NOVEL KINASE INHIBITORS The present invention relates to the use of novel pyrimidine and
pyridine derivatives which inhibit Btk and are useful for the treatment of auto-immune and inflammatory
diseases caused by aberrant B-cell activation. The novel pyrimidine and pyridine derivatives described
herein are useful for the treatment of arthritis. 5 Protein kinases constitute one of the largest families of
human enzymes and regulate many different signaling processes by adding phosphate groups to
proteins (Hunter, Cell 50:823-829 (1987). Specifically, tyrosine kinases phosphorylate proteins on the
phenolic moiety of tyrosine residues. The tyrosine kinase family includes members that control cell
growth, migration, and differentiation. Abnormal kinase activity has been implicated in a variety of
human diseases 10 including cancers, autoimmune and inflammatory diseases. Since protein kinases
are among the key regulators of cell sigRaingthexarovigdaartarget to modulate cellular function with
small molecular kinase inhibitors and thus make good drug design targets. In addition to treatment of
Icinase-mediated disease processes, selective and efficacious inhibitors of kinase activity are also

useful fomgﬁ?&éﬁ@ﬂ%ﬁf&%ﬂ%@m@@&s@ﬁs;f«eaﬁ9@@@{1{@9&@ ByRfathel.eRiuiastangets of 15

therapeutic interest. There is good evidence that B-célls play a key role in the pathogenesis of
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[Rastetter et al. Annu Rev Med 55:477 (2004)). Therefore inhibitors of the protein kinases that 20 play

a role inuscBe|feichgtravass i EEsTul therapeutics for B-cell mediated disease pathology such as
autoantibody production. Signaling through the B-cell receptor (BCR) controls a range of B-cell
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membrane, proximal and jmmediately downstream from BCR. Lack of Btlkr?as een -2- shown to block

BCR sighfSiigSandaid haRsiERISF B RS SO coRabe e SR o s W Bl tB -cell

mediated; HiseaseiprocebsesnBlkisscmenivehef taenhagianibd of tyresine kinases andabas been
shown to be g critical regulator of earjyfﬁ-{%fll development and mature B:cell activation and survival
(K eiﬁ?.‘“f%ﬁ%’?ﬁ@%?é’é%%@%ﬁ;dé argey %&%@%&%@%ﬁ?ﬂ%ﬁﬁsmm%% tk in

humansieais i0.ibs @@eaﬁis)igﬁééiﬁg(a@%gmilmgh@bg}éinarﬁiadﬁﬁﬁe):énﬁnhe\/ﬁﬁd:mﬁ@ﬁm@hm. New
Eng. J. Med. 333;431 (1995).and Lindvall etal. InimunoL Reyv. 203:200 (2005). These patients_ are
Py P o B R e Ry s
periphelahBscetktivels dilisairisheckdsacidhdepe patotiigunidas esprnses thas wellas attenuated
calcium mopbilization following EC stimylation. Evig\ergiﬁgfﬂgr a.%)qle.for B ké%gutﬁi mune an
inflammitSHY dRIABLEE BELRISS BB NE ST Htk HEREHT RIBURR Hho R "E%%E?ﬁ%ﬁf&f’ urine
motigls edesysiatiidnispss. erythematosus (SLE), Btk-deficient mice show marked amelioration of
disease progression. In addition, Btk- deficient mice are resistant to collagen-induced arthritis

(Jansson.and.Ho Imdah QCIin.F 15Jmmunot 94:459 % 93)..A selective. Btk inhibitar has been
s R RS e s
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processes, For example. Btk | ress glg mast cells and Btk-deficient bone.marrow derived mast
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[Rastetter et al. Annu Rev Med 55:477 (2004)). Therefore inhibitors of the protein kinases that
20 play a role in B-cell activation should be useful therapeutics for B-cell mediated disease

pathology such as autoantibody production.

Signaling through the B-cell receptor (BCR) controls a range of B-cell responses including
proliferation and differentiation into mature antibody producing cells. The BCR is a key
regulatory point for B-cell activity and aberrant signaling can cause deregulated B-cell

25 proliferation and formation of pathogenic autoantibodies that lead to multiple autoimmune
and/or inflammatory diseases. Bruton’s Tyrosine Kinase (Btk) is a non-BCR associated kinase

that is membrane proximal and immediately downstream from BCR. Lack of Btk has been



20 (2005). This shows Btk could be useful to treat pathological mast cells responses such as allergy
and asthma. Also monocytes from XLA patients, in which Btk activity is absent, show decreased INF
alpha production following stimulation (Honvood et al. J Exp Med 197:1603 (2003). Therefore TNF
alpha mediated inflammation could be modulated b?'small molecular Btk inhibitors. Also, Btk has been

reported to play a role in apoptosis (Islam and Smith Imnzunol. 25 Rev. 178:49 (2000) and thus Btk
inhibitorgh@rnl i bdogk SR signe ine and dhersfus bt ice p Rt rewhbahysukeisrRegtisidhahn et al.

J. Exp. 02 lid 83/ £39%2) J0GRFESENM OV ERYiQREglates to compounds of formula | -3- (1)

wherein Xiis CH or N; RI is C(---0)NHR®6, phenyl or heteroaryl wherein said heteroaryl is selected from

the gro 500n3|st|ng dlnyl pyridazinyl, pyrimidinyl, pyrazin olyl, furanyl, thiophenyl,
|m|dazoI'§F IS BRRAD %’ KRB 9 WQ&H?P@W&%@ %’iné PRI RSt ?agn 6-yl,

2-benzyk-pyiistaz b 3:09-8-ybilidh2ibpelahusl enpyFa Bl 2yt ianeb 4, &@thwmmmaazatz yl, with

the proviso that when Xl is CH, Rl is C(-O)NHR6 or R3 is | and heteroaryl
optlénalﬂ’ﬂfﬁéf@f%ﬁ%t@%?@srﬁu?%ﬂ%ﬁﬁ%né @%Médléago %s@é@dﬁq ?Hé’ bnconsstlng of

halogeni&maplieyh @lﬁ@ﬂ@&x@l@hﬂ@@éﬁﬁﬂnﬁ@@&ﬁlﬁf@ﬁﬁ@@%@%@lﬁw&ﬁm Redebarkylsulfonyl,
C1_6heteroalkylsulfonyl and heteroc clyl-Cj Xy wherein sajd_het e nyl,
pyrrolidiff§PoF Biodritfrd SEONIkIE. 8%?% %ﬁﬁﬁéfg %“Wﬂ%‘?é&o‘?@-ﬁ@éﬁé Iﬂ;ﬁgrem R6 is
hydfogeﬁht(é;lﬁ&]m@%ﬁiﬁ@w&lﬁaﬂﬁﬁemlKybv(iﬁn_ﬁﬁy@dlqaumhanyﬁdjﬂw-céﬁé;]ieaﬁigekyl phenyl or
phenyl-C1_3allcyl said phenyl optjonall ub tityted w Ik 6alko C1 6heteroalkoxy,
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Ci_fihetesoadiyhs GleRalkaxyuihdal kybearhoxy GllodalkyBCR @eyaleddkyl or heterocyclyk (ii) together
are (CH2). X2(CH2)2 wherein mis 2 or 3 and X2 is 0, S(0)0 or NR8 and n is zero to two, 20 and R8 is

hydrog? Célsll%y%b ?h}(dr%allc or C1 3ac a%/é %gnzmg ethgr e\:N'é[QstQasatro ggﬂtﬁb \;vvqtc%g (g) j(I(\e”);hare

attached are pipendinyl 6r pyr (L]nny salénplperl or sal p ol inyl optlon
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Cl_6he 2 dro en, or aIk 3a 2.4 are |nde e 0 halogen,
amino, é@s %/ﬁ%ox‘% c)l/ h %aﬁ yI or cy props};fs Ig% %& qgansi/ %hetero%ﬁyg{\e%?gd from the
group cmhﬁsimgrnfcpmdmtsﬂaﬁn‘zo@b)thgapheduzeﬂl ﬁntlﬁ;ﬁsﬂimhymwm{ﬁ]ﬂﬁbphé“mpz -yl,
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with'one or two C
efficacy in a mouse arthritis model (Pan et al., Chem. Med Chem. 2:58-61 (2007).

Btk is also expressed by cells other than B-cells that may be mvolved m disease processes. For
example, Btk is expressed by mast cells and Btk-deficient bone marrow derived mast cells
demonstrate impaired antigen induced degranulation (Iwaki ez al. J. Biol. Chem. 280:40261

20 (2005). This shows Btk could be useful to treat pathological mast cells responses such as allergy
and asthma. Also monocytes from XLA patients, in which Btk activity is absent, show decreased
TNF alpha production following stimulation (Horwood et al. J Exp Med 197:1603 (2003).
Therefore TNF alpha mediated inflammation could be modulated by small molecular Btk
inhibitors. Also, Btk has been reported to play a role in apoptosis (Islam and Smith mmunol.

25 Rev. 178:49 (2000) and thus Btk inhibitors would be useful for the treatment of certain B-cell
lymphomas and leukemias (Feldhahn et al. J. Exp. Med. 201:1837 (2005).

The present invention relates to compounds of formula 1



5(iit) azetidin-I-yl, pyrrolidin-2-yl, piperidin-l-yl, azepan-I-yl or 2,3-dihydro-1H- isoindolin-2-yl, or
6,7-dihydro-5H-pyrrolo[3,4-b]pyridine; (iv) NR'Rd wherein ft." and Rd together are (CH2)0X2(CH2)p
wherein o and p are independently 1 or 2, and X2 ias defined above, or Re and Rd independently
are hydrogen Ci..10alkyl or Ci_lohydroxyalkyk 10 (vi) (vii) wherein R9 is hydrogen, halogen or
C3.6alkyl; wherein said phenyl, hetegparyl, azetidin-1-34, pyrrolidin-2-yl, piperidin-l-yl, azepan-I|-yl
150r 2,3-dihydro-lH-isoindoIin-Z/{('yl rigg is @ptionally substituted with one to three groups
independently selected from tRe grapp cf?'nsisting of (a) halogen, (b) C]_6alicyl, (b) C2_ oalkenyl, (c)
C2_6alkynyl, (d) Ci_6haloallcyl, (e) &l,606teroalkyl, (f) C3.2cycloalkyl optionally substituted with
one to three groups selected from Ci_olkyl, C1_6haloalkyl or halogen, (g) C1.6allcoxyalkyl, (h)
hydroxy, (i) NReRf, wherein Re and ) independently hydrogen, 20 Ci_ealkyl or (if) together are
b (J

(CH2).X3(CH2)2 whereinmis 2 or § X3 igLH2, 0, S(0). or NR9 and n is zero to two and Rs is as
defined above; (j) C3_6alkoxy, (k) triatkyIsi¥d; (1) Ci_6cyanoalkyl and (m) SF5; A is -NHC(=0)-,
C(=0)NH-, NHC(=0)NH, CH2C(=0), CH2S02 or if R5 is (v) or (vi) A is absent; 25 ora pharmaceutically
acceptable salt thereof. In one embodiment the present invention relates to compounds of foruiula |
whereinwigra is CH or N; R1 is C(=0)NHR®6, phenyl or heteroaryl wherein said heteroaryl is selected

from th roup & ggs,{jng of pyridin-2-yl, pyridazinyl, pyrimidinyl, pyrazinyl; pyrrolyl, furanyl, thiophenyl,
imidazoe?figll, pyrazolyl, oxazolyt, thiazolyl, isoxazolyl, isothazolyl, 1,4,5,6-tetrahydro- Spyrimidin-2-yl and
4,5-dihyBito- Lisl GifrERabBIRS ythowish ondipesorssltvaeninesid hsterprmml s sebsoptigmdatderaBroaryl and
saidphenyl optior 'Q%B ' tﬁ,;{\g{ 1edifrom the,group
conssisting of ﬁ%%%@r}\g i“fla yL,’%g?I%%(E% _Gt}%gtg?ég}égfggﬁgﬁete%?a%ox%% 01‘_{' '91’
_6alkylsulfamyideiidysationyt, cransteiotiieaebifoirpkareistosyinazo]sikeywibrbisdieRelerocycle
is azetindinyl, pyn-elidinyl or pipesidinyh 10CONIefe,GC y : NHIP2R: ICORZ2;
R2 and Rg ar%Rir?d)g gngﬁ}& @%&%‘é g’rg c&%@ﬁ%ﬁf‘gﬁ’ R42§2%1§l§)gezn%%§t%/ @gir%g%lr?
halogen, aminbl-Otigarokyatkyydithsatgvarocetophepyr; REGEL (IR pkehGTOIB(iiRhsteRoafyF Eeldidted

rom e grou g e euidnyb bereolhllbiophin 2o & D bpoesiplisiophen 21

and thiopheny etidin-I-yl, pyrrolidin-2-yl, piperidin-I-yl, azépan-1-y1 or 2,3-dihydro-1Hisoindo

(iv)IIRgRd wirensin RiecarbiiRinthyetremee(OHRION 2T Wheksin, & artlis areQatfieisalidbntly is
B e i AN R AN R, C RN SR eReRciebia i iAiadRR 110 2l o
heterocyelyl-C)salkoxy wherein said heterocyclyl is azetindinyl, pyrrolidinyl or piperidinyl,
CONR®R®, COR®, SO,NR*R®, NR*R®, NHSO;R’ or NHCOR'; wherein
RS is hydrogen, Cisalkyl, Cy.ghaloalkyl, C;sheteroalkyl, Csscycloalkyl, pyridinyl-
15 Ci.salkyl, phenyl or phenyl-C,salkyl said phenyl optionally substituted with C, galkyl,
Ciealkoxy, Cyeheteroalkoxy, halogen, CONR*R® or CO;R%;
R® and R" (/) selected independently are hydrogen, Cy.salkyl, Cisheteroalkyl, C;salkoxy-
Cjaalkyl, carboxy-Ci.salkyl, Cagcycloalkyl or heterocyclyl: (if) together are
(CH,)»X*(CH,), wherein m is 2 or 3 and X%is 0, S(0), or NR® and n is zero to two,
20 and R® is hydrogen, Cygalkyl, Cy.shydroxyalky! or Ciaacyl; or (iif) together with the
nitrogen to which they are attached are piperidinyl or pyrrolidinyl said piperidinyl or
said pyrrolidinyl optionally substituted with hydroxy, Ci.;alkoxy, Cishydroxyalkyl;
R# is hydrogen or Cysalkyl;
R is Cysalkyl or Cygheteroalkyl;
25 R* s hydrogen or Cis alkyl;
R? and R* are independently hydrogen, halogen, amino, C;.shydroxyalkyl, C;salkyl or cyclo-
propyl;
R® is (i) phenyl,



0(v)  (vi) wherein said phenyl, heteroaryl,pyrrolidin-2-yl, piperidin-l-yl or azepan-1- 25yl ring is
optionally substituted with one to three groups independently selected from the group consisting of
halogen, Cl_fiaLkyl, Ci_oheteroalkyl, hydroxy, NReRf and Clalkoxy; wherein Re and Rf are (i)
independently hydrogen, CI_aallcyl or (ii) together are (CH2).X3(CH2)2 wherein mis 2 or 3 and X3 is

0, S(0)fi, Me and,n.ig zero iy e I ealkyl,
C3_6cycloalkyl, f) eﬁn)%/ %)raﬁ?énzy "é%u enzy?§ Q%e%ﬁ%%%wﬁ;su%}%{gﬁé%% WEI% C1 é'i%{lky,
C1_6alkoxy, m_ﬁhétérbadmkydmlngmﬂﬂJt@MVn@@Q 1epheny smme:@),ﬁ'—@@m)mm
NHC(=0)NH, CH2 CH2S02 ar i rv) A
independently are yd i&% Oszgaﬁééledé Y%ﬁe‘t%%@@ﬁ@%ﬁgaﬂ%&%% &Q car (?)\g?/ %11 _3alkyl,
C3.6¢ycloalkyl or hel}eybwthbgt)ltogether are (CH2),,,X3(CH2)2 whereln mis 2 or 3 and X3 is 0,
S(O) NR8 and n zer t ed are
plperldlne or pyr me%la%dyi’glﬁ)%y&(gne orgle yrr Po%p%t nally Su I%)Its?ﬁ%;tcgg vﬁgqaﬁ?/droxy
C1_3allcoxy, C1 Mﬁoiayalkyl Rﬁl§@hﬁh&3ﬂmoﬁﬁé@ﬁamﬂ% is hydrogen, C1_6alkyl,
Ci_ohyd Ik l; R Il
ohyeroxyald9f fRingii R e YA RIB, fle Ifﬂ@@%ﬁf@ﬁ QikrRP YRR EHGAIlY

acceptable salts th e compoun S of n's osme kinase (Btk). Activation of
Btk by upstream kitraeedambultolastidation @‘@iﬁaﬂ@m@s@i@ wiidk, independsirhuiages release of
pro- inflammatory r re useful in the treatment of arthritis and other
anti-inflammatory gﬁ%%%%t% ?rh?%%ﬂégpéﬁggasej 81’M#lpo nds according to foinula | are, 20 accordingly,
useful for the treatment ] arthritis. Compounds of formula! are useful for inhibiting Btk in cells and for
modulating B-cell dewalepmefig, The present invention further comprises phaimaceutical compositions
containing compoundslgf fglingli admixed with pharmaceutically acceptable carriers, excipients or
dilugnts. The plhifase ’ ‘aNor "an" entity as used herein refers to one or more of that entity; e.g., a
corn-25 pound refers to ope or more compounds or at least one compound. As such, the terms "a" (or
"an"), "one or more", and at Ieast one" can be used interchangeably hereln The phrase "as deflned
herein above" refers e jes
In all other embodlmem’e, Xiggd below, substituents which can be present in each embodiment and
which are not ex I| itly deﬁmed retain the broadest definition 30 provided herein. As used in this
specmcatlon whether |n a transitional phrase or in the body of the clalm the terms "comprise(s)" and

ot

(vii} *
wherein R is hydrogen, halogen or Cjgalkyl;
wherein said phenyl, heteroaryl, azetidin-1-yl, pyrrolidin-2-yl, piperidin-1-yi, azepan-1-yl
15 or 2,3-dihydro-1H-isoindolin-2-yl ring is optionally substituted with one to three groups
independently sclected from the group consisting of (&) halogen, (b) Ci.salkyl, (b) Cz.
salkenyl, (¢) Cosalkynyl, (d) Cishaloalkyl, (¢) Cisheteroalkyl, (f) Cascycloalkyl optionally
substituted with one to three groups selected from C;galkyl, Cishaloalkyl or halogen, (g)
C1salkoxyalkyl, (h) hydroxy, (i) NR°R', wherein R® and R' are (7) independently hydrogen,
20 Cigalkyl or (i) together are (CHz)mX3(CH2)2 wherein m is 2 or 3 and X is CHa, O, S(O)
or NR® and n is zero to two and R® is as defined above; (i) C;salkoxy, (k) trialkylsityl, (1)
Ci¢cyanoalkyl and (m) SFs;
A is -NHC(=0)-, C(=0)NH-, NHC(=0)NH, CH,C(=0), CH,S0; or if R’ is (v)or (v) A is
absent;

25 or a pharmaceutically acceptable salt thereof.

In one embodiment the present invention relates to compounds of formula I wherein



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 tem) "comprising” means that the process
includes at least the recited steps, but may include_%gditional steps. When used in the context of a
compound or composition, the term "comprising” means that the compound or 5 composition includes
at least recizﬁg fe%ures or components, but may also include additional features or components.
As used herein, tnfess specifically indicated otherwise, the word "or" is used in the "inclusive" sense of
"and/or"Rind rof ¢ YSXBR{svensénsbeofrteithionbets v it het dinatyberéreist fioms et lmoein to

indicate that a variable is applied~n any one.instance 1.0.without regard to presence,or absence of
varable neg e R R Bae
in which R" appeiars tyljqeranad!id, definelt lattiadbpeindembldansshaee itrdgeh b -otthRiw ean be
carbgn, both R"s can be nitrogen, qr Ri£an. rbon ar: ther nitr . When anyyariable
o0 R, R R B e B g e

describing compoupits ik atdimddindth beprd seriomalénticteprsddafinitiobsohiedohitbcourrence
is independent of its definition at every gther accurrence. Alsg, o %r@ti% s, pfsubstityents and/or
D i % nge gé péﬁn%g. ’1%'6 b

variables are permlesgﬁg’llépcsjr?ﬁ/ If such compounds result im'sta e sym ols"™" at the
end of a bondiwtttarbwh throuwgtrebony éachiksfentotlb powaiRdsotiattscimenttafalkyfrtitsmalgroup

ther chemical moi the, , | . Thus: e.9;: =0)0R4
horoim R B T A BB A e S T LR AR ot &
distifict verte ) ONRREsGRaRthS BoNB AR RS ORAny BEREORitable ring atoms. 25 The term
"optionaﬁzog n Rﬁ%@é‘%e%% ﬁlcge?ﬁig%% a%&?%?ﬂg% Isubsequently described event or circumstance
that the ]

may, but need not, occur, an scription IinCludes instances where the event or circumstance
occurs dRdandhessidepkinteit fousimgerrbelogamplaitiopfosatirexyrlisliéi saiedmne tyalthe
optionally su&%%%hed moiety may incorporate a hydrogen or a substituent. -8- The phrase "optional
bond" means’that the bond may or may not be present, and that the description includes single,
double, Bf tripte Kpmdenifla substituent is designated to be a "bond" or "absent", the atoms linked to

the substituents are then dirgc ) .. hel OKoximately,
in tr%uregion of, rHﬁéiﬁﬁ/e%@r%%yﬁ%%ﬁ%gﬁ%éggﬁmﬁﬁ%%g ggg%%?fo%%%%ﬁ%%? rﬂherical
range, it modifies thatadrigt By ésadedragitkitrhendariésubbieramybelow the numerical values set
forth. In general, ~about” | herej ify a;numerical b d-helow the
stated value by a@gr%gé\%}é}%ﬁ ﬁfﬁﬁeﬁgﬁ% i&?é@ggﬁe%l’ r%ﬂggg{;\{?g%@%&%%&}{f%@gﬁiﬁ fot
chemically-relevarisemddinatiotis 10 such as "heteroalkylaryl", "haloalkylheteroaryl",

"arylalkylheterocg NRWJ&%Q%W ’aﬁﬁlwgﬂé@ﬁg E@@ilz &aé/tg%(]ﬁgp @ﬁ&@@é'gﬁ@/ﬁ jsused as a

suffix following another term, as in "phenylalkyl™ or "hydroxyalkyl" this'1s intended to refer to an alkyl

grod, as defmed atsspendrsiy substifutedWithsoRe 3o Bb et i seRae®from Fe other
specifically-named. : ¥ lleyly refersto aﬁxal%;a p having one to two phenyl
substituents, and ?ﬁ%{ﬁ% Ciir%gﬁ%g?se%%nzy , %ﬁﬁ@%ﬁ&%ﬁéglp enyl. &%ﬂhlkylaminoalkyl" is an alkyl
group having one to two § ino substituents. "Hydroxyalkyl" includes 2-hydroxyethyl,
2-hydroxypropyl, 1- (hygfOxyrfRathyl)-2-methylpropyl, 2-hydroxybutyl, 2,3-dihydroxybutyl,
2-(hydroxymethyl), 3- _o,i_ b pPyl, and so forth. Accordingly, as used herein, the ten-n
"hydroxyalkyl" is @ged to Hefiné a subset of hetero alkyl groups defined below. The tei -(ar)alkyl refers
to either an 20 unsubstitued alkyl or an aralkyl group. The totlll (hetero)aryl or (het)aryl refers to either
an aryl or a heteroaryl grdfip. Compounds of formula | exhibit tautomerism. Tautomeric compounds
can exist as two or momsin table species. Prototropic tautomers result from the migration of a
covalently bonded hydr&gg v%etwe’en two atoms. Tautomers generally exist in equilibrium and
attempts to 25 is%[,I te an gdividual tautomer usually produce a mixture whose chemical and physical
properties are consistent with a mixture of compounds. The position of the equilibrium is dependent on
chemical featwiesanithindthbemd|detdeo vl exctrdplel -l many ladipHatt aldehyole$-shor ketpard -such as

acetaldehyde, the keto form predominates while; i enols, the engl folio predominates. Cemmon
Profaropie taAOmEnS UL R (o B e R B S B
(-C(=0)-NH- 4o cOM)stitd ahithimidine (A INR)shtereglMHR Ny ARG ers] Theallttar; two are
particularly common ighetergaryl and heter lic.rings he prasent inventio compasses all
tautomeric fopxrrf:gxscrgﬁrlﬁé ggﬁ rl§o Sﬁe d@j 1r_1§_e:pgn8%¥ﬁy yﬁ%géﬁ,ddmdﬁ’éﬁ o%rtszr]c\éietthe? &1
(CH)wX3(CHa), wherein m is 2 or 3 and X is O, S(O)n, NR® and n is zero to two;




Technical and scientific terms used herein have the meaning commonly understood by one of skin in
the art to which the present invention pertains, unless otherwise defined. Reference is made herein to
various methodologies and materials known to thosg_of skill in the art. Standard reference works
setting forth the general principles of phatiiiacology include Goodman and 5 Gilman's The
Pharmagplogicel Bagis.otThaapuisRid R 6, MGkl anpanies Ree NPy Xark (2091). Any
suitable matgir%a S an%/g’r math g&ﬁown to those of skill can be Utilized ih c%rrﬁg out th% present

invention. Hobeawst opreiensd @ phiatetisisulndtwrdhods Gresdiede fhetkvatcrintbsieraglmeyand the like to

which refere%qo(%rﬁl’rﬁgﬁﬁllgﬂ,eéglming descripti.on and examples are obtai.nable from commercial
sources, unless otherwise noted. 10 I one embodiment of the present invention there is provided a

compouAd adsoNIHE T oGt ) NWire SRGEFRIR 8 He (50X P Ruarci 68 disfmeariaibhiabove. In
a segond emppdiment of the present invention there is provided a compound according to foimula |
wherein X' is N'and RI, R2, R3, R4 -5 tc and A are as defined herein above. In a third embodiment of

the presBhei/Bhtdrsthstedsnspdebudycsmisling e Cordifig kd 1 sty WBeralkoxy is N; Rl is
phenyl, pyridip-2.yls midin-~4-yi. is Cj l; ' l; Ais NHC(=0); and
;201 Uk Rl Soidakiey oﬁ?’eaérax%@@g@e% 3alky

R4 and R5 are'as erein above. 1In anothef embodiment of esent invention there is
provided a cdfiBoluid €ddordiveTeifatinialR ArhereiR. Xk I8N RISk eend, i iirn 2oyioe pyriitin-4-y1;
R2 is Ci_Alky; I '8%8%@!{%? i =0); ]151%55 in above. 20
In a fourth e%%%%ﬁe%%??gg Epresent irﬁéﬁ%ﬁ%ﬁﬁ%&%ﬁ%@rﬁ%% accgﬁj%ega?g] formula |
whéfein XI isNperling phesgippyribiing ntiopgrimibsiatod with kydnyaik(l-RrEEHydroxymethylt A is
NHC(=0); an !?1%‘29&?3@%9135 defined herein above. In a fifth embodiment of the present invention
there is provi ed compound according to formula | wherein Xl is N; Rl is phenyl, pyridin-2-y1 or
pyrimidilk4-yis Raakeongilietrrakes hydroxymethyl; A is NHC(-0); R5 is optionally substituted
phenyl, gptiok ityte idiy [ n=2:yl or

4,5,6,7-%zrahq)%ﬂr¥)%HeQr§§6%f%§§fgﬁ hﬁﬂﬁéﬁéﬁ! i%)ahsel 'é%gtsl,r:{’ed herein above. In a sixth embodiment
of the pBsentsihvermesithelegr moviaelk ¥:cmpound according to formula | wherein X' is N; Rl is
py”f§”-@ME@&R?&M@%&%&’&G& with GONRaRb, NRaRb, C1_ 30 6alkoxY, C1-6heteroalkoxy,
Ci_aancylsulfanyl or C3_6alkylsulfonyl; R2 is Ch3alkyl; R3 is -10- hydroxymethyl; A is NHC(=0); R5 is
optionally substituted phenyl, optionally substituted pyridinyl, benzo[b]thiophen-2

-yl
45,6, 7-tEHaF AR B A LAl Boygre4 1Zosg dnnsg Heldin AR %xy%%‘?hr@wﬁibodimem

of the pregent Inventiondhere iadrevided AreEHReUPEAATPLHNG ton3 fat MBI Bersi Rl ds b RI is
pyridin-2-34 optionally substituted with CONRaRb, NRaRb, C1__ oalkoxy, Ci_oheteroalkoxy,

Ciallcylstifanynaroc ey &epp et ehfosamig il ) vyl denicrarnsafigtiats Mdc(=o); R5

is optiongly,sytbstitead ey epiiapalsupstied by tdingl RenzeIIhAP RS Rsdnladr are,
4,5,6,7-tetrahé/dro-benzo[ﬁi]thlophen-Z-yl; and R4 is as defined herein above. 10 In a seventh

emBBdiriesr ey predhianthsniisnmate iepholite ¢ areepmpit Abiaces il ¢ f6RhdR | wherein X' is
N; Rlis pyrinnidip deyiortionally suosbiadwits CONRRRDBoNAD. Tl palicoXyn{dntheiRrarikoxy,
C1.6alkylsulfanyt or Cl_Galkylsulfonyl; R2 is Ci_3alkyl; R3'is hydroxymethyl; A is NHC(=0); R5 is
optionalKPEU SR REATBREAYTIGHROFRMIHOBS GRRBI R avnosaas sfiRHaHRd Rdmpicdvith
4,5,6,7-&%@}}%@5%%%0({@@%%@%}3; andpladdvasilrgefined herein above. In another

embodiment of the present invention there is provided a compound according to formula | wherein X' is
Chaheteroalkoxy,

N; R"is pyrimjdin-4-yloptignally substituted with CONRaRb, NRaRdb, ]
Cis|ky|s§%§d§hféﬁf‘ciig§ﬁ<%§%| Y. 3 238 AF TSR ISR P8R o S8R Y B SRS K i& KETC (=0); R5 is

optignallyosubstifete o rapiapalosubsbitiett20 pysidinbonedze{blbibpthensi 058 (or
4,5,6,7-t§tr§51y‘gro-benzo b]thio nerL-?Z-%/l; and R4 is as defined hereg%%bove. In an eighth
embodinmBht'of t& Pr&%3fit id08ntbIFiNeIBss BroOREES BEHIBHRE RECATERY to formula | wherein X1

is N; RI is phenyl optionally substituted with CONRaRDb, Nab, Cl_aalkoxy, Ci_oheteroalkoxy,
C1_6alk¥isujfaragkdeCleGakd/lsutforatpRY isE BaliyhrRgisst definition for each group as provided

herein or the broadest claim. In all other embodiments provided below, substituents which can
be present in each embodiment and which are not explicitly defined retain the broadest definition

30 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.



25 hydroxymethyl; A is NHC(=0); R5 is optionally substituted phenyl, optionally substituted pyridinyl,
benzo[b]thiophen-2-y1 or 4,5,6,7-tetrahydro-benzo[b]thiophen-2-yl; and 124 is as defined herein

above. In a-another embodiment of the present inveption there is provided a compound according to
foimula | wherein X' is N; Rl is phenyl optionally substituted with CONRaRb, NRaRb, 30 C1.5alkoxy,

Gtk RNy e e oAy S e A DR Ay SLBeL e ot

benzo[b]thidptieg-2-lekwot. 48607 usett aih i ocntrrt ofbithivohen Beytraridofisiag defaedtherdia

above. In a ninth embodiment of the. present invention therg is,provided a ¢ ound accarding to
foimuta PRt R G S Y S B S el e e
Ci_oheteroatkyk 7% iNpt@fd) aranR@sifehathd REralecaspdafing drversithabidveomm tadthrembodiment

fth | i | ided. d di foimula |, wherein X1 is.N: Rl i
o T R R e

herein afletees otreaneiesgnth embodiment of the present invention there is provided a compound
according to 10 formula | wherein Xl is CH and RI, R2, R3, R4, 5 Ic and A are as defined herein above.
In a welith embodiment pLihe presentinvention shess s drmyidedA6pmpouad Agcording dodormula |
wherein Xl is CH; Rl is pyridin-2-y1 Or pyrimidin-4-y1; R2'is C1_3alkyl; R3 is hydroxymethyl; A is
NHC(=05eRisP Rantier Rend ohthg e indushareisuB e cifherpiirteenth embodiment of the present
invention there is provided a compound according to 15 formula | wherein X1 is CH; Rl is pyridin-2-yl
or Eyrim’ﬂéﬁﬁrﬁéﬂiﬁ?&?ﬁ%’gﬁ]ﬁﬂh&a [SSEH rt@wm@alfwlﬁiﬁﬁ is;@;aﬁbmlbf[;g]uﬁ@mtt]&ﬁﬂd}t&emy:!a@@tiona"y
substituted pyridinyl, benzo[b]thiophen-2-y1 or 4,5,6,7-tetrahydro-penzo[b]thiophen-2-y1; A is

NHEY=0J A SRS Sh BEPHEHG R VA P SersrE a@fﬂ%&'&%ﬁéﬁ}e&ﬁﬂéﬁﬁ%&%@mﬁﬂfbn there
is providgaRcenReLNELagRAEiN gk nfe B e &iniXh iR Gl & $wiE dind 3s\ik Rtipnally
substituted with CONRaRb, Nab, C1_ 6alkoxY, Cl_sheteroalkoxy, C3_6alkylsulfanyl or Calkylsulfonyl;
R3 is hydfts&?yﬁvé%w}?ﬁ@mﬁﬁ&ﬁaﬂ%ub TS SRR RGICH568n I KB Ry pr one K
benzo[blhiarherbanyian 4:2.6tHertatraluegro-benzolb]thiophen-2-y1; A is NHC(=0); and R4 is as defined
herein above. In a fifteenth embodiment of the present invention there is provided a compound

according.to 25 formula | wherejn Xkis CH,12.'is pyrimidin-4-y1 optionally substituted with CONRale,
NRARLYTE R R or oAl "C B IRUaTSY o e AR RN e

hydrdxyfoethutl Rbisioptiodalbssilgstitotechphedstngptgndly slabstituiechpyniekiayi,invention, its
benzo[b%th' nen-2-y1 or 4,5.6,7- tetrahydro-benz [}%:hi hen-2-y1: A is NHC(=0); and reis as
defined B e e SR D B aR S P ol
compounchassandimgpicibsmulkantsehdeinvatlabiGHrapdiRiss it o) HR6c IRG ispOirtdd kykuR 3nis
hydrogeaa&if:r%a%égo&pir6heteroalkyL; A is NHC(=0), and R2, IR4 R5 are as defined herein above.

In a sevehiteenth embodiment of the present invention there is provided a compound according to 5
formula | wherein Xl is CH and Rl is C(=0)NHRG6, R6 is Ciroalkyl, 123 is hydroxymethyl; A is NHC(=0),
and R2, ¢ Ravhpdsad deffnedrbedia - In 3R éightesrthtendvinhend shtheqive seHidpoanition
thesq is prayidied 2 FARPAHRG ACAYHNG 80 Sarmuia LDersiRRAIS 0O AF (A R ARARDEF AR R2,
R3, R4 and Xl are as defined herein above. 10 In a nineteenth’'embodiment of the present invention
there is prévidéed-al88fnpauUnd according to formula | wherein A is CH2C(=0) and R5 is (i), (i), (iii)or
(iv); and RI, R2,113, R4 and Xl are as defined herein above. In a twentieth embodiment of the
present iMveHDOHercisipivides-aGompetrd(seErmbromaemmpurds I- to 1-46 of TABLE | or
from 11-4 to 11-19, 11-21 to 11-23, 11-27 to 11-31, 11-45 to 11-15 47 and 11-49 to 11-87 of TABLE IL.
In another eméJadiment of the present invention there is provided a compound of formula | selected

from th eAng’& mr&g EXSRE%&WPQE(’?- g{ﬁﬁr)g@cted at a distinct vertex) indicates that the
(1-methyd 4B phading- b carponik) saiebio 2y laming]-6-oxol,6-dihydro-pyridazin-3-y1}-pheny1)-
benzamide; 20 4-tert-butyl-N-(2-methyl-3- | -methy1-545-(4-methyl-piperazine-I-carbonyl)-pyridin-2-

yla 'no]ﬁ-o o-l,ﬁ-%i]h t0-pyridazin-3-y1}-phenyl)-benzamide; .

ARG A R g R T P

phenyl)chenaatmide;may, but need not, occur, and that the description includes instances where the

bl ;Ep?%t%%ﬁ?% PSR RS0 R0 (XTI YGITIRR) e SUNETIR PYB AR
substituted” means that the optionally substituted moiety may incorporate a hydrogen or a

substituent.



4-(1-hydroxy-1-methyl-ethyp-N-(2-methyl-3-(1-methyl-545-(4-methyl-piperazine-1-carbony1)-
pyridin-2-ylamino]-6-oxo-1,6-dihydro-pyridazin-3-yl4-phenyl)-benzamide;
4-tert-butyl-piperazine-1-carboxylic acid (2-methyl-3;(1-methy1-545-(morpholine-4-carbonyl)-
pyridin-2-ylamino]-6-oxo-1,6-dihydro-pyridazin-3-y11-phenyl)-amide; 30 :

4-tert-bugyl- QXV-N- hyl-3- -5-05-(marpholine-4-c y1)-pyridin-2-
yIaminoL]I%?@%I%%- h%%%gﬁ%a%}%%%ﬁ%g%ﬁ%%é&%ﬁ%@ ;Qﬁ§€- ﬁ%%a}b%%ﬁ@?(gﬁnethyl-&
{1-methyiessaptimanphidiinsidgbartbounlyie) pyiridia ytsmine) setoxiods 6t dildedignped dadin B-tind "
-pheny1)-3Hrquinazo.lin-4-one; : : )

(ot -0 R e ol MEIES o e piytuenty ace then dipetly comyesiedy i g
ylaminol-nicotinic" acid methyl ester; 5 3-tert-butoxy-azetidine-1-carboxylic acid (2-methyl-3- {1
-methy 1759 5mh G BgHb Fhasaddzisam (A TNAA RITALOSYRH ARG U6 BOds oL G e ety fd &Fwsl-yi|

-phenyl)wepude: Adert-audd: N &R ¥odunction with a numerical range, it modifies that range by
{1-methy1-542-(4-methyl-piperazin-l-y1)-pyrimidin-4-ylamino]-6-
oxo-1,6-%%@%@3%&%@flw'@rwB@Hzamwmemc@éffﬂéwsﬁ-forth- In general, the term

(2-methylak-maited-Retenms thyairifa ayiaRyimidinad-yiaminal §:9%0- thbstated value by a
10dihydro-pyridazin-3-ylkphenyl} -benzamid e 4-tert-butyl-N-

(345-(2-HEHEROS ARG RYI-pyrimidin-4-ylamino)-1-methy1-6-oxo-1,6-dihydropyridazin-3-34]-2-methyl-ph
enyl} -benzamide; 4-tert-butyl-N-

{2-methytn3[demeatidyt-Gef2rthal phedin-Awy-py Hppicined-damrnodheraxailk.felevant combinations,
dihydro-pyridazin-3-ylpphenyll;benzamide; 15 4-(1-hydroxy-1-methyl-ethy])-N-(2-methyl-3-

oot R 8 AT o BT TGS e O SRS R Ut GEA - phenyl-b
enzamideidr(Laliydraned thengkey ety bl téom{trmathi 1:64bafmarptiel b dodvaar Rasyk;-pyhid i 2-
ylaminol-6-qxo-1,6-djhydro-pyridazin-3-y1) -phenyl)-benzamide; -tert-butyl-N-

13 Io-(o PRy BRI S AT 650 By GRS S ALENGH phenyl
-benzaniglay 4desniatdyvNtidne to two substituents selected from the other specifically-named group.
(G422 gimetyanpe stipo) pmidnyiaminel Lnen LS L dhysepuridadi 31
{1-methyehdxoad3i( pyeojidingg; Widdshoebysnidinyamiacungl1i6 ol bydiopyidesimg ot

-phenyl)-benzamide; 25 4-tert-butyl-N-(3-

{5-[2-(3FY8 %W%Wt}’éﬁﬁﬂ?fg‘%)-%ﬂ?ﬂﬁ%’ﬂl%yB}ﬁ'i%fjf’lz-f%%?ﬁ%ﬁthﬂ» 2-hydroxypropyl, 1-

?2)(0-1,?]-@;?&@&@&}341 wﬁyg}ﬁeﬁglrgdpﬁlh%hyml bh@%@&ﬁiﬁ?ﬁﬂ}@ﬁn@dgﬂ=(‘hﬁ.ydr0xymethy1), 3-
-methy1-341-methy1-6:0x0:5-(2-pyrrolidin-l-yl-pyrimidin-4-ylamjno)-1,6- -

iyl Sy Ry 1 Kb AT R AT Ao 61 hydroxyalkyl” i used 0

{542-(3-hyfirexysplyseotidiredeydd Hoyrignidips doflasdibelo b-nTEHeYrtr 0(%04lk6! refers to cither an

30djhydro-pyridazin-3:y11-2-methyl-phenyl)-henzamide; 4-tert-butyl-N- )
et S T RO
4-tert-butyk Me(Zrensthyrbde. {1-methy1-544-(morpholine-4-carbonyl)-phenylamino]-6-oxo-1,6-
dihydro-pyridazin-3-yll -phenyl)-benzamide; -14- 4-tert-butyl-N-(3-

{1-meth&%§§ﬁg@§§gi}g€.}rﬂ§;§f g{%ﬂy&l{{%ﬂgigﬁg')ﬁj“g‘&]é?_%?%?égiﬂbghds can exist as two or more

dihydro-pyridazin- 1-pheny1l)-benzamide; 4-tert-buty
{544-(4-nperenyphebltdipecicalboioyppHenirarineiuli- ethiiis Baigetibor a covalently bonded
Y Ryl 'ﬁﬁ%‘%&&@&%‘%%f’%ﬂ}é')'? 96 AR oo
(355 B e A e ol e i s spempts o,
4-difhethstdatsino-INd(Sid{Bd Sapdonyairoxye Pipeodines-1 wavhon yil)opy iyl and mdly g ies
°X°'116'§jé‘>59£9’s?¥ [dazina gyt DelavRRGRY LirRe REMINC.F the equilibrium is dependent
N-(3-Hy roxy-4?4-(§gimeth;?l-pentyel)-z- 3-%‘fmethyl-§-?5-8mo{rjphoelﬁlcglﬁl}-crgfg}olrslyfﬁ%@r%n(-)g-
chemical features within the molecuie. For example, in many aliphatic aldehydes and ketones,
such as acetaldehyde, the keto form predominates while; in phenols, the enol form predominates.
Common prototropic tautomers include keto/enol (-C(=0)-CH- « -C{-OH)}=CH-), amide/imidic
30  acid (-C(=0)-NH- « -C{-OH)=N-) and amidine (~C{(=NR)-NH- «» -C(-NHR)=N-) tautomers.
The latter two are particularly common in heteroaryl and heterocyclic rings and the present

invention encompasses all tautomeric forms of the compounds.



10ylamino]-6-oxo-1,6-dihydro-pyridazin-3-yll -phenyl)-acetamide;
4-tert-buty1-2-hydroxy-N-(2-methy1-3- (1-methyl-545-(morpholine-4-carbonyl)-pyridin-2-
ylamino]-6-0x0=1,6-d-ihydro-pyridazin-3-y1}-phenyl)gt__)enzamide; 6- - '
{3-[2-(1,3-dihydro-isoindo1-2-y1)-2-oxo-ethyl]-pheny1} -4-[5-(4-hydroxy-piperidine-1-

carbonyl)-pyridin-2-ylaming-2-meth -pyridazin-3-on -(2-ter -ethyh-2-(3-
L methy B B A ey
heny1l)-akétamibleart to which the present invention pertains, unless otherwise defined. Reference is
2-methy1-445-(marpholine-4-carbonyv0-pyridin-2-ylaming]-643-(2-0x0-2- lidin-l-vl-
ety DA S Ao Ao Y AT BRI st
Iri]ne-4)-czal1df¢(:jn_?@-pwkbl' 'mﬁztmtﬁurﬁbf&gm?mw;dﬂiydpdﬁiwd@m j _y.lin@ude Goodman and ey
enyl)- inydr uinazg lin-4,00e . 6-1342-(3-isoprogesysa - -2 x0;6thyilpheny
e B e 0 B M Ve
{1;1metr|1)ws®4ttfﬁe¢m@%ﬁlif?e}m@mma)twwhm/qﬂmthoqiﬁkmm,’lfe-ﬂihméqk}&r!id@azibﬁ@ily&gd "
-phenyl)-acetic acid 2-tert-butoxy- star: - -(4-tert- - - - ny
EIRGIC g TR O S St b B e R S e S
{3-[2-(4-Vatdyiatyl-priperatsiand ) Lioiovetiapliefirenydlar2-methyl tha Soflnerpl dlescription and

carbony)-pyridin-2- - Os . yrherwi
(o2 Ry S TR 3955 S tine-4
carbonygl-pyridin-2-y!amino -2H-pyridazin-3-one; 6- ) )

(34301, rding GrobrEmEs1ebhe RresRb IBYSYHPh YA IS PTREHsHA 420 ABEh Rt AFEDg-to formula 1
carbonyd)spyidin: 2pylamingl -0 wridazin3:0aenld {R4LmdiRRrropyL-piperazin-1-y1)-2-o
xo-ethy1]-phenyl) -2-methy1-445-(morpho carbonyl)-pyridin-2-ylamino]-2H-pyridazin-3-one ; -15- 6-

}312-(4-tert-butyl-piperidin-I-y1)-2-oxo-ethyll -phenyl} -2-methy1-4-[5-(morpho lipe-4- .

E oy BTG STNBESH b i TS K8 N4 SRy g S ppune Socording t
}1-methybBdSr matphsline! 4scarherp )RSy rd, RYyramidol-Groxe i diydieipyidazin-3-y|l
-phenyl)-acetamide; 5 6- (342-(4-acetyl-piperazin-1-y1)-2-oxo-ethyl]-phenyl}

-2-methyl-A45-fmomneine:4 card Brnéé%l)ft DR g yaminol-aHey raldc%%h%b?ﬁr?@ &ecording to
15 formula I wherein X' is N; R is phenyl, pyridin-2-yl or pyrimidin-4-yl; R? is C;.salkyl; R’ is
hydrogen or Craalkyl; A is NHC(=0); and R* and R are as defined herein above.

In another embodiment of the present invention there is provided a comﬁoound according to
formula I wherein X' is N; R’ is phenyl, pyridin-2-y1 or pyrimidin-4-yl; R? is Cpaalkyl; R* is Cy.
shydroxyalkyl; A is NHC(=0); and R* and R’ are as defined herein above.

20 In a fourth embodiment of the present invention there is provided a compound according to
formula [ wherein X' is N; R! is phenyl, pyridin-2-yl or pyrimidin-4-yl; R* is C;aalkyl; R’ is
hydroxymethyl; A is NHC(=0); and R and R are as defined herein above.

In a fifth embodiment of the present invention there is provided a compound according to
formuta I wherein X' is N; R’ is phenyl, pyridin-2-yl or pyrimidin-4-yi; R* is C zalkyl; R is

25 hydroxymethyl; A is NHC(=0); R® is optionally substituted phenyl, optionally substituted
pyridinyl, benzo[b]thiophen-2-yl or 4,5,6, 7-tetrahydro-benzo[b]thiophen-2-yl; and R” is as
defined heremn above.

In a sixth embodiment of the present invention there is provided a compound according to
formula I wherein X' is N; R! is pyridin-2-yl optionally substituted with CONR'R®, NR*R", C;.
30 galkoxy, Cisheteroalkoxy, C)salkylsulfanyl or Cygalkylsulfonyl, R” is Cialkyl; R is



4-tert-butyl-N- {2-methy1-3 41-methyl-5-(3-methyl-ureido)-6-oxo-1,6-dihydro-pyridin-3-y1}- phenyl }
-benzamide; 4-tert-butyl-N- }345-(3-ethyl-ureido)-1-methy1-6-oxo-1,6-dihydro-pyridin-3-y11-2-methyl-
10phenyl} -benzamide; 4-tert-butyl-N- -10-
}345-(3-isopropyl-ureido)-1-methy1-6-oxo0-1,6-dihydro-pyridin-3-y1]-2-methyl- phenyl} -benzamide;
A-ten-bytyl N2 metyIa3; {ﬂnﬂﬁ- G 0X0spd3A1¢ A HUHAL FHMDreieoh: b PsaiimAry
pyridin-i%%é@gy -’b%rlf’zamid ﬂ;aﬁ&S A-tert. ut§/lI-A§:Li {2-methy§§{1grﬁe hyl—6-f>§o-5- 3
-phenyl-pysitio)] [G:afibiitbigyhridid-3hyr4 SHeityRirbenizarhmeo plthiophen-2-yl; and R” is as

(345-(3-p -yrel )l -methyl1-6-o0xo0-1,6-dihydro-pyridin-3 -y1]-2-methyl-phenyl -4-tert -
butyl-be&%%gg%gﬁz%igﬂhiophene-2-carboxy|ic acid }2-methyl-3- [1-methy1-5-(3-methyl-ureido)-6-0
X0-1,6- 20dihydro-pyridin-3-yl]-phenyl) -amide; 4,5,6,7-tetrahydro-benzo[b]thiophene-2-carboxylic acid
12-meth}A 2Bethas oo ih I DFESEE) I6YGREOR UETRIRSDARA A- SoFPL IR AT IREde: 1-

(5435 (745 UM IeALXR- 4H MR QiR Bk 2ymemsnpine ByHsh rmet i oxes ;R dirdropyridin-3-y 1}
-3-methyl-urea; 25 4-dimethylamino-N--methy1-5- 3-meth)glléreido)-650xo-l,6-dih)igro-ﬁyridin-?,-
y1}-pherdfifoBEnCanhitieros kot oCr. ey utanyb ridole e in Bxauie Beig Craalkyb R is hydrogen
(2-methyl GA%mathy EEx@aety Rirsid G aostoGreinpmyicin:awalsphaavibramigaginy
6-dirnethylaﬁ1ir?g¥?\|- 2-methyl- 41—metlggll-5-(3-methyl-ureido)-G-oxo-l,6- Lj‘nydro-pjeilglljn-s-
30yll-phéﬁ§ﬂ}’-m}%f yhog‘etﬁtjm@gﬁ_%t@ydro-benzo[b]thlophen-2—y1; and R” is as de
1543-(2-ghmethylamino-ethyp-ureido]-1-methy1-6-oxo-1,6-dihydro-pyridin-3- y1}
-2-methyl-phenyl)-benzamide; 1,3-dihydro-isoindole-2-carboxylic acid

}2-methyl-341-methy1-5-(3-methyl-ureido)-6-0x0-1,6- dihydro-pyridin-3-y11-phenyll -amide; -16-
DA B AT RO A} TS DT MR & S P GRS I st
methyl-ghenyl) Ibehzemine 8, B bietyahyidio- 2+ [dp2ibbiplyidibyinG:éarhhXGONRERT, NR'R®,
{2-methy1-341-methy1-5-(3-methylureidp)-6-0x0-1,6-dihydro-pyridin-3:yil 1-phenyll-amide; 5 6-
{543-(4-%%%3%?1%@%%?&% 6ﬁ%§&ﬁgﬁﬁﬁﬁkﬁfﬁ%¥b o-ligl-ﬂal‘%%ﬂ#c%ylﬁdin-&ylamino
-N-(2-dimethytemiinye Ayl Nidolinam ke ivetstitimitylsib¢Btuted phenyl, optionally substituted
{543-(3-dimeth Ino- -ureido]-1-methy1-6-0xq-1,6-dih -pyridin3-y11-2-methyl-phenyl)-be
nzamid@%@@%’yﬁﬁﬂ@%@é@ﬁ it céjh?{%e%ae%?ﬁo?, fr Iﬁ%l%%jfgégﬁy@érgd&%-oxo-i6-

15 defined herem above,

ined herein

In another embodiment of the present invention there is provided a compound according to

formuia T wherein X' is N; R! is pyrimidin-4-yl optionally substituted with CONR*R®, NR°R,

Cisalkoxy, Cisheteroalkoxy, C;ealkylsulfanyl or Cysalkylsulfonyl; R? is Cyalkyl R? is

hydrogen or Cjsalkyl; A is NHC(=0); R is optionally substituted phenyl, optionally substituted
20 pyridinyl, benzo[b]thiophen-2-yl or 4,5,6,7-tetrahydro-benzo[b]thiophen-2-yl; and R’ is as

defined herein above.

In an eighth embodiment of the present invention there is provided a compound according to
formula I wherein X is N; R’ is phenyl optionally substituted with CONR®R”, NR*R®,
Cy.ealkoxy, C;sheteroalkoxy, C)salkylsulfanyl or Cysalkylsulfonyt; R? is Cysalkyl, RYis

25  hydroxymethyl; A is NHC(=0); R® is optionally substituted phenyl, optionally substituted
pyridinyl, benzo[blthiophen-2-yt or 4,5,6,7-tetrahydro-benzo[b]thiophen-2-yl; and R* is as

defined herein above.

In a another embodiment of the present mvention there is provided a compound according to
formula I wherein X' is N; R' is phenyl optionally substituted with CONR*R”, NR'R?,

30 Cisalkoxy, Cisheteroalkoxy, Ci.ealkylsulfanyl or Cealkylsulfonyl; R%is Ciaalkyl; R’ is
hydrogen or Caalkyl; A is NHC(=0); R’ is optionally substituted phenyl, optionally substituted



10dihydro-pyridin-3-yll-phenyl} -amide
4-tert-butyl-N-{3-[1-methy1-5-(3-methyl-ureido)-6-oxo-1,6-dihydro-pyridin-3-A-phenylibenzarnide;
4-(1-hydroxy-I-methyl-ethyl)-N-{2-methyl-3-[1-methxl-&}-(S-methyl-u reido)-6-oxo-1,6-dihydropyridin-3-A-
phenyll -benzamide; 151-(5- {3-{2-(3-tert-butoxy-aze%idin-I-yl)-2-oxo-ethyILphenyll

-1-methy1-2-:0x0-1,2-dihydro- pyridin:3-y1):3-methyl-urea; 1 -(5+, . . Al 4
(323 R s o S ey L e lasRben S s =
pyridin-3efiSdrhethiylabree; 1-(5- {3-[2-(5,6-dichloro-1,3-dihydro -isoindo1-2-y1)-2-0 xo -ethyl] -phenyl}
-1-methyl-2-0x0-1,2- 20dihydro-pyridin-3-34)-3-methyl-urea; 4-(cyano-dimethyl-methyl)-N-

{2-methx&a%%fm&%@cﬁﬁiéﬁf@%&w@&%@éﬁ&ﬁ%@é@@yg;emgiyz%aagmﬁ{&yyc-c%%ﬁgrwde: 1-(5-

(342-(1,3-dihydro-|soin.d01-2.-y1)-2§-(_)xo-ethylI-phgny . . a
-1-methfampudxd wiprdinydrapyiBinis Gy RUAs & 28lkyb R is hydrogen, Ciaalkyl or

{3425 (5-puogard A A Qs 18I PaX 2, ReaskinyHpBe DYl sl Mty 268%0;1.2-

dihydro-pyridin-3-y1)-3-methyl-urea; and, 1-[5-(3-
(243-(2-hydroxy-2-methyl-propyl)-azetidin-1-y1]-2-gxo-ethyll .
-phenyﬁuf.m@{ ;??1@6&8@?%?%&&6@&%W@%}@?ﬁaﬁym@gdm DRRMBA ARG Bment of the
present fauantiontheradsorrvided & nethosifm tradting an RQlintfa matenyaneker ayioimmune

condition comprisin%:%‘gmigisterir;g to a patient in need thereof a compound according of formula |

wherein BIEZORRE /s s0dR e e dsdnnsifdanéRiittabove. -17- In a twenty-second

embodiment of the present invention there is provided a method for treating rheumatoid arthritis
comprisingadhairigiesndddiapatienhapneed: theteoia dempiepasvatebsdiogpofndracderiinherein RI,
R2,Rs, R4 Rs, -1 A and Aar defined, herein aboye. In a twenty-third embodiment of the present
invgﬁtiorﬁ§ ﬁ%“f%l Fs“b%%%ﬁ%le% ame haé}% c?)% inhibi in%{Bt}ge npc)lro i?é?adt?o%{c%fr:gpﬁr%ieﬁa Egb(ﬁ’r‘r]ﬁhistering toa
patient in need thereof a compound according to formula | wherein RI, R2, R3, R4 R5, X1 and A are
as definbdartevelifibatrobedimentwtthy Mogert empodimest ofsthopidsbacinveatiohagrendikggrovided a
method for inhikit ctivi (S dmjpisteri a patienti e FrﬁD[f compound
accordir%ﬂ%%ﬁm%%ll%%h%rgn%%?g@%%,%shl% AQ agrllltgaﬁ éar lég d({a}’fi%?é“a héréin above wherein the
10 compoydrakexisibiys anisCEIUFO mimdMotaddt |ess 4 dattis & brgatiodieinical assay of Btk activity.

In a twenty-fifth embodiment of the present invention there is provided a method for inhibiting Btk

activity gartising@cBinsIeRng 6@@@@4@%@@%@%%&9@@%@9&9@@%&@@@%&%@&@@&)al N
wherein RI, R2, R3, R4, RS, X1 and A are as defined herein above wherein the 15 compound exhibits

an 1950fommee haksmIar of febs f APridifohid et diashyloRBik Gestiy iR altwenty-sixth
embodirenbel haresent W%ﬂkggwﬁ%ﬂﬁt@a%gﬁﬁ,ao Rinag, fariahibiting,Btkmgtiyiy,gomprising

co-adminlsterln%to a patient in need thereof a compound according to formula 1 wherein 12.4, R2, R3,

R4, R5, RIHHP o WOt Aihed HiFahydndRenarid Ameehspetitibaiy 2V et ahBubit 6 another
anti-inflagamatoRseanpeyad.

In a fourteenth embodiment of the present invention there is provided a compound according to
20 formula I wherein X' is CH; R’ is pyridin-2-yl optionally substituted with CONR®R®, NR*R®, C;.
salkoxy, Cysheteroalkoxy, Cy salkylsulfanyl or C; salkylsulfonyl; R® is hydroxymethyl; R is
optionally substituted phenyl, optionalty substituted pyridinyl, benzo{b}thiophen-2-yl or 4,5,6,7-
tetrahydro-benzo[b]thiophen-2-yl; A 18 NHC(=0); and R® is as defined herein above.

In a fifteenth embodiment of the present invention there 1s provided a compound according to
25  formula I wherein X' is CH; R' is pyrimidin-4-yl optionally substituted with CONR*R®, NR*R®,
Ciealkoxy, Cisheteroalkoxy, C:salkylsulfanyl or Cisalkylsulfonyl; R? is hydroxymethyl; R’ is
optionally substituted phenyl, optionally substituted pyridinyl, benzof{b]thiophen-2-yl or 4,5,6,7-
tetrahydro-benzo[b]thiophen-2-vi; A is NHC(=0); and R* is as defined herein above,



In a twenty-seventh embodiment of the present invention there is provided a method for treating an
inflammatory condition, e.g. rheumatoid arthritis, comprising co-administering to a patient in need
thereof a therapeutically effective amount of an antiJ,anammatory compound along with a compound
according to formula I wherein RI, R2, Rs, R4, Rs -T A. and A are as defined herein 25 above. In a

twenty-gighth,embed &‘iéheoﬂﬁ ”és'é“{ %‘ﬂ%r%%z% %?cg&c?aogc%n[} %Jligc%rﬁ%{g position

comprising a compoun According to formula 1 ereln are as defined
herein aﬁwmiadmabz@mwﬁﬁ it (FEend s mﬁfﬁ@@@dﬁcaw Ceptiibik Raisibydeseipictt aiidilvent. -18-

The ter eaotes agr @ R.wh reln R is hydrogen or lower
alkyl as r%e“?lne glhil"h ﬁe{ﬁi 8? fglr%b%;ﬂ as useé? fe%;ée%?) enotgos a group of foimula C(=0)R
wherein R is alkyl as defined herein. The term Ci_oacyl refers to a group -C(=0)R wherein R is
hydrogel? 6rseEnSemi emhe dament i tba eyt ByauQn iEIisPIAEEad & Qronpstierrsdng teo)R
whegein R 1% AayaioLR e iRy RenzeyL@nuged Retein aniarylcaibam groumwhergin R is
phenyl. The term’ aIkyI as used herein denotes an unbranched of branched chain, saturated,
monovalHCk7EeeadiRh Reshd iccerafined tetein abesioon atoms. The tem’ "lower alkyl" denotes a
straight or branched chain hydrocarbon residue containing 1 to 6 carbon atoms. "Cl-walkyl" as used
10 herein, igfeisHe ammaliot campasertief frieA0icarhans tkrampry Rkalkybarpopalincddanped are not
limited tq, met&jl ethyl, prppyl I-propyl, n-butyl, i- butyl t-butyl qu%entyl |$opentyl eopentyl, hexyl,

heptyl ARETBERA WRFET e it Gaﬁegfr{ & isabsent 4ng Bix Fordvi etefihnd %ﬂeﬂwaucyl

or "hydrapyadkyl," this is intended to refer to an alkyl group, as defined above, being substituted 15 with
one to two substituents selected from the other specifically named group. Thus, e.g., "phenylallcyl"
nl tes the radi cal R'- bl erelnol?%ls hen rad#ﬁal nd R" |s a eaik lene radé:al as&?%ned herein

t: t
with the undmmt Ifh %%l ep %rﬁy cy m0|et§/0v1\l/1| e on'the alkylene

radical. Examkaléwhémyl&lkyl@hﬁ@(ai@)midld@ ib(h Aot linnited tand &\ ZRE, pheRylethiyX ' are as
3- phenyﬁfo Eyl The te ms, "arylalkyl" or "aralkyl" are 20 interpreted similarly except R' is an aryl
radical erms aryIaIIcyI or "(het)aralkyl" are interpreted similarly except R is optionally an
aryl or a heteroaryl radical. The term "haloalkyl" as used herein denotes an unbranched or branched

chain alkylegroensiets defhnednainsvd tineresant iveRide iibeechy tirogdacioppgunsutsstitised vy a
halogen. SxasRIRa e Lluaremeting: apgomeliyinl bromaneiis lrodometlyl, fllyqramethyl

25 trifluoromethyl, trlch oromethyl, triboromomethyl, truodomethyl 1-fluoroethyl, 1-chloroethyl, 1-
brohoethykril-ibckethid; SLidrdEhI T2-chloroethyl, 2-bromoethyl, 2-iodocthyl, 2,2-dichloroethyl,
3-bromopropyl or 2.2,2-trifluoroethyl. The tenu "alkylene" as used herein denotes a divalent saturated

linear hydracamer fadigahaf biontGEatho mhatams @8 (Ghgyir a bragsdied satidraigd divalent
hydrocarbon radical of 2 to 10 30 carbon atoms (e.g., -CHMe- or -CH2CHY(i-Pr)CH2-), unless otherwise

indicated°\ESig8 fTamihe B SORETHYERE, the open valences of an alkylene group are not attached to

the same. torpyty 13 éxamﬁgqssot Blikriepe sadicals-irlube buiasephimiiac e metbylento-
ethylene, propylene, 2 metgi%ggrt%oylene 1,1-dimethyl-ethylene, butylene, 2-ethylbutylene. The term
"alkoxy" as u SadiBYdiR M: 0 §1R9F@Y CRSIFAHBIER alkyl is as defined above such as methoxy,

ethoyy, B- w@nﬁdgxwi(@rﬁe&ql@rm mb%d%ﬁ [@w@t{ﬁm}&%ﬂ@mepmh@oﬁhp@ﬁﬁpﬁngy, including

their isomers. "Lower alkoxy" as used herein denotes an -0-alkyl group wherein alkyl is "lower alkyl" as

previously deYMgﬂméé“R?'é’Ik]o%ﬁ‘]égdﬂ%é’é’rh@%% Jerbr RN Rerein alkyl is Ci_loalkyl. The
teitii "alkpyyaliutypyusembarein-[elpsioibs radighitiir-2uheisin R is-amplkenradisal agiflefined

herein, and R" is an alkylene radical as defined herein with the understanding that the 10 attachment
point of the am}i@’é R?Fﬁ%{@@ewlll be on the alkylene radical. Ci_oalkoxyalkyl denotes a group wherein

the alkyhpermt@@m{mﬁwﬁﬂmfﬁﬁeﬂ@p@&ms%%moiwmmmﬂﬁym@m@ﬁmﬂon of
the group. C1 3a|kox Cl nallcyl denotes a group wherein the alkyl portion is comprised of 1-6
carbon atoms}’—grialﬂ‘?é’ ATRERG NG is 1-3 carbons. Examples are methoxymethyl, methoxyethyl,

methoxypropwdriRexXymethyl toxyethheatpP3YPragythyi-5-[ 5-(4-methyl-piperazine-1-carbonyl)-
pyridin-2-ylamino}-6-oxo-1,6-dihydro-pyridazin-3-yl}-phenyl}-benzamide;
4-tert-butyl-piperazine-1-carboxylic acid (2-methyl-3-{1-methyl-5-{5-(morpholine-4-carbonyl)-
pyridin-2-ylamino]-6-o0xo-1,6-dihydro-pyridazin-3-yl}-phenyt)-amide;
30 4-rerr-butyl-2-methoxy-N-(2-methyl-3- { I-methyl-5-[5-(morpholine-4-carbonyl)-pyridin-2-
yiamino]-6-0x0-1,6-dihydro-pyridazin-3-yl} -phenyl)-benzamide;



15 propyloxypropyl, methoxybutyl, ethoxybutyl, propyloxybutyl, butyloxybutyl, t-butyloxybutyl,
methoxypentyl, ethoxypentyl, propyloxypentyl including their isomers. The term "heteroalkoxy" as used
herein means an -0-(heteroalkyl) group wherein hgfg[oalkyl is as defined herein. "C1-10heteroalkoxy"
as used herein refers to an -0-(Cr3oheteroalkyl) wherein C3-loheteroalkyl is as defined herein.

Repres i les.include, L  AGL [imj - 2- 20 dj inoet and 3.
-suIfonﬂﬁ%%o@%%iﬁ#&%ﬁ%%%?ﬁo%ﬁy ' a‘tgs?%s%h égr%i% rete s{%%mnga?kg}?%é?ggl tggxc(lljefined
herein whereintetiby tro it ideein fysrogbenatbafé-pavesdend@pkiced with a substituent independently

selected.from-the grol )RSISS ~Orta, - C S Mhere R is A | O4to 2),
with th ed6u ,@E?L?ﬁ%ﬁ%é’%ﬁﬁﬁ%@%ﬁ%&%ﬁﬂﬁ’{?ﬁ%gSﬁ%%%@g ylgrgé(%cil%h% ?s@i%ggﬁtrg&%%b%n atom,
25 and whereikRiads-hyariogerscatyichikyesieycloalkyl, or cycloalkylalkyl; Rb and R* are independently

of each 9%%{@@@@@%@% Qg o cygloalk %;é'ehgﬂg-y&hsﬂo RBnRd ishydragen,

alkyl, cycloa or'cycloalkylallcyl, arid when n'is 1 or 2, Rd is allcyl, cycloalkyl, cycloalkylalkyl, amino,
alkylamino, diafiigiamintoipsHenykRbprédedtative erampies irdiade Hsadee not limited to,

2-hydro hydro: 2! 1130 ] thyl 2, 3=0ikydrax h e

1-hyd ro%"re% eﬁ%@t mﬁ%@ﬂy@t@%&%@gﬁ%ﬁ%ﬁ%ﬁ{%@% r%gﬁfy ? 251%%13 I pﬁr{o%);gll,%’:{-2 a&r\‘ﬁ}l n6o ethyl,
3-aminopropyiz@-nfethiyy dratfoygatint 3-2bpheniribdeeayiideathyl, aminosulfonylethyl,

aminosuy)f em%{lﬁ.m I eth 10 )-6-0%0-1.6-
methyla%%%)yﬁ%%}{/{{b%%py , an Eﬁ%‘ﬁ%{%ﬂ&}_ﬁg ‘f‘é%%?@%?%ﬁ%ﬁ%ﬁ%ﬂ%g rso tg a1h6 alkyl radical
as defined h&@hﬁwmwﬁﬁ@ﬁémrﬁw%tbmm%en replaced with a cyano substituent. 5 The term
"hydfoxsé@%xlliaa-@ﬂﬁeg%g%t%ﬂrﬂ&mﬁ%&%rg}gsmﬁm%ﬁmﬁ@tﬁsﬁ&memg@%myﬁ}aee

hydrogen atoms on different carbon atoms’is/are replaced by hydroxyl groups. The term "alkylthio" or

"alkyLsulfanyiyritfers1d-sh-2Smaiygrbenyl ivhetresmsdRy | is as defined above such as methylthio,
ethylthio, p-propyjthio-RoRVItio. Nekutylthies Beastigs Incding-hel isomersoLowes.alkyithio” as

used herein denotes an alkylthio group with a "lower alkyl" 10 group as previously defined.

"c:|-wa_|kylthiqi'ibﬁius@crm@@imggr@hmﬁ-éeammerein alkyl is "Phenylthio" is an "arylthio” moiety
Wh%e'nﬁép%ﬂr%&ﬁﬁw'u(ﬁm ﬁ@ﬁ@iﬁk‘ﬁ(gﬁ{mw@wt&?ﬁéﬂ@@%@ﬁyl&ﬂsmtﬁ@ame:;iﬁfo g, hgggin refer to

agroupo ula=NC(=0)R whérein R is alKyl or aryl reSpectively and alkyl and aryl are as denied

herein. 15 The véamisohifcorifigyfianac-apyidammi s Diewyhchensasideto a group of formula
--S(=0)2R Wherei Risaliyhokany ieprestively and plivl And At areas.defingg-grein. The terms
"aIkylsulﬁgwy;wgﬁ%%g}%%nyﬁﬁg? us?c)i erein %fer[to@(g%u of foula - g(z](})?)%ﬁ wherein R is alkyl
or aryl respectiveipaht-ateyil fndibrranyHdaastiad nehsiy rhenzarsf# "heteroalkylsulfonyl” as used
herein dgngies A @rouR & fermia s PamhereiiRineP  hetarpabykoas, definra 1 eIl Jde terms
"alkylsulfonylamino" and "arylsulfonylarnino"as used herein refer to a group of formula -NR'S(=0)2R
whéfkin R is éflé(ﬁl'%rfm‘;hﬁeﬁb@%ﬂ\}egﬁmqﬁ’ydrogen or C1_3alkyl, and alkyl and aryl are as defined
herein. The,termvexciaalkyb.as dspehbersinseiebx19- eaiurmiesd sRbReYH GHing cerIaiIng. 3 to 8 25
carbon atoms, i.e. cyclopropyl, cyclobutyl, cyclopena/)l, cyclohexyl, cycloheptyl or cyclooctyl.

"C3"2cycloaliéfhygeomeddnetiir Forerdne iy bybrsaiklyPewripide

d of 3 to 7 carbons in the carbocyclic

ring -21; Jheder earhoxy: tsxl.?%viix;%t zh@.r&&e-@t@tm@ammﬁi@t%%h%ma&mrogen atom

has been replaceéd with a carboxyl with the understan hat the point of attachment of the
heteroalkyl radfsaineltdsbubihvareaproeaitmryThahen chepeipderers to a -CO2H moiety. The tem’
“halagen’ gr, Balor as used hetein ameansiuarne:aiiatiney romingiRQHiRgn8) Tna e azetidine,
pyrrolidine, piperidine and azepine refer to a four, five, six and seven membered saturated ring

containing orxpitrégei e ey i e mpipdatenyiefssziiie nitrogen atom. The tejuLs

b_e”20[blitl}B%El'BﬁmZM'qzﬁéa@h%ﬂ%t@h&ﬁ%‘ﬂ?ypérb%[lﬁitﬁ 18yl1 10 ﬁﬁhdi%ﬁ;ylgmmo)-i,é-
dihydro-1H-isoindolin-2-yl, 1',2',3',41,5',6'-hexahydro-[2,41bipyridin-5-yl, and 6,7-dihydro-5H10
pyrrolo[3,4-b]¥idierratéririviSie iy o AP rERBECtively.

4-tert-butyl-N-(3-{5-[2-(3-hydroxy-pyrrolidin-1-y1}-pyrimidin-4-yiamino}- 1-methyl-6-oxo-1,6-
30 dihydro-pyridazin-3-yl}-2-methyl-phenyl)-benzamide;
4-tert-butyl-N-{2-methyl-3-{ 1 -methyl-5-(3-methyl-ureido}-6-0x0-1,6-dihydro-pyridazim-3-yl}-
phenyl}-benzamide;
4-tert-butyl-N-(2-methyl-3-{ 1-methyl-5-[4-(morpholine-4-carbonyl)-phenylamino ]-6-0x0-1,6-
dihydro-pyridazin-3-yl}-phenyl)-benzamide;



The terms" 1,4,5,6-tetiahydro-pyrimidin-2-ylamine" and "4,5-dihydro-1H-imidazol-2-ylamine" refer to
the moieties (vii) and (viii) respectively. N NN /(viii) 15 The term "heteroaryl" or "heteroaromatic" as
used herein means a monocyclic or bicyclic radicah@f 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 heteroatoms, the

remaining, Ing, A, e '@%@599&[w.imly;%@q@rﬁ@%m@m@wt&aﬁt@@mm-@%saas.qf,sbe heteroaryl

radical will be on"an aromatic ring As well known to those $killed in the art, heteroaryl rings have less
aromatic chafdeyératmanidhein-20valekamoir beiratgidsarts. Thus, for the purposes of the invention, a
heteroaryl.gro 8ecopyrhaye 0 a ¢ i Ghe 1] neterqaryl moieties
e e o e e ot bclude, but
is not limited @Wﬁmwﬁq@wmhﬂzwmrp%bwwré@b|y|_, imidazolyl, oxazolyl, isoxazolyl,
thiazolyl, Isothigzalyl. 58 Qlinyy Hhiadiazolyl.apd xadiaxalipylnirh samieptionaly he,2 gubstituted
with one or more, preferably on€ or two Substituénts selected from hydroxy, cyano, alkyl, alkoxy, thio,
lower halqalkw}é}kbmm@b, haloalkyl, alkylsulfinyl, alkylsulfonyl, halogen, amino, alkylamino,
dialkylamigg, 8 Eﬂl&%«fﬂKY&"Z‘[@'-@@-%W«:%ﬂgiﬂ!ﬁﬂﬁ%@ﬂlmﬂwq~j%@idﬁﬁt!9uﬂiﬁ%¥f-qﬂﬁ%ﬂif@@ﬂ
carbamoyl, alkylcarbamoyl, dialkylcarbamoyl, arylcarbamoyl, alkylcarbonylamino and
aryIcarbonylamméﬁﬂiébn%wem’éﬁ%?é&lc}w}f}r&éﬂ@@%@b@f@,’%ﬂ?@ﬁ?@ﬁé@limited to, quinolinyl,
isoquinolinyl.hensefuivl. Beathinaheny. benzexarols. berzisoratalyl enzpibingohdand
benzisothiazolyl. Blcychc moieties can be optionally substituted on either 5 ring; however the point of
attdéhment ié’&ﬁﬁ@ﬁh@'@éﬁtéﬁﬁiﬁ@ﬁi%@f@g)%}ﬁt}fﬂé Rt hetestyaidtas used herein refers to an aryl
ora _het@l?é%yt')ﬁﬂﬂiglﬁﬁo%@ﬁ@%@Eg@iﬁﬁﬁqﬂmﬂ?ﬁ el (hsteresMEMIc PR ReleR9RuERS as used
herein denotes a monovalent saturated cyclic radical, consisting of one or more rings, preferably one
to two rings, stamiselt6-eight SreihEdserrruidaniforpietirg-bzgniddre ring heteroatoms (chosen
from N, 6’-?f~§Qﬁ?§ﬁﬂ{iﬂfﬂﬂm€@ﬁl@-@%@%%W‘%ﬁk{}ﬂﬁ‘&%‘?ﬁﬂ%}ﬂﬁh{§~%@§I§f&f§%¥yﬁkﬁaﬁ1&ﬁmore’

a

preferably one or two Substituents selected from hydroxy, oxo, cyano, lower alkyl, lower alkoxy, lower
haloalkoxy, afiéyheioDrzsdEaibxiapmaldras ity s darexydibonyl, amino, alitylamino,
alkylsultar. aryisulf Jékhé‘r!lﬁld?('?-i'?P—%Héftﬂ?wsQSY{%(BH}9§M9—Q¥Ea%§ﬂlmﬂﬁﬂﬁ%aﬁﬁﬁ§}ib‘9”y|aminO,

15 alkylaminocarbonyl, arylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino, unless otherwise
indicated. Exafiplet-dhaterpjénerativard Kenirsca@rtfenot limited to, azetidinyl, prTolidinyl,
hexahydyqazepimyk 5@@3@?%;5@4@%9@@@?&@5@%@@@mwyb-mﬂ%m&dﬁqugw inyl,
isoxazolidinyl, morpholln?/, %perazmyl, iperidinyl, tetrahydropyranyl, thiomorpholinyl, quinuclidinyl
and imidazolitfAy 2o hemel e rrEdgRsR19NEialkoxy” as used herein refers to the radical R'R"-,
wherein ;s 8 alkxy fadical a3 defiapg Rereinmypassin.onea e af theudngrmatems attached to

a carbon has beeén replaced with a heterocyclic substituent and heterocyclyl-Cislicoxy moiety is

att@éhed at theCosiyerr g eFithd-Jlkasraroup3-diryd e -bara itafefS! as used herein refers to
a group RNHG(EOMNBropherain-Riis-a0,alh25- SR aAefines-earein. Gomeenbitsed
abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile (AIBN), atmospheres (Atm),
9-borabicyc|o‘f3f.§93?}ﬂbﬁ¥ﬁ@y -Bﬁi@@&%@ﬁ)ﬂ@ﬁ%ﬁ%&?@ﬁ?bonyl (Boc), di-tertbutyl pyrocarbonate or
boc anhyglrigie 20 hiBRd-hubrh(BY))-GhedmicakAbsiragis-RegistatippabimpriasGASRN),
benzylo@cﬁrﬁéﬁgﬁ(égsﬁé@ carbonyl diimiga)lzole (CDI)%ﬁl,ﬁdiazabicyclo[z2.2 octane (DABCO),
diethylaminostifiheillorssiq Bas FydmBroyiceheEttne (dba), 1,5-diazabicyclo[4.3.0Jnon-5-ene

%@éﬁﬂ%@l&ﬂﬂ%ﬂj%ﬁﬁ?g)&tﬂwdi% visareadirideiRCC),

(DBN), b%ﬁi@z@%y&m{% : :
1,2-dichloroethane (DCE), dichloromethane (DCM), diethyl azodicarboxylate (DEAD),

di-iso-propyld26ii@nsiamate B ADTdry- aluminumhydride (D1BAL or D1BAL-H),

di-iso-prony I aPhN-Jimetbyh aeRiaHEle, (DM 4nhl, M08 laminopyridine
(DMAP),@ ,@%li¥lg%}n2§ﬁ%£r%§mide.(§lh?F , dimethyl sulfoxide (DMQ(S), ety
1,1"-bis-(diph&RppRdipRT STt evappe)’ PdprdisRenyIphosphino)ferrocene (dppf),

L (3-dimeltwlamnapiondyasetsaibonimide biahisdde. (ERGHelfi (Espionkacetate (E10AC)
ethanol (EtOH), 2- ethoxy-2H-quinoline-l-carboxylic acid ethyl ester (EEDQ), diethyl ether (Et20),
0-(?hzabenzeAFRes- RS IRy AN NIRRT B Bhiiff Frexafluorophosphate acetic acid (HATU), 10
acetic a@ﬂtﬁt%@/c\m»éﬁlyd?mg@ﬁ&ﬁnz@ml@z@@(éﬂi@rﬁtbﬁék@hpnemgzwm(ﬁw@m@ﬁaewphy (HPLC),
iso-propanol (IPA), lithium hexamethyl disilazane (LIHMDS), methanol (MeOH), melting point (mp),
MeS02- (mes§Ar 8PS Pty (e B bt itERRCNS ™A -chloroperbenzoic acid (MCPBA), mass
spectrurg_(msh-maiaytéiuyeihemMIBE).oNbsarpsiesinimdn dNBS). [K-caskshotanhydride (NCA),
N-chlorosuccinimide (NCS), N-methyl- morpholine (NMM), N-methylpyrrolidone (NMP), pyridinium
chlorochrom&???@é)‘?ﬁ?t%%ﬂf@ﬂﬁ?ﬁ?&?ﬂb TRBBEY; BRERYI (Ph), propyl (Pr), iso-propyl (i-Pr), pounds
per square inch (psi), pyridine (pyr), room temperature (rt or RT), ten-butyldimethylsilyl or t-BuMe2Si
(TBDMS), triethylamine (TEA or Et3N), 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO), triflate or
CF3S02- (TO, trifluoroacetic acid (TFA), 1,1'-bis-2,2,6,6-tetramethylheptane-2,6-dione 20 (TMHD),
0-benzotriazol-1-yl-N,N,N,N-tetramethyluronium tetrafluoroborate (TBTU), thin layer chromatography
(T1 C\ tetrabhvAdrofiiran (THEY trimethvicilvil or MaR<i (TMSIYNY ntnhiieneaciilfaonie acid monohyvdrate (TeOH




Examples of representative compounds encompassed by the present invention and within the scope
of the invention are provided in the following Table. These examples and preparations which follow are
provided to enable those skilled in the art to more glearly understand and to 30 practice the present
invention. They should not be considered as limiting the scope of the invention, but merely as being

illustratiye and representati af Imaeneralqthg.] sl edrin th pligaiion is based on
AUTON\GOI{‘/{ISl @%reg;g ei?s%e%ﬁal%&s?ité?%gfgg%aﬁe?ge%ﬁ%%t‘gmqf%%r%l##\g géne(t[r%ttﬁicﬁgoflu PAC systematic

nomenclaturéarbpay i pyertins avii st aHdPrEAEB P8 picted structure and a name given that
zgﬂgﬂ;Z\fbksgs%ﬁ%‘tﬁff—ﬁﬁwﬁ%ﬂ?si-s{EQIH&&%?!@@M% Weight..1Bad 'Ei%@idmu@ﬁ%{ﬁ{a?t@wéﬂy ofa
portion of a structure is not indicated with, e.g., bold or dashed lines, the structure or
portion of thels@diiwé@i@m%imt%ﬁﬂ%elé@%@%&%’é%sing all stereoisomers of it. 5 TABLE I:
o U Ao Ry Gl S,
pyridin-2-ylamino]-2H-pyridazin-3-one;
4-tert-butyl-N-{2-methyl-3-{ 1-methyl-5-(3-methyl-ureido )-6-0x0-1,6-dihydro-pyridin-3-yl]-
phenyt}-benzamide;
4-tert-butyl-N-{3-[5-(3-ethyl-ureido)- 1 -methyl-6-0x0-1,6-dihydro-pyridin-3-yi]-2-methyl-
10 phenyl}-benzamide;
4-tert-butyl-N- {3-[5-(3-isopropyl-ureido)-1-methyl-6-0x0-1,6-dihydro-pyridin-3-yl}-2-methyl-
phenyl}-benzamide;
4-tert-butyl-N-(2-methyl-3- {1 -methyl-6-oxo-5-[3-(2,2,2-trifluoro-ethyl)-ureido}-1,6-dihydro-
pyridin-3-y1}-phenyl}-benzamide;
15 4-tert-butyl-N-{2-methyl-3-[1-methyl-6-0x0-5-(3-phenyl-ureido)-1,6-dihydro-pyridin-3-yl]-
phenyl}-benzamide;
N-{3-[5-(3-benzyl-ureido)-1-methyl-6-0x0-1,6-dihydro-pyridin-3-yl]-2-methyl-phenyl} -4-tert-
butyl-benzamide; |
benzo[bithiophene-2-carboxylic acid {2-methyl-3-[1-methyl-5-(3-methyl-ureido)}-6-0x0-1,6-
20 dihydro-pyridin-3-yil-phenyl}-amide;
4,5,6,7-tetrahydro-benzo[b]thiophene-2-carboxylic acid {2-methyl-3-[1-methyl-5-(3-methyl-
ureido)-6-0xo-1,6-dihydro-pyridin-3-yl]-phenyl} -amide;
1-{5-[3-(7-tert-butyl-4-oxo0-4 H-quinazolin-3-yl)-2-methyl-phenyl}- 1 -methyl-2-oxo0-1,2-dihydro-
pyridin-3-yl}-3-methyl-urea,
25  4-dimethylamino-N-{2-methyl-3-[ 1-methyl-5-(3-methyl-ureido)-6-oxo-1,6-dihydro-pyridn-3-
y1]-phenyl}-benzamide;
5-fluoro-1,3-dihydro-isoindole-2-carboxylic acid {2-methyl-3-[1-methyl-5-(3-methyl-ureido)-6-
oxo-1,6-dihydro-pyridin-3-ylj-phenyl}-amide;
6-dimethylamino-N- {2-methyl-3-[ 1-methyl-5-(3-methyl-ureido)-6-oxo-1,6-dihydro-pyridm-3-
30 v1]-phenyl}-nicotinamide;
4-tert-butyl-N-(3-{5-[3-(2-dimethylamino-ethyl)-ureido]- 1-methyl-6-ox0-1,6-dihydro-pyridin-3-
y1}-2-methyl-phenyl)-benzamide;
1,3-dihydro-isoindole-2-carboxylic acid {2-methyl-3-[1-methyl-5-(3-methyl-ureido)-6-0x0-1,6-
dihydro-pyridin-3-yl}-phenyl}-amide;
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4-tert-butyl-N-(3-{5-[3-(2-hydroxy-ethyl)-ureido}-1-methyl-6-0x0-1,6-dthydro-pyridin-3-yl} -2~
methyl-phenyl)-benzamide;
3.4,5,6-tetrahydro-2 H-[1,2"bipyridinyl-5-carboxylic acid {2-methyl-3-{ 1-methyl-5-(3-methyl-
ureido)-6-oxo0-1,6-dihydro-pyridin-3-yi}-phenyl}-amide;
5  6-{5-[3-(4-dimethylamino-benzoylamino)-2-methyl-phenyl}-1-methyl-2-oxo0-1,2-dihydro-
pyridin-3-ylamino }-N-(2-dimethylamino-ethyl)-nicotinamide;
4-tert-butyl-N-(3- {5-[3-(3-dimethylammo-propyl)-ureido]-1-methyl-6-oxo0-1,6-dihydro-pyridin-
3-y1}-2-methyl-phenyl)-benzamide
1-methyl-1H-indole-5-carboxylic acid {2-methyl-3-[I-methyl-5-(3-methyl-ureido}-6-0xo-1,6-
10 dihydro-pyridin-3-yl]-phenyl}-amide
4-tert-butyl-N-{3-[1-methyl-5-(3-methyl-ureido}-6-ox0-1,6~dihydro-pyridin-3-yl]-phenyl } -
benzamide;
4-(1-hydroxy-1-methyl-ethyl)-N-{2-methyl-3-[ 1-methyi-5-(3-methyl-ureido)-6-0x0-1,6-dihydro-
pyridin-3-yl]-phenyl}-benzamide;
15 1-(5-{3-[2-(3-tert-butoxy-azetidin-1-yl}-2-oxo-ethyl]-phenyl} - 1-methyl-2-oxo-1,2-dihydro-
pyridin-3-yl)-3-methyl-urea;
1-(5-{3-[2-(3-isopropoxy-azetidin-1-yl)-2-oxo-ethyl]-phenyl} -1-methyl-2-oxo0-1,2-dihydro-
pyridin-3-yl)-3-methyl-urea;
1-(5-{3-[2-(5,6-dichloro-1,3-dihydro-isoindo!-2-yl}-2-0x0-ethyl]-phenyl} - 1-methyl-2-0x0-1,2-
20 dihydro-pyridin-3-yl)-3-methyl-urea;
4-(cyano-dimethyl-methyl)-N- {2-methyl-3-[ 1 -methyl-5-(3-methyl-ureido )-6-0xo0-1,6-dihydro-
pyridin-3-yl]-phenyl}-benzamide;
1-(5-{3-[2~(1,3-dihydro-isoindol-2-yl)-2-ox0-cthyl]-phenyl} - 1-methyl-2-0x0-1,2-dihydro-
pyridin-3-yl)-3-methyl-urea;
25 1-(5-{3-[2-(5-fluoro-1,3-dihydro-isoindoi-2-y1}-2-0xo-ethyl]-phenyl} -1 -methyl-2-0x%0-1,2-
dihydro-pyridin-3-y1)-3-methyl-urea; and,
1-[5-(3~{2-[3-(2-hydroxy-2-methyl-propyl)-azetidin-1 -yl]-2-oxo-ethyli }-phenyl)- [ -methyl-2-oxo-
1,2-dihydro-pyridin-3-y1]-3-methyl-urea.

In & twenty-first embodiment of the present invention there is provided a method for treating an
30  inflammatory and/or autoimmune condition comprising administering to a patient in need thereof
a compound according of formula I wherein R, R% R*, R*R®, X' and A are as defined herein

above.
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In a twenty-second embodiment of the present invention there is provided a method for treating
theumatoid arthritis comprising administering to a patient in need thereof a compound according

to formuia I wherein R}, R% R%, R*R®, X' and A are as defined herein above.

In a twenty-third embodiment of the present invention there is provided a method of mhibiting
B-cell proliferation comprising administering to a patient in need thereof a compound according
to formula I wherein R', R% R}, R*R®, X' and A are as defined herein above.

In a twenty-fourth embodiment of the present invention there is provided a method for inhibiting
Btk activity comprising administering to a patient in need thereof a compound according to
formula I wherein R}, R R?, R, R®, X' and A are as defined herein above wherein the
compound exhibits an ICse of I micromolar or less in an in vitro biochemical assay of Btk

activity.

In a twenty-fifth embodiment of the present invention there is provided a method for inhibiting
Btk activity comprising administering to a patient in need thereof a compound according to
formula I wherein RY, R, R, RY, R, X' and A are as defined herein above wherein the
compound exhibits an ICsq of 100 nanomolar or less in an in vitro biochemical assay of Btk

activity.

In a twenty-sixth embodiment of the present invention there is provided a method for mhibiting
Btk activity comprising co-administering to a patient in need thereof a compound according to
formula I wherein R}, R%, R®, RY, R, X' and A are as defined herein above and a therapeutically

effective amount of another anti-inflammatory compound.

In a twenty-seventh embodiment of the present invention there is provided a method for treating
an inflammatory condition, e.g. rheumatoid arthritis, comprising co-administering to a patient in
need thereof a therapeutically effective amount of an anti-inflammatory compound along with a
compound according to formuia I wherein RL R% R R R, X' and A are as defined herein

above,

In a twenty-eighth embodiment of the present invention there is provided a pharmaceutical
composition comprising a compound according to formula I wherein Ri, RZ, R3 RS, R’ , X' and
A are as defined herein above admixed with at least one pharmaceutically acceptable carrier,

excipient or diluent.



1 N MeO N. CMe 588 589 166'0- 169.0 15.51-7 HON Me 1, N CIVle 610 611 156'5- 157.0 0 272"
1-8OYNHNDO

10

5

20

25

18-

The term “acyl” as used herein denotes a group of formula -C(=0)R wherein R is hydrogen or
lower alkyl as defined herein. The term "alkylcarbonyl" as used herein denotes a group of
formula C(=0)R wherein R is alkyl as defined herein. The term C;¢acyl refersto a

group ~C(=0)R wherein R is hydrogen or Cisalkyl. The term "arylcarbonyl" as used herein
means a group of formula C(=0)R wherein R is an aryl group; the term "benzoyl" as used herein

an "arylcarbonyl” group wherein R is phenyl.

The term “alkyl” as used herein denotes an unbranched or branched chain, saturated, monovalent
hydrocarbon residue containing 1 to 10 carbon atoms. The term “lower alkyl” denotes a straight
or branched chain hydrocarbon residue containing 1 to 6 carbon atoms. "Ci-1palkyl” as used
herein refers to an alkyl composed of 1 to 10 carbons. Examples of alkyl groups include, but are
not limited to, methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, r-butyl or pentyl, isopentyl,
neopentyl, hexyl, heptyl, and octyl.

When the term “alkyl” is used as a suffix following another term, as in “phenylalkyl,” or
“hydrbxyalkyl,” this is intended to refer to an alkyl group, as defined above, being substituted
with one to two substituents selected from the other specifically-named group. Thus, e.g.,
“phenylalkyl” denotes the radical R'R"-, wherein R is a phenyl radical, and R" 1s an alkylene
radical as defined herein with the understanding that the attachment point of the phenylalkyl
moiety will be on the alkylene radical. Examples of arylalkyl radicals include, but are not
limited to, benzyl, phenylethyl, 3-phenylpropyl. The terms “arylalkyl” or "aralkyl" are
interpreted similarly except R' is an aryl radical. The terms "(het)arylalkyl” or "(het)aralkyl" are

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

The term “haloalkyl” as used herein denotes an unbranched or branched chain alkyl group as
defined above wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. Examples
are 1-fluoromethyl, 1-chloromethyl, 1-bromomethyl, 1-iodomethyl, difluoromethyl,
trifluoromethyl, trichloromethyl, tribromomethyl, triiodomethyl, 1-fluoroethyl, 1-chloroethyl, 1-
bromoethyl, 1-iodoethyl, 2-fluoroethyl, 2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 2,2-di-
chloroethyl, 3-bromopropyl or 2.2, 2-trifluoroethyl.

The term "alkylene” as used herein denotes a divalent saturated linear hydrocarbon radical of 1
to 10 carbon atoms (e.g., (CHa),)or a branched saturated divalent hydrocarbon radical of 2 to 10
carbon atoms (e.g., -CHMe-~ or -CH,CH(i-PrYCH;-), unless otherwise indicated. Except in the

case of methylene, the open valences of an alkylene group are not attached to the same atom.
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Examples of alkylene radicals include, but are not limited to, methylene, ethylene, propylene, 2-

methyl-propylene, 1,1-dimethyl-ethylene, butylene, 2-ethylbutylene.

The term "alkoxy" as used herein means an -O-allkyl group, wherein alkyl is as defined above
such as methoxy, ethoxy, n-propyloxy, i-propyloxy, n-butyloxy, i-butyloxy, -butyloxy, pent-
yloxy, hexyloxy, including their isomers. "Lower alkoxy" as used herein denotes an —O-alkyl
group wherein alkyl is "lower alkyl" as previously defined. "C;-joalkoxy” as used herein refers to

an-O-alkyl wherein alkyl is Cy_jpalkyl.

The term “alkoxyalkyl” as used herein refers to the radical R'R"-, wherein R' is an alkoxy radical
as defined herein, and R" is an alkylene radical as defined herein with the understanding that the
attachment point of the alkoxyalkyl moicty will be on the alkylene radical. C;.alkoxyalkyl
denotes a group wherein the alkyl portion is comprised of 1-6 carbon atoms exclusive of carbon
atoms in the alkoxy portion of the group. Ciaalkoxy-Cisalkyl denotes a group wherein the alkyl
portion is comprised of 1-6 carbon atoms and the alkoxy group is 1-3 carbons. Examples are
methoxymethyl, methoxyethyl, methoxypropyl, ethoxymethyl, sthoxyethyl, ethoxypropyl,
propyloxypropyl, methoxybutyl, ethoxybutyl, propyloxybutyl, butyloxybutyl, -butyloxybutyl, |
methoxypentyl, ethoxypentyl, propyloxypentyl including their isomers.

The term "heteroalkoxy” as used herein means an -O-(heteroalkyl) group wherein heteroalkyl is
as defined herein. “C-joheteroalkoxy” as used herein refers to an -O-(Ci-ioheteroalkyl) wherein
Ci-1oheteroalkyl is as defined herein. Representative examples include, but are not limited to, 2-

dimethylaminoethoxy and 3-sulfonamido-I-propoxy.

The term "heteroalkyl" as used herein refers to an alkyl radical as defined herein wherein one,
two or three hydrogen atoms have been replaced with a substituent independently selected from
the group consisting of -OR", NRR®, and -S(O),R® (where n is an integer from 0 to 2), with the
understanding that the point of attachment of the heteroalkyl radical is through 2 carbon atom,
and wherein R” is hydrogen, acyl, alkyl, cycloalkyl, or cycloalkylalkyl; R" and R® are
independently of each other hydrogen, acyl, alkyl, cycloalkyl, or cycioalkylalkyl; and whenn s
0, R%is hydrogen, alkyl, cycloalkyl, or cycloalkylalkyl, and whennis 1 or 2, R s alkyl,
cycloalkyl, cycloalkylalkyl, amino, alkylamino, dialkylamine or phenyl. Representative
examples include, but are not limited to, 2-hydroxyethyl, 3-hydroxypropyl, 2-hydroxy-1-
hydroxymethylethyl, 2,3-dihydroxypropyl, 1-hydroxymethylethyt, 3-hydroxybutyl, 2,3-di-
hydroxybutyl, 2-hydroxy-1-methylpropyl, 2-aminoethyl, 3-aminopropyl, 2-methylsulfonylethyl,
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aminosulfonylmethyl, aminosulfonylethyl, aminosulfonylpropyl, methylaminosulfonylmethyl,

methylaminosulfonylethyl, methylaminosulfonylpropyl, and the like.

The term “cyanoalkyl” as used herein refers to an alkyl radical as defined herein wherein one

hydrogen atom has been replaced with a cyano substituent.

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

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

The term "alkylthio” or “alkylsulfanyl” refers to an -S-alkyl group, wherein alkyl is as defined

above such as methylthio, ethylthio, n-propylthio, i-propyithio, n-butylthio, hexylthioc, including
their isomers. "Lower alkylthio" as used herein denotes an alkylthio group with a "lower alkyl"
group as previously defined. "Ci-jalkylthio” as used herein refers to an-S-alkyl wherein alkyl is

Cise. “Phenylthio” is an “arylthio” moiety wherein aryl is phenyl.

The terms "alkylcarbonylamino” and "arylcarbonylaminoas used herein refer to a group of
formula -NC(=0)R wherein R is alkyl or aryl respectively and alkyl and aryl are as defined

herein,

The terms “alkylsulfinyl” and “arylsulfinyl” as used herein refer to a group of formula --S(=0),R

wherein R is alkyl or ary! respectively and alkyl and aryl are as defined herein.

The terms "alkylsulfonyl" and "arylsulfonyl" as used herein refer to a group of formula -
-S(=0);R wherein R is alkyl or aryl respectively and alkyl and aryl are as defined herein, The
term “heteroalkylsulfonyl” as used herein denotes a group of formula -S(=0)2R wherein R 1§

“heteroalkyl” as defined herein.

The terms "alkylsulfonylamino™ and "arylsulfonylamino”as used herein refer to a group of
formula -NR'S(=0);R wherein R is alkyl or aryl respectively, R"is hydrogen or C;salkyl, and
alkyl and aryl are as defined herem.

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

carbocyclic ring.
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The term carboxy-alkyl as used herein refers to an alkyl moiety wherein one hydrogen atom has
been replaced with a carboxyl with the understanding that the point of attachment of the

heteroalkyl radical is through a carbon atom. The term carboxyl refers to a —CO>H moiety.
The term "halogen” or "halo" as used herein means fluorine, chlorine, bromine, or iodine.

5 The terms azetidine, pyrrolidine, piperidine and azepine refer to a four, five, six and seven
membered saturated ring containing one nitrogen atom in the ring. The “1”-position refers to the

nitrogen atom.

The terms benzo[b]thiophen-2-yl, 4,5,6,7-tetrahydro-benzo[blthiophen-2-yl, thiophenyl 2,3-
dihydro-1H-isoindolin-2-y1, 1',2',3',4',5',6'-hexahydro-[2,4 Tbipyridin-5-yl, and 6,7-dihydro-5H-
10 pyrrolo[3,4-blpyridine refer to moieties (i) to (vi) respectively.

N
~ =
- T~ & Co- T~
@‘ Ofs}‘ s @ \ y
(i) (i) (iif) (iv) v) O (vi)

The terms " 1,4,5,6-tetrabydro-pyrimidin-2-ylamine" and "4,5-dihydro-1H-imidazol-2-ylamine"

refer to the moieties (vii) and (vii7) respectively.

NJ“\*N N*N
U M) N i)

15 The term "heteroaryl” or "heteroaromatic" as used herein means a monocyclic or bicyclic radical
of 5 to 12 ring atoms having at Jeast one aromatic ring containing four to eight atoms per ring,
incorporating one or more N, O, or S heteroatoms, the remaining ring atoms being carbon, with
the understanding that the attachment point of the heteroaryl radical will be on an aromatic ring.
As well known to those skilled in the art, heteroaryl rings have less aromatic character than their

20  ali-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, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, triazolinyl, thiadiazolyl and oxadiaxolinyl which can optionally be

25 substituted with one or more, preferably one or two substituents selected from hydroxy, ¢yano,
alkyl, alkoxy, thio, lower haloalkoxy, alkylthio, halo, haloalkyl, alkylsulfinyl, alkylsulfonyl,

halogen, amino, alkylamino, dialkylamino, aminoalkyl, alkylaminoalkyl, and dialkylaminoalkyl,
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nitro, alkoxycarbonyl and carbamoyl, alkylcarbamoyl, dialkylcarbamoyl, arylcarbamoyl,
alkylcarbonylamino and arylcarbonylamino. Examples of bicyclic moieties include, but are not
limited to, quinolinyl, isoquinolinyl, benzofuryl, benzothiophenyl, benzoxazolyl, benzisoxazolyl,
benzothiazolyl and benzisothiazolyl. Bicyclic moieties can be optionally substituted on either

5 ring; however the point of attachment 1s on a ring containing a heteroatom.,

The term (hetero)aryl as used herein refers to an aryl or a heteroaryl moiety as each is defined

berein.

The term "heterocyclyl” or "heterocycle” as used herein denotes a monovalent saturated cyclic
radical, consisting of one or more rings, preferably one to two rings, of three to eight atoms per

10 ring, incorporating one or more ring heteroatoms (chosen from N, O or 8(0);.), 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, halo,
héloalkyl, hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl,
alkylaminosulfonyl, arylaminosulfonyl, alkylsulfonylamino, arylsulfonylamino,

15 alkylaminocarbonyl, arylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino, unless
otherwise indicated. Examples of heterocyclic radicals include, but are not limited to, azetidinyl,
pyrrolidinyl, hexahydroazepinyl, oxetanyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl,
thiazolidinyl, isoxazolidinyl, morpholinyl, piperazinyl, piperidinyl, tetrahydropyranyl,
thiomorpholinyl, quinuclidinyl and imidazolinyl. |

20 The term “heterocyclyl-Cisalkoxy” as used herein refers to the radical RR"-, wherein R' is an
alkoxy radical as defined berein, wherein one, two of the hydrogen atoms attached to a carbon
has been replaced with a heterocyclic substituent and heterocyclyl-Cisalkoxy moiety is attached

at the oxygen atom of the alkoxy group.

The term "N-alkyl-ureido" as used herein refers to a group RNHC(=0O)NH- wherein R is an alkyl

25 group as defined herein.

Commonly used abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile (AIBN), atmo-
spheres (Atmy), 9-borabicycio[3.3.1]nonane (9-BBN or BBN), fert-butoxycarbonyl (Boc), di-tert-
butyl pyrocarbonate or boc anhydride (BOC;0), benzyl (Bn), butyl (Bu), Chemical Abstracts
Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbony! diimidazole (CDI),

30 1,4-diazabicyclo[2.2.2]octane (DABCO), diethylaminosulfur trifluoride (DAST), di-
benzylideneacetone (dba), 1,5-diazabicyclo[4.3.0Jnon-5-ene (DBN), 1,8-diazabicycio]5.4.0}-
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undec-7-ene (DBU), N,N'-dicyclohexylcarbodiimide (DCC), 1,2-dichloroethane (DCE), di-
chloromethane (DCM), diethyl azodicarboxylate (DEAD), di-iso-propylazodicarboxylate
(DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H), di-iso-propylethylamine (DIPEA),
N, N-dimethyl acetamide (DMA), 4-N,N-dimethylaminopyridine (DMAP), N,N-di-

5 methylformamide (DMF), dimethyl sulfoxide (DMSO), 1,1%-bis-(diphenylphosphino)ethane
(dppe), 1,1'-bis-(diphenyiphosphinoferrocene (dppf), 1-(3-dimethylaminopropyl)-3-cthyl-
carbodiimide hydrochloride (EDCI), ethyl (Et), ethyl acetate (EtOAc), ethanol (EtOH), 2~
ethoxy-2H-quinoline-1-carboxylic acid ethyl ester (EEDQ), diethyl ether (Et,0), O-(7-aza- |
benzotriazole-1-y1)-N, N,N’N’-tetramethyluronium hexafluorophosphate acetic acid (HATU),

10 acetic acid (HOAc), 1-N-hydroxybenzotriazole (HOBt), high pressure liquid chromatography
(HPLQ), iso-propano! (IPA), lithium hexamethyl disilazane (I.iIHMDS), methanol (MeOH),
melting point (mp), MeSO;- (mesy! or Ms), , methyl (Me), acetonitrile (MeCN}), m-chloroper-
benzoic acid (MCPBA), mass spectrum (ms), methyl /-butyl ether (MTBE), N-bromo-
succinimide (NBS), N-carboxyanhydride (NCA), N-chlorosuccinimide (NCS), N-methyl-

15  morpholine (NMM), N-methylpyrrolidone (NMP), pyridinium chlorochromate (PCC), pyri-
dinium dichromate (PDC), phenyl (Ph), propyl (Pr), iso~-propyl (i-Pr), pounds per square inch
(psi), pyridine (pyr), room temperature (rt or RT), fert-butyldimethylsilyl or --BuMe,Si
(TBDMS), tricthylamine (TEA or EtsN), 2,2,6,6-tetramethylpiperidine I-oxyl (TEMPO), triflate
or CF3S0,- (T, triflucroacetic acid (TFA), 1,1%-bis-2,2,6,6-tetramethylheptane-2,6-dione

20 (TMHD), O-benzotriazol-1-y1-N,N,N',N'-tetramethyluronium tetrafluoroborate (TBTU), thin
layer chromatography (TLC), tetrahydrofuran (THF), trimethylsilyl or MesSi (TMS), p-
toluenesulfonic acid monohydrate (TsOH or pTsOH), 4-Me-CgHsSO:- or tosyl (Ts), N-urethane-
N-carboxyanhydride (UNCA),. Conventional nomenclature including the prefixes normal (),
iso (i-), secondary (sec-), tertiary (tert-) and neo have their customary meaning when used with

25  an alkyl moiety. (Rigaudy and Klesney, Nomenclature in Organic Chemistry, TUPAC 1979

Pergamon Press, Oxford.).

Examples of representative compounds encompassed by the present invention and within the

scope of the invention are provided in the following Table. These examples and preparations

which follow are provided to enable those skilled in the art to more clearty understand and to
30 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

Beilstein Institute computerized system for the generation of JTUPAC systematic nomenclature.
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5 TABLE I: examples of pyridazinone compounds according to formula I wherein X' is N.
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1. Bruton’s Tyrosine Kinase Assay (Example 34)

TABLE 1I: examples of pyridinone compounds according to formula T wherein x'is CH.
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1. Brutor’s Tyrosine Kinase Assay {Example 34)

Compounds of the present invention that are 2-amino(hetero)aryi-4-aryl-pyridazinone (TABLE I)
derivatives are prepared utilizing a two step sequence starting from a 4,6-dihalo-2-alkyl-2H-
pyridazin-3-one, e.g., A-1b. Displacement of the 2-halo moiety with a heterocyclic amine results
in the introduction of the (hetero)aryl amme into the 6-position. The heterocyclic amine is
optionally substituted with other groups within the scope of the invention or with a moiety which
can be converted into desired substituents. Thus in SCHEME A the pyrimidine is 2-
methylsulfanyl-pyrimidin-4~ylamine (A-3) The methylsulfanyl moiety can be oxidized to the
cotrresponding sulfone which is easily displaced by nucleophiles in a subsequent step. The 4-
substitued phenyl moiety is introduced by a Suzuki type coupling of a 4-halo-pyridazinone and a
boronic acid derivative such as 4-(1,1-dimethyiethyl}-N-{2-methyl-3-(4,4,5,5-teframethyl-1,3,2-
dioxaborolan-2-yljphenyl}-benzamide (A-6, CASRN 910235-65-3) which affords A-3a. One
skilled in the art will appreciate that a wide variety of boronic acids are available including
4,4,5,5-tetramethyl-2-(3-nitro-phenyl)-{ 1,3,2]dioxaborolane (CASRN 68716-48-3) or 4,4,5,5-
tetramethyl-2-(2-methyl-3-nitro-phenyt)-[1,3,2]dioxaborolane (C-1, CASRN 910235-64-2}
which can undergo reduction of the nitro group and functionalization of the resulting amine to
produce arnides, urcas and sulfonamides. Other useful boronic acid derivatives which are
described in the examples which follow. Elaboration of the phenyl substituents can occur either
prior to or after the Suzuki coupling. Thus, e.g., the Suzuki condensation can be carried out with
2-methyl-3-{4,4,5,5-tetramethyl-[ 1,3,2 Jdioxaborolan-2-yl)-phenylamine (14a, CASRN 882678-
96-8) or 3-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-phenylamine (14b) which can be
acylated after the palladium-catalyzed coupling step (example 5). Couphng of [3-(4,4.,5.5-
tetramethyl-[1,3,2]dioxaborolan-2-yh)-phenyi]-acetic acid (CASRN 797755-05-6 allows
introduction of the amine moiety after the Suzuki condensation (example 8). Compounds of the
present invention with 2 3H-quinazolin-4-one moiety (e.g., I-8) were prepared from 38 which is
prepared by sequential condensation of 4-tert-butyl-anthranilic acid with trimethylorthoformate

and 14a to afford 38 which is utilized in the Suzuki coupling. Compounds with a 2,3-dibydro-
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1H-quinazolin-4-one moiety (e.g., I-34) are prepared by reduction of the corresponding 3H-

quinazolin-4-one.

SCHEME A
0 q O
Cl R A-5 1/»\/’\
i — ;
I =N step 2 NYN [ =N h h p
Q1 SMe cl §
o AR A2
~1h: R = Me
o 1 ) 4 :- A-3a: R'=SMe
ep siep A-3b: R’ = SO,Me ‘Bu
Me Me Me
\ ']
ﬁ/\r MeHMe
Noz 0. .0
D \()r B
step 5 - Me
O
N tBu tBn
A-4 A-6

The Suzuki reaction (Miyama and Suzuki, Chem Rev. 1995 95:2457-2483; Suzuki, .
Organomet. Chem. 1999 576:147-168) 1s a palladium-catalyzed coupling of a boronic acid with
an aryl or vinyl halide or triflate. The reaction is postulated to proceed by an oxidafive-addition
mechanism. Pd(IT) compounds used as catalysts are believed to be reduced to the catalytically
active Pd(0) species in situ. Typical catalysts bis-(zri-o-tolylphosphine)-palladium(IT) chloride,
(dba)3Pd2(0)/tris-o-tolylphosphine, (dba);Pd,(0)/iris-(2-furylyphosphine, (dba)s;Pd2(0)/2,2"-bis-
(diphenylphosphino)-1,1"-binaphthyl, Pd(0)(PPhs)s, PA(0)Clo(dppf) or PA(I}(OAc), /1,3-bis-
(triphenylphosphino)-propane. The reaction is often carried out in the presence of a base such as
sodium-tert-butoxide, bis-(trimethylsilyl)-lithium amide, K,COs, Cs;COs or TEA. The reaction
can be carried out in a variety of organic solvents including toluene, THF, dioxane, DCE, DMF,
DMSO and MeCN, aqueous solvents and under biphasic conditions. Reactions are typically run
from about RT to about 150°C. Additives such as CsF, KF, TIOH, NaOEt and KOH frequently
accelerate the coupling. Although there are numerous components in the Suzuki reaction
including the palladium source, the ligand, additive solvent, temperature, etc., numerous
protocols have been identified. Recently useful general conditions have been disclosed. Littke
et al. J. Am. Chem. Soc. 2000 122:4020-4028 disclose conditions for Suzuki cross-coupling with
arylboronic acids in high yield at RT utilizing Pds(dba)s/P(tert-bu)s and conditions for cross-
coupling of aryl- and viny! triflates utilizing PA(OAc),/P(CsHi1)s at RT. Wolfet al. (J. Am.
Chem. Soc. 19_99 121:9550-9561) disclose efficient condition for Suzuki cross-coupling utilizing
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Pd(OAc)/o-(di-tert-butylphosphino)bipheny! or o-(dicyclohexylyphosphino)biphenyl. One
skilled in the art will be able to identify a satisfactory protocol without undue experimentation.
Oxidation of a thiol to a sulfone is typically facile. Sulfur oxidations are commonly carried out
with aqueous solution of hydrogen peroxide, NalOy, tert-butylhypochlorite, acyl nitrites, sodium
perborate potassium hydrogen persulfate and peracids such as peracetic acid and meta-
chloroperbenzoic acid. Exposure to two or more equivalents of oxidant results in oxidation to
the sulfone. Displacement of the sulfone with oxygen and nitrogen nucleophiles yielded

compounds as described in examples 1 and 2.

SCHEME B
2 NH, 1?%
1R2 : -Me
N NR'R AN A-1b l [ l Iﬁ
step 1 N step 2 -
CO.H - NR'R Cl
O NRR
B-1 B-2 B-3
A-6
m——E

step 3

I-1 (NRIRZ = morpholine)

Compounds of the present invention wherein the pyridazinone is substituted with a 6-amino-
nicotinamide moiety are prepared by contacting A-1 with a 6-amino-nicotinamide derivative in
which the amide can be a primary, secondary or tertiary amide which can be prepared by

condensation of 6-amino-nicotinmc acid with a suitable amine. (SCHEME B)

The amides are prepared by forming an activated carboxylic acid, such as an acid chloride or a
symmetrical or mixed acid anhydride, and reacting the activated derivative with the appropriate
amine in a solvent such as DMF, DCM, THF, with or without water as a co-solvent at
temperatures between 0° and 60°C generally in the presence of 2 base such as Na;COs, NaHCO;,
K;CO,, DIPEA, TEA or pyridine and the like to afford an amide. Carboxylic acids are
converted into their acid chlorides using standard reagents well known to someone skilled in the

art, such as thionyl chloride, oxalyl chloride, phosphoryl chloride and the like. Those reagents
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can be used in the presence of a base such as DIPEA, TEA or pyridine in an inert solvent such as
DCM or DMF.

Alternatively a carboxylic acid can be converted in situ into an activated acid by different
coupling procedures known to those skilled in the art. These activated acids were reacted directly
5 with the amines to afford amides. Said activation with those peptide coupling procedures can
involve the use of an activating agent like EDCI, DCC, HOBt, BOP, PyBrOP, HATU or
Mukaiyama's reagent (2-fluore-1-methylpyridinium p-toluenesulphonate) and the like with or
without a base such as NMM, TEA or DIPEA in an inert solvent such as DMF or DCM at
temperatures between 0° and 60°C. The reaction may alternatively be carried out in the presence
10 of HATU or 1-hydroxy-7-azabenzotriazole (HOAt) and TEA or DIPEA i DMF, DCM or THF.
Acylation of amines (March, supra pp.417-425; Benz, Synthesis of Amides and Related
Compounds . Comprehensive Organic Synthesis, Winterfeldt, ed., vol. 6, Pergamon Press,

Oxford 1991 pp. 381-411) has been reviewed.

The boronic acid derivatives utilized in the coupling step also contain amide linkages (see e.g.,

15 SCHEME D) and these can be introduced by utilizing similar methodology. One skilled in the

art will appreciate that the choice of coupling reagent is a matter of convenience.

SCHEME C

H,N N,Mc A6
it —
= step 1
Cl
C-1

R’ = 4-rer-butylphenyl C-3a: X=C1
R = C, ¢ alkyl step 3 L C3p: X =NER

Compounds of the present mnvention substituted at the 3-position by an N-alkyl-ureido moiety
are accessible from 4-amino-6-chloro-2-methyl-2H-pyridazin-3-one (CASRN 3366-87-8).

20 Suzuki coupling of A-6, or alternate dioxaborolanes, and C-1 affords C-2 which is converted to a
urea C-3 by sequential treatment with phosgene and an amine or by direct condensation with an
isocyanate. Alternatively the amino group of 42b can be converted to a urea prior to the Suzuki

coupling step.
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Compounds according to formula I wherein X is CH (TABLE 1I) are prepared analogously from
l-alkyl-3-amino-5-bromo-1H-pyridin-2-one (CASRN 910543-72-5) wheremn R'-NH- is a urea or
from 1-alkyl-3,5-dibromo- 1 H-pyridin-2-one wherein R*-NH- is a (hetero)aryl-amine.

Compounds of the present invention with a hydroxy methyl substitutent were prepared by
condensation of a boronic acid derivative substituted by a ters-butyl-dimethyl-silanyloxymethy!}
moiety and an appropriately substituted pyridone or pyridazinone D-4. While the present
examples utilize the TBDMS protecting group one skilled in the art will appreciate that other
alcohol protecting groups could be substituted for the TBDMS group. Suzuki-coupling of 2-
(tert—butyl—dimethyhsilanyloxymethyi)~3~(4,4,5 ,S-tetramethyl-[1,3,21dioxaborolan-2-y1)-
phenylamine or 2-[2-(tert-butyl-dimethyl-silanyloxymethyl)-3-nitro-phenyl]-4,4,5,5-tetramethyl-
[1,3,2]dioxaborolane permit incorporation of the amide side chain at a later stage in the synthesis.
SCHEME D

X=NorCH
D-4

R = optionally substituted heieroaryl, phenyl, a]kylcarbamoyl or heteroalkylcarbamoyl
Arx = optonally substituted aryl or heteroaryl

The pyrimidine and pyridine derivatives described herein are kinase inhibitors, in particular Btk
mhibitors. These mhibitors can be useful for treating one or more diseases responsive to kmase
inhibition, including diseases responsive to Btk inhibition and/or inhibition of B-cell
proliferation, in mammals. Without wishing to be bound to any particular theory, it is believed
that the interaction of the compounds of the invention with Btk results in the inhibition of Btk
activity and thus in the pharmaceutical utility of these compounds. Accordingly, the invention
includes a method of treating a mammal, for instance a human, having a disease responstve to
inhibition of Btk activity, and/or inhibiting B-cell proliferation, comprising administrating to the
mammal having such z disease, an effective amount of at least one chemical entity provided
herein. An effective concentration may be ascertained experimentally, ¢.g. by assaying blood

concentration of the compound, or theoretically, by calculating bioavailability. Other kinases that
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may be affected in addition to Btk include, but are not limited to, other tyrosine kinases and
serine/threonine kinases. Example 24 describes an enzyme inhibition assay to measure
mnhibition of Btk activity by compounds of the present invention. Example 25 describes a

functional assay to measure inhibition of Ca2+ mflux mediated by Btk kinase.

Kinases play notable roles in signaling pathways controliing fundamental cellular processes such
as proliferation, differentiation, and death (apoptosis). Abnormal kinase activity has been
implicated in a wide range of diseases, including multiple cancers, autoimmune and/or
inflammatory diseases, and acute inflammatory reactions. The multifaceted role of kinases i key
cell signaling pathways provides a significant opportunity to identify novel drugs targeting

kinases and signaling pathways.

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

and/or B-cell proliferation.

Autoimmune and/or inflammatory diseases that can be affected using compounds and composi-
tions according to the invention include, but are not limited to: psoriasis, allergy, Crohn's disease,
irritable bowel syndrome, Sjogren's disease, tissue graft rejection, and hyperacute rejection of
transplanted organs, asthma, systemic lupus erythematosus (and associated glomerulonephritis),
dermatomyositis, multiple sclerosis, scleroderma, vasculitis (ANCA-associated and other
vasculitides), autoimmune hemolytic and thrombocytopenic states, Goodpasture's syndrome {and
associated glomerulonephritis and pulmonary hemorrhage), atherosclerosis, rheumatoid arthritis,
chronic Idiopathié thrombocytopenic purpura (ITP), Addison's disease, Parkinson's disease,

Alzheimer's disease, diabetes, septic shock, and myasthenia gravis,

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

immunosuppressants and methotrexate.

Examples of NSAIDs include, but are not limited to, ibuprofen, flurbiprofen, naproxen and
naproxen sodium, diclofenac, combinations of diclofenac sodium and misoprostol, sulindac,
oxaprozin, diflunisal, piroxicam, indomethacin, etodolac, fenoprofen calcium, ketoprofen,

sodium nabumetone, sulfasalazine, tolmetin sodium, and hydroxychloroquine. Exampies of



0

10

15

20

25

H11NN e Vie'y 1

-55.

NSAIDs also include COX-2 specific inhibitors such as celecoxib, valdecoxib, lumiracoxib

and/or eforicoxib.

In some embodiments, the anti-inflammatory agent is a salicylate. Salicylates include but are not
limited to acetylsalicylic acid or aspirin, sodium salicylate, and choline and magnesium

salicylates.

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

or prednisone.

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

thiomalate or auranofin.

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

dehydrogenase inhibitor, such as leflunomide.

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

antibody.

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

mofetil.

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.

BTK has been shown to be an inhibitor of the Fas/APO-1 (CD-95) death inducing signaling
complex (DISC) in B-lineage lymphoid cells: The fate of leukemia/lymphoma cells may reside

in the balance between the opposing proapoptotic effects of caspases activated by DISC and an
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upstream anti-apoptotic regulatory mechanism involving BTK and/or its substrates (Vassilev et
al., ]. Biol. Chem. 1998, 274, 1646-1656).

It has also been discovered that BTK inhibitors are useful as chemosensitizing agents, and, thus,
are useful in combination with other chemotherapeutic drugs, in particular, drugs that induce
apoptosis. Examples of other chemotherapeutic drugs that can be used in combination with
chemosensitizing BTK inhibitors include topoisomerase I inhibitors (camptothecin or topotecan),
topoisomerase 11 inhibitors (e.g. daunomycin and etoposide), alkylating agents (e.g.
cyclophosphamide, melphalan and BCNU), tubulin directed agents (¢.g. taxol and vinblastine),
and biological agents (e.g. antibodies such as anti CD20 antibody, IDEC &, immunotoxins, and

cytokines).

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

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

The compounds of the present invention may be formulated in a wide variety of oral admini-
stration dosage forms and carriers. Oral administration can be in the form of tablets, coated
tablets, dragées, bard and soft gelatine capsules, solutions, emulsions, syrups, or suspensions.
Compounds of the present invention are efficacious when administered by other routes of ad-
ministration including continuous (intravenous drip) topical parenteral, intramuscular, intra-
venous, subcutaneous, transdermal (which may include a penetration enhancement agent), buccal,
nasal, inhalation and suppository 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 ingredient.

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

daily dosage range to be employed. The pharmaceutical compositions may be employed as
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solids, such as tablets or filled capsules, semisolids, powders, sustained release formulations, or
liquids such as solutions, suspensions, emulsions, elixirs, or filled capsules for oral use; or in the
form of suppositories for rectal or vaginal administration; or in the form of sterile injectable
solutions for parenteral use. A typical preparation will contain from about 5% to about 95%
active compound or compounds (w/w). The term "preparation” or "dosage form" is intended to
include both solid and liquid formulations of the active 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 and on the desired dose and pharmacokinetic parameters.

The term “excipient” as used herein refers to a compound that is useful in preparing a pharma-
ceutical composition, generally safe, non-toxic and neither biologically nor otherwise
undesirable, and includes excipients that are acceptable for veterinary use as well as human
pharmaceutical use. The compounds of this invention can be administered alone but will
generally be administered in admixture with one or more suitable pharmaceutical excipients,
diluents or carriers selected with regard to the intended route of administration and standard

pharmaceutical practice.

“Pharmaceutically acceptable” means that which is useful in preparing a pharmaceutical
composition 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
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
acid, phosphoric acid, and the like; or formed with organic acids such as acetic acid, propionic
acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic
acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,

camphorsulfonic acid, 4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic acid, glucoheptonic acid,
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3-pheny1.propionié acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid,
gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid,
and the 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 alkaline earth ion, or an aluminum ion; or
coordinates with an organic base such as ethanolamine, diethanolamine, triethanolamine,

tromethamine, N-methylglucamine, and the like.

Solid form preparations include powders, tablets, pills, capsules, cachets, suppositories, and
dispersible granules. A solid carrier may be one or more substances which may also act as
diluents, flavoring agents, solubilizers, lubricants, suspending agents, binders, preservatives,
tablet disintegrating agents, or an encapsulating material. In powders, the carrier generally is a
finely divided solid which is & mixture with the finely divided active component. In tablets, the
active component generally is mixed with the carrier having the necessary binding capacity in
suitable proportions and compacted in the shape and size desired. Suitable carriers mclude but
are not limited to magnesium carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin,
starch, gelatin, tragacanth, methylcellulose, sodium carboxymethylceliulose, a low melting wax,
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 soiutions, aqueous suspensions. These include solid form
preparations which are intended to be converted to liquid form preparations shortly before use.
Emulsions may be prepared in solutions, e.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. Agueous suspensions can be prepared by dispersing
the finely divided active component in water with viscous material, such as natural or synthetic
gums, resins, methylcellulose, sodium carboxymethylceliulose, and other well known

suspending agents.

The compounds of the present invention may be formulated for parenteral administration (e.g.,
by injection, e.g. bolus injection or continuous infusion) and may be presented in unit dose form
in ampoules, pre-filled syringes, small volume infusion or in multi-dose containers with an added

preservative. The compositions may take such forms as suspensions, solutions, or emulsions in
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oily or aqueous vehicles, e.g. solutions in aqueous polyethylene glycol. Examples of oily or
nonagueous carriers, diluents, solvents or vehicles include propylene glycol, polyethylene glycol,
vegetable oils {e.g., olive oil), and mjectable organic esters (e.g., ethyl oleate), and may contain
formulatory agents such as preserving, wetting, emulsifying or suspending, stabilizing and/or
dispersing agents. Alternatively, the active ingredient may be in powder form, obtained by
aseptic isolation of sterile solid or by lyophilisation from solution for constitution before use

with a suitable vehicle, e.g., sterile, pyrogen-free water.

The compounds of the present invention may be formulated for topical administration to the
epidermis as ointments, creams or lotions, or as a transdermal patch. Ointments and creams may,
e.g., be formulated with an aqueous or otly base with the addition of suitable thickening and/or
gelling agents. Lotions may be formulated with an agueous 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
and glycerin or sucrose and acacta; and mouthwashes comprising the active ingredient 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

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.
Pessaries, tampons, creams, gels, pastes, foams or sprays containing in addition to the active

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

The compounds of the present invention may be formulated for nasal admmistration. The
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 2 single or multidose form. In
the latter case of a dropper or pipette, this may be achieved by the patient administering an
appropriate, predetermined volume of the solution or suspension. In the case of a spray, this may

be achieved e.g. by means of a metering atomizing spray pump.
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The compounds of the present invention may be formulated for acrosol administration, parti-
cularly to the respiratory tract and including intranasal administration. The compound will
generally have a small particle size e.g. of the order of five (5) microns or less. Such a particle
size may be obtained by means known in the art, ¢.g. by micronization. The active ingredient is
provided in a pressurized pack with a suitable propellant such ag a chlorofluorocarbon (CFC),
e.g., dichlorodifluoromethane, trichlorofluoromethane, or dichlorotetrafluoroethane, or carbon
dioxide or other suitable gas. The aerosol may conveniently also contain a surfactant such as
lecithin. The dose of drug may be controlled by a metered valve. Alternatively the active
ingredients may be provided in a form of a dry powder, e.g. a powder mix of the compound in a
suitable powder base such as lactose, starch, starch derivatives such as hydroxypropylmethyl
cellulose and polyvinylpyrrolidine (PVP). The powder carrier will form a gel in the nasal cavity.
The powder composition may be presented in-unit dose form e.g. in capsules or cartridges of e.g.,

gelatin or blister packs from which the powder may be administered by means of an inhaler,

When desired, formulations can be prepared with enteric coatings adapted for sustained or
controfled release administration of the active ingredient. For example, the compounds of the
present invention can be formulated in transdermal or subcutaneous drug delivery devices.
These delivery systems are advantageous when sustained release of the compound is necessary
and when patient compliance with a treatment regimen 1s crucial. Compounds in transdermal
delivery systems are frequently attached to an skin-adhesive solid support. The compound of
nterest can also be combined with a penetration enhancer, e¢.g., Azone (1-dodecylaza-
cycloheptan-2-one). Sustained release delivery systems are inserted subcutaneously into to the
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
formulations within the teachings of the specification to provide numerous formulations for a
particular route of administration without rendering the compositions of the present invention

unstable or compromising their therapeutic activity.

The modification of the present compounds to render them more soluble in water or other
vehicle, e.g., may be easily accomplished by minor modifications (salt formulation, esterification,

etc.), which are well within the ordinary skill in the art. It is also well within the ordinary skill of
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the art to modify the route of administration and dosage regimen of a particular compound in
order to manage the pharmacokinetics of the present compounds for maximum beneficial effect

in patients.

The term "therapeutically effective amount" as used herein means an amount required to reduce
symptoms of the disease in an individual. The dose will be adjusted to the individual
requirements in each particular case. That dosage can vary within wide limits depending upon
numerous factors such as the severity of the disease to be treated, the age and general health
condition of the patient, other medicaments with which the patient is being treated, the route and
form of administration and the preferences and experience of the medical 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
daily dosage is between about 0.1 and about 500 mg/kg body weight, more preferred 0.1 and
about 100 mg/kg body weight and most preferred 1.0 and about 10 mg/kg body weight per day.
Thus, for administration to a 70 kg person, the dosage range would be about 7mg to 0.7 g per
day. The daily dosage can be administered as a single dosage or in divided dosages, typically
between 1 and 5 dosages per day. Generally, treatment is initiated with smaller dosages which
are less than the optimum dose of the 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 of this application, to ascertain a
therapeutically effective amount of the compounds of the present invention for a given disease

and patient.

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

number of any of these in packaged form.

The following examples illustrate the preparation and biological evaluation of compounds within
the scope of the invention. These examples and preparations which follow are provided to

enable those skilled in the art to more clearly understand and to practice the present invention.
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They should not be considered as limiting the scope of the invention, but merely as being

illustrative and representative thereof.

Example 1:  4-fert-Butyl-N-(2-methyl-3-{1-methyl-6-0x0-3-[2-(pyrrolidin-3-ylmethoxy)-
pyrimidin-4-ylamine]-1,6-dihydre-pyridazin-3-yl}-phenyl)-benzamide (F-19,
SCHEME A) |
step 1 - A solution of 4,6-dichloro-2H-pyridazin-one (A-1a, 3.9 g, 23 mmol, CASRN 17285-37-
9) in anhydrous DMF (45 mL) was cooled at §°C under nitrogen. To this solution was added
sodium hydride (0.92 g, 23 mmol, 60% dispersion in mineral oil). The mixture was warmed to
RT and stirred for 30 min. then cooled to about 10°C and methyl iodide (3.2 g, 23 mumol) was
added drop wise over 5 min. The resulting mixture was stirred at RT for about 4 h and then
diluted with water (50 mL) and extracted with EtOAc (100 mL). The organic layer was washed
three times with brine, dried (Na,SO0,) and concentrated in vacuo to give 4 g (100%) of A-1b
which used in the next step without further purification.
step 2 - To a solution of 2-methylsulfanyl-pyrimidin-4-ylamine (A-5, 1.4 g, 9.8 mmol, CASRN
2183-66-6) and anhydrous DMF (14 mL) cooled at 0°C and under nitrogen atmosphere was
added NaH (0.392 g, 609.8 mmol, 60% mineral oil dispersion). The reaction mixture was
warmed to RT and stirred for 30 min. To the resulting reaction mixture was added dropwise
over 5 min a solution of A-1b (0.872 g, 4.9 mmol) n DMF (5 mL). The reaction mixture was
stirred at RT for 2 h and then diluted with water (20 mL) and EtOAc (50 mL). The organic layer
was washed three times with brine. The desired product which precipitated out of an EtOAc
solution, was filtered and dried under high vacuum to afford 1 g (71.4%) of A-2Z which was used
in the next step without further purification.
step 3 - To a suspension of A-2 (0.2 g, 0.7 mmol) and DME (8 mL) in a microwave tube was
added a solution of Nap,COs (0.223 g, 2.1 mmol) in water (3 mL) and A-6 (0.277 g, 0.70 mmol).
The mixture was sparged with nitrogen, Pd(0)(PPhs); (0.041g, 0.035mmol) was added and the
tube sealed and heated at 175°C in a microwave apparatus for 45 min. After cooling, the
combined reaction mixture was partitioned between EtOAc and H,O. The organic layer was
washed with brine, dried (Na;SQ,), filtered and concentrated in vacuo. The crude residue was
purified by SiO, chromatography eluting with a MeOH/DCM gradient (2% to 4% MeOH) to
afford 0.4 g (55%) of I-12. _
step 4 - To a solution of I-12 (0.370 g, 0.719 mmol), MeOH (16 mlL} and THF (10 mL) was
added dropwise over 5 min a solution of oxone (0.884 g, 1.43 mmol) in HoO (6 mL). The

solution was stirred at RT for 4 h then a second portion of oxone (0.6g, 0.97 mmol} n H,O (4
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mL) was added and the mixture stirred for additional 2 h. The reaction mixture was diluted with
H,0 (50 mL) and extracted with EtOAc (100 mL). The organic layer was washed with brine,
dried (Na,SOy), filtered, concentrated and dried in vacuo to afford 0.380 g (96%) of 1-13 which
was used in the next step without further purification.

step 5 - To a solution of I-13 (0.100 g, 0.18 mmol) and DMF (2 ml.) was added NaH (0.028 g,
60%, 0.72 mmol) and the resulting mixture warmed to RT and stirred 30 min. To the resulting
solution was added pyrrolidin-3-yl- methanol (0.054 g, 0.535 mmol) and the mixture stirred at
RT for 4 h. The reaction mixture was next diluted with water and extracted with EtOAc. The
organic layer was washed with brine, dried (Na;SOy) and concentrated in vacuo. The resulting
residue was purified on a preparative 810, TLC plate developed with 10% MeOH/DCM to
afford 0.025 g (26%) of I-19.

I-17 and 1-18 were prepared analogously except pyrrolidin-3-ol was replaced with methanol and
N,N-dimethylamino-ethanol, respectively.

I-45 can be prepared analogously except mn step 2, 2-methylsulfanyl-pyrimidin-4-ylamine is
replaced with 3-amino-1-methyl-pyrazole, in step 3, A-6 is replaced with 120 (Ar = 4-cyclo-
propylphenyl) and steps 3 and 4 are omitied.

Example 2:  4-tert-Butyl-N-(3-{5-]2-(3-hydroxy-pyrrolidin-1-yI)-pyrimidin-4-ylamino]-1-
methyl-6-0x0-1,6-dihydro-pyridazin-3-yl}-2-methyl-phenyi}-benzamide (I-22)
To a solution of I-13 (0.069 g, 0.12 mmol) and DMF (2 mL) was added pyrrolidin-3-01 (0.032g,
.36 mmol). The reaction mixture was stirred for 2 h at RT and then for 2 h at 60°C. The
reaction mixture was cooled to RT and partitioned between EtOAc and H,O. The organic layer
was washed with brine, dried (Na;SOs), filtered and concentrated in vacuo. The recovered
residue was purified on a preparative SiO, TLC plate developed with 5% MeOH/DCM to afford
0.028 g (42%) of 1-22.
The following analogs were prepared analogously except pyrrolidin-3-ol was replaced with the
amine or alcohol in parenthesis: I-11 (N-methyl piperazine}, I-14 (morpholine), I-26 (pyrrolidin-
3yl methanol) and I-21 (pyrrolidine).

Example 3:  4-tert-Butyl-N-(2-methyl-3-{1-methyl-5-[5-(morpholine-4-carbonyl)-pyridin-
2-yilamino]-6-0x0-1,6-dihydro-pyridazin-3-yI}-phenyl)-benzamide (I-1;
SCHEME B)

step 1 - To a solution of morpholine (9.00 g, 103 mmol) in EtOH (400 mlL) was added EDCI

(10.0 g, 52.2 mmoly, HOBt (7.00 g 51.8 mmol), and 6-aminonicotinic acid (6.00 g, 43.4 mmol).

After stirring for 18 h, the resulting solid was filtered. The solid was triturated with a mixture of
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MeOH (100 mL) and DCM (100 mL) to afford 3.08 g of B-2 (NR'R together are morpholine):
MS (ESI) 208.1 (M+H).

step 2 - To an ice cold suspension of B-2 (2.921 g, 14.11 mmol, CASRN 827587-90-6) and DMF
(50 mL) was added NaH (847 mg, 21.2 mmol, 60% suspension in mineral oil). The mixture was
stirred at RT for 30 min then re-cooled to 0°C and A-1b (1.256 g, 7.056 mmol) was added. After
2 h, the reaction mixture was partitioned between saturated aqueous NH4Cl and EtOAc. The
EtOAc layer was dried {MgSQy,), filtered and concentrated in vacuo. The crude product was
purified by Si0; chromatography eluting with 2%MeOH/DCM to afford 0.732 g (2.09 mmol) of
B-3: MS (EST) 350.1 (M+H)".

step 3 - To a suspension of B-3 (0.030 g, 0.085 mmol) and A-6 (0.035 g, 0.089 mmol) and DME
(2 mL) in a microwave tube was added a solution of Na;CO; (0.028 g, 0.27 mmol) and H>0 (0.5
mL). Afier sparging the mixture with nitrogen, Pd(0)(PPha)4 (0.01 g, 0.009 mmol) was added
and the tube sealed and heated at 175°C for 30 min in a microwave apparatus. The reaction
mixture was partitioned between HpO and EtOAc. The organic layer was washed with brine,
dried (Na;SO4) and concentrated in vacuo. The crude product was purified on a preparative 510;
TLC plate developed with 3% MeOH/DCM to afford 0.034 g (69%) of I-1.

1-2 was prepared analogously except in step 1, morpholine was replaced with 1-methyl-
piperazine which afforded (6-amino-pyridin-3-ylj-(4-methyl-piperazin-1-yl)-methanone
(CASRN 652138-83-5).

I-3, I-4, 1-9, and I-24 were prepared analogously except in step 1 was omitted and 2-amino-
pyridine, 4-aminopyrimidine, methyl 6-amino-nicotinate (CASRN 36052-24-1) and 4-(4-
aminobenzoyl)-morpholine (CASRNS51207-86-4), respectively, were was used in place of B-2 in
step 2.

1-25 was prepared analogously except in step 3, A-6 was replaced with 14b (CASRN 210907~
84-9) which was subsequently acylated with 4-fers-butyl-benzoic acid after the Suzuki coupling
step.

I-26 was prepared by condensation of methyl 6-aminonicotinate (CASRN 36052-24-1) in place
of B-2 in step 2. The Suzuki coupling proceeded with concomitant hydrolysis of the methyl
ester and the resulting carboxylic acid was converted to the amide by BOP-mediated coupling of
the acid and 4-hydroxy-piperidine in the presence of TEA and DMF. Step 1 in the example was
omitted.

1-46 is prepared analogously except A-6 is replaced by 120 (Ar = 4-cyclopropyl-phenyl) as

described n step 5 of example 25.
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Ezample 4: 4-terr-Butyl-piperazine-1-carboxylic acid (2-methyl-3-{1-methy}-5-[5-(mor-
pholine-4-carbonyl}-pyridin-2-ylamino]-6-oxe-1,6-dihydro-pyridazin-3-yi} -
phenyl)}-amide (I-6)

IP% O
| = | r;rMe 14a
0 #N =N step |
SR
O
B-3

N. 14a: R'=Me
CMe, 14b:R'=H

5 step 1 - A solution of B~3 (149 mg, 0.426 mmol), 14a ( 105 mg, 0.426 mmol, CASRN 882678-
96-8), PA(0)PPhs)s (49 mg, 0.042 mmol), and Na,CO3 (135 mg, 1.28 mmol) in DME (2 mL)
and H,O (1 mL) was heated at 170°C for 12.5 min in a microwave synthesizer. The resulting
mixture was partitioned between EtOAc and water. The EtOAc layer was washed with brine,
dried (MgSQ,), filtered and concentrated in vacuo. The crude product was purified by S10,

10 chromatography eluting with 4 % MeOH/DCM to afford 0.154 g (0.366 mmol) of 12a: MS (ESI)
421 (M+H)".
step 2 - To a suspension of 12a (50mg, 0.12mmeol) in THF (4 mL) was added a phosgene solu-
tion (0.18 mL, 0.36mmol, 1.93 M 1 toluene). After 20 min, 1-fer-butyl-piperazine (85 mg, 0.60
mmol) was added and the resulting solution stirred for 15 min. The resulting mixture was

15 partitioned between EtOAc and dilute aqueous NaHCO;. The EtOAc layer was washed with
brine, dried (MgSQ,), filtered and concentrated in vacuo. The crude product was purified on a
preparative Si0; TLC plate developed with 5% MeOH/DCM to afford 0.050 g (0.085 mmol) of
I-6: MS (ESI) 589 (M-+H)".
I-15 was prepared analogously except in step 2, 12a was condensed with with 4-(1-hydroxy-1-

20 methyl-ethyl)-benzoic acid (86) using BOP-mediated coupling as described in step 2 of example
6.
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1-7 can be prepared analogously except in step 2, 12 is condensed with 4-rerr-butyl-2-methoxy
benzoic acid using BOP-mediated coupling as described in step 2 of example 6.
O

u
Y Y
O N =N
[NJ i
X
16a: X =NMe 18a; X =NMe
16b: X = CH{OH) 18h: X = CH(OH)

I-5 was prepared analogously starting with 18a which was converted to 16a and condensed with
86. The requisite amine 18a was prepared by condensation of (6-amino-pyridin-3-yl)-(4-methyl-
piperazin-1-yi)-methanone (CASRN 652138-83-5)and A-1b.

1-30 was prepared by the condensation of 12a and 4-rerz-butyl-2-methoxy-benzoyl chloride. I-
16 was prepared by BBr; mediated demethylation of I-30.

Example 5: 3-tert-Butoxy-azetidine-1-carboxylic acid (2-methyl-3-{1-methy}-5-[5-(mor-
pheline-4-carbonyl}-pyridin-2-ylamino]-6-o0x0-1,6-dihydro-pyridazin-3-yl}-
phenyl}-amide (I-10)

Mebie
Me#_%Me

bec, step 3
N stcp 2 g N~ ___E_._...
I CL ”
OR
20a: R=H 22
20b: R = tert-Bu

step 1
step 1 - A solution of 20a (CASRN 141699-55-0, 1.313 g, 7.58 mmol), cyclohexane (20 mL),
DCM (10 mL), tert-butyl trichloroacetimidate (5.4 mL, 30 mmol) and BFyEt;0 (0.48 mL, 3.8
mmol) was stirred for 16 h. NaHCO; (2.5 g) was added, the mixture was filtered through
CELITE®, and the filtrate was concentrated to 2.52 g of an oily white solid. The crude product
was purified by Si0O; chromatography eluting with an EtOAc/hexane gradient (0-50% EtOAc) to
afford 0.408 g (23%) of 20b as a colorless oil.
step 2 - A premixed solution of MeOH (2 ml) and acetyl chloride (0.5 mL) was added to a
solution of 20b (0.251 g, 1.09 mmol) in MeOH (2 mL) at 0-5°C. The colorless solution was



-47- -48- Compounds of the present invention that are 2-amino(hetero)ary1-4-aryl-pyridazinone
(TABLE 1) derivatives are prepared utilizing a two step sequence starting from a
4,6-dihalo-2-alky1-2Hpyridazin-3-one, e.g., A-lb. Displacement of the 2-halo moiety with a heterocyclic
amine results 5 in the introduction of the (hetero)aryl amine into the 6-position. The heterocyclic amine

' optionglly:auster b oiNek 4rRuReishin e sa0as QLG AVBION R apRickuEnich can

be converted into substituents. Thus in SCHEME A the pyrimidine is 2-
methyls&ﬁa&ﬂm@nﬁm@d thati avairies A vBS e frigps suiieRii9Roiety can be oxidized to the

correspg gﬁﬂi!)%% SYBIEN 1S GASlY d'ﬁﬁ?ﬁﬁibdWlﬁ&%‘%&a&%@d@ﬁ%%%%ﬁ&&%‘hﬁge4 10

substitued pheny lety is intro uce by a Suzuki type coupling of a 4-halo-pyridazinone and a

boronic @cid Weeivaiite suetinend-DIREiHLH Parhy §-Rimmadiny BN 45l teteaind tey -0 %;0-
?Agxgr?oﬁﬁgpe&%g&ﬁﬂ%eb\%%@%@ £A-60 CASRNR10235:65:3) Whiehatfprois 4r3e Lmgiskilled in

appreciate that a wide variety of boronic acids are available including

4,4,5 5-temtamanayTude 3 nittotpliabalf ML3d piékapal SMARd 1eA SRR e memashe)igpk ABes- 15
tetrame é}“én%\% @JHSHWL?SH&‘E&%%FB%[9091%1%?@9&{9& Aer&ich RIRND 3R Bh-hwhigh can

undergd reduction of the nitro group and functionalization of the resulting amine to produce amides,

ureas andnsaiforiathidesabitielesarderoniect Sihvaas eaniipdce S8 leesdSiPirctlenesansples
which follgyys Elhoration oh theRNeRYlSH PSItHRIVS RN ey Bl Re b RHarderenAftantes Ui
coupling. Thus, e.g., the Suzuki condensation can be carried out with 20
2-mBthysbBl(4,4,5,54etramethy141,3,21dioxaborolan-2-y1)-phenylamine (14a, CASRN 882678- 96-8)
or 3-(4, %ﬁe%fﬁ%ﬁ%ﬁ?&*ﬁlﬂiﬁa?%m&@a%%& ﬁﬂg%?ﬂ%%ﬁ‘%lé‘@)%‘&h;ﬁ@&&%@&xﬁ% after the
palladium-catalyzed coupling step (example 5). Coupling of [3-(4,4,5,5
tetrametHyd{an®2]dioxaborolan-2-y1)-phenyl1l-acetic acid (CASRN 797755-05-6 allows introduction of
the amine moiety after the Suzuki condensation (example 8). Compounds of the 25 present invention

with a 3idsguipazelin-4-9neMaRfiets-GthitR weia aisnaed-irin gesyRigh rpropates-tyrbequential

condensation of 4-tert-butyl-anthranilic acid with trimethylort hoformate and ’]’; a to afford 38 which is
utilized in the Suzuki EBYBIRYISSATARIE i b4 d -y din-duiHphinA-a5e4msy (e.q.,
1-3¢y are prepared byyadyction of the correspondlng 3Hquinazolin-4-one. SCHEME A The Suzuki
reaction (Miyama and Suzuki, Chem Rev. 1995 95:2457-2483; Suzuki, J. 5 Organomet. Chem. 1999
576:147-168) is a palladium-catalyzed coupling of a boronlgam with an aryl or vinyl halide or triflate.
The reaction issgostulated to procesgt by an OXIdatIV -aoRitio ﬁh%ﬁsmeﬂj(ll) compounds used as
catalystsarmbelieyadiie beTeguced 10 cat éJ) speCIes T situ. Typical catalysts
bis-(tri-o-tolylphosphine)-paljg loride, (dha)3Pd2(0)/trig-o-tolylphosphine,
(dba)3Pd2(0)/tris-(2-furyl)phos (dba)3Pd{O)3 2'-bis- 1@fdimhenylphosphino)-1,1 -binaphthyl,
Pd(0)(PPh3)4, Pd(0)C12(dppf) orlil'g(ll)(OAc)Z / is(triphe hino)-propane. The reaction is
often carried out in the presence gfa base such as sodiumytert-buto ﬂéxb?g (trimethylsily1)-lithium
amide, K2CO3, Cs2CO3 or TEA reaction can be carried out in a variety of organic solvents
including toluene, THF, dioxane," ®*CEcBMB,®0MSO and MeCN, aqueous solvents and under biphasic
conditions. Reactions are typicallyzfun 15 from about RT to about 150C Additives such as CsF, KF,
T10H, NaOEt and KOH equently accelerate the coupllng %cho gh there are numerous components
in the Suzuk| ioreclogindethe palladium source, FiNigaNg 2t solvent, temperature, etc.,
numerous, s halie been identified. Recenthyus&futgenekal qnditions have been disclosed.
Littke et al. . Am. Chem. Soc 2000 122: 4020 4028 disclose cong |t|ons for Suzuki cross-coupling with
20 arylb e acids in g0 ], d2(T )
Cross-co g of aryl- apd Kinyllriflates ikiging RY(Q C)2/P(C 1-1
Chem. Soé) 1999 121:9550-9561)Hisclose efficient] condition for uz@&@sﬁ-couplmg ut|I|2|ng 51-
Pd(OAc)2/o-(di- teri—tmtylphosphlno)blphenyl or o- (&?a/clohéﬁylyphosphlno)blphenyl One skilled in the

art will be ab e ntify a p ol witho ent &dﬁ{ a thiol to
a sutfon& 5‘ a(f:XI f?%st{?%%; tlgﬁs?%re o % Mar‘%ﬁed out%lvllj%ﬁ queo zﬁltl % of
hyd rogeﬁlg;efr@ﬁiﬁi mﬂﬂﬂl%ﬁl@iﬁiﬁiﬂ;lb&ﬁbﬂ@pﬁ%mmﬂmmm&m and H>O (1mL) was heated

at 170°C for 12.5 min in a microwave synthesizer. The resulting mixture was partitioned

20 between EtOAc and H;O. The pH of the aqueous layer was phase was adjusted to ca. pH 1 with
6M aqueous HC! and the resulting solid was filtered, washed with water and dried to afford
0.263 g (0.586 mmol) of 26: MS (EST) 450.1 (M+H)".



5 perborate potassium hydrogen persulfate and peracids such as peracetic acid and
metachloroperbenzoic acid. Exposure to two or more equivalents of oxidant results in oxidation to the
sulfone. Displacement of the sulfone with oxygen z_aggj_ nitrogen nucleophiles yielded compounds as
described in examples 1 and 2. SCHEME B Compounds of the present invention wherein the

pyridazingne,is-substj ith.a_6-aminonicati ' [ [ with a

o amin O e B D et e
which cainbghylepérect impcofidBiTsatidn ofrahmg-RiEdtidie agdiwitranmijtabiéarmhihéiq SCHEME B)
15 The amides are prepared hy formi ivated. car ic AC aR-ACH (o] ra
symmet??gg?lg Pr%l&%%r acid gﬁﬁ){%ﬁ}%g ,%agﬁ%rériclggﬁég %h@%gﬁ\%e%ﬂd%%&ﬁ%%@%ﬁ t Reg%%%)%}n téo amine
in a solveat sashed SMDMFEIMRCMed A . Citwitbutdvatescasrai abigolveat af hermpdeartrdechbetween 0

and 60C generally.in the presen . Jﬁ%(gg) J : or
pyri£ n e“a’%ngop t Y? %I%eo%ioaﬁ%%sr %ﬁggr%%gg Eggfgﬁ%{?ﬁ%ﬁ%ﬁ%ﬁﬁ?ﬁ%‘d into tﬁé#ﬁ%ﬁéﬁg rides
using stéhfadchreaberits-He M OB X6 £bveDAe skilled in the art, such as thionyl chloride, oxalyl

chloriderpfoshOeRLSIIer e anchthe sy Thase a3use 502 6anbeaediniia Biesalce of a base

such as or pyridine in an inert solvent such as DCM ernatively a carboxylic

acid carvirepbogvdiédsintsitueimioca, activeatby atiyByodifferanectplifd procetiredkybmnng those
skilled mﬁaﬁﬁé@s&%.%gm%quaﬂgnwfe{gg%@a%Mgﬁﬁg%é L e amasRdnafigamides. Said

activati ose peptide coupling procedures can involve the use of an-activating agent like EDCI,

DCE, HOBteBOM RyBIdP! HATWcMakANB A wre addeit {2 hadasel -MathyRsprairtah by

p-tolue 1j ] Witk a g A5 NMM; I ' inert
soIV(E:‘Jntnsﬁl;itcﬂup‘gL‘:i:t)%’;,\;?l%'—21 ?rg%)é:ﬁ% g?e%?%%t%?e@gggﬁﬁé g% 60C. Tﬁ%ﬂgﬁﬁ%ﬁﬁgfg%ﬁr{%@vely be
carried @IB‘iﬂptBécm&Qedléélimed‘f-mpiw"@?qiﬁyd}@ﬂyﬂ-@z%@ﬁz%ﬁ@ﬁﬁméﬂqﬂdﬁ.@»%}@X@QfelﬁmPEA in
DMF, D%%ﬁ%ﬁéﬁf&%&)&%&?@%%%&%@&% RBI2RR A AR AR NRSIS olileR And
ompou e ress,

Related In Comprehensive Organic Synthesis, Winterfeldt, ed., vol. 6, Pergamon

Oxford 1%l yr Bepasedijhadecpedy fovedicty FRECboredinabipadinsmidsdiiibadie thd-coupling step
alse.contai id Ilgﬁq .g. CHEME ) zan be.i ced-hy. Wilizing similar
me?ﬁf)d%%éﬁ%he% ski egﬁrﬁéﬁggaﬁgviﬂ&%%r%zgt tr@%ﬁ%gcﬁgﬁﬁagfgﬁgﬁgggggﬁ?%% matter of
convenigheeing EHERMEYEIR-avtedicbnghstisnl ] Raff@is dfkyl C-2C-3a: X = Cl step 3 C-3b: X = NHR
Compounds of the present invention substituted at the 3-position by an N-alkyl-ureido moiety are

_ _ the eido molety &
accessig iggleh A horEr IR Sl N (AR R 7B AR SuzLK

coupling of A te dioxaborolanes, and C-1 affords C-2 which is converted to a urea C-3 by
sequential treatment WhAlBKossarResy DY HiR St apkdtianaidrdnoh e ah socyanate.
Alternatively the amiﬁo gmup of 42b can be converted to a urea prior to the Suzuki coupling step. -53-
Compounds agegyding todpiuiul.a | wherein X is CH (TABLE II) are prepared analogously from

1-alkyl-3 -1%yridin-2€onle SRN 91p43-72-5) wherein R1-NH- is a urea or from
1-alkyl-3 Aidin-2-one Wherki NH-d9@ (hetero)aryl-amine. Compounds of the

lydrazgy metfisa sdbstituemrwererphepapbddy

“CH,COR

20  step 1 -To 26 (163 mg, 0.362 mmol) and BOP (160 mg, 0.362 mmol) was added DMF (3 mL),
TEA (125 mg, 1.23 mmol) and thiopheno! (40 mg, 0.36 mmol). Afier stirring for 18 h, the
resulting solution was partitioned between EtOAc and dilute aqueous NaHCO;. The EtOAc
layer was washed with brine, dried (MgSOy), filtered and concentrated in vacuo. The crude
product was purified by Si0O, chromatography eluting with (2%MeOH/DCM) to afford 0.041 ¢

25 (0.076 mmol) of 32: MS (ESI) 542.0 (M+H)".
step 2 - To a solution of 32 (40 mg, 0.074 mmol), 4-terz-butyiphenylboronic acid (16 mg, 0.089
mmol), copper(I)thiophenecarboxylate (17 mg, 0.089 mmol) and Pdz(dba)s (1.6 mg, 0.0017
mmol) and THF (2 mL) was added a solution of triethylphosphite (1.2 mg, 0.072 mmol) and
THF (2 mL). The resulting mixture was heated to 30°C under an argon atmosphere for 18 h.



5 condensation of a boronic acid derivative substituted by a tert-butyl-dimethyl-silanyloxymethyl)
moiety and an appropriately substituted pyridone or pyridazinone D-4. While the present examples
utilize the TBDMS protecting group one skilled in tige.art will appreciate that other alcohol protecting
groups could be substituted for the TBDMS group. Suzuki-coupling of 2-
(ten-butyidimetm-silanvionimetnd34 10 Aot mathyth, Bialsioxakeorolany2syd with phiasylamine
or 242-(tert-butyl-dimethyl-silanyloxymethyl)-3-nitro-pheny11-4,4,5,5-tetramethy|[1,3,2]clioxaborolane
peiinit iﬁétﬁ%@@/&ﬁ@c@fﬁﬁ@%ﬁﬁ% QAECRHAIR b it st THAR ETSHAN S8 P8 DR=
Optiona}%y ybstitutadhetgroasyk 0beny.(olbyicahameytishelggalinylsestiamenl Ar = optonally

e

substituted aryl or heteroaryl The pyrimidine and pyridine derivatives describedgr%rein are kinase

inhibitors3fhtpdrdduiar BrpTRmEbrElPEREs BRI e 44 B HEL ARSI s SPIRSTE Riseases
responsiye i kinase ik iphibition #rdleding diseasespipshensive-to-Bikdntbitieniand sH-inhibition of
B-cell proliferation, in mammals. Without wishing, to_be bound g:) n %%{tﬁul rtheorx,rit(ig lEelieved
that theifet@AsiGol SPRRRPELMPBHANS otRE RV RARFTfR B e "égﬂgf% RETHIBRfoA BFBYK activity
and thus;in.ths phasmacesticahuiilits afithe sacomperpdsuteasrdbuynibeidneniterisaivdes a
method of treating a mammal, for instance a human, having a disease responsive to 20 inhibition of
Btk actidiycabrildr mﬁﬁtﬁf@’@%@iﬁﬁoliferaﬂon, comprising administrating to the mammal having such
a disease, an effective amount of at least one chemical entity provided herein. An effective

concentrteRIRAY: beraseeBaived-€xpacihehallyreeyh pySakSyiocphisi: ebnasmratibpoidie
compound, or theoretjcally, p culat ioavailability. Qther kinases -54- Dbe affected in
addftion to Btk includé‘ﬁ%@é%@f‘iﬁﬂ?gg’%, Xéwrgr' lt)y‘/rl?)éflnzénﬁlgﬁggég aeﬁgﬂg%éq/%lﬁegg%ﬁﬁgﬁr%ses.

Example 24 describegieg) enzyme inhibition assay to measure inhibition of Btk activity by compounds
of the present invention. Example 25 describes a functionﬂeassaly,[go measure inhibition of Ca2+ influx
mediated by Btk kinase. 5 ICinases play notable roles inmg?a’ I'|ﬁ1ﬂathways controlling fundamental
cellular processes such as proliferation, differentiation, and death (apoptosis). Abnormal kinase activity
has been implicatednib,a wide range of disegses, including mUgtiple cancers, autoimmune and/or
inflammatory diseasgs, apd acute inflampaato agsgmctions. Thelqulifaceted role of kinases in key cell
signaling pathway§ Vides-a-sigmificalit opportunity-ta-ident rgeting 10 kinases and
signaling pathyaysws# emt?&?aiﬁle%tu' (s a methdd of tréading~q patiggtkaving an autoimmune
and/or inflammatory disease, or an acute inflammatory reaction res% ' inhibition of Btk activity
and/or B-cell proliferation. Autoimmune and/or inflammatory diseasesH pewaffected using
compoug}ggla]ad.cympost-mff) tions accordjpg to the inveniigi clude,sgut are not limited to: psoriasis,
allergy, Qgggr%‘diﬂease (mitade bowel syndrome, Sjogren's gisease, tissue graft rejection, and
hyperacutg gq?t"'ti-‘bi@d*’f‘t’r@ lanted organs, asthma, systemic lupus erythematosus (and associated
glomerulonephritidfdeaBrt&tdyositis, multiple sclerosis, scleraslerma, vasculitis (ANCA-associated
and other vasculitides), autoimmune hemolytic and Sgc AQpenie states, Goodpasture's syndrome
(and 20 associated glomerulonephritis and pugnon ry hemolrhage), atherosclerosis, rheumatoid
arthritis, chronic ldiopathic thrombocytopenic puRgur NP), Addison's disease, Parkinson's disease,
Alzheimer's disease, diabetes, septic shock, andugyasthenia gravigsdncluded herein are methods of
treatment in which at least one chemical entitided herd inistered in combination with an
anti-inflammatory agent. Anti-inflammatory agengs’include 2 [ age ot

non-specific and COX-2 specific cyclooxgenase enzyme inhibitors, jgold ¢ ognds, corticosteroids,
tumor necrosis factor (TNF) receptor antagonists, immuh®suppressais and methwotrexate. Examples

of NSAIDs include, but are not Jimited to, ibupr , flurbipr . ha n and.n sodium,
diclofend&Tebmidinstions o c%tio{fg é*&%%érﬁ?%ﬁﬂﬁg%ﬁfbggg @L%i%%@ @a@%@?&, %ﬁf‘a’hisaL
piroxicam semiemetacis aeted alagrienaprofeR Adltitly, RetopnnteD), sndlinimethblsiétoyjene

sulfasalazine, tolmetin sodiym, and hydroxychloroquine. Examples. of -55- NSAIDs also include
202 SpeRmhol et L R VEHE AR SRR L STt SRR T Car

[ arﬁ or etoricoxip. In some
embodinggnts, e amtdnfiammaatanp ageisdoosalieyafe0 Salicyd deS irthede O ik dagenctdimited to

acetylsalicylic acid or aspirin, ogjju salicylate, and choline rr:qd.mgat nesium 5salicylates, Th
i oAy S B ) A B L P OP B! L bl e Sl i Ve
purified by Si0O, chromatography eluting with DCM to yield 3.193 g (11.61 mmol) of 34b.
step 2 — A solution of 34b (3.167 g, 11.51 mmol), KoCOs5 (3.18 g, 23.0 mmol) were stirred in
20 MeOH (75 mL) for 20 min. The resulting mixture was partitioned between EtOAc and water.



be cortisone, dexamethasone, methylprednisolone, prednisolone, prednisolone sodium phosphate, or
prednisone. In additional embodiments the anti-inflammatory agent is a gold compound such as
gold sodium 10 thiomalate or auranofin. The inventgn also includes embodiments in which the
anti-inflammatory agent is a metabolic inhibitor such as a dihydrofolate reductasc inhibitor, such as

methotrexate,ey,a dibydroproiate. deydtpgenasednivkites, Sush.as leflunpride.Qihsrambodiments of

the invention pertain’to combinations in which at leastone anti-in- 15 flammatory compound is an

anti-CS Hheroeferabdndbuey retuteddey Sdizinmanae gexetizlitas v s mHadgbrapcsyenisy
entanergept, Qr ig{@%@%xﬂg%ﬁ%ﬁgmq@iﬁ @%‘@@Mgﬂ%@%@l antibody. Still other embodiments of
i ' inations in v ' ive i

the invention pertain to com s In which at least one active agent iS an irnmunosuppressant

compousichsietTas anlinionnfoktepré63anticoth pound) CRbsel BoltioManbidtredatanfetidlomide,
cyclgspoy I o d temokedl -6RIl precursers
exp?éss?ég}%l“ %&%@%%e%%ﬁ%@%ﬁq%ggg%%%%ﬁ% B-ceﬁe%nﬁgl%ﬁgﬁg%fé%cﬁ%’in , but no[f
Limited fofi@-sattiyerl Rmainiyhepisomting eitiairfgias diiied wih warHeE grineEs 15 %ﬁhéee hairy cell
ymphorgg. il ame.shiania pRc2cyle, 28 e sacaeus ssemiaendalvonieand acut
lymphocytic leukemia. BTK has been shown to be an inhibitor of the Fas/APO-1 (CD-95) death
inducingsiguating effergl&0HISCEY mBolinebdtdlymphoid cells: The fate of leukemiailymphoma cells
may resigly i Ing BRRRRH BEMER 199 ARPRUICRIARNIISRTTEA Q] sasaaaRsRlivatan by DISC
u

and an -5b6- upstream anti-apoptotic regulatory mechanism involving BTK and/or its substrates

(Valsile(batatnadsletehosemooRspirre fone HeswputRaTureroaes iLesderstconeBT®ehfibitors
are usefycl A5 ngﬁsg.qgi}i%ir(\@ @g)e&gﬁogrg},jg_us, are useful in combination with other

chemotherapeutic drugs, in"particular, drugs that induce 5 apoptosis. Examples of other |

chemotisspfeuticeligs OEICAR Fecu8dd mmom BRbifdRWAcEHeN G tARY B bAMHsttrs include
tOpOiSO%S?é%?& ';{(MHPr%*ﬁ%%ﬂ&ﬂi@%ﬁ@&ﬁﬁ@%%&?ﬁ@@%ﬁé%e W ighibitersfa.g; daurasnycin
e), alky

and etoposi ating agents (e.g. cyclophosphamide, melphalan and BCNU), tubulin directed

agents (@41 msihidolnnadane,) ars bisericErageHse BraAtbBas P AR DA antibody,
IDEG 8, immuynoiexins, and 19.eyekingshy Bioacivibnhrs.alng Ra.aasasiatadwithoame:larkemias

expressing the bcr-abl fusion gene resulting from translocation of parts of chromosome 9 and 22. This

abnormaditgtisrddhito®al{folsarved if 88k RYBIddErotMd tébikemia. Btk is constitutively

phosphapyated LydfialietABLERRSSbieh IMBICR RORMSIieR s vivabaianale 38eh sigcumyents

apoptosisin ber-abl cells. 15 (Feldhalm et al. J. Exp. Med. 2005 201(I1#]:1837-1_852 . The compounds
of the prese)iRAAHBR nay Bererh0isoenal wrdeNmkos (6 s1a AdnmreRisPAdE4g&Y¥oms and

carriers. Qiah agminigtialianeands: inihe frim o5 tableks «canted akieia asaesT arssandysoft

gelatine capsules, solutions, emulsions, syrups, or suspensions. Compounds aof the present invention

are B¥fic FEBUEWHS PHEIRRISISH B3R fomeElaPad i dN AT LRAFE AV RCTLRIRRS SBHIRUBES
(intravenguiy ‘éﬁ@s‘@&?ﬂ?ﬁl@?&@Qﬁ%@éﬂ@ﬁ@:’ﬁé&%|§&cﬂ?ﬁf@%&%§e%ﬂ@&&&ﬁ%@%ﬁrﬁﬁ@ammw (which

may include a peénetration enhancement agent), buccal, nasal, inhalation and suppository
adminisPERIEAYAHG 0l Pititedesrionn mathatibn MRRRIfeMda Atirrd: T rtitidramaiet
generally,g@‘hgsq'ﬁggﬁm@@agqm daily dosing regimen which can be adjusted according to the degree
of affliction and the patient's response to the 25 active ingredient. A compound or compounds of the

present invention, as well as their pharmaceutjcally us alts, together with one qr more.
conventiBHaMileidients/@4rRaY ?'&@Iﬁmﬂéﬁ%eﬁ%afé%[%?m@%gjmeégfb%gﬁ%n qéﬂ%?’é’é e
compgositions and unitXiokagRfc] iesRhRENERe A LAmpROSIHoNE-phenyhitdbehyediartH may be

comprised of conventional inglriedients giégnventional proportions, 30 with or without additional active
compounds or princip/8E TG e T 534de forms may contain any suitable effective amount of the

active ingeedliemtaenynegsUrpiaa\vito thenmiended Naly(nosageyang® @ benemployédnl MeOH
pharmac“efgstlggcllecg r}n ngospltzg)&sl\/lnﬁ&bﬂ? %8%91%8%%% the pH to ca. 3. After stirring for 45 min, the

resulting mixture was partitioned between EtOAc and dilute aqueous NaHCOs. The EtOAc

30 layer was washed with brine, dried (MgSOa), filtered and concentrated in vacuo. The crude
product was purified on a Si0, preparative TLC plate developed with 5%MeOH/DCM to afford
6.5 mg (0.011mmol) of 1-34: MS (ESI) 608 (M+H) .



-57- solids, such as tablets or filled capsules, semisolids, powders, sustained release formulations, or
liquids such as solutions, suspensions, emulsions, elixirs, or filled capsules for oral use; or in the follii
of suppositories for rectal or vaginal administrationy or in the form of sterile injectable solutions for
parenteral use. A typical preparation will contain from about 5% to about 95% 5 active compound or
compoungds g o e ASHB uRyRARYaTIAR - SIPEARE IR (5-intenciearqdorsda hotb-aglidhand liquid
formulations of the active compound and one skilled_in the art will appreciate that an active ingredient
can exist in different REpgrEHAdpReibgwRREIdeg 8 &Pdan or tissue and on the desired dose and
pharmacokinetic parameters. The term "excipient" as ysed herein refers to a compound that is useful
in preparing a iharma— 10 ceutical omposition,l'ge} .s&fe, non-toxic and neither biologically nor
otherwi ndésirable, and i dgk excipients that dte gcceptable for veterinary use as well as human
pharma?:séﬁJ aTwse._ﬁ)efm%po nd§ of 1% fyvention ’aa#? be administered alone but will generally be
administeredsgzddmixture with onefor more suitable pHagaMeeutical excipients, diluents or carriers
selected with rggard to the intended route of adminislgatifn aid ndard 15 pharmaceutical practice.
"Pharmaceuticglly acceptable’ meang that which is useful Eu prng a pharmaceutical composition
that is generally safe, néfetokiemans: Reither biologically nor othérffisemindesirable and includes that
which is acceptable for veterinary as well as human pharmaceutical use. A "pharmaceutically
acceptable salt" foiin of an active ingredient may:@/so [r_‘@a?j%‘fc?ﬁf(re&?gq%gdedesirable pharmacokinetic
property on the active ingredient which were absent in the non-salt form, and may even positively
affect thegphiarmaaddyraniies @F 118 activd4ngredicGANRINIEEHSE 10 dtsitherageedic 26tVHy in the body.
The phrase, 'pharmaceutically acceptable.salty of a compound means a salt that is pharmaceutically
acc pta%ﬂ%%ﬁ%%a éo%%segg%ts? hae%e K géﬁ%e%%%agm%%%|%"§i%a té\jc |vitypr§7fctﬁsieq gaarse% Jgé{r%gp%)u%g]%uch
salts inchleal (Hecid thelditienrialtse 2B fgrrtatbnithtioorganié.@c{d8 sudhad Rdiachiord acibhe
nydrobromic.acitl sluie ackd, itisAeld, pbespharc aad . ang s lke.ot farmed withqiganic acids
such as"4¢&te ac%’r , propionic acid, fiexanoic acid, ¢ clopen?anepropl IC acﬁ, glycoﬁc acid, pyruvic
acid, lagti¢gseid), firtonic avidosweninitddidgimali®Rig (aigiolalia afumyanic sadid thattarie weill, citric
acid, ben ic? id 3-(@1—h. roxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic
acid, 30‘%%%8%%“6??5& uﬁ%f&%‘f}élethane-disuIfonic acid, 2-hydroxyethanesulfonic acid,

bendenasilfd i adicpde obfchhEh2&h es0lfénicradits 2 kot dhale hES glfo it Savidpd-tolDéhkestlfonic
acid, ca orsulfonic.acid, 4-methylbi 2]-act=2-ene-1-carboxylic,gqid..ql tonic acid,
-58- 3-p§eﬂr¥|ﬁ/€rso%legr}ﬁg ACi ,ntIﬁ% tltﬁléé/ é%%@g(g agcjlzd—f%]%ér |§rgyr%ﬁ]tcg}ljjét§§ |§%X§)éﬁ%%lr‘; sﬁl l?rg(%%ci , gluconic
acid, glutatni@acid,) hythoxyinaphtiveic waid csahicydit wiit Fseaeiéaid, muabhrsindaticl camditisd like; or
(2) salts foinied, when an acidi¢ Rr, resentin I p ither.i metal
o o0 A S B R B e 2 organic
base subh $ietttanolaimpapigietntng lartireE thdthAs s amgred konittharbilie BiOhethylgfficdmine, and

the.like. Solid f r tions include: rs, tablets, pills, capsules, cachets, suppositories, and
ng 8@5 ggﬁ%/g) %?i% gs gn.o%%ﬂ%%‘é@&

dispérsi solid carrier may be one or more substances which may also act as diluents,
flavoringtap@ntd) sukibikzeid 2hublitants, G2 pendinglagdnts0Dmdbrs, preserdetités, C00Ebtet

disintegrating agents sulati K" owdar r i inely divided
solc g B B e ponent
generallstisaninethvitiodtae CHIFE faYingithe necessanybisnditig capadicimsuitebieep ppointoss and

compacterjalneiepesantaizsdastcdosirPImeafienEls Ut are ot Urpiteddoygiggnesium

carbonate, magnesium stearate, talc, sugar, lactose, pectin, déxtrin, 15 starch, gelatin, tragacanth,
metitylcetintiose ofditlAccaFboxymbihsdosipalosda vetow ene ings Webg SdaoBlisuttbrantheptve ke colid

et cptuto Frasporking ! , P REES
pufirs, S R e s L o LD ST

Liquid fomidtattetsBlso aferd itaBleafc Staloddrh i strabitn seictl dB oo cforhmvdation daainkialy 20
emuIsiontsjresg{}%%ﬁsel@g&sasaﬂq&gyg@%ﬁg S, aqueous suspensions. These include solid foul,
. 1 .

preparaﬁons which are intende e converted to liquid form preparations shortly before use.

Emulsiogismiey deqiuspaetiih olifiand), k1§ mimelaad ¥ Prap (it ghfed) sblumans orIacdy CdAtain
emylsi é&@%@%@@ %“S{f’é lecithin, SPhian men g%ersa%%gfggg e &@g}?&v@sﬁmpagg%ﬁg.

prepare issolving the active component in wate dding suitable colorants, 25 fiavors,

stabilizirfjcamékthickemingae® fns.mquieqﬂmasqo@hmeﬁyl@aﬁmérpt@mwm p@hﬁi@g fhé ey
divided I YEEATPANGRR. waerwith vigeausmatesial Sueh,ag Q%H'iﬂ!:{?{aﬁéiﬂtdﬁ‘?&'&gkifﬂéd SRS

methylcellulose, sodium carboxymethylcellulose, and other well known suspending agents.
Si0;. The Si0; was placed atop a Si0; flash colurmm and eluted with a MeOH/EtOAc gradient




The compounds of the present invention may be formulated for parenteral administration (e.g., 30 by
injection, e.g. bolus injection or continuous infusion) and may be presented in unit dose form in
ampoules, pre-filled syringes, small volume infusigglzgr in multi-dose containers with an added
preservative. The compositions may take such forms as suspensions, solutions, or emulsions in -59-
olly or aghleoyis \HIgles, & 4, Splutians [ agieeis Relvedene. giveql Eramples of ol or
nonaqueous carriers, diluents, solvents or vehicles include propylene glycol, polyethylene glycol,
vegetabtembéd. gitbbiviecobytelng mjédiadly crgahitedsters fledgwidthydcotmat S)iCandiemytoaraain
formulatgry.agents s rVi vefting,, emulsifying or suspending, stabilizing and/or 5
dispersi%% é%%rx{tléﬁ %ﬁg%?%f{\%ﬁﬁéa%% :?/I?i%og%e/g%lr?ﬁ may be in powder form, obtained by aseptic
isolationi<f7stenilersplicdaimldgopkifisation nomerséd)utiomfoh chnstitifioly befaiensesvithizrslitable
vehigle, e.q., steril rogﬁﬁ- ree water. The compounds of the present invention may be formulated
for t(gpic‘%'a\vllﬁfi1 r%ﬁ@ﬁ%%to Ffasg%lﬁ%rrlmis as ointments, creams or lotions, or as a transdermal patch.
Ointments and creams may, 10 e.g., be fonnulated with an aqueous or oily base with the addition of

- suitable Bittopitrid artirerJeng Nyenrethylidnd mgynd- foffrinathalwicpide)-£o ot SoliBig9ase and

will in general also coﬁ@iﬁm%gigﬁ_sﬁmggmﬂﬁﬁﬁgg@ggnts, stabilizing agents, dispersing agents,
suspending agents, thickening agents, or coloring agents."Formulations suitable for topical
administration in the mouth i'nclud lozenges comprising active agents in a flavored base, usually
sucrose and 1§ acacia or t%ﬁg i hypdstilles comprising the active ingredient in an inert base such
as gelatie¥ yC8tig.pr sucrosk gid acacia; and mouthwashes comprising the active ingredient in a
suitable liqui rier=Fre=compoufids,of the present invention may be formulated for administration as
suppositories. A low melting wax@suj a mixture of fatty acid glycerides or cocoa butter is first
melted and 20%the active comporiegtt d homogeneously, e.g., by stirring. The molten
homogeneous Hhixture is then poured #to ient sized molds, allowed to cool, and to solidify. The
compounds of the present invention may be formutated for vaginal administration. Pessaries, tampons,
creams, gels, pastes, foams or sprays,eqntajning in addition to the active ingredient such carriers as
are known in the art to be apfsropkaske 126 Fhecpmpeunds of the present invention may be formulated
for nasal administration. The solytions or_suspensj re lj irectly 1o t asal cavity by
convent%ﬁ%ﬂl—r'hédﬁgft\ér.ﬁ9%8%}%}%%212,%13%32 éofg%%g%ﬁ&%éﬁaﬁ%és(#a?f e %ﬁgﬁﬂﬁéﬁn a
singte onNmaitidgss ferm 3ladhenialicasasdOf@riiopperal pip@ite? thisahay bevachieved)ydhe patient
administering_an appropriate, predetermin \g%J me, of the, solution or suspension. In the case of a
cray, 1B BT B Bg oI o B AL AEHTEANG T B B The
compountsgkthespaseiinayestiorryOe fadvlaiel fod 2p0FobadmniSatianepastiagulady to the
respiratory tract an inclug' g intranasal agl inistration. The compound will generally.have a small
particle SITREY Bithe"Sr é Bﬁfiggrfg:)nﬁﬁ’ g?@%rali@f @E@I’{%%I%ﬁ%fgcs\il\/ e?ﬁgifﬁed%ﬁ%ined by
means KnoyRoi), thiecesd, end coysmieranizatibncrikie petitetingredirifidd byBwVidédbinadgqressurized
pac witl-x}l?.suita le pr ch gs loroflupro on (CFC), 9., dichlorodifluoromethane,
trichtoro B‘F%%H%}%bﬁgﬁ%‘% @mﬁg}ﬁ&@gﬁ%g 5&%4’}'11%{,6@?{ c%?b%%\% f%é(ié%?o%’ &%égguégﬁ%a eg e
aerosol sody. COhy emenily atsonoorptaipRishrfactahnitsueth dsdesithim (ihedose:pf drug may be
controlled by a metered valv @t tiv, he active i jen ay.b vided. in E}ﬁz fadry
powder,%f%%—a).é? &Wﬁ’éfoﬁga(%o% ié%r?%o(ﬁ%/ ilnngl(l% %%%Eﬁgbﬁo@r %%s%%g) %ﬁé%%se, t@lrch,
starch defiviativiesstehasdayeti axgipropyinegibyd el kdbge and palyuinipyr elidihe X Bii)) Thagpowder
carrier will form a gel.in the nasal cavity. T owder, composition b sented in unjt dose form
e.g. in c%mlées‘% c“éﬁﬁﬁ%ﬁ g”él’ téé?a%%elé@ ‘%ﬁ?ﬁ% }a[%%gm c\)/gn%éﬁl @é% rggvﬁ/‘deﬁ%m%?%%was
adrpinisteléd birmeansuot anidniaded. i Hemdesihed aibwritddtions $4h b prepatedradtiviewtsric
Coatmgsp%g%fg&e}?yf‘?v{/os g?&l %ﬁgo?r{atographies ehating first with a MeQH/EtOAc gradient (0 to 5 %

MeQH) then (0 to 3% MeOH) to afford 0.101 g (65%) of 11-4 as a white solid.
11-8, 11-6, TI-7, 11-8, T1-9, 11-16, 1I-18 and 1I-22 were prepared analogously except in step 2

methy! amine was replaced with ethylamine, iso-propylamine, 2,2,2-trifluoroethylamine, aniline,
25 benzyl amine, N' N'-dimethyl-ethane-1,2-diamine, 3-dimethylamino-propan-1-ol and NN

dimethyl-propane-1,3-diamine respectively.



15 controlled release administration of the active ingredient. For example, the compounds of the
present invention can be formulated in transdeimal or subcutaneous drug delivery devices. These
delivery systems are advantageous when sustaineéyelease of the compound is necessary and when
patient compliance with a treatment regimen is crucial. Compounds in transdermal delivery systems

are freaenihaiachee anoKIiaghesiye solldsupRafs The sompaud 610 faicrastgan also be

combined with a ancer, e.g., Azone (1-dodecylazacycloheptan-2-one). Sustained
release tefhvebyteyamathylakb Indlsiesd e Boudigsth Rergranddmb oty srby eprErsyor
'r?l,eCt'O”ac%%?i(?HB@'§f@9{WQ&?&%@MR?%'9‘@1%&8}888%915%%@ﬁﬁ%@%ﬁ%ﬁ-@éﬁ%ﬁ%}ﬁ-9-'
silicone rubber, or a biodegradable polymer, e.g., polyactic acid. Suitable foiliulations alorig with
pharmadsoties daeigiss, diluents and expcipients are described 25 in Remington: The Science and
Practiceyef [gi%@ LY. i lishi , AS it ,
Penﬁsyl%%}]?a@%@%ﬁg iérﬁﬁa ion lgc?%%gt%ln%ﬁf ?n%%%q %E%ﬁ%r%%%ﬁc?g Z’ v%?ﬁﬁﬁﬁ gé ?e[g%'é}rﬁ%ﬁsﬁof the
specificdforltc? providsaparae iudorshs I SH6pRE 18rSEEP oGy Famiaoas FMrsea oS Ut rendering
the compgsiti rlseg{amglgﬁ@&g%ﬂyention unstable or compromising their therapeutic activity. 30 The
modification of the present compounds to render them more soluble in water or other vehicle, e.g.,
may be easily accomplished by minor modifications (salt formulation, esterification, etci;&which are

well withirF Y dikar, SRiT 11 SHa by fre-Lene DighionfsReHs Srdry sralbiZ-Betiy- 3o modify the
route of administratiomangd Hesagméasnariabd- ey a eniperperiaiardsnigmandgaiiige
pharmacokinetics of the present compounds for maximum beneficial effect in patients. The term
"thelt%peutically effectlis Hrhount” as used herein means an amount required to reduce 5 symptoms of
the diseasejf gp individual. The dose will Re adjusted to the individual requirements in each particular
case. Th¥ can vary within viRea _n"l s.4épending upon numerous factors such as the severity
of the disease tg be treated, the age andral health condition of the patient, other medicaments
with which thé& patient is being treated, the Youte and form of administration and the preferences and
experience gFthenedical pracﬁﬁBﬁer invgiredMtQ For oral administration, a daily dosage of between
about 0.01 gQdfabollt 1000 mg/kg body @1 psig day should be appropriate in monotherapy and/or
in combination thﬁrap. Aypeeferred daily dosag}e is petiween about 0.1 and about 500 mg/kg body
weight, more preferrec i@;o about 100 mg/kg bod v@ t and most preferred 1.0 and about 10
mg/kg body weight per day=Thus, for administration to a=?0 kg person, the dosage range would be
about 7 mg to 0.7 g per 15 day. The daily dosagﬁ.qg“_nlge administered as a single dosage or in divided
dosages, typicallflabetween 1 and 5 dosagebpegdayr enrstally, treatment is initiated with smaller
dosages which are less than the optimum dose of the compound Thereafter, the dosage is increased

by smallfinttetise mespasei e Dpmnuraveiiasoot tadtfhand sppaibrpilyeerrednOhe snariihary skill
in treating diseases deserbedhetaln Wik be.abie, withgunduf sResmeniaion.adinJeliance on 20

personal knowledge, experience and the disclosures of this application, to ascertain a therapeutically
effectivedgsaobed BT enaneRihPbHSHR FERHECH BB EIRYS s Ao b Wy ANdsehuathid patienenthe
phaﬂgiaow%gﬂwtions are preferably in unit dosage forms. In such form, the preparation is
subdivided into unit doses containing appropriate quantities of the active comgonent. 25 The unit

dosage fOrreanste dpadraglaasreptr aiRmreidpaekiyeedAmifing Rt Stete/§uintitiatbf
pfepafat!toﬁ‘ﬁf‘é&%ﬁ&%@%&%ﬂﬁﬂﬁl@@&@%%&@%%ﬂ@@ INofials9s AmROUIEs¢AISO, the unit

dosage foiin can be a capsule; tablet, cachet, or lozenge itself, or it can be the appropriate number of

any of tHssadtbBhisithgee forabomHe kadeing ARBMpIB82liuktraie the preparation and biological
evaluatien of eompOMNAR. within 30 e, Scope-pLiRg. Nventor. [hgsepyamplosand pirnaations
which follow are provided to enable those skilled in the art to more clearly understand and to practice
the%ﬂeséﬁiﬂb&@tﬁbﬁwiﬁiimey should not be considered as limiting the scope of the invention, but
merely ag being {isyafye @ @Qf??ﬁf?ﬁ%éeam- ®RBRIL. L 55 mmol) in THF (10 mL) was
4-tert-Butyl-N-(2-methyl-3-(1-methy1-6-o0x0-5-[2-(pyrrolidin-3-ylmethoxy)- )
pyrimiditddsaznmisimeoisyastbbyhienirna3irashenyl chlerigs it t1215 7 se EMELN) ctépla - A

solution of & SrelichiofR:RHPYHIAEIRANS- (Aau O R RMOL GASRY 1285137 dhinsanhydrous
DMF (45 mL) was cooled at OC under nitrogen. To this solution was added sodium hydride (0.92 g, 23

mmol, 6De R S Rs TS 64 rhbanmizfe WagWAited! (HRemE SR8y SR dNER cooled
to aboutgl B apshnethyiiodide (32 @3 Mol WRSAO-added roR0yisaiRYed 2mtcdhedgsuling

mixture was stirred at'RT for about 4 h and then diluted with water (50 mL) and extracted with EtOAc

(100 mLicHh&bigatiie raydr waduobere drias tmsdvithnemmdo giely RIERO%Y BAd concentrated in
vacuo torRYR 3 H0% LA b Whish, usedh i) themsd Smwiteus Birtsrauiificaien.o-




step 2- To a solution of 2-methylsulfanyl-pyrimidin-4-ylamine (A-5, 1.4 g, 9.8 mmol, CASRN 15
2183-66-6) and anhydrous DMF (14 mL) cooled at OC and under nitrogen atmosphere was added
NaH (0.392 g, 609.8 mmol, 60% mineral oil dispers Q[]). The reaction mixture was warmed to RT and
stirred for 30 min. To the resulting reaction mixture was added dropwise over 5 min a solution of A-lb

(0.872 m SAE l (§‘ mL react Xy S sti % t _Ti_ Aj{/'qu S%itjtedwith
wator (0 A A T ro ey e B0 e h i et AT
desired preduletevsib. precipitated out of an EtOAc solution, was filtered and dried under high vacuum
to afford 1 g (71.4%) of A-2 which was used in the next step without further purification. step 3 - To a
suspensi :240.2.6,.0 ﬂ@g,lm 1] =t i £DfEr WE p[qgﬁq), ion of
Nazco?%%.%%g jZJiz r%;r?cﬁ) in Wa"t)(e%r%gern ﬁ;ﬁ&%ﬂ%’?ﬁ%%@g7 mmrﬁcﬁ)\%aé%The mlx%?g%vﬂgs
sparged with nitrogenZ-FHrioPb&39a0d 24k Yd3B¥dY vsk et hanranitte(Bedled and heated
at 175C in a microwave apparatus for 45 min. After cooling, the combined reaction mixture was
partitionee pehyeenr EtOAC angd H2@; The organic laygr wss Washed with brine, dried (Na2S04),
filtered and fongentrated in ffac ,ﬁheﬁﬁi resi pé\ as fjurified b&gi(l%chromatography eluting
with a MeOHMFCM gnastigot (246 to 4% MeOH)ﬁo@ﬁﬁrd 045 (55%) of 1-12. step 4 - To a solution
ofl-12 (0.370 §r0.719 mmol), MeOH (16 mL) and TI-IF (10 ntgxwas added dropwise over 5 min a
solution of oxdéfe (0.884 g, 1.43 mmol) in H20 (6 mL)s.Lhe.sglytion was stirred at RT for 4 h then a
second portion of oxone (0.6g, 0.97 rnmol) ined21P0 (4 -63- m_J#4rwas added and the mixture stirred
for additional 2 h. The rgact pn mixture was diluted witfP18120 ) and extracted with EtOAc (100
mL). The organic asrasMed with brine, dried (Na2S04), filtered, concentrated and dried in
vacuo to :"_.?'o I-13 which was used in the next step without further purification. 5
step 5 - To a solution of 1-13 (0.100 g, 0.18 =op and OMF (2 mL) was added NaH (0.028 g, 60%, 0.72
mmol) and th IFjﬁulting mg4 1W"med to RT and stirred 30 min. To the resulting solution was added
pyrrolidin-:%-yft0 thanol (@

mixture was next diluted with water 4 gxtracted with EtOAc. The organic layer was washed with
bring, dried (Na2S04) a8l concentrated i Wacuo. The resulting 10 residue was purified on a

preparative $i02 TLC plate.dev ith 10% MeOL- ff, .02 6%) of 1-:19. 1-17
B LS e e e R S R b

N, N-dimathtd dfidind EthanohreshCABERN 3003%- 241 banpiepamed(dt aldgovesl pdiakBinstép 210
2-methylsuyl l-pyrimydipsA-ylamine-i replac ith-3-amino-1-methyvl-pyrazole, in step.3, A-6 is
replacet%’leilhl’?f 1)%8%(%“%:’8&?%@%30 r?dpg;@i]é}?\%/ )%]%lgqgepsé?%%iﬁ'ﬁgé%%%%%%%gll'aés‘cﬁfeg&gn
4-tert-Butydshl-(&{ SddeBahyidraney- py irdlitinebyiighirinildi med oyiamrimiire was cooled, concentrated

methyl-6-0x0-1,6-djhydre- ri'czj§l- in-3-y1}- %%t@él' henyl @Le i@ 5%% Iyt f.1-13
(0. @9 gz,}2 Ov.(_;[%u?n?ﬁgl a%%e%&/?’ é%;n (\)NI%.%O é;/??ozﬁéﬁl -c[}% %I% glﬁé %%%)?ngo%%ﬂ%gﬁeaction
mixture §&8s stirred for 2 h at RT and then for 2 h at 60C. The reaction mixture was cooled to RT and

pa”i“O”a%?%%egs§@§b%%@%ﬂz&rz5§, 9@9%3%%%%’%%%&5%@@8&9&@%@9@ O4),

filtered ncentrated in vacuo. ecovere on a preparative Si02 TLC
plate de{Z&Rped withs%s MaeoHBOMatehforflo:0Re § it4as)edf dopoeeBTH érfollowingddriddgs were

| | idin-3- it i i thesis:
D R O e b L8 roncme).
Exafnplensiol), HOBt (0.90 g, 6.66 mmol) and morpholiné (0.29 mL., 3.33 mmol) were added and the
A-tert-Byty|-N-(2- 341 . line- _pyridin2-ykaminel-6:0x0-1;6-dihydro-
ML 1 e R ST A G S S T R RS
103 mmailist Bt@H (400, ) Tregerdtied BDOT($00g B mitol)AOB(hoorgBicsxmastl), and

6-aminopicetini id: (6- 4 m . iri t ti q %ng [ The
solid wag%??%é?a%éﬁtﬁ v%‘ltqg%g%%?em% - 4_} I\%&%‘%@%ﬁ%@%ﬁ S@%%’m at%ga ord égé%rﬁgggf B-2
(NR1RZTbgethde predumrphofingfiad LY eb@maiverpin) ebtapowitholfin e dbRShbser&ion of B-2
(2.%1 % %6é%fg%ol CASRN 827587-90-6) and DMF (50 mL) was added NaH (847 mg, 21.2 mmaol,

60% suspensionin mineral oil). The mixture was
step 3 - A solution of 54b (0.110 g, 0.28 mmol), A-6 (0.132 g, 0.33 mmol), Pd(0)(PPhs), (0.032

g, 0.03 mmol) in 1 N Na,CO; (1 ml) and DME (1 mL) was heated at 120°C for 40 min in a

Q. mmol) and the mixture stirred at RT for 4 h. The reaction

microwave synthesizer. The solution was cooled and partitioned between EtOAc and H,O. The

organic extract was washed with brine, dried (MgSQy), filtered and evaporated. The crude



5 stirred at RT for 30 min then re-cooled to OC and A-Ib (1.256 g, 7.056 mmol) was added. After 2 h,
the reaction mixture was partitioned between saturated aqueous NH4C1 and EtOAc. The EtOAc layer
was dried (MgSO4), filtered and concentrated in vagyo. The crude product was purified by Si02
chromatography eluting with 2%MeOH/DCM to afford 0.732 g (2 09 mmol) of B-3: MS (ESI) 350.1

o OV L A R ok BLe S el o NS Rk 038 o 5% ki and Hao

(0.5 mLYIARer sparging the mixture with nitrogen, Pd(0)(PP16)4 (0.01 g, 0.009 mmol) was added and

the tub ale heate 30.min. i niC v r iQRymixture was
parition L1 e D0 g e G B e A 2504 an
concentratgy/lrpipraond el grymiehdiocf rol wesppririfidel on a preparative 5i02 TLC plate developed with
5% MeOQkl/ t %) fig.: 1~ S re Ic ' . morpho
e o D e s RO g o T T € AR GHOMS SRR P 2
(6-aminexpindeinyzBlyt) athl menl ksiperattivd1-y1)-methanone (CASRN 652138-83-5). 20 1-3, 1-4, 1-9,

and 1-2 r ' ' -2-am} foll

i i e e L
aminobédzayd prewasd dinBuCiNsS R B od 7o8plie pdddborivk A andrbovwem liswcenylpsiadecof B-2 in step
2. 1-25 d i ) ed Wi 907 25
52-0) W R e e
1-28waw phdpBreth Bjfodetsation of methyl 6-aminonicotinate (CASRN 36052-24-1) in place of B-2
in step 34 T4 ' Iyl Wi NGORY Isaf the_mef: | the
resulting 1c£§§183%§§a§ %ﬁ%ﬁﬁ@ﬁ%@%ﬁ%ﬁ%ﬁ%& %3% gﬁ‘ﬁe%@g%@é%ﬁg%%%%ﬁ% and
4-hydroghauipeseirezdmpte vesence of TEA and DMF. Step 1 in the example was omitted. 1-46 is
prepare¢anal 61 Atz Ayclopropyl: 1yl i in step 5
of examp ﬁSgﬁﬁééggﬁiﬁ&%&iieJﬁ%ylp%beggz ngﬁ‘fgz%rboxylic acigd%ﬁ{‘}!%&%%&ﬁﬁ)ﬁ{j
(2-methyted-§1 -MnbtsyEBasdmatbplidlibhrecaays vpgopykaieyhlaminol-6-oxo-1,6-dihydro-pyridazin-3-y

Vo T R e 2 e e O o G e A

mg, 0 426 mmol), 14a ( 105 mg, 0.4
8826782096 18)5tPrI {0 YiFPl 3y tesedmgt 1682 Aoty capldmepE o8 1rB5 mg, 1.28 mmol) in DME (2 mL)

and HZQ;C_%%)p%?ﬁrQ&@ﬁ%g&&ﬁg?@x %&T%t@yr} igﬂm%ﬁgmwiﬁypwﬁm%ﬂ?ﬁﬂsﬁuﬁiﬂgs{@éxture

was partitioned between Et0Ac and water. The EtOAc layer was wastied with brine, dried (MgS04),

filtered dnehchifceplrgeddniih b 6AT Fetceuele pratitbwad Jpurified by SiO2 10 chromatography eluting
with 4%1'1/'-?@&.*{% IR @RI O lod g’{%‘?ﬁ% %‘Z&B%‘%ﬁ&%@ﬁ}&é@d@%ﬁ 54842 1eR3da iR-2

suspension of 1 Omg, 0.limm_ol) 4 mL) was added a pho;ﬂene solution (0.18 mL,
0.3 m3ty RoZweRd 5l SeRe). Affeis Zertansdvish 130t A D Erayerres i hensb-mmol) was added and

the resulting solution stirred for 15 min. The resulting mixture was
Example 14: 4-Dimethylamino-N-(3-{5-[5-(4-hydroxy-piperidine-1-carbonyl}-pyridin-2-

vlamino]-1-methyl-6-030-1,6-dihydro-pyridin-3-yI}-2-methyl-phenyi)-
benzamide (I1-20}



15 partitioned between EtOAc and dilute aqueous NaHCO3. The EtOAc layer was washed with brine,
dried (MgSO04), filtered and concentrated in vacuo. The crude product was purified on a preparative
Si02 TLC plate developed with 5% MeOH/DCM to_afford 0.050 g (0.085 mmol) of 1-6: MS (ES1) 589
(M+H)".  1-15 was prepared analogously except in step 2, 12a was condensed with with
4-(1-hydrox 20 methyl-ethyl)-benzoic acid (86) using BOP-mediated coupling as described in step
2 of exa%ﬂl 7 can be prepared analogously except in step 2, 1 IS condensed with
4-tert-butyl-2-methoxy benzoic acid using.BOP- medlated coupling:as d. R
16a: X =NIega: X = NMe 16b: x—éﬁﬁ‘% fas f

' ith Ji8a which was converted to 16a nd co 88.Z1e requisite amine 18a was

] densation of (6-amigo-pRidini3-y1)-( methylplperazm ylg,lmethanone (CASRN
). i arelby (i a

4-tert-butyl-2- ggethoxy benzo e 116 Wag?prepared by BBr3 mesigidd ef{hylatlon of 1-30.
Example 5: 3-tert-Butoxy- _as&idine-1- carBbxylic acid (2-methy1-341- methyl morlOph Win
e-4- carbonyl)})yrldln -2-ylami no] -6- ox%l ,6- dlyd ro- pyrld a42|n -3-y1}- phenyl)-amide (I-10) MeMe Me

r-- 20a: B.5 H2224208: R = tert-By,step 1gtep 1 - A solt ol Rea-(GASRN 141699-55-0, 1.313 g,
7.58 mmol), cyclohexane (20 mL), DCNI (10 mL), tert-butyf trichloroacetimid 5.4 mL, 30 mmol) and

BF3'Et20 (0.48:mL, 3.8 15 mmol) was stirred for 16 h. Na 205 )F wes add e mixture was
filtered through CELITE(r), and the fi A8.concentrated to 2.52 g of an Whlte solid. The crude
product was purified by Si02 chroma Qgr hy eluting with atrEtb& &?%@S@’Ff@ nt (0-50% EtOAC) to
afford 0.408 g (23%) of 20b a®t soil. step 2 - A premixed solution of MeOH (2 mL) and
acetyl chloride (0.5 rnL) was added to 8220 solution of 20b (0.251 g, 1.09 mmol) in MeOH (2 mL) at

O TS e S S AT T ¢ oS S
Phosgeng {2084)iantbDEME (m@)mhd@.ﬁﬁmgﬁmwmm&b%gs@Illlfiommﬂl45fh€ mixture

was stirred at RT for 16 h, then diluted with water and extracted with EtOAc. The organic layer

5 was washed with brine, dried (Na,SQy), filtered and concentrated in vacuo. The residue was

purified by Si0, chromatography eluting with a EtOAc/hexane gradient (10% to 50% EtOAc)

affording 2 g (66%) of 56.

step 2 — A suspension of 50 (5 g,18.7 mmol) and 62 (3.4 g, 22.5 mmol) in toluene (60 mL) was

sparged with argon, racemic BINAP (0.931 g,1.5 mmol) was added followed by Pdx{(dba):

10 (0.514 g,0.56 mmol) and sodium ferz-butoxide (2.51 g, 26.18 mmotl). The mixture was heated at
120°C for 16 h. After cooling the reaction mixture was dituted with H>O (200 mL) and twice
extracted with EtOAc (150 mL each). The organic layer was concentrated in vacuo, the residue
triturated with EtOAc and filtered. The solid was washed with water, MeOH and EtOAc and
dried to afford 6 g of 58 which used in the next step without further purification.

15 step 3 - To a suspension of 56 (0.562 g, 1.47 mmol) and 58 (0.5 g, 1.47 mmol) in DME (10 mL)
in a microwave tube was added a solution of Na,CQj5 (0.467 g, 4.41 mmol) in HpO (3 mL). After
sparging with argon, Pd(0)(PPh:)4 (0.085 g, 0.0735 mmol) was added, the tube was sealed and
the reaction mixture was heated at 175°C for 45 min in a microwave apparatus. The reaction
mixture was partitioned between H,0O and EtOAc. The aqueous layer was acidified with 4N HCl

20  to ca. pH 5 and thrice extracted with EtOAc to afford 0.5 g (68%) of 60.
step 4 — To a solution 0f 60 (0.1 g, 0.2 mmol) and anhydrous DMF (3 mL) maintained under a
nitrogen a atmosphere was added BOP (0.088 g, 0.2 mmol) followed by TEA (0.060 g, 0.6 mmol)
and piperidin-4-o1 (0.02 g,0.2 mmol). The mixture was stirred at RT for 6 h. After this time, the

mixture was dituted with water, extracted with EtOQAc, washed with brine and concentrated in



(0.1697 g, 0.728 tnmol) and DIPEA (0.510 mL, 2.93 mmol) in DCM (5 mL) cooled to 0-5C. 5 The
reaction mixture was stirred for 10 mm and then transferred via Pasteur pipette to a flask containing
crude 22. A total of 5 nth of additional DCM was useg in rinsing the flask. The yellow solution was
stirred at 0-5C for 10 mm, then 4 g of Si02 was added, and the mixture was concentrated to a pale
vellow payder. e doy Si02 a5 aBRUEc 8 05 100 072, Si02 coimnand el wil ABRAchexane
gradient‘%[ -1010%}) ioéglc) toy\a@g}d 0.226 g‘( 0%) of 24 aéq a white 10solid. Tk%bsynthesis of 1-10 was
completbb:BidatMiite BBV 2488 prefId 2y debEABEd. in step 3 of example 3. Example 6:
N2 teryBu a2 QSN S e D et Aoy Lanidin2alaminol 6 o
1,6-dihydro-pyridin-3-yll-phenyf)-acétamide 15(1-32) step 1°- A solution of B-3 (256 mg, 0.732 mmol),

28 (192 mygridim3ahmdi$SPeo (rra ¢d e aRacnsly 0T ittty AntPNEzeB¢3TinEs, (2xeBmithol) in

OMS (2T ARG U s Bttt ABCIH b gggg&msmq\r@s%@%ﬁz@& The resulting

mixture was partiti EtOAc and H20. The f the aqueous layer was phase was

adjustedmslego sty Bxwitht hFanUebdimstby aminthbaezutinbleoie weepitefedtiv4shsdowith hrater and
dried to ﬁ%ﬁé%l%%ﬁ?i@e@nﬁ% P LG MRERI 450 M Skt o8t Zsifa 26,0 Mo, 0 11

mmol) a P (55 mg, 0 12 mmol) was added DMF (2 nth), N,Ndimethylaminoéethanol (0.017 g, 0.11
mmol) aHeb¥ BB 186rag 202 ausib jx astre idsteihd Afattion lassdorewel sagitiorien batwesdEAC and

dilute aqyeo ﬂé‘@éﬂ%ﬁﬂgﬁﬁt%ﬂﬁ%@%ﬁ%ﬁ@hed with brine, dried (MgSO4), filtered and

concentrated in vacuo. The crude product 5 was piJrifi_ed on a preparative Si02 TLC plate developed
with GooTED is/Dremares afforEoveBFEcI0BG Mo bfsradauswES T Gayl (v siay- SmpeddiBing were

prepareglf{soltgpmé@i%%l %&%R@Hé% were prepared by EDCI mediated coupling of 26, with
1-amino-4,4-dimethy1-3-hydroxypcntane, 3-tert-butoxy-cyclobutylamine, pyrrolidine and

2-tert-buok(Betrpisorred paeinasnshswgenia B Safpliigniretscoitidd6rsdn oten diaprerisfiexample
13 except @ICeSRIBEANES et asihahareakRR Waspiepagd by BOP-catalyzed coupling of 28

and 3-|so-prop_oxy-cyclobuty1am|ne using the protocol described in Step 2 to afford o
1-(3-tertibu it apenund anglocpashy s bitaieihte $9 urparedividndlo riKb Uy $iepHe RiRpE#RMone

which was sihiegted Q. SHzuki:goupling with B-3 (NR1R2= morpholine). 1-31 was prepared
analogously from 30 by EDCI mediated coupling with 2,3-dihydro-1H- 15 isoindole. Suzuki coupling of

5-chloro-345-(4-h droxyﬁ)igeridine;l-carbonyl)t;pyri(jin-2;dylamino]-l-methyl-lH-pyridin-2-one and 18
affordedtxample fiy e Iy Methyl-1H-indole-5-carboxylic acid {2-methyl-3-[1-methyl-5-(3-methyl-

ol 2+ -pyridazin -ong (373 0 26, P GLLeien T 0 8 Yo P e 213 = A bunphenyt
Inol-2H-pyridazin-3-one (1- R - step - St -3 (. R = 4-tert-butyl-pheny

O O8RS SH A i o SR TRENy AR OBTOED D G5B H0N Yt BRHEOME (5
m%), TE® é@%@&d@fﬁ@ﬁ&@@ﬂﬁh&@@%m@(@..B@,mm@l)nﬂﬁtﬂrr] @térs‘ng:flpmﬁm,.tbnmreiugng
solution was partitioned between E{0Ac and dilute ague NaHCO3. The EtOAc laye s washe
wittrbrind MR TGS B9, Bt Ed ANMCEHcah HOR o (galé%éf.&m%gﬂﬁ’é“ﬁﬁ&’&éﬁ@%f{p ed by Si02
chromatagnaphy aluting with«(2%eVeWWDeMtenaltokch AORT gvamighd 76lrmolhet 32isMS (ESI) 542.0
(M+H)+. step 2 - To a solution of 32 mg, 0,074 mmol), 4-tert-butylphenylboropic.acjd (16 mg, 0.089
ol TS ORET b Bl (PTG SHR BN R AT e Bt b GO mimol
and THE'%2 sakibivrs adeedca solistion at wethylphasphite (a2 avE032 ninaydadi THF (2 mL). The

Iti ixt heated to 30C und 18 h. -69-
rest Ingccr)rrllg(eruxtr%t\levc? ’?o a%?o? 4.%1 gof%m%gh?/% —?r{]dgfgj —chr %rgy{%ragd met?;yl ester (53).

25  step 2 - To the solution of 53 (4.90g, 25.89 mmol) in THF/H,0 was added 1N NaOH and the
resulting mixture was heated at reflux for 60 min. The reaction mixture was cooled to 0°C,
acidified with 1N HCI to ca. pH=3, and the mixture was partitioned between H,O and EtOAc
and the combined organic layers were dried (MgSOy), filtered and concentrated to afford 425 g
of 1-methyl-1H-indole-5-carboxylic acid (55).

30 step 3 - To a solution of 35 (0.608 g, 3.474 mmol, CASRN 186129-25-9) and DMF was added
14a (0.27 g, 1.158 mmo!), DIPEA (0.60 mL, 3.474 mmol})) and HATU (0.484 g, 1.274 mmol).
The reaction mixture was stirred at RT over night. The reaction mixture was partitioned between

EtOAc and H,0, the EtOAc phase was washed with brine, dried (MgSOy), filtered and



The mixture was partitioned between EtOAc and H20. The EtOAc layer was washed with brine, dried
(MgSO04), filtered and concentrated in vacuo. The crude product was purified by preparative HPLC to
afford 0.004 g (0.007 rnmol) of 1-37: MS (ESI) 56(_37%\4-LH)-. 1-38 to 1-44 can be prepared analogously
except tha palladium coupling in step 2 is replaced by 5 an amide coupling procedure of 26
withl-methyl-piperazine, 3-tert-butex -az tidin - is0indQ.| -i { ﬂ? Q@“KH‘EZO/

4-tert-b§f§/ 96%)%%8%5%§58f%1gﬁ?&éu‘?fﬁaﬁ%ﬁé#—%?&ﬁ%%@%é%ﬁ%@%{%ﬁ/e . The cotﬂpling can be
carried agiDusithg:BRRemédiatédicogdefdation as described in step 2 of example 6. Example 8:

74erl- I-S-S%-meth <34 -methyl-5-15+( haline-4-carb =DV 'r} 02- ég [ Q -Q:0x0-1,6-dihy
dro-pyri a%is- -yﬁftgfi&ﬁlr?éligfi?%ﬁ%%% w@ﬁo-gone 1983)1}%@[5 eél\)/laekillgkl-%lgs‘%u %pglu-To 34a (3.715
g, 11.3%meumod);tGA(R Ph3@Rd @nd(888hyigning 28 descobydCukies®nd] 0.882 mmol) was added
DMF(45 mL),TEA (1.72 g, 17.0 mmol), and trimethylsilylacetylene 15 (2.229 g, 22.70 mmol). The
resudting:mixtHie 1as Nealas ALAREHNGGE M Vil RISIL ARPSPASTeie - (8- FREHPIIVERIBI-
parltﬁioned bekéween EtOAC and HZO.%e_ Et0 2 Iay?ezs was Wasr?ed.wiﬁ]h]}%)rintg, dried (MgSO4), filtered
and concentrated in vasud.crddiduep prisiinct-whebenibduspamde{irmatography eluting with DCM

to yield 3.1%&;61 mmol) of 34b. step i - A solution of 34b (3.167g. 11.51 mmol), K2CO3 (3.18 g,
e

23.0 rnmt irred in 20 MeOH (75 mL) for 20 mm. The resufing mixture was partitioned between
EtOAc and Watex. -70- The EtOAC laygs,was washesithdornie, __._-.!--g. £MgSO04), filtered and
concentrated#i vacua. The crude product was purified by Si02 ghrorpatography eluting with an
EtOAc/hexang.graglient (O to 5% EtOAc/hexgnes) to yield 1.910g 9898 mmol) of 34c. step 3- To a

e (f.662 g, 8.1%gmfeikiikCIA(20mL), MeCN (20 mk) arg:H20 5 (40mL) was added
N21842.322 9, 40.89 mmolf and'Rei(111)CI3 (85 md® il mmol). After stirring of 90 min,
the resulting jxture was diluted withfivatexgfd extracted with tHres-Doigns
DCM extracts were dried (MgSO4), filtered nd concentrated inai%guo to afford 1.924 g (19 mmol) of
34d. step 4 - A suspension of 34d (199 mg, 8 91 mmol), 10% P 2(4Omg) were stirred in EtOH 10

(6mL) under afhydrogen atmosphere 3 h. THe resulting mixture filtered and concentrated in vacuo
to yield Gi&77 ¢ (Br@0&mmol) of 36. steps™ -|A solution, pf.36 &gﬂgz@g@ol) and
trimethylorthoformate (2 mL) was heated to L05C for 30 mm. T sulting solution was concentrated

in vacuo. A sdtftion of A-6 (100 mg, 0.41 mfol) in toluene (2 mL) was added. The resulting mixture

was healggl SISkl ASaNERIIBIRI 1 a8Hon 0 Al By SI08 ehigmaLIgIRRRY oluting

with 15 Ac/hexanes to afford’0.068 g (0.16 mmal) of 38: MS Sé 19.2 (M+1-1)-. step 6 - A
solution GPBES-(B5MandABHnhdiiRyas sddngcd (R At isrpidimerelEs Mg s16FmerD

Pd(ﬂi(PE&?mJ@.ms, D018 mmal). #d NadGORL5&men %4rmyneb in R ;(2:taly aneHAR (1 mL)

was heated at 170C for 12.5 min in a microwave synthesizer. The resulting 70 mixture was partitioned

betweerrE s head PR NSe Thopsaielenrisviagried (it Hrnelimed adsmagntrtse i are o

concentrgfed.i ¥acye, eSO educt Was WIfieshoR. RSRAI alNERI08 d3d S Rt flsveioped with
10% MeOH/DCM to afford 0.264 g (0.044 mmol) of 1-8: MS (ESI) 606 (M-H)t.
Additional impure product ?{).3 g) was recovered from filtrate.

step 2 - To a solution of 46 (0.5 g, 2.46 mmol), DIPEA (0.952 g; 7.38 mmol) and DCM (40 mL)

15 cooled to 0°C under a nitrogen atmosphere was added phosgene (1.8 mL, 3.6% mmol, 20% in
toluene). The reaction mixture was stirred for 20 min then methylamine (12 mL, 24.6 mmol, 2ZM
solution in THF) was added slowly. The mixture warmed to RT and stirred for 5 h. The product
was filtered, washed with DCM and dried in vacuo to afford 0.8 g (99%, 80% pure) of 62 which
was used in the following step without further purification.

20 step 3 - To a suspension of 66 (0.153 g, 0.38 mmol} and 62 (0.125 g, 0.38 mmol) in DME (3 mL)
in a microwave tube was added NayCO3 (0.120 g,1.14 mmol) in H,O (1.5 mL). After sparging
with argon, PA(0)PPhs)s (22 mg, 0.019 mmol) was added, the tube was sealed and the mixture
heated at 175° C in a microwave apparatus. The reaction mixture was cooled, diluted with water

and extracted with EtOAc. The organic layer was concentrated and the precipitate filtered and



Example 9: 7-tert-Buty1-3-(2-methy1-3-0-methyl-545-(morpholin
e-4-carbonyl)-pyridin252-ylamino]-6-oxo-1,6-dittydro-pyridazin-3-yll-pheny1)-2,3-dihydro-1H-
guinazolin-4-one (1-34) To a mixture of 1-8 (11 mg_79_018 nunol) and NaBCNI-13 (1.3 mg, 0.019 mmol)
in 1 mL MeOH was added | drop of 2M HC1 in MeOH to bring the pH to ca. 3. After stirring for 45 min,

the resulting mixtur partiti %fi W E&Oﬁ;ﬂrxq [lute,.aqu dﬂ? 6,30 layer
was wa&agge@im%ﬁfvggzrigg’%h}gg ;ﬁfﬁﬁg;{;aélan co c&#ﬁétﬁn&\%@u{é%ﬁ?ﬁe [%Eg uct was
purified aff&402 preparative TLC plate developed with 5%Me0OH/DCM to afford 6.5 mg (0.011mmol)
of 1-34: MS (ESI) 608 (M+HI. -71- Example 10:
4-tert-Bytyl-N-(2-raethy}34d.- yk5- ) Qida):A: . 61d] I YA 3 yll-benz
amide (%%%‘?%4% Lo Qi%pgfﬁﬁ{% %éé ‘ﬁﬁg?%%m%‘@??g%’%i‘m%@% dfc?%gi 1 ’%‘%‘?0.7 4 inmoh
CASRN 823-58-5) anttemgr- bguéird reapidinciudbop el heasmaide 28flux for 21 h, then cooled
to RT. The pH was adjusted to 4 with glacial HOAc, then t§e mixture was partitioned between H20 (20
mL) and Et0OAc (30 mL)M&g & us Iayerlwmggﬂgte ith &zt0Ac (30 ml.) The combined organic
layers were dried (MgSO4)fiftered, and concentrated t@ give
If re@f42a (0.082 g, 0.56 mmol) and K2CO3
(0.117 g O4§I mmol) in DM} L) was tre&dted with methyl ipdide (0.035 mL, 0.56 mmol), stirred for
gAtyted $9ith H2Q20%1L) .l he mixtdre was twige | i raaied with EtOAC (20 niL each), and the
Organtctayds wigy iedAMg SO g chocehirated. The crude product was
purified by Bi02 chromatography gutin{f .
0.035 g (3994 SHH2D as an off-white sohe#Stepg A Mixture of 42b (8&35@vP.@d mmol), A-6 (0.102
g, 0.26 mngoé), Na2CO3 (0.070 g, Q 66 mmol), and Pd(O)(PPhﬁ2§8(0.025 g, 0.052 mmol) in DME (2
mL)%and HZ0 (1 mL) was stirred ang heated at 170C for 30 min in a microwave synthesizer. The

mixture was partitioned between EtOAc (30 mL) and H20 (30 mL) The aqueous layer was extracted
Wit RS0 T SOUEHABAS BF BRI e 0O FRIRUC B TS (J0 Bk BER RSt K, ana

concentrsted A The Tridenrodusiiyps Ry Hfictiby4Sif 2 chrematagiamiy cidting withia MeQtPCM
gradient (0 to 3% MeOH) to afford 0.079 g (92%), of 44 as a white salid. The magaeggf! w%iﬂnot

completBHFBuFe B et R T2V mishe PRSP AAIIGHOGSrAR (59385, B 66mol)
and DIPE# AQ 0fkbmiL,) O 2h-nagnebuil IBeMy. Bibankiteaeiadintlsbtvas tieated With a 20%

phosgene in toluene solution (0.25 mL, 0.55 mmql) The mixture was stirred for 1 ,thena2 M
me%ﬁwaﬁ?méln?éeqra?ﬁ}aﬁﬁ%ﬁ%ﬁfﬂ%&ﬁl&ﬁf?ﬁ@gﬂﬁ%% el PR Y BN i for 1
h, treategwvibnmathasetoabarsobed bggo Si02. The Si02 was placed atop a Si02 flash column and
eluted with a MeOH/EtOAc gradient -72- (0 to 4% MeOH), to a[aord,o.039pﬁzé)§£7‘%%]of impure 1-23 as a
white soliB® TSRS OB rReSrithed For ehnds SrdrnetirBm PifePwith a second
Si02 chromatography eluting with a MeOH/DCM gradient (2 to 3% MeOH). 1-27 was prepared
analogoBshynepdecks: inSs{a{ 2+ ittt Bibthiderisoie il B- O 2tioxovesB yippiberyl b Imttedeyletnlgamine/ THF
solution. Example 11: . - . ‘e

4-ten-ButyI-N-{2-methg'/1'- PRok ?T)?Iﬁga'(‘ -Or%lllﬁwll}r(iel%-&'%?&bq I,é—%ﬁ}%ggﬁlﬁa?ﬁ]-%@if-%henyII-benza
mide (11-4) r-48.R=H g 9

Ny Cl step 1 2
I —
O 2N G 2N
N N
(J = (J

O O

Me o gep 2
S ——

28

W
68

! step 3
o — 1124
®

O “CH,CO.H

15
{6-chloro-pyridin-3-vi}-morpholin-4-vl-methanone




step 2 1=-4*,R = C(O)NHMe step 1 - A mixture of 46 (0.248 g, 1.22 mmol, CASRN 910543-72-5), A-6
(0.574 g, 1.46 mmol), 10 Na2CO3 (0.388 g, 3.66 mmol), and Pd(0)(PPh3)4 (0.141 g, 0.122 mmol) in
DME (10 mL) and H20 (5 mL) was stirred and heatgd at 170C for 30 min in a microwave synthesizer.
The mixture was partitioned between EtOAc (100 mL) and H20 (100 nit). The aqueous layer was

extractegly i@b%&é’?ﬁhi&%&ﬁegﬂ ELRARsThe qamhingd) arppiclR¥eiwese dred AVIsRes).,

filtered and concentrated. The crude product was purified by Si02 chromatography 15 eluting with a

MeOH/DBNphedicielit(0 to Ui mreobiped AFdvd28 341 PErumpbr 4548 AyER KRRt ThE Hsterial was

not comp r . 1S, IS 1 ﬁ@d%e : e 3- 1] 1:36:818-348 mmol)
and DIP E{%}ﬁ 1%”%53»% %B%ﬁﬁ%%é&%ﬁkg m ’)%?ﬁ?%@ﬁjﬁgiﬁy WI%? gglzf(&)%;f%‘hosge‘ne solution in

toluene @APrARIG 2213 muhe I BE ¢ Fds Stitrb MGHH0- min, then a 2 M methylamine THF
solugion (0 87 M, L8 MAANWAS 68 @4ar:, H1eMixiHEe was &iriedsiop 151 minmihen adserbed onto

Si02. Thecrude product was purified by two Si02 chromatographies elutin? first with a MeOH/EtOAC
gradient [6Qars.pim edipdtresiyo feydusin(86%) ol drertEd. 1 onmp (BT ONE s A HR® Kolid. 11-5,

11-6, 1157, ka0 RirOstited Gorl 1 1BAQALLLE2 WiEre Prepared analageysly sxesgrbil Alepizsmethy!

amine was replaced with ethylamine, |so-progylamine, 2,2,2-trifluoroethylamine, aniline, 25 benzyl

amine, NI, Kesudiimermotiniteaneas filthedimasbedimbnyrimirebrdpiirl Sradd te afiprd 18.84g

dimethytp;@@mg,§fg@:nﬂﬁge(y%qgg@@ygm+ﬁ§*—_ 11-27 was prepared analogously except in step 1,
A-6 was replaced with 4-tert-butyl-N-[3-

(4,4%,5Tbe Snalniom B ef &t SRR GaytisH R RberEaIPdd Y ASPWINE RS 5 e ardady
acylation pf, 3:(4.4-n asiplame Ba%oldiouabotpian s Rhspanminesyitbustenpuhdbenzoy|
chloride 5 11-13 was prepared analogously except in the Suzuki coupling in step 1, A-6 was replaced
with 56.1retegohdesopiegstiresi emARIGBHSIP Bxiéept in step 2, methyl amine was replaced with N1,N3-
ditnethyyedanpal 20 RIAS EXample d2fia S| ciabydeorbanzatbithiophrne® cafhpiliz acid
{2-methy1-3-11- methy1-5-(3-methyl-ureido)-6-o0xo-1,6-di ydro-pyrldln-3-yll-phen%/II-amlde 10(11-11)
50 step(EASRY BT EGikbiRneerrbrionzs Yl PardarmipsBdiRreupRRE St 96 QRHEE R
subsequently.conyerting tha aminedle ureairnAessilagshifoiieps 1 and 2 of example 11. 11-10 and

11-12 (dioxaborolane 38 was described in example 8) were prepared analogously except 50 was

replaced with 53 (infra) and 1538, respectively, The requjsite dioxabarolanes were prepared by
acylatio#&ﬁ@?@ﬁigl? ' ééﬁﬁ@%ﬂé}’xﬁﬁﬁ?é‘&%’fmﬁdQb@ﬁ?&[ﬁ%ﬁ%{ﬁ%’ﬁ@@%‘g b6 ﬁ?/‘ig%%'féride
(CASRN 65361-26-4)ypnghkeniaciblaepisne-aeariotyerondei(@ASRN-gBaAM Licéthmide
Benzolb]thiophene-2-carboxvlic acid [2-methyl-3-(4,4.5,5-tetramethy141,3.21dioxaborolan-2- 20
y1)-pherwlll-amide 53} solution of 14a (0.396 g, 1.7 mmol) and TEA (0.355 mL, 255 mmol) in
THF (10 mL) was added a solution of benzo[b]-thiopheridée2-caghonyl chloride (0.334 g, 1.7 mmol) in
THE (2 mL). The white suspension was stirred for 1 hMA €5 mL) was added. The mixture was

partitioned petween EtOAc (30 I%) and H20 (30 mL), an@the@queous layer was extracted with 25
a

EtOAC (30 nil) he combined organic extracts were dried (N 95%'2’ filtered, and concentrated to a
solid. Th =@ prod.ucfum y Si02 eh-Fem&tog uting with a EtOActhexane gradient (O
to 15% EtS4€rp gfford 0.399 of e zogﬂthiophe J4- carbox¥,|ic acid
[2-methyl-3-(4,4,5,5-tetramethy111,3,Z1C |01xa%orolan-2-y1)-pheﬁ§ﬁf:§h(fgé @53) as a white solid.

Example % 74a: R = OH 76 78
4-tert-Buty™N- Bty 3-{1-methyl-5-15-(morpholine-4-carbony1)-pyridin2-ylamino]-6-oxo-1,6-dihydr
o-pyridin-3%£L41-pheny1)-benzamide (11-2) o

H A

O 2N Kz
54b
step 4 [ j |
0 CH,CO,R'

80a: R' = CH,Ph
step 5 [ z
P 80b: R'= OH
siep 6 [ 1130 R = NH(CH,),OCMe,



Me MeO2C K2step 1 ROC e step 3-0. Br E 54a: R = OMe step 2rTh 54b: R a-NO 'Bu step1-Toa
suspension of 50 (0.80 g, 3.0 mmol, CASRN 14529-54-5), methyl 6-amino-nicotinate (52, 0.55g, 3.6

mmol, CASRN 36052-24-1) and toluene (10 mL) was added BTNAP (0.140-g, 0.22 mmol), Pd2(dba)3
(0.137 g, 0.15 mmol), Cs2C0O3 (1.37 g, 4.2 mmol). The glass reaction vessel was sealed and heated

130 ot T era S ol SEerSIUL pRp Rl 52
g, 2.22 (iAbthant Btirh¢10thdd Yiwas At d Sidr MA@ 2H2 2 enil)iThesolutovesasberdteddatreflux
o 2. Sl e s i s W s, Tlelspiioues igled
333 mm@lpwetk, dddechand theMasUltiyg) reactiddehixdre stirret doFRTdotermightiofiheasolution was
organic S AT e R o B e L KA O it o ame
evaporafidtré&thend rusieqrogud tiwescporifiéd by Si@Reclmo matayrap by ehRifl withi2se stedisi/BEM to
PO PP F I b3 T A TR RO (s L ERRE Y MR AT 208 ror
40 min im.ﬂw(MeWhve synthesizer: The_soluti(_)n was cooled gnd partitioned between EtOAc and H20.
procuct U By 03 T Aatohy Aty Sk i 290 HCOb I 1 ST DB B o 112,
11-10an @13 =25) weschpattlae H84ME fyclsiinercemi rosteye Zynibepiaoting wasstapactduith was
B T
brine, dried (MgSQy), filtered and concentrated in vacuo. The crude product was purified by
Si0, chromatography cluting with 5% EtOAc/hexanes to afford 0.072 g of 76: "HNMR
(300MHz, CDCL) 8 2.36 (s, 3H), 3.73 (s, 2H), 5.14 (s, 2H), 7.00 (t, /=8 Hz, IH), 7.14 (d, /= &
15 Hz, 1H), 7.26-7.36 (m, 5H), and 7.4% ppm (d, /= 8 Hz, 1H).
step 3 — To a solution of 76 (200 mg, 0.626 mmol), bis-(pinacolato)diboron (191 mg, 0.752
mmol), KOAc (184 mg, 1.88 mmol) in DMSO (4ml) was added a solution of [1,1’-bis-(di-
phenylphosphino)ferrocene]dichloropalladium(Il) in DCM (15 mg, 0.018 mmol) and the re-
sulting solution was heated at 80°C under an atmosphere of argon for 2 h. The resulting solution
20 was partitioned between EtOAc and HyO. The organic layer was washed with brine, dried
(Mg80y,), filtered and concentrated in vacuo. The crude product was purified by Si02
chromatography eluting with 4% EtOAc/hexanes to afford 0.094 g of 78: MS (ESI) 389.2
(M+Na)'
step 4 - A solution of 54b (99 mg, 0.25 mmol), 78 (92 mg, 0.25 mmol), Pd(0)(PPhs)s (29 mg,
25 0.025 mmol), and NayCO; (80 mg, 0.75 mmo!} in DME (3 mL.) and H,O (I mL) was heated at
170°C for 10 min in a microwave synthesizer. The resulting mixture was partitioned between
EtOAc and water, The EtOAc layer was washed with brine, dried (MgSQy), filtered and
concentrated in vacuo. The crude product was purified by on a preparative TLC plate developed
with 5 % McOH/DCM) to afford 36 mg of 80a: MS (ESI) 553.2 (M+H)",
30 step 5 — A suspension of 802 (36 mg, 0.065 mmol) and 10% Pd/C (22 mg) and EtOH (15 mL)
was stirred under H; atmosphere for 2 h. The resulting mixture was filtered and concentrated in
vacuo to afford 0.020 g of 80b: MS (ESI) 463.1 (M+H)".
step 6 - To a solution of 80b (30 mg, 0.065 mmol), BOP (29 mg, 0.066 mmol), and 2-zert-but-
oxy-ethylamine hydrochloride (10 mg, 0.065 mmol, CASRN 335598-67-9) in DMF (2 mL) was



11-36 was prepared analogously except in step 3, A-6 was replaced with 60 (see example 16). II- 34
was prepared by Suzuki-mediated coupling of 54b and 14a. The resulting aryl amine was acylated with
4-tert-butyl-3-methoxy-benzoyl chloride to afford 1k<84 which was demethytated 10 with BBr3 to afford
11-32. 11-48 is prepared analogously except in step 3, A-6 is replaced with 60 (Ar =
4-dimet5&1%®iﬁ9m@@xh§§%eﬁ>fﬁﬁmbe 16 hclbisvrrepated Anaiogausly SYGARLHLSIRR mbRue
replaced with pyridazin-3-ylamine and in step 3, A-6 is replaced with 120 (Ar = 4-cyclopropyl-phenyl).
15 11-9%38 prEpipeerwarsgs ek capranvsass NaHiOre pldedd With 18¥shivis-BANARYIHY PidR%ine

and in sigp BMyEds, RRIACEWINN 20 (e FiAwsIoPraRyhRRe RYDd Jet 984S ieRadzanalogously
except in step I; 52 is replaced with pi;razin-z-glamine and in step 3, A-6 iSééglaced With.12_0 (Ar =

4-cycloprspyrasenyi: TLEpitsdevplepit adtinaoybiidi/ Rkddpiamttag - eP ik obtlcdd With
6-m9rpfe9gq)45gpr'; in20 3-ylamine and in step 3, A-6 is replaced with 120 (Ar =
4-cyclopropyl-phenyl). Example 14: i . X

4-DimetHyfahiis INSR3TeS BB AR SR ERisifR Ot L4 IRY A SyRitIieptine hydrochioride was
ylamino}edsmethyiif-0x043hfadibydroyegia-3-y11-2-methyl-phenyl)- benzamide (11-20) step 1 - To a
solution of 4-dimethylamino-benzoyl chloride (1.49 g, 8.15 mmol) and TEA (1.2 g, 12 mmol) and DCM

cutod ARRIER o AR A SOy B G O e
ilute n : a e ing, arie
(Na2S04), filtered andiaoaeepiveidiol-B-vicphehint neRictivanadenifdieyl by Si02 chromatography
eluting with a EtOAc/hexane grad

argon, racemic BINAP (0.931/F73.5 mmol) wasaHGEmbQ ved BJePd2(dba)3 10 (0.514 g,0.56 mmol)

and sodium -ﬁutoxide (2.54 ¥ 026.18 mmol). The mixtdfe wis heated at 120C for 16 h. After cooling
the reaction |x’tur%,t¥¥§s diluted Wigm-lZO (200 mL) and twitf extracted with EtOAc (150 rnL each).
The organi r was concey d iy acuoftfﬂélgesidue gturapael with EtOAc and filtered. The solid
was wash waigs, MeO &4Ac and dried to affprd @ g of 58 which used in the next step

without furthdlr purification. 15 step & - T6'a suspension of S6A0%§§R-g4}-47 mmol) and 58 (0.5 g, 1 47

mmol) in DmE (10 mL) in a microwave tube was added a solution of Na2CO3 (0.467 g, 4.41 mrnol) in
H20 (3 mL) After sparging with argon Pd(O)(PP113)4(O.085I“d,50.0735 mmol) was added, the tube was

sealed a@eggéb: figr) mixture Wass‘igeated at 175C for 45 #7 @ microwave apparatus. The
reaction guxture was parttioned between H20 and E@Ae_@é@mgayer was acidified with 4N
HC% 0 to ca. pH 5 and thrice extracted with EtOAc to afford 054 (68%) of 60. step 4 - To a solution of
60 (0.1 g, 02 mmol) and anhydrous DMF (3 mL) maintained under a nitrog t ere was added
BOP (0588 5019 BRI ty 1A 1 BE0R) 68 Nkl S bEE G SO B G o moh,
The mixturgonamstirvesivtsBiition v Hes thigtmexibe mixiuiesdas dikitedwiil wat@eaextiacted with
EtOAc, washed with brine and concentrated in -77- vaa(t:éjo. The r?ggéje was purifie%gn a preparative
20

TLC plate e levEissal ShtT a5 KARBIIEEMAS Ak drd &Y 1I0ek) & iB18 B0%0).

11-33 W@gporepared analogously except in step 4, 1-methyl-piperazine was used in place of
iperidin-4-ol. 11-35 was prepared analogously except.in step 3, 56 js. replaced with X le 521
B i STH5E 1 ISIRD DL ol TS Rl BRA Aol 40 SR BLMA Sidbociely
except iy sieprt4-gimethpamingtenzdy] Thalbrdads eeplBoetinithsd-gyickiprepylberzoytickdoride and
in step 4 1-ethyl- ip_erazine is used in place of 17meth¥I-_ iperazine. 11-60 is prepared analo &)usly
except 8RS 5EAR A RO RTA R S b HATA o] ForBIRIEE iR partiion
4-dimethylarinorpDerdinen AQ. 1th9%dsqreprrrd analegetisty exedpiistapat &b vsthepiaged with

ciop 3. 48T ebIoR L RRAVEE GAFH Efr o Ao T DL TP TS Ob e,
(CABRN§8413,-5R<33d and concentrated. The crude product was purified by SiO, chromatography
eluting with a EtOAc/hexanes gradient (0-50% EtOAc) to afford 0.140 g of 84.
The Szuki coupling of 84 and 62 was carried out as described in step 4 of example 17.
I1-19 was prepared analogously except in step 1, dimethylamine was replaced with piperidine.
T1-50 can be prepared analogously except 84 is replaced with 4-tert-butyl-N-[2-methyl-3-
25 (4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-phenyl]-benzamide and 62 is replaced with 1-(5-
bromo-2-0x0-1,2-dihydro-pyridin-3-yl)-3-methyl-urea.



11-101 is prepared analogously except in step 3, 56 is replaced with 106 and in step 4, piperidinl5 4-ol
is replaced with azetidine. Example 15: 1-Methyl-1H-indole-5-carboxylic acid
I2-methyl-3-[1-methy|-5-(3-methylureido)-6-oxo-1,§g ihydro-pyridin-3-yll-phenyll-amide (11-23) step 1 -
Sodium hydride (1.71 g, 42.80 mmol, 60% in mineral oil) was added at OC in portions to a stirred

solution f met nd "D xyla . 2 N 1 F over a 30
min perloé W%ﬁgtlll 8553 %8@5‘%%#@%%1 fﬁ?ﬁg} '#ab%%% 1%%3%%&1])%591’%0%( ‘e was stirred
at OC for 60 min then mzﬁtﬂimﬁesrhigﬂtxoT—li@Fd&lmﬁeuwphmﬂeyiMbmmeh(%Z@ME@ﬁ@ &nd the
aqueous layer was fur, &her e'dﬁra e@ W&E‘zg &hﬁgmbined organic extracts were washed with
water, dried (MgSO4), "and coneentrated to atfdrd 4.91 g of 1-methyl-1H-indole-5-carboxylic
acid methyl ester (53). 25 step 2 - To the solut h of 53 (4.90g, 25.89 ﬁlm ) in THF/H20 was added IN
NaOH and the resulting mixture was heagtl a} reflux for 60 min kRg séaclion.mixture was cooled to
0C, acidifie@ with IN HOI;lo ca. pH 3, andythe sixture was parti |ond befiveeh H20 and EtOAc and the
' aggani e 04), filtered and’sgrCSw rated (OY giford 4.25 g of
. dole-5-¢arbaxyte-aetd (55). 30 ste.,p.B...To a blution of 55 (508 g, 3.474 mmol,
86729-25-9) ﬁde ldas(@.27 g, mmol), DIPEA (0.60 rnL, 3 474 mmol))
and HATLI¥8¢484 g, 1. Z&inmol) Thesxgattion mixture Wwgs-gtirred at RT over night. The reaction
mixture was partitioned between EtOAc H20, the E phase was washed with brine, dried
(MgSO04), filtered and -78- concentrate e crude product was purified by Si02 chromatography
eluting with42% EtOAc/hE¥ane to affordl$%6 mg of 59. The syntHé&is of 11-23 was completed by
Suzuki coupling of 59 and 46 followed by sequential treatment with phosgene and methylamine as
described in example 11 5 Exampgg 16}
4-(Cyano-dimethyl- methyl) DA 311
oxo0-1,6-dihydrospyridin-3- yI phdnyll-| lenzamide (11 4% g_;gajie@@lution of
4-(cyano-disngtlyl- mefyrESR70ic aciK0.5 g, 2. 64 BRNR128488-74-0) and DMF (15 mL)
was added BOP (1.1%93\12 .64 mmol), TEA (0m8@g7.92 rnmol) 10 and 14a (0.615 g, 2.64 mmol). The

mixture was stirred ay RT for 16 h, th s Wwith EtOAc and washed with brine. The organic layer

was dried (Na2504) d and con ey, The residue was triturated with EtOAc and the

15 cooled to OC under a nitrogen atmosphere was adde(Mp 6sgene (1 8 mL 3.69 mmol, 20% in

SOl TonSHEEL) IS B0y e A AR] Fe G <l 1 B o BVGHet was

filtered, 9fashad midbdI@G6A 2144 dried wqyanmmmm@rﬁlgtﬁ%%s%%eﬂwm ohfAadfromWas used in

the foIIOW| ste Wlth r urlflcatlon To.a suspen | 153.9, 0.38 mmol)
and 62 5 13578 S8 Phrddl DD RN 4 TH e D 2 bt NASE 20 .1 14
mmol) irp;zhlﬁﬁo&ic& MMeﬁf@t@Aa@m@mmmmmePdiOWII&Mo@ﬁnmgﬂﬁ@l@amml)sdras added, the
tube was sealed

cooled, ?ﬁﬂ}’c%%f“ﬂ ll1}er an ex irga?é1 t Wlfh i%aaﬁe gﬁg z%g rv’(i/l?s%{:onc %(i%txaiefn (;[( ﬁl}re s

predipitatefitieraganchs 4864 Tdgbeputitirenids alibronieatinicdinid a0 ¢, 442 i$nol kangdEM
cooled to 01C was added morpholine (13.6 g, 156 mmol) and TEA (28.7 g, 284 mmol). After stirring
for 2 h &Y ef??e solution was washed with aqueous NaHCO3, dried (MgS0O4), filtered and
concentﬁ&tgd in Vawdin et @ifarfi 128. 5od(180anrbo 1y afi66 oM A ESHr2Rd. In @vbpH) & stepiple T ®0C
solutlon EJS .00 g, 61.77 mmol) and 46 (12.54 g, 61.77 mmol) in DMF (160 mL) was added
sodium Fiyarlde 5%, 3.12 g, 123.5 mmop. This solution was slowly wa::lied to RT, stirred for 18 h

then pommd’iiﬁdlmldamyeedﬁtﬁ@hr@mf_)Ma(gxadﬂ@&ah@l-ﬂiﬁuesummgipmdnpltathyh)qﬂlﬁitehed

(M 1. 1";&"1 };3{1 engararge rleg fos 63‘;(%1%0 8&'}% ep% ?‘%x mp e 'Qf?or981§¥'5 (ESI)393.1
step 4 — A solution of 152a (73 mg, 0.093 mmol) in EtOH (40mL) and THF (10mL) and was
purged with nitrogen gas for five min then 10% Pd/C carbon (50 mg) was carefully added. The
resulting mixture was stirred under 1 atm of hydrogen gas (balloon) at RT for about 18 b. The
mixture was filtered through a 3 cm bed of SOLKA-FLOC and the filtrate was concentrated.

20 The crude producte was purified on a preparative Si0, TLC plate developed with 30%

MeQOH/DCM to afford 7 mg of II-81 as an off-white powder.



10 The Suzuki coupling of 68 and 28 was carried out as described in step 1 of example 8 to afford 72
which was converted to 11-24 by EDCI coupling of 2,3-dihydro-1H-isoindole using the protocol
described in step 2 of example 14. 11-26, 11-40 agg 11-41 were prepared analogously except
6,7-dihydro-5H-pyrrolo[3,4-b]pyridine  (CASRN 147739-88-6, 3-tert-butoxy-cyclobutylamine and
g Iso- pfﬁ@ms SYSIAPHARTIBE AR GRECHY S RIS KIS dWRIRER Ol oAy diesdddssingole-

N-(2- tertﬂB@tb?@hﬁdhyl?-Z -(2-methyl-341-methyl-545-(morpholine-4-earbony1)-pyridin-2-ylamino]-6-ox0-
1,6-dihydro-pyridin-3-341-phenyl)-acetamide (11-39) Me Me Me 80a: R'= CH2Ph 80b: R=0OH Il
39. 12" MEY B ZRCH {3892 %&9@3&9@%&%@ ¥522L8:00ceh A1 65hPR 1 GM-6L5xL ) was

added oxalyl chloride (64 12 mmol) and 4 drops DMF. After 40 min, the resulting mixture was
concentrated in vacué: ZTﬂ’é‘ Rfé.?éﬂwldg éi’é%bﬁ@beml’&ﬁ’é??e(&@% L) and (trimethylsilyBdiazomethane
solution (6.30 mL, 12.6 mmol, 2@®M in Et20) (as added. After stirring for 3 d the solutlon was 5
partitione EtOAC Jhic |y
and concen d in vacuo. Thi crigde prod§ ¥s purlfled by Si02 chromatography and eIuted with a
EtOAc/hex&he ftadient (50 to Q24
solution of 74p (115 mg, 0.479
heated to for 7 min in a miezowave sypfhesgizer.arhe resulting solution was partitioned between
EtOAc and HC1. The(jrga_—nTc':'FéVer _S W V&Zter and brine, dried (MgS04), filtered

and concentrated %@H‘o THERfude product Was purlfl d by Si02 chromatography eluting with 5%
EtOAc/hexanes to afford 0.072 g of 76: 'HNMR (300MHz, CDQG»&M82.36 (s, 3H), 3.73 (s, 2H), 5.14 (s,
2H), 7.00 J = 8 H 1H) 7.14 (d, J= 8 15 Hz, 1#)29.26-7.36 (m, 5H), and 7.49 ppm (d, Jr 8 Hz, 1H).
step3-Toas ?)Iutlo of 76200 mg, 0 626 mml\g bis- (E nacolato)diboron (191 mg, 0.752 mmol),
KOAC (1 241 88=rMBL) + J(4mL) Was olution of

[1,1' pis- -(diphenylphosphino)ferrocene]dichloropalladium(11) in DCM (15 mg, 0.018 mmol) and the
resuIt|n@‘hohtﬁ@mwmsﬂmhteﬂrapﬂed:bgr&auhncaupbsgrﬁm @h afdt3a fnd 5B 1Fing ?b%nltnﬁ@cgblutlon 20

was pargtioned ee E ca [

filtered étj‘ﬁ c%n%)(fn\{)r{a?e% In va‘llclz'ﬂul?;1 g#re cru prgjguct \%}1 %%rlfleﬁgﬁg%%@ﬁb%%%éi%hy elutlng
with 4%&M&é>mnemmamtmm9¢g@thsm@@a&l):m@ai(mmapf estappde-6A solution of 54b
(99 g, 3.3 Aol T8, B2 DS AONPUGUERILDS 23100, 29 402MIN 200 Na2CO3 (30

mg, 07 mm [)y'm ‘mL) an mL) was eate for 10 minin a microwave

synth esmepaﬂ'ddemeklgm@mxmm W&Eﬁpért&rtﬂﬁé@lﬁem@@ntﬂmﬂwmm ThehEseruityEr was
washed \%H? bH qﬁggsg\/lgSO@ filtered and concentrated in vacuo. The crude product was purified
by on a prepara plate developed with 5 % Me01-1/DCM) to afford 36 mg of 80a: MS (ESI)
553.2 (MIE-#5 End0lsdspesn bk sugpeedion o 80dy(88ca1Y 10 065 mdidh envaed s 1Hhdl8-(sfglp and EtOH

(a5 mL) w ir (g s “fgg r;rég &g for 2 h. The resulting mixture was filtered and concentrated
in vacuo t?g e .%igo’%lo ?eb ESH463.1 (M-E1-1)-.

1-47 can be prepared analogously except in step 1, 28 1s coupled with azetidin-3-yl-propan-2-ol
15 using HATU as described in example 21.

Example 23: 1,3-Dihydro-iseindole-2-carboxylic acid {2-methyl-3-[I-methyl-5-(3-methyl-
ureido)-6-0x0-1,6-dibydro-pyridin-3-yl]-phenyl}-amide (1I-17)

step 1

step 1 - Phosgene (0.270 mL, 0.513 mmol, 20% in toluene) was added to a solution of 14a
20 (0.100 g, 0.43 mmol) and TEA (0,150 mL, 1.08 mmol) in DCM (6 mlL.) cooled to 0-5°C. The



step 6 - To a solution of 80b (30 mg, 0.065 mmol), BOP (29 mg, 0.066 rnmol), and
2-tent-butoxy-ethylamine hydrochloride (10 mg, 0.065 mmol, CASRN 335598-67-9) in DMF (2 mL)
was -82- added TEA (33 mg, 0.33 mmol) The solugign was stirred at RT for 5 h and the resulting
mixture was partitioned between EtOAc and aqueous NaHCO3. The EtOAc layer was washed with
brine, dried Mg St flteradand conceyiraieddn yacugr iRe AEESRIBALG yashuriied op, Ah8)
preparative Si02 TLC plate developed with 5% MeOH/DCM) to afford 0.0092 g of 11-39: MS 5 (EST)
562 (M. atided3 Wesprepared Erarogatisipdscbet &eémteﬁoﬁt}m@}uemwmmedﬁq/&ﬁ&h|onde
was rep

G DIy o KB e e B matedc 4 poder, The resulting sold ws

dihydro-gnypritih {84/ pemi/s rileoankimitelinesy ik EroAcsetutess arazen({ Oty 4874 Hinhalfand THF
(15 L) yRsaslisd Moz 30 et R BaKu %0 M. seblianipbti.Ang Bimbxie was stimed

in a microwave and ted to 150C for 45 min. The solvent was evaporated to afford 1.0 g of 82b
which woszukeepipting aéxtistend 34 stspaal sslutioizaisdl 10osorel &8 Tihemhsl)skidl a (0.280g,
1.20 m”éQQn?glg EMELL QY Ly yvas stirred at RT. DIPEA (0.63 mL, 3.61 mmol) and HATU (0.50 g,1.32
mmol) were added sequentially and the resulting mixture was stirred at RT overnight. The mixture was
partitionBclHetineprep4po! 4nalezondy Theeriiiadtrs layer-Hasdsepatateddnly furthepBradeed with
EtOAC (59, 37)2 They bl@?%@ﬁ%@éc(émﬁ"?’%g t-hflqe washed with H20 (50 mL each), dried 20
(Mg304), filtered and concentrated. The crude product was purified by Si02 chromatography eluting
with a EtOAc/hexanes %aadlent 0-50% EtOAC %ﬁto afford 0.140 g of 84. The Szuki couplln of 84 and 62

wad CarksannieddicdPregiy oA ﬁe@'ﬁ@f%@’ﬁ&%‘r‘é‘ﬁﬁ?@&%ﬂ’éﬂ We&pt in step

1, dimethylamine Wa%rl@ﬂiﬂﬁﬁ]dl\l\(ﬁ@tﬁ!;ﬂﬁfﬂdﬁ%el,5%%@@&99%6%@%@%@%&&?91 84 is
replaced with 4-tert-butyl-N42- met% 3-25

(4,4,5,5-tetramethy 1428863 an-2-y 1)-phenylkbenzamide and 62 is replaced with 145-
bromo-2-oxwt],2-dihydro-pyridin-3-y0-3-methyl-urea. -83- Example 21: 0

N-(2-Hydrgkymethyls3-11-methyl- QX 45)pipgrazige-1-earbon No
pyridin-2{ylanflinol-d6-ailydro-pyrpin- -yII- heRyl)- 4-(2—2—3-trllluo -1,1- dirf etan ethyl) benzamide
(11-81) p2 swre 3 SmiopT - sofssM of 14812 1&g T2 Mo aNd TEA (3 42 mL, 2 eq)

warmed from 0C to RT over one h. The BfCM was removed under reducedfjpre
residue partitioned between EtOAc (200 mL) and water (50 mL) The organit~p#asg-w
sequentially with water (2 x 50 mL), saturated NaHCO3 (3 x S6°mML) and brine (1 XISO mL) The 10

organic layer was dried (MgSO4), filtered, and cong engbated afféfd G of 1@;;)500%

colorless oil. step 2 - Condensatlon of 14% 46 can be ca oph@ag deseriped | 1 of example
18 to afford 150. step 3 - Palladium- catalyzed coupling of 120 (Ar =

4-(2.2,2; ttrlfluiororo g:) s%ﬂ%ﬁ%ngtthﬁl)SPameinX%motmatc (0.234 g, 1.53 mmol) and DMF (4 mL) cooled

15 1o 0°C was added NaH (61.2 mg, 60% mineral o1l dispersion) and the solution warmed to RT
and stirred for 0.5 h. The resulting solstion was re-cooled to 0°C and a solution of A-1b (0.137
g, 0.76 mmol) and DMF (1 mL) was added and the resulting solution stirred for 4 h at RT. The
solution was diluted with EtOAc and brine which resuited in the formation of an insoluble solid
which was filtered and dried to afford 0.140 g of 96.

20  step 2 — To a suspension of 96 (0.140 g, 0.47 mmol) and 56 (0.1809 g, 0.47 mmol)in a
microwave tube containing DME (5 mL) was added a solution of Na,CO; in water (2 mL). The
tube was flushed with N; and Pd(0)PPha)s (0.050, 0.047 mmo!) was added and the tube scaled
and heated to 175°C for 45 min m a microwave. The resulting mixture was cooled to RT and
partition between EtOAc and brine. The ester hydrolyzed during the coupling procedure and the

25 aqueous brine solution was acidified with 2N HCL, extracted with EtOAc. The aqueous solution
was extracted with EtOAc and the combined extracts were dried (Na,SQy), filtered and
evaporated to afford 0.060 g of 98.



15 and 150 can be carried out as described in step 5 of example 25 to afford 152a. step 4 - A solution
of 152a (73 mg, 0.093 mmol) in EtOH (40mL) and THE (10mL) and was purged with nitrogen gas for
five min then 10% Pd/C carbon (50 mg) was caref_tgl@{ added. The resulting mixture was stirred under 1
atm of hydrogen gas (balloon) at RT for about 18 h. The mixture was filtered through a 3 cm bed of
SOLKA-ELOC and. the filir n ' ifj rative
5102 TLE Bk Fet N D EAT D ey AP T 4 e e o
11-82 isyepdiedti‘ahpdogousipaibopt( 0928 & forinyinteld avidildite @dlitaenbbiamelicafest iz mixed
anhydri? X : - ) : s .
e B e ire o B i e splaiop yes it betvsen FiQAC and g,
methyl-TleaR11429)tese vie &ieONai8p 2, stbprad andgvapgrad=CHelditsdegmadact witspWIERHCONH-
5 The tit IS prenay, ' pli f [ng+the protocol
des%?ibég %%gtlgg%ggfe (?X%?Z ?ae%jé %g) g%ﬁ\éﬁg;;, ig%er%?ared s%gg%zl?f%% g%%ﬁ-{{r]\%g%%téd coupling of 28
and 3-tert-butoxy-azetidine using the protocol described in step of example 6. 11-30
(3-iso-plopunrplazétidiDimsth Yrming B-thchrsiez methyhido {1 roridirlon B-(reesptoibreriaratb-
analogously except 'rbﬁ&ﬁp;%ﬁaﬁﬁt@%}ﬁmw%qwaaﬁ%ﬁﬁﬁgi&mmg_%czanQﬁmmmﬁue
parenthesis. 11-45 and 11-46 can be prepared analogously except in step |, 28 is coupled with
2H-isoindole and 5-fléBrd2AH-isoindole respectively. 11-47 can be prepared analogously except in
step 1, 28 is coupled with azet.din-3-yl-propan-2-ol 15wsing HATU as described in example 21.
Example 23: 1,3Rlihydro-isoindole-2-ca %ﬁﬁi’el\é%id*g yl-3¢ R hBIE - (3-methyl-
ureido)-6-oxo-JgR;dilydrawgyridin-geyll-pRenyizami -1h_ -84 remgtion mixture was stirred for 10
min, then 2,3-dihydjro-1H-i : ; i @ The.grown mixture was stirred
at 0-5C for 10 nun.&Fthe saktidn was-e# Ts& gel asdite mixture was
concentratedTo a(poy\ﬁjg The resulting solid was applied to the,tgp of a Si02 column eluting with a
EtOAc/hexalﬁgjf@?@p@ﬁ ) 10:40Q%0 Et0A¥2to 5 afford 0.150 g (92%) of 94 as a dark brown solid that
was used without further purification. Suzuki coupling of 14a and 94 was carried out utilizing the
protocol deggribed in step 1 of example 6 to afford 11-17. 11-14 was prepared analogously except in
step 1, 2,3tk 0-1HA56tE =yt PEffaced by 5- fluoro-2,3-dihydro-1H-isoindole (CASRN
57584-7M¢ 0 gxa Ie§4: 4D ethylaminq;N-(%@[5-(4-hydroxy-piperidine-1-earbony|)-pyridin-2-
ylamino]M¢mefy1-§-o Fdihydro-pyridazips3-y1}-2-methyl-phenyl)- benzamide (1-28)

196

10 step 1 - To a solution of above 1002 (1.1 g, 4,74 mmol, CASRN 861106-91-4) in DCM (10 mL))
were added sequentially ‘BuMe,SiCl (0.86 g, 5.69 mmol) and TEA (0.8 mL, 5.69 mmol). The
resulting mixture was stirred at RT until the reaction was complete. The reaction mixture was
partitioned between EtOAc (150 mL} and water (100 mL). The organic layer was dried (MgSQy),
filtered and concentrated. The residue was then purified by Si0, chromatography cluting with

15  an EtQAc/hexane gradient (0 to 50% EtOAc) to afford 1.5 g of 16¢b.
step 2 - A mixture of the 102b (1.5 g, 6.46 mmol), iron powder (1.08 g, 19.4 mmol) and
ammonium chloride (1.73 g, 32.3 mmol) in EtOH (25 mL) and water (25 mL) was heated at
70°C for 2 h. The mixture was filtered and extracted with EtOAc (100 mL.). The organic layer
was dried (MgSQOy), filtered and concentrated to afford 0.87 gof 162.

20 step 3 - A mixture of the 102 (0.87 g, 2.76 mmol), PACI2(dppf) (10 mg, 0.012 mmol), pinacol
diborane (0.84 g, 3.31 mmol), KOAc (0.974 g, 9.94 mmol) in DMSO (4 mL) was heated at 70°C
overnight. The mixture was then partitioned between EtOAc (100 mL) and water (100 mL). The
organic fayer was dried (MgSQy,), filtered and concentrated. The residue was purified by SiO,



step 1 - To a solution methyl 6-amino-nicotinate (0.234 g, 1.53 mmol) and DMF (4 mL) cooled 15 to 0C
was added NaH (61.2 mg, 60% mineral oil dispersion) and the solution warmed to RT and stirred for
0.5 h. The resulting solution was re-cooled to OC agsl a solution of A-lb (0.137 g, 0.76 mmol) and DMF
(1 mL) was added and the resulting solution stirred for 4 h at RT. The solution was diluted with EtOAc
and bf‘%@&&gﬁ?@%&@%&rmﬁﬂw&&ﬁ&m M%&P(quwwé%%tﬁf%@’f&ﬂ%%@%T@faﬁord _
0.140 g of 96. 20 step 2- To a suspension of 96 (0.140 g, 0.47 mmol) and 56 (0.1809 g, 0.47 mmol) in
a microMe tube containing DME (5 mL) was added a solution of Na2CO3 in water (2 mL). The tube

‘was ﬂus%%@ f M%r@,aq_rggf%ﬁ’fmggg%%@my mmehwasadded anddhe tubs serjadand

heated C for 45 min in a microwave. The resulting mixture was cooled to RT and gartition

betweerf4Stome Gt orme) ThOENE hydbj2s dHirdrgIRe s8 Udind 1 sde fiité2amaahe I3uqueous
bring sojuian s AR With-ANGLexastan WINAOE STOPabBaNRARhIER RS extracted

he combined extracts were dried (Na2S04), filtered and evaporated to afford 0.060 g

of 98. -BQ4wperarozardismiiidhiaf 8% Biode hooiBormhed ma@BdP (0.053 g, 0 12 mmo0 in DMF (3
inL) wagadded dpvdrxye RIRRIAIGE é%@%ﬁ#ﬂ%@%@j) a0%! (V4 §0 O 3660m3§, PUnel) Bndife

resulting solution was stirred at RT for 8 h. The solution was partition between EtOAc and brine. The

EtOAc phids8-fliramed. a2 59 it s ahd B aparhiuDIHe Cradelprauligrisas builedSon a

preparafjys, Si02 Pigte SRvelonead avith 2% MeOrDCMand:aluted atRrdsrd: ExARBleRRAC
4-Dimethylamino-N-(2-hydroxymethy1-341-methyl-545-(morpholine-4-earbonyll-pyridin-2-31aminol-6-0
o 106 cHYRTDLp AR RER) e TG [LEsqupe e dipAd WEPBEVSIFHERH,C Mo/ NO2BY

BrNH, stop2sieRed SieP Ldid0RaRourtidPOR: R frdBOMB, PTBRIGHN RY &SI R AERUBN--.. 11-49
cOstep 50 106 10 step 1 - To a solution of above 100a 1.1§, 4,74 mmal, CASRN 861106-91-4) in

DCM (1AM daadarsdyban g BdRievshir @phie §15: 68 3ol and TEA (0.8 mL, 5.69 mmo1).

The resyiting mbuis s SUHAIRLRT, Witibtheraastinn Was- comalisRakhe FeaLian e gswas
partitioned between EtOAc (150 mL) and water (100 mL) The organic layer was dried (MgSO4), filtered
and conteratbw e teligue- e thencHumidansy Bigpitembis driphy ranrghatnm 4-(1-

15  fluoro-1-methyl-ethyl)-benzoic acid (CASRN 477219-30-0) by standard methodology.

II-53 18 preparéd analogously, except in step 4, p-N,N-dimethylamino-benzoyl chloride 13
replaced with 4-(1-fluoro-cyclopropyl)-benzoyl chloride. The latter is prepared from 4-(1-
fluoro-cyclopropyl)-benzoic acid (CASRN 946118-80-5) by standard methodology.

11-74 is prepared analogously, except in step 4, p-N,N-dimethylamino-benzoyl chloride is

20  replaced with 4-irichloromethyl-benzoy! chloride.

II-75 is prepared analogously, except in step 4, p-N,N-dimethylamino-benzoyl chloride is
replaced with 4-(1-chloro-cyclopropyl)-benzoyl chloride.

11-55 is prepared analogously, except in step 4, p-N,N-dimethylamino-benzoyl chloride is
replaced with 4-trifluoromethyl-benzoyl chioride (CASRN 329-15-7).

25 1I-58 is prepared analogously, except in step 4, p-N,N-dimethylamino-benzoyl chloride is
replaced with 4-rert-butyl-benzoyl chloride (CASRN 329-15-7).

11-64 is prepared analogously except in step 4, p—N,N»-dimethylarhino~benz0y1 chloride is
replaced with is replaced with 4-(1-fluoro-cyclopropyl)-benzoyi chloride and in step 5, 54b is
replaced with 5-bromo-1-methyl-3-(pyridin-2-ylamino)- 1H-pyridin-2-one.

30 I¥-59 can be prepared analogously except in step 5, 54b is replaced with 5-bromo-1-methyl-3-
(pyridin-2-ylamino)- 1 H-pyridin-2-one which is prepared as described in step 1 of example 13
wherein methyl 6-amino-nicotinate is replaced by 2-amino-pyridine.

I1-62 is prepared analogously, except in step 4, p-N,N-dimethylamino-benzoyl chloride is
replaced with 4-cyclopropyl-benzoyl chioride (CASRN 76274-96-77).



15 an EtOAc/hexane gradient (0 to 50% EtOAc) to afford 1.5 g of 100b. step 2- A mixture of the 102b
(1.5 g, 6.46 mmol), iron powder (1.08 g, 19.4 mmol) and ammonium chloride (1.73 g, 32 3 mmol) in
- EtOH (25 mL) and water (25 mL).was heated at 70§k for 2 h. The mixture was filtered and extracted
~ with EtOAc (100 rnL) The organic layer was dried (MgSO4), filtered and concentrated to afford 0.87 g

of 102. P¢HeP 3 é%geiaﬁsmggemng é@%pﬂ%tgp 2, 7600ahn RAALR(EPRR A0 Me1i8d 2 mmol),
pinacol diborane (0.84 g, 3.31 mmoal), KOAc (0.974 g, 9 94 rrunol) in DMSO (4 mL) was heated at 70C

overnightPirRee i AR REZpE (BATEF between EtOAC (100 rnL) and water (100 mL). The organic

'ayer'WQ?—@@%%(Mﬁ&@ﬁhéﬁﬂ@fﬁ%@@Qc@ﬁﬂﬁ?ﬂ@ﬁ@%—ﬁh@-@ﬁi&%l%ﬁ%&ﬁ@@y@ﬂﬁi@@e-,@7- |
chromatography eluting with an EtOAc/hexane gradient (Q to 30%, EtOAc) tq afford 0,090 g o{ 104. step
4+ To aTARASHb O 64 GOoMGF D LAY AP KN BAEI s S5 1 YRR A6 g, 0,248

mmgl) in, BEM(3 Tiinwasmsddedyrrwise TEEREGS 0602-37Mmipetddedniegdiiselution was
stirred at RT for 0.5 h and Purified by Si02.chromatog%r{apr\;%é(niluting a EtQAc/hexane gradient (0 to 50%
Et0AC) M-8 drdTE0erAGHBR 1286 SYe FSSPA IINHERE BrRABGEMDBYFEEG B2 BECHANIS, 8 4b (77 mg,

0.196 m@malh R Rh 8B4 @imgidd.009 mmol), and Na2CO3 (62 mg, 0.588 mmol) in DME (1.5 inL)
and water (1.5 mL) was heated at 170C for 0.5 h in a microwave, The resulting mixture was partitioned

betweeAIERS ACPIEPHThARAG ZHK W SPoPE 0B TiD) TR DrARE SRR BREFPaHEY NG SD4), filtered

and conegniratedi ke residueyagprsiiiegigirdprensiativg 1Sk Coplataidevelspadanitkn8%
MeOH/DCM to afford 0.035 g of 11-49 as white solid: MS: 583 (W-1)-. 11-52 can be prepared
anéfbgoﬂs@-except in step 4, p-N,N-dimethylamino-benzoyl chloride is replaced with

4-(1-flugiosbmsthyethd:hesnmaw chlesisan The latteNspiapanedainam 4ddzdf chioride is
fluoro-lI-methyl-ethyl)-benzoic acid (CASRN 477219-3(()96-30% by standard methodology. 11-53 is prepared
analogdgakroes et fethpya:hsmont dRstfgiEninED §§% Shidtide is replaced with

4-%—%2@%%%%4611 g%%bg)@g@yﬂyh&ﬁ(j%ﬁ. % @ﬁjﬁﬁqf.ﬁ,mi@ga@ﬂyim&@cﬁh@?ﬁ%ﬁﬁﬁi&pmDY1)-'benzoic
aci 118-80- standard methodology. . 11-74 is pr ously, except in step
4, p-N,N?@i’ﬁ?@ﬂqW&%‘#ﬁ@Wﬁ%ﬁ%ﬁ%ﬁB@t é&?%@ﬁ@&*wﬂefqmﬁ%?ﬁ%éﬂiow chloride. 11-75
is (Q@F-'r’]?l’ﬁﬂsaﬂafl%iﬁk@d)/axﬁl) d l%%ﬁilsiﬁﬁetﬁ%ﬁb R-Nel-dipsthylamm ; Biﬁ;;hﬁ*ﬁ&@%b@iﬁ@@idaﬂsxﬁeal'@ced with
4-(1-chloro-cyclopropyl)-benzoyl chloride. 11-55is prepared analogously, except in step 4, .
p-N,N-cliRRESapHith .@gﬁ%moeﬂ%wdbe&wéw&%a%fﬁ%mmﬁaﬁ)%gé%ﬁﬁsxﬁ%wggﬂ %%fiwdpkﬂz’&sm
329-15-4)r25t Bt 5B HreparedRpaiege usitepXcepdtamsiep 24, p-N,N-dimethylamino-benzoyl chloride

is replaced with 4-tert-butyl-benzoyl chloride (CAS RN 329-15-7), 11-64 is prepated analogously
except iINSI8E A ERR - A e AYE N G BE A Sl Bfﬁiiég}%‘ﬁ@g}e%ﬂﬁg%ﬁa%ﬁ r{%rlgtﬁs
4-(1-fluakgrigysioRiopy ez ayl-ebioidea D RRpSE, DUy isaeplacethwnitupling of the

ex bt B S A LR S BLA BEs RSN ARy 2. one wich
is prepajed s gegsuibedinisiopsly of expripleidBvpergindiatty Grantnteniogtinaieriseraplaced by
chloner L P )BT GRS o (LR A U TP g s f
prepareg:ARAOHOUslY 164@aMk ihsien dutpNIN-NMthy tavribeddnzayl chibedarisieeyilaced with
(T CHERC R T F R T S———
The fatteCisIREPRERAU IO wdr can be carried out as described in step 1 of example 13 to afford 5-

bromo-3-(6-cthoxy-pyridin-2-ylamino)-1-methyl- 1 H-pyridin-2-one (165). Condensation of 105

with 120 (Ar is 4-cyclopropyl-phenyl) is carried out as described in step 5 of the present example.

I1-91 is prepared by palladium-catalyzed coupling of 50 and 6-amino-2-ethyl-2H-pyridazin-3-

one {CASRN 50500—52-2) which can be carried out as described in step 1 of example 13 to

30  afford 6-(5-bromo-1-methyl-2-ox0-1,2-dihydro-pyridin-3-ylamino)-2-ethyl-2H-pyridazin-3-one

(107). Condensation of 107 with 120 (Ar is 4-cyclopropyl-phenyl) is carried out as described in

step 5 of the present example.

11-93 is prepared by coupling of 42b and 2-benzyl-6-chloro-2H-pyridazin-3-one which can be

carried out as described in step 1 of example 10 to afford 2-benzyl-6~(5-chloro-1-methyl-2-oxo-



5 methoxy-1-methyl-ethyl)-benzoic acid (CASRN 50604-11-0) by standard methodology. 11-67 is
prepared analogously, except in step 4, p-N,N-dimethylamino-benzoyl chloride is replaced with
benzoyl chloride. 11-68 is prepared analogously, ggcept in step 4, p-N,N-dimethylamino-benzoyl
chloride is replaced with 4-0,2,2,2-tetrafluoro-1-trifluoromethyl-ethyp-benzoyl chloride (CASRN 62480-
1031-3); 21468 RIRPRARSANAQEONSH. SHEERLNEISR {11@;\‘1@0%8@%&%@%@9%@91&%@%6 is
replaced with 4-ethrlyl-benzoyl chloride (CASRN_62480-31-3). 11-96 is prepared analogously, except
in step 4-gNoRteRTepiymmifcBeRs ot @Ideisiisdap scad Wi NG sRocEBIRYI-methyl)-benzoyl
chlorideyfGASRM 1394882 1dulf Lo s RIeparadanalgaausivy exeentinwifRdindole-2-

p-N,N-dimethylamino-benzoyl chloride is replaced with 4-pentafluorothio-benzoic acid and the coupling

of the careRdcasHlic 1baiiswhidnsshy wiknyloryaeidyertdet Sr P PEhEkbmpId B 1-76 is

prepareg analogousiynexaeRkinisteRich B B-gisaiylaaing heazeylehignidelds iopiagrds il
trim%?hy?giIyI-benC;ﬁo?c}saggqFCASRN 1529(?—29-6%‘%% the coupling of ﬁ1e 20 clgﬁgoxgi%: acid to 104 is

carried SurdindunTH-issindeleraseerting&p hoPEaMpR2 1D 18758458 5atdd analogously, except in
step 4, p-N,N-dimethylamino-benzoyl chloride is replaced with 4-piperidin-1-yl-benzoic acid (CASRN
22090-Z4: el 1be onuplingdebifemearPray]ic-aeithio-104-(snoapindinetivaiiiid AT @ iitsdibed in
step 1 of example 21. 11-90 is prepared by palladium-catalyzed coupling.of 50 apd
2-amino-6-ethoxy-pyridfaingl %ﬁaﬁdﬁéﬁg%}‘m%‘ﬂéﬁ%@ %ﬁﬁﬁggjt{iﬂé@gﬁﬁ%&in step 1 of
example 13 to afford ndtramaisAehethaxydeyfitlift2-ylamino)-1-methy1-1H-pyridin-2-one (105).
Condensation of 105 with 120 %er is 4-cyclopropyl-phenyl) is carrieﬂeout as described in step 5 of the
present gxample. 11-91 isipvepired by pallackbifrrga€dlyzed coupling ®f50 and
6-amino-2-pthy1-2H-pyridazin-3- one (CASRN 50300-52-2) which capie carried out as described in

&

-LimeMyT=-2"Bxo0- £ 2 ¢! v ridazin-3-one (107).
Condensatjon of 167 with 120 (Br is 4-cyclopropylihenyl) is carried oa described in step 5 of the
present ex&fMpfe. 11-93 is prepatelfby coupling of 42b and 2-benzy1-6-chloro-2H-pyridazin-3-one
which can B carried out as dedéfibed in step 1 of'&ample &gyto }:gﬁ’_RfMe
2-b&hzy1-6-(5-chloro-1-methy1-2-oxo- -89- 1,2-dihydro-pyridin-3-y amlnbsi-ilg?t-pyridazin-:a-one (209).

Condengation_of oL QunitihA 29 144 is 4-cyclaprapyliphEmyl)liscalriedQukidsdiesasiett in step 5 of the
present example. 11-102 is prepared analggously except in step 5 1080i8 ggglg%ce) utvi\gg]of

1,3-dihyBHSREANER I RIS fie SlcRymo [). The mixture was cooled fo
[2-(tert-Qurdimnatvosiiamyimsymetayind-64.4, abndetravn et v 2 ddiedasidwly. The reaction

borolan-2-y1)-phenyllamide which can be prepared trgating 104 sequentially wi osgene and
2,3-dihya?aﬁm-fﬁmn%ﬁ@%ﬁcﬁb%%@%wﬁfBE Auke IPSEE Tilf&‘%%ﬁﬁ&@z?f%%%ﬁa%‘é?
N-(2511ygrsnanetiylsiad -mrethyb-babHmepholinedcsarbonydimidiand-concentrated in vacuo.
ylaminol-6-oxo-1,6-dihydro-pyridin-3-yll-pheny1)-4-(2,2 2-trifluoro-1- methyl-ethyl)-benzamide (11-51)
g TR s S SE R A SR S b
solution pfed 1 (A 8) RRadrspdnol (RITHB(ER02mL) was added trimethyltrifluoromethyl-silane (9.5 g, 67
mmol). The mixture was cooled to QC and a saluti trabutyl onium fluoride (67.ml, 66.7
mmol. 18ERErHE) %v%’éué‘&&é’g g}é\)/\(rﬂ/g’ P&t %tiﬁg%géggﬁéag%éu tkg%é gﬁéjegt Vég}fgr 16 h. The
mixture ygas diliegwyihmEORcEnd bgvasheaatjth boned Phoaiganiedayey. Was drietdiNa2SO4),
filtered and concentrated in vacuo. The residue was. purified by Sioz%&wr(im gglrggdeh{{.lpg with a
Et0At/hE&ERsGradiet ?Tﬁ%ht&’ %%%nﬁlf&c 5??8?5%1@“@?%}‘3%% © f&a)@g sdflition of 112 (1
g, 4 an]jE”t@j@baT{tx)lEslﬁédmhﬂ(pmﬁd)dﬁegQMas@ggﬁﬁ@ymdm&?mﬂdw?adxsaeegjzx(elv‘aag, 12
rnmol) followed by DMAP (20 mg). The mixture was 20 warmed to 50 r ith stircing .T
reactionHH&@S#JW&%%@)%Wt?%fa@m@%i%@%&éw&&%%ﬁ%ar rlfi’en,(%cgr%igé0 V(yﬂ g@é&%ﬁ%ﬁeﬁ%d and
concentegfgelin ¥acum Ahe ¢esidiie was purified by Si02 chromatography eluting with a EtOAc/hexane
gradient (10% to 30% EtOACc) to aff 4 g.(43.4%) of -As i f114 (0.150 g,
065 mmé oA W}%‘B}&g&?&i}?& %28 glf’ng %]é éﬁr@ﬁ ﬁ%‘]@e%rﬁzfgﬁp @@@t%s\%seric
pressuresfiiensdrine, Ropvasitilieredmntihae sslrentiémevediniasue fikatdrehd G0:mgv66%) of
116a. step 4 - To a solution of. 1 100 mg, 0.4 ol) and MeOH (4 mL) was added a solution of
LIOH m3RBRYaFat2 (684 ma%f?égw%)@%éiyﬁé%'mL). The mixture was stirred at RT for 16 h.
The reaglignamixtyre yasicovEenFaedimemous TreoiesidlisteGl (asblyedinddater (8lution of

LiOH monohydrate (65.1 mg, 1.55 mmol) and water (1 mL). The mixture was stirred at RT for

16 h. The reaction mixture was concentrated in vacuo. The residue was dissolved in water (3



-90- mL), acidified to a pH of about 2 with 3N HCI and extracted with EtOAc. The organic layer was
dried (Na2S04), filtered and concentrated in vacuo to afford 93 mg (99%) of 116b. 11-51 can be
prepared analogously to the procedure described iggxample 25, except in step 4,
pN,N-dimethylamino-benzoyl chloride is replaced with 116b and the coupling of the 116 to 104 is 5

carried Sljttgi)wggdi%é Lgoaé%?ﬁ?ﬁgﬁﬁ @&%ﬁ%iﬂ%@%@fﬂ%%&%t@%ﬁ?%@%&. The organic layer was

4-tert-Butyl-N-{315-(3-ethyl-ureido)-1-methyl-6-o0xo-1,6-dihydro-pyridin-3-

y1]-2-hy@tﬂgdm@t&9hbrﬂr¢wdmﬁma@t@§d%)@6m o dined/is merfiiéope ! @.1@(:11_,0-TBDMS 120:
Ar ﬂ*%‘?&%&a&)ﬁ@gnyée%%%%ﬁssw&& bz prepasedrom 48 by theprocedureningien 2 of

example 16 except 0 amine Was replfaced by ethyl amine. The palladium-coupling of 120 and
118 was\ehirdédetiutlamaeseetizedlinbiveid Ginfeplasap e by 1 16bemds s soaniing og dushi 6 ke dBitise
Suzyki cupling,is Gairgd PULWIRIA0L 5dx(1-Sroragyslopropyl)-phenyl). 11-54 can be prepared
analogously except 118 is replaced with 1-(5-bromo-2-o0xo-1,2-dihydro- 15

pyridirt-3-y1)-3-((S -2-hydroxy-prop3@-urea which can be prepared from 46 and (5)-1-amino-
propan-ERBpe prckat Rt ive P g8 ‘b‘feé%}?%f@efbyé‘féd‘iﬁ%'Bﬁ'iuﬁﬁ’gcgﬂﬁ?ﬁqu‘édrried out
with 120 (Ar = 4-cyclo§; Oﬁﬁlyﬁh@%eﬂflyl_—gﬂe\ﬂﬁWﬁfh@l@ﬂmusw except 120 is replaced by
N42-(tert-butyl-dirnethyl-silanyloxymethyl)-3-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-pheny1]-4-c
yclopropyl-benzamide 2011%12 Ar = 4-cyclopropyl-phenyl). 11-61 was prepared analogously except
120 is replaced by NMe i
N42-(tertbutyl- |meth;/g;ila ymEMY Rz 4.5, 5-teratiethyl-[1,3,2]dioxaborolan-2-y1)-pheny11-4-
dimethylamino-benzamide (12D, Ar =Me|; amino-phenyl). 11-77 was prepared analogously
except 120 is replaced by N-[zB-’(tert-butwygi thyl-silanyl- 25 oxyrnethyl)-3-(4,4,5,5-tetramethy141,
3,21c|ioxaborolan-2-y1)-p?1]éinyl] 4 cyclopr’yl-benzamide (120, Ar = cyclopropyl-phenyl). 11-78, 11-79,
11-80, 11-83, 11-84, 1-85 and 11-86 wee-geied-aRABHously except the requisite ureas were
prepared bysubstitdingbdtpywiain2-yl-e@ylginine (CASRN 2706-56-1), 2-pyridin-3-yl-ethylamine
(CASRN 20173-24-4), N1,NI-dimethyl- -G¥f- préjglifeat, 3-diamine (CASRN 109-55-7),

3-morph%i‘n-4- |- lamine SR 23-00%%Cd-2(1tetrah dro-fin-an-2-yl)-methylamine (CASRN
470550 35 HFe) L P R A L S T S e B gl ey for
melifylamnime:in thecptocelbyetiebented illsteplRkdiexampbrgt (5 Bkandpld &8s carried out as
N-(345-€-Di thylamjnomethyl-pyridin-2-ylamino)-1-methyl-6-oxo-1,6-dihydro-pyridin-3-yl]-2-hydroxym
ey OGRS benzamids (1-70)

11-65 is made analogously except the Suzuki coupling is carried out with 12¢ (Ar = 4-(1-fluoro-

cyclopropyl)-phenyl).

11-54 can be prepared analogously except 118 is replaced with 1-(5-bromo-2-oxo-1,2-dihydro-

15 pyridin-3-yD)-3~((8)-2-hydroxy-propyl)-urea which can be prepared from 46 and (S)-1-ammo-
propan-2-0l by the procedure described in step 2 of example 16 and the Suzuki coupling 18
carried out with 120 (Ar = 4-cyclopropyl-phenyl).

11-87 was prepared analogously except 120 is replaced by N-[2-(zert-butyl-dimethyl-silanyl-
oxymethyl)-3-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl}-4-cyclopropyi-benzamide

20 (120, Ar = 4-cyclopropyl-phenyl).

11-61 was prepared analogously except 120 is replaced by N-[2-(zert-butyl-dimethyl-silanyloxy-
methyl)-3-(4,4,5,5-tetramethyl-{1,3,2]dioxaborolan-2-yl)-phenyl]-4-dimethylamino-benzamide
(120, Ar = 4-dimethylamino-phenyl).

11-77 was prepared analogously except 120 is replaced by N-[2-(7ert-butyl-dimethyl-sitanyl-

25  oxymethyl)-3-(4,4,5,5-tetramethyl-{1, 3,2]dioxaborolan-2-yl)-phenyl]-4-cyclopropyl-benzamide
(120, Ar = cyclopropyl-phenyl). II-78, II-79, 11-80, 11-83, II-84, 1-85 and I1-86 were prepared
analogously except the requisite ureas were prepared by substituting 2-pyridin-2-yl-ethylamine
(CASRN 2706-56-1), 2-pyridin-3-yl-ethylamine (CASRN 20173-24-4), N' N'-dimethyl-



11,step 3H 1 N e step 2 OH NNMe ----so0. -.-. CORNEt2BrNEt2Br r- 122a: R -OH124126 Le 122b: R =
NEt2 step 1 Step 1 was carried out by converting 122a to the corresponding acid chloride which was
10 subsequently contacted with diethyl amine to affgrd 122b. Treating
3-amino-5-bromo-1-methyl1H-pyridin-2-one with sodium hydride in DMF as described in step 1 of

example 4 0 BB I AZ2 A OHEE I BAS SOd 110 Dy dparane THE

The pa m-coupling of 126 and 120 (Ar = 1-fluoro-cyclopt enyl) was carried out as described
in step Feftexetivpie 2523 -Fhamply Pongsd OHBRINATL 3R drodbe prrotarintErcash dopfRatid
(2-hydr thy 43 kLI 1-545-(mo j -Gar ” idin-2- inoJ-
dihydro?g%%?(ﬁrtgg?%ﬁ]ér%%%{nﬁégﬁ I-71§@ps egf{\lr Eﬁ OBF?%%‘G %%@éﬁ&%%ﬁ%%é% Séirl(-)bf % 21.7
mmol) andiPEoZFEtaBrds 38.5 mmol) in 20 DMF (15 mL) was added dropwise
3-bromo-2-methylpropene (2.93 g, 21.7 mrnol) and the resulting suspension was maintained at RT
with yiggrous Silrieg @Mgrﬁglas-ﬁﬁaﬁpimrﬁo\fmlgii%%mistIszﬁ?{exﬁﬁ%qm@%@mmLai-filtered,
and concentrated in vacuo to a clear oil. The residue was purified with Si02 chromatograﬁhy eluting
with a EtOAc/hexane BYAIRRY AR Sor bR e ameeihs i aavlsf-41 B arelearanr)--02- step 2 -
Solid AIBN (150 mg) pas 266e€ 90§ portion to a solution of 130 (2.32 g, 8.14 mmol) and tributyltin
hydride (2.84 g, 9.76 mmol) in degassed benzene (75 mL), and the solution was heated at I00C under
a N2 atmosphe Ifor 32 h. The benzene was rgmoved in vacua, and thagesi ue was dissolved in Et20

(100 mL). Aq § KF (10% wiv, ¥ ed and the 5 h e WiktiRawas vigorously
stirred for 3.5 §§. The I%%er 'V\’/Qfe sdpardted §ndAhe or&gn Tayerhwaswaskedsequentially with
saturated NaHCP3 (2 r% ) andprine (25 nth)} dried ( 4), §ltered and cohcentrated to a yellow oil.

The residue wa$BBrified with Si@®ehromatogfiphy eluting witd¥BtEtOAc/hcxdfie gradient (O to 8%
EtOAC) tﬂ)&@%.ﬁ%@ﬂ%%) of 132a a¥4 clear oil. 10 step 3 - Aqueou$?fiOH (1 N, 21 rnL) was
added to T ®oittBR 5FF32a (1.45 g, 7.03 mmol) in MeOH (42 mL), and the solution was maintained at
RT for 4 Fhe reaction pH was adjusted to 2.0 by the addition of 2 N HC1, and this suspension was
extractedith F10AG-EEooR BYlebihesmbine d erg il s iMEsta dimithdering dR /ML), dried

(Mg504), filtered and concentrated in vacua to afford 1.34 g (99%) of 132b as a white amorphous solid

whith watbspspenilitiontactedinrbrbentanone trrdfard Jardtion srHne AraigneA-S5med oeghalogy

to the progedigs describad R exAMpleZR ISRAt iR SRpHRNLNcdimeiwiaminofenzoy! chloride is
replaced with 132b and the coupling to 104 was accomplished with HATU as described in step 1 of

examp|@®§cﬁmﬁm@i®@g4@@ﬁ@m@m&ﬁy@yéme_md-@Mg@me@nyﬂﬁiﬁ-r'ﬁmhylms-
20(morpholing:4-CARARY IMYAdR Y RIAINCHBHX s L Sc i BY S Orpid It v bz Rg Y l¥Rg nmmide

(11-72)
described in step 5 of example 25.

15 Example 29: 3,3-Dimethyl-2,3-dihydro-benzofuran-6-carboxylic acid (2-hydroxymethyl-3-
{1-methyl-5-[5-(morpholine-4-carbonyl)-pyridin-2-vlamineo]-6-oxeo-1,6-
dihydro-pyridin-3-yl}-phenyl)-amide (II-71)

128 130 132a: R =Me
step 3 Lo opip=n

step 1 - To a stirred suspension of the 128 (5.01 g, 21.7 mmol) and K;COs (4.5 g, 32.5 mmol) in
20 DMF (15 mL) was added dropwise 3-bromo-2-methylpropene (2.93 g, 21.7 mmol) and the
resuiting suspension was maintained at RT with vigorous stirring overnight. The mixture was
diluted with 20% EtOAc/hexanes (100 mL), filtered, and concentrated in vacuo to a clear oil.
The residue was purified with Si0; chromatography eluting with a EtOAc/hexane gradient (0 to

8% FtOAc) to afford 5.8 g (94%) of 130 as a clear oil.



Br E134a: R = CN 1346: R = CHO 134c: R = CIliF2 CO21-1 136 step 1 - To a solution of 134a (0.8 g,
36 mmol, 124276-67-1) in toluene (8 mL) cooled to -50C was added dropwise DIBAH (4.4 mL, 4.4
mmol, 1 M solution in toluene) while maintaining 2g4emperature below -40C. After stirring for 1 h at
-40C the reaction was quenched with 6 M HC1 (3 mL) and stirred at RT for 30 min. The mixture was
diluted with EtOAG, & ' I ' | r
NaHCOSARg b e b B AT whion
was usethdrtiivetpisic srdpdeifAdif audérmpuriticatitagastep Perong §6iunibn ehd bsedusierywass mmol)
and DEML{ER k@ﬂp@@%%%&&gﬁ%@%@ 1% afpleddiaisa 3sglien AR T0A0 O

EM (1.5 mL): Thelreaction dn

2.5mmol) In mixture was stirred at Rl for 2 h, then cooled in an ice bath
and caretsifipguendisdivathiicBtwatd 0 (4mh).) AtheresHifing Mixdre 1W08sdilutad sddedEr0Adand the
organic ) hec iallywi 1d i ied:( iltered and
coni%lntﬁpg }F\INT\%&% ﬁr%%qﬁé%&?l%%;sﬁ%%rﬁg?gﬁ ;&(:)%é ?ﬁ?(%@n%%:a %}% ut?n%z\t/vﬁi%%g EILEfE#(()/eAcihexane
gradientq@etoveeYearhod\s)qocatioly 0/208ag3RUNAEIE b (2348l 1 erstéps: {(Foralsetlitish of n-BuT.i

d 5 i d-IHE i led t
and pen @gﬁ‘:s&%, ﬁ;ﬂ&-e% MUY n%%&%&%&é&&%&%%ﬁ T re@dﬂﬂ)@ﬁ‘}ig'?ﬁié@‘&ﬂ%i’éfﬁs cooled to

-78C. A softition’ of compound 134c¢ 84 mmol ) in THE (1 mL) was added. The mixture was
stirred ath@@tfprgdiynihiting whighaG0R Axabowets istdbked (Arloudn B0 4elutianiitad 3.65e (9 akaction
mixture %ag&egetﬁ Rl quenched with saturated NI-WT (4 mL) and extracted with ether. The
combined organic extracts were washed 15 with brine, dried (Na2S04), filtered and concentrated in

vacfb. Brep resitipeeorad di¥ddll el i sakuraneddiatioa3ehdian 9 iddd eilraéed Witmeoh B0AC in

vacl. | i yt o TR EOA:
exacioN T IO R et Wk RLHeH i e, o (NS S o

concentPelidy ihvadditan efford H.@?l@fgi@'ﬁ%}sﬁﬁll@% 20T ﬁ@@ﬁé%?éﬁbﬁt&ﬁmgz fé)tﬁér)-@{h?ed out
" analogygiile paEEAEs Aeacibed i SXARPIS 89, caseRnaien taRdldLisHamineenzoy!

chloride is replace and the coupling to 104 was accomplished with HATU as described in

step 1 of@xartipidionl ExampleB1of 132b as a white amorphous solid which was used without

N-(%Hy xymethy1-3-L1-methyl-545-(morpholine-4-carbony1)-pyridin-2-
ylamino]-6-oxo-1,6-dihydro-pyridin-3-yll-pheny1)-4-(2,2,2-trifluoro-1,1- 25dimethyl-ethyl)-benzamide
(11-73) Craatpagtiapn ke Bis then carried out m analogy to the procedures described in example 25,

except in step 4, p-N,N-dimethylamino-benzoyl chloride is replaced with 132b and the coupling
to 104 was accomplished with HATU as described in step 1 of example 21.

Example 30: 4-(1-Diflueromethyl-cvclopropyl)-V-(2-hydroxymethyl-3-{1-methyl-5-{5-
20 (morpholine-4-carbonyl)-pyridin-2-ylamino]-6-0x6-1,6-dihydro-pyridin-3-
yI}-phenyl)-benzamide (11-72)

i34a: R=CN
E 134b: R = CHO
134c: R = CHF,
step 1 - To a solution of 134a (0.8 g, 3.6 mmol, 124276-67-1) in toluene (8§ mL) cooled to -50°C
was added dropwise DIBAH (4.4 mL, 4.4 mmol, 1 M solution in toluene) while maintaining
25  temperature below -40°C. After sturring for 1 h at -40°C the reaction was quenched with 6 M
HCI (3 mL) and stirred at RT for 30 min. The mixture was diluted with EtOAc, the organic layer
was separated and washed sequentially with saturated NaHCOj3 and brine, dried (Na;SOy),



OMe 138step 2140a: R = OH step 4 140b: R =Me step 5 142a: R'= OH 142b:R = OSOCF3 142c:
"R'=COH -94- step 1 - To a solution of 1.0 M 4-methoxyphenyl magnesium bromide in THF
(50 mL) at OC with stirring was added dropwise a sgiution of | ,1,1-trifluoroacetone (6.11 rnL, 13 eq) in
THF (50 mL) After the addition was completed, the reaction mixture was removed from the ice bath

and stirtggl At R PYSIpA I B FRAGIEMAR ST DI B e AN BOMEQRNERp without

' further purification. |
step 2 — To a solution 0f 134b (0.56 g, 2.5 nn’ndi) and DCM (6 mL) under a nitrogen atmosphere
was added dropwise a solution of DAST (0.40 g, 2.5mmol) in DCM (1.5 mL). The reaction

5 mixture was stirred at RT for 2 h, then cooled in an ice bath and carefully quenched with 1ce

water (4 mL). The resulting mixture was diluted with EtOAc and the organic phase washed
sequentially with saturated NaHCO; and brine, dried (Na;SOy), filtered and concentrated in
vacuo. The residue was purified by Si0, chromatography eluting with a EtOAc/hexane gradient
(0 to 10% EtOAc) to afford 0.208 g (33% yield) of 134¢.

10 step 3 - To a solution of n-Bul.i and pentane (0.5 mL, 1 mmol, 2M solution) was added THF (8§
ml) and the solution was cooled to -78°C. A solution of compound 134¢ (0.208 g, 0.84 mmol )
in THF (1 mL) was added. The mixture was stirred at -78°C for 20 min and then CO; gas was
bubbled through the solution for 0.5 h. The reaction mixture was warmed to RT, quenched with
saturated NH,Cl (4 mL) and extracted with ether. The combined organic extracts were washed

15  with brine, dried (Na,SQ,), filtered and concentrated in vacuo. The residue was dissolved in
saturated NaHCO; (10 mL) and extracted with 10% EtOAc in hexane. The aqueous layer was
acidified to a pH of about 2 with 3N HCI and the acidified solution extracted with EtOAc. The
organic layer was washed with brine, dried (Na;SQOs), filtered and concentrated in vacuo to
afford 0.040 g (22%) of 136.

20 The preparation of T-72 is then carried out in analogy to the procedures described in example 25,
except in step 4, p-N,N-dimethylamino-benzoyl chloride is replaced with 136 and the coupling to
104 was accomplished with HATU as described in step 1 of example 21.

Example 31: N-(2-Hydroxymethyl-3-{1-methyl-5-[5-(morpholine-4-carbenyl}-pyridin-2-
ylamino]-6-0x0-1,6-dihydro-pyridin-3-yl}-phenyl)-4-(2,2,2-trifluoro-1,1-
25 dimethyl-ethyl)-benzamide (1I-73)

138 140a: R = OH 1422: R = OH
02 [ o yaobrr - vt P 4 = ga0mi v = 0s0ic,

19 5 L 200 ' = COH



5 partitioned between EtOAc (300 nth) and 1M HCI (100 rnL) and the mixture was stirred for 10 min.
Then the layers were separated and the organic layer was washed with brine (1 x 100 mL). Finally the
EtOAc layer was dried (MgSO4), filtered and concegirated. The crude product was purified by Si02
chromatography eluting wih 5% EtOAc/hexane to afford 2.181 g of 140a as a clear colorless oil. 10

step 2- T SO QN AANGH (1570500 HRLND DN (0} geles 11780 e adsled TICIA

(2.17 mL, Z eq) via syringe and the resulting mixture was stirred at -78C for 1.5 h. A solution of

dimethyteiticsir iap it fdodeiiap wase §, splotian whd Ad dedlumspagelpns (finddthnie shiMdiRhg the
temperatiye At -78G.And hRFRRUINARRIWR yvas Warmes 1R RITONgE abakc Fhmiinally theyreaction

mixture was poured into crushed ice (500 g) and stirred vigorously for 15 about 20 min. DCM (300 mL)
then waandddissdatRRe vamight was pertitionsterrmplabsrsldepmialsy stheaytédus layer was

extracteshwith REM(Q % 2RQRE) 866! ? aRIPines PG exirpsta werewashodnith-baing (3 x 200
mL), dried (MgSO4), filtered and concentrated. The crude product was gurlfled by Si02

chromatBiraphpiebeiiy with & Cionemek ane Hraeisrielorsh 9% Yothfsrs 1100299 89400 as a
white pawlar, 20 SIRPAR 1a76: 330 Ition @466 | 1HRMY, 33 Lunamb.ant PEMARL mbicqaled to -78C

was added_B%rB (0.955inL, 3 eq) was added with (;s,tirring at -78C and the resulting mixture was stirred
at -78C poFiBiedim HiStorbrareathyT iRl p AIRLRASPEA G B MR R [P dindd herfidiaess. TLC

analysis.ipgdicatgathal the starting material was entirely consumed. Water (15 mL) was added carefully
to the mixture while stirring vigorously followed by 2N NaOH (10 mL) with 25 stirring and then the

soltRionsigasacidife’ i iphosil 488 (2 2 Hign 2ROpuath &y W et affti the Sideds layer

was furﬂilﬁfl?&r.@fﬂﬁé_y\ﬂtt%%mgﬁgé%a%@9&.&&1@1 omkinedRCM-adractmwerswashed with brine
(1 x 50mL), dried (MgSO4), filtered and concentrated to afford 0.711 g of 142a as a brownish powder.

step 4 - SPirteRfEmebzme moeged 3 Gitolf RiplAALYESHHES shsrdity Se e " added
dropwisg,with sfiringcttiflic aahydride AP 6 4.l e Loghviasuinasandilentesidtion Fubdssawarwed to

RT overnight with continued stirring. EtOAc (100 mL) was added and the mixture was washed

sequentialyhwiEAINT the (STSUIRERDHSHES ReaEdD e STFRES i Bihe) @ngd 8575 VSAEPHE &anic

layes wag,giesh (MiS QnMitese ) deaneentiaded s ene uelaurd S Keastion pixiute A Ry fied by
Si02 chromatography eluting with a EtOAc/hexaré%&r‘%d téj% to 3% EtOAC) to afford 0.927 g of 142b

ien
as a coléresatest. Jibpagueons lRyeTRsRREDE R & eharod W 20 eaarrged BS¥hmol),
dppf (68-5ehcs 164 PAU A 2428 (1, 13 81), RYHigina (0@5) Nilidsraroivldenustheyacateonyl (161

mg, 5 0.5 eq) and water (3.9 mL) The sample was irradiated for 20 min at 150C then the mixture was

partitionSdeRRRSBIFETBNRULIN B 5 ECARIREOLTHIHY BRI mydr S coierna@adslt NabH (75

mL) andeiwrEgsplhwareadded otae jawerasnosiensshaadseparated. Finally EtOAc (75 mL) was
added and the stirred mixture at 0C was acidified to pH of about 2 with concentrated HC1. The EtOAc

lay@P waShashd@ withEiRee 2 40 hiymaridd (GO AP0 B G el Bhd comieeitratddtd4fford 0.169

g of 142¢43s egight i@nazawder of he &y apasationtofi dintis-ther eanied autinmnalegidevie
procedures described in example 25, except in step 4, p-N,N-dimethy/| mino-benzgti%ghlo ide. is

replaced s #42¢ AR EBIRRGEPIS TSR REERRER VRt PEPE QL HRE il 1 of

anaats ISR L gt bptonr ot ot Vet e
ylamino)-6-oxo0-1,6-dihydro-pyridin-3-yll-phenyl}-benzamide - r e vial was
charged ViR SErEoses 415 g b ST IR B MR EEo B RPN .W%%&%iﬁjﬁﬁ@%}é 6804 g,

0.1580), XRAMNAs @828 REsH WihIGRELZ QB2 Patbaea} anth 14-Hiinxane (@yersnkgrEhe argon

purged mixture was sealed and heated to 95C for 5 h. The cooled 20 reaction was filtered, through
CELITESWasHed s éqeans Bﬁ?ﬁi@&%ﬁ“&“ﬁf&ﬁ%ﬁﬁi’/g DR e UBe) 8}3‘3 &E\%&ﬂ%}aed

MeOH/DgiMa-afferd SR ahd39 a8 BravyKigtemmsolid-dhevcergeysationdoidtSdh anht2ed A =
4-cyclopropyl-phenyl) to afford 11-92 was ca{)}rzjfd out as described in step 5 of example 25. Example

33: 4-Cyidisp Spl AN L HAR 336 PHRYER R Bthyl-5- (6-(4-meth yl-piperazin-1- 25y1)-py
ridazin-Zegla niTodd s6heixa-dsGdih yaromyisinndlhemiidenzamiae) cooled to 0°C was

30 added dropwise with stirring triflic anhydride (0.64 ml, 1.1 eq) via syringe and the resulting
mixture warmed to RT overnight with continued stirring. EtOAc (100 mL) was added and the
mixture was washed sequentially with 1M Cu(804); (4 x 20 mL), water (2 x 20 mL) and brine (1
x 25 ml.) and the organic layer was dried (MgSO4), filtered and concentrated. The crude



(11-104) 160 step 1 - A mixture of 154 (1.5 g, 15 mmol) and 156 (2.23 g, 15 mmol) in dry toluene (10
mL) was heated in a sealed tube to 110C for 3 h. The precipitous mixture was cooled to RT dissolved
in methanol and dry loaded onto granular Si02. Thgrude reaction was purified by Si02 5
chromatography eluting with 7% MeOH/DCM to afford 1.3 g of 158 as an off-white solid. gen2 - A
heterogenaus MpLe. of 48,03 iR 4930 BelnL Hudi §n B HGRAR (34 DGRA €q),
xantphos?%(%.lgmg, O.leeq)a, ndICsz‘grOS (6.32 g, fggé%rﬂ%%ioiggr% (1 5amL) was purge%%vith argon. The
mixture W ¥4stectieBterdd heaBartbp - $8 hainfal d2hdbatrkresifhe cooled mixture was partitioned
between, pIOAC agd a0 cansentaled Land pudlied a0 AeIPPATRINE 195004 aped with 6%
t - by 1 ! s £- 5. bl
Do Ao e or K SRy 3 R

MeOH/D -39 mg of 160 as a dark green solid. Condensation of 160 wi Ar=
4-cycloptdpgh-prisHy(Dviak Cifrieg But by ther toedl e i sems Isbdsaumphe o arbraii Sl BmeBruton's

tyro ine@@@eﬁ%@&&h@i%&é\sm e Assax Baisarturs ebradioadte 33 phesphandated

product thro . tration. The inter- 15 actions of Btk, biotirtylated SH2 peptide substrate (Src
homologytitinted Prttesd B@hospBomiation of thEbéplitie Bubdt dtrcBivtripateaiedudy is bound

Sreptavieln ePRarsSs Reats: fshat %F@@&’ci@@ﬁ%ﬁéj1%@1@%%%%@%@%%@4@@&@@'iﬁ'@ﬁ;fn counter.

Plates assay 6-well polypropylene (Greiner) and 96-well 1.2 gm hydrophilic PVDF filter plates
(MilliporBYOBeri2é melakivns adssrtad Herstaredimartassal/Coneenaeidars! ropHod dhavt 20:6mpounds
in DMISQ,(Buidici pihoackson RAARMBIERRUNGi hiviagaedslbiescindigbtnspie
substrate (Biotin-Aca-AAAEEIYGE1-NH2), 100pM ATP (Sigma), 8 m1lvl imidazole (Sigma, pH 7.2), 8
mM @lydeteted-prbepirsrsresig it ioobyM oA {Rothe ipligieb sREier mM MnCL2 (Sigma), 20 mM
MgCI2 ($iapal, 0. LMYFN-EPR (RIGMA)iA ViPIkici0mahe ik dRRALEHRssham),2a%
streptavidin ‘sepharose beads (Amersham), 50 mM EDTA -97- (Gibco), 2 M NaCl (Gibco), 2 M NaClw/
1% phosptraticragrd (Gibto)-tieskrismie (revail chirsiye s septsad viHatd2s andtbarenatéd from 10
data poipy's pet,GoTReHRHHlizine drkereraduced BiomAaiandard,dfiyet plate assay template. One
control compound and seven unknown in- 5 hibitors were tested on each plate and each plate was run
twice. Typically, compounds were diluted in half-log starting at 100 p.M and ending.at 3 nM.The control
compouk BRI HrdepaRRET Bk et AFASYBE RSl dn thenstisthel o PEbrahiaeliate. Tota
actiyty was determin%}mﬁ@_@t@@qc’@,gﬂg@{jq@ysmﬁtmgq]Tﬁ]@f@ﬂp\y&gmﬁa@cql\m used to
determine Btk inhibition. 10 1) Sample preparation; The test compounds were diluted at half-log
increments in assay buffer (imidazole, glycergl-2- osahate, EGTA, MnC12, MgC12, BSA). 2) Bead
preparation ag ThyedBeads by cengifogint g b.) reconstitute the beads with PBS and
EDTA td’oproJuce X% bead slurry 15:3)~Pre-i te reaction mix without substrate (assay buffer,
DTT, ATP, 33PMkTP) and mix with siBstrate (assdy buffer, DTT, ATP, 33P ATP, peptide substrate)
30C for 15 min 4) To start assay, pre-incubate 10 ptL Btk in enzyme buffer (imidazole,
glycerol-2-phosphate, BSA) and 10,uL of test compounds for 10 min at RT.  5) Add 30 'IL reaction
mixture witbgidbRr vdthnvas babigkeal taBils Gl @D mpeoLhasnd) 6)tnchidale 0 -Atyiatdhagedyp mix for 30

MIRECENT R R L e e

dioxane (0.5 mL). The argon purged mixture was sealed and heated to 95°C for 5 h. The cooled

20 reaction was filtered through CELITE, washed with DCM and purified on a preparative Si0;
TLC plate developed with 3% MeOH/DCM to afford 55 mg of 139 as a dark green solid.
The condensation of 139 and 120 (Ar = 4-cyclopropyl-phenyl) to afford ¥1-92 was carried out as

described in step S of example 25.

Example 33: 4-Cyclopropyl-N-(2-hydrexymethyl-3-{1-methyl-5-[6-(4-methyl-piperazin-1-
25 yl)-pyridazin-3-yiamino]-6-oxo-1,6-dihydro-pyridin-3-yl}-phenyl)-benzamide
(11-104)



b. 3 x 250 p.L NaC1 containing 1% phosphoric acid 25c. | x 250 !..LL H20 9) Dry plate for 1 h at 65C
or overnight at RT 10) Add 50 pL microscint-20 and count 33P cpm on scintillation counter. Calculate
percent activity from raw data in cpm percent actividyp= (sample - bkg) / (total activity - bkg) x 100 30
Calculate IC50 from percent activity, using one-site dose response sigmoidal modely = A -fr (B - A) /
(1 ((x/C)I))) x = cmpl conc, y = % activity, A = mm, B.= max, C =1C50, D = 1 (hill slope) Example .
35: Inhibitjon _of B-cel Igfvation - B cell FLIPR ’ifi%?ﬂﬁ Ramogcells -98- Inhibition of B-cell activation
by comp@ of thdjpresentdnvengion is @tébl by.determuang the effect of the test
compoundsrdn anti-1g gimuﬂ@ed Bcellr, ;?seé. The BeallFLIPR assay is a cell based ffinctional
method of@terminingcthe effect of poMftiarhhibitors of the intracellular calcium increase from
stimulationday an anti-Igh} antibody. Ramos 5 gglls (human Burkitt's lymphoma cell line. ATCC-No.
CRL-1596) were cultivated in Growth Media (described below). One day prior to assay, Ramos cells
were resuspended in fres%gro th media (same as above) and set at a concentration of 0.5 x 106/mL
in tissue culture flag¥&@h ofNassay, cells are counted and set at a concentration of 1 x 106/mL1 in
growth medi ted¥yif# 1 uM FLUO-3AM(TefLabs Cat-No. 0116, prepared in anhydrous
DMSO and "ng]ﬁ% uronic agid) in a tissue culture flask, and incubated at 37C (4% CO2) for one h.
To remomve“extedcellular dye, célis were collected by centrifugation (5min, 1000 rpm), resuspended in
FLIPR buffer (describedsbglow) at 1 x 106 cells/mL and then dispensed into 96-well poly-Dlysine
coated black/clear plates (BD Cat-No. 356692) at 1 x 105 cells per well. Test compounds were added

at varioWsRdrcitalesofalfifing frent 1owal 380188 (AR cbnednahdpHEY fRuars 18%8low), and

allowed Jg nglbaie Witk el s fos B0mmcakRT hRm@%e@i fRdsignalingswasisiinulatensby the
addition of 10 ug/mL anti-lgM@(ﬁSa{;uthem Biotech, Cat-No. 2020-01) and measured gn a FLIPR

(MolecutaFodincastheash rad drydgaded oot genplated Qsil gocee D eaptiera iR Wi afdonier at

480nM expitation-MediniBrifersn 2Q GronindediynsBRM B 1oAQ ssediuiowith fitghyranine
(Invitrogen, Cat-No. 61870-010), 10% Fetal Bovine Serum (PBS, Summit Biotechnology Cat-No.
FP-100-8): 2 nriMVhSsEareyrivsie ¢l Afodeh £ At RiBmalbetd 6.0 &Lllﬁﬁoduﬁéﬁqhésé?(lﬁkﬁtrogen,

Cat-No.glgd é&ﬁ-&%hamm CRCR 1(Sigmadiad:No, G401 : b RESHBNETe M §alleurk8§30-080),

2.5mM Probenecid (Sigma, Cat-No. P-8761), 0.1% 25 BSA (Sigma, Cat-No.A-7906), 11mM Glucose
(Sigma, OH 4808 FBo By bR prgadntiaBR Brstsisiord ® Risrasaeiathedtng High L8t fiRaledssay

Concent{ﬁi&%&%@%ﬂi&éd’k@%é&@%ﬁ@%ﬂ%@@,Ségﬁ&ﬁﬁﬁt@@,naﬂ@@dﬂﬁ@m%@beiﬁa?ad@d directly
to 576 uL of FLIPR buffer. The test compounds are diluted in FLIPR Buffer (using Biomek 2000 robotic

pipéftoryiSeniiig drFersd mibwing tildion sthitmdiardmiinersdsl AoAMR BRI M 6 x 10-6,
1.00 X 10Rd3rks: % 81 168 RAXID- (A B 6%t MBrodssnand) Analysiscdpiasehulasihe@ases in

calcium were reported using a max - mm statistic (subtracting the resting baseline from the peak
caused B AQMiEEHBI%+ stimulatory antibody using a Molecular -99- Devices FLIPR control and
statistic exporting software. The IC50 was determined using a nonlinear curve fit (GraphPad Prism
softwarefxRaplesantBive sasitar-ovin eidmsie(Bik) Alikition Assay

The assay is a capture of radioactive *°P phosphorylated product through filtration. The inter-

15  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 36-well 1.2 um hydrophilic PVDF filter
plates (Millipore). Concentrations reported here are final assay concentrations: 10- 100 uM

20 compounds in DMSO (Burdick and Jackson), 5-10 nM Btk enzyme (His-tagged, full-length), 30
uM peptide substrate (Biotin-Aca-AAAEETY GEI-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 MgCl, (Sigma), 0.1 mg/ ml BSA (Sigma), 2 mM DTT (Sigma), 1
uCi P ATP (Amersham), 20% streptavidin sepharose beads (Amersham), 50 mM EDTA



Compound Ramos B Cell FLIPR [IC50 (t-11\4)] 1-2 0.0.0747 1-8 0.205 1-32 0.032 1-17 0,415 11-13
0.55211-48 0.222 11-2 0.067 11-56 0.004 11-58 0.015 Example 36: Rat Collagen-induced arthritis
(rCIA) 5 On day 0, rats are injected with an emulsi®fi-of Bovine Type Il Collagen in Incomplete
Freund's adjuvant (IFA), injected intradermally (i.d.) on several locations on the back. A booster
injection Gficoljaydn HatilSidras, §ivé Nattwndl tapha siidjiattie(Gase pftherdadior- 2téPagtwe sites on
the back., Arthritis is generally observed 12-14 days after the initial collagen injection. Animals may be
evaluat Fthe development of arthritis as described below (Evaluation of arthritis) from 10 day 14
onward3sCAnimaisareidased witbutaodilate 16 ekapeotic agentsripeupdevéintive fashiondtarding at the

i o sEaN uplenge oL e Rssgb=Bine (mali 2 iencl it fodonoy
quartifiedbitsing:arscosing systeinthat indolves ihecasse semsvitof ﬂh@mqb@w&)ﬁmﬁomdg theccriteria
ot 30 {FSCSHALTIRG O] U S o R, 52 Se0BHE SARAELST tho entire.
paw andysbigits. Bvaluations wie eoagied d&/a@iﬁ[d&&ﬁﬁi@ﬁ&e%ﬁwmemoaﬂm&mtm@@gam at the
first Slgnset%;mmed in the presence of peptide substrate. The following protocol was used to determme
Btk inhibition.
10 1) Sample preparation: The test compounds were diluted at half-log increments in assay buifer
(imidazole, glycerol-2-phosphate, EGTA, MnCl,, MgCl,, BSA).
2) Bead preparation
a.) rinse beads by centrifuging at 500 g
b.) reconstitute the beads with PBS and EDTA to produce a 20% bead shury
15 3) Pre-incubate reaction mix without substrate (assay buffer, DTT, ATP, 3P ATP) and mix with
substrate (assay buffer, DTT, ATP, 3p ATP, peptide substrate) 30°C for 15 min.
4) To start assay, pre-incubate 10 pL Btk in enzyme buffer (imidazole, glycerol-2-phosphate,
BSAY and 10uL of test compounds for 10 min at RT.
5) Add 30 uL reaction mixture without or with substrate to Btk and compounds.
20 6) Incubate 50 uL total assay mix for 30 min at 30°C.
7) Transfer 40 ul of assay to 150 ul bead slurry in filter plate to stop reaction.
8) Wash filter plate after 30 min, with following steps
a. 3 x 250 puL NaCl
b. 3 x 250 uL NaCl containing 1% phosphoric acid
25 ¢. 1 x250 ul H;0
9) Dry plate for 1 h at 65°C or overnight at RT
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) / (fotal activity — bkg) x 100
30 Calculate ICso from percent activity, using one-site dose response sigmoidal model
y=A+(B-A)/(1+(x/ O
x = cmpd cong, y = % activity, A = min, B = max, C=1Cs, D = 1 (hill slope)

Example 35: Inhibition of B-cell Activation - B cell FLIPR assay in Ramos cells



20 swelling for up to three times per week until the end of the experiment. The arthritic index for each
mouse is obtained by adding the four scores of the individual paws, giving a maximum score of 16 per
animal. -100- Example 37: Pharmaceutical compgogitions Composition for Oral Administration (A)
Ingredient% wt./wt.. Active ingredient20.0% Lactose79.5% Magnesium stearate0.5% The ingredients

are mixeghandHisRensad IR SANSHESEHTHANGraROYELOR: TRYSARR; 9 BeRaREHIeveuId

approximate a total daily dosage. 5 Composition for Oral Admijnistration (B) Ingredient"4 wt./wt. Active

ingrediefftZ0mng RS ohe St tatb 005morRds SEARTEIRYESHBMISS Botcl 46888855 5% PVP
(polyvinylpygrolidine bR % Ehedngradients aiscRmRinRhand Sisnuated L8iDe M-s0bank sueh as

methanol. The formulation is then dried and fowled into tablets (containing, about 20 mg of active
compoutBibiRFs &A t&ﬁ@6b?P&%él%B@?%éﬁ?ﬁ%@%(ﬁ@@rﬁ%’é’ﬁ%ﬁ?&%&@%%%éﬁféh%ﬁiﬁ’(d}amoS
Ingredientfio whAuh Active capRmiial Q0 Henaticecid). ErISestumwehlotidad.e. Methylh
P i G s DeionT ) e ey PHOT 10 assas. Raios Sells were tesuspended m Fesh grow o
media (same as above) and set at a concentration of 0.5 x 10%mL in tissue culture flasks. On day
of assay, cells are counted and set at a concentration of 1 x 10%/mL1 in growth media
supplemented with 1uM FLUO-3AM(TefLabs Cat-No. 0116, prepared in anhydrous DMSO and

10 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-
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

15 below), and allowed to incubate with cells for 30 min at RT. Ramos cell Ca®" signaling was
stimulated by the addition of 10 ug/ml anti-IgM (Southern Biotech, Cat-No. 20620-01) and
measured on a FLIPR (Molecular Devices, captures images of 96 well plates using a CCD
camera with an argon laser at 480nM excitation).

Media/Buffers:

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

FLIPR buffer: HBSS (Invitrogen, Cat-No. 141175-079), 2mM CaCl, (Sigma Cat-No. C-4901),
HEPES (Invitrogen, Cat-No. 15630-080), 2.5mM Probenecid (Sigma, Cat-No. P-8761), 0.1%
25  BSA (Sigma, Cat-No.A-7906), 11mM Glucose (Sigma, Cat-No.G-7528)

Compoeund dilution details:

In order to achieve the highest final assay concentration of 100 uM, 24 uL of 10 mM compound
stock solution (made in DMSO) is added directly to 576 pL of FLIPR buffer. The test
compounds are diluted in FLIPR Buffer (using Biomek 2000 robotic pipettor) resulting m the

30 following dilution scheme: vehicle, 1.00 x 10™ M, 1.00 x 10°, 3.16 x 10, 1.00 x 10, 3.16 x 107
7,1.00x 107, 3.16 x 10,

Assav and Analysis:

Intracellular 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



Flavoring0.035 ml Colorings0.5 mg Distilled waterq.s. to 100 ml The ingredients are mixed to foim a
suspension for oral administration. -1.01- Parenteral Formulation (D) Ingredient% wt./wt. Active
ingredient0.25 g Sodium Chlorideqgs to make isotagig. Water for injection to100 ml The active ingredient
is dissolved in a portion of the water for injection. A sufficient quantity of sodium chloride is then added

with stirepg;ta makeng solution SteRIC. gﬁﬁﬁg'%%d%m gile Rrupdasweightwniththedgemainder of

the water for injection, filtered through a 0.2 micron membrane filter and packaged under sterile
cond|t|oh§€$wpﬁ@sﬁb@ﬁbhﬁﬁﬂ&ﬂ@m8ﬁwlﬁé?edﬁwww rﬁ&iﬂ‘%ﬁearﬁg}?er&?@}ﬁmo% Polyethylene
glycol 1000 74.5% Poty AU ' re mefted together and mixed
10containing 2.5 g total weight.

opical Fruululatlon (F)

Compound Ramos B Cell FLIPR [ICs¢ (uM)]
I-2 0.0.0747

i-8 0.205

I-32 0.032

I-17 0.415

I1-13 0.552

I1-48 0.222

11-2 0.067

11-56 0.004

II-58 0.015

Example 36: Rat Collagen-induced arthritis (rClA)

5 Onday 0, rats are injected with an emulsion of Bovine Type Il Collagen in Incomplete Freund’s
adjuvant (IFA), injected intradermally (i.d.) on several locations on the back. A booster injection
of collagen emulsion is given around day 7, (i.d.) at the base of the tail or alternative sites on the
back. Arthritis is generally observed 12-14 days after the mitial collagen injection. Animals may
be evaluated for the development of arthritis as described below (Evaluation of arthritis) from

10 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, daily (QD) or twice-daily (BID).

In both models, 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:

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

2= gwelling in two or more joints.
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

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

each mouse is obtained by adding the four scores of the individual paws, giving a maximum

score of 16 per animal.



on a steam bath, and poured into molds 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 featuregglisclosed in the foregoing description, or the
following claims expressed in their specific forms or in terms of a means for performing the disclosed

functionges Apedoda rhdRvutical compositions
Composition for Oral Administration {(A)

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

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

capsule would approximate a total daily dosage.

5 Composition for Oral Administration (B)

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

PVP (polyvinylpyrrolidine) 1.0%

The ingredients are combined and granulated using a solvent such as methanol. The formulation
is then dried and formed into tablets (containing about 20 mg of active compound) with an
appropriate tablet machine.

10 Composition for Oral Administration (C)

Ingredient % wt./wt.
Active compound 10g
Fumaric acid 05¢g
Sodium chloride 20g
Methyl paraben 015¢
Propyl paraben 005¢
Granulated sugar 255¢
Sorbitol (70% solution) 1285 ¢
Veegum K (Vanderbilt Co.) 10g
Flavoring 0.035 ml
Colorings 0.5mg
Distilled water q.8. to 100 mi

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



process for attaining the disclosed result, as appropriate, may, separately, or in any combination of
such features, be utilized for realizing the invention in diverse forms thereof. The foregoing invention
has been described in some detail by way of illustrggipn and example, for purposes of clarity and .
understanding. It will be obvious to one of skill in the art that 5 changes and modifications may be
practicepwithinthe,seapgief the appended claims. Therefore, it is to be understood that the above
description is intended.to be illustrative and not restrictive  The scope of the.invention should,
therefore, be deterrhiigsetifdtwith reference to the"abt:&description, but should instead be determined
with reference to theg-fottowing sppended-ctai ' ope-ofequivalents to which such
. . VS 102 . . . . . . .
claims are entitled. 10 A nd publications cited in this application are

pﬁtets,'tpatent applications
hereby incorporatedjiuaféignoddn their entirety firtallplippvsemiio the same extent as if each
individual patent, paien licatl [ publication ygre so individually denoted. -103- Claims 1. A
compound of formula It%/\rlﬁgeggllﬁg:é(t?&(%o wherein 5 )i(%%ls&éH or N: Rl is C(=0)NHR®6, phenyl or heteroaryl
wherein said heteroaryl is selected from the group consisting of pyridinyl, pyridazinyl, pyrimidinyl,
pyrazinyl; pyrrofyl,.furanyl, thigphenyl, imidazalyl, pyrazolyl, oxazolyl, thiazglyl, isoxazalyl, isothiazolyl,
S e B e R Sy i Tiacait ot ke
4,5-dihysrdiuiOdtdeintic &zihk2 addvdtivithetinonise thakwite nolhisCld tRbic AEOdIMREG oriR@ds
CH20H; said phenyl said heteroaryl optionally independent| stituted yith one to three groups
sele%cct)eoi1 r%?nvgﬁlg%\r%%gqchgﬁsels |%1ngg eorf%étl%eg‘gﬁfed. aﬁf%iJF% %]Eé?&e%e@‘% 1el(E,lr%a‘yl\l/%yir,HE‘,I‘IOEOheteroalkoxy,
C1l oalkdsiifanylfitd s6dlimydeadfanyldEi sGirdteroadisitsusifonyl and heterocyclyl-C3_6alkoxy wherein
said heterocyclyl i§ zetilr;fi'@(}/rli, % rrolidinyl or piperidinyl, 15CONIeRb, CO2R5, SO2Nab, NRaRb,
NHSOZM%%%@%% 6 is hydrogen, C1 6alkyl, C16haloalkyl, Ci sheteroalkyl,
C3_6cycloalkyl, pyrigiagiedt Alkyl, phenyl or pheyl+ot.B3alkyl said phenyl optionally substituted with
0_6alkyl, 0_6alkoxx-Ci-6hetergalkexy—h Ra : : rd Rb (i) selected
independently are HySHSEHIeSERYI, Ci .hete carboxy-Cl_3alkyl,
C3_6cycloalkyl or hegeraaytdyd pliéogether are (G2}, X2(CH2)2 wherein mis 2 or 3 and X2 is 0,
S(0). or NR8 and n is zero to two, and R8 is hydrorgen Ci_calkyl, 0_61-tydroxyalkyl or C1_3acyt; or

(iii) together with thgﬂﬁ?g@’éﬁl?og\}yﬁﬂ:lﬁtﬁq@y are attAEReH are piperidinyl or pyrrolidinyl said piperidinyl
or said pyrrolidinyroptionally substituted with hydroxy, 0 3alkoxy, 0_3hydroxyalkyl; 25Rg is hydrogen

or Ci_oalkyl; R7 is C]_.alkyl or O_6heteroalkyl; R2 is hydrogen or 0_6 alkyl;
The ingredients are melted together and mixed on 2 steam bath, and poured nto molds

10 containing 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 0.01
anisole)

Water g.s. 100

The features disclosed in the foregoing description, or the following claims expressed m their

specific forms or in terms of a means for performing the disciosed function, or a method or



-104- R3 and R4 are independently hydrogen, halogen, amino, Chohydroxyalkyl, Ci_oalkyl or
cyclepropyl; R5is (i) phenyl, ((i) heteroaryl selected from the group consisting of pyridinyi,
benzol[b]thiophen-2-yl, 54,5,6,7-tetrahydro-benzo[hihiophen-2-yl, thiophenyl,
1',2",3',4',5',6'-hexahydro- [2,41bipyridin-5-y1 and C1_3alkyl-indo lyl optionally substituted with one or
two C1. halog ipgr ZeRansd Gy inati
|50|ndollﬁn§(@28§$L (gé 6,7- dlﬁggdé%géﬁl—lga%%%lté[% % %?p%ﬁlpg a%(ﬁ/f)ﬁ?;\“s? %ga v%%l%riﬁn Re a%bc}q%él tgggther are
(CH2)O)@§€@F¥2§%?WF@F&W€1HF@§ (EHHZ A8 bR BRI IP B EDIWREF P TRa g EERied above, or ft' and Rd

lndeDe“@'ﬁ@‘ﬂ%@%@aﬁé’%@&%ﬁbQh@?ﬁ%@xp&e@é"r@)@@!ﬁlE‘aﬁ@%{bﬂ@y@y@f‘/ﬂﬂ\%@ﬁ&%ﬁ kydrgaen,
halogen or C1 alkyl; wherein said phenyl, heteroaryl, azetidin-I-yl, pyrrolidin-2-yl, plperldln -yl,

azepaniomweamwﬁéﬁmnémﬁﬁ@% gl hehanysorr bW Hiettbthifee groups

indepengdenibvselpciedifremithe SHQUR GRRsRIAGeh@)haloas @om&ap allgad, dakks2 TRG-GBlkenyl, (c)
C2 oalkynyl d) Chohaloalk l, (e) C3_4dieteroalkyl, (f). C3_7c cloalk%)roptlonally substituted with one to

three gr8Up4°s! éé%éﬁ%‘éﬂﬁ ?fé%ﬁw;hwm dSFRIBEAS IDIETBERE be) S EARG AL B OXy, (i)
NReRf, whegeln RsrapdREane {i)Hogrpandsntly, Bydiagenntd RIkwigl dikiegetheiarehove

(CH2). X3(CH222 wherein m is 2 or 3 and X3 is CH2, 0, S(0)o or NR8 and n is zero to two and R8 is as
defined SHCTRIELCIUGHIRBIE s 46 Mg RiRMiagDsEh 1 f&é%f%@%t&%%ﬁ&l%}%ﬁ@%@ﬁh@t&m

C(=0)NHio WG QN 11GH2E 6TRYGERBAANHHiBD Jectvi 1eMnhvid dsrdtgent, -105-or a

phainiaceutically acceptable salt thereof. 2, A compound accor(;;}%a to claim 1 wherein Xl is N. 3

compouftil BEKH iR IRRHORHRE ASH IEDIACAHRRY £k 8t RS isgHmi TR Hegb h@?@l‘@%&%m As

NHC(=0)anddrshds Bydianen s m:%x}p@e@w%ﬁnﬁémﬁtéﬁaﬁf%mp%ﬂqﬁ@%ﬁ%ﬁg to claim 2
wherein R'is C(=0)NHR6, R6is C1_6 a R3 js hydrogen, C]_3alkyl or Ci_oheteroalkyl; and, A is
NHC(= d?at%nt&l@ﬂfﬁ%h?f QE@BF@WM%%% ’i‘%ﬁgi’@l%y)@ﬂ?@ 6. A compound according to claim 5
wherein Rl is pyridin-2-y1 or pyrimidin-4-y1; R2 is C1,3alkyl; R3 is hydroxymethyl; and A is NHC(=0).
10 7. A compound according to claim 5 wherein Rl is C(=0)NHR®6, R6 is Ci_ealkyl, R3 is hydrogen,
C3_3alkyl or Ci_oheteroalkyl; and A is NHC(=0). 8. A compound according claim 1 wherein R5 is
(v) or (vi). 9. A compound according claim 1 wherein A is CH2C(=0) and R5 is (i), (i), (iii) or (iv). 10.
A method for treating rheumatoid arthritis in a patient in need thereof comprising adminil5 stering to a
patient in need thereof a therapeutically effective amount of a compound of formula | according to
claim 1.



11. A pharmaceutical composition comprising a compound according to claim 1 admixed with at least
one pharmaceutically acceptable carrier, excipient or diluent. ~ 12. The use of a compound of formula
1 according to claim 1 for the preparation of a 20 mgglicament for the treatment of an inflammatory
and/or autoimmune condition. 13. The invention as hereinbefore described.

Claimns

1. A compound of formula I wherein:

M
wherein
5 X' isCHorN;

R’ is C(=0)NHR®, phenyl or heteroaryl wherein said heteroaryl is selected from the group
consisting of pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl; pyrrolyl, furanyl, thiophenyl,
imidazolyl, pyrazolyl, oxazolyl, thiazolyl, isoxazolyl, isothiazolyl, 2-C;salkyl-pyridazin-3-
on-6-yl, 2-benzyl-pyridazin-3-on-6-yl, 1,4,5,6-tetrahydro-pyrimidin-2-yl and 4,5-dihydro-

10 1H-imidazo}-2-yl, with the proviso that when X' is CH, R is C(=0)NHR® or R is CH,OH;
said pheny! and said heteroaryl optionally independently substituted with one to three
groups selected from the group consisting of halogen, Cr.salkyl, Cjealkoxy, Cisheteroalkyl,
Ci.sheteroalkoxy, Crsalkylsulfanyl, Cyealkylsulfonyl, Cisheteroalkylsulfonyl and
heterocyclyl-Cy salkoxy wherein said heterocyclyl is azetindinyl, pyrrolidinyl or piperidinyl,

15 CONR’R", CO,R8, SO,NR'R’, NR*R", NHSO:R” or NHCOR'; wherein
R’ is hydrogen, Cisalkyl, Cishaloalkyl, C;gheteroalkyl, Csscyeloalkyl, pyridinyl-

Cr.aalkyl, phenyl or phenyl-C; salkyl said phenyl optionally substituted with C; salkyl,
Cysalkoxy, Cisheteroalkoxy, halogen, CONR'R® or CO,RE,
R® and R® (i) selected independently are hydrogen, Cjsalkyl, Cisheteroalkyl, C;_salkoxy-

20 Cysalkyl, carboxy-Ciaalkyl, Cygcycloalkyl or heterocyelyl; (i) together are

(CH2)mX*(CH,), wherein m is 2 or 3 and X7 is O, S(0), or NR® and n is zero to two,
and R® is hydrogen, C;.ealkyl, Cishydroxyalkyl or Ciaacyl; or (iif) together with the
nitrogen to which they are attached are piperidinyl or pyrrolidinyl said piperidinyl or
said pyrrolidinyl optionally substituted with hydroxy, C,salkoxy, C,shydroxyalkyl;

25 R® is hydrogen or Cigalkyl;

R’ is Ciealkyl or Cysheteroalkyl;
R? s hydrogen or C;¢ alkyl;



10

15

20

25

-104-

R* and R* are independently hydrogen, halogen, amino, C;¢hydroxyalkyl, C,salkyl or cyclo-
propyk;
R® is (i) phenyl, \
(1) beteroaryl selected from the group consisting of pyridinyl, benzo[b]thiophen-2-yl,
4,5 ,6,7-tetrahydro~benzo {blthiophen-2-yl, thiophenyl, 1',2".3",4',5",6'-hexahydro-
[2,4Tbipyridin-5-yl and C,.salkyl-indolyl optionally substituted with one or two C;.
salkyl or halogen;
(iif) azetidin-1-yl, pyrrolidin-2-yl, piperidin-1-yl, azepan-1-yl or 2,3-dihydro-1H-
1soindolin-2-yl, or 6,7-dihydro-5H-pyrrolo[3,4-blpyridine;
(iv) NR°R® wherein R® and R? together are (CH;),X*(CHy), wherein o and p are in-
dependently 1 or 2, and X? is as defined above, or R® and R® independently are

hydrogen Cj.jpalkyl or C; jphydroxyalkyl,

(vii) ¥

wherein R® is hydrogen, halogen or Cy¢alkyl;
wherein said phenyl, heteroaryl, azetidin-1-yl, pyrrolidin-2-yl, piperidin-1-yl, azepan-1-y1
or 2,3-dihydro- 1 H-isoindolin-2-yi ring 18 optionally substituted with one to three groups
independently selected from the group consisting of (a) halogen, (b) Cisalkyl, (b) Ca.
salkenyl, (¢) Crsalkynyl, (d) Cighaloalkyl, (e) C;.gheteroalkyl, (f) Cascycloalkyl optionally
substituted with one to three groups selected from C;salkyl, C;ghaloalkyl or halogen, (g)
Ciealkoxyalkyl, (h) hydroxy, (i) NR°RY, wherein R® and R' are (i) independently hydrogen,
Cyealkyl or (if) together are (CHp)nX (CH,), wherein m is 2 or 3 and X° is CH, O, S(O),
or NR® and n is zero to two and R® is as defined above; (j) Cyalkoxy, (k) triatkylsilyl, (1)
Ci¢cyanoalkyl and (m) SFs;

A is -NHC(=0)-, C(=0)NH-, NHC(=0)NH, CH,C(=0), CH,S0, or if R® is (v) or (vi) A is

absent;
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or a pharmaceutically acceptable salt thereof.
2. A compound according to claim I wherein X is N.

3. A compound according to claim 2 wherein R' is phenyl, pyridin-2-yl or pyrimidin-4-yl, R* is
Craalkyl: A is NHC(=0) and R’ is hydrogen or Cy.aalkyl; or hydroxymethyl.

4, A compound according to claim 2 wherein R' is C(=O)NHR®, R’ is C; alkyl, R? is hydrogen,
C.;alkyl or Cygheteroalkyl; and, A is NHC(=0).

5. A compound according to claim 1 wherein X' is CH.

6. A compound according to claim 5 wherein R} is pyridin-2-yl or pyrimidin-4-yl; R? is
Crsalkyl; R? is hydroxymethyl; and A is NHC(=O).

7. A compound according to claim 5 wherein R is C(=0)NHR’, R® is C;salkyl, R* is hydrogen,

- Cisalkyl or Cygheteroalkyl; and A is NHC(=0).

8. A compound according claim 1 wherein R® is (v) or (vi).
9. A compound according claim 1 wherein A is CH,C(=0) and R is (), (70), (iif) or (iv).

10. A method for treating rheumatoid arthritis in a patient in need thereof comprising admini-
stering to a patient in need thereof a therapeutically effective amount of a compound of formula I

according to claim 1.

11. A pharmaceutical composition comprising a compound according to claim 1 admixed with at

Jeast one pharmaceutically acceptable carrier, excipient or diluent.

12. The use of a compound of formula I according to claim 1 for the preparation of a

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

13. The invention as hereinbefore described.



