WO 2010/006947PCT/EP2009/058484 NOVEL PHENYL-IMIDAZOPYRIDINES AND PYRIDAZINES
The present invention relates to the use of novel derivatives which inhibit Bruton's Tyrosine kinase
(Btk) and are useful for the treatment of auto-immune and inflammatory diseases caused by aberrant
B-cell activation. THE'HB¢! 6- Phenyl-imidazo[1,2-a]pyridine and 6- Phenylﬁﬁggfa?& ?%TB%/rldazme
derivatives described herein are usefid for the treatment of arthritis. 5 Btk is a member of the Tec
family of tyrosine kinases, and has been shown to be a critical regulator of early B-cell development
and mature B-cell activation and survival (Khan et al. Immunity 1995 3:283; Ellmeier et al. .1 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. 1995 333:431 and Lindvall et at Immunot Rev. 2005
203:200). These patients are 10 immunocompromised and show impaired maturation of B-cells,

decreased immunogloR@vENEWENeRM BRecHOPreisiiNES Sy Peribndepensent 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. Irfhreslintoaimmerina mbctel@dhswwﬁmkma&ewmmedshﬂﬁt(%pﬂﬂmﬁmnt mice

show marked amslieraion ol deeass praaiession i adsiian. it delgntmiep e teant ©

collagen-induce ritis (Jansson and Ho In. Exp. Immunotl A selective Btk
inhibitor has ﬁmﬂm@ﬂ@ﬁﬂsﬁmﬁ@@@es@ﬁéweﬁcﬁeﬁh@mba@jﬁmd?ﬁo@@@ﬁmlﬂ@drﬁdﬁ@n@ Pan etal.,

Chem. Med (e 200213880 i BlkiR AlsR QBEasRe dibY- CSIRIRS dnan-Binelisinatmay be

involved in dlsease processes. For 20 example, Btk is expressed by mast cells and Btk-deficient bone
marrowy der dmast cells 0 aired ntl en |nd nulatl waki et al. J. Biol.
Chem 200358 T635554 6 SRS RO LU BE HISBh (PR B OICRE AT ML LR responses
such as ahiegg;at@mdfmﬂmmcﬁlsmmhpnﬁmmﬁmmbeamentts«atmwkndhﬁtk\ab(ﬁhwstaizisent show
decreased, TNF followm ti I 21603, 25 2003).
Therefore TRES ha me 1a ég1 amma ojfléno%l%y Bt%l\?{&?ﬁvsl}/ng%ﬁ(rg% e?e%%ér e Rhibitors.
Also, Btk heslbeethe epoticontd piakcd sotmninagopiosinisBarit- Semtd imRnsanler 22- f%\E@Joo

178:493 andyhys, Gk %'Q@?fa%&’ﬂiﬂ&'v@ﬁ Ysaiubinrhe keasnentes %Uf‘*@h@s&? lidymphamas and
leukemias (Feldhahn etal. J CE Med. 2005 201:1837,). The present disclosure provides

6-phetyl- |FWH%EP%W%W@ o 6 ippRaAd RIS 21 BrsoHelsiereastt immRaeiebriBcadds of

Formulae ﬁeﬁpﬂérdl\@oée\ﬂ levels, diminished T-cell independent immune responses as well as attenuated

calcium mobilization following BCR stimulation.

Evidence for a role for Btk i antoimmune and inflammatory diseases has also been provided by
Btk-deficient mouse models. In preclinical murine models of systemic lupus erythematosus

15 (SLE), Bik-deficient mice show marked amelioration of disease progression. In addition, Btk-
deficient mice are resistant to collagen-induced arthritis (Jansson and Holmdahl Clin. Exp.
Immunol. 1993 94:459), A selective Btk mhibitor has been demonstrated dose-dependent
efficacy in a mouse arthritis model (Z. Pan et 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. For
20 example, Btk is expressed by mast cells and Btk-deficient bone marrow derived mast cells
demonstrate impaired antigen induced degranulation (Iwakd er 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 197:1603,
25  2003). Therefore TNF alpha mediated inflammation could be modulated by small molecular Btk

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



R N N XXX IVV wherein: Ris H, -R1, -121-R2-R3, -121-R3, or -R2-R3; wherein R' is aryl, heteroaryl,
cycloalkyl, or heterocycloalkyl, and is optionally substituted with R1; wherein 121. is lower alkyl,
hydroxy, lower hydroxyalkyl, lower alkoxy, halogen, nitro, amino, cycloalkyl, heterocycloalkyl, cyano, or
lower haloalkyl; R2 is -q=0), -2=-0)0, -C(=0)N(R2"),-ACH2)q, or -S(=0)2; wherein R2' is H or lower
alkyl; and q is 1, 2, or 3; R3 is H or R4; wherein R4 is lower alkyl, lower alkoxy, lower heteroalkyl, aryl,
arylalkylralkylaogl] hetergand. talisybhelernants heieloasiaiRil faydlioallyimatiod cysioatkslceycloalkyl
“alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or heterocycloalkyl alkyl, and is optionally substituted
with oné%??%B%%Wér%mo%%w%g%?mﬁe{’ %§9 G o%&&é%ﬂob@é? dikoxy, halogen, nitro, amino,
cyano, lower alkylsulfonyl, or lower haloalkyl; X is CH or N; Qis a carbon or nitrogen atom, wherein the
carbon dienpissensdisstitsietpor sdbstitpted Yyihadegel,, hradiveryirar dodvérpdikyy] sichateio] the lower alkyl
is optionally sybstit with .one or more,substituents lﬁctéﬁi m the group consisting of hydroxy,
lower al jﬁ&}?gar%ll%%‘);u%%l h%)&g%recno;né%%lﬁ@(s %?Bﬁ%gﬁgﬁ y 6?@ %;qv/(\e/herein Y'ais halogen; Y I bis
lower alkyl, optionally substituted with one or more Yib'; wherein ylb' is hydroxy, lower alkoxy, or

halogen; is g, 1, ? "6&3, H A

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, cycloalkyl, heterocycloalkyl, cyano, or lower haloalkyl;
R? is ~C(=0), ~C(=0)0, -C(=0)N(R?), ~(CHy)q, or —S(=0),; wherein R is H or lower
alkyl; and qis 1, 2, or 3;
R’ is H or R*; wherein R* is lower alkyl, lower alkoxy, lower heteroalkyl, aryl, arylalkyl,
alkylaryl, heteroaryl, alkyl heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl cycloalkyl,
cycloalkyl alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or heterocycloalkyl alkyl,

and is optionally substituted with one or more lower alkyvi, hydroxy, oxo, lower



y2a..2b is Y2 or; wherein Y2a is H or halogen; Y2b is lower alkyl, optionally substituted with one or
more Y2b'; wherein Y2b' is hydroxy, lower alkoxy, or halogen; 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, lower alkoxy, amino, and  halogen; mis Gor 1; y4is y4a, y4b, y4c.,Y -cr4d, wherein y4a is H
or halogen; y4b is lower alkyl, optionally substituted with one or more substituents selected from the

group consistingigidwedlkal okt NadegenaloydroxyiranainthRrddayyasedaxyyiydEds Jowelsystoalkyl,
opt_ionally substiﬁjtfcé]gﬁ? one or more substituents selecte.d from thg group consi_sting of Iower_alkyl,
lower haloalkyl, H&t88ér:>hydroxy, amino, and lower alkoxy; and y4d is amino, optionally susbstituted
with onexor moreHawel;alkyl; or a pharmaceutically acceptable salt thereof. -3a- In a first aspect, there
s prOVidS d aig%ngg%lég%g In]ct?'(r)?elil]!%tgni,l wherein the carbon atom is unsubstituted or substituted by
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;
cach 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 is0,1,2,0r3;
Y?  is Y or Y, wherein Y* is H or halogen; Y*" is lower alkyl, optionally substituted with
one or more Y2 ; wherein Y is hydroxy, lower alkoxy, or halogen;
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;
m is0orl;
vt ois Y™ Y, Y, or Y wherein
Y* is H or halogen;
Y* s lower alkyl, optionally substituted with one or more substituents selected from the
group consisting of lower haloalkyl, halogen, hydroxy, amino, and lower alkoxy;
Y*  is lower cycloalkyl, optionally substituted with one or more substituents selected
from the group consisting of lower alkyl, lower haloalkyl, halogen, hydroxy, amino,
and lower alkoxy; and

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

or a pharmaceutically acceptable salt thercof.



wherein: R is H,-R1---R2-R3, -R1-R3, or -R2-R3; wherein R1 is aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl, and is optionally substituted with R1'; wherein Rl 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 ), -(0-32)q, or -S(=0)2; wherein R2" is H or lower alkyl;
and qis 1, 2, or 3; R3is H or R4; wherein R4 is lower alkyl, lower alkoxy, lower heteroalkyl, aryl,
arylalkyinalkyteryspbetateasyl plkylidteearpbhhictefantdikyl, cycloalkyl, alkyl cycloalkyl, cycloalkyl
alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or heterocycloalkyl alkyl, and is optionally substituted
with one or moreli r alkyl, hydroxy, oxo, lower hydroxyalkyl, lower alkoxy, halogen, nitro, amino,
cyano, Iowek} alk QA&onyl or lower haloalkyl; X is CH or N; -3b- Qis a carbon or nitrogen atom,
wherein tRé ¥ poryatom is unsubstituted or substituted by halogen, hydroxy, or lower alkyl, wherein
the lower alkyf Htlonally substituted with one or more substituents selected from the group
consisting of hyrox;g{zlower alkoxy, amino, and halogen; each Y1 is independently yYib; wherein Yla
is halogecr[>< W ILIE igToNyer -? yI optionally substituted with one or more Y ib'; wherein Yi b. is hydroxy,
lower alkoxyd e M s, 2, or 3; y2 isy2a or Y ..2b, wherein Y2a is H or halogen; Y2b is lower
alkyl, optlonally S b It te one or more Y2b.; wherein Y2b' is hydroxy, lower alkoxy, or halogen;
Y3 is halogen or | alkyT; he¥ein the lower aIkyI is optionally substituted with one or more
substituents selected from the group consisting of hydroxy, lower alkoxy, amino, and halogen; is O or
1; y4 is y4a, y4b, Y4e, qr rid; wherein y4a is H or halogen; y4b is lower alkyl, optionally substituted with
one or more substituents selected from the

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, iower alkoxy, halogen,
nitro, amino, cycloalkyl, heterocycloalkyl, cyano, or lower haloalkyl;

R? is ~C(=0), “C(=0)0, —-C(=0)N(R?), «(CHy)q, or ~S(=0),; wherein R? is H or lower
alkyl; and qis 1, 2, or 3;

R® is H or R* wherein R” is lower alkyl, lower alkoxy, lower heteroalkyl, aryl, arylalkyl,
alkylaryl, heteroaryl, alkyl heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl cycloalkyl,
cycloélkyl alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or heterocycloalkyl alkyl,
and is optionally substituted with one or more lower alkyl, hydroxy, oxo, lower
hydroxyalkyl, lower alkoxy, halogen, nitro, amino, cyano, lower alkylsulfonyl, or
lower haloalkyl;

X isCHorN;



group consisting of lower haloalkyl, halogen, hydroxy, amino, and lower alkoxy; y4c 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 y4d is amino, optionally susbstituted
with one or ore lower alkyl; or a pharmaceutically aggeptable salt thereof In one embodiment the
disclosure provides a compound of formula I, II, lll, IV or V wherein X is CH. In one embodiment the

disclosue pravideshaenpaupehafibaunyiarkil i, dAemn\iiwherein Kisdi:Ha onpsusmhedingnt the
disclosure prﬁades a compound of formula I, II, 1ll, IV or V wherein Y4 is Y44 or Y4d; wherein Y44 is

lower cycloaRECSPSNAI B tREuANH: STETsHNHRTdo v dlipdritepfienad|ysehssirdvaty i
consisting of ipwesralkysdavwatshalealkylrbaldge g duydsenysanpRe hSaELIWRIAKRGANENHE IS

amino, optional{? %rbstit_uted with one or more lower alkyl. In one embodiment the disclosure provides
a compound 8t SRGEEMI 111, IV or V wherein R is-R1, -R1-R2-R3, or -R2-R3: wherein R1 is heteroaryl,

and is opiigmallyssubssisuteavith'Ry: wHeteiaBa 15 Jeyven adion, R is riue0diRy1; GFROMNIR2); wherein
R2' is lower alkyl; and R3 js H or R4; whegein R4 is hgterocycloalkyl. In one embodiment the

disclosure prd SRR I ORREORRE hula Y ARTEe QSLPEY NoTrE kiR varBtese of Foimula |,
Y2 is hyglroxygtethy?, @ & CH, Xis N, niis 0 and mis O. In certain variations of Fonimla |, Y2 is

hydrox thyl, Q.is Xis CH, n4s.0 and m_is 0. In gertain variations of Formula I, Y4 is group (a
a?:<yl, OBr/ Oweiglﬁ o ?,Wﬁg@mYé@lﬁﬁPlﬂ%&% ‘&)%vgr?ower alkyl, optionally substituted wgith P (@)

one or more Y-" ; wherein Y is hydroxy, lower alkoxy, or halogen;

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; |

m isQorl;

Y4 is YR Y, Y* or Y. wherein
Y* is H or halogen;

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

- Y% islower 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 susbstituted with one or more lower alkyi;

or a pharmaceutically acceptable salt thereof,

In one embodiment the disclosure provides a compound of formula I, 1L, IIL, IV or V wherein X
is CH.
In one embodiment the disclosure provides a compound of formula I, 11, III, IV or V wherein X

1s N.

In one embodiment the disclosure provides a compound of formula 1, II, IIL, IV or V wherein Y* is

Y* or Y*; wherein Y*° is lower cycloalkyl, optionally substituted with one or more



In certain variations of Foiniula I, R is -R1-R2-R3; wherein R1 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, vs *-N \ In
certain variations of Fonnula I, Y4 is group (b)Y wherein, Y5 and Y6 are independently H or lower
alkyl. In one embodiment of Formula I, X is N, n is 8tand m is 0. In one embodiment of Formula I, and
Q is N. In one embodiment of Formula |, Q is N, X is N, nis 0 and m is 0. In one embodiment of

Formulamh;b‘s&ﬁﬂsﬂaydetecyeﬂé%bm the @ﬁ@pm@mm@bmﬁmu@u 16visr Nalaalk Y 2hsl Syeroagdnathy!. In
one embodiment of Formula I, Y2 1S h drox, m iISN,nis0andinis 0. WO

01010 BB EPE0BE A8 o s B En BOTSRCSrEHI TAHT &  CEAR el
embodiment of Formula!, Q is CH, and Y2 is hydroxymethyl. In one embodiment of Formula!, Q is CH,
Y2 is hyldrong/emgdzmontihidisclesoranmcbrdis @ comppiae pibodie htlb Hotvhel & 1v¥2eis ethyl.

is—Ri, —R1~R2——R3, or —R*-R? : wherein R! is heteroaryl, and is optionally substituted with Rl’;
wherein R' is lower alkyl, R? is <C(=0) or ~C(=0)N(R*); wherein R is lower alkyl; and R’ is
H or R*; wherein R” is heterocycloalkyl.

In one embodiment the disclosure provides a compound of Formula I, wherein Q is CH or N,
In certain variations of Formula I, Y? is hydroxymethyl, Q is CH, X is N, nis 0 and m is 0.

Tn certain variations of Formula I, Y7 is hydroxymethyl, Q is CH, X is CH, nis 0 and m is 0.

3

Y.
%

In certain variations of Formula LY is group (a) wherein, Y is H, halogen, lower

alkyl, or lower haloalkyl.

In certain variations of Formula I, R is ~R'~R*R’; wherein R’ is phenyl or pyridyl; R* is -
C(=0); R” is R*; and R* is morpholine or piperaziﬁe, optionally substituted with one or more

lower alkyl.

5

T/Y
% 1\\

6
In certain variations of Formula I, Y* is group (b) Y wherein, Y° and Y® are

independently H or lower alkyl.

In one embodiment of Formula i, X is N, nis 0 and m is 0.

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

In one embodiment of Formula I, Qis N, X is N, nis 0 and m is 0.
In one embodiment of Formula I, Y~ is hydroxymethyl.

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

In one embodiment of Formula E, Q is N, Y is hydroxymethyl, X is N, n is 0 and m 1s 0.



5 In one embodiment of Formula!, Y2 is hydroxyethyl. In one embodiment of Formula I, Y2 is halogen.

In one empgdimentafprmula |, Xis CH and Y2 is hydroxymethyl. In one egpegingniseigrormula |,
Xis N and Y2 is hydroxymethyl. In one embodiment of Formula I, Xis CH, nis 0, and mis O. 10 In one

embodiment of Formula I, Q is N, X is CH, nis 0, arsd m is 0. In one embodiment of Formula I, Q is N,
Y2 is hydroxymethyl, X is CH, nis 0 and m is 0. In one embodiment of Foiinula I, Q is CH, and Y2 is

hydroxymsthyinbrheenéoeinart af keruladiQ is CH, Y2 is hydroxymethyl, X is CH, nis 0 and m
is 0. In one embodiment of Formula I, Q is CH, Y2 is methyl, Xis CH, nis 0 and mis 0. 15 In one

embodiment of Formula |, Q.is CH, Y2 is.h xyethyl, X is;CH, n is. 0.and mis 0. In one embodiment
of Form%g?,e(smsb 1, V% ?Sﬁgﬂ%uez%,lﬁés ,’na}lqs8 a%sgg\ﬁ?g diymeglr%'embodiment of Formula |, Q is
CH, Y2 is hydroxymethyl, Xis CH, nis 0, m is 0, ?r_]d Y4 is group (a) wherein, Ys is H, halogen, lower
alkyl, orlfoorsrdrabosliaytnt ofFermetef.varkatdh of tsdudoveasibdithént of FoPrtda, iRlis RI: and RI

is pyrazolyl, 20 optionally substituted with RI'. In one embodiment of Formula I, Y4 is lower alkyl. WO

2010/008UhERGHRR0QUOPEARGIG; W eng@mpodiment of Formula |, Q is CH, Y2 is hydroxyrnethyl,

Xis CH, nis 0, mis 0, and V is lower alkyl. In one variation of the above embodiment of Formula I, R
is -RI-R2-12.3; R] is_phenyl ;?Fr p qlﬁig/kl%’g is.-C(=0); s R4; and fe is morpholine or piperazine,

3
optisnaf QDD SHRBCSIEh 18 hydroxyet Yi-

Tn one embodiment of Formula I, Y? is halogen.
In one embodiment of Formula I, X is CH and Y* is hydroxymethyl,
In one embodiment of Forpmla 1, X is N and Y? is hydroxymethyl,
In one embodiment of Formula I, X is CH, nis 0, and m 15 0.

10 Inone embodiment of Formula I, Qis N, Xis CH,nis 0, and mis 0.
Tn one embodiment of Formula I, Q is N, Y* is hydroxymethyl, X is CH, n is 0 and m is 0.
In one embodiment of Formula I, Q is CH, and Y” is hydroxymethyl.
In one embodiment of Formula I, Q is CH, Y? is hydroxymethyl, X is CH, nis 0 and m is 0.
In one embodiment of Formula I, Q 1s CH, Y2 is methyl, X s CH, nis 0 and m is 0.

15 In one embodiment of Formula 1, Q is CH, Y* is hydroxyethyl, X is CH, n is 0 and m is 0.
In one embodiment of Formula I, Q 1s CH, Y* is halogen, X is CH, nis 0 and m 1s 0.

In one embodiment of Formula I, Q is CH, Y? is hydroxymethyl, X is CH, nis 0, m is 0, and v?

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

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

20  optionally substituted with R

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



5 more lower alkyl. In another variation of the above embodiment of Formula I, R is -R2-R3; R2 is

-C(:O)NH;‘Iigé @Q§ﬁ§%4 and R4 is lower alkyl. OH In one embodiment ﬁEF%gEH@A'S%@S group

(c)Y6 wherein 6 are independently H, lower alkyl, or lower haloalky In one embodiment
of Folinula I, Q is CH, Y2 is hydroxymethyl, Xis CH,g1is 0, m is 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

Formulay,JRdS bl Réid o Rikds RingNy kP iRy Fdt %%Bﬁir@(imétﬁiﬁ, i RACRNd B4 jsmoopheline or
piperazine, optionally substituted with one or more lower alkyl. 15 In one embodiment of Formula I, Q
is CH, YQI%W&@Wmethyl, Xis CH, nis 0, mis 0, and Y4 is group (b) wherein, Y5 and Y6 are
independently H or lower alkyl. In one variation of the above embodiment of Foiinula I, R is -R2-R3; R2
is -C(0)NHR Y isiktion BAihanddRd imieweanatkyl Fomanhther varRtior’okth& aboieeyhbogimeytt of
Formula |, R is -RI-R2-R3; RI is phenyl or 20 pyridyl; R2 is.-C(=0); R3 is R4; and R4 is morpholine or
Piporaze oEb AR o b AR G CREPHP R £ GETEEIRS1 TRUSRE B ABCR G, 1 EGHT 1. @ ie
N, Y22 isphyrdrieysnetiyl, X is CH, nis 0, mis 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 I, R is

RAR23 116 1S Do of ANIONL 25 B2 18 (-OL B35 Rt 01 ReS0196Pholce. 5 gty
optionally substituted with one or more lower alkyl.” - 7-
H or RY; and R* is lower alkyl.

&
In one embodiment of Formula I, Y* is group (c) Y'  wherein, Y° and Y* are

independently H, lower alkyl, or lower haloalkyl

10 In one embodiment of Formula I, Q is CH, Y? is hydroxymethyl, X is CH, nis 0, m is 0, and Y*

is group (¢} 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 CH, Y? is hydroxymethyl, X is CH, n is 0, 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? is —C(=0)NH; R* is H

or R*; and R” is lower alkyl.

In another variation of the above embodiment of Formula I, R is -R'-R’-R>; 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 one embodiment of Formula I, Q is N, Y? is hydroxymethy], X is CH, nis 0, 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 pheny! or pyridyf;
25 R%is —C(=0); R* is R%; and R is morpholine or piperazing, optionally substituted with one or

more lower alkyl.



In one embodiment of Formula I, Q is CH, Y2 is hydroxymethyl, X is N, nis 0, mis 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 I, R is -R1-R2-R3; le is phenyl or pyridyl; R2 is -C(=0); R3 is R4; and R4 is morpholine or
piperazine, optionally substituted with one or more Ipwer alkyl. In one embodiment of Fonnula I, Q is
N, Y2 is hydroxymethyl, Xis N, nis 0, mis 0, and Y4 is group (b) wherein, Y5 and Y6 are
indepengesily dhbsdawertalkybrinnng atiatien of tbaaboxewsdbadimien,of Fijnula b, Rdsy* is
~12.1-R2-R3; Rl is phenyl.or pyridyl: R2 is -C(=O); is R4: 3%4 is morpholine or piperazine,
optionalﬁf%@n‘ﬁggﬂﬁmg@y‘ilﬁm%@%ﬂgﬁ&ﬁyﬁ%%Wgre diment of Formula I, Y4 is group
(d)wherein, Y5 and Y6 are independently H, lower alkyl, or lower haloalkyl. In one embodiment of Foin
ula 1, Q Is G, Wldsdydfshyrtethykntisddtknt i’ BprmisOl, dhds YR isRirdih Rdisvpteneih o yadslY 6 are
indepenﬂgntl ”,_é?)v_v B alkyd, or er haloalkyl. In one variation of the abqve. m?odj ent of Foniiula I,
Ris IRIRDRGL e b R R e R T T B e B

optionaliysubstitertetkwith one or more lower alkyl. In one embodiment the-disclosure provides a
compound of Formula Il, wherein Q is CH2, CH(ii) or NH; wherein Y is halogen, hydroxy, or lower

alkyl, whereip (e IWRLAKYHSAREP Rty SHDSHuted JIbane R RoIegubaliients selggted from the

group consistln%of hydroxys, Iower6 alkoxy, amino, arid halogen.’In certain variations of Formula I, Q is
CH2, Y 2ty drossiethyl xensi N e ipdenanderdly. hosdetain ¢divhtions of Foimula II, Q is CH2, Y2 is

hydroxymethyl. Xis CH, nis 0 and m is 0. In certain variations of Foimula Il, Y4 is group (a) wherein,

Y5 is Hihalegesrisene batkyl aé e wabbaioaliods Wh3R10/RN6IR7TRETIEPZONYASSARY s%ﬁﬂyp,ertain
variations, of Foilula I, R is ;R1-R2;R3; Rl is phenyl or pyridyl; R2 is -C(=0); R3 is R4; and R4 is
morpholing of-fipeka3ins Fopfbhaily SRR WiRIBREOP fBPE e SiR§ituted with one or

more lower alkyl.
N
2
& YS
6

Y

In one embodiment of Formula 1, Y* is group (d) wherein, Y® and Y are

independently H, lower alkyl, or lower haloalkyl.

In one embodiment of Formula I, Q is CH, Y* is hydroxymethyl, X is CH, nis 0, m is 0, and v
is group (d) wherein, Y* and Y°® are independently H, lower alkyl, or lower haloalkyl.

In one variation of the above embodiment of Formula L, 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 one embodiment the disclosure provides a compound of Formula H, wherein Q is 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.
Tn certain variations of Formula II, Q is CHa, Y? is hydroxymethyl, X is N, n is 0 and m is 0.
In certain variations of Formula II, Q is CH,, Y?is hydroxymethyl, X is CH, nis 0 and m is 0.

In certain variations of Formula 11, Y* is group (a) wherein, Y* is H, halogen, lower alkyl, or

lower haloalkyl.



In certain variations of Formula Il, Y4 is group (b) wherein, Y5 and Y6 are independently H or lower

alkyl. 5 In gne smhpdipent of Foiinula Il, X'is N, nis 0 and m is 0. In one gipbggimenafg.ormula ll,

and Q is NH. In one embodiment of Formula Il, Q is NH, X is N, niis 0 and m is 0. In one embodiment
of Formula Il, Y2 is hydroxymethyl. In one embodingent of Formula I, Q is NH, and Y2 is :
hydroxymethyl. 10 In one embodiment of Formula I, Q is NH, Y2 is hydroxymethyl, Xis N, n is 0 and m

is 0. In gneembadinagphobFesmuia: i1 a0d QrS-RHR IROne gabadinmsnidet; Forpula#oR, IB°GH2, Xis

N, nis 0,,and m js 0. In gne_embodiment of Formuw is CH d Y2 is hydroxymethyl. In one

embodifeAtSEFHHGEP IO NP [ MIBHGT A% R SHE it (ﬁmfgﬁiizé;‘f%)?ﬂﬁﬂélﬂ? ¥RV 8roXyethyl. In

one embodiment of Formula Il, Y2 is halogen. In one embodiment of Foiada Il, X is CH and Y2 is
hydroxyimethylinlnapie@mbodimentafl Fofrisuleott $o)siiianth,Y?’ isndydfaxymetpghdanchyeslembodiment
of Formula II, ﬁ is CH, nis 0, and mis 0. 20 In one embodiment of Formula Il, Q is NH, X is CH, nis 0,
and mni?’&cfna e embodiment of Formula |, Q is NH, Y2 is hydroxymethyl, Xis CH, nis 0 and m is O.
In one embodiment of Formula I, Q is CH2, Xis CH, nis 0 and mis 0. WO
2016/006947ROTHER2009/0BSA842 31, |X ond .embBdindanti®Prormula H, Q is CH2, and Y2 is
hydroxymethyt.

In one embodiment of Formula I, and Q is NH.
In one embodiment of Formula XX, Q is NH, X 1s N, nis 0 and m 15 0.
In one embodiment of Formula IL, Y* is hydroxymethyl.
In one embodiment of Formula II, Q is NH, and Y* is hydroxymethyl.
10 In one embodiment of Formula IL, Q is NH, Y* is hydroxymethyl, X is N, n is 0 and m is 0.
In one embodiment of Formula 1, and Q is CHs.
In one embodiment of Formula II, Q 1s CH,, X is N, nis 0, and m is 0.
In one embodiment of Formula 1T, Q is CHy, and Y? is hydroxymethyl,
Tn one embodiment of Formula ¥, Y? is methyl.
15 In one embodiment of Formula IL, Y? is hydroxyethyl.
In one embodment of Formula 11, Y? is halo gen.
Tn one embodiment of Formula II, X is CH and Y? is hydroxymethyl.
In one embodi.rﬁent of Formula IT, X is N and Y? is hydroxymethyl.
In one embodiment of Formula I, X s CH, n1s 0, and m is 0.
20 In one embodiment of Formula IL, Q is NH, X 1s CH, n 15 0, and m 1s 0.
In one embodiment of Formula I1, Q is NH, Y? is hydroxymethyl, X is CH, n is 0 and mis 0.

In one embodiment of Formula I, Q is CH;, X is CH, n1s 0 and m is 0.



In one embodiment of Formula I, Q is CH2, Y2 is methyl, X is CH, nis 0 and mis 0. In one

embodimeptpifoimdla I, Q is CH2, Y2 s hydroxyethyl, X is CH, n is 0 anglcyyisthokieangembodiment
of Formula ll, Q is CH2, Y2 is halogen, X is CH, nis 0 and m is 0. 5 In one embodiment of Foiuiula I,

Y2 is hydroxyrnethyl, Q is CH2, X is CH, nis 0 and%n is 0, and 114 is group (a) wherein, Y5 is H,
halogen, lower alkyl, or lower haloalkyl. In one variation of the above embodiment of Formula H R is
-RI-R2-R, 3uRdnisqtianyt of pyriciaRE S 1O(ED);2:R3 ¥ R4nahd:Rhishyiorpho line or piperazine,
optionally substituted with one or more lower alkyl. 10 In another variation of the above embodiment of

Formula Il, R is -R2-R3: is -C(-5-- : is ; 4 is Jower .n yet another variation
of the a%)o?/%eéerrﬁliﬁg %%%Eoé%%%ﬁaf?f[\@%%%ggqéﬁél fg??%ﬁgle%iﬁt%%é%%u@%%ted with Rl In
one embodiment of Formula II, Y2 is hydroxymethyL, Q is NH, X'is CH, nis 0 and m is 0, and 15 Y4 is
group (&) wiesatho dimentpfifiaogels, %\@alﬁéﬁ% Br isvsiieatigh. Ynivhdlems bRt B ormula 11,
Y2 is hydroxymethyl, Q is CH2, Xis N, nis 0 and mis 0, and Y4 is group (a) wherein, Y5 is H, halogen,
lower alkyhRrdewsd:hripalioroimenaerobediment ofFavwia t X2, hydroximethyh Q is NH, X is N,

nis 0 and mis 0, and Y4 is group (a) wherein, Y5 is H, halogen, lower alkyl, or lower haloalkyl. 20 In

one_empodiment of Foimula ll, Y4 isﬂg r.agf .Inone e di t Qf Formula ll, Y2.is_.
hydroxyFheRf! qg@ﬁﬁ,’%?%é”@ﬁl}%' %Qalﬁ Rtk eﬁgyﬁiﬁés@;%%r%@?ﬁ L a s ad B isden of the
above embadimensgf RyRitiladin RyiSisRR-RE$RR2 bve(=liNHoRBvsHhoo&Eyand R4 is lower alkyl.
WO 2010/006947PCT/EP2009/058484 -10- In yet another variation of the above embodiment of

FOimUIe}r{lere iéaﬁgl;t%rﬁdoﬁlhig A 8%0%%%89&@&&9&3&‘1‘2%%@@2&3 : 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 II, R 15 R'; and R' is pyrazolyl,

optionally substituted with R"".

In one embodiment of Formuia II, Y is hydroxymethyl, Q is NH, X is CH, ni1s ¢ and m 1s 0, and
15 Y is group (a) wherein, Y° is H, halogen, lower alkyl, or lower haloalkyl.

In one embodiment of Formule XX, Y? is hydroxymethyl, Q is CH,, X is N, n is 0 and m is 0, and

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

Tn one embodiment of Formula II, Y* is hydroxymethyl, Q is NH, X 1s N, nis 0 and mis 0, and

Y is group {a) wherein, Y? is H, halogen, lower alkyl, or lower haloalkyl.
20 In one embodiment of Formula XT, Y* is lower alkyl.

Tn one embodiment of Formula TE, Y? is hydroxymethyl, Q is CH,, X is CH, nis 0 and m is 0,

and Y* is lower alkyl.

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

is H or R*; and R? is lower alkyl.



In one embodiment of Formula H, Y2 is hydroxymethyl, Q is NH, X is CH, nis0and mis O, and Y4 is

lower alkylvﬁ)lg_og&g embodiment of Foiinula 1, Y2 is hydroxymethyl, Q is GJg¢,pgbis,N,RdsP and mis
0, and Y4 is lower a?kyl. In one embodiment of Formula H, Y2 is hydroxymethyl, Q is NH, X is N, nis O

and mis 0, and Y4 is lower alkyl. In one embodimerg-of Fotmula I, Y4 is group (c) wherein, Y5 and Y6
are independently FI, 10 lower alkyl, or lower haloalkyl. In one embodiment of Formula Il, Y2 is

hydroxymethydndHs CiisisoC e s € angh o it O Td-Ydrisl9IaUR (ERVNeeR), X andbXe are
independently H, lower alkyl, or lower haloalkyl. In one variation of the above embodiment of Formula
Il, R is FRURDRGSREHRL b Rpyridyl; R2 is -C(=0): R3 is R4; and R4 is morpholine or piperazine,
optionally substituted with 15 one or more lower alkyl. In another variation of the above embodiment of
FormulanlpfR ismBRRRBnRE BorG{ONHE; R ptiarkdeanyd, R4 iSNHIe il drisyesahothed, vardation
of the at%ﬁv.g embodiment of Formula I, R is RI; and RI is pyrazolyl, optionally substituted with RP. 20
In one € B?)&iﬁﬁeérn‘? YIE—ormula I, Y2 is hydroxyrnethyl, Q is NH, X is CH, nis 0 and inis 0, and Y4 is
group (c) wherein, Y5 and Y6 are independently H, lower alkyl, or lower haloalkyl. In one embodiment
of FHrmunatk Yatiediymsxfifethyladis CHohx) e tymreisyd &ht fitis. 0¥ anth yisd grsum (e Pwingrein, Y5
and Y6 ?zeigqg%egn%?ptly H, lower alkyl, or tower haloalkyl. WO 2010/006947PCT/EP2009/058484
-11- ' In oné embodiment of Formula H, Y2 is hydroxymethyl, Q is CH2, X is CH, nis 0 and m is 0, and
Y4 is group (b) wherein, Y5 and Y6 are independently H or lower alkyl. In ong variation of the above
embodiﬁ@emwpmmm@nn9&@@4&@&3}@@%@1&%%&%%,Ha%ig% By OrRadanes 8R4 is
morphokreof,Ripesagine, optionally substituted with 5 one or more lower alkyl. In another variation of
the above embodiment of Formula I, R is -R2-R3; R2 is -C(=0)NH; R3 is H or R4; and R4 is lower
alkyl. In one embodiment of Formula II, Y* is group (c) wherein, Y® and Y® are independently H,

10 lower alkyl, or lower haloalkyl.

In one embodiment of Formula I¥, Y? is hydroxymethyl, Q is CHp, X is CH, n is 0 and m i5 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 I1, 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

15  one or more lower alkyl.

In another variation of the above embodiment of Formula I, R is —-R*-R>; R? is ~C{(=O)NH,; R?

is H or R%; and R* is lower alikyl.

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

optionally substituted with R,

20  In one embodiment of Formula IT, Y? is hydroxymethyl, Q is NH, X is CH, n is 0 and m is 0, and

Y* is group (c) wherein, Y° and Y are independently H, lower alkyl, or lower haloalkyl.

In one embodiment of Formula XX, Y? is hydroxymethyl, Q is CH,, X is N, nis 0 and m is 0, and
Y* is group (c) wherein, Y® and Y® are independently H, lower alkyl, or lower haloalkyl.

In one embodiment of Formula II, Y? is hydroxymethyl, Q is NH, X is N, n is 0 and m is 0, and
25 Y*is group (c) wherein, Y? and Y® are independently H, lower alkyl, or lower haloalkyl.



In yet another variation of the above embodiment of Formula Il, R is R'; and R' is pyrazolyt, optionally

substituted‘?‘\/gtgoﬁ)l/b(%g)(‘l]n one embodiment of Formula H, Y2 is hydroxymegyl-@-is Mze &4is CH, nis 0
and mis 0, and Y4 is group (b) wherein, Y5 and Y6 are independently H or lower alkyl. In one

embodiment of Formula Il, Y2 is hydroxymethyl, Qjg.CH2, X is N, nis 0 and m s 0, and Y4 is group (b)
wherein, Y5 and Y6 are independently H or lower alkyl. In one embodiment of Folnada Il, Y2 is

hydrexymgtaytn@dgiMEht $iFdninis O antliBhisdes:antelin Y 4is graupy ) whRetein) ¥edandsio are
independently H or lower alkyl. In one embodiment of Fonnula 11, Y4 is group (d) wherein, Y5 and Y6

are ind&PEndelitRF &I S IGIEH: or 16WEr hAISANEPIGHE R HBodwEht i Eormula 11, Q is CH2, Xis

CH, nis 0 and mis 0, and Y4 is group (d) wherein, Y5 and Y6 are independently H, lower alkyl, or
lower hatoatisytadft imarfelvartntiorobtdmbve’ Emboadinibri ¢f FRMFRIRI; R it RtsRBR3; Rl is

phenyl or rigﬁi‘sz IS, -( (:_(%])3; R3 is R4;.and R4 is morpholine or piperazine, optionall bstituted
Gttt g o LA e bt SR B e e
R2 & -G{EOpNHpR3ds ¢ glkpé; and R4 is lower alkyl. 25 In yet another variation of the above
embodiment of Formula Il, R is 11°; and R' is pyrazolyl, optionally substituted with R". -12- In one

embodiment of Formul [ 1, X.iS:ChE 0L dmisf and Yéis,erqup (dy-wherein,¥5 and
Y6 are ﬁﬁ%&%&rﬁ#@#&%ﬂ %%?l?g)v%g?%alﬁog yl. In‘one ’emrgoﬁnent’ 0 FSorgr% latl, Q% CH2,
Xis N, nisg0oamd:ranié B wridwet ikgloup (d) wherein, Y5 and Y6 are independently H, lower alkyl, or

lower haloalkyl. In one embodiment of Foimula Il, Q is NH, X is N, nis 0 and mis 0, and Y4 is group

(d) wheigin. i aRd V&R s emendent Hphuee AlkyF ariawet hrlatylin RN g}_@ﬁqgment the
IS

disclosure’provides a compound gf Foimula IlI. In certain variations of Formula Ill,
hydroxy?ReeiALX rpstiRTsO"HYkN is 0. ht certain variations of Founula lIl, Y2 is hydroxymethyl, Xis
CH, nis 0 and m is 0. In certain variations of Formula Ill, Y4 is group (a) wherein, Y5 is H, halogen,

lower alisybrer dawediadgadtHormula I, Y* is hydroxymethyl, Q is NH, X is CH, n is 0 and m is 0, and
Y4 is group (b) wherein, Y° and Y are independently H or lower alkyl.

In one embodiment of Formula I, Y? is hydroxymethyl, Q 1s CH;, X 1s N, n1s 0 and m 1s 0, and
Y* is group (b) wherein, Y* and Y® are independently H or lower alkyl.

Tn one embodiment of Formula 1T, Y is hydroxymethyl, Q 1s NH, X is N, n1s 0 and m 1s 0, and
15 Y*is group (b) wherein, Y? and Y are independently H or lower alkyl.

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

lower alkyl, or lower haloalkyl

Tn one embodiment of Formula II, Q is CH,, X is CH, nis 0 and m is 0, and Y* is group (d)

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

20 In one variation of the above embodiment of Formula 1T, 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 IL R is -R’~R?; R? is ~C(=0)NH; R’

is H or RY; and R is lower alkyl.

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

optionally substituted with R".



In certain variations of Formula Ill, R is -RI-R2-R3; R1 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 certain variations
of Formula Ill, Y4 is group (b) wherein, Y5 and Y6 are independently H or lower alkyl. In one
embodiment of Fonnula Ill, nis 0 and m is 0. In ond2mbod ent of Formula HI, Y2 is hydroxymethyl. In
one embodiment of Formula Ill, Y2 is hydroxymethyl, nis 0 and m is 0. In one embodiment of Fonnula
11, X is b dnoaateribedingfoohhtr TiL@ HINHISO TS, 0, iandadismbs 0 orembedimed; of Formula

I, X'is C Ino giment of Form I, nis 0, mis O, and n one embodiment of
Formula D% Bty FE R EARROIE L OF Eo PR (PSRl yetyt. WO
2010/006947PCT/EP2009/058484 -13- In one embodiment of Formula Ill, Y2 is halogen. In one
emboditmenteofroidiniadtio M imbldibx@rethyl, Kis O, mis 0K is GH), andi‘iﬂii@gwppd(}a) wherein,

Y5is H, rllglo nsLowealkyl, o low hgh I nahoth ryariaf f the above embodiment of
Formula | 59% Rg I%eingﬁg % ! ‘?f élw al qﬂgaﬁnodvﬁrmﬁfo{/%g% alkyl. In yet another
variation of the above embodlment of Formula LII R is RI; and RI is pyrazolyl, optionally substituted

with RI. Inrpeperapadammer GrradmiaQiis mﬁﬁw%%ym@thw 9 1§ 0, 2140 IaBPYOIEIN, and Y4 is
group ()yhsrein? Yris Hybalpestdenver alkvlwer Jawer falalttaloalkyl.

In one embodiment the disclosure provides a compound of Formula II1.
In certain variations of Formula I, Y? is hydroxymethyl, X is N, n is 0 and m is 0.
In certain variations of Formula 111, Y? is hydroxymethyl, X is CH, n is 0 and m is 0.

In certain variations of Formula Ifl, Y* is group (a) wherein, Y” is H, halogen, lower alkyl, or

lower haloalkyl.

In certain variations of Formula IIL, 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 certain variations of Formula I, Y* is group (b) wherein, Y? and Y° are independently H or

lower alkyl.
In one embodiment of Formula I, n is 0 and m 1s 0.
In one embodiment of Formula I, Y? is hydroxymethyl.
In one embodiment of Formula TIT, Y is hydroxymethyl, n is 0 and m is 0.
In one embodiment of Formula III, X is N,
In one embodiment of Formula I, n is 0, m is 0, and X is N.
In one embodiment of Formula I, X is CH.
In one embodiment of Formula III, n is 0, m is 0, and X is CH.
In one embodiment of Formula IIT, Y? is methyl.

In one embodiment of Formula IIL, Y~ is hydroxyethyl.



10 In one embodiment of Formula Ill, Y4 is group (c) wherein, Y5 a d Y6 are independeritly H, lower

alkyl, or lowey halpalkylsIn one embodiment of Foiuiula Ill, Y2 is hydroxymgthykpadge@smds 0, X is CH,
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 Ill,-R3s -RI-R2-R3; RI is phenyl or 15 pyridyl; R2 is
-C(-0); R3is le; and R4 is morpholine or piperazine, optionally substituted with one or more lower alkyl.
In anothervaratian:phéhedroraembadimentabbenmula |1, R is -R2--R3; R2 is -C(-0)NH; R3 is H or
124; and R4 is lower allcyl.  In yet another variation of the above embodiment of Formula I, R is RE;

and RI | razolyl,,20 optignall ityted wi ' dj ula k-2 i
hyd roxﬁ%%ﬁ?yﬁ%%sdﬁ??nn%g%?%&r%ﬁ%ﬁ%%a%ﬁ%%&%%ﬁé%ﬁ%’rﬁﬁ@59(21%((1& ?6 g?rlé Ii‘r;dér%?%je ntly
El, lowen)atytrein]ddies Halbelhgdn) tooree dinbodireertdfakerylia 111, Y2 is hydroxymethyl, n is 0, m is
0, X'is CH, and Y4 is group (b) wherein, Y5 and Y6 are independently H or lower alkyl. -14- In one

variatiop %&ﬁ%ﬁ%@ﬁﬂ‘@@@@%@@&%ﬁ@%d{'oﬁﬁérﬂﬁ{tﬁﬁﬁﬁ? RLigPRENY! Qr RyFayiNg2 1€ -C(-0);

R3is R4; and R44 IS mo4rpho ine or piperazine, optionally substituted with one or more lower alkyl. In
anothers/HrietiBn 6nthR dbdvecsglbpdiment of Formula Ill, 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 HI, R is RI; and R

is pyrazelykopliehalasibstitytaduitbR briBrne embedinentoftE Ry | Und R Isdyseyynethyl, n is
0, mis 0, and Xis N, and Y4 is grqup (b) wherein, Y5 and Y6 are independently H or lower alkyl. In one
embodiffERFaHESHRGIR R ¥ group (d) wherein, Y5 and Y6 are independently H, lower alkyl, or
lower haloalkyl.

In one embodiment of Formula I, Y2 is hydroxymethyl, nis 0, mis 0, and X 1s N, and Yis

group (&) wherein, Y° is H, ha]dgen, lower alkyl, or lower haloalkyl.

10 In one embodiment of Formula IIL, Y* is group (c) wherein, Y* and Y® are independently H,

lower alkyl, or lower haloalkyl.

In one embodiment of Formula 1, Y?is hydroxymethyl, nis 0, mis 0, X 1s CH, and Y is group
() wherein, Y* and Y® are independently H, lower allcyl, or lower haloalkyl.

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

is H or RY; and R" is lower alkyl.

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

20  optionally substituted with R’ .

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

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

In one embodiment of Formula TIL, Y* is hydroxymethyl, nis 0, m is 0, X is CH, and v is group
(b) wherein, Y* and Y? are independently H or lower alkyl.



In one embodiment of Fomula Ill, Y2 is hydroxymethyl, nis 0, mis 0, Xis CH, 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 lll, R is -RI-R2-R3; Ri is phenyl or pyridyl; R2 is -C(=0); R3 is R4; and R4 is
morpholine or piperazine, optionally substituted with4one or more lower alkyl. In another variation of
the above embodiment of Formula lll, R is -R2-R3; R is -C(0)NH; R3 is H or R4; and R4 is lower alkyl.
In yet anpther watiationstibeshevertiahadimnenrotrormia R isRrd-R-a0d Rl ismgagalyl, optionally
substituted, with_RI,. [none_ emhodiment of Foiniula I, Y2 is hydroxymethyl, n js 0, m is 0, and X is N,
and Y4 B4 &&dfwﬁf?z?ﬁs%ﬁu@ e TSPRRHBISRY HNBWEP SO AW HRLRYE IR one
embodimensy therdikslaswieyrovides a compound of Formula IV. In certain variations of Formula 1V,
Y2 is hydroxymethyl, Xis N, n is 0 and m is 0. In certain variations of Founula IV, Y2 is hydroxymethyl,

Xis CH, n isQ,and m.is.0. 2010/006947PCT/ERP2009/058484 -15- bn ceriain variat) of Formula
v va e i N e ST B 1 B O e o
Formulasd ¥, avieteindRisisR8~eRIR3; is phenyl or pyridyl; R2 is - C(=0); R3 is R4; and R4 is

morpholine or piperazine, optionally substituted with one or more 5 lower alkyl. In certain variations of

Formu i e iUl p: (BLWDPIR bt ARt XA U SRERURN A R AL IO BRENY S 00 1y,

embodiment of Formula IV, nis O gnd m is O.
optionally substituted with R" .

In one embodiment of Formula IIL Y? is hydroxymethyl, nis 0, m is 0, and X is N, and Y* is
group (b) wherein, Y° and Y* are independently H or lower alkyl.

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

lower alkyl, or lower haloalkyl.

In one embodiment of Formula ITL, Y2 is hydroxymethyl, nis 0, m is 0, X is CH, and Y* is group

(d) wherein, Y* and Y are independently H, lower alkyl, or lower haloatkyl.

In one variation of the above embodiment of Formula IfI, 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 Ifl, 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 III, R is R'; and R is pyrazolyl,

optionally substituted with R’ .

In one embodiment of Formula ITI, Y2 is hydroxymethyl, n is 0, m is 0, and X is N, and Y is
group (d) wherein, Y* and Y® are independently H, lower alkyl, or lower haloalkyl.

In one embodiment, the disclosure provides a compound of Formula IV,
In certain variations of Formula IV, Y* is hydroxymethyl, X is N, n is 0 and m is 0.

In certain variations of Formula IV, Y is hydroxymethyl, X is CH, n is 0 and m is 0.



In one embodiment of Formula 1V, Y2 is hydroxymethyl. 10 In one embodiment of Foniula IV, Y2 is

hydroxymethybRiige84g7d mis 0. In one embodiment of Formula IV, X is Nodi ppyeyRbg@iIMent of
Formula IV, nis 0, mis 0, and X is N. In one embodiment of Formula IV, Xis CH.  In one

embodiment of Formula 1V, nis 0, mis 0, and X is@H. 15 In one embodiment of Formula 1V, Y2 is
methyl. In one embodiment of Formula IV, Y2 is hydroxyethyl. In one embodiment of Formula IV, Y2 is

halogenylpree emhodinentretmatmnua W iYgdshydronsmethy isis Ohdid 3610, werGltyard 174 is
group (a) wherein, Y5 is H, halogen, lower alkyl, or lower haloalkyl. 20 In another variation of the
above éﬂ’fﬁ‘é&]ﬁlféar‘}fﬂf Foinula IV, R is -R2-R3; R2 is -C(=0)NH; is H or R4; and R4 is lower alkyl. WO
2010/006947PCT/EP2009/058484 -1 6- In one embodiment of Formula IV, YZ is hydroxymethyl, n is

0, m is Oy anthX iedstand YaHsrgrolafd a)whibeieiR, 1Y SRS kR genis Inkeery bikydyod jovist Raloalkyl. In
one emhodimert of RormulaslV, Y4 is group (c) wherein, Y5 and Y6 are independently H, L ower alkyl,
sENR YRR R i A S GRS

or lowe Ent'sf S hydroxymethyl, n'is O, m'is Tex is CH,
andsY4 isvgrioslRy(c) wherein, Y5 and Y6 are independently H, lower alkyl, or lower haloalkyt. hone

variation of the above embodiment of Fonnula 1V, R is -RI-R2-R3; Rl is phenyl or pyridyl; R2 is -C(=0);

R3 © Rf; eodR4dn e s AL anerazing oRtionplsuBaiyted Wit anepimareloner gt 101n
anotherﬂ\}agﬁlé%‘ilcl)lnvg%t 1(%agrzl':%tt)}%)ve(%mpﬁ)ogirrient ofglgor‘(r%@a IV, RIS -R2-R3; IR2'is - (:O)NH}?!RS is H or
R4; anddevis dwler alkyl. In yet another variation of the above embodiment of Fotinula IV, R is R'; and

Rl is pyrazolyl, optionally substituted with RI".
In one embodiment of Formula IV, nis 0 and m 1s 0.

In one embodiment of Formula IV, Y? is hydroxymethyl.
10 In one embodiment of Formula IV, Y? is hydroxymethyl, n is 0 and m is 0.
In one embodiment of Formula IV, X is N.
In one embodiment of Formula IV, nis 0, mis 0, and X is N,
In one embodiment of Formula IV, X is CH.
1n one embodiment of Formula IV, nis 0, m1s 0, and X is CH.
15 In one embodiment of Formula IV, Y is methyl.
In one embodiment of Formula IV, Y7 is hydroxyethyl.
In one embodiment of Formula IV, Y is halogen.

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

(2) wherein, Y is H, halogen, lower alkyl, or lower haloalkyl.

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

is Hor 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".



In one embodiment of Formula 1V, Y2 is hydroxyrnethyl, nis 0, mis 0, and X is N, and VI is 15 group

(c) wherei 0 §4§\re independently H, lower alkyl, or lower haloalkyl,lp,p08 ghlgdiment of
Foimula IV%?@?}% roxymethyl, nis 0, mis 0, Xis CH, 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; Rl is phenyl or pyridyk R2 is -C(=0); R3 is le; and R.4 is morpholine or piperazine,

optionaly, substitutreith AGena s Moredewgraali-laianotheroaniation.al theahoveiemippdiment of
Formula IV, R is -R2-R3; R2 is -C(=0)NH; R3 is H qr R4, and R4 is lower alkyl. In yet another variation
of the aSFVEPEMBTATAEN YO EBrmalagRR: f YRR INY YRR Ybptionally substituted with RI'. 25

In one embodiment of Fomula IV, Y2 is hydroxymethyl, nis 0, mis 0, and X is N, and Y4 is group (b)
whereinjrYsnareh NG arerindepentgeativior lowenalicyiwhimitn vhandryb atginmeirpof daripuia 1V, Y4 is
group ((1) wherein, Y5 and Y6. ar irfdependently H, lower alkyl, or lower haloalkyl. In one embodiment
of Foiniufa'f¥/, qfsoﬁ)lfa‘?’c?ﬁ%gﬁ%ﬁ nis 0, mis 0, Xis CH, 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
IV, R is 11 2baRanR8]iRb pheoyholgifidyT IRBy$e8mBhRS isiRA, mnsd (RX s Gdrghdifieipgroup
piperazipe, optionalyssuhstituted. ywith re low kyl. In ther yariation of the above
embodirgczno%fr%frlgu 2 , RIS %V%Iﬁ%%%‘g{)(?%?:“%ﬁ% Ig?ié fslﬁv%%qﬁ%?%ﬂr%ﬁ'R4 is lower alkyl. In yet
another variation of the above embodiment of Formula IV, Ris R"; and R is pé:;a.zol l, optionally

substitulacPRAtERaiom BB RbAE BRFE A G iy Vs RyairdiyhetRyl I i DherY¥s®, and Xis N,
and Y4 E%%%}H%dis"l@%'j‘; 5iapd Yhsmate i@ﬂﬁi?ﬁﬂ&’l%'b!r'}'yié/ wer-alkyhphiowerhaioalmtp one

embodi t the disclosure provides a compound of Formula V, wherein Q is CH2, CH("™) or NH;
whereinong {5 mssye iy, 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

halggenyincemainsanalionstnt BesmUabo disrebi2r i agnathyt’ X8 N-Tis0amt mis 0. In

certain variationg of Formula V, Q is CH2, Y2 is hydroxymethyl, X is CH, nis 0 and m is 0.
1s Hor R"; and R" 1s lower alkyl. _

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

optionally substituted with R

In one embodiment of Formula IV, Y? is hydroxymethyl, nis 0, mis 0, and X is N, and Y* is
15 group (c) wherein, Y*® and Y¢ are independently H, lower alkyl, or lower haloalkyl,

In one embodiment of Formula IV, Y? is hydroxymethyl, nis 0, mis 0, X is CH, and Y* 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 phenyl or
pyridyl; R? is <C(=0); R® is R%; and R” is morpholine or piperazine, optionally substituted with

20 one or more lower alkyl.

In 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' .

25 Tn one embodiment of Formula IV, Y is hydroxymethyl, nis 0, mis 0, and X is N, and Y* is
group (b) wherein, Y* and Y® are independently H or lower alkyl.



In certain variations of Foimula-V, Y4 is group (a) wherein, Y5 is H, halogen, lower alkyl, or lower
haloalkyl. In certain variations of Formula V, R is -121--R2-R3; 121 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
certain variations of Folmula V, Y is group (b) wherein, Y5 and Y6 are independently H or lower alkyl.
In one embodiment of Formula V. nis 0 and mis 0. WO 20101006947PCT/EP20091058484 In one

embod énbadentmianénQiFeinalalvgne emboainénibarmiiand, Y2aie yassenapetiyl In one
embodirinent 0%5 Fﬁtinufa V,_E%Eé?yfroxymethyl, nis0,and mis 0. In one embodiment of Formula
V, Y2 is YGRS ethy? 6 Iis 0, and m is 0. 5 In one embodiment of Formula V, X is N. In one
embodiment of Formula V, nis 0, mis 0, and Xis N. In one embodiment of Formula V, X is CH. In one
embodirvem oéBbodiolenVo hisOyuta ) Yarid i @ymbthghenésrihaalimenXak Fimuid Y Y grisumethyl.

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

In one variation of the above embodiment of Formula IV, R is -R'-R*-R>; R1 is phenyl or
pyridyl; R? is —-C(=0); R*is R*; and R* is morpholine or piperazine, optionally substituted with

one or more lower alkyl.

In another variation of the above embodiment of Formula IV, R is -R*-R%; R? js -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'.

In one embodiment of Formula IV, Y? is hydroxymethyl, n is 0, m is 0, and X is N, and Y*is
group (d) wherein, Y° and Y® are independently H, lower alkyl, or lower haloalkyl.

In one embodiment the disclosure provides a compound of Formula V, wherein Q is CH,, 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.
In certain variations of Formula V, Q is CHa, Y7 is hydroxymethyl, X is N, n is 0 and m is 0.
In certain variations of Formula V, Q is CHy, Y? is hydroxymethyl, X is CH, nis 0 and m is 0.

In certain variations of Formula V, Y* is group (a) wherein, Y° is H, halogen, lower alkyl, or

lower haloalkyl.

In certain variations of Formula V, 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 certain variations of Formula V, Y* is group (b) wherein, Y* and Y® are independently H or

lower alkyl.

In one embodiment of Formula V, nis 0 and m is (.



10 In one embodiment of Formula V, Y2 is hydroxyethyl. In one embodiment of Fortula V, Y2 is

halogen. Inyanesgmbesiment of Formula V, Y2 is hydroxymethyl, Q is CH, ¥ir@ithdadmizanad mis O,
and Y4 is group (a) wherein, Y5 is H, halogen, lower alkyl, or lower haloalkyl. In another variation of
the above embodiment of Folinula V, R is R2 R3; R24is0)NH; R3 15 is H or R4; and R4 is lower alkyl.
In yet another variation of the above embodiment of Fot[Hula V, R is RI; and Rl is pyrazolyl, optionally
substitute dweittnRE dimente ERthodim&nt bisKdrinula V, Y2 is hydroxymethyl, Q is CH2, Xis N, nis 0
and mis 0, and Y4 is group (a) wherein, Y5 is H, halogen, lower alkyl, or lower haloalkyl. 20 In one

embodimedgeo&ﬁg(;mﬂlgnyog(fb%l&wr qlkx&.ﬂpdgg)@y%g{hc}giment of Formula V, Y2 is hydroxymethyl, Q
is CH2, X is CH, n'is 0 and m is 0, and Y4 is lower alkyl. "WO 2010/006947PCT/EP2009/058484 -19-

In one variation of the above embodimens of Formula V R is -RI-R2-R3; Rl is phenyl or pyridyk R2 is
-C(=0):I1r81& rEbedignens o FooHa ¥nd oisdiydrazmacBptioniaif, atbskisEd with one or more lower
alkyl. In another variation of the above embodiment of Fotuiula V, R is -R2-R3; R2 is -C(=0)NH; R3 5
is H or Rédoandiib ifitewes ikymiteyeé Bnathetuadationdf (esatidye énthediment of Formula V, R is
RI; and Rl is pyrazolyl, optionally substituted with RI I. In one embodiment of Formula V, Y2 is

YOV QUG 2 5 MR O RIA S O, and Ya s ower alky

In one embodiment of Formula V,nis 0, m s 0, and X is N,
In one embodiment of Formuia V, X is CH.
1n one embodiment of Formula V,nis ¢, mis 0, and X is CH.
In one embodiment of Formula V, Y* is methyl.

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

In one embodiment of Formula V, Yiis hydroxymethyl, Q is CHy, X 1s CH, nis 0 and m s 0,
and Y* is group (a) wherein, Y” is H, halogen, lower alkyl, or lower haloalkyl.

In another variation of the above embodiment of Formula V, R is —-R*R*; R? is —C(=0)NH; R
15 isHor 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".

In one embodiment of Formula V, Y? is hydroxymethyl, Q is CH,, X is N, n is 0 and m is 0, and

Y* is group (2) wherein, Y* is H, halogen, lower alkyl, or lower haloalkyl.
20 In one embodiment of Formula V, Y* is lower alkyl.

In one embodiment of Formula V, Y? is hydroxymethyl, Q is CH,, X is CH, n is 0 and m is 0,
and Y? is lower alkyl,



10 In one embodiment of Foiniula V, Y4 is group (c) wherein, Y5 and Y6 are independently H, lower

alkyl, or lo loallcyl- In one embodiment of Formula V, Y2 is hydroxy I Xis CH, n
A R e

isOand mis 0, an is group (c) wherein, Y5 and Y6 are independent , or lower
haloalkyl. In one variation of the above embodimepnj.of Formula V, R is -RI-R2-R3; R." is phenyl or
pyridyl; 15 R2 is -C(=0); R3 is R4; and R4 is morpholine or piperazine, optionally substituted with one

or morerloyveralkylidh anathesoriatishighthe ARyeemhogiment OfPoituE ¥, fRdsyiR2RBIRR is

-C(=0)NH; R3is H or R4; and R4 is lower alkyl.  In yet another variation of the above embodiment o

. 4 .
Formul&VisR $HY aRaiRRis iAdoly IomBpHBn ANy RIFEHRARPHATERY SHIH e BERRB AT of
Formula¥reYidiéschyaiiaxymethyl, Q is CH2, X'is N, nis 0 and m is 0, and Y4 is group.(c) wherein, Y5
and Y6 are independently H, lower alkyl, or lower haloalkyl. In one embodiment of Foitnula V, Y2 is

hydroxymethy|, Q is CH2, X.is CH, nis 0,.and m is Q, and Y4 is graup (b) wherein, Y5 and Y6 are
iiopor a5 SHSHIER AN ST SR bY oy chemh B ek oPFOIE L A
-RI-R2-R3y Bt B'phehRl’os pywigysliR2 is -C(=0); R3 is R4; and 124 is morpholine or piperazine,
optionally substituted with one or more lower alkyl  -20- In another variation of the above embodiment

of Foimula V, R is -R2-123: R2§§I-C{F%§“}3NI-IE R3] Htor 41;na}n%641is. I,Cﬂver l?{l..l,n ef anclther
variatiork:noﬁ ea loe\r/éf Em %ﬁicr)nen ,% or?nul?g /RS L;Oandl IS py%zdﬁ%p i&%&’)rﬁf/ 'SZSB’s‘tituted with
Rr. In onetemibdimenitakEovitull V, Y2 is hydroxymethyl, Q is CH2, X is N, nis 0 and m is 0, and Y4

is group (b) wherein, Y5 and Y6 are independently H or lower alkyl. In one embodiment of Formula V,

Y4 is graup (A WORIRIR nY Pr @ity Baape iﬁqg@@gﬂs{g}xewgws@%&@é@w%{ Lajaatkyl ons

embodiment of Formula V, Q is CH2, Xis CH, nis 0 and'm is O, and Y4 is group (d) wherein, Y5 and
Y6 are ifdépnaartyH, lower alkyl, or lower haloalkyl. In one variation of the above embodiment of
Formula V, R is -123-R2-R3; Rl is phenyl or pyridyl; R2 is -C(=0); 123 is R4; and R4 is morpholine or

pipegazines RPéianatnsSHtiteehMithvore Rronere (oweicadiy 1h anpiervaiiairnfhite@bove
embodiment of Fonnula V, R is -R2-R3; R2 is -C(=0)NH; R3 is H or R4; and R4 is lower alkyl. In yet
another 9%5RAGTY briHe BFotE Wb diment of Formula V, R is Ri; and Rl is pyrazolyl, optionally

substituted with :
In one embodiment of Formula V, Y? is hydroxymethyl, Q is CH;, X is CH,n1s 0 and m is 0,

and Y* is group (¢) 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 pyridyl;
15 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(=O)NH; R’

is H or R%; and R* is lower alkyl.

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

20  optionally substituted with R'.

In one embodiment of Fornwla V, Y? is hydroxymethyl, Q is CH,, X is N, n is 0 and m is 0, and

Y* is group (¢} wherein, Y° and Y° are independently H, lower alkyl, or lower haloalkyl.

In one embodiment of Formula V, Y? is hydroxymethyl, Q is CH,, X s CH, nis 0 and m is 0,
and Y* is group (b) wherein, Y° and Y* are independently H or lower alkyl.

25  In one variation of the above embodiment of Formula V, 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 one embodiment of Foul ula V, Q is CH2, Xis N, niis 0 and m is 0, and Y4 is group (d) wherein, Y5
and Y6 are independently H, lower alkyl, or lower haloalkyl. The disclosure provides a method for
treating an inflammatory and/or autoimmune condition comprising administering to a patient in need
thereof a therapeutically effective amount of the BtR@nhibitor compound of any one of Formulae I-V.
The disclosure provides a method for treating rheumatoid arthritis comprising administering to a
patient im neethéhereatiarthempabicalbmbtiantive: afbomiahtie Bik iIRTbRGRCaMpopd)N-arRA one of
Formulae J-V. -21- The,disclosure provides a method for treating asthma comprising administering to
a patienltgi}%I QB8 istor %F&ﬁwgcally effective amount of the Btk inhibitor compound of any one of
Formulae 1-V. The disclosure provides a method for treating lupus comprising administering to a
patient im netahtitheevhnatherageutichilyceffobtivenamatiftoontil BtR iisHibitoncBmqunazofany one of
Formulaoe gi-c\){l.a'lih%u%iss[cég ldr%%ciyides a method for treating an arthritis comprising administering to a
patient iripneed1 ereot a ﬁ1erapeuti'cally effective amount of the Btk inhibitor compound of any one of
the above Formulae |-V or variations thereof. The disclosure provides a method of inhibiting B-cell

proliferdichesmpridimgrdahismHaY 10'a sanere i nedd iHare SR iapeaticdliystiaci erfount of
the Btk i@hjpiép‘g‘&pmp%@gg Wﬁ&‘?%%@%é&%&ﬁi?@%‘? jé\(,aréfgﬁations thereof In a second

aspect, there'is provided the Btk inhibitor compound of the first aspect for use in treating an
inflammatory and/or autoimmune conditign, e.g. arthritis, or of inhibiting B-cell proliferation. The

disclosUfe PoVRRAEIRO TEP IR Biting BRI E R in P BH M St dRiRP R B ihibitor

compoué,&f aryl onel ek theabanegiFormulae 1-V or variations thereof, wherein the Btk inhibitor
compound exhibits an IC50 of 50 micromolar or less in an in vitro biochemical assay of Btk activity. In

one variation of tg;’ above method, t th i l%i'bi r. compound exhibits rélulg of 100 napnomolar or
less in aﬁ% nvitro O%E%eélr%?c?;ﬁ%%%lgﬁ%i @tksa{% |%1}3?.1Fn8(?ifen\}5r$a |on1%ﬁr€é a (?v%l?r%ﬁ'uué)d@e
compouwheesihibits @l (€ 5@ ofitiemademyl 3, trlessikyaroinvites bitehkvhical assay of Btk activity. The

disclosure provides a method for treating an inflammatory condition comprising co-administering to a

tient i f tical i tof iripflapmat Ry
patient iy ed ieisgl 3 hetaneuSAINAITEGHe PmAe! anan@enfaumatony compoundn .

combination with the Btk inhibitor compound of any one of the above Foinitulae 1-V orvari

-21a- THe #isiosie PrévRissadRetsodophtrsasingRiptitin eompsily sobativirdstsfingtoca patient in
need th%gl%flm§%gtically effective amount of an anti-inflammatory compound in combination with
the Btk inhibitor compound of any one of the above Foimulae I-V or variations thereof.

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 isR'; and R' is pyrazolyl,

optionally substituted with R' .

In one embodiment of Formula V, Q is CH,, X is N, nis 0 and m is 0, and Y* is group (d)
wherein, Y° and Y° are independently H, lower alkyl, or lower haloalkyl.

The disclosure provides a method for treating an inflammatory and/er autoimmune condition
comprising administering to a patient in need thereof a therapeutically effective amount of the

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

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

one of Formulae I-V.



-22- The disclosure provides a method for treating a lymphoma or a SCR-ABLY' leukemia cells by
administering to a patient in need thereof a therapeutically effective amount of the Btk inhibitor
compound of any one of the above Formulae I-V or variations thereof The disclosure provides a
pharmaceutical composition comprising the Btk inhisitor compound of any one of the above Formulae
[-V or variations thereof, admixed with at least one pharmaceutically acceptable carrier, excipient or
diluent. Thadhicthagpgetvidese is piiavdded tee phaynabeluticahseiRipe siiamh BaeRppsthg phgeBtknnhibitor
compound el?c;f the first ﬁs ect, ad?ixg%wjth at least %n%pr)% rm qbeuticall acce t?ble carrier, excipient
or dilueRESh BYSHHA BEFEIHRYY —ISHVREYHR o4& 6?§de?6§ RSIRGIEN P&eCBFdihg to the
first aspestfanibe Wreparation of a medicament for the treatment of an inflammatory and/or
autoimmune condition. The present disclosure provides 6-Phenyl-imidazo[1,2-a]pyridine and
6-Phenylsimidazol1,2- blpyridazine.compounds eneric_ Formulae |-V, which comprise, the Bt
bt R R SRl SRR
defined therei atiovepduticalerfiisodvmempofitied threBenirdigolos erenpoend isf providedyf compound
accordiri;gnti%]%egg{p Formula | which comprises the Btk inhibitor compounds of Foimulae I. In another
embodiment of the present disclosure, there is provided a compound according to generic Formula Il
which comprises the Btk inhibitor compounds of Foimula Il. In yet another embodiment of the present
disclosuk&ehsptorisrpiatitenacofiberdifr S6abrding WydheremminamrARHG B6HDr SeE Mhia Btk
inhibitor.compends afFgnmialll ryalrnatienembodisnenhabite BRSRALIISEIORIG. Bk 1S
provided a compound according to generic Formula IV which comprises the Btk inhibitor compounds
of Formia ¢ Fipetasdother ernBEanhEEetthe present disclosure, there is provided a compound
according to generic Formula V which comprises the Btk inhibitor compounds of Formula V. -22a- The
phrase "B defileaRYRIN ABOY aldtb RS tatiibibioasies geiniteniter eacpriiAYRAS RTAVERMHarein. In
all other aspects, varigtions and embodiments,_prqvided, substituents which can be present in each
embodi@?é}ﬁ%ﬁawﬁ?ﬂ%Fefr?o@&mm%ﬁﬁ%%&ﬁww&%%s%mm&w BPERAEECHE MY, The
compousgsgfgeparic: Formulae 1-V inhibitaBoatoms-&prosine kinase (Btk). Activation of Btk by
upstream kinases results in activation of phospholipase-C which, in turn, stimulates release of
pro-inflammatory mediators. The compounds.of ric Folmulae |-\, .incorporating.substituted
bicyclic M e aF o, S R S A e
2H-Isoquibnatilig-dnanBaidkkQurin azdlin-:onepheQuinblinnd- o pesrPHihibalainkibong, B-cell
3,4-Dih % l-f%y-lt%)enzo[e][1,2]thiazine 1,1-dioxide, or 3,4-Dihydro-2Hbenzo[1,2,4]thiadiazine
1,1-dioxide onE%heDG-PhenyI-imidazo[1,2-a]pyridine and 6-Phenyl- WO
2010/006947PCT/EP2009/058484 -23- imidazo[1,2-b]pyridazine ring systems, exhibit unexpectedly
enhancdd sty aptvriyiesciipetiad toninbibgins ik ety Bhicopieyisiesside shslivs finatidimore,
Inhibitory, AR RNARGEANGR Y i el Fomharuanal subriiie it ek lbisliery
Y inhibitor compound exhibits an 1Csy of 50 micromolar or less in an in vitro biochemical assay of

Btk activity.

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

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

In one variation of the above method, the compound exhibits an ICs¢ of 10 nanomolar or less in

an in vitro biochemical assay of Btk activity.

The disclosure provides a method for treating an inflammatory condition comprising co-
administering to a patient in need thereof a therapeutically effective amount of an anti-
inflammatory compound in combinatior with the Btk inhibitor compound of any one of the

above Formulae I-V or variations thereof.



enhanced when Y2 is hydroxymethyl. Compounds of Formulae |-V are useful in the treatment 5 of
arthritis and other anti-inflammatory and auto-immune diseases. Compounds according to Formulae
I-V are, accordingly, useful for the treatment of arthritis. Compounds of Formulae IV are useful for
inhibiting Btk in cells and for modulating B-cell devel@pment. The present invention further comprises
pharmaceutical compositions containing compounds of Foimulae IV admixed with phaimaceutically
acceptaie: casciernexsipiants enditenter Hkdihe phiase; @norians eBtiNam et hesainelars to one
or more of tha entity; e.g., a comp un(%frefers to one of. more compounds or at least one compound.
As such{r’tﬁgeféﬁr%mat'a E?‘P@??’)lm&ﬁg BHFREYE “RALP A 3% 2P GrEt BB S SRR Bhgeably herein.
The phrasgbasdeiinet fier etk abpweloreiais tatie biaadast dafipitiosy for gach 4renp@as provided
herein. In all other emblpdiments provided below, substituents which can be present in each | 5
embodirEHHRS Witk are not explicitly defined retain the broadest definition provided herein. As
used in this specification, Whether in a transitional phrase or in the body of the claim, the terms
"comprise(s)" and "comprising" are to be interpreted as having an 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 20 process includes at
least the recited steps, but may include additional steps. When used in the context of a compound or
composition, the telm "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" 25 sense of
"and/or" and not the "exclusive" sense of "either/or". The term "independently" is used herein to
indicate that a variable is applied in any one instance 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" 30 can be carbon and the other nitrogen. WO
2010/006947PCT/EP2009/058484 -24- When any variable occurs more than one time in any moiety or
formula depicting and describing compounds employed or claimed in the present invention, its
definition on each occurrence is independent of its definition at every other occurrence. Also,
combinations of substituents and/or variables are petinissible only if such compounds result in stable
compounds.



5 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)0R4 wherein R4 = *--el or -H1 MeC(=0)0- A bond drawn into ring system (as
opposed to connected at a distinct vertex) indicategthat the 10 bond may be attached to any of the
suitable ring atoms. The teum "optional” or "optionally" as used herein means that a subsequently

describegheviénleuel priviianscametiayd Bt thesthpatocshtimans hBCReA®ISCHRliRene ke instances
where t?@ event qr circumstance oc%arﬁ&and instances in which.it does not. For. example, "optionally

substitufSd RRSHESARE L SRS ﬂsﬁﬁﬂéheafﬁs?@w {CRETSE AR Why G HBg Bt gpaibitor

15substiisiepbublieyphiase c optienabdandomeaanrd tiadtherbed day@fmay not be present, and that
the description includes single, double, or triple bonds. If a substituent is designated to be a "bond" or
absentTﬁQ%i%t ms, linked 19 the.substitu nis are the .dlrect1I1¥ (r:}r%lnr)%eg]tg\%%{] p@t rm "about” i gfged

. closire provides a pharmaceutical COmposHion co N1b1or ¢ Q .
herein to mean appro |mat(§1y, i the region of, 1o gﬁlly, or ar Eterm "aheut” i€ used

in conjuactionaviftttee nbiovericatralagd; ¥ nrodifiesdimtheang® dimextdndifigatHeadsoundaries above and
below th%numeric%alg\lfﬁlues S{et;oﬁgréh. lg general %hoe f "about" is used herein to modify a numerical

armaceuts ccepla Toexcipient of diiu )
value above and below the stated value by a'variance of 20%. Certain compounds of formulaemay

exhibit tautomerism. Tautomeric compounds can exist 25 as two or more interconvertable species.

Prototropsi@ thiid arepstrdbene fiampihderhipphtpnRastelicel epamisisiondeanpyisiog dhe dimnbénieen two
atoms. TaLioMEES,9aNeralY Sxist IneaulipTHm anga%mema%%m@a@? ndividigal tayamers usually

produce a mixture whose chemical and physical properties are consistent with a mixture of
compouRieaPIFREB E4ieIN-of the equilibrium WO 2010/006947PCT1EP2009/058484 -25- is dependent
on chemical features within the molecule. For example, in many aliphatic aldehydes and ketones, such

as acetaldghyaeh thpdetmipitispesamngieswbite; donphenalss thesnaliiormemsdominatass: Common
prototropic tautomers include keto/enol _(-C(:Oz-CH- AE‘%OH)CH-), amidedmidic acid (-C(=0)-NH- A
-C(-OH)2RSCARY SHRiBARAEELNRY R st R R IR et i eI RIREY #48%re particularly
commonruirheteraandmigddaeterocyclic rings and the present invention encompasses all tautomeric
forms of the compounds.

The present disclosure provides 6-Phenyl-imidazo[1,2-a}pyridine and 6-Phenyl-imidazo|1,2-
blpyridazine compounds of generic Formulae I-V, which comprise the Btk inhibitor compounds

of Formulae I-V, wherein variables Q, R, X, Y], Yz, Y? , Y4, n, and m are as defined herein above,

In one embodiment of the present disclosure, there is provided a compound according to generic
Formula I which comprises the Btk inhibitor compounds of Formulae I. In another embodiment
of the present disclosure, there is provided a compound according to generic Formula II which
comprises the Btk inhibitor compounds of Formula I1. In yet another embodiment of the present
disclosure, there 1s provided a compound according to generic Formula ¥ which comprises the
Btk inhibitor compounds of Formula HII. In yet another embodiment of the present disclosure,
there is provided a compound according to generic Formula I'V which comprises the Btk
inhibitor compounds of Formula I'V. In yet another embodiment of the present disclosure, there
is provided a compound according to generic Formula V which comprises the Btk inhibitor

compounds of Formula V.



Technical and scientific terms used herein have the meaning commonly understood by one of skill in
the art to which the present invention pertains, unless otherwise defined. Reference is made herein to
various methodologies and materials known to those of skill in the art. Standard 10 reference works
setting forth the general principles of pharmacologgiaclude Goodman and Gilman's The
Pharmacological Basis of Therapeutics, 10th Ed., McGraw Hill Companies Inc., New York (2001). Any
suitableThaisirtais dnddefineethads kibovu! teffiose it ddihdan befluilizadin eatgngput trewdegent
invention. However, preferred materjals and methods are descrihed. Materials, reagents and the like to
which refEraRoS Al RIS RIS ARSI AP R R B B o T
commeigialesouicash wnlésdintbearwidevhote drel e defibiitidn s casatikedhéretirondysbéegppmnded to
form chemically-relevant combinations, such as "heteroalkylaryl,” "haloalkylheteroaryl,"
"arylalkﬁ’f?é’ﬂgre c{}%ﬁfﬂ?' "alkylcarbonyl," "alkoxyalkyl," and the like. When the term "alkyl" is used as a

suffix following another term, as in "phenylallcyl,” or "hydroxyalkyl," this is intended to refer to an alkyl
group, dhdefingrahdvel 2oweditpsubbetdtddinbithi Obotontwty substitiess $¥lectéd-fraricthefother

specifically- T%é Yo RPN vl ref an alkyl group having ope ta two phenyl
bt T e, B, A e T
group heslirageoricpto-iwdaaikydeominoedidistitudits copydrodzadiygtintiubes2dagdrdkyietioyhorating
2-hydro - - t - tyl, 2,3-dih l,
O R e e S e
"hydroxyalkgzolknadenh ¢o défiswtainulbsdt ofdh eldrbaiinzgloup s defifevsiolin-Frente @t~ (ar)alkyl refers
to eithe ostituted al N é q(heterQ)ary h refers to either an
aryl oralli) et%rgggg/ ég%gdg.’ ﬁTE%h%]%n%gi?@akgﬂ%%%g%ﬁ%éﬁEc])‘t%é%}g%r’o(;l}gg’o%hﬁaﬂg{g ?f(%q(:O)R wherein
R is hydrenpsi lo?. 30 sz alicy ladideflaed Hey éiliehel tend axo[ AlRyitpvb dmd aad adddhdrein denotes
a group of formula C(=0)R wherein R is alkyl as defined herein. The term C1_6 acyl refers to a group -
C(=0)R contain 6 carbon atoms. The term "arylcarbonyl" as used herein means a group of WO
2010/006947PCT/EP2009/058484 -26- folmula C(=0)R wherein R is an aryl group; the tet "benzoyl" as
-used herein an "arylcarbonyl" group wherein R is phenyl. The term "alkyl" as used herein denotes an
unbranched or branched chain, saturated, monovalent hydrocarbon residue containing 1 to 10 carbon
atoms. The term "lower alkyl" denotes a straight 5 or branched chain hydrocarbon residue containing 1
to 6 carbon atoms. "C1-10 alkyl" as used herein refers to an alkyl composed of 1 to 10 carbons.
Examples of .alkyl groups include, but are not limited to, lower alkyl groups include methyl, ethyl,
propyl, i-propyL, n-butyl, i-butyl, r-butyl or pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl. When
the term "alkyl" is used as a suffix following another tenn, as in "phenylalkyl," or



10 "hydroxyalkyl," this is intended to refer to an alkyl group, as defined above, being substituted with

one to twosHbstilRRsg-selected from the other specifically-named group. &g peddoopignylalkyl”
denotes the radical R'R"-, wherein R' is a phenyl radical, and R" is an allcylene radical as defined

herein with the understanding that the attachmentp®int of the phenylallcyl moiety will be on the
alkylene radical. Examples of arylalkyl radicals include, but are not 15 limited to, benzyl, phenylethyl,

3-phenyiprapyt I The temis: aey el aeiaralkyibiam ixerarescsimilestyiskiteptRaisiainyary| radical.

The terms "(heparylalkyl" or "(het)aralkyl” are interpreted similarly except R: is optionally an aryl or a
heteroafyPPRAIRGI0 FRAREHTS i Eh s P‘@f@)’ﬁesﬁ%c 1&%%‘*5@’%5&?0&%%?15@&%@%&5%rated
linear hygligsasbemeadical o te 4Qtahamalgmsheigic(GH) hoda byanahdsaturatedydivalent 20

hydrocarbon radical of 2 to 10, carbon at e.q., -CHMe- or -CH2CH(i-Pr)CH2-) .unless otherwise
indicatet YT HFthe cady Wﬂﬁ%ﬁg%pg’b@&%%’\ﬁ?& ugfe afgaﬁ}ﬁlél h%%llgjrlé%’%l Eén%iée%%g’t”g tached to
the samg atomk Exampies aialieliens/aaicald nelidenbiul-aisaetdinliegiownethyleniyetbylene,
propylene, 2-methyl-propylene, 1,1-dim I-ethylene, butylene, 2- ethylbutylene. 25 The tetiii "alkoxy"
as used ABRBIRSIeL QR ACH: W%TB UWRE ﬁ,%ﬁ%}??&%\éfe&ﬁﬁgﬁ-a%\%’ 4 L?gr% 3%55%’%%@36/,I[éthoxy,
N-propyipxye e YMh bty BRY id-batylaxy firhubdokyinpeRtyloige heogytny, iftledingetheir isomers.
"Lower alkoxy" ag used herein denotes an alLkoxy group with a "Iowe(; alkyl" group reviously
o e ot S R R U
2010/00894#RGT A2 0R10B848 %2 By adhptidrimciatikaxyalipiems usdiueatein refers to the radical
R'R"-, wherein R' is an allioxy radical as defined herein, and R" is an alkylene radical as defined herein

with the ynderstanding that.the attachment point of the alk ' jILloe op the alkylene
ra£8al. é{f ?egfﬁgayglk%ﬁ G%Ifﬂo?re}ts%g %Srgaﬁﬁ%r\}jvﬁgr%ilﬁet %%a%/?%)%ﬁ%éan? gg?r%)\ré;%étg’o '%6 carbon atoms
exclusiveynioatidor Bratomsdothecat coxppartientof: the sy roupc B aikoxfsGach gikybtandtes a group

wherein the, alkyl.portion is comprised of 1-6 carbo nd the. | group is 1-3 carbons.
Examplcg%ra%l e noex?/rm%?ﬁﬂf/l,’ F%éth#x%%#%emg%ﬁgb%ﬂg%%ﬁﬁ ée%é]%xgrén%%i[/}f ethoxyethyl, ethoxypropyl,
propyloxypropyl, methoxybutyl, ethoxybutyl, propyloxybutyl, butyloxybutyl, t-butyloxybutyl,
methox{irentitasttiaxypéned ,hpmwbseyp‘émiﬂrﬁmﬁbﬂ%@f@ﬁéﬁéﬂﬂ%ﬁt@mé%@w?“ﬁﬁﬁrwﬂl@ﬂ" as

used hegein, .eﬂ&’&%so%ﬂeﬁl%&}%mk?&h@%%%ﬁsga definedRarsinQneionise byHegeHALMS on

different carbon atoms is/are replaced by hydroxyl groups. The terms "alkylsulfonyl" and "arylsulfony!"
as isedehdredinment andovdriptoens optornbfatly de ined retain the broadest definition provided heréin.
As. used in this specification, whether in a transitional phrase or in the body of the claim, the
terms "comprise(s)" and "comprising” are to be interpreted as having an 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
20 process includes at least the recited steps, but may include additional steps. When used in the
context of a compound or composition, the term "comprising" means that the compound or
composition includes at least the recited features or components, but may also include additional

features or components.

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

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

The term "independently” is used herein to indicate that a variable is applied in any one instance
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"

30 can be carbon and the other nitrogen.



S(0)2R wherein R is alkyl or aryl respectively and alkyl and aryl are as defined herein. The terms

"lower alky@@%%)ﬁp%? 4gsed herein refers to a group of formula -S(=0)2R \%wﬁﬁ&é% S’tls'{i%énwer alkyl
0

The term "cycloalkyl" as used herein refers to a saturated carbocyclic ring containing carbon
atoms, i.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclahexyl, cycloheptyl or cyclooctyl. "C3_7 cycloalkyl"
as used herein refers to an cycloalkyl composed of 3 to 7 carbons in the carbocyclic ring. 20 "Aryl"

means ayRangvalent.eyclicaramalic hysresathan maist @gis;mﬂ@draaﬁem@i afl HIQ¥EHGn g
S

aromatic ring The aryl group can be optionally substituted as defined herein. Examples of aryl_

moietieSMBINHBIL RSB IR, B Hifora ¥ UBEERGIR FA SR HIHABIA FRBIRSSHFREISA, Auoreny |,

indenyl,; .?&%ﬁ%ﬁt%@é%@ﬁﬁ’ﬂio@ﬂh@ mathyengdinbenylidmiodinfisod . ARneavRidyl,
diphenylsulfonyl, diphenylisopropylidenyl, benzodioxanyl, 25 benzodiox%yl, benzoxazinyl,

benzoxdBHBhyRIESOHipBFAEIRIL etk s bl e rAARIPRERZD B S BisD s sREgmBREROliny .
methylenedioxyphenyl, ethylenedioxyphenyl, and the like. The aryl group may optionally be fused to a
cyclealkyheshateiecyclaatkyl siag asthatin tefined. Examplesafaraayhgtaup kseetea point
heterocycloalkyl group.include 3,4-dihydro-1Hquinpolin-2-one, 3,4-dihydro-2H-benzo[1,4]oxazine, and
o A RSO ) PR iy P BNy S SHLkE BRUFGH it BtiGhally
substitutet RaphtEAu\&E2010/006947PCT/EP2009/058484 -28- The term "heteroaryl” or

"heteroaromatic" as used herein means a monocyclic or bicyclic radical of 5 to 12 ring atoms having at
least one aromatic ring containing four to eight atoms per ring, incorporating one or more N, 0, or S

heteroatgms-the remainingiting ator$ beindg-edfbonowith the.u ing that the attachment point
of the heteroaryl radical will be on an aromatic ring. 5 As well known to those skilled in the art,

heteroaryl rings have less aromatic character than their all-carbon counter parts. Thus, for the
purposes of the invention, a heteroaryl group need only have some degree of aromatic character.

Examplés BRHEtErE R AN proRg S (RORISING R RIROBRS R ctfetetdRs I TsE Ravikycstes B%iridsatoms

and ¢ to,3aeterpatomsdnedudesuiishaqhliantediie, aysdinyl, pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl,
imidazolyl, oxazol, isoxazole, thiazole, 10 isothiazole, triazoline, thiadiazole and oxadiaxoline which

tianally be, tituted with. ; . Areferabl t bstituent ted f
ydroxy. ES 4D IO BkoSS, AHOCTSNGr Halbafkwy AIRSRIG. HeAOHBREBHED HATSAIRS), AGhGamy,

alkylsullepyinisalagemay, 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, “optionally
substituted” means that the optionally substituted moiety may mcorporate a hydrogen or a

15  substituent.

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

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

The term "about" 1s used herein to mean approximately, in the region of, roughly, or around.
20  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%.

Certain compounds of formulae I-V may exhibit tautomerism. Tautomeric compounds can exist
25 astwo or more interconvertable species. Prototropic tautomers result from the migration of a

covalently bonded hydrogen atom between two atomns. Tautomers generally exist in equilibrium

and attempts to isolate an individual tautomers usually produce a mixture whose chemical and

physical properties are consistent with a mixture of compounds. The position of the equilibrium



amino, alkylamino,dialkylamino, aminoalkyl, alkylaminoalkyl, and dialkylaminoalkyl,_nitro,

alkoxycarkRopydapdaspamoyi, alkylcarbamoyl, dialkylcarbamoyl, arylcarbpg@yh b oss484
alkylcarbonylamino and arylcarbonylamino. Examples of bicyclic moieties include, but are not limited

to, quinolinyi, isoquinolinyl, benzofuryl, benzothiopBényt, benzoxazo le, benzisoxazole, benzothiazole
and benzisothiazole. Bicyclic moieties can be optionally substituted on either ring; however the point of
attachmedtps:ales tngleeniainibatar tretetbatdm riidiedeimi Hoeteraoydtoalkylinihéisiredyclyl”, or

"heterocycle" as used herein denotes a 20 monovalent saturated cyclic radical, consisting of,one or
more (A B eI R BB ST s e R I R
incorpogating® anerdmmiating feicraaignadehpsandiom Grot@(0)ed,/ and Whisibgaltbptianally be
independently substituted with one or more, preferably one or two substituents selected from hydroxy,
%0, cy BB ToHleh ATRASBHEIARELY Gutor NHo ATk IR B hATBEE fower aroukyh 28
hydsoxyaikiyh-nitroralksrersarbRnidi aming o Al kaming alisdsutfanynasdsutionyl adodsepimesulfonyl,

- arylaminosullonyl, alkylsulfonylamino, arylsullonylamino, alkylaminocarbonyl, arylaminocarbonyl,

alkylcartRiy e IRe PEFSIEA IBBHYIAM SO TMRES LtHJANISE AR daral. EBn R S Kisterocy clic radicals

include, but are not limited to, azetidinyl, pyrrolidinyl, hexahydroazepinyl, oxetanyL, tetrahydrofuranyl,
tetrahydrethinphenylscixagalidiayhs 3Q4h inzolidinyk isexazetitipyomanpholingkrpipedazinyk piperidinyl,

tetrahydropyranyl, thiomorphqglinyl, quinuclidinyl and imidazolinyl,. WO, .

2010/06 534BTS0 BB 8558 TR TAE SBGre BN ARt BeTs
azo-bisris@buivryinisileatdIB M) okphier esd Atmdridtbbrabiayol ofds3.dfrkiaie k9-BB StardBRIN),
tert-butoxycarbonyl (Boc),. di-tert- butyl pyrocarbonate or.boc anhydride (BOC20), henzyl (Bn), butyl
(B0, R AL A G R A T RS TR R POBH IO R BT (CEEA P Earbony
dimidazgilenée® ThePhdinzahicya 6i2s2. afdoiang {ARQ O, Eiethdaminddillfotiflaokigdén(DAST),
dibenzylidengacetone (dha), 1,5-diazabicyclo[4.3,0]non-5-eng (DBN), 1,8-di icyclq[5.4.0]-
undec-7"6Re @%@0%&\1%?&%15&%%%%8 i) gl(%@?%gn%%ﬂlt r %%%%?Ig%ﬁ 'c‘htfg%g%ethane
(DCM), dieihyliaz ottcmedextateiiRiniiby., Hoiseveropydatadicanbaiallosad BIARYs are described.
di-iso-butylaluminumhydride (DIBAL or D1BAL-H), di-iso-propylethylamjne (DIPEA), 10 N,N-dimethyl
acetam@@t%ﬁﬂ?;%f’ﬁgfiﬁﬁ-%gﬁ%l’é%%g%amﬁég@%ﬁﬁi?ﬁﬁ%l&%W?& g,%?ﬁ%‘) RS dimethy!
sulfexidex{BMIS ke lo bikibisidipheryphnaphine) etban e{itispeihdnddsdineiphenylphosphino)ferrocene
(dppf), 1-(3-dirnethylaminopropyl)-3- ethylcarbodiimide hydrochloride (EDCI), ethyl (Et), ethyl acetate

(EtOAC).-ethanol.(EtOH), 2-.ethaxy-2H-quingline-1-carboxyli id ethvl ester = [ ether
(Er20), B A B e b A e
acid (HAT) patbticraciliy(HQAC) haldhytreeybenkotieabibhoB o prédkytentiopriyl,”

(oor, B S b R AT TR e ereeen

inchlorapéitenptidkatitoMERByatiads’ sheds imedes) torethyta-busfk et EBE N d 200 ve,

broghosyeenIde: NBR) i SR ROTVBNHHEE Y SN MG aRL eSS AU EaR ) ned group.

' Thus, e.g., “phenylalky]” refers to an alkyl group having one fo two phenyl substituents, and thus
inchudes benzyl, phenylethyl, and biphenyl. An “alkylaminoalkyl” is an alkyl group having one
to two alkylamino substituents. “Hydroxyalkyl" mcludes 2-hydroxyethyl, 2-hydroxypropyl, 1-
(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl, 2,3-dihydroxybutyl, 2-(hydroxymethyl), 3-

25  hydroxypropyl, and so forth. Accordingly, as used herein, the term *“hydroxyalkyl” is used to

define a subset of heteroalkyl groups defined below. The term -(ar)alkyl refers to either an
unsubstituted alkyl or an aralkyl group. The term (hetero)aryl or (het)aryl refers to either an aryt

or a heteroaryl group.

The term “acyl” as used herein denotes a group of formula -C(=0)R wherein R is hydrogen or
30  lower alkyl as defined herein. The term or "alkylcarbonyl” as used herein denotes a group of
formula C(=0)R wherein R is alkyl as defined herein. The term C, 6 acyl refers to a group -

C(=O)R contain 6 carbon atoms. The term "arylcarbonyl" as used herein means a group of



methylmorphotine (NMM), N-methylpyrrolidone (NMP), pyridinium chlorochromate (PCC), pyridinium
dichromatey(5 DMzd,0pktgRY! (Ph), propyl (Pr), iso-propyl (i-Pr), pounds per sggafgpsti §B$isq Pyridine
(pyr), room temperature (rt or RT), tert-butyldimethylsilyl or t-BuMe2Si (TBDMS), triethylamine (TEA
or Et3N), 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMBO), triflate 25 or CF3S02- (TO, trifluoroacetic acid
(TFA), 1,1'-bis-2,2,6,6-tetramethytheptane-2,6-dione (TMHD),

0-benzayiaznk CANRNMcN-teRamathyldroniu et rafluctebamnte (3 BIdd)hdhim layensivatmatpygraphy
(TLC), tetrahydrofuran (THF), trimethylsilyl or Me3Si (TMS), ptoluenesulfonic acid monohydrate (TsOH
or pTsOFPR-REEELXA8692%r tosyl (Ts), N-urethaneN-carboxyanhydride (UNCA). Conventional
nomenclature including the prefixes normal (n), 30 iso (1-), secondary (sec-), tertiary (ten-) and neo
have th&hectestoifdiylineaniod when deedoyith arbalkghed siefyadbRigehady, sefdriic® . lesraypt

Nomenclature in Organic Chemistr PAC 1979 Pergamon Press; Oxford.)..»: :

! ;. i t arght |
2010/0&555%@?7@%5%6%?8&@&?%3{0% ecg%r%%"?étg rltlg%ées%ﬁd _ %‘/r%l?r? n}_'eie:gg%gcelftg %H%%r%atlc
arthfitispchremibathewmabgidtarshbitis rehtmydiahantiyitiso chraricradisomptiVe arthititid) ehyisds arthritis,
arthritis.based gn bowel disease, filarial ritis, gonorrheal arthritis, gouty arthritis, he hilj
R L st e e A I S T
arthritispbtdhited atictewtbir itlsy pgoriaticiartiditimeth sl ppukipre mrthrivs ol thebnejhtethdideabetyvhich
require the administration to a m alin a thera ic. effective dose of a compound of Formulae |-V
ina sufﬁcr:igﬁlg%slséo{)oel#%[;ﬁ}%@?ﬁ%%%% %%p%}uﬁ’dg%#él%g;invention can be used to treat subjects with
autoimmune conditions or disorders. As used herein, the telin "autoimmune condition” and like terms

means e tsetcrn mdarbas sscbatikionBadeberbpshachaimesystemdiatiakirhaloAutoimmune
disyders, age, thase Wherein the AR S iLITHRURE SYRISMIRistakaiv.Itagks dtselk:hegby

targeting the cells, tissues, and/or organs of the animal's own body. For example, the autoimmune

reactiorm# reetod g sibstitheniervisaisd Eranihin oI BrecaBravbsinaamre tBe Yut I Erdher's disease. In
other autgimmune HFrAe!S BUCHAS SYSIeMIG IRYS RW&B%H@A%F%MRU&)@ affected fisugs and

organs 15 may vary among individuals with the same disease. One person with Ig&gs may have

affected akier berddpfines ttere astidribehendpiienaing dirs sheasrahmeahayinvand tumpreyidghskely,
damage,} éel%@iﬁ Hg%ﬂ%ﬁebmp%ﬁ@faeﬁgzsyﬁi@mp@%ﬂaﬁﬁmmﬂ_&m@,ea}{%y%tof

insulin-pro ng cells of the pancreas in Tyﬁg 1 diabetes mellitus. Specific autoimmune disorders that

malf be limitdibtebengsinphavy st cunbenaidanethdls brmis wivisiasn Miciiaeiitiasut 20 limitation,
autoim%@%Mf%{ﬁa@w@g&g{\f@% AYSISMAEG: Multinle,sckeresisMyagthaniagravis 7 ufeimmune

neuropathies such as Guillain-Barre, and autoimmune uveitis), autoimmune disorders of the blood
(e.g., autshmRREsHBgOly EcapeMias pRiiskidyaABHhM, BiricersThTidifE thrombocytopenia),
autoimmune disorders of the blood vessels (e.g., temporal arteritis, antiphospholipid syndrome,

vasculititigs sHeh Ag Mageneraignaylomaiesishanth Belnel's diserse k-2&-audainpmune disorders of
the skin (e.g., psoriasis, dermatitis herpetiformis, pemphi vulgaris, and vitiligo) fﬁ?t immune
disorderfs BTARE CRISTAGIREE SIS} EAPe8 8Os rbiader e eaﬂﬁg‘fe&r é%}%mary

CirrpSigy sk AR JTeN@LiLes s abial mer e disarteviobihe Bnderrire) gfangsuteess, Type 1 or
immune-mediated diabetes mellitus, Grave's disease. Hashimoto's‘t yroiditi_rsf, a#ét?i mune oophoritis

and orcRIISTHRA MASHITHUREIRORIEIE SN BT, ReRIC MY RIS HiSBrdePdivf iultiple
organs dpelydingeannactivactiaswe afthmples of alkylene radicals include, but are not limited to,

methylene, ethylene, propylene, 2-methyl-propylene, 1,1-dimethyi-ethylene, butylene, 2-
ethylbutylene. '

25  The term "alkoxy" as used herein means an -O-alky! group, wherein alkyl is as defined above
such as methoxy, ethoxy, n-propyloxy, i-propyloxy, n-butyloxy, i-butyloxy, r-butyloxy,
pentyloxy, hexyloxy, including their isomers. "Lower alkoxy" as used herein denotes an alkoxy
group with a "iower'alkyl" group as previously defined. "C;-j¢ alkoxy" as used heremn refers to

an-O-alkyl wherein alkyl is Cy 0.



musculoskeletat system diseases) (e.g., rheumatoid arthritis, systemic IupUS erythematosus,

sclerodetmanRehimygsHis, dermatomyositis, spondyloarthropathies such gs-anigiesingssppndylitis,
and Sjogren's syndrome) or the related diseases which require the administration to a WO

2010/006947PCT/EP2009/058484 -31- mammal k2a-therapeutic effective dose of a compound of
Foilulae 1-V in a sufficient dose to inhibit BTIC. In addition, other immune system mediated diseases,
such asTgrafirveralicokeskdiseassdristaliengiodisoitieradred BISY neludeth iR thetelinitipmrdfahmune

disorders herein. Because a number of jmmune djsorders caused by inflammation, there.is some
veriants DORHBLAHGor et LR RS A b A GBS, For
the purpasehefdhipdivention dikdheatiagenrafisuchidirboverthppilig idigordtcalt rOay Heocoadidered either

an immyne disorder or an infla?rgiﬁ%og disorder, "'Treatmer%to an jmmuyne disoEder"._h ein refers to
cminiHEPG o GBRBOURE S & S KRB BT SR TRV ERHaH o = LB RS Fa e AR
dis@ydertensympientiafsushrdodis¢ dse poapprédispasition towhrdsisucte aadiseas e;hatitinkiBethe
purpose to cure,.relieve, alter, affect, or prevent the aptoimmune disorder, the symptam of it, or the
predisp%@ﬁﬁf}ﬂoféMPag(?PWésﬁga@ ﬁ??rgﬁﬂ)?ﬁea{?é ! agéi}tﬁ 3]12@@’& Y gpplﬁlﬁﬁg]ﬁg%algquggn&%%rder or
conditiofrchrracigiizathbymeersibie dj meyebsiruptibrt ainyaeibflammatothdndtiocypased, airway

i t iety. of sti .15T "treat," "t t," ar "treating" refer to both
thorapet e HRRHER e ISETDTBCC BP Dot BT MELs PTG e 1 frbvent or
slow dowetiitessen) anctingssiced physmpibgigsdichhinghdindisheddspsueh as the development or spread

of cancer. Beneficial or desired clinical results include, but are not limited to, alleviation of symptoms,

d!rTH‘iS'ig?gPetn%c @%(tﬁrrgx%%ﬁ%%eus%@ﬁg%ﬁf&&te@%ﬁ%ﬁéﬁﬁ@&‘%ﬂ@@e@iﬂ i&?ﬁ?@dr@ﬁ@ﬁ% loyying of
disease 20 progression; amelioration or palliation of the disease state, and remission (whether partial
or total)thndedidrogetetiabicoordificetsctalblen Wrratmert tepincaibdntodropblengirtyy survival as

compared to expected survival if not receiving treatment. Those in need of treatment include those

a'readyvﬂméﬂﬁso%rﬂgﬁmfgﬁ}qisgﬁﬁ%ggm&mﬂ@&a&em@iﬁqwﬁm@@wiH%ﬁﬁ@i@order or those

in which the condition or disorder is to be prevented. For example, treating an 25 inflammatory

conditioh(eaRsveeratidy hellettentor sevshity oy taedistamhemdion aRasdaliisgdhesimEih but is not

limited t0,the Gompleieablationof nflammatan. ket exanple, fredadtetion-aancomerise e 8%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% reduction, or any point in between, compared

to ah unereeredkst control subject as determined by any suitable measurement technique or assay
disclosed herein or known in the art. 30 Examples of representative compounds encompassed by the

presentjnvestararbuithin hesaope oi teikveatinfaie Pravideddiicthiadeewwng g able s These
examples and preparations which {O”OV\{ are qrovi ed to enable those skilled in tlhe art io mo[e clearly
understSHGHEeGs: i-¢- cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl.

"Cs7 cycloalkyl™ as used herein refers to an cycloalkyl composed of 3 to 7 carbons m the

carbocyclic ring.

20 “Aryl” means a monovalent cyclic aromatic hydrocarbon moiety consisting of a mono-, bi- or
tricyclic aromatic ring. The aryl group can be optionally substituted as defined herein.
Examples of aryl moieties include, but are not limited to, optionally substituted phenyl, naphthyl,
phenanthryl, fluorenyl, mdenyl, azulenyl, oxydiphenyl, biphenyl, methylenediphenyl,
aminodiphenyl, diphenylsulfidyl, diphenylsulfonyl, diphenylisopropylidenyl, benzodioxanyl,

25  benzodioxylyl, benzoxazinyl, benzoxazinonyl, benzopiperadinyl, benzopiperazinyl,
benzopyrrolidinyl, benzomorpholinyl, methylenedioxyphenyl, ethylenedioxyphenyl, and the like.
The aryl group may optionally be fused to a cycloalkyl or heterocycloalkyl ring, as herein
defined. Examples of an aryl group fused to a heterocycloalkyl group include 3,4-dihydro-1H-
quinolin-2-one, 3,4-dihydro-2H-benzo[1,4joxazine, and 1,2,3,4-tetrahydro-isoquinoline.

30 Preferred aryl include optionally substituted phenyl and optionally substituted naphthyl.



WO 2010/006947PCT/EP2009/058484 -32- practice the present invention. They should not be

consideregyaslinildaeyipe scope of the invention, but merely as being illustretiverang nepresentative
thereof. In general, the nomenclature used in this Application is based on AUTONOMTM v.4.0, a

Beilstein Institute computerized system for the ger&sation of 1TUPAC systematic nomenclature. 5 If
there is a discrepancy between a depicted structure and a name given that structure, the depicted
structurehis e e latearast’ moteeeeighimatiat diticsedbireistereosremvstrgyotia strvisturec gediqabrtion of

s srucuie 13 e o B0 S0 S ARSI S AL v s
6-Phenildonitazift, 3]pyridireard, 6:Fenyidatidag oft, Per@irbipsyridg ziteend dxivegivedecordiing to
o ol TR ComRRYt IR Al SORTRL A HREDA SR AR
5. As well known to those skilled in the art, heteroaryl rings have less aromatic character than their
all-carbon counter parts. Thus, for the purposes of the invention, a heteroaryl group need only
have some degree of aromatic character. Examples of heteroaryl moieties include monocyclic
aromatic heterocycles having 5 to 6 ring atoms and 1 to 3 heteroatoms include, but is not limited
to, pyridinyl, pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl, imidazolyl, oxazol, isoxazole, thiazole,
10 isothiazole, triazoline, thiadiazole and oxadiaxoline which can optionally be substituted with one
or more, preferably one or two substituents selected from hydroxy, cyano, alkyl, alkoxy, thio,
lower haloalkoxy, alkylthio, halogen, lower haloalkyl, alkylsulfinyl, alkyisulfonyl, halogen,
amino, alkylamino,dialkylamino, aminoalkyl, alkylaminoalkyl, and dialkylaminoalkyl, nitre,
alkoxycarbonyl and carbamoyl, alkylcarbamoyl, dialkylcarbamoyl, arylcarbamoyl,
15 alkylcarbonylamino and arylcarbonylamino. Examples of bicyclic moieties include, but are not
limited to, quinolinyl, isoguinolinyl, benzofuryl, benzothiophenyl, benzoxazole, benzisoxazole,
benzothiazole and benzisothiazole. Bicyclic moieties can be optionally substituted on either ring;

however the point of attachment is on a ring containing & heteroatorn.

The term “h.eteroéycloa}kyk”, "heterocyclyl", or "heterocycle" as used herein denotes a

20 monovalent saturated cyclic radical, consisting of one or more fused or spirocyclic rimgs,
preferably one to two rings, of three to eight atoms per ring, incorporating one or more ring
heteroatoms (chosen from N,O or S(0)o.2), and which can optionally be independently
substituted with one or more, preferably one or two substituents selected from hydroxy, oxo,
cyano, lower alkyl, lower alkoxy, lower haloalkoxy, alkylthio, halogen, lower haloalkyl,

25 hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl,
alkylaminosulfonyl, arylaminosulfonyl, alkylsulfonylamino, arylsulfonylamino,
allcylaminocarbonyl, arylaminocarbonyl, alkylcarbonylamino, arylcarbonylamine, uniess
otherwise indicated. Examples of heterocyclic radicals include, but are not limited to, azetidinyl,
pyrrolidinyl, hexahydroazepinyl, oxetanyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl,

30 thiazolidinyl, isoxazolidinyl, morpholinyl, piperazinyl, piperidinyl, tetrahydropyranyl,

thiomorpholinyl, quinuclidinyl and imidazolnyl.
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Commonly used abbreviations include: acetyl (Ac), azo-bis-isobutyryinitrile (AIBN), atmo-
spheres (Atm), 9-borabicyclo[3.3.11nonane (3-BBN or BBN), tert-butoxycarbonyl (Boc), di-fert-
butyl pyrocarbonate or boc anhydride (BOC;0), benzyl (Bn), butyl {Bu), Chemical Abstracts
Registration Number (CASRN), benzyloxycarbonyi (CBZ or Z), carbonyl diimidazole (CDI),
'1,4-diazabicyclo[2.2.2Joctane (DABCO), diethylamimosulfur trifluoride (DAST),
dibenzylideneacctone (dba), 1,5-diazabicyclo[4.3.0non-5-ene (DBN), 1,8-diazabicycio{3.4.0]-
undec-7-ene (DBU), N,N'-dicyclohexylcarbodiimide (DCC), 1,2-dichloroethane (DCE),

Ln

dichloromethane (DCM), diethyl azodicarboxylate (DEAD), di-iso-propylazodicarboxylate
(DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H), di-iso-propylethylamine (DIPEA),

10 N,N-dimethyl acetamide (DMA), 4-N,N-dimethylaminopyridine (DMAP), N,N-
dimethylformamide (DMF), dimethy! sulfoxide (DMSO), 1,1'-bis-(diphenylphosphino)ethane
(dppe), 1,1'-bis-(diphenylphosphino)ferrocene (dppf), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDCI), ethyl (Et), ethyl acetate (EtOAc), ethanol (EtOH), 2-
ethoxy-2H-quinoline-1-carboxylic acid ethyl ester (EEDQ), diethyl ether (Et,O), 0-(7-

15 azabenzotriazole-1-yI)-N, N,N"N tetramethyluronium hexafluorophosphate acetic acid (HATU),
acetic acid (HOAc), 1-N-hydroxybenzotriazole (HOBt), high pressure liquid chromatograpiry
(HPLC), iso-propanol (IPA), lithium hexamethy] disilazane (LIHMDS), methanol (MeOH),
melting point (mp), MeSO.- (mesyl or Ms), , methyl (Me), acetonitrile (MeCN}, m-
chloroperbenzoic acid (MCPBA), mass spectrum (ms), methyl z-butyl ether (MTBE), N-

20 bromosuccinimide (NBS), N-carboxyanhydride (NCA), N-chlorosuccinimide (NCS), N-
methylmorpholine (NMM), N-methylpyrrolidone (NMP), pyridinium chlorochromate (PCC),
pyridinium dichromate (PDC), phenyl (Ph), propyl (Pr), iso-propyl (i-Pr), pounds per square inch
(psi), pyridine (pyr), room temperature (1t or RT), fert-butyldimethylsilyl or #-BuMe,Si
(TBDMS), triethylamine (TEA or Et;N), 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO), triflate

25  or CF3S0;- {Th), trifluoroacetic acid (TFA), 1,1%-bis-2,2,6,6-tetramethylheptane-2,6-dione
(TMHD), O-benzotriazol-1-y1-N,N,N',N'-tetramethyluronum tetrafluoroborate (TBTU), thin
layer chromatography (TLC), tetrahydrofuran (THF), trimethylsilyl or MesSi (TMS), p-
toluenesulfonic acid monohydrate (TsOH or pTsOH), 4-Me-CsHsSO;- or tosyl (Ts), N-urethane-
N-carboxyanhydride (UNCA). Conventional nomenclature including the prefixes normal (n),

30 iso (i-), secondary (sec-), tertiary (tert-) and neo have their customary meaning when used with
an alkyl moiety. (J. Rigaudy and D. P. Klesney, Nomenclature in Organic Chemistry, IUPAC
1979 Pergamon Press, Oxford.).
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The term “arthritis” as used herein means acute theumatic arthritis, chronic rheumatoid arthritis,
chlamydial arthritis, chronic absorptive arthritis, chylous arthritis, arthritis based on bowel
disease, filarial arthritis, gonorrheal arthritis, gouty arthritis, hemophilic arthritis, hypertrophic
arthritis, juvenile chronic arthritis, Lyme arthritis, nconatal foal arthritis, nodular arthritis,
ochronotic arthritis, psoriatic arthritis or suppurative arthritis, or the related diseases which
require the administration to a mammal in a therapeutic effective dose of a compound of

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

The compounds of this invention can be used fo treat subjects with autoimmune conditions or
disorders. As used herein, the term "autoimmune condition” and like terms means a disease,
disorder or condition caused by the immune system of an animal. Autoimmune disorders are
those wherein the animal's own mmune system mistakenly attacks itself, thereby targeting the
cells, tissues, and/or organs of the animal's own body. For example, the autoimmune reaction is
directed against the nervous system in multiple scicrosis and the gut in Crohn's disease. In other
autoimmune disorders such as systemic lupus erythematosus (lupus), affected tissues and organs
may vary among individuals with the same disease. One person with lupus may have affected
skin and joints whereas another may have affected skin, kidney, and lungs. Ultimately, damage
to certain tissues by the immune system may be permanent, as with destruction of insulin-
producing cells of the pancreas in Type 1 diabetes mellitus. Specific autormmune 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_aﬁtoﬁnmune uveitis), autoimmune
disorders of the blood (e.g., autoimmune hemo_lytic anemia, pernicious anemia, and autoimmune
thrombocytopenia), autoimmune disorders of the biood vessels (e.g., temporal arteritis, anti-
phospholipid syndrome, vasculitides such as Wegener's granulomatosis, and Behcet's disease),
autoimmune disorders of the skin (e.g., psoriasis, dermatitis herpetiformis, pemphigus vulgaris,
and vitiligo), autoimmune disorders of the gastromtestinal system (e.g., Crohn's disease,
ulcerative colitis, primary biliary cirrhosis, and autoimmune hepatitis), autoimmune disorders of
the endocrine glands (e.g., Type 1 or immune-mediated diabetes mellitus, Grave's discase.
Hashimoto's thyroiditis, autoimmune oophoritis and orchitis, and autoimmune disorder of the
adrenal gland); and autoimmune disorders of multiple organs (including connective tissue and
musculoskeletal system diseases) (e.g., rheumatoid arthritis, systemic lupus erythematosus,
scleroderma, polymyositis, dermatomyositis, spondyloarthropathies such as ankylosing

spondylitis, and Sjogren's syndrome) or the related diseases which require the administration to &

-



WO 20101006947PCT/EP2009/058484 -33- 3\ NHO HIN N N \i N \ 6-Dimethylamino-2-

{2-hydroxyg t%},f—,&,—@ﬁl—methyl-lH-pyrazol3-ylamino)-imidazo[l,2-a]pyr%¥}@0§9&%gy‘1}
-3,4-dihydro-2Hisoquinolin- 1-one N\

231-

mammal in a therapeutic effective dose of a compound of Formulae I-V in a sufficient dose to
inhibit BTK. In addition, other immune system mediated diseases, such as graft-versus-host
disease and allergic disorders, are also included in the definition of immune disorders herein.
Because a number of immune disorders are caused by inflammation, there is some overlap

5 Dbetween disorders that are considered immune disorders and inflammatory disorders. For the
purpose of this invention, in the case of such an overlapping disorder, it may be considered either
an iImmune disorder or an inflammatory disorder. "Treatment of an immune disorder" herein
refers to administering a compound or a composition of the invention to a subject, who has an
immune disorder, a symptom of such a disease or a predisposition towards such a disease, with

10  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.

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

20 progression, amelioration or palliation of the disease state, and remission (whether partial or
total), whether detectable or undetectable. "Treatment" can also mean prolonging survival as
compared to expected survival if not receiving treatment. Those in need of treatment include
those already with the condition or disorder as well as those prone to have the condition or
disorder or those in which the condition or disorder 1s to be prevented. For example, treating an

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

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

30 Examples of representative compounds encompassed by the present invention and within the
scope of the invention are provided in the following Table. These examples and preparations

which foliow are provided to enable those skilled in the art to more clearly understand and to

ra



11-4 nNHO 0 HN 1110 ---N 0 ialt 6-Dimethylamino-2-(2-hydroxymethyl-3- f 8-[5-(morpholine-4-

carbonyl)- |_{?qm-ﬂg@@,ﬂ@|nok|m|dazo[1 ,2-alpyridin-6-y1}-phenyl)- 3,4- dlhydlgeﬁﬂ,gg%gg&]‘m -1-one
[1-5 n HO 40 NO H A 111 1-{643-(6-Cyclopropy1-1-oxo0-3,4- dihydro- 1 H-iso quino lin-2-y1)-2-

hydroxymethyl-phenyll-imidazo- [ 1,2-a]pyridin-8-y3}-3-methyl-urea

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 in this Application is based on AUTONOMTM v.4.0, a

Betlstein Institute computerized system for the generation of TUPAC systematic nomenclature.

5 If there is a discrepancy between a depicted structure and a name given that structure, the

depicted structure is to be accorded more weight. In addition, if the stereochemistry of a

structure or a portion of a structure is not indicated with, e.g., bold or dashed hnes, the structure

or portion of the structure 1s to be interpreted as encompassing all stereoisomers of it.

TABLE 1 depicts examples of 6-Phenyl-imidazo{1,2-alpyridine and 6-Phenyl-imidazo{1,2-

10 blpyridazine derivatives according to generic Formula II. Thus, the compounds of TABLE T are

another embodiment of the present invention,

TABLE 1.
Compound | Structure Nomenclature
=\ / 6-Dimethylamino-2-(2-hydroxy-
N N OH N— _
iN methyl-3-{8-[5-(morpholine-4-
N
AN carbonyl}-pyridin-2~ylamino}-
o
1I-1 Z [N imidazo[1,2-b]pyridazin-6-yl}-
N
phenyl)-3,4-dihydro-2H-
© @ isoquinolin-1-one
0
=\ 6-Cyclopropyl-2-(2-hydroxymethyl-
Naw N OH
Y IN 3-{8~[5-«(morpholine-4-carbonytl)-
N N
HN pyridin-2-ylaming]-imidazo[1,2-
o
11-2 ZN blpyridazin-6-yl}-phenyl)-3,4-
X
dihydro-2H-isoquinolin-1-one
07N
@
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6-Dimethylamino-2-(2-hydroxy-
methyl-3-{8-{5-(morpholine-4-
carbonyl)-pyridin-2-ylamino |-imid-

-4 azo[1,2-a]pyridin-6-y1}-phenyl)-
3,4-dihydro-2H-isoquinolin-1-one
0 N
@
- 1-{6-[3-(6-Cyclopropyl-1-0x0-3,4-
Nm HO : L
N o dihydro-1H-isoquinolin-2-y1)-2-
I1-5 PN | N hydroxymethyl-phenyl]-imidazo-
[1,2-a]pyridin-8~yl}-3-methyl-urea
AN °
6-Cyclopropyl-2-(2-hydroxymethyl-
% ol o 3-{8-[5-(morpholine-4-carbonyl)-
N | N pyridin-2-ylamino]-imidazo{1,2-a}-
II-6 PN pyridin-6-y1}-phenyl)-3,4-dihydro-
=~ 2H-isoquinolin-i-one
0% N
!

The 6-Phenyl-imidazo{1,2-a]pyridine and 6-Phenyl-imidazo[1,2-blpyridazine derivatives

described herein are kinase mhibitors, in particular Btk inhibitors. These inhibitors can be useful

for treating one or more diseases responsive to kinase inhibition, including disecases responsive to

Btk inhibition and/or inhibition of B-cell proliferation, in mammals. Without wishing to be

bound to any particular theory, it is believed that the interaction of the compounds of the

mvention with Btk results in the inhibition of Btk activity and thus in the pharmaceutical utility

of these compounds. Accordingly, the invention includes a method of treating a mammal, for

mstance a human, having a disease responsive to inhibition of Btk activity, and/or inhibiting B-

£



WO 2010/006947PCT/EP2009/058484 -34- cell proliferation, comprising administrating to the mammal
having suc‘Q@ﬂ’iﬁﬁ@(ﬁSﬁn effective amount of at least one chemical entityﬁﬁ)ﬂgﬁgﬁ&rﬂ% An

effective concentration may be ascertained experimentally, e.g. by assaying blood concentration of the
compound, or theoretically, by calculating bioavailaghlity. Other kinases that may be affected in
addition to Btk 5 include, but are not limited to, other tyrosine kinases and serine/threonine kinases.

Kinaseglayaiotabierolespraigralingipathmayscantialineniyndomenioh celivlas progesses sich as
proliferation, differentiation, and death (apoptosis). Abnormal kinase activity has been implicated in a

wide rabige B RsaLEAS FEIGERRY FHARDIE BEREErS, DESEsim MR AE S FIRASHTTRB id¥ases, and
acutedirgia@am@tgwﬁ@m@ﬁmﬂ;b@. gngitiﬁ@%a,t@@ ﬁﬁlllg)@fobkﬁﬁﬁﬁﬁtﬂﬁﬂi@ﬂh@ @@Hl%@ma!ialg pathV\k/]ayS
provides a significant opportunity to identify novel drugs targeting kinases_and signaling pathways. An
emboditheMe mﬂ&@&%&a@%&&ﬂ@& aﬁe%th%gkﬁ??ﬁsaﬂlﬁd i é%?fﬁ}-ﬂﬁﬁﬁf&ﬂﬂﬁ%ﬁ%@
disepsener;ab, aauiadilammnialony reactien-sesransiedennhiriientetBik agiviteand/or B-cell
proliferation 15 Autoimmune andJor inflammatory diseases that can be affected using compounds and

compositions accordi the inventio .inclugne but are not.limited to: riasis, allergy, Crohn's

g e SN R e s D R S
transplantpe bfgatispadtffonentsytsie micdldpatd: €aptiremato sus(andd ldssesiatedvglohastedemephritis),
dermatomyosit is,. multiple sclerosis, scleroder vasculitis 20 (ANCA-associated and other
ascul L A R S T AR S e R e e (anc
associateithglormenyl divepiwitisranatwalmBasy dterpoedvéges, Atlvenodti@resid, ie oimateisbanhivits,
chranic Idiopathic thrombocytopenic purpura (ITP), Addison's diseas ParlTi son's disease,
ot A R el R O A
of treatientds anhisigatilegsthibveaghemical entity provided herein is administered in combination with
an anti-inflammatory agent. Anti-inflammatory agents include but are not limited to NSAIDs,

non-spegfic: AR aiOX foReelie valsRtyaRaRse SAYR inhhILorR «GRIAMBALARS corlcosteroids,

methotrexate, tumor necrosis factor receptor (TNF) receptors antagonists, irnmunosuppressants and
methoti@Xae My Z0IB0 6047 PCHYE SBAZAIEEL P eiNSREesahB ke Bitare not
limited t&dﬂ%&‘%@&f‘pf&f@?ﬂéﬁn’ naproxen and naproxen sodium, diclofenac, combinations of
diclofenac sodium and misoprostol, sulindac, oxaprozin, diflunisal, piroxicam, indomethacin, etodolac,
fenoprofen calcium, ketoprofen, sodium nabumctone, sulfasalazine, tolmetin sodium, and
hydiroxyCHIBHSEHAE 2BYQMBIRETYP S % ARSESE T FhERTHRS G B3 SERpOMRIISIS Bich as celecoxib,
valdecaxihdushiasoxiboadiel @ aloricaxibotnsane anbadine isitheenssifiamnantesy,agent is a
salicylate. Salicylates include by are not limited to acetylsalicylic.acid or aspirin, sodium salicylate, and
cho Lin&™8%8 ﬁ%@%ﬁem@m PRES SR AR RN Hﬁfélﬁtg’?‘?ﬁava]%‘(‘%&é‘%rticosteroid. For

exampleyfaeneardiegisteiaichMadhspianted organs, asthma, systemic lupus erythematosus (and
associated glomerulonephritis), dermatomyositis, multiple sclerosis, scleroderma, vasculitis
20 (ANCA-associated and other vasculitides), autoimmune hemolytic and thrombocytopenic states,
Goodpasture's syndrome (and associated glomerulonephritis and pulmonary hemorrhage),
atherosclerosis, theumatoid arthritis, chronic Idiopathic thrombocytopenic purpura (ITP),
Addison's disease, Parkinson's disease, Alzheimer's disease, diabetes, septic shock, and

myasthenia gravis,

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

receptors antagonists, immunosuppressants and methotrexate.



be cortisone, dexamethasonc, methylprednisolone, predniso lone, predniso lone sodium phosphate, or

prednison%&@ﬂ%[jgml embodiments the anti-inflammatory agent is a gqlgﬁ% QMWE%]%Ch as gold
[ ich the

sodium thiomalate or auranofin. 15 The invention also includes embodiments m%mh
anti-inflammatory agent is a metabolic inhibitor suctsas a dihydrofolate reductase inhibitor, such as
methotrexate or a dihydroorotate dehydrogenase inhibitor, such as leflunomide. Other embodiments of

the inventighhRartaNIepIRiNaeNshishiRhieAsoNe prifn fidibnatoen CapRAeAtigl an anti-CS
monoclonal antibody (such_as eculizumab or ZO?gexclizumab), a TNF antagonist, such as entanercept,

or inflix /RIS XFh N e HReNE SHORRARCRS S QRSP et sMersRIsethel& 6P the invention

pertain {Q£0RiNatinRSJA Wiskiahie asi Qe RAIIMEASRNAIS RAJHIITNOSMARRE SSasire@mpound such
as an immunosuppressant compound chgsen, from methotrexate, leflunomide, ¢ clos?orine,
tacrolinfQS B BRSNS HRedoI e B &il?‘ﬁfgy W&@E‘é‘ﬂluﬂ?% FegrlesPtessing BTK
have beeninpligatepdnthequtholge:afBreatiimaligneneiesisshitingldueb R, hnitestaiB-cell
lymphoma, lymphoma (including Hodgkin's and non-Hodgkin's lymphoma), hairy cell ymphoma,
multiplARRIGHRECRRIdNic and acute myelogenous leukemia and chronic and acute lymphocytic
leukemia. WO 2010/006947PCT/EP2009/058484 -36- BTK has been shown to be an inhibitor of the
Fas/APG: koiSd=0hpd eatht dhic g sigiatingoomplent (B ISE)idy] Bdirtedgeliyes phdidic dlisgEme tfate of
leukemia/lymphoma cells may reside in the balance between th 0sing proapoptotic effects of
A Cd T i R R Sl S
and/or ésigybstrates (Vassilcv et 5 al., J. Biol. Chem. 1998, 274, 1646-1656). It has also been
discovered that BTK inhibitors are useful as chemosensitizing agents, and, thus, are useful in

compingfion with AIRen eheaiaransutic,diua s paRicHar rgruas AL Inducs ARARIRIs yamples

of other chemotherapeutic drugs that can be used in combination with chemosensitizing BTK inhibitors
include ko goisisaneraiseamilisitons. @xthplptedeine bing 1oedaise)o 10 wpdksnmaasedivinmbrensate.q.
daunor‘r&y(fj&@ﬁgo%@poside), alkylating agents (e.g. cyclophosphamide, melphalan and BCNU), tubulin
directed agents (e.g. taxol and vinblastine), and biological agents (e.g. antibodies such as anti CD20

antibody, 1DEC 8, immunotoxins, and cytgkines). Btk activity has also be associated with some
leukem sa%%ﬂ‘&aél ﬁﬁﬂ{sﬂ@ ntSih6 %W@gﬁ@matory agent 1s a gold compound such as gold sodium

thiomalate or auranofin.

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

dehydrogenase inhibitor, such as leflunomide.

Other embodiments of the invention pertain to combinations in which at least one anti-
inflammatory compound is an anti-C5 monoclonal antibody (such as eculizumab or
20 pexelizumab), 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 compound such as an immunosuppressant compound chosen
from methotrexate, leflunomide, cyclosporine, tacrolimus, azathioprine, and mycophenolate

25 mofetil.

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

myelogenous leukemia and chronic and acute lymphocytic leukemia.



15 resulting from translocation of parts of chromosome 9 and 22. This abnormality is commonly
observed iw&fyg%ﬂjgog%x;logenous leukemia. Btk is constitutively phosphory@t%%%g%ﬁsli%-abl kinase
which initiates ‘downstream survival signals which circumvents apoptosis in bcr-abl cells. (Feldhahn et
al. J. Exp. Med. 2005 201(11):1837-1852) The comgounds of the present invention may be formulated
in a wide variety of oral 20 administration dosage forms and carriers. Oral administration can be in the

form of taletss tRatediablatsueaoasm baisandrefhoelatinesarsulesnSaliians seMHRions, syrups,

or suspensions. Corgﬁqunds of the present invention are efficacious when administered by other

routes SPEEVSIHIEISGAAnRlipRsgcrmadd ssilsihbe e Bl eaprArpahemacallsparisedsiar,
intravengus. sylGtaneRuss MaNSHSsmal prdisthinay irelde aRenatalian eRhanosmentAoaNt), 25

buccal, nasal, inhalation and suppository administration, amon%vother routes of administration. The

preferrétP &AM Er RaRiPisTaEBk iRy Sehanssranveing s BoRverdtitinp sedsi Yegitiehavhich can

be adjugted ageprdingto s denrer:of affietion and the patient's response to the active ingredient. A
compound or compounds of the present invention, as well as their pharmaceutically useable 30 salts,

together with one or more conventio xcipients, carriers, or diluents, may be placed into.the form of
et 05 RS e g T i e A
2010/0G@694s8R4 T EB20020HB48¢h @Herarid moihelapagecforms, mayabecobmpiisgdthitcadyentional
ingredients '{n corﬁlentiolnal ro ortions, Wlif[h or vtv.ithdouta dittion activg.comlgjgun s or trlinciples, and
the unit'dOBEGE formemay ¢on gllﬁnca%%losu'ﬁ%@%ueiﬁegﬁ%% amsihesH e Setive hgredieht™
commedistinatenyitirihe BTEnGdd daily iddsdgectangeria-de emploiteds (Chepbaromcaudieatecan),
comypositions may b loyed as 5 solids, such as tablets or filled capsules, semisolids, powders,
iR R o ek e b S SRR S e, s, o fles
capsules/ttrptraiphseiide,imttehfdam atiSsppdSitoniedifodirectad apsagiftad adroiniat atinbiaatirig)the form
of sterile injectable solutions for parenteral use. A typi reparation.will.contain from about 5% to
ot S8 SO RCT & SO B o RS BB RS cencec
to 10 inclueledesih solid and liquid formulations of the active compound and one skilled in the art will
appreciate that an active ingredient can exist in different preparations depending on the target organ or

tissue %&9&&1%3%%& dasgAadaharmasakinplic Darame é%%@%@%iméﬁﬁ;%ﬁeused herein

refers to a comp at I1s useful In preparing a pharmaceutical composition, generailly safe,
nohStoxiesahithadiche tisivl gty plarasthehwigemosome 9 and 22. This abnormality is commonly

observed in chronic myelogenous leukemia. Btk is constitutively phosphorylated by the ber-ab!
kinase which initiates downstream survival signals which circumvents apoptosis in ber-abl cells.

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

The compounds of the present invention may be formulated in a wide variety of oral

20  administration dosage forms and carriers. Oral administration can be in the form of tablets,
coated tablets, dragées, hard and soft gelatine capsules, solutions, emulsions, syrups, or
suspensions. Compounds of the present invention are efficacious when administered by other
routes of administration including continuous (intravenous drip) topical parenteral, intramuscular,
intravenous, subcutaneous, transdermal (which may include a penetration enhancement agent),

25 buccal, nasal, inhalation and supposttory administration, among other routes of administration.
The preferred manner of administration is generally oral using a convenient daily dosing regimen
which can be adjusted according to the degree of affliction and the patient's response to the

active mgredient.

A compound or compounds of the present invention, as well as their pharmaceutically useable
30  salts, together with one or more conventional excipients, carriers, or diluents, may be placed into

the form of pharmaceutical compositions and unit dosages. The pharmaceutical compositions



15 undesirable, and includes excipients that are acceptable for veterinary use as well as human -
pharmacew;?azlgﬁﬁoﬁ];!‘]?e compounds of this invention can be administereq,e{tqﬂe ﬁ)@%%@ugqenerally be
administered’in aofmlxture with one or more suitable pharmaceutical excipients, (%I uents or carriers
selected with regard to the intended route of adminjigtration and standard pharmaceutical practice. 20
"Pharmaceutically acceptable™ means that which is useful in preparing a pharmaceutical composition

that is genersivisais: RARHQKIS, BdHRRiheuRielRIcaloRar RIRANIER uhasSiabisang-ineides that

which is acceptable for veterinary as well as human pharmaceutical use. A "phauinaceutically

acceptabid SavitBev sAdiNeRAhAS IS eRIINLRECAIRENFIRSHy BEHRs Wiclarasid Yy Matokinetic

property. fiaiheAe fyRahereeisni Wilktuwes et RO S8 dNThR denr tBlh AR fonm: ARAHMEY iBMeRROSItively
affect the pharmacodynamics of the active ingﬁedient with respect tq its therapeutic activity in the body.

The phridly gisasmEdsa iR Hoveytshld BaRh B et HoiRRsiiiog BaK besmw joaditiceutically

acceptapiejangdithak pasisrssesiibe desiird RBAIKIAAR]QaicakACtvil: REINR RaIE R SAMARIARCSuch
salts include: (1) acid addition salts, formed with inorganjc acids such as hydrochloric acid,

hydrobrdHHiESeR atfeREIRTdS HRTES R ST PHB RN ot Hicd fHETHE B erheeFvitibidanic
acids syehhAs aeeiicsasithsOrANIeNIS acichghexannim acitkicyclansRRNBRIOPIRRISIAGIH. abrelic acid,
pyruvic acid, lactic acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid,
citric aciMbERS Y BEET IO SD1 O 50SR ABLRTRIOI0NE) GeBkER 980 SbRi iR ZbY Obenzoic
acid, cinpaBiscasiduiendaliepsaiddaethanestifenia asich sthane v oRiG ack ki 2rethangcdigulfonic
acid, 2-hydroxyethanesulfonic acid, benzenesulfaonic acid, 4-chlorobenzenesulfonic acid

2-tlphifaludaaibibdend bamrauliviene Gtiae esHBIsrRRRuRtaad gne skilled in the art will
4-methylhieyaiab2z2hogit2-e igrbdisrboxy isiacid dftcehepianic.aecid, RpReny i apionigsacid,
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic acid,
hydroxyHaphHdIESUE P S AN APREa g IR s itnd e maEo NG BRRELRS like: or (2) salts formed when
an acidic proton present in the parent compound either is replaced by a metal ion, e.g., an alkali metal
ion, an @lkatbren Eaxthijient’oasausedUrarainmeidrs or coarginatidsheitls asedujanjcdpasagach as

ethanolamine, digihanolaming riethanolamine. 10 tomelhaming N-mptivlglucaming, and the fike.
Solid fofh; prepall]ra fons ciide p’o%v&ers,}fa% ets, pills, capsu ees, cachers suﬁﬁggftgnegwgﬁd
disigersibléegnabidesdisdlidcarriapmay thetcne wremordstibstaticeswhishasmaylblsdantaas diluents,
favornaiaasaLs, seli iz ars, LiHsanta, SspSTIAAacs D AgeIS PLEsED AR et
disintedrating agents, or an encap%u ating matenial, In pow%ers, Re carrier generalﬁy ISa 15 finely
divided solidaliiieh adraimmsdrae widkithet firelyittivided: activescoabopleninindaddtet exthpiactye
compongnt generally.is mixed with.the carrier having the, necessary binding .capagity in suitable
Proport e R SR R e
to magpbsiumceativehpite;tmagnesium stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin,

tragacanth, methylcellulose, sodium carboxymethylcellulose, a low melting wax, 20 cocoa butter, and

the ke*‘ﬁ?i%&%@ﬁﬁﬁﬁ??@é&%%[@’a}ﬁmﬁ%%t Wlﬁ&gig%@etﬁiiﬂﬂ?t;ggpéﬁr@m%g&ﬁﬁ&ﬁams’ flavors,

stabilizers, buffers, artificial and natural sweeteners, dispersants, thickeners, so lubilizing agents, and
the likecomposition that is generally safe, non-toxic, and neither biologically nor otherwise undesirable

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

A "pharmaceutically acceptable salt" form of an active ingredient may also initially confer a
desirable pharmacokinetic property on the active ingredient which were absent in the non-salt

25 - form, and may even positively affect the pharmacodynamics of the active ingredient with respect
to its therapeutic activity in the body. The phrase “pharmaceutically acceptable salt” of a
compound means a salt that is pharmaceutically acceptable and that possesses the desired
pharmacological activity of the parent compound. Such salts include: (1) acid addition salts,
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric

30  acid, phosphoric acid, and the like; or formed with organic acids such as acetic acid, propionic
acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pymvic.acid, lactic acid, malonic

acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,



Liquid formulations also are suitable for oral administration include liquid formulation including

emulsionsv%rib%{?g&ggj;s, agueous solutions, agueous suspensions. The%ipwgmgsfprm 25
' ortly bef

preparations which are intended to be converted to liquid form preparations shortly before use.
Emulsions may be prepared in solutions, e.g., in aggeous propylene glycol solutions or may contain
emulsifying agents such as lecithin, sorbitan monooleate, or acacia. Aqueous solutions can be

preparefl yrdigsiieaANRe) BeHMS CompRentincHaier maiadd nas wiahle elmpan sciavors,
stabilizing, and thickening agents. Aqueous suspensions can be prepared by dispersing 30 the finely
divided AEHYSEEPRSOHdd 1rzﬁg%é??ﬂgtﬁ"s}fgé&%%ﬁa?é?i%‘?}'%ﬁ%ﬁha'?é‘?%ﬂ%?&i%?%%‘?ﬁ@ﬁ@ﬁﬂﬂf@?1%sins,

methylceiiglasenisashiim crREb oy el CEldiasa. Rneketer WeHK oW suspediogagents. WO
2010/006947PCT/EP2009/058484 -39- The compounds of the present inﬁpﬁtj}gn ay be formulated

for pareitEPosHptiG At gy e o 210 horsasnl st INESH RIS )8 may be
pregenteghiaiH-ggisaitoedinamanes: R ecllledsyrinsas) smad aalumerpfusiorioaindnulti-dose

containers with an added preservative. The compositions may.take such fowls as suspensions,
souunor@%?laﬁﬁﬂgqoa@ﬁ%%w%ﬁad{@aﬁ@}aﬁ%§9@&?@%ﬁm&wﬁa@&% BIYEMYi&E glycol.
EXFmﬁlﬁlﬁiQB@?ﬂcQﬁdﬂQBﬁﬁalEﬁ@&i@&rF\iﬁ@m ?ﬂl&ﬁ_tlt’ﬁa ﬁt@(ijttﬁmﬁi_ _ @i{}&ﬁhiqﬁ%@&w@@'@@ﬂﬂlﬁﬁ?i&hﬁ@L |
olyethylene glycol, vegetable oils (e.q., glive ail), and injectable organic esters (e.g., ethyl oleate), an
ey OB ) B i e D, SR SR o o SE B tsining
and/or dispersing agenis. Altanatve!yuihe st dngresicotsmaydieninpomesifotamabiained by 10
asegtic isolation of sterile solid or by,Iyophiéils gﬁ from solution for constitution before use with a

sultdbld PARTEITENG: NAERIEY | PSH R et he compounds of the present invention may be

formulated for topical administration to the epidermis as ointments, creams or lotions, or as a
transdefioiad fatch rQiatmentsaridderpamemaypely, pids foapuilte davitbiasagoestuscsr aity base with
the add(lﬂé)n Pg}i@gltablelthlcﬁ?%% gnd/or 15 eéllon agents. Lotions m%é/hlia%form lg{t}ea%tvgl[qth an

c anuics. A drriec d MOre SuDsSances a G
aqueous o101 &5 and willin generalré?s containing one or more emu S|f§}n3é agents, stabilizing

agents,dispessifigvageptssuspendindage hisrithigkening adegtsgortsoiarittgsagentsy&Eormulations

sultable fgr opical.admistiation n dhe moul Rgluge lggsnges.sompisia acive saeniy n g flavored
base, usua ysucr%e and &cacia or tragacanth; pastillés comprising the active mére ient in an inert
basé suthebsdjekatinsdidwtighyserimiatsucmibelzminaadiaidmchmioatbovashesicoln patding the active

'“gre.d.'eaf%?'@e asuiable| 'é’e‘ﬂ%ﬁ%%‘\?%&%ﬁ %‘v?trﬁ'ﬂ%“&%&fﬁ%ﬂ E@HE&@X%@%%H@( pii :IQ&%‘%Hated for
administration as 'suppositories: A'low melting wax, such as & mixture of fatty acid glycerides or cocoa
butter isditsbimelemb e thehotive soedporibatierispdrsed temodehvtusly cagerbinstidingtThe
molten Ql%nggﬁ%%%a%o magnesium carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin,
starch, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, a low melting wax,
20  cocoa butter, and the like. Solid form preparations may contain, in addition to the active
component, colorants, flavors, stabilizers, buffers, artificial and natural sweeteners, dispersants,

thickeners, solubilizing agents, and the like.

Liquid formulations also are suitable for oral administration include liquid formulation including
emulsions, syrups, elixirs, aqueous solutions, aqueous suspensions. These include solid form

25 preparations which are intended to be converted to liquid form preparations shortly before use.
Emulsions may be prepared in solutions, .g., in aqueous propylene glycol solutions or may
contain emulsifying agents such as lecithin, sorbitan monooleate, or acacia. Aqueous solutions
can be prepared by dissolving the active component in water and adding suitable colorants,
flavors, stabilizing, and thickening agents. Aqueous suspensions can be prepared by dispersing

30 the finely divided active component in water with viscous material, such as natural or synthetic
gums, resins, methyleellulose, sodium carboxymethylcellulose, and other well known

suspending agents.



25 mixture is then poured into convenient sized molds, allowed to cool, and to solidify. The compounds

of the presgRy &gy&m@%may be founulated for vaginal administration. Pes;qu%mma% creams,
, L U3

gels, pastes, foams or sprays containing in addition to the active ingredient s carriers as are known
in the art to be appropriate. The compounds of thegresent invention may be formulated for nasal
administration. The 30 solutions or suspensions are applied directly to the nasal cavity by conventional

means, &8 sMifkb andEnes HREHERFSRIGY nllesforsnlatiensimnaweBravidagiRwasiiote
multidose foirn. In WO 2010/006947PCT/EP2009/058484 -40- the |atter case of a dropper_or pipette,

this malbBISEHRVEEHMNE BARRINLIRAMIERMMNG BHUSB PR hPedutsEFL I vl RS o fare

solutionpfssReRSIRE- AN e ease Okmspruthisiifayditoachigvad gole Byeans With Mmekeréag
atomizing spray,pung?gi The compounds of the present invention may be formulated for aerosol

adminitF St %ri- 15 EREFRPRY (S FBERIAEE 3 A RUSRARY T A0SR S TSRS, Fhe
compowin wilkgeasialiyrhave a snahnanticle-sidecasthabéng Rides1otfiveHRmiRrons-arless. Such a
particle size may be obtained by means known‘in the art, e.g. by micronjzation. The active ingredient

is provideBPHIEONeEiiT e A B Wit S S8 RABTR S 5D MEHE S REAPN LA IO R SIS RRIEH EES); e.g.,

dichloraogifistarmmsathang., kishoiofluaromiethese ot it exatetsalluatse tiane,) anmearben.d&dioxide or
other suitable gas. The aerosol may conveniently also contain a surfactant such as.lecithin. The dose
of drug %M%&%ﬂ@&%@éﬂé?&%ﬁ%l@@%rﬂ é%l%oééﬂ%eﬂﬁ%?gdﬁé?ﬁ ey H@/ﬁfovided ina

form r?f @@f@t}]ﬁg@@m@, qlla:@ﬁw@y,r;;% aktibe ﬁlﬁgﬁmﬁiﬂ dlﬁtyla;esmtﬁbledef)w@f bmag@y aés Iac;ose,
starch, starch derivatives such as hydroxypropylmethyl cellulose and polyvinylpyrr ine (PVP). The
poWHer SEPHE SRR Lot ol SAC3 CRRR) P h BB RIEP B GORIHIEY %ﬁé‘%‘fe%%med in unit

dose fotitie YsiiLapsules Qlecalttidgrs pfro@n-galatvaer blister packs from which the powder may be
administered by means of an inhaler. When desired, fotinulations can be prepared with enteric
Coating§g1éj 9&%%%1&%@?%%@6”81%3%% mvention may be formulated for topical administration to the
epidermis as ointments, creams or lotions, or as a transdermal patch. Ointments and creams may,
e.g., be formulated with an aqueous or oily base with the addition of suitable thickening and/or
15 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 include lozenges comprising active agents in a flavored base, usually sucrose and
acacia or tragacanth; pastilles comprising the active ingredient in an inert base such as gelatin

20 and glycerin or sucrose and acacia; and mouthwashes comprising the active mgredient in a

suitable liquid carrier.

The compounds of the present invention may be formulated for administration as suppositories.
A low melting wax, such as a mixture of fatty acid glycerides or cocoa butter is first melted and
the active component is dispersed homogeneously, e.g., by stirring. The molten homogeneous

25 mixture is then poured into convenient sized molds, allowed to cool, and to solidify.

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

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

The compounds of the present invention may be formulated for nasal administration. The
30 solutions or suspensions are applied directly to the nasal cavity by conventional means, e.g., with

a dropper, pipette or spray. The formulations may be provided in a single or muitidose form. In



~ controlled release administration of the active ingredient. For example, the compounds of the present

invention GRB Qﬁgﬂ{m,?ted in transdermal or subcutaneous drug deliveryfevigesngdsifigse delivery
systems are advantageous when sustained release of the compound is necessary and when patient

compliance with a treatment regimen is crucial. Coggpounds in transdermal delivery systems are
frequently attached to an skin-adhesive solid support. The compound of interest can also be combined

with a pgpeifelicA.ITANGSHR:Dr Hipens, thisadscyiarisyaansplianpdtRne idalisianed: release delivery

systems are inserted subcutaneously into to the 25 subdetmai layer by surgery or injectign. The
subder AT RPRAESHELE St I RE AOBEA A Bl SHERHS T MBIARSEG 2 SRS BB, or a
biodegradaiie RalynebenthaRolyactieeait: Suiidbliedfepmylptions along with pharmaceutical carriers,

diluents and expcipients are described in Remington: The Science and Practice of Pharmacy 1995,

edited hy Martin, MF;?i%k ngllshln Co‘@&% 19th e |t|on}1altzeads n, Penns Ir\ﬁa%&i,a%skllled (hi ululation

scientist aﬁ? ot hoef SFUIAtions Wi hklx}la}/heeteoéc ] gs o%f?fhaéjrgps)%m ication to Brrlbgia & numerous

fottGulatiging fao ahpattipitaorouteoiratimihidiration witholtdendernipthe Tdenepogitions wilthe present
invention unstable or compromising their therapeutic activity. WO 2010/006947RCT/EP2009/058484
T R o T BT e bl e R SR Wb GG B vehice,
e.g., magbeeasitychodoadiished bykminor imtidification $ (salicformzatation] bsterificatigngditot)iswhich
are well within fhe ordinark skl nihe.art, Lis feg welmitindbe ordinaniail Qg A g nodity the
route of administration and oo ge regimen of a particular compound in’5 order to manage the
pharmasgkidefitsrof ifreopsesenteomishlordf foromaxiansno b divdfivialcefi€obin phtientst Tirboerm
"therapeutically effective.amount” as used herein means an amount reguired to.reduc toms of
il s i e st e Sl IR S S s e
case. Thatttosafeechsyafdwithirwidedintitsldé perding awpdnad enuittersutsvidpttrs ®usie as the
severity. of the disease.to be treated, the age and gene ealth condition of the pati her
edica TS T o e O, S LR AR BT,
preferescisbbnpbexfreienc suoh thelanedis al pdcttione dimraiied: foh el athminiswaiibngthydaily
dosage of .between about 0.01 and abo K weight: hould jate in
oo B A e
abbiit 50Bermgtkdebooypesitiht, magrdppetstreedOn vaniddabo (1100 gn i kg sodss weighrsladsmbstz. .

pfefe”e%%t%%@%@sg%@am&{;sw%gy 59%}(%?%23 ﬁg%%al?g%&a%mwmm L £ 3G person, the

dosagegrange wou out 7 mgto 0. osage tan be administered as a single

dosage or in divided dosages, typically between 1 and 5 dosages per day. Generally, treatment is
initiatedWem dataires fsayadopmrem be prepared with enteric coatings adapted for sustained or

controlled release administration of the active ingredient. For example, the compounds of the
present invention can be formulated in transdermal or subcutaneous drug delivery devices.

20 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 transdermal
delivery systems are frequently attached to an skin-adhesive solid support. The compound of
interest can also be combined with a penetration enhancer, e.g., Azone (1-dodecylaza-
cycloheptan-2-one). Sustained reicase delivery systems are inserted subcutaneously into to the

25 subdermal layer by surgery or injection. The subdermal implants encapsulate the compound in a

lipid soluble membrane, e.g., silicone rubber, or a biodegradable polymer, e.g., polyactic acid.

Suitable formulations along with pharmaceutical carriers, diluents and expcipients are described
in Remington: The Science and Practice of Pharmacy 1995, edited by Martin, Mack Publishing
Company, 19th edition, Easton, Pennsylvania. A skilled formulation scientist may modify the
30 formulations within the teachings of the specification to provide numerous formulations for a
particular route of administration without rendering the compositions of the present mvention

unstable or compromising their therapeutic activity.



20 are less than the optimum dose of the compound. Thereafter, the dosage is increased by small

incrementw&i@t@g %)[p]mum effect for the individual patient is reached. Op&%]?i&g{%%ﬁ%ill in treating
ibed herein wil )

diseases descr | be able, without undue experimentation and in reliance on personal
knowledge, experience and the disclosures hereingta ascertain a therapeutically effective amount of
the compounds of the present invention for a given disease and patient. 25 The phaiuiaceutical

preparatignmaaerREeH AT HQAYR IREN S RRUShHEMIRE IePRIATIRAtS sHBeivided into unit
doses containing appropriate E?&Jantities of the active component. The unit dosage form can be a

packag¥thpepatiBlyihe patiewBrialhg et d it s 5t Raatbios, el & 5aiRBted

tablets, gapsiiash arcpPaVE RS 3le REBERILIE $hAISO 1Ehe AfitWigsage fo i catihepsgapsele,
tablet, cachet, or lozenge itself, or it can, 30 he the appropriate number of any of these in packaged

form. WS 0 QMR HIsCUEas 2 G81058Hs R 1 A9 ER KPR S BNt REBIREh ETBO LA &t C
Exanplerdérddniabipmasitigazashdicixture pfceidibygiornysidazing mdfndienef@dl 3 Mt 96
mmol) and phosphorus oxybromide (62.9 g, 219 trot) was maintained at 200C for 30 min, and then
allowed#d&861%b 11. The suspension was poured over ice, made basic with saturated aqueous
NaHCO3, and extracted with DCM (2 x 100 mL). The combined organic layers were dried over
MgSO4Tfiterad ‘ahcrgencentiateticnivaenautclamsahhemategraphyn(D-4hit EQAcHexamderafforded

250 5 S ARSI RatieL 530 OB M ok, TR v

requirements in each particular case. That dosage can vary within wide limits depending upon

10 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 practitioner 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 combination therapy. A preferred

15 daily dosage is between about 0.1 and about 500 mg/kg body weight, more preferred 0.1 and
about 100 mg/ke body weight and most preferred 1.0 and about 10 mg/kg body weight per day.
Thus, for administration to a 70 kg person, the dosage range would be about 7 mg to 0.7 g per
day. The daily dosage can be administered as a single dosage or in divided dosages, typically
between 1 and 5 dosages per day. Generally, treatment is initiated with smaller dosages which

20 are less than the optimum dose of the compound. Thereafter, the dosage is increased by small
increments until the optimum effect for the individual patient is reached. One of ordinary skill in
treating diseases described herein will be able, without undue experimentation and in reliance on
personal knowledge, experience and the disclosures herein, to ascertain a therapeutically

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

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

30 bethe appropriate number of any of these in packaged form.



--43- Ammonia gas was bubbled through a solution of 3,6-dibromo-pyridazine (16.2 g, 68.0 mmol) in
EtOH (300% ‘ﬁl high-pressure reaction vessel. The solution was gaitainedat A40C
overnight, an then cooled to rt. Volatiles were removed under reduced pressure and the resulting
solid was crystallized to give 14.7 g (77%) of the dgsired product as white crystals. 5 Example 3:
4,6-Dibromo-pyridazin-3-ylamine To a solution of 6-bromo-pyridazine-3-ylamine (740 mg, 4.2 nunol) in
6 ml. ofgvelitrras added NaHCO3 (391 mg, 4.7 mmol) The reaction mixture stirred at it for 30 mm,
after which Br2 (242 ul, 4.7 mmol) was added dropwisc via syringe. The solution was maintained at rt
overnight. Sol Was removed in vacuo, and the residue was purified by flash chromatography 10
(0-40% 1 B%@ﬁ o give 454 mg (43%) of the desired product as a white amorphous solid.
Example 4: 6,8- D|bromo -imidazo[1,2-blpyridazine To a solution of 4,6-dibromo-pyridazin-3-ylamine
(11.9 g, 47.0 mgnol) in EtOH:H20 (5:1, 300 mL) was addegbromoacetaldehyde dimethyl acetal (28 ml.,
240 mmol) in olle p (tion, immediately IIowed by the ad ditiog,ofp- toluenesulphonlc acid (50 mg). The
mixture wash TN '

solid was trit A . e ss RSO
a vacuum oven overnight to afford 12.6 g (96%) ‘of produgt. Example 5:

[6-(6-Bromo- |m|dazo[1 2- b]pyrldazm -8-ylamino)-pyridin- STyII -morpholin-4- yl-methanone 20 A mixture
of 6,8-dibrome=wi idazi mol), 6-amino-pyridin-3-yl)-

| ert-butoxide (220 mg, 2.0 mmol) in 3 mL

moval of solvent in vacuo,

25 Example 6:
6-Cyclopropy1-2-(2-hyidroxymethy1-3-1845- (morphollne -4-earbony0-pyridin2-ylaminol-imidazoll,2-blpy
ridazin-6-A- phenyl) -3, dlhydro 21 1- |soqumol|n ] 2) A mixture of

¥, '-m pholin-4-yl- methanone (64 mg, 0.16

mmol) 242- : @
2010/0069%7PCIT/ER

Example 1:  3,6-Dibromo-pyridazine

5 A mixture of 1,2-dihydro-pyridazine -3,6-dione (22.3 g, 196 mmol) and phosphorus oxybromide
(62.9 g, 219 mmol) was maintained at 200°C for 30 min, and then allowed to cool to rt. The
suspension was poured over ice, made basic with saturated aqueous NaHCOs, and extracted with
DCM (2 x 100 mL). The combined organic layers were dried over MgSOy, filtered and
concentrated in vacuo. Column chromatography (0-45% EtOAc/Hexane) afforded 26.0 g of

10 desired product {56%) as an amorphous white solid. |

Example 2: 6-Bromo-pyridazin-3-ylamine



methyl-[1,3,2]dioxaborolan-2-y1)-phenyl]-6-cyclopropyl-3,4-dihydro-2H-isoquinolin-I-one (85 mg, 0.16

mmol), Pd(,g{})2 é 0.005 mmol), Xphos ligand (4.6 mg, 0.01mmol), )ﬁ%ﬁ}% g@ ma, 0.32 not)
in n-BUOH: %% %;H%Qé mL) was stirred at 120C in a microwave for 0.5 h%%% e r::-}%cf%n was
concentrated in vacuo, dissolved in 10 ml MeOH with. 2 drops of cone 5 H2S04, and then stirred for 30
min. The solution was neutralized with solid NaHCO3, extracted with DCM (20 m14), dried over

MgSO4s fraieentalinnsafiibe seaating mixuitRidn vasun dalewrdRyipufication widk fashnol) in
chromatography (0-10% MeOH/DCM) afforded 62 mg (63°r/%)gof title compound as a yellow foam
(M+H)-+E4 é3@%ﬂﬁ»9p1% & SiG bSO RS S PLBORY GRSy rhBEPIUsors S mrdrtHBRMhatd Eh bony1)
10pyridiR-2mylaminel-iRidasalbeab ipytid adr:SadknhamyhiBdmeiysiecdipisadringintone (IM) The
desired compound was synthesized follpwi%r)lg the method described in Example 6 and usijng acetic

acid 2-(EHIHRERDRINTS- I Y K28 U RiBYErbHHEEOGENRS it sigpred product as white crystals.

0-6-(4,4,5,5-tetramethyl[1,3,2]clioxaborolan-2-ye-benzyl ester to give the title compound as a yellow
solid in BR2mypield; 15(8Bibromoly Edarp® - Gambhbibromo-imidazo[1,2-a]pyridine A solution of
2-amino-3,5-dibromopyridine (39.7 mmol) and chloroacetaldehyde (50 wt% solution in water, 43.7

) and, WA (150 intair f T ' ' d, and th
it Cats B AR N R The FANTs A 30 pa o e et ety

acetateaddud INFH(Ue6iH g dwWashathdhexgatien mithuessfireesbtans frhEcombified whidnic layers
were digg @vé%rém GeQmilieted andgoncerated aflardr Sl ol e deyipderoduct

Examp -Bromo-imi 1,2-ajpyridin-8-y1)-(1-methyl-1H-pyrazol-3-y1)-amine
6,8-dibroveisdighid Sebianpvedpyeidived Arpdammonditn eebilue s pardicd-Ylafhisieciros#tegraphly 25 5%

of RA2(ehae, 376 L BINAR-504 gg@%@ 434, mupal EEEME%E'B L) wasmaintainesetdgoc for 3

h in'a microwave reactor. The reaction mixture was partitioned between ethyl acetate and water. The
layers were separated and the organic layer was washed with water and with brine. Then the organics
were diedBe fhiaghdsiihrameranklagdd.&rit Buidadfated in vacuo. The crude product was purified
by flash chromatography (25% EtOAc/DCM) to give 160 30 mg (8%) of the title compound as an
amorphpeig sellidioVO420HHRNSHIRAHER200RNB84 84 4 5-7Example ih@EtOH:H,0 (5:1, 300

6-Dimet amino-éézghydrox th aSqu_BTélé eth l-]@-p azol-3- : :
ylamingP it 103 PR 6.0 UG AT B IFBHG T s bAR G4 SR PRIy
immediately followed by the addition of p-toluenesulphonic acid (50 mg). The mixture was
15  maintained at 80°C overnight. Volatiles were removed in vacuo, and then the resulting solid was
triturated with 30 mL H,0. The resulting brown solid was recovered via filtration, and dried in a

vacuum oven overnight to afford 12.6 g (96%) of product.

Exampie 5:  [6-(6-Bromo-imidazoe[1,2-b]pyridazin-8-ylamino)-pyridin-3-yl}-merpholin-4-

yl-methanone

20 A mixture of 6,8-dibromo-imidazo[1,2-bipyridazine (280 mg, 1.0 mmol}, 6-amino-pyridin-3-yl)-
morpholin-4-yl-methanone (230 mg, 1.1 mmol}, potassium tert-butoxide (220 mg, 2.0 mmol) in
3 mL dioxane was stirred at 150°C in a microwave for one .h. After removal of solvent in vacuo,
chromatography (0-3% MeOH / DCM) afforded 126 mg (31%) of the title compound as a yellow

foam.

25 Example 6: 6-Cyclopropyl-2-(2-hydroxymethyl-3-{8-[5-(morpholine-4-carbonyl)-pyridin-
2-ylamino|-imidazo[1,2-b]pyridazin-6-y1}-phenyl)-3,4-dihydro-2H-

isoquinofin-1-one (I1-2)

A mixture of [6-(6-bromo-imidazo[1,2-b]pyridazin-8-ylamino)-pyridin-3-yl]-morpholin-4-yl-
methanone (64 mg, 0.16 mmol), 2-[2-(tert-butyi-dimethyl-silanyloxymethyl)-3-(4,4,5,5-tetra-



A mixture of (6-bromo-imidazo[1,2-a]pyridin-8-y1)-( | -methyl- | H-p yrazol-3-y1)-amine (0.14 5 mmol),
acetic aci '(%6 lamino-1-oxo-3,4-dihydro-1H-isoquinolin-2-y1)-6-(¢42:P5009/058484
tetramethyl-[1,3,2]dioxaborolan-2-y1)-benzyl ester (0.14mmol), Pd(PPh3)4 (0.014 mmol), ethylene
glycol dimethyl ether (3 mL), and aqueous Na2CQ34(1 M, | mL) was maintained at 120C in a
microwave for 30 min. The resulting suspension was partitioned between water and ethyl acetate, and

the aqueews1yes, Was fusbenaxtragieshwit ettt aseiasel-3 ednpabined 10 iarimie- laygeg ygere dried
over MgSO4, filtered, and concentrated in vacuo, The crude product was treated with LiOH (0.28
mmol) REHERBEeD1 A6 Gaan (83amnesasidiganidd Sared NBraatyABdtHidht. The
iﬂusggr;&gm&g,agm&giﬂmpﬂl lae@uefw@%@'}% .@thméamgag@ﬂ@@;g%mqiay&ﬁarwaeedfmggver

, Tiltered, and concentrated In vacuo. C prodyct was_purifie cnromatogra 0
Moo Ve, TR o8 e CROR) Bl Rt aCH RIS A& ST o e 1
6-Dimetindaminad 2Hetr Bieeadonethyln3-{84 5d mesaReling-dueadiRanykh solid NaHCOs, extracted

pyridin-2-ylaminogi-imidazo[1,2-a]pyridin-6-yll-pheny1)-3,4-dihydro-2Hisoquinolin-1-one (11-4) The
desiredEEMBEAMEW: yﬁ}ﬂffés%a WS ting e sAEw0a ag&ﬁaaqﬂwaﬁweﬁaaﬁgmﬁ%@%
(6-bromg-isigazafdP-aiR\TidincBrytaming ity idin-G AoV -yiomiethed ene 65%, peetigeacid
2-(6-dimethylamjno-1-0x0-3,4-dihydro- | H-isq gu ino lin-2-y1)-6-(4,4,5,5-tetramethy
I[1,3,2]&R3§3886’?él%?2¥9%3’6ém ahtb @i\%élhe title compound as a yellow solid in 40% yield.
(M+H)-=618. Example 12:
1-1643¥aG:Gyglofroppibimeibeddrditora G2 dki-dsogvinetiinyd23y I§- BS-Hpdroply@bmeetihgd sbloami¥ midazo[ 1,2-
ajpyidin-8-y11-3-methyl:urea, (11-5). The.desire ound was hesized following,the.method
ceblfied i Exampi A0 oo T R e X R A o i
2-(6-cyc lopropyl-1-dsca@#ainytreatidElsbguino lin-2-y -6-(4,4,5,5-tctramethyl- [1,3,2] d io xaboro
lan-2-y1)-benzyl ester to give the title compound as a yellow solid in 13% yield. (M+H)11= 482. WO

2010/ 0%%%&&@%&&9&%@%%%%&%@55@%@%&% the method described in Example 6 and using
6-Cyclopropy1-2-(2-hydroxymethyl-3-18-15-(morpholine-4-carbony1)-pyridin2-ylaminol-imidazo[1,2-a]
pyridin-8gtiqpiahy1(osimgthytrainerisexuihdhtihstie- (Hrig) o besired-Cothetindaiageivinesized

following themsthed descsiRedypExpmple; d Qivsing [Breompound as a yellow solid in 52% yield.
(6-bromo-imidazol[1,2-a]pyridin-8-ylamino)-pyridin-3-y1]-morpholin-4-3/1-methanone and &cetic acid
2-(62cy¢¥bpy£1P-o xo-3,4-dihydro-1H-isoquino lin-2-y
0-6-(4,4,5,5-tetramethyt[1,3,2]clioxaborolan-2-y1)-benzyl ester to give the title compound as a yellow

solid in Z28myRIQ: (Nﬁ;ﬁtbﬁﬁéﬁmnimidazoﬁ,2-a]py!ridine

A solation of 2-amino-3,5-dibromopyridine (39.7 mmol) and chloroacetaldehyde (50 wt%
solution in water, 43.7 mumol) and IPA (150 ml) was maintained at reflux for 6 h. The mixture
was cooled and filtered, and the filter cake was washed with 1 N NaOH. The mixture was

20 partitioned between water and ethyl acetate, and the aqueous layer was further extracted with
ethyl acetate. The combined organic layers were dried over MgSQOy, filtered and concentrated to
afford 10.30 g (95%) of the desired product.

Example9: (6-Bromo-imidazo[1,2-ajpyridin-8-yl)-(1-methyl-1H-pyrazol-3-yl)-amine

6,8-dibromo-imidazo[1,2-a]pyridine (7.24 mmol), 1-methyl-1H-pyrazol-3-ylamine (10.87 mmol),
25 5% of Pdy(dba),, 5% of BINAP and Cs;COs (10.14 mmol) in PhMe (12 mlL) was maintained at

180°C for 3 h in a microwave reactor. The reaction mixture was partitioned between ethyl

acetate and water. The layers were separated and the organic layer was washed with water and

with brine. Then the organics were dried over magnesium sulfate, filtered and concentrated in

vacuo. The crude product was purified by flash chromatography (25% EtOAc/DCM) to give 160

30 mg (8%) of the title compound as an amorphous solid.



General Scheme 2. X -Nor CH WO 2010/006947PCT/EP2009/058484 -47- Example 14:
2-(3-Bromw6— %hﬁlﬁ- Ju/enyl)-6-dimethylamino-2H-isoquinoIin-l—one Br  peT/EP2009/058484
6-Dimethylam%ao-é -|§s)oquinolin- 1-one (50mg, 0.27rru-nol), cuprous iodidlé (qi mg, (5.053mm01), and
potassium carbonate (37mg, 0.27mmol) were depasited in sealed vessel. 3mL DMSO and 5 _
2,6-dibromotoluene (133mg, 0.532mmo1l) were added. Argon was bubbled through the mixture for 2

minutesgAehiie 1ig: WaDisilyyeiorrid- 715 NAE-HeaIRIIIS0E. (e fipd SHT perigaulting mixture was
partitioned between ethyl acetate and water. The organic layer was washed with brine, dried over

anhydrous magnesiufiaipgsinitrohl-daipridivgd yispsmtisd byindrerrBrisaag e 1300

ethyl acetate/hexaneghtopiel§l 2-(3-Bromo-2-methyl-phenyl)-6- 10 dimethylamino-2H-isoquinolin-
1-one (43mg, 0.12mmol). MS (ESI) 357 (M+H)/. Example 15: Acetic acid
2-(6-dimethylamin@-1-oxo0-1H-isqquinplin-2-y1)-6-(4,4.5,5- :

totrameb AL 2 G S bR B D I pyvesol-3-y)-amine (0.14
2-bomentnd B; dicaathydaniino-dnoxdrsisagtinalin32tydikeinziHesteu (@@nAigy 151 04m Hol),
bis(pinacolato)di 8mg, 1.21mmal), and potassium acetat el mol).in a sealed
b wiS R Hh ARG as e et L e e e o, .
|'-Bis(dipthetulp lbspatiidmie d cehe] domlbyopallagiem@d INeghithl € X MWith BCMv@5mgyt@:030mmol) was
added. pyganas, continuted.toshubble froudlthe midurefor.one more minwie.and tha id s tohtly
closed. This was heated at 80 Yor 18 hours. This 20 Was paHitiohgg etween e%ﬁy aletate and water.
The ethythgtetatettayed was:yweshs dyithaad ertticieck reetiedivihiyld noleid avagresililn satfdiecdoncentrated

. g . ) 5
it aa%‘%'c%f{rg}% 4Ry TRsty SUOTRIge AR adis Rt slulien22 102008 STl Acsteigmppnes) to
yield acetiC acid Acetic _

was treated with LiOH (0.28 mmol) in THF:H,0 (1:1, 10 mL) and the resulting suspension was

stirred vigorously overnight. The suspension was partitioned between water and ethyl acetate.

The organic layers were dried over MgSQy, filtered, and concentrated in vacuo. The product was

purified by chromatography (5% MeOH/DCM) affording 26 mg (36%) of the desired compound.

15 (M+H) = 508.

Example 11: 6-Dimethylamino-2-(2-hydroxymethyl-3-{8-[5-(morpholine-4-carbonyl)-
pyridin-2-ylamino]-imidazo[1,2-a]pyridin-6-yI}-phenyl)-3,4-dihydro-2H-

| isoquinolin-i-one (1I-4)

The desired compound was synthesized following the method described in Example 10 using [6-

20 (6-bromo-imidazo[1,2-a]pyridin-8-ylamino}-pyridin-3-yl}-morpholin-4-yl-methanone and acetic
acid 2-(6-dimethylamino-1-ox0-3,4-dihydro-1H-1soquinohin-2-y)-6-(4,4,5,5-tetramethyl-
[1,3,2}dioxaborolan-2-yi)-benzyl ester to give the title compound as a yellow solid in 40% yield.
(M+H) = 618.

Example 12: 1-{6-|3-(6-Cyciopropyl-1-0x0-3,4-dihydro-1H-isoquinelin-2-yh)-2-hydroxy-
25 methyl-phenyl]-imidazeo|1,2-a]pyridin-8-yI}-3-methyl-urea (1I-5)

The desired compound was synthesized following the method described in Example 10 using 1-
(6-bromo-imidazo[1,2-a]pyridin-8-yD-3-methyl-urea and acetic acid 2-(6-cyclopropyl-1-0xo-
3,4-dihydro-1H-isoquinolin-2-y{)-6-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-benzyl ester
to give the title compound as a yellow solid in 13% yield. (M+H)" = 482,



- WO 2010/006947PCT/EP20091058484 -48- acid

2-(6-dimet 33.%9 -1-0x0-IH-isoquinolin-2-y0-6-(4,4,5,5-tetramethyl[1,3,2 &ol);%p Z? 1)-benzyl
ester (183%, .ga&ﬂgﬁh%%ol). MS (ESI) 463.1 (M+Hf. Example 16: 4-Isopro]§eny g&r%g;%y -%enzoic acid
methyl ester 4-Bromo-2-methyl-benzoic acid methygster (4g, 17.46 mmol), isopropenylboronic acid
pinacol 5 ester (3.228g, 19.21 mmol) and cesium carbonate (19.913g, 61.11 mmol) were treated with

adegamxﬁﬁaléﬂign eLaambd LA (G ke [HBEbHoEae-4-carbonyl)-pyridin-  +
bis(diphenylp osphino)fe”rro_éfne Iich%r?allaﬁrﬁcomg{%.%8 %,n0.873 lrhm%jls)vyg;laé%ed and

heated to 120C for 4G THPRNMleimidAsq/dvis atime idicfio mbamd b d-fifsrd reotlricentiglinyashed
with 20 ml dioxane andgfanggafyated in vacuo. The residue was purified by 10 120 g silica gel
chromatography (gradient elution 0-50% ethyl acetate in hexane during 50 mm) to yield

4-Isopropenyl-2-methyl-benzoic acid methyl.ester.(2.94 g, 15.45 mmol). MS (ES!).191.3 (M+H)+
oIS AL Ethgr B OERE i FBER B SR oA et 3y A LY BB othane:
N-Njtroge-Memetiylidiea [(Q2Lg] Bidintndivas)adaainhae]-dbsiisingdry portidnsdacahdadgphase
mixture of | potassium hydroxjd lutio f823:9 in 50 ml wa )ﬁxrkd 50 ml diethyl ether at OC.
The colSy ST SO B S MO LRSLin ) Dttt oo GRS bre was
vigorouply3stifdeck4boAamdy dly-BEhzl hesanganiiviayier thiatcoontaing! diaz gaithané hvas23epaisted.
Cyclopr&g@ﬂg% adding diazomethane solution to methyl styrene: 4-Isopropenyl-2-methyl-benzoic
acid methyl ester (Example 16) (2.94g, 15.45 20 mmol) was dissolved in 15 ml diethyl ether and
cooled to OC. Palladium (1) acetate (0.173g, 0.773 mmol) was added. The yellow organic phase
(contaifiiegelialbohkethade) was added dropwise. In total 20 ml of the organic phase (approximately 4
eg. of diazomethane) was added until the reaction was done. You observe releasing nitrogen by
adding diazomethane to the methyl styrene intermedi e reaction mixture was filtered over
cellulose; wasled with 25 diethyl etherj concentrated; The residue (brown liquid) was purified by 40 g
silica gel clsomageraphy (gradient eldtiqp-O- 0(_);’/(')3r fAte in hexane for 15 mm) 2 9 g of a crude
light yellow hquidiyag! sh %,2-m enzoic acid methyl ester. The crude residue
was purified again By 118 g flash chroffatoyfaphy (gradient elution 0-20% EtOAc in Hex for 30 min) to

give 2-Methyl-4-(1-methyl-cyclopropyfi-benzoic acid metgyl ester (2.75g, 30 13.46 mmol) MS (ESI)
268.9 (M+ Ng 484

10




-49- Example 18: 2-Methyl-4-(1-methyl-cyclopropyl)-benzoic acid
2-Methyl-lﬁ(a-gﬂE&mk}pﬁclopropyl)-benzoic acid methyl ester (Example 179)42/pPfhodah G mmol) was
treated with methanol and 5 M aqueous sodium hydroxide solution (20.46 ml, 102.32 mmol). This
solution was heated to 80C for 4 hours. The reactign.mixture was concentrated until 5 methanol was
evaporated. A white solid was obtained. The solid was dissolved in 50 ml water under heating then
cooled withrapicribahyapietfiesl Wit A R s bystiastigticasis. N Wt prewipitasaavas 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) Example
19: 2-Metlyy1-4-(1-methyl-cyclopropyl)-benzoyl chloride 10

2-Methyff-4- dthyl-cyclopropyl)-benzoic acid (Example 18) (2.139g, 11.243 mmol) and

phosphd S HC ¥le (2.575g, 12.37 mmol) were charged into a 50 ml flask under stirring. These
both solids diskglvsd g#100C. The reaction mixture was stirred 2 hours at 120C with an reflux
condenser in a N2 atmosphere. After that the resulting phosphorus oxylchloride was distilled off at
140C from the reaction mixture. The whole reaction mixture was cooled to RT 15 and the reaction
mixture still remained as a solution. The desired product was distilled by Kugelrohr distillation (150C /

4 mbarptbunzehgineity L (Gogetinlirey cdoprpyicbeRZeynetloeiduqasdodide A Grmaod) (Sampst8.20:
N'p'BV%%P%%Q&ﬁE%EXh%H%%Q%ﬁl ,’@(%ﬂﬂ%@f?B@B@’é’_ﬁ%ﬂ&%ﬂéﬁ'%gmi. 3mL DMSO and

methyl-cyclopropyl)-benzamide 20 3-Bromo-2-(tert-butyl-dimethyl-silanyloxymethyl)-phenylamine
(2.91g, Dipdiomom methyi 43 %ﬁeﬁ%@}@bﬁ%pﬁﬂ% n2GgBHIEH beli@%ﬁhm@glg@@z@z@rg 2
mmol), {,N-giisgrRrapvigtlAmIDe R T .4 3-Brumal) it d-dimeryy lgminapyiding (Q.d a9, 0.92

mmol) were dissolved in 20 ml anhydrous THF. The reaction mixture was refluxed over night; filtered

off the predipicates condemestbdtanenestiracted alitandtmataicetde ovgasitdayaity & Mashedpriire 25
buffer Hﬁi&e?dﬁé%‘@’éﬁh}{‘f(gy&{o%@%Qgﬁﬂﬂ%ﬂlﬁ\{‘é{ &Hﬁ%&HH%%%{%ﬂ&%%?ﬁ%tW%sﬁ-699 of an

oil was obtained. The crude was purified by 80g silica gel chromatography (gradient €lution 0-20%
ethyl acém@atpE@myeﬁa?@@tbﬁhﬁéﬂﬁ@tﬁ&wwww acetdisomhexandybrienying to give
N4ﬁrBfam&ﬁﬁ%&%&w&&%&ﬂ%%9{}4@1%@*})6)1@9&9& :stegﬁgtkaé%mm
methyl-cyclopropyl)-benzamide (3.51g, 7.185 mmol) MS (ESI) 510 (M+ Na W
2010/006947PCT/EP2009/058484 -50- Example 21.:

- [3-Braw Rl o ASH A - S H R neHy T BeigRasinplin-2-¥D-6-(4.4,5,5-

tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzyl ester

To Acetic acid 2-bromo-6-(6-dimethylamino-1-oxo-1H-isoquinolin-2-yl)-benzyl ester (420 mg,

15 1.01mmol), bis(pinacolato)diboron (308mg, 1.21mmol), and potassium acetate (298mg,
3.03mmol) in a sealed tube was added 5 mL dimethylsulfoxide. Argon was bubbled through this
mixture for 3 minutes. [1, 1’-Bis(diphenylphosphino)ferrocene]dichloropalladium(Il} complex
with DCM (25mg, 0.030mmol) was added. Argon was continuted to bubble through the mixture
for one more minute and the lid was tightly closed. This was heated at 80°C for 18 hours. This

20  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



(1-methyl-eyelopropy1)-3,4-dihydro-21-1-isoquinolin-1-one 2,2,6,6-tetramethylpiperidine (2.28g, 16.17

mmol) was,di V@%' 13 ml anhydrous THF under stirring; cooled by m ylen glyco Vice
bath mixtu?&sgﬁlhé .%thhyllithium, 2.5 M in 5 hexanes (6.16 ml, 15.4 rnmo Wéggﬂgbdgg% gd%ropwise and

the temperature was kept around -15C and stirred.gdditionally 30 min at -15C. A solution of
N-[3-Bromo-2-(tert-butyl-dimethylsilanyloxymethyl)-pheny1]-2-methy1-4-(1-methyl-cyclopropyl)-benza
mide (Exganple 20h i minhysiusiidgunrsiadder-dropwiss-exemesiiod of 10 minutes to the

reaction mixture at - 15C. The reaction mixture was stirred for 2 hours. After that 3.55 ml of DMF was
added iH onel 40538rEB R Tha Rserah st G Ings SfoRmEr WA BRI R3r! (D stirred for 2 hours

at RT, then cooled to 0C, quenched with 25 ml of 1 M potassium hydrogen sulfate solution; extracted
with ethigkasgiRtefyatels oy gapen yirhseewnd-hashdd avithihetis] dgra over sodium sulfate; filtered and
concentrated. 2.71 g of a brown oil was obtained. Crystallization with DCM and hexane gave

243-Br -2-(test- ' l-si - -3-hydroxy-7-(1- T
oty Iomtomm A IRy 2 Rt o (1L 3 el WS gl 5 BTRR.
Examples2p(3.228g, 19.21 mmol) and cesium carbonate (19.913g, 61.11 mmol) were treated with a

2'[3'Br%@%ﬁéﬁ%ﬁfﬁ%}{'@Wﬁ%’i{%ﬁ%@%&@ﬂ)z@@w B Sdepgtypyclopropy1)-21-1-isoquinolin-

%ggrdli&ﬁﬁlﬂ(@éﬁtl-iﬂmw@mMﬂsﬂmﬂ#b&%ﬂ&lﬁ%}%ﬁd@lp@@g@@@yﬁ&&rﬁéﬂ%ﬂmlbp@yl)ﬁ,4-di
YOro-ZgsR AR AN XD ok Gh il R IOh AR ARRANEHLIN SATHIREMLALRT

triethylamine (1.31 mi, 9.44 mmol) followed by addition of methanesulfonyl chloride (0.4/8g, 4.171
rnmol) walelettd adshedaststiforlfdokB b ansanRIsitdtis akesdy Honesidue Ovisiputeiseddrording to

LS. TheJ e e Was sxIragied Wit GV RISt QLORNGPRASEIAR WRShegiyth brine;

dried over sodium sulfate; filtered; concentrated to give

243-Brofrpedd(fetsanuepcdirhetinydbirahy kyoyerrstdyashdsp13r 13 Phee thikeyempho pyib ¥l oquinolin-1-
one (1.qgég,%;\f';\,@mmol) MS (ESI) 520.0 (M+ WO 2010/006947PCT/EP2009/058484 -51- General
Scheme 3. Nil

Example 17: 2-Methyl-4-{1-methyl-cyclopropyl}-benzoic acid methyl ester

Formation of Diazomethane: N-Nitroso-N-methylurea (9.1g, 61.8 mmol) was added under

15  stirring in portions to a two phase mixture of 50 ml potassium hydroxide solution (23.9g in 50 mi
water) and 50 ml diethyl ether at 0°C. The color of the organic phase changed from colorless to
yellow. The two phase mixture was vigorously stirred for 40 min at 0°C. The organic layer that
contains diazomethane was separated. Cyclopropanation by adding diazomethane solution to
methyl styrene: 4-Isopropenyl-2-methyl-benzoic acid methyl ester (Example 16) (2.94g, 15.45

20  mmol) was dissolved in 15 ml diethyl ether and cooled to 0°C. Palladium (IT) acetate (0.173g,
0.773 mmol) was added. The yellow orgamc phase (contamning 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 intermediate. The reaction mixture was filtered over cellulose; washed with

25  diethyl ether; concentrated; The residue (brown hquid) was purified by 40 g silica gel
chromatography (gradient clution 0-100% ethyl acetate in hexane for 15 min) 2.9 g of a crude
light vellow 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 acid methyl ester (2.75g,

30 13.46 mmol) MS (ESI) 268.9 (M+ Na ™+ ACN)



X =N or CH;<, Example 23: 2-(3-Bromo-2-methyl-phenyl)-343-dimethylamino-phenylamino)-acrylic

acid ethyl e{] %’3 grgmo -2-methyl-phenyl)-acetic acid benzyl ester (42]1;'8 2’1% gwas
dissolved in ethyl f0|mate (2.5mL, 31mmol). Sodium hydride (95%, 67mg, 2. 6mm was added. After

stirring for 30 minutes, this was quenched with 1M4&q. HCI. This was partitioned between ethyl acetate
and water. The ethyl acetate layer was washed with water, washed with brine, dried over anhydrous

magnesiyhitaie, anseanaeniael iRwasiRpepy RV Rf 46ija material and

N,N-Dimethyl-benzene-1,3-diamine (96mg, 0.70mmol) were stirred in ImL ethanol for 18 hours. This

was co vac o and urifie flash chrom h radien 51t0,2 % eth
acetate?hc]g%[% ?’l@ B‘fﬂg %b%e%ﬁyq cheny ar)lhg@g S%nghw iﬁltr%?)g jr??fair)%lno élc acid
ethyl estes @t@mmaﬁmmp M E(MAQIaﬂﬁﬁﬂsdﬂhthimyﬁlﬁoEm:pﬂetm (20.46 ml, 102.32 mmol).

géfol?c; ethégé%g}%g@d@l%ggl IQL?! sl l’ilh%urlga%ltllrcl)# n%n ?ure was concentrated until
2-($Br@mﬁxfﬁmmbmm&3ﬁ(3fﬂmeﬂiydmmmmm Ro)ideoryidiaaitvedhiyl Hster \(\Eﬁ(ﬂmple 23)
(200 0,248mmo Was ed.4 ho acid, Thi rred at 1 or.10 min 50 mli
water \%énsd%ahoe a& E: ]fcg1 He ?ﬁ %lt%ggg § rre eélr%%cg HB I%re%lltfpltalfe B (gr CF{ hitereda Cn& was’hed with
water. Poecfjitratewsadorxicdcti@ioveith ﬂz@@lﬁmﬂ&ﬂﬁhn@dﬁ@ﬁiﬁesbﬂmﬂenh@memgmomymghaﬁ dmdd over

the prob A e PN By TALR EH RALRDAON o rony TS bt o BE) to yild

343-Bromo-2-methyl-phenyl)-7- dimethylamino-1H-quinolin-4-one (22mg, 0.062mmol). MS (ESI)
357.0 (MxHyplel PG endlatindieeacth vy donorppb drreeyt/einede/058484 -54-

10 2-Methyl-4-(1-methyl-cyclopropyl)-benzoic acid (Example 18) (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 100°C. The reaction mixture was stirred 2 hours at 120°C with an
reflux condenser in a N2 atmosphere. After that the resulting phosphorus oxylchloride was
distilled off at 140°C from the reaction mixture. The whole reaction mixture was cooled to RT

15  and the reaction mixfure still remained as a solution. The desired product was distilled by

Kugelrohr distillation (150°C / 4 mbar) to give 2 Methyl 4-(1-methyl-cyclopropyl)-benzoyl
chloride (1.92g, 9.2 mmol)

Example 20: N-[3-Bromoe-2-(tert-butyl-dimethyl-silanyloxymethyl)-phenyl]-2-methyl-4-(1-
methyl-cyclopropyl)-benzamide

20 3-Bromo-2-{tert-butyl-dimethyl-silanyloxymethyl)-phenylamine (2.91g, 9.2mmol), 2-methyl-4-
{1-methyl-cyclopropyl)-benzoyl chloride (Example 19) (1.92g, 9.2 mmol}, N,N-diiso-
propylethylamine (2.41 ml, 13.8 mmol) and 4-dimethylaminopyridine (0.112 g, 0.92 mmol)
were dissolved in 20 ml anhydrous THF. The reaction mixture was refluxed over night; filtered
off the precipitate; concentrated and extracted with ethyl acetate; washed with 2 M phosphate

25 buffer pH 5.5, then with water and brine; dried over sodium sulfate; filtered; concentrated. 4.6%9g
of an oil was obtained. The crude was purified by 80g silica gel chromatography (gradient
elution 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)-phenyl}-2-methyl-4-(1-
methyl-cyclopropyl)-benzamide (3.51g, 7.185 mmol) MS (ESI) 510 (M+ Na ™)



Example 25: 4-Bromo-2-(2-bromo-ethyl)-benzenesulfonyl chloride Chlorosulfonic acid (17 mL) was
added drowﬁ 1tggjﬂ r mo-3-(2-bromo-ethyl)-benzene (5 g, 19 mmol) at (B% '(5% gvas stirred
at OC for In thenan addltlonal 3h at i-t. The mixture 5 was poured into an ice-wa er slo l%/and
extracted with methylene chloride, and the combingg.organic layers were evaporated under reduced
pressure to give 4.3 g of crude 4-Bromo-2-(2- bromo-ethyl)- benzenesulfonyl chloride which was used

directly fnRgereACton M #ESD. @64- %&r@mﬁ@mﬁ_m@r@ﬁﬂe&?{t ) inaser(BIK)
ate pro

inhibition Assay 10 The assay is a capture of radioactive -I' phosphor rough filtration.
The interactions of Bf|: Bﬁ%W&%@Bﬁﬁﬂeﬁnﬁ‘élmﬂﬁgﬁﬂﬁﬁmﬂ%méwn&nd ATP lead to

phosphorylation of the peptide substrate. Biotinylated product is bound streptavidin sepharose beads.
All boumtz Jadiciabeletyirgduiimare detediedbymsontilationeiusien Raitsdssryed BIEF 9advell

Comoer DR EEIEH RETE <hb il Aoy S CEnHAHGRET L 0 ot SUHBOUTE T LSS
(Buﬁdlckmﬂela(@(s@m 1,349 mMcB)kwemaﬂm (Higrédgo et M&-k@ﬂgéé’r)ata& Wsp@tldffn@s)t%te y
Biot GEI 100, az m
Olycerol SNBSS (N AR A T S HRSTa: P TR TR 20
MgClZﬁ&'@W@byﬂﬂhﬁ@lﬂnyﬁ&(ﬁ@h}&MZ Imﬁéfﬁiﬂ%@@’f@r)ym-B@rﬁﬁlﬁﬁﬁ maxrﬂmemmam 20%
streptavu?m &' haro %)peads Eﬁn&e sham 50 mM EDTAég bco CI Gibco), 2 M NaClw/ 1%

phosphorlc a %ﬁllrs:r%scmt rklhreéﬁr?esﬁoi eﬁ}‘rﬁﬁ ons ?g[{%éﬁll}éttler& ffom 10
data poirﬁ"sﬂoé’me@mpmmmumrhmngadata‘rpd)ﬁlmcehbﬁrmma‘tstahMcﬁ Seaivefliipidrevassaldtdripbate. One

conjrol co and seven, nknown itors were te d.on each each te was run
tW:IEe T%pgeéﬂy, Sﬁ‘?ba%tﬁon%glbveurlee di fbste%f %?P I“c‘fg sta mg%tt%l éﬁ‘g‘gﬁf? a3 ?ﬁ\% e control
com pouhdmaslsdi&urﬁ‘s{harmcmm@ioaﬁdxwaﬁlcbbmmgmmeﬁbsgmexmne phide st kstratecd otal

act|V|tyW / 06947PCT/EP 009/05848 ]g[ erml in the presenc eptide
substra%?grﬁ ovgl‘l%eggpro oPtas Ug % é"’t%?ﬁrﬁf?e KInAbft r1e<5l Tf%r gr)%p%%?:%){;{rgtlon The test

com porfritﬂadeneldmnt@dtﬁtballedg gmfer‘nfmt& miassayihmﬂﬁed.(ﬁrmme;tgiymml{zemhaaﬁhate
EGTA, Mpqgn]ézgal\xﬂfgg %g &c?nefg ? (%gr? guty n%a{ﬁt sﬂanyioxymethyl) phenyl]-3-hydroxy-7-(1-
15 methyl-cyclopropyl)-3,4-dihydro-2H-isoquinolin-1-one (1.134g, 2.2 mmol) MS (ESI) 516.0 (M-
H)"

Example 22: 2-[3-Bromo-2-(tert-butyl-dimethyl-silanyloxymethyl)-phenyl}-7-(1-methyl-
cyclopropyl)-2H-isoquinolin-1-one

20 2-[3-Bromo-2-(tert-butyl-dimethyl-silanyloxymethyl)-phenyl}-3-hydroxy-7-(1-methyl-cyclo-
propy!)-3,4-dihydro-2H-isoquinolin-1-one (Example 21) (1.134¢, 2.2 mmol) was dissolved in 13
ml DCM at RT;, triethylamine (1.31 ml, 9.44 mmol) followed by addition of methanesulfonyl
chloride (0.478g, 4.171 mmol) were added. It 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 /water,

25  organic phase was washed with brine; dried over sodium sulfate; filtered; concentrated to give
2-{3-Bromo-2-(tert-butyl-dimethyl-silanyloxymethyl)-phenyl}-7-(1-methyl-cyclopropyl)-2H-
isoquinolin-1-one (1.094g, 2.2 mmol) MS (ESI) 520.0 (M+ Na ).



a.) rinse beads by centrifuging at 500 g b.) reconstitute the beads with PBS and EDTA to produce a
20% bead Iari l%g’&a-z'ncubate reaction mix without substrate (assay buffer P LadnER:33P ATP)
and mix with substrate (assay buffer, DTI, ATP, 3313 ATP, peptide substrate) 30C for 15 min 10 4)To
start assay, pre-incubate 10 uL Btk in enzyme buffer(imidazole, glycerol-2-phosphate, BSA) and
101.11, of test compounds for 10 mm at RT. 5) Add 30 tit reaction mixture without or with substrate to
Btk andgaerawiden® 3ncubate 50 ul total assay mix for 30 mm at 30C. 7) Transfer 40 )th of assay
to 150 ,uL bead slurry in filter plate to stop reaction. 15 8)Wash filter plate after 30 mm, with following
steps a. 3 x 250 ,ul_,NaCl b. 3 x 250 p.1_, NaCl containing 1%,phosphoric acid c. 1 x 250 )1L H20
9)Dry plate for 1 h at 63C or overnight at RI 2Q,10) Add 50 @%{r}nicroscint-zo and count 33P cpm on

scintillation counter. Calculate percent activity[from raw data in ¢gpm percent activity = (sample - bkg) /
(total activity - bkg) x100y€ y late IC50 frogh p& acfivity, ysingsene-site dose response sigmoidal
model y = A + ((B - A/ (A C)D)))) . ' '

H H Br

X=NorCH

Example 23: 2-(3-Bromo-2-methyl-phenyl)-3-(3-dimethylamino-phenylamino)-acrylic acid
ethyl ester

5  (3-Bromo-2-methyl-phenyl)-acetic acid benzyl ester (421mg, 1.32mmol) was dissolved m ethyl
formate (2.5mL, 31mmol). Sodium hydride (95%, 67mg, 2.6mmol) was added. After stiring
for 30 minutes, this was quenched with 1M aq. HCL. This was partitioned between ethyl acetate
and water. The ethyl acetate layer was washed with water, washed with brine, dried over
anhydrous magnesium sulfate, and concentrated in vacuo.

10 A portion of this material and N,N-Dimethyl-benzene-1,3-diamine (96mg, 0.70mmol) were
stirred in 1mL ethano! for 18 hours. This was concentrated in vacuo and purified by flash
chromatography (gradient elution 5 to 20% ethyl acetate/hexanes) to yield 2-(3-Bromo-2-
methyl-phenyl)-3-(3-dimethylamino-phenylamino)-acrylic acid ethyl ester (164mg, 0.407mmol).
MS (ESI) 405.0 (M+H)".

15 Example 24: 3-(3-Bromo-2-methyl-phenyl}-7-dimethylamino-1H-quinolin-4-one



25x = cmpd conc, y = % activity, A=mm, B = max, C = IC50, D = 1 (hill slope) Representative results
are in Tab - LABLE 1l. Compound Btk inhibition IC50 (111\4) 1l ~ .0111-3
0.013 WO%%%]/%}%&EPCT/EP2009/058484 -56- 11-41 <0.01 Example g;%%ﬁ%%%gsg %-cell
Activation - B cell FLIPR assay in Ramos cells Inhigition of B-cell activation by compounds of the
present invention is demonstrated by determining the effect of the test compounds on anti-IgM
stimulatedB cell responses. 5 The B cell FLIPR assay is a cell based functional method of determining
the effect&f petential inhibitors of the intracellular calcium increase from stimulation by an anti-IgM
antibodyl Rgmog cells (human Bw-kitt's lymphoma cell line. ATCC-No. CRL-1596) were cultivated in
Growth [ ribed below). One day prior to assay, Ramos cells were resuspended in fresh
growth media g5 apove) and set at a concentration of 0.5 x 105/mL in tissue culture flasks. On
day

To 2-(3-Bromo-2-methyl-pheny})-3-(3-dimethylamino-phenylamino)-acrylic acid ethyl ester
(Example 23) (100mg, 0.248mmol) was added 4g polyphosphoric acid. This stirred at 140°C for
10 minutes, 50 ml water was added and the mixture was stirred. The resulting precipitate was

5 filtered and washed with water. The filtrate was extracted 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 chromatography
(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 (ESI) 357.0 (M+H)",

10  General Scheme 4.



10 of assay, cells are counted and set at a concentration of 1 x 106/mLI in growth media
suppleme LUO-3AM(TefLabs Cat-No. 0116, prepared in a and 10%
Pluronic aci |\r?q§?‘t)|@s%£culture flask, and incubated at 37C (4% CO2) for;%y /%ﬁrdg)}r%%n%i/e
extracellular dye, cells were collected by centrifugatian (5min, 1000 rpm), resuspended in FLIPR buffer
(described below) at 1 x 106 cells/mL and then dispensed into 96-well poly-D- 15 lysine coated
black/clear plates (BD Cat-No. 356692) at 1 x 105 cellgipegewvell. Test compounds were added at
various concenffations ranging from 10¢ p.M to 0-0§ t.IM (7 concentrations, details below), and
allowed to inc cells_for 30 i atRTNR mo S+ signaling was stimulated by the
addition of 1G i-lgM (Southé;QB , Cat- 20-01) and measured on a FLIPR
(Molecular Devices, captlljres images of96 Well ptates using a CCD 20 camera with an argon laser at
480nM excitation). Media/Buffers: Growth Medium: RPMI}1640 medium with L-glutamine (Invitrogen,
Q10), JrO% Fetal Bovine Serur ummit Biotechnology Cat-No. FP-100-05); IrnM
i(Invifrogen Cat No. 11360}070j. 25]FLIPR buffer: HBSS (Invitrogen, Cat-No.
350 Invitrogen, Cat-No. 15630-080), 2.5mM

: A ©.A-7906), 11mM Glucose (Sigma,
Cat-No.G-7%28) Comppund diltition detalls In ofder to achleve the highest final assay concentration
of 100 gM, 24 gL of 1(£mM compound 30 stock solution (made in DMSO) is added directly to 576 gL
of FLIPR buffer. The tgst compounds are diluted ip~ [ [ ic pi
resulting in theZQ 2040/006947PCT/EP2009/01 84 L -57- following dilution scheme: vehicle, 1.00 x
d.10-8, 3.%6 x 10-8, 1.00 x 10, ;*5? 1057, I 10-7, 3.16 x 10-8. Intracellular
increases ¥rcaldumiver rted-us'i'ng - AN Staksh acting the resting baseline from
the peak causgd by Additionef e stimulatory gsody using a Molecular 5 Devices FLIPR control
and statlst%f]ortmg software. The IC50 wa$ rmined using a nonlinear curve fit (GraphPad Prism
software). Example 28. Mouse In Vivo Collagen-induced itis (mCIA) On day 0 mice are injected at

the base of the ta|I ‘@i pots on the back with an exgul lon of Type Il Collagen (i.d.) in Complete
oS 3 Jion oIIﬁg’éﬁ'Tm_munlzatlon f\
G

X=NorCH A

General Scheme 3.

X=Nor CH
Q=CH,or NH




10 animals will develop arthritis at around 21 to 35 days. The onset of arthritis is synchronized
(boosted) %%E%%gﬁdministration of collagen in Incomplete Freund's agiuvapi {i5fsd;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. Fallgwing boost, mice are scored and dosed with
candidate therapeutic agents for the prescribed time ( typically 2-3 weeks) and 15 dosing frequency,
daily (QEaaipwige: daiip(&is)2 Fxampigc28nRatienyive daalhage etinskiged arthritis (rCIA) On day 0,
rats are injected with an emulsion of Bovine Type Il Collagen in Incomplete Freund's adjuvant (IFA) is
injected ingradermally (i.d.) on several locations on the back. A booster injection of collagen emulsion
is given ar %d day 7, (i.d.) at the base of the tail or alternative 20 sites on the back. Arthritis is
generally gbserved 12-14 days after the initial collagen injection. Animals may be evaluated for the
develop ftis as described below (Evaluation of arthritis) from day 14 onwards. Animals are
dosed ndidate therapeutic agents in a preventive fashion starting at the time of secondary
challenge @nd for the prescribed time ( typically 2-3 weeks) and dosing frequency, daily (QD) or
twice-daily®BID). 25 Example 30: 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 assesamaniRhibedPaysiplauingig sriptiadesshadbelon: Roapinain susiing angor

redness of paw or one digit. 302= swelling in two or more joints.

2010/00691mPR TIOPQ0BB088Y81c-98s FigroaisiSiveliing otheieavaadatigna dleatHan Tho joirige
inque%a%%é&%ﬁrﬁt%rgﬁrii%ﬂta@? s%mff? DA angdigisn methylene chloride, and the combined

organic layers were evaporated under reduced pressure to give 4.3 g of crude 4-Bromo-2-(2-

bromo-ethyl)-benzenesulfonyl chloride which was used directly for next reaction. MS (ESI)
3429 (M-CI+OH)Y".

Example 26: Bruton’s tyrosine kinase (Btk) inhibition Assay

10  The assay is a capture of radioactive P phosphorylated product through filtration. The inter-
actions of Btk, biotinylated SH; peptide substrate (Src homology), and ATP lead to phosphory-
lation of the peptide substrate. Biotinylated product is bound streptavidin sepharose beads. All
bound, radiolabeled products are detected by scintillation counter.

Plates assayed are 96-well polypropylene {Greiner) and 96-well 1.2 um hydrophilic PVDF filter

15 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 (Sigma), 8 mM imidazole
(Sigma, pH 7.2), 8 mM glycerol-2-phosphate (Sigma), 200 uM EGTA (Roche Diagnostics), 1
mM MnCl; (Sigma), 20 mM MgClL (Sigma), 0.1 mg/ ml BSA (Sigma), 2 mM DTT (Sigma), 1

20 pCi**P ATP (Amersham), 20% streptavidin sepharose beads (Amersham), 50 mM EDTA
(Gibco), 2 M NaCl (Gibco), 2 M NaCl w/ 1% phosphoric acid (Gibeo), microscint-20 (Perkin
Elmer).
1Csq determinations are calculated from 10 data points per compound utilizing data produced
from a standard 96-well plate assay template. One control compound and seven unknown

25  inhibitors were tested on cach plate and each plate was run twice. Typically, compounds were
diluted in half-log starting at 100 uM and ending at 3 nM.The control compound was

staurosporine. Background was counted in the absence of peptide substrate. Total activity was

¢



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

swelling fo‘gv%gqotmgﬁ;imes per week until the end of the experiment. ThgaFiRElipdrRdssfor S each

mouse is obtained by adding the four scores of the individual paws, giving a maximum score of 16 per
animal. Example 31: Rat In Vivo Asthma Model Malg- Brown-Norway rats are sensitized i.p. with 100
mg of OA (ovalbumin) in 0.2 ml alum once every week for three weeks (day O, 7, and 14). On day 21

(one werkfaliawing fashaersaiizatipgtidediberrats are-doBed uel pratbcsithas uekide dstasaiiround
formulation_s%lﬁcutaneously 0.5 hour before OA aerosol challenge (1% OA for 45 minutes) and
termina]?’éﬁ RYPS®Mours after challenge. At time of sacrifice, serum and plasma are collected from all

animals for seupipigpandrRfoncrheaivelympoliagheal-cdiinwa is haskisedmnchibe dungssaye lavaged 3X
with PBS. The BAL fluid is analyzed fqr ta]%euk n b@é d gjff ial leukocyte counts. Total
15 leukocyte Hﬁﬁ{gé‘?‘ﬁgéﬂl%ﬂi 8?1'811'%@ 5 %Q‘%éeﬁ‘lr;\% ti%%#!é’ oulter Counter. For
differentipl leBkatytepeeitis, 50-200 ml of the sample is centrifuged in a Cytospin and the slide stained
with Diff-Quik

Undier ght mRAERSP S SRR Ao fogicalcritera and exprossed as a percontage.
Representatiyg ieduhitigohBlesbowitePERsed Ealadgeoviecanitinbde Badrof 20 OA sensitized
Compoths oF AUTHAIS AR 2 5oV M GUHER W& SIS ArLd - hostriiec M HE ESAriRe.
Example 32:ﬁhmmew(aak@hmmitm@‘,@dmp@ﬁmﬁgp@rmmmmma}m(fé) Ifgiadient%
\évé{}g/;oécgz o r%j%g%g?%gig tacgg %%i%%t'iq/' %ggnezs}%rg 1?1}?@:;8(%%101(?&%% h\a/,v gycerol—}pho sphate,
BSA) and 10uL of test compounds for 10 min at RT.
5)  Add 30 pL reaction mixture without or with substrate to Btk and compounds.
6)  Incubate 50 ul total assay mix for 30 min at 30°C.
7)  Transfer 40 ul of assay to 150 pL bead slurry in filter plate to stop reaction.
15 8y Wash filter plate after 30 min, with following steps
a. 3 x 250 uk NaCl
b. 3 x 250 pL NaCl containing 1% phosphoric acid
¢. 1 x250 uL H,O
9)  Dry plate for 1 h at 65°C or overmght at RT
20 10) Add 50 pL microscint-20 and count P cpm on scintillation counter.
Calculate percent activity from raw data in cpm
percent activity = (sample — bkg) / (total activity — bkg) x 100
Calculate ICsq from percent activity, using one-site dose response sigmoidal model
y=A+(B-A)/(1+({x/O”M)
25 x = cmpd conc, y = % activity, A = min, B = max, C = 1Csg, D=1 (hill slope)

Representative results are in Table I below:

TABLE IL.

Compound Btk inhibition 1Csq (uM)
-1 <0.01

H-2 <0.01

-3 0.013




-59- Composition for OraliAdministration (B) Ingredient% wt./wt. Active ingredient20.0% Magnesium
stearatco.%/ﬁ%ﬁﬁmﬁmellose sodiuin2.0% Lactose76.5% PVP (polyvinylpyiraliding hkdyg The
ingredients are combined and granulated using a solvent such as methanol. The formulation is then
dried and formed into tablets (containing about 2Q.56g of active compound) with an appropriate tablet
machine. 5 Composition for Oral Administration (C) Ingredient% wt./wt. Active compound1.0 g

Fumalfigracid0.5 g Sodium chloride2.0 g Methyl parahen0.15 g Propyl paraben0.05 g Granuldted
sugar25.5 g Sorbitol (70% solution)12.85.g

Exampie 27: Inhibition of B-cell Activation - B cell FLIPR assay in Ramos cells

Inhibition of B-cell activation by compounds of the present invention 1s demonstrated by
determining the effect of the test compounds on anti-IgM stimulated B cell responses.

5 The B cell FLIPR assay is a cell based functional method of determining the effect of potential
inhibitors of the intracellular calcium increase from stimulation by an anti-IgM antibody. Ramos
cells (human Burkitt’s lymphoma cell hine. ATCC-No. CRI1.-1596) were cultivated m Growth
Media (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 10%/mL in tissue culture flasks. On day

10 of assay, cells are counted and set at a concentration of 1 x 10%/mLI 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% CO,) forone h. To
remove extracellular dye, cells were collected by centrifugation (Smin, 1000 rpm), resuspended
in FLIPR buffer (described below) at 1 x 10° cells/mL and then dispensed into 96-well poly-D-

15 lysine coated black/clear plates (BD Cat-No. 356692) at 1 x 10° cells per well. Test compounds
were added at various concentrations ranging from 100 uM to 0.03 uM (7 concentrations, details
below), and allowed to incubate with cells for 30 min at RT. Ramos cell Ca** signaling was
stimulated by the addition of 10 ng/mL anti-IgM (Southern Biotech, Cat-No. 2020-01) and
measured on a FLIPR (Molecular Devices, captures images of 96 well plates using a CCD

20 camera with an argon laser at 480nM excitation).

Media/Buffers:

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

25 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), 11mM Glucose (Sigma, Cat-No.G-7528)

Compound dilution details:
In order to achieve the highest final assay concentration of 100 uM, 24 uL of 10 mM compound

30 stock solution (made in DMSO) is added directly to 576 uL of FLIPR buffer. The test
compounds are diluted in FLIPR Buffer (using Biomek 2000 robotic pipettor) resulting in the

#



Veegum K (Vanderbilt Co.)1.0 g Flavoring0.035 ml Colorings0.5 mg Distilled waterqg.s. to 100 ml The
ingredient %J{H}%%Qg‘éﬂ fool] a suspension for oral administration. Parentg@%&g\%wm%&l@)
ater fo

Ingredient% wt./wt. Active ingredient0.25 g Sodium Chloridegs to make isotonic r injection
t0100 ml WO 2010/006947PCT/EP2009/058484 -6f)- up to weight with the remainder of the water for
injection, filtered through a 0.2 micron membrane filter and packaged under sterile conditions.

SupposiiarkFissmulationsthitngregivni Voot \wh-Hetivepmgregient1d9a Polyetbuene dyok 107
100074,5% Pol){e;hylene gllggol 400024.5%
, 1.00x7107,3.16 % )
intraccllular increases in calcium were reported using a max — min statistic (subtracting the
resting baseline from the peak caused by addition of the stimulatory antibody using a Molecular
5 Devices FLIPR control and statistic exporting software. The 1Csy was determined using a non-

linear curve fit (GraphPad Prism software).
Example 28: Mouse fn Vivo Collagen-induced arthritis (mCIA)

On day 0 mice are injected at the base of the tail or several spots on the back with an emulsion of
Type 1I Collagen (i.d.) in Complete Freund’s adjuvant (CFA). Following collagen immunization,
10 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 adjuvant (IFA; i.d.) at
day 21. Animals arc examined daily after day 20 for any onset of mild arthritis (score of 1 or 2;
see score description below) which is the signal to boost. Following boost, mice are scored and
dosed with candidate therapeutic agents for the prescribed time ( typically 2-—3 weeks) and

15 dosing frequency, daily (QD) or twice-daily (BID).
Example 29: Rat In Vivo Collagen-induced arthritis (rCIA)

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

( typically 2—3 weeks) and dosing frequency, datly (QD) or twice-daily (BID).
25 Example 30: Evaluation of Arthrifis:

In both models (Examples 38 and 39), developing inflammation of the paws and limb joints is
quantified using a scoring system that involves the assessment of the 4 paws following the
criteria described below:

Scoring: 1= swelling and/or redness of paw or one digit.

30 2= swelling in two or more joints.



The ingredients are melted together and mixed 5containing 2.5 g total weight. Topical Formulation (F)

ona steawgé@g%ﬁgured into molds Ingredients grams Active comp%g/ﬁ,gﬁggﬁgﬁg 460 2 Tween

60 2 Mineral oll trolatum 10
-58-
< 3= gross swelling of the paw with more than two joints involved.
4= gevere arthritis of the entire paw and digits.
Evaluations are made on day 0 for baseline measurement and starting again at the first signs or
swelling for up to three times per week until the end of the experiment. The arthritic index for
5 each mouse 1s obtained by adding the four scores of the individual paws, giving a maximum

score of 16 per animal,
Example 31: Rat In Vivo Asthma Model

Male Brown-Norway rats are sensitized i.p. with 100 pg of OA (ovalbumin) in 0.2 ml alum once
every week for three weeks (day 0, 7, and 14). On day 21 (one week following last sensitization) ,

10 the rats are dosed q.d. with either vehicle or compound formulation subcutaneously 0.5 hour
before OA aerosol challenge (1% OA for 45 minutes) and terminated 4 or 24 hours after
challenge. At time of sacrifice, serum and plasma are collected from all animals for serology and
PK, respectively. A tracheal cannula is inserted and the lungs are lavaged 3X with PBS. The
BAL fluid is analyzed for total leukocyte number and differential leukocyte counts. Total

15 leukocyte number in an aliquot of the cells (20-100 pl) is determined by Coulter Counter. For
differential leukocyte counts, 56-200 pl of the sample is centrifuged in a Cytospin and the slide
stained with Diff-Quik. The proportions of monocytes, eosinophils, neutrophils and lymphocytes
are counted under light microscopy using standard morphological criteria and expressed as a
percentage. Representative inhibitors of Btk show decreased total leucocyte count n the BAL of

20 OA sensitized and challenged rats as compared to control levels.

Pharmaceutical compositions of the subject Compounds for administration via several routes

were prepared as described m this Example.

Example 32: Pharmaceutical compositions

Composition for Oral Administration {(A)

Ingredient Yo wt./wt.
Active mgredient 20.0%
Lactose 79.5%
Magnestum stearate 0.5%

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

capsule would approximate a total daily dosage.



Methyl parabcn 0.15 Propyl paraben 0.05 BHA (butylated hydroxy anisole) 0.01 Water g.s. 100" The
foregoing @Xgﬂm%&@ween described in some detail by way of illustratiop-angsaiRigs for purposes
of clarity and understanding. It will be obvious to one of skill in the art that 10 changes and
modifications may be practiced within the scope ofsthe appended claims. Therefore, it is to be
understood that the above description is intended to be illustrative and not restrictive. The scope of the
mventhgbgm;glﬂmihﬁ;ﬁe@r@ @@Iﬁ@tetmmegqimpt W|th reference to the above descrlptlon but should
instead be determined-w s : pith the full scope of
equivalents to which sUtﬂT‘?ﬂ&?ﬁ‘Fs are entltled 15 All F{atﬁ’ﬁ{évbatent appllcatlons and publications cited
herein are hereby inCO{pQTA JEJETEnce TN their epiely Tor all purposes to the same extent as if
each individual patent, patent application or publication were so individually denoted. -61 - Claims 1. A

compound of folinula 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 compound) with an

appropriate tablet machine.

5 Composition for Oral Administration (C)

Ingredient Yo wi./wt.
Active compound 10g
Fumaric acid : 05¢g
Sodium chloride 20¢g
Methyl paraben 0.15¢
Propyl paraben 005¢g
Granulated sugar 255¢
Sorbitol (70% solution) 1285 g
Veegum K (Vanderbilt Co.) 1.0g
Flavoring 0.035 ml
Colorings 0.5 mg
Distilled water q.s. to 100 ml

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

Parenteral Formulation (D)

Ingredient % wt./wi,

Active ingredient 025¢g

Sodum Chloride gs to make isotonic
Water for injection to 100 ml

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

sodium chloride 1s then added with stirring to make the solution isotonic. The solution is made



11 5wherein: is H, -R1R2-R3,t_ R R3, or -R2-R3; wherein R1 is aryl, heteroaryl, cycloalkyl, or
heterocyclgajky, pRdds;optionally substituted with R1'; wherein R lower algyd, ydsgsogsdoyyer
hydroxyalkyl, lower alkoxy, halogen, nitro, amino, cycloalkyl, heterocycloalkyl, cyano, or lower
haloalkyl; 10R2 is -C(=-0), -C(-0)0, -C(=0)N(R2"), -6GH)q, or -S(=0)2; wherein R2" is H or lower alkyl;
and qis 1, 2, or 3; R3is H or R4; wherein R4 is lower alkyl, lower alkoxy, lower heteroalkyl, aryl,

arylalkyiipatkylaigh: heteraandmalikychetateandkchaieamatialk i exelantksybadgoyeiealkyl, cycloalkyl
alkyl, heterqcycloalkyl, alkyl heterqcyc oalkgll, or heterocycloalkyl alkyl, 15and is optionally substituted

with onBSRRTBRE TBHEPAHEACKRRFORP ISk S I &P valkyl, lower alkoxy, halogen, nitro, amino,
cyano, lower alkylsulfonyl, or lower haloalkyl; X is CH or N; -62- Qis a carbon or nitrogen atom,
whereirb 3 atomlisiomébibstituted or substituted by halogen, hydroxy, or lower alkyl, wherein
the lower alkyl is ep# rethwith-one-ofmo rBstitter e rom the group
consisting of hydroXy, & talkoxy, amino, and héfo‘ﬁ'é v;“éa(:h Y1 is independently yla or Ylb; wherein
yla is halogen; YIb Azipwes@vdibaptionally substifugeg with one or more \lib.; wherein Ylb' is hydroxy,
lower alkoxy, or halogen; is 0, 1, 2, or 3; y2is y2a or r wherein Y2a is H or halogen; Y2b is lower alkyl,
optionally substitute¥FRY&Re 000 1; whéfeiTey2b1 is hydroxy, lower alkoxy, or halogen;

Polyethylene glycol 4600 24.5%

O C v wiw Cl

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

5 contaiming 2.5 g total weight.

Topical Formulation (F)

Ingredients grams
Active compound 0.2-2
Span 60 2
Tween 60 2
Mineral oil 5
Petrolatum 10
Methyl paraben 0.15
Propyl paraben 0.05
BHA (butylated hydroxy anisole)  0.01
Water g.s. 100

The foregoing invention has been described in some detail by way of illustration and example,
for purposes of clarity and understanding. It will be obvious to one of skill in the art that

10 changes and modifications may be practiced within the scope of the appended claims. Therefore,
it is to be understood that the above description is intended fo be illustrative and not restrictive.
The scope of the invention should, therefore, be determined not with reference to the above
description, but should instead be determined with reference to the following appended claims,

along with the full scope of equivalents to which such claims are entitled.

15  All patents, patent applications and publications cited herein are hereby incorporated by
reference in their entirety for all purposes to the same extent as if each individual patent, patent

application or publication were so individually denoted.



Y125is halogen or lower alkyl, wherein the lower alkyl is optionally substituted with one or more
substituents selected from the group consisting of hydgoxy, lower alkoxy, amino, and halogen; is 0 or I;
y4is y4a, y4b, y4c, y4d, wherein or y4a is H or halogen; y4b is lower alkyl, optionally substituted with
one or more substituents selected from the group consisting of lower haloalkyl, halogen, hydroxy,
amino, and lower alkoxy; y4c is lower cycloalkyl, opfid#8i§ substituted with one or more substituents
selected from the group con5|st|n of lower alkyl, lower haloalkyl, halogen, hydroxy, amino, and lower
alkoxy: andly4tSeEpRHY. Wusbstituted with one or more lower alkyl; or a pharmaceutically
acceptable salt thereof. 2 The compound of Formula Il according to claim I, wherein Q is CH2, CH(Y
) or NH; Where|ﬁ Y |3\fh§logen, hydroxy, or lower alkyl, wherein the lower alkyl is optionally substituted
with one or mqre sy ents selected from the group consisting of hydroxy, lower alkoxy, amino, and
halogen. 3. Fhe dpmpdund according to claim I, wherein Q is CH2, Y2 is hydroxymethyl, nis 0 and m
is O. 4. The compdfrid according to claim 1 herein X is CH. 5. The compound according to claim I,
wherein X is N. -6. 'IiHe compound according to claim 1, wherein Y4 is Y4' or Y4d; wherein Y4' is
4

PR,

lower cycloalkybiteptiofy aIIy ubstituted with one or more substituents selected from the group
consisting of fow/&rak alkyl, halogen, hydroxy, amino, and lower alkoxy; and Y4d is
amino, optionally su E;FSM or more lower alkyl. 57. The compound according to claim 1
wherein R is-R1, -12 IQB or -R2-R3; wherein Rl is heteroaryl, and is optionally substituted with
R1'; wherein re' is lower alﬁyl, R2 is -C(=0) or -

5  wherein:
R isH,-R, ~RLR>R? -RL-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, cycloalkyl, beterocycloalkyl, cyano, or lower haloalkyl; |

10 R? is ~C(=0), —C(=0)0, ~C(=O)N(R?"), ~(CHa),, 01 ~S(=0)y; wherein R* is H or lower
alkyl; and qis 1, 2, er 3;

R® is H or R*; wherein R” is lower alkyl, lower alkoxy, lower heteroalkyl, aryl, arylalkyl,
alkvlarvl, heteroaryl, alkyl heteroaryl, heteroaryl alkyl, cycloalkyl, alkyl cycloalkyl,
cycloalkyl alkyl, heterocycloalkyl, alkyl heterocycloalkyl, or heterocycloalkyl alkyl,

15 and is optionally substituted with one or more lower alkyl, hydroxy, oxo, lower
hydroxvyalkyl, lower alkoxy, halogen, nitro, amino, cyano, lower alkylsulfonyl, or
lower haloalkyl;

X isCHorN;



C(=0)N(R2"); wherein R2" is lower alkyl; and R3 is H or R4; wherein R4 is heterocycloalkyl. 8. The Btk
inhibitor compound of any one of claims 1-7 for use in treating an inflammatory and/or autoimmune
condition, e.g. arthritis, or of inhibiting B-cell proliferation. 109. A pharmaceutical composition
comprising the Btk inhibitor compound of any one of glaims I- 7, admixed with at least one
pharmaceutically acceptable carrier, excipient or diluent. 10. The use of a compound of formula Il

according to@ny eneafelrimsidedfosthe Rirparatiot.afoa medicamentdanthetiasiment f an

inflammatory and/or autoimmune condition. , L _ ,
halogen, hydroxy, or lower alkyl, wherein the Jower alkyl is optionally substituted with one

or more substituents selected from the group consisting of hydroxy, lower alkoxy, amino,
and halogen;
each Y' is independently Y'® or Y'® wherein Y'®is halogen; Y'" is lower alkyt, optionally
substituted with one or more Y''; wherein Y'" is hydroxy, lower alkoxy, or halogen;
n is0, 1,2, or3;
Y2 is Y® or Y?; wherein Y is H or halogen; Y™° is Jower alkyl, optionally substituted with
one or more Y2' ; wherein Y*" is hydroxy, lower alkoxy, or halogen;
Y? s halogen or lower alkyl, wherein the lower alkyl is optionally substituted with one or
more substituents selected from the group consisting of hvdroxy, lower alkoxy, amine, and
halogen;
m isborl;
Y' s YR Y™ Y% or V¥ wherein
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 fower alkoxy;
Y* s lower cycloalkyl, optionally substituted with one or more substituents sclected
from the group consisting of lower alkyl, lower haloalkyl, halogen, hydroxy, amino,
and lower alkoxy; and
Y4 is amino, optionally susbstituted with one or more lower alkyl;

or a pharmaceutically acceptable salt thereof.

2. The compound of Formula Il according to claim 1, wherein Q is CHa, CH(Y') or NH; wherein
Y is halogen, hydroxy, or lower alkyl, wherein the lower alky! is optionally substituted with one
or more substituents selected from the group consisting of hydroxy, lower alkoxy, amine, and

halogen.
3. The compound according to claim 1, wherein () is CHo, Y? is hydroxymethyl, n is 0 and m is 0.
4. The compound according to claim 1, wherein X is CH.

5, The compound according to claim I, wherein X is N.
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6. The compound according to claim 1, wherein Y* is Y* or Y*, wherein 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

susbstituted with one or more lower alkyl.

7. The compound according to claim 1 wherein R is-R!, -RE—szRi or -R*-R?; wherein R! is
heteroaryl, and is optionally substituted with R’ ; wherein R’ is lower alkyl, R* is ~C(=0) or —
C(=0)N(R?); wherein R is lower alkyl; and R® is H or R*; wherein R* is heterocycloalkyl.

8. The Btk inhibitor compound of any one of claims 1-7 for use in treating an inﬂammétory

and/or autoimmune condition, e.g. arthritis, or of inhibiting B-cell proliferation.

9. A pharmaceutical composition comprising the Btk inhibitor compound of any one of claims 1-

7, admixed with at least one pharmaceutically acceptable carrier, excipient or diluent.

10. The use of a compound of formula II according to any one of claims 1-7 for the preparation

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



