ed
skin and joints whereas anot her nmay have affected skin, kidney, and |ungs.
Utim d, O i N i ] i e t g e

per mamg(gllt3 %h?g@v? %ﬁ %gsi&rﬁg tg % {c})%édo}%%ﬁgﬂ%éﬁ[g gﬁ%ﬁﬂ@%g"fig Iegmﬁ éﬁg Cgénﬁcr eas

i n Ty peoinditefye teesene nhart s mpSmetsidriat leasttome rompeurt. sAs slehstht bains RY (dve

amel i or.at,ed, usi ng the cdnpounds and t hods of this invention include

wi 't hout ar2§, Ioinﬁiofgl"%n?mg{};ttpg‘?arsﬁﬁﬂ?e C&ngﬂ‘aeéf’g‘%‘fha%@%%‘i@i%s system (e.g.,
mul tiple sclerosis, nyasthenia gravis, autoimmne neuropathies such as

QUi | | aifie Bake asaRbndlh@bniBRE' %84 td fh brAudbQIdeTHBEn BrSabEgfosp Al pldified

bl ood &'e g, autoi mune henol ytic anem a, pernicious anem a, ang

aut?8) r medsieon the bonBest plaope i ali othgucwbadimeatsdirsvdebbdows subkigubitowdichessel s

vegene)® ERBRCHh R il Ren R ANRERR ol PR K T et B ke S e, ™

of the psdsiided(i®rgn, psoriasis, dermatitis herpetiforms, penphigus
vulgaris, and vitiligo), autoinmune disorders of the gastrointestinal

system (e. g , Crohn's djsease, ulcerative colitis, g{?i mary biliary

ci r r hod¥susedindthis ipesifipaiion. WopEET 1 astyansiional hesser dn therbady of the claim] thet he
endocr 56,49 G v e, d pedi.at ' 3 .t us:

& aver SleeSeangsl: fra DU (RGHRABLE Cath PREL R L bl
or fi t iThat mndie dartsiarmobe iclegoetde syoiyhioesigdrvienék pgtaadhaviapdt REstObMUNe

di sorders %t m%l tiplg.organ g!é ncl udi ng connective tissue. and
muscul oukitmert et Bnenrsebioats cquicy © SRR S 1A CHRAHSNE 1aGrat B the
| upus ?faﬂegseiﬂamaém leat 36 k%@@%fegs,bupﬁiaywaédédd%ﬁio%f &ng&ﬁh&é@m the

spondyl oart hr opat hi es such as_ankyl osi ng spondylitis, and S ogren’s
syndr ogejtesiroltaromnebnd edcatnpesisws thettemh "romuising” ivenathal thiesbmadiehort 0 a

mammal b RpBalaiARAH bRl hRGELNE HA3R.C SmfaiRRU RS Sty SIS Ml aliditlohal 2

30 features or components.



inhibit BTK. In addition, other imune system nedi ated di seases, such as
graft-versus-host disease and allergic disorders, are also included in the
definition of immune disorders herein. 10 Because a nunber of imune

di sorders are caused by inflammtion, there is some overl ap between

di sorders that are considered i mune d?sorders and inflanmtory disorders.
For the purpose of this invention, in the case of such an overl appi ng

di sor dAs psddthenady, ldess opii et dndcdtbdothenvisentbneodi ‘ot dawedm tha "inclusive”

i nfl ammat ory, di.sorder. "Treatnent, of an.ji e, disorder” herein refers to -
adnini%?@??%ﬁ“ OﬁoﬂﬁUﬁﬁﬁxbﬁXI”@ﬁﬁﬁﬁ?ﬁ??%ﬁ%ggg?$e invention to a subject,
who has an 15 i nmune di sorder, a synptom of such a disease or a

pr edi sPRSickh OhdepcASy Sl GcBhdléin @R aRlicAd tHat & R RAPFlidddn GHY Bne Inglahey e,
alter, affect, or prevent the autoinmune disorder, the synptomof it, or
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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
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"about" is used herein to modify a numerical value above and below the stated value by a

variance of 20%.

Certain compounds of formulac I-IV may exhibit tautomerism. Tautomeric compounds can
exist as two or more interconvertable species. Prototropic tautomers result from the migration of
a covalently bonded hydrogen atom between two atoms. Tautomers generally exist m
equilibrium and attempts to isolate 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, in many
aliphatic aldehydes and ketones, such as acetaldehyde, the keto form predominates while; in
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.

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 is
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.,
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, reagents 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 berein may be appended to form chemically-relevant combinations,
such as “heteroalkylaryl,” “haloa]kylhe;[eroary],,” “arylalkylbheterocyclyl” “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, e.g., “phenylalkyl” refers to an alkyl group having one to two phenyl substituents, and thus
includes benzyl, phenylethyl, and biphenyl. An “alkylamimnoalky!l” 1s an alkyl group having one
to two alkylamino substituents. “Hydroxyalkyl" includes 2-hydroxyethyl, 2-hydroxypropyl, 1-
(hydroxymethyl)-2-methyipropyl, 2-hydroxybutyl, 2,3-dihydroxybutyl, 2-(hydroxymethyl), 3-
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define a subset of heteroalkyl groups defined below. The term -(ar)alkyl refers to either an
unsubstituted alky! or an aralkyl group. The term (hetero)aryl or (het)aryl refers to either an aryl

or a heteroaryl group.

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

group wherein R is phenyl.

The term “alkyl” as used heréin 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. "Cj-jealkyl” as used
herein refers to an alkyl composed of 1 to 10 carbons. Examples of a]kyi groups include, but are
not limited to, lower alkyl groups include methyl, ethyl, propyl, i~propyl, n-butyl, i-butyl, +-butyl
or pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl

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” denotes the radical R'R"-, 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 similarly except R' is an aryl radical. The terms "(hét)arylalkyl" or "(het)aralkyl” are

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

The term "alkylene" or "alkylenyl" as used herein 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 -CH,CH(i-Pr)CH;-), unless otherwise
indicated. Except in the case of methylene, the open valences of an alkylene group are not

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, n-butyloxy, i-butyloxy, -butyloxy, pent-
yloxy, hexyloxy, including their isomers. "Lower alkoxy™ as used herein denotes an alkoxy
group with a "lower alkyl" group as previously defined. "Ci-jpalkoxy" as used herein refers to an

-O-alkyl wherein alkyl is Cy.o.

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
attachment point of the alkoxyalkyl moicty 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. C,.aalkoxy-Csallcyl depotes a group wherein the alkyl
portion is comprised of 1-6 caibon atoms and the alkoxy group is 1-3 carbons. Examples are
methoxymethyl, methoxycth.yl,'methoxyprol‘)yl, ethoxymethyl, ethoxyethyl, etho.xypropyl,
propyloxypropyl, methoxybutyl, ethoxybutyl, propyloxybutyl, butyloxybutyl, t-butyloxybutyl,
methoxypentyl, ethoxypentyl, propyloxypentyl 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 berein refers to a group of formu-
Ja -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 is “heteroalkyl” as defined herein.

The term “cycloalkyl” as used herein refers to a saturated carbocyclic ring containing 3 to &
carbon atoms, i.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl.
"Cs_scycloalkyl” 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,

phenanthryl, fluorenyl, indenyl, azulenyl, oxydiphenyl, biphenyl, methylenediphenyl,
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OH 7- (1- Hydr oxy- 1- net hyl - et hyl )ié’,- (2-

aminodiphenyl, diphenylsulfidyl, diphenylsulfonyl, diphenylisopropylidenyl, benzodioxanyl,
benzodioxylyl, benzoxazinyl, benzoxazinonyl, benzopipe':?adinyl, 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.
Examples of an aryl group fused to a heterocycloalkyl group include 3,4-dihydro-1H-quinolin-2-

" one, 3,4-dihydro-2H-benzo[ 1,4]Joxazine, 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,
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
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 optioﬁally 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,
amino, alkylamino, dialkylamino, aminoalkyl, alkylaminoalkyl, and dialkylaminoalkyl, nitro,
alkoxycarbonyl and carbamoyl, alkylcarbamoyl, dialkylcarbamoyl, arylcarbamoyl,
alkkylcarbonylamino and arylcarbonylamino. Examples of bicyclic moieties include, but are not
limited to, quinolinyl, isoquinolinyl, benzofuryl, benzotlophenyl, benzoxazole, benzisoxazole,
benzothiazole and benzisothiazole. Bicyclic moieties can be optionally substituted on either ring;

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 S(O)o.,), and which can optionally be independently substituted with one or
more, preferably one or two substituents selected from hydroxy, oxo, cyano, lower alkyl, lower
alkoxy, lower halealkoxy, alkylthio, halogen, lower haloalkyl, hydroxyalkyl, nitro,

alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl, alkylammosulfonyl,
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arylaminosulfonyl, alkylsulfonylamino, arylsulfonylamine, alkylaminocarbonyl,
arylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino, unless otherwise indicated.
Examples of heterocyclic radicals include, but are not Iimited to, azetidinyl, pyrrolidinyl,
hexahydroazepinyl, oxetanyl, tetrabydrofuranyl, tetrahydrothiophenyl, oxazolidinyl, thiazol-
idinyl, isoxazolidinyl, 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), ters-butoxycarbonyl (Boc), di-terz-
butyl pyrocarbonate or boc anhydride (BOC,QO), benzyl (Bn), butyl (Bu), Chemical Abstracts
Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole (CDI),
1,4-diazabicyclo[2.2.2}octane (DABCO), diethylaminosulfur trifluoride (DAST),
dibenzylidencacetone (dba), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-diazabicyclo[5.4.0]-
undec-7-ene {DBU), N, N-dicyclohexylcarbodiimide (DCC), 1,2-dichloroethane (DCE),
dichloromethane (DCM), diethyl azodicarboxylate (IDEAD), di-iso-propylazodicarboxylate
(DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H), di—iso-propyle{hylamine (DIPEA),
N,N-dimethyl acetamide (DMA), 4-N,N-dimethylammopyridine (DMAP), N,N-
dimcthylformamide (DMF), dimethyl sulfoxide (DMSO), 1,1'-bis-(diphenylphosphino)ethane
{dppe), i,1'-bis-(diphenyiphosphino)ferrocene (dppf), 1-(3-dimethylaminopropyi)-3-
ethylcarbodiimide hydrocliloride (EDCI), ethyl (Et), ethyl acetate (EtOAc), ethanol (EtOH), 2-
cthoxy-2 H-quinoline-1-carboxylic acid ethy! ester (EEDQ), dicthyl 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
(HPLC), iso-propanol (IPA), lithium hexamethyl disilazane (LiHMDS), methanol (MeOH),
melting point (mp), MeSO,- (mesyl or Ms), methyl (Me), acetonitrile (MeCN), m-chloro-
perbenzoic acid (MCPBA), mass spectrum {ms), methy! +-butyl ether (MTBE), N-bromo-
succinimide (NBS), N-carboxyanhydride (NCA), N-chlorosuccinimide (NCS), N-methyl-
morpholine (NMM), N-methyipyrrolidone (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
(TBDMS), tricthylamine (TEA or Et;N), 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPQO), triflate
or CF380,- (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 tetrafluocroborate (TBTUY}, thin
layer chromatography (TLC), tetraltydrofuran (THF), trimethylsilyl or MesSi (TMS), p-
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toluenesulfonic acid mohohydrate {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 Klesney, Nomenclature in Organic Chemistry, TUPAC 1979

5 Pergamon Press, Oxford.).

The term “arthritis” as used herein means acute rheumatic arthritis, chronic theumatoid arthritis,
chlamydial arthritis, chronic absorptive arthritis, chylous arthritis, arthritis based on bowel
disease, filarial arthritis, gonotrheal 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 inhibit BTK.

The compounds of this invention can be used to treat subjects with autoimmune conditions or
disorders. As used hereiﬁ, 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 reabtion is
directed against the nervous system in multiple sclerosis and the gut in Crohn's disease. In other
autoimmune disorders such as systemic lupus erythematosus (lupus), 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 melhitus. Specific autoimmune disorders that
may be ameliorated using the compotunds and methods of this mvention 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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the endocrine glands (c.g., Type 1 or immune-mediated diabetes mellitus, Grave's disease.

Hashimoto's thyroiditis, autoimmune cophoritis and orchitis, and autoimmune disorder of the

-adrenal gland); and autoimmune disorders of multiple organs (including connective tissue and

musculoskeletal system diseases) (e.g., rheumatoid arthritis, systemic lupus erythematosus,
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 fo
mhibit BTK. In addition, other immune systern mediated diseases, such as graft-versus-host
disease and allergic disorders, are also included in the definition of immune disorders herein.
Because a number of immune disorders are caused by inflammation, there is some overlap
between disorders that are considered immune disorders and inflammatory 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 inventi;)n to a subject, who has an
immune disorder, a symptom of such a disease or a predisposition towards such a disease, with
the purpose to cure, relieve, alter, affect, 61' 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 inflammation, and increased airway

responsiveness to a variety of stmuli.

The terms "treat,” "treatment," or "treating” refer to both therapeutic treatment and prophylactic
or preventative measures, wherein the object is 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
extent of disease, stabilized (i.c., not worsening) state of discase, 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 include
those already with the condition or disorder as well as those prone to have the condition or
disorder or those in which the condition or disorder is to be prevented. For example, treating an
inflammatory condition means reducing the extent or severity of the inflammation. The reduction

can mean but 1s 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 herem or known in the art.

Examples 6f representative compounds encompassed by the present invention 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 skilled in the art to more clearly understand and to

practice the present invention. They should not be considered as imiting the scope of the

invention, but merely as being illustrative and representative thereof.

In general, the nomenclature used herein is based on AUTONOM™ v.4.0, a Béilstein Institute
10 computerized system for the generation of IUPAC systematic nomenclature. Ifthereisa
- 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

is to be interpreted as encompassing all stereoisomers of it

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

iv:
TABLE L. .
Cpd # | Structure Nomenclature MP
I-1 1-{5-[3-(7-tert-Butyl-4-ox0-4H-
o 15 o YQ* quinazolin-3-yl)-2-methyl-phenyl]-
_ A | No N 1-methyl-2-oxo-1,2-dihydro-pyri-
°=<NH din-3-yl}-3-methyl-urea
/ .
1-2 5{\ 7-Dimethylamino-3-(2-methyl-3-{1-
o b o YQ methyl-5-[5-(morpholine-4-carbon-
HNU\,@/N\%N y)-pyridin-2-ylamino]-6-oxo-1,6-
o dihydro-pyridin-3-yl}-phenyl)-3H-
) quinazolin-4-one




HN - - -

- met hy1- 5-[ 5- (nor phol i ne- 4-

, 6-di hydro-pyridin-3 -yl1ll1 -phenyl)- 2H phthalazin- 1-one 111-5 0 HN --
N N OH N 2
1-3 7-tert-Butyl-3-(2-methyl-3-{ 1-meth-
o b o YQ/{\ 1-5-[5-(morpholine-4-carbonyl)-
PPN i N N pyridin-2-ylamino}-6-o0xo-1,6-di-
i N hydro-pyridazin-3-yt}-phenyl)-3H-
quinazolin-4-one
1I-1 ! 7-Dimethylamino-3-(2-methyl-3-{1- | 247.1-
oA o§,©/ h methyl-5-[5-(morpholine-4-carbon- | 250.9
W%NVW yD)-pyridin-2-ylamino }-6-oxo-1,6-di-
: I hydro-pyridin-3-y1}-pheny!)-2,3-di-
o O hydro-1H-quinazolin-4-one
Ii-2 J:\ 1-{5- [3-(7»Dimethylamino-4-0xo; 218.5-
o OYQ, 1,4-dihydro-2H-quinazolin-3-yl}-2- | 2238
HN%NVNH methyl-phenyl]-1-methyil-2-oxo-1,2-
Hi‘\ll/KO dihydro-pyridin-3-yl}-3-methyl-urea
-3 ™ 7-(1-Hydroxy-1-methyl-ethyl)-3-(2- | 196.0-
ot ° methyl-3-{ 1-methyl-5-[5-(morpho- | 197.0
HN%NVN“ line-4-carbonyD-pyridin-2-ylamino - '
i h 6-oxo0-1,6-dihydro-pyridin-3-yl}-
A phenyl)-2,3-dihydro-1H-quinazolin-
K/O 4-gne
11-4 7-tert-Butyl-3-(2-methyl-3- { I -meth-
o rlq\ OYQ/{\ yl-S-[S—(morpholhe—4-carbonyl)~
S I N _NH pyridin-2-ylamino }-6-o0xo0-1,6-di-
A hydro-pyridazin-3-yl}-phenyl)-2,3-
3 dihydro-1H-quinazolin-4-one

0 I

NN1NOHONDO 6- ert-Butyl-2-(2-hydroxynethyl-3- {1

carbonyl) - pyridi n-2-yl am no] - 6- oxol

0



40 N 6-tert-Butyl-2- {2-hydroxynethyl- 3-

[1

- met hy1- 545- nor phol i n- 4-yl - pyri di n-2-yl am no) - 6- oxo- 1

, 6-di hydr opyri di n-3-yl ]
NO am N

nmet hy
111-7

1 140 r

-phenyl} -2H phthal azin- 1
6-tert-Butyl-242- hydroxynet hyl- 3-

{544- (2- met hoxy-ethyl)-pi perazin- 1 -fH

-one
(5-

- 35-

111-6 O N

“-pyridin-2-ylamno 1 -1 -

1-6-0x0- 1 ,6-dihydro-pyridin3-yl)-phenyl]-2H phthalazin- 1-one
0I-H gy EDIN r) } 6-Dimethylamino-2-(2-methyl-3-{1-
N . -
HN%#;P@, methyl-5-[5-(morpholine-4-carbon-
X © yh-pyridin-2-ylamino]-6-0x0-1,6-
3 dihydro-pyridin-3-y1} -phenyl)-2H-
’ D) phthalazin-1-one
IT1-2 L o ! 6-Dimethylamino-2-(2-hydroxy-
o = ~
DS | i methyl-3-{1-methyl-5-[5-(morpho-
Ay 0 lme-4-carbony1)-pyridin-znylamino}—
~ 6-0x0-1,6-dihydro-pyridin-3-yl}-
o NO phenyl)-2H-phthalazin-1-one
O .

-3 o & W > 'L\ 6-Dimethylamino-2-{2-hydroxy-
HN%& | methyl-3-[ 1-methyl-5-(5-morpholin-
ZN o 4-yl-pyridin-2-ylamino)-6-oxo-1,6-
N dihydro-pyridin-3-yl]-phenyl}-2H-
N
E j phthalazin-1-one
(o]

114 o A OH 6—terf»Butyl~2-(2-hydroxymethyl—3—
pS i {1-methyl-5-[5-(morpholine-4-
oy © carbonyD)-pyridin-2-ylaming]-6-0xo-
N 1,6-dihydro-pyridin-3-yl}-phenyl)-
o N/ﬁ .

& 2H-phthalazin-1-one

-5 5 ! oH 6-tert-Butyl-2- {2-hydroxymethyl-3-
BN | E;@ [ 1-methyl-5-(5-morpholin-4-yi-pyri-
A o din-2-ylamino)-6-oxo-1,6-dihydro-
= pyridin-3-yl]-phenyl}-2H-phthal-
© N/jj azin-1-one




-0 ItHO N, -

.40 N SO |

6- D net hyl am no- 2- [ 2- hydr oxynet hy1- 3- ( 5-

{544-(2-nethokyethyp-piperazin-l -yl l-pyridin-2-ylamno} -1
-met hyl- 6- oxo-1 , 6-di hydro-pyri di n-3-y1l) - phenyl] - 2Hpht hal azi n-

111-8

6- Di et hyl ami no- 2- ( 2- hydroxynethyl 3- {43 net hyl - 5-[ 5- (4- et hyl pi perazin- 1
. 6-di hydro-pyridin-3-341 -

-yl)-
pheny

| ON

pvri di n-2-yl an noJ -

_ HN )-N OH NN 0 10

6- 0XO0-

TH-BH

phthala2|n 1 -

:a%ﬁ

I)

| 6-tert-Butyl-2-[2-hydroxymethyl-3-
(5-{5-14-(2 —methc-yxy—ethyl)Qpiper—
azin-1-yl}-pyridin-2-ylamino }-1-
methyl-6-oxo-1,6-dihydro-pyridin-
3-yh-phenyl]-2H-phthalazin-1-one

-7 I | 6-Dimethylamino-2-[2-hydroxy-
°1“%szg ™ | methyl-3-(5-{5-[4-(2-methoxy-
3}“ & ethyl)-piperazin-1-yl}-pyridin-2-yi-
= amino }-1-methyi-6-o0xo-1,6-di-
[:j hydro-pyridin-3-y1)-phenyl}-2H-
H phthalazin-1-one
o
11-8 o on : 'L\ 6-Dimethylamino-2-(2-hydroxy-
PN | E;‘@/ methyl-3-{1-methyl-5-[ 5-(4-methyl-
& © piperazin-1-yl)-pyridin-2-ylamino}-
N 6-oxo-1,6-dihydro-pyridin-3-yl}-
[:] phenyl)-2H-phthalazin-1-one
I
11-9 o h|l oH 2-(3-{5-{5-(4-Acetyl-piperazin-1-
< E?@X yl)-pyridin-2-ylamino]-1-methyl-6-
T \ o oxo-1,6-dihydro-pyridin-3-yl}-2-
= hydroxymethyl-phenyl}-6-tert-butyl-
[Nj 2H-phthalazin-1-one
N
N
11I-10 o A o |~|¢\ 2-(3-{5-[5-(4-Acetyl-piperazin-1-
BN | Ep/ yl)-pyridin-2-ylamino}-1-methyl-6-
o o oxo-1,6-dihydro-pyridin-3-y1}-2-
%

hydroxymethyl-phenyl)-6-dimethyl-

amino-2H-phthalazin-1-one




ONHNN? Oobi N5i0 2-(3- {5-[5-(4-Acetyl-piperazin- 1 - _
yl)-pyridin-2-ylamno]- 1 -nethyl-6- oxo- 1, 6-dihydro-pyridin-3-34{ -2-
hydr oxynet hyl - phenyl) - 6-tert-butyl 2H pht hal azin- 1-one 111-101 ON-... O
OH is NION 2-(3- {545-(4-Acetyl-piperazin- 1 - yl)-pyridin-2-ylam nok 1
-met hy1- 6- oxo- 1, 6-di hydro-pyridin-3-31) -2-

hydr oxynet hyl - phenyl ) - 6- di net hyl ami_no-2H pht hal azin-1 -one
11I-11 o oH 6-tert-Butyl-2-(2-hydroxymethyl-3-
HNI\%E?QX {1-methyl-5-[5-(4-methyl-piperazin-
& N 1-yD-pyridin-2-ylamino]-6-oxo-1,6-
h dihydro-pyridin-3-y1} -phenyl)-2H-
(:j phthalazin-1-one
|
ez N 6-tert-Butyl-2-(3- {5-| 5-(4-cthyl-
< El?@X piperazin-1-yl)-pyridin-2-ylamino]-
T \ o 1-methyl-6-0x0-1,6-dihydro-
x pyridin-3-y1}-2-hydroxymethyl-
[Nj phenyl)-2H-phthalazin-1-one
Nk :
11-13 o r!: oH 6-tert-Butyl-2- { 2-hydroxymethyl-3-
< E;:©>< [1-methyl-6-ox0-5-(5-piperazin-1-
T y 0 yl-pyridin-2-ylamino)-1,6-dihydro-
S pyridin-3-yl]-phenyl}-2H-phthal-
[Nj azin-1-one
N
HI-14 o\ an 4-(6~{5-[3~(6-tert-Butyl-1-oxo0-1H-
HN%E/ phihalazin-2-yl)-2-hydroxymethyl-
T © phenyl]-1-methyl-2-oxo-1,2-di-
\N l hydro-pyridin-3-ylamino } -pyridin-
E j 3-y1)-pip.erazine-1—carboxylic acid
ijok tert-butyl ester
V-1 . XL o o 5-[3-(6-Bromo-1,1-dioxo-3,4-di-
Hu%“\s\ hydro-1H-146-benzo[e][1,2]thiazin-
o° o 2-yl)-2-hydroxymethyl-phenyl]-1-
: ) k. methyl-3-[5-(morpholine-4-
o7 N/\ carbonyl)-pyridin-2-ylamino}-1H-
k/O pyridin-2-one




- 36-

[11-11 ON ', N --""N le OH Z S

6-tert-Butyl-2-(2- hydroxyrret hyl 3 { 1 -nmethyl-545-(4-nethyl-piperazinl
-y1l) -pyridin-2-ylam no]-6-o0xo0- 1 ,6- di hydro pyr| di n-3-yl1
- phenyl) - 2Hpht hal azi n-1 -one 111-12 I39N NOHAN 0401 No

10

V-2 5-[3-(6-Cyclopropyl-1,1-dioxo-3,4-

Q I!I OH
“ [ \ dihydro-1H-1A6-benzo[e][1,2]thi-
HN D,,s\\\lo
= N
. '

azin-2-yl)-2-hydroxymethyl-
phenyl}-1-methyl-3-[5-(morpholine-

o N/\I 4-carbonyl)-pyridin-2-ylamino]- 1 H-
Lo pyridin-2-one
V-3 o '!I o ' J:\ 5-[3~(6-Dimethylamino-1,1-dioxo-
HN%@ 3,4-dihydro-1H-1A6-benzo[e][1,2}-
N o’ 70 thiazin-2-y1)-2-hydroxymethyl-
~ phenyl]-1-methyl-3-[5-(morpholine-
0 @ 4-carbonyl)-pyridin-2-ylamino|-1H-
’ pyridin-2-one
v-4 5-[3-(6-Fluoro-1,1-dioxo-3,4-di-

O, IL OH F
Hm%m hydro-1H-1A6-benzo[€][1,2]thiazin-
Ay o ° 2-yl)-2-hydroxymethyl-phenyl]-1-

- methyl-3-[5-(morpholine-4-
© ']':/\I carbony!)-pyridin-2-ylamino]-1H-

pyridin-2-one

The pyrimidine and pyriding 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 discases responsive to Btk inhibition and/or inhibition of B-cell
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 m the pharmaceutical utility of these compounds. Accordingly, the invention
mcludes a method of treating a mammal, for instance a human, having a disease responsive to
‘inhibition of Btk activity, and/or inhibiting B-cell proliferation, comprising administrating to the
mammal having such a discase, 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

serinc/threonine kinases.



6-tert-Butyl-2-(3- {54544-ethyl pi perazin- 1 -yl1)-pyridin-2-ylamnoll
-met hy1- 6- oxo-1 , 6-di hydropyridi n-3-yl |
- 2- hydr oxynet hyl pheny0- 2H pht hal azin- 1-one 111-13 | ONFINN( ) NH
ypyridin-3-yl] OHO NIP o 6-tert-Butyl-2- 12-hydroxynmethyl-3- [1
-nmet hyl - 6- 0 xo-5-(5-piperazin- 1 - vyl -'ég'ri di n-2-ylam no)-1 , 6-di hydro-
-phenyl} -2H phthal- azin- 1 -one 111714 | ON _

Kinases play notable roles in signaling pathways controlling fundamental cellular 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 Autoirnmune and/or inflammatory diseases that can be affected using compounds and compo-
sitions according to the invention include, but are not imited 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 hemoiytié and thrombocytopenic states,
Goodpasture's syndrome (and associated glomerulonephritis and pulmonary hemorrhage),
atherosclerosis, theumatoid 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 limited to NSAIDs, non-specific and COX-2 specific cyclooxgenase enzyme
mhibitors, 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 sodum, diclofenac, combinations of diclofenac sodium and misoprostol, sulindac,
oxaprozin, diflunisal, piroxicam, indomethacin, ctodolac, 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.



HN ( ) 010 j< NOHtio NO1 O 4-(6- {543 -(6-tert-Butyl- 1 -oxo-

1Hpht hal azi n- 2- y0- 2- hydr oxynet hyl phenyl "- 1 -nethyl-2-0 xo-1

, 2-di hydro-pyridin-3-ylam no 1 -pyridin3-yl)-piperazine- 1 -carboxylic
acid tert-butyl ester Iv-11 ONHN---No OHat .04/ Br 543 -(6-Brono- 1 ,
1 -di oxo- 3, 4-di hydro-1H 1 X6-benzo [epf-1 -

, 2] thi azi n2-y1) - 2- hydroxynet hyl - phenyl k 1 - net hyl - 345 - (nor phol i ne- 4-

car bonyd jorwy ¢t dimgnty, tagbidinflandpytohdhden? 1seRlicylatd 7Salicylates include by are not

limited to acetylsalicylic acid or aspirin, sodium salicylate, and choline and magnesium

salicylates.

The anti-inflammatory agent may also be a corticosteroid. For example, the corticosteroid may
5 . be cortisone, dexamethasone, methylprednisolone, prednisolone, prednisoione sodium phosphate,

or prednisone.

In additional embodiments the anti-inflammatory agent is a gold compound such as gold sodium

thiomalate or auranofin.

The invention also includes embodiments in which the anti-inflammatory agent is a metabolic
10 inhibitor such as a dihydrofolate reductase inhibitor, such as methotrexate or a dihydroorotate

dehydrogenase inhibitor, such as leflunomide.

Other embodiments of the invention pertain to combinations in which at least one anti-in-
flammatory compound is an anti-C5 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 (inchiding Hodgkin's
and non-Hodgkin's lymphoma), hairy cell lymphoma, multiple myeloma, chronic and acute

myelogenous leukemia and chronic and acute lymphocytic leukemia.

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., 1. Biol. Chem. 1998, 274, 1646-1656).



"IV-2 0 HN .---- 0 NN OHA N? 40 is 00 -. 543-(6-Cycl opropyl-1, 1-di oxo- 3, 4-
di hydro- 1H 1 k6-benzo [e€]
[1, 2] thi azi n-2-y1)-2-hydroxynet hyl phenyl] - 1- net hy1- 345- ( nor phol i ne4- car bon
y1) - pyridin-2-ylam no] - 1Hpyri di n-2-one40 IV-3 0 HN--- O NNI NOH
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 of other chemotherapeutic drugs that can be used in combination with
chemosensitizing BTK inhibitors include topoisomerase I mhibitors (camptothecin or topotecan),
5 topoisomerase II inhibitors (e.g. daunomycin and etoposide), alkylating agents (e.g.
cyclophosphamide, melphalan and BCNU), tubulin directed agents (e.g. taxol and vinblastine),
and biological agents (e.g. antibodies such as anti CD20 antibody, IDEC 8, immunotoxins, and
cytokines).

Btk activity has also be associated with some leukemias expressing the ber-abl fusion gene

10 ‘resulting from translocation of parts of chromosome 9 and 22. This abnormality is commonly
observed in chronic myelogenous leukemia. Btk is constitutively phosphorylated by the ber-abl
kinase which. initiates downstream survival signals which circumvents apoptosis in ber-abl cells.

(Feldhahn ef al. J. Exp. Med. 2005 201(11):1837-1852)

The compounds of the present inventiori may be formulated in a wide variety of orat admini-

15  stration dosage forms and carriers. Oral administration can be in the form of tablets, coated
tablets, dragées, hard and soft gelatine capsules, solutions, emulsions, syrups, or suspensions.
Compounds of the present invention are efficacious when administered by other routes of
administration including continuous (intravenous drip) topical parenteral, intramuscular,

" intravenous, subcutaneous, transdermal (which may include a penetration enhancement agent),

20  buccal, nasal, inhalation and suppository administration, among other routes of administration,
The preferred ﬁlanner 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 ingredient.

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, ot filled capsules for oral use; or in the



N 1 0 N 543-(6-D net hyl am no-1, 1- di oxo3, 4-di hydr o- 1H 1X6- benzo[e] [ 1, 2] -
t hi azi n- 2-y1) - 2- hydr oxynet hyl - pheny1] - 1- met hy1- 345- (nor phol i ne- 4- car bony1)
bpyrldl n-2-ylam no] - 1Hpyridin-2-one 1V-4 0O HNO NN- --- 1 NON?O *

1

543- (6- Fl uor o- 1, 1- di oxo- 3, 4- di hydr o- 1F#X6- benzo[ e] [ 1, 2] t hi azi n2-y1) - 2- hyd
roxynmet hyl - phenyl ]-1- net hyl-345- ( nor phol i ne-4-
car bonfpih-of gepmhisiterdesytbarectab: widiyal adinnigtirgive; or in the form of sterile injectable

solutions for parenteral use. A typical preparation will contain from about 5% to about 95%

active compound or compounds (w/w). The term "preparation” or "dosage form” is intended to

include both solid and liquid formulations of the active coropound and one skilled in the art will
5 appreciate that an active ingredient can exist in different preparations depending oﬁ the target

organ or tissue and on the desired dose and pharmacokinetic parameters.

The term “excipient” as used herein refers to a compound that is useful in preparing a pharma-
ceutical composition, generally safe, non-toxic and neither biologically nor otherwise
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 administered in admixture with one or more suitable pharmaceutical excipients,
diluents or carriers selected with regard to the intended route of administration and standard

pharmaceutical practice.

“Pharmaéeutically acceptable” means that which is useful in preparing a pharmaceutical com-
15 position that is generally safe, non-toxic, and neither biologically nor otherwise undestrable and

includes that which is acceptable for veterinary as well as human pharmaceutical use.

A "pharmaceutically acceptable salt" form of an active ingredient may also initially confer a
desirable Ipharmacokinetic propetty on the active ingredient which were absent in the non-salt
form, and may cven positively affect the pharmacodynamics of the active ingredient with respect

20  to its therapeutic activity in the body. The phrase “pharmaceuticaily acceptable salt” of a
compound means a salt that is pharmaceutically acceptable and that possesses the desired
pharmacological activity of the parent compound. Such saits include: (1) acid addition salts,
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric
acid, phosphoric acid, and the like; 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, furnaric acid, tartaric acid, citric acid, benzoic acid,
3-(4-hydroxybenzoyl}benzoic acid, cinnamic acid, mandelic acid, methénesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,

30 camphorsulfonic acid, 4-methylbicyclof2.2.2]-oct-2-ene-1-carboxylic acid, glucoheptonic acid,
3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, laury! sulfuric acid,

ghiconic acid, ghitamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid,



The pyrim dine and pyridine derivatives described herein are kinase
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such ambjet disiteratingoagenidi éif @y ewepsaldtion maeakldapdwdapapt osiig)gengbipiswl

ki nase_activi. h een . inplicated in i de. .range of di seases, .Jncl,udi ng
mul 11 o Sheasso T Bt hind B MO A TSR] R s dauBeterin i ble it

I nfihanp@hRrcY mpBR&GH: lgeRtally! Ranfel Withaketadicf Rivendhhe hbORSRS bgnraidgaga?&:i@th
signal i ng pat hways provi'des a significant opportunity to identi novel
drugs suitagbstiiraperkipwsandscompactsdgn Hc shappandrsizodesirath  Syitbls gveprrs insbidadets a
met hod_of .eating a patient .hayi aut.oi.r a 1 08 t .

di seas&’ né’& hgﬁteg(t:(g 5in9€ Fllng(ﬁ%?]g%t%qg@c%?l?glns%a&ﬁggﬁlgi 5%’/3 ,gadlt Al [gel%o(%&o Bt k
act i vi kiircangéigtin, Brag@ahthp hiklsfies @aldsersodin urbeiyimaihgceliddses a fonf tabiing taixy

di seases that can_ be affected using conmpounds and,cqgfositigns accordi ng
to t hecpippdmtirioAnd thellrgeSolsboramechvgtiions mayeanteyl. Hadriiariodhe &itver gy,

Cr qi3n’ 8, dbSRAR Splokidid YRVLE, ANBLers YRR Brifidi:d e Rarbrdl 5w 8QSRrs, lilsposugr af t
rejéction; and Hyperécute rejection of transplanted organs, asthma,

syst enthdckenpyssodulytiniegagoss sind dmdlik@s soci at ed gl oner ul onephritis),
dermatomyositis, multiple sclerosis, scleroderma, vasculitis (ANCA- 15

associ ated, and other vasculitjd ut ol . ne heml yti nd., .. . .

£ hr onb b pEME LTS bl S ira Ay A e e Vb BBy ign including
gl omer gLARGRRI dyiyss, SRdrsDEERARENuIDIqRBGEIusp&isitek 0 TabRIAG s solib gt oi d
arthritis, chronic Idiopathic thronbocytopenic purpura_ (ITP), Addison's

di seaspreppeatiehhwbisharelintndsé to g Qﬁ@’h’lﬁ@c{ togliqyiids Bamaprephratings sBortly bplorcusehock,

and nyast heni a_gravi . d_herej i n
e e A e e S L S R S
conbi nabtain sMulléifiane sfdnts sudhlagterihioy oraganhondédte ionhtamaratrepuagditions
include but are not linmted to NSA1Ds, non-specific_and COX- ecific

ind COX: 2
cycl oo%de hrpepaig Pidissplving e astiverSIpoRgis Hiis and 3ding s&itadled p,antsa

met hot r, €44 atk: 61 LStS,
munodisaresabitRE B8 hEReSns AR, AGERR, Anhlliel cRECPIBALETLERORE
ar e nothd fimdly eiided, actibaiprrapemnt ol wathi witbvesnousnagpeodesichnd naapd ox gmtisddi um

di c] of enac, conbi nations of dj.cl of enac sodjum and m sgprostol, sulindac,
oxapr 02VHS; ES’FLPMH‘FJ‘Q ?lﬂaﬁ’ﬁ%%? iRl %ﬁ’?@&ﬁk@[p‘hlf)seetag% 8813%18’?1& g@%‘ﬁbr of en
Ca|CiU§h%%ﬁ&8,%g&ﬁQ’ sodi um nabunet one, sul fasal azi ne, tol netin sodi um
and hydroxychlForoqui ne. Exanpl es of NSAIDs al so i nclude COX-2 specific

i nhibitors such as.cel ecoxib, valdecoxib, [umracoxib 30 and/or
et or i cBhelwompoBdeds dfthesprecnt redlipenes be forendaied for phrcarareltadmjnisitdnn (¢.8..a

salicylate. Salic tes.include by are.not |.imsted.to _acetvylsal. i cid
or oy iiinec@hise b Ef bt Samim kS it R B ARt P B e By
ant i - i B ATk HYc-AUSD byrias Ang0l afuide GOudibCoshendiitiosEosnteinanpli, antddded
corticosteroid may 5 be cortisone, dexanethasone, nethy] prednisol one,

pr etfhi otsSTIELVEr S FuBPasHIOnSSEURKDFHSE dormaseas suspoppien iselsHens, pherdaions Bhal

nmbodi nent h I -1 nf - i | d
codi um i St ae bl FPRBhY R R L O e AR
i n whi alanhdqi@oantdrriemf diarsnal eslyeragentchidesanceiapobiend glycolnpblyttaylestglycals a

di hydr of ol ate reductase inhibitor, such as nethotrexate or a
di hydr oor ot at e dehydrogenase i nhibitor, such as |eflunornide.



O her enbodi nents of the invention pertain to conbinations in which at

| east one anti-inflamuatory conpound is an anti-CS nonocl onal anti body
(such as eculizumab or pexelizunmab), a TNF antagoni st, such as

ent anercept, or infliximb, which is an_anti-TNF al pha nonocl onal 15
antibody. Still other enbodiments of tf& invention pertain to conbinations
in which at | east one active agent is an i munosuppressant conpound such
as an wvegaabbseipyees sdint od)h mpdunectaiio oeganfa ot hotthebodtags), 4ndfrhanemiale
cycl ospori tacrolinus, azathioprine, and.nycopheno,l at fetil. 20

B cel | TRy BB il PaGRD i SR T, SERBTR e S R R T PR | e
pat hol @yer9he BpGRd. |AIMRkAtRRRN SheBtive Ml Ghayttétin POlvdbd Biheshtdifed B cel |

| ynmphoma, |y %ona (includi'ng Hodgkin's and non-Hodgkin's |ynphoma), hairy
cel | | yseptiormalation of stptils selidios e lyophiisaiien Gpa sabiioa feseansidurion sefpeuken a
and .chr.oni c acute | h ic |eykem a, BTK has been shown to be an
inh?bi?@zaﬁpﬁgﬂgvégé$%ﬁéggkz §%§GH§§ ﬁm%ﬁducing signaling 25 conpl ex
(DISC) in B-lineage |ynphoid cells, The fate of |eukem a/lynphoma cells
may r eTheleonporrde obaleaneenbizivesten hiyebofopmslangl for appaptdhinstefiérerntthe of

caspases, activated by D SC and an upstream anti-apoptatic requl ator
mechanFRIAFTHY 81 %ﬂﬁae%i‘ﬂfér%?ﬁeﬁ/ Yrlotigns, ?‘%IP@%HI{%E@E-| Dptpnisind el gpay,
Chem  1998. &Brfflilatd®48h82heous #8ily bhsd@fih AlesRidRRAN Al B4R BiREnip ahd/Bl K

inhibitors are useful as chenpsensitizing agents, and, thus, are useful in
conbi ngelliog agéni$h lottlves nelydreofohevlatsd withcanaqugeys arpilyhass and wil in genggal alseat

i nduce apoptosis. Exampl es.of other enopt her apeut i ¢ _drugs .t ha be
Lo T O R o R B B nsceEiG: RS TERY BT bl et ipstfie

t opoi _SQQ@ft@ﬁlﬁcl&enhi}l“dgl@htts,Oérscdl gehfie Com@htisRRRAItesIa M toficileEpiisor@ioass | |
inhibitors (e.g. daunonycin and etoposide), alkylating agents (e.qg.

cycl ophisspethiierdudederpnss eampmun|aur agewih i # Hared basequsagibnsusrqse 3d  t axol

and vi St | Lol ogi.cal : : ant.] ' -, CD20
ant i bodorct pypiEheartl R LR BURTS R feg BMlLp AR AFTBL S oBRHY 12
associ ah¢dlysbrihosaomst etk ecdchs ask poedsiashestdoenpbisingalhy adtivs iigpredjentdan 40 :
resulting fromtransl ocation of parts of chronpbsonme 9 and 22 This

abnler mEMF¥aNe §iquid 63F8hl y observed in chroni c myel ogenous | eukenia. Btk is
constitutively phosphoryl ated by the bcr-abl kinase which initiates

downst Feah,sih AR (8 {HBNE iRhGdh by B4 PHRIM:Se PP REARifratiBn BEfuppblitoeRb] S.
(Fel dhahn et "all Exp. 'Med. 2005 201(11):1837-1852) The conpounds of the

pr esentA lomvenlting wappsucheas aanixtira o€ tiity cidl slyepsidosier encga bhttey iufrshiaitesi and] 5
stration dosage forns.and carriers, Oral admnistratih,on can in. the form
of 't abi £ SimethE s s R e GloBenohy £ sl bR dR e Mol 'O
sol ut i emsur@RUhS RiSed B eifenieht Sxtdpacds, allsweCarpaungd tofolidi®. pr esent
invention are efficacious when adm ni stered by other routes of

adm ni stration including continuous (intravenous drip) topical_ parenteral,

i nt3amidespmpoundsiof eapistrst myigheR Ak bt L rmulaters tos vagip L AdMIRIHHOR- i ncl ude a
penetr af | 0 I ind 9030 acti
Suppos, P SIS B mEIEN, beo e AR el S ain MRl Al e

pr ef er riggtediammach cfrriadms arskietn mrthd &t gebeapgprdpyriate.al usi ng a conveni ent

dai |y dosing reginmen which can be adjusted according to the degree of

afflictjion and the patient's response.ta the active ingredient. conpound
o | comORaEPGHIIS RS T wearit RO Mo be STAE 56 TR PARGH e S cal |y
useabl g, RBiofidht SispdnQBaL BRY apMibd dRARIYAS tHEHRaICAPNEL B coOMRhHEHE iRh@Nbg,, with
carriers, or diluents, may be placed into the form of pharnaceutica

condfosia dropyr apipkttermirtspoiy's dgeJoraTiHeatiqrs amayeequevided incosipgls ot nwigloantoruniln
dosage forms may pe comprised of ,conventignal .ingredients,in.conventional
or opor O REEr (it RSP RRBr b B i aare diRod S ahe B RAL T g MR oo

and t heypgRiphafoFREa i NS vORYCTIhdoht@MbrSusdeatibe. Bf fheehdewd aappiyNthisahag he

active ingredient comensurate with the intended
be achieved e.g. by means of a metering atonmzing spray pump.

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

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



30 daily dosage range to be enpl oyed. The pharnmaceutical conpositions may
be enpl oyed as solids, such as tablets or filled capsules, sem solids,
powder s, sustained release formulations, or |liquids such as solutions,
suspensi ons, emnulsions, elixirs, or filled capsules for oral use; or in
the -41- form of suppositories for rettal or vagi nal adm ni stration; or
inthe formof sterile injectable solutions for parenteral use. A typical
pr epar geieoindiave a sontl gevicle v aporfitheosdepobiboutd) aBuoacet ipes. cowpowpadicty

conmpoupds. (wiw),. The term"pr rakion' or."dosage form is..intended to
el uabroBth bE by e RESPE IR P s e REE i WSO iR Rl one
ski | | efroivitict i a @tdssutzel! phckeswih @Guitdlde phaell@n sad ds\eechldigfiestiofarbot (TFEXI St
in different preparations depending on the target organ or tissue and on
the de$8rdihlsediliypromstianpetshiomiiiosopeihane refishlomigitaiworrothaei gricarhon as
useq Nefeiqa o ShiRk §ui{a%1ea;%a§.°'ﬂ9%l&%s61hﬁé &ﬁ}\r‘éﬁfé‘ﬁt'g} alsd ot A hlctnt such as

phar maceuti cal conpositTon, general yysa e, noh-toxic and neither

bi ol ogiecahiny Thorost dfalrug sy e desiroladl ey a arttrédrellud esltenaiveiveht activeat ar e

acceptabl e.for veterinary .use as LI as human 10 arnmaceuti cal use. The
o mmOUMHESFITE S bF AUBHATGH Qi BLs B Y S ot Bd PAMBIRETLO! (i PR i y
be_adniiasleaicRticl BaR AR b0, fhr O Staflh AF Y LDl BRALFRA M Rl

excipients, ‘diluents or carriers selected with regard to the intended
rout e ofiludaiwiani oo lyaityémyrmtidisst BN The hawderceier eall fpmae gélge the nasal cavity.

" Phar eutical |y acceptabl.e" neans .that whigh is useful.in. pr ring a
ohaPraa bt o B TRRERY I prERARR 4 Wk B 'S, AR Srich P BirE RS 6.2,
nei t hegelbiiobowiistd! fayky s m HIEH thie powdBdeS babldmindisted bg hitdesSot mahhabd ch i s
acceptabl e for veterinary as well as human pharnaceutical use. A

"phar eutj cal acceptable salt"” formof an active ingredient may al so
initi %Hé%ﬁkf@lp ¥%‘“Wi3§}0%5?1bbepW§P?’Fﬁé &Rﬁ]ﬁé‘@‘?‘"@ CBP‘E‘)‘E@@@WS‘% forsustaiagd ok

i ngr edj [ : ' s ( ihLively
ot O o e e ekt PO PlanC, R BRRIPOTE

i ts thpreageuventie tanvbd fprionlatdien bmdsdermhleonphbasmed phdmpeiebvetry davibes.
acceptable salt" of a conpound nmeans a sal.t that is.pharmaceut.cal

2cspt b€ Eftryisiriodo ESTITN R RES Hlef sii bl EUPPSGHI FRSHY ¢ he
par ent £OWROMPEienBtsHIp RRbs SrithnCdbi@ent (dginRaiifcrasidl. tCRRpRAUS o triRHERMAIW th

i norgani ¢ aci ds such as hydrochloric acid, hydrobrom c acid, sulfuric

aci d, deliveresystdings arp iisgpindlyiatiaehsddo anglintddbeiivawlidsupast el wintpousd ghni c
aci ds such .as_acetic acid opj. Qni.c,- i hexanoi c..aci d

cyol opliitaniade S5F b oBbiaty PO haRGidr i O8 A0S M dieyinn o1 g,

mal oni ¢ydehdptarSHeat)NiSusiied relo®ei delinglydystomb aicGneted subcumedtha@tdho the
tartaric acid, citric acid, benzoic acid, 3-0-hydroxybenzoy| Thenzoic acid,
ci mfanPebdeEme, layai herieeaRy injecen hhkfesibewnl émplantg en@pralaedh sRpQInddR 8,

1, 2-et = 6 fonic acid,.:2x y ] f.ani ' b -f oni ¢
aci o IPepe Ak irk s Adan e B S RAR I ik e BRARRCHAL

4-t ol uenesul fonic acid, 30 canphorsul fonic acid,

4- met hgubatdy cddrofulatdn® hloog twth phasndccoticd) oxylerss d dwodntk, angl expoheptsamne desadbat]

3-phenyl pgropioni ¢ agid, tringthylaceglic aci tertiary butylacefic. acid,

| aur yl IGPRRRE ﬁ"éfﬁ?%cre ﬁ’” G4, hgrfaf%md%% g By r&}&ﬁ-f.‘aﬁﬁf’wﬁf& gci d,
sal i cylco&lp%gy,%t@ L&ALH, T aBehdPedideOntis. ACikiIcd fofRrla@Rscldi@ist tiEmotity (R)
salts forned when an acidic proton present in the parent conpound either

i s Pepliaoedatiops avithet Gk i¢ashinge ofjthe specifitaighito prvale nuoprowrfomhkatisnidorar t h

ion, or an alumnumjon:  or coordinates with an organic,base such as
et hanoPATHCRET Tafiep NadnBis i Wby s Fds B & e o Re Y Hiothe ReeSent venion
N- et hyhghible arca@proaising bid thk@pedicetiviey.f or m preparati ons incl ude

powders, tablets, pills, capsules, cachets, suppositories, and dispersible
granules. A solid carrier may be one or nore substances_ which may al so act

as di | ddatrodifigasion of iy nagrsAt ompayndhio fepdsgrdherp pigrg sodptle in wiishemiberg

agents i.nders yat i . - di. s -at | -0 .

o capalr b E LS mBEARE P EB A Hhirt HoBlRAAGls @l ARERI:Fion Ystchcation,
di vitdedtspwibebhvdre efelliveithan thiexdtrdineryikilhintthe afti Inel ajsockivell drétlinahe brdenacp piptinént .

In tablets, the 10 active c onent generally is mxed with the carrier
havi ng it ipeBediuthy raviRal ﬁ@m"@é%%% 31“51 flosaer tegpren oRpEP g e mpeynd m
conpacted in the shape and size desired. Suitable carriers include but are
not limted to nmagnesi um carbonate, magnesi um stearate, talc, sugar,

| act ose, pectin, dextrin, starch, gelatin, tragacanth, nethylcellul ose,
sodi um car boxynet hyl cel l ul ose, a | ow nelting wax, cocoa butter, and the
like. Solid formpreparations may contain, in addition to the active



15 conponent, colorants, flavors, stabilizers, buffers, artificial and
nat ural sweeteners, dispersants, thickeners, solubilizing agents, and the
like. Liquid formul ations also are suitable for oral adm nistration
include liquid formulation including en | sions, syrups, elixirs, aqueous
sol uti ons, aqueous suspensions. These rnclude solid form preparations
which are intended to be conveiled to liquid formpreparations shortly
bef or eordseto p@aEathegibermaceiincties of thp aresgns spmponds fongaxnyn benslicyy gleis
propylen%ﬂg&¥col solutions or may contain enul sifying agents such as

| eci t h'"H " "'&37bi t an nonool eate, or acaci a. Aqueous sol utions can be
prepared by dissolving the active conponent in water and addi ng suitable
col or anisteril"seasputicligkifkidticgnoantias hiedberimgeagentamoukt tmousd to reduce
suspensi ons can be, prepared el rsing t. fiinel y, djvi.ded. active
conponﬁﬁﬂﬁPﬂmRgﬂﬁ%hgf¥%mﬁp§@§§@”ﬁ§?@¥?%ﬁg“§H§ﬁw@§mﬁéﬁhﬁﬁﬂn Vmgénthetic 25

) ¢ | a ol 11 €
8\;{7? kﬁg\%ﬁéﬁemgﬂ Oxh p&licHlaPeSe. SOEE BB %@EWmﬂ wRle| ithiesdperdifle ghdier

suspendi ng agents. The conpoun the present invention may
be formuhabes fdcors pabanther eiventarmiflithediseast by Beajed, thpyagerind genepl, bealtly
bol us injgction,or conti,nuous,.infusio ] r i i se
For m 1 kT a0S Pegl e BRigrmetBog it o E K e REREOGfed, Ieiifhcs a8

mul ti - gefeo faantirishaion it ki prefaated 130 cpieiatevditthy medithipraaitipnsi inveinsd. may
take such forms as suspensions, solutions, or enulsions in Qi‘y or aqueous -

vehi cl Bex otel glmigisiration sslally dagpee o detyerepabent OeHeandh abet 10 ghedpr ojly
o 1o BCUTPYE A0 e rRELYERS, Bt LUt il s
i nj ect abilyedemganiteteshebsut((el gnd akdut 00 otgleg B)dy verightnmpreprefeaied 0.1 and

St i | R OB oebopuns g g Araciad T bl o ST ikl bR Phih B AR oo
may beThﬁ, FOMElHin {sR41n BRLA BEHer I, BEM sa e 12REE FblldbeQbodl ’ﬁﬁig'tai Offﬁg 1‘;& or

by lyophilTisation fromsolution for constitution before use ]
sui t abtiey.vEhe ddily, dosagy. candeerdivinistepydr asgetningle desagmpein divided dessgoudicady t he

 abliey.vel i ands ogerudle dessiroein divked dos .
R e N e N

O nt MeRtSle @ Hak HRVFEABYdose of the dfnfodindUT et edtenithdd@ngaiyirousedby ekl base
with the addition of suitable thickening and/ or gelliqf agents.  Lotions
may be rfcsementatieid e epfimrm sdeeioios thsrndividpabeatisntideagned- VRe @Le?f foary &Ly 10
cont al YR PlReRLs ARER AR Eh i1 B9 8RS Vichourthall blpktifilnAdBRLA iffcRRRE DN
agent s,” 'suspending agents, i ckening’ agents, or coloring agents.

For mul atisons kawividipt exbatericophd the adsunn idstioatre,dn asmritine: thoraptutically ude

| ozenges_ conprising active agents in a flavored. base, usually sucrgse and
2ol 5 CBPC Ve DRie SREPP IS ERBRRIS I Hly Lt BE s P e BF R an
inert base such as gelatin and glycerin or sucrose and acacia; and

mout NWagReRa GRTRLGS g&paﬁﬁoﬁscérb \pee feA81yeid @Rtdobdbe Fork®s. SHishélotm! ihd el
carrier. The conpounds of the present i nvention may be fornul ated for

admi ni phratibhonsuslivdgoipomi wndrdosss contdipngrapbraphatewrxtitics o thescHvaPaRATE N f

fatty id glycerides or, cocog butter is first |ted.and t ctive,.-
compunaie 1 dGiPERa°h b aaatisrypaitgh (o6 fsdFys EtgRhierr bakiies
honbgeReQusafiidhlUaRh b pidieftdAMIER dcdphiies, aAN YERIaNin whzd aiPbaiss. Alsbomved to
cool, and to solidify. 20 The conpounds of the present invention may be

f ordful angdiokage fpagicambe adashles tablati eaghet, or lozenge itself, or it can be the appropriate

number of any of these in packaged form.



Pessaries, tanpons, creans, gels, pastes, foanms or sprays containing in
addition to the active ingredient such carriers as are known in the art to
be appropriate. The conpounds of the present invention may be fornmul ated
for nasal adm nistration. The sol utiong.or suspensions are applied
directly to the nasal cavity by conventional neans, e.g., with 25 a

dr opper, pi E%Le or spray. The fornul ati ons may be provided in a single or
mul ti o8& Fﬁ eMEli he |atter case of a dropper or pipette, this nay be

achi eved by the patient adm nistering an appropriate, predeternlned vol une

of the solutlon or shgpension. In the case of a spray, hSxmay be
achi eved AN y nea f- -nmeteripg & t zi-hg spray p The
conpounds e A EDNILON 1B s BN der 0so
adnlnls at ,Bpar i €u30 ly to--fhe resg ory triact. @nd i ncl udi ng

|ntranas adm ni strati onNgfe conpound w | A4- generall'y have a smal
particle S|ze e.g. of the order of five (5) mcrons or |less. Such a
particle size my be obtaineq/- “peans: known in the art, e.g. by

m croni zation. Thg actlve ingredient is provided in a pregsurized pack

with a suitabl® as a chl ogof | uorocar (CFC), e.g.,

di chl or di f | uor ciret an: i chl or of | uoeQr sk =

di chl or ot et r afr ve-0r Carbon 5 df oxfide [ suitable gas. The
aer osol may o:nvenienu al so cent= n_a-3 ackan as lecithin. The

! Al ternatively the
active ingredients may be provided in a forn1o a dry powder, e.g. a
powder m x*ofHete conpound in a suitable powder base such as | actose,
starch, starch derivatives such as hydroxypropyl methyl cellul ose and

pol yvi fyansy3ishemede (PVP). The powder carrier will forma gel in the

nasal cavity. 10 The powder conposition gay be prgsented in unit dose form
hdges of e.qg. gelatln packs from

whi ch the!WOA may be afim ni sterg ns el When desired,
formul a be—pr t - enf ' coatlng a apt. br sust ai ned
or cont rs ase adg t.i on ‘| he acti, IR For
exanpl e, the conpounds of "t he” présent i nvention can be foiululated in

transdet mai or paneous drug del devi ces. 15 These delivery
systens are ag = glous. when sust gidQg 38, 0of the conpound is
necessary apd . f conpl i &ncefwi tih a flat mept—eegi MeEN IS crucia
Conmpounds—A tr2 Al pgl gl i very g v ar Zquent |y attached to an
ski n- adhesi vé™sol i d support?! The coppound of interest can al so be conbi ned
wi th a penetration enhancer, e.g.¢ one (1-dodecyl azacycl ohept an- 2-one).

Sust ai ned r el eag
20 subdermal | a

ery systens areyinserted subcutaneously into to the
surgery or imecki on. The subdernal inplants
encapsul at ¢°tbt a lpid olq | e—+errb=ane, e.g., silicone

r ubber, .' adal o pol yactic acid. Suitable ‘
formul ati ng wi th pharmaceutdcal cabriers, diluents and expcipients
are describe@ Rem ngt on: The Science and Practice of Pharmacy 1995,
edited by Martin, Mack Publishing Conpany, 19th edition, Easton,

Pennsyl vania. A skilled fornulation scientist nmay nodify the 25

wi t hout rendering
onprom sing their
ounds to render
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30 etc.), which are well within the ordinary skill in the art. It is also
well within the ordinary skill of the art to nodify the route of

adm ni strati on and dosage regi nen of a particular conpound in -45- order
to manage t he pharmacoki netics of the present conpounds for maxi nmum
beneficial effect in patients. The ter#V“therapeutically effective anount"
as used herein neans an anount required to reduce synptons of the disease
in an iGuwlevai@ehbme Bhe dose will be adjusted to the individual 5

requi renents in each particul ar case. That dosage can vary within w de

i mts dependi ng upon nunerous factors such as the severity of the disease
to be treated, th e and general health condition of«} patient, other
medi canments with ch the tient is being treated, thd youte and fon-n
of adnini strhpti on syrd the prieferences and expejyiepce of 8§t he nedi cal
practiti OR Ninvolwkd. For’ of al ad 1 ni stration,Ya Wai | y0dgsage, ofsr bet ween
about 0 01 “ g@lfﬁ?heigﬂ& v - T

: /or in awnbi nat4.on th 7.
fween about 0.1 and about 500 ny/ kg _bbdy wei ght, nore
preferred 0.1 and®about 100]%g/kg body wei ght and nost preferred 1.0 and
about 10 ng/ kg body wei ght per day. Thus, for aig}nistration to a 70 kg

person, the dosage range would be about 7 ng to 7 g per day. The daily
dosage can be adm nistered as a sfngle dosage of in divided dosages,
typically 15 between 1 and 5 JCenerally, treatnent is
initiated with snmal |l er dosages an the opti num dose of the
conpound. Thereafter, the dojgage™MsYy smal |l increments unti

t he opti mmMef$&ct for the individu is reached. One of ordinary
skill in €ré8iirfg di seases descri bed rein wll be able, w thout undue
experinentation and in reliance on personal know edge, experience and the
presen%gghﬁghggure, to ascertain a therapeutically 20 effective anmount of
t he conpounds™of the present invention for a given di sease and patient.
The phatui aceutical preparations are preferably in unit dosage fornms. In
such f @xkthplé be [rNetipdda(sino-pyrsdiaB-yhqagedading unit doses contai ni ng
appropriate quantities of the active conponent. The unit dosage form can

be pac ed preparation, the kage containjng djscrete quantities of
pr egar i.f’iél?ﬂr?"?ﬁ%ﬂﬁ%pﬁ?iﬁ%@e@gt Q%%E"Fgoeb ta %éﬁ@e@ﬁlﬁum}”@s fdfedi al s or
anpoul @s; "3 B&e2. 1R 10 605RIE 1AM : I cachet,
or Iozgnggﬁ?tggﬂ%h SSQ{?%é%% be tﬁé appf@%??ggg(ﬁgﬁgg?qgﬁhgﬁyﬁggdthese in
packagéarabotylammonigm iGdide (HmScvemol) and waChtaped & 1GBNE foal 1 8Sohesmelh2.

mixture was made acidic with 1M aq. FHC1 and was partitioned between DCM and water. The

aqueous layer was made basic with 2M aq. sodium carbonate and was extracted with DCM. The

IO 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-yi)-piperazine (1.82g, 8.19mmol).
MS (ESI) 223.1 (M+H)".

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

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

15 30mL methanol 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-ylaminc (1.485g, 7.724mmol). MS (ESI) 193.1 (M+H)". |



-47- CGeneral Schenme 3. EXAMPLES Example 1:

1-Methyl -4-(6-nitro-pyridin-3-yl)-piperazine 5 To
5-brorno-2-nitro-pyridine (2.00g, 9.85nmml) in 10 nlL dinethyl sul foxi de was
added potassium carbonate ( 2.72g, 19.7mmol), 1-nethyl piperazine (1.64nt,
14 8mmol ), and tetrabutyl amoni um i odi-#& (36ny, 0.097nMmol) and was heat ed
at 120C for 18 hours. The mixture was nade acidic with 1M agq. HC1 and was
parti t ifixasgplddt WScBrdnidvl anethyhbs-¢5-(4-hinethahpipevszih-dyd)-pyedinagtadiag |-t 1B t h
2M ag. sodi um carbo atg and was extracted with DCM The 10 organic | ayer
was dried over aMAVM5d®™agnesi um sul fate, concentrated in vacuo, and was
triturated with water to yield

1- et hyl - A& 6- p=ty oz pyri di n- 3-y1) - pi perazine (1.82g, 8.19nmmo M5 (ESI)
223.1 ( II‘e . 5-(4-Methyl - pi perazin-1-yl1)-pyridin-2-yl am ne

1- Met hyl - (6 nitros, i di n-3-y1)-piperazine (1.748g, 7.865mvl) (Exanple
1) was stirred in 1l m_L nethanol with 175ng 10% pal | adi um on car bon

under an at nospher g,/of hydrogen gas for 5 hours. This was filtered and
concentrated in vacuo to yield 5-(4-Methyl-piperazin-1-yl)-

rid v pyfAATDBAdmive vE¥asP! e
gy I5 :Bngrf;i)wl @?eh?ﬁp@raﬁgﬁ?ﬁl rrext?% | - pi per az((l 5%%)5 g%alr)l((g{tﬁm%leﬂ aﬁ‘nﬁﬁg] 114-

pyridi A- Izefbﬁlelﬂ'[b’ﬂgm( Zopefhiis, ﬁl@WD»M,QM@@gVWﬂMOHP@@F%% ne (1.06g,

AR R AR o o AN s

0. 69ém415h1)4 1, fa-ml;jd)ms anr.t’rmséhll‘mmglédanéafbeﬁﬁ@)dqia’ilaﬂmfff(ﬂ%(mﬁlgaﬁldéﬁm%l)L This was
1,4 0 422
b 5 A SR LSS0 SR S 2

Thi's V‘@n@ﬁflﬁt’&aﬁﬁ&ﬁﬂ sgﬁﬁﬁ‘ﬁﬁ&rﬁél{ﬂé aﬁg&%@nl@%egWay%s&ﬁ%ﬁpﬁl&O%&H%ver

bi car bonat e e organic layer was washed wth brine, dried over
anhir eobydregrimsgnemusuiiifates ; oomn‘n:@nd fravedo] mdvacifiod barihislp ulnmfnamgr@yf | ash

Sy omsecinb iyl o8 BRI GO o YT YR R T L R e
n- 2- On%1ﬂeﬂfzﬁirg1yl)]-% L})lamhﬁ]-(lﬁsﬂ)y)rlcﬁﬁ-@ @ne((M%hﬁlg, 1.Examplie Ms (ESD) 3800

5- Brom% | - rggt hyl 5- nmor phol i n- 4-yl - pyri di n-2-yl am no) - 1H pyri di n- 2- one
15

Example 4:  5-Bromo-1-methyl-3-(5-morpholin-4-yi-pyridin-2-ylamino)-1H-pyridin-2-one
: »@2 <

15
This compound was made analogously to 5-Bromo-1-methyl-3-{ 5-(4-methyl-piperazin-1-yl)-
py’ridinQ—yiamino]—lH—pyridin—Z—one. MS (EST) 365.0 (M+H)".

Exampie 5:  5-Bromo-1-methyl-3-(1-methyl-1H-pyrazol-3-ylaminoe)-1H-pyridin-2-one

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) (Sﬁmg, 0.087mmol), 2,2’-



Thi s conpound was nmade anal ogously to

5- Brono- 1- net hy1- 345- (4- net hyl - pi perazi n-1-y1l) -

pyridi n-2-yl am no] - 1H pyri di n-2-one. M5 (ESI) 365.0 (MtH)I. Exanple 5:

5- Br ono- 1- net hyl - 3- (1- net hyl - 1H pyr azol - 3-yl am no) - 1111- pyri di n- 2- one

-49- bi s(di phenyl phosphi no-1, 1" blnaphﬁ%alene (82ngy, 0 13mmmol ), and cesium
carbonate (801 2.46mmol ) were deposited in a sealed vial with 10nL

t ol uen‘els(dmhegykgggspﬂim b’ bman@b@efl@ﬂim Weldmyno lrad ceswmntdarhgnie X 8Qmee. was
pour ed Th| h '
et hyl a% 4? 1%?116 ayer 1S ec\}vétms &t 1%?&’:?1?@5&&03(‘%&9 ?ﬁ@%gﬁ%@%@& i 13—r§abé rﬁc'er 18

sul f at Bourk] ThereRalting nRMeLRhs pd@dd iimo \EﬁﬁﬂowaﬁflﬂdTlalsl’wisle&daﬁyd Wlt&&fhylacetate
chromat ography (eluted with ethyl acet e/ hexanes yield

5- Br on®2¢ ethﬁlaﬁwtﬂéamW%mhedlw%wla%&rwﬂ YL )haét)w& PRagyeSiEm sulfatg filtered,
(27%ng

5 B one LR R P lpclle SEPRERY o9 ol sl SRR (Bulty withcthlaseiqhesanesite, o
one 10yicld S-Bromo 1-methyl-3- (1 methyl—lH—pyrazol—fi ylamino)- 1H pyr1d1n—2 -one (271mg,
5- Bromp- | - et - - r phol i ner 4- car bonyl) - pyri di n- 2-yl am no] - 1H-pyridin
-2-0n28€§7 PE%%ﬂﬁiﬁﬁﬁggﬁgéﬁﬂ%E§o|ved in 30nL THE. Borane THF conpl ex
(2.5g, 29mmvol) was added. After stirring for 18 hours, this was
concengkainle 6:N ¥Aréto-Hohath9l-3\B5m n-4T§!nset¥\? yxﬁilhmyﬁnfi@é) pme hour .

a

This was concentrated in vacuo and purified by sh chromat ography to

yield 5- 15 pyridin-2-one

br ono- I-nethyl 3- (5 nDrpholln 4-yl met hyl - pyri di n-2-yl am no) - 1H pyri di n-2-0
ne (500ny, MS (ESI) 381.0 (MrH)+. Exanple 7:

(6- Chloro- -y ) - (4- et hyl - pi perazi n-1-y1) - net hanone To a sol ution
of 6-ch acid (3.00g, 19.0mml) in 30n. DVF was added

(benzot -1- yI tripyrrolidi nophosphoni um hexaf | uor ophosphat e
(10.9q, © 9nnDI) met hyl - 20 pi perazine (2.30g, 22.1mol) and

triMﬁhyIarnlne (2”189, 21.5nrnol) After stirring for 18 hours, this was
partitioned between ethyl acetate and ter.. The eth%lacet

SRR b St Sl R s e S AT Y ST T el

by fl I
(b o 5 g A AR il I, P TR R GG R P, At

9. 33mmstiring for 18 hours, this was concentrated in vacuo. Fthanol was added. This was refluxed for
one hour. This was concentrated irn vacuo and purified by flash chromatography to yield 5-
15 bromo-1-methyl-3-(5-morpholin-4-ylmethyl-pyridin-2-ylamino)-1H-pyridin-2-one (500mg,
| 1.32mmol). MS (ESI) 381.0 (M+H)". '

Example 7:  (6-Chlore-pyridin-3-yl)-(4-methyl-piperazin-1-yl)-methanone

To a solation 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 (2.18g, 21.5mmol). After stirring for 18 hours,
this was partitioned between ethyl acetate and water. The cthylacetate layer was dried over
anhydrous sodium sulfate, concentrated in vacuo, and purified by flash chromatography (elution
with 3% methanol/DCM) to yield (6-Chloro-pyridin-3-yl)-(4-methyl-piperazin-1-yl)-methanone
{2.50g, 9.33mmol).



-50- Exanple 8:

5- Brono-| - net hy1- 345- (4- net hyl - pi per azi ne- 1- car bonyl) - pyri di n-2- 3/ 1-

am nol -1 H pyridin-2-one To a solution of
(6-ch|oro-pyridin-3-y1)-(4-nethy|-pipeggzin-I-yO-nethanone (2.00qg, 7.46
rnmol) 5 (Exanple 7) in 10 nL DVMF was added

3-am no- 5-brono- 1- net hyl- 1Hpyri di n-2-one (1.80g, 8 95mmpl ) and_sodi um
hydi r i BrampnpR &1y, 5-Browarbmethyfd-i-(&methylmjpergzinggl-pyioaymyridigedyyuenched
with water. This . l,wit.h ethylacetate. The ethyl acetate | ayer
was dried over aﬁ%@%ﬂgégﬁgggﬁﬁ%ﬁgﬁlfate, concentrated in vacuo, and
purified by flash chromat ography (gradient elution O to 5% net hanol / DCM
to yield 5-prono-1-net hyl-345- (4-net hyl - pi perazi ne- 10

1- car bo yridin-2-yl am no] - 1H pyri di n-2- one (900ngy, 1.94movl). M
(ESI') 406, M-H) +. Exanpl e 9:

-2- &t hyl - phenyl ) - 3- (3-di et hyl am no- phenyl am no) -acrytic acid
r (3-Brono-2-nethyl -phenyl)-acetic acid benzyl ester (421ng,

1.32 |) lwas dissolved in ethyl 15 formate (2.5nE, 3 I mol) Sodi um
hydri de 67ng, 2.6mmol) was added. After stirring for 30 mn, this
was que. wth 1M agq. HCL. This was partitioned between ethyl acetate
and water. e ethyl acetate |ayer was washed with water, washed with

brine, drieéd Over anhydrous magnesium sul fate, and concentrated in vacuo
A portion of this material and N, N-di net hyl - benzene- 1, 3-di am

0. 70mBb)a sabrtion2d (@phlpmenyxiiqliny?a—zb{fiﬁqﬁbhl’imlpffré%inﬂ ssfl)rawﬂs@noq%{%onqesaé Mol
crut: of i 266, DG IME P RET il SPR00P AU PR SNAE R

E %;1 pb%ﬁﬁ%gﬁadﬁdiﬁhﬁg%a%agf?) (eﬁjﬁll_ngﬁi}mgxﬁanm&iiig farcliSchomtshyHis @8t er

, 0. mol ) . ) / +. anmpl : .
6- Ch F‘Sﬂaeww WaRIHIE. i aeexdrasteg vt @Pﬁlﬁfﬁ?tgg ﬁ? ﬁ&yk‘??%feg}?y% §a38r ol )
was di %%@J 28 faols SFRARRhIEG e %@ﬂlt@atédlﬂqfa%, A FuBHRER BfshahrokRAEkety

overni ght I'n"pressure vessel. Then the ethanol "was evaporated under =
r educedgpdiesiseiniorethth 5% makehqnol/DXGNYtobyickli 3-bromogkinettd G- bo@-metbn)y pip¢ragine-

chronat ogr aphy usij ng, Ef OAc/ ane. (6.4) t ffaqrd. the, titl 0 4 g,
R A RS e R BT S R R TS
sol ution of 6-chloro-pyridazin-3-ylamne (4 g, 31 nmmol) (Exanmple 10) in
et han@lyaGfifle 51) 2-(3-Bromo-2-methyl-phenyl)-3-(3-dimethylamino-phenylamino)-acrylic acid

ethyl ester

(3-Bromo-2-methyl-phenyl)-acetic acid benzyl ester (421mg, 1.32mmol) was dissolved m 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 cthyl 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 (96mg, 0.70mmol) were
20  stirred in ImL ethano! for 18 hours. This was concentrated in vacuo and purified by flash

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



10 was added NaHCO3 (5.2 g, 62 nmmol). The reaction m xture was stirred for
30 mn at RT then Br2 (4.9 g, 31 mmp |) was added drop wi se. Then the
resulting reaction mxture was stirred additionally for 16 h at RT. After
conpl etion of reaction, the reaction nass concentrat ed under reduced
pressure, crude purlfled by silica ger klOO 200 mesh) chromat ography u5|ng
Et OAc/ Hexane é8: 2) to afford 4-brono-6-chl oro-pyridazi n-3-yl am ne év%

36% aph@yﬁoi 3d¢n®51y®¢awp+;élem21anm03m@mw@cmtbyl@smlgﬁ>4mgdaﬁﬂwnslo&)n Yo a
cool ed gbéﬁqgn%TEC) of NaNO2 (1 g, 13.20 nmmol) in conc. FI2SO4 (15 nl)
was ad - )6-chloro-pyridazin-3-y|anine (2.3 g, 11 mmol ) (Exanple
11) in 50 mM. of acetic acid. Then the reaction mxture was stirred for |h
at ZOCI&QMERWﬂH B CHaoeh- pyadagh-3Ahaing 75 ml) and stirring continued for 5
h at RT. The reaction m xture extracted w th EtOAc, dried over Na2Sa4, 20

concen rate under. . reduced pressure, and u ur 5|I|
(100- 266 Emo—emwc@%%y KRR ) Pg’fﬁﬁéetb ot GO0 ‘gﬁ)eafidl tle

comgou Hgdtédzatzl 369C B2 o m??ﬁ in_éf'elsilf?%&@e}s @héHihe BURTDY \?*aslé%raporated under reduced
4- Br ono- 6- chl or o- 2- net dazi ne- 3-one

4- Br onpre@such gt @u@-plpyﬁtﬂddfafz&lhcag@ (i3 06‘30(1)@9811) mS@thmt%ﬁ(pﬂx appke 12) was
di | b 76 |
0 2! 0,35 B B S E oL A g, 2 o), v,

over 20 mn. The reaction m xture was stlrred 3 hours at RT. The
preci pika mgkwﬁﬁ kiR roaice6 chfdrogndidueiic8iamined and the resulting residue
e

was treat with 20 M DCM The insoluble material was filtered off again
and washed with The filtrate was 5 con trateq in vacuo ield
4- br omB2&-PHItigRS S %rﬁw@ﬂzlﬁ?vﬁa@ﬂ% %%é '5?5%1 eq%msﬂ?e 13&%@%

( ES{IO) o4t a@de@%dﬁ(ﬁ) | @2 ﬁﬁlnol) The reaction mmture was stirred for 30 min at RT then
| or o- 2- net hy1- 4- (i- et hyl - TH pyr azol - 3-yl am no) - 211- pyri dazi n- 3- one ||

CI 5 1Bk/b(t4’fﬁ/g -3ﬂmm9k)mladee@dnome~m®@$tenﬁle resudtimgnshytioarixdies s vaded n 40 m

& br onBIEHTBAS 2 bl k= Dby TibdiY SecuRy: 5 rgor RSP ERGrs uige! 'Y

added anghcédrefing, 'éﬁﬁie\{s@ﬁﬁéﬂlbﬁrrsﬂﬁafg@lr(laoiloclh’ﬁesﬂ}clﬁ?émat@@iaphﬁ at ure The
reaction m xture was transfered into an 150 m Erl enneyer fl as

aci di f EgaAgfHepane8i)Ito pifprdatyliecsus OtoipT odpTidiaie I SRE 643 & %%)taﬁééf’% Wi th

a saturated sodium 10 bi carbonate solution until the pH reached about 8.

It Mas h{q@i 2d 4t —\S“icthﬂ;l I terpé,gﬂ foanM the organi c phase was

driéd w I'umsulfate concentrat ed in vacuo to give 1.5
g of a Ilght orange solid. This crude naterlaL was triturated with a
m xt ur é?ocafcoB@ﬂlsahnﬁohé&éﬁ@) ofiNaNOw shenki. Uhmmad) ificbae k80 {15 mhiwahadded 4-

6 ohl obB R ebyp SR yriedd oy 4 amiad YEERTRO) BiBh ofiasth 25done 15
(967 ”Q"heﬁt@%eﬂﬂ%h)nu%ré ot k400 1h W d B aoRE& by 2ddition of water (75 mi.) and

4- Brono- 2- (2-brorno-et hyl)-benzenesul fonyl chloride Chlorosulfonic acid
(17 ml)ptisnes cautimtdcfabfams &1t d'he rescdompmdipz- erzsfremd MthﬁtpA@edrz@rmfe( HagpOa1 9

d | 3h
20y Sbnsegirpd Sl PR RRs < Bl bplied SLil SRR RS i
rret hyl %ﬁ@rﬁd%d@aptﬁms@rﬂomﬂéml(@em&ﬁmﬂ danitde domyR¥usd \(\mg eyapaesat ed

under reduced pressure to give 4.3 g of crude 4-Dbrono-2-(2-
br ono- eehgvishpelizenesul f onyl chl ori de which was used directly for next
reaction. Ms (ESI) 342.9 (MCl-FOH)-. Exanple 16:

5-13- (Grh368 Efg:a 1113gdn%<% - dndr i-waﬁﬂ:ﬁ%-%ﬁfhéﬁm*aﬁm& Eel

[1,2]thiazi™n
(tert-butyl-di rret hyl - si | anyl oxymet hyl ') - pheny1] - 3-[ 5- (nor phol i ne- 4- car b250n
y1) - py di-Bramec263chmne-B6}pyiidbzpy3-odé (60209 38.97 mmol) (Example 12) was dissolved in 40

25 mlDMF. 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 stured 3 hours at RT.
The precipitate was filtered off and concentrated and the resulting residue was treated with 20 mi

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



-53- (2-brono-ethyft-benzenesul fonyl chloride (0.4 g, 1.08 mml) (Exanple
15) and DIPEA (1 nmL) in dichloroethane (10 nm.) was m crowaved at 120C for
30 min, then added 4-brono-2-(2- brono-ethyff-benzenesul fonyl chloride
(0.4 g, 1.08 mmol ) and DI PEA (1 mL) angd, m crowaved at 120C for 30 mn.
After repeating this process three tings, the m xture was concentrated to

5 afford a dark residue. Purification by silica gel chromat o?raﬁ)hy

(et hy¢oernentm¢cbnux@emca@eﬂ@dé)brampo@a@er 2qmethylotti-pyridazine-3-one {5.223 ¢, 23.37
5-13-(6-B di hydr o- 1H 126- benzo[e][1, 2]t hi azi n-2-y1)- 2-
(tert- R %@‘ﬂ? s?ﬁ\ﬁ | oxynet hyl ) - phenyl ] - 345- ( nor phol i ne- 4- car bony! )
-pyridin-2- ylam no] 1H pyridin-2-one as a pale solid M5 (ESI) 796.2 (M +
H) +. ERsampk 17: 6E[iBd6-Bnesthyll4-{1-diethpl- Bipydidvy-drainise) 2H5-pysdagneg-one

[ 1, 21t hi azi n-2-y1) - 2-

10hydr oxynet hyl - phenyl 1- 1- met hy1- 3- [ 5- (nor phol i ne- 4- ear bonyl ) - pyri di n- 2-

yl am nol - 1H-pyriffi n- 2-one (1V-1) The m xture of

543-(6- [«ox0- 3, 4-di hydro- 1H 1X6-benzo[e] [ 1, 2] t hi azi n-2-y1)-2-(te
rt butylgc;ﬁ@ hi! - sf | anyl oxymet hyl ) - phenyl ] - 345- (nor phol i ne- 4- car bonyfi - pyr
i di n-2- ket no "M pyridin-2-one (0.05 g, 0.06 nmol), conc. HO (1 nm) in
~met hanolf (10 nL)iwas stirred rt for 15 30 mn. The m xture vvas neutral i zed
with solid Na2C8 and concentrate to afford. a |f|cat|on

by il ﬂé‘éﬁ@@lrlféwa’%%@%@ b g By R ST e&d%f‘@ﬁ‘t—! ipe b1 g
of i n hyl-2H-

5-P-( 6 01?%9X d (ldly%?’ 0- 1%92 r%??}?/g{rag aciﬁdlgigllggnbzrgr[ngﬁ ?Lhkg]otzhlmae;l n- ) 2-yl)-2-(te
rt- but pyxd:ﬂamteh?ybns(ﬂ Ayl 6k;rmlhw$ acbitrémylglihelmn@trhy@s sumed fas Sgwers #He- 4- carb
?R/lyi %m‘og I gte%pg Vg %gé reac’u rmx ure ‘.zvasotg.‘]aens?ereda mio nelfﬁ)orm Erl@@néﬁ?h&k% 0

(4- ter beiBiledhyidr T8 5l 9-NPRGRROuS hiBYAIbrit b iEL R thenSkdagxlewilloa saturated sodium
trifluoro-nethanesul fonic acid 4-tert-butyl-2-nitro-phenyl est %(bmi?él g,

11. 1®5rrhmhn)bonenecsh1u@pnbn§1(th¢ pHH’é@ﬂh% Hb%‘ﬁrﬁ He‘ﬁfaqxrréﬂ?@mlpﬁ with gy ]
dj.d
(1726 P o B Faf SaTT oI sVERLRRe, Gl T chncau g VOIS

resul tighg 1% gblﬂaelgheﬁraﬁ@%toad 'Hl!ns Qﬂﬁeumimalmsamm@wnbazﬁxwfre of PCdband f or
15 mn. This was partition dbet en ethlace te and

et hyl aé@%@eeTheaWIg@WWs f}?f;rn‘{l)fﬁi‘erfé’f uliipg é@“ @‘?W \Aﬁ‘ﬁi{ Eﬁgofl
concentpah e ﬂemacicgﬁw@memyi '4f<}qqeﬂay1.ihwhg%a 8)- 2@y ritaki-ebet | ON

W th tert-butyl-2-hnitro-phenylet hynyfitrirnethyl-silane

(3. H93¢96TLthg A4 Adnanhol). MESAESDRAN eV1H) '
4-tert-Butyl-1-ethynyl-2-nitro-benzene

(4-tert-Butyl-2-nitro-phenyl et h TNt - §i (3.167g, 11.51mmol)
(ExanpltEéai'g;ieéﬁd Jﬁ%l%@?' 'W&Fﬂ%ﬁ%pg ﬁ?zﬁé&n*@ﬁﬁbm were stirred in
75mL net hanol for 20 mn The resulting m xture was partitioned between

et hyl agafigloSuifite ¥84 €17 mIneuehdiddatepaise td ay)ﬁfma«a-szfmrmﬁhﬂdrl)«bdnhermr(ﬁ@,
dried over anhydrous MySO4, concentrated _in vacuo, 8 g’c@l fie fl ash
adflipnaiceh gtrh/

chr ormat!§graphyat (7€ h Lhe aentarewas stigied at Qi¢ prd hithengy, PREESt o
y|eld4tet U Expanmpl e
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was di ssolved in 10 20ni, carban tetr Iorvg B,re% acetonltrll Egﬂd 40mL
wat er . bPempEEd)- h%nzenqsgifewghioa@eg@ Py usrA dirsefleigr pott |1‘6%8811b13/} h\
ruthem ?( H)Lq_pb ide hydrate (85ng, 0.41mmol). After stirring of 90 mn,
the resulti g re was diluted with water and extracted with three
portions of DCM The conbined DCM | ayers were dri ed over anhydrous MySO4,
and corgenhplatiéd 3-{B-gaBuombd,l+diise-34-dydrotiHAIA@brizol ol belthwzin-Zohd-

(1.924g, 86. 19m(t%rt_b“tyl_d,methyl-sllanyloxymethy])—phenyl] 3-[5-(morpholine-4-carb-

25 onyl)-pyridin-2-ylamino]-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- "~



15 Exanpl e 21: 2-Am no-4-tert-butyl-benzoic acid
4-tert-Butyl-2-nitro-benzoic acid (199ng, 8.91mmvol) (Exanple 20), and 10%
pal | adi um on carbon (40ngy) were stirred in 6nL ethanol under an atnosphere
of hydrogen for 3 hours. The resulting mxture was filtered and
concentrated in vacuo to yield 2-anino”3=tert-butyl-benzoic acid (177ny,
0.916mmol ). 20 Exanple 22:

7- t er t {Bbtopho-8thyD-twetcngsulBnglcorides Ot ey hitg iy (E @il Dxatd BIBEAMd 2ak)1) -
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( 100ng at PH°0. fan Afin. After 2encating theneroness thigd denes, The mixsi viskpnaentrataddonas
heat.ed f hOUT- t i i i | ash
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7- t ert afitded 0312g 583-[3L06-Brdrfie4,15dibxé -8t 4-astihy 114128, b2heli| o) abqhabkiarm-2hl) - ph
enyl] - 3Hqui nazol 1 n- 4- one (68m%, 0. 16nmol % M5 (PSI) 419.2 (MHHY. -55-
Exanpl éteptgbutyl-dimethyl-silanyloxymethyl)-pbenyl]-3-[5-(morpholine-4-carbonyl)-pyridin-2-

7-tert- . - et -341- i 4- b ) - i di n2-
{am no g P g R e ST e SN S e B P81 O nazel I one
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5 azin-3-one (56ng, 0.16mmuol), ' _ . ' .
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heny1] - 3H qui nazQk.j,ns.4: e &F;gz_ mpl) (Exanple 22),
‘tetrakis(tri phen%dﬁﬁlgébg?ﬁ%%lga I aglgfj 0) " (19nmg, 0.016mml ), and sodi um
carbonate (52ng, 0.49nanol) in 2nlL 1, 2-di net hoxyet hane and |inL water was
heat ed Tha nikereo£5-P3werbrosyeni leliomeB, 4ad ih§diod H-0k6-ben [ ¢l h2 |tHihmn2edplt(tang

m xture was_ partjtjoned be en ethyl acetate and water. The ethyl acetate
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qui nazdlimethl-ohaylokymdéthyFepbanyli- tmetbybB-[ 5-(morpholine-4-carbonyl)-pyridin-2-
7-tert-butyl-3-(2-nethyl-3-{1-nmethyl- < ol | pe- 4-carbonyl) - pyridin-2
-yl aniy??di’l}{‘%l@g&?yfgg?gioﬂﬁﬁ %PWPPE‘@%?@%&QMJ&%%H qui nazol i n- 4- one
(1 Inmg, 0.018 mmol) (1-3) and sodi um cyanobor ohydride (1.3ng, 0.019mmmol)
in 107l ERLhAee8: Waseadsiad-1-diropithyROhdiVIPHheG-Gldme acid in nmethanol to
bring the pHto 3. After stirring for 45 mn, the resulting m xture was
partitioned between ethylacetate and dil ute aqueous NaHCO3. The )
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was i ltkiffelfld-siliieS3Wase Il 1imégd Wi th a m xture of 100nmL net hanol



-56- and 100nL DCMto yield

(6-am no- pyri di n-3-y1) - nor phol i n-4-yl - met hanone (3.08g, 14.9mmmol). M
(ES') 208.1 (MFH)1. Exanple 26:

6- Chl or 0- 2- et hy1- 445- (nor phol i ne- 4- cagponyl) - pyri di n- 2-yl ami nol - 2Hpyr i daz
in-3-one INCI 1.Th -%? (6-Am no- pyr|d|n 3-y1) - nor phol i n- 4- 3/ 1- met hanone
(2. 921 14 1 25) was s ended in 50n. DMF and cooled to
0C. Solt Mé%ﬁx@ﬂ?peém%& RiroPReRE o | (847my, 21 2mmol) was
added. ThIS was stirred at RT for 30 mn and was cooled to OC. 4, 6-

Di chl o(ptett-Betyhy-bit2ddp Bty diagd yy-BmRyl(siladd 60 167%, QD8 mmlo)) (\mﬁmﬁmw andf t er

2 hours, this was 10630art|t| oned between sat urated aqueous anmoni um

chl or i BetaswCrEAnHER 6 - 886 ZB fnupel) sverersared RyPademathenelfyetd wis trated over
hyd
gﬂ ; )c/)mra?Mg I W&‘%&%ﬁ%ﬂ%@g &&n%ﬁﬁﬁ%&ta@@ nPHhdE ek Q}{ylgée%zﬁg layer was

6-chl o M(asiﬂadm’tﬁlbﬂﬁeérdﬁec( 0wt inbldroes Nﬂg@&hbojmét)tfated in vacuo, and punﬁed by flash

ridin-2-ylamnoj - ridazi.n- 3- S!), 350, 1
F?\//HH) c@g y SRRy w1§1 E’qﬁ: Bhen y’.qg g&fﬁ%@f‘ihﬂhget@ﬁ&ei@es to yleld /-F tert) butyl-1-
3,4, 6- I Lpﬁ@mp%rnh 1@610 34350 8moH87. 5ol ) in 100 nl acetic acid was
heated a reflux for th ours. Thé resulting m xture was cooled to RT
and filtered. The f||trate was diluted with ethylacetate. This was washed
t hr ee Exampledt:h4vertdButyhdsnitig-henzpiccidhe, dried over anhydrous M504,
concentrated in vacuo, and purified by flash chromat ography (30%

et hyl a X _ i - di - 1- DV i i R-
(6. 1430 BRI ARER e bl e bopiy 4 T80 R B b OF B Rn

4f tier t ZMWarHﬂnQafd&MHEﬁxﬂ(&nﬂ acktomtrily, aiﬁtéh}yrli) whienz Beviatic 30d |93532:£g( @(48? Irmrolk)
of 2-am no-2-ne - 1- propano] was we ed into a 500 nL Erlen er as
1 t Codmmpaihvas S4qoH i SRbactimn SRR sty drite Giapees 84 emvalb| AQHerEng
mai nt ag?%’ nf, LhORLM m&ap@ms dRitkd Hag v@en@r ! e'ﬁﬂa&gd With e ga/nv};ﬁé §f bath.
Added 34 nlL (174 mmol) of 4- 5 tert-butyl benz, oyl chloride df opw se over
30 mm DEMhiThe cwlbmleqbi[l(aﬂdafﬂm wetk. drstdlcmeedn}aﬂrm MgtOyiaghtoncRetnatedkd t he

SO|IdSb flltr |on an d wi.th. . ved, the solvent fromthe
fi Itratyg Cg é%“& rIP 8% Pz%f)?%g'zﬁ'%%’égggppﬁ? )}45.79 g of the title
conpound as a light yellow resin. M5 (ES1) 248 (M- H)-. Exanple 29:

2- (4 t gixhndpld ¥1:- phemimo-44ert=-BlitfEbéydoictadid di hydr o- oxazole 10 All of the
4-tert- butyl N-(2- hydroxy 1, 1-di net hyl -et hyl ) - benzam de prepared above

(174 nmmo 1JéExarrp 28) was.charged into nL round bottom fl ask
fitted 4\7% led- mtmblaﬂrnzalﬁacsde@?m ?Eg%ramq?)s@éan s Ot Qv riadladiug oy en

at rmsp S %
oy A A R S A L e
| ni t i atresulthng mieact mmﬁltiﬁfed and @ohdentratil ¥b va@ogolyictl 2-iaedno-WPaerrbdivl-henzblicask
with a h i’ un t ssolve all the solids. Cooled to RT. Poured the
reacti 8H g T&i‘g@n&]ﬁs bhl n streaminto 500 raL of stirred Et20. A white
precipitate formed. Collected the precipitate by filtration and washed
t hoggou h BB o vt 4,4, s&&&ﬂn&ﬁl i i 1a¥ed-er- and
neutogalq%}?e W|th52§/o %g !Extragltp-gd(qt he yel | ow gqﬂggﬂdgg%uﬁon Wl?lt)h 2 X
200 mL Et20. WashphdnylhéBrghinazolctramet s with 200 brine, dried over MySO4,
and renoved the solvent on rotavap to obtain 28.50 g

A solution of 2-amino-4-tert-butyl-benzoic acid (78mg, 0.41mmol) (Example 21) in 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/bexanes) to yield
7-tert-butyl-3-{2-methyl-3-(4,4,5,5-tetramethyl-[ 1,3 ,2}dioxaborolan-2-yl)-phenyli]-3H-
quinazolin-4-one (68mg, 0.16mmol). MS (ESI) 419.2 (M+H)".



20 of the title conpound as a waxy white solid. MS'(ESI) 232 (M + HY.
Exanpl e 30:
5-tert-Butyl-2-(4, 4-di methyl-4,5-di hydro-oxazol -2-y1l)-benzal dehyde An oven
dried 250 nL 3-neck round bottomflask was fitted with a thernometer, stir
bar, septum and nitrogen inlet. Added5%.02 g (34.7 mmol) of
2-(4-tert-butyl -phenyO-4, 4-di net hyl-4, 5- di hydro-oxazol e (Exanple 29).

Est abl Esiwaglecd3d TaeriBuitybs-(RManahpb3fhanethyPe(sdmbophdlineof-caDoa Pyt iokis-
THE. Cool ed the %I?ar.s lution tqQ -78. Stirred raplgéé and added 17 niL
(43, mmol) of a 2231PEgI-Grexenl-6rihydrgrpymidazin-dryli-pherhit-apepmiiect-soer 10
mn. Stirred thegcdear anber solution at -20 for 4 hr. The reaction

m xture becane red-anber and cl oudy. Cooled the m xture to -78. Stirred
rapidly and added 12 nlL of DMF dropwisc at a rate to keep the tenperature
bel ow A@0lutigpiof pedtlage-2-methiybf-| 1 5memhoding i eadbeny)-20idinE-yiarhino - Btimyride  at

RT 1 30.h d with 100 f 0.5 K The..

o AN S L e BA ST TR
was - ~-€0-plh -BH- i ol | D! X 2298 S€s
and ext?ac?ed?tﬁg,aqheous phase mﬁté lg%|nL Etzd“EVas ed ?he coégﬁﬁggﬁ

or gani Bhosphigewalipdipmed 1 e} P Hanmah), and welivy sroroatod2nmg, 0 d8pael) i 2sugh

120 g P,@cﬁf.nle{.hﬁﬁ}mgﬁéne%g 1WaS g@%ﬁ%%’zﬂFd%m& it wive s tﬁgsi%egtag ?fnﬂaglq“glél%ls of

baseline 1nmpurities. Renove sol'vent on rotava
t he titire Tlonesultidg asxtarcleapartieddodchivepmi albylddSt(ER) w260 T ethithcdtanpl e

31: 5-fert-Butyl- 3- -3Hj sob f - 1. 3.66 g .(14.1 mpl) . of
S0 by et AT R OO BT WDl Conckpbst i AaBin e ! o
30) wapy prebaad Tntq1e%A0nIcH.ew)d hRid omd bhask i h&ryIv. t NpRusiist sbar

and reflux 10 condenser. Added 75 nlL of ethanol” and stirred to obtain a

cl ear Eodmholare-4-parbenyl5oyndingt-yBotsddreserd . sdibydioinyrideiink3-8} iphersd)-3k -
reflux f.or 22 hr. ed .t react{Qn g [ A{0 400 nL water. Extracted
t he aq%*8%%5%T£??ﬁ¢§§ﬂﬁﬁhOépgnﬁﬁﬂfﬁ%ﬁkﬁg%ﬁéﬁ{@%ﬁﬁined the organic extracts
and washed with 200 nt. brine. Dried over Na2504 and renoved the sol vent
on r ot Exapple24: e O-tertcuityh B gB-niethybBa {1 anethlyB54)5-4m3rghdlinetearboiiy B-peeideund
as an off-white gsolid, M5 (ES!') 235 (M 15 + H)F. Exanple 32:

6- tler t - But y1- 21/ P14 mel-9,¢%- b osHaydrogpyyigazin-dng}-phenyl)-2,3-dihydro-1H-
5-tert-butyl-3-e YRl ngpfuran-1-one (Exanple 31) was weighed into
a 50 m. round bggﬁéﬁﬁasﬁﬁﬁqtgd with a stir bar and cap. Added 10 m .

(130 mmol ) of hydrazi ne nonohydrate. Added 15 nL of gl acial acetic acid.
St i r r edio atmix800 o bV-¢erirbytyt-3-(Ponstbyl -2 Q1 -tnhyleabtt-(rompho etetd-earboryd) - 2904 2 - of

b cd UREGOH 81 V4eUURTPvgear T D) Bheny s st lra-SRh oncd ALs ol
2 By oMo B (L ar T Bay Lot 11 pht ol a2y T Beneay adhdded ! geonof
(2204 Pafoydreshloriccd] brvetbie iabten gt to 30A§e( Birdae fardl ymipf the resulting
6-tert ﬁl%%%l*\i/%%artitioned between ethylacetate and dilute aqueous NaHCOs. The ethylacetate
layer was washed with bfine, dried over anhydrous MgSQ,, concentrated in vacuo, and purified
by preparative TLC (5%MeOH/CH,C1,) to yield 7-tert-butyl-3-(2-methyl-3-{ 1-methyl-5-[5-
(morpholine-4-carbonyl)-pyridin-2-ylamino }-6-oxo-1,6-dihydro-pyridazin-3-yl1}-phenyl)-2,3-

25  dihydro-1H-quinazolin-4-one (6.5mg, 0.01 lmmol). MS (ESI) 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-
ammopropyl)-N’-ethylcarbodiimide hydrochloride (10.0g, 52.2mmol), 1-hydroxybenzo-
triazole(7.00g, 51.8mumol), and 6-aminonicotinic acid (6.00g, 43.4mmol). Afier stirring for 18

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



25 pht hal azin-1-one (Exanple 32), 6.02 g (18.5 mmol) of cesium carbonate,
179 ng (0.940 mmol ) of coppers) iodide, and 428 ng (1.87 nmol) of

4, 7-di met hoxy- 1, 10- phenant hrol i ne were wei ghed into a 100 nL reaction
flask fitted with a stir bar and septas1cap. Added 50 nL of anhydrous

di oxane. Purged the reaction m xture wh nitrogen for 15 mn. Stirred at
1000 for 18 h. Partitioned the reaction m xture between 200 nL of 10%
MeOH Crudi@0mah dPQddo vild Gfammoviaridin-3 sdpaoaphednphzisasthagnned f 08 actdetmmpb.
aqueou j +100 nth of 10% -59- MeOH CH2Cl2. The conbi ned
organi%ﬂggﬁﬁzgpgﬁa%ggﬁWashed with 200 nL of brine, dried over Na2SO4, and
the solvent was renoved on rotavap. Purified the crude by fl ash

¢ hr onmaExgnmbd 6 :0 6-Shlore2-1gefhyi-¢-| Slhmi-phalide 4 gachotylieptridine -clamjoeir2zHas an
off-white solid. M ESLg.doublet 385, 387 (M+ H'. 5 Exanple 34:
2-(6-tert-Butyl - PYBRSPPrEBRE hal azi n- 2-y1) - 641- et hyl - 545~ ( nor phol i ne- 4-
ear bonyl ) - pyri di n- 2-yl am nol- 6- oxo- 1, 6-di hydro- pyri di n-3-yl}-benzal dehyde
149 ny (0.33% nmol ) of

1- met hy1,345-( nor phol i ne- 4- car bony1) - pyri di n-2-yl am nol -5- (4, 4,5, 5-

. 2- di oxabor ol an-2-y1)-1H pyridin-2-one and 116 ng (0. 301
-6- (6-tert-butyl-1-oxo-1H phthal azi n-2-y1)-benzal dehyde
r&twei ghed into a 4 nb 10 reaction vial fitted with a stir
ptum cap. Added 2.5 nL of di oxane. Added 0.33 niL (0.92 mml) of
h solution of cesiumcarbonate in water. The m xture was

h nitrogen for 10 nm Added 13 ng (0.016 mmol) of

[ 1, P- bi s(di phenyl phosphi no)ferrocene] pal |l adiun(l1) chloride 1:1 conpl ex
W th Them xture was sparged with nitrogen for 5 mn. Sealed the vial
with a%apfandJstirred at 95 for 90 min. Cooled the reaction 15 to RT
diluted wt triL CH2C12 and dried over Na2SO4. Filtered through a 0.45
p, M3syringe filter and renmoved the solvent on rotavap. Purified the crude

by flash ,chronatagr on.si.li.c tQ L@t n the . title
comouna A T G 0 mathngl o REbaie 2 STL0 i Inihi lrspitie 4558

6- t er t sBipeiledn(BntTy DMK ¥itRddd¥dd-13-00C - Wetiuy hyibic (0B plpddsRe-id naaerbisly 1) -
pyridin-2-yl am nol - 6- oxo- 1, 6-di hydro-pyridi n-3-yl | -phenyl)-2H pht hal azi n20
1- one (($4{’rag, 21 Smmgl) m@s 2ddagk nldny Wag stirred at RT for 30 min and was cooled to 0°C. 4,6-

2- (6-t gf:Libut y1- XQ1 1al azi )G - 245-, i pe-4-car
bony 1) D b P RS oRE\ F2 g il ot AP RBRly s

( ExabplpartBidhedvasiwyen ghedtddnigoedus 2ehmdninmadilor@ie sulugibn kihd etheliavéthde. Thstir bar
and septum Added 4 nL of CH2Cl2 .and MeOH and stirred to ohtajn_a

cl ear &Hb&CCRET ByFoTas d&&ééﬁ'ﬂﬂﬁwﬂ{wé é@%ﬁﬁe‘m@mﬁ%w %Cf‘?@ﬁlwfigﬁ‘gbﬁﬂéﬂl 10
Mg/ Nt h Rk 2500 EAr@YEYidE 6Lehide Ome@iyl-E [ $Pn@pHBTind -2 cafholl -
Cuenchgd t he @g%%ggon w th SEHEyoehsaturated aaugoug &H4gi. gddéﬁ 5 %ﬂ of
CH2C 2 pyodinkH2 yiaeaiog j-0-pyrideaim-8-aned 732pgs 20%8dmphadés (ESAdhed (MHEDor gani ¢
phase wwth 5 nL brine, dried over Na2504, and renoved the sol vent on
rotava Added..2 toniirile to the residue and i mmersed the vial in
an u|tﬂ%@&ﬂﬂ%QBafﬂ%iﬁﬁﬁ0?52#8&@“8??53ﬁ¥§h nonentarily, then a white 30
precipitate rapidly crystallized out of solution. Added 5 m. Et20 to the
m xture and &ollected -60- the precipitate by filtration. Dried under

i o~pbtain 95 ng of the title conpound as an off-white solid.
M5 (ES1) 6R1 (W + Exanple 36: Bruton's tyrosine kinase (Btk) inhibition

(S a capture of radioactive 33P phosphoryl ated product
thrpugffiltrati okl The 5 interactions of Btk, biotinylated 5H2 peptide

substrate (Src honol ogy), and ATP | ead to phosphoryl ati on of the peptide
subst r &46-BicbidroypyatletnpBdd@et 18s5thoohdn 00 ept @eiidieid sephartod et tefaxr Al |

bound., f.ad, ol abel g9, pfOBUELS, . LSBT LS HT Ma S hEhONe S BNELa witn

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

MgSQs, 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)".



Pl ates assayed are 96-wel | pol ypropylene (Geiner) and 96-well 1.2 gm
hydrophilic PVDF filter plates (MIIlipore). Concentrations reported here
are final assay concentrations: 10- 100 JAM 10 conpounds i n DVBO (Burdi ck
and Jackson), 5-10 nM Btk enzynme (Hi s- B?gged full-length), 30 RM peptide
substrate (Biotin-Aca- AAAEElI YCGEI - NH2), “100 ji M ATP (Sigma), 8 inM

im dazol e (Sigm, pH. 7.2 i nM gl ycer ol phosphate (Sigma), 200 gM EGTA
( Roche EBRmplfoly:i dfsrr-But T\Qﬁ@'ﬁlr?gi'éﬂﬁﬁhmeébylrﬁw epzqmidéng), 0.1 ng/ n
BSA (Sigma), 2 nMDIT (Sigma), 1 gC 33P ATP (Amershan), 20% streptavidin
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3) Pre-incubate reaction mx W|thout substrate (assay buffer, DIT, ATP,

33ROATRYI ¢iMle Mr%-30MI- %ﬁh‘ﬁﬁbi}aﬂ a-digeasy-ebil f hzarlbE préphidd &39&: AR, mmol)
pepti de substrate) 30C tfor 15 mn. -61- To _start assay, pre-incubate 10

pl Bt k (Exprame $Rkwhisbreged (ntgiaffank rownd kastom lask dited prith @sﬂré@mn%mtmp L
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| ate to stop reaction. Wash filter e after in, th follow n
gt eps Htiage )ngas]@dﬁ%:onNgﬁe reaction mixture $o szi-l 1ed. Warmed tg Wasrlc w}% a heat gun to g

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 precipitaie 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,00. Washed the yeliow
extracts with 200 brine, dried over MgSQy, and removed the solvent on rotavap fo obtain 28.50 g

20  of the title compound as a waxy white solid. MS (ESI) 232 (M + H)". -

Example 30: 5-tert-Butyl-2-(4,4-dimethyl-4,5-dihydro-oxazel-2-yi)-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-teri-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 r-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  hr. Stirred at RT for |
30 br. Quenched with 100 ml. of 0.5 M aqueous KHSO4. The agueous phase was still strongly



b. 3 x 250 j.tL Nad containing 1% phosphoric acid c. 1 x 25041120 Dry
plate for 1 h at 65C or overnight at RT Add 50 ill, mcroscint-20 and
count 33P cpmon scintillation counter Cal cul ate percent activity from
raw data in cpm percent activity = le - bkg) / (total activity - bkg)
x 100 Cal cul ate IC50 from percent act| ty, using one-site dose response

si gnoi dal  nodel = A+ 1+ [ O1 = t pd
% act i basiy, Added rn¢rn 1 CB\’H&'EQ:& Umﬂzthpgl&bwagé Bil ‘l)ﬁfll)ﬂ%e)t)s‘%od{i@ S’I%ép conc(éﬁ i ve
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combined organic phases with 200 mL brine and dried over K,CO;, Filtered through 120 g of
silica gel and washed through with 300 mL Et,0 to remove baseline impurities. Removed the

5  solvent on rotavap to obtain 8.18 g of the title compound as a clear yellow liquid. MS (ESI) 260
(M + HY". '

Example 31: 5-tert-Butyl-3-ethoxy-3H-isobenzofuran-1-one

3.66 g (14.1 mmol) of 5-tert-Butyl-2-(4,4-dimethyl-4,5-dihydro-oxazol-2-yl)-benzaldehyde
 (Example 30) was weighed into a 200 mL round bottom flask fitted with a stir bar and reflux
10 condenser. Added 75 mL of ethanol and stirred to obtain a clear solution. Added 50 mL of 50%
aqueous sulfuric acid. Stirred at reflux for 22 hr. Poured the reaction mixture into 400 mL water.
Extracted the aqueous mixture with 2 x 200 mL CH;Cl,. Combined the organic extracts and
washed with 200 mL brine. Dried over Na;SOy and removed the solvent on rotavap. Dried
under high vacuum to obtain 2.9 g of the title compound as an off-white solid. MS (ESI} 235 (M
15 +H)"

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

2.9 g (12 mmol) of 5-tert-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-oxo-LH-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 cesiu;n carbonate, 179 mg (0.940 mmol)
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 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/CHyCL and 200 mL of

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



I nhibition of B-cell Activation - B cell FLIPR assay in Ranos cells

I nhibition of B-cell activation by conpounds of the present invention is
denonstrated by deteim ning the effect of the test compounds on anti-IgM
stinmulated B cell responses. 30 The B cell FLIPR assay is a cell based
functional, method of determ ning the -&1f ect of potential inhibitors of
the intracel lular calciumincrease fromstinulation by an anti-I|gM
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control and statistic exporting software. The |1 C50 was determ ned using a
non20 30 |inear curete @4) G aphPad Prism software). -63- Exanple 38:
Mouse In Vivo Coll agen-induced arthritis (nCIA) On day O mce are injected

s 1, 5336, 0120 Bufpll A ENRUFLoPS SR Sk 1 RS0t i
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days. EUI()E w%rs] %%Egh%ﬁi 11?[1’) tath(}l élisrez{camsl ¥71n? %r g(ril wz ?1 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 mL (0.29 mmol)

25 ofa freshly prepared 10 mg/mlL solution of sodium borohydride in MeOH. Stirred at RT for 3 hr.

Quenched the reaction with 5 rﬂL of saturated aqueous NH4Cl. Added 5 mL of CH,Cl, to the
reaction mixture and separated phases. Washed the organic phase with 5 mL brine, dried over
Na,SQ4, and removed the solvent on rotavap. Added 2 mL acetonitrile to the residue and

immersed the vial in an ultrasonic bath. The residue dissolved momentarily, then a white

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



5 (boosted) by system c adm nistration of collagen in Inconplete Freund's
adjuvant (WA, i.d.) at day 21. Aninmals are exam ned daily after day 20 for
any onset of mld arthritis (score of 1 or 2; see score description bel ow)
which is the signal to boost. Follow ng _boost, mce are scored and dosed
wi th candi date therapeutic agents for fre prescribed time ( typically 2-3
weeks) and dosing frequency, daily (Q) or twce-daily (BID). 10 Exanple
39: Rathelprcoipitate gl)ﬁlteag!enrli)ndciuue@r &rghhvacuinm 0 oblaix) 9in1gdef>th®tltier eotrepoainé as

i nj ect ed Type Il Collagen in Inconplete
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and pl &meare collected fromall animals for serol ogy and

ICsy determinations are calculated from 10 data points per corpound utilizing data produced
from a standard 96-well platc assay template. One control compound and seven unknown
inhibitors were tested on each plate and each plate was run twice. Typically, compounds were
20  diluted in half-log starting at 100 uM and ending at 3 nM. The contro} compound was _
staurosporine. Background was counted 1n 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 ¢
b.) reconstitute the beads with PBS and EDTA to produce a 20% bead slurry
3)  Pre-incubate reactjon 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.



PK, respectively. A tracheal carnmula is inserted and the lungs are | avaged
3Xwith PBS. The 10 BAL fluid is analyzed for total |eukocyte nunber and
differential |eukocyte counts. Total |eukocyte nunber in an aliquot of the
cells (20-100 nl) is determ ned by Coulter Counter. For differenti al

| eukocyte counts, 50-200 pi of the sanpl'e is centrifuged in a Cytospin and
the slide stai ned with Diff-Quik. The proportions of rnonocytes,

eosi nofhi | g0 SF%UQ%%ETGI'@CW ﬂ9/#brﬁikyﬂégzmcebttfﬁmﬁmedlan@ﬂﬂ;i@lycmogﬁtphosphate
m cr oscopy hoI 0 crl |a and expressed as a 15
per cent ageﬁé@ﬁﬁggéﬁ?ﬁ g?‘; show decreased tot al
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conpared to control |evels. Exanple 42: Pharmaceutical conpositions
Conposit i omndubateG0alL. tathirassihg riatoodD fily) atl 3GCedi ent % wt . /wt. Active

i ngredi_ent _20. g; o Lact ose 79. 5% nesi um stearate 0.5% The ingredients
are i Yod Ampsir Petsiasyate ég cad shpntmifiienplatefe $oPIOTELivg- each: one 20

capsul g %ﬂh%ﬁ% Pngreg?grﬁlﬂ’t kh\?\l@@%\,\g&%g e. Conposition for o al

Adm ni stration ctive ingredient 20.0%
Magnesi um st 2ardate@lN&% Crosscar nel | ose sodi um

b. 3 x 250 pl. NaCl containing 1% phosphoric acid
¢. 1 x 250 uL H,O
10 9) Dryplate for 1 h at 65°C or overnight at RT
10y Add 50 L microscint-20 and count **P ¢pm on scintillation counter.
Calculate percent activity from raw data in cpm
percent activity = {(sample — bkg) / (total activity — bkg) x 100
Calculate ICso from percent activity, using one-site dose response sigmoidal model
15 y=A+(B-A)/(1+((x/CPN))
x = compd conc, y = % activity, A = min, B = max, C = I1Cse, D =1 (hill slope)

Representative results are in Table II below:

TABLE iIL
Btk inhibition
Compound
ICso (nM)
20  Example 37:
1-1 0.112
1111 0.022
I1-3 0.018
1I-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.

30 The B cell FLIPR assay 1s a cell based functional method of determining the effect of potential
inhibitors of the intracellular calcium increasc from stimulation by an anti-IgM antibody. Ramos

celis (human Burkitt’s lymphoma cell Iine. ATCC-No. CRL-~1596) were cultivated in Growth



2.0% Lactose 76.5% -65- PVP (polyvinyl pyrrolidine)l. 0% The ingredients
are conbi ned and granul ated using a solvent such as nethanol. The
formulation is then dried and fornmed into tablets (containing about 20 ng
of active conpound) w th an appropriate, tablet machine. Conposition for
Oral Adm nistration (C) Ingredient %W Zywt. Active conpound 1.0 g
Furnaric acid O. Sodium chloride 2.0 Met hyl paraben 0. 15 Pr opyl
par abeMe((jlao@e@:r@@gﬂ wi-donosdpgyapior to assay, Ramos cells were resuspended in fresh growth

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 1 x 10°/mL] in growth media
supplemented with 1 pM 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% CO,) 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° celis/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 pM 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 pg/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 excitation).

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), 11mM 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 DMSQ) 1s 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 fouowmg dilution scheme: vehicle, 1.00 x 10 M, 1.00 x 107, 3.16 x 10°, 1.00 x 10°,3.16 x 107
7,1.00x107,3.16 x 10*.

Intracellular increases in calcium were reporited using a max — min statistic (subtracting the
resting baseline from the peak caused by addition of the stimulatory antibody using 2 Molecular
Devices FLIPR control and statistic exporting software. The 1Cs¢ was determined using a non-

30  linear curve fit (GraphPad Prism software).



25.5 g Sorbitol (70% solution) 12.85 g Veegum K (Vanderbilt Co.) 1.0 g
Flavoring 0.035 mM Colorings 0.5 ng Distilled water gq.s. to 100 Ml 5 The
i ngredients are xed to forma suspension for oral admnistration.
Parenteral Forrmulation (D) Ingredient "Aw./w. Active ingredient 0.25 g
Sodi um Chl oride gs to nake isotonic vaPér for injection to 100 m

Example 38: Meuse In Vivo 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). Pollo{ving 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 description 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 (JFA) 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 fashion starting at the time of secondary challenge and for the prescribed time

( typically 2—3 weeks) and dosing ﬁ‘equéncy, daily (QD) or twice-daily (BID).
Example 40: Evaiuation of Arthritis:

20  In both models (Examples 38 and 39), developing inflammation of the paws and limb joints is
quantified using a 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= swelling 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



The active .ngredient is dissolved in a portion of the water for
I njection. A sufficient quantity of sodiumchloride is then added with
stirring to nake the solution isotonic. The solution is nade up to weight
with the remai nder of the water for injection, filtered through a 0.2
m cron 10 nenbrane filter and packaged6ﬂnder sterile conditions.
Suppositoryornt()dation E Ingredient %w./w. Active ingredient 1.0%
Pol yet toptlemeusy iy oblaintd®9 addingdhe fo6scoPes githbiddéviduad ipyees) gidifge n2kimem The
I ngr ediS (prte%f%e 1rmal.te together and m xed on a steam bath, and poured into
nol ds contai ni RS FBY%Y total wei ght. Topical Formulation (F) Ingredients
granms Active conpound 0.2-2 Span 60

Example 41: Rat In Vive Asthma Model

Male Brown-Norway rats are sensitized 1.p. with 100 ng of OA (ovalbumin) in 0.2 ml alum once
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 aerosoi 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 1s analyzed for total leukocyte number and differential leukocyte counts. Total
leukocyte number in an aliquot of the cells (20-100 pl) is détermined by Coulter Counter. For
differential Ieukocﬁe counts, 50-200 pl of the sample is centrifuged in a Cytospin and the slide
stained with Diff-Quik. The proportions of monocytes, eosinophils, neutrophils and lymphocytes
are counted uﬁder 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 challenged 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 mgredients 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 Yo wt./wt,
Active ingredient 20.0%
Magnesium stearate 0.5%
Crosscarmellose sodjum 2.0%
Lactose 70.5%
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Ingredient % wt./wt,
Active compound 10g
Fumaric acid 05g
Sodium chloride 20g
Methyl paraben 0.15g
Propyl paraben 005¢g
Granulated sugar 255¢g
Sorbitol (70% solution) 1285¢
Veegum K (Vanderbilt Co.) 10g
Flavoring 0.035 ml
Colorings 0.5 mg
Distilied water q.8. to 100 ml

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

Parenteral Formulation (D)

% wt./wt.

025¢g

Ingredient

Active ingredient

Sodium Chloride

s to make isotonic

106 ml

Water for injection to

The active mgredient 18 dissolved m 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 membrane filter and packaged under sterile conditions.

Suppository Formulation (E)

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




Claims 1. A conpound according to Formula I,

-67-- 1, H or IV
wherein: is H -R, -RI-R2---R3, -RI-R3, or -R2-R3; wherein Rl is aryl,
het eroaryl, cycloal kyl, or heterocycloal kyl, and is optionally substituted
with Rr; wherein Flr is |ower alkyl, éﬁgr oxy, | ower hydroxyal kyl, | ower
al koxy, hal ogen 10nitro, am no, cycl oal kyl, heterocycl oal kyl, cyano, or
| ower hal oal k : P’)IQ-(‘!—-Q\ -(‘!ﬂ\ﬂ -(‘(—n\NLDQ',, {PIZIZ)q,
-8(---0)2; whe ﬁ’@lmﬂwenr:gmoéﬁ 00Qver a@‘i‘é\ﬁl and g is 1, 2, jor 3; R3is H
or R4; | |, aryl,
aryl al E%?nggﬁienlts arg Fndtﬁ&\?dc% oar )&Pd ol {éﬁ %bett6 %%r%)%trh i/?mﬁ%e‘{}gé ]glgdr)ybi%l kyl, -
cycl oabdxmhmmglwgtayl@{r@gﬂnkyl 15cyc| oal kyl al kyl, heterocycl oal kyl, al kyl
het er ocycl oal kyl , or heterocycloalkyl al kyl, and is optionally substi t ut ed
with one or nore | o al kyl , hydroxy, oxo, |ower hydroxyal kyl, | ower
al koxyW@, am no, cyano, |ower alkylsulfonyl, or |ower-"
hal oal kyl ; X iIrq . GiHdgady  -68- Y 1S HuQns! OVer al Kyl; y2 1]s y2" or Y2b;
wherein Y2d i 9 or _hal ogen: and Y2b 1S lower alkyl, optionally
substituted wiltActisneompourst e Y2b'; and0.32b' is hydr oxy, |ower alkoxy, or
hal ogen; each P¥2—is—i ..U\,P\,..m,..tly Y2—g-or Y2y I s hal ogen;
and Yrb is | ovxgi’a’épﬁyl optionally z :

Tween 60 2

Mineral oil 5

| Petrolatum 10

Methyl paraben 0.15

Propyl paraben 0.05

BHA (butylated hydroxy 0.01

anisole)

Water q.s. 1006

5 The foregoing invention has been described in some detail by way of illustration and example,
for purposes of clarity and understanding. Tt 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 incorporated 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



5substituted with one or nore Yry; wherein Y2'b' is hydroxy, |ower alkoxy,
or halogen; nis 0, 1, 2, or 3; Y3 is H halogen, or |ower alkyl, wherein

| ower al kyl is optionally substituted with one or nore substituents

sel ected fromthe group consisting of /droxy, |ower allcoxy, am no, and
hal ogen; 10 mis O or 1; y4 is y4a, y4b, yde, y4d; wherein y4a is H or

hal ogen; ydb is Iomer al kyl, optionally substituted wth one or nore
substituents selected fromthe group consisting of |ower hal oal kyl,

hal ogen, hydroxy, am no, cyano, and | qQwer al kl50xy; y4" is |ower

cycl oal kyl , optlonally substituted wtfhhe or nore substituents sel ected

fromthe, group c nS|s f | oner hal oal kyl, hal ogen,

hydr oxy; A&RITRBUD ﬁﬁOV%W%%”g?HﬂﬁﬁfE%ibﬁ&ﬂ¥|s am no, optionally substituted
with one or nore |ower alkyl; 20 or a pharmaceutically acceptable salt
thereof. 2. The conpound according to gdaim1, wherein Y1l is nethyl. 3.
The conpougd cording to claim1, E&her-inYXis CH 4. The conpound

accordi ng-N iA{'1, wherein miR” 0.15 IW%e conmpound according to claim
1, wherein njis 25 6. The conpound agg@rdlng to claim1, wherein Y2 is

met hyl or &hethyl 7. The conpound according to claim1l, wherein Y4
i s hal ogen, all (yl; or a group Y5 y¥ormula (a) *-11 wherein Y5 is
H, haloiﬁpﬂ , or |OW%W2|- yl Q@ or a group of -69-
N
Vo [ v
M . (I

5 (In)

wherein:
R isH, R',-R'-RZR’ -R'-R’ or —R*R* wherein
R' s aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally substituted with
RY; wherein R'" is lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, halogen,
10 nitro, amino, cycloalkyl, heterocycloalkyl, cyano, or lower haloalkyl;
R” s —C(=0), -C(=0)O, -C(=0)N(R*), <(CHy),, or ~S(=0)y; wherein R* is H or lower
alkyl; and qis 1, 2, or 3;
R® is H or R'; wherein R” is lower alkyl, lower alkoxy, lower heteroalkyl, aryl, arylalkyl,
alkylaryl, hetcroaryl, alkyl heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl cycloalkyl,
15 .cycloalkyi élkyl, heterocycloalkyl, alkyl heterocycloalkyl, or heterocycloalkyl alkyl,
and 1is optionally substituted with one or more lower alkyl, hydroxy, oxo, lower
hydroxyalkyl, lower alkoxy, halogen, nitro, amino, cyano, lower alkylsulfonyl, or
lower haloalkyl;

X 1sCHorN;



wherein Y5 and Y6 are independently H, |ower alkyl, or |ower haloal kyl; Y5
*N'6 Y wherein Y5 and Y6 are independently H or |ower alkyl; or a

group of foto(d) haloal kyl. wherein Y5 and Y6 are independently H, |ower
alkyl, or lower 5 8. The conpound acc_%g_di ng to claim1, wherein Ris
-R1-R2-R3; wherein R is phenyl or pyridyl; R2is -C(=0); R3is R4; and R4
I's norRhol i or piperazine, optionally substituted with one or nore | ower
al kyl . Q%Sr}ioﬁ%)t“ﬁ%&ﬁ‘fy r treating an inflammatory and/or autoi nune

condi t i8N, isey® or 3™ Wtekdi® Y >0k FPbr hddbied hhd 82 Bs (ildr aB0! dBhaly Qbstituted
conprising adm nistering.to a _patient in need thereof a therdpeulO tically
ef fective abwiae opmort¥ Braednhiibhydrexy.dapeusiliont, oahslogane of clains 1-8.

10. A gey:1e | cal os| 1400 _conpr k3iang the Btk j.4hi bitor cqmpound,. of
any ong'glo Vﬁﬁ%ﬁ'ﬁ%&%ﬁ @%%’ng é(re%l Wiwt(f]ﬁPélziuil IYIseésgit‘al%g%" Wiy ekt %Y?rcaélfﬁggp%onauy
accept abl esutitutal witksad oi mote V1 dvhaemty”” Slhydihs, Wser afkody, R HaR4es: of

formula 1 accordi ngjtto any one of clains 1-8 for the preparation of a
medi cafent Sftrl: #4& X¥reat nent of an inflammatory and/or autoi mmune

condi tiyon. i plisoefNSr hRVENKIORNER I RWR: ARG fgro%tigﬁasl@rgugﬁﬁuted with one or
more substituents selected from the group consisting of hydroxy, lower alkoxy, amino, and
halogen;
10 m isOorl;
v s Y4-a, Y*® Y or Y, wherein

Y*® isHor halogen;

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

15 OXY,; '

Y* s 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;

20  or a pharmaceutically acceptable salt thereof.
2. The compound according to claim 1, wherein Y’ is methyl.
3. The compound according to claim 1, wherein X is CH.
4. The compound according to claim 1, wherein m is 0.
5. The compound according to claim 1, wherein n is 0.
25 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

5

Y
formula (a) *_Q whercin Y is H, halogen, lower alkyl, or lower haloalkyl; or a group of



10

15

- group of formula (d)

-69-
*_eys
6
formula (b) Y" wherein Y* and Y are independently H, lower alkyl, or lower haloalkyl;

<
TN

6
or a group of formula (c) ¥

Z4

Y

wherein Y’ and Y° are independently H or lower alkyl; or a

wherein Y” and Y° are independently H, lower alkyl, or lower
haloalkyl. |

8. The compound according to claim 1, wherein R is ~R'-R’-R?; wherein R' is phenyl or pyridyl;
R”is ~C(=0); R? is R*; and R* is morpholine or piperazing, optionally substituted with one or

more lower alkyl.

9. A method for treating an inflammatory and/or autoimmune condition, e.g. arthritis, or of
inhibiting B-cell proliferation comprising administering to a patient in need thereof a therapeu-

tically effective amount of the Btk inhibitor compound of any one of claims 1-8.

10. 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.

11. The use of a compound of formula I according to any one of claims 1-§ for the preparation of

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

12. The mvention as hereinbefore described.



