WO 2010/000633PCT/EP2009/057707 NOVEL PHENYLPYRAZINONES AS KINASE INHIBITORS
The present invention relates to the use of novel derivatives which inhibit Btk and are useful for the
treatment of auto-immune and inflammatory diseases caused by aberrant B-cell activation. The novel
5-phenyl-|H-B]ﬁazglirq{%%’rslsé derivatives described herein are useful for the HeRERENPET Aithritis. 5 Btk is
a member of the Tec family of tyrosine kinases, and has been shown to be a critical regulator of early
B-cell development and mature B-cell activation and!survival (Khan et at Immunity 1995 3:283;
Ellmeier et al..I. Exp. Med. 2000 192:1611). Mutation of Btk in humans leads to the condition X-linked
agammaglobulinemia (XLA) (reviewed in Rosen et al. New Eng. J. Med. 1.995 333:431 and Lindvall
etal. Immunol. Rev. 2005 283\Z0F HENy$E MTRAZAN OB SAS IKINASD MHIRINDRSed and show impaired
maturation of B-cells, decreased immunoglobulin and peripheral B-cell levels, diminished T-cell
independent immune responses as well as attenuated calcium mobilization following BCR stimulation.
Evidence for a role for Btk in autoimmune and inflammatory diseases has also been provided by
Btk-deficient mouse models. In preclinical murine models of systemic lupus erythemato- 15 sus (SLE),

Btk-deficientmaicgrshanrianker-analioraionofiseaserpraorassion: #haddiien, Bik-dgligient mice
are resistanttt olla en-induged arthritis é%gnsi‘on and Hﬁ_lmdahl Clin, Exp. Immunol. 1993 94:459). A

0
selective Btk TSt HAE HeEH BB BRE AEHER FALSE P APRTGIS B SFM AT model (Pan
eta?., Chemvded. ChlemoR007R:b8-61)pBtkils- st éxpresseddoycdbiis lathar thandatéisibat may be
involved in disgase pracesses. 20 For example, Btk is expressed by mast cells and Btk-deficient bone
marrow derived mast cells demonstrate impaired antigen induced degranulation (lwaki era?. J. Biol.

Chem. 2005 280:40261). 'I_'hifs shjowg Btk could be useful_ to treat gathological mast cells responses
such as aller ;8‘&?18%@ =0T ARS ' By S YRS AR B amt oA R BTk B OfvitsFidcabsent, show
decreased ThEwdphafrotiubtiah fololwimgstimd kation:(Blealeodveti@l .adExpyvivield Rhait 721603, 2003).

Therefore Tl\}ﬁm% fgggjije%g;iﬁﬂﬁlmgp }'igp Jc%%;g O%? SJH%&%@%% ggglr&%%a%%%% r Btk inhibitors.

Also, Btk has been reported to play a role in apo m an _ . . Smith
Immunol. Refuparocrigiadhepdiios Bikuiefstsrwesidhibecmie o) fryigestneReshcértain B-cell

lymphomas andviay kemiasifbeldiain 2t ol .ddExies: 2009,204: 183700 hemaresetrdiselosure
provides g-phenéll-lH-pxer%zin-Z-one deriyatives of Formulae I-V
10 " pafiénts are immunocompromised and show imparred maturation of B-cells, decreased
immunoglobulin and peripheral B-cell levels, diminished T-cell independent immune

responses as well as attenuated calcium mobilization following BCR stimulation.

Evidence for a role for Btk in autoimmune and inflammatory diseases has also been provided
by Bik-deficient mouse models. In preclinical murine models of systemic lupus erythemato-

15 sus (SLE), Btk-deficient mice show marked amelioration of disease progression. n 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 demonstraied dose-depen-
dent efficacy in a mouse arthritis model (Pan e al., Chem. Med Chem. 2007 2:58-61).

Btk is also expressed by cells other than B-cells that may be involved in disease processes.
20 For example, Btk is expresscd by mast cells and Btk-deficient bone marrow derived mast
cells demonstrate impaired antigen induced degranulation (fwaki e 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 XL A patients, in which Btk activity is absent,
show decreased TNF alpha production following stimulation (Horwood et al, J Exp Med
25 197:1603, 2003). Therefore TNF alpha mediated inflammation could be modulated by small

molecular Btk inhibitors. Also, Btk has been reported to play a role in apoptosis {Islam and
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ifi 51V wherein is H, -R1, -R1-R2-R3, -R1-R3, or--R2--R3; R1 is aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl, and is optionally substituted with one or more Rr; wherein each R1'is independently
lower alkyl, hydroxy, lower 10hydroxyalkyl, lower alkoxy, halogen, niu-o, amino, cycloalkyl, cycloalkyl
lower alkyl, heterocycloalkyl, cyano, nitro, or lower haloalkyl; R2 is -C(=0),-(CH2)gC(=0)0,
-C(=0)N(R2")2, -(CH2)q, -0(CH2)q, - CH2C(=0), -CH2E(=0)N(R2")2, or -S(=0)2; wherein each R2' is
independently H, lower alkyl, lower alkoxy, lower haloalkyl, or lower hydroxyalkyl; and q is 1, 2, or 3;
5 15 is i SR B B 20007 ), T G o e B o o eyt |

alkylaryl, hegereanth Blxlihotasnands heterarevhalion raoalivls alkyl,- 3rgycieasyhcysiaglkyl alkyl,

heterocycloalkyl, alkyl heterocycloalkyl or heterocycloalkyl alkyl, and Is optlonally substituted with one

or more lower alkyl h oxo Io rox yl, lower, alko halo cyano,
lower alkylsﬁﬁoﬁy%%l} Iol\}sv%r g%géﬁéa}%ﬁm 7or e gré’iﬁ 8 A ﬂszjroxy, or

lower alkyl, Wherelnéhe

5
wherein
R isH,-R),-R'-R*-R’,-R'-R’ or-R*R’
R' s aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally substituted with
one or more R’ ; wherein each R! is independently lower alkyl, hydroxy, lower
10 hydroxyalkyl, lower alkoxy, halogen, nitro, amino, cycloalkyl, cycloalkyl lower alkyl,

heterocycloalkyl, cyano, ntiro, or lower haloalkyl;
R*  is ~C(=0), ~C(=0)O, ~(CHy)C(=0)0, ~C(=0)N(R*);, ~{CHz)g, ~O(CHgy)q, -
CH;C(=0), ~-CHC(=0)N(R? )2, or —8(=0),; wherein each R*' is independently H, lower
alkyl, lower alkoxy, lower haloalkyl, or lower hydroxyalkyl; and g is 1, 2, or 3;
15 R® isHor R4; wherein R? is lower alkyl, lower heteroalkyl, lower alkoxy, amino, aryl,

arylalkyl, alkylaryl, heteroaryl, alkyl heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl



lower alkyl is optionally substituted with one or more substituents selected from the group consisting of
hydroxy, lower alkoxy, amino, and halogen; Yi is H or lower alkyl; y2 is y2a Y "2b, wherein Y2a is H or
halogen; Y2b is lower alkyl, optionally substituted 10with one or more YTh'; wherein I'2. is hydroxy,
lower alkoxy, or halogen; each Y2'is independently Yra or Y2'b; wherein Yr' is halogen; Yn is lower
alkyl, optionally  substituted with one or more Yn':3vherein Yrb' is hydroxy, lower alkoxy, or halogen;
nis 0, 1, 2, or 3; Y3 is halogen or lower alkyl, wherein the lower alkyl is optionally substituted with one

or.15more substi¥fti¥blersairshilid jrsupcrslealahgbihhaioryyibvelivalkoxy, amino, and
halogen; mis 0 ofelersdyiomiay ARy 46d Y8 MRGTEIRBE YR ISHIOLRANGEN V4 dflqwer alkyl,

optionally substituted with one or more substituents selected from the group consisting of lower
haloalkyl, haloge dFEroXsR-driib M ufaTsRley alRERy ke ys ialnereye e rgAne ptismalosimstituted
with one or morexByhsiifteyltostieetas:franthe group consisting of lower alkyl, lower haloallcyl,
halogens hy&IrOX%, CH,, CH(Y ) or NH; wherein Y is halogen, hydroxy, or lower alkyl, wherein the
lower alkyl 1s optionally substituted with one or more substituents selected from the
group consisting of hydroxy, lower alkoxy, amino, and halogen;
Y!  isH or lower alkyl;
Y is Y or Y®: wherein Y2 is H or halogen; Y2 is lower alkyl, optionally substituted
10 with one or more YZbﬁ; wherein Y** is hydroxy, lower alkoxy, or halogen;
each Y* is independently Y** or Y*®; wherein Y** is halogen; Y2 is lower alkyl, optionally
substituted with one or more Yﬂ’,; wherein Y*? is hydroxy, lower alkoxy, or halogen;
n is0, 1,2, or3;
Y*  is halogen or lower alkyl, wherein the lower alkyl is optionally substituted with one or
15 more substituents selected from the group consisting of hydroxy, lower alkoxy, amino,
and halogen;
m is0orl;
Y Y™ Y® Y or Y, wherein
Y* is H or halogen;
20 Y* s lower alkyl, optionally substituted with one or more substituents selected from
the group consisting of lower haloalkyl, halogen, hydroxy, amino, and lower alk-
OXy,
Y*® s lower cycloalkyl, optionally substituted with one or more substituents selected
from the group consisting of lower alkyl, lower haloalkyl, halogen, hydroxy,
25 amino, and lower alkoxy; and
Y™ is amino, optionally substituted with one or more lower alkyl;

or a pharmaceutically acceptable salt thereof.



25amino, and lower alkoxy; and Y4d is amino, optionally substituted with one or more lower alkyl; or a
pharmaceutically acceptable salt thereof -3a- Accord ng to a first aspect, there is provided a
compound of Formula I, II, Ill, IV or V IVV wherein 5 Ris H, -1t1, -R3--R2-R3,--R'--R3, or-R2-123; Rlis
aryl, heteroaryl, cycloalkyl, or heteroeyeloalkyl, and is optionally substituted with one or more Rr;
wherein each RI' is independently CF-C6 alkyl, hydetxy, CrC6hydroxyalkyl, Ci-C6 alkoxy, halogen,
nitro, amino, cycloalkyl cloalkyl C3 -C6 alkyl, heterocycloalkyl, cyano, nitro, or Ci -C6 haloalkyl; 10
R2 is -C(=0fccerdingoo-tam pepeehdhers(SoyRTred 2, cqmpenng diergd, Hoitipbeoy
-CH2C(=0O)N(R2)2, or -S(=0)2; wherein each R2' is independently H, CrC6 alkyl, Ci-C6 alkoxy,
C,-C6haloalkylgor @3-C6hydroxyalkyl; ang q i@ 1, 2, or 3; is H or }2.4pwherein 12.4 is C,-C6 alkyl,
C3-C6 heterqaliyl A£1-G6 alkoxy, ammg< Qd‘aikyl alkylaryl, hgterg
heteroaryl alkyl, cl/o,lkyl alkyl cycloa IaIkyI 15alkyl, het%roc icloalkyl, alkyl heterocycloalkyl,
or '

& udrn
[Y’H;;DV [v iY‘ > LI,

wherein
5 R isH R, -R“R-R’-R'“R’ or-R*-R’

R' s aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally substituted with one or
more R'; wherein each R' is independently C;-Cg alkyl, hydroxy, C;-Ce hydroxyalkyl, C1-Cs
alkoxy, halogen, nitro, amino, cycloalkyl, cycloalkyl C;-Cg alkyl, heterocycioalkyl, cvano, nitré,
or C;-Cghaloalkyi;

10 R i5-C(=0), ~C(=0)0, {(CH1),C(=0)0, ~C(=0)N(R )3, «(CH,),, ~O(CH,),, —
CH,C(=0), -CH,C(=0)N(R™)s, or —S(=0},; wherein each R? is independently H, C1-Cgatkyl,
C1-Cs alkoxy, Ci-Cghaloalkyl, or Ci-Cehydroxyalkyl; and g is 1, 2, or 3;

R® s H or R*; wherein R is C;-Cyalkyl, C;-Cg heteroalkyl, C,-Cg alkoxy, amino, aryl, arylalkyl,

alkylaryl, heteroaryl, alkyl heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl cycloalkyl, cycloalkyl
15 alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or



heterocycloalkyl alkyl, and is optionally substituted with one or more C1-05 alkyl, hydroxy, oxo,
C1-Cehydroxyalkyl, C1-C6alkoxy, halogen, nitro, amino, cyano, C1-C6 alkylsulfonyl, or C1-C6
haloalkyl; Qis one of CH, N, CH2, CH(Y-") or NH; wherein Y" is halogen, hydroxy, or Ci-C6alkyl,
wherein 5the Ci-C6 alkyl is optionally substituted with one or more substituents selected from the
group consisting of hydroxy, C1-C6 alkoxy, amino, &t halogen; Yiis H or C1-C6alkyl; Y2 is Y2' or
Y2b; wherein Y2a is H or halogen;2y b is nr I-. C6 alkyl, optionally
substituted with deierenyehetsyy 2kywandrisippy@isllisshydivied Gh-GRakore or-hatbgbiyideackey2' is

independently Y@sefémowaﬁ{ﬁj@Xéﬁﬁ&&@'ﬂgsgaf@m{&i%%ﬁ,,c%%!% g%ﬁi%ﬁ%h%nyl,smﬁtj&gted with

one or more Yrb.; wherein Yrb"is hydroxy, Ci-C6alkoxy, or halogen; nis 0, 1, r 3;Y-3 is halogen or
C1-C6 alkyl, whéresale c1-ce alkyl is optionally substituted with one or more substituents selected

from the grqup crrsistngmnihydroxH @l Goakane-anmine anskhaiogenyls 00 wieisy4a; y4b;
y4c; y4d; wherein V%%%H or halogen' Y4h is C1-Cg alkyl, optionally, substituted with gne or more

substitu®nts seldbted 6N GR 8’5%6?1% SR OF LR HEKIRY P BT R 5%, BresHP and
C1-C6alkoxy; 20:04issnE 3F Gvieyolna|kyl atiphionaty g ubstitiégehyith one or more substituents selected
from the grqup consisting of Ci-C6 alkyl, C1-05haloalkyl, halogen, hydroxy, amino, and CI-C6 alkoxy;
and Y4d is %uming,qgﬁfi?ﬁéoff%ﬁlbstituted with one or more Ci-C6 alkyl;

Y?  is Y or Y®; wherein Y* is H or halogen; Y™ is C;-Cg alkyl, optionally substituted with one or

more Y?*; wherein Y? is hydroxy, C,-Cg alkoxy, or halogen;
10  each Y* is independently Y** or Y*™; wherein Y** is halogen; Y*® is C;-Cg alkyl, optionally
. substituted with one or more Y ; wherein Y** is hydroxy, C;-Cg alkoxy, or halogen;
n 150, 1,2, or 3;
Y?  is halogen or C;-Cg alkyl, wherein the C;-Cgalkyl is optionally substituted with one or more
substituents selected from the group consisting of hydroxy, C;-Cg alkoxy, amino, and halogen;
15 m isQorl;
Y s Y™ YR v or Y wherein
Y* is H or halogen;
Y*  is C1-Cgalkyl, optionally substituted with one or more substituents selected from the
group consisting of C;-Cg haloalkyl, halogen, hydroxy, amino, and C,-Cg alkoxy;
20 Y*  is C3-Cycycloalkyl, optionally substituted with one or more substituents selected from
the group consisting of C-Cq alkyl, C;-Cghaloalkyl, halogen, hydroxy, amine, ané C;-
Cs alkoxy; and
Y* is amino, optionally substituted with one or more C;-Cg alkyl;

or a pharmaceutically acceptable salt thereof

25 In one embodiment, the disclosure provides a compound of Formula I, wherein:
R isH,-R',-R'“R*-R’,-R'-R’ or-R>-R?
R' s aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally substituted with

one or more R'; wherein each R is independently lower alkyl, hydroxy, lower



or a pharmaceutically acceptable salt thereof 25 In one embodiment, the disclosure provides a

compound of Formula I, wherein: is H, -RI, -RI-R2-R3,-R1-R3, or Rl is aryl, heteroaryl, cycloalkyl, or

heterocycloalkyl, and is optionally substituted with one or more R1'; wherein each RI' is independently
’(‘Rﬂr’e;r

lower alkyl, hY 6%9‘1

WO 2010/000633PCT/EP2009/057707 -4- hy8fIxBHEII6er alkoxy,

halogen, nitro, amino, cycloalkyl, heterocycloalkyl, cyano, nitro, or lower haloalkyl; R2 is -C(=0),
-C(=0)0, -C(=0)N(R2"), -(CH2)q, -0(CF12)q, -(CH2)e¢&(=0)0, -0(CH2)q C(=0)N(R2",
-CH2C(=0)N(R2') s0rrSt 740k, wﬁ%&m&d&a 121bl0k, Ipuer alkyd, endoaiig L hedrR31RBR 8 HLo R4,

wherein R4 is lower al %(I low ra , amino, aryl, arylalkyl, aLkylaryl, heteroaryl, alky heteroaryl

heteroaryl aIkyI cyetfga

y(l)wgﬁ(y% alkyl cycloalkyl alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or

heterocycloalky! aikyf; &au, @p@aﬂa’r@(sﬂb&[&rt}ad(ﬂﬁth @H@Giﬂia)are(lameq(aﬁ@bdqyd}(@{%)pxo lower
hydroxyalkyl, Iow% l@%{ﬁq ngz tgja%ell%%eﬁzauéﬂs ifonyl. ¢ alg aI?aIkyI Qis
era ky%( y2|s

CH orN; Yis H or low

or , 2b r whereifi Y2a is H or ha ogen,; % jer alkyl,

optlonall)ﬁsubstltu%ear\ﬁhth one or more Y2b'; wherein Y2b' is hydroxy, lower alkoxy, or halogen;

10

20

30

RY  is HorRY; wherein R* is lower alkyl, lower alkoxy, amino, aryl, arylalkyl, alkylaryl,
heteroaryl, alkyl heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl cycioalkyl, cycloalkyi
alkyl, heterocycloalkyl, alkyl heterocycloalkyl. or heterocycloalkyl alkyl, and is option-
ally substifuted with one or more lower alkyl, hydroxy, oxo, lower hydroxyalkyl, lower
alkoxy, halogen, nitro, amino, cyano, lower alkylsulfonyl, or lower haloalkyl;

| isCHorN; |

< QO

is H or lower alkyl;

Y?  is Y® or Y, wherein Y™ is H or halogen; Y?° is lower alkyl, optionally substituted
with one or more Y, wherein Y is hydroxy, lower alkoxy, or halogen;

each Y* is independently Y** or Y**; wherein Y** is halogen; Y*" is lower alkyl, optionally
substituted with one or more Y* ; wherein Y** is hydroxy, lower alkoxy. or balogen;

n isG, 1,2, 0r3;

Y® s halogen or lower alkyl, wherein the lower alkyl is optionally substituted with one or

more substituents selected from the group consisting of hydroxy, lower alkoxy, amino,

and halogen;

=

isGorl;

Y oisY*® Y™ v, or YY: wherein

Y* is H or halogen;

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

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

Y* s amino, optionally substituted with one or more lower alkyl;

or a pharmaceutically acceptable salt thereof.

In one variation of Formula 1, Y' is methyl.



15 each Y2' is independently Y2'a substituted with one or more Yrid; wherein Y21' is hydroxy, lower
alkoxy, or halogen; nis 0,2. or 3; Y3 is halogen or lower allcyl, wherein the lower alkyl is optionally
substituted with one or more substiments selected from the group consisting of hydroxy, lower alkoxy,
amino, 20and RABYENE 0 or I y4 is Y4a, Y4b, Y4d, or Y4d; wherein Y4 B?P’}/qgfﬁé H: Yabis
lower alkyl., optionally substituted with one or more substituents selected from 25the group consisting
of lower haloallcyl, halogen, hydroxy, amino, and lower alk- oxy; Y4d is lower cycloallcyl, optionally
substituted withvane:tstno g Bathstiilients seladtedsfitom the group consisting of lower alkyl, lower
haloalkyl, halogen, hydroxy, amino, and lower alkoxy; and 30Y4d is amino, optionally substituted with

one or more {pwer alivkaramharmaceuticallyReceRtahlg salidthereof In one variation of Formula I, Y1
is methyl. WO 2010/000633PCT/EP2009/057707 -5-

In one variation of Formula I, Y? is hydroxymethyl.
It one variation of Formula I, Y' is methyl and Y? is hydroxymethyl.
5 In one variation of Formula I, Y* is hydroxymethyl, n is 0, and m is 0.

Tn one variation of Formuta I, Y* is methyl, Yiis hydroxymethyi, n 1s 0, and m is 0.
In one variation of Formula 1, Q is N.
In one variation of Formula I, Q is N, Y is methyl, Y? is hydfoxymethyl, nis 0, and mis 0.
in one vvariati(-)n of Formula I, Q is CH.

10 In one variation of Formula [, Q is CH, Y' is methy!, Y? is hydroxymethyl, n is 0, and m is 0.

Y’

4

In one variation of Formula I, Y* is group (a)
alkyl, or lower haloalkyl.

wherein Y’ is H, halogen, lower

In one variation of Formula I, Y* is group (a) wherein Y® is H, halogen, lower alkyl, or lower
haloalkyl; Q is CH, Y’ is methyl, Y? is hydroxymethyl, n is 0, and m is 0.

15 In one variation of Formula L, R is -R'-R*-R’; wherein R' is pheny} or pyridyl; R? is ~C(=0);
R'is R*; and R* is morpholine or piperazine, optionally substituted with one or more lower

alkyl.

In one variation of Formula I, R is —-R'-R*R* wherein R is phenyl or pyridyl; R? is ~C(=0y;
R*is R*; R*is morpholine or piperazine, optionally substituted with one or more lower alkyl:
20 Y'isa group (a) wherein Y” is H, halogen, lower alkyl, or lower haloalkyl; Q is CH, Y is

methyl, Y* is hydroxymethyl, n is 0, and m is 0.

In one variation of Formula I, R is —-R'-R*-R’; and R’ is heteroaryl.



in one variation of Formula I, n is 0, and mis 0. In one variation of Formula 1, Y is methyl, nis 0, and
mis 0. In one variation of Formula I, Y2 is hydroxymethyt. In one variation of Formula I, Yl is methyl
and Y2 is hydroxymethyl. 5 In one variation of Foirnula I, Y2 is hydroxymethyl, n is 0, and mis 0. In
one variation ot 6%?1%’?, Y| is methyl, Y2 is hydroxymethyl, nis 0, and rﬁ%’@? o8 Vriation of
Formula I, Q is N. In one variation of Formula 1, Q is N, Y1 is methyl, Y2 is hydroxymethyl, nis 0, and
inis 0. In one variation of Formula I, Q is CH. 10 Inéne variation of Formula I, Qis CH, Y is methyl, Y2
is hydroxymeathyhe Rrisifdioard Pansa INFORe-RavRtianial Rermutaaky Y 4 is group (a) alkyl, or lower
haloalkyl. wherein Y5 is H, halogen, lower In one variation of Formula I, Y4 is group (a) wherein Y5 is

H, halogen, Igyver alieyliioh ovvehalealkyliQus. Gid R liismgiw, Y2 is hydroxymethyl, nis 0, and m is
0. 15 In one variation of Formula I, R is -RI-R2--R3; wherein Rl is phenyl or pyridyl; R2 is -C(=0); R3 is

R4; and R4 is morpholine or.piperazine, optionally supstituted with Qne or more lower alkyl. In one
variation of %r?ﬁlﬁ%aﬁ Oi%qfl?-%?ﬁﬁ. ?;{vlv (tag%eig Rjiligi%)ﬁgﬁﬁfe5?aﬁ¥/lri yIf“‘gF@O}gj-(ff)(v‘:7v )e;rﬁ% sR4:R4is
morpholine ol gipexazidewopubrially lsulsstinkebixith sridlolmsredbwel alkjly@oxyhitalgroup (a)

wherein ¥5 ig H,lhaloggn, lower alkyl, or lower haloallcyl; Q is CH, 14 is methyl, Y2 is hydroxytnethyl, n
is 0, and m is 0.

In one variation of Formula L R is ~R'-R* R’ is heteroaryl; Y* is group (a) wherein Y* is H,
halogen, lower alkyl, or lower haloalkyl; Q is CH, Y' is methyl, Y* is hydroxymethyl, n is 0,

and mis 0,

In one variation of Formula I, R is —R'; R! is heteroaryl; Y* is group (a) wherein Y- is H,

10 halogen, lower alicyl, or lower haloallyt; Q 18 CH, y!is methyl, Y is hydroxymethyl, n is 0,

and m is 0.
.
/Y
.. ) . N6 . 5 .
In one variation of Formula I, Y is group (b) Y wherein Y° and Y are independently
H or lower alkyl.

In one variation of Formula I, Y* is group (b) wherein Y° and Y are independently H or

15 loweralkyl; Qis CH, Y' is methyl, Y* is hydroxymethyl, n is 0, and m is 0.

In one variation of Formula I, R is ~-R'-R*-R*; R' is pheny! or pyridyl: R® is -C(=0); R is
R% R* is morpholine or piperazine, optionally substituted with one or more lower alkyl: Y* is
group (b) wherein Y® and Y® are independently H or lower alkyl; Q is CH, Y’ is methyl, Y2is
hydroxymethyl, n is 0, and m is 0.

20  In another embodiment, the invention provides a compound of Formula I, wherein:

R isH, -R' -R'-RZR? -R'-R® or -R-R%

R' s aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally substituted with R';
wherein R¥ is lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, halogen, nitro,
amino, cycloalkyl, heterocycloalkyl, cyane, or lower haloalkyi;

25 R is ~C(=0), -C(=0)0, ~C(=O)N(R*}, (CHy)g, or —S(=0),; wherein R” is H or lower

alkyl;andqis 1,2, 0r 3;



In one variation of Fommla I, R is -R1-R2-R3; and Rl is heteroatyl. WO
2010/000633PCT/EP2009/057707 -6- In one variation of Formula I, R is -R1-R2; and RI is heteroaryl.
In one variation of Formula I, R is -RI; and Rl is heteroaryl. In one variation of Formula I, R is
-RI-R2--R3; R PZREIEEA/1: Y4 is group (a) wherein Y5 is H, halogen, lowRGEHERAISORFAEr haloalky!:
Q is CH, Yl is methyl, Y2 is hydroxymethyl, nis 5 0, and m is O. In one variation of Formula |, R is
-R1-R2; R1 is heteroalyl; Y4 is group (a) wherein Y¥is H, halogen, lower alkyl, or lower haloalkyl; Q is

CH, Y1 is mettiyl, ¥ 2risrw/elienernettiyl pvisQuandsvis Qk&ﬂ@@@@'ﬂ@%é%ﬂ%&?@fmuiﬁ(l%ﬂ&is -RI; Rlis

ety 72 iy crAR GO IEY) Ahe HHEOF s R OSPLAI i BPIa X GRND () H o
lower alkyl. Y5 *-N:161¥alkinexréiyl. YSiand Mébre, indiependentiloalklin onecwasiatitriehFormula |, Y4 is
group (b) wherein g A 68 (e, IFRRAYAANN &' A5 QNEL YL RIS.GH YL i ety Y2 is
hydroxymethyl, nis 0, and m is'0.
5 hydroxyalkyl, lower alkoxy, halogen, nitro, amino, cyano, lower alkylsulfonyl, or lower
haloalkyl;
Q sCHorN;
Y’ is Horlower alkyl;
Y?  is Y* or Y, wherein Y*is H or halogen; Y?" is lower alkyl, optionaliy substituted
10 with one or more Y*; wherein Y? is hydroxy, lower alkoxy, or halogen;
each Y7 is independently Y or Y*, wherein Y>* is halogen; Y*" is lower alkyl, optionally
 substituted with one or more Y*™, wherein Y** is hydroxy, lower alkoxy, or halogen;
n i50,1,2,0r3.
Y s halogen or lower alkyl, wherein the lower alkyl is optionally substituted with one.or
15 more substituents selected from the group consisting of hydroxy, lower alkoxy, amino,
and halogen;
isGorl,
is Y™, v*, ¥* or Y™, whercin

Y* is H or halogen;

< 5

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

Y* i lower cycloalkyl, optionally substituted with one or more substituents selected
from the group consisting of lower alkyl, lower haloalkyl, halogen, hydroxy,

25 amine, and lower alkoxy; and

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

or a pharmaceutically acceptable salt thereof {(compounds of Formula T').
In one embodiment of Formula I*, Y' is methyl.
In one embodiment of Formula I”, i is 0, and mis Q.

30 In one embodiment of Formula I’ Q is N,



In one variation of Formula |, R is -RI-R2-R3; Rl is phenyl or pyridyl; R2 is -C(=0); R3 is R4; R4 is
morpholine or piperazine, optionally substituted with one or more lower alkyl; Y4 is group (b) wherein
Y5 and Y6 are independently H or lower alkyl; Q is CH, Y1 is methyl, Y2 is hydroxymethyl, nis 0, and
m is 0. 20 In‘gﬁo%?féﬁog?ﬁﬁodiment, the invention provides a compound of F&iEERY1Y/ K&t ein: Ris H,
-RI, -12.1-R2-R3, -121-R3, or R' is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally
substituted with R1'; wherein Rl is lower alkyl, hydroy, lower hydroxyalkyl, lower alkoxy, halogen,

nitro, amino, yelealkihdieteretyainalkyk’ cyanomehigwer haloalkyl; R2 is -C(=0), -C(=0)0,
-C(=0)N(R2), -(CH2)q, or -S(=0)2; wherein RT is H or lower alkyl; and q is 1, 2, or 3; WO

2010/000033R G/ERFARYARE P ifnihorRAcberein R4 e lower oy, lower alkoxy, lower
heteroalkyl, aryl, arylalkyl, alkylaryl, heteroaryl, alkyl heteroaryl heteroaryl alkyl, cycloalkyl, alkyl

cycloalkyl, cycloalkyl alkyl, heterocycloalkyl alk I?eteroc cloalkyl, or heterocycloakt alkyl and is
optionally su)%nsﬁpﬁtg@%?n nﬁgrﬁte(%’lrg?rpl%}lgg;%kwtr lﬁlﬁy ,rﬂwpt%&}/,?bxo. lower 5hydroxyallcyl lower alicoxy,

halogen, nitro, amino, cyano, lower alkylsulfonyl or lower hgl_oalkyl; QisCHorN; Y1 is H or lower
alkyl.; y2 is Y2 &6 PN ShIvDRuR - or Aamgbn: 491y idssvspamyatsbtionally substituted 10with
one or more Y2w: wherein Y21," is hydroxy, lower alkoxy, or halogen; each Y2'is independently Yra or
Yrb; whefeinly 218 isHaidigen; ¥iBoistiowEr alkyN.optionadiayl, aadbstitgd-uvigmenglor more y2v,
wherein Y2'b' is hydroxy, lower alkoxy, or halogen; nis 0, 1, 2, or 3.

In one embodiment of Formula I, Q is N, vis methyvl, Yis hydroxymethyl, n is ¢ and m is

0.
In one embodiment of Formula I”, Q is CH.
In one embodiment of Formula I', Y' is methy] and Q is CH.
10 In one embodiment of Formuia *, Y' is methyl, Q is CH, n is 0, and m is 0.
In one embodiment of Formula 17, Q is CH, Y is methyl, Y is hydroxymethyl.

In one embodiment of Formula I*, Q is CH, Y is methyl, Yiis hydroxymethyl, nis 0 and m
is 0.

In one embodiment of Formula I, Y? is methyl.
15  In one embodiment of Formula I°, Y* is hydroxyethyl.

In one embodiment of Formula I”, Y- is halogen,

In one embodiment of Formula I’, Q is N.

In one embodiment of Formula I, Y' is methyl and Q is N.

In one embodiment of Formula P, Y' is methyl, Q is N, n is 0, and m is 0.
20  In one embodiment of Formula I’, Y* is hydroxymethyl.

in one embodiment of Formula I, Y' is methyi, Y is hydroxymethyl.

In one embodiment of Formula I’, Q is N, Y' is methyl, ¥? is hydroxymethyl.



Y3 is halogen or lower alkyl wherein the tower alkyl is optionally substituted with one or 15more
substituents selected from the group consisting of hydroxy, lower alkoxy, amino, and halogen; mis O or
1; Y4is Y42 YTh Y4 or Y4d: wherein y4a s | I-1 or halogen; 20Y4b is lower allcyl optionally
substituted WitR 3H&¥Hdre substituents selected from the group consistiffgiGiagiREeNizidallcyl,
halogen, hydroxy, amino, and lower alkoxy; Y4' is lower cycloallcyl optionally substituted with one or
more substituents selected from the group consisting-of lower alkyl, lower haloalkyl halogen, hydroxy,

25amino, anddowesralisaseand M is.amipa eptionalysubsttitedwith-ane or mogejayer alkyl; or a
phatinaceutic(?lly acceptable salt thereof (compounds of Formula 1%). In one émbodiment of Formula I',
Yl is methyl. ** In one embodiment of Formula I', n is 0, and m is 0. 30 In one embodiment of Formula
I', Qis N.

Q In on¢ embodiment of Formula1’, Q is CH.

In one embodiment of Formmula I, Y’ is methyl and Q is CH.
5 Inone embodiment of Formula I’, Y' is methyl, Qis CH, nis 0, and m is 0.
In one embodiment of Formula I, Q is CH, Y' is methyl, and Y7 is hydroxymethyl.

In one embodiment of Formula I, Q is CH, Y' is methyl, Y is hydroxymethyl, nis ¢ and m
is 0.

In one embodiment of Formula 1°, Q is CH, Y is methyl, Y is hydroxyethyl, nis 0 and m is
10 0.

In one embodiment of Formula I’, Q is CH, Y!is methyl, Yiis halogen, nis 0, and m is 0.

In one embodiment of Formula I*, Y* is group (a) wherein Y* is H, halogen, iower alkyl, or
iower haloaliyl.

In one embodiment of Formula I, Q is CH, Y' is methyl, Y?is hydroxymethyl, n is 0, mis 0,
15 and Y*is group (a) wherein Y* is H, halogen, lower alkyl, or lower haloalkyl.

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

with one or more lower alkyl.
In one embodiment of Formula I”, Y* is lower alkyl.

20 In one embodiment of Formula I, Q is CH, Y' is methyl, Y? is hydroxymethyl, n is 0, m is 0,
and Y* is lower alkyl.

In one variation of the above embodiment of Formula I’, R is -R'-R*-R%; 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 one embodiment of Formula I, Y* is lower alkyl.



WO 2010/000633PCUEP2009/057707 -8 - In one embodiment of Formula I', Y1 is methyl and Q is N.
In one embodiment of Formula 1', Y1 is methyl, Q is N, nis 0, and m is 0. In one embodiment of
Formula I', Y2 is hydroxymethyl. In one embodiment of Formula I', Y1 is methyl and Y2 is
hydroxyrnettyf’ g’?ﬁ’%ﬂéﬁmbodiment of Formula I', Q is N, Y1 is methyl, ZRd¥E2489¥1pdrbkymethyl. In
one embodiment of Formula I', Q is N, Y1 is methyl, Y2 is hydroxymethyl, nis 0 and mis 0. In one
embodiment of Formula I, Q is CH. In one embodimént of Formula I', Y1 is methyl and Q is CH. 10 In

one embodirpestcfdiamitbatlor FdrsdRaty) iQUSYCH meisQl, ahd A dsQyin-ene £mpogdingnt of
Formula I, %Tllsa QHS Olwisrar%et{]yl, Y2 is hydroxymethyl. In one embodiment of Formula I', Q is CH, Y1
is methyl, YZ'is hydroxy?ne k/", nis 0 and mis O. In one embodiment of Formula I', Y2 is methyl. 15 In

one embodiment of Formula I', Y2 is hydroxyethyl.
In one variation of the above embodiment of Formula I, R is ~-R*-R%-R* R is phenyl or

pyridyL R? is -C(=0}; R” is R, and R* is morpholine or piperazine, optionally substituted

5  with one or more lower alkyl.

In another variation of the above embodiment of Fornmla I”. R is ~R2—-R‘3; R’ s ~C(=0)NH;

R'is Hor R*; and R* is lower alkyl.
E 4

In one embodiment of Formuia I°, Y* is group (c) Y wherein Y® and Y are

independently H, lower alkyl, or iower haloalkyl.

10 In one embodiment of Formula I*, Q is CH, Y' is methyl, Y? is hydroxymethyl, 1 is 0, m is 0,

and Y* is group (c) 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* 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 embodiment of Formula I, Q is N, Y” is methyl, Y? is hydroxymethyl, n is 0, m is 0,
and Y*is eroup (¢) wherein Y° and Y® are independently H, iower alkyl, or lower haloalkyl.

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

with one or more lower alkyl.

20 In one embodiment of Formula I”, Y* is group (b) wherein Y* and Y® are independently H or
lower alkyl.

In one embodiment of Formula I°, Q is CH, Y' is methyl, Y7 is hydroxymethyl, n is 0, m is 0,
and Y* is group (b) wherein Y” and Y® are mdependently H or lower alkyl,

In one variation of the above embodiment of Fornula I’, R is -R*-R*; R* is -C{(=0)NH; R is

25  HorR*Y and R* is lower alkyi.



In one embodiment of Formula I', Y2 is halogen. In one embodiment of Formula I', Q is N. In one
embodiment of Formula I', Y1 is methyl and Q is N. In one embodiment of Formula I', Y1 is methyl, Q
is N, niis 0, and m is 0. 20 In one embodiment of Formula I', Y2 is hydrox¥meth l. In one embodiment
of Formula I', \?ﬂé%%%yl Y2 is hydroxymethyl. In one embodiment of FOFT/Ei P é’ls Rf Y is methyl,
Y2 is hydroxyrnethyl. WO 2010/000633PCT/EP2009/057707 -9- In one embodiment of Formula I', Q
Is N, Y1 is methyl, Y2 is hydroxymethyl, nis 0 and Thifs 0. In one embodiment of Formula I', QisCH. In
one embodimeaiwfidrouniatian i isbmethybadioh@ris Tidobula BNk ;enﬁibletm?nﬁnﬂdfﬂ?phhhgla)d ,Y'is

methyl, Q is CH is,0, a IS3@; Ip-one Q and Y2 is
hydroxyme yII) yﬁ]’] %Eei%b i esﬁt gf%ofgmdtﬁin % 19!)'%%2 H%\Fi ]i%épf%%[ 2 |s Sﬁc?)ﬁ%%g%yl nis 0 and
m is O. with one or more lower alkyl.

In one embodiment of Formula I”, Q is N, Yis methyl, Y?is hydroxymethyl, n is 0, mis 0,
5 and Y*is group (b) wherein Y° and Y® are independently H or lower alkyl.

In one variation of the above embodiment of Formula I?, R is —R'-R*-R*; 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.

N

7

&

Y

In one embodiment of Formula I?, Y* is group (d) wherein Y and Y® are

10  independently H, lower alkyl, or lower haloalkyl.

In one embodiment of Formuia I*, Q is CH, Y' is methyl, Y” is hydroxymethyl, n is 0, mis 0,
and Y* is group (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*; R! is pheny! or
pyridyl; R? is ~C(=0); R? is R*; and R* is morpholine or piperazine, optionally substituted

15  with one or more lower alkyl.

In one embodiment of Formula F?, Q is N, Y'is methyl, Y2 is hydroxymethyl, n1s 0, mis 0,
and Y* is grou (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*; R' is phenyl or
pyridyl; R? is —<C(=0); R? is R*; and R* is morpholine or piperazine, optionally substituted

20  with one or more lower alkyl.

In another embodiment, the invention provides a compound of Formula IT, wherein;
R isH, -R', -R'“R%2R3 -R'-R® or-R>-R7;
R'  isaryl, heteroaryi, cycloalkyl, or heterocyeloalkyl, and is optionally substituted with
one ormore R'; each R' is independently lower alkyl, hydroxy, lower hydroxyalkyl,
25 lower alkoxy, halogen, nitro, amino, cycloalkyl, cycloalkyl lower alkyl, heterocyclo-

alky!, cyano, nifro, or lower haloalkyl,



In one embodiment of Formula I', Q is CH, Y1 is methyl, Y2 is hydroxyethyl, nis 0 and in is 100. In one
embodiment of Formula I', Q is CH, Y1 is methyl, Y2 is halogen, nis 0, and m is 0. In one embodiment

of Formula \Q‘A]f iS ro&ﬂ;ﬁﬁga) wherein Y5 is H, halogen, lower alkyl, or IowelrP al/%%lzl%l. 0_7Ir670ne
embodiment of FOIMUIA F Qis CH, Y1 is methyl, Y2 is hydroxymethyl, n isO, m’is 8,31 and Y4 is

group (a) wherein Y5 is H, halogen, lower alkyl, or lower haloalkyl. In one variation of the above
embodiment of Formula I', R is -R1-R2-R3; R1 is pﬂ@nyl or pyridyl; R2 is -Cl-0); R3 is R4; and R4 is
morpholine (Rzpip'erﬂ{ﬁ@),emieﬁaﬂ}y-ﬁmﬂbﬁutﬁﬁl)wm{wqmm)gower alkyl. In one embodiment of
Formula I', Y4 is lpwer alkyl. Q0 odiment of Foiiula ', Q is CH, ¥ i&g&g{r{%yﬁ Is
hydroxymethyl, nlestﬁf CG)\(‘E (mH?Z Oc,%g‘?ntg 32) isﬁligv%’er alkyl. T one v%ﬁgﬁ%n of t‘?ﬁiéla ove e bO’JICI’%n”lént of
Formula I', R is -RikpAorsr #kory greayhae phabgr iRy sshidioxgyivel 18dwisdnd:R4dis morpholine or

piperazine, optionally uostifach with 9AQ-RLIMAI & IWanRIKYladm i LRe LEMRAIERYLEf Formula I',
11-4 is lower alkyl. WO 2010/000633PCT/EP2009/057707 -10- In one embodiment of Formula I', Q is

N, y] is methyl, Y280 AHSIOFYS 65TH9EY, v VECI8aswer ity o e e VAIRAHGH of the above

embodiment of Faikyilact;riRysledRIIR2R JcRdsyplabiyll orrigridyty R2:i8 v IG{kd) aRBiss R4; and R4 is
otelne o eSS S USSRt ot aetr of
alkyl. lower alkoxy, halogen, nitro, amino, cyano, lower alkylsulfonyl, or lower haloalkyl;
Q  is CHy, CH(Y ) or NH;
10 Y  ishalogen, hydroxy, or lower alkyl, wherein the lower alkyl is optionally substituted
with one or more substituents selected from the group consisting of hydroxy, lower
alkoxy, amino, and halogen,
Y' is H or lower alkyl;
Y2 is Y* or Y*, wherein Y** is H or halogen; Y™ is lower alkyl, optionally substituted
15 with one or more Y™, wherein Y™ is hydroxy, lower alkoxy, or halogen;
each Y? is independently Y or Y**; wherein Y** is halogen; Y*™ is lower alkyl, optionally
substituted with one or more Y* " ; wherein Y>* is hydroxy, lower alkoxy, or halogen;
n 180,1,2,0r3;
is halogen or lower alkyl, wherein the lower alkyl is optionally substituted with one or
20 more substituents selected from the group consisting of hydroxy, lower alkoxy, amino,
and halogen;
isQort;
is Y v¥ v* or Y- wherein

=

Y* s H or halogen;

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

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

30 amino, and lower alkoxy; and

Y* s amino, optionally substituted with one or more lower alkyl;

or a pharmaceutically acceptable salt thereof



In one embodiment of Formula I', Y4 is group (e) independently 1-1, lower alkyl, or lower haloallcyl.
wherein Y5 and Y6 are 10 In one embodiment of Formula I', Q is CH, Y1 is methyl, Y2 is
hydroxymethyl, nis 0, m is 0, and Y4 is group (c) wherein Y5 and Y6 are independently H, lower alkyl,
or lower halo‘éélé(-’f/w(l??@ﬁe variation of the above embodiment of FormuIaPF,Tﬁg?gﬁ-(Tﬁ’i-W-Rs; Rlis
phenyl or pyridyl; R2 is -C(=0); R3 is R4; and R4 is morpholine or piperazine, optionally substituted
with one or more lower alkyl. 15 In one embodiment-éf Formula I', Q is N,is methyl, Y2 is
hydroxymethyl onds Qiatbisd@ FarduyAiisgraup:(e)yiwherein Y5 and Y6 are independently H, lower alkyl,
or lower haloalkyl. In one variation of the above embodiment of Formula I', R is -121-R2-R3; Rl is

phenyl or pyrgyk R2:is: 5GP R3S R4 @0d-Réds;mprpholine or piperazine, optionally substituted
with one or more lower alkyl. 20 In one embodiment of Formula I', Y4 is group (b) wherein Y5 and Y6

are indepen erg)tll%y or low%rl;algl.llrthe .emb%?ime.n ofn%ormuéa I Qis CH, Yl is methyl, Y2 is

hydroxymethyl, n’is fartﬁofls CandYa s grbsu%e whéréif™ys ahd Y6 are independently H or lower

alkyl. WO 2010/000633PCTIEP2009/057707 -11- In another variation of the above embodiment of
Formula I, RISUR VRS, R fEBRE ) Or pireRaxReeBylC(=0); R3 is R4; and R4 is morpholine or
piperazine, optionally substituted with one or more lower alkyl. In one embodiment of Fom ula I', Q is

N, YI is nfethif o¥@vsrhsidnodfmetind, b 1&°05 yis & yonathel] ¥ud& Yiomptlls). wherein Y5 and Y6 are
independently H or lower alkyl.

In one variation of Formula II, Y* is hvdroxymethyl, n is 0, and m is 0.

In one variation of Formula II, Y is hydroxymethyl, Y is methyl,nis 0, and m is 0.
In one variation of Formula If, Q is NH.

In one variation of Formula II, Q is CHo.

10  In one variation of Formuia 11, Q is NH, Y is hydroxymethyl, v1is methyl, nis 0, and m is 0.

In one variation of Formula I1, Q is CHa, Y2 is hydroxymethyl, ¥' is methyl, n is 0, and m is
0.

In one variation of Formula 11, Y* is group () wherein Y* is H, halogen, lower alkyl, or
Tower haloalkyl.

15 In one variation of Formula I, Y* is group (a) wherein Y* is H, halogen, lower alkyl, or

lower haloalkyl; Q is CHs, Y* is hydroxymethyl, Y’ is methyl, nis 0, and mis 0.

In one variation of Formula 11, 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.

20  In one variation of Formula II, R is -R'-R*-R*; wherein R is phenyl or pyridyl; R% is —
C(=0); R is R*; R* is morpholine or piperazine, optionally substituted with one or more
lower alkyl; Y* is group (a) wherein Y? is H, halogen, lower alkyl, or lower haloalkyl; Q is
CHa, Y7 is hydroxymethyl, Y' is methyl, n is 0, and m is 0.



In one variation of the above embodiment of Formula I', R is -RLR2-R5; Rl is phenyl or pyridyl; R2 is
-C(=0); R3 is R4; and R4 is morpholine or piperazine, optionally substituted with one or more lower
alkyl. In one embodiment of Formula I', 174 is group (d)wherein Y5 and Y6 are 10 independently H,
lower alkyl, ¥ W&V 14331k-y1. In one embodiment of Formula I', Q is CHPYTEPHEURT N2 is
hydroxymethyl, n is 0, mis 0, and Y4 is group (d) wherein Y5 and Y6 are independently H, lower alkyl,
or lower haloalkyl. In one variation of the above emibodiment of Formula I, R is -R1-R2-R3; 12.1 is
phenyl or pynigylieR2rist&x(E0)oR&is R4 Rid; RAdemerlaplineos pipgsazinaqwsntionalygubstituted 15
with one or more lower alkyl. In one embodiment of Fonula I', Q is N, Yi is methyl, Y2 is
hydroxymethyl,'n is 0, mis 0, and Y4 is grou (d) wherein Y5 and Y6 are independently H, lower alkyl,
or lower haloalkyl. In one variation of the aQovle embodiment of Formula I', R is -12.1,-R2-R3; Rl is

phenyl or pyfgieRengton @) amslisTRR ivkd R4s@ysqinepresriisakatited optioRally sisbstituted 20

with one or naeseplpyematkid vhianrothesembrdiment, thedwventiorpnovides:a,compound of Formula
Il, Whereig: Fﬁ? H, -Rléti]Rg--1 2-R3t,b- I-R3, or- Z:Rﬁ; R1 is aryl, heteroaryl, cycloalkyl, or
hetcrocycloa ﬁfoéiﬁﬁlls Xptlor%%l yesdbs%ifﬁpeﬁn ith'die or more RI'; each RI' is independently lower

alkyl, hydroxy, lower hydroxyalkyl, 25lower alkoxy, halogen, nitro, amino, cycloalkyl, cycloalkyl lower
alkyl, heterody@es WKl TS, Throivermaltae ey 2enoid cossdmerier 50071057707 -12-
lower aikyl.

In one variation of Formula IT, Y* is group (b) wherein Y* and Y are mdependently H or

lower alkyl; Q is CHa, Y7 is hydroxymethyl, Y' is methyl, n is 0, and m is 0.

10 In one variation of Formula IL, R is -R'-R*-R*; wherein R is pheny! or pyridyl; R? is —
C(=0), R’ is R*; and R is morpholine or piperazine, optionally substituted with one or more
lower alioyl. '

In one variation of Formule II, R is ~R'-R’*-R*; wherein R is phenyl or pyridyl; R? is —
C(=0); R’ is R*; R* is morpholine or piperazine, optionally substituted with one or more

15 lower alkyl; Y* is group (b) wherein Y and Y* are independently H or lower alkyl; Q is CHa,
Y? is hydroxymethyl, Y' is methyl, n is 0, and m is 0.

In one variation of Formula I, R is R'; and R' is pyrazolyl, optionally substituted with R,

In one variation of Formula IL R is R'; R' is pyrazolyl, optionally substituted with R Y* is
group (b) wherein Y~ and Y° are independently H or lower alkyl; Q is CHp, Y2 is hydroxy-
20 methyl Y’ is methyl, nis 0, and mis 0.

In another embodiment, the invention provides a compound of Formula If, wherein;
R isH,-R',-R'R*R* -R'-R’ or-R%-R%;
R' s aryl, heteroaryl, cycloalkyl, or heterocycloalkyt, and is optionally substituted with R'"
wherein R'" is lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, halogen, nitro,
25 amino, cycloalkyl, heterocycloalkyl, cyano, or lower haloalkyl;
R* i ~C(=0), ~C(=0)0, ~C(=0)N(R), «(CHy)q, or ~S(=0)s; wherein R” is H or lower
alkvl; qis 1,2, or3;



R2 is -C(=0), -C(=0)0, -C(=0)N(R2")2, -(042)q, -0(CH2)q, - CH2C(=0), -CH2C(=0)N(R2")2, or -S(=0)2;
wherein each R2 is independently H, lower alkyl, lower allcoxy, lower haloalkyl, or lower hydroxyancyl,
and gis 1, 2, or 3; is H or 11<4; wherein R4 is Lower alkyl, lower alkoxy, amino, aryl, arylalkyl,
allcylaryl, 5h&tRrIaAA%ieyI heteroaryl, hetcroaryl alkyl, cycloallcyl, alkyl SfCTHRERPARA/alkyl alky!,
heterocycloallcyl, alkyl heterocycloallcyl, or lieterocycloallcyl alkyl, and is optionally substituted with
one or more lower alkyl, hydroxy, oxo, lower hydroxyalkyl, lower aLkoxy, halogen, nitro, amino, cyano,

lower alkylsuifonyls arderfeinaiealicyls QvisGlitd, PR ARENHIR Yishalngenydrax:er lower alkyl,
wherein the Iower%%kyl ijvg%il?élally %ﬁ;iuﬂed Wi%h one or more supstituents selected from the group

consisting of hydr gy, LA BB XL BYHSHEY At S ieeldb or v2b:
wherein Y2ais H oy¢iadtigenlkyR basdaywen dligy| «0pti drattycsubstityted Abevittycioellor mioye YTh',
wherein Y2b' is hydrox r. hal : h.172.is.in ndently Y2'a or Yrb., wherein Yr'
is halogen; Yrb |s%%%vlg%g%%\é@'g§#§§%ﬁ?ﬁ 4 @J%%S%%L?ti%%ﬁt Ogﬁre%%(ly?hetp;%er% r’.;o%v%gc?gﬁ Y2'w is hydroxy,
lower alkéxy, or haYggemetig.dovernalsy:3: edorenaatempinowemnallyronmbyisid e lowerealky| is
optionally substituigdandin one or 20more substituents selected from the group consisting of hydroxy,

lower alkoxy, amino,.and halpgen; mis 0 or 1; ..
yQ 18 Cﬁz,%H?Yo?or%H; wherein Y is halogen, hydroxy, or lower alkyl, wherein the

lower alkyl is optionally substituted with one or more substituents selected from the
group consisting of hydroxy, lower alkoxy, amine, and halogen;

10 Y' is H orlower alkyl;

Y? 18 Y* or Y*: wherein Y is H or halogen; Y* is lower alkyl, optionally substituted

with one or more Y*; wherein Y is hydroxy, lower alkoxy, or halogen;

each Y* is independently Y** or Y*; wherein Y** is halogen; Y™ is lower alkyl, optionally
substituted with one or more Y ; wherein Y™ is hydroxy, lower alkoxy, or halogen;

15 o 180,1,2,0r3.

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

m isQort,

20 YY" sV Y Y or v

Y* i H or halogen;

Y™  is lower alkyl, optionally substituied with one or more substituents selected from
the group consisting of lower haloalkyl, halogen, hydroxy, amino, and lower
alkoxy, .

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

Y*  is amino, optionally substituted with one or more lower alkyt:

or a pharmaceutically acceptable salt thereof (compounds of Formula IT°).
30 In one embodiment of Formula IF?, Y’ is methyl.

In one embodiment of Formula I, Y* is hydroxymethyi.



Y4is Y4', Y4b, Y4', or Y4d; wherein Y4a is H or halogen; 25Y4b is lower alkyl, optionally substituted
with one or more substituents selected from the group consisting of lower haloalkyl, halogen, hydroxy,
amino, and lower alkoxy; Y4e is lower cycloalkyl, optionally substituted with one or more substituents

selected fronY' &% f80 Consisting of tower alkyl, lower haloalkyl, halogernP GHERSR(P/E02HiNo, and
lower alkoxy; and Yld is amino, optionally substituted with one or more lower alkyl; or a

pharmaceutically acceptable salt thereof WO 2010/080633PCT/EP2009/057707 -13- In one variation

of Formula IlnYdnissmigiiivhet s vatiation ofsfeosauiaillon is 0, and mis 0. In one variation of
Formula Il, Y1 is methyl, nis 0, and mis O. In one variation of Formula Il, Y2 is hydroxymethyl.

In one embodiment of Formula K, ¥* is hydroxymethyl, n is 0, and m is 0.

In one embodiment of Formula IT°, ¥ is methyl, nis 0, and mis 0.

In one embodiment of Formula IE*, Y* is hydroxymethyl, Y is methyl, nis 0, and m is 0.
5> In one embodiment of Formula II’, Q is NH.

In one embodiment of Formula IT’, Q is NH, Y is methyi, n1s 0, and mis 0.

In one embodiment of Formula IT’, Y is hydroxymethyl, Qis NH, Y’ is methyl, n is 0, and

mis 0.
In one embodiment of Formula II’, Q is CH,.
10 In one embodiment of Formula I, Q is CH,, Y is methyl, n is 0, and m is 0.

In one embodiment of Formmula I, Yiis hydroxymethyl, Q is CH,, v!is methyl, nis 0, and

mis 0.

In one embodiment of Formula IF°, Y7 is methy!.

In one embodiment of Formula IT*, Y is hydroxyethyi.
15 In one embodiment of Formula I1’, Y* is halogen.

In one embodiment of Formula IT’, Y* is group (a) wherein Y* is H, halogen, lower alkyl, or
lower haioalkyl.

In one embodiment of Formula IF’, Y” is hydroxymethyl, Q is CHy, Y' is methyl, n is 0, and

mis 0, and Y*is group (a) wherein Y®is H, halogen, lower alkyl, or lower haloalkyl.

20 In one variation of the above embodiment of Formula IP’ R is -R'-R*-R%; 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.



5 In one variation of Formula Il, Y2 is hydroxymethyl and Y methyl. In one variation of Formula H, Y2 is
hydroxymethyl, n is 0, and m is 0. In one variation of Formula Il, Y2 is hydroxymethyl, Y1 is methyl, n
is 0, and n is 0. In one variation of Formula H, Q is NH. In one variation of Formula I, Q is CH2. 10 In
one variation't? BEBMSHH, Q is NH, Y2 is hydroxymethyl, Y1 is methyl, n TS HEEHIY T2, In one
variation of Formula I, Q is CH2, Y2 is hydroxyrnethyl, Y1 is methyl, n is 0, and m is 0. In one variation
of Formula H, Y4 is group (a) wherein Y5 is H, haledén, lower alkyl, or lower haloalkyl. 15 in one

variation of FermulReHy ¥#A:d6:0604R Bhwhensintensdriy hialagen: Inwerglkyt; of lowerkhglealkyl; Q is
CH2, Y2 is hydroxymethyl, Y§4is ethyl, n.is 0, and m is 0. In one variation of Formula I, R is
-RI-R2-R3; w elrseﬁoﬁ rsa?)% n§7 EP”S%E‘%L R2 is - C(=0); R3 is R4; and R4 is morpholine or
piperazine, optionally substituted with one or more lower alkyl. 20 In one variation of Formula ll, R is
-R1-R2-R3; WhEreHAeiggsiaaay o8 iyt RebrstoreropiRens IR Ris fofddline mrpipbtazine,
optionally substibated with-anedal € lower alkyl; Y4 is group (a) wherein V5 is H, halogen, lower
alkyl, or lower haloalkyli Q is CH2, Y2 is hydroxymethyl, Y1 is methyl, nis 0, and mis 0. WO

2010/0008 33631/ ERRONRANP L F PG 1 OPeYATIRUAMLREER W dh, B 15 REMISI &b Rhip pyrazol
optionally substituted with RP.
mis 0, and Y" is group (a) wherein ¥” is H, halogen, lower alkyl, or fower haloalkyl.,

In one embodiment of Formuta II’, Y* is lower alkyl.

In one embodiment of Formula IT°, Y is hydroxymethyl, Q is CHa, Y is methyl, n is 0, and
m is 0, and Y* is lower alicyl.

10 In one variation of the above embodiment of Formula I’ R is ~R'-R*-R”; 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 alkyi,

In another variation of the above embodiment of Formula IT’, R is -R*R" R? is ~C(=0)NH;
R’ is Hor R*; and R is Jower alkyl.

15 In one embodiment of Formula IF*, Y is hydroxymethyl, Q is NH, viis methyl, nis 0, and

m is 0, and Y* is lower alkyl.

In one variation of the above embodiment of Formula II’ R is -R'-R*-R*; R is pheny! or
pyridyL R” is <C(=0); R* is R*; and R” is morpholine or piperazine, optionally substituted

with one or more lower alkyl.

20 In another variation of the above embodiment of Formula II’, R is -R*-R?; R? is ~C(=0)NH;
R*is HorR"; and R* is lower alkyl.

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

*

optionally substituted with R" .

In one embodiment of Formula II’, Y* is group (¢) wherein Y and Y® are independently H,
25 lower alkyl, or lower haloalkyl.



In one variation of Formula Il, R is RI; Rl is pyrazolyl, optionally substituted with RP; Y4 is group (a)
wherein Y5 is H, halogen, lower alkyl, or lower haloalkyl; Q is CH2, Y2 is 5 hydroxymethyl, Y1 is
methyl, nis 0, and m is 0. In one variation of Formula Il, Y4 is group (b) wherein Y5 and Y6 are
independentRY ¢28HB8HWERalkyl. In one variation of Formula Il, Y4 is group {6JLERAEMEYHAnd Y6 are
independently H or lower alkyl; Q is CH2, Y2 is hydroxymethyl, Y' is methyl, nis 0, and mis 0. 10 In
one variation of Formula Il, R is -RI-R2-R3; whereinlR{ is phenyl or pyridyl; R2 is - C(=0); R3 is R4;

and R4 is mqrpmlMwam@@f@zmrﬂmmaﬁ%%?&@wﬁgm?ab@ﬁec%mﬂr@ 1alkyb Imene
variation of Formula Ié‘}(l? is -RI-Ré—R%Whergip Rl is phenyl or pyridg{l; R2is-C :-9{); R3isR4; R4 is
morpho line 8 PipePAbihe's SEUghEy St &tittBWitH BB GPHRETR ShdRsr iyt ¥49% Group (b)
wherein Y5 andb¥6sére independently H or lower alkyl; Q is CH2, Y2 is hydroxymethyl, YI is methyl, n
is 0, and in is 0. In one variation of Formula Il, R is RI; and RI is pyrazolyl, optionally substituted with

RP. In one yafationefifosmuteatoR iRlaflls Byrazalh Ationaly suhstitutedwith,RR; Y4 is group
(b) wherejn Y5 a q Y6 are glgﬁpepderkt_ly H o lower alkyl; Q is CH2, Y2 is hydroxy20 methyl, Yl is
methyl, nis &A1 s 1 SHothdt EmBstim St IRV AR PRt s P RYm SRR Formula I,
wherein: R isvwih-Rk eRb:R2IREr dl23-R3, or-R2-R3; Rl is aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl, and is optionally substituted with RP; wherein RP is lower alkyl, hydroxy, lower

hydroxyalkyl Howeihatkexy BRIGRD O MBAIHNG: SYElRalkY ,Ih?f@[QCR@l‘Ra!ins@@@%?@f ower
haloalkyl; R2 iis%g{:o&{(;(:ogg, -C(=0)N(R2I), -(CH2)q, or -S(=0)2; wherein R2"is H or lower alkyl; q is
1,2, or 3; WD 3018/006833PCY/EBIGH8/b57707 -15- is H or R4; wherein R4 is lower alkyl, lower
allcoxy, lower heteroalkyl, aryl, arylalkyl, alkylaryl, heteroatyl, alkyl heteroaryl, heteroatyl alkyl,
cycloalkyl, alig/elsneiryyasgtraifyhansayhemotpsokSoraikg ke o By chod Ry lisarvirerbeycloalky!
alkyl, angis eptienallyssuhstitiediwith’ one or more lower alkyl, hydroxy, oxo, lower

In one embodiment of Formula YI, Y7 is hydroxymethyl, Q is NH, Y’ is methyl, n is 0, and
m is 0, and Y* is group (c) wherein Y° and Y® arc independently H, lower alkyl, or lower
haloalkyl.

In one variation of the above embodiment of Formula I’ R is —-R'-R*-R* R’ is pheny! or
15 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 FI*, R is -R-R” R? is ~C{=Q)NH;
R is Hor R*; and R* is lower alkyl.

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

20  optionally substituted with R,

In one embodiment of Formula I1*, Y* is group (b) wherein Y* and Y® are independently H or
lower alkyl.

In one embodiment of Formula I1’, Y is hydroxymethyl, Q is CH,, Y is methyl, n is 0, and
mis 0, and Y*is group (b) wherein Y° and Y® are independently H or lower alkyl.

25  Inone variation of the above embodiment of Formula II’, R is ~R'-R*-R* 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.



5hydroxyalkyl, lower aikoxy, halogen, nitro, amino, cyano, lower allcylsulfonyl, or lower haloalkyl; Q is
CH2, CH(Y) or NH; wherein Y is halogen, hydroxy, or lower alkyl, wherein the lower alkyl is optionally
substituted with one or more substituents selected from the group consisting of hydroxy, lower allcoxy,
amino, and HABEENCE8P324 is H or lower alkyl; Y2 is Y2a or Y2b; wherein Y83 HB10FAgen; Y2b is
lower alkyl, optionally substituted with one or more Y26'; wherein Y2b' is hydroxy, lower alkoxy, or
halogen; each Yr is independently Yra or Y2m; whetéin Yra is halogen; Yrb is lower alkyl, optionally

substituted with:Re:RF IRafBnYed Vi ubeve kbl isidhy dremiaw er allGexy o hatoger; 1bmig0,1,2, or 3.
Y3 is halogen or lower alkyl, wherein the lower alkyl is optionally substituted with one or more
substituents SelScted frorfthE JFdUBE8IRTsting of hydroxy, lower alkoxy, amino, and halogen; mis 0 or

1; 20 y4 is y4a, y4b, y4c, or y4d, Y4a is H or halogen; YTh is lower alkyl, optionally‘substituted with
one or more SubgtileiRes sElettadfibarhecobpievasisingemiedEr Raidaliendialdgenmainjiroxy,

amino, and leywesalkexybsia¥didiai@ver cycloalkyl, optionally substituted with one or more
substituents selected from the group consisting of lower alkyl, lower haloalkyl, halogen, hydroxy,

amino, and Iquer alkaxy.and ¢ Formuta I1°, Y is hydroxymethyl, Q is NH, Y' is methyl, n is 0, and
m is 0, and Y* is group (b) wherein Y and Y® are independently H or lower alkyl.

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

with one or more lower alkyl,

10 In another variation of the above embodiment of Formula II*, R is -R>-R*: R%is —C{=0)NH,
R*is H or R*; and R* is lower alkyl.

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

optionally substituted with R".

In one embodiment of Formula I1*, Y* is group (d) wherein Y* and Y® are independently H,

15 lower alkyl, or lower haloalkyi.

In one embodiment of Formula 11°, Q@ is CHz, Y' is methyl, n is 0, and m is 0, and Y* is group

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

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

20  with one or more lower alkyl.

In another variation of the above embodiment of Formula IF’, R is -R*R* R?is —C(=0)NH;

R is H or R*; and R” is lower alkyl.

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

optionally substituted with R".

25 In one embodiment of Formula 117, Q is NH, Y!is methyl, nis 0, and mis 0, and Ytis group

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



Y4d is amino, optionally substituted with one or more lower alkyl; or a pharmaceutically acceptable salt
thereof (compounds of Formula 30 In one embodiment of Foiinula II', Y is methyl. In one embodiment
of Fotmula II', Y2 is hydroxymethyl. - 16- In one embodiment of Formula II', n is 0, and m is O. In one
embodiment®PEBIIIMAN", Y2 is hydroxymethyl, nis 0, and in is 0. In oneP&M{BBHIINER8F Formula II',
Y is methyl, niis 0, and m is 0. In one embodiment of FormulaY2 is hydroxymethyl, Y is methyl, nis O,
and inis 0. 5 In one embodiment of Folula H', Q is#t. In one embodiment of Formula II', Q is NH, Y1

is mﬁtlhyl n ?%@@dﬂ%?@fmﬁ%m%@emﬁaﬁ?:fﬁ&ﬁﬁlﬂﬂ%qﬂg%aéﬁ?qﬁ@ymame?lﬁmH Y# is
methyl, nis 0, and, m is embadi { of Formyla Il', Q is n mbodiment o
o . ECHR P AR i & S50 h RO e ot PP RO i

hydroxymcthyiitiQois: Gxi-dﬂqrh’mmmﬁtbﬁyl, n is 0, and mis O.

In another variation of the above embodiment of Formula IE*, R is —RZ—RB; R%is ~C(=0)NH,
5 R'isHorR* and R®is lower alkyl.

Tn yet another variation of the above embodiment of Formula II’, R is R'; and R” is pyrazolyl,

optionally substituted with R"",

In another embodiment, the invention provides a compound of Formula I, wherein:

R isH, -RY-RVRER -RM-R? or-R%-R7; wherein

10 R' is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally substituted with R';

“wherein R' is lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, halogen, nitro,
aniino, cycloalkyl, heterocycloalkyl, cyano, or lower haloalkyl;

R? s ~C(=0), ~C(=0)0, ~C(=ON(R?), (CHy)q, or ~S(=0),; wherein R is H or lower
alikyl; qis 1,2, or 3;

15 R’ isHorR" wherein R is lower alkyl, lower alkoxy, lower heteroalkyl, aryl, arylalkyl,
alkylaryl, heteroaryl, alky! heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl cycloalkyl,
cycloalkyl alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or heterocycloalkyl alkyl,
and is optionally substituted with one or more lower alkyl, hvdroxy, oxo, lower
hydroxyalkyl, lower alkoxy, halogen, nitro, afn.ino, cyano, lower alkylsulfonyl, or lower

20 haloalkyl;

v'  isHorlower alkyl;

Y is Y® or Y®; wherein Y** is H or halogen; Y*° is lower alkyl, optionally substituted

with one or more Y2 ; wherein Y2 is hydroxy, lower alkoxy, or halogen;

each Y7 is independently Y** or Y*; wherein Y** is halogen; Y*" is lower alkyl, optionally

25 substituted with one or more Y2 *'; wherein Y** is hydroxy, lower alkoxy, or halogen;

n 180,1,2,0r3;

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

30 isOorl;

s Y* Y v* or Y™ wherein

- B



In one embodiment of Formula II', Y2 is methyl. In one embodiment of Formula II', Y2 is hydroxyethyl.
15 In one embodiment of Formula II', Y2 is halogen. In one embodiment of Formula II', Y4 is group (a)
wherein Y5 is H, halogen, lower alkyl, or lower haloalkyl. In one embodiment of Formula II', Y2 is
hydroxymethyP é1&¥443% v1 is methyl, n is 0, and m is 0, and Y4 is group AJERHEPSFT S is H,
halogen, lower alkyl, or lower haloalkyl. 20 In one variation of the above embodiment of Fon lulu II' R is
-121-R2-R3; 121 is phenyl or pyridyl; R2 is -C(-0); R3-s R4; and R4 is morpholine or piperazine,
optionally substituéd with gneigiepore lower alkyl. WO 2010/000633PCT/EP2009/057707 -17- In

another variation gf;the above E‘SLbOdime@t of Formula |I', R is -R2--R3; R2 is -C(=0)NH; R3 is H or
R4; and R4 is lowér alk%.“i?ﬂai BHRRAS PR ELBRA AT SISCURSRIREHT ESRRAATI R is RI:
and Rl is pyrazolyl, optiermiyrsubstitited kit iR, i gre lerbadmeint offdosmelakoxy? is

hydroxymethyt, Qiis:Nfd; YIS 5;1#3,,1n is.Q. and m is. 0, and.y4 is grou %w erein Y5is 11,
$ : ) ; i g ;
halogen, lower alkyl, or Iower?%?oa yl? ﬁ)lone%ﬁ%%ﬁfr%@r‘ﬁ%f%&#ﬁ%%% y Ilsefg\slv‘;eeggﬁfﬁyc/il. In one
embodiment of FormufEPIn, eeiswyenesiinsefyparisiom 20w saely balig @, dpdrewsis 0, and Y4 is
lower alkyl. 10 In one vatiddianofthe aeye efgbodiment of Formula II' R is -R1-R2-R3;121 is phenyl
or pyridyl; R2 is -9(502; R3.is R4; and R4 is morpholine or piperazine, optionally substituted with one
or more lower alkyl. In S ABIRGY LT SBPIRETSD SV SRSERMTEALSFEYuIa H', R is -R2-R3 2 is
-C(=0)NH; R8ris am4neeutReispabiers dtikitbreof
In one embodiment of Formula ITI, Y' is methyl.
10 In one embodiment of Formwla I, n is 0 and m is 0,
In one embodiment of Formula I11, Y?is hydroxymethyi
In one embodiment of Formula IIL, Y' is methyi, nis 0 and mis 0.
In one embodiment of Formula I, Y? is hydroxymethyt; Y is methyl, nis 0 and m is 0.
In one embodiment of Formula I, Y? is methyl.
15 In one embodiment of Formula ITL, Y* is hydroxyethyl.

In one embodiment of Formula ITL, Y is halogen.

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

In one embodiment of Formula Xf1, Y* is hydroxymethyl, Y' is methyl, nis 0, m is 0, and Y*
20 is group (a) wherein Y’ is H, halogen, lower alkyl, or lower haloalkyl.

In one variation of the above embodiment of Formuta IIT, R is ~-R'-R*-R*; 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 I1L R is -R*R?; R? is ~C(=0)NH;
25 R'isHorR* and R*is lower atkyl.



15 In one embodiment of Formula II', Y2 is hydroxymethyl, Q is NH, Y2 is methyl, nis 0, and m is O,
and Y4 is lower alkyl. In one variation of the above embodiment of Formula II' R is -R1-R2-R3; Rl is
phenyl or pyridyl: R2 is -C(=0); R3 is R4; and R4 is morpholine or piperazine, optionally substituted
with one or mi¢ é%%?%ﬁm 20 In another variation of the above embodiffenERIEEIRNA I, R is
-R2-R3; R2 is -C(=0)NH; R3 is H or R4; and R4 is lower alkyl. In yet another variation of the above
embodiment of Formula H', R is RI; and Rl is pyrazé®l, optionally substituted with RI'.  hi one
embodiment lafyepinadiar Var¥idds oforsicyvdneraiiméh: andorearaindepaddent!y Hs goriewer alkyl, or
lower haloalk Iti V\éﬁ) ZO%SQ/O C%G\é%‘P DEP2009/057707 -18- In one embodiment of Formula I, Y2 is
hydroxymethyf, 81|s TH : IS methyl, nis 0, and mis 0, and Y4 is group (c) wherein Y5 and Y6 are
independently H, lower alkyl, or lower haloalkyl. In one variation of the above embodiment of Formula
I, R is -RI-RE-£%: SRASHEHM IS o841t ‘R P i€0840) "RY $8 R4 28 REcindserpiatihetbr
piperazine, optenallyisubsiiiutadisdtiiyone or more lower alkyl. In another variation of the above
embodiment of Formula II', R is -R2-R3; R2 is -C(=0)NH; R3 is H or R4; and R4 is lower alkyl.  In yet

another vgﬂiqﬂ%@émcﬁ&@x@o@m&qlmﬂt@f_im?glﬁ}e@&h&y i REAREVRELIR BYRaRAlY kR eptionally

substituted with RI'. In one embqdiment of Foiniu 2 is’hydroxymethyl, Q is NTT, Y is methyl, n is
0, and m is OS &Y EISTGRERIP Yo)ihereiis aearrisraharh InuapekdeAtiPEenSaetlatkyl, or lower

haloalkyl. In one variation of the above embodiment of Formula II', R is -RI-R2-R3; Rl is phenyl or 15
pyridyl; R2 isl@pe0prREoms & heahd R 4mbedonphicl i ongipdiaRine R pRSnaiyRS ibptitatd dwith one or

more lower glylyvi R is ~C(=0); R¥ is R%; and R* is morpholine or piperazine, optionally substituted

with one or more lower alkyl.

10 In another variation of the above embodiment of Formula HI, R is -R*-R’ ; R ig -C{=0O}NH,;
R'is H or R*; and R* is lower alkyl.

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

optionally substituted with R"

In one embodiment of Formula XL, Y* is group (b) wherein Y° and Y are independently H
15 orlower alkyl.

In one embodiment of Fornmula IEL, Y? is hydroxymethyl, Y? is methyl nis 0, mis 0, and Y*
is group (b) wherein Y* and Y° are independently H or lower alkyl.

In one variation of the above embodiment of Formula ITE, R is ~R'-R*-R"; R' is phenyl or
pyridyt; R” is ~C(=0); R is R*; and R” is morpholine or piperazine, optionally substituted

20 with one or more lower alkyl.

In another variation of the above embodiment of Formula IIL, R is ~-R*R’; R? is ~C(=O)NH;
R”is H or R*; and R* is lower alkyl.

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

optionally substituted with R"|

25 In one embodiment of Formula YL, Y* is group (d) wherein Y* and Y® are independently H,

lower alkyl, or lower haloalkyl.



In another variation of the above embodiment of Formula II', R is -R2-R3; R2 is -C(=-0)NH; R3 is H or
R4; and 12.4 is lower alkyl.

and Rl is pyrazolyl, 20 ofﬁtionally substituted with RI'. In one embodiment of Fol.lutaY4 iTEgroup (b)

wherein Y5 3H3 PE4PE

hydroxymethyl, Q is CH2, YI is methyl, nis 0, and m is 0, and Y4 is group (b) wherein Y5 and Y6 are
independently H or lower alkyl. 25 In one variation 8fthe above embodiment of Formula II', R is

-RI-R2--R3; R dagphemydiorpysididiRR2:$HCED) MiRBdsyR41andrRi isemerphieliyenas pipetazine,

optionally substitutef i
another variation of ﬁyv

W
ea

dependently H or Lower alkyl. In one embodimeht GEEBHRA

one
SIrein
ove

In yet another variation of the above embodiment of Formula IF, R is RI;

,Y2is

more lower. alkyl 10/0 3PCT/E1'2009/057707 -19- In
embo imaé%fngf‘ Eggdrﬁltﬁygcﬁz? “f%r-%%%?gﬂﬁl;oﬁfﬁrié%&%ygmw 12.3is Hor

R4; and R4 is lower alkyl. In yet another variation of the above embodiment of Formula IP, R is RI; and
R] is pyrazoly, S5ttrall) stbisaieer FrRIIm e A disretbBlimhéhtdr Eorfuf ik, Phemd or
hydroxymethysri@yisiN i, ¢ 1=i9 yrethyR *nasdR Bineheipbolinane pikis-gioup:(Enamhersinniddand Y6 are

independently .H or lower al
; Rﬁ‘iﬁl

-RI-R2-R

10
iS P

d

Jower &l lfa/\!v Il_n %1’5 variation of the above embodiment of Formula II', R is
Renyinor pyri yI;;1 i

is -C(=0); R3 is R4; and R4 is morpholine or piperazine,

optionally substituted with one or more lower alkyl. 10 In another variation of the above embodiment of
Formula 11", Rti&nesberygripgionoldhepyRiq cpBodinest 3 A oanet AL R Gy afky R 15 y&(ERREEr variation
of the above rhbBdinreniaf FoiinstaR4dR1; and R is pyrazolyl, optionally substituted with RI'.

10

15

20

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

optionally substituted with R’ .

In another embodiment, the mvention provides a compound of Formula IV, wherein:
R isH,-R) -R-R%R’ -R'-R’ or -R*R* wherein

R' is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally substituted with R*;

wherein R' is lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, halogen, nitro,

amino, cycloaliyl, heterocycloalkyl, cyano, or lower haloalkyi;
R?  is —C(=0), -C(=0)0, ~C(=ON(RY), {CHa)g, or —S(=0);; wherein R* is H or lower
alkyl, qis 1,2, 0r3;

R* isHorR"
R* islower alkyl, lower alkoxy, lower heteroalkyl, aryl, arylalkyl, alkylaryl, heteroaryl,
alkyl heteroaryl, heteroary] 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 hydroxvalky!, lower

alkoxy, halogen, nitro, amino, cyano, lower alkylsulfonyl, or lower haloalkyi;
Y! s H or lower alkyl;

Y? isY®or Y%; wherein Y* is H or halogen; Y? is tower alkyl, optionally substituted

with one or more Y*; wherein Y2 is hydroxy, lower alkoxy, or halogen;

cach Y* is independently Y** or Y*"; wherein Y** is halogen; Y* " is lower alkyl, optionally

substimted with one or more Y2 wherein Y2 is hydroxy, lower alkoxy, or halogen:

n 180,1,2, 0r3.



In one embodiment of Formula II', Y4 is group (d) wherein Y5 and Y6 are independently H, 15lower
alkyl, or lower haloallcyl. In one embodiment of Formula II', Q is CH2, Y1 is methyl, nis 0, and mis O,

and Y4 is gro%? %}I%/Wfderein Y5 and Y6 are independently H, lower alkyl, or lower rgalpalk7yl. In one
variation of the 4Bove &fbodiment of Formula I, Ris -RI-R2-R3; R3 is pﬁSﬁﬁﬁP&P%{Rﬁrw, R2 is -C(=0);

R3is R4; and R4 is morpholine or piperazine, optionally substituted 20 with one or more lower alkyl. In
another variation of the above embodiment of Foilmi& II', R is -R2-R3; R2 is -C(=0)NH; R3 is H or R4;
and R4 is lower alkyihidpeyet anetheikvhrkdtioniohthieebaelieybimbptiméntobfoiraiadoR ¢8 121; and RI
is pyrazolyl, optiopally substit (?1 it " 010/000633PCT/EP2009/057707 In one variation of
the above embodthrlr?é%stugF O?er%% SYTYLT'{%&S %1;{%%5%)@34;9&[1%nﬁ%hogh%%?x&’/?%kyﬁ 0@/’-8)(21&)3’; R3is R4;
and R4 is morphdidedpgiiperazine optionally substituted with one or more lower alkyl.  In another
variation of the ahpyg,embodiment of Formula ' R is -R2---R3; R2 is -C(0)NH; 5 R3 is H or R4; and R4
is lower alkyl. In yet %mer jariation of the above embodiment of Formula LP, R is RI; and Rl is
pyrazolyt op iondﬂ}%ﬁ stitutevd)(/ﬁ?ﬁ?’f?rlﬁnanother embodiment, the invention provides a compound
of Foimla lll, whekéth: RlsokhaResR|1-R2-R3,-RI-R3,0r-R2-R3; wherein 10 Rl is aryl, heteroaryl,
O o heterocy AL RUREabatiEd Wi B MRIEILRI sdquer glol, hydroxy.
lower hydroxyaikyl, lower aﬁ<ox , halogen,nitro, amino, cyc oa&ﬁ,%eterocycrfoeﬂ?(y, cyano, or lower
haloalkyl; R2 is -C(=0)theam@ongya@ nf(rbalkyd aigcnr bairepy2aminer el Ry dsaliwiviower alkyl; q

is 1, 2, or 3; 15 R¥s BsasRfcwinngin, Badslawensdiadclower slkormipnenhaterealkidsaryl, arylalkyl,
aIkyIary)I]; heteroaryl, alkyl heteroaryl, he,te.roargl alkyl, cycloalkyl, aIk&I cycloalkyl, cycloalkyl alkyl,

heterocylloalkyl, alky! FETESTAUAARE S etbloEsidatcivaiky ilski?f)‘fﬁ?ﬁah Ubstituted with one
or more lower alkyl, hyatawy aokbaydenekdwidraxyalkyl, lower alkoxy, halogen, nitro, amino, cyano,

lower aIkyIsquonyJY,:;@r ig\é\{%{no, optionally substituted with one or more lower alkyl;

or a pharmaceutically accepiable salt thereof
In one embodiment of Fornula EV, Y' is methyl.
15  In one embodiment of Formula IV, n is 0 and mis 0.
In one embodiment of Formula IV, Y is hydroxymethyl.
In one embodiment of Formula IV, Y is methyl, nis 0 and mis 0.
In one embodiment of Formula IV, Y is hydroxymethyl, Y’ is methyl, nis ¢ and mis 0.
In one embodiment of Formula IV, v?ig methyl.
20 In one embodiment of Formula IV, Y* is hydroxyethyl.
In one embodiment of Formula IV, Y2 is halogen.

In one embodiment of Formula IV, Y* is group (a) wherein Y” is H, halogen, lower alky!, or
lower haloalkyl.

In one embodiment of Formuta IV, v is hydroxymethyl, vlis methyl, nis 0, mis 0, and Ve

25 is group (a) wherein Y° is H, halogen, lower alkyl, or lower haloalkyl.



20haloalkyl; YIis H or lower alkyl; y2 is Y22 or Y2b; wherein Y28 is H or halogen; Y2" is lower alkyl,
optionally substituted with one or moreY2b'; wherein Y2if is hydroxy, lower alkoxy, or halogen; each
Y2'is independently Y2'a or Yrb; wherein Yr' is halogen; Y2'b is lower alkyl, optionally 25substituted
with one or n%?ezg}éf\'}?merein Yrb' is hydroxy, lower alkoxy, or halogen; AiISTOER2099/%177y 3 is halogen
or lower alkyl, wherein the lower alkyl is optionally substituted with one or more substituents selected
from the group consisting of hydroxy, lower alkoxy,-afmino, and halogen; 30 mis 0 or 1; y4 is yila, y4b,
y4c, or yAd; Wheteinriion2010/Q00633RCTHRRA2000/0aWIAGT da iRt ot hdladen,N4biislower alkyl,

optionally substituted svith one ot mo ,sut%sl%tuents elected from . the group consisting of haloalkyl,
halogen, hyd%%é?&ék%iﬁso, %?n? I)(‘)\Elivelrsa KoXy: V-4 Fs}%"f}'v%ﬁ%f’y%’ié%@ﬁﬁ%‘&& QWPQ[J%ﬁfH’t’é‘?%With one or
more substittfhsweearett Birometki group consisting of lower alkyl, lower haloalkyl, halogen,
hydroxy, amino, and lower alkoxy; and

In another variation of the above embodiment of Formula IV, R is ~-R-R* R?is ~C(=O)NH;
5 R’isHorR";and R*is lower alkyl.

In yet another variation of the above embodiment of Formula IV, R is R'; and R is pyrazolyl,
optionally substituted with R"".

in one embodiment of Formula IV, Y* is lower alkyl.

In one embodiment of Formula IV, Y2 is hydroxymethyl, Y' is methyl, 1 is 0, and m is 0, and
10 Y*is lower alkyl.

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

with one or more lower alkyl.

In another variation of the above embodiment of Formuia IV, R is -R*-R’, R is ~C(=0)NH;
15 R*is HorR* and R*is lower alkyl.

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

optionally substituted with R’ .

In one embodiment of Formula IV, Y* is group (c) wherein Y* and Y® are independentty H,

lower alkyl, or lower haloalkyl.

20 In one embodiment of Formula IV, Y is hydroxymethyl, v'is methyl, n is 0, m is 0, and Y*
is group (c) wherein Y and Y® are imdependently H, lower alkyl, or iower haloalkyl.

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

with one or more lower alkyl.

25 Tn another variation of the above embodiment of Formula IV, R is —R*-R™, R is ~C(=0)NH;
R*is H or R*; and R* is lower alkyl.



Y4d is amino, optionally substituted with one or more lower allcyl; or a phaiiiiaceutically acceptable salt
thereof In one embodiment of Formula Eli, Vt is methyl. 10 In one embodiment of Formula lll, nis 0

and mis 0. Ir{vodjze 1eor}a)tg)oﬁgliisment of Formula Ill, Y2 is hydroxyrnethyi In one embodiment of Formula Hl,
Yl is methyl, nis 38R %is 0. In one embodiment of Formula I, Y2 is hyﬁ?g%%q‘?{%wnls methyl, n is

0 and mis 0. In one embodiment of Formula Ill, Y2 is methyl. 15 In one embodiment of Formula Ill, Y2
is hydroxyethyl. In one embodiment of Founula I, ¥5-is halogen. In one embodiment of Formula I,
Y4 is group (&) whereievGiiadinhdlhgehotowebalkykmon iventialba kyls R ame’ eénleadisnent of

Formula Ill, \%dﬁ Q*?r&%mggéyl Qﬁ]}{is methyl, nis 0, mis 0, and 114 20 is group (a) wherein Y5 is H,
halogen, lowe aﬁy, or lower haloallcyl. In one variation of the above embodiment of Formula HI, R is

-R---R2-R3; R' is phenyl or p¥rid l: R2 is -ngO); R3 is R4; and le is morpholine or piperazine,
optionally subkf t%ﬁ%ﬂﬁ%ﬂeo Bg?ﬁBPéa BXver AgFPupe ?@iﬁ@%@@éﬁgﬁﬁﬁ%ﬁg%@??ﬁﬁn yet

another varidtioaralithe above embodiment of Formula HI, R is RI. and R is pyrazolyl, optionally
substituted with RI',

5 In one embodiment of Formula IV, Y? is hydroxymethyl, Y' is methyl, n is 0, m is 0, and V*
is group (b) wherein Y° and Y® are independently H or lower alkyl.

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

with ong or more lower alkyl.

10 In another variation of the above embodiment of Formula IV, R is -R*-R* : R%is —C(=0)NH,
R’ is H or R; and R" is lower alkyl.

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

optionally substituted with R* .

In one embodiment of Formula IV, Y* is group (d) wherein Y* and Y° are independently H,

15 lower alkvi, or lower haloalky!l.

In one embodiment of Formula IV, Y? is hydroxymetayt, Y' is methyl, n is 0, m is 0, and Y*
is group (d) wherein Y* and Y° are independcnt}y H, lower alkyl, or lower haloalkyl.

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

20 with one or more lower alkyl.

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

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

£

optionally substituted with R*.

25  In another embodiment the invention provides a compound of Formula V, wherein;

R isH -R' -R-RZR}-R'-RY or-R%-R%;



In one embodiment of Formula 1, Y4 is group (c) wherein Y5 and Y6 are independently H, lower alkyl,
or lower haloalkyl. 5 In one embodiment of Formula Ill, Y2 is hydroxymethyl, Y1 is methyl, nis 0, mis
0,and Y4 is }%Oa%t? % wherein Y5 and Y6 are independently H, lower alkyl, or lower haloalkyl. In one
variation of tRECaBOVE eftbodiment of Founula HI, R is -R1-R2-R3: Rl is pRERABPIYHEINT R2 is -C(=0):
R3is R4; and R4 is morpholine or piperazine, optionally substituted with one or more lower alkyl. 10 In
another variation of the above embodiment of ForméFa Ill, R is -R2- 3; R2 is -C(=0)NH; R3 is H or R4;

and R4 is lovier alkytylrhyetanathesvatiationeidhe aaveembodismant ofrasatly i ig'RI; and le
is pyrazolyl, optionally substituted with Ry. ., In one embodiment of Formula 111, Y4 is group (b)
wherein Y5 and Y%%z-i_e\r%l?n e&gﬁggﬁﬁﬁﬁa@@f{ P&\%\?é?eé% .r?ﬁygi’?%'le Yg%ﬂ%@ﬁ’ SEIeSFM BN, Y2 is
hydroxymethyl, Y kisinsethyglosliglChataris ey dvisngroujp sy Wwierkiyl; Y5 and Y6 are independently H
or lower alkylr?2 In;onexafjation-githeahe) ogiment of Rarpula JIl, R is»R1-R2-R3; Rl is phenyl
or pyridyl; R2 is -C =0)(\;L% IS §4;§ahd 4 ?sﬁm(ﬁgr})ghgﬁﬁgqér pipgfg;)lzﬁe, éﬁ%ﬁaﬂlﬁ]}s{s%siﬁm?ed 20 with
one or more loweP Xyl ih'arothér variation of the above embodiment of Formula I, Ris -R2-R3; R2
is -C(=0)NH; IR3 issHiior RY vanetR4 isslmwver alkyl. iwyetianoihrrnanateneftheabayaigpbodiment of

Formula HI, R is R}; and Rl i razolyl, optionally substituted with RI'. 25 In one embodiment of
Formula Ill, Y4 is gr ?J?)Wd %v%%%@?ﬁ%da%%evgrgrehﬁggﬁgﬁn‘Miy‘fﬁ%@r%}%}l?‘@?@%& haloalkyl.
WO 2010/000633PChHFDIRI/IBRTOF v dd . eikbodimeny dbEbjilulaktitotyadslhyldidyymethyl, Y | is
methyl, nis 0, M i5:;aa s GONRLE WHETERSY 3R]0 Al ndeReRdently Hojgwer ally, of

lower haloalkyl. In one variation of the above embodiment of Formula lll,"R’is -RI-R&-R:%; Rl is phenyl
or pyridyl” R2 is -GRIEFE4IE FACHAEIRY R0 SRR B parRsine veptibiism attstitineears with one

or more lower alkWaloalkyt;

Q  is CHy, CH(Y) or NH; wherein Y is halogen, hydroxy, or lower alkyl, wherein the
lower alkyl is optionally substituted with one or more substituents selected from the
group consisting of hydroxy, lower alkoxy, amino, and halogen;

15 Y' isHorloweralkyl;

Y? 15 Y or Y*; wherein Y* is H or halogen; Y?" is lower alkyl, optionally substituted
with one or more Y*'; wherein Y*' is hydroxy, lower alkoxy, or halogen;

each Y*'is independently Y7 or Y*™, Y** is halogen; Y*" is lower alkyl, optionally
substituted with one or more Y**; Y*™ is hydroxy, lower alkoxy, or halogen:

20 n is0,1,2, 0r3.

Y* s halogen or lower alkyl, wherein the lower alkyl is optionally substituted with one or
more substituents selected from the group consisting of hydroxy, lower alkoky, amino,

and halogen;

m is8Qorl;
25 Y YY" Y® v® or Y,
- Y* is H or halogen;

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

30 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;



In another variation of the above embodiment of Formula ILL, R is -R2--R3; 2 is -C(=0)NH; R3 is H or
R4; and le is lower alkyl.. In yet another variation of the above embodiment of Formula HI, R is RI; and
Rlis pyrazo%l{j%ﬁ\tionan substituted with RI'. 10 In another embodiment, the inventionﬁgrovides a

0

compound o U8 ‘?Wherein: Ris H, -RI, -RI-R2-R3, -RI-R3, or -BY--%TW%%H‘V Iis aryl,

heteroaryl, cycloallcyl, or heterocycloalkyl, and is optionally substituted with 121'; wherein RI'" is lower
alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy, haié¢ren, nitro, amino, cycloalkyl, heterocycloalkyl,

cyano, or lowerzhaloalkydn il iR 2iseiT{0921 @690, -C(=0)N(R2"), -(CH2)1, or -S(=0)2; wherein RT is
H or lower alkyl; q is 1, 2, or 3; BY is H or R4; R4 is lower alkyl, lower alkoxy, lower heteroalLkyl, aryl,

arylalicyl, alkylapy chglsiaantc affodheteroaryl hetgrparyl alkyl, cycloalkyl, alkyl cycloalkyl, cycloalkyl
alkyl, 20 heterocycloallcyl, alkyl heterocycloalkyl, or heterocycloalkyl alkyl, and is optionally substituted

with one or more lower alkyl. hydroxy, o (o) hydroxyalkyl, lower alkoxy, halogen, nitro, amino,
cyano, Iowerrliglﬂﬁsﬁﬁo%%ﬁ%ﬂrtI%¥vg«8?h§%ll%§]ﬁ<§ﬁ%§'H or lower alkyl; Y2 is Y2a or Y2b; wherein Y23 is H

or halogen; Y2b is lower alkyl, gptionally substituted with one or more Y2b'; wherein Y2b. is hydroxy,
lower alkoxy T PHfIHeA R Y2 pend dX P BY Y 2'b; wherein Yra is halogen: Yrb is lower

alkyl, optionally substituted with one or more Y2w; wherein YThl is hydroxy, lower alkoxy, or halogen;
is 0, 1, 2,%r 3n G RIKYOD06EBROTEP2009/087 720 24- Y3 is halogen or lower alkyl, wherein the
lower alkyl is optionally substituted with one or more substituents selected from the group consisting of
hydroxy, lowes etls@uyhamiag, dmdhalngerny” is hydroxymethyl, n is.0, and m is 0.

In one embodiment of Formula V, Y is methvl, nis 0, and mis 0.

In one embodiment of Formula V, Y is methyl, Q i1s CHy, nis 0, and mis 0.

In one embodiment of Formula V, Y* is hydroxymethyl, v!is methyl, nis 0, and m is 0.

10 In one embodiment of Formula V, Y is hydroxymethyl, Y' is methyl, Q is CH,, n is 0, and m
18 0.

In one embodiment of Formula V, Y is methyl,
In one embodiment of Formula V, Y is hydroxyethyl.
In one embodiment of Formula V, Y* is halogen.

15 In one embodiment of Formula V, ¥* is group (1) wherein Y is H, halogen, lower alkyl, or
lower haloalkyl.

In one embodiment of Formula V, Y* is hydroxymethyl, Y' is methyl, Q is CH;, n is 0, and m
is 0, and Y* is group (a) wherein Y* is H, halogen, lower alkyl, or lower haloalkyl.

In one variation of the above embodiment of Formula V R is -R'-R*-R*; R is phenyl or
20  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 V, R is ~R*-R?; R? is ~C(=0)NH;
R*is H or R*; and R* is lower alkyl.



isOorl;5I1Ais Y45, Y4b, Y4 , or Y44; wherein y4a is H or halogen; Y4b is lower alkyl, optionally
substituted with one or more substituents selected from the group consisting of haloalicyl, halogen,
hydroxy, aming, and lower alkoxy; Y40 is lower cycloalkyl, optionally substituted with one or more
substituents Q& B om the group consisting of lower alkyl, lower ha?&érﬁ%ﬂ?%gfﬁ?&% hydroxy,
amino, and lower alkoxy; and y4d is amino, optionally substituted with one or more lower alkyl; or a
pharmaceutically acceptable salt thereof In one embodiment of Formula IV, Y1 is methyl. 15 In one
embodimentlofyEonmtia Mrimisnd e ahdseGnibodiseansliddiment\afRaiBijanV/R ViR jshydidxymethyl.

In one emboding%r‘gi Eogfb%%%a&{th\( ts methyl, nis 0 and m is 0. In one embodiment of Foaula 1V, Y2

) t . : . .
is hydroxymeoﬁuﬂ, -Y4'1s methyl, n'is 0 and mis 0. In one embodiment of Formula 1V, Y2 is methyl. 20
In one embogniment of Formula |V, Y2 is h)@roxyethyl.

one embodiment of Formula V.Y 1s [ower alkyl.
In one embodiment of Formula V, Y is hydroxymethyl, v!is methyl, Qis CH,, nis 0, and m
5 150, and Y*is lower alkyl.

In one variation of the above embodiment of Formula V R is —-R'-R*-R?*; R is pheny! 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 V, R is ~R*>R%; R? is ~C(=0)NH;
10 R*is HorR"; and R" is lower alkyl.

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

optionally substituted with R

In one embodiment of Formula V, Y* is group (¢) wherein Y* and Y® are independently H,

lower alkyl, or lower haloalkyl.

15 In one embodiment of Formula V, v ig hydroxymethyl, Y'is methyl, Q is CHz, 1 is 0, and m
is 0, and Y* is group (¢) wherein Y° and Y® are independently H, lower alkyl, or lower
haloalkyl.

Tn one variation of the above embodiment of Formula V, R is —-R'-R*R"; R' is phenyl or
pyridyl; R? is —C(=0Y; R* is R*; and R* is morpholine or piperazine, optionally substituted

20  with one or more lower alkyl.

In another variation of the above embodiment of Formula V, R is -R*-R*; 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 V, R is R'; and R is pyrazolyl,

optionally substituted with R"",

25 In one embodiment of Formula V, Y* is group (b) wherein ¥° and Y* arc independently H or
lower alkyl.



In one embodiment of Formula IV, Y2 is halogen. In one embodiment of Formula IV, Y4 is group (a)
wherein Y5 is H, halogen, lower alkyl, or lower haloalkyl. In one embodiment of Formula IV, Y2 is
hydroxymethyl, Y-1 is methyl, nis 0, mis 0, and Y4 is group (a) wherein Y5 is H, halogen, lower alkyl,
or lower haloalkyl. WO 2010/000633PCT/EP2009/057707 In one variation of the above embodiment
of Formula IV, R is -RI-R2-R3; R1 is phenyl or pyridyl; R2 is -C(=0); R3 is R4; and R4 is morpholine or
piperazine, gptionally sybstituted with one oy more lower alkyl. . In another variation of the above
embodimen ?@oﬁ%ﬂ%ﬂ?f’?&%}%\;]ﬁé i?-}é’@fﬁﬁﬂﬁ?@%%slﬂn&ﬁt@@; BAIR®iS fSWerdIRy. In yet
another variatipamf Hesabowe @mbledinent of EofmilankitpBhismly ane-Risepyragolyl, optionally

substituted with RP. In.one embqdiment of Formula 1V, Y4 is lower alkyl., _In one embodiment of
Formula v, P58 R Ay RN 1 BoSP m ioeat 26 v 1 GnhENEgY 1 one

variation of theiapipRé ierbedinarit oREomiRa WnRiishdi2d-B2R3:Rhis pherylgrpykcieR2 is
-C(=0); R3 i\)\sfi %n%%9§4g Dmor%ﬁcoline or piperazine, optionally substituted with one or more lower
alkyl. Tn anoPner Variation of the above en bodiment of Formula IV, R is -R2-R3; R2 is -C(=0)NH; 15

R3 is H or Ré;aanthdR44sdowesiztie/kblvyetdndihenvafiftiomes ¥igRakowrd-aritrtlimentohRermula IV,
Ris RI; and}@ i?l@ niﬁﬂlé{%ﬂg}%@’ ;sa stituted with RI. In one embodiment of Formula 1V, Y4 is
group (c) wherein Y5 an are mdpeperP’ ently H, lower alkyl, or lower haloalkyl. 20 In one
embodimentrofEenathta Vet ¥Rislijior ekyrretnphNibdstmERuyinniis\) Hris RO, arddRY 4 isygraiy, (€)

Wherein Y5 mga@ﬁgﬁggﬁga%%pﬁy’.l-l, Iqwer glkyl, or lower h.alofalkylz In on_e vlariat.ion of the aboye
embodiment of Formula IV, R Is -R1-R2-R3; R1 is phenyl or pyridyl; R2 is -C(=0); R3 is R4; and R4 is
morphdithe br piperabidanepidmaiysliosiiés avity éﬁb@mﬁré%mmér‘éﬁl loglindependently H,
lower alkyl, or lower haloalkyl.
In one embodiment of Formula V, Y' is methyl, Q 1s CH;, nis 0, and m 15 0, and Y4 is group
(d) wherein Y° and Y® are independently H, lower alkyl, or lower haloalkyl.
In one variation of the above embodiment of Formula V, R is -R'-R*-R*; R’ is phenyl or
15 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 V, R 1s ~-R*—R*; 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 V, R is R'; and R’ is pyrazolyl,
20  optionally substituted with R .
The disclosure provides a method for treating an inflammatory and/or autoimmune condition
comprising administering t¢ a patient in need thereof & therapeutically effactive amount of
the Btk inhibitor compound of any one of the above Formulae I-V or variations thereof.
In a second aspect, there is provided the compound as defined above for use in
25  treating an inflammatory and/or autoimmune condition, e.g. arthritis, or of inhibiting B-cell
proliferation.
The disclosure provides 2 method for treating rheumatoid arthritis comprising administering
to a patient in need thereof a therapeutically effective amount of any one of the above

Formulae I-V or variations thereof,



WO 2010/000633PCT/EP2009/057707 -26- In yet another variation of the above embodiment of
Formula IV, R is RI; and R is pyrazolyk optionally substituted with RI'. In one embodiment of Formula
IV, Y4 is group (b) wherein Y5 and Y6 are independently H or lower alkyl. 5 In one embodiment of
Formula 1V, Y2 is hydroxymethyl, Y1 is methyl, nis Oy m is 0, and Y4 is group (b) wherein Y5 and Y6
are independently H or lower alkyl. In one variation of the above embodiment of Formula IV, R is

-RI-R2-R3; Iﬂés@&mﬂé) 1‘8¥Qﬂ¥|' %%&%a%(f:%ﬁ Is:R4..and R4 is. mor holineg)r iperazine,
optionally substictlu(ed witﬁsone oramore Iowerl alkﬁl%%élicglr? {ﬁgﬁgﬁﬁﬁignm&%gﬁggnﬁeng%%%iment of
Foumula IV {RegaiRat i1 824R 2hiey e (e 0)M EpeRE- 114 asfeRa coadoRt isf lavyemal kyjthnapetanother

variation of e abave embodiment of Egrmula IV, R is RI; and R is pyrazolyl, optionally substituted

with Rr.  In one embodiment of Formula 1V, Y4 is group (d) wherein Y5 and Y6 are independently H,

15 lower alkyhea;lowex-balaalyl. dmene e mpadiment ot Frormulacly X248 by diaxymethyl, Y1 is methyl,

nis 0, mis 0, and V4 is group (d) wherein Y5-and Y6 are independently H, lower alkyl; or lower
haloalkyl. #HBREFER4BA BIRY dbBRRs dhspodiniartBrHdiialierire sTRIR 2 B2 3R is phenyl or
pyridyl; R2 ig faf5)idR:3dmpRanans Rbismesphabinersr Ripsraging Qptonallisubstiitted 20 with one
or more lower alkyl. In another variation of the above embodiment of Formula IV, R is -R2-R3; R2 is
-Ce=0)NH; BE'RIIOPEH and R4 is lower alkyl. In yet another variation of the above embodiment of

Formula IV, R is.Rl: and Rl is. pyrazolyl, ionally substituted with RI'. In another embodiment the
LRSS of EIAIA A Bre LRI oIS RS RISRE GLIR2. 121

. . ?, Elﬁ 0
Invention pI’OVIdES a compound or Formuia
patient in need thereof a therapeutically effective amount of an anti-inflammatory compound

10 in combination with any one of the above Formulae I-V or variations thereof.

The disclosure provides a method for treating a lymphoma or a BCR-ABL!™ leukemia cells
by administering to a patient in need thereof a therapeutically effective amount of any one of

the above Formulae I-V or variations thereof.

In 2 third aspect, there 18 provided a pharmaceutical composition comprising the
15 compound of any one of the above Formulae I-V or variations thereof, admixed with at least

one pharmaceutically acceptable carrier, excipient or diluent.

The disclosure provides a method for treating asthma comprising administering to a patient in
need thereof & therapeutically effective amount of the Btk inhibitor compound any one of the

above Formulae I-V or variations thereof.

20 The disclosure provides a method for inhibiting Btk activity comprising administering the
Btk inhibitor compound of any one of the above Formulae I-V or variations thereof, wherein

the Btk inhibitor compound exhibits an 1Csq of 50 micromolar or less in an in vitro

biochemical assay of Btk activity.

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

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

condition.

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

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

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

30  in an in vitro biochemical assay of Btk activity.



WO 2010/000633PCT/EP2009/057707 RI is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is
optionally substituted with RI.; wherein RI. is lower alkyl, hydroxy, lower hydroxyalkyl, lower alkoxy,
halogen, nitro, amino, cycloalkyl, heterocycloalkyl, cyano, or lower haloalkyl; R2 is -C(=0), -C(=0)0,
-C(=0)N(R2"), -(CH2)9, or -S(=0)2; wherein R2" is H or lower alkyl; g is 1, 2, or 3; is H or R4; wherein
R4 is lower alkyl, lower alkoxy, lower heteroalkyl, aT%“aryIaIkyI, alkylaryt, heteroaryl, alkyl heteroaryl,
heteroaryl alkyl, cycloalkyl, alkyl cycloallcyl, cycloalkyl alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or
heterocyclomey iR s RItEigRtd AmihsL s tatERs A GRR COFIAGTE SRNerENEAS RIS oxo, lower

10hydroxyalylel O eleadkaxiaolialo@emh Rkl grainei oy anuipve halkvistHionvk Q610 wahhalealkyl; Q is
CH2, CH(Y)) or Nﬁléwherei Y is_halogen, hydroxy, or lower alkyl, wherein the lower alkyl is optionally

k

substituted WitABREBIOMBTE b USHIL S SRR FRSH tHBYTBE B dBR SRR STk, wer alkoxy,
amino, and-halegar;th&a6Eis H or lower alkyl; y2 is Y2a or Y21'; wherein Y28 is H or halogen; Y2b is
lower alkyl, optionally substituted  with one or more Y2If; wherein Y2b' is hydroxy, lower alkoxy, or
halogerfi edidie Y& sstindependepthyy@bs2hmpo isdiald gemsri 2 ssrtovve 1 ¥ c ywhhiptiongitysetiab
substituted Mwith gne.or mare Yr& ; ¥2'w is hygr lower alk I 3 [ 1,2,0r3.'23is
halogen or otvll\{/éré Ii/?, vct'\rlf“])h91 r%?ﬁ%gﬁgg\%é%gﬁgj—gﬁ?%ﬁﬁI‘f/agt%iéﬁ%fe ’v%ig;ﬁ%hzgog?rﬁgfé réctrfglstituents
selected frowre tiredgfivap pisishngeof hydroxy, lower alkoxy, amino, and halogen; mis 0 or 1; 25 Yl is

Y4a, Y4b, Y4c, or _ . .
In one embodiment of the present disclosure, there is provided a compound according to

generic Formula I which comprises the exemplified Btk inhibitor compound of Formula I-1.

10 In another embodiment of the present disclosure, there is provided a compound according to
generic Formula I which comprises the exemplified Btk inhibitor compounds of Formulae
II-1 to I1-36.

In yet another embodiment of the present disclosure, there s provided a compound according
to generic Formula I which comprises Btk inhibitor compounds of Formula II1. In yet

15 another embodiment of the present disclosure, there is provided a compound according to
generic Formula TV which comprises Btk inhibitor compounds of Formula IV. In yet
another embodiment of the present disclosure, there is provided a compound according to

generic Formula V which comprises Btk inhibitor compounds of Formula V.

The phrase "as defined herein above" refers to the broadest definition for each group as
20 provided herein or the broadest claim. In all other aspects, variations and embodiments
provided, substituents which can be present in each embodiment and which are not explicitly

defined retain the broadest definition provided herein.

The compounds of generic Formulae I-V inhibit Bruton's tyrosine kinase (Btk). Activation
of Btk by upstream kinases results in activation of phospholipase-Cy which, in turn,

25 stimulates release of pro-inflammatory mediators. The compounds of generic Formulae I-V,
incorporating substituted side chains of 3,4-Dihydro-2H-isoquinolin-1-one, 2,3-Dihydro-1H-
quinazolin-4-one, 2H-Isoquinolin-1-one, 3H-Quinazolin-4-one, 1 H-Quinolin-4-one, 2H-
Phthalazin-1-one, or 3,4-Dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide on the 5-phenyl-1H-
pyrazin-2-one ring systems, exhibit unexpectedly enhanced inhibitory activity compared to

30 analogues without said bicyclic side chains. Furthermore, inhibitory activity is enhanced



Yhla is H or halogen; Y4b is lower alkyl, optionally substituted with one or more substituents sele:c_ted
from the group consisting of lower haloalkyl, halogen, hydroxy, amino, and lower alkoxy; 3011-4" is
lower cycloa{% | g# n%]%y substituted with one or more substituents selected from the group .
consisting of éﬁgﬁaﬁg, ower haloalkyl, halogen, hydroxy, amino, and |o&%?5ﬁ%89&%?=3 & y'ld is
amino, optionally substituted with one or more lower alkyl; WO 2010/000633PCT/EP2009/057707 or a
pharmaceutically acceptable salt thereof In one emBédiment of Formula V, Y1 is methyl. In one
embodimentwh@o’fﬁiaIla\’sﬁr@mg@btﬂmkﬂpmﬁaﬂhlb@ﬁ%emmfdi@rrmﬂ&w&i&hywmm@i@yl. 5 1In one
embodiment opuia Y. 0. ng-in. i 91’1(#@ empo i_q}ent of Fail'ul Y2 |sth | roxymet_hyl, n
is 0, and m is‘gtgl%n onge@embo@[%gﬁf g%gé?r?nu a%ﬁg ?ﬁ(eithy r s ?é{]n@”r%?%a@?‘?ﬁ c()}é% emb_odlment
of Fonnula VaPridsaadipfeeysiddommuoy andiavddomine dsesbodmentoistormalago Y2 is
hydroxymethybrmtuiadmathirh, BdsoRiiRRd, idsuPfor the treatment of arthritis. Compounds of Formulac

5 IV are useful for inhibiting Btk in cells and for modulating B-cell development. The present

invention further comprises pharmaceutical compositions containing compounds of Formulae

1-V admixed with pharmaceuticaliy acceptabie carrier, excipients or diluents.

The phrase “a” or “an” entity as used herein refers to one or more of that entity; cg.,a
compound refers to one or more compounds or at least one compound. As such, the terms

10 “a” (or “an™), “one or more”, and “at least one™ can be used interchangeably herein.

The phrase "as defined herein above” refers to the broadest definition for each group as
provided herein or the broadest claim. In all other embodiments provided below, substituents
which can be present in each embodiment and which are not explicitly defined retain the

broadest definition provided herein.

15 As used in this specification, whether in & transitional phrase or in the body of the claim, the
terms "comprise(s)" and "comprising™ are to be interpreted as having an open-ended meaning.
That is, the terms are to be interpreted synonymously with the phrases "having at least” or
"including at least”. When used in the context of a process, the term "comprising" means that
the process includes at least the recited steps, but may include additional steps. When used in

20 the context of a compound or composition, the term "comprising” means that the compound
or composition includes at least the recited features or components, but may also include

additional features or components.

As used herein, unless specifically indicated otherwise, the word "or" is used in the

"inclusive" sense of "and/or" and not the "exclusive” sense of "either/or".

25 The term "independently" is used herein to indicate that a variable is applied in any one in-
stance without regard to the presence or absence of a variable having that same or a different
definition within the same compound. Thus, in a compound in which R" appears twice and is
defined as "independently carbon or nitrogen", both R"s can be carbon, both R"s can be

nitrogen, or one R" can be carbon and the other nitrogen.



10 In one embodiment of Formula V, Y2 is hydroxymethyl, Y1 is methyl, Q is CH2, nis 0, and m is O.
In one embodiment of Formula V, Y2 is methyl. In one embodiment of Formula V. Y2 is hydroxyethyl.
In one embo%imgr}t %%(Ifﬁggmula V, Y2 is halogen. 15 In one embodiment of FoMa V \(4_}5 group (@)
wherein Y5 is'H, ha ogen, lower alkyl,or lower haloalkyl. In one embodime%%?%’%?ﬂé V y2is
hydroxymethyl, Yi is methyl, Q is CH2, niis 0, and in is 0, and Y4 is group (a) wherein Y5 is H,
halogen, lower alkyl, or lower haloalkyl. In one variatitn of the above embodiment of Formula V R is
-R1-R2-12.3WRicis qoiyenyihble2@quysichpke Ri2n 9a€ () i R sk rantditidniss idgiphialin@dr piperazine,
optionally substituted with o r.mare lower, alkyl In another variation af the.above embodiment of
Formuia v, Roe i A e A R S TR e
2010/000633RCTTEPS 8004 OB7IaT ¢hialcanttbr riayatiohofareabsoe Shibecirmantiofsgrmula V, R

isl kR'I: and Rl {gjvirazalyinaRicasiv supstitviedswithRY- iin QieempoadinettiefRomula V, Y4 is lower
alkyl.

5  compounds.
The symbols "*" at the end of a bond or " ===~ " drawn through a bond each refer to the
point of attachment of a functional group or other chemical moiety to the rest of the molecule

of which it is a part. Thus, e.g.;
MeC(=0)OR? wherein R =+~ or <] =2> Mec(=0)0—<]

10 A bond drawn inte ring system (as opposed to connected at a distinet vertex) indicates that

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

The term “optional” or “optionally™ as used herein means that a subsequently described event
ot circumstance may, but need not, occur, and that the description includes instances where
the event or circumstance occurs and instances in which it does not. For example,

15 “optionally substituted” means that the optionally substituted moiety may incorporate a

hydrogen or a substituent.

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

"bond™ or "absent”, the atoms linked to the substituents are then directly connected.

20 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 "about" is used herein to modify a numerical value above and below the stated value by

a variance of 20%,

25 Certain compounds of formuiae -V 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



In one embodiment of Formula V, Y2 is hydroxymethyl, YI is methyl, Q is CH2, nis 0, and in 5is O,
and Y4 is lower alkyl. In one variation of the above embodiment of Formula V R is -RI-R2-R3; Rl is

phenyl or pyw%}%ﬁ)%éé f-sg(:O); R3is R4; and R4 is morpholine or piperaz}qfqﬁpy&pﬁ%{?ﬁgbstituted with

one or more lower a In another variation of the above embodiment of Formula is -R2-R3;
R2is -C(=0)NH; 10 R3 is H or R4; and R4 is lower alkyl. In yet another variation of the above
embodiment of Formula V, R is RI; and Rl is pyraz’51§/T, optionally substituted with RI'. In one
embodimenteoisEorequititvipyuig gitempt{c) whietemm YiBliariaY 6uarenivd epedicemiyubt, domismalkyl, or

lower haloallgyl, 15,\0.a08 sﬁaEz(eggmgma‘eﬁ%@rm@%&As&%nmm?ﬁéxm%wc&ﬁlaé}gﬁhﬂeQ is CH2, nis

0, and mis 0, and Y4 is group (C) wherein Y5 and Y6 are independently H, lowe yl, or lower

haloalkyl. IP@HED oM BEBEBbJEPSATS AR ARTBTRJRAtE IR IR R PRBGRIS: RPis phenyl or
pyridyl; R2 issGdp®); iRBdsRipand Ridsymorplalinsmey, piberazingalenticralh: sestitated 20 with one
or more Iower%!lall. In an trlle_r.v iati n@f the] ove eg}1bodiqnen of Formula V, R is -R2-R3; R2 is
_C(=0)NIF RETERIEIHA VARG BAPTETOWeP A, 1t SHOHE S a riatiBR Bt PR S8 BB 5Giment of
Formula V, RusidE landdrd] sy faz0ld, ot ey SHbs ttuitdd widlic Rild (ACon@)emmbadifiient of Formula
V, Y2 is hydroxymethyl,. Y1.is m I iS.CH), n.i 18 is 0, and Y4 grou b) wherein Y5 and
Y6 are indep@%%ftl‘y%lpgwgvmv&ﬁ aﬁ%ﬁ%—%ﬁé%ﬁ(&ﬁcﬁﬂ}{ E?ﬁmgg%\%g%mé'?ﬁgﬁg&%ﬁ%rw of Formula V, R is
-RI-R2-12.3; Ritisgprbnydrompy ity R gl «@(kOFrR 3ol Razamdl R4 jsavotpinciiieror piperazine,

optionally supstitited o with,one. or mate lgwer %Iﬁ%o{ﬂ@snother variation of the above embodiment of
Formula V, R is -R2--R3; R2 is -C(=0).NIlI; R3 is H or R4; and R4 is lower alkyl. In yet another variation

of the ahqve bod; ent of Ft 'mtgla S\/ésl§ iﬁell'%lg gde t:%e_ig,1 ri%zol I 0 glo%laﬂg %%8 tti)tuted ith RI". 10
In one erﬁbo&%ﬁ HEOF POSRITIRA PR & Srotp ) isrsiA % a%aé%ig gré’ln eﬁ%na%rﬁl%glf\!{ower alkyl,
or lower halogiltyin the art to which the present invention pertaing, unless otherwise defined. Reference is

made herein to various methodologics 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

15 Companies Inc., New York (2001). Any suitable materials and/or methods known to those of

skill can be utilized in carryving 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.

20 The definitions described herein may be appended to form chemically-relevant combinations,
such as “heteroalkyiaryl,” “haloalkylheteroarvl,” “arvialkviheterocyclyl,” “alicylcarbonyl,”
“alkoxyalkyl,” and the like. When the term “alkyl” is used as a suffix following another term,
as in “phenvialkyl,” 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-

25 named group. Thus, ¢.g., “phenyialky!” refers to an alkyl group having one to two phenyl
substituents, and thus includes benzyl, phenylethyl, and biphenyl. An “alkylaminoalkyl” is
an alikyl group having one to two alkylamino substituents. “Hydroxyalkyl" includes 2-
hydroxyethyl, 2-hydroxypropyl, 1-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl, 2,3-
dihydroxybutyl, 2-(hydroxymethyl), 3-hydroxypropyl, and so forth. Accordingly, as used

30  herein, the term “hydroxyalkyl™ is used o define a subset of heteroalkyl groups defined



In one embodiment of Formula V, Y is methyl, Q is CH2, nis 0, and mis 0, and Y4 is group (d)
wherein Y5 and Y6 are independently H, lower alkyl, or lower haloalkyl. In one variation of the above
embodiment of Formula V, R. is -RI-R2--R3; Rl is phenyl or 1 5 pyridyl; R2 is -C(=0); R3 is R4; and R4
is morpholin€' & 81884 e, optionally substituted with one or more lowerBiREERAHETHEr variation of
the above embodiment of Formula V, R is -R2--R3; R2 is -C(=0)NI-I; R3 is H or le; and R4 is lower
alkyl. In yet another variation of the above embodiniént of Formula V, R is RI; andis pyrazolyl, 20
optionally substitsteThwithnRarThieytisgiasuretpeovides dmeaibediier teatingian iflammatory and/or

autonnmune_condition comprising agminpistering to a patient in need slhereofatherapeutically effective
R e s ST e St

amount of thtee o 4’6 eésntf Sne ofthe aBoveFoPHI&E YRy or variations thereof In a

second aspect, there is provided the compound as defined above for use in 25 treating an
inflammatory '&d78P atfidintiitife RORBiHER ¢, SrtmrisOsPyRiHDitIRg Bcem Bréfieiakm. The
disclosure previdesumethartfesiraing Theusmatoidarhilis sempdising adeinisierog f.gpatient in
need thereof erapeytically effective.amount gf any, one of the above Formulae I-V or variations
thereof. he%i}sj%%%ﬁﬁe%'ﬁ@?&avzlse ramrln\fg Sé%k gif ‘%%ﬁﬁ%%.‘ |%ég%’ér-%%ll pro|ifaTAtioh g]rﬁéﬁgiﬁﬁaéﬂ”%istering to
a patient in négd@hiesofantherdpeutically effestive alouhtafldny wre ofthenalaove Forpaflae 1-V or
variations th%‘?ﬁ&ﬁ[ﬁ'@%ﬁ'%E@i@@ﬂ%%@l@%ﬁﬂ%‘%@%ﬁ?%gﬁgﬁ@' @I_ﬁm afory.gondition comprising

co- 5 administering to a patient in need thereof a‘therapeutically effective amount of an
anti-inflammafRF EBAEbURE I AR GOREGRYY any one of the above Formulae 1-V or variations
thereof The disclosure provides a method for treating arthritis comprising co-administering to a
patient in neddithereSilifierapedticaty dffestive anboanshod anbamtitindlamimatonyacoinpound 10 in

combinagipn with,any-eRc.afhe.ARevaEIRulaR Vot yatiainns thereal The disglosye provides a

method for treating a lymphoma or a BCR-ABL14 leukemia cells by administering to a patient in need

thereof a thef5paatieaff EHeCHE SRS Ght B RARPERR B RS TSRS INLIAS FAbBR ¥&Mstions thereof In
a third aspect(thgegkig providedacphamageutisah COMPOSIIQT Cam st xampies of

alkyl 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.

IS5 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 substitated
with one tc two substituents selected from the other specifically-named group. Thus, e.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
20 moiety will be on the alkylene radical. Examples of arylalky] radicals include, but are not
limited to, benzyl, phenylethyl, 3-phenylpropyl. The terms “arylalkyl” or "aralkyl" are
interpreted similarly except R' is an aryl radical. The terms "(het)arylalkyl” or "(het)aralkyl"

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

The term "alkylene” or "allcylenyl” as used herein denotes a divalent saturated linear
25  hydrocarbon radical of 1 to 10 carbon atoms (e.g., (CHo),)or a branched saturated divalent
hydrocarbon radical of 2 to 10 carbon atoms (e.g., -CHMe- or -CH>CH(:-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 alkyiéne radicals include, but are not limited
to, methylene, ethyiene, propylene, 2-methyl-propylene, 1,1-dimethyl-ethylene, butylene, 2-
30 cthylbutylene.



15 compound of any one of the above Faiumlae |-V -or variations thereof, admixed with at least one
pharmaceutically acceptable carrier, excipient or diluent. The disclosure provides a method for treating
asthma comprising administering to a patient in need thereof a therapeutically effective amount of the
Btk inhibitor %’o%%ﬁ%%%&ﬁé?\y one of the above Formulae I-V or variations tB&reBF28%& tisclosure
provides a method for inhibiting Btk activity comprising administering the Btk inhibitor compound of any
one of the above Fmmulae I-V or variations thereof3Wherein the Btk inhibitor compound exhibits an
1050 of 50 nitkoriolasRedesasinsan isrvitrmbiechemicahagsayohBileactivilyis i adprsthuashect, there

is provided thcgse ]%1; 1%Ocome%(ljouxnd?;'%sngje_flged abovelfor 25t}htei re,p_al%atti n of ah{p dicament for the

treatment of an |naf?amma)%’ry andrdr BUtoimmuie Conditioh “Hr one vanAHYof the ihdve method, the

Btk inhibitor erfipetndexhibits zauddEiin9oan ohotar oikess' iy ascdrhvitio diockesnical assay of

Btk activiy. 2Tl disclasuieriavides a-mpliofdaniizelingaies samprising.cq- Admjnistering to
am

a patient in need thereof a therapeutically effective amourit of an anti-in atory compound in
combinatfon Vs e BR-MHRbRSEEIhIst S otany one of the above Formulae 1-V or variations
thereof 5 The present disclosure provides compounds of generic Formulae IN, which comprise the Btk
inhibitor compbiisers GilForyalidde ds\usedereinrefriatlds GdRpAMNIR V-2 wWeRiYR, inpmaltonyare as defined

herein abover,ln.ong gRbodiment ofihe RIGSaR ASCIOsE LN, % REMidGhAgpmpound according

to generic Formula | which comprises the exemplified Btk inhibitor compound of Formula 10 In another

embodiment GIHE45ERE Hia Be BEHEnTABRenE s akax dbrh point wekbr amiitsaisetic Formulal!

which compriagidhecexenplifigidy Bikishibitgo epmpatmdecaiiarptlae Ml cbipdB6: I yet another
embodir‘rpgnté)flgge resent isclos]ure there is Pnr%/l% d acom.pou?cjt according to generic Formula Il
n

which compriéa BHRRBITOF Seripunds DY EF AT TP T PETFE ShOhEr Bnbadifeiv o the present

disclosure, trdisel igepetyviel etbapcempdu i alkgbpditigno gemeriscE ofdlaavowhichcomiprises Btk

inhibitor compeuads:af FerMulanin E%ﬁ;ﬂ?é@%ﬁ%%%%l%%o%%&%@éﬁ%?ﬁ%%ﬁbere S

provided a compound according to generic Formula V which comprises Btk inhibitor compounds of

Formula V. e¢thoxymethyl, ethoxyethyl, ethoxypropyl, propyloxypropyl, methoxybutyl, ethoxybutyl,
propyloxybutyl, butyloxybutyl, ~-butyloxybutyl, methoxypentyl, ethoxypentyl,

15 propyloxypentyi including their isomers.

The term "heteroalkoxy™ as used herein means an -O-(heteroalkyl) group wherein heteroalicyl
is defined herein. Ci-y¢ heteroalkoxy” as used herein refers to an-O-(heteroalkyl) wherein
allkyl is Cr.10. Representative examples include, but are not limited to, 2-

dimethylaminoethoxy and 3-sulfonamido-1-propoxy.

20 The term "hydroxyalkyl" as used herem denotes an alkyl radical as herein defined wherein

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

“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, naph-

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

30 defined. Examples of an aryl group fused to a heterocycloalkyl group include 3.4-dihydro-



The phrase "as defined herein above" refers to the broadest definition for each group as 20 provided
herein or the broadest claim. In all other aspects, variations and embodiments provided, substituents
which can be_present in each embodiment and which are not explicitly defined retain the broadest
definition protidéd &R The compounds of generic Formulae I-V inhibiPSAESALYRBBe kinase
(Btk). Activation of Btk by upstream kinases results in activation of phospholipase-Cy which, in turn, 25
stimulates release of pro-inflammatory mediators. TH& compounds of generic Formulae I-V,

incorporatingislistitslied sitte Thaihsdbd24-EaIorRIdzisag uinolin-slsanesR.dDiaydras it

quinazolin-4-gne, 2H-Isoquinalin-1.-one, 3H-Quinazplin-4-one, 1H-OQuinolin-4-one,

2HF>htha|azinffr ?anf%'? %‘P’%?ﬁ‘i%%ﬁﬁ ]Poo- i YBaRyS Fe%Tf%? Fﬁé%ﬁ%%’&f’ffﬁ&?&g%ﬂtﬁbﬂaphfhY*-
5-phenyl-1Hpyrazin-2-one ring systems, exhibit unexpectedly enhanced inhibitory activity compared
to 30 analog g§ Wﬂ%ofﬁ%%&ﬁc%ﬂﬁegiﬁ%"%é‘iﬁ%? Wtﬁé??ﬁ@fﬁ?ﬁ%ﬂﬁ%?f%tﬁﬂ%@ié&ﬁaﬁéed WO
2010/000633RBHERABODOBLTEM o3 db1eRuK2 i5dpmehlkylaptional %Q%i{iqt@pc%fgomroxy.
InhibitorySacti.@ty |Cs anh gg}lq%g l\{\g@(ﬁﬂﬁ}/zniff %ggco%metpyk omr%c))ungs%fg%Formu ae |-V are useful in the
treatment of arthritis and-other anti-in farﬁamato?y and 86 18‘5”%% REXe] %%.C@B?ﬁwh%s according to
Formulae |-\caeocaebordingly, useful for the treatment of arthritis. Compounds of Formulae 5 I-V are
useful for inhibiting Btk in cells and for modulating B-cell development. The present invention further

comprises pharmaeetitabaonTposiiiens comntaining cRmpavndsLhFommamRo Y Rdpixed with
pharmaceutica&l.x‘zilc%[%tage.carrier xcipients or diluents. . The phrase "a” or "an" entity as used
Fadita 0 enﬁ¥y‘

herein refers {0 one of More OFtha B0 A IR B SFRF S B B RE S (IR ERI 8 ds or at
least one corpgsatnedinderpoetingmtonts o Nal(or Snd)rianensy theoreiziaing tatdeastomgfican be used

nterchangeanieieis Abepbigst ine e eSO ARANeL BIETS Lo e bigadst defpjion or each

group as provided herein or the broadést claim. In all other embodiments provi ed%elow, substituents

which can b AERBAEGTB&cACHYdmmEHe dRrsidishin the tbsiertyrdetisd vetdisstwebroadest

definition prowidedrhaseinad BAsausaebim tisspacification, wheibsribairansitignahphrase or in the

f the claim, th rms "compri "and "comprising" ar interpr having an
body of the Ch%{eréé[ﬁrg é?oupsnegg on%f Eg g’ ogleqleglpee g ‘asro aﬁ% ghggatc)t%r. :[E%{aen%ﬁgg 0%?3&?1‘0&1%61

open-ended meani
moieties include monocyelic aromatic heterocycles having 5 to 6 ring atoms and 1 1o 3
15 heteroatoms include, but is not limited to, pyridinyl, pyrimidinyl, pyrazinyl, pyrrotvl,
pyrazolyl, imidazolyl, oxazol, isoxazole, thiazole, isothiazole, triazoline, thiadiazole and
oxadiaxcline which can optionally be substituted with one or more, preferably one or two
substituents selected from hydroxy, cyano, alkyl, alkoxy, thio, lower haloalkoxy, alkylthio,
halogen, lower haloalkyl, alkylsuifinyl, alkylsulfonyl, halogen, amino, alkylamino, dialkyl-
20 amino, aminoalkyl, alkylaminoalkyl, and diallylaminoalkyl, nitro, alkoxycarbonyl and
carbamoyl, alkylcarbamoyl, dialkylcarbamoyl, arylcarbamoyl, alkylcarbonylamino and
arylcarbonylamino. Examples of bicyclic moieties include, but are not limited to, quinolinyi,
isoquinolinyl, benzofuryl, benzothiophenyl, benzoxazole, benzisoxazole, benzothiazole and
benzisothiazole. Bicyclic moieties can be optionally substituted on either ring; however the

25  pomt of attachment is op a ring containing a heteroatom.

The term “heterocycloalkyl”, "heterocyelyl”, or "heterocycie” as used herein denotes a
monovalent saturated cyclic radical, consisting of one or more fused or spirocyelic 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 sub-
30 stituted with one or more, preferably one or two substituents selectad from hydroxy, oxo,

cyano, fower alkyl, lower alkoxy, lower haloalkoxy, alkylthio, halogen, lower haloalkyl,



That is, the tenns are to be interpreted synonymously with the phrases "having at least" or "including at
least”. When used in the context of a process, the term "comprising” means that the process includes
at least the r&citg%gft{}%&sﬁbut may include additional steps. When used in 20 the context of a
compound or (%mp03| 10N, the term "comprising” means that the compour?é:gfpga%??gﬂ%n includes at
least the recited features or components, but may also include additional features or components. As
used herein, unless specifically indicated otherwise;ffre word "or" is used in the "inclusive" sense of

"and/or" and inairtihealexchisivelllsenseinfi@theior 1 1RA:Miedenilindependeltydisiugedherein to

indicate thatghy i [ 3 Qdi ne.instance without r rd ta the presence o[absence of a
variable havinglﬁ1£)3a!f9 slglrlf?e’ c??ﬁ areﬂl gﬁeﬁ%ﬁé&%ﬁ%@ \@/(\?llt}ﬁlﬁr\llln% e ’saarelgeﬁé%nrﬁggﬁ%%. t[%sn,ul%ga compound in

which R" appasentiies BRinec adfnsd A athspatadneandeptheoiaivoyenless stheRviscan be carbon,

both R’s can iagifittagen.ap RO8R:1cARRECANNNARM e athat RIrYaRd W Rseridinyl,
2010/000633PCT/EP2009/057707 -34- When any variable occurs maore than one time in any moiety or

formula dpi TG A dSEEABIfG FERPSuMHRABM IR BP Rk e perpiueebititivedtion, its
definition on éachiotgipeenteisirdepentdintybiitaaeiinitiniat @vitnethaogoolirgnce. Also,
combinations Qf jtue /or. variabl te permissible only if such.compounds result in stable 5
compoundsif%g%ﬁ%gﬁ%ﬁﬁa{;‘%h%%nd%?ﬁ%% Ponrl'gmé)r%\l%r? t ﬁr.!o}i}a ugf:dénr% %%% 1rge e(ﬁ%y{he point of
attachment of a functional group or other chemical moiety to the rest of the molecule of which itis a

part. Thus, e oP T IASBEFIRARHEHERS ERp Ll 2e9ti &1L 676-64- o R BEHERIAMRND ring system (as
opposed to cannepbectat/aidjstincragcie)halicaiesihdp hebondrIgy:be-bitachetds@anpal the

suitable ying atoms, T rm roRtionall or aptionally’as used herein me t a subsequently
describe evgln%eg‘rs%l@e i,gt%arﬁg%%n%ag/? Ut %I%%é%]&o%t,t%%%%arﬂ,?a%ﬁeﬁﬁggtw;kd&ng%ﬁbﬁ%%ﬁ& es instances

where the evAhtBicEiRegiTseiivad betwd andRAstdreesivyotietnid doBE not)Farestamnple,
diimidazole (CDI), 1,4-diazabicyclo[2.2 2Joctane (DABCQ), diethvlaminosulfur trifluoride

(DAST), dibenzylideneacetone (dba), 1,5-diazabicyclo[4.3.0Jnon-5~ene (DBN), 1,8~
diazabicyclo[5.4.0Jundec-7-ene (DBU), N,N'-dicyclohexylcarbodiimide (DCC), 1,2-

15 dichloroethz;ne (DCE), dichioromethane (DCM), diethyl azodicarboxylate (DEAD), di-iso-
propylazodicarboxylate (DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H), di-
iso-propylethylamine (DIPEA), N.N-dimethyl acetamide (DMA), 4-N,N-dimethylamino-
pyridine (DMAP), N,N-dimethylformamide (DMF), dimethyl sulfoxide (DMSO), 1,1"-bis-
(diphenylphosphino)ethane (dppe), 1,1'-bis-(diphenylphosphino)ferrocene (dppf), 1-(3-di-

20 methylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), ethyl (Et), ethyl acetate

(EtOAc), ethanol (EtOH), 2~ethoxy~2H»quinoline-l -carboxylic acid ethyl ester (EEDQ),

diethyi ether (Et,0), O-(7-azabenzotriazole-1-y}-N, N N'N’-teiramethyluronium hexa-

fluorophosphate 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}, ,

o]
Ln

methyl (Me), acetonitrile (MeCN), m-chloroperbenzoic acid (MCPBA), mass spectrum (ms),
methyl 7-butyl ether (MTBE), N-bromosuceinimide (NBS}, N-carboxyanhydride (NCA), N-
chlorosuccinimide (NCS), N-methylmorpholine (NMM), N-methylpyrrolidone (NMP),
pyridinium chlorochromate (PCC), pyri-dinium dichromate (PDC), phenyl (Ph), propyl (Pr),
30 iso-propyl (i-Pr), pounds per square inch {(psi), pyridine (pyr), room temperature (rt or RT),
tert-butyldimethyisilyl or ~-BuMe,Si (TBDMS), triethylamine (TEA or EtsN), 2,2,6,6-
tetramethyipiperidine L-oxyl (TEMPO), triflate or CF;SO,- (Tf), trifluoroacetic acid (TFA),



15 "optionally substituted” means that the optionally substituted moiety may incorporate a hydrogen or
a substituent. The phrase "optional bond" means that the bond may or may not be present, and that
the description includes single, double, or triple bonds. If a substituent is dgsi nzaet{()-:-(]*lﬂt%bg a "bond" or
"absent”, th&"SMLTEE to the substituents are then directly connectedl,) H he ?er‘?u Pabout" 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‘}ghge by extending the boundaries above and
below the numetizal gd& destsatiddnihemageddrdiotied TRMHD g iouithistised -hetahNONMddify a numerical

value above andbelon NS SARdAANEINAYAIRNR AN AN GRIAIRCoRiRa ndg.of formulae |-V

may exhibit tau omerism. Tautorneric compounds can exist as two or Interconvertable species.

Prototropic thutorfiers (G5 fronsthasiippalibnof BNy atépilyIstnEEE Ryl 8eaaBHf between two
atoms. Tautemeys genaiGlly, M@eZ@Gi-QéQQO@%ﬁﬁ%ﬁ%&%@@laﬁ&@m&qmwmm and
y

attempts to isolate an i'ndividualrtautc_)mers. usually produce a mixture whose chem'd%al and physical
propertie are RSSO LHRERE HsGRE BB P BGHAES ANEHILHSH Bre-8adibiivis dependent on
chemical featerieswitiin the naoleow ehdaonexanplecmimanyalipldtici@lae Akgesainy ketones, such as
acetaldehyde, the ke rﬁdomin fes whgg' in.ggﬁn’g%@ h g@ ) 91?1'3?{ fes. Common
prototropic tgﬁfg%§¥sa$éc?ﬁj{%§i§?éto eno F&g&cﬁan& -C(eoﬁ)t?:jg(‘:ﬁl}l% am?«?ﬁr%ﬁc aciﬁ-(f(:O)-NH- A
-C(- OH)=N-Pa#ddmidine (-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 Taetpoen nashrit( Technick amthseientifictérnsuzedtinete)ohhanie themeading commonly
understoqd by one of, skill in the. art to whi 2 invention n rwise defined.
, RENRs UMESRPRSIUS
Referen%8e is‘%tn%I g’ﬁg?aélﬁ?( %at{/g?%%gs rﬁ\%ﬁ%%%é §8}%§§§eﬁ ﬁr?\l\ggtéﬁgis %owrﬁ1 tlg’t ose sggskﬁ%ﬁn the art.

Standard refepeistdiveerksiboturthorn. traeyemat ArHHE BRSO PRliMERBING | IeiisEsc oodman and
Gilman's The,Bharmacolagical Rasisietiharapestics 110tb EandcEsau.till1 a&empanies Inc., New

2t
York (2001). Any suitable materials and/ar. methods known to those of skill can be utilized in carrying
out the prese IS HRSHEUERC S ErEH A AL AT B O B Y B HBE B NS als,
reagents andittaskkesticivhichirefier adcimatentivade 4 mthentellovaitigdesciiptinanrdiescarhples are
obtainahle frommcgggwetrgioaénsuﬂgg(f_ s unless oenise rﬂﬁ}%ﬂ. The definitions described herein may
be appendecf?o form chemica y-relevant combinations, such as "heteroalkylaryl,"
"haloalkylheteroaryl," "arylalkylheterocyclyl,” "alkylcarbonyl,” "alkoxyalkyl,” and the like. When the lean
"alkyl" is usedH< &P%}MWB%%W%Q i3 “rﬁ?géﬁk}l%?@ﬁ%?“ﬁ%’m%ﬁwnt% & intended
to refer to andakydgroapuas definedhabove’ eingrsuestitudécbuvitn Ohike teriwonsubstitdisets selected

f the othey. ifically-.25 , " [" | havi
rom e ot Speg Al Ze ISR, HIE, S oh SRl SR AN laraup e

thus includes benzyl, phenylet phenyl. An
"alkylaminoafRgfeigherein the animal’s own immune system mistakenly attacks itself, thereby targeting

. 20 the cells, tissues, and/or organs of the animal's own body. For example, the antoimmune
reaction is directed against the nervous system in multiple sclerosis and the gut m Crohn's
disease. In other autoimmune disorders such as systemic lupus erythematosus (lupus),
affected tissues and organs may vary among individuals with the same discase. One petson
with lupus may have affected skin and joints whereas another may have affected skin, kidney,

25 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 meliitus.
Specific autoimmune disorders that may be ameliorated using the compounds and methods of
this invention include without limitation, autoimmune disorders of the nervous system (e.g.,
multiple sclerosis, myasthenia gravis, autoimmune neuropathies such as Guillain-Barre, and

30 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



an alkyl group having one to two alkylamino substituents. "Hydroxyalkyl" includes 2- hydroxyethyl,
2-hydroxypropyl, 1-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl, 2,3- dihydroxybutyl,
2-(hydroxyr%9(t}hz)6l)0 ’§§ éégroxypropyl, and so forth. Accordingly, as used 30-h&s8ifdhe,1gsm

"hydroxyalkyr is used to define a subset of heteroalkyl groups defined WO
2010/000633PCT/EP2009/057707 -36- below. The ﬁerm -(ar)alkyl refers to either an unsubstituted
alkyl or an arallcyl group. The re] (hetero)aryl or (h‘é )aryl refers to either an aryl or a heteroaryt group,
The term "adyttastsgdheveinteiénotd PabgroupishiomuRinTEe)RspHerem teigkiy@rdgen or lower

alkyl as defined;herein, T (o1 At Aty cRIBARM: Q«ﬁlgggg hereimdenairsaaiaupiRefiormula

C(=0)R wherein R is alkyl as defined herein. The 'mull acyl refers to a groLF)p -C(=0)R contain 6

carbon atonfd TrheAtERTT S AR PEEH f© 4o LA heRsAT SR G FSHB P fBRRUAIERE0)R wherein R is
an aryl groupirtheicand heszeyimatisedhemeiriramiey vicarban i iteupoudier gim: is phenyl. The term
"alkyl" as used herein denotes an unhranched ar branched chain, saturated, novalent
hydrocar%on%l}ggi(jil?é %no%lgieﬁfﬁ% ftt%j ?51 carbon é%sms. Reé %r%sﬁlc?%%%laﬁﬁlﬁjﬁg%%ﬁs a straight or
branched chairhydrocadvbnriasidasdiitaitidguoirsresidaerdto nighecderol gt a@dsed herein

refers to an aﬂ&y&mm@%@a@m&e@r@@gﬁnmﬁg SRl @reuns inelvdesmiaraanot limited to,
lower alkyl groups include methyl, eth%ro yl, I-propyl, n-butyl, i-butyl, t-buty| or pentyl, isopentyl,

neopentyl, hERETHERRGT {8 St Fa: TS (SRT AP YS RS SRS g another term,
as in "phenyfiivhyoorisnyeraxyaiisskiiithipiadptendeshtiefen th analtiidsgroupmasidafiast above,
being suhstituted with one to two substituents selected from the other ifically- roup. Thus,
e.g., "p#@nyl &gﬁandsesl}{g é%l?ﬁéofgg?c%e?%alé?@ﬁv eérwe%ﬁcgrﬁguff)%%n@ %ﬂ i%giﬁgén% XRIH%Hgliga ylene
radical as defitrethhratiinfiithvihdosmoir seanrtiney il atraudaealc Nrivent b itH Hgse eHekiPialkyl 20 moiety

will be on thesjicylens adicaln E>xampiesphaniadicylipdicalsdnglude, hukatgsnehbimiteddo, benzyl,
phenylethyl,?sa’l;fzhenylpropyl. The terms "arylalkyl." or "aralkyl" are interpreted sjmilarly except R' is an

aryl radical. THEHEAHE IR EIRPTPOfHsHARLHE fe AR PR S IPETT SRS SKEEPE R is optionally
an aryl or a hiereayhiadicads Thedeatiatdeienes anialkyleniihastisedikeréindenotesaa divalent
saturated. linear 25 hydrocarhon radical. of Ito. 10 carbon atoms (e.q.. (CH2 saturated
divalent ydl%é\gﬁ%%@{ P%ia%%%f“o?*f o b carl (gﬁn atoms eo.rg?frf; pé\h%%%éggﬁgg é?dgﬁgﬁg , unless
otherwise ingicatad oEtkdeprimtie. cade ofsmethytbrie artslapunzviiterisasiahanbalikgneiseretoup are not

attached to the,same atom. Exaqp'ss.Qlialkvensradicalsinctyda it armnatliniteddriemethylene,
ethylene, propylene, 2-methyl-propylene, 1,1-dimethyl-ethylene, hutylene, 2- )
herein refers to administering a compound or a compdsition of the mvention to a subject, who

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

the symptom of it, or the predisposition towards it.

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

responsiveness to a variety of stimuli,

25 The terms "treat,” “treatment,” or "treating” refer to both therapeutic treatment and pro-
phylactic or preventative measures, wherein the object is to prevent or siow down (lessen) an
undesired physiological change or disorder, such as the development or spread of cancer.
Beneficial or desired clinical results inchude, but are not limited to, alleviation of symptoms,
diminishment of extent of disease, stabilized (i.c.. not worsening) state of disease, delay or

30 slowing of disease progression, amelioration or pailiation of the disease state, and remission
(whether partial or total), whether detectabie or undetectable. "Treatment” can also mean

prolonging survival as compared to expected survival if not receiving treatment. Those in



30 ethylbutylene. WO 2010/000633PCT/EP2009/057707 -37- The term "alkoxy" as used herein
means an -0-alkyl group, wherein alkyl is as defined above such as methoxy, ethoxy, n-propyloxy,

i-propyloxy, wg%]wm&%'-?utyloxy, t-butyloxy, pentyloxy, hexyloxy, includiggltﬁﬁj&}i@?@g& "Lower
alkoxy" as used herein denotes an alkoxy group with a "lower alkyl" group as previously defined.

"C1-10 alkoxy" as used herein 5 refers to an-O-alky| qwherein alkyl is Cno. The term "allcoxyallcyl" as
used herein refers to the radical RR"-, wherein R’ ig*an alkoxy radical as defined herein, and R" is an
alkylene radieeidas tiefinesd heehite Withetblecedice st andbngditiat tral atrich merd poitosé tieralkoxyalkyl

moiety will b%%@@a&ﬁsﬁ&ﬁ&r@ﬂmr@%ﬁ%@ﬁym& ﬁ%”t‘%ﬁ%ﬁt%}%‘?ﬁ&d’%’&?'@% fhe allcyl portion is

comprised of 1-6 10 carbon atoms exclusive of carbon atoms in the alkoxy portion of the group. Ci..3
allcoxy-C1.5 ARG PHENbEE S YPéu T SHiRs ShiRHa M poF BRI - BT S g tBe BRI Patoms and the
alkoxy groupsis-kity 6arhonsiExamplesare dmeibexyinataylyunathexyathyl itaihonynsapyl,

ethoxymethyl, ethoxyethyl, ethoxypropyl, propyloxypropyl, methoxybutyl, ethoxyhutyl, .propyloxybutyl,
butyloxyb%utyfl,bts uﬁfly%(/)%ﬁ ﬁ%ﬁfa%% Tﬁiéo@%élr%nfé?éﬁ%(%bcgr%yﬁaﬁgoﬁ? pi’/ o%%/gé?@}f |?1§I’éd‘?§§ their isomers.
The teim "het€foaikixyi08s tdtdNereti’meahdlanredutismrondRyIperoipbateesircdroperediryl is defined

herein. Crio hetgroalior' BateehheralNuEaiRrmia 80Dy REIaMAlkyA WhRLE! @eé’iﬁ%ﬂ;&g GehskB

Representative examples include, but are not limited to, 2- dimethylaminocthoxy an
3-sulfonamid8SEIFEHEF RO KREYR iiBRFHroxyalkyl" 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. Examples of representative compounds encompassed by the present invention and within the

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

invention, but merely as being illustrative and representative thereof.

In general, the nomenclature used herein is based on AUTONOM ™ v 4.0, a Beilstein

15 Institute computerized system for the generation of TUPAC systematic nomenclature. If there
is a discrepancy between a depicted structure and a name given that structure, the depicted
structare is to be accorded more weight. In addition, if the stereochemistry of & siructure ora
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.

20 TABLEI depicts examples of pyrazinone compounds according to generic Formulae I-IL:

TABLEL
Structure Nomenclature
I-1 6-Cyclopropyl-2-(2-hydroxymethyl-3- {4-
a ,E Ho 0§/§/A methyl-6-[4-(morpholine-4-carbonyl)~
HNIN | Ve phenylamino]-5-ox0-4,5-dihydro-pyrazis-

2-yl} -phenyi}-2H-isoquinolin-1-one



"Aryl" means a monovalent cyclic aromatic hydrocarbon moiety consisting of a mono-, b 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, naph- 25 thyl, phenanthryl,
fluorenyl, indERYPA201&HY1, oxydiphenyl, biphenyl, methylenedipheny!, arhfnGEBAERT Biohenylsulfidyl,
diphenylsulfonyl, diphenylisopropylidcnyl, benzodioxanyl, benzodioxylyl, benzoxazinyl,
benzoxazinonyl, benzopiperadinyl, benzopiperazingf-benzopyrrolidinyl, benzomorpholinyl,
methylenedigxyphenyl, ethylcnedioxyphenyl, and the like. g aryl-grekproiasmaftignalby e fused to a
cycloalkyl or heterocycloalkyl ring, as i~30 defined. Examples of ryl group fused to a
heterocycloalkyl group4 ! 16e.3 4 - WO 2010/05%&3&&%9@@%3@%%%0#@7&%9'
1H-quinolin-2-one, 3,4-dihydro-2H-henzo[1,4]oxazine, angrdz ;34 tétriahydrpistglipistinyg. -Preferred
aryl include optionally'suldstit phenyl and optionally gubstitstaghnaphthyinlhe teym "cycloalkyl” as
used herein refers t aturated carbocyclic ring containing 3 to 8 carbon atoms, i.e. cyclopropyt,
cyclobutyl, cyclopentydstyclohexyl, cycloheptyl or cyclodéBAUB*ER1708G cloallcyl" as used herein refers
to an cycloalkyl comp .0f 3to 7 carbons in the carbaagrelicting. shite NesmM hetgroasyl” or
"heteroaromatic" as used herein means a monocyclic or bicyclic radical of 5 to 12 ring atoms having at
least one argmatic ring containing four to gight atoms pey_fiRg.IRAAFRAKIITERRERLMAEe N, 0, or S

heteroatoms, the remainir[|g ring ato g 10 carbon, with the understanding that the attachment
point of the heteroarykradicabwilb n aromatic ring! REFRIRAGWH 1 RYJERIKRE 1h the art,
heteroaryl rings have less aroma- tic character than theicaibgaiboheaglnieiopartso®hus, for the

purposes of the inverijion, a @ oaryl group need only Ql%v%l_somgz cgg_gre oLal{ol N Hp character.
Examples of heterod [ g??todé ring atoms

oieties include monocyclic aromatic he erocycl—fl(sr Aavi
and 1 to 3 15 heteroatoms include, but is not limited to, pydeirdA-pyawidinyl -pyrazinyl, pyrrolyl,
pyrazolyl, imidazolyl;oxaze|, isoxazole, thiazole, isothiazgie, tgiagaline thiadiazol and oxadiaxoline
which can optionally be 'sybstituted with one or more, preferably one or two substituents selected from
hydroxy, cyanaq, alkyl, alkoxy, thio, lower haloallcoxy, allcylthio, halogen, lower haloallcyl, alicylsulfinyl,
alkylsulfonyl 'ialogen, amino, alkylamino, dialky220 amﬁig?’gﬁﬂﬁﬁ’é’?rgy@ﬁﬂ&ﬁﬁﬁﬂﬁamﬁj%ﬁd
diallcylaminoalkyl, nitro, agoxzc%@ongl a rbamoyl, altepcarpaimayhdiallcylcarhayipyl,

d cF

arylcarbamoyl, aIIcyIcarbonEE:l noandyary arbonylamiggén%ﬁ%@ C!jag of bizg’)‘ggéiﬁ;l ngr%i%tjv?% 1ilgl_clude, but

are not limited to, quinoliny; ™, N -0X0-
2-y1} -phenyl}-3 4-dibydro-2 F-
isoquinolin-l-one

O o

-4 6-Cyclopropyl-2-{3-[6-(1-ethyl-1H-
| pyrazol-4-ylaminoj-4-methyi-5-0x0-4,5-
Os_-N._HO_ ©
j | dihydro-pyrazin-2-yl|-2-hydroxymethyi-
N N
HRCON phenyl} -3 4-dihydro-2 H-isoquinolin-1 -
O

\ one
N

1I-5 6-Cyclopropyl-2-{2-hydroxymethyl-3-[4-
o hli o o methyl-6-(1-methyl-1 H-pyrazol-4-yl-
I | i amino)-3-oxo-4,5-dihydro-pyrazin-2-yl]-
HN N
N—N
N

phenyl}-3.4-dihydro-2 H-isoquinolin-1-

one



benzothryl, benzothiophenyl, benzoxazole, benzisoxazole, benzothiazole and benzisothiazole. Bicyclic
moieties can be optionally substituted on either ring; however the 25 point of attachment is on a ring
containing a heteroatom. The term "heterocycloallcyl”", "heterocyclyl”, or "heterocycle" as used herein
denotes a mbANP SR urated cyclic radical, consisting of one or more R§SEBPBPSHFGclic rings,
preferably one to two rings, of three to eight atoms per ring, incorporating one or more ring
heteroatoms (chosen from N,0 or S(0)0-2), and whi¢#can optionally be independently sub- 30 stituted
with one or miage, preferaply one or two subsfituents selqct@dijt@glt%gﬁgwylgﬁgxg@go, lower alkyl,
lower alkoxy, lower h&kaatko§ 9 atogen, lower haloalkyl, WO
20101000633PCT/EP2609/05270% -39 hydroxyalicyl, anB}’%II‘P(g%&%?ﬂ%iﬂ}l?ﬁrﬁ' 3 alkylamino,
alkylsulfonyl, arylsulfohyl, alk mi Josulfonyl, arylamindsfatyheaikyisidferylanine]-3-oxo-

arylsulfonylamino, al inocarbonyl, arylaminocarbonyl, alkylcarbonylaminp, arylc ylamino,
unless otherwise indicated. Examples of heterocyclic rac}%éﬁsl | %‘iﬂ&f‘%ﬁ ar ePa}l% %‘n?l@g o, azetidinyl,
5 pyrrolidinyl, hexahydroazepinyl, oxetanyl, tetrahydrofuragilytépagddothiophenyl, 1,4-
dimethyl-piperazin-z-ohe, oxazolidinyl, thiazolidinyl, isoxgzoliginylyynaypholinyl, piperazinyl, piperidinyl,
tetrahydropyff_u;yl, thiomorpholinyl, quinuclidinyl and imidazolinyl, Commonly used abbreviations
include: acetyl (Ac), azasbistisabutyrylnitrile (ATBN), atmbsprares M6 drabieydo[3.3.Jnonane
(9-BBN or BBN), tert-butoxycarbonyl (Bog), 1D di-tert-butiihpyrecarixonateotin hodanhydride (BOC20),
benzyl (Bn), butyl (Bu)#Chemi Registration beé SRN f nzyloxycarbonyl (CBZ
or Z), carbonyl diimida (CDI ,4-dPazabicycIo[2.2.2]@%%?% 1{(:l ﬁ@%ﬁ“&’é e%ﬁlf/ ér%)fl?]ég%ﬁ(ifur trifluoride
(DAST), dibenzylidene&getone (dba), 1,5-diazabicyclo[4 30dhedGrareiDBNyming; -V, V-
diazabicyclo[5.4.0]undec-Zene (DBU), N,N'-dicyclohexylgaghoaimigg:{PCC), 1,2- 15 dichloroethane
(DCE), dichloromethaﬁ\eN(D&M), diethyl azodicarboxylat%q(gEAD di-isopropylazodicarboxylate
(DIAD), di-iso-butylalumihumhydride (MAL or DIBAL-H), difs0btddyiethylamine (D1PEA),

N,N-dimethy}.acetamide (DMA), 4-N,N-dimethylaminopyridine AP), N,N-dimethylformamide
(DMF), dimelha?ﬁ sulfoxide (DMSO), 1,11-bis(diphenylphds H?hegg)é’rﬁm‘%'(?dgpéyf‘ﬁ’,xymmhﬂ@‘
D-bis-(diphenylphosphinogferl;pcggle (dppf), 1-(3-di- 20 mgtmyderyitelgropydh3iethiicatbodlimide
cefate phenylamino]-5-0x0-4,5-dihydro-pyrazin-

hydrochloride (EDC1), eth%E , ethy
H \N N
2-yl} -phenyl)-3,4-dihydro-2 A~

isoquinolin-1-one

1I-3 6-Cyclopropyl-2-{2-hydroxymethyl-3-[4-
o r\l: Ho._ O methyl-6-(4-morpholin-4-ylmethyl-
HNIN%?@ phenylamino)-5-0x0-4,5-dihydro-pyrazin-

2-yl}-phenyl}-3 4-dihydro-2H-

2 isoquinolin-1-one

1-10 5 i o 6-Cyclopropyl-2-(2-hydroxymethyi-3- {4-
HNIN | [ methyl-5-0x0-6-[4~(pyrrolidine-1 -carbon-

o yl)-phenylamino}-4,3-dihydro-pyrazin-2-
y1} -phenyl)-3.4-dihydro-2 H-isoquinolin-
N)ﬁo 1-one
Q MP: 178.0-180.0; MS (M + H): 590



(Et0AC), ethanol (EtOH), 2-ethoxy-2H-quinoline-I-carboxylic acid ethyl ester (EEDQ), diethyl ether
(Et20), 0-(7-azabenzotriazole-1-y1)-N, N,N'N'-tetramethyluronium hexafluorophosphate acetic acid
(HATU), acetic acid (HOAC), | -N-hydroxybenzotriazole (HOBO, high pressure liquid chromatography
(HPLC), iso-BropEAdPtA), lithium hexamethyl disilazane (LIHMDS), meffaHBPtM&BYij9melting point
(mp), MeS02- (mesyl or Ms), methyl (Me), acetonitrile (MeCN), in-chloroperbenzoic acid (MCPBA),
mass spectrum (ms), methyl t-butyl ether (MTBE), ¥3bromosuccinimide (NBS), N-carboxyanhydride

(NCA), N- chioresuccinimide (NCS), N- ylmorpholing (NiMbscN-yaiethviRyrralitlone (NMP),

pyridinium chlorochromate (PCC), pyfidiriiuni dichromat (PD%}S henyl gi) ropyl (Pr). 30
iso-propy1(i-Pr), pounﬁ;g (psi), pyridine FBW)“)? ]r%}%{gp‘gr) ﬁﬁ%l('ﬁ}@?RT),
tert-butyldimethylsilyl, ¢ % DMS), triethylamiimeo{iiiesrerEt3M)n A 2obefyiamino]-5-
tetramethylpiperidinc_1-oxyl ( PO), triflate or CF3S02- (T O:x trifluaro IC acj C?, WO
2010/000633PCT/EB20091057707 -40- is-2,2,6,6-ter€%xr%é&t?ﬁ}l[gl§ %r?@%%yg’aﬁﬁ}é%“ D),
0-benzotriazol-1-yl-N,N,N,Nltetramethyluronium tetrafluotSh&¥i& (PBTeH R Iy e éhromatography
(TLC), tetrahydrofur&n F), trimethylsilyl or Me3Si (TMS),1p2tolueneswifonic-agid snonohydrate
(TsOH or pTsOH), 4-Me-LG6i’-LiSOZ- or tosyl (Ts), N-urethane-N-carboxyanhydride (UNCA), 5
Conventionajingmenclature including the prefixes normag (n)isg&ls)1-SQBORAAY-kBE- Seriary (tert-)
and neo have their custofraty~tfeanin with an alkyl moiety. (Rigaudy and Klesney,
Nomenclature in Organic Cherhisy 979 Pergalhioh PIUSEy ORI FHETM Yarthritis” as
used herein means acuteum artiritis, chronic rhephaatioidiid)-artheitis]-shlamyslial arthritis,
chronic absorptive arthrifis, €hylous arthritis, arthritis bas bowel disease, filakial arthritis,
gonorrheal arthritis, gouty arthritis, hemophilic arthritis, h@@ﬁ?}% ég}t% it é?%ﬁegﬂﬁlé%hronic arthritis,

dl arthritis, nodular arthritis, octittidetic Aripduaipsoliatie arthritis or
suppurative arthritis, og the related diseases which requingghe;agminisfratiopvo-amasamal in a
therapeutic effective*@lose of a 15 compound of Formulae I-V in a sufficient dose to inhibit BTK. The
compounds of this invention;can be used to treat subjects g§toarPINIMUne GeRGiEaRg.ar @isorders. As
used herein, the term "atitgiftaiitne cendior*and like t Ims means a disease, disorder or condition
caused by the immune A.Qfan0.an] utoimmuni élég}?ﬁé?§ya“¥)§°ﬁﬁlg§5’i}/ﬁ§? i*tHe animal's
own immune system miskenly itself, thereby tapjetirign0othé oells) tisssed,and/or organs of
the animal's own body. xample, the autoimmune regﬁ%;b1@%}@_%?%%?5)ﬂgqpervous system
in multiple sclerosis and thg gut in Crolua's disease. In other autoimmuné disorders such as systemic
lupus erythematosus SJ° affected tissues and organSRydiPvEFy By ndiduals with the same
disease. One personﬁi’ulupus may have affected skin amel jeigts whereas anatipgr 4gpay have affected
skin, kidney, 7

11-14 o 151 5 6-Cyclopropyl-2-(2-hydroxymethy}-3- {4-
i
HNIN :LI E @A methyl-6-[4-(4-methyl-piperazine-1-
o]

carbonyl}-phenyiamino}-5-0x0-4,5-

dihydro-pyrazin-2-yl} -phenyl})-3,4-di-
(\N © hydro-2H-isoquinolin-1-one

N MP; 172.0-175.0, MS (M + H): 619



25 and lungs. Ultimately, damage to certain tissues by the immune system may be permanent, as with
destruction of insulin-producing cells of the pancreas in Type 1 diabetes mellitus. Specific autoimmune
disorders that may be ameliorated using the compounds and methods of this invention include without
limitation, altSlmHlifE%fsorders of the nervous system (e.g., multiple scErSSEE2HAS/AEHENIa gravis,
autoinunune neuropathies such as Guillain-Barre, and 30 autoimmune uveitis), autoimmune disorders
of the blood (e.g., autoimmune hemolytic anemia, g¥rnicious anemia, and autoimmune
thrombocytopgmia), autoir[anune disorders ohe blood vessgls(e@:citgpnperalatesits,
anti-phospholipid syndrpmnte, va 2 as WO 29&}%98(} 3PCT/I§P2,00?/ 57707 -41-

Wegener's granulomates isease), autoimmune iSorders 5t e ’skin (e.g., psoriasis,
dermatitis herpetifoutis

system (e.g., Crohn'd ase, ulcerative colitis, primary Quiﬂfb{yﬁ%l}@?é%ixﬁ@%i@hﬁﬁﬂ!{ﬂ'ﬂl{@? hepatitis),
autoimmune disorders §f the endocrine glands (e.g., 5 Type 1 or immune-mediated diabetes mellitus,
Graves disease. Hashimoto's thyroiditis, autoimmune o pits At oY chitey b zmsimmune
disorder of the adrena)/gland); and autoimmune disordensipf mutiples organsnminraditg connective
tissue and musculoskeletal system diseases) (e.g., rheumatoid arthritis, systemic lupus
erythematosus, scleroderma, polymyositis, deiwatomyositis, spondyloarthropathies such as ankylosing
spondylitis, 2h&610 Sjogren's syndrome) or the refated diSEASLORRTER HeefOiré e adrdivstration to a

mammal in a therapeutic effective dosef of 3 pound efihormpdaeihy inaisuificieningbse to inhibit

S)

BTK. In addition, other iruyiuy yedrated diseas%%,E soqc_;g_ as, rﬁgt:vgﬂsdya-ﬁgsérgi_segse and
allergic disorders, are alsgrinclud the definition of immune disorders Rereir, Betause a number of

immune disorders are ca by inflammation, there is samé oVettpdis: pattsénidisdidets that are
considered immune disordeys and inflammatory disorderﬁgg&l@@g“%mmhgﬁ'gl\fﬂg_invention, in the
case of such an overlappitig disorder, it may be considered either an immune disorder or an
inflammatory disorder. @atment of an immune disordé’f@iéﬂéiﬁ"ﬂé&Fé%&%ﬁﬁ@’téﬁﬂg a compound
or a composition of;gg invention to a subject, who has an immune disorder, a symptom of such a
disease or a predispgsition towards such a 20 disease, with the purpose to cure, relieve, alter, affect,
or prevent t toimmune disorder, the symptom of it, ar the predispositior ards it. used
herein, the teh[?'rgﬂ'asthma'b ans:a pulmanary disease, (ﬁ's&f%}g Y8P516% .ﬁ%%%ﬁé% fé%‘f%@'ifby

' in ion, and inerpaskat direedynebporsileness-to a variety

methyl-5-0x0-4,5-dihydro-pyrazin-2-yl} -

reversible airway obstructi
of stimuli. Hy
2-hydroxymethyi-phenyl)-3 4-dihydro-

o 2 H-isoquinolin-1-one

N
\0(:8 MP: 173.0-175.0; MS (M + H): 634

1-18 | 6-Cyclopropyl-2-(3-{6-[4-(1,1-dioxo-14°
OIN i OHI\Q@/A thiomorpholine-4-carbonyl}-
e phenylamino}-4-methyl-5-0x0-4,5-di-
hydro-pyrazin-2-yi} -2-hydroxymethyl-

N pheny!)-3,4-dihydro-2 H-isoquinolin-1-one
N o MS (M + H): 653



25 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 resulE3eHIE8%¢ are not limited to, alleviation of symptoms, dimffidHrReMPEF Efent of
disease, stabilized (i.e., not worsening) state of disease, delay or 30 slowing of disease progression,
amelioration or palliation of the disease state, and rémission (whether partial or total), whether
detectable orjundetectable. "Treatment” can also mean prolenghaghsLrvivakas compared to expected
survival if not receiving ment>T, i 2010/000633PCT/EP2009/057707 -42- need of
treatment include tho I ' hdition or disSMBRI AL W ETTR %’gcﬁy ﬁIBIPé)]ﬁZg've the
condition or disorder g those hich the condition or disetfdeéisto-thé-prevntedaFor2eXample,
treating an inflamm condition means reducing the %tﬁ%%ﬁ%ﬁﬂ%% %’gﬂmﬂon. The
a

reduction can mean byt is not limited to the complete 5 ablation of inflammation. For éxample, the
reduction can compeis 6, 10%, 20%, 30%, 40%, 509676098069 80%, 90%, or 100% reduction,
or any point in between, ared to an untreated or cortrhgubeeL &5 determined by any suitable
measurement technique or assay disclosed herein or known in the art. Examples of representative
compounds 8idbmpassed by the present inventioand (itiAend s¢dp&-bt-theilention are
and preppsations whichniollow:ayesprayvided to enable
those skilled in the art to more ¢leajly und d and to_practice the present invention, They should

‘ he nvention,ﬁﬁ?’%é%l@oés“%ghﬁé st 1@%’3 d
representative thereof In general, the enclature used fiedeimsispthzephory ABTHANGMmI v.4.0, a
Beilstein 15 Institute computerized system for the generatipn Qf, HEFAG Systematic nomenclature. If
there is a discrepancy between a depicted structure and a name given that structure, the depicted
structure is to be accord@oré weight, in addition, if th%ﬁé@%@:ﬂé%@éﬁ@%ﬁ%@ﬁﬂ&ﬁe or a portion of

a structure is not indicateawith, e.g., bold or dashed lines, the structure or portion of the structure is to
be interpreted.as encompagsing all stcreoisomeys of it. 20 3:ABIHE ARBISIS eXAMPIes Qf pysazinone
compounds according t&geheric.For NFABLE |. Nomenclature ,
6-Cyclopropy1-2-(2-hydraxymiethy 1-?:’3;;@#1yl-644-(n{gﬁﬁlﬁWﬁ'@fﬁ@&?mﬂé‘“y‘methﬂ'
phenylamino]-5-oxo-4,5 dih’ﬂ/drazi 12-y1} -phenyl)-2phisgtjinalis bane,5-dihydro-pyrazin-
2-y1]-phenyl}-3.4-dihydro-2H-

isogquinolin-i-one

H-22 6-Dimethylamino-2-(3- {6-[4-{},1-dioxo-

0 rL OH N/—
I lé/@/ 126-thiomorpholine-4-carbonyl)-
HEC N phenylamino]-4-methyl-5-0x0-4,5-di-
hydro-pyrazin-2-yl} -2-hydroxymethyl-
phenyl)-3,4-dihydro-2 H-isoquinolin-1-on¢



-43- 2- {346-(2,2-Difluoro-benzo[1,3]dioxol-5-
ylamino)-4-methyl-5-ox0-4,5-dihydropyrazin-2-y1]-2-hydroxymethyl-pheny11-
6-dimethylamino-3,4-dihydro-2Hisoquinolin-1-one MP: 145.0-150.0; MS (M H): 576
6-Dimethylaﬂﬁ%@@ff’ﬂ%ﬁigdroxyrnethy1-3- 14-methyl-644-(4-methyl-piperaZéty 200957707
carbonyl)-phenylamino]-5-oxo-4,5- dihydro-pyrazin-2-y1} -pheny0-3,4-dihydro-2Thisoquinol in-1 -one
MP: 168.0-170.0; MS (M + 14): 633 6-Cyclopropy14%:(2-hydroxymethy1-3- {4-
methy1-6444fmerpholine-4-carbonyl)- phenyamino]-5-g>qq4555di¢4yﬁ5@gpy;5qﬁﬂzh)el}-
-pheny1)-3,4-dihydro-2Hispquinolin-1-g#e-6-Cyclopropyl1-2- . _
{346-(1-ethy1-1Hpyra I-4E lamine):4 @ y1-5-oxo-4,5€a§ﬂ%’%ll)6@6§/rf lffﬁlﬁglfﬁ?ﬁwasrboxvmethyl-
phenyl} -3 ,4-dihydro-2Hrisolyuinolin-1 - one 6-Cyclopropyd-@h{2rhydrexgriettiyl-184xy-
methy1-6-(1-methy1l-4H-pyraz [-ar ino)-5-oxo-4,5-qgg,xﬁi\;9%g¥5g - 'Xﬂ)‘pr[?ﬁﬁ@{@-
-3,4-dihydro-2H-isogeinglin-1- WO 2010/000633PCT/EP2009/057707 -44- 4-
t6-[3-(6-Cyclopropy x0-3,4- dihydro-1H-isoquinolin $fyp2H-isequinolin-1-one
hydroxymethyl-phenyl]-4-methy1-3-0x03,4-dihydro-pyrazin-2-ylaminol -N,N-dimethyl-benzamide MS
(M + H): 564 07N

K/N\[(

@]
11-24 [ 6-Cyelopropyl-2-(2-hydroxymethyi-3-{4-
O N.. HC
I | h@g/m methyl-5-0x0-6-[4-(3-ox0-piperazine-i -
oo I carbonyl)-phenylamino]-4,5-dihydro-

pyrazin-2-yl}-phenyl)-3 ,4-dihydro-2H-

isoquinolin-i-one

9]
("
HN
(o]

1I-25 [ 6-Cyclopropyl-2-(3-{6-{4-(4,4-difluoro-
O N HO
j\: [ (p/[l piperidine-1-carbonyl)-phenylamino}-4-
x N
N I methyl-5-oxo-4,5-dihydro-pyrazin-2-yl}

2-hydroxymethyl-phenyl)-3 4-dihydro-

2H-isoquinolin-I-one

1I-26 2-{3-{6-[4-(4-Amino-piperiding-1-

carbonyl)-phenylaminoJ-4-methyl-5-oxo-

O il HO
HNIN ] N 4,5-dihydro-pyrazin-2-yl} -2-hydroxy-
methyl-phenyl)-6-cyclopropyl-3.4-

dihydro-2H-1soquinolin-1-one



4- {643-(6-Cyclopropyl-1-o0x0-3,4- dihydro-1H-isoquinolin-2-y1)-2-
hydroxymethyl-pheny1]-4-methy1-3-0x03 ,4-dihydro-pyrazin-2 -ylamino } -N,N- d iethyl-benzamide MS
(M + H): 591 6-Dimethylamino-2-(2-hydroxymethy1-3- { 4-methy1-644-(moipholine-4-earbony1)-
phenyl aminB{&26 WS Hinydro-pyrazin2-y1} -pheny1)-3,4-dihydro-2H- iE6&EHRSHALEIGHE
6-Cyclopropy1-2- {2-hydroxymethy1-344- methy1-6-(4-morpholin-4-ylmethy1-
phenylamino)-5-oxo-4,5-dihydro-pyrazin2-ylkpheny#$-3,4-dihydro-2H- is oqu n o lin -1 -one
6-Cyclopropyila2-(2-hydroxymethy1-3- {4- methy1- -oxogﬁég,c(giy{(g?yhdjn@:ﬂ,ﬁ%%ﬁyé%mggyI
amino]-4,5-dihydro-pyrazin-2- -phenyl)-3, ydro-2H-isaquinolinl-one MR 178.0-180.0; MS (M +
H): 590 -45- 6-(1-Fluoro-eyclgprapyd)- roxymetfy 3 FRethyiegid-piperidine-1-

:5-.0x0 4,5-dihydraspytighiph2eylimplagayhe thyl-5-oxo-
3,4-dihydro-2H-isoquinolin-1%one'MP} 172.0-174.0; MS M3 H:4824 i 2 1t ohenvi)3.4
6-Cyclopropy1-2-(2-hydroxymathy1-3-46- [4-(4-hydroxy-piperidin ¢-] -ré%lr%o#yi“ﬁ enyl)-3.4-
phenylamino]-4-methy1-5-0%e<4,5- dihydro-pyrazin-2-yll dghshay2H3airslird-28-isoquinolin-1-one

g
o
@

&)

II-28 4-{6-[3-(6-Cyclopropyl-1-0x0-3 4-
o A ol o dihydro-1H-isoquinolin-2-y1)-2-

HNIN%N hydroxymethyl-phenyl}-4-methyl-3-oxo-
@ 3 4-dihydro-pyrazin-2-ylamino } -N-(2-

methoxy-ethyl}-N-methyl-benzamide

PN o
/O
1129 4-{6-[3-(6-Cyclopropy!-1 -0x0-3,4-
o hlj v, o dibydro-1H-isoquinolin-2-y}-2-
HNIN | N hydroxymethyl-phenyl]-4-methyl-3-oxo-
3 4-dihydro-pyrazin-2-ylamino } -N-ethyl-
N-methyl-benzamide
j o
11-30 6-Cyclopropyl-2-(2-hydroxymethyl-3- {4-

| methyl-6-[4-(4-methyi-piperazin-1 -yl)-

o] [
y I | M phenylamino}-5-0x0-4,5-dihydro-pyrazin-
| N
2-y1} -phenyt}-3.4-dihydro-2H-

isoquinolin-1-one



MP: 171.0-173.0; MS (M + H): 620 6-Cyclopropy1-2-(2-hydroxymethy1-3- (6{4-(4
-methoxy-piperidine-1-carbonyl)- phenyl amino]-4-methy1-5-o0x0-4,5- dihydro-pyrazin-2-y11 -phenyl)-3
,4- dihydro-2H-isoquinolin-1-one MP: 146.0-148.0; MS (M + H): 634
6-Cycloprop¥ £ 349 HKefbxymethy1-3- (4- methyl1-644-(4-methyl-piperazfife EP 2009057707
carbonyl)-phenylamino]-5-oxo0-4,5- dihydro-pyrazin-2-y1} -pheny1)-3,4-dihydro-2H-isoquinolin-1 -one
MP: 172.0-175.0; MS (M + H): 619 -46- OH 4- {643-(6-Cyclopropyl-1-oxo-3,4-
dihydro-1H-igoquinolin-2-y1)-2- hydroxymethyl phenyl]-d-mgeihynaxo3, Sdiydegmyrain-2-ylamino}
-N- (2 hydroxy ethyl) -N- -m thyI -benzamide MR; 115.0-117.0; OI\(@ §Mmmo?m 5%? th?zl Cg%(;{lgarg)pyl -243-(6- .
[ -earh yII phenyl- an]?rrv{o

\ one
N—N

11-32 | 6-Dimethylamino-2-(3-{6-[4-(4-ethyl-

N
! ™ piperazine-1-carbonyl)-phenylamino}-4-
6] N, MO )
:]\; ! ! methyl-5-0x0-4,5~dihydro-pyrazin-2-yl} -
e 2-hydroxymethyl-phenyl)-3 4-dihydro-

2H-isoquinolin-1-one

(\N o
\/N\)
il-33 4-{6-[3-(6-Cyclopropyl-1-0x0-3 4-
' i S1H-i inolin-2-vl}-2-
o ;\|: v, o dihydro-1H-isoquinolin-2-y1)-2
I | i hydroxymethyl-phenyl}-4-methyl-3-oxo-
S 3 A-dihydro-pyrazin-2-ylamino } -N,N-bis-
=
- J {(2-methoxy-ethyl)-benzamide
F\/PN o
™0
I1-34 4-{6-[3-(6-Cyclopropyl-1-ox0-3,4-

dihydro-1H-isoquinotin-2-yl}-2-

0 rL Ho_ ©
I | ; hydroxymethyl-phenyl}-4-methyl-3-oxo-
S 3 A-dihydro-pyrazin-2-ylamino} -N-(2-

methoxy-ethyl}-benzamide

Tz



6-Cyetopropy1-2-(3- {644-(2,6-dimethy1- morpholine-4-earbony1)-phenylamino]-4-
methyl-5-o0x0-4,5-dihydro-pyrazin-2-ylic - 2-hydroxymethyl-pheny1)-3,4-dihydro2H-isoquinolin-1-one
MP: 173.0-175.0; MS (M H): 634 6 -Cycl opropyl-2-(3- {644-(1,1-dioxo-116-

thiomorpholiE A4S 1)- phenylamino]-4-methy1-5-0xo-4,5-dihydro-pRfraZRZps7767
-2-hydroxymethylpheny1)-3,4-dihydro-211-isoquinolin-1-one MS (M H): 653 -47- 6-Cyclopropyl1-2-(3-
{644-(4-ethoxypiperidine-1-carbony1)-phenylamine}4- methyl-5-oxo0-4,5-dihydro-pyrazin-2-y1} -
2-hydroxymatad-pheny1)-3,4-dihydro2H-isoqui Iin-I-ort,eM@(M-@ﬁ%ﬁggym%gg{opyl-z-(&

{644-(4-ethylpiperazine-1-carbonyl)-phenyamino]-4- metﬁl -5-0xQ-4,5:di ngro- razin-2-y1{ -
2-hydroxymethyl-phenyl)-3 | § 1ds04uino lin-1-0 g%wpl%%%)ﬂlfg ; ,'R'/]‘-E)‘{(M H): 633
6-Dimethylammo-2- {2-hydroxé4 1l-3 hydroxymethyl-phenyl]-4-methyl-3-oxo-
[4-methy1-6-(4-morpholin-4 henylamino)-5-ox9ﬁl§ﬁ?m¥%r&é%@;m53ﬁ¥3d:&hﬁ“r%_
-3,4-dihydro-2Hisoquinolingl-bne 6-Dimethylamino-z-(s-ég;m- 1, .
diox012,6-thiomomhgZine-4fcarbonyl)- phenylamino]-4-frelHifTos %6y LRS- pyrazin-2-yll
-2-hydroxymethy|phen‘ﬂ7 ,42dihydro-2H-isoquinol in -1 -one WO 2010/000633PCT/EP2009/057707
-48- 2-(3- {644-(4-Acetyl-piperazine-1-
earbony1l)-phenylarnino]-4emethyl-5-o0x0-4,5-dihydro-pyrazin-2-y1{-2-hydroxy-methyl-pheny1)-6-eyelo

propyl-3,4- dihydro-2H-isoquinolin-1-one 6-tert-Butyl-2-(2-hydroxymethyl-3-{4-
. IE P methyl-6-[4-(morpholine-4-carbonyl}-
I | 1 phenylamino]-5-0x0-4,5-dihydro-pyrazin-
HN N

2-yl} -phenyl)-3,4-dihydro-2H-

isoquinolin-1-one

e

o
I

I1-37 6-Cyclopropyl-2-(2-hydroxymethyl-3- {4-
on 4 Ho. o methyl-6-{4-(4-methyi-{1 4 ]diazepane-1-
HNI ] ] N carbonyl)-phenylamino}-5-oxo-4,5-
N

dihydro-pyrazin-2-yl} -phenyl)-3,4-

dihydro-2H-isoquinelin-1-one

/
H-38 4-16-{3-(6-Cyclopropyi-1-0x0-3 4-
o hll o, o dihydro-1H-isoquinolin-2-yl)-2-
HNIN | N hydroxymethyl-phenyl]-4-methyl-3-oxo-
3 4-dihydro-pyrazin-2-ylamino} -N-ethyl-

benzamide



6-Cyclopropy1-2-(2-hydroxymethy1-3- {4- methy1-5-0x0-644-(3-oxo-piperazine-1-
earbonyt)-phenylamino]-4,5-dihydropyrazin-2-y1{ -pheny1)-3,4-dihydro-2Hisoquino lin-1-one
6-Cyclopropy1-2-(3- {6-[4-(4,4-difluoropiperidine-1-carbonyl)-phenylamino]-4-
methy1-5-oxX8ABIEHNERD-pyrazin-2-y1{ - 2-hydroxyrnethyl-pheny1)-3,4-dihy &2 EdHTinolin-1-one
2-(3- {6-[4-(4-Amino-piperidine-lI-earbony1)-phenylannno]-4-rnethyl-5-oxo-4,5-dihydro-pyrazin-2-y 1{
-2-hydroxymethyl-pheny1)-6-cyclopropyl-3.4- dihydf@=2H-isoquinolin-1-one WO
2010/000633R€3T/EP2009/057707 -49- 6-Cyclopkopyl-2- @ﬂyﬁr@g@@hy,{%@}ethﬂ 3-{6-
[4-(4-hydroxy-4-methyl- plperIdInt -1 - earbo nyl rﬂ;lnol4 met 1-5-0x04.,5

-dihydro-pyrazin-2-y1} -ph e 3. 42dih -isoqui an%p fﬁd fg“d/'&%]ﬁ?%y)/l 1-ox0-3,4-
dihydro-IH-isoquinol in -2- yl‘) phenylamino}-4-methyl-5-0x0-4,5-

hydroxymethyl-pheny1]-4- mehyl -3- @c 4-dihydro- pyraﬂ@&y@q@g Z'}'f}(%;henyi) 3.4-
methoxy-ethyl)-N-methyl- @ mide 4- {643-(6-Cyclopro %} 1-0x0-3,4

dihydro-1H-isoquinolin-2-y1)-2- hydroxymethyl-pheny1]- @’fﬁ;?ﬁf%b@)%ﬁﬂ?&“bﬂw&?o -pyrazin-2-ylarnino
}-N-ethyIN-methyl-benzafhge~d1-30 6-Cyclopropyl-2-(2-hydroxymethyl-3- f 4-
methyl-644-(4-meth gerazin-1 -y1)- phenylamino]-5-oxo-4,5-dihydro-pyrazin2-y1}
-phenyl)-3,4-dihydro-ZHisoquinolin-1-one -50-

11-40 | / 6-Dimethylamino-2-(3-{6-[4-(4-ethoxy-

C, N OoH MN—
I [ @/ piperidine-1-carbonyl}-phenylamino]-4-
o 4 methyl-5-0x0-4,5-dihydro-pyrazin-2-yl} -
2-hydroxymethyl-phenyl}-3.4-dihydro-

o D\ 2 H-isoquinolin-1-one
N

11-41 [ / 6-Dimethylammno-2-(2-hydroxymethyl-3-
& N OH e
I | (’\(@ {6-[4-(4-hvdroxy-piperidine-I -carbonyl)-
e 5 phenylamino]-4-methyl-5-0x0-4,5-

dihydro-pyrazin-2-yl} -phenyl)-3,4-

Py dihydro-2H-isoquinolin-1-one
L,
11-42 M 6-Cyclopropyl-2-(2-hydroxymethyl-3-{6-
O;\\‘_,;\ o o [4-(4-methoxymethyl-piperidine-i-
HN/JQ_-N,l“-.\T./: carbonyl)-phenylamino]-4-methyl-5-oxc-
f:‘»‘i‘\-l - '| 4 5-dihydro-pyrazin-2-vi}-phenyl}-3 4~

dihydro-2 H-isoquinolin-1-one



6-Dimethylamino-2- {346-(1-ethy1-1Hpyrazol-4-ylamino)-4-methy1-5-ox0-4,5-
dihydro-pyrazin-2-y11-2-hydroxymethyl- phenyl } -3,4-dihydm-2H-isoquinolin-1- one
6-Dimethylamino-2 -(3- {64444-ethylpiperazine-1 -earbony1)-phenylamino]-4-
methyl-5-ox¥8 08¢ pyrazin-2-y1} - 2 -hydroxymethyl-phenyl)-3 ,4-dyHES2#4%884dMolin-1-one 4-
{643-(6-Cyclopropyl-1-0x0-3,4- dihydro-1H-isoquinolin-2-y1)-2-
hydroxymethyl-pheny1]-4-methy1-3-0x03,4-dihydresgyrazin-2-ylaminol
-N,N-bis(2-mgtirpxy-ethyl)-benzamide 11-34, 4-1643-(6-CyclogsepylalioBddymethyl-3- {6-
dihydro-lH-isoquinoIin-2-y|O-2-
hydroxymethyl-phenyl$:4-
methoxy-ethyl)-benza:&ni

amino}-4-methyl-5-oxo0-4,5-dihvdro-pyr-
azin-2-yl}-phenyl)-3,4-dihydro-2 H-

N—NZ isogquinolin-1-one
O
/
11-44 6-Cyclopropyl-2-(2-hydroxymethyi-3- {4-
o ol o methyl-5-0x0-6-[1-(2.2.2-trifluoro-ethyl)-
. Iﬂ N 1 H-pyrazol-4-ylamino]-4,5-dihydro-
N
N pyrazin-2-yl} -phenyl)-3.4-dihydro-2 H-
;\:—N isoquinolin-1-one
F
F
;;‘
11-45 2-{4-{6-[3-(6-Cyclopropyi-1-o0x0-3 4-di-
o o o hydro-1H-isoquinolin-2-y1)-2-
HNIN | ! hydroxymethyl-phenyl}-4-methyl-3-oxo-
N 3 4-dibydro-pyrazin-2-ylamino} -pyrazol-
?}l-—N 1-y)-N . N-dimethyl-acetamide
N
N
/o
11-46 / 6-Dimethylamino-2-{2-hvdroxymethyl-3-

11-47 /

[4-methyl-6-(5-methyl-1 H-pyrazol-3-yi-
amino}-5-oxo-4,5-dihydro-pyrazin-2-ylj-

phenyl} -3 4-dihydro-2 H-isoquinoiin-1 -

one

6-Dimethylamino-2-{ 2-hydroxymethyl-3-
[4-methyl-5-0x0-6-(1 H-pyrazol-3-

yilamino)-4.5-dihydro-pyrazin-2-yi}-
phenyl}-3.4-dihydro-2H-isoquinolin-1-

one



r, 6-Cyclopropyl-2-(2-hydroxymethy1-3- {6- [4-(4-isopropyl-piperazine- 1 -carbony1l)- phenyl
amino]-4-methyl -5-o0x0-4,5- dihydro-pyrazin-2-y1} -phenyl)-3,4- dihydro-2H-isoquinolin- -one
6-Dimethylamino-2-(3- {6-[4-(4-ethoxypiperidine-1 -carbonyl)-phenylamino]-4-
methy1-5-oxX8 A B18i¥f4#é-pyrazin-2-yll - 2-hydroxymethy1-phenyl)-3 ,4-dffyBfE2P486 o lin-1-one
6-Dimethylamino-2-(2-hydroxymeth y1-3- 644-(4-hydroxy-piperidine-1-carbonyl)- phenyl
amino]-4-methy1-5-ox0-4,5- dihydro-pyrazin-2-yll -pheny1)-3,4- dihydro-2H-isoquinolin-1 -one
6-Cyclopropyil42-(2-hydroxymethy1-3- 6- [4-(4-rpethoxyraetiylpiRey ANt droxymethyl-3- {4-
earbonyl)-phenylamino]-4-me§hyl-5-oxo4 ydro-pyrazin-2-y1} -pheny1)-3,4-
dihydro-2H-isoquinolin-1 -cre-*-58-.6 opy1-2-(2- RSy Ity I8P RS T4A IS AL 1675 BR By -ethy ) -
H-pyrazol-4-yl-amino]-4-r§;ﬁg i<-5-0x0:4,5-dihydro-pyr-azirpReyillaptveriy) 53l ydioyigraz2442 -isoqu ino
lin- 1-one 6-Cyclopropy1-2:(2-hydioxymethy1-3- {4- methy1l-5-0x0-641.-(2.2 2strifluoro-ethyl)- 1
H-pyrazol-4-ylamino]-4,5fdinydropyrazin-2-y1} -phenyl)-% ’Af’%?ﬁ?%r%ﬂzﬁiﬁsvg%%zlzn% ﬁﬁq-mln-%o}ﬁ% 2-(4-
{6-[3-(6-Cyclopropyl- 1 -0X%=3 ,4-dih ydro- 1 H-isoquino lifrepey1)-2-
hydroxymethyl-phenytgmethyl-3-o0xo03 ,4-dihydro-pyrazin-2-ylamino -pyrazoll
-y1)-N,1V-dimethyl-a@e1,dmide 6-Dimethylamino-2- 12-hydroxymethy1-3- [4-methy1-6-(5 -methyl-
1H-pyrazol-3 -ylamino)-5-ox0-4,5-dihydro-pyrazin-2-y1]- phenvyl if -3 ,4-djhydro-2H-isoquinalin-1 - one

=

6-Dimethylarlifio-2- 2-hydroxymethy1-3 ethy1-5-0x8-8 ?P—‘BW&%@@ 1ydroxymethyl-3-14-
ylamino)-4,5-dihydro-pyra#inﬁg-yl]g methyl-6-[4-(2-morpholin-4-yl-2-oxo-eth-
S I N yl}-phenylamino]-5-oxo-4,5-dihydro-pyr-

azin-2-yl}-phenyl}-3,4-dihydro-2 H-

- isoguinolin-i-one

11-50 6-Cyclopropyl-2-(2-hydroxymethyl-3-{6-

Mo HoL G |3-methoxy-4-(morpholine-4-carbonyl}-
HNIN%N phenylamino]-4-methyl-5-0x0-4,5-
dihydro-pyrazin-2-yl} -phenyl)-3,4-

o dihydro-2H-isoquinolin-1-one

{1-51 7-{6-[3-(6-tert-Butyl-1-oxo0-3,4-dihydro-
1 H-isoquinolin-2-y1)-2-hydroxymethyl-

I | T phenyl]-4-methyl-3-ox0-3 4-dihydo-
e pyrazin-2-ylamino}-3,4-dihydro-1H-

quinolin-2-one



phenyl 1 -3,4-dihydro-2H-isoquinol in-1 - one WO 2010/000633PC T/EP2009/057707 -55- 11-52
11-53 2- {346-(5-Cyclopropyl-1H-pyrazol-3-y1-
amino)-4-methyl-5-oxo-4,5-dihydro-pyrazin-2-y1]-2-hydroxymethyl-phenyl}
-6-dimethylaMth¥8/8%8P3dro-2H-isoquino linl -one 7- {643-(6-Cycloprop§ CERM6IR 74T
ihydro-1H-isoquinolin-2-y1)-2- hydroxymethyl-pheny1]-4-methy1-3-ox03 ,4-dihydro-pyrazin -2
-ylamino} -3,4- dihydro-1H-quinolin-2-one 11-54 0 156N-N

11-52 / 2-{3-[6~(5-Cyclopropyl-1H-pyrazol-3-yl-

amino)}-4-methyi-5-0x0-4,5-dihydro-pys-

N
8] h‘E HO 0]
HNIN%/N azin-2-yl]-2-hydroxymethyl-phenyl} -6-di-

methylamino-3,4-dihydro-2 H-isoquinolin-

=
-
N {-one
11-53 7-16-[3-(6-Cyclopropyi-1-0x0-3,4-
o PE HO. o dihydro-1H-isoquinolin-2-y[-2-
I | ! hydroxymethyl-phenyl]-4-methyi-3-0xo0-
HHM N

3 4-dihydro-pyrazin-2-ylamino} -3,4-

dihydro-1H-quinolin-2-one

I-54 o 7-{6-[3~(6-Dimethylamino-1-o0x0-3 4-di-
] hydro-1 H-isoquinolin-2-y1)-2-

l hydroxymethyl-phenyl]-4-methyl-3-oxo-
3 A-dihydro-pyrazin-2-yiamino}-3,4-di-

hydro-1H-quinolin-2-one

11-55 6-tert-Butyl-2-{3-[6-(1-ethyl-1 H-pyrazoi-
o i o o 4-ylamino)-4-methyl-5-oxo-4,5-dihydro-
HNIN | ; pyrazin-2-yl]-2-hyvdroxymethyl-phenyl} -
(S 3 4-dihydro-2 H-isoquinolin-1-one
1 =¥
N—NW
fl-56 Chiral - 6-Cyclopropyl-2-(3- {6-[4-((S)-3-cthoxy-

pyrrolidine-1-carbonyl)-phenylamino]-4-

O F\E HO O,
HNIN %N methyl-5-0x0-4,5-dihydro-pyrazin-2-yl} -
/IL 2-hydroxymethyl-pbenyl)-3 4-dihydro-

2 H-isoquinolin-1-one



7- {6-[3-(6-Dimethylamino-1-oxo0-3,4-dihydro-1H-isoquinolin-2-y1)-2-
hydroxymethyl-pheny1]-4-methy1-3-0x03,4-dihydro-pyrazin-2-ylamino ‘c -3,4-dihydro-1H-quino
lin-2-one 11-55 11-56 Ch al 6-tert-Butyl-2-

{346-(1-ethy ¥4 HHH#6T-4-ylamino)-4-methy1-5-0x0-4,5-dihydro-pyrazinrP@ KAPmMParakiymethyl-phen
yll - 3 .4-dihydro-2H-isoquin olin-1-one 6-Cyclopropy1-2-(3-
{6-[4-((S)-3-ethoxypyrrolidine-1-carbony1)-phenyla#ino]-4- methyl-5-oxo0-4,5-dihydro-pyrazin-2-y1} -
2-hydroxymethyl-pheny1)-3,4-dihydro2H-isoquinolin-1-one 6-Cyclopropyl1-2-(3-
{6444(R)-3-ethoxypynolidine-1-carbonyl)-phenylamino]-4- methyl-5-0x0-4,5-dihydropyrazin-2-yll -
2-hydroxymetfi-phenyl)-3 ,4-dihydro2H-isaquifel in-1 -Sre 6 eht s ane A (Po-Aydrsxymethyl -3-
14-methy1-5-0x0-644-(pipgrazing;1 - carbony1)-phenylapsinaldsb-titardsaplyraiziny Balifophenyl)-3
,4-dihydro-2Hisoquino lin-1-dnej6-Cycldprapyl-2- {2-hydro thy1-3:[6- .
-isopropy1-1H-pyrazol-4-yah il A y1-5-oxo-4,5-%1%%%385?5’%- h% I:O'Bﬁgﬁi}ﬁzmyl}"
-3,4-dihydro-2H-isoquingéin=1 - one8<Cyclopropy1-2-(2-Rydydsgprieeiyl-phefud)-3.4-dihydro-
methy1-644-(morpholin arbony1)-3- nitro-phenylamingl; 2s@%aafimidipydropyrazin-2-yll -phenyl)-3
,4-dihydro-2Hisoquinoll\N/I- -one -57-

1I-58 | 6-Dimethylamino-2-(2-hydroxymethy!-3-

AN . .
. PL o o {4-methyl-5-0x0-6-[4-(piperazine-1 -
HNIN | ; carbonyl)-phenylamino]-4,5-dihydro-
pyrazin-2-yi}-phenyi)-3,4-dihydro-2 H-

isoquinolin-1-one

[1-59 6-Cyclopropyl-2-{2-hydroxymethyl-3-[6-
o ;\!j o (1-isopropyl-1 H-pyrazol-4-vlamino)-4-
HNIN I methyl-5-oxo-4,5-dihydro-pyrazin-2-yl]-
(% phenyl}-3,4-dihydro-2 H-isoquinolin-1 -
|}in>” one
1-60 6-Cyclopropyl-2-(2-hydroxymethyl-3- {4-

! methyl-6-[4-(morpholine-4-carbonyl)-3-

o] N HO Q.
HNI | N nitro-phenylamino]-5-oxo-4,5-dihydro-
B
pyrazin-2-yi}-phenyl)-3 4-dihydro-2 H-

ol . isoquinolin-1-one



2-(4- 643-(6-Dirnethylamino-1-oxo-3,4- dihydro-1H-isoquinol in-2-y1)-2- hydroxymethyl-ph
enyl]-4-methy1-3-0x03 ,4-d ihydro-pyrazin-2-ylamino -pyrazol- 1 -y1)-N,N-dimethyl-acetamide
6-Cyclopropy1-2-(3- {643-fluoro-4- (morpholine-4-carbonyl)-phcnylamino]-4-

methyl-5-ox&Y2, BHH4GAE-pyrazin-2-yl} - 2 -hydroxymethyl-phenyl)-3 4 -diRGEEEANIEEGUROlIN-1 -one
6-Dimethyl amino-2- {3-[6-(3-fluoro-4- morphol in-4-yl-phenylamino)-4-methyl-
-0x0-4,5-dihydro-pyrazin-2-y1]-2- hydroxymethyl-phényll -3 ,4-dihydro-2Hisoquinolin- 1 -one 24346-
{4-[Bis-(2-hydrgxy-ethyl)- amino]-phenylamino If 2-(4-{6-[3-(6-Dimetbylamino-1-0x0-3,4-

-4-methy1-5-0x0-4,5-dihydro-pyrazin Y=2-hydroxy-m -pheny1]-6-dimeth ino-3,4-
i VO 2010/00063%%%5 88@‘}6?%@75}-@?

dihydro-2H-isoquinolir<l +ane H&/O

6-Dirnethylami no-2-1§\3— ’ ‘ [4-methyl-5-oxd6hEkpiperidinhiay!]-4-methyl-3-oxo-
ylmethyl-phenylaminp)-4, ropyrazin-2-y|]-pheny%%4:§i§§gig)bq§gi§lt§§}qgﬂiﬂg}I_i%z-&r_le
6-Cyclopropy1-2-(2-KRydroxymethyl-3- {4- '
methy1-641-(2-morpholin-4-y1-2-oxoethy1)-1H-pyrazol-4-ylaNifoimsgxbaactodiny dro-pyrazin-2-yll
-pheny1l)-3,4- dihydr§r2€-isoquinolin-1 -one 6-Cyclopropy1-2- {3-[6-(1 -

I1-62
o é Ho._ ©
LA E
AN N

6-Cyclopropyl-2-(3-{6-[3-fluorc-4-
{morpholine-4-carbonyl)-phenylamino}-4-
methyl-5-0x0-4,5-dihydro-pyrazin-2-yi} -
2-hydroxymethyl-phenyt)-3 4-dihydro-

2H-isoquinolin-1-one

(\N o
0.
I-63 | 6-Dimethylamino-2-{3-{6-(3-fluoro-4-
N
. & o o ™ morpholin-4-yl-phenylaminc)-4-methyl-
I ; ! 5-0x0-4,5-dihydro-pyrazin-2-yl]-2-
N hydroxymethyl-phenyl} -3,4-dihydro-2 H-
isoquinolin-1-one
F
@
O
II-64 2-[3-(6-{4-[Bis-(2-hydroxy-ethyl)-

amino}-phenylamino} -4-methyl-5-oxo-
4 5-dihydro-pyrazin-2-v1}-2 -hvdroxy-
methyl-phenyl]-6-dimethylaming-3,4-

dihydro-2 H-isoguinolin-1-one



eye lopropylmethy1-1H-pyrazol-4-y1-
amino)-4-methy1-5-oxo0-4,5-dihydro-pyrazin-2-y1]-2-hydroxymethyl-pheny4 -3,4-
dihydro-2H-isoquinolin-1 -one 6-Dimethylamino-2-(3-
{644-(2-hydrd’28tH838PEhhenylamino]-4-methy1-5-ox0-4,5-dihydro-pyra AP ERpLg/657767
hydroxymethyl-pheny1)-3 ,4-dihydro-2Hisoquinolin-1-one 6 -(Ethyl-methyl-amino)-2 -(2-hydroxymeth
y1-3- {4-rnethy1-644-(morpholine-4- earbonyl)-pheftislarnino]-5-oxo-4,5- dihydro-pyrazin-2-y4
-pheny1)-3,4r dihydro-2H-isoquinolin-1 onq WO 2010/008633R GRERZ909/Q2 660 mafy1-3-
6-Cyclopropy1-2-(3-
{6-[1-(2,2-difluoro-ethyQ- ! |no] -4-methyI S BKEA-B- O aF DY 2y 1. 1-2-
hydroxymethyl-pheny1)-3,4idihydro:2Hi oqumolln 1 On@flﬁx(ﬂl-yl-phcnyldmmo)-45 -dihydro-
{643-(6-Cyclopropyl 2- Yy
enyl]-4-methyl-3-ox -dihydr&-pyrazin- 2 -ylamino} p ‘22 b %RFXH(!FE%I J'aglg adrz?loldzéIjr )
6-Dimethylamino-2- {-Rydroxymethy1-3- [4-methy1-5- oi@fﬁl-‘(@mdpwﬂlH -pyrazol-
4-ylamin6)-4,5-dihydr -[S){?az_i(n-}yl]- phenyl } -3 ,4-dihydro-2H-isoquinolin-1 - NNone 2-

{3-[6-(1-Cyclobutylmethyl-1H-pyrazol-4-ylamino)-4-methyl-5-oxo0-4,5-dihydro-pyrazin-2-y1]-2-hydroxy
amino-3,4-dihydro-2Hisoquinolin-I-one 6-Cyclopropyl-2- {2
y1-1H-pyrazeldapaimineyhatiRydranpytazin-2-y11-

methyt-phenyll - 6-dimet
-hydroxymetiyds 344- methy1-5-0x0-6-(1-pr
phenyl} -3,4-dihydro-2H-i§oquinoIin-1

methyl-6-[1-(2-morpholin-4-y1-2-0Xo~

O N, HGC Q,
I I ethyl)-1H-pyrazol-4-ylamino]-5-o0x0-4,3-
HN N
A dihydro-pyrazin-2-vi} -phenyl)-3 ,4-
\

NN dihydro-2 H-isoguinolin-1-one

-67 6-Cyclopropyl-2-{3-[6-(1-
o é Ho. o cyclopropylmethyi-1 A-pyrazol-4-yi-
» IN%N amino)}-4-methyl-5-oxo-4,5-dihydro-pyr-

azin-2-yl}-2-hydroxymethyl-phenyl}-3 4-

AN
= dihydro-2H-isoquinolin-1-cne
H-68 . :ﬁ o ’i - 6-Dimethylamino-2-(3- {6-[4-(2-hydroxy-
I i r@j ethoxy)-phenylamino]-4-methyl-5-oxo-
S 3 4,5-dihydro-pyrazin-2-yl¢-2-
© hydroxymethyl-phenyl)-3 4-dihydro-2 H-
R isoquinolin-1-one
H-69 f ; 6-(Ethyl-methyl-amino}-2-(2-hydroxy-

8] N N\‘/

I ]; [ W methyl-3-{4-methyl-6-[4-(morpholine-4-
N carbonyl}phenyiamino]-5-0x0-4,5-
dihydro-pyrazin-2-yl} -phenyl}-3.4-
dihydro-2H-isoquinolin-i-one



-60- 11-75 6-Dimethylamino-2-12-hydroxymethy1-3-
[4-methy1-6-(4-morpholin-4-yl-phenylamino)-5-oxo0-4,5-dihydro-pyrann-2-y1]-phenyl}
-3.4-dihydro-2H-isoquinolin-l-one 2-13-16-(3,4-Dihydro-2Hbenzo[1,4]oxazin-6-ylarnino)-4-methy1-5-
0x0-4,5-dihy 88 JyPa9H§33 -y 1]-2-hydroxymethyl-phenyl} PCT/EP2009/057707
-6-dimethylatnino-3,4-dihydro-2H-isoquinolin-1-one 6-Cyclopropy1-2-(3-
16-11-(2-hydroxyethyl)-1/1-pyrazol-4-ylamino]-4-meify1- 5- -OX0- -4,5-dihydro-pyrazin-2-yli -2-
hydroxyrnethylspheny0-3,4-dihydro-2Hisoguinolin-1-one §: h)éd&g%%{bethyl -3-

14-methyl-6-(2-morpholin+4-yl-pyridi
-3,4-dihydro-2H- isoquﬂﬁ Hogne.

methy1-6-(2- morpholln [
-3,4-dihydro-2H-isoqu

amino)-5-oxo-4,5-dihydro- pyrazmt kphenyl
utyl-2-12- hydr

anaino)-5-oxo-4,5-dikydropyazindalis ey}
Otll‘l- e WO 2010/000633PC&;I’/E‘CF}’ZOO%{IO?77O7 6314 ]a]h}?’ Y

)S‘/YHe][ Vb e ylammo} 4~methy1-

xymethyl-phenyl)-

N isoquinolin-1-one
F
?
I1-71 2-(4-{6-[3-(6-Cyclopropyl-1-0x0-3 4-di-
o J; Ho. o hydro-1 H-isoquinolin-2-yi)-2-
HNIN ]\éﬂ hydroxymethyl-phenylj-4-methyl-3-0xo-
N 3 4-dibydro-pyrazin-2-ylamino}-pyrazol-
N—N
. 1-yl)-N-methyl-acetamide
/N o
11-72 N 6-Dimethylamino-2- {2-hydroxymethyl-3-
o ;l O O@( [4-methyl-5-0x0-6-(1-propyl-1 H-pyrazol-
HNIN%/N 4-ylamino)-4.5-dihydro-pyrazin-2-yl]-
N phenyl}-3 4-dihydro-2 H-isoguinolin-1 -
NN one
11-73 e 2-{3-[6-(1-Cyclobutylmethyl-1 A-pyrazol-
o b o o 4-ylamino)-4-methyl-5-ox0-4,5-dihydro-
HNIN | | pyrazin-2-yi}-2-hydroxymethyl-phenyl} -
N 6-dimethylamino-3 4-dihydro-2 H-
\ . L
e \_’0 1soquipolin-1-one
H-74 6-Cyclopropyl-2- {2-hydroxymethyl-3-[4-

methyi-5-0x0-6-(1-propyl-1 H-pyrazol-4-
ylamino}-4,5-dihydro-pyrazin-2-yl]-
phenyl}-3.4-dihydro-2 H-isoquinolin-1 -

one



If-81 2- {346-(1-Ethy1-1H-pyrazol-4-ylamin 0)- OH4-methy1-5-0x0-4,5-dihydro-pyrazin-2-
y1]-2-hydroxymethyl-phenyl} -6-(1- hydroxy-1-methyl-ethyl)-3,4-dihydro-2Hisoquinolin-1-one
6-Dimethylamino-2-(2-hydroxymethy1-3- {4-methyl-646-(4-methyl-piperazin-l-y1)-

pyridin-3-ylaftihtL&08%5%4. 5-dihydro-pyrazin-2-y1}-pheny1)-3,4-dihydro- 2 I$BA4 1614 one
11-83 6-Dimethylamino-2-{2-hydroxymethyl-3-
[4-methyl-5-0x0-6-(1,2,3,4-tetrahydro-isoquinolin-7-§famino)-4,5-dihydro-pyr-azin-2-y1]-phenyl}
-3,4-dihydro{2Hsisoquinolip-l-one 2-(3-
{641-(2,2-Difluoro-eth
-2-hydroxymethy|phe$}\j6 1-

ONOH

Ii-76

11-77

II-78

11-79

HM N
-
o
N N

6-Dimethylamino-2-{2-hydroxymethyi-3-

1
ie]-4-methy1-5-0x0-4,5-di-hydro-pyrazin-2-y1}
ethyl-ethyl)- é‘,‘ztl’&fﬁy’d?é% é&ﬁ%fﬁ%

S

phenylamino)-5-0x0-4,5-dihydro-pyrazin-
2-yl}-phenyt}-3.4-dihydro-2 H-isoquino-

flin-1-one

2-{3-[6-(3,4-Dihydro-2H-
benzol1,4Joxazin-6-ylamino)-4-methyl-5-
oxo-4,5-dihydro-pyrazin-2-yt -2 -hydroxy-
methyl-phenyl -6-dimethylamino-3,4-di-

hydro-2H-isoquinolin-1-one

6-Cyclopropyl-2-(3- {6-[1-(2-hydroxy-
ethyl)- 1 H-pyrazol-4-ylamino]-4-methyl-
5-0x0-4,5-dihydro-pyrazin-2-yl}-2-
hydroxymethyl-phenyh)-3,4-dihydro-2 H-

isoquinolin-1-one

6-Dimethylamino-2-{2-hydroxymethyl-3-
[4-methyl-6-(2-morpholin-4-yl-pyridin-4-
yiamino)-5-0x0-4,5-dihydro-pyrazin-2-
vi}-phenvl}-3 4-dihydro-2 H-isoquinolin-

1-one

6-tert-Butyl-2-{2-hydroxymethyl-3-[4-
methyi-6-(2-morpholin-4-yl-pyridin-4-yi-
amino)-5-0x0-4,5-dihydro-pyrazin-2-yl]-
phenyl}-3.4-dihydro-2 H-isoquinolin-1 -

one

:1-one 11-84

11-82



0 2-(3- {6-[1-(2,2-Di flu oro-ethyl)-1/1-pyr-azol-4-ylamino]-4-methy1-5-oxo-4,5-di-hydro-pyrazin-2-y1l
-2-hydroxymethyl-pheny1)-6-dimethylarnino-3,4-dihydro-2H-isoquinolin-1-one
6-Dimethylamino-2-(3- {644-(2-dimethylamino-ethoxy)-phenylamino]-4-methy1-5-
0x0-4,5-dihy¥f&ZBF49%432-y1} -2- hydroxymethyl-pheny1)-3,4-dihydro-2 HROHER8#HITTHHe
2-12-(3-1641-(2,2-Difluoro-ethyl)-1Hpyrazol-4-ylamino]-4-methy1-5-0x0-4,5- dihydro-pyrazin-2-y1}
-2-hydroxymethylpheny1)-1-oxo-1,2 ,3,4-tetrahydrefdequinolin-6-y1]-2-methyl-propionitri le
6-Dimethylamipg-2-(2-hydroxymethy1-3- 16-[ -(2-hydrowqgt@@yﬂ.)g%l}l;—@y%@hﬂm_ lamino)-
ylamino]-4-methyl-5-0 “S-dfhydr s 24yd ) -phen;é/Ll -3.4-djhy r%-SZIjj}?ocguino in-l;one
6-Dimethylamino-2-(3: |4 di 3-0x0-piperazifit8ujr)oxe-4.5-dihydro-pyrazin-2-
phenylamino]-4-met%§?-oxo- ihygro-pyrazin-2-y1} yl]-2-hydroxymethyl-phenyl} -6-(1-
-2-hydroxymethylph )-3,4-dihydro-2H-isoquinolin-1- (35 ool A
{611-(2,3-Dihydroxy-pro yl)-lHpyrazol-4-ylamino]-4-m§t{l1}@ -5"?))1(5{12%351giﬁflfgré’-%ﬁg?ﬁ?%}ﬁ}
-2-hydroxymethyl-pheny1)-6-dimethylamino-3,4-clihydroSquigs4pihsiin-l-one -63-

-81 | 6-Dimethylamino-2-(2-hydroxymethyl-3-

N
o L Hol o - {4-methyl-6-[6-(4-methyl-piperazin-1-yi)-
N
I | 1 N pyridin-3-ylamino]-5-oxo0-4,5-dihydro-

i"' " pyrazin-2-yl} -phenyl)-3 4-dihydro-2 H-
- lN isoquinolin-1-one
N
['rj
[-&2 | 6-Dimethylamino-2-{2-hydroxymethyl-3-

N
o, o ™ [4-methyl-5-0%0-6-( 1 2,3 4-tetrahydro-
O N
I | | isoquinolin-7-ylamino}-4,5-dihydro-pyr-
azin-2-yl]-phenyl} -3,4-dihydro-2 H-iso-

quinolin-I-one

1I-83 ] 2-(3-{6-[1-(2,2-Difluoro-ethyl)-1 H-pyr-
OIN | - azol-4-ylamino]-4-methyl-3-oxo-4,5-di-
S ; Al(&@ﬁ< hydro-pyrazin-2-yl} -2-hydroxymethyl-

@ Ok phenyl}-6-(1-hydroxy-1-methyl-ethyl)-
. 3.4-dthydro-2H-isoquinolin-1-one
g
H-84 2-(3-{6-[1-(2,2-Difluoro-cthyl)-1 H-pyr-

|
0] N
I | D 8201-4-ylamino]-4-methyl-5-ox0-4,5-di-
e Tii@\ _ hydro-pyrazin-2-yl} -2-hydroxymethyl-
~
/i I phenyl)-6-dimethylamino-3 4-dihydro-

2 H-isoquinolin-1-one



6-Dimethylamino-2-(2-hydroxymethy1-3- 14-methy1-644-[4-4-carbonyl)- ).
phenylamino]-5-oxo-4,5-dihydro-pyrazin2-yll -pheny1)-211-isoquinolin-1 -one 6 -Cyclopropyl1-2- {3
-[6-(1 -ethyl-1Hpyrazol-4-ylamino)-4-methy1-5 -0 x0-4 ,5 -
dihydro-pyra2i8 2093k y droxymethylphenyl} -2H-isoquinolin- 1 -one 242-{B2304850#hethylamino-
1 -oxo- 1H-isoquinolin-2-y1)-2-hydroxymethyl-phen-y1]-4-me thy1-3 -0x0 ,4-d ihydro-pyrazin2 -ylamino
} -phenoxy)-N-methyl- acetamide (4- { 6 43-(6-Cyclspropyl -
-0x0-1H-isoquugwlin-2-y1)- 2- hydroxyrnethyl phenyl]- 4- n@ﬁm){;lagy@mé @h{@[@-@l&ﬁﬁ%@r
ylaminol-pyrazol-1-y1):acetic acjds- 1-2-(2-hydroxymetbyl-3- {4-
methy1-641-(1-methyl-1K-ithidazol- hyl)-1H-pyra2t124- 9%&8?@3?{5"5(% iR ard-pyrazin-2-yil
-ph enyl)- 2H|soqum01 n-I-one @b 2 0/000633PCT/ER@@%Mﬁ?M@&zu@mynemmng diseases
responsive to Btk in on and/or inhibition of B-cell pro I ithqut wishing to be
bound to any particu eory, itis believed that the mteir{l '[IOI‘?{% Eyﬁngh I‘QIZLBJSnA'(;/és{d;l ﬁe%entlon with
Btk results in the inhibftion of BO( activity and thus in the iBp@H#EEeLi8s! utility of these compounds.
Accordingly, the mventlﬁm in- 5 eludes 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 disease, an effective amount of at least one chemical
entity provid Herein. An éﬁectlv%@oncentrat|on may be a@c@rﬁélrﬁ%&z@x]aé?ﬂﬁ’éh‘fglw éé by assaying
blood concentration of the cgmp und, pr theoretically, by eaimilatingnbingaitabilitys-Oikhersi0 kinases
~ that may be affected imvadditi ¢lude, but are ot I"Tiﬂted to otEIer t)g%sme kinases and
serine/thrconinc kina Kina layrotaditelroles in S|gn¥1 ‘p[%lat%wa s contr dli?nyn}un amental
cellular processes -+ phenyl)-1-oxo0-1.2,3.4- te‘irdhydm-

I
N

isoquinolin-6-y1]-2-methyl-propionitrile

11-87 |
N
O Ill HO 0
HN N
{ ™
N—N
QH
11-88 |
Nl
o Iéi HO o
T 3 )
Hid N
&3 N/
/N\)
11-89 |

6-Dimethylamino-2-(2-hydroxymethyl-3-
{6-[1-(2-hydroxy-propyl)-1 H-pyrazol-4-
ylamino]-4-methyl-5-0x0-4,5-dihydro-
pyrazin-2-yl} -phenyl)-3.4-dihydro-2 H-

isoquinolin-1-one

6-Dimethylammo-2-(3-{6-{4-(1 4-
dimethyl-3-oxo-piperazin-2-yl)-
phenylamino]-4-methyi-5-oxo-4,5-di-
hydro-pyrazin-2-yl} -2-hydroxymethyl-
phenyl)-3.4-diltvdro-2 H-isoquinolin-1-one

2-{3-{6-[1-(2,3-Dibvdroxy-propvl})-1 H-
pyrazol-4-ylamino}-4-methyl-5-0x0-4,5-
dihydro-pyrazin-2-yl}-2-hydroxymethyl-
phenyl)-6-dimethytamino-3,4-dihydro-

2 H-isoquinolin-1-one



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 15
inflammatory diseases, and acute inflammatory reactions. The multifaceted role of kinases in key cell
signaling pathitayd/p¥radies a significant opportunity to identify novel druBST&Rz&tHef Kifases and
signaling pathways. An embodiment includes a method of treating a patient having an autoimmune
and/or inflammatory disease, or an acute inflammatéry reaction responsive to inhibition of Btk activity

20 and/or B-gell proliferation. Autoimmune and/or inflamm@tlg{yt@ﬁﬁ%g@@agm%gﬁ?pged using
compounds and compositions accordi 'the invention include, but are not limited tQ: psoriasis,

allergy, Crohn's disease, jttitable b ndrome, Sjogr%%@%%éééf(mgog%ﬁfﬁ?gﬁw&and
hyperacutc rejection of trangplante lorgans, asthma, sysiemictalupias-srythenmatibsus (and-associated
25 glomerulonephritig)"défina ositis, multiple scleroszi§ l%lgggqr?%@gaus{c%%i" gébl,\lléICAassociated
and other vasculitid utoi nc hemolytic and thrombyocytopg IC stéteqs, oodpasture's syndrome
(and associated glo lonephritis and pulmonary hemorrhage), atherosclerosis, rheumatoid arthritis,
chronic Idiopathic thrgmbagcytopenic purpura (ITP), Addison's disease, Parkinson's disease,
Alzheimer's disease? didgeﬁs, septic shock, and 30 myasthenia gravis, WO

2010/000633PCT/EP20 7707 -65- Included herein are methods of treatment in which at least one
chemical entjty provided herein is administejed in combipatiQnowith,an astidntlasmmatary agent.
Anti-inflammatory agents include but imited to NSAIDs, non-specific and COX-2 specific
cycleoxgenase enzyme jphipitarsp mpounds, cort@@%@P’é’lﬁé?%‘ﬂi&?é‘?@%’?fﬂﬁ‘?()?’#)ecrosis 5
factor receptor (TNF) re r{grs antagopists, immunosuppitessentisaindmethdirexatenkxgmples of
NSAIDs include, but dre not li d to, ibuprofen, flurbipr paproxen.and naproxen sodium,
diclofenac, combinatiois of dinac sodium and misoﬂ)%{(?slp%f,%%fﬁgglé?ét;&;(na%-r%}z?n, diflunisal,
piroxicam, indometh&ci, etodolac, fenoprofen calcium, ketoprofen, sodium nabumetone,
sulfasalazine, tolmetin sodium, and hydroxychloroquine. Examples of 10 NSA1Ds also include COX-2
specific inhihitprs such as celecoxib, valdecoxib, lumiracgxip an toricoxib. In some embodiments,
the anti-inflaqrf\é?natory agent is a salicylate, Salicyiates mgl%gé%ng iréégnig]teﬁgﬁ)il ed'td adaty s%icylic acid

¢ and magnesiumsaalioylat€syl)-2-hydroxymethyl-phen-

yl}-4-methyl-3-ox0-3 4-dihydro-pyrazin-

O
<>| 2-ylamino} -phenoxy)-N-methyl-
O
0\)J\N -
H

acetamide
-5 ! (4-{6-[3-(6-Cyclopropyl-1-oxo-1H-iso-
Oa N
j: | quinolin-2-y1)-2-hydroxymethyl-phenyl]-
N OH
% N ) 4-methyl-3-0x0-3 4-dibydro-pyrazin-2-
=
\ A N ylamino}-pyrazol-1-yl)-acetic acid
N
HO
o
-6 | A 6-Cyclopropyl-2-(2-hydroxymethyl-3- {4-

Oq, M OH _z
HNIN%/N O methyl-6-[1-(1-methyl-1 H-imidazol-2-yi-
L
&3

methyl)-1H-pyrazol-4-ylamino]-3-oxo-
h{ —H 4,5-dihydro-pyrazin-2-yl} -phenyl)-2 H-

E,{ isoquinolin-1-one

The pyrazinone derivatives described herein are kinase inhibitors, in particular Btk inhibitors.

These inhibitors can be useful for treating one or more discases responsive to kinase inhibi-



15 The anti-inflammatory agent may also be a corticostcm d. For example, the corticosteroid may be
cortisone, dexamethasone, methylprednisolone, prednisolone, prednisolone sodium phosphate, or
prednisone. In additional embodiments the anti-inflammatory agent a gold compound such as gold
sodium thiorH&lZE B8¢Anofin. 20 The invention also includes embodim&REERZAHIEH The
anti-inflammatory agent is a metabolic inhibitor such as a dihydrofolate reductase inhibitor, such as
methotrexate or a dihydrorotate dehydrogenase inffisitor, such as leflunomide. Other embodiments of

the inventionipgriaiiignembinatiefsRivhichRtieastons-ani-ndiammaienycopRaungisan anti-CS
monoclonal antibod SUB%P s eculizumab or pexelizu- 25 mab), a TNF antagonist, such as
a V\ﬁ%

entanercept, Bt N AR o S PSRRI ARty s that the
2010/000633RGIiR2009 06mpOThds 64 fhonn vaethntrékdte; tefhinomisteinbiblospofiBe; datvalmus,

azathioprine, angl myecephenolate 2P alS AR B RS PLTECUISAIS SXPIgSSINg B TK have been
ology of B- ¢ ﬁ/ nfl ﬁ ﬁe to,

O,[&! <
implicated in the pat lg}l &rlna ignancies, Including, but not “cell K]/mphoma,

lymphoma (ifERSiAEGSIE G Kiprs e b Sy KIS IR OHBHEE) hReiry €6ibiyraptioatalvidltiple
myeloma, chirgnigiendasute:myslogansusisikkeniadndairenieraBemaaite Junpneeyis jlaykemia. BTK
has been sh%wn to be an inhibitqr of ,thg\Fa}s/r?#PO,-l (CD-95) geaith induci signalin complex (DISC)
in B-lincage IFBHBTFLERS PR Eat s S 105 RB T R SRISHRA CEA Sy e R R ERRIRC between
the opposing pldpeptotisrefféctsvo toaspasasnactly ated day:4i0<0 KSGeamdreaiupsy égrmsayirgpoptotic

regulatory mgchanism.invabing BT I.and/an it ﬁ&é%?é%&?@ﬂz\{f‘éaﬁH‘&Ya&%g%’oﬁvﬁﬂ%ﬂ%?%mrei’fg%' 274,

1646-1656). It has also been discovered that BTK inhibitors are usefulas chemosensitizing agents,
and, thud arbipserdhshesnsindeoriintelamer eridiomedagatieearidenishbarmesaraings that induce
apoptosis. Examples ®iothemehemethesapeutic drugs that can be used in combination

Kinases play notable roles in signaling pathways controlling fundamental cellular processes
such ag proliferation, differentiation, and death (apoptosis). Abnormal kinase activity has
been implicated in a wide range of diseases, including multiple cancers, autoimnune and/or

15  inflammatory discases, and acute inflammatory reactions. The multifaceted role of kinases in
key 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 in-
flammatory discase, or an acute inflammatory reaction responsive to inhibition of Btk activity

20 and/or B-cell proliferation.

Autoimmune and/or inflammatory diseases that can be affected using compounds and com-
positions according to the invention include, but are not limited to: psoriasis, allergy. Crohn's
disease, irritable bowel syndrome, Sjogren's disease, tissue graft rejection, and hyperacute
rejection of transplanted organs, asthma, systemic lupus erythematosus (and associated

25 g¢lomerulonephritis), dermatomyositis, multiple scicrosis, scleroderma, vasculitis (ANCA-
associated and other vasculitides), autoimmune hemolytic and thrombocytopenic states,
Goodpasture's syndrome (and associated glomeruionephritis and pulmonary hemorrhage),
atherosclerosis, rheumatoid arthritis, chronic Idiopathic thrombocytopenic purpura (ITP),
Addison's disease, Parkinson's disease, Alzheimer's disease, diabetes, septic shock, and

30 myasthenia gravis,



15 with chemosensitizing BTK inhibitors include topoisomerase | inhibitors (camptothecin or
topotecan), topoisomerase Il inhibitors (e.g. daunomycin and etoposide), alkylating agents (e.g.
cyclophosphamide, melphalan and BCNU), tubulin directed agents (e.g. taxol and yinblastine), and
biological ag&@M3Y@/¢taktibodies such as anti CD20 antibody, 1DEC 8, inRGiliBBIOXIIS]Ad cytokines).
20 Btk activity has also be associated with some leukemias expressing the ber-abl fusion gene
resulting from translocation of parts of chromosomet8-and 22. This abnormality is commonly observed

in chronic myglagrnoesieukamtino. Rk iscansituivahcphoseiionylated .y theher-ahlikinase which

initiates downstream surviyal signals which circumvents apoptosis in her-abl cells. (Feldhahn et al. J.
Exp. Med. 2065301 #B118red 48 59BRma1a b 8L BLHHS B IAR BRI E VARt ORITa 8 formulated in
a wide varietyzoftoiatladntinisiratinrisosage fomisandeagrsiefis. s al @Emigistiationcaan be in the form
of tablets, coated tablets, dragees. hard and soft gelatine capsules, solutions, emulsions, syrups, or
suspensions&ég(%%%%%ﬁc\fsmoft 1e]{t:)drfé’s %t ifven %H%Séfgrgﬁ?ég%%é%% tgﬂﬁgé?ﬁclh%lt%oriénas%rﬁé&her routes
of administraffeitirdeingIeontisasistimagensusarip) espioespare atdralg tntramisscular, intra- 30
venous, subcutaneous, transdermal (which may include a penetration enhancement agent), WO
2010/000633R@ikjkerP2009 5% 1006 bbueecalorasatdinhaMafiaiantustippasitanp adaminigtration,
among other routes of administration. The preferred manner of administration is generally oral using a
convenient aa%y (gogi‘nog l(raeg’lrr&ﬁﬁr??\%v %ﬁ%an %%%ﬁj ﬁigelc Oa%%&ocra?ﬁéu{% dtﬁenéléggfeoé;t(g)? 5§f|1%:4%h and the
patient's respdizezs-Ha Hatk enitigEsdiBnoBRcEssipouetP e conspotferl sabfithe lotessritinvention, as
well as their pliaimassutically. usaalie saltss lassthedwithAne REMOLEISRAYERtIPRALSXCipients,

laced into the form of pharmaceutical com%%smons and unit dosages.

carriers,1 rd'@'éﬁﬁ’ %Pay b%f nto the form of 1 , )

The phatthacetiticl EoMpoLitfons ard it o BAGE RS hia g 9 X BRSO e bAvEHTSHAl
ingredients immcldmventiandt proportions, with or without additional active compounds or principles, and
the unit 10 dosage forms may contain any suitable effective amount of the active ingredient

commensurajepib dRdmaRe iallidataaR. AT Re STRNRIsTHE RaTmAGRLca composi-
e

tions may be em ongd as salids, such as tablets or filled capsules, semisolids, powders, sustained
release formﬁ?éﬁ%ﬂ?, O TR UTIF 284 SR ATBRY: SHUHBHElRdaeMbfsraRLD e T 248PEMEY capsules for
oral use; or isetleglétasn of suppositories for rectal or vaginal admini- 15 stration; or in the form of sterile
injectable solutions for parenteral use. A typical preparation will contain from about 5% to about 95%

active CORNPQUAGAL ARRALAAS AV MW LN tesin. Prepaiatian 1 Jespge i pdstended to include
both solid and liquid formulagtions of the active compound and one skilled in the art will appreciate that

an active ingrEdisht AR B SETH S RRAE PR RS e ep iR B B REGBIUPER P8 Hssue and on
the desired dbsepR@andphirracokinetic parameters. The term "excipient” as used herein refers to a
compound that is useful in preparing a phar- maceutical composition, generally safe, non-toxic and

neither biologicallyapi etisswisenundesiabimaanshinsludes excipiRNisthat A s.acceptable for
veterinary use as well as human ]phag;r;aceutical use. The compounds of this invention can be

L odim thiomalate or aurano
administered &lohe Bat i
20 The invention also includes embodiments in which the anti-inflammatory agent is a meta-
bolic inhibitor such as a dihydrofolate reductase inhibitor, such as methotrexate or a dihydro-

orotate dehydrogenase inhibitor, such as leflunomide,

Other embodiments of the invention pertain to combinations in which at lcast one anti-in-
flammatory compound is an anti-C5 monoclonal antibody (such as eculizumab or pexelizu-
25 mabj, a TNF antagonist, such as entanercept, or infliximab, which is an anti-TNF alpha

monoclonal antibody.

Still other embodiments of the invention pertain to combinations in which at least one active

agent is an immunosuppressant conipound such as an immunosuppressant compound chosen



25 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 "Pharmaceutically acceptable” means that which is useful in preparing a
pharmaceuti¥8 ¥8A¥8%Ion that is generally safe, non-toxic, and neither BIFFRAMI T34 otherwise un-
30 desirable and includes that which is acceptable for veterinary as well as human pharmaceutical
use. WO 2010/000633PCT/EP2009/057707 -68- Atpharmaceutically acceptable salt" form of an

active ingredigt mayA'saiitiainsonferadesikable Risrmackineiis RIORSHY-QRIeREtve ingredient
which were absent in the non-salt form, and may even positively affect the phannacodynamics of the

active ingred’r@ﬁcf%ith respect to its therapeutic activity in the body. The phrase "pharmaceutically
acceptable salt" 5 of a compound means a salt that is pharmaceutically acceptable and that possesses

the desired phaphiaad|BofiehParsivigr of e spideRY Edmisotrsd . ISpietrisdlts heidwlesy)ddid addition

salts, formed.WithJRAIERRIC AcidaisHOR ASRVHREOTE asidyhyssehronlisreid furig.acid, nitric acid,
phosphoric acid, and the like; or formed with organic aci([i such as acetic acid, propi- onic acid,
hexanoic® aciﬁ?%%%f)@?ﬁéfﬁ%ﬁfﬁ e hag! cﬂ?&“&’c‘f : %9 e SRR o hEBRic acid,
succinic acidgnthadioaeighiogadeis &eikkifumar claocids tartareaichpbittigiadidkdeiazoic acid,
3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic

acid, 1,2-ethgne-diswienihacitiodhytiaxpeihanesuifenipaciddienzepesulienisiacihnaling
4-chlorobenzenesulfgnic acid, 2-naphthalenesulfonic acid, 4-toluene- sulfonic acid, camphorsulfonic
acid, 4-meth§ISIBYASE 21Tttt Rese TRBE Sl ddR S G TEoHBI{OAE AR %S 5HER Ipropionic
acid, trimethydaidetic thcicgitecti iy laeebp@eid plaapybsulfurit acid; odgeinis agidagluiamic acid,
hydroxynapnihoic aeich SREAIG Ay Risale sl TUARRIGACIH ARG e Bik: Al(g);Ralts formed when
an acidic proton present in the parent compound either Is replaced by a metal ion, e.g., an alkali metal

ion, an alkalifeaiR (YAsHE R dluhifish (derol Loordihadettwith®an organic base such as

ethanolamine,
1t 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
15 with chemosensitizing BTK inhibitors include topoisomerase I inhibitors (camptothecin or
topotecan), topoisomerase Il inhibitors (e.g. daunomycin and etoposide), alkylating agents
{e.g. cyclophosphamide, melphalan and BCNU), tubulin directed agents (e.g. taxoi and vin-
blastine), and biological agents (e.g. antibodies such as anti CD20 antibody, IDEC 8,

immunotoxins, and cytokines).

20 Btk activity has also be associated with some leukemias expressing the ber-abl fusion gene
resulting from translocation of parts of chromosome 9 and 22. This abnormality is common-
ly observed in chronic myelogenous leukemia. Btk is constitutively phosphorylated by the
bcr-abl kinase which initiates downstream survival signals which circumvents apoptosis in

ber-abl cells. (Feldhahn er al. J. Exp. Med. 2005 201(11):1837-1852)

25 The compounds of the present invention may be formulated in a wide variety of oral admini-
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 ad-
ministration including continuous (intravenous drip) topical parenteral, intramuscular, intra-

30 venous, subcutaneous, transdermal (which may include a penetration enhancement agent),



20 diethanolamine, triethanolamine, tromethamine, N-methylglucamine, and the like. Solid form
preparations include powders, tablets, pills, capsules, cachets, suppositories, and dispersible
granules. A solid carrier may be one or more substances which may also act as diluents, flavoring
agents, solubifz8¥tf¥Atants, suspending agents, binders, preservative$ tHBRE i@ rating agents,
or an encapsulating material. In powders, the carrier generally is 25 a finely divided solid which is a
mixture with the finely divided active component. Intablets, the active component generally is mixed

with the carrigrebavingathenesessary Dinding saRacikisssitablenprenertiansardeampacted in the

shape and size desired. Suitable carriers include but are n IimiEe_d.to magnesjum carbonate,
magnesium SiZhralE TErS A AA BT Bk By e e SRS I Fethyloelulose,
sodium carbdrymetéyitoed ubse can3@ tovsid tingwiay, tcdeode putter, aaidtthe dildethSphidkform
preparationsrgggtyngggbt@'{g,aggi&dig' jodo. the active component, colorants, flavors, stabilizers, buffers,
artificial and natural sweeteners, dispersants, thickeners, solubilizing agents, and the like. WO
2010/000633PCT/EP2009/057707 -69-.Liquid formulations als arens,uit ble for oral administration
include liquid T60RBIAH r‘i’*iﬁ%%‘i’ﬁ’é‘%PnJPs‘%gﬁ%ﬁ%&‘rﬁ%}%ﬂx?ﬁs‘;‘% GR0IGY E%ﬁ‘j%i‘élﬁ%%%?& gus
suspensionsaiihede ingletier sotiddioror prepanatiensowhictviarenintended. tor ddwonvertgddo liquid form
preparations, sharfly, IR"R WS 6e FMSIRNG MY RGLRRRIEH Ik AUIONS. £,9 iR AdUEALS Propylene

glycol 5 solutions or may contain emulsifying agents such as lecithin, sorbitan monooleate, or acacia.
Aqueous solERBRSEER RS FEH ARG ATEE BINNY tHREVRERGE LSRRI EREICA i 488ing suitable
colorants, flavarisesiahiiziagnandithickening agenisa AGUROUSISHSRERRIIPRSCRPaRIeRaied by
dispersi?g thg finely divided actitye comspotnglnt it[%vx{ater with vi%toufs trna;terial, .su%:h as natural or
synthetic guitis FEsinE. Mgt 1NN B8e; Leaitii Cl Bos Btk fiE e R AR SHRPWel known
suspending agestsvihbecotrpbdnids ol dhrgpresent inventibyshay e fermulatechforpacenteral
administratiog (g g PN IGALOD £ o RRISIRIRAlIBRCL CRRINLIANSTSIA RO MAKRE presented in

unit dose form in ampoules, pre-filled syringes, small volume infusion or in multi-dose containers with
an added preSERRAE CriffUBM ST IoAS I tAkE: S8 EAIEAPS HERIISHER<TBRS ISBIABHS; IS or
emulsions ingilslied agueRUHYERICIRS, &6 SelioNT yRWReuS RalyeihyleregivcalnExamples of oily
O e oL S AT e Hlsnis, salvgnis oruslicies nclude propviens e Beivelivens oivcol
vegetablé oils fe.g., olive oil), and injectable organic esters (g.g., e ﬁy oleate), an mpay contain
fonnulatory agéntsnsaictirais preseivirig avettiifgy estutsiyingorsuspendings stz andfor

dispersing agﬁf&‘j?arélB%F%ti'\ﬁﬁé‘égm_ﬁ;ﬁpt_h{%@%%’iﬁi%J}E@é barPQ i ReWAREfosmyAhiaiRed by aseptic

isolation of sterile solid or by I%/ophlllsatlon from solu- tion for constitution before use with a suitable
vehicle, e.g., RERIEHFBIMIGAE GReer eAdndBRBbYHES B HE DR ERAHVE SR IEY B8R foiinul.ated
for topical admigtisirgitioriofhesepidermisasioinimants;reams artlelionsdenabalttansdesnal patch.

Ointmeny anddcr ams may e.g. be fomndated with an aqueous or oily base with the addition of
. . _.an 1n3 armacokietic patameters.
suitablethickening

The term “excipient” as used herein refers to a compound that is useful in preparing a phar-
maceutical composition, generally safe, non-toxic and neither biologically nor otherwise
undesirable, and includes excipients that are acceptable for vetermary use as well as human
pharmaceutical use. The compounds of this mvention can be administered alone but will

25 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.

“Pharmaceutically acceptable” means that which is useful in preparing a pharmaceutical
composition that is generally safe, nos-toxic, and neither biologicaily nor otherwise un-
30  desirabie and includes that which is acceptable for veterinary as well as human pharmaceu-

tical use,



95 and/or gelling agents. Lotions may be formulated with an aqueous or oily base and will in general
also containing one or more emulsifying agents, stabilizing agents, dispersing agents, suspending
agents, thickening agents, or coloring agents. Formulations suitable for topical administration in the
mouth includ®Qa2&H¥e38omprising active agents in a flavored base, usu@BFEReA8%8531d acacia or
tragaeanth; pastilles comprising the active ingredient in an inert 30 base such as gelatin and glycerin
or sucrose and acacia; and mouthwashes comprisig-the active ingredient in a suitable liquid carrier.

WO 2010/00863306d/ERARUARA LRI 340~ R SPMRLNCR QLI NIBSSNLIIMARNO BIBY.0e

foirnulated for administration as suppositories. A low melting wax, such'as a mixture of fatty acid
glycerides o EHERACHBRRTASNLE A BRI BAARHS ATiNRBF ShioR BrEpereet wohfder®dusly, e.g.,
by stirring. Themaiiémihomogenedusyaikitirhipthenspodyeaiticoconrverienhgizeédinelds, allowed to
cool, and to peglidity, The.compounds.of e resent invention may be. fomplated for vagipal
administrationﬁIfgessanes, tampons, creams, gels)f'pa‘s? S, foams or sprays c,%ntalpnng iN addition to the
active ingreddéarcsouioway e assalelian Gt arins witaldy e capiebbpriatéar hesssmpdunigsictithe

present invegtign.ma beadarmuiatethionnasat Adminiatrationsaite LARolutRs fEHsPeNgions are
applied directly to the nasal cavity by conventional means, e.g,, with a dropper, pipette or spray. The

e
formulations 'MAY & H ARG Bt IRCRERCerih TRARBTMRE AELs S IR BRI pipette,
this may be achigtedphyribhecpatiedtiadihinistésing awigpproprisieidpredets mune ddidlyrog-of the
solution or suspension. Jn.the. a spray, this ma chieved e.g. by. means of a metering
romiing s s e R R G o
administtionaisariettaryagiisacdsplritotsidr aealein dddc laintciptrériasalagndnmsraten. The
compound wilkgenesally have,asmalRaliicie sizeLid. Githaiewer effiveiblmicrenser. less. Such a
particle size may be obtained by means known in the art, e.g. by micronization. The active ingredient

. ] .0. b
is provided iR ST AR REK Wit e SUitBIBPropEHAM Sack ds"y CRBSHISFEL o8 caon (CFC),
e.g., dichlordsificoreniiethianedidetibroicorarmsetfianesad, dichldnbtétnatiliGroe thathe!-oheadon dioxide

ther suit The v o ) 3 Gt s lecithin. Th
g(r)ge gfr jﬁjg%%%}g%}%g,n%gﬁ@glﬂ&X 888)’&%&8{{523_{% 80%2@.3 N, surfaq %@%b%%%ﬁcafc;&‘:' n. the

e a metered valv ernatively the active ingredients may be

provided in £fBtprOrE EricpbWdee e lgranippinder nfiksttHacebarssludtimmalsuiaptepsiider base such
as lactose, staigh sslanehAerivatives stiohAswribvdroxyaropvipetivt cellilose andeid,

polyvinylpyrrolidine (PVP). The powder carrjer will for gel in the nasal cavity. The powder
Eomposition 1) 4 BRI A HBEG o b3 APREHELER ARG A ATeRee kin or blister
packs from winighithe powdesdealche agiinitteredibyimeang. pdragdkahaletal MOan alkaline

2010/ 00063%@1%?@?&%9{%9%&8& 1’0@:61’ coordinates with an organic base such as ethanolamine,

20 diethanolamine, friethanolamine, tromethamine, N-methylglucamine, and the like.

Solid form preparations inchude powders, tablets, pills, capsules, cachets, sappositories, and
dispersible granules. A solid carrier may be one or more substances which may also act as
diluents, flavoring agents, solubilizers, lubricants, suspending agents, binders, preservatives,
tablet disintegrating agents, or an encapsulating material. In powders, the carrier generally is

25  afinely divided solid which is a mixture with the finely divided active component. In tablets,
the active component generally is mixed with the carrier having the necessary binding capaci-
ty in suitable proportions and compacted in the shape and size desired. Suitable carriers in-
clude but are not hmited to magnesium carbonate, magnesium stearate, talc, sugar, lactose,
pectin, dextrin, starch, gelatin, tragacanth, methylcellulose, sodium carboxymethyleellulose, a

30 low melting wax, cocoa butter, and the like. Solid form preparations may contain, in addition
1o the active component, colorants, flavors, stabilizers, buffers, artificial and natural

sweeteners, dispersants, thickeners, solubilizing agents, and the like.



present invention can be formulated in transdermal or subcutaneous drug delivery devices. These
delivery systems are advantageous when sustained release of the compound is necessary and when
patient compliance with a treatment regimen is crucial. Compounds in trans-dermal delivery systems
are frequentNy @&EHELSES an skin-adhesive solid support. The corn- 5 poB&d/BPHBBHESFEan also be
combined with a penetration enhancer, e.g., Azone (1-dodecylaza-cycloheptan-2-one). Sustained
release delivery systems are inserted subcutaneoush into to the subdeimal layer by surgery or

injection. The guRdemialdmplams 2EcaRIIAE: the GOMRRUALIN ARId RplPis-Membrane. e-9.,
silicone rubber, or a biodegradable polymer, e.g., polyactic acid. 10 Suitable formulations along with

pharmaceutit I E BT S it NTL Bt E4S ARG EL S5 isSs iR H RERRRS - ThesBhe and
Practice of Phéikhiacy 198 editechinh Maitieniddck Rubkishing Gafmnany:1 pthpedition, aston,

Pennsylvania, A, killgsd foﬁ'{%ﬁl%%? cientist madriplosgmﬁthe formulations within the t%a%mngs of the

specification {0 p_l%R?i ee'numeroqs fora %Fa%fgﬁ%r ora partlct):lhsr_aer‘%’ébn[e‘r"qquezc;)\%l'S ?r?@%g?leo% vithout rendering
the corn-315 0%iedR TN E PrasesioiiBinioreeris talsfecs isohiprevigimgabete s apesteiactivity. The

modification gffaguRRseNSREIRURES-FaIIBNdRIdRaM Mmosase kbl dnwaler aeolhgnyghicle, e.g.,
may be easiI%/ 1eataﬁglnf%ré%fgI?ishedﬁ%‘minor modiflcationsl\,xkfﬁ_lt formulation, esterification, etc.), which are

well within th&" RS R R SN R A8 B R M SRAF DI 19PF " h S diify the route
of administrgtropeard-ddsagsineghnéncdf dpatrd 28itiewlaneomponndten ohderiicomanageathe

pharmacokingls, of (e, Pressilh sRTIneugs formaiTuinaeneliial sfiest i, paRnlR e term

"therapeutically effective amount” as used herein meéans an amount required to reduce symptoms of
the dised®e itrantidiviliEoThsWpYElRg B Bdjusted to the individual requirements in each particular
case. That dosage can vary within wide limits depending 25 upon numerous factors such as the
severity of tHEhdiseaseital e theatestthexageoandgéndsahhralthiconathona0bdnerpatieionh other

medicamentz b whIch the el sReing tealeah IR ke And P A adminiatationand the
preferences arid experience of the medical practi- tioner involved. For o?a adlmlnlstratlon, a daily

dosage of betove&irane aroeicamicaBigtsyonemekg BelynaBiikioper dayrstiolteciserapipeopriate in

monotherapy,an oL incagmbinani3d tin thepnyuddrefeired Q@H&f&%@g@dﬁa%ﬁw&t? RaReMt 0.1 and
¥wei ht and most

about 5 mog(k%blo%)a Wei((;l, t, more _refe%- d 0.1 and about 100 mg/k 25%?1
preferrelPL G AR ABSHY £ MRS BONy Sheight BRP ey ™ ARUSS FoP et HTet o a 70 kg
person, the disagges of oily or nonaqueous carriers, diluents, solvents or vehicles include propylene
glycol, polyethylene glycol, vegetable oils (e.g., olive oil), and injectable organic esters {e.g.,
ethyl oleate), and may contain formulatory agents such as preserving, wetting, emulsifying or
suspending, stabilizing and/or dispersing agents. Alternatively, the active ingredient may be
20 mpowder form, obtained by aseptic isolation of sterile solid or by lyophilisation from solu-

tion for constitution before use with a suitable vehicle, e.g., sterile, pyrogen-free water,

The compounds of the present invention may be formulated for topical administration to the
epidermis as ointments, creams or lotions, or as a transdermal patch. Ointments and creams
may, ¢.g., be formulated with an aqueous or oily base with the addition of suitable thickening
25 and/or gelling agents. Lotions may be formmlated with an aqueous or oily base and will in
general also containing one or more emulsifying agents, stabilizing agents, dispersing agents,
suspending agents, thickening agents, or coloring agenis. Formulations suitable for topical
administration in the mouth inclode lozenges comprising active agents in a flavored base,
usually sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert
30  Dbase such as gelatin and glycerin or sucrose and acacia; and mouthwashes comprising the

active ingredient i a suitable liquid carrier.



range would be about 7 mg to 0.7 g per day. The daily dosage can be administered as a single dosage
or in divided dosages, typically between 1 and 5 dosages per day. Generally, treatment is initiated with
smaller dosages which are less than the optimum dose of the corn- 5 pound. Thereafter, the dosage is
increased by¥&h&iPiF¥Eents until the optimum effect for the individual pHiRBPISPEEEREd. One of
ordinary skill in treating diseases described herein will be able, without undue experimentation and in
reliance on personal knowledge, experience and th@ldisclosures herein, to ascertain a therapeutically

effective amouatohthakrmparnasof the-presentinvestendenagivendiseass andpatient. 10 The
pharmaceuticali[})r%);ratio s are preferably in unit dosage forms. In such form, the preparation is
Ini

subdivided ift8 BE LS AT G S BT S PRETETg A4 et Brahe Edso eI IdNERE srivstunit dosage
form can be agbackadeit preparatigrting ipdskageddamtaingeiscrete buaitities Ohpreparation, such

as packete ARSI ARSI ANHBPNASLS i85 21 A ROMIER (oo e YL form can be a
capsule, tablet, cachet, or lozenge itself, or it 15 can be the appropriate number of’any of these in

packaged foAMIEXAMPLES General Scheme 1. WO 2010/00633PCT/EP2009/057707 -73- NIT
Example 1: 6-Dimethylamino-243-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-
phenyll-3,4-dihy droy2iitdsojtinplindaoneention may be formulated for vaginal administration.

2-(3-Bromo-p&gg@@-&-ﬂwgtw&%n R Q{Q‘}/q{) A 11 inolin-l-one.(163.mq,.0.472 5 mmol),
bis(pinacolato)diboron (144mg, 0.56 ?ﬁr’r?gi);éngipgt!)ag ‘ %ﬁ% (é%rg?ér%ierl %i §%r§b{?)ﬁ}lo2trﬁnerﬁ8t5v\9vere
deposited inA%&RHEHSVER SaIiATIHO M DM@ BegdriwRes2BRIBIEithrough the mixture for | minute. [1,
I'-Bis(diphenylphosphino)ferrocene]dichloropalladium(l1) complex with DCM (12mg, 0.015mmol) was

added. Argoiﬂ!wamnﬂirdseﬂtlm bubbleithrotighithe 'lpniﬁiumlﬁm@faenmﬂadnimmeaaﬂﬂ timeelid was tightly
closed. Fis wanRAE kA0 (oL e, TS ARUTed MEeRn Al Acetpte and water

) i
The ethyl acetate layer was washed with brine, dried over us magnesium sﬁ??zfé&,"(:oncentrated
in vacua, and HUfifEPRR-RaRFi e RFGRTato gy B bYeRHHeepaRE fekiarfedy gl pialenitidose
6-DimethylamifiQ-2x the latter case of a dropper or pipette, this may be achieved by the patient admini-
[3-(4,4,5,5-tetramethy141,3,21dioxaborolan-2-y1 -ph]gnyl]-S,4-d|hydro-2|—_|-|soqumolln-l-one (137mg,
0.349mMmo 1)?*?\7}%*% @ﬁ?@ﬁgﬁe(ﬂfﬁ e_nmned volume of the solution or'suspension. In the case of a

spray, this may be achieved e.g. by means of a metering atomizing spray pump.

15 The compounds of the present invention may be formulated for aerosol administration, parti-
cularty to the respiratory tract and including intranasal administration. The compound will
generally have a small particle size ¢.g. of the order of five (5) microns or less. Such a par-
ticle size may be obtained by means known in the art, e.g. by micronization. The active in-
gredient 18 provided in a pressurized pack with a suitable propellant such as a chlorofluoro-

20 carbon (CFC), e.g.. dichlorodifluoromethane, trichlorofluoromethane, or dichlorotetrafluoro-
¢thane, or carbon dioxide or other suitable gas. The aerosol may conveniently also contain a
surfactant such as lecithin. The dose of drug may be controlled by a metered valve. Alter-
natively the active ingredients may be provided in a form of a dry powder, e.g. a powder mix
of the compound in a suitable powder base such as lactose, starch, starch derivatives such as

25  hydroxypropylmethyl cellulose and polyvinylpyrrolidine {PVP). The powder carrier will
form a gel in the nasal cavity. The powder composition may be presented in unit dose form
¢.g. in capsules or cartridges of ¢.g., gelatin or blister packs from which the powder may be

admmistered by means of an inhaler.

When desired, formulations can be prepared with enteric coatings adapted for sustained or

30 controlled release administration of the active ingredient. For example, the compounds of the



15 Example 2: 6-bromo-3,4-dihydro-21-1-isoquinolin-1-one Methanesulfonic acid (31 mL, 10 equiv)
was added to a mixture of 5-bromo-indan-I-one (10 g, 47 mmol) in CH2CI2 (75 mL) at OC. Sodium
azide was added slowly in portions to this mixture. After the sodium azide addition was complete, the
mixture was ¥@F8HMEPER WO 2010/000633PCT/EP2009/057707 -74- addifiGaPEYHiiA7 and an
aqueous mixture of NaOH (20 wt%) was added until the mixture was slightly basic. The mixture was
extracted with methylene chloride, and the combinéd organic layers were evaporated under reduced

pressure. Pusication.efibe mbdusRyitlash colm-chromaiaranivanslica ael @%&@.5_0%
EtOAc/Hexanl%sgghrﬁ%liO% to 7% 5 MeQH/CH2C12) provided 6-bromo-3,4-dihydro-2H-isoquinolin-I-one

(6.5 g, 61%). ESSHMBIESY BRETRIGBTy 124 4 k- SHHESUBHS- 1L O NIRRT Bfees-
6-bromo-3,4 sdif yd o2kl isoguinoting] bronei{2 Ouga@htnmmbdt)ccyclopriap yhospnie Ggdidfdnd4g. 1.5
equiv), tricyc vipk ' 5 IV, K3p04 (3.8 9, 2.¢ uiv i1 tgluene (30 mL) and
H20 (1.2 eq u%?ﬁﬁeégwﬁgﬁ%aé%e%{lﬁg%%gﬁg Ct%{ %L 8%?91% Ifé?&é%‘%‘%ls&]) (fnw'gll,)%)o.gSqé%cucl\%nwas added,
and the combied thigtersgas Hedie aroP B4 attGasnats vesetigrmisiuréwas doddecyittered, and

purified by flagh geluRaptehrosaasosgEaRy %&é@%%@ﬁﬁ@ﬂﬂ%@ inserted subcutaneously into

6-Cyclopropyl-3,4-dihydro-2H-isoquinolin-I-one (1.57 g, 95%). = Example 4:

o Bromb. o (O BHRBY. P SR o 05 RS Bl TR A SE  able vial
was chargedwithl 6: eyghapsolpyle-8idadhitaydre2Hiisoge mblive lonki¢885atuplopmmel), e.g.,
2,6-dibromo-lg)q%@]lgg@g_de (2.6 g, 2 equiv), Pd(dba)2 (58 mg, 0.02 equiv), xantphos (89 mg, 0.03
equiv), and cesium carbonate (2.28 g, 1.4 equiv). The vial was flushed with argon, dioxanc (5 mL) was
added, and the vjal was capped. The mixture was stirred at 100C 20 for, 1 day, diluted with EtOACc,
fitered tough o STEBaA B SHIEBE o Er G 8 Gl SR A R R unfication of the
mixture by flaskecbidnmmiewopratoghadhicen silitdrgelqrovitiednacy 1995, edited by Martin,

2 bromo-6 (ScugieRiatite g iy ipakhisoainalinsedl: Ralde e, dyfp 9. S6%)
Example 5: 2-(3-Brorno-2-°h droxymethP/I-phenyl)-6-cyc|opropy1-3,4-d ydro-2H-1so25quinolin-l-one
scientist may modify the formulations within the teachings of the specification to provide

mumerous formulations for a particular route of administration without rendering the com-

15 positions of the present invention unstable or compromising their therapeutic activity.

The modification of the present compounds to render them more soluble in water or other
vehicle, e.g., may be easily accomplished by minor modifications (salt formulation, esteri-
fication, etc.}, which are well within the ordinary skill in the art, It is also well within the
ordinary skill of the art to modify the route of administration and dosage regimen of a par-
20 ticular compound in order to manage the pharmacokinetics of the present compounds for

maximum beneficial effect in patients.

The term "therapeutically effective amount” as used herein means an amount required to re-
duce symptoms of the disease in an individual. The dose will be adjusted to the individual
requirements in cach particular case. That dosage can vary within wide limits depending

25 upon numerous factors such as the severity of the disease to be treated, the age and general
health condition of the patient, other medicaments with which the patient is being treated, the
route and form of administration and the preferences and experience of the medical practi-
tioner involved. For oral administration, a daily dosage of between about 0.01 and about
1000 mg/kg body weight per day should be appropriate in monotherapy and/or in combina-

30 ton therapy. A preferred daily dosage is between about 0.1 and about 500 mg/kg body
weight, more preferred 0.1 and about 100 mg/kg body weight and most preferred 1.0 and



Superhydride (22.4 mL, 1.75 equiv) was added dropwise to a solution of
2-bromo-6-(6-cyclopropyl1-1-oxo0-3,4-dihydro-1H-isoquinolin-2-y1)-benzaldehyde (4.75 g, 12.8 mmol)
in THF (40 mL). The mixture was stirred for 30 mm, and quenched by the slow addition of IN HC1. The
aqueous mixiite WY Hacted with CH2C12. The organic layers were cdK3EHkPAIEEAT WO
2010/000633PCT/EP2009/057707 -75- purified by flash column chromatography on silica gel to
provide 2-(3-bromo-2-hydroxymethyl-pheny1)-6-cyclepropyl-3,4-dihydro-2H-isoquinolin-1-one (3.2 g,
67%). Examplf: 186 11easy weight per day. Thus, for administration to a 70 kg person, the dosage
2-bromo-6-(6-cyclopr 1-%60x0-3,4-dilt dro-11-1-isoquinolin2-y1)-benzyl ester 5 Acetic anhydride
(121 uL, 1 e&%ﬂgf %ﬁg‘gﬁ%@ %%%ﬁ&&rg gper day. The'daily dosdge’can be admmistered as a
2-(3-bromo-2ihgidrdnsyprethivl plive dydlJBagyel opiogil b3idediny dnd-2 Hbispeupnoting-Gae@dKS fig, 1.27
mmol), DMAE@_%Q@H?QS %ﬁ%&’gﬁ»’%@ﬂ%@é‘?&é&%@ Yhich §9400 %Haf‘}'%ngé’%%‘{%]% A&S a0 ). The

mixture was stirred for 1 the volatile materials were removed by evaporation. Urification of the
mixture by flashrdoliisigadisrotiatosiahiy s siie & xyenplivastcatett bitiioptrometsqeon 0

cy;éogr(%pyl-Jﬁh@m&aéu%iwq%ﬁmﬁq?ainlaﬁe&-M}ﬂﬂggg&hfﬁé%&ﬂ@%é%%h@ﬁ%!@ 7: Acetic
acid 2-(6-cyclapropyl-1-0x0-3,4-dihydro-M-isoquinolin-2-y1)-6- )
5, -tot SN S S AT RS HEHS PR PR xoer-
2_—brqmo-6-(W@@tb@%eb@m&:Rpﬁedlhmeliaﬁnmwmm@maffbﬁmweaﬁat {660 g 1.58 mmol),
Pis(pinacolaigHioN (A0 M0 h ALY HPADELGL EntRalle C12 (58 Mo, 0.05 equlv), and

potassium acetate (471 mg, 3 equiv) was heated to 80C under argon in a scaled vial overnight. The

reaction mixture was partitioned between EtOA¢ and H20. The organic phase was separated and
evapora@d u 3@#?@8@%63306}@&%3%?E’ﬁrﬁﬁ%gﬁeogﬁr YHB Wk Pé‘%&?ﬁ?n SRR ¥Rk ftatography on

silica gel providedatocrticsabibivai¢6-into unit doses containing appropriate quantities of the active

cyclopropyl-1.0x0-3.4-gi -JHl inoling2-y1)-6- - ia a- 20
oot R PN A S A
2-(6-cycloproBifiet-aiendias AR PeHHSHER S fXayad 18biets. capsules, and powders in vials or

%4-(4-ethyl-pLﬁﬁﬁaaia@-Amrih@wh)rma@mmmhﬁem@ﬂ@%;@a@e& Sachbly dropyaziRe2e\l-henzyl ester

15 can be the appropriate number of any of'these in packaged form.
EXAMPLES

General Scheme 1.
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WO 20101000633PCT/EP2009/057707 -76- A mixture of acetic acid
2-(6-cyclopropy1-1-ox0-3,4-dihydro-1H-isoquinolin-2-y1)-6-
(4,4,5,5-tetramethy141,3,2]dioxaborolan-2-y1)-benzyl ester (46 mg, 0.1 mmol), 5-bromo-3-
[4-(4-ethyl-pHRrEiiHEeéarbony1)-phenylamino]-1-methyl-1H-pyrazin-2-oRe WEPHHG 37 & uiv),
Pd(dba)2 (2 mg, 0.03 equiv), XPhos (3 mg, 0.06 equiv), and 1(11304 (42 mg, 2 cquiv) 5 was heated in
a sealed vial under Ar to 100C for 1 h. The mixture¥@#as concentrated, the residue was dissolved in
EtOAc and filtered, The vIatiIe materials were evaporated and dissolved in THE (2 mL) MeOH (O 5

with saturated ag @ acdiup 10 chloride d‘?
Purification of the nfixtul ' toturin t} _
2-(6-cyclopropyl-, <difyydroxlH-isoquinolin-2-y1)-6-
{644-(4-ethyl-8;%5azme 1 -carbonyl)-phenylamifiol~4- methyl- 5 -pX0- -4,5-dihydro-pyrazin -2-y1} -benzyl
ester (45 mg, 719 s mpI 9: 5-bromo-3- 14 -(4-ethyl-pigerqzine-1-carbonyl)-phen)
aminol-1-me : IRyrdizin-4-one ' ]
4-(6-Bromo-4-mi §X0-3,4-ajfiydgo-pyrazin-2-ylami N1Z 'gr acid (200 mg, 0.6 mmol) and
N-ethylpiperazt 1 ey CH2C12 (5 mL) were added EDC (141 mg, 1.2 equiv), HOBt
(100 mg, 1.2 equiyy, ad EtIN (103 uL, 1.2 equiv). The mlxture was stirred at RT overnlght and the
solution was cortentrated tder reduceg;
residue by flash column chromatogr:
5-bromo-3-[4-(4-ethyl-piperazine}-
85%), Example 10: 6-Bromo- 20@3?9 8
equiv) was added to a solution of 6\,promo -3,4- d|hydro -2H- |soqumoI|n -1- 25 one (7 g, 31 mlnd) in DMF
(100 mL) at OC. The solution wag”stirred for 20 min, and PMBCI was added. The reaction mixture was
warmed to RT and stirred for 1 h. Aqueous NELCI was added, the agqueous mixture was extracted with
EtOAc, and tRe:onganic layeyiwes sapdiated3Kha salatie.mairyiqis e meeyppeaist-yunder reduced
grgfsrl:]r: 2a(n4d the residue Hva l;i)g[glgﬂl? rﬂaﬁg_ggauu%r{hchliggrrllatography on silica gel to provide

aporated under reduced pressure.
Ca, gel provided acetic acid

2-(3-Bromo-phenyl)-6-dimethylamino-3 4-dihydro-2 H-isoquinolin-1-one (163 mg, 0.472
5 mmol), bis(pinacolato)diboron {144mg, 0.567mmol), and potassium acetate (138mg,

1.42mmol) were deposited in a sealed vessel with 2mL DMSO. Argon was bubbled through
the mixture for 1 minute. [1, 1’-Bis{diphenylphosphino)ferrocene Jdichloropalladium(Il)
complex with DCM (12mg, 0.015mmol} was added. Argon was continued to bubble through
the mixture for one more minute and the lid was tightly closed. This was heated at 80°C for

10 18 hours. This was partitioned between ethyl acetate and water. The ethyl acetate layer was
washed with brine, dried over anhydrous magnesium sulfate, concentrated in vacuo, and
purified by flash chromatography (30% ethyl acetate/hexanes) to yield 6-Dimethylamino-2-
[3~(4,4,5,5-tetramethyl-{ 1,3 2 Jdioxaborolan-2-y1}-phenyl}-3,4-dihydro-2 H-isoquinolin-1-onc
(137mg, 0.349mmol). MS (ESI) 393.2 (M+H)".

15 Example2: 6-brome-34-dihydre-2H-isoquinelin-1-one

Methanesulfonic acid (31 mL, 10 equiv) was added to a mixture of 5-brome-indan-1-one (10
g, 47 mmol) in CHClz (75 mL.) at 0°C. Sodium azide was added slowly in portions to this

mixture. Afier the sodium azide addition was complete, the mixture was stirred for an



30 methoxy-benzyl)-3,4-dihydro-2H-isoquinolin-I-one (7.6 g, 73%). WO
2010/000633PCT/EP2009/057707 -77- Example 11.:
2(4-Methoxy-benzy11-6-viny1-3,4-dihydro-2H-isoquinolin-1-one
6-Bromo-2-(MhetHaeenzy1)-3,4-dihydro-2H-isoqu olin-1-one (1 g, 2. 9% RERFEMAIH8Tonic acid
2-methyl-2,4-prentanediol ester (560 mg, 1.2 equiv), tetrakistriphenylphosphine palladium (168 mg,
0.05 equiv), and KOtBu (410 mg, 1.2 equiv) in THF9 mL) were 5 heated a sealed vial for 150

mingtes in amdm}g_@m@\zefi?gagﬁai%%agﬁﬁg%wm ' K;?i%%l}}%ﬁ amd iPresskigrand the
resiaue was puririe y as umnc romatp ra Qn silic e proviae .

et B A By o8 A R e SR, e combipgth e 10
6-(1-Fluoro-virg)i@ Hgem ettroxydperasd juBdérdaayded 12 bsiseq Rindlicatonl @Ghe BtdMBHF- 22K g, 3 equiv)

dded tQ g, mixture.f2s sl ):62inyi3,4-dihydra-2H-isaguinlin-1-one (4.7 g, 16
was added tg & mixtyre %g&fgg%g%mﬁx ayk tc?s(\st%t%ﬂ %Mﬁg %ﬁéﬂ%%%@qﬁn one (4.7.9

mmol) in CH2C12 (16 mL C. After 1 min, NBS (3.5 g, 1.2 equiv) was added, and the mixture was
stirred at 0C Y630 el PHu Sl Srbvoay wendibude-RTsuirea far! 10A¢ ghel péiifet into ice water. The

mixture was made basic with 15 concentrated KROH, and extracted with CH2C12. The combined
organic phasesawgie vapdrattponges redilgebp2ébdwaiantintieoresidue was dissolved in THF (50
mL). KOtBu (3.8 g, 2 equiv) was added and the reaction mixture was heated to 50C. The reaction

mixture Wz?js Q%ﬂlrfdrygggqgmtg[@gﬁﬁrgﬁwﬁ%meﬂ%ﬂ@mm@lg@dﬁﬂgggﬁgw@lﬁyer Wz_ads 6 2
evaporated and the residue was purifi . column chr togr on.silica gel to provide 6-
A A i s ek e S N e e
6-(1-FIuoro;cg@@pud)pyﬁ.)&a@emhﬂmmgbﬂ-&dquﬁthM@qudﬂdW@bﬁeﬁ;etcz_mmﬁj(lg niL of a
L0 M sqltiop{ REXangsnh. Afbi\cias Adedp & solulion ahGHELR (5,001, 4,8044dR GH2C12 (45

mL), and the soLutlon was stirred for 20 min at 0C. TFA (1.47 mL, 25 4 equiv) was slowly added, and
the mixture WA Stirtdts FercHAAEITGEH AR GRIR: Alserdtisn opatgd by flash columa chromato-

-fluoro-vinyl) wafArraatiinuy depnzyviid clinylserabitiscauimalin:-bane (hiddi@, dehdvl)dn CH2C12 (20
mL) was add?eﬁq/ﬁlowly to this solution, and the combined mixture was warmed to RT and stirred for Id.
Aqueous ammorium chloride was added, and the mixture was extracted with methylene chloride. The
combined organic layers were evaporated under 30 reduced pressure, and the residue was purified by
flash column mgﬂjgr&pﬁgpg}?g(gacwppropy]—l -0x0-3 4-dihydro-1H-isoquinolin-2-vl)-benz-

15 aldehyde

A sealable vial was charged with 6-cyclopropyl-3 4-dihydro-2H-isoquinotlin-1-one (985 mg,
5 mtnol}, 2,6-dibromo-benzaldehyde (2.6 g, 2 equiv), Pd(dba); (58 mg, 0.02 equiv), xantphos
(89 mg, 0.03 equiv), and cesium carbonate (2.28 g, 1.4 equiv). The vial was flushed with
argon, dioxane (5 mL) was added, and the vial was capped. The mixture was stirred at 160°C

20 for 1 day, diluted with EtOAc, filtered through 2 short bed of silica gel, and concentrated
under reduced pressure. Purification of the mixture by flash column chromatography on
silica gel provided 2-bromo-6-(6-cyclopropyl-1-ox0-3,4-dihydro-1H-isoquinolin-2-yi)-
benzaldehyde (1.05 g, 56%).

Exampie 5:  2-(3-Bromo-2-hydroxymethyl-phenyl)-6-cyclopropyvi-3,4-dihydro-2H-iso-

25 quinolin-1-one

Superhydride (22.4 mlL, [.75 equiv) was added dropwise to a solution of 2-bromo-6-(6-cyclo-
propyl-1-0xe-3,4-dihydro-1 H-isoquinolin-2-yl)-benzaldehvde (4.75 g, 12.8 mmel) in THF
(40 mL). The mixture was stirred for 30 min, and quenched by the slow addition of IN HCI,

The agueous mixture was extracted with CH,Cl,, The organic layers were concentrated and



WO 2010/000633PCT/EP2009/057707 -78- to provide
6-(1-fluoro-cyclopropyl)-2-(4-methoxy-benzy1)-3,4-dihydro-2H-isoquinol -1-on e (630 mg, 39%).
Example 14: 6-(1-Fluoro-cyclopropyl)-3,4-dihydro-211-isoquinolin-I-one A mixture of 6_0
-fluoro-cycloPf®pyAP9AEmethoxy-benzyl)-3,4-dihydro-2H-isoquinolin-1- BOHERBSBYHF?.9 mmol) in
TFA (5 mL) was heated in a sealed vial to 80C for 2 h. The mixture was concentrated under reduced
pressure, the residue was taken up in CH2C12 andAxashed with aqueous sodium bicarbonate. The

00110 provide (L horaeycloptomy s e Tt SorolncL-ong (400, o, 10036 10 Exampl
gel to provide 6-(1-fluoro-cyclopro -3,4-dihydrg-2H-isoqujnolin-1-on ) mg, 0). xample
15: 2-(3-Bromsttglé?ﬁlﬁ)ﬂhgﬂig%-%31?&}6%61%%788 difcl)ﬂ%‘ﬂé?ld'f "8?8-%I§§0§L%)2Iin-l-one A mixture of
6-0 -fluoro-cyclopropy1)-3,4-dihydro-211-isoquinolin-1-one (405 mg, 1.97 mmol),
1,3-dibromosatmpiesenzArrticiacid 2 b enjupv§ Cu e Ragy bl toaedidydiling reodbBo@eroky, 1 equiv) in
DMF (9.5 mL) were heatedygnglalf¥i1e¢ microwave reactor to 200C 15 for 90 min. Additional Cul (37
mg, 0.1 equiv) was added, and the mixture was heated to 200C in the microwave reactor for an

addiional 20,(um. The it 1e s coaled-PRUIEAIRC, SansROYAted BMMORIHMexide, and

extracted with e’tggl acetate. The combined organic extracts were evaporated underreduced pressure.

Purification Bi¥ashcergimrraiiohiatdyiapmioncsmeslgel wrpidvidey. 127 mmol), DMAP (16

2-(3-bromo-2ngthyi-phigny W1 AUGROLY CloqR6) pranydresd cliydros 2k -jsaauinelindd wae (260 mg,
0

30%). Bxam Etlgré'(? for 1 b, and the volatile materials were removed by evaporation. Purification of the

mixture by flash column chromatography on silica gel provided acetic acid 2-bromeo-6-(6-

10 cyclopropyi-1-0x0-3.4-dihydro-1H-isoquinolin-2-yl)-benzyl ester (525 mg, 100%).

Example 7:  Acetic acid 2-(6-cvclopropyl-1-oxe-3.4-dihvdro-1 H-isoquinolin-2-y1)-6-
(4,4,5,5-tetramethyl-{1,3,2]dioxaborolan-2-yl)-benzyl ester

A mixture of acetic acid 2-bromo-6-(6-cyclopropyl-1-ox0-3,4-dihydro-1H-isoquinolin-2-y1)-
benzyl ester (660 mg, 1.58 mmol), bis(pinacolato)diboron (490 mg, 1.2 equiv), (dppDHPACla.

I5  -CHyCly (58 mg, 0.05 cquiv), and potassium acetate (471 mg, 3 equiv) was heated to 80°C
under argon in a sealed vial ovemnight. The reaction mixture was partitioned between EtOAc
and H»O. The organic phasc was separated and evaporated under reduced pressure. Purifi-
cation of the mixture by flash column chromatography on silica gel provided acetic acid 2-(6-
cyclopropyl-1-oxo-3 4-dihvdro-1 [—I~i§0quinolin—2 -y)-6-(4,4,5,5-tetramethyl-[1,3,2}dioxa-

20 borolan-2-yl)-benzyl ester (0.56 g, 77%).

Example 8:  Acetic acid 2-(6-cyclopropyl-1-oxe-3 4-dihydro-1H-isoguinelin-2-y1)-6-{6-
4-(4-ethyl-piperazine-1-carbonyl)-phenylamino]-4-methyl-5-o0x0-4,5-di-

hydro-pyrazin-2-yvi}-benzyl ester



The reaction was performed as described above to provide the desired product in 62% yield. Example
17: 5-bromo-3-(1-ethyl-11-1-pyra 1-4-ylamino)-1-methy1-1H-pyrazin-2-one WO
2010/000633PCT/EP2009/057707 -79- A solution of 1-ethyl-IH-pyrazol-4-ylamine (0.28 g, 2.5 mmol)
and 3,5-dibrdtagaivietieyd- 1H-pyrazin-2-one (0.74 g, 1.1 equiv) were heaf&d tBP200@5H3opropanol for
1 h. The reaction mixture was cooled to RT, and 5-bromo-3-(1-ethyl-1H-pyrazol-4-ylamino)-1-
methyl-1H-pyrazin-2-one was isolated by filtration (@43 g, 57%). 5 Example 18:

5'BrQmO_'3'(ﬂ&'HMW&%W%EWJ'@?@QX@@&QQ%?@M@%@E &P-AroRs RIRAR {4l of a 1 M
solution in CH2C12, 5 equiv) was added to a -78C slurry of 4-(6-

bromo-4-metfy R 8-HXEB ARy dro By raPMOIT Ao B 2 6it (AR i e thy 1 B8- GTYOTL3 mmol) in
CH2C12 (15@4rLdihTheisolHian wasaldwsicktewaimito-thghat UbHyyrddier iy @Rk, the solution was

cooled to OC in an | ath and - L. of NaOH added. 1 reaction was extracted with
CH2C12, e O S WA AL Bt S 5l KRS AR A heEh of the
volatile nfatetaSienteibireshadeovplassigre\providEd dosolid. Reanystaizascanstaikahaberial from

CH2C12/ Et%@éMﬁtha@ ravided BPrame: 3t ydioxproetivkiphenviaming)- domethidt Lpyrazin-2-one
as a yellow sqlid (1.35 g, 31%). am

) Ex le 19: | . . -
4-(6-Bromo-415iRA1HH 13- 8-@,&1{1%%?83&9&52%‘?‘-?/%ﬁb@-@eﬁ?%ﬂ‘@lgﬁ%]e(igic?iﬁ'@(é.@]ﬂ,)2 equiv)
was added tora auspenaibmofcaehonmiixB:xEwhy drordner iy Fphldnylaminoyiematiegirdtlddpyrazin-2-one
(0.5 9, 1.61 mmol).in, CH202, : PO (3 0,15 equiv) W dded, followed hy a saturated
10 s R e e
was rindéd vt a4 2ad harrd B0 ZOo vt exdacadirsuarssaridisds @ prelifemixture

4-(6-Bromo-rgthybidnaxendAAipusanyazie.2vipminekihenzaldehydecsiglighyihiewn solid (0.44
g, 88%). Example 20: 5-Brgm071-methyl-3-§4-moEPhoIin-4-yI(neth I-phenylamino)-lll,-l-fxrazinZ-one
Glacial acetic & 160 b ABS S tirea ts % Sasphir Bperazine- -carbonyl -phenylamino |-4-
5-bromo-3-(4sbyditaxyroettisd lrdrylamino -pmethyl-dddpiptamin-2tone (0.1 g, 0.3 mmol) and 3 A
molecular sieves (0.37 g) and morpholine (0.043 mL, 1.5 equiv) in DCE (10 mL). The solution was

stirred for 105%&@6:N8éﬂﬁ@&9h3[&0<4$a59s~ e BN Was BefedrReaPR MAITRLIg RUSPension
e

was stirred at RT overnight. Water was ad to the reaction mixture, and the precipitate was

removed-by filtration. The! HyErHBi& Yparated, and the aqueous layer was extracted with
To a solution of 4-(6-Bromo-4-methyl-3-0x0-3,4-dihydro-pyrazin-2 -ylammo)-benzoic acid
(200 mg, 0.6 mmol) and N-ethylpiperazine (75 mg, 1.05 equiv) in CH,Cl; (5 mL) were added
EDC (141 mg, 1.2 equiv), HOBt (100 mg, 1.2 equiv), and EtaN (103 uL, 1.2 equiv). The
mixture was stirred at RT overnight, and the solution was concentrated under reduced

20 pressure, Purification of the residue by purification of the residue by flash colunmin chromato-

graphy on silica gel provided 5-bromo-3-[4-(4-ethyl-piperazine-1-carbonyl)-phenylammo]-1-
methyl-1H-pyrazin-2-one (220 mg, §5%).

Example 10: 6-Bromo-2-(4-methoxy-benzyl)-3,4-dihydro-2H-isoguinolin-1-one

WNaH (1.86 g, 1.5 equiv) was added to a solution of 6-bromo-3 4-dikydro-2H-isoquinolin-1 -

25 one (7 g, 31 mmol) in DMF (100 mL) at 0°C. The solution was stirred for 20 min, and
PMBCI was added. The reaction mixture was warmed to RT and stirred for 1 h. Aqueous
NH4Cl was added, the aqueous mixture was extracted with EtOAc, and the organic layer was
separated. The volatile materials were evaporated under reduced pressure, and the residue
was purified by flash column chromatography on silica gel to provide 6-bromo-2-(4-

30 methoxy-benzyl)-3 4-dihydro-2H-isoquinolin-{ -one (7.6 g, 73%).



WO 2010/000633PCT/EP2009/057707 CH2C12. The organic layers were combined, dried (MgS0O4),
and concentrated under reduced pressure to provide
5-bromo-1-methy1-3-(4-morpholin-4-ylmethyl-phenylamino)-1Hpyrazin-2-one as a waxy solid (0.89
mg, 72%). VEXampe®i3 Acetic acid PCT/EP2009/057707
2-bromo-6-(6-dimethylamino-1-oxo-3,4-dihydro-1H-iso5quinolin-2-yl)-benzyl ester
6-Dimethylamino-3,4-dihydro-2H-isoquinolin-1 -one7{50mg, 0.789mmol), Acetic acid 2,6-

dibromo-bengyh i3 87 MM ARRIRN-AI BLoHS 1SRN HALERMA AnghRotassium carbonate
(109mg, 0.789mmo1l) Werglgeposned |nD§}§galed vessel. 3 mL DMISO was added. Argon was bubbled

through the re for 2 minutes, and id tly closed. Tr heat d at 150C for 24
hours. Cuprc%%}% |de %Blma Smi EQI%%Na%QI%éaeg it e Eﬁilltlﬂ)?gj\lz(\g%% ated 21’[ YBYT for an
additional 24 PSS aTiA8- W@Iéﬁdrl%:ﬁe@f th@@hé‘r@n{éﬂﬁ’an@» adcfiteredtthkoughhenpaticspeetite. The

filtrate was qﬁmmur;%qR@tﬂg%o@%@n%%@mmm@% g&aqwaﬁa@%wé%er was dried

over anh[g/drous magnesium sulfate, concentrated in vacuo, and purified by flash chromatography

(gradientel RRHFSE 16756006 4808t BimtisteThe RAFSSHS JiafPAcBif RRjire was concentrated
2-bromo-6- (Gfdiﬁﬂﬁdh;d&hjlﬂ@sﬂr—@)ﬂﬂd&h@dﬂh&df@dﬁﬂﬁﬁﬂwﬂgiIﬂaﬁt)&ﬂ;)ﬂbﬁfﬂij‘bﬁﬁl@@@ﬁm 0.22mmol).

MS (ESI) 417. e But I I lgr 1-one. To.alumi chlorlde
(29. é3g ézofﬁ%%%%%ﬁl%&bé ’Sﬁf é{; with g@fr%’.‘n ?v%%gagﬁg%ag{% ggl%nslb#h |orkJ t-butyl
benzene (31#8L7%20B mmol) and 3-chloropropionyl chloride 20 (19 mL, 200mmol) in DCM. After the
addition was complete, the reaction mixture was stirred from OC to RT overnight. The next morning,
TLC indicateithaplliof theit-buiytdbeinzrmb(WasaarsrakRpd-hayeactBnisvidssinas cooled to
0C. Wlthostlrrlng, water ( b%ut 120 mL) in a dropwise fashion until the effervescence ceased. Finally,
the Iayers were separated, and the organic layer was washed with water (3X150mL) and then brine
(IX150mL). The DCM la zer was dried over magnesium sulfate, filtered, concentrated and pumped to

dryness to afBrRIHE {itié EohigBimg aLdrgr ?afﬁiﬁ%d’érz(ﬁss”éﬂfmﬁ&gﬁﬁ‘ﬁl@ﬁv@We%‘t‘lB‘Btyl indan-|
-one WO 20#}a/000633RCA/ERPO0O(A5 7/ A8 mmol) in CH2Cly (16 mL) at 0°C. Afier | min, NBS

(3.5 g, 1.2 equiv) was added, and the mixtare was stirred at 0°C for 30 min. The solution was
warmed to RT, stirred for 1 h, and poured into ice water. The mixture was made basic with
15 concentrated NH,OH, and extracted with CH;Cl;. The combined organic phases were evapo-
rated under reduced pressure, and the residue was dissolved in THF (50 mL). KOtBu (3.8 g,
2 equiv) was added and the reaction mixture was heated to 50°C. The reaction mixture was
poured into ice water and extracted with methylene chloride. The organic layer was evapo-
rated and the residue was purified by flash column chromatography on silica gel to provide 6-

20 (I-Fluoro-vinyl)-2-(4-methoxy-benzyl)-3.4-dihydro-2H-isoquinolin-1-one (1.97 g, 39%).

Example 13: 6-(1-Fluworo-cyclopropyl)-2-(4-methoxy-benzyl)-3 4-dihydro-2H-iso-

quinolin-1-one

ZnEt; (19 mL of'a 1.0 M solution in hexanes, 4 equiv) was added to a solution of CHalz (5.1
g, 4 equiv) in CHyCly (45 mL), and the solution was stirred for 20 min at 0°C. TFA (1.47 mL,
25 4 equiv) was slowly added, and the mixture was stirred for an additional 20 min. A solution
of 6-(1-flucro-vinyl}-2-(4-methoxy-benzyl)-3 4-dihydro-2 H-isoquinolin-1-onz (147 g, 4.7
mmol} in CH;Cl; (20 ml.) was added slowly to this solution, and the combined mixture was
warmed to RT and stirred for 1d. Aqueous ammonium chloride was added, and the mixture
was extracted with methylene chioride. The combined organic layers were evaporated under

30  reduced pressure, and the residue was purified by flash column chromatography on silica gel



-81- 2.5 hours. TLC indicated that all of the starting material had been consumed. After cooling to RT,
the reaction mixture was very carefully poured onto about 1Kg of crushed ice. Then some diethyl ether
was added and the mixture was stirred carefully until it had cooled to about RT. Ethyl acetate (1200
mL) was add®d ditffE3partitioning, the layers were sepa- 5 rated. The BEKIEPIaYEeaHS then further
extracted with ethyl acetate (2X200mL). The combined ethyl acetate layers were washed with
saturated sodium bicarbonate (5X300mL). Finally thi@é-ethyl acetate layer was dried over magnesium
sulfate, filterggl, coneentsa nd. todryn C | the i JRP .a5:a colorless oil
(15.7649). E?(ﬂ%ple'm:h&%t%%%rﬁ)ﬁ- A-di %@o%%&%ﬂ§ﬁ%ﬁ?@§?§%@‘@ﬁ%€ind -one
(15.79, 83.4%’5‘%38}@% (150 mL) was added methanesulfonic acid (100mL) and the resulting
mixture was cooled to OC. Then sodium azide (10.83g, 2 eq) was added carefully portion-wise over 15
minutes. Thelrasuidngmistl-d e stiniograpT-Ior-dibpdt @B houqeinbliG- beakysis confirmed that all of
the 5-tert-Butyl-indan-I-one had been consumed. With stirring at 0C was added very carefully a

solution of aguedssedim-Abohydroxise (20%) Lntipiy=bidz Then-anded PEMAeRAL) and water
(500 mL)which Its in g large e [ he layers were separated and the aquegus layer was
further e;tragfleed[%vzsl h tic '% oﬁ@tﬁ%%gi?&)r%ﬁ ESI ths %@ﬁﬁ%@%é&ﬁ%rf B\?épé%vashed
with brine (9X208rlopdriihpdemdsagriasidmrstsfatarmdsifiersdsthiiongip & 1636 OF eelite. After
concentrating, AR RWARING A ADRGSDINEESIYRS F5: %ﬁ%?&m&QﬁgF%@at%émgies%QﬁUfif ication

on a 400 g Analogix Column eluting with a gradient of 10% to '60% ethyl acetate in hexane provided
the correct iSEhEPAEcE Wrksherter ehromgioginhu pnsdé esht iHevifdetlrdaasorielopiosssg) as a
white powdey])Bxaudiplel Rl icedaiacitl -2-biermocar@-tetebutyl-I-oxo-3,4-dihydro-TH-isoquinolin-2-
yl)-benzyl ester 25 6-tert-Butyl-3,4-dihydro-2H-isoquinolin-1 -one (4g, 19.67 mmol), Acetic acid

2,6-dibrggo- step (k2 : fassim_pho: > Iribasi 3 and copper iodide
e S s Akandesl aclgpel ISR el

N,N1-Dimethyl-cyclohexdf&a1i8eHRiife (1.24 mL, 0.4eq) and the resulting mixture was heated to
reflux for 24 hours, after which time more copper iodide (394mg, 0.1eq) and
N,NT-DimetHyreysishdatiel 8o tadiaromnb-{0t6imiro 0. H-sqywerbinatided(4Bfinmed ag7additional 64

hours and thﬁ%@ggﬁg—dwgn?@%@@9@9&&@3@&’6%@99%@\%7@9&37 mg, 0.1 equiv), and KoCO4
(272 mg, 1 equiv) in DMF (9.5 mL) were heated under Ar in a microwave reactor to 200°C
15 for 90 min. Additional Cul (37 mg, 0.1 equiv) was added, and the mixture was heated to
200°C i the microwave reactor for an additional 20 min. The mixture was cooled, poured
into concentrated ammonium hydroxide, and extracted with ethyl acetate. The combined
organic extracts were evaporated under reduced pressure. Purification by flash column
chromatography on silica gel to provided 2-(3-bromo-2-ethyi-phenyl)-6-(1 -fluoro-cyclo-

20 propyl)-3,4-dihydro-2H-isoquinolin-1 -one (260 mg, 30%).

Example 16.

The reaction was performed as described above to provide the desired product in 62% yield.

Example 17: 5-bromo-3-(1-ethyl-1H-pyrazel-4-viamino)-1-methyl-1H-pyrazin-2-one



-82- more copper iodide (400 mg, 0.1 eq). Continued to stir at reflux for a total of 168 hours. Cooled to
RT and then added ethylacetate (300mL) and water (LOOmL), partitioned and separated the layers.
Washed with further water (2X100mL) and then finally washed with brine (1X100mL). The ethyl
acetate layeV#a8i8fetBver magnesium sulfate, filtered and 5 concentraféd €PN d72%7g of crude
product. Purification on a 240 g Analogix column afforded the title compound as a white foamy solid
(516mg) ((M+1-1)4- = 431) and recovered 6-ten-Btitgl-3,4-dihydro-2F 1-isoquinolin-l-one (2.188Q).

Example 26:A%dxﬁfmg@w@myg%f;z@s@.-ﬁa%%-zmgygi%ﬁeavaaglms@aw{@&@tﬂqlmxtert—butyl
ester (1) 10 6-Bromo-2-(4-methoxy- enzy_l)-3,4-d|hydro-2H-|§oqu|,noI|n-I-one 1.9 g, 5.5 mmole), Qphos
(0.0632g. 0.1 TiwiBte aritf B(dfa)2( BiETBYG e mindrd) int & rRrengto Lierd Bddae to
2-ten-butoxyreakaethytzin e ahioolle bRml 4 55 Mngridaratgon Hiheaeaatiaanmixjure was stirred at
RT for 16 hours. a third of the initial amount of Q- Pd )2 and zinc enolate were added
and the mixture %2%8% 1 60&{35%&?6%@#] rlﬁgﬁ ?ﬁ%%egz?@[?grﬁté ?:%?h- 15 pletion. The desired product
(2 g; 95.6% yield) was isolated by flash chromatography using silica gel column chromatography with
10% - 40% eﬁﬁmemﬁé in REQEAE 44 Bidspty B S lamino)-1-methyl-1H-pyrazin-2-one
2-(4-Methoxy-benzy1)-1-oxo-1.2,3,4-tetrahydro-isoquinolin-6-yll-acetic acid (Il) The tert-butyl ester (1) (
1 g, 5.7 mmdiEBAkdS divsoled M srdusitmietHdidlartiite thigssslde Do fortiaswddeidH(foH
monohydratey,thd3-ghelh-B:00meic ) dmfuml Watsh-Lhembdurevas fifred atRd: oL 1phours, then

concentrated in vacuo, acidified with HC12N and extracted with ethg/?lacetate. The organic_ layer was
washed withBTIRB, el dv e SaBldm LSHABIeR T B ALK HY KU 8Ter He Re e (178'g; 979% vield
) was used iR Thehaextustepaitbeitdusther pLaificatarh 2 Ex@amplef28: N NaOH was added.

242-(4-Methoxy- 1)-1-0x0- - dro-i qu}i,@glin-@-_l\]x; acetar iqv? 1) To 1 e carboxylic
acid (II)%%B%,X?%%%@%S |?1 5{% #‘ggfﬁﬁ)%%@\%ggdaﬁgago& é’éﬁ@xéod“? g%ﬁ%&mrggo!fglg and ammonium

bicarbonate (B gRRYoIERNfRsOB TR thlatisivaiaials RIUts Feigdsd prassie amtitisdvas

precipitated byiadeitiopsefivvaieh GAmblatha selidvyas filiarediMia provided 5-bromo-3-(4-
2010/000633PCT/EP2009/057707.-83- washed with water and dried in vacuo. The residue was

triturated with¥ S B EERE Ak AFRe hN SP I rietPm 45 d Y arste 225 dide (1), 63%

yield.
Example 19: 4-(6-Bromo-4-methyl-3-0x0-3 4-dihydro-pyrazin-2-ylamino)-benzalde-

15 hyde

lodine (0.82 g, 2 equiv) was added to a suspension of 5-bromo-3-(4-hydroxymethyl-phenyl-

aming)-1-methyl-1H-pyrazin-2-one (0.5 g, 1.61 mmol) in CHCl; (25 mL). TEMPO (38 mg,

0.15 equiv) was added, followed by a saturated NaHCO; solution (3.2 mL). The reaction

mixture was stirred at RT overnight and filtered, The solid was rinsed with CHyCl; and EO
20 until the extractions were colorless to provide 4-(6-Bromo-4-methyi-3-0x0-3,4-dihydro-

pyrazin-2-ylamino)-benzaidehyde as a light brown solid (0.44 g, 88%).

Example 20: 3-Bromeo-i-methyl-3-(4-morpholin-4-ylmethyl-phenylamino)-1H-pyrazin-

2-one

Glacial acetic acid (100 ul) was added to a suspension of 5-bromo-3-(4-hydroxymethyl-

25  phenylamino}-1-methyl-1H-pyrazin-2-one (0.1 g, 0.3 mmol) and 3 A molecuiar sieves (0.37
g) and morpholine (0.043 mL, 1.5 equiv) in DCE (10 mL). The solution was stirred for 10
min, and NaHB(OAc): (0.172 g, 2.5 equiv) was added in one portion. The suspension was
stirred at RT overnight. Water was added to the reaction mixture, and the precipitate was

removed by filtration. The layers were separated, and the agueous layer was extracted with



Example 29: [2-(4-Methoxy-benzyl)-1-oxo0-1,2,3,4 -tetrahydro-isoquinolin-6-y1]- aeetonitrile (IV): 5 The
amide (1) (1.3 g, 4 mmole ) was suspended in 5 ml THF and 10 nil DMF. To this mixture was added
cyanuric chloride (0.370 g, 2 mmole) and after stirring at RT for 0.5 hour, the reaction mixture was
partitioned bR EHYfacetate and brine; the organic layer was washed® GH{EP3O°45dT0Mm
bicarbonate, followed by brine and then dried over sodium sulfate. Purification by flash chromatograpy
on silica gel column using 75% ethylacetate in hexatite as 10 eluent afforded 1.2 g ( 98% vyield) of

;l-i;[rrzit?‘l(llt/l/). E@@Hﬂg{? ’3% )orlganic l'c%/ezrsswA?re con;]biged, dried (MngO%), alrlad. colzacentrated undel’f rec_‘iu_cied(v) T
-(4-Methoxy-benzy1)-1-oxo-1,2,3,4-tetrahydro-isoguinolin-6-yllcyclopropanecarhonitrile oa
Suspension SRS MIGHERS (63295 gT60% . T2 RTNGIE) i P55 DMP A2 SR itle (EV) ( 1.2
g, 3.9 mmolerand-aitee stianng: forlid (mitutes Z°RT 1,2-dibromo-ethane 15 (1.1 g, 5.8 mmole ) in 1.5
ml DMF was added. The resulting mixture was stirred 0.5 hour at RT and then more sodium hydrate

(0.114 g, 2.8pmmme) Wasaddedians- heleastinmabidmihnatsdiaranavaiimingtes at 30-35C.

After cooling the mixture was partjtioned between ethylacetate and brine, the organic layer was dried
over soditm acetate and CSREERF VPG &E  Purification by silica gel column chromatography with

30% - 50% ethylacetate in 20 hexane afforded compound (V) | g ( 77% yield). Example 31:
142-(4-Meth&xdyihetiziar noxd-1ibyda-pdtrshguinsisohansdliflegleyEdpreparnusahaidehfde (VI) To a

solution of nigiiie8ehAI2 24T MOBiAGNIHIEH RAAOBUluensnsen et 3buE0Gwas added
dropwise DIBA After stirring 1 hour at -50C, the 25 reaction was quenched with

5 ml HC1 INS{E Pég%ﬁ%géﬁ?}%@ﬂ%ﬂ BRI Raaed ristthe s RMPAL 1S tithethylacetate:

the _organic |ayestwves wmmwmygmé &ﬁhkrcsﬁ:dim_ miaa;ﬂxmnat@@% mtﬁigm},ymmané‘hﬁsdried over
sodium syilfage and conceqirated i ¥aEHO TR IETIdNE }’5‘%fﬁg,%!_%@ﬂ&gﬁw&aa%@ég?gdg%@g (10.3%

chromatography using 30%-60% ethylacetate in hexaneto pfovide aldehyde (Vi

yield). WO IOEOIONEIERICRERSFodrn 5ty pdditigopl 24 hours. This was diluted with dichoro-

methane and filtered through a pad of celite. The filtrate was partitioned between DCM and
5% aq. ammonium hydroxide. The DCM layer was dried over anhydrous magnesium sulfate,
concentrated in vacuo, and purified by flash chromatography (gradient elution 25 to 50%

15  ethyl acetate/hexanes) to vield Acetic acid 2-bromo-6-(6-dimethylamino-1-oxo0-3,4-dihvdro-
1H-isoquinolin-2-yl)-benzyl ester (93mg, 0.22mmol). MS (ESI) 417.1 (M+H)".

Exampie 22: 1-(4-tert-Butyi-phenyl)-3-chloro-propan-1-one

To aluminum chloride (29.33g, 220mmol) in DCM (300mL.) at 0°C with stirring was added
dropwise a solution of t-butyl benzene (31 mL, 200 mmol) and 3-chloropropionyl chloride

26 (19mL, 200mmol) in DCM. Afier the addition was compieie, the reaction mixture was
stirred from 0°C to RT ovemight. The next moming, TL.C indicated that all of the t-butyl
benzene was consumed, and the reaction mixture was cooled to 0°C . With stirring, water
(about 120 mL) in a dropwise fashion uniil the effervescence ceased. Finally, the layers were
separated, and the organic layer was washed with water (3X150mL) and then brine

25 (1X150mL}. The DCM layer was dried over magnesium sulfate, filtered, concentrated and

pumped to dryness to afford the title compound as a light tan powder (45.6¢).
Example 23: S-tert-Butyl-indan-1-one

1-(4-tert-Butyl-phenyl)-3-chloro-propan-1-one (45.6g, 447 mumol) was taken up in concen-
trated sulfuric acid (200mL) and the resulting mixture was heated to 100°C with stirring for



Example 32: 6-(1-Difluoromethyl-cyclopropy1)-2-(4-methoxy-benzyl)-3,4-dihydro-2Hisoquinolin-1-one
(VI) To a solution of DAST (0.042 g, 0.26 mmole) in 1.5 ml dichloromethylene was added aldehyde
(V1) (0.075 g, 0.22 mmole ) in 0.5 ml dichloromethylene. This mixture was stirred at 5 RT for 16 hours.
After cooling Vit A1 9E8%Ath, water 5 ml was added to the reaction mixtureBoRGREW B EHylacetate.
The organic layer was washed with 5% sodium bicarbonate solution and brine, then dried over sodium
sulfate and concentrated in vacuo. The residue wa purified silica gel prep TLC affording compound
(V) 0.068 g2 8 Hanielnl. E xaitopial 3 GH b BHE yoramethybey elapsepybhdrdiidra=2 thispginolin-l-one
(V1) 10 Co nd (VI1).£ 0.068 g, 0.19 mmole).was dissplved in TFA 1 ml and heated to 70C for 1.5
hours. To thrgé?gz’cglgr{er%}ié u r%lléé%Fe‘gatbov Was a&&’é’&“%ﬁ%@ %Jcael@gtlé: fz;%r%%cemssg?&tfg% vgg%nwashed with
brine followewWby Sethvimtlsicarsedded 5% beolmionreares adapd vttfibhinatl iid ot garis lmyer was dried

over sodium.giifaieranchoncentrateshimvacto e fsidue waspHiified by qilicagelrep TLC with
5% methanol in dichloromethylene affording compound 15 (VIII{_?%‘((B)S g, 66% yield. Example 34:
E?é?ﬁ?

2-Bromo-64&FHiff s EsIRHE V&R e A IO HRR G ot yBh L aldsryas (1X) To a
mixture of carinpouthg(A¢Hidt¢0:030gvOelRamhiziole ), Aibradidrartiarhenzaldeny dex30@a4 g, 0.25 mmole ),
cesium carb 0.054.9. 0.16.mmole) and, Xantphos (0.002 6. 0.004 20 mmole) in a microwave
e nder 2 e B R R i SR Al e
reaction mixitWansaE erte walBucthsrile ¢upeuniesracedikytiod Mixtafewas partitioned between
ethylacetate and brine, the organic layer dried over sodium sulfate and concentrated in vacuo. The

residue was Ppxaifiptt by sicergBlpyep. I-aEniiEb-20% @jtialketatenin hexane as eluent affording 0.024
0, 48% yield. -85- General Scheme 2. 5 Example 35:

2-(3-Bramo-Zxmethybphenyh-o-dimethy |@gn§3%%'ﬁhﬂﬁqglﬂ3@@lmﬂs@%ﬁ;) was added methanesulf-
6-Dimethylamino-2H-isoquinolin-l-one (50mg, 0.27mmol), cugérlous iodide (10mg, 0.053mmol), and

potassium cARSORETE (37 Hiy 2B ORI Drerd tuis Sted Tir San R VERS1OSHE B &Re
2,6-dibromotbhugney &R grofbB2pemiol pierevadteshirigomvas: hibbled threugh therqnixture for 2

minutes and()t‘t}? flég AMS‘&E%']&'(}{]QO %‘i% aané'“?rs‘{‘é%%n r%;[eeg tﬁ‘-ﬁt]aﬁ% Fthe S-tert-Butyl-indan-1-one had

been consumed. With stirring at 0°C was added very carefully a solution of aqueous sodium

15 hydroxide (20%) until pH = 14. Then added DCM (1000 mL) and water (500 mL) which
results in a large emulsion. The layers were separated and the aqueous layer was further ex-
tracted with dicholormethane (2X200mlL.). Finally the combined DCM lavers were washed
with brine (9X200mL)}, dried over magnesium sulfate and filtered through a bed of celite,
After concentrating and pumping to dryness there was 13.5¢ of crude product as a tan solid.

20 Purification on a 400 g Analogix Column eluting with a gradient of 10% to 60% ethyl acctate
in hexane provided the correct isomer as a white powder (7.22¢) (M+H)" =204) and the

undesired isomer (1.555g) as a white powder.

Example 25: Acetic acid 2-bromo-6-(6-tert-butyl-1-0x0-3.4-dihydro-1H-isoquinolin-2-
vh)-benzyl ester

25 o6-tert-Butyl-3 4-dihydro-2H-isoquinolin-1 -one (4g, 19.67 mmol), Acetic acid 2, 6-dibromo-
benzyl ester (12.1g, 2eq), potassium phosphate tribasic (8.35¢g, 2 eq) and copper iodide
(787mg, 0.2 eq) were taken up in dioxane (40mL). Finally added N,N'-Dimethyl-cycio-
hexane-1,2-diamine (1.24 mL., 0.4eq) and the resulting mixture was heated to reflux for 24
hours, affer which time more copper iodide (394mg, 0.1eq) and N,N'-Dimethyl-cyclohexane-

30 1,2-diamine (0.62 mL, 0.2 eq) were added. Stirred an additional 64 hours and then added



10 for 5 hours. The resulting mixture was partitioned between ethyl acetate and water. The organic
layer was washed with brine, dried over anhydrous magnesium sulfate, concentrated in mato, and
purified by flash chromatography (30% ethyl acetate/hexanes) to yield 2-(3- WO
2010(000633F2EPPEE1057707 -86- PCT/EP2609/057707
Bromo-2-methyl-phenyl)-6-dimethylamino-2H-isoquinolin-l-one (43mg, 0.121 o ) MS (ESI) 357 (M+H)".
Example 36: Acetic acid 2-(6-dimethylamino-l-oxo-184-isoquinolin-2-y0-6-(4,4,5,5-

tetramethy1-1.1,3 2 LAioxahetQlan 2y hobengyl esighRd @ ﬁﬁ%{é@eﬁﬁt@&me’a‘?i@ggﬂgthy'amino-l
-0X0-1H-ISOQ§IHO|II’]- réi)'/l)-benzyl ester (420mg, 1.01mmol), bis(pinacolato)diboron (308mg, 1.2

Immol), and pEHAESIAR htdbet sl gihalersiaim bl )i b sod vaten bd fak) dertaos g pnd
dimethylsulfexjdeatdt garnavas. mabhleokthrqughcthis@Rirdune a3 minutestinally washed with

[1,1'-Bis(diphenyl inQ)ferroceneldichlgropalladium(il) complex with DCM (25mg, 0.030mmol)
was added. %%r? %v?ﬁg% 1n%£eeaﬁ’i%y§%‘b%?‘é%"é’ gh‘r—‘b& é‘%l%ég?"r%’i%a%gﬁ%}ﬁgﬁg? S’réﬁlﬁ‘iﬁ #8%nd the lid
was tightly clsgedntiitig wasvhdated af 80€ fordi8hdlwrsicEhiswas péMitisndddbetnieenm ethyl acetate
and water. The Rl RcelRie laysHYas é"(ﬁ%&%%ﬂ?&&ﬁﬁ“ﬁl@ﬂf‘gﬁ‘ Vf %—ﬁﬂ%@%&@@&%ﬁwm sulfate,

concentrated in yam, and purified by flash chromatography (gradient elution 25 to 50% ethyl
acetate/hexah&&y B iish #HBYE i Kearalgd -one (2.1882).
2-(6-dimethylamino-I-oxo-1H-isoquinolin-2-y1)-6-(4,4,5,5- 15

tetramethy1 Eixaupididfka bt dtike theptyerr P bstar-{ 28Rty A BOBwHnG) invISH{E Sl a168c1 (M+H)
Example 37: 4-Ixopropenyl;@-methykRengeigacid methyl ester 4-Bromo-2-methyl-benzoic acid methyl
ester (4g, 17.46 minol), isopropenylboronic acid pinacol ester (3.228g, 19.21 mmol) and cesium

carbonatg (19.913g, 61,11 mmol) were 20,treated with a degassed solution of 15 ml dioxane/5 ml
water. ?f?er 5 r%cr}ﬁg?iﬁi 49“[???_{?39]&s-e?éyg%%eﬁyﬁ%%&%\%%%? 1;}1(1’)?(§J&<anr]1e?]3 fgﬁg O%Ic%pgllgalc]ijllﬁﬁa"lg)'complex
(0.718 g, 0.87"3heR6P was Hddedlaharbididbae 1200 e 40 Inmmivicthie Mool echeldedction

mixture was filtered vk celilasaywasher vith 20:mb dioxang.and.concaniated dn yasuo. The

residue was purified by 120 Jg silica gel chromatography (gradient elution 0-50% ethyl acetate in
hexane 25 dUfh§ BN tdVitfauisopFshe Ml sfthasyi srau abferrhath]rebir todgdng, 15.45
mind). MS (E86)d9¥:3«(Mdfhd hxampiedaMethy«r(d-methylosclaprepcti-henzeic acid methyl
ester 15 pletion. The desired product (2 g ; 95.6% yield) was isolated by flash chromatography using

silica gel columm chromatography with 10% - 40% ethylacetate in hexane as eluent.

Example 27: 2-(4-Methoxy-benzy})-1-0x0-1,2,3 4-tetrahydro-isequinelin-6-yi}-acetic
acid (If)

The tert-butyl ester (I) { [ g, 5.7 mmole ) was dissolved in 40 ml methanol and to this solu-
20 tion was added LiOH monohydrate ( 0.72 ¢, 17.3 mmole ) in 6 ml water. The mixture was
stirred at RT for 16 hours, then concentrated in vacuo, acidified with HCI 2N and exfracted
with ethylacetate. The organic layer was washed with brine, dried over sodium sulfate and
concentrated in vacuo. The residue (1.8 g; 97% vield ) was used in the next step without

further purification.

25 Example 28: 2-[2-(4-Methoxy-benzyl)}-1-oxe-1.2,3,4-tetrahydro-isoguinolin-6-ylj-
acetamide (1)

To the carboxylic acid (1) { 2.3 g,7 mmole) in 22 ml chloroform was added EEDQ (2.07 g,
8.4 mmole ) and ammonium bicarbonate (1.66 g, 21 mmole ). After stirring the mixture at RT

for 16 hours, the amide was precipitated by addition of water (20 mi). The solid was filtered,



Formation of Diazomethane: N-Nitroso-N-methylurea (9.1g, 61.8 mmol) was added under stirring in
portions to a two phase mixture of 50 ml potassium hydroxide solution (23.9g in WO
2010/000633PCT/EP2009/057707 -87- 50 ml water) and 50 m1 diethyl ether at OC. The color of the
organic phadecHEAGEIPom colorless to yellow. The two phase mixture WagERpEPBHOSTF0StIIled for 40
mm at OC. The organic layer that contains diazomethane was separated. Cyclopropanation by adding
diazomethane solution to methyl styrene: 4-Isopropghyl-2-methyl-benzoic acid methyl ester (2.94g, 5

15.45 mmol)wag.digsalvetinhumidictv.sther andicooirdin Qe Rallpdium dl.Acgiats (0.1730,
0.773 nunol) was added. The yellow organic phase contalnlng dlazomethane) was added dropwise. In

total 20 ml ofB¥&SrGHRTEFRdSEied b rasim e tRarey s added until the reaction
was done. You observe releasing nitrogen by adding diazomethane to the methyl styrene
intermediate Eximpleadtioherivhdliethoryshiihey8dl over-1.0.54| dosdydasheduintiniettd ether;
concentrated; The re&dugc@gglymig(awq ) was purified by 40 g silica gel chromatography (gradient
elution O- 100% ethyl acetate in hexane for 15 min) 2.9 g of a crude light yellow liquid was obtained.

NMR sh % 20| aC|d eth Iester T e crude sid ifi ain by 110 g
101 dg/sq.:s% Cln ? PI’LE cy !Ia %%)R}JJIE lleo tg'g MiX-

flash chroma grap eIu ion m|n {6 give
2-Methyl-4- Ommﬁwlcxs@etbm)wiq @émdﬂd(lyacg&menhw)estéﬁ(@ oging3usLnanbf) S, (ESI) 268.9

(M+ Na- + A%‘éﬁtf%%%@!@e%%MﬁM&tﬁe%é&?&hwIé‘éé%@é’éﬂ@%);@%z A hyer was
2-Methyl-4-(1-methyl- eyclopropyl) ben20|c acid methg}yester (2.75¢, 13.4 mmol) was treated with

methanol and %8O s SHH Rk & Yarribhy e srhiandrisd errisninmisdBigtion was

heated to SOEIfﬁTcétmwﬁﬂM&Eeﬂﬁil@grﬁpy(mrawagﬂQﬁﬁﬁmf@iﬁ@ il 20, methrnehaasexaporated.
A white %)Ild as, oett V\B)S eglyc 50 nil water under heating then cooled with an
ice bath; acidifie ?’1 m% gone chioric acid A white precipitate was formed; filtered; washed

with water; dried under hli?l’i vacuum over night to yield 2-Methyl-4- ((11 methyl- cxclopropyl) -benzoic
acid (2,180, FRUBHS) WS (e3Fhoab hege bl 259k ghdespiydro-soquinotin-o-yil
2-Methyl4-(1-methyl-Qclograpydophenzeybahiande)

To a suspension of sodim hydrate (0.228 g, 60%, 5.72 mmole) in 15 ml DMF was added
nitrile (IV) ( 1.2 g, 3.9 mmole ) and after stirring for 15 minutes at RT 1,2-dibromo-ethane

15 (1.1 g, 5.8 mmole }in 1.5 ml DMF was added. The resulting mixture was stirred 0.5 hour at
RT and then more sodium hydrate (0.114 g, 2.86 mmole ) was added and the reaction mixture
neated for about 10 minutes at 30-35°C. After cooling the mixture was partitioned between
ethylacetate and bring, the organic layer was dried over sodium acetate and concentrated in
vacuo. Purification by silica gel column chromatography with 30% - 50% ethylacetate in

20 hexane afforded compound (V) 1 g ( 77% yield).

Exampie 31: 1-[2-(4-Methoxy-benzyl}-1-6x0-1,2,3 4-tetrahydro-isoquinolin-6-yij-
cvciopropanecarbaldehyde (VI)

To a solution of nitrile (V) (0.722 g, 2.17 mmole) in 3 ml DCM and 9 ml toluene, cooled at -
50°C was added dropwise DIBAH (4.8 ml, 4.77 mmole). After stirring 1 hour at -50°C, the

25 reaction was quenched with 5 ml HCI IN, left to warm to RT and stirred 0.5 hour. Next the
mixture was extracted with ethyltacetate; the organic layer was washed with HC1 0.5N,
sodium carbonate 5% solution, brine, next dried over sodium sulfate and concentrated in
vacuo. The residue was purified by silica gel column chromatography using 30%-60%
ethylacetate in hexane to provide aldehyde (V1) 0.075 g ( 10.3% yield).



2-Methyl-4-(1-methyl-cyclopropyl)-benzoic acid (2.139g, 11.243 mmol) and phosphoruspentachloride
(2.575g, 12.37 mmol) were charged into a 50 ml flask under stirring. These both solids dissolved at
100C. The reaction mixture was stirred 2 hours at 120C with an reflux condenser in a N2 atmosphere.
After that the %é?ﬂ?{ﬂ&%ﬁosphorus oxylchloride was 30 distilled off at 14FE HER P4 Ction mixture.
The whole reaction mixture was cooled to WO 2010/000633PCT/EP2009/057707 -88- RT and the
reaction mixture still remained as a solution. The de$ired product was distilled by Kugclrohr distillation

(150C / 4 mizagipise: 2éMahitb{dnraaindyeyagiepsonyildennaychiatde- {14 90y &2 1mnol)

Example 41.: icoquinolin-l-one (VI

N-I3-Bromo-2-(tert-buty|-(!ﬁrr(11etlﬁy -siFanyfonn’?ethyl)-phenylI-2-methyl54-(1-methyl-cyclopropyl)-benza

mide 3-Bromo-2-(tert-but I-dimethgl-silan onymeth}/_ll)ji-ﬁhen lamine (2.91g, 9.211111101), 2-methyl-
Bt

4-(1-methyl-A9ASEISIRAERA OV Eiferitd (4 8950’8 tEeR Lot ns S PR KA Ay lethylamine
(2.41 ml, 13 38ydar(iol) @ & o iethdaieinepy/Aeindi¢Oldib2eghOl&2 Munohware wissalved4dn 20 ml
anhydrous T h ti i was. refluxed o ight; 10 filtered off the.precipitate;
concentéﬁe arfgIelft%Eag(%%dqv%éﬂ%%ﬁgagﬁaa%%%é%Xé% %/v'rf]t}'.?PZWI\‘%S Sf{%gip%i?ee bd ?égr)np}ﬁI . ?then with
water and britidowipibel GlraséienT Be megE g s oy dotediat it S % 60wt Aiswitanets wBtained. The

crude was pypfieddnaogriies e ehemaes graphyleraciankeiiion Q2% elbvacetate in hexane

for 25 min, then 20-100 % ethyl acetate in hexane for 30 mm) to give .
N [3-Bromo BRI A S e DI RCy g 1D D008 & ¥ seta
phenyl]-2-methyl-4-(1-methyl-cyclopropyl)-benzamide (3.51g. 7.185 mmol) MS (ES!) 510 (M+ Na )

Example 42 Exaspleotio-0-GRibmgrmathattyichizropokydediyi - pridhysonisoiipdt e (VI
7-(1-methyl-cyclopropy1)-3,4-dihydro-2H-isoquinolin-l-one 2,2,6,6-tetramethylpiperid ne (2.28g, 16.17
mmol) wés dissateecdiivIB 0fl.adthydréQsnaitdl) was dissolved in TFA 1 ml and heated to 70°C for

1.5 bours. To the reaction mixture cooled to RT was added ethvlacetate and the solution was

washed with brine followed by sodium bicarbonate 5% solution, and again with brine. The

organic layer was dried over sodium sulfate and concentrated in vacuo. The residue was

purified by silica gel prep TLC with 5% methanol in dichloromethylene affording compound
15 (VI 0.030 g, 66% yield.

Example 34: 2-Bromo-6-[6-(1-diftuoromethyl-cyclopropyl)-1-oxo-3 4-dihydro-1H-
isoquinclin-benzaldehyde (IX)

To a mixture of compound (VII} (0.030 g, 0.12 mmole ), 2 6-dibromo-benzaldehyde ( 0.064
g, 0.25 mmole ), cesium carbonate { 0.054 g, 0.16 mmole) and Xantphos (0.002 G, 0.004

20 mmole) in a microwave tube under argon was added Pd(dba), (0.0014 g, 0.0024 mmole}. The
tube was sealed and the reaction mixture was heated at 100°C for 16 hours. After cooling the
mixture was partitioned between ethylacetate and brine, the organic laver dried over sodium
sulfate and concentrated in vacuo. The residue was purified by silica gel prep TLC with 40%

ethylacetate in hexane as eluent affording 0.024 g, 48% yield.



20 under stirring; cooled by means of an ethylen glycol/ice bath mixture to -15C. Buthyllithium, 2.5 M in
hexanes (6.16 ml, 15.4 mmol) was added dropwise and the temperature was kept around -15C and
stirred additionally 30 mm at -15C. A solution

ofN-[3-Brom® 2 Je&iiaeyk dimethyl-silanyloxymethyl)-phenyl]-2-methyl-4-@Er@gteseiagropyl)-benza
mide in 20 ml anhydrous THE was added dropwise over a period of 10 minutes to the reaction mix- 25
ture at -15C. The reaction mixture was stirred for 2-gpurs. After that 3.55 ml of DMF was added in one
portion. The reaction mixture was allowed to warm up to RT. It was stirred for 2 hours at RT, then
cooled to 0C, quenched with 25 ml of I M potassium hydrogen sulfate solution; extracted with ethyl
acetate/watiﬁ or%aa{chhasg was washed with brine; dried over sodium sulfate; filtered and
concentrated.” 2 g St 4 Br6wn oil was obtained. Crystallization 30 with DCM and hexane gave
243-Bromo-2-(tert- utyl-dimethyl-siIanylox%methyl)-phen N2 WO
20101(100633PCTJEP2Q09/057707 -89- hffciroxy-7-(1;methyl-cyc lopropydihydro-2 H-isoquinolin -1

2-13-Bromo-2-(te ethyl-silanyl -lphen
methyl-cyclopropyl)-211-isoquinolin-1-one 5
2-13-Bromo-2-(tert-butyl-dimethyl-silanyloxymethyl)-phenyll{8-hydroxy-7-(1-methyl-cyclopropyl)-3,4-dih
ydro-2H-isoquingé#h=4-one; (1.134g, 2.2 mmol) r/-"f ple 42) was dissolved in 13 ml DCM at RT; TEA

. iti esylignykchloride (0.478g, 4.171 mmol) were

reaction mixturgwas extracter
sodium sulfate; filtered; concentrated to give
2-13-bromo-2-(tert-buty1-cj?methyl-silanyloxymethyD-phenyl1-7-(1-methylcyc|opropy1)-2H-isoquinolin-
1 -one (1.094q, 2.2 mmol)'MS (BSI) 520.0 (M+ Na-). General Scheme 3.

)]

NH

L
it

5  Example 35: 2-(3-Bromo-2-methyl-phenyl)-6-dimethylamino-2H-isoquinolin-1-one

6-Dimethylamino-2H-isoquinolin-1-one (50mg, 0.27mmol), cuprous iodide (10mg,
0.053mmol), and potassium carbonate {(37mg, 0.27mmol) were deposited in sealed vessel.
3mL DMSO and 2,6-dibromotoluene (133mg, 0.532mmol) were added. Argon was bubbled
through the mixture for 2 minutes and the lid was tightly closed. This was heated at 150°C
10 for 5 hours. The resulting mixture was partitioned between ethyl acetate and water. The
organic layer was washed with brine, dried over anhydrous magnesium sulfate, concentrated

in vacuo, and purified by flash chromatography (30% ethyl acetate/hexanes) to yield 2-(3-



WO 20101000633PCT1EP20091057707 -90- Example 44:
2-(3-Bromo-2-methyl-pheny1)-3-(3-dimethylamino-phenylamino)-acrylic acid ethyl ester
(3-Bromo-2-methyl-phenyfi-acetic acid benzyl ester (421mg, 1.32mmol) was dissolved in ethyl formate
(2.5mL, 31nHbi18HdRdm hydride (95%, 67mg, 2.6mmol) was added. AfRGBESRMIFHBSTGPB0 minutes,
this was quenched with IM aq. HCI. This was partitioned between ethyl acetate and water. The ethyl
acetate layer was washed with water, washed with-§gine, dried over anhydrous magnesium sulfate,

and concentgaiedin yagua. Adqorion ol dismaterial and Md:Rimsthbhengenesl diagine (96mg,

0.70mmol) were stirred in ImL ethanol for 18 hours. This was concentrated in vacuo and purified by

£

flash 10 chréﬁ%fééﬁa@#}@radient elution 5 to 20% ethyl acetate/hexanes) to yield 2-(3-Bromo-2-
methyl-pheny1)-3-(3-dimethylamino-phenylamino)-aerylie acid ethyl ester (164mg, 0.407mmol). MS
(ESI) 405.0 fMsimpic3amptetit5ic3d(B-(Brdmeotviamtingtipheny Hr-iFod et 2iying(2H4.88molin-4-one To

2-(3-Bromo-2-methyl-phq@y&kﬁﬁ%ﬂf@ﬂy}m&qﬁm%@[ﬂm@&%pc acid ethyl ester 15 (100mg,
0.248mmo1) (Example 44) was added 4g polyphosphoric acid. This stirred at 140C for 10 minutes. 50

ml water was.added and the mixture was stirred. The resgjén_ recipitgte was filtered and washed
it watd T A o B B P L oy was o
over anhydrétmadrdsivmsdifsiErand dodenmmatetdtinaddlianTle. reduitiagsresigiwerivas combined

with the preginjtate and purifies bydash.alre.2Qumatogiapiydaiadient:elution 2 19.5%methanol/
DCM) to yield 3-(3-Bromo-2-methylpheny0-7-dimethylamino-1H-quinolin-4-one §22mg, 0.062mmol).

MS (EST) 387 080T X 201 0108563 8P e RSQYEs P7gyno ferrocene Michloropalladi-

um{1l) complex with DCM (25mg, 0.030mmol) was added. Argon was continued to bubble

10 through the mixture for one more minute and the lid was tightly closed. This was heated at
80°C for 18 hours. This was partitioned between ethyl acetate and water. The ethyl acetate
layer was washed with brine, dried over anhydrous magnesium sulfate, concentrated in vacuo,
and purified by flash chromatography (gradient elution 25 to 50% ethyl acetate/hexanes) to
yield acetic acid Acetic acid 2-(6-dimethylamine-1-oxo-1 H-isoquinolin-2-y1)-6-(4,4,5 3~

15 tetramethyl-{1,3,2]dioxaborolan-2-yl)-benzyl ester (1 83mg, 0.396mmol). MS (ESI) 463.1
(M+H) .

Example 37: 4-Isopropenyl-2-methyl-benzoic acid methyl ester

4-Bromo-2-methyl-benzoic acid methyl ester (4g, 17 .46 mmeol), isopropenylboronic acid
pinacol ester (3.228g, 19.21 mmol) and cesium carbonate (19.913g, 61.11 mmol) were

20 treated with a degassed solution of 15 ml dioxane/3 ml water. After 3 min stirring {1,1'-bis-
(diphenylphosphino)ferrocene dichloropalladium(1l) complex (0.718 g, 0.873 mmol) was
added and heated to 120°C for 40 min in the microwave. The reaction mixture was filtered
over cellulose; washed with 20 ml dioxane and concentrated in vacuo. The residue was
purified by 120 g silica gel chromatography (gradient elution 0-50% ethyl acetate in hexane

25 during 50 min) to yield 4-Isopropenyl-2-methyi-benzoic acid methyl ester (2.94 g, 15,45
mmol). MS (ESI) 191.3 (M+H)~

Example 38: 2-Methyl-4-(1-methyl-cyelopropvi)}-benzoic acid methyl ester

Formation of Diazomethane: N-Nitroso-N-methylarea (9.1g, 61.8 mmol) was added under

stirring in portions tc a two phase mixture of 50 ml potassium hydroxide solution (23.9g in



-91- General Scheme 4. WO 2010/000633 PCT/EP2009/057707 General Scheme 5. -92- Br
Example 46: 4-Bromo-2-(2-bromo-ethyb-benzenesulionyl chloride Chlorosulfonic acid (17 mL) was

added dropwise to 1-bromo-3-(2-bromo-ethyl)-bcrizene (5
WO 2010/000633 PCT/EP2009/057707

-87-
50 mi water) and 50 ml diethyl ether at 0°C. The color of the organic phase changed from
colorless to yeliow, The two phase mixture was vigorously stirred for 40 min at 0°C. The
organic layer that contains diazomethane was separated. Cyclopropanation by adding diazo-
methane solution to methyl styrene: 4-Isopropenyl-2-methyl-benzoic acid methyl ester (2.94g,
5 1545 mmol) was dissolved in 15 ml diethy] ether and cooled to 0°C. Palladium (IT) acetate

(0.173¢, 0.773 mmol) was added. The yellow organic phase (containing diazomethane) was
added dropwise. In total 20 ml of the organic phase (approximately 4 eq. of diazomethane)
was added until the reaction was done. You observe releasing nitrogen by adding
diazomethane to the methyl styrene mtermediate. The reaction mixture was filtered over

10 cellulose; washed with diethyl ether; concentrated; The residue (brown Lquid) was purified
by 40 g silica gel chromatography (gradient elution 0-100% ethyl acetate in hexane for 15
min) 2.9 g of a crude light yellow liquid was obtained. NMR shows 8% 2-methylbenzoic acid
methyl ester. The crude residue was purified again by 110 g flash chromatography (gradient
elution 0-20% EtOAc in Hex for 30 min) to give 2-Methyl-4-(1-methyl-cyclopropyl)-benzoic

15 acid methyl ester (2.75g, 13.46 mmol) MS (ESI) 268.9 (M+ Na™ + ACN)

Example 39: 2-Methyl-4-(1-methyl-cyclopropyvl}-benzoic acid

2-Methyl-4-(1-methyl-cyclopropyl)-benzoic acid methyl ester (2.75g, 13.46 mmol) was
treated with methanol and 5 M aqueous sodium hydroxide solution (20.46 ml, 102.32 mmol).
This solution was heated to 80°C for 4 hours. The reaction mixturc was concentrated until

20 methanol was evaporated. A white solid was obtained. The solid was dissolved in 50 ml
water under heating then cooled with an ice bath; acidified with 10 ml conc. hydrochloric
acid. A white precipitate was formed, filtered; washed with water; dried under high vacuum
over night to yield 2-Methyl-4-(1-methyl-cyclopropyl)-benzoic acid (2.18g, 11.46 mmol) MS
(ESI) 189.1 (M-H)

25  Exampie 40: 2-Methyl-4-(1-methyl-cyclopropyi)-benzoyl chioride

2-Methyl-4-(1-methyl-cyclopropyl)-benzoic acid (2.139g, 11.243 mmol) and phosphorus-
pentachloride (2.575g, 12.37 mmol) were charged into a 50 ml flask under stirring. These
both solids dissoived at 100°C. The reaction mixture was stirred 2 hours at 120°C with an
reflux condenser in a N atmosphere. After that the resulting phosphorus oxylchloride was

30 distilled off at 140°C from the reaction mixture. The whole reaction mixture was cooled to



5 g, 19 mmol) at OC. The mixture was stirred at OC for | h then an additional 3h at rt. The mixture was
poured into an ice-water slowly and extracted with methylene chloride, and the combined organic
layers were evaporated under reduced pressure to give 4.3 g of crude 4-
bromo-2-(2-BYéradrEtrddidbenzenesulfonyl chloride which was used directRCIOEBREII@RtT#@action (see
Scheme 5). MS (ESI) 342.9 (M-C14-0OFly. 10 Example 47: Bruton's tyrosine kinase (Btk) inhibition
Assay The assay is a capture of radioactive 33P ph@sphorylated product through filtration. The

Interactions qfyBtk, Biptnvaleeh RHERERINS SHRFLAISARIGIMORYY %Fb LT R0 sdb

phosphorylation of the peptide substrate. Biotinylated product is bound streptavi |n sep r%se beads.
All bound, rafi¥ebeted i Eﬁi’tﬁ’&té‘é?ecd’e‘fé@é@ Hy%‘&ﬁnhﬁq%ﬂﬁddrﬁ&hi%cw dshgeeddre 96-well
polypropylenen(ésiinespanm9amvell 1.2 pm hydrophilic PVDF filter plates (Millipore). Concentrations
reported here are final assay concentrations: 10- 100 pM compounds in DMSO (Burdick and Jackson),

5-10 nM Btk g iﬂlsﬂmﬁ%xﬁﬁ'b'ﬁ@%@uépﬁ% tsl.ﬂg @ggﬁ%ﬁ] (l% heny ~2-[e g\yé mM

(Biotin-Aca- AAAE IYGEI 2), 100 pM ATP i’ |gma) mM imi gma, H 1.2
glycerol-3-phosphate (Slgj%é)‘“?ﬁb brslers Ry )F@ﬁ’é'ﬁé“?éfDlagnostlcs) 1 rnM MnCI2 (Sigma), 20 tnM
MgC12 (Sigma), 0.1 mg/ ml BSA (Sigma), 2 WO 2010/000633PCT/EP2009/057707 -93- mM D

(Sigma), 1 pCilBsmEI-Pe(Amersiiari 209 steptavioih-pbpihdaosechig &dg, Rmenshabah B tnM EDTA
(Gibco), 2 MNaGHGibe).1gM; f’}%@n‘é’(é\&(gﬁﬁﬂﬁec@ﬁ%'@ gaid (RHERYIIR9BFIRDEQ{Rerkin Elmer).

1050 determinations are calculated from 1 ataFgomts per compound utilizing data produced 5 from a

standard 96-Wenitduaasyxéhiptate. %ﬂ%“%ﬁ@ 1 insguiraerysdve R0 R rmmitors were
tested on eachiplais@nd aaphplatthWasEIHIVITE: Rypicalyieeripavndavearedilited in half-log

starting gt 109.RM a endin t3nM Th{C ntr | compaqun s staurosporine. B c}; round was
countedﬁtlsq the aﬁl\gier%%l o rﬁ%% de& SUbSH® N ﬁalcé(ctﬁ%{l))a vwvg%% a&‘ (lafar%%trfl‘teed Y aFucéi prﬁé ﬂée of peptide
substrate. TrddeovihyfBraibcol e rsumtetGubbeintide @ toirhibition st f:8adipie greparation: The

test compoupgs wegiesdi %ﬁa@tmab&@ﬁwtm%%m&rd%@t%%%ﬁéa gGELRlagzPhosphate,
EGTA, MnC12, MgC12, BSA). 2) Bead preparation a.) rinse beads centrlfugln at 500 g
graphy (gradzent clutlon 0-20% ethyl acetate in hexane for 25 min, then 20-100 % ethyl

acetate in hexane for 30 min) to give N-[3-Bromo-2-(tert-butyl-dimethyl-silanyloxymethyl)-
15 phenyl}-2-methyl-4-(1-methyl-cyclopropyl)-benzamide (3.51g, 7.185 mmol) MS (ESI) 510
(M+ Na ")

Example 42: 2-[3-Bromo-2-(tert-butyi-dimethyl-silanyloxymethyi)-phenyl}-3-hydroxy-
7-(I-methyl-cyclopropyi)-3,4-dihydro-2 H-isoquinolin-1-one

2,2.6,6-tetramethylpiperidine (2 28g, 16.17 mmol) was dissolved in 13 ml anhydrous THF
20 under stirring; cooled by means of an ethylen glycol/ice bath mixture to -15°C. Buthyllithium,
2.5 M in hexanes (6.16 ml, 15.4 mmol) was added dropwise and the temperature was kept
around -15°C and stirred additionally 30 min at -15°C. A solution of N-[3-Bromo-2-(tert-
butyl-dimethyl-silanyloxymethyl}-phenyl]-2-methyi-4-(1 -methyl-cyclopropyl -benzamide in
20 m] anhydrous THF was added dropwise over a period of 10 minutes to the reaction mix-
25 ture at -15°C. The reaction mixture was stirred for 2 hours. After that 3.55 ml of DMF was
added in one portion. The reaction mixture was allowed to warm up to RT. It was stirred for
2 hours at RT, then cooled to 0°C, quenched with 25 ml of | M potassium hydrogen sulfate
solution; extracted with ethyl acetate/water; organic phase was washed with brine; dried over
sodium sulfate; filtered and concentrated. 2.71 g of a brown oil was obtained, Crystallization

30 with DCM and hexane gave 2-[3-Bromo-2-(tert-butyl-dimethyl-silanylexymethyl)}-phenyl]-3-



15b.) reconstitute the beads with PBS and EDTA to produce a 20% bead slurry 3) Pre-incubate
reaction mix without substrate (assay buffer, DTT. ATP, 33P ATP) and mix with substrate (assay
buffer, DTT, ATP, 33P ATP, peptide substrate) 30C for 15 min. 4) To start assay, pre-incubate 1012E
Btk in enzym¥niifieP(8aditlazole, glycerol-2-phos- 20phate, BSA) and 10ptCafEREEHRTUNdS for 10
mm at RT. 5)Add 30 biL reaction mixture without or with substrate to Btk and compounds. 6)Incubate
50 pt. total assay mix for 30 min at 30C. 7)Transfer#0 RL of assay to 150 uL bead slurry in filler plate

to stop reactigR SNMASNHNEHIRIAGBISBY$A Mify WL IAIQWNG HEPS e 33420RENGCL b. 3 x 250
pL, NaC1l co}r%g?niggE%%é)ho{é f?gri(?l;g%i. 1x Z%HO pL H2C()!] 9) Dry plate%%or 1hat 65C1: (?r overnight at

RT 10) ANPHE Kitdddiflt-20 and count 33P cpm on scintillation counter. 30Calculate percent
activity from raw data in cpm percent activity = (sample - bkg) / (total activity - bkg) x 100 Calculate
IC50 from pdreempictivity-Fshigone-<iedose Fdipetisésilgnybidpintbykiphenyl}-7-(1-

methyl-cyclopropyl)-2H-isoquinolin-1-one

5 2-[3-Bromo-2-(tert-butyl-dimethyl-silanyloxymethyl)-phenyl]-3-hydroxy-7-(1 -methyl-cvcio-

propyt)-3.4-dihydro-2H-isoquinelin-1-one (1.134¢, 2.2 mmol) (Example 42) was dissolved in
13 ml DCM at RT; TEA (1.31 ml, 9.44 mmol) followed by addition of methanesulfonyl
chloride (0.478g, 4.171 mmol) were added. Tt was stirred for 1.5 hours at RT but it’s already
done in 10 minutes according to LCMS. The reaction mixture was extracted with DCM

10 /water; organic phase was washed with brine; dried over sodium sulfate; filtered; concen-
trated to give 2-[3-bromo-2-(tert-butyi-dimethyi-silanyloxymethyl}-phenyl]-7-( | -methyl-
cyclopropyl)-2H-isoquinolin-1-one (1.094g, 2.2 mmol) MS (EST) 520.0 {(M-+ Na ).

General Scheme 3.




WO 2010/000633PCT/EP2009/057707 -94-y=A + ((B-A)/ (1 + ((x/ C)D)))) x = cmpd cone, y = %
activity, A = min, B = max, C = IC50, D = 1 (hill slope) Representative results are in Table li below:
TABLE IL CompoundBtk inhibition ICso (j1M) E-50.016 11-60.015 11-110.01 11-120.01 5 Example 48:
Inhibition of Bi¢efiiedivadion - B cell FLIPR assay in Ramos cells InhibitiotC3TIB8éWéi¥ation by
compounds of the present invention is demonstrated by determining the effect of the test compounds
on anti-IgM stimulated B cell responses. The B cell#LIPR assay is a cell based functional method of

determining e, &figei ! 0 paicRiipbintUBHOISRb e ARRIMRLCAEMRCIERSR TR HimUlation by

an anti-lgM antibody. Ramos cells (humanBurkitt's lymphoma cell line.” ATCC-No. CRL-1596) were
cultivated in ¥IORABVRFSHR (described below). One day prior to assay, Ramos cells were resuspended
in fresh growth media (same as above) and set at a concentration of 0.5 x 106/mL in tissue culture
flasks. On d&y-Bfansaymediid-plrenybrastdd and werzat ateoticéntgaliganmol) was dissolved in

ethyl formate (2.5mL, 3immol). Sodium hydride (95%, 67mg, 2.6mmol) was added, After
5 stitring for 30 minutes, this was quenched with IM aq. HCL. This was partitioned between
ethyi acetate and water. The ethyl acetate layer was washed with water, washed with brine,
dried over anhydrous magnesium sulfate, and concentrated in vacuo.
A portion of this material and N,N-Dimethyl-benzene-1,3-diamine (96mg, 0.70mmol) were
stirred in ImL ethanol for 18 hours. This was concentrated in vacuo and purified by flash
10 chromatography (gradient elution 5 to 20% ethyl acetate/hexanes) to yield 2-(3-Bromo-2-
methyl-phenyl)-3-(3-dimethylamino-phenylamino}-acrylic acid ethyi ester (164mg,
0.407mmol). MS (ESI) 405.0 (M+H)".

Example 45: 3-(3-Bromo-2-methyl-phenyl)-7-dimethylamino-1H-quinolin-4-one

To 2-{3-Bromo-2-methyl-phenyl)-3-(3-dimethylamino-phenylamino)-acrvlic acid ethyl ester
15 (100mg, 0.248mmol) (Example 44) was added 4¢g polyphosphoric acid. This stirred at 140°C
for 10 minutes. 50 ml water was added and the mixture was stirred. The resulting precipitate
was filtered and washed with water, The filtrate was extracied with 10%methanol/ DCM
solution, The organic layer was dried over anhydrous magnesium sulfate and concentrated in
vacuo. The resulting residue was combined with the precipitate and purified by flash chro-
20 matography (gradient elution 2 to 5% methanol/ DCM) to yield 3-(3-Bromo-2-methyl-
phenyl)-7-dimethylamino-1H-quinolin-4-one (22mg, 0.062mmol). MS (EST) 357.0 (M+H)".



15 of 1 x 106/mL1 in growth media supplemented with luM FLUO-3AM(TefLabs Cat-No. 0116,
prepared in anhydrous DMSO and 10% Plutonic acid) in a tissue culture flask, and incubated at 37C
(4% CO2) for one h. To remove extracellular dye, cells were collected by centrifugation (5min, 1000
rpm), resuspERdEErtPFBEPR buffer (described below) at 1 x 106 cells/mL 2EitfER&disSpehsed into
96-well poly-D-lysine coated black/clear plates (BD Cat-No. 356692) 20 at 1 x 105 cells per well. Test
compounds were added at various concentrations fanging from 100 uM to 0.03 uM (7 concentrations,
details below).and Allgwed o incubate with cells for 30 min at RT. Ramos cell Ca2 signaling was
stimulated by the addition of 10 tAg/mE anti- IgM (Southern Biotech, Cat-No. 2020-01) and measured
on a FL1PR (Molecular Devices, captures images of 96 well p@tes using a CCD camera with an argon
laser at 480nM 25egcitation). WO 2010/000633PCT/EP20 057707 -95- Media/Buffers: Growth
Medium: RPMI mesium with L-glutapiine | i Q-N®B. 61870-010), 10% Fetal Bovine
Serum (FBS, Su@mlt chnolUgy’ta{hNo il Sodium Pynivate (Invitrogen Cat. No.
11360-070). 5 FLIPR biffer™#+BSS (Invitidgere £+75-079), 2rnM CaC12 (Sigma Cat-No. C-
4901), HEPES (Invitrogen, Cat-No. 15630- 080) 2 5mM Pro’\lgenemd (Sigma, Cat-No. P8761), 0.1%
BSA (Sigma, Cat-No.A- 7906) 11mM Glucose (Sigma, Cat-No.G-7528) Compound dilution details: In
order to achieve fthe i
solution (madg4

Y added directly tg 578y e FNRRY ffer The test compounds are diluted
in FLIPR Buffer (u @:b robotic plpettr) rés\ul' the following dilution scheme: vehicle,
1.00 x 104 M, 1400 x 10- ; 3.16 x 19-6, 1.00 x 3t , 1.00 x ®0-7, 3.16 x Intracellular increases in
calcium were reported usigng a max - min statistic (subtracting the 15 resting baseline from the peak
caused by addition of the gtimulatory antibody using gAMolecular Devices FLIPR control and statistic
exporting software IC§O was determined using i

Example 49: Mouge Ir} Vivd) Collagen-induced
N @ pe——in 0 o




On day 0 mice are injected at the base of the tail or several spots on the back with an emul- 20 sion of
Type Il Collagen (i.d.) in Complete Freund's adjuvant (CFA). Following collagen immunization, animals
will develop arthritis at around 21 to 35 days. The onset of arthritis is synchronized (boosted) by
systemic adihEi#e3St collagen in Incomplete Freund's adjuvant (IFAPLA/FBIHE2Y207Animals are
examined daily after day 20 for any onset ofmild arthritis (score of 1 or 2; see score description below)
which is the signal to boost. Follow- 25 ing boost, ntize are scored and dosed with candidate
therapeutic gagpis,ferkag peescribed time ( typically 2--3 weeks) and dosing frequency, daily (QD) or
twice-daily (BID). Example 50: Rat In Vivo Collagen-induced arthritis (rCIA) On day 0, rats are
injected with an emulsion of Bovine Type Il Collagen in Incomplete Freund's adjuvant (WA) is injected
intradermally (i.d.) on sev&@tl/locations on the back. A 30 booster injectiﬂi;)f collagen emulsion is
given around day 7,,(i.d.) | pe base ofsthe tail or WO 2010/000633PCT#2009/057707 -96-
alternative sitesgQn the backl Arthritig’#&generally observed 1 e i.er e initig| collagen
injection. Anlmaﬁiﬁq be valua;ed f eldphhent ofééij tiglas low (Evaluation of
arthritis) frontt 13y k4 OQws (dsxeANim e dosed with candfdate thejapautivsg 'o #its in a preventive
fashion startlng at the tf secondary challenge and for the pre- 5’sg: hell time (typically 2-3
weeks) and dosing frequncy, daily (QD) or twice-daily (BID). Example 51: Evaluation of Arthritis: In
both models (Examples 38 and 39), developing inflammation of't paws and limb joints is quantified
using a scoring system that involves the assegsment of the 4 p#&ws following the criteria described

below: 10 Scoring:1.= swelling and/or red \Qf pawdar one digit. 2= swelling in two or more joints. 3=
gross swelling of the paw with more than twg jaints jnvofve severe arthritis of the entire paw and
digits. Evaluations are made on day O fe#.basl‘elln NNt and starting again at the first signs

o]

Example 46: 4-Bromo-2-(2-bromo-ethyl)-benzenesulfonyi chloride

Chlorosulfonic acid (17 mL) was added dropwise to 1-bromo-3-(2-bromo-cthyl)-benzence (5

5 g 19 mmol)at 0°C. The mixture was stirred at 0°C for 1h then an additional 3h at rt. The
mixture was poured mto an ice-water slowly and extracted with methyiene chloride, and the
combined organic layers were evaporated under reduced pressure to give 4.3 g of crude 4-
bromo-2-(2-bromo-cthyh)-benzenesulfony! chioride which was used directly for the next
reaction (see Scheme 5). MS (EST) 342.9 (M-CI+OH).

10 Example 47: Brafon’s tvrosine kinase (Btk) inhibition Assay

The assay is a capture of radioactive **P phosphorylated product through filtration. The mter-
actions of Btk, biotinylated SH; peptide substrate (Src homology), and ATP lead to phospho-
rylation of the peptide substrate. Biotinylated product is bound streptavidin sepharose beads.
All bound, radiolabeled products are detected by scintillation counter.

15 Plates assayed are 96-well polypropylene (Greiner) and 96-well 1.2 pm hydrophilic PVDE
filter plates (Millipore). Concentrations reported here are final assay concentrations: 10~ 100
UM compounds in DMSO (Burdick and Jackson), 5—10 nM Btk enzyme (His-tagged, full-
length), 30 uM peptide substrate (Biotin-Aca-AAAEEIYGEI-NH.), 100 uM ATP (Sigmay), 8
mM imidazole (Sigma, pH 7.2), 8 mM glycerol-2-phosphate (Sigma), 200 uM EGTA (Roche

20 Diagnostics), I mM MnCl; (Sigma), 20 mM MgCl, (Sigma), 0.1 mg/ ml BSA (Sigma), 2



15 or swelling for up to three times per week until the end of the experiment. The arthritic index for
each mouse is obtained by adding the four scores of the individual paws, giving a maximum score of
16 per animal. Example 52: Rat In Viva Asthma Model Male Brown-Norway rats are sensitized i.p. with
100 jig of OAYQ@VHHEMA) in 0.2 ml alum fig) once every week for three weekaEpde/05779and 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 aemgsol challenge (1% OA for 45 minutes) and

terminated 4 %ﬁlﬁ% e H i f ifice, serum and plasma are collected from alll
animals for s%%r%logy e[nE %‘I}%Erg‘gﬁeﬁg?@%éﬁ%%%ﬁg‘fgéﬁﬁﬁ?,g‘i‘ﬁ‘g%?t%’ dé%sgrﬁ%%gu%ﬁgegfe lavaged 25
3X with PBSharhe BAMIGR 4 dadigokd MMNgtallebioc)tdnanber shddifierentiatitbifkibeyte counts.
Total leukocyigRuERebiPakialigrptof the cells (20-100 ul) is determined by Coulter Counter. For
differential leukocyte counts, 50-200 ul of the sample is_centrifuged in a Cytospin and the slide stained
with Diff-QuI THE BROPERIBH b RIS (B dUSIHE BRI RELAFBIMG SHA R RHHGE TR counted
under light nfiorogcopyiasing standarchmorphaiog: 86 caberitédenandepressed asdopercentage.

Representatiyg;iphibitars of Bikoshow decreased, W 2010000633PETIERZ00/087 707 -97- total
leucocyte count in the BAL of OA sensitize and cha enged rats as c pargd {0 EONtrol levels.

Example 53 RHadihdebiticai-unposigons QotpositodifgraCraM@inistration@)idgredient4 wt./wi.
ctive ingredigie AL aclasel Wb aanesimslaaleq i R Neomedpile agg yxed and

dispensed into capsules containing about 100 mg each; one capsule would approximate a total daily
was determined in the preSence of peptide substrate. The following protocol was used to

dosage.
10 determine Btk inhibition.
1) Sample preparation: The test compounds were diluted at half-log increments in assay
buffer (imidazole, glycerol-2-phosphate, EGTA, MnCl;, MgCly, BSA).
2}  Bead preparation
a.) rinse beads by centrifuging at 500 g
15 b.) reconstitute the beads with PBS and EDTA to produce & 20% bead shurry
3)  Pre-incubate reaction mix without substrate (assay buffer, DTT, ATP, ¥'P ATP) and
mix with substrate {assay buffer, DTT, ATP, P ATP, peptide substrate) 30°C for 15
min,
4)  To start assay, pre-incubate 10 puL Btk in enzyme buffer (imidazole, glycerol-2-phos-
20 phate, BSA) and [0uL of test compounds for 10 min at RT.
5)  Add 30 uL reaction mixture without or with substrate to Btk and compounds.
6)  Incubate 50 uL total assay mix for 30 min at 30°C.
7y  Transfer 40 ub of assay to 150 uL bead slurry in filter plate to stop reaction.
8)  Wash filter plate after 30 min, with following steps
25 a. 3 x 250 uL NaCl
b. 3 x 250 pL NaCl containing % phosphoric acid
¢. | x 250 ul HoO
9)  Dryplate for 1 h at 65°C or overnight at RT
10) Add 50 pL microscint-20 and count P ¢pm on scintillation counter,
30 Calculate percent activity from raw data in cpm
percent activity = (sample — bkg) / (total activity — bkg) x 100

Calculate ICs, from percent activity, using one-site dose response sigmoidal model



Composition for Oral Administration (B) Ingredient’)/0 wt./wt. Active ingredient20.0% Magnesium
stearate0.5% Crosscarmellose sodium2.0% Lactose76.5% PVP (polyvinylpyrrolidine)1.0% The
ingredients are combined and granulated using a solvent such as methanol. The formulation is then
dried and foMted iff84eBlets (containing about 20 mg of active | 0 compdtFiERHSPEFH Hpropriate
tablet machine. WO 2010/000633PCT/EP2009/057707 -98- Composition or Oral Administration (C)
Ingredient% wt./wt. Active compoundl1.0 g Fumar €9&€id0.5 g

y=A=(B-A)/(1+({x/C")
x = cmpd cone, y = % activity, A = min, B = max, C = ICs, D=1 (hill slope)

Representative results are in Table IT below:

TABLE 11
Compound Btk inhibition 1Cs; (M)
-5 0.016
11-6 0.015
I-11 0.01
Ii-12 0.01

Example 48: Inhibition of B-cell Activation - B cell FLIPR assay in Ramos cells

Inhibition of B-cell activatior by compounds of the present invention is demonstrated by
determining the effect of the test compounds on anti-IgM stimulated B cell responses.
The B cell FLIPR assay is a cell based functional method of determining the effect of
16 potential inhibitors of the mtracellular calcium increase from stimulation by an anti-IgM
antibody. Ramos cells (human Burkitt’s iymphoma cell line. ATCC-No. CRIL-1596) were
culttvated in Growth Media {described below). One day prior to assay, Ramos cells were
resuspended in fresh growth media (same as above) and set at & concentration of §.5 x
10%mL in tissue culture flasks, On day of assay, cells arc counted and set at a concentration
15 of 1 x 10%mLl in growth media supplemented with 1uM FLUO-3AM(TefLabs Cat-No. 0116,
prepared in anhydrous DMSO and 10% Pluronic acid) in a tissue culture flask, and incubated
at 37°C (4% COy) for one h. To remove extraceilalar dye, cells were collected by centrifuga-
tion (5min, 1000 rpm), resuspended in FLIPR buffer (described below) at 1 x 10° cells/mL
and then dispensed into 96-well poly-D-lysine coated black/clear plates (BD Cat-No. 356692)
20 at I x 10° cells per well. Test compounds were added at various concentrations ranging from
100 uM to (.03 uM (7 concentrations, details below), and ailowed to incubate with cells for
30 min at RT. Ramos cell Ca’* signaling was stimulated by the addition of 10 ug/mL anti-
IgM (Scuthern 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 4§0nM

25  excitation).



Sodium chloride2.0 g Methyl paraben0.15 g Propyl paraben0.05 g Granulated sugar25.5 g Sorbitol
(70% solution)12.85 g Veegum K (Vanderbilt Co.)1.0 g Flavoring0.035 ml Colorings0.5 mg Distilled
waterg.s. to 100 ml The ingredients are mixed to form a suspension for oral administration. Parenteral
Formulation %) 3Hg1&8e#t% wt./wt. Active ingredient0.25 g Sodium ChloAt&G8 te0¥iaR&Tsotonic Water
for injection to100 ml The active ingredient is dissolved in a portion of the water for injection. A
sufficient quantity 5 of sodium chloride is then adde&bwith stirring to make the solution isotonic. The
solution is mggde;up tganeight with the remainder of the water for injection, filtered through a 0.2 micron

membrane filter and a_cka%({ad under sterile conditions. ‘
Growth Medium: RPMI 1640 medium with L-glutamine (Invitrogen, Cat-No. 61870-010),

10% Fetal Bovine Serum (FBS, Summzit Biotechnology Cat-No. FP-100-05); I1mM Sodium
Pyruvate (Invitrogen Cat. No. 11360-070).

5 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% BSA (Sigma, Cat-No.A-7906), |l LmM 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
10 compound stock sohition (made in DMSO) is added directly to 576 uL of FLIPR buffer. The
test compounds are diluted in FLIPR Buffer (using Biomek 2000 robatic pipettor) resulting
in the following dilution scheme: vehicle, 1.00 x 10° M, 1.00 x 107, 3.16 x 10, 1.00 x 10,
3.16x107,1.00x 107, 3.16 x 10°%.
Intracellular increases in calcium were reported using a max — min statistic (subtracting the
15 resting baseline from the peak caused by addition of the stimulatory antibody using a
Molecular Devices FLIPR control and statistic exporting software, The ICsq was determined

using a non-linear curve fit (GraphPad Prism software).
Example 49: Mouse fn Five Coliagen-induced arthritis (mCIA)

On day 0 mice are injected at the base of the tail or several spots on the back with an emul-
20 sion of Type II Collagen (i.d.) in Complete Freund’s adjuvant (CFA). Following collagen

immunization, animals will develop arthritis at around 21 to 35 days. The onset of arthritis is

synchronized (boosted) by systemic administration of collagen in Incomplete Freund’s ad-

juvant {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. Follow-
25 ingboost, 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).
Example 50: Rat In Vive Collagen-induced arthritis (rCIA)

On day 0, rats are injected with an emulsion of Bovine Type [T Collagen in lncomplete
Freund’s adjuvant (IFA) is injected intradermally (i.d.} on several locations on the back. A

30 booster injection of collagen emulsion is given around day 7, (i.d.) at the base of'the tail or



Suppository Formulation (E) Ingredient % wt./wt. Active ingredient 1.0% Polyethylene glycol 1 000
74.5% Polyethylene glycol 4000 24.5% The ingredients arc melted together and mixed on a steam

bath, and poured into molds 10 containing 2.5 g total weight. - 99 -
WO 2016/000633 PCT/EP2009/057707

-96-
alternative sites on the back. Arthritis is generally observed 12-14 days after the initial colla-
gen injection, Animals may be evaluated for the development of arthritis as described below
(Evaluation of arthritis) from day 14 onwards. Animals arc dosed with candidate therapeutic
agents in a preventive fashion starting at the time of secondary challenge and for the pre-

5 scribed time ( typically 2—3 weeks) and dosing frequency, daily (QD) or twice-daily (BID).
Example 51: Evaluation of Arthritis:

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
critetia descnibed below:
10 Scoring: 1= swelling and/or redness of paw or one digit.
2= swelling in two or more joimnts.
3= gross swelling of the paw with more than two joints involved.
4=severe arthritis of the entire paw and digits.
Evaluations are made on day 0 for baseline measurement and starting again at the first signs
15 orswelling for up to three times per week until the end of the experiment, The arthritic index
for each mouse is obtained by adding the four scores of the individual paws, giving a maxi-

mum score of 16 per animal.
Example 82: Rat fn Vivo Asthma Model

Male Brown-Norway rats are sensitized 1.p. with 100 pg of A (ovalbumin) in 0.2 mi alum
20 once every week for three weeks (day 0, 7, and 14). On day 21 (one week following last sen-
sitization) , the rats are dosed q.d. with efther vehicle or compound formulation subcutane-
ously 0.5 hour before OA acrosol challenge (1% OA for 45 minutes) and terminated 4 or 24
hours after challenge. At time of sacrifice, serum and plasma are collected from all animals
for serology and PK, respectively. A tracheal cannula is inserted and the lungs are lavaged
25 3X with PBS. The BAL fluid is analyzed for total leukocyte number and differential leuko-
cyte counts. Total leukocyte number in an aliquot of the cells (20-100 pl) is determined by
Coulter Counter. For differential leukocyte counts, 50-200 ul 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 under light microscopy using standard morphologi-

30 cal criteria and expressed as a percentage. Representative inhibitors of Btk show decreased



Topical Formulation (p) Ingredientsgrams Active compound0.2-2 Span 602 Tween 602 Mineral 0il5
Petrolatum10 Methyl paraben0.15 Propyl paraben0.05 BHA (butylated hydroxy anisole)0.01 Waterq.s.

100 - 100 - Claims 1. A compound of Formula!, H, Ill, IV or V LI
WO 2010/006633 PCT/EP2009/057707

97-
total leucocyte count in the BAL of OA sensitized and challenged rats as compared to control

levels.
Example 53: Pharmaceutical compositions

Composition for Oral Administration (A)

Ingredient Yo wt./wt,
Active ingredient 20.0%
Lactose 79.5%
Magnesivm stearate 0.5%

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

capsule would approximate a total daily dosage.

Composition for Oral Administration (B

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

PVP {polyvinylpyrrolidine) 1.0%

The ingredients are combined and granulated using a solvent such as methanol. The
formulation is then dried and formed into tablets (containing about 20 mg of active

10 compound) with an appropriate tablet machine.



IVV wherein Ris H,-121--le, or-R2-R3; Wis aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is
optionally substituted with one or more RI; wherein each Rl is independently CI-C6 alkyl, hydroxy.
CI-C6 hydroxyalkyl, C1 - C6 alkoxy, halogen, nitro, amino, cycloalkyl, cycloalkyl C1-C6 alkyl,
heterocyclodM&s R4 3Aitro, or C1-C6 haloalkyl; R2 is -C(=0), -Q=0)0, -FEHEREEEITIIQ=0)N(R2)2,
-(C112)q, -0(CH2)(1, - CH2C(=0), -CH2C(=0)N(R2)2, or -S(=0)2; wherein each R2' is independently H,
C1-C6 alkyl, C1-C6 alkoxy, C1-C6 haloalkyl, or C1-€%6 hydroxyalkyl; and q is 1, 2, or 3; is H or le;
wherein 12.43snépsfebraflyo.Gll L hgternaiyd) Ci-Cbalkoxy, amino. aryl, arylalkyl, alkylaryl,
heteroaryl, alkyl heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl cycloalkyl, cycloalkyl alkyl,
heterocycloalkyl. alkyl steroeyetaaticyt-or reteroey _ — e enally substituted with
one or more Ci-C6 alkyl, Rgdroxy. oxo, Ci-C6 hydroxyARYt 4-C6 alkoxy, halogen, nitro, amino, cyano,
C1-C6 alkylsulfonyl, or Cik@schaiaatkyl] Qis one of CHL,.0Ng CH,, CH(Y') or NH; wherein Y is halogen,
hydroxy, or Ci-C6 alkyl, Wﬁ&%?f'@a@?& C1-C6 alkyl is opH’ nally substituted with one or more substituents
selected from the group consisting of hydroxy, Ci-C6 al (%(y, amino, and halogen; Y4 is H or C1-C6
alkyl; y2is li2a or Y2b; wRefsia ¥iorle] or halogen:2y b€ ra, Ld C6 alkyl, optionally substituted with

v wie Y Cl / CTFtro

Methyl paraben 015¢
Propyl paraben 005¢g
Granulated sugar 255¢g
Sorbitol (70% sotution) 12.85¢
Veegum K (Vanderbilt Co.) 10g
Flavoring 0.035ml
Colorings 0.5 mg
Distilled water q-. t0 100 ml

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

Parenteral Formulation (D)

Ingredient % wi./wt.

Active ingredient 025¢

Sodium Chleride gs to make isotonic
Water for injection to 100 ml

The active mgredient is dissolved in a portion of the water for injection. A sufficient quantity
5 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

membrane filter and packaged under sterile conditions.

Suppository Formulation (E)

Ingredient % wt./wt.
Active ingredient 1.0%
Polyethylene glycol 1000 74.5%
Potlyethylene glyvcol 4000 24.5%

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

10 containing 2.5 g total weight.



one or more Y b'; each Y is independently y2'a or Yrb; wherein Yva is halogen; Y'C1-C6 alkyl,
optionally substituted with one or more Y2'12; wherein Y2'b' is hydroxy, C1-C6 alkoxy, or halogen; is O,
, 2, or 3; Y2is halogen or C1-C6 alkyl, wherein the C1-C6 alkyl is optionally substituted with one or
more substituents selected from the group consisting of hydroxy, C1-C6 alkoxy, amino, and halogen;
mis O or 1; y4is y4a, y4b, y4c, or Y a a4d, wherein%?4"a is H or halogen; y4b is Ci-C6 alkyl, optionally
substituted with one or more substituents selected from the group consisting of Ci-C6 haloalkyl,
halogen, hyﬁ&ﬂ}%’l aming.and @JrCG alkoxy; y4c is C3-C7 cycloalkyl, optionally substituted with one or
more substituents selected irom the group consisting of Ci-C6 alkyl, C1-C6 haloalkyl, halogen,
hydroxy, amino, and ClyC8lalikexy; and y4d is amitieneptionally substituted with one or more

C1-C6 alkyl; or a phar IK&%\%J%&H )ﬂ%&eptabie Sait Lileu—{yﬁ_z 102

Span 60 2
Tween 60 2
Mineral oil 5
Petrotatum 10
Methyl paraben 0.15
Propyl paraben .05

BHA (butylated hydroxy anisele)  0.01
Water q.s. 100




2. The compound of formula | according to claim 1, wherein: Ris H, -R’, -12L-R2-R3, -12.1,--R3,
or-R1---R3; - 103 - is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally substituted with
one or more Rr; wherein each Rb' is independently C1-C6 alkyl, hydroxy, C1-C6hydroxyalkyl, C 1 - C6
alkoxy, halogen, nitro, amino, cycloalkyl, heterocycloalkyl, cyano, nitro, or C1-05 haloalkyl; R2 is
-Cer-0), -C(=0)0, -C(=0)N(R2"), -(CH2),, -0(CH2),184€H2),,g=0)0, -0(CH2),1 C(=0)N(R2"),
-CH2C(=0)N(R2"),0r -S(=0)2; wherein R2'is H or C1-C6 alkyl; and qis 1, 2, or 3; is H or le; wherein R4
is C1-C6 alkyl, C1-C6 alkoxy, amino, aryl, arylaﬁ%‘?‘l’,'%glkylaryl, heteroaryl, alkyl heteroaryl, heteroaryl
alkyl, cycloalkyl, alkyl y Ikyl, heterocycloalkyl, alkyl heterocycloalkyl, or
heterocycloﬁa k;Pg]&%%(r%? igs%ﬁghgﬁégg@ﬁﬁed with one or more C1-C6 alkyl, hydroxy, oxo,
C1-Cehydroxyalkyl, C1-C6 alkoxy, halogen, nitro, amino, cyano, C1-C6 alkylsulfonyl, or
Ci-C6haloalkyHQ i$ CH or N; is H or CI -@6alfyl; Y2is Y2a or y21'; wheigin Y2'is H or halogen; Y2b is
C1-C6 alkyl,goptigy -dubstituted Wiﬂ'ﬁﬁﬁrmpé Y2I": whereik¥2k: kydroxy, C1-C6alkoxy, or
halogen; each Y& is4hdependently Yra or Y2lzvherein Y2" is halogen; X23) is C1-C6alkyl, optionally
substituted with ong or more Yrb'; wherein Yrly' is hydroxy, Ci-C6alkoxy, lor halogen; nis 0, 1, 2, or 3;
Y3is haloger‘[‘lg 1 /‘ e k is ptlonall)ﬁ; bs

N

wherein

R isH -RY R“-RMR’,-R'-R’ or—R*-R%;

RY  isaryl, heteroaryl, cycloalkyl, or heterocycioalkyl, and is optionally substituted with one or
more R'; wherein each R' is independently C;-Cg alkyl, hydroxy, C,-Cghydroxyalkyl, C;-
Cg alkoxy, halogen, nitro, amino, cycloalkyl, cycloalkyl Ci-Cg alkyl, heterocycloalkyl,
cyano, nitro, or C1-Cg haloalkyl,

R?  is —C(=0), ~C(=0)O, ~(CH,),C(=0)0, ~C(=0IN(R™ )y, (CHz)y, “O(CH,),, —
CH,C(=0), -CH,C(=0)N(R™),, or —S(=0),; wherein each R” is independently H, C;-Cs
alkyl, C;-Cgalkoxy, C-Cg haloalky!, or C,-Cg hydroxyalkyl; and qis 1, 2, or 3;

R*  is H or R* wherein R* is C;-Cgalkyl, C,-Cs heteroalkyl, C;-Cgalkoxy, amino, aryl,
arylalkyl, alkylaryl, heteroaryl, alkyl heteroaryl, heteroaryl atkyl, cycloalkyl, alkyl
cyeloalkyl, cycioalkyl alkyl, heterocycloalkyl, alkyl heterocycioalkyl, or



more substituents selected from the group consisting of hydroxy, C1-C6 alkoxy, amino, and halogen;
mis O or 1; y4is Vai y4bi yAbi b Y wherein y4a is H or halogen; y4b is C1-C6 alkyl, optionally
substituted with one or more substituents selected from the group consisting of Ci-C6haloalkyl,
halogen, hydroxy, amino, and C1-C6 alkoxy; Y40 is C3-C7cycloalkyl, optionally substituted with one or
more substituents selected from the group consistfhg-of CI-C6alkyl, C1-C6haloalkyl, halogen, hydroxy,
amino, and C1-C6alkoxy; and y4d is amino, optionally substituted with one or more C1-C6 alkyl; or a
pharmaceuticallje&teaistatie! shytherkisfontiproly-sghstiheedorith ounor ofoFofimUiallyaduording to claim 1,
wherein: Ris H, YWsRZ-&28vdth R ArR R RIS aiode DaIRI0ahCYplRalI Qs igiagysioalkyl, and

is optionally substituted with one or

Q

or C)-Cg haloalkyl; _

is one of CH, N, CHa, CH(Y ) or NH; wherein Y is halogen, hydroxy, or C;-Cgalkyl,
wherein the C;-Cg alky! is optionally substituted with one or more substituents selected
from the group consisting of hydroxy, C;-Cg alkoxy, amino, and halogen;

is H or C,-Cq alkyl;

is Y* or Y*"; wherein Y**is H or halogen; Y* is C-Cgalkyl, optionally substituted with

one or more Y?*': wherein Y2 is hydroxy, C;-Cs alkoxy, or halogen;

each Y* is independently Y** or Y*; wherein Y** is halogen; Y** is C-Ce alkyl, optionally

Y3

Y4

substituted with one or moré Y2*': wherein Y2 is hydroxy, Cy-Cg alkoxy, or halogen;

is0,1,2, 0r3;

is halogen or C;-Cs alkyl, wherein the C;-Cgalkyl is optionally substituted with one or

more substituents selected from the group consisting of hydroxy, C;-Cy alkoxy, amino, and

haiogen; '

isOorl;

s Y™ Y™, Y*, or Y*; wherein

Y* is H or halogen;

Y®  is C-Cgalkyl, optionally substituted with one or more substituents selected from the
group consisting of C;-Cs haloalkyl, halogen, hydroxy, amino, and C;-Cyg alkoxy;

Y* is C5-Cy cycloalkyl, optionally substituted with one or more substituents selected
from the group consisting of Cy-Cs alkyl, C;-Cg haloalkyl, halogen, hydroxy, amino,
and C,-Cyg alkoxy; and

Y™ is amino, optionally substituted with one or more C 1-Cs alkyl;

or a pharmaceutically acceptable salt thereof,



more le; each Rr is independently C1-C6 alkyl, hydroxy, C1-C6 hydroxyalkyl, C1-C6 alkoxy, halogen,
nitro, amino, cycloalkyl, cycloalkyl C1-C6 alkyl, heterocycloalkyl, cyano, nitro, or C1-C6 haloalkyl; R2 is
-C(=0), -C(=0)0, -C(=0)N(R2)2, -(CH2),,, -0(CH2),,, --CH2g=0), -CH2C(=0)N(R2 )2, or -S(=0)2;
wherein each R2' is independently H, Ci-C6 alkyl, Ci-C6alkoxy, C1-C6 haloalkyl, or Ci-C6
hydroxyalkyl; and q is 1, 2, or 3; R3is H or 124; whgrein le is C1-C6 alkyl, C1-C6 alkoxy, amino, aryl,
arylalkyl, alkylaryl, heteroaryl, alkyl heteroaryl, heteromyl alkyl, cycloalkyl, alkyl cycloalkyl, cycloalkyl
alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or heterocycloalkyl alkyl, and is optionally substituted
with one or more C1-C6 alkyl, hydroxy, oxo, Ci-C6 hydroxyalkyl, C1-C6 alkoxy, halogen, nitro, amino,
cyano, C1-Caialkytspifodylf driiils Coatratoatkyliis ICH & (Y') or NH; is halogen, hydroxy, or CI-Co
alkyl, whergin the I%i;gﬁ _qik,\,ﬁ:iglppji@nﬁuy&gﬁs_tﬁuted with one or more substituents selected from the
group consisting of hydroxy, C1-C6alkoxY, amino, and halogen; Y'is H or C1-C6 alkyl; y2y2b s is Yla
or Y2b; wherein Y22 is H or halogen;C1-C6 alkyl, optionally substituted with one or more Y213';
wherein Y2b. is hydroxy, C1-C6alkoxy, or halogen; each Y2'is independently Yva or Y2"; wherein Y2'a
is halogen; y2:1, s Ci-C6 alkyl, optionally substituted with one or more Y2v; wherein Yn. is hydroxy,
C1-C6 alkoxy, or halogen; is 0, 1, 2, or 3; Y3is halogen or C1-C6 alkyl, wherein the Ci-C6 alkyl is
optionally substituted with one or more substituents selected from the group consisting of hydroxy,
C1-C6 alkoxy, amino, and halogen; mis 0 or 1;



y4is y4a, y4b, y4c, y4d: wherein Y4a is 11 or halogen; -105- Y4c is C3-C7cycloalkyl, optionally
substituted with one or more substituents selected from the group consisting of C1-C6 alkyl,
Ci-C6haloalkyl, halogen, hydroxy, amino, and CI-C5 alkoxy; and Y4d is amino, optionally substituted
with one or more CI-C6alkyl; 5 or a pharmaceutically acceptable salt thereof. 4 .The compound of
formula | or Il according to claim 2 or 3, wherein-YUis-methyl, Y2 is hydroxymethyl, nis 0, and m is O.
5. The comppund of formula I according to claim 2, wherein Q is CH. 6. The compound of formula | or
Il accordindto clafiyi2hsemagheyeippiod.igrparewexcsikphardity vreienally e$sCmesitgtlioypk optionally
substituted with gne Qr;mgeegtgtaggiwefgt&%@@@@}frgM@kgﬁqg&gg@@m%gﬁ@ggﬁpcg1-C6a|kyI
and C1-C6haloalkyl: and Y4d is amino, optionally substituted with one or more C1-C6 alkyl. 7. The
compound of an968'jf8’i¥f BHARGE TIECIGMIR SelreltTh g SreRTripainatSYsantirer Sutoisune condition,

e.g. arthritis, or bilsahitbiting B-cell proliferation. 15 8. A pharmaceutical composition comprising the

compoundof a c@(i_r:@ﬁ -6, admi wij le eutjical ptable carrier,
excipient oﬁil&gﬁg@e use (cj)lf%g)%ou d accésrﬁﬁg%%s@lﬁg ‘& cgillr%s‘tif(g%ﬁ the preparation
" of a medicamentfPINERireatmeRtOD BRINtRIMB N " detisradsdinianesebinditehg is 1. 2,

or 3;

R’ isHor R’ wherein R* is C,-Cgalkyl, C;-Cq alkoxy, amino, aryl, aryialkyl, alkylaryl,
heteroaryl, alkyl heteroaryl, heteroaryl alkyl, cycloalkyl, alky! cycloatkyl, cycloalky] alkyl,
heterocycioalkyl, alkyl heterocycloalkyl, or heterocycloalkyl alkyl, and is optionally
substituted with one or more C;-Cg alkyl, hydroxy, oxo, C;-Ce hydroxyalkyl, C;-Cg alkoxy,
hatogen, nitro, amino, cyano, C;-Cg alkylsulfonyl, or C;-Cg haloalkyl;

Q isCHorN;

Y'  isHor C-Cgalkyl;

Y? is Y* or Y®; wherein Y* is H or halogen; Y is C;-Cy alkyl, optionally substituted with
one or more Y**; wherein Y*' is hydroxy, C;-Cgalkoxy, or halogen;

each Y* is independently Y** or Y*™; wherein Y™ is halogen; Y** is C;-Cgalkyl, optionalty
substituted with one or more Y**'; wherein Y*" is hydroxy, C;-Cgalkoxy, or halogen:

n is0, 1,2, 0r3;

Y*® s halogen or C;-Cg alkyl, wherein the C,-Ce alkyl is optionally substituted with one or
more substituents selected from the group consisting of hydroxy, C;-C¢ alkoxy, amino, and
halogen;

m 1s0ori; _

Y* o is YR Y, Y or Y wherein
Y*  isH or halogen;

Y* s C;-Csalkyl, optionally substituted with one or more substituents selected from the
“group consisting of C;-Cg haloalkyl, halogen, hydroxy, amino, and C;-Cg alkoxy;
Y% is C3-Creyceloalkyl, optionally substituted with one or more substituents selected
from the group consisting of C;-Cg aikyl, C;-Cg haloalky!, halogen, hydroxy, amino,
and C-Cgalkoxy; and
Y*  is amino, optionally substituted with one or more C;-Cg alkyl;

or a pharmaceutically acceptable salt thereof.
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3. The compound of Formula IT according to claim 1, wherein:

R
Ri

RS

is H, -R', R'-R*-R*, -R'-R’, or -R*-R?*;

is arvl, heteroaryl, cycloalkyl, or heterocycloalkyl, and is optionally substituted with one or
more R'; each R is independently C;-Cs alkyl, hydroxy, C;-Cghydroxyatkyl, C;-Ce
alkoxy, halogen, nitro, amino, cycloalkyl, cycloalkyl C;-C¢ alkyl, heterocycloalkyl, cyano,
nitro, or C;-Cg haloalkyl;

is ~C(=0), <C(=0)0, ~C(=0IN(R?)s, ~(CHa)g, —O(CH,)q, ~CH,C(=0), -CH,C(=0N(R™);,
or —S(=0),; wherein each R” is independently H, C;-Cgalkyl, C,~Cs atkoxy, C;-Cq
haloalkyl, or C;-Cghydroxyalkyl; and g is 1, 2, or 3;

is H or R*; wherein R* is C-Cgalkyl, C;-Cq alkoxy, amino, arvl, arylalkyl, alkylaryl,
heteroaryl, alkyl heteroaryl, heteroary! alkyl, cycloalkyl, alkyl cycloalkyl, cycloalkyi alkyi,
heterocycloaikyl, alkyl heterocycloalkyl, or heterocycloalkyl alkyl, and is optionally
substituted with one or more C;-Cg alkyl, hvdroxy, oxo, C;-Cs hydroxyalkyl, Cy-Cgalkoxy,
halogen, nitro, amino, cyano, C,-Cs alkylsulfonyl, or C,-Cg haloalkyl;

is CHa, CH(Y ) or NH;

is halogen, hydroxy, or C;-Cealkyl, wherein the C1-Cgalkyl is optionally substituted with
one or more substituents selected from the group consisting of hydroxy, C~Cy alkoxy,
amino, and halogen;

is H or C;-Ce alkyl;

is Y* or Y*; wherein Y* is H or halogen; Y*" is C;-Cg alkyl, opﬁonally substituted with

one or more Y™; wherein Y is hydroxy, C,-Cgalkoxy, or halogen,

each Y? is independently Y** or Y*"; wherein Y™ is halogen; Y** is C-Cs alkyl, optionally

substituted with one or more Y**; wherein Y?* is hydroxy, C;-Cs alkoxy, or halogen;

is0, 1,2, 0r3, .

is halogen or Cy-Cg atkyl, wherein the C,-Cq alky! is optionally substituted with one or
more substituents selected from the group consisting of hydroxy, Ci-Cs alkoxy, amino, and
halogen;

1s0oril;

is Y Y*® Y* or Y* wherein

Y* is H or halogen;

Y¥® s C1-Cgalkyl, optionally substituted with one or more substituents selected from the

group consisting of C;-Cg haloalkyl, halogen, hydroxy, amino, and C;-Cg alkoxy;
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Y*  is C3-Cy cycloalkyl, optionally substituted with one or more substituents selected from
the group consisting of C;-Cg alkyl, C,-Cg haloalkyl, halogen, hydroxy, amino, and C;-
Csalkoxy; and

Y*  is amino, optionally substituted with one or more C;-Cgalkyl;

or a pharmaceutically acceptable salt thereof.

4 . The compound of formula I or IT according to claim 2 or 3, wherein Y is methyl, ¥ is

hydroxymethyl, nis 0, and m is 0.
5. The compound of formula I according to claim 2, wherein Q is CH.

6. The compound of formula I or IT according to claim 2 or 3, wherein Y* is Y* or Y*; wherein Y*is
C3-Cy cycloalkyl, optionally substituted with one or more substituents selected from the group
consisting of halogen, C;-Cg alky! and C)-Cg haloalkyl; and Y* is amino, optionally substituted with

one or more C-Cg allcyl.

7. The compound of any one of claims 1-6 for use in treating an inflammatory and/or autoimmune

condition, e.g. arthritis, or of inhibiting B-cell proliferation.

8. A pharmaceutical composition comprising the compound of any one of claims 1-6, admixed with at

least one pharmaceutically acceptable carrier, excipient or dituent.

9, The use of a compound according to any one of claims 1-6 for the preparation of a medicament for

the treatment of an inflammatory and/or autoimimune condition.



