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wa\ppHiogatT on [ 0001] This application clains theCbhessbiini1oso
of US Provisional Patent Application 60/461468 fil ed
April 9, 2003. Field of the Invention [0002] This
invention relates to beta-carboline conpounds,
pharmaceuti cal conpositions thereof, and methods of
usi ng the conpositions for treating disease. The
conmpounds are particularly useful for treatin
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I nvention [0003] The transcription (nuclear) factor
NF-KB is a nenber of the Rel protein famly, and is
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the processing of pl05 to p50 and the degradati on of
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Background of the Invention

[0003] The transcription (nuclear) factor NF-xB is a
member of the Rel protein family, and is typically a
heterodimer composed of p50 and p65 subunits. NF-KB is
constitutively present in the cytosol, and is inactivated
by its association with one of the IkB family of inhibitors.
Palombella et al., WO 95/25533, teaches that the ubiquitin-
proteasome pathway plays an essential role in the
regulation of NF-kB activity, being responsible for the
processing of pl05 to p50 and the degradation of the
inhibitor protein IkB-a. Chen et al., Cell 84:853 (1996),
teaches that prior to degradation, IkB-a undergoes selective
phosphorylation at serine residues 32 and 36 by the
multisubunit IKB kinase complex (IKK). IkB-o is
phosphorylated by IKK, which has two catalytic subunits,

IKK-1 (IKB kinase o or IKK-o) and IKK-2 (IkB kinase B or



all owi ng transl ocation of NF-KB into the nucl eus,
where it binds to specific DNA sequences in the
wee@aneass of target genes and stinul ates theP@T/US2004/011080
transcription. Inhibitors of |KK can block the
phosphoryl ation of KB and its further downstream
effects, particularly those associated wth NF KB
transcription factors. [0004] The protein products of
genes under the regulatory-céntrol of NF-KB include
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tgg#gggkb¥i8%c%%%E%%S[nhibitpr | KB. The stimulation of
cel'l’'s, "ror exanple by cytokines, leads to the
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of IKB. This proteolytic degradation |eads to the
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t?f nucl eus of _the_cell and activates a .l arge nunber
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agkﬂéﬁgigﬂhibkkoéﬁdﬁgghﬁit%thé prlays a role in the growth
of normal and malignant cells. Furthermore, NF-kB is a
heterodimeric transcription factor which can activate a
large number of genes which code, inter alia, for
proinflammatory cytokines such as IL-1, IL-2, TNFQ or IL-6.
NF-kB is present in the cytosol of cells, building a complex
with its naturally occurring inhibitor IkB. The stimulation
of cells, for example by cytokines, leads to the
phosphorylation and subsequent proteolytic degradation of

IKB. This proteolytic degradation leads to the activation

of NF-kB, which subsequently migrates into the nucleus of
the cell and activates a large number of proinflammatory
genes.

[0005] Rinehart et al., U.S. Pat. No. 4,631,149 (1986),
discloses beta-carboline compounds useful as antiviral,

antibacterial, and antitumor agents.



use in the treatnment of inflammatory disorders (e.g
rheumatoid arthritis), osteoarthritis, asthma, cardiac
WO ndoaexie7 Al zhei ner' s di sease, carci nomat ous dPGDUS®NE011080

(potentiation of cytotoxic therapies) and
atherosclerosis. [0007] It would be beneficial to
provi de novel KK inhibitors that possess good
therapeutic properties, especially for the treatnent
of inflammatory di sease. DBeSeci- ption of the Invention
[0008] This invention provides conpounds that are
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Description of the Invention

[0008] This invention provides compounds that are useful
for treating IKK-2-mediated diseases, such as inflaﬁmatory
diseases and cancer. The compounds are represented by

formula I:

R1
2 am—
R \ /N
3 N
R H
NH
I

wherein Ring A is selected from the group consisting of:
(a) a pyridinyl or pyrimidinyl ring that is
substituted by (i) -CH,C(0)-G and 0-1 R®® or (ii) 1-2 R%%,
and
(b) a morpholinyl, piperidinyl, piperazinyl,
pyrrolidinyl, pyranyl, tetrahydrofuranyl, cyclohexyl,
cyclopentyl or thiomorpholinyl ring that is substituted by



each R6b is independently selected fromCl_3 aliphatic

or -N(R7) 2, and two R6b on the sane or an adjacent
w@200bov16Dpti onal |y are taken together w th thBCT/US2004/011080

intervening carbon(s) to forma 5-6 nmenbered ring

having 1-2 ring heteroatons selected fromN, 0 or S

Wis -Q, -QC (O -, -C(R9)2-C(R9) (R12) -, or

-C(R9)2-[C(R9) (R12) 12-; Qis -C(R9)2- or -C (R9) 2C
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noieties of Gis ﬁthnally substituted by 1-3 Rio ;
hagdp i Ly @LEGSY, K31 ™EP 3" al i phatic, ami no, cyano,

(Cléac}?'ﬂ@' Q;lugdégbﬂgen@iy?’séhlé@%éd fEONHZ2, 5 aliphatic
- I's hydrogen, halo, C1_3
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hydr ogen, Cl1_6 al |that| C 1\group or a 3-7 nenbered
hefegre Wﬁék?ch"ge abrom Zor?ﬁggheteroatorrs sel ect ed

fro >, re ?) L tituted
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-G GGOD)ZRYC Rboeﬂé’?) 12= N(R7) 2, C(O) N(R7) 2, - N(R7) C(0) R,
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on the sane ni tJogen atom a5e t aken
aliphatic), -N(R’)COCF3, -N(R7)CO(Ci-¢ aliphatic),
-N(R%)CO (heterocyclyl), -N(R’)CO (heteroaryl),
-N(R®%)CO (aryl), a 3-7 membered heterocyclyl ring, or a 5-6
membered heteroaryl, wherein each of the heteroaryl, aryl
and heterocyclyl moieties of G is optionally substituted by
1-3 R'Y;

R' is hydrogen, halo, C;-3 aliphatic, amino, cyano, (Ci-s
alkyl)i., amino, Cj;_3 alkoxy, -CONHz, ~NHCOCF;, or -CH;NHz;

R? is hydrogen, halo, Ci-3 aliphatic, -CFs;

R® is hydrogen, halo, Ci¢ aliphatic, Ci.s haloalkyl, Ci-s
alkoxy, hydroxy, amino, cyano, or (Ci.¢ alkyl)i amino;

R* is hydrogen, 3-7 membered heterocyclyl, or Ci-
aliphatic;

R> is hydrogen, Ci_s aliphatic group or a 3-7 membered
heterocyclic ring having 1-2 ring heteroatoms selected from
N, O, or S, wherein R® is optionally substituted by halo,
~0rR7, -CN, -SR®, -S(0).R®, -S(0):N(R")2, -C(O)R’, -CO.R’,
-N(R")2, -C(O)N(R7);, -N(R")C(O)R’, -N(R’)CO:R®, or
-N(R7)C(O)N(R") 2;



together with the nitrogen to forma 5-6 nenbered
heteroaryl or heterocyclyl ring; each R8 is
w0 nabefpoeaieent |y sel ected from Cl_4 aliphatic; PEOSHRE4/011080
i s independently selected from hydrogen or C1_3
al i phatic; each R10 is independently selected from
oxo, -R11, -T-R11, or -V-T-Rl1l; each Rll is
i ndependently selected fromCl 6 aliphatic, halo, -S
(0) 2N (R) 2, -OR7, -CN, -SR8;--S (O 2R8, -C (O RT,

et T8 BN B 2o SR U grgencpe o

a@&ﬁﬂﬁh?g C%r4t%bkﬁF68§ ghai Bamd h$trBgen- BtbR7hre, taken
(0) -, -S(0) 2-, -C(O -, or -C02-; and R12
tpgehyarogehhoth&nna#mgeac te Eoda ehii§ mamBEusd The

rm"al phat c" as us h in means straight-chain,
hSESﬁSﬁEH oPrcchﬁgoEVcé % %ygﬁécarbons which are

COTT’DIeQE:BJ R® sag uf B €fenfcblehseDatBEd 6REMOC; MDEBiphatic;

units ynsaturatlon but which are not aromatic. For

exanﬁﬁ@h SUHE abPecRERPRAETY BPoBpEefnéFgRehydrogen or Cis
&gted or unsubstituted |linear, branched or

angﬁ%E alkx al kenyl, al kynyl groups and hybrids

thereaﬁhs h'ias irdamEalekyly @dddgted from oxo, -RY,

g_oalkeQ%w%igkyl or (cycloal kyl)al kenyl. The terns
atkyl "7 "hydroxyal kyl ", "al koxyal kyl ", and

" al kexygsarbony Lndé%ﬁéhdéﬂiﬂlﬁﬁ Hlasc i tréth @ | adehatic,
noi ety, include both strai apd branch%d chai ns, .
h@éﬁtarﬁﬂﬁgi%ﬁ%)UQ @B ve€ rboﬁRaioﬁ% ) 2Re r@Kﬁ%R- ~COzR’,

K nyI yny. | on a
Ngk & nnlet Ig%é (%ogﬁ Egélgﬁi gé ranc
—NhRVns (OO (R bnlng two to twel ve carbon at ons. The

term\W0,29084 022581 BEThraadft’t R1xvi8e chain;

V is -0-, -N(R")-, -8-, -S(0)-, -5(0)2-, -C(0)-, or
-C053-; and

R'? is hydrogen or an amino acid side chain.
[0009] The term “aliphatic” as used herein means
straight-chain, branched or cyclic C;-Ci; hydrocarbons which
are completely saturated or which contain one or more units
of unsaturation but which are not aromatic. For example,
suitable aliphatic groups include substituted or
unsubstituted linear, branched or cyclic alkyl, alkenyl,
alkynyl groups and hybrids thereof such as
(cycloalkyl)alkyl, (cycloalkenyl)alkyl or
(cycloalkyl)alkenyl. The terms "alkyl", "alkoxy",
"hydroxyalkyl", “alkoxyalkyl”, and "alkoxycarbonyl", used
alone or as part of a larger moiety, include both straight
and branched chains containing one to twelve carbon atoms.
The terms “alkenyl” and “alkynyl", used alone or as part of
a larger moiety, include both straight and branched chains

containing two to twelwve carbon atoms. The term



"cycl oal kyl, used alone or as part of a larger nviety,

i ncl udes cyclic C3-Cl2 hydrocarbons which are
w@orvphetiet y saturated or which contain one orP@DUS2004/011080

units of unsaturation, but which are not aromatic.

[0010] The terns "hal oal kyl ", "hal oal kenyl" and

"hal oal koxy", nean al kyl, al kenyl or al koxy, as the

case my be, substituted with one or nore halogen

atons. The term "hal ogen" n€ans F, d, Br, or

[0011] . The term_"heteroatont neans itr 0X .en
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trogen he“term "ni trogen” includes a
sahbs&tédtablwhmchrogenalnfoaehetenogycwmgtﬁl@@ As an

exa in a, s ated or rtially.unsaturated rin
uﬂﬁ@?ﬁﬁaélgnhepg od % §5Fe85§darpp “Sxygen, sul fur )
[09ioi trogefe he,ai tH99en1RBY be NGRS 1Kyl and

3, 4-di hydro-2-pyrrolyl), NH (as in pyrrolidinyl) or
hﬁ&balkaxyfn Nesubsﬂkymtedlbynyélp@lnﬂkpxy[oaﬁzﬁhﬁh@ase

b b I
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tE¥&t eﬁamazg;leﬁg hBE6S 0 t@urBeeno&erIbers The terms
"carbocycle", "carbocyclyl", "carbocyclo", or

[OOéb} bocyclhe" tairat Hbﬁt§§part9médm@ﬁnﬁamlutmgyn, oxygen, or
4E3H hhhcineiRoes, BRIOR e geapail e Hit o oald Y

t 8 car bocycl e
sutatkocyntiotheotuateanbaeyclfoeh alfsanyntlasde muqﬁmgéna

r|n s that are fused to.one ar nore aromatic_qr )
AﬁéﬁaFaﬁanémrrﬁ@§r09@eﬁ dgcilpdgs aeéaﬁv&ﬂ5ﬁ§ﬁﬁﬁﬁy nidrogen
oEeéfﬁE¥QE88§EﬁEE¥&1nﬁhefQstQ% adipale, 9 ROIRL-QBhted or

attachment is on the aliphatic ring. [0013] The term

paatyhllysedsatumeted asnpahavohgaokér@@ﬁenﬂmugmﬁzﬁehavted
[1] ar

EePBnarrEehy nEoaE e haERgEr o e PhirPesk By BEN (as
130@44082E§ar8C§L§§%Q@4&Q1lO&Q (as in pyrrolldlnyl) or NR'
(as in N-substituted pyrrolidinyl).

[0012] The terms “carbocycle”, “carbocyclyl",
"carbocyclo”, or “carbocyclic” as used herein means an
aliphatic ring system having three to fourteen members.
The terms "carbocycle', "carbocyclyl", "carbocyclo", or
"carbocyclic" whether saturated or partially unsaturated,
also refers to rings that are optionally substituted. The
terms "carbocycle", "carbocyclyl", "carbocyclo", or
"carbocyclic" also include aliphatic rings that are fused
to one or more aromatic or nonaromatic rings, such as in a
decahydronaphthyl or tetrahydronaphthyl, where the radical
or point of attachment is on the aliphatic ring.

[0013] The term "aryl" used alone or as part of a larger
moiety as in "aralkyl", "aralkoxy", or "aryloxyalkyl",

refers to aromatic ring groups having five to fourteen
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--7- menbers, such as phenyl, benzyl, phenethyl,

1-naphthyl, 2- naphthyl, 1-anthracyl and 2-anthracyl.
wab@4pexior "aryl" also refers to rings that arBCT/US2004/011080

optionally substituted. The term"aryl" may be used

I nterchangeably with the term"aryl ring". "Aryl"

al so includes fused pol ycyclic aromatic ring systens

in which an aromatic ring is fused to one or nore

rings. Exanpl es include 1-nrapht-hyl, 2-naphthyl, 1-

ant hracyl and 2-anthracyl. Also included_wthin % e

memloges , 0PUEheat ePRENYS y] Peng¥l; t PhengEBY InedsnAPHEEYE, 2-

n r thC fus t en "

I e o s
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radi cal or point of ttachne t he
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rPhgn . heigroeychigo 2acysgdshenska ?69&@§%§1c aromatic ring
non-aromatic ring systens having five to fourteen

syentes sinpwbichabhyatometio rieg, ipnfwseehtenensr omprere

rin bons refera one ou
r?%%gacg%xﬁvp%e e%%?%%@ n1sucﬁ£ghyk 8 IlgE)Eg?@il‘:“xanples
atnhhete1 osyal pcahtngaciydcl neo3ihtHherdi nidatal the scope

one, (1- substltuted) - 2- 0xo- benzi m dazol - 3-yl, 2-
of cthahyersf UraHY [, 35t éfr ARyHPERUREREAD, 1s™ & group in

wﬁléﬁt%§h¥95H9¥£@n¥hfg %ekﬁégﬁdﬁep$h@nﬁk nbEe non-aromatic

tetrahydropyranyl, di oxal anyl
ridg$8] - guthi sbanyl an @mdapya»ophﬁyhnthrldlnyl or

tetr dro he tetrahydrothio hen
CSEHOPEROPRRGE LEG nBFBRGI ERG | £oas Citdr PRoPCAgE. OF
a@taehﬁaﬁﬁpmslbﬂytheSakbmaﬁmgpb@hgnyl 4-
t hi onor phol i nyl, 1-pyrrolidinyl, 2-pyrro|idiny|, 3-
lﬁpylkoliQiﬁyb terpjpheazrnyyclg"pibéﬁé@t@?y01yl” or

BB RS LTl g B RS LA omatic zing
%%§5ﬁ§théviﬁ§ ﬁh&éohanfbur&eeﬁhhbmbb&bdI@ibferably five to
teg?zgéaa léhbggéog¥r&gégdég%g carbons, preferably one to
four, are each replaced by a heteroatom such as N, O, or S.
Examples of heterocyclic rings include 3-1H-benzimidazol-2-
one, (l-substituted)-2-oxo-benzimidazol-3-yl, 2-
tetrahydrofuranyl, 3-tetrahydrofuranyl,
2-tetrahydropyranyl, 3-tetrahydropyranyl, 4;
‘tetrahydropyranyl, [1,3]-dioxalanyl, [1,3]-dithiolanyl,
[1,3]-dioxanyl, 2-tetrahydrothiophenyl, 3-
tetrahydrothiophenyl, 2-morpholinyl, 3- morpholinyl, 4-
morpholinyl, 2-thiomorpholinyl, 3-thiomorpholinyl, 4-
thiomorpholinyl, 1l-pyrrolidinyl, 2-pyrrolidinyl, 3-
pyrrolidinyl, l-piperazinyl, 2-piperazinyl, l-piperidinyl,
2-piperidinyl, 3-piperidinyl, 4-piperidinyl, 4-
thiazolidinyl, diazolonyl, N-substituted diazolonyl, 1-
phthalimidinyl, benzoxanyl, benzopyrrolidinyl,

benzopiperidinyl, benzoxolanyl, benzothiolanyl, and
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benzopi peri di nyl, benzoxol anyl, benzot hi ol anyl, and WO
2004/ 092167 PCT/ US2004/ 011080 --8- benzothianyl. Also

w0 p@kieae Wi t hin the scope of the term ™heterpClHuk0b4/011080
or "heterocyclic", as it is used herein, is a group
in which a non-aromatic heteroaton}contalnlng ring is
fused to one or nore aromatic or non-aromatic rings,
such as in an indolinyl, chromanyl, phenanthridinyl,
or tetrahydroquinolinyl, mhé%e—the radi cal or point
of attachment is on the_nogn-aronma

b?ﬁﬁ@ﬁ%ﬁﬂ@#ﬁcon@%ﬁﬁlh@C1V@% W#F%l?eFH?"ﬁ§?8?08§cFEe term
mé‘@é%@@ﬁ "or OFhet BELEFOLYEH i CogWhet hgrysagunhat-edn, is

or part unsaturated,” also refers to rings that
aegfnmmtxmnmmiqhsabs@mf@renat{@0h5$efhetomrﬁvntalnlng ring

argl" used al one or
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SIE&f.L eis 10 Lot BRQS1LOAPL | Cchi BBa8yDYPShBaYhABriavaylo or
fourteen nmenbers. Exanples of heteroaryl rings include
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'SOXAZ0 i'Soxazo oxa razolyl,
rﬁn@xadTnéotefm Qhebéﬁdoygle"ﬂ Uhazetgbyc5ymkazokyl,
1-pyrroly rro rro , 1- zol yl ,
"@@%@¥%§%¢§+C"3W%9F%§6|??tué 59rPﬁyparégé§?ydvﬁsaturated'
afscpyféﬁ&s €5 D:Y{h?k dyhat4a9ar bﬁtﬁ&shalﬁé Eﬁbbﬁhdﬁlted
3- pyridazi nyl, hi azol yl, 4-thiazoly - thiazolyl,
lDBlibFraonyé térmrrhebéybarﬁlfrlaseﬂyaloﬂe bhi esypbart of a

3-thien car bazo en2| - nzot hi "
L eioh REsT osagnl ThecBEPabmRTE” ShonpBErFasarTRLkomny ",
r@?@ﬁ@t@baHQ£¥£®aP§ﬁé@Qéa%Qh§|gro@ﬁ@zhﬁbﬂﬁéoEybe to

i soqui nol i nyl , |ndazonI, i sol ndolyl, acridinyl, or

f@@h?@@@d&@@beyﬁ A@g@mph@su@édhﬂpﬁﬁpﬁrvﬁerl@@épéneﬂude 2-
B RARLEEH L palghb s o BB 52
ifDELzolyl, 4-imidazolyl, 5- 1m1dazolyl 3-isoxazolyl, 4-
isoxazolyl, 5-isoxazolyl, 2-oxadiazolyl, 5-oxadiazolyl, 2-
oxazolyl, 4-oxazolyl, 5-oxazolyl, l-pyrrolyl, 2-pyrrolyl,
3-pyrrolyl, l-pyrazolyl, 2-pyrazolyl, 3-pyrazolyl, 2-
pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-
pyrimidyl, 3-pyridazinyl, 2-thiazolyl, 4-thiazolyl, 5-
thiazolyl, 5-tetrazolyl, 2-triazolyl, 5-triazolyl, 2-
thienyl, 3-thienyl, carbazolyl, benzimidazolyl,
benzothienyl, benzofuranyl, indolyl, gquinolinyl,
benzotriazolyl, benzothiazolyl, benzooxazolyl,
benzimidazolyl, isogquinolinyl, indazolyl, isoindolyl,
acridinyl, or benzoisoxazolyl. Also included within the
scope of the term “heterocaryl”, as it is used herein, is a
group in which a heteroatomic ring is fused to one or more
aromatic or nonaromatic rings where the radical or point of
attachment is on the heteroaromatic ring. Examples include

tetrahydroquinolinyl, tetrahydroisoquinolinyl, and



aromatic or nonaromatic rings where the radical or

point of attachnent is on the heteroaromatic ring.
wex@apdase7 i ncl ude tetrahydroqui nolinyl, PCT/US2004/011080

t et rahydr oi soqui nol i nyl, and WO 2004/ 092167

PCT/ US2004/ 011080 --9- pyrido[3,4-d]pyrimdinyl. The

term"heteroaryl"” also refers to rings that are

optionally substituted. The term "heteroaryl" may be

used interchangeably w th thé&-term heteroaryl ring"

or. the term"heteroaromatic". [0016]
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Pyt mullrrgiléwwdlwlai kShBE t%ﬁflm &%%?R#ﬂé% #Heo
C t an
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" Mt gy Bl Sid st uﬁntxmedEmrrmJeshmg@mbhawreth the term
,.substituents on the urat car bon aton1pf an

hatRT oame e’?Jd"éﬂ"S/lora €F e %?%?%%fp%ifkf/l gr oup
wqﬂglueth3Fl ’ncfﬁdlﬁizaréikyﬂy 25 PR byLgne- di oxy,

enedi oxy, protected OH (such as acyioxy)
anymﬂgyaxﬁym andulist i Tiked ¢h hetPrysubbneiwdeds

SRR TPty LR G e e pRe) “ot0kp may
rbﬂ!ﬂr@&le &R%@é\l(ﬂﬁstzm EARNRCe ¢ O £ Reu i NEDRE
(O)N(R) 2, -NRNRCO2R, - C(O) C(

NI, He( Oy R ST RER) SEom. S JnRary L

0, 2,
hetar?\%_{\i)ﬁl( @%ﬂ%&%@%&%&aiﬁ) %&) HC% - ShEERBER)
hddfger) (B2, WERe] n-gReh I{msmthEbendedibyyseleated

from hydrogen, a substitute unsubst tut

S PR FEORGr R Tt o etk §r gpenyl (Ph),

s QY& 1 B [ | I@(PhpheMs’&PBQLteélJb@YPhW edcRh(pn) ,
-“Q(Ph), substituted -CX h), CH2(Ph), or substituted

sulgHe{ Bied y-C: (B;, a2 0Hp §PR) | swkerigrbap. —EXadip (@8) .
o U3 Vg0 90 Lo pRAL! CreBtAUg e BlESube
-mmm@@r@pmw,—mwm(omm)z, ~NR°NRCCO,R®, -C(0)C(O)R®,
-C(0)CH,C(O)R®, -CO3R°, -C(O)R®, -C(O)N(R°),, -OC(O)N(R°)z,
-S(0)3R®, -SO0N(R°)z, -S(O)R°, -NRPSO;N(R°)2, ~-NR°SO2R°,
-C(=S)N(R®),, -C(=NH)-N(R°),, -(CHy),NHC(O)R®, - (CH3) yNHC (O)
CH(V-R°) (R°); whefein each R° is independently selected
from hydrogen, a substituted or unsubstituted aliphatic
group, an unsubstituted heteroaryl or heterocyclic ring,
phenyl (Ph), substituted Ph, -O(Ph), substituted -0 (Ph) ,
-CH, (Ph), or substituted -CH,(Ph); y is 0-6; and V is a
linker group. Examples of substituents on the aliphatic
group or the phenyl ring of R° include amino, alkylamino,
dialkylamino, aminocarbonyl, halogen, alkyl,
alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkoxy,
nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl,

hydroxy, haloalkoxy, or haloalkyl.



al kyl am nocar bonyl, di al kyl am nocar bonyl ,

al kyl am nocar bonyl oxy, di al kyl am nocar bonyl oxy,
w@bkdoan92167 ni t ro, cyano, carboxy, al koxycar bonyPCT/US2004/011080

al kyl carbonyl, hydroxy, hal oal-koxy, or hal oal kyl. WO

2004/ 092167 PCT/ US2004/ 011080 --10- [0017] An

al i phatic group or a non-aromatic heterocyclic ring

may contain one or nore substituents. Exanples of

sui tabl e substltuents on thedaturated carbon 20 of an

|iphatic gro of a non-aromatic heterocyclic ring
[ ﬁ)ude tﬁ%’sé‘ |llp CaRPET GF th&WeRMmetEy Relrfyclic

r@hga ﬁa%r E'on%(al?le'b%re? ahy Imogreo %b%rtq c%d%%ltf s? ll\lll\l%%l & of

sparthgvu)e SULNMESORIE loyl )the S@rtuzmed Weekwre®h ¢ drs

' dent | | ected f h
UHETRELTT SECHPAPT o P "GroR SBF & Sl e ring

iakiphat it ogeoup stbvaapose Hors st dnterthsatd Rrbon of an
al iphatic group_include am no, al kyl am no,

agval Ry &RteE 0T/ HECHPLERY th@alfééé{‘*?""lél%yl =0, =8, =NNHR¥,

m nogarb alk
ﬁ#KﬁlZﬁ1ng§arbgﬁ§ oxy,R di%#ﬁ%? n&ggpﬁo VIoKy 2 (alkyl),
oal ktiry, wihiere, eamanaf d&rhmﬂppenﬂdn&ﬂmcamiMm@ded from
al_kyl car bonyl , dr gx al or hal oal kyl
hy S0 o P BRE L ab et G 0 LS FCRBgGH 6 SRR tutea
adh PABLH € g%%%ocy@lxbﬁl '1'e‘%9 dfn%lu%q,e;ltﬁibnté\lb%ﬂt%e allphatlc
R O C(O RF, - (0 CRC0) R, ~ SO2R

greURNERejlzde agieg)y N@ﬁzk am@p— Nld)l-algl(lﬂ-él)amlrqu

e pendentl selected
aPygogggg Wh Eghgg%%phatigl rou amln 6p%d
d&h&hbahmﬂn@baubonpnenﬁﬂk&@hﬁ;ndﬁﬂ%ﬁdﬂyﬂdﬁi Ph -0(Ph),

substi t uted Og CH2( Ph# substi tut ed CHQ(Ph) or
A LEHLGRIPOCAT RATHEPEY 0aPY OB 1 Rt&iPoC FIFRE 1t IGRGLOXY

a5%6§9E3§b85y§ub%ﬁk&ﬂ@ﬁ&%oﬁ%lth%yd%%&&haﬂdiéﬁﬂwﬁqpror

he phenyl ring incl am no
haloalkyl
[0018] Suitable substituents on the nitrogen of a non-

aromatic heterocyclic ring include -R*, -N(R*)2, -C(O)R}
-COR", -C(0)C(O)R*, -C(O)CH2C(0)R*, -SO0sR", -SO,N(R"),,
-C(=8S)N(R")3, -C(=NH)-N(R");, and -NR'SO,R*; wherein each R
is independently selected from hydrogen, an aliphatic
group, a substituted aliphatic group, phenyl (Ph),
substituted Ph, -0(Ph), substituted -0(Ph), CH,(Ph),
substituted CH;(Ph), or an unsubstituted heteroaryl or
heterocyclic ring. Examples of substituents on the
aliphatic group or the phenyl ring include amino,
alkylamino, dialkylamino, aminocarbonyl, halogen, alkyl,
alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkoxy,
nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl,

hydroxy, haloalkoxy, or haloalkyl.



al kyl am no, di al kyl am no, am nocar bonyl, hal ogen,
al kyl, al kyl am nocarbonyl, di al kyl am nocar bonyl
wa@bkdoghgarsnhocar bonyl oxy, di al kyl am nocar bonyl oXBCT/US2004/011080
al koxy, nitro, cyano, carboxy, al koxycarbonyl,
al kyl carbonyl, hydroxy, hal oal koxy, or hal oal kyl. WO
2004/ 092167 PCT/ US2004/ 011080 --11- [0019] The term
“l'inker group” or "linker" neans an organic noiety
that connects two parts of-altenpound. Linkers are
typically conprised of an atom such as oxygen or
[0818]f ur, arhmiteruchl skeNHgrouHor THgker” -wegEpaHRR
or a chain of .atons, such as an | i depe ' The
ORI 1T R S ac?l?rh?(%tf’siéw?y%fg%g |J§/9i% ?ﬁ@ﬁéﬁg%%é
Litfkedbtte 14/ c200, @sfbelabdyof nat hetomngechf agddokpgen
96 with a length of up to about six atons. Exanples
omfsulfiker & Yl uech dat it ed- ez unsd Wated @Q)gH-, or

a iyl d dope, chAln ol s | 50 OBtk oIRkLYSURSLAL Ul ee and
ereinone or two saturated carbons of the chain are
mepddonat | yagepbicedl twker G € Gypically (O théOrange of
i S e B Bl P19 56 wien
1@%,@%,1—.@%@9& adbiee?- . kQR30ks The LenRers
al kyl 1 dene chain" or "al kylene chain" refers to an
inptudmat | yesubst ¢d vprdunse Barghedof-bradeheilenar gemin
chain, t hat, ma full te r 0N r
i B B Py Wb FBLULA! St BN 00 e
s@BuEessd i becbahover f tlie achal hphati opyionplly0papladed by
conmbi nation of substituents or variables is

-G hi ssTHI®) GHPY—i f~ SO~ a coMFNEL i onCPasul T (W =

-gE@hl e Q- ,Ch—ﬁﬁécﬁiﬁ-y, f easidhgrconpeund. , Agtabl e -s-,
conpound or chem cally feasible conpound is one in
-9t ch-3be- chéfi-cal-S&NHHGt wre -NEISPat - subst anti al |y

al tered when kept at , f 4 I .
[0020k he abg%%c%egm ﬁ%i§¥ﬁiggggrc 4187 % el en€ Bnain

refers to an optionally substituted, straight or branched
carbon chain that may be fully saturated or have one or
more units of unsaturation. The optional substituents are
as described above for an aliphatic group.

[0021] A combination of substituents or variables is
permissible only if such a combination results in a stable
or chemically feasible compound. A stable compound or
chemically feasible compound is one in which the chemical
structure is not substantially altered when kept at a
temperature of 40 °C or less, in the absence of moisture or
other chemically reactive conditions, for at least a week.
[0022] Unless otherwise stated, structures depicted
herein are also meant to include all stereochemical forms
of the structure; i.e., the R and S configurations for each
asymmetric center. Therefore, single stereochemical

isomers as well as enantiomeric and diastereomeric mixtures



ot her chemically reactive conditions, for at |least a
week. [0022] Unless otherw se stated, structures
waelepiotaed? herein are al so neant to include alPCT/US2004/011080

stereochem cal fornms of the structure; i.e., the R
and S configurations for each asymetric center.
Therefore, single stereochemcal isoners as well as

enantioneric and diastereomeric m xtures WO
2004/ 092167 PCT/ US2004/ 011082~~-12- of the present
conpounds are within the scope of the invention.

o fUrfihes pustsrrarivi epuRdRl 258 ikt st pFeerRl Ohebl® n
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he s .arfdralex@mpant cormpouritsdd avomopiids prlesent differ
structures except for_the replacement of a h ﬁro en,
orebrithyhey RERREIGUR Brone i d?ﬁr%rl?‘?f%owecb?g SnentigRed

atﬁ1n‘r‘sa.r b%xby??atrﬁl?'  Xnmddashri ChdOR-aLEnW t hin

e scope o invention. [0023] In one enbodi nent
stafudtherésnvetemn, £ nghe Feplaetrenied f ranmudpygedi aypm by

of a pyrimdinyl,ring that. i tituted py 1.
= Gtk I Ty SO0 ot B ETTT SR RO e P Y 2

133= py#i Bicngh rakchaoRWdon Girdy i thing, tishewodeel v dhi s
_the conpounds of fornula I1-A and I1- B, respectively.
IrRerrRl® R NRR NRR 1T RBNR3 N NRZSHHHO

(I
[0% NH NH In%oane I\Ier!bol\g\lmé\rli‘ Yo% IE}ﬁe I iﬁ'\ﬁelllil,i&'x,( YRi_'nJ_:}I R'is
selected from a pyridinyl or a pyrimidinyl ring that is
substituted by 1-2 R®® groups. In this embodiment,
preferred Ring A include a 3-pyridinyl or a 5-pyrimidinyl
ring, shown below by the compounds of formula II-A and II-

B, respectively.

R! R! R!
2 T N R T N R2 N
: \_/ \_/ \ 4
3 N 3 N
R N R H R H
O. NH NH NH
6a :
z Z ANZA
A A LI 1 Al
N N N Y
IT-A II-B II-C (Y = N or CH)
[0024] Preferably, R®® is selected from halo or a Cig

aliphatic, such as chloro or methyl. When R% is an
aliphatic group such as methyl, a favorable position for
the R®® group is at the 2-position of the pyridinyl ring or
the 4-position of the pyrimidinyl ring, as shown in II-C
above. Particular Ring A moieties are 2-methyl-3-pyridinyl

and 4-methyl-5-pyrimidinyl. It has been found that



[0024] Preferably, R6a is selected fromhalo or a C1_6

al i phatic, such as chloro or nethyl. Wien R6a is an
wa@bdoplgatis group such as nethyl, a favorabl e pPST/USZIN4/011080

for the R6 a group is at the 2-position of the

pyridinyl ring or the 4-position of the pyrimdinyl

ring, as shown in II-C above. Particular Ring A

noi eties are 2-nethyl -3-pyridinyl and

4-mmet hyl -5-pyrimdinyl. |It-had8-been found that WO

2004/ 092167 PCT/ US2004/011080 -213- conpounds of
c@mpqum@5|¢fcfvhewéaeea ?swaeﬁetﬁyrﬂgréuﬁk%ﬁ%y group are

séﬁép{)éfﬁggy an a f}&ﬁet 1hnb?b%8gb<§§| tEE%Hh@ngQr kK

ogous conpounds that havé an
innsbbsi bk utlean Ranglégpysi domppusdshthatt heve descri bed
in_ the aforenentioned Ri.tzeler e

pl .
BBt BaEas. FLB28] SPYbRbAe SRt R B bRokPa deRgrabed in

?é%ﬂf’ rSHER: BSnehYAL 09eNermBEhYh . amirnapand cbkyenowo
0026] Preferred R2 groups include hydrogen and hal o.

0Ch6d668is a preferred R2 hal o group. [0027] Preferred
roups_i ncl ude_h gro en, halo eC|aII chloro
0G5 Koy ExBhsicl (oSN dire ST kb GrbHpRuch &8
‘hi88bY88, CaeéhﬁiKOémlﬁboaﬁa suGgBras nethoxy, ethoxy,
pr opoxy and cycfoprogylnethoxy [0028] In another

[0026bdi menPreRenged RS sedwps ethdluhe ahiydregamnpededalo.
CEgn-aromatic r%n? h vhm -2 r}g heteroatons
PERt T FrBhFhF F%ge ?y%é% "sulfur. These are
[(rm] gnat e geagrak! ¥° agr &9%@%:% hpapugén! lhalo
c

Exanpl es of non-aromati roups include a
(aapph@arhyrchlprpéraadnyﬂkogyperEzamp esppir SlildiriHe

DY by BB STy LD Sy hoPRBLLy

eﬁﬁaxﬁrOﬁﬁbp@xyragalZgbeogzg@yumethdxpy (i) -C(R9) 3

or -WG (ii) 0-4 R6b. and
[0028] In another embodiment, Ring A is selected from a
5-6 membered non-aromatic ring having 0-2 ring heteroatoms
selected from nitrogen, oxygen and sulfur. These are
designated generally as compounds of formula III. Examples
of non-aromatic Ring A groups include a morpholinyl,
piperidinyl, piperazinyl, pyrrolidinyl, pyranyl,
tetrahydrofuranyl, cyclohexyl, cyclopentyl and a
thiomorpholinyl ring. Preferably, such non-aromatic rings
are substituted by (i) -C(R%); or -W-G, (ii) 0-4 R**.and
(iii) 0-1 oxo groups on a ring carbon or 0-2 oxo groups on
a ring sulfur. More preferably, such non-aromatic rings
are substituted by (i) -W-G, (ii) 0-2 R®.and (iii) 0-1 oxo
groups on a ring carbon or 0-2 oxo groups on a ring sulfur.
[0029] A preferred G is -NR*R® or a 3-7 membered
heterocyclyl ring. More preferably G is ~NR*R® or a 5-6
membered heterocyclyl ring, where G is substituted by 1-2

RO,



(iii) 0-1 oxo groups on a ring carbon,or 0-2 oxo
groups on a ring sulfur. Mre preferably, such
WORM4AavTRti ¢ rings are substituted by (i) -VW@/U$1003/011080
0-2 R6"".and (iii) 0-1 oxo groups on a ring carbon or
0-2 oxo groups on a ring sulfur. [0029] A preferred G
is -NR4AR5 or a 3-7 nenbered heterocyclyl ring. Mre
preferably Gis -NR4R5 or a 5-6 nenbered heterocyclyl
ring, where Gis substitutedléy-1-2 R10 WO
2004/ 092167 PCT/ US2004/011080 --14- [0030] A
(0030 er r ech Fmrﬁf‘—%eJaerdRog]eﬁ a SuBInRGRATEr 6 HRRTER eS| v

rin phat er
nEOboPin L PRl DR, IBERLELCT By, phuteopstye)
hAlPsGer s RS 4Biphliyilc 0geR? wmyb alshesed Ciog alkoxy
heterocyclyl ring, or Cl 6 aliphatic, nore preferably
[083Hr ogen %rprﬁf@rﬁﬁdpﬁaﬂ% a 0B 9 | o FIrRered | |

hg%%ﬁﬁafgf%%gflﬁ% g%r %8Sa§l HQElérQHBEECpgé@grQEQ

VI éW ng, stit uen
hpdrdd@s eonotrarabhphatReng A conpounds, except for
t he oxo group in sone cases, are not = shown. Table 2.
[083% oundsVaktees REATALR sTREnCaFBAERfE WieRe RINOR: is @

nﬁ'\%\!ﬁﬁi é\!b d:‘:'_]il%; 5% ﬁwlﬁ_’%ﬁbt’e'bt' - NEL B o

viewing, substituents on these non-aromatic Ring A
compounds, except for the oxo group in some cases, are not

shown.

Table 2. Compounds where Ring A is Non-Aromatic

R} R! R!
2 - N R2 —— N R?2 N
: \_/ \_/ \ /

3 N ‘ 3 N
R® ﬁ R H R H
NH NH NH
?;jj:ﬁ ?{N
A A A
Ao )
III-A IIT-B ITI-C
R1
R} R! _—
— — R2 N

R2 N R2 N \_/

Y/ N\ /

3
R® N R ! H NH
N
NH ,
AN
7~ A

N A N}{

III-D III-E III-F



R RRRR N RR= NRRNIIT RB\ N RBHRHH NHNH

NH'NAA~NJ I[II-DIII-EIlIlI-F W 2004/ 092167
WEMABA04/ 011080 --15- RL R1 Rl R2 N R2 N R2I/NS20R8011080

N3NRENHRH NHNHHNH <NA{ NAA NQg

I11-G 111-H IIl-J RIRITR1 R/ I \ NRz/ I \' N
rIN H NHOp 40 AAN AIllIlI-KIIlI-L1Il-M [0033]
When Ring Ais a non-aronatic, six-nmenbered
R1 R1 R‘l
- = 2
RS \ /N RE \ /N : \ /N
R® N R? N R N
NH NH - NH
X
X N
A N A A IO
N
L L\/S L‘/%b
III-G III-H ITI-J
R! R! R
R —— N R T N 5 -
N
P N R \ 7
N
Re N R® N B3 N
NH NH A
5
A A o
N A
b %N o
TIT-K IIT-L III-M
[0033] When Ring A is a non-aromatic, six-membered

heterocylic ring, a favorable position for the -W-G and
-C(R%); substituents on Ring A is ortho to the position
where the beta-carboline portion is attached. For example,
in compounds III-A, III-B, III-D, ITI-H, ITI-J and III-M, a
preferred position for attachment of -W-G and -C(R%); is at
the Ring A nitrogen or at N-1 in the case of compound
ITI-F.

[0034] Preferably, W is -Q-, -0-C(0)-,

~C(R%)2-C(R%) (R") -, or -C(R%),-[C(R®) (R*?)],- where R® is
hydrogen. More preferably, W is -Q-, -0-C(0)-, or
-C(R%),-C(R%) (R¥?)-. R'? is hydrogen, C;.¢ aliphatic,
substituted or unsubstituted phenyl, substituted or

unsubstituted benzyl or ah amino acid side chain,



heterocylic ring, a favorable position for the -WG
and -C(R9)3 substituents on Ring Ais ortho to the
w@omupIs7 where the beta-carboline portion i SPCT/US2004/011080
attached. For exanple, in.ggnpounds IIIl1-A 111-B,
[11-D, I'11-H 111-J and I11-M a preferred position
for attachnment of -WG and -C(R9)3 is at the Rng A
nitrogen or at N1 in the case of conpound 1I1-F.
[0034] Preferably, Wis -@516(C (O -, -C(R9) 2-C
(R9) (R12) -, or -C(R9), 2- [C(R9 re
pmn@,ﬂwﬂmg@ﬁ R Cﬁiaeiffér%% %’&‘Hé"ﬁl Q%mlnmf]d?
( dnd S 0 ine,
"’}mp]h su%éﬁ%rte r%subst?t%%daé p%lgﬂ%ﬁlféa_élan
h:‘é-t’@sllal]laﬁﬂﬂe prvalthsejbslemo;mrwl, beseyéucinan agrboeaci d
si de chain, 2004/g§21§; PCT/U82004/0 1080 --16-
Eyasings ﬁ%@?%‘: S ARt et H'hatdrat- ani no aci d.
[0 &a?gjn‘pl es of Mm é}?{urvwlé e (@fids tActudg
ni ne, phenyl ani ne, vali ne, eu0|ne I sol euci ne,
enigfdingsnt t ya ostaferospa@tis aCig aw -gIHzt—éiﬁizc, agpyge
[0035]. I n one enbodinent, Wis QC (0) - . In this
Py “C}é?'preferred Qis -CH2- or -CH2-CH2-, nore
[oﬁjéjf er abl y r[&%ééuh@n@nolﬁbﬁ? £nbediaBstithted by
I's substltute % . A preferred R6b group is,
0-reetRfyL . Mhpmeﬁemged RE® @roven-iar ereithl si Whrsreieg A is a

nbodi d
o0 TERS Tl e s SOmRUBSR, L oroue
cARSHIADD PRI BotmulheTpOSIhéns vhere ahe bebamethyl groups

carboline portion is attached. An exanEIe of this
o nperl i Repd Aspﬁsé5h®@uﬂﬂr%m%?eth?nﬁoﬁ iog where the beta

cafﬁ%fﬁﬂgéggktl rf OAEQXé%é&ng AErQQQﬁE?EYOfSHEES

ounds™ ar e stituted by -WG
erﬁltﬁcS@Imd&eld ﬁbo&eco@ﬁeﬁﬁ@ Vhene RRggy AAI ssaarrﬁv éhdhmﬁy‘hyl—
mgégﬁkliéyfailgge Preferably, such compounds are further
substituted by -W-G as described above.
[0037] When Ring A is a morpholinyl ring, it has been
found that compounds having the *“S” stereochemistry at
position 3 of the morpholine ring are preferred, as shown

below by compounds of formula (S)-III-A.

R1
\ —
R \ /N
R® N
Qg NH
G—W\T/j)
/\/
(R®), (8)-III-A

where n is 0-4 and R}, R{ R}, W, G and R® are as defined

above. By analogy, it is expected that “S” stereochemistry



found that conpounds having the "S" stereochenmistry at
position 3 of the norpholine ring are preferred, as
W@ bao21bel ow by conpounds of fornmula (S)-111-PCT/B2004A211080
N I RBRN H ONNH GW. N (Réb)n (S) -1I1-A where n
is 0-4 and Rl, R2, R3, W G and R6b are as defi ned
above. By analogy, it is expected that "S"
st ereochem stry WO 2004/ 092167 PCT/ US2004/ 011080
--17- is also preferred for-1ot-her six-nmenbered
non-aromatic Ring A conpounds of fornula IIlI. I%
i s0md sentrotifremed dior cthey coiipoiideeerd FRPRIAEC c’tﬂ‘rﬂrc ABlng
2 Y -1]1- er hydr ogen, hal o, nethyl or
“ig?é) S #; rnglgg i%at hyl or halo; R3 is %ydrogen,
OM al ke efbodidertc atd Phedd o L ompdmods Rbf\gfaé’rmsla
su stltuted by 0-2 R6b; |Reb is Cl_3 aliphatic; \{¥
IIIQA o) (@) (-GLI-A v@(%j&c@ﬁgﬁy@men, hglo, m methyl or
R9)2-[C(R9) (R12) 12-; Qis -C (R9) 2- or -C (R9)
‘RO) 2-; Gis -NRAR5, -N (R9) C (0) NR4R5, -N (R9)
S02 1:(2Cls3h§4dix1a>lgmni ChethyINoER®R10;( 0O CF3, -N (R9) CO

(Cl | t , CO h
) B Pl Pl et 4R e
ameler ocyclyl ring, or a 5-

Ring A is substituted by 0-2 R

a

R® is ;.3 aliphatic;

W is -0-, —-0-C(0)-, -C(R%),-C(R’) (R**)-, or
~C(R%) 2~ [C(R’) (R™?) ]2

Q0 is -C(R%) - or -C(R?)2C(R%)2—;

G is -NR'R5, -N(R®)C(0)NR‘R®, -N(R’)SO;(C;-3 aliphatic),
~N(R®)C(0)CF3, -N(R’)CO(Cis aliphatic), and
-N(R%) CO (heterocyclyl), -N(R?)CO (heteroaryl),

N(R%)CO(aryl), a 5-6 membered heterocyclyl ring, or a 5-6
membered heteroaryl, wherein each of the heteroaryl, aryl
and heterocyclyl moieties of G is optionally substituted by
1-3 Rlo,'

R* is hydrogen or Ci-s aliphatic;

R® is hydrogen or a Ci aliphatic group that is
optionally substituted by halo, -OR’, -CN, -SR®, -5 (0)2R8,
~S(0)M(R7)5, -C(O)R?, -COR’, -N(R");, -C(O)N(R")z2, -
N(R7)C(0)R?, -N(R")CO.R®, or -N(R’)C(O)N(R")2;

each R’ is independently selected from hydrogen or Ci_4
aliphatic, or two R’ on the same nitrogen atom are taken
together with the nitrogen to form a 5-6 membered
heteroaryl or heterocyclyl ring;

each R® is independently selected from Ci.4 aliphatic;

R’ is hydrogen;



menbered heteroaryl, wherein each of the heteroaryl,

aryl and heterocyclyl noieties of Gis optionally
waagoitiered by 1-3 Ro ; R4 is hydrogen or QICHUS2004/011080

aliphatic; R5 is hydrogen or a Cl1_6 aliphatic group

that is optionally substituted by halo, -OR7, -CN,

-SR8, -S(O2R8, -S(O2N(R7)2, -C(OR7, -C02R7,

-N(R7)2, -C(ONR7)2, - N(R7)C(O R7, -N(R7)C02R8, or

-N(R7) C(O) N(R7) 2; each R7 4-sl8ndependently sel ected

from hydrogen or Cl1_4 aliphatic, or two R7 onthgl 11

sameagit Bégemalmﬁﬁém‘—@d@%ﬂ( seboeERer LRPRhO¥Re R+ T-R,

nié]tro en to forma 5-6 nmenbered heteroaryl or
OTheter ycIyI ring; each R8 is independently sel ected

fr omaaGh 4&'al i phatdepend®nt by hydiegead NELR004,0BRIBTatiC,

PCT/ US2004/ 011080 --18- each R10 is deépen tl 7
haéléllectse(@)széﬁ}bwo ~QR(1, “FNRITSE o QT ot g ~COR,
_ nde SelLeqke CL1p( M)l g‘ll Cor hal o,
l\f@( pﬁ@&’e;ﬁ? h ?pri-%‘?SRS -S (d(?)a 2R8, -C (O
—I\RR7 ef(?OZRXR zN( R7)2 " (O N(R?) 2, -N( R7) C(0) R7,

-N(R7) CO2RY7, -N(R7 i .
o T OB A e ) Gise BB A, o
-S (Pis -0S (—@) 127), ,- CstQ) -s(0or-, ~@3(2>),z andCRO2 -i, s ox

hydr ogen, ClL 6 aI | phatl C, substituted or
-Qsubenidt ut ed phenyl, or substituted or unsubstituted

benat A PBTRkp9RL L PRGN " slalesrdepsammounds

uﬂEﬂHBﬁLtdﬂé&thémylunwm)suEEtlEut©d0¢D unsubstituted

benzyl.
[0039] Another embodiment relates to compounds of
formula IITI-A or (S)-III-A where:

R' is hydrogen, methyl, £luoro or amino;

R? is chloro;

R® is hydrogen or alkoxy;

Ring A is substituted by -W-G and 0-2 R

R®® is methyl;

W is —Q-, —Q-C(0)- or -C(R%)2-C(R’) (R™)~;

0 is -C(R%)3- or ~C(R%)2C(R%) 2~;

G is -NR'R®, -N(R®)C(O)NR®R®, -N(R®)C(0)CF;, -N(R’)CO(Ci
aliphatic), and -N(R®) O (heterocyclyl),
-N(R?)CO (heteroaryl), a 5-6 membered heterocyclyl ring, or a
5-6 membered heteroaryl, wherein each of the heteroaryl and
heterocyclyl moieties of G is optionally substituted by 1-3
RO,

R* is hydrogen or Ci-g aliphatic;

R® is hydrogen or Ci-¢ aliphatic;

each R’ is independently selected from hydrogen or Ci-4

aliphatic, or two R’ on the same nitrogen atom are taken



R3 is hydrogen or al koxy; Ring Ais substituted by

-WG and 0-2 R6b; R6b is nethyl; Wis -Q, -QC (0) -
W@e04@AIRG) 2-C (R9) (R12) -; Qis -C(R9)2- oPCFUSI0RE)11080

2C (R9) 2-; Gis -NRAR5 , -N (R9) C (0) NR4ARS5 ,

-N(R9)C(O CF,, -N(R9) CO (C1_6 aliphatic), and

-N(R9) CO( het erocycl yl), -NR9) Cq het eroar yl)+-a~5-6~~+~-=-~--

menber ed heterocyclyl ring, ?% 5-6 menbered

het eroaryl, wherein each of e heteroaryl and

% Letd Gbscophi Qnal b ymeMbstktut ed
t%@é%%g Vﬁl%ljl %ﬁé ﬁgiﬁ%g?o%en or C1 6 ali prﬁati c; R5is
hdwyetr cmpenl cor Gletteabdphbyl crirach R7 is i ndependently

selected fgrth ogen or, .Cl 4 . al.i rt
on t$RER P%%@%D%e&}ﬁ]é’r??]a tneo%%%ﬁﬁﬁf%%atlc’
PCT/ﬁﬁSZlQDOﬂyQﬁ%%Ql --19- together with the nitrogen to.

forma 5- 6 rrerrbered het eroaryl or heterocyclyl ring;
eache®e1 iR AdepaAgpARLPIEdre SEEGCRMECP™ Oq pifat | T-RY
Rg%nd{ hydrogen; each R10 is independently sel ected
°F o’ R11, T R11, or V-T-Rl1; each R' is
i ndegeagert }lssehdebeddfehﬁzmyC]se&wltie@haEtmm C:habdiphatic,
-S(0)2N(R7) 2, .- OR7, S(0) 7
hamlzmsso (N2 <0y @) 25 RP G ef, C (DI, -coar,

7y = N( R7) 2;. § R§trakght or
ranched %)%‘15 Lz' e—ﬁgoﬂal E?() V)I SN:(%-)?C@Z N(R7) -, -S-,

-Nsao@ O)N(-l%)@()) 2- -C (O -, or -Q02-; and R12 is
P et B PR cERpBUHEL “%‘%' 5PRGRE, r2 2?%?%‘%6 kP!

Vv is -0-, -N(R’)-, -S-, -S(0)-, -S5(0)2-, -C(0O)-, or
-C0y-; and

R'? is hydrogen, Ci.s aliphatic, phenyl, or benzyl.
[0040] Preferred compounds of formula III-A are the
compounds of formula (S)-III-A’:

Ri

a——

2
R \

N

R
OgNH

G—W\N

H3><§H3 '

(S)-III-A'

where R', R?, R}, W and G are ‘as defined above for (S)-III-
A,

[0041] Another embodiment relates to compounds of
formula III-A-a:



conmpounds of formula (S)-I111-A: RIL R2 N R3 NH Q-H
GW, NN HB3 CH3 (S)-1l1l1-A where R, R2, R3, Wand G
wae@saxiedef i ned above for (S) -111- A [0041] PemUk®04/011080
enbodi ment relates to conmpounds of formula Il1-A-a:
WD 2004/ 092167 PCT/ US2004/ 011080 --20- -1 R2 ~N RS

NH NHG> N O, IIl-A-a or a pharmaceutically
acceptable salt thereof, whereini Qis -CH2-, -CH
(R9) -, or -C (R9) 2-; G i-s20NR4AR5 or a 3-7 nenbered
heterocyclyl or heteroaryl ring that is optionally
substituted by 1-2 R10; R1 is h§drogen, halo, Cl 3
al i phatic, am no, cyano, I£12(31_:’> al 1-2 amno, C1_3
al koxy, (Cl_3 aliphatic) - -6 aliphatic)
-C02-, or (C1_3 aliphatic) R2 is hydrogen,
hal o, C1-3 aliphatic, Cl1 B® oxﬂ ClL 3

ITI-A-a

or a pharmaceutically acceptable salt thereof, wherein:

Q is -CHp-, -CH(R®)-, or -C(R%)2-;

G is -NR*’R® or a 3-7 membered heterocyclyl or
heteroaryl ring that is optionally substituted by 1-2 R';

R' is hydrogen, halo, Ci.; aliphatic, amino, cyano, (Ci-s
alkyl)i., amino, Cj-3 alkoxy, (Ci-3 aliphatic)-C(0)-, (Ci-s
aliphatic)-C0,-, or (C;-3 aliphatic)-C(O)NH-;

R? is hydrogen, halo, Ci3 aliphatic, Ci-3 alkoxy, Ci-
haloalkoxy, or Cj-3 haloalkyl;

R® is hydrogen, halo, Ci-¢ aliphatic, Ci-¢ haloalkyl, Ci.
alkoxy, hydroxy, amino, cyano, or (Cis alkyl);.; amino;

R* is hydrogen or C;_¢ aliphatic;

R® is a Ci¢ aliphatic group that is optionally
substituted by halo, -OR’, -CN, -SR®, -S(0);R®, -C(O)R’,
~CO,R7, -N(R7),, -C(O)N(R7)z, -N(R")C(0)R’, -N(R’")COR®, or
-N(R") C(0)N(R)2;

Ring A is substituted by 0-4 R®;

each R® is independently selected from a Ci;¢ aliphatic
group;

each R’ is independently selected from hydrogen or Cig
aliphatic, or two R’ on the same nitrogen atom are taken
together with the nitrogen to form a 5-6 membered
heteroaryl or heterocyclyl ring;

each R® is independently selected from C;.4 aliphatic;



hal oal koxy, or Cl1_3 hal oal kyl; R3 is hydrogen, halo,

ClL 6 aliphatic, C1_6 haloal kyl, Cl-6 al koxy, hydroxy,
wa@piono9216yano, or (CLl-6 al kyl) 1-2 am no; R4 iBCT/US2004/011080

hydrogen or Cl1_6 aliphatic; R5 is a C1_6 aliphatic

group that is optionally substituted by halo, -OR7,

-CN, -SR8, -S (0) 2R8, -C (0) R7, -Q02R7, -N(R7)2,

-C(ONR7)2, -N(R7)C(OR7, -N(R7)CO2R8, or

-N(R7)C(O N(R7)2; Ring A isXubstituted by 0-4 R6b;

each R6b is independently selected froma Cl-6 . .

al i weathh ® gﬁoaﬁﬁe@%ﬁ@%%’s SeIESHETH A 3 Sieppdphatic:

fr 0'8%{-?&9965_‘5 oing"é%éndéﬁtﬁyatséQecgédt WROR/RON TR or

same rogen atomare taken together with the
v4itrtégen to forma 5-6 nenbered heteroaryl or

heterocycl,yl ,ring;, each R8.is independently selected . .

fromach Kal Fﬁhé’gii%?e S08Y) 55278 ST P 6041 DL T0R0TC
nardl-ich @& | sgradepsndeitdy zeloetied Loorl 2 -GS) .,

al 1'phat.i c; eacp Riois.i ndependent|y sel ected from .
~RODN (R'R2L, -BIR' N OR'L: 3HE) RIR |5 AthddpEnd 4O I (R7) 25

lected f 1 L ' l o, QR . < - SR
i N A ¢ A Y A
- N(R7){ 0)d%7, -MN(IRA)-CQO2RZE, ors (OWR7)-E @INCR7)-2;(OT -i, s oar
strai ght or branched Cl_4 al kylene chain; and Vis

-C@®-. -N(R7) -, -S, -S(0) -, -S(0) 2-, -C(O -, or

O o P IO RERR TR S oSy
TENRARD viieiie 5- 6 nenbered heterocyclyl or heteroaryl
ri ngQt{}salt_(i:}?z_czptoirorlacl}%()%ﬁgk;)st ituted by 1-2 Rio;

G is -NR*’R® or a 5-6 membered heterocyclyl orxr
heteroaryl ring that is optionally substituted by 1-2 R1C;

R! is hydrogen, halo, Ci; alkyl, amino, or (Ci-
alkyl)i.p amino;

R? is hydrogen, halo, Cj;.; aliphatic, Ciz alkoxy, or Ci-
haloalkyl; |

R} is hydrogen, halo, Ci; aliphatic, Cj-; alkoxy, or Ci-»
haloalkyl;

R* is hydrogen or Cj;-s aliphatic;

R® is a C;¢ aliphatic group that is optionally
substituted by halo, -OR’, -CN, -SR®, -S(0)2R®, -C(O)R’,
—CO,R?, -N(R"),, -C(O)N(R")2, -N(R7)C(0)R’, -N(R')COR®, or
-N(R") C(O)N(R')2;

Ring A is substituted by 0-2 R°®;

each R®® is independently selected from a C;_3 aliphatic
group;

each R’ is independently selected from hydrogen or Ci
aliphatic, or two R’ on the same nitrogen atom are taken

together with the nitrogen to form a 5-6 membered

heteroaryl or heterocyclyl ring;



Rl is hydrogen, halo, Cl1_2 alkyl, amno, or (Cl_2
al kyl) 1-2 amno; R2 is hydrogen, halo, Cl1 2

w@bdopgatisr, ClL 2 al koxy, or ClL 2 hal oal kyl; RBCT/5S2004/011080
hydrogen, halo, C_2 aliphatic, Cl_2 al koxy, or Cl_2
hal oal kyl ; R4 is hydrogen or C1_6 aliphatic; R5 is a
ClL 6 aliphatic group that is optionally substituted
by halo, -OR7, -CN, -SR8, -S(0)2R', -C(OR7, -CO2R7,
-N(R7)2, -C(ONR7)2, -N(RIYEZRESR7, -N(R7)C02R8, or
-N(R7))C(O N(R7)2; Ring Ais substituted by 0-2 R6b;
each® iGs-4 AdeépBAdeRt|Iy sel ected froma Cl1_3

al i tiC . : IS lependent l4 .

R g A S e T
saneeadh rm]gemsaﬁnde@eadteakéw sedgettledr fwiomh Rihe T-R', or
nitrQgen to forma 5-6 nenbered heteroaryl or

VhEtRrocyclyl ring; WD 2004/ 092167 PCT/ US2004/ 011080

- - 2255 cIRBR IS igliﬂdégieﬁhlj@hit%f_ BR1les tetderendent] ¥1iphatic,
sel ect ed7 froma Cl aliphatic; each RIO is, .
hahelepe®Rient1GN sel Bt ed SHPIRRR1L1C (RRL, ~6i02RV- T=IRB )2,

_ I's_{nde iy ed7 fram ( Ty .
ST e, S MaRT R, YR IEER | Y R © ()=
R7, T Q2R st Nt 20r bCAAYDERTTZ, al¥RIg% OYIYin; and
-N( R7) CO2R7, or -N(R?)C(O)N(R?Qi); Tis a)strai t. or
br anéhedl T2~ 4 AN k§ene chai i ENa - v§ Clor, —“NYRz) ©F
—Co,<.S _S(O _, _S(0) 2-, -C(O -, or -C02- . [0043]
Anot her enbodi ment relates to conpounds of formnula
[0D43} A- a whes€eher embodiment relates to compounds of

formula ITI-A-a where:

Q is -CH;-, or -CH(R’)-;

G is -NR'R® or a 5-6 membered heterocyclyl ring, having
1-2 ring heteroatoms selected from oxygen or nitrogen, that
is optionally substituted by 1-2 R!Y;

R' is hydrogen, halo, methyl, amino, or (Ci_z alkyl)i
amino;

R? is hydrogen, halo, Ci.; aliphatic, or Ci;-; haloalkyl;

R® is hydrogen, halo, or Ci.; aliphatic;

R? is hydrogen or Ci_¢ aliphatic;

R’ is a Ci.¢ aliphatic group that is optionally
substituted by halo, -OR’, -CN, -SR®, -S(0),R®, -C(O)R’,
-co,R7, -N(R7),, -C(O)N(R")2, -N(R))C(0)R’, -N(R7)CO.R®, or
-N(R")C(0)N(R") 2;

Ring A is substituted by zero or two R%;

each R®® is independently selected from a Cj;-3 aliphatic
group;

each R’ is independently selected from hydrogen or Ci_s
aliphatic, or two R’ on the same nitrogen atom are taken
together with the nitrogen to form a 5-6 membered

heteroaryl or heterocyclyl ring;



Qis -CH2-, or -CH(R9) -; Gis -NR4R5 or a 5-6

menbered heterocyclyl ring, having 1-2 ring
whedoeneAasDns sel ected from oxygen or nitrogen, PETIES2004/611080

optionally substituted by 1-2 R10; Rl is hydrogen,

hal o, nmethyl, amno, or (Cl_2 alkyl)1 2 amno; R2is

hydrogen, halo, Cl1_2 aliphatic, or Cl_2 haloalkyl; R3

is hydrogen, halo, or C1_ 2 aliphatic; R4 is hydrogen

or C1_ 6 aliphatic; R5 is a-€136-aliphatic group that

is optionally substituted by halo, -OR7, -CN, - SR8,

-S (B) i2R€:-+ €liphaRic: - CO2R7, -N(R7)2, -C(O) N(R7)2,

- N O).R7 N( R7): 2. R
0 SO R By s ML YNB s
I nde@@é&@lenaltol yssehaebeehdfemmya s@ledtald fhati ®' groR;,

each R7 is independently sel ected from hydrogen or
VGi-& ialiphatic, or two R7 on the sanme nitrogen atom

are éé& nR”IQQeEBEEP@hHEnEH? Rict1 RGN trQ- Pk @aﬁi@hatic,

nbere heteroary het érocycl yl r|ng
h&D@A/ 00R",6 7 BGT/9$2004/£001680, ~C B)R’,R3A0zR

TS, St TR sk AR e

R11, p Tt R1d, s@Faidhd- 5@1b€§ﬁ8h531C1§:aIK§$@m§eﬁﬁéyn, and
selected fromCl 6 aliphatic, halo - SR8,

_S (V) i2RE0-. CHRY, -~ COPR7,~ S NR)R'/) '8 012C(0)1Q'(<F@7>)"2 or
_=N(R7) (O R7, "N(R7) C02R7, or -N(RNOQONR)2: Tis a
S Taight or branched Cl1_4 alkylene chain; and Vis
lﬁﬂﬂ{} -N (R4) prefebred- SofPdpunds- Sf(ﬁbrﬁula CICORp-a, Of is

—CH2 . @ is selected from an optionally substituted
piperidinyl, piperazinyl, morpholinyl, pyrrolidinyl, or
_NRR®; R? is hydrogen or C;s aliphatic; and R® is Ci
aliphatic, 5-6 membered heterocyclyl, or Cis hydroxyalkyl..
More preferred are compounds where G is unsubstituted or
substituted by 1-2 groups independently selected from the
group consisting of: C;-3 alkyl, HO-alkyl, alkoxycarbonyl,
mono- or dialkylaminocarbonyl, and HO,C-alkyl. For
compounds of formula III-A-a in each of the above
embodiments, the (S) stereochemistry at the morpholine 3-

position is preferred.

[0045] Another embodiment relates to compounds of
formula III-A-aa:
R1
2 m—
R \ /N
3 N
R H



[00441 In preferred conpounds of formula Ill1-A-a, Qis
-CH2-; Gis selected froman optionally substituted

w@erpendxdsnyl , piperazinyl, norpholinyl, pyrrolPdi/ng1004/011080

or -NR4R5; R4 is hydrogen or C1 6 aliphatic; and R5

is C1_6 aliphatic, 5-6 nmenbered heterocyclyl, or C1_6

hydroxyal kyl. Mre preferred are conpounds mhere Gis

unsubstituted or substituted by 1-2 groups

i ndependent |y sel ected from24de group consisting of:

C _3 al kyl, HO al kyl,” al koxycar bonyl, nono- or d

al kyl am nocar bonyl, and HO2C-al kyl . For . conpounds of

formula Il11-A-a in each gfpghe gbove enbodinents, the
(S) stereochem stry at the norpholine 3- position is
preferred. [0045] Another enbodinent relates to

oSl Sl B ok el

-- 24y sld | Apaa oer @HRhaynaceutlcally acceptabl e salt
thereo mhereln Qis -CH2-, or -CH (R9)

- NRmﬁs)r—l\R B 7omearbé1'%ci1nﬁléb@¥%@ybﬁ\7ﬁr@?ﬁg1YF1§F1P§ that is
idy PR i 6 (12 alkyl) L2 am nos

R' is hydrogen, halo, Clz alkyl, amino, or (Ci-
alkyl)i., amino;

R? is hydrogen, halo, Ci-» aliphatic, Ci-z alkoxy, or Ci-
haloalkyl;

R} is hydrogen, halo, Cj;.; aliphatic, Ci-2 alkoxy, or Ci.
haloalkyl;

R? is hydrogen or Cj;.¢ aliphatic;

R® is a Ci.¢ aliphatic group that is optionally
substituted by halo, -OR’, -CN, -SR®, -S(0);R®, -C(O)R’
_cOo,R!, -N(R7)2, -C(O)N(R7)2, -N(R")C(O)R’, -N(R7)CO.R®, or
-N(R")C(O)N(R")2;

each R® is independently selected from hydrogen or a
Ci_g aliphatic;

each R’ is independently selected from hydrogen or Ci-a
aliphatic, or two R’ on the same nitrogen atom are taken
together with the nitrogen to form a 5-6 membered
heteroaryl or heterocyclyl ring;

R® is C;.4 aliphatic;

R’ is independently selected from a Ci-3 aliphatic;

each R is independently selected from R, T-R', or
V-T-RY;

each R is independently selected from Ci.¢ aliphatic,
halo, -OR’, -CN, -SR®, -S(0)2R%®, -C(O)R’, -COR’, -N(R'),
_C(O)N(RT) 2, -N(R)C(O)R?, -N(R7)COR’, or -N(R')C(O)N(R")z;

T is a straight or branched C;-4 alkylene chain; and



R2 is hydrogen, halo, Cl1_2 aliphatic, Cl_2 al koxy, or
Cl 2 haloalkyl; R3 is hydrogen, halo, ClL 2 aliphatic,
w@0209d1kpbxy, or CL 2 hal oal kyl; R4 is hydr ogeer/v82004/011080
Cl1 6 aliphatic; R5 is a Cl1_6 aliphatic group that is
optionally , substituted by halo, -OR7, -CN, -SRS,
-S(0)2R, -C(OR7 -CO2R7, -N(R7)2, -C(ONR7)2,
-N(R7) (O R7, -N(R7)CQ2R8, or N(R7)C(O N(R7)2; each
R6b i s independently sel ect€thf+rom hydrogen or a Cl 6
aliphatic; each R7Z is independently selected fraom
hydrbgen - CI- M (R A1 phati-c,~ S0t wo RAD haCilis oF
[trogen atom are taken together with the nitrogen to
drima 5-6 nenbered heteroaryl or heterocyclyl ring;
[0065]i s Cl_zhath¢hasmisod BRents reabiependent tymseleds edt
froma CL 3 aliphatic; each RLO is independently
fozarela L FrmRIMNSTER11, or V-T-RL1; each R11 is
i ndepender .selected fromCl_6 aliphatic, halo,
Cﬁ?%%$ﬂ%%,-8(m 2R8, -C(O R, -C02R7, -N(R7) ,
2, G QOMNIR 20r- B RFPChOrREredNhREPOOZRE LYdr ring that is
- N(R7 O)N(R7)2: T is a straight or branched Cl_4
OQﬁ%aﬂ%iiYcﬁéﬁ%@l%%He@é?%o%z§ 2167 PCT/ US2004/ 011080
-- 2% YVd Siydoged RBra orSmett10)-, -S(O2-, -C(0)-,
or -C02- . [ 0046] Anot her enbodi nent relates to
conpSungshpfiropgrmbalpy | Cazadl WABRELICQ Fu2-BHERXY G 9% C1-2
héfc‘%‘ﬁ?yf;r a 5-6 nmenbered heterocyclyl ring that is

R® is hydrogen;

R* is hydrogen or Cis aliphatic;

R® is a C;.¢ aliphatic group that is optionally
substituted by halo, -OR’, -CN, -SR®, -S(0),R®, -C(O)R’,
—co,R7, -N(R")2, -C(O)N(R")2, -N(R")C(0)R’, -N(R’)COR®, or
~N(R")C(O)N(R") 2;

each R®® is independently selected from hydrogen or a
Ci-¢ aliphatic;

each R’ is independently selected from hydrogen or Ci4
aliphatic, or two R’ on the same nitrogen atom are taken
together with the nitrogen to form a 5-6 membered
heteroaryl or heterocyclyl ring;

R® ig C1.4 aliphatic;

each R' is independently selected from R, T-R!, or
v-T-R";

each RY is independently selected from Ci-¢ aliphatic,
halo, -OR’, -CN, -SR®, -S(0),R%®, -C(0)R’, -COR’, -N(R")2,
_C(0)N(R") 2, -N(R")C(O)R’, -N(R7)CO;R", or -N(R’)C(O)N(R")2;

T is a straight or branched C;.4 alkylene chain; and

Vv is -0-, -N(R")-, -S-, -S(0)-, -8(0)2-, -C(0)-, or
-COz-.



optionally substituted by 1-2 R10; Rl is hydrogen,

hal o or nmethyl; R2 is hydrogen, halo, ClL 2 aliphatic,
w@02/09d1kpxy, or ClL 2 hal oal kyl; R3 is hydr ogeel/URbo4/611080

hydrogen or Cl1_6 aliphatic; R5 is a Cl1_6 aliphatic

group that is optionally , substituted by halo, -OR7,

-CN, -SR8, -S(0)2R', -C(OR7 -CQ02R7, -N(R7)2,

-C(O)N(R7)2, -N(R7)C(0)R7, -N(R7)CO2R8, or

-N(R7) C(0) N(R7) 2; each R6b-+36+ndependently sel ected

fromhydrogen or a Cl1_6 aliphatic; each R7 is
[0D4Hependert ¢ TesebdceetPdrpds hglr 5§énfopacirg compounds

al iphatic, or two R7 on the sanme nitrogen atom are
Wlf’%ff(%h together with the nitrogen to forma 5-6
menberes -dwtleroaryl or heterocyclyl ring; R8 is Cl_4
al i phatic; each R10 is independently se|lected from
R11,C RiRi9elepted. frepiancaehipdali¥ FHASpERHERE v

R i R MR G

~-NR(ER?) CCO R7, -N(R7) Q02R7, or -N(R7)C(O)N(R7)2; T is a
straight or pranche 4 al kyl.e chain; and Vis
-o-,R]?NS(%%é)r-‘?g‘%fé-ﬂ“%(ch rfl‘;:/thg"w) 2. -C (0) -, or

- CO2g2 4 sW952004/ 092167 PCT/ US2004/ 011080 --26- [0047]
Pr ef ef red conpounds of I11-A-aa are conpounds where:
Q i sR*- G- hydzggense|l ect ed from an optionally

SUbS§4tfg(ﬁ§drogen or Ci.g aliphatic;
R® is Ci_¢ alkoxy, Ci.¢ aliphatic, or Ci¢ hydroxyalkyl;
each R®® is independently selected from hydrogen or a
Ci-3 aliphatic. Preferably, each R®® is hydrogen or methyl.
For compounds of formula III-A-aa in each of the above
embodiments, the (S) stereochemistry is preferred at the
three position of the Ring A morpholine.
[0048] Examples of specific formula I compounds are

shown in Tables 3 and 4 below.

Table 3. Specific examples of formula I compounds

Me = Ci \ /N Cl \ ,N
0 \ /N
o N Mesg N Me” 0 N
NH H H O~ _NH
HN._.O
~\-Me Me
= oy ¢!
NQ/N



pi peridinyl, piperazinyl, norpholinyl, pyrrolidinyl,

or -NR4R5 ; Rl is hydrogen, halo or nethyl; R2 is
wh2008/09R87 i s hydrogen; R4 is hydrogen or Cl_6 PCT/US2004/011080

aliphatic; RS is ClL_6 al koxy, Cl'6 aliphatic, or Cl1_6

hydr oxyal kyl ;  each R6b is independently selected from

hydrogen or a Cl1_3 aliphatic. Preferably, each R6b is

hydrogen or nmethyl. For conpounds of forrmula Ill-A-aa

in each of the above enbodinZhts, the (9S)

stereochem stry is preferred at the three position of
the Rng A phol i nge, [ Q048] Exanpl es of specific j=

for 0 unds ar in Tables 3 af N
A /
bel o qpb Speci fi's ; es of formula I }
Mav NO Me% N O N O /N s MO N
et | H1 2 3 w0 2084 PEY/ US2004/ Oé
29 N Me%ON Cl CI /N1 My / gN I\/(O HON
HN \/’ ZMe, NH H Me - A=NN \ N GM 56
|
N
4 5 6
Cl \ /N \ /, Me\o \\
N N N
OsNH H HN H HN ”
P o
Me Me. Me &
Me N \N Q
AR N S<o Me” Y ,
Me Me
7 8 9
cl Me cl
Me\N

/A A\ NH
N OHN = o) OH
I Z : H / N
HN

10 11 12



N Me
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I H
c
0
I

— O
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s-Me 10 11 12

\
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PCT/ US2004/ 011080
M Me-N Me 13 14 15 C
N M~S N N Mg, N-NS N

Me. MeO Me
w@hoo4/o1by Meg CI O\ /

a d
Me H H NH2
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= e
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ZT O O
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A =
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HHONHM M M 0O NHHO&z,~-,NN&,~ N 16 17 18

C NN C I\

~NCl P~-N/ NON O/NHHO:t

NH H NH

woRooktodd 27 Me. Ni ~ SFO 19 20 21 WO 2004/ 092167 PCT/US2004/011080
--29- Cl zNCl INC zN HMNHHO

PCT/ US2004/ 011080
H2ZN\ ~N~ H2N-\ N |

NH H O-, NH O~,

Me LO 22 23 24 Zz.

C NG NOJd
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~NHONHONHH 0 NH

N 0OOCH3 LO

NH2 H2N-je*-N H2N (DO Me 00 25 26 27 NH2 NH2 M= Cl
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29 30
H
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Cl \ ,N'
N
H

OsNH
NH,

25

NH,
N
H

CHg

O NH

7\
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N
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N
Og NH
HQN\/\ A
. N’\,
CHy KO
23
cl \_—,N
N
Og NH

Cl \ ,N
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Cl .
N
Os_NH
Me 0]
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cl \— )
N
Oy NH
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Me,
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WD 2004/ 092167 PCT/ US2004/011080 --30- C Me N C \

/I oNM,NC V1 '\, N NNOON ONHHHO NH
WOoR0okBOHHN-O M OO M 0 OO0 31 32 33 C P-INI/CEM0411080
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MHNHNHF OONHHti M 1.~-OAN~NO F ,k~ 0 _

NHFN* C \ 0O NM O M Me 37 38 39 WD 2004/092167

PCT/ US2004/ 011080 —=30--
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I N C N )ON'I C ol~ NC HrNHHNOH NHN O
N NY "I Hv NI MO M ONYWNMMMOMDO
wO/R0Me92168 54 Cl C ~N\ I I N N N,~eNH HPC/US2004/011080
O.NH HH2N-t"N N N~ OI\/E I M M M Me 55 56 O
I ~-NVI1I 1T NN N/ OZNHH H
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O,, H 1T HJNHN NNNM OOM 0 M W~-O M1 MW M
Me Me 57 58 WD 2004/ 092167 PCT/ US2004/ 011080 --34- Me
wa@koood21€t N O ICN O P O-NHHN H QA Z~, NH PEIMNS208i/M 1080
N~NT ~ | MM MO MOMMMM 5960 FFCC
NC zZN N HONHH H3CO O-,NHNHNN M O M 0 M

0
34—~
— \ Me,
Cl —
Y/
0. Cl \ ,N
b
0 O NH N
Y ~ Oy NH
HN A H :
H N 5 Ny N\/\N/\
MGAMGR Me O Me 0
Me Me Me™ Me
59 60
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ol C N cl Q.
N
N N

H3C\I¢O O NH ~ O NH
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Me S(O Me O Me S<O

Me Me Me Me

61 62

HN
\?O

HO\H/\N/\

0] (0]
Me Me

63

[0049] Table 4 below shows specific examples of III-A-aa
]

compounds .



M M MM 6162C N H Hv HOrNO-~O M M 63
[ 0049] Tabl e 4 bel ow shows specific exanpl es of
WO Rdo409A67 conmpounds. WO 2004/ 092167 PCT/ US200B¢ D131380011080

--35- Table 4. Specific exanples of formula Il1-A-a
compounds R1 R 2 NI R3I N HH G/QNO LXO R6b
R6b 1l11-A-aa No. RlL R6b/R6b Q G 64 H CH3'/CH3 CH2 65

HCH3/CH3 CH2 CN--* 66 HCH3/CH3 CH2 CCN 67 H
CH3/ CH3 CH2 HO CH2CH2N (CH3)35-68 H CH3/CH3 CH2 H \ Ny
69 HCH3 / CH3 CH2 \ H

Table 4. Specific examples of formula ITI-A-a compounds

R1

No. r! R /RSP Q G

64 H CH3‘/ CH3 CH2
N
: e

65 H CHs3/CHs CH; < ;N
~9

66 H CH3/CHs, CH, < :N
~e

67 H CH3/CHz CH; HO-CH,CH,N (CH3) -

68 H CH;3/CHz CHs

H
I Z
N

69 H CH;/CHs CH, h@ﬁu/’
>

70 H CH;/CH; CH, HC\_C
N—o

H
71 H CH3/CH; |  CHp HO_CN\.




70 HCH3/CH3 CH2 HC~ __CNr 71 HCH3/CH3 CH2 H CNr VWO
2004/ 092167 PCT/ US2004/ 011080 --36- No . R1 R6b /R 6b
W@RM@4/0736H CH3 / CH3 CH2 Et2N- 73 H CH3 / CH3 EHR2USRBE4/011080
NV 74 HCHB/ CH3 CH2 HBC Nr H3 75 HCH3 / CH3 CH2
H3CO2C N--, 76 HCH3 / CH3 CH2Z HB3 CH3 ~Nr R 77 H
CH3/ CH3 CH2 HOa R 78 HCH3 / CH3 CH2 CH3 N CH3 79
HCH3 / CH3 CH2 H~k -C N HC CH3 80 H CH3 / CH3 CH2
H3C Hs N--~ 81 CH3 CH3 / €6-€H2 WD 2004/ 092167

PCT/ US2004/ 011080 --37- No R1 b /R 6b QG
No. R* RSP /R®? Q G
72 H CHs/CHj; CHy Et,N-
73 H CH3/CH; CH,

H3C—N/_\N\.

74 H CH,/CHs CH, HaG,

HaC

H CH
75 H CHs/CHs 2 H30020—<:>N\.

76 H CHs/CHs CH, EHs
CHy

A

77 H CH;/CH; CH, R
HO \

78 H CH3/CHs CH; | CHa
N
e
CHg
CH;/CH CH H
79 H 3/CHs 2 N —
HSC CH3

80 H CH;/CHj CH: HCJ e

N—®
81 CHs CH3/CH, CH>




82 HCH3/CH3 CH2 HO,,,,CL 83 H CH3/CH3 CH2 CO2CH3 84
CH3 HHCH2 CNV 85 CH3 HH CH2 JN~ 86 HCH3 / CH3
w@4@M67 H 87 CH3 CH3 / CH3 CH2 CN V 88 CH3PCIBS2004/011080

CH3 CH2 QN v
CH2 ON--*

890 FCH3 / CH3 CH2 N v v
91 H CH3/CH3 R-CH(CH3) C- N\~Y 92 H

90 F CH3

CH3/CH3 CH2 CH3 H3C -~ N--,0 WO 2004/ 092167

PCT/ US2004/ 011080

--38-

No. Rl

/ CH3

R6b/ R6b Q G 93 H CH3

/CH3 CH2 HBC N~ H3 H3 94-HCH3 / CH3 CH2 Me2N 95 H
CH3 / CH2 ( Q) ( )N 96 -H CH3 /[ CH3 CHR2-H3
N'A H{97 H,CH3 CH§
No. R! R /%Eg Q G
82 H CH3 /CH3 CHz HO",,”'
N
e
83 H CH3/CH; CH,
N
Ne
CO,CHg
84 CH; H/H CH,
< :N\o
85 CH; H/H CHy
N
e
86 H CH3/CHs CH, N/’
H
87 CHs CHi /CHs CH; N
< : —e
88 CH; CH; /CHs; CHa C{ :N
~9
89 F CH;/CHa, CHs
d :N\o
90 F CHa /CHs; CH»
< :N\o
91 H CHs/CHs R-CH (CH3)
d :N\o
92 H CH3/CHa CH, CHg

SN N




YN CONHCH3 98 HCH3 / CH3 CH2 HOQ R H3 % 99 H
CH3/CH3 CH2 Cca R % 100 HCH3 / CH3 CH2 HO-CI N-*
WOi300@090487 H CH3 /CH3 CH2 H3C H N*1~0 102 H CH3(TZHS200H211080

F '>C~ 103 HCH3 /CH3 CH2 HN *,* H3C I N WO

2004/ 092167 PCT/ US2004/ 011080 --39- No. Rl R6b /R 6b
QG104 HCH3 / CH3 CH2 NI NH H3 105 H CH3/CH3 CH2
H3CR2C /~ N~ H3 106 H CH3/CH3 CH2 O=CN--O [0050]

Based on their | KB kinase tnB8bttory properties and

ot her pharnmacol ogical—properties.—cpnpound—exanpl-e

nunberg 1- 30, 3@)-6210 ng 64-106 are preferred_ Mre
pief errled & e conﬁOL/arPd exanpl & nunbers 1, 2, G7, 10,

T 13,16, 17, 19-27, 89-62, 64-106. [0051] The
cerpourids of the @pesent |inventiion ay b H

NN
.
Hs
94 H CHi/CHsj CH» MesN-
95 H CH;/CH; CH, (CH30) (CH3)N-
96 H CH3/CHz CH, Hs
X N/.
'J H
P
97 H CH3/CH; CH,
N
Ne
CONHCHg

98 H CH3/CHs; CH, H%><:>_ /R
Ha "\

99 H CH;/CH; CH, C {

, H
100 H CH;/CHs CH, ><3
Hj

101 H CH;/CH;3 CH, HaC, PH
N
Ne
102 H CHs/CHs CH, SQ\’_'
F
103 H CH3/CH; CH> l[:ll




adm ni stered to humans or other mammal s by a variety
of routes, including oral dosage forns and injections
W@ eovtiogaienous, i ntranmuscul ar, intraperitoneal , PCT/US2004/011080
subcut aneous, and the like). Nunerous other dosage
forms contai ning conpounds of the invention can be
readily fornulated by one skilled in the art,
utilizing the suitable pharmaceutical excipients (or
carriers) as defined bel ow-39052] Exanpl es of
pharmaceutically acceptable excipients (or carriers)
and netlhods of rman fasgu e for varjous conp03|t|ons
. be |f ouRd in|AR nafo (e@. ), RemngtonG The

Crh Aana

Setenece—and—Pragticeof Pharmacy,—20th—EditTom,

ingott WIIi I kin Bal t| nor e, 2000),
t%? ils iﬁ%%rpc?gﬁggﬂﬁﬁ its%g%tirety by r gy( )
hereln. Phar maceuti cal I y|accept abl e| excipf (o
carriers) include flavoring agents, ®
phar madeuti cal - grade WO 2004/ 092167| PCT/ US2004/ 011080
-1@9- dyes 1or pilgOBIMEHs $o0l vélibs, cp- sHhWBRLY, Buffer
systeng, surfagtants, preservativep, swaggener

agents,| viscositly agent$ fillers {lubricants,

gl i dant|s, di sintjegrants, | binders aphd resin [ 0053]
CbP@ent|i ondl fl aveligsagent $Hray bp used—/Suck—eas
t hose descri bed |i n Rem ngt on' s Pharnaceutic

i 19+ h 1= NMael o
Sei-eneces 18tk Hed——Meek—Pubti—shi g—Co— PP

1288- 1300 (1990), which is incorporated inits

Iﬁﬁgé'rety BYs£81 6HLCPRE: PEIRE Nk idA8e PHERH@ESH&'@@E erties
ositions of the invention genera Yy contaln rom

a@@omthémtphaﬁmatolbgwoalngragentsespOosmpound example

Conventj onal es_and/ or nts may .al so.be _used,

n%ﬁ%%r%slfﬁgsegé'§8r?BgdsénigﬁeaFﬁngﬁégﬁ rgpd.  More
Pgﬁéf@éguéféabog%ghﬁﬂe@kémpbé hbhebARerigan, 7, 10, 11, 13,
Phar maceut i cal socCiati on & the Pharmaceuti cal

1@oclet y19f2T edP-BRit &An106pp. 81-90 (1986), which is
thfPrpora&ﬁg Egmpounggt EGEMebﬁresent invention may be

administered to humans or other mammals by a variety of

routes, including oral dosage forms and injections
(intravenous, intramuscular, intraperitoneal, subcutaneous,
and the like). Numerous other dosage forms containing
compounds of the invention can be réadily formulated by one
skilled in the art, utilizing the suitable pharmaceutical
excipients (or carriers) as defined below.

[0052] Examples of pharmaceutically acceptable
excipients (or carriers) and methods of manufacture for
various compositions can be found in A. Gennaro (ed.),
Remington: The Science and Practice of Pharmacy, 20t
Edition, Lippincott Williams & Wilkins, Baltimore, MD
(2000), which is incorporated in its entirety by reference
herein. Pharmaceutically acceptable excipients (or

carriers) include flavoring agents, pharmaceutical-grade



reference herein. The pharmaceutical conpositions of
the invention generally contain fromabout 0 to 2% of

wa@lg@g/09Aand/ or pi gments. [0055] The phar maceut i BEI/US2004/011080

conpositions of the invention generally contain from
about 0.1 to 99.9%of solvent(s). A preferred solvent
is water. Preferred co-solvents include ethanol,
gl ycerin, propylene glycol, polyethylene glycol, and
the like. The pharmaceuti ealdOeenpositions of the
i nvention may include fromabout 0 to 50% of

dyee- ool pégtents|, 065EVeRitst, e CPeGBIENES s WHEHRT YRR -

acetic, boric, carhonic, ri.c, I Ni.g, :
Suﬁgﬁgi@?t?arPﬁFﬁgFV@iﬁWF%/ QQ%%?%%FrggﬁEoﬁ%%'fﬁiﬁ%%ﬁlty
agBhYger ifg 1 1@k oniubr iglabitar,i ¢larzntgd,utchns in g e tend

their sodium potassiumand amonium salts.
blﬁéﬁﬁﬁcaﬂérﬁysﬂﬁéﬁerred buffers are phosphoric,

[O(fﬁﬁ tari co Gt 2d asebicride 3G s@ly Hd RRDf .such
pharmaceutical conpositions of the i'nvention
asge,n’ue:/@él e sceditedi N Remixuhen ‘G tRhegwasfewt ingl efcisgyes,
2004/ 092167 PCT/US2004/ 011080 --4ls.[ ] rregd.
18surfhet ARSI HLr oy y%?y’et?ﬁli e]h%88 Sggglgt éﬁ{;?g? t y‘ﬁﬂld’l
1 AGI 898 edP Ay L dh iea yiRp aldfidrertididiecssein.  The

sucrosé nonoesters and lanolin esters and ethers,
phall'lkr%alcesutnlfﬁtle AR idrirso AIfur R e AR PR bINTOm

sal t.s a Ci e NRAUL Sonposi tions
S %ajtnh rioﬁnveayql%n ngcr?e;af}l onqg)lnt ai'n I%dr:gér% about 0 to 2%
[0084] surf aeirardrssi drR0balyd¥r efretfed prassrvatiagsalso be

i ncl ude _phenol,, al kyl esters. of _parahydroxybenzoic
us@érdﬁ“&%l‘?@ﬂ)ﬂ%d{eﬁgﬁ 11%10"11% e{%d%g%?%ﬁg Ther eof ,
PG A1 AN Es88l § Serd ST 88F  thes Ol 61 Gk PledES@lical
thereof, chl orobutanol, benzyl alcohol, thinerosal,
Agshenyd et ¥ itha@atmeacant itak Seciety t9briefedF  Britain,

ppb.erézla—l9 on(ll%é:)h,l %ﬂ:fjc icsetflrllcpé/lrﬂc%ﬂéﬁn in its entirety by

reference herein. The pharmaceutical compositions of the
invention generally contain from about 0 to 2% of dyes

and/or pigments.

[0055] The pharmaceutical compositions of the invention

generally contain from about 0.1 to 99.9% of solvent(s).
preferred solvent is water. Preferred co-solvents include
ethanol, glycerin, propylene glycol, polyethylene glycol,
and the like. The pharmaceutical compositions of the
invention may include from about 0 to 50% of co-solvents.
[0056] Preferred buffer systems include acetic, boric,
carbonic, phosphoric, succinic, maleic, tartaric, citric,
acetic, benzoic, lactic, glyceric, gluconic, glutaric and
glutamic acids and their sodium, potassium and ammonium
salts. Particularly preferred buffers are phosphoric,
tartaric, citric and acetic acids and salts thereof. The
pharmaceutical compositions of the invention generally

contain from about 0 to 5% of a buffer.

A



chloride, nethyl paraben and propyl paraben.

Particularly preferred preservatives are the salts of
whemwzovaéenci d, cetyl pyridinium chloride, nethpdtT/US2004/011080

par aben and propyl paraben. The pharmaceutica

conpositions of the invention generally contain from

about O to 2% of preservatives. [0059] Preferred

sweet eners include sucrose, glucose, saccharin,

sorbitol, mannitol and aspat4dlarre. Particularly

preferred sweet eners are sucrose and_saccharin.

[00874r mac e RuaFATashpos TaGRRtet FHelUGR &R HRGRHay LeRs

ntaln m ab &L % [
sHH AT ST BEY P LR AR ne LA Loy
eéﬂéﬂsﬂnsﬁﬁﬂubeﬂmﬂﬂnéSEﬁfsﬂan&elanolln esters and ethers,

hyd I t hyl cel | d
1050 8 B et A oy RIS SRR GUBP G

saﬁarpst han gum.ang. f{agacan ;}]ahfﬁﬁéé&%%él/ @61&%6§£@ﬂons of

Vi scosity agents are net hyl cel | ul ose carboner,
th&nﬂﬂuﬁnt;pnngqnﬁmakﬁyncqmﬂ@xnﬂﬁ¥0m0ﬁ¢®%¢ to 2% of
& box nethylcellulose and nagnesi um al unm num

%ﬁ FTHES Phar maceut i cal conposi tions WO 2004/ 092167

[0638]/ US200s DAL08Q1 préfereitives i twehhdonplgenet al bykyl
contain fromabout 0 to 5% of ,viscosity

o061 |0 Pret e e 9XYPer 50 G oid | acksy! aﬁﬁ%ﬂ?%olﬁ’enmlc
Od blr% 'saﬂé b&%éxce&g' Cho Phosphatea 9&?@@ gneakeEyum

at’e, ressi bl e sugar, starch, calcium
sdﬂbiéuanldrhn@reazwm UMeraafys¢hl®r©bub@m©blobenzyl

A LB R A AR R e

1100621 Bx ef ep&esh | bk i Gantsl ghi dant setptbydedimgoasi um
stearate, stearic acid and talc. Pharnaceutica

cltlompode t u:ms%r mze?b@vemqi ORT @RYiEr BRT§PeBNt aPATFLEHIaT LY
p¥%£%¥%%§t%$%?ldan%§v gag£¥ tﬁgogglgst8f53%8501c acid,

cetylpyridinium chloride, methyl paraben and propyl
paraben. The pharmaceutical compositions of the invention -
generally contain from about 0 to 2% of preservatives.

[0059] Preferred sweeteners include sucrose, glucose,
saccharin, sorbitol, mannitol and aspartame. Particularly
preferred sweeteners are sucrose and saccharin.
Pharmaceutical compositions of the invention generally
contain from about 0 to 5% of sweeteners.

[0060] Preferred viscosity agents include
methylcellulose, sodium carboxymethylcellulose,
hydroxypropyl-methylcellulose, hydroxypropylcellulose,
sodium alginate, carbomer, povidone, acacia, guar gum,
xanthan gum and tragacanth. Particularly preferred
viscosity agents are methylcellulose, carbomer, xanthan
gum, guar gum, povidone, sodium carboxymethylcellulose, and

magnesium aluminum silicate. Pharmaceutical compositions



[0063] Preferred disintegrants include starch, sodium

starch glycol ate, crospovidone and croscarnel ose
waomiosniend microcrystalline cellul ose. Phar neCEU$1006011080

conpositions of the invention generally contain from

about 0 to 20% preferably, about 4 to 15% of

di sintegrants. [0064] Preferred binders include

acaci a, tragacanth, hydroxypropylcell ul ose,

pregel ati ni zed starch, gel-at42ay,- povi done,

hydr oxypr opyl cel | ul ose hydr oxypr opyl t hyl cel |
ofnmwb Il@leYIeIIlfFIl@?e genayaL Lys IR Gaos, TR (B %u%r%%

sorbi.to et hyl cel | ul ose. Phar maceut i cal
VIESRSAS i% é%rllldc the invention generally contain from
[0o¥1put O tf&e%red)rmﬂﬂeaiﬁ w,nca‘lbniﬁ Jlamma@,%mnnltol

bi nders. [0065], Addi_tiona s _kno to. a skj

SomB Tt G LIRS RSO SRR T9r0 ROt b The
phﬁré;{ﬁ*{gﬂeon dipE L8082 Sif e dosage, f@mium sulfate,

érnat’i vel y, additi onal agents may be separately
deadmcisstd meid-rtarry steidina s pertlowst - a Pha¥nateukibsade

cogg{&%t{ﬁo‘ml%{%ﬁ repaLing, ha%r{r%zg%'fl%e%r}ﬁé’moﬂéﬂnoé‘ﬁout

0 M@rmqﬁ | Giadl 1 - NO 2004/ 092167 PCT/ US2004/ 011080
--43- acceptabl e excipients or carriers,c

[06@2i d or PuefRKEd SIRHL GRS (F eRRET oJrf%gf‘ﬁg? u‘gééggéium
stpea\']?aertr %@Axeltcc‘ acii SPRI St &, grlal‘i‘échl:rﬁéce&’@i?ééﬂ es,

cac suppositories. Generally, the powders and
cdnﬁ*ﬂﬁisldfﬁs/ de oapimsett oén f gemerabbyt containsivangapout
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act ose. Tablets, powders, cachets and capsul es cag
stuseth a@lxs@lajteaos@gesp@w@og@%%fér%?aﬂé@aiose s6dium and

m%ﬁ%%é%ﬁ%ﬁéﬁilne ceff@igéeOf PﬁgfﬂgggHEiEth¥omp031tlons of

the invention generally contain from about 0 to 20%

preferably, about 4 to 15% of disintegrants.

[0064] Preferred binders include acacia, tragacanth,
hydroxypropylcellulose, pregelatinized starch, gelatin,
povidone, hydroxypropylcellulose,
hydroxypropylmethylcellulose, methylcellulose, sugar
solutions, such as sucrose and sorbitol, and
ethylcellulose. Pharmaceutical compositions of the
invention generally contain from about 0 to 12%,
preferably, about 1 to 10% of binders.

[0065] Additional agents known to a skilled formulator
may be combined with the compounds of the invention to
create a single dosage form. Alternatively, additional
agents may be separately administered to a mammal as part
of a multiple dosage form.

[0066] For preparing pharmaceutical compositions

containing the inventive compounds, inert, pharmaceutically



carriers and net hods of manufacture for various

conpositions nmay be found in Rem ngton's
web@nosaeut i cal  Sci ences, 18th Ed., Mack Publ PGHUS2Z904/011080

Co. (1990). [0067] Liquid form preparations include

solutions, suspensions and enul sions. Common |iquid

form preparations include water and water-propyl ene

gl ycol solutions for parenteral injection or addition

of sweeteners and opacifierd&3for oral solutions,

suspensions and enul sions. Liquid form preparations
aqnsp ke | et REERET AT FRTFERTS | ¢ dpasat ther solid or

admi ni st J [ Lta
e e e R e T
dfgﬁénsﬂ%ﬁéﬁgfﬁnulms,0@m¢3mkmbym¢$nhep@aanéceuppoaitgries.

acceptable carrier, such_ as an inert conpressed gas
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use, to liquid form™ preparations for either oral or
Syiarabitersdl adindanstens | ore kiSueh ingohd avEnsipAceuaerle,

sol utj ons uspensi ons_and. emul si 0 [
AR BTOTHE VBT O Wiy PRGBS  Helpyer ager and
1dd@ssder M Vet Shepdwaasser satheospasdt tapsutas ckakbe
the formof creans, |otions, aerosols and emul sions WO
uspH ADIXABT FETF B2 002701 198D Rl a4t ornET Aty be

a&ﬁgﬂf§%¥gﬁfa@.tr@Q&@ﬁiggloPaﬁﬁgrﬁéc@ugﬁééhl¥oﬁcceptable

reservolrr type as 1s conventional in the art for this
c&%?iﬁﬁ@.aﬁ@gﬁéﬁhaas pf ehanvacode bbradairnpPseeri ng

the conpounds of the igventjion.is, oral._Preferabh
CQRO A TG STRY P P%?%ﬁalrlat#%rﬁlﬁl%t?ﬁ | Bﬁ?{massaléécé‘l
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Into suitable sized unit doses containing agpropriate
[086ENt i t | esiatidhEormst Pyerebapbpent include solutions,

suspensions and emulsions. Common liquid form preparations
include water and water-propylene glycol solutions for
parenteral injection or addition of sweeteners and
opacifiers for oral solutions, suspensions and emulsions.
Liquid form preparations may also include solutions for
intranasal administration.

[0068] Aerosol preparations suitable for inhalation
include solutions and solids in powder form, which may be
combined with a pharmaceutically acceptable carrier, such
as an inert compressed gas (e.g., nitrogen).

[0069] Also included are solid form preparations that
may be converted, shortly before use, to liquid form
preparations for either oral or parenteral administration.
Such ligquid forms include solutions, suspensions and
emulsions.

[0070] The compounds of the invention may also be
delivered transdermally. The transdermal compositions can

take the form of creams, lotions, aerosols and emulsions



for exanple, an effective anmount to achi eve the
desired purpose. [0072] The quantity of active

wo pgaeebient (conmpound) in a unit dose of prepBCHUSIN/011080
may be varied or adjusted from about 0.01 to 4,000
ng, preferably, fromabout 0.01 to 1,000 ng, nore
preferably, from about 0.01 to 500 ng, and even nore
preferably, fromabout 0.01 to 250 ng, according to
the particular applicatiom- 40@1-ypi cal recomended
daily dosage reginen for oral niznl stratl n wij

angs mrm >ber alﬁg?eluéq%rﬁrat?olﬁr@%%eft R tiay, Mprix or

S diyided, I GONMENI 8REEF ot Neni
* ogo]et 5101 alw dosagle macil ch)VI ded and adm ni %t er eldsl n
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adm ni stration can be used for chronic or acute
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dosage vary dependi ng upon
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admnistration. A typjcal preparation ,wll usuall
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- &rably, such preparations will contain from about
to 80 wt.% of active conmpound. WD 2004/092167
[00T2]/ US2008H® Ih@80t 1 by 4BE e{t@@:?\a? Iere@henbcéoempapng) in a

acce t abl e_excipients or r|e y
Cﬁ)ﬁﬁet i%h %‘?ﬁ If%tél%%n% d% o‘%éi’ﬁgpg?nggﬂ%lggﬁda];rom
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practical size to dosafe rel ati onship.
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to the particular application. A typical recommended daily
dosage regimen for oral administration will usually range
from about 0.02 to 2,000 mg/day, in one to four divided

. doses. For convenience, the total daily dosage may be
divided and administered in portions during the day as
required. Typically, pharmaceutical compositions of the
invention will be administered from about 1 to 5 times per
day, or alternatively, as a continuous infusion. Such
administration can be used for chronic or acute therapy.
The amount of active ingredient that may be combined with
excipient or carrier materials to produce a single dosage
form will vary depending upon the host treated and the
particular mode of administration. A typical preparation
will usually contain from about 5 to 95% of active compound

(w/w) . Preferably, such preparations will contain from

about 20 to 80 wt.% of active compound.



preferably, from about 20 to 80% by wei ght. [0074]

Upon i nprovenent of a patient's condition, a
worzionpeaience dose of a conpound, conposition 0OPCT/US2004/011080

conbination of the invention may be admi nistered, if

appl i cable. Subsequently, the dosage or frequency of

adm nistration, or both, may be reduced, as a

function of the synptons, to a I|evel at which the

anroged coPdition i s retairfdd- When, the synptons

ave been alleviated to the desired | evel, r eat nen
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treatment should cease. Patients may, however, require

intermittent treatment on a long-term basis upon any
recurrence of disease symptoms.

[0075] Specific dosage and treatment regimens for any
particular patient may be varied and will depend upon a
variety of factors, including the activity of the specific
compound employed, the age, body weight, general health
status, sex and diet of the patient, the time of
administration, the rate of excretion, the specific drug
combination, the severity and course of the symptoms being
treated, the patient’s disposition to the condition being
treated and the judgment of the treating physician.
Determination of the proper dosage regimen for a particular
situation is within the skill of the art. The amount and
frequency of the administration of compounds of the
invention or their pharmaceutically acceptable salts may be

regulated according to the judgment of the attending



and disorders, particularly, those which are

inflammatory or inmmune-related in nature, including a
WO e@sovAbt e tine of onset upon adm ni strati onPCEHO/2084/011080

reasonabl e duration after admnistration. Wile food,

di et, pre-existing conditions, alcohol and other

system c conditions could Iengthen the tine delay for

an inventive drug to work after its admnistration,

it is understood that optimfedosages will result in

an efficacious_drug treatnent withjn an for a
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--47- hydroxi de, potassium carbonate, ammonia or
reaionablei 2arEeha®E. tTHR - free base forms may differ

[oggz’]‘;f‘;glt ‘f‘pl?%glerﬁ%%g%:’[véeéBﬁﬁBﬁHSsséﬁh EQrae kA GeEbALAted
as well as solvated forms, including hydrated forms. In
general, the solvated forms, with pharmaceutically
acceptable solvents, such as water, ethanol and the like,
are equivalent to the unsolvated forms for purposes of this
~invention. "

[0078] The inventive compounds may form pharmaceutically
acceptable salts with organic and inorganic acids.

Examples of suitable acids for salt formation are
hydrochloric, sulfuric, phosphoric, acetic, citric,
malonic, salicylic, malic, fumaric, succinic, ascorbic,
maleic, methanesulfonic and other mineral and carboxylic
acids well known to those skilled in the art. The salts
are prepared by contacting the free base forms with a
sufficient amount of the desired acid to produce a salt in
a conventional manner. The free base forms may be

regenerated by treating the salt with a suitable dilute

agqueous base solution, such as dilute aqueous sodium



such as solubility in polar solvents, but the salts
are otherw se equivalent to their respective free base

wo eooa®9216Dr pur poses of the invention. [0, 079]PCIUS2004/011080
account of their pharmacol ogi cal properties, the
conmpounds according to the invention are suitable for
the prophylaxis treatnment and therapy of diseases,
di sorders and synptons that involve increased activity
of 1 kB kinase. These i nclude,~-for exanpl e, j oi nt
inflammation (e.g., rheumatoid arthritis (RA
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rmnary 'ammat ory di seases (e.g., asthma, acute
forxewnmisasy adhi siheewxea}‘rmmme chronic obstructive

I di
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tHd Wrfund S A sty &ceuimn mvézattmme | surpthainbelef or
tunors, skin carcinoses, %/rrphorm apopt osi s, %raft
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er nor e, inventive conpounds nmay be used in
TR &itread memthede i neinedes el faedexhrebses] oslytrp;@ﬁ%axa:n@tlon

di sorders, for, exa e,, Jnf suc
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an the like), parasitic infections (e.g., malaria,

pssucie s certghr it 10 PP BTTeYE FOT/ USP 00RReT 198Bhritic
cq%%oné)a,rl aéutér’mgy%&?f’éldetmﬁlb'é‘ngé‘ulbé‘ﬁfﬂ' ons (e.g.,

atherosclerosig, muscle degeneration, cachexia, Reiter’s
syndrome, endotoxaemia, sepsis, septic shock, endotoxic
shock, gram negative sepsis, gout, toxic shock syndrome,
pulmonary inflammatory diseases (e.g., asthma, acute
respiratory distress syndrome, chronic obstructive
pulmonary disease, silicosis, pulmonary sarcoidosis, and
the like), bone resorption diseases, reperfusion injuries,
carcinoses, leukemia, sarcomas, lymph node tumors, skin
carcinoses, lymphoma, apoptosis, graft versus host
reaction, graft versus host disease (GVHD), allograft
rejection and leprosy.

[0080] Furthermore, the inventive compounds may be used
in the treatment of immune-related diseases, symptoms and
disorders, for example, infections, such as viral
infections (e.g., HIV, cytomegalovirus (CMV), influenza,
adenovirus, the Herpes group of viruses, and the like),

parasitic infections (e.g., malaria, such as cerebral

i



meningitis). In addition, the inventive conpounds can
be wuseful for treating fever and nyal gias due to
WO ndogo9ilen, acquired i mmune deficiency syndr oP@I/US2004/011080
(AIDS), AIDS related conplex (ARC), cachexia
secondary to infection or malignancy, cachexia
secondary to AIDS or cancer, keloid and -scar tissue
formation, pyresis, diabetes, and inflammatory bowel
di seases (IBD) (e.g., Crohn-48€¢tsease and ulcerative
colitis). The conpounds_of the invention are algo
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where | KK activity is abnormally high. The cange
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acute respiratory distress syndrome (ARDS) .

NO&H\ In one embodiment the compounds of this invention
are useful for treating cancer, especially for treating
cancers where IKK activity is abnormally high. The cancer
types that may be treated include lymphoma, such as diffuse
large B-cell, primary mediastinal B-cell, and mantle cell;
multiple myeloma; osteolytic bone metastasis; head and neck
squamous cell cancer; prostate cancer; pancreatic cancer
and non-small cell lung cancer. In one embodiment, the
compounds are useful for ABC lymphoma. For the treatment
of cancer, the compounds may be used as a single agent or
in combination with other agents known to be useful for the
treatment of cancer. Examples of such other agents include
bortezomib; capecitibine; gemcitabine; irinotecan;

fludarabine; 5-fluorouricil or 5-fluorouricil/ leucovorin;



--49- taxanes, including, e.g., paclitaxel and

docet axel ;  platinum agents, including, e.g.,
wee@plhgaisn, carboplatin, and oxaliplatin; PCT/US2004/011080
ant hracyclins, including, e.g., doxorubicin and

pegyl ated |i posomal doxorubicin; mtoxantrone;

dexamet hasone; vincristine; etoposide; prednisone;

t hal i donmi de; Herceptin; tenozol onide; and -al kyl ating

agerts such as nel phal an, <f%r-anbucil, and

cycl ophosphani de. [0082] The conpounds_of formula (1)
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[0083] The compounds of this invention are also useful
for treating a bone associated disease, symptom or disorder
in which there is a deficit or deficiency of bone - either
as a result of decreased new bone formation or an increase
in bone resorption or a combination of both. Specific
examples include osteoporosis, periodontal disease,
osteomyelitis, rheumatoid arthritis, aseptic joint loosening
and osteolytic lesions (typically cancer related). It is
known that rheumatoid arthritis, which is characterized by
inflammation of the joints, is also associated with
destruction of cartilage and bone. Furthermore, it has been
reported that an IKK inhibitor provided inhibition of
cartilage and bone loss in a murine model of collagen-
induced arthritis. See McIntyre et al., Arthritis &

Rheumatism (2003), 48(9), 2652-2659.



WD 2004/ 092167 PCT/ US2004/ 011080 --50- [0084]
Osteoporosis is a broad termapplied to a nunber of
wale@sioyas7 di seases in which there i s decreasedP@Dng2004/011080
mass. These include primary osteoporosis (e.qg.,
post - nenopausal, senile osteoporosis and juvenile
ost eoporosis) and secondary osteoporosis. Exanples of
secondary osteoporosis would be those associated with
chroni c diseases (e.g., chromde-renal disease,
hepatic i nsufficiency, gastrointestina
[ow&u?bsorp1$tﬂppqxw$¢¢ci$nmﬁ@r¢¢@ate@m apdléffoRpca number
i nfl ammat ory, di seases, includj h ' hi b LS
oS | T he | DOHE APt arigsg T dne gk aBbh bbhbimase.
THEQSt et i€de | 9F hatposeveagdroehdocel ge, dysbunamehopausal,
rel ated diseases, (e.g.K di abet es, hyperthyroidian]
Senink? 123 LRPRPEP T 8 ngn h?%%@%h%%i%ﬁ¥%ﬂﬁor0518) and secondary

o%%%é?%%&g{ I ¥%§ ﬁfdséHQ§&§E§eosE@BﬂB?9s§¥nﬂbﬁﬁ€ be

., corticoster eparin, anticonvul sants,
t tod 0 hepd s Gt t exdumd Sl pelessaint sdi seades héaavol oghrahic renal

di sorders (e.g.,,netastatic di I
3} AR DR oSO BT LERRE K ndOaReRP 4 CoP RANBRt i on of

méd ABESrhKEAT T @6LLY1 OF ke NE: kB pehhway tnébheet |y
~has been reported to be useful for the treatnent of
inStaupotosy sdhaeasest ebaeinding srthepratppd axshpréels,

oA 2o SonBRLE EE IO Husnorsc

j Aoeor dbogeying hj sehavenihendpsSonptbvndeslatedetiiedasks
treating or preventing bone_loss jn a patient in_..need
(& 81 o= RBHBF | SPRECRARYRPLEbrFngPYBoFREY pREVERL 45T
h$95PURE: Of éﬂashi/ﬁéﬁﬁ%h@ﬂarfdsﬁ?, paevidadal sudstahbed
“generating bone Tormation in a patient conprising
retntad stenpogna ¢enpoundovtichbteraidnt heRariDeE85)

opPLEST FIRRELTCRS 8ok GILLSD B QYL 8 8 TELI"
hE&XREEDSH DBa BS§08baledsW(ENgt hembBAEbatiendobebKlk, myeloma,
lggig$ygicgaucher’s disease and anemia). Inhibition of
either IkB directly or the NF-kB pathway indirectly has been
reported to be useful for the treatment of osteoporosis and
osteoarthritis. See, for example, PCT applications WO
2003104219, WO 2003103658, WO 2003029242, WO 2003065972, and
WO 9965495. Accordingly, this invention also provides a
method of treating or preventing bone loss in a patient in
need thereof, comprising administering to the patient a
compound of this invention. Also provided is a method of
generating bone formation in a patient comprising
administering a compound of this invention.

[0085] Another embodiment of the invention provides a
method of inhibiting activation of NF-kxB dependent gene
expression associated with the inhibition of IKK catalytic
activity and/or IxB phosphorylation, comprising

administering to a patient in need thereof an amount of the



activity and/or | KB phosphorylation, conprising

admnistering to a patient in need thereof an anount
w@Roothe219W0 2004/ 092167 PCT/ US2004/ 011080 - - 51PCT/US2004/011080

conpound according to claim1l or the pharmaceutically

acceptable salt or solvate thereof, or a

phar maceuti cal conposition thereof, which is

effective to inhibit KK catalytic activity and/or

| KB phosphoryl ation, thereby51inahibiting activation of

NF- KB dependent gene expression. [00861 In one
cenpodnfeaccording taveheisnl eKekBei phagpagedédcally

net h f Lre tlng % an_intl r
afeaheole 4eEE bRy sSbrBER S bRE s ek = BRThackuedbal
céhseaseibn ehpatbent whilcheed effeuthver eat gehtibit IKK

rising admnistering_to the patient an amunt of
Cé¥nfﬁﬁéﬁ 6ﬁElVéBﬁp69ﬁdoécESPdPH@SPBOEVé?ﬁﬁPn'OF%Fﬁ@%Y

1Rﬁfﬂf@ﬁﬁ§tAEEEbthﬁﬁCSEtﬁglEBSaEbeﬁﬁeﬁglﬁéh% %&%&%%%uon

or a pharnmaceuti ca conposition thereof, which'is
[0686kct i veItooheeatmbodipertent thhelnnéhanwabothame is

i mune-rel ate hysi ol ogi cal di sorder
phpeLaed sprerarltl CrRacinp SimBrsvonsidinge. ntlammatory
ofli sahdRE-PE18YBR! BAYESoN BetBRL0d saktBE, t is§mpasidd v,
psoriasis, psoriatic arthritis, chronic obstructive

dpstasRaty él§é§é@nFCEPDPeeﬂnPWaﬁ#ﬁﬁoFye§§W€Ptd|§Q@9§151n9
aamlnﬂykgkghﬁaﬁsl%ﬁgsgat%EBQS%L }p§uh@vg@t RN 1O IS

oun od fo
Cﬁﬁ#bﬁgdaacbbYdmthEoCOmaﬁmnd ar nhehpﬁatmacmMUqukiy

phar maceuti c |t|on rom | east . one
aPOORREPTE Eotbotribainke £BRERone oy RaPhatdaE R L

cBREERE ARLE CAELLSE, Olhe%ei RPkeBEfeaRdva toRihedtOfor prevent
using one or nore |nvent|Ve Cor‘r'pounds to treat a

thar infyanhatpsyr der snmypepressteddrivséadegical disorder,
SPRRERELE! Y eathae . PEbRCERT! | SRR sy cisoge
di Betraepharmaoaptbmalikyrheumatoid arthritis, asthma,

. psoriasis, psoriatic arthritis, chronic obstructive
pulmonary disease (COPD), inflammatory bowel disease or
multiple sclerosis.

[0087] The invention comprises a compound having the
formula (I), a method for making an inventive compound, a
method for making a pharmaceutical composition from at
least one inventive compound and at least omne
pharmaceutically acceptable carrier or excipient, and a
method of using one or more inventive compounds to treat a
variety of disorders, symptoms and diseases, particularly
ones that are inflammatory or immune-related in nature.
The inventive compounds and their pharmaceutically
acceptable salt and neutral compositions may be formulated
together with a pharmaceutically acceptable excipient or
carrier and the resulting composition may be administered

in vivo to mammals, such as primates, e.g. chimpanzees and



acceptabl e salt and neutral conpositions may be
formul ated together with a pharnaceutically
w@ewmepvAabt e exci pient or carrier and the resuP€T/NER004/011080
conposition may be adm nistered in vivo to mamal s,
such as primtes, e.g. chinpanzees and WD 2004/ 092167
PCT/ US2004/ 011080 --52- hunmans (e.g. nales and
femal es) and animals (e.g., dogs, cats, cows, horses,
and the like), to treat a vav2ety of disorders,
synpt ons and dlseases %m%ihernnr the _inventive

fﬂé@ﬁﬁ%uﬁﬂégcdﬁa Red f @Phr g ARHTRLFehe- It hatlops:
ef ul o for ﬁesff‘% L 8 ﬁdveﬁéeiyk@f dt§0£9§é§ ra SYPRLRYBoF

and di seases l'e one or nore of
dd sweiviwv e swmmbmn@sam®yd1©eaﬂeed |Euahhappbreattba of

nnnother eat a . di sorde di sease or
IRFRRE YR o %%9 %s%ﬁﬂu%e L) '%gtPBﬁp?ﬁ%rﬁp?e&nﬁam
LMY Chs t RS BSE Py aPr bAWENG | ¥ eva£08PPURE Qi s60aBOSI LI ONn
(therapeutic agent) is conbined wth the use of one

swrireone arfedise@eapeuti c agents for treating the

a”d/ﬁ%ft h&X tgPer§%9£ Qfseﬂge£§Veﬁ¥gvgogg euﬂds may
eases MDi NAti on erapy Includes a Mnrstration
béﬁuéé@ 1hesapeoid 1 Ceagboh So £ onenio tkathpyoto treat a

sequentially. Alternatively, the therapeutj geat
di ?su

SO BRE c HBFPREE | P¥ 0SYBRECRONBBEY t FbROWHFEN
cé}ﬁégﬁééiéﬁe@hépaﬁfe patyeDtn £00888ke! Bfoaﬁ enbedireat

compounds of this invention are used in
cagdindtdonconpbs bther {beenpeattitc agents, isuchmpsned

other. inhibitors of 1KK, _oth g f ul

o R orPRGTRP. RB S8 TR SsQeerar EACERRANEr ngblngsq for
tﬁ@&%&ﬁguﬁﬁéUéaﬁ@faﬁdﬁ@il@gh@ihEﬁpéBSQEdGESQrayﬁEL0§§mptoms
and di seases. |In particular, agents that induce
ara@d%}%@a%eSSUCﬁora%ua@%h@% tharamy stnpLuder| adpipdssration

oF ST L1650y HEUSEL LD GO0 101
Artﬁwmstivmlyonbheathenapﬁmhlc agents can be combined into
one composition which is administered to the patient.
[0089] In one embodiment, the compounds of this
invention are used in combination with other therapeutic
agents, such as other inhibitors of IKK, other agents
useful in treating NF-xB and TNF-a associated conditions,
and agents useful for treating other disorders, symptoms
and diseases. In particular, agents that induce apoptosis
such as agents that disrupt cell cycle or mitochondrial
function are useful in combination with the IKK inhibitors
of this invention. Exemplary agents for combination with
the IKK inhibitors include antiproliferative agents (e.g.,
methotrexate) and the agents disclosed in U.S. Pat.
Application Publication No. US2003/0022898, p 14, para.
[0173-0174], which is incorporated herein in its entirety.
In some embodiments, a compound of the invention is

administered in conjunction with a therapeutic agent



the KK inhibitors include antiproliferative agents
(e.g., nethotrexate) and the agents disclosed in U S
WO2104/0924ppl i cati on Publication No. US2003/ 0022BOBUS304/011080

14, para. [0173-0174], which is incorporated herein
inits entirety. In sone enbodinents, a conpound of -

the invention is admnistered in conjunction wth a

t herapeutic agent WO 2004/ 092167 PCT/ US2004/ 011080

--53- selected fromthe greup3eonsisting of cytotoxic

agents, radiotherapy, and inmunotherapy. Non-limting
S%ﬁ%ﬁ?@@s?@@m E??oQBQPE 5@%5%§FéBQtQEI§Y¥BF°§§S ?Heéts'
rgézf?agé{ag%,%ﬁa $ Rfunb el BBL D! L QEA -8l RENGNLEBRLIBS of

i ncl udée capecitibine; gentitabine; Irinotecan;
c¥toidaxhbi agenbsf subtabtacEbronss- ifil gombunatiibh with the

| eucovorin; taxgne , anlugLnﬁ,.e.?., aclit X%L and
I%%c%@%&%%FoﬁFa? nbitagBRES P cFBG'H&? agecttloine;
g&hSPLabiRe ; carbaptathn; andagxabhfAbat 5hfluorouracil or 5-

anthracyclins, including, e.g., doxorubicin and
fpegyoaradili pbsvaaroridvxorabpeth; ARcoévdanrgon€;-J- .

dexanet hasone; -vincristing; oside:. .pr [ :
pRRL et deranareaEerat "FhasEbRRn kR eah R R e o -
cagehasinycBaabopkhphal aand okhbiphbudhl;, aantiracyclins,
_cycl ophospham de. It is, understood that ohher
iR@RETHAZ T oflsImay IBECTHAEFEBKERIVAPPY LRERE MR SAIEHi n
d&Q@réﬁf@?nOfmiESX&H¥§8£E9ndekgﬁggha§bgbk %Eﬁhgg%tine;

aspect of this invention'is to provide a kit

ecoppsidengrsegani abreconhal hdpmida; ahsiragbsinpackage,
wherein the inventive arnmaceutical c ound
et 08| B B KR EEbPh EF ey R BE  Fbiphatan,

' ' i 1h i y acgeptiabledeaistioerds that
Cﬁgg?%ﬂg%bggfs%% eggpﬁégﬁgggﬁéﬁgﬁg'diseases where | kB
okhaaseopbayataonsomey pe08hfleThekennpbiuies rematihisg within

i nvention naﬁgbe, repared by nethods known to those

tRRi FreRei ALt ARSartVEBFLHal ogous

[0090] Still another aspect of this invention is to
provide a kit comprising separate containers in a single
package, wherein the inventive pharmaceutical compounds,
compositions and/or salts thereof are used in combination
with pharmaceutically acceptable carriers to treat
disorders, symptoms and diseases where IkB kinase plays a
role.

[0091] The compounds of this invention may be prepared
by methods known to those skilled in the art for analogous
compounds, as illustrated by the general schemes below, and

by reference to the preparative examples shown below.



conmpounds, as illustrated by the general schenes
bel ow, and by reference to the preparative exanpl es

WG bawotiet ow. WO 2004/ 092167 PCT/ US2004/ 011080PCFUS2004/011080
Schenre | RIL RLRR N OH+ RZz/NRZ3 ARSI HNH NH2 A

la 2a | [0092] Schene | above shows a general route

for obtaining conmpounds of formula I. A RnNng A

carboxylic acid la nay be coupled with the desired

am no beta-carboline 2a to-pdovide |I. Many |la

i nternedi ates that are useful for preparing conpounds
S@tenaik jnvention are readily available from known

starting materials and chem cal nethods, especially
in view of the synthetic exanples detailed hereln

Schenmes |1-1V describe routes for nmaking the varflous
(3' carboline |nterned|qtes 2a. Schenme |1 NH2 a |
"N FNF/ HF NHHR -1|-2|-3 a o/
de Oft'NH@{2

N —_—
R3 NH
NH,
la 2a I
[0092] Scheme I above shows a general route for

obtaining compounds of formula I. A Ring A carboxylic acid
la may be coupled with the desired amino beta-carboline 2a
to provide I. Many la intermediates that are useful for
preparing compounds of this invention are readily available
" from known starting materials and chemical methods,
especially in view of the synthetic examples detailed

herein. Schemes II-IV describe routes for making the

' f . . '
various P-carboline intermediates 2a.

Scheme II
{ NHp NH A"
— N —— —_—
F N r H i N
i-1 i-2 i-3

\
cl 4
—e - — —— — -
F N
F N H
H NO,

i-4 i-5



i-4 i-5 WD 2004/ 092167 PCT/ US2004/011080 --55- C \ N
f I \N MONMOH HNX NH i-6i-7 Steps: (a)

W@ 20040DCO2H (i1) HCL (b) Pd/C (c) NCS (d) NaNZ2r/{82004/011080
NaOwe (f) Pt/ H2 [0093] Schene Il above shows a route
for making a beta- carboline noiety where R is
hydrogen, R2 is chloro and R3 is al koxy. Wiile the
schene is exenplified for R3 being nethoxy, it wll
be appreciated by one skil Fe@5-ar the art that
bet a- car bol i nes havi ng other R3 al koxy groups may be
obt ai ned by replacing NaOwe in step (e) with other

sodi um oy tal al koxi des. Scherre Il H3C CN HeC
g! I\BO c Bfoc Boc iCl4 1-48 H3C H3C C
NH H {-49 i -50 47092167
MmE I4/ 011080 --56-- higoe -~/ N
NO» NH,
i-6 i-7

Steps: (a) (i) HCOCOH (ii) HC1 (b) Pd/C (c) NCS (d) NaNO;
(e) NaOMe (£f£) Pt/ Hy

[0093] Scheme II above shows a route for making a beta-
carboline moiety where R! is hydrogen, R? is chloro and R®
is alkoxy. While the scheme is exemplified for R} being
methoxy, it will be appreciated by one skilled in the art
ﬁhat beta-carbolines having other R?® alkoxy groups may be
obtained by replacing NaOMe in step (e) with other sodium

or metal alkoxides.

Scheme III
a b NH,
A —_— A\ —_— N\
\ N N
Boc Boc Boc
i-46 -47 i-48
HaC | HaC.,
c NH d TN
. N - \
N N
H
i-49 i-50



H NH2 i-51 Steps: (a) NaHVDS, Mel (b) H2, Raney

Ni ckel, PtO (c) i. TFA ii. CHOCO2H iii. HC1 (d) Pd/C,
wogdoaneae7 160 C (e) i. NCS, IN HC1 ii. NaNO2, PdFBS1004/011080
H2, Pt [0094] Schene |1l above shows a route for

preparing a beta-carboline internmediate where Rl is
an al kyl such as nethyl, R2 is.a halo such as chloro
and R3 is hydrogen. One skilled in the art wll
under stand how t he above setgre-may be nodified to
obtain an Rl al kyl group other than nethyl or an R2
hal o group ot her'sthan chloro. Schene IV nBu3 F F a F
FR NN NH2 i F CA Nd Y/ F':) N NH
H i-64- 2167 PCT/ US2004/ 011080 --57--
FCA X/'N I - 66

Steps: (a) NaHMDS, MeI (b) H;, Raney Nickel, PtO (c) i. TFA
ii. CHOCO.H iii. HC1l (d) Pd/C, xylenes, 160 °C (e) i. NCS,
1N HC1 ii. NaNO,, TFA iii. Hp, Pt '

AID094] Scheme IIT above shows a route for preparing a
beta-carboline intermediate where R' is an alkyl such as
methyl, R? is a halo such as chloro and R® is hydrogen. One
skilled in the art will understand how the above scheme may
be modified to obtain an R! alkyl group other than methyl or

an R? halo group other than chloro.

Scheme IV

SN2 a AT b
T — | ——
Nig 7

NH,
i-63

A N R

I —

x> c Cl N d

Cl I \ /
F N
NH, H
i-64 i-65



Steps: (a) i. LDA, THF, -78C, ii. SnBu3d (b) 5%
Pd(PPh3) 2C12, 10% Cul, DMF, ref lux overnight (c) 3eq
WORINDE9216THF, rt overnight (d) i. TFA/ NaNGO3, iPCT/US2004/011080

saturated NaHCO3, iii. 5% Pt (S) , NHAOQ2CH [ 0095]

Schenme 1V above shows a route for nmaking a beta-

carboline internediate where RL is fluoro, R2 is

chloro and R3 is hydrogen. It will be appreciated

that ready nodification of -thi’s-schene will allow for
t he prlgparation of other internedi ates. For exanple,
anot he group may be introduced by replacing the
-chl or '-'ZN' odoaniline in step (b) wth another
i 14 ne having a substituent' other than chloro
-position. [0096] A particularly useful

i ntler iate for making conpounds of fornula IIl-A-aa
isNH ernmediate 3a: RI3 R14 N H3 CH3 3a where R13

i's i@%@ OH, OR15, or a carboxylic acid protecting

group; R14 is an am no protecting group, hydrogen or
-WG as defined above; and R15 is an organic radical.
Amino protecting groups_are vwell-known in the art.
SERBApI 2) of - éEﬁta%ﬁgfaﬁ17ﬁ8'p|16t'e§PEBHQC_br6]8 s°%ncl ude
PEIRBRy)cAbon} P SWE1200BME92 167 LPETPUSEDGANG1 1680 3o HEMDS,
THFoups suehnasht- butdxjcafBaAYENCs - BOD) aabubehed| NaHCOs,
igioup% PsUBh, aNHbestiy| and par a- met hoxybenzyl. The
carboxylic acid group at the 3-position of the
morpholine ring may be protected as any stable ester
m&%ﬁp suchchsmg §|VynﬁP8V§I RPPWSoR FPWtCedOdr MefidRIag Heta-
cBBLBY ! neet H¥byrmBARZYL. wREr PRt 8L HOLGPENK BSt&I10dd and
one empodi nent, R14 is -WG and
R® is hydrogen. It will be appreciated that ready

modification of this scheme will allow for the preparation
of other intermediates. For example, another R? group may
be introduced by replacing the 4-chloro-2-iodoaniline in
step (b) with another 2-iodoaniline having a substituent
other than chloro in the 4-position.

[0096] A particularly useful intermediate for making

compounds of formula III-A-aa is intermediate 3a:

Ha CHj
3a
where R'® is halo, OH, OR', or a carboxylic acid protecting
group; R is an amino protecting group, hydrogen or -W-G as
defined above; and R is an organic radical. Amino
protecting groups are well-known in the art. Examples of

suitable amino protecting groups include alkoxycarbonyl



R13 is -OH, halo, or a carboxylic acid protecting

group. Various protecting groups are described in
wa@ledoaiod216n Protecting Goups in O gani c Synt hBGT/E$2004/011080

Theodora W Greene and Peter G M Wits, 3rd edition,

1999, published by John WIley and Sons. [0097] A

preferred enantionmer of internediate 3ais (S)- 3a:

RI3 R14 Q' N~ O H3 CH3 (S) -3a where RL3 and R14

are as descri bed above. [00983-+nternedi ate 3a or

(S)-3a, as the carboxylic acid or an activated form
g:ma@;]seoefuqlsm rsb e e e EPRY br { #eBOC) n@jdpReREYH| SgoUPs

wi.t h a rop t 1 lin S
1 SR SR SRR GRS o Throrattrg e ecid
g @Ikt tt’ﬁ@e arples Toliphi of tleachoophpt due desnﬁumahebe

useful _internedi ates, shown bel ow as % %rgoun

1

prQraEied 145 WY 2063 bo 2AB S BT OR00UFD1268D SimBee ajkyvl
of§%f$l eé%%fdsﬁthhkg gmmékﬁ&lfﬁe€k§l, benzyl, or

pentafluorophenyl ester. In one embodiment, R is -W-G and
R is -0H, halo, or a carboxylic acid protecting group.
Various protecting groups are described in detail in

Protecting Groups in Organic Synthesis, Theodora W. Greene

and Peter G. M. Wuts, 3¢ edition, 1999, published by John
Wiley and Sons.
[0097] A preferred enantiomer of intermediate 3a is (8)-

3a:

(S)-3a
where R'® and R'™ are as described above.
[0098] Intermediate 3a or (S)-3a, as the carboxylic acid
or an activated form thereof (such as the acid chloride),
may be coupled with an appropriate amino-beta-carboline as
outlined in Scheme I above. When R* is an amino protecting
group, the amide coupling reaction provides further useful

intermediates, shown below as compounds of formula IV:



IV where R14 is an am no protecting group and R1, R2

and R3 are as described above. It wll be appreciated
whyooene216f skill in the art that certain conpPCmhtis2004/011080
formula Il1-A-aa (where R6b is each nethyl) may be

prepared from conpounds of fornula IV by renoving the
R14 protecting group and then attaching the -WG
portion using known nethods. Alternatively, the
compounds of fornula II1-A-agoray be prepared by
first constructing internmediate 3a where Rl4 is -WG
and R13 is a carboxylic acid oRlderivative thereof.

The ami de coupling reaction wth)yas appropriate

am no- beta- carboline tH8 j
formula Il1-A-aa directly
Ph "H)-Y OBn OBn N O (}s h
PCT/ US2004/ 011080 H3 H3 G O -¥ 1 C H3 d N OBn N OBn
Phl O Ph') 0 i-17 i-18 3CitN)-YOH HO i-19
Steps: (a) K2CO3, KI, F’ﬁﬁﬁr no- 2- net hyl - propene, MeCN

3

Iv

HO H3C CHZ a OH b

where R is an amino protecting group and R*, R? and R® are
as described above. It will be appreciated by one of skill
in the art that certain compounds of formula III-A-aa
(where R%® ig each methyl) may be prepared from compounds of
formula IV by removing the R protecting group and then
attaching the -W-G portion using known methods.
Alternatively, the compounds of formula III-A-aa may be
prepared by first constructing intermediate 3a where R is
-W-G and R'® is a carboxylic acid or derivative thereof.

The amide coupling reaction with an appropriate amino-beta-
carboline then provides the compounds of formula III-A-aa

directly.

Scheme V

H3C\_2CH
. a ’ \Ei ® —OH b
—_—
Ph/\N OBn @ /[“/OBI'I
H N
o




NaHCO3, MeCN (c) Bu3SnH, AIBN, toluene, 110C (d) H2,
20% Pd(OH) 2/ C, 10% AcOH/ MeCH [ 0099] Schene V above
WG bawe9A6T out e for making internedi ates of forPemiUs2084011080
including the unprotected i- 19. The selective
protection and deprotection of the amno and
carboxylic acid groups in i-19 to provide various 3a

internediates will be within the know edge of one
skilled in the art. [00100j6®not her usef ul
i nternediate for making conpounds of formula Il1l-A-aa

la conpound of fornula V,
R3 H H NH O~

preferably (S) -V: RL RL
. D

] 3 ~NA UN@PA YV
/]

N B"or ot her | eavi ng ¢ | ¥" OR15, or a
ca;?bxy@ c acid protecting groug, RAS5 is an organic
rasf cal ~ such as a C1_6 aliphetic, aryl or benzyl,
Rigg 14 has 0-2 or 0-4 R6b, ang-R8, R2 R3, and R6b are
as defined above. [00101] Another useful internedi ate
for maki ng conmpounds of this invention is VI,
preferably (S)-Vi: Ri3a C_ Rl3a 13 13 RIlI Ng RNv
(S)-VI where one of R13 and Rl3a is OH or a
Habeqvi n grLpup such as

Steps: (a) KyCOs3, KI, 3-Bromo-2-methyl-propene, MeCN (b) I,
NaHCO;, MeCN (c¢) BuszSnH, AIBN, toluene, 110°C (d) H, 20%
P3(0H),/C, 10% AcOH/MeOH

[0099] Scheme V above shows a route for making
intermediates of formula 3a, including the unprotected i-
19. The selective protection and deprotection of the amino
and carboxylic acid groups in i-19 to provide various 3a
intermediates will be within the knowledge of one skilled
in the art.

[00100] Another useful intermediate for making compounds
of formula III-A-aa is a compound of formula V, preferably

(8)-V:

R! R!
RS \ /" RS \——/'\I
3 N 3
R N R N
NH C§§/NH



hal o and the other is ORL5 or a carboxylic acid

protecting group, R15 is an organic radical such as a
w@o0d/ogdisphati c, aryl or benzyl, R ng A has OPQI/Us2004/011080

R6b is as defined above. Synthesis Exanples [00102]

The follow ng abbreviations are used in the nethods

of preparation: RT or rt is roomtenperature; h, hr

or hrs is hour or. hours; minis mnutes; TFA is

trifluoroacetic acid; DVSG4&L-e+ met hyl sul f oxi de; NCS

is N chlorosuccinimde; EDCl is

1- (3-di net hyl am nopropyl)-3- ethyl carbodiim de

WL g8 P b B o Seh e nck P A ChRb R o PhEn R ing™ &
cd%bﬂﬂjﬂﬂbChdmdﬂﬁrdkﬁﬁtmngrgwmwpnﬂPBAlssanebaganlc radical
chl or oper benzoi,c_acid; MeOH is net haqgl EtOH i

susttharfola Civeeliphadder ofidili I0F PRIEYY (HR9 |Pa§i?rs 0-2 ox

o-Ghrgrat oggaphy;pz ABBN,L g REOR,S RPN HiRie .
C | S ammonl um acet at e; NaQAc i s sodi um acet at e,

[061020 | s dlreddher eidefyl Anﬂ-érme&ﬁ’@@OMﬁgﬁaJsﬂng compounds
PCT/ US2004/ 011080, --62- ac 9 agg DMF is
ofg bl syl FETHaR el S TBTU B%S erdb 5)
N, N N,N -tetranethyl -o- (benzotr| azol -1-yl)urani um
tetrafl uoroborate. | NTERVEDI ATE 1: 13
7-fluoro-2, 3, 4, P&ahydr o- | H ( 3- car bol Prg-R™
1-car boxylgplgc aC| d [00103] To 10 g /#6. § nmdl) of
conmer ci al ' le 6- fluorotryp am
hydr ochl ori e shghlded 50 m of 1M f‘eobuffer
(pH 4.4) to give suspensi on t hat vvas st rred at
room tenperaturev@ERT). A suspension of disyexylic acid
nonohydrate (1.1 eq, 51.28 mol, 4.72 g) in ethyl
acetate was then added to the stirred suspension in
P I 0p.»iBh UgPERNS L0 t Rk Y dclb as
e B R el At ared sl 14 vaLegr et £5%
hald idnd athe no‘almeh: WaS r@ﬁ“pv\mrh abotlrbH2®1lded agtiidy protecting

acet at
group, ew Is an organic radical such as a Ci¢ aliphatic,

2

aryl or benzyl, Ring A has 0-2, and R®® ig as defined above.

Synthesis Examples

[00102] The following abbreviations are used in the
methods of preparation: RT or rt is room temperature; h, hr

or hrs is hour or hours; min is minutes; TFA is
trifluoroacetic acid; DMSO is dimethylsulfoxide; NCS is N-
chlorosuccinimide; EDCI is 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride; EtOAc is ethyl acetate;
DIEA is diisopropylethylamine; DCM is dichloromethane; DDQ
ig dichloro dicyano benzoquinone; mCPBA is meta-
chloroperbenzoic acid; MeOH is methanol; EtOH is ethanol;

MeCN is acetonitrile; TLC is thin layer chromatography;
ATBN is azobisisobutyronitrile; NH4OAc is ammonium acetate;

NaOAc is sodium acetate; gt,0 is diethyl ether; AcOH is



sanpl e was then dried in vacuo to give a light yellow

solid in quantitative yield. "H NWR (300 MHz, acetic
waedodoedyr 5 3.04 (m 2H) , 3.56 (m 1H), 3. 8BCT/I$2004/011080

1H), 6.80 (m 1H), 7.13 (dd, <aH), 7.34 (dd, 1H).

Retention Tine (LC, nethod: ammoni um acetate

standard): 1.17 min. M5 (M+H+) : 235.0. | NTERMEDI ATE

2: 7-fluoro-2,3,4,9-tetrahydro-I H (3-carboline

[00104] 7-fluoro-2,3,4,9-tetdZhydro- 1H R—carbol i ne-1 -

carboxyljic acid 5 g,

< Sl R e
19Q% 435 $@ﬂzd%ffb§6lfilﬁg ukReDum

COOI*I ng, a rown solid precipitat ed out, which
tmasaﬁ:loid:ﬁmmm filtration and washed with H20. The

salt obtained by filtration above was then dissolved

in hot nethanol (200 WD 2004/ 092167 PCT/ US2004/ 011080
INTRRrEHTATAN. t 781 @6rvi 2 N3 3 K2E6BrgbydPorl }i-guchrboline~

that the pHis _around 9. 100 mM of H20 was added to
11¢ﬁlsb¢ﬁy(ﬁimleacw\ﬁi ch was then allowed to stir at RT.

met 0 p -

OB "2 LS AEE OF ohflp B gRaE gmne 6
fId@&aWaM@my@somlbetdedw@g afidedradiomh ¢8. 2Mg,

79% yi eId 1H- NVR (300 MHz, net hanol ZS é
acghate Quifer (Bi)4-4) oo (Give . SH%P?%S%R? Eﬁﬁ‘ 825
st rddDat 739 (e %eﬂéﬂuré@(ﬁﬁﬁ|OnATéﬁEpéﬁEioﬁEbEOd

amoni um acet at e st andard 25 mn. M5 (MrHH+)
glhdxdli¢ WERWEDDNTEY@ra?etholoegH56 28rmwpPilned-72 g) in

AP Rl LY thed adaed L8" EADYHER:LER( BuEBERAL bAC 0

one portion. The suspension was stirred overnight (16 h)

at RT and the precipitated solid was collected by
filtration and washed with both H;0 and ethyl acetate. The
sample was then dried in vacuo to give a light yellow solid
in quantitative yield.

H-NMR (300 MHz, acetic acid-dy): & 3.04 (m, 2H), 3.56 (m,
1H), 3.83 (m, 1H), 6.80 (m, 1H), 7.13 (4ad, 1H), 7.34 (dd,
1H) .

Retention Time (LC, method: ammonium acetate standard):
1.17 min.

MS (M+H'): 235.0.

INTERMEDIATE 2: 7-fluoro-2,3,4,9-tetrahydro-l1H-B-carboline
[00104] 7-fluoro-2,3,4,9-tetrahydro-1H-B-carboline-1-
carboxylic acid (5 g, 21.36 mmol) was suspended in 130 ml
of 3N HCLl in a 500 ml round-bottom flask and refluxed
overnight (16 hr) with stirring. Upon cooling, a light
brown solid precipitated out, which was collected by |
filtration and washed with H;0. The salt obtained by

filtration above was then dissolved in hot methanol (200



g, 18.42 mmol) was suspended in xylenes (60 m) in a
250 M round-bottom fl ask equi pped with a condenser

WO bat/09as7 open to the atnosphere, and heat ed. PADUS1004£011080
hot reaction m xture was added Pd/C (10 wt% 0.2 eq,
700 ng) and the mxture refluxed in xylenes overnight
(12-14 hours). The solution was then filtered through
a pad of celite and the <collected filtrate was then
evaporated on a rotary evapgpator to give the desired
product as a brown/tan solid (3.0 g, 88%yield).

mIlH MR €360t &fizywi EVEEMdB)CO6 (B-10 () Edch tIgt (e pH is

Hhiq §: 4 gt the S0 80t B0

wégﬂgﬁéﬂnaﬁgé&éaetétgeﬂarét RT1. 88nhaEl AetNBnoMHIE) : 18
1. WD 2004/ 092167 PCT/ US2004/ 011080 - - 64-

evmmz@ﬂm a: ret@ﬁYoeﬁapor%@rotgng’gecar Wit Re aqueous

0010 f 2. 5 I
o R N T T e i e
fiesradded (NCS §1.8§°gy1é3d89 mol, 1.2 eq) and t he

B SR | G SRR 1 ST (e 1T
%ﬁg @“9&0 éd éﬁéé g. 7§3?%Y'@h¢) ? QM-NMR &%@0 W20 (dd,

O d6) : 1H), 8.79 (d,
14H), 8.91 (d 1H) 9 33 (s 1ro 13. 05 (s, 1ro

e tion_Tinme C M
L A e S s v s
15256m¢eRkl oro- 7- f | uor o- 8- nltro 9H , 6-carboline [00107]
6- chloio 7-fluoro-9H ( 3- carbol i ne (2.1 g, 9.54 muol)
MGaéMtBRen 1t al r ound- bottom fl ask (250 ml) and NaNO3

(1.136 g, 13.36 mmol, 1.4 eq) was added. TFA (48 m)
was

INTERMEDIATE 3: 7-fluoro-9H-B-carboline

[00105] 7-fluoro-2,3,4,9-tetrahydro-1H-B-carboline (3.5
g, 18.42 mmol) was suspended in xylenes (60 ml) in a 250 ml
round-bottom flask equipped with a condenser that was open
to the atmosphere, and heated. To this hot reaction
mixture was added Pd/C (10 wt%, 0.2 eq, 700 mg) and the
mixture refluxed in xylenes overnight (12-14 hours). The
solution was then filtered through a pad of celite and the
collected filtrate was then evaporated on a rotary
evaporator to give the desired product as a brown/tan solid
(3.0 g, 88% yield).

lH-NMR (300 MHz, DMSO-dg): & 7.10 (m, 1H), 7.37 (dd, 1H),
8.10 (4, 1H), 8.28 (44, 1H), 8.35 (dd, 1H), 8.89 (s, 1H),
11.74 (s, 1H).

Retention Time (LC, method: ammonium acetate standard):
1.88 min.

MS (M+H"): 187.1.



then added to the flask and the resulting m xture
refluxed overnight. The TFA is then renpbved on a

WO egoang21evaporator. The resulting slurry is spepeEsedo11080
in water (50 m) and sonicated thoroughly. The
resulting suspension is then filtered to give a
yellow solid (2.0 g, 80%yield). 1H NWR (300 MHz,
DMSO-d6): 5 8.21 (d, 1H), 8.46 (d, 1H), 9.04 (m 2H),
12.55 (s, 1H). Retention T+a€4{+tC, nethod: anmoni um

acetate standard): 2.24 mn. M5 (MtHt) : 266. 2.
INTEBRERBEDAPRE 6: 6—-chloro-7-fluoro-9H-B~-carboline

oA IR B Ao 62100 Bt (90188hs) s

s@éﬁéxﬁcﬂ@@ SAISDENSHONo Of 11Nt 684TogthiZ. dismuky imsD¥Eded
10 nm) under an argon atnosphere The resul ting
| (i %h Sasl3 e8? oweelt ol s2i PIht ORG FBP 3BSRLFING mixture

w§%6§£££9e5 é%ﬁgﬁ o§e¥%&§ﬂ94/Oﬁﬁé6¥e§E§iH§2ﬁQ§£9%éo§Qs then

nitro Ine (500 ng, 1.9 mmol ) was
fﬁﬂﬂededotoh@lvstarllggtspéblomnsahddthé ieguIBB%ngeld)

AR S 0.7 56 T A o O,

8f79t€<&ed11ﬁp ogvelt hg, desjred. 83 (s, 1H), 13.05 (s, 1H).
chl or o- 7- nethoxy 8-nitro-9H 3-carboline (510 ng, 97%
R@t@m@;on1$¢mmﬁz%@oomﬁ$bodowsmm@8}um gcgtppe( gtaghprd) :

8¥§2m§% 8.60 (d, 1H), 9.05 (s, 1H), 9.12 (s,
1 78 (b, 1H). Retention Tine (LC, nethod:

MmUY axdt.dt.e standard):  2.28min. MS (MrHH) 278. |
| NTERVEDI ATE 7:
6- chl or o- 7- met hoxy- 9H 0- car bol i ne- 8-yl ami ne [00109]

IﬁTﬁkix_rﬁb@A%EnEt h9x¥h§onU70f;9£bb£§ 8apRek-bne (- 310ar BBl ine
.84 mmol) was suspended in 50 ml of nethanol and 100

[Oﬂwif Pd/ & ¢1D969 - hmEluddedHTRechrhekings (Bi-fit 6d Ri-BH

mgbl) was taken in a round-bottom flask (250 ml) and NaNO;
(1.136 g, 13.36 mmol, 1.4 eqg) was added. TFA (48 ml) was
then added to the flask and the resulting mixture refluxed
overnight. The TFA is then removed on a rotary evaporator.
The resulting slurry is suspended in water (50 ml) and
sonicated thoroughly. The resulting suspension is then
filtered to give a yellow solid (2.0 g, 80% yield).

'H-NMR (300 MHz, DMSO-dg): & 8.21 (4, 1H), 8.46 (d, 1H),
9.04 (m, 2H), 12.55 (s, 1lH).

Retention Time (LC, method: ammonium acetate standard):
2.24 min.

MS (M+H'): 266.2.

INTERMEDIATE 6: 6-chloro-7-methoxy-8-nitro-9H-f-carboline
[00108] Methanol (0.462 ml, 11.4 mmol) was added to a
stirring suspension of NaH (684 mg, 17.1 mmol) in DMF (10
ml) under an argon atmosphere. The resulting solution was

allowed to stir at RT for 20 min. 6-chloro-7-£fluoro-8-



bal | oon of hydrogen and the reaction m xture was

stirred overnight at RT. Upon filtration through a
wpaw409216El ite and evaporation of the nmet hanoPCT/ESHa4/&k11080

brown solid was obtained. This residue was suspended

in methanol (15 m) and added, w th vigorous

stirring, to a solution - of saturated NaHCO3 (100 ni).

The light brown solid that precipitated out was

collected by filtration and-@s+ed thoroughly in vacuo

to give the desired product (512 ng,_  quantitative
N ed tYH- A+HFANR Y 309 Eﬁ»&@ Wt handl TPaY) wasg ggded, topfhe

7. 63 (s, . . 4
s rinderehitint i (e Fhep oo tflixtibe falialfonea o
sisiandarry; Upd addit M (MEHEO, 248owD K001l 092167
PCT/ US2004/ 011080 , - - 66- | ,EFIR:?I\/EDéAgE 8;  ed 6o
plee%}%%t@%%%aw%qﬂ?n‘@@%-gg h8d[ BB19bY e THBSt dPGeTe
crgfﬁ&w%@a%oﬁe@%f@r@sgﬁt #Logrbe1ihe (BLOCREUT 8953
u

Ined for Internediate 1 to internediate 7 where
yidkdstarting material for internediate 1 was

.unsubsti tu tr ] Re. Lt er_nat,ive esq s .far
I G . aRsEene: 8724 Ret Rl B od thn 11
8 pege (84, 1upxagpb® 15, ofuPLCTo Appl i gat imn, Publ 7eat(bon1H) .

No. WO 01/68648 Al, which is incorporated he'eig ig
RetenhenBife MESHr RhodnUpINRIGL PROEEBERESFBRAGIAFT) |
282§H§§TITUTED-(3- CARBOLI NES [ 00111]

6, /,8-substituted-9H (3-carboline (1 nmmol), EDC (1.6
MM HaNd 2He appropriate carboxylic acid (1.2 mmol)

were taken in a round-bottom flask and suspended in

pyridine (5 m). The resulting m xture was heated at
TRPERMEMEADEINT . s TRRIBYHL IR LBBS L ben srearwed iby-8-ylamine

rotary evaporation and 5% Na2CO3 sol uti on was_added.
[00%e9] 6-chloro-7-methoxy-8-nitro-9H-B-carboline (510

mg, 1.84 mmol) was suspended in 50 ml of methanol and 100
mg of Pd/C (10%) was added. The flask was fitted with a
balloon of hydrogen and the reaction mixture was stirred
overnight at RT. Upon filtration through a pad of celite
and evaporation of the methanol, a dark brown solid was
obtained. This residue was suspended in methanol (15 ml)
and added, with vigorous stirring, to a solution of
saturated NaHCO; (100 ml). The light brown solid that
precipitated out was collected by filtration and dried
thoroughly in vacuo to give the desired product (512 mg,
gquantitative yield).

l-NMR (300 MHz, methanol-dy): &.3.90 (s, 3H), 7.63 (s,
1H), 8.11 (4, 1H), 8.27 (d, 1H), 8.84 (s, 1H).

Retention Time (LC, method: ammonium acetate standard) :
1.12 min.

MS (M+H'): 248.



resulting solid that precipitated out was collected by

filtration. Chromatographic purification gave the
wale®inexd67 product . METHOD B: COUPLI NG PROCEDURBCTHIR004/011080

6, 8- SUBSTI TUTED- P- CARBOLI NES [ 00112]

6, 8-substituted-9Hr3-carboline (1.0 nmol ), EDCl (1.6

mmol ) and the carboxylic acid (1.2 nmmol) to be coupl ed

were taken in a round-bottom flask and suspended in

pyridine (5 m). The resul4++é@-+i xture was stirred

overni ght. The pyridine was then renoved by rotary
ﬂémzp\w@mm &n&@]@ws@wrm@w@@ &y amlfrﬁe

O R BRI e piovey, golbesled by cne

pﬁaﬁéaﬁﬁééﬂduﬂﬂihéunfdfcamt@mmgdyetéhﬁ desintdrmediate 7
product. EXAMPLE 1

whey®-te o7 iRt Yhd HERGROHRY st BRfpRTedjRfeol was

u 4%@1%“@%’ Qﬁni&@llsin alternative synthesis for 6-
or o- y 9H (3-carbolin-8-ylam ne (100 nyg,

cﬂld&dnUEQB éﬁ¥301ﬁﬁ§igﬂylémfﬂbrﬂmﬂdeamﬁlﬁedE®Mypage 34,
nicotinic acid 0. 48 nnDIL wer e taken |n

exa-;mﬂee Hota oY R0 bl siepehidett FACHHRI UPne 8?1(?8648
%ﬂh{&? dgne & S&éﬁ%ﬁe@nﬁg@&eﬁnait§0gn934§éeyght

pyT i by rotary evaporation
and 5% Na2CO3 sol ution was added. The resulting solid

A R R W P

Cmogﬁvgg% yield. 1H NVR (300 MHz, DNVBO d6): o 2. 71
3H),73.89 (s, 3H), 7.45 (dd, 1H), 8 15 (d
014 (d. GHj,88sWsstututef-9HgBacarkolipg (3. wpo HJI ' EDCI

(ff@ mmo?? énd tﬁg a&8r§3r£§telégrbo%§l§z gémdlkh.z mmol)

were taken in a round-bottom flask and suspended in
pyridine (5 ml). The resulting mixture was heated at 60°C
overnight. The pyridine was then removed by rotary
evaporation and 5% NapCO; solution was added. The
resulting solid that precipitated out was collected by
filtration. Chromatographic purification gave the desired

product.

METHOD B: COUPLING PROCEDURE FOR 6,8-SUBSTITUTED-[3-
CARBOLINES

[00112] 6, 8-substituted-9H-p-carboline (1.0 mmol), EDCI
(1.6 mmol) and the carboxylic acid (1.2 mmol) to be coupled
were taken in a round-bottom flask and suspended in
pyridine (5 ml). The resulting mixture was stirred
overnight. The pyridine was then removed by rotary
evaporation and 5% NayCO3 solution was added. The

resulting solid that precipitated out was collected by



Retention Tine (LC, nethod: ammoni um acetate
standard): 1.77 min. MS (MtHt+) @ 3 6 7. 1. EXAWPLE 2:
wa 20009167 pyri m di ne-5-carboxylic acid (6-chl oPGF/US2004/011080
7- met hoxy- 9H bet a-carbol i n-8-yl)-am de [00114] The
desi red conpound was prepared according to Method A
from 6-chl or o- 7- met hoxy- 9H- bet a- car bol i n- 8-yl am ne
and 4-nmet hyl -5-pyrim di ne carboxylic acid in 80%
yield. 1H NWR (300 MHz, DMsery€6) : 5 2.75 (s, 3H),
3.92 (s, 3H), 8.19 (d, 1H), 8.41 (d, 1H), 8.50 (s,
fiH)raBi ab. (schncbmatogr@gh(@ purj figapbopsgayp) theodegired
, 11.67 (s, 1H) . WD 2004/092167
Pl%é%‘fﬂszoom 011080 --68- Retention Time (LC, method:
formc acid standard): 0.95 mn. M5 (MtH+) @ 3 6 8.
| NTERVEDI ATE 9: _
EXAMPLBrb: Nefbosilerer? rieohord- 8Hr BofpRROILRgSIR]) ~2-

mg‘%d'i_'* ct:ggf:grﬁ égsz ng, 3.4 mml) was added to a
= ro-7-fluoro-8-nitro-9H 13-carbol i ne
[0021B] ny, 6 0cHBono®l }methOMBEP4B Aty rhndinhé-yéantihen (100
m xture aIIovvedto Lr ove e reaction
o 0ol AL + GGt okt ap | RoveD ep L nioL i ar Byl
n§ bih PR Masqadseshed ot@saﬂaﬁal)ﬂrwbhteadakeg EN HCround-
e aqueous solution was extracted (3X) wth Et OAc.

bd’h’eomoﬁbaﬁ]edaﬁﬂm’espayéﬁé Wér@yrélﬁil@é & dmé\)apow&?ed
The_ crude product was ur|f| e

T RFV LS GPEAPRYT oG vE ?H@ddag ?éac p?%%af&%g#lﬁ 40~ 8%

p%ffagn 1§5§N8hé§09eﬁk%edDN§Qk9§£ry6e%aﬁ@r&%ao%thd45%4
M, 746 (d, 1H), 8.91 (s, 1H),
N&, TR (S@lu]:l-:ﬂ):n waRetaeiqiadon Tﬂhﬁe r(eLsgltrm(ﬁpllainﬁ?ﬁmm

pggg£S£E ou£d%as co%Zecgedwgy(ykﬂﬁlatl%%% 9.
Chromatographic purification gave the desired product in
50-70% yield.

H-NMR (300 MHz, DMSO-de¢): & 2.71 (s, 3H), 3.89 (s, 3H),
7.45 (dd, 1H), 8.15 (4, 1H), 8.21 (d, 1H), 8.38 (4, 1H),
8.45 (s, 1H), 8.61 (4, 1H), 8.92 (s, 1H), 10.33 (s, 1H),
11.57 (s, 1H).

Retention Time (LC, method: ammonium acetate standard):
1.77 min.
MS (M+H'): 367.1.

EXAMPLE 2: 4-methyl-pyrimidine-5-carboxylic acid (6-chloro-

7-methoxy-9H-beta-carbolin-8-yl)-amide

[00114] The desired compound was prepared according to
Method A from 6-chloro-7-methoxy-9H-beta-carbolin-8-ylamine
and 4-methyl-5-pyrimidine carboxylic acid in 80% yield.
lg-NMR (300 MHz, DMSO-ds): & 2.75 (s, 3H), 3.92 (s, 3H),
8.19 (4, 1H), 8.41 (4, 1H), 8.50 (s, 1H), 8.96 (s, 1H),
9.20 (s, 1H), 9.25 (s, 1H), 10.63 (s, 1H), 11.67 (s,1H).



| NTERVEDI ATE 10:
6-chl oro- 7- et hoxy-9H 0-carbol i n-8-yla. m ne [00116]
WG 2@hoe1e7 7- et hoxy- 8- ni tro-9H (3-carbol i ne ( 16BCTY$2004/011080
0.55 nmmol ) was suspended in 4 m of nethanol and 25 ng
of Pd/C (10% was added. The flask was fitted with a
bal | oon of hydrogen and the reaction m xture was
stirred overnight at RT. Upon filtration through a
pad of celite and evaporatt+@®-of the nethanol, a dark

brown solid was obtained and determ ned to _be the
Refeentien 6Tian ofbC7-method: formic acid standard): 0.95

m%d opr opyl net hoxy- 9H ( 3- car bol i n- 8-yl am ne (80 ng,

% . WD 2004/ 092167 PCT/ US2004/ 011080 --69- 1H NWR

M€ 300+ Wbz, 3 .hanol -d4/CDC13): 5 1.26 (t, 3H), 3.91
(g, 2H) , 7.34 (s, 1H , 7.71 (d, 1H) , 8.02 (s, 1H |,
8.56 (s, 1H) . Retention Time (LC, nethod: formc

1@@Eﬁm%bﬁ@ﬁ§r9) 61chBorBln-e Mo &&kﬁhltrgagﬂog -EXAMBLERe
6- chl or o- 7- et hoxy- 9H 3- car bol i n- 8-

[0fEtHy| - n|&@ﬁltﬂ&@bﬂ@ﬁ{@@&l?ﬁ?h@gdeék4e@n@éhpwaﬁda®é§d to a

d
éi%ﬁare ord;gga (§§E%¥%o?ln é ylanl cargollne (200

m; n@t%@|ﬁm@DI|ﬁhCDmS®d(4nmﬁ99éﬂdetﬁe iébNNEoﬁ3ﬂQxMHre
MeOHd4): 5 1.39 (t, 2.76 (s, 3H), 4.14 (q, 2H),
a¥laged dep qmar %VGBH%@h 1H) Thg, QGaFﬁioéHW1XtEr§5W?8
d}fgteg W Pcth Sya dE) - aﬁ@tﬁﬂé'ﬁﬁ gf"@héLgblﬂEEBﬁdwas adjusted
nmoni um acet at e st andar d) H+)
tGS&bGutl%mERNEmﬂﬁmE 1q: HGlchI@he aqueNuN)sdﬂnElon was

PSR B A g LS. oorhel LIS L8O Bl ope pcore were
df@édaaﬁgde&@p@rétéarlnghéobyﬁa@npgédﬁcethEOpﬁrified by
flash chromatography to give the desired product in 40-60%
yield.

ly-NMR (300 MHz, DMSO-de¢): & 1.44 (t, 3H), 4.24 (g, 2H),
8.21 (4, 1H), 8.46 (4, 1H), 8.91 (s, 1H), 9.02 (s, 1H).
Retention Time (LC, method: ammonium acetate standard):
2.37min.

MS (M+H"): 291.9.

INTERMEDIATE 10: 6-chloro-7-ethoxy-9H-B-carbolin-8-ylamine
[00116] 6-chloro-7-ethoxy-8-nitro-9H-B-carboline (160 mg,
0.55 mmol) was suspended in 4 ml of methanol and 25 mg of
Pd/C (10%) was added. The flask was fitted with a balloon
of hydrogen and the reaction mixture was stirred overnight
at RT. Upon filtration through a pad of celite and
evaporation of the methanol, a dark brown solid was
obtained and determined to be the desired 6-chloro-7-

cyclopropylmethoxy-9H-pB-carbolin-8-ylamine (80 mg, 55%).



fluoro-8-nitro-9H 13-carboline (300 ng, 1.13 mmol) in
DVBO (8 m ) under an argon atnosphere. This was
w0 odokoemEe? by the addition of D EA (0.83 m, 4rGBUMWD/)N11080
and the reaction mxture was heated at 60C overni ght.
After allowing the reaction mxture to cool to RT,
wat er was added and a dark orange solid precipitated
out. The solid was filtered, washed with water and
dried to give the desired pré8uct (230 ng, 70%
|eld) WD 2004/ 092167 PCT/U82004/011080 --70 H-N
P{ M300 BB dé3thapol-@g R 1ek) © 17283 (K, 3{I+11|)
53 6 S, 71 8. S Ratgnt igo
(% ZQFLC%H%% h%d §I§§mor2| Z%wa(lcdet gtﬁe):('sfeaﬁg)ard %12 t @6 (s
1Win. MS (MFH+) @ 2 9 O. 9 | NTERVEDI ATE 12:
Rgagg%F%ﬁe%%méléhgze %g% Eaghgg a@lﬁﬁstandard) 1.16
mbachl oro-7-(N, N) - di mathyl am no- 8- ni tro-9H ( 3-
carboline (828 ng, 2.86 mvl) was suspended in 30 m
M8f (MwBtharA2 dhd 166 ng of Pd/ C (10% was added. The
flask was fitted with a ball oon of hydrogen and the
reaction mxture was stirred overnight at anbient
EKBNMpPEEaB ur §- (EpohlokblUrathoryt-lHe Bghaabpddnefd —dl)i-Re
and evaporatl on of the nethanol, a dark brown solid
NZagYah AE#NaRdS8et ernined to be the desired
Hﬁﬂfﬁﬂoro %hé“ﬁé@lgéﬁebgﬁbéﬁhaowag'b%épared accordin to
car bol i ne-8-ylam ne (500 ng, 67%yield). 1H N 30
MiERodDRVEEXdB) 6+ CElQr867(—§th@H)/ 9H5.B4Zaef§012-H)—8 aggne and

Gt oo ety 3 B yghtl, 6 (0200

hstramdar300 M2z 3Me0m-ANE (VHHR)9 (26 13H)., EXAMPLE 4:3H) ,
N- 60h|oro77 N, N) dlmethlamno 9H-()3
4.1 (g, 2H), (dd 1H) .05 (4, 1lH 8.26 (m, 3H),

8.55 (d, 1H), 8.79 (s, 1H).

Retention Time (LC, method: ammonium acetate standard) :
1.98 min.
MS (M+HY): 381.3.

INTERMEDIATE 11: 6-chloro-7-(N,N)-dimethylamino-8-nitro-9H-
B-carboline

[00118] N, N-dimethylamine hydrochloride (278 mg, 3.4
mmol) was added to a stirring solution of 6-chloro-7-
fluoro-8-nitro-9H-B-carboline (300 mg, 1.13 mmol) in DMSO
(8 ml) under an argon atmosphere. This was followed by the
addition of DIEA (0.83 ml, 4.65 mmol) and the reaction
mixture was heated at 60°C overnight. After allowing the
reaction mixture to cool to RT, water was added and a dark
orange solid precipitated out. The solid was filtered,
washed with water and dried to give the desired product

(230 mg, 70% yield).



carbolin-8-yl)-2-nmethyl-nicotinamde [00120] The
desired conpound was prepared according to Method A
w0 e@ao®16hl or o- 7- (N, N) - di et hyl am no- 9H ( 3- PCT/US2004/011080
car bol i ne-8-yl am ne and 2-nethylnicotinic acid in
40-60% vyield. I"H NV (300 MHz, Methanol -d4 /CDC13)
: 52.82 (s, 3H, 2.94 (s, 6H, 7.33 (m 1H), 8.02
(m 3H), 8.34 (d, 1H), 8.61 (d, 1H), 8.95 (s, 1H. WO
2004/ 092167 PCT/ US2004/ 0116880-=- 71- Retention Ti me

LC, nethod anmoni um acet at e standard 2.29 n.
ORI (30B61n, PMAERVEDI ATE 0% (s, 6H), 7.3 B

-6 hI r 4 h p ragi asl - ul

h?? 89%&%% CZ?EEIXEe PHSIZ?]B%O § %NB ‘solution (4
Retinoio200img (0C75bentobl)y amfonium acetate standard):

6-ihloro 7-fluoro-8-nitro-9H (3-carboline was added 1-

n&t WWHBr per azi ne (226 ngy, 2.26 mmol) and DI EA (400 ny,

M3 PR+aMljoyid a syringe. The reaction was allowed to

stir at RT overnight. Upon addition of water, an

orange solid precipitated out. The solid was

Ry T e e

g desi
caebbY i npi-peyaamink- yl ) - 8-ni tro- 9H (3-carbol i ne.

1H NVR (300 M4z, DMBO- 4 2.48
9] 5 1oophionRy o8NS cgimetiy g Mg B oGy -
%%boit%e §2§4m55 216k, mkd195whS: s%@benB%He&h!@@'Rﬂﬂ%f
LC, nmethod: ammoni um acet ate standard):
méihaadl: a3d4166 NTERVEDY ATEL1DS) was added The flask was

S DOk oS S B RSBl Mol S, spepirigp e
WQSCBEQerd otféraebhyY! at ambient temperature. Upon
filtration through a pad of celite and evaporation of the
methanol, a dark brown solid was obtained and determined to
be the desired 6-chloro-7-(N,N)-dimethylamino-9H-~
carboline-8-ylamine (500 mg, 67% yield).

'H-NMR (300 MHz, DMSO-de): & 2.80 (s, 6H), 5.42 (s, 2H),
7.45 (s, 1H), 7.95 (d, 1H), 8.23 (d, 1H), 8.86 (d, 1H).
Retention Time (LC, method: ammonium acetate standard) :
2.32 min.

MS (M+H'): 261.1.

EXAMPLE 4: N-(6-chloro-7-7-(N,N)-dimethylamino-9H-3-

carbolin-8-yl)-2-methyl-nicotinamide

[00120] The desired compound was prepared according to
Method A from 6-chloro-7-(N,N)-dimethylamino-9H-{3-
carboline-8-ylamine and 2-methylnicotinic acid in 40-60%
yield.

H-NMR (300 MHz, Methanol-ds/CDCl3): & 2.82 (s, 3H), 2.94
(s, 6H), 7.33 (m, 1H), 8.02 (m, 3H), 8.34 (4, 1H), 8.61 (d,
1H), 8.95 (s, 1H).



pi perazin-1-yl)-8-nitro-9H (3-carboline in 100mM of

met hanol and added 10% Pd/ C (48 ng) under argon. The
wo b@gkomes flushed with hydrogen (3X) and theP@CEHS1000011080

m xture was stirred under a hydrogen atnosphere at RT

overnight. The reaction mxture was filtered and Pd/C

was renoved using a pad of celite. The reaction

m xture was evaporated to renove solvent and purified

by flash chronmat ography to-gi7te-WO 2004/ 092167

PCT/ US2004/ 011080 --72- 119 ng (55%yield) of the
RebentagneTenEol5C7- p@th@@hypmmonlum acetate standard) :
zweraﬁl n-1-yl)-8-am no-9H 13- car bol i ne. 1H NVR (300

, nmethanol-d4) : 5 2.39 (s, 3H) , 2.46 (m 2H) ,

M8. 8M+fiy : 490.38.83 (m 2H), 7.50 (s, 1H), 7.97 (d,

1H), 8.24 (d, 1H), 8.78 (s, 1H). Retention Tims (LC,

nmet hod: anmoni um acetate polar): 1.32mn. M (MtH)

I %Eﬁr&ﬁ%%l@ 6-chl 7- (4-methyl- ~1-y1)-8-
g oro- N-[ 6-chl orco ?r(o4 rre(t hyl - p%,pe%gégerl]’-alz-ln yi)-

nykyo9BkEEB-carbolliine8- yl | - ni cot | nam' de [00123] The

jred conpou ar e d h
[@ig 6-chrpf8r8 gﬂﬁﬁﬂﬁgﬁﬁsﬁ SBi pé& g I n%IO)tOoglgNﬁlto C}%SAMOU
o8Hs(3nhtarbolireuwarnd-2- ﬁﬁlt@bom—qsoba&mmwedm@ 2obed 1-
yield. 1H NMWR (300 MHz, DNVBO- d6)

metRglpipepppine). Q;énngH? .28 g@o@m @ﬂ%lDﬂ%Aﬁ§4&hjmg, 3.09
) Bttt 1A “hestbe faf) Cipl) pd i o

RTlo88rfisghtH) . UBeheaﬂﬂmmiEhnef(W@temetb@doramm@nﬁmmld
acet ate standard) 455.

46m.n. M5 (MrHH+
PPRAERVEBLATCOTS: RIDGI GOTAR UPSr SOALerath o vAsPgd and dried
tBOQ;%] 2318r abi ng%l ¢:ea8)) do%s ehvedicsh radl @-EnTiogdire (4-

of = Et CAc- e [1 of tereblc acid (17.7 g of salt)
mephghepiperazin- 1 -y1l)-8-nitro-9H-B-carboline.

lH-NMR (300 MHz, DMSO-dg): & 2.24 (s, 3H), 2.48 (m, 4H),
3.13 (m, 4H), 8.13 (4, 1H), 8.40 (4, 1H), 8.73 (s, 1H),
8.94 (s, 1H), 12.05 (s, 1H). ‘

Retention Time (L.C, method: ammonium acetate standard) :

1.72min.
MS (M+H"): 346.

INTERMEDIATE 14: 6-chloro-7-(4-methyl-piperazin-1-yl)-8-
amino-9H-B-carboline

[00122] Suspended 236 mg of 6-chloro-7-(4-methyl-
piperazin-1-yl)-8-nitro-9H-B-carboline in 100ml of methanol
and added 10% Pd/C (48 mg) under argon. The flask was
flushed with hydrogen (3X) and the reaction mixture was
stirred under a hydrogen atmosphere at RT overnight. The
reaction mixture was filtered and Pd/C was removed using a
pad of celite. The reaction mixture was evaporated to

remove solvent and purified by flash chromatography to give



m ] and heated to 50-55C, followed by addition of
(S)-(-)- a-nethyl-benzylam ne. The reaction m xture
wor®4m9iisTed for 2 minutes and then |eft at RACT/082008011080
m nutes. The reaction mxture was then seeded with
enriched salt (prepared on a snaller scale using 3
recrystallization cycles), sonicated for 10-15
seconds and |eft at RT overnight. The solid was WO
2004/ 092167 PCT/ US2004/ 01108M2---73- filtered off,
washed with Et OAc and dried under vacuum
11Reaug/s(t555% i veeldh Q@stkd%r@eﬂff@%eGs%@%@TWeﬁ@‘%ﬂlﬁle

by re- dlssoIV|ngthe This m xture
PRREFaHid L ek et ?Iﬁl%og%ﬁ ar%?rgl‘tjt&%for a short
1R REROY 390 ?&EP &L Wknﬁﬁ¥§h§|35f9”§9nﬁg i BE), 2.46 (m,

suspensi on mxture was |eff at  RT over ni ght .
2Hhe 587 dimasiipr ocesded(ms Pieviously(sestii bed- 97 (d,

00125]  Epantj.omer ess s determned in a crude
4a{srﬁ Q‘? gi%)r'ot%n7§l & correspondi ng am de
Réﬁgﬁﬂiﬁﬁifiﬁ%ﬁZ@iTUx@@@@&dngamﬁaﬁiﬁﬁ]aéeg@aérpbnaﬁ)of

(RN - (+) -terebic acid: The salt was dissolved in

1Wa&l”eﬂrn(320 ng/ M), heated to 65C and 1.2 equival ent

Qu HC1 was added. The reaction m xture was
Efo @ﬁ% E EgVI4C overnight. The solid was filtered
of f, vvashed with small portions of cold water and

T UL ST A G RSO ORI s ST S SR
ﬁ ZQHIQEEaﬂ$allg*§5yiﬂdnlééﬁln§mgée(t 1FD Retent|on

iumacetate standard): 0.33
[06123] NB CRm$H§e5145@ QomMPXANP Fa §: prepared according to

i) Bkt S QYRGS DO R A B Rty Bckine-
oulesi s £ebsDINOUARA VaScRI eparrilcattnt di agitioin 25% yield.
1H-NMR (300 MHz, DMSO-dg): & 2.21 (s, 3H), 2.33 (m, 2H),
2.54(m, 2H), 3.24 (m, 4H), 7.73 (dd, 1H), 8.12 (d, 1H),
8.35 (d, 1H), 8.37 (s, 1H), 8.48 (dd, 1H), 8.61 (dd, 1H),
8.91 (s, 1H), 10.40 (s, 1H), 11.33 (s, 1H).

Retention Time (LC, method: ammonium acetate standard):
1.46min.
MS (M+H'): 455.

INTERMEDIATE 15: Resolution of rac-terebic acid

[00124] Terebic acid was dissolved in a 10:1 mixture of
EtOAc-MeOH [10 g of terebic acid (17.7 g of salt) in 550
ml] and heated to 50-55°C, followed by addition of (S)-(-)-
a-methyl-benzylamine. The reaction mixture was stirred for
2 minutes and then left at RT for 15 minutes. The reaction
mixture was then seeded with enriched salt (prepared on a
smaller scale using 3 recrystallization cycles), sonicated

for 10-15 seconds and left at RT overnight. The solid was



Met hod B from 6-chl oro- 9H (3-car bol i ne- 8-yl am ne and
(R - terebic acid (Internediate 15) in 80-90%yvyi el d.
wAa kboneR16800 MHz, DVMSO-d6): 5 1.44 (s, 3H), 1.PCr/{S2004/011080
3H), 2.91 (dd, 1H), 3.08 (dd, 1H), 3.38 (dd, 1H),
7.85 (m 1H), 8.17 (d, 1H), 8.25 (d, 1H), 8.39 (d,
1H), 9.05 (s, 1H, 10.26 (s, 1H), 11.72 (s, 1H. WO
2004/ 092167 PCT/ US2004/ 011080 --74- Retention Tine
(LC, nethod: anmoni um acet—aﬂe%s{ andard): 1.22 min. M
(M+H+) @ 358.3. EXAWPLE 7
flﬂtzalz-dt Gififet e siBb vo-HEY rEchAC‘duaﬁréi FArkedIAee vaeHdn-
Re été/’ I?:l rol %l_i!:l(os %&c&érﬂa %.ryclz)héargéj% [Mt Tﬁﬁ{ture by
npound was prepared according to Method B
rét‘_rdlrgsﬁyhla}lrix%* Q:}ﬂal'l-s(ai?:]_tca(rlﬁ)lmg‘vﬁnj& yl afhie mintdre, was then
rimethy 0XO0- rrolldl rboxllcaldl
Bt O 15 RS I 6, LR MR 295 (8 S5 f1ing hgew
r%)sst?i ’re%n %eci d:_dn é@pe?n@ﬁ(n?) 3Hhe %nf:@tlﬂﬂél,wétbleft at
1 7.91 1H), 8.18 (d, 1H), 8.24 (d
RTLHyverB rzhﬂgl'(td e EQDIIUd(vsaS HHCG&%BQ@% sPrQYI}OUQL-JiYBZ
d(s igl“ Retention Tine (LC, method: ammoni um acetate
st :  1.17 min. M5 (MrH+) : 371.3. | NTERVEDI ATE

[oétfstl\L benzdniseshdiel deszyds €shes ca@@éﬁaina@ fnnaxtunée
serine-benzyl ester-HCL (2.

fedrizgt deshye (L OB PR i %.W%%%@%?%“egi %Ialsieu n

brlf_ﬁln%n(fl ,@éjp@dcé&gimcyanobor ohydride (1.0 eq.).
resulting mxture was stirred at anbi ent

[00BG)er at Regdémerdbiohrsf tRen( pafterebnedacmdo Ehhepalt

and_aqueous_sat ur i um bj car.bonat
W S RO 9 gt A s 6T GRS L f AR AL SR FOLRR f 2 12
edBPal &I A QUSI et T af4s AeAed. washedrikthion

ether, basified with aqueous 4.5M K2CO3 and
mlxture was then left at 4°C overnight. The solid was

filtered off, washed with small portions of cold water and
dried under a high vacuum (yield of 25-30%).

'H-NMR (300 MHz; DMSO-dg): & 1.30 (s, 3H), 1.52 (s, 3H),
2.74 (44, 1H), 2.85 (dd, 1H), 3.25 (t, 1lH).

Retention Time (LC, method: ammonium acetate standard):
0.33 min.

MS (M+H'): 159.0.

EXAMPLE 6: 2,2-dimethyl-5-oxo-tetrahydro-furan-3-carboxylic

acid (6-chloro-9H-B-carbolin-8-yl)-amide

[00127] The desired compound was prepared according to
Method B from 6-chloro-9H-B-carboline-8-ylamine and (R)-
terebic acid (Intermediate 15) in 80-90% yield.

lH-NMR (300 MHz, DMSO-dg): & 1.44 (s, 3H), 1.59 (s, 3H),
2.91 (dd, 1H), 3.08 (dd, 1H), 3.38 (dd, 1H), 7.85 (m, 1H),
8.17 (4, 1H), 8.25 (4, 1H), 8.39 (4, 1H), 9.05 (s, 1H),
10.26 (s, 1H), 11.72 (s, 1H).



extracted with ether. Conbi ned organic extracts were

washed with brine, dried over sodiumsulfate and
w@omgeisat ed to dryness to give 2.32 g of thePdEER2084011080

conmpound (waxy solid, 81%yield). WD 2004/092167

PCT/ US2004/ 011080 --75- 1H NMR (300MHz, CDC13): 5

3.48 (dd, 1H), 3.64 (dd, 1H), 3.74 (d, 1H), 3.80 (dd,

1H), 3.88 (d, 1H), 5.18 (s, 2H), 7.25-7.39 (m 10H)

MS (MrH+) @ 2 8 6. | NTERVEDFrAAE-17:

4- benzyl - 6-i odonet hyl - 6- et hyl - npr phol i ne-
Rem@nwxmmywimeaemﬁlb@ﬁﬁpvdes%@mo?awmsayewﬁt?asgapéﬁréh=
135 §nzy| serine benzyl ester (Internedi ate 16,

25 in 90 mM of MeCN at anbient tenperature was
vMaddedr'3-brem-2- net hyl - propene (5.6 m), KI (740 ng)
and K2CO3 (7.7 g). The reaction mxture was stirred

at anbient tenperature for 72 hrs. 1 m of 3-

ERLRBDE 27 et hy | 5 DEPDRBENYRSS add8dpandot haiheast calboxylic

MxXture wdas strrread ror another IS5 nrs. Only a small
aaiduné— omlos®a9H+hﬂcaabéllaf8rﬁhhrﬁ@@dﬁased on TLC

To th
ohiay T2 555 SPSEPEN rafolia P pERER TR HiefelBipg to
Mééﬁ%@EBC?@éﬁeaaﬁﬁiorshQMEB eaﬂbbE1ﬁeeenyeamune aﬁﬂel,z,Z—

reaction nm xture was partltloned into ether. (300 b,
tﬁh@eGhBlN@hﬂ&@ﬁ@gr¥9éedhﬁ? 3-9RE g%yaﬁstealérganﬁé ield.

] PMﬁ%] si vel h t atyra
qﬁéﬁs and bri'ne, dried %QErmegg ,3%? eté%%c&ﬁtr%?ﬁd 259
(%étg}yn62566;he BB} du2.Was erlﬂﬁéd 8nl7si(li, caH) 5% - 91
t OAC xa 0 oi
(?reiﬁ 'a%ogg &é ﬂﬁitug ?Zo?d ﬁ%guﬁ% go égz Iﬁé 9.07 (=,
1deog§t@gl(§ mefihyl 1mospheki nex$- car boxylic aC|d
enzyl ester. Major Conponent: 1H NVR (300MHz, -
REDEB}on5Time2 (1€, mghhody spmegiumipcesats. $tapdesd) :
35@ mln75 3.95 (m 4H),

MS (M+H"): 371.3.

INTERMEDIATE 16: N-benzyl-serine benzyl ester

[00129] To a mixture of L-serine-benzyl ester-HCl (2.3
g), benzaldehyde(1.05 eg.) and sodium acetate (1 eq.) in
methanol was added sodium cyanoborohydride (1.0 eqg.). The
resulting mixture was stirred at ambient temperature for 15
hrs, then partitioned into ether and aqueous saturated
sodium bicarbonate. The separated organic phase was
extracted with 1M HCl (3X). Combined aqueous extracts were
washed with ether, basified with aqueous 4.5M K;CO3 and
extracted with ether. Combined organic extracts were
washed with brine, dried over sodium sulfate and
concentrated to dryness to give 2.32 g of the desired

compound (waxy solid, 81% yield).



4.06 (dd, 1H), 5.16 (d, 1H), 5.21 (d, 1H), 7.28-7.36
(m 10H). M5 (M+H+) : 466. WD 2004/ 092167
weEFOnASA604/ 011080 --76- | NTERVEDI ATE 18: 4- betiyk2064/011080
6- di met hyl - mor phol i ne-3- cafboxylic acid benzyl ester
[00131] To a solution of
4- benzyl - 6-i odonet hyl - 6- et hyl -
nor phol i ne- 3-carboxyl i c acid benzyl ester
(Intermediate 17, 1,23 g)-ans-+ributyltin hydride
(1.8 M, 2.5eq.) in 11 M of toluene under gentle
g aMR U2 002Bizad €8¢ lover 513548r (8dsollfid i oR -6 A i) /

t peqy S | o t p.CO
3drg4m&g’ndﬁ@a’s c'o% ?f%rate ’rn §d§§ngé l#L Wreggl gue \%gs
7 bty tioned, i nd0) 15% 1M HC1 in acetonitrile and
.__hexane. The separated hexane phase was extracted two
M$ i B i 28%-he acetonitrile solution. The conbi ned
acetonitrile solutions were washed with hexane two
times and concentrated. The residue was partitioned
INI’!ERMEZDDBTE amj ANbERETB- 6 Thedemphhui e-wehby Iphaseholine-

was wash essively th 0.4M Na2S203 and bri ne,
3 gF #EaoBY Jrc %ﬁ B [ oﬁg‘@ﬁ{rat ed. The residue was

“[op¥s0)f 1 ed BH él &b 0@ { In 59€ ﬁlﬂéﬁw@xéaglnmbgmgﬂéatﬁg
(oil', 85%yield) of conpound

( Znbermedliat6- 46 met hyB - abr BRoP P el 308 aMBENy pEcambignt

t%&§2¥?tu§§F§£s &%éggf%iﬁggﬁﬁta égg%%i g oﬁeaé g% 63Hlo, KT

(14D , m@) 58nd dx.C) ,(7379%) .4. Che( meaZI’d)J,orﬁnmsct(uj:e ma)s

S‘?: FerA Aﬁ@ﬁ%ﬂggt%mggﬁ%‘fﬂ’y"? f%?fpﬂgs}“%g&g% F@o?&l Pc
bAGhY- ZLQQ ﬁéi gPoﬁeﬁélM&boﬂdgéd4aﬁ§nﬁhb echedimat Aykture
nor phol 1 ne-3-carboxylic acid benzyl ester
wéénseinedflafer 18nother 15 hrs. Only a small amount of
starting material remained based on TLC (1:1; EtOAc-
hexane). To the resulting mixture was added 11.2 g of
iodine. After 4 hrs of stirring, TLC (10% EtOAc/hexane)
showed complete conversion. The reaction mixture was
partitioned into ether (300 ml) and 0.5 M NazS;03 (100 ml) .
The separated organic phase was washed successively with
water, saturated NaHCO: and brine, dried over MgSO4, and
concentrated to dryness. The residue was purified on
silica (5% EtOAc/Hexane) to give 6.65 g (yellowish oil, 64%
yield, about 4:1 mixture) of compound 4-benzyl-6-
iodomethyl-6-methyl-morpholine-3-carboxylic acid benzyl
ester. Major Component: IH-NMR (300MHz, CDCli): & 1.22 (s,
3H), 2.50 (d, 1H), 3.16-3.36 (m, 3H), 3.75-3.95 (m, 4H),
4.06 (ad, 1H), 5.16 (4, 1H), 5.21 (4, 1H), 7.28-7.36 (m,
10H) .
MS (M+H"): 466.



1.25 g) in 40 mM of 10% AcOH MeOH (under nitrogen) was

added 250 ng of 20% Pd(OH)2 on charcoal. The reaction
woreootea6Mas purged with hydrogen (ball oon) anPCT#ES2004/011080

stirred at anbient tenperature for 72 hrs. To the

resulting gray WO 2004/ 092167 PCT/ US2004/011080 --77-

m xture was added 4 m of water to hel p dissol ution.

The catalyst was renoved by filtration and the

filtrate was concentrated-+o6€dryness. The resi due was

co-evaporated w th ethanol (2X) and then triturated
INFERMEDTREE The 4yeseraled, GhiisesByidrgashplinerad

off and.drjed.u r_ hi cuumto give 559 ng of

CFERHY ?h@?%ﬁﬁggﬁ%ygnggg¥§carboxylic acid (95%

[09i3]d) . Itb NVRs4BROME , 0 D20} befiztl 36-{ sdodel)hyl-88hsthyl-
3H), 3.11 gd, 1H),_ 3.32 (d,. 1H),_3.81-3.87 %n1 1H).

noE gt re-Irfarkoyli¢ pucid penpel (REFRY (L[R6Grmediate 17,

| T, ; : ; ;
LR TR e R R S PR R0 A Body e %adi 6% ot T ™
off ot @l serspensiaen oénélé-deéhbttkyvaspapielli age8-1.5 hr a

carboxylic acid (Internedia 19 4 jn 17 of
seliobtr eERb e LT salfadieataoy myTh? TetknSonas
aTher&Q@ato abso B3owh 4nd ®8s) cOhcSdPeragegods dryness. The

formal dehyde. The m xture was purged w th hydrogen,
re¢pidreorns aprrsitieread drtanbpenitBRpeint aFgtepLtsile and
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and concentrated. The residue was purified on silica (7.5%
EtOAc/hexane) to give 760 mg (oil, 85% yield) of compound
4-benzyl-6, 6-dimethyl-morpholine-3-carboxylic acid benzyl
ester.
'g-NMR (300MHz, CDCls): & 1.21 (s, 3H), 1.24 (s, 3H), 2.12
(4, 1H), 2.84 (4, 1H), 3.29 (t, 1H), 3.58 (4, 1H), 3.95-
4.05 (m, 2H), 5.15 (4, 1H), 5.21 (4, 1H), 7.28-7.36 (m,
10H) . ‘
MS (M+H'):340.

INTERMEDIATE 19: 6,6-dimethyl-morpholine-3-carboxylic acid
[00132] To a solution of 4-benzyl-6,6-dimethyl-
morpholine-3-carboxylic acid benzyl ester (Intermediate 18,
1.25 g) in 40 ml of 10% AcOH/MeOH (under nitrogen) was
added 250 mg of 20% PA(OH), on charcoal. The reaction
mixture was purged with hydrogen (balloon) and was stirred

at ambient temperature for 72 hrs. To the resulting gray



3H), 3.08 (d, 1H), 3.41 (d, 1H), 3.68 (dd, 1H), 3.96

(t, 1H), 4.14 (dd, 1H). M5 (MtH+) : 174. WO
w167 PCT/ US2004/ 011080 --78- EXAMPLE BCT/US2004/011080

4,6, 6-trimet hyl - nor phol i ne-3-carboxylic acid (6-
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M8- ¢hkBi)o- 7:&Ycl opr opyl met hoxy-8-nitro-9H , 6-carbol i ne
[ 00136] Cycl opropyl et hyl al cohol (0.921 m, 11.4
nmol )

INTERMEDIATE 20: 4,6,6-trimethyl-morpholine-3-carboxylic
acid

[00133] To a suspension of 6,6-dimethyl-morpholine-3-
carboxylic acid (Intermediate 19, 540 mg) in 17 ml of
ethanol (under nitrogen) was added 100 mg of 10% Pd on
charcoal and 830 ul (~3 eq.) of 37% aqueous formaldehyde.
The mixture was purged with hydrogen (balloon) and stirred
at ambient temperature for 5 hrs. To the resulting gray
mixture were added 4 ml of water and 4 ml of methanol to
help dissolution. The catalyst was removed by filtration
and the filtrate was concentrated to drymness. The residue
was triturated with EtOAc. The generated white solid was
filtered off and dried under high vacuum to give 574 mg of
4,6,6-trimethyl-morpholine-3-carboxylic acid (97% yield).
'H-NMR (300MHz, D20): & 1.35 (s, 3H), 1.43(s, 3H), 2.94(s,
3H), 3.08 (4, 1H), 3.41 (4, 1H), 3.68 (dd, 1H), 3.96 (t,
1H), 4.14 (d4dd, 1H).

MS (M+H'): 174.



was added to a stirring suspension of NaH (455 ng,

11.4 rmol) in DVF (20 m) under an argon atnosphere.
wab@4/0986ul ting solution was allowed to stir aPCRUSF004/011080

20 mn. WD 2004/092167 PCT/ US2004/011080 --79-

6-chl oro-7-fluoro-8-nitro-9H R-carboline (500 ng, 1.9

mol) was added to the stirring solution and the

resulting mxture was allowed to stir at RT. Upon

addition of H2O a brown sel78d-preci pi tated out which

was filtered to give the_ desired, _ .
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HCO3, (1 The light brown solid that
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t horoughly in vacuo to give the desired 6-chloro-7-

cycl opr opyl net hoxy- 9H 3- car bol i n-8-yl am ne (371 nys, .
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acid (6-chloro-7-methoxy-9H- B-carbolin-8-yl)-amide

[00135] The desired compound was prepared according to
Method A from 6-chloro-7-methoxy-9H-f-carboline-8-ylamine
and . (R)-terebic acid in a.60-80% yield.

'H-NMR (300 MHz, DMSO-d¢): & 1.48 (s, 3H), 1.61 (s, 3H),
3.03 (m, 2H), 3.51 (m, 1H), 3.86 (s, 3H), 8.16 (m, 1H),
8.37 (m, 1H), 8.43 (s, 1H), 8.94 (s, 1H), 10.10 (s, 1H),
11.33 (s, 1H).

Retention Time (LC, method: ammonium acetate standard) :
1.94 min.

MS (M+H"): 388.

INTERMEDIATE 21: 6-chloro-7-cyclopropylmethoxy-8-nitro-9H-
B-carboline

[00136] Cyclopropylmethyl alcohol (0.921 ml, 11.4 mmol)
was added to a stirring suspension of NaH (455 mg, 11.4
mmol) in DMF (20 ml) under an argon atmosphere. The

resulting solution was allowed to stir at RT for 20 min.



1H NWVR (300 MHz, nethanol-d4) : 5 0.36 (m 2H) , 0.61

(m 2H), 1.37 (m 1H), 3.88 (d, 2H), 7.58 (s, 1H,
wQ2®80ek161H), 8.23 (d, 1H), 8.76 (s, 1H). WD PCT/US2004/011080

2004/ 092167 PCT/ US2004/ 011080 --80- Retention Tine

(LC, nethod: anmoni um acetate standard): 2.28mn. M

(M+H+) : 288. EXAMPLE 10:
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fL“ﬁﬁig to give the desired 6-chloro-7-(N,N) -
et hoxy-8-nitro-9H 0-carbol i ne
(quantitative yield). 1H NWR (300 MHz, DVMSO-d6): 5
2.23 (s, 6H), 2.74 (t, 2H),
INTERMEDIATE 22: 6-chloro-7-cyclopropylmethoxy-9H-3-

carbolin-8-ylamine

[00137] 6-chloro-7-cyclopropylmethoxy-8-nitro-9H-f-
carboline (510 mg, 1.61 mmol) was suspended in 12 ml of
methanol and 100 mg of Pd/C (10%) was added.  The flask was
fitted with a balloon of hydrogen and the reaction mixture
was stirred overnight at RT. Upon filtration through a pad
of celite and evaporation of the methanol, a dark brown
solid was obtained. This residue was suspended in methanol -
(10 ml) and added, with vigorous stirring, to a solution of
saturated NaHCOs (100 ml). The light brown solid that
precipitated out was collected by filtration and dried
thoroughly in vacuo to give the desired 6-chloro-7-
cyclopropylmethoxy-9H-B-carbolin-8-ylamine (371 mgs, 80%
yvield).

'H-NMR (300 MHz, methanol-ds): & 0.36 (m, 2H), 0.61 (m,

2H), 1.37 (m, 1H), 3.88 (4, 2H), 7.58 (s, 1H), 7.96(d, 1lH),
8.23 (d, 1H), 8.76 (s, 1H).



4.28 (t, 2H), 8.21(d, 1H), 8.46 (d, 1H), 8.90 (s, 1H
9.02 (s, 1H). WD 2004/092167 PCT/US2004/011080 --81-
waRedoeneiion Tinme (LC, nethod: amoni um acet at e PCT/US2004/011080
standard): 1.26 min. M5 (MrH+) : 335. | NTERMEDI ATE
24: 6-chloro-7-(N, N)-di net hyl am noet hoxy- 9H O-
carbol i n-8-yl am ne [ 00140]
6- chl oro-7- (N, N) - di et hyl am noet hoxy- 8-nitro-9H
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of nethanol and 100 ng of Pd/C (10% was added. The
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Trati on through a pad of celite and evaporation of
m¢ hevseetyhar@s,. a dark brown solid was obtained. The
resi due was suspended in nethanol (10 nml) and added,
with vigorous stirring, to a solution of saturated
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MS (M+H'): 405.

INTERMEDIATE 23: 6-chloro-7-(N,N)-dimethylaminoethoxy-8-
nitro-9H-B-carboline

[00139] N,N-dimethylaminoethyl alcohol (6.0 eqg) was added
to a stirring suspension of NaH (6.0 eg) in DMF under an
argon atmosphere. The resulting solution was allowed to
stir at RT for 20 min. 6-chloro-7-fluoro-8-nitro-9H-p-
carboline (1.0 eqg) was added to the stirring solution and
the resulting mixture was allowed to stir at RT. Upon
addition of Hy0, a brown solid precipitated out which was
filtered to give the desired 6-chloro-7-(N,N)-
dimethylaminoethoxy-8-nitro-9H-O-carboline (quantitative
vield) .

'H-NMR (300 MHz, DMSO-dg): & 2.23 (s, 6H), 2.74 (t, 2H),
4.28 (t, 2H), 8.21(d, 1H), 8.46 (d, 1H), 8.90 (s, 1H), 9.02
(s, 1H).



yield. WO 2004/ 092167 PCT/ US2004/ 011080 --82- 1H NWR
(300 MHz, DVMBO-d6): 5 1.92 (s, 6H), 2.49 (m 2H)
wQ2®8/099367 3H), 4.25 (m 2H), 7.50 (dd, 1H), 8.RGI/{§3004/011080
2H), 8.38 (d, 1H), 8.42 (s, 1H), 8.66 (m 1H), 9.00
(s, 1H), 11.27 (s, 1H), 11.78 (s, 1H). Retention Tine
(LC, nethod: ammonium acetate standard): 1.52 mn. M
(MrH+) @ 424, EXAMPLE 12:
2- am no-cycl opent anecar boxyt8t~acid (6-chl oro-
7-met hoxy- 9H- p-carbol i n-8-yl)-am de [00142]
Res- @bt 09 - i@t heXy -0eFpad s apBBPRHensay it Reshagdard) :
1%2é%£t but oxycar bonyl ami no- cycl opent anecar boxyl i ¢ acid
Wer e T eact ed using Method A. To this product was
Madgedi-)amB 3. 4N HCLl/ di oxane and the resulting'
m xture was allowed to stir at RT. The reaction was
followed by LC-MS until conpletion. Evaporation was
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salt. The desired product was then purlfled by
c¢mkn&uaﬁ8vglamiﬁe 1H NVR (300 MHz, DMSO-d6): 5 1. 68

Wéﬂ&gl %F§§1§Q%7 ?&y qug§mégg§§%%inéﬁﬁﬂo&g]545%5ro 9H-
i%arbéﬂﬁﬂe(dsoah&g, B §2mﬁ61 1w&s suspéﬁadd iH) 12 8116f
(s, (s s Ret ent | on I
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0x0- pyrrolidine-3-carboxylic acid [0014
'meX$uiEreﬁ coaneighhl &y BVai | Gbbe ftatvatéoacitlroamth a pad

i gt babeihulncei an ne ves hegsdott Loaod Elor
sdPid was obtained. The residue was suspended in methanol
(10 ml) and added, with vigorous stirring, to a solution of
saturated NaHCO; (100 ml). The solid that precipitated out
was collected by filtration and dried thoroughly in wvacuo
to give the desired 6-chloro-7- (N,N)-dimethylaminoethoxy-
9H-B-carboline-8-ylamine (380 mgs, 83%).

lH-NMR (300 MHz, methanol-ds): & 2.43 (s, 6H), 2.84 (t,

2H), 4.11 (t, 2H), 7.47 (s, 1H), 7.88 (d, 1H), 8.20 (4,
1H), 8.72 (s, 1H).

Retention Time (LC, method: ammonium acetate standard) :

1.34min.
MS (M+H"): 305.

EXAMPLE 11: N-[6-cloro-7-(2-dimethylamino-ethoxy)-9H-B-

carbolin-8-yl]l-2-methyl-nicotinamide

[00141] The desired compound was prepared according to
Method A from 6-chloro-7-(N,N)-dimethylaminoethoxy-9H-3-
carboline-8-ylamine and 2-methylnicotinic acid in a 40-60%

yvield.



100 C and then diluted with MeOH to prevent WO
2004/ 092167 PCT/ US2004/ 011080 --83- solidification.
wadb@4peaeuct was obtained in a 56%yield aftePCT/US2004/011080
crystallization from MeOH Et OAc. "' H- NVMR (300MHz,
D20): 5 2.63 (dd, 1H), 2.80 (dd, 1H), 2.95 (s, 6H),
3.15-3.25 (m 1H), 3.32-3.44 (m 1H), 3.44-3.76 (m
4H), 3.82-3.94 (m 1H). Retention Tine (LC, method:
amoni um acet at e st andard)+-8D-13 min. M5 (MrH+)
201. 0. EXAMPLE 13
Hl—l\@’-@l D|319é1 W’F%m%%‘t@ﬂ)l N 5510R8- gyrr olGHdime--#2 (m, 2H),
5 C acjd,£6,ghl 9 bol 8- ¥l ) zanide
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1%y 7o($d|%% 8- %érgéxgﬁ' Hérd in 70 - 80%vyield as the
Ré%ené%% S@iﬁe %thNﬁeEﬁQQN*Bmmgﬂghm abekaPé GUenadidl) :
dd, 1H), 3.51 (t, 2H), 3.76-3.89
1(53 BH) , 395(dd 1H) 4.01 (dd, 1H), 7.75 (d, 1H),
% éﬁ %- 4%3 8.45 (dd, 1H), 8.52 (dd, 1H), 9.10
b ﬁ) ention Tinme (LC, nethod: amoni um acetate
standard): 0.99 mn. M5 (MtH+) : 400. EXAMPLE 14:

1- (2-di net hyl am no- et hyl ) - 5- oxo- pyrrol i di ne- 3-
E%%MBhgvlzp rapino-cyclopentanecarboxylic acid (6-chloro-

7£;§e9ﬁ$}9%09ﬁ-g§gamsl?# 5_2@5 balnaae8 yl)- amide [00145]

6-chl oro-7-
[00%42{0x Yy - 9&|—(:B;Loaoba|—mmahexylraﬁrﬁecambollne 8-ylamine and

1- (2-dj net hyl anj no- _ . .
2 2E 5 DREBIYCBg PRI L ATHBO 3C¥S ! BBEDFPRSSRFROTY Lghacid vere
r¥é§£gd ugihgﬁy@ghgarnflC@b'Qﬂlst@@d@C%eWbspbaﬂéﬁaLEwg of

Chi ral cel columm with 85/7.5/7.5 hexane/ Et OH MeCOH
AN sHEhédepwane, and the resulting mixture was allowed to

stir at RT. The reaction was followed by LC-MS until
completion. Evaporation was allowed to remove all the
solvent which gave a crude HCl salt. The desired product
was then purified by preparative HPLC.

IH-NMR (300 MHz, DMSO-dg): & 1.68 (m, 1H), 1.84 (m, 2H),
2.06 (m, 2H), 2.20 (m, 1H), 3.46 (m, 1H), 3.67 (m, 1H),
3.89 (s, 3H), 8.24 (4, 2H), 8.61 (d, 1H), 8.72 (s, 1lH),
8.78 (d, 1H), 9.19 (s, 1H), 10.58 (s, 1H), 13.20 (s, 1H).
Retention Time (LC, method: ammonium acetate standard) :
1.54 min.

MS (M+H'): 359.

INTERMEDIATE 25: 1-(2-dimethylamino-ethyl)-5-oxo-
pyrrolidine-3-carboxylic acid

[00143] A mixture of commercially available itaconic acid
and N,N-dimethylethylenediamine was heated up to 160 °C for
about 20-25 minutes. The mixture was allowed to cool to

100 °C and then diluted with MeOH to prevent



WD 2004/ 092167 PCT/ US2004/ 011080 --84- 1H NWR (300
MHz, DMSO-d6) : 6 2.44 (s, 6H), 2.75 (t, 2H), 2.88
w@ cgo4ade7 3. 56 (t, 2H), 3.66 (m 1H), 3.85 (M PQFHYS2004/011080
3.90 (s, 3H), 8.03 (d, 1H), 8.21 (s, 1H), 8.28 (d,1H),
8.79 (s, 1H) . Retention Tinme (LC, nethod: amoni um
acetate standard): 1.42 mn. MS (MtH+) : 430.
| NTERVEDI ATE 26:
6-chl oro-7-fl uoro-9H/ 3- carb8Bir- 8-yl am ne [00146] A
slurry of 6-chloro-7-fluoro-8-nitro-9H (3- carboline
spbbdiffcaties . mbBhe prodEcH Va5 pPraj@edddgadseds wilsdd
n charco 9 on C, 50 ny)
<R g e A tBae FERE PeokZRIOEY P hed wi T
Mmgmom Sh40)ry anes. 63 i fdded dmder2 8 balddonl|df, 2.95

f hr, then fil d_through cel d
(BonkBh 1 &t S8-dnder (Feantda pr agsarad gty g+ o -44-3.76

ﬁlctﬂ{gr 037g2fkugro-QH ¢ car bol i n- 8-yl ani ne (400 ng)
as a brown solid. 1H-N (300 Miz, DVSO-d6): 5 11.48

R(ebens;Lom) TiBe9qQLC, 8me8hofm amjnonim3acet@tls standerd) :
}1 8.09 (m 1) ; 7.74 - 7.72 (m 1) ; 5.65 (br s,
2} H standard conditions. DAD Rf = 1.00 min. M5
MEMtHN'Y : 2281 60 . EXAMPLE 15:
N- ( 6- chl or o- 7-f I uor o- 9H 3- car bol i n-8-yl)-2-
nmet hyl - ni coti nam de [ 00147] A solution of

Rr 93 (- Lyor g A P 43Rk AbL AL 85 1Y - 8T8 -

caéhexyyhcnacmdimﬁcch&b@o(vh e ca@b509 nmsehll) Ve de

follomed EDCI_ (130 67 ). Th
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resulting d
pyrrolidine-3-carboxylic acid in 70 - 80% yield as the di-

HC1 salt.

'H-NMR (300MHz, D20): & 2.97 (dd, 1H), 3.03 (s, 6H), 3.08
(dd, 1H), 3.51 (t, 2H), 3.76-3.89 (m, 3H), 3.95 (dd, 1H),
4.01 (ad, 1H), 7.75 (4, 1H), 8.24 ( 4, 1H), 8.45 (dd, 1H),
8.52 (dd, 1H), 9.10 (bs, 1H).

Retention Time (LC, method: ammonium acetate standard):
0.99 min.

MS (M+H'): 400.

EXAMPLE 14: 1-(2-dimethylamino-ethyl)-5-oxo-pyrrolidine-3-

carboxylic acid (6-chloro-7-methoxy-9H-pB-carbolin-8-yl)-

amide

[00145] Prepared according to Method A from 6-chloro-7-
methoxy-9H-B-carboline-8-ylamine and 1-(2-dimethylamino-
ethyl) -5-oxo~-pyrrolidine-3-carboxylic acid in 60% yield
following purification using a semi-preparative Chiralcel

OD column with 85/7.5/7.5 hexane/EtOH/MeOH as the eluant.



WO 2004/ 092167 PCT/ US2004/ 011080 --85- oil was
triturated with saturated aqueous NaHCO3. The
w@e@giomisat e whi ch fornmed was filtered and wasPerusion41011080
MeOH The material was treated with 2MHCL in Et20 to
yield a gray solid, the di-HCl salt
N- (6-chl oro-7-fl uoro-9H 13-
carbolin-8-yl)-2-methyl-nicotinamde (110 ng). 1H NMR
(300 MHz, DVMBO-d6): 5 13.15-68--1); 11.03 (s, 1);
933(3 1); 8.99 - 8.97 (m 1); 892- 8.89 (m 1);
33307341J(zm 308180 Om2-B% (B.76H)m 21)7%5 2(180 2(1%) ,

3 ST T e 6 7 O3 1 8

3 69chl9r o3y meshybsykf amp) ; 8s0pir 0s9Hi Gy , carbel i(de1n), 8.79
[00148] A 250 m round-bottom flask with magnetic
(8t1¥ter was charged with

u 8- t

B P e P i S ot
1r$:$uhi:hng orange m xture was cooled to 0 C (i ce and

wat er path and sodi um t hi omet hoxi de (1.809 g, 25.8
W“}“ i p%wjer formwas added slowy thereto. The
reaction mxture was stirred for 1 hr at 0 C, warned

to RT, and added slowy to a stirring mxture of 4:1
IMPERMEDSATEr 36 ed6aghéous-godlunyr @ré’ﬁr%oﬁ’éﬁf &o(800 8rivylamine

0P ifel, Ot FoAPRIGEEY, S8 bdcHRS-B0) L 83 EYoYbanIUeL! O

ration an |r dr|e
cériebl ohe- T5oet iyl sul §anyhe’) mntMGOHFHQB manbwbsnde@assed

an orange powder. _The crude rial _was used
wiFRed¥99D n BabsagieRt 0Bt @B@rCﬁz (fl\n(/%o 3Wgv\VAR, €. 50 mg)

%?tgéaeb Qﬂ& tBe rg§c£15h 9£s§e§3w§éHfl§Ehea %%tﬁlH

1H, dd) 2. CMs (formc acid
hgdandand nﬁhhod}ure](ewasoﬁtttrned tnd8r @i halloon of

hydrogen for 6 hr, then filtered through celite and
concentrated under reduced pressure to yield 6-chloro-7-
fluoro-9H-B-carbolin-8-ylamine (400 mg) as a brown solid.
'H-NMR (300 MHz, DMSO-d6): & 11.48 (br s, 1); 8.99 - 8.98
(m, 1); 8.37 - 8.35 (m, 1); 8.11 - 8.09 (m, 1); 7.74 - 7.72
(m, 1); 5.65 (br s, 2).

HCOOH standard conditions.

DAD Rf = 1.00 min.

MS (M+H'): 236.

EXAMPLE 15: N-(6-chloro-7-fluoro-9H-B-carbolin-8-yl)-2-

methyl-nicotinamide

[00147] A solution of 6-chloro-7-fluoro-9H-B-carbolin-8-

ylamine (100 mg, 0.424 mmol) in pyridine (2.5 ml) was
stirred at RT. 2-methyl nicotinic acid (70 mg, 0.509 mmol)
was added, followed by EDCI (130 mg, 0.678 mmol). The
suspension was stirred at 100 °C for a day. The pyridine

was removed under reduced pressure and the resulting dark



M5 (MFHY) @ 294. WD 2004/ 092167 PCT/ US2004/ 011080
--86- | NTERVEDI ATE 28:

WG 2hioex167 7- met hyl sul f anyl - 9H- 8- car bol i n- 8- y| BEA/N82004/011080
[00149] A 500 m round-bottomflask with magnetic
stirrer was charged wth
6-chl oro- 7- net hyl sul fanyl -8-nitro-9H (3- carboline
(4.011 g, 13.6 mmmol) and 200 mM anhydrous ethanol. To
the resulting m xture was ad@&d-aqueous anmmoni um
chloride (75 m of 0.33 Msolution, 24.7 mol

ohgueass tEyErEaREEr Wa thePateratRl 8RUEONES ) on, The

pPgEh%%ta@deh ol E8%ﬂ85 &Z gﬁlgeg%ég ?g?h%gg}ﬁﬁwgﬁg.MeOH.

r ésu ng mx ure hea

Tﬁélmaedryamowasstyeaaed @lﬁthM Thé dea&@thontwvagield a
cooled_to RT, diluted w QJA 75 m)

95eY| vatad: cﬁh?céarﬁﬁéasa tsN aaaea f%ﬁero 9H-B-

céfEHhih”Q 91?1Eﬂﬁe%ﬁ§lshh56%§n§h18£ flan pamgadddi ti ona
, ered through a pad of celite, "and the

H@@{Lﬂt(?p@o MEHZ rld‘ﬂ%of;@@bentéalbdlirbﬁavhb, 1hed3vasuuln ;

OB4PThs Ther B PY vad 378Resd Vol Y ReBHEPs0Roq ¥ 7O -

gand showby;addsed t@, saturated (aguegys2sedi ym, 3).
bi carbonate (500 m ) with stirring. The m xture was
HQPPHr efanfart £eRJIA5ipPF-and the resulting solid

Ikecl amﬁyctlonflltratlon and air- dried to
D&J? ]
afford 2@4%6 g of 6-chloro-7-nethylsul fanyl - 9H ( 3-

Mgal®eH! n: 853 amine as a tan solid which was used
wi thout further purification in subsequent steps.
1H NVR (300 MHz, Methanol-d4): 5 8.87 (1H, s)

rRrBRMBDZATE( 2. B)-cB1608708ethiil sl FAndT -BLEH. t5o -8B -

(3H, s). LCMS (ammoni um acetate standard net hod)
cagbeainen time= 2.12 min. MS (MrHH) : 2 64. WD

[D%Q&ﬁ/0921272ESI&PSg88ﬁ69%$Q§8m flask with magnetic stirrer

was charged with 6-chloro-7-fluoro-8-nitro-p-carboline
(Intermediate 5, 3.959 g, 14.9 mmol) and 100 ml anhydrous
DMF. The resulting orange mixture was cooled to 0 °C (ice
and water bath) and sodium thiomethoxide (1.809 g, 25.8
mmol) in powder form was added slowly thereto. The
reaction mixture was stirred for 1 hr at 0 °C, warmed to
RT, and added slowly to a stirring mixture of 4:1 H,0 /
saturated agqueous sodium bicarbonate (500 ml). The
precipitated solid was collected via suction filtration and
air-dried to afford 4.017 g of 6-chloro-7-methylsulfanyl-8-
nitro-9H-B-carboline as an orange powder. The crude
material was used directly in subsegquent steps.

'H-NMR (300 MHz, Methanol-ds): & 8.91 (1H, d) 8.63 (1H, s)
8.42 (1H, d) 8.17 (1H, dd) 2.54 (3H, s).

LCMS (formic acid standard method) retention time= 1.43
min.

MS (M+H"): 294.



--87- EXAWVPLE 16:
N- (6- chl oro- 7- met hyl sul f anyl - 9H 13- car bol i n- 8-
W@ kgo4/@921et hyl - ni cot i nam de [ 00150] A 250 mi PCT/US2004/011080
round- bottom flask with nmagnetic stirrer was charged
wi th 6-chl oro-7-net hyl sul fanyl - 94 3-car bol i n- 8-
ylamne (Internediate 28, 2.336 g, 8.86 mmvl) and 2
nmet hyl ni cotinic acid (3.219 g, 23.4 nmmol) in 80 mi
anhydrous pyridine. To the-r&$ulting reaction m xture
at RT was added solid 1-(3-dinethylam nopropyl) - 3-
et hyl car bodi i m de hydrochloride (7.080 g, 36.9 mmol)

T &%a@tsl ORI L A% BRALLD A0, 100K 4 %Ar qlin-8-

at or 2 days. The resulting m xture was coole
yREmane concentrated (rotavap) to afford a bromn

30Ty aao 1000 R PEEPHTBRE R R o B FRspgt 1 Jeirrer

waat shat-gdgagyeous &9@b%7bh@%h§;q%@t1@a&@qagﬂﬂa)t@1% B-
stirred at RT for -18 hr. The precipitated solid was

casbpéined (¢i-81dusti 84 - ﬁlmmpét|@@d~2®ﬁbﬁédaMhMﬁﬂH%§)(2

cEob BT oot el 00T ot Qi sl

amachalinncB1plk) d2- (E6hyll- pifcOt.B3amM de las iarhr wn 7s@niad.) ,
The crude material was purified V|a HPLC (yields =

aaugoBHodY EACRVRT £ S0z (LONVBS. @6) 1 8! FRLIFicRy 19 mmol),

o} 0 9 8 ur
aﬁ@ §9 ﬁﬁ? welbr gg %g@%? %EB ﬁ?%%@%? Eﬁ? é% i 7%@ mikture

ws; EeateQSHo §P °ECNBl@abﬁﬁhouﬁméc@mmn;aﬂemuygnpusly for
BHEWEOd)Dﬁﬁ%Eg%é% Ehn%;s coo%e@ to ¥§ (M?i+ted with EtOAc

(65ChiLor and- athykatktiaahbronilt (eaQH205 ¢ar held RRided. The
[00151] A 25 m round-bottomflask with a nmagnetic
rgppﬂFépgmﬁ§xgﬁgpgyéswﬁpﬁrred at RT for an additiomal 1.5

hg g&%gfc)éaf 'tHgE‘rETlgﬁofEl'g %ﬁ)&%lé%%f,b%gd“%h@%s@’tmg
filtrate concentrated (rotavap, then vacuum pump) to afford
5.153 g of a yellowish-orange colored solid. The solid was
redissolved in MeOH (50-100 ml) and slowly added to
saturated agqueous sodium bicarbonate (500 ml) with
stirring. The mixture was stirred at RT for 45 min and the
resulting solid collected via suction filtration and air-
dried to afford 3.476 g of 6-chloro-7-methylsulfanyl-9H-B-
carbolin-8-ylamine as a tan solid which was used without
further purification in subsequent steps.

'H-NMR (300 MHz, Methanol-ds): & 8.87 (1H, s) 8.35-8.24

(1H, m) 8.16-8.06 (1H, m) 7.67 (1H, s) 2.32 (3H, s).

LCMS (ammonium acetate standard method) retention time=

2.12 min.
MS (M+H"): 264.



WD 2004/ 092167 PCT/ US2004/ 011080 --88- the resulting
orange m xture at RT was slowly added sodi um
wa hiogeeioxi de (80% pure, 69.7 ng, 0.66 mMmol) i PCPUBHE$011080
form The reaction mxture was stirred at RT for 45
m nutes, then added drop-wise to a 5:1 m xture of H20
/| saturated sodium bicarbonate (-30 m). The
resulting precipitated solid was collected by suction
filtration, washed with 1: t-B&xanes / diethyl ether
(2 x 20 M), and air-dried to afford 95.0
ERAMBLBr $67- BrHotstlpgay(/-gekiyd sudfanydnH8ni n%-mrb@laﬁl 8-
ange lid 9 MR (300 MHz, CD30D, ppnm) 5
vd)g bidngé by 8. 42 (1H d) 8.18 (1H d)
Hﬁl&ﬂ (2H AQPS@ 720 ¢3Hndkbott8&téﬂbﬁ&ﬂmﬁkMEn@bﬁedﬂMWﬁUlrrer

aci d standard nethod 1.71 mn. . M5 (MrHH) 0
WERTERREDRATRLISH: 6-ch oro-7-methylsul fanyl-9H- B carbolin-8-

r [, | - car bal i lya _
A O e R AR R e i o
methyiLancoWaslchacgéd (Bi.BR9 g, 23.4 mmol) in 80 ml

Ioro7et | sul f nyI 8-nitr H (3
BECEoHE. DT R0l ) 1o E AP eHg AR d e B b KEpge at
rith@akeshkiangoQhange (B‘Lﬁtlmé@h@uamnmo@@qadﬁ 33 M
agqueous ammoni um chl oride (2.0 66 mmol ) and _iron

epbrdeprPegddimgdel rydrerbilpritke (r7ee9é3t0i 6h Ri%tuF@tds and
2Lt 0of0nE RN S EL! SlkaOkouSIY oot ?oQLIhﬁoatl}Bth’or 2

Xture was Sl ed diluted with e
daget at €he( i:EsutL):,lngnmlthmaWa@t clhalegalto R0 amgib was

added. The _ resulting m xlt#re s filtered t.hrough
CRRASBETRERf dTREGVEPNe tP PLESES. Fal O GRS it t ghe
rakfand %gs rBiQkofved in MeOH (50 ml), slowly added to a
chl oro- 7- et hyl sul fanyl - 9Hf 3- car bol i n- 8-y| am ne as a

syelrlr@wg mkrtdr(ewgg% 1 HPNVRs@BoDaleE, 2aDeoDs spﬁ}um

b%fﬁF ?aEe éGEE n%% Féﬁﬁ%d.a%lRﬁ’%%r(lﬂ8 %& .§%e

precipitated solid was collected via suction filtration,

washed with Et,0 (2 x 150 ml), and air-dried to afford
3.036 g of crude N-(6-chloro-7-methylsulfanyl-9H-B3~
carbolin-8-yl)-2-methyl-nicotinamide as a brown solid. The
crude material was purified via HPLC (yields = ~40-60%)
'H-NMR (300 MHz, DMSO-d6): & 11.72 (1H, s) 10.50 (1H, s)
8.97 (1H, s) 8.62 (1H, dd) 8.57 (1H, s) 8.41 (1H, d) 8.33-
8.27 (1H, m) 8.21 (1H, d) 2.73 (3H, s) 2.41 (3H, s).

LCMS (ammonium acetate standard method) retention time=
1.89 min.

MS (M+H'): 383.

INTERMEDIATE 29: 6-chloro-7-ethylsulfanyl-8-nitro-9H-~-
carboline

[00151] A 25 ml round-bottom flask with a magnetic
stirrer was charged with 6-chloro-7-fluoro-8-nitro-9H-B-

carboline (102 mg, 0.38 mmol) in 5 ml of anhydrous DMF. To



t). WD 2004/092167 PCT/US2004/011080 --89- LCMS

(amoni um acetate standard nethod) retention tine=
wQ@2m3/0m1e7 (M- = 278; M = 276). EXAWPLE 17: PCT/US2004/011080

N- (6- chl oro- 7- et hyl sul fanyl - 9H ( 3- car bol i n- 8-

yl')-2-met hyl -ni coti nam de [00153] A 25 m round-bottom

flask with nagnetic stirrer was charged with

6- chl oro- 7- et hyl sul fanyl - 9H ( 3-car bol i n-8- yl am ne

(37.2 mg, 0.13 mmol) and 2-ABBRY| nicotinic acid (36.2

my, 0.26 nmmol) in 3 nl anhydrous pyridine. To the
thesuesihgingghrasgangexmixeupré BE Reswadoxdieddsierd godium

t% égthﬁfggégiéa §8§E0p35)73 th%'%%rQ%%hﬁelﬂe owder form.

ydrochlori resulting
Th@aﬁééeﬂlﬁhXkaEumESwabeatéﬂréd 8@ Edebx546ayﬁnuNest,then
the reaction m xture was .cooled to RT a

adgne et PRIEHSEOLAf PoPALaMbiEHAS 9#5@@%5/ §?Fﬁﬁat?ﬁe50dlum
b%éi’ﬂ ﬁ@%dk%@' ¥e ? ' nTﬁemr@b{mltlﬁgo\féQ QhiMaPdd kodid was

y added to a 5:1 mxture H2O'/ saturat ed
cebﬂeuneﬁlbgrbonauen(fimtwﬁyloamdwsshedew1ah RT If bex2ngs /

The esul i ng,pre iplta ed.sol.id coll ecte
agptodoerbRE (71 Roall B PuaBea et trogaregd 95 .0 mo
ofli 6teulo§bh¢£e{:ﬁyxsanaﬁy)Lrsaﬁﬂt@bwﬁmﬁe@a&%oafl&l@r @s an

21.0 of N-(6-chloro-7-
Oé@ﬁgﬁsﬁPlaﬁyl B%) 3- carbol i n- 8-yl ) -2-net hyl -ni coti nami d

qﬂ§ﬁll 89 )L urg acetad e
st andardé met EDeDtger?ﬁ on%{vl%rréﬁ?@q% rg) cge 6?% 1H .S
8307; (Mi- 3958. 181KHMNRdQSBOOEPKZHCDQODJ ﬁ@nﬂ3ﬁ 8t89

1H, s) 8.63-8.58 H, H, 36
RGFoneike (1fPeqf D5, s307mig aPif, shFngasd Mephog) oled ! min.
Mg3m+§§) 1.20 (3H, t) | NTERVEDI ATE 31:

2-(6-chl oro-8-nitro-9H (3-carbolin-7-
yIsquanyI) et hyl ] - dleehhyl amne [00154] A 25 ni

I&&HﬂﬂEBfg&gnbgla%kcﬁﬁoro %hyﬁsﬁtkgngl -9H-B-carbolin-8-

vlamine

[00152] A 50 ml round-bottom flask with magnetic stirrer
was charged with 6-chloro-7-ethylsulfanyl-8-nitro-9H-B-
carboline (85.0 mg, 0.28 mmol) in 10 ml anhydrous ethanol.
To the resulting orange mixture at RT was added 0.33 M
aqueous ammonium chloride (2.0 ml, 0.66 mmol) and iron
powder (680 mg, 12.2 mmol). The reaction mixture was
heated to 60 °C and stirred vigorously for 20 hr. Next,
the mixture was cooled to RT, diluted with ethyl acetate
(15 ml), and activated charcoal (~180 mg) was added. The
resulting mixture was filtered through a pad of celite and
the filtrate was concentrated to afford 77.8 mg of 6-
chloro-7-ethylsulfanyl-9H-R-carbolin-8-ylamine as a yellow
solid (> 99%). ‘
'H-NMR (300 MHz, CD;OD, ppm) & 8.94 (1H, s) 8.33-8.29 (1H,
m) 8.21-8.18 (1#H, m) 7.73 (1H, s) 2.85 (2H, q) 1.21 (3H,
t).



was charged with

6-chl oro-7-fl uoro-8-nitro-9H (3-carboline WO
w167 PCT/ US2004/ 011080 --90- (98 ny, PCBUS2004/011080

mmol) in 2 m of anhydrous DWMF. A second 10 mi

round-bottom flask with nmagnetic stirrer was charged

W th 2-di net hyl am no- et hanet hi ol hydrochl ori de (100

ng, 0.70 mmol) in 2 mM anhydrous DMF. To the

resul ting suspension was ade@f-n-butyllithium(0.43 m

of 1.6 M solution in hexanes, 0.69 mmol) via syringe
L@MS {aemeniunr acetiasesstapdarfomesha) setRAEiREXEime=

tfg thloanlon solution was added via syringe to

hf'6Y o- 7- f | uoro-8-nitro- 9H (3- carboline, and the

(mesuligg med 9aleyt.ion was stirred at RT for 30 mn.

The reaction m xture was slowy added to a 5:1

m xture of H20/sat urated aqueous sodi um bi car bonat e
akAelE) 17204 pkLoned borsbEndt <R chay156uepak R In-g-

e resurtTng precrprtatead sorrTd was colfected via
viueRinathyltnatobinamddeair-dried to afford 109 ngy of

= ( 6-chl -8-nitro- - . . .
ODE5H01 - 9F BT SRGTS RORGPT- & AEERYR CBnTREP S ign tirrer
wRE aBHEr 588! ¥t h88%h1 bQMS7 (aEnpNEUMraegtabe-gtangdaod in-8-

met hod) retention tine= 35 mn. (Mt =3

vBamjne 1 B RAMR 1800003, m@@émané ﬁymstsyégleppquac gcid
%61%F%%13 (g€|&%§h)sl§7 ﬁ%gé%%ﬁﬁloﬁslgggl?%ngdl To the

rébﬁEBNE@IAI&hBQOréngbrmﬂatﬁrQZad|R@thﬁbaaﬂd&d solid 1- (3-
et | sul fan 3-car 0
oGO bRt EAPT L dok aF PR LG Bp e Lt 0S, b Arpp il 128

@@aégﬁg “Dt98[%m§§703h9r9h§ Rek(0t9Hyl3waction mixture was
carbol i n-7-yl sul fanyl)-ethyl]-di methyl -am ne (106 ,

heaBed hmoBY P@E gom SoflammhydNews  ethenseactdophaixture was
cgagéghtngﬁﬁnraaggoﬂhég &:ah BL 48%,249801033 Myiscous

syrup. The syrup was dissolved in a minimal amount of MeOH

(~2 ml), slowly added to a 5:1 mixture of Hy0 / saturated
sodium bicarbonate (~20 ml), and stirred at RT for 2.5 hr.
The resulting precipitated solid was collected via suction
filtration, washed with 1:1 hexanes / diethyl ether (2 x 20
ml), and air-dried to afford 21.0 mg of N-(6-chloro-7-
ethylsulfanyl-9H-B-carbolin-8-yl)-2-methyl-nicotinamide as
a tan solid (~38%). LCMS (ammonium acetate standard
method) retention time = 2.33 min. (M* = 397; M = 395).
'H-NMR (300 MHz,‘CEbOD, ppm) & 8.89 (1H, s) 8.63-8.58 (1H,
m) 8.44-8.38 (2H, m) 8.36 (1H, d) 8.15 (1H, d) 7.52-7.44
(1H, m) 2.98 (2H, g) 2.84 (3H, s) 1.20 (3H, t).

INTERMEDIATE 31: [2-(6-chloro-8-nitro-9H-B-carbolin-7-
ylsulfanyl)-ethyl]-dimethyl-amine
[00154] A 25 ml round-bottom flask with magnetic stirrer

was charged with 6-chloro-7-fluoro-8-nitro-9H-pB-carboline



chloride (1.95 m, 0.64 mmol) and iron powder (540 ng,
9.67 mmol). The reaction m xture was heated to 60 C
W@rpw4M12004/ 092167 PCT/ US2004/ 011080 --91- SPCT/DSH04/011080
vigorously for 20 hr. Next, the m xture was cooled to
RT, diluted with ethyl acetate (20 nl) and acti vated
charcoal (ca. 150 ng) was added. The resulting m xture
was filtered through a pad of celite and the
resulting filtrate concent+-&0ed to afford 103 ng of
6-chl oro-7-( 2-
(@Bnghy Paf/namethy Laul2f ady of erhyslroarsh dMh- 84y |saransl 10
S el | ol T r I
g Fanpty P teRe Piestoriy S IR E R g
wstandaﬂdmﬁehbodh;mepemhameuhum&-hyﬂﬁb@hhdrldéwaﬂdxﬁb
M = 319%. 1H NVR_(300 NHz, CD30D, ﬁp 5 8. 87 (lH S)
0g8780mmoly) dy 28“@651(11194‘11@}157% (1f° Shes resd Higg 41
SHEF%n§4056WasSEdde@XﬁNBE% vi8ithium (0.43 ml of 1.6 M

6-chl oro-7- (2-di nmet hyl am no- ethylsulfanyl)
sOHuBioar hol hex8ngls) - - Gdt lmydolm oo ramidge [a@mlm Mixture

W%ﬁaFﬁé%%% ﬁg%t g?%%%a k@g netlc %Ifgg%ion solutlon

wekhglhgebf @yl kyvHingeC abbal- ldﬂrl%zﬂﬂmﬂl@o(x%&szrﬁ&,r&%s-
nmol and 2-nethylnicotinic acid (39.0 ng, 0.28 muol)
cprbeling), agf ARy dESYd LAPE diede S tt1Wé1 My |Shifged ‘at RT

f%&:ggb dﬁ&ﬁngeTh@ ¥LULe i3 ﬁgx‘%ﬁ'ea gJI 1‘36 fdded to a 5:1

I met hyl am nopr opy et hyl car bo
mlil;cducfrehbcﬁr Hee/ $8Buba trgd @qﬁ@omb¢d1iﬁmeb1casbbniang (30 ml)

oo AR ROk WL Ce a1 B (B7RF ST o fRe at Gq geouleing

p%EEQthatQGO%CL:L‘dl FEQUS 0N R edTRA a5 Wit (RS fdilgseltiesh and
a mnimal anmount of MeOH (-2 m), slowy added to

aarsd; ieqi kpupéfotrdH209 meadr ded bsedilemcbiScailiaivatosi-p-
an%%l+ l7cgn%ul%8£&ﬁgt%%hylﬁhdSBQ%&w%p%&ah% %% éﬂy%range
solid (83%).

LCMS (ammonium acetate standard method) retention time=
1.35 min.

(M" = 351; M = 349).

'H-NMR (300 MHz, CD3;OD, ppm) & 8.92 (1H, d, J = 1.0 Hz)
8.66 (1H, s) 8.43 (1H, d) 8.19 (1H, dd) 3.18-3.13 (2H, m)
2.57-2.52 (2H, m) 2.21 (6H, s).

INTERMEDIATE 32: 6-chloro-7-(2-dimethylamino-
ethylsulfanyl)-9H-B-carbolin-8-ylamine

[00155] A 50 ml round-bottom flask with a magnetic
stirrer was charged with [2-(6-chloro-8-nitro-9H-B-
carbolin-7-ylsulfanyl)-ethyl]-dimethyl-amine (106 mg, 0.30
mmol) in 8 ml of anhydrous ethanol. To the resulting
orange mixture at RT was added 0.33 M agueous ammonium
chloride (1.95 ml, 0.64 mmol) and iron powder (540 mg, 9.67

mmol). The reaction mixture was heated to 60 °C and



organi c |l ayers were washed with brine (1 x 30 nl),

dried over Na2SO4, filtered and concentrated to
w@bdoanekier brown residue (79.6 ng). The resi duBCTES2004/011080

redi ssolved in MeOH (-5 WD 2004/ 092167

PCT/ US2004/ 011080 --92- m), and filtered through a

cotton plug. To the resulting filtrate was added HC

in 1 4-dioxane (1.0 m, 4.0 mol), the resulting

solution stirred at RT for -39hr~ and added drop-w se

to diethyl ether (30 mM) with stirring. The resulting
spiecegi vagedopsdsucrrwadd bol.| edliexd  vithes pipitarre was cooled

chohh! 2y Iy etPRhed ihh1otRet2e! @ w9 d Aciita
chbl6oghl QEa- 7163- sigetdmyl addead:- et les welsanyihOhtikEure was
carbolin-8-yl]-2-nethyl-nicotinam de

filrsraddibeRrghi derad o elism powdéne rasNMRimgpdiltrate

o PhfenEPaEEy BBk Rl 00 ) BE BRhatl-0d O 08

d3m88h{ ki hp-2LAT1EAHfan)y 12 -390 -(2darip 1198 —(Bmiske as a

LCMS (a i um acet at e standard net hod t.entiaon
vEi o' 29188 vt DG, o Ue] B PoHE C RSy e FERTE ATE R the
c33plim pggggne-S(S),4-dicarboxylic acid 4- tert-butyl
ester ?0015 ] A suspension of
L@WB plhaminaeignSpcesrbex gtandasidd method) ¢getentd opmlime=
1L$4DNEH(75 m) was stirred at RT. Triethylam ne (7.47
Nt 3% mmol ) and di-tert-butyl dicarbonate (BOC20,
(%' 02 31184 =mail9) were added. The suspension was

. Stirred at RT for one hour, during which tine the
HORER | bOY Offied GPLIbaPBBl 120 <bf Lt on, = )THe 8 of HEi o

ceptrat t d4gced _gol 25,y n
S4B 2o A O et R 2 . .
m xture was poured into a separatory funnel, diluted

Egﬁdbggf %gi: invﬂﬂ[l‘é’%%ggo%gg-%)-dﬁ?n%t 08 G0 e Ayt ) -

9H-B-carbolin-8-yl]-2-methyl-nicotinamide

[00156] A 25 ml round-bottom flask with magnetic stirrer
was charged with 6-chloro-7-(2-dimethylamino-
ethylsulfanyl)-9H-B-carbolin-8-ylamine (45.2 mg, 0.14 mmol)
and 2-methylnicotinic acid (39.0 mg, 0.28 mmol) in 4.5 ml
of anhydrous pyridine. To the resulting light-orange
mixture at RT was added solid 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (95.0 mg, 0.49 mmol). The
resulting reaction mixture was heated to 80 °C for 3 days.
Next, the reaction was cocled to RT and concentrated to
afford a brown, viscous syrup. The syrup was dissolved in
a minimal amount of MeOH (~2 ml), slowly added to a 5:1
mixture of H,O0 / saturated sodium bicarbonate (~25 ml), and
extracted with ethyl acetate (3 x 30 ml). The combined
organic layers were washed with brine (1 x 30 ml), dried
over Na;S04, filtered and concentrated to afford a brown

residue (79.6 mg). The residue was redissolved in MeOH (~5



(3 x 100 m). The organic | ayer was washed with brine,
dried, filtered and concentrated to yield a white
w@dosa9216The solid, which contai ned excess BOOXI/USES4/011080
di ssolved in Et20 (500 m) and extracted with I N NaCH
(3 x 100 m). The WD 2004/ 092167 PCT/ US2004/ 011080
--93- aqueous layer was acidified wwth 6N HC1 to
approximately a pH of 2, then extracted quickly with
Et 20 (3 x 100 m). The Et209bayer was dried, filtered
and concentrated to yield white solid (3.07 g).
mlH; NvRA( B00thHed DhBOudd) a Eotzo%p(lbug s, Tb) th& 3psulting

4, 30 1); 4.18 - _4.10 8 3.74
f%1§§atgg%§§)a€ﬁ152F9131§9 1L dé?kéﬁﬁ %} 03“% " §§‘1
th8) rédullidd Solu%@on(gtlgkedNHﬁcﬁﬁ‘ib%n@ahQ and added

condi ti ons. . mn. MH = 230. EXAMPLE

dngp Wlﬁethyldﬂﬁtbhﬁlﬁﬁéﬁg($¥Dcﬁﬂbowy¢bcsééﬁlefl The
3
<SobEGrShp e Tasa Eh Bt e OSSR o

thtE&E&bﬁllﬁaﬁhbdMﬂ&t&Ibthed ahdRaanAdnﬂédumboafﬁbrd 36.3
aqueous 37% wW w in

g B 61 CBASEOD] -Ra L Re LPBOGTiR e S Lo D) - Sa -
caPﬁawﬁl 8-yiheathask,Mas i chak aed i Wet R H¥di09eR fhl 3Libe as

and the grey slurry was stirred for 24 hr at RT under
aaYbblwaopOWdferhydr ogen. The flask was purged with

th k sl iluted w )
AL YD F s o ORI P gt o Cbvedmh (e (o 4
erQU¢$ﬁ vgbUBE3sIbe3maI@ngﬁy ssqbutu@n wa57f5btqn@q dd)
t hrou ringe filter to renove residu

3 Pae E ah().i éoﬁ erﬁt3 at 8d Bo30i éPH atdl daP?® d&ﬁorlséss
Lang é;&ﬁOHEmeg e@%?%egtHHQSEdhhateé@ﬁ“%@% O 1 2% R me=

Ite oamwas 1| SO oam was
1.56 min.

(M" = 440; M~ = 438).

INTERMEDIATE 33: morpholine-3(S),4-dicarboxylic acid 4-
tert-butyl ester

[00157] A suspension of morpholine-3(S)-carboxylic acid
(2.00 g, 15.3 mmol) in DMF (75 ml) was stirred at RT.
Triethylamine (7.47 ml, 53.6 mmol) and di-tert-butyl '
dicarbonate (BOC0, 4.02 g, 18.4 mmol) were added. The
suspension was stirred at RT for one hour, during which
time the reaction formed a clear yellow solution. The
solution was concentrated to a reduced volume (~25 ml) and
diluted with water (15 ml) and 1IN HC1l (15 ml). The mixture
was poured into a separatory funnel, diluted further with
water (100 ml) and brine (100 ml), and extracted with Et,0
(3 x 100 ml). The organic layer was washed with brine,
dried, filtered and concentrated to yield a white solid.
The solid, which contained excess BO0OC20, was dissolved in

Ety,0 (500 ml) and extracted with 1N NaOH (3 x 100 ml). The



di ssolved in pyridine (200 m) and

6-chl oro-9H-p-carbolin- 8-ylamne (3.74 g, 17.2 mol)
woa®4moded, foll owed by EDCl (5.87 g, 30.6 nmmedi/US20b4011080
cl ear pale orange solution was stirred at RT for 24

hr. The solution was diluted with H2O (300 nm) and
poured into a separatory funnel containing WD

2004/ 092167 PCT/ US2004/ 011080 --94- EtOAc (300 m).

The m xture was shaken and-tlpg-l-ayers were separated.

The aqueous | ayer was extracted with EtOAc (3 x 150
anlupoasd lefrerc omlsi med ddrfgadi ariitdy &i% HOHr e:o/\mmmimdtely a

N

TRkag@do UNEeE \béghdy@éduﬁflffbéréasélh&l BEnkEaWRafeAM:o
was triturated with MOH and the precipitate which

viedgewhike Solier dd -87d 9)washed with MeOH. The

€ t y wssol i d urified ) hral
i, L3 OE B 0eaBl 0o B9800 S Rk fagd™- 430
M—IZ;L DNE0186} 4511)1. (36 (19,; B).83106. @27(43 (m’L) 1) 930439(& 3.51
38 % 8.22 - 8.21 (Zm 1); 1)
fﬁ 9%>J -Bp @od)idd 2 - 2 §§ <H3 811> (n1| 4h ;- 1.36
. 358(m 2); 2.99-295(dd 1); 2.89 - 2.85
m i); 2.32 (s, 3); 2.32 - 2.24 (m 1). NH4QOAc
NEtQhdas deedadit conditiop®.- Rf = 1.89 nmin. M:H = 345.
I.ral prepagative HPLC: 10% v/v Et O+ Hexanes.
E%Prgfﬁc_elf(ﬁéc%fﬂﬁn. Rf = 11.5 - 14 nmin. Enantiopurity
mofs pradoct ? 99% ee. METHOD C. PROCEDURE FOR
4- MORPHCLI NE SUBSTI TUTED ANALOGS [00159] As outlined
for Internediate 34, Internediate 35 and Exanpl e 20:

exNBRVERLATE 313 1(Rbrpnt81ll-ar@n Uda®safbd ik (6-

chloro-9H-B-carbolin-8-yl)-amide

[00158] A slurry of morpholine-3(S)-carboxylic acid

(3.00 g, 22.9 mmol) in EtOH (115 ml) was stirred at RT. A
solution of agqueous CH,O (3.42 ml, 45.8 mmol, 37% w/w in
H,0) was added, followed by Pd(CH), (600 mg, 20% w/w on
charcoal). The flask was charged with hydrogen (1 atm) and
the grey slurry was stirred for 24 hr at RT under a balloon
of hydrogen. The flask was purged with nitrogen and the
black slurry was diluted with MeOH, filtered through filter
paper and concentrated to a reduced volume. The pale grey
solution was filtered through a 0.45 um syringe filter to
remove residual Pd(OH). and concentrated to yield a clear
colorless oil. The oil was placed under high vacuum for

24 hr and a white, solid foam was isolated. The foam was
dissolved in pyridine (200 ml) and 6-chloro-9H-fB-carbolin-
8-ylamine (3.74 g, 17.2 mmol) was added, followed by EDCI
.(5.87 g, 30.6 mmol). The clear pale orange solution was
stirred at RT for 24 hr. The solution was diluted with H0

(300 ml) and poured into a separatory funnel containing



yl car banoyl ) - nor phol i ne- 4-carboxylic acid tert-butyl
ester [00160] A solution of
woroophgdishe- 3(S), 4-di carboxylic acid 4-tert - bRCTUS2004/011080
ester (2.83 g, 12.7 mmol) in pyridine (106 m) was
stirred at RT. 6-chloro-9H R-carbolin-8-ylam ne (2.30
, 10.6 mmol) was added, followed by EDCI (4.06 g, WO
2004/ 092167 PCT/ US2004/ 011080 --95- 21.2 mol). The
cl ear orange-to-brown sol ut+9f-was stirred at RT for
14 hr. The solution was diluted with HO (12 and
Egar eBGitol la. sePee bEYUFivRs St %’iln@ﬁé tE?O}-\EY?EGOWGre

s%%r%%efe( ]ﬂgdr%%.u&pg bfé & (499 ég;t).ract!_g& wﬂtiﬁt HEBac (3 x

n an yers wer e Separate agueous
19 AWEY) Vesd eptie acdmeiot med holgaiie (Raxebs mgreawdshhé with

conbi ned organi ¢ |ayers were washed t.h The
o gad O é»nlayeer e GaaniS TaEred i Cert LI UEd
céhed Vi%"ﬂ??e dhen,agRedo 0t opn s ewhS B1latbES uﬁaer
SO utlon of Et 20/ hexanes (500 m). The

h:mlecvqm:mane vithe hr éonhetng Wesowh | fermdwandtwashsatart with
: 1 Et 20/ Hexanes, The, filtrat conce t
M?%%d@% FOF URES SR B8 E%c%%ﬁCQCE%%gé pgécggigg?gd dod

wEShd &Gl Leh MéﬁﬂsolTﬂepf@ﬁuztlmgspapéapeﬂluwdeblhdghas
vacuum f or hr to %leld 3(S) -

6- chl - ,
p@ﬁ+ﬁ%%@r%b¢lﬁb83%lc P%%n%?lyl @p%oWﬁ%ge4S€5Fgo%9l?é g) -

e yl N eldo o | @2 byowny ;
Sty LR Y BRI RS & P S © B g2y
9104 18, 1B)(s8.3%;(d9.Db;(8,22)+ 8.4D (m8 38 (ﬁ]li) (d, 1);

Pl AR ) ol ) LT

— N Ngaf@' §9ndlizl998(ddDAD sz 88. 312n88. (MFHH,
437 DI 'ATE 35: ER) “13°(9) -
2(520h$orb)9%2/62car%02ﬂn 8. 1).

NH;OAc standard conditions.

DAD Rf = 1.89 min.

M+H = 345.

Chiral preparative HPLC: 10% v/v EtOH/Hexanes.
Chiralcel OD column.

Reg = 11.5 - 14 min.

0.

Enantiopurity of product 2 99% ee.

METHOD C: PROCEDURE FOR 4-MORPHOLINE SUBSTITUTED ANALOGS
[00159] As outlined for Intermediate 34, Intermediate 35

and Example 20:

INTERMEDIATE 34: 3(S)-(6-chloro-9H-f-carbolin-8-
ylcarbamoyl)-morpholine-4-carboxylic acid tert-butyl ester
[00160] A solution of morpholine-3(S),4-dicarboxylic acid
A-tert-butyl ester (2.83 g, 12.7 mmol) in pyridine (106 ml)
was stirred at RT. 6-chloro-9H-B-carbolin-8-ylamine

(2.30 g, 10.6 mmol) was added, followed by EDCI (4.06 g,



yl car banmoyl ) - mor phol i n-4-yl met hyl ] - pyrrolidine-I|-carbo
xylic acid tert-butyl ester [00161] A solution of
W@ @986 hl or o- 9H ( 3- car bol i n- 8- PCT/US2004/011080
yl car banoyl ) - nor phol i ne- 4- carboxylic acid tert-butyl
ester (1.00 g, 2.32 mmol) in CHC12 (6 nm) was
stirred at RT. Trifluoroacetic acid (6 m) was added
and the solution was WD 2004/ 092167 PCT/ US2004/ 011080
--96- stirred at RT for 45-¥om--t hen concentrated to a
residue. The residue was concentrated once nore from
2CH2CrR0t0 -yi Bhe cdepal logwnigeowe —Sulavwt Walett iwas was stirred

i lL.ved THE (13 d . I,
a0 EREr L nte b Belandire el Mluee i Wb’
(A2sohnt i endoboNrElerhtobut @eyeatlheryl )rBrioldoiada 63y

, 3.48 mml) in THE was added, followed b
Eggépuﬁﬁppiﬁ@évok@%ofbﬁédmlaean@7bslﬁe (3048mdpl ) Thehe

0 r a f 0 (R ch
S S N e R i T
agasopsu ﬂagketrnhrasaexemamtedr yrifcin rmIOAoc qmt a mngnlBt GArl the
100 m.), , and bri (1Q0.m )., The
ﬁiﬂg&aﬁé wggagﬁ kgﬁys § VRES yﬁé?ﬁ@wﬁéh S&g&eat edherhe
o2EHAES 1h3Ker whas gextractred ruilhy EH@Nadﬁ%éﬁtﬁa%éa)to a
and the conbi ned organic |ayers were washed w

rpduged vedumegaihen) a;ﬂéhedvvé@@rwe@e ftiol taersé:dramdlg solution

oEDICOEER ety KA B0 80l MR somes

whb) fil€ered and washed with 1:1 Et,0/Hexanes. The
Chl or 0- 9H ( 3-car bol i n- 8- ylcarbagggl) nor phol i n- 4-yl net
fﬁ%FfatSyWPélFapﬁénFrééﬁgo%Vlﬁcr ¢ e MO-LREy 121k e second

c?éf ofth%c1%9kbge(%éésgghle%@éHNR ?%%Os%ﬁéd. Qﬁﬁgyjyas
plared) utn8e20higB. vBe@mm Zpr 2. 8% tesyidld 3.(89 ~(63.82oro-
9&ngi%rkﬁ%9§yé glggrgngpgé)(wpr?yplép$4 %%}§?&yllc acid
tert-butyl ester as a pale yellow to pale brown solid
(4.36 g).

'H-NMR (300 MHz, DMSO-d6): & 11.30 (s, 1); 10.13 (s, 1);
9.06 (s, 1); 8.40 - 8.38 (m, 1); 8.19 - 8.16 (m, 2); 7.98
(s, 1); 4.67 - 4.47 (m, 2); 3.96 - 3.60 (m, 2); 3.64 - 3.39
(m, 3); 1.42 (s, 9).

NH4OAc standard conditions.

DAD Rf = 2.31 min.

M+H = 431.

INTERMEDIATE 35: 2(R)-[3(S)-(6-chloro-9H-B-carbolin-8-
yvlcarbamoyl)-morpholin-4-ylmethyl]-pyrrolidine-1l-carboxylic
acid tert-butyl ester

[00161] A solution of 3(S)-(6-chloro-9H-B-carbolin-8-
yvlcarbamoyl)-morpholine-4-carboxylic acid tert-butyl ester
(1.00 g, 2.32 mmol) in CHyCl, (6 ml) was stirred at RT.

Trifluorocacetic acid (6 ml) was added and the solution was



(m 1) ; 1.99 - 1.67 (m 5) ; 1.33 (s, 9). HCOCH

standard conditions. DAD Rf = 1.39 mn. MH = 514,
w@hionad216iPLC. [ 00162] The enantiopurity of thePGHIF1084/011080

was checked. The sanples were > 97%ee. Chiral pak AD

col um. WD 2004/092167 PCT/ US2004/011080- --97- 15%

v/ v Et OH Hexanes contai ning 0.1% Et 2NH. EXAMPLE 20:

4-pyrrolidin-2(R) -yl methyl - nor phol i ne-3(S)- carboxylic

acid (6-chl oro-9H 13-carbolias8-yl)-am de, HClL salt)

[00163] To a solution of 2 (R - [3 (9 -
s¢brrafiond- BH faor 45 min, then concentrated to a residue.

i nasesEad, ol FRACR e PR B Ao B e P phiena

a el ) oW RbrdeHs 616dmvhivaswadddd seongent rat aFaqueond )
HC1L (13 m). The_solution was stirred at RT for. 30-45
URHAr FLEPRg wWHEBRLSt VABEMANE WaSy EPMEkipesc Psecsece to ensure

cbfbiets dDgspeacibny I KbUGE1¥ASoEORCRREERLEd Lo

bwtﬂﬁyhgfbﬂanheDFp393@ﬁ@1caﬁaaxmbbc3aéBdmmol) in THF

SR Sne- SBaLE, Sa10L0 B VL)AL 2 88 Ariae

(i@@QhQ6)3 b8 Ao 3. (SThé)soi&t@@n(Qéssstlikean@3R@onr
s, 1); 9.46 (s, ﬂ 8.87 - 8.85 (m 1); 8.66 -
3¢ pin) : thepsapenched zlesaddatzen pf 1N agupgus Na@ﬁ

gl b sl Dol oy oo
canﬂﬁlnlﬂgSEtOAﬁ] (Bpo; m1)75Hﬂ)1 560 (m) 1) andiOctihe

standard cogdltlons DAD 0.81
(100 ml)

e mixture was s aken and tgé layers were
separated. The aqueous layer was extracted with EtOAc (2 x
50 ml) and the combined organic layers were washed with
brine. The organic layer was dried, filtered and
concentrated to yield a light brown solid. Column
chromatography (2%-4% MeOH/CH,Cl;) vielded 2(R)-[3(S)-(6-
Chloro-9H-B-carbolin-8-ylcarbamoyl) -morpholin-4-ylmethyl]-
pyrrolidine-l-carboxylic acid tert-butyl ester as a white
solid (915 mg) .
H-NMR (300 MHz, DMSO-d6): & 11.30 (s, 1); 9.88 (s, 1);
9.04 (s, 1); 8.39 - 8.37 (m, 1); 8.20 - 8.15 (m, 2); 7.95
(s, 1); 3.99 3.82 (m, 3); 3.69 - 3.63 (m, 2); 3.44 - 3.32
(m, 1); 3.27 3.11 (m, 3); 2.92 - 2.80 (m, 1); 2.44 - 2.32
(m, 1); 1.99 1.67 (m, 5); 1.33 (s, 9).
HCOOH standard conditions.

|

I

DAD Rf = 1.39 min.

M+H = 514.

Chiral HPLC.

[00162] The enantiopurity of the sample was checked. The
samples were 2 97% ee.

Chiralpak AD column.



MtH = 414. | NTERVEDI ATE 36:
ci s-2-(tert-butoxycarbonyl am no) -
wEe yokogant anecar boxyl i ¢ aci d PCT/US2004/011080
(6-chloro-9Hcarbolin-8-yl) amde [00164] A solution
of cis-2-(tert-butoxycarbonylam no)- cycl opentane
carboxylic acid (550 ng, 2.4 mol) in pyridine (10
m) was stirred at RT. 6-chl oro-9H R-carbol i n- 8-
yl am ne (436 ng, 2.0 mol ) -w&F-added, foll owed by EDC
WO 2004/ 092167 PCT/ US2004/011080 --98- (615 ng, 3.2
lafolVYV BRQHY Hexgresysossediiion Wad sHteMEd at RT for
1.5 hr. The solution was diluted with H2O (20 m) and
poured into a separatory funnel containing H20 (50 nl)
EAAMPEEQAL : ( l@@ym‘rpllﬂm —2i (Rt) viyd maegr$yd hadcemphanid ridhes (S) -

Slaﬂ@rs vvere vvashed W|th brine' dri edoer I\/gSO4
“Tiltered, and concentrated to orange oily solids
[‘Wﬂﬁ@h wer EOSab§@éfué;momy offr Rt(& atléd —t<r6 CS%GM@GQH-@—

20 m re I t ry nd |
%S?ter?’ i) o%/ngg’tlgo Irg%'o g e(:—yc it éﬁécéjﬁfﬁfgxy%dlne_
1ecaabbstya(icchbaa%%hdt@wuhgﬂl as8ey )(SH0 dey, aSL &551 Inghil) in
ellow_ solid r% "1H NVR (300 MHz,

wfgie; F6onT) ) wal! BGARR copcensTorers aatpos: 38X d Lyl -
Tﬁeléolugigﬁ_ﬁgb %k&r%e%5a@SRlepr @OQ%S(%un%)dﬁ%f%% which
4.22 (m 1); 3.16 - 3.09 (m 1); 2.13 - 2.01 (m 1
time6a- £inZ5yvemlof) prEC'i@itaL’eSQO(rmedl) . Theb&eact.itd
m%%ku%%;g%SOZRggﬁEE% Egg %rdy%%% L%EPQE R)QAD
yCinstByaniBephythapent @me@a&b@&yﬂlll@ aehid (@-chloro-9H-p-
cgngagngg-ﬁicagggggT HC{lsé?g] gs a pale vellow solid (755
mg) .
'H-NMR (300 MHz, DMSO-d6): &, 13.30 (s, 1); 11.56 (br s,
1); 9.63 (br s, 1); 9.46 (s, 1); 8.87 — 8.85 (m, 1); 8.66 -
8.57 (m, 2); 8.25 (s, 1); 4.38 — 4.26 (m, 1); 4.24 - 4.08
(m, 1); 4.04 - 3.86 (m, 2); 3.86 — 3.68 (m, 2); 3.57 - 3.39
(m, 1); 3.39 - 3.02 (m, 4); 2.99 - 2.76 (m, 1); 2.10 - 1.84
(m, 3); 1.75 - 1.56 (m, 1).
HCOOH standard conditions.
DAD Rf = 0.81 min.
M+H = 414.

INTERMEDIATE 36: cis-2-(tert-butoxycarbonylamino)-
cyclopentanecarboxylic acid (6-chloro-9H-carbolin-8-y1)
amide

[00164] A solution of cis-2-(tert-butoxycarbonylamino) -
cyclopentane carboxylic acid (550 mg, 2.4 mmol) in pyridine
(10 ml) was stirred at RT. 6-chloro-9H-B-carbolin-8-
yvlamine (436 mg, 2.0 mmol) was added, followed by EDCI



[00165] A solution of 2-(tert-butoxycarbonyl am no) -

cycl opent anecar boxylic acid
W@ 2ooglodasD- 9H- 3- car bol i n-8-yl) am de (736 ng, PAT/V22004/011080

nmmol) in trifluoroacetic acid (5 mM) was stirred at

RT for 20 mn, then concentrated to an orange oil.

The oil was dissolved'in MeOH (5 mM) and neutralized

with a saturated aqueous sodi um bi carbonate sol ution

(25 m ). The resulting m xtw98-was further diluted

with H20 (25 m) and EtOAc (100 m). The aqueous

(bdPefidnasg - PeABPAd - afddeitien cremon 159 IRtaRn (vm Fhirred at

h 2Q04/092 RGHAMS2Q0 ni
Rﬁa&@rws)lv\grgl conb%%e %Eug%%d%ﬁ%tlhjdqgﬁte& %g'r 6 %0 ml)
algiSpéurkd tered aasepaartety duethelo cyn&iﬂam&nj |}£§® ( (507m1)
s were di,ssolved in M ). .and a

Th I
a?l%i) &FP@HGSGP%&& i'n dPGxFHETFVWeE $hq ewrgaotatea layers
wehe Rk 'thQ%te}del ! Q"Hes%gﬁtéo%s Was, et e ®:30 Jh kg theh Etoac

concentrated to vyiel
(8i09- mla\m n@heyc:bmbeme@n@afmd@dwlhacfemﬁ B> otdPrest Sitth

3 car I el.l ow_p owder

b RROTiE Y MR oot 1By, FaBoUPRbghoRaEY to
o&ahge 6dly1bol$d%7w®§chlheﬁ%(Eﬁﬂéquéntl&(ﬂif{diéﬁéd with
%m 1%‘; 3.42 - 3.34 Sm g
SRHYERE dhafda? d(2ondit i 8RS, caBABeri bY1feé ﬁf\aﬁlomﬁo yield

c§%92 Q%éygLEu%% carbo ylamlno cyclopentane%?rboxyllc
(2-am no- et hyl J- nor phol i ne- 3-carboxylic ac

a(:ﬁdc Hbercbd BiHo(-3e arlxdioilin8-8yty)l-) arindgle HEL s al tgHt0@Ealow

was foI | owed using racem ¢ norpholine- 3-
SE@FE 37%0 ¢ird reductively alkylated with 2-

1@nmma¢§©@lldz@£ydﬁmsékaélw 6309 . Mriz (s MeOit d4) 89S (8, 37) ;

(s, 1): 6 (d, 1); (d, 1): 8. 44 (d, 1); 8.06

9¢Q4 1¥y 4)688 35. 45, (ﬁq ,2)8 184—1? .083.(99 @h: 3)-9%.&4 1);
6293 (&, (1.2 3337423 3% (D) .4k 16 - 3.09 (m, 1); 2.13 -
2.01 (m, 1); 1.96 — 1.75 {(m, 3); 1.74 - 1.59 (m, 1); 1.58 —
1.42 (m, 1); 1.07 (s, 9).

NH40Ac standard conditions.

DAD Rf = 2.52 min.

M+H = 429.

EXAMPLE 21: cis-2-amino-cyclopentanecarboxylic acid (6-

chloro-9H-B-carbolin-8-yl)-amide

[00165] A solution of 2-(tert-butoxycarbonylamino)-
cyclopentanecarboxylic acid (6-chloro-9H-pB-carbolin-8-vyl)
amide (736 mg, 1.72 mmol) in trifluorcacetic acid (5 ml)
was stirred at RT for 20 min, then concehtrated to an
orange 0il. The o0il was dissolved in MeOH (5 ml) and
neutralized with a saturated agqueous sodium bicarbonate
solution (25 ml). The resulting mixture was further
diluted with H;O (25 ml) and EtOAc (100 ml). The aqueous
layer was removed and extracted with EtOAc (100 ml). The



NHAQAc standard conditions. DAD Rf = 1.69 mn. MH =
374. EXAMPLE 23:
wa@2¢020®16an no- propyl ) - nor phol i ne-3(S) - car boxpdT/TSH04/6i11080
(6-chloro-9H 3-carbolin-8-yl)-am de, HC1 salt (first
el uting diastereoner) [00167] Method C was fol |l owed
usi ng racem c norphol i ne-3- carboxylic acid
reductively alkylated with the appropriate WO
2004/ 092167 PCT/ US2004/0116809-— 100- al ani ne
al dehyde. The di astereoners were separated via column

orhrpiEt dgVapRy wpreocombinge, dugshesc Midh Srdme, figiRover
382, Uy BB - o Syfefpchipaldy SoT8qbhin Rl (569 mg)

Thegd s6Midi) wetelBlissé102d( in MePH.(B4ml)3.290 @EMsA)ition
3.79 - 3.57 (m 2); 3.47 - 3.40 (m 1); 3.22 - 3.05
OfnfiC3) injdagxpge (3) M, NluSaRdt ¥RFaPddEShdi HHehLTig4D
St j 51388 MRLE 24n
B S R ot oby T morshoL | ners( Ry o & SR ad) &
y(i6idhkase29Emidoeaybdbprendayieragivody,l ildChcishl (6-chloro-9H-

(second.el yti di ast er eoner 00168] Met C_was

B B BRLA aar G FAERREG 2o AOHSRER. SEMGR AR Pt d
‘gaguet ( yed Yk Kybagedasy t hsthe2appsopt) at e. 78l aai,ne) ; 8.53
al dehyde. The di astereoners were separated via colum
(Ehr dimat 8gPAph§ - phi or 8t-82t HE - dépriotte®Bi on 3sP&p. (M 1HINMR - 42
_(30 , dg): 5:9.34 (s, 1); 8.77 (d, 1); 8.55
(39%%8%%§¥) égé ((sg,ﬂ,’ f)]’ 4.42 (gl, 1)? 4.30 -
N#,A%c $tandlrddc@iditBo88.(m 3); 3.89 - 3.74 (m 1);

3.65 - 3,4 m 1) ; 3.25 - 2.90 (m 3) ; 1.36 (d,

DaP, RNl—ﬂdAcgét‘émard condi ti ons. ( ) (

M+H = 329.

EXAMPLE 22: 4~ (2-amino-ethyl)-morpholine-3-carboxylic acid

(6-chloro-9H-B-carbolin-8-yl) ~amide, HCl salt

[00166] Method C was followed using racemic morpholine-3-
carboxylic acid reductively alkylated with 2-
aminoacetaldehyde.

1-NMR (300 MHz, MeOH-d4): & 9.37 (s, 1); 8.76 (d, 1);
8.55 (d, 1); 8.44 (d, 1); 8.06 (d, 1); 4.68 - 4.55 (m, 2);
4.17 - 3.99 (m, 3); 3.84 - 3.73 (m, 2); 3.57 - 3.39 (m, 4).
NH 0Ac standard conditions.

DAD R¢ = 1.69 min.

M+H = 374.

EXAMPLE 23: 4-(2(8)-amino-propyl)-morpholine-3(S)-

carboxylic acid (6-chloro-9H-R-carbolin-8-yl)-amide, HCL

salt (first eluting diastereomer)

[00167] Method C was followed using racemic morpholine-3-
carboxylic acid reductively alkylated with the appropriate



DAD Rf = 1.57 min. MtH = 388. EXAWVPLE 25:
2- am no- cycl ohexanecar boxylic acid (6-chl oro-
wW@RkbogB916T bol i n-8-yl) -am de [00169] A sol uti oPCD1S2004/011080
ci s-2-(tert-butoxycarbonyl am no)- cycl ohexane
carboxylic acid (255 ng, 1.05 nmol) in pyridine (10
m) was stirred at RT. 6-chloro-9H R-carbol i n- 8-
ylam ne (218 ng, 1.00 mml) was added, followed by
EDCI WO 2004/ 092167 PCT/ US20249-011080 --101- (315 nm,
1.64 mol) and the slightly turbid pale orange
atahimeoaldabydei r r BleatiRFtypONS LI WeTI@e sspbgeited Wie

| ut ed th H2O (20 m
o brifes CBORTAFRPRGTRE P A6PnTY SHE EFEASCERs RD) SorRe
IHINRIT €3 OB ushakensends ¥ hes | ayee s (yer e) separat ed) ; Thess
aqueous | ayer was extracted with Et QAc (50 rH) and the

(@onbi nel- btgdfi cl) ay8r 88wéPe wAshéd3Ri t(K biires -Pie —
Igrgml c,l pyer &669drdned1 filtgped andg cgglce trat3e@}9to 3.57
a‘yellow oil i)1 was pl aced”un i'gh“vacuum
Iﬁorzaﬂr hg. 47The3re9ul(im ng)yeBI a& br Bwdsgl(ass2was 1.44 (d,
slurried in CH2C12 (10 ml) at RT. Trifluoroacetic acid
{5 m) was added and the slurry instantly dissol ved
Nl OT B #h f LR c H @NYEon$0! ution. The sol ution was
stirred at RT for 45 mn, then concentrated to a
DBPORN 7 si IRIGLThe resi due’ was azeotroped from
Igluegg (3 x 10 mM) toyield a yellow solid. A
| ut ﬁ of dilute aqueous Na2CO3 was prepared by
adding a small volune of 10% agqueous Na2CO3 to H20 (50
n unt i | the agueous sol ution reached_a pH_of 10.

EXRUPLE| Rho 454Pi(8) nasinpseErp¥d) FROKPACHPeNBOR) and
céﬁaﬁofag%é 4E98- WSEnh1bPol BR-AAUERUS 190 BLLAN Wikille, BC1

1T Ng. fhe precrprtate —wircir formed was fTritered,
smshédempnﬁ elPocang ghacédrenter) hi gh vacuumto yield

[ﬁ%i&ﬁi”o'C&%Eﬁggxﬁnﬁggr?SEXE%%da%s1n§ racemlc morpholine-3-

carboxylic acid reductively alkylated with the appropriate

alanine aldehyde. The diastereomers were separated via
column chromatography prior to the deprotection step.
'H-NMR (300 MHz, DMSO-d6): & 9.34 (s, 1); 8.77 (d, 1); 8.55
(d, 1); 8.42 (s, 1); 8.06 (s, 1); 4.42 (4, 1); 4.30 - 4.12
(m, 1); 4.07 - 3.92 (m, 3); 3.89 - 3.74 (m, 1); 3.65 - 3.49
(m, 1); 3.25 - 2.90 (m, 3); 1.36 (d, 3).

NH4O0Ac standard conditions.

DAD Rf = 1.57 min.

M+H = 388.

EXAMPLE 25: 2-amino-cyclohexanecarboxylic acid (6-chloro-

9H-B-carbolin-8-yl)-amide

[00169] A solution of cis-2-(tert-butoxycarbonylamino) -
cyclohexane carboxylic acid (255 mg, 1.05 mmol) in pyridine
(10 ml) was stirred at RT. 6-chloro-9H-f-carbolin-8-
ylamine (218 mg, 1.00 mmol) was added, followed by EDCI



chl oro- 9H p-carbol i n-8-yl)-am de as pale yell ow solid

(147 ng). 1H NWR (300 MHz, DMSO-d6): 5 9.00 (s, 1);
wW@2®4/092187 34 (m 1); 8.16 - 8.13 (m 2); 7.83r¢TNUSAP4/011080

5.66 - 5.00 (br s, 2); 3.42 - 3.40 (m 1); 2.70 -

2.62 (m 1); 2.02 - 1.90 (m 1); 1.70 - 1.54 (m 5);

1.42 - 1.29 (m 2). NH4QAc standard conditions. DAD

Rf = 1.46 min. MtH = 343. WD 2004/ 092167

PCT/ US2004/ 011080 --102- -EXANPL-E 26:

4- (2(R) -am no-propyl)-norpholine-3(S)- carboxylic acid
(§B5cmgorb-@4+mm@é?b@nﬂntBEys;lghtaﬁ,tH@bldsﬁa e[ QgangE

oA D8, GBSl R T oL RO RG o vas

crtively alkylatéd wth't

Jd2pREERriate HA) atdmendl dehydsoudde thiastereeperatueye
separated via colum chromat ogr aphy £ri or to_the

feepebt @eRFaRNEREpH20 1(R GNR Y 35 MEEOAEMEES B ) - 5 B35
; 7 1): 48 ) wreSad 7 8.

m%%?“%%;W%?4%h%g%n1§?d4F§§ }%?bf%;weﬁéoé?éégf%%g{ 3?%6
agudué niatyr Bad3ekhradypd3w2Bh2EBOACM(503N1) 2nd7 the,
c%&@ﬁgggggggéaihd %ggggngéggoagShegA%iEL Er%h%? n&ﬁé
ofchR{ &) 130 A0y PALNIRE; PEOPY¥EYeADEAROLbABRAEShted to yield

carboxylic acid (6-chloro-9H li-carbolin-8-yl)-am de,
aHrellewl eil ovh¥eh weehbdacedaynfler| bied VacHyy &0&nitc hr .

o PORLLPES 5 BOEHL roBdo et Ly gl i,
(U0 agl preonRTs Werefiapavatedivi acddl ybnmihr eamt addaghynd
tﬁéigiuggytQgsg§g£8§e8§ggglgggpto form a clear orange
solution. The solution was stirred at RT for 45 min, then
concentrated to a brown residue. The residue was
azeotroped from toluene (3 x 10 ml) to yield a yellow
solid. A solution of dilute aqueous NayCOs was prepared by
adding a small volume of 10% agueous NapCO; to H;O (50 ml)
until the aqueous solution reached a pH of 10. The yellow
solid was dissolved in minimal MeOH and was added drop-wise
to the aqueous solution with stirring. The precipitate
which formed was filtered, washed with H;0 and placed under
high vacuum to yield 2-amino-cyclohexanecarboxylic acid (6-
chloro-9H-f-carbolin-8-yl)-amide as pale yellow solid

(147 mg) .

'H-NMR (300 MHz, DMSO-d6): & 9.00 (s, 1); 8.37 - 8.34 (m,
1); 8.16 - 8.13 (m, 2); 7.83 (m, 1); 5.66 - 5.00 (br s, 2);
3.42 - 3.40 (m, 1); 2.70 - 2.62 (m, 1); 2.02 - 1.90 (m, 1);
1.70 - 1.54 (m, 5); 1.42 - 1.29 (m, 2).

NH;OAc standard conditions.

DAD Re = 1.46 min.
M+H = 343.



"H- NWVR (300 MHz, DMSO-d6): 5 9.34 (s, 1); 8.77 (d, 1);
8.55 (d, 1); 8.42 (s, 1); 8.04 (s, 1); 7.44 - 7.23

w@ 904832167, 39 (d, 1); 4.65 - 4.07 (m 1); 4.4PCFUS2082011080
(m 4); 3.50 - 3.25 (m 1); 3.30 - 3.14 (m 1); 3.11
- 2.8 (m 3); 2.8 - 2.69 (m 1). NHOAc standard
conditions. DADRf = 1.90 min. MtH = 464. WO
2004/ 092167 PCT/ US2004/ 011080 --103- METHCD D
CHROVATOGRAPHY CONDI TI ONS -t E8B-€ol um type:

Phenorrenex Lun% C1)8 2), coI urrrlgs ] ) X 4.6

cégib\%he a%qdwgw&@%cro@@f@dﬂ%grm@m mwaﬁmd@ HCl

% H2O 95% VECN Standar d gr adr ent:
skditt i al conditi ons - 95% A, 5% B 3.5 minute gradi ent

5% 100%. B es .hold at 100% 4.3,
00 el & B Sk Berd SgeT ghpsorptioTine-3-
chiRicbixgt 1€0 ad:lltil Qiéﬁuct?Lonél& 2A0%p1B t B SrifHuie Hsh&Miate

from70% 100% B
alanine aldehyde. The diastereomers were separated via

column chromatography prior to the deprotection step.
'"H-NMR (300 MHz, DMSO-dé6): & 9.35 (s, 1); 8.77 (m, 1); 8.55
(m, 1); 8.43 (s, 1); 8.01 (s, 1); 4.45 (4, 1); 4.26 (m, 1);
4.09-3.91 (m, 3); 3.79 (m, 1); 3.63 (m, 1); 3.28-2.99 (m,
3); 1.37 (4, 3).

NH4OAc standard conditions.

DAD Ry = 1.39 min.

M+H = 388.

EXAMPLE 27: 4-(2(R)-amino-3-phenyl-propyl)-morpholine-3(S) -

carboxylic acid (6-chloro-9H-B-carbolin-8-yl)-amide, HCl
salt

[00171] Method C was followed using racemic morpholine-3-
carboxylic acid reductively alkylated with the appropriate
alanine aldehyde. The diastereomers were separated via
column chromatography prior to the deprotection step.
'H-NMR (300 MHz, DMSO-d6): & 9.34 (s, 1); 8.77 (d, 1); 8.55
(d, 1); 8.42 (s, 1); 8.04 (s, 1); 7.44 - 7.23 (m, 5); 4.39
(4, 1);-4.65 - 4.07 (m, 1); 4.40 - 3.82 (m, 4); 3.50 - 3.25
(m, 1); 3.30 — 3.14 (m, 1); 3.11 - 2.88 (m, 3); 2.85 - 2.69
(m, 1).

NH,0Ac standard conditions.

DAD Rg = 1.90 min.

M+H = 464.



3.5 - 4.3 mnutes hold at 100%B 4.3 - 5 m nutes

initial conditions Nonpolar gradient: Initial
w@oendioeiltons - 100% A 3.5 m nute gradi ent from BO/68598B011080

3.5 - 4.3 mnutes hold at 100%B 4.3 - 5 m nutes

initial conditions HCOOH Conditions: Solvent C 0.1%

HCOOH WD 2004/ 092167 PCT/ US2004/ 011080 --104-- 99%

H20O 1% MeCN Solvent D: 0.1% HCOOH 5% H20 95% MeCN

Standard gradient: Initial-€oddk+ions - 95% C, 5% D

3.5 mnute gradient from5% 100% D 3.5 - 4.3 mnutes
MREHADaP : 10§ HATAGBAPHY GONLEIONGI tial conditions
Lgﬁlsar gradient: Initial conditions - 70% C, 30% D 3.5

ute gradient from70% 100% D 3.5 - 4.3 mnutes

cboliinatyp80% Bhedodenex Munat €38i(Bi)t calluamedi 5i ams size 50

Nonpol ar gradient: Initial conditions - 100%C 3.5
an"ﬂgt@mgr adient from0%50%D 3.5 - 4.3 mnutes hold

reh 1908%D 5. 00 minute run

NH,OAc Conditions:

Solvent A:
10 mM NH40AC
99% Hy0
1% MeCN
Solvent B:
10 mM NH4OAc
5% H20
95% MeCN
Standard gradient:

Initial conditions - 95% A, 5% B
3.5 minute gradient from 5%-100% B
3.5 - 4.3 minutes hold at 100% B
4.3 - 5 minutes initial conditions

Polar gradient:

Initial conditions - 70% A, 30% B
3.5 minute gradient from 70%-100% B
3.5 - 4.3 minutes hold at 100% B
4.3 - 5 minutes initial conditions

Nonpolar gradient:

Initial conditions - 100% A

3.5 minute gradient from 0%-50% B
3.5 - 4.3 minutes hold at 100% B
4.3 - 5 minutes initial conditions

HCOOH Conditions:

Solvent C:
0.1% HCOOH



4.3 - 5 mnutes initial conditions | NTERVEDI ATE 37:
6-chloro-2, 3, 4, 9-tetrahydro-|lH g- carboline, HCl
w@a008/09067172] 5-chl orotrypt am ne hydrochl ori deP¢BUS200£2011080
mmol, 1 equiv.) was dissolved in 40 mMl 3 M NaQAc
buffer (pH = 4.8) and 40 mM water. dyoxalic acid
(1.84 g, 20 mmol, 1 equiv.) was added in one portion
and the solution was stirred at RT overnight. The
resulting thick slurry was--idd-t-ered and the |ight
green solids were suspended in 100 m 6N HCl and
O%edidd at 125 C under a ref |ux condenser for WO
1gﬁ$4¢§?2167 PCT/ US2004/ 011080 --105- 1 hour with
friternittent additions of conc HO (2 ml every 15
s@ﬂﬁéntAéter cooling to RT, 4.38 g (90% of 6-chloro-
3,4,9-tetrahydro-| H 13- carbollne HCl salt as
OblﬁeH%@%§ solid was isolated by filtration. ''H NWR
5%/3% I\/Hz DI\/SOd6) 6 11.33 (br, 2H), 9.62 (br, 2H),
7.39 (d, 1), 7.09 (dd, 1), 4.33 (br, 2H),
99%9Mecmt 2) Form c acid standard conditions. DAD RT

= 1.56 m MtH =, 207. | NTERMEDI ATE 38:
(6-cﬁi%£é§ﬁ§3—29§ifﬁ£rahydro / 3-carbolin-2- yl)
nPbegy| coBEDenens [084%3&, 5% p
6-chl oro-2, 3,4, 9- tetrahydro IFL(S carboline, HClL salt
3(ionzn@te4qrﬁﬁbent1féqmu5 y1@8% Buspended in 100 m of
d y_pyr e d gled to 0 Cin an ice
m%terz %é@ Su%%%z%?#gcﬁpo%?gé 7.3 m, 63 mol, 1.5
4 e3Ui- V5 )mivasteadiirit ladpevhdétiontshe col d
solution' after which the reaction was renpved from
the PRE2Ha¥RAAHENEF| owed to stir overnight at room
TAEEPE] Auhds cIbRsr eagbhon v@ssaenched by the

addi tion water unti l cﬁoked with solids. These
3. 5 minute gradlent from 70%-100% D

3.5 - 4.3 minutes hold at 100% D

4.3 - 5 minutes initial conditions

Nonpolar gradient:

Initial conditions - 100% C
3.5 minute gradient from 0%-50% D
3.5 - 4.3 minutes hold at 100% D

4.3 - 5 minutes initial conditions

INTERMEDIATE 37: 6-chloro-2,3,4,9-tetrahydro-1H--
carboline, HCl salt

[00172] 5-chlorotryptamine hydrochloride (5 g, 20 mmol, 1
equiv.) was dissolved in 40 ml 3 M NaOAc buffer (pH = 4.8)
and 40 ml water. Glyoxalic acid (1.84 g, 20 mmol, 1
equiv.) was added in one portion and the solution was
stirred at RT overnight. The resulting thick slurry was

filtered and the light green solids were suspended in 100

ml 6N HC1 and heated at 125 °C under a reflux condenser for



solids were captured by filtration, washed with a
saturated aqueous sodi um bi carbonate sol uti on,

w0 esogispended in water, sonicated, and refil tBCEUS1004/011080
give 1.27 g (94% of (6-
chloro-1, 3, 4,9-tetrahydro-p-carbolin-2-yl)-phenyl -nmeth
anone as crystalline orange solids. 'H NVR (300 MHz,
DNBO«ND: 6 10.65 - 10.59 (br, 1H, 7.0 - 7.5 (m 9H
4.60 - 4.83 (br, 2H), 3.62-103-99 (br, 2H), 2.75
(br. ZFD. Form c acid standard conditions. _DAD RT

1 @8 b Vioh E0n! D59 6 72 ETF LB80a 099B80HCL - 186l every

H = 31%& | NTERVED

BehzoyI 26 ¢hi 973 1ZQ%IEE%C?QR?etra% 49,943 of 6-chloro-

2‘3¥4K@4EbéIQM@d£QQIH4¢ carboline, HCl salt as blue-grey
(6-chloro-1, 9- tetrahgdro 3-carbolin-2-yl)-
%h%%ywa$m&$@%%ﬁ%d(ﬁy7élﬁ ratEe  mol, 1 equiv.) and DDQ

1 aﬁqaﬁg ,Oolgbﬂgz mm%so X ecwm)ww& mz&%ﬂ as, 69l {1ls, 2m),

cool e C 15 m of a 9 H20 sol uti on
(&paled 7039784C ahd 7h©9ré@dltlhg éIaBrybﬂaSZH), 2.92
added to the cooled solids followed by an additiona
95 M of THE (also cooled to -78 C). The deep bl ue

rSAhid | 9 Mast shisF&Jc8hdit¥8n€. for 2 hours and then
gradually warnmed to room tenperature and stirred an

D@@dRTlﬂnhl56wmlﬁours The reaction was quenched by
M£$ 3 tion of 1 N NaCH and extracted with 3 x 150
Et'CAc. The conbined organic |ayers were washed
with 2 x 100 M 1 N HCl 1 x 100 mM brine, dried over

filtered ted t
St koA o b EAPaT: 3 870 SeleBhilpgh I hevotin-o-
y%ﬁéﬁgg%?lém@ggaggnglly or ange solids. 'H NWVR (300 MHz,
12.11 - 12.48 (br, 1H), 7.29 - 7.88

[081)3] 4. 936-cB1laBo( By 3, 2K tatsehyanztéHcBrcazhplere, HC1
salt (10.2 g, 42 mmol, 1 equiv.) was suspended in 100 ml of
dry pyridine under N and cooled to 0 °C in an ice water
bath. Benzoyl chloride (7.3 ml, 63 mmol, 1.5 equiv.) was
added drop-wise to the cold solution ‘after which the
reaction was removed from the ice bath and allowed to stir
overnight at room temperature. The reaction was guenched
by the addition of water until choked with solids. These
solids were captured by filtration, washed with a saturated
aqueous sodium bicarbonate solution, re-suspended in water,
sonicated, and refiltered to give 1.27 g (94%) of (6-
chloro-1,3,4,9-tetrahydro-f-carbolin-2-yl)-phenyl-methanone
as crystalline orange solids.

y-NMR (300 MHz, DMSO-d6): & 10.65 - 10.59 (br, 1H), 7.0 -
7.5 (m, 9H), 4.60 - 4.83 (br, 2H), 3.62 - 3.99 (br, 2H),
2.75 (br., 2H).

Formic acid standard conditions.

DAD RT = 2.68 min.



Exact Mass: 324.07. Formic acid standard conditions
DAD RT = 2.15 min. MtH = 325. | NTERVEDI ATE 40:
wal2@atsaeB- chl oro f3-carboline [00175] Crude PCT/US2004/011080
2-benzoyl - 6-chl oro-1, 2, 3, 9-t et rahydr o- ( 3-
carbolin-4-one (4 g ) was dissolved in 30 m of
anhydrous hydrazine and stirred at ref lux (130 C oi
bat h) under N2 for 6 hours, after which the reaction
m xture was al |l owed WO 2004/ 1002467 PCT/ US2004/ 011080
--107- to cool to roomtenperature and sit overnight.
MT¥He= piécipitated yellow solids were renoved by
filtration and washed with water, 2 x 5 nl, to yield
785 nmg (30% of 4- am no-6-chloro (3-carboline as an
T8frERMRDIra TE0RI9d. 2 -Addiztoydra- cdibe M9 ,&jdeddiardheiro-B-
conbined filtrates until no further precipitation
cgebaliBd4-PREse solids were also renoved by

[J(og‘m atl oel 8ngb¥e. 3.9 g (:%%% Lobeb-ay meawéﬂlqiﬂzoryq)_

arbol ine as yel '6w'soli ds, Yototal yield
phenidVRnéSDanbHe, (DVBG d6) 5. 561mm¢8 (8, enH)lV 8 zactld( $DQ

W g Bt T Lty Pk B B2 A 2

8 0
ﬁg%g-cﬁ?orZbgkfygk%gr%%??ﬁlgngRPEﬁhﬁGﬁEd&SOlutlon was

cbbilEhuebo-aget@nide tAO1F64utt anyneitrel aue added to the
(3-carboline (1.05 g, 4.82 nmol, 1 equiv.) wa

capdedl sedifs 4oMlopldabydroasidpyiiogiode lanal zvcﬁ MHFof(also
cgmlEﬁ Pgago?l ° f—r’?, O’Eﬁeﬁa%%r) '%%éaufsgil E&éga%g%eatlrred at -
780 e t%guégeaﬁaolcﬁgnsgégaagmyU@gpmgan%e&som
temperature and stirred an additional two hours. The
’reaction was quenched by the addition of 1 N NaOH, and
extracted with 3 x 150 ml EtOAc. The combined organic
layers were washed with 2 x 100 m1 1 N HC1, 1 x 100 ml
brine, dried over MgSO., filtered and concentrated to yield
1.38 g (75%) of 2-benzé§l—6—chloro—1,2,3,9—tetrahydro—5—
carbolin-4-one as oily orange solids.

'H-NMR (300 MHz, DMSO-d6): & 12.11 - 12.48 (br, 1H), 7.29 -
7.88 (m, 8H), 4.93 - 5.18 (br, 2H), 4.60 - 4.46 (br, 2H).
Exact Mass: 324.07.

Formic acid standard conditions

DAD RT = 2.15 min.

M+H = 325.

INTERMEDIATE 40: 4-amino-6-chloro f-carboline

[00175] Crude 2-benzoyl-6-chloro-1,2,3,9-tetrahydro-p-
carbolin-4-one (4 g ) was dissolved in 30 ml of anhydrous
hydrazine and stirred at reflux (130 °C oil bath) under N

for 6 hours, after which the reaction mixture was allowed



reacti on was renoved fromthe ice bath and stirred at

room tenperature for -1.5 hours. The reaction was
w@e@noae? by the slow addition of water (10 nPQT/HSZH04/011080

extracted 2 x 150 mi  Et CAc, washed 2 x 100 m

saturat ed aqueous sodi um bicarbonate, 1 x 100 ni

brine, dried over MgSO4, filtered and concentrated to

orange solids. These solids were titurated by in 10 -

15 M Et20 and captured by-fi07+fation to give 1.23 ¢

(81% of N-(6-chloro-9H (3-carbolin-4-yl)-

te goplt tif kooroterweavitgadcagng wéll ewessliight woThe

4/ 0 LUS2004/.011 - - - ( VHz,

PERBOEAbF o Y5 ITEY SOR, YT ed TRy g g o and
whbhed8w33h( ratdh),, 2783 @d,, k) yiElGD-7857/thd M3 0RHof 4-

Form c acid standard conditions. DAD RT = 2.12 mn.
amiHo=63¢th]lorNTBRVEDbATENg28s an off white solid.

Ag:dﬁgllgglg :gia églt g{?]%(-j%%g{l%%r RRld ttiiidsa 2:%trates until
nb- Eerehker gr3dip3-tearilel iorcdritleld.2, Bhedd ifd1iiPwere also
acet an de §125 n% 0.4 mol, 1 equiv. was di ssol ved
A&

repoyednyTEALE#@ TR0 2O 94V eny,- 0P84 %) Pleduiamipno-6-

s _added _in.one portion. The-sal utiaon was stirr.ed at
5rD PefipePaians Po YaTAow SOratey ed R Torouat i8] -
lgofer ap3 00 adzt hemsesgbltng oil ysonangensol sdaswese 1m),

suspended in water, neutralized with a saturated
Baddedss $8di-urh- 70 d&nbdHate 7sdluti dn S@nd i |2HBred & (s,
2%i_)ve 132 ng (92% of

(6-chloro-8-nitro-9H p-carbolin-4-yl)-2,2,2-trifluor
FormacebatiddeandaMiRcoa@da tidas .DMSO- d6): 5 12. 87 (s,

1H), 12.03 (s, .1H), 9.11 (s, 1H), 8.56 (s, 1H), 8.53
DAD Ry, 185%6“‘6&' 1H). Formic acid standard
m&andi bigns.

INTERMEDIATE 41: N-(6-chloro-9H-B-carbolin-4-yl)-2,2,2-
trifluoro-acetamide

'[00176] 4-amino-6-chloro PB-carboline (1.05 g, 4.82 mmol,
1 equiv.) was dissolved in 4 ml of anhydrous pyridine and
20 ml of THF and cooled to 0 °C under N;. Trifluoroacetic
anhydride (3.4 ml, 24 mmol, 5 equiv.) was added drop-wise
to the cooled solution. Upon complete addition, the
reaction was removed from the ice bath and stirred at room
temperature for ~1.5 hours. The reaction was quenched by
the slow addition of water (10 ml) and extracted 2 x 150 ml
EtOAc, washed 2 x 100 ml saturated aqueous sodium
bicarbonate, 1 x 100 ml brine, dried over MgSO,, filtered
and concentrated to orange solids. These solids were
titurated by in 10 - 15 ml Et;0 and captured by filtration
to give 1.23 g (81%) of N-(6-chloro-9H-B-carbolin-4-yl)-

2,2,2-trifluoro-acetamide as a yellow solid.



DAD RT = 2.27 min. MH = 359. | NTERMEDI ATE 43:
N- (8- am no-6-chl oro-9H-/ 3-carbolin-4-yl) -

WQ2@4/892157 f | uor o- acet am de [00178] The crude PCT/US2004/011080
N- (6-chl oro-8-nitro-9H (3-carbolin-4- ,
yl)-2,2,2-trifluoro-acetam de (130 ng, 0.36 mml) was
dissolved in 7 mM of MeOH and the reaction vessel was
vacuum purged 3 X with N2. Platinum (20 ng, 20% wt. on
activated carbon) was added-1p8-ckly, and the reaction
WD 2004/ 092167 PCT/ US2004/ 011080 --109- vessel was

‘EgaiR wmwﬁﬁ@ur@é&pam wid LARI1f 6% oY, by1889 (s, 1H),

3088 VTTBIbA Boat (P URHLY PoUAL B’ al ) ovdr ACGE ! CUBh

2@pnpl etion, the react| on vessel was purged of H2 and
filtered over celite. The celite was washed several
Formes adithsherfiandl CORELE1PRE-filtrates were clear.

onbine Itrates were concentrated to give
D%P(%‘Eam %o% H—loro-gl—l-

M{B-gaBbolin-4-yl)-2,2,2-trifl uoro-acetam de as a
yellow solid (112 ng, 95%. 1H NWR (300 MHz,
- DMSO-d6): 6 11.83 (s, 1H), 8.98 (s, 1H), 8.30 (s,

Iﬁﬁ%RMﬁDi@T@S421HWF(@ 8816%0- @Hhﬂt§oa§ﬂﬂ%rca%ﬁblln 4—yl)—

Form c acid standard conditions. DAD R
2NEHE = tszgluPKWERNEEﬁmIée44

ﬂﬁh&ﬁ ChIOﬁO éﬁlérg 5 Igg Bo}fn 4n¥%ﬁy? nlcotrlflu ro-

acetyl am no) 9 car tinam
aetfDAL911D5 1§ aULQOmﬁthImréqQHv(3acaEbloﬁsélﬁéﬁ in 2
-2 2, 2- trifluoro- acetamde(90 0274 mol , 1
nLGTD. F24nbaB02 mdA Mot -l LD (ASHLY 0, 30 ‘added
ﬂngﬁe ot EGHL V. %h@EESlughéﬁO%XEdsEQr%ea gk QBom

anhydrous pyridi ne under . (84 ny, 0.438 mmol ,
témpergtive) foms4abided anehelperem removed by rotovap,

and the resulting oily orange solids were suspended in

water, neutralized with a saturated agqueous sodium

bicarbonate solution and filtered to give 132 mg (92%) of
- (6-chloro-8-nitro-9H-B-carbolin-4-yl)-2,2,2-trifluoro-

acetamide.

'M-NMR (300 MHz, DMSO-dé6): & 12.87 (s, 1H), 12.03 (s, 1H),

9.11 (s, 1H), 8.56 (s, 1H), 8.53 (s, 1H), 8.26 (s, 1H).

Formic acid standard conditions.

DAD RT = 2.27 min.

| M+H = 359.

INTERMEDIATE 43: N-(8-amino-6-chloro-9H-B-carbolin-4-yl)-
2,2,2-trifluoro-acetamide

[00178] The crude N- (6-chloro-8-nitro-9H-B-carbolin-4-
v1)-2,2,2-trifluoro-acetamide (130 mg, 0.36 mmol) was
dissolved in 7 ml of MeOH and the reaction vessel was
vacuum purged 3 X with Np. Platinum (20 mg, 20% wt. on

activated carbon) was added quickly, and the reaction



and the reaction mxture was stirred at room
tenperature for 2 hours. The reaction was gquenched
wowaoh/ogaser and the resulting dark solids cape@ir/es2004011080
filtration. These solids were titurated in a 3:1
met hanol - DMSO solution to give N
[6-chloro-4-(2,2,2-trifluoro-acetyl am no)-9H (3-carbo
in-8- yl]-2-methyl-nicotinam de as |ight yellow solids
(41 mg, 3%. 0O "H NWR (300.0¢Hz; DVBSO-d6): 6 11.94
(br, 1H), 11.78 (s, 1H), 10.61 (s, 1), 9.00 (s, 1),
v8s 64l (das 1agagni3sa¢sumlphrggdld Wow2004Nep2fig¥lowed by 3
T/ US2004/ 011080 --110- (d, 1 8,,01 ( 1 7, 73
aipgéméfﬂagu% PYEFS EY%%@&EA’}*EF&@: e taclid was

aBiapdar docendit ipasr DA RT atrl. S8eih lghH 5pdd8.
| NTERVEDI ATE 45: N-[6-chloro-4-(2,2,2-trifl uoro-
comrlgtaninofhoHre8CcEaPBOVEASS Ly WpEnPEsErAaRitdE2 and

- ami np-6- - - boli.n-4-yl) - , 2=
cL B4, B 0655 AL Gt GaEoph et Y ded e
w2thnmébybnotothbit ahedf{218ragesOwd2® niebyr.l. The combined

equiv.) were dissolved in 1.5 n of hydr ous
Epytrarne wﬁa@rCRE¢?@fffte§s&0ng}V6.ngg- noy bgchloro-IH-
BEGHENo) 1MBg-gdded bnoope; poLbienacardmibe heaat kel low
mxture was stirred at roomtenperature 2 hours. The
spbadt (bh2wag, gBehthed and treated foll owing the

1}%{1{%@?2{1%2@%,0%85—%60)@aérhf.SBW(é?’zl()@l) ofg.08 (s, 1),

8(202(2-tritf | unr voacet yiaM ne) 8aH{E£3- ¢&an bobi.B78-(Pk], - 2H) .
ni coti nam_de. 1H NVR (300 MHz, DMSO-d6): 5 11.89 (br,
Fappic1pcygd gtandyrd gongipiongy g8 97 (s, 1), 8.84 (d,
DA%,Rg.gslzgS M 837 (s, 1), 7.85 (s, 1), 7.76 (s,

1), 7.67 (m 1). :

M+H = 329.

INTERMEDIATE 44: N-[6-chloro-4-(2,2,2~trifluoro-
acetylamino)-9H-B-carbolin-8-yl]-2-methyl-nicotinamide
[00179] N- (8-amino-6-chloro-9H-pB-carbolin-4-y1)-2,2,2-
trifluoro-acetamide (90 mg, 0.274 mmol, 1 equiv.) and 2-
methylnicotinic acid (45 mg, 0.329 mmol, 1.2 equiv.) were
dissolved in 1.5 ml of anhydrous pyridine under N;. EDCI
(84 mg, 0.438 mmol, 1.6 equiv.) was added in one portion
and the reaction mixture was stirred at room temperature
for 2 hours. The reaction was quenched with water and the
resulting dark solids captured by filtration. These solids
were titurated in a 3:1 methanol - DMSO solution to give N-
[6-chloro-4-(2,2,2-trifluoro-acetylamino)-9H-B-carbolin-8-
v1]-2-methyl-nicotinamide as light yellow solids (41 mg,
3%) .

'H-NMR (300 MHz, DMSO-d6): & 11.94 (br, 1H), 11.78 (s, 1H),
10.61 (s, 1), 9.00 (s, 1), 8.64 (4, 1), 8.38 (s, 1H), 8.13



Form c acid standard conditions. DAD RT = 1.94 mn.

MtH = 434. EXAMPLE 28:
wOR{4A0g15N0o- 6- chl or o- 9H p- car bol i n- 8-yl ) - 2- PCT/US2004/011080

nmet hyl - ni coti nam de [00181] N [6-chloro-4- (2, 2,

2-trifluoro-acetylam no) -9H (3-

carbolin-8-yl]-nicotinamde (41 ng, 0.092 mol, 1

equiv.) was suspended in 5 mM of MeOH and a 2 n

aqueous solution of K2COB-{12Y-+g, 0.92 mol, 10

equiv.) was added thereto. The resulting clear

(ol Ubi oB-RAs (BeaflHd . al/ -88 CsforlHle MAr 4B0 (A004H)92R6H8 (s,
3 / US2004/ 011080 --111- and then allowed to cool to

. Additional water was added producing fine solids

Fbhat cvwetedcapbibagddbyohdlitiahison, washed once with 10

m of 5% MeOH in Et20, and dried under high vacuumto
DYPVBT18 #hy98f MNB( 4- ami no- 6- chl or o- 9H 3-
wm$arbolyp-8-yl)-2-nmethyl -ni coti nani de as powdery yel | ow

sol i ds ?5696yield). 1H NWVR (300 MHz, DVMBO-d6): 5 11.18

(s, 1H), 10.41 (s, 1H, 8.62 (d, J = 3.6, 1H), ),

8, 32 1H), 8.20 , , 8.1 J=7.5 1
THrgebratly 455 3G (b2ehiaro-F-4%. dnt-fH LRt |y
agé%ylamﬁﬁooSQHaﬂLcaE%bﬂh% @de]shﬁQQﬁﬁ%dﬁwaﬁtlons

63 mn. MrH = 352. EXAMPLE 29

mmsm ani nU’ é8chAmane- §HC€130é’Qr8éﬂ—|BrrC@I§DIO)me4CMJ1)rr3m2d8‘

t%o? %ayéggggéh gagg ?QZQH_354 mmol, 1 equiv.) and 2-

méah?mhhﬁoﬁinhb abﬁdtlmaﬁmge 03829y 1088 .Amelguilr.) were
uiyv.) . was suspended in 5 mM of Mg and 2

n
déﬁﬁ@é&’%d sfuti-onml 8f ROEPETOYS1 PiF I3 r Ngg EDCI
Q@ kY, ) owasgagdged tﬁe%ehgulvTWew%%S%bbbﬁQ1%!%@b portion

sol ution 'was heateéed at 60 C for
and the reaction mixture was stirred at room temperature 2
hours. The reaction was quenched and treated following the
preceding protocol to obtain 38 mg (32%) of N-[6-chloro-4-
(2,2,2-trifluoro-acetylamino)-9H-R-carbolin-8-yl1]-
nicotinamide.

'H-NMR (300 MHz, DMSO-d6): & 11.89 (br, 1H), 10.73 (s, 1),
9.28 (s, 1), 8.97 (s, 1), 8.84 (4, 1), 8.43 (4, 1), 8.37
(s, 1), 7.85 (s, 1), 7.76 (s, 1), 7.67 (m, 1).

Formic acid standard conditions.

DAD RT = 1.94 min.
M+H = 434.

EXAMPLE 28: N- (4-amino-6-chloro-9H-p-carbolin-8-yl)-2-

methyl-nicotinamide

[00181] N-[6-chloro-4-(2,2,2-trifluoro-acetylamino)-9H-3-

carbolin-8-yl]-nicotinamide (41 mg, 0.092 mmol, 1 equiv.)
was suspended in 5 ml of MeOH and a 2 ml aqueous solution

of K;COs (127 mg, 0.92 mmol, 10 equiv.) was added thereto.

The resulting clear solution was heated at 60 °C for 16 hr



After cooling to RT, fine solids precipitated that

were captured by filtration and washed with 10 ml of
wowRi0e/09%167 gi ve 2.78 ng (10% of PCT/US2004/011080

N- (4- am no- 6- chl or o- 9H ( 3- car bol i n- 8-

yl')-nicotinamde. 1H NVR (300 MHz, DVM5O-d6): 6 11.32

(s, 1H), 10.56 (s, 1H, 9.26 (s, 1H), 8.82 (d, 1),

8.42 (d, 1), 8.36 (s, 1H), 8.18 (s, 1H, 7.79 (s,

1H), 7.70 (s, 1H), 7.64 (m-1H.7-5.91 (br, 2H).

Form c acid standard conditions. DAD RT = 1.55 mn.

apg xben/ @ézlmrﬁdvcpl 95230 4/0 Rigo Addifgimna vpptezags added

PRI A1E 5ty 6l 59, s,

m&slhra;dbloem@emw rid enl( X g1° Méomrmi JEH0, DMﬁd( B&ﬁe@l Jnder
was stirred at RT. K2CO3 96, mmvl )
hgialhy Sechpim fo Glvg déhaie O(fléwél @mlm‘rﬁﬁﬂl)l‘?/@ PH-B-
c%%%qlhh% €49 —@’l?net lr—%ﬁ@dﬁ%aﬁ‘h)ﬁél rE WSyl IR Bl

for 127 hr. 0 mM) was added to the reaction
Sml)d.dﬂir d56ésnd'1teﬁd)r esul ting precipitate was captured by

ettty Qe PBBPIERAN Rad alPolFa 16 coaP Fowry, )

spreedue, ng H ghts ,onange ) sd.isds (hatimer es izl @ edl}t»y, 8.11
filtration to give 3- cyanonethyl -indol e-I-carboxylic
(&ei d Fert- 5but1§ﬂ| reé7t &l (@2 15).. 7 HNMR ( 36D M, 43 (m, 1H),

O@6) : 558. ) 3170 - 7.66 (m 2); 7.42 -
%9 ?)% %?;) 4. 1' Sl )3H 1.63 (3, 9). NH4OAc standard

. Foamdict iaarisl stBAlaaRfd TR@L imimE. MiH = 257.
DIABTIE%I\/EDHA'\E% ?ﬂéh's-(cyano- net hyl - net hyl ) -i ndol e- | -

M+H = 352.

EXAMPLE 29: N-(4-amino-6-chloro-9H-f-carbolin-8-yl)-

nicotinamide

[00182] N-[6-chloro-4-(2,2,2-trifluoro-acetylamino) -9H-B-

carbolin-8-yl]-nicotinamide (38 mg, 0.088 mmol, 1 equiv.)
was suspended in 5 ml of MeOH and a 2 ml agqueous solution
of K3C03 (121 mg, 0.92 mmol, 10 equiv.) was added thereto.
The resulting clear solution was heated at 60 °C for 11 hr.
After cooling to RT, fine solids precipitated that were
captured by filtration and washed with 10 ml of water to
give 2.78 mg (10%) of N-(4-amino-6-chloro-9H-pB-carbolin-8-
v1l) nicotinamide.

'H-NMR (300 MHz, DMSO-d6): & 11.32 (s, 1H), 10.56 (s, 1H),
9.26 (s, 1H), 8.82 (d, 1), 8.42 (4, 1), 8.36 (s, 1H), 8.18
(s, 1H), 7.79 (s, 1H), 7.70 (s, 1H), 7.64 (m, 1H), 5.91
(br, 2H).

Formic acid standard conditions.

DAD RT = 1.55 min.



carboxylic acid tert-butyl ester [00184] A stirred
sol ution of 3-cyanonethyl-indole-1- carboxylic acid
wa eoooisyl ester (2.15 g, 8.39 nmol) in THE ¥FADU8L0P4/011080
was cooled to -78 C under an argon atnosphere. Sodi um
bis(trinmethylsilyl)amde (1 Min THF, 10 m, 10 nmol)
was added thereto and the cold solution was stirred
for 30 m nutes. |odonethane (627 uL, 10 mml) was
added thereto and the reaetildh-+i xture was stirred
1.5 hr while gradually warmng to 0 C. H20 (100 m)
MywHds=adéded thereto and the solution was brought to RT
and diluted with Et OAc WD 2004/ 092167
PCT/ US2004/ 011080 --113- (250 m). The aqueous | ayer

IN@SRMEDDNEE asd extianbeethilhinBo0ac 1(-2a@bok)yyl i thecid
conbi ned _organic | ayers were washed w th aqueous HCl
teri-bat¥ls6SHEPY, followed by brine, then dried over

oS, TiAt ssfatlaﬂd ‘Eo@QQHHBQESQeEBnQ'Er@fL%nQ@L0 ! 64

urification via colum chromat ography (hexanes ethyl
mack} aiv) DYAVEL60 ml) was stirred at RT. KyCO3 .3 g, 96

et By R cCrbr b ol Loj SO BRI 400  HPy 5 Dwéomg»g)h were
a@dngQhéQeté)ana ¥Be( @eadkrioh. ﬁthﬁSe ¥he Bti4red/ a29RT

(m 2); 4.56 (g, 1); 1.66 (d, J =7.2, 3) ; 1.63 (s,
for, 12NWERM§§QHT§QL -ml) was added to the reaction mixture

<32 PP TR AP O S SO 60

TBe(eyhﬂdsnnéhgldﬂBBbyvpdlmdohetlmethaboiyuaﬁ adi)dand the

R U R T I —

sbM 3§ UBREDSHEPe ] msblzgtea Bl,) ryasradded tbhenekosand
the reaction vessel was capped and vacuum purged 3

cyaneseihyh-andohe-Lorbpokedysin Pairy tBythputyde®sterhd 9.2
gixture was stirred 22 hr under 1 atm of hydrogen,
acuum purged with argon and filtered through celite.
Hhevr (300 MHz, DMSO-d6): & 8.08 (d, 1); 7.70 - 7.66 (m,

2); 7.42 - 7.29 (m, 2); 4.12 (s, 2); 1.63 (3, 9).
NH40Ac standard conditioms.

DAD Rf = 3.31 min.

M+H = 257.

INTERMEDIATE 47: 3-(cyano-methyl-methyl)-indole-1-
carboxylic acid tert-butyl ester

[00184] A stirred solution of 3-cyanomethyl-indole-1-
carboxylic acid tert-butyl ester (2.15 g, 8.39 mmol) in THF
(40 ml) was cooled to -78 °C under an argon atmosphere.
Sodium bis(trimethylsilyl)amide (1 M in THF, 10 ml, 10
mmol) was added thereto and the cold solution was stirred
for 30 minutes. Iodomethane (627 uL, 10 mmol) was added
thereto and the reaction mixture was stirred 1.5 hr while
gradually warming to 0 °C. Hy0 (100 ml) was added thereto
and the solution was brought to RT and diluted with EtOAc



filtrate was concentrated to an oil (670 ng) and

determned by LCVS to be conposed mainly of the
wale®inederonpound 3- ( 2- PCT/US2004/011080

am no-1-net hyl -met hyl ) -i ndol e-1-carboxylic acid

tert-butyl ester. NHAOAc standard conditions. DAD Rf

= 1.78 mn. MrH = 275. WD 2004/ 092167

PCT/ US2004/ 011080 --114- | NTERVEDI ATE 49:

4-met hyl - 2, 3, 4, 9-t et rahydro-113-3-

car bol i ne- 1- carboxyllc acid [00186] Crude
(25@2méh}noThenﬁﬁh?PﬂﬁeﬂﬁyE¥ WAgoreIPYegla pHEk PRIt agtied with

{ ter 7 p 4 S

%§éso?5g mf?fr,?§§0?8§%% %g %g?ﬁngf i and%ég% ﬁﬁ&?ed
w3BhmhguabuRTHCLhenNgoBcenE0amad , t doddoaiekdy byobirdne, then

under reduced pressure. The r sultlgg?oil

dyiedoPVel eSO MBI RBOREACEHE %‘?tg%\?g?i on PpErge
o%%4 8Pu%§fﬂh£t§8ﬂ vﬁgobgﬁuﬁh)cﬁkoﬁgtogkﬁgﬁ§l %e%%b%s ethyl

mmol ) was added thereto and
aceaatebngarmtarécmsosmelthedl m@thylhrlndplleﬂ —Claetpoxylic

cent The resulting solids were

eFﬁ?ﬁaﬁu%abSS 236\8 F?gl nly of the desired
1}@qmvun31bo MHz, DMSO-d6): & 8.09 (4, 1); 7.73 (d, 1); 7.69
4-met hyl - 2, 3, 4, 9- tetrah%dro IH-(3 carbollne | -

(éar%bxyVl E4aC| 4-B9 Lens2and4uS6d (Subddduéntiey (4, T = 7.2,

3§:h EE’ At hout purification. NHAOAc standard
6 AD Rf = 1.24 min. MtH = 231.
INTERNEDIATE 50:

- th -2 3, t d | H b 87
TR IR P 2 73 4 PR L ARG AP M3 e BT
cérﬁékggﬁxlaela0t@rea@@&9& edt&4 mol ) was suspended in

and HC1 (12 N, 5 nl) and the suspension

[00485]heat ed salut2onCofoB -1 chipnoteshall-awedvtlo -dosloleg1-
CQQonyilC acid tert-butyl ester (850 mg, 3.14 mol) in
methanol (15 ml) was stirred at RT. A Raney—Nickel
catalyst (50% g /wt suspension in H;O, 1 ml) was added
thereto and the reaction vessel was capped and vacuum
purged 3 times with argon, followed similarly by hydrogen.
The mixture was stirred 22 hr under 1 atm. of hydrogen,
vacuum purged with argon and filtered through celite. The
filtrate was concentrated to an oil (670 mg) and determined
by LCMS to be composed mainly of the desired compound 3-(2-
amino-l-methyl-methyl)-indole-1l-carboxylic acid tert-butyl
ester.

NH40Ac standard conditions.

DAD R = 1.78 min.

M+H = 275.



or ange- brown solids were renoved by filtration and

then dissolved in nethanol (5 m). A saturated sodi um
whe@aniasat e sol ution (20 m) was added t her et BCT/US2004/011080

producing a thick yellow slurry. This reaction

m xture was filtered to vyield yellow solids conposed

mai nly of 4-nethyl-2,3,4,9- tetrahydro-|H 13-carboline

(386 ng) as determ ned by LCM5. NH4OAc standard

conditions. DAD Rf = 1.23-vmih-WD 2004/ 092167

PCT/ US2004/ 011080 --115-- M+H = 187. | NTERMEDI ATE 51:
INTRBMFPTAGH. (3 c4rBeithyd (oG1dg) ~tetrahydro-1H-f-

-pethyl -2, tra ro-1 H 13-carboline (214 ny,
C%??‘?lrgn}%? \%’/g?b%ﬁ{éjgendgﬁqlcﬁ xylenes (10 m). Pd (10%
[00d86bNn cackade Bl(ﬂg)amaballystet\md —ackdég 1t) helmetad eatid-

t he action re was stirre 160 C for 24
chohPaY TEheAC a0 brad - tRE BRTSF 116 Pe B h AT el3 44
B8 ) f {rhEr At 8 sWa%edC QRC et FalRe obe cdrNess ¢ 0(29'1&&% and

4-met hyl - 94 (3-carboline (210 ng). 'H NVR (300 Mz,

sDVBO=d680 Bimnlar3RThr t@enl)con@emr@meds to Bn g.139 gadid

u?bérlfeéﬁg g PLESﬁy@%N&Z 2 r%é &é&g%’% %%%hgﬁégé&ged in

C Stan COﬂ

aRB M 3f2%aoha.: AMDH Buiddr LNILRVOR APE 524 8, 12 ml) and
Chl or 0- 4- net hyl -9H, 6- car bol i ne [ 00189]
HzQ ned HS}“%F(%Tcar‘B%YPﬁ%l%@?aﬁt ®%§2mﬁn0?)4€va§m01) was

~ agﬁéao k:ﬁ%ge'tg légd Hi@ r%a@t')loﬁn gll%thﬁfree%a%t sﬂrr@@ ﬁs 4 hr

mmol ) was added thereto and the reaction
am R.li‘ur ehms cosmt:lenrtethdr t® dryn8stur affte sediulming solids

“PE - PBBBEIGREM YPuPe FREPoBeH HRelv: ice N T re
c64PBuAl) 4-hBehganbi ned , orgarirehydro-1H-B- carbollne 1-
carboxylic acid by LCMS and used subsequently thereafter
without purification.

NH4OAc standard conditions.

DAD Rf = 1.24 min.

M+H = 231.

INTERMEDIATE 50: 4-methyl-2,3,4,9-tetrahydro-1H-B-carboline
[00187] Crude 4-methyl-2,3,4,9-tetrahydro-1H-B-carboline-
l-carboxylic acid (approx. 2.44 mmol) was suspended in H,0
(5 ml) and HC1 (12 N, 5 ml) and the suspension was heated
at 120 °C for 1 hr, then allowed to cool to RT. Dark
orange-brown solids were removed by filtration and then
dissolved in methanol (5 ml). A saturated sodium
bicarbonate solution (20 ml) was added thereto, producing a
thick yellow slurry. This reaction mixture was filtered to
yvield yellow solids composed mainly of 4-methyl-2,3,4,9-
tetrahydro-1H-pf-carboline (386 mg) as determined by LCMS.
NH40Ac standard conditions.

DAD Rf = 1.23 min.



| ayers were washed with brine, dried over MyS04,
filtered, and concentrated to give
WG 2@hioex167 4- net hyl - 9H (3-carboline (108 ng) aBCHOSM4/011080
""H NWR (300 MHz, DMSO-d6): 5 8.67 (s, 1); 8.19 (s,
1); 811 (s, 1); 7.57 - 7.54 (m 2); 2.82 (s, 3).
NHAQAc standard conditions. DAD Rf = 2.48 mn. MH =
217. WD 2004/ 092167 PCT/ US2004/ 011080 --116-
| NTERVEDI ATE 53: --115--
6-chl oro-4-nmethyl -8-nitro-9H, 6-carboline [00190] A
Ms¢Hl gti d870f 6-chl oro-4-net hyl -9H 1i -carboline (100
ng, 0.462 mmol) in trifluoroacetic acid (10 nl) was
stirred at RT. NaNO3 (106 ng, 1.25 mol) was added
ThireretroTAaRd stihe 4-ereiHy AR AH-B-WeebedS rad i 1 1 ed 30 mn,
then concentrated to give an orarégﬁe r esi due.

[00d88Liue wAsmeghydoRyed % f —metH %‘%&“@Hﬁ%%%dzu
y Ny é}d%%g?nw%fs A %weat ek %g,qeﬁ@éou%r r;atepd (10%

élut ion m’) causi ngthe formation of yello
ws0l bdscabbbnyweld capt weedllypt fialst ratdesh,theastied amd Kkhe

H20 10rr1 and Et20 (2 x 10 m) to. give
rEAEREBRoTA: m-ﬁrﬁywaé A a(ﬂs)léé’rb it (g2 hpgyrs, then
céHi@HRtﬁe’ﬁ@' NHg, f%@r‘é@) th§o%g?10 de3ith. Gd f{iStrBte was
(s, 1) ; 8.29 (s, 1) ; 2.89 (s, 3). NH4OAc
C§n§ﬁ§§r§t§dn§ptﬁ@ﬁ@eSSDAI Rive 3-06tHYH.-ni~capdpline
DI ATE 54.
é chf“g 0- 4- net hyl - 9H-, 6-carbol i n-8-ylam ne [00191] A
'Baiak i O30 ©f M6z ¢ hbugo-~ 46mst Byl187Ri {bo- S+ 3) ;car.hél iibe s,
80 0.31 nmmol) _in MeOd (10 nd sstlrred at RT.
FaBl Alm{EL 0% ue B3 ddirbary 9 o) SRa yav e adlderd 1)
7t Qgrqq._o and bhegrqact isgn vessel was capped and vacuum
purged 3 tinmes with argon, followed simlarly by
NHyQRogeipandard conditions.

DAD Rf = 2.24 min.
M+H = 183.

INTERMEDIATE 52: 6-Chloro-4-methyl-9H-B-carboline

[00189] 4—methyl—9H—B—carboline (97 mg, 0.532 mmol) was

dissolved in HCLl (1N, 4 ml) and stirred at RT. NCS (85 mg,

0.637 mmol) was added thereto and the reaction mixture was
. stirred for 5 hr. Saturated sodium bicarbonate solution

(20 ml) was added thereto and the reaction mixture was

extracted twice with EtOAc (100 ml). The combined organic

layefs were washed with brine, dried over MgSO,;, filtered,

and concentrated to give 6-chloro-4-methyl-9H-B-carboline

(108 mg) as an oil.

'H-NMR (300 MHz, DMSO-d6): & 8.67 (s, 1); 8.19 (s, 1); 8.11

(s, 1); 7.57 - 7.54 (m, 2); 2.82 (s, 3).

NH.O0Ac standard conditions.

DAD Ref = 2.48 min.

M+H = 217.



The reaction mxture was stirred 1.5 hr under 1 atm

hydr ogen, then vacuum purged with argon, diluted with
wo@ak/0921607 M ) and filtered through a 0.2 uM syPCTyg82004/011080

filter. The filtrate was concentrated to yield

6-chl oro-4-nmet hyl -9H (3- carbolin-8-ylamne (67 ng) as

a light brown oil. 1HNWR (300 WHz, DVsO-d6): 5 9.04

(s, 1); 8.29 (s, 1); 7.74 (d, 1); 7.10 (d, 1); 2.98

(s, 3). NH4OAc standard coreiidé-ons. WO 2004/ 092167

PCT/ US2004/ 011080 --117-- DAD Rf = 1.89 min. MtH =

231. EXAMPLE 30:
IP%%%@%%&%&% 3?F%ﬂ%hg%§b§49§kﬁ%5hﬂsﬁﬁ@ékolyé¥§légyﬂé¥%ne
[NHQQ]OFO A pelLhyk oBHof3 6cahbotrion-48 meyhgmi—ve(4dafholine

in pyridine % m) was stirred at RT under
éﬂoamgon a@ﬁﬁsﬁﬁ@ﬂé 1R 69¢ﬁ89F°€ﬁP5ﬂFdéCH§HrééhF%h|(ﬂ?s

&49r58 ag ﬁ% nnﬁ%h ?1@gdﬁ% tfeﬁgtﬂm?f? %Q@ aﬁ@@ﬁttﬁgreto

mXxture was sStirred for The so i on was
addluhedraathlbﬁcnﬁﬁtmkp ane poureed B3t00mdE nsedveat or y

f unne t n|n m ) and 5 mM).. The
CPHARREEREN Pl S rnas hARB e a R oA 0y T e AUE was
assparatadinTheonaqeeauy baveheWdgaeXaCtRd oM EdENn of

(2 x 25 m). The conbi ned organic Iayers wer e washed

awpphusasatupadayns bdicambopresr BeR#ta ool (G0 aﬂr)( Bufing the

shohhoved by boine, Lhenddriady auel WSRh-dd bipred

concentr
fehtoadidnpewvhpghelHw{iBhcapbol1n- ﬁlylanaiEbﬂDnanbde1Q5n2 to

oPibcpaeniosor i echy 29 R dor g Capbolgmey (B2 mey..
1}&1@%((530@)1\4}129 41‘5'Mé<§+dé)z 8- @090 §J21§Fn 825 (s, 1); 8.55

3.(s, 1) 6 (s s, 3). NH4OAcC
(stahﬁara a@ndstléms 2. 89 (s, 3)

NH;0Ac standard conditions.

DAD R¢ = 3.00 min.
M+H = 262.

INTERMEDIATE 54: 6-chloro-4-methyl-9H-B-carbolin-8-ylamine
[00191] A solution of 6-chloro-4-methyl-8-nitro-9H-B-
carboline (80 mg, 0.31 mmol) in MeOH (10 ml) was stirred at
RT. Platinum (10% wt. on carbon, 24 mg) catalyst was added
thereto and the reaction vessel was capped and vacuum
purged 3 times with argon, followed similarly by hydrogen.
The reaction mixture was stirred 1.5 hr under 1 atm
hydrogen, then vacuum purged with argon, diluted with DCM
(10 ml) and filtered through a 0.2 uM syringe filter. The
filtrate was concentrated to yield 6-chloro-4-methyl-9H-f-
carbolin-8-ylamine (67 mg) as a light brown oil.

H-NMR (300 MHz, DMSO-d6): & 9.04 (s, 1); 8.29 (s, 1); 7.74
(d, 1); 7.10 (d, 1); 2.98 (s, 3).

NH;0Ac standard conditions.



it

DAD Rf = 1.92 min. MtH = 337. | NTERMEDI ATE 55: 1,

1- Di oxo-116-t hi onor phol i ne-3, 4- dicarboxylic acid
wa2aoe0921but yl ester [00193] PCT/US2004/011080
Thi onor phol i ne- 3, 4-di carboxylic acid 4-tert-butyl
“ester (120 ng, 0.485 mmol) was dissolved in Et20 (8

m). To the solution was added nCPBA (172 ng, 0.994

nmmol ), followed |later by a second portion of nCPBA

(84 ng, WD 2004/092167 PCH-UDO4/011080 --118- 0.485

mol ). The precipitate which fornmed was filtered,
DMSRed=V\lt$19 En0. and dried to yield a white solid of

?ggxo-lZG-thionDrpholine-3,4-dicarboxy|ic acid
-ter utyl ester (74 ng). EXAMPLE 31

1, 1- Di ox0- 126-t hi onor phol i ne- 3-car boxylic acid

(6 chl oro-9H (3-carbolin-8-yl)-am de [00194] A slurry
EXAMBLEWB A N7 pI-ghiarand (ReehydaPHnBgcaybediine 8ead iy,

ngcigg Eg, 1, 1- di oxo- 126- thlonDrphollne-

- xyllc acid 4-tert-butyl ester (72 ng, 0.257

[00d92]) , and EBCLt(3d6 oy, 6ecagsrmﬁékmethyﬂyﬁmdﬁﬁ@a@bqﬁgn 8-
) heat to 7 Af t 1 hr, t sol ven

Y %Wb@@d gd@? rgdgée Eés%ﬂr?ygﬁ 1Pfre | #egﬁptwﬁﬁ Fhigred

afl kT WA ﬁob¥§6nl8tMB§bhé%e”‘)N1EB%1H%Qﬂ Sol1rierR
was added drop-MAse to a stirring solution of aqueous

hxdrocslandde (48] mew Pr8&i ppal e Wags afdede dheriekos @ndy the
r‘é?%ﬁi'olﬂ]tc 1§9u RO AN-To P Lo lo e | %g;tof' pgdh&n 2 ;MHgol' ion was

aF St I'rring” OVErnig e resulting yellow
dsottdawasthi Ht@r sl ahd ﬂmﬁeﬂouredyiﬁtd a yebhoateoli unnel

the di-HCL salt_of_1, 1- D oxo- .
CPRFB#BI PR el 3- B0t n%%% FEOAC 325 ml). The reaction
miﬁtﬁ?éo%gsgghéﬁeﬁaéﬁelkﬂe81?¥éks?W%§% %é?a&%ke@ﬂH'Mﬂa

;  8.54
a@deoty; 18y8Y wds &kfrzce4d(with) EtOAQl (Rdek, 25) ml4..15 The

combined organic layers were washed with a saturated sodium

bicarbonate solution (15 ml), followed by brine, then dried
over MgSO., filtered, and concentrated to yield N-(6-
chloro-4-methyl-9H-pB-carbolin-8-yl)-nicotinamide (5.2 mg)
as an orange viscous oil.

lH-NMR (300 MHz, DMSO-dé6): & 11.67 (s, 1); 10.70 (s, 1);
9.27 (s, 1); 8.83 (s, 2); 8.45 (s, 1); 8.20 - 8.12 (m, 2);
7.83 . (s, 1); 7.66 (s, 1); 2.80 (s, 3).

.NH,0Ac standard conditions.

DAD Rf = 1.92 min.

M+H = 337.

INTERMEDIATE 55: 1,1-Dioxo-1A%~thiomorpholine-3,4-
dicarboxylic acid 4-tert-butyl ester

[00193] Thiomorpholine-3,4-dicarboxylic acid 4-tert-butyl
ester (120 mg, 0.485 mmol) was dissolved in Et,0 (8 ml).

To the solution was added mCPBA (172 mg, 0.994 mmol),
followed later by a second portion of mCPBA (84 mg,



3.75 (m 4); 3.64 - 3.58 (m 2). NH4OAc standard
conditions. DAD Rf = 1.57 mn. MH = 379.

WO MNDERVEBDI ATE 56: PCT/US2004/011080
6, 6- Di et hyl - nor phol i ne- 3, 4-di carboxylic acid
4-tert-butyl ester [00195] To a suspension of
6, 6- di et hyl - nor phol i ne-3- carboxylic acid (5.56 g,

34.9 nmmol) in dioxane (58 nmL) was WD 2004/ 092167
PCT/ US2004/ 011080 ..... .77118-=119-- added aqueous
pot assi um car bonate (1M, 58 nL). To the resulting
OcK88r TEWIOr-| edHes HERGisr tvde athded dionnad g yfiltered,
vAEBAPANUL 90 14nd afied EBPLLo1ENG HALML @B14RSor 1,1-
irre dom tenmperature odver ni ght he reaction
difoxburle®wakiotlorphetlineth, Waﬂer:a(:BO&me.): andd He tpMtobutyl
the solytion was confirned to be approximately 7. The
ePEREL i 8;4 MNture was poured into a separatory funnel
and extracted with Et20 (2 x 100 nlL) to renbve excess
di -tert-butyl dicarbonate. The aqueous |ayer was
EZSMBLE 8d by, Add@ioxor 19 - sNi angephe 1 Hae - 3wcpirborividicngcid
. Thedn xture was quickly
d the organic
[00494] s wepe sQarkivned, 6didhadrovar- ATRgiesiaHn SWdmcl in-8-
filtered, and concentrated to yield a cl %ar col orl ess
vépminethd3omo wls 1di8s &8oddd iln 1E152@X(°3(} Fhlomorph"llne‘ ‘

3t gl Ei'i"c%tr%@ il a@%’&a'l@%e&@%d‘ég)l and. congenty ated to

yield a white solid. The solid product was placed on
Ot aé7hmgtp1\)acam1m M {(¢[3 mgevé)r 319 thowcd,) aﬁ't@ymtdlo‘re

g ggof?lGdl )§ i ne-3,4-dicarboxy
%) VeSS é?st é)r o5 e d ('97HYi eq en was
oMl G%Q{Qerl\/lilédu@kﬁop&@s-su&el%n% the rBsul4idly (da(id&' 01l

1); 3.98 - 3.83 (m_2); 3.48 ("dd", 1); 2.81 ("dd",
wap; disgglved in MeOH (1’ ml). 'The MeOH solution was added

drop-wise to a stirring solution of agqueous NaHCO; and a
vellow precipitate was formed. The solid was filtered,
dried, and dissolved in 2 M HCl in Et;0. After stirring
overnight the resulting yvellow solid was filtered and dried
to yield a yellow solid, the di-HCl salt of 1,1-Dioxo-1A°-
thiomorpholine-3-carboxylic acid (6-chloro-9H-B-carbolin-8-
yl)-amide (78 mg) .

'H-NMR (300 MHz, MeOH-d4): & 9.26 (s, 1); 8.74 (d, 1);
8.54 (d, 1); 8.37 (4, 1); 7.94 (4, 1); 5.01 (dd, 1); 4.15 -
3.75 (m, 4); 3.64 - 3.58 (m, 2).

NH40Ac standard conditioms.

DAD Rf = 1.57 min.

M+H = 379.

INTERMEDIATE 56: 6,6-Dimethyl-morpholine-3,4-dicarboxylic
acid 4-tert-butyl ester
[00195] To a suspension of 6,6-dimethyl-morpholine-3-

carboxylic acid (5.56 g, 34.9 mmol) in dioxane (58 mL) was



("dd", 9); 1.15 (s, 3); 1.08 ("dd", 3). NH4QAC

standard conditions. DAD Rf = 0.98 mn. MH = 258.
WO NDERMVERI ATE 57: (S) -5- (6-Chloro-9H f 3-carbol/is2084/011080
_ylcarbanoyl)-2, 2-dinethyl-norpholine-4-carboxylic

acid tert- butyl ester [00196] The desired conpound

was prepared according to Mthod C from

6- chl oro-9H ( 3-carbol i ne- 8-yl am ne and 6,6 WO

2004/ 092167 PCT/ US2004/ 011080.9— 120-

di met hyl - nor phol i ne- 3, 4-di carboxylic acid 4-tert-butyl
a@@e@raqneeas@ypeaas1mﬁmﬁm@beum@ﬁadéﬂl3@@N@ﬁv -5 Tp. Zhe

r%gg&%%%g i}e?r c?%o%%egi golééézﬁ)wasl?aée 1ker£ Egtyl

A{ BarBdnabde2%9-14. &4 &m. 91lkhinod)07 (He, sbﬂut&o@Awas 3t8&red
(m 1); 3.30 - 3.14 (m 1); 1.41 ("dd", 9); 1.21 (s,

aB) rogm] 5efgeraFur RHAVRE N4 Bhkdar §PEoKEPEILSRE. MiBABLRf Was

5 I L 9
S K R T S R
c@nﬂ&&ﬁhahtb béﬂEﬁ@EﬁkAﬁEtE&y /. (Srhed4repe8)ion mixture was

péﬁré OF?E %3L662§P§¥dggpae¥ and extracted with Et,0 (2

x(ﬁO@th§Otgkkgﬁb@ecékE@%bndﬁ t¥kl-8ucge dicarbonate. The
trifluoroacetate saItﬁ%OOlQ? The desired conpound was

aprepasedavskrnyachacidisiegdr breaddatasnf of OAt acmedgt ECL
wEhpor b briie: BBELH by PY BT, P cupBasyrfos 2. ERseliguTe e
qiDeRhol erRerdcecadbexyhi Etawi (R ter2obutly) &ﬁﬁethandrganlc
1§§égggwggé|gganiﬁgﬁ Igrggg E@ggckkége%hﬁ %%h%g %ﬁep
filtered, and concentrated to yield a clear colorless oil.
The oil was dissolved in Et;0 (50 mL), triturated with
hexanes (150 mL), and concentrated to yield a white solid.
The solid product was placed on the high-vacuum pump for
several hours, after which 8.85 g of 6,6-dimethyl-
morpholine-3,4-dicarboxylic acid 4-tert-butyl ester was
obtained (97% yield).
M-NMR (300 MHz, DMSO-d6): & 12.95 (s, 1); 4.35 (“dd”, 1);
3.98 - 3.83 (m, 2); 3.48 (*dd”, 1); 2.81 (*dd~, 1); 1.39
(*dd~”, 9); 1.15 (s, 3); 1.08 (“dd”, 3).
NH4.OAc standard conditions.

DAD Rf = 0.98 min.
M-H = 258.

INTERMEDIATE 57: (S)-5-(6-Chloro-9H-B-carbolin-8-
ylcarbamoyl) -2, 2-dimethyl-morpholine-4-carboxylic acid
tert-butyl ester

[00196] The desired compound was prepared according to

Method C from 6-chloro-9H-B-carboline-8-ylamine and 6,6-



1H NWVR (300 MHz, D20): 5 1.16 (d, 3H), 1.25 (s, 3H),
1.28 (s, 3H), 2.41 (d, 1H), 2.59 (dd, 1H), 2.89 (dd,
wdakdog/o2186 (d, 1H), 3.35-3.50 (m 2H), 3.95-4rPdBUSIVN4/011080
2H), 7.59 (d, 1H), 7.97 (d, 1H), 8.11 (d, 1H), 8.30
o (d, 1H) T 8.40 a7 1H), 8.94 (s, 1H). Retention Tine
(LC, nethod: ammonium acetate standard): 1.57 mn. M5
(MrH+) @ 416.2. WD 2004/ 092167 PCT/ US2004/ 011080
--121- [00198] METHOD E: GCotigdd-ng procedure using
(S)-4-((S)-2-
d;[amehbybrmypl;loémedﬁ et A FarBPBKSLEFnacddc 4risek-brtyl
?I {9- 8?@'?5?18"" bet a- car bol i n- 8-yl ) -am de
r|

uor oace e salt
1}&(@;)1%461'6»(@ %Qm%mfﬁ)op@”)hﬁ?ﬁﬁ ousnelgyllmmh;oi)s;nmg 9.05
car boxylic aci C [ O- ta-carbolin y m de
(8ritl toPodBeldt eldal P+ ? égm'rg é) 8-FBTU% 11 m¥o|9 s) s 1);

athg a@'%(%m251?3)mhe§% 104b§4CQMD| eq; aadoﬁtiladgﬁ@ 3.64
mol es basic p were taken into acetonitrile
-nB)56Tke, HasuBtBﬂg mBxtLdr émwad) st iLr Add (A8ddnbi%ent 1.21 (s,

3$(§n¥e gtkj %gr 4- 15 hrs. The reaction m xture was

he {) Ptiohed into EtOAc and .10% aqueous Na2COB

NS@AL | Shnddel sepadat Bshs aqgueous phase was further
extracted wth Et CAc. The conbined extracts were

DARcRessiVeld Mshed with 10% aqueous Na2CO3 sol uti on
m@fd_bgige, dried over Na2SO4 and concentrated

conpl efely. The residue was purified on silica
Ch2=aWBPH- CH2C22% £o.gi ve the correspondi ng product.

LE 39; 6,6-Dinethyl-4-[2-(2,2,2-trifl uoro-
Cﬁ?@%@?%ﬁﬁ 718) QBEBWI] m);r phol[l ngz 3-carboxylic acid (6-
169! 97 o- BEbhiuersheki RoBt¥lihiag de1s EEOH99]

4- ( 2- Am no- propyl ) -6, 6-di met hyl - nor phol i ne- 3-
carboxylic acid (6-chloro-9H 0-carbolin-8yl)-am de (3

I&%%%'Iﬁ’}bt bgt138) -¥ag @yspendad ol B Abeh!) Q0B idNE ny1 -
morpholine-3-carboxylic acid (6-chloro-9H-beta-carbolin-8-
yl)-amide trifluoroacetate salt

[00197] The desired compound was prepared using the same
procedure as for Intermediate 35 starting from (S)-5-(6-
Chloro-9H-beta-carbolin-8-ylcarbamoyl)-2,2-dimethyl-
morpholine-4-carboxylic acid tert-butyl ester and using
Boc-alaninal in the reductive alkylation step in 60% yield.
'M-NMR (300 MHz, D20): & 1.16 (d, 3H), 1.25 (s, 3H), 1.28
(s, 3H), 2.41 (4, 1H), 2.59 (dd, 1H), 2.89 (dd, 1H), 2.95
(d, 1H), 3.35-3.50 (m, 2H), 3.95-4.15 (m, 2H), 7.59 (d,
1H), 7.97 (4, 1H), 8.11 (4, 1H), 8.30 (d, 1H), 8.40 (d,
1H), 8.94 (s, 1H).

Retention Time (LC, method: ammonium acetate standard) :
1.57 min.

MS (M+H'): 416.2.



m.) along with 5 equivalents of triethyl am ne.
Trifluoroacetic anhydride (56 L, 2 equival ents) was
w@oaeds2iend the mixture stirred at room t enper BET/US20D40011080
an hour. The solvent was renoved by rotary
evaporation. The product was purified by silica gel
flash chromat ography (5% nethanol / dichl oronet hane,
product Rf 0.3) to afford 1g. 1H NVR (300 MHz,
relative to CDC13 peak at ~=Bppm 5 10 (s, 1H), 9.7
(d, 1H , 8.7 (s, 1H), 8.6 (s, 1H), 8.2 (d, WO
[00088) 0921BETEOD BS200M031008@rocetpre ningg 6 s 4- ((S) -2-

8
afipo-§idny R -Rrp-and eiTy-fikop s -ty eda (s-
chdord-Bi-betadcbdboldbh-8-¥13 -aaid@Heri fluwdrdaceddce salt
ammoni_ um acet ate standard net hod) retention tine

CMVS
[£S>14é4 (/) n2-prine-propyiy -8 Srdf methaNpmerpRoline-3-
cérﬁ:g%%ﬁ.gcmég&%ﬂ QW _e B&%péhlb@tg @'a%totiﬁ.lrf—S—yl) -amide
nor S)

-car oxyllc aci
ttﬁfahbmbaeeﬂabecaahmlMﬂ-@ mylolleam ABTIU0020Q mitvdes) , the

desir nd mas epar e ccordi ng .t he
G Bvi G2 oBRUPE)  EorPR. CRuRIEHo SR oBHR. §455ARHELRSY -
bgBA BN hbn%e%ec%&R@ﬁYHh%oaéb@tonltrlle(10 ml). The
(6-chloro-9H 0-carbolin-8yl)- amde (3 CF3COH sal t)

raﬁdlﬁééglmlﬁﬁﬁVGrWéé SERHrNRR e30emEn tmiepergdure for 4-
l%H;;)%E ’gl"gg réa ﬁ)ngn( g%ﬁ(%i% nyﬁ%?’ tEfé%B %@t’ t%%:}l%o{zig]é:o
Egﬂggll(aﬁld EDOQZa(Ideoihg) Na3c@4g ddﬂluﬂjl-d)n 3re8 ié@ar%’d:&d

. , .78 . IH), 7.9 27 1
agiBuEa Phakp VgL ENELBR P TOEC B B0 TR
c@ﬁ%&ﬁé?(ékﬁﬁgéEg)weré %ﬁc@b%31vél§w%aghed.ﬂa&h.Eﬁ%NPHEeous

S) - 2- Met hanesul f onyl am no- propyl ) -
Na;C0Os; solution and brine, dried over Na,S0, and

concentrated completely. The residue was purified on silica

(2-7%MeOH/CH,C1l,) to give the corresponding product.

EXAMPLE 39: 6,6-Dimethyl-4-[2-(2,2,2-trifluoro-

acetylamino) -propyl] -morpholine-3-carboxylic acid (6-

chloro-9H-B-carbolin-8-yl)-amide:

[00199] 4- (2-Amino-propyl) -6, 6-dimethyl-morpholine-3-
carboxylic acid (6-chloro-9H-P-carbolin-8yl)-amide (3
CF3COOH salt) (1.5g) was suspended in dichloromethane (80
mL) along with 5 equivalents of triethylamine.

Trifluorocacetic anhydride (56 pL, 2 equivalents) was added
and the mixture stirred at room temperature for an hour.
The solvent was removed by rotary evaporation. The product
was purified by silica gel flash chromatography (5%
methanol / dichloromethane, product Rf 0.3) to afford 1g.
'H-NMR (300 MHz, relative to CDCl; peak at 7.3 ppm) & 10
(s, 1H), 9.7 (4, 1H) , 8.7 (s, 1H), 8.6 (s, 1H), 8.2 (4,



di met hyl - nor phol i ne-3-(S)-carboxylic acid
(6-chl oro-9H b- carbolin-8-yl)-am de [00201] The
walemiunexderonpound was prepared according to MCTOS2084/011080
1H NWVR (300 MHz, nethyl-d3 alcohol-d) : 5 1.28 (s,
h3H) 10297 T (d,"3H), 1. 43 (s, 3H), 2.28 (d, 1H), 2.57
(m 1H), 2.66 (m 1H), 2.98 (s, 3H), 3.03 (d, 1H),
3.34 (m 1H), 3.66 (m WO 2004/ 092167
PCT/ US2004/ 011080 If" n ——12&—5- v,,, oMo

( a n| ta
Toar 3?2 Tt rﬁ‘% ?Nﬁm@‘)@ %5”4@% %a 1), 2.2

(4;{2- Ho 4164D(ﬁtet ByAl) - pyLr. i3 (eki, néHS cdr.lzonmyd )-3H

mno - propyl } -6, 6-di net hyl - 3- carquyll
LGMB (S{EoBRPBr 8C8HabE! stesgst lhﬁré)% J{Oé’ofdf]e =
17Bg dggi.red conmpound was prepared usi ng [4 (2-

Am no-propyl ) - 6, 6- di met hyl - nor phol i n-3-yl met hyl ] - (6-ch
(Mbro-5D bt &= Gelrdol i n- 8- yl)-am ne and 4, 6-di net hyl
pyrim di ne-5- carboxylic acid followng Method E in
51% yi el d. 1H NVR (300MHz, DMSO): 5 11.27 (1H, s),
EXQMO2E(4bl: s) 4-9.(8) -bLlHces) 1 athi®6-obidpya)) — 6865d11rléthy1—

d),83(1Hd 8.22 (2H m, 7.88 (1H, s

mgyphelgnes - ( carbo;xyimc FFid A636h Q92H 50)3111’1—8—
y@ i’nﬁe(?’H s) 124(6H n) Retention tine (LC
—n'et—ﬁo%l-——ammnl um acetate standard): 1.50 mn. M

U@E@ﬂﬁ) 55heEXéNEkEd4aomb8hn@4was prepared according to
-Di net hyl -4-{ %erethﬁl- pyri di ne-
t@@aPESWPPﬁn?ﬁ@I“BFSp PO g oﬁm@%%%&yﬁ S-gdmpthyl-

mg phgﬁ 39959%E§yi§rbg 1% §6X£hf@y J@HLB—carbolln—8yl)—
amide (3 CF3COOH salt) and acetic anhydride.

'H-NMR (300 MHz, methyl-ds; alcohol-d): & 1.15 (d, 3H), 1.23
(s, 3H), 1.39 (s, 3H), 1.98 (s, 3H), 2.24 (4, 1H), 2.38 (m,
1H), 2.68 (m, 1H), 2.92 (d, 1H), 3.24 (m, 1H), 3.98 (m,
2H), 4.22 (m, H), 7.78 (4, 1H), 7.98 (m, 2H), 8.27 (d, 1H),
8.84 (s, 1H).

Retention Time (LC, method: ammonium acetate standard):
1.54 min.

MS (M+H'): 458.

EXAMPLE 41: 4-((S)-2-Methanesulfonylamino-propyl)-6, 6-

dimethyl-morpholine-3-(S)-carboxylic acid (6-chloro-9H-b-

carbolin-8-yl)-amide

[00201] The desired compound was prepared according to
Method E.

TH-NMR (300 MHz, methyl-ds; alcohol-d): & 1.28 (s, 3H), 1.29
(d, 3H), 1.43 (s, 3H), 2.28 (d, 1H), 2.57 (m, 1H), 2.66 (m,
1H), 2.98 (s, 3H), 3.03 (4, 1H), 3.34 (m, 1H), 3.66 (m,



[ 00203] The desired conpound was prepared according to
Met hod E from (S)-4-((S)-2-Am no-propyl)-6, 6-di net hyl -
woreoplgdishe- 3- car boxylic acid PCT/US2004/011080

~ (6-chl oro-9H-bet a-carbol i n-8- yl)-am de
" fT Uiof'oacetate salt and 2-nmethyl -nicotinic acid in

75%yield. 1HNWR (300 MHz, DMBO-d6): 5 1.21 (s, 3H)

1.22 (d,3H), 1.36 (s,3H), 2.10 (d,IH), 2.42 (m1H),

2.60 (m1H), 2.99 (d,lH),—%ﬂZHL{n11FD, 3.92 (m 2H)

4.22 (m1H, 7.22 (dd,1H), 7.65 WO 2004/ 092167

1RCT/ USED04h012880 7.67. (d, 1H), 8-1Pa-(m,(@HiH) 8.329dd,
%g 153898 16 E 1FD 8.23 (s,lkb, 8.31 (d,1H), 8. 38

9.02 (s,1H),10.04 (s,1H), 11.26

RéSenttdn. TEﬁéemLCQnmEEHBd(Lﬁmmﬂﬁﬁh@dacémmm@ gaadet-dt) e

standard): 2.16mn. M5 (MtH+) @ 5 3 5. 5. EXAMPLE 44:
1656-Difet hyl - 4- {2-[ (tet rahydr o- pyr an- 4-

ﬁgﬁy}) noj - propyl } - nor phol i ne- 3- car boxylic acid

% Ioro b-carbol i n-8-yl)-am de: [00204]

4- (2- Ami no- propyl ) - 6, 6- di net hyl - nor phol i ne- 3-

carooxyllc aci d hi b-carbol
EXAMPEEY {/ dv{ \ . y
-aﬁhh@ﬁL§§Op9i? Bl)- ahﬁﬁﬁhyﬂtﬁo§pﬁ@Qhﬁ%L@nE%r%%xyl1c acid

trietnytam ne. Nbrpn0||ne 4-carbonyl chioride (/0 ng,
(6-ghégyuPvaHehesp-a bdded-¥ad -BR&OR xture stirred at

tenp ern | "The sal vent
308 o7y TBGa e iR ML TS
Aﬁiﬁ@aﬁab ye) TkCeonimelhga- m@kghaalleLQQmethyl]-(a chloro-
nmet hanol etth acetate as eluent, product R O
in

9Fr-bpHa-g8rhglin-B-NilR-pBODNVPRA ﬂela@#@@t#alcggégmﬂééwe-5-
c§%$§§§&?82}82g2;§%1€&§ngH?§th§d2E G 54k 18197 99

IH-NMR (300MHz, DMSO): & 11.27 (1H, s), 10.02 (1H, s), 9.0
(1H, s), 8.86 (1H, s), 8.5 (1H, d), 8.3 (1H, d), 8.22 (2H,
m), 7.88 (1H, s), 4.1 (1H, m), 3.9 (2H, m), 2.99 (2H, m),
2.36 (6H, s), 2.1 (2H, m), 1.3 (3H, s), 1.24 (6H, m).

Retention time (LC, method: ammonium acetate standard) :
1.50 min.
MS (M+H+): 551

EXAMPLE 43: (8)-6,6-Dimethyl-4-{(S)-2-[(2-methyl-pyridine-

3carbonyl)aminolpropyl}-morpholine-3-carboxylic acid (6-

chloro-9H-beta-carbolin-8-yl)-amide.

[00203] The desired compound was prepared according to
Method E from (S)-4-((S)-2-Amino-propyl)-6,6-dimethyl-
morpholine-3-carboxylic acid (6-chloro-9H-beta-carbolin-8-
yl)-amide trifluoroacetate salt and 2-methyl-nicotinic acid
in 75% yield.

'H-NMR (300 MHz, DMSO-dg): & 1.21 (s,3H), 1.22 (d4,3H), 1.36
(s,3H), 2.10 (4,1H), 2.42 (m,1H), 2.60 (m,1H), 2.99 (d4,1H),
3.20 (m,1H), 3.92 (m,2H), 4.22 (m,1H), 7.22 (dd,1H), 7.65



3.85-3.95 (m 2H), 3.5-3.6 (m 5H), 3.3-3.45 (m 2H),
3.15- 3.3 (m 2H), 2.85-2.95 (d, 1H), 2.6-2.72 m 1H),
WQ2®489187 (m 1H), 2.2-2.28 (d, 1H), 2.0 (s, 2¢§/pUS2004/011080
» 1.35-1.45 (d, 3H), 1.05-1.25 (m 6H). LCMS (ammoni um
e deetrat’'e”st andar d nethod) retention tinme= 2.39 min. (M-
= 529; M = 527). WD 2004/092167 PCT/ US2004/ 011080 L.
rryytrt L11 ,.al., --125-- EXAMPLE 45:
4-{(S)-2-[(1-Acetyl - pyrrol-idi2de~2-(S) -
car bonyl ) - am no] - propyl } - 6, 6- di net hyl - nor phol i ne- 3-(S)
(d, Tar bokyd0 c(=acld) (68 ¢hb of @- DED b-8aZBoll BniBlyl 8- aki de

0 ed,C t
(etihodt £50 14 N (300 RRES: Bl nyf L3 SPestior 2dy Dig e’ 26
1.2 (8490, 1.28 (s, 3K, 139 (s, 3K, 195 (m

3H), 2.05 (s, 31:;%’ 2.17 (m 1H), 2.28 (d, 1I—|2_4
Repgniign P Pp@thg 5am@on1pm ageg@t§n§ §p§ard

3Jf-85‘§ m 1H, 3.61 (m 1H), 4.05 (m 2H), 4.18 (m

1 .34 (m1H), 7.78 (d, 1H, 8.10 (m 2H), 8.33
Mg d( M-HI-H) &3%0.5.s, 1H). Retention Tinme (LC, nethod:

amoni um acetate standard): 2.07 mn. M (MH)

555. LE 46_,

SRR 1Ayt o pimetel st hr [ { Geknghydraspyran-a-
c&AHORY) 2 8Pl p PEOPY | InoPERbLLhees 3caapbeyyh bcaaeid (6-
(b- chioro- H- be{acar boli n8d|) am[ ge (500206] The
PR -L YW : BHAESI ng - -
[oﬁﬁiygo pr o yt% BnPad gﬁagyi ' Bhalige fyy L ABERKb 168- 5N
cé'vrkbmimid: saxid ol e—chlbfmyﬂm bhd:arbdklﬁeBl—'gW) ngm&/éehd)a

E 61% I d "H NVR (300MHz Q: 5 .
CEUPH FAT) (0 T e SuaenqaT, LayTe BT grie, Chijotide
ﬁzanﬁ?hhl&ﬂg Jl@h(ﬂkkqulvalents of triethylamine.

Morpholine-4-carbonyl chloride (70 mg, 1.3 equivalents) was

added and the mixture stirred at room temperature
overnight. The solvent was removed by rotary evaporation.
The product was separated by preparative TLC on silica
plates (10/90 methanol/ethyl acetate as eluent, product Rf
0.4) Yield: 83 mg.

IH-NMR (300 MHz, relative to CD30D peak at 3.3 ppm) & 8.8
(s, 1H), 8.27 (4, 1H), 7.9-7.99 (m, 3H), 3.95-4.15 (m, 2H),
3.85-3.95 (m, 2H), 3.5-3.6 (m, 5H), 3.3-3.45 (m, 2H), 3.15-
3.3 (m, 2H), 2.85-2.95 (d, 1H), 2.6-2.72 m, 1H), 2.3-2.43
(m, 1H), 2.2-2.28 (4, 1H), 2.0 (s, 2H), 1.35-1.45 (4, 3H),
1.05-1.25 (m, 6H).

LCMS (ammonium acetate standard method) retention time=

2.39 min. (M+ = 529; M- = 527).



s). 6.47 (1H, s), 3.87 (2H m, 3.17 (2H m , 2.9
(1H, d), 2.7 (1H m, 2.3 (4H, 2.1 (1H, d), 1.29
W@ 3d4/09167 1. 15 (6H, m. Retention time (LC, neCTO82004/011080
amoni um acetate standard): 1.81 mn. M5 (MtHt): 526
RO 26641092187 PETT 1YS2004/ 011080 - - 126- EXAMPLE 47:
6, 6- D net hyl - 4-[ 2- (3- et hyl - urei do) - propl yl ] -
nor phol i ne- 3- car boxyl i ¢ acid
(6-chloro-9H (3-carbol i n-8-yl95--ani de: [00207] 4-
(2- Ami no-propyl) -6, 6-dinethyl-norpholine-3-
EX3MPoR Y45 ¢ f&eiﬂ(1ISI{3213IE1I(3;1*6C39155/’{}-1&221-’1!5@iLFLfﬂlB?I-,q —df)de (3

cg%oggg E%ﬁggg_ﬁ%%@;;§g§,8§@dﬁgtbglg' ghg' ALOTRLNANG)

chSB6XPNRE eaf2d eguiMabest s)i-wecarbdled-si-vu) tanedes! y.
—After one hour at roomtenperature solvent was
[00208Ived bYheofaryredapeiBeIBA. washergPadae: aggerding to
Mgg]{lh&l gd by silica gel flash chronat ography (5%

net hanol /-dichl oronet hane, product Rf 0.3) to
rafNMR d( 3 @00y, Irﬂté’d‘llhﬂ-(d"gO@.]J\dfﬂl,O]I—ei at isvel 20 QEC1 BHeakl . 28

(319 F5b 60 c 59 17y 04 1o iy 30 o palPlie? FH8%(2-17
11%[3 2924 sé; gg, 5. gl((@m,lth{,), 4. 24($m,1t|h) 3380(5m(d

1 3 (m |'|) 2.3 (d, |‘|) 2( ,
141 3130 (o, B, 5. ES(ém 3M1) /131 64d (maHLHE) 1L CHS05 (i,

m.ace t apdar th en n i

2P i o 2) 58 3 T "Rt agd” BT Tmy 20,
g8{$9)+4; [i1$) 58(ﬁeChbormH9H- bet a- car bol i n- 8-

yl car banoyl )
ROLERFEPRY 1%”5%& i merhofr - FIREPAYT. BERTRFS é&ﬁﬁéﬁr‘féi)

a% d.pgt hyl ester. [00208] To a solution of

? {‘I(? (S)-2- Ami no- propyl ) -6, 6- di met hyl - mor phol i ne-3

MSaKMeH?)I: S%ei d (6-chl oro- 9H bet a-

EXAMPLE 46: 6,6-Dimethyl-4-{-2-[(5-methyl-isoxazole-3-

carbonyl) -aminol] -propyl}-morpholine-3-carboxylic acid (6-

chloro-9H-beta-carbolin-8-yl)-amide

[00206] The desired compound Was prepared using [4-(2-
Amino—propyl)—6,6—dimethyl—morpholin—3—ylmethyl]—(6—chloro—
9H-beta-carbolin-8-yl)-amine and 5-methylisoxazole carbonyl
chloride following Method E in 61% yield.

lHy-NMR (300MHz, DMSO): & 11.2 (1H, s), 9.98 (1H, s), 9.0
(1H, s), 8.7 (1H, d), 8.6 (1H, d), 8.2 (2H, m), 7.9 (1H,
s). 6.47 (1H, s), 3.87 (2H, m), 3.17 (2H,m), 2.9 (1H, d),
2.7 (1H, m), 2.3 (4Hf, 2.1 (1g, d4), 1.29 (3H, s), 1.15
(6H, m).

Retention time (LC, method: ammonium acetate standard):
1.81 min.

MS (M+H+): 526



carbolin-8-yl)-am de hydrochloride salt (3.45g, 6.59
mole) in 68ml of dry pyridine, was added in three
w@oooiiogis7 over 1.5 hr, a 3M DCM sol uti on of neeTyk2004/011080
chloroformate (9.2 m, 27.6 mmvle, 4.2 eq). After 2
“““ h 10" ™ of - waitef "“Wer e added and the mixture was
concentrated to dryness. The residue was partitioned
into 150 mM O EtOAc and 100 ml of WD 2004/092167
PCT/ US2004/ 011080 --127- -arlZfgreous 0. 5M sol uti on of
K2CO3. The separ at ed aqueous hase was extracted W|th
EXQMBLE of 7 Ft 06 -Dimethrkhindd righby e esfed “pEoRlyl] -
hed mAth

alqia@ess The resdue vvas purified on si I i ca (5%
—MEOHCH2C12) to give 2.48 g(thick oil, 77%yield) of
[002@7] desi £ed2phroinetproeyVRE( Qedlmzhy@-:amwpho@ ipets-

%dﬁgx§%1c1 28d(%67§£%8ao %é)D£§a§§Haaa 8§i8£g%,§%H)gdHCl

sdt}) 3386més. wak) susp8rdet, 1ﬁHﬁlcﬁleioméﬂHaanXlO4n18

(m A7, 4.78(d 1R 7.95 (d_ 1R 7,97, (s

tpiobhys, amjpe 459%6%19}1% g8 methyy l§°§§a€§\te (2

éﬁgvaigngé (§erékgdd g&h@ﬂaﬁbgﬁsﬁ§g aAFRLROGh e hour at
. mn. M5 (MrHt+)

nmonl um acet at e st a
ré&m ﬂeﬁ%éhﬁtﬁréOsolvent was removed by rotary evaporation.

ne car bonyl.) -
T HEp B yr T BLELBERE: Y1 St BRoPE I EA2Eky FOEIRScTmaphy
(8% dethfnshl or alghiibebﬁeeﬁahgl | pr8auky- ami de o .BO02QOLEford
The desired conpound was prepared from|[4-(2-

2%@90 propyl ) -6, 6-di met hyl - mor phol i n-3-yl met hyl ] - (6-ch

n| 05t i ﬁﬁ'bd’ acl g%%%%fv&% y%/e?]ﬁ&ds %%5@& y|d“i'e;‘E(F;fAImy|6 12.3

(4H NVR, (3008Hz s, DVBD) : 859115271H1H 8sp, (30 (LHH, 9.4 (4,
135? 7.9 (4, 1H), 7.8 (s, 1H), 5.4 (s, 1H), 5.2 (d, 1H),
4.2 (s, 1H), 3.8 (m, 2H), 3.2 (m, 1H), 2.6-3 (m, 7H), 2.3
(4, 1H), 2.2 (t, 1H), 1.4 (s, 3H), 1.2 (s, 3H), 1.1 (d, 3H)
LCMS (ammonium acetate standard method) retention time =

1.62 min. (M" = 473; M = 471).

EXAMPLE 49: {(S)-2-[(8)-5-(6-Chloro-9H-beta-carbolin-8-

vlcarbamoyl) -2, 2-dimethyl-morpholin-4-yl]-1l-methyl-ethyl}-

carbamic acid methyl ester.

[00208] To a solution of (S)-4-((S)-2-Amino-propyl)-6,6-
dimethyl-morpholine-3 carboxylic acid (6-chloro-9H-beta-
carbolin-8-yl)-amide hydrochloride salt (3.45g, 6.59
mmole) in 68ml of dry pyridine, was added in three portions
over 1.5 hr, a 3M DCM solution of methyl chloroformate
(9.2 ml, 27.6 mmole, 4.2 eq). After 2 h, 10 ml of water
were added and the mixture was concentrated to dryness. The

residue was partitioned into 150 ml 0f EtOAc and 100 ml of



(1H, s), 8.37 (2H, d), 8.24 (3H, m, 7.8 (1H, s), 7.04
(14, d), 3.91 (2H, m, 3.1 (2H, M, 2.36 (4H m, 2.1
W@ 3409167 2.05 (1H, d), 1.3 (3H, s), 1.2 (6H,Pei/US2004/011080
Retention tine (LC, nethod: ammoni um acetate standard)
1.53 min. M5 (MtH+): 550 WO 2004/ 092167
PCT/ US2004/ 011080 --128- EXAMPLE 51:
6, 6-di met hyl - 4-{2-[ (pyrazi ne- 2- car bonyl ) -
am no] - propyl } - nor phol i ne--3-Xa@tboxylic acid
(6-chl oro-9H Dbeta-carbolin-8-yl)-amde [00210] The
a@e%gﬂéguéoﬁpéﬂnéoﬁﬁ§19ﬁe6§rgdcgécnﬁ he.squarated aqueous
1, NO:- PO h r pko y t s h
g B B g [ D e, S
of@ﬁh@xyékCractd wémblsmnngsbhwhdg aishe62%iyhedter (2X50
"H NVR (300MHz DI\/ISO) 1H, s 10. 89 (1H,
nd) agnd( pring) (58 gli1 Hdrgje “ov8 (1Haz%§?4 %?eras%ated
t§- ér%ﬂé%s Si‘he r%sﬁéﬂe %Es ﬁu@l&l@? &h, sﬁllc%2W54ﬂ

m . Retention
Me@HéCHL@z)WmMV%m mfdmkat@lst mmeldn @9 the

By gB gwgﬁc 522. 2 EXAMPLE 52:
%@??8 nBE3¥%CEi car boxyl i ¢ acid 4-({2-[5-(6-
trehog ocﬁbia (n&war@mlﬁ 8-y lcarpapy|3H)2, 2 cﬂsrretshyl?:mm pL.42
hol i n- 4- g -ethyl} am de} 3- nethylam
($003H1} $®3 é@ﬁu h-of -B4- (B2- AR mo2pr Epyiddt - éH)G 2.86
? nfhgyan?gﬁ?§g|nlﬁ&ylge%%yuk (§thl?r?%98hpeq§fca@p@l
(ddy 1H¢eténﬂ8r|me 1Has édd@d(a, 4Hpyr i7dPhedidcaBoxy 7.7

(B tbr oF - 2Pnds oXTi ol Rl o Hae. S PPr 46 vaf! Al ERE (=

1ﬁ¢npgoagurqsfonH;h The sol vent was then renoved under
Retention Time (LC, method: ammonium acetate standard) :

1.70 min.
MS (M+H"): 474.1

EXAMPLE 50: 4-{2-[(2,4-Dimethyl-pyridine-3-carbonyl) -

amino] -propyl} -6, 6-dimethyl-morpholine-3-carboxylic acid

(6-chloro-9H-beta-carbolin-8-yl)-amide

[00209] The desired compound was prepared from [4-(2-
Amino-propyl)-6, 6-dimethyl-morpholin-3-ylmethyl] - (6-chloro-
9H-beta-carbolin-8-yl) -amine nad 2,4-dimethyl nicotinic
acid following Method E in 50% yield.

'H-NMR (300MHz, DMSO): & 11.27 (1H, s), 10 (1H, s), 8.9
(14, s), 8.37 (2H, d4), 8.24 (3H, m), 7.8 (1H, s), 7.04 (1H,
d), 3.91 (2H, m), 3.1 (2H, m), 2.36 (4H, m), 2.1 (3H, m),
2.05 (1H, d), 1.3 (3H, s), 1.2 (6H, m).

Retention time (LC, method: ammonium acetate standard)

1.53 min.

MS (M+H+): 550



reduced pressure and the residue was taken up into

pyridine (0.6 m). To the resulting m xture was added
wWQR0o4pe1by | ami ne sol ution in THE (0.2 m, 0.4 PEDUSI004/011080

and EDCI (40 ng, 0.21 nmol e). The reaction m xture was

stirred for 4 hrs, the solvent was renoved under

reduce pressure and the residue was partitioned into

Et OAc and 1M aqueous K2C03. WD 2004/ 092167

PCT/ US2004/ 011080 --129- -Hiesgsepar at ed aqueous phase

was extracted twice wwth EtOAc. The conbi ned organic
EXHERES kb eb strcdemstel yAnddhefovraringa?efaghANKL) ne,

' r 1

af SfL VS MISRS ARG Sonsenl 1L ed

béﬁh{bafbéhﬂnlgLyE)c@mp@und as a white SO|Id in 36%
yield. IFFNVR (300Mz, DVBO): S 9.24 (1H, s), 8.17
[00214]s), 7Tise degbred) compaud 3vps npreparsd( fromsy4-120

aebdib-RoRi Pyt pe My v o filhp Sy 57 e T o2 chnore-

9ﬁ%ﬁéﬁﬁifﬁmbbnfn(8€ylneaﬁbﬂe andolippraecehat earboxylic acid

st andar (MtHE) © 579 EXAMPLE 53:

fQﬂ%PW}%%tM?thd{F4lﬁe§%ylYb?}@nld|ne 5-

1}9 mﬁfg nqjmgts)o,oyé Yoy phatj ngy 3-cardoxylic @ri do. 42
c or o- 9H- bet a-'car bol | n- 8-y|)-an1de [ 00212] The

H@S|$bd %oﬁp@bﬁd ahs PrB8patBd dtcoBdPnglHe diMet Red E1H,

ro 4- 6, 6-di | - [or phol, i
1n€1% §§ AmLhI%r% gi#be?g cgrggkgﬁ 8- yY?Qa%13e anﬁ)' 2.1
4H mﬁyhyi pyrozdi Ag- 5-carboxylic acid in 55%yield. '
1H NVR (300MHz, DVMBO: 8 11.26 (1H, s), 10.04 (1H, sh
ROtEAtienHiRp, (EC66mFEthd) agmgni vy aﬁftst?zsﬁail?la(fé
:39 %ig (1H, s) 4.2 (1H, m, 3.93 (2H, mM, 3.2 (1H,
8 (2H, , 2.6 (3H m, 2.1 (2H, m, 1.36 (3H,
MS) (M4) 2352BH m)

EXAMPLE 52: Pyridine-3,4-dicarboxylic acid 4-({2-[5-(6-

chloro—9H—B—carbolin—8—y1carbamoyl)—2,2—dimethy1—morpholin—

4-y1l}-1-methyl-ethyl}-amide}3-methylamide

[00211] To a solution of [4-(2-Amino-propyl)-6,6-
dimethyl-morpholin-3-ylmethyl]- (6-chloro-9H-beta-carbolin-
8-yl)-amine (100 mg, 0.132 mmole) in 0.6 ml of dry
acetonitrile, was added 3, 4-pyridinedicarboxylic
anhydride(21mg, 0.l15mmole) and triethylamine (102 ml,
0.8mmole). The reaction mixtﬁre was stirred at ambient
temperature for 1lh. The solvent was then removed under
reduced pressure and the residue was taken up into pyridine
(0.6 ml). To the resulting mixture was added 2M
methylamine solution in THF (0.2 ml, 0.4 mmole) and EDCI
(40 mg, 0.21 mmole) .The reaction mixture was stirred for 4
hrs, the solvent was removed under reduce pressure and the

residue was partitioned into EtOAc and 1M aqueous KCOs.



Retention tinme (LC, nethod: ammoni um acetate
standard): 1.55 min. M5 (M+H+): 537 WO 2004/ 092167
weEanAeA604/ 011080 4" --130-- EXAMPLE 54: PCT/US2004/011080
(S)-6,6-Dinmethyl-4-{(S)-2-[(4-nmethyl -pyridine-
3- carbonyl ) -am no] - propyl } - nor phol i ne- 3- car boxyl i c
acid (6- chloro-9H beta-carbolin-8-yl)-am de. [00213]
The desired conpound was prepared according to Method
Efrom(S)-4-((S)-2-Am no-p+ri;g®H- - 6, 6-di net hyl -
nmor phol i ne- 3-car boxylic acid .
T 6- shbarat 08 baugovsr bbpER- Basypxtaacged twice with EtOAc.

rifluproacetate salt.,and_4- hyl -.ni Nl [ i 0.
oy E T ERRIPabh e BRRCH T SR PESel Bien
watd2 &8a3bkind, 36rikd, 3kker Rgl0, [ dardd) coRcdttarad),

2.62 (m1H), 2.99 (d,1H), 3.22 (m1H), 3.94 (m2H) ,k
cgmpBetalyH) The, pesidueHyas7rypified Ap sglice getH)(10%

3 h) BB 48 ( , 30 L
BFSchel) 5 S A8 (0 clind Bd B sovia 1
3aanpheld acetate standard): 2.22mn. M5 ( MrH+t)

..035.5. EXAWPLE 47: n
HENMR (03 00 He- 20 hy| O ot Aft oy ) 18)s, 8 -17 (1H,s), 7.81
i.met hyl = nmpr phgl.i ngy3- gakb i gyackd(6- org- (
(ghr b%‘Prn7g§| o g%’dgo['ogzﬁ]%%’s%? GTeeC {*2-?9[%-H13 T,
df 6- ehoer ¢28H &3 carBél i(aH8- myl, car. BarBy,) m) , 1.86 (4H, m),
2, 2-di_met hyl - morphalin-4-yl]-1-nmethyl -ethyl}- carbamc
Oai §3Her 8l bufyF 7edPBr 0.2 my, 0.14 nmol) in TFA (2
rEEInWRSHSEEfEedral heeruheNBRkBhY e abbiel 1% tintarid)e
reaction was concentrated and the crude product was
lazéominped with CH2C12 (2 x 5 nL). A mixture of the

o iBgg) LB TOT0 (54,0 T 037 )

EXAMPLE 53: 6.6-Dimethyl-4-{(4-methyl-pyrimidine-5-

carbonyl) -amino) -propyl}-morpholine-3-carboxylic acid (6-

chloro-9H-beta-carbolin-8-yl)-amide

[00212] The desired compound was prepared according to
Method E from [4-(2-Amino-propyl)-6,6-dimethyl-morpholin-3-
ylmethyl] - (6-chloro-9H-beta-carbolin-8-yl)-amine and 4-
methyl-pyrimidine-5-carboxylic acid in 55% yield.

“lH-NMR (300MHz, DMSO): & 11.26 (1H, s), 10.04 (1H, s) 9.04
(2H, m), 8.66 (1H, d) 8.3 (2H, m) 8.22-8.17 (2H, m), 7.9
(1H, s), 4.2 (1H, m), 3.93 (2H, m), 3.2 (1H, m), 2.98 (2H,
m), 2.6 (3H, m), 2.1 (2H, m), 1.36 (3H, s), 1.23 (6H, m).
Retention time (LC, method: ammonium acetate standard):
1.55 min.

MS (M+H+): 537



m., 1.43 nmmol) and
2-tert-butoxycarbonyl am no-2-net hyl - propionic acid
W@ 2409217 0.22 nmol) in MeCN (1 nL) was sti rPedusio04/011080
roomtenperature for 18 h. The solution was dil uted
with H20 (20 nlL) and poured into a separatory funnel
containing EtOAc (50 nL), and brine (50 nL). The WO
2004/ 092167 PCT/ US2004/ 011080 --131- m xture was
shaken and the | ayers were-sEj@arated. The aqueous
| ayer was extracted wth Et CAc (2 x 50 nmL). The
EEBHELEea4ord§hré 6a@em§tﬂyﬂe4dﬁl§d 2ﬁﬂ|ﬁem@§hm%1pyrldlne—

cM@bﬁb 9H95e830mﬁrb¢1NNR8ayd)EQMEdéo be

(2-am no-2- net hyl -
[082@ onyl Tbe, éeéﬂﬁ@tihﬁpmﬁﬁPBﬁoW?ﬁ’ep§ eparFek fGcerding to
6+, 1 QO
Mﬁgggé %?é@)?sg §é4?rggh§Qn%¥bko%§hg&6 6 ?}NM§$&§
mdﬁpﬁGliﬁe—l}carBo&ﬁl@s amyd 8639h@dro}PH:UEta}qa;boﬂﬁn—8—

yi)1§Tégegﬁ?i%;ﬁo£§%§e§gﬁgéééeﬁ]279 3n§§h&q% %ﬁ%ﬁ¥% acid
i) 798 ¢2eid3- 12 (nl 1); 1.44 (s, 3); 1.41 - 1.38 (m
6): 1.28 - 1.24 (m 2); 1.22 (s, 3); 1.25 (s, 3);
"HNMR - (io@mm QWSONMOA@ ok -Zidar Eonditiohs(d D 1.36
1 5 LE 5
(§3H ? 3161 ?dzyg et%ahydr%f:?soqu?%oﬁm 1H), 2.53 {d.18),
332y|mmtmyb) aoephamjlaas daQBoXmlﬂH)acﬁd26 (d,1H), 7.90

(41 odPeomdindhas imade (FofFow Ao Stng - ddudie 02

QUEHLHQQ b2 w&tm9¢ Clqsaﬁg(é Qﬂﬂlnethyl
nor phol i ne- 3-car oxyllc acid

Res¢nteonaﬁymeoﬂ§6qumﬁ©hpde a@m@@hy@eaCFH&Wﬂ?%tﬂmﬂﬂﬁﬁ
,020): 5 9.1 (1H, s), 8.68 (1H d), 8.52

MS (M+HY): 535.5.

EXAMPLE 47: 4-[2-(2-Amino-2-methyl-propionyl)]-6,6-

dimethyl-morpholine-3-carboxylic acid(6-chloro-9H-fB-

carbolin-8yl)-amide

[00214] A solution of {2-[5-(6-Chloro-9H-B-carbolin-8-

ylcarbamoyl) 2,2-dimethyl-morpholin-4-yl]-l-methyl-ethyl}-
carbamic acid tert-butyl ester (70.2 mg, 0.14 mmol) in TFA
(2 mL) was stirred at room temperature. After 15 min, the
reaction was concentrated and the crude product was
azeotroped with CH,Cl, (2 x 5 mL). A mixture of the crude
intermediate, TBTU (54.0 mg, 0.17 mmol), triethylamine (0.2
mb, 1.43 mmol) and 2-tert-butoxycarbonylamino-2-methyl-
propionic acid (45.0 mg, 0.22 mmol) in MeCN (1 mL) was
stirred at room temperature for 18 h. The solution was
diluted with H;0 (20 mL) and poured into a separatory
funnel containing EtOAc (50 mL), and brine (50 mL). The



(1H, d), 8.41 (1H, d), 7.68 (1H, d), 7.27 (1H d),

7.06 (1H, m, 6.97 (1H, d), 6.84 (1H m, 4.31 (2H
wWorpgo449067 (2H, nm), 3.68 (1H, m, 3.56 (1H, t)PCBU004/011080

(2H, m, 3.06 (2H, m, 2.7 (2H mM 1,48 (3H, s), 1.32

(3H, s) Retention tine (LC, nethod: ammoni um acetate

standard) 2.43 min. WD 2004/092167 PCT/ US2004/ 011080

--132-- M5 (MtH+): 505 | NTERMEDI ATE 59:

6, 6- Di et hyl - nor phol i ne- 3-eatdbxylic acid

6-chl oro-9H-0-carbol in-8-yl)-am de, HCl1 salt [00216]
miztarel was Eh@\kﬁns@mdt ithe dﬁ:»@rS( e Gepagiategl. The

car bol.i Icarba [ r.

=§R085, falel Fak aRRt skt I PRI I D, | he
cbﬂ.blﬁetihamgbn@élmy)er\saszeafédeldﬂé@,‘l, ifl Ideanen@M 91
m.). The reaction was stirred for 30 m nutes at room

CP@%@F&PG?@ dbei FEURS PROOVRE ¥WaFaa gyt by flash
cﬂkgﬁbﬂbggéﬁ n?e%” yE%ﬂiO AL @o)ftt:&!a{r SP:”E‘%%%U %) which

Into a vol ame of vi gorousl
waesshbwngbylMMRyawdsLQMSrm@db@t4ﬁddm ﬂﬁaWMﬂGHZﬂmeﬂhyl—

15 m nu n fi red t i,el d_a r.ange .
DLOPLARY Hha B BT EATRAEY I ACBITSN LG SRR s (6-
caverpLoht g -abt-e6 1WAl 19 —4idieQf

6, 6- di et hyl - nor phol i ne- 3- carboxyllc ac

EGN%KIb@@OQMﬁ%rCHM%@f@ﬁlS yP)1lanP e hﬁssro%ﬁalﬁéd3§99@@ S,

N 3 4 , 7
1Y°h) 16, AV (DUE0:G, SQGUHE) 5B A AT (o0 B (B 1
8(.019 13, &)257(95 1k, 14 4n 774-37. (5m @®,; 14 0% .(add,~ 4.13

3.32 -.3.28 (m 1); .3.0 - 3. m
3 1373623 o Ol ihe 37 add B oot | @i 1) i 312
ﬂa 4§>mfﬂ W= 359. 1EXAMPLE 5@ (m, 6); 1. 28 - 1.24 (m,
4% (2- Amino- butyl )- 6, 6-di met hyl - nnrphollne-S-
2); 1.22 (s, 3); 1. 25 (s, 3); 1.112 - 1.07 (m, 1).
NH,0Ac standard conditions.
DAD Rf = 1.31 min.

M+H = 501.

EXAMPLE 55: 6,6 Dimethyl-4-(1,2,3,4-tetrahydroisoquinolin-

3-ylmethyl) -morpholine-3-carboxylic acid (6-chloro-9H-beta-

carbolin-8-yl)amide

[00215] The desired compound was made following the
procedure outlined in Method C using 6, 6-dimethyl
morpholine-3-carboxylic acid and (s)-tetrahydroisoquinoline
aldehyde.

'H-NMR (300MHz, D;0): & 9.1 (1H, s), 8.68 (1H, d), 8.52

(g, d4), 8.41 (1, d4), 7.68 (1H, d), 7.27 (1H, d), 7.06
(1H, m), 6.97 (1H, d4), 6.84 (1H, m), 4.31 (2H, m), 4.09
(2, m), 3.68 (1H, m), 3.56 (1H, t), 3.2 (2H, m), 3.06 (2H,
m), 2.7 (2H, m) 1,48 (3H, s), 1.32 (3H, s)

Retention time (LC, method: ammonium acetate standard)

2.43 min.



carboxylic acid (6-chloro-9H R-carbolin-8-yl)-am de
(al so | NTERMEDI ATE 60) [00217] Method C was foll owed,

W@ g00ag93671 6- chl or o- 9H ( 3- PCT/US2004/011080
car bol i n- 8-yl car banoyl ) - 2, 2- di nmet hyl - nor phol i ne- 4-
carboxylic acid tert-butyl ester and the appropriate
al dehyde, (1-fornyl-propyl)-carbamc acid tert-butyl
ester. WD 2004/ 092167 PCT/ US2004/011080 --133- 1H NWR
(DVBO-d6, 300MHz) 5 .9.06 =132 8.37 (d, 1); 8.19
(d, 1); 8.15 (d, 1); 7.85 (d, 1); 6.75 (br s, 2); 3.96

MS $M8B+{m 58%; 3.17 - 3.13 (m 1); 2.89 (d, 1); 2.78 -
2.74 (m 1); 2.67 - 2.59 (m 1); 2.26 - 2.20 (m 1);
2.14 (d, 1); 1.58 - 1.50 (m 1); 1.32 (s, 3); 1.32 -

IhTEBMEDTAYE, 591. 18, 6SDigpthYl8holibhodli neNH#AOAGboxylic acid
standard conditions. , DAD Rf = 1.27 mn. MH = 430.
(ExalppEos7H-6-62bPRé LRy B-¥1) 2apd demetiV S@E di ne- 3-

onyl ) n t Lpe- 3xcar haxyhi Cioh_n_

OO of SO0F £ 3oaar oo Boy ) o 98, he Saypeecsi-s

c@ﬁb@le Foyacapbampgh) 62, 2-dimethyl-morpholine-4-

no bu

AP EHELLRoeSLEaF bR PRV A PAEeF (104 5, 22.7 mmol) in

méBh&RbOr 04 9Hnf B- GaEbehBa8ayt) inafli d&a60t0Q 48, o8. 233 . The
mol ) in pyridine 54 nm.) was added 2- nethyl-nicotinic

r%@FEl@B8WﬁSn§thr§ ofaKOBY BWABUEDE! at71oom FEMPGrIryre,

ofZBL). TIESSOLL TSR SR QUL AR, Plogf00 forn.

The xhikeunaswasupedredt bnaosapasatoLy vblnmel odn&igorously
dil uted further w th ter (20 mL). The nm xture was
SEkFFaRPeltel t h T%&(ﬁﬁ?% &n%oﬁ%%ﬁryt%%ﬁ $herESHbRF hefioom

t&ﬁﬂéﬂhEukéyg6§ ﬂ@rﬁlnﬁ@égedtﬁbhhf@&k@%edTﬂ% 1930l & pale
| ayer was dried over nagne3|un1sulfate iltered, and

orxangenspaidd tBhei ebdid wgel bdackdown @h}e \‘mgbhvmyum pump
g%ﬁibﬁg,vg%t89|% ich 9.71 g of 6,6-dimethyl-morpholine-3-

carboxylic acid (6-chloro-9H-f-carbolin-8-yl)-amide was

obtained (99% yield).

H-NMR (DMSO-d6, 300MHz) & 13.47 (s, 1); 11.77 (s, 1); 9.42

(s, 1); 8.86 (d, 1); 8.66 (d, 1); 8.58 (d, 1); 8.25 (4, 1);

4.41 - 4.37 (m, 2); 4.05 (dd, 1); 3.32 - 3.28 (m, 1); 3.04

- 3.00 (m, 1); 1.34 (s, 3); 1.30 (s, 3).

NH OAc standard conditions.

DAD R = 1.48 min.

M+H = 359.

EXAMPLE 56: 4-(2-Amino-butyl)-6,6-dimethyl-morpholine-3-

carboxylic acid (6-chloro-9H-B-carbolin-8-yl)-amide (also

INTERMEDIATE 60)

[00217] Method C was followed, using 5-(6-chloro-9H-p-
carbolin-8-ylcarbamoyl) -2, 2~-dimethyl-morpholine-4-
carboxylic acid tert-butyl ester and the appropriate

aldehyde, (l-formyl-propyl)-carbamic acid tert-butyl ester.



chromat ogr aphy. The resulting yellow solid was

dissolved in nethanol (2 nL) and HC1 in Et20 (2M 2
wonrgo4medendded. The mi xture was stirred for 5SPEI/NSL0eE011080

then concentrated to vyield 103 ng of

6, 6-di net hyl - 4-{2-[ (2- et hyl - pyri di ne- 3-

car bonyl ) -am no] - but yl } - nor phol i ne- 3-car boxylic acid

(6- chloro-9Hj3-carbolin-8-yl)-amde (71%yield). WO

2004/ 092167 PCT/U82004/01198ﬂ33~-134 1H NVR ( DMSO- d6,

1.300M+Hz) 5 13.31 gbr S, 11.41 (br s, 1% 11. 14 br

B NME . @M&Q—fé@ QOMIéZBs (d9 9% <s 73) 3 4 (Gm 13)

By tay 700, 35965785, T35 6 25 . 2 2%?6 -

3(85 (31), 21 89 171-73.08) (i),; 13.;5% -891 (431 am; D).781.-32.74

(s t, 3). c st ndar
E‘on&htfl 8n§7 D%D‘S@f m'llgfi %11%6 vH -205 gt 07 214 (d,
1) NTERYEDLATES6 L, 1) (s, 3); 1.32 - 1.23 (m, 1);
4-(2- Am no- 3- et hyl - butyl) 6 6 "di et hyI
ladBpHel i Ae-30c87bdkyl Be -aci d

- 8- vl d 00219] Met hod C
e FE it Atk B Y o A e L002191 Metho

Dggrhglin18zylmﬁmbannyl) 2, 2-di net hyl - nor phol i ne-4
carboxylic acid tert- butyl ester and the appropriate

MaHdeh¢d8: (1-fornyl - 2- met hyl - propyl ) - car banmi ¢ aci d
tert- butyl ester. 1H NVR (DVSO d6, 300MHz) 5 9.05 (s,
1); 8.37 (d, 1); 8.21 (d, 1); 8.16 (dd, 1); 7.90 (d,

EXAMPBE757(br636 E)meshgﬁ -4-3286 meeauyl}pyildxhebﬁ—

c
cﬁlé%o@SH @)cangﬁlhdS §ﬂ)-@m§@e§dHC§)saNH4cmC st andar d

condrtilons. DAD R = 2 mn.
[00218] To a solutlon of 4- (2-amino-butyl) -6, 6-dimethyl-

morpholine-3-carboxylic acid (6-chloro-9H-B-carbolin-8-yl) -
amide (100 mg, 0.233 mmol) in pyridine (4 mlL) was added 2-
methyl-nicotinic acid (38.4 mg, 0.280 mmol) and EDCI (71.5
mg, 0.373 mmol). The solution was stirred overnight at
room temperature, then diluted with water (5 mL). The
mixture was poured into a separatory funnel and diluted
further with water (20 mL). The mixture was extracted with
EtOAc (2 x 20 mL), then the combined organic layers were
washed with brine. The organic lavyer was dried over
magnesium sulfate, filtered, and concentrated to yield a
vellow-brown oil which was purified via column
chromatography. The resulting vellow solid was dissolved
in methanol (2 mL) and HCl in Et,0 (2M, 2 mL) was added.
The mixture was stirred for 5 minutes, then concentrated to
vield 103 mg of 6,6-dimethyl-4-{2-[(2-methyl-pyridine-3-
carbonyl)-amino] -butyl}-morpholine-3-carboxylic acid (6-

chloro-9H-B-carbolin-8-yl)-amide (71% vyield).



MrH = 444. EXAMPLE 58:
6, 6- D net hyl - 4-{ 3- net hyl - 2-[ ( 2- net hyl -

wEeosadnier 3- car bonyl ) - am no] - but yl } - nor phol i nePGF/Us2000%11080
ylic acid (6-chloro-9H (3-carbolin-8-yl)-am de
[00220] To a solution of 4- (2-am no-3-nethyl-butyl)
-6, 6- dinethyl-norpholine-3-carboxylic acid
(6-chloro-9H (3 WD 2004/ 092167 PCT/ US2004/ 011080
--135- carbolin-8-yl)-am de-13447 g; 3.31 nmol) in
,pyridine (35 2#% was added 2-nethy|-nicotinic aci d
HEMMR rfDM30 936 DQMHahdéEbé+3%1 bz §, 5)301AnéN) (brhe.

Ql uti i ERe ours .a m4 enper _
1 PentatudBE Bt I0Vacs 106 e 8 R0 T weiire G - 864
mouBed Bnba assenaraBoBQ f(enndl) ;arrd 72di syt €d ;f ur.tdeer- 3.55
with water (50_nl) nd Et OAc §150 M) . The Iayers
(Rbré $hdkéf and- Qép Fat dd./ Fn aqu@o§§ | &erl viag - 71 (s,

3gxtragbed w th EROAG) (31X 530 1) 41t hegp b tqle coryi ned 3
organic |layers were washed with brine. The organic
1l.&@ger(swad)dr Pe@3 dwer 3nagnesi um sul fate, filtered, and

oncent r at o_viel an orange sem -solid resi due
N&Hﬁ%ﬂ %B%n§%¥$f?%ﬂgﬁgé°%8runn chr omat ogr aphy. The
paesgkt+ ng. yelhom. solid was placed on the high-vacuum

punp overnight, after which 1.43 g of 6, 6-
MHnet AP~ 4- {3- net hyl - 2- [ ( 2- net hyl - pyri di ne- 3- car bonyl )

- am no] - butyl }- nor phol i ne- 3-car boxylic acid

(6-chl oro-9H (3- carbolin-8-yl)-am de was obt ai ned
INTEROEDERAE. 61':H MVR2(-BVEDod6,~n@Rlividzout yvill). $2, dﬂimﬂe)thyl—

mffpgggéfg BSC%ngﬁyggf %f’§§%6(&iﬁ6 &gg&%ig éﬁj 8-yl)-

aﬁlag (dd, 1); 4.23 - 4.14 (m 1); 3.99 - 3. 87 (n] 2);
22 - 3.19 (m 1): 3.02 (d, 1); 2.85 (dd, 1); 2.52
| UFEIQB) 2180 pddc wps Zol ow@d 1sing0’s ~( 6o que- 9@—6—

y %ﬁ&é&éﬁs {Sa% %m%%&t)?i)z 29693t 8y 13 o r 2188 i feda 3)

con i ONS.
carboxylic ac1d tert-butyl ester and the appropriate

aldehyde, (l-formyl-2-methyl-propyl)-carbamic acid tert-
butyl ester.

'H-NMR (DMSO-d6, 300MHz) & 9.05 (s, 1); 8.37 (d, 1); 8.21
(d, 1); 8.16 (dd, 1); 7.90 (4, 1); 6.71 (br s, 2); 3.93 -
3.86 (m, 2); 3.18 - 3.14 (m, 1); 2.91 (4, 1); 2.70 - 2.65
(m, 2); 2.21 (dd, 1); 2.15 (4, 1); 1.74 - 1.66 (m, 1); 1.31
(s, 3); 1.19 (s, 3); 0.85 (d, 3); 0.80 (4, 3).

NH4OAc standard conditiomns.

DAD R = 1.27 min.

M+H = 444.

EXAMPLE 58: 6,6-Dimethyl-4-{3-methyl-2-[(2-methyl-

pyridine-3-carbonyl)-amino]-butyl}-morpholine-3-carboxylic

acid (6-chloro-9H-B-carbolin-8-yl1)-amide
[00220] To a solution of 4-(2-amino-3-methyl-butyl)-6,6-

dimethyl-morpholine;3—carboxylic acid (6-chloro-9H-R-



DAD Rf = 1.67 mn. MH = 563. EXAWPLE 59:
6, 6-Di net hyl -4-{3-nethyl -2-(S)-[(tetrahydro-
wo epvan9Berar bonyl ) - am noj - but yl } - nor phol i ne- 3- BG/USANH@11080
xylic acid (6-chloro-9H b-carbolin-8-yl)-am de
[00221] The desired conpound was prepared foll ow ng
Method E fromInternedi ate 61 and the appropriate
aci d. WD 2004/092167 PCT/ US2004/011080 --136- 1H NWR
(300 MHz, nethyl-d3 al cohol-135-5 0.87 (m 6H), 1.25
(d, 3H, 1.37 (d, 3H), 1.81 (m 1H), 2.10-2.47 (m
cadgpplin- 93y@hramkﬁe 31187( @y BHPL 3med )(Ap PHriddngo (35

oI ) 308 el B85 T 98 3 810 G5

ah&Cenaet hodp2agnosi sm agetiat.e ghandandkrionlwdd BMuirddd 6.5
(MrH+) : 542, | NTERMEDI ATE 62:
hepsy- @t((gym5t§@pgﬁp§p§E4 Ry Aigpteg with water (100

rbo b t I
e o RoP. Sk BHRYbutel ShTR B b Ol Y oo
di\lﬁabdt Ifunthér(ﬁ).th4wa(c(a$) (52- @t and EtOAc (150 mL). The
butoxycarbon m no- rop - di I-nDr hal i ne- 3-
12¥rearyere abrRcrasalnanbeaated o IR L B SRS s
ekedyetbMely gl kybati ng &Sbﬂ6m@7d|ﬁﬁbﬂyEh@oﬁ@ﬂwﬂﬂ@a4%rganlc
carboxylic acid with N-(tert-butoxycarbonyl)-L-alanal)

lameranWyneowgslpydu diihe bring.) Ths sropnéd deviegomas dried
L enper at

OKEEhToRa A HBt RYT C8RSp- EAPBSTER: a3 fafiCRE P gET o vietd
afl. 89aﬁﬁelkem@SSamdadre&auh@waﬁlhm wBEl p(:121§94dg vik5 cblumn

). The reaction was stirred at roon1tenperat%
CREPTakOIBRBU! < tRBeF e8MgSANITHE - e¥c SPdh dngs placed on

t??;ﬁ%?él%gcﬁ?@CEHR%:E@@rnQQE%tengbEthg@h(ao4@Lb'%Hd6 6-
par at or unne The m Xt ure was
ddmbuhyd -%i-{ B-bethgl(36 [ ﬂtmeahwlepwradu@@ﬂ&ﬂd@ﬂ@ﬂnwi)—
a&lno] n&%—mggghgggggngqcarboxylic acid (6-chloro-9H-B-
carbolin-8-yl)-amide was obtained (77% yield).

'H-NMR (DMSO-d6, 300MHz) & 11.32 (s, 1); 10.08 (s, 1); 9.02
(s, 1); 8.46 (4d, 1); 8.38 (d, 1); 8.21 - 8.14 (m, 3); 7.97
(d, 1); 7.64 (ad, 1); 7.23 (dd, 1); 4.23 - 4.14 (m, 1);
3.99 - 3.87 (m, 2); 3.22 - 3.19 (m, 1): 3.02 (4, 1); 2.85
(ad, 1); 2.52 (s, 3); 2.30 (dd, 1); 2.11 (d, 1); 2.05 -
1.95 (m, 1); 1.32 (s, 3); 1.21 (s, 3); 0.93 (4, 3); 0.86
(4, 3)..

NH,OAc standard conditioms.

DAD R = 1.67 min.
M+H = 563.

EXAMPLE 59: 6,6-Dimethyl-4-{3-methyl-2-(S)-[ (tetrahydro-

furan-3-carbonyl) -amino] ~butyl}-morpholine-3-(S) -carboxylic

acid (6-chloro-9H-b-carbolin-8-yl)-amide

[00221] The desired compound was prepared following
Method E from Intermediate 61 and the appropriate acid.



organi c |layers were washed with brine, dried, filtered
and concentrated to afford a dark residue. Colum

w@ booatsioyr aphy (0-8% MeOH / CH2CL12) vyi el ded PCT/US2004/011080
{(S)-2-1(9)-5- |
(6-Cnhl oro- 4- net hyl - 9H- ( 3- car bol i n- 8-yl car banoyl ) - 2, 2-
di met hyl - nor phol i n-4-yl]-1-nmethyl -ethyl }-carbam c acid
tert-butyl ester as a light tan solid (2.688 g). WO
2004/092167 PCT/U82004/01108D36--137 1H-NNR (300 MHz,
DNSC>d6 5 11.25 (s, 1) 9.94 (s, é 1) 8 18
"HMR ) (0@ M5, r&e)etwlazd(@quhcsl@(& 01)8 os, .25

8 n1 2 6 S 6111)3. 08 8
(5350 TL128 7540 BB S0, ) RO % B 40g 1)2“@ 94%9
2(€3 1x, 1284,(Br.ly, (h2) 1H)173(.26 3h111®8 (@,.8%) .(m, 1H),
NHAOAc st andard conditiaons. E SD Rt =2.07.mn.. MH=
3530~ 4EXAVPIE é ), 7.86 (d, 1H 8.10 (m, 2H), 8.32 (d,

1£$) - 6, BoDicget hyh - 4- { (S) - 2- [ (2- met hyl - pyr i di ne-
3-carbony|) anmi noJ - propyl }- mor phol i ne- 3- car boxyl i c
Ratedtien Ehiner dLE- neeinbdgHafgwoatbo kicet8bd stamdded) :

e R

9H- ( 3- car bol i n- 8-yl car banoyl ) - 2, 2- di net hyl - nor phol i n- 4
-yl]- 1-nethyl -ethyl}-carbamc acid tert-butyl ester
INZEwngATEs 608 1frfS))-2i-d (Y 68 ~((66 Ol pres ~stel il o 941 B-

BRBCLHE PeXACHGRaBER P od - o P ek WaarE R g3 111

mbeﬂp@r-awgz@ }uaa@baa;&@o @zcﬂwerr%awt@/rl MRS
concentrated to afford KeIIOM/solld (2.84 g). The

[09322) wasPAdFedBEien Ph 4Rhydrdus)pyriceike (40 nl) and
<L S UL STHRE ALY 10807 o LA
caddegylTheacedct{BoRALlA i ufé. Eammsﬂnrr@de@bredomy
CLGTREL AT e Lot 10, nyLeo and 2 el cotlnie goid
catbbk8lic acid with N-(tert-butoxycarbonyl)-L-alanal) in
anhydrous pyridine (75 mL) was stirred at room temperature.
6-chloro-4-methyl-9H-fB-carbolin-8-ylamine (1.869 g,

8.09 mmol) was added, followed by EDCI (2.894 g,

15.1 mmol). The reaction was stirred at room temperature
for 14-18 hours under argon. The reaction wés partially
concentrated, diluted with H;O (20 mL) and transferred to a
separatory funnel. The mixture was diluted with brine (50
mL) and extracted with EtOAc (3 x 100 mL). The combined
organic layers were washed with brine, dried, filtered and
concentrated to afford a dark residue. Column
chromatography (0-8% MeOH / CHyCl;) yielded {(S)-2-[(S)-5-
(6-Chloro-4-methyl-9H-f~carbolin-8-ylcarbamoyl) -2, 2-
dimethyl-morpholin-4-yl]-1-methyl-ethyl}-carbamic acid
tert-butyl ester as a light tan solid (2.688 g).



at roomtenperature for 14-18 hours and diluted with
H20 (40 nmL). The m xture was poured into a separatory
wo eovased216Tont ai ni ng H20 (40 nli), brine (40 nlL)PCEOS2004/011080

Et OAc (40 nlL). The m xture "was shaken and the | ayers
were separated. The aqueous |ayer was extracted wth
EtOAc (2 x 40 nL) and the conbined organic

| ayers' washed with brine. The organic WD 2004/ 092167

PCT/ US2004/ 011080 --138- talEf-was dried, filtered,

.and concentrated. The resulti nig resi due vvas di ssol ved

"HNER g0 MH20 PEFOaRe) add@d dfephFsell 0”a 8t ilfri kg 8-88

(801 ubigni 8l (4. 11hexanes s F1307(890 (ihh) B93 (a, 1) 3.95

pr eci pltate vvﬁl ch or me vvas col ected via filtrati

—aBd8ai (mdr Red3t 66yi( blrds(S)L)6361|5| n=et3h)®|8- 4o, (9)- 2.88 (d 1)

2-L(2-methyl-pyridin SCar n a I

er%% ﬁﬁ?i%g é g r Boty e (Hei g? é éﬁl Bnldgl 1ﬁeg‘h3y?lg}9(l—d|-f|

1C§ﬂb%kn58 yb)- @mlde (@S @)t@nogol d 63..151 g). 1H NWR

(300 MHz, DWMSO ):511 8 (s, 1)998(3 1) 8.81

NE@AQ)S@m@ardSC%#molﬁ 8.26 (d, 1) 8.13 (s, 1) 7.97
1)78 1) 7.64 - 7.56 (m 1) 7.24 - 7.12 (m

EﬁD R 637d%(m 1) 3.91 - 3.82 (m 2) 3.20 - 3210

Mém =1%38.94 (d, 1) 2.71 (s, 3) 2.61 - 2.49 (m 1)

2.37 (s, 3) 2.06 - 2.02 (m 2) 1.30 (s, 3) 1.16 (d,

3) 1.15 (s, 3). NH4OAc standard conditions. ELSD Rf =

ExaRPrEl Bo - MtH) =65%9DihHEE§NE@L%T§)6§L[%Q5mgt%&q Adine-

3f¢apbegylY6amminb] -HZ oYL ; —mpreohill ine-Bexanornids acid (6-

added V|a dro.p|ng funnel to a s.lutlon of
3pf ‘ 28 linnSmpd) ~aMide ) jn THE

m_) a aupger (@htho C ) _ .

[d\’\)ggﬁstl rrédgogaglgo B‘% ¢ %)-?8q3@;)tr§§n ayglglogﬁ onln%?'hyl

98-B- chEbMQﬁOByy&daﬁbaﬁ$y@5 202 -80menhlyl -So2phb liin-THE1] -

(20 m_EL was_added dropwi se via syringe. A beige
1pm§éhﬁ tatbyhdscarbamic acid tert-butyl ester (2.688 g,

5.08 mmol) in EtOH (60 mL) was stirred at room temperature.

Concentrated HC1l (10 mL) was added and the reaction stirred
for 14 hours at room temperature under argon. The reaction
was concentrated to afford a yellow solid (2.84 g). The
solid was dissolved in anhydrous pyridine (40 mL) and
stirred at room temperature under argon. Triethylamine
(2.20 mL, 15.7 mmol) and EDCI (1.39 g, 7.28 mmol) were
added. The reaction mixture was stirred at room
temperature for 10 minutes and 2-methyl-nicotinic acid
(0.868 g, 6.33 mmol) was added. The reaction was stirred
at room temperature for 14-18 hours and diluted with H0

(40 mL). The mixture was poured into a separatory funnel
containing HO (40 mL), brine (40 mL), and EtOAc (40 mL).
The mixture was shaken and the layers were separated. The
aqueous layer was extracted with EtOAc (2 x 40 mL) and the

combined organic layers washed with brine. The organic



observed to form The reaction stirred at -78 C for 90
mn then tributyltin chloride (1.0 eq, 76 mmol, 20.7
workgo4meed67 added dropwi se via syringe and the resIUS1004011080

solution allowed to warmto RT over 2 h. Water (5 nlL)
was added, then roughly 250 nL of THE was renoved on

a rotary evaporator. The resulting material was

diluted with diethyl WO 2004/092167 PCT/ US2004/ 011080
--139- ether (350 nl) and wakh@d-successively with

wat er (2x20Q L), .saturated sodi um chloride solution

leyersyag frigd e d 1 15e e dmGhes Comcsnated £ | 'hg gpsulting

rée%ﬁensvget maked kR acu&tda@ ahiRnh L8 and added
Di fl'uoro-4-tributyl stannanyl - pyridi ne as

dcopwmslee$9 @i Ist(i27.1519y,sc88%yLonTleifs 4t ére:ainems/ =0 (300

ude t hout .further ficati Ret e tio
nE o R B A G RS e RO L e e v
f(LMtHa);lon4aﬁd BNTERMERIATE €4eld (S)-6,6-Dimethyl-4-{(S)-
4Ch|or02(35d|fluoropr|d|n4yl) phenyl am ne

2rtﬁ@@z%tsmll-perr@@e@la—ﬁgcam 1) ey marciy (3256 )

| di.at
n3 oot St A 1y & RES Bty S b Fer Ty
cEPBb1iA082y19) oW SledREass e@nsbl 12 (f3ari sk5 ¢1i n

,Dichlorobis(triphenyl phosphi ne)pal | adl um (I'1) (O 05
féqNM% Q30(PmB§IHZ ZDMS@)déhd copper281 Xsiodi dé- @6 Iseql) 8.81

re dded .ang, t uspe h t
12“% ux for %)8 1 %%ﬁ q%ﬁ Iiﬁ‘n %téﬂr%e o?ﬁl ?d (s
1oo7R§9 fisl t ened .tehr eugh5a ﬁhorlt) pl 2g of 7ceJ21 te;(r)l)amdzs -
the di net hyl formam de renoved a rot

‘evlpoFat of . 3TRE cr ddémdfer Fal 3w§§) di §8810\/e(§11| A) 2.94 (4,
19C§t oni tilgy(30@1m) o washad with h@X%eS 30) 2& %%0 M) o2

t hen concentrat ed i n vacuo. The mat er i al vvas
(di s8ol ¥ed0i ts, eBhyll .d6et(dt e3() 400 151 )(sand) vvashed

Ng;@gess veéea/g%n ﬁ?ﬁl%a‘t'—f‘i’;{ﬁgg x200 L), saturated sodi um

BLSD R = 1.57 min. M+H = 549.

INTERMEDIATE 63: 3,5-Difluoro-4-tributylstannanyl-pyridine
[00224]. n-Butyl lithium (1.0 eq, 76 mmol, 47.6 mL, 1.6 M
in hexanes) was added via dropping funnel to a solution of
diisopropylamine (1.05 eq, 80 mmol, 11.2 mL) in THF (300
mL) at -78 °C under nitrogen (N3). The solution was stirred
for 30 min at -78 °C, then a solution of 3,5-
difluoropyridine (1.05 eq, 80 mmol, 9.2 g) in THF (20 mL)
was added dropwise via syringe. A beige precipitate was
observed to form. The reaction stirred at -78 °C for 90 min
then tributyltin chloride (1.0 eg, 76 mmol, 20.7 mL) was
added dropwise via syringe and the resulting solution
allowed to warm to RT over 2 h. Water (5 mL) was added,
then roughly 250 mL of THF was removed on a rotary

evaporator. The resulting material was diluted with diethyl



m.), saturated sodiumchloride solution (200 ni),
dried over magnesiumsulfate, filtered and
w@oemgestisat ed i n vacuo. The resulting solid WaST/US2004/011080
triturated with diethyl ether (50 nlL) to renove the
dark col our, then dissolved in the m ninmmvolunme of
nmet hanol, filtered to renove an insoluble inpurity
and concentrated in vacuo to afford the 4-Chloro-
2-(3,5-difluoro-pyridin-4-yt+}3%henyl ani ne as a tan
solid WD 2004/092167 PCT/ US2004/ 011080 _--140- (12
eghergdgpy wWhi cRNRaaTHEd iSHCORs Sdssen verith é’faetr?r (2X200

i LU LU EOET PUERT L5Ah 00 SR L300 M0 ) - ariea

o¥riy, mﬁgh@s@dm,shﬂfaamd Fi0& efred %Hﬂ deetcenttivat el i vacuo

%N@ﬁﬁ thgg? 3b§e U%&%% B%E%F zﬂ%?annanfq)pygkdjgé as

abrEhbar9=dsf buar qo9ts, C@@Q@"@%1&(M§§Qﬂléiﬂwé§nused
bi s(trimethylsilyl)am (3.0 eq, 130 nmol, 130 ni,

crudm watTER: \ﬁ&lgt@di;re@wilél@la@pmnm f unnel to a
lu f. In 1.
KRR MBS RetRee, Mo Miatd hahes Ry

3h36hellneXMSSS(Mbﬂ§E.\/\@66quenched by the cautious

addi tion of saturated amoni um chl oride sol utioh (100
nm.) and the majority of the THF renpved on a rotary

TRMERY R e I _SAzur I _
et hyl acet at-egIZ 4(?0%?3&%&5%%235%?1\@%&@5%%1%%4 1)

pbemyilaedner gani cs were washed successively with

(@8] 2t ca°E8ameOREa e Sl IR (Sdo N ey (56 0

sevakisadoncsukatre tarehedikicer ed3 Siil. |J_CQach|7O/\@§nol 27.5
added and the slurry concentrated on a rotar

gevapdr arépdo- #h@h#mr@rmemazi@%m filed @sinddaBIGtadd -2
o B BgeRypld bt 1 st alort, colum) ol
Dﬁcﬁhb@bbié{tkuph@nylphosphlne)palladlum (IT) (0.05 eq, 3.2
mmol, 2.2 g) and copper (I) iodide (0.1 eqg, 6.4 mmol, 1.2
g) were added and the suspension heated at reflux for 15 h
under N,. The mixture was cooled to RT, filtered through a
short plug of celite® and the dimethyl formamide removed on
a rotary evaporator. The crude material was dissolved in
acetonitrile (300 mL), washed with hexanes (2x 200 mL) then
concentrated in vacuo. The material was then dissolved in
ethyl acetate (400 mL) and washed successively with water
(2x200 mL), saturated sodium bicarbonate solution (1x200
mL), saturated sodium chloride solution (200 mL), dried
over magnesium sulfate, filtered and concentrated in vacuo.
The resulting solid was triturated with diethyl ether (50
mL) to remove the dark colour, then dissolved in the
minimum volume of methanol, filtered to remove an insoluble

impurity and concentrated in vacuo to afford the 4-Chloro-

2-(3,5-difluoro-pyridin-4-yl)-phenylamine as a tan solid



9H- O0-carboline as an off-white solid (7.8 g, 82%.
"H NWMR (300 MHz, dnso-d6) : 5 7.71-7.61 (m 3H), 8.11

W@ ego4/0Hp7 and 12.16 (s, 1H) . Retention Tine (RC/US2004/011080
met hod: ammoni um acetate standard): 1.70 min. M
(MrH+) : 221. WO 2004/ 092167 PCT/ US2004/ 011080 --141-
| NTERVEDI ATE 66 :
6-chl oro-4-fluoro-9H, 8-carbolin-8-ylanmi ne [00227]
Sodiumnitrate (1.5 eq, 53-+imbd-5-4.5 g) was added
portionwi se to a solution of Internediate 65 (1.0 eq,
(35 3nepl ~89%8) WhFLﬁht VEE| Usefadst itheaGiugSERUGTY 5 taid

coo Ee%FEEhﬁg gﬁ§t e peaped at 70 Cfor 3 h. After

Fluoroacetlc acid was renoved on
11a-mm a(3/oo emppr@ﬁ@ds dm afa‘zﬂdaaa o udeisold &7 whidch iws,
suspended | nmet hanol and added

7d9%pﬁﬂse1ﬁb a7vﬂ80K§GsI9H s?P@r§d5§1%§ur§Haf sat ur at ed
Ré?gh‘d_%ﬂ' ff%eoreﬁ&e @@kﬂbaonam&%muﬂithcem%er %%%Mda%)

urry was stirred mn then the precipitated

1so0i dsnweMs ¢MkHECt etobyolssretved. filtration, washed
with water (300 nmL) and then dried in vacuo to afford

6-chl oro-4-fluoro-8-nitro-9H 0-carboline (about 9.5

urg@bﬁ&ﬁ@s cased glppt Re subgeguent sl c‘éﬁr%g.lihe

purification. Retention Tinme (LC, neth
[08226Ini um Sodf atebsbdndamarhylsile livamides GNmHég 12606

nhOP220L U1 et e DL at bum (201 0 1.9) B8 8004t 8er o

abs6M:0f Bndokl HOLA=8TALELR= L3 Gar Ral.ioneqy( 148 nﬁﬁb-l 330.4
nmmol, 9.3 g) and anmonium formate (3.0 eg 105 mmol
PH

ge BngTHFnaét RAnohdexr 782 m A Liaee $hzar¥e@91| glhi Rt the
%gdbagg C fgncg ?hP fEﬁr %Eg%st%dngag% of

ure V\HS ere ort

séiehraeéﬂ) amshmm \ﬂhilbrldéplseﬂl&taﬂsﬁuﬂ&@OOﬁ]LUEanGﬂh,e
and then the filtrate concentrated in vacuo to afford
mgj%§p53 e8| the THE ssppyed on a rotary evaporator. The

resulting slurry was extracted with ethyl acetate (400 mL
then 2x200 mL), then the combined organics were washed
successively with saturated sodium bicarbonate solution
(300 mL), saturated sodium chloride solution (300 mL),
dried over sodium sulfate and filtered. Silica gel was
added and the slurry concentrated on a rotary evaporator.
The material was purified using a Biotage Flash 75
purification system (short column) eluting with 96:4
dichloromethane/méthanol to afford the 6-Chloro-4-fluoro-
9H-B-carboline as an off-white solid (7.8 g, 82%).

IH-NMR (300 MHz, dmso-dg): & 7.71-7.61 (m, 3H), 8.11 (d,
1H) and 12.16 (s, 1H).

Retention Time (LC, method: ammonium acetate standard):

1.70 min. MS (M+H"): 221.



was suspended in the mnimum vol une of nethanol and

added dropwise to a vigorously stirred m xture of
wa@aidogogied sodi um bi carbonate sol uti on and sapC¥/E$md4/011080

sodiumchloride solution. After stirring for 15 mn

the precipitated solids were collected by suction

filtration, washed with water (200 nlL) and dried in

vacuo.to afford 6-chl oro-4-fl uoro-9H WO 2004/ 092167

PCT/ US2004/ 011080 --142- 43itarbolin-8-ylam ne (5.8

g, 70% 2 steps) as a beige powder. ''H NWVR (300 MHz,
INFESMIB)ATES 6%, 76 6-shl2mo- 4—€181p1(qj-91ﬂ-l7@-car'b0219;11-c8—ylam1ne

[(é?%@ntsl gﬁs%%l%m(%(‘itsﬁgﬁdg 1%9% ﬁ]ni%oé«[ ratke 55 odis added

potandardke tb 39 HRtiMB GMHﬂh)tern%mat@(WL(ﬁ. flieq, 35
4- (2- Acetyl am no- propyl) -6, 6-di neth

mppedphdl- Bng)sl@arth,vg@rwogoa@ue@l(csam ré?-043- filuo e Hitie
r%gugglln %lyﬁh %%tg 02%9b86 g%b reqlc%&ﬂﬁ“”dﬁﬁﬁlng to

prepared from erivedi ate cétic Wdr
R thNWr&&Q&onace&m%cOadﬁ)i wa@: ]fmeJQre(c’S onll) rokhds

(s, 1H) s, 1H),, d, 795 (s, 2H) _
evamreaormp as °g5- 8. 9‘511(31% ﬂ(lc)ld yhgshs vas (SMSPZ%lbded in a
s§a1§ %oiamgnbflﬁ%tha%o§7aﬁ@ a&de %ﬁ%%ﬁ%s%7 %i?frously
s(:s;:reél) mlxt@@e( Q;E SH):uaadeﬁ @s@dl(um bald)arbiaetaem |S@r1utlon

(gbﬁem%éc wget%e%u&%&ngEii%%%%e%%%esilrre %%r i% min then

tﬁeGPPEEEbﬁibtéd{%oﬂﬁ&s”ﬁbﬂﬁ'C@ﬁﬂb@h@@r%y suction
carbonyl ) -am no] - pro phol i ne- 3-carboxylic acid

fiétrakionoe- washger w-lg}r/; (A@t@éfr B&10i0n )y lenda fihge dried in
vggggsgk T?%orgslreglorgpau%quor% %r 1%&%g9%F%oggr llne
(about 9.5 g) which was used in the subsequent step without
further purification.

Retention Time (LC, method: ammonium acetate standard) :
1.79 min. MS (M+H"): 266

[00228] Sulfated platinum (~0.1 eq, 1 g) was added to a
suspension of 6-chloro-4-fluoro-8-nitro-9H-B-carboline (1.0
eqg, 35 mmol, 9.3 g) and ammonium formate (3.0 eg, 105 mmol,
6.6 g) in ethanol (175 mL) and the resulting mixture heated
at 75 °C for 4 h. After cooling to RT the mixture was
filtered through a short plug of Celite® washing with
copious amounts of methanol, and then the filtrate
concentrated in vacuo to afford a beige solid. The solid
was suspended in the minimum volume of methanol and added
dropwise to a vigorously stirred mixture of saturated
sodium bicarbonate solution and saturated sodium chloride
solution. After stirring for 15 min the precipitated solids
were collected by suction filtration, washed with water

(200 mL:) and dried in vacuo to afford 6-chloro-4-fluoro-9H-



Met hod E from Internediate 66 and net hyl ni cotinic
acid. '"H NWR (300 MHz, dnso-d6): 5 11.63 (s, 1H), 5.
waeeoro9ts7 1H), 5. 8.90 (s, 1H), 5. 8.44 (d, REH/PSHN4/011080
8.34 (s, 1H), 5. 8.29 (d, 1H), 7.94 (s, 2H), 7.65 (d,
1H), 7.21 (dd, 1H), 4.25-4.15 (m 1H), 3.97-3.88 (m
2H), 3.24-3.15 (m 1H), WD 2004/092167
PCT/ US2004/ 011080 --143- 2.99 (d, 1H), 2.59 (t, 1H
2.49 (s, 3H), 2.40 (dd, 1H-142.-09 (d, 1H), 1.35 (s,
3H), 1.21 (d, 3H) and 1.20 (s, 3H). Retention Tine
B{¢ikbmbiﬂe@%yhﬂmbnéuh5a&egat%O%tanaaﬁgﬁﬁ ag. 87bmiige MS
(MrH+) @ 553. Exanpl e 63:
PPYLFL 5. (6- Chl or 0- 9H bet a- car bol i n- 8- vyl car banmoyl ) - 2,
‘rareEwd mp@ﬁé&&g ¥l I5 acety caciodn, 0023 (9, an),
suspensi on of (S)- nethyl-nnrphollne-S-
7ca® bostyl 18) aci 9. 26- éﬁbolH)9FLBe83 d&r bdH) n- 8apd) lani’de (s
1%; 6 g, 6.0 moles) in 60 m of nethanol was added
7 mM of triethylamne (2.0 eq.), sodium
R&Yanebenohyslel @lac( 5@5tHed: QmhoAttinesretndeylsyaxyhird)
acid (780 ng, 8.5 mmpl es). The reaction mxture was
15?9 rped- aMSaﬁﬁﬁgnk tehperature for 1.5 hrs. Vater was
added (5 m) and the m xture was concentrated to a
thick yellow slurry. More water was then added (30
EXANPBRJ6L hedr ¢8uhtenglaininoypuapydi i-br éddametayi-ent
mﬁep§ mUr-for

cyﬁg§11ﬁLgh§y§chﬂago glve 1”80 (719@ of the deS|red
@ uct. IFFNVR (300 MHz, DNBC>d6) 5 1.17 (s, 3H),
[092 (s, 3Hpe Qe81re@dcQmpougdgwagdpxﬁpargd4§rgm;Uﬁ’

d 92 (s, 1H), 8.15
I?Eeji‘iﬂéglé% 6?saﬁlé|) acﬁgéﬁ %{18%%1569 01 (s, 1H), 10.28
‘H-ondt) ( do 4814 5, dddo-ddRat entiiar oTi (e, (1, med Jiod: (s, 1H),
anmoni um acet at e standardg 1.26 mn

8.92 (s, 1H), 8.34 (4, 1H), 7.95 (s, 2H), 7.81 (4, 1H),
4.05-3.95 (m, 1H), 3.92-3.83 (m, 2H), 3.18-3.12 (m, 1H),
2.87 (d, 1H), 2.55-2.47 (m, 1H), 2.40-2.31 (m, 1H), 2.03
(4, 1H), 1.78 (s, 3H), 1.32 (s, 3H), 1.63 (s, 3H) and 1.08

(d, 3H).

Retention Time (LC, method: ammonium acetate standard) :

1.73 min. MS (M+H"): 474.

EXAMPLE 62: 6,6-Dimethyl-4-{2-[(2-methyl-pyridine-3-

carbonyl) -amino] -propyl}-morpholine-3-carboxylic acid (6-

chloro-4-fluoro-9H-B-carbolin-8-yl) -amide

[00230] The desired compound was prepared according to
Method E from Intermediate 66 and methylnicotinic acid.
'H-NMR (300 MHz, dmso-dg): & 11.63 (s, 1H), &. 10.10 (s,
1H), &, 8.90 (s, 1H), &, 8.44 (4, 1H), o. 8.34 (s, 1H), o,
8.29 (4, 1H), 7.94 (s, 2H), 7.65 (4, 1H), 7.21 (d4dd, 1H),
4.25-4.15 (m, 1H), 3.97-3.88 (m, 2H), 3.24-3.15 (m, 1H),



M5 (MHHY) @ 417. 1. WD 2004/ 092167 PCT/ US2004/ 011080
--144- METHOD F. Coupling procedure for reverse am des
WO c@ang18) - PCT/US2004/011080
5- (6- Chl or 0- 9H bet a- car bol i n- 8-yl car banoyl ) - 2, 2-di et h

yl - norpholin-4-yl]-acetic acid [00232]
[(S)-5-(6-Chl oro-9H bet a- car bol i n- 8-yl car banoyl ) -

2, 2-di et hyl - nor phol i n-4-yl]-acetic acid (1.0 mmol),
EDCI (1.6 mmol) and the amb434¢4.2 mmol) to be
coupl ed were taken in a round-bottomflask and

23@§péﬁdeéHi n Bybiodilfe (&) ni?)-49THe r €311t iZncf Gri bdclr eLH)
ir oyenni g t e Py | e S r ved
et el aa tprasaare Ml dREY NP SH0° P ATNES 3m)

RBaéhlttLbﬁnEE‘dmlen (ECQAmed g d5 Yeatpvedd wsa Ma%fﬁi:e sanded) -

The separ at ed a%légeous ghase was further extracted

InwPt hEReallS tHefcbibPhéd extracts were successively

washed wth water and brine, dried over Na2SO4 and
concentrated conpletely. The residue was purified on
Eghinpde 166 gi dSthR&- (@e@ihrl@croxerﬁﬁdmta mmlam—

, ) o
[00@31’}3' i n- &‘byla) 's%@b@%s[l%@lz%@ heGd%S'ﬂl%t@ﬁ)MH’&%ne 3-
prepared according to Met from

cpeBpxglie- entidr gﬁﬁﬁhﬂéﬁ&l—@ﬁrwhanﬂngWI—)an&de (2.6
2 _ _ . .
oy e O P E ST ey e RO SO o e o

tti2th{3adtthe 122@ (eSz 3H) sodluzﬁcya%b(omoﬁybdrlaeﬂ%n mg,
(d,1H), 2.77 (d, 1H), 3.35-3 émm) 94(m2H)
9glommpdes)) and 93VOHYIHF, a8=1§3 (7801mE, & -51 P1ES) -

rgagﬁlgﬁ %H%tulg %&s(%tﬁgkehla%lagéu%ﬂk é%?é?gﬂdyé for 1.5

C, nethod: ammoni um acet ate standard)
hnsn WwBe@NWHs)add¢aO(5 ml) and the mixture was

concentrated to a thick yellow slurry. More water was then
added (30 ml) and the resulting slurry was stirred at
ambient temperature for iO min. and was filtered. The
collected yellow solid was washed with water and dried
under high vacuum to give 1.80 g (71%) of the desired
product.

'H-NMR (300 MHz, DMSO-dg¢): & 1.17 (s,3H), 1.30 (s,3H), 2.81
(d,1H), 3.34 (d4,1H), 3.46 (d,1H), 3.56 (dd,1H), 3.84-3.90
(m,2H), 7.92 (s,1H), 8.15 (d,1H), 8.21 (s,1H), 8.36 (d4,1H),
9.01 (s,1H), 10.28 (s,1H),11.40 (s,1lH)

Retention Time (LC, method: ammonium acetate standard):
1.26 min.

MS (M+H"): 417.1.



WD 2004/ 092167 PCT/ US2004/ 011080 --145- EXAMPLE 65:

(S) -6, 6-Di net hyl -4-(2-o0xo0-2-piperidin-1-yl- ethyl)
woreoplgdishe- 3- car boxyl i ¢ acid (6-chl or o- 9H bet BET/US2004/011080

carbolin-8-yl)-am de [00234] The desired conpound was

prepared according to Method F from

[(S)-5-(6-Chl oro-9H bet a-carbol i n-8- yl carbanoyl) -2,

2-di met hyl - nor phol i n-4-yl]-acetic acid and piperidine

in 90% yield. 1H NVR (300 MizZ4-DVMSO-d6): 5 1.17

(s,3H), 1.29 (s,3H), 1.35-1.60 (m6H), 2.25 (d,_1H),
MBTHQD (H; 1¢pupBing progeflure3fop rauciry, anides ggomHl (S)-

521828 820 (B, 2% o, BaBBol b ol calpdflel B -2l ddrknyi -

\ LI} Z1 I}
méﬂpﬂbﬂln94Qﬁl(Sa&é&lclécia (S 1FD 11 32 (S 1H)
Ret ent1 on T| nme (LC, nethod: ammoni um acet ate
[00233dar d) [ (S)-86 (e Ghleeot Mitchgta-gggbglipxAvpleaghamoyl) -

( 0 y
2 %S J?Tgiﬁlt% %Mﬁhoﬁicar b%gyl%gggéfdgféa ?oromgnﬁ-lbe gPCI
(Taf handhy 8a1ycﬂ)t1am ahmﬁéOZ:BS;? mineldesorbd conpbeddweas
prepared accor

Pt S 5 (o EArEROPORE BBt ALeaRbBRfnEBePgPasthiRoprFidine (5

m?y di MBhbyleSR1 phoki A1 deykb- 68t beiaebd 80pdrnABhRhOThae
in 86%vyield 1H NVR (300 MHz, DMSO-d6): 5 1.17

pYsidH)e Wasothgn3$§m02e49un@gr1p§duge¢1p€§5§ﬂye gng3the

=881008 wde et B Poned S el B, e el e {00
séﬂuﬂt&n 8TRE $epdithted. AduésudHbhaib. B8s EartHprléxPBacted

}-% Retention Time (LC, nethod: amoni um acetate
W%F%n@ @@g The ggoipined extracts were successively washed

with water and brine, dried over Na,;S0O, and concentrated

completely. The residue was purified on silica to give the

desired product.

EXAMPLE 64: (S)-6,6-Dimethyl-4-(2-oxo-2-pyrrolidin-1-yl-

ethyl) -morpholine-3-carboxylic acid (6-chloro-9H-beta-

carbolin-8-yl)-amide

[00233] The desired compound was prepared according to
Method F from [(8)-5-(6-Chloro-9H-beta-carbolin-8-
ylcarbamoyl) -2, 2-dimethyl-morpholin-4-yl]-acetic acid and
pyrrolidine in 82% yield.

1H-NMR (300 MHz, DMSO-dg): & 1.21 (s,3H), 1.29 (s,3H),
1.75-1.92 (m,4H), 2.46 (d4,1H), 2.77 (d4,1H), 3.35-3.68
(m,7H), 3.94 (m,2H), 8.08 (s,1H), 8.19 (d,1H), 8.23 (s,1H),
8.41 (d4,1H), 9.05 (s,1lH), 10.71 (s,1H),11.51 (s,1H).
Retention Time (LC, method: ammonium acetate standard):
1.75 min.

MS (M+H"): 470.3.



WD 2004/ 092167 PCT/ US2004/ 011080 --146-- M5 ( MtHt)
486.3 . EXAWVPLE 67:
W@ 3)044941p71 2- Hydr oxy- et hyl ) - met hyl - car banoyl ] - PCT/US2004/011080
met hyl } - 6, 6- di net hyl - nor phol i ne- 3-carboxylic acid (6-
chl oro- 9H bet a-carbol in-8-yl)-am de [00236] The
desired conpound was prepared according to Mthod F
fromJ[(S)-5-(6-Chl oro-9H bet a-carbol i n- 8-
yl carbanoyl ) - 2, 2- di net hyl -fok4hot i n-4-yl ] -acetic acid
and 2-net hyl armo et hanol in 55%vyield. 1HNWVR (300
EWPLE)I\/@hdéS -8, 9-Dimeghyipfd- (2-gpor< ~pigeridingd ~vi1-

cérB@lileB 915H}1m14e94(m 0.5H), 8.05 (d, 1H) 8.18-8.25
m. 2, 842 (d 1H), 9.06 (s 1H), 10 68 (s 1H,11. 38
[00234]) " | Thet @ﬁf%ﬁdwﬁ@pe&ed Wefh By SPa#Ren PEFCECENSt &o
M%E?Bgaﬁdfrom [%%)nbn(6N§h§M%H+thbézé EXAMRLE 63
S)-6,6-D ne (pyridin-3-
yybaabbmnm}tbﬁﬁt Eyﬂimﬁbhphempnehglaaﬁléey}ll] Facatid acid and
é chl.or o- ﬁtac boI|n8yI) am de [00237] The
p Bgﬂéansoﬁﬁo% 8 %S Prepared according to Method F
Honem [ (o dufH; Ghiss-a3dH beta: car b@Im)S 1.29 (s,3H),
yl car banoyl ) - 2, 2d|methl-rmr5holln ]-acetic aci d

aﬁa 1368niHeoby i d2nad THe 1P oddef Ludsl: lléicblrat3eé5as(d 1H),

> o3 CEE P STafpngy 0 ¥, BsSay SN s (e

18)4 BA701Kh. 350 BABOlHN. 3HTOT(DS 1) 13,8808, <d1lﬂm>,

253 TR O YR W P SER UEEREE

98) (s, 1H), O. 30 (d, 1H). WD 2004/ 092167

(
PCT/ S2004/ 011080
Retention Time (LC, method: ammonium acetate standard):

1.86 min.
MS (M+H"): 484.3.

EXAMPLE 66: (S)-6,6-Dimethyl-4-(2-morpholin-4-y1-2-oxo-

ethyl) -morpholine-3-carboxylic acid (6-chloro-9H-beta-

carbolin-8-yl)-amide

[00235] The desired compound was prepared according to
Method F from [(S)-5-(6-Chloro-9H-beta-carbolin-8-
yvlcarbamoyl) -2, 2-dimethyl-morpholin-4-yl]-acetic acid and
morpholine in 86% yield.

'H-NMR (300 MHz, DMSO-dg): & 1.17 (s,3H), 1.30 (s,3H), 2.19
(d,1H), 2.71 (d4,1H), 3.03 (4,1H), 3.16 (d,1H), 3.22
(dd,1H), 3.45-3.72 (m,7H), 3.80-3.98 (m, 3H), 7.94 (4,1H),
8.15 (d4,1H), 8.21 (d,1H), 8.37 (d,1H), 9.03 (s,1H), 10.35
(s,1H),11.28 (s,1H)

Retention Time (LC, method: ammonium acetate standard):

1.56 min.



--147- Retention Tinme (LC, nethod: ammoni um acetate
standard): 1.56 mn. M5 (MrH+) : 493.2. EXAMPLE 69:

w@ 3)048986Di net hyl -4-{[ (pyri din-4-yl nethyl) - PCT/US2004/011080
car banoyl ] - met hyl } - nor phol i ne- 3- carboxylic acid
(6-chloro- 9H beta-carbolin-8-yl)-am de [00238] The
desired conpound was prepared according to Mthod F
fromJ[(S)-5-(6-Chl oro-9H bet a-carbol i n- 8-
yI car bam)yl) 2, 2-dinethyl-nbtphol i n-4-yl]-acetic acid

gam nonet hyl) pyridine. The product was isol ated
M§s (Mﬁ% ochPBride salt in 53%vyield. 1HNMR (300 Mz,
D20): 6 1.34 (s, 3H), 1.49 (s, 3H), 2.64 (d, 1H), 3.03
(d, 1H), 3.48 (d, 1H), 3.72 (t, 1H), 3.74 (d, 1H),
EXAUBLE, B3 : (rhs) 2H¥{[XZeﬂyﬁdogyﬂﬁthWﬂS8H&$hymﬂcafbambyl]—

ch&Groaghh@étaaﬁaﬁ%bq&ma@eyabea§h@@dard) 1 47 min. B
(MrHE+) - 507. 3. EXAMPLE /0:
[0412[5@1(4 Wheoﬂyeﬁe'nfhyﬂl cpipenind wak- pheramdo-according to

Mﬁ%p%f# grg rrg;éhxl g}%bgj?ﬁl i ne- 15 rbox I I.C -aci %[5_

vi6aChhape19H2beat g+ eathlli- wdmﬂdumn%MD—adétﬁ& acid and
di msth)_/LI-rmr pholin-4-yl]-acetic acid (200 ng, O.48
2nﬁ8F?Y SRATPIr FEFREPA- ATy PoFe &S - (111 ny, 0.96 mol)

%ésﬁ‘ﬂ{{Jé’edDM@oD&r)' dige (4 My, Fhe resihting sy

tion was &tirred at roomtenperature for
21B9m(m aHd, th&n EB@ G.H84 29, 960.(%6 1mBd)), wad 7added. .i5H) ,

i nal i r 1o to
38503368, TR o™ 16007 O-doR00 R do sty 333 Am, % . % 60
(RCTHUSZ0044054Q80 o- 5%48 8.05 (d,1H), 8.18-8.25 (m, 2H),
8.42 (d,1H), 9.06 (s,1H), 10.68 (s,1H),11.38 (s,1H)

Retention Time (LC, method: ammonium acetate standard):
1.47 min.
MS (M+H"): 474.

EXAMPLE 68: (S)-6,6-Dimethyl-4- (pyridin-3-

yvlcarbamoylmethyl) -moxrpholine-3-carboxylic acid (6-chloro-

9H-beta-carbolin-8-yl) -amide

[00237] The desired compound was prepared according to
Method F from [(S)-5-(6-Chloro-9H-beta-carbolin-8-
yvlcarbamoyl) -2, 2-dimethyl-morpholin-4-yl]-acetic acid and
3-aminopyridine. The product was isolated as hydrochloride
salt in 55% yield.

"HMNMR (300 MHz, D;0): & 1.34 (s, 3H), 1.54 (s, 3H), 2.60
(d,1H), 3.4 (4, 1H), 3.50 (4, 1H), 3.70 (t, 1H), 3.81 (4,
1H) 4.23 (4, 2H), 7.69 (4, 1H), 7.98 (4, 1H), 8.01 (4, 1H),
8.17(d, 1H), 8.42 (d, 1H), 8.48-8.55 (m, 3H), 9.09 (s,1H),
9.30 (4, 1H).



Water (4 nL) was added and the m xture was
concentrated under reduced pressure. The resulting

w0 e®ideeas partitioned between et hyl acet at BCT/682004/011080
and 1 M aqueous potassium carbonate. The aqueous
| ayer was back-extracted wth ethyl acetate (3 x 50
nm.) and the conbi ned extracts were washed with water
and brine, dried over sodium sulfate, filtered, and
concentrated. The crude resitdie-was purified by
silica gel chromatography (nethylene chloride and
Retehanoh Giaei dhl) W@tgpﬁdréﬂﬁwméUJLFQEF@te standard) :
hggroxxnethyl pi peridin-1-yl)-2-o0xo-ethyl]-6, 6-di net hy

norphollne 3-carboxylic acid

MGG(MhHOID 2B bet a-carbolin-8- yl)-am de as a yel |l ow
foam (152 ng, 62% . The bis-HCl salt was prepared by
addi ng 2 equi valents of conc. HClL to an ethanolic

Eigwht%of (e 6f 6e PR AR nyFOACEN (FAkI 1 Hm - 4 ﬂn@/@pﬂw

Ter trrturationmrartorded the salt as a fre
cakbamngl]vmbtbmdpem@ephollheNBRd@hhaﬂxkyg dﬁmﬁ.MHtphloro—
_gg“l g S: 1 03 %d . 10.51 (d, 1 H), 8.97 - 8.80
L ide 1y 7794 - 7.76 (m 2 H),
Hﬂﬂgﬁl(d %h@)deé1}@ﬂ)c%mﬁgdﬂ@ W%sHbméiéyéd aé%d%ﬁﬁﬂ@ to

MEtB@@nF Zre, (15985 (B, ¢@1@#P—§HHﬁet§ﬁ§§qpplxpﬁ%—
vEsRaPETENE) B e A fr g R Ty SO i) il and

4EX&MEhEm@ihyl pyrldlne The product was isolated as
%4- Hydr oxy- pi per di_n- -yI) 2- oxo-ethyl] -
hzdeoa Fﬁﬁﬁ-ﬁéﬁﬁhépi§é°3365¥ﬁbxyllc aci d

fgﬁa&ht @ik, bSIR-cay bP' dﬁH)amP'ezlé 0?3403}1)““32 64
ired conp ound was synt eS|ze usi n
(ehl arEd- 9H—Bétadcaﬂﬁbllﬂ gsyHCBrb&hDyB)ﬂz (Z-,dildBt,hyd .74 (4,

i o Pty Facdfle deh Iy 2o er e 722

(s, 1H), 8.21(d, 1H), 8.44 (4,1H), 8.53 (4, 1H), 8.56 (s,
1H), 8.58 (s, 1H), 9.08 (s, 1H).

Retention Time (LC, method: ammonium acetate standard):
1.47 min.
MS (M+H'): 507.3.

EXAMPLE 70: 4-[2- (4-Hydroxymethyl-piperidin-1-yl)-2-oxo-

ethyl] -6, 6-dimethyl-morpholine-3-carboxylic acid (6-chloro-

9H-beta-carbolin-8-yl) -amide

[00239] [5-(6-Chloro-9H-beta-carbolin-8-ylcarbamoyl)-2,2-
dimethyl-morpholin-4-yl]-acetic acid (200 mg, 0.48 mmol)
and piperidin-4-yl-methanol (111 mg, 0.96 mmol) were
dissolved in pyridine (4 mL). The resulting yellow
solution was stirred at room temperature for 10 min and
then EDC (184 mg, 0.96 mmol) was added in a single portion.

The reaction mixture was allowed to stir over night (16 h).



following Method F in 31%vyield. 1H NVR (300MHz, D20):
58.85 (1H,s), 8.19 (2H, s), 7.82 (1H, s), 7.44 (1H,

W@ 2004492167 (2H, m, 3.9-3.75 (4H, m, 3.6 (2H, Pey/USBOEE11080
(2H, m, 3.12 (1H m, 2.9 (3H m, 2.8 (1H m, 1.7
(2H m 1.34 (3H, s), 1.19 (3H, s) Retention tinme (LC
nmet hod: ammoni um acetate standard): 1.5 mn M
(MtH+) : 501 EXAMPLE 72:

4- Di et hyl car banoyl et hyl - 6561 48ret hyl -
mor phol i ne- 3-carboxylic acid _

Weserhl(8r oLIHwbst add@ch@indht8e Wiktayred a0 Fzaertinated
desi red .conpound was. _mad Si f.[. 5- (6-

oBBbr SOgReRR RR e e B e =g iy -

pERERRObhBddbyklreagedttivaciad cand edi (Stohyirgmiaigi flolM eduibus
Method F in 60%vyield. 1H NVR (30Q0MHz, D20): 5 .8.87

peipssiym gaypopgie-n) The gavuepls dpyer. sBs fackaextracted

St cfriieheratn Y = Pt ine gl ind ey tates

wRetewtBhadt inineh( et ere bimold bramen nidomesc etvatre ssicenaar d)
1.96m n MtHE) - 472 EXAMPLE 73: .

SBLSbe e Ry FERoE 2504 REPRYT SRS BRazi PR e, residue was
axefethybl - BBnRbal igee- IneaRbevY I(thethyl hlorid

p( 6- chl or 01-[9H- bet a- carbolin-8-yl )?g?;lpd(e e[ 0(3/24%']]e Tche orres

agdshmeslanehpoyadivas ) prepaté@rds phgd 36— (4-

TS T60 BT s T g0 e ekt 6 SISty 1
moephbtlihe-3-yhibasslic a(c)t:iid_ d166 chloeioh\piH-pigrer-azid® 1in-8-
A LEUh00 Nethod £l n 1206 Yehd TR (DVBO .9 1138 oo

was prepared by adding 2 equivalents of conc. HCl to an
ethanolic solution of the freebase. Concentration,
followed by ether trituration afforded the salt as a free-
flowing, yellow powder.

'H-NMR (freebase, 300 MHz, CDCl;) &: 11.03 (4, 1 H), 10.51
(d, 1 H), 8.97 - 8.80 (m, 1 H), 8.47 - 8.27 (m, 2 H), 7.94
- 7.76 (m, 2 H), 4.84 (d, 1 H), 4.16 - 3.77 (m, 3 H), 3.68
- 3.26 (m, 5H), 3.08 (ddd, 1 H), 2.89 - 2.64 (m, 2 H),
.50 - 2.37(m, 2 H), 1.98 - 1.70 (m, 3 H), 1.38 (s, 3 H),
1.25 (s, 3 H), 1.19 - 0.97 (m, 1).

MS (NH;OAc standard conditions, ES+) e/z = 514 (M+H)®

[\

DAD R¢ = 1.51 min

EXAMPLE 71: 4-[2-(4-Hydroxy-piperdin-1l-yl)-2-oxo-ethyl]-

6, 6-dimethyl-morpholine-3-carboxylic acid (6-chloro-9H-

beta-carbolin-8-yl)-amide

[00240] The desired compound was synthesized using [5-(6-
Chloro-9H-beta-carbolin-8-ylcarbamoyl) -2, 2-dimethyl-



8.37 (1H, s), 8.21-8.15 (2H, m, 7.9 (1H, s), 3.89
(2H, m, 3.7 (5H, mM, 3.1,(2H, n), 2.85 (2H, m, 2.49
W@ 34080167 2.4 (3H, m), 1.2 (3H s), 1.16 (3H, PGH/US2004/011080
Retention tine (LC, nmethod: ammoni um acetate
standard): 1.34 mn. M5 (MtH+): 500 EXAMPLE 74:
4-12-(2, 6- D net hyl - nor phol i n-4-yl) - 2- oxo-
et hyl ] -6, 6-di met hyl - nor phol i ne- 3-carboxylic acid
(6-chl oro- 9H b-carbolin-8-yl4g-ani de [00243] The
desired conpound was prepared using [5-(6-
mGhbloebifH bel A-saebdti acsdypodr BahvdirpxypipegioFdrisy| -

hol i n;4- cetig,gcid and 2,6-dinethyl
fﬁgig b??n%e ¥8blgmﬁﬂgg&@tﬁogaaf Chr omat ogr aphi ¢
trpumie | cRd ez gave)t:he gless radr, mo,dua:tlg' n 27rD 8@% 7 82

ield. 1H NMVR 5300 MHz, CDC
3H) , 78465 I(Id SiH)4 é53?2€*d miH)3 @ §47(3m 41%) ;3.6

(%?m ?]53'25%6 g ’ _,8 g( ’(1141 3I7n)§ 47§l(_2(’3H3H§h9 (@g (1H,

mf d, 13H) (2H, 4@) (m 33FM3H1 &8 (ﬁ]lBFDBHReBentlon Ti me

C, et hod m c ac d st andard 1.14 nmin Di .od
RAF Ay ORNBL R (- mE oA, MERPRL Ui SCEKARE £ LFReaTa)
115{R1H5- (6-Chl oro- 9H bet a- car bol i n- 8-

yl car banoyl ) - 2, 2- di net hyl - nor phol i n-4-yl ] -acetyl }-
Mgi p¥+Hd) neS@lcarboxylic acid nethyl ester [00244]

[ 5- (6- Chl or 0- 9H bet a- car bol i n- 8-yl car banoyl ) - 2, 2-

di met hyl - nor phol i n-4-yl]-acetic acid (200 ng, O0.48
EREMP)LEWR 20040082061 cREHAENSZAG44£031080 6 -4+ kheThydnd

met hyl 1 soni pecotate, (137, ng, 130_ul, Q.96 nnnﬁ) ¥Fre
mareRel {BE- 3 nCpyPPAYAdC(ACAH) (8rghlorprdH-RetegsRrbolin-8-
vignpgEgLure 10 min. EDC was added and the reaction
“mxture was allowed to stir at roomtenperature over
[00R4tt ( 16The. desired compound was made using of [5-(6-

Chloro-9H-beta-carbolin-8-ylcarbamoyl) -2, 2-dimethyl-

morpholin-4-yl]-acetic acid and diethylamine following
Method F in 60% yield.

'H-NMR (300MHz, D;0): & 8.87 (1H, s), 8.26 (2H, m), 7.8
(1H, s), 7.52 (1H, s), 4.1 (3H, m), 3.8 (2H, m), 3.22 (2H,
m), 3.0 (1i#, 4), 2.7 (1H, d4), 1.3 ( 3H, s), 1.19 (3H, s),
0.09 (6H, m).

Retention time (LC, method: ammonium acetate standard)
1.96min

MS (M+H+): 472

EXAMPLE 73: 6,6-dimethyl~4-[-2-(4-methyl-piperazin-1l-vy1)-2-

oxo-ethyl] -morpholine-3-carboxylic acid (6-chloro-9H-beta-

carbolin-8-yl)-amide

[00242] The desired compound was prepared using [5-(6-
Chloro-9H-beta-carbolin-8-ylcarbamoyl) -2, 2-dimethyl-



Addi ti onal nethyl isonipecotate (137 uL, 0.96 nmol)

was added and the m xture was stirred an additiona
wQ@2o0h/09Mét er (4 nl) was added and the mi xture PCT/US2004/011080

concentrated. The crude residue was partitioned

bet ween et hyl acetate (75 nL) and 1 M aqueous

pot assi um carbonate (50 nL). The aqueous phase was

back-extracted with additional ethyl acetate (75 + 50

mL). The conbi ned extracts-wkse-washed with water and

brine, dried over sodiumsulfate, filtered, _
meshbenipattedllargepde picdd Bpdsill-methyd] piperazine

g ( yl.ene |.ori de/ met hanol gradi ent)

f§E&8 n% Ed{%@%firgggg'seﬁasygghydglIovvfoam(150 ny,

1571%3 (iwesd) ssHCL. sal (1wasSp;emared (by, addi, ng. El (lH s),

ui val ents of con an ethanollc sol utio

8t é f(l8ebsde. 8C8%c§n9§at2§h Mol Toved By &ther - cich (2H m) ,
tgi at .on af for, e sal ee f i@

3 j t(g\%lv ip“gwclg’ 1% 1H- Nl\/@(’fr%egtgaggfﬁ 8 i ,4@CD013’) S§

(m Orh)(d1.2 HBH,18)481. (1@ (BHH) 5)8.95 (s, 1 H), 8.48 -

8,31 ( H), 7.96 - (

rgteciBy gk digPiecho @O@%Hﬁl Acs e Sappata)

12335mﬁm 3 H, 2.09 - 190 (m 2 H, 1.85 - 1.52 (m
2 H, 1.38 (s, 3 H), 1.23 (s, 3 H. M (NHOAC

M8t AMctHrrd :cORQi ti ons, ES+) e/z = 542 (MtH)+ DAD Rf =

1.72 min EXAVPLE 76:

(S)-4-[2-(3, 3-Di net hyl - nor phol i n-4-yl ) -2- oxo-

EBRMPLE- G46- dkﬁﬁPH2|6ﬁﬂﬂphmmwﬂeﬁGH@ﬁKﬂQmHQ4@1&92&OXO—

h

9&0944:9%%&@&9@%@&%&6%11080 - 152 [00245]
g, 26.1 mol) (prepared

[M@éb} di ngThe tﬂleslmedce@mpeu@ﬁ @etst fparepried uetinall5-)(6-

946, .286- 291 s | v
R BrpostrbehaeaeBaLfy - richei T le o 3 26 e chds
mgrphgﬁlﬁ @HQﬂh—ﬁ@%té@d%@lamgnkhQ %&QQMéMMMﬁﬁmQ@ﬂdﬂine
follow1ng Metheod F. Chromatographic purification gave the

desired product in 70-80% yield.

'H-NMR (300 MHz, CDCl3): & 9.31 (s, 1H), 8.75 (d, 1H), 8.55
(d, 1H), 8.37 (4, 1H), 8.14 (m, 1H), 4.73 (m, 2H), 4.96 (m,
"), 4.37 (m, 2H), 3.69 (m, 2H), 3.57 (m, 4H), 2.82 (t,
iH), 2.47 (t, 1H), 1.50 (4, 3H), 1.42 (d, 3H), 1.18 (m, 6H)
Retention Time (LC, method: formic acid standard): 1.14 min -
(Diode Array) .

MS (M+H"): 514, (M-H"): 512

EXAMPLE 75: 1-{2-[5-(6-Chloro-9H-beta-carbolin-8-

ylcarbamoyl) -2, 2-dimethyl-morpholin-4-yl]-acetyl}-

piperidine-4-carboxylic acid methyl ester

[00244] [5-(6-Chloro-9H-beta-carbolin-8-ylcarbamoyl) -2, 2~
dimethyl-morpholin-4-yl]-acetic acid (200 mg, 0.48 mmol)



Bronoacetyl chloride (2.2 nL, 4.08 g, 26.1 mmol) was
added dropwi se and the solution was warned slowy to
WO oma9xienper at ure. The reaction was concent r aP€HUS2904/011080
dryness in vacuo, redissolved in ethyl acetate and
passed through a plug of silica gel. The eluant was
concentrated to a yellowoil.- (3.45 g, 56% that was
carried to the next step. Retention Tinme (LC, nethod:
amoni um acetate standard)=-139120 mn. M5 (MtHt)
237. [00246] Internediate 59 (60 ng, 0.14 mol) was
asdsperbizd llsﬁndp@ﬁloﬁla@ﬁ?et Aadema3 M0 uk,sd -6 amadf) mare

%%é? még1 C Béra g %rlegté§§?%ﬁﬁ%%§£%n§h%tg%ganIC

témpéeatﬁabedot aidr. yn@&'.)s: waghediede ahas e hsa s dicksidy efi xture
in DMF (1 nlL) and stirred at roomtenperature.

wzssaéﬁewsd( £03 5§l ire ity FORBY FRBIPEHAAINS Ovah aehe (G )
galtQQﬂlélm%ltLy\ﬁaas@haf)%'c%%gt' N ( Gk, me) ANthmAdded

ropw se. e reaction was stirred for hours at
added tmdpéhat nistame wascemumaeddaMOamQﬂMEmnahwZﬂaiuo.

Fl ash col unm chr onat agr aph 93..7
WAFER) SEoREI RS, RECRARGRE Cher DiqsiTE pencstGAed.  The
c¥hiehreas adies #8kV 8d rich t4NnediChedivexanethd 1Macetate (75 mL)
Concentration in vacuo afforded the title conpound as

agdy é| Mopaserig pgzaﬁgiuzlg%arbmﬁlvﬁ (300 Mz, WeHagA)eouSs

p?aéelwgg égzgsgktr%ﬁ%£ %%E%Hgddfhf%%a% ;%%?ﬁ %%%?%te (75

+4580miin. 4fhe 8otbifhed EWrra8t39wese HdpsheBwiZH thater and

bpehPuSIbO LT8R 208 e STkERGR | 6 O%%/@%?Eé%ﬁm#&&ted
oS0 P SEEL . By SURCget) oS rapnlS M cyos
chlorlde/methanol gradient) to afford the freebase as a
vellow foam (150 mg, 57%). The bis-HCl salt was prepared
by adding 2 equivalents of conc. HCl to an ethanolic
solution of the freebase. Concentration, followed by ether
trituration afforded the salt as a free-flowing, vyellow

powder.

'H-NMR (freebase, 300 MHz, CDCls) & 11.04 (d, 1 H), 10.48
(d, L H), 8.95 (s, 1 H), 8.48 - 8.31 (m, 2 H), 7.96 - 7.79
(m, 2 H), 4.48 (dd, 1 H), 4.13 - 3.92 (m, 2 H), 3.88 - 2.97
(m, 9 H), 2.84 - 2.35 (m, 3 H), 2.09 - 1.90 (m, 2 H), 1.85
- 1.52 (m, 2 H), 1.38 (g, 3 H), 1.23 (s, 3 H).

MS (NH;O0Ac standard conditions, ES+) e/z = 542 (M+H)®

DAD Re = 1.72 min

EXAMPLE 76: (8)-4-[2-(3,3-Dimethyl-morpholin-4-vy1)-2-oxo-

ethyl]-6,6-dimethyl-morpholine-3-carboxylic acid (6-chloro-

9H-beta-carbolin-8-yl)-amide-bis-hydrochloride salt




met hyl ] - 6, 6- di net hyl - nor phol i ne- 3-carboxylic acid (6-
chl or o- 9H bet a-carbol i n-8-yl)-am de [00247]

W 26040920kt or o- OH bet a- car bol i n- 8-yl car banoyl ) - BCRUS2004/011080
di met hyl - nor phol i n-4-yl]-acetic acid (200 ng, O0.48
mol ), trans-4-amni nocycl ohexanol hydrochl oride (145
nmg, 0.96 mmol) and diisopropyl ethylam ne (124 ng, 167
uL, 0.96 nmol) were dissolved in pyridine (4 nL) and
stirred at room tenperaturelX@-mn. EDC (184 ng) was
added and the reaction was_stirred at roaom

Opéﬁﬂeratu?62oQéWeﬁhﬁﬁmofﬁéoﬁ}newAﬁep 9¢22/1Y ®Eelddded
%% al §8UbLERE X HhE %ﬁ@%c%@ﬁ?%nbﬁfab‘%@tl@ﬁd@' Ld , et

pressure The resufting residue was di
almtﬂ'SOrgL Chiémaqlidbs @@ta@@ﬁuﬁﬁ&ﬁrﬁaaaﬁes&nﬂved in

e acted _.with hyl . acetate (75 +.2 x 50
afhbrrencriract B0 e o wACHEEVEERLAg 45 Snfitis PnES o
26ri %QY?rwégdéaﬂdeHhﬁat:Ee fehtened and cesaedt rat edooc.

The crude residue was purified by silica ge

Bnhmgﬁgebglaph%OFNéﬁhéﬁoB mLapeéhPBefie 26hMlopimgd) was added
r adi t ff 4-
%9%W%§§x Pca gngé ﬁhéﬁ%(%ggg%dne?é%pgﬁﬁrpﬁbl|ne 3

tembar8ouykl C ahedreactlon was concentrated to dryness in
(6-chl org-9H-beta-carbolin yl)-am de (148 599
vagug, yErfHFs P b¥RT TﬁeeEP¥ll—E‘ie§§F? fas Bﬁéﬁsﬂen%h a

? 58 glﬁgaavalefnt sTRb e20&ntHFhst BoARBkRARAG G0 a
ution of the freebase. Concentration, followed by

yelhew ofiti(Brabi on abkor dhdtt Wessghrraedato the next step.

RRkERt oty 3y e 1507 TpHROYT qrpl bR ety

1(50 Ain), 8 45 - 8.27 (m 2 H), 8.08 WO 2004/092167
PCT/ US2004/ 011080 ff --154-- 7.84 (m 2 H), 6.36 (br
M§(1§1E+ﬁi5 RIB - 3.81 (m 3 H ,372 - 3.56 (m 1H),

H@E@&Z 16 %KE&S& %15%3 Eﬁo%ib Tg, ?D%éz?%%lg ﬁ$%6sggbeﬁded
in dichloromethane (3 mL). A solution of 1M potassium
carbonate (0.5 mL) was added. The organic layer was
separated, dried over MgSO; and concentrated to dryness.
The free base was dissolved in DMF (1 mL) and stirred at
room temperature. 2-Bromo-1-(3,3-dimethyl-morpholin-4-yl)-
ethanone (30 mg, 0.13 mmol) was dissolved in DMF (1 mL) and
added dropwise. The reaction was stirred for 3 hours at
room temperature and concentrated to dryness in vacuo.
Flash column chromatography (93:7 dichloromethane:methanol)
afforded a yellow oil, which was dissolved in 4N
HCl/dioxane (2 mL). Concentration in vacuo afforded the
title compound as a yellow solid (22 mg, 29%).

'MNMR (300 MHz, MeOH-ds): & 1.35 (s, 3H), 1.41 (s, 3H),

1.43 (s, 6H), 2.98 (m, 1H), 3.45 (m, 4H), 3.56 (m, 1H),
3.76 (m, 3H), 4.30 (m, 4H), 8.04 (s, 1H), 8.39 (s, 1H),
8.52 (4, 1H), 8.73 (d, 1H), 9.24 (s, 1H)



1.22 (s, 3 H. M5 (NH4QAc standard conditions, ESt)
e/z = 514 (MtH)+ DAD Rf = 1.39 m n EXAMPLE 78
w@ B)o449127 (( 2R, 5R) - 2, 5- Di net hyl - pyrrol i di n-1- PCT/US2004/011080
yl)-2-oxo-ethyl]-6, 6-di nethyl - nor phol i ne- 3- carboxylic
acid
(6-chl oro- 9H bet a- car bol i n- 8-yl ) -am de- bi s- hydrochl ori
de salt [00248] (2R 5R)-2,5-D nethyl-pyrrolidine
hydrochl oride (270 ng, 2.0-¥awt) (prepared using the
procedure of Masamune et al Chem 1989,
Reizenty9p) Thas | BpssﬁﬁﬁgedlnaWPEHPBPoﬁﬁﬁﬁgﬁﬁ eFamdprsid

cgglﬁg Lhto OC. Triethylamne (405 ng, 0.56 ni, 4.0

was added. Chloroacetyl chloride (226 ng, 0.16

Mal (M2HD) mEild was di ssol ved in dichl oromethane (1 nl)
and added dropwi se. The m xture was warned to room
tenperature and stirred an additional 30 mnutes. The

EXgRet Eon7vwas - di vhed W hhdrdkghkorampbhgne at®amoll ) -
extractea W Th TN ?Ll ang brlne tﬁen drled ovVer

(LC nethod

etary— . MB (MrH+)

lnbiﬁfﬁ Th¢5HQBeCh&brb@SHCBétHedakbouH@ Bextl cadtRimoyl) -2, 2-
wi thout further purification. [00249] |Internedi ate 59

d{methyy merpBoiBf-Kad ~aresérvedid 28 Onfet ule 48§ mmol),

£REH QELEﬁ&% %ﬁlghé g glmﬁg obR 18k é 9UBSHIM0 . 96 mmol

car bonate §9 ny, §_§ ) was a géda ng ?Pg )
anéadnhsnpmaﬁymﬂthgdamdnéO(¢242m@h|666 11 ( DROBRD 1 )5were
ddlneg §I- rroli t ha on%.224é 1. 38 nmol)

eFa0uRrobS By et PesAhON01 F080 S H 168, LBt cd as
t&%ﬁéﬂa@ﬁ?e@@oiﬁ@h wagpg Qighvﬁé)l WagCabeRid bine tHel d¥action

and added dropw se. The reaction was warned to 80C
was stirred at room temperature over night (16 h). Water
(2 mL) was added and the resulting mixture was concentrated
under reduced pressure. The resulting residue was diluted
with 50 mL 1 M aqueous potassium carbonate and extracted
with ethyl acetate (75 + 2 x 50 mL). The combined extracts
were washed with water and brine, dried over sodium
sulfate, filtered and concentrated. The crude residue was
purified by silica gel chromatography (methanol / methylene
chloride gradient) to afford pure 4-[(trans-4-hydroxy-
cyclohexylcarbamoyl)-methyl]-6, 6-dimethyl-morpholine-3-

- carboxylic acid (6-chloro-9H-beta-carbolin-8-yl)-amide (148
mg, 59%) as a yellow foam. The bis-HCl salt was prepared
by adding 2 equivalents of conc. HCl to an ethanolic
solution of the freebase. Concentration, followed by ether

trituration afforded the salt as a free-flowing, yellow

powder.
lH-NMR (freebase, 300 MHz, CDCl;) & 11.71 (br s, 1 H),
10.21 (s, 1 H), 9.06 (s, 1 H), 8.45 — 8.27 (m, 2 H), 8.08 -



9

i

and stirred overnight. The reaction was cooled to 40

C. Sodiumiodide (207 ng, 1.38 mmol) was dissolved in
wa@eatoyae7 (1 nL) and added in one portion. ThePCEHHS1004611080

was stirred overnight at 40 C. The reaction was

concentrated in vacuo and diluted with ethyl acetate

(40 nmL.). The organic |layer was extracted twice with

water, brine then dried over MSO4. The organic | ayer

was filtered, and concentratlédlto an orange foamin

vacuo. Fl ash col um chromat ogr aphy

95: 5
7 d8&hl®r ofelhant: 3Bt KBFROF) af brdédlé yePl- 8k dByid, B . 3.72
S ssgl yed_i 1/ di gxan n
concenldrﬁlgt:élg5 . f negsél}'TMQ urgag?(ong \%%t gli) q @1 2:79
2a260(1ded5the tlztiLe —cibnp@umni ag H)yelll.6¥ solli. 60( ](81 ng, H) ,
/% 1H—NNR (300 MHz, MeOHd4): 5 1.23 (dd, 6H), 1.38
1 (% 3 H)48 (s, 3H), 1.65 (m 2H), 2.23 (m 2H)
us- %ﬁﬂmc W) andd-SLddB: ddns 3. 86+ (& /2H) . 564 18uem) *
2H), 4.35 (m 4H), 8.15 (s, 1H), 8.42 (s, 1H), 8.55
DAY, RAH) , 1 8F8nid, 1H), 9.29 (s, 1H). Retention Tine
(LC, nethod: ammoni um acetate standard): 2.02 mn. M
(MrH+) © 498. EXAMPLE 79:
EﬁAMﬁLE4761 k&ﬁnmxyzL(meRhghaenthbimbpﬁyﬂdpyrkolldln 1-

i - 2- 0X0- ethX 6- di net hyl - nor phol i ne-3-car boxyl.ic .
vhtFd-oxg- Ryl b= 6+6hdaweﬁhy AMRTH| pléaﬁaé,gégﬁﬁzyég_Aé_ié
éOEHEbQB Qb'ﬁgﬁé Lérﬁglgﬂl@r919Ha%leét%Q%Lﬁy%rochlorlde

yrcaroanmoyir ) - -armetnyr-norpnorrn-4-ylj-dacetyrl ;-
splperi di ne-4- carboxyllc acid nethyl ester (62 ng, 0.11

amxture of _anh us et her d tol 1,
ORFRH 1 5o 3172 2 g Le SNG4 LOLENRILE
(98§ sEowhy gagdded mifg%%g@aaea»sa brog gde o3 ioE
et her, WO 2004/ 092167 PCT/ US20047/ 01108 --156- 306L,

Masatdne| ﬁ. The eéactli ofrei-xChea-wag 88t i Prded 1d & ow@ms
dissolved in dichloromethane (3 mL) and cooled to 0°C.

Triethylamine (405 mg, 0.56 mL, 4.0 mmol) was added.
Chloroacetyl chloride (226 mg, 0.16 mL, 2.0 mmol) was
dissolved in dichloromethane (1 mL) and added dropwise.
The mixture was warmed to room temperature and stirred an
additional 30 minutes. The reaction was diluted with
dichloromethane (5 mL), extracted with 1IN HC1l and brine,
then dried over MgSO;. The organic layer was concentrated
to a brown oil. Wt.: 242 mg (82%).

Retention Time (LC, method: ammonium acetate standard):
1.24 min.

MS (M+H'): 176.5. The material was carried to the next
step without further purification.

[00249] Intermediate 59 (495 mg, 1.15 mmol) was dissolved
in a mixture of acetonitrile (8 mL) and water (2 mL).
Potassium carbonate (477 mg, 3.45 mmol) was added and the
reaction was warmed to 40 °C. 2-Chloro-1-((2R,5R)-2,5-
dimethyl-pyrrolidin-1-y1l)-ethanone (242 mg, 1.38 mmol)



tenperature overnight, and then quenched by addi ng

saturated aqueous sodi um bi carbonate. The resulting
worRoosivBewas further diluted with water (10 m PCEHOS2004/011080

ethyl acetate (30 m). The aqueous | ayer was renoved

and extracted with ethyl acetate (30x2 m). The

organic |layers were conbined, washed with brine,

dri ed over magnesium sulfate, filtered and

concentrated to afford a yelllsdx#solid (85 ng). The

residue was purified by HPLC, to afford the, pure L
(preprreed (a3 ﬁggscmb@d alPPRRR 380 hFEOetCEs) acstonitrile

0, 7.(d, L.H), 4 (s: Bl 0
(pgeh aga goda qPoitpd: bk, moghiohiual theylito socc
a%?h%ﬂ%f&e%4i§érgi%%91 gﬂgi2ré&ct$oﬁ4was225@l§@g§ol4Hﬁc.

. S, ] . 3. - 3. . 3. - 2.
sqiiyn 5oavac) b28% xa 54, MBOkY Whb F1ERRivedngn sisone
(1 ﬂL§6a§5]a§d€%3iﬂ-éﬁe&ﬁ%fggoﬁn1 PheHreaME¥ACwas stirred

standard conditions. = 1.85 mn MtH = 542

oEXAMPYIEE 88t 40 °C. The reaction was concentrated in vacuo

4-12:(3, 3-Di hy] - 4- ox0- pi peri, gisn-1-yl ) -.2- 0X0- .
R 151 658 Ui Tt KT bt BROF PR ACcAPh by FTe. sepguic laver
wa6- SRt prerefHiheta- gathowhbed; Ybyiaa dach0a232 over

4- Oxo-pi peridine-|-carboxylic acid tert-butyl ester
Mg80g, JBenriganid kR¥o|WaR Fhltefednydrdftrarepipated to

t esyl L] sol gy 0 .
e e Dok M kighe o0 11208, vamsntateladufupny, os:s
divaisladodedthanetinethanbell sbforfled anyeldbmglselpdrt wbnch

and_the resyltin cl m xtur al l.owed to stir
w35 o wEeHyt om el eRetinedauliy) GosisisRtered to
afibege Wag; ghi-gwednt @i vAr Bthke hEEBteapenat wielever
several hours. Stirring continued WD 2004/ 092167

cQIPWS2004/ 91168b0ow- seb¥d ¢¥8rmaight) (12 h). The Iight
PRI AR K S, WRSor-a,) : 5 1.23 (dd, 6H), 1.38 (s, 3H),
-1.48 (s, 3H), 1.65 (m, 2H), 2.23 (m, 2H), 3.18 (m, 1H),
3.50 (m, 1H), 3.66 (m, 1H), 4.18 (m, 2H), 4.35 (m, 4H),
8.15 (s, 1H), 8.42 (s, 1H), 8.55 (d, 1H), 8.78 (4, 1H),
9.29 (s, 1H).

Retention Time (LC, method: ammonium acetate standard):
2.02 min.

MS (M+H'): 498.

EXAMPLE 79: 4-{2-[4-(l-Hydroxy-1l-methyl-ethyl)-piperidin-1-

yl]-2-oxo-ethyl}-6,6-dimethyl-morpholine-3-carboxylic acid

(6-chloro-9H-b-carbolin-8-yl)-amide.

[00250] A solution of 1-{2-[5-(6-chloro-9H-b-carbolin-8-
ylcarbamoyl) -2, 2-dimethyl-morpholin-4-yl]-acetyl}~
piperidine-4-carboxylic acid methyl ester (62 mg,

0.11 mmol) in a mixture of anhydrous ether and toluene (1
ml: Iml) was stirred at 0° C under N;. To this solution

was slowly added methlymagnesium bromide (3.0 M in ether,



concentrated under reduced pressure. The residue was

partitioned between ether and water. The aqueous phase
wor®4/0ack- extracted with additi onal ether. ThECT/US2004/011080

conbi ned extracts were washed with water and bri ne,

dried over sodiumsulfate, filtered and concentrated

to a pale yellow solid. The solid was triturated with

4% et hyl acetate in hexanes (50 nmL) to afford

3, 3-di net hyl - 4- oxo- pi peri di4isd—- car boxylic acid

tert-butyl ester as a creamcolored solid (1.8 g,
304, O H NvRa¢ CDC1Bhe 308advttrpn bmBx¥Brét wad Birrdd48t room

(br s, 2 H , 2,49 (t, 2 F%, 1.49 (s, 9. H, 1.13 (s,
t@mpﬁraT@Bg5leq%éght, and then quenched by adding

- di et hyl - 4- 0X0= Bt Rar i, di = boxyt.C he.

S%€§¥g%%§y$&%%§%$ ?ﬁﬁ%ﬁgrggggg%g?%g%'ng%h%.6%§%%gﬁ?gmas
mitkissob viegls | flunehdy| dhdutbfiowitde ¢afeml)10 ml) and ethyl

Trij f] uoropacet | i d dded (305 uL d'th
O G AR AR o M e et Pt E
ehdghtionalithi gL oaeethccaci Ox2Was) addede( 38Qatkt layers

and the reaction stirred at room tenperature 3 days.
wahe parkeiyed) ovpsbedt vohhwasineondshefap¥art Bagnpeigm

! . . . . ‘ o h _
ELPRbLY F5E e AUchptesecLELLAT BbEd b 1 0811 T o
(8% m@ruo. TRe 3r&kbatibywaspbpet £iled- By OHPLEGAS tbsakEdbed the

and used as its trifluoroacetic acid salt (381 ng,
P9y Produc iRl JBIDMERF) 300 MHz) S 3.44 - 3.33 (m 4

Fhog?. B0 BP0 iy HO0ZEAT o, 2

s doaretdyl t npy phel 4n- 4dyl 1-Bret8c3acid, (108)nyy7.8924 7.81
nnn%&, 3, 3-di net hyl - pi peridin-4-one trifluoroacetatic
(BcitHkal 4-91 146 ny, Hb: 48- Rfor)3afy (m, 2 H); 3.64 - 3.57

Y E 3 it o PPea 10° K > 30047 003167> %"
(PCTLUSP002/01168R.58- 168-2 H), 2.47 - 2.41 (m, 1 H), 2.00
- 1.86 (m, 2 H), 1.53 - 1.03 (m, 17 H).

NH4.OAc standard conditions.

DAD Re¢ = 1.85 min

M+H = 542

EXAMPLE 80: 4-[2-(3,3-Dimethyl-4-oxo-piperidin-1-yl)-2-o0oxo-

ethyl]-6, 6-dimethyl-morpholine-3-carboxylic acid (6-chloro-

9H-beta-carbolin-8-yl)-amide

[00251] 4-Oxo-piperidine-l-carboxylic acid tert-butyl
ester (5 g, 25 mmol) was dissolved in tetrahydrofuran (100
mL) and the resulting solution was cooled to 0 °C. Sodium
hydride (60% in mineral oil, 2.10 g, 53 mmol) was added to
the cooled solution in a single portion, and the resulting
cloudy mixture was allowed to stir 10 min. Methyl iodide
was subsequently added and the mixture was allowed to warm

to room temperature over several hours. Stirring continued



EDC (92 ng, 0.48 nmol) was added and the m xture was
stirred at roomtenperature 4 days. Water was added (3
worgo4/0ga167 t he quenched reacti on was concent r at BCT/UI19€4/011080
residue was partitioned between ethyl acetate (50 ni)
and 1 M aqueous sodium carbonate (50 nL). The aqueous
phase was extracted with additional ethyl acetate (50

m.), and the extracts were conbined. The extracts
were then washed with waterl@he-brine, dried over
sodiumsul fate, filtered, dried and concentrated
ovederigbiudad BlessThe 1Tl t eF@ngen @ixesaidsas

CB%{ Fqlt%g\t@ﬁ ‘Ehldeq:a o o) c%la' %%;r%ohy ’I‘h(eC I']:leos':lq{lf)é' Mas
et'hy ent

acetate, nmethano af fordi
pér[t?.t@.&n%ddﬂo%hzl@ﬁln— lét(hm ratnp?emadjerr | - yibe %rcpieblfﬁ Hdse was

6, 6- di net hyl - hol | ne-3 boxyllc acid
beskcrrsrastsa Wéttgl Oﬂ‘”f‘ BeTani d&easARITDw

k@2t 812l e %%%%eéﬁﬂﬁiﬂphﬁﬂﬁigléﬁﬁ1bf@ﬁ% Prepate bk

adding 2 equival ents of conc. HCIL to an ‘ethanolic
sgdhumlsnldﬁtehefﬁﬂgebaﬁeandowmnaantmauﬁd Hoold awed: hyellow
'tura n aff

h t d th |
SBred-t | Bhengoly S Ea R Bchsnv paattes in
thaﬁés(SSOlnib t01@f$61653 B Hﬁmetﬂ%ﬁlﬁ4bko4bﬂﬁerﬁﬂfﬁb 1-
M, 8.15 (dd, 1 H), 7.82 (d, 1 H), 7.71 (d

cqybo;yé;c aglgz §F—@uﬂyl esger. ag ggqmﬁam;cq%orqg-ﬁplld

8 2.62 - 2.40 3 1.41 - 1.36
%grégbl 27 - 1.22 (m 3 Hgl,ml.lgb- 1.13 (m 3 H),

111-1@1@12 tchcB9 (3u0 Imk) M3 .(NHA@AC standay LT oqsk td oS, 1),
ES+) e/z = 526 (MtH)+ DAD Rf = 1.79 nin EXAWMPLE 81:
2648- Dtrelhii) - 41(-290X6- 2 ¥ roli-didn-(Byl6- &hyl ) -

QBSROT 131 72 Ae b 004092 T 7 SPCrBSI 00O TIOR0 o
acvid58erk002384l Eheedeshiedpeeppewdd (UED RiePaAr.8&d mmol) was
d?gggaggggigomethylene chloride (10 mL). Trifluoroacetic
acid was added (305 uL) and the resulting solution stirred
at room temperature 2 h. Additional trifluoroacetic acid
was added (300 ul) and the reaction stirred at room
temperature 3 days. The pale yellow solution was
concentrated to afford an oily residue, which was
triturated with ether. The solids were collected by
suction filtration and dried in vacuo. 3,3-Dimethyl-

piperidin-4-one was isolated and used as its
trifluoroacetic acid salt (381 mg, 80%).

'H-NMR (ds-DMSO, 300 MHz) & 3.44 - 3.33 (m, 4 H), 2.63 -
2.57 (m, 2 H), 1.11 (s, 6 H).

[00253] [5-(6-Chloro-9H-beta-carbolin-8-ylcarbamoyl)-2,2-
dimethyl-morpholin-4-yl]-acetic acid (100 mg, 0.24 mmol),
3,3-dimethyl-piperidin-4-one trifluoroacetatic acid salt
(116 mg, 0.48 mmol) and diisopropylethylamine (62 mg, 85

OL) were dissolved in pyridine (3 mL) and stirred 10 min.



Met hods C, E and F from
6- chl or o- 4- net hyl - 9H (3-carbol i n-8- yl am ne

W@ bovwev2reTli at e 54) and pyrrolidine. |'H NVR ( 3201/Ns&)4/011080
MeOD-d4) 6 9.17 (s, 1) 8.39 (s, 1) 8.26 (d, 1) 8.17
(d, 1) 4.74 - 4.52 (m 3) 4.47 - 4.30 (m 1) 3.80 -
3.52 (m 3) 3.48 - 3.34 (m 4) 3.01 (s, 3) 1.76 - 1.55
(m 4) 1.50 (s, 3) 1.43 (s, 3). NH4OAc standard
conditions ELSD Rf = 2.01 m158-#MH = 498 Bi ol ogi ca

Testing [00255% nﬁounds of this invention are
EBEf é8t2| 76, PnkBbrmers wEs| ﬂﬁdt@idlﬁé’@ (tlh«)mlwe was

ore, r egl d
sk PELELoRs rBhT, yeiRs rarkl, I SRR, RRltgs WS LRMEPTs o)
amattheaqdehnheavmebKBlohlmaseaqﬂmdmﬂnauedmn|ﬂhd|nesuﬁue
t he conpouynds of fornula be determ ned b
W@érPaaglﬁfLee&éuP%W@ﬁamﬁt&w% RESEACS (o i amd 1 M
a8hEbOL! 881 LAY cla%ﬁohla%sgs@xml t edy atoﬁl%ouéﬂwgl\%éf Sras

conpounds can be neasured as an I C50 value (in
ewhirehtied whéhceddentrasilorthyd @Wﬁt@ﬂftdﬁﬁbuﬁd, and the

SR PPl B ) AL K i

wa
51 6& assa g ccal

whsekubntiobreval, ualkdieg @%xsgba%mn@lﬂmmomdddwd dried
nmodul ates | KK. Assay for neasuring | KB kinase enzyne

aPﬁhP@PFP@ﬁrFG@%?}’ldﬂﬁ R WCefo PASSSF Teor - dere daShY tamy
rZRasHE Eb%y g 3%%50 %ya%falll\i'c*ay R Aol HB JIRARE

conpl e ate rmacol ogi cal agent’s can
(ehﬁbmpfarmolyphpﬂldee$p&ﬁn|m@thb@mﬁ 3ma§1@mm,8aiﬁbnﬁing

K P RSt
HOBNar AT BLREE PR CCRifOvR DSRLAAE ady A bl 16, 6-
dgﬂgﬁhQQ2%@%£B§1&H§2@0669%%Q§Q1C'akﬁQt %ﬂdﬁ%ﬁﬂbéﬁyH beta-

detection of the phosphoryl ated product e.g

cepbeilinc8anti b@@}d@l agi Bg Yerilpw & oghe pﬂiomoﬁﬁ%dt -ed The
fgtﬂbl salt was prepared by adding 2 equivalents of conc.

HCl to an ethanolic solution of the freebase.
Concentration, followed by ether trituration afforded the
salt as a free-flowing, vellow powder.

H-NMR (CDCl;, 300 MHz) 8 10.67 (s, 1 H), 10.37 (4, 1 H),
8.93 (s, 1 H), 8.41 (4, 1 H), 8.15 (dd, 1 H), 7.82 (d, 1
H), 7.71 (4, 1 H), 4.07 - 3.92 (m, 3 H), 3.83 - 3.89 (m, 6
H), 2.79 - 2.68 (m, 1 H), 2.62 - 2.40 (m, 3 H), 1.41 - 1.36
(m, 3 H), 1.27 - 1.22 (m, 3 H), 1.18 - 1.13 (m, 3 H), 1.07
- 0.99 (m, 3 H).

MS (NH,;0Ac standard conditions, ES+) e/z = 526 (M+H)®

DAD Rf = 1.79 min

EXAMPLE 81: 6,6-Dimethyl-4-(2-oxo-2-pyrrolidin-1l-yl-ethyl)-

morpholine-3-carboxylic acid (6-chloro-4-methyl-9H-b-

carbolin-8-yl)-amide




of the pol ypeptide, being either nonocl onal or
pol yclonal (e.g., commercially-avail able
W@ Aot pho- ser i ne32 KB anti bodi es). | n theCEKs20pd/€11080
of detecting the phosphor¥lated product by an
anti - phosphoserine32 I KB antibody, once the
ant i body- phospho- pol ypepti de conplex is forned, the
conpl ex can be detected by a variety of analytica
met hods (e.g., radioactivit+yl59uni nescence,
fluorescence,' or optical absorbance). For the use of
[00284] DELFIThAe( @egggadapimoamﬁammeammmding to

HbEHOFanG 1§ PE Bl AL OB R TIPS At Sy ed) Carbolin-s-

yvoamenees ThitermeBasten 5 AyYAnd ke rreQnipligxe .can be
|nn0b|I|zed either onto a biotin-bindin | at e Se.%.,
a4 2R T

HER a3 4P "MEBat BEOBrat &) Safdldet Bet & as.

(§CRNAR0 A 7anl, Dagy (con uaLed e Eunonl um ol ot 4. 1)
ant plate ( roteln A coated at €)
3asd —dété@t&d1mB0h3bA@tkn3med|mg @roEﬁKﬂ.dﬁn1&@aﬂeW6 -

E ropl V|d|n uropium . The |evel
og5 2 #y céﬁ qﬁe gé &¢ w@Sh a standard curve
NH$OAS §’&’£‘1§<§J§£&Ccoﬁh9§£’8ﬁ§ept kflep Ror+£espending. to the
substrate polypeptide. How to prepare materials for

MaHd=céABuct this assay are described in nore detai
bel ow. Isolation of the I KB kinase conpl ex [00258] An
| KB-a kinase conplex was prepared by first diluting

BlolsbiehlHekatSdgcel | -extracts S100 fraction (Lee et
I 1997) Cell 88:213-222) with 40 mM of 50 nmM HEPES
st e b S hriae

BROVAGS, SimbArami SYIFHOTWAE %
mﬂggg%g 82 vk 0 (H. o3nd BRI Mo oeeun

precipi SsO

£ouf f:@éa(ﬂagrr%kiaﬁzlasona Cabisell 00 %@%a%%b@? by the
PCT/ US2004/ 011080 --161- nM DTT, 0.5 nmM EDTA, 10 nM

athWitgroﬁhcbéhakéﬁaselarﬂhﬁedn i toentanidt ugatviorr &KB
k%gaggoléhgblgory act1v1t§%%lg t %}%ompounds of formula I
may be determined by various procedures known in the art.
The potent affinities for IKB kinase exhibited by the
inventive compounds can be measured as an ICsy; value (in
nM), which is the concentration (in nM) of compound
required to provide 50% inhibition of IkB kinase.

[00256] Following are examples of assays that can be

ugeful for evaluating and selecting a compound that

modulates IKK.

Assay for measuring IKB kinase enzyme inhibition

[00257] An in vitro assay for detecting and measuring
inhibition activity against IkB kinase complex by candidate
pharmacological agents can employ a polypeptide gpanning
both Ser®? and Ser®® of IKB (SwissProt Accession No. P25963,

Swiss Institute of Bioinformatics, Geneva, Switzerland) and



through a 0.22 Amfilter unit. The sanple was | oaded
onto a 320 m SUPERCSE-6 gel filtration FPLC col um
w@ 2omioghiem Bi osci ences AB, Uppsal a, Sweden) PCT/US2004/011080
equilibrated with a SEC buffer operated at 2 m/nmn
flowrate at 4 C. Fractions spanning the 670-kDa
nmol ecul ar - wei ght marker were pooled for activation. A
ki nase-contai ning pool was then activated by
i ncubation with 100 nM MEKKLI6QLee et al. (1997) Cel
88:213-222), 250 AM MJATP,. 10 nmM I\%CI 2, 5 M DIT, 10
aAgETt yier opeepbee, 0. Siaprer ey¥Lp R FPTPERCE, 45-9-
ut.es. at : ; j e
= R Y el A Dty oRe PRe Blogp i RLtea fom
oﬂ?@ﬁ@g%aly$fpﬁfmasebetmgvéiyhet0@@5@¢1¢na1herppolmelbnal
of a we pl ate, coppounds of, various .39
(oo PR HHAT Y 515 DI 309 BNt VaP B oP AEHBET od <
. aﬁ@{bg&&wt efn At hdSebmit & NoA0gbt 8EL 2641 ¥vREEd enzyne
difuted 1:25 wth assay buffer (50 mM Hepes pH 7.5, 5
pHdpHIThy 1 dfedbM@IC: BY atl 2ayiypkosphosphate’’ ZKBM
M crocystin-LR,_ 0.1% Bovi ne Serun1Alenin£.,g L of :
aﬁﬁ%ﬁ@@%' P2t FRg eantibody-phospho-polypeptide complex is
P Ot i n= = DSG, h HKEL CONGRY-4 2 M
R N R e T ar oy 8% o
ardaloiurabehetodsehehgng nadhosotivoty50lnnirepesngsl,

7.5, 0.1% BSA, 100, EDTA. L _of quench ki.nas
f%%%ﬁﬁ??ﬁ?%ﬁfeort?ﬁﬁﬁggirgés?ﬁg%nﬁ$gfeiEoﬁ EESt%Qg St the
DEFYF £X Cep B 86 €LAPObA ¥ nhahBemenROCKhOhanitk, FURSYrescence

containing 90 L of anti-phospho | KB S32/S36 anti body

Inrcareaspayhl Paghadc hhenegr eso Beger Fyuorppetyga) Perkan

. ' a 2 '
e B L R i P
cOMD PEO At A 2R6 71 RETHUBPDOA/ 611880 onfo a- bHREin9bindohg

TRl b PheS OB ATel abe) (LU ELTER oy «
s&é@ﬁdary antibody conjugated to Europium, or onto an
antibody-binding plate (e.g., Protein-A coated plate) and
detected with biotin-binding protein conjugated to Europium
(e.g., Streptavidin-Europium). The level of activity can
be correlated with a standard curve using synthetic
phosphopeptides corresponding to the substrate polypeptide.
How to prepare materials for and conduct this assay are

described in more detail below.

Isolation of the IKB kinase complex

[00258] An IxB-o kinase complex was prepared by first
diluting 10 ml of HeLa S3 cell-extracts S100 fraction (Lee
et al. (1997) Cell 88:213-222) with 40 ml of 50 mM HEPES pH
7.5. Then, 40% ammonium sulfate was added and incubated on
ice for 30 minutes. The resulting precipitated pellet was

redissolved with 5 ml of SEC buffer (50 mM HEPES pH 7.5, 1



were added to each well and incubated for 1 hour wth
shaki ng. Followi ng 3 washes with PBS + 0. 05% TweenZ20,
wae®4/09216f DELFI A Enhancenent Sol ution (Per ki nPE&/0$2004/011080

Life and Analytical Sciences, Boston, MA, USA) were
added to each well. An europiumsignal was read with

an excitation of 330 nM and em ssion of 615 nMon a
Wallac Victor plate reader (Perkin El nmer Life and

Anal yti cal Sciences, Bostoml6éIMy). As the assay was

previously shown to be linear with respect to enzyne
M oREBNt Pabi ¥ BREAL | AE ﬁ@rzrﬁéygﬁfQHﬁos@PP&ﬁlonClarlfled
ukgp i gn e ed
o SEASEr EVELEOR aBUEOPOHT. &, GBbubesentied Ha idcrased

tnhaﬁgncalognzaumagemter pﬁm260]Tmbesampﬂ@uwds dbaddeel onto
i nventjon were act

=) YRR CBuPBRSeBchaued ERakeakorBoRrnt eo1imrs 1 MRenan

B_*L ¥eNLhoasCag, eiﬁBbQ!afLa' K§wbaea§eequmwb&ﬁrtedaq;tﬂtw b ewc
varyi ng degrees. omnng assay procedures such
baéfeheopar&tedoaana méleba§ QWaggé?sa@eécPﬁbedFractlons

her ei n nase.inhibition e va
S?%?nl?ﬁekﬂﬁvéﬁﬁrg 2 BRpSTR grmgﬁeggénera e b%F voled
feboytt10atmbar omal aﬁnagéef:ehaahmnbeb@Wlakazau;t theh
m cronol ar' and nore preferablé bel ow about 100
u

aﬁhﬁﬁﬁﬁ?ﬁrbYThécpﬁéEﬁPPv@ltEo%ﬁ rifs MiERd 2dlss et al.
%g%;??tbéf 85 bAAL Pbb')”gzlstSKfL?«i ﬁ%pﬁ%pp%egmt Procif; 15 o

ul ar says Mu cell 1ines and
DmmtléﬁtmMeErgéQchWbphebphatsolatBouM[M@ZEQFyRPMMr8@26f0r

nd, U266 hu cel mer b d f Ane
ABVBLTEEREUE 31 | Bt i BRO( RERAYGAET GRFYIR Fafpeccred at
-20044082467 PGFAHS20046011080 --163- MM cell |ines
were cultured in RPM -1640 contai ning 10% fetal

bovi ne serum (FBS, Signma-Aldrich Co., St. Louis, M),
Measurement of IxXB kinase phospho-transferase activity

[00259] At the per well of a 96 well plate, compounds of
varioué concentrations in 5 uL of 20% DMSO were preincubated
for 30 minutes at 25 °C with 40 uL of activated enzyme
diluted '1:25 with assay buffer (50 mM Hepes pH 7.5, 5 mM
DTT, 10 mM MgCl,, 10 mM 2-glycerophosphate, 2 UM
Microcystin-LR, 0.1% Bovine Serum Albumin). 5 pL of peptide
substrate (biotin- (CHy)e-DRHDSGLD (phosphoS)MKD-CONHz) at 200
UM + 500 uM ATP were added to each well and incubated for 1
hour before quenching with 50 UL of 50 mM Hepes pH 7.5, 0.1%
BSA, 100 mM EDTA. 5 ML of quenched kinase reaction were
transferred to a Protein A plate (Pierce Biotechnology,
Inc., Rockford, IL, USA) containing 90 pL of anti-phospho
IKB S32/836 antibody (Cell Signaling Technologies Beverly,
MA, USA) at 2 mwg/ml. Samples were incubated for 2 hours
with shaking. Following 3 washes with PBS + 0.05% Tween20,



2 MM L-glutamne, 100 WnL penicillin (Pen) and 100
g/m. streptonycin (Strep) (G BCO brand cell culture
Weewdoeris7 avail able from Invitrogen Life Techroi/ugioes011080
Carl sbad, CA). Patient-defived MMcells were purified
from pati ent bone marrow (BM aspirates using
ROSETTESEP (B cell enrichnment kit) separation system
(StenCel | Technol ogi es, Vancouver, Canada). The
purity of MMcells was confiiped-by flow cytomstry
usi ng PE-conjugat ed anti-CD138 anti bod
9Bi B&cPénssyerBatfidia, LinfkedBee IO gt @earlkin Elmer
cul tures [00262] Bone marrows%?l speci_nmens me

Léﬁ?aﬁﬁéd}\flaamtlﬁétll SREENGESh BAS tBhoRlel &5R) ce|<'=}ts 0.1 pg/ml
hd%gpﬂga%%@hb%elﬁ'%wd Wd%%% (ﬂ%ﬁﬁJHYhour wi

i mentation were used to est | ong termB
shakﬁnges aslpoeninous| weddesr mhidedth PEGCH War%@tl‘vmlenzo 100
Bl ood 1993, 82:3712-3720). Cells were_ _harvested in
HHaAk: @EBEEﬁeEéaasgﬁmﬁf@ts§P&Mtéﬁn( HBSS) ine Figitildde and

A%a%% %EXP§ le%ggs’c%%%%gggﬁwgérat|g w%%é (aaééugo ach

rifdgation n via measur enen
W@leDNAAﬁy plirepii smr atienall00263reBrioiiftér anl @xaistion of
neasured as previously _described % shlna et a

3gPoBif Qédzgﬁ%s(s?@@o?)f e "o 3 ¥aL 1864 Va&1bosy wdiate

rwsa@rl NEURRE 8dh MO TR G mgqyaalc%tle%&l@fgwg Boston,
fe Sciences, Corning, NY) in the presence of media

Mae anAlsKKhEnhsbayowa@f pufmvsommle'ntsm@mmf ¢o iR Himear with

37C. h 3
TBPERFD TARO RCERGT R NBEEar 2Ly afibn ToF Beiar=ye
dElL et ohl E@sa@a Arabkllk o QGRS siBRsloMer™)used to

i ncorporation into W 2004/092167 PCT/ US2004/ 011080
detepming; (hai Aghébriid oncacts vildive Qfulcsediniat® [ 3H TdR

péﬁrﬁacgh/ LL) dytipg the last 8 h of 48 h cultures.

expe nent s mere performed in triplicate.
[00260] The compounds of the invention were active

inhibitors of the IKK complex. It will be appreciated that
compounds of this invention can exhibit IKB kinase inhibitor
activities of varying degrees. Following assay procedures
such as the in vitro and cell-based assays described

herein, the IKB kinase inhibition average ICsqy values for
the inventive compounds were generally below about 10
micromolar, preferably, below about 1.0 micromolar and more
preferably below about 100 nanomolar. The inventive
compounds were also selective for inhibiting IKK-2 as

opposed to IKK-1.

Cellular Assays

Multiple Myeloma (MM) cell lines and patient-derived MM

cells isolation

[00261] RPMI 8226 and U266 human MM cells were obtained
from American Type Culture Collection (Manassas, VA). All



MIT Cell Viability assay [00264] The inhibitory effect

of the present conpounds on MM growth was assessed by
wore@sg9i1ey t he reduction of yellow tetrazol i ureVIIg2004/011080

(3-(4, 5-dinethylthiazolyl-2)-2, 5-

di phenyl tetrazolium brom de) by netabolically active

cells (J. Imunol. Methods 174: 311-320, 1994). Cells

from48 h cultures were pulsed with 10 L of 5 ng/nL

MIT to each well for the +as&34-h of the 48 h

cultures, followed gﬁ 100 L |so§H9panol cont ai ni ng .
M, g@NlHé;}neAby@maﬁ tM@%als 184 05 o igsingg 10%

f%ggit gegggo @%&% Malecu.. %FnaD%wd%%h Y p. sg:su YA € mo)

actlv |on vi a El'ectrophoretic M

2 Shif £.-6382¥mih@0269h Bl/ett pepheraliie neki)i tayuisno‘d UG /mL

anal yses (EMSA) were carried out as previously
stzspEphyrdipH(Seskionn (SLBEO. bra@fﬂc@@éﬂe Czﬂctllrezwmg)ts

re- mLth a
2PRITBPLS: TP HFYLERIGeT: G E10 aror Ui Srers ) -
pPathBdkaticenveait fvTNEl1a s( 5rem@/ ) ifFaredl @ riom %ﬁtﬁ]d’ht bone

Cells were then pelleted, resuspended in 400 L of
MRFBEEYONBN) | §§PITBEPFeSERY RS EPy By celly erjyichment

kb BB TR OG0 TS Ot By e

Canddke¢pt Ohei pepriter oZ0Myi weLABtwﬁsc@wmﬁh ikon £low

CEXPPRELEI T TR TBUSC Ry B i PE O P L0
BHEEESenBHs/. Bea4@@anMiad , 1 mM EDTA 1 mM Na3VO4, 5

nM NaF, 1 mM PMSF, 5 g/ nL Ieupeptin, 5 g/ WO
2004/ 092167 PCT/USZOO4/011080 --165- aprotinin) on

sbse QL. Af teR jcentLifdgation (140009 for 5
col | ected as nucl ear

[0®262Ct . E@ﬂbl ma&kbwnd%&)NEpﬁalmem obtained from
ol i gonucl eotide probe (5 -CGGEEGACTTTCCC-3', Santa Cruz

PREHEBERNYILEGy Mnc. Mongaycd eeru£edAr WdEICend-Seaseladed by
F%%EElLﬁ§EBhﬁEPd%§Q1%9 s%ﬁl%%%tatlon were used to

established long-term BM cultures as previously described
(Uchiyama et al., Blood 1993, 82:3712-3720). Cells were
harvested in Hank'’s Buffered Saline Solution (HBSS)
containing 0.25% trypsin and 0.02% EDTA, washed, and

collected by centrifugation.

Cell Proliferation via measurement of DNA-synthesis rate

[00263] Proliferation was measured as previously
described (Hideshima et al., Blood 96:2943 (2000)). MM
cells (3 x 10* cells/well) were incubated in 96-well culture
plates (Corning Life Sciences, Corning, NY) in the presence
of media or an IKK inhibitor of this invention for 48 h at

37°C. DNA synthesis was measured by [°H]-thymidine ([°H]-

TdR, New England Nuclear division of Perkin Elmer Life and

Analytical Sciences, Boston, MA) jincorporation into



TBg/ MM New Engl and Nucl ear division of Perkin El ner
Life and Analytical Sciences, Boston, MA). Binding
w0 e@edYrs  containing 1 ng of oligonucl eoti dePp@ntiSH04011080
of nuclear protein were conducted at room tenperature
for 20 mn in a total volume of 10 L of binding
buffer (10 MM Tris-HCL, pH 7.5, 50 MM NaCl, 1 nmM
Mg 2, 0.5 nM EDTA, 0.5 nM DIT, 4% glycerol (v/v),
and 0.5 g poly (dI-dC) (Amrerkbén Bi osci ences AB,
Uppsal a, Sweden). For supershift analysis, 1 g of
daﬁﬁﬁlBESCﬁﬁlﬁB ABShas weded o lped mafter d HATIRr d8ehi on

t di I ft d di ol l.ed
B ST gang B8 drBY Baioh oty SRR MAE°
eﬁ%ﬁ¥§ﬁéﬁk%”ﬁ@%eg9brfb&%%%f&hf%@1b91@%%kﬂan paper
(Whatman International, Midstone, UK ), and

vi sual i zed by aut or adi ography. Diffuse Large B-Cell
h . DLB II Proliferation assay [00266]
ERTovi BbETLL and GCB-like (Ly7 and Ly19)
- [00R&4IL Ce'bhb'ﬂﬁﬁlbﬁkb%@d%ﬁf%btabf(%ngbr@%kﬁkﬁcompounds on
403:503-511; Davis et al. (2001) Exp.
MfogrowE - wm87afSﬂéﬁ@dnbwnmsaﬁ@alm@ gh&mm¢dmgmu9ﬂ<g§wyellow
‘%F S) b I ce r
eeEERYB T ML 137D oY1 BERO0LRT 0T
dipHenyil te@ra % EBSm bvemmdghtbbeﬁetabpﬂatedlwnactlve cells
ollferaﬁlona of th assay, cells

EEEhAL e VR AR GEAb it o A SOnecRol v SeHe0GEEsYy 48 h
ﬁgﬁyﬁgoﬁéégléﬁﬁgeﬁ RS 16°hE3gl  ¥ORR /B S Tl wert

£6M pre m@bk ﬂnhao%6tﬁ%|h8phahﬁltuI€% LE%l@%%eBV%% 100 uL
cell's were plated at 10,000 ceils per well.

isphrbbeord wentafinisy Gl@éﬁlﬁéd |nADNS@kan@etm@w measured

i i GV f. 80
=f1 57b°5% e thuch BERCERbPRroRRsE  Ihelehanae et
cbrppl i sahayvEekl ca) .

NF-KB activation via Electrophoretic Mobility Shift Assay

[00265] Electrophoretic mobility shift analyses (EMSA)
were carried out as previously described (Hideshima et al.,

Oncogene 2001, 20:4519). Briefly, MM cells were pre-
incubated with an IKK inhibitor of this invention (10 uM for
90 min) before stimulation witﬂ TNF-o (5 ng/mL) for 10 to

20 min. Cells were then pelleted, resuspended in 400 uL of

hypotonic lysis buffer (20 mM HEPES, pH 7.9, 10 mM KC1, 1
mM EDTA, 0.2% Triton X-100, 1 mM Na3VOs, 5 mM NaF, 1 mM
PMSF, 5 ug/mL leupeptin, 5 Mg/mL aprotinin), and kept on ice
for 20 min. After centrifugation (14000g for 5 min) at

4°C, the nuclear pellet was extracted with 100 PL hypertonic
lysis buffer (20 mM HEPES, pH 7.9, 400 mM NaCl, 1 mM EDTA,

1 mM Na3zVO4, 5 mM NaF, 1 mM PMSF, 5 ug/mL leupeptin, 5 ug/mL



viability was determ ned using a standard W5T-1 cel
viability assay (Roche Applied Science, |ndianapolis,
wo Mod4/o9Heman peri pheral bl ood nonocyte (PBMC) Eyr/okion€011080
Rel ease Assay [00267] Human PBMC was purified from
nor mal donor whole blood by Ficoll gradient nethod.
After a PBS wash, PBMC were re-suspended in AIMV
medium Serially diluted KK inhibitors of this
i nvention in 100% DVBO was--ddefed- at 1 | to the bottom
of a 96-well plate and m xed with 180 | 4.
aP%RE?PhnAINPVlﬁédﬁﬁrpép Wer-. After E@@Fﬁé@ﬁ@@ﬁﬁ@nPB@éooog

t b oy oAt I
(P18 RSB DAchopl ST Cpoctfama Gk soiEies pg pucicer

eRtrdkth anhb@BSstﬂcanaédgNHLkBaadna@hlsugDaa 1@@n215:g/e6it)1de
(Pharm ngen division of BD Biosciences, Bedford, M)

pBEeb87¢5f oFCEGRAETTECCEhE  « s Gparaalanes Biete cdsalegvednc . |
and asse d for T 2
SER R comhorernrry - LoBri Al uleh SCRIRTY Bhugt ac 222
rogyt e_Ma tall t |
TR [ B LR GhoRar ORI VA Aot O e Sngaag T Life

aﬁ&Tmaly&/aaa$s S&a.eﬂé)as\l\/aso%ubhl,lr m)con%%@l % 10%ct 5 ons
fetal bovine serum (Hyclone, Logan, UT),

cbnghihangne( &HBEO bragdnuetkbtedkt une pr Q@U@tfs nuclear
avai l able fromlnvitrogen Life Technol ogies,
PTAEE5BaUST EAFORAUCISIPaR/ SOPBp LEEPROBE UrADtPE0 A0 IET6Ein &

PCT/ US2004/ 0110 --167- Lls
) POEYRPBE it ML 8D PARGHERTEUEESLY AdPe ! BaieaRCL, P
7B® Brosgieraes, Beghongc1MNo. 5 Saii gbrx, dbl st K 45
inhibitors at 1 | were added to each well of 96-well
gbiatesland /o xeendi bh5188 body5 (XI16E ) cHENErEEpIes per
well. After pre-incubating cells with conpounds for 1
Bhpsgienges é—gu ErRepéast SHEFSRed wrplr 20plershifl0 apilysis,
ng/nL R&D Systens Inc.) at 37C. for 24 hrs. The

1 ng of anti- p65 NF-KB was added 5 min before the
reaction mlxtures, immediately after addition of
radiolabeled probe. The samples were loaded onto a 4%
polyacrylamide gel, transferred to Whatman paper (Whatman

International, Maidstone, U.K.), and visualized by

autoradiography.

Diffuse Large B-Cell Lymphoma (DLBCL) Cell Proliferation

assay

[00266] ABC-like (L.Y3 and Ly1l0) and GCB-like (Ly7 and
Lyl9) DLBCL cell lines (Alizadeh et al (2000) Nature
403:503-511; Davis et al. (2001) J. Exp. Med. 194:1861-
1874) were maintained in growth medium (GM, Iscove’s
DMEM+10%FBS) by passaging cells twice per week. Cells were
starved overnight in Iscove’s DMEM medium + 0.5% FBS
overnight before plated in proliferation assay. On the day

of the assay, cells were counted and viability was checked



supernatants were then coll ected and assessed for

production of matrix netall oprotei nases (MWS) using
weormmeyasal |y avail abl e ELI SA kits. Human Fi brpdi/aS1004/011080

Li ke Synovi ocyte (HFLS) Assay [00269] HFLS i sol ated

from RA synovial tissues obtained at joint

repl acenent surgery was provided by Cell Applications

Inc. (San Diego, CA). IKK inhibitors of the invention

were tested for their abil+t¥66oe-bl ock the TNF- or

I L-10-induced release of IL-6 or I1L-8 fromthese cells
usérlﬁg Teywabr Silale prajaiimgbl ForL it kivtds ance Gy lduiqails

S pEb Rl pRatgl Thl MNP IS PRk phpte.

Y it i, B oo
WEWAl ke %ug?lgl%%}?rsr\/érﬁrem%rlrr§tv§lésdﬁ# et DY aqsh then

oGl By OGSl 3. LISk SESSELG W gp o -

ol.8h1 Pt Ok8 -@f cohlasnrt%%&bho Rae g@_att%sr ad, fror Fﬁll'l%a{te Cell
ability to block the I1gE- or i nduced TNFOL

viebédsdeyuwbrg detrmevicied lupingyai IsdsnelaEld S8l stell

V5004059187 BET/ o664 BLIRD. SR | OOSFA T T -

ost eocl ast precursors wer e obtalned as cryopreserved
formfrom
‘u. DL

Agagynanufacturer. IKK |nh|b|tors of the |nvent|on
“were tested for their ability to block the
(9267 er ent Hampon PBMEo W@sr @s@aﬁmedn fanedh ogirdmage mionor whole

bRPISET RAFoRT PRRGHSTT TPLoho. TSEerotodrs REDal B

wireAre-duBpehacdein AT8r 4495 44087 Selid@03); @ndited IKK
Takam , M, Journal of Inmmunol, 169:1516-1523
inhibitors of this invention in 100% DMSO was added at 1 ul

to the bottom of a 96-well plate and mixed with 180 ul 4.5 X
10° PBMC in AIM-V media per well. After preincubating PBMC

with inhibitor at 37°C for 40 min, cells were stimulated
with 20 pl of either with LPS (100 ng/ml) or with anti-CD3
(0.25 ug/ml) and anti-CD28 (0.25ug/ml) (Pharmingen division
of BD Biosciences, Bedford, MA) at 37°C for 5 hours. The
supérnatants were collected and assessed for IL-1p or TNF-o

release using standard commercially available ELISA kits.

Human Chondrocyte Matrix Metalloproteases (MMPs) Release

Assay
[00268] Human chondrocyte cell line SW1353 (ATCC,
Manassas, VA) was cultured containing 10% fetal bovine
serum (Hyclone, Logan, UT), 2 mM L-glutamine(GIBCO brand
cell culture products available from Invitrogen Life

Technologies, Carlsbad, CA) and 1% Pen/Strep (GIBCO).



(2002)). Rat Models for Rheumatoid Arthritis [00272]
Certain conpounds of this invention were found to be
W@eioswe216h one or nore rat nodel s for rheunat oP@I/US2004/011080
arthritis. Such testing is known in the literature and
i nclude a standard rat LPS nodel as described in
Conway et al., "Inhibition of Tunor Necrosis Factor-a
(TNF-a) Production and Arthritis in the Rat by
GMB333, a Dual Inhibitor -ofteIN~ Converting Enzyne and
Matrix Metalloproteinases”, J. Pharmacol. Exp. Ther
CedBe3yergoeceded {p0Boywedlr BolydPulftnen@deée (BD
Lt i bed~i A - lLogi-cal
sRRtdits SAETRCCHERF HREEPh I hp) BCHRIEREREGTsFAsora, )
53b32880 gRabtAd) exRNEnAEbhEbkESatAl Medekrefl a@dednite each
I nflanmati on"” Barry M Wi chman aut hor of book
wehapberoAvanl Rolhtes hnd Rikkdstérh; 180dua dat X 10°
col |l agen induced arthritis nodel as descri bed in )
chpafracsregi ear WethodsAfRSEhBrEsARFHPASE NEnLrRhTatiioh
1989 95-413 "Type~bl Col n_lnduce i1i
c%ﬂp?ﬂéngg?r EEﬁ?r%%t Zﬁ#hﬁ::kggﬁvﬁggugg%ﬁ?géﬁgéﬁyiéh 20 i
uj po Kk a Ry Liss7bRceBuHbbhshes) . o
R e I L e T R
stibernabhseasetré1888h bplWece04A06024688essed for
PCT/ US2004/ 011080, --169-_A. Bgndele, J.y%%CQHb,.T.
PESAREEIIR REABRET 1% M8EANEPPEOCRINAEHS] JHMA SdndSiiY
cGierdoxi ¢p! 89he1R81 BokRG¥AVRE t37 (1) 134- 142.
[00273] Based on the results of one or nore rat nodels
such as the ones descri bed above, conpounds of fornula
s, LG UACLE R AUIRE LAY PR AisBEyE O TP e
[00269] | N therEal soMBEElS FreRMRAUBESE 0Oh aflOtiglsads! bbAadned
especi ally compounds of fornula IIl-A-aa, were _found
atoJbensurgPiarABEyts GpEppsy was provided by Cell

Applications Inc. (San Diego, CA). IKK inhibitors of the

invention were tested for their ability to block the TNF-
or IL-1P-induced release of IL-6 or T1-8 from these cells
using commercially available ELISA kits. Cell culture

conditions and assay methods were described in Aupperle et

al., Journal of Immunology, 163:427-433 (1999).

Human Cord Blood Derived Mast Cell Assay

[00270] Human cord blood was obtained from Cambrex
(Walkersville, MD). Mast cells were differentiated and
cultured in a manner similar to that described by Hsieh et
al., J. Exp. Med., 193:123-133 (2001). IKK inhibitors of
the invention were tested for their ability to block the
IgE- or LPS-induced TNFQ release using commercially

available ELISA kits.

Osteoclast Differentiation and Functional Assays




conpared to other conmpounds where Ring Ais a
nor pholine ring. [00274] While we have described a
woeopee210f enbodi ments of this invention, it PGI/US2004/011080
apparent that our basic exanples -may be altered to
provi de ot her enbodi nents, which utilize the
conpounds and nethods of this invention. Therefore, it
will be appreciated that the scope of this invention
is to be defined by the apperftted cl ai s rather than
by the specific enbodinents, which have been
[008pkles ent Bamay mayegﬁ1a@ka@ﬁﬁ@urverzongegQbéalned as

PCT/ US2004/ 080 C| np nd 0
R e L MR
cattepiabkedsakerthefigotd wheealnureRbageA ba iabe@heﬁlons

fromthe group consistin % of : (a) a pyridiny
f5on; Fhai ByruEragurRat | SRKsHBBELPLLEPES BY Gh? invention

Wegtaﬁégieggfgg Qhélgﬁ ?iley'%olbgogﬁatheaaqf@%&eﬁtlatlon,
nor phol I nyl , pi peridiny pi perazinyl, pyrrolidinyl,

bpyeanysorpeioahyddotuléaébn dygkaﬁekybn asy clespenbped

or thlo hol i [ subs (i
o2y kgnSIPr Dige' Rbenks "5t Ry, TeRE AR o fftyhort opgts 142-
1910%@609;1 aKargaamarnonAor 0~ 21030 CgEaUpPR78n 4a975RA 4987
sul fur; each R6a i s |nd§pendently sel ected from

Cl 6
(aPPBhat #ed TakerBl, aMkoxyousraanPho Imeaale lReA69s 1516-1523
égg§p§pdently selected fromCl -3 aliphatic

Rat Models for Rheumatoid Arthritis

[00272] Certain compounds of this invention were found to
be active in one or more rat models for rheumatoid
arthritis. Such testing is known in the literature and
include a standard rat LPS model as described in Conway et
al., “Inhibition of Tumor Necrosis Factor-o (TNF-o)
Production and Arthritis in the Rat by GW3333, a Dual
TInhibitor of TNF—Converting Enzyme and Matrix
Metalloproteinases”, J. Pharmacol. Exp. Ther. 298(3), 900-
908 (2001); a rat adjuvant induced arthritis model as
described in Pharmacological Methods in the Control of
Inflammation (1989) p 363-380 “Rat Adjuvant Arthritis: A
Model of Chronic Inflammation” Barry M. Weichman author of
book chapter {Alan R. Liss Inc Publisher}; and a rat
collagen induced arthritis model as described in
Pharmacological Methods in the Control of Inflammation
(1989) p 395-413 “Type II Collagen Induced Arthritis in the
Rat” DE Trentham and RA Dynesuis-Trentham authors of book
chapter {Alan R. Liss Inc Publisher}. See also, “Animal
Models of Arthritis: Relevance to Human Disease” (1999) by



or -N(R7)2, and two R6b on the same or an adj acent
carbon optionally are taken together with the
WO niog09anrT ng carbon(s) to forma 5-6 nmenber edP@T/NH2004/011080
having 1-2 ring heteroatons selected fromN, 0 or S
WD 2004/ 092167 PCT/ US2004/011080 --171- Wis -Q,
-Q (0)-, -C(R9)2-C(R9) (R12)-, or -C(R9)2-[C(R9)
(R12) 12-; Qis -C(R9)2- or -C(R9)2C(R9)2-; Gis -OH,
- NR4R5, -N(R9) CONR4R5, -N{R§9502 (C -3 aliphatic),
-N (R9) COCF3, -N(R9) CO (Cl1_6 aliphatic)
A. r\?m%@eheﬂerwéy‘@m&n)’f ROY.eOlhellSAbSRy| f#- Sennello, E.

Vi) » efy3- h y [ § _
RN T R A | oy ToTREBERET T RRELOTYG, el 29 (2) 234
lbeteroaryl, aryl and heterocyclyl noieties of G is
Etlonallé substituted by 1-3 R10; Rl is hydro
[09373, C1 BesefpRat the aRPHOLScPEnsne(€F @Or§| 3% )“Pdﬁls
n k

00h1 25, £l gLl G (O Ry I CRER oy lag, O Ml 13-
waydr bgend hal be ﬁnrﬁrabhpbaylsup@rlérhabm@bkﬁﬂ t@loﬁher

alkoxx %drox am no, cyano, g% ClL.6 alk b h N
PRI ISRy BiBeh, 155 REMGGLEH Fifer oo it Lnpfhe ra
m&defs, abbpRPathe: B Fsrhvdrogen -aCh, 6 eablephatily dbaunds

or a 3-7 nenbered heterocyclic ring having 1-2 ring
ofiefervalentIseheatedwhremioNnd) tooPeSsuKREESILAIRY sgperior

%‘%’agﬁgl L¥38F%§£ ﬁ%@?“ﬁgsh@%& RIC S o ﬁg%?ﬁ??ime

rifg0) N(R7) 2, -N(R7) (O R7, -N(R7)CO2R8, or
-N(R7) C(O N(R7) 2; each R7 is independently sel ected
[002%4h hydr BBeheovechaye dppERAPPE, 2oRUPReTRPLofMPREiments

ofagﬁlg'ﬁﬁggﬁplaﬁ9nﬁg 2 tgﬁggreggg%hg%roW%t%a%E% examples
ogen to orma o- e ere

may be altered to provide other embodiments, which utilize
the compounds and methods of this invention. Therefore, it
will be appreciated that the scope of this invention is to
be defined by the appended claims rather than by the
specific embodiments, which have been represented by way of

example.



heteroaryl or heterocyclyl ring; each R8 is
i ndependently selected fromCl 4 aliphatic; each R9
W0 soosgapendent |y sel ect ed from hydrogen or CIPGI/US2004/011080
aliphatic; each RO is independently selected from
oxo, -R11, -T-R11, or -V-T-Rl1; WD 2004/092167
PCT/ US2004/ 011080 --172- each Rll i's i ndependently
selected fromCl _6 aliphatic, halo, -S(0)2NR7) 2,
-OR7, -CN, -SR8, -S(0)2R ,-=TO)R7, -CO2R7, -N(R7)2,
-C(O)N(R7) 2, -N(R7) C(0)R7, -N(R7)C02R7, or
WeNCRAIBFO N(R7)2; T is a strai ght or branched Cl1_4
al kyl ene chain; Vis -0-, -N(R7)-, -S-, -S(O-,
-S(0) 2-, -C(O)-, or -C02-; and R12 is hydrogen or an
lam Aocagpdusidde fcfazmmula, Ifthe conmpound of claim1
where Ring Ais a 3-pyridinyl or 5-pyrimdinyl ring
substituted by 1-2 R6a groups. 3. The conpound of
claim2 having formula I1-C B R2Z N R3 NH NH R6a
Al Utz Y I1-C wherein: Yis NYQr CH R is hydrogen,
hal o, Cl1_3 aliphatic, amno, o, WCl1 3 alkyl) 1-2
anino, Cl 3 al koxy, -R8 ‘ Nor - CH2NH2;

or a pharmaceutically acceptable salt thereof, wherein:
Ring A is selected from the group consisting of:

(a) a pyridinyl or pyrimidinyl ring that is
substituted by (i) —CH;C(0)-G and 0-1 R®*® or (ii) 1-2 R®%,
and

(b) a morpholinyl, piperidinyl, piperazinyl,
pyrrolidinyl, pyranyl, tetrahydrofuranyl, cyclohexyl,
cyclopentyl or thiomorpholinyl ring that is substituted by
(1) -C(R%)3, -W-G, or -G, (ii) 0-4 R®*® and (iii) 0-1 oxo
groups on a ring carbon or 0-2 oxo groups on a ring sulfur;

each R®® is independently selected from C;.¢ aliphatic,
halo, alkoxy, or amino;

each R®® is independently selected from C;.; aliphatic
or -N(R"),, and two R®® on the same or an adjacent carbon
optionally are taken together with the intervening
carbon(s) to form a 5-6 membered ring having 1-2 ring

hetercatoms selected from N, O or S;



R2 is hydrogen, halo, Cl1_3 aliphatic, -CF3; R3 is

hydr ogen, halo, Cl1 _6 aliphatic, Cl1_6 haloalkyl, Cl1 6
wabdogug216hydr oxy, am no, cyano, or (Cl_6 al kylBCT/E22004/011080

ami no; and R6a is selectied fromCl_6 aliphatic or

hal o. 4. The conpound of claim3 where R6a is nethyl.

WO 2004/ 092167 PCT/ US2004/ 011080 --173- 5. The

conmpound of claim4 where Rl is hydrogen, nethyl,

amno or fluoro; R2 is hydregeh-or halo; and R3 is

hydrogen, halo or Cl_4 al koxy. 6. .The,conpound of
cl ai th 5swh@re YOr§(@H-. 7C @Eéﬂo@?&édﬁé%of, @%im5

_whese Y JsoN, 8, .The conpound of claim1l where Ring A
UG RIS ohol i nyl, piperi dinyl

pi peQﬁi'(Bjn)‘F,(R?’W-{ @ aE’) oC pyrHanry| |

t et rahydr of uran cycl ohexyl . ¢yecl opentyl  or

t hi oﬁof-ﬁhapﬁnyrx%ﬁla gk & ﬁz%%’%gi 's_-%{]}%%i%t(‘éwby (i)
a i BRLB18Y - \-’Yq@gsﬂébéF 0- 4 R60)adclid b)i8nde9X9, 9roups

on"a ring carbon or 0-2 oxo groups on a ring sulfur.
-8 (RThe0 toepecocy otyt) ai nl SRIWNE! Grattrrcam@ or - C(R9) 3

-FE G BB 6 e dorTrare e g e seRen T Jor LAO" OF @ 5-6
meRBBeHAdhetekBRIYNG trherAinRbacR 2:Nthid3 hitdrdbldyG, Walty1
aggghgggiéﬁgéﬂgﬂﬁgggg%gggtg%ahl%sa%%%ggggh%y§%u%stituted by
1-3 rRY;

R! is hydrogen, halo, Ci;.3 aliphatic, amino, cyano, (Ci-3
alkyl),_» amino, Ci-3 alkoxy, -CONH,;, -NHCOCF3;, or -CH;NHj;

R? is hydrogen, halo, Ci.3 aliphatic, -CFs;

R?® is hydrogen, halo, Ci_g aliphatic, Ci haloalkyl/ Ci6
alkoxy, hydroxy, amino, cyano, or (Ci-g alkyl)i.p, amino;

R? is hydrogen, 3-7 membered heterocyclyl, or Cis
aliphatic;

R’ is hydrogen, Ci_¢ aliphatic group or a 3-7 membered
heterocyclic ring héving 1-2 ring heterocatoms selected from
N, O, or S, wherein R> ig optionally substituted by halo,
~0rR7, -CN, -SR®, -S(0)2R%, -S(0)zN(R")2, -C(O)R’, -COR’,
-N(R7)2, -C(O)N(R7)2, -N(R’)C(O)R’, -N(R’)CO;R®, or
-N(R7)C(0)N(R") 2;

each R’ is independently selected from hydrogen or Ci_g
aliphatic, or two R’ on the same nitrogen atom are taken
together with the nitrogen to form a 5-6 membered
heteroaryl or heterocyclyl ring;

each R® is independently selected from Ci.4 aliphatic;

each R’ is independently selected from hydrogen or Ci_s
aliphatic;

each RY is independently selected from oxo, -R'%,

-T-RY, or -v-T-RY?;



WD 2004/ 092167 PCT/ US2004/011080 --174- Ring Ais
substituted by 0-4 R6b; each R6b is independently

wa@aedoeovae? from C1_3 aliphatic or -N(R7)2, andP¢mosSiR64011080

on the sane or an adjacent carbon optionally are
taken together with the intervening carbon(s) to form
a 5-6 nenbered ring having 1-2 ring - heteroatons

selected fromN, 0 or S; Wis -Q, -QC (0) -, -C(R9
2-C (R9) (R12) -, or -C (RAM72--[C (R9) (R12) 12-; Q
is -C(R9)2 -C(R9)2C(R9)2-; Gis -OH, -NR 4R5 , -N

(R9) e@dwREﬁ‘s lS de(el@ndg@:l(ycp@ecgqqq)rfg@qr@)cl 6 al:n.phatlc,

R I R o S BBy o0 o

—NMR%) COocaoy ) (R” &, 3- JN(ﬂEh‘lnE(rCGdi7het—ElT BeycOyr’,rioag, or a

rrber heteroaryl, wherein each of the
Né?‘e)r%%ﬁw Rdrzyl and het erocyclyl noi eties of Gis
optignakl y §HP§%§M 8¢ B¥anlndaR&Q;, Bikﬁeﬂad{:ﬁa@ﬂ
hal o, C1_3 al atic, amno, cyano, al kyl)1
an ny, 1€1-6G-al kN)(R )=CCN5-I24 &IP@&:F&S@@M-CHZ—NI—B))-RZ or
h hdroe hal o, C1 3 aliphatic, -CF3; R3 is
é?}l‘r'o FEH hal o, C1 6 aliphatic, C1_6 haloalkyl, Cl1_6
al kox¥, iRy BR@HgeHTIHI0 arf ¥adito AciChialdidinl "2
am no; R4 is hydrogen, 5-6 nenbered heterocyclyl, or
ClL 6 ali phati c; R5 is hydrogen, Cl_6 aliphatic group
50r e 0 o havi: 12 ki :

apa 9 de gi%% ‘iyﬁylhbg h@%g avliRg4tae éf'rjilghnyl

heter oato ecte rom erein

onpﬁi—ppatinyds;npfkt ringedubpthaboed bER1-2- BRE ¢1SRips.

-S(0)2R8, -S(0)2N(R7)2, -C(OR7, -C02R7, -N(R7)2,
(O N(R7)2, -N(R7)C(OR7, -N(R7)CO2R8, or

37 N( ﬁé%@)n%ﬁiﬁh%feaqalﬁ{?zl sakhdgpendant by 13ekect ed

from hydrogen or Cl_

R1
R2 N
Y/
3 N
R H
NH
6a
RNA
Al
N Y
II-C

wherein:

Y is N or CH;

R' is hydrogen, halo, Ci_3 aliphatic, amino, cyano, (Ci.a

alkyl);., amino, Ci.3 alkoxy, -CONH,;, -NHCOCF3;, or -CH,NH;;

R® is hydrogen, halo, Ci;.3 aliphatic, -CFj3;
R® is hydrogen, halo, Ci.g aliphatic, Ci-g haloalkyl, Cis

alkoxy, hydroxy, amino, cyano, or (Ci¢ alkyl);_; amino; and

4.

R%® is selected from C;.¢ aliphatic or halo.

The compound of claim 3 where R% is methyl.



aliphatic, or two R7 on the sane nitrogen atom are
t aken WO 2004/ 092167 PCT/ US2004/ 011080 --175-
w0 ogeddEs7 Wi th the nitrogen to forma 5-6 nenbRCEUS2004/011080
heteroaryl or heterocyclyiz ring; each R8 is
i ndependently selected fromCl_4 aliphatic; each RO
i s i ndependently sel ected from hydrogen or Cl_3
al i phatic; each R10 is independently selected from
oxo, -R11 -T-R11, or -V-FRI/B--each Rl11 is
I ndependent |y sel ect ed fromCl_6 aliphatic, halo,
-S(0)2N(R7) 2, - -CN, -SR8, -S(0)2R8, -C(OR?,

o S o AN e H 0 R e

abinaschedt Clodoal RY| eneedeogen \bt shalls; amMlRP) is hy@irogen,
XO9_, -S(Q 2-, -C(O9 -, or -CX-; and R12 is
hmr%ﬁe%lﬂra]éﬁ”%}fn no acid side chain. 11. The conpound
of claim 10 having the formula (S),-111-A2 1 RR2N
I RBRH Odz-eNH G W N (Rsb)n (S) -I111-A where n
6is Thd aomp@INARIf &Baiwmy 5GvhadeRBbiar €Has defined in
claim 10. 12. The conmpound of claim 11 where: Rl is
hydr ogen, hal o, nethyl or am no;
7. The compound of claim 5 where Y is N.

8. The compound of claim 1 where Ring A is selected from
morpholinyl, piperidinyl, piperazinyl, pyrrolidinyl,
pyranyl, tetrahydrofuranyl, cyclohexyl, cyclopentyl or
thiomorpholinyl and where Ring A is substituted by (i)
-c(R%); or -W-G, (ii) 0-4 R®® and (iii) 0-1 oxo groups on a

ring carbon or 0-2 oxo groups on a ring sulfur.
9. The compound of claim 8 where the -W-G or —C(R%);
substituent on Ring A is ortho to the position where the

beta-carboline portion is attached.

10. A compound of formula III-A:

R2

RS

NH

O
ITT-A

or a pharmaceutically acceptable salt thereof, wherein:



WD 2004/ 092167 PCT/ US2004/ 011080 --176- R2 is

hydr ogen, nethyl or halo; R3 is hydrogen, hal o,
w@bkdoeng216or (CL_6 aliphatic) 2 amno; n is 0-PCT/BS1904/611080

Cl_3 aliphatic; Wis -Q, -QC (O -, -C(R9) 2-C (R9)

(R12) -, or -C(R9) 2- [C(R9) (R12) 12-; Qis

-C(R9)2- or -C(R9)2C(R9)2-; Gis -NRAR5,

-N(R9) C(O) NR4R5, -N(R9)S02(C1_3 aliphatic),

- Ng Rgg C(0)CF3, -N(R9)CO(Cr-6Hm--phatic), and

-N(R9) CO( het erocyclyl'), -N(R9)CX hgteroaryl),

- N( R} @) &r ¢8) su SE?L/’GUﬁ@@rbbYe@ ﬁeﬁgbrrocycl yl ring, or a

5-6 mbeaed h r I

et cTRGPy . afy Lrteparen tSE B ARED o 13- gliphacic
oBPL OR AN,y asidbsviot ®E®brbythd - &uﬁé oY F&qiadjtyden’geoanbon

Cl6aI|phat|c R5 is hydrogen,or a Cl al i phatic
o BRpAL kit aF€ LBBERORAPFLSHLYE FPUE Eytﬁarfsnm@m
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o3y 8%y H 005 ALy R st

h?uéﬂi’z)tﬂ(m@} NéRY g2t e@athoR7Nj sOi ndeﬁendent ly sel ected
rom_hydr ogen o at i Q R7 on the
sameVntEr ogen a{2 ??1](3 Ve ta{'z‘gﬁ g:g(gt Réwﬁnthqﬁwe
~A{kTogg (=9) {RFMI3-5- 6 rrenbered het eroaryl or

het er ocycl yI fing; each R8 is jndependently selected
fr onRGiS4-8ll Rp)hm oe, ~CH&”) :C drogen: each R10 is

bn_?_e@lggegg}g% S@%ﬁﬁe?ﬁéepenggﬁtﬁ djlée ect e§ #rgin Cl_6
adlpphaicl, -K&RY),COG:0) 2N(R7) 20 (COR7alihati SRS,

-N ép))coa%deteggogyciyl COZ—RIF(R ) CO (heteroaryl),

—N(Rg)CO(aryl) , a 3-7 membered heterocyclyl ring, or a 5-6
membered heteroaryl, wherein each of the heterocaryl, aryl.
and heterocyclyl moieties of G is optionally substituted by
1-3 R'Y;

R' is hydrogen, halo, Ci_z aliphatic, amino, cyano, (Ci-3
alkyl)i-; amino, C;-3 alkoxy, -CONH,, -NHCOCF3, or -CHzNH3;

R? is hydrogen, halo, Ci_3 aliphatic, -CFs;

R} is hydrogen, halo, Ci.¢ aliphatic, Ci¢ haloalkyl, Cig
alkoxy, hydroxy, amino, cyano, or (Ci-s alkyl)l_oz amino;

R? is hydrogen, 5-6 membered heterocyclyl, or Cig
aliphatic;

R®> is hydrogen, Ci.g aliphatic group or a 5-6 membered
heterocyclic ring having 1-2 ring heteroatoms selected from
N, O, or S, wherein R> is optionally substituted by halo,
-OR’, -CN, -SR®, -S(0)2R%, -S(0).N(R"),, -C(O)R’, -CO.R’,
-N(R")2, -C(O)N(R");, -N(R7)C(O)R?, -N(R’)CO.R®, or
-N(R")C(0)N(R) 5;

each R’ is independently selected from hydrogen or Ci_g

aliphatic, or two R’ on the same nitrogen atom are taken



-N(R7)2, -C(O)N(R7)2i -N(R7)C(O R7, -N(R7)C02R7, or
-N(R7) C(0) N(R7) 2i WD 2004/ 092167 PCT/ US2004/ 011080
WO 2007/92187 i s a straight or branched Cl_4 al kyl B€TEUS2004/011080
chain; Vis -0-, -N(R7) 5,--S, -S0)-, -S(0)2-,
-C(0)-, or -C02-; and R12 is hydrogen, C1_6
al i phatic, substituted or wunsubstituted phenyl, or
substituted or unsubstituted benzyl. 13. The conpound
of claim12 where: R is hydrmgen, nmethyl, fluoro or
amno, R2 is chloro; R3 is hydrogen or aI koxy; nis
together @1tR6bhesnh§rﬁgen v §ortl} a 5ebcrgpnbeged

h?%%?g%ryg &fs hgﬁ%{%{%ygl?(f R§)1C 0) NR4_R5or i N?Rg??:% O)2 8:3,

-N (89¢h G (3 ﬁqd@erpi@;wrg s@ected from C;4 aliphatic;
N( R9) CO( het erocycl yl ) ( R9) CCXheteroaryI a 5-6
menbereh Retﬂe?deryifr n@ﬁfrhi@lsfo?elae%e ¥gdrogen or Cis
{ﬁﬁ%ﬁge , Wherein each of the heteroaryl and
er ocycl %}I noieties of Gis optionally substituted
by leschRe¥, iR4 inleppmcegei sl el ifptvat iaso, RR'Ts
hydr,ogen or. C1 6, al i phatic; each R7 is independently
~Lelect &F Vom ﬁyd'r ogen or Cl 4 aliphatic, or two RY

on thgchapt nigt hogRPARMARLE Jakrited c&einhs:rl WetiiphBeic,
nitrogen to farma 5-6 nenbered _ het eroaryl

habeer o8ye) ¥ ( F%lr)ng @th &N | s-$Rdependnkl y S‘él(%&{ed ~COR’,
(R, CL % @Bl C_y ()l I O9/MR7) cO,R7, or
-N(R")C(O)N(R") 2; \

T is a straight or branched C;.; alkylene chain;

V is -0-, -N(R")-, -S-, -S(0)-, -S(0),-, -C(0)-, or
-C0y~; and

R? is hydrogen or an amino acid side chain.

11. The compound of claim 10 having the formula (S)-III-A:

WG /\
O

(R®), (S)-III-A

where n is 0-4 and R*, R?, R®, W, G and R®® are as defined in

claim 10.

12. The compound of claim 11 where:

R! is hydrogen, halo, methyl or amino;



each R10 is independently selected from oxo, R11,
T-R11, or V-T-R11; WD 2004/092167 PCT/ US2004/ 011080

w0 2078921éach R11 is i ndependently sel ected fr oPCIZUSH04/011080
aliphatic, halo, -S (O 2N (R) 2, -OR7, -CN, -SRS,
-S (0) 2R8, -C (0) R7, -CO2R7, -N(R7)2, -C(O N(R7)2,
-N(R7)C(0)R7, -N(R7)CO2R7, or -NR7)C(O)N(R7)2; T is
a straight or branched Cl_4 al kyl ene chain; Vis -0-,
-N(R7) -, -S, _S(O_, -S{Q7&- -C(O -, or -C02-;
and R12 is C%/drogen ClL 6 ali phatic, phenyl, or
benz]§'l is wdnogimdtRidTor PBrawt @i (S)-111-A: Rl 2 R

R Qg ﬂ"cﬁ%?%\éxw hd¥o lggll%( (-t %11%!ha8c1c)2

phar nmaceut accept abl € t hereo wheér el n:
amsndnydrogen met hyl, fluoro or am no; R2 is chl or o; RS
is dro n_or alkoxy; -, Wis -Q, -QC (O - or -C
( R9) ol §R§) (R1-2) Qis -C (R9) 2- or -C (R9) 2C
(RO ;.50 i3, =) =NRYR, £ 1IN R9) C(0) NRAR5, - N( R9) C( 0) CF3,

-N (R9) al i phatl and
- N( F@)&Xh@tero@y@lwh = ((R%ﬁ@(ﬂ’et dROAryl )°F a 5-6
-OPRNSLe (hef erogyclyl ring, or a

Q is -C(R)2- or -C(R%);C(R%),-;

G is -NR*R®, -N(R’)C(O)NR'R®, -N(R’)S0,(C;-3 aliphatic),
-N(R’)C(0)CF3, -N(R’)CO(Ci-¢ aliphatic), and
-N(R%) CO (heterocyclyl), -N(R’)CO (heteroaryl),
-N(R*)CO(aryl), a 5-6 membered heterocyclyl ring, or a 5-6
membered heterocaryl, wherein each of the heterocaryl, aryl
and heterocyclyl moieties of G is optionally substituted by
1-3 R'Y;

R? is hydrogen or C;.¢ aliphatic;

R’ is hydrogen or a Ci_g aliphatic group that is
optionally substituted by halo, -OR’, -CN, -SR®, -S(0).RS,
-5(0)2N(R7)2, -C(O)R’, -COR", -N(R")z, -C(O)N(R")z, -
N(R")C(0)R?, -N(R")CO;R®, or -N(R7)C(O)N(R"),;

each R’ is independently selected from hydrogen or Ci_s
aliphatic, or two R’ on the same nitrogen atom are taken
together with the nitrogen to form a 5-6 membered
heteroaryl or heterocyclyl ring;

each R® is independently selected from Ci.s aliphatic;

R’ is hydrogen;

each R is independently selected from oxo, R, T-r',
or V-T-R';

each RY™ is independently selected from C;_¢ aliphatic,
halo, -S(0):N(R")2, -OR’, -CN, -SR®, -S(0),R®, -C(O)R’, -CO.R’,
-N(R7)2, -C(O)N(R")2, -N(R")C(0)R7, -N(R")COR’, or
-N(R") C(0)N(R")2;



5-6 nmenbered heteroaryl, wherein each of the
heteroaryl and heterocyclyl noieties of Gis
W@piosovabt y substituted by 1-3 Rio; R4 is hydromEs2004/011080
Cl1_6 aliphatic; WO 2004/092167 PCT/ US2004/ 011080
--179- R5 is hydrogen or Cl1_6 aliphatic; each R7 is
i ndependently sel ected from hydrogen or Cl1 4
al i phatic, or two R7 on the same nitrogen atom are
taken together wth the rith7dgen to forma 5-6
menbered heteroaryl or heterocyclyl ring, each R8 is
indébehﬁe®t$9r%hg%%t@ﬁ b?@ﬂ?h&§4caﬁi?ﬁﬁﬁf§ﬁe = o RRY
hydrogen; each_ i s indeper tly s ted f _OX
Rll,y%i?ll(,? ’orﬁ%\}gzl)- Féll;rg]le'achrLGI ' i>s/ isﬁj@gzeﬁder?t’ﬁ? 7 or
-c@)-ectei from C1_6 aliphatic, halo, -S(O 2N(R7)2,
-OR7,.,-CN, -SR8, -S(Q0)2R 8, -C(O R7, -CO2R 7,
-N(ﬁffz}S-éyéVﬂeﬂ?yz,1%N?£W$%% EW,SPREEﬁF%EE§7?ror
( 1, Toks ' th deGled
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béyR-, -C (O -, or -CX2-; and Rl12 is hydrogen, Cl 6
al i phatic, phenyl, or benzyl. 15. The conpound of
claim 14 having the formula (S)-1ll1-A-a: RL R2 1 N

153 Nk EXMb&an& oflAclaim 12 where:

R' is hydrogen, methyl, fluoro or amino;

R? is chloro;

R® is hydrogen or alkoxy;

n is zero or 2;

R%® is methyl;

W is -Q-, —-Q-C(0)- or -C(R%),-C(R’) (R")-;

Q is -C(R%)2- or -C(R’)2C(R%)2-;

G is -NR'R®’, -N(R®)C(0)NR*’R®, -N(R%)C(O)CF3;, -N(R’)CO(Cis
aliphatic), and -N(R’)CO(heterocyclyl),
-N(R%)CO (heteroaryl), a 5-6 membered heterocyclyl ring, or a
5-6 membered heteroaryl, wherein each of the heteroaryl and
heterocyclyl moieties of G is optionally substituted by 1-3
R0,

R* is hydrogen or Ci.s aliphatic;

R ig hydrogen or Cie aliphatic;

each R’ is independently selected from hydrogen or Cj_s
aliphatic, or two R’ on the same nitrogen atom are taken
together with the nitrogen to form a 5-6 membered
heteroaryl or heterocyclyl ring;

each R® is independently selected from C;-4 aliphatic;

R’ is hydrogen;

each R ig independently selected from oxo, R, T-r!?,

or V-T-R*;



0G (S)-1l11-A-a where Rl is hydrogen, hal o, nethyl or
am no; R2 is hydrogen, nethyl or halo; R3 is

woyanogEan] hal o, al koxy, or (Cl1_6 aliphatic) 2PCHDB2004/011080
WD 2004/ 092167 PCT/ US2004/ 011080 --180- Ring Ais
substituted by 0-2 R6b; ‘R6b is C1_3 aliphatic; Qis
-C(R9)2- or -C (R9) 2C (R9) 2-; Gis -NR4R5 or a
substituted or unsubstituted 5-6 nenbered
heterocyclyl ring; R4 is hydibyren or Cl1_6 aliphatic;
RS is h%drplge_n or a C1_6 aliphatic group that is_, ,
opt i 8AGRI § s difs AR Hal Felagted fgem grgaliphatic,

hé%%% %ﬁ{% N é@%ﬁz NCBR) 2, o oaf - @%)372%{3% NCR(DPR?, -co.R7,

(R7YC(O R7," - N(R7) C02

-N K R7), CLO () RARZ) » pack (R 4 ©)iR{dep¥ri@hEDyR 'selcect ed

from hydro or C1L 4 aliphatic, or two R7 on the
“@éﬁ@%h’%&eﬂzétom are taken together with the

ni tregen LoskepiyatSoé meahehed chet8IRAI¥heOkhain;

heterocyclyl ring; each R3 is independently selected

f r onVCls4-@ri ph¥tRC) -, and- each(®0-i s—F hdependehtPly—, or
_$¥d_rpg%ndor Cl 3 aliphatic. 16. A conpound sel ected

bm tHe group consisting of: C Me '"10' NC NC N

Me. O N MerB Ns QyNHtdddh ONH; e ipBasike MaefZAINNoNdEnzyl .
I

14. A compound of formula (S)-III-A':
R1

2 —
R \
RS N

H
O NH
G-W. z
\N/\

(S)~-III-A'

N

or a pharmaceutically acceptable salt thereof, wherein:

R! is hydrogen, methyl, fluoro or amino;

R? is chloro;

R® is hydrogen or alkoxy;

W is -Q-, -Q-C(0)- or -C(R%),-C(R%) (RY)~;

Q is -C(R%)2- or -C(R%),C(R%)2~;

G is -NR*R®, -N(R’)C(0)NR*R®, -N(R’)C(0O)CF3;, -N(R’)CO(Ci-g
aliphatic), and -N (R%) CO (heterocyclyl),
-N(R%)CO (heteroaryl), a 5-6 membered heterocyclyl ring, or a
5-6 membered heteroaryl, wherein each of the heteroaryl and
heterocyclyl moieties of G is optionally substituted by 1-3
R10,

R? is hydrogen or Ci.¢ aliphatic;



2 3 WD 2004/092167 PCT/ US2004/011080 --181- C ~N
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R® is hydrogen or Ci_g aliphatic;

each R’ is independently selected from hydrogen or Ci4
aliphatic, or two R’ on the same nitrogen atom are taken
together with the nitrogen to form a 5-6 membered
heteroaryl or heterocyclyl ring;

each R® is independently selected from C;4 aliphatic;

R’ is hydrogen;

each R is independently selected from oxo, R, T-RY,
or V-T-R';

each RY is indepéndently selected from C;.¢ aliphatic,
halo, -S(O)sN(R7);, -OR’, -CN, -SR®, -S(0):R®, -C(O)R’, -CO:R’,
-N(R")2, -C(O)N(R")2, -N(R")C(0)R’, -N(R")COR’, or
-N(R")C(0)N(R")2;

T is a straight or branched C;., alkylene chain;

V is -0-, -N(R")-, -S-, -S(0)-, -S(0)z-, -C(0)-, or
-CO3z-; and

R*? is hydrogen, Ci.¢ aliphatic, phenyl, or benzyl.

15. The compound of claim 14 having the formula

(S)-III-A-a:
R‘I
2 a—
R \ /N
3 N
R H

G O
RO

where R' is hydrogen, halo, methyl or amino;

(S)-III-A-a

R? is hydrogen, methyl or halo;
R} is hydrogen, halo, alkoxy, or (Ci.s aliphatic),

amino;
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Ring A is substituted by 0-2 R%;

R®® is C;.3 aliphatic;

Q is -C(R%)2- or -C(R’)2C(R%)2-;

G is -NR*R® or a substituted or unsubstituted 5-6
membered heterocyclyl ring;

R* is hydrogen or Ci_s aliphatic;

R® ig hydrogen or a Ci.g aliphatic group that is
optionally substituted by halo, -OR’, -CN, -SR®, -S(0).R®,
-5 (0)2N(R")z, -C(O)R’, -COR’, -N(R")2, -C(O)N(R")2, -
N(R7)C(0)R’, -N(R7)CO.R®, or -N(R7)C(O)N(R),;

each R’ is independently selected from hydrogen or Cji4
aliphatic, or two R’ on the same nitrogen atom are taken
together with the nitrogen to form a 5-6 membered
heteroaryl or heterocyclyl ring;

each R® is independently selected from Ci 4 aliphatic;

and

each R’ is independently hydrogen or C;_; aliphatic.
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phar maceuti cal conposition conprising a conpound of
claim1 and a pharnmaceutically acceptable carrier. WO
2004/ 092167 PCT/ US2004/ 011080 --189- 18. A
pharmaceuti cal conposition conprising a conpound of
claim 16 and a pharmaceuticdl86~-acceptabl e carrier
19. A nethod of treating an | KK-nedi ated di sease
conprising admnisteee(g to a patient in need of syeh
treatment aQiqgrgpedli blly ef fective anouft
compound of c 1 0. The nethod of cl ai
wherein the di =Ni's an inflammatory dise
i mune-rel atgd qjsefdse. 21. The method of
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conglerqg,Qf heumat oi d arthrltMs,Nﬁ?tha»N

Me L7(O

Me Me , Me Me ,
47 48
cl N c X
H I ~N EI I ~N
OsNH
Meo_N ¥ ] MeH B
e P =
Y N/\| Na N\:/\N/\l
O Me 0 Me O Me 5(0
Me' Me ' Md Me
49 50
cl N Cl S
|
N ~N N ~zN
H H
N HN\?O HN\?O



psoriasis, psoriatic arthritis, chronic obstructive

pul nonary di sease, inflanmmatory bowel disease or
woredoniopdie? scl erosis. 22. The nmethod of cl ai m BOI/US2004/011080

wherein the disease is cancer. 23. The nethod of

claim 22 wherein the cancer is selected from

| ynphoma, nultiple nyel ona, osteolytic bone nestasis,

head or neck cancer, lung cancer, prostate cancer or

pancreati c cancer. 24. The+4mMhoed of claim 23 wherein

the cancer is a |ynphoma. 25. A nethod of inhibiting

IKK in a patignt i eed thereof conprising
adm ni steri ng e Patient a conpound ehaiiy 1,N
WO 2004/ 0921&y BRN004/ 011080 --190- 26
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-N(R9)CO(aryl), a 3-7 menbered heterocyclyl ring, or a

5-6 nenbered heteroaryl, wherein each of the
whedoeneasyl , aryl and heterocyclyl noieties 0PCTAUBH04/011080

optionally substituted by 1-3 Rio; R4 is hydrogen,

3-7 menbered heterocyclyl, or C1_ 6 aliphatic; R5 is

hydrogen, Cl1_6 aliphatic group or a 3-7 nenbered

het erocyclic ring having 1-2 ring heteroatons sel ected

from N, O, or S, wherein -R5.8&%-optionally substituted

by halo, -OR7, -CN, -SR8, -S (0) 2R8, -S(0)2N(R7)2,

-C(O R7, -CO2R7, R7)2, -C(ON(R7)2, -NR7)C(@eR7,

- N(R7) C02 N(,HW)C(O) N(R7)2; WD 2004/ 092167
191- each R7 is indep
sel ect &d ogen or Cl_4 aliphatic, or
on ¢ niN” dyen atom are taken together
nitrogen toXorma 5-6 nembered et eroaryl ~or H

het epfcygl yLAring; each R8 is in ndgnt | yO&_éINgct ed
fromCl:4 Hlighatic; each RO ifNg ejqo/lentl/)ﬁ

sel ect gtk ydrogen or Cl1_3 alliphHhtirL; ¥acl R1O is
inde%nd%ﬁ@ selected fromoxo, MR O, MeT QLD or
-V-T-R11; eac'Y|1 R11 is ‘i ndependently sel ectidd fMem C1_6 ,
aliphatic, halo, -S(0)2N(R7)2, -OR, -CN, -SR8, -S

(0) 2R8, -CH4$) R7, -C02R7, -N(R7)2, -C(Od¥ R7) 2,
-N(R7) (O R7, -N(R7)Q02R7, or -N(R7)C(ONR7)2i Tis
a straight or branched Cl_4 al kyl ene chain; Vis -0-,
-N(R7) -, -S-, -S(0) -, -S(0)2-, -C(0) -, or
-C02-; and R12 isRhydrogen or an anmino acid side R
chai n. 27CI The co Hnd of claim 26 that iC? (S)-3¢g—

\ N\ N
N N
N H

H"’CYO O§-,NH ~ w OYNH
HN\_/\N/'\' Ny N\/\N/'\I

Me 5(0 Me O WMe S(o

Me Me , Me Me ,

61 62

C N\ /

17. A pharmaceutical composition comprising a compound of

claim 1 and a pharmaceutically acceptable carrier.



28. A conpound of formula IV: RL RZ N | R H NH
Rl4 NO H3 CH3 1V WD 2004/092167 PCT/ US2004/ 011080
WO 2009/A9219here R14 is an ami no protecting groupP@r/US2004/011080
hydrogen; Rl is hydrogen, halo, Cl_3 aliphatic, am no,
cyano, (Cl1_3 alkyl )1_2 am no, Cl1_3 al koxy, -CONHZ2,
- NHCOCF3, or -CH2NH2; R2 is hydrogen, halo, Cl1_3
al i phatic, -CF3; and R3 is hydrogen, halo, Cl_6
al i phatic, Cl1_6 hal oal kyl ,-€18%8--al koxy, hydroxy,
am no, cyano, or (Cl -6 alkyl)1l 2 amno. 29. The
conpound of claim28 that is (S)-1VW.

18. A pharmaceutical composition comprising a compound of

claim 16 and a pharmaceutically acceptable carrier.

19. A method of treating an IKK-mediated disease
comprising administering to a patient in need of such
treatment a therapeutically effective amount of a compound

‘of claim 1.

20. The method of claim 19 wherein the disease is an

inflammatory disease or an immune-related disease.

21. The method of claim 19 wherein the disease is selected
from the group consisting of rheumatoid arthritis, asthma,
psoriasis, psoriatic arthritis, chronic obstructive
pulmonary disease, inflammatory bowel disease or multiple

sclerosis.
22. The method of claim 19 wherein the disease is cancer.

23. The method of claim 22 wherein the cancer is selected
from lymphoma, multiple myeloma, osteolytic bone mestasis,
head or neck cancer, lung cancer, prostate cancer or

pancreatic cancer.

24 . The method of claim 23 wherein the cancer is a

lymphoma .

25. A method of inhibiting IKK in a patient in need
thereof comprising administering to the patient a compound

of claim 1.
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26. A compound of formula 3a:

Hs CHj
3a
where R is halo, OH, OR'®, or a carboxylic acid protecting
group;

R* is an aliphatic, aryl, heterocaryl, aralkyl, or
hetercaralkyl;

R is an amino protecting group, hydrogen or -W-G; -

W is -Q-, -0-C(0)~, -C(R%),-C(R?) (R'?)-, or
-C(R%) - [C(R?) (R*?) ]o~;

Q is -C(R%)2- or -C(R%)2C(R%)2-;

G is -OH, -NR'R’, -N(R%)CONR’R®, -N(R%)S0,(Ci_3
aliphatic), -N(R®)COCFs;, -N(R’)CO(C;.s aliphatic),

-N(R°) CO (heterocyclyl), —N(RP)CO(heteroaryl),
—N(R?)CO(aryl), a 3-7 membered heterocyclyl ring, or a 5-6
membered heteroaryl, wherein each of the heteroaryl, aryl
and heterocyclyl moieties of G is optionally substituted by
1-3 RrR'Y;

R* is hydrogen, 3-7 membered heterocyclyl, or Cig
aliphatic;

R® is hydrogen, Ci¢ aliphatic group or a 3-7 membered
heterocyclic ring having 1-2 ring heteroatoms selected from
N, O, or S, wherein R® is optionally substituted by halo,
-OR’, -CN, -SR®, -S(0)2R®, -S(0)2N(R")2, -C(O)R7, -CO.R’,
-N(R7)2, -C(O)N(R")2, -N(R")C(0)R’, -N(R7)CO:R®, or
-N(R7)C(0)N(R");
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each R’ is independently selected from hydrogen or Ci.,
aliphatic, or two R’ on the same nitrogen atom are taken
together with the nitrogen to form a 5-6 membered
heteroaryl or heterocyclyl ring;

each R® is independently selected from Ci.4 aliphatic;

each R® is independently selected from hydrogen or Cj_s
aliphatic;

each R' is independently selected from oxo, -R?,
~-T-R", or -v-T-R'?;

each RY is independently selected from Ci.s aliphatic,
halo, -S(0)2N(R")z, -OR’, -CN, -SR®, -S(0);R®, -C(O)R7, -CO,R’,
-N(R")z, -C(O)N(R7)2, -N(R")C(0)R7, -N(R")CO,R?, or
-N(R”)C(O)N(R")2;

T is a straight or brancﬁed Ci-4 alkylene chain;

V is -0-, -N(R’)-, -S-, -8(0)-, -S(0),—-, -C(0)-, or
-CO,-; and X

R is hydrogen or an amino acid side chain.
27. The compound of claim 26 that is (S)-3a.

28. A compound of formula IV:

R1
R2 \—— N
R® N
H
NH
R1\4N
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where R is an amino protecting group or hydrogen;
Rl is hydrogen, halo, C;.3 aliphatic, amino, cyano, (Ci_3
alkyl)i.; amino, Cj-3; alkoxy, -CONH,, -NHCOCF;, or -CH,NH,;
R is hydrogen, halo, C;.3 aliphatic, -CF;; and
R’ is hydrogen, halo, C;_¢ aliphatic, Ci_¢ haloalkyl, Ci.g

alkoxy, hydroxy, amino, cyano, or (Ci-s alkyl)i_, amino.

29. The compound of claim 28 that is (S)-IV.



