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CARBAZOLE CARBOXAMIDE COMPOUNDS
USEFUL AS KIVASE INIIIBITORS

[0001] This apphcution claims the benetit of U.S. Provi-
sional Application Ser. No. 61/139.047 tiled Dec. 19, 2008
and is incorporated herein by reference.

FIEI.D OF THF, INYFÃI ION

[0002] This invention relates to fused carbazole carboxam-
ide compounds usefiil as kinase iniubitors. including the
modulation ol'ruton's tyrosu&e kinase (Btk) and other Tec
family kinases such as Itk. Providcsf herein are fused hetero-
cyclic compounds, compositions coniprising such com-
pounds. and methods of their use
[0003] The u&vention fi&rther pertau&s to pharmaceutical
compositions contauiiiig at feast one compound according to
the invention that are useful for the treatment of conditions
related to kinase niodulation and nwthods of inhibiting thc
activity of kinases, including Btk and other '1'ec family
kinases such as Itk. in a n&anuual.

BACKOROUND OF 'I'Hl INVI:NTION

[0004] Protein kinases. the largest family of human
enzymes. encompass well over 500 pro&eins. Btk is a member
of the Tec family of tyrosine kiuases. and is a regulator of
early B-cell development, as well as mature 8-cell activation.
signaling and survival.

[0005] B-cell signaling throngs the B-cell receptor (BCR)
leads to a wide range of biological outputs. winch in turn
depend on the developmental stage of the B-ceil. The mag-
nitude and duration of BCR signals must be precisely regu-
lated. Abeumit 13CR-&ucdiated signaling can cause disregu-
latcd B-cell activation and,'or the f&mnation of pathogenic
auto-antibodies leading to multiple mitoimmuim and/or
inflanunatory diseases. Mutation of Btk in luunans results in
K-linked agammaglobulinaeniia (XI.A). lliis disease is asso-
ciated with the impaired maturation of B-cells, diminished
immunoglobulin produciion, compronnsed T-cell-indepen-
dent inunune responses and marked attenuation of the sus-
tained calcium sip&af upon 13CR stimulation.
[0006] I.'vidence for the mle of 13tk in allergic disorders
anc/or au to inunune disea se and/or irdlanuua tory disease has
bicen established in Btk-deficient mouse models. For
example, in stundard murine preclinical models of systemic
lupus erythmnatosus (Ski)), Btk deficiency has bccn shown to
result inn marked;unelioration ofdiscase progression More-
over, Btk deficient mice are also resistant to developing col-
lagm&-inducixl arthritis and arc less susceptible to Staphylo-
coccus-induced arthritis.
[(Rlf)7] AlargebodyofcvidenccsupportstheroleofB-cells
and the lnunoral in&nnmc systmn in thc pathogcncsis of
autoinunune and/or infla&un&ato&y diseases. Protein-based
therapeutics (such as Rmixan) developed to deplete B-cells,
represent an &n&po&tant approach to the treatment ofa number
of maoinum&ne and/or inflanunatory diseases. Bem&use of
Btk*s role in B-cell activation, inhibitors ol'Btk c u& be useful
as inhibitors of B-cell mcdiatcd pathogenic activity (such as
&mtoantibody production).

[Ut)UU] Btk is also expressed in mast cells and monocytes
and lies been shown& to be uuportant tor the function of these
cells. For example, Btk deficiency in mice is associated &vith

impaired Igfi-mediated mast cell activation (marked diminu-

tion of TNF'-alplu& and other intl urunatory cytokine release),
and Btk deficiency ui humans is associated with greatly
reduced TNF-alpha production by activaied monocytes
[0009] Thus, inhibition of'Btk activity can be useful I'or flm

treatment of allergic disorders and/or autoimnmne and/or
inflanunatory discases including. but not limited to. SI.F.,
rhciunatoid arthrins. multiple vasculitides, idiopatluc throm-
bocytopeiuc purpum (ITP). myastheiua gravis, allergic rluni-
tis. multiple sclerosis (MS). transplant rejection, type I dia-
betes, membranous nephntis, inflanunatory bowel disease,
m&toimmune hemolytic ancona, autoinunune thyroiditis, cold
and warn& agglutinin diseasew Evan's syndrome, hemolytic
uremic syndrome/tluumbotic tluombocytopenic purpura
(HUS/TTP). sarcoidosis. Sjdgrcu's syndrome. peripheral
neuropathies (e.g., Ouillain-Baric syndrome), pcmphigus
vulgaris. and asthnm.
[UUI UJ In addiuon. Btk has been reported to play a role in
controlling B-cell survival in certain B-cell cancers. I'or
example. Btk has been shown to be important for the survival
of BCR-Abl-positive B-cell acute lymphoblastic leukemia
cells. Tin&s inhibition of Btk activiiy can be useful for the
treatment of B-cell lymphoma and leukemia
[0011J In view of the numemus conditions tlu&t are contem-
plated to benefit by trcatn&cnt involving modulation of protein
kinascs, it is inunediatcly apparent that new compound~
capable ofmodulating pmtein kinases such as Btk and meth-
ods of using these compounds should provide substantial
thempeutic benefits to a wide vauety of patients.
[0012] Inhibitors ol'protein kiiuises are widely sought ands
number ofpublications report compounds effective ui modu-
lating protein kinases. For example. patent publications WO
2005/047290, WO 2005/014599. WO 2005/005429. WO
2006/099075 WO 2()f)6/053121, and l)S 2006/0183746 dis-
close certain imidazopyrazdne compounds that are said to
inhibit protein kinasc activity, including Btk activity. I'atcnt
publication WO 2008/033858 discloses methods of inhibit-
ing Btk activity with venous Btk binding chemical com-
pounds. Patent publication US 2006/0084650 discloses that
fused heterocyclic compounds exemplitied by inudazopyri-
midines and pyrrolotriazines may be used as protein kinase
inhibitors in addition. certain imidazopyridazinc and imida-
zotriaziuc compounds arc disclosed in WO 2007/038314
(published Apr 5. 2007) and WO 2008/(8145536& (published
Feb 21, 2008'), both of which are aasigncd to tlhc presmit
assignee.
[t)U13J The present invention relates to a ncuv class of sub-
stituted fused heterocyclic compounds found to be effective
inhibiiors of proteus kinases including Btk and other Tec
funilv kinases such as Itk.

SUMMARY OF THli INYFNTION

[fit)14J Modulate&a ofkinase activity which may generally
be described as substituted carbs&mles. tetrahydrocarbazoles,
and related compounds are provided herein.
[0015J The invention is directed to compounds of Formula
I that &vhich are usaofi&1 as inhibitors of Btk, and are useful for
the treatment of proliferative disease~, allergic diseases,
autonnmune diseases and inflammatory diseases, or stereoi-
somers, tautomers, pharnmceutically acceptable slats. sol-
vates or prodrugs thereof.
[t)U16J The present invention also pmvides pmcesses and
intermediates for maku&g the compounds of the present
invention or stereoisomers. tautomers, pharmaceutically
acceptable salts, solvates, or prodn&gs thereof.
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[0017] The present invention also provides phamuiceutical
compositions compnsuig a pharmaceutically acceptable car-

rier slid tu le&is( otic of lite coiilpouitds 0 Hite pres& lit iilveiil in it
or stereoisomers, tautomers, phamiaceutically acceptable
salts, solvatcs, or prodrugs thermif.

[0018] The present invention also provides a nmthod for
inhibition of Btk comprising ulministering to a host in need
ofsuch treatment a therapeutically eff&.ctivc mnount of at l emit

onc ol'hc conipounds of thc present invention or stcruoiso-
niers, tautomcrs, phammceutically acceptable salts, solvates,
or prodrugs thereof
[UU19J The present invention also provides a nwthod for
treating proliferativc discascs, allergic diseases, autoimmune
diseases mid intlammatory diseases, coniprising admiiuster-
ing to a host in need of such treatment a thempeutically
effective amount of at least one of the compounds of the
present invention or stereoisomers. tautomers, pharmaceuti-
cally acceptable suits. solvates, or prodrugs lhereol'.

[0020] 'I'he present invention also provides the compounds
of the present invention or stereo isomers, tau tomers, pliarma-
ceutically acceptable salt~, solvates. or prodnigs thereof. for
use in therapy.
[0021] The present invention also provides the use of the
compounds of the present invention or stereoisomers, tau-
tomers, phannaceutically acceptable salts. solvates. or pro-
drugs thereof, for the manufacture of a medicament for the
treatnmnt of cancers
[0022] These nnd other features of the invention will be set
forth ui the expanded form as the disclosure continues.

I)kif&kII.FD DFSCRIPTION OF THE
EMBODIMENTS OI'IIE INVENTION

[0023] Provided hereui is at least one chemical entity cho-
sen from compounds of formula (I).

ukh

or an enantiomer. a diastereomer, a prodrug, a salt, or a

pharmaceutical ly-acceptable salt thereof. wherein the dashed
hnes are either single or double bonds:
[0024] A is halo. (', „, carbocycle substituted with 0-3 B,

Cs „, mono- or bicyclic aryl substituted with 0-3 B. a 5-14
membered heterocyclyl contauung 1-4 heteroatoms selected
from N. 0, and S. substituted ivith 0-3 B, a 5-10 membered
heteroaryl containuig 1-4 heleroatoms selected from N, 0,
und S, substituted isith 0-3 B.

[0025] B is R', halogen, cyano. nitro. 0 R',
C( 0) R', C( 0)0 R'. C( 0)NR" R'.
S( 0), R', NR" ('( 0) R'. NR" C( 0)

NR" R'. NR"C( 0)0 R'. N(C( 0)0 R')„
NR" 8( 0)s R'. N(S( 0)a R')s, or NR"

R'1

[0026] R's hydrogen, C, & allyl substituted with 0-3 R'",

C, s haloalkyl, C, v alkenyl substituted with 0-3 R'", C, &

alkynyl substituted with 0 3 R Cs ic c&'cloiilkv'I siibstitutml
with 0-3 R'", Cs u, aryl substituted with 0-3 R'", a 5-10
membered heterocyclyl comaining 1-4 heteroatoms selected
froni N, 0. and S, substituted with 0-3 Ruk a 5-10 membermt
hcteroaryl containing 1-4 heteroatoms selected from N. 0,
and S. substituted with 0-3 Ruk

[0027J R'" is hydrogen. (.'. F. C'l. Br, OCF„CF,. CHI-'m

CN. NO„(CH-) OR', (CH,) SR'. (('H,) C(0)k',
~( Ha),('(O)OR . (('Ha),0('(0)R', (( H ),NR" k",

(CH,)„('(0)NR"R". (CHa),NR&C(0)R', (CHa)
,NR C(0)OR', NRsC(0)NR"R" S(0) NR" R"

NRsC(0) R'. S(0)R', S(0)aR', C,, alkyl substi-
tuted with 0-2 R". C„„ lmloalkyl. (Clio),-3-14 membered
carbocycle substituted with 0-1 R". or (CHs),-5-7 mem-
ber&st hcterocyclc comprising carbon atoms and 1-4 heteroa-
toms select&sf from N. 0, and S(0)„substituted with 0-1 R,
[0028J oiw, ofD'id D- is D mid lhe other is Ii or halo:

[0029] D is R'. Iudogen, (C(R"),), R', 0 R',
A"

( 0) R, A'( 0)0—R . i 0( 0)NR" k',
S( 0), R'. 5( 0)—R . NR"(:(~1) R',
Nk" ('( 0)NR" k'. Nk"C( 0)0 R', NR" S

( 0)s k-', Nk" k, i 0( 0)NRnMO R"-. MX'.
( 0)0 R. O'C( 0) R.orCH N OH:

[UU30J with the proviso tliat A is not halo when D is

C( 0)0 R-,

[0031J R's hydmgen. Cu, alkyl substituted ivith 0-3 R",
('s „aikcnyisubstitutcdwith03 R ",Cs salkynyl substituted
with03R ",0, u,cycloalkylsubstitutedwith03R (s io
aryl substituted with 0-3 R ', a 5-10 menibered heterocyclyl
contmning 1-4 heteroatoms selected from N, 0, and S, sub-
stituted with 0-3 Rs". a 5-10 membered heteroaryl contauiing
1-4 heteroatoms selected from N, 0, and S, substituted with
0-3 Rs*h

[UU32J Rs" is hydrogen, ('. 0, I'I Cl, Br, 0('I',. ('N, NO„
(('H,),01('E (CHa),.SR'. (CHa j, C(0)R'. (CHs),(s

(0)OR'. (CHs),0('(0)R", (('Ha) NR" R", (CHi),('0)NR"R", (CH,)NRsC(0)R', (CII,)+R C(0)OR',
NRsC(0)NR''R", S(0) NRnR'', NRsS(0)nR',
S(0)R' S(0)iR'. C

i s tllkvi stlbsti tered willi 0 2 R
Ital oalkyl, (('H,),-3- I 4 nicmbcrcd carbocycle substi-

tuted v,ilh 0-1 R'", or ~CHs),-5-7 membered heterocycle
comprising carbon atoms and 1-4 imtcmaiiillis select&1 fiolil
N. 0. and S(0')„substituted ivith 0-2 R";

[0033] R' is independently hydrogen or Ci~ alkyl substi-
tuted with 0-1 R', Cila-phenyl, or (CH,)„-5-7 mcnibered
heterocycle comprising mirbon atoms and 1-4 lmteroatoms
selected from N. 0, and S(0),d
[0034] alternatively, R" andalong with mother R". R', or
R'n the same nitrogen atom may loin to form an azetiduiyl,
pyrrolidinyl, piperidinyl. morpholinyl, or 4-(Ci

&
alkyl)pip-

cra&inyl,

[0035] R" is hydrogen. F, Cl, Br. OCF„('I'v ('HF„, CN,
NOn (CH,)„OR', (CH,),SR', (CHs),.C(0)R",

(CH,),C(0)OR . (CHi),OC(0)R, (CH„),NR'"R'',
(Ci1.),C(0)NR& h (Ci Ii)NR C(0)R'Cii.) NR&C

(0)ORE NRs( (0)NR" R', S(0) NR'R", NRsS

(0)sR', S(0)R'. S(0)aR'.C,,alkylsubstitutcdwith0-1
R. (, s haloalkyl, (( Hs),-3-14 mmubermi carbocycic, or
~CHa)„-5-7 membered heterocycle immprising carbon
atoms and 1-4 heteroatoms selected fmni N, 0, and S(0)„,
alternatively two R" on adlucent or the same carbon atom
form a cyclic acetal of the fomiula 0 (Cila), 0, or

0 CF, 0 . v herein n is selected from I or 2:
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[0036] Rs is hydrogen, C, „alkyl substituted ivith 0-2 R",

Ci s llaloalkyl, C,, cycloalkyl substituted with 0-2 R', or
(CI Ia),-phenyl substituted u ith 0-2 R':
[0037] R's Ci s illkyl substitutcxt iiith O-l R, C,,
cycloalhyl, or (CHs),-phenyl substituted with O-l R,
[0038J Ra is hydrogen, F, «1. Br. (X.Fi. «Fi, ('N. NOa,

OR', (CHi),C(0)R', NR'R', NR'C(0)OR'. (,,
allyl, or (Ci is),-phenyh
[ljU39J R's hydrogen. C, „alkyl, C, „cycloallyl. or (('H,)
;phenyl;
[0040] Rris hydrogen, halo, NII„OII, or OCH„
[0041] r is O. 1. 2, 3, or 4; and

[0042] p is 0, I, or 2

[0043] In another embodiment. diere is provided a com-

pound of formula I, wherein
[0044] the dashed lines are either single or double bonds:
[(1045] A is halo, Ci,„cycloalkvl substituted with 0-3 B,

C& in lllono- or bicyclic aryl substituted ivith 0-3 B. a 5-10
membered heterocyclyl contauung 1-4 heteroatoms selected
from N, 0, and S. substituted ivith 0-3 B, a 5-10 membered
heteroaryl containuig 1-4 heteroatoms selected from N, 0,
and S, substituted with 0-3 B.

[0046] B is R', lmlogen, cyano. nitro. 0 R',
C( 0) R', C( 0)0 R'. C( 0)NR' R',
S( 0), R', NR" C( 0) R'. NR" C( 0)

NR" R'. NR"C( 0)0 R', NR" S( 0)i R',
N(S( 0), R'),. or NR" R',

[0047] R is hydrogen. C, „alkyl substinued uith 0-3 R'.
Ci s lialoalkvl. C, s alkenyl substituled ivith 0-3 R", C,
alkynyl substituted ivith 0-3 R". (., „, cycloalkyl substituted
with 0-3 R". Cs „, aryl substiiutcd with 0-3 R"„a 5-10
mcmberext heterocyclyl containing 1-4 heteroatonis selected
from N, 0, and S, substimted with 0-3 R"', a 5-10 membered
heteroaryl containing 1-4 heteroatoms selected from N. 0,
and S, substituted with 0-3 R';
[0048] R'" is hydmg&n, 0 0, V, ('I, Br. 0('Fs,('Fs ('HFa,
('N, NO,. (('H,)„OR, (CHi),SR, ((.H,),C(0)R",

(('H ) ( (0)OR&, (( Hi),0('(0)R, (('Ha), NR" R",
(Cli ),C(0)NR"R", (CHs)J&IR"C(0)R', (CHi)

P1Rs«(0)OR', NR C(0)NR'''. S(0)„NR" R'',
NR S(0)& R '(0)R S(0)&R Ci s alkyl substituted

wiih 0-2 IV, C, „ luiloalkyl. («'Hi),-3-14 membered car-
bocycle substituted uith 0-1 R*', or (CHi),-5-7 membered
hcterocyclc comprising carbon atoms mid 1-4 hetcroatoms
selected from N, 0, and S(0) substituted with 0-1 R";

[0049] one ofD'nd D isDandtheotheris H:

[0050] D is R'. halogen. (C(R")c), R-', 0 R',
C( 0) R, C( 0)0 Ri C( 0)NR" Ri

S( 0)i R, NR" C( 0) R . NR'C( 0)
NR" R, NR" 0( 0)0 R'. NR" S( 0)i R'.or

NR" R',
[0051] R is hydrogen. Ci s alkyl substituted u ith 0-3 R',
Cs, alkenyl substituted with 0-3 R", Ci, alkynyl substituted
ivith 0-3 R '. C„m aryl substituted with 0-3 R". a 5-10
membered heterocyclyl containing 1-4 heteroatoms selected
from N. 0, and S, substitutixI with 0-3 Ri", a 5-10 nimnbercd
heteroaryl contaming 1-4 heteroatoms selected from N. 0,
and S, substituted with 0-3 R";
[0052] R'" is hydrogen, (', V. (.I, Br, 0«l',. ('N. NO,,

(CH,),OR'. (CHa),SR . (CHa),(.'(0)R', (( Hi)„('0)OR

. (('Ha),0('(0)R'. (('Hi),NR" R", (('Hi),.('0)NR"

R". (CHi)NRsC(0)R'. (CH,),NRsR'. NR
(0)NR'"'. S(0)„NR''R''. NR"S(0)"R', S(0)R',

S(0)iR
'

i & illkyl substituted ivith 0 2 R C
& & llaloiilkvl,

(CHc),-3-14 membered carbocycle substituted with 0-1
R', or (Clla),-5-7 membered heterocycle compnsing car-
bon atoms and 1-4 hcteroaioms selected from N, 0. mid S(0)„
substituted with 0-1 R",

[0053J R" is independently hydrogen or Ci s alkyk
[0054] alternatively, R" and along with another R". R'. or
R'n the same iutrogen atom may 1

oin to form an azetidinyl,
pyrrolidinyl, piperidinyl. morpholuiyl, or 4 (Ci &

&ilk&'l)plp-

liaxlny'I,

[UU55[ R's hydrogmi, F. ('1. Br. (X'F„CI',. ('HF„('.N,
NOi. (CHi)„OR", (CH,),SR', (CiH ),C(0)R,

(('Hi),('(0)OR'. (('H,),OC(0)R', (CH-)„NR" R",
(CHi),C(0)NR" R". (CFIs)J4Ri«(0)R'. (CH,),NR C

(0)OR'. NRiC(0)NR" R', S(0) NR'R', NRsS

(0)& R S(0)R S(0) R C
& s Ilkyl, C

~ „ ludoalkyl,
(&Ciis),-3-14 membered carbocycle, or (Ciii),-5-7

membered heterocycle comprising carbon atoms and 1-4 het-
croatoms selivtcd from N, 0. and S(0)„, altenuitivcly two R'*

on adjacent or the same carbon eton& form a cyclic acctal of
the formula 0 (CHa)s 0, or 0 CFi 0
wherein n is selected from I or 2;

[0056] Rs is hydrogen. C,, alkyl substituted with 0-2 R,
C, „haloalkyl. Ci, cycloalkyl substituted uith 0-2 R, or
(CII,)„-phenyl substituted with 0-2 R",

[OU57J R's (', s alkyl. (,, cycloalkyl. or (CH,)„-phcnyh
[0058] R's hydrogen, Is Cl, Br, OCI's. CF,, CN, NO„

OR", (CII„),C(0)R". NR"R", NR'C(0)OR'. Ci 6

alkyl, or (CHi),-phenyl;
[UU59[ R'is hydrogmi. (',, alkyl. 0,, cycloalkyl, or (CHi)
,-ph&.nyk

[0060J r is 0, I, 2. 3, or 4; and

[0061J p is 0, I. or 2.

[0062J In another embodiment. there is pmvided a com-
pound of fomiula I, wherein

[0063] D is a R, (CHi), R . 0 R', C( 0)
R', C( 0)0 R'. C( 0)NR '', S( 0),
R . S( 0) R', NR'C( 0) R, NR'C( 0)
NR" R', NR" C( 0)0—R . NR" S( 0), R, or

NR" R':

[0064] R's hvdrogen, (',, alkyl substituted with 0-3 Rs",

(', „, aryl substitnted with 0-3 Ri", a 5-10 membered hct-
erocyclyl containing 1-4 heteroa toms selected from N. 0. and
S. substituted with 0-3 R ', a 5-10 membered heteroaryl
containing 1-4 heteroatoms selected I'rom N, 0, and S, sub-
stituted with 0-3 R",
[0065] Ri" is hydrogen.« 0,11( I.Br,0('I',,('F,,( HFi,
('N, NO„OR, SR", ( (0)R, C(0)OR'. 0«(0)R,

NR" R" C(0)NR"R", NRiC(0)R", NRaC(0)
OR', NR"C(0)NR" R'' S(0) NR"R'' NRiS(0)
rR'. S(0)R', S(0)iR'. C,, alkyl substituted with 0-2
R", (CHi),-3-14 membered carbocycle substituted with
O-l R". wherein the carbocycle is cyclopropyl, cyclobuiyl,
cyclopcntyl or cyclohcxyl, or ((.H,),-s-7 nwmbercd het-
enicycle comprising carbon atoms and 1-4 hcteroatonis
selected front N, 0, and S(0)„substituted with 0-1 R',
[0066] r is 0, I, or 2.

[0067] In another embodiment, there is provided a com-
pound of I'onnula I. wherein

[OU68[ .4 is haki, Cs,„mono- or bicyclic myl substitutcxi
with 0-3-B, a 5-10 niembered hetenicyclyl containing 1-4

heteroatoms selected from N. 0, and S, substituted u ith 0-3-
B. a 5-10 membered heteroaryl containing 1-4 heteroatoms
selected from N. 0, and S. substituted ivith 0-3-B;
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[0069] B is R', halogen, cyano, niiro. 0 R',
('( 0) R'. M'( 0)O RL ('( 0)NR" R',
S( D), R', NR«C( 0) R, NR«C( 0)

NR" R, NR" S( O)s R', N(S(~))& R')s. orNR''t
[t)070] R's hydrogen, C, &

alkyl subst&nued w&th 0-3 R'",
( i a lialoalkyl. L a i «arvl substituted &aith 0-3 R', a 5-1 0
n&en&bere«I hetcrocyclyl containing 1-4 heteroatoms selected
from N. 0, and S. substituted with 0-3 R'" a 5-10 membered
heteroaryl contain&ng 1-4 heteroatoms selected from N. 0,
and S, substituted with 0-3 R"
[Ut)71] In m&other en&bodimcm. &imrc is provided a com-
pound of formula I, where&n

[U072] R's hydrogen. (', a alkyl substituted with 0-3 R'*',

( a &&&
aryl subsututed with 0 3 R&', a 51 0 membered hetem-

c)mlyl containing 1-4 heteroatoms ac)ected from N. 0, and S,
subst&tuted with 0-3 Ra", wherein the heterocyclyl &s pyrm-
lidinyl. piperidinyl, morpholinyl or pipcmzinyl, a 5-10 nwm-
bered heteroaryl contauung 1-4 heteroatoms selected from N,
O, and S, substituted with 0-3 R '*. wherein thc hetmoaryl is
pyridinyl. qu&nolinyl. isoquinolinyl, or tluazolyl.

[0073] In &mother embodimenh there is provided a com-
pound of formula I, wherein

[0074] A &s Cs m mono- or b&cychc aryl substituted &v&th

0-3-B, a 5-10 membered heterocyclyl containing 1-4 heteroa-
toms selected from N, O. and S. substituted with 0-3-B,
wherein the hetcrocyclyl is pyrroiidinyl, pipendinyl, mor-
pholinyl or p&perazinyl, a 5-10 membered heteroaryl contau&-

ing 1-4 heteroatoms selected from N, O. and S, substituted
w&th 0-3-B, wherein the heteroaryl &s pyndinyl, quinohnyl,
isoquinolinyl, indolyl, indazolyl. benzimidazolyl, imida-
zolyl. pyrazolyl. or th&azolyl;

[0075] R's hydrogen. (',, alkyl substituted with 0-3 R",
( i a halo'&llyl Cr ic '&ryl substituted with 0-3 R", a 5-10
n&cu&bcri«I hcterocyclyl containing 1-4 hctcroatoms selected
from N. 0, and S, substituted with 0-3 R'", wherein the
hctcrocyclyl i ~ pyrrolidinyl. pipcridinyl, nx&rpholinyl or pip-
em zinyk a 5-10 membered heteroary1 containing 1-4 heteroa-
toms sclccctcd front N. O, and S, substituted with 0-3 R'"
where&n the heteroaryl &s pyndinyl or tluazolyl.

[0076] In another embodiment. &here is provided a com-
pound of fi&rmula I, wherein the compound of formula I is a
compound of formula (Ia) or (Ib) or a pluirmaceutically
acceptable salt&her&x&f

n
(la&

i&hi

NH

[0077] In am&ther embodimenL there &s prov&ded» co&ll&-

pound of formula I. wherein
[0078[ R" is hydrogen F. CL Br. OCF&, CF,. CHF&, CN,
NO,, OR'. SR'L ~(O)R, C(O)OR'. ~C(O)R,

NR" R", i C(O)NR"R'L NR ('(O)R", NR"C(O)
OR', NR&C(O)NR" R«L ~(O) NR"R", NR'S(O)
«R S(O)R'(O)&R (

& r alkyl, C& a haloalkyl,
(CHa),-3-6 membered carbocycle. or (CHc),-5-7 mem-

bered heterocycle comprisu&g carbon aton&s and 1-4 heteiua-
toms selected from N, 0, and S(O), wherein the heterocycle
is pyrrolidinyl. pyrrolyl, pymzolyl, imidazolyl, oxazolyl,
isoxazolyl. &hiazolyl, iso&hi»zolyl. funL thienyl, pyridyl,
pymziny). pyrimidinyl, morpholinyi. thiamorpholinyl, triaz-
olyl. indolyl, benzothiazolyl, benzoxazolyl. bcnzothicnyl,
quinolinyl, isoquinolinyl, tctrahydroisoquinolinyl, bcnzimi-
ckamlyl, benzopyranyl, benzofuryl, benzisothiazolyl, bcn-
zisoxazolyl, benzodiazinyl, or benzofurazanyk
[0079[ R's hydrogen. C,, alkyl substituted with 0-2 R',
C, a-haloalkwl, Ca, cycloalkyl subst&tuted vnth 0-2 R", or
(CII&),-phenyl substituted with 0-2 R',
[0080] R's C, a alkyl. C, „cycloalkyl, or (CI I&), -phenyl;
[UU81[ R" is hydrogen. F. ('l. Br. OCI'&. ('F,. CN, NO2,
~R', i C(O)Rb, NR'R', NR.'C(O)OR', (',, alkyL or
(CH,)„-phenyl,
[0082[ R" ishydrogen.(,,alkyl, Cs scycloalkyl,or(('Ha)
„-phenyl,
[UU83[ In another mnbodimcnt. there is pmvided a com-
pound of fomnila I, &vhcrcin a compound of fomnila (I) is (la)
or (lb)

Ital

,th&

[0084] A is C„«i mono- or bicyclic aryl substituted with
0-3-B, wherein the aryl group is phenyl or naphthyk a 5-10
mmnbcrcd hcterocyclyl containing 1-4 hetcroatoms selected
from N, 0, and S, substituted w ith 0-3-13, wherein the hetero-
cyclyl gmup is pyrrolidinyl or piperid&nyk or a 5-10 mem-
bered heteroaryl contain&ng 1-4 heteroatoms selected from N,
O. and S. substitu&ed w&th 0-3-B, wherein the heteroaryl
group is pyndinyl. quinolinyl, &soquinolinyL u&dolyl, inde-
& olyl. benzimidazolyl, imidazolyl, pyrazolyl or thin&mlyl,

[0085] B is RL lmlogen, C( O)O K', S( O)z
R', NR'C( 0) R', NR'C( O)NR R'R''S(

O)a R'. N(S( 0)& R')„or NR" R'.
[0086] R's hydrogen, tntiuoromethyl, C, a alkyl substi-
tuted saith 0-1 R'", phenyl substituted with 0-3 R'". a 5-10
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membered heteroaryl containing 1-4 heteroatoms selected
from N, 0. uid S, substituted with 0-3 R", wherein the
lmteroaryl is pyridyl or thiazolyl,

[0087] Oiw, oi'D'nd D is D and the other is hydrogen.
[0088] D is R . C( 0) R'-, C( 0)NR" R-',

NR" C( O)R . NR" C( 0)NR" R . NR" S( 0)i
R-. or NR" R',
[0089] R's hydrngen. C, s alk31 substituted with 0-3 R ",

a 5-10mcmbcrcd hetcrocyclyl containing 1-4 hetcroatnnis
selected frnm N. 0, and S. substituted with 0-3 R "where the
heterocyclyl is pyrrolidinyl, piperiduiyi, piperazinyl or mor-
pholinyl:

[0090] R "is Ci s alkyl, wherein the alkyl is methyl. ethyl.
propyl, i-propyl, butyl. and t-butyl, substituted with 0-1 R'.

[0091] In another embodiment. there is provided a com-
pound of formula I, wherein

[t)t)92] 0 is a R-', ((:Hz)„R-', 0 R"-, C( 0)
R . i 0( 0)0 R'. M( 0)NR'' R'. S( Oj,

NRl I( ( 0) R NRI i(.( 0)NRll
NR'('( 0)0 R . NR'S( 0)z R . or NR"

R-';

[0093] R is hydrogen. C, „alk3)substituted wtth 03 R'",
Cs, alkenyl substituted ivith 0 3 R ( i io cycloalkyl sub-
stituted with 0-3 R ". Ca „, aryl substituted with 0-3 R ". a
5-10 ntcmbcred hctcrocyrciyl containing 1-4 hetcroatoms
selected from N, 0, and S. substituted with 0-3 R ", a 5-10
membcrid hcteroaryl containing 1-4 hetcroatoms selected
from N, 0, and S, substituted u ith 0-3 R ";

[0094] R "is hydrogen, C 0, F, CI. Br, OCFs, Cf u CI IF],
CN. NOs. OR'. SR', (.'(0)R'. ('(0)OR'. 0('(0)R,

NR'R". C(0)NR 'R", NR C(0)R". NR"C(0)
OR', NR ((0)NR" R", S(0) NR" R". NR S(0)
„R', S(0)R', S(0)iR', C,, alkyl substituted with 0-2
R", (CHc),-3-14 mcmbercd carbocycle substituted with
0-1 R", wherein the carbocycle is cyclopropyl, cyclobutyl,
cyclopentyl or cyckihexyk or (('H,),-3-7 niembcred lmt-
erocycle comprising carbon atoms and 1-4 heteroatoms
scliccmd from N, 0, mid S(0) substituted with 0-2 R",

[Ut)95] r is 0. I, or 2.

[0096] In anotlmr cmbodimcnt. there is provided a com-
pnund of formula I, wherein

[0097] A is halo, Cs „, carbocycle substituted with 0-3 B

(1»o mono- or bicyclic aryl substituted with 0-3-B, a 5-14
membered heterocyclyl contaimng 1-4 heteroatoms selected
from N. 0. mid S, substituted with 0-3-B. u 5-10 nwmbcred
heteroaryl contaming 1-4 heteroatoms selected from N. 0,
and S, substituted with 0-3-B;

[0098] B is R', halogen, cyano, niiro. 0 R',
('( 0) R'. C( 0)0 R'. C( 0)NR" R',
S( 0) R', NR"C( 0) R'. NR" C( 0)

NR" R, NR" S( 0)z R'. N(S( 0)a R')2, nl
NR" R',

[0099] R's hydrogen, Ci a tllkyl substituted uith 0-3 R'",
Ci s llalii'llkyl, Cs „, arvl substituted with 0-3 R'", a 5-10
membered heterocyclyl contaimng 1-4 heteroatoms selected
from N, 0. and S, substituted with 0-3 R'" a 5-10 membered
heteroaryl containuig 1-4 heteroatoms selected from N, 0.
and S, substituted with 0-3 R"
[t)l UU] in miothcr cmbodimmit. there is provided a com-
pound of formula I, wherein
R" is hydrogen. Ci s Ilkyl substituted with 0-3 R ", ethenyl,
( s i i cycloalkyl sub stitiited with 0 3 R ( s in aryl substi-
tuted ivith 0-3 R ', a 5-10 membered heterocyclyl containing
1-4 heteroatoms selected fmm N. 0, and S. substitutid with
0-3 Rz". wherein the heterocyclyl is pyrmhdinyl. piperidinyl,

morpholinyl or piperazinyl. tetrahydropyr uiyl, oxazolidinyl
(oxazolidin-one), imidazolidinyl (imidazolidin-one). diox-
alanvl. or

+
(,)

a 5-10 membered hcteroaryl containing 1-4 hctcroatoms
selicctcd frnm N, 0, and S, substituted with 0-3 R ", wherein
the heteroaryl is pyrimidinyi, imidazolyl, pyrazinyl, thiadim-
olyl. pyndinyl. quinolinyl, isoquinoluiyl, or thiazolyl.

[U101] In another embodiment. there is provided a com-
pound of I'onnula I. wherein

[U102] A is C, carbocycle substituted with 0-3 13, (', „,
mono- or bicyclic aryl substituted with 0-3-B. a 5-14 mem-
bcrixi hetcrocyclyl containing 1-4 hetcroatoms sclivted foun
N. 0, and S, substituted v ith 0-3-B, wherein the heterocyclyl
is chromanyl, 3.4-dihydro-ZH-bcnzn[c][1.3[oxazin-2-one,
pyrrolidinyl, piperidinyl, morpholuiyl or pipemzinyh a 5-10
membered hctcroaryi cnntaining 1-4 hcteroatoms selcctod
from N, 0. and S, substituted with 0-3-B, wherein the het-
eroaryl is pyridinyl. quinolinyl, isoquinoiinyl. indolyl, inda-
zolyl, benzimidazolyl. furanyl, benzofuranyl. dibenznfumnyl
imidazolyl. pyrazolyl. or thiazoiyl,

[t)103] R's hydrogen, (', „alkyl substituted with 0-3 R'",

(,, haloalkyl, C„,„aryl substituted with 0-3 R'", a 5-10
mcnibcrod hcterocyciyl containing 1-4 hetcroatoms sclcctixt
from N, 0. mid S, substituted with 0-3 R'", whereui the
hctcrocyclyl is 4,5,6,7-tctrahydrobettzo[d[thiazolyl, isindoli-
nyl, imidazo[1,2-a]pyrazin-g(7H)-one, Ill-pyrrolo[3,4-c]py-
ridin-3(2H)-nnc. 1.3-dihydrofuro[3,4-c]pyridiue, phthala-
zine, isoqmnolin-l(2H)-one, isoindoluiyl, isomdohne-10-
dione. quinazolin-4(3H)-nne.

0

pyrrolidinyl, piperidinyl, morpholinyl or pipcrazinyl, a 5-10
membered heteroaryl containuig 1-4 heteroatoms selected
front N, 0, and S. substituted with 0-3 R'" wherein thc het-
eroaryl is indazolyl, imidaznlyl, pynmidinyk benzunida-
zolyl. bcnzothiazolvl, quinolinyl, quinazolinyl. quinazolin-4
(311)-one pyriduiyl or thiazolyl.
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[0104] In another embodiment. there is provided a com-
pound of fomnda I, wherein the compound of fornnda I is u

compound of formula (I) is (Ia) or (Ib)

Ilst

0
;Is)

D-

Ylh

[0107] In another embodiment. there is provided a com-
pound of formula I, wherein the coinpound of filnnula I is a
compound of formula (I) is (Id)

0

Sill.

(Idi

[0105] In another embodiment. dlere is provided a com-
pound of formula I, w herein the compound of formula I is a
compound of formula (I) is (Ic) or (Ib)

[0106] In another embodnnent. there is provided a com-
pound of filrmula I, wherein the compound of formula I is a
compound of formula (I) is (Ic)

[0108] In amlther embodimenh there is provided ii cillu-
pound of formula I. wherein

[t)109J R's hydrogen. V. (.'I, Br. 0(:Fu Cl'v ('HF„('N,
N02. OR'. SR', C(0)R", C(0)OR, OC(0)R,

NR R" C(0)NR'R NR ('(0)R', NR"C(0)
OR', NR"C(0)NR" R" S(0)„NR "R" NR S(0)
R'. S(0)R', S(0),ROC, „alkylsubstitutedwith0-I R',

C, „haloalkyh (Clis)„-3-6 membered carbocycle, or
~(H2),-5-7 mcnibercd heterocycle comprising carbon
atoms mid 1-4 hctcroatoms selectedi I'rom N. 0. iuui S(0),
wherein the hcterocyclc is pyrmlidinyl, pyrrolyl, pymzoly~l,

imidazolyl. oxazolyl, isoxazolyl. thiazolyl, isothiazolyl,
furyl, tlnenyl, pyridyl, pyrazinyl, pyrinudinyl, morpholinyl,
thiamorpholinyl. Iriazolyl, mdolyl, benzotluazolyl, benzox-
azolyl, benzotluenyl. quinolinyl, isoquinolinyl, tetrahy-
droisoquinolinyl. beiizimidazolyl. benzopyl,uiyl, benzofuryl,
benzisotluazolyl, benzisoxazoiyl, benzodiazinyl. or bettzo-
flit iizanvl.

[0110] Rs is hydrogen. C, „alkyl substituted with 0-2 R,
(

1 i haloalkyl, (',, cycloalkyl substitutixi with 0-2 R, or
(Clli),-phenyl substituted with 0-2 R",

[0111] R's C, „alkyl substituted with 0-1 R. C, „

cvcloalkyl, or (CH2),-phenyl substituted with 0-1 R;
[t)112J R" is hydrogen, I', ('I, Br, OCI',, CF„CN. NO,,

OR', C(0)R", NR'R". NR'C(0)OR'. C, s alkyl, or
(CH2),-phenyk

[0113J R'ishydrogcn.(, s alkyl. C,,cycloalkyl,or(CH,)
,-phenyl:

[0114] R's hydrogen. halo, or NH,: r is 0 or I.

[0115] In another embodiment, there is provided a com-
pound of formula I. v'herein

[0116J R" is hydrogen. F. Cl, Br. OCF, CFi. CHF„CN,
N02. OR, SR', ('(0)R', ('(0)OR', 6yC(0)R,

NR" 'R', ~(0)NR"R'. NR C(0)R', NR"C(0)
OR', NRs('(0)NR" R" S(0) NR"R" NR S(0)
sR', S(0)R', S(0)2R'. C, „alkyl. C, „ ludoalkyl,

(( Hl);3-(i niembered carbocycle phenyl. or (('Hl), -5-7

mmnbored heterocycle comprising carbon atoms:uid 1-4 het-
eroatoms selcctcd from N, 0, and S(0), wherein the hetero-
cycle is tluazolyl. pyridinyl, piperidinyl. morpholinyl, piper-
azinyl, pyrrolidinyl, pyrrolidin-one,

[0117J R's hydrogen, 0,, alkyl substituted tvith 0-2 R',
C, „haloalkyl. C, „cycloalkyl substitutid with 0-2 R, or
((IH2),-phenyl sublsctituted with 0-2 R";

[0118] R's (, s alkyl, ('2 „cycloalkyl, or (('H,),-phenyl;
[t)119J Ra is hydrogen, I'. ( I, Br, 0('I',. Ci',, ('N, NO„

OR', C(0)R", NR'R". NR"C(0)OR', C, „alkyl, or
(( Hl) -phcllyl;

[012ll] R's hydrogen,(',, alkyl, (',, cycloalkyl, or (CH2)
, -phenyl.

[0121] In another embodiment. there is provided a com-
pound of formula I, wlmrein the compound ol'ormula (I) is
(Ia) or (Ib)

ilcl
0

Dl
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-continued

Nil

or a salt thereof, v,herein

[0130] B's methyl or lluorine;
i!b)

[0131[ B is R". NR" C'( 0) R'. NR"C( 0)
NR" R', or NR' R"t

0

[0122] A is Cs a carbocycle substituted with 0-3 13,

v herein the carbocycle is cyclohexyl or cyclohexenyl, C, «
mono- or bicyclic aryl substituted with 0-3-13, wherein the
aryl group is phenyl or napluhyl. a 5-10 membered helerirey-
clyi containing 1-4 heteroatmus ac)ected friim N. 0. mid S,
substituted ivith 0-3-B. whcmin thc hctcrocyclyl group is
chrontanyl, 3,4-dihydro-2H-benzoic][ I 0 [oxazin-2-one, pyr-
rolidinyl or piperidinyk or a 5-10 menibcred heteroaryl con-
taining 1-4 heteroatoms selected from N. 0, and S, substi-
tuted with 0-3-B, wherein the heteroaryl group is pyndinyl,
quuiolinyl. isoquinolinyl, indolyl, uidazolyl, benzinudazolyl,
furmiyl. benzofunuty), dibenzofuranyl, imidazolyl, pyrazolyl
or iliiiizolvh

[0123] B is R', halogen. C( 0)0 R'. S( 0)i
R'. NR" (.( 0) R'. NR" C( 0)NR' R',

NR" S( 0) R'. N(S( 0)z R')i. or NR" R',
[0124] R's hydmgen. irifluoromelhyl, C, alkyl subsii-
tuted with O-l Rah plmnyl substituted with 0-3 R", a 5-10
mcmbcrixt betcroaryl containing 1-4 hcteroatoms selected
from N, 0, and S, substituted with 0-3 R'", wherein thc
heteroaryl is pyridyl or tluamlyk
[0125] One of 0'nd Di is 0 and the other is hydrogmii

[0126] 0 is R', ('( 0) R, ~)R, ('( 0)
NR"R, NR" C( O'IR . NR"C( 0)NR" R', NR"S
( 0), Ri. or NR" Rs

[0127] R is hydrogen, ('i s alkyl substituted with 0-3 R ",

a 5-10 membered hctemcyclyl containing 1-4 heteroatonw
selected from N, 0. and S, substituted with 0-3 R "where the
helerocyclyl is letnazolyl, pyrrohdinyl, piperidinyl, piperazi-
nyl or morpholinyh

[0128] Ri" is(', s alkvl, ivherein the alkyl is methyl, ethyl,
propyl. i-propyl, butyl. and t-butyl. substituted with 0-1 R".

[0129] In miotlmr mnbodimmit. (herc is provided a com-
pound of formula 1. ivhercin thc compound of furmula (I) is a
compound of formula (Ic)

NH

vi

N

any of which are substituted with 0-3 R';
[0132] R" is C,, alkyl, phenyl substituted with 0-2 R",

cyclopropyl, ('H„-tctrarolyl, or pyridyl, thiazolyl. imida-
zolyl. bcnzimidazoly), pyrimidinyl, any oi'which arc substi-
tuted ivilh 0-2 R",

[0133J R's thiazolyl substituted with O-l R':
[0134J R" is quinazolinyl substituted with O-i R'":

[0135] R" is selected from hydrovcn, hain, ('N, niethyl,
ethvl. CI's. Oil, 0-methyl. COiCIi, N(CIi.,)i, NC(0)CII.„

[0136J D is R', (C(R")i), Rr.~ORr,~C( 0)R'( 0)NR" R NR''C( 0) R, NR "C

( O)NR" R, NR" R', or 0('( 0) R-,

[0137] pmvided that D" is not hydrogen;

[0138J R's hydmgen, C,, alkyl substituted ivith 0-3 R",
(', «cyclopropyl substituted with 0-3 Ri", a 5-10 mcntbcrcxt
hetcrocyclyl containing 1-4 hctcroatoms sclccted from N, 0,
and S, substituted with 0-3 R ". wherein the heterocyclyl is

selected from pipemzinyl, pyrroliduiyl, tetrahydrofumnyl,
morpholinyl, dioxolanyl, pipendinyl, oxazolidinyl (oxazoli-
din-one), imidazohdinyl (imidazolniin-one).
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(,)

a 5-10 membered heteroaryl cnintaining 1-4 heteroatoms
selected from N, 0, and S. substituted with 0-3 Rs". wherein
thc hcteroaryl is selected from pyridinyl, imidaznlyl, pynszl-
nyl, pyrimidinyl, tetrazotyl. thiadiazolyk

[0139] R'*'is hydrogen, (CH,),OR'. (CHi),OC(0)R,
(CII ) NR . NR~C(0)NR R NR S(0)R, CI

alkyl substituted with 0-2 R'. or (CHs),-5-7 membered
hi:tcroc)'clc ciunprgshlg Cal'bon atonla and 1-4 hetematonla
se)ected from N. 0. and S(0) substituted with 0-2 R",

wherein the heterocycle is select& from pyridulyl, pyrrolidl-
nyl, pyrrohdinonyl, morphohnyl, unldazolyl, plperidlnyk

[0140] R" is hydrogen or C, 1 alkyl substiulted with 0-I R,
[0141] R", or (CHs),-s-7 membered heterocycle com-

prising carbon atoms and 1-4 heteroatoms selected from N,
0, and S(0), wherein the heterocycle is unldazolyl or mor-

pholinyli

[0142] R Is hydrogen, or(,, alkyl substitutedss ith 0-2 R";

[0143] R's C, „alkyl,
[0144J Ra is hydrogen, OR'. or NR'R'I

[0145J R's hydrogen, or C, „aligk
[0146] R is hydrogen. Nile. OH, or OCIII

[0147] In another embodimenu there is provided a com-

pound of formula i. whcrcin 0's hydrogen and 0's D.

[0148] In another embodiment. there is provided a com-
pound of formula I, wherein D's hydrogen and D's D.

[0149] In mlothcr embodinlent. there is provided a com-
pound of formula I, wherein the coinpound of fiinnula I is a

compound of fornmla (Ia). In another embodiment, the conl-
pound of fornulla (I) Is a compound of formula (Ib). In
another embodimenu the compound of formula (I) is a com-
pound of fbrmula (Ic).

[t)150] ln another embodunent, A is lmlo. (',,c carbocycle
substltu'tcil lvlth 0 3 B Ci ic Inono-or blcyclic aryl substituted
with 0-3-B, a 5-14 membered heterocyclyl containing 1-4

heteroatoms selected from N, 0, and S, substituted ivith 0-3-

B, a 5-10 membered heteroaryl contmning 1-4 heteroatoms
selixted from N, 0, and S. substituted ivith 0-3 B.

[0151] In another embodiment, there is provided a com-
pound of formula I, wherein A is Cs carbocycle substitnted
with 0-3 B, C,,„mono- or blcyclic aryl substituted with
0-3-B, a 5-14 membered heterocyclyl containing 1-4 heteroa-
toms selected from N, 0. and S, substituted with 0-3-B.
wherein the hetcrocyclyl is. cluomanyl, 3,4-dihydro-2H-
benzo[e][1.3]oxazin-2-one, pyrrolidinyl, piperidinyl, mor-

pholinyl or pipcrazinyl, a 5-10 mmnbcrcd bctcroaryl contain-
ing 1-4 lmteroatoms sclocmd from N, 0, and S. substituted
with 0-)-B, wherein the heteroaryl is pyndinyl, quinolmyl,
isoqulnohnvl, lndolyl, lndazolvl, benzlnndazolyk furanvl,
benzofumnyl dlbenzofuranyl unldazolyl. pyrazolyl. or thlaz-
olyl.

[0152] In amither embodimenk there ls provided II ciun-

pound offormula I, w herein A is C» a carbocycle substituted
ivith 0-3 B. wherein the carbocycle is cyclohcxyl or cyclo-

hexenyl, Cs „, mono- or bicycllc aryl substituted u ith 0-3-B,

wherein tlm aryl group is phenyl or naphdlyk a 5-10 menl-
bcrixt hetcrocyclyl containing 1-4 heteroatoms sclectcd from
N. 0, and S, substituted with 0-3-B, wherein the heterocyclyl

group is chromanyl, 3,4-dihydro-21 1-bcnzo[a][1,3]oxazin-2-
onc, pyrrolidinyl or pipcridinyk or a s-10 membercdi het-

eroaryl containing 1-4 heteroatoms selected from N, 0, and S,

substituted with 0-3-B. Ivherein ihe heteroaryl youp is

pyridinyl, quinolinyl, isoqulnolinyl. indolyl, indaznlyl, bcn-

zimidazolyl. furanyl, benzofuranyl, dibenzohiranyl, inuda-

zolyl, pyrazolyl or tluazolvl.

[0153] In another embodiment, there ls provided a com-

pound ol''onnula I, u herein B is R', halogen, cy ulo. nitro,
~) R', C( 0) R', ~'( 0)0 R', ( ( Oj
NR" R', S( 0)i Rk NR "C( 0) R', NR''('

0)NR''. NR" S( 0)z R', N(S( 0)s R')
„or NR"

R'0154J In another embodimenk there is pmvided a com-

pound of fornnila I, wherein B is R', halogen, C( 0)0
R', S( 0)s R'. NR "C( 0) R'. NR" C( 0)
NR" R', NR" S( 0)i R . N(S( 0)i R')„or

NR" R'I

[0155J In another embodinmnk there is provided a com-

pound of fiirmula (Ic), wherein B's methyl or tluorine;

[0156J 8 is R'R" C'( 0)—R". NR"C( 0)
NR" R" or NR" R";
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-continued

S

from N, O. mtd S. substituted with 0-3 R ". wherein the
heterocyclyl is pyrrolidinyl. piperidinyl, morpholinyl or pip-
enizinyl. tetrahydropynanyl, oxazolidinyl (oxazolidin-one),
imidazolidinyl (imidazolidin-one), dioxalmiyl, or

any of which are substituted with 0-3 R'".
[(I157J ln another embodiment, there is provided a com-

pound of formula I, wherein R's hydrogen. C i s alkyl sub-
stituted ivith 0 3 R Ci s llaloalkyl Ci ic atyl silbs'titil'ted

with 0-3 R', a 5-10 ntembercx( heterocyclyl containing 1-4

heteroatoms selected I'mm N, 0, and S. substituted ivith 0-3
R", whcrcin thc hetcrocyclyl is 4.5.6.7-tctmhydrobcnzo[d]
thiazolyl. isoindolinyl. imidaim[1,2-a]pymzin-g(7H)-onc,
I H-pyrrolo[3,4-c]pyridin-3(2H)-one. 1,3-dihydrofuro[3,4-
cJpyridine. phthala zine. isoquinolin-I (2H)-one. isouidolinyl,
isoindoline-13-dione, quinazolin-4(3H)-orle,

a 5-10 membered heteroaryl containing 1-4 heteroatoms
selected I'rom N, 0, and S, substituted with 0-3 R ", wherein
the heteroaryl is pyrimidinyl, imidt solyl, pyrazinyl, thiadimi-
olyl. pyridinyh quinolinyl. isoquinolinyl, or thiazolyl.

[016UJ In another embodiment, there is provided a com-
pound of formula I. wherein R's hydrogen, (',, alkyl sub-
stituted with 0-3 R'", a 5-10 nwnibcrcd hcterocyclyl contain-
ing 1-4 heteroatoms selected from N, 0, nnd S. substitumd
with 0-3 R-" where thc hcterocyclyl is tctrazolyl. pyrrolidi-
nyl. pipenduiyl, piperazutyl or morpholinyl.

[U161J In another embodiment, there is pmvided a com-
pound of fornuila I, wherein Rs is hydrogen, C, „alkyl sub-
stituted w ith 0-3 R ", C, s alkenyl substinited vath 0-3 R ",

C, „alkynyl substituted with 0-3 Rs". C., „, cycloalkyl sub-
stiuued ivith 0-3 R ". C„„, aryl substituted with 0-3 R ", a
5-10 mcmbcrcd hctcrocyclyl containing 1-4 hctcroatoms
selected from N, 0, and S, substituted ivith 0-3 Rs", wherein
the hetcrocyclyl is selected from piperazinyl. pyrrolidinyl,
tetrahydrofuranyl. morpholinyl, dioxolanyl. pipcridinyl,
oxazolidinyl (oxazolidin-one), imidazolidinyl (imidazolidin-
olie),

+
pyrrolidinyl. pipcridinyl, morpholinyl or pipcraziuyl, a 5-10
membered hetcroaryl containing 1-4 hcteroatoms selected
fmm N, O. and S, substituted with 0-3 R'" wherein the het-
croaryl is indazolyl, imidazolyl. pyrimidinyl, bmizimida-
zolyl. benzothiazolyl. quinolinyl, quinazolmyl, quinazolin-4
(3H)-one pyridinyl or tlnanilyl
[0158] In another embodiment, there is provided u com-

pound of formula I, wherein R is hydrogen. trilluoromethyl,
Ci s alkvl substituted v ith 0-1 R". phenyl substituted u ith
0-3 R". a 5-10 membered hctcroaiyl containing 1-4 hctcroa-
toms selected from N, 0, and S. subsiituted with 0-3 R",
wherein the hctcroaryl is pyridyl or thiazolyl.
[0159] ln miothcr cmbodimmit. there is provided a com-
pound of tiirmula I, wherein R is hvdrogen. C,, alkvl sub-

stituted with 0-3 R ", ethenyl. Ci ic cycloalkyl substituted
with 0-3 R ', Cs o, aryl substituted with 0-3 R ", a 5-10

membered heteroc& clyl contaimng 1-4 heteroatoms selected

(,)

u 5-10 membered heteroaryl containing 1-4 heteroatoms
selected from N, 0, and S, substituted with 0-3 R", whereut
the heteroaryl is selected from pyridinyl, imidazolyl, pyrazi-
nyl. thi uliazolyl.

[0162] In another embodiment, there is provided a com-
pound of formula (I) whcrcin R's hydrogen. (,, „alkyl sub-
stituted ivith 0 3 R Ci is cvclopropvl substituted with 0-3
Rs'. a 5-10 mmnbcred hctcrocyclyl containing 1-4 hetcroat-
oins selected from N. 0, and S, substituted with 0-3 Rs",

wherein the heterocyclyl is selected fmni pipcmmnyl, pyrro-
lithnyl. tetmhydrofumnyl, morpholuiyl, dioxolmtyl, pipendi-
nyl. oxazoliduiyl (oxazohdin-one), imidazolidinyl (imidazo-
lidut-one)
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a 5-10 mcmbercd heteroaryl containing 1-4 heteroatoms
selcvtcd from N, 0, and 5, substituted with 0-3 Rzh wherein
tlm Imtcroaryl is sclccted from pyridinyl. imidazolyl, pynszi-
nyl, pyrinlidinyl, tctrazoiyl, thiadlazolyl
[0163] In another embodimenk R " is hydrogen, (CIIS)
,.OR', (CHC),OC(0)R'. (CH,),NR" R". NRCC

(0)NR R NR S(0)i R (. I I alh& I subst)to)cd lv'1th 0 2
R"', or (('Hl),-5-7 mmnbered heterocycle comprising car-
bon atoms andi-4 heteroatoms selected fmm N, 0, and S(0)
substituted with 0-2 R", wherein the heterocycle is selected
from pyridmyl, pyrrolidinyl. pyrrohdlnonyl, morphohnyl,
inudazolyl, plpendinyl.
[0164] In another embodiment, one of 0'nd Dl is D and
the other is Ii: provided that D is not hydrogen.
[0165] In another mnbodinmnt, 0 is a R', ((.'H,), R-',

0 R, ('( 0) R . C( 0)0 R . C( 0)
NR" R, S( 0) R . NR" C( 0) R, NR"C

( 0)NR" C( 0)NR''RoC( 0)0 R'R'S(0)l R'. or NR''.
[0166] In another cmbodimcnt, 0 is a R-', (CHC) R-',

0 R, C( 0) R-", C( 0)0 R . C'( 0)
NR' Ra 5( 0) R-", S( Oj R'R"C

( 0) R, NR" C( 0)NR" R, NR"C( 0)0
R . NR" S( 0)l R, or NR'' R .

[0167] In another embodiment. D is R', C( 0) R',
OR, C( 0)NR"R'.NR''C( O)R, NR"C( 0)

NR" R", NR" S( 0)l R', or NR' R'.

[0168] Inanothcrcmbodimcnt. Dais R'. (C(R")1),
R . A)R', A'( 0) R, A ( 0)NR" R . NR"('

0) R, NR ('( 0)NR" R-'. NR" R-, or
OC(~) R'.

[0169] In another embodiment. D's R . (C(R')1),
R', C( 0) R', C( 0)NR" R'. NR" C( 0)
R . NR'C( 0)NR' R, NR' R, or ~C
( 0) R.
[0170] In another enlbodiment, 0 is R . (('(R")1),
R-', C( 0) R, C( 0)NR" R . NR"C( 0)
Rl NR" C( 0)NR ' NR' R . S( 0)
R, or OC( 0) R .

[0171] In another enlbodi ment. thcrc is provided a pharma-
ceutical composition comprising one or morc compounds of
fonuula I and a phannaceutically acceptable carrier or dilu-
ent

[0172] The present invention ls also directed to pharmaceu-
tical composiuons useiul in treating diseases associated lvith
kinase modulation, including modulation (especially inlubi-
tion) of Btk and other Tcc family kimiscs such as itk, com-
prising compounds of formula (I), or phannaccutimdly-ac-
ceptable salts thertxlf, and pharmaceutically-acceptable
carriers or dilumlts

[0173] The invention hirther relates to methods of treating
diseases associated with the kinase modulation, including the

modulation of Btk and other Tec gamily kilulses such as Itk,
comprising administering to a patient in need of such treat-
ment a therapeutically-eiTective amount of a compound
according to formula (I).
[01'74] The present lrwention also provides processes and
intermediates for nuiking the compounds of thc present
invention or stcrcoisonltms. tlu!Ionlcrs, phttrnlliccutlcllll)'cceptable

salts, solvates, or prodrugs thcrcotf.

[0175] The present invention also provides a method for
treating proliferative diseases. aller ic diseases, autoinmnule
diseases and iniksmmalory diseases, comprisuig xhninister-
ing to a host in necst of such treatment a therapeutically
etfcctive amount of at least onc of thc compounds of thc
prcscnt invmltion or stereoisomcrs, tautomcrs, phannaccuti-
cally acceptable salts, solvates, or prodrugs thereof.
[0176J The present invention also pmvides a method for
trotting a disease, comprising administering to a patient in

need of such treatment a therapeutically-etfecttve amount of
a conlpound of fomiula l. wherein the disease is systemic
lupus erythematosus (SLE), rheumatoid artluitis, multiple
sclerosis (MS), or transplant re)ection.
[t)177J 'I'he present invmition also provides a method of
treatulg a condition associated with a prohferatlve disease, an
aller uc disease. an uutoinumine disease or an udlanunatory
disease, comprising athninisiering to a patient in need oi'uch
treaunent a therapeutically-effective unount of a compound
of fomlu la I.

[01'78] The present invention also provides a method of
treating a condition comprising administering to a patient ul
aced of such tl'e;ttnlcnt;I therapeutic;dl)'-cffcctlvc tunount of
a compound ol lomlula I, lvherein the condition is selected
from acute myclogcnous leukemia. chronic myclogcnous
leukemia. metastatic mclmloma, ICaposi*s sarconm. multiple
niyclonia, solid tumors, ocular neovasculization, and infan-
tile haemangiomas, B cell lymphoma. systemic lupus erythe-
matosus (SLB), rheunmtoid arthriti~, psonatic arthntis. nnd-
tiple vascuhtides, idiopathic tluombocytopenic purpura
(ITP). myasthenia yavis, allergic rlunms, multiple sclerosis
(MS), transpl ult rejection, Type I diabetes, membranous
nephritis, inlianmlatory bowel disease, autoinmnule
hemoiytic anemia, autoinmnule thyroiditis. cold and uami
agglutinin diseases. Fvan*s syndmme, hemolytic urenlic syn-
drome/thrombotic thrombocytopcnic purpura (HIISITTV),
sarcoidosis, Sjogren's syndrome, peripheral neuropatldes,
pemphigus vulgaris and asthma

[0179J Thc present invention also provides a method for
treating a rheumatoid artluitis, comprising administering to a

patient in need of such treatment a therapeutically-effective
amount of a compound of formula I.

[0180] The present invention also provides a method of
lrexllhlg II B cell tnctllB(csf thsc'Isc, conlpllshlg llthnlillstellng
to a patient in need of such trtxstmcnt a therapeutically efftv.-
tive amount of a compound of formula I

[0181] The present invention also provides a method of
treating a B-cell mediated disease, comprising administering
to a patient in need of such treatment a therapeutically-etTec-
tive amoum ol'a compound of formula I, lvhereul the B-cell
mediated disease is a disease modulated by a kinase selected
from Blk. Bmx. Itk, I'xk mid Tcc.

[0182[ The pre~ant invention also provides a method of
treating diseases, comprising adtttinistering to a patient in
need of such treatment a therapeutically-etfecttve amount of
a compound of formula I. Orpharmaceutically acceptable salt
thereof. in combination with other therapeutic agents.
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[0183] The present invention also provides the compounds
of the present invention or stereo isomers. tautomers, pharma-
ceutically acceptable salts, solvates. or pmdnigs thereof. for
use in tlmrapy

[0184] In another embodimenL compounds offormula I are
selected fnml exemplified examples or combinations of
cxmmplilied examples or other cmbodinwnts herein

[0185J In another cmbodinient arc compounds having an
I( so&10 pM in the Btk assay described below

[0186] ln another cmbodiinent are compounds lulving an
I( so&=5 nM in the Btk assay described below:

[t)187] The present invention also provides thc usc of the
compounds of tbe prcscnt invention or stereoisomers, tmi-

tomers, plmnnaceutically acceptable salt~. solvates, or pm-
drugs thereof, for the manufacture of a medicament for the
treatnient of cancers, ml allergic disease. an autoimniune
disease or an inflammatory disease.

[0188[ The present invention may be embodied in other
specific forms without departing fmm the spirit or essential
attributes thereof. This invention encompasses all combuta-
tlons of preferred aspects and/or embodiments of the mven-
tion noted herein. It is understood that any and all embodi-
ments of the present uiventlon may be taken ui conjunction
wi fli any other embodiment or embodiments to descn be addi-
tional more prcfi:rred embodiments It is also to be under-
stood tluu. each individual elmnent of the prcferrcsI mnbodi-
nlents is its own independent preferred mnbodimcnt.
Furthcmiorc. any alen)ant of an embodiment is nlcaut to be
combined with any and all other elements front any embodi-
ment to descnbe an additional embodiment.

DBTAII,k D DBSCRIPTION OV THk.'N%I.NTION

[0189] The following are definitions of terms used in tlus
specification and appended claims. The initial definition pro-
vided for a group or tenn herein applie~ lo that group or tenn
tluoughout the specification and claims, individlmlly or as
part of another group. unless otherwise indicated.

[0190] Compounds of tlus invention may have one or more
asynuneulc centers. Unless otherwise indicated, all chiral
(cnautiomeric aud diastereomcric) and mcmilic fornis of
compounds of the present invention are included in the
prcscnt invention Many gcomctric isonwrs of olcfinx C N

double bonds, and the like can also be present in the com-
pounds, and all such stable isomers are contemplated in the
present invention. Cis and trans geometric isomers of the
compounds of the present ulventlon are described and nlay be
isolated as a mixture of isomers or as separated lsomenc
forms. The present compounds can be isolated in optically
active or racemic forms. It is well known in the art hoss to

prcparc optically active forms. such as by resolution of race-
mic forms or by synthesis from optically active starting mate-
rials. All chinl, (enantiomeric and diastereomeric) and nce-
mic tilmis and all geometric isomeric forms of a structure me
intended, unless the specific stereochemistry or isomer form
is specifically indicated.

[0191] When any variable (e g.. R') occurs more than oim
time in any constituent or formula for a compound, its defi-
nition at each occurrence is indcpmidcnt of its definition at
every other occurrence. Tints, for exaniple, if a group ls
sholvn to be substituted v ith 0-2 R', then said group may
optionally be substituted with up to tw o R'roups and R't
each occurrence is selected uidependently from the definition

ofR'. Also, combinauons of substituents and/or vanables are
permissible only if such combinations result ln stable com-
pouilds.
[0192[ When a bond to a substituent ls shown to cross a

bond connectin two atoms in a ring, then such substituent
may be bonded to any atom on the ring. When a substituent is
listed without indicating ihe atom via which such substituent
is bonded to the rest of the compound of a given fomlulm then
such substituent may bc bonded via any atom in such sub-
stituent. Combinations of substituents and/or variables are
permissible only if such combinations result in stable com-
pounds.
[t)193[ In cases wherein there are nitrogen atoms (e g,
alnincs) on conlpounds of the present invciltilin. tlmse call bc
converted to N-oxides by treatment with an oxidizing agent
(e.g.. MCPBA and/or hydrogen peroxides) to afford other
compounds of tlus ulvention. Tluls, all shown and clauued
nitro en atoms are considered to cover both the shown nitro-
gen and its N oixide (N 0) denvative.
[0194] In accordance with a convention used in the art,

is used in structural formulas herein to depict the bond that is
the point of attachnient of the moiety or substituent to thc core
or backbone stricture
[0195] A dash'*-*'hat is not between two letters or symbols
is used to indicate a point ofattachment fiir a substituent. I'or
cxmnplc. / OONIIC is attached through thc carbon atom.
[0196] The term '*optionally substituted'* in reference to a

particular moiety of thc mmlpound of Fornnda I (c g, mi

optionally substituted heteroaryl group) refers to a moiety
having 0, l. 2, or nlore substitucnts. For exmuple. "optionally
substituted alkyl" encompasses both "alkyl'* and "substitutcxt
alkyl" as defined below. It will be understood by those skilled
in lltc art, \vlth respect to any'roup c(intailling onc or nlofc
substituents. that such youps are not intended to introduce
any substitution or substitution patients that are sterically
impracticaL synthetically non-feasible and/or inherently
unstable.

[0197J As used herein, the term "at least one chemical
entity" is interchangeable with the tenn "a compound '*

[0198] As used herein. flie term '*alkyl*'r "ulk0 lena" is
intended to include both bmnched and straiJ~tt-chain satu-
rated el ipha tie hydrocarbon groups having the specified mlm-
bcr ofcarbon atoms. I'or examPIC. "(

1 is 'llkyl (or lllkvlcnc),
is intended to include C1 ( (. i. Cw C,( &. Ci Cs (-i. and
( ic alkyl gmups Additionally, for cxaniple, "(',-('„alkyl"
denotes alkyl having I to (1 carbml atoms Alkyl groups can bc
unsubstituted or substimted so that one or more of its hydro-
gens are rep)ac& by another chemical gmup. Fxmnple alkyl
groups include, but are not 1umted to, methyl (Me), ethyl (Et),
propyl (e.g.. n-propyl and isopropyl). butyl (e.g., n-buiyl,
isobutyl. t-butyl), penlyl (e.g., n-pentyl, isopentyl. neopen-
tyl). and thc like

[0199[ Alkenyl*'r "alkcnylcnc'* is intmlded to include
hydmcarbon clmlns of either straight or branched configura-

tionn

and having one or more double carbon-carbon bonds that
nmy occur in any stable point along the chain. For example,
"Cl s alkenyl" (or alhenylene), is intended to uiclude C„CC
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Cm Cs. and C„alkenyl groups. Examples of alkenyl i&mlude,

but are not limited to, ethenyl. I-propenyl, 2-propenyl,
2-butenyl. 3-butenyl, 2-pentcnyl, 3. pentenyl, 4-pentenyl,
2-lmxenyl. 3-hexmiyl, 4-hexenyl. 5-hexenyl, 2-methyl-2-pro-
pcnyl. 4-methyl-3-pcntenyl, and thc like.

[0200] "Alkyafil'* or "alkynylene'* is intended to include
hydrocarbon chains of either straiglfi or branched confi ura-
timi and having one or morc triple carbon-carbon bonds that
may occur in any stable point along thc chain. For example.
"Cs s afkynyl'or alkynylenc), is intended to include C„C&,
Cin Cs. and ('.s alkynyl groups: such as ethynyl, propynyl,
butynyl, pentynyl, hexynyl m&d the like.

[0201] Onc skilled in thc field will understand that, when
the designation "('0,'* is used herein, this is intended to refer
ti& tile group

[U202] When the tenn "alkyl" is used together with m&other

group, such as in "arylalkyl*b this conjunction de(ines with
more specificity at least one of the substituents that the sub-

stituted alkyl v ill contaui. For example, "arylalkyl" refers to
a substituted alky I group as defined above where at least one
of the substituents is an aryl. such as henry). Thus. the term
a&yl(C» malky1 includes a substituted lo&ver alkyl hav&ng at
least onc aryl substituent and also includes an aryl dir&mtly

bonded to another youp, i.e., aryl(C&d dkyl. The term "het-

croarylalkyl" rcfcrs to a substituted alkyl group as defined
above where at least one of the substituents is a heteroaryl
[0203] When refermice is made to a substinited alkenyl,
alkynyl. alkylene, alkenylene, or alkynylene group, these
groups are substituted with one to tluee substituents as
defined above for substituted alkyl groups.

[UZU4] The tenn "alkoxy" refers to an oxygen atom substi-
tuted by alkyl or substituted alkyl. as defined herein For
example, the term "alkoxy" includes the group 0 C,
ralkyl such as methoxy, cthoxy, propoxy, isopropoxy, n-bu-

toxy, sec-butoxy. tert-butoxy. pentoxy, 2-pentyloxy, &sopen-

toxy, neopentoxy, hexoxy, 2-hexoxy. 3-hexoxy,
3-methylpentoxy, and the like. "Lover alkoxy" refers to
all'oxy groups having one to four carbons.
[0205] It should be understood that tire selections fi&r all

groups, including fi&r example, alkoxy, thioalkyl, and ami-

noallyl, will be made by one sk&lied &n the field to prov&de

stable compounds.

[0206] The term "substituted". as used herein, means that
any onc or morc hydrogcns on the designated atmn or group
is replaced with a selection from thc indicated group. pro-
vided that the designated aton&'s normal valence is not
exceeded When a substihient is oxo, orketo, (i e.. 0) thm&

2 hydrogens on the atom are replaced. Keto subst&tuents are
not present on aromatic moieties. I)nless othemvise specified,
subst&tuents are named into the core structure. I'or example. &t

is to be understood that when (cycloalkyl)alkyl &s listed as a
possible substituent. ihe point of attachment of tins substitu-
ent to the core structure is in thc alkyl portion Ring double
bonds. as used herein, are double bonds that are fi&rmed

bctwcn& two adjacent ring eton&s (eg, (.'1 (', or
N N).

[0207] Comb&nations of substituents and/or vanables are
penn&ssible only if such combinations result in stable com-

pounds or useful synthetic intermediates. A stable compound
or stable structure is meant to imply a compound that is
suflie iently robust to survive isolation I'rom a reaction mixu&re

to a useful degree ol'purity„u&d subsequent I'onnulation into
an efficacious therapmitic agent It is prcferrcd that thc prcs-
cntly rccitcd mm&pounds do not mmtain a N-halo. S(0),H, or
g(0) H group.

[0200] I'he tcmi "cycloalkyl" refers to cyclized alkyl
groups, including mono-, bi-orpoly-cyclic ring systems. ('3 r
cycloalkyl is intended to include Cs, C„, Cs, C,. and C&

cycloalkyl groups. Example cycloalkyl groups include. but
are not linuted to, cyclopropyl, cyclobutyl. cyclopentyl,
cyclohexyl, norbomyl, and the like. As used herein. '*car-

bocycle*'r "carbocyclic residue'* is intended to mean any
stable 3. 4. 5. 6. or 7-membered monocyclic or bicyclic or 7,
8. 9. 10. 11. 12, or 13-nmmbered b icycl ic or tricyclic ring. miy

ofwhich may be saturated, partially unsaturated, unsaturated
or aromatic. I xamples of such carbocycles include, but are
not limited to, cyclopmpyl, cyclobutyl, cyclobutenyl, cyclo-
pentyl, cyclopentenyl, cyclohexyl. cycloheptenyl, cyclohep-
tyl, cvcloheptenyl, adanmntvl, cvclooctvl, cyclooctenvl,
cyclooctadienyl. [3.3.0]bicyclooctane, [4.3.0]bicy-
clononane. [4.4.0]b&cyclodecane, [2.2.2]bicyclooctmie, fiuo-
renyi, phenyL naphthyl. indanyl. adamantyl. anthraccnyl. and
tctrahydronaphthyl (retro(in) As slxwvn above. bridged rings
arc also included in tlm definition of carbocyclc (c.g.. [2.2.2]
b&cydooctane). I'ref&:rred carbocycles, unless otic&w&se

specified, are cyclopropyl, cyclobutyl. cyclopentyl, cyclo-
hexyl, and phenyl. When the term "carbocycle" is used, &t is
intended to include "aryl". A bridged nng occurs when one or
more carbon atoms 1&nk two non-adjacent carbon atoms. Pre-
ferred bridges are one or t&vo carbon atoms. It is noted tluit a
bridge always co nver(s a monocyc lie ring into a b icychc ring.
Wlmn a ring is bridged. thc substitumns recited li&r thc ring
may also be prcscnt on thc bridge.

[0209[ Thc term "aryl** refers to monocyclic or bicyclic
ammatic hydrocarbon groups lmving 6 to 12 carbon atoms in
thc ring portion, such as phenyl. and naphthyl group~. each of
&vhich may be substituted.

[0210[ Accordingly, in compoiutds of formula (I), thc tenn
"cycloaikyl" includes cyclopropyl, cyclobutyL cyclopeniyl,
cyclohcxyl. cyclohc7tyl. bicyclooctvl, etc. as well ms the
following ring systems,

Qw

CO-A

a0K5
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Q3 C3
and the like, which optionally may be substimted at mty
available atoms of the ring(s). Preferred cycloalkyl ~coups
include cyclopropyl, cyclopentyl, cyclohexyl, and

[0211] The tenn "halo" or "halogen" refers to chloro,
bromo, fluoro and iodo

[0212] The tenn "haloalkyl*'eans a substint ted alkyl hav-

ing one or more halo substituents. For example. "Imloalkyl"
includes mono, bt, and tritluoromethyl.
[0213] The temt "haloalkoxy" means an alkoxy group hav-

ing one or more halo substituents. For example„"haloalkoxy'*
includes OCFv
[U214] Tlms. cxantples of aryl groups include:

heteroatoms selected from O. S, and N. Each ring of such a

group contatning a heteroatom can cont un one or two oxygen
or sulfur atoms tmd/or from one to four nitrogen atoms pro-
vidcxI that tlm total number of bet eros toms in each ring is lour
or less, mtd fittther provided that the ring contains at least one
carbon atom. Thc nitrogen mtd sulfur atoms may optionally
be oxidized and the nitrogen atonts may optionally be quat-
ernized. The fused nngs completutg tire btcyclic and tricycltc
groups may centaur only carbon atoms and may be saturated,
partutlly saturated. or unsaturated. The heterocyclo group
nmybeattachedatmtyavailablerutrogenorcarbonatom. The
tenn "heterocycle" includes "heteroaryl'* groups. As valence
allows, if said further ring is cycloaikyl or heterocyclo it is
additionally nptionally substituted with ~7 (oxo).
[0216] I lxmnplary monncyclic hetemcyclyl groups include
azet idinyl, pyrro1 id inyl. oxetanyl, imi daze l i nyl. oxazo1 id i nyl,
isoxazolinyl. thiazohdinyl. tsothiazolidinyl, tetrahydrofura-
nyl, piperidyl, piperazinyl, 2-oxopiperazinyl, 2-oxopiperidyl,
2-oxopyrrolodtnyl. 2-oxoazepinyl, azeptnyl, l-pyridonyl,
4 plpetliksltvl, tell tlllytll'opvlallvL illotpllolltlvL tlllttlllor
pholinyi, tlu unorpholinyl suli'oxtde, thiamorpholinvl sul-
fone, 1.3-dioxolane utd tetrahydro-l. I-dioxothienyl and the
like,
[U217] Vxentplary bicyclic heterocyclo vpoups include qui-
mtclidinyl Additional monocyclic hcterocyclyl groups
include

g-y

(fluorenyl) and the like, whtch optionally may be substituted
at any available mtrbon or nitrogen atom. A preferred aryl
group is opuonally-substituted phenyl.
[0215] The tcmts "hcterocycloalkyl". "heterocyclo". "het-

erocyclic I or "hcterocyrlyl" ntay be used interchangeably
and refer to substitute and unsubstituted non-arotnatic 3- to
7-membered monocyclic gmups. 7- to 11-membered bicyclic
group~. and 10- to 15-membered tncycltc v~oups, in wluch at
least one of the rings its s at least one heteroatom (0, S or N),
said heteroatom contaitung ring preferably havtng I, 2. or 3

[0210[ 'I'lte term "heteroaryi" refers to substituted and
unsubstituted ammattc 5- or fs-membered monocyclic
groups, 9- or 10-membered bicyclic groups, and 11- to
14-membered tricycltc gmups which have at least one het-
eroatom (O. S or N) tn at least one of the nngs, said heteroa-
tom-contauting ring preferably having I, 2, or 3 heteroatoms
selected from 0, S, and N. Each ring of the heteroaryl group
containing a hetcroatom can contain onc or two oxygen or
sulfur atoms anth or from one to four nitro gmt atoms provided
that the total number ofheteroatoms ineach ring is four or less
and each ring has at least onc carbon atom. The fused rings

comp let tng the b t cyclic and tricvcl ic ~voups may contain only
carbon atoms and may be saturated, partially saturated, nr
unsaturated. Thenitrogenandsulfuratomsmayopttonallybe
oxidized and the mtrogen atoms may optionally be quater-
nized. Ileteroaryl groups which are btcyclic or tricvclic must
include at least onc Ihlly arontati c ring but the other fused ring
or rings may be aromatic or non-aromatic. The heteroaryl
group may be attached at any available nitrogen or carbon
atom of any ring As valence allo~a. if said further ring is
cyclnalkyl or hetemcycln it is addttionally optinnally substi-
tuted wtth 0 (oxo).
[0219] Exemplary monocyclic heteroaryl groups include
pyrrolyl. pymzolyl, pyrazoltnyl, untdazolyL oxazolyl. tsox-

EX2026.0014



[JS 20]0/0]60303 Al
14

Jutt. 24, 2010

azolyl, thtazotyt, tluadiazolyl. isothiazolyl. fur uiyl, thienyl,
oxadiazolyl, pyndyl, pyrazinyl, pynnudinyl, pyridazinyl. tn-
azinyl and the like
[0220] I xemplary bicyclic heteroaryl groups include
indolyl, benzothiazolyl, benzodioxolyl, benzoxazolyl, ben-
zothienyl. quinolinyl. tetrahydroisoquinolinyl. isoquinolinyl,
benzimidazolyl, bmizopyranyl. indolizinyl, benzofuranyl.
chromonyl. coumarinyl, benzopyranyl. cinnolinyl, quinox-
alinyl. indazolyl, pyrrolopyridyl. furopyridyl. dihydroisoin-
dolyl, tctrahydroquinolinyl and the like
[0221] Exemplary tricyclic heteroaryl groups include car-

bazolyl. bcnzindolyl, phcnanthrollinyl. acridinyl, phcium-
thridinyl, xanthenyl and the like
[0222] In compounds of formula (I), preferred heteroaryl
groups include

and thc likrb which iiptionally may br: substituted at miy
available carbon or nitrogen atom.
[0223] Unless otherwise indicated, ivhen reference is made
to a specfiically-named aryl (e.g.. phenyl), cycloalkyl (e.g.,
cyclohexyl). Imterocyclo (e.g, pyrrolidinyl. pipcridinyk and
morphol inyl) or hetcroaryl (c g, tetrazolyi, im idazotyt, pyra-
zotyl, triazolyl, thiazolyl. and furyi) tho refi.rance is intended
to include rings having 0 to 3, preferably 0-2, substituents
selected from those recited above for thc aryl, cycloalkyl,
heterocyclo and/or heteroaryl groups. as appropnate.
[(1224] 'I'hc temi "carbocyclyl*'r "carbocyclic" refers to a

saturated or unsaturated monocyclic orbicychc ring in which
all atonis of all nngs are carbon. Tints. the term includes
cycloalkyl and aryl rings. IVfonocyclic carbocycles Imve 3 to 6

ring atoms. still more typically 5 or 6 ring atoms. Bicychc
carbocycles liave 7 to 12 ring atoms, e.g., arranged as a

bicyclo [4.5], [5,5]. [5,6] or [6,6] systtnn, or 9 or 10 ring atoms
arranged as a bicyclo [5,6] or [6.6[ system Fxamples of
mono- mid bicyclic carbocvcles include cyclopropyl,
cyclobutyl, cyclopentyl, I-cyclopent-l-enyl, I-cyclopent-2-
cnyi, l-cyclopcnt-3-enyl, cyciohexyl, t-cyctottcx-t-cnyt,
l-cyclohex-2-enyl, I-cyclohex-3-enyl, phenyl and naphthyl.
The carbocyclic ring may be substihited in which case the
substituents are selected from those recited above for
cycloalkyl and aryl groups.
[0225] The tenn '*heteroatoms'* stuill include oxygen, sul-

fur and nitrogen
[0226] When the term "unsaturated" is used hereinto refer
to a nnv or youp, the ring or youp may be fifty imsaturated
or partially unsaturated.

[0227] Throughout the specitication, youps and substitu-
ents thereof may be chosen by one skilled in the field to
provide stable moieties and compounds imd compounds use-
fid as phannaceutically-acceptable compounds aixl/or inter-
mediate tximpounds useful in making piuinnacmitically-ac-
ceptable compounds.

[0228] The compounds of formula (I) may exist in a free
form (ivith no ionization) or c ui form salts which are also
withili tim scope iif this invention Unless otherwise indi-
cated, reit:rcnce to an invi:ntive compound is understood to
inchide refcrencc to thc free ferns and to salts thereof. 1'he

tenn "salt(s)'* denotes acidic mid/or basic salts formed with
inorganic and/or organic ac ids and bases. In addition, the tenn
"salt(s) may include zwitterions (inner salts), e.g., when a

compound of formula (I), contains both a basic moiety, such
as an amine or a pyridine or imidazole ring, uid mi acidic
moiety. such as a carboxylic acid. Pliannaceutically accept-
able (i.e., non-toxic, physiologically acceptable) salm are pre-
ferred. such as. for example. acceptable metal and anii he salts
in which thc cation does not contribute significantly to the
toxicity or biological activity ofthe salt However. otimr salts
nmy be useful, e g, in isolation or purtfication steps which
nmy be employed duruig preparation. and tints. are contem-
plated v ithin the scope of the invention. Salts of the com-
pounds of the I'onnula (I) may be formed, for example, by

re act uig a compound of the formula (I) vnth an amount ofacid
or base, such as an equi valent amoiult, iu a mediilili silch w

one in wluch the salt precipitates or in an aqueous ntestium
followed by lyophilization.

[0229] L'xemplary acid addition salts include acetates (such
as those formed with acetic acid or tnhaloacetic acid, for
example. trilhioroacetic acid), adipates, alguiates. ascorbates,
aspartates, benzoates. bcnzcncsutfottatcs, bisulfatcs. boratcs,
butymtcs, citrates. camphorates. camphorsulfonatus, cyclo-
pcntanepropionatcs, digluconates, dodecylsulfates. cthane-
sulfimates, fumaratcs, glucoheptanoatcs, glyccrophosphates,
hemisulfates, heptanoates. hexanoates, hydroctttorides
(formed with hydmchloric acid), hydrobromidcs (formed
with hydrogen bromide). hvdroiodides. 2-hvdroxyethane-
sullonates, lactates, maleates (formed with maleic acid),
methanesulfonates (formed with methanesulfonic acid),
2-naphtlndcnesulfonates, nicotiiratcs, nitrates, oxalates, pec-
tinates. persulfates. 3-phenylpropionates, phosphates,
picmstcg pivalates. propionates, salicylatcs, succinates. sul-
fates (such as those fomied vvith sulfiiric acid), sulfonates
(such as those mentioned herein), tartrates, thiocyanates,
toluenesulfonates such as tosylates. undecanoates, and the
like.

[0230[ Fxemplary basic salts include anunonium salts,
alkali metal salts such as sodium, lithium, and potassiuni
saltsi alkaline earth metal salts such as calcium and magnc-
siiun salts; banum. zinc. and alumimun salts: salts with
organic bases (tiir example, organic amines) such as trialky-
lannnes such as triethylanune. procaine, dibenzyhunine,
N-benzyt-[i-phenethytamine, l-ephenamine, N.Nndibenzyl-
ethvlene-diamine, deh&droabietylamine, N-ethylpiperidine,
bmizylmnine. dicyclohexylaminc or similar phamiaccuti-
cally acceptable amines and salis with iunino acids such as
argininc. Iysine and tlm like. Basic nitrogen-containing
groups may bc quatcrnizcd with agents such as lov or alkyl
halides (c.g., methyl, ethyl, propyl, and butyl chlorides. bro-
mides and iodides), dialtq/I sulfates (e.g., dimethyl, diethyl,
dibutyl, and diamyl sulfates). long clnun halides (e.g., decyl,
lauryl, myristyl and siearyl chlondes, bromides and iodides),
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aralkyl halides (e.g., benzyl and phenethyl bromides), and
others. Preferred salts include &uonohydrochloride. hydro-
gensulfate. methanesulfonate. phosphate or nitrate salts.

[0231[ The phrase "phanuaccutically accc7&ablc" is

employed herein to refer to those compoundg materials,
compositions, and/or dosage fom&s which are, within the
scope of sound medical judgment. suitable for use in contact
w&th the tissues ofhuman beings and un&mals without exces-
s&ve tox&city. irritation, allergic response. or other problem or
complication, conunensurate with a reasonable bmiefit/risk
ratio.

[UZ32] As usexf herein, "phannacmitically acceptablesalts*'efer

to derivatives of the d&sclosed compounds wherein the
parent compound is modiTied bv mak&ng acid or base salts
thereof. Examples of pharmaceutically acceptable salts
include, but are not limited to. mineral or orgtu&lc acid salts ol
basic groups such as amines: and alkah or on anic salts of
acidic groups such as carboxylic acids '11&e phannaceutically
acceptable salts include the conventional non-toxic aalu or
the quaternary amnxu&ium salts of the parent compound
for&next. for example. from non-toxic inorganic or organic
acids I'or example. such conventional non-toxic salts include
those derived from inongan&c acids such as hydrocldonc,
hydrobromic. sulfunc, sulfanuc, phosphonc, and tutnc: and
the salts prepared from organic acids such as acetic. propi-
on&c, succu&ic. glycohc, stearic. lactic. malic. tartanc, citnc,
ascorbic. pamoic, nuileir. hydroxymaleic, phenylacetic,
glutamic. benzoic, st&licyhc. sulfanilic, 2-acetoxybenzo&c,
fumaric, toluencsulliinic, nmthmicsulfonic, ethmw. disul-
fonic, oxalic. and &satb&onic, and the like

[0233] Thepharmaceuticallyacceptable salts ofthepresent
invent&on can be synthes&zed from the parent compound
wluch contmns a bus&c or uc&dic mo&ety by convent&onal

chemical methods. C&enemlly, such salts can be prepared by
reacting thc free acid or base f&irma of thcsc compounds with
a stoichiometric amount of the appropriate base or acid in
&cater or in an organic solvmu, or in a mixture of thc two,

[U234] generally. nonaqueous media like ether. ethyl
acetate, ethanol. isopropanol, or acetoniuile are preferred.
Lists of su&table salts are fbund in geming/cn 's P/&nrn&vceu-

/ion/ Sciences. 18th ed., Mack Publishing Company, Easton,
Pa.. 1990, the disclosure of wluch is hereby incorporated by
reference.
[0235] Ail stereo&son&ers of the compounds of the instant
invention are contemplated, either in admixture or &n pure or
substant&ally pure form. Stereoisomers may uiclude com-

pounds which are optical isomers &hiough possession of one
or more ch&ra 1 atoms, as v ell as compounds which are optical
isomers by virn&e of limited rotation about one or more bonds
(atropi son&crs) The definition ofcompounds according ro the
invention embraces all die possible stercoisomc&s and their
n&ixturcs It very particularly embraces the racem&c ti&rms and
the isolated optical isomers having thc specified activity. Tlm
racenuc fonna can be resolved bv physical methods, such as,
for example, fmctiona) crystall&zat&on, sepamtion or crystal-
hzation ofdiastereomenc derivatives or separat&on by chiral
column cluon&atogn&phy. The indiv&dual optirail isomers can
be obtained from the racemates fmm the con~en&iona) meth-
ods. such as. for cxamplc, salt fornuition v ith an optically
activeacid fi&llowed by crystal)ization.

[0236[ The present invention is intended to include all iso-

topes of atoms occurnng &n the present compounds. Isotopes
uiclude those atoms lmv&ng the same atomic number but
different mass numbers. By way of general example and

w&thoui hmitation. isotopes of hydrogen include deuterium
and trit&um. Isotopes of carbon include "C and '. Isotopi-
cally-)abc)cxi compounds of the imcmion c&m generally be
prepared by convmitional tecluuques known to those ski))ed
in the an or by processes m&alogous to tix&se described herein,
using an appropriate isotopically-labeled rcagcn& in place of
the non-Inhaled reagent othenvise employed

[0237] Prodrugs and solve&as of the inventive compounds
are also contmuplatcd. The term "prodrug*'enotes a com-
pound &vluch. upon administration to a subject. unde&goes
chemical conversion by n&etabolic or chemical processes to
yield a compound of the f&onnula (I), and'or a salt and/or
solvate thereof Any compound that will be converted in v&vo

to provide the bioactive agm&t (&.e., the compound for f»nnula
(I)) is u prodrug w&th&n the scope and sp&nt of the invent&on.

Eor exumple, compounds containin a carboxy group c ui

form physiologically hydrolyzable eaters which serve as pro-
dn&gs by being hydroly/ed in the body to yield formula (I)
compounds per se. Such prodrugs arc preferably adminis-
tered orally since hydrolysis in many instances occurs prin-
cipally under tlm iutiucncc of tlm digestivc enzymes.
I'arenteral admin&stmtion nmy bc used where the ester per se
is active, or &n those instances where hydrolys&s occurs &n the
blond. Examples of physiolog&cally hydrolyzable eaters of
compounds of fornudu (I) include C, „alkwlbenzyl, 4-meth-
oxybenzyl, mdanyl. phtluilyl. methoxymethyL C, saf)mnoy-
loxv'.C& &alkyl, e.g, acetoxymethyl, pivaloyloxyniethyl or
propionyloxymelhyl C& ddkoxyc»rbony)oxy-C'& ~alkyl. e..
&ucthoxycarbonyl-oxy&ucthyl or e&hoxycarbonyloxymethyl,
glycyloxymethyl, phenylglycyloxyniethyl, (5-&ncthyl-2-oxo-
1,3-dioxolcn-4-yl)-niethyl and other u ell known physiologi-
cally hydrolyzable eaters used, for example, in the pen&cillui
and cephalosporin arts Such eaters may be prepared by con-
vent&onal techniques known &n the an.

[U238] Various fonna ofpmdrugs are ivell knov n in the err.
Eor &.xamples of such prodnig derivatives, scc

[0239] a) Design vf Prudrngs, edited by II. Bundgaard,
(iilsevicr, 1985) and &Met/rods m Enp &nniogi& Vol. 112, pp.
309-396. editcxI by K. Widder, et al. (Academic Press, 1985),

[0240[ b) d Ick&t/&uok n/" Drug Design ni&d Deve/c/&n&ent,

edited by Krosgaard-Lursen and H. Bundgaard, Chapier 5,
"Des&gn and Apphcation of Prodrugs," by II. Bundgaard, pp.
113-191 (1991), and c) H. Bund gaard, Advanced Drug

Deliver-

yry Kevin&vs, Voi 8, pp. 1-38 (1992), each of which is incor-
porated herein by reference.

[0241] Compounds of the fornu&lu (I) and salts thereof may
exist in their tautomeric form. in which hydrogen atoms are
transposed to other parts of &he molecules and the chemical
bonds between the atoms of thc molecules arc consequently
rearrangcxI It should be understood that the all taulotneric
forms, insofar as they may exist. arc included within the
invention. Additionally. invent ivc compounds n&ay have trans
and cis isomers.

[0242] It should further be understood that soivates (e.g.,
hydrates) of the compounds of Formula (I) arc also with the
scope of the present invention. Methods of solvation arc gen-
erally known &n the art.

Iitility

[0243] The compounds of the invent&on modulate lcnase
act&v&ty. including the modulation of Btk. Other types of
kinase activ&ty that nu&y be modulated by the compounds of
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the instant invention include, but are not hmited to. the Tec
fannly ofcompounds. such as Bmx, Btk, Itk, Txk and Tec, and
muttmts thereol.

[0244] Accordingly. compounds of fomuda (I) have utility
in treatmg conditions associated with the modulntion of
hinasc activity, and particularly the selective inhibition ol'Btk
activity or the inhibition of Btk and other 'I'ec faniily kinases
such as Itk. Such conditions include B-cell mediated diseases
in which cytokine levels are modulated as a consequence of
intraccllular signaling Moreover. the compounds of I'onnula
(I) lmve advantageous selectivity for Btk activity and other
rec I'amity kinases such as Itk over Mk2 activity, preferably
fmm at least 20 fold to over 1,000 fiiid more selective

[t)245] As used herein, the terms "treating" or "treatnient'ncompass

the treatment of a disease state in a manunal,
particularly in a lniman, and include (a) preventing or delay-
ing the occurrence of the disease state in a mammal. in par-
ticular, when such manunai is predisposed to the disease state
but has not yet been diagnosed as hm ing it: (b) inhibiting the
disease state, i.e, arresting its development; mid'or (c)
achieving a full or partial reduction of the symptoms or dis-
ease state, andior alleviating, ameliorating, lessening. or cur-
ing the disease or disorder and/or its symptoms.

[0246] In view oftheir activity as selective inhibitors ofBtk
or Btk and other 'I'ec familv kinasc such as itk, compounds of
I'ormula (I) are usetid in treating cytokme-associated condi-
tions including, but not limited to, iidlammatory diseases
such as Crohn's and ulcerative colitis. asthni 6 graft versus
host disease, chronic obstnictive pumonary disease: autoim-
mune diseases such as Ciraves'isease. rheumatoid arthrius,
systemic lupuserythenmtosis.psonasi~", destructivebonedis-
orders such as bone resorption disease, osteoarthrius,
ostwiporosis. multiple myeloma-related bone disorder: pm-
hfemtive disorders such as acute myelogenous leukemia,
chronic myelogenous leukemia; angiogenic disorders such as
angiogeiuc disorders including solid tumors, ocular neovas-
cultzation, and infantile haemangiomas; infectious diseases
such as sepsis, septic shock. and Stugellosis; neurodegeneni-
tive diseases such as Alzheimer's disease, I'arkinson's dis-
ease, cerebral i ac hernias or neurodegenerative disease cmtsed
by traumatic in)uty, oncologic and viral diseases such as
metastatic melanoma, Kaposi's sarcoma, multiple myelom i,
and HIV mfection and ('MV retinitis, AIDS, respectively.

[0247] More particularly. the specific conditions or dis-
eases that may be treated v;ith the inventive compounds
include, without limitation pmicreatitis (acute or chronic).
astluna, allergies, adult respiratory distress syndrome,
chronic obstructive pulmonary discase, glomerulonepluitis.
rheumatoid artltritis, systemic lupus erythematosis, sclero-
dcnna. chronic thyroiditis. (itavcs'isease. autoimmune gas-
tritis. diabetes. autoinunune hemolytic anemia, mitoinunune
iwutropenia, thrombocytopmiia. atopic derniatitis. chronic
active hepatitis. myasthenia gravis, multiple sclerosis,
intiammatory bowel discase, ulcerative colitis. C'rolm's dis-
ease, psonasis. gmifi vs. host disease, uiiiammatory reaction
induced by midotoxin. tuberculosis. atherosclerosis, muscle
degeneration. cachexi i, psoriatic arthritis, Reiter's syndrome,
gout, trmunatic arttuitis. rubella arthritis, acute synovitis.
pancreatic [I-cell disease; ihseases charactenzed by massive
neutrophil infiltmtion: rlmumatoid spondylitis. gouty arthritis
and other artlmtic conditions. cerebral malaria, chronic pul-
nionary intlammatory disease, silicosis. pulmonary sarcoiso-
sis, bone resorption disease, allograft relections. fever and
myalgias duc to infi:ction. cachexia secondary to infection.
meloid fbnnation. scar tissue formation, ulcerative colitis,
pyrcsis, intluenza, osteoporosis. ostcoartluitis. acute niyelog-
enous leukemia. cluonic myelogenous leukemia metastatic

melanomi, Kaposi's sarcomi. multiple myeloma, sepsis,
septic slxick, and Shigcllosis: Alziieimer's disease. I'arkin-
son*s disease, cerebral »mhemias or neurodegenerative dis-
ease caused by traumatic injury: angiogmiic disorders includ-
ing solid tumors, ocular neovasculization, and inibntile
hamnangimnas: viral diseases including acute hcqtatitis infcv.-
tion (includin hepatitis A. hepatius B uu! hepatitis C), IIIV
infection and I: MV retinitis, AIDS, ARC (il nial ignmicy. and
herpes, stroke, myocardial ischemiii. ischemia in stroke heart
attacks, organ hyposia, vascular hyperplasia, cnrdiac and
renal reperfusion injury. tluombosis. cardiac hypertrophy,
thrombin-induced plntelct aggregation, cndotoxemia mid/or
toxic shock syndrome. conditions associated u ith prostaglan-
din endopcroxidase syntk»c-2. and pemphi gus vulgaris. Pre-
ferred methods of u eaunent are those u herein the condition is
sclcctcd from ( rolui*s and ulcerative colitis. allograft rejcv.-
tion. rhemuatoid artttrius. psoriasis, utkylosing spondyhtis,
psoriatic arthritis, and pemphigus vulgaris. Altemativcly pre-
ferred methods of u eaunent are those u herein the condition is
sclcctcd from ischeniia reperfus ion injury, including cerebml
ischemia reperfusions injury arisin from stroke and cardiac
ischemia reperfusion injury arising from myocardial infarc-
tion. Another preferred method of treatment is one in wluch
the condition is multiple myeloma

[0248] In addition, the kinse inlubitors of the present inven-
tion inhibitthcexprcssionofinduciblcpro-intl unniatorypr-
ote i such as pro staglandin endoperoxide synthase-2 (PCil IS-
2), also refetrcd to as cyctooxygcnase-2 (COX-2).
Accordingly, additional Btk-associated conditions include
cdmni. analgesia, fever and pain, such as neuroniuscular
pmn. headache, pain caused by cancer. dental pain and arthri-
tis pain. The inventive conipounds also may be used to treat
veterinary viml infections, such as lentivinis uifections,
including, but not limiied to equine infectious aiwmia virus,
or retro virus infections, including fehne inmninodeticiency
virus. bovine inummodeticiency virus. tuid canine immuno-
deficienc vinis.
[0249] When the terms "Btk-associated condition'* or "Btk-
associated dis»sse or disorder" are used herein, each is
intended to encompass all of the conditions identitied above
as if repeated at length, as weil as any other condition that is
aifected by Btk kinase activity.

[0250] The present invention thus provides methods for
treating such conditions, comprising adtninistering to a sub-
ject in need thereof a thempeutically-etIective unount of at
least one compound of Formula (I) or a salt thereof "Thera-
peutically effective amount" is intended to include an unount
of a compound of the present invention that is effective when
aihninisiered alone or in combination to inlubit Btk and other
Tec family kuiases andior treat diseases

[0251[ The methods of treating Btk kinasc-associated con-
ditions may comprise aihninistering compounds of I'ormula
(I) alone or in combinntion ivith each other and/or other
suitable therapeutic agents useful ui treating such conditions.
Accordingly. "therapeutically effective amount** is also
intended to include an amount of the combuiation of com-
pounds claimed tluit is effi.ctivc to itthibit Btk and/or treat
diseases 'lssociii'tert wltll Btk.

[0252] Bxemplary of such other thempeutic agents include
corticostcroidx rolipram. calphostin. cytokinc-suppressive
anti-intlanunatory drugs (CSAIDs), Interleukin-10, giuco-
tairticoids. salicylatew nitric oxide. and other ininiunosup-
pressants; nuclear translocation inlubitors, such as deux-
ysperguafin (DSCI), non-stcroidal antiiidlamnuitory drugs
(NSAIDs) such as ibuprofen, celecoxib and rofecoxib: ste-
mids such as prcdnisone or dexametluisonc; antiviral agents
such as abacavii; antiprohferative agents such as methotrex-
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ate, leflunomide. FK506 (tacrolinuls, Progral); cytotoxic
dnigs such as azathiprinc and cyclophosphamidc: TNF-cx
inhibitors such as tenidap, ulti-TNI'itibodies or soluble
INF receptor, and rapamycin (sirolimus or Rapmnune) or
derivatives thereoi:

[0253] The above other therapeutic agmits, when employed
ul combuiatlon with the compounds of the present invention,
may bc used. for exiunple. in those amounts indicated in the
Physicmns'esk Reference (PDR) or as otherwise deter-
mined by one oi'ordinary sl.ifl in the art. In the methods oi'the
present invention, such other therapeutic agent(s) may be
administered prior to, simultaneously with. or I'ollowing the
adxnintstmtton of the inventive compounds. The present
inviuition also provides pluimlaceutical compositions
capable of treatuig Btk kinase-associated conditions, includ-
ing IL-l. 11.-6, IL-g. IFNI md TNF-cx-mlxiiatcd conditions,
as descnbed above.

[0254] The uiventive compositions may contaui other

th em peu tie agmits as described above and may be fonmdatcxt,
for example. by employing conventional solid or liquid
vclucles or diluents, as well as phamiaceutical additives of a

type appropriate to the mode of desired administration (e.g.,
excipients, binders. preservatives. stabilizers, flavors, etc.)
according to tecluliques such as tlxise well known in the art of
pharniaceutical fornnilation.

[(1255] Accordingly, the present invention further includes
compositions comprising one or more compounds of I'or-
nnila (I) and a phannaceutically acceptable carrier.

[0256] A "phammceutically acccvtable carrier" refers to
media generally accepted in the art for the dehvery of bio-
logically active agents to anlnmls. in particular, mammals.
Phannaceutically acceptable carriers are fomiulated accord-
ing to a munber of factors well withm thc purview of those of
ordinary skill in the alt. These include without limitation the
type and nature of the active agent being fonnulatcxk the
subtect to which the agent-containing composition is to be
adtninistered; the intended route of administration of the
composition; and. the therapeutic uidicatlon being twveeted.
Pharmaceutically acceptable carriers include both aqueous
and non-aqueous liquid media. as well as a vanety of solid
and semi-snlld dosage fomis Such carriers can include a
number of difibrent ingredients and additives in adcbtion to
the active agent, such additional ingredients being included in
the formulation for a variety of reasons, e.g., stabilization of
the active agent. binders. etc .. w all known to those ofordinary
skill in the art. Descnptions of suitable pharmaceutically

acceptable carriers, and factors im olved in their selection, cre
found ln a vanety of readily available sources such as, for
example, /Ieiuittgtotx'.s Phuwsaceot/cn/ Sciencec, 17th ed.,
1905, which is utcotpomted herein by reference ln its entirety.

[0257] The compouiuis nfl'onnula (I) may be adtntnistered
bv any mains suitable filr the condition to be treated, which
may depend on the need for site-specific treatment or quantity
of drug to be dclivcrixt. Topical adniinistration is gencmslly
preferred for skui-related diseases, and systematic treaunent
preferred for cancerous or prc-cancerous conditions.

although other modes of delivery are contemplated. For
cxwnplc, tlm compounds may be delivered orally. such as in
the form of tablets, capsules. granules, pov;ders, or liquid
liirinulations including syrups: topically. such as in thc foun
of solutions. suspensions, gels or ouitments; sublingually;
bucally: parenterally, such as by subcutaneous, intravwlous.
intramuscular or intrasternal injection or iniil sion teclmiques
(c.g, as sterile injcctabic aq. or non-aq solutions or suspen-
sions); nasally such as by inhalation spray, topically. such as
in thc fomt of a cream or ointment; rex tally such as in the foun
of suppositones; or liposomally. Dosage unit formulations

containing non-toxic, phanuaceuucally acceptable vehicles
or diluents nuiy bc administered The colnpounds may be
achulnistered in a lhrm suitable lhr utunediate release or
extended release Immediate rcleasc or exmnded rclcasc may
be achieved lvith suitable plianuaceutical compositions or,
particularly in the case ofextended rcles~ cx with devices such
lis subcutaneous implants or osmotic pumps.
[0258J Exemplary compositions I'or topical administration
include a topical carrier such as PLASTIBASF 0 (nuneral oil

galled lvith polyethylene).
[t)259J I ixemplary compositions for oral adntinistmstion
include suspensions which may contain. for exiunple. micro-
crystalline cellulose fiir iniparting bulk, alginic acid or
sodium alginate as a suspending ageni. melhylceflulose as a
viscosity etdtancer, and sxveeteners or flavorin agents such
as those knolln in the art: wid immediate release tablets which
may contain, for example, microcrystallme cellulose, dical-
cium phosphate. starch. magnesium stearate and/or lactose
and/or other exciplents, bulders, extender~, disintegrants,
dlluents and lubncants such as those intown ln the art. The
tllventive compounds may also be orally delivered by subhn-
gual and/or buccal administration, e.g.. with molded, com-
pressed, or freeze-dried tablets. Exemplary compositions
may include fast-dlssolvuig diluents such as maiuutol, lac-
tose, sucmse, and/or cyclodextrins. Also included in such
formulations may be high molecular svetpt excipients such
as celluloses)(AMI('I II Is) or polyethylene glycols (Ixb(i); mi
excipient to aid mucosal adhesion such as hydroxypropyl
cellulose (Hl'('), hydroxypropyl methyl cellulose (Hl'M('),
sodium carboxymethyl cellulose (SCMC), encl'or maleic
anhydride copolymer (e.g..) (iANTRE/sb; and agents to con-
trol release such as polyacryhc copolymer (e.g.. CAR-
BOPOI, 934 fi: ). I,ubricants, glldants, flavors, coloring agents
and stabilizers may also be added for ease of fabncation and
use

[0260] Exemplary compositions lor nasal aerosol or inha-
lation administration include solutions which inay contain,
for example, benzyl alcohol or other suitable preservatives,
absorption promoters to etfllance absorption and/or bioavail-
ability, ancUor other solubilizing or dispersing agents such as
those known in the art
[0261] Exemplary compositions for parenteml adnuiustra-
tion include injectable solutions or suspensions which muy
conte us, for example. slutable non-toxic. parenterally accept-
able diluents or solvents. such as mlulnitol. 1,3-butanediol,
water. Ringer's solution. an isotonic sodium cit)oride solu-
tion. or other suituble dispersing or wetting and suspending
agents, including synthetic mono- or chglycendes, and fany
acids, including oleic acid.

[t)262J I'lxemplary compositions for recctal achuinistmstion
include suppositories which may contain, for example. suit-
able non-irritating excipients, such as cocoa butter, synthetic
glyceride cstars or pohwthylene glycols, which arc solid at
ordinary temperatures but liquefy and/or dissolve in the rectal
cavity to rcleasc thc drug.
[0263[ Thc therapeutically-effective amount of a coni-
pound of the present invention may be determined by one of
ordinary skill in thc art. and includes exemplary dosage
amounts for a manunal of from about 0.05 to 1000 mg/kg,
1-1000 nig/kg; 1-50 nw„'kg; 5-250 mg/kg: 250-1000 mg/kg of
body v eight of acti~a compound per day, which may be
administered in a single dose or in the form of individual
divided doses, such as from I to 4 times per day. It will be
understood that the spccitic dose level and frcqumlcy ofdos-
age for any particular subject may be vened and will depend
upon a variety of factors, including thc activity of the specific
compound employed. the metabolic stability and length of
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13ioklglcal Assi&vs

Iluman Recon&b&nant 13tk I'.nzyme Assay

[tl264[ To V-bc&to&u 384-well plates were added test com-

pounds, human recombinant Btk (I BM, Invitrogen Corpora-
tion). Iluoresceinated peptide (1.5 pM). ATP (20 pM). and
assay bulfcr (20 mM I IEPES pl l 74. 10 mM MgC I &. 0015%
Bnj35 mid 4 mM DTT in 1.6% DMSO), ivith a tinal volume
of30 pl, After incubating at mom tcmpcraturc fi!r 60 min, thc
reaction was terminated by addliig 45 pl Iif 35 mM I)1)TA to
each sample. The reaction niixture was analyzed on the Cali-

per I.ab('1&ip 3000 (Caliper, Ikipkmton. Mass.) by electm-
phoretic sepamt ion of the lhi crescent substrate and phn spho-
rylated product. Inhibition data were calmdated by
companson to no enzyme control reactions for 100%v inlubi-
tion and no inhibitor controls for 0% inhibition. Dose
response curves werc generated to determine thc mmccntra-
tion required inhibiting 50% of kinase activity (IC„,), ('.om-

pounds were dissolved at 10 mM in diniethylsulfi!xide
(DMSO) and evaluated at elise&1 corlciilltrotiiills

[0265] Using tlds assay. the ICSO values of the follov ing
compounds were determined See Table l.
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action of thai compound. the species, age. body w ei ht. gen-
eml lmalth, scx mid dict nf tlm subject. the mode and tilnc of
«hninist& ltion, rate of excretion, drug co&nbination, and
severity of tlm particular condition prcferrcd subjects for
treatment uiclude animals, most preferably manunalian spe-
cies such as humans, nnd doniestic animals such as dogs, cats,
horses, and the like. Thus, when the tenn '*patient*'s used
herein, this tern& is intmidcd to include all subjects, most
preferubly nuunmalian species, that are affected by ambulation

of Btk cnzyn&e Ir:i els.
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TABLE I-continued

Exuaple

SD 1

61-3

61-1.
Sl-zo
63-1

lf'»1 fnf lelubflios ol'nltb UVI

fl ln19
U fl(119

U UU39

fl Dil'"

U I la ill

U UD14

U Dill 1

Mouse Splenic B ( efl Pmliferation Assav

[0266] Splcens fnmi Balb'c mice (&12 weeks old) were
mashed through screens and rcd blood cf.fls ivere removed
fmm splenocytes with RB('ysing bufff:r (Sigma-Aldrich
Chemical Co. St. Louis, Mo.). T cells were depleted by incu-
bation on nylon wool columns (Wako, Richmond. Va.).
Resulting spleiuc B cefls prepared this way 33 ere routinely
&90% CD19 as measured by I'ACS analysis. B cells (Ix10'ells

per w efl) were added to serial dilutions oi'compounds in
triplicaie in 96i well tlat-bottom plates in RPMI 1640 (Invit-
rogcn, (irand Island. N Y). supplemented with 10% hcat-
inactivated fetal calf senun (F(:S. Summit Biotccchnotogy,
Fort ( ofling ('olo ), containing I "/e I,-glutamine (Invitro-
genj, 50 ug/ntl gentanncin (Invitrogen) and Sxlfl 5M [I-mer-
captoethanol (Sigma-Aldrich). Cells were stinnilated with 10

pg/ml of Aflinipure F(ab')4 fragment goat anti-mouse lgG
IgM (Jackson Inmiunoreseurch, West Grove. Pa.). Cultures
ivere incubated for 72 hours, and pulsed lor the last 6 hours
ivith onc p('i/wefl of 3-[H[-thymidinc (Perkinl )inter. Boston,
Mass.) prior to harvest on a Packard cell harvester (Perki-
nl',lmcr), and counted by liquid scintillation on a Packard
lop('ount NXT (Pcrkinl'ilmcr) Thc most potent anakigs
were found to be active below I PM.

Hunian Tonsillar B Ccfl Prolii'cration Assay

[0267] Tonsils werc excised from patients undergoing rou-
tine tonsillectomy. Tonsil tissue was minced. mushed tluough
scrccns and inononuclcar cells werc isolated on flcoll dmmity
gmdients (i,ymphocyte Separation Media; Mexiiatech inc.,
Hemdonf Va.). 'I'cfls were depleted fmm mononuclear cells

by rosetting with sheep red blood cells (SRBC. Colomdo
Senun Company; Denver, Colo.). Tonsillar 13 cells prepared
by tlus method were routinely &95% CD19's measured by
FACS analysis. B cells (I x10'ells per well) were added to
serial dllutions of compounds in triplicate in 96-uefl flat-
bottoni plates in REMI 1640. (Invitmgcn. (irand Island,
N Y.). supplemented with 10/e heat-inactivated fetal calf
seruni (H K Summit Blotechnology, Fort ('oflinm ('olo ),
and containing antibiotic/antimycotic (Invitrogcn, I:100
dilution) and gentmulcin (Invitrogen. 5 ug/mlj. Cells were
stimulated with 40 pg/ml Afflnl'ure V(ab')s Fragment Goat
anti Human IgG+IgM (Jackson Inununoresearch» West
Grove, P 1.) in a total volume of 0.2 ml. Cultures ivere incu-
bated for 72 hours, und pulsed for the last 6 hours with one
PCi/well ol'[li]-thymidinc (PcrkinFlnicr. Boston. Mms.)
prior to harvest on a Packard cdl luuvester (PerkinLtlmer),
and counted by liquid scintillation on a Packard Tiip('ount
NX'I (PcrkinFhncr)

Btk Phosphorylation Assay

[0268] Ramos cells (-6x106 cefls/mlj it ere incubated in the
presence of Btk udubitors for I lu at 37'. before being

stimulaled with anti-lulman igM+IgG (F(ab')s lragmenl,
Iackson InununoResearch, catalog //109-006-127) at 50
ug/mL for exactly 2 min at 37', ('efls ivere inunediately
lixed by adding an UNua) volume ol're-warmed BD Phos-
Vloiv I'ix buffer I (BD Bioscimiccs. catalog nuinbcr 557870)
to thc ccfl suspension After incubating at 37'. for 10
minutcm the cells were washed once with 3 ml, I'ACS wash-
ing bufler (1% FBS/PBS) and permeabflized by addinee 0.5
ml. ofcold 13Dru Phosflow Perm Iiuifer I H (B D 131osciences,

catalog number 558050) und incubating for 30 minutes on
ice. The cells ivere u ashed an additional two times with 3 mL
BD I'ACS abashing bufler, re-suspended in 100 PL FACS
uaslung bufler, stained with 20 PL Alexa647 anti-Btk
(pY551) (BD Bioscicnccs, catalog number 558134). incu-
bated at rooni temperature for 30 minutes in the dark, and
washed once with 3 ml of I'ACS ivashing buffrm 'I'he ccfls
were re-suspended in 400 pl FA('S wash butTer and analyzed
using FACSCalibur (BD Biosciences). Median fluorescent
intensity (MFI) on Alexa 647 (I'L-4) data were collected and
used I'or mllculations oi'inhibition.

TABLE 2

Ev»mpte

3-61

'1 65

1»13

»-96
3-1)U
3-131
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1(',1 fm lsb b fief» ef Xewef
fLtpit »is ln UM
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14
14
19
1.3

15
14
.4

DZS

U I l3 1

Ramos FI,IPR Assay

[0269] R unos RA I B cells (ATCC CRL-1596) at a density
of 2x10" cells/ml in RPMI minus phcmll rcxt (Invitrogen
11835-030) and 50 m M I IF PI S (lnvitrogen 15630-130) con-
taining 0.1'/e BSA (Sigma A8577) werc added to onc half
vohune ofcalcium loading buifer (BD bulk kit for probenecid
sensitive assays, 4 640177) and incubated at room tempera-
ture in the dark for I hour. Dye-loaded cells were pefleted
(Beclunann GS-CKR. 1200 rpm, RT, 5 mimites) and resus-
pended in RT RPMI minus phenol red with 50 mM HEPES
and 10% I'BS to a density of lxlfls cefls/ml, 150 pl aliquots
(150,000/v efl) ivere platcxi into 96 well poly-D-lysinc coated
assay plates (B I) 3 5 4640) mid briefly cmitri fugcd (Beck mann
(iS-('KR 800 rpni, 5 mimitcs. without brake). 50 pl com-
pound dilutions in 0.4% DMSO/Rl'Ml minus phenol red+50
mM HEI'F8+10'/e EBS were added to the wells and the plate
was incubated at RT ui the dark for I hour. Assay plate was
briefly centnhiged as above prior to measuring calcium lev-
els.

[0270] 1)stn the I'LIPRI (Molecular devices), cells v;ere
stunulated by adduig goat anti-human IgM (Invitrogen
AHI0601) to 2.5 pe'mL. Chmges ui intraceflular mdcium
concentrations werc measured fiir 180 sfvonds mid percent
inhibitionwas detemiincdrclativetopcakcalciumlcvcls seen
in the prcscnce of stimulation only. Biological activity of
certain compounds as assessed using this assay is shown in

Table 2.

EX2026.0020



[JS 20]0/0]60303 Al
20

Juit. 24, 2010

TABLE 2-continued

Exs)nple
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NI'AT-bla RAI Reporter Assay

[0271] Ramos B cells containing a stable integration of a
bets-lnctamase reporter gale under the control of an Nl'Al
response element (NFAIlbla RAI. Imitrogen, K1434) at a
density of 100xl 0'ells/well were incubated with test com-
pounds at 37" (2 filr 30 min prior to stimulation with F(ab')2
anti-human IgM (Jackson ImmunoResesrch. 109-006-129)
at 2.5 pgiml for 4.8 hrs at 37'. After stinnllation, Llve-
BLAzerr"-FRET B/(I substrate (CCF2/AM, or CCI'4/AM,
Invitrogen) wus added to each well and incubated for 90 min
at room temperauire ul the dark. Asmly plates were read on ul
I,JI. Analyst. with mu mnission values subtracted fmm a
media-(mly bl uik containing substrate in assay media (no
cells). I he ratios of 460 nm/530 nm cluission (405 nnl exci-
tation) were used to calculate the amount of stlnnilatlon.

KI,H Antigml (/11allcngc and Antibody Mcasurmnent

[0272] Female BALE/c mice (6-S weeks old) v ere imnui-
nized intrapcritoncally (IP) with 250 pg keyhole limit

hemocyulin (KLII) (Pierce, Rockford, Ill.) in phosphate-
buffcrcd

saline 

(EBS). Mice in appropriate groups were dosed
as indicated. Blood was collected 14 days post-unnnmiza-
tion. senun was scpnratcd and analyi.ed for anti-KI,H Ig(i
ti ters by ELISA. Brieliy. 96 u elf plates were coated with KLH
in PBS, blocked, and serial dilutions of test serum sainples
were aided. Captured anti-KLII untibodies were detected
using hor.eradish peroxidase-conjugntcd antibody specific
for mouse ISG (Southenl Biotechnology Associates. Bir-
nlingham, Ala ) and the 'I'MB peroxidasc substrate systmn
(Kirkegi(ard and Perry Laboratones. Gaithersburg. Md.).
Opticaf dmlsities of developed plates were quantitated in n

SpecuaMax Plus ELISA plate reader (Molecular Devices,
Sunnyvalc, ('.alif.). When administered twice daily. tlm com-
pound of Ex unple 76-15 inlubited Ihe anti-KLII Ig(i
I'Uspollse by'9% arid 56%A at 10 ing/kg and 30 mg!kg, rcspcc-
tivelv.

Methods of Preparation

[t)273[ Conlpounds of I'ormula (I) can be prepared by thc
route outlined in Scheme 1. A 2-hydraninobenzoic acid 1-1

(where X is either the substituent A of Fornulla (I) or a

suitable precursor to such a substituent, such as bromo) cml
react with a suitable cyclohexanone 1-2 (where Y represents
either the substituent(s) D'ndior Dz of Fornulla (I) or a

precursor to such substituent(s)) in an appropriate solvent
with an appropriate catalyst. for example ethanol with hydro-
chloric acid. or acetic acid (in which case the solvent also can
serve as the catalyst), at a suitable tmnperature (for example,
the reihix temperature of thc solvent) Ri provide thc corre-
sponding tetrahydrocarbazole denvatlve 1-3 (where the dot-
ted fines represent sulgle bonds). Tlus reaction is conunonly
known as the Fischer uldole synthesis, and is well known ul
the chemical literature (for example, see J. Kamata et al.,
Chem. Phvrsi. Bull. 2004, 52, 1071). Altematively7 the I'is-

cher indole synthi',sis can be carried out in tuo consecutive
steps. 1-1 can react v'ith 1-2 under suitable conditions (such
as in an;lppropriate solvent 8uch as cthmlol or u:atcr. Option-
ally with a suitable catalyst such as p-toluencsulfimic acid) to
form the hydrazone 1-4, which can then be reacted further
under suitable conditions (filr example, etlmnol with hydro-
chlnric acid, acetic acid with zmc chloride, or tntluoroacetlc
acid) to filrm 1-3 (for example. see J. Lancelot et al, Chem.
Pi)Arm. Bni/. 1903, 31. 2652; X. Ll and R. Mince, Bivvrg.
Med, C/lesi. 2006, 14, 2942, or G. Romeo et al .. Biovrg Med.
Chem. 2006, 14, 5211)

0

H.H

EOOH Hoor'

xy- ll

1-2
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-continued
CONIIi COOII

Cogkli COSH

1-7

a&OR')7

[0274] The starting materials shown in FI(i I cmi bc pre-
pared using niethods known in the chemical literature For
example, compound 1-1 cmi be prepared front the corre-
sponding antlu snihc acid (see, for exaniple, L. Street et al., J.
Med. C7k em. 1993. 3 Ci. 1529). As a nother example, compound
1-2 where Y is ethoxycarbonyl attached at the 3-position can
be prepared from ethyl 3-hydroxybenzoate (see, for example,
J. I iirsch el al., J. Org. Cherkt. 1986. 51. 2218.)

[0275J If dcsircd. the tetrahydrocnrbazole 1-3 (where the
dotted fines represont single bonds) can be converted to the
carbazole 1-3 (where the dotted lines represent double bonds)
by treatnient under suitable oxidizuig conditions, fiir exaniple
by treatment with 2.3-dichloro-5,6-dicyanobenzoquinone in
a suitable solvent sucli as toluene. al a suitable temperature
(for ex unple, see J. Kamata et al.. C7em. Pharm. Btdl. 2004,
52. 1071). This conversion of a tetrahydrocarbazole to a car-
bazoie may also be performed in a di ifermit sequence with the
other syntlmtic tmnsfonnations outlined in Fl(i I, for
example at the stage of stnicture 1-5 or 1-6.

[0276] The carboxylic acid 1-3 can be converted to the
carboxamide 1-5 using methods v ell knots n in the chemical
hterature, for example by conversion of 1-3 to the acid chlo-
ride by trealmmit with oxalyl chloride or sulfonyl chloride,
followed bv triastmcnt with anunonia: or by trcatnwnt with
aliiiiiorila iii thc presence of a coupling reagent such as car-
bodiimide or N-(3-dimethylaniinopropyl)-Nuethyicarbodi-
imide hydrochloride, and I -hvdroxybmizotriazolc or I-hy-
droxy-7-avabenzotriazole.

[0277] In the case whereX is a suitable precursor to A. such
as bromo, 1-5 c ui be converted to 1-6 using methods knoss n
in thc literature. For cxamplc„ 1-5 (X Br) can bc heated v'ith
pipcridinc to provide 1-6 (A I -piperidyl). Also. 1-5 (X Br)
can bc consorted to I-&i (A=for cxampliv an aromatic group
such as optionally substituted phmiyl. naphthyl. pyridyl,
quinolyl, isoquinolyl, or the like) by treatnient with a suitable
arylboronic acid or arylboronic acid ester in the presence of a

smtable catalyst such as (l,lubis(diphenylphosphino)fer-
rocene)dichloropalladium or tetrakis(triphenylphosphine)

palladium, with a suitable base such as potassium carbonate
or tripotassium phosphate, in a suitable solvent or mixture or
solvents, such as toluene. 1.4-dioxane, or toluene-ethanol-
water. Tliis reaction, commonly known as the Suzuki cou-

pling, is well latoss n in the chemical literature. Alternatively,
compound 1-5 (X Br) can be con~erted to a boronate ester
1-7 (where B(OR')s is. for example, 4.4.5,5-tetmmethy1-1,3,
2-dioxaborolan-2-yl), lor ex unple by treatment v ith 4.4.4',
4',5.5,5',5uoctamcthy)-2,2ubi(1.3.2-dioxaboro)anc) in the
prcscnce of a suitable combination of catalyst and ligand,
such as tris(dibcnzylidencscetonc)dipalladium nnd tricyclo-
hcxylphosphinc. with a suitable base such as potassium
acetate, in a suitable solvent such as 1,4-dioxane (see, for
exaniple. I,. Wang et at,d Med. C7iei i 2007, 50. 4162) The
boronate ester 1-7, or the denved boronic acid 1-7 (R'l)
prepared by hydrolysis of the boronate ester usuig methods
knossn in the literature, can then be converted to compound
1-6 using lhc Suzuki coupling reactioti or a siniilar reactiini as
described above for tlie direct conversion of 1-5 to 1-6

[0278J Many boronic acids md bomnate eaters suitable for
use in convcrsimi of 1-5 to 1-6 (where A is an aryl or hct-
cmaryl group) are commercially available, or may be pre-
pared fmm corresponding aryl or hetcroaryi derivatives such
as bromides. chlorides or triguoromcthanesulfimatcs, using
methods known in the litemture, fnr example as descobed
above for the conversion of 1-5 to 1-7. Such aryl bromides,
chlorides or tntluoromethanesulfonates are either available
conunercially, or are known in lhe chemical literature, or can
be prepared using isell-known synthetic transfomuitions.

[0279] In some cases it may be desirable to convert the
primary amide of stnicturc 1-5 to a diffcrmit fiuictional group,
for example to prevent unwanted reaciions or to enhance
solubility for subscqumit synthetic tmnsfortnations An
exmnplc is shown in FI(i. 2. (.'oinpound 2-1 (cquivalmit to
compound 1-5 in I'l(i. I ) can be converted to the correspond-
invg mtnle 2-2, for example by treatment under suitable con-
ditions with phosphorus oxychloode. Compound 2-2

(X Br) may then be converted to coimpound 2-4, either
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directly or linocut conversion Io an intermediate boronate
ester or boromc acid 2-3, as described ahorse, followed by
hydrolysis of the nitrile 2-4 Ri the carboxamide 2-5 using
nlethods intown in the chemical literature.

by conversion to the amide 3-3 usulg any ol'a wide variety of
methods well known in thc chenlical literature

F»s»v» 3,

COXH COsiH

COXH CH

H»OOC HOOC

3-'i

CORH

CR

R"RRXOC

I-s

RIOR')i

IOI'H

[0280] Manipulation of substiments in the compounds of
Formula (I) can be perfomuxl using a variety of methods
wluch are well known in the chemical literature. For example,
as shov n m FIG 3, if the substitueut Y in compound 1-5

(where X is either A of I'onnula (I) or a precursor to A) is an
cater such as an ethyl ester (compound 3-1), this ester may be
converted into another substituent, for extunple by hydrolysis
to thc corresponding acid 3-2. for exmnple using a base such
as lith iunl hydroxide or sodium hydroxide in water, followed

[t)201[ Other cxanlples of manipulation of a substituent are
show n in Flfi. 4. An ester such as Ihe ethyl ester (compound
4-1) may be converted into an alcohol, aldehyde or ketone
using standard synthetic methods well Intown in the litera-
ture For ex+upi», treatment of the cater with a reducing agent
such as hthium aluminum hydnde can provide the pnmarily
carbinol 4-2. Alternatively, the ester can be converted to a

tertiary carbinol 4-3 (where R and R.'rc thc same) by treat-
ment with an appropnate org'liloinetaflic reagent such as an
alkylmagnesium halide or an allpllttluum. Alteniatively. the
ester can be converted to a ketone 4-4, for example by
hydrolysis to the carboxylic acid. conversion to an N,O-di-
alkylhydroxamide and treatment of tlus intermediate with an
appropriate organometallic reagent. A ketone 4-4 can be con-
verted to a tertiary alcohol 4-3 (w herc R and R're thc same
or ditfereut) by treatment with an appropriate org uio metal bc

reagent, or to a secondary alcohol 4-5 by treatment with a

reducing agent such as sodium borohydridc orlithiuin alumi-
num hydride. Alternatively. a primary alcohol 4-2 can be
converted to an aldehyde 4-6, which can be con~erted to a

secondary alcohol4-5 by treatment with an appropriate orga-
nonletallic reagent.

COHHi

F»Siu» 4.

('OXH»

HO 0

R

-3
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-continued
CONHi COXHi

I IO

E1001.

COVH COXHi

1101:II OHC

4-6

(0282) Other examples of manipulation ofa substituent are

shown in FICI 5. which make use of transfornmtions well

known in Ihe chemical literature. For example. a carbinol 5-1

(where R and R'mi bc, filr cxamplc, hydrogen or alkyl;
deoved from an ester usuig transformations exemplified in
I'IG. 6) can be converted to an ether 5-2 (R'or example

alkyl) by treatment with an alkylating agent such as mi alkyl
hah de or alk31 triiluorometlianes offilnate in the presence of a

base such as sodium hydride. or by treatment with a carbuiol
R'I I in the presencv of a catalyst such as trill uoro acetic acid.
Alternatively, a carbinol 5-1 can be converted into an ester 5-3

(Rs for exmuple alkyl or aryl) or carbamate 5-3 (Ra for
example alkylamino or dialkylamino) by treatnmnt ssith an

acylating agent such as an acid anhydndc, acid chloride or
carbamyl chlonde in the presence of a base such as a trialky-

lmnine or pyridinc, or by treatment ivith an acid in the prcs-
cnce of a coupling agmit such as carbodiimidc or N-(3-dim-

ethylanunopropyl)-Nuethvlcarbodiunide in drocldonde, and

I-hydroxybenxotriarwllc or I-hydroxy-7-axabcncotriaxole.
Alteniatively, a carbinol 5-1 can be converted into a derivative
5-4, ivhere X is a leaving group sucli as bromide, methane-

sulfonate. toluenesulfonate or tritluoromethanesulfonate.
The compound 5-4 can then be converted into an aniine 5-5

(where R'nd R're filr example hydrogen, alkyl or aryl, or
R'nd R form a heterocyclic nng) by treauneni svitit an

appropriato mnine HNR'R'ltornativcly, the compound 5-4

can be converted to a primary amine 5-5 (where Rs and R ure

both hydrogen) by treatment iv ith sodium azide to provide 5-R

(v;here X is Ni) followed by treatnient ivith a reducing agent
such as tnphenylphosphine in the presence of water (com-
monly known us ihc gtmidinger reduction). The compound
5-4 c ui also be converted into a heterocyclic derivative 5-6.

1or example by tresunent w ith a heterocycle ZI I under appro-
priate conditions. Fxamples of Z in structure 5-6 are 2-ox-

opyrrolidin-I-yl. 2-oxopiperidin-I-yl. pyrazol-l-yl, and imi-

iiilxiil-l-yl,

CC1XHi

Iisvre '.
CONHi

R'0

X

cog lb I'0."11 0

HO

I+—

COHH CONH

Rixsv

is

(02831 Other examples ofmanipulation of a substituent are
shown in FIG. Ci, which make use of tmnsformations well
known in the chemical literature. For example, a carbinol 6-1

having at least one hydrogen beta to the hydroxyl vgroup

EX2026.0024



VS 2010/0160303 Al
24

Juif. 24, 2010

(ivhere R, R'id R" can be. for example, hydrogen or alkyl;
prepared tilr example using transfiirnmtions exmnplified in
I'Ri 4) can be converted to an alkene 6-2. for example by
dehydralion in the presence of 1m acid catalyst. or by conver-
slou of tile hvrll'oxyl to a leavlllg gl'clip slick as lllethalle-
sulfonate, toluencsulfonatc or trifluoromcthancsulfonatc fol-

lowed by trmatmcnt with a suitable base An alkcnc 6-2 can be
converted to 6-3 by reduction of the double bond. for example

by treatment with hydmgen ui the presence of a suitable
catalyst such as palladium on cluircoal. Alternatively. a
carbinol 6-1 can be direclly reduced to 6-3, for example by
treatment with a tnallyl si lane in the presence of an acid such
Rs tritluoroacetic acid Altcnmtively, an alkcne such as 6-2 can
be conveltcxf to a diol 6-4. for ex unple by treatment u ith
4-methylmorpholine N-oxide ui the presence of osmium
tetroxide. A diol 6-4 can be converted uito a monoester or a

diester 6-5 (where one or both ol'R'nd Rz is an acyl group),
or to a monoe ther or a diether 6-5 (u here one or both or R'nd
R's. for example, an alkyl group). or to a monocarbamatc or
a dicarbamate 6-5 (where one or both of R'nd R's a
carbamyl group), or to a compound wherein R'nd Ra are
independently alkyl, acyl or carbamyl. or to a compound
wherein R'nd Ri fomi a heterocyclic nng such as a 1,3-

dioxolane. a 1.3-dioxane. or a 1,3-dioxolan-2-one, using
standard methods u ell known in the chemical literature.

IIO

[0284[ Other examples ofm uupulation of a substitueni are
shown in I ICr 7. which make usc of transfonnations well
intown in the chemical literature I'or exmnpie, mi aldehyde or
ketone 7-1 (R

—hydrogen or, for example, alkyl, respectivdy,
preparlxf for exmuple using the transformations shown in

Vgi. 4) can be converted to an aniiiw. 7-2 (where, fiir example,
R'nd R'rc independently hydrogen or alkyl. or R'idR'o

ether for a heterocychc ring such as pipenduie, pyrroli dine
or nxirphol me) by treatment of 7-1 with an am inc HNR''n
tlm presence of a rixiuciug agent such as sodium Iriacetoxy-
borohydride or sodium eye noh orohydnde, or by treatmeni of
7-1 with an amine IINR'R u ith removal ofwater to fiirm an
intmniediatc im inc followed by reduction of the imine with a
suitable reducing agent Alternatively, 7-1 can be converted to
an olefin 7-3 by treatment with a smtable reagent such as an
alkyltnarylphosphonium halide or a dialkyl phosphonate ui
the presence of a suitable base, a triuisformation well-knoivn
in the litemture as the Wit tig reaction. The resulting olefin 7-3

ctui Ihen be converted to a variety of other compoiuids, I'or

example by the transfonnations of 6-2 in I'Ki. 6 as described
above. Altemativcly, 7-1 can be converted to a phenolic ester
or carbinol ester 7-4 (where R=formyl or acyl) by treatment
with mi oxidizing reagent such as 3-chloroperoxybenzoic
acid, peroxyacetic acid, peroxytrifhioroacetic acid or a nux-
ture of hydrogen peroxide and a strong acid such as sulfunc
acid, in a reacuon u ell intown in the chemical literature as the
Baeyerngdliger rearrangement. A compound 7-4 (R—formvl
or acyl) mui be converted into a phenol or carbinol 7-4 (R I I)

by hydmlysis under uull-known methods. Thc phenol or
carbinol 7-4 can limn be converted to, for exaniple, im ester
7-4 (R=acyl). ether 7-4 (R=for example alkwl) or carbamate
7-4 (R=carbamyl) using u elf-known niethods

COsuii COHH

RO

('OHH
7 I 7.4

CO. 1EI CONHi

R'Rig
R

HO RO

[0285[ Other examples ofmanipulation of a substituent are
shown in Fl(i 8. which inakc use of tcanstonnations well
laiown in thc chemical literature A carboxylic acid 8-1 (pre-
pared, for example, as shown in I'lf i. 3) can be converted to an
acyl azide 8-2, for example by ueatment with diphenyl phos-
phorazidate (diphenyl phosphoryl azide). The acyl azide can
be con~artsd without isolation to mi isocyanaste 8-3. for
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exmnplebyheatuig. Theisocyanatecanbeconvertedto auras
8-4 (wlmre R mid R're indepenilently, I'or example, hydro-

gmi or alkyl, or taken together can foun a ring such as pipcri-
dine, pyrrolidine or morpholine). Alternatively, the acyl uzide
8-2 can bc heated in thc presence of an alcohol to provide a

carbamate S-5 (lvhcrc R is. for exampli. alkyl or benzyi) Thc
carbamate 8-5 can be converted to a primary uuine S-6 by
hydrolysis. or (in the case where R is benzyl) by treatment
with, for example, hydrogen or anunonium fomiate in the
presence of a catalyst such as palladium on charcoaL or w ith
hydrogen bromide in acetic acid. In these transfonnations, an
intermiediate acyl azide 8-2 and/or isocyanate 8-8 can be
isolated. or the cntirc scqu ence of stops converting an acid 8-1

to a urea 8-4 or a carbamate 8-5 can be performed without
isolating the lntemledlates.

COI iii

Ni.l

Nxusv 9

I.'ONHi

COSH. CONHi

IK)OC OCN

9

COSH (.'ONH

0

itikiNQ
0

CONN I'ONII

IIO+
0

[0286[ Another example ofmanipulation of a substinlent is

shown in Fiti 9 The nitro substituent of compound 9-1

(wherc Y can represent I)'idior Ds of Formula (I) or a
precursor to D'nd/or Ds), prepared for example by Suzuki
coupling of compound 1-5 in FILI. I with a nitro-substituted
benzene ho runic acid. can bc reduced using well knov n meth-
ods to provide a corresponding mliline 9-2. for ex uuple by
treatment with hydrogen in the presence of a catalyst such as

palladium on charcoal, or by treatment v ith a mducing agent
such as zinc or tin (II) chloride in an acid such as hydrochloric
acid, or iron in acetic acid.

[U287[ Any amine substituent (for example, 5-5 in FICIS 5,
7-2 in Flfi'S. 7, 8-6 in FICi 8, or 9-2 in FICi. 9) lchcrein the
aminc is primary or secondary nlay be converted to other
substitucnts using methods w cll known in the chemical lit-
emture. Examples are reaction w ith a carboxylic acid, a car-
boxylic acid halide or a carboxylic acid anhydode to provide
an amide; reaction with an isocyunate. aryl carbamate or
carbamyl chloride to provide a urea; reaction lvith a chloro-
fonnate ester to provide a carbamate, reacuon with a sulfonyl
halide or sulfonic mhydride to provide a sulfonmnide or
sullonimide. reaction with a sulfamyl halide to provide a

sulfamidi; and reaction with an aldehyde or ketone in the
presence of a suitable reducing agent to provide an alkylated
an l 1lm.

[0288[ Another example of transformatlons of such an
aniine substituent is reaction w ith an aryl or heteroary1 halide
(such as for example a 2-chloropyridlne, 2-chloroquinollne,
2-chloroisoqulnoline or 4-chloroquinazoline), either ln the
presence or absmice of a suitable mitalyst such as a palladium
catalyst. to provide mi aryiated aminc. ('Ilie case where a
palladium catalyst is used is colmmonly I nown in the chemi-
cal literature as the I)uclnvald ant ination). Another example is
reaction with a bifunctimial rcagcnt such as, for example, a
hydroxyacid or lactone or haloacyl chloride or haloalkanolc
acid (to foun a lactam) or a dimnylsulfone (to form a tluo-
morpholine dioxide) under suitable conditions. In the case of
reaction w ith such a bifimc I iona l reagent. both reaction steps
may be achieved in one synthetic operation, or alternatively
reaction with onc functionality may be followed by isolation
of an intermediate followed by riuiction with the other func-
tionality.
[8289[ Another example of further manipulation of a sub-
stituent is the conversion of a suitable substituent on an aryl
group (such as bromo, chloro or tniiuoromethanesulfonate)
to an aryl or heteroaryl vgroup, for exmnple via Suzulo cou-

plin as descnbed previously. Another example of further

EX2026.0026



VS 20]0/0]60303 Al Ju)I. 24, 2010

manipulation of a suitable substituent on an aryl group (such
as bromo. cltioro or tritlnoromethanesulfonate) is the conver-
sion of this substituent to an amine or tuulinc substituent (by
treatnmnt is ith a primary or secondary mnine or aniline under
suitable conditions, widely rcportcd in the clmmical literature
and, ivhmi pcrfonned in thc presence of a suitable catalyst
such as n palladium catalyst, conimonly know as the Buch-
v aid ami nation). Another example of further manipulation of
a suitable substituent on an aryl gmup (such as bromo, chloro
or trifluoromethanesulfomite) is the conversion of this sub-
stituent into an amide by reaction with a pnmary or secondary
unide or a lect un under suitable conditions ividely reported
in the chemical literature (for example, m the presence of a
copper (I) sah and a diamine ligand).

[0290] Thc sequenci: of synthetic trutsfomtations (for
extun pie, the order ofnianipulations of the X and Y substitu-
mits and the carboxylic acid group in con)pound 1-3) can be
varied depending on the nature of the compound to be pre-
pared, and can be determined by one skilled m the art through
consideration of the stabihties ot the various substituents to
reaction conditions to be performed.

[029(J ln some cases, it may be desirable for one or more
functional groups in starting matenals or intermediates to be
present in a protected form. In such cases. removal of the
protecting group cin be perfomied at a suitable stage of the
synflietic sequence, foflowed by ilurther m uiipulation of the
functional group ii'desired. Such protecting groups and their
use and removal are well known to those skilled in the art.

[0292] ln all the translonnations described above, uid in
rc)ate& transfomiations, reactions can be pcrfonned in suit-
able solvents, chosen fiir solubility of or conipatibility with
the reactants mid reagents or for other properties such as

boihng point or abihty to facilitate the reaction to be per-
tormed. Reactions are usually performed at a temperature
chosen to provide a convenient rate of reaction, usuafly from
below ambient room temperature to the boiling point of the
solvenu or above the boiling point if tlm reaction is performed
in a sealed vessel I'he transfonnations described are gener-
ally well known in thc clmm ical literature, and one skilled in
the art of organic synthesis will be fmniliar with appropriate
solvents. camlysts, reagents. and conditions suitable for per-
torming the trans formations desired. as well as suitable vana-
tions of the sequences of transformations used to provide a

desired product.

[0293] In the case where the dashed lines of I'ormula (I)
represent suigle bonds and substituents D" antior D're
present. or if substituents D'td/or D'ears clflral center. or
if the substituent A bears a chiral center, enantionicrs are
possible. If the dashed lines rcprcscnt single bonds and addi-
tionally one or niore of the substituents A, I )'nd/or D bears
a chiral center, or if the dashed lines represent double bonds
and tv o or more of the substituents A, D'nd/or D bear
chiral centers, diastereomers are possible. Additionafly, in
some cases, restncted rotation about certmn bonds, parucu-
larly the bond attaching substituent A in I'ormula (I), can give
rise to optical isomers. known as atropisomers, even when no
cliirtll atoill is present. An cnmltionicricafly or diastcrconmri-
tnifly enriched compound can be preparcsl by using tm enan-
tiomcrically or dimstercomcricafly miriched staling material
(for example, 1-2 for thc syntlmsis outlined in I'l(i I, or
coupling of 1-5 or 1-7 with an enantiomericafly ennched
reactant, or acylation of an amine or hydroxyl substituent
with an enantiomerically enriched acylating event). Alterna-
tively, racemic starting materials or reagents cain be usH,

fofloived by sepamtion of enantiomers or diastereomers, for
exaniple by using chiral HPI,C or using chemical methods
well knov n in the chemical literature. Such separation can be
performed at any suitable stage in tlie synthetic sequence. or
the tinal compound of Formula (I) can be separated uito
cnantioniers or diastercomcrs.

FXAMPI,ES

[0294] Preparation ofcompounds of I'ormula (I), and inter-
meCiates used in the preparation of compounds of Fornmla

(I), can bc prepared using proccdurcs shovni in thc following
examples and related procedures. The methods and condi-
tions used in these examples, and the actual compounds pre-
pared in these examples. are not nieant to be limiting. but are
meant to demonstrate how the compounds of Formula (I) can
be prepared Starting materials and reagents used in these
examples, when not prepared by a procedure descnbed
heraus, are genendly eiflier conunercially available, or are
reported in the chemical literature, or may be prepared by
using procedures described in thc chemical literature.

[0295] In the examples given, the phrase "dned and con-
centrated" generally refers to drying of a solution in an
organic solvent over either sodium suli'ate or magnesium
sulfate, followed by fil nation and removal of the solvent from
the flltrate (gener Ifly under reCilced pressure mid at a tenl-
perature suitable to the stability of the material being pre-
pared). ('olumn chromatography was performed ivith pre-
packed silica gel cartridges using an isco nwdium pressure
chromatography apparatus ('I'eledyne ('orporation), eluting
with the solvent or solvent mixmre inCicated. Preparative
high performance liquid chromatography (HPI (') was per-
formed using a reverse phase colunui (Waters Siuifire Crn
Waters Xbridge C, „. Phenomenex Axis C, s YMC S5 ODS or
the like) of a size appropriate to the quantity ofmaterial being
scparatcd, generally cluting with a gradient of increasing
concentration of methanol or acctonitrilc in is ster. also con-
taining 0 05% or 0.1% tritluoroacetic acid or 10 mM mnmo-
niuni acetatq at a rate of elution suitable to thc colmnn size
and separation to be achieved. Chemical names were deter-
mined using ('hemDraw 1)ltra, version 90.5 (('ambridge-
Soft). The following abbreviations are used:

NaHCO3 (aq) saturated aqueous sodiuin bicarbonate

brine saturated aqueous sodium chloride

I )('M~ichloromcthane

DIEA N,N-Ciisopropylethylamine

1)MAP—i-(N.N-diniethylam inn)pyridine

DMI'.N-dimethylformamide

[t)296] DMSO dimethyl sulfoxide

EDC N-(3-dimethylaminopropyl)-Nuethylcarbodiimide
hydrochloride

EtOAc ethyl acetate

I IOAT I -hvdroxy-7-azaibenzotnazole

I IOBT I -hydroxybenzotriazole hydmte

rt ambient room tctnpemturc (gcni:rafly about 20-25" (.'

TEA triethylamine

TFA tritluoroacctic acid

TIIF tetrahydrofuran
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Intermediate l-l

Preparation ot 2-(3-bromo-2-methylphenyl)isoindo-
lin-I-one

[0297]

odt5
[0298] A siilution of 3-bronio-2-mcthylaniline (10 g. 53 7

nimol) ui DCM (200 ml,) at I)" C. was treatixt v,ith TL'A

(14.98 ml„107 nuno!), followed by dropwise addition of
2-(chloromethyljbenzoyl clilonde (10.16 g, 53.7 nunol) in
DCM (50 mL) over I h. The mixture was diluted with DCM
(ca. I L), iva shed with NaiiCO3 (aq) and water, and concen-
trated to remove most of the solvent. The precipitate was
collected by filtrauon uid v ashed ivith DCM (2x10 mL) to
provide N-(3-bromo-2-mcthylphcnyl)-2-(chloromethyl)ben-
wamide as a white solid (8.0 g). Thc liltratc was concmntrated
furtlmr, resulting in additional precipitate which was col-
lected by filtration and washed with DCM (2x10 mL) to
provide additional N-(3-bromo-2-methylphenyl)-2-(chlo-
romethyl)benzamide as a white sohd (3.06 g), fiir a combined
yield of 61%. IVIass spectrum 33R 340, 342 The filtrate ives
concentrated mid purified by colunm ciuomatoaraphy (hex-
ane-LtOAc) to provide 2-(3-bromo-2-methylphenyl)isouido-
lin-I-onc as a yellow solid (2 0 g, 12%) A solution of the
N-(3-bronxi-2-methylphenyl)-2-(chloromcthyl)bcnzamide
(11.06 g, 32.7 mmol) in DMI'50m l.) was cooled to O' and
treatM vv ith a mixture of sodium hydride (&i0% ii il dispersion,
pre-washed with hexane, 1.70 g, 42.5 mmol) and DMP (10
mL). The mixture was stirred at O'. for 1.5 h, then ives
treated vnth u ster. 'I he precipitate was collected by filtration,
dried and combuied with the material purified by cohunn
cluomatography (see above) to provide 2-(3-bromo-2-meth-
ylphenyl)isoindolin-I -one as a yeflow solid (9 41 g, 95%). 'I I

NMR (400 MHz, chlorofiinu-d) 6 7 96 (IH. d, .I
—7 3 Hz),

7.58-7.67 (2H, m), 7 49-7.57 (2H. m). 7 20-7.25 (I H, m).
7.15 (IH, t. 1=7.9 Hv), 472 (2H, s), 231 (3H, s) Mass
spcctnun m/z 302, 304 (M+H) .

Intennixliate 1-2

Preparation of 2-(3-bromo-2-methylphcnyl)-6-tluor-
oisoindolin-I -onc

provide crude 2-(bromomethyl)-5-fluorobenzoic acid as a

white solid (730 mg). used ivithout further purdication. 'll
NMR (400 Mlhn chloroform-d) 8 7.81 (IH. dd, I 9.2, 2.9
Hz), 7.50 (IH. dd. I 8.5, 5.4 Hz). 7.23-7.30 (IH, m). 4.98
(2H. s)

[0301] Step 2 A solution ofcrude 2-(bromomethyl)-5-fluo-
robenzoic acid (3.05 g.

[U3(12[ 13.1 ntmol) in DCM (50 ml,) was treated with
oxalyl chloride (I.fi6 g, 13.1 mnml) and 6 drops ofDMR The
mixture was stirred at rt for I h, then was concentrated. Ilia
residue was redissolved in DCM (50 mL) and treated with
3-bromo-2-methylaniline (1.705 8, 9.16 mmol). The mixture
was stirred at n lor I h, then TLA (2.19 mL, 15.7 mmol) was
udded in portion~. The mixture was stirred at rt for 2 h. thai
was diluted w ith DC M (100 mL). v a shed w i th Nai IC03 (aq)
and water. dried and concentrated. The residue was triturated
with D( M to provide N-(3-bromo-2-methylphmiyl)-2-(bro-
moniethyl)-5-tiuombeiwamide as a white solid (0 9 g) 1'he

mother liquor was concentmted and the residue vvas agaui
triturated with D('M to provide addiuonal N-(3-bromo-2-
methylphenyl)-2-(bromomethyl)-5-fluorobenzamide as a

white solid (0 46 g). The mother liquor w as concentmted and
the residue was purified by column chromauigraphy (eluting
with a gnidient from hex uie to 70.30 RIOAc-hex me) to pro-
vide additional N-(3-bromo-2-mcthylphenyl)-2-(bromom-

cthyl)-5-flu orobenzmn id

as a pink solid (I 18 g) for a totnl of
2 54 g (48%) Mass spectnmi nuz 400, 402, 404 (M+H)'.

[0303] Step 3 A mixture ol'N-(3-bromo-2-methylphenyl)-
2-(bromomcthyl)-5-fluorobenzamide (2.54 g, 633 mmol)
and sodium tcrt-butoxide (0.913 g. 9.50 mmol) in THI (80
ml,) v as stirred at rt fiir 30 min 'I'he mixture was dilutcxt with
water and extracted with tuice with IJCM. The combincxt
organic phases were washed with water, dried and concen-
trated. The residue was purified by cohunn cluomato raphy
(eluting with hexane-EtOAc) to provide 2-(3-bromo-2-meth-
ylphenyl)-6-Ihioroisoindolin-I-one as a wlute solid (1.18
58%). 'll NMR (400 Mllz, cldoroform-d) 8 7.59-7.65 (211,

m), 7.45-7 50 (I li. m). 7.33 (I IL td. I—8.6. 2 5 Hz), 7.19-7.24
(IH. m), 7 15 (I H, 0 I 7.9 Hz), 4.68 (2H. s). 2.31 (31L s).
Mass spixtrum m/z 320, 322 (M+H)'.

lntcnnediatc 1-3

Preparation of 2-(3-bromo-2-methylphenyl)-6-meth-
oxyisoindolin-I-one

[0304]

[0299]

[U3UU] Step I A susponsion of 5-fluoro-2-methylbcnzoic
acid (5()0 mg, 3.24 nuuol), N-bromosnccininude (606i nm,
3.41 nunol) and benzoyl peroxide (47 mg. 0.195 mmol) in
tetrachlorometlmne (10 mL) was heated at 78'. for 4 h. The
hot mixture ives filtered and the filtrate was concentrated to

[0305[ Step I A suspension of methyl 5-methoxy-2-meth-
ylbenzoate (1.00 g. 5 55 nunol). N-bromosucciuimide (1.037
g. 5 83 nimol) and benzoyl peroxide (81 mg. 0033 mmol) in
tctmchloromcthane (10 mi.) ives heated at 77" C for 3 h. The
mixture was diluted with D( !VI, washed u ith NaHCO3 (aq),
dned and concentrated to provide cnide methyl 2-(bromom-
ethyl)-5-methoxybenzoate as a hght yellow solid (1.435 g),
used wifliout further puriiication. ' NMR (400 Mliz. chlo-
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roform-d) o 748 (111. d, J 2.6411z). 7.37 (HI. d, 1 8.3611z),
7 02 (I H. dd, J 8. 58, 2. 86 I lz), 4 93 (211, s). 3. 95 (311, s). 3. 85

(31L s).
[0306] Step 2 A mixmre of methyl 2-(bromomethyl)-S-
methoxybenzoate (1.435 g. 5.54 nunol)r 3-bromo-2-methy-
1(miline (1.03 g, 5.54 nunoi) and TLA (1.138 mL, 8.31 mmol)
in meth uiol (5 mL) was heated at 85'. for 2 h. The mixture
was diluted v ith DCM, ivashed with NaH&'03 (aq). and dried
and cnncentrated The rcsiduc was purified by column chro-
niatography (eluting with HtOAc-hcxanc) to provide methyl
2-((3-bromo-2-mcthylphenylamino)methyl)-5-methoxyben-
zoate as a yellow oil (3&i I mg, 18%). Mass spectrum m/z 364,
3 66 (M+I I)'.
[U3U7] Step 3 A solution of methyl 2-(3-bromo-2-meth-
ylphenylamino)methyl)-5-methoxybenzoate (360 mg, 0.988
nunol) in THP (10 mL) was treated with sodium tert-butoxide
(142 mg, 1. 483 nuno I) and stirred at rt ovemijtt. The mixture
was ueated ivith water and extracted twice with DCM. The
combined organic phases ivere washed with water, dried and
concwntrated. The residue was puriffnl by column chroma-
togmiphy (cluting v ith R(OAc-hexane) to provide 2-('3-

bromo-2-methyiphenyl)-6-methoxyisoindolin-I-onc as a
ivhitc solid (246 mg. 75%) 'H NMR (400 MH/. chlorofonn-
d) 6 7. 62 ( I H, dd, J—7.9, 1. I Hz), 7M&i ( I H, d. J—2.4 Hz). 7 42

(I IL d, J 8.411z), 7.15-7.26 (31L m), 4.67 (211. s), 3.92 (3H,
s), 234 (31L s). Mass spectrum nhrz 332. 334 (M+H) .

[(008] 1'he following Intermediates were also prepared
using procedures used to Prepare Intermediates 1-1 through
1-3.

sodium potassium tartmte (I'ehluig*s Reageni II) and v,ster,
then was dned and concentrated. The residue was puntied by
colunui chromatography (eluting ivith a gradient fiom 80:20
hexane-EtOAc to E1OAc) to provide N-(3-bromo-2-meth-
ylphenyl)-5-cyano-2-(hydroxymethyl)bmizimidc as a white
solid (170 mg, 14%) which was used without further purifi-
cation. Mass spectrum ni/z 345. 347 (M+H)'.

[t)311[ Step 2 A solution of N-(3-bromo-2-methylphenyl)-
5-cyano-2-(hydroxymethyi)bentmmidc (170 mg, 0.492
nuuol) in THP (20 mi.) was treated with di-tert-butyl azodi-
carboxylate (113 mg. 0.492 nunol) and tributylphosplune
(0.119 mL. 0 492 nunol) and stirred at rt. After 2 h the nuxture
was concentrated uid the residue was colunm chromatogra-
phy (eluting wt(II a gradient from 90.10 to SO:50 hex uie-
I',tOAc) to provide 2-(3-bromo-2-mcthylphcnyl)m3-oxoisoin-
dolinr-5-carbonitrilc (100 mg, 62%o) as a wlfiie solid. 'H

NMR (400 MHy, chloroform-d) 6 8 07 (I H. d, .1=8.1 Hz),
7 82-7.89 (2H, m), 7.64 (IH, dd. J — 7 8, I 4 Hy). 7.13-7.2S

(2H, m), 4.78 (2H, s), 2.30 (3H. s) Mass spectrum m/z 327,
329 (M+II)'.

Intenuediate 3-1

Preparanon of 2-(3-bromo-2-methylphenyl)-5-fluoro
isoindoluie-1,3-dione

[t)312[

fnlcinlcdisu ronipolnul sonic
Mess
spec)i'nni

Hr

2-(3-bi.irrio-z-melhyfphern1)-6-
rnellioxynouslolin-1-onc'3 biomn 2 me)by)phenyl) 6

tlntlnornrricthi l)isouidoliri-I-orle
2-(3-bronio- -meuiylphenyll-6-
mens lisoindolni-I one

I 3-',

334(M c H)'
7u.

372 (81+ Itl'16,

'. I tl (M + H

I'ntcrmrxfiatc

2-1

f U3U9]

Preparation of 2-(3-bromo-2-methylphcnyl)-3-ox-
oisoindolinr-5-carbonitrile

[t)313[ A niixture of 3-bromo-2-niethylaniline (200 mg,
1.07S nunol) and 5-fluoroisobenzofiiran-13-dione (179 mg,
1.075 nunol) in acetic acid (2 mi.) yy as heated at 100" &2 for
4.5 h. The mixture was concentrated and the residue was
punfied by colunui chromatography (eluting v;ith a gradient
from hexane to 60.40 hex uieoBOAr) io give 2-(3-bromo-2-
m

ethylphony
1 )-5-fiuoroi

soindnl ine-1,3-dione as a white solid
(235 mg. 59%o) Mass spectrum m'z 334, 336 (M+H)'.

[0314] The following Intermediates were also prepared
using procedures used to prepare Inienuedlate 3-1.

[0310] Step I A solution of3-bromo-2-mcthylaniline (0.67
g, 3.60 nmiol) in DCM (18 mL) was treated dmpivisc with
trimcthylaluminum (2 M in toluene, I 801 ml„3 &10 nimol)
and the resulting solution was stirrixl at rt for 30 min. A

snlution of 3-oxo-13-dihydroisobenzoftuan-5-carbonitrfle
(0.573 g. 3.&i0 nunol) in DCM (18.00 mL) was added nnd the
resulting nnxture was stirred at n overniJolt. The mixture was
diluted with DCM. washed with an aqueous solution of

Iii)CiinC( sl'i'oilipoilllil ilsiIIC

'3 bromo " melhylphenvtl 6 teil
butylnouidolm -I I-dion
-(3-brnnio-2-ructliVlptuiul'I-6-
hlmoiso ndohiie t.3 dione
-(3-bromo-2-melhytphmivl)-I-

meitiilisnuirloline-I I-i ne

2 il-bromn-2 meth lptimiyl) 4

tluornisoindoluie 1 3-dione
-(3-brnnio- -m Ih Iplmiullticxshydio-

fkf smndole f,3i2HI dione'3 bromo " uielhylphenvtl !kt

p) irolo13 4-c 1pvsiduie- 1 4( kl)-drone

spCC)111111

)72,
374 (M+ Hl'o

312 tM+ H)'."

0,3'yl +

H)'34,

336 (M + 0)'21.

'I 24 ( M + H )

317,
sly (M+ Hi'
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lntemiediates 4-1 mid 4-2

I'reparation of 2-(3-bromo-2-methylphenyl)octahy-
dro-111-isoindol-I -one and 2-(3-bromo-2-methylphe-

nyl)-2,3,4,5,6,7-hexahydro-ill-isoindol-l-one

[0315] 5//3

-continued

ader

[0316] A suspension of 2-(3-bromo-2-methylphenyl)
lmxahydro-Hl-isouidole-1.3(2H)-dione (Intermediate 3-6,
4.5 g. 13.97 nunol) in methanol (150 mL) was treated ivith
sodium borohydridc (2. 64 g, 6i) 8 mmol) mid stirred at rt for
4 h. 1'he mixture was concentrated, and the residue was dis-
solved in DOM, wnshcd with NaH(:03 (aq) and water, and
dried and concentrated to provide 2-(3-bromo-2-methylphe-
nvl)-3-hydroxyoctahydro-IH-isoindol-I-one as a yellow
solid ('3.94 g. 87'/o). Mass spectrum ndz 324. 326 (M+H)'.
Without purification. a portion of this matenal (1.8 g, 5.55
mmol) was dissolved m DCM (50 mL) and treated ivith
tricthylsilane (6.46 g, 55.5 mmol) The solution ives trcatcd
dropivise at rt ivith TFA (2 14 mi,. 27.8 mmol) and stirred at
rt for 30 min The niixture was concmitratcd and thc residue
was dissolved in 0('M, wmshed with NaH('03 (aq) and water.
The organic phase was dned and concentrated The residue
was purified by column chromatogmphy (eluting with hex-
ane-EIOAc) to provide 2-(3-bromo-2-methylphenyl)octahy-
dro-HI-isoindol-I-one (Intermediate 4-1. 1.35 g, 79!u). 'H
NMR (400 MHz, chloroform-d) 8 7.48-7.53 (HI. m). 7.06-
7.09 (2IL m), 3 78 (HI. dd„.l 9.5. 5.7 Hz), 3.19 (IH. dd,
J—9.5. 2.4 Ilz), 2 64-2.70 (Hi. m). 2.45-2.54 (HL m), 2.30

(3H, s), 2 10-2.17 (IH. m), I 80-1.88 (I H, m), I 62-1 71 (2H,
m), I 56-1. (i2 (I H, m). I 40-1.51 (I H. m), 131 (ZH, s). Mass
spectnim m/z 308. 310 (M+H)" Also isolated was 2-(3-
bromo-2-methylphenyl)-2,3.4,5,(i,7-hexahydm-lH-isoin-
dol-I-one (Intermediate 4-2, 224 mg. 13%). 'll NMR (400
Ml lz. chloroform-d) 6 7. S1-7.55 (HI, m). 7.05-7.14 (211. m),
4.09 (2H, t, I 1.9 Hz), 2.2'8-2.37 (4H. m). 2.28 (3IL s),
1.73-1.85 (4H, m). Mass speetnun m/z 306, 308 (M+H) .

intermediates 4-3 mid 4-4

Iniermedinie I nmpnimd none

2 I3 hroiuo " riiethylphenvli I
iluoroiiouidolin-I-une
2-13-hioiiio-2-inerlnlphenill-O-
lluoro somdol n I one
2-I3-hruruo-2-rrieihylpheni 0-i-
meth lieonidnlm-I-nne
" i" hmmo " merhylphenyll s
fluoroiiomdoliri-I-one

epecrilitii

32(i,

'"1m+Hi'22

I hi + 8)'rd,

its lhi + III'n,

3m I:vi+ III"

[0318J A suspension of 2-(3-bromo-2-nmthylphcnyl)-5-
tert-butyhsoindoluse-13-dione (Intemiediate 3-2, 1.0 g, 2. 69
nunc)) in methanol (20 mL) was trcatcd with sodium boro-
hydride (203 mg, 5.37 nunol) and stirred at rt. Afier a fein

tninutes, additional sodium borohydridc (203 mg, 537
nunol) was added. After 40 nnn, the mixture was concen-
trated, and the residue was dissolved in 0('M, ivashed with
water and bone, and dried and concentrated to prov& de a wliite
solid This material was dissolvrxt in 0('M (10 ml,) and
treated with I'12A (10 mL) and stirred for a few minutes at rt,
then was treated with triethylsi)ane (6 40 ml n 40 I mmol) and
stirred at rt for 2.5 h. The mixture v as concentrated and the
residue v;ms dissolved in DOM, wrmshml with NaH( 03 (aq)
and ivater. The organic phase w as dned and concentrated.
[0319] The residue was puritied by colunm chwmatogra-
phy (cluting with hcxnne-I'itOAc) to provide 2-(3-bnuno-2-
methylphenyl)-6-tert-butylisoindolin-I-one (Intermediate
4-3. 134 tno. 28'io). 'M NMR (400 MHz, chlorofiirni-d) ih 7 99
(III. d. I 1.32 Hz). 7.68 (HI, dd, I 7.91. 1.76 Hz). 7.60 (HI,
dd, J 7.69, 1.10 Hz), 7 45 (I H, d, J 7 91 Hz), 7 19-7.23 (I H,
m), 7.1S (I H, t. J 7.69 Ilz), 4.68 (21 I, s), 2.31 (311, s), 1.39
(9H, s) Mass spcctnun m/y 358, 360 (M+H)'lso isolatod
was 2-(3-bromo-2-methylphenyl)-5-tert-butyhsoindohn-I-
one (Intcnucdiatc 4-4, 250 nig. 52"/n) 'H NMR (400 MHr,
chloroform-d) 8 7.88 (HI. d, J 7.91 Ilz), 7.59 (211, dd, J 8.
13, 2 86 Hz), 7 53 (I H, s). 7.20-7 23 (I H. ni). 7.12-7 17 (I H,
m), 4.69 (2H, s). 2.31 (3H. s). 1.40 (9H. s). Mass spectrum
m/z 358, 260

(M+H)'0320]

The following Intermediates were also prepared
using procedures used to prepare Intermediate 4-1 tluough

Preparation of 2-(3-bronxw2-mcthylplmnyl)-6-tcrt-
butylisoindolui-I-one and 2-(3-bromo-2-methylphe-

nyl)-5-tert-butylisoindolin-I-one

[0317]

Intermediate 5-1

Preparation of 2-(5-bmmo-4-methylpyridin-3-yl)-5-
methylisoindolin-I -one

[t)32 I J

I//h
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Iiirermediare r'omp uiirl iisnm
Mass
sp "rnim

2 i«-bronrodrueliry tpyrrdur«- 'r«I "&M + Hi'l)i«orndolui

2 one

Intcrmcdiatc 6-1

Preparation of 2-(3-tluoro-4-iodopyridin-2-yl)isoin-
dolin-I-onc

[0325]

[0322] Step I A mixture of 5-methyllsoindoline-1,3-dione
(5.00 g, 31.0 nunol) and tin shavuigs (8.84 g, 74.5 nmiol) in
acetic acid (30 mL) and concentrated hydrochloric acid (15
mL) was heated at reflux for 3 h The hot soluiion was liltered
and thc residual tin shavings were washed with acetic acid.
The filtrate was concentrated and thc residue was di hitcd with
DCM (2()0 ml,), and waslmd with water (20 ml ) and brine
(20 mL). dned and concentmted. The precipitate winch
formed dunng the concentration «vas collected by filtration
and washed with DCM (5 mL) and dried under vacuum to
give 5-methylisoindolin-I-one (2.3 g, 50%). 'H NMR (400
Mllz. chlorol'omi-d) 6 7.70 (IH, d, I 7.77112). 7.43 (I H, s),
7.35 (IH. d, J 7.77 Hz). 446 (2H. s). 248 (3H. s). Mass
spcctmm m/z 148.0 (M+H)'0323]

Step 2 A mixture of 3,5-dibromo-4-methylpyridinc
(2.00 o. 7.97 mmol). 6-niethylisoindolin-I-one (I 173 g. 7.97
nunol), copper (I) iodide (0.07&i g, 0.399 mmol). potassium
carbonate (2203 g, 15.94 mmol) and N LN'--dimethylethane-
1,2-diamine (0.070 . 0.797 nunol) ui I A-dioxmie (20 mL)
was heated at 100', for 15 h. The mixture Has cooled to rt,
filtered tfuoug Celite and ««ashed with DCM. The filtrate
««as diluted with D('M (100 ml ) and washed with water (10
nd.) aiul brine (10 ml.). then was dried and concentmts d. The
rc«idue was purified by column chmmatography (cluting
«vith a gradient front 80 20 hexane-EtOAc to F tOAc) to give
2-(5-bromo-4-methylpyridin-3-yl)-5-methylisoindolin-I-
one (760 mg. 30%o). 'H NMR (400 Mllz. cldorofonn-d) 6

8.68 (111, s), 842 (IH, s)r 7.84 (IH, d, J—7.77 Hz), 7.37 (I H,
d, I 7.77 Hz). 7.34 (HI, s), 4.73 (2H, s). 2.50 (3H, s). 2.35
(311, s). Mass spectrum m/z 317, 319 (M+H)'.
[0324] The folio«sing Intermediaic was also prepared using
procedures used lo prepare Intermediate 5-1.

2-yl)isoindolin-I-one (125 mo. 41%). 'H NMR (400 MHz,
chloroform-d) 6 7.Qi-8.06 (2H. m), 7 41-7.71 (4H. m), 5 04

(2H. s) Mass spectuun m!z 354 9 (M+H)'.

Intemiediate 7-1

Preparation of 3-(a-bromo-2-methylphenyl)-2-meth-
ylquuiazohn-4(3H)-one

[0327[

[0328] A solution of 2-methyl-411-benzo[d][1,3]oxazin-4-
one (300 mg, 1.862 nunol). 3-bromo-2-methylaniline (346

mg, I.S62 nmiol), tuid triethoxymethane (276 m, 1.862
nunol) in TI II'2 mL) was heated oveniiglfi in a sealed tube
at 100'2 Thc mixture was cooled to it and diluted with
DCM. The «olution was ««a«hed with water and NaHCO3
(aq), and dricxf and conccntratixf. Thc residue was purificd by
colunm cluomatography (eluting with a gradient from 90:10
to 50: 50 hexane-EtOAc) and the crude product was tnturated
in hexane to give 3-(3-bromo-2-methylphenyl)-2-meth-
ylquuiazolin-4(31 I)-one as an o fT white so hd (120 moo, 20%).
'H NMR (400 MHz. chloroform-d) 6 8.28 (HI. dd, I 7.92,
I 10 Hz). 7.77-7 82 (I H, m). 7.68-7 73 (2H, m). 7.47-7 52

(Hf. m). 7 22-7.23 (111. m), 7 13-7.17 (Hf. m). 2 20 (6H, s).
Mass spectruni ngz 32'7, 331 (M+H)'.

intermediate S-l

Prepamtion of 3-(a-bromo-2-methylphenyl)qmnazo-
lin-4 (3H)-one

[0329]

/ K
0

[0326] A mixture of 3-fluoro-2,4-diiodopyridine (300 mg,
0.860 nunol), isouidolin-I-one (114 mg, 0.860 nmiol), cop-
per (I) iodide (8.19 mo. 0.043 mmol). poles«iuni carbonate
(238 mg. I 720 mmol) and NLNs-dimethylethane-1.2-di-
amiiw. (7 58 mg. OOS&i nunol) in 1.4-dioxanc (5 ml,) was
heated at 110o C in a sealed tube for 15 h. The mixture was
cooled to rt, filtered through Cclite and washed with 13('M.

The filtrate was concentmted and the residue was punfied by
cohuun chromatography (eluting with a gradient from 80:20
hexane-EtOAc to EtOAc) to give 2-(3-fluoro-4-lodopyndin-

[0330[ A nuxmre of I H-benzo[d[[lr3]oxazine-2.4-dione
(200 moo. 1.226 mmol), 3-bromo-2-methylanduie (228 mg,
1.226 mmol). and trimethoxymelh uie (390 mg, 3.68 nunol)
in TI II'2 mL) was heated oveniight in a sealed tube at100'.

The niixturc utrs cooled to it and concentrated. and thc
residue was purified by column cluomatography (eluting
with 90 10 to 50:50 hexane-1'itOAc) to give 3-(3-bmmo-2-
tncthylphcnyl)quinazolin-4(3H)-one (140 mg, 3tioro) H

NMR (400 MHz. chlomform-d) 6 837 (IH, dd, J—83, 1.2

Ilz), 7.97 (HI. s)r 7.76-7.86 (2IL m), 7.72 (HL t, J 4.611z),
7.57 (HL ddd, J—8.0, 6.7. I.S Ilz), 7.21-7.28 (2Hr m)r 2.26
(311. s). Mass spectnim m/z 315. 317 (M+II)'.
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[0331] The following Iniermediates were also prepared
using procedures used to prepare Intermediate 8-1.

Intermediate 10-1

Preparation of 2-(3-bromo-2-methylphenyl)isoquino-
lin-1(2H)-one

hltetlnedrate riltttpoutld Iliitne

11'I biomn 2 methy (phenyl 1 6

nuotoqurnazolrrr-4(30)-oue
3-( -bronte-2-met)9 (phenyl)-6-
chloioqumaznlur 43Hi one

Mass
spe tnmt

33i IM+ 0)'49,

t1 i.
'163 (M+ Hi

[t)335[

Intermediate 9)-1

Preparation of '3-(3-bromo-2-methylphenyl)-fi-ihto-
roquinazolin-4(311)-one

[0332]

[0333] A mixture of 2-amino-5-lluorobenzoic acid (1.00 n,
6.45 mmol), 3-bromo-2-methylaniluie (1.199 n, 6.45 irunol)
aud triethoxymethunc (0.955 g. 645 nunol) in TIIF (2 mL)
ives heated at 110'. oveniight in a seuled lube. The nuxture
ives cooled to rt and diluted v ith I')tOAc. The solution was
washed with NaH(:03 (aq) and water, then was dried and
concentrated. 'I'he residue was purified by column chroma-
to+1uphy (eluttng with a gmdient from 80 20 to 70 30hexane-
ktOAc) to give 3-(3-bromo-2-methylphenyl)-6-fiuoro-
qutnazolin 4(311) one as a white solid (12 g. 56%). 'I I NMR
(400 Mi iz, chloroform d) 6 8 00 (111, dd. J 8 4, 3. I I iz). 7 93

(HI. s). 7.81 (I H, dd. J 9.0. 4.811z). 7.74 (Hi, dd. I 6.9. 2.3

Hz), 7.50-7 58 (I H, m). 7 21-7.26 (2H. m). 2 25 (3H, s). Mass
spcmtnun m/2 333. 335 (M+H) .

[U334] The following Intermediates uure also prepared
using procedures used to prepare Intcrmcdiati. 9-1.

[U336[ Step I A mixture of 3-bromo-2-mcthylaniline (I o,

5.37 nuuol) and tsochroman-1.3-dtone (0.872 8, 537 mmol)
in acetic acid (15 mi.) was heated ovemiglit at 100'. in a

sealed ntbe. The mixture v;as cooled to rt and concentrated,
and the residue uas puriiied by column cluomatography
(eluting with a gradient I'rom 8020 hexaneafitOAc lo E(OAc)
to give 2-(3-bromo-2-mcthylphenyl)isoquinoline-1.3(2H,
4H)-dionaea a tau solid (630 mg. 36%). Mass spectnmi nt(z
330, 332

(M+H)'t)337[

Step 2 A suspension of 2-(3-bromo-2-methylphe-
nyl)isoquinofinc-13(2H 4H) dione(630mg, I 908nunol) in
methanol (100 mL) it as treated with sodium borohydnde
(217 mg, 5.72 nunol) at rt. After 1.5 h, additional sodium
borohydrlde (120 mg) yy as added. After 7 h, the mixture was
concenuated and the residue was partitioned benveen water
and DCM. The organic plrtse ives dried mid concentmtcd to
give 2-('3-bromo-2-methylpheuyl)-3-hydroxy-3,4-dihy-
droisoquinolin-1(2H)-one my a light yellow fimm (600 mg,
95%a), used without hirther purification. Mass spectnun nu2
332, 334 (M+H)"
[U338] Step 3 A solution of crude 2-(3-bromo-2-meth-
ylphenyl)-3-hvdroxy-3,4-dihydrotsoquinolin-l(2H)-one
(600 mg, 1.806 nunol) tn DCM (30 mL) was treated with
triethylsilane (15 mL, 94 nunol) and the resulting nuxture
was treated sloysly u 1th TFA (1.392 mL. 18.06 mmol). The
mixture was stirred at it for 2 h. then ivas conccntratixI and the
residue ives dissoli ed in DCM Thc solution was washed saith
NaHCO3 (aq) and water, then was driaxI and concentrated.
Thc residue was purified by column chrmnatography (chiting

Int rrnedrate Compound rr.mre

'vtsss

sl)ecitinri

9.) ii

3-(3-biorno-2-rnetlnlph rnll-6-rneun lquirrazolin-
41 H)-Qlle

3 t3 bromo 2 tuethylphen lt 6 Uumoquunznlin qi3ui
orle
3-! 3-bromo-c-methyl phen, I)-6-rncthoai quutarolut-
4( IH) oils
3-(3-I iorno-2-r»eihylplieriyl)-6-rnsihosyquirimoliu-
4(lu)-one
1-(3-bromo- -meth Iphmt I)-7-rnetttosyqurnsmlut-
4(3(il-orre
3-is-biorno-2-rrieihylplienyll-6-

(tnauommethoa '1cprrtlazoirrl 40Hi-orle
1-it-bromo- -melltylphmt I)-6-rnetlt lqurnarolur-
4(rtB-ori
3 (3 biotuo ."meth Iphett Il 6 methoayqnmarot n

4( Hi-Olla
1-1 3-bromo- -nieihylplt n I)-7-fhtoroqurntzclui-4(3HI-

one

329,
I (M+ Hl+

l33,
3'M+H

')47

(M+ H)'4

34,

(M+0)'6,

347 (M + I I) 'rycy

4111 ! M + H)',
3'. I (M +

Hi'46.

47 1 I I+ H)'
3,

33 ilvl+Hl'
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wifli a gradient from 80:20 to 60:40 hex ute-ViOAc) to give
2-(3-bromo-2-methylphenyl)isoquuiolin-l(2H)-one as a

white solid (380 mg, 67%) Mass spevtnuu m/z 314, 316
(M+I i)'.

Intcnncdiate 11-1

Preparation of (3-bronio-2-nmthylphcnyl)imidazo[1.
2-a [pyrazin-8(7H)-one

[U339]

hydroimidazo[1.2-a]pyrazin-g(511)-one. Mass spectrum m/z
304, 30fi (MtH) . The tnixturcs could be converted to 7-(3-
bromo-2-methylphenyl)imidazo[1,2-a]pyrazin-g(711)-one.
'I'I'A salt. by heating with TEA nt reflux for 2 h

Intemiediate I 2-1

Preparation of (4-bromo-I H-mdol-2-yl)(pyrrohdin-
I-yl)methaimne

[0343 J

nr

0

i+~ 0
[0340] Step I A solution of 3-bromo-2-methylaniline (0.63
g, 339 mmol)r IH-imidaznle-2-carboxylic acid (0455 g,
4.06 mnml). IIOAT (0.830 g, 6.10 nunol), and VDC (1.298 g.
6.77 mniol) in 2:I D( M-THE (100 ml.) was treated ivith
DIVA (1.774 mL, 10.16 nunol) mtd stitruxl at rt overnight.
Additional I H-imidazole-2-carboxy)ic acid (0 6 ux). 0 228 g),
EDC (0.64 g). HOAT (0.41 g). and DIEA (0.8 mL) were
added and the ntixture was stirred at rt for fi days The mixture
taas partitioned betwumn NaIPCO3 (aq) and DCM. uid the
organic phase was washed with brine, dried and concentrated.
The residue was purified by colunui chromatoy aphy (eluting
with a gradimit front D('M to 94:6 D( M-methanol) to pro-
vide N-(3-bromo-2-methylphenyl)-IH-imidazole-2-car-
boxamidh as a solid (80% purity. 0.76 g. 64%) Mass spec-
trum ngz 280, 282 (M+II) .

[0341] Step 2A solution ofN-(3-bromo-2-methylphenyl)-
IH-imidazole-2-carboxamide (0.70 g, 2.499 nmtol) in DMF
(12.5 mL) was ueated saith potussium carbonate (0.794 g,
5.75 nunol) and 2-bromo-l,l-diethoxyethane (0395 ml.,
2.62 mmol). The suspension was heated at 100'. overnight.
The mixture w as cooled to rt, diluted with water and extracted
with EIOAc. The organic phase was abashed with brine. dried
and concentmted. The residue was purified by column cluo-
matogruphy (eluting with a gadient from 85:15 to 20.80
hexmie-EtOAc) to provide N-(3-bromo-2-methylphenyl)-I-
(2,2-diethoxyethyl)-ill-imidazole-2-carboxamide as a white
sohd (0 81 g. 82%). 'IINMR(400MHz, DMSO d,) 61017
(HL s), 7.51 (HI. d, J 2.611z), 7.49 (Hi. d, J 2.6 Hz). 7.44
(HI, d, J— 1.1 Hz), 7.18 (IH. t, J—8.0 liz). 7.10 (IH, d. J— 1.1

IIz), 4.75 (III. I, J 5 411z), 4 52 (2H, d, J 5.3 Ilz). 3.63 (2H,
dq. J—9.7, 7.011z), 3.35-3.44 (21L m), 2.31 (3H, s), 1.05 (fiH,
6 J—7.0 I lz). Mass spec tnun m/z 396, 398 (M+I I)'.
[0342] Step 3 A suspension of N-(3-bromo-2-methylphe-
nyl)-I-(2,2-diethoxyethyl)-1 H-imidazolc-2-carboxnmidc
(0 81 g. 2 044 mmol) in water (10 2 mL) was treated with I M
hydrochloric acid (8.2 ml,. 8 2 mmol) mid thc mixture v as
heated at reflux ovenuputt. The mixture was cooled to rt,
treatixl with NaHCO3 (aq), mid extracted with EtOAc A
precipitate was collected by filtration to provide a white solid
(0.33 g), which was a mixture (ca. 1 I) nf 7-(3-bromo-2-
methylphenyl)imidazo[1,2-a]pyntzin/88(7H)-one and 7-(3-
bromo-2-methylpbenyl)-6-hydroxy-6,7-dihydroimidazo[1.
2-a]pyrazin-8(5H)-one (Mass spectrum m'z 322. 324
(M+H)') 'I lm filtmte was dried and concentrated to affiird
7-(3-bromo-2-methylphenyl)imidazo[1.2-a]pyrazin-8(711)-
onc ns a white solid (0 34 g. 66%) contaminated saith n smnll
unount of 7-(3-brome&2-methylphenyl)-6-hydroxy-6,7-di-

[U344] A mixture of4-bromo-HI-indole-2-carboxyhc acid
(250 mg. I 04 mmol), pyrrolidiim (0.129 ml„ I 56c nunol),
and HOAT (213 mg, 1.56 mmol) in acetonitrile (5 mL) was
treated tv ith D1 I',A (03 fi4 m1.c 2 08 mnio1) mid I'l) C (399 mg,
2.08 nunc l) and the mixture was stirred at rt. After 18.25 h. the
niixture v as diluted with EIOAc. filtcrcd to remove sonic tan
solid, and washed sequentially vvith I M hydrochlnnc acid
and NaHCO3 (aq). mid drifxl nnd concentrated to provide
(4-bromo-HI-indol-2-yl)(pyrrolidin-I -yl)methanone as a tan
solid(205 mg,67%).'H NMR(400MHz, DMSO d,) 611 9/6

(s. HI) 7.46 (d, J—7.9 Hz, HI) 7.27 (d. J—7.5 Ilz, IH) 7.06-
7 17 (m. I H) 6.82 (s. I H) 3 85 (t..1=6 8 Hz. 2H) 3.55 (t,.1=6.8
I lz. 211) 1.93-2.04 (mc 211) 1.81-1.92 (m. 2H). Mass spectrum
nv'z 293, 293

(M+H)'0345J

The following Intermediates were also prepared
using procedures used to prepare Intermediate 12-1

Iatermedrate Oenipuund nance

Macs
apeeirrllll

I 6-brurnuaweitnl-ln-urdul -'- 367
urli)eaartrlde "69 IM eHI'"

" a bromo b, fubtlurrupberryii IH mdule" 333.
earbexamrde 336 IM+

Hi'ntenncdiatc

13-1

Preparation of 2-(3-bromo-2-methylphenyl)isoindo-
linc

[0346]

CCHW
[0347[ A mixnirc of 3-bromo-2-methylanilinc (372 mu,
2.00 nunol). 1,2-bis(cltioromethyi)benzene (385 ntg, 2.20
mmol). and potassium carbonate (304 mg, 2 20 nimol) in
water (2 mL) w as heated via nucrow ave irradiation ui a sealed
tube at 120', for 25 min The mixture ivas extracted with
EtOAc and the organic phase was washed ivith water, dried
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and concentrated. The residue was purified by column cluu-
matography (eluting with a gradient from hexane to 30:70
L'tOAc-hexime) to provide 2-(3-bromo-2-methylphenyl)
isoindoline as a light yellow oil (360 mg, 63%). Muss spec-
trum m/z 288, 290

(M+H)'ntermediate 15-1

Preparation of 6-bromo-3-phenyl-3,4-diliydro-211-
benzol a[[1.31oxaAC-2-onc

[t)352[

llltcmlcdlatc 14 I

Prepamtion of 8-methyl-2-phenylchroman-7-yl trili
luoromethanesulfonate

[0348]

0

[0349] Step I A suspmision ol'(F)-3-phenylprop-2-en-I-ol
(2.22 g. I fii 51 tuniol) mid 2-mcthylbcttzene-1,3-diol (2.05 g,
16 51 mniol) in 1,2-diclfiorocthmic (100 mi.) was treated
with p-toluenesulfonic acid monohydrate (0 157 g. 0.826
uuuol) and the nuxture was heated at refiux for I h. The
mixmre was cooled to it and concentmted, and the residue
was subjected to colunui chromatoazaphy (eluting with a
gradient from 90:10 to 75: 25 hexane-EtOAc) provided a mix-
ture of 4-cinnamy1-2-methylbenzene-1.3-diol and 4.6-dicin-
nmnyl-2-methylbenzene-1,3-diol (2: I, I.i)7 g). Tlus material
(1.89 g) was dissolved in toluene (/i0 ml.) and treated with
p-toluenesulfonic acid monohydrate (299 mg. 1.57 irunol)
and heated at reflux for 6 h.

[11350] 'I'lm mixture was coolrxf to rt, diluted with I tOAc
(100 mL), trashed with NaHCOi (aq) (2x30 mL). water (30
mi ) and brine (30 ml.), dned and concentmted ('olumn
cluomato raphy (eluting vith a gradient from 95:5 to 70:30
hexane-l.tOAc) provided 8-methyl-2-phcnylchmman-7-ol as
a brown liquid (ca. 85% purity, 672 mg, 17%) used without
further purification. 'H NMR (400 MHz, chlorofimn-d) 6

7.35-7.50 (4 H. m). 7.27-7.35 (HI. m), 6.79 (IH. d, I 8.36
Hz), Ci.38 (I H, d, J—8.14 Hz). 5 07 (I H, dd. J— 10.12,2 42 Hz),
4.64 (III. s). 2.83-3.02 (HI, m), 2.71 (HI, ddd, I 16.01.4.90,
3.74 Hz), 2 16-2.27 (I H, m). 2.14 (3H, s). 1.86-2 04 (I H. m).
Mass spectrum nv'z 241.0 (M+II)'.

[0351] Step 2 Trifiuoromethanesulfonic anhydride (0.613
mi . 3.63 mnml) was added dropv isc to a solution of 8-me-
thyl-2-phenylcluoman-7-ol (671 mg, 2.79 mmol) in DCM
(10 mi,) and pyridine (10 mL) at O'. After 30 min, the
mixture was diluted w ith LtOAc (70 mL), w ashed with water
(2x30 mi,) and brine (30 mi,). dried aud concentrated The
residue was puritied by colunui cluomatography (elutuig
ivith a gradient from 95:5 to 85:15 hexane-IitOAc) to give
8-methyl-2-phenylcluoman-7-yl tnfiuoromethanesulfonate
as colorless liquid (925 mg, 89%). 'H NMR (400 MHz.
cldomform-d) 8 7.28-7.61 (511. m), 6.97 (Hi, d, J 8.58 Hz),
6 79(IH,.d.di 8 58Hz).5.11(IH,dd.J 1023.2 31Hz). 2 99
(III, ddd, I 16.73. 11.11, 5.83 Hz), 2.6S-2.88 (HI, m). 2.17-
252 (4H. m). I 88-2.12 (I H, m) Mass spectrum m/z 3i)0 0
(M+H)'.

[0353] Step I Aniline (1.50 mL, 16.42 nmiol) was added to
a solution of5-bromo-2-Itydroxybenzaldehyde (3 00 g. 14. 92
nunol) in 1,2-dichloroethane (100 mL). After 10 min at it,
sodium triacctoxyborohydride (4 74 g, 22.39 mmol) was
added. The mixture was stirred at rt. After four days. adih-
tional miiline (1.50 mL. 16.42 nunol) and sodium triacetoxy-
borohydnde (4.74 g, 22.3') mmol) were added. After two
more days. saturated aqueous mnmouium chloride (200 mL)
was added. lite mixture was stirred at rt for 3 h. The phases
were separated:uid the aquimus phase was extractcxf with
DCM (2xSO mL). The combined organic pliases were dned
and concentrated. Thc residue was treated with toluene (25
mL) and hexanes (25 mL) and the mixture was stirred for 30
min Theprivipitateiiaswashedwith I:Imixtureoftoluene-
hexanes (3 mL) and dned under vacuum to give 4-bromo-2-
((phenylamino)methyl)phenol as a white solid (2 64 g. 64%).
'H NMR (400 MHz, DMSOda) 6 870 (H L br. s). 7.18-746
(4H. m). 6.95 (I H, 6 I 7 48 Hz),6 80-6 90(2H,m). 6,77(HL
d. J 8.58 Hz), 439 (2H, s). 3.98 (HI. br. s.). Mass spectrum
m/z 278, 280 (M+I I)".

[0354] Step 2 Carbonyldnmidazole (0.874 g, 5.39 nunol)
and D MAP (0 088 g, 0 719 nuuo I) w cre addcxf to a solution of
4-bromo-2-((phenylamino)methyl)phenol (1.00 g, 3 ti0
mmol) in IOCM (100 mi,) and the resulting mixture was
stirred at rt tiir 60 h. 'I'he mixture was diluted with hcxanes
(100 mi.). washed with NaHC03 (aq) (2x2 5 iuL). I M hydro-
cliloric acid (25 ml.) and brine (25 mi.j. dried and filtere
through a pad of silica gel. Thc solids werc rinsed with 1.1
I',tOAc-hexane and the filtmte was concentrated to give
6-bromo-3-phenyl-3,4-dihydro-2H-beuzo[c][1,3[oxazin-2-
one as a white sohd (1.09 g. 100%). H NMR (400 MHz.,

DMSO d„) 6 7 41-7 56 (3H, m), 7 30 7 41 (311, m). 7 21-7 29
(I H, m), 7 01 (I H, d,.f—S.SO Hz),4 80(2H, s). Mass spectrum
tn/z 304. 306 (M+I I)".

Preparation of 3-bromo-6-hydroxy-2-methyl-N-phe-
nylbenzamide

[0355[

Q[

[0356] Step I A solution of ethyl 2-hydroxy-6-methylben-
zoate (2.04 8, 11.32 mmol) in methanol (25 mL) was treated
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at rt with I M aqueous sodium hydroxide (45.3 mL, 45.3
mmol) and the mixture was heated at reltux for 6 h. The
mix&we was co elexk to 0 mui the methanol w as rtanoved imdcr
vacuum. Tlm aqueous residue was treated with I M hydro-
chloric acid to pH ca I The precipitate was collected by
filtration, washed with water and dried under vacuum to give
2-hydroxy-6-methylbenzoic acid as a white solid (I ti2 g,
94!o). 'H NMR (400 MHz. a&ethanol-ds) 6 7 26 (I H. t. J—7 92
Hz), 6 75 (2H, t, J—7 921lz). 2 55 (3H. s). Mass spectnun n«z
153.1 (M+II) .

[0357] Step 2 A suspension of2-hydroxy-6-methylbenzo&c
acid (1.32 g. 8.68 mmol) in acetonitrile (20 mL) at -20'.
was treated &vith tetrailuoroboric acid dimethyl ether complex
(1.109 ml., 9 11 mmol). I'olhiwed by po&tionwise addition of
N-bmn&osuccininude (I 699 g, 9.54 mn&of) over )0 n&in. Thc
n&ixturc was wanued to 0" ('nd stirred for I h. then was
treated with 40'!o aqueous sodium b&sulfate (10 mL). The
acetonitrile was removed under vacuum and the aqueous
residue &vss extmcted with EtOAc (3x40 mL). The combu&ed

organic layers were abashed with ~ster and brine. dried a&xi

concenusted to yve 3-bromo-6-hydroxy-2-methylbenzoic
acid as a white solid (1.60 g. 80%) 'H NMR (400 MHz.
n&eth«nol-d4) 67.47 (IH. d. I 8.80 Hz). 6.67 (IH, d, I 8 80

Hz), 2 50 (3H, s) Mass spectnnn &n/z 231, 233 (M-1-1)
[0358] Step 3 Thionyl clfioride (0.111 mL. 1.524 n&nxil)

was added to a solution of benz otria zola (594 mg, 4 9) 9 mmol )

in DCM (8 mL) at rt and the nuxture was stirred for 30 mut.
A solution of 3-bromo-6-hydroxy-2-methylbenzo&c acid
(320 m, 1.385 mmol) in THF (8.00 mL) was aided and the
mixture w as stirred at rt for 2 hrs. The mixture v;as filtered and
the solid was washed with DCM (3 mL). The filtrate &&as

concenu«ted, and the residue was dissolved in u&iline (2 g,
21 48 mmol) and heated in a scaled tub&. by microwave irra-
diation at 150" C. fiir 10 min The mixture vvas diluted with
I'ltOAc (100 n&i,) and washed with 2 M hydrochloric acid (20
mL), water (10 mL) and bnne (10 mL), dned and concen-
trated. The residue was tnturated with DCM (4 ml.) to give
the 3-bromo-6-hydroxy-2-methyl-N-phenylbenzam&de as
hght-colored sohd (290 mg, 68%). Mass spectn&m ngz 306,
308 (M+II) .

Intermediate 17-1

Preparation of 6-bromo-5-methyl-3-phenyl-3.4-dihy-
dro-2H-bcnni[c[[1,3]oxazin-2-onc

[0359]

punlication, this material was dissolved &n DCM (3 BM) and
treated with carbonyldiimidazole (30 5 mg, 0.188 nunol) and
DMAP (2.091 mg, 0.017 mmol) at rt and the mixture was
stirred liir I h. The mixture &vas diluted with DCM (60 mL)
and washixl with NaHCO3 (aq) (5 mL) and brine (5 ml,),
dricxi and concm&trated The residue was purified by column
chromatography (eluting with a gradient from 95:5 to 50:50
hexane-LtOAc) to give 6-bromo-5-methyl-3-phenyl-3,4-di-
hydro-2H-benni[e][1.3]oxazu&-2-one (25 ma). 'H NMR
(400 MHz, chloroform-d) 6 7.33-7.57 (611. m), 6.88 (III. d,
J 8.88 Hz), 4.82 (2H. s). 2.30 (3H, s). Mass spectmm miz
318, 320 (M+H) .

Intem&cdiate 18-1

Preparation of 6-bromo-5-methyl-3-phenyl-2H-
benzo[a] [1,3]oxazin-4(3H)-one

[0361[

B&

[0362] A mixture of 3-bronte-6-hydroxy-2-a&ethyl-N-phe-
nylbenzamide (Intermediate 16-1. 40 mg, 0.131 nunol) and
parafonnaldehyde (11.77 mg, 0392 nmtol) in TI'A (I mL)
was heated at 100'. for 4 h. Tlm TFA was removed under
vacuum. and the residue was dilutixl with VtOAc (80 n&I.),

waslmd with NaH('03 (aq) (10 ml,), water (10 mL) mid brine
(10 ml.), and dried and concentrated. The residue was puri-
fied by column chron&atogaphy (eluting with a gradient from
95:5 to 70:30 hexane-E&OAcj to give 6-bromo-5-methyl-3-
phenyl-2H-benzo[e][1,3]oxazin-4(3H)-one (25 mg, 45%).
'll NMR(400 Mllz, chloroform-d) 8 7.63 (HI, d. J 8 8011z),
7 37-7.50 (3IL m), 7 29-7.35 (2H. m). 6.81 (Hi, d. J—8.80
Ilz), 5.48 (2H. s). 2.80 (3H, s). Mass spectrum nv'z 318, 320
(M+H) .

Intermediate 19-1

Preparation of 6-bromo-5-methyl-3-phenyl-211-
benzo[e][1.3] oxazine-2,4(3H)-dione

[0363]

Bi BQ 0

B&

[0360] A soluuon of3-bromo-6-hydroxy-2-methyl-N-phe-
nylbci&zamide (Intcnncdiatc 16-1. 50 mg. 0 163 nunol) in
TILF (2 mL) was tr&uited at rt with lid&ium aluminum hydride
(50 mg, I 317 nun

ok )

and thc in ixt urc was heated at rctlux for
2 h. It was then cooled to &t and carefully trcatcd with satu-
rated aqueous ammonium chloride (2 ml,). 'I'he mixture was
diluted with DCM (6&0 mL) and washed with water (5 mL) and
brine (5 mL), dned and concentrated to give the 4-bmmo-3-
methyl-2-((phenylamino)methyl)phenol (45 mg). Without

[0364[ Step I A solution of 3-bromo-6-hydroxy-2-methyl-
N-phenylbnwan&idc (In tenn cd iatc I 6-1, 40 mg. 0 131 n&mel)

in pyridinc (I ml,) was treated with ethyl chlorofom&ate
(0.015 ml., 0.157 mmol) at rt and the n&ixture was heated to
100'. for 2 h. Addinonal ethyl clfiorofor&nate (0.015 mL,
0.157 mmo1) was added and the nuxture w as stirred at 100''.
for 15 h. The mixture was cooled and diluted v &th L'tOAc (80
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mL), and die solution ives washed with NaHCO3 (aq) (10
mL), v ster (2x10 mL) and bone (10 mL). iuld dried and
concwitratcd. Thc residue uas puritied by colunm chromato-

gaphy (eluting with a gradieni from 95,5 to 70:30 hexmle-
I')tOAc) to give 6-bromo-5-methyl-3-phenyl-ZH-bcnzo[cj[1.
3]oxazinc-2.4(3H)-dione (I i) mg. 44%o). 'H NMR (400 MHz,
chloroform-d') 6 7 90 (IH, d, .1=9 02 Hz), 7 43-7 tiS (3H, m),
7.27-7 40 (2H, mj. 7.12 (HL d, J—8.80 Hz), 2.90 (3IL s).
Mass spectrum nt/z 332, 334 (M+II) .

Intenuediate 20-1

Preparation of N-(3-bromo-2-methylphenyl)-IH-
llltklzol-3-Bonne

[0365]

7.19(HI,dd,i 7.9,0 9Hz).7.10(HI,dt,J 8.1.40Hz).6.98
(I H, t, .1=8.1 Hz). Ii 10 (I H, s), 2%9 (3H, s). Mass spectruni
m/z 302, 304

(M+H)'ntemiediate
2 1-1

Preparation of tert-butyl 3-bromo-(i-(4-fhiomphe-
nyl)-IH-indole-I-carboxylate

[U369[

[U366J Step I A nuxture of3-bromo-2-methylanlline (1.66
mL, 13.4 nunol), 2-fhiorobenzolc acid (1.883 g. 13.4 mmol),
and MOAT (2 74 8, 20 2 nunol) in F tOAc (60 mL) was treated
with DIEA (4.7 mL, 26.9 nunol) and EDC (S.15 g. 26.9
mmol) and the mixture was stirred at rt. After 19 h, flie

mixture u as diluted with F tOAc and washed with water. I M
hydrochloric acid (twice), NaHCO3 (aq) (tuiim) and brine,
dried and concentrated to provide N-(3-bromo-2-methylphc-
nyi)-2-ttuorobcnzamidc as tan thitfy nccdlcs (4 11 g. 99%o).
' NMR (400 IVIHz, ch toro fit nn-d) tt 834-8. 5 0 (I H, m), 8 20
(ill,td.J 7.9,1.8Hz).7.96(IH,d,J 8.1 ilz),7 50-7.S9(IH,
m), 7.44 (H L dd, J—8.0, 0.8 Hz), 7.30-7.37 (I II, m), 7.21 (I H,
dd. J 12.8, 7.9 Hz), 7.12 (IH, t. J 8.0 Ilz). 2.45 (311. s). Mass
spectrum m/z 308, 310 (M+H) .

[0367] Step 2 A mixture of N-(3-bronio-2-methylphenvl)-
2-tluorobenz,unide (2.00 g, 6.49 nunol) mid 2,4-bis-(4-meth-
oxyplmnyl)-1.3-dithia-2„4-diphosphetane 2.4-disultidc
(I,mvesson reagmit, 1.575 g. 3.89 mmol) ln toluene (25 mL)
was heated at reflux. After 3 5 h, the solution was cooled to rt
and concentrated to provide a dark yellow sohd. Tlus was
purified by column chronmtogmphy (elutlng with a gradient
from 95:5 to 90.10 hexane-EtOAc) to provide N-(3-bromo-
2-methylphenyl)-2-tluorobenzottuoamide as a yellow solid
(1.892 g, 90%). H NMR (400 MHz, chlorofonu-d) 6 9.18

(I M, d, .I 7 7 Hz). 8.23 (IH. td, J 8 0, I.S Hz). 7.60 (I M, d,
.I

—7 9 Hz), 7 45-7.52 (I H, m). 7.43 (IH. d. I—7 7 Hz), 7 23-
7.30 (I H. ni), 7.11-7.21 (2H, m), 2.41 (3H, s) Mass spectruni
m!z 324. 326

(M+H)'0368]

Step 3 A yellow solution of N-(3-bromo-2-meth-
ylphenyl)-2-fluorobenzothioamide (500 mg, 1.542 mmol) in
DMSO (5 mL) was treated with anhydrous hydmzuie (0.484
mL. 15 42 nunol) and heated at 150'. After 2 h 20 min tile
solution was cooled to rt, diluted ivith NaHCO3 (aq) and
extracted twice with I.tOAc Thc combined organic phases
ivere washout twice ii ith water and once u ith brine. dried and
concmitratcd Tlm residue was purifiixt by column chroma-
togmphy (cluting with a gmadient from 85:15 to 50 50 hexmic-
I'ltOAc) to pmvide N-(3-bromo-2-nicthylphenyl)-IH-inda-
zol-3-amine as a tan waxy sohd (162 mg. 35%o). 'H NMR
(400 MHz. chlorofomi-d) 6 9.38 (HL br. s.), 7 49 (Hl. d,
J 8.1 Hz), 7.45 (HI, d. I 7.9 Hz). 7 40 (2H, d, I 3.5 Hz),

[0370J Step I A mixture ot'6-bromo-IH-indolc (0.25 g,
1.27S nmlol), 4-tluorophenylboronic acid (0.178 g. 1.275

nunol), and 2 M aqueous sodium carbonate (2.0 mL, 4.00
mmol) in toluene (10 ml ) mid ethanol (2.500 ml ) was purgixt
with argon and treated with tetrakis(triplmnylphosphine)pal-
ladium (0.074 g. 0.064 nmlol). The mixture iv as heated at 90'

. After 17 h, the mixmre was cooled to rt and partitioned
bctwivn water and FtOAc The organic phase u:as dried and
concwitrated The residue iias pufificxt by colunul chronia-
togmphy (eluting with a gradient from 95:5 to 60:40 hexane-
I',tOAc) to provide (i-(4-fluoroplmnyl)-I H-indolc as a white
solid (17& 5 mg, 65 go) 'H NMR (400 MH'i, IJMSO-do) 6

11. 17 (I H „br. s.), 7 65-7.71 (211, m). 7. 56-7. 62 (211. m), 7 37

(I H. t, J=2 9 Hz). 7 22-7 31 (3H. m), 6 44 (I H, t, J=2 0 Hz).
Mass spectrum m!z 212.2 (M+H)'0371]

Step 2 A solution of 6-(4-tluorophenyl)-HI-indole
(172 mg, 0.814 nunol) in THF (5 ml.) was treated ivith
di-tert-butyldicarbonate (213 mg. 0.977 nunol) and D1VLAP

(24 87 mg. 0 204 mmol) and stirred at rt. After 21 h, the
niixture was concentrated and the residue was dissolved in
I',tOAc and washed with 0 2 M hydrochloric acid 'I'he organic
pliase ives dried and concentrated. The residue uas punfied
by colunm chromatogmphy (elutlng with a ogmdient from
95:5 to 50:50 hexane-EtOAc) to provide tert-butyl 6-(4-fhlo-
rophenyl)-HI-lndole-I-carboxylate as a colorless gum
(199.7 mg, 79%). H NMR (400 MHz, cldoroforui-d) 6 8.39

(I H. br s.), 7.54-7 67 (4H, m). 7 43 (1H, dd, J
—

8 l. I 5 Hz),
7.13 (2H. t. J 8.6 Hz), 6 58 (IH. d, J 3.5 Hz), I 68 (9H. s).
Mass spectrum ni/z 312.2 (M+H)'0372]

Step 3 A solution of tert-butyl 6-(4-lhllirliphenyl)-
111-indole-I -carboxylate (187 8 mg. 0 603 mmol) in TI II'4
ml.) was treated with N-bromosuccinimidc (118 mg, 0.663
mmol) imd stirred at rt After 18 h, Ihe solution was diluted
with ether. unshed ivith Zx I 0 ml, aqueous sodimn bisultltc
(ca 1.5 M), then with NaH( 0, (aq), driod mid concentrated
'I'he residue was purified by column chromatography (eluting
with a gradient from hexane to 90: 10 hexane-EtOAc) provide
tert-butyl 3-bromo-6-(4-thiorophenyl)-HI-indole-I-car-
boxylate as a white glassy lo un (134 mg. 57%). 'll NMR
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(400 MHz. chloroform-d) 6 8.39 (I H, br. s.). 7.59-7.68 (3H,
m), 7.54-7.59 (HI, m), 7.48-7.53 (IH. m), 7.14 (211, t, J 8.7
IIz), 1.67 (9H, s).

lnteuncdiatc 22-1

I'reparation of 3-(3-bromo-2-methylbenzylidene)
indolin-2-one

[0373]

for 15 lus. then was careliilly quenched with I M aqueous
sodium hydroxide (50 mL). The aqueous layer was extracted
w it h DCM (3 x50 mL), aud the combined organic layers ii erc
washed ivith v'ster (20 mL) mid brine (20 mL). dried and
cxmcentmtcd The residue was purificd by column chroma-
tography (cluting with a gradiciu from 90:10 hexane-FtOAc
to IltOAc) to give 7-bromo-3.4-dihydroisoquinolin-l(2H)-
one as white solid (650 mg. 61%). 'H NMR (400 IviHz,
chloroform-d) ib 8.35 (I ki, br. s.), 7.08-7.17 (I ki. m), 6.98-7.
06(HI. m). 6.95 (IH, d, J 1.98 Hz), 2.93 (2H. t, J 7.59 Hz),
2 4r)-2.68 (21L m). Mass spectrum nt/z 226, 228 (M+H) .

Br
Intemtediate 24-1

I'reparation of 7-bromo-2-(4-tluomphenyl)-3,4-dihy-
droisoquinolui-l(211)-one

[0378]

[0374] Step I A mixture of (3-bromo-2-methylphenyl)
methanol (prepared according to the procedures reported in
US Pat. Appl. 2006/0173183, 500 mg. 2 49 nunol) ui TI Ii'20
mL) was stirred at rt and treated with 1.1. I-tris(acetyloxy)-1.
I-dihydro-1.2-bettziodoxo)-3-(1 H)-onc (Dcss-Martin pcrio-
dinainm 1.58 g, 3 73 mmol). A lier 2 h, the niixturc was di latex)

with ether (ca. 100 mL) and washed with 5%v aqueous sodiuni
bisulfitc, NaH('03 (aq) and brine, dried nnd concentrated.
'I he residue was punfi ed by co lu nut chromatography (elu ting
vnth a gradient I'rom hexane to 55:45 hexane-EtOAc) to pro-
vide 3-bromo-2-methylbenzaldehyde as a colorless oil (343
mg„70%) 'H NMR(400 MHz, chlorol'onn d) 8 1026 (IH.
s), 7.78 (211, ddd, I 9.7, 8.0. 1.2 Hz), 7.20-7.27 (I H, m), 2.75
(3H. s).
[0375] Step 2 A solution ot 3-bromo-2-methylbenzalde-
hyde (200 m, 1.01 irunol) and indolin-2-one (134 mg. 1.01

mmol) in ethanol (10 mL) was treated with pipcridine (0 099
mi.. I 01 nuuol) mid heated at 80-85'. After 15.25 h, thi.
solution was cooled to rt and concentrated The residue was
purificd by column chmmatogrsphy (eluting with a gradient
from 80:20 ni 30:70 hexane-ethyl acetate) to provide i-(3-
bromo-2-niethylbenzylidene)indolin-2-one as a bright yel-
low solid(94.9mg,30%). 'HNMR(400MHz, chloroform-d)
6 7.89 (IH, br. s.). 7.85 (IH, s). 7.64 (HI. d, I 7.9 Hz). 7.47
(III, d, J 7.7 ilz), 7.20 (IH, td, J 7.7, I. I ilz), 7.07-7.16 (2H,
m),6.87(IH, d. I 73) Hz). 6 81 (HL td. J 7 6. 1.0Hz), 2 43

(31 1. s). Mass spec inun m/z 314, 316 (M+II)'.

Intemiediate 23-1

Preparation of 7-bromo-3,4-dihydroisoquinolin-l
(2H)-one

[0376]

[0379] A mixture of 7-bromo-3,4-dihydroisoquinolin-l
(211)-one (Intermeibate 23-1. 60 mg, 0.265 irunol). I-fluoro-
4-iodobenzene (118 mg. 0.531 mmol). potassium carbonate
(36 7 ntg, 0 265 numil) and copper (I) iodide (10.11 mg,
0 053 nuuol) in DM)'1.000 ntl.) was lmatcd at 130" C for 5

h. 'I'he mixture was cooled to rt and hltered through a Halite
pad, and the solids were washed with HtOAc I'he filtrate tv as
washed with stater and bnne, dried and concentmted. The
residue was purified by colunui chromatography (elating
with a gradient from 90:10 to 60:40 hexane-FtOAc) to give
7-bromo-2-(4-fluoropheuyl)-3.4-dihydroisoquinoliu-l(211)-
one (40 mg. 47%v), H NMR (400 MHz. chloroform d) 6

7 15-7.27 (4H, m), 7 04-7 13 (2H. m). 6 48 (I H. d. I—
I 94

Hz), 2.96-3 08 (2H. m), 2.73-2 84 (2H, m). Mass spectnmt
nt/z 320, 322

(M+H)'ntemicdiatc
25-1

Preparation of 4-bronii&1-(4-fluorobcnzyl)-I H-in-
dole

[0380[

K /
Br

Bx
Br

[0377] Sodiunt azide (0.431 g. 6./i3 nimol) was added

slowly to a mixture of6-bmmo-23-dhhydro-Hi-rodeo-I-one
(I g. 4.74 nunol) and metlianesulfonic acid (15 mL. 231

irunol) in DCM (30 mL) at O'. The mixture was stirred at rt

[0381[ A suspension of sodiiun hydride (60% oil disper-
sion, 112 mg. 2 81mmol) in THF (12 mL) was stirred atrt and
treated with a solution of 4-brimio-I H-indolc (500 mg. 2 55

nunc)) in I HF (3 mi ). After 1-2 min, thc mixture v as treated
with 4-fluorobenzyl broniide (0.318 ml r 2 55 ntmol) and the
shvgtly cloudy solution was stirred at rt. Uter 20 h, the
mixture v;as concentrated. The residue was partitioned
between EtOAc mid 0.1 M hydrochloric acid, and the aqueous
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phase was again extracted with L'tOAc. The combined
organic layers were washcxf with brine, drlcxf and concen-
trated. The residue was purified by colunm chromatography
(elutuig with a gnadient lbom 90:10 to 50:50 hexane-EtOAc)

to provide 4-bromo-I -(4-fluorobmrzyl)-I H-indole as a color-
less oil (4(il 4 tng, 85% purity, 51 "/o) contaminated by ca.
15'!o by weight of 4-bromo-13-bis(4vfluorobenzyl)-Hl-tn-
dole. 'll NMR (400 MHz. chlomform-d) 6 7.28 (Hi. dd.
.I 7 6. 0 8 Hz). 7. 19 ( I H. d. I 8 4 Hz). 7 I 6 ( I H, d, J 3. 3 H z),

6 94-7 09 (Sll, m), 6 60 (I I L dd. J —3.1. 0 9 I iz), 5 28 (21L s).

Mass spectrum ndz 304, 306 (M+II) .

Intermediate 27-1

Preparation of I-(3-bromo-2-methylphenyl)piperi-
din-2-onc

[U384[

Intcnncdiate 26-1

Preparation of (5-bromonaphthalen-I-ylj(4-fluo-
i'opllellvl)llletllilllolle

[U382]

[0383] Step I A solution of5-bromo-I-naphthoic acid (pre-

pared according to the procedure of Hausamann, Cfieia 1)er.,

1876, 9, 1519; 2 00 . 7 97 nunol) in THI'(50mL) was treated
ivifli TEA (2.22 mL, 15.93 nunol). then with isobutyl chlo-

roformatc (I 088 g, 7.97 mniol) and the resulting suspension
v;as stirred at rt. Afler 2S min, the mixture was treated with

additional TI.A (2.22 nil.. 15.i)3 nunol). then with a solution
ofN 0-dimethylhydroxylaminc hydrochloric acid salt (0 777

g, 7.97 nunol) in water (5 mL). and the mixture was stirred at

rt. Afler 2.5 h, the mixture was concemrated and the residue
was taken up in I:tOAc and water. 'I'he mixture was filterixf,

the layers were sepamted, and the organic phase was u ashed
ivith NaHCO3 (aq), dricxf and concentrated to provide
5-bromo-N-methoxy-N-methyl-I-naphthamide as a pasty
solid (1.03 o, 30/o) contaminatixf with ca. 30% isobutyl
5-bmmo-I-naphthoatc Mass sptxtnun tnlz 294, 296

(M+H) . lyithout further purification. a solution of this male-
rial (1.01 g, 2.404 nunolj in 1'Hl'15 ml,) was stirred on ice

and treated with (4-tluorophcoy l)magnesium bromide. 2 M in

ether (7 21 ml,. 14 42 mmol). The solution was stirred on icc
and allow ed to slowly warm to rt. After 16 h, the mixture was
treated with I M hydmchloric acid and extmscted nvice with
I',tOAc Thc combined organic layers were dried and concen-
trated. 11ie residue was punfied by cohunn chmmatogoraphy
(eluting with a gradient from hexane to 85: 15 hexane-FtOAc)
to provide (5-bromonaphthalen-I-yl)(4-tluoroplmnyl)metlm-
none as a pale yellow viscous oil (658 mg. 83%). 'll NMR
(400 MHz, methanol-do) 6 849 (HI. d. J 8.6 Hz), 7.i)5 (IH,
d,.t—8 (i Hz), 7 86-7 93 (3H. m), 7 74 (I H. dd..l — 8 5. 7.2 Hz),
7.64-7.68 (I H, m). 740 (111, dd. J—8.5. 7 6 Hz). 7 25 (2IL 1,

J 8.8 Hz). Mass spectnim ngz 329. 331 (M+H)".

[0385[ A solution of 1-bromo-2-methylaniliim (I g, 5 37
mmol) in DCM (15 niL) was treated with ITA (0.749 mlo
5 37 niniol) and then dropwise vvith a solution of 5-bro-

niopmitanoyl chloride (I 072 g, 5 37 mniol) in 1)( M (4 nil,)
The mixture u as stirred at rt for 30 min, then was diluted u ith
DCM, washed v ith water mid brine. and dried and concen-
trated. The residue v as dissolved ui TI Ii'100 mL) and added
to a suspension of sodium hydride (60% oil dispersion, pre-
washed with hexane, 0430 g. 10.75 nunol) in TI IF (50 mL).
Thc resulting mixture was stirred overnight at tt 'Hic mixture
uas conccntratcsf mid the residue was acidified with I M
hydmchloric acid Thc mixture was extracted with D('M and
the organic phase was washed with water, dned and concen-
trated to give I -(3-bromo-2-methyl phmiyl )pip eridin-2-one as
a tan oil (14 g, 97%). 'H NMR (400 MHz, chloroform-d) iS

749-7.54 (HI. m), 7.07-7.13 (2H, m), 338-3.60 (2H, m),
2.54-2.59 (2H, m), 2.26 (311, s), 1.91-2.02 (4H, m). Mass
spectrum m/z 268, 270 (M+II)'.

Intermediate 28-1

Prepamtion of N-(3-bromo-2-methylphenyljcyclo-
pmpanecarboxamide

[0386]

Br

[t)387[ A solution of 3-bromo-2-mcthylaniline (200 g,
10.75 mmol) in D( M (20 mL) was treated with TFA (3 00
ml „21 50 mmol) and then with a solution of 4-bromobu-
nuioyl chloride (2 39)2 g, 12 90 m mol) in 11('M (10 ml.), and
the resulting mixture was stirred at rt. After 2 5 h, the mixture
was diluted with I3('M, washed with NaH( 03 (aq) and water,
and dried and concentrated. The residue was dissolved in
THF (20 mL) uid treated with hexane-uashed sodium
hydride (60/o oil dispersion. 0.860 g. 21.50 nunol). The nux-
turc was stirred at rt for 1.5 h. then was concmitratcd. Thc
residue was dissolved in DCM, washed with uater, I M
hydrochloric ncid and brine, and driixf and concentrated. The
residue was purified by column ciuotuato~oaphy (eluting
with a gradient from 80:20 hexane-l.tOAc to I.:tOAc) to pro-
vide N-(3-bromo-2-methylphenyl)cyclopropanecarboxam-
ide (900 mg. 33%) as a white solid. Mass spectnun ngz 254,
256 (M+II)'.
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Intermediate 29-1 and 29-2

Preparation of 7-('3-bromo-2-methylphenyl)-2-meth-
yilmidazn[1,2-a[pyraziu-g(7H)-tyne and 7-(3-bronio-
2-methylphenyl)-3-methylimidazo[1,2-a[pyrazin-g

(7H).till!:

[0388]

Hz), 6.90 (HI. d. I 7.49 llz). 3.98-4.04 (211, m), 3.81-3.87

(2H, m), 238 (3H. 3), 2.36 (3H. s) Mass spectrum mrz 345,
347 (M+H) .

Intemiediate 30-2

Preparation of I-benzyl-3-(3-bromo-2-methylphe-
nyl)unidazolidtn-2-one

0

i+~
[0392[

I)r

/

[0389] I'ollowing the procedures used to prepare Interme-
diate 11-1 but substituting 4-methyl-HI-imidazolc-2-car-
boxylic acid for HI-imidazole-2-curboxylic acid, a nuxfure
of 7-(3-bronxl-2-mcthylphenyl)-2-nmthylimidazo[1,2-d]
pyraztn-8(7H)-one and 7-(3-bronte-2-methylphenyl)-3-me-
thylimidazo[1,2-a[pyrazinzg(7H)-onewas prepared in 5'/o

ovemll yield. Mass spectnun m/z 318. 320 (M+H)'.

Intcnncdiate 30-1

Preparation of I-(3-bromo-2-methylphenyl)-3-m-
tolylimidazolidin-2-one

[0390]

[0391] A suspension of lr3-dibromo-2-methylbenzene
(185 mg, 0 740 mme l), I -m tolylimtdazolidtn2-one (50 nm,
0.284 nunol). copper (I) iodide (5.40 mg, 0.028 nunol), tri-

potassrum phophosphate (120 m, 0.567 nunol) and (+'-
trans-1,2-di uninocyclohexane (3 4 PL, 0.028 mmol) in 1.4-

dioxmic (I mi,) was purged with nitrogmi and hmued at120'.

in a sealed tube. AI)cr 21. 5 h. the mixture u as concentrated
and thc residue was purified by column chromatography
(eluting with a gradient from hexnne to 50 50 hexane-EIIOAc)
to provide I-(3-bromo-2-methylpheny))-3-m-tolylimidazo)t-
din-2-one as a vvht te solid (70 mg, 70'/o). 'I I NMR (400 Mi lz,
chloroform-d) 6 7.51-7 54 (111, m). 7 49 (I I L s). 7.34 (I I L dd,
J 8 05,1.94 Hz),7 24(211, d. I 805 Hz). 7,11(IH,t,J 7 i)1

Mass
Iatmrnelirte Cornpourid n;une speetl'Ilrrr

30-

3(1 n

I-(3-bromo-2-areth Iphenyl)-3-
phenyl m rfarohdtn " nne
I (3 htntnn rtrethvlphen I 1 ! tert
hulvlunutaolidtrt-2-one

331.
'! r3 (M + 0)
311,
3 I I (M + 8

t't)393[
Step I A solution of imidaoolidin-2-one (500 mg,

5.81 nunol) in DMF (30 mL) was stirred on ice and treated
with sodium hydnde, 60% oil dispersion (264 mg, 6.60
nunol). The niixture 33 as stirred at rt for 50 min, then it as
treated with (bromomcthyl)bcnzenc (0.691 mi,. 5.81 nunol).
Afier 2 h. the mixture was poured into miter utd extracted
tluee times with RtOAc. The combined organic layers v;ere
dried and concentrated, and the residue was puriticd by col-
umn chromatography (el ut ing with IetOAc) to provide I -ben-
z)'limidazolidin-2-one as a white solid (160 ntg, 16%). 'll
NMR (400 MHz, chlorofilnn-d) b 7 22-739 (5Hr m), 4 53

(IH. br s.), 4.37 (2H, s), 3.25-3.46 (4H, m)

[0394] Step 2 A mixture of 10-dibromo-2-niethylbenzcne
(0.147 m1„1.064 mmol). I-bcnzylimidazolidin-2-one (75

mg, 0.426 nunol), copper (I) iodide (8.11 mg, 0.043 mmol),
(+I-)-trans-1,2-diaminocyclohexane (5.1 mL 0.043 nunol)
and tripotassium phosphate (181 mg. 0 851 nunol) in dioxmie

(2 mL) ives sonicated wlule bubbluig with argon for I mui.
The mixture was heated in a sealed tube at 120'. After 18. 25

h, the mixture was cooled to rt, diluted with I;tOAc and
Ethereal tluough Celite. The filtrate was colncentrated and the
residue v;as purified by colunui chromatography (eluting
with a gradient froni 2(8801ltOAc-hcxanc to I ltOAc) to pro-
vide I-bcnzyl-3-(3-bromo-2-methylphenyl)imidazolidin-2-
one as a t! axy tvhite solid (36 m, 25%). 'H NMR(400 Mild,
eh) orefomi-d) 6 7.49 ( I H, d(L .I —7.9, 0 9 Hz). 7.28-7.40 (5 H,

m), 7 19 (I H. dd, J=7 8, I 0 Hz), 7 08 (I H. t..)=7.9 Hz). 4 46

(2H. s), 3.64 (2H, dd, I 8.8„6.8 Hz). 337 (211, dd. I 8.8. 7.0
Iiz), 2.36 (3Hr s). Mass spectnim ntrz 346.8 (M+H)'.

[0395] The lollowing Intermediates were also prepared
using procedures used to prepare Intemiedtates 30-1 and
30-2
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Intermediates 31-1 mid 31-2

Preparation of I-(3-bromo-2-methylbenz)1)-IH-
indazole and 2-(3-bromo-2-mcthylbcnvyl)-2H-inda-

z(ile

[0396]

Br

mixture ives diluted witit RIOAc uid filtered, and the solid
was washed with LtOAc. The Iiltrate was washed with v ster,
dricxt and concmitrated, The residue u as purified by column
chromauigraphy (eluting with a gradient from 60.40 lmxane-
I:tOAc to l-itOAc), to provide I-(3-bmmo-2-mcthylbenzyl)-
IH-bcnzo[d]imidazolc as a white solid (233 nig. 82%) 'H
NMR (400 MHz, chloroform-d) 6 8 14 (IH, s), 7 68-7 78

(I I L m), 7.56 (H L d, J—7911z), 736-744 (Ill, m), 725-734
(2H. m), 7 03 (HI, t, J— 7 8 I lz). Ci 82 ( H L d, J—7 7 Hz), 5 58

(211. s), 2.45 (311. s). Mass spectnun nt/z 301, 303 (M+II) .

Bi

Intermeduite 32-1

I'reparation of N-(3-brom-2-mmethylphenyl-7-mmet-
OX)'qiiiil'lzollll-4-'llllllle

[U4(l(l f

[U397] A mixture of I-bromo-3-(bromomethyl)-2-methyl-
benzene (prepared according to the pnicedures reported in
LIS Pat. Appl. 2006/0173183. 250 mg, 0.947 nunol), I H-in-
dazole (112 mg. 0.947 mmol) and potassium carbonate (131

mg, 0.947 nunol) in acetonitnle (5 mL) was heated with
stirring at 80'. After 18 25 h. the mixture was miolcd to rt,
diluted with water and extracted three times u itb FIOAc. Tbe
combined organic layers ivere dried and concentrated 'I'he

residue was purified by column chromatography (cluting
with a gmdient from 95:5 to Ci5:35 hexane-I'itOAc) to provide
I-(3-bromo-2-methylbenzyl)-HI-indazole as an oil winch
crystallized on standing (Intermediate 31-1, 74 mev, 26%). 'H

NMR (400 MHz, chloroform-d) o 8.06 (HI. d. J 0.9 Hz),
7 76(IH,dt,J 8.1, 1.011z),7 48(HI,d,J 7 911z),7 30-7 37

(Hi, ni). 7,26-730 (IH, m). 7 16 (IH, ddd, J—8.0, Cxg. 1.0
Ilz),6 93 (IIL t, J 7 8IIz), 6 70(111, d, I 7 7 IIz), 5 61 (211,

s), 245 (3H, s) Mass spectrum m/z 301, 303 (M+H) . Also
obtained was 2-(3-bromo-2-niethylbenzyl)-2H-inchzolc as a

pale yellow guni (Intennediatc 31-2. 164 mg, 58%) 'H N MR

(400 MHz, chloroform-d) (t 7.68-7.76 (2IL m), 7.54-7.63
(2H, m), 7.28 (ill, ddd, I —8.2, 7.2, 1.1 Hz), 6.97-7.10 (3H,
m), 5.63 (211. s), 2.37 (311. s). Mass spectnim m/z 301. 303
(M+II) .

lntcnncdiate 31-3

I'reparation of I-(3-bromo-2-niethylbenzyl)-I H-

benzo[d]unidazole

[0398]

Br

[U399] A mixture of I-bromo-3-(bromomethyl)-2-methyl-
benzene (250 mg. 0.947 mmol), Hi-benzo[d]inndazole (336
mg, 2.84 mmol) and potassnun carbonate (131 mg, 0.9)47

irunol) in acetorutrile (5 mL) was stirred at rt for 5 h. The

[U401] Step I A mixture of 2-amino-4-methoxybenzoic
acid (0.5 g, 2.99 mmol) and formamidine acetate (O.ti23 g,
5.98 mmol) in 2-metlmxyethanol (4 mL) u as heated at130'.

After 15.25 h, the mixture was cooled to rt. The resulting
precipitate ives collected by filtration, washed iviih meth uiol
and dried to provide 7-nmthoxyquinazolin-4-ol as a tmi solid
(473 mg. 90%). 'H NMR (400 Ivlliz. DMSO-d„) (t 12.08 (I H,
br. s.), 8 06(IH, s). 8 03(IH. d, J=9 5 Hz). 7 03-7 14(2H, m),
3 90(3H, s)

[0402[ Step 2 A suspension of 7-metboxyquinazoiin-4-ol
(400 mg, 2.271 mmol) in phosphorus oxychloride (7 ml .. 75

mmol) was heated at redux fiir 3 h 'I'he solution was concen-
trated mid the residue was suspended in RtOAc and stirred on
an ice bath with NaH('03 (aq) until all the solid was dissolved
and vgas evolution ceased. The layers were separated and the
organic phase was dried and concentrated to provide
4-chloro-7-methoxyquinazoline as a hght yellov -tan sohd
(438 mg. 99%). 'H NMR (400 MHz. cldorofomi-d) o 8.94
(I IL s), 8.15 (I H. d, I 9.7 Hz). 7.29-7.37 (211, m), 4.00 (3IL
s)

[0403] Step 3 A mixture of 4-cldoro-7-methoxyquinuzo-
line (200 mg, 1.028 nunol) and 3-bromo-2-methylaniline
(0 253 mi,. 2 053mmol) in isopropmiol (11 ml,) was trcativi
with hydrogen chloride (4 M in 1.4-dioxane. 0 385 mi . 1.541

mmol) and heated in a sealed tube by microwave irradiation at
14(Y''or 45 min On coohng a precipitate fonncd which
ives collected by filtration and dned under vacuimi to provide
the hydrochlonc acid salt of N-(3-bromo-2-methylphenyl)-
7-methoxyquinazolin-4-annne as a tan solid (281 mg, 68%).
'I I NMR (400 Ml iz, methanol da) 6 8 65 ( I I L s), 8 48 ( H I. d,
I 9.2 Hz), 7.69 (Hl, dd, J 8.0. 1.0 Ilz). 7.51 (HI. dd, I i).4,

2.5 IIz), 7 37(HI. dd, I 7 i). 0 9 Hz),7 26-730(IH, m), 7 24
(IH. d. J— 2 41lz), 4.08 (3H, s), 2.36 (3H. s) Mass spectnmi
m/z 344. 346 (M+H) . The hltrati: was concentrated and the
residue v;us partitioned between NaHC:C)3 (aq) and HtOAc
'I'he organic phase was dned and concentmited. and the resi-
due ives purified by column cluomatography (eluting with a

gradient thorn 75:25 to 25:75 hexane-I'itOAc) to provide
N-(3-bromo-2-methylphenyl)-7-methoxyquuiazolin-4-
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lnt rrnediate I oiiipoiiiitl iifiiii
'fzss

spceti'i&i&i

unuse as an off-&xlute solid (61 mg, 17%). 'H NMR (400
MHz. chlorofomi-d) o 8.64 (111, s), 7.76 (H L d. J -9.0 Hz),
7.(i2 (IH, dd, .)=S.O. 0.8 Hz), 7.51 (IH& dd,.)=8.1, 0.9 Hz),
7.08-7.20 (311. m), 5.30 (HI, s), 3.96 (3il, s), 2.41 (3H, s).

Mass spectnun m/z 344. 346 ('M+H)'.

[0404] The following Inienuediaies were also prepared
using procedures used to prepare Intermediate 32-1.

Mass
Iatennediare C'ompnunrl tiame sfieetrutii

3-3

n) ('i bt'utile " stet)i 'Iphettvl) &

rrietln lp&ndire -arri&tie

I-( -bmnm- -mctliylplicnil)pytulun-
aiititie
aul3 bmrrio-2 ti&erhvlpherivl)-3
m th&lp&ndue2-at&me

277.
279 (M+ III'63.

26&(M+OH
"-77,

7P i M +

0)'0407]

The folloving Intermediates were also preparml
using procedures used to prepare Intermediate 33-1.

32 7

(I-bromo-2-methyfpbenvu-6
mctlulquinazolin-sou&trna

(3 brotiio ." methylphcn&H 7

t)umoquinazolin s.im ne

(I-I r mn-2-niethyfphenyu-6-
f)uoroquutazolu&-4.,unuie

(I bromo ".methyfphenyu 7

methylquinambn 4 .inune
8-(3-bromo-2-meth& Iphern I)-I-
Quoroquutazolin-4-anune
X (I biomo ."methyfphenyl) 6

tliioroqiiiiiszoliii. t.air&itic

bronio-2-methylpheavu-6-

mcthon quuiamlm-4-snune

(3 bromo " metliyfphenyl)qmnazolm

4 amuie

2S,

13(i(hi+ Hy

114! MI + H)

3Z
334 (M+

0)'1(i!M

+ H)+

334 (M+ Hi'4

(M + li)'44,

46 (I I+ H)+

114.

3(6 (M+

Hi'0408J

I)I(et)tteclittte 34- I

Preparation of 3-bromo-2-tluoroandtne

Br

If.x

lntenncdiatc 33-1

Preparation of N-(3-bromo-2-methylphenyl)-4-meth-
ylpyridin-2-amine

[0405J

[0409J A solution of 1-bronio-2-tiuoro-3-nitrobenzi:ne
(1.10 g. 5.00 nunol) in etl)anol-acetic acid-water (2:2:I) (25
mL) was treated with tron powder (1.396 g. 25.0 nunol) and
the mixture was heated at reflux for I h. The mixture was
cooled to rt and filtered throu+a a Celite pad. The filtrate u as
concentrated and the residue &vas partitioned between EiOAc
and NaH('03 (aq) 'Htc organic phase ives washed u ith brine,
dried and concentmted to prot ide 3-bromo-2-0 uoro aniline as
a brown oil (880 mg. 93%) 'H NMR (400 MHz. chloroform-
d) 6 6 85-(& 92 (I H. m), 6 80 (1H, td,.)=S 0, I 2 Hz), 6 66-6 73

(1H& m). 3.81 (2H, br s.).

Intermediate 35-1

Preparation of N-(3-bromo-2-fluoroplmnyl)-4-
fluoro-N-mcthylbcnzamide

[0410J

[0406] A mixture of 3-bromo-2-methylanilinc (200 mg,
1.075 nunol), 2-fluoro-4-methylpyridine (ISS nig, 1397
mmol) and potassium tert-butoxide (193 mg, 1.72 mmol) in
l)MSO (4 mi,) was heated in a sealed tube via microwave
irradiation at 1 90a ('. for 40 min. 'Ilia mixture was partitioned
bete een EIOAc u)d &vater, uid the oceanic phase wits &vashed

with brine. dried and concentnqtcd '1'hc residue wms purified

by column chromatogmphy (eluting with a gradient from
hexane to 85:15 hexane-EtOAc) to provide N-(3-bromo-2-

mcthylphcnyl)-4-mcthylpyridin-2-qmine as a yellov solid

(100 mg. 34%). 'H NMR (400 Mllz, chloroform-d) 6 8.05

(HI. d, J 5.3 Hz), 7.38 (2H. d, J 8.1 Hz), 7.06 (HI. t. J 8.0

I la), 6.58 (I klr d. I 53 Ilz). 6.40 (I II, 6), 6.23 (I kl. br. s.),
237 (3H, s). 2 23 (3H. s). Mass spectnun m/z 277, 279

(M+H)'.

[0411] Step I A solution of Intermcdiatc 34-1 (205 nig,
I 079 nunol) in formic acid (0 6 I I mL. 16 18 Hanoi) wa&

heated at 90" (2 for 5 5 h. The mixture was concentrated and
partitioned between EtOAc m)d NaIICO3 (aq). The organic

pl)use w as washed with brine. dried and concentrated, and the
residue was punfied colunm cluomatography (eluting with a
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gr idient from 85.15 to 70:30 bexure-BIOAc) to provide
N-(3-bromo-2-fluorophenyl) formamide as an off white solid

(216 mg. 92%) 'H NMR (400 MHz, c)florofonn-d) 6 8 49

(111. s). 8.27-8.37 (111. m). 744 (I H. br, s.), 7.30 (I H. ddd,
J—8.1. 6.6, 1. 5 Hz), 7.04 ( I H, td. J —8.2, 1.5 Hz), 1. 58 (3 IL s).
Mass spectrum m/z 218. 220 (IVI+H)'I)412]

Step 2 A suspension of N-(3-bromo-2-fluotophe-
nyl)1'onnmnidc (216 mg. O.i)91 nunol) in THF (8 mL) was

treated with borane dunethyl sulfide complex (2.0 M in TI IF,

1.486 mL. 2. 97 mmol) and the resultuig mixture was heated at
rcflux for 2 h. I M hydrochloric acid was addixt and tlm

mixture was again heated at reflux for I h. The mixiure was
cooled to rt and concentrated mid the residue was partitioned
between NaHCO3 (aq) and FtOAc. 'I'hc organic phase was
ivashed with briim, dried and concentrated to provide
3-bromo-2-fluoro-N-methyl uiiline as a light yelloiv oil (60
mg, 30%v) Mass spectrum m/z 204, 206 (M+Hj'.

[0413] Step 3 A solution of 3-bromo-2-fluoro-N-methyla-
nil ine (32 mg, 0. 157 mme1) and di is opropyl arnica (0 055 ml,,
0314 mmol) in DCM (2 ml,) was treated ivith 4-fluoroben-
zoyl chloride (0.028 mL, 0.235 nunol) and the nuxture was
stirred at rt ibr 2 h. 'lite mixture was partitioned benveen
DCM and NaHC03 (aq) The organic phase was washed with
brine. dried and concentrated. The residue was puriiied by
column chromatography (eluting with a gradient from 90:10
to 80:20 hexane-EtOAc) to provide N-(3-bromo-2-thio-
rophenyI)-4-fluoro-N-mctby)bcnnmtide as a white solid (33

mg. 68%). Mass spectrum nt/z 326. 328 (M+H) .

Intermediate 35-3

Preparation of N-(3-bromo-4-fluorobenzyl)aceta-
mlilc

[0416[

[0417[ A solution of (3-bromo-4-fluorophenyl)metha-
nmnine hydroclt)eric acid salt (500 mg. 2.079 trunol) in pyri-
duse (6 mL) was surred on ice and treated with acetic anhy-
dride (0 235 ml., 2.495 mmol) The resulting solution was
stirred at rt for 17 lx then was concentrated. The residue was
stirred ui I M hydrochloric acid, forming a precipitate wluch
was collected by filtration, rinsed with water mid dned to

provide N-(3-bromo-4-fluorobenzyl)acetamide as a ivhitc
sohd (435 mg. 85%). 'lI NMR (400 Mllz. chloroform-d) 6

7 47(dd,J 6 6. 2 2Hz. 111) 7 20(ddd.J 8 6,4 6,2 211z, HI)
7 07 (t, J—8 3 Hz, I H) 5. 84 (br s, )H) 4 38 (d, J—

5 9 Hz, 2H)
2 04 (s. 3H), Mass spectrum m/z 246. 248 (M+H) .

Intemiediate 35-4

Intenuediate 35-2

Preparation of N-(2-chloropyridin-4-yl)-4-tluorobmi-
zatlllrle

[0414]

Prepamtion of N-(3-bromo-2-methylphenyl)-4-(dim-
ethylamino)bmiwamide

[0418[

0 ci

[0415] A solution of 2-bmmopyridin-4-aniinc (500 mg,
2.89 mmol) in pyridine (8 mL) u as stirred on ice and treated
with 4-fluorobenzoyl chlonde (0.376 mi., 3.18 nunolj. The
resulting solution was stirred at rt for 20.25 h. then was
concenuated mid the residue is as partitioned between BIOAc
and ivater. The organic phase was vs a shed vv ith Nal ICO3 (aq)
and water, dried and conccntratiah Thc residue vs as purilied
by cohunn chromatography (eluting with a gradient from
80 20 to 20 80 hcxanc-i:,tOAcj to provid&: N-(2-cblompyri-
din-4-yl)-4-fluorobenz nmidc as a v hire glassy solid (532 mg,
73%). 'H NMR (400 MHz, chlorofiirm-d) 6 8.29 (d, J — 5 5

Hz, HI) 8.14(br. s., IH) 7.89(dd,J 8.8, S.l Hz,2H) 7.77(d,
J—2.0 Hz. 111) 7.48 (dd, I—5.7. 2.0 I iz, I H) 7.18 (t. J—S.fi Hz,
211). Mass spectnun nflz 251. 253 (M+II) .

[t)419[ A suspension of 4-(dimcthylamino)benzoic acid

(100 nig. 0.605 nunol) in IJCM (3 mL) was treated with
l-chloro-N,N,2-trimethylprop-l-en-l-anune (0.120 mL,
0.908 mmol) and thc resulting solution was stirred at rt for 1.5

h 3/Bromo-2-methylanilinc (0.053 mlv 0432 nimol) was
added, followed by DIBA (0.264 mL. 1.513 mmol). The
mixture vs as stirred at rt for I h, then was diluted with DCM
and Nal I('03 (aq). The layers were separated and thc organic
plrase ives washed ivith brine, dried uid concentrated. The
residue vvas purilied by column ciuomato~vaphy (cluting
with a gradient from 85.15 to 65:35 hexane-EtOAc) to pro-
vide N-(3-brmno-2-mctbylphcnyl)-4-(dimcthylaniino)bcn-
zmmdc as a light yellow solid (77 mv, 53%). 'H NMR (400
MHz, DNISO-dsj 6 9.75 (s, I H) 7.85 (d, J —9.0 Hz, 2H) 7 49

(dd. J 8.0. 1.0 Hz, HI) 7.30 (dd, J 7.9, 0.9 Hz, Hi) 7.15 (t,
J— 7. 911z. I H) 6. 75 (d, I—9.0 Hz, 2H) 2. 99 (s, 611) 2.25 (s. 3 H).
Mass spectnun m/z 331, 333 (M—H) .
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[0420] The following Iniermediaies were also prepared
using procedures used to prepare Intermediates 35-1 through
35-4

Intermediate 36-2

Preparation ol'3-bromo-2-fluoro-N,N-dimethylben-
zamidc

[0423 J

It&tel'iiicdi:itc ( oiiipoiiiid its&sic

Mass

apcctrurn

is 7

'. s-11

is I

'Is 13

X-(3-&i&oisin.4.tliioropficiiy1)acct it&i&dc

V-13-bronioplien lhmtluorobenzanudc

bromo- -fluorophenyn-4-

tlunirbenzanude

!I biomo " fluoropheny u 4

(dimethvlaminolbeazuuide

(3 biomophenvu 4-duoio-b-

Iiicliiylbclizauiiclc

V-16-bronio-2-iluoropimnyl)-4-

tliiorobciizaiiiidc
bronio-4-flunrophenyi)-4-

fliioicbciiraiiiiilc

(3 bromo 4 tluorobenz&'li 4

fluoro( enzam de

(3 biomo 2 iluomphenyllacetamide

'34 (M + III'94,

96(M+ H)+

11

314 iM +

II&'17.

339 (M +

Hi'96.

'10(M+ HP
11 ',

&4(M+ 11)'1

14 (11+ H)+

12 6.

126(M+ HI+

".." 2.

234 (M +

II)'ntenncdiate

36-1

[0421]

Preparation of 3-bromo-4-lh&oro-N-(4-thtorophenyl)

benzmmde

Br

I'

[0424] A suspension of 3-bromo-2-fluorobenzoic acid
(1.009 g, 4.61 mmol) in DCM (25 mL) was stirred ut rt and
treated with oxalyl chloride (2.016 mL, 23.04 mmol), fol-
lowed by a drop ofDMI', causing as evolution io conunence.
After 2 5 h, tlm solution was heated to boiling fiir 1-2 min and
allowed to cool to rh After 3 h total. the solution was concmn-

tramd to provide 3-bromo-2-fluorobcnzoyl chloride as a nark
yellow liquid (1.078 g, 99%a). A pnrtion of tlus (200 mg, 0 842
mmol) was dissolved in THF (l. 5 ml.) and added to a solution
of dimethylamine (2 M in methanol, 2.0 mL. 4.00 mmol) in
THF (2 mL). The mixture was stirred at rt for 18 h. then was
concentrated. The residue was dissolved in EtOAc, washed
sequentially with I M hydrochlonc acid. NaIICO3 (aq) and
briinn and dried and concmitrated to provide 3-bromo-2-
tluoro-N N-dimethyl ben ram i de ms a light yellow oil (192 mg,
93%) 'H NMR (400 MHz., chloroform-d) 6 7 60 (ddd,.l—8.1,
6&.5, 1.6 Hz, I H) 7.32 (ddd..l—7.6. 5.9, I 6 Hz. IH) 7.09 (td,
J=7.8, 0.7 Hz. IH) 3.14 (s, 3H) 2 93 (d, J=l 5 Hz, 3H) Mass
spectrum mfz 246, 248 (M+H)'.
[0425J 'I'he following Internmdiates were also prepared
using procedures used to prepare lntenncdiates 36-1 and
36-2.

0/i 8, i/
[0422] A solution of 3-bronx&-4-tluorobenzoic acid (976

mg. 4 46 mmol) in DCM (25 ml,) was stirred at rt and trcatcd
with oxalyl chloride (1.950 mL, 22.28 nmiol), followed by a

drop ol'DMI.'. causing gas evolution io commencum After 2.3

h, thc solution wns baited to bniling I'or 1-2 min and allo&&cd

to cool to rt. After 3 h total, the soluuon w as concentrated tn

provide 3-bromo-4-fluorobenzoyl chloride as a white solid

(1.00 g, 94%). A portioo of this a&ate&tel (200 Iug, 0 842

mmol) was added to an ice-cold solution of 4-fluoroaniline

(0.081 mL. 0.842 nmiol) in pyridine (4 mL), and the solu(ion
was stirred at rt for 65 h Thc solution was concentrated mid the
residue was stirred in I M hydrocldoric acid, forming a pre-
cipitate wluch was collected by filtration, v ashed with water
and driixt tn provide 3-bromo-4-fluoro-N-(4-tlunrnphcnyl)
benzsmide as an off-wlnte sohd (227 5 nig, 80%). 'I I NMR

(400MHz.DMSOda) 61038(s, HI)8 29(dd,J 6 7,2.1Hz,
IH) 8 01(ddd,J 8 6.4 8. 2 2Hz. HI) 7.75(dd,l 90. 5 I Hz,

2H) 7.55 (t, J—8.6 Hz. IH) 7.20 (t. J— 8 9 Hz. 2H). Mass

spectrum m/z 312, 314 (M+H)'.

Intermedrate Ocmpound name
Miss
speci&'in&i

36-7

nbromo-2-uuoro-V-&4
tluoiophenylibenzunide
3 bromo 4 tluorobenzam de

1-brorrio-2-tluoroberizarrird

nbrorno-2 uuoro-V-rnethylbenzaaude

-brcnio-4-tlu r -Vis-dunethvfbenzmmde

3&x
114 fM 4 H)'1

tl.

22(i(M+ HP
216
22&i fM+ HI
&3s

234 ( Vl + I I

I'4tl(M+III'ntemiedutte

37-1

0=3=0
0
i& ~v Bi

0

Preparation of N-(3-bromo-2-tluorophenyl)-N-(me-
thylsultimyl)mcthancsulfimamidc

[0426]
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[0427] A solution of 3-bromo-2-lluoroaniluie (Intermedi-
ate 34-1. 160 mg, 0.842 nunol) und DIFA (0.368 mL, 2.105
mmol) in DCM (3 mL) was stirred at ca. -5', and treated
uiih meth utcsulfi&nyl chloride (0.098 mL, 1.263 nunol) and
stirred at that tcmperaturc for 2 h Thc mixture was partitioiwd
between I)CM mid NaHCO3 (aq) The organic phase was
washed with brine. dried and concentrated to provide N-(3-
bromo-2-fhiorophenyl)-N-(methylsulfonyl)metlmne-
sulfonanude as a yellow solid (308 mg, quantitative). used
without further puntication. 'll NMR (400 MHz, chloro-
form-d) ih 7.70 (I H, ddd. J 8.1. 6.4, 1.5 Hz). 7.33 (HI. ddd,
J 8.1. 6.5, 1.6 Hz), 7.15 (I H, td. J 8.1. 1.4 ilz), 3 46 (611. 6).

Mass spectrum nflz 363. 365 (M+NHs) .

Intermediate 38-1

Pmparation of I -(3-bromo-4-fluorophenyl)-3-(4-
methylthiazol-2-yl)urea

[(3428J

[0429] Step I A solution of2-mnino-4-mcthyltluuzole (11.
42 g, 0.10 mol) in DCM was cooled to O', and trm&ted ivi&h

I F A (12 I g. 0.12 mol), tlmn phenyl chlorolijnnatc (15.6 g,
0.10 mof) was added dropwise with stirring. 'Hie mixture was
stirred fiir 10 minutes, then was washed with NaHCO3 (aq),
water and brine, and dried and concentrated. The residue was
purified by cohunn chronmtography (eluting with Gifl:40 hex-
ane-E&OAc) to give phenyl 4-methyltluazol-2-ylcarbamate as
a white solid (12 g, 51%). ' I NMR (300 Mi Iz, chloroform-d)
6 12 38 (bb, 111) 7 47-7 40 (m. 211) 7 30-7.19 (m, 311) 6 52 (d,
.I I 1 Hz,lH)241(d,)&8Hz,3H)
[0430] Step 2 A solution of 3-bromo-4-fluoroauilinc (250
nig, I 316& mniol) in 3 Hl'(6& ml ) was stirred on ice and treated
with I'I-)A (0 3/i7 ml „2 63 nunol), then with phenyl 4-meth-
yltlflazol-2-ylcarbamate (308 mg, 1.316 r&unol) and the
resulung solution was stirred at rt for 70 h. The mixture was
concentrated and the residue was stirred in I M hydrochlonc
acid, forming a precipitate u lurh u as collected by filtration,
rinsed with eater and dried under vacuum to provide l-(3-
bromo-4-fluorophenyl)-3-(4-methylthiazml-2-yl)urea as an
offwhite solid (400 mg. 92%). '

I NMR (400 Mliz. DMSO-

d,) 6 9).62 (s, I H) 7 94 (dd, 3=63, 2.5 Hz. I H) 737-7 45 (n&,

IH) 7 32 (t. 3 8 7 Hz, IH) (i.67 (d, 3 I I Hz. IH) 2 23 (d,
J=l. I Hz, 3H). Mass spectrum n&/z 330. 332 (M+H)'.
[0431] Thefollouinglntennediatewasalso preparedusuig
procedures used to prepare Intemiediate 38-1.

I siss

&nrenneiimte compound n,ime ipeerriun

3S -' ii bromo Wtlumubenryij.'4&,
(6-nmi&n&&hi&rut-2-v&jur n

&66&M&uj'ntermediate

39-1

Preparation of 6-bromo-2-(4-fluorophenyl)-7-me-
thyl-I H-bm&zo[d[iniidasole

[0432J

[0433] A solution of 4-bromo-3-methylbenzene-1,2-di-
amine (prepared according to the procedure of PCT Pat. Appl.
WO 2008/021851, 400 mg, 1.989 nunol) in DCM (10 mL)
was treated with TI.'A (0 693 mf,. 4 97 mmol), thai was
treated dropwise with 4-fluorobenzoyl chloride (0.282 ml„
2 387 nunol) '! he niixture was stirred at it fiir 70 min. then
w'ls collcelltmted. The residue was suspended in etlmnol (25
mL)r treated with concentmted hydmchloric acid (3 m1„36i.5
nunol) and heated at 90-95'. After 42.5 h, the mixture u as
cooled to rt and the ethanol was removed under vacuum. The
residual paste uas suspended in water and the pH was
adjusted to mi 8 with NaHC'03 (aq). The precipitate was
collected by filtration. washed with water:uid dried under
vacuum to provide 6-bromo-2-(4-fluorophenyl)-7-methyl-
IH-benzo[d]imidazolcasapalepinksolid(636mg,95%&) 'H
NMR (400 MHz, DMSO-dn) (& 8.24 (2H, dd,.l—8.9, 5.4 Hz),
7.3'3-7.45 (4FI, m). 2.57 (3H, s). Mass spectnun m/z 305, 307
(M+I I)'.

Intern&ed&ate 40-1

Prcpamtion of N.N-bis(tert-butyloxycarbonyl)-5-
bromo-4-mcthylthiazol-2-& laminc

[0434]

[0435] Step I A solution of 5-bromo-4-methylthiazol-2-
arnica (2 00 g, 10.36 nunol) in pyridine (10 ml ) was treated
portionwise at rt with di-tert-butyl dicarbonate (2.487 g,
11.40 llllllof). After stirring at it oveniight signific uit starling
material remained. The mixture ives cooled to O'. and
treated ui&h lithium lmxmncthyldisilazide (I M in THF, 25.9
mL. 25.9 nunol) fofloucd by di-tert-butyl dicarbonate (2.487
g. 11 40 nunol). I'he mixture was warmed to rt tiir I h. tlmn
v as diluted with HtOAc. washed twice with 0 5 M hydrochlo-
ric acid, then with I M aqueous sodi&un hydroxide, dried and
concentrated. Punfication of the residue by colunui chroma-
togmphy (elution with hexane-fl&OAc) provided tert-butyl
5-bromo-4-methylthiazol-2-) Ir irbamate (814 mg, 27%). H
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NMR (400 Mllzr chloroform-d) o 2.27 (311, s), 1.53 (9H, s).
Mass spectrum ngz 293, 295 (M+I I)'.
[0436[ Step 2 A mixture of di-tert-butyl dicarbonate (667
mg, 3.05 mmol). tert-butyl 5-bmmo-4-methylthiazol-2-yl-
carbamato (814 mg, 2 78 minol) and DMAY (339 mg, 2 78
mmol) in D('M (10 ml ) was stirred at rt overnight Thc
mixture was conccntmted and the residue was puniied by
column cluomatography (eluting with hexane-EtOAc) to
provide NrN-bis(tert-butyloxycarbonyl)-5-bromo-4-meth-
yltluazol-2-yliunin. Mass spectrum ngz 393, 395 (M+II)'.

Intermediate 41-1

preparation of 2-(3-bromo-2-methylphcnyl)-3,4-
dihydroisoquinolin-1(2H)-one

[0437]

Iaierrnobsre Coaipourrd
rrsai'vlsss

specrlilltl

41-2

41 3

41-4('(3-bromo-2-rrreihytpheavl)-6-methoxy-3.4-ddn dro soquinolur-1(2H)-onc'I bromo ".methvlphen)H 5 hvdroxv
4-dill) dr 'so (iulllollrl. I (210.olla

-(3-brnnro- -rncilr Iplreaoxy)-ns-
drh droisoqumolm I(2H) one
2-(3-bromo-2-me(by(phenyl)-;-eh(ore-i.d-
dilwdmrsoquarnlur-I( Hl-one
2-( -bromo- -meihytphenyl!-6-rlunro 'lu-
drhydroisoquinolin-I(2HI-one

'4tl (M + H)'37.

134 (M e H)'2

3 i4 I M + HI
'5ii
'»2 (M + H)'34

336 ivt +

10'0440]

The folloving Intermediates were also preparmi
usuig procedures used to prepare Intermediate 41-1.

[0441] The following Intermediates yvere also prepared
using procedures ofStep 2 used to prepare intermediate 41-1.

[0438] Step 1 A solution of23-dihydro-I H-inden-I-one (I
g, 7.57 nunol) ui DCM (10 mL) was treated with methane-
sulfonic acid (10 mL) and cooled to 0'2 Sodium ayide
(0.984 g, 15.13 nunol) was added and the mixture was stirred
at O'. for 2 h, then at rt overnight. The mixture w as made
basic with 20% aqueoiis sodium hydroxide uid extracted
ivith IJCM. Iiic organic phase was washed with water. dried
and concentmted, The residue was puriticd by column chm-
niatography (eluting with hexane-I')tOAc) to provide 3,4-di-
hydroquinolin-2(l H)-onc as a white solid (655 mg, 60%). 'H

NMR (400 MHz. methanol-dsj 6 7.08-7.19 (2H. m), 6 92-6i.

99 (I H, m), 6.85 (I H. d,.)=7.9 Hz)r 5 47 (I H, s), 2.92 (2H, t,
J—7.6 Hz), 2.49-2.58 (2H. m). Mass spectnun m/z 148.1

(M+H) . Also obiained was 3,4-dihydroisoquinolui-l(2II)-
one as a colorless oil (162 ma, 15%). 'H NMR (400 MHz,
methanol-d„) rS 7.93 (I Fi, dd, J—7.8, 1.0 Fiz). 7.44-7 52 (I H,
m), 735 (IIL td. I—7.6. 1.2 Flz)r 7.29 (IF). d, J—7.7 ilz), 3.50

(2H, 0 .I
—6.6 Hy), 2 98 (2H, t, I—6 7 Hz). Mass spcctnuu nt/z

148.1 (M+H)".

[0439] Step 2 A mixture of I r3-dibromo-2-methylbenyene
(340 mg. 1.3S9 irunol), 3 4-dihydrotsoquinolin-l(2H)-one
(100 mg. 0.679 nunol) and potassium carbonate (94 illg,
0.679 nunol) in DMSO (2 mL) was purged with nitrogen,
treated with copper (I) iodide (25 9 mg. 0136 mmol) and
heated at 150o (2 for 3 5 h The mixture was combined with
that from a second reaction using 13-dibromo-2-ntcthylbcn-
zcne (2.59 g, 1036 mmol) and 3,4-dihydroisoquinolin-l
(2H)-one (508 mo. 3 45 mmolj, diluted with DCM and fil-

tered through Celite. The filtrate was washed with S%o

aqueous ammonnun hydroxide, dried and concentrated. The
residue was purified by column cluomatography (eluting
v,ith hex ate-EIOAO) to provide 2-(3-bromo-2-methylphe-
nyl)-3.4-dihydroisoquinolin-l(2H)-one irs a ymllow solid
(142 mg. 11%). 'Fl NMR (400 MFIz, chkiroform-d) rS 8.15

(IH, dd, .)=7 70. I H) Hzj. 7 55 (I H, dd, 1=7 92. I 10 Hz),
7 46-7 51 (I Hr m), 7 37-7 42 (I H. in). 7.24-7.28 (I H, m),
7.17-7.21 (I H. m), 7 01)-7.1ti (I H, ni). 3.95 (I H. ddd, J — 12.

21. 10.12, 4.73 Hz), 3.73 (I H, ddd. J 11.94, 633, S.28 Hz),
3.26 (III, ddd, J— 15.74, 10.23, S.28 Hz). 3.06-3.14 (HI, m),
2.36 (3H. s). Mass spectnim m/z 316. 318 (M+H)",

Mass
Intermed are ('ompound name specmnn

41 7

41-9

4! )i!

I ( i binmn .'rcth Iphen I i

3.4-dirnelhy(-lit-prim(-2is! Il-one
I (i-bromo- -n»ib Iphen H-

3 rueihylpvnrtm 2(! 0) nne
I-(3-biomo-2-rneihvlphenyl)-
44-rlurrr tbylpvrrr lrdur-2-oac
I (3 bromo " meth Iphen (i

-r xop, reolrdirre-3-carboy 1«..reed

sii
232 tM+ Hi'76.

sa(4+m'4

(Vl + Hl'
PS,

." ()f i (M +

i(i'ntcnncdiatc

42-1

preparation of I -(3-bromo-2-ntcthylbcnzyiidcnc)-t,
3-dihydroisobenzofuran

[0442]

[0443[ Step I A mixnirc of (2-uthynylphcnyl)methanol
(100 mg, 0 757 ntmol), 1,3-dibromo-2-mcthylbenzene (189
mg, 0.757 mmol) and Tl',A (0.211 ml o 1.513 mnxyl) in'I'Hl'2

mL) yves pur»oed with mtrogen and treated with copper (Ij
iodide (2 88 mg, 0.015 mmol) and bis(tnphenylphosphine)
palladium(II) cldonde (26.6 mg. 0.038 mmol). The nuxture
was heated in a sealed tube at 60'. Ior 1.5 h. The mixture
was filtered. the Iiltrate was washed with NaIICO3 (aq) and
water. and dried and concentrated. The residue was purificd
by colunui chronuitography (eluiing with hexane-EIOAc) to

provide (2-((3-bromo-2-mctbylphmiyl)cthynyl)phenyl)
tncthanol as a ~hite solid (130 mg, 57%) 'H NMR (400
MHz, chloroform-d) rS 7.44-7.58 (4H, m), 7.39 (I H, td, J —7.

54, 143 Iiz), 7.27-7 34 (I I I. m). 7 00-7 09 (Hl, m), 4 93 (211,

d, ) —6.38 Hzjr 2.6i4 (3iir s). Iviass spectrum m/z 323, 325
(M+Na)'.
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[0444] Step 2A solution oi (2-((3-bromo-2-methylphenyl)
ethynyl)phenyl)-mctluu&ol (50 mg. 0.166 mmol) m&d tetrabu-

tylammonium fluoride, I 0 IVI in 1'HF (0.332 mL, 0 332

mmol) in THI'O.S mL) was heated at 67'. for 2 h. The
mixture was dilute/ ivith EtGAc. v'ash&.'d tv'icc ivith water
and once with brine, dried m&d concentrated 'H&e residue v-as

purified by column cia omatogmphy (elutu&g iv&th a &ad&ent

from hexmie to 80 20 EtOAc hexane) to provide I -(3bromo-
2-&ucthyibenzylidcnc)-13-dihydroisobc&rzofuran as a light
yellow solid (36 mg, 72%). H NMR (400 MHz. chloroform-

d) &S 8 00-8 06 (111, m), 7 58-7 64 (111. m). 7 32-7 41 (411, m),
7.04 (I H, t, 1=7.92 Hz), (&.07 (I H, s), 5 49 (2H, s). 2 51 (3H,
s). Mass spectrun& m/z301. 303

(M+H)'ntern&ediates

44-1 u&d 44-2

Preparation of 2-(3-bromo-2-nmthylphcnyl)-2.3-
d&hydro-I H-pyrrolo[3,4-c]pyndin-l-one and (Z)-3-
bmmo-N-(furo[3,4-cJpyridin-1(3H)-ylidcne)-2-n&c-

thyhuuline

[0448]

Intermediate 43-1

Preparation of tert-butyl 5-bain&otbianil-2-yl (iso-

propyl)carbamate

[0445]

[0446] Step I I)i-tert-butyl dicarbonate (28.90 g, 1324
&runol) was added portiomvise to a suspension of 2-amino-5-
bromo tlua zoic

hydro

brom &de

(28. 64 g. 110. 3 nuno1) &n pyri-
dine (100 mi,) over 20 min at rt The mixture was stirred at rt
ovemigvt. then was concrs&tn&ted. The residue was par&i-

t&oned between 0. S M hydrochloric a md (200 mL) and EtOAc
(200 mL). The oreanic layer was dned and concentrated, and
the residue was filtered tlmiugv a pad of si Rca ge1 using 90 10

hexane-EtOAc. The filtrate was concentrated to give ter&-

butyl-5-bromoth&azol-2-ylcarbamate as a white sol&d (19.5 g,
63i'6). 'H NMR (400 MHz, chlorotiinn-d) &5 7 27 (s. I H) I 60

(s, 9H). Mass spectrum m/z 223, 225 (M+H)'.

[0447] Step 2 A solution of tert-butyl 5-bren&othianil-2-

ylcarbmuate (3 g. 10 7 mmol), isopropanol (6.40 g. 107 4
nunol) and tnphenylphosphine (5.63 g, 21.5 mmol) u& THF

(30 n&l.) was treated with diethyl azodicarboxylate (3.74 g,
21 5 nunol) dropwise at 0'.'nd was stirred overnight while
warming slowly to rt. The mixture was concentrated and the
residue was dissolved u& DClvi (20 mi,). tiltered to remove
undissolved solid and concvntrated. The residue was purilied
by column cluumatography (elutin with hexane) to give
tert-butyl 5-bromotluazol-2-yl(&sopropyl)carbamate as a

liglu yellow oil (3 10 g, '?0%) 'H NMR (400 MHz. chloro-
form-d) 6 7.34 (s, HI) 5.29 (m. IH) I 59(s. 911) I 45 (d. 6 8

Ilz, 611). Mass spectrum n&/z 265, 267 (M+II C„lla)'.

[t)449J A suspension of 2-(3-bren&o-2-methylphcnyl)-I H-

pyrrolo[3,4-c]pyridine-1.3(211)-d&one (4.7 g, 14. 82 nunol) u&

methmxil (200 ml.) was treated with sodium borohydride (2
g. S2.9 nunol) and st&rred at A for I h. The mixture was
concentrated and tlm residue was treated with NaH('03 (aq).
The nuxture ives extracted several tunes w&th a m&xture of
I?CM nnd methanol The combined organic phases were
washed w&th v;ster, dned and concentrated to give a nuxture
of N-(3-bromo-2-methylphcnyl)-4-(hydroxymethyl)-nicoti-
nam&de and N-(3-bromo-2-methylphenyl)-3-(hydroxym-
cthyl)isonicotinmnide as an otf-white solid. Mass spectnm&
n&/z 321, 323 (M+II)'. W&thou) p&u itication. th&s material was
suspended in 1'Hl-'250 ml ) and treated with triphenylphos-
plune (polymer supported. 3 nunol Pi'g resin. 18.44 g. 54.8
mmol) and diethyl a& odicarboxyl ate (/&45 g, 37.1 mmol) and
the m&xture was stirred at A f'or 4 h. The mixture was filtered
and concentrated, and the residue was dissolved in I?('M,
washed with water, NaIICO3 (aq) and brine, and dned and
concmitrated Tlm residue was subjected to colunm chronui-
togr iphy (eluting with EtOAc) to provide 2-(3-bromo-2-me-
thylphcnyl)-2,3-dihydro-lH-pyrrolo[3.4-c]pyridin-l-onc as
a v hite solid (intern&ediatc 44-1, 2 7 g. 60%) 'H NMR (400
MHz, chlorofiinn-d) sg 21 (I H, d, .)=0 88 Hz). 8 84 (I H, d,
J —5.06 Hz), 7.63 (IH, dd, J—7.70. 132 Ilz). 7.51 (IIL dd,
J—5.06, 0.88 Hz), 7.22 (I H, dt, J—7.70, 132 Hz), 7.17 (I H, d,
I 7.92 Hz), 4.76 (2H. s), 2.31 (3H, s). Mass spectn&m m/z
303, 305 (M+H) . Also obtained vvas (Z)-3-bromo-N-(h&ro
[3,4-c]pyridin-l(311)-ylidene)-2-methylaniline as a white
s oh d (In&em&ediate 44-2, 760 mg. 17%). wluch also contained
thc isomeric (l)-3-bruno-N-(furo[3,4-cJpyridin-3(IH)-
ylidm&e)-2-mcthylaniline 'H NMR (4(N) MHz, chlomform-
d) 6 9 2(i ()H. s). 8 80 (IH. d, J=5 0/i Hz), 7 42 (I H. dd,
J—5.06, 0.88 Hz), 731-7.35 (IH. m), 7.02-7.08 (2H, m), 5.39
(2H. s), 2.35 (3H. s) Mass spectrum ntiz 303. 305

(M+H)'ntcnncdiatc

45-1

Preparation of I-(3-bron&o-2-mcthylplmnyl)-5-ox-
opyrrolidinc-3-carboxamide

[t)450J
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[045]] A mixture of I-(3-bromo-2-methylphenyl)-5-ox-
opyrrolidine-3-carboxylic acid (lntemiediate 41-10. 100 mg,
0 335 nunol). HD('129 mg, 0 671 mmol). HOB'I (103 mg.
0.671 i)i)i)ill) atid 28ogo aqucx)us aiuniotiia ia THR (2 nil.) was
stirred at rt for 5 h. I he nuxture is as diluted with ethyl acetate,
v;ashed with NaHCO3 (aq) and water, and dned and concen-
trated. The residue was punfied by column cluomatography
(elutuig with 90.10 DCM-methanol) to provide I-(3-bromo-
2-methylphenyl)-5-oxopyrrolidine-3-carboxamide as a

~hite solid (26 mg, 26%). Mass spectrum ngz 297. 299
(M+H)'.

Intenncdiate 46-1

Mma
Inremied are ocmpnund name apecriillii

46-2 -brnmn 'erhoxycarbonyti
".,i.4.9 tetrahydro l)I carbarn)e 6

c,utnxiti acid
-bromo-Z3-),9-)slash)dr-

))I cnrbamle 6 carbnx)bcacid

'6.
)66 tit+ 8)

2 r24

i96tVI+)I)'0455]

The folloving Intermediates were also prepared
using the procedures used to prepare Intermediate 46-1 bnt
)ising tlm appropriate ketone in pl ice ofctlivl 3-oxocycloliex-
anecarboxylate.

preparation of 5-bromo-2-(et box yea rbonyl )-2.3.4,9-
tetrahydro-I H-carbazole-8-carboxylic acid

[045 2J

Intemiediate 47-1

Preparation of ethyl 5-bromo-g-carbamoy1-2.3,4,9-
tetrahydro-IH-carbazole-2-carboxylate

[0456]

0

VI(.
0

[0453] Step I A solution of sodium nitnte (2448 g, 35.5
mmol) in ~ster (12 mL) was added dropw ise to a suspension
of2-amino-4-bromobenzoic acid (7 30 g. 33.8 nuuol) in con-
centrated hydrochloric acid (34 mi,) ai -5',', at such rate.

that the temperature did not exccced 0" ('I'he resulting sus-
pension was stirrrxI at -5o ('or 10 niin and wns then added
dropwise to a rapidly stirred solution of tin (11) chloride
(13.46 g, 71.0 mmol) in concentrated hydrochlonc acid (10
mL) at -5'.. at such a rate tliat the tempemture did not
exceed O'. The resulting suspension was warmed to rt and
stirred for I h. The precipitate v as collected by filtration,
washed ivith water, and dried to pri wide 4-bromo-2-hydrazi-
nylbenzoic acid hydrochloric acid salt as a pale ian solid (7.79

g, 86%) 'H NMR (400 MHz, DMSO-d,) 6 9.14 (br. s, I H)
7.79 (d, .1 —8.35 Hz, 1H) 7 34 (d..) — 1.76 Hz, IH) 7 13 (dd,
J=g 35, 1.76 Hz, IH). Mass spectrum nfiz 231, 233 (M+H) .

[0454] Step 2 A stirred suspension of 4-bromo-2-hydrazi-
nylbcnzoic acid hydrochloric acid salt (I 6.35 g. 58 I mnx)l)
in acetic acid (171 mL) was treated v;ith ethyl 3-oxocyclo-
hcxanecarboxylate (9 88 g, 58 I mmol) at rt The mixture was
stirred at rcflux for 2.5 h, then was cooled to rt and concmi-
trated to alford a brown solid Tb)s was suspended in I'tOAc
(20 mi.) and the precipitate was collected by filtration,
washed with HtOAc and air dried to provide 5-bromo-2-
(ethoxycarbonyl)-2,3,4e9-tetrahydro-I I I-carbazole-8-car-
boxylic acid ()1.46 g). The filtmte was concentrated and the
rcsiduc was rcsuspi.ndcd in FIOAc, thc precipitate collected
by filtration imd dried to provide additional product (0 82 g)
for a total of 12 28 g (38%) 'H NMR (400 MHz. DMSO-d„)
6 13 10 (br. s.. I H) 11 06 (s. I H) 7 50 (d, .I

—8 13 Hz. I H) 7 19

(d, J— 8 13 Hz, IH) 407-4.15 (m, 2H) 3 08-3.19 (m, IH)
2.99-3.08 (m, 111) 2. 89-2.99 (m, 21 I) 2. 79-2.89 (m, I I I) 2.09-
2.22 (m. I H) 1.75-1.89 (m, 111) 1.20 (t. J—7.141lz. 311). Mass
spectrum m/z 366.0, 368.0 (M+H) .

Mma
Inreimnt are ('cmpnund name apecrnim

47 ." erhv) bmmn P carhamo 'I '! 63.
z!.4,9 ietrihrdiu 1)I carbizole 3 )67iM+0)'uboxzbiic

[0457] A suspension of 5-bromo-2-(ethoxvcarbonyl)-23,
4.9-tetrahydro-HI-carbazole-g-carboxylic acid (Intermedi-
ate 46-1, 12.28 oo, 33. 5 nuno1), HDC (7. 71 g, 40. 2 nuno1), and
I IOBT (6.16 g, 40.2 nunol) in TI H'-DCM (4: I, 335 mL) was
treated with 28%o aqueous mnmonium hydroxide (7.83 mlo
201 mmol). m)d tlm resulting suspmision was stirred at rt

overnight The mixture was concentrated and the residue was
suspended in water The precipitate wxs collccmd by filtra-
tionr washed with water and k;tOAc and dried to naive ethyl
5-bromo-8-carbamoy1-2,3,4.9-tetrahydro-l H-carbazole-2-
carboxylate (8.92 g). The filtmte was concentrated and the
residue was suspended in methanol. A solid was collected by
liltmition. washed with methanol and air dned to afford addi-
tional product (0 39 g) for a total of 9.31 g (76%). 'H NMR
(400 Mllz, DMSO-d,) 6 11.08 (s, HI) 8.02 (br. s., HI) 7.43

(d, J—R13 Hz. IH) 7.39 (br s.. IH) 7.14 (d,;I—8.13 Hza IH)
4 02-4 17 (m, 2H) 3.07-3.18 (m. I H) 2.97-3 06 (m, I H) 2.86-
2 98 (mr 2H) 2.77-2.8&i (m, I H) 2 0')-2.19 (m. I H) 1.72-1 86

(m. I H) 1.20 (t, J—7.14 Hz. 3 H). Mass spectrum irv z 365. 3 67
(M+H)'.
[0458] The following Intennediate was also prepared using
the procedure used to prepare Intermediate 47-1 but using
Intenncvliate 46-2 in place ol'ntermediate 46-1.
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Intermediate 47-3

Preparation of 5-bromo-2.3.4. 9-telrahydro-111-carba-
zole-8-carboxamide

[0459]

8-carbamoyl-911-carbazole-2-carboxylate (7.68 g). The fil-
trate was concentrated and the residue was suspended in
meth uiol. The precipitate was collected by tiltralion. washed
v ith methanol and air dried to provide additional product
(0.60 ) for a total of 8.28 (90%). 'll NMR (400 Mllz,
DMSO-do) 6 12 03 (s. I H) 8.69 (d. J=g 57 Hy:, I H) 8 51 (d,
J 1.10 Hz, lii) 8 26(br.s., IH) 7 93(d, J 813114. 111) 7 87
(dd..)=8 57, I 54 Hz, IH) 7 63 (br s. IH) 7 50(d..1=8.13 Hz,
I H) 437 (q. 1 7.03 1iz. 211) 1.37 (tr J 7.14 Iiz, 311). Muss
spectnnu iu/8, 36&l, 3fi3 (M+H)
[0463] The following Intermediates were also prepared
using the procedure us&xi to prepare Intern&cdiate 48-1 but
Usnlg the appropriate malerial in place oi'Intermediate 47-1.

Bi

[0460] A mixture of 5-bronx&-20L4,9-tctrahydro-l H-car-
bazole-8-carboxyhc acid (Intermediate 46-3. 70!u purity,
mixixt with Intermediate 47-3 fmm an incon&plctc reaction
done according to the procedure used to prepare Intermediate
47-1, 3 n, 7 14 mnxil) in THF (gt) n&I ) and D(.M (20 ml,) was
treated with I IOAT (1.166 g, 8.57 nunol) and EDC (1.642 g,
8.57 mmol) I he mixture ivas stirred at rt for 2 5 h. then was
treated with tnhydrous ammonia gas for c i. 2 min, forming a
very thick slurry The mixture pas stirrod for 30 min, then was
treated again wifli:unmonia gas for ca. I min. Afier stimng
for another hour, thc inixturc was diluted with wamr and
EIOAc (dissolving the solid). The layers were separated and
the aquoous phtwse was extracted again ivith HtOAc. '11&e

combined onnutntc layers v ere washed twice with 0.1 M aque-
ous sodium hydroxide. then writh I M hydrochloric acid and
brine. dried and concentrated to provide 5-bromo-2.3,4,9-
tetrahydro-I H-carbazolc-8-carboxamidcas apaleorango-tan
solid (2.47 g. 84%, including the product from the incomplete
reaction yielding thc starting material) 'H NMR (400 MHz,
DMSO-d,) 8 10.95 (Hl, s), 8.02 (111. br. s.), 7.44 (III. d,
J=7 9 Hzk 7 38 (IH. br s ), 7.14 (iH, 4, J=S.I Hz)r 2.99 (2H,
br, s.), 2.75 (211. br. s.). 1.78 (4H. br, s.). Mass spec&nun m/z
293, 295 (M+H)'.

Intermediate 48-1

Preparation ofethyl 5-bromo-'8-carbamoyl-9H-car-
bazole-2-carboxylate

[0461]

806
0

Br

Isla&a

Iuteirruzbitc Corripourid carr& apl:cillllil

ctltyl -hmurn-8- srbaino I-3H-

cirhazole '! cat hmyhs e

4-&rorno-98-carbazol -I-iuboaauudc

ihl
343(M+ Hi'89

291!M 4

H)'n&em&ed&ale

49-1

Preparation of 5-bromo-8-carbamoyl-9H-carbazole-
2-carboxylic acid

[0464[

HO

0

[t)465[ A suspension of ethyl 5-bromo-8-carbamoyl-9H-
carbazole-2-carboxylate (Intermediate 48-1. 1.81 g, 5.01
mn&ol) and lithium hydroxide nionohydrate (0.601 g, 15 03
nunol) in Tlllmethanol-water (3:I:I, 50 mL) vvas heated at
reflux for 2 h 'I he mixture was cooled to rt and concentrated.
The residue tv as stirred in w ater and treated with I M hydro-
chloric acid to pH 1-2 'I'he prccipitatc was coflccted by fil-
tration. washed with water, and dned to atford 5-bromo-8-
carbamoyl-9H-carbapolc-2-carboxylic acid as a light brown
sohd (1.84 g, ca. 90% purity. 99!o). 'll NMR (400 Milz,
1)MSO-da) 6 12.95 (br. s t I H) 12 02 (s, I H) 8.6iq (dt J=g 53

Ilz. 111) 8.47 (8, 111) 8.28 (br. s., 111) 7.94 (d, J 8.2811z. 211)
7 87 (d,.1=8 28 Hy, IH) 7 65 (br sn 1H) 7 51 (dt J=803 Hz,
Ill). Mass spectrum m/z 331. 333 (M-Ii) .

[0466] The folio&sing Intermediates were also prepared
using thc procedure uscrI to prcparc Intcnnediate 49-1 but
using die appropriate material in place of Intermediate 48-1.

[0462] A stirred suspension of ethyl 5-bromo-8-carbam-
oyl-2,3,4,9-tetrahydro-l H-carbazole-2-carboxylate (Inter-
mediate 47-1. 9.31 g, 25.5 nmiol) and 2.3-dlchloro-5,6-dicy-
ano-l.d-bcnznquinone (12.73 g, 561 I mmol) in tolumic (127
mL) vs as heated at reflux for 3 h. The mixntre was cooled to rt
and the prccipitatc was collected by filtration. washed with
toluene and w ster, and air dried. The solrd was suspended in
methmiol and thc precipitate was collucctcd by tiltraiion.
v asbed with methanol and air dried to provide ethyl 5-bromo-

Iiliellilnllait: Cnillpliiliidil.'rill'acsafmciitliii

49- i-hrnmn-8-,uhaoioy&-9H-carbaznlc- '
1 caihnsvbc acid 3'i1IM — HC

biomo 8 cmbamoyl '.,3.4,9 terrahydro 333.
lkl-carbaznle-2-cvbosylic acid 132 iM — 0)

EX2026.0048



VS 20]0/0]60303 Al
48

Jult. 24, 2010

Intermediate 50-1

Preparation ol'-methyl-3-(4 4.5.5-(e(rame(byl- 1,3.
2-dioxaborolmi-2-yl)aniline

[0467]

[0468] A mixture of3-bromo-2-melhylaniline (4.00 o. 21. 5

mmol). 4.4.4',4'&5.5.5'.5coctafnethyi-2,2nbi(13.2-diox-
aborol ane) (fii. 55 g, 25.8 mmol) and potassium acetate (4.22 g,
43 0 nunol) in 1,4-dioxanc (44 8 ml,) and DMSO (9.0 ml,)
was purged w ith nitrogen for 10 min. [I, I cB)s(diphenylphos-

pluno)ferrocene]-dichloropalladium DCM adduct (0.527 g,
0.64S nunol) was added. the mfxture was purged for another
5 inin then was heated at rellux for 2 h. Tbe mixture was
cooled and liltered through Celite. The solids &vere w ashmi
with I')tOAc, mid tlm combined filtratcs werc washed with
water mtd briim. mtd dried and concentrated Thc residue was
purified by column chrontatography (clututg with hcxnne-
I tOAc using a grad(ent from 95:5 to 85:15) to prov)de 2-me-
thyl-3-(4,4,S,5-tetramethyl-1.3.2-dfoxaborolm1-2-yl)arulute
as a hght yellow waxy solid (4 4 g, 88%). used w ithout further
puntication. 'll NMR (400 Ml lz. chloroformd) o 721 (H h
dd.J 73, 1.0Hz),702(HI,(,J 7.7Hz). 675(HI&dd,J 78,
1.0 Hz). 3.54 (2H, br. s.), 2.37 (3H, s). 1.34 (12H, s). Mass
spectrum m/z 23'3.3, 234.3. 2353 (M+H) .

[0469] 'I'he following lntcrnmdiatcs werc also prepnrcd
using the procedure used to prepare Intermediate 50-1 or
closely related procedures.

Sriimng
Inrermwlisre Mntenslm'o&»pound name

Mass
specfitinh

(u.

«(i-4

( f)- 6

so fo

sn 11

ytnl2

«(i-14

\ ti- I 5

( f i. I 6

«6-17

(f&-la

Inteuncdistc
11
Inrermedinte
I-h

If&for&i&ed&sf&'-4

Intermedisre
1-5

Inrermedrsre
1-6

Intermedisre
2-1

Intermedrste
.'-I

Inrermed nte

Ititeniiedtste
4-1

Inteimed ste
42

I&lich&I&cd&f8'c

I

I&&ter&at'dist '-4

Ill(oh&I&cd&.'8'C

4 5

If&i. 'hill 'C(&hue

4 1

Irhteirnedi&te
4-7

Infeimediste
4-8

-hrtefhvl-3-14 45 5-ft tisrnelhyl-).82-
dioxsboiolmh- - )ibenmnitnle

.«-d (Iuoio-4-(4,4 .&-tetrsmethy)-1,1,2-
Choxsb& rolsn-2-) li,uuline
2-(2-»&ethyl-i- (4 4,,(-tmrsnhetln I- I 31.-
dio&sbornlsn 2 yl)pheny lirsomdolm I one
6 flume ."f 2 inethyl 3 (4,4
ten snhctln I-l.i.2-dio&sborolsn-2-
yl)phen Insmndolui I one

-»&ethos)-2-(2-methyl-i-f4,443H
telinmetliyl-la 2-dio&nborolsn--
yl)pl&eh f)i(mndnhn-I-one
'iz-ntethyl 3-1443( tetfsmethyl-134-
dioxsboiolsn-2ol)phenyl)-6-
(t»tiunr &neth, I!isomdolui-I-onc
6 metthyf 2 (2 incrhvl 3 (4,4.(.5
telisnhe&81 I-l.i 2-Cho&sborolsrh-2-

yltpheii f)ismndolui-I-one
2 (2 methyl i (44,(,& tetismethyf 1.3,2
Cho«toro)on- -)l&pheny lh3-
ox is indoluic-&- nrbonhtnl
5 tluom " li ntethyl 3 (4,4,&,5
tetrmnethvl I 3 .'io&sborol,u&-2

) I iphen, l)ismn lo luis- I 3-dionc
5 teit butyl 2 i2 methyl ') (4A,&,(
tetisnhefhyl-l.i 2-dhoesboroishh--

yuph rh, l)&sou&do(ufo-I 3-diorm
-methyl i-(44(,& tetmmethy(-1.3,2-

Choxslxi rois&&-."-yl ip her& 11)oct Eydm-0 I-

isoindol-I-orie
2-(2 methyl-3 (4.4.5.&-tetrnni thv(1..2
dioxsborolsn ".Iiphenvli ",1,4.(',(&7

h &sin drn-IH-isoind 1-1-& ri

6-(crt-butyl-2-( -rueihvl- -(4.4..5-
retismethyl I,zi dioxsborolmi

.'l)pheri)l)isoiridoluh-I-erie

«-tert-butvl-2-( -meth I-s-(4.4.(,-
tetrimethvl Inn 6 oxib rolnn 2

yl)phenyl)isoiriitolirh-I-one
7-(lucre-2-1 -hiietliyl-i-(4A,(.&-
retrsmerhyl l,ln dioxnborolsn 2

) l)phen Ih&oniitolm I one
4-nuoro-2-(2-methyl- -(4,4..5-
tet& smethy) I, .2 dioxsboroL&n

.'l)phenyl)»oiridoluh-I-erie

. -iris(in'I- -12-metln 1-3-(4.4 ",-
tetr&methyl-l, 4-Cmxib rolnn-2-
vl)phenyl)isoirhitnlnt-I -one
5-(luoro-2-1 -&&&ethyl-i-(4.4

reir&methyl 13.2 dios&br rol,iii ".

yl)pheih '(lisoindnlm I one

ibl

" 6" (M+ H)+

'(i 3 I M + H)
'

f)8. I (M +

Hi'8u

I rM+ 0)'0

8 I (M +

Hl'f(4»(M+1(i'

7& ) (Ivl + H)+

3 82 I (M +

Hl'2&&2

(M + Hi+

356 I (Ivl + H)+

M4 2 (M + H)+

4f&6 2 IM 4 H)+

4&)6 (Ivl+

H)'68

(M+

Hl'68

3 (11 4

HI'642

01+01'68

2 (M+ H)'
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-continued

Stan&i&

Inrcnuediate Ivlatenalf" I 0 o it 1 pun&i&I i&attic

Mms
spectmin

5(i. 0

. 0 21

50 &

fl 2:I

10

50 25

tl 26

iii- 7

8

9

0-'ii

&1.31

5(&.3

50 34

tl )6

5& 1 37

il 19

0.40

. &&-41

Sfl 4&

il 43

. &&-4

Interrried&sfe
-I

Intermedmt»

Itirermediate
6-1

Intennekate
7-1

I&it'ci&iicd 1 afc
8-1

Iuterniediate
8-2

h&tennubate
8- 3

lnteimediate
9-1

Iuteraicdiatc
o 7

Intemiedmte
I& 1 I

intermediate
11 I

I&tie&'i&&cd&a&1&.

(2 I

I&&le&i&&cd&at '3-I

It&terrnediate

17-1

Inter&net(etc
18-1

Intermediate
19-1

Intenne I &te

20-1

Inrermedmte
I-I

Iiitermediate
9-7

Intemi dmte
23-1

lntcraiediate
24-1

I&&It'i&i&cd&'&i tc

21.1
I&its&'i&&a I&ate

26-1

Intemiedmte
2&

'1 . I

Interaiediate
28 I

I&it&i&i&cd&.&ti

34 I

S-metic(-2-(4-methyl-5-14.4,5:-
1 Iruncth)l-l.', -d&cxibo&oLO&-2-

vtlpvudui-3- Iiisomdolm-I-oti
2-t4-methyl-5 (4.4,5. -&etrunethyl I 30-
d&oxal orolan-2-yl)py&idu&-3-yl)&sou&dolu&-

I oii'3 flumu 4(4.4,,5 fetrametbi I 1.).2
dross borolzn-2-illpyr&din-2-i( i&so&ndolir&-

I.oiic
& meth I

'I
i 2 meth).l 1 (4,4,5.1

tetrmmth)l-luh -d&oxibo&oLO&-2-

v(&phenyl)qufnazol n-4(XH I-one
1 (2 meth I 3 (44,,5 retrameth I IA.2
dioxaborol m-2-ynphem lsiuinaztlui-
4(3H)-onc
5 flno&o 3 (2 methyl '! 144uhx
tetrunefhyl 1,3H dicx&b&uontt"
yl)phmiillqu&nazol&r&-4idn)-ouc
6 chloro 1 &2 metiu'I 'I (4,4,&.s
letr uaeth) I-I Hdndiox.iboronn-2-

vl)ph uxl)quir&azolir&-413HI-uric

6 tlumo- -&2-methyl-i-i44.5.5-
tetrunethyl l,xn dioxabo&olan-2-

vl)phenyl)qu&r&azolrn-4(IH)-onc
6-meth I- -(2-matin I- -(4,4.&,1-

tetr&methyl 1,3H dicx&bo&olan 2

il)phmnllqu&r&molir&-4" H)-or&c

2 (2-meth I 3 i44.S,5 tetian&eth 1 I,H2
dioxaborolati 2 il)phenyl) soquu&obn
I(2HI-on
7-(2-nieth I-x-(4.4.5,x-tetranietl& I-1n.-
dioxaborolin 2 vnpherixlbrrudazo[1,2
afpvrazin-8(7HI-one

p nolidin-I- l(4-(4A.,S-tetr:uncthyl-1nn-
droxaborol.in 'li IH inflol

.'nmethanone

2-( -rncthyl-3-(44. A-til&arncthyl-I H2-
d&oxaborolati-2-yl)phenyl) souidnl ne

5-meth&I 3 pher&vl-6-(44d. -&etrunethcl-

1.3 2-dioxsborolan-?-&l)-3.4-d&1&vdro-2H-

benmfeff1. Icxazui-2-nne
5 rue(by( 3 phenyl 6 &44d, tetraruethyl
I, 2-dioxaborolar&-2-ili-2H-

bcirrolcf[ldf xazu&-4(XH)-onc
5 meth I:t phenyl 6 t4A,S,S tetruneth I

1.3 2-dioxiborolari-2-in-2H-
benm[ef f1.ijoxazii&e-2A(3H) din&»

8 (2 matin( ) (4,4o,x tetramethyl 1.) "

dioxxborol ui-2-i()phen) lb in-uidazol-3-
a&1111&C

tert buty16 (4 t)uorophenyn ." (44.1,5
tetrarnethyl l,xn dioxabo&olan-2-11) Hl-
uidolc-I-cxrboxi Lite

3 M methvt (4,4,SH tet&ameth I 1.3,
droxaborolari--'-\ Hphe&(11)-6-

linn&in&or&&cilia'1 lqiiiiiazoliii 4( H\ oii

7 (4,4.1, tetramethyl 1.3 2 dmxaboroL&n-

-yn-3,4-dd&ydro&soqurr&ol&n H2H't-uric
-(4-tluor pl&en I)-7-(4 4, S.t 0;unctl&vl-

1,1 -dioxzbcmlan-2-vlk3.4-
dihviirorsoqun&ohn l(2H) one
l-id-tluo&obenzvlk4-(44.. -tet&am tlul-
I, 2-dio&.xborolan-2-&l&-IH-uidole

(4 tlnomphenyl)(s (4,4,1,1 tetiamethyl
1.3 2-dioxaborolari- -inr&xphthaler&-I-

Vnmetl&anone

I (2-meth I 3 i44S,5 tetian&eth l I,H2
dioxabornlm-2-illphenvl)pqiendin-2-or&e
b-(2-&nctlul- -(44 S. -tetrunett&xl-l.)LH
dimabornl.&n &

vl tphenvnmclopropanecarboxanui(e
2-nuu&o-3-(4.4. d-let&am th, l-i '.'-
d oxabnrol.in . vlianfl ne

6 2(M+H)'

I "(M+ Hi'

5 IM + H1'7

) (M +

Hl'61)

(M+H)'

81.3 (Ivl + H)+

3 &J

399 (M + HI'

81 ) (I (+ Hi+

377 &M+ H)+

62 ) (M+

Hi'12
I (M+

Hi'41

I (111 + H

I'36

2 (M +

H)'66

I (M +

H)'66.1(M+Hi'

8& t I (b I + H)')

(M+

Hi''180

(Ivl+

Hi'471&M+H)'74

I (M +

Hi'68

I (M + Hi'

2 2 (M + H I''i'i

4 &M+ H)'6

) (M + Hi+

3 ' (M + Hi''8

I (M + Hl'
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-continued

Stan&i&

Inrcnuediate Ivlatenalt" I 0 or&&pout&&I &&alfie

Mms
spectmin

50-46

. 0 47

tl 4)

&0 S(i

50 I

0 \

'7 0- '& 1

i&.54

il SS

. 0-SB

50-59

1&.6&i

Interrried&afe

39-1

Intermedmt»
4&i-I

Ittrermediate
'I- 3

Inrenneaate
44)

I&it'eitiied i afe

442

Iorerniediate
9-4

It&tennemate
9-

lnteimediate
9-6

Interaicdiatc
32 9

Intemiedmte
32 6

Intermediate
3& t

I&&to&'i&&cd&a&to

32 7

I&&leis&&cd&at '

6

Interrried&afe

m9

I&it&i&i&ed&.ttc

').)ti

2-(4-11aompl&eriyl)-7-meth)(-6-(4,44.5-
1 Iruncthyl-l.b -d&cxiboiohu&-2-vb-IH-

bcnm(d)im i(&vole

) qykb&a(tert-butylcxycarboay(by-(4.4..', 5-

tctrauict(01-10.2-dioxaborolan- -vl)-4-

ni tliylth&azol 2 ylania&e

tl duoro "
12 methyl 3 14,4,&,S

tctramethvl-I 4.2-d&oxaborohu&-2-

vl)pl&anil)quu&azolin-4(3H)-one
2 (2 meth I ."(44.,5 tet&an&era I i,t 2

dioxaborolari-2-il)phenyl&-ln-pvirolo)3.4-
fpvrid&n-1i2H)-ntie

(2) X (finof 4 cfpViidm I( H) Vlnenei 2

nietliyl-n(445, -telrai&iethvl-)Ha-
d&oval orolan-2-yl)aniline
tl methm.v 3 0 meth I 3 i4.4.&,S

tetr unethyl 1,34 dier &b&u out& "

vl)phmiillqu&nazol&r&-4isn)-onc
5 methoxv I (2 nieth 11!44.&,S
Ietruaethyl-I Hdndiox iboroun-2-
vl)ph u&l)quir&azclir&-41)HI-erie

7 methoxy-1! -meth I -(44,5.5
tetrunethyl 1,1.2 dioxabo&olan-2-

vl)phenyl)qu&r&azolrn-4(IH)-onc
b-( -&ncthi(-3-(44 &.&-tet&a&neth) (-l,).2-
droxaborolin 'liphen) Hquu&azolmm
a&i&i&i

'

tluoio-b-f2-methy(- -&44S,S-
tetramethyl ).1,2 dioxaboiolan"
vl)pheii'i()&i&i&i&are(it&.4.a&i&&tie

7-tlnn&o-b,-(2-in tbvl- -(4.4.oim
tetrarnethyf 1,34 dioxabo&olan 2

vltphemllquinazolm 4amme
S-tluoro-b,-f -nietbv(-3-(4.4.,5-
tetr&methyl ),34 dmx&boiolan 2

vlfpheavliqumazolrn 4-an&me

tl-ru Ihyl-3-(2-roc&hi 1-3-1444 5-

tetromethv I 1.1,2 dioxabo&olan-2-

1upliertvl)quiriazolin-4t30 kor&c

6-me&boo-)-(2-&neth)lob(44..5-
tetranietln I 1.1, d&oxaborofan-2-

vltpheuvllqumazolm 4(301 on»
7-nuu&o-3-(2-met)&&le-(4 4..5-
tctrauict(01-10.2-dioxaborolan--
yl )phenyl iqu namlrn 4()H) onc

'2(M+0)'41

" (M +

Hi'614

ilvl+

Hl'51

'M+

kll'st

1 (t(+

H)'93.1(fvl+

0)+

391 I (M +

H)'911(l,(

+ H&+

36 fl!M+ H)+

79 9 (M + HI'

a& fl (M +

H&'ht)

fl (fvl+

H)'77

I (M +

H)'91

I (M + 0)'SI

I (M+Hl'i

)
'Hymta f400 mfr m tl I- I&) O 7 96 &1 H dt I = C. I Ii H i. 72 (I H 4 I I= ' I ti H l. '1(l

Intermediates 51-1 mid S)-2

1'reparation of 6-eh)ore-2-(2-methy)-3-(4,4.5,5-tct-
ramethy)-1.3.2-dioxaborolan-2-yl)phenyl)isolndohn-

1-one and S-chloro-2-(2-methy)-3-(4&4, S&5-tetram-

ethyl-1.3&2-dioxaborolan-2-yl)phenyl)isoindolin-l-
one

-continued

[0470]

[0471] A suspension of crude 2-(3-bromo-2-methylphe-
nyl)-5-chloroisoindol inc- l,q-dione (lntenncdiatc 3-3. 3 77 g,
10.75 mmol) in metlmnol (100 mL) was treated with sodium
borohydridc (1.017 g, 26 &) mmol) and stirred at rt for 2 h The
tnixture was concontratcd to give a solid which ives sus-
pended in ll( M (20 ml.) and treated with triethylsilane ()g.
12 mL, 113 nunol) and stirred at rt. After a fe&s minutes& the
mixture ivas treated slowly with TFA (4.37 mL, 5(i.7 nunol)
and stirred for 10 min. Additional TI'A (4 37 mL, 56 7 nunol)

EX2026.0051
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was added and the solution was stirred at rt for 1.5 h. The
mixture was concentmted and the residue was dissolved in
DCM. The solution ives washed with NaHCO3 (aq) mid
u ster, and dried and concentrates[. The residue was purified
colunui clmrmatography (cluting with 25 75 I;tQAc-hcxanc)
to gi(u a solid, containing both 2-(3-bromo-2-mcthy Iphmiy[)-
ti-chlomisoindolin-1-one and 2-(3-bromo-2-methylphenyl)-
S-chloroisouidolin-I-one. Hsing the procedure used to pre-
pare Intermediate 50-1, this matenal (0 85 g, 2 53 nunc[) was
converted to a nuxture of 6-chlom-2-(2-methy[-3-(4,4.5,5-
tetramethy[-1.3.2-dioxaborolan-2-yl)phenyl)isoindolin-l-
one and S-chloro-2-(2-me(by[-3-(4zh5.5-(etr unethyi-[.3,2-
dioxaborolan-2-yl)phenyl)isoindolin-I-one which was

separated by col u nut chromatography (el uting with a gradient
fmm 95:5 to 75 25 hexane-1 itOAc). (I-chloro-2-(2-methyl-3-
(4,4,5,5-tctramcthyl-[,3r2-dioxabomlan-2-yl)phenyl)isoin-
dolin-1-one (Intermediate 51-1, 126 mg. 13%o): 'H NMR
(400 MHz. chloroform-d) 6 7.94 (IH, d..l—

1 9 Hz), 7 83 (I H,
dd. I 7.1, 1.8 I lz), 7.S7 (1[I, dd, J 8.0, 1.9 I lz), 7.44 (1[1, d,
J 80[lz), 727-733 (2H, m), 466 (2[l, s), 2 4[ (311, s). 1.35

(121 I. s). Ivlass spectrum nt/2 384. 386 (M+H) . S-cldoro-2-
(2-methy[-3-(4,4,5.5-tetramethyl-[3.2-dioxaboro[an-2-y[)
phenyl)isoindolin-I-one (Inlermediaic 51-2. 315 mg, 33%).
'H NMR (400 MHz, chloroform-d) 6 7 88 (I H, d..lf 8 6 Hz),
7.82 (I H, dd..l—7 I, I 8 Hz). 7 48-7.54 (2H. m), 7.27-7 32

(2H, m). 4.6(i (2H, s), 2.41 (3H. s), I 35 (12H, s) Mass
spectrum m/z 384, 386 (M+f1)'.

Intermediate S2-I

Preparation ol'4,4,5,5-tetr unethyl-2-(8-methyl-2-
phenylcluoman-7-yl)-1,3,2-thoxaborolane

[0472]

startllls
Intermediate material ( olilponlld nazi!e

Maa(

elm CI Il I II I

( lateirn drate 3-ph rill-d-(444.3- 2.'."-1tentnnothil-l.3 2dioaibor lm- (M+

il)'bs.a-rIihVdm-2n-

beirzo[e]11,3]oaazin-"-one

Intenncdiale 53-1

Preparation of 4-tluoro-N-(2-methy[-3-(4.4,5,5-tet-
nmethyl-1 ch2-dioxaborolan-2-yl)phenyl)benzamide

[t)475[

0

g/4

[0476[ A solution of 2-niethy[-3-(4.4.5,5-tetraniethy[-1,3,
2-dioxaborolan-2-yl)aniline (Intermediate S0-1, 1.10 g, 4. 72
nimol) in FtOAc (25 ml.) was treated with TI'.A (0.789 ml,
5.66 nunol). then with 4-fluorobenzoyl chlonde (0.577 mL,
4 81 mmol) and thc mixture was stirred at rt After 22 h, the
mixture was diluted with EtOAc. washed twice with water,
then ivith brine, and dried and concentrated to provide
d-fhioro-N-(2-methyl-3-(4,4,5.5-tetramethyl-[,3,2-diox-
aborolan-2-yl)phenyl)benzamide as a glassy fiiam (1.705 g,
ca. 90% purity, 92%). "H NMR (400 MHz, cldorofonn-d) th

7.96(d .)=7 5 Hz, [H) 7 90(ddr.l=g.di, 5.3 Hz, 2H) 7 66(dd,
J 7.4, 1.2 Hn [H) 7.63 (br. s., III) 7.22-7.29 (m, HI) 7.18 (t,
J=g.(i Hz. 2H) 2.53 (s, 3H) 1.36 (s, 12H) Mass spectnmi m/2
356.1 (M+H) .

[0474] The folloving Intermediates were also preparmi
using the procedure uscxi to prepare Intcmicdiatc 52-1

[0473] A mixture of 8-methyl-2-phenylcluoman-7-vl trif-
luommethanesulfonate (Intemiediate 14-1, 0300 g, 0.806
mmol). 4.4.4',4L5,5,5[5uoctamethyl-2,2ubi(1,3,2-diox-
aborolane) (0.246 g, 0.967 atmo[). [I, labia(diphenylphos-
pbino) fr.rroccne]-dicbloropalladium D('M adduct (0 066 g,
0.081 mmol), diphcnylphosphorylfi:rroccne (0 045 g. 0.081
nunol) and tripotassimn phosphate (0 342 g. 1.611 mniol) in
l)MF was heated in a scaled tube undm nitrogen at 80'3 for
15 h The mixture was cooled and diluted with FtOAc (30
ml ), washed with saturated aqueous anunonium chloride (10
mL), water (10 mL) and bnne (10 mL), dned and concen-
trated. The residue u as purified by colunm chromatoyttphy
(elu ling tv ith a gradient I'rom 97.5: 2.5 to 95: 5 hexane/ Et OAc)

lo give 4,4,5,5-(ctramcthy[-2-(g-mcthy[-2-phcnylcluoman-
7-yl)-1,'3,2-dioxaborolanc as colorless liquid (ca. 85%
purity) 'H NMR (400 MHz. chloroform-d) 6 7 35-7.46 (4H,
m), 7 26-7.3 5 (2H, m). 6 92 (I H. d, .1

—7.48 Hz), 5 11 ( I H, dd,
J— t).79, 231 Hz). 2.98 ([H, ddd. J — 16 84, 11.1[r 6 16 Hz),
2.70-2.83 (HL m), 2.40-2.54 (3IL m). 2.15-2.30 (IH, m),
1.92-2.04 (IH, m), 1.34 (12[L s). Mass spectrum m/z 351.1
(M+H)'.

Intermediate 54-1

Preparation of tert-butyl-isopropyl (S-(4,4,S,5-tet-
ramethy[-1.3.2-dioxaborolan-2-yl)tluazo1-2-yl)car-

bmnate

[t)477[

[0478[ A solution of tert-butyl 5-bromothiazol-2-yl(iso-
propyl)carbamate (intermediate 43-1. 7.5 o, 233 mmol) in
THF (50 mL) ives treated with n-butyllitldum (1.6 M in
hexane, 21.8 mL. 34.88 nunol) dropwise at -78'. The
resulting solution was stirmd at -78o C for 10 min, then was
treated drop(vise with 2-isopropoxy-4,4.5,5-tetr unethy[-1,3,
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2-dioxaborolane (6 49 g. 34 9 nunol). The mixture was stirred
at -78'. for 2 h, then was v anncdto rt and treated with 50%
aqueous anunonimn chloride (50 mL). The mixture was
extmcted with l.'tOAc (100 ml.) and thc organic layer was
washedwithwaterandbrine.anddnedandconcentrated, The
residue ivms slurriul in hexane (30 mi.) and thc precipitate
was collected b& liltrauon. washed u ith hexane (20 mL) and
dricxl to give tert-butyl-isopropyl (5-(4.4.5.5-tetmamethyl-1,3,
2-dioxaborolan-2-yl)thiazol-2-yl)carbamate as a yello~
solid (4 17 g, 48%). 'H NMR (400 MH&. chloroform-d) 6

7.95 (s, IH) 537 (m. HI) 1.60 (s. 9H) 1.44 (d, 6.7 Hz, 6H)
134 (s. 12H)

Intermediate 55-1

Preparation of 2-(3-bromo-2-niethylphcnyl)-5-hy-
dmxyisoindolin-I -one

[0479]

[0483] Step 2 Follov,ing the procedure of Congiu et al.
(Bioorg. Med &'hcm I,ctt. 2008. ')8')), 2-(3-broino-2-mcth-
ylphenyhimino)-I-phenylethanone (250 mg, 0.822 nunol)
v as mmvencd. fiillowing purification by column chromatog-
raphy (eluting with a gradient fmm 25.75 EtOAc-hexane to
EtOAc) to I-(3-bromo-2-mcthylphenyl)-4-phenyl-I H-iini-
dazol-2(3H)-one as a iihite solid (59 mg. 22iu). H NMR
(400 MHz l)MSO-ds) 6 11 00(IH, s). 7.70(IH. dd, J=8.0,
1.011z), 7.59 (2H, d, J 7.311z), 7.34-7.43 (311, m), 7.21-7.32
(3H. m), 2 27 (3H, s) Mass spectrum in/z 329, 331

(M+H)'ntermediate

57-1

Preparation of racemic benzyl I-('3-bromo-2-meth-
ylphenyl)-2-oxopyrrolidin-3-ylcarbamate

[0484]

[0480] A mixture of 2-(3-bromo-2-methylphenyl)-5-meth-
oxyisoindolin-I-onc (Iutcrnmdiate 1-4, 100 mg, 0 30 nimol)
and 1.0 M boron tribromide ui DCM (900 PL, 0.90 nmiol) ivas
stirred at rt tiir 4 h. Ihc reaction mixture uas dilntcd with
DCM, washed with NuHCO3 (aqj and dned and concen-
trated. 'I hc rcsiduc was purified by column chromatography
(elutuig with EtOAc-hexane) to provide 2-(3-bromo-2-meth-
ylphenyl)-5-hydroxyisoindolin-I-onc as an off-white solid
(62 mg, 65%). 'H NMR (400 MHz, chlorol'onn-d) 8 10.27
(I H, br. s ). 7.64 (I H, dd, .I

—7 9, 0 9 H&), 7 59 (I H, d, J— 8 4
Hz), 7.44 (IH. d, J 7.3 Hz), 7.25 (IH. I, I 7.9 Hz), 6.98 (Hi,
d,.l I 3 Hz). 6 93 (IH. dd..t 8 3, 2.1 Hz). 477 (2H„s), 2 20
(31 I. s). Mass spectrum m/z 318, 320 (M+H)'.

intemiediate 5ti-I

Preparation of I-(3-bromo-2-methylphenyl)-4-phe-
nyl-HI-imidazol-2(3H)-one

[0481]

0

g Vti

Bi

[0482] Step I A mixture of 3-bromo-2-methylaniline
(0.620 mL, 5 03 mmol) mid sodium bicarbonate (565 mg.
6.73 nunol) in acetonitrile (4.5 mL) was ueated with
2-bromo-I-phenylcthanonc (500 mg, 2.51 nunol) and the
mixture was stirred at rt. After 24 h, the suspension ives
filtered and the precipitate ivmi suspmtdcd and sonicated in
v;ater, collected agaui by liltration. washed with water and
driixl to provide 2-(3-bromo-2-niethylphcnylmnino)-I-phc-
nyledianone as mi off-white solid (508 mg, 67%). 'll NMR
(400 MHz. chloroform-d) 68 00-8.06 (2H. m). 7.61-7.68 (I H.
m), 7.53 (2H, t, J 7.6 ilz). 6.94-7.01 (211. m), 6.51-6.58 (I H,
m), 5.06 (I H, t. J—4.1 Hz), 4.62 (2H, d..t—4.4 Hz), 2 40 (3H.
s). Mass spectrum nu'z 304. 306 (M+II) .

[0485] Step I A solution of 3-bromo-2-methyhiniline
(0.662 ml .. 5 37 mniol) and racemic 2-(bcnzyloxycarbony-
lamino)-4-(methylthio) butanoic acid (1.523 g, 5.37 nunol) in
acetonitrilc (25 nil.) was treated with I-hydroxy-7-azabcn-
zotriazole (0.878 g. 645 mmol). diisopropylethyhunine
(1.877 nil,. 10.75 nunol) and I')DC (I 23&i g, &i.45 mniol) and
stirred at rt. Afier 20.5 h, the mixture wus diluted with ivater
and ethyl acetate Thc organic phase was separated, washed
with I M aqueous HCI mid NaHCO3 (aq) and liltered to
remove a flocculent white solid 'I'hc filtrate was dried and
conc mitrated. and the residue u as reory am ll ized from etluinol
to give racemic benzyl I-(3-bronte-2-mcthylphcnylaniino)-
4-(methylthio)-I-oxobutan-2-ylcarbamatc as a ian solid
(1.33 g, &i9%). 'H N

MR 

(400 MHz, chloroform-d) 6 8 08 (I H,
br. s ). 7.68 (IH„d, J 7.9 Hz), 739 (HL d, Jl 7.9 Hz). 7.34
(5H, s), 7.04 (IH, t,.)=8 0 Hz), 5.58 (IH. d,.)=7 9 Hz), 5 14

(211. s). 4.53 (I H„q, J—7 01iz). 2.55-2.72 (2H, m), 2 28 (31L
br. s.), 2.17-2 27 (IH, m). 2 12 (3H, s), 2 01-2.10 (I H. m).
Mass spixtnun m/z 451. 453 (lvi+H)".
[0486] Step 2 A mixture of rucemic benzyl I-(3-bromo-2-
methylphenylamino)-4-(methylthio)-I-oxobutan-2-ylcar-
bamate (1.31 g, 2.90 mmol) and DCM (4 mL) was diluted
with iodomethane (7.5 mL. 120 nunol) and the mixture w as
stirred at rt After 24.5 h, the mixture (a solution with an
insoluble reddish oil) was concentrated under vacuum. The
residue was treats! three times with DCM und concaitrated
under vacuum to provide racemic (3-(benzyloxycarbony-
lamino)-4-(3-bromo-2-methylphenylumino)-4-oxobutyl)
dunethvlsulfonium iodide as an orange-yellow glassy foam
(1.75 g, 97%), 'H NMR (400 Ml lz chlorol'onn-d) 69.16 (Hi,
br. s.), 7.28-7.46 (7H, m), 6.99 (III. t, J—Rfl iiz). 6.71 (I II, d,
J 6 8Hz).5.11(211. s),4 84(IH.br s ).3 75(IH, br. s ).3 54
(HI. br. s.), 3.14 (3H, br. s.) 2.96 (3H, s). 2.75 (Hi. br. s.),
2 33-241 (III. m), 2.30 (3H, br, s.), Mass spectnun m/z 465,
4&i7 (M)".

[0487[ Step 3 A solution of racemic (3-(benz) loxycarbo-
nylamino)-4-(3-bromo-2-methylphenylamino)-4-oxobutyl)
dimethylsulfonium iodide (I 96 g, 3 30 mmol) in mihydrous
DMSO (33 mL) v;as stirred at rt mid ireated with cesium
cmbonatc(2 698,826niinol)in3portionsovcr25min After
4.5 h, the mixture was diluted with EtOAc, washed tluee
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times««ithwater uidtwlcev ithbrine,dried uidconcentrated
to provide racemic benzyl I-(3-broino-2-mcthylplmnyl)-2-
oxopyrrolidln-3-ylcarb unate as a t ui solid (1.248 o, 94%).
'H NMR (400 MHz, chlomfomi-d) 6 7 52-7 58 (IH. m),
7.30-7 40 (5H, m), 7.10 (2H, d. J 5.1 Hz). 5.47 (HIJ br. s.),
5.15 (2H. s). 4 39(IH. ddd,.(=10 6. 80, 5 2 Hz),3 72(l H, td,
J 9 9. 6 4 Hz),3 60(HI, E J 9 4 Hz),2 27(3H. s).2.11-2 26
(2H, m). Mass spectrum nv'z 425, 427

(M+Na)'xample

l-l

Preparation of 4-bromo-7-(4-methylplperazine-I-
carbonyl)-9H-carbazole-I-carboxamide

[0488]

[0489] A suspension ol'-bromo-8-carbamoyl-911-carba-
zole-2-carboxylic acid (Intermcxlia(e 49-1, 1.84 g, 4.97

mmol), I'113&. (1334 g. 6 96 mniol), and HOITI'(I 0&i&i g, &i 96

nuno1) in Till'-DCM-DMI'4: I: I ) (124 mL) tv as treated with

I-mcthylpiperazinc (I 656 mL 14 (3 I mm()l) and the mixture
was stirred at rt for 3 days Tlm mixture wns concentrated and

the residue was partitioned between DCM and Nal IC03 (aq).
The organic phase was washi«I with brine, dried tmd concmi-

tramd to affiird an oil This was purified by column chroma-

togmphy (DCM-2 M metlmnohc anunonia. 100:0 to 95:5 to

92.5:7 5). The resulting solid was suspended in UtOAc, col-

lcctcd by filtration and dried to provide 4-bromo-7-(4-meth-
ylpiperazine-I-carbonyl)-9H-carbazole-I-carboxmnide

(1.57, 76%o). 'H NMR (400 MHz, DMSO-do) 6 11.83 (s,

IH) 857(d,.1=8 13 Hy IH) 820(br s. IH) 7.84(d, J=835
Ilz. HI) 7.79 (6, 111) 7.56 (br. s., 111) 7.42 (d. J—8.1311z. I il)
7.22 (d, J 8.13 Hz. HI) 3.30-3.70 (m, 411) 2.19-2.39 (m. 4il)
2 16 (s, 3H). Mass spccmlm mfz 415, 417 (M+H) .

[0490] The following Lxmnples and Intermediates «vere

also prepared using the procedures used to prepare Example
l-l. or closely related procedures.

Exantplc Star(tria

Iritermediate material Compound naine

"vina

ipt:Ctitfiit

Iiirermed at 4-bromo 6 ia-nietbvipiperamie-1- arbnnvn

91t cail ernie I carbo«amide 41" (M + 8I'ntermediate«bromo " i4 methyipipeia ne I carbonyn

3,437 retrahvdro (H cnrbimle 6

carbo«amide

421 (M+Rj'nrermed

ate Iiitermed ate 4 bromo 7 i moniho luis m «ibon I I 9H

carhimle I cat'b xirtudeI 4(ai

4t i2

4ii4 IM+ RI'

«(ai 49 3

Inrennnt ate Iiitemied ate «-bromo-hz (3-Idimethylanniio siiopyl!-

Z'lA,2 tetrahydrn (H arbazole Ztl

rbc'iiboiitilitlc

42i (M+

Hi'ntermediate

Intennediare 6 bromo I«(4 Idmiethytinunoibutyh Z'lA,7 436,

! 6(al retiahvdro IH carbarn(a ZS dicarbnxaniide 437 ('vl+Hl'nrcrtncdtatc

lit(citric( at'e

I 7(a!

«bronte 6, (tati«hydro H pyriii 4

2H,4,9 reti ahydm I H carbamle 28

dic Jnuix,ittlitle

4 1!,

422 (M+

Hi'arermedrare

Intermediate «bromo I -';I methylprpendin 4 ih Z3,4,9 4'!3,

I Sla) 49 3 tetrahydro 10 cmbazole ZS dicarhmmuiie 436 (M+HI'nrermediate

Intermediate

I 9(a!

«bromo Xr meth I h (I nieth Ipipendm 4

yn ", i,a.u tetrahydm IH «rbazo le 24

dicarhoxamide

449 (M+

Rj'nterrnoiiitc

Intermediate 4-brotno-1«bh -dnnctlnl-9H- nb«zoic-1,7- 3 6t'i

Ini

49 I rlcarbnxamide 762 (M+ Rj'
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Example 2-1

Preparation ol'4-(s- unin&inaphthalen-I-yl)-7-(4-
mcthylpipcmzinc-I-carbonyl)-9H-carbazole-I-car-

boxamide

[0491]

NH&

0.007 mmol) and purged v ith argon for ca. 5 min. The mix-

ture was heated at 90', for 19 Ix then was cooled to rt and
concentrated Thc residue was purihcd by preparative HEI,C,

then was partitioned between EtOAc nnd Nal ICO3 (aq). the

aqueous phase was cxtrect ixi again u:ith I.&OAc, and the coni-
binixi organic phases v ere dried m&d concentmted to provide
4-(5-am&nonaphthalen-I-yl)-7-(4-methylpiperaz&ne-I-cm-

bonyl)-911-carbazole-I-iarboxamide as a li J&t yellow solid

(13 I mv. 42%) 'HNMR(400MHz. DMSO-d,) 81171(s,
I H) 8.22-8.27 (&1&, 2H) 8.07 (d. J —7.7 Ilz, IH) 7.73 (s, Hl)
755(br s.. IH)752(dd,J 86.68Hz, IH) 742(dd.J 6'7,

I 0 Hv., I H) 7 09 (d, .1=7.7 Hz, I H) 6.96& (dd, J=8.2, 7 6 Hz,
IH) 6.64-6.70 (m, 2H) 649(d, J 8.3 Hz. IH) 6.38 (d. I 8.1

Hz. Hl) 5.85 (s, 2H) '3.48-3.S9 (m. 4H) 2.17-237 (m, 4H)
2 14 (s, 3H). Mass spec n&&z 478.10 (M+Hj .

Example 2-2

Preparation ol'-(isoqu&nolin-I-yl)-7-(4-me&hylpip-
erazine-I-carbonyl)-9)H-carlmzole-I-carboxamide

[0494]

[0492] Step I A solution of tris(dibenzylidene«cetone)di-
palladium (27.6 mg, 0.031 nunol) and tricyclohexylphos-
phine (1.0 M in toluene, 0.144 ml,. 0.144 mmol) in 1.4-

dioxane (8 ml,) was purged with argon for 10 min 4-Bmmo-
7-(4-methylpipcrazine-I -carbonyl)-9H-carbazole-I-
carboxam&de (Example l-l, 500 n&g, 1.204 n&molj, 4.4,4',4L
5,5,5',Sine&an&ethyl-2,2nbi(13,2-dioxaborolane) (336 n&g,

1.324 mmol) and potassium acetate (177 mg. 1.806 nunol)
were added, bubbhng was continued for another S mu&. and
the mixture was heated in a sealed tube with stirring at85-90'.

for 18 h. The mixture uas cooled to rt and diluted u ith
u ster and EtOAc and the layers u ere separated. The aqueous
phmc was extracted twice with EtOAc, m&d the combined
or anic phases were dried and concmitrated. The residue v;as
taken up in acetonitnle, filtered, and tlm filtrate was concen-
trated to give 7-(4-niethylpiperazinc-I -carbonyl)-4-(4,4.5,5-
tetramethyl-1.3.2-dioxaborolan-2-yl)-9H-carbazole-l-car-
boxam&de as a yellow-tan glassy foam (602 mg) which was
used without further puntication. 'H NMR (400 MHz,
DMSO-d„) &511.63(s. HI) 8 86(d,i 8 3 ilz. HI) 8 25(br, s.,
HI) 7.95 (d. I 7.7 Hz, HI) 7.90-7.94 (m, 2H) 7.58 (d. J 7.5

HA IH) 7.16 (d. I— 6 8 Hz. IH) 3.36-3 72 (m. 4H) 234 (br. s..

4H) 2.21 (w 3H) 1.43 (s. 12H), aliphatic impurities were
observed. Mass spectrum &n!z 4&ix 34 (M+H)'.
[0493] Step 2A mixture of7-(4-mcthylpipcrazini- I -carbo-
nyl)-4-(4,4,5,5-tetramcthyl-l.3.2-dioxaborolan-2-yl) n)l I-

carbazole-I-iarboxmnidc (the crude product prcparcd
according to Sti7 1. 40 mg, 0 065 mmol). 5-brotnonaphtha-
len-I-amine (21 61 mg. 0.097 n&mol), and potassiun& carbon-
ate (1345 mg, 0.097 nunol) in toluene (1.5 n&L) and ethanol
(0.7S ml.) was treated with [l,labia(d&phenylphosphu&o)-
fermcene]d&chloropalladium(H) DCM complex (5.3 m,

NH

[0495[ IJsing the procedure of Step 2 nfl'ixample 2-1.7-(4-
mcthylpiperazine-I -carbonyl)-4-(4.4.5.5-tetramcthyl-l ch2-
dioxaborolan-2-yl)-9H-c;ubazolc-I-carboxaniide (the co&dc

product prepared according to Step I ofExample 2-1. 40 n&g,

0.065 nunol) m&d I-chloroisoquinoline (15 92 mg, 0.097
mmol) were converted to 4-(isoquinolin-I-yl)-7-(4-mcth-
ylpiperazine-I-carbonyl)-9H-carfiazole-I-carboxamide (6
mg, 20%). 'H NMR (400 MHz, IJMSO-ds) b 11.82 (s. Ikij
8 71 (d. I—5 511z. 111) 8 32 (br. s.. 111) 8 15 (d. I—7 7 I lz, 21 I)
8 06(d, J 5 3Hz. HI) 7 80(ddd, I 8 2,6 5. 15 Hz, HI) 7 77

(s, 111) 7.63 (br. s., HI) 746-7.55 (m. 2H) 7.25 (d. J 7.9 llz,
I H) 6 71 (dd, J 8.2. 1.4 Hz. IH) 6.24 (d, .I 8.1 Hz. IH)
3 46-3.62 (m, 4H) 2.18-2 34 (m, 4H) 2 16 (s. 3H). Mass
spectrum m!z 464.3 (M+II) .
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Example 2-3

Preparation of 4-(7-tluom-I H-indol-fi-yl)-7-(4-meth-
ylptperazute-I-carbonyl)-911-carbazole-I-carboxam-

ide

[0496]

6.63 (t. J 3.3 Hz. Hl) 3.77 (br, s., 2H) 3.49 (br. so 2H) 2.51
(br. s., 211) 2.39 (br. s., 211) 2.30 (s, 311). Mass spectrum m/z
470.1 (M+H) .

Example 2-4

Preparation of 5-(I-carlmmoyl-7-(niorpholine-4-
carbonyl)-911-carbazol-4-yl)-I-naphthoic acid

[0498]

Q
[0497] A mixture of 7-(4-methylpiperazine-I-t:arbonyl)-4-
(4,4,5,5-tetramcthyl-1,3.2-dinxaborolan-2-yl)-9H-carba-
tmle-I-carbnxamide (prepared according to the pmccdure of
Step I of Example 2-ii 75 mg, 0.065 nunol), fi-bromo-7-
iluoro-HI-indnle (prepared according to V.S. pat. appl 2007/
112005, 18 7 mg, 0.087 nunol), and 2 M aqueous sodium
carbonate (0.081 mL, 0.162 nunol) tn toluene (0.8 mL) and
ethanol (0 2 mL) was purged with argon, treated with tetmlos
(uiphenylphosplune)palladium (7.5 mg, 0.007 mmol) and
hcatcd at 90', After 16 h. the mixture was cooled tn rt Thc
rcsiduc was purified by preparativc I IPI.(2 'The resulting TFA
salt yvas partitioned between NaHC03 (aq) and FtOAc, and
the organic extracts were dried and ctmccntrated to provide
4-(7-tluoro-IH-mdol-fi-yl)-7-(4-methylpiperaztne-1-carbo-
nyl)-9H-carbazole-I-carbnxamidc as an nff-white cnlid (9
mg,30%o). HNMR(400MHz,methanol-da) 67.99(d. J—7.5
Hz, HI) 768(d.l 09Hz, HI) 752(d,J 79Hz. HI) 739(d,
J 3.5 Hz. HI) 7.25 (dd, I S.l. I.l Hz, Hl) 7.21(d,J 7.5 Hz,
Hi) 7.08(dd, I 8.1,6.4 Hz, Ili) 6.92(dd,.i 8.1„1.5112., IH)

HH

[t)499[ Using the procedures nf Iixmnple 2-li4-bmnin-7-
(mnrphnline-4-carbonyl)-9H-carbazole-I-carboxamide (ln-
temledtate I-4(aj) and 4-bromo-I-naphthotc acid (prepared
according to the procedure of I lausamann. Chem. Bur., 1876,
9. 1519) were converted to 5-(I-carbamoyl-7-(morpholtne-
4-carbonyl)-9H-carbazol-4-yl)-I-naphthoic mid in 42%
overall yield 'H NMR (400 MHz, nmthannl-d,) 6 13 32 (br.
s.. IH) 11.80 (s. IH) 9.03 (d. I 9.0 Hz, I H) 8.29 (br. so HI)
8 08-8.17 (m, 2H) 7 S2 (dd..(=8 7, 7.1 Hz, I H) 7.78 (s. I H)
7 64(d,.1=6 4 Hz. I H) 7 (&1(br s., I H) 7 55 (d,.l=g 3 Hz, IH)
7 37 (dd, I —8.3, 73 Hz, IH) 7.16 (d, J—7.7 Hz, IH) (i 72 (dd,
1=8.3, 1.3 Hz, I H) 6 28 (d, .1=8 3 Hzi IH) 3.53 (br. s, SH).
Mass spectrum m/z 494.3 (M+H)'.
[0500] The Examples in the lollowing table yvere also pre-
pared using the procedures used to prepare Examples 2-1

through 2-4, or closely related prnccviurcs.

S tmin
Exmnpl mat ri,ils Compound none

Mass
Spectnun

77

2-19

F.xample 1-1 (71

1 sample l-l (al

Example 1 1 lel

Fxmnple 1 I lal

Example 1-! ial

F.sample 1-! (a(

-tl-i:ar(amoyl-7-(4 metiivlpiperizme-1
carbnra 1)-9H-carbarn)-4-) ))-Znuorobenzotc
aciit(prepared astir TFnsaltl
2-t 3-t 1 -,u 1 arnovt-7-(bbinetln l pip erazuie-1-
carbnayl) 9H carbazn1 4 yu 4
nuoroph n ltacctic acid (prepared m the Tl 4
salt)
4 1 3 atnmo " flnoiophenyll 7 i4-
rneth, )pip«razuie-1-cvuboru 1)-911-c u b izolc-1-
cart nxamide
4 )2-flunro 7 (mtlnoromethynphenylt-7-(4-
rnethylpiperazuie-1-cnbnnyl'1-90-cub iznle-1't Il 0 x 'iiii I 3e
4-(2-lluoro-l-rnethilptimiili-7-ld-
meth, )piperazine 1 cmboii tt 9H carbarole I

caihoxamide
4-(3-cyano-2-Hunmpli n t!-7-!4-

tneth Ipiperizine 1 cuboii lt 9H arbazole 1

cartioxnniide

477 3 tt 1 +

Hl'S9

(M+ H)+

44ti3

(M+H)'99

3 (lyl + Hl'4

.'lvl + H)'

b (M+H)'
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-continued

.&&an&tip

Eximple matensls C'ompound risme
Mass
Spectrum

2-( I Exmrip! I-I [,i]

2-12 Exanqile I I [af

' Ixsinpfe I 1[aj

-14 Exec&pie I-)[a[

2 - I » Exanip! I - I [ if

2-16 Intermediate
1-4( a) )a)
Intei mediate
I 4(el(s)
Exec&pl I-2[a[

17

2-19 Exmrip! I-I [,i]

2-2O Example I ! [a]

2-21 Fxunpfe 1-1 [aj

-22 fixampfe I I [af

2- .'xnrip! I-I [,i]

7 24 Exnnlile I I,
litter&i&ed&.'iti'.'"
Example I I,
I&its&&i& diaie
12-3

Exnriple!-I
Inta i med ate
3&1. I

Fx&ruple l-l,
Iiitermedmre
6-1

'7

ixanipfe I I [6]

2-29 Exnnlile I I [af

2.)t) Example l-l,
Intermediste
)3!

2-3) Example I I,
Intermediate

Example I I,
It&tet&1&ed rite
"-3
Exainpl 1-).
Ititermedtste

Exnnp! 1-1

Intennediare
)5-4
Fi.an&pl l-l,
Intermedrate

1-"

o. 4

4-15-.&cetyl--'-fluorophernn-7-(4-
rri Ihilprp raziri -I-csrbonifi-9kl-c&ibazole-I-

,&rbox.&nude

4-t2ypdifluoio&of&envl)-7-&4-meth( Ipqiemzine
I-:ubonylt-OH- ubazolc-I-carb ann&dc

4 I hiero-2-tluornphcnvn 7-(4-

matt&&)piperazine I carbonyf) 9H carbazole I

'rbo'is&i&&de

4-('.6-ditluoroplimi I)-7-(4-metliylpipemzui-
I e trbonyl) 9H carbazole ! cnrboxatmde
4-15-a&etarn&do&soqu&nolu&-6-)!F7-(4-

methyfp perazine-I- xibonyf)n)H- zrbamle-I-
,&rbox.imide

3-Il-cuburioyl-Him&rphnluie-4-imbomn-
iH-csrbsznl-4- I)-4-tluombenz ic sod
-'3 (I carbamo I 7 iniorpholme 4 cmbonvli
91k caibzrnl m l)H dnoropben Hai;etic,iod
4-(2-duo&upi&crt I)-6-(4-rri ihvlpipcrazum-I-

srbon 'I) uiH cxrbmole I carbnxmude
4-()H-iridazol 6-vlu7-t4-itiethilpiperszinc-I-
cxnbon H-9n-carb.izole-l-cmboxnnide
4-i4-amnio- -tlnompheti l)-7-!4-

methylpiperszine I carbnnyn-9H-carliaznle-I-
c:u1 oxen&i le
4-(4-scctamido-2-Huorophcnvl'1-7-(4-
mettivlpiperazine I carbonyf) 9H cmbazole I

c irbo'istiiicf '-(
voqiunohn B ylb7-f4 merhilpiperszuie-I-

mbon I) iH arbszole! csrbnxmude
)-H-cuban&oil-I-(4&i&en&v(pipe&sr&&it:"I-

ar( oi»l)-9H- arbszof-4- IF4-tluoi benmic
sod ( prep med as the TFA mlt)
4-(2-tetliylcarbuno H-)II-&ndol-4-yn-7-&4-

niethvfpipermuic-I-cubomu-9H- mbazolc-I-
srboxanude

4 12 iq t)unmphenvlcarbamoyl) IH uidol 4
H-I-(4-ru thilpipci.izuic-l-carbon H-91(-
arbmole-I-carbmamide

4-(2-methyl-3-&2-oxo-3-ni-iolilirrudazolidin-I-

()phenyl)-7-i4-methylpiperamie-I- xi(nnyli-
iH-carbaznlc-I- u boxauiidc
4-(3-nuoro-'-(I-one&sou&do(in-'-yl)9&odin-4-
'I) 7 (4 methylpiperazme I carboti 'I) 9H

carbmole-I- .uboxamide iprepiied as tire I I A

salt)
i () carbamoyl 7 (4 methylpiperazine I

arboti (F9H-mrbszol 47))-I-naphthotc acid

(piepm d as thc I'FA s.ilt)

4-()-c,ub,unoy(-7-(4methvlp&peir mr&us I

.irbon H 9H arbaro( 4- Il ) flumobenznic
and (prepared as the 7 PA ailft
4-12-rriethil-H(4-methvlpynilui-2-

)ammo iphenyll 7 14 iuetliylpiperazuie I

.&rbon H 9H,ir(iszole I cm(inx&mide

(prep ued &s tlic TI'A saltl
4-12-meth&)-3 (5 methylpyndui-2-

Lxtmno)phenyl) 7 14 niethylpiperizme I

carbnn IF9H-catbsz le-I- a&beano&&de

(prep«ed &s tlie T FA salil
4-12-methyl-H(pyndni-2-yiuninn)phenyli ',-

(4-methylpipemzuie-I- srbonyn-9H-
carbmnl -I-ctuboxzaude
4-(2-sic(hi(-3-Inrnethvlpvndui-2-

lsnuno)pbenvl&7 (4-methvlpiperazine-I-
,ul on I)-9H- arbazole-l-caibox.unidc

4-IH(4-(dirnethvlanurio)benzamido)-2-

methyfphenyl) 7 (4 methvlp pei szme I

carl oiivl)-9H- xrbmole-t-cuboxamide
4-( -a eton&do- -tluornphenvl)-7-(4-

methvfprperazine ) carbonyn i&EI cail smle I

mrbnxmnide

47' (M +

Hf'492

(M+

Ht'65.

467 (M +

H)'49

2 (M 4

H)')4

(M+

Hf'62.'M+

II('76

2 I M + Hi'3!

2 (M 4 H)'5

'
(M + I I ('46

I (XI + H

i'BB

1 (M 4

H)'64

"
I M +

Hl'75
3 (M +

Hf'.."

. (M+

III'lvn

(M +

H1'(&

I .'I I M + I I

I'CT

'M+

H)'7,3

(M+

Hi'75.3

(M+

Hi'33

3 (M+

H)'33

3 IM+

Hi'19.3

IM+

Hi'93

(M+

II)'!94

(M+

H)'BB'M+

H)'
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-continued

Ex,imple
.«tan«tip

it«stet«ala 6'ompound risme
Mass
Spectrum

2-37

4u

'i.4

45

2-46

47

2-48

-«1

5 'i

Eimrip! I-I
If«tet«itic(«itic

1 -6

Exanqile I I,
litter«i«cd«.'it '«-3

Example I I,
It«(critter(itic

3 «.7

I xampfe I I

Inteirneduite
35-8

Ilxampfe I I,
Intermediate
35-1

Example I I,
lit(critter(itic
31 9

Exmrip! I-I
Inteirneduite
15-1ii

Exmnlile I I,
litter«trodi:ite
3'i.

Example I l.
It«tetr«ted«sic

3«-11

I'xampfe I I.
Iiitt:«trit:diafe
3«-12

Esmnlile I I,
litter«i«cd«.'itt'5

I'I

Example I I,
It«tet«it diaie
:16 I

Eimrip! I-I
Iiitt'titted at'c

16 3

kxunpfe I-l.
Intei mediare
36-4
Fxunpfe I I.
Iiitermedmre
36-S

I.xunpl l-l,
Intermediate
36-6
ki.«rrtple I-l.
Intennediare
36-7

Example I I.
Interrriedrate

6-2

Examlile I I,
Intetrncdiate
37-1

Exmnpfe I l.
It«tetra«et(tat«

8-1

fixampfe I I.
Interrriedrate

8-2

4-(H(4-fluorobenzirntdo)ph riyll-7-(4-
rri Ihilprp raziri -I-csrbontfi-9kl-ciibazole-I-
,irbox.inude

4-tg-lscet unidonieihi (i-2-thicmpltenylk7-(4
nicthyfpip rmuie-I-cmbomu-9H- »heroic-I-
cart oxmiide
4 12 thioro I (4 fluorobenzunudolphenyl) 7

(4-rricthylpipcrazin -I-caibonyl)-9H-
carbazole-I- adioxamd
4 (3 (4 ulunetbylammoibenzam iln) 2

fluomphenyn-7-(4-rnethyfpipeiszirie-I-
arl oti I)-9H- arbmot -I cut nximide

4 ( tliioi'ii I !4 fliioi'0 fs

methylbenzamidolpheriy H-7-14-

iiicthyfpipermine-I-carbon«f1-9H-cubazolc-I-
m(ioxanude

4-13 ig tluom V rrieihylberizmndn)phenvn 7

(4-riii:thylpuxrazin -I-caibonyl)-9H-
srbamle I carboy.amxle

4-(4-Iluort»H(4-fluorobettzurudolphenyl)-7-
(4-rnethylpipeisziri -I-csrbonyl)-9H-
arl male-1- arboxamide

4-(4-(4-Ifuorobenzatntdo fpyntbn-I yn H(4-
rnethylpiperazinc-I-cubonyn-9H- aibazolc-I-
c:ii I cast«tide
4 12 fbtom 5 (4 flttorobenztmafo)phenyl) 7

(4rrietln Ipipcrmiri -I-cobonyl)-9H-
arbmole-I-carboxamide

(2 fliioio S f(4
fluoroberrzaiiudolrn Ih Hphenyll-7-14-
nietliylp perazine-I- yibonyf)-9H- irbaznle-I-
car(to«sour(a
4-(3-scetzmido 'tluornlihenyl) 7 (4-
niethyfpipermuic-I-cubomu-9H- mbazolc-I-

«rboxanude
4 12 fbtom 5 (4
t)uorophettyfc trb,otto) I)pft i!'«I)-7-(H

metliyfp I sistine 1 czrhonyl)-9H-ctuliazole-I
Litho«'air«i(le

4-(2-fluoro-H(4
fluoroplienyl orb mimi)phenyl)-7-(m
methylpipeiazine I carbnnyn 9H csrbaznlc I

c.u ho«ant«de
4.(«-cubauioy(-2-tlunr phenyl-7-f4-
mettivfpipeisr iie I carhony1 ) 9H ozibazole I

c,uboxmrutu fpi par d ss Hte ITA s,ilt)
4-(3- sibamoyl-2-fluorophenvl)-7-(4-
metl»lp I eiszme I czrhonyn 9H cmbazole I

c,uboxanude. (pr pamd as the TFA ssltl
4-( -fluoio-I-(niethylcarbarnoyllplienyl)-7-t4-
methyfpipei azine I carhnny fl 9H carbarn(a I

carboxanude
4-(y-(dirriethvlcarbamoili- -fliwioplien li-7-
i4 methyfp peiazaie I ctrhony f1 9H
yubszole-(-carboxmrude(prepamd,m Ihe IFA
salt)
4-(3-fdimethy( arbamoylk2-tltmrnphen lk7-
f4-methylpiperazine-I-carbonyn-9H-

,u I azol -I- mboxunidc (prcpamd as the 1 FA

«.«It l

4 (2 fluoro 3 (riieth) l«ulfonmnidolphenvli 7

(4-rii Hiylprpmaziri -I-mrfx rill)-9kl-
c u I «zoic-I-c«rboxanudc
4 Q fluom 5 ! 1 (4 meth, Ithamol

.'niueidolpheni1)-7-(4-methvlpiper izirie-I-
carboti lk9H- arbaz I -I- «ii mamide
4-( -tlnoro S-HI i4-methylrlnazol 2-

ynureido)methynpheavlk7-(4-

cretin(pip rxuric-I- «ibonyl)-9H- arbazolc-I-
carbnx.im rle

So 3 (M +

H)'92

3 (M + H

I'6tl"

iM+ II)'

1 3 I M + H

1'l2"

1M+Hi'64

I (M + H)'

8 I (M + I I

i'51

3 (M + H

i'8.(

1M+ Hi'2

I (M+
Hi'88

3 (M+

Hi'tln

(M+

H)'8

2 (M + H)

'74

2 (M 4 H)'

4"

1M+Hi'88

(M +

H)'ii

2 (M+

kl)'i2

" IM +

Hi'24

I (M + Hi'6

I (M +

H)'(ip

I I M +Hl'b)41»

I I'btb» iip p CI "ntmgt tbei o eo"" ffn . »Cn 8 .187691 19i
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Example 3-1

Preparation of 4-(2-fluomphenyl)-7-(4-metliylpip-
erazine-I-carbonyl)-9H-carbazole-I-carboxamide

[0501[

0

mL, 1.806 mmol). and 2-methyl-3-(4.4,5.5-tetramethy1-1,3,
2-dioxaborolan-2-yl)aniline (Intenuediate 50-1, 253 mg,
I 084 mniol) in toluene-ethanol (4 I, 15 ml ) was purged with

nitrogen for 5 mui and then heated at reflux for 7.5 h. The
mixture was concmitratcd and thc residue was partitioned
betwcmi chloroform and water The aqueous phase was
extracted with chloroform and the combined organic phases
v ere ivashed with brine. dried and concentrated. The residue
was purified by colunui chromatography (cluting with
D('M-2 M methanolic anunonia, 8mdient from 100:0 to 95 5)

to provide 4-(3- uniim-2-methylphenyl)-7-(4-methylpipera-
zine-I-carbonyl)-9H-carbazole-I-carboxamidc as a white
solid (207 mg, 65%). 'H NMR (400 MHz, DMSO-de) 6 11 65

(s. 111) 8.16 (br. s., HI) 7.97 (d. J 7.91 Hz. Hl) 7.78(s, HI)
7 48 (br. s, I H) 7 08 (t. J=7 80 Hz. I H) 6.81-6 ')7 (in, 4H)
6 49-6.65 (m. HI) 3.12-3.25 (m, 411) 2.92-3.10 (m, 411) 2. 76

(s. 3H) 1.70 (s, 311). Mass spectnun m/z 442.2 (M+II)'.

[0502] Asuspensionof4-bromo-7-(4-methylpiperazine-I-
carbonyl)-9H-carbazole-I-carboxamide (Example I-I. 25

mg. 0.06 nunol). 2-tiuorophenyl-boronic acid (0 17 mg, 0 12

mmol), potassium cnrbonate (21 mg. 0.15 mniol). and [ I, in
bis(diphenylphosphino)fermcene[dichloropalladiuni (5 nig,
0.006 nunol) in toluene-ethanol (2: I, 2.4 ml.) was purged
with nitrogen for 5 min. then was heated at 90" C. overnight.
The nuxture was concentrated and punfied by prepamtive
I IPLC to provide 4-(2-fluorophenyl)-7-(4-methylpiperazuie-
I-carbonyl)-91 I-carbazole-I-carbox unide. TEA salt. as a
ivhite solid (23 mv, 70%). 'H NMR (400 MHz, DMSO-d,) 6

11.79 (s, I I I) 8 26 (br s . HI) 8 06 (d. J 7 91 Hz„ I H) 7 86 (s,
I H) 7 57-7.67 (m, 2H) 7.55 (td, .1=7 58, I 76 Hz. I H) 7 39-
7.49 (m. 2H) 7.13 (d, .1=7 69 HA IH) 7 07-7 11 (in, I H)
7.02-7.07 (m, IH) 3.81 (br. s., 4H) 3 10-3.30 (m. 4H) 2.79 (s,
3H) Maxs spectrum m/z 431 2 (M+H)'.

Iixample '3-3

Preparation of 4-(4-methylnaphthalen-I-yl)-7-(4-
methylpiperamne-I-carbonyl)-91 I-carbazole-I-car-

boxamide

[05051

I'ixmnple 3-2

Preparation ol'-(3- unino-2-medivlphenyl)-7-(4-
mcthylpipcrazinc-I-carbonyl)-9H-carbazolc-I-car-

boxamide

[0503]

I lag

[UJU4[ A suspension of4-bmmo-7-(4-nicthylpiperazine-I-
carbonyl)-9H-carbazole-I-carboxamide (Hxample 1-1, 300
mg, 0.722 mmol). tetrakis-(triphenylphosplune)pafladnim
(33.4 mg, 0.029 mmol), 2 M aqueous sodium carbonate (0. 9

[05061 IJsing the procedure of Iixample 3-1.4-bromi&7-(4-
niethylpiperazine-I-carbonyl)-9H-carbazole-I-carboxamide
(lixample l-l. 25 mg, 0.06 nunol) and 4-methylnaphdtale-
neboronic acid (23 mg. 0.12 mmol) were converted to 4-(4-
methylnaphthalen-I -yl)-7-(4-methylpipcrazine-I -carbo-

nyl)-9H-carbazole-l-carboxanude, isolated as the TFA salt

fofloiving I IPLC purification. This material v;as partitioned
between lltOAc and NaH( 03 (aq), and thc aqueous plww
was extracted nvice with EIOAc. The combined organic
phases were dried and concentmted to provide 4-(4-methyl-
naphthalen-I-yl)-7-(4-methylpiperadnc-I-carbimyl)-9H-
carbazole-I-carboxamide (23 mg, 79%). 'll NMR (400
MHz. DMSO d ) 6 11 76 (s. I I I) 8 26 (br. s . 111) 8 16 (d,
I 83 llz, HI) 810 (d, I 77 ilz, ill) 775 (s, HI) 752762
(m, 3H) 7.45 (d. J 7.0 Hz, HI) 7.2'8-7.38 (m, 2H) 7.11 (d,
J— 7 7 Hz, IH) 6 67(dd,.i 8 2, I 4 Hz. IH)(i 37(d. I 8.1 Hz,
I li) 3 32-3.67 (m. 41 I) 2 80 (s. 31 I) 2.16-2 35 (m, 41 I) 2.14 (s,
3fl). Mass spectrum nv'z 477.3 (M+II)'.
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Examples 3-4 utd 3-5

Prepamtion of 7-(4-methylptperazine-I -carbonyl)-4-
(4-(2.2.2-}ritluoroacctamido)naphthalcn-l-yl)-9H-

carbazole-I -carboxamide and 4-(4-aminonaphthalen-
I-yl)-7-(4-methylptperazine- I-carbonyl)-9I I-

carbazole-I-cnrboxanude

[0507]

Examples 3-6 and 3-7

Preparation of 4-(6-cldoropyridut-3-yl)-7-(4-meth-
ylpipcrazitm-I-carbonyl)-9H-carbazolc-I-carboxam-
tde and 4-(6LH}loro-2.3nbipyridin-5-yl)-7-(4-meth-

ylptperazine-I-carbonyl)-911-carbazole-I-
carboxantide

[t)5()9 f

}I.SI

0

[0508] Usutg the procedure of Example 3-3.4-bromo-7-(4-
methylptperazine-I-carbonyl)-911-carbazole- I-carboxamtde
(Ex:unple 1-1. 25 mg, 0.06 nunol) and 4-(2,2,2-tritluoronc-
etamido)naphthalen-I-ylboronic acid (34 mg, 0.12 mmol)
iverc converted to 7-(4-methylpiperazinc-I-carbonyl)-4-(4-
(2.2,2-}rifluoroacctamido)nnphthalen-l-yl)-9H-carbazolc-l-
carboxamide (9 7 ntg, 28%) '

N MR (400 MHz, DMSO-d,)
6 11.7ti (s, I H) 11 63 (br s . I H) 8 25 (br s, I H) 8.09 (d,
J—7.7 Hz, I H) 8.04 (d, J—83 Hz. I H) 7. 75 (d, .I —7. S Hz. I H)
7.73 (d. J&.7 Hz, I Hj 7.54-7 61 (m, JH) 7.31-7.38 (m. 2H)
7.14 (d, J 7.7 Hz, IH) 6.63 (dd, J 8.1, I.S Hz. HI) 6.33 (d,
J 8.1 Iiz. HI) 3.44-3.56 (m, 4H) 2.14-2.31 (m, 41 I) 2.11 (s,
311). Mass spectrum m/z 574.3 (M+II) . Also obtained ives
4-(4-aminonaphthalcn-I-yl)-7-(4-mcthylpipcrazine-I-car-
bonyl)-9H-carbazole-I-carboxtmtide (14 mg. 30%). 'H

NMR (400 MHz. DMSO-d,) 6 11 Ci3 (s, IH) 8 15 (d,.}=8 3

Hz, 2H) 8 01 (d..} —7 5 Hz, I H) 7 68 (s. I H) 7 48 (br. s., I H)
732 (t. I— 7 3 Hz. I H) 7.11-7 23 (m, 3H) 7 03 (d, J —7.7 Hz,
HI) Gi.79 (d, J 7.7 Hz, HI) 6.6i4 (d, J 8.3 Hz, Hi) Gi.49 (d,
J—7.9 Hz, III) 5.93 (s, 211) 3.34-3.60 (m. 4H) 2.13-2.31 (rn,
411) 2.10 (s, 3H). Mass spectnmt m/z 478.3 (M+II) .

[0510[ I)sing thc procedure ofFxample 3-2.4-bromo-7-(4-
methylpiperazine-I -carbonyl)-91 I-carbazole-I -carboxamide
(Fxantple 1-1. 25 mg, 0.06i0 mntol) and 6-chloropyridin-3-
ylbormtic acid (19 mg. 0.120 nmtol) was converted to 4-(6-

chioropy rid in-3-yl)-7-(4-methyl piperaz inc- I -carhoayl)-9H-
carbazole-l-carboxanude, TFA salt, as a light yellow solid

(11 titg, 26%). H NMR (400 MHz.. DMSO-ds) b 11 87 (s,
IH) 9 85 (br. s.. IH) 865 (d, J—20Hz, IH) 82') (br s., IH)
8.13 (dd, J 8.2, 2.5 Ilz, HI) 8.09 (d, J 7.9 Hz, HI) 7.90 (s,
I H) 7.77 (d, J—83 Hz, IH) 7.62 (br. s., I H) 7.30 (d, J—8.3 Hz,
IH) 7 16 (d..l—7.9 Hz, IH) 7.10 (dd, .I —8 2, 1.4 Hz, IH)
3.03-3.27 (m, 8H) 2.82 (s, 3H). Mass spectrum m}z 448.1
(M+II)'. Also isolated was 4-(6nchloro-2,3nbtpyridin-5-yl)-
7-(4-methyipipen}zine-I-carbonyl)-9H-carbazole-I-car-
boxamidc. TFA salL as a yellow solid (6 ntg. I 1%). 'll NMR
(400 MHz DMSO-d,) 6 11.89 (s IH) 9.99 (br. s . HI) 9.2G

(d, J=2 4 Hz. IH) 8 96(d, )=2 2 Hz, IH) 8 66 (dd. J=8.3, 2.4
Hz. IH) 835 (d, J

—8.1 Hz. IH) 8.30 (br. s., IH) 8.22 (dd,
I—8.1, 2 2 Hz, I H) 8.12 (d, J— 7 9 Hz. I H) 7 92 (s. I H) 7 72 (d,
J 8GIIz, IH) 762(br.s.. III) 741(d,J 83 llz, 111) 722(d,
J—7.7 Hz, Ill) 7.09 (dd, J—8.2, 1.4 Hz, Hl) 3.02-3.53 (m, 8H)
2.82 (s, 311). Mass spectrum m/z 525.2 (M+II) .
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Example 3-8

Prepamtion of 4-(4-methoxyphenyl)-6-(4-methylpip-
erazine-I-carbonyl)-9H-carbazole-I-carboxamide

[0311]

ds) 611.76(s, lil)8 25(br s., ill) 806(d.l 7 911z, III) 7 82

(s. HI) 7.5'3-7.66 (m, 3H) 7.40-748 (m, 2H) 7.12 (d. J 7.7
Iha lil) 7.09(dd, J 8.2, 08 Hz, HI) 6.99 (dd, I 8.2, 1.0 Hz,
I H) 3. 59 (br. s.. 811). Mass spectrum nttz 418 2 (M+I I)'.

Example 3-10

Preparation of «-(2-fluomphcnyl)-2-(4-methylpip-
erazine- l-carbonyl)-2,3.4,9-tetmhydro-t H-carba-

zole-8-carboxamide

[0515[

[0512] Using the procedure ot Example 3-1.4-bromo-6-(4-
methylpiperazine-I-carbonyl)-9H-carbazole- I-carboxanude
(Ex unple 1-2, 25 mg, 0.06 mmoi) and 4-methoxyphenylbo-
ronic acid (14 mg, 0 09 mmol) uvre converted into 4-(4-
methoxyphenyl)-6-(4-methylpiperaziim-I-carbonyl)-911-
carbazole-l-carboxamide, 'I'ly««alt, (8 nig, 22%v) 'H NMR
(400 MHz, DMSO-d,) 6 I I 84 (x IH) 822 (br s.. IH) 8 03

(d, J—7.69 Hz. IH) 7.83 (d, J—835 Hz, I H) 7.53-7.62 (m, 4H)
7.«1 (dd. J 8.57, 1.54 Ilz. 111) 7.14 (d. J 8.79 Ilz. 211) 7.06
(d, J—7.69 llz, III) 4.11-4.38 (m, 2H) 3.88 (s, 3H) 3.10-3.28

(m, 4H) 2.87-3.04 (m, 2H) 2.81 (s, 3H). Mass spectrum nlz
443.3 (M+II)".

Example 3-9

Preparation of 4-(2-tluorophenyl)-7-(morpholine-4-
carbonyl)-9H-carbarole-I -carboxaniide

[0513]

[0516] Followuig the procedure of Example 3-1.«-bromo-
2-(4-methylpipemzine-l-carbonyl)-2.3.4.9-tetrahydro-lll-
carbazole-8-carbo x snide (Example 1-3, 30 mg, 0.072 mmol)
and 2-fluorophenylboronic acid (20 mg, 0.143 nunol) v;ere
corn crted into 5-(2-fluorophenyl)-2-(4-methylpiperaziim-I-
carbonyl)-2,3.4.9-tetrahydro-i H-carbazole-g-carboxmnidc,
'I'I'A salt. as white solid (25 uig. 62%). 'H NMR (400 MHz,
l)MSO-d&) 8 10.92 (d. I H) 8 04 (br s, I H) 7.ti2 (d, .I —7 47
Hz. IH) 7.42-7 50 (lil, IH) 7 17-7.41 (m, 4H) Cx7&etx89 (111,

I H) 4.37-4.«7 (m, Ili) 4.09-4.29 (m, 2H) 3.46-3.62 (m, 2H)
2.83-3.15 (m. 6H) 2.80 (s, 3H) 2.10-2 42 (m. I H) 1.86-2.07

(m, I I I) 1.6'8-1.84 (m, HI) 1.27-1.60 (m. I H), Mass spectrum
miz 435.3 (M+II)

Example 3-i I

Preparation of ethyl g-carbamoyl-5-(2,6-ditluorophc-
nvl)-2,3,4,9-tetrahydro-l H-carbazoic-2-carboxylate

[0517]

[0514] Using the procvdure of 1'ixamplc 3-1,4-bromo-7-
(inorpholine-4-carbonyl)-i)H-carbazole-I-carbo«amide (In-
termediate 1-4(a), 25 mg, 0.06i mmol) mid 2-fluorophcnylbo-
ronic acid (17.4 mg, 0.124 nunol) were converted into 4-(2-
Ihiorophenyl)-7-(morpholine-4-carbonyl)-9H-carbazole-I-
carbox unide (15.9 mg, 61%). 'll NMR (400 MHz, DMSO-
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[0518] 4 nuxture ol ethyl 5-bromo-g-carbamoyl-2,3.4,9-
tetrahydro-I H-carbaznle-2-carboxylate (Intemiediate 47-1,

20 mg, 0 055 mmol). 2,6-difiuorophenvlboronic acid (17 3

mg, 0.110 nunol), dicyclohexyl(2L6udinmthoxybiphcnyl-2-
yl)phosphine (4.s mg, 11.0 nuuol). potassium carbonate
(15.1 mg. 0 H 0 mmol) and tris(dibenzylidcncscctone)dipal-
ladium (5 0 nig. 0 005 nano l) in THI'2 ml.) was purged with
nitrogen for 2 mm, then v;as heated in a sealed tube overnn ht.
The mixture was filtered and concentmted, and the residue
was purified by prc7tarative IIPLC. The appropriate efiiucnt
fractions were made basic with I M aqueous sodium hydrox-
ide and extracted twice with DCM. The combined orgamc
phases ivere washed with water, dried and conccntratixt to

provide ethyl 8-carbamoyl-5-(2.6-dilluornphenyl)-2.3,4.9-
tetrahydro-IH-carbazole-2-carboxylate as a liJn yellosv
solid (10 mg, 44ozo) 'H NMR (4N) MHz. chloroform-d) b

10 10 (IH, br, s.), 731-7.44 (2H. m), 6.95-7.06 (3H. m),
4.10-4.22 (211. m). 2.96-3.12 (2H. m), 2.80 (ill, dddd, J 17.
52. 5.9)9, 3 08, 2.8ti Hz)o 2.27-2 41 (IH. m). 2.15-2.27 (IH,
m), 2 04-2.14 ( I H, m), I 69-1. 85 ( I H, m). I 2&i (3 H. t, .)=7 25

Hz). Mass spiwtrum m/z. 399.1

(M+H)'',xample

3-12

Preparation of ethyl 8-carbamoyl-5-(2-fiuorophe-
nyl)-911-carbazole-2-carboxylate

[0519[

L'xample 3-13

Preparation of 4-(3-amino-2-methylphenyl)-911-car-
bazole-I -carboxaniide

[t)521[

I) 8

[0522] Using the procedure of Lxample 3-2,4-bromo-911-
carbazole-I-carbnxmnide (Intermediate 48-3. 100 mg, 0.35
nunol) was converted into 4-(3- unino-2-methylphenyl)-911-
carbazole-I-carboxamide as an off-wlute sohd (109 mg,
64%), ' NMR (400 MI ho DMSO d„) 6 7 93 (I H, d, I—7 7

Ilz), 7.57 (I IL d. I 8.1 I la), 7.33 (HI, ddd, I 8.2, 7.1, 1.2

Hz), 7 16 (IH. t. JI
—7.8 Hz), 6 98-7 02 (2H, m). 6 95 (I H. dd,

.I —7.9, 0.9 Hz), 6.87-6 93 (IH, m), 6.72 (IH, dd,.t —7.5, 0.9
Hz), I 85 (3H, s) Mass spectnun m!z 316.2 (M+H)".

Fxalliple 3-14

Preparation of S-(3-(4-lhiorobenzamido)-2-meth-
ylphenyt)-2,3,4,9-tetrahydro-l H-carbazole-8-car-

boxamide

[0523[

8
u

[0520] Following the procedure of Example 3-1, ethyl
5-bromo-8-iarb unoyl-911-carbazole-2-carboxylate (Inter-
mediate 48-1, 1.00 g. 2.35 mmol) and 2-fiuorophcnylboronic
acid (395 mg, 2.82 mmol) were converted into ethyl 8-car-
bamoyl-5-(2-lhioropbenyl)-9H-carbazolc-2-carboxylate as
white solid (72%) 'H NMR (400 MHi', DMSO-do) k) 11 91

( I H. s), 8 46 ( I H. s), 8 26 ( I H, br s ), 8 09 (I H. d. J— 7 7 Hz),
7.S2-7.(ig (4H, m). 7.39-7.49 (21L m), 7.15 (21L d J 7.9 Hz),
4.32 (211. q, J—7.011z). 133 (3H. t, J—7.111z). Mass spectnim
m/z 377,1 (M+H)'.

[0524] Usmg the procedure of Example 3-2,5-bromo-23,
4,9-tetrahydro-ill-carbazole-8-carboxanude (Intermediate
47-3, 30 mg. 0.102 mmol) and 4-11uoro-N-(2-methyl-3-(4,4,
5.5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)benzamide
(lntcmiediatc 53-1. 363 mg. 0.102 numil) werc convened
into 5-(3-(4-fluombenzmnido)-2-methylphenyl)-2.3.4.9-tet-
mhydro-IH-carbazolc-8-carboxamidc as an off-white solid
(5.7 mg, 12%o). 'H NMR (400 MHz„DMSO-ds) 6 8.01-8.15

(2 H. m), 7 (i2 ( I H, d. J—7. 5 Hz), 7. 32-7 43 (3 H. mj, 7.27 ( I H,
t. J 7.6 Hz). 7.09 (Hl,d. J 7.3 Hz), 6.73 (HI. d, J 7.7 Hz),
4.06 (2H, s), 2.74 (2H, br. s.), 1.89 (311, s), 1.65-1.75 (211. m),
1.48-1.60 (211. m). Mass spectnun nt/z 442.3 (M+H)",

[0525] The following compounds svere also prepared using
prncedures demonstrated in Fxamples 3-1 through 3-14 and
similar procedures.
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hxaniple Xtartniy

Inrcrruediates nraterials Compound name
M.iss
ypectrum

3-16

3 17

1-2t)

t 12

3-24

t 26

3 27

:- 6

33

3.4i)

Ex.urlple 1-1 faj

Example l-l [aj

Txunple I I [aj

I xnnple I I faj

I'xample I 1 [tj

I,x:unplc l-l faj

Iyxunple I ) [aj

Fxsmple I I [aj

Ex.urlple l-l [aj

Example 1-1 [aj

Iixmnple I I [aj

Fxnnple I I [aj

Example I 2 [aj

I sample I
"

[aj

I sample 1-2 [aj

bx:unplc 1-2 faj

hxiunple l-l faj

Example) 1 [aj

hxsuiple l-l fa)

Example l-l faj

lixample I I faj

Fx~p)e I I faj

Fxample l-l,
lnt rinedi.ite
U-48

Exaniple l-l [aj

Ex~nplc l-l [aj

Exunplc l-l [aj

4-(2 3-dtt)uoropherty)bv-(4
rri thylpipuazui -I-cad un, ll-'HI-cubarolc-
I cml oxim de ipmpaieil as th I'FA salt)
4-(2 3-dichloropher»ll-7-14
niethylpiper:izuie-I-cart nn !)-3H-carbaznlc-
I-caibomunide i pmpxred is tlic TFA salt)
4-(2.4 dichlninpheriy» 7 !4

ni rh) (piper izui -I -carbon) H-9H-carbazolc-
I.carboy unid'pi'spared .15 tli Tl'Asst)
4 (2 ethox napht)xi)en I yl) 7 f4-

m thylpipeiazui -I-cad oriyll-9H-iarbazolc-
1 cml nx.imide
7 (4 meth lpiperazme 1 srhonv!14
tquuiclui 8-it)-9H-cmbazole-I-cmboxunidc
4-(isoquinnlni- -, H-7-t4-incttiylpipcrazuic-I-
arbnnyl) 9H xrbaznle I arboxatnide

7 14 meth Ipqierariri«-I carbrin)li 4
(quuiolui-S-yh-9H- iibazul -I-cuboxunu»
4 fisoqumolni 4 II 7 i4 methylpipernzme I

c.ubonyl)-9H-cmbazolc-l-i,uboxatrude
7-(q-met)ty)ptpeutztue-)-c,uboriy t)-4-
tqnmolui-4-yl)-9H cmbnznle-I-curb xtumde
4-(4-munopheml)-1 M-metlnlpipemzine-I-
cub rn Hm)H-carbaz le-I-carbnxanudc
(prepared as thc I I A s:ilt)
'1 (4 methylpipemzine I carbon) )i 4
(piruliri-3- I)-91(-cxubiz I -l-taiboxarrudh.
'1lrA salt
4 fq hydrnxyphenyl) 7 i4-methylpipeiaz ne
I-cmbon)l)-9H-cubazole-I-cnrboxurude
qireparcd a s the I I A salt)
4-fl methoxyptieny» 6 t4methy(piperazine
I-carboii)li-9H cslbzzo(e-I-carboxmudc
(pripared as thc 11'A 1 1)tl

4 14 acetamirlnphenyl) 6 (4-

meth) lpiperazme I caibnn) I) 9H aubazole
I-carbomunidc (pup imd as tlu: TIA Calli

4 ft-acetanudophenylt-6-(4
melhylpiperazuic-I-imboriy ll-9H-ixubmole-
I-carbnxnnnde lpicpmed as th I'I'A salt)
6-( )-rncth I pip r inzine-I-cu bony ))-4-
(riaphlhaleri-I-1)X9H-i itbazule-I-
cnrboxamide (prepaud ai tire TIA salt)
4.(IH.mdn)-6- I)-6-!4-nieth Ipqi mzine-I-
cmb uylu9H- arbaz le-I-cmboxirrudc
4 i)H mdol 4 li 6 t4 meth Ipiperazuie 1

m.ibonyl)-9H .irbnzole-I-carboxannde
4-(3-tluoropyndin-4-vl)-7-(4-
methvlpiperaruie-I-iarbonvll-9H c ubazole-
1 caibnx.imide
7-14-methvlp pemzuie-I-carbony»-4-(i-
ntel)»lpyitduy47))-9H-curb,tzo(e-)-
'1lboxullldC
4 (I chlot'ophenyl) 7 i4 methyip perazaie 1

cmbonyl)-9H- arbazol -l-c.uboxarriul

(prepared is the TFy sill)
4-!4 chloropheml) 7!4 me(by(ptperazmwl
c u bony I 1-9H-cubazolc- I-

co box crude(prepared as!he TFA sall)
4-hl-ariuno ."-(luorrpheriyl) 7-!4-

nlctll'1'Iplpclazllic-I cflrboil ()-9H-carbamle-
I.carboy 'iiiiid '12-(lucy o- I-u 1 ethoxHiliern (1-7- tnh

methylpipemzine I-cut on 11-9H-carbamle-

I.cmboxunlc)c
4-(S-cihoxy-2-fluoioph r»ll-7-(4-

methylpiperanne I arbotiyl) 9H cxrbazole
I-ctibmnmde
4-(2-lluorn-I-(In droxy methyl)plmnyh-7-(4-

methylpiperazme I carbntiyli 9H uxrbazo(e

I carbnxam de

449 2 (M + 11)

'81

I i'Ivl + I

I)'81.1

tM +

H)'674iM+

H)'64

'M+

Hl'64

3!M+

Hi'643

tM+

IH'64

1(M+

Hl'643(M+

M)'28

2 (M + I

I)'14."

(M + Hl'

9" (M+
HI'13.3

(M+ H)

47r)3 (M+

Hl'711

1(M+

Hl'63

3!M+ Hl'

2
"

1 M +

H)'82

".tM y H)''2

11M+

H)'28

I (M +

H)'47

'M +

Hl'47.2

H(+

Hl'46

I tM + I IP

461 .'ilvl +

H)'7.

) iM+

Hl'61

I 1M+ H)'
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Ex»nip(a Xtartnif
Inrcnuediates uraterials Compouad name

M.iss
sliectrum

'I 46

t 47

3 sy

3 33

3.6(i

3-61

3-63

3 64

Ex.uriple I-I fa]

hx:unplc l-l [aj

Fxnnple I I [a]

I xnnple I I fa]

I'xample I I [i]

Example I I [a]

Example I I [a]

Ex.uriple l-l [a]

Example 1-1 [a]

Iixmnple I I,
Iiilci'iticdi ilc
yq

Fxnnple I I,
lnl rmediale

Example I I [a]

I sample I I [a]

I simple 1-1 [a]

)ixrunple l-l [aj

Lx:unplc l-l [aj

Example l-i faj

Lx,unple l-l [a]

hx:unplc l-l faj

Ex,unple l-l faj

hxamplr: l-l [a]

tixunple l-l ja]

Example I I fa]

I sample I I fil

Example I I fal

4-(4-rneihyl-2-14-
(lntluorora tliyl)pltenyl)thiazol- -y 0-7-(4-
methylpipemzme-I-carboti I)-9H carbazole-
I-carboxamide (pmpmed as the TF:h s,iltl
4-(2-cth 'Iphen I)-7-(4-ntethylpqrctaztrtc-I-
cmbonyl) 9H-cubazo(~-I-curb xniu Ic
7 (4 rnethylpqierazine I cn bon) li 4 i."

(tntluorom tltvnplti n I)-9H-carbazcl -I-
,ubcx»uid

4 (2.6 dtmethy(phenyn 7 i4
m lhylpipeiazui -I-cad oriyll-9H-iarbazoli-
I cml nx.imide
7 (4 meth Ipiperazme I irtionyt! 4 phett I

9H-imbazole-I-inboxamide iprepmed as the
11'A salt!
4 (S an»no 2 mettiylphenyl) 7 (4

methylpiperazme I caibnri) I) 9H c ubarolc
I . c irb ox xiii I '

f(H mdol 4 I! 7 i4 nieth, Ipipemmie I

c.ubonyl!-9n-cmbazolc-l-i,uboxatrude
4(btphcuyl-3-yl)-7-imiiit'Uiylliipciacitic-I-
aibonyl)-9H ciibnzole-I-curb xamide

4-ldibenzo[b,d]furan 4 It-7-(4
nielhylpiperizuie-I-carbnn I!-9phutrbazole-
I.carboy 'iiiiidc
4 i'I cyann 2 methylphemn 7 (m
ni lhilpipcr,izu«-l-carbon)(i-9n-carbazol-
I caibnxanude (prepared zs the TI"I salt)
4 fz am no L6 diflnorophenyn 7 t4
m lhylpipeiazin -l-imboriy(1-9n-i,ubazoli-
I carbo«untde
4-fd methoxyptieayll 7 t4methylptperszttte
I-carlioti)li-9H cslbzzole-I-carboxamtdc
(pripared as thc 11'A i:ittl
4 I) niethoxi phenyl) 7 (4 methylpiperazme
I carboayli 9H cubizole I carbnxamide
(prepared iii nie I FA i,ilt)
4 f,z ddlunrophenyli 7-14
melhylpiperazuii-I-imboril ll-9H-ixubmole-
I-i«box»aide(pr puid m lhe TFA min
7 (4-meth Ipiperazuie-I- arbcnyl)-4 (4-

phenox phenyli 9H carbzzole I carboxamide
(pr star dos thc 11'A s ih)
4-(Lz-dich(or»phenyl!-7-(m
methylp perazme I iibotivl) 9H cmbazole
I-caiboxuiude (prep»cd as tlie TIA salll
4-H-cub»no I-7 (4-niethylpiperaz ne-I-
carbonyn 9H cuhnzol 4 yl)henzmc acid
fprtTar d m Ihe TFA iah)
-(I- arbamnyl-7-(4-nietlqlpiperarm -I-

arbon) H 9H carhizol 4 yl!benzoic acid
tpi ep,u ed a. the TFA salt)
4-(macetanudcphcrtvlp7-14.
methylpiperanne I arbnnyl) 9H cxrbazole
I-caiboiunide (prepared as tlie TFA sat!1
'I-13-a mairudo phenyl)-7-14.

methi (piper izuie-I-i ubnrn I)-9H carbazole-

I caiboxamide lpmpaied as rhe TFA saltl
4-14-(rnetliyl:ubaniovl)phenyl)-7-(4-
niclhi (piper izuic-I-carbun) li-9)l-carbazole-
I carbox unide (prepared as rite TFA salt)
4-(3-(mcthylcaibnii vl'!pltenyl)-7-(4-

ru thylpipnazui -I-cud un, 0-9H-carbtzolc-
I-csiboiunide (prepared as tlie TFA sat(i
7-!4 meth Iptperazme-I-car(tony(i-4-
(aapbthalen- -i ly9H-carbazol -I-

cuboxarnid (prcparcdas lhe TFAidt!
7 (4 tueth Ipipemzme I catbonyn 4
(tiaphttialni-I-i ()-9H-carbarn(a-I

cmbnxnrudc (prepared as the 1 I A salt!

4 (4 tert buq Ipheriy( i 7 t&methylplpeiazme
I carbnny(l 9H carbarn(a I ciihoxun»le

78 2(M+

H)'zl

2!M+

Hi'8(n

(M +

H!'41

2 iM+

Hl'!3

I (M+

HI'482

(M+

Hl'y2

" (M+

Hl'894(M+

H)'

03 4 (M + I

I)'383

(M+

Hl'64

i (M +
Hl'13.3

(M+ H)

44L3 (M+

Hl'492

i(M+

Hl'tx

3 (M +

H)'81

2!M+ Hi'

7 'Ivl +

H)'s7

'
M +

H)'70

3!M+

H)'7!!

4 (M +

H)'70

'M + H)+

47ii 4 i M +

H)'6'I

'M +

Hi'»L3

(Iyl + Hl

469.4(M+ Hl'
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hxsniple Startnip
Inrcnuediates nraterials Compound name

M.iss
sliectrum

I 7U

')-74

3 76

3 81

3-ny

Ex.urlple 1-1 [s]

Example l-l [a]

Txunple I I [a]

I xnnple I I [a]

I'xample I I [sj

Example I 3 [a]

Ex.urlple 1-3 [s]

bx:unplc 1-3 [a(

I sample I-t [aj

Example I I,
Intermediale
50-31

I sample I I,
Inteimediite
SU-4

I sample l-l,
iritenriediale
. 9-32
)ixample l-l,
Intermediate
SU-S

Lx:unplc 1-1.

Interrnedmte
Sti-I

intermediate
48 3,

int rmediale
«fl-4

Fxsmple I I,
Intermediate
S2-I

I sample I I,
Irit ririedi,ile
Sfi-

Fxsmple I I,
liiteririctliate
Sti-37

Intermedi,ite
48-1.

liil 'istic diat '(i-4

Example I I,
Intcrinedi.itc

U-4ti

Example l-l,
Intcrincdi.ite
5ft 39

7-(d-rnethylpipermirie-l-c,ubonyl)-4-(3-
(metliylsulponamrdo)phenyl u9H-cubazole-I-
sit oxamide (prepamd as the ITA salt)

7-14-methvlpipemzine-I-carbonyll-4-o lolvi-
9H-carbazolc-I-carbmanirdc fpi pared as thc
I FA salt!
4-(3 chlorn ."merln lphenvh 7 M
ni rh) lpipcr izui -I-carbony H-9H-carbazolc-
I.carboy virid'p!'cpaled .15 tli Tl'Asst)
4 (2 chforophenyl) 7 (4 metltylp peiazme-I
cubcnylt-9H-cmbazolc-I- srboxurude

(prepared as tbe I I A s ift)

4 (2 methoxvph nyl) 7 !4 methvlpiperazme
I-cmbony(i-9H-imbxzole-I-carboxunid»
(prepared as thc I FA s:iltl
5 (E4 diduorophenyh 2 (4
methylpiperazme I caibnrill) .",;1,4,9

lctrahydro-IH-cat bazoi -8-c u boxarrudc

t prepared ss the 'I I'

snit )

s-(2 3-ililluompheriyh-2-14
m thylptpetuzuic-I-caH oriy(1-2oh4.9-
tetmhydi o I H-carbarn le-tl- .irboxurude
tpi ep,u ed as the TFA salt)
-( l-aceianudcphcnvil-2-14-

nietliylpiper iruie-I-cart nn I!- .3.4.9-

teuilndro )H carbarn)a 8 csrhoxanurle
(prepared iis Hie I FA s ilt)
-'4-methylp pemmtie-I-carhonylt-5
timphthalen I yl) ".3,49 tetiahydm IH
cub izole-8-csiboxurird lpreputd ss the
I I A salt!
7 fq meth Ipqiemtuie I csrbonyh 4 f2

tp) rroliduie-I-cmbnnyh-I H u«lof-4vl)-9H-
cubaznlc-I-c:uboxainide
4 I meth I 3 H oxoismndolm yi)pbeii 'H
't (4 rnethylpiperazine I co bon) lt 9H
cmbazolc-I-ctuboxarrud
4 ft-!isoimlnf n-2- I) meth Iphen I) 7 !4-

melhylpiperzzuic-I-imborty ll-9H-iyubmole-
I "i.all 0 xuiiide
413-(6 tiiimo-I-nxmsnuidohn- -yit-7-

methvlphen 8 7 (4 methylpipemtuie I

cmb rn lu9FI- arbaz I -I-cmboxtrrudc
4-(3-(5-tcu-butyl-I-oxoismndnlin-2- I!-2-

methylpheii)H 7 (4 methylpiperazine I

uubcnyl)-9H-iarbazclc-l-c.uboxsiriuH
4-( -methyl-3-H- xmsmndolm 2 yliphen I)

9H srbazole I caiboxnmtde

4-(8 meth I 2 phen Ichroman 7

methvlpiperaruie-I-isrbonvll-9H c ubazole-
I-cubomunide
't f4 meth Ipipemzme I caibonyh 4!2 oxo
.'-plicnvl-3 4-dihydio-EH-
benzol ][1.3]oxazrri-6-) I)-9H-cub izole-I-
csiboxumde
4-!6 (4 dnmophenyh IH indol 3 yh 7 (4

ntethylptperazute-I-carbonyl)-UH-mrbazolc-
I-csibox,unide
erlivl 8-cmbaaio)l 5-id-mcthvl ) (I-
nxnisoindolin-2-yl)plienyh-9H- iibazol --
c.it I oxxvliite

4-!2 (4-tlnmophenyn-7-meth I IH-
benzo[djinudazol-6-yh-7-(4-
rri lhylpipuazui -I-cubonyll-UH-c u bazolc-

I carboxim de

7-(4-meth Ipip mmie-I-csrbonyli-4-(I-ox-
I 2 3.4-t tiahydr is quuiolin-7-SH-9H-

carbazole I caiboxanirde (prepued as the
I'I'A salt)

. u6 3 (M + 11)

'27

4 Hvl +

II)'6(."

(M +

H!'47

" iM+

Hl'4"

'M+

Hl'5E2

(M+ Hl'.

3 2 (Ivl +

H)'74

3!M+

H)'67

'M+ Hl'

49.2 (M + H)

S58,2 (M+

Hl'44

i !M + HI'6

'M+

H)'144!M+

Hi''"

flvl+ H)'

59.2 (M + H)

noiiA (Iyl + Hl

.4C.3 H(+ H)

526 I (M +

Hai'1

"(M+

Hi'8

"(M+ Hi'

EX2026.0065
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-cnn(inuivj

Exaniple
InrcnueCkates

y'tfirfhhhc

ntaterials Compouad name
M.hss

vlhectrum

3-9th

3-9'

93

3 9.

H97

'i-99

Ihhrerhiiedhafe

3-

!00

3.1hhl

3.1hh2

3-103

.'-104

3-li)5

Ex.hhhhple l-l.
lhhlcrhrhcdhalc

«i I 4th

bx:unplc 1-1.

Intermedio(
5th 4(
Ex,unple 1-1.

lhhtcrhhhe lh«f'0

33

) xample l-l,
intermedi.ite
'l(h 34

Example I I,
Intermedi,ite
«th-m

Ex.uhhple l-l.
lnf ririedhale
yhl-2(

Intermedi,ite
I 4(.hh„

lnterhnedh.ite

50-2(

Ihxmnple I I,
Ihhfennedhnte

hh-yh)

Intermedute
l-nn).
lnl rmediale
5fh 20

Lx:unplc 1-1.

lrifcrrrh dial

Intermediate
48-E
lttferrrh dial
«3 I

Exanhple 1-1.

I rht 'rn i admi '0

3(
intermediate
47-H

Intermediate
«i I 4
intermediate
48-1.

Intermediate

Ihhlcrhhhc 4 h hlc

1-5(a),

Intermediate
hi-4

lrif rrri 'i,ile
1-6(a),

lnt rhnedh.ite

0-4

lrhf rhriedi,ile

I «i.ih(a]

lrif rrncdial

I 5(.ih (a]

Intcrincdi.ite

I . (el [a]

4-(-'-(4-fluciopherhyl)-I-iso-l,2.3 4-

feuah) dross oquhrio(uh-7-i I & 7-14-

metbylpipemzme-I-carboth I)-9H csrbazole-
I-carboxahhhhdc

4-(I-i4-tluorobenzy li-I H-uidof-4-v I u7-i4-
nhetlhylphperazuie I-cart no I) DH-carbaznle-

I carbox,hmide
4-(5-meth I-2-oxo-3-phenyl-En-rlihhdiu-2H-
benzo(e(]ln]oxhzm-6- lj-7-h4-

rhhetlhylfhhpehnzhne I carbnhi !i 9H n«tbamle
I-cubo~nice (prep urn( as tli'IA niff)
4 fy-met(HI-4-mo-3-phenyl-hn-Cklhydm-2H-
benm(e]]1.3]oxamn 6 0 7 (4
melhi(piperazuie-I-h ubonyll-9H-cubazole-
I-cmbomuhhide (pmparcd as tlhc TkA salt)
4 (4 hyCk oxy -'ethyl 3

lphenv(chrbsrnn) I hihen) I) 7 i4
rrh th) (pip razuh -I-ryu bun, lh-9H-carbazolc-
I cahbmunide lpmpared as the TI '!salt)
4-(Arnefhyl-y-ll-oxoisouidoluh 2 yl)phudm-
Hhl)-I-14-rrhethylPiPerazhrh -I-cmbonhl&9H-
aibazole-I-carboxamne fpi pared as the

'I kA salt!

4-(4 rue!by( «(I oxoisnntdolin 2 yl)pvndin
I yl) 7 (mmlihnlme 4 carbon li 9H

mbaz le-I-carbnxahnne (prepared as the

TFA salt l

4 (4 methyl y (5 methyl I oxoisoindohn')piidm 'l-7-!4 meth Ip pemzme-I

c ubcnvlf-9H-cmbazolc-I-;uboxmrude
(pl epared as the TFA s hit)

4 (4 nieth I y (7 methyl I oxoismhidolin'ip,udirh-cnl)-I-(hnnrpholuh -4-cad. onyli-

9H c«tthihzole-I-cubo«amide ipicpahed as the
TFA saltl
4-( -(4-tluorobenzoylmaphllhalen-l. (h-7.(4.

rriclhhlpip razuhc-I-chubonyl)-9H-cubmolc-
I-carbo~nice
4-(3 (4-tluorobemamulol- -metlhylpheth I)-

9H-carbazole-I-carboxanhrdc

4-( -(IH-indazol-3 lahhnhho)-2-

rrh lhilph nylh-H(4-hhhech)lphpcrarhhhe-I-

carbony 0 9H carbazole I chuthoxamide

5 bhmethyl-3 (I- xmhmndolm 2 ynphen I)

3 4.)-tctrahy dro- I H-cahbarolc-b-

c,ubnxuuiCc

ethyl 8-csibmhw I- 13-ln-fluorob nzamhdol-

2-mefhylpheriyl)-9H-carbazolc-2-hhuboxhlate

'.4 E (.' (dim ci hi lm

nine )

propv I)-5-(2-rncih, 1-3-

lf-oxohsohndolhncnyl)phenylfch3.4.9-
tetrahi dro I) I carbazole ".8 drcarhnxmmde

'.«z-lc-(dirnennlumrto)butyl)- -(2-methyl-3-
ll-oxnisomdolut 'llphenyn H3,4.9-
tetmlndro-lH-caibazole-,8-di adhoxmhhhde

Vnli-(rhrneiln lamno)prhhpyl)- -(2-llhhoho y-

methoxypbenyf) 2,',4.9-tetmih dro-IH-
mbamle-2 8-Chuhrboxnrude

.'V'-("-(dhrnenh)Luhhhno)props()-5-(. -ctfhoxynn

fluomphen l) ".3,4.9 tetrahvrbn IH
sibazole-2 ff-rl carboxhmide

'.«h(3-(dunethvlunuholpropyl)-5-(2-fluorc--

thvChnxhrneth Hphenvli .",3,4,0 tennbydm
IH «rbazole h,fl dmarthoxam de

.763(M+

M)'60

3!M+ Hi'4

3 '(M +

H)'74

'M +

H)'6E3

(M+ Hl'.

9 4 (Ivl + I I)

'464

(M+

Hl'73.4

(M +
Hl'fhhh

3 (M +

Hl'8«4!M+

Hi'38

"
(Ivl + Hi+

»fl

hM+Hi''16

'M+

Hl'hl

I'i (yl+

H)'4

2 (M +

H)'8

ilvl+ H)

467 .'i lvl + I

I)'812(M+

H)'6

2 hM+ H)

EX2026.0066
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-cnn(inuiv)

hxsniple
Inrcnuediates

1'tfirfillc

uzaterials nompouad name
M.ias

spectrum

)-106

1-ltn

3.) t'lS

) lu9

3-1)1

3-1(2

3-113

.'114

3-1!5

'! 1(6

3-1)7

."-118

3 119

3 121!

1-12

3-1 4

lnl riricdiale
1-7(1).
intermedi.ite
'!(1 4
lntenncdi:ite
1-7(a).
Intermedi,ile
«!1-32

liltcrlnc lief '
Sial.

lnl riricdiale
13-1

intermedi.ite
1-8(il Isl

Inteimedute
I 8(a!,
liilcriricdicta
10 4
lnl rmediale
1-8(z).
intermedi.ite
«4 I

lntennedulc
I-S(a).)a)

I ill ''1
11C 6 1 1Ic

1-8(nl.(al

lnl rmediale
I-7n1.

) 1)

Intermediale
I-;fa).)a)

Inteimedi tie
1-7(a). I.i)

lritenriediale
I-7nt. Ia)

hxaatple )i 8
lntei medi.ite
10-19

I:«ample I 3,

intermediate

Pxample I 3,

intermediate
1!)-18

lfxample I 3,

Iillcrufc6 i Ilc

1!)-8

hxamplc I-'.
lrif rrri 'i,ile
1!1-4

lix,unple I-h
lill 'riric d 1st

'0-43

Iiitennernit
1-7(11.

lril rrncdial
'lii 47

Infennedfntc
1-9H).
Internieill,ite
')ll 4

«-(2-methyl-3-Il-oxoisouidolui-2-yl!ph rivi)-

V -lletisliyc(ro )kI-livrarl" I 10-2.)A 9-

tetriln din IH-cxrbamle ".8-d crboxamide

-(3-(is uidolm-2-yll-2-meth Iptieayn-V-
ttetrahydm-SH p, ran 4-yli A,4,9
terrahvdro (H carbarn)a ".tl drcarhoxmnide

«-(3-(4-nuorobcnzaniidol-'2-inethylphcn 0-
, I ll methylnrPeifdrn 4 yl) ".3„4ni

letrnh\ din-IH-em bnzole-2 8-dicarbcxaulide

5 i,4 dimethyfthiazol 1 yli ha (I
me(hi Ipipendui-4-10-2,3,4.)-le!i shy dro-)H-
cmbaznlc- 8-dicubnxaaiilc
1 (2 niethyl 3 (I oxo cnmdolm .'l)pben H
Nz H methylpipendui 4 ylh.".3,4,)
lctrahidio-IH-caibazol -2 buhcarbcxurudc

I rt-butyl -(8-cafbnuoyl-2-(I-
m lhylpipeinui-4-ylcnrbnuio H-2 3,49-
tetmhydio IH-cxrbaml-5-yl!tlnam(-2-
vlhsopropylicarbamste
-(Iiiran-3-yl)-6 ni I-nielhvlpipcodui-4-1 I i-

4.9-t uah rlrn-IH-cubazole- 8-

dicarboxsmide
«-(bmizulurari-inl!-Vn(1-rri tliylpipcrnliri-4-

I) 2,',4.9-retmli rlio-IH-cmbazole ".8-

f 1 em'ho xaini ilc
«-()-ll rrnyniumi-2n( i-Vn(tali shy dro-211-

pvrnn-4-ylh,),49)-t trah dm-IH- .irbizole-
2.8 iliccrbox;liitiile
«-(I-methvl-) II-pyiaznl -vn-.! -(retrahydrn
H-pvran-4-in- .' 9-tctrahydiu-IH-

carb.izole ).tl d cirhoxamirle
tert butyl m(8 caibamoyl 'Ietrahydro ."H

pyrari-4-ilcsrbunoyl)-2 H4,9-tcli:diydro-IH-
crbazol 1-yn-IH-pyrimle-I- arboxylate

«-cy loliexenyl-VS-lteirahydro-SH-pymn-4-
I)-2 ",4.9 tetrab drn-IH caibamle- .8

di iuboxai1111(e

-(."-(6-Ihioio-I-oxoisuuidoliti-2-yl)--

methylphen I) " id methylpipernzme I

.ubnnyl)- ..4.9-tetiabydro-lH-cul czole-8

car!i xuilidc
i3 (6!Iumo I oxmcoindohn

".yll ."

methylphen I) " (4-methvlpiperazme-I-
.ubonyli- '.4.3-(ctiahvdro-lH-cul azol -8-

c,ubnxuuidc
5 i2 meth I

'! !1 inc!by( I nxmcouidol n 2

f)pheti I!- -(4-meth lpiperszuie-I-
ctnbonyl)-2 3A.9-(euahydw-in-uubazolc-h-
'1lhoxmltldC

1 ih meth I
'! !6 methyl I oxo somdof n 2

l)phcri, 0-2-(4-rue(by(pipcrazuic-I-
cmbnnvl)-2 3A.9 letraMdm )H-c ubazole-8-
ccfboxaiuiilc

-( -mr thy(- -(I-oxoisoindclui- -yl!pheriyl!-
'-(4-rife!)f! Ipiperazirle-l-c u boiiy l)-2 3 A.9-

terrahvdro (H-carbazole 8-c ufioxaimde
1-(=meth I-3-l - XOPiPerifin-I-yl)P(imiyll-

2-(d-me!by)piperazine-)-csrbonyl)-2.34.9-
tetrahidio-ln-iaibazole-S-c,uboxatnide

-(2 DX.V-bfa(tert Intoxv crbon Innuno)-4-
ni thyltluazol-5-il)-2-(4-nictliylpip razmc-I-

cubonylu2 .'A 9( lish! dro-)H-rubazolc-8-
nirhnxmmde
Vhmethyl-5-(2-methyl- !I-oxmsouidolni-2-

llphcn, 0-'4 h(1-nietliylpiperidui-4-yl)-
".3A,9 tetrahydin Hl cmbazole ',8
I 1 1; 11'lo 1 '11111 6C

663 2 (M + H!

'41'M+

Hi'82

3 1 M+

H!'66

'M+

Hl'76.3

(M+ Hl'5

3 (Ivl + I I!
'

11!M+H)

471 2 jlyl+

H)')6
I (Ivl+

H!'22

2 Hvl+

Il)'08M

(M+ H — Bocf

'293

(M+ H!'0

4 i M+ )I)

58!i 4 (M +

H)'76

4 (M +

H!'76

4 (M +

HI'24(M+

H)'41M

+

H)'144(M+

Hi'9f)

4 ( M + H i'

EX2026.0067



VS 2010/0160303 Al Jufq. 24, 2010

-cotffinuiqf

hxsniple
Inrcnuediates

x'tfirfiilc

uraterials Compouad name
M.iss
spectrum

1-117

3-128

3 13(i

.'-131

3-13

3-14(i

:I- I 4 1

3-142

lnl riricdiale
1-9(.1).

intermedi.ite
'hi(i 19

lntenncdi:ite
1-9(a).
Intermedi,ile
sii-18

llltCrlnC liif '
9ial.

lnl riricdiale
11)-29

intermedi.ite
1-9(il.
lntenncdi:it
1(i 9

Intermedi,ile
1-9(a).
lntei medi.ite
50 7

hx.urlple 1-3.

intermedi.ite
Sfl 11

Intermedi:it
48 I,
Irllci'rrlcdi rlc
10 24

Intei medi.ite
48-1.
lntcrinedi.ite
50 48

Intermediale
48-1.
Intermedmte
5(i 27

Irilcrrric d 1 ilc
48 I,
lritenriediale
yfi-29

lntennedmte
I 1 it).
lntei medi.ite
10-10

bx.unple 1-1 faf

llltc rlncdlsf'8

I,
IilferiliCili.i(C

1 i 1-fl

Irifcraied 1.1(e

48 I,

Iiiferiticdi.uc
s(i-

Intennediale
48 I,

liiterincdiate
sfi-17

Intermedi,ile
48-V

liil 'trite diat

'0-27

Iiitennerqit
48-h
lrif rrncdial
'lli 4
Infcnnedrntc
I . I iri,i 1,

Inte ri»e rh,ite
')(1 5

5-(H(5-fluoro-I-oxoisoindolm- -yl)-2-

rri lhylph ri, I)-VH -methyl-Vf-(I-
methylpipeiidm-4-ylf-2944&-tenahydio-(H
i,ubazole-2 8-dicarboxamiile
'4 hiiicthyl-5-f2-methyl- -( -nmthyl-I-
nxoisnindnlin-2-yl)plienyl)-hz 11

metA& Ipipendm 4 & I) ".3ehu tetrahydro I H
cmbazolc-2 fl-drr uboxarrudc
V -inetbil-5-(2-methyl-3-(I-oxoisoquninlui-
2(I HI yl)phen Il Vz (I methylpipendm 4-

vl)-2 34.9-tctialudro-Hl-iiibazol -.',8-
di .ubommide
I I I (6 cyann I oxn smndoim " yll
meth&lphcnvl)-VH -metliyl-V -!I-
niethylpipendu1-4-yl)-29.4.9-tctrahydro-lH-
carb izole hf1 die irboxanuile
Nz inethil 5 ('eth&l ." (I uxn 6

(lntluornrn tin l)isoinrlolu1-2-, lfphcrq I)-Iqh
tl merh& Ipipendm 4 y 0 ", I 4 9 tetrahyrlro
IH-iarbazoleqh8-dicruboxarriide
5-(4-inc(fry(-5-(:-rrrefh&l-I-r yoisoiridolin--

l)p iidni-3- I)- (4-meth lpipersmie-I-
i ubon& I)-2 3,4.9-tenahydrc (H-cubmzole 8-

cub xarrudc (prepamd:u lhc 'I 1m salt!
cthi I 8-cmbaninvl-5-( -uiethyl-3-!4-
oxoquutazolin 'liuE) vl)phenyl) 9H
cm b a zoic-2- ct u ho xi laic

etbi( 8 cmbam 'I ( I lfl huoro 4
oxoquuiazoliri-3(4H)-1 II-2-rn thy lph rifi)
9H- mbamle- -carbon late

cflivl 8.1.st'bairlovl 5 13-(6 tluorn-4-
oxoquinazohn-x4H)-yl)-&-meth&lphen,!)-
101 mrbamle 'mbox I.ite

ethyl 8-i.ubxrrio Iaq(2-rn tlivlf.p(6-rncfh&I-
I o'xoqiiiilszoliii 3(4H)-yltphenyl)-9H-
cub izole-2-imboxvlale

4-(:-(5-tluoro-I -dioxoisouidoliri- -yl)-2-

uielhilphernl)-VH qfteti shy dro-2)l-priss-4-
0 9H carb.izole 1.7 dicarboxannde")

m(2-lluorn-3-methoiypheri I)-I-(4-

methvlpiperaz iie I co bno Il 9H carbarn(a

I csibnxanude
tliil 8-cmqnio I-S-( -methyl-3-(6-aietli I-

I oxoisoindolm-".-iliphenyl)-9H-csrbazole-2-
caiboxvlme

ethi I 8-iarbatrioyl-5-i3-(6-fluoro-I-
oxmsoindolui " yli 'methylphenvll 9H
csibazole 2 arboxi late

etlivl 8-cmbaaioyl 5-(3-(4-fhiorrnl-
oxmsomdnlui 2 yli 2 methylphenvl) 9H
c:ub:izolc- -embox Life

4-0(-(6 fhioiu-4-oxnquirisrolm-314H) yll-."-

ni thylphmi !)-9H-carbsmle-I- xi boxsrnide

4-!2 meth I-I-14-oxoqumamlni-3(4Hf-
Hphen 0-9H-csrbarnle-l-embox,linitlc

4-(3-(6-tlnmo-I-oxmsmnd In&- -vl)-2-

ai thylphmi I)-H',V -dunelhvl-9H-carl szolc-

1.7 dicmboxmnrfe

6u84(M+

H)'(141!M+

Hi'ii2

11M+ H)'

I 1 5 (M+

Hl'5(l

3 (M + Hl'

77 3 (M + I

I)'17

fi fM+ Hi'3

1(M+
HI'35

3 Hvl+

H)'1

I (Ivi +

H)'91

3!M +

HI'61

2!M+

Hl'tl

11M+

H)'441(lvl+

V,i)'44

I (lvl+

Val'631(M+

HP

44» I (M+

Hi'21

(t(M+ Hi'

EX2026.0068
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-confinuixl

hxaniple Startnir
Inrcnuediates nraterials Oompouad name

M.iss
ytiectrum

t-14

3-146

int riricdiate
I- I ufa).
intermedi.ite
'l(i

lntenncdi:ite
1-10(ai,
Intermedi,ite
Sti-6

littcritic it sf'9

3,

int riricdiate
lit-46

Hbxt-dun thi(-4-(.'-rnetlnl-3-(4-
oyoquiruiznliri-3(4H)-y l)ph u)l)-ukI-
sii annie-t, rl cirboxnnue

'qbn'-dmietln(-4-(2-nulli I- -(6-atctlnl-I-
nxoisnindnlin-2-yl)pltenyl)-9H carbazole-i.i-
dicarbossrnide

4-(I-(tl-nuoro-4-oxoquuiaznlut-3(CH)-yll-2-
methy)pben I) 9H caibazo(e I carboyamide

. 16 u(M+

Hl'it

I!M+

Hi'63

I i M + Hi'

lxaniples 4-1 and 4-2

I'reparation of 5-(2-(isopropylaniino)thiazol-5-yl)-
N -(l-methyl)piperidin-4-yl)-2,3,4,9-tetrahydro-lH-

carbazole-2,8-dicurboxamide tuid 4-(2-(isopropy-
lamino)thiazol-5-yl)-N'-(I-methylpipendin-4-yl)-

91 1-carbazo)le-l,7-dimtrboxtunide

[05261

Y'i)527J
A sohition of tert-butyl 5-(8-cmbnnioyl-2-(I-meth-

ylpiperidin-4-ylcarbamoyl)-2,3,4,9-tetrahydro-lH-carbazol-
5-yl)thiazol-2-yl (lsopropyl)carb unate (Example 3-111, 35

mg, 0 05(J nunol) in D('M (I ml ) mid Tl'A(1 ml,) was stirred

at rt for 2 h. The solution was concenhmted and the residue
was partitioned between DCM and I M aqueous sodium
bicarbonate Thc organic phase was conccntratcd mid the
residue was punfied by preparative IIPLC. Tile appropriate
eifiuent fractions were made basic with I M aquenus sodium
hydroxidh. extracted twice with DCM. and thc conibined
nrgantc phases were washed with waters dried and concen-

trated to provide 5-(2-(isopropylamlno)tluazol-5-yl)-N -(I-
methylpiperidin-4-yl)-2.3.4.9-teuahydro-l ll-carbazole-2,8-
dicarboxamide (Example 4-1, 18 mg. 61%) as a yyhite solid.
'I I NMR (400 MHA methanol-da) 8 7.51 (111, d, J 7.91 I lz),
6 95 (IH, d. J—7.()1 Hz). 6.89 (IH. s), 3.81-3 89 (IH, m),
3 64-3 73 (I H, m). 2 79-33)7 (4H, m), 2.59-2 75 (3H, ni),
2 27 (311, s). 2 09 2.18 (2H, mh 1.97-2 06 (111, m). 1.84-1. 92

(2H. m), 1.70-1.83 (I H. m), 1.48-1 61 (21 i. m). 1.27 (6H. d,
.) — 6).15 Hz) Mass spectnun m/z 495.2 (M+H)'. Also obmined
yves 4-(2-(isopropylanuno)thiazol-5-yl)-NL(1-methylpip-
eridin-4-yl)-9H-carbuzole-1,7-dicarboxamide as u yvhiie

solid (I',xample 4-2, 5.2 mo, 18%). 'H NMR (400 MHy,
methanol-da) 8 8.04-8.10 (2H. m). 7 88-7.93 (I H, m). 7.52-

7. 58 (I I i. m), 7.25 ( I I L s). 7.14-7.20 (111, m), 3. 87-3.98 (211,

m), 2 88-2 97 (2H, m). 2 31 (3H, s). 2 15-2 24 (2H, m). I 95-

2.03 (2H, ni). 1.64-1.79 (2H, m), 1.32 (61L d, J—6.59 Hz).
Mass spectrum m/6 491.2 (M+II) .

[0528[ The follnwing compnund was also prepared from
Ex uuple 3-124 using procedures used (o prepare Example
4-1

I xampfe komponnd nants

M555

spcctilittt

0

Q
(2-mninO 4 meth, ldu.iZO(- yl) Xo 454 2

(tetrahydio 20 pyran 4 yu 2349 tetrihydro (M+ 8!'H-clibazoleXS-d .ubosamide

EX2026.0069
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Example 5-1

Preparation of 4-(3-(4-ten-butylbenztunido)-2-meth-
ylphenyl)-7-(4-nmthylpiperazine-I-carbonyl)-9H-

carbazolc-I -carboxmnide

[0529]

[0532] A solution of 4-(3-amino-2-methylphenyl)-7-(4-
methylpiperazuie-I -carbonyl)-911-carbazole-I -carboxannde
(I'ixamplc 3-2, 20 mg, 0.045 nunol) and Dli!A (0.024 ml „
0. 13(i nunol ) in D('M (2 mL) was treated w ith acetyl chloride
(4 pl,. 0 054 mmol) 'I'he mixture was stirred nt rt for 2 h. then
was concentrated and purified by preparauve IIPLC to pro-
vide 4-(3-acetamido-2-mcthylphenyl)-7-(4-methylpipcra-
zine-I-carbonyl)-911-carb tzole-I -carboxamide, TI'A salt, as
a white solid (18 mg, 66 in). 'H NMR (400 MHz, DMSO-d,)
8 11.69 (HI, s). 9.44 (HI, s), 8.18 (IH, br. s.), 8.00 (I H, d,
.1=7.7 Hz). 7 78 (IH. s), 7 50 (2H, d..1=7 3 Hz), 7 28 (IH, t,
I 7.7 Ilz), 7.05 (HL d, I 7.3 Ilz), 6.88-6.98 (2H, m). 6.83
(I H. d, J=g I Hz). 2 86-3.11 (4H, m), 2 75 (3H, s), 2 02 (3 H,

s). 1.80 (311, s). Mass spectrum m/z 484.3 (M+II) .

Example 5-3

I'reparation of 4-(3-(5-tluoropicolinmnido)-2-meth-
ylphenyl)-7-(4-methylpipemzine-I -carbonyl)-9H-

carbazolc-I-carboxmnide

[0533]

Nii

[0530] A solution of 4-(3-amino-2-methylphenyl)-7-(4-
methylpiperazine-I-carbonyl)-911-carbazole-I-carboxamide
(Example 3-2. 40 mg. 0.045 nunol) uid TL'A (0.013 mL,
0.091 nunol) in THI'2 ml ) was treated with 4-tert-butyl-
bcnzoyl chloride (0.016 ml „0 091 mmol). 'I'he mixntre was
stirred at rt for I h. then was conccntratixl and purified by
preparative HPI,('o pmvide 4-(3-(4-tert-butylbenzamido)-
2-methylphenyl)-7-(4-methylpiperazine-I-carbonyl)-911-
carbazole-l-carboxmnide, TFA salt. as a u hite solid (22 mg,
65%). 'I I NMR (400 Mllz, DMSO-ds) 6 11.76 (s, 111) 10.03
(s. Ill) 8 25 (br. s.. IH) 8.08 (d, J 7.69 Hz, IH) 7.94 (d,
.1=8.57 Hz, 2H) 7.85 (s, I H) 7.47-7 ti I (m. 4H) 7.41 (t,.1=7 ti9
Hz, I H) 7 20(d,.1=7 03 Hz, I H) fii 98-7 07 (m, 3H) 293-3 50
(m, 8H) 2 81 (s, 3H) 10)0(s, 3H) 1.30 (s, 9H) Mass spectrum
nl/7 602.4 (M+H)'.

Example 5-2

Preparation of 4-(3-acetamido-2-methylphenyl)-7-
(4-methylpiperazinr.-l-arbOnyl)--HH-arbazoll--1-

carboxamide

[0531]

tt 8

[0534[ A nuxture of 4-(3-amino-2-methylphenyl)-7-(4-
mcthylpipcrazine- I -carbonyl)u) H-carbazole-I -carboxaniide
(lixample 3-2, 100 mg. 0.204 mmol), 5-ihioropicolinic acid
(43 I nig,0 306 mmol), and HOAT(41 6 mg,0 306 mniol) in
acetonitnle (2 mL) was treated with DIE!A (0.053 mL, 0306
mniol) and FDC (78 mg, 0.408 nunol) and the mixture was
stirred at rt. After 18 h. the mixture was diluted with methanol
and purified by prcparativc Hpl,(' he nqucous residue fnmi
concentration of the appropriate effiuent fractions w as made
basic with NaH(.03 (aq) and extracted thrcc times with
litOAc. The combined organic phases were dned and con-
centrated to provide 4-(3-(5-ihioropicolinamido)-2-mcth-
ylphenyl)-7-(4-methylpiperazine-I -carbonyl)-911-carba-
zolc-I-carboxamidc ns a light gray powder (111 3 mg, 92%)
'll NMR (400 MHz. methanol-ds) 6 8.58 (d. J—3.1 Iiz, IEI)
8 31 (dd, .I

— 8. 8, 4 8 Hz, I H ) 7 96-8 03 (m, 2H) 7 82 (td,.l—8 6,
2 6 Hz. I E I) 7 68 (d, I—0 9 E Iz, I H) 7 45 (t, I—7 9 I iz, I I I) 7 23
(dd..t—7.5,0.i) Hx iH) 709(d,.l—7 9 HA IH)703-708(ni,
1EI) di.95-7.00 (m. I El) 3.78 (br. s., 211) 3.49 (br. s.. 211) 2. 52

(br s. 2H) 240 (br s, 2H) 2.3I (x 3H) 2.04 (N 3H). Mass
spectrum miz 565.2 (M+II)'0535]

The following compounds w:crc also prcvarcd using
procedures demonstrated in I:xamples 5-1 through 5-3 and
similar procedures. In this table, "starting material*'efers to
the amine reacted with the appropriate conunercially avail-
able carboxylic acid or acid chloride.
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515

5-16

5 17

-in
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Ei xrip!

kxunpfe 3-2

Exanipl 3-2

Ei x rip! '

Exanqile

.'xample

'x«rip!

'.'i.ample

3-2

xatripl'--

Ex%rip!

'.'xnnlile

.'xample

3

Evnrtp!e I

Fxmnple I

Ex«tripl
'

Exirrip! '

ki.srrtple 3-2

xs tripl

'xnnple -2

Exnnp! 3-2

Fxantple

Fxample )-2

4-(3-(4-I)uorcbeirzmrudo)-'-rn Ih lpher»l)-7-
(4-meth) Ipipcrazu«- I-c:u ban, I)-9kl-
cai bazole I-carboxsmide (prepar d as the 11 4
s,dt)
4-(2-mcthvf- -(pic lutnnido)phr:n I)-6-(4-

rnettt Ipiperazine-I-carb r»l) 9H arbamle-I
carbnx:unide
b'-(I-(I-cadxini yl-6-i bru tliilpipcrazirn-I-
mbonyh-9H,ubazo(-4-)lb-

meth Ipben 1)thmzole " cotboxunide
4-(2-cia(hi!-3-(m ntirisnudo)phenyl)H-M-
iitctlt 'Ipijii'i'aziiie-I-curb n tt-9H- arbaz (e-I-

cat ho«am u(e

4-(Missort ottnamido)-'-me(ho)phenyl)-7-(4-
matt»lpipcrazute-I-carbonyl)-9H- srbazole-I-
carbo«amide
4 fi il H-unidatnle-2 carboxamidrii 'ncthIphcriyl)-I-(4-rncth Ipipciazuic-I-
carbnnyh DH caibamle I srboxannde
(pr p.md as the TFH salt)
4-( -inc(hi I-3-(p\ uirud tris-4-

cai(ioxamidotphenvl)- -i4-methvtpiperamte-
l-,ubonvll 9H-cubszole-I-carbo« trtude
4-(3-(IH-benzn(d)irnidazole- -carboxanudc)-
2-nicthvlphenylt-7-fd-methvlpipcrazutc-I-
carbnnyl) 9H«sibaznle I cmboxnmde
4-(2-Huoro-4-(4-!Iuoiob nznnido)pheriyl)-7-
!4-tneth Ip perazme I carbottyh-9H-
carbazoie I carboxamide
4-(3-f5-ethvlpicoluianudo)-2-iris(hi(phon H-7-

(mmetit Ipipmazuie-I-carb n I)-9H-

carbazole I csrboxanuile
4-1 3-1 5-butylpicolinamidn I-'.-met)»lphany 1)-

7-(4-ntethvfpipermutc-I-cubomh-9H-
ca! bazole I carboxsmirle
4 (2 mettivl 3 (I tnerhyl IH rmiduz vie 2

carbo«art«do)phcrrvlk7-(4-rncthylptpmaztrtc-
I- srboity() 9H ctrbazole-I-cmbmamMe
b-(3-(I-cmburiovl-7-14-nietlri lpiperazrrie-I-
cmbontl)-911-trubmol-4-yh-2-iriethylphenilk
4- snprnpyltluszole- -cai boxantide
H (3 (I cmbamnyl 7 14 methylpipernzme I

cmbnnvl)-Okl-cub tznl-4-i()-2-rrietlti lplienyl)-
4, 5.6, Htctrsity rlrobcnzo(d) thi no le-2-
ca! bc Zuni de

H.(3.(l.cat'bsrrt VI. -14-rtiedtilpiperazitie.l.
cai bnnyh-9H-carHsml-4-ylbi-ntethylplrenyl!-
5 meth Ithiazole 2 caibnxamMe
4-(3-f3-hydroxvptcolrriarntdol--
i!mtlt 'Ipltcrt I)-7-(4-rivet)i 'Ipip razirtc I-

carbonyl! 9H csibarole I carbo«emir!a

(prep,ued as the TFH salrl
4-(2-ntctlnl-I-(pyunudine--
car bc«tmrdoipltenyl t 7 (4 methy (pi pemz tte

I-carboriyh-9H-carbaznle-I-isrbuxunide
1s-t.'-(l«stburroyl-7-14-rn tltilpip raziric-I-
carbnriyli-9H«mbaznl-4-tlb2-
meth (phenyl)bettzo(d)thiazole " carboxamirle
4-(2-ni thvl-3-jl-niethil-I H-

I eiizo(d)itrtiflszol 2-carbo'vstttidclpheriyli-i-
(4-methy(piperazme I-cubon Il-9H-

cubazole-I-carboxairude
4-(3-(5- hlotopicolirituntdn)-2-met)»lpheri H-

i-f4-maths lprpm azine-I-carbom li-9H-
carbarn(a-I-curb xantide
4-( -(5-broinopicnlinamMo)-2-meth)lphenil)-
7-(4-rit Ihi !pip raziri -I-csrbont 1)-9kl-

caibazole I csrboxmtrde
4-(2-methyl-3-(s-
(uitluor mctltyhpi oluiantido)phenyli-7-(4-
meth lpiperazuie I caibon H 9H carbazole I

caibnxamuie

64 'M + I I)'i

2 (M + HI'.

I 2 (M + H)'7

'M + H)'7

2 (M +

Hi'36.3

Hvl+

Hl'8

'M +

kl)'62

(Ivl+

Hl'68

I (M + H) '

2 (M +

Hl'9),3

(M+

Hi'59,2

Hvl+ Hl'

2(M+H)'97."

(M + Hi'i

'M+ H)')

'(M+HI'8

I (Ivl + H

I'(H

'M +

H)'tio

2 (M +

H)'81

2 (M + kl)

'27

( VI + H)'1i

2!11+ H1'
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Exec&pie 3-2

s-29 kxamp(e

kxunpfe 3-2

Exan&pl 3-2

5-" Exmr&p!

kxunpfe
3 37

Example
:I 37

I.xmnplc
s 37

kxunpfe
1 t7

Example
.'-37

k&.srnple

3-37

Exmnpfe
3-37

-4(i Example 1 2

s 41 Example 3

Ilxampfe I

hxmnple -2

Exunp!e 1-2

E& mr& p! '

F & ail&pl
'

13

5- 6 Eixtip! 4-(3-f6-hydro&op&colrr&mntdoi--

rncth, Iphcrnll-I-(4-rn thylpqie&azu&c-I-
caibonylk9H-carbazole-l-,srhosann le
(prep,ued zi I he TFH aalrl
4-(3-( -Its dtoxs'pi 'ol&1&a&11&i )-

rnettt Iplsenvl) 7 (4 meth Ip&pcmzute I-

carbnayls 9ilmzibzmle 1 euboxaimde
(pr p ued.&t lhc TFH &sit&

4-(2-ninth&I- -(5-nietlq Ipicolinunidctphcn f)-

7 i4 metlts lp I ei azme I carbonIl) okl
cmbazole-I-cnboxmruile

-f 5-1st' llsopyritsiicliite-2-carbnxansidn)-

meth Iphet& I) 7 i4 meth Ipipernvme I

cmbor&&!i-91!-tv bazole-I-carbnsnmde
H-(3-(1- atba&novi-7-(4-&ssetl&7(p&pcr rz&s&c-I-

carbm&yq 9H 's&bezel 4 7() " metbylpheavl)
'hlomrlnzmle-5 i:arbrixamide
4-(3-(t-cs.mopi oluxsnud )- -in th Ipher&yl)-

7 i4 met!tv fp I eiatme I csrhonyl) 9H
cvbacole-I cnboxmn&ile
4-( -&neth&i-3-It-(pynol&dir&-I-

ylipmohnamulo)phenyti-7-(4-
tnethylpipenizu&e-I-i:arbon lt 9H-i,srbazole I-
mrbnxnsudc
4-( -tluoro- -(pico(man»dn)phenvl)- -(4-

meth lpiperazu&e I cmbnnhh 9H carbszole I

ca&bovnn&d
'-(I-fluoro-I-(s Hnoropicohnsnndotphenyl)-

7 i4 met!tv fp I ei avme I csrbony I) GH

cmbacole-I-cnboxmruile
4-1 -15-cyanopicolinumdc)-2-tInorophen I)-

7 &4 methylpipe&azine I carbnriII) 9H
cmbazole I mrboxamiile
4-(2-fluoro- -( -qt) r&ohd&n-I-

vl)picnlmanudolphenil) 7 (4
meth lpiperazu&e I csrbnnhh 9H carbsmle I

cntbovntndc
4 t- fit&ore- ) &ps'i'ii&&1 fille- I

cmboxamidolpheriylj-7-14-meth& lpq&eiazine-
I- .srbon I)-9H- srbaznle-1 caibnximide
H-(3-(1- srba&nnvl-7-(4&ssctlsylp&perazu&c-I-

cmbonslk9ll-cub&so(-4-)li-2-
duoropheti !)thi.izole ."carboxmude
4-(2-tlunro-3-(1-nsetl&71-! H-im&dazolc

cmbnxunidoiplwr&yli-I-(4-rnethylp&pmazin-
t carbon I) 9H csrbazole I carboxamide
4-(I-metl&7 1-3-("--(Pyridn&-2-

vis&ceno&side!plmnylf-7-(4-mcthylp&pc&azu&-

l-,ubonvll 9H-cubazole-I-carboy srtude

4 t2 methyl 3 (I (Pvndm "

Fl)cv Inpropan ca&boson&&do)p(set&sf)-7-(4

meth& lpiperazu&e- I-c u lx ri, Ij-9H-cmb izolt:-I-

carbo&sit&id»

4 i" il &4

!luomphcn, l)ciclop&op,mcmrbosvu&tlc)-2-
methylphenyh-7-(4-rnethvlpiperzzu&«-I-
carbonyl! 9H caibatole I cmboxatmrfe

4-(3-(l-(4-
Iluoropherq HM club uuuienu boxzrrudo)-2-
methylphenyh-7-(4-rnethvlpiperazu&«- I-

cubonyl)-9H-ca&barn(a-l-,vbcxvnnf
4-(3-(2-(q-chloiophensl&.2.

meth& lpropvivmdo)qbnieths lphem l)-7-14-

med lp pemzme I carbot& I)-9H-carbazo( -I-

c it bona&1&ide

4-(3-her&z mudo- -meth Ipher&yll-7-(4-

meth lp peraz&ne I cubo&& fl 9H .irk&role I

carbnxcmide
4-(2-&sscthsl-1-(I-meth)l-I H-

nenzo(d)midamlvh czrboxnnido)pl&enyl)
GH carbamle I art&oxamide

61 'M + H)''

(11+

Hl'61

(M+ H)'

G,

626 ('.vl + Hl'

67 1 (M + H

I'72

'(M+

lt)'16

'M + kl)'

2 &,M + H)+

5692

(M+Ht'7G
2 (M+

Hs'26

(Iyl+ H)'

2 (M+Ht'

I I (Iyl + H

I'M+

H)'6t

2 (M+

Ht'87

3 (M + H)+

6&&4 & (M+

H)'16

2 (M +

H)'22

2 (M +

kl)'46

'M +

kl)'74

4 (M + Hs'
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Ei xtip!
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Example 1

Ei x tip! '

kxunpfe 3-2

I'xampfe 1

Exxnlile

.'xattipl

3-2

I.xxnplc

Example 3

Exxrip!»

.'i.srripl

3-2

Fxxnpfe 1 2

I.xunpl

Fxxnpfe 3

Exatnpfe 3 ."

I.xunpl

Fxanipl

Fxsmple )-2

4-(2-niethyl-3-H-rn thil-HI-uiuiLizole-2-
cxboxariudojpheriyl)-9kl-catbazole-I-
cailioxatitirl
4-ti 6-ditluoro-4-id-tluorobenzumdolphenyh-
7-(4-mcthyfpip rmute-1-cxbomh-9H-
carbarn(a 1 carboximide
4 (1 icvclopmpanecsrbrmamido) "

rncth Iphcriylky(4-rncth Ipipxazuic-I-
xbonyh-9H,ubazole-l-carbnxxrude

(prepaxd as the TI'A sslm
4-(3-(ixcloh xanecxb xinndoj-2-
metis lptieti I)-744-meth Ipiperszine-1-
caibonyh 9H cxbazole t,irboxann I

(prep,ued as the TFA ssltl
4-(3-(2-chl iobcnzsnudc)-2-nictltylplmnyl)-7-
(4 meth, (piperazine I carbon It 9H

carbarole 1 carboxamide (piepaied as the TFA
s,dt)
4 i" i" chlorobetimnudo) 2 methylpbenjl 1 7

(4-rnetlnlpiperszuie-1 cxbori, I)-9H-
cxbxcole-I-cxboxxrutk (prep x d m tlie TFA
salt)
4-i 3-i 3-id mtethvlxnino lbenzamido k".-

medi Iphenvlj-",-(4-meth Ipipctazuie-I-
carbnnyl)-9H-carbsznle-I-c:uboxsrnnte
(prepaxd as the TI'A salt)
4-(3-(4-cl.mobettzanudo)-2-rncthylphxi I)-i-
!4-tneth Ip perazme I carbotiyl1-9H-
carbazole l csrboxamide (prepxed as the IT A

id i)
4-t -(4-clif mbenzxiud I- -nietbvlpbenyli i-
r4 meth lpiperazute I csibon H 9H

cxbazole 1 mrboxarturte (prepxed ss lhe TFA
salt)
4 t" t4 acetamidobeiizxmdot.'eth

Iphen I) 7 (4 meth Ipipenizuie I

casimir'i It 9H csili izcle I " 'rtioxartiici 'prep.iredns the I'I"1 sslri
4-(I-f4-tiiethoxi beriz,urudo)-2-rnethylpherii!)-
7-(4-iris(hi lprpxxirie-1-carbons pi-9H-
csibszole-1-carboxsirude (prepsr d ss tire I! 4
selt)
4-(2-inethil-l-(4-rncthylbenz.irnirlo)plxn I)-7-

(Xrnclhylpipr:iazuic-I-carbou l)-9H-
ca!bazole I carboxanurle (prepared as the TFA
salt)
4-(I-isntnit mmxln-2-niethy(phen H-7-(X
nietb 'Ipiperizme 1 cari on It 9H cst'bazole I

cxboxanud«(prepxed,n th TFA saltl
4-( -(2-cyuiosce(xnidoj-2-mctlnlplicnyh-7-
i4 meth lpiperizme I csibon H 9H

carbazole 1 csrboxamirte (piepxed as the TFA
sall)
4 ij ij.." dimethylbntiiiimidol

.'nethylpherivh-7-(4-rn«thylpiperazuie-1-

caibcriih-9H-carbazcle-I-cuboxirruiH
(prepaxd as the TI'A saltl
4 i 2 methyl 3 (3 methylburanatnidoiphetiyli
I-(4-ni thylprperazinc-I-carbonyf)-9H-
xxbazofe-I-cxboxxrud (prepared m Ihe I'IA

nil(i
4-(2-niethyl-3-(4-methi lpetitanrunidoiplien I)-

I-(4-rrt Hn lprp raziri -I -catboat l)-9kl-

cxbazof«-(-cxboxxntde (prepared as Ihe TFA

ssltl
4-(2-nictlm I- -paslsrnidophcnyh- I-(4-

rnmh, Ipiperazine- I-earhart) li-9H-c u (.izol -I-

cx bowtmrde!prepared as tbe TFV soir)

4-t 3-(2-(dimetbi (ammo lacetsmidot-2-
meth Iphcn I)-7-(4-methylpiperszinc-I-

carbnnyh 9H cxbaznle 1 srboxannde
(prep.ixd ss the 7 I' salr)

424 'M + I I)

'64(M

s Hi'

09.9 ilvl + Hl'

9 (M + I I)

'i9

tl (11+

H)'79

5 (M +

H)'8.2

(M +

Hi'in

f1(M+H)'79

5 (M+

Hi'42

5 (M+ H)'

tl(M+M)'

tl(M+ Hl'(

1 9 (M+ H!'

rib tl (M +

Hi')9

') i M + H)+

5".,S (Ivl+

Hi'39

9 (M + Hi+

5 9 (M+ Hi'6

9 ! 1 I + H I
'
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Exmrip!e .'i

'sittilil

'xnnpfe

3 2
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Exsinpl

Exmnple -2

Exnnp!e 3-2

Ei »tip! '
46

Fi arttpl'
46

4-(2-nieihil-3-12-ph riyhscetanudolphenilkH
(4-meth) Ipipcrazu«- I-c:u ben, I)-9kl-
cai bzzole I-carboxamide (prepnr d as the I I 4
s,dt)
4-(2-mcthvf- -pent-4-) namirlophcnylr7-(m
rnettt Ipiperazine-I-carb r»l) 9H arbamle I

carbnx:unide fprepmed as the TF 1 salrl
4-(2-rrir lhv I-3-p»stan urudop)sr r» l)-7-(4-
rue(it Ipipetazute-I-carb n I)-9H- .u l,izol -I-
carbnx im de fprepm ed as the TEI salr)
4-(2-nieihil-3-14-
sulfnnoylbenzmmdoiphenylk7 (m
meth Ipperarm* I carbott )19H arbar (e I

cmboxunide(prepzied,n the TFA ssltl
4-(2-incthvf- -(2-met)»l-2-
pbenvlpiopanamidn tphen 'I) '7 (4

methvlpipeniririe I csrbnn, H 9H carbzrnle I-

caiboxamidc(prcpiied est)i TkAsdti
4 i" i 2 Id methv)ammo lbenzatnido I 2

methylph«nvlki-(4-methylp Dier izut«-I-
cmbonil)-9H-cmbmole-I-cmboxarrnd
!pi "pated as tbe 'ITA salt)
H-(3-(1-carbamnyl-7-14-methylpipernzrne-!
srbnnvl)»IH-cmbazol-4-il)- -niethilpltenyl)-

2-phen Itluazole-4- srboxnuidc!prepaicd as

rhe TF:1 salt)
4-(3-(I-cy.mocyclopropan c,uboxarrudo)--
ntetlt Iphett lk7-fd-methylpiperazuie-I-
carbnnyl) 9H caibamle I mbosatmde
(p«p.ued as the TFA salti
H-(3-(I-catbznto I-7-(4-iiietliylpiperaznte-I-
cmbonyl) 9H carbazol 4 yli 2

tnethylphenyhtluazcl«-4-c uboxamide
(prepamd as flic 'I I.A salt)
4 i2 methyl 3 (3

moipholuropmpananudo)phenvh 7 (4
rnclh Ipipr tazin -I-c u lors, I)-9H-car(azoic-I-
carbnxnm de (preptu ed as the TFA salt)
4-(3-f3-(HI-urudzzol-I-vhpiopanurudo)-.'-
m thylphen Iki-(4-tttetlivlpiiiet izirti'-
czibonyb-9H-carbarn)a-I- arbnxnnnf
(prep,imd as the TFA saltl
4-(3-(2-(lkl-tetiazol- -il)a eusrnidui.2.
rnctt»lphcnvlrH(4-meth Ipip narutc-I-
ca!bmiyl; 9H sibazole I nsrtoxmnide
(pr pared .is lhe TFA ash)
4-( -metltyf-3-(3-( -oxnpyrrolidnt-I-
yflpmpanamido)phenv fr 7 (4

me(by)piperazuie- l-,u born H-9H-c u b szole-I-
coboxanude (prqiarcd aa th 'I I'A snltl
4 i2 methyl 3 (2 (pvrszrn "

yl)scat inudolphenyl I-7-i4-me(MIpipemruse

I-carbnn I)-9kl-catbzz le-I-cai(ms»aide
(prep tre I as the TI' salt)
4-(3-btphertyl-4f fcarboxanudo-2-
strolls Ipltcri Iki-(4-rite(It 'Ipipimszirie" I-

carbnriyli-9Hmmbzznle-I-c uboxnmde
tprepamd as the TI'A salrl

rncth,14-( -fl-carbarnovl-7-(4-
rnethi Ipiperazine- l-c.u hori, I)-9H-cart szol-4-

vh-2 metiiylphenylcm:bamovhberizoate

(pi pamd as the I kA sslt)
4-(2-rrt tin!-3-13-phenvlptopartarrudo)phenil)-
i-f4-meihvlprpm azine-I-carbom li-9H-
carbarn(a-I-curb xzntide (prepmed as the 7lrA

sah)
4(2 rrt lhi I-.t-ll-rriethi I-)kl irnid szol-'-

ecni bomimi)phenyl) 7 (4 methy !pi pemt tte

I-carbon lk9H-embar le-1-cuknxamide
4-(s-(4-tluorob nzunidnl- -m th Iphmt lk7-

i4 meth Ipiperizine I cubon lt 9H

czibzzole I cst'boxamxle

96iM+H)

2) 9 (M + H)'

25 9 (M +

H)'24

6 (M +

H)'S7

9 (11+

H)'SS

6 (M+

H)'26tl(M+Hi'34

fl (M+

H)'i2
S (M+ Hi'

6' (M + H)

63 tl(M+ M)'

tl(M+

Hl'bti

S (M+ H!

!6).S (Ivl+

Hi'22

9 (M +

H)'tii

9 (M + H)'

i' (M + k! )
'

9 2 (M +

kl)'64

2 (M + Hi'
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-continuuxI

.iranitip Mma
Example matenal Ccinpcunii naine ipecimin

Exmrip! 4-1:-(2-(l -rrcprupthacelenu&(ct(hrizul-.-(llhth
(I-me(h, Ipipcr«lin-4-ill-2284 V-ieiiahrdrc-
IH-carbncle-2.a-di .irbcxunide

Exanuile 4 '-l'.-benzmudc 4-meihrlihiazcl- -I 0 Hz-

(ierraliimu- H-priaii-4-, H-2,IA 2-ie(r&i lru-

I H cmbarc(c 2.S Ii xrbcxnnide

49 2(M+0)'

I (M +

Hi'xample

6-1 Example 7-1

Preparation of 4-(I -(4-fluorobeuzoyl)-I I I-indol-4-

yl)-7-(4-methylpiperazine-I-carbonyl)-9H-carba-
zole-I -carboxamide

[0536]

Preparation of 4-(3-(5-fluoropicolinatnido)-2-meth-
vlphenvl)-7-(4-methylpiperazine-I-carbonyl)-9H-
carbazole-I-carboxamide as the hydrochloric acid

salt

[U538[

[U337] Asolutionof4-(IH-indol-4-yl)-7-(4-methylpipera-
zine-I-carbonyl)-9H-carbazole-I-carboxamide (Ex unple
3-47. 50 mg, 0.100 nunol) in DOM (I ml,) was treated

sequentially with DMAP (3.7 macr 0.030 nunol). TEA (0.028
mi . 0.199 nunol) and 4-fiuorobeiizoyl chloride (0.013 ml,.
0.110 nunol). The mixuue was stirred at rt for 17 h. then was
treated ivith addiuonal 4-ihiorobenzoyl chloride (0.013 mL,
0.110 mniol) and 'l l'IA (0 028 m1„0 199 mmol) and stirring
was continued for 111 h. Thc mixture icas concmitratcd and
the residue was dissolved in metluinol mid purified by pre-
parative HPI,CL 'I'he appropriate efllucnt fractions were par-
titioned bctivecn NaH('03 (aq) and I'itOAc. mid thc aqueous
phase was extmcted tii ice niore with F tOAc. Tlm combined
orcganic phases were dned and concentmted to provide 4-(1-
(4-tluorobenzoyl)-1H-indol-4-yl)-7-(4-methylpiperazine-I-
carbonyl)-UJH-carbazolc-I-carboxamidc as a yellow solid
(19.5 mg, 31%). 'll NMR (400 Mllz. metlmnol-da) 6 8.51

(IH, d, J—8 3 Hz), 803 (I f1, d. I—7.91lz). 784 (2H. dd. J—88,
53 Hz)r 7.68 (HL s), 7 57 (III. L I 7.7 Hz). 7.46 (IH. d.

J 7.5 Hz). 7.26-7.36 (3H, m), 7.20 (III. d. J 7.9 Ilz), 6.i)6

(HL d, I 7 9 Hz), 6 86 (HI. dd, J 8 3, 13 Hz), 619(IH, d,
.I

—40Hz),377(2H,br s.),3.46(2H,br s).2.51(2H,br s ),

238 (21i. br s.), 230 (3H. s). Mass spectrum m/z 574 3

(M+H)',

CI — H

[0539[ A solution of 4-(3-(5-lhioropicolinamido)-2-meth-
ylphenyl)-7-(4-methylpiperazine-I-carbonyl)-9H-carlm-
zole-I-carboxmnidc (I.ixmnple 5-3, 32 7 mg. 0 058 mmol) in

EtOAc (I mi,) was treated with hydrogen chlnride. 4 M in
I 4-dioxane (0.1 ml., 0.400 mmol). The resulting solid was
suspended in additional EtOAc with somcation. and the pre-
cipiiate was collected by filtration, rinsed with EtOAc and
dried to provide the hydmelforic acid milt of4-(3-(5-fluoropi-
colinmnido)-2-mcthylphenyl)-7-(4-methvlpipcrazine-I-uar-
bonyl)-9H-carbazole-I-I:arboxamidc as an off-white powder
(30 5 mg, 88%) 'H NMR(400 MH«, methanol-da) 6 8 JS (d,
J 2 Ui Hz, I H) 8 31 (dd, .I Sg, 4 4 Hz. I H) 8 03 (d. I 7 5 Hz,
IH) 7 99 (d,.1—83 Hz. IH) 7.82 (td,.l —8.6, 2.6 Hzr IH) 7 76

(s. Ifl) 746 (t. I 7 7 Hz, IH) 7 23 (d, I 7 5 Hz, HI) 7.10(s,
3 f1) 3.32-3.61 (mr 411) 3.09-3 24 (m, 211) 2. 94 (s, 311) 2 03 (s,
3fl). Mass spectrum nu'z 565.2 (M+II)'.
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Example 8-1

Preparation of 4-(3-(3-(3,4-dimethylplienyljweido)-
2-nmthylphcnyl)-7-(4-mcthylpipcrazinc-I -carbonyl)-

911-carbazole-I-carboxamidc

[0540]

Example 8-2

I'reparation of 4-(2-methyl-3-(3-thiazol-2-ylureido)
phenyl)-7-(4-niethylpiperazine-I-carbonyl)-9H-car-

bazole- I -carboxamide

[0543 J

Hb I I'.9

HI I

[0541] A solution of 4-(3-amino-2-methylphenyl)-7-(4-
methylpiper nzine-I-carbonyl)-911-carbazole-I-carboxmnide
(Example 3-2, 25 mg, 0.028 nunol) and TEA (8 PL, 0.057
mmol) in DCM (2 mL) was treated with 4-isocyanalo-1,2-
dimethylbenzene (833 mg, 0 057 mmol) and the mixture was
stirred al rt ovemighh
[0542] The mixntre was concentrated and purified by pre-
parative IIPLC to provide 4-(3-(3-(3s4-dimethylphenyl)ure-
ido)-2-me(by)phenyl)-7-(4-me(hylpiperazine-I-carbonyl)-
911-carbazole-I -carboxamide, TEA sall, as a ivhite solid (11

mg. 53%). 'H NMR (4(N) MHA l)MSO-d,) 6 H.70 (s, I H)
S.S7 (s, I H) 8.19 (br. s, I H) 8.00 (tr .I —7 40 Hz, JH) 7.78 (s,
I H) 7 51 (br. s . I H) 7 27 (t..1=7 78 Hz. I H) 7.19 (s, I H) 7 13

(d, I—6 781iz. HI) 6 87-7 00 (m. 411) 6 81 (ds J—8 03 I iz, 111)

334-3.57 (ms 4H) 20)7-3.17 (m, 411) 2.69 (br. s.. 3H) 2.13 (s,
3H) 2.09 (s, 3H) 1.85 (s. 3H). Mass spectrum m/z 589.4
(M+II) .

[0544] A solution of 4-('3-annno-2-methylphenyl)-7-(4-
methylpiperazine-I -cnrbonyl)-911-carbazole-I -carboxamide
(Example 3-2. 25 mg, 0.028 nunol) and TEA (8 PL. 0.057
mmol) in DCM (2 mi,) was treated with phenyl thiazol-2-
ylcarbamalc (1247 nw, 0.057 minol) mid stirred at rt over-
night Tile niixtnre was concentrated and purified by prcpara-
tivc HPI,(: to provide 4-(2-methyl-3-(3-thiazoi-2-yhireido)
phenyl)-7-(4-methylpiperazine-I -carbonyl)-9H-carbazole-
I-carboxamide. TI'A salt. ns a white solid (10 mg. 45%)
contaminated with about 15% of 4-(3-amino-2-methylphe-
nyl)-7-(4-melhylpiperazine-I-carbonyl)HJII-carbazole-I-
carboxamide. 'H NMR (400 MHz. DMSO-do) b 11.80 (s,
IH) 8.58 (br. s.. IH) 8.28 (br. s., IH) 8 08(0.1 7.40 Hm 2H)
7 87(s. HI) 7 60(br s., IH)7 367 44(m2H) 715(d J 3 51

Hz. IH) 7 00-7 10(m. 4H) 6 SS (d. I—
8 28 Hz. IH) 2 98-3 56

(m, 8H) 2.83 (br. s., 3H) 1.94 (s, 3H) Mass spectntm nuz
5678 3 (M+H) .

[0545J The following compounds were also prepared using
procedures demonstrated in I.xamples S-l through 8-2 and
similar procedures. In tlus table, "starting material" refers io
the amine reacted with the appropnate urea-forming reagent.

sfaltltts Visas

Example ttt,ttenal Corrrpnund nurse spcctnurt

Exatnple 3 ".4 tz methyl 3 (3 phenylure doiphenyli 7 (4

meth,lprperaztne I carbott lt 9H carbazole I

carbnvuntde(prepared,n the TFnsalrl
Exatuple 3 ".4 t3 t. t4 chlorophenylluamdol ".

rtteth, Iphern 0-7-(4-rnethylptper trut.-l-
srboayll-9H- arbszole-I-caro xmudc

(prep:ued ss th I IX salt)

I xample 3-2 4-t -13-(a-ntetboxsphert, llunndol-2-

merit Iphca II-7-(4-rn tb Iprp t.tzrac-l-

ear(tony(19H cstbszole I .srboxannde

(prep,ued m the TFA ssltl

xstt,b (M+ HI+

694.6 (M+

Hl'9

tl ll (+ HI'
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Example 9-1

Preparation of 4-(3-(isopropylmnlno)-2-methylphe-
nyl)-7-(4-mcthylpiperazinc-I-carbonyi)-9H-carba-

zole-I -carboxamide

[0546]

L'xample 10-1

Yrepamdtion of 4-(2-methyl-3-(N-(mcthylsulfonyl)
methylsulfonam(do)phenyl)-7-(4-methylp(perazine-

I-carbonyl)-911-carbazole-I -carboxamide

[t)549 ]

I IN
o~/

/~o

Nlb

[0547] Sodium triace(oxyborohydride (41 mg. 0.193
mmol) wcwy added to a solution of 4-(3-muino-2-nlcthylplm-
nyl)-7-(4-methylpiperazine-I-carbonyl)-9H-carbazole-I-
carboxamide (I',xample 3-2. 30 mgr 0 068 mmol), acetic acid
(0.03 mL, 0. 524 nunol) and acetone (0.170 ml., 2. 315 mmol)
in DCM (0 3 mL) and the mixture was stirred at rt ford h. The
solvent v;as evaporated and the residue was dissolved in water
and puritied by prepamtive I IPLC and lyophilization to pm-
vide 4-(3-(isopropylanuno)-2-medtylphenyl)-7-(4-meth-
ylpiperazinc-l-carbonyl)-9H-carbazolc-i-carboxamidc.
TFA salk as a white powder (31.7 mg. 56%). 'H NMR (400
MHy. methanol-d4) 6 8 07 (IH, d..1=7 70 Hy)r 7.79 (I H, s),
7.58-766 (2H, m), 7 50-754 (iH, m). 711 (IH. d,.1=770
Hz), 7.03 (IH, dd, J—8.14, 1.54 Hz)r di.82 (IH, d..l—7.92 Hz),
3.84 ( I H, dt, J— 13.04. 6.5 7 H 2), 3. 37-3. /i 9 (4 H. m), 3.0S-3 27

(4H, m), 2.94 (3H, s), 2.11 (3H, s), i.SO (3H, d. I —6.38 Hz),
1.45 (3IL d. J 6.6011z). Mass specmun m/2 484.2 (M+II)'.
[0548] The following compounds were also prepared using
procedures demonstrated in Fxmnple 9-1 iuid similar proce-
dures, substituting the appropriatealdehydc or ketone for
acute)le

[0550[ A solution of 4-(3-amino-2-methylphenyl)-7-(4-

me(hylpiperazine-I -carbonyl)-911-carbazole-I -carboxamide
(I',xaniple 3-2r 20 mg, 0 045 mmol) and DPRA (0.024 ml.,
0.136 iruuo1) in DCM (2 mL) was treated with methane su 1 fo-

nyl chlonde (4 PL, 0.0S4 mmol) and stirred at rt for 2 h.
Additional methaneau1fo nyl chloride was added and the nux-
ture was stirred at rt ovemighh Thc lllixnlle was colicclitrated
and purified by prepamutive HPLC to provide 4-(2-methyl-3-
(N-(methylsulfonyl)methylsulfonamido)phenyl)-7-(4-meth-
ylpiperazine-i-carbonyl)-9H-carbazole-l-carboxamide.
TI'A salk ab a white solid (16 mg, 46%). 'll NMR (400 Mild,
DMSO-de) 6 11.72(s, IH) 8.21(br. su IH) 8.04(d, J 7.9112,
iH)777(s. I H)763(ddr.(=79,11Hz, IH)7 53(br s, IH)
7 45 (t. I 7.8 Hn HI) 7.37 (d..l 8 6 Hz IH) 7.03 (d, I—7.7

Hzr IH) 6.83-6.88 (m, HI) 6.76-6.83 (m, IH) 3.53 (s. 6H)
2.93-3.20 (m, 8H) 2 75 (s, 3H) 1.97 (s. 3H). Mass spectrum
m/z 598.2

(M+H)'z,lf))pie

( oil)pouurl )lair)e

Mala

aper(i'util

4-(I-(4-nuorober)zyl unrr)oi-2-me(hyiplrenylr-7-(4- lsr 2 (M41!I'rr

lhylpsmrzzum-I-color& I)-911-carbarn)e-I-cmboaanudc

4(3 (l-(4 uuoropheny))erhy)amore)2meu)y)phenyirt (4 544 3 (M +

II)'rerlrylprperrzrue-I-carbnrrIP9u-carbaz le-I- arbozamrdc
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Examples 10-2 uid 10-3

Preparation of two rotational isomers of 4-(3-(N-

isopropylmethylsulfonamido)-2-methylphenyl)-7-(4-
methylpipcrazinc-I-c u.bonyl)-9H-carbazole-l -car-

boxamide

Examples 10-4 and 10-5

Preparation of 4-(3-(3-chloropropylsulfonamido)-2-
mcthylplmnyl)-7-(4-mcthylpiperazine-I-carbonyl)-
91 I-carbanile-I-carboxiunide and 4-(3-(3-cldoro-N-

(3-chloropropylsulfimyl)propylsulfonamido)-2-
methylphenyl)-7-(4-methylpiperazine-I-carbonyl)-

9H-carbazole-I -carboxamide

[0551]

[0553[

Ntli Nil

oi

[0552[ Methanesulfonyl chloridr:(1.31„0016 nunol) was
added to a stirred solution of4-(3-(isopropylamino)-2-meth-
ylphenyl)-7-(4-methylpiperazine-I-carbonyl)-9H-carba-
zole-l-carboxamide, TFA salt (Fx:unpin 9-1. 13 mg, 0.016
nunol) in pyridine (0.2 ml.) at rt. Atter 30 niin. additional
methanesu1 fonyl chion de (2 4 pl,) was added and the nuxture
ivas stirred ovemigh& The mixture was treated v ith I M

hydrochloric acid (0.5&i ml.), dissolved in methanol and puri-

fiedbypreparative HPI &:to provide two rotational isomers of
4-(3-(N-isopropylmethylsulfonamido)-2-methylphenyl)-7-
(4-mcthylpiperazinc- I -carbo nyl)-9H-carbaz ale- I -carboxa-

mide, isolated separately as TEA salts after lyoplulization.
Isomer A (3.3 mg, 31%) 'I I NMR (400 Mllz, chloroform-d)

69 58(IH,s).7.81(IH,d,.i 7 70Hz).7.68(IH, s).741-7 47

(IH, m). 7 32-737 (2H, m). 7 11 (iH, d. J—7.70 Hz). 7.05

(HI. d, J 8.14 Hz), 6.86 (I H, d, J 8.14 Hz), 4.60-4. 72 (I H,

m), 3.66 (3H, br. s.), 3.05 (811, br. s.), 2.i)0 (3H, s), 1.91 (311,

s). 1.40 (3H, d, .I — 6 60 Hz), 1.12 (3H, d, .I —
&i 82 Hz). Mass

spectrum nt&z 562.1 (M+II)'. Isomer 8 (2.9 mg, 27%) 'li
NMR(400MHz.chloroform d) 6941(IH.br s),7 84(IH,
d,.1=7 70 Hz), 7.&i9 (I H, s), 7 4&i (IH, t, J=7.81 Hz), 7 36 (2H,

t, J 8.25 Hz), 7.13 (Hi, tl, J 7.70 Hz), 7.05 (Hl. dd, J 8.25,
1.21 Hz), 6.92 (IH, d. I—836 Hz). 4.71-4.82 (IH, m), 3 67

(3H, br s). 2 59-3.07 (11H. m), 1.90 (3H, s), 1.43 (3H. d,
J—6.60 Hz). 1.10 (sdl. d. J—6.60 Flz). Mass spectrum ngz
562.2 (M+II)'.

[0554[ IJsing thc pmcedure of lixamplcs 10-2 and 10-3,
4-(3-amino-2-ntethylphcnyl)-7-(4-ntcthylpiperazine-I -car-
bonyl)-9H-carba zola- I -carbox amide (I'lxsnip1c 3-2, 33 5 nig,
0.07ti mmol) was converted into 4-(3-(3-cldnropropylsul-
fonamido)-2-methylphenyl)-7-(4-methylpiperazine-I-car-
bonyl)-9H-cnrbazole-I-carboxannde (Example 10-4, 12.6

mg, 24%). isolated as the Ti'A salt aller IIPLC purification
and lyophilization. 'I I NMR (400 Mlle. DMSO-ds) 6 11. 77

(Hi. s), 9.79 (IH. br, s ). 9.41 (IH. s). 8.26 (IH. br s ), 8 07

(III. d. J 7.92 Hz), 7.85 (IH, s). 7 53-7.62 (IH. m). 7.47-7.51

(I H. m), 7 41 (I H, t, .1=7 70 Hz), 7 21 (I H, dd, 1=7 48. I 10

Hz),703 (IH. d,.l 7.70 Hz).6.97(IH, dd, J 8 14.1 32 Hz),
ti 83 (IH. d,.l —8.14 Hz), 3.80 (2H, t..l—6.49 Hz), 3.3&)-3 ti4

(811. m), 330-3.36 (21L m), 2.82 (31L br. s.), 2.i'8-2.29 (2H,
m), 2.00 (3H. s). Mass spectnim m/z 582.1 (M+H)". Also
isolated as the TI'A salt was 4-(3-(3-cldoro-N-(3-chloropro-
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pylsulfonyl)propylsulfonamido)-2-methylpheuyl)-7-(4-me-
thylpipemnzute-I-carbonyl)-9H-carbazole-I-carboxmiude as
a white powder (Exmnple 10-5, 3.7 mg. 6%).

' i NMR (400
Ml lz. DMSO-da) 6 11.79 (I H. s), 9 85 (H L br. s ), 8.28 (I H,
br s). 8.11 (IH, d,.l—7 92 Hz), 7 84 (IH. s). 7.70 (IHr dd.
.I

—7 92, I 10 Hz). 7 58-7.63 (IH, m). 7.55 (I H, t. Jl
—7.81 Hz),

7.45 (I H, dd,.)=7.59, 0 99 Hz). 7 09 (I H, d,.)=7.70 Hz). Fi 92

(I I L dd, J—8.14. 1.54 I lz), 6.83 (111, d. J—8.141lz). 3.76i-4.04

(10 IL m), 2.96-3.66 (SI I, m), 2.81 (3Hr br. s.), 2.23-2.35 (4H,

m), 2.06 (311r s). Mass spectrum m'z 722.0 (M+H)'.
[0555] The following compounds were also prepared using
procedures demons(rated iu Example 10-1 tluough 10-5,
using Ihe appropriate sulfonyl chloride.

heated in a sealed tube by microwave irradiat ton at 140'. for
60 min. The mixture was concento»ted and the residue was
purified by preparative I iPLC The appropriate eliluen( frac-
tions txere conccnlra(ed and the residue xsas parti(ionml
bctwcccn NaHCO3 (aq) and EIOAc. and thc aqueous phase
was cxtractcd twice morc with EtOAc 'Iltc combined organic
phases were dried and concentrated to pmvide 4-(3-(iso-
quinolin-I-ylamino)-2-methylphenyl)-7-(4-methylpipera-
zine-I-carbonyl)-9H-carbazole-I-carboxanude as a white
s oh d (16 mg,

32%a ).

'
I NMR (400 Mi iz. methanol-da) o S. 28

(Hlr d. I 83 Hz), 7.91 (IH, d, J 7.8 Hz). 7.72 (HI. d. J 6.1

Hz),7.66(IH,d,J 83 Hz). 7,56-7 61(2H,m).748(HI. ddd,
I 8.0, 7.2. 0.8 Hz), 7.44 (HI, d, I 7.5 Hz), 7.34 (I H, t. J 7.8

t.xaniple ('ompound annie
Mass
sjl e Ciiill11

I i 1-6 4-(2-meth I-3-(phcn lsulfnnmiudolplteii H-7-(4- 6 to s Hrl + H)+

methylpiperazine I c.irbni» 0 VH carbarole I carbnx.imide
(pr 'par '6ils ulc I FA i.ilti
4 f)-(4 chlorophenylsnlfonamidol- -niethylphen lt-7 (4- 613 7 (M+ Hi+

methylpiperirine I carbnii 'Ii VH corbaxole I carboxamiile
(proper d.is Uie TFA sall)
4-(3-(4 metlinx phenylsulfonmnidoi-2-meth Iphenyli-7-(4 611 6 (M+ H)'

thvlpipemrme-I-car( oti IFVH nrharole-I- arboxamide
(prejrued as the TFA salt)
4-(3-il I HH-tctraoxobcnro(dl(lu 2(drttuazol-2-yips- 644» (1st+ H)'ethylpheiiyli7 (4 inethylpiperarine I carboiiyli VH

mubarnle I csrbrixamide (piepued M the TFA saltl

Example I l-l

Preparation of 4-(3-(Isoquiiaihn-I-ylaniino)-2-meth-
ylphenyl)-7-(4-methylpiperazine-I-carbonyl)-9)H-

carbazole-I -carboxanude

[0556]

Hs), 7.22 (I H, d..1=8.0 Hz). 7 14 (I H. d,.1=6 7 Hz), 7 06 (I H,
d..1=7.8 Hz), 6 97 (IH d (=6 I Hz) 6.94(IH dd .)=8 2 1.5

Hz). 3 71 (2H, br. s), 3 42 (2H, br s ), 2 45 (2H, br. s ), 2 32

(2Hr br. s.), 2.23 (3H, s), 1.81 (3H, s). Mass spectrum miz
56i9.4 (M+H) .

Example 11-2

Preparation of 4-(2-niethyl-3-(phthalayin-I-ylamino)
phenyl)-7-(4-methylpipcrazinc-I-carbonyl)-9H-car-

bazole- I -carboxamide

[0558]

0

VH)

[0557] A suspension of4-(3-amino-2-mcthylphcnyl)-7-(4-
mc(hylpiper azine-I-carbonyl)-91 I-carbazole- I-carboxamide
(lixamplc 3-2r 35 mg. 0 079 mmol) and I-chloroisoquinoline
(19.45 mg, 0 119 mnx)1) in isopropmiol (0 5 mL) was treated
with 4M hydrogen chloride in 1,4-dioxanc (3 drops) and the
mixmre was heated in a sealed tube by microxvave irradiation
at 140'. for 45 mtn. Additional 4 M hydrogen chlonde in
1,4-dioxane (I drop) xxas added and the mixture v'as again

NH

[0559] Using the pmcedure of Example 11-1 but only heat-
ing at 140'. for 45 min, 4-(3-amino-2-methylphenyl)-7-(4-
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methylpiperazine-I-carbonyl)-911-r:arbazole-I-carbox umde
(Example 3-2r 35 mg, 0.079 mmol) and I-cldorophtlmlazine
(19.57 mg, 0 119 mmol) were converted to 4-(2-methyl-3-
(phthalazin-l-ylamino)phenyl)-7-(4-melhylpiperazini.-l-
carbonyl)-9H-carbazole-I-carboxantide as a light yellow

[0562] The I'ol lowing compounds &vere also prepared using
procedures demonstrated tn Examples 11-1 tluough 11-3n

startmg with I')xample 3-2 and the appropriate substituted
ehloroquinazoline (prepared according to the procedures of
Steps I and 2 of intermediate 32-1).

Mass
Example Cornpouadaune specituiri

11-6

I 1-6

4-(2-inethyl-I-iqiurizznlnt 4-yliinmo) phenyl i 7 H-

meth&)piperazine-I -ca bur&i 0-3 H-,u bazola- I-carbn&crude
4 (3 (6 chloioqnnuivolnr 4 ylarn nol " methylphenv)) 7 (4

niethylpipei izrrtc-I-carbon&I)-9ll-ciubazole-l-cynbox crud.
4-l.'-(7-chloroquiriazolin-4-vlmnirioj-2-rn tlnlphmiil)i-7-H-
methylpipmanne-I- aibony() 9H-curb&mle-I- .&rboxamil*

4-(3-l7ofluoroquuiazolm-4-ylnmno)-nmethylphenvl). 7-i4-
uicthylpipcrazme-I- arson&I)-9H-mrbazo(c-I-c:uboxarni Ie

4-(3-(6-tlimroquin:iz Im-4-ylatmno)-2-nicthylphe&n n-7-(W

rnctlulpipci iziric-I- &&boa) 0-9H-carbazolr:-I-carte yarrudc
4-l2-rrt thy(-n(7-rrtethytqurriazoltn-4-)lsrrurtolpherr)l)-7-(4-
m thylpipeiaz no I cuboiivb-9H-carl&mle-I- srboxnnxte
4-(2-rncth&I-3-(6-methylquuiazolui-4-yhuiiuio)phenyl)-7-(W

rncthylpip i.iziric-l-cuboa) 0-9H-cynbazolr:-I-carbo&au&dc

( 7& i 4 i M + I I)

'&44

(I I+

HI'04

5 ilvl + H) 'SS

5 (M+ 0)'SS

5 (M + H!'4

( iM+ 0)

(64 ( (M+H!'olid
(7.3 mg. 15%). 'H NMR (400 MHz, methanol-da) 6

8.88 (HI. br. s.), 8.47 (HL d. J 7.0 Hz), R03 (HI. d, J 7.7
Hz), 7.91-8.01 (3H, m). 7.70 (I H, s). 7.51-7.59 (HI, m). 7.47
(HI. t. J 7.7 Hz), 7.24-7.34 (2H, m), 7.18(HI, d, J 7.9 Hz),
7.09(IH,dd,.l—8 I, I 3 Hr). 3 83(2H,br. s ). 3 34(2Hr br s ),

2.57 (2H, br. s.), 2 44 (2H, br. s.)r 235 (3H. s), 1.96 (3H, s).
Mass spectrum miz 570.4 (M+H)".

Ex unple 12-1

Preparation of 4-(3-(l,l -dioxoisothiazoiidin-2-yl)-2-
methylphenyl)-7-(4-methylpiperamne-I-carbonyl)-

9H-carbazole-I-carboxanude

[0563[

Example 11-3

Prcq&aration of 4-(2-methyl-3-(quinazolin-4-y lamino)
phenyl)-9H-carbnzole-I-carbox unide

[0560]

[0561] Using the procedure of Example 11-1 but heating at
140'. twice for 30 min and once for 45 min, 4-(3-amino-
2-methylphenyl)-9H-carbazole-I-carboxamtde (Example
3-13. 26.4 mg, 0.084 nunol) md 4-chloroquutazoline (20.67
mg, 0.126 nunol) were converted to 4-(2-methyl-3-(quinazo-
lin-4-ylamino)phenyl)-911-carbazolc-I-carboxmnidc as a
tvhile solid (8.0 mg, 20%). 'I I NMR (400 MHz, mettuntol-da)
6 8 37 (I H, s), 8 31 (I H, dd,.l=h 4, 0 9 Hz), 7.86& (I H. d..)=7 9

Hz), 7 75-7.83 (I H. m), 7.66&-7 73 (IH. m), 7.56 (I H. ddd,
J—83. 7 0. I 2 Hz),7 49(IH, d,.l—84 Hz),73S-7 46(2H, m),
7.22-7.31(211,m),7.12(HL d, J 7.7 Hz), 7.00(HL d, J 7.9
Hz), 6.84-6.92 (IH, m), 1.84 (3Hr s). Mass spectnun ndz
444.2 (M+II)'.

[0564] A solution of 4-(3-(3-cldoropropylsulfonamido)-2-
mr tbylphenyl)-7-(4-mcthylpipcrazinc-I -earbonyl)-9) H-car-
bazole-I-carboxmnidc. TFA salt (Exmnple 10-4. 10 7 m,
0 015 mmol) in THE (0 5 ml,) was treated with a solution of
lithiunt bcxamethyidisilazide (I M in THF, 0.092 ml,. 0.092
nunol) at rt. After wamung to 6&0" (2 and adding DMF (0.2
ml.) and sti mug for S h. the mix nire was concentrated and the
residue was puritied by prepamttve IIPLC to provide 443-(l,
I-dtoxoisothiazolidin-2-) I)-2-methylphenyl)-7-(4-meth-
ylpiperazine-l-carbonyl)-9H-carbazole-l-carboxamide, iso-
la(cd as the TFA salt (3.5 mg. 34%). 'H NMR (400 MHA
DMSO-de) 6 11.77 (111, s). 9.85 (111, br. s.), 8.26 (HI. br, s.),
8 08 (I H. d, .1=7 70 Hz), 7 85 (I H„s) 7 61 (I H, dd, .1=8 03,
099 Hz), 748 (IH, t,.l—7.70 Hz). 730-734 (IH, m). 706
(I H, d,.l—7.70 Hz), 6.97 (I H, dd,.l—8.25, I 43 Hz). 6.86 (I H,

d. J 8.14 Hz), 3.69-3.76 (2H, m), 3.29-3.6i4 (10H, m), 2.S2
(3I Ir s), 2.42-2 48 (21 L m), 2.00 (3 1 L s). Mass spectrum m'z
546.1 (M+H) .
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Examples 13-1 uid 13-2

Preparation of two diastcreomcrs of 4-(s-((4-tiun-
rophenyl)(hydroxy)methylhiaphthalen-I-yl)-7-(4-
methylpiperazine-I-carbonyl)-9H-carbazole-I-car-

boxmnide

L'xample 14-1

Prepamtion of s-cyclohexyl-N'-(tetrahydro-2H-py-
ran-4-yl)-2,3,4,9-teuahydro-III-carbazole-2.8-dicar-

boxamide

[0567]

[0565]

HN

0

[0568[ A snlutinn of 3-cyclohcxenyl-Na-(tetrahydrn-2H-
pymn-4-yl)-2,3,4,9-tetrahydro-lH-carbazole-2,8-dicarboxa-
mide (l.'xample 3-117. 28 mg 0.06&6& mmol) in methanol (10
mL) w as combined with 10% palladium on charcoal (80 mg)
and sltaken under an atmosphere ofhydrogen (45 psi) for I h.
The mixture was filtered, the solid was rinsed with meth uiol
and thc filtrate& werc concentmtcd to provide 5-cyclohexyl-
N'-(tetrahydm-211-pymn-4-yl)-2,3.4,9-ietrahydro-ill-car-
bazolc-2.8-dicarboxamide as an otf-white solid (28 mv,
quantitative) 'H NMR (400 MHz. methanol-ds) 6 7 46-7 50

(I H, m), 6& 91 (1H. d, I—8.05 Hz). 3.89-3.98 (3H, m), 3.46-3.
54 (2H, m). 3.13 (lil, dd, J 14.43. 4.16 Hz), 2.95-3.06 (21L
m). 2.87-2.94 (HI, m). 2.65-2.73 (IIL m), 2.15 (HI. dd,
I 11.10. 3.05 Hz), 1.77-1.99 (SH, m), 1.47-1.61 (6H, m),
1.26-1.40 (211, m). Mass spectrum nt&z 424.3 (M+H)'.

[0566] A solutinn of 4-(5-(4-fiuorobenzoyl)naphtlmlen-I-
yl)-7-(4-methylpipi,raziim-l -carbonyl)-91 I-carbazole-I -car-

boxaniide (I;xample 3-9)6, 30 mg, OJ)51 nunol) in ethanol
(0.5 mL) was treated with a couple granules of sodium boro-

hydnde and stirred at n. After 90 min, lhe mixture was treated
with 2 drops of 1 M hydrochloric acid and purified by pre-
parative HPI.('n pmvide two diastereomers of 4-(5-((4-
fiuorophenyl)(hydroxy)methyl)naphthalen-I-yl)-7-(4-me-
thyl)pipcraziim-1-carbonyl)-9H-carbazole-I-carboxmuide
Diastereomer I (Example 13-1) was isolated as a wlute pow-
der (10 4 mg, 31%). ' I NMR (400 Mi Iz, methanol-ds) 6 8 23

(IH, d..l 8 6 Hz),7.99(IH.d..l 7 7 Hz),7.48-7 61(3H.m),
736-7 46 (3H, m), 7.31 (Hi, d, J—8.4 Hz), 7.19 (IH, dd,
J 8.4. 7.0 Hz), 7.12 (H L d. J 7.7 Hz). 7.02 (2H, t, I 8.8 i Iz),

659 (1FL dd,.l S.l. 1.511z), 651 (111, s). 631 (HL d, J 8.1

Hz), 3.68 (2H. br. s.), 335 (2H, br. s ), 243 (2H. br. s.), 2 28

(211, br, s.), 2.23 (311. s). Mass spectrum nt&z 587.4 (M+H)'.
Diasterenmcr 2 (I xamplc 13-2) was isolated as a ivhitc pow-
der (8 mg, 23%). 'll NMR (400 MIIz, methanol-ds) 6 8.19

(1H, d, J—8.6 Hz). 7.99 (I H. d, .1 —7.9 I is). 7.61 (I i L d, J— 6. 8

Hz), 7.59 (HI. s), 7.49-7 56 (IH, m), 7.43 (111. dd. 1 6.8, 0 7

Ilz), 7.38 (211, dd, J 8.5, 5.411z). 7.26-7.32 (HI, m), 7.16-7.
24 (I H, m), 7.11 (IH, d, J 7.7 Ilz), 7.00 (2H, t, I 8.8 ilz),
6 61 (IH, dd. J 8 1, 1.3 Hz), 6 58(IH, s), 6 3G(IH, d,.l 8 I

Hz), 3.G8 (21L br. s.). 3.35 (2H, br. s.), 2 43 (2H. br, s.). 2.28

(211, br, s.), 2.22 (311. s). Mass spectrum ntrz 587.4 (M+H)'.

I'lxample 15-1

Preparation nf 7-(4-methylpiperazinc-1-carbonyl)-4-
(pipcridin-I-yl)-9H-carbazolc-I-cnrboxamidc

]0569[

0

[0570] A mixture of 4-bromo-7-(4-methylpiperazine-I-
carbonyl)-9H-carbazolc-I-carbnxamidc (Example 1-1. 30
mg, 0.072 nunol) and piperidinc (I mL) ives heated overnight
via microwave irradiatimi at 170''n a scaled tube The
tnixture v as cnolcd tn rt and purified by prcparativc HPI,C tn
prnvidc 7-(4-methylpiperazine-I-carbnnyl)-4-(piperidui-I-
yl)-91i-carbazole-l-carboxamide, TFA salt, as a vvlute solid
(22 mg. 56%). 'H NMR (400 MHz, DMSO-d&J b 11.61 (s,
ill) S.OS (d. I 8.35 Hz, 2H) 7.95 (d. 1 8.13 Hz, HI) 7.85 (d,
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J 1.3211z. 111) 7.32(dd,J 8.13.1.5411z.211) 6.82(d,J 8.35
Ilz, III) 3.92-4.13 (m, 4H) 3.21-3.57 (m. 611) 3.14 (d. J 13.
40 Hz, 6H) 2.84 (s. 3H) 1.66 (br. s., 211). Mass spectrum ngz
420. 3 (M+I I)'.

Example 16-1

Preparation o I'(R)-benzyl I -(I -ciubamoyl-7-(4-me-
thylpiperuzinc-I-carbonyl)-9H-carbazol-4-yl)piperi-

din-3-ylcarbamatc

[0571]

HN

f11572] Step I Asuspensionofethy15-bromo-8-carbmnoyl-
911-carbazole-2-carboxylate (Intermediate 48-1. 2.2 g, 6.09
nunol) in phosphorus oxychloride (45 4 ml., 487 mmol) was
heatedat 105'C. for l h. The suspensionwascooledtort and
concentrated to give a brown solid, which was suspended in
water. The precipitate was collected by filtration, v ashed with
water and dried to prov ide ethyl 5-bromo-8-cyano-9H-carba-
zole-2-carboxylate (2.05 g. 98%) as light brown solid. 'll
NMR (400 MHz, DMSO-d,) 6 12.78 (s, IH) 8.71 (d, J—8 57
Ilz. Ill) 8.24 (s. IH) 7.95 (d. J 8.5711z, 111) 7.89 (d, J 8.13
Hz. IH) 7.&il (d. J — 8 13 Hz, IH) 4 39 (q. J —7.I 0 Hz,2H) I 37
(t. 211). Mass spectnim m/z 360. 362 (M+NHs) .

[0573] Step 2 A nuxture ofcesium carbonate(0 960 g 2 95
mmol). (RS)-2.2ubis(diphenylplmsphino)-l,1ubinuphtlra-
lene (0.059 8, 0.095 nunol), tus(dibenzvlideneacetone)di-
palladium (0.058 g. 0 063 nunol), ethyl 5-bromo-8-cyano-
911-carbazole-2-carboxylate (0.85 g, 2.105 nunol) and (R)-
benzyl piperidin-3-ylmirbamate (0.493 g, 2.105 nunol) ivas
suspended in 1,4-dioxane (70 mL). The mixture was purged
u i th ni uogen and heated at 100'. for 18 h. The mixture v 'as

cooled to rt and concentrated. The residue wns partitioned
beuvceen L&OAc and NaHCO3 (aq). The organic phasv. v;as
washed with bone. dned and concentrated. The residue was
purified by column cluomatognaphy (eluting with a gradient
from 80:20 to &i0:40 hexane-EtOAc) to provide (R)-ethyl
5-(3-(beuzyloxycarbonyhunino)piperidin-I-yl)-8-cyano-
911-carbazole-2-carboxylate ns a brown solid (0.68 g. 70%
purity, 37% yield). used without liirther purilication. Mass
spectnun nu'z 497.2 (M+II)'.
[II574] Step 3 A solution of (R)-ethyl 5-(3-(benzyloxycar-
bonylamino)piperidin-I-yl)-8-cyano-911-carbazole-2-car-
boxylate (0.67 g. I 349 mnxil) and potassium hydroxide
(0.379 g, 6.75 nmiol) in 10:I ethanol-water (33 mL) ives

heated at 85'. for 2 h. The mixture was cooled to rt and the
precipitate ivns collected by filtration, washed with ethnnol
and dried to alford (R)-5-(3-(benzyloxycarbonyl unino)pip-
eridin-I-yl)-8-cymiox)H-carbazole-2-carboxylic acid as a

yellow solid (130 mg, 21%). Mass spectrum nt/z 469.1
(M+H) . (R)-5-(3-aminopiperidin-I-yl)-8-cyano-9H-carba-
zole-2-carboxylic acid was also isolated from filtrates (150
ntg, 33%) Mass spectrum m/z 335 2 (M+H)'0575]

Step 4 A solution of (R)-5-(3-(benzyloxywirbony-
lamino)pipcridin-I-yl)-8-cyano-9H-carbazolc-2-carboxylic
acid (130 mg. 0.277 mmol), EDC (74.5 mg, 0.388 nmiol),
HOHT (59.5 mg, 0388 nimol), and I-inethylpipcrazine
(0.092 mL, 0.832 nunol) in TIIF-DCM-DMP (4:1.1, 6 mL)
v as stirred at rt over a u:eckend The mixture was concen-
trated and partitioned between L'tOAc and NaHC03 (aq). The
organic phase was washed with brine, dried and concentrated
The residue was pwi tied by colunm clu omatography (elu ting
v ith a gradient from 100:0 to 92 5:7 51)CM-2 M methanolic
anunonia) to provide (R)-benzyl I -(I-cyano-7-(4-methylpip-
erazinc-I-carbonyl)-9H-carbazol-4-yl)piperidin-3-ylcar-
bmuate as a yellow solid (60 mg). II NMR (400 Mila,
l)MSO-ds) 8 12 31 (s, I H) 8.09 (d, J=g 13 Hx IH) 7 82 (d,
J 8.35 ilz. 111) 7.64 (s. 111) 7.49 (d. I 7.691lz. 111) 7.24-7.40
(m, &iH) 6 93 (d, .1=8 35 Hz. I H) 4 87-5.11 (m, 2H) 3 00-3 9)6

(m. 1211) 2.83 (s, 3H) 2.55-2.70 (m, IH) 1.73-2.08 (m. 3II)
I 34-1 57 (m. I H).) Mass spectnun in/z 551 2 (M+H)'.
[0576] Step 5 A solution of (R)-benzyl I-(I-cyano-7-(4-
niethylpipcrazine-I-carbonyl)-9H-carbazol-4-yl)piperidin-
3-ylctubamate (108 mg. 0.196 mmol) in DMSO (2 mL) was
treated with 22% aqueous potassium hydroxide (0.208 ml,
0.981 nunol), and then dropuise with a solunon of 30%
aqueous hydrogen peroxide (0.200 nil.. 1.9ti I mmol) The
mixture was stirred at rt for 2.5 h. Water was added. the
resulting suspension was stirred at rt for 15 min, and the solid
was collected by filtration, washed with v;ater and dned to
afford (R)-bcnzyl I -(I-carbamoyl-7-(4-mcthylpipcrazine-I-
carbonyl)-911-carbazol-4-yl)pipendin-3-ylcarbamate as an
ofiuwhite solid (89 mg, 80%). 'H N MR (400 MHz, niethanol-
ds) 8 8.17 (d, J 8.1311z. 111) 7.81 (d, J 8.35 ilz. 111) 7.66 (s,
I H) 7 30(d,.1=791 Hz, I H) 7 09 7 2&i(m, 5H) 6 82 (d,.t=g 35
Ilz. 111) 4.90-5.03 (m, 211) 3.87-3.99 (m, Ill) 3.57-3.68 (m,
I H) 3 27-3.54 (m. 5H) 3 0&i-3.19 (m. 4H) 2 &i9-2 82 (m, I H)
2.47-2.65 (m, IH) 1.98-2.11 (m. III) 1.83-1.i)7 (m, 211) 132-
1.53 (m, I H). Mass spectnmi nuz 5&i9.3

(M+H)'xample

17-1

Prepamtion of (R)-4-(3-aminopiperidin-I -yl)-7-(4-
mcthyipiperarine-I -carboityl)-9H-carbazolc-I-car-

box;llllltle

[t)577[

0
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[0578] A mixture of (R)-benzyl I-(I-carbamoyl-7-(4-me-
thylplperazine-I -carbonylj-9H-carbazol-4-yl)piperidin-3-
ylcarbmnatc (I jxamplc 16-1. 80 mn, 0 141 mnxil). 10% pal-
ladium on carbon (14.97 mg, 0.014 Hanoi);md amnxynium
formate (53.2 mg, 0.844 nunol) in methanol (8 mL) was
flushcdwithnitrogmiandheatcdat75n(2 for) h Themixture
ives cooled to m diluted with mmhanol and Iiltercd tlrrough a
Celite pad. The filtrate was concentrated to provide (R)-4-(3-
anunopipendin-I-yl)-7-(4-methylpiperazine-I-carbonyl)-
911-carbazole-1-carbox unide as a ii hite solid (75 mg. 98%).
'H NMR (400 Mllz. metliauol-da) 6 8.13 (d, J 8.13 Ilz. I H)
7.86(de J 8.35 Hz, HI) 7.68 (s, IH) 7.29 (d, J 9.67 Hz. IH)
6.86(d,.l —8.35 Hz, 1H) 3 54-3.72 (m. 2H) 3.24-3 53 (m, 5H)
2.88 (s. 3H) 2.11-2.29 (m. HI) 1.92-2.11 (m. 2H) 144-1.73

(m, HI). Mass spectrum ntpz 435.2 (M+H)'.

Example 18-1

Ib operation of (R)-4-(3-acctamidopiperidin- I-yl)-7-
(4-methylpiperazine-I -carbonyl)-911-carbazole-I-

carboxamide

Hzampfe i.'cmpnnnd runic

Nlaaa

yfmeirrllrr

Example 19-1

Preparation of (R)-7-(4-methylpiperazine-I -carbo-

nyl)-4-(3-(3-thlazol-2-ylureido)piperidin-I-yl)-9H-
cmbazole-I-carboxamide

[0582]

la- ia)-4-(3-b nznnidnprpcndnr-3-yu-3-14- 339'(M+lt)'r

ilr Ipiperaznre-1- nrbcnyli-9H- nrbnzcte-

l-carbnymmde

[0379]

BN HN

N

0

0

[0580] A solution of (R)-4-(3-amiuopiperidin-I-yl)-7-(4-
methylpipei azine-I-carbonyl)-911-carbazole-I-carboxamide
(1)xamplc 17-1. 25 mn, 0058 mmol) and 'I'I',A (0.016 ml„
0.115 mmol) in IX'131-THF (2:l. 3 ml.) wmy treated v ith
acetyl cltioride (4.9 mL, 0.069 mmol). The mixture ives
stirred at rt for 1.5 h, then was then concentrated and the
residue was puritied by prcvarativc Hpl,fb The product, iso-

lated as ihe TFA salt, was partitioned bctwieen IX'.M and
NaHCO3 (aqj. The orgnmc phase was washed with brine,
dried and concentrated to provide (R)-4-(3-acetaniidopiperi-
din-I-yl)-7-(4-nicthylpipcrazine-I-carbonyl)-9H-carbazole-
I-carboxamide as a ivhite solid (12 mg, 39%). 'll NMR (500
Mllzr ethanol-d,) ib 8.24 (d. J—7.97 liz, I Fl) 7.89) (d, J—R52
Hz, IH) 7.69 (s. IH) 7.32 (dr.l—935 Hz, IH) 6.90 (d, J—8.52
Ilz, HI) 4.21-4.32 (m. HI) 3.73-3.93 (m, 2H) 3.42-3.72 (m,
51 I) 2.96-3.11 (m. IH) 2.39-2.63 (m, 4H) 2.35 (s, 311) 2.06-
2.15 (m. JH) 1.97-2.06 (m. 211) 1.95 (b, 311) 1.48-1.59 (m.
1H) Mass spectrum mlz 477 3 (M+H) .

[0581] The followincg compound was also prepared using
the procedure demonstrated in Example 18-1, substituting
benzoyl chlonde for acetyl chloride.

[t)583] A solutimi of (R)-1-(3-aminopipcridin-I-yl)-7-(4-
methylpiperazine-I -carbonyl)-911-carbazole-I -carboxamide

(Ex;nnplc 17-1, 23 mg. 0 033 nunol) mid TFA (0.015 ml.,
0 106 nuuol) in THF (3 mi.) was trailed with phmiyl thiazol-
2-ylcarbaniate (17.49 mg, 0.079 mmolj. The nnxture was
stirred at 60', for 1.5 h, then at 70'. for 2 h, dian was
concentrated mid puriiicd by preparative HPI,(L The isolated
TFA salt was partitioned between 13( M and NaHCO3 (aq),
and the otve inlc phase yves dried and concentrated to provide
(R)-7-(4-mothylpiperazine-I -carbonyl)-4-(3-(3-thiazol-2-
ylureido)pipendin-I-yl)-911-carbazole-I-carboxanude as a

white solid (14 mg. 43%). 'I I NMR (400 Mllz. methanol-d„)
68.27(IH, d..l 7.9 Hz).7.87(IH, d. J 8 3 Hz).7.(ig (IH, d,

J— 1.1 I lz). 7 28 (1EI, d, J—7 9 I lz). 7.18 (1E I, br. s ), 6 93 (111,

d. J 3.711z),6.87(IH, d,i 80 Hz).4.25(HI, br.).3.82(2IL
br ), 3 41-3.68 (3H. m), 3 19 (31L br.), 2 3G-2.G3 (4FL m),
2 33 (3 H, s)r I 84-2.20 (3H, m). 1.71 (I H, br. s.). Mass spec-
trum m/z 561.3 (M+II) .
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Example 20-1

Prepamtion of 7-(4-methylpiperazine-I -carbonyl)-4-
(2-oxopiperidin-I-yl)-9)I I-carbazole-I -carboxannde

[0384]

0

[0585] Step I A mixture of 4-bronx&7-(4-methylpipera-
zine- I -i:arbouyl)-9H-carbazole-I-carboxamide (Ex unple
l-l, 118 I mg. 0.284 mmol). sodium azide (37 0 nig. 0 569
mmol), copper (I) iodide (36 4 mg, 0.191 rmnol), (RS)-pm-
line (24.6 mg, 0 21-1 niniol), I M aqueous sodium hydroxide
(0.191 mk., 0.191 nunol), ethanol (1.5 mi.) and water (0.191
mL) was purged w ith argon and heated at 95" C. in a seal&
tube. Atter 17.5 h, the mixture was cooled to rt. (iltered
throuvgh a pad of silica vgel. and the sohds were nnsed with
methanol. The liltrate was concentrated and treated with I M
hydrochloric acid. and thc resulting precipitate was collcctcd
by filtration and dried to provide impure 4-azido-7-(4-nieth-
ylpiperazinc-l-carbonyl)-9H-carbavole-l-carboxaniidc.
hydrochloric acid salt. as a light brown solid (31.8 mg. 27"!8).

The iiltmte was purified by preparative HPLC to provide
4-aside-7-(4-niethylpiperazine-I-carbonyl)-9H-carbazole-
l-carboxamide, TFA salt, as a brovui solid (20.7 mg. 15%).
Ii NMR (400 Mllz. metluuioi-ds) o 8 37 (HL d. J 8.14 ilz),

7.97 (HI. d, J 8.14 Hz), 7.73 (HI. s), 7.33 (IH, dd, J 8.14,
132 Hz), 7.06 (IH, d. I—8.36 Hz), 334-3.72 (6IL m), 3 26
(211. br. s.), 2.96 (3H, s). Mass spectrum m/z 378.2 (M+II) .

[0586] Step 2 A suspension of unpure 4-azido-7-(4-meth-
ylpipemzine-I-carbonyl)-i)I I-carbazole-I -carbox unide.
hydrochloric acid salt (31.8 mg, 0 060 nuuol), ammonium
cktloridc (25 nig. 0 467 imuol) and powdered zinc (60 nig,
0.i)18 mmol) in methanol (I mL) mid THF (I mL) was stirred
at rt. After I h, the mixture was purified by column chmma-
togmphy (eluting with a gmdimit from DCM to 80:20 D( M-

methanol) to provide 4-amino-7-(4-methylpiperazine-I-car-
bonyl)-9H-carbazole-I-carboxamide as a ligvt yellow solid
(11.8 mg, 56%). Mass spectnun m/z 352.3 (M+II) .

[0587] Step 3 A solution of 4-amino-7-(4-methylpipera-
zine-I-carbonyl)-9H-carbazole-I-carboxamide (11.8 nm,
0 034 nunol) and TEA (0 047 mL, 0 336 nunol) in DCM (0. 5

mL) and DMF (0 25 mL) was treated with 5-chloropentanoyl
cldonde (0.017 mL. 0.134 nuuol) and stirred at rt. Additional
5-chloropcntanoyl chloride (0.017 mi,. 0.134 nunol) was
added after 3 h and the mixu.irc was stirred at rt overnight. The
mixture was concentrated nnd partitioned between I')tOAc

and saturated aqueous mnmonium chloride. I bc aqueous
phase was purified by preparative Hl'I/C to provide 4-(5-
cldoropentaimmido)-7-(4-methylpiperazine-I-carbonyl)-
9il-carbazole-l-carboxamide, TFA salt. as a light yellow
solid (6.6 mg. 34%). 'H NMR (400 MHz, methanol-ds) 6

8.15(HI, d.i 8.14Hz),7.96(IH,d. J 8.14Hz),7.77(HI. d,
I 0.88 Hz), 7.27-7.38 (2H, m). 3.68 (2H. br. s.). 3.33-3.63
(4IL m), 3.12-3.29 (2H, m), 2 97 (3H, s), 2.68 (2H. br, s.),
1.98 (4H, br. s.), Mass spectnim m/z 4704 (M+I I)'.
[t)588[ Step 4 A solution of4-(5-chloropentanamido)-7-(4-
methylpiperazuie-I -carbonyl)-91 I-carbazole-I -carboxam-
ide, TEA salt (6.6 mg. 0.011 mmol) in DMF (0.5 mL) was
treated with sodium hydride (60% oil dispersion. 12.7 mg,
0 318 nmiol) and the mixture v as stirred at it for 3 5 min. The
mixture was concentrated, taken up in saturated aqucxius
anunonium chloride and punlied by preparative HPLC to
provide 7-(4-mcthylpipcrazine-I-carbonyl)-4-(2-oxopiperi-
din-l-yl)-9H-carbazolc-l-carboxanudc, isolated as thc TEA
salt, as a white pov der after lyophilization (4 3 mg, 6')%) 'H
NMR (4(kfi MHz, methanol-ds) 6 8 03 (I H, d, J—7.92 Hz),
7 96i (I H. d, .I —8.14 Hz), 7.79 (I H, d..l—0.88 Hz). 736 (I H,
dd, J 8.03, 1.43 Hz),7.17(HI. d,J 7.9211z),3.84-3.93(HI
m), 3.73-3. 82 (111. m), 3.34-3.64 (411. m). 3.13-3.27 (211, m),
2 97 (3H, s). 2.60-2.82 (2H, m), 2.08-2.25 (4H, m). Mass
spectrum m/z 434.4 (M+H) .

I.'xaiuple 21-1

Prepamtion of 4-(5-methyl-4-(phenylcarbamoyl)-
I H-1,2,3-tnazol-l-yl)-7-(4-methylpiperazine-l-car-

bonyl)-911-carbazole-I-carboxamide

]0589]

Qi

0

[0590] A solution of4-azido-7-(4-methyipipemzine-I-car-
bonyl)-9H-carbazolc-I-carboxaniide (free base, prepared
from thc material prepared according to Step I of Exmnplc
20-1. 24 I nig, 0 036i mmol) and 3-oxo-N-phcnylbutanamidc
(17 5 mg, 0 099 mmol) in ctba oui (0 5 m I,) and THE (0. 5 ml )
ives added at 0" C. to a solution of sodium ethoxide prepared
from sodium (6.7 mg, 0.291 mmol) and ethanol (0.5 ml.).
After 2 h, the mixture was v amied to rt and stirred overnight.
The mixture is as concentrated and the residue is as purilied by
preparative I IPLC to provide 4-(5-methyl-4-(phenylcarbam-
oyl)-H 1-1.2.'3-triazol-I -yl)-7-(4-mcthylpipcrazine-I-carbo-
nyl)-9H-carbazole-l-carboxamide, TFA salt. as a liJtt yel-
low powdcr aficr lyophilizatiott(2 6 mg, 10%) 'H N MR (400
MHi:, metluimil-ds) 8 8.1') (IH. ik J 7.92 Hz). 7 8& (IH. s),
7 77-7.82 (2H, m), 7.41 (3H. t..t —7.70 Hz), 7.17-7.23 (2H,
m). 6.75 (HI, d, J 8.14 Hz), 3.34-3.64 (4IL m). 3.09-3.27
(211, m), 2.95 (31L sk 2.48 (311, s). IViass spectnuu m/z 537.3
(M+I I)'.
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Example 22-1

Preparation of 7-(4-methylpiperazinc-I -carbonyl)-4-
(4-phcny)-I H-),23-(riazol-l-yl)-9H-carbazolc-)-

carboxaniide

[0591]

N I

x)

1)ig

0

[0592J A solution of4-azido-7-(4-me(by)pipers zuie-I -car-
bonyl)-9H-carbazole-I-carboxamide (f'ree base, prepared
from the material prepared according to Step I oi'Ex unple
20-1. 10 mg, 0.026 nunol), ethynylbenzene (3.2 PL, 0.029
mmol). copper (11) sulfate (042 mg, 0 003 nmiol) and sodium
I,-ascorbatc (1.1 mg, 0 005 mmol) in THF (0 3 mi ) and water
(0.1 mL) u:as stirred at 45" C overnight. 1iie reaction was not
complete, so thc mixture was stirred at 45'. tiir 4 5 h, then
at 95''. overnight. The mmture was concentrated, and the
residue was dissolved in a nuxture of methanol and I IVI

hydrochlonc acid (2:I), flltered and purified by prepamtive
IIPLC and lyoplulization to provide 7-(4-methylpiperazuie-
I -carbonyl)-4-(4-phenyl-I 11-1.2,3-tri azol- I -yl)-911-carba-
zole-l-carboxamide, TFA salt, as a white powder (5 2 mg,
33%). 'H NMR (400 MHz. methanol-d„) fr 8 i)0 (I H, s). 8 16

(I H, d,.)=7 92 Hz), 8 00-8.04 (2H, m), 7.84 (I H, s), 7.50-7 55

(2H, m). 7 48 ()H. d. 1=7 92 Hz). 7 40-7 46 (I H. m), 7 36

(I H, d, .I— 8 80 Hz), 7 20 (I H. dd. J— 8 25. 1.43 Hz). 3 33-3 68
(4H. m). 3 10-3 28 (2H. m). 2.95 (3H, s) IV)ass spectrum m!z
480.3 (M+II)".

I'ixamplc 23-1

Prepamtion of 8-carbamoyl-5-(3-(4-fluorobenza-
mido)-2-methylphenyl)-9H-carbazole-2-carboxylic

acid

[0593]

)1 8

[0594] A suspension of ethyl 8-carbamoyl-5-(3-(4-fluo-
robenzaruido)-2-me(by)phenyl)-9H-carbazoic-2-carboxy-
late (hitcrmcdiatc 3-100. 1.63 g, 3 20 mmol) in cthmiol (12
mL) uas treatin) with I M aqueous sodium hydroxide (1.5
ml.. 1.500 mmol), forming a yellow suspension wluch i!as
heated at 90-95'. for 30 min. The mixiure u us cooled to rt
and aciddied with I M hydrochlonc acid. The precipitate u as
collected by filtration, u asbed u it h water and dried io provide
8-carbanioyl-5-(3-(4-fiuorobcnzaniido)-2-mcthylphmiyl)-
9H-ci rbazolc-2-carlx xylic arid as an oif u hite solid (1.496
g. 92%o) 'H N!VIR (400 MHz, DMSO-d,) 6 12 7(r (br s.. I H)
11.84 (s. IH) 10 15 (s, I H) 838 (s, I H) 8.24 (br. s., I H)
8.03-8.13 (m, 3H) 7.56 (br. s., IH) 7.4&&7.S4 (m, 2H) 7.42 (t,
I—7.7 Hz. IH) 7 35 (t, J— 9 0 Hz, 2H) 7.23 (dd. J—7.5, 13 Hz,
IH) 7.04 (d, J 7.S Hz, HI) 7.01 (d, J 8.3 Hz, HI) 1.88 (s,
3H), Mass spectrum ngz 482.1 (M+II) .

Example 23-2

Preparation of 8-carbamoyl-5-(2-fluorophenyl)-911-
carbazole-2-carboxylic acid

[0595 J

[0596J A suspension of ethyl 8-carbamoyi-5-(2-fluomphe-
nyl)-9H-carbazolc-2-carboxylate (I;xmnple 3-12, 08 g,
2 12(i mmol) and lithnim hydroxide monohydmte (0.255 g,
(i 38 nimol) in THI'-ethanol-uater (3 I:I) (25.0 nfl ) uas
heated at reflux for 4 h. The mixture was concentrated and the
residue uas suspended in uater. The pll vvas adjusted to 1-2

by addition oi I M hydrochlonc acni. The precipitate uas
collected by filtmtion, washed with water mid dried io provide
8-carbamoyl-5-(2-fluorophenyl)-9H-carbazole-2-carboxylic
acid as a yellow solid (520 mg, 71%). 'H NMR (400 MHzo
DMSO d,) 612 77(br. s . I H) 11.87 (s, IH) 8 41(m, IH) 8 26
(br. s, IH) 8.08 (d. J=7.69 Hz, I H) 7.50-7 67 (m. 4H) 7.40-
7.49 (m, 211) 7.09-7.17 (m, 211). Mass spectrum nv'z 349.1
(M+H)'.

[0597[ The lollowing compound v;as also prepared using
procedures dmnonstrated in I',xamplc 23-1, using

sinriins V(,lcn

iniennecilcle nlnicnnl Oonlponnit annie lpccinnn

1)0

0
iniclnlcdi.'n'c 1'x.nnplc

'! 11

S-unixinwl)-S-(i.d-
d tinorophenyli Zi,n.s
!err!hydro i i) cnrh,co ie
2-c vhoxviic ccid

'11 1 (m + Hi'
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Example 24-1

Preparation of 4-(3-(4-fluorobenz unido)-2-meth-
ylphenyl)-9H-carbuzole-1.7-dicarboxamide

[0598]

[0601] A mixture of 8-carb unoyl-5-(2-fluorophenyl)-911-
carbazole-2-carboxylic acid (Exiunple 23-2, 30 mg, 0.086

mmolj, FIJC (23 11 mg, 0.121 nimol), HOkf1'18.46 mg,
0.121 nunol). DIEA (30 pL, 0.172 nunol), and I-methylpip-
cridin 4mninc(9 83 nig. 0 086 mmol) in THI'mid DMF (4 I,

2 ml,) ives stirred at rt overnight The mixture wns concen-
trated and p un fied by preparative I IPLC. The isolated product
vas partitioimd between DCM and Nali(.03 (aq). Thc
organic phase was dried and concentrated tn provide 4-(2-
ihiorophenyl)-N -(l-methylpiperidin-4-yl)-9H-carbuzole-l.
7-dimirboxamide as a white solid (25 mg, 62%). 'H NMR
(400 Ml lz. DMSO-d,) o 11. 75 (s, 111) 8 24 (br. s., 111) 8 20 (s,
I H) 8 13 (d, .1=7 69 Hx I H) 8 05 (d..1=7 91 Hv. I H) 7 52-7.

68 (m, 3H) 7 33-7 48 (m, 3H) 7.13 (d, J—7 69 Hz, HI) 7 05 (d,
J 8.35 Hz, HI) 3.64-3.80 (m, HI) 2.69-2.79 (m, 2H) 1.87-2.
00 (m, 2H) 1.70-1.80 (m. 2H) 1.48-1.65 (m. 2H). Mass spec-
trum nflz 445 2 (M+H)'.

VHi
Example 24-3

[0599] A mixture of 8-carbanioyl-5-(3-(4-fluorobenra-
mido)-2-mcfliylphcnyl)-9H-carbazole-2-carboxylic acid
(Example 23-1. 30 mg. 0.062 mmol) and HOAI'12.72 mg,
0.093 nunol) in TIIF (0.4 mL) ivas treated with 28% aqueous
ammonium hydroxide (0.052 mL, 0.374 nunol) and EDC
(23.89 mg, 0.125 nunol) mid the mixture was stirred at rt.
After 22.5 h. the mixture v as concentrated and purified by
preparative HPLC. The appropriate elfiumit I'nactions were
concenuated and the residue was treated u ith Nal ICO3 (uq)
and extracted three times with I'itOAc 'I he combinixI organic
phases were dried and concentrated to pmvidc 4-(3-(4-fluo-
robcnzamido)-2-methylphenyl)-9H-carbazole-1,7-dicar-
boxanude as an off white sohd (9 6 mg, 29%v). 'll NMR (400
MHz, methanol-ds) 6 S.l I (d. I— 1.3 Hz. Iki) 8.03-8.08 (m,
2H) 8.01 (d, J 7.9 Hz, IH) 7.51-7.55 (m. HI) 7.41-7.48 (m,
2H) 7.29 (dd, J 7.5, 1.3 Hz. IH) 7.24 (t, J 8.8 Hz, 2FI)
7.08-7.12 (m. 2H) 1.98 (s. 3H). Muss spectnun m/z 481.1

(M+H)'repamtion

of 5-(2,6-difluorophenyl)-N -(2-(dun-
ethylanuno)ethyl)-2,3.4.9-tetrahydro-l H-carbazole-

2,8-dicarboxamide

[0602]

Example 24-2

I'reparation of 4-(2-fluorophenyl)-Nr-(I -methylpip-
eridin-4-yl)-911-carbazole-l,7-dicarboxamide

[0600]

0
SHi

-C-
i

[0603] Using the procedure ofExample 24-2.8-carbamoyl-
5-(2,6-dilhiorophenyl)-2.3.4. 9-tetrahydro-I ll-carbazole-2-
carboxylic acid (lntcrmediatc 23-3. 20 nig, 0 054 nmiol) and
N',Nqdimcthylctlianc-l,2-diaminc (7.1 mg. 0.081 mmol)
were converted to 5-(2.6-ditluorophenyl)-N'-(2-(dimethy-
lamino)ethyl)-2,3,4,9-tetrahydm-l H-carbaxole-2,8-dicar-
boxmnidc (25 mg, 62%) 'H NMR (400 MH% chlorofomi-d)
6 10 08 (HL br. s ), 7,35-7 39 (2H. m). 6.9i) (3H. d. I— 8 35

Hz), 6.20 (2H, br. s.j, 3.28-3.43 (311, m), 2.84-3.13 (21L m),
2 54-2 62 (I H, m), 2 27-2 45 (3 H, m). 2.18 (6H, s). I 91-2 03

(IH. m), I 74-1.86 (IH. m). Mass spcctrmn m/z 441.1

(M+I I)".

[0604] The following compounds were also prepared usiilg
procedures demonsuated in Examples 24-1 tluough 24-3,
starting with the appropriate carboxylic acid (prepnrcd
according to Examples 23-1 tluough 23-3) and the appropri-
ate amine.
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4-21 k«.rrtple
2)-1
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H r-I-'-(dimethvbuninoletln I)-4-12-

tlumophen H-Nhmcthyl 9H-C,&rbamle-).7

ificarbvxaiiiiilc
4-(2-Huoroplwnvh-7-(4-(-

methoxycth)l)piperazum-I- mbonvl)-9H-

cail&stole-I-carboxsnude

-tluorophen!H- -(4-(-
tnetboxypmpyl)p perazaie I carbonyh 9H

carbamle I carboxamide
7 t4 idimethvlnnmotpipendine I

ca&born))

4

(2-fluoioph ri)H-9H-c.ub&zole-l-caiboxarnide

4-('.-l)uor& pherivlt-I -methvl-I E(2-

(rriithi (au)Ton I) Ihil)-9H- vubazoli:-1.7-

4 &carbo &a&i&itic

7-((S i-I-blmictti lainuiolpiiroliduic-I-

carbnnyll 4 (2-tInornphenyl)-9H caibazole-I

czitioxamide
7 t(R) ) (d mar)tv)am no)pyrrol dme I

carbnnyl) 4 (2 tIuornphenyl) 9H cmbazole I

carboxinudc
5 I'2.( difhiurophenyl) lvr (4

(dr meth! larairio)butyl)2 3 4 9 tenth) rh o-)H-
mrbazolc-2.g-dice&box:un&dc

5-(2 6-ditluorophm»11-2-(4-rncthylpipcrazinc-
I-carbnn II-'.3,4.9-tetrali drn-I H-carbxzole-

S-ca&buzz&1&&dc

5 iE6 di(lnorophenyl) b,'"
idimerfivlaminolpropyli '-,3,4,9 tetrahydm

I H ca&bvofe "..6 Sic irboxamide
5-(2 6-dilluoroph rivi)HSA(1-ruethylpipeirdirn
4-i H-',3 4.9-)etrah) dro-) II-co baznle-',3-
disa&box,i&i&&de

. -(2 6-dilluoioph rivi)-I -(tetrah) di&»2H-

pi&an-4-vh-SH 4.9-&et&ah dro-IH-carbazole-
".S 4 arboxanude
4-( -(4-tluorobenzauiidn)- m tb Iplimi Ik
bu (2 & I rRS) iueth Ipvrrolid n 2 i))eth I)

9H co bozo le I 7 4 ca&bosom&de (prepmerl as

rhe TF 1 salt)

4-(3-(4-guorobc&vuun&do)-'-rn Ihylph rig)i-7-

(A(2-hydruxvethyl)prperazirie-I-carbonylk
9Hc i&boule-I-cvbnxunM (pi&pm d.u thc

T)A&.&hi

4-( -(4-tluorobmizamidn)- -ni tb Iplim»l)-

HE( -morpliolinocthyl)-9H-carbazolc-),7-

d&mrbnxamide (pmpared as the I'IA salt!

4 i) i4 Iluoinbeamnudoi 'ethylphen H

b'pyndni 3 ylmeth I) 9H cmbavole 1,7

dies&box@rude i prepared as the TFA sol I)

4-I 3 &4-tluoiobeamriudoi-2 uiethylphenvh
H E

I pvndiri-4-1)meth& H- 9 H-conb zzofm I 7-

dic.ubox,unidc (pr pmcd as Hte I'FA szlt)

HE(HIIH-irnidaznl-I- lipiopyli-4-(x-(4-
tlimiol enzrunidok -metliylphenylt-9H-

cubazole-17 di sr boxamde (prepared a» tbe
I'FCL salr)

7-f4-(di&riethi larruno)pip n&hn - I-i nb orii H-4-

&HI (4 Humobeivamdo) I merhyiphenyli 9H

carbazol -l-i,uboxanude tprep.'ued m the TFA

salt)

4-f3-(4-lluoroberizaiiudoi-2 rnethylpheriyl)-

H'ethy I b 'p u din I ylmerh I) 9H

carbazole-).7-dicart oxunide (prepared as the
I'FA salr)

4)2 9 (M + Hl ~

47& 2 (M +

Hl'69

3 H I+ H)+

459.."i M +

H)'66

I (M+

Hl'4&

(M+

Hl'4,5

&M+ Hi+

469,2 iM+ H)'"

2(hl+ kl)'»
I &M + HI+

467.2 (M+ Hl'

&4 2 (M + I I)

& 92 i) (M + H)+

xu4 n(i&I + IH

&34 &i (M + H)

!7Eu &IM+ Hl'7

9 ilvf+Hl

5 S9 ti (bl + Hi+

92 9 (M+

H)'6

I (M+ H)'
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H -( -antuio-2-oxocthil)-4-(3-to-

Iliioiofieiiriiitiido)-2-rriethvlph rixlk911-

t.aiMirulc-1.7-dicarbox,unitlc (pr pared,is Ihc

TFA saltl

4-(3-f4 lluoroberrz.urudol-h-rn Ihvlphernl)-7-

(4 (h drox meth Hpipendme I caibonylt 9H

cmbazole I carboxanuile (piepaied as the TFA

salt!

4-(3-(4-tluorobenzainido)- -rnetlivlptiei»l)-

H 4 3-liydroxybenz I)-9H-carbazole-l.7-

dicmboxamirle rptepxmd .is the 'I
I A snit)

4!3 !4 fluorobeazunudri) 2 meth Iphenyli 7
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4-(3-(4-tluorobertzainidoi-2 methylphenyl)-

HE(lhrarol-2-xl)-9H-carbazcl -1,7-
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4 ii i4 tluorobenririudoi 2 methylphen H
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dicatbox ururle

(prepared 

.is ihc TIA x ili)

4 t" i4 fluoiobenz imido) .'eth Iphen I)

Ht!4 Quorophem H 9H c irbarole 1,7

dicarbox.mude(prepar'd milt TFAx,rll)

Hhtert butyl-4! «(4 dnoinheiizam«lol 2

meth, lphen I) 9H arbazole 1,7

dicarboxamide ipmpared ax the TFA saltl

hhbenzvl-4-(3-i4flu mbcnrnnido)-2-

nieth Ipheti II-9H-mrbazol -1.7-

dice!box.rmrde ipmpared as the TI'A valtl

4-(3-(4-tluorob nzanudo)-2-rn ihylpli nyl)-

hhmethvl-ht-ph n I-9H- .uliizole-I i-

d! xrbnxamide (ptepared as the I'I 5 salt!

la-mclopmpxl 4-!HI4-Hurnoberiz un«lol-.'-

rneth Iphenyl)-9H-carbazolc-f,i-

di xrboxantide (prefxxivd as th l)A salt)

4-(3-i4-fluombenzunidol-2-rnethvlphenyh-

I '(pyndui- -yl)-9H-imbazule-),7-

dec»box:unidc fprepared ax tlic TkA salt)

4 i3 i4 fluomlenzanudo) "meth Iphen Il

I 'p) nrlut-2-ylmethyl) 9H-carMzole-).7-

di nboxsntide (pmpared as thc TFA salt)

578,!) i M + H)+

599 il !IVI+

H)'5i

9 (M t

Hj'i)u

il tM+

Hl'37

9 (M+

Hl'8D

fi (M + Hl'

86 9 (Ivf + H1+

563,9 i M + H)'

63 9 (M + H)'

86.9 i)M + Hl'

7x U !M + H)+

537 !1 (M +

H)'1

ii (lvl + H)',

I it (hf + H

1'29

9 (M + Ill

'58

it (M+ III+

5T2.1 rlvl+ H)'
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Example 25-1

Prepuratlon ol'(2S)-2-(8-carbamoyl-5-(3-(4-fluo-
robcnzmnido)-2-nmthylphenyl)-UH-carbazole-2-

carboxamido)-3-methylbutanoic acid

[0605]

L'xample 26-1

Preparation of S-(2,6-ditluorophenyl)-N -methoxy-
N -methyl-2gob9-tetrahydro-lH-carbazole-2,8-

dimirboxamide

[0608]

SHI

[0606] A mixture of 8-carbamoyl-5-(3-(4-fluorobenza-
mido)-2-nieihylphenyf)-9H-carbazole-2-carboxylic acid
(Example 23-1, 193 mg, 0.04 mmol), I.D(: (9 6 mg, 0 05

It)trit)1)i HOB'I'7 7 mg, 0.0.05 mmol), I3IEA (25 8 mg, 0 20
mmol). and (S)-tert-butyl 2-amino-3-methylbutanoate
hydrochloric acid salt (10.5 mg. 0.05 nunol) in DiVIF (0.36
mL) was agitated at rt for 21 h. The mixture was concentrated
and the residue was agitated ui DCM (0.5 mL) and TFA (0.5
mL) Ior 2 h. The mixture was concentrated and the residue
ives purified by prcpanztive HPIC to provide (2S)-2-(8-car-
b unoyl-5-(3-(4-fluorobeiizamido)-2-mcthylphcnyl)-9H-
carbazole-2-carboxamido)-3-methylbutanoic acid, Tl'A salt
(150 mg, 55%) Mass spectnim ntpz 581 0 (M+H)'0607]

The following compounds were also prepared using
procedures denionstrated ln I'.xample 25-1.

[0609[ A solution of g-carbamoy1-5-(2,6-difluorophcnyl)-
2xb4.9-tctrdhydro-lH-cdrbarolc-2-carboxylic acid (Inter-
mediate 23-3. 720 mg. 1.944 mmol) and TEA (1.084 mL,
7 78 nunol) in THP (5 mi.) was treated with lsobutyl chloro-
formate (266 mg. 1.944 mnxil) at 0'2 After stirring for 10

min. a solution ofN.O-dunethylhydmxylamine hydrochlonc
acid salt (190 mg, 1. 944 nunc1) in THF (2 ml.) and water (0.5

ml.) was added. I'he mixture was stirred fiir 30 min. then
diluted with DCM, 55 usbed tv i lb Nal LCO3 (a(I) and w alar. and
dried and concentrated. The residue was purified by colunui
chromatoooraphy (eluting with EtOAc) to provide 5-(2,6-dith
luorophenyl)-N -methoxy-N -methyl-2.3.4.9-telrahydro-
IH-carbazolc-2.8-dicarboxamide as a white solid (802 mg,
93%). 'll NMR (400 MHA citiorofonn-d) c1.70-1.82 (m. 111)

I 90-1.99 (m, I H) 2 19-2.25 (m, ZH) 2.32-2 42 (mr I H) 2.84-
2 92 (m, IH) 3 05-3 19 (mr IH) 3.23 (s, 3H) 3 70 (5, TH)
6 98-7.06 (m. 3H) 7.35-7.42 (m. 2H) 10.10 (s, IH). Mass
spectrum m(z 414.2 (M+H) .

1 euiiplc O mpnnad name Mass spc trutn

Izb.)S).2-(S caihanioyl- -(3-(mtiuornbenznnidot.-

metbvlphenyli 90 carbarole " trboxarnxto) 3

rimthvlpmitanoic scut (picpmed as Ihe Tinea)I)
2.!s.cii'lxiltto 'l.s-i -(d.tlllorobellraltlld ).2-

methylphenybu)H caibazole- -mrboxaniidou eti sc d

Ipi spared m Ihe TFX sa)9

(2xl.l.(b-carbsrnoil-s-i 3-fd-tluoir bmiz unido)--

nmthylphenylt-9H- irbazole- - arbonynpyrroliduie-2-

rub n5, lic acid ipi up ired ss the TFA salt I

tzs)-I-ls srbamnvl-5-(3-(d-tlunrohenzsnndnhc

metlivlphcnyn-9)i-caibazole-2-cunt orivl)pyrrolidirie-2-

cuuboxi lic acid (piet,um) m th» TFX s,iltl

erin (M+HI'3S

'I (M e

H)'79

u (M e

lt)'7S

9 (M+ HI'
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Example 27-1

Prepamtion of 2-acetyl-5-(2,6-difluorophenyl)-2,3,4,
9-tetrahydro-HI-carbazole-8-carbox un&de

[0610]

[0611] A solution of 5-(2.6-difluorophenyl)-N -methoxy-
N'-methyl-2,3,4,9-tetrahydro-fll-carbazole-2.8-dicarboxa-
miCk (Example 26-1. 719 mg, 1.739 mmnl) in THP (I ml,)
was treated with methylmagnesium bromide (3 M in diethyl
ether, 2.90 ml.. 8 70 nunol) at O'. After 20 min, additional

methylntagttestum bmnude (2 90 ml.. 8 70nunol) was added
and stirring ives continued for 30 min mnre. The nnxture v as
treated with I M hydrochlonc acid and extracted tour times
with DCM. The combined organic phases were washed with
v ster, dned and concentrated. The residue ives purilied by
column chromatography (eluting with hexane-L'tOAc) and
the resulting material ives triturated ivith DCM to provide
2-acetyl-5-(2.6-difluorophenyl)-2,3,4,9-tctrabydro-l H-car-
bazoicLS-carboxamidc ns an otluwhitc solid (210 mg, 33%).
'H NMR (4(X) MHz. methanol-d») 6 7 59 (IH. d, J—7.91 Hz),
739-7 49 (2H, m), 7.01-7 09 (3H, m), fli 90 (I H, d, .1=7 91

Hz), 2.86i-2.97 (3H, m). 2.24-2.33 (Hi. m). 2.22 (3H, s),
2.01-2 18 (2H, m). 1.54-1.66 (HI, m). Mass spectnun m/z
369.1 (M+II) .

mixture was diluted u ith DCM, washed with NaHCO3 (aq)
and water, and dried and concentmted I he residue was puri-
fied by preparative HPI,('o provide tivo diastcreoincrs of
5-(2,6-difluorophenyl)-2-(l-hydroxyethyl)-2.3.4.9-tctrahy-
dro-I H-carbazole-8-carboxamide. 1.'ich one was partitioned
betv;een I M aqueous sodium hydroxide and DCM, followed
by drying and concentration. to provide the separated racemic
diastereomers ol'-(2,6-dilhiorophenyl)-2-(l-hydroxy-
ctbyl)-2,3.4.9-tetr»hydro-)H-carbazolc-g-caiboxamide. The
more polar diastereomer (Fxnmplc 28-1) was ti willie solid
(10 mg. 33%) 'H NMR (4(X) MHz, chloroform-d) 6 1.26& (d,
J=6.59 Hz, 3H) I 30-1 43 (m. I H) I 78-1 89 (m, I H) I 97-2.
05 (m. J— 12.74 Hz, IH) 2.14-2.22 (m, I H) 2.24-2 35 (m, I H)
2 57 (dd. J— 16&.04, 10.77 Hz, I H) 2.81 (dd, J— 16i.48, 5.05 Hz,
111) 3.70-3.79 (m, III) 6.96-7.04 (m, 311) 7.32-7.41 (m. 2 II)
10.05 (s. Hl). Mass spectrum ngz 371.1 (M+H)'. The less
polar diastereomer (Ex unple 28-2) was a white solid (8 m,
27%) 'l l Ni»IR (400 MH». chlorofomi-d) 6 I 26 (d. I—6 15

Iiz. 3H) 1.34-1.40 (m, I H) I 42-1.53 (m, I H) 1.75-1.90 (m,
2H) 2 24-2 35 (ni, I H) 2 fig (dd..1=16 26, 10 11 HA I H) 2 94

(dd..l — 16.26. 5 27 Hz, IH) 380 (s. IH) 6 96-7.05 (n), 3H)
7 34-7 40 (m. 2H) 10 05 (s, I H). Mass spectrum miz 371.1

(M+II) .

Example 29-1

Preparation of 2-(I-»mutoethyl)-5-(2,6-difluorophe-
nyl)-2,3,4,9-tetrahydro-lH-carbazole-S-carboxamide

[0614]

Examples 28-1 mid 28-2

Prepamtion of nvo diastereomers of S-(2,6-difluo-
rophenyl)-2-(l-hydroxyethyl)-2,3,4,9-tetrahydro-l H-

carbazole-8-carboxmnide

[0612]

[0613] A suspension of 2-»cetyl-5-(2,6-difluorophenyl)-2,
3,4,9-tetrahydro-l H-carbazole-8-carboxamide (Example
27-1, 30 mg, 0.081 mmol) and sodium borohydride (fli.2 mg,
0.163 nunol) in methanol (I mL) v;as stirred at rt for I h. The

[t)615[ A suspension of 2-acetyl-5-(2,6-ditiuorophcnyl)-2,
3.4.9-tetrahydrn-l H-curb»sole-8-carboxamide (Exmnplc
27-1. 30 mg, 0.081 nunol), ammoniuni acetate (25 I mg,
0 326 nimol) and sodiiun triacetoxyborohydride (25.9 nig,
0.122 mmol) in DCM (I mL) was heated at 50" C. for I h. The
mixture was cooled. diluted with Iy'M, washed with
NaHCOS (aq) and water, and dned and concentmted. The
residue was purified by preparative I IPLC, and the appropri-
ate elfluent lractions were made basic with I M aqueous
sodiuni hydmxidc and cxtmcted tv icc with IJCM. Thc com-
bined organic phases were &cashed ivith water, dried and
concmitratcd to provide a mixture of din»ters»&mors of 2-(1-
aminoethyl)-5-(2,6-difluorophenyl)-2,3,4,9-tctrahydro-l H-

carbazole-8-carboxaniide as a white solid (20 mg. 6i7%). 'H

NMR (400 MHz. methanol-ds) 6 7.59 (HL d, J 7.47 Hz),
7.39-7 49 (I I L m), 7 01-7.09 (211, m). 6.89 (111, d), 2.78-2. 94

(2H. m). 2.46-2.61 (IH, m), 2.06-2.28 (2H, m), 1.77-1.94
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(111, m). 1.62-1.74 ( HI, m). 1.26-1.40 (I I I. m), 1.13 (311. d,
J —6.59 Hz). Mass spectrum m/z 370.1 (M+II)'0616]

The following compounds were also prepared usutg
procedures dmuonstrated (n I..'xmnple 29-1, using the appro-
priate aminc in place of anmtoniunt acetate

(HI. t, I 9.2 Hz). 7.05 (IH.d. J Sg Hz), 6.99 (IH, d, I 7.8

I lz), 6.85 (I H, dd. I— 8 0. 1.411z), 4.62 (211. s). Mass spectnnn
m/z 334.9

(M+H)'0619[

The folloyying Examples/Intennedlates were also
prepared using procedures dcmonstmted in I'xamplc 30-1.

Exanuiler Stutirig
In(einiedia(es iris(ansi Consiound irurie

i(ass
spec(riiiii

3(i-2

Iii(iviilefllai e

si»3ia)

ln(crmcdiate 4-bromo-7-ihsdroxvmeuivl)-9H-cubaxolc- 319.
46 1 I cai boyam de )3( (M+ Hi'n(enriediat«-biorno-2-(hydroxvme(h)l)-2 3.4.9- 3i
47-1 I (rd»drn-Ikl-carbarn)a-6-cnbonsnude 3'M+

kl)'xample

31-1

I,sample &'ompouim name
Mass

six'c(riiiii

Preparation of 2-(hydmxymethyl)-5-(2-methyl-3-(l-
oxoisoindolut-2-yl)phenvl)-2r3.4.9-tetmhvdm-lH-

carbazolc-8-carboxmnide
I l2.6 ditlnorophenyl) "

i I (1 me(hylpipmidm 4-

ylnnirio)e(hal)-2,3.4 9-( ti.dry dro-l 0-carturole-
6-cail nximme tpiepared as.i rnn tnie nf
di,ns(eieomers1
s-(2 6-dilluorophenyl)-.'-(I-morpholinoethyi)-

4.)-(enaliydro-lu-car(ecole-S- srboxanudc
(prepared is a mo ture of diastereomersl

467 ."

pyl + 0) '0620]
410 ."

(M+ H)'

Example 30-1

Preparation of 4-(2-fluorophenyl)-7-fltydroxym-
ethyl)-911-carbazole-I-cmboxanude

[0617]

00

H.N

[0618] A solution of ethyl 8-carbamoyl-5-(2-tluomphc-
nyl)-9H-carbazole-2-carboxylate (I',xample 3-12. 0.81 g,
2.152 ntmol) in I HE (26 9 mi,) at 0''. was treated with
hthium alunumun hydride (1.0 M in THE, 3.01 mL, 3.01
mmol), and the mixture was stirred at rt for 5 h. Additional
hthium aluminum hydride (1. 3 mL, l. 3 mmol) was added and
the mixture yyas stirred at rt oyerniglu. The mixture was
treated with metlrdnol and Ti'A and diluted with E(OAc.
washed yvith brine. dricni and concentrated to provide impure
4-(2-fluorophenyl)-7-(hydroxymcthy))-9H-carbazo)e-I-car-
boxamidc (0 78 g) contantinnted with starting material. A

smail amount was puriftcd by preparativc HPI.&'o provide
4-(2/fluorophenyl)-7-(hydroxymethyl)-9H-carbazole-I-ca»
boxanude. isolated as the TI'A salt. 'H NMR (500 Milz,
methanol-da) 6 7. 82 (111, d, J —7.8 I lz). 7. 5 I (111, s), 7.44-7. 50
(III, m), 7.42 (ilia td. J 7.5. 1.9112). 7.25-7.30(III, m), 7.22

[0621] A mixture oi'5-bromo-2-(hydroxymethyl)-23,4,9-
tetrahydro-I H-carbazole-8-c uboxamide (httennedtate 30-3

(a). 80 mg. 0.248 nunol), 2-(2-methyl-3-(4r4,5.5-tetram-
cthyl-I nh2-dioxaborolan-2-yl)phenyl)isoindolin-I-one
(intern)odin(a 50-4. 130 mg. 0.371 nunol). 2 M aqucx)us tri-
potassium pin)sphate (0.371 mL, 0.743 mmol). and tetrukis
(triphenylphosphine)palladium (14.30 ntg, 0.012 mntol) in

toluene (3 ml ) and ethanol (I ml.) was sealed in a vial and
heated al 100'. for 6 hrs 'Tlm mixtlue ives cooled and
diluted with litOAc, and the so lut(on was u a shed with water,
drimI and concentrated. 'I'he residue was puriflint by column
chromatography (cluting with n gradient front DOM to 96 3.

6:0.4 DCM-methanol-28% aqueous ammonium hydroxide)
to prov(de 2-(hydrnxymethyl)-5-(2-methyl-3-(I-oxoisoindo-
lin-2-yl)phenyl)-2.3.4.9-tetrahydro-III-carbazoie-g-car-
boxamide as a liogtt yellow so ltd (68 mn, 53%). 'I l NMR (400
MHz, cldoroform-d) 8 7.79 (HI. d, J 7.91 Hz). 7.46-7.53

(IH. Hl), 738-7.44 (2H. m). 730 (IH, dd,.l—75) t. 3 08 Hz),
7 14-7.26(3H, m), &i 77(IH, dd, J— 7 &i9, 2 86 Hz) 4.59-4 74

(211. m)r 3.39-3.54 (3H, m), 2.72-2.80 (2H, m), 2.30-2.44
(2Hr m)r 1.80-2.10 (3H, m), 1.75 (3H, d, J—8.35 Hz). Mass
spicutull nl/2 466.1 (M+H)
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Examples 31-2 utd 31-3

Preparation of 5-(3-(5-(er(-butyl-l,3-dioxoisoindolin-
2-yl)-2-methylphcnyl)-2-(hydroxymcthyl)-2.3.4.9-
tetrahydro-HI-carbazole-8-carboxamide mid (5-(3-

(5-tert-butyl-I s3-dioxoisoindolin-2-yl)-2-
mcthylphcnyl)-g-carbantoy1-23.4,9-(ctrahydn&-l H-

carbazol-2-yl)mptOAc

[062 2J

dried and concentrated to provide 5-(3-(5-tert-butyl-l,3-di-
oxoisoindolin-2-yl)-2-me(by)phenyl)-2-0&ydroxymethyl)-2,
3.4.9-(etrahvdr&&HI-carbazole-g-curbox unide (Example
31-2) as a light yelkiw solid (18 mg, 18"ro) 'H NMR (400
MHz, chloroform-d) o 10.05 (HI, s). 7.98-8.02 (HI, m),
7 86-7 91 (IH. in). 7.79-7.84 (IH. m), 7A3-7 45 (4H, m),
7.24-7.28 (211. m). 6.8&)-6.94 (JH. m), 3.56-3.71 (211, m),
2 91(IH. dd..i=16 70,4 83 Hz),2.48-2 61(IH, m), I 99-2 10

(211. m), 1.88-1.99 (211. m), 1.86 (311, s), 1.43-1.55 (211. m),
141 (9)H. s). Mass spectnnn ntbz 53f&.3 (M+H)'. Also
obtained was (5-(3-(5-tert-butyl-1,3-dioxoisoindolin-2-yl)-
2-&ncthylphcnyl)-g-carbmnoy1-23,4,9-tetrahydro-I H-carba-
zo1-2-yl)s,ftOAc (Example 31-3) as a light yellow solid (15
ntg, 14%) 'H NMR (400 MHr, chloroform-d) 6 10.05 (IH,
s). 7.97-8.05 (Hl, m), 7.86-7.91 (IH, m), 7.79-7.84 (HI. m),
7 33-7-11 (3H. m). 7.26-7.28 (IH, m), 4.00-4 13 (2H, m),
2.90(2H, td, J 10.88. 5.05 Hz). 2.46-2.71 (2H. m)s 2.12-2.34
(2 H. m), 2.08 (4 H, s). I .S7 (3 H, d, .(=7 03 Hz). I 45-1 54 ( I H,
m), 1.41 (9H, s). Mass spectrum mbz 578.3 (M+H) .

Ho

0
YH.

ldxample 31-4

I'reparation of 4-(3-(4ufluorobenzamido)-2-meth-
ylphenyl)-7-(hydroxyntethyl)-9H-carbaz&olc-I-car-

boxamide

[0624]

0

[0623] A mixture of 5-bromo-2-(hydroxyme(hyl)-2,3.4,9-
tetrahydm-1H-carbazole-8-carboxamide (intermediate 30-3

(a), 50 mg, 0.155 mmol). 5-(ert-bu(yl-2-(2-me(hyl-3-(4,4.5,
5-tetrantethyl-l,3r2-dioxabomlan-2-yl)phenyl)isoindoline-
1,3-dione (In(cniiediate 50-11. 97 mg. 0 232 minol), 2 M
aqueous tripotassium phosphate (0232 mi., 0464 mmol),
mid tetrakis(triplrenylphosphine)palladium (8 9 mg, 7.7
pmol) in toluene (3 ml ) and ethanol (I ml ) was heated at
100' in a sealed tube oven&i+(. Thc mixu &re was cooled to
rt. treated with I M hydrochloric acid, extracted with EtOAc,
and (hc organic phase was dricxl &utd concen(mted to provide
5-tert-butyl-2-(3-(g-carbamoy1-2-(hydroxymethyl)-2.3.4,9-
tetrahydro-Ill-curbazol-5-yl)-2-nmthylphenylc&u.bamoyl)
benzoic acid (Mass spectrum miz 554 4 (M+H)'). Without
puriflca(ion. (his ma(ariel was dissolved in ace(ic acid (4 mi,)
and heated at HX)''. for 2 h, then was concentrated. The
rcsiduc was purilied by column cltroma(ography (eluting
with a gradient from DCM to 90:9:I DCM-methanol-28%
aqueous anunonium hydroxide). f&illowcd by purification by
preparativc HPI,('. The appropriate effluent fmctions were
made basic with NaHCO3 (aq) and extracted with D( M,

8(I

[0625J Using the procedure of I',xampl&. 3-2.4-bnmto-7-
(hydroxymethyl)-9H-carbuzole-I-carboxamide (Example
30-2. 800 mg, 2.51 mmol) and 4-fluoro-N-(2-methyl-3-(4,4,
5.5-tetrame(hyl-1s3,2-dioxaborolan-2-vl)phenyl)benmunide
(lntemicdiate 53-1, 979 mg, 2 76 ntnuil) werc converted to
4-(3-(4-fluorobenzamido)-2-methylphenyl)-7-(hydroxym-
ethyl)-9H-carbazole-I-carboxamide (550 mg, 47%). 'H
NMR (400 Mllz. DMSO-de) 8 11.50 (Hl. s). 10.15 (Hls s),
8 21 (I H. br s ), 8 05og 15 (2H, m), 799 (I H, d, J=7 9 Hz),
7. 70 (I I ls s)s 7 46-7.57 (211. m), 7.32-7.46 (3 I E m). 7.22 (111,
dd, 1=7 6, I 0 Hr), fr 97 (I H, d, J=7 7 Hr). 6 806 93 (2H. nt),
5.18 (IHs u J 5.7 Hz), 4.58 (2Hs d, I 5.5 Hz), 1.90 (3H, s).
Mass spectrum m'. 46&6.3 (M-H)
[0626] The following compounds were also prepared using
procedures demonstrated in Examples 31-1 tluough 31-4,
from thc star(ing maicrials indicated.

Srarua Mass

I:x.&mpie maraca(a oompouod name spee1&ull&

IuimmeC«,re

I i I ."
( ~ b

Iurem&eC«,re

&ir (a

&-(&-(&-&err-bulvl-I- xoirourdoira- -vil-2- & " 'iv1+H)+
merhvlpheapii " (hvdrmvmerhvii ", l,a,p

lerru&ydro-I 0-carbo&& ie-S earboxmrude
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continued

.1&cd&rip Mmc
Eximple mctenclc C'oiupourtd runic ipectmin

'1-7

31-B

&1-12

11-13

'i l 14

'1-16

11-16

31-17

31-)S

Inte&rned&cte

f &.3 j &)

Ii«ermed cte
6&C14

lifter&i&cd&.'lt

'ti-xfn!.

Intermedicte
n.1&7

Inteimedictc
39 i(C),

Inte&rnedu&te

Gf1-!6

Itxumpfe 1ii 2,

Intermedicte
fi. 4

Example 3&i "..

Intermedicte
sf).17

I'xcmple it& ".,

I&it&&i&i&:dizfe

sf&.s

1'xumple st&.2,

Intermedicte

hxunple 3(u2,
Ii&termedicte

n- s
Exemple 1(i.

I&&termed are
X(CGS

I.xunple stt.2,
Intermedi&te
si . 4
hxunple 3(u2,
Intei medicre

\
Exc&r&pl 39-2
I&&termed cte
6(u&6

Exmr&pl 31hz

I&&it'&ines ct'c

6&»7

6-(3-(6-tei&-but!I-I-oxoicoiridolui-2-il)-2-
iiietlr&lphernl)-2-&hydro'1 ri!et)i I)- 3 49
tetrch dro !H- «rbczole-6- crboxumide

&-1&-f &-tluo&o-I-oxo&rou&dnlui-2- I&-
ni tin lphenyl! (hydmxvrned& 1) . 4H
tetr&h dro HI curbcznle 6 ecrbrixcmide

2-(h dro&yn&cthyl)-1-(2-methyl-3-(6-
methil I oxoicomdnln& .'liphenyl!
.'.3 4 9-te&izh!dro-111-&i&bczol&-6-

et& I oxoinli(c
7 (h drox methy(14 &2 methyl 3 (4-

oyoquu&czolu&-3(4ui-ynphenyl)-9H-
ecrbcz le-I- mboxcui&de
4 (3 &6 tlnoro 4-nxoqurnuzobn 3(401 yl)
'erhvlphenyl! 7-(h diox methyu 9H
crbczole-I-e i&boxiunid

7 (h drox methyu 412 methyl 3 t6
rnetlnl-I-oxoiioir&dolu&- inphenil)-90-
ex& ter&1(e- I . co i b 0 in& ii& 6 '

(3-(6 tlumo-1-nxoicoimfolui -ylh2-
iuethvlphenyn 7 (hidroxyiuetln'li-90-
ecrbcz le-I- ciboycui de
7-&h drox n& thyn-4-(2-methyl- -(4oxo-6-
(tnauo&omethr x, iqumcmhn 3t4H)
yl)phon)1-9H-&.ub&zol&-l-euboxanide
4 (1-&f& tlt&oio-4-oxoqumcznln& 3(4H) vlh
'meth Ipheml& 7 (h 'drox 'methy)19H
c xi to z & 1 I e

- I . & X1 b 0 1 it&i! d&'-(h
drox ni thy(1-4-i2-metliyl--

tquu&crolin 4 ytimu&o!phenvl) yu
curb,iznle-l-&crbox,&nude

-tluo&nquinczolu&-4-ylcnuno)-2-

inerhi lphenvn 7 (hykox meth I) 9H
ecrbcznle 1 ccrbnximide
4-(suntluoroquu«zol&n-4-ylcnur&o)-2-
irtethylphenvl! 7 (hydmxymeth I) 9H
ccrbczole-I embox,unide
4-(3-(S-numoquu&czolin-4-yhuruno)-n
methylphen l! 7-(t&ydinxynierh i)-9H-
curb,irole I &crbox,&Cutie

." 3 (M +

H)'64

2 (I I +

Hl'sn

'M +

H)'76

il IM+

H)'93.&)

()vl + H!+

4 S 9 (M + H — H,O)

46 I 0 I + H — H,O)+

'141 fi 1 I I + H — Hto)

471 I (M + H — H,O)'74
fi (M +

Hi'92

I (Ivl + H

1'92

I (M +

H)'9'

(M +

H)';xainple

32-1

Preparation of 4-(2-fluorophenyl)-7-(morphohnom-
ethyl)-911-carbazole-I-cmboxanude

[0627]

(.)

[0628[ A solution of 4-(2-tluorophcnyl)-7-(hydroxym-
ethyl)-91 I-earbazolc-I-earboxamide (Fxamplc30-I. 223 mg,
0.667 nunol) and TL'A (0.279 mL, 2.001 mmol) in TIII'8
ml.) was treated with metlmnesultimyl chloride (0.104 mi,
I 334 mmol) Thc r&.yulting suspension wms stirrod at n for 15

min The mixture was diluted with EIOAc. &Cashed with &v ster
and brine. and dned and concentmted to provide crude (8-car-
bmnoyl-5-(2-fluorophenyl)-9H-carbazol-2-yl)methyl meth-
anesulfonate as a yellow glassy foam (300 mg. ca. 50%
purity). A portion ol'lus material (80 mg, 0.097 nunol) was
dissolved in l)MV (I ml,). (rcatcxI with morpholine (84 mg,
0.970 nunol) and heated at 45'('.. fnr 3 days. Thc mixture was
purificd by preparative HPI.('o provide 4-(2-fluorophenyl)-
7-(morpholinomethyl)-9H-carbazole-I-carboxamidc (9.61

mg, 23oqo). H NMR (400 lb(i lz, methanol-do) 8 7.94 (llic d,
J —7.8 Hz), 7.59 (I H, s), 7.52-7 58 (I H, m), 7.48-7. 52 (I H. m),
7.33-7.39 (111, m), 730 (lllc t, I 9.011z). 7.21 (HI, d. I 83
Hz), 7. 14 ( I Lh d, J 7 8 Hz), 6 99 ( H I. dd. I 8 3, 1. 5 Hz). 3. 81

(211. s), 3.71-3.77 (411. m), 2.66 (411, br. s.). Mass spectnfm
m/z 404.2

(M+H)'0629]

The foflowtng compounds &vere also prepared using
procedures demonstrated fn I',xample 32-1, using the appro-
priate untne in place of morpholine.
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Ha,tmple Compnnr)d nnn»
Ibss
spectrum

4-(2-nuorophenyu-I-t(4-methilptperartrt- di'
I-yl)m th)loci!-cnbarole-I- (M+ 0)'arbnsnntde

4)2-flumophenyl)-"-(ptpendtn-I-ylmethyl)- dt)2 2

')H-carbarnlc-I- nbosauttdt: (ptcparcd as (M+H)'ltc

I IX snit)

[0630]

Example 33-1

Preparation of 7-(aminomclhyl)-4-(2-methyl-3-(1-
oxoisoindolin-2-yl)phenyl)-9H-carbazoli-I-carboxti-

Iiitde

99%). 'H NMR (400 MHz, DMSO-do) 6 11.61 (Hi, br.),
8 47-8.55 (I H. m), 8.19) (I H. br s.), 7.81-7 84 (IH, m). 7 76

(I H. s), 7.63-7 66 (I H. m). 7 53-7.59 (2H, m), 7.41 (I H, d,

J S.l Hz). 7 27 (IH, dd, J 8.4, 1.3 Flz). 3.90(2H. s).

[0633[ Step 3 Hsing thc procedure of I'.xamplc 3-2. crude
7-(am)nomethyl)-4-bromo-911-carbazole-I-carboxanude
(320 mu, 0.805 mmol) and Intermediate SO-4 (309 mg. O.S85

nunol) uvre conyenicd into crude 7-(aminonmthyl)-4-(2-nm-
thyl-3-(I -oxoisoindolin-2-yl)phenyl)-911-carbazole-I -car-

boxamide as a hght yellow sohd (ca. S0% pure, 570 mg,
77%) A small amount was purified by prcparativc HPI.C to

provide the TFA salt. 'H NMR (400 MHz, DMSO-dn) 6 11. 64

(III. s), 8.11 (311. br.), 7.9S (Hls d, J 7.911z), 7.68-7.74 (211,

m),7.62(2IL d, 1 4.0Hz),7.57 (HI. dd,J 7.9,1.1 Hz),7.51
(HI. dd, J 7.8.3.6 Hz), 7.44(2H, L J 7.6 Hz), 7.27 (IH.dd,
I 7.6, 1.0 Ilz). 6.96-7.08 (3H, m)s 4.78-5.00 (2H. m). 4.06
(2H. d, .I

—
5 3 Hz). 1.76 (3H. s) Mass spectnun m/z 483.2

(M+Na)'')xamplc
34-1

Preparat)on of 7-(acetanndomethyl)-4-(2-methyl-3-
(I-oxoisouidolin-2-yl)phenyl)-9H-carbazole-I-car-

boxamide

[0634[

NI I
XH)

0

[0631] Step I A suspension of 4-bromo-7-(hydroxym-
ethyl )-911-carbs zoic- I -carboxtun)de (Example 30-2, 300 mg,
0 940 mmol) and TI A (0 262 mL. I 880 mmol) in TI Ils (9 4

mi.) was trcataxI dropwisc with methanesulfonyl chloride
(0 077 ml, 0 987 mmoi) nnd thc mixture u:as stirred at rt for
I lu. It was treated with NaHCO3 (aq) and extracted with
FtOAc I'he organic phase was washed with brine, dried and
concentrated to provide crude (5-bromo-8-carbamoyl-9H-
carbazol-2-yl)methyl methanesulfonate as a light yellov
solid (390 mg, S9/u). Tlus material v;as suspended )nDMI'8.3

niL) aiui treated with sodium azide (271 mg, 4.17 nunol).
After being stirred overnight at rb the mixn)re was diluted
with water and extracted with I')IOAc. Tlm orgmiic phase u:as
tvashcd with brine. dried and concmitratcd to provide en)de
7-(avidomethyl)-4-bromo-9H-carbazoli-I-carboxamide as a
light yellow solid (350 mg, 97"!n) 'H NMR (400 MHz,
IJMSO-dn) o 11.80 (Ill, sj. 8 62 (Ill, d, J—8.4 llzj. 8.22 (I H,
br. s.), 7.88 (HI. d. I 8.1 Hz), 7.S3 (IH, s), 7.58 (HI, br. s.),
7 46(Hl.d,J 8 4Hz),7 28(IH,dd,J 8.1. I.SHz),4 63(211,
s).

[0632] Step 2 A mixture of 7-(azidomethyl)-4-bromo-9H-
carbazole-I-carboxunide (350 mg. 0.814 iruuol). triph-
cnylphosphinc (427 mg. 1.627 mmol), and water (18 pin
0.976 mmol) in THF (10 mL) tyas heated al 70'. for 3.5 h.
I bc mixture was cooled to rt and panitioncd bc(ween I')tOAc

and I M hydnicMoric acid 'I'hc pH of thc aqueous phnsc was
raised to 8-9 with sodium hydroxide pellets, and then was
extracted with EtOAc. The orgamc phase was dl)ed and con-
centrated to prov)de crude 7-(aminomethyl)-4-bromo-9H-
carbazole-I-carboxmnide as a yellow glassy fo un (320 m,

[0635] A solution of crude 7-(aminomethyl)-4-(2-methyl-
3-(I-oxoisoindolin-2-yl)phenyl)-911-carbazole-I-carboxam-
idr: (I')xamplc 33-1, 60 nig, 0 065 mmol) and 'ITA (23 gin
0.163 mniol) in THF (1.3 mi,) was treated u ith acetic mihy-
dride (7 4 Iil, 0.078 mmol) and the mixture was stirred at rt
ovcniight. 'I'hc mixture was conccntmtcd and the rcsiduc v as
purified by preparative HPLC The appropnate et))uent frac-
tions were concentmted and the residue was pmtitioned
between NaHCO3 (aq) and EtOAc. The organic phase was
u ashed u ilh brine. dried and concentrated Io provide 7-(ac-
ct unidomethyl)-4-(2-methyl-3-(I-oxoisoindolin-2-yl)phe-
nyl)-9H-iarbszolc-I-inrboxamidc ms an olf-white solid (12
mg, 36/). 'll NMR (400 Mild, DMSO d,) 8 11 51 (IH. s),
8 29-8-15 (I H, m), 8.18 (I H, br. s.)s 8.01 (I H, d..)=7 9 Hz),
7 81(IH,d,J 7 5 Hz),7 69(2H. d,.l 4 0Hz). 7 60 7 65(2H,
m), 7 57 (I H, ddd..l—7 9, 4 2. 4 0 Hz), 7.SO (2H. t, J—7. 8 Hz),
734 (HI, dd, J 7.7, 1.1 llz), 6.94-7.06 (21L m), 6.87 (I IL dd,
J— 8 3, 1.4 llz), 4 90-S 04 (211, m). 4 35 (211, t. J— 5 2 Hzjs 1. 89

(311. s), 1.84 (311. s). Mass spectrum m/z 503.2 (M+II)'.
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Example 34-2

Preparation of 7-((2-hydroxyncetainido)incthyl)-4-
(2-methyl-3-(I-oxoisoindolin-2-yl)phenyl)-911-car-

bazole-I -carboxamide

f 0636]

L'xample 35-1

Preparation of 7-((3-isopropylureido)methyl)-4-(2-
methyl-3-(I-oxoisoindohn-2-yl)phenyl)-9H-carba-

zole-I-carboxamide

[0639]

HI I

HH

0

.IH

OH

[0637] A solution of crude 7-(tuninomethyl)-4-(2-mcthyl-
3-(I-oxoisoindolin-2-yl)phenyl)-9H-carbazole-I-carboxam-
ide (Example 33-1. 25 mg. 0.054 nunol), glycolic acid (8.26

mg, 0.109 mmol). IiOAT (13.30 mg, 0.098 nmtol), md EDC

(20 81 mgr 0 1()9 ntniol) in acetonitrilp-THF (2: I ) (5 nil.) was

treated with DIVA (0.028 mL, 0.163 mmol) and stirred at rt

overnight The mixture vvas concentrated and puritied by
prcparativc HVI JL Tho appropriate etf)cent fmctions were
concentrated to afford an aqueous suspension. which was

treatcxl with NaHC03 (aq). The prccipittue was collimted by
filtmtion, washed with water and dried to provide 7-((2-hy-
droxyacetmnido)methyl)-4-(2-methyl-3-(I-oxoisoindohn-2-

yl)phenyl)-9H-carbazole-I-carboxmnide (17 mg, 59%). 'H

NMR(4N) MHz, DMSO-d,) b I I 49(IH, s). 8 22-8.28 (IH,
m), 8.17 (1H, br s.), 7.97-8 04 (I H, m), 7 81 (IH, d, J — 7 5

Ilz), 7.69 (211, d. J 3.7 Ilz), 7.54-7.66 (3H, m). 7 42-7.54

(2H, m)r 7 28-7.38 (I H, m),7 03(IH. d,.!— 7 9) Hr), 6 94-7 00

(I I I, m), di. 86-6.94 (I H. m), S. 45 (111, br.). 4.88-5.05 (211, m),
4.33-4.48 (211. m). 3.88 (2H. s), 1.83 (3H, s). Mass spectnun
m/z 519 2

(M+H)'0638]

The following compounds were also prepared using
proccxlures demonstrated in I',xamplo 34-1. using appropriate
acid anhydndes or acid chlorides.

[0640] A solution of 7-(aminomethyl)-4-(2-methyl-3-(l-
oxoisoindolui-2-yl)phenvl)-9H-carbazole-I-carboxanude
(Example 33-1» 30 m, 0.065 nunol) and 2-isocy utatopro-
pane (0.01c) mL. 0.195 nunol) in THF (3 mL) v;as stirred at
40'. overnicptt. flic mixnue wsis concentrated mtd purified
by prepamutive HEI,('im appropriate efflumit functions tvere
conccntmtcxI and partition»xi between EtOAc mid NaH!'03
(aq). I'he organic phase was dried and concentrated to provide
7-((3-isopmpylureido)methyl)-4-(2-methyl-3-(I-oxoisoin-
dolin-2-yl)phenyl)-9kI-carbazole-I-carboxamide as a white
sohd (5.8 mg. 14%»). 'H NMR (400 MHz, tnethanol-da) b

7.84 (HI, d, J 7.711z), 7.77 (HI. d, J 7.5 Hz). 7.53-7.63 (211,

m), 7.38-7.51 (4 H, m). 7 30 (111, dd. J—7.2, 1.7 I lz), 6.93-6.
99 (211, m), 6.85 (III. dd, J 8.3, 1.4 Hz). 4.79-4.91 (211. m),
4 33 (2H, s). 3 69-3 78 (I H, m). I 79 (3H. s), 1.03 (6H. d,
.I

—
Cn4 Hz). Mass spectrum m/z 546.3

(M+H)'xalrlplc

36-1

Preparation of 4-(2-methyl-3-(I-oxoisoindolin-2-yl)
phenyl)-7-(methylsulfonamidomethyl)-911-carba-

zole-I-carboxamide

[0641]

HI I

nvarnp!» Ccmpuurrd rrarne

Mass

specilrllrl

34-3 4-r -meihv!-3-Il-cvursnrrrdc!u»7-v!Iphernn-I-

!pisa!»rrrd rnertn!I-PH-cm baze!e-I-c u bus armde

34-4 7 lisp!rutrraimdnmeihvll 4 ia me!by! 3 /!

nvcrsuindu!in-3 vflptrent!i PH-carhazc!e-

I-car!.nz.urrrd

343 3

IM 4 Hi'
'33.3

IM+ 0)'
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[0642] A solution of 7-(aminomethyl)-4-(2-methyl-3-(1-
oxoisouidolin-2-yl)phenyl]-911-carbazole-I-carboxamide
(L'xample 33-1. 60 mg. 0 065 nunol) and TL'A (23 PL. 0.163
nuuol) in THF (1.3 mL) v'as treated with methanesuii'onyl
chlorido (5 6 pi .. 0.072 mmol) mid the mixturo was stirred at
rt overnight. Thc mixture was conccntratcd and purified by
preparative Hl'I,C. 'I'im appropriate etjjuent ftuctions were
concentrated and partitioned between EtOAc and NaHCO3
(aqj. 'Iiie organic pltase uas dried and concentrated, and the
residue uas purified further by column chromatography
(eluting ivith a gradient from 40 60 hexane-EtOAc to EtOAc)
to provide 4-(2-methyl-3-(I-oxoisoindolin-2-yl)phenyl)-7-
(methylsulfonmnidomethyl)-911-i:arbazole-I-carbox unide
as mi ol'I'-white solid (7 mg, 18%). 'H NMR (400 MHz,
DMSO-d,) 6 11 57 (IH, s), 8 19 (I H. br. s.), 8.02 (IH. d,
.1=7.7 Hz). 7 81 (I H, d. J=7 7 Hz). 7 73 (I H, s), 7 69 (2H, d,
J—3.7 Hz), 7. 61-7.65 ( I H, m). 7.54-7 61 (2H, m), 7 51 (2H. t,
J—7.7 Hzj, 7.35 (IH, dd, I—7.5, I I Hzj, 7.00-7 08 (2H, m),
6.93-(i.99 (I IL m), 4.88-5.05 (211, m), 4.26 (211, 6, J 5.911z),
2.87 (311. s), 1. 84 (311. s). Mass spectrum m/z 539.2 (M+I I)'.

ds) 6 11.44 (I I I, s), 8.11 (111. br. s.), 7.95 (111. d, J 7.9 I lz),
7.73(Hi,d,J 7 511z),7 62(211. d,J 3.7Hz). 7 46-7.57(3H,

m), 7.42 (2H, t,.1=7 7 Hz), 7 23-7.29 (1H. ni), 6.90-6.99 (2H,

m), 6. 74 (I I I, dd. J 8.1, 1.511z), 4.79-5.00 (211, m), 4.25-4. 51

(2H. m). 3.11-3.22 (2H. m), 2.19-2 2') (2H, m), I 80-1 93

(2H. m), I 77 (3H. s) Mass spectrum m!z 529) 2 (M+H)'.

Example 38-1

Preparation of 7-(ucetamidomethyl)-4-(2-methyl-3-
(6-methyl-I-oxoisoindolin-2-yl)plmnyl)-9H-carba-

zole-I-carboxamide

[0645[

Fxamplc 37-1

Preparation of 4-(2-methyl-3-(I -oxoisoindolin-2-yl)
phenyl)-7-((2-oxopyrrolidin-I-yl)methyl)-i)H-carba-

zolc-I -carboxamide

[0643]

'pO

P

[0644] A solution oi'-(aniinomethyl)-4-(2-methyl-3-(i-
oxoisoindolin-2-yl)phenyl)-9H-carbavole-I-carboxamide
(lixamplc 33-1, 80 mg, 0 087 mmol) in 'I'HV (3 ml,) was
treated with DlkA (0.030 mL, 0.174 mmol) and a solution of
4-bromobutanoyl chloride (10 pi., 0.087 nunol) in DCM (I
mL) and the mixture was stirred at rt lor 35 min. The reacuon
mixture u us diluted v ith EtOAc. washed with Nal ICO3 (uq)
and brine, and dried and concentrated The residue uas dis-
solved in TIIF (6 mi ) and treated with sodiiun hydride (60%
oil dispersion, 24.32 mg. 0.608 nunol) The resulting mixture
was stirred at 50" ( for 2 h, then wns diluted with water and
extnictcd ivith EtOAc 'I bc organic phase was dried and con-
centrated, and the residue was purified by preparative Hl'I C
to provide 4-(2-methyl-3-(I-oxoisoindolin-2-yl)phenyl)-7-
((2-oxopyrrolidin-I -yl)methyl)-911-carbazole-I -carboxam-
ide as a white solid (2 mg, 3%). II NMR (400 Mllz, DMSO-

[0646] Step I A suspension of 7-(iunuxoniethyl)-4-bromo-

9H-carbazolc-I-carboxmnidc (prcparcd according to Step 2

of Example 33-1, 168 mg, 0 528 nunol) and TEA (0.184 ml.,
1.320 nunol) in TI II'l 8 mL) was treated with scene anhy-
dride (0 080 ml .. 0 845 mmol) Thc mixture wins stirred at rt

for 2 h. then uas partitioned betiveen ktOAc and I M hydro-

cldoric acid. The orgamc phase was uashed with NaIICO3

(aq) and brine, dried imd concentrated to provide 7-(acctami-
domethyl)-4-bromo-911-carbazole-I-carboxamide as an off-

wlute solid. Mass spectrum nt/z 359.9 (M+H)'.

[0647] Step 2 Using the procedure of Example 3-2.7-(ac-
ctamidomcthyl)-4-bromo-9)H-carbazolc-I-carboxamidc (25

mg, 0 069 mmol) and Intermediate 50-8 (30.3 mg. 0.083
nunol) v ere converted to 7-(acetamidomethyl)-4-(2-methyl-
3-(6-methyl-I -oxoisoindoi in-2-yl)phenyl)-9H-carbazole-I-
carboxmnide. obtained as a white solid (19 mg, 52%) 'H

NMR (400 MHz, DMSO-d„) 8 11.51 (I H. s). 8 36 (111. t,

J—5.8 Hz), 8.18 (IH, br. s.), 8.01 (I H, d. J—7.7 Hz). 7.54-7.66

(4H. m), 7 49 (3 H, t..1=7 6 Hz). 7.33 (I H, dd, .1=7.7, 1. I Hz),
693-707 (2H, m). 6.87 (IH. dd. J—81. 13 Hz). 483-4 99

(211, m), 4.27-4.43 (211, m), 2 44 (311, s), 1.89 (311, s), 1. 83

(311, sj. Mass spectnun m/z 517.2 (M+II)'.

[0648] The following compounds were also prepared using
proccdurcs dcnionstratcd in I'lxample 38-1 and similar pro-
ccxiures. using thc stmting nuiterial shoivn in place of Inter-
mediate 50-8.
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7-(aceiurudom tlivlk4-(3-f6-nuoro-I-
uxoisoiridolire2OI)-2-nicihvlphcr» H-90-
cai bazole 1-carboxsmide
7-i acetamalnmeiliv I i-4-i 3-i 6-fluore 4- 34 I (M +Hi'x

quiri:izolin- (4H)- 0-2-mctti Iplicn 0-9H-
carbarn(a 1 carbox&mide
7 taceiamidomerliyll V(2 matt&vl 3 (4 &16.1 ilvl +Hl'x

qu&m&zola&-3(4H)-)I)phen)lkuu-carbarn)e-
l-,ul oxen&&de

7 iacetam domerhyll 4-(3 ill fluom 4 i i4 I (M +

kll'ioquinarolues&4H)-yl)-2-inelhyipheml)-911-

ca&(ramie-1-carboxsirude

7 i.&ceram domerhyl1 Vr" i tl methoxi 4 646 1 1M+ H)'xoquinazolui3(410-vn-2-meihylphenyn-90-
carbazolc-I-carboxaniiilc

Example 39-1

Prapardfion of 4-(3-(4-lluorobenzamido)-2-meth-
ylphenyl)-7-(piperidin-I-ylmcthyl)-9H-carbazole-I-

carboxantide

[0649]

[0650] Step I A solution of 4-(3-(4-fiuorobenzamido)-2-
methylphenyl)-7-(hydroxymethyl)-9H-carbazole- I -car-

boxamtde (Exmnp le 31-4, 0.54, 1.155 nuno1 ) in TI II'38. 5

mL) was treated with l,l,l-tris(acetyloxy)-l.l-dihydn»1.2-
benziodoxol-3-(III)-onn (Doss Matqin periodinane, 0.784 g,
1.848 mmol) at it nnd thc mixture ivas stirred for 2 h Thc
mixture was partitioned between NaHC 03 (aq) and
[0651] FtOAc. The orgnnic phase was washed with brine,
driixI and conccntratixI The residue was triturated with

methanol and the solid was collected by tiltration and dried to
provide 4-(3-(4-lluorobenzamido)-2-methylphenyl)-7-
formyl-911-carbazole-I -carboxanude as an orange solid (458
tno, 85%). 'H NMR (400 MHH. DMSO-d,) 6 11 98 (IH. s),
10.1(i (I H, s). 10.03 (I H. s), 8 23-832 (2H& m), 8 05-8 14

(3H. m), 7 60 (I H. br s ), 7 49-7 55 (I H. m), 7 39-7 49 (2H,
mj, 7 32-7.39 (2H. ni), 7.21-7 27 ( H L m), 7.09 (211. t. i—8.1

Hz). 1.88 (3H. s) Mass spectrum miz 4Citi3 (M+H)".
[0652] Step 2 A suspension of 4-(3-(4-thiorobenzmnido)-
2-methylphenyl)-7-formyl-9H-cnrbazole-I-carboxamide
(30 mg, 0 064 nunol) in TI IF (3 mL) tv as treated with piperi-
dine (16 46 mg, 0 193 mntol) mtd sodium triacetoxyborohy-
dride (34.1 mg. 0 161 nuit ol). The mixture was stirred at it I'or

3 5 h, thc was trcatcd again with additional pipcridinc (16.5
mg, f).193 mmol) and sodium triacctoxyborohydridc (20 mg).
After stirrino overnight. the mixture was diluted with water
and extracted with I')tOAc. The organic phase was washed
with bone, dned and concentrated. The residue was punfied
by preparative HPLO to provide 4-(3-(4-tiuorobenzmnido)-
2-methylphenyl)-7-(piperidtn-I-ylmethyl)-9li-carbazole-I-
carbox miide (14 mg. 39%). 'l NMR (400 Mi 10 me(hmtol-

da) 6806(2H.dd&J 8 7. 5,4Hz). 7 98(IH,d,J 7 8Hz).7.63
(IH. s), 7.52 (IH, d..i 7 3 Hz). 744 (IH. t..i 7.8 Hz),
7 18-73 I (3 H. m), 7 07 (2H, d, J —7 5 H z), 6& 96-7 02 ( I H, ni),
3 96 (2H& s)& 2.72-2 88 (4H, m)& I 99 (3H, s), I C&3-) 75 (4H,
mj. 1.48-1.60 (2H, m). Mass spectrum nt(z 535.2 (M+II)'.
[0653[ Thc folloivin compounds were also pru7aredusing
procedures dcnionstrated in I')xamplc 39-1, using the appro-
priate aminc in place of pipcridine.

km&&i&pie Crit&&port&id&i&&rite

Visas

spccinuri

&9 2

39 3

39-4

9-6

4 li!4 dnoiobenmmuio) 2 methylpheiiyl) 7

(morpholinomethyli )H carbonic I carboxain de

4-(H(4 duoioberiz:unido) 2 methylpherivn-7-(f4-

inethylpiperizui I yl)metliyn 90 carbazole I cnhoxrnuiie
4(H(4-auoroberrrnn&do)-S&r&ethylpheriyn-7-(pvnulidiri-I-

rlmetliyu-9H-cubazol -I- mboxarnidc

4-(3-(4-nuornberizaniidoi-2-medi& lpherivl)i-7-((2-
hvrlroxyetlivlruiiinn)methin-9H-carbaznle-I arboxamide

4-( -14-tlunrobeirraniidoi-2-&neth&(plier& I)-7-(12-

niethmyethyloriimn)&&&ail& I) 9)H .&rbazole I carboxsniide

ii"r.! ((vl+ kll+

6. 9 I i M + 01'1

I (Ivl + 0) '

I I fi ( M + kl)'

I (M + H)+
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-continual
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Exiiiiple roiiipoiiiid iiiiiiie ypectmin

19-7

m) 9

39-11

W 12

'9-13

39 14

39-16

'!9 IS

4-(n(4()nomberrzmnrdo)-'-mcus) lpherryl)-7-(((RSI-3-
try dmx pin olrdai-I-illrnethyl)-9kl-cub izole-I-c n box snide
4 i)-(4 tloorobenzmmdo) methvlpheii IE7-(I!-
0 drnxyeiliyl)tinethyllaminolmeihyl)-90-carbmzole-I-
sr I oxaiiiidc

4-(1-14-tlnnrobcnzanodo) mct)iylpticr»ll 7 tt(RSI 2-

(hydrnxymeihi)imorpholinolmethyl) 90 cnbamle I

cin'boi iiiiidc
-I» lobnt lnnino)-4(3-is-tlnnr 1eaznnid )-2-

methylphen I) ')H ciabazote I carhoxamide
7-(c,vlopenlylarnrno)-4-13-14-11aorob rizmrndol-2-
methylplieii I)-9H-carbarn(a-I-cail nxsmale
4 i 1 (4 tloorobenzmmdo) methylp heir I) 7

(neopenivl nnino)-90-cmbmole-I ca boy amide

7- (m el»pro py hiict I» lan ma)-4-! 3-(4- an or oh ca z air i do)-2-
methylpheiiyli 90 csrbazole 1 carbnxamate
4-(3 (4 dnoiobenz:nnidi ) 2 inethilpherivll 7-tieirshydm 20
pyian-4-i(sana»)-91l-carb,izolc-l-cmboxaand
4 I) !4 tloorobenzimst ) 'ethvlpheiivu 7 (t I metl» I IH
rrmdzzo)-'.-yl)mc(by(mano)-90-cmbazole-I-cnboxarnrde
4-(n(4()nomberrzmnrdo)-'-recur) lpheriyll-7-t(1-
methylpipeiidin-4-yum thytimnio)-9H cmbamle-I-
cnboxsmide (prepamd as the Tkn saltl
W(ivclopcnt) Inietli laninio)-4-(3-(4-tlnorobenzsniidol-2-
niet)iilphei»IH9H-carbazolc-1-cmboxaniiile
7 (c clihexylnnino) 4i3 i4 tlnorobemmmdo1 2

rrimh)lph ri,))-pll-cnbazotc-t-cmboxnnrdc

. 17 I (M + 0)'

491M+Hi'7

2 i I,l + H1+

(M+ H)'

'9 9 (M + II)'

91M+

H)'ii6

tl (I I+

Hl')6.6

tlvl+

Hl'46

6 (M + H)'

61 9 (M + kl)

34 9 (Ivl + H)'

14 9 (Ivl + Hl

Example 40-1

Preparation ol'-(2-fiuorophenyl)-7-hydroxy-911-
carbazole-I -carboxmnidc

[0654]

OH

0

[0655] Step I A solution of 4-(2-thiorophenyl)-7-(hy-
droxymethyl)-9H-carbazole-I-c uboxamide (Example 30-1,
147 mg, 0 440 mmol) in DCM (3 mL). ace tonitri le (5 mL ) and
TI Ilz (3 ml ) was treated tvith 1.1. I -tris(acctyloxy)-I. I -dihy-
dro-l,2-benziodoxol-3-(HI)-one (Desa-Martin periodinanc,
373 mo, 0.879 mmol) Afier 30 min at n, thc mixture was
diluted with FtOAc (30 mL), washed to ice with I M aqueous
sodium sulfite and bnnc, drirxI and concentrated to give 4-(2-
lhiorophenyl)-7-formyl-9H-carbazole-I-carboxamide as a

tan sohd (ca. 80% punty, 163 mg. 87%), used without puri-
fication. Mass spectnun nv'z 333.1 (M+II)'.

Exmnple Conrpcxtrrd narrie

Ivlass

spectnnn

mi ".7 h dios 412 methyl '\ (6 methyl I 46ai! IVI+ Hl'xoisonidolin-2vllpheriyn 90-carbszole I-

cart nxaniide

[0656] Step 2 A solution of crude 4-(2-tluorophenyl)-7-
formyl-9H-carbazole-I -carboxnmide (25 2 nig, 0.076i mniol)
in methanol (2 mL) at O'. was treated with 3(pgo aqueous

hydrogen pemxidc (0 039 ml „0 379 mmol) and sulfuric acid

(0.020 nil.. 0 379 mmol). Aftor I 5 h. additional hydrogen
peroxide (0. 100 mL) and su I furic acid (0 050 mL) w ere added

and the mixiurc was stirred at rt overnight. After 16 h, I M

aqueous sodium hydroxide (2 ml.) was added and the mixture
yves stirred for I h. The pH was ad)usted to ca. 4 and the
organic solvent was removed under vacuum. Illa aqua(yils

residue was diluted tvith water and the precipitate was col-
lected by filtration, wash(xi with water and dried. 'I'hc residue
was puniied by preparative I IPLC to provide 4-(2-fluorophe-
nyl)-7-hydroxy-9H-carbazolc-I-carboxamidc as tan solid
after lyphohzation (5.1 moo, 21'zo). 'H NMR (400 MHz,
methanol-da) 8 7.81 (IH, d, I 7.70 Ilz), 7.45-7.64 (2H. m),
7.21-7 42 (2H, m), 7.03 (I H, d, .)

—7.92 Hz). 6.90-6.99 (2H,

m), di.45 (IHr dd. J—8.58. 2.20 Hz) Mass spectrum m(z 321.0

(M+I I)'.

[0657[ The followuig compound yves also prepared using
the procedures demonstrated in Example 40-1. substituting
lixmnple 31-11 in place ofFxamplc 30-1 as starting material

EX2026.0098
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Example 41-1

Preparation of 7-hydmxy-4-(2-methyl-3-(I-oxoisoin-
dolin-2-yl)phenyl)-9H-carbazole-I-carboxamide

[0658]

7.03 (JH, d, J 7.9 Ilz), 6.98 (HI, s), 6.92 (HI. d, J 8.8 Ilz),
(i 54 (IH, d, .1=9 0 Hz), 4 97 (2H. s). I 94 (3H, s). Mass
spectrum m/z 448.1 (M+H)'.

Example 42-1

Preparauon ofg-carbamoyl-5-(2-fiuorophenyl)-911-
carbazol-2-yl ethyl carbonate

[0662[

fix OH

0

[(1659] Step I A parrial solution of 4-bromo-7-(hydroxyni-
ethyl)-911-carbazole-I-carboxamide (Example 30-2, 1.00 g,
3.13 nunol) in THI'75 mL) was stirred at rt and treatrxt with
l,l,l-tris(acetyloxy)-l.l-dihydro-1,2-benziodoxo1-3-(1 H)-
one (I Jess-Martin period inane, 1.993 g. 4.70 nunol) After 45
min, the solution was diluted with EtOAc and washed with
5% aqueous sodium sulfit, NaH( 03 (aqj, and brine, then
v;as dried and concentrated. The residue w as tntumted with
methanol, and the precipitate was collected by filtration,
v;ashed with methmiol and dried to provide 4-bromo-7-
fonnyl-9H-carbazole-I-carboxamide as a tan powder (ca.
85!u purity, 948 m", 81%) used without purilication. 'H
NIVIR (400 MHz, DMSO-ds) 6 12.13 (I H, s). 10.14 (I H, s),
8.80 (IH. d. I 8.1 Hz), 838 (HI, d, J 0.9 Hz), 8.28 (Hl, br.
s ), 7 97 (I H, d..l—8.1 Hz). 7.83 (I H, dd, .I —8 ah 1.4 Hzj, 7 fii4

(111, br, s.), 7.54 (HI, d, J 8.1 Iiz). Mass spectrum m/z 317,
319 (M+H)".

[0660] Step 2 Hsing the procedure of I'lxample 3-2,4-
bromo-7-fomiyl-911-carbazole-I-carboxamide (75 mg,
0.23&i nimol) and 2-(2-methyl-3-(4.4,5.5-tetmmethy1-13,2-
dioxaborolan-2-yl)phenyl)isoindohn-I-one (Intermediate
50-4. 83 mg, 0.236 mmol') were converted to 7-fonnyl-4-(2-
methyl-3-(I-oxoisoindolui-2-yl)phenyl)-911-carbazole-I-
carboxamidc as a gray-green powder (ca 90% purity, 97 mg,
89%), used without further purilication. Mass spectrum nt/z
460.2 (M+H)"

[0661] Step 3 A suspension of 7-formyl-4-(2-methyl-3-(1-
oxoisoindolin-2-yl)phenyl)-9H-carbazole-I-carboxamide
(30 mg, 0.032 mmol) in mcthmiol (I ml.) v;as treated with
sulfuric acid (4 2 mL, 0 078 mmol) followed bv 30% aqueous
hydrogen peroxide (0 032 mL, 0.313 mniol). and stirred at rt
for 23 h. The mixture was treated with I M aqueous sodium
hydroxide (200 ml ) and stirred for I h. Ilia mixture v as
diluted with water and the prempitate w as collected by liltra-
tion, v ashcd with water and dried Thc residue was purilicd
by prepamtive HPLC to provide 7-hydroxy-4-(2-methyl-3-
(I-oxoisoindolin-2-yl)plmnyl)-9H-carbazolc-I-carboxani-
ide as a !an powder (3.6 mg. 15%). 'H NMR (400 MHz,
methmiol-ds)67 90(IH.d,J 7 5 Hz).7 86(IH.d..l 7 9Hz).
7.65-7.76 (211, m). 7.48-7.63 (311, m), 7.42 (111, d, J 6.6 llz),

[0663[ Ethyl chlorofonnate (8.19 mg, 0.075 mmol) was
added to a solution of4-(2-fiuorophenyl )-7-hydroxy-911-car-
bazole-I-carboxamide (Example 40-1, 18.6 mg. 0.058
nunol) m pyridine (I mL). Afier 17 h, additiomil eth&1 rhlo-
rofonnate (8.19 ma, 0.075 mmol) was added. After 5 h more,
additional ethyl chiorol'ormate (0 05 mL) ives added. Aller 15

h more, the mixture was diluted with EtOAc (30 mL), washed
wit(i water (10 mL) und brine (5 mL). dried uid concentrated.
The residue was puriTied by preparative HPLC to provide
8-carbamoyl-5-(2-fiuorophenyl)-911-carbazol-2-yl ethyl car-
bonate as a white solid (7.0 mg, 28%). 'H NMR (400 Ml Iz,
chloroform d) 6 10 44 (ILL br. s ). 7 62 (HI. dd. I 7 92, 1.98
Hz), 7.41-7.57 (2IL ni), 7.20-740 (4IL m), 7.16 (IH. dd,
J 7.81, 1.65 Ilz), 6.79-6.92 (HL m), 6.60 (2H. br. s.). 4.34
(2H. q, I—7.26 Ilz), 1.41 (3H. t, J—7.15 Hz). Mass spectrum
m/z 393.0 (M+II)'.

Example 43-1

Preparation of 8-carbamoyl-5-(2-tluorophenyl)-911-
carbazol-2-yl morpholuie-4-carboxylate

[0664]

8

[0665] Morpholine-4-carbonyl chloride (11.29 mg. 0.075
mmol) was added to a solutio» of 4-(2-fiuorophenyl)-7-hy-
droxy-911-carbazole-I-carboxamide (Example 40-1. 18.6
mg, 0058 nunol) in pyridinc (I inl,) After 22 h at rt. addi-
tional morpholuie-4-carbonyl chloride (11.29 mg. 0.075

EX2026.0099
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&runol) was added. Afler 15 h. the mixture was diluted with
EtOAc (30 ml,). v ashed v;ith water (10 ml,) and brine (5
mL), u&d dned and concentrated. The res&due was purilied by
preparative Hpi.&'n provide 8-carbanxiyl-5-(2-fluorophe-
uyl)-911-carbazo)-2-yl morpholine-4-carboxylate as a white
solid (7 9 mg. 27%) 'H NMR (4()0 MHz, chlorolimn-d) 6

9.94 (IH, br. s.). 7.41-7.65 (3H. m), 7.33 (2IL t. J 8.14 Hz),
7.20 (I H, d. J=S 58 Hz). 6 92-7 15 (4H. n&). 6.73 (I H, dd,
J 8.58, 1.98ilz),3.80(4H, t, J 4 6211z),3.67-3.76(2H.m),
3.62 (2H. br. s.) Mass spectrum &n/z 434 0 (M+H)'.

Example 44-1

Preparat&on of 4-(2-fluorophenyl)-7-methoxy-911-
m&rbazole-I -carbox unide

[0666]

[0669] A mixture of 7-hydroxy-4-(2-methyl-3-(6-methyl-
I-oxoisoindolin-2-yl)phmiyl)-9H-carbazole-I-carboxamide

(I'ix ample 40-2, 30 mg, 0 0&i 5 n&mol ) and potassium carbonate

(18 m, 0. 130 nuno1) &n DMI'1.0 mL) was stirred at rt for 30

min. then was treated with I-bromo-2-mcthox&mthane (14

mg, 0.098 mn&nl). I'he mixture was lmatcd at 90" &'or 4 h,

cooled to rt and concentrated under vacuum. The res&due w as

purified by preparative HPI.C tn provide 7-(2-methoxy-
cthoxy)-4-(2-nmthyl-3-(6-methyl-I-oxoisoindolin-2-yl)phe-
nyl)-911-carbazole-I-carboxamide as a wlute sol&d (12.5 mg,
35%). 'll NMR (400 Milz, DMSO d„) 6 11.39 (HI, s), 8 17

(I H, br s ), 7.95 (I H, d, .1=7 9 Hz), 7.54-7 6&4 (3H, m), 7 49

(3H, t,.i—8.0 Hz), 7 27-7.38 (2H, m). 7.00 (IH, d,.i—7.9 Hz),

691(HI,d,J Sgilz).6.59(IH,dd,J S.8,2 41lz),4.91(211,
d, J=3 3 Hz), 4.12 (2H, dd,.&=5.5, 3 I Hz). 3.63-3 75 (2H. m),
3.33 (3H. s), 2.44 (3H, s). 1.83 (3H, s). Mass spectn&m m/z
520.1 (M+H) .

Exaniple 44-3

it&N
0

Preparat&on of 7-(2-hydroxyethoxy)-4-(2-methyl-3-
(6-methyl-I-oxoisoindol&n-2-yl)phenyl)-9H-carba-

zoli.-l -carboxamidc

[0667] Potass&um carbonate (25.1 mg, 0.182 nunol) and
iodonmthine (4.9 PL, 0.079 nm&ol) werc added to u solution
of 4-(2-tluoropheuyl)-7-hydroxy-911-curbazole-I-carboxa-
mi de (I',x an&pic 40-1, 19 4 mg. 0 061 m nx&1) in DMSO ( I mi,)
and thc mixture was stirred at rt After 17 h, the mixture vus
diluted with I'ltOAc (30 ml,), washed with saturated aqueous
ammonium chlonde (5 ml.), water (2x5 ml.), and bnne (5
mL), dned and concentrated. The residue was punfied by
preparat&ve HPLC to provide 4-(2-ih&orophenyl)-7-methoxy-
911-carbazole-I-carboxm&ude (1.9 mg. 9%). 'll NMR (400
Mllz. chloroform-d) 6 10.39 (HI. br. s.), 7.58 (HI. d, 1 7.70
Hz), 7.44-7 5& (2H. m), 7.28-7 3&) (2H. m). 7.07-7.22 (2H,
m), 700 (HL d..l 22011z), 665 (1li. dd. I 8 80. 2 4211z),
6.57 (2H. br s.), 3 SS (3H, s) Mass spectnun n&/z 335 0

(M+H)'0670]
110~0

hxainplc 44-2

Prepamtion of 7-(2-methoxvethoxv)-4-(2-methyl-3-
(6-methyl-I-oxoisnindolin-2-yl)phenyl)-911-carba-

zole-I -carboxamide

[0668]

N&u

0

[0671] A mixture ol'-hydroxy-4-(2-methyl-3-(6-methyl-
I-nxo&so&ndohn-2-yl)phenyl)-9H-carbaznle-I-carboxamide
(I',xamplc 40-2, 30 mg, 0 Oti5 mmol) aud pntassium carbnnate
(36 mg, 0.260 nm&ol) in DMF (I 0 ml,) was stirred at rt for 30
min. &hen ives treated with (2-bromoethoxy)(tert-butyl)dim-
ethylsilane (62.2 mg, 0 260 nunnl) and heated at 90" C. tiir 4

h Thc mixture was filtered. thc f&ltmtc wns treated with

hydrogen chloride (4 M iu dioxane. I ml.) and the solution
was stirred at rt overnight. The solut&nn was concentrated
under vacuun& and the residue was puntied by preparative
HPI,&.'o provide 7-(2-hydroxyethoxy)-4-(2-nmthyl-3-(6-
methyl-I-oxo&so&ndolu&-2-yl)phenyl)-9H-carbazole-I-car-

boxamide as an nff-wlute solid (16.5 mg 45%). 'H NMR
(400 Mllu DMSO-d,) 6 1139 (I i I, s). 8.17 (HI. br. s.). 7 &94

(I II, d. J 7 9 I lz), 7 53-7 65 (311, m), 7 49 (311, 1, J 7 8 I lz),
7.27-7.39 (2H, m), 6.99 (IH. d, J 7.711z). 6.92 (IH. d, J 8.8

Hz), 6 59 (IH. dd, I— 8 8. 2 4 Hz), 4.75-4 98 (3H. m). 3 95-4

07 (211, m), 3.69-3 80 (21 L m). 2.44 (31 i. s). Mass spectrum
ugz 506.0 (M+II)'.
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Example 44-4

Vreparatioii of racemic 7-((2,2-dimethyl-l.3-diox-
olan-4-yl)methoxy)-4-(2-methyl-3-(6i-methyl-I-ox-
oisoindolin-2-yl)phenyl-1hpH-carbazole-I-carboxa-

mide

collllllucel

f 0672]

x7
[0673] A mixnire of 7-hydroxy-4-(2-methyl-3-(6-methyl-
I-oxoisoindolin-2-yl)phenyl)-9H-carbazole-I-carboxamidc
(Fxaniple 40-2. 50 mg. 0.108 nmiol) and potassium carbonate
(30 nig. 0 217 nimol) in DMI'1.7 m l,) was stirred at rt frir 30
min, then was treated with racemic (4.4-dunethy1-1,3-diox-
olan-2-yl)methyl 4-methylbenzenesulfonate (46i.5 mg, 0.1 ti3

nunol). The resulting mrxnire ives heated at 80'. overnp ht.
The mixture w as cooled to It, diluted w ith water and extm cted
v ith EtOAc. The organic phase ives ivashed with brine. dried
and concentmted, The residue was purified by column cluo-
matogmphy (cluting with a gradient from 50:50 to 80.20
I',tOAc-hexane) to provide racemic 7-((2,2-dimethyl-l.3-di-
oxolan-4-yi)methoxy)-4-(2-methyl-3-(6-methyl-I -oxoisoin-
dolin-2-yi)phenyl)-9H-carbazole-I-carboxamide as a fight
yellow solid (30 mg, 48%a). Mass spectrum nv'z 57(r 1

(M+H)'.

Examples 44-5 uid 44-6

Prepamtion of 7-(2-hydroxy-3-methoxypropoxyj-4-
(2-methyl-3-(6-methyl-I-oxoisoindolin-2-yl)phe-
nyl)-911-carbazoie-I-carboxiunide and 7-(3-(dim-

ethylamino)-2-hydroxypropoxy)-4-(2-methyl-3-(6-
methyl-I-oxoisoindolin-2-yl)phenyl)-911-carbazole-

I -carboxmnide

[06'74]

[0675] A mixture of 7-hydroxy-4-(2-methyl-3-(fir-methyl-

I-oxoisoindolin-2-yl)phenyl)-9H-carbazole-I-carboxamide
(I',xample 40-2, 30 mg, 0.06 & mmol) and potassium carbonate

(36 mc, 0 260 nunoi) in DMF (1.0 mL) was stirred at rt for 30
min. then was treated with 2-(bromomethyl)oxirane (27 mg,
0 195 mmol). The resulting mixture was heatixl at 90'. fiir

3.5 h, cooled to rt and filtered. The filtrate was treated with
methanol, stirred at rt for 2 Ih then was then heated at 90'.
for I h The iliixture was concelltralcd under vacuutll uld

purified by preparative HPIC to provide 7-(2-hydroxy-3-

melhoxypropoxy)-4-(2-methyl-3-(6-methyl-I-oxoisoindo-
lin-2-yl)phenyl)-9H-i:arbazole- I-carboxamide (Ex unple
44-5. 4 7 mg. 13%). 'H NMR (400 MHz. niethanol-da) fr 7 83

(HI. d, J 7.911z), 7.72 (Hlr d, J 0.711z), 7 46-7.52 (4H, m),
7 38-7 45 (I H. m). 7.04-7 12 (2H. m), 6.99 (I H. d, J—

8 8 Hz),
6 70(1 H. dd..l=g 7, 23 Hz),4 86 (2H, d..1=1.g Hz),4 03-4 22

(3H. m), 3.53-3.65 (2H. m), 342 (311. s), 2.50 (3H. s), 1. 93

(3H. s). Mass spectnun m/z 550.1 (M+H) . Also isolated was
7-(3-(diniethylamimij-2-hydroxypropoxyj-4-(2-methyl-3-
(6-methyl-I-oxoisoindolin-2-yl)phenyl)-911-carbazoie-I-

carboxamide (Example 44-6. 2.0 mg, 5%). Muss spectrum
m/z 563.1

(M+H)'0676]

Thc following compounds were also prc7rdred using
the pmcedures demonstratucd m Fxmnple 44-2:

HH.

hxanrpl Ccrnpnund rrrrnc

Mass

apcclrrllll

44-; 7 /'.-Iluurcerhcxsh4 Il rnerhil I-I6 irrerhrl- . OS I /M+ HI'

nxnrscmdclm 'ljph*n II vH carhaacle

I "clIO xalllld'

44 6 7 rs h dms prnpmyi 4-I'erhil i Ssrr I r VI+Hl'6-rn«lhiI-I-cxcracrridniur-I-sl/plrerrill-PH-

calhazcle-I-c:lrhnxurrllrlr
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Example 45-1 L'xample 46-1

Preparation of (E)-7-((hydroxyunuiojmethyl)-4-(2-
methyl-3-(6-methyl-I-oxoisolndolin-2-yl)phenyl)-

9H-carbazole-I-carboxamidc

Preparation of 5-(3-amilm-2-methylphenyl)-2-((2-
oxopyrrofidin-f-yi)methyl)-2,3 4,9-tetmhydro-HI-

cai'lxlzole 8 carlx&xllinide

[0680[

[0677]

NH

HO

[0678] Step I A nnxture of 4-bromo-7-fonuyl-911-carba-

zole-I-carboxmuide (prepared according to Step I of
Example 41-1, 200 mg& 0.631 mmol) and hydroxylamine
hydrochloric acid salt (65.7 mg, 0.946 nunol) in ethanol (3

mL) was treated with 2 M aqueous sodium carbonate (0.236
nfi

&
0 473 mmol) and heated at 80-90" ('.. After 17 5 h, the

mixture was cooled to rt and partitioned benveen EtOAc and
ivater. The organic phase was dried and concentrated, and thc
residue was triturated with inethanol, and thc precipitate was

collected by filtration, rinsed with methanol and dried to

provide (li)-4-bromo-7-((hydroxyimino)methyl)-9H-carba-
zole-I-carboxamide as a gray-tan sohd (110 mg, 53%). 'H

NMR (400 MHz, DMSO-ds) 6 11.87 (I Ei, s), 11.33 (IEI, s),
8.65 (IH, d. J 84 Hz). 8.32 (HI. s), 8.28 (HI, br, s.), 8.09

(111, s). 7. 92 ( HI. d. I 8.1 I iz). 7. 64 ( HI. br. s. ), 7.58 (I II, d,
.I=b 6 Hz), 7 51 (IH, d, 1=8.1 Hz) Mass spcctnnu m/z 332,
334 (M+I

I)'0679]

Step 2 IJsing thc proccdiue oft'lxamplc 3-2. (I'1)-4-

bmno-7-((hydroxyimiuo)methyl)-9H-carbazole-I-carboxa-
mide (82 mg, 0.247 mmol) and 6-methyl-2-(2-methyl-3-(4,
4,5,5-tetraniethyl-l &3,2-dioxaborolan-2-yl)phenyl)
isoindolin-I-one (Intcnnediatc 50-8. 90 tng. 0 247 mnx&l)

were converted to (L)-7-((hydroxyinuno)methyl)-4-(2-me-
thyl-3-(6-methyl-I-oxoisoindohn-2-yl)phenyl)-9EI-carba-
zole-I-carboxamide as a pale pink solid (52 mg. 40%). 'll
NMR (400 MHz methanol-d„) 8 8.20 (III. s), 8.00 (III. 1L

J 7.7 ilz), 7 82(IH, s), 7.70(1 IL s), 7 49-7.59 (4IL m), 7 43

(IH, dd..l 6 7. 2 I Hz). 7 31 (IH, dd, .I 8 3. I 2 Hz). 7 11

(2H d. J 7.7 Hz). 4.92 (2H s) 2.50 (3H s) 1.92 (3H s).
Mass spectrum ngz 489.3 (M+II) .

[0681[ Step I A solution o1'5-bromo-g-carbamoy1-2,3,4,&J-
tctrahydro-I H-carbs&.olc-2-carboxylic acid (intermediate
49-3. 2 g, 5 93 mnlol) and Tl')A (2 067 ml,. 14 83 mmol) in
THI'20 ml,) was treated with isobutyl chlorofermata (0.810
v& 5 93 nimol) at 0" ( . The nlixture was stirred for 10 min,
then was treated with a solution of N,O-dimethylhydroxy-
lamine hydrocldoric acid salt (0. 579 g. 5.1)3 uuuo1) in TI IF (2
mL) and ivater (I mL). The mixture was stirred at O'. f'or I

h. then ives diluted with DCM, washed u ith NaHCO3 (aq)
and water. dned mid concentrated. The residue was triturated
with D('M to provide 5-bromo-N'-methoxy-N'-methyl-2,3,
4xutctrahydro-lH-carbazolc-2,8-dicarboxamidc as a light
yellow solid (1.73 g. 77%) Mass spectrunl n&/z 380, 382

(M+H) .

[t)682] Step 2 A suspmision of 5-bromo-N-'-methoxy-N'-
methyl-2,3.4.9-tetrahydro-lH-carbazole-2,8-dicarlx&xamide
(1.73 g, 4 55 nunol) in THE (40 ml.) was treated with lithiuni
aluminum hydnde (0.259 g. 6.82 mmol) portlonwlse over 30
min at O'. Afier 20 min, more lithium aluminum hydride
(120 mg) was added portionwise. and the mixture was stirred
at rt fi&r 20 min The reaction mixture was cooled lo O'. and
treated dropw isa w ith 0 5 M hydmcftioric acid, and the result-
ulg nlixluri'. was extracted thfcc tunes with I)( M 11m ciuu-
binef organic phases were washed with NaH('03 (aq) and
water, dried and concentrated to provide 5-bromo-2-formyl-
2.3.4.9-tetmhydro-ill-carbazole-g-carboxamide as a yellow
sohd (131 g, 90%), used without hirther puufication. Mass
spectrum m/z 321, 323 (M+H)'.

[t)683[ Step 3 A solution ofcrude 5-bromo-2-fonuy1-23,4,
9-tctmthydro-I H-carbazolc-8-carboxamide (I v, 3 11 innxil)
in DCM (20 mi, j ivas treated with ammonium acetate (3. 60 g,
4(&.7 mmol) and sodium triacetoxyborohydride (0 990 g. 4 ti7

nunol) at rt and stirred for 10 min. IIII'2 mL) v;as added to

try to dissolve the starting mateual. but no reaction was
observed after I h. The mixture was concentrated and the
residue u as dissolved in DMSO (10 mL). Additional sodium
triacctoxybomhydride (500 mg) ives added and the mixture
was stirred at tt overnight The mixture wav diluted with water
and tlm precipitate v-as rcmovcd by filtration The filtrate was
treated with I M aqneous sodium hydroxide and extracted
three tunes with EtOAc. The combined organic plmses were
washed with water, dried and concentrated to provide 2-(mni-
nomethyl)-5-bromo-2.3.4,9-tetrahydro-ill-carbazole-g-car-
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boxamide as a white solid (130 mg, 13%). used w&thou&

funher purification. Mass spectrum nflz 322. 324 (M+I I)'.
[0684] Step 4 A suspension of 2-(aminon&ethyl)-5-bromo-
2,3,4,9-tetrahydro-lH-carbazole-8-carboximiide (130 mg,
0 403 nuuoi) and TL'A (0 067 mL. 0.484 mmol) in THI'2
ml,) was treated with @bren&obutanoyl chloride (74 8 mg,
0 403 mmol). 'lie mixture v as stirred at rt for 20 nun, diluted
v;ith DCIvl. washed w&th NaHCO3 (aq), dned and concen-
trated. 1he residue was punfied by column cluomatograpliy
(elutuig with LtOAc) to provide 5-bromo-2-((4-bromobu-
tan&un&do)methyl)-2,3,4,9-tetrahydro-ill-carbazole-g-car-
boxamide as a wlfite solid (80 mg. 42%). Mass spectnuu nflz
470, 472. 474 (M+I I)'.
[0685] Step 5 A solution of 5-brnmo-2-((4-bromobutaiuw
mido)n&ethyl)-2,3,4,9-tctrahydm-l H-carbazole-8-carboxa-
n&ide (80 mg, 0.170 mn&ol) in l)MP (I ml,) was treated &vith

NaH (60% in mineral oil. pre-washed with hexane. 34 mg,
0 849 mmol). The mixture was stirred at rt for 30 min, the was
diluted vnth &vater and extracted three times with DCM. The
combined organic phases were dned and concentrate&L a&xi

the residue &vas purified by colunm cluumatoazaphy (eluting
with 5% aqueous anunonium hydroxide-nm&hmiol-D('M) to
provide 5-bromo-2-((2-oxopyrrolidin-l-yl)methyl)-2,3.4,9-
tetrahydro-IH-carbamle-8-carboxan&ide as a light yellow
solid, usixl without furtlmr purification (40 mv, 60%) Mass
spectnnn m/z 390, 392 (M+H) .

[0686] Step 6 Using the procedure of Example 3-2,5-
bromo-2-((2-oxopyrrohdui-l-yl)methyl)-2.3.4,9-tetmhydm-
HI-carbazole-S-carboxamide (40 mg. 0.102 mmol) and
Intermediate 50-1 (22.5 &ng, 0.102 nuno1) were converted uito
5-(3-amino-2-mcthylphcnyl)-2-((2-oxopyrrolidin-I-yl)me-
thyl)-2.3.4,9-&etrahydro-Hi-carbazole-8-carboxunide as a
&vhite solid (2 mg, 5%). 'H NMR (400 MHz. mcthm&ol-dx) 6

7.51-7.5/i (IH, m), 6 94-7.01 (I H, m), Ci.72-6.81 (2H, m),
6.57 (I H, t, .1=6 59 Hz), 3 44-3 53 (2H, m), 3.28-3.32 (7H,
m), 2.84 (IH. dd, J — 16.70, 4.83 Hz), 2.36-2.50 (3H, m),
2.11-2.22 (HL in), I 9(&-2.10 (4H, m), 1.77-1.85 (3FL m),
1.65 (Ill. sxt). 1.20-1.37 (21L m). Mass spectn&m nflz 417.3
(M+II)".

Example 47-1

Preparation of 5-(2-lh&orophenyl)-23,4,9-tetrahydro-
Hi.c'&lb&&sole.g.cal'hexa&1&tide

[0687]

[0688] Step I A mixture of incthyl-2-mnimv4-bromobcn-
mate (3.06 g. 13 3 nunol), 2-fluorophcnylboronic acid (2.23

g, 16.0 nunol), tetrakis(tnphenylphosplune)palladium (1.54
g, 1.33 rrunol) and I M aqueous sodium carbonate (16.6 mL,
16.6 nmiol) in 1,2-dimethoxyethmie (66.5 mL) w ns stirred at

90'. overnight. flic mixture &vas cooled to rt, filtered
tluough a pad of Celite and the solids were rinsed v ith
LtOAc. The liltrate was washer! with water and brine, dried
and concentrated. The residue was purified by colunui cluo-
matography (cluting with a gradient from hexane to 90:10
hcxmte-litOAc) to provide nmthyl-3-amino-2ufluorobiphe-
nyl-4-carboxylate (2.63 g, Sl "in) as a white solid 'H NMR
(400 Mllz, chloroform-d) o 7.90 (d, J—8.25 Ilz, 111), 738-7.
46 (m, IH), 7.27-7.35 (m, IH). 7.08-7.22 (m. 2H), 6.85 (s,
ill), 6.82 (d, J S.25 Hz. HI), 5.83 (br s, HI), 3.88 (s, 311).

Mass spectnun m/z 246.1 (M+II)'.

[0689] Step 2 A solution of methyl-3-amino-2ufluorobi-
phenyl-4-carboxylate (0.425 g. 1.73 mmol) in I M aqueous
sodium hydroxide (6 9 mL, 6 9 mmol) and TI II'3.5 mL) was
heated at reflux ovcmiPvt The mixture &vas coolcxt to rt and
concentrated ahnost to drl ness. 6 M hydrochloric acid (0.1

n&I.) &vas added to the solution at 0" ('. and the precipitate was
collected by fiitmtion, washed with water and dried to give
3-amimi-2ufluorobiphenyl-4-carboxylic acid (0.33S g, 84%)
as a white solid. 'H NMR (400 MHz, DMSO-dv) &5 7.87, d,
8.25, Hi), 7.50 (t, J—7.97, Ill), 7A7-7.55 (m, IH), 7.25-7.36

(m, 2H). 6.92 (br s. HI), 6.76 (s, HI). Cx59 (d. J 7.70, HI).
Mass spectrum m/z 232.1 (M+II)'.

[0690] Step 3 A solution of 3-amino-2ulh&orobiphenyl-4-
carboxylic acid (0.104 g, 0.452 nunol) in concentrated hydro-
chloric acid (1.13 mL) at -10'. was treated with a solution
of sodium nitrite (0 037 g, 0 542 mmol) in water (1.13 ml,).
Thc mixture was nminmined at ca. 0" ('. for 30 min, then was
treated with a cold solution of tin(II) chloride dihydrate
(0.306 g, 1.3 55 mmol) in water (1.13 mL) while maintaining
the temperature between 0-3" C. The inixture was stirred
while warming to room temperature overnight The precipi-
tate &vs s collected by filtmtion. w ashed with water and ether
and dned to give 2xlh&oro-3-hydmzinylbiphenyl-4-carboxy-
lic acid as thc hydrochloric acid salt (O.OC68 g. 48%) as a w hite
solid. 'll NMR (400 MHz. DMSO-d„) 6 9.09 (bra, IH), 7 91

(d, J=S.25 Hz. IH), 7.58 (t, J=7 15 Hz, IH). 7 38-7 49 (m,
IH). 7 19-7 33 (n&, 3H). 7.12 (d,.&=8 25 Hz, IH) Mass spec-
trum nflz 247.1 (M+H)'.

[0691[ Step 4 A solution of 2uih&oro-3-hydrazinylbiphe-
nyl-4-carboxyhc acid (0306 g, I 24 mn&ol) and cyclohex-
anone (0.183 g. 1.86 mmol) in acetic acid (Ci.2 mL) was
heated at retlux under tutrogen for 2 h. The mixture was
cooled to rt and concentrated. The residue was partitioned
betu &wn E&OAc and I M hydrochloric acid. The organic layer
was washed with brine. dried and concentrated. The residue
was triturated w ith EtOAc and I)(.'M to give 5-(2-tluorophc-
nyl)-23,4,9-tctrahydro-l H-carbazole-8-carboxylic acid
(0.132 g) as a white solid. The filtrate &vns punfied by colon&n

clm&n&atography (eluting with a g/mdicnt from hexane to
SO:50 IitOAc-hexane) to give additional product (0.029 g,
41'iv total). 'll NMR (400 Mllz, DMSO-dv) &5 12.95 (br s,
III), 10.79 (s, IH), 7.68 (d. J 7.15. III), 7.42-7.51 (m. IFI),
7.24-7.34 (m, 3H). 6.87 (d. J 7.1R HI). 2.67-2.82 (m, 211),
1.89-2.10 (m, 211). 1.65-1.81 (m, 2H), 1.44-1.63 (m, 2H).
Mass spcctnun m/z 310.1 (M+H)'0692[

Step 5 A solution of 5-(2-fluorophcnyl)-23.4,9-&et-
rahydm-IH-carbazolc-8-carboxylic acid (0.097 g. 0314
mmol). Ei)C (0.072 g, 0 376 mmol) and HOB f (0.058 g,
0 376 mmol) in THI'2.5 ml.) and IJ OM (0.(i ml,) was treated
with 28ikb aqueous ammonium hydroxide (0.073 ml „ I 88

nunol). 11&e nuxt&u e was stirred overnight. More EDC (0.072

g, 0376 nunol), HOBT (0.058 g. 0.376 nunol) and 28%
aqueous mnmonium hydroxide (0.073 mL, 1.88 nunol) v;ere
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added, and the mixture was heated at 50', in a sealed tube
for 2 days. I'he mixture was cooled to rt, dissolved in L'tOAc,

ivashed with NaHk 03 (aq) and brine. dried mid concctttratixk.
'Hie residue was purilied by colunui cbromatopaphy (eluting
with a vmdient from DCM to 98 2 DCM-methanol) to give
5-(2-tluorophmiyl)-2,3&4,9-tctrahydro-l H-carbazolc-8-car-
boxamidc (0.030 g, 30%) as an off-white solid Mass spec-
trum nt/z 309.0 (M+I I)".

Intermediate 47-3(a)

Preparation of 5-(2-fluorophenyl)-3-(pyrimidin-5-
yloxy)-2,3.4.9-tctmhydro-l H-carbazolc-8-carboxam-

i tie

[0697]

L'xample 47-2

Prc7aration of 5-(2-fluorophenyl)-3-phenoxy-2.3.4.

9-tetrshydnw HI-carbazo&le-8-carbox uuidc

[0693]

[0694] Step I A solution ol'1,4-dioxaspiro[4 5]decan-8-ol
(1.00 g, 6.32 mmol), phenol (0.714 g, 7 59 mmol) and triph-
enylphosphine (I 824 g, 6 95 mmol) in D('M (21.07 nil.) was
trcatixk with diisopropyl azodicarboxylate (148 m1„7.59
mmol) and the mixture &sos stirred ut rt for 5 days. The
mixmre was concentmted and the residue was punfied by
column clmmatogmpby. elating with a gradient from hexane
to 80 20 hex uie-EtOAc). The en&de pmduct is as dissolved in
EtOAc and the solution was washed twice with I M aqueous
sodium hydroxide and brine, dried and concentmted to pm-
vide 8-phenoxy-I 4-dioxaspiro[4.5]decane as a colorless liq-
uid (0.468, 32%). 'H NMR (500 MHz, chloroform-d) 6

7.16-7.24 (2IL m), 6.81-6.89 (3H, m). 4.30-438 (IIL m),
3.85-3.93 (4H, m). I 80-1 90 (6H. m), 1.50-1.59 (2H. m)

[0695] Step 2 A solution of8-pbenoxy-1&4-dioxaspiro[4 5[

dccanc (0.460 g, 1.963 mniol) in THF (5.0 ml.) mid 3 M
hydrochloric acid (5 mL) was stirred at rt for 2 days. Tlie
nnxnu e was extracted with F tOAc, and the organic phase was
washed ivith brine, dried and concentrated to provide 4-plm-

noxycyclohexanonc as a colorless oil (0.344 g. &)2%). 'H

NMR (500 MHz, chloroform-d) b 7.22-7 27 (2H. m), 6.87-
6.94 (3H. ni)& 4.62-4 66& (I H, m), 2.59-2 i 8 (2H, m), 2 19-2.

30 (4H, ni), I 9tu2 04 (2H. m). Mass spcctriun m/z 191 I

(M+H)'.

[0696] Step 3 Using the procedures ofEx unple 47-1 Steps
4 and 5. 4-plmnoxycyclohcxmionc wms conimncd to 5-(2-
fluorophenyl)-3-phenoxy-2ah4.9-tetrahydro-ill-carbazole-
8-carboxamide in 2 1% overall yield. 'H NMR (500 MH&.,

DMSO-d,) 6 11 06 (IH. s), 8 13 (IH. br. s.), 7 71 (IH. d,
J— 7.1 Hz), 7 26-7.53 (7H, m), 6.8&9 6&.97 (4H, m)& 4.65-4 78

(Hl,m).2 95(2ILt,J 63Hz),248(IIL dd.i 15.4,'3.8Hz),
2.24-2 41 (HL m), 2.13 (I H, br. s.), 1.91-2.04 (HI, m). Mass
spectrum m/z 401.2 (M+II) .

[0698[ Step I I/sing the procedure of Example 47-1 Step
4.2ufluoro-3-hydra zinylbiphenyl-4-carboxylic acid (0.190 g,
0.770 nunol) and 4-hydroxycyclohex uione (0.132 g. 1.154
nunol) were converted into S-(2-fluorophenyl)-3-hydroxy-2,
3zh9-tetrahydro-HJ-carbazole-8-carboxylic acid as a light
yellow solid (0.089 g. 36%) Mass speetnun m/z 326.1

(M+H) .

[0699] Step 2 A solution of 5-(2-ihiorophenyl)-3-hydroxy-
2.3.4.9-ictrahydrmHI-carbazole-g-carboxylic acid (0.069 g,
0 213 mmol) in DMF (1.07 ml,) was trcatcd with ammonium
chloride (0023 g, 0.427 mmol), HOAT (0.058 g. 0.427
mmol). I;0('0.082 g, 0 427 mmol) and Dll)A (0.149 ml.,
0.853 mmol) and stirred over a wcehcnd. 'I he mixture ivas
diluted with DCM, washed witli 5% hydrochloric acid,
NakIC03 (aq), brine mid I IPA aqueous iithiiun chloride. dried
und concenuated to give 5-(2-fluorophenyi)-3-hydroxy-23,
4.9-tetrahydro-lH-carbazole-g-carboxamidc as a liglu yel-
low fo uu (0.045 g, 65%). Mass spec trmn m/z 325.1 (Mti I)'.
[0700] Step 3 Using the procedure oi Example 47-2 Step
I.S-(2-tiuorophenyl)-3-hydroxy-2,3,4,9-tetrahydro-ill-car-
bazole-8-carboxamide (0.099 g. 0.306 mmol) and pyrimidin-
5-ok (0 035 g. 0.368 nnno I) werc converted to 5-(2-fhiorophc-
nyl)-3-(pyrimidin-5-yloxy)-2,3.4,9-tctmhydm-lII-
carbazole-8-carboxaniide as a light yellow foam (0.054 8,
34%) Mam spcctnmi m!z 403 I

(M+H)'xample

48-1

Preparation of 4-(2/fluorophenyl)-9H-carbazole-I-
carboxamide

[0701[

811
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[0702] A solution of 5-(2-lluorophenyl)-2,3,4,9-&etraliy-
dro-HI-carbazole-S-carboxamide (Exa&npfe 47-1. 0.024 8,
0.078 nunol) in toluene (039 mL) was fruited with 2.3-
dichlortw5.6-dicyano-l,4-benzoquinone (0.039 g. 0.171
mmol)r and the mixture was heated to rctlux Afier 4 h, the
mixture ivas cooled to it. Tlm solid was reniovcd by filtration
and rinsed with VtOAc. The filtmte v as concentrated, diluted
v;ith methanol and subjected to preparative HPLC. The prod-
uct-containu&g effiuent was treated with Nai ICO3 (aq) and
concentrated. The residue was extracted tluee times with
DCM, and the combined orgaiuc layers &vere dned and con-
cen(rated to ive 4-(2-lluorophenyl)-911-carbazole-I -car-
bo xamide (0.0045 g, 19%) as a lig&( tan solid. Muss spec(nun
m/z 305 0

(M+H)'0703]

The following con&pounds &vere also prcparcd using
procixfures denionstrated in bxamplc 4S-I

concentmted to give 4-bromo-7-(I-hydmxycyclopropyl)-
9H-carbazole-I-carboxamide as a yellow solid (0.220 g,
7r9%) 'H NMR (400 MHz DMSO dr) 6 11 65 (HI. s). 8 52

(HI. d, I 8.4 Hz). 8.25 (HI. br. s.). 7.84-7 S9 (2H, m)„7.61
(I H. br. s ). 7 45 (I H. d, .I

—8 I Hz). 7.13 (I H, dd..)—8 3, 1.7

Hz), 6 11 (IH. s). 1.21-1.27 (2H, m)r I 06-1 11 (2Hr m).
[0706[ Step 2 A solution of 4-bromo-7-(I-hydroxycyclo-
propyl)-911-carbazole-I-carboxanude (0.151 g, 0.436
nunol), tert-butylchlorodimethylsilane (0.079 g. 0.524
nunol) and imidazole (0.074 g, 1.091 nm&ol) in DMI'2.2
mL) was stirred at rt for 18 h Adtbtxmal tert butylcldorodtm-
ethylsilane (0.079 g. 0.524 mmol) and imidazoile (0 074 g,
1.091 mmol) w ere added and s(irnng was continued for I h.
The mixnirc was diluted with IltOAc (75 mi,) m&d washixf
sevm& times ivith brine 'I'he organic layer was dried and
concmitrated and thc residue was puritled by colunin chm-

Staff Ilg Mass
Exampl» ma(ansi Compound risrne sp»Cfl'Ilfll

46-2

4tf 4

bi.srnpie
47-

Iritermediate
47-3(a)
tixampfe

4 is

carbnxanudo
4 tz f)uomphenyif 6 fp) nmrdin 6, lox) ) 90
f.aiufruic-i-»nboxarrud
4-(Eb-di(fnorophenyf! 6, -ftetruivdio- H-

pyro& 4 if) 97H cu'heroic &.7 kcarboxatttide

399.u ilv(+ H)'

ti 2 (M+H)'

(2(&uoropimnyi)6phcnoxi-9&i cut are(c-I- 39)fr(lvi+

H)'xample
49-1

Preparation of 7-( I -hydroxycyclopropyl)-4-(2-me-
thyl-3-(I-oxoisoindolin-2-yl)phenyl)-f)li-carbazolu-

I -carboxamide

[0704]

HO

[0705] Step I A solution of. mhyl 5-bnm&o-8-carbamoyl-
9H-carbazole-2-c uboxylate (Intermediate 48-1, 0275 g,
0.761 mmol) was trusted with titmiium (Ih') isopropoxide
(0.31 ml . I 07 mmol), followed by ethyhuagncsium chloride
(2 M u& THV, 3.8) ml., 7.6) nimol). 'I'be nuxuire was stirred
at rt for I h, then was cooled on ice and treated with water (10
mL). After 30 min, the solid was removed by filtration and
rinsed w tth ether (150 mL). The organic layer was dried and

nmtography (eluting with a gradient from 90 10 to 50:50
lmxmie-VtOAc) to give 4-bromo-7-(I-(tert-butyldimethylsi-
lyloxy)cyclopropyl)-911-carbazole-I-carboxamide (0.144 g,
fi7o%)

[0707] Step 3 Using the procedure of Hxmnple 31-1,4-
bromo-7-(I-(tert-butyldunethylsilyloxy)cyclopn)pyl)-9H-
carbazole-I-curboxamidc (0 059 g, 0.129 nunol) and 2-(2-
methyl-3-(4.4.5,5-tetramethyl-1 uh2-dioxaborolan-2-yl)
phenyl)isotndolin-I-one (Intermediate 50-4. 0 054 g. 0.154
mmol) werc converted to 7-(I-(tert-butyldinmthylsilyloxy)
cyclopropyl)-4-(2-methyl-3-(I-oxo isoindolin-2-yl)plienyl)-
911-carbazole-I-carboxamide (0.048 on. 60%).

[0708] Step 4 A solution of 7-(I-(tert-butyldimethylstly-
loxy)cyclopropyl')-4-(2-methyl-3-(I-oxoisoindoltn-2-yl)
phenyl)-9H-carbazolc-I -carboxamide (0.039 g, 0 0675 mniol)
in THF (0.66 mL) was u ca&ed wi(h tetra-n-butylammonium
fhtoride (I M in TIIF, 0.098 mL, 0.098 mmol). After 10 mtn,
the mixture ives combined with an identical reaction mixture
done on 22% of thc scale described. and thc mixture was
concentrated. The residue was purified by preparative I IPLC.
The appropriate effiuent fm ct iona were treated with NaHC03
(aq) and partially conccntmtcd Thc aqueous residue was
extracted &luce times with DCM uid the combinedf organic
pl&uses were dned and concentrated to give 7-(I-hydroxycy-
clopropyl)-4-(2-niethyl-3-(I-oxoisoindolin-2-yl)phenyl)-
9H-carbazolu-I-carlxixinnide as a white solid (235 mg,
60%). 'll NMR (500 MHz, DMSO dn) 6 11 42 (HI. s). 8 18

(I H. br. s.), 7 98 (IH, d..1—7 7 Hz), 7.80 (IH, d, J—7.7 Hz),
7 72 (I H, s), 7 68 (2H, d, .)=3 8 Hz), 7 6&0 (I H. d, .)=7 7 Hz),
7 56 (I H, ddd, J—7.8, 4. I, 4 0 H z), 7.49 (2 H. t, J—7 7 Hz). 7 33

(IH, d. J —7.1 Hz), 7.01 (IH, d, J—7.7 Hz). 6.95 (I H, d..)—8.2
I lz), 6.79 (I II, d. J 8.2 I Iz), 5.95 (111, s), 4.90-5.02 (21 L m),
1.84 (3H, s). 1.07-1.15 (2H, m), 0.91-1.00 (2H, m). Mass
spectrum m/z 488.3 (M+H) .

EX2026.0105



VS 20]0/0]60303 Al
]05

Jult. 24, 2010

Example 50-1

Preparation of bcnzyl 8-carbamoyl-5-(2-Enorophe-
nyl)-9ki-iarbazol-2-ylcarbamate

[0709[

L'xample 51-1

Preparation of benzyl 5-(3-amino-2-methylphenyl)-
S-carbamoyl-273,4,9-tetrahydro-l H-carbazol-2-ylcar-

bamate

[0712 J

Q(

[0710J A suspension of 8-carbamoyl-5-(2-ihiorophenyl)-
9H-carbazole-2-carboxylic acid (Example 23-2. 320 mg,
0.91') nunol) and 4 A molecular sieves (60 mg) in 1,4-dioxane
(15 mL) at SO'. wus treated v ith TEA (0.316 mL, 2.269
mmol) and diphenylphosphoryl azide (0.491 mL, 2.269
mmol) The mixture was stirrucdt at 50" ('or I 5 h. followed
by addition of phenylmethanol (0 951 nd.. 9.19 mmol) Thi.
niixturcwasthenstirrcdat80" ('or18h.1'hecoolcdmixture
was partitioned between I'itOAc and NaH(03 (aq). The
organic phase was washed with brine. dried and concentrated
The residue was purified by column chromatography (eluting
with 3S:65 hexane-EtOAc). The residue after concentration
wus suspended in hexane uid the precipitate was collected by
iiltmtion to provide bet&zyl 8-carbamoyl-5-(2-liuorophenyl)-
9H-iarbazol-2-ylcarbamate as an oE-white solid (400 mg,
83%). 'lI NMR (400 MHz. DMSO-de) 6 11.50 (s. HI) 9.83

(s, I H) 8 15 (br. s., I H) 8.00 (s, I H) 7 91 (d. I—7.69 Hr. I H)
7.45-7.64 (m. 3H) 7.32-7.46 (m, 7H) 7.03 (d, I—7.91 Hz, I H)
(i.87-6.98 (ni. 2H) 5 15 (s, 2H). Mass spectruni ni!z 454 I

(M+H)".
[0711] The following lixamples/Intermediates were also
prepared using procedures demonstrated in Example 50-1.

Example 51-2

Prq&aration of bcnzyl 5-(3-mnino-2-mcthylphcnvl)-
S-iarbamoyl-9H-carbay,ol-2-) lcarbamati

[0714]

EH

Q)x

[0713J (ising the procidure of Fxmnple 3-2. bem.&71

5-bronio-8-carbamoy1-2,'3,4.9-tetrahydro-I II-carbazol-2-yl-
carbainatc (lntcrnmdiate 50-4(a), 300 mg, 0.678 nunol) and
2-methyl-3-(4,4.5,5-tctramcthyl-l,3,2-dioxaborolan-2-yl)
aruline (lntennedmte 50-1, 237 mg, 1.017 nunol) were con-
verted into benzyl S-(3-amuio-2-methylphenyl)-8-carbam-
oy1-2,3,4.9-tetrahydro-l H-carbazol-2-ylcarbamate, TFA
salt, isolated as a white solid afier prepansiive IIPLC puriti-
cation (60 mg. 15%a). 'H NMR (400 MHz. methanol-da) IS

7. 63 (HI, dd, I—7. 7, 2 9 I Iz), 7 18-7 46 (81 L m), 6 82 (111, dd,
I 7.5, 2.8 Hz). 5.10 (2H, s). 3.90 (IH, br. s.), 3.14 (Hi. d,
I —4.8Hz),2.72(IH,br.s.). 1 77-2 19(6H.m),1.51-1 68(IH,
m). Mass spectrum m!z 469 3 (M+H)'.

I smtple'tartuir
Intermediate mateo.tf Ooutlaiu ncl Ilaute ap c'ttntu

Intermedtate
. I 1-2 la&

Int rtnedtate

.u4(,u

Inrermedmte
1&

'ritermediate

49-1

httcl'njedlate

49 l

benzvl 6 carbamoy( I i Z6 diuuomphenvll
,'.'I-t Irahydm-IH-cubarul--

ylc:ut:unaie
benz&16 hrnmn 6 caihmnoyl 9H carbaml
2-ylcm la mate
benz 1&-bromo-s-carbartmyl-2..4W&-

tetrah rlro I H carhazol 2 ylcarbamate

416.1 (Iyl +

Ei'th,

44(7 (vl + Hl'4

444 (N+ Ei'
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[0715] Usu&g the procedure of Exunple 3-2, benzyl
5-bromo-8-carbamoyl-911-carbazol-2-ylcarbamatee (Ex-

an&pic 50-3t I 00 g, 2.28 mmol) and 2-methyl-3-(4,4.5,5-
tetramethyl-1,3,2-dioxaboroLnn-2-yl)an&line (intermediate
50-1. 638 mg, 2.74 mmol) were converted into benzyl 5-(3-

nmino-2-methylphenyl) 8-carban&oyl-9H-carbaz&71-2-yicar-

bamate isolated as an otf-wlute sohd after tnturauon in

meth&mol (ca. 80-85% purity, 860 mg, 65%). A portion was

puriticd by preparative HPI.C to provide tlm TFA salt. 'H

NMR (400 Mliz, DMSO-d,'I 6 I i.4S (1EI, s) 9.81 (I H, s),

8.13 (III. br. s.), 7.95 (HI. s). 7.89 (HI. &L J 7.5 llz). 7.29-

7 51 (6H, m), 7 25 (I Ht d..1=7 9 Hz), 7 I&i (I H, d, J=7 5 Hz),
6.81-C&.9(i (3H, n&)t 6 C&5 (IH. d, J—8.8 Hz), 5.14 (2H, s), I 83

(311, s). Mass spectrum m/z 465.1 (M+H) .

L'xample 52-1

Preparation ol'benzyl 8-carbumoyl-5-(3-(5-lluoropi-
colinamido)-2-methylpheuyl)-9H-carbazol-2-ylcar-

b&uuate

[t)719[

Fxamplc 51-3

Preparation of benzyi 8-carbamoyl-5-(2-methyl-3-(1-
oxoisou&dol&n-2-yl)phenyl)-911-carbazol-2-ylcarbam-

ate

[U716]

Q/

[0717] Us&ng ihe procedure of Fxample 31-1, benzyl
S-bromo-8-carbamovl-9H-carbazol-2-ylcarbamate (I'lx-

ample 50-3. 400 mg. 0.9)13 mmol) and 2-(2-methyl-3-(4,4.5,
5-&etramethyl-1,3.2-dioxaborolan-2-yl)phenyl)isoindolin-l-
one (lntermed&ate S0-4, 414 mg. 1.19 mmol) were converted
into benzyl 8-carbamoyl-5-(2-methyl-3-(I-oxoiso&ndolin-2-

yl)phenyl)-9H-carbs&uil-2-ylcarbmnate as a white solid (90%n

purity, 530 mg, 90%). 'il NMR (400 MHz. chloroform-d) 6

10.58 (HL s). 7.9Ci (IH. d, J—7.91 Hz). 7.85 (1kl, br. s.), 7.Cil

(2Ht d, J=7 47 Hz), 7 54 (2H. d..1=4 83 Hz). 7 33-7 45 (7H,

m), 7.06 (2H, dd, I 12.52. 8.13 Ilz), 6.93 (HI. ~), 6.84-6.88

(HI, m), 5.22 (2H, s), 4.82 (2H, s), 1.94 (3H, s). Mass spec-
trum m/z 581.3 (M+H)'.

[0718] The following compound was also prepared using
pmcixlures demonstrated in Fxan&pic 51-3, using Intcnnedi-
ate 50-15 in place of Intern&&xfi»te 50-4.

[U720] A mixture ofbenzyl 5-(3-amino-2-methylphenyl)-
8-carbamoyl-911-carbazol-2-ylcarbamate (Fxample 51-2,
100 mg, 0.215 nuuol), S-tluoropicoliruc ac&d (4S.6 &ng, 0523
nunol)a HOAT (44.0 mg, 0.323 nunol). and EDC (83 mg,
0.431 nunol) u& DCM-TI II'80.20, 12 mL) ives treated with
DIE A (0.150 ml e 0 861 mmo1) and thc solution was stirred at
rt overnight. 1'he mixture was concentrated and purified by
prcparativc HPI 0 to provide bcnzyl 8-carbmnoyl-5-(3-(5-

ih&oropic el i num&do)-2-methyl phenyl)-91 I-carbszol-2-y1 car-
bmnate as a white solid (47 mg, 36%). 'H NMR (400 MHz,
DMSO-d&) 6 11.48 (HI, s), 10.41 (I H, s). 9.83 (I H, s). 8.74
(HI. d, J 3.0 Hz), 8.27 (HL dd. J 8.8, 4.8 Hz). 8.09-8.21
(III. m), 7.96-8.03 (211. m), 7.94 (IH, d, I 7.811z), 7.85 (HI,
d.i 7 5 Hz).7 29-7.51(7H.m).7.15-7 21(IH. m),6 91-6 98

(2H. m). 6.79 (IH. d..l—8.8 Hz). 5.16 (2li. s), 1.&)6 (3H, s).
Mass spectrun& ngz 588.1

(M+H)''xmnple

52-2

Preparation of benzyl 8-carbamoyl-S-(2-methyl-3-
(p&cohnamido)phenyl)-2,3,4.9-tetrahydro-lH-carba-

zol-2-ylcarbamate

[0721]

7 n.imp&a &'ompound ttame
.villa&

apectltttti

5& n henry&St,& &S ren but&i i ovo tomdoim 7 617"&M+8)'ii

7 meth&iphenvi& S carbamo&i Pii
cmbaroi-'-i!earbanmte

[0722[ A solution ofbcnzyl 5-(3-amino-2-methylplienyl)-
8-carbamoyl-2504,9-&etrahydro-lFl-carbazol-2-ylcarb&un-
ate. TFA salt (I'ixainple 51-1. 55 n&g, 0 094 mmol), THA
(0.066 ml,. 0.472 nunoi), m&d picolinoyl chioridc hydrochlo-
ric acid salt (504 mg, 0.283 nunol) in DC:M (8 ml.) was
st&rred at rt overnight. The nuxture &vas concentmted and
punfied by preparat&ve HPI C to provide benzyl 8-carbam-
oy1-5-(2-methyl-3-(picol&munido)phenyl)-2,3,4,9-&etrahy-
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dro-I I I-carbazol-2-ylcarbamate, isolated as the TI'A salt. as a
white solid (26 mg, 39%). 'll NMR (400 Mi Iz. methanol-d,)
o 8 59 (IH. I, J 4 8 Hz). 8.14 (HL d. J 8.3 Ilz). 7.89-7 99
(HLm).7.85(IH,dd, J 9.9.8.1 Ib),7.50(211. dd. I 7.7.2.0
Hz), 7.11-7 32 (6H, m), 7 01 (I H. d..l—7 9 Hz), 6 74 (I H, d.
.I

—7 5 H 8), 4 96 (2H. s). 3 68-3 87 ( I H, m). 2 96-3.10 ( I H, m),
2 49-2./ifi (I Hr m), 1.82-2.11 (5Hr ni)r 1.73 (I H, br s.). I 34-

1.62 (H L m). Mass spectrum m/z 575.1 (M+I I) .

[0723J The follow inc compounds were also prepared using
procedures demonstmted in L'xamples 52-1 and 52-2. using
the appropriate carboxylic acid or carboxyhc acid chlonde.

trated, uid the residue vvas purified by preparative IIPLC. The
appropriate eflhient fractions vvere made basic w ith I M aque-
ous sodium hydroxide and extracted twice with lyCM 'I'he

combined organic phases were washed with water, dried and
mmcmitratcd to provide 5-(2,6-difluorophmiyl)-2-ureido-2,3,
4,9-tctmhydro-l H-carbazole-8-carboxamidc as a white solid
(9 mg, 28%). 'H NMR (400 MHz. methanol-da) 6 1.60-1 72
(m, I H) I 79-1.89 (m, IH) 2.13-2 32 (m, 2H) 2 68 (dd, I— 16
48. 7.25 Hz, HI) 3.13 (dd, J 16.70, 5.27 Hz, Hi) 3.98-4.09
(m, J 6.15 I lz. 111) 4. SS (s. HI) 6.91 (d, J 7.91 I lz. HI) 7.05
(t,.t=S.13 Hz, 2H) 7 38-7 50 (m, I H) 7.60 (d,.t=7.91 Hz. I H).
Mass spectnun m/z 385.1 (M+II)'.

Hxarriplo'ilierliieil

1)e 0 Illpmii«t itiille apeeiiliiii

. 2-4

Intermediate

In)anne%are

. 2-6

benzy)8- mba@&oy) S tl (4-tluorobeazamidoi

meihvlpheavl)-911 carbazol-2-ylcarbarnare

beazv)8-cnbamoil-v-(2-inc)hi!-3-(pi otiri un«lolphenvfl-

9H arbarol- -v)carbamate ipreparedastherlxaslil

benzyl 8 csrbamoyl I i" r41)norobenzanudo) 2

meihvlpheavt)-Z3,49-teirah) dm-111-caibazot-2

I arbani.ite

benzyl 8 cmtramo I v )2 methyl i (I methyl IH

urudizolr:-2-caiboxarnido)phi:rivi)-911-caib;uol-2-

ilcarbmiate

SSS 4 (M — H!

7n r) (Iv(+

H)'91

3 (M +

It)'73

4 (M+

Hi'xample
53-1

Prepamtion of 5-(2.6-ditiuorophenyl)-2-ureido-2.3,4.
9-tetmhvdro-III-carbazole-8-carboxamtde

[0724]

Example 54-1

Prepamtion of 7-anuno-4-(2-fluorophenyl)-9i1-car-
bazole-I-carboxamide

[0726 J

I Pv

Hbg
0 0th,

0

SH

[0725] A solution of S-carbamoyl-5-(2.6-difluorophmiyl)-
2,3,4,9-tetrahydro-Hl-carbazole-2-carboxylic acid (Inter-
mediate 23-3, 30 mg, 0 081 mniol), diphenyl phosphorazi-
date (55.7 mg. 0 203 mmol) and THA (0028 ml,. 0 203
mmol) in 1,4-dioxanc (2 ml,) was heated at 50" C. for 2 h 'I'he

mixmre was cooled to rt and treated with 28%o aqueous
airunonium hydroxide (2 ml.). After 20 nun the mixture was
diluted with DCM, vvashed with water, dried and concen-

[t)727[ A niixturc of bcnzyl 8-carbanioyl-5-(2-tiuon)phe-
nyl)-9H-carbazol-2-ylcarbaniatc (Fxample 50-1, 400 mg,
0.882 mmol), 10% palladium on charcoal (94 mg, 0.088
mmol) and amnionium tbrmate (334 mgr 5.29 mmol) in

metlumol (20 ml,) was lmated at reflu for I h. 'Ihc mixture
was cooled to rt, diluted tv1th methanol and tiltered through a

Celite pad. The filtrate was concentrated to give 7-amino-4-
(2-tiuorophenyl)-9H-carbazolc-I-carboxamide in quantita-
tive yield. 'H NMR (400 MHz, DMSC)-da) 6 11.07 (o, HI)
8.11 (br. s., HI) 7.78 (d, J 7.78 Hz. IH) 7.51 (d. J 2.01 ilz,
2H) 7 35-7.47 (m. 3 H) 6.93 (d..l—7 78 Hz. I H) &v 7c)-6.84 (m,
IH) 6.72 (d, J 8.031hu IH) 6.24 (dd, I 8.41. 1.88 Hz, HI)
5.22 (s, 211). Mass spectrum m/2 320.1 (M+II) .
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Example 54-2

Prepmation of 7-mnino-4-bromo-9H-carbazolc-I-

carboxanude

-continued
0

[0728]

VHi

[0729] A suspension of benzyl 5-bromo-8-carbamoyl-9H-
carbazol-2-ylcarbamate (Exmnple 50-3. 2 18 g. 4 97 nunol)
in hydrogen bromide (30-35% ui acetic acid, 11.9 mL, 59.7

mmol) was stirred at rl for 30 min. The mixture was diluted
ivith ether (100 ml,) and the prccipitatc ivas co)feted by
filtmtion, washed with ether and dned to provide 7-amino-4-

bromo-9H-carbazole-l-carboxamide, hydrobromide salt, as

a light yellow solid (2.20 g) 'H NMR (400 MHz, l)M)O-d,)
6 12.02 (I Hi s), 8.69 (I H, d, J—8.5 Hz). 8.28 (I H, br. s ). 7.91

(IH, d, 1=80 Hz), 7.84 (IH, d. J=l.g Hz). 7.65 (I H. br s ),

7.51 (IH, d..l—
8 3 Hz). 7 25 (I H, dd. I—8.4, 1.9 Hz). Mass

spectnun irvz 304, 306 (M+H) . The salt was partitioned
between EtOAc and NaH('03 (aq) Residual solid was col-

lected by filtration. washed with EtOAc and water and drimt.
The organic plusse of the liltmte was sepamted. washed with
brine, and dned and concentrated. 11te solid residue ives

comb med with the filtered solid, dissolved in acetone, tiltered
to remove undissolved solid, and the filtrate ives coincentrated

to provide 7-amino-4-bromo-9H-carbazole-l-carboxamide,
hydrobmmide salt, as a lig)tt yellow solid (1.62 g. 96%).

Examples 54-3 and 54-4

Preparation of 7-mnino-4-(3-(5-tert-butyl-I-ox-
oisoindolui-2-yl)-2-methylphenyl)-911-carbazole-I-

carboxamide and 7-maine-Cubromo-4-(3-(5-ten-
butyl-I-oxoisoindolin-2-yl)-2-mcthylphenyl)-9H-

carbazole-I-carboxanude

[0730]

0

[t)731] A solution ofbenzyl 5-(3-(5-tert-butyl-I-oxoisoin-
dolin-2-yl)-2-methylphenyl)-8-carbamoyl-911-carbazol-2-
ylcarbanmte (I'ixample 51-4, 65 nig, 0 102 mmol) in hydro-
gen bromide (30-35% in acetic acid. 5 mL 27 6 mmol) was
stirred at it fiir I 5 h. 'lite mixture was diluted with I)('M and
concentrated The residue was dissolved in DCM containing
a small mnount ofmetlmnol and the solution was mixed with
I M aqueous sodium hydroxide. The organic phase wms sep;1-
rated, stashced with water, dried and concentntedi and the
residue st as triturated ivith hexane. Thc rcsiduc ives puriftcxi

by column cluomatography (eluting ivith a gradient from
97:2.7 03 to 90 i): I I)CM-methanol-28% aqueous annno-
nium hydroxide'1 to provide 7-actino-4-(3-(5-tert-butyl-I -ox-
oisoindolin-2-yl)-2-methylphenyl)-9H-carbazole-I-car-
boxamide as a white solid (I'.xmuple 54-3. 45 mg. 88%) as a
white solid. 'H NMR (400 MH/. chloroform-d) 8 10 32 (I H,
s). 7 89(IH. d I—8 35Hz)i7 57(IH,d,J— 7 9)1 Hz),7 49) 7 55

(2H. m). 7.35-7.47 (3H. m), 7.04 (IH, d. I—7.47 Hz). 6 93

(IH, d, J—835 Hz), Ci.74 (IH, d, J— 1.7(i Hz), 6.46 (IH, dd,
I 8.57. 1.98 Hz), 4.79 (2H, d, I 2.20 Hz). 3.84 (2IL br. s.),
1.9Ci (3IL s). 1.40(9H, s). Mass spectnimm/z 503.3 (M+H) .

Also obtained ssas 7-amino-6-bromo-4-(3-(5-tert-butyl-I-
oxoisoindolin-2-yl)-2-methylphenyl)-9H-carbazole-I-car-
boxmnide as a white solid (Example 54-4, 5 mg, 8%). 'H

NMR (-'100 MHz, chlorofiinn-d) 6 10 34 (I H, s). 7.89 (I H, d,
.I

—7.91 Hz). 7 53-7.59 (3H, ni), 7 44-7 48 (2H, m), 7 35 (I H,
dd, .I —5.71, 3.08 Hz), 7 05-7.08 (2H. m), 6 84 (IH. s). 4 83

(2H. s), 4.22 (2Hi br. s.), 1 95 (3H. s), I 40 (9Hi s). Mass
spectnun m/z 581, 583 (M+H)'.

lqxmnple 54-5, 54-6 aud 54-7

Prcparatiim of 7-amino-4-(3-(4-tiuorobcnmmido)-2-
methylphenvl)-9H-carbazole-I-carboxamide. 7-(ben-
zylamino)-4-(3-(4-fluorobenmmido)-2-methylphe-

nyl)-911-carbazole-I-carboxamide and
7-(dibenzylamino)-4-(3-(4-fluorobenzanudo)-2-me-

thylphenyl)-9H-carbazole-I-carboxamide

[0732]

XH

lb g
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0"

-continued
0

[0733[ Using the procedure of Examples 54-3 and 54-4,
benzyi 8-carbanuiyi-5-(3-(4-fluorobcnvamido)-2-meth-
ylphcnyl)-9H-cttrbazol-2-ylcarbamatc (Example 52-3. 720

mg, 1.227 mmol) vvas converted into 7-amino-4-(3-(4-fluo-
robenzamido)-2-methylphenyl)-911-carbazoie-I -carboxam-
ide, purified by preparative Hpl,(: and conversion ro the free
base (l)xamplc 54-5, 330 mg. 59%) 'H NMR (4(X) MHz,
DMSO-d&) (t 11.02 ( I H, s). 10.10 (ll I, s), 8.00-8.17 (311, m),
7.77 (I H, d,.l—7.9 Hz)r 7 43-7 48 (I H. m), 7.29-7.42 (4H, m),
7 17 (III. d, I—6.6 llz), 6 73-6.86 (2H, m), 6.60 (111. d, I—8.8

Ilz), Cx21 (HI, dd, J 8.6, 2.0 Hz). 5.17 (211, s), 1.90 (311r s).
Mass spectrum m/z 453 0 (M+II)'. Also obtained 9 as 7-(ben-
zyiamino)-4-(3-(4-fluorobcnzamido)-2-methylphenyl)-9H-
carbazolc-I-carboxamide(Example 54-6. 4.1 mg, 0.6%). 'H

NMR (400 MI Iz, DMSO-d,) 6 11.08 (I II, br. s.), 10.09 (HI,
9). 8.02-8.12 (3H, m), 7 79 (I Hr d, J=7.5 Hz). 7 43-7 48 (I H,

m), 7 25-7.41 (8H, m). 7 18-7.24 (IH, m), 7.16 (I H, d. I—6.2

Ilz), 6.84 (211. d, J 7.9 Hz). 6.61 (HI. d, J 8.311z), Cx28-6.36

( I H, m), 4. 29 (2H, s), 1.89 (3 H, 5) . Ibiass spectnun m/z 543.0
(M+H)'. Also obtained was 7-(dibenzylantino)-4-(3-(4-fluo-
robenzmnido)-2-mcthylphenyl)-9H-carb Mille-I-carboxani-
ide (lixtunple 54-7. 4.2 mg. 0.5%). 'H NMR (400 MHz,
l)MSO-da) 6 11 09 ()H, s), 10 04 (I H, ~ ), 8 05 (3H. dd,.)=8 8,
5 3Hz).7 79(IH.d..l 7 9Hz) 7.16 7 45(15H,m).7 12(IH,
d..i—C).2 Hz), 7.04 (I H. d, .) —2.2 Hz), 6.83 ( I H. d, J —7.5 Hz),
6.57(IH,d,J 8.8Hz),6.33(IH,dd,J 8.8,2.211z).4.71(4H,
s). 1.88 (31L s). Mass spectrum m/z 633.1 (M+II) .

[t)734[ Thc fol imping munpounds werc also prepared using
procedures dentonstrated in Exampics 54-1 tluough 54-7.

so'ttttrt

Exaurple ru.rtcu.rl Compound rrunc spcctrurn

4 9 k.'varrrplr

7 4

v'I 9 Ifttelrtteritrttc

7-.uruuo 4 (2 rrrethyl-.'-(pico)us urudo)pherrvl)- 436 I (M+Hl'8

carbazole I csfboxamrde (prepmed as the

bis 'I I A salt)

2-.irnrnn- -( -(4-nuorobcurarnutn)-- 4 72(M+kl)'eth

Iphemn X3.49 tetmhvdro IH

carlmzol -fl-carboxurude f prepared as the I kA

s.df I

541(t Example 7-amuse-4-f 3-unuto-'-meth) )phon)l) 90-

carbtmle-I-carb xanride

3) I 'bl + Hl'

ll k.'varrrplc

-I

v4-)2 Exatnple

-I

. 41) Exaniple

7-.uruuo-4-(3-(s-nuoropicolirrairialo)-2-

meth, Iphern 0-911-carbarole-I-rsrboxaroide

7 fbenz, )ammo) 4 li (5 tlunropi nhnam do).'ncth,Iphca lk9kl-carbarnle-I-cubovarnidc

'stnino 5 is-meth) I .'prcolutamrdo)phenvl)-

x3,4n retrahvdro I H trbszole 9 carboxsmide

4 (I tl (M+ 8)'4

O (M +

H)'4fl.!

(M+0)'414

Example

Itttermedtat

(prepamd rath bis I'IAsalt)

7-amuse-4-(ntttet)tv)/ nfl-oxorsoutdolrn

yltphen 'll 9H-ctrbazole-I-caiboxarrt de

-snntro-Af 2-utetiiyl-3-(I-nietiryl-I H-

urud.nol«-'-csrboxmnrdo)phettyl)-90-

447 'lvl + Hl

'392

rl,l+H)'4-16csrbazole I carboxanude

Intmrncdtatc 2-unuto- -(2.6-drauorophcn I!-X3.49- 342 I (M +H)'tr

2(a) tetrabydm I H carbarn)a tl trboxunide
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Example 55-1 L'xample 56-1

Preparation 01'4-(2-fluorophcnyl)-7-(4-mcthylpipcr-
azin-I-I I)-9ki-carbazole-I-carboxamide

Preparation of 442-fiuorophcnyl)-7-(1, I-dioxothio-
morpholino)-9H-carbazole-I-carboxamtde

[0735]
[0738]

0

NI Iz 0

Q

[0736] A mixture of 7-amino-4-(2-lluorophenyl)-9H-car-
bazolc-I -carboxaniide (Iixamplc 54-1, 30 mg. 0 094 mmol),
2-chloro-N-(2-chloroethyl)-N-niethylethanamine hydro-
chloric acid salt (27.1 mg, 0 141 nunol) and sodium carbonate
(49.8 mg, 0.470 mmol) in tert-butanol (2 mL) was heated at
redux overnight. The mixture was cooled to rt and concen-
trated. The residue was puniied by preparative HPLC to pm-
vide 4-(2-lluorophenyl)-7-(4-methylpiperazui-I-yl)-9il-car-
bazole-l-carboxamtde, TEA salt, as a light yellosv solid (11

mg. 20%). 'll NMR (400 MH0 DMSO-d„) 6 11.28 (s, I H)
8.13 (br. s.. IH) 7.85 (d. J 7 91 Hd. IH) 7.41-7.59 (m. 3H)
700 741(m,2H)725(d,J—220Hz. IH) 697(d.J—791Hz,
IH) 61 89(d..)—0.88 Hz, IH) dt.67 (d, I—2 20Hz. IH) 3 70-3.
82 (m. 2H) 3.43-3 52 (m, 2H) 3.08-3 19 (ni. 2H) 2.86-2 99

(m, 211) 2.80 (s. 311). Mass spectrum nt/z 403.2 (M+I I)'.
[0737] The following Examples/Intermediates were also
prepared using procedures demonstrated In Exmnple 55-1,
using (in the case of Example 55-2) I-chloro-2-(2-chloroet-
hoxy)ethane ui place of 2-chloro-N-(2-chloroethyl)-N-meth-
ylcthmianiine hydrochloric acid salt

[0739] 4 suspension of 7-nmino-4-(2-fluorophenyl)-911-
carbazole-I-carboxamide (Exunple 54-1, 36 mn. 0.113

mniol) in 2-propanol (1.0 mL) was treated with vinylsulfo-
nylethene (20 PL, 0. 199 nuno1) at rt. Tile reaction mixture u as

heated at 100' for 26 h. Thi: mixture v as coolixI to rt,
concmitratcd and thc residue wcds puriticd by preparative
HPLC to Provide 4-(2-duoroPhenyl)-7-(lal-dioxothiomor-
pholino)-i)II-carbazole-I-carbox unide as a yellow solid (14

mg, 28%) H NMR (400 MHz, l)MSO-dn) 6 11.26 (I H. 9),

8 17 (I H. br. s.), 7.90 (IH. d, J—7.9 Hz)r 7.47-7 612 (3H. m),
7.37-7.46 (2H, m), 7.35 (I Ha d, J 1.8 Hz), 7.01 (IH. d, J 7.9

Hz), 6.93 (I H, d..1=8 3 Hz), 6I.74 (I H, dd, .1=9.0, 2 4 Hz),
3.77x3.81 (4IL m)a 3.08-3.19 (4H. m). Mass sPectrum m/z
438.1 (M+H) .

[0740[ The following compound was also prepared using
procedures demonstrated in Exmnple 56-1, using Example
54-5 in place of Example 54-1 as the starting material.

Macs
h f.altlirt

' o!Ilp ttttd llalll 'fx'Ctltlttl
Sd- 4-i -/4-tlu robcnzanndo)- -metttztphcnrn- c I 3 (M — H)

I it.i dtoxot)uomnniholinoi 9H cubazole
I-c'ai't 0 xattilile

ht ntltj'll 'tartl lip

Intennedtate mnrenaf Compound name

Muse

cpecti iiitt

55 I Fxample

54-1

4 i 3 auorophen)II 9 moiphoimovu lvio I tvl+

HI'mutro)c-I-cvboxalllltt'. ipl'Ixttcx) us I)lc

tntlutoa etre acta s:i)t)

Int mtedtate )sample
4-1

41rmnn- -inntethytptperazut-I- I)9H- 3117 3m(M+H)'arbazole

I carboxamide

EX2026.0111
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Example 57-1

I'reparation of 7-acetmnido-4-(2-thiorOPhenyl--9-
carbazole-I-carboxmnide

[0741[

0

VII)

NH

Example 57-2

Preparation ot 7-(2-(dimethylamino)acetmnido)-4-
(3-(4-fhiorobenzanudoj-2-methylphenyl)-9H-carba-

zole-I -carboxamide

[0743]

[074ZJ A solution of 7-amino-4-(2-fluorophenyl)-9H-cdr-
bazolc-I-carboxiuuide (Fxaniple 54-1, 25 mg. 0.078 mmol)
and Tl;A (0 022 ml „0 157 mniol) in I 3('M-THF (2 I, 3 inl,)
ives treated with actsyl chloride (6.7 pi,. 0 094 imnol) 'lite
mixture was stirred at rt for I h. then was concentrated. The
residue was pimfied by preparative HPLC to provide 7-sc-
etamido-4-(2-fhiorophenyl)-9H-carbazole-l-carboxamide.
Ti'A salt, as a white sohd (13 mg. 45%). 'I I NMR (400 Milz,
methanol-da) 8 7.95 (s, HI) 7.79 (d. J 7.9111z, IH) 7.36-7.53

(m, 2H) 7 13-7.33 (m, 2fl) 6.98 (d. J 7.69 Hz. 2H) 6.85 (d,
J 10.33 Hz. HI) 2.05 (s, 3H), Mass spceclrwn m/z 360.3

(M+H)'0744]

A solution of 7-amino-4-(3-(4-fluorobenz unido)-
2-methylphenyl)-911-carbazole-I -carbox unide (Ex miple
54-5. 30 mg. 0.0G6 nunol), 2-(dimelhylamino)acetic acid
hydrochloric acid sall (13.9 mg, 0.099 nunol). IIOAT (18.1

mg, 0133 mmol). VIJC (31 8 mg, 0166 mtnol). and'IVA
(0.037 ml,. 0.2G5 mmol) in D(.'M-THV (2:l. 3 mi.) was
stirred at rl ovcuiight. 1'he niixture wsas concentmtcd and
punfied by preparative HPLC to provide 7-(2-(dimethy-
lamino)acetamido)-4-(3-(4-fhiombenzmuidoj-2-methylphe-
nyl)-911-carbazole-I -carboxamide, TI'A salt. as a white sohd
(22 mg, 50%a).

' NMR (500 Ml lz, methanol-da) 6 8.02 ( H L

d. I 1.1 Hz). 7.96 (2H, dd. J 8.7,5.4 Hz). 7.84(HL d. I 7.8
IIz), 7.42(IH,d. J 7.211z), 7.34(HI.t,J 7.6 Hz)s 7.12-7.21
(3H.m),6 95 (IH,d. J—7 8 Hz). 6.86-G i)4(2H.m),4.04(2H,
s), 2.91 (s, 6H), 1.90 (3H. sj. Mass spectrum m/z 538.1
(M+H)'.

Ex unple 57-3

I'reparation of 7-((S)-2-arninopmpanamido)-4-(3-(4-
fhiorobenzaunidoj-2-methylphenyl)-9H-carbazole-I-

carboxamide

[f)745J

NH

0

Hixr „

[f)746J A solution of 7-amino-4-(3-(4-tiuoinbenzmnidj-
2-methylphenyl)-HH-carbazolc-I -carboxamide (I',xample
54-5. 21.8 mg, 0.049 mmol), (S)-2-(tert-butoxycarbony-
lamino)propanoic acid (10.6 mg, 0.05(i rrunolj, IIOIIT (8.6
mg, 0.056 nunol). L'DC (10.8 mg. 0.056 nmiol), and DIVA
(0 043 mL. 0 250 nmiol) ui DMI'0 675 mL) was agitated at
rt ovemighh The mixture was concentrated and treated with
TFA (0 5 mi,) and DCM (0.5 mi.) After 2 h. Ilm solution was
concentrated and thc rt:sidue was purified by prcparativc
HPI,('. to provide 7-((S)-2-aminopropanmnido)-4-(3-(4-fluo-
robcnzcunido)-2-mcthylphmiyl)-9H-carbaznic-I-carboxam-
ide, I'FA salt (5.7 mon, 15%). Mass spectnun nt/z 523.9
(M+H) .

[0747] The following Examples/Intermediates were also
prepared using procedwes demonstrated in Examples 57-1

tluough 57-3, using the appropriate acid or acid chloride.

ltxranple Starftna

Intermediate matenal &:omp nndname

Mass

spectrtttlr

s74 Pxample

64-)6

bxrltltplc

s4

.'acetamirlr S IZ6 dulnorophen II 2,3,49 364,2

())+Hi'elrahrdm-IH-carbarn)a-S-cmboxamide

7-a cbnntdo-4-II-(4-anorobenzamtdo)-2- 49o 2 (M+ H!'ethrlphettyli9H cml mnle I .rrhmamue
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specuum

57-9

. 7 lo

57 I I

71

(7-11

7-14

7 15

7-16

7-17

718

:i7 19

57 2(i

7 21

'Sf 71

Si7 21

. 7-26

. 7-27

57 29

Example
4-5

Ex,unple

l,x:unple
54.

Example
4-i

Ex,unple
4-1

Example
45

I x.imple
4. (

I'i.stirp t

54-(

I.xaniplc
S4 5

I xarnple
(4 5

I'i.aiiiple
54 (

kianiplc
Su i

I xample
4. (

Exaniple

Fxmiip to
54.(

I x.imple
4. (

Ex;uriple
54-(

Ex,imple
54.(

I xample
4. (

hianiplc
4-5

E siuiiplc
'I

Eianiple
(4- 'i

Example
4-5

Exaniple

4-(I-(4-fluorcbcrrzmrudo)-'-rn Ih lphcr»l)-
7-(rucoirnsnixlol-9H-cu bazclc-I-
cai ho(amid (prepared ss the I'IA salr)
4-td(4-tluoic hertz inudol-2-meihylphensn-
I-(isonicotinainido)-9H- arbazolc-I-
carbnxantidc (prcpmed as ttie I I A salt)
7 I) icimethvluninotpropanamido) 4-ifl (4-

fluomberiz unido I-2-rriet)i) Iphcni I). 911-

e bezel -I-carbmutude ( prep ucd as tte
TF*I salr)

7-(cyclopioparieuu boxunido »4-(H(4-
fluorobenzrunido)-'2-methylplienyl) 9H-

caibamle I carboxamide
7-sc»lamido 4 (2-fluorophenyfl-9H-
carbazolc-I-carboxantiilc
4 t" i4 fluoroberizinudo) 2 meth Ipheiiyli
7 f) iu hydroxipheriit)propsnunido) 'HI

cail(:iiolc-I-csrboxuliidc
-"ih srbamoyl 5 (i (4 t)noiobenzamido! 2

methylph«nvl&9H-cart szol-.'-yl,uruno)-2-
oxohto xc

-i4-fluorobenzaniido)- meth Ipbeti Ik
7-i'.-ipinCin-4-ynsceuunidol 9H-i irbazole
I-carbnxanudc (prepared as ilw. I'I A salt)
4-(3-(4-tluorobenzainido)- -rnetiivlptiei»l)-
711 hvdioxypiopmamidnl 9H carbsznle I

muboxmrud '-(-t4-fluorol mizanudok meth Ipbeii I)

7 ifl tpyrrd n ) yl)acetimal ) 9H cather»le
I-c uboianud fpi spared ss the TF 1 ailt)
4-I -(4-tluorobenzunido)- m tb Iplimi Ik
7 i4 mofliholinoburanunido)9Ft cirt,izole
l-,uboimnide (prepared as lhe TFA silt)
4-(3-(4-tluorobenzainido)- -rueihvlptienyl)-
7 I I methyl IFI m dazole 2 csrboxumdnl
9H cmbmole I caiboxatnide (prepared xs

thc 'ITA salt l

4 (I t4 fluorol enzamidok meth lpben I)

7-(I-nioipholmopiopuisrruito) 9H-
cmbscole-I-cuboimruil (pr pe d m the
I I A salt)
7 i4 chlombenzsiiuiln! Aid (4-

tluoiub nzsaudu)-2-rrietlii lphenil)-UH-
carbarolc-I-carboxantilc
7 t4 y nobeazam do) 4 i3 i4
fluomberizunido)-2-rrictlil )pliant))-911-
cai ham le I-carboxunule
7 i4 idaneth lanun ibeiizsnndol 4 I) (4
fluoioberiz,unidol-2-methylphenilk911-
cmbazole-I-carboxairude
4 i 3 i4 fluoinbeamnudoi 'ethylphen n
7-i4-methoxvbenr unido! 9H-carbazole-I-
cmbnxmudc
4 t 3 t4 fluorobenmmido) ".meth lpheiiy 1 i

I-rsobu» i.unido-9n-carbazole-l-
cmbouuiiid

'-(I-t4-fluorol mizanudok meth Ipbeii I)

7-piialatnido-9H-cubazole I uuboiunide
4-(I-(4-tluorobmizunidol- -m th Iphmi IF
7-(2-pliei»la ctarnido)-9H-carbazole-I-
carbo(,urude
bi-(8-cmb:uno I- -(.'-14-fluoiubcrizarrudc)-
2-niethvlphcnyl »UH-cob azol-2-i H-I ',:-
tlu.idrazole 4 mrbniamide
4-(3-(4-fluorcbcrmurudo)-'-rn Ihylph riyli-

-(2-hydroxy I-phenylacetunulo I-9H-

carbazole I carboxunule
4-(!-f4-fluoroberiz,unidol-2-rneihvlphenyl)-
7-(pviiiliidiiic..cia box iiiiido).9H-
carbamle I carboxanuile
7 il cy,uioacetamirlo) 4 i) (4
fluoiub nzsrnidu)-2-rriethi lphenil)-CH-
caibazole I cst'boxsmule

58 I thl +

H)'515ft

I ibl+

IH'(.".

I (M+ HI+

21(i 1M+

HI'74(i

ibl+

IB'9(i

9 (M+ Hi+

i 5 2 pi (M + Hi+

(71 ') (M+ H)+

(24'I Hvl+ H)+

(71 9 IM+ Hi+

6i)8 it (M +

H)'ofl

9 flvl+ H)'

)4 il (M+ Hi+

599 9 (M +

H)'ut

9 (M+

Hi'vri

ri (M + Hi+

586 9 (M + I I)'

22 9 (M + H

I'37

il IM+ Hi+

7fl 9 (M+ H)'

64 8 (M + I I)

't169

1M+ HI'8

9 ihl+

H)'19

9 i bl + H)
'

EX2026.0113



VS 2010/0160303 Al
113

Jukk. 24, 2010

-continued
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'.visas

specuum

57.3(i Example
4-5

Ex,unple

l,x:unple
54.

. 7-31

Ex,imp)a

Ex,unple
4-

Example
sn 5

Encamp)a
4-y

I.xaniplc
S4 5

I x.imple
4. I

7 38

Exaniple
4-5

kxauiplc
Sd s

:\ i 39

7.4ti

Exaniplc
sn-5

. 7-41

Example
4-5

57-42

Exiunplc
I

. 7-43

Exarriple
'i4-5

Exauipl '-5

Exaniple

37-45

57-46

Exaniple
54.5

. 7-47

Example
x4-14

:i7 48

Ex:unple
4-14

57 49

. 7-SD Exaniple
4-15

Intenued ate Fx,imp)a
7-yl 4-

Int rtneCiate I xaniple

. 7 52

4-(I-(4-t)uorcbcrrzurrudo)-'-rn Ih lphcrol)-
7-(3-rn Ihoxypiopariunido u9H-«m bezel -I-
cailioxaiiiirl
7-I 241H-telrazc!-5-yl)s«et urudol-4-13-(4-
tluoiobenzamido)- -nictlixlplicuyll-')H-
carbarn)a I carboxtmide
4 IS in fluoro) eazunudril 2 meth Iphenyli
7-(3-(2-oxopyn lidiri-I-yl)propansmidoi-
9H-cmbuzolc-)-c,uboxarnrd
7 II i)kI inudszol I yllpiopanunidn) 4 (I
(4-fluoioberrzunidol-2-rri fbi)phenyl)-9H-
caifismle-I-carboxsirude (prepar d as tire

TFA uslt)
H-I 8-cmbamoyl-5-(3-(4-tiuornberrzmnido)
2-nicthvlphcuyltu!H- mbazol-2-
yl)morpbobne 'srboxamirle ipmpamd ss
tbe TFA sshi
4-(3-(4-fluorobmizamidn)-2-rn th, lph ri H-

7 ipipendne! caiboximui ) 9H cmbamle
I-c uboxauude fpi spared m Ihe TF 3 uilt)
4-(3-(4-I)uorcbcrtz.uriuto)-'-rn Ih lphcriyl)-
7-!In)-)upeirdme-2- urdu«am dnl-9H
csrbazole I mrboxamiile (prepmud as Ihe
'I I'A salt)

-( -muuos itanudn!-4.is-(4-
tluorobenzsmidn) " merhylpheayll 9H
i.ainizulc-l-ceboxsrrud (pr par d.is Ihe
TI'A salri
7 i" chlombenzanudo! 4 (I i4
fluoioberizaaudol-2-methylphcrix))-911-
cubszole-I-carboxsirude
7 benzirrudo 4 (3 i4 duoiobenmmiilni 2

inethylphenyn-9H-«wbszole-I carboxanude
I-(2-chlcmbcnzaniidn)-4-f3-i4-
tlnombenzsmido) 2 merhylpheny)19H
carbarn)a I carboxamide
I-(4-sceuunulobcnzsrrudckd-(3-(4-
tluombenmrn dok2-methylphenyll 9H
csibmiilc.l-«utiioxmiiide
4-(I-(4-t)uorcbcrrzurrudo)-'-rn Ih lphcrol)-
7-I -methylbutauuindo) 9H-carbxvole-I-
carboy,inudc
4-(3-(4-tluorob nzanudo r -rn Ihvlplienyl)-
7-(pyrszum-2-curb xanudo)-9H-carbazolc-I-
ca! bcxuni de

4-(3-(4-fluorcbciizsiiii«tol irictliiliill ii'li-
-ipi ol nmnido)-9H- srbazole-I-

carbnxnm de i prepm ed ss the TFA salr)
b-(8-«arbaaioyl-y-(3-(4-nuoruberrzatrudo)-
2-aicthylpheuyli-9H- srbazol-2-yntluazolc-
4 srboxanude
4-i3-i4-tluoiobeazimidoi-2 rnethylphenvn-
I-(2-(piiazin-2-xl)acetaniido -9H- ariazolc-
I .irboxanude
4-(3-(4-nuorcbcruzmrudo)-'-rn Ihylphcriyli-
7-f2-(p»irliri-2-xlhii: tanudok9H-cariazole-
I-c uboxamiite
7 isobut iamidn 4 (2 meth I I r,l

oxcismndolirv O)!phcnyn-9H- mbazolc-I-
«siboxsiiiid

'-f2-riiethyl-3-(I-rixoisoiridnlni-2

yl)plica I)- -pivalani do-9H-caibazole-I-
caitiox:iiiiide
4-f2-methyl-3-Il-methvl-IH-inudazole-2-
csrboxam dn)phenyl!-7-pivalxnudc-9H-
caibazole-I-carboxairude (pr par d as flic

TFA salt.l

4 bromo 7 poalsmido 9H carbamle I

csrbnxamide
4-brornn-I-(c clopiopanxirbos..nude))-HH-
carbarn)a I csrboxmnide

:.'89 thl+

H)'5)62

8 ibl+

IH')1

n) (M+

Hi'74ni

(M + Hi'6

9 ibl+H)'

64 i) i M + H I

'649

HI+

HI'fi9

'I (Ivl + H)+

59il,b (M+
Hi'569

rM+

H)'i)fl

8 flvl+

H)'13

9 (M 4

HI'369181

4

H)'xtl

9 (M +

H)'579

1M+ HI'

6 8 ihl + H)

57

9(M+H)',

I 9 (M + Hl

'17

'i f)yl+ H)+

531, I (M +

H)''3

4 (M+

IH'i)

i,f,f+

H)'72,

374 i Ivl + Ill
'
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Intermediate 58-1

I'reparation of 4-bromo-7-(4-hydroxy-2,2-dimcth-
ylbutanmnldo)-911-carbazole-I -carboxamlde

conlnluccl

[0748]

Hu
0

y ~0

0 N

0~~ .
/

[0749] A mixture of 7-amino-4-bromo-9H-carbazole-I-

carboxamlde hydrobronnde (Example 54-2, 500 mg, 1.299

mmol) and 3.3-dimethyldlhydrofuran-2(3H)-one (222 mg,
1.948 nimol) in THF (10 ml,) was trotted with trimethylalu-
mlnum (2 M in toluene. 562 mg. 7. 79 mmol) dropwise at rt.

The nlixtul'c Isds hcalccf at 50' for 1.5 h, cooled to rt and
treated with Ivater. I hc mixture was filtered through Cclite
and the solids svere washed thorouJolly with DCM and metha-

nol. The tiltrate was washed ssifil water, dried and concen-
trated. and the residue was purified by column chromatogra-

phy (eluting with a gradient from DCM to 10%o ammonla-
methanol-DCM) to provide 4-bromo-7-(d-hydroxy-2,2-
dimethylbutanamido)-9H-carbainile-I-carboxamidc as a

yellow sohd (250 mg, 4(i%). Mass spectnun m/z 418, 420
(M+f1)A

Examples 59-1 and 39-2

I'repamtion of 4-(3-(4-flnorobenzamido)-2-meth-

ylphenyl)-7-(methylsulfonmnido)-911-carbazole-I-
carboxamidc mid 4-(3-(4-tluorobcnzamido)-2-mcth-

ylphenyl)-7-(N-(methylsulfonyl)
methylsulfonanndo)-9H-carbazole-I-carboxamide

[0750[

[0751] A solution of 7-amino-4-(3-(4-fluorobenzanlido)-
2-methylphcnyl)-9H-carbazolc-I-carboxamide (Fxample
54-5. 30 mg, 0 066 mmol) and THA (0 018 mi .. 0133 nmlol)
in DCM-TI II'2: I, 3 mL) v;as treated with methanesulfonyl
chloride (10 pf,. 0.133 mmol). The mixture Isas stirred at rt

for 1.5 h, and v,as concentrated and purified by preparative
HPLC to provide 4-(3-(4-tluorobennrmido)-2-methylphe-
nyl)-7-(methylsulfonamido)-9H-carbazole-I-carboxamide
as a white solid (I'ixamplc 59-1, 3.5 mg, 9%). 'H NMR (500

MHz, methanol-dc) S 7.91-8.01 (2IL m), 7.83 (HI. d, J 7.8

Hz),7.45(IH,d. I 1.7 Hz).7 42(IH.d.l 7 8Hz),7.34(IH,
t. II=7 8 Hz), 7.12-7 20(3H, m), 6.95 (I H, d,.1=7 8 Hz), 6 88

(HI. d. I—8.6 I fz). 6.73 (H L dd. J—8.5, 2.1 I lz), 2.85 (311, s),

1.90 (3H, s). Mass spectnnn m/z 531.0 (M+II) . Also
obtamed was 4-(3-(4-fluorobenimmido)-2-methylphenyl)-7-
(N-(methylsulfonyl)methylsulfonanndo)-9)ff-carbazole-I-
carboxamide as u svhlle solid (FxamPle 59.2c 14 mo. 28%).
'H NMR (400 MHz, DMSO-do) 6 I I.67 (I H. s), 10 08 (I H,

s), 8 21 (I H, br. s ), 7.97 8.08 (3H, m). 7 79 ( I H, d,.l— I 8 Hz),

7.53 (HI. br, s.). 748 (HI. d, J 7.3 Hz). 7.26-7.39 (3H, m),
7 15 (1 H. d, .I 6 5 Hz), 6 93-7 03 (2H, m), 6.86 (I H. d, .I 8.3

Hz), 3 46 (6H, d, J—9.0 Hz), 1.86 (31 L s). Mass spectnun m/z
607.2 (M-II)H

[0752[ The following compound was also prepared using
the procedure demonstrated in Fxamples 59-1 and 59-2c sub-

stituting I'ixample 54-1 in place of I'ixaniple 54-5 as starting
materiab

//
s

// H
0

Iscilipl'orilpoolld ocor

ktccr

cpcclriiili

4 I.'-floomphecrll I Irrrerhclcrrlforrcrrrrdol- isa I Ivi+HI'H-

crbczolc-l-ccrbox,coidc
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Example 60-1

Preparation of 7-(3-isopropylureido)-4-(2-methyl-3-
(1-methyl-I H-iniida/ole-2-carboxamido)phenyl)-

9H-iarbazole-I-carboxamidc

[0753]

L'xample 61-1

Preparation of 4-(3-(4-fluorobenzamido)-2-meth-
ylphenyl)-7-(isopropylannno)-911-curbazole-I-car-

boxamide

[0756]

0

HI I

'vZ
/

[0754] A solution of 7-am(no@-(2-methyl-3-(I-methyl-
HI-imidazole-2-carboxanudo)phenyl)-9H-carbazole-I-car-
boxamide (Ex unple 54-15, 29 mg, 0.066 mmoi) uid 2-iso-

cyan»topmpanc (0 019 mlo 0 198 nunol) in 1.2-

dichloroethmie (3 nfl,) yves stirred at r( for 2. 5 h. then at 50'.
for 2 h. Additional 2-isocyanatopropmic was added and the
mixture was stirred at 40''or 16 h Thc mixture was
concentrated and purified by HPI.C. The appropnate eflhient
fractions were partially concentrated. treated w ith Nal ICO3

(aq) and extmscted with EtOAc. The organic phase was dried
and concentrated to provide 7-(3-isopropylureido)-4-(2-me-
thyl-3-(I-methyl-IH-imidazole-2-carboxmnnlo)phenyl)-
9H-carbazole-I-carboxmnide as a pale pink solid (15 mg,
43%). 'H NMR (400 Milz. DMSO-d,) 6 11 32 (HI. s), 9.97

(IM, s).857(IM, s).8.13(IH,br s ),7.88(IM.d. J—79Hz),
7.81 (I H. d, J — 1.8 Hz), 7 7(i (I H, d,.l—7.9 Hz), 7.40-7.48 (2H,
nt), 7.38 (IH, t. J=7.7 HZ), 7.13 (IH, d,.(=7.5 Hr)r 7 06 (IH,
s), 6.82-6.92 (2H, m), 6.73 (IH. d, J—8.3 Hzh 5.98 (HI, d,
J— 7. 5 I lz), 4 01 (311. s) r 3. 68-3.81 (I H, m), 1.89-1.95 (3 H, m),
1.07 (611. d). Mass spectrum nbrz 524.3 (M+H)'.
[0755] The folloyy ing compounds were also prepared using
the procedure demonstrated in Ex unple 60-1, substiuiting
I',xample 54-5 in place of Fxmnple 54-15 as starting niaterial
and using (hc appropriate is ocyanatc inplace of2-i socyauato-
propane.

[0757] A suspension of 7- unino-4-(3-(4-fluorobenza-
mido)-2-methylphenyl)-9H-carbazole-I-carboxamidc (Ex-
ample 54-5, I g. 2.210 mmol). acetone (3.4 nfl.. 20 eq.). and
acetic acid (0.443 nil .. 7 74 mmol) in 1,2-di chio methane (220
n(L) yy as treated with sod(um triacetoxyborohydride (1.639 g,
7.74 mmol) and stirred at 40'3 for 4 h Additional sodium

triacetoxybomhydnde (520 mg. 1.1 eq) and acetic acid (0.19
mL, 1. 5 eq) yy ere added and the nuxture was stirred overnight.
The mixture ys as Iree(ed yvith Nal ICO3 (aq) and the ongan(c
pliase was separated, washed yvith brine, dned and concen-
trated. The residue was purified by preparatiy e IIVI.C. Thc
appropriate cffluent fractions were made basic with NaH('03
(aq) and extnscted with htOAc The organic phase was
washed v, ith brine. driced and concentrated. 'I'he residue yy as
triturated with nietlmnol to pmv(de 4-(3-(4-fluorobenm-
mido)-2-methylphenyl)-7-(isopropylamino)-9H-carbazole-
I -carboxamide as an off yvhite solid (520 mg, 48%). 'I I NMR
(400 Mllz. DMSO-di,) 6 11.01 (HI, s). 10.09 (HI, s). 8.07
(3H. dd, J 8 8. 5.3 Iiz). 7.77 (HL d, I 7.9 Hz). 7.27-7.51
(51L m), 7.17 (I H, d. J 6.2 Hz). 6.73-6 88 (2H. m), 6.60 (IIL
d..l— 8 3 H/), 6.23 (IH, dd,.l 8 8,2 2 Hz). 5 49) (IH, d. J 73)

Hz), 3.53 (IH. dd, I 13.8. 6.4 Hr',). I 90 (3H. s). I 04-1 21

(6H. ni). Mass spectrum m/z 495.1 (M+H)'0758[

Tlm following h'xa(uplcs/Intermediates (ccrc also
preparnxt using procedures dcmonstru(ed in I.)xample 61-1,
using tlm appropriate aldehyde or ketone in place ofacetone.

Example Conipound rianie
Mass
sp«cuurn

6(1-2

6) l-I

6(l 6

7-(3-i4-ch(oroph nyfliueido)-4-(I-i4-flu iobenzarnidoi-2-
metbylpheiiy)i IH carbazo(e I carbnyamide
4-(3-(4-f)uoroberizanudoh2-melhilp)icriyl)-7-(.'-
pheny)nieidoi-9H sr(inzo)e-I-carbnxam de

7-(3-eliiyhu rdohs-(I-(4-fhmiobenzsnudo)--
m (hy)pheriyI)-9flrartazo(-I-csiboxunidc
7 (1 rerl bnty)nreido) 4 01 14 t)nmobenmmido)

.'etby)phet»))-9H-carbarn(

-I-cai boyamide
m(3-(4-tIuorobcnzanudo)-=iiieuiy)phenyI)-I-(-
isopropy(ureido 1 90 carbazo)e I cmtioxanude

6fl S(M i 8)'

19(M+0)'

39(M+Hi')st

9 (M+

Hl'79

(11+ H)'
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hi sirriile Stauiii
Inrcnuediate rnarenal Cotnpounri natne

'.class

specuum

61-5

Iiitcnnediste
61 6

Example
4-5

Ex,unple
4-14

l,x:unple
54-1

Example
4-

I xafiiple
4.7

4-(I-(4-t)uorcbcirzurudol-5m Ih lphcrnl)-
7-(I-r» Ihylprp ndin-4- Iunuml-9H-
cai bazole I-carhoxsmide
7-tisopmpy 11 muno)-4-i.'-methyl-3-(1-
ox iscuidolin- -, I!phenyl)-9H-cubazolc-I-
carbnxaniidc
7 tisopmpvhinunol 4 (2 inerliyl 3;I
rncth I-IH-irnid,iz I -2-

u honun tao!plush I)-9H-car bazole-I-
carboy.im de
4-broirio-7-(isopropylanuno)-90-i:arbazol-
I- a.rbnx.uiude
(5't 4 bromo 7 (I, kmeth 11.! d oxolan
4-vlmethyl)unuiol-ml-carbazole-I-
carbnxanudc

:56 I thl y

0!'99

3

ixi+10'tu

4 (M + 0

I'46.

4S i M+

H!'1s,

421 i (M + H1

'xample

62-1

Preparation of 4-(2-incthyl-3-( I -oxo is o indol in-2-yl)
phenyl)-7-(2-oxopyrrol idin-I -yl)-r)H-carbayolc- I-

carboxamide

[0759]

[0760] A solution of 7-amino-4-(2-methyl-3-(I-oxoisoln-
dolin-2-yl)phenyl)-911-carbazole-I-carboxamlde (Ex unple

54-14, 60 mg, 0.134 nunol) in THI'3 mL) yvas treated ymth

TI.A (0.019 ml „0.134 nmlol) and a solution of 4-bmmobu-
tanoyl cldonde (24.92 mg, 0.134 nunol) In DCaM (I mL). The
mixture was stirred at rt for 40 min. then was diluted with
DCM, yvashed wtth water, dned and concentrated. lite resi-
due was dissolved in THI'5 ml ) and added to a suspension
of sodnun hydnde (60% oil dispersion, 40 mg, 1.000 nunol,
prc-yyashed with hexane) in THE (5 mL). The mixture was
stirred at rl ovemighh then was heated at 65', for 30 mul.
The mixture was cooled to m poured imo water mid cxtractixi
wtth I)IOAc I'he organtc phase yves dried and concentrated,
and the residue yves purified by colunln chronlatography
(eluting with a gradient from 99:0.9:0.1 to 90:9:I DCM-
methanol-28%o aqueous ammoninm hydmxidej to provtde
4-(2-methyl-3-(I-oxoisotndohn-2-yl)phenyl)-7-(2-oxopyr-
rohdin-I-yl)-9H-carbazole-I-carboxamide (50 mo. 66"!o) as
a white solid. 'H NMR (400 MH2. chloroform-d) 8 10.67
(IH. s). 7 96 (IH, d. I 7.47 Hx). 7.91 (IH, s), 7 74 (IH, d,
.I

—7.91 Hx). 7.62-7.67 (HI, m), 7 52-7.58 (2H, m), 7.45-7 48

(2H. m), 7.38-7 42 (I Hr m), 7 22 (I H, dd, .)=8.79. 1.767 Hx),
7 11 (2H, d. 1 =7. 91 Hx), 4 86 (2H, s). 3 90-4.02 (2 H, m ), 2 66

(2Hi t, J—8.13 Hz), 2.1&i-2.25 (2H, m), 1.94 (3H. s). Mass
spectrum mix S IS.3 (M+H) .

[0761] The following compounds yvere also prepared using
procedures demonstrated in Example 62-1.

I'sample'tmtms
iriterrricdiatc matcnal Corupouud narc

Xloss

spcetriirri

bxamPle 4.13 r4.aumobenzam dn!-2-niethylPhenyl!- I I rl I +Hl'-(2-o

copy rmlidin-I-yu-90-c ubazole-I-

arboxanud

62 3 Exainpl» 4 C methyl I (I methyl lu unidszolna

car box.arnidotphcn I)-I-(2-ox p, rrolidiri-I-

yl)-9u-curb,izolc-l-csrboxanude tprepued

as tlu I)a salt)

Intermediate Exunple 4 bromo-7-(2-mop!rrolrdiri-I-yll-90-

sift I (M +

Hl'77

54-7 arbazcle-l-embox.unidc 374 tM+ Hl'
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Intermediate 63-1

Preparation of 4-bromo-7-(3,3-dimethyl-2-oxopyrro-
lidin-I-yl)-911-carbazole-I-carboxanude

f 0762]

Br

Intermediate 65-1

Prepamtion of 4-bromo-7-(2-oxoimidazolidin-I-yl)-
9H-carbazole-I -carboxanude

[0763] A solution of 4-bromo-7-(4-hydroxy-2,2-dimeth-
ylbutanamido)-9H-carbazole-I-carboxamide (Intermediate
58-1. 89 mv. 0 213 nunol), diethyl azodicarb&ixylate (0.051
mL. 0 319 nuiiol) aud triphenylphosphine (84 mg. 0.319
mmol) in THI'I ml,) w:as stirred at rt for I h More diethyl
azodicarboxylate (0051 ml., 0319 mnxil) and triph-
enylphosphine (84 mg, 0.319 mniol) were added, and these
additions repeated again after I h more. The mixture was
diluted with DCM, washed with Nai ICO3 (aq) and water, and
dried and concentrated. The residue was puritied by column
chromatography (eluting v, ith a gmibent from DCM to 90: 9: I

DCM-nmthanol-28% aqueous anunonium hydroxide), tlmn

by preparati e I IPLC. The appropnate eliluent fractions ere
made basic with I M aqueous sodium hydroxide and
extmcted twice with DCM. 'I he combined organic plmses
werc washed with vvater, dried and concentmted to provide
4-bromo-7-(3,3-dimethyl-2-oxopyrrolidin-l-yl)-9H-carba-
zole- I -carboxamide as a yellow solid(44 mg, 52%). 'H NMR
(400 Mliz, methanol-ds) 6 866 (HI. d. J 858 11z), 794 (I H,
d, J 1.54 Hz).7.73(HI, d. I 83611z), 7.55 (IIL dd. J 8.80,
1.9S Hz). 7.39 (HI, d, J 8.14 Hz). 3.97 (2H, I, I 6.93 Hz),
2.11 (2H. t, J—6.93 Hz). I 28 (6H, s). Mass spec truni m/z 400,
402 (M+H)'.

[0767[ A solution of 7-amino-4-bmmo-9H-carbazole-I-
carboxamide hydrobromide (L'xample 54-2, 700 mg, 1.818
nunol) and DIEA (0.381 mL, 2.182 nunol) ui DMI'5 mL)
w as treated with I -chlom-2-isocyanatoethane (230 ntg, 2.182
llllllol). After 2 h. the mixture was treated with Nal I (60% 111

mineral oil, 582 mv. 14.54 nunol). After 10 min. the mixture
was diluted with water. The precipitate wmv collected by
filtration, dried. triturated with methanol. collected again by
iiltmtion and dned to provide 4-bromo-7-(2-oxounidazofi-
din-I-yl)-9H-carbazole-I-carboxamide as a light yellow
sohd(410mg,60%v).'HNMR(400MHz,DMSO-ds) o11.55
(111, s). 8 46 (I H, d, J—8 80 I Iz). S. 16 ( I I L br. s ). 7 92 ( I I L s),
7.77 (HI. d. J 8.14 Hz). 7.63-7.6S (JH, m), 7.52 (I H, br, s.),
7 36-7 4) (HI. m), 6 99 (HI, s). 3 92-3.98 (211, m). 3.43-3. 50

(21 1. m). Mass spectrum m/z 37'3, 375 (M+I I)

Example 66-1

Preparation of 4-(3-(5-tluoro-I-oxoisoindolin-2-yl)-
2-methylphenyl)-7-(2-oxopyrrol idm-I-yl)-9H-carba-

role-I -carboxamide

[0768]

Intermediate 64-1

Preparation ol'4-bronio-7-(2-oxooxazolidin-3-yl)-
9H-carbazoli-I-carboxamide

[0764]

0

P-7
Bi

[0765] Usuig the procedure of Example 62-1.7-amino-4-
bromo-9H-carbazole-I-carboxamide (Example 54-2, 650
mg. 2.14 mmol) and 2-bromocthyl chlorofonnate (534 mg,
2.56 nunol) were converted to 4-bromo-7-(2-oxooxazolidin-
3-yl)-9H-carbazole-I-carboxamidc as a light yellow solid
(688 illg, 71%). H NMR (400 MHz, DMSO"ds) 6 11 72 (I H,
s). 8.55 (IH, d, .I —8.88 Hz), 8 20 (I H, br. s.). 8.02 (I H. d,
J 2.22Hz). 7.82(IH, d, J 8.32 Hz).7.52-7.60(211.m).7.42
( III, d. J—8.05 Hz), 4A7-4.52 (21L m), 4.14-4.20 (2H. m).
Mass spectrum ngz 374. 376 (M+II)'.

[0769[ Vsuig the procedure of Example 31-1.4-bromo-7-
(2-oxopyrrohdin-I-yl)-9H-carbazole-I-carboxamide (Inter-
mediate 62-4, 40 mg. 0.107 nunol) and 5-ihioro-2-(2-methyl-
3-(4,4,5.5-teuamethyl-l,3,2-dioxaborolan-2-yl)phenyl)
i so indo1 in- I -one (Intermediate 50-19. 51.3 mg, 0. 140 nmml )

werc convcttixt into 4-(3-(5-fiuom-I-oxoisoindolin-2-v'l)-2-
mcthy)p)tenyl)-7-(2-oxopytrolidin-I-y))-9I I-carbazole-I-
carboxmnide (30 mg, 52%) 'H NMR (400 MHz, mcthanol-
ds) ft 7.86-7 96 (3H, m), 7 46-7.53 (2H. m). 7.40-7.45 (IH,
m), 7.35 (IH, dd, J—8 03, 2.01 Hz), 7.25-732 (IH, m), 7 20
(HI. dd, J 8.53. 2.01 Hz). 7.07-7.13 (2FI, m), 4.92 (2H, s),
3.97-4.06 (211, m), 2.66 (21L t. J—8.03 Iiz). 2.18-2.29 (211,

ill), 1.94 (3H, s). Mass spectnim ngz 533.1 (M+H)'.
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Example 66-2

Preparution of 7-(isopropyl unino)-4-(4-methyl-5-(5-
methyl-I-oxoisoindolin-2-yl)pyridin-3-yl)-9H-carba-

zole-I -carboxamide

[0770]

HII

[0771] Using the procedure of Example 3-2.4-bromo-7-

(isopropylamino)-911-carbazole-I-carboxtunide (Example
ti1-5. 19.01 mg, 03)55 mmol) and 5-methyl-2-(4-ntethyl-5-

(4,4,5,5-(euumethy)-I&3.2-dtoxaborolan-2-yl)pyrtdin-3-yl)
isoiudolin-I-one (Intcrnicdiate 50-20, 20 mg, 0 055 mmol)
werc convcited into 7-(isopropylamino)-4-(4-methyl-5-(5-
methyl-I-oxotsotndolut-2-yl)pyndin-3-yl)-9H-carbazole-I-
carlx&xrunide (18 mg, 65%). ' NMR (400 Mild, methanol-

da) 68 65(IH, s). 846(1 H, s),7 79(IH. d,J 7.92 Hz),7 73

(I H. d, J —7 7011z), 7 40 ( I I i, s). 7 36) ( I H, d, J — 7. 70 I lz). 6. 96

(HI. d, J 7.92 Ilz), 6.80 (III. 6, J 8.58 Hz). 6.74 (IH, d,
.)=1.98 Hz). 635-6 54 (IH, m), 4.81-4.97 (2H, m), 3 53-3 82

(HI. m), 2.45 (3H, s). 1.97 (3H, s), 1.06-1.24 (611& m). Mass
spectrum m/z 504.3 (M+H) .

[07'72] The followtng compounds were prepared ustng the
procedures demonstrated in Examples 66-1 and 66-2 and

closely rc)ated

pm

cedures &
and using the I',xam pl as and Imcr-

mediates shown us smriing muterials.

sn&&&itis hiass

Fxample matenais Cotnpound name spectnun

66 9

66-1&i

66-11

66-12

66 13

66 )4

hl&C&&fit:fhali'ntermedrare

so I

Iaaf&&pic
6) s.
Inrermedrate

&l.l

Intenltedtate
62-4
hlfetfttechalt'.
GO-IS

Intermediare
6 -4.

Inteuncdiatc

If&lettttcfhate

62 4.
lntermedtate
so-I
litter&fled&rite

64 I,
Intermediare
tl-Itl

Inrermed ate
64-1,
If&lettttechatt:

12
Imermediate
64-1

Inteunediate
co 4
I&lie&fr&cd&sic

6 -l.
Inrermedrate

Inrerrr&edrate

6f-l,
Inie&rrmd&ate

u.lg
It&fr&'t&tc'd at*

66-1,

laic&rried&ate

6) "

It&tern&ed ate
6 -I,
Intermediate
Stl 19

4-fs-atruno-2-rrielhvlphenvlk7-14-
meth Ip&pe&aru&-I-yl)-9H-carbarn) -I-
corb n sam&de iprepai ed as tlte TFA salrl

414 'lvl +

0)'-(3-unu&o-2-&nctln

Iphcm1)-7-
Dsopropylammni VH camazole I carboxzo&rle

7' (M+ H)'

&2 meth&i I (» methyl I oxoisomdnlu& 2

vuphernl)-7-(2-oxopynr.lidiri-l-)0-90-
cmbazol -I-c:ut overrode

29 I (Ivl + Hl'

&3-i -ch)oro-I-oxoisornriolin-Hvli-2-
&tlcfh 'Iphc&t I) t I oxopynohdlt& I-)11-9H-
cmbarole-I-carbnxutudc

349.2 (M+

0)'.(3.&&t&iso..&t&efhvlphe&t&la.(2.
oxop rrnhrlu&-I- I! 9H-carr&zoic-I-
carboxamide

'99 I (M +

Hl'-(2-meth&i-

-(v-ntethil-I-ox isomdnlut--

) upheti Il 7 (2 moos&zolidia 'I vl) 90
csrbazoie-I-mrboxamide

4 ts if cb)o&o I oxoiswndo)in ".yl) "

meth, Iphern 0-I-(2-oxooxazclidin-Hvl)-911-
& atbazole-I-cai ocauudc

431 (M+ H)'I

2 (M+

H)'-f.'-rrtethv)-3-ti-oxwsoir&dnlin-2vi)pheny)t-I
(I-cxooxazol&du&-Hyl)-90-carbazcle-I-
catbnmuttide

c17 'M+

Ill'-(.'-methyl-3-Ix-methyl-I-oxnisoindolm-2

yl)pl&w& n- t-( -ox &m&dazolidu&-I- I)-9H-

crib tzole-I-\ail oxen&&ca

(3D 'M+

0)'-(I-ix-ch)oro

I-o&wsontdnhn-2 yl)-2-

mali& Iphenyl)-7-(=oxoun&d izolidut-I- H-)H.

cmbazol -I-c ui oxamxie

& ti I IM + H!

4-(I-( -tluoro-I oxnisnn&riobn- -yi!-2

mali& Iphenyl)-7-( -oxo&rn&d,izolidut-l-yl&-9H-

carbazole I ca bc xanurle

4 t4 I IM +

H!'-(2-rn

tii&I-3-Il-oxoisoinclc)irus-vi)pher&&0-7-

3163(M+kI)'2-oxnuttidazolidu&-I-il)-9H-c:ubazolc-I-

carboxanude
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-DDH(imtnuq(

Ex,imple
.&tan&tip Mms
matensls Connpound nstne ypectmin

66-15

66-16

66-17

66 18

66. 0

66 22

66-24

66 26

66-Di

66 i(i

66-32

Intermediate
61-6.
In&termed ate
5tad
ltttcrtnlcdi.'it

'2-4.

Intermediate
0.8

Inteimedistc
Gi 4,
Intetrneduite
5fl-44
I&if'ei'tine I at'c

62-4.
Itttcrtnlcdiiit'u4"

Intermediate
6 -4,
Initermedmre
\ra&9

Intetrneduite
62-4.

Intermediate

litter&&&ed&&it '4

l.
I&lien&i&ed&sic

St l-44
In&termed are
64-1,
Imenned ate

19

Intermediate
64-1.
Intei mediare
su 29
I&lien&it diane

Gy-l,
Irnterrrnedrate
((s&i)

I&nit't t&tcd flt'c

64 1.

Inteirn diets
1-1

Intei mediare
64-1,
ltitei med ate
Stl 8

Intermediate
65-1.

Intermediate
50-8
lntctnicdiste
65 I,
Intetrriedr&te

1-1

Intermediate
65 1.

Inteimcdratc
(0.5
Intermediate
57-&l.

I&&1 '&tin 'i)&&lie

(0-8

Ititermedtate
57-&l.

It&fein&i&i)iiliC

50

Intermed ate
57-51.

Intermedrate
'itl I tl

7-(((81-'.-'-dimethyl-l.l-dioaolan-4-
&firn thy( unirio)-4-(2-one&by(-3-(I-
oxo vonidolm 2- HphenyllsnH cnt tmle-1-
embox,&mid»
4-(2-methyl- -(6-nttctlql-I-ox»snutdolut-2-
yltphcrt li-I-( -oxnp rrolidr~ I SH 9H

carhazole I carboxanude

4-(3-( yclopiopanecarbnxanindnl-2-
meth Iphen 0 7 12 oxopyno)cfnn& I 0 9H
imbscole-I-cnboxmru&le

4 i) methyf" (2 oxopnpendnn I vllphenvh 7

(2-cxopvnolidrn-I-vll 911-&ub &zoic-I-

carbnxanudc

4 f2 methyl 3 (I-rixoisoqumoliri 2(HH
yltphcn I)-7-(2-ox p rrolidiri-I-yl)-9H-
carbazole 1 carhoxamide

4-(3-(6-cyano-I-ore&soir&do(in-2-if)-2-
meth IPI&eti I)-7-f -oxoP rmlid ti I- I)-9H

csrbazole I mrboxami&le

4-(i-( clopiopanemrboxunndot-2-
meth Iphen I) 7 (2 oxnoxamlidut 3 yl) 9H
t.a&H&zolc-l-emboxsrrud

4 i" ti!(uoro 1 oxn«naidolm 'ln ".

meth, Ipheny I&i-(2-osoox:icolidutquy1)-911-
cubazole-I-carboxsirude

4-i'.-methy 1-3-( I-oxoisoquun& fun-2 ( I H)-

yltphcn 0-I-(2-ox oxazolidiri-3qliaiH-
ca! haze le I carhoxsmnrle

4-(2-rrmthyl-I-ll-oxoi&oquuiolin-2(IH I-

y(IPheti ll-7-!I-oxo nudaznhdm-1 0 9H

col bm&ile.l-& at(in&min&de

4-( -(6-cltlm n-l-ni.oisomdoln&-2 y)92-
tnethylphenyh 7 (I oxooxazoliitut .'l) 9H
cm bazole-I-carl oxstaide

4 t 2 mettnyf 3 (6 merhvl I nxoisomdolin ".

yl)pheayl)-7-(2-oxooxazolndnrc3-yl)-911-
cai ham le 1-carboxunsle

4-(2-iriethy I-3-16-rrielhi I-I-i xoisouidoliri-2-

yliplien I)-I-(2-ox rnudaznlidm-I- I)-9H-

carbazole I csrht xanurle

4-(3-(6-chlnio-I-oxoisotridolin-2-yll-2-
meth Iphen I) 7 (2 oxo m darn)ah&& 1 vl) 9H
imbazole-I-cmboxarnnde

4-f3-(6-rluoro I-oxoisoirndnlut-2-yl) '-
meth Iphenyh 7!2 oxornirdazohrini I 119k(

caibmole-I-cnrbnxnuidc

4-f2-rniethy)-3-(6-&iiethyl-l-nxoisnindolirn-".-

yl)plies I)- -pivalant do-9H-catbazole-I-
cantina:i&it&de

4-ti-(6-tlunro-1- xnt&nnirlohn 2-yl)-2-

metl»lphen I)-7-pivalantido-9H-ca&ham( -I-

ca&boss&It&de

-methyl-I-(5-methyl I-oxoisomdolnt--
yliphcn I)-7-pivalantido-9H-cubazole-I-
carhoxcmnde

. 6) 'M + I I)'I

I +

H)'6i

2 (M +

H)'81

3 (t(+ H)'

2 7 4 (lvl + I I I

.40 4(M+

kI)'69

2 &,11+ H)+

SiS I (M+
H)'9,3

(M +

Hi'28

'M + H)'

y I I (M + Hn+

yll ."(hi+ H)'

30 I (M + Hl
'

I (Ivl + HI'd

'hl +

Hl'45

-'hf +

Hl'9

2!I I + H)+

4& 2 9 l + H1'

EX2026.0120



VS 2010/0160303 Al
120

Jul&. 24, 2010

-continuuxl

sist(Itis
Ex.or&pie rrutt:ual» Compo&std riune

Mms

speitrum

66 33 Intermediate 4-isis-ihiorn i-nxoisoindolui-.'-)I)-.'-

57-51 rrieihylphenyl)-7-pivalurudo-90;ubazoie-I-

It&tumed ate catbovamtde

6 "(Ivl+Hi'1.2

i 6-)4 It&tumed ate

57-51.

Ititei med ate

5&i.19

i 6-)5 Ititei mad ate

Gft-l.

Ititei med ate

Gti-5

i 6-)6 Ititei mad ate

Gf! l.
Inta i med ate

Gti tl

i 6-) Intei mad ate

63 l.
Intei mad ate

Gti S

66-th Intei mad ate

63 l.
Intei mad ate

sti .

66- 9 intenne I ate

i7 7

inteime I ate

iti 4

4-i -ta-fluoro-1-oxn ann&do)us-2-yl)--

rrieihvlpbenyl)-7-pival,unulo 90;ubazoie-I-
cuit ovam &de

4-i -)6-fluoro-1-oxn ann&do)us-2-yl)--

rrieihvlpbenyl i-7-(4-liydmxv-Xs-

rlimeth Ii ormamirlo!-9H cubi role-1-

carbnv:unide

7-i4-hvkoxy- .2-dnneth tbutaaimidops-('2-

meihvl 3 (6 methyl 1 oxnisuiridolni 'l)ptietin-9Hemrbar le-I- arhoxanude

7-I 0-duiierliyl- oxnp no( dni-I- I)-t-!=

meth I I (Ci methyl 1 oxnisuiridolni 'l)ptietin-9H-mrbar le-I- arhnxanude

7-I 0-duiierhyl- -oxnp no( dni-I- t)-t-(u!6-
auoio 1 oxoisnuidnlm " ti 2 methylphenyit
9H-cail arete-I- arbnxamide

-lc ulopropane arbnxamidni-4-(2-methyl-I-

(1 nxnisouidnlni ."yltphenyl) 9H carbaznle 1

carbovamtde

549

IM+H)'794

IM+H)'75

2 I M + H)'

57 4 (M +

H)'6&

4 (M +

H)'15

I (M+H)'6-dii
liireliire I ate

64 l.
inteime I ate

4-14-a&ethyl- -(a-a&ethyl-I-nx is mdnlni--

vl)p&ndm '! yit 7 (2 oxnnxaroliiiin 3 vlt 90
cailmrot -1-carb xniude

(M+H)'6-41

sti 2&.i

lit)attired ate

65 l.
Iiireliired ate
(o. 6

4-14-a&ethyl- -(a-niethyl-I-nx is mdnlni- - 5 & (M+H)'l)p&ndiu'! yit 7 2 oxnirnidsrohdm 1 ylt 98
c:Iibarolc 1 cars xaitiicle

I;xample 67-1

Preparation of 7-(2,3-dihydroxypropylmnino)-4-(2-
nmthyl-3-(1-oxoisoindolin-2-yl)phenyl)-9H-carba-

tmle-1-carboxamide

[0773]

.P3

[0774) .at solution of 7-(((S)-2r2-dtnmthyl-l,d-dioxolan-4-
yl)methylamine)-4-(2-methyl-3-(1-oxoiso&ndolin-2-yl)phe-
nyl)-911-carbazole-1-carboxamide (Hx unple 66-15. 50 mn,
0 089 mmol) in I'HI: ( I m 1 ) v as treated &5 ith 2 M hydrochlo-
ric acid (4.46 mL. 83)2 nunol) and the mixture tvas stirred at

rt for 1 h. The mixture was made basic with 1 M aqueous
sodium hydroxide m&d extmctcd tvvicc with DCM. Thc com-

bu&ed orgaruc pl&ase, along with some insoluble precipitate,
were dried u&d concentrated. The residue was purilied by
column chromatonoraphy (eluting with a gradient from DCM
to 90 9 1 I JClbl-methanol-2Soio aqueous anunonium hydrox-
ide) to provide 7-(2.3-dihydroxypropylamino)-4-(2-methyl-
3-(1-oxo&soindolin-2-yl)phenyl)-9H-carbazole-I-carboxam-
ide as m& omnge solid (20 mg, 39oio). 'H NMR (400 MHz,
n&ethanol-da) 6 7 90 (I H, d..1=7.49 Hz), 7.79 (I H. d..1=7 77

ilz), 7.67-7.74 (2H, m), 7.58-7.62 (HL m). 7.49-7.55 (211,

n&), 7.42 (JH, dd, J —6.94, 1.94 1 lz). 6.99 (111, d, J—7.77 Hz),
6 8&) ()H. d,.)=8 32 Hy), 6.81 (IH, d..l=l 94 Hz)r 6.45 (IH,
dd, J S.74, 1.80 Hz). 4.97 (2H. s), 3.88-3.93 (IH, m), 3.59-
3.68 (211. m), 3.36-3.39 ( H le m). 3.14-3.20 (H L m). 1.95 (31L

s). Mass spectrum n&ty 5213 (M+H)'.
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Example 67-2

Preparation of racemic 7-(2,3-dihydroxypropoxy)-4-
(2-methyl-3-(6-methyl-I-nxoisoindolin-2-yl)phe-

nyl)-91 I-carbazo&le- I -carboxamide

[0775]

OH

[0776] A solution of racvmic 7-((2.2-dimethyl-lg-diox-
olan-4-yl)methoxy)-4-(2-methyl-3-(6-methyl-I-oxoisoindo-
lin-2-yl)phenyl)-9H-carbazole-I-carboxamidc (I',xample
44-4. 30 n&g. 0 052 mmol) in methanol-DMSO was treated
with 1TsA (0. 5 m1.) and the solution was stirred overnight at rt.
The nuxture was concentmted and punfied by prepamtive
HPLC to provide 7-(2,3-dihydroxypropoxy)-4-(2-methyl-3-
(6-methyl-I-oxo&soindohn-2-yl)phenyl)-911-carbazole-I-
carboxam&de as a v;hite sol&d (9.4 mg. 32%). ' NMR (400
MI Iz. DMSO-d„) 8 11.39 (111. s), 8 16 ( H L br. s ), 7 i)4 (I H,
d, J 7.7 Hz). 7.54-7.65 (3H, m), 7.49 (3H. t. J 7.9 Hz),
7 25-7 38 (2H. ni), 6 99 (I H. d, .I

— 7 7 H/), 6 92 (I H. d, .I
— 8 8

Hz), 6.60 (I H, d, .I — I 3 Hz), 4 82-5.01 (3H, m). 4 60-4 71

(I H, m), 3.96-4 08 (I H. m), 3.76-3 96 (2H, m), 3 48 (2H. t,
J—5.6 Hz), 2 44 (3IL s). 1.77-1.88 (3H, m). Mass spectrum
m/z 53C&.1 (M+H)".

I',xample C&8-I

Preparation of 4-bmmo-7-((RS)-1.2-dihydroxy-
ethyl)-911-carbazole-I-carboxmnide

[0777]

sohd wluch &vas collected by filtrauon. dried and co&ubined
w&th the first crop to provide 4-bromo-7-v&nyl-911-carbazole-
I -carbox&unide as a light brown solid (1.66 g, ca. 90% purity,
50%), 'H NMR (400 MHz„DMSO-ds) o 11.6S (HL s), 8.52
(IH. d,.l—

8 3 Hz), 8.06-8 29 (I H. m). 7 79-7 88(2H, m). 7 58

(IH.br s ). 735-745(2H. m),6.78-6 98(IH,m). 5 88(IH,
d..)=17 6 Hz), 5.32 (IH, d). Mass spcctnnn m/z 344, 346
(M+I I)'.
[0779[ Step 2 A solut&on of 4-bromo-7-vinyl-9H-carba-
zole-I-carboxamide (1. 66 g. 4.74 mmol) and 4-methylmop-
holineN-ox&de(0.833 g,7.11 nunol) inacetone(172 mL) and
water (17 2 mL) was tres&ed with osmium &etroxide, 2 5 wt %
in tert-butanol (0.238 mL. 0.019 nm&ol). The mixture was
stirred at rt overnight. then was treatixi with additional 4-mc-
thylmorpholinc N-ox&dc (0 8 cq, 0 42 g) and osmium tetmx-
ide solution (0 004 eq., 0 2 ml.) 11&e n&ixture was stirred over
a weekend, then was treatedu ith sod&u m su Itite (2. 99 g, 23. 70
nunol) and stirred for 30 min The mixture was filtered
tluough a pad of Cehte, and the sol&ds were washed with
acetone and TI IF. The filu ates w ere concentrated tuid purified
by cohuun cluomatography (elut&ng w&th a gmdient from
70:30 iitOAc-hexane to EtOAc, foiiowixt by 95:5 EtOAc-
methanol) to afford 4-bromo-7-((RS)-1,2-dihydroxycthyl)-
9H-carbazole-I-carboxamide as an off-white solid (I 47 8,
86%) 'H NMR (400 MH)'., DMSO-ds) 6 11 45 (IH. s). 8 33

(I H.,d, .1 —8.1 Hz). 8.00 (I H. br. s.). 7.58-7 & 8 (2H, m), 7 35

(HL br. s.), 7.22 (HL d. I 8.1 Hz), 7.07 (111, d. J 8.4 Ilz),
5.14 (HL d. JA.O IIz), 4.41-4.62 (2H, m). 3.32 (2H, t. I—5.7
I Iz). Mass spec&nun ngz 331. 333 (M+I I I I&O)'.

intern&ediates 69-1 m&d 69-2

Preparation of Purified Fnantiomers of 4-bromo-7-
(1,2-dihydroxyethyl)-9H-cnrbnzole-l-carboxamide

[0780] 4-Bromo-74RS)-1.2-dihydroxyethyl)-9H-carba-
/olc-I-carboxamidc (Fxample 68-1, 453 n&g) was subjected
to chiral supcrcritical tiuid ciuomato~vaphy (WhelkO-1(R R)
25x3 cn&, 5 mM colun&n at 35" C, eluting with 75:25 carbon
d&oxide-methanol at 180 mL/nun) to pmv&de a faster-eluting
enant&omar (Intermediate &i 9-1, 181 mg) and a slower-elating
enant&orner (Intermediate 69-2). Enanuomeric punties were
deternnned to be u99.5% by analyt&cal chiml chromatogra-
phy. The absolute configurauons were not detem&ined.

OH

Example 70-1

Preparation of 7-((R.S)-1.2-dd&ydroxyethyl)-4-(2-
methyl-3-(5-methyl-I-oxoisoiudolin-2-) 1)phenyl)-

9H-carbs/olc-I -carboxamide

[t)781[

[0778] Step I A soluti&mofpotassimn tert-ho&oxide (3 40 g,
30.3 mmol) u& THF (249 mL) at 0" C. was treated &v&th

methyltriphenylpho sphonium bromide (8. 79 g, 24.&if nunc 1),
forming a bright yellow suspension. After I h, 4-bromo-7-
formyl-911-carbazole-I-carboxamide (prepared according to
the procedure ofStep I ofEx unp le 41-1. 4 g. 9. 46 mmol) &v as

added, and the resulting suspension was warmed to rt and
stirrcdl for 3 h. Water was added aud the mixture was ex&meted
with I:,tOAc. Thc organic phase u as washed with brine, dried
and concontratcd 'I'hc residue was purified by colunu& chro-
matography (eluting with a gradient from 70 30 hexane-
EtOAc to EtOAc). The crude material was suspended in
methanol, and the prec&p&tate was collected by filtmtion and
dried. The filtrate was concentmted to provide add&tional

i&O pr
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[0782] Usutg Ihe procedure ofEx unple 3-2.4-bromo-7-(1,
2-dihydroxyethyl)-9H-carbazolc-I-carboxamide (I',xample
68-1. 40 mo, 0.115 nunol) and 5-methyl-2-(2-methy)-3-(4.4,
5,5-(etn&tnethy)-13.2-dioxaborolan-2-yl)phenyl)isoindo)in-
I-one (Intermediate 50-18, 41.6 mg. 0.115 mmol) were con-
vened into 7-((RS)-1.2-dihydroxyethyl)-4-(2-incthy)-3-(5-
methyl-I-oxolsoindolin-2-yl)phenyl)-911-carbazole-I-
carboxamtde as a white solid (30 mg. 49%). 'll NMR (400
MHR. methanol-d,) 6 7.96 (IH& d. J—7.70 Hz), 7.76 (lli. d.

I 7.70 Hz). 7.66 (HI, d, J 4.18 Hz). 7.47-7.57 (3H, m),
7,38-744 (2H. m). 7.02-7.12 (3H. m), 4.81-4.85 (HL m),
3 6&8-3.72(2H.m),2.52 (3H, s). I 91 (3H, s) Mass spectnmt
nt)z 488.3 (M+H)'.

[0783] The I'ollow ing compounds ivere prepared using the

procedures dern&Hist rated ut Rxamp le 70-1 and closely related
proccdurcs, using the Intcmtediates shown in place of Inter-
mediate 50-18.

stat'th&&6

Exmnple inaterial» Co&npour&d na&r&e

Mass

»petti&&if&

7A 3

if&-4

7A 6

if&-7

ia 6

ia 9

7th-11&

7th-11

7th-I

7th-13

7A-14

7th-I

7th-16

7th 17

Intermediate

Intern&ed&ate

'ifh-4

Iritermediate

su(
Iritermediate

5th fl

Intern&ed&ate

5th-5

It&terntediate

5th 19

Intermediate
5th-2(&

Intermediate
'i (h. &

Interntediate

o.

Ir&terraed«, te

5th-tl

latem&ediatc

.A-6

Ir&termed«, te

5th-27

latem&edhatc

A-26

Ir&t«rmed&ate

5 th- I 3

latemted&at

A-6

Iritemhedkate

5(h-54

7-HRS).l, -dib drnxyethyft-4-( -i4-

tluo&obenzunido)-2 rnerbylphet&ylf-90-

arbazole-I- arl ox»md e

7 (tRSH(n drhydmhyethyll 4-hn methv! 3 0
oxoison&doln&-2-yuphenyt)-9H- &ibsrol -I-

cars&i

hat&nil&'-1

-un ~ -m thvlpbenyl)-7-fiRS)-l.-

dihydrohyethylf 9H cuba.ole I carbnhatmde

7-HRS).l, -dib drnxyethyft-4-(2-meth 1-3-(6-

methyl I oxoisnindrhlin ".I lpher&vl) 90
arbazole-I- art xannde

7 (tRS) 14 dd&ydmhyethyl)4!3;6 fuo&ri I

oxoisoir&doln&-2-yll-'2-methyl phenyl)-9 H-

cars,&zole I c,&rboxatnide

7-f(RSi-1. -dib drnxyethyft-4-( -(548&oro I-

ohoisoindolin 2 yli " &nerhylpheavl) 90
arbazole-I- arboxamide

7 HRS) 14 dhh, dhchvethyl)4!4 methyl 5 (&

&theta I-I-oxo&s &&&debt&. - I)pi'&&diff. -i'0-9H-

carb&zole I c&rboxatmde iprepmed as the Tin
salty

7 (1,2 dhh diohvethyf)4 (1!6 fluoro I

oxoisoir&dolut-2-yll-'2-ntethylpltenyl)-9 H-

cars,&zole I c,&rboxatmdesd

7 (I 2 d 6 drox etlt 11-4-( (6-tluorn I

oxoisoindoliri-2-hi)-2-methvlpliem 11-90-

arbazole-I- arl oxami fetal

7-& I 2-dihydrohyelhhb-4-(2-m thvfub(6-

nieth I-I-ox»s uid Int- - l)phenyl)-9H-

carb,iznle-l-carbnharrudesd

7-(I 2-d 6 drox etlull-4-( -meth I-i-(6-

rr&ethyl-I-& hoh»ou&dobr&-2-hl)phem 11-911-

arbazole-l-,ul oxanu tel»i

7-h I 2-dihi dro»1 elln 0-4-(3-(6-nuoro-4-

nxoqnu&amtut-3(4H)- I)- -ni thy(pan»(99H-
carb,&znl -I-carbnharrude

4-f -(6-chlom-4-ox quhaazntu&-3(4H)- I)--
rnethvlpliem 0-'t-(1.2-ddn droxyethy 0-90-

arbazole-l-,ul oxanu te
7-i I 2-dihi drohi etio li-4-(2-m ih, I-3-t I-oxo-

6 7-tet&alt 'dm-IH-&so&&thin(. ()H)-
yl&pl&sr&vlf-90-carbazole-I-&uboxamide

7-(1 2-d 6 drox ctlull-4-( -(5-men&ox -I-

oxoisoirhdoliri-2-ill-2-methvlpliem 1)-90-

x&tnzole-l-,ul oxanu te

7-it 2-dihi drohi etio li-4-(2-methyl-3-

(quhnarolu&-4-ylunu&o)pie&un-9H- srbaznle-I-

ca&bc»un&de

&2th 3 (M + hfa)'

15 4 (M +

Hal'76

3 (M +

H)'29

(M+

Hs)'13.2

(M+Hal'9"

(M + H —

H,O)'67.2

(M+8)'

ix2

(M+hta)'12

(M +

Ha)'92

(M +sail'

9

(M+Ha)''

(M + Hl '

9tf(M+HI'ia

I (M + II —

II,O)'t&4

I (M + H — H,O)

5AG I (M+ HI'
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Intermediate 71-1

Preparation of 4-bromo-7-(2,2-dimethyl-)3-diox-
olan-4-yl)-9H-carbazole-I -carboxamide

[0784]

3.67 (HI. m), 2.44 (3H, s), 1.83 (3H, d, J 2.9 Hz), 1.51 (311,

d, J 3.7 Hz). 1.43 (3H, s). Mass spectnim nv'z 568.2
(M+Na)'.

Fixample 73-1

Preparation of 5-bromo-2-(2-hydroxypropan-2-yl)-2,
3,4,9-tetrahydro-ill-carbazole-8-carboxmnide

[t)788J

[()785] A mixture of 4-bromo-7-(1.2-dihydroxyethvl)-i)H-
cwbazole-I-carboxamide (Exmnple 6'8-1, 50 mg, 0.143
nunol) and p-toluenesulfomc acid monohydrate (8.2 mg,
0.043 mmol) in 2,2-dimethoxypropane (1.76 mL, 14.32
irunol) ives stirred at rt. DMI'0.5 mL) was added and the
mixtwe w tie stirred ovemighb The mixture was diluted u ith
I',tOAc and v ashcd with NaHCO3 (aqj and brine, then dried
and concentrated Thc rcsiduc was purified by coluntn chro-
ntatography (eluting witlt a grndimtt from 75:25 to 50:50
hexane-I',tOAc) to provide 4-bromo-7-(2,2-dimethyl-l.j-di-
oxolan-4-ylj-9H-carbazole-I-carboxmnide as a light yelloxv

solid (40 mc, 75% punty, 54%). Mass spectrum ngz 389, 391
(M+H)'.

I;xample 72-1

Preparation of 7-(2.2-dimethyl-)3-dioxolan-4-yl)-4-
(2-methyl-3-(6-methyl-I-oxoisoindolin-2-yl)phe-

nyl)-91 I-carbazole-I -carboxanude

[0786]

))0

[0789] A solution of ethyl 5-bromo-8-carbamoy)-2.3,4,9-
tetrahydro-)H-carbazole-2-carboxylate (Intermediate 46-1,
2 g. 5.48 nunol) in THF (100 mL) cooled in an ice bath was
treaied with methyllitluwn (1.6 M in diethyl etlter, 17.11 mL,
27 4 mmol) Ager I h, thc mixture was treated) slowly with a
mixture of I M hydrochloric acid (20 ntl.) and ice (20 gj. I'he
organic layer xvas separatixf, and the aqucxrus layer was
extracted twice with DCM The combined organic phases
xvere washed with water and brine, dned and concenuated.
The residue was tnturated vnth DCM to provide S-bronm-2-
(2-hydroxypropan-2-yl)-2,3,4,9-tetrahydro-lH-carbazole-g-
carboxamide as a light yelloiv solid (1.72 c, 89%), 'H NMR
(400 MHz, methanol-d,) 6 7.38 (I H, d, I—R14 Hz), 7.16 (I H,
d..l—'8.14 liz). 337-3.45 ()H, m), 2 90-2.97 (IH, m). 2.71)-2.

89 (I H, nt), 2 54-2.64 (I H. m), 2.20-2 28 (I H, m), I 80-1 CX)

()H. m. J=)1.94, 11.94. 4 95. 2.20 Hz), I 41-1.53 (I H, in,
I— 12.43112 43, 12.32. 5.28 Hz)l 1.30 (6H. s). Mass spectnim
m/z 351, 353

(M+H)'0790J

The following Intermediate was also prepared using
the procedure demonsuated in Fxample 73-1, substituting
Intemtediate 48-1 in place of Intermediate 46-1 as starting
material

iilrCIIIIC:i ilrC ( Olllpellllr) IIOIIIIC

77 ' ere me 7 i'vuoxpprop.ili ".

9))-cxrbcroie-7-iiuboxxolxie

lxrm
rpCCrllllll

".7 i)it+)) —))10)'0787]

Hsing the proces)ure ofFxmnple 3-2 4-bromo-7-(2,
2-dimethy)-1,3-dioxolan-4-yl)-9H-carbazole-l-carboxam-
ide (Intermediate 71-1. 40 mg. 0.077 mmol) and 6-methyl-2-
(2-methyl-3-(4,4,5.5-tetramethyl-l.3.2-dioxaborolan-2-yl)
phenyl)isoindolin-I-one (Intemtediate 50-8, 30.8 mc, 0.085
nmtol) ixvrc convcncd into 7-(2,2-dimethyl-1.3-dioxolan-4-
yl)-4-(2-methyl-3-(6-methyl-I-oxoisoindolin-2-yl)phenyl)-
9H-carbamilc-I -carboxamide tws a w:hite solid (23 nto, 88%
Purity, 43%). 'H N

MR 

(4(X) MHZ, DMSO-ds) 6 H.&10 ( I H. S),

8.21 (IHI br. s.), 8 03 (IH, d,.l—7.7 Hz), 7.81 (IH, s). 7 55-

7.64 (3H, m). 7.44-7.55 (3H, m), 734 (I IL dd, J 7.S, 1.1 Hz),
6.98-7.07 (2IL m), gi.87-6.98 (HI, m), 5.11-5.20 (ILL m),
4.83-4.99 (2H, m), 4,32 (III, ddd. J 8.0, 6.3, 1.5 Ilz), 3.56-

Intemtediate 74-1

I'reparation of 4-bronto-7-isopropyl-9H-carbazole-I-
carboxamide

[0791]

Hi

HCN
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[0792] A suspension of 4-bromo-7-(2-hydroxypropan-2-
yl)-9H-carbazole-I-carboxamide (Intermediate 73-2, 300
mg. 0 864 mmol) in DCM (2 mL) was treated ivith triethyl-
silane (1.380 mL. 8.64 nunol) and tlmn slowly with TFA
(0.666 min 8.64 mmnl) and the mixture was stirrod at rt tiir 40
min The resulting suspmtsion was dilumd with DC'M and thc
resulting solutinn was washed with NBH(:C)3 (aq) The
organic phase was tva shed with water and bone. and dried and
concentrated tn give 4-bromn-7-isoprnpyl-9H-carbazole-I-
carboxamide as a white solid (280 mg, 98%). 'l l NMR (400
MHzr chloroform-d) o 10.50 (HI, br. s.). 8.63 (HI, d, J 8.1

Hz), 7.32-7.40 (3H. m), 7.22 (HI. dd. I 8.4. 1.3 Hz). 5.97
(2H. br. s.), 3.02-3.18 (I H, m), 155 (6Hr d. J 6.8 Hz). Mass
spcctmm m/z 331, 333 (MCH) .

Intermediate 7S-I

0.864 nmtol), p-toluenesulfonic acid monohydrate (8.2 mg,
0 043 nunol) and ethylene glycol (1.45 ml.) was stirred at rt

ovcmight 'I'he resulting suspension ivawx treated with
NaHC 03 (aq) and diluted with water Thc precipitate was
collected by filtration, washed tv ith water and dried to provide
4-bromo-7-(2-(2-hydroxyethoxy)propan-2-yl)-9H-carba-
znle-I-carboxanude as a white solid (324 mg. 96%). H NMR
(400 Mllz, methanol-da) 6 865 (111, d, J 85811z), 777 (111,

d. I 1.1011z),7.75(HI.d. J 8.14ilz). 7.44(HL dd, J 836,
1.5411z),7 40(HI.d).3 69(2II,L J 5.1711z),332-3 34(2II,
m), 1.68 (6H. s). Mass spectnim ngz 413r 415 (M+Na)'.

[t)797] I'lie following compound was also prepared using
the procedures demonstrated in intermediates 75-1 and 75-2,
using Exmnple 70-11 in place of Intermediate 46-1 as starting
material.

Preparation of 4-bromo-7-(2-methoxypropan-2-yl)-
9H-carbazole-I-carboxamide

[ 0793]

Br

yxlmpfe (:oiilpoliild name

(XS)-7-i -hydroxy t-meihoxyeih ))M-

)2-methi) .'-)d-rnethy)-i oxoisoindotin-
-i))phi:ilyt)-PH- arharnte-1-
arhoxamide

Mass
SPCC)ililti

')ni t ('vl+x)a)+

Example 76-1

[0794J A solution of 4-bromo-7-(2-hydroxypropan-2-yl)-
9H-carbazole-I-carbnxamide (Intermediate 73-2, 120 mg,
0.346 mmol) and TI'A (0.013 mL, 0.173 nunol) ui methanol
(2 mL) was stirred at rt over a weekend. 11)e nuxture was
diluted w ith DCM, u ashed w it it I M aqueous sodium hydrox-
ide and ~ster. dried mtd concctunntcd. Thc residue was com-
bined with that from anoihcr reaction done with 20 mg of
hiternmdiate 73-2. and purified by column chromatography
(cluting ivith hoxanc-I'itOAc) to pmvidc 4-bnuno-7-(2-meth-
oxyprnpan-2-yl)-9H-carbarole-I-carboxannde as a white
snlid (112 nig, 77%) 'H NMR (400 MHz, chlnrnfnmi-d) 6

10 S 3 ( H L br s ), 8 68 (I I L d. J—8 36 I lz), 7 S 9 ( I I I, d, J— 1. 10

Hz), 7 36-7.44 (3H, m), 3.13 (3H. s). 1.64 (6H. s). Mass
spectrum m/z 361, 363 (M+H) .

Preparation of 5-(3-(5-tert-butyl-I-oxoisoindolin-2-
yl)-2-methylphenyl)-2-(2-hydroxypropan-2-yl)-2l3l

4,9-tetrahydro-l H-carbazolc-8-carboxaniide

[0798]

Intermediate 75-2

Preparation of 4-bmmo-7-(2-(2-hydroxyethoxy)pro-
pan-2-yl)-9H-carbazole-I-carboxmnide

[0795]

Bi

OH

[0796] A nuxture of 4-bromo-7-(2-hydroxypropan-2-yl)-
i)H-carbazole-I-carboxamide (Intemiediate 73-2, 300 m,

[0799[ lJsing thc procedure nf Example 31-1.5-bromo-2-
(2-hydroxypmpan-2-yl)-23.4.9-tetrahydro-l H-carbarn)le-8-
carboxmn id'I'ixaniplc 73-1, 30 nig, 0.085 ninml) and 5-terr-
buty1-2-(2-methyl-3-(4,4,S,S-tetramethyl-1l3,2-
dinxaborolan-2-yl)phenyl)isnindolin-I-one (intermediate
50-15, 51.9 mg, 0.128 mmnl) were converted into 5-('3-(5-
tert-butyl-I-oxo isoindolin-2-yl)-2-methylphenyl)-2-(2-hy-
droxypropan-2-yl)-2eh4,9-tetrahydro-ill-carbazole-8-car-
boxamidc (25 mg, 51%). 'll NMR (400 MHz, chlomfoun-d)
8 10.05 (IEL s), 7.88 (HI. dd, J 8.35, 2 20 Hz). 7.53-7.59
(2H. m), 7.36 (I H, dd, .)=7.47. 3 95 Hz), 7 28-7 33 (2H. ni),
7 26-7 28 (IH. m), Ci.90 (IH, t,.l—7.91 Hz)r 4 69-4 83 (2H,
m), 2 90 (IH, dd, J — 1fi.04, 5 05 Hz). 2.54-2.67 (IH, m),
1.96-2.23 (31L m). 1.93 (3H, d, J 17.14 Hz), 1.74-1.8rq (HI,
m), 1.58-1.68 (I H, m). 1.39 (91 L s). 131-1.37 ( I H, m). 1.23-
1.26 (6H, m). Mass spectnuu m/z 550.3 (M+II) .
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Example 76-2

Preparaiion ol'-(2-hydroxypropan-2-yl)-4-(2-me-
thvl-3-(g-nxoimidhzo[1.2-7]pymzzin-7(8H)-yl)phe-

nyl)-91 I-carbs&mile- I -carboxamide

[0800]

0

[0801] Using the procedure ofExample 3-2.4-bromfn7-(2-
hydroxypropan-2-yl)-9H-carbazole-I -carboxamide (inter-
mediate 73-2, 30 ing. 0 ON& ntmol) and 7-(2-incthyl-3-(4,4,
5.5-tetramethyl-1 r3.2-dioxaborolan-2-yl)phenyl)imid tao[i.
2-aJpyrazin-8(7H)-one (Intenned&ate S0-30, 48.6 mg, 0.104
mmol) werc converted into 7-(2-hydroxypropnn-2-yl)-4-(2-
methyl-3-(g-oxnimidazn[1.2-aJpyrarin-7(8H)-yl)plmnyl)-
911-carbazole-I-carboxamide (43 mo, 8.5%). 'll NMR (400
MHz, DMS& Hd,) 6 11.20 (IH, d. J—8.6 Hz)h 7.94 (I H, br. s.),
7 77 (I H, dd, I 9.7. 73) Hz), 7.66-7.70 (HI. m). 7.61-7.66

(HI. m), 7.49 (IH, dd, J 14.2, 5.8 Hz). 7.28-7.36 (3H. m),
7.15-7.29 (21L m)h 6.93-7.00 (I H, m), 6.85-6.90 (IH, m),
679 (IH, dd, .I 15.4. 7.7 Hz). 6 37 (IH. d..l 8.4 Hr). 4 76

(III. d, J— 12.5 Iiz). 1.52-1.60 (3H, m). 1.21-1.30 (611, m).
Muss spectnun m/z S14.2 (M+Na) .

[0802] The I'ollow ing compounds ivere prepared using the
prncedures demonstrated in Exanlples 76-1 and 76&-2 and
closely related pro cedtu es. and using the Examples and Inter-
medultes ahois n as starting materials.

Stilt&&i&S Miles

Example matenals Oompnund t&arne specrnim

76 3

76 4

76-S

76-6

76-7

76 9

76.(hi

76-(1

76-(2

76-(3

Example
73-),

Intermediate

. 0-l4
I',x.imp le
73-!

Iilferiiie fiale
i& I

Iuunplc
73-!

Iritermediate
7 f1-6

huunplc
73 I.

Intertnehh ate
fi-49

Example
7l I.

!1&lerihlehfiafe

(&.30

Intermedmte
74-).
Ii&1. TO&Oil&:itc

S(&-49

Intermedmte
74-!,
I&i& i&i&sit&ale

30-3(i

I x.m&pie

7 -I,
Ir&t rrnedh&ie

t

lnt rn&ed&ate

73-',
Intenuekate

fi- ) 9

litt 1&1&cd&ate

73 2.

It&ter&i&eh!&at

0-4

(&hie&'&I& 'i&:it '

(stem& 41st

vl

S (3 (6 terr butyl I nxo smr&dolu& 2 rli 2 s. 0 3 &M+ Hl'ethylphenyl!--I -h drox propan-2 n-

2
' 9-le&ruby dho-ll!-carbarn(a-6-c uboxarrude

2-! -hyiboxypropan-2-10-S-f2-n&etliyl-H&6-

i&&et)is( I can&soil&i(olin- -yl)pher&yl)- 3.4.9-

tet&dndrn-IH-carbazole-tl cuboxunide

St& 6 4 ('.v( + H)

2-! -I&sf&ox?proven- -10-s-f2-rnctlivl-I-O-

nxo IH p rrolol).4 clpvndui 213H)

Ilphenvl! 2.I,4.9 tetrahrnn IH nubazole S

cars salt&&de

IZ)-O-(3-(li&m[3.4-clpvndu& 3(l)ll-
lideneanunni " inethilphenvl) '2

h vb x plop u& 2-7() 2,,4.9-tetrah dro-I H-

carl ecole-6-em boson&d»

7-isnproprl 4 (2-met)0 I .'3-oxo IH-

p nolnD.4- lp ndm H!Hi ()pheinli 9H

carbarn) -I-cs&bozo&&&d

49S 4(.'vl+

0)'93

4 1M+

III'73.4

IM + 0I'7)

4-(3 ifuro[34 clp?ru(n& 3((H)

, hdcncu&uno)- -n&cthrlphenrl)-7-&soprophl-
90-carbazole-I-&mboxnrud

473.4

(vl+?Ih'(Z(&ps&ox?p&ops&&-

-rlby-I -metl&yl-3-&

rr&ethyl-4-oxoquinazol&r&-tfsH)-rl)pheni I)-

2.349-tetra&vdm-(H-&manhole-h-carboyuunle

4 I 4('.vl+ H)

4-;&-(1-fluoio-I-oxo&sou&do(in-2- li--
rr&etl&vlphenyl)-7-(2-h drox p&opan-2-yl)-90-

cmbazole I ca! boy unide

49f1 I cvl + H —

Hzo)'-'-hytboxyprnpan-2-yn-4-i2-mctliyl-I-Il-

oxoiyon&itolut 2 rl)p hem 0 90 c &rbarole I

cart o &4&&&it)e

47- 3 ('.vl + H —Hzoi'.(

.(v. )&lorn.l-oint&oh&&i( hii- .yl).2.
n&etliylphenyl!- -I -I& drox propyn- - I)-9H-

carbarole-I-caibnuui&ide

St) 6 2 (M + H — H&O)'

(3 (6 tluorn I osoismndol n 2 S(2 4(M+Hl'n
tl&vlphm&vl)-2-(z-h?droy, proper&-2- I)-

2..' 9-teirahy dm- I II-carbarn(a-3-c u boxarrude
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Ex,imple
.stanitip Mms
matensls Cot»pound natne vpectmin

76-14

76-1

76-16

76 17

76-19

76. tl

76 2)

76-23

76 26

76-26

76-27

76-l(i

76-H

Intermediate

7

Iiirermed ate
it 4
liitcriilcdi.'it '

-".

Intermediate
».v

Inteimedistc
7) "-,

Inteirneduite
lfl-1 6

Itlf'ei'itic I at'e

7."-2.

Iiitcriilcdiiit'u

29

Intermediate
-7

Iiitermedmre
ifsdi)
Inteirneduite
7)-Z
Intermediate
fl.sil

liitcriiied i iit'3

2.
Iilleiiiiediaie
6(l-7

Iiitermed are

7 -I,
lntenned ate

7

Intermediate

Intei mediare
xu 2"

Iilleiiii dials
7)."-,

Iriterrriedrate
(i »17
Iiitt'i iiied flt'e

73 2.
Inteirn diets
fl.l 6

Intei mediare
I.H2,
(rite i med ate
6() 24
Intermediate
7)-2.
Intermediate
60-2
lntcinicdiate
7:I "-,

Inteirriedrite
0-2r)

Intermediate
73 2.

Inteimcdratc
60-hfl

Intermediate
74-1.

Iiil 'iiii 'i)iilic

60-16

Ititermediate
74-1.

Iiifeiiiiii)iilie

iu
Intermed ate
74-1.

Intermedrate
'ltl 7

7-(2-hv dr onpiopan- -v) I-4-(2-rn lhv(unf 6-

rnclhyl-I-i xonouidolui-2- 1)phcr» H-in-
cai bozo le I-carhoxsmide

486 'M + II — Ilsol

4-(3-(6-tluoro-I-oxoisouidcliri-2-yl)-2-
rnetti Iplienvl) 7 ( bylroxypmpan yf)-9H
carbazole I carboxanude

'll 4 (I I +

'.vs)'-(2-hvdioxvpmpan-2-yli-4-(2-niethyl-

-is-
meth I I oxoismnd lm " llpheti ll 9)I
imbsrole-I-cuboxmrude

466 (M+ H — H,O)'

i'ydrox)liropati . I) 4 i, meth I 3!l
oxoisoquianlui-2(nli vllphenvlk9H-
carbarolc-I-carboxaniiilc

6 su 4 (M + H)'

f" bydrnxypiop:m 'l) 4-i2 meth I-i (1

ox -ill-pv m In(3.4-i Ipvridiri-2(3H)-
vnpheti 'l l 9H nu'barole I cat boxamide

491.4 (lvl + ill

'Zi-4-(iqfmoli4-c)f»'rtdut-3(fkf)-
yhdeiiennino) met)tv(phenyl)-7-(2-
hydmxyprnpui-2-vli-9H-iaibaznh-I-
mrbnxniudc

-( -l»dinxvpinpan-2- l)-4-!=meth I- -I )-

oxo 6 (tnthtonvmethylhsnmdolui ."yllpbenvl)
9H-i.of,uol -I-csrboxsruidc

49) 4(M+

kl)'i4(i

I il I+ H — Hio)

7-i.'-hvihox\pmp,ui .'(1-4-(2-nielhylk.bli-
mctt»l-4-oxoqurnaznlni-3(4HI-vl)plicn 1)-9H-

ca! baze le I carhoxamirle

)74(M+

Hi'-(3-(4-fhiorc-I-oxoisoindolin-2-vl)-2-

nieth 'Iphen ll-7-fi-hvdmxvprnpan 2 y()-9H
col bmiile.l-i atlloxmiiide

49(i (M + H llrO)

-i -tluoro I-oxoisnindolui-2-yl) .-
tnethylphenyl) 7 (2 Iivdroxvpropui .')I) 91)
cm bazole-I-carl oxatnide

49(i 4 (M + H — H,O)+

7 t 2 hvdim ypropan 'l) 4 (2 meth I I (4
oxoquin,izoliri-i(4nl-vl)phenvll-pn-exubizole-
)-cs.rbox.imide

X03 4 (hl+

II)'-(i-fd-nuoro-4-oxoquuuzoliri-3(4H&vl)-2-

rncth Iplieii I)-7-(=l» drnxvprnp ui- -vl)-9H-

carbazole I csrht xanurle

. 21 'M + Ill

'-(3-(6-chlnio-4-cxoquuiazolui-3(qlti. Ik .

meth Iphen 1)712 hydmxypmpaii .'() 9H
imbazule-I-cuboxarnide

37 4 (lvl + H

I'-fi-hyinnxypmpan2-)'n-4-(2-methylub(6
meth I 4-nxoqumazohn 3(4H) yllphetiyl) 9H

car boule-I-cirbnxnuidc

I 7 4 (M + I I

I'-fi-(7-flnoro

I oxoisoiridnlni-2-yli '-

rneth Iplieii I)-7-isopiop 1-9H- .nbiz Ic-I-

castles:iiiiide

492 4 (M +

Hl'-ti-(6-tlunro-I-

xntsnnirlohn 2-yl)-2-

metli Iphen I)-7-isopiop 1-9H- .uli,iz I -I-

csiboxaitiide

492 4 H I + H)+

7- sopropvt-mf2-methyl-1 (I-oxn-6-
(nitluor mctliy1lisouidolui-2- llphenvl)-9H-
carbarn)a I csrboxmnide

4 H I + H1'

ii methoxgrropm " 'li 4 (7 methvl I I) x94 7 (M+ Hit'
so-6-(lu f1un rornetln l)isoindo lirci -y 1)phe rivi I-

OH- srb,unle-l-csrbmnnide
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Ex,imple
.itanitip Mms
matensls Connpound natne spectmin

76-32

76-33

76-34

76 'ly

76-)i

76 3)

76 40

76-4)

76-42

76-44

76-4

ii»49

Ioteirnedrate
7

Inntermed ate
5tsd
liitcriilcdi.'it '

-".

Intermediate
0.27

Inteimediztc
74 I,
Intenrneduite
5fl-27

Ilxsmpfe
7."-l.
Iiitcriilcdiiit'u

27

Intermediate
-7

Inntermedmre
x(s)
Intenrneduite
75-1.

Intermediate
fl.l

liitcriiied i iit'3

2.
Iilleiiiiedisie
5(l-I

Inntermed are

7

(stormed ate
I

Exnnlile
73-1

Intei mediare
su 24
Exairipl
7)-1,
Iriterrriedrate
Si .2

Exnnple
73 l.
Inteirn diets

6

Example
I.n I,
(lite i med ate
5(1 26

Exiiiipl

'3-1.

Intermediate
Sis7
ki.yrrtple
7:I 1,

Intenrriedrite
0-12

Example
73 l.
lilfeiiiict)iilio

50-13

Example
73-1.

Iiil 'itin 't)trine

50-1

Itntermedtate
75-2.

Iiifeiiiiit)trine

Stl 7

Intermed ate
7 .1

Intermedrate
Stl

7-(2-hi dronpiopanonyl1-4-()-(5-methoxy-I
uxoisoiridolire2OI)-2-nicthylphcr»l)-9H-
cai bszole 1-carboxsmide

4-(3-(6-tluoro-4-oxoquuiazolnn- !4HI-yl)-2-
rnetti Iplienvl) 7 ( hy(roxypmpan 7()-9H
carbazole I carboxanude

0 I iM+II — Hsol

'I 4 (11+

Hl'-(3-(6-fluoro-s-on.oquuiizIm- !4H)-yn-2-
meth Iphen I) 7 isoprop I 9kl ctrbazole I

i elboxatiiide

xi is 4 (M +H)'6

fluoro 4-oxnqnmsrolm 3(4Hl I) 5 \ 4 1M+

H)'nethylphenyn-2-(2-hydmxypropan2-11)-

2O.4,9-tctrnnydro-lH-carbaznlc-b- uboxaainde

4 fl nnmo 'netiivlpheayl) 7 12

lnvdrox propm- -yl)-9H-cub»el -I-
carbnxam de

3'nq. I (lvl +

Hl'-(3-arruno-2-methy

(phony ()-7-12-

metboxvpmpan-2-yl) 9H-cflr(ia7ole 1-

csrboxinudc

'1(M+kl —CH,OH)'(

-l»dinxypnnpan-2- l)-4-!=meth l- -n)-

oxo )H iyouidol
2(3H ysHAH 5H,6H in 7an)-vl)pin rql)-9H-
carbarn(a 1 carboxnnxle
7 i2 hvdinxipiopan.'is Li meth 1 3 (I
oxo-4..6.7-It train dro-1 li-isoirndel-2 fi I I)-

yliplien Il-9H-mob iz le-1-carboxannde

476 1 if I + H —

Hro)'76

7 (M+ H — H,O)

2 i.'-hvihox\pmpun .' n- -(2nnelhyl-.n(4-
ox quirt izolin- (4H)-yl)phcrnl)- OIA 9-

tetrabvdrn IH carbazole 8 nirboxamide

074(M+Hi'(3(t

fhioro4 oxoquunazolnrn 3(4H) yl)2- 525 4 (M +H)'iettn

Iphen 'll- -fh-hydmxyprnpsn 2 y()-
'.4.9-ieti shy dro-l n-cubszole-6-carbox urude

2 t2 bvdimvpropan 'l) 5 (2 meth 1)16 y214(hl+H)'n

fhyl-4oxuquiriazoliri-3(4H)-yl)pheriyl)-
H4,9-rat»hydro-(H-carbazo(e-b-msbmamide

2-(2-hydioupmpan-.'-yll-5-(2-rn lhv(.3-il- 6'4(M+HI'x

-6-(triduomincthy Hisoundnlin-2-) l)phenyl)-
".3,4,9 rett ah) dro HI arbszole 8 cstboxsmide

2-(2-hydinxypmpan-2- H-5-(2-me(by(-3-ll-
oxo IH iymndol
2(3IL3 in 4H 5H,6H 7H.7sln-yl)plienvn-
2 3A,i-ietishydro-ln-carbszol -6-carbuxanudc
2-fh-hyinnxypmpan 2-)'n-d-(2-methylf.n(1
oxo 4,S,6,7 teriahydm IH isoindol H3H)
yl)phenyl)- 49-tetcd»dro-IH-xiibazole-6-
isl bo xsitiid

'-fl-nnuno 'etiivlpbenylk'.-12-
hydmxypmpan- -iln-24.4,9-retialiydro-(H-
cmbmol -6-citbnx:zrudc

(Ivl+ H)'9

6 'M + I I

I'"6'(M+)II'-(

-i -hydinxyethnxy)propan-2-yll 4 (2-

metl»l- -fl-oxo-6-!trntluormttethyl)iy mdolun-

2- l)ph nil)-9kl-csi bwole-I-c u boxarn«l

6242

HI+mal'/n-443

(t'uin(3 4c)p ndm-)i)H)-
ylidmncarnuio)- -me)hylp)nennyn-H(2-(2-

)tydmxvetboxylpnopan 2 yl) 9H «,irbazole I

csibnxamu(e

ly 2!) 1 +

Hl'(6-c(n)one-4-oxoqunnnazo(nnn-3(4H)-

I)-2- 541 4 (M+ Hn+

tnethylphenyl) 2 (2 )nvdroxypropatn ') i)
2 )A,9-tetr:dnydro-1kl-carbaznle-6-cmboxanudc
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7C.5 i)

76- I

76-(2

76 51

'16 (4

76.5(

76-SG

76 57

76 56

76-59

76-GG

76 61

76-62

76-(3

76 64

76 6(

l6.66

76-67

Inteirnedrate
7 -l.
Iiirermed ate
Si c49
Iiitcriilcdi.'it '

-".

Intermediate
n.46

Inteimedistc
7( "-,

Inteirneduite
5fl-24
blf'ei'rile I at'c

75-1.
Iiitcriilcdiiit'u

27

Intermediate
-7

Iiitermedmre
(6.27
Inteirneduite
75-1.

Intermediate
fl. 4

liitcriiled i iit '
I.

Iilleiiiiedisle
5(l-(

Iiitermed are

7

lntenned ate
51

Intermediate

Intei medisre
(u . ."

Iilleiiii dials
71."-,

Iriterrriedrate
(iaS3
Exnnpfe
73 1.

Inteirn diets
5

Intei mediare
I.H2,
(lite i med ate
5!l 41
Intermediate
71-2.

Intermediate
(I ci)

ki.(rrtpfe
7:I I,
Inteirriedrite
9-46

Exampfe7',
Iiitciiliedi.'u

'fl-yl

Intermediate
, 1-2

Iiitcriilcdl.'iti'tl

tl

Irlteiiiieclisl«
73- .

Iiitermed ate
Sr (r)

Iiitciiiiediiitc
73 2.
Intermediate
9.6ll

7-(2-nielhoxypir pari-2-yh-4-(2-methyl-3-!H
uxo-HI-pynu( (.',4-i:]pyiidiri-2(3H)-
yl)pbeii Il-9H- .irb iso)e-I-carboxsm de

471 I (M + H —

CHiOH)'-(3-(6-tluoro-4-oxoquuiazolni-

!4HI-yl)-2-
rnetti Ip)ienvl) 7 ( hifroxypmpan yl)-9H
carbazole I carboxanude

21 (I I +

H)'-(2-(2-h)

drox) ethoxy)propan-2-71)-4-(2-
meth I 3 !4 nxoqumazobn 1(4HI

y l)pbeii H

9H-isrbsmle-I-cmboxnnsle

y69 I (M+!(a)'6

Huoro 4-oxnqnmsrolm 1(4Hl
inethylphenyll-7-(2-methoxypmpan-2-yl)-9H-
carbazolc-I-carboxaniii!c

5 5 7 I IM +,

La)'-(2-inelhoxypiopari-2-yl)-4-12-methyl-3-(4-

oxoqumimhn-li4H)- f)pbenv))-9H carbamle-
I-,uboxmnide

. 17 I (M +

kI)'-(1-(6-tlunro-I-oxoisouidnlin-2-yl)-2-

meth Iphen I) 7 (2 methoxypmpan ."vl I 9H
i.sr Hizu)c-I-emboxsrrud

49(i fl I I I + H — ( H i OH)+

7 i2 hvdinxypiopan .') 4 (3 (6 merhoxy 4
oxoquinszolirn31411)-yl)-2-inelhy)pheny))-911-
cubszole-I-carboxsirude

(13 7 (M + H)'

i.'-hvihox\pmpui .')14(3(nmethoM-4-
ox quirt izolin- (4H)-yl)-2-mctti Iplicn I)-9H-
caibszole I carboxsmir!e

3)H (M+

Hi'-(2-hydro()ptuparo2-7li-4-(1-(7-rncthox)-4-

oxoqumazohn 1!4HiO'll- -ntetb Iphen It-viH-

cal b mit I e
. I - i st!l0 x4 I1i4e

y)1 2 (M +H)'-!

-hydroxypropsti- - lh4-( -meth I- -!4
oxo 6 itnf)uoromethox )quinamlin 3i4H)
ylipheri H-9H-cubrzo) -I-csrbnxamslc

557 I (M+ Hl+

7 t 2 bvdim ypropan 'l) 4 (2 meth I 1 12

0'xtiplpciidiii I"'i Hplien'l I)-9H-cmbazole-I-
caibnxamide

456 ."(bl +

H)'-(I-f6-cvaric-I-oxoisoiridoliri-2-i))-2-

rncth Iplieii I)-7-(=In drnxvprnp ui- -yl)-9H-

carbazole I curst (sour(e

497 I (M + H —
HrOI

'(3-(tl-tluoro-4-oxoquinaznliri-!4H)-yl)-2- 'Ivl+Hl'eth

Iphen I) 2 (2 hydmxypmpaii .'l)
.' 4,9-leti shy dro-111-cxubszole-6-carbuxanude

2-i2-hvdinxypiopan 2 )i- -!3-(6-merhnxy-4- 17 2 (M+

Hl'ixnquinuzn)ui-3!4Hi-yli-2-methylpheril))-

2,4,9-tctiahydm-lH-csr! imle-6- arboxarnide

7 i2 h)drox)prop,ui '114 (2 inethyl 1 (b
medi )-4.uxoqurnizoliri-3(4H)-yf'lp)ienyf)-9H-
mrbazolc-I-carboxatmde

(179 (Ivl+

IB'-(2-hvdioxipmpao-2-v)i-4-(1-(6-rnethoxl-4-

oxoquiriamlin-3(4H)OI)-2-meth) fp)ieri li-9H-

carbazole I carboxnnxfe

31 'M+H)'-(

-(I-tluoro-4-oxoquutazolni- !4HI- 1)-2-

meth Ipbeny)i 7!2 hydmxypmpan .'l) 9H
carbazole I csrboxanui!e

I I (M + Hl

nfl i6 fluoro 4 oxoquinarnlm 3(4HI y)i 2 (671!IvI+Mal'ncth

Iphcriyl)-I-( -(2-)iydroxy tlioxv)piopan-
I) ')H cnrbaznle ) carbo(amide
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Exmnple 76-15

[0803] I H NMR (400 Mllz. CIILOROI'ORM-d) 8 ppm
10 60 (I H, s). 7 70 (I H, d, .I

—
I 10 Hr). 7 63-7 68 (2H, m).

7.52 (I H, dd. J—8.36. 4.40 Hr). 7.44-7 48 (2H. m). 7.31-7 41

(2H, m)„7 21 (1H, dd, .1=8.36, 1.76& Hz), 7 116&-7.11 (2H. m),
4 82 (2H. s). 2 01 (I H. s). I 97 (3H. s). I 66 (6H, s)

I-Ixample 76&-25

[0804] I H NMR (400 Mllza CIILOROFORIvl-d) o ppm
10.57 (IHa d. J— 15.19 Ilz), 838-8.43 (HL m). 8.15 (Ill, d,
J 6.60 Hz), 7.7'8-7.84 (2H. m). 7.68-7.72 (I H, m), 7.66 (I H,
dd. J 7.92, 2.20 Hz), 7.42-7.60(4H, m). 7.27 (HI. d), 7.12-
7.16 (HI. m). 6.90-7.08 (HL m), 1.91 (3H. d, I 11.88 Hz),
1.63-1.67 (6H, m).

L'x unple 76-32

[U8(15] IH NMR (400 MHz. CHI,OROI'ORM-d) 6 ppm
10 56 (IH. s). 7 86 (IH. d, J 8 36 Hr), 7 67 (IH. d..t I 32
Hzj, 7.64 (IH, d, J —7.92 Hz), 7 41-7.44 (2H, m), 7 32-7 37

(I IL m). 7.19 (I H, dd, J 836, 1.54 llz), 7.00-7.10 (4IL m),
4.77 (2H. s), 3.90 (3H. sh 1.95 (3IL s). 1.63 (611, s)

I-)xample 76-51

[08U6[ IH NMR (400 MHz. CHLOROFORM-d) 6 ppm
10 59(HLd).8.18(2ll,d,.l 7 26llz),7.71(lli.dd,i 1001,
0 99 Hz). 7 65 (I H, t..1=7 70 Hz) 7 41-7.59 (5H, m), 7 20-7.
29 (I H, ni). 7 07 (I H, dd, .I

—
17 83, 7 70 Hz), 6.87-7 15 (I H,

m), 2 00 (IH, d. J— 14 97 Hz), 1.89(3H, d..l— 12 54 Hz), I 64

(61L s).

I',xample 77-1

Prepamtion of 4-(3-(5-Iluoropicolinamido)-2-meth-
ylphenyl)-7-(4-&ucthylpiperazin-I-yl)-9H-carbaznlc-

I-carboxamidc

[0807]

[0808] A mixture of 4-(3-amino-2-methylphenyl)-7-(4-
methylpiperazin-l-yl)-91l-carbazole-l-carboxanude, TFA
salt (Example 66-3, 40 mg, 0.076 nunol). 5-fluoropicol&nic
acid (16.1 mg, 0.114 mmol), IIOAT (15.5 mg. 0.114 nunol).
and FDC (29.1 mg. 0.152 mniol) in acctonitrile (4 ml,) was
treated vvith DIL'A (0.265 mL, 1.516 mmol). The resulting
solution was stirred at rt for 4 h, then was conccntmtcd and
purilied by prcparativc HPIT to provide 4-(3-(3-tluoropi-
cohnamido)-2-niethylphenyl)-7-(4-methylpiperazin-I -yl)-
9H-carbazole-i-carboxamide, TFA salt, as a hght brown
solid (20mg. 37%o). 'll NMR(400 MHz, methanol-da) &5 8 47

(HI, d, J 2.8 Hz). 8.21 (HI, dil, I 8.8, 4.5 Hz), 7.85-7.i)1

Ex:unple 77-2

Preparation of N-(3-(I-carbamoyl-7-(4-methylpiper-
azin-I-yl)-911-carbazol-4-yl)-2-methylphenyljtluaz-

olc-2-carboxamidc

[0809]

810

[t)810[ A solution of 4-(3-imino-2-methylphenyl)-7-(4-
methylpiperazin-l-yl)-911-carbazo&le-l-carboxmuide, TFA
salt (Example 66-3

a 30 mg, 0047 mmol) and TEA (0026 mL,
0.187 mmol) in DCM-THF (2:I, 3 mL) was treated with
thiarole-2-carbonyl chloride. hydrochloric acid salt (8 3 mg,
0.056 nunol) and stirred at rt for 1.5 h. The mixture was
concentrated and purified by preparat&ve HPLC to pro~&de

N-(3-(I-carbamoyl-7-(4-mcthylpiperazin-I-yl)-9H-carba-
zol-4-yl)-2-methylphenyl)thiazole-2-carboxamide. TFA salh
as a white solid (19 mg, 56%). "H NMR (500 Mild, DMSO-

do) 8 11.24 (HI. s). 10.38 (I H, s), 8.09-8.14 (IH, m), 8.07
(Hl.d. I '3.1 Hz),8.04(HI. d,.l 3 I Hz). 7 86 (HI. d. I 8.0
Hz), 7.57 (1H, d. I 7 5 Hz), 7.41 (I H. br. s.), 7.34 (I H. t,
.I 7.8Hz),723(IH,d,.t 19Hz),713(IH,d,J 67Hz),
6 87 (I H. d. J 7.8 Hr), 6 75 (I H, d, .I 8 9 Hz), 6.63 (IH. dd,
J=8.9, 2.2 Hz), 3 69-3.79 (2H. ni), 3 43-3.50 (ZH. m). 3.06&-

3.18 (2H, m), 2.87-2.97 (211, m), 2.79 (311. br. s.), 1.87 (3H,
s). Mass spectrum m/z 525.1 (M+HE.

[0811[ The lollowing compound v;as also prepared using
the procedure demonstmted in Exaniple 77-1

h&.»»pie Co»&pound ».'&a&

'ns
si&ee&ro»&

77- 8-(i-(i- mhao&oyl-7-ld-metiwip&perazo&-1-VII- '& i
Prf mrs &rot 4 it& "

methytpheaytj
'i in+ H&'oethylttosrole2 o&rhovam&de tp&epare&t as Ihe

'ipa salt)

(HI. m). 7 78 (I II. d, I 7 8 Hz), 7 72 ( HI, td, J 8 6. 2 9 Hz),
7 33 (I H& t& J=7.8 Hz), 7.09-7 16 (I H. m), 7 07 (IH& d, J=2.0

Hz),6 91 (IH,d..t 7 8 Hz). 6 81 (IH.d,i 8 5 Hz),6 59(IH,
dd, J 8 8. 2 0 Ib), 3.71-3.84 (2H. m). 3.44-3.55 (2IL m),
3.10-3.19 (2H, m). 2.91-3 04 (2H, m). 2 87 (3H, sja 1.93 (3H,

s) Mass spectrum nip 537 I (M+H)'
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Example 78-1

Preparation nf 7-(1.2-dihydroxycthyl)-4-(3-(5-thlo-
roplcnlinamldo)-2-methylphenyl)-9H-carbazole-I-

carboxanude

L'xample 79-1

i'repamtton of 4-(2-methyl-3-(6-methylquulazolut-4-
ylamino)phenyl)-7-(2-oxopyrrnlidln-I-yl)-911-carba-

zole-I -carbnxamide

[1)815J

f 0812]

XH.

[0813] A solutlou of 4-(3-amino-2-methylphenyl)-7-(1,2-
dihydroxyethyl)-9H-carbazole-I-carboxamidc (Pxample
70-4. 28 mg, 0.07S nunol), S-lhioroplcohnic acid (IS.H mg,
0.112 nuno1), I IOAT (18. 3 mg. 0. 134 nunol), and P DC (28. 6

mg. 0 149 mmol) in acetonitrile- THF (2:1. 3 mi,) was treated
with 131EA (0.039 ml,. 0.224 mmol) and stirred at rt over-

night. The mixture yves concentrated and punlied by prepar 1-

tive HPLC. The residue from concentration of the appropriate
efiluent fractions was partitioned between NaHCO3 (aq) and
EtOAc. and the orgamc phase wns washed v;1th brine. dned
and conccntratixI to provide 7-(1.2-dihydroxyethyl)-4-(3-(5-
fiuoropicolinmnido)-2-nicthylphenyl)-9H-carbazolc-I-car-
boxanude as an otf-wlute sohd (20 mg. 53 "in). 'H NMR (400
MHH. DMSO-d„) 6 11.47 (I li. 9) „10.38 (Hi. s), 8.74 (I H. d,
J—2. 6 Hz), 8.28 (I H, dd, I—8.8, 4 8 Hz), 8.10-8 23 (I H, m),
7.9 S-8.04 (211, m), 7. 87-7. 93 (I H, nl). 7.72 ( I H. s), 7.46-7. 52

(HI. m), 7 43 (111. H J 7 611z), 7 18(lii. d, I 6 611z), 6 97

(I Hr d, 1=7 7 HZ), 6.82-&t 92 (2H, nl)r 5 22 (I H, t. J=3.5 HZ),

4.ti6-4.72 (I H, m), 4 5&i-4.64 (I H, nt). 3.44 (2H, t. J —6.1 Hz),

1.97 (3H. s). Mass spectnlm m/z 521.3 (M+Na)'.

[0814] The following compound was also prepared using
the procedure demonstrated in Example 78-1.

[0816J A suspension of 4-chloro-6-nmthylquinazoline
(prepared by the procvdure usmd in Steps I and 2 of thc
preparation ofIntermediate 32-1. 16.81 mg, 0.094 nmlol) and
4-(3-amino-2-methvlphenyl)-7-(2-oxopyrrnlidln-I-yl)-911-
carbazolc-I-carlxixamidc (Intemlediate 65-ls 25 mn, 0.063
nunol) in isopropanol (0.75 mL) was treated yvlth hydrogen
chloride (4 M in 1,4-dioxane) (0.019 ml,. 0.075 mninl) and
heated by nucroyt ave 1rmdiation in a sealed tube at 140'. for
45 min The mixhlre tvas concentrated and thc residue vvav

punfied by preparative IIPLC. The res)due from concentra-
tion of the appropriate efllumlt fmctions was partitioned
between NaIICO3 (aq) and EtOAc. and the aqueous pilose
was extracted twice nlore with I',tOAc Thc combined organic
pllases were dried and concentmted to prov)de 4-(2-methyl-
3-(&t-methyfquinaxolin-4-ylantino)phenyl)-7-(2-oxopyrroli-
dul-I-yl)-9H-carbazole-I-cnrboxamlde as a tan sohd (7.4
ntg, 209)t). ' NM8 (400 MHz, methanol-da) 6 8.43 (I H, 9),
8.22 (IH, s), 7.97 (lil, d, J 7.7 Hz), 7.84 (HIs d, J 1.3 Hz),
7.&)7-7 77 (2H. nt). 7 46-7.58 (2H, m), 7 36 (I H, dd, J=73,
I.S Ilz), 7.21-7.30 (211. m), 7.13 (HI. d, I 7.9 Hz). 3.98-4.07
(2H. m), 2.&)5 (2H, t. J=g. I Hz), 2 60 (3H. s), 2 18-2 28 (2H,
m). 1.96 (3H, s). Mass spectrum ntjz 541.5 (M+il) .

[0817[ 'I'he following compounds werc also prepared using
the procedure demonstrated ut Example 79-1. using the
appropriate chloroquinazoline in place of 4-chloro-6-meth-
ylquutazohne.

Mass
I san)pie I'crnpnund name spec)tall))

&sample I'cmpnundtttme

7S 2 7114 ltlndtnxveth 114 tz meth I 3 (I methyl

HI-tmtdaznle-2 cmbcvunrdclphertyll 9tl-

u baznte-)-carbcsatnrde

Mass

spectntm

4M,4

IM+

0)'7

'9

3

79 4

4 r,."meth I 3 17 merhylqumaml n 4-

)l.untnc)phertvl)-7-12-csapvrrnltdut-
1-ylj-9H-carbarn)a-1- uhcsamtde
4 ti-ld-tlunrnqntnazcltn-4-ylamtnn)
2-metln )phenyl)-7-t2-csnpvrrnltdut
I-tlj-9H-cubaznlc-I-carbcsamtde

aumnqumazchn 4 ylammc) "

tuethylphen ll 7 12 nsnpvrmltdtn I yll 9H
cmbazcl -I-czrbnsarrudc

s4),s
)M t

II)'4't

4
IM + III"

s4) 4
(M+ 0!'
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Example 80-1

Preparution of 7-(isopropyl unino)-4-(2-methyl-3-(8-
oxoimidazo[1r2-a]pyrazin-7(8H)-yl)phenyl)-9H-

carbazolc-I -carboxmnide

[0818]

0

Mass
Fsmnp)e Cnmpounu naine six cr ti 1 II I

So-s 7-(isopiopilarrirriol-i-('-methyl-0-ts-rneuiyl-S- 0. 7

ororrruitaroll.i-alp rirui-7&tin)- l)phenyl)-Vli- (M+ ll)'arhmole-i-.irhnsami t*

Example 81-1

Yr)7aration ot 4-(3-(8-fiuoroquinazolin-4-ylmnino)-
2-methylphenyl)-7-(2-hydroxypropan-2-yl)-9H-uar-

bazule-I-carboxamide

[0822]

[0819] Step I A solution of tris(dibenzylideneacetone)di-
palladium (33 mg, 0.036 nunol) and tncyclohexylphosphine
(0.182 mi o 0 173 mmol) in 1,4-dioxane (9 mi,), purged with
nitrogen. was conibined with 4-bromo-7-(isopropylamino)-
9H-carbazole-I -carboxamidc (I',xample &i1-5, 250 mgi 0 722
mmol). 4r4.4L4L5,5,5(5uoctamethyl-2,2ubi(1,3,2-diox-
aborolane) (202 mg. 0 794 rrunol) and potassium acetate (142
mg, I 444 irunol). The mixture ives heated with stirruig in a

sealed tube at 90'. for 5.5 h. The mixture was cooled to n
and panitioned befiveen water and EtOAc. The aqueous
phase was extracted twice with EtOAc. and thc combiimd
or unic phases iecre dried and concentrated. The residue w as
sub] cctcd to colunut chron)ate graphy (el uting with a gradient
from 60 40 to 20 80 hcxanc-EtOAc) to provide 7-(isopropy-
lamino)-4-(4,4,5,5-teuamethyl-1,3,2-dioxaborolan-2-yl)-
9H-carbazole-I-carboxanude as an impure yellow solid (ca.
35% punty. 170 mg, 21%), used without hirther punfication.
Mass spectrum ngz 394.2 (M+I I)".

[082(t] Step 2A suspension of nnpure 7-(isopropylamino)-
4-(4,4,5.5-tetramethy1-13,2-dioxaborolan-2-yl)-9H-carba-
zole-I-carboxmnide (60 mg. 0.053 mmol)i 7-(3-bromo-2-
methylphenyl)imidazo[1,2-7]pyrazin-g(7H)-one Ti'A salt
(lntemiediate I l-l. 22.3 mg. 0.053 nunol). tetrakis(triph-
enylphosphine)palladium (3.1 mg. 0.003 mmol) and 2 M
aqueous sodium carbonate (0 080 nil, 0.160 mmol) in tolu-
ene-ethanol (4 l. I 3 mi,) ives heated under nitrogen at 90'L
overnight Thc mixture was concentrated and the residue was
purified by preparative HI'l,&L 'I he appropriate etilucnt frac-
tions were concentrated and the residue was partitioned
between NaHCO3 (aq) mid L'tOAc. The organic phase was
dried und concentmted to provide 7-(isopropylamino)-4-(2-
methyl-3-(g-oxoimidazo[1.2-u]pyrazin-7(811)-yl)phenyl)-
9H-carbazole-I-carbox unide as a light yellow solid. 'H

NMR (400 MHz. DMSO-d,) b 10.83-10 99 (IH, m). 8 01

(HL br. s ). 7.83 (HL dd. I—4,5r 1.0 Hz)r 7.68-7 77 (IIL m).
7.59-7 &)7 (I H, m), 7 38-7 50 (3H. m), 7 24-738 (2H, m),
7.08(IH, dd, J—8.4, 5.9 Hz), &i.76-6.87 (1.55H, m). 6 73 (IH,
ddi.t—7.4, I 9 Hz), &i.48 (0 4 tH, d. J—8 8 Hz). 6 13-6.29 (I H,

m), 5.44 (HI, t, J 8.3 Hz), 3.40-3.55 (Hi, m), 1.70 (3IL d,
J— 11.411z), 1.09 (&ill, td, I—5.8, 3.4 Hz). Mass spectrum nt)z
491.3 (M+II) .

[0821] The followinoo compound was also prepared using
procedures demonstrated ui Example 80-1, using Intermedi-
ate 29-1 in place of Intermediate 11-1.

isH

[0823[ Step I A solntion of tris(dibenzylideneacctone)di-
palladium (274 mg. 0.30 nunol) and uucyclohexylphosplune
(1.51 mL, 1.438 mmol) in 1,4-dioxane (7 5 mL), purged with
nitrogen, was combuied with 4-bromo-7-(2-hydroxypropan-
201)-9H-carbazole-I-carboxiunide (Example 73-1. 2.08 g,
5.99 mmol). 4.4.484L5,5,5',5uoctamethy1-2.2ubi(1,3,2-diox-
aborolanc) (I 826 g. 719 numyl) nnd potassium acctatc
(1.176 o, 11 98 mmol) The mixture was heated with stirring
in a sealed tube at 90" &2 for 5 h 'I'he mixture was cooled to
rt, fittcrixI through & elite mid the solids werc washed with
IitOAc. The filtrate was concentmted and the residue was
sub)ected to column cluumatography (eluting with a gradient
from 60:40 hexane-EtOAc to EtOAc) to provide 7-(2-hydrox-
ypropun-2-yl)-4-(4.4,5,5-teiramethyl-1,3.2-dioxaborolan-2-
yl)-911-carbazole-I-carbox unide as an impure yelloiv solid
(2.03 o. 72%), used without I'urthcr purification. Mass spec-
trum m/z 377.2 (M+H IlaO)'.
[0824] Step 2 A mixture of7-(2-hydroxyprop ut-2-yl) 4-(4,
4.5.5-tctraniethy1-1.3.2-dioxaborolan-2-yl)-9H-carbazolu-l-
carboxamide (ca 60%o purit)h 35 mg, 0.053 mmol), N-(3-
bromo-2-niethylphenyl) 8-fiuoroquinazolin-4-uminc
(Intcmiediate 32-7, 17 69 mg. 0 053 mmol). and 2 M aqueous
sodium carbonate (0 067 nil o 0.133 mmol) in toluene (0.8
mL) and ethanol (0.200 mL) was purged w ith arooon. treated
with tetrakis(triphenylphosplfine)palladitun (3.1 mg, 0.003
mmol) and heated at 90'. in a sealed tube for 16.5 h. The
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mixture v as cooled to rt and concentrated. The residue was
puritied by preparative IIPLC und the appropriate etlluent
fractions v'ere treated with NaHCO3 (aq) and partially con-
cen(rated at rt. The resulting aqueous suspension was liltered
and thc precipitato was washed ivith water and dried to pro-
vide 4-(3-(8-Ruoroquinazolin-4-ylamino)-2-mc(hylphct)yl)-
7-(2-hydroxypropan-2-yl)-9H-carbazule-I-carboxan)idc as
a wlute solid (18.0 mg, 61%). 'I I NMR (400 Mklz, DMSO-

dr) o 11.41 (IIL s), 10.08 (IIL s). 8.56 (IH, sh 8.35 (111. d,

I 8.411z). 8.16 (ill, br. s.). 7.99 (111, d. J 7.911z), 7.87 (ill,
s).7.70(lllhdd,J 102,8 3ilz), 7.60(lil, td,J S.l. 5211z),
7 42-7 54 (3H, m), 7 28 (I I I. dd. I— 7 3. 1.3 I la), 7.11 (211. s),
7.01 (IH, d, J 7.7112), 5.00 (III. s). 1.85 (3H, s). 149 (611. s).
Mass spectrum nhhz 520.1 (M+H)'t)825)

Thc following compounds ivere prcparcd using the

procedures demonstrated ur Hxmnp le 81-1 and closely related
procedures, and usu)g the Intermedtates shown u) place of
intermediate 32-7.

lhxunpleh Startinv
Itttennediate matenals &'ompound rhime

Mass
spec(shin

i66 (M + Ik 181-2

81-3

sl i

81-6

81 7

81-lhh

81-11

81-1')

81-14

Inferrn Chats

81 )i

81-16

81-17

81-18

81-19

7-(2-hydro q prop ui-2-yl)-4 f.'-rnelhi I-1-(2-

iriefhvl-8-i xoirrudazol 1 2-alpyraziri-7(skll-
'I)pheti 1)-9H-cmbimle-1- irboxamide

7-i2-lndmxvpmpui-2 vl)-4t'--methyl 3-13-

inctlnl-8- xomudazo[l 2-i)pytizuh-7ttlH)-
Vuphcn 199H-carl azoic-I- irboxaniidc
4 0 (l I 0 uuhizr'I I yuhnettiyl)

-'rhcthylphcniu-7-(2-hVdiox proper-2OI)-
9H irbazole-1-carbnxamide
4 (3 nzH uidazol 2 yt)meth I) 2

rriethylphenvu-7-l2-hyChoxypropan-2-yl)-
9H- .nbaz le-1- arboxani Ce

4-hi-HIH-betimlrfhmidazol I- l)meth I)--
meth)lpherivli-7-tnhydinxvpropahi-2 vlh-

9H-:ul:izolr-1- irboxanhrdc
7 (2 lndmivpropmt ".yl) mi 2 methyl ) (2

oxo 'n tnlyl rnidazolidin I il)plieai u
91(-c ub hzofc-l.c:trboxahuhde
7 (2 ludmxypmpan y(14-(2 methyl t (6

methvlquiriizolirh-4-ilaauno)ph nvu-90-
carbazol -l-embox,unide
7-!2-hvdmxypropan- yl)-4-(2-methvf-3-(7-
ruethi Iqumazolin 4 vlam inn lpheavu-9H
carbazolc-l-r.ubox:unhdc
4-(3-(6-tluoroquunznfui-4-ylamino)--
rri fhilphmiiu-7-(2-hyrlroxypropau-2O()-
9n-cmbzzole-l-carbox,urude
4-hi-(7-tluoroqounzolni-4-i(amino) "-

inctlnlphcmu-7-l2-h dr x pr pan-2- I)-

90-cart azoic-l-carbox,unrd»
7 (2 lndmxypmpan y(14ti (6

oh et(toxy quui izn lin-4-) lamuioh--
amtlnlphmnll-9H-cubizulc-I-
arboxumde

7-!2-hvdmxvf mpan- ill-4-ti-(7-
nmtltoxyquumznlhn-4-ylamuioh--

meth& Ip her tv I i-911-h m (razn le-1-

arboxamide
4-h,h-('i-tluornquniazofm 4 ylmnmo)--
iiiethi Iphem(l-7-12-hvChoxvpropan-2-vl)-

90 carbazole I carboxmhrde
'i! hydmxypmpati yl) 4-ts (6 methoxy
)-oxo-Xc-dhhydruhsoquhriolrri-200)-VI)--
ineihi Iphem 0-90-iarbmo le-I-

cirboiamide
7-(2-hydroxvpropan- -il)-4-(2-rnctlnl-1-0-
oh.o-l.2 3 4-telr,cinlroisoquiriulin--
yloiylphenvi)-90 cm:hazole-I-carboianude
4-(3-hi-hydmm-l-oxo-,q-
dih droisoquinohre2(IH)-vl)-2-
rrhethylpheni()-7-12-by rlioxypropm-2-i lb
9H-m rbazole I-cirboxam de
4-(i-(7- hlor -1-oxn-84-
dilndroisoquinohre (IH)-yl)-2-

methvlphenyl) 7 (2 hvdhox propan
9H- arbazole-I- arboxam de

7-(-'-ledroxi propan-2-yl)-4-(2-niethvl-1-(1-

rxn 34 dih droisoqumolln 2(IHl
upheu I) 9H caibamle 1 irhoiamide

Int«rmeChate
)-1

IatenneChare
"1-1

Intermenare
.'-

Infethnehl .ite

31-3

Iatennerl ate
3fl I

Intermed:ite
.'2-

Intemi diate
32-5

IntemheChatc

32-4

Intemiediate

Intermed ate

3 -tl

Ihiferhnehl:ire
't -1

lhiterhnedhat'e

i'.-6

Intermed ate

41-2

lnterrnedmtc
41-4

Iii teriii 'lh ate

41-3

luterui 'i(hate

41-:

luteriii 'tlhatc

41 I

566 ) llvl +

Ik)'89.1

(M +

Iki'89

3 (M + H

1'89

i (M + Hl+

is 3 (M+. a)'(
4(M+Hh+

6 1 6 i (lvl + H)+

inh4(M +

H)'2hhq(M+

H)+

)" 1 (M + Hh+

321 (M+ Hi+

2 6 1 (M + H

1''ti

(M + Hl

Oil 

(hl+H lk Oi

i4 1(81+Xx)'

18 (hl +

H)'nq

1 (11+ H)'
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noiltimnnd

Ex,unple Xt,utuig

llltCitl!CilistC lii.'iti'!lit!a Oninpnuii I nunc
Mass

spc )nun

Intermeih ateP,f 70

41-G

Intenneib ate

41-7

rf 21

Intermediate61 22

41-6

61-23 lnteraicdistc

41 9

Intermediate61 24

42-1

IntenneCiate .',6

61-2 dibl'iio.
tolnene

Illtcl'Iilcdlatc61-2G

Intermediate

41-10

IntenneCiate

61-27

61-26 Iiitcl'Iilcdisitc

30-3

Intermediate61-29

3(i-4

Iriterrncdiatc61-3ii

46-1

Intermediate61-31

Iiitci'Illcdisitc

Intermediate

Iiitcilllcdisitc

30.2

Intermediate61 16

6-1

Iiitcilllcdisitc

4 (3 (6 dnmo I nxo 3,4

diln drmsoquinnlui-2) IHi- I)-2-

mar)tv)phenyl) 7 12 h drox prnpan " ) Ii

9H-carbazofc-I-cmboxsniide

4 (3 (1,4 dimethyl " oxo 2.6 Iih Cio IH

p rrol-I- I)- -meth Iplicnvl)-7-(2-

hydi oxmimpan ".VU 98 carb irole I

arboxunide

7 (2 hydmxypmpan .'yl) 4 (2 methyl 3 ()
iiietlnl- -ox p ndui-l(2Hpvl)phcni I!-9H-

carbarn)a I carbnx.unide

4.r)-fa,a-dorothy)-2-oxop rmlidui-I-il)-2-

merhvlphenyl) 7 (2 h drox pmpan ")Ii
9H-carbazolc-I-cmboxaniidc

7 (2 hydmxypmpan 'yl) 4 ( i

(isobcnznfni:ui-H H)-ilidencmctti I)--
tnerhvlphenyl) 90 ml mole I

arboxaiiiidc

4 (3 bromo2 melhi)phenyl) (2

h drox propan- - I)-9H- xrbarolc-I-

mrboxamide
7. i 2.b) droxyp top:ui-2-i I)-4-(2-i»et)» I-)-

(qiunarolm 4 i)ammo)phen )) rH

e»baz Ic-I- siboxsuiidc

I (3 (I caibamoy)7 i2 h drox propan"
vl)-9H-cobaznl-4-yl)-2-niethi !phenyl i m

oxopvnnhcne I carbox Ii acd
7. i 2.b) droxyp top:ui-2-i I)-4-I 2-i»et)» l-)-(2-

oxok.ppheavlirrudmoliCirt-t-illphenvl)-98-

earbaz Ic-I- siboxsuiidc

4 i.'-i3-tert butyl-2-nxoinucszolicin-I yp-

2-mcihylplmnv I)-7-(2-ln Ct oxyptopan-2-71)-

98-curb izole-I-cmboxamidc

4-it-(4-carbamovl-2-oxopi rrolidui-!-yl)-2-

methvlphenyli "-t-'-hydroxv»iopan-2-yh-

9H-carbazole-I-cmboxamide

7 i2-hvitroxvpmpan-2-i))-c-t'.-aiethyl-3-

it -oxoiridolin-3- lid»is)nietli l)phr:nvl)-

90-csrbazole-I-cmboxamidc
4.il-i -hvdioxy-I- xoisoindolui- -i)62-

merhvlphenyli 7-(-'-hydrox)1»opariqhyh-

9)t-carbazole-I-cmboxaniide

7 I'-hydroxyprop»u"-) I)-4-(I-(6-methoxy-

I-nxoisnuidnliri-2-yl)-2-me)by)phenyl)-')kl-

mu I aznle-I-cmboxunude

4-i -(3-berizvl-2-oxoirrudazolidiri-I-yl)-2-

merltvlphenyli 7-t"--hydro»i)»opariqhyli-

9)t-carbszole-I-cmboxaniide

7 i2-hvitroxvpmpsn--"-)'l)-c-t'.-aiethyl-3-t2-

xo-4-pheri) 1-2 -dihydix -IH-imidazol-I-

vl)plieavli 90-csrbazole I csrbox»mile

benz I I-(3-(I-caub:unovi-7-(=

hydioxipmpiti-2-yh 90-carbuznl-4-yli-2-

m thylph n„ I)-2-oxopyirolidiri-3-

)le»buna)a

6 21 (Ivl+

IH'90

I (11+

Vai'66

I (t I +

Hi'62

I (I I + H —

HrO)'71

0 ()1+ H — H,O)

419,

421 ('vl +

H)'i2

2 (I I +

H)'66
3 (11+ H — HzO)'2

I (Ivl + '.q a)'1

I (M +

Hal'i)

fi (Ivl+

'.qa)'64

I i M + I I — I I,0 I
'

fi (Ivl+ '.qa)'2

rr I M + 0 — H,OI'

(Ivl + '.q a)'9

I i M +

Vai'':

(M + 8 —

kizO)'xample

81-15 7.22-7.33 (3H. m). 7 09)-7.15 (IH, m). 6.86-6 93 (IH, m),
67 74 (I H, t), 4 03-4.09 (I H, m), 3 87 (JH. d, 1=2.42 Hz),

[0826] I H NMR (400 MHy. &:HI,OROk'OR!VI-d) I) ppm 3 76-3 85 (I H, nf)r 3 18-330 (I H, m). 3 09 (I H, ddd, .)=16

8.09-8.15 (IH, mj. 7.61-7.68 (2H. m), 738-7.42 (2H, m), 29, 5.39, R17 Hz), 1.97-2.02 (3H. m). 1.61-1.66 (6H, m).
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Example 82-1

Prey&aration of 7-(2-hydroxypmpan-2-yl)-4-(3-(4-
methoxy-2-oxo-2,5-dihydro-l H-pyrml-I-yl)-2-meth-

ylphenyl)-9H-carbazole-I-carboxamide

[0827]

-continued
0

[0828] A mixture ol'-(3-bromo-2-methylphenyl)-7-(2-
hydroxypropan-2-yl)-911-carbazole-I-carboxamide (Inter-
mediate 81-25, 70 mg, 0 160 mmol). 4-methoxy-111-pyrrol-
2(5H)-i&ne (3(i2 mg, 3 20 nullol). cesium carbonate (78 mg,
0.24 mmol), tris(dibenzylidmlcacctone)dipalladiunl (147
nlg, 0.01(i nmlol) and 4,5-bis(diphmlylphosphino)-9,9-dinl-
ethylxanthene (xantphos, 27 8 mg, 0.048 nlmol) in I cbdiox-
ane (2 ml.) vvas purged with nitrogen and heated via nucro-
v ave irradiauon ul a sealed tube at 100'. for I h. The
mixnue u as diluted with DCM, washed with Nal IC03 (aq),
dricsi and concentrated. The residue was purilicxl by prc7&ama-

tive I IPLC, and the appropriate ellluent fractions were treated
with NaH) 103 (aq) and extracted with DC.M 'Ihc combined
organic plriwcs werc washed with water. dried and concvn-
trated to provide as a white solid (20 mg. 27%) 'H NMR (400
MIIz, metlmnol-ds) 6 7.91 (ill, d, J—7.70 IIz). 7.73 (I H. d,
J—0.88 Hz), 7.39-7.4Ci (2H, m), 7.31-734 (I H, m), 7.09 (I H,
dd. J 8.47. 1.65 Ilz), 7.01 (HL d. I 7.70 Hz). 6.98 (111, d,
J— S 36 I Iz), 5 29 (111, s), 4 374 49 (211, m). 3. 91 (311, s). 1. 90

(311, s). 1.58 (311. s). 1.57 (3H, s). Mass spectrum nv'z 492.0
(M+Na) .

Fxamples 83-1 and 83-2

Preparation o f (RS)-2-(8-carb arne yl-5-(2-nlethyl-3-
(6-methyl-I-oxoisoindolin-2-yl)phenyl)-9H-carba-
zol-2-yl)-2-hydmxyethyl butyrate and (RS)-l-(8-

carbamoyl-5-(2-methyl-3-(Ci-methyl- I-

oxoisolndolul-2-yl)phenyl)-9H-carbazol-2-yl)ethane-
1,2-diyl dibutyrate

[0829]

[t)830] A solution of 7-(1.2-dihydroxvethyl)-4-(2-nlethyl-
3-(I&-nmthyl-I-oxoisoindolin-2-yl)phmlyl)-9H-carban&lc-I-
carboxanudc (Example 70-11, 30 mg, 0 059 mmol), butyric
anhydride (29 PL, 0.178 mmol). and pyridine (48 SL 0.593
nunol) in TI IF-DCM (E l. 2 4 mL) was stirred at rt overnight.
Additional butyric u&hydride (0.03 mL, 3 eq.) uas added and
the mixture was agatn stirred al rt overtugvt. The mixlure was
concentrated and puntied by preparative HPLC. The appro-
priate et))cent fractions were partially concentmsted and the
resulting 'igneous suspension w as treated with NaHC'03 (aq).
The precipitate was collected by iiit ration. washed with water
and dned to provide (RS)-2-(8-carbamoyl-S-(2-methyl-3-(6-
methyl-I-oxoisoindohn-2-yl)phmlyl)-9H-carbazol-2-yl)-2-
hydmxycthyl butyrate as a vvhite ~olid (Example 83-1, 10.5
mg, 28%) H NMR (400 MHz, l)MSO-d,) 6 11.53 (I H. s),
8 19 (IH, br s ), 8.02 (IH, d,.l 7.9 Hz), 7.76 (IH. d. J lb.1
Hz), 7 34-7.64 (3H. m). 7.50 (311. 1, J—7.0 Hz). 7 34 (IH. dd,
J 7.7, 1.1 IIz), 6.93-7 06 (311. m). 5.60 (HI, dd. J 8.9, 43
Hz), 4.89-4.194 (2H, m), 4.82-4.89 (HI, m). 4.05-4.13 (2H,
m). 244 (311. s), 2.27 (2H. td, I 7.3. 1.1 Ilz), 1.83 (311, s),
I 51 (2H, qd..)=7 3, I 8 Hz), 0 83 (3H, td, .)=7.4, 2 2 Hz).
Mass spectrmn nv'z 599.2 (M+Na) . Also isolated uas (RS)-
I-(8-carbamoyl-5-(2-methyl-3-(C&-methyl-I-oxoisoindolul-
2-) l)pltenyl)-91 I-carblo o&1-2-yl)ethane-1,2-diyl dibutyrate as
a wlgte solid (Fxample 83-2, ICi mg, 41%). 'H NMR (400
MHz, nmthanol-ds) 6 7.87 (IH. d, I 7.7 Hz). 7.57 (2 H. d,
J— 10.1 Hz), 7 34-7.48 (4H. ni). 730(IH, dd,.)— C&.9, 1.9 Hz),
6 89-7 06 (3H. in), 5 95-1& 11 (I H, nl). 4 80 (2H„s). 4 21-4 36
(211, m), 2.38 (311, s), 2.24-2.33 (21L m), 2.19 (211, td, I 7.3,
I I Hz). I 80 (3H. s). 1.44-1 63 (4H, m), 0 76-0 90 (6H. m)
Mass spectrum n&)z 668.3 (M+Na) .

Example 83-3 and 83-4

I'rq&aration of I-(8-carbamoyl-S-(2-nmthyl-3-(6-
methyl-I-oxoisoindolul-2-yl)phenyl)-911-carbazol-2-
yl)ethane-1,2-diylbis(2-mninopropanoatc) and 2-(8-

carbamoyl-5-(2-methyl-3-(6-methyl-I-
oxoisoindolin-2-yl)phenyl)-9H-carbazol-2-yl)-2-

hydroxyethyl 2-aminopropanoate
[t)831 f
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-continued
0

I.yunpl cnmpcmal nuit

con(aloud

Nms

ape 'litt&it

-iu- arbrunovl-9-12-metis 13-(6-methyl-I- 66s I

oyoisomdolin 2 yl)phenyl) 9H caibarol (M+Hl',(l

2-hydrnyyerhyl l,unrnn-3 melhylbutaanue

(prepared:is thc I'I X salt I

Intemlediate 84-1

ha,unplc

S3-6

(. otiipoiiiltl I&attic

I-(6-ca&bumor(-s ( -meth,) 1-(6-methyl-I-
cso smnrlnhii-2-pllpheny I I-9H carbsml-2-
yl)ethnic-1,2-dill diacetate
I-(S- a 6 moyl- -!2-methyl-3-(6-meth 1-1-

oao somdnlm ."yliphenyil'ill carharoi 2

yi)ethane 1,2 diyl bis(2 ammri 3

rri lhilbutanoal I i pir par 6 as tire hy &hodiloric
acid ssltl

.y'lilac

spcctiuin

612
(yt + br

t'64

(Vl+

Hl'0832]

A solution of 7-(1,2-dihydroxyethyl)-4-(2-methyl-
3-(6-methyl-I-oxolsoindohn-2-yl)phenyl)-911-carbazole-I-
carboxamidc (I',xamplc 70-11, 30 mg. 0.059 mmol), 2-(tcrt-

butoxycarbonyla)nino)propanoic acid (11 8 mg, 0 062
mmol). EDC (34.1 mg, 0.178 mmol). and DMAP (2.2 mg.
0.018 mmol) in DiVIF (2.4 mL) was stirred at rt overnight.
Additional 2-(tert-butoxycarbonyiamino)propanoic acid (16
mg) and EDC (17 mg, 1.5 eq.) were added and the mixture
was again stirred at rt overniJtt. TFA (03 mL) was added and
the mixture was stitrcxi at rt for I h. then at 60" C for 2 h, then
at r( ovcniighh The reaction mixture was concentrated and
purifie by preparative HPI,C. I he appmpriate efiluent frac-
tions werc cmlcentm(cd. (rested with hydrogen chloride (4 M

in 1.4-dtoxane) and water. and the mixnire was lyophil ized to
provide I-(8-carbamoyl-5-(2-methyl-3-(6-methyl-I-ox-
oisoindohn-2-yl)phenyl)-9ii-carbazol-2-yi)ethane-1,2-diyl-
bis(2-aminopropanoate), hydrochloric acid salt, as a white
solid(17mg. 37%o). 'HNMR(400MHz. DMSO da) 61144-
11.63 (IH. m). 8.43 (6H, br. s.). 8.17 (IH, br. s.). 7.93-8.06
(IH. m), 7.69-7.85 (IH. m). 7.34-7.62 (611, m), 7.16-7.29

(IH, m). 6 86-7 09) (3H. m), 5.98-6 17 (I H. m), 4.72-4 96

(2H, m), 431-4 65 (2H, m), 3.96)-4 25 (2H, m), 2.38 (3H, s),
1.76 (3H& s), 1.43 (3H& dd,.1=7 0, 3 7 Hz), 1.24-1 38 (3H. m).
Mass spectnun ni/z Gi48.2 (M+II)'. Also isolated was 2-(8-
carbamoyl-5-(2-methyl-3-(Gi-methyl-I-oxoisoindohn-2-yl)
phenyl)-9H-carbazol-2-yl)-2-hydroxyethyl 2-imimypro-
panoate. TI'A salt, as a w lute solid (4 mg. 9%). 'I I NMR (400
Mllz. metluinol-da) 6 7.85-7.91 (ills m), 7.53-7.60 (211, m),
738-7 48 (4H. m), 7 26-7 33 (I H, m). 7.02-7.09 (I H, m),
6.94-7 02 (2H. m). 5 90-5.97 (0 3H. m). 4.99 (0 7H. dd. I—7.

3,3.7 Hz),4.78-4 81(2H,m),3.72-4 42(3H,nl),238(3H,s),
1.75-1 82 (3H, m), I 34-!.57 (3H. m). Mass spcctrmn m/z
577.2 (M+H)".

[0833] The following compounds werc also prepared using
procedures demonstrated in Examples 83-1 tluough 83-4,
using the appropriate acid or acid anhydride

Preparation of 4-(2-fluoro-3-hydroxyphcnyl)-7-(4-
metliyipipemmne-I-carbonyl)-9H-carbazole-I-cor-

box'amide

[0834]

I I0

0

0

[0835] A solution of 4-(2-ih)oro-3-methoxyphenyl)-7-(4-

methylpiperazine-I -carbonyl)-i)H-carbazolc-I-carboxmnide

(lixample 3-137, 3 6 o. 7.82 mnlol) in IX M (42 mL) way

stirred at 0" C. and treated with boron tribromide (I M ui

DCM, 94 mL. 94 nunol) uid the mixture yves stirred at rt

overnight. I'he mixtnre was cooled again to 0" C. and treated
slowly with methanol The mixntre was concentmted and

purified by col unui cbrome togmphy on neutral ah)mine (el ut-

ing with 90 10 EtOAc-nlcthanol) to provide 4-(2-tluoro-3-

hydroxyphenyl)-7-(4-methylpipemzine- I-carbonyl)-911-
carbazole-I-carboxanude as a light colored solid (2.0 g,
37%). 'H NMR (400 MHz, DMSO-d&) 8 I I 75 (N I H). 10 08

(sr 111), 8.25 (br. so I H), 8.05 (d. I—7.6 1iz, 111)r 7.81 (s, I H),
7.59 (br, s., HI), 7.17 (m, 3H)r 7.11 (d, J 7.6 Hzr HI), 6.99

(dd. I 8.0, I 2116, ill). 6.91 (0 J 7.2 Hz, IH)r 3.51 (br. s.,

2H), 334 (nl, SH). 234 (br. s, 4H). Mass spectrum nliz 447.0

(M+I I)'.
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Example 85-1

Preparation of 4-(3-(2-(dimethylamino)ethoxy)-2-
lhtorophenyl)-7-(4-methylpiperazine-I-carbonyl)-

91 I-carbs) ole-I-carboxamide

[083&a[

HH

[0837[ .ax nnxture of 4-(2-Euoro-3-hydroxyphenyl)-7-(4-

methylPiPerazinc-I-carbonyl)-9H-carbaam)le-I-carboxamidc

(Intermediate 84-1, 20 mg, 0.045 nunol) and polymer-sup-

ported triphenylphosphinc (2 &73 nimol/g, 0358 tnmol) in

lsd-diox uie was treated at O'. Yvith a solution of diethyl

azodicarboxylate (19.5 mg, 0.157 nmiol) in 'I'HP (0.5 mi.),

folloxved ager 5 min by a solution of 2-(dimethylamino)

ethanol (10 mg, 0.1 i 2 nunol) in THI'0.5 mf.). The mixture

v as hcatcd in a sealed tube by microwave irradiation. at

90-100'. for 30 min. The resultmg mixture w as filtered, the

sohds were washed wi(h methanol. and the lilirates were

concentrated and purified by preparative Hpl.(: to provide

4-(3-(2-(dimethylmnino)ethoxy)-2-fluorophenyl)-7-(4-me-

thylpiperazine-l-carbonyl)-9li-carbazole-l-carboxamide.

Mass spectrum m/z 518.2 (M+H)'0838[

Thc following compounds were also prc7utred using

procedures demonstrated in Example 85-1, usutg the appro-

priate alcohol in place of 2-(dimethyl mnino) ethm)ol,

0

Exarriplc
visas

Ooiripoiiii(t ri.istic api:cirurii

8(-3

8(-7

8 -Hi

8(-11

8( 12

8( 13

tls-14

85-16

8 -17

4-(2-fluoro-Hplierielhorcphenyl)-7-(4-rncthvlpiperazuie-
1- sibnnyli-9H- srixrnle 1- siboxunide
412-flunro .'txopentyloxy(phony(ks-(4-

raethy )pip etaziiie-I -co bonvl)-911-carbazoic- I-v u bc (amide
4("-t)u ro-3-propoxypheni I)-7-(4-nictliylpiperar. nc-1-

cubonylt 98 vsrbazole I carboxamrde
4-(2-fliioio ( pliers Ipi iso(i)phcriyli I 14

rnetlulpipeiazuic-I- sibon)1)-9H-carbazolc-I-
carboxanude
4-(2-fluoiok.n(4-phenxlbutoxv)plienyl)-7-(4-
ni thylpiperarine I- nbonin 9H- armszol I

carhmamide
412-fluoio .'2-i( meihvlpvnolidin-2-

l)cthoxv)phenyl)-7-(4-mcthylpipciazinc-I-:ubonvl)-
98 srbazole-1 carbnxomide
4 (3 ethoxy ".(luninpheayl) 7 14 inetlnlpiperazuie I

carboriyl)-98-c,ub,izol -1-r:arboxarrudi:
4-is-(benzyloxvi-2-flumcphet»li-7-i4 meth Ipipenizme
I-carbonyll-90 cmbazole-I-carboxamide
4-(2-fluoio-H(4-melhoxybenzylow iphenvl).7-(4.
ni thvlpiperarine-I- mbonyn-9H-carbszole-I-
cmhoxanude
4 12-lluoi o .'-iso butoxv phen) I)-7-i4met1» lpipeiaz(ne-I-
carbony))-YH-carb:izo(c-1-carbomuurdc
4 (2 flunio 3 (1 methvtpipei idin 4-vlnxy)phenyl i 7 (4
methylpipmaziriv-I-co boa) I)-911-cxubizolv-I-

carboxarriic)c
4 iz tluorn 1 i2 (pipeudm 1 ))ethoxv)phenyn 7 (4
rnethylpipei,izin -I-cmbonyn-90-ciubazol«-I-
cmboxanudc
4-(Zfluoto isnpmpnxvphenyn 7-(4-iiiciluipiptvaz iic-
1-carbnnyli-90-carbaznlc I c irboxaiuide
4-(1-(2-(l H-irrudazol-I-YH thoxy)-2-ftuoiophenvl)-7-(4-
metliylpipemnne I rubonyl! 9H cmbamle 1

carbo(amide
4-j -fliioio (pvi'iriri- 'ylrricflio(Y)pliiri 0-7-14-

m tiiylpiperazme-I srbonyl!-9H-cainsrole-I-
cmbnxannde
4(2-fluoio-.'-(tluazol-2-) (methoxy)phenyn-7-14-
m thylpiperarine-I- uboni 0-3H- arm(role-I-
caihoxanude

. 51 'M +

kI)'74

(Ivl+ Hi'N

2 i (,1 + H)+

565 '(M+ H)'9

-'M + I I)'4

(Ivl + Hi'7

.'iM+Hl'172

(M+H)'

67 -'M + 0 1 'n)

" (Ivl+

Hi')xi+

0)+

5 Si(M+Hi+

489 2 (it+ Hi+

41 ' M +

8)'39

'M + H)'4

-'M + II) '
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Example 86-1

Prepamtion of 4-(3-(6-fluoro-I-oxoisoindolin-2-yl)-
2-mcthylplmnyl)-7-(mcthylsulfnnamidomcthyl)-9H-

carbazolc-I -carboxmnide

[0839]

L'xample 87-1

Preparation of 4-(3-(4-(dimethylcarbamoyl)-2-ox-
opyrrolidin-I-yl)-2-mcthylphcnyl)-7-(2-hydroxypro-

pan-2-) I)-9H-carbazole-I-curbox unide

[0842]

V !0

0 HH

VH

0
0

[0840] A suspension of 7-(aminomethyl)-4-bromo-9H-
carbazole-I-carboxamide (Step 2 of Example 33-1. 100 mg,
0.314 nunol) and TEA (0.110 mL, 0.786 mmol) in DMI»
THF-DCM (25:25:50, 6 mf,) ives trcatuxf dropiiise v ith
methanesul fimyl clil oride (37 plo 0 471 mmol) mid thc result-
ing mixture ivas stirred at rt for 3 h I bc mixture ivas parti-
tioned bctivecn NaH(.03 (nq) and FtOAc, and the organic
phase xr as washed with brine, dried and concentrated to pm-
vide crude 4-bromo-7-(methylsulfonmnidomethyl)-9H-car-
bazole-I-carboxamide as a yellow solid (130 mg, 88%).
Without purification, using the procedure of Example 3-2,
this material (25 mg, 0.063 nunol) and 6-tiuoro-2-(2-methyl-
3-(4.4,5.5-(etrantetftyf-I 3,2-dioxirboiofan-2-yf)phenyl)
isoindolin-I-one (Intermediate 50-5, 27.8 mg. 0.076 mmol)
iivrc converted into 4(3-(6-fluoro-I-oxoisoindofin-2-yf)-2-
methylphenyl)-7-(methylsulfonaniidomcthvi)-9)H-carlm-
zole-I-carboxamidc (22 mg, 58'io). 'H NMR (400 MHz,
DMSO-d ) iS 11.58 (HI, s), 8.20 (HL br. s.), 8.03 (IH. d,
J—7.9 Hz), 7.70-7.78 (2H, m), 7 45-7.67 (6kl, m). 7.36 (HI,
dd. J 7.7, I.l Hz). 7.00-7.07 (2H, m). 6.9'3-7.00 (IH, m),
4.86-S.04 (211. m). 4.26 (211r d, J 6.211z), 2.87 (3H, s), 1.84

(311. s). Mass spectrum m/z 357.1 (M+H)".
[f)841] The following compounds werc also prepared using
th«procedures dern(ms(rated in Example 86-1 and closely
related procedures, and usino the Intcmiediates shown in
place of lnterniediate 50-5

[0843] A solution of I-(3-(I-carbumoyl-7-(2-hydroxypro-
pan-2-yl)-9H-carbazof-4-yl)-2-methylphcnyl)-S-nxopyrroli-
diim-3-carboxylic acid (Intermediate 81-27. 49 mg. 0.101
nunol), dimethylamine (2 M ui TI IF, 0.252 mL, 0.505 nunol),
I'.DC (38.7 mg, 0.202 mmol) and HOIJT (30.9 mno, 0.202
mniol) in'I'HF (2 ml.) was stirred at rt overnight Additional
dimethylmninc (2 M in I'HF. 0.252 ml.. 0 505 mniol), FDC
(38 7 mg. 0.202 nunol) and HOBT (30.9 mg. 0.202 nunol)
were added along with DMI'0.5 mL) mid the mixture i(as
again stirred overniooht. The mixture was diluted with DCM,
washed with Nal ICO3 (aq). dried and concentr i ted. The resi-
due was purified by preparative IIPLC, and the appropriate
cfiluent fmctions werc made basic with I M aqueous sodium
hydroxide and extractbvf twicewith DCM. The organic pluise
was wwxhixf with water. dried and concentrated 'llm residue
ives purrfied by column chromatography (eluting with DCM-
methanol-anunonia) to pmvide 4-(3-(4-(diniethylcarbam-
oyl)-2-oxopyrrolidin-I-ylj-2-methylphenyl)-7-(2-hydrox-
ypropan-2-yl)-911-carbazole-I -carboxamide as a white solid
(8 itin, IS%a). II NMR (400 Mllz. methanol-dc) 6 7.91 (HI,
d. I 7.7 Hz). 7.73 (I H, d, J 1.1 Hz)r 7 40-7.49 (2H, m)r 7.33
(III. dd, J 6 5. 2.3 Ilz), 7.07 (ill, ddd, J 8.5. 1.4, 1.3 Ilz),
701(IH. d,.f—

7,9) Hz),694(IH. br s).3.84-413 (3Hr m),
3.13 (3H. 2 s). 2.97 (3H. 2 s). 2.85-2,94 (IH. ni). 2.74-2 83

(IH. m). 1.93 (3H, s), 1.57 (6Hr 2 3). Mass spectruni ni/z
495 I (M+H Hzfi)'.

Srrrrrirz Missa

Exmnplc iris(a»als Ccrnpourrd risrne spcclrrrrri

lrricr rrlcd r.'rl 'fr-S

Inierrncdraie
Ii. r I

Inrermed aie
sn.cs

C (2 rrrcihi I 3 (dmeilri1 I-oxorsourdnlur2- 3
' (M+Hi'liplren0-7-(nreilrylsulf nanrrdonreihyu»IH-

carbazole I csrbrxanurle
C (3-(S rrreuroxy-9-oxosuraazolur-3(CHi yh- - Sc I (M+Hl'edr

Iphenyu-",-(rneilrrlsulfonarru lonreihrll-
9H carbamle I .srbmsnnde
c il-(s-ilunro-c- xnrprmarolm-3!CH)yl!-= 7(iir!It+HI'neib

Iphcn 17-7-(nrciln Isulfnnanrrdonreihr 0-
91t cail amle I carboxamide

EX2026.0138



VS 2010/0160303 Al
]38

Juit. 24, 2010

Example 88-1

Preparation of 4-(3-(3,4-dimethyl-2-oxopyrrolidin-l-
yl)-2-mcthylphmiyl)-7-(2-hydroxypropmi-2-yl)-9H-

carbazolc-I -carboxmnide

[0844]

[0845] A mixture of 4-(3-(3.4-dmiethy1-2-oxo-2,5-dihy-
dro-HI-pyrrol-I-yl)-2-methylphenyl)-7-(2-hydroxypropmi-
2-yl)-911-carbazole-I -carboxamide (Example 81-21, 20 mg,
0.043 lllllioi) allcl clllitllollluln formate (27.0 mg, 0.428 mmol)
in methanol (5 mi,) was trmitcd with 10% palladium on char-
coal (20 mg. 0.019 mmol). The mixture was stirred under
nitrogen at rt for 2 h Additional amntonium fcinnate (27 0

mg. 0.-128 nunol) was added and thc mixture svas stirred at rt

overnight More ammonium formate (57 mg) and 10% pal-
ladium on charcoal (40 mg) were added, und after (i h more
additional anunonnun formate (57 mg) was added. The nttx-
ture u as again stirred overtuPt. then was dilnted u ith DCM
and filtered through Celite. The liltrate was trashed with
uater, dried and concentratcxl The residue was purilied by
preparative I IPLC mid the appropriate eflluent fractions were
made basic with I M aqueous sodium hydroxide and
extmcted twice with DCM. 'I he combined organic pluses
werc washed with svater, dried and concentmted to provide
4-(3-(3,4-dimethvl-2-oxopyrrohdin-l-vl)-2-methylphenyl)-
7-(2-hydroxypropan-2-yl)-9H-carbazole-I-carboxannde as
a svhite solid (11 mg, 55%). which svas a mixture of chaste-
reomers. Mass spectnun nt/z 452.1 (M+H HcO) .

I',xamplc 89-!

Prcparntion of 4(3-(6-fluoro-4-oxoquinazct)in-3
(4H)-yl)-2-methylphenyl)-7-(methylsulfonylntethyl)-

9H-carbazole-I-carboxamide

[0846]

~s/
//

[0847] Step I A mixture of 4-bromo-7-(hydroxymethyl)-

9H-carbazolc- I -carboxamidc (I ixample 30-2. 403 mg, 1.263

mniol). N-chlomsuccinimide (219 mg, 1.&i42 nimol) and

triphenylphosphine (431 mg, 1.642 nunol) ui DCM (50 mL)
u as heated at relhix for I h. The mixture was cooled to rt,

washed with brine. and the aquwius layer was extmctcd with

DCM. The aqueous layer was filter& and the collected pre-

cipitate was mushed with water. The organic layers and the

collected precipitate werc combined and the mixture was

conccntratcd under vacuum Thc rcsiduc was dissolved in

TIE'20 mL) and DMSO (5 mL) and the solution svas treated

with sodium tluomethoxide (115 mg. 1.642 nunol). The nux-

turc was stirred at rt for 30 niin, diluted with EtOAc, unshed

nv ice with stater, and the aqucxius phase tv as extracted with

EtOAc. The combined onganic phases were dned and con-

centrated. The residue ives purilied by colunm chromatogra-

phy (eluting v ith EtOAc-hcxmic) to provide 4-bromo-7-(inc-

thylthiomethyl)-9H-carbazofe-I-carboxamide as a white

solid (168 mg, 38%) used without fwtlter purification. 'H

NMR (400 MHz, chlomform-d) 6 8 (i7 (I H. d, .1=8.1 Hz),

7.46-7.52 (211, m). 7.36-7.41 (IH, m), 7.2(i-7.29 (Hl, m),

3.87 (2H. s), 2.03 (3H, s). Mass spectrum m/z 349, 351

(M+H) .

[0848] Step 2 A suspension of 4-bromcu7-(methyltluom-

ethyl)-9H-carbazole-I-carboxamide (168 mg, 0.481 nunol)

in D('M (10 ml ) and THF (2 nil.,) uas treated with 3-chlo-

roperoxybenzoic acid (1(i6 mg, 0 962 nmiol) and the mixture

was stirred at rt for 30 min. The mixture was treated with

NaHCO3 (aq) and the organic phase was separated. The

insoluble solid in the aqueous phase was collected by filtra-

tion and washed with water. lite organic phase and the pre-

cipitate mere combuied and the mixture was concentrated.

The residue was trituratuI with methanol to provide 4-bronto-

7-(methylsulfonylmethyl)-9H-carbazole-I-carboxamide as a

u hite solid (180 mg. 98%), used is i thou( further purification.
'H NMR (400 MHz, nictlmnol-ds) 8 xx Maxs spectnnn m/z

403, 405 (M+H)".

[0849[ Step 3 FollowingtheproccdurcofFxaniple31-I but

using 'I'Hl. as tlm solvent instead of toluene-ethanol,

4-bromo-7-(methylsulfonylmethyl)-9H-carbazole-I-car-

boxamide (50 mv, 0 131 mniol) and 6-fluoro-3-(2-niethyl-3-

(4,4,5,5-tetramethyl-1.3.2-dioxaborolan-2-yl)phenyl)
quinazohn-4(3H)-one (Intermediate 50-27. 50 me. 0.131

mmol) uvre convcrtcd to 4-(3-(ti-tluoro-4-oxoquinazolin-3

(4)I)-yl)-2-methylphenyl)-7-(niethylsulfonylnmthyl)-9H-
cnrba zola-I-carboxnnude as a white solid (16 mg. 22%). 'H

NMR (400 MHz, methanol-ds) 6 8 20-8.28 (I H. m), 7.95-8.

02 (2H, m). 7.82-7.89 (IH. m). 7.66-7 71 (I H. m), 7 56-7 66

(2H. m). 7.47-7.56 (IH, m), 6.97-7.33 (3H, m), 4.46-4.52

(2H, m), 2. 84 (3 H, s), 1.90 (3 H, s) . IVIass spectnun m/z 5 55.0

(M+H) .

[0850[ I he following compounds uvre also prcvarcd using
the procedures demonstrated in Ex unple 89-1 and closely

related pnicedures, using the Intermediates shown ui place of
intermediate 50-27
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.stan&Its '.ylass

Extmple matensls Cotnpounrl natne specuum

69-'9 .'oteirnedtate 4-(I-16-tluoro-I-oxotsorrtdoltn-I-yl)6g 642 I thl e0)'t.l

rncth, Iphcr»ll-I-trrt thy)su)fort Im thy)»90-
carbarn)a 1-carboxamrde

Intermedtste 4 tin 6-methoxy-I-axe norndolrn-2-ill-2- '3)64 I &bi +10').6

mctt»)phenyl»",-lrttctltylyulfon lntctltylt-9H-
carbamle 1 csrboxxmrde

What is claimed is:

1. A compound according to ftrnnula (I).

VH2

or a salt thereof, wherein

the dashed hnes are either single or double bonds;
A is halo, C, to carl3oc) cle substituted with 0-3 B. Cc

mono- or bicyclic aryl substituted with t)-3 B. a 5-14
membered heterocyclyl containing 1-4 heteroatoms
selected from N. 0, and S, substituted with 0-3 B, a 5-10
membered heteroaryl containing 1-4 heteroatoms
selected from N. 0, and S, substintted with 0-3 B:

B is R', halogen, cyano. nitro. 0 R', C( 0) R',
i C(H))0—R'. i C(H))NRm R', S( 0)2
R'. NRO( ( 0) R'. NRm('( 0)NRm R',

NRm('( 0)0 R', N(C( 0)0 R')2,
NR"S( 0)2 R'. N(S( 0)2 R')2, Of
NR" R',

R's hvdrogen. Ct o ttlkyl substituted yyith 0 3 R . Ct
haloalkvl, C, c alkenyl substituted tsith 0-3 R". C, „

alkynyl substituted with 0-3 R". C', „, cycloalkyl sub-
stituteniwith0-3 R»SC, „tarvl substitutedwith0-3R",
a 3-10 membered hctcrocyclyl containing 1-4 lmt&.roat-

oms selected from N, 0. and S, substituted with 0-3 R'",
a 5-10 membered heteroaryl containing 1-4 heteroatonis
selected from N, 0, and S, substituted with 0-3 R'";

R'" is hydro en, C 0, F, Cl, Br, OCI'„, CI',, CIIF2, CN,
Noz. (CH2),OR", (Clla),SR . (Cilz),C(0)R",

(('Hz),C(0)OR'*, (('Hz),(R'(0)R, (('Hz)
,NRmR". ~( Hz),C(0)NRmR". ~CHJ,NR6C(0)
R', (('Hz),NR"('.(0)OR', NR C(0)NROR",

S(0) NROR", NR S(0) R', S(0)R'. S(0)
2R', C, „alkyl substituted with 0-2 R", (, a haloalkyl,

(CHz),.-3-14 membered carbocycle substituted with
0-1 R". or (Cila)„-5-7 membered heterocycle com-

pris uig carbon atoms mid 1-4 hetero atoms selected from
N. 0, and S(0)p substituted u 1th 0-1 R'I

otm of 0'nd Dz is 0 and tlm other is H or halo:

D is R, halogen, (C(R")2), R, 0 R',
C( 0) R'-, C( 0)0 R-'. C( 0)NR'

R . S( 0)2 R, S( 0) R . NR" C( 0)

R . NR"C( 0)NR" R NRmC( 0)0 R,
NR'S( 0), R, NR''( 0)NR"

0 R'. OC( 0)0 R', O'C( 0) R', or
('H N OH:

with the proviso that A is not luilo when D is C( 0)
0—R.

R's hydrogen, (',, alkyl substituted w ith 0-3 R ". Ctm
all enyl substituted with 0-3 R'r Cz, aikynyl substi-
tuted w ith 0-3 R ", Ca ao cycloalkyl substituted with 0-3
Rz"r C, tm aryl substituted with 0-3 Rz", a 5-10 mem-
bered heterocyclyl containuig 1-4 heteroatoms selected
from N. 0, and S, substituted with 0-3 Rz*k a 5-10
membered heteroaryl containing 1-4 heteroatoms
selected lrom N, 0, and S. sub abutted with 0-3 Rz":

R 's hydrogen, C 0, I', Cl, Br, OCFu CN, No„
(CI Iz)»OR'. (CH2),SR', (CHJ,C(0)R,
(CI I,) C(0)OR, (CI I,) OC(0)R, (CI I,)

,NROR", (CH2),(.(0)NRmR'. (('Hz),NRaC(0)R',
(CH,),NR'('(0)OR', NR&0(0)NRORm. ~(0)

NROR", NR'S(0) R', S(0)R'r S(OBR',(',,
Palkyl substituted with 0-2 R", (',, haloa113 I, (CH2)r-
3-14 membered carbocycle substituted with 0-1 R', or

(CHJH5-7 membered heterocycle comprising car-
bon atoms and 1-4 heteroatoms selected from N, 0, and
S(0) substituted wlth0-2 R",

R' is independently hydmgen or (', 4 alkyl substituted
with 0-1 Rf, CHz-phenyl, or (CH2)c5-7 membered
heterocycle comprising carbon atoms and 1-4 heteroat-
oms selected from N. 0. and S(0);

alternatively, Rm and along with another R". R', or R'n
the same nitrogen atom mav join to form an aietidinyl,
pyrrolnlinyl. plperidinyl. morplnylinyl. or 4-(C, „alkyl)
pipe)tier)ink

R" is hydrogen, F, Cl. 13r, OCF,. CF,, ('HF2, CN. Noz,
(CH )roR (CH2),SR (CH2) C(0)R
(CII2),C(0)OR". (CII2)„OC(0)R", (Clla)

,NR 'R", (CH,),C(0)NR" R", (CH,),NR"C(0)
R (( Hz),NR (. (0)OR NR ( (0)NR R

S(0)pNROR". NR"S(0)pR'. S( O)R',
S(0),R', (', e alkyl substitutivl with 0 I R (

haloalkyl. (( H ),-3-14 mcmbercd carbocycle. or
(CH2)c5-7 membered heterocycle comprising car-

bon atoms and 1-4 heteroatoms selected from N, 0, and

S(0), alternatively two R" on ad)scent or the same
carbon atom form a cyclic acetal of the formula 0
(Cilz)c 0, or 0 CF'2 0 . ~herein n is
selected )born I or 2,

R" is hydmgen, C, „alkyl substituted with 0-2 R'. C, 6

haloalkylr Ca &, cycloalkyl substituted with 0-2 R, or
(C'liz),-phenyl substituted with 0-2 R:

R" is C,, alk31 substituted vnth 0-1 R . C3 6 cycloalkyl, or
(Cila), -phenyl substituted with 0-1 Rf,
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R's hydrogen, F, CI, Br. OCI', CI', CN, NOS. OR',
(CH2)„C(O)R'. NR'R", NR'C(O)OR', C, „

alkyl, or (Ci 1,),-phcnyL
R's hydrogen, C, p alkyl. C,, cycloalhyL or (CIIS),-pha-

lli k
R's hydrogen. halo, NHS. OH. or OCH,:
r is 0, l. 2. 3, or 4, and

p is 0, I, or 2.

2. A compound according to claim I wherein
the dashed lines are either single or double bonds,
A is hak1. C (p cycloalkyl substinned w itll 0 3 B C( (p

mono- or bicyclic aryl substituted u 3th 0-3 B. a 5-10
mmnbered hetemcyclyl containing 1-4 heteroatoms
selected from N. 0, and S. substituted with 0-3 13. a 5-10
tncntbcred hcteroaryl contnining 1-4 hctematoms
selected from N. 0, and S, substituted w ith 0-3 B:

B is R', halogen, cyano. nitro. ~ R', C( 0) R',
A'( O)O—RL A'( O)NR" R', S( O)z
RL NR" f ( 0)—R', NR "(.'( O)NR" R',

NR"C( O)O R', NR" S( 0) RL N(S

( 0) R')z. or NR" R't
R's hydrogen, (I, ( alkyl substituted with 0 3 R . f

haloalkvl, Cz, alkenyl substihtted with 0-3 R", C,,
alhg nyl substituted with 0-3 R'". ( 3 (p cycloalhyl sub-
stltutcd wi'tll 0 3 R, Cp (p Btyl sobs'trttltcdvvnll 0 3 R'",
a 5-10 membered heterocyclyl containing 1-4 heteroat-
oms selected from N, O. and S, substttuted wtth 0-3 R",
a 5-10 membered heteroaryl containing 1-4 heteroatoms
selected from N, 0, and S. substituted with 0-3 R'",

R's hydrogen, C 0, F, Cl, Br. OCI'.„CI'3, CIIPC CN,
NO„(CHS),OR", (CHS),SR'. (CHS),C(O)R",

(CI I,),C(O)OR". (CI I,),OC(O)R". (CI I,)
„NR"INL (CHS),C(O)NR" R(L ~CHz)JSRPC(O)
R'. ~CH,) NRBC(O)OR'. NR'( (O)NR"R",

S( P)„NR"R", NR S(O)„R'. S(O)R', S(O)
SR', (:,, alh31 substituted with 0-2 R'. (,, haloalkyl,

(CHS),.-3-14 membered carbocycle substituted wtth
0-1 R", or (CHS)„-5-7 ntembered heterocycle cont-

pnsutg carbon atoms and 1-4 heteroatoms selected from
N. 0, and S(O)„substttuted w 3th 0-1 R't

one of I 1'nd Ij's I 1 and the other is H;

D is R', halogen, (C(R")z), R'. O R,
C(HI) R, C(H))O R'. C(H))NR"

R . S( O)z R-'. NR" C( 0) R-". NR"('
0)NR" R'R"C( 0)0 R'. NR" S

( O)z R"-, or NR' R';
R's hvdrogcn, C( p allyl substituted with 0-3 R'". (,,

alkcnyl substituted with 0-3 Rz", (:,, alkynyl substi-
hrtcd (vl'tll 0 3 R . Cp (p aryl substituted wtth 0-3 R'. a
5-10 membered heterocyclyl contatntng 1-4 heteroat-
oms selected from N, O. and S, substttu ted wtth 0-3 R",
a 5-10 membered heteroaryl containmg 1-4 heteroatoms
selected from N. 0, and S, substintted with 0-3 Rz",

Rz" ts hydrogen, C O. F, Cl, Br. OCF„CN, NO„
(CH,),OR", (CH,),SR'. (CHS),C(O)R",
(CI Iz),.C(O)OR'2 (CI Iz),.OC(O)R, (CI Iz)

,NR" R' ~( Hz),C(O)NR'R". ~CHS),NR"C(O)
R'. (CII,),NR"C(O)OR'. NR'C(O)NR"R",

S(O)„NR" R", NR S(O)BR', S(O)R'. S(O)
R C( alkyl substituted witlt 0 2 R C( ( ltaloalhyl,

(CHS),-3-14 ntcntbercd carbocycle substituted with
0-1 R'. or (CHS)„-5-7 membered heterocycle com-

pnstng carbon atoms and 1-4 heteroatoms selected from
N. 0, and S(O)„sub sutured wt th 0-1 R";

R's indePendently hydrogen or C( 3 Ilk('I;

alternatively, R" and along wtth another R'. R', or R'n
tile sB(llc tlllrogcll Btolll (liny'(11(l to ioltll Btl ttzctldillvi,
pyrrolidinyl. piperidinyl. morpholim'l. or 4-(C, „alkyl)
pip Cl

'Z3llVk
R" is hydrogen, F, CL Br, OCr,, CFS, CHIS. CN. NO„

(CHS),.OR . (CHS),SR', (CHS),c(O)R,
(( Hz) C(O)OR (( Hz) OC(O)R (( Hz)

,NR"R", ((:Hz),C(O)NR" R", (CHS),NR ('(0)
R', (CHz).NR"( (O)OR', NR C(O)NR" R",

S(O) NR" R", NRPS(O) R', S(O)R', S(O)
SR', (',

p alkyl, C( p haloallyl. (('Hz),-3-14 mem-
bered carbocycle, or (CHz),-5-7 membered hetero-
cycle comprising m(rbon atoms und 1-4 heteroatoms
selected I'rom N. 0, and S(O), alternatively two R" on
adjacent or thc same carbon atom form B cyclic acetal of
the fomtula ~ (CHS)(~O . or ~~F3~
v herein n is selected from I or 2,

R is hydrogen, C( p alkyl substituted with 0 2 R C(
haloalkyl, cz p cycloalkyl substituted with 0-2 R', or
(CHS),-phenyl substituted v,ith 0-2 R":

R's C,, alkyl. Cs p cycloalhyl, or (CHS)„-phenyk
R" is hydrogmt, F. Cl, 13r. OCF,. 0 F,, (N, NOS. OR',

(CH2),C(O)R', NR'R', NR'C(O)OR', (',,
alkyl, or (CHS),-phenyl;

R's hydrogen. f ( 3 alh31 ( 3 3 cjcloalhgl, or((:Hz),-phc-
nyk

r is 0. I, 2, 3. or 4; and

p is 0. I, or 2.

3. The compound ofclaim 1. wherein

I) is a R-, (CHS), R, 0 R-. i C(M)) R,
C( O)O R, C( O)NR" R, S( O)z

R. S( 0) R. NR"C( 0) R. NR"C
( O)NR" R NR"C( O)O R-", NR" S

( O)z R.oi NR'' R,
R's hvdrogen, C( p alkyl subsntuted w ith 0-3 Rz", ('z,

alkenyl substituted with 0-3 Rz"', Cs „, cycloalhyl sub-
stituted wtth 0 3 R, Cp (p aryl substituted with 0-3
Rz", B 5-10 membered heterocyclvl containing 1-4 het-
eroatoms selected from N, 0, and S. substituted with 0-3
Rz". a 5-10 membered heteroaryl contatning 1-4 het-
eroatoms selected from N, 0, mtd S. Substitutixl with 0-3
R',

R'" is itydrogen, C 0, F, Cl, Br, OCF„CFV CHI'„CN,
NOS. OR . SR', C(O)R', C(O)OR, OC(O)R",NR''' C(O)NR"R"'R C(O)R'. NRPC

(O)OR', NRBC(O)NR"R", S(O)CNR"R",
NR S(O)„I&*. S(O)R'. S(O)ZR'. C, p alkvl s(lb-

stitutpxi with 0-2 R'L (CII,)„-3-14 membercxl car-
bocyclc substituted with 0-1 R, whcrcin tlm carbocycle
is cyclopropyl, cyclobutyl, cyclopentyl or cycloltcxyl, or

(('Hz),-5-7 membered heterocycle comprising car-
bon atoms and 1-4 heteroatoms selected from N. 0, and
S(O) substituted wtth 0-2 R";

ris 0. I,or 2

4. The compound ofclaim 1. wherein

4 is halo, C, „, carbocyclc substituted with 0-3 B C, „,
mono- or bicyclic nryl substituted with t)-3-B, a 5-14
membered heterocyclyl containtng 1-4 heteroatoms
selected from N, 0, and S, substttuted w ith 0-3-B, a 5-10
membered heteroaryl contatnutg 1-4 heteroatoms
selected irom N, 0, and S. substituted with 0-3-B:
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B is R', halogen. cyulo. nitro. 0 R'. C( 0) R',
M( 0)0 R'. M( 0)NR" R'. S( 0)s
R', NR" ('( 0) R', NR" ('( O)NR" R',

NR" S( 0)i R', N(S( 0)s R')„or
NR" R'.

R's hydrogen. C, &, alkyl substituted lvith 0-3 R". C, „

haloalkvl, C, ic lryl substituted with 0-3 R", a 5-10

membered heterocyclyl containing 1-4 hetcroatoms
selected from N. 0, and S, substituted wuh 0-3 R'" a

5-10 membered heteroaryl containing 1-4 heteroatoms
selected front N. 0, and S, substituted with 0-3 R'"

5. The compound ol'claim 4. is herein

R's hydrogen, C,, alkyl substituted with 0-3 R", ethe-

nyl. C, „, cycioalkTI substituted with 0-3 Rs"k.', „, aryl
substituted with 0-3 R ", a 5-10 membered heterocyclyl
containing 1-4 heteroatoms selected from N. 0, and S,

substituted with 0-3 R'. wherein the heterocyclyl is

pymilidinvl, pipeudinyl, morpholinyl or piperazinyl,
tetrahydropyranyl, oxazohdinyl (oxazohdin-one). imi-

dazolidinyl (imidazohdin-one), dioxalanyl. or

(,)

~'L+
+

pyrrolidmyl, piperidinvl, morphohnyl or piperazinyh a 5-10

membered heteroaryl containuig 1-4 heteroatoms selected
from N, 0, and S, substituted with 0-3 R' wherein the het-
eroaryl is indazolyl, imidazolyl, pynmidinyl, benzunida-
zolyl. benzothiazolyl, quinohnyl, quinazolinyl, quinazolin-4
(31 I)-one pyridiuyl or thiazolyl.

7. The compound ol'laim 6, wherein the compound of
formula I is a compound of formula (I) is (Ia) or (Ib)

llsl

a 5-10 membered heteroaryl containing 1-4 heteroatoms
selected froni N, 0, and S. substituied with 0-3 Rs", u herein
the heteroaryl is pyrimidinyl, inlidazolyl, pyrazinyl, tluadiza-

olyl, pyridmyl, quinolmyl, isoquinolinyl, or duazolyl.

6. I'he compoiuld of claim 5. wherein

A is C, carbocycle substituted with 0 3 B Cs rc lllollo ol'icyclicaryl substituted with 0-3-B, a 5-14 membered

heterocyclyl contauung 1-4 heteroatoms selected from
N. 0, and S, substituted u ith 0-3-B. u herein lhc hctero-

cyclyl is chmmanyl, 3.4-dihydro-2H-bcnzo]c]]10]ox-
azin-2-one, pvrrolidinvl, piperiduivl, morpholinyl or
pipcrazinyi. a 5-10 membered hetcroaryl containing 1-4

hetcroatmns selected from N. O. and S, substitutixi with
0-3-B, wherein the heteroaryl is pyuduiyl, quinoluiyl,
isoquinolinyl. indolyi, indazolyl, benzimidazolyl, funi-

nyl. benzofumnyl, dibenzofuranyl imidazolyl, pyra-
zolyl. or tluazolyh

R's hvdrogen. C,, alkyl substituted with 0 3 R

haloalkvl, C„u, aryl subsututed with 0-3 R", a 5-10

membered heterocyclyl containing 1-4 heteroatoms
selected front N, 0, and S. substituted with 0-3 R",
wherein the heterocyclyl is 4.5,6.7-tetrahydrobenzo[d]

thiazolyl, isoindolinyl. imithtzo[1,2-a]pyrazut-g(7II)-
one, HI-pyrrolo[3,4-c]pyudui-3(211)-one. 1.3-dihydro-
furo]3,4-c]pyridine. phthaiazine, isoquinolin-1(2H)-
one, isoindolinyl. isoiudoline-1.3-dione, quinazolin-4
(3H)-one,

Nil

ital

N ill,

02

6 The compound ofclainl 7, wherein
R"'s hydmgen, 11 01. Br, OCP„C1's, ( Hps. ('N. NO„,

OR", SR". C(0)R'. C(0)OR'. OC(0)R',
NR" R'' C(0)NR"R" NR C(0)R', NR'C

(0)OR', NRsC(0)NR"R", S( 0)eNR"R",
NR S(0) 10 S(0)R' S(0) R'i r alkvl sub"

stitutcxi with 0 I R Ci all dolikvl (CH ) 3 6111eiil-

bcred carbocyclc, or (CH,),-5-7 mctubcrcd hctcro-
cycle comprising carbon atoms mid 1-4 lmtcroatoms
selected from N, 0, and S(0), wherein the heterocycle
is pyrrohdinyl. pyrrolyl, pyrazolyl. imidazolyl,
oxazolyl, isoxazolyl, thiazolyl. isotiuazolyl. furyl. thie-

nyl, pyndyl. pyrazuiyl, pynmidinyl, morpholinyl, thia-
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morpholinyl, triazolyL indolyl, benzothlazolyl, benzox-
azolyl, benzothienyl. quinolinyl, isoquinollnyl,
tetrahydroisoquinol inyL benximidazoly1, bettzopyranyl,
benzofur) L benzisothiazolyi, benzisoxazolyi, benzodi-
azinyl, or benzofuranmyl,

Rs is hydrogen. C,, alkyl substitumd with 0-2 R", C,,
haloalkyl, 0,, cycloalkyl substitnted with 0-2 R", or
(CI Iz), -phenyl substituted with 0-2 R";

R 'l C l s alkyl substituted with 0-1 R, C, cycloalkyl, or
(CHz),-phenyl substituted with 0-1 R;

Ra is hydro en, I', Cl, Br, Ocr n CF,. CN, N02. OR',
~(0)R". NR"R'. NRsC(0)OR', C, „alkyl. or
(CH,)„-phenyh

R's hydrogen, C, „alkyl. (', s cycloalkyl. or (CH,)»phc-
nyh

R's hydrogen. halo. or NH„
risOor I,
9. The compound of claim g, wherein
R" is hydrogen, F, Cl, Br, OCF„CFs, CHFz. CN, NO„

OR'. SR', C(0)R, C(0)OR'. OC(0)R,
NRiiRII C(0)NRlIRII NR 0( O)R
NRsC(0)OR', NRsC(0)NR'R'. S(0)

„NR»R", NR S(0)„R'. S(0)R', S(0)zR'. C,,
~elk)I, (', s haloalkyl, ((:Hz),-3-6 metnberwl car-
bocyclc Phenyl, or (('Hz), -5-7 membered hetcnlcyclc
comprising carbon atoms and 1-4 heteroatoms selected
from N, 0, and S(0), v;herein the heterocycle is thlaz-
olyl. pyndulyl, plperidlnyl, nxlrpllolinyl. piperazlnyl,
pyrrolidinyl, pyrrolidin-one,

R" is hydrogen. C, „alkyl subsututed with 0-2 R, C, „

haloalkvl, Ci s cycloalkyl substiuited uith 0-2 R „or
(CII,)pphenyl substitutcxi with 0-2 R",

R's 0,, alkyl. 0,, cycloalkyl. or (('H,),-phcnyh
R" is hydrogen, F„CI, Br, OCI'u CF,. CN, N02. OR'.

~(0)R NR R NR C(0)OR Ci s dkyl. or
((.'Hz),-plmnyh

R's hydrogen, C, „alkyl, Ci s cycloalk) I, or (CII,)»phe-
nyl.

10. The compound oi claim 9, wherein a compound of
formula (I) is (Ia) or (Ib)

0

NH

llsl

group is phenyl or naphthyh a 5-10 membered hetero-

cyclyl containing 1-4 hetcroatoms selecied froni N. 0,
nnd S. substitumd with 0-3-B, wlmrein the heterocyclyl
~poop is cluomanyl, 3,4-dihydro-2H-benzo[e][1,3]ox-
azin-2-one, pymllidinyl or pipcridinyh or a 5-10 mcm-
bercdt hetcroaryl containing 1-4 hetcroatoms svlcctld
I'rom N, 0, and S. substituted with 0-)-B, u herein the
heteroaryl group ls pyridinyl. quinolinyl. isoquinolinyl,
indolyl, indazolyl. benzitnidazolyl, furmiyl, benzofum-
nyl. dibenzofuranyl, imidazolyl. pyrazolyl or thiazolyl.

B is R', halogen, ('( 0)0 R', S( 0)z R',
NR'C( 0) RL NR'C( 0)NR» R',
NR»S( O)z R', N(S( 0)z R')z. or NR»

R'.
R's hydrogen. triiiuoromethyl Ci s alkyl substimted u ith

0-1 R", phenyl substitute with 0-3 Rnk a 5-10 mem-
bered heteroaryl containuig 1-4 heteroatoms selected
from N. 0, and S. substituted u ith 0-3 R'". whereui the
hctcroaryi is pyridyl or thiazolyk

One of I)'nd 1)z is I) and the other is hydrogmi,

I) is R'. ('( 0) R-", OR'- ('( 0)NR»Rz
NR»C( 0)R', NR»(:(M))NR» R'. NR»S( 0)
z

R'-, or NR' R'-:

R is hydrogen. Cz, alkyl substituted with0-3 R'*L a 5-10

membered heterocyclyl containuig 1-4 heteroatoms
selected from N, 0, and S, substituted with 0-3 R "

wlmre the lmterocyclyl is tetrazolyl, pymllidinyl. pip-
eridinyl. pipenazinyl or morphoiinyl,

R'" is (,, aikTI, is herein the alkyl is methyl. ethyl, propyl,
l-propyl, butyl. aud i-butyl, substituted with O-l R".

11 A compound according to claim I, is herein the com-
pound of fornuila (I) ls fornnila (Ic):

tls)
nz

YH

0
Hb! ore salt thereof, v;herein

B's methyl or iiuorine,

13's R'", NR»(. ( 0jR", NR''('( 0)NR»
R'". or

A ls C,„carbocycle substitoted with 0-3 B. wherein the
carbocycle is cyclohexyl or cyclohexenyl, Cp ip illollo-
or bicyclic aryl substituted with 0-3-B, whereui the aryl

0

Il" is N

I. +M
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N, O. utd S, substituted with 0-3 R '. wherein the het-
erocyclyl is selected from pipemzinyl. pyrrolidinyl, tct-
rahydroluranyl. morpholinyl, dioxol uiyl. piperidinyl,
oxazolidinyl (oxazxilidin-mie), iinidazolidinyl (imida-
zolidin&me).

(,)

any of which arc substituted with 0-3 R'";
R" is C, & allgl, phenyl substituted v ith0-2 R", cyclopm-

pyl. CHi-tetrazolyl, or pyndyl, thiazolyl, imidazolyl,
benzimidazolyl. pynmidinyl, any of which are substi-
tuted ts ith 0-2 R";

R'" is thiazolyl substinned with 0-1 R',
R" is t)uutazolinyl substituted with 0-1 R"t
R'" is selcvted from hydrogen, halo. CN, methyl, ethyl,

(T,, OH, 0-methyl. CO,CHs, N(CH,),. NC(O)CH,,
I) is R, (C(R")z), R . ~)R, C( 0) R,

i C(M))NR" R . NR "C( 0) R, NR"('
O)NR' R', NR" R'. or 0('( 0) R;

providexf that Dz is not hydrogen,
R's bvdrogen, Ci s 'llkg'I substituted with 0 3 R Ci

cyclopropyl substituted v,itb 0-3 R", a 5-10 niembered
heterocyclyl containing 1-4 bemroatoms selceeted from

a 5-10 membered heteroaryl containing 1-4 heteroatoms
scliwted from N, 0, and S, substituted with 0-3 R"„wherein
thc heteroaryl is selected from pyridinyl, imidazolyl, pyrazi-
nyl. pyrimidinyl. tetrazolyl. thiadiazolyl,

Ra" is hydrogen, (CHs),OR, (CHi)„O('(O)R',
(CHa),NR" R", ailyl substituted with 0-2 R", or
(CHa),-5-7 membered heterocycle compnsing car-

bon atoms and 1-4 heteroatoms selected from N. 0, and
S(O) sub sntuted ivith 0-2 R', wherein the heterocycle is
seiec~ted I'rom pyridinyl, pyrrolidinyl, pymilidinonyl,
morpholmyl. imidazolyl. piperidinyl,

R" is hydrogen or C,~ alkyl substitutixf with 0-1 R',
R" is hydrogen, ~R', NR"R". or ((,'H,),-5-7

membered hetcmcycie coniprising carbon atoms and
1-4 heteroatoms selected from N. 0, mid S(O), wherein
the heterocycle is imidazolyl or morpholinyb

R" is llvill'iigeil. ol', s alkyl substituted ivith 0-2 R";
R's C, „ally);
R is hydrogen, OR', or NR'R';
R" is hydrogen. or C

~ s alkyb
R's hydrogen. NH„OH. or 0( H,
12 4 pbannaccutical composition comprising one or more

compounds according to claim I and a pharmaceutically
acceptable earner or diluent.

13. 4 method of treating a discase, composing administer-
uig to a patient in need of such treatment a therapeutically-
effective amount of a compound according to claim I,
wherein the disease is systemic lupus erythematosus (SLE),
rbeiunatoid arthritis. multiple sclerosis (MS), or transplant
le)i:ctloll.
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