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Declaraciones

Copia de la solicliud intemacional. (Resumen, descripcidn, reivindicaciones, dibujos)
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Copia del examen prefiminar intemacional efectuado por la Autoridad Internacional de Examen Preliminar (IPEA).
Traduccion del examen preliminar intamaclonal efectuado por la IPEA.
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Formulario PCT/IB/304 concemniente a la transmisién del documento de prioridad.
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Formulario PCT/ISA/220 correspondiente a la notificacién o transmisién del Reporte de
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Formulario PCT/ISA/237 correspondiente a la opini6n escrita de la autoridad de biisqueda

internacional.
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. District of Columbia
United States of America
ALBERT L. THEMES

This public document has been signed by
NOTARY PUBLIC IN AND FOR THE DISTRICT OF COLUMBIA

3. acting in the capacity of
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. bears the seal/stamp of : THE
DISTRICT OF COLUMBIA
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. at Washington, D.C.
12™ DECEMBER 2005
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FROM : G HOLLMANN RESTREPO ABOGRDDS PHONE NO.
[

G.HOLLMANN RESTREPO

ABOGADOS LTDA . .

The undersigned . ACTing on
bechalf of and repreaendng of MILLENIUM
PITARMACEUTICALS, TINC.,, domiciled in
Cambridge, Mususchusscts, Eltl.doi Unidos, hercby

appoint(s)

LUIS PATINO LEYVA und/ot

GUSTAVO HOLLMANN RESTREPO and/or,
domiciled in Bogoti ID.C., Republic of Colombin , &8 our
true und legnd attomey with the necessary powers:
1) To apply 10 the administrarive, judicial and police
suthorities of the Republic of Colombis, in any instance
or appesl, for obmining regisoavon of patenw, udlity
mndﬂl.l indusoial demigns and models, commercial
casigns and namecs, cademaris, slogans, health licensea,
eopyrighe and domain namer a5 well as  their
mssignments, extenaions, renewnls and changes of name;
2) 'T'o prepare, apply for, obmin, execure and register
conmacts, licenses, outhorizations snd regisvarions of
any kind; 3) To intervene as plaintiff ar defendant, in any
iosmnce ar appesl, before any judge, court, tribuna,
corporation, public officer or authorty in any judidal,
.dmmnmmn:pohul:uon.mchu uuonduhn;
with commercial ensigns and numes; oppositions against
tradecnark :eg'nu:.:i:m; c-du.cil:y and mulliry acrions;
recovery acrions, actiona adaing fram obminment and
wotking of license agreemenw; scioos desling with
unfuir competition; crirninal actions; actions claiming
indemnity for damages, comphints or remargks on all
sort of industrial propecty maters; the petrformance of
precautionary mesasures, snd in any other almilar action,
measure ox sppeal zelated ro intellectual property

To:hueﬂ'ect,!(we)hmbyauthnmhlmmﬁh
spplications, make descriptions, protests, amendments,
declaradons, oppositions, canccllatons, sppuwls and
claims; tnplym.q\loulmdhmuwldgdby
law; 1o whive or abandon gmntrd rights or dgho in
process of being greared, to receive all kind of
documents and securities: 1o issue the respective releases
and, in gencral, to take, before paid suthorities, pextinent
swph o the above mentoned putposes and ke all
measures they may deem advisable to protect my (our)
intezests, with all odther necessary legal faculdes, and I
{(we) heteby declsre as good and valid whatever the
aonmeys should do to my {out) benefit,
‘This power comprises the suthority to mtify or confirm
.‘m my {our) bcbllfmymnn, s well ap the Fa:ultyof

receiving,

desisting, tansactng, compromising,

substitating and revoking subsdoutions, mking
nodfications, and sppointng judicial or extra-fudicial

. dliomeys.

Signed in

onthis 6thdayof Decemlfer, 2005

Cambridge, MA, U.S.A.

Millennium Pharmaceuticala, Inc.

Do ), Sobrermmann

<

i 57 1 6163976 hﬂJlSE@Sli:ﬂFﬂlPl

Ay ot A
G. HOLLMANN RESTREPO
ABOGADOS LTDA

Yo (nnsouns) «ubtand.. ¢,
nambre propio y represenmacidn de,

con domicilio cn nomhra(amaos; :
LUIS PATINO LEYVA y/a GUSTAVO HOLLMANN
RESTREPO, con domicilio en Bogoti D.C.. Repiiblica de
Colombis, spoderdo verdudern y legal, con puder wpucind,
amplic y suficienic

1) Pars recsber de lss oficinas y sutoridades colombisna;
administrativas, judiciales y de policia en cuslquier instancia o
recursa, la obtencién de patentes de invencién, modelos de
utilidad, dibujos y modelos industriales, registro de mascas,
regiscro de lemas comerciales, depésm de nombres
enieilan comerciales, teguluon sanitarios, derechos de autor v
nombres do dominio  aai COMO Sus traspancs, prérrogas,
renovaciones y cambics de nombre; 2y Elsborar, tramitar,
aclicitar, obunu.-, realizar, elecutu Yy registrar conmTatos,
licenciss, sararixaciones y regivtros de cuslesquiers clases; 3)
Intecvenir comn demendante © como demandads en
cualquier instancia y recurso y ante cuslquier juez, entidad,
corporscién, Runciongrio pdblico o suloridad en acciones
judicisles, sdministtativas y de pohch. tales como acciones

* detfvadas de nombre © coaciia comerdales; accipnes

reivindicarorians; acciones derivadas de la obtendcidn n
explotacién de licenciss; acciones de compctencia desleal,
demandes pensles y civiles; scciones de indemnizacida de
pamjuicios, reclamos, v observaciones & cualquier asunio
sobre propiedad intelccrual; al cjerdicio de medidas cautelares
¥y cunlesquiera otras acciones, medidas o recursos similares
telacionados con la propiedad intelecrual

A este efectn, lo facultamon para elevar solicitudes, formular
ducnpclnnu enmiendss, protestas,  decleracioncs,
opaosiciones, cancelaciones, apelaciones y reclamos; payar
lhpuﬂml, cuotas y gravimenes prescritos por la Luy,
renuncisr o desistir o derechos concedidos o en cumso de
concesidn; recibir tode clase de documantoa y valores dindn
lldnwmpecuvn,yengenmj,pmdumm&chu
sutosidades todos los pasos necesarios al efecto indicado v
mh&nhmﬂd-squcmymemducmmal
resguardo de mis (ouestros) intereses, con todss lag
facultades necesariss, y por este documento dezde shon
dedl:o(lmm) vilido y bueno todo cuanto los apoderados
hicieren en mi (ruearo) beneficio.

.Este poder comprende la facultad dc mtificar, o confirmar en
" ral (ouestro) notnbn lo n:tundo. ui como ll facultad de

Ian R. Silverman, Assoclate General Counsel

-

N
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. . ! CERTIFICACION
CERTIFICATION SOCIEDADES
COMPANIES

Fl{la) infrascrita(a) certifica: gue 1a(s) frpags.
‘The undersigned Diacar €. laadh certifics: thar the que antcceda(n) y dice(n) s (son) suténtica(u): yue ¢
preceding signanuce(s) resding 15, £ fifmnn i (315 (o) signntario(s) desempeda(n) uctualmente ¢ cargols) de
wuthendc; thar the signer(s) at prescat fill(s) the position de ; que titne(n) feculmd parm otomgar exre
ofAusxish bvun i ,of Millenium Pharomceuticuls, Inc,, that podes; ¥ que dicha compafiia cxisre, cumple su objeto ancisl
he (they) M) empowered to gmat this power; and y eatk organizada en conforme u lag Loyas de .
that said company existe, sccomplishes it wocial ohject Todos los hechos anterioresa lc constan, por haber
sand is organized in  (wdridy, #¥  in accordance with cxsminado los documentos respecrivos y de vodo ello da fe.
the Laws of D¢ lpanre
All the foregoing facts are known to me duc to my
having exsmined the respective documenta to which I Firmado en el de de

Sigmdin('...ly;l,ﬁo&'mi- o day of Omm]w'-.
of }“( .
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ance Notes on Codes and Abbreviations™ appearing at the begin-
ning of euch regular issue of the PCT Gazetie.

(54) Titke: BETA-CARBOLINES USEFUL FOR TRIEATING INFLAMMATORY DISEASE

(57) Abstract: This inveniion provides beta-curboline compounds of formula
I1I-A-a3, wherein Q, G, RY, R?, R, and R% are us described in the specification. The
compuunds are uscful for treating diseases such us inflammatory disenses and cancer.
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[0001]  This invention relates to beta-cerboline compounds, pharmaceutical compositions thereof,
and methods of using the compositions for treating disease. The compounds are particularly useful
for treating inflammatory disease and cancer,

BACKGROUND OF THE INVENTION
[0002] 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-xB is constitutively present in ths
cytosol, and is inactivated by its association with one of the IxB family of inhibitors. Palombelln et
al.,, WO 95/25533, teaches that the ubiquitin-proteasame pathway plays an essential role in the
regulation of NF-xB activity, being responsible for the processing of p105 to p50 and the degradaion
of the inhibitor protein IxB-a. Chen et al,, Cell 84:853 (1996), teaches that prior to degradation, IxB-
a undexgoes selective phosphorylation at serine residucs 32 and 36 by the multisubumit IxB kinase
complex (IKK). IxB-a is phosphorylated by IKK, which has two catalytic subunits, [KK-1 (IxB
kinase o or IKK-a) and IKK-2 (ixB kinase p or IKK-B). Once phosphorylated, IxB is targeted for
ubiquitination and degradation by the 26S proteasome, allowing transiocation of NF-xB into the
nucleus, where it binds to specific DNA sequences in the promoters of target genes and stimulates
their transcription. Inhibitors of IKK can block the phosphorylation of [KB and its further
downstream effects, particularly those associated with NF-xB transcription factors.
[0003]  The protein products of genes under the regulatory control of NF-xB incinde cytokines,
chemokineg, cell adhesion molecules, and proteins mediating cellular prowth and control.
Importantly, many of these proinflammatory proteins also are able to act, either in an antocrine or
paracrine fashion, to further stimulate NF-xB activation. In addition, NF-xB plays a role in the
growth of normal and malignant cells. Furthermore, NF-xB is a heterodimeric tanscription factor
which can activate a Iarge number of genes which code, inter alia, for proinflammatory cytokines such
as [L-1, IL-2, TNFa or IL-6. NF-xB is present in the cytosol of cells, building a complex with its
naturally occurring inhibitor IxB. 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-xB, which subsequently migrates into the nucleus of the cell and activates a large
nurnber of proinflammatory genes.
[0004]  Rinehart ct al., U.S. Pat No. 4,631,149 (1986), discloses bets-casboline compounds
useful as antiviral, antibacterial, and antitumor agents.
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[0005]  Riteeler et al, WO 01/68648, discloges beta-carboline compounds with IxB kinase
inhibitory activity for use in the treatment of inflammatory disorders (e.g.. theumsatoid arthritis),
ostecarthritis, asthmm, cardiac infarct, Alzheimer’ disease, carcitomatous disorders (potentiation of
cytotoxic therapies) and atherosclerosis.

[0006] It would be beneficial to provide novel IKK inhibitors that possess good therapeutic
propexties, especially for the treatment of inflammatory diseases and cancer.

[0007] 1. Geneml Description of Congpounds of the Invention:

[0D08]  This invention provides compounds thar are inhibitors of IKK-2, and accordingly ere
usefl for the reatment of inflammatory diseases and cancer. The compounds of this invention are
represented by forrmula I:

or a pharmaceutically acceptable salt thereof, whemin:
Ring A is selected from the group consisting of:

(a) & pyridinyl or pyrimidiny] ring that is substitated by (i) ~CH2C(0)-G and 0-1 R® or (ii) 1-
2R*, and

(b) a morpholinyl, piperidinyl, piperazinyl, pyrrolidiny], pyranyl, tetrahydrofuranyl,
cyclobexyl, cyclopentyl or thiomorpholiny] ring that is substituted by (i) ~C(R®)s, -W-G, or -G, (i) 0-
4 R® and (iii) 0-1 oxo groups on a ring carbon or (-2 oxo groups on a ring sulfur;

each R® is independently sclected from C.; aliphatic, halo, C,.¢alkoxy, or amino;

each R™ is independently selected from C, s aliphatic or -N(R"),, and two R on the same
carbon or on adjacent carbong aptionally are taken together with the intexvening carbon(s) to form a S-
6 membered ring having 1-2 ring heteroatoms selected from N, O ar S;

W is -Q-, -Q-C(0)-, -C(R)-CRIR-, or CRIHCRIR 1

Qis -CR")y- ar -CRNCR")r

G is -OH, -NR'R’, -NR’)CONRR’, -N(R’)SOx(C.s aliphatic), -NR*)COCE,, -N(R*JCO(C.
saliphatic), -N(R*)CO(heterocyclyl), -N(R®)COheteroaryl), -N@R®)CO(aryl), 3-10 membered
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monocyclic or bicyclic heterocyclyl ring, or a 5-6 membered heteroary! ring, wherein each of the
heteroaryl, aryl and heterocyclyl moieties of G is optionally substituted by 1-4 R'%;

R! is hydrogen, halo, C,.y aliphatic, amino, cyano, (Cy.s alkyl)s.; amino, C;.4 alkoxy, -CONH;,
-NHCOCF,, or -CH,NH;; '

R?is hydrogen, halo, C;., aliphatic, Cs.alkoxy, or Cyzhaloalkyl;

R’ is hydrogen, halo, C, 4 haloalkyl, hydroxy, amino, cyano, or en optionally substituted group
selected from C, galiphatic, C,alkoxy, (C;4 alkyl);.z amino, C; sthioaiky!, morpholinyl, piperazinyl,
piperidinyl, or pyrrolidinyl;

R' is hydrogen, 3-7 membered heterocyclyl, or Cy.aliphatic;

RYis: a) hydrogen; .
b) an optionally substituted group selected from aryl, hetercaryl, heterocyclyl, or
carbocyelyl, or

c) 2 C, saliphatic group that is optionally substitted by:
halo, OR’, -CN, -SR®, -S(O).R%, -C(O)R, -COR?, -N(R");, -C(O)NR),, -
NERHIC(O)R’, -NRCO,R", -SO:NER ", -NR'SOR’, -NRNYHOINR")s, or an aryl,
heteroaryl, heterocyclyl, or carbocyclyl group that is optionally further substituted by
C, galiphatic, -CF, halo, -OR’, -CN, -SR*, -S(0);R", -C(O)R’, -COR", -NR),,
-C(O)NR"),, -NR")C(O)R’, -NRHOO:R", -SONRY,, -NR'SO,R’,
-NRHYCOINRN:
each R’ is independently selected from hydrogen or an optionally substituted C; ¢ aliphatic, or
two R’ on the same nitrogen atom are taken together with the nitrogen to form an optionally
substituted 3-6 membered heteroaryl or heterocyclyl ring;
each R™ is independontly selected from hydrogen or an aptionally substituted group selected
from C; 4 aliphatic, ary}, heteroaryl, heterocyclyl, or carbocyelyl, or two R™ on the same nitrogen
atom are taken together with the nitrogen to form an optionaily substituted 3-6 membered heteroaryl
ar heterocyclyl ring;
each R® is independently an optionally substimted C, ., aliphatic;
each R™ is independently an optionally substituted group selected from C;.4aliphatic, aryl,
heteroaryl, heterocyclyl, or carbocyclyl;
each R iz independently selected from hydrogen or Cy.yaliphatic;
each R" is independently selected from oxo, -R", -T-R", or -V-T-R", ar two occurrences of
R™, taken together with the atom(s) to which they are bound, form n optionally substituted
monocyclic or bicyclic 3-8-mermbered aryl, heteroaryl, heterocyclyl, or carbocyclyl ring;
each R" is independently selected from -CFs, halo, -OR™, -CN, -SR™, -S(0),R™, -C(O)R™,
-COR™, -NR™),, -COINR™),, -NRYC(O)R™, -NR"COR™, -SONR™),, -NR)SO.R™,
-NRC(O)N®R™), or an optionally substituted group selected from C,).aliphatic, ary), heteroeryl,
heterocyclyl or carbocyclyl:

10
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T is a straight or branched C,, alkylens chain;
V is ~O-, -NR)-, -§-, -S(0)-, -S(0);-, -C(0)-, or -COx; and
R js hydrogen or an amino acid side chain.

[0009] In another embodiment, the compounds of this invention are represented by formu'a 1:
1

or a pharmaceutically acceptable salt thereof, wherein:
Ring A is selected from the group consisting of:

| (a) a pyridinyl or pyrimidiny] ring that is substituted by (i) -CH;C(0)-G and 0-1 R* or (i) 1-
2R*, and

(b) 2 morpholinyl, piperidiny), piperazinyl, pyrrolidinyl, pyranyl, tetrahydrofurany,
cyclohexyl, cyclopentyl or thiomorpholiny] ring that is substituted by (7) ~CR*),, ~-W-G, or G, (if) 0-
4 R® and (jii) 0-1 oxo groups on a ring carbon or (-2 oxo groups on a ring sulfur;

cach R“ is independently selected from C,.5 aliphatic, halo, C, salkoxy, or amino;

each R® is independently selected from C.5 eliphatic or —-N(R");, and two R® on the same or
an adjacent carbon optionally are taken together with the intervening carbon(g) to forma 5-6 |
membered ring having 1-2 ring heteroatoms selected from N, O or S;

W is -Q-, -Q-C(0)-, -CR* ) CRNR')-, or -CRN-CRHR ™)}

Qs -C(R%)z or -CR,CR-:

G is ~OH, -NR'R’, -N(R)JCONR‘R’, -N(R")S05(C; 5 aliphatic), -N(R*COCF;, -NR*YCO(C,.
saliphatic), -NR*)CO(heterocyclyl), -N(R’YCO(heteroaryl), -N(R*)CO(aryl), a 3-7 membered
heterocyclyl ring, or a 5-6 membered heteroaryl, wherein each of the heteroaryl, ary! and heterocyclyl
moicties of G is optionally substimuted by 1-3R'%

R! is hydrogen, halo, C,.; aliphatic, amino, cyano, (C,.; alkyl),.; amino, C,.s alkoxy, -CONHa,
-NHCOCEF;, or -CH,NH;;

R?is hydrogen, halo, C, 3 aliphatic, -CRy;

R is hydrogen, halo, Cy s eliphatic, C;.g hatoalkyl, C,.¢alkoxy, hydroxy, amino, cyano, or (Ci6
alkyl);; amino;

R is hydrogen, 3-7 membered heterocyclyl, ar C, ¢ aliphatic;
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R’ is hydrogen, Cy.aliphatic group or a 3-7 membered heterocyclic ring having 1-2 ring
hereroatoms selected from N, O, or S, wherein R® is optionally substituted by halo, -OR?, -CN, -SR°,
-S(O):R’, -S(O)NR";, -C(OR", -COR’, -NR')o, -C(ONR")2, -NR)C(O)R’, -NR")COR®, or
-NRHCO)NR™:;

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

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

each R’ is independently selected from hydrogen or C, 3 aliphatic;

each R" is independently selected from axo, -RY, -T-RY, ar -V-T-R";

esch R" is independeatly selected from C,.¢aliphatic, halo, <S(0);NR"),, -OR’, -CN, SR, -
S(OXR", -C(O)R’, -CO,R’, -NR");, -CLOIN(R )2, -NR)C(O)R’, -NR"YCO.R, or
-NRNCONR");

T is a straight or branched C;., alkylene chain;

V is -O-, -N(R")-, -S-, -S(O)-, -S(0)y-, -C(O)-, or -COy-; and

R" is hydrogen or an amino acid side chain.

[0010] 2. Compounds and Definitions:

[0011] Compounds of this invention include those described generally above, and are further
illustrated by the classes, subclasses, and species disclosed herein. As used herein, the following
definitions shall apply unless otherwise indicated. For purposes of this invention, the chemical
clements are identified in accordance with the Periodic Table of the Elemeats, CAS version,
Handbook of Chemistry and Phyaics, 75® Ed. Additionally, general principles of organic chemistry
are described in “Organic Chemistry”, Thomas Sorrell, University Science Books, Sausalito: 1999,
and “March’s Advanced Organic Chemistry”, S Ed., Ed.: Smith, M. B. and March, J., John Wiley &
Somns, New York: 2001.

[0012] The term “aliphatic” as used herein means straight-chain, branched or cyclic CrCa
hydrocarbons which are completely saturated or which contain one or more units of unseturation bt
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 a5 (cycloalkylalkyl,
(cycloalkenyDalkyl or (cycloalkyDalkenyl. 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 “atkenyl” and “alkynyl”, used
glone or as part of a larger moiety, include both straight and branched chains containing two to twelve
carbon atoms. The term “"cycloalkyl, used alone ar as part of a larger moiety, includes cyclic Cy-C;2

|
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hydrocarbons which are completely saturated or which contain one or more units of imsataration, but
which are not aromatic.

[0013] The terms “haloalkyl", “haloalkenyl” and “haloalkoxy”, mean alkyl, alkenyl or alkaxy, as
the case may be, substituted with one or more halogen storms. The term "halogen” means F, Cl, Br, or
L

[0014] ‘The term “heteroatom” means uitrogen, oxygen, or sulfur and includes any oxidized form
of nitrogen and sulfur, and the quatemized form of any basic nitrogen. Also the tarm “nitrogen™
includes a substitntable nitrogen of a heterocyclic ring. As an example, in a saturated or partially
unsaturated ring having 0-3 heteroatoms selected from oxygen, sulfar or nitrogen, the nitrogen may be
N (as in 3,4-dihydro-2-pyrrolyl), NH (as in pyrrolidinyl) or NR* (as in N-substituted pyrrolidinyl).
[0015] The terms “carbocycle”, “carbocyclyl”, "casbocyclo”, of “carbocyclic” as used herein
means an aliphatic ring system having three v fourteen members. The terms “carbocycle”,
"carbocyclyl”, "carbocyclo”, or "carbocyclic” whether saturated or partially unsatumted, also refers to
rings that are optionally substinzed. The terms "carbocycle”, “carbocyclyl”, ™ ", or
“carbocyclic” also include aliphatic rings that are fused to one or more aromatic or nonaromatic rings,
such ez in a decahydmoaphthyl or tetrahydronaphthyl, where the radical or point of attachment is on
the aliphstic ring. Bridged ring systems are also included in the scope of the term “carbocycle™,
“carbocyclyl”, “catbocyclo™, or  .rhacyclic™,

[0016] The term "aryl" used alone or as part of a larger moiety 88 in "aralkyl”, "aralkoxy”, or
"aryloxyalkyl®, refers to eromatic ring groups having five to fousteen members, such as phenyl,
benzyl, phenathyl, 1-naphthyl, 2-naphtiryl, 1-snthrcyl and 2-anthracyl. The term "ary}” also refers to
rings that are optionally substituted. The term “aryl" may be used interchangeably with the term “aryl
ring". "Aryl” also inchudes fused polycyclic aromatic ring systerns in which an aromatic ring is fused
to ouo or more rings. Examples include 1-naphthyl, 2-naphthyl, 1- anthmcyl and 2-anthracyl. Also
included within the scope of the term “aryl”, as it is used herein, is a group in which an aromatic ring
is fused to one or more nou-eromatic rings, such as in an indanyl, phenanthridinyl, or
tetrabrydronaphthyl, where the radical or point of attachment is on the aromatic ring.

[0017] The tarm *heterocycle”, "heterocyclyl”, or "heterocyclic™ as used herein includes non-
aroratic ring systems having three to fourteen members, preferably five to ten, in which one or more
ring carbons, preferably one to four, art =ach replaced by a heteroatom such as N, O, ar S. Examples
of heterocyclic rings include 3-1H-benzimidazol-2-one, (1-substituted)-2-oxo-benzimidazol-3-yl, 2-
tetrahydrofurenyl, 3-tetrahydrofuranyl, 2-tetrahrydropyranyl, 3-tetrahydropyranyl, 4
tetrahydropyranyl, [1,3)-dioxalanyl, [1,3}dithiolanyl, [1,3]}-dioxanyl, 2-tetrshydrothiophenyl, 3-
tetrahydrothiophenyl, 2-morpholinyl, 3- morpholinyl, 4-morpholinyl, 2-thiomorpholinyl, 3-
thiomarphalinyl, 4- thiomarpholinyl, 1-pyrrolidimyl, 2-pyrrolidinyl, 3-pyrrolidinyl, 1-piperazinyl, 2-
pipemzinyl, 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-piperidinyl, 4- thiazolidinyl, diazolonyl, N-



WO 2005/111037 PCT/US2005/013812

substitmted diszolonyl, 1- phthalimidinyl, benzoxamyl, benzopyrrolidinyl, benzopiperidinyl,
benzoxolanyl, benzothiolanyl, and benrothianyl. Also included within the scope of the term
"heterocyclyl” or “heterocyclic”, as it is used berein, is a group in which e non-aromatic heteroatom-
contajning ring is fused to one or more aromatic or non-aromatic rings, such as in an indolinyl,
chromanyl, phenanthridinyl, or tetrahydroquinoliny!, where the rmdical or point of attachment is on
the non-aromatic heteroatom-containing ring. Bridged ring systems are also incinded within the
scope of the term “heterocyclyl” or “heterocyclic”. The term "heterocycle®, "heterocyclyl®, or
"heterocyclic® whether saturated or partially unsetorated, also refers to rings that are optionally
substituted.

[0018] ﬂmel",useddm«uganofahmmiayuhMl"or
“heteroarylalkoxy”, refers to heteroaromatic ring groups having five to fourteen members. Examples
of beteroaryl rings include 2-furanyl, 3-furanyl, 3-furazanyl, N-imidazolyl, 2-imidazalyl, 4-
imidazolyl, S-imidazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-oxadiazolyl, 5-oxadiazolyl, 2-
oxazolyl, 4-oxazolyl, 5-oxazolyl, l-pyrrolyl, 2-pyrrolyl, 3-pymolyl, 1-pyrszolyl, 2-pymzolyl, 3-
pyrazolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-pyrimidyl, 3-pyridazinyl, 2-
thiazolyl, 4-thiezolyl, 5-thiazolyl, S-tetrazolyl, 2-triazolyl, 5-triazalyl, 2-thienyl, 3-thienyl, carbazolyl,
. benzimidazolyl, benzothienyl, benzofuranyl, indolyl, quinolinyl, benzotriazolyl, benzothiazolyl,
benzooxazolyl, benzirmidazolyl, isoquinolinyl, indazolyl, isoindolyl, acridinyl, or benzoisoxazolyl.
Also inclnded within the scope of the term *“heteroaryl”, as it is used berein, is a group in which a
heteroatomic ring is fused to one or mare aromatic or nonaromatic rings where the radical or point of
attachment is on the hetercaromstic sing. Examples include tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and pyrido[3,4-d}pyrimidinyl. The term “heteroaryl” also refers to rings that
arc optionally substituted. The term "heteroaryl” may be used interchangeably with the term
"hetercaryl ring” or the texmn "heteroaromatic”.

[0019] An aryl (including amikyl, aralkoxy, aryloxyalkyl and the like) or heteroaryl (inchading
heteroaralkyl and heteroarylalkoxy and the like) group may contwin one or more substitients. Unless
otherwise stated, examples of suitable gubstitueats on the uneatursted carbon atom of an aryl,
heteroaryl, aralkyl, ar heteroaralkyl group gemerally include a halogen, -R®, -OR®, -SR®, 1,2~
methylene-dioxy, 1,2-ethylenedioxy, protected OH (such as acyloxy), phenyl (Ph), substituted Ph, -
O(Ph), substitrted -O(Ph), -CHz(Ph), substituted -CHz(Ph), -CH,CH,(Ph), substituted -CH;CH;(Ph),
-NO;, CN, - N@R®);, -NR'CO)R®, -NR°C(O)N(R"h., -NR°CO3R®, -NR°NRC(O)R°, -
NR°NR°C(O)N(R%)z, -NR'NR°COR®, -C(O)C(O)R®, -C(O)CH,C(OR®, -COR’, -C(O)R°, -
CONR").. -OC(O)NR");, -S(O)1R°, -SON(R); -S(O)R% -NR°SO;NR®);, -NR°SO.R°,
-C(=S)NR"), -C{=2NH)-N(R"), -(CHa),NHC(O)R®, (CHa),NHC(C) CH(V-R")R"); wherein each
R® is independently selected from hydrogen, a subgtituted or unsubstituted aliphatic group, an
unsubstituted heteroaryl or heterocyclic ring, phenyl (Ph), substimted Ph, -O(Ph), substituted -O(Ph),
-CHx(Ph), or substimted -CH;{Ph), or two independent occurrences of R®, taken together with their
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intervening atom(s), form an optionally substituted 3-12~membered saturated, partislly unsatarated, o
fully unsaturated monocyclic ar bicyclic ring having (-4 heteroatoms independemiy selected from
nitrogen, oxygen, or solfar; y is 0-6; and V is a linker group. Unless otherwise stated, examples of
substituents on the aliphatic group or the phenyl ring of R® generally include amino, alkylamino,
dialkylamino, aminocarbonyl, halogen, alkyl, alkylaminocarbomyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkoxy, nito, cymo, carboxy, alkoxycarbonyl,
alkylcarhonyl, hydroxy, haloelkoxy, or haloalkyl.

[0020] An aliphatic group or a non-wromatic heterocyclic ring may contain one or more
substiuents. Unless otherwise stated, examples of suitable substituents on the saturated carbon of an
aliphatic group or of a non-aromatic beterocyclic ring generally include those listed above for the
unsaturated carbon of an aryl or heteroaryl gronp and the following: =0, =S, =NNHR®, =NN(R*),,
=N-, =NNHC(O)R*, =NNHCO(alkyl), =NNHSO{(alkyl), or =NR*, where each R* is independently
selected from hydrogen, an unsubstituted aliphatic group or a substituted aliphatic group. Examples
of substiments on the aliphatic group include amino, alkylamino, dislkylamino, aminocarbanyl,
halogen, alkyl,  alkylaminocarbonyl,  dislkylaminocarbonyl, alkylaminocarbonyloxy,
dinlkylaminocarbonyloxy, alkoxy, nitro, cysno, carboxy, alkoxycarbonyl, alkylcarbonyl, hydroxy,
haloalkoxy, or haloalkyl.

[0021] Unless otherwise stated, suitable subetiments on the nitrogen of a mon-aromatic
hetetocyclic ring gencrally include -R*, -N(R")2, -C(O)R", -CO3R", -C(O)C(O)R", -C{O)CH.C(O)R®,
-SOR", -SON(R");, -C(=S)N(R");, -C(=NH)-N(R*);, and -NR’SO,R*; whemin each R* is
independently selected from hydrogen, an aliphatic group, a substituted aliphatic group, phenyl (Ph),
substituted Ph, -O(Ph), substituted -O(Ph), CHy(Ph), substituted CHy(Ph), or an unsubstitated
heteroaryl or heterocyclic ring, or two independent occurrences of R+, taken together with their
intervening atom(g), form ac optionally substituted 3-12-membered saturated, partislly unsaturated, or
fully unssturated monocyclic or bicyclic ring having 0-4 heteroatoms independenty selected from
nitrogen, oxygen, or sulfur.. Unless otharwise stated, examples of substiments on the aliphatic group
or the phenyl ring generally include amino, alkylamino, dislkylamino, aminocarbonyl, halogen, alkyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylaminocarbonyloxy, dialkylaminocarbonyloxy,
alkoxy, nitro, cyano, carboxy, alkoxycarbonyl, alkyicarbonyl, hydroxy, haloalkoxy, or haloalkyl.
[0022] As detpiled sbove, in some embodiments, two independent occurrences of R° (or R* or
any other varinble similarly defined im the specification and claims herein), are takan tgether with
their intervening atom(s) to form an optionally substimted 3-12 membered saturated, partially
ungatmrated, or fully unsaturated monocyclic ar bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur,

[0023] Exemplary rings that are formed when two independent occurrences of R® (or R*, or any
other varisble similarly defined in the specification and claims herein), are taken together with their
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intervening atorn(s) inclode, but are not limited to the following: &) two independent occurrences of
R {or R*, or any other variable similarly defined in the specification or claims herein) that are bound
to the same atom and are taken together with that atom to form a ring, for example, N(R%),, where
both occurrences of R® are taloen together with the nitrogen atom to form a piperidin-1-yl, piperszin-1-
yl, or morpholin-4-yl group; and b) two independent occurrences of R® (or R*, ar any other varisbls
similarly defined in the specification or claims herein) thet are bound to different atorns and are taken
together with both of those atoms to form a ring, for example where a phenyl group is substituted with

L 1 : Zﬂo
two occurrences of OR” Ho.ﬂmmmmmofk‘mmmgﬂmwithﬂw
oxygen atoms to which they are bound to form a fused 6-membered oxygen containing ring:

"‘xm.ltwinbewu&mnuﬁayofodmﬂngs(e.g.,lllolpim.:ndbridgedﬂngs)
can be formed when two independent occurrences of R® (or R, or any other variable similarly defined
in the specification and claims herein) are taken together with their intervening atom(s) and that the
examples detailed above are not intended to be limiting.

[0024]  Unless otherwise stated the term “linker group” or “linker” means an organic moiety that
connects two parts of a compound. Linkers are typically comprised of an atom such as oxygen or
sulfur, a unit such as -NH-, -CHy-, -C(O)-, -C(O)NH-, or & chain of atoms, such as an alkylidene
chain. The molecular mass of a linker is typically in the range of about 14 10 200, preferably in the
range of 14 t0 96 with a length of up to about six atoms. Examples of linkers include a satorated or
unsaturated Cy¢ alkylidene chain which is optionally snbstituted, and wherein one or two saturated
carbons of the chain are optionally replaced by -C(0)-, <C(0)C(0)-, -CONH-, -CONHNH-, -COy-, -
OC(0)-, -NHCOy, -0-, -NHCONH-, -OC(O)NH-, -NHNH-, -NHCO-, -S-, -SO-, 8O-, -NH-, -
SO,NH-, or -NHSO;-.

{0025 ‘The term “slikylidene chain™ or “alkylene chain” refers to @n optionally substituted,
straight or branched carbon chain that may be fully saturated or have one or mare units of
unsaturation. The optional substituents are ag described shove for an aliphatic group.

f0026] A combination of substitnents or variables is permissible only if soch a combination
results in a stable or chemically feasible compound. A stable compound or chemically feasible
compound is ope in which the chemical structure is not substantially alttered when kept at a
temperature of 40°C or less, preferably 25°C or less, in the absence of moisture or other chemically
resctive conditions, for at least a week.

[0027] Unless otherwise siated, structures depicted herein are also meant to include all
stereochemical forms of the stmcture; i.c., the R and S configurations for each asymmetric center.
Therefore, single stereochemical isomers as well as ensntiomeric and diastereomeric mixtures of the

IS
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present compounds are within the scope of the invention. Unless otherwise stated, structures depicted
hexein are also meant to include compounds which differ oply in the presence of one or more
isotopically enriched atoms. For exampls, compounds having the present structures except for the
replacement of & hydrogen atom by a deuterium ar tritiumn, or the replacement of a carbon by a 3C- or
“C-enriched carbon are within the scope of this invention.

[0028) 3. Description of Exemplary Compounds:

{0029] In one embodiment of the farmula I compounds, Ring A 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 S-pyrimidiny} ring, shown below by the compounds of formmla II-A and II-B,
respectively.

[0030]  Prefembly, R™ is selected from halo or a C,.¢ aliphatic, such as chioro or methyl. 'When
R® is an aliphatic group such as methyl, a favorsble position for the R® group is at the 2-positian of
the pyridiny] ring or the 4-position of the pyximidinyl ring, as shown in JI-C above. Particular Ring A
moieties are 2-methyl-3-pyridiny] and 4-methyl-5-pyrimidinyl. It has been found that compounds of
formuls IN-C where R* is a methyl group are surprisingly more potent in biological testing for IKK.
inhibition than analogous compounds that have an upsubstituted Ring A pyridine, such as those
described in the sforementioned Ritzeler ef al. PCT application WO 01/68648.

[0031] In some embodiments, R' is hydrogen, halo, Cyalkyl, amino, or (Cyaalkylh.qamino.
Preferred R! groups are small groups such as hydrogen, methyl, amino and fiuoro.

{0032]  Preferred R? groups include hydrogen end halo. Chloro is a preferred R? halo group.
[0033]  Prefamed R’ groups include hydrogen, halo (especially chloro) and alkoxy. Examples of
suitable alkoxy pgroups include C;, alkoxy groups such as methoxy, ethoxy, propoxy and
cyclopropylmethoxy.

-10-
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[0034] 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 s compounds of formola IIl. Examples of non-aromatic Ring A groups inclade a
morpholinyl, piperidinyl, piperazinyl, pymolidinyl, pyranyl, tetrahydrofuranyl, cyclohexy!,
cyclopentyl and a thiomorpholinyl ring. Preferably, such non-aromatic rings are substitated by (i) —
CR®); or -W-G, (ji) 04 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, (i) 0-2 R®, and (iii) 0-1
oXo groups on a ting carbon or 0-2 oxo groups on a ring sulfur.

[0035] A preferred G is -NR*R? or a 3-7 membered heterocyclyl ring. Preferably G is -NR'R®
or a 5-6 membered heterocyciyl ring, where G is substituted by 1-4 R'%. More preferably G is -NR'R®
or a 5-6 membered heterocycly! ring, where G is substituted by 1-2 R™.

[0036]) A preferred R* is a hydrogen, 5-6 membered heterocyclyl ting, or C,.5 aliphatic, more
preferably hydrogen or C,.¢ aliphatic. R* may also be a C; galkoxy.

[0037] A preferred R? is hydrogen, an optionally substituted 5-6 membered aryl, heteroaryl,
carbocyclyl, or heterocyclyl ring, or optionelly substitmted C, ¢ aliphatic, more preferably hydrogen or
optionally substituted C, ¢ aliphatic. In other preferred embodiments, R? is hydrogen, 5-6 membered
heterocyclyl ring, or C, ¢4 aliphatic, more preferably hydrogen or C,.¢ aliphatic.

[0038]  Various formula ITI compounds where Ring A ig a non-aromatic ring are shown in Table
2. For ease of viewing, substituents on these non-aromatic Ring A compounds, except for the oxo
group in some cascs, are not shown.

4
2
X

NH

Im-A I-B
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NH

L

[0039] When Ring A is 2 non-aromatic, six-membered heterocylic ring, a favorsble position for
the ~W-G and -C(R”), substituents on Ring A is artho to the position where the beta-carboline portion
is attached. For example, in compounds III-A, XNI-B, II-D, III-H, III-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 II.F.

[0040]  Preferably, W is —Q-, ~Q-C(O)-, -CR’)-C(R*)R™)-, ar -CR™)-[CR)NR™)] where R®
is hydrogen. More preferably, W is —-Q-, ~-Q-C(O)-, or -CR")C(R)®R')-. R” is hydrogen, C,.6
aliphatic, substimted or unsubstituted phenyl, substituted or onsubstituted benzyl or an amino acid
side chain, particulerly the side chain of a natursl amino acid. Exsmples of particular natral amino
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acid side chains include the side chaios of alanine, phenylalanine, valine, lencine, isoleucine, serine,
tyrosine, aspartic acid and glutamic acid.

[604]1] In one embodiment, W is Q-C(O)-. In this embodiment, a preferred Q is -CHz- or —~CHp-
CH;-, more preferably —-CHz-.

[0042] In another embodiment, Ring A is substituted by 0-2 R®. A preferred R® group is
methyl. When Ring A is 2 non-aromatic six membered ring, one embodiment provides compounds of
formula I where there are two methy] groups on the Ring A position para to the position where the
beta carboline portion is attached. An example of this embadiment is a compound where Ring A is a
6,6-dimethyl-morpholinyl ring. Preferably, such compounds are further substituted by —-W-G as
described above.

[0043] When Ring A is a morpholiny] ring, it has been found that compounds having the “S”
stereochsmistry at position 3 of the morpholine ring are preferred, as shown below by compounds of
forrula (S)-III-A.

R

(S)>-II-A

where n is 0-4 and R, R, R’, W, G and R® are a5 defined above. By analogy, it is expected that “S”
stereochemistry is also preferred for other six-membered non-aromatic Ring A compounds of formula
118

[0044] Ono embodiment of the formula I compounds relates 1o compounds of formula INI-A or
(S)-IIk-A where:

R! is hydrogen, halo, methyl or amino;

R? is hydrogen, methyl ar hala;

Rlis hydrogen, halo, alkoxy, ar (C,¢ aliphatic),amino;

Ring A is substitoted by 0-2 R®;

R® is C, 5 aliphatic;

W is -Q-, ~Q-C(O}-, -CRH>-CRHR™)-, or -CR)-{CRIR )

-
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Qis -CR®)- or -CR™WCR"

G is -NR*R’, -N(RCONRR’, -N(R®)SOC, 1 aliphatic), -NR*YCOCR,, NR®YCO(C.5
aliphatic), -NR*)CO(heterocyclyl), -N(R*)CO(heteroaryl), -N(R*)CO(aryD), 3-10 membered
monocyclic or bicyclic heterocyclyl ring, or a 5-6 membered heteroaryl ring, wherein each of the
heteroaryl, aryl and haterocyclyl moieties of G is optionally substituted by 1-4 R';

R* is hydrogen or C,.¢aliphatic;

Rlis: 4) hydrogen;

b) an optionally substituted group selected from aryl, heteroaryl, heterocyclyl, or
carbocyelyl, or

¢) a C;galiphatic group that is optionally substitated by:

halo, -OR’, -CN, -SR", -S(O):R", -C(O)R’, -COsR’, -N(R"),, -C(O)NR .. -

NR"YC(O)R, -NRICOR", -SO;NR",, -NR"SOR’, -NR"IC(O)YNR "), or an ary),

heteroaryl, heterocyclyl, or carbocyclyl group that is optionally further substituted by

Cy.ealiphatic, -CF;, halo, -OR’, -CN, -SR", -S(O),R", -C(O)R”, -COR", -NR "),

-C(OINR™;, -NR"IC(O)R, -NR)CO.R®, -SO-NR ", -NR'SO,R’,

NRHCONRY;

each R’ is independently selected from hydrogen or an optiopally substituted C; ; aliphatic, or
two R’ on the same nitrogen atom are taken together with the nitrogen to form sn optionally
substituted 3-6 membered heteroaryl or heterocyclyl ring;

each R™ is independently selected from hydrogen or an optionally substituted group selected
from C,.4 aliphatic, aryl, heteroaryl, heterocyclyl, or carbocyclyl, ar two R™ on the same nitrogen
atom are taken together with the nitrogen to form an optionally substituted 3-6 membered heteroaryl
or heterocyclyl ring;

each R® is independently an optionally substitated C;., aliphatic;

each R™ is independently an optionally substituted group selected from C, .4 aliphatic, aryl,
heteroaryl, hstarocyclyl, or carbocyclyl;

R’ is hydrogen;

each R is independenty selected from oxo, -R", -T-R", or -V-T-R", or two occurrences of
R'", taken together with the atom(s) to which they are bound, form an optionally substituted
monoacyclic or bicyclic 3-8-membered aryl, heteroaryl, heterocyclyl, or carbocyelyl ring;

each R"! is independently selected from -CF;, halo, -OR™, -CN, -SR*, -S(O),R™, -C(O)R™,
-COR™, -N(R™), -C(OINR™), -NR)COR™, -NRICOR™, -SO;NR™), -NR)SO.R™,
-N@R")C(O)N(R™), ar an optionally substitnted group selected from C,.¢aliphatic, aryl, heteroaryl,
heterocyelyl or carbocyclyl; .

T is a straight or branched C,4 alkylene chain;

V is -O-, -NR")-, -8, -S(0)-, -S(0)s-, -C(O)-, or -CO;-; and

-14-
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R" is hydrogen, C,.¢ aliphatic, substituted or unsubetitnted phenyl, or substituted or
unsubstituted benzyl.

[0045])  Another embodiment of the formula I compounds relates to compounds of formula ITI-A
or (S)-1H-A where:

R! is hydrogen, halo, methyl or amino;

R? is hydrogen, methyl or halo;

R’ is hydrogen, halo, alkoxy, or (C,.¢ liphatic); amino;

Ring A is substituted by 0-2 R®;

R® is C, 5 eliphatic;

W is —Q-, ~Q-C(0)-, -CR)-CR*)R"™)-, or -CRM)-{CRIR D r-;

Qis -CRMz ar -CR*HCR)-;

G is ~NR'R®, -NR)C(ONR'R?, -N(R*)SO(C.» aliphatic), -N(R*)C(O)CFs, -NR*CO(C1.5
aliphatic), and -N(R*)CO(hetesocyclyl), -N(R*)CO(heteroaryl), -N(R®)CO(ary®), & 5-6 membered
heterocyclyl ring, or a 5-6 membered heteroaryl, wherein each of the heteroaryl, aryl and heterocyclyl
moicties of G is optionally substituted by 1-3 R'%

R is hydrogen or C;.¢ aliphatic;

R’ is hydrogen or a C, saliphatic group that is optionally substituted by halo, -OR’, -CN, -
SR", -S(O)R", -S(0RN(R";, -C(OR, -COR’, -NR™);, -CONR,, -NR')C(O)R’, -NRHCOR',
or -NR)C(ONR")z;

each R is independently selected from hydrogen or Cy4 aliphatic, or two R’ on the same
nitrogen atom are taken together with the nitrogen to form a 5-6 membered heteroaryl or hetarocyclyl
ring;

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

R’ is hydrogen;

each R" is independently selected from oxo, R", T-R", or V-T-R"";

each R" is independently selected from Cy.¢ aliphatic, halo, -S(O)N®R")z, -OR’, CN, -SR?, -
S(O)R", -C(O)R", -CO;R’, -N(R ™, -C{OINR)3, -NRC(O)R’, -NR)COR’, ar
NRICONRz:

T is a straight or branched C,, alkylene chain;

V is =O-, -N(R")-, -S-, -S(0)-, -S(0)z-, -C{O)-, or -CO; and

R" is hydrogen, Cygaliphatic, substituted or unsubstitnted phenyl, or substituted ar
unsubstitted benzyl,

[0046] Another embodiment relates to compounds of formnla ITI-A or (S)-1l-A where:
R' is hydrogen, methyl, fluoro or amino;

R?ig chloro; ,

-15-
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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%)-CRHR)-;

Q is -C(RY;- or -CRHLCER%;

G is -NR‘R®, -NR)C(O)NR'R?, -NRHC(0)CEs, -N(R*)CO(C, ¢ aliphatic), and
“NRCO(heterocyclyl), -NR*)CO(heteroaryl), 3-10 membered monocyclic or bicyclic heterocyclyl
ring, or a 5-6 membered heteroaryl ring, wherein each of the heteroaryl and heterocyclyl moieties of
G is optionally substituted by 1-4 R'%;

R* is hydrogen or C; seliphatic;

RYis: &) hydrogen;

b) an optionally substituted group selected from aryl, heteroaryl, heterocyclyl, or

carbocyclyl, or ,

c) a C,.saliphatic group thet is optionally substituted by:

halo, -OR’, -CN, SR”, -S(O)R®, -C(O)R", -COR’, -N(R")3, -C(O)NR™,, -
N®RNC(O)R', -N(RNCO:R", -SO:NR"),, -NR'SO.R", -NR")C(O)NQR")z, or an aryl,
heteroaryl, heterocyclyl, or carbocyclyl group that is optionally further substituted by
C).caliphatic, -CF, halo, -OR’, -CN, SR, -S(O);R®, -C(O)R’, -CO,R’, -N(R"),
-C(O)NR™);, -NR"YC(OIR', -NRHCO;R®, -SO;N(R"),, -NR'SO,R’,
NRNCOONR:;

each R’ is independently selected from hydrogen ar an optionally substituted C,4 aliphatic, or
two R’ on the same nitrogen atom are taken togethar with the nitrogen to form an optionally
substituted 3-6 membered heteroaryl or heterocyclyl ring;

each R™ is independently selected from hydrogen or an optionally substituted group selected
from C) aliphatic, aryl, heteroaryl, heterocyclyl, or carbocyelyl, or two R™ on the same nitrogen
atom are taken together with the nitrogen to form mn optionally substituted 3-6 membered hetercaryl
or heterocyelyl ring;

cach R® is independently an optionally substimted C, 4 atiphatic;

each R™ is independently an optionally substituted group selected from C,. aliphatic, aryl,
beteroaryl, heterocyclyl, or carbocyclyl;

R? is hydrogen;

each R is independently selected from oxo, -R'., -T-R", or -V-T-R", or two occurrences of |
RY, taken together with the atam(s) to which they are bound, form an optionally substituted
monocyclic or bicyclic 3-8-membered aryl, heteroaryl, heterocyclyl, or carbocyelyl ring;

cach R'! is independendy selected from -CF;, halo, -OR™, -CN, -SR™, -S(O),R™, -C{O)R™,
-COR™, -N(R™;, <C(O)NR™)3, -NR"YC(O)R™, -N(R")YCO,R™, -SO,NR ™), -N(R")SO:R™,
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-NRHC(O)N(R™), or an optionslly substituted group selected from C, galiphatic, aryl, heteroery],
heterocyclyl ar carbocycelyl;

T is a straight or branched C,, alkylene chain;

V is -0-, NRY-, -§-, -8(0)-, -S(0)s-, <C(O)~, or -COy-; and

R'" i3 hydrogen, C,.; aliphatic, phenyl, or benzyl.

[0047]  Yet another embodiment relates to compounds of formula IH-A or (S)-ITI-A where:

R! is hydrogen, methyl, flnoro or amino;

R? is chlaro;

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 -CR)-CRHR™)-;

Qis C®™y- or -CRHLER):

G is ~NR'R®, -NR*C(O)NR'R?, -NR*)C(O)CF;, -NR*CO(C, ¢ aliphatic), and
-NR»CO(heterocyclyl), -NR*CO(heteroaryl), a 5-6 membered heterocyelyl ring, or a 5-6
membered heteroaryl, wherein each of the hetaroaryl and heterocyclyl moieties of G is optionally
substimated by 1-3 R™;

R* is hydrogen or C; saliphatic;

R’ is hydrogen or Cy galiphatic;

each R’ is independently selected from hydrogen or Cy4 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;

cach R is independently selected from C) aliphatic;

R’ is hydrogen;

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

each R" is independently selected from Cy.q aliphatic, halo, ~S(ONR",, -OR?, -CN, -SR?, -
S(OXR", -C(O)R’, -CO;R", -N(R")z, -C(O)NR"s, NRHC(O)R’, -NR)COR', or
NRCOINR),;

T is a straight or branched C; ¢ alkylene chain;

V is -0, -N(R")-, -8-, -8(0)-, -S(O)z-, <C(O)-, or -COx-; and

R" ig hydrogen, C,.¢aliphatic, phenyl, or benzyl.

[0048])  Prefemed compounds of formula ITI-A are the compounds of formula (S)-1IN-A":
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Hy Hy
(S)-OI-A’

where R), R%, R?, W and G are as defined sbove for (S)-ITI-A.

[0049] Another embodiment relates to compounds of formula INT-A-a:

R1

vou

Hl-A-a

or a pharmaceutically ecceptable salt thereof, wherein:
Qis -CHy-, -CH(R")-, or -C(R')r;

PCT/US2005/013812

G is -NR*R? or a 3-7 membered heterocyclyl or heteroary] ring that is optionally substituted

by 14R;

R! is hydrogen, halo, Cy. aliphatic, smino, cyano, (C\.3 alkyl)1.aamino, C;.salkoxy, (Ci.s

aliphatic)-C(0)-, (Cy-saliphatic)-COr, or (C,.yaliphatic)-C(O)NH-;

R?is hydrogen, halo, Cy» aliphatic, Cy.3alkoxy, C;.3 haloalkoxy, or Cj. haloalkyl;
R? is hydrogen, halo, C;4aliphatic, C).¢ haloalkyl, C, ¢alkoxy, hydroxy, amino, cyano, or (Ci.s

I]kyl);.;amino;
R is hydrogen or Cy.¢aliphatic;
R is:

a) an optionally substituted group selected from aryl, heteroaryl, heterocyclyl, or

carbocyclyl, or
b) a Cy.¢aliphatic group that is opticnally substituted by:
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balo, -OR’, -CN, -SR", -S(0):R", -C(O)R’, -COR’, -N(R")s, -C(O)NR )z, -
NR"YC(O)R", -N(RHCO:R®, -SONR s, NR'SOR’, -NRYC(O)NR™,. or an aryl,
heteroaryl, heterocyclyl, or carbocyclyl group that is optionally further substituted by
C,.aliphatic, -CF;, halo, -OR’, -CN, -SR*, -S(O);R*, -C(O)R”, -CO,R", -N(R"),,
-C(O)N(R),, -NR"YC(OIR', -NR)CO,R", -SO;N(R",, -NR'SO,R’,
NR"YCO)NR %
Ring A is substituted by 0-4 R®;
cach R® is independently selected from a C; galiphatic group;
each R’ is independently selected from hydrogen or an optionally substituted C, , aliphatic, or
two R’ on the same nitrogen atom are taken together with the nitrogen to form an optionally
substitted 3-6 membered heteroaryl or beterocyclyl ring;
each R™ is independently selected from hydrogen or an optionally substituted group selected
fram C, . aliphatic, aryl, heteroaryl, heterocyclyl, or carbocyclyl, or two R™ on the same nitrogen
atom are taken together with the nitrogen to form an optionally substituted 3-6 membered heteroaryl
or heterocyclyl sing;
each R® is independently an optionally mubstituted C,, sliphatic;
each R™ is independently an optionally substituted group selacted from C, , aliphatic, aryl,
heteroaryl, heterocyclyl, or carbocyclyl;
each R? is independeatly selected from a C, ., aliphatic;
each R" is independently selected from oxo, -R"', -T-R", or -V-T-R", or two occurrences of
R", taken together with the atom(s) to which they ere bound, form an optionally substituted
monocyclic or bicyclic 3-8-membered aryl, heteroaryl, heterocyelyl, or carbocyclyl ring;
each R"" is independently selected from -CF;, balo, -OR™, -CN, -SR™, -S(O);R%, -C(O)R™,
<COR™, N(R™),, -C(OYNR™)z, -NRHICOR™, -NR)OOR™, -SONR™),, -NR")SO,R™,
-NRNC(O)NR™), ar an optionally substitated group selected from C, galiphatic, aryl, heteroaryl,
heterocyclyl or carbocyelyl;
T is a straight or branched C,_, slkylene chain; and
V is —0-, -N(R")-, -5-, -S(0)-, -S(0)z-, -C(O)-, or -COx-.

[0050]  Still another embodiment relates to compounds of formula I1I-A-a:
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Il-A-a

or a pharmaceatically accsptable salt thereof, whezein:

Qis ~CHz-, -CHR"), or -C(R%);

G is —NR‘R? or a 3-7 membered heterocyclyl or heteroaryl ring that is optionally substituted
by 1-2R¥;

R' is hydrogen, halo, C,.y aliphatic, amino, cyana, (C;. alkyl);.aamino, C, s alkoxy, (Cy.3
aliphatic)-C(O)-, (C,.saliphatic)-CO;-, or (C, ; aliphatic)-C(O)NH-;
R?is hydrogen, halo, C, s aliphatic, C, 3 aikoxy, C; ; iwloalkoxy, or C;.5 haloalkyl
R’ is hydrogen, halo, C, aliphatic, C, shaloalkyl, C, ¢alkoxy, hydroxy, amino, cyano, or (Ci¢

alkyl),.a amino;

R is hydrogen or Cy galiphatic;

R’ is a C, galiphatic group that is optionally substituted by halo, -OR’, -CN, -SR?, -S(O),R",
-C(O)R’, COR’, N}z, -C(OINRD;, -NR"IC(O)R’, -NRNCO,R", or -NRHCOINR

Ring A is substituted by 0-4 R®;

each R® is independently selected from a C, saliphatic group;

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

each R’ is independently selected from C, ., aliphatic;

ezch R? is independently selected from a C, 5 aliphatic;

each R is independently salected from R, T-RY, or V-T-RY;

each R" is independently selected from C,.¢ aliphatic, halo, -OR’, -CN, -SR*, -S(O),R", -
C(O)R’, -CO,R", -N(R™;, -C(O)N(R™),, -NR)C(O)R’, -NR"CO,R’, or -NRHC(O)N(R");

T is a straight or branched C;, alkylene chain; and

V is —0-, -N@R")-, -§-, -8(0)-, -S(0);-, <(O)-, or -CO;-.

[0051] One embodiment relates to compounds of fornmla IN-A-a whare:

Qis -CHy, or -CH(R®-;

G is -NR'R® or a 5-6 membered heterocyclyl or heteroaryl ring that is optionally substitated
by 1-4 R*;

R! is hydrogen, halo, C 3 alkyl, amino, or (C, . alkyl), ; amino;

R?is hydrogen, halo, C, , aliphatic, C;zalkaxy, or Cy.; haloalkyl;

R? is hydrogen, halo, Cy., aliphatic, Cy 2 alkoxy, or C;.q haloalkyl;

R is hydrogen or C; galiphatic;

Riis:

a) an optionally substituted group selected from aryl, heteroaryl, heterocyclyl, or
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carbocyclyl, ar
b) a Cygaliphatic group that is optionally substituted by:
halo, -OR’, -CN, -SR®, -S(O):R", <C(O)R’, -COR’, -N(R")2, -C{O)NR"),, -
NRHC(O)R’, -NR")CO,R®, -SO;NR™);, -NR'SOR”, -NRHC(Q)NR™;, or an aryl,
heteroaryl, heterocyclyl, or carbocyclyl group that is optionally further substituted by
Cy.ealiphatic, -CFs, helo, -OR’, -CN, -SR", -S(0);R, -C(O)R’, -CO.R’, -N(R"),,
C(ONR),, -NRNCO)R, -NRCO;R®, -SO:N(RD;, -NR'SO,R’,
-NR")C(O)NR ")
Ring A is substituted by 0-2 R®;
each R® is independently selected from a C,. aliphatic group;
each R is independently selected from hydrogen or an optionally substituted C;. aliphatic, or
two R? on the same nitrogen atom are taken together with the nitrogen to form en optionally
substituted 3-6 membered heteroaryl or heterocyclyl ring;
each R™ is independently selected from hydrogen or an optionally substituted group sclected
from C, , aliphatic, aryl, heteroaryl, heterocyclyl, or carbocyclyl, or two R™ an the same nitrogen
atom are teken together with the nitrogen to form an optionaily substituted 3-6 membered hetercary
or heterocyclyl ring;
each R? is independently an optionally substituted C,_, aliphatic;
each R™ is independently an optionally substituted group selected from C,. aliphatic, aryl,
heteroaryl, heterocyclyl, or carbocyclyl; -
R’ is independendy selected from C,.y aliphatic;
each R" is independently selected from oxo, -R", -T-R", or -V-T-R", or two occurrences of
RY, taken together with the atom(s) to which they are bound, form an optionally substitoted
monocyclic or bicyclic 3-8-membered aryl, heteroaryl, heterocyclyl, or carbocyclyl ring;
each R" i independently selected from -CFa, halo, -OR™, -CN, -SRY, -S(O),R™, -C(O)R™,
-COR™, -NR™);, -C(OINR™),, NRIC(O)R™, NRIOOR™, -SONR™),, -NR)SOR™,
“NRC(O)NR™), or an optionally substitated group sclected from C;.saliphatic, aryl, heteroaryl,
heterocyclyl or carbocyclyl;
T is a straight or branched C; 4 alkylene chain; and
V ig ~O-, -NR")-, -S-, -8(0)-, -S(0)-, -C(0}-, or -CO>-.

[0052] Another embodiment relates to compounds of formula ITI-A-a where:

Q is CHg-, or -CH(R"-;

G is -NR*R’ or a 5-6 membered heterocyclyl or heteroary! ring that is optionally substitted
by1-2R";

R' is hydrogen, halo, Cy.2alkyl, amino, or (C, 5 alkyl), ; emino;

R?is hydrogen, halo, C,;aliphatic, Cy.aalkoxy, or C; 3 haloalky};
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R? is hydrogen, halo, C, o aliphatic, Cr2alkoxy, or C,.; haloalkyl;

R' is hydrogen or C, s aliphatic;

R’ is a C, ¢aliphatic group that is optionally substituted by halo, -OR’, -CN, -SR®, -S(O)2R®,
COR’, COR’, -NR")z, -C(OINR";, -NRICOR’, NRICOR", ar -NR"IC(O)NR");;

Ring A is substituted by 0-2 R®;

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

each R is independently selected from hydrogen or C, 4 alipbatic, or two R” on the same
nittogen atom are taken together with the nitrogen to form a 5-6 membered heteroaryl or heterocyclyl
ring;

R® ig C,4aliphatic;

R’ is independently selected from a Cy.5 aliphatic;

each R™ is independent*  'ected from R", T-R*, or V-T-R";

each R"! is independently selected from Cy s aliphatic, halo, -OR, -CN, -SR?, -S(O,R', -
C(OR", -COR’, -NR");, -COINR"),, NRHC(O)R’, -NRNCOR’, or -NRNC(O)NR ")

T is a straight or branched C ¢ alkylene chain; and

V is -O-, -NR")-, -§-, -8(0)-, -S(0)z-, <C(O}-, or <COx-.

[0053]  Another embodiment relates to compounds of formula INN-A-a where:
Q is -CHy-, or -CH(R")~;
G is-NR*R’ or a 5-6 membered heterocycly! ring, having 1-2 ring heterostoms selected from
OXygen or nitrogen, that is optionally substituted by 1-4 R'%;
R' is hydrogen, halo, methy!, amino, of (C,; alkyl),.; amino;
R*is hrydrogen, halo, C, ; aliphatic, or C; 3 haloalkyl;
R’ is hydrogen, halo, or C, ., aliphatic;
R* is hydrogen or C, galiphatic;
R¥is:
a) en optionally substituted group selected from aryl, heteroaryl, heterocyclyl, or
carbocyelyl, or
b) a C; s aliphatic group that is optionally substituted by:
halo, -OR’, -CN, -SR”, -S(O):R", -C(O}R’, -COR", -N(R", -COIN(R P, -
NRNC(O)R’, -NRHCO:R?, -SO:N(R™);, -NR’SO:R’, -NR)C(O)N(R?),, or an aryl,
heteroaryl, heterocyelyl, or carbocyclyl group that is optionally further substituted by
C; aaliphatic, -CF,, halo, -OR’, -CN, -SR*, -S(O);R®, -C(O)R’, -CO,R’, -N(R"),,
~C(O)N(R™);, -NR)C(O)R', -NRHCO,R®, -SO:N(R™z, -NR'SO.R’,
-NERYCONRD::
Ring A is substituted by 0-2 R®;
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each R® is independently selected from a C, .y aliphatic group;

each R’ is independently selected from hydrogen or an optionally substituted C,., aliphatic, or
two R’ on the same nitrogen atom are taken together with the nitrogen t form an optionally
substituted 3-6 membered heteroary!? or heterocyclyl ring;

each R™ is independently selected from hydrogen or an optionally substitated group selected
from Cy.4 aliphatic, sryl, heteroaryl, heterocyclyl, or carbocyclyl, or two R™ on the same nitrogen
atom are taken together with the nitrogen to form an optionally substituted 3-6 membered heteroaryl
or beterocyclyl ring;

each R® is independently an optionally substituted C; , aliphatic;

each R* is independently an optionally substituted group selected from C,.4 aliphatic, aryl,
heteroaryl, hetarocyclyl, or carbocyclyl;

R’ is independently selected from C,. aliphatic;

cach R is independently selected from oxo, -R'!, -T-R", or -V-T-R", or two occurrences of
RY, taken together with the atom(s) to which they are bound, form an optionally substituted
monocyclic or bicyclic 3-8-membered aryl, heteroaryl, heterocyclyl, or carbocyclyl ring;

each R" is independently selected from ~CFs, halo, -OR™, -CN, -SR™, -S(0).R"™, -C(O)R™,
~COR™, -NR™);, -CIO)NR™);, -NR)C(OR™, -NR')CO,R™, -SO,NR™);, -NR"SOR™,
-N@®RC(O)N(R™); or sn optionally substitnted group selected from C, galiphatic, aryl, heteroaryl,
heterocyclyl or carbocyclyl;

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

V is -0-, -N(R")-, -S-, -S(0)-, -S(O)z-, -C(O)-, or COy-.

[0054]  Still another embodiment relates to compounds of forpmla IT-A-a where:

Qis -CHz, or -CH(R®);

G is -NR*R’ or a 5-6 membered heterocyclyl ring, baving 1-2 ring hateroatoms selected from
OXygen or nitrogen, that is optionally substituted by 1-2 R'%;

R! is hydrogen, halo, methyl, amino, ar (C;.; #lkyl);. amino;

R?is hydrogen, halo, C, 3 aliphatic, ar Cy. haloalkyl;

R? is hydrogen, halo, or C, 5 aliphatic;

R* is hydrogen or C) 4 aliphatic;

R is a C, g aliphatic group that is optionally substituted by halo, -OR’, -CN, -SR*, -S(O).R®,
-C{O)R’, -CO;R’, -N(R");, -C(OINR™),, -NRIC(O)R’, -NR"COR", ar -NRIC(O)NR)z;

Ring A is substituted by zero or two R®;

each R® is independently selected from a C, 5 aliphatic group;

each R’ is independently selected from hydrogen or Cy. aliphatic, or two R7 on the same
nitrogen atom are taken together with the nitrogen to form a 5-6 membered heteroaryl or heterocyelyl
nag,
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each R* is independently C,4 aliphatic;

cach R? is independently selected from a C,  aliphatic;

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

each R" is independently selected from C, ¢ aliphatic, halo, -OR’, -CN, -SR®, -S(O),R’, -
C(O)R’, -CO.R’, -N(R"), -C(O)N(R"),, -NRNIC(O)R’, -NRYCOR, or -NRNC(OINR"),;

T is a straight or branched Cy alkylene chain; and

V is -0-, -N(R")-, -S-, -5(0)-, -S(0);-, -C(0)-, or -COx-.

[0055] In preferred compounds of formwla IN-A-a, Q is -CHr-; G is selected from an optionally
substituted piperidinyl, piperazinyl, morpholinyl, pyrrolidinyl, or -NR'R%; R* is hydrogen or Cy¢
aliphatic; and R? is C,aliphatic, 5-6 membered heterocyclyl, or C,¢hydroxyalkyl. In other preferred
compounds of formmuia I-A-a, Q is -CHz-; G is selected from sn optionaily substituted piperidinyl,
piperazinyl, morpholinyl, pyrrolidinyl, or -NR'R*; R* is hydrogen or C,.4 aliphatic; and R® is Cy
aliphatic, 5-6 membered heterocyclyl, C,.¢ hydroxyalkyl, aminoalkyl, or mono- or dislkylaminoalkyl.
In prefesred compounds of formula III-A-a, G is unsabstituted or substitated by 1-4 groups
independently selected from: C, aalkyl, -OH, -CH;OH, -COO(C,.calkyl), -CH(CH;),0OH, =0, F, -
CONHCH;, O(Ci3alkyl), -CONH,, -NHCOO(C,4alkyl), CFs, -CON(C,.;alkyl);, -C=C-, -SO;CH, -
CH;COOH, -NHSO:CHj, or phenyl. More preferred are compounds where G is unsubstituted or
substituted by 1-2 groups independently selected from the group consisting of: C,.5 alicyl, HO-alkyl,
alkoxycarbonyl, mono- or dialkylaminocarbonyl, and HO/C-alkyl. For compounds of formula III-A-
& in each of the shove embodiments, the (5) stereochemistry at the morpholine 3-position is preferred.
[0056] Another embodiment relates to compounds of formmuia INI-A-aa:

1

wﬁ;:

I-A-an

or a pharmaceutically acceptable salt thereof wherein,

Qis —CHy- or-CH(R’);

G is -NR'R’ or a 3-10 membered monocyclic or bicyclic heteracycly! ring that is optionally
substituted by 14 R'™;
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R is hydrogen, halo, C, alkyl, amino, or (C;.; alkyl);.zamino;
R?is hydrogen, halo, C,.4aliphatic, C; .z alkoxy, or C;.ahaloalkyl;
Ris hydmgen. hllo, Cia lllphlﬁC. C,aalkoxy, or C3 haloalkyl;
R* is hydrogen or optionally substituted C,.¢aliphatic;
R®is:
e) an optionally substituted group selected from aryl, heteroaryl, heterocyclyl, or
carbocyclyl, or
b) a C, saliphatic group that iz optionally substitnted by:
halo, -OR”, -CN, -SR", -S(O)};R", -C(O)R’, -CO.R’, -N(R™),, -C(O)NR"),, -
NR)C(O)R’, -N(R")CO;R", -SON®R");, -NR'SO,R, -NR")C(O)NR )z, or an aryl,
heteroaryl, heterocyclyl, or carbocycelyl group that is optionally further substituted by
C,.caliphatic, -CF;, halo, -OR’, -CN, -SR?, -S(OLR?, -C(O)R’, -COR’, -NR"):,
-C(OIN®R™, -NRIC(O)R", -NRNCO,R", -SO.N(R™,, -NR'SO,R’,
-NRHCOINR":;
each R® is independently selected from hydrogen or a C).¢ aliphatic;
each R’ is independently selected from hydrogen or an optionally substituted C,., aliphatic, or
two R’ on the same nitrogen atom are taken together with the nitrogen to form an optionally
substituted 3-6 membered heteroaryl or heterocyclyl ring;
each R™ is independently selected from hydrogen or an optionally substituted group selected
from Cy 4 aliphatic, aryl, heteroaryl, heterocyelyl, or carbocyelyl, or two R™ on the same nitrogen
-atom are taken together with the nitrogen to form an optionally substituted 3-6 membered heteroaryl
or heterocyelyl ring;
each R! is independently an optionally substituted C,. aliphatic;
each R™ is independently an optionslly substituted groap selected from C, ., aliphatic, aryl,
heteroaryl, heterocyclyl, or carbocyclyl;
R’ is independently selected from a C, 3 aliphatic;
each R" is independently selected from =0, R", T-R", or V-T-R"., or two occurrences of
R, aken together with the atom(s) to which they are bound, form an optionally substituted
manocyclic or bicyclic 3-8-membered aryl, heteroaryl, heterocyclyl, or carboeyclyl ring;
each R is independently sclected from -CR,, halo, -OR™, -CN, -SR™, -S(O).R™, -C(O)R™,
-COR™, -N(R™),, -C(O)N(R™), -N(R)C(O)R™, -NR")CO,R™, -SO,N(R™),, -NR")SOR",
“NRNC(O)NR™); or an optionally substimted group selected from C,.caliphatic, aryl, heteroaryl,
heterocyclyl or carbocyclyl;
T is a straight or branched C,., alkylene chain; and
V is —0-, -N(R")-, -S-, -8(0)-, -S(O)z-, -C(0)~, or -COr-.

[0057]  Yet another embodiment relates to compounds of formmla III-A-as:
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or a pharmaceutically acceptable salt ...creof wherein,

Q is —CHy- or -CH(R®)-;

G is -NR'R? ar a 3-7 membered beterocyclyl ring that is optionally substituted by 1-4 R™;

R' is hydrogen, halo, C; 3 alkyl, amino, or (C;.; alkyl),; amino;

R?is hydrogen, halo, C, ; aliphatic, C, 2 alkoxy, or Cy; haloatkyl;

R’ is hydrogen, halo, C, ; aliphatic, C, zalkoxy, or C; 3 haloalkyl;

R* is hydrogen or Cy. g aliphatic;

R’ is a Cy¢aliphatic group that is optionally substituted by halo, -OR’, -CN, -SRY, -S(O):R",
-COR', -COR", -NR,, -COINR),, -NRHICOR', -NRNICOR", or -NRIC(OINR");

cach R® is independently selected from hydrogen or a C; ¢aliphatic;

each R is independently selected from hydrogen ar C, .4 aliphatic, ar two R” on the same
nitrogen atom are taken together with the nitrogen to form a 5-6 membered heteroaryl or beterocyclyl
ring;

R?is C,, aliphatic;

R’ is a C;.y aliphatic;

each R'° is independently selected from =0, R"', T-R", or V-T-R";

each R"' is independently selected from C.¢ aliphatic, -CF;, halo, -OR’, -CN, -SR?, -S(O):R®,
-C(O)R’, -CO:R’, -N(R")s, -C(OIN(R")z, -NR)C(O)R’, -NRHCOR’, or -NRNC(O)NR

T is a straight or branched C, 4 alkylene chain: and

V is -O-, -NR?)-, -8-, -8(0)-, -S(Q)r, -C(O  ur -CO;-.

[0058] Still another embodiment relates to compounds of formula ITI-A-an:
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NI-A-na

or a pharmaceutically acceptable salt thereof wherein,

Qis -CHz-, or -CH(R’)-;

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

R'is hydrogen, halo, C, ; alkyl, amino, ar (C,.2 alkyl);.; amino;

R%is hydrogen, halo, C, ;aliphatic, C;.; alkoxy, or C, . haloalkyl;

R’ is hydrogen, halo, C,.; aliphatic, C;a alkoxy, or C;. haloalkyl;

R* is hydrogen or C; ¢aliphatic;

R’ is a Cy saliphatic group that is optionally substituted by halo, -OR’, -CN, -SRE, -S(O),R,
-C(O)R’, -CO;R’, NR"),, -C(O)N®RD;, -NR)IC(O)R’, -NRNCOR?, or -NRHC(OIN®)s;

cach R® is independently selected from hydrogen or 2 C, g aliphatic;

each R’ is independently selected from hydrogen or C, 4 aliphatic, or two R” on the same
nitrogen atom are taken together with the nitrogen to form a 5-6 membered heteroaryl or beteracyclyl
ring,

R! is C, , aliphatic;

R? is independently selected from a Cy.; aliphatic;

each R" is independenty selected from R, T-R", or V-T-R';

each R" is independently selected from C g aliphatic, balo, -OR”, -CN, -SR®, S(O).E", -
C(O)R’, -COR’, -NR"), -C(OINR™,, -NRDC(O)R’, -NR"ICOR’, ar -NR)CO)NR );

T is a straight or branched C, , alicylene chain; snd

V is —0-, -NR?-, -8-, -S(0)-, -S(0);, -C(O)-, or -CO;-.

[0059]  Yet another embodiment relates to compounds of fornmla II-A-an where:
Qis-CHx:
G is ~NR*R? or a 5-6 mambered heterocyclyl ring that is optionally substituted by 1-4 R%
R’ is hydrogen, halo or methyl;
R?is hydrogen, halo, C,, aliphatic, C, ; alkoxy, or C;.; haloalkyl;
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R? is hydrogen;
R’ is hydrogen or C, ¢ aliphatic;
R’ is:
a) en optionally substituted group selected from aryl, heteroaryl, heterocyclyl, or
carbocycelyl, or
b) a C, s aliphatic group that is optionally substimted by:
halo, -OR’, -CN, -SR", -S(O).R", -C(O)R’, -COR’, -N(R")z, -C(O)N(R M), -
NRC(O)R’, -NRICOR", -SONR");, -NR'SO,R?, -NRC(O)NR');, or an aryl,
heteroaryl, heterocyclyl, or carbocycly! group that is optionally further substitnted by
C\.caliphatic, -CF, halo, -OR”, -CN, -SR", -S(O),R", -C(O)R’, -CO.R, -N(R™,,
~C(OINR™,, -NRIC(OIR', -NR"YCO:R®, -SONR’),, -NR'SOR’,
-NRCO)NR )
each R® is independently selected from hydrogen or a C, galiphatic;
each R’ is independently selected from hydrogen or an optionally substituted C, , aliphatic, or
two R’ on the same nitrogen atom are taken together with the nitrogen to form an optionally
substituted 3-6 membered heteroaryl or heterocyclyl ring;
each R™ is independently selected from hydrogen or an optionally substituted group selected
from C, 4 aliphatic, aryl, heteroaryl, heterocyclyl, or carbocyclyl, or two R™ on the same nitrogen
atom are taken together with the nitrogen to form an optionally substituted 3-6 membered heteroaryl
or heterocyclyl ring;
each R® is independently an optionally substituted C, , aliphatic;
cach R™ is independently an optionally substituted group selected from C,, aliphatic, aryl,
heteroaryl, heterocyclyl, or carbocyclyl:
each R" is independently selected from =0, R, T-R", or V-T-R", ar two occurrences of
R™, taken together with the atom(s) to which they are bound, form an optionally sabstituted
monocyclic or bicyclic 3-8-membeared aryl, heteroaryl, heterocyclyl, or catbocyelyl ring;
each R" is independently selected from -CF;, halo, -OR™, -CN, -SR™, -S(0)-R™, -C(O)R™,
~COR”, -N(R™)2, -C(O)NR™);, -NRIC(OIR™, -NRHCO;R™, -SONR™), -NR')SOR™,
NR)C(O)NR™); or an optionally substituted group selected from C,aliphatic, aryl, heteroary),
heterocyclyl or carbocyclyt;
T is a straight or branched C,_, alkylene chain; and
V ig O, -NR"-, 8-, -S(0)-, -5(0)r-, -{0)-, or CO~-.

[0060]  Anocther embodiment relates to compounds of formula ITI-A-aa where:
Qis ~CHy;
G is -NR‘R’ or a 5-6 membered heterocyclyl ring that is optionally substituted by 1-2 R'%;
R! is hiydrogen, halo or methyl;
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R*is hydrogen, halo, C, ; aliphatic, C; ; alkaxy, or C;.3 haloalkyl;

R? is hydrogen;

R* is hydrogen or C, saliphatic;

R’ is a C, aliphatic group that is optionally substituted by halo, -OR’, -CN, -SR*, -S(O);R",
-C(O)R’, -CO.R’, -NR")s, -C(OINR")s, -NRNIC(O)R’, -NRNICOR?, or -NRNC(O)NR",;

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

each R is independently selected from hydrogen ar C, ., aliphatic, ar 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; , aliphstic;

each R" is independently selected from R, T-R", or V-T-RY;

each R" is independently selected from C, g aliphatic, halo, -OR’, -CN, -SR®, -S(O),R?, -
C(O)R, -COR’, -NR™),, -C(O)N(R")z, NRYC(OIR’, -N(RYCO,R, or -NR)IC(OINR):;

T is a straight or branched C, , alkylene chain; and

V is -O-, -NR")-, -S-, -S(0)-. -S(O)r~, -C(O)-, ar COx-.

[0061]  Preferred compounds of II-A-aa are compounds where:

Qis—CHz;

G is selected from an optionally substituted pipesidinyl, piperazinyl, morpholinyl,
pyrrolidinyl, or -NR*R?;

R! is hydrogen, halo or methyl;

R?is halo;

R’ is hydrogen;

R is hydrogen or Cy saliphatic;

R® ig C, 4 alkoxy, C.4aliphatic, or C,.¢ hydroxyalkyl;

each R® is independently selected from hydrogen or a Cy; aliphatic. Preferably, each R®™ is
hydrogen or methyl.
[0062) In preferred compounds of formula HI-A-as, G is a 3-7-memmbered nitrogen contsining
heterocyclyl ring that is optionally substituted by 1-4 R®. In other preferred embodimeats, G is a 3-7-
membered nitrogen contsining heterocyelyl ring that is optionally substituted by 1-2 R®. In yet other
preferred embodiments, the 3-7-membered nitrogen containing heterocycly] ring is a 3-7-membered
nitrogen containing N-linked heterocyclyl that is optionally substituted by 1-4 R™. In still other
preferred embodirments, the 3-7-membered nitrogen containing heterocyclyl ring is & 3-7-membered
nitrogen containing N-linked heterocyclyl that is optionally substituted by 1-2 R™.
[0063] In preferred compounds of formula JTI-A-sa, G is unsubstituted or substituted by 1-4
groups independently selected from: C,.stlkyl, -OH, -CH,OH, -COO(C,.alky), -CH(CHa);0H, =0,
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F, -CONHCH,, O(Cyalkyl), -CONH,, -NHCOO(Ci4alkyl), -CRs, -CON(Cy.alkyl)s, -C=CH, -
SOCH,, -CH;COOH, -NHSO,CH,, or phenyl. In other preferred embodiments, G is unsubstituted or
substimted by 1-2 groups independently selected from the group consisting of: C;; alkyl, HO-alky],
alkoxycarbonyl, mono- or dialkylaminocarbonyl, and HO;C-alkyl.

[0064] For compounds of formula ITI-A-aa in each of the above embodiments, the (S)
stercochemistry is preferred at the thres position of the Ring A morpholine.

[0065] Examples of specific formula I compounds are shown in Tables 3 and 4 below. For
compounds in Table 3 and Tsble 4 (and compounds generally described and exemplified elsewhese in
the specification) a methyl group may be represented by -CHj, -Me, or by a single line (as
examplified in compounds 64-207) without the hydrogen atoms specifically exemplified.
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[0066] Table 4 below shows specific examples of III-A-an compounds.
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[0049] " Based on their kB kinase inhibitory properties and other pharmacological properties,
compound example numbezs 1-30, 39-62 and 64-206 are preferred. More preferred are compound
example numbers 1, 2, 7, 10, 11, 13, 16, 17, 19-27, 39-62, 64-77, 79-180, 182-191, 193-201, and
204-207.

4 Uses, Formulation and Administration

Pharmaceutically accepiable compositions

[0050] The compounds of the present invention may be administered to humsns or other
mammals by a variety of routes, including oral dosage forme and injections (intravenous,
intramuscular, intraperitoneal, subcutaneous, end the like). Numerous other dosage forms conteining
compounds of the invention can be readily formulated by one skilled in the art, otilizing the suitable
pharmaceutical excipients (or carriexs) as defined below.

[0051] Examples of pharmaceutically acceptshle excipients (or camiers) and methods of
meanufacture for various compositions can be found in A. Gennaro (ed.), Remington: The Science
and Practice of Pharmacy, 20® Edition, Lippincott Williams & Wilkins, Baltimore, MD (2000),
which ig incorporated in its entirety by reference herein. Pharmeceutically acceptable excipieats (or
camiers) include flavoring agents, pharmaceutical-grade dyes or pigments, solvents, co-solvents,
buffer systems, surfactants, preservatives, sweetener agents, viscosity agents, fillers, lubricants,
glidants, disintegrants, binders and resins.
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[0052] Conventional flavoring agents may be used, such as those described in Remington's
Pharmaceutical Sciences, 18* Ed., Mack Publishing Co., pp- 1288-1300 (1990), which is
incorporated in its entirety by referenco herein. The pharmaceutical compositions of the invention
generally contam from about 0 to 2% of flavoring agents.

f0053] Conventional dyes and/or pigments may also be used, such as those described in the
Handbook of Phermaceutical Excipients, by the American Pharmacentical Association & the
Pharmaceutical Society of Great Britain, pp. 81-90 (1986), which is incorporated in its entirety by
reference herein. The pharmaceutical compositions of the invention generally contain from about 0
to 2% of dyes and/or pigments.

f0054] The pharmaceutical compositions of the invention generlly contain from about 0.1 to
99.9% of solvent(s). A preferred solvent is water. Preferred co-solvents include ethanol, glycerin,
propylene plycol, polyethylene glycol, and the like. The pharmacentical compositions of the
invention may include from about 0 to 50% of co-solvents.

[0055]  Prefemred buffer systems include acetic, boric, carbonic, phosphoric, succinic, maleic,
tartaric, citric, acetic, benzoic, lactic, glyceric, glucomic, glutaric and glutamic acids and their
sodium, potasgiuvm end ammonium galts. Particularly preferred buffers are phosphoric, tartaric, citric
and acetic acids and salts thereof. The pharmaceutical compositions of the invention gencrally
contain from about 0 to 5% of a buffer.

[0056] Preferred surfactants include polyoxyethylene sorbitan fatty acid esters, polyoxyethylene
monoalkyl ethers, sucrose monoesters and lanolin esters and ethers, alkyl sulfste saltz and sodium,
potassinm and ammonium salts of fatty acids. The pharmaceutical compositions of the invention
generally contain from about 0 to 2% of surfactants.

[0057]  Preforred preservatives include phenol, alkyl esters of parahydroxybenzoic acid, o-
phenylphenol benzoic acid and salts thereof, boric acid and salts thereof, sarbic acid and sals
thereof, chlorobutancl, benzy! alcohol, thimerosal, phenylmercuric acetate and nitrate, nitromessol,
benzalkonium chloride, cetylpyridinium c ‘!-ride, methyl paraben and propyl pamaben. Particularly
preferred preservatives are the salts of benzoic acid, cetylpyridinium chloride, methyl peraben and
propyl parsben. The pharmaceutical compositions of the invention generally contain from about 0 to
2% of preservatives.

[005B]  Preferred sweeteners include sucrose, glucose, saccharin, sorbitol, manmitol and
aspartame.  Particularly preferred sweeteners are sucrose and seccharin. Pharmaceutical
compogitions of the invention generally contain from about 0 to 5% of sweeteners.

[0059] Prefered viscosity egents include methylcellulose, sodium carboxymethyicellulose,
hydroxypropyl-methylceliulose, hydroxypropylcellulose, sodium alginate, carbomer, povidone,
acacia, goar gum, xanthan gum end tragacanth. Particulardy preferred viscosity agentz are
methylcellulose, carbomer, xanthan gum, guar gum, povidone, sodium carboxymethylcellulose, and
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magnesium aluminum silicate. Pharmaceutical compositions of the invention generally contain from
about 0 to 5% of viscosity agents.

[0060]  Prefermred fillers include lactose, mannitol, sorbitol, mibasic calcium phosphats, dibasic
calcium phosphate, compressible sugar, starch, calcium sulfate, dextro and microcrystalline
cellulose. Pharmacentical compasitions of the invention generally contain from about 0 to 75% of
fillers. ‘

f0061] Preferred lubricants/glidants include magnesium stearate, stearic acid and talc.
Pharmacentical compositions of the invention generally contain from about 0 to 7%, prefembly,
about 1 to 5% of lubricanta/glidents.

[0062] Preferred disintegrants include starch, sodium starch glycolate, crospovidone and
croscarmeloge sodium and microcrystalline cellulose. Pharmacentical compositions of the invention
generally contain from aboat 0 to 20%, preferably, about 4 to 15% of disintegrants.

[0063]  Prefered binders include acacia, tragacanth, hydroxypropyicellulose, pregelatinized
starch, gelatin, povidone, hydroxypropylcellulose, bydroxypropylmethylcellulose, methyicellulose,
sugar solutions, such ag sucrose and sarbitol, and ethylcellulose. Pharmaceutical compoaitions of the
invention generally contain from about 0 to 12%, preferably, about 1 to 10% of binders.

[0064]  Additional ageats known to a skilled formulator may be combined with the compounds
of the invention to create a gingle dosage form. Alternatively, additional agenty may be separately
administered to @ mammal as part of a mmitiple dosage form.

[0065] For preparing pharmaceutical compositions containing the inventive compounds, inert,
pharmaceutically accepiable excipients or carriers can be either solid or liquid. Solid form
preparations include powders, tablets, dispersible granules, capsules, cachets and suppositorics.
Geperally, the powders and tablets may be comprised of from about 5 to 95 weight percent of active
ingredient.  Suitshle solid camiers are known in the mt, for example, magnesium carbonats,
magnesium stearsate, talc, sugar and lactose. Tablets, powders, cachets and capsales can be used as
solid dosage forms suvitable for oral administration. Examples of pharmacentically acceptable
carriers and methods of manufacture for various compositions may be found in Remington's
Pharmacentical Sciences, 18th Ed., Mack Publishing Co. (1990).

{0066] Liquid form preparations include solutions, suspensions and emulsions. Commoen liquid
form preparations include water and water-propylene glycol solutions for parenteral injection or
sddition of sweeteners and opacifiers for oral solutions, suspensions and emulsions. Liquid form
preparations may also include solutions for intranssal administration.

[0067]  Aerosol preparations suitable for inhalation include solutions and solids in powder form,
which may be combined with a pharmaceutically accepteble carrier, such s an inert compressed gas
(e.g., nitrogen).
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[0068]  Also incinded are solid form preparations that may be converted, shortly before use, to
liquid form preparations for either oral or parenteral administration. Such liquid forms include
solutions, suspensions and exmisions.

[0069] The compounds of the invention may also be delivered transdermally. The transdermal
compositions can take the form of creamz, lotions, acrosols and emulsions and may be included in a
transdermal patch of a matrix or reservoir type 25 is conventional in the art for this purpose.

[0070] The preferred mode of administering the compounds of the invention is oral. Preferably,
the pharmeceutical preparation is in a unit dosage form. In such 2 form, the preparation is
subdivided into suitable sized unit doses containing appropriate quantities of the active component,
for example, an effective amount to achieve the desired purpose.

[0071]  The quantity of active ingredient (compound) in a unit dose of preparation may be varied
or adjusted from about 0.01 to 4,000 mg, preferably, from about 0.01 to 1,000 mg, more preferably,
from about 0.01 o 500 mg, and even more preferably, from about 0.01 to 250 mg, scconding 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 sdministered from about 1 to 5
times per day, or alternatively, as 2 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 preparstions will contain from about 20 to 80 wt.% of
active compound.

[0072] The pharmaceutically acceptable excipients or carriers employed in conjunction with the
compounds of the invention are used at a concentration sufficient to provide a practical size to
dosage relationship. The pharmaceutically acceptable excipients or carriers, in total, can comprise
from about 0.1 10 99.9% by weight of the pharmaceutical compositions of the invention, preferably,
from about 20 to 80% by weight.

[0673] Upon improvement of a patient's condition, a maintenance dose of a compound,
¢ mpogition or combination of the invention may be administered, if applicable. Subsequently, the
dosage ar frequency of administration, or both, may be reduced, a6 a fimction of the symptoms, to a
level at which the improved condition is retained. When the symptoms have been alleviated to the
desired level, treatment should cease. Patients may, however, require intermitient treatment on a
long-term bagis upon any recurrence of disease symptoms.

[0074]  Specific dosage and treatment regimens for any perticular patient may be varied and will
depend upon a variety of factors, including the activity of the specific compound employed, the age,
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body weight, general health status, sex and diet of the patient, the time of administration, the rate of
excretion, the specific drag 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.
Determinstion of the proper dosage regimen for a particalar situation is within the akill of the art.
The amount and frequency of the administration of compounds of the invemtion or their
pharmaccutically acceptable salz may be regulated acconding to the judgment of the attending
clinician, based on the factors recited above. As a ekilled artisan will appreciate, lower or higher
doses than those recited above may be required.

[0075] The inventive compounds are understood to provide efficacious treatment of a variety of
diseases, symptoms and disorders, particularly, those which are inflammatory or immume-related in
nature, including & reasonsble time of onset vpon administration, and a reasonable duration after
administration. While food, diet, pre-existing conditions, alcohol and other systemic conditions
could lengthen the time delay for en inventive drug to work after its administration, it is understood
_that optimum dosages will result in an efficacions drug treatment within and for a reasonsble amount
of time.

[0076] The term “effective smount”, as used herein, is meant to describe an amount of a
compound, compogition, medicament or other active ingredient of the present invention producing
the desired therapeutic effect, e.g., IKK-2 inhibition, and/or treating or lessening the severity of an
inflammatory disesse or disorder, and/or treating or lessening the severity of cancer.

[0077]  The inventive compounds can exist in unsolvated as well es solveted farms, including
hydrated forms. In general, the solvated forms, with pharmaceutically acceptable solvents, such as
water, ethanol and the liko, axe 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, sulfusic, phosphoric,
acetic, citric, malonic, selicylic, malic, furoaric, succinic, ascorbic, maleic, methanesnlfonic and
otber mineral and carboxylic acids well known 1o those skilled in the art. The aslts are prepared by
contacting the fres base farms with a sufficient amount of the degired acid to produce a salt in a
conventional manner. The free base forms may be regenerated by treating the salt with a suitable
dilute aqueous base solution, such eg dilute aqueous sodium hydroxide, potassium carbonate,
_ammonia or sodium bicarbonate. The free base forms may differ somewhat from their respective
salt forms in certain physical properties, such as solubility in polar solvents, but the salts are
otherwise equivalent to their respective free base forms for purposes of the invention.

[0079] On account of their pharmecological properties, the compounds according to the
invention are suitable for the prophylaxis treatment and therapy of diseases, disorders and symptoms
that involve incresased activity of IkB kinage. These include, for example, joint inflammation (e.g.,
rheumatoid arthritis (RA), theomatoid spondylitis, gouty arthritis, treumatic arthritis, rubella arthritis,
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pscristic arthritis, osteoarthritis, end other arthritic conditions), acute synovitis, tuberculosis,
atherosclerosis, mmacle degeneration, cachexia, Reiter’s syodrome, endotoxaemia, sepsis, septic
shock, endotoxic shock, gram negative sepsis, gout, toxic shock syndrome, pulmonary inflammatory
digsesses (e.g., asthma, acute respiratory distress syndrome, chronic obstructive pulmonary disease,
silicosis, pulmonary sarcoidosis, and the like), bone resorption discases, reperfusion injuries,
carcinoses, leokemia 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 imnune-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., malarie, such as cerebro’ roalaria), and yesst and fungsl infections (e.g., funga!
meningitis). In addition, the inventive compounds can be useful for treating fever and wmyalgias due
to infection, acquired immmne deficiency syndrome (ATDS), AIDS related complex (ARC), cachexia
secondary to infection or malignancy, cachexia secondary to AIDS or cancer, keloid and scar tissue
formation, pyresis, diabetes, and inflammatory wo'wel diseases (IBD) (e.g., Crohn's disease and
ulcerative colitis). The compounds of the invention are plgo usefut in the treatrnent of diseases or
injuries to the brain in which over-expression of TNF-a has been implicated, such as multiple
sclerosis (MS), ischemic brain injury, e.g. cerebral infarction (stroke) and head trauma. The
compounds of the invention are also useful in the treatment of peorissis, Alsheimer's c rate,
carcinomatous disorders (potentiation of cytotoxic therapies), cardiac infarct, chronic cbstrutive
pulmonary disease (COPD) and acute respiratory distress gyndrome (ARDS).

[0081] In one embodiment the compounds of this invention are nseful for treating cancer,
especially for treating cancers where IKK activity is abnormafly high. The cancer types that may be
treated include lymphoma, such as diffuse large B-cell, primary mediagtinal B-ceil, and mantle cell;
multiple mryeloma; osteolytic bone metastasis; head and neck squamnus cell cancer; prostate cancer;
pencreatic cancer and non-small cell lung cancer. In one embodiment, the compounds are usefal 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; capecitibir: temeitabine; irinotecan; fludarabine; S-fluorouricil or
5-fluorouricil/ leucovorin; taxanes, includs- *, e.g., paclitaxe]l and docetaxel; platinum agents,
including, e.g., cisplatin, carboplatin, and oxauplatin; snthracyclins, including, e.g., doxorubicin and
pegylated liposomal doxorubicin; mitoxantrone; dexamethasone; vincristine; etoposide; prednizone;
thalidomide; Herceptin; temozolomide; and elkylating agents such ag melphalan, chlorambucil, and
cyclophosphamide.

[0082] The compounds of formula () are especially useful for treating inflammatory and
immume-related diseases, disorders and symptoms, more especially, inflammastory ones such as RA,
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asthma, IBD, psoriasis, COPD and MS. It will be appreciated that the present compounds are useful
for treating diseases, disorders or symptoms related to the activity of NF-xB, TNF-, and other
enzymes in pathways where IKK is known to modulate activity.

[0083) The compounds of this invention are also useful for treating a bone associated discase,
symptom or disorder in which there is a deficit or deficiency of bone - cither as a result of decreased
new bone formation or an increase in bone resorption or a combination of both. Specific examples
include csteoporosis, periodontal disease, osteomyelitis, theumatoid arthritis, aseptic joint loosening
and osteolytic lesions (typicaily cencer related). It is known that theumnatoid arthritls, which is
characterized by inflammation of the joints, is also associated with destruction of cartilage and bone.
Farthermore, it has been reported that an IKK inhibitor provided inhibition of cartilage and bone loss
in 2 murine model of collagen-induced arthritis. See McIntyre et al., Arthriris & Rheumnation (2003),
48(9), 2652-2659.

[0084]  Osteoporosis is a broad term applied to & number ofdj.l‘tinct diseases in which there is
decreased bone mags. These include primary osteoporosis (e.g., pos-t-menupausal. senile ogteaporosis
and juvenile osteoporosis) and secondary osteoporosis. Examples of secondary osteoporogis would
be those associated with chronic diseases (e.g., chronic renal disease, hepatic insufficiency,
gastrointestinel malabsorption, chronic immobilization end chronic inflammatory diseases, including
theumatoid arthritis, osteoarthritis, periodontal disease and ascptic prosthetic joint loosening),
endocrine dysfunction related diseases (e.g., diabetes, hyperthyroidism, hyperparathyroidism,
hypogonadism and hypopitnitarism), drug and substance related symptoms (e.g., corticosteroid,
heparin, anticonvulssnts, alcobol and immanosupresgsants), and hematological disorders (e.g.,
metastatic disease, myeloma, loukemis, gancher’'s disease and anemia). Inhibition of either IkB
directly or the NF-kB pathway indirectly has been reported to be nseful for the treatment of
osteoporosis and ostecerthritis. 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, corprising
administering to the patient a compound of this invention. Also provided is a method of generating
bone formation in a patient compriging administering a compound of this invention.

[0085]  Another embodiment of the invention provides a method of inhibiting activation of NF-
&B dependent gene expression asociated with the inhibition of IKK catalytic activity and/or IxB
phesphorylation, comprising administering to a patient in need thereof an amount of a compound of
the invention or a pharmaceutically acceptable sslt or solvate thereof, or a pharmaceutical
composition thereof, which is effective to inhibit IKK catalytic activity and/or IxB phosphorylation,
thereby inhibiting activation of NF-xB dependent gene expression.

[0086] In one embodiment of the invention, there is provided a method of tresting an
inflammatory or immune-related physiological disorder, symptom or disease in a patient in need of
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such treatment, comprising administering to the patient an amount of at least one compound of the
invention, or a pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical composition
thereof, which is effective to treat the inflammatory or immane-related physiological disorder,
symptom or disease. Preferably, the inflammatory disease, disorder or symptom is rheumatoid
arthritis, asthma, psorisgis, psoristic arthritis, chronic obstructive pulmonary disease (COPD),
inflammatory bowel disease or multiple sclerosis.

[0087] In yet ancther embodiment of the .+ .-ntion, there is provided a method of treating cystic
fibrosis in a patient in need of such treatment, comprizing administering to the patient an amount of
at Jeast one compound of the invention, or a phannaceatically acceptable salt or solvate thereof, or a
pharmacentical composition thereof.

[00BB]  The invention comprises a compound having the formula (I), 2 method for making an
inventive compound, a method for making a pharmaceutical composition from at least one inventive
compound and at least one pharmacentically acceptable carrier or excipient, and a method of using
one or more inventive compounds to treat a variety of disorders, symptoms and disesses, 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 carier and the resulting composition may be administered
in vivo to mammals, such a8 primates, e.g. chimpanzees and humans (e.g. males and femnales) and
animals {(e.g., dogs, cats, cows, horses, and the like), to treat a variety of disonders, symptoms and
diseases. Furthermore, the inventive compounds can be used to prepare a medicament that is nseful
for treating a variety of disorders, symptoms and diseases.

[0089] While one or more of the inventive compounds may be used in an application of
monotherapy to treat a disorder, disease or symptom, they also may be used in combination therapy,
in which the use of an inventive compound or composition (therapeutic agent) is combined with the
use of one or more other therapeutic agents for treating the same and/or other types of disorders,
symptoms and diseages. Combination therupy includes administration of the therapeutic agents
concurrently or sequentially. Alternatively, the therapeatic agents can be combined into one
composition which is administared to the patient.

[0090] In one embodiment, the compounds of this invention are used in combination with other
tharapentic agents, such as other inhibitors of IKK, other agenta useful in treating NF-xB and TNF-a
associated conditions, and agents useful for treating other disorders, symptomns 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 sntiproliferative agents (e.g., methotrexate) snd 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
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administered in conjunction with a therapeutic agent selected from the group consisting of cytotoxic
agents, radiotherapy, and immunotherapy. Non-limiting examples of cytotoxic agents suitable for
use in combination with the IKK inhibitors of the invention include capecitibine; gemcitabine;
irivotecan; fludarabine; 5-fluorouracil or 5-fluorouracil/ leucovorin; taxanes, including, e.g.,
paclitaxel and docetaxel; platinum agents, including, e.g., cisplatin, carboplatin, and oxaliplatin;
anthracycling, including, e.g., doxorubicin and pegylated liposomsal doxorubicin; mitoxantrone;
dexamethasone; vincristine; etoposide; prednisone; thalidomide; herceptin; temozolomide; and
alkylating agenis such as meiphalan, chlorambucil, and cyclophosphamide. It is understood that
other combinations may be undertaken while remaining within the scope of the invention.

{0091]  Another aspect of the invention relates to inhibiting IKK, activity in a biclogical sample
or a patient, which method comprises administering to the patient, or contacting said biological
sample with & compound of formula ¥ or a8 composition compdsing said compound. The term
“biological sample”, as used herein, generally includes in vive, in vitro, and ex vivo materials, and
also includes, wiﬂmﬁt limitation, cell cultures or extmcts thereof; biopsied material obtained from a
mammal or extracts thereof; and blood, saliva, urine, feces, semen, tears, or other body fluids or
extracts thereof.

[0092]  Sdll another aspect of this invention is to provide a kit comprising separate containers in
a gingle package, wherein the inventive pharmaceutical compounds, compogitions and/or salts
thereof are used in combination with pharmaceutically acceptable carriers to treat disorders,
symptoms and diseases where IkB kinase plays a role.

[0093] 5. General Synthetic Meshods:
{0094) The compounds of this invention may be prepared by methods known to those skilled in

the art for analogons compounds, as illustrated by the general schames below, and by reference to
the preparative examples shown below.

1
\ R
H
+ — H
O -NH
R
NH,

1a 2a I

[0054]  Schems I above shows a general route for obtaining compounds of formmla I. A Ring A
carboxylic acid 1a may be coupled with the desired amino beta-carboline 2a to provide I. Many 1a
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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 1uaking the various f-carboline intermediates 2a.

Scheme JI
Ho H
& L
F N F N
-1 i

H
i-2 i3

ci
¢ c d N e
i e L —— ]
F F H
H NO,
-4 i-5

s
H M H
Oz NHg
16 17

Steps: (a) (i) HOOCO,H (if) HCI (b) PA/C (c) NCS (d) NaNO; (¢) NeOMe (f) PV H,
J0055]  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 cxemplified for R? being methoxy, it will be
appreciated by one skilled in the art that beta-carbolines having other R? alkoxy groups may be
obwined by replacing NsOMe in step (€) with other sodium or metal alkoxides.

Scheme [T
N N Ha
——— eem—
\ \ 11
Boc Boc Boc
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Stepa: (s) NaHMDS, Mel (b) H,, Raney Nickel, PtO (c) i. TFA ii. CHOCO,H iii. HCI {d) Pd/C,
xylenes, 160 °C (e) i. NCS, 1N HCl ii. NaNO,, TFA iii. Ha, Pt

[0056) Scheme I above shows 2 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 sbove scheme may be modified to obtain an R alkyl group other than methyl! or
an R? halo group other than chloro.

ol
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F
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—————— ——
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H
Ha

i-66

Steps: (v) i. LDA, THF, -78C, ii. SnBusCl (b) 5% Pd(¥Phs);Cl;, 10% Cul, DMF, reflux ovemight (c)
3eq NHMDS, THF., rt ovemight (d) i. TEFA/NaNOs,, ii. saturated NaHCO,, iii. 5% Py(S), NHLO:CH

[0057]  Scheme IV sbove shows a route for making a beta-carboline intermediate where R' ia
fluoro, R? is chloro and R is hydrogen. It will be appreciated that ready modification of this scheme
will aliow for the prepamtion 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.

Scheme IV-A
ci
cl B(OH), PAOASN
@rmﬂ . /@,c» PPhy ci
N ol 1.5 aq K;CO3 @ NG,
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PHS)VC NH, NHAc
. g
N N
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[0058) Scheme IVA sbove shows another route for making a beta-carboline intermediate where
R! is hydrogen, R? is chloro and R” is hydrogen. It will be appreciated that ready modification of this
scheme will allow for the preparation of other intermediates.

[0059] A particularly useful intermediate for making compounds of formuia ITI-A-aa is
intermediate 3a:

H‘IS

3a
wheze R™ ig halo, OH, ORY, or 2 carboxylic acid protecting group; R* is an amino protecting group,
hydrogen or -W-G as defined abo've; and R" is an organic radical. Amino protecting groups are well-
known in the art. Examples of suiteble amino protecting groups include alkoxycarbonyl groups such
as t-butoxycarbonyl (-BOC) and benzyl groupa such as benzyl and para-methoxybenzyl. The
carboxylic acid group at the 3-position of the morpholine ring may be protected as any stable ester
group such as a simple alkyl or aryl ester such as & methyl, ethyl, benzyl, or pentsfluorophenyl ester.
In one embodiment, R is ~-W-G and R™ is —OH, halo, or a carboxylic acid protecting group.
Various protecting groups are described in detail in Protecting Groups in Qrganic Synthesis, Theodora
W. Greene and Peter G. M. Wuts, 3" edition, 1999, published by John Wiley and Sons.
[0060] A preferred enantiomer of intermediate 3a is (5)-3a:

R13

R

Hg
(5)-3a
where R™ and R' are as described ebove.
[0061] Intermediate 3a or (S)-3a, as the carboxylic acid or an activated form thereof (such as the
acid chloride), may ‘Bt 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:

ul
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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 formnla III-A-aa (where R® is each
methyl) may be prepared from compounds of formula IV by removing the R'* protecting group and
then amaching the ~W-G portion using known methods. Alternatively, the compounds of formula II-
A-2a 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 II-A-az directly.

Scheme V
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Steps: (8) K2COs, K, 3-Bromo-2-methyl-propene, MeCN (b) I, NaHCO;, MeCN (c) BusSnH, AIBN,
toluene, 110°C (d) Hy, 20% Pd(OH),/C, 10% AcOH/MeOH

{0062] Scheme V above shows a route for meking intermediates of formula 3a, including the

unprotected $-19. The selective protection and deprotection of the amino and carboxylic acid groups
in 1-19 to provide various 3a intermediates will be within the imowledge of one skilled in the art.

[0063]  Another useful intermediste for making compounds of formula HI-A-ga is a compound of
forrmla V, preferably (S)-V:

R1
2 Rz \
R3 R
H H
NH H
H13 R 3 oﬁl/
} QR E RO
v (S)-v

where R™ is halo or other leaving group, OH, OR", or a carboxylic acid protecting group, R is an
organic radical such as a C; ¢ aliphatic, aryl or benzyl, Ring A has 0-2 or 04 R®, and R', R* R?, and
R are as defined above.

[0064]  Another useful intermediate for making compounds of this mvention is VI, preferably (S)-
VI

R " R QTRm
LR O

where one of R” and R'* is OH or a leaving group such as halo and the other is OR" or a carboxylic

acid protecting group, R'? is an organic radical such as a C, ¢ aliphatic, aryl or benzyl, Ring A has 0-2,
and R® is as defined shave.

Synthesi Exsmples
[0065] The following abbreviations are used in the methods of preparation: RT or rt is room

temperature; b, hr or hrs is hour or hours; min is minutes; TFA ig triflucroacetic acid; DMSO is
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dimethylsuifoxide; NCS is N-chlorosuccinimide; EDCI is 1-<(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride; EtOAc is ethyl acetate; DIEA is diisopropylethylamine; DCM is
dichloromethane; DDQ is dichloro dicyano benzoquinone; mCPBA is meta-chloroperbenzoic ecid;
M¢cOH is methanol; EtOH is ethanol; MeCN is acetonitrile; TLC is thin layer chromatography; AIBN
is azobisisobutyronitrile; NH,OAc is ammonium acetate; NeOAc is sodium acetate; Et,O is diethyl
ether; AcOH is acetic acid; and DMF i3 dimethylformamide. TBTU is N,N,N'N-tetramethyl-o-
(benzotriazal- 1-yi)uronium tetrafiuoroborate.

INTERMEDIATE 1: 7-fluoro-2,3,4,9-tetrahydro-1H-p-carboline-1 -carboxylic acid

[0066]) To 10 g (46.6 mmol) of commercially available 6-fluorotryptamine hydrochloride was
added 50 ml of 1M acetate buffer (pH 4.4) to give a suspension that was stirred at room temperature
(RT). A suspension of glyoxylic acid monohydrate (1.1 eq, 51.28 mmol, 4.72 g) in ethyl acetate was
then added o the stirred suspension in 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 & light yellow solid in guantitative yield.

'H-NMR (300 MHz, acetic acid-dy): & 3.04 (m, 2H), 3.56 (m, 1H), 3.83 (m, 1H), 6.80 (m, LH), 7.13
(dd, 1H), 734 (dd, 1H). Retention Time (LC, method: ammonium acetate standard): 1.17 min. MS
(M-HH"): 235.0.

INTERMEDIATE 2: 7-fluoro-2,3,4,9-tetrahydro-1H-p-carboline

{00671  7-fluoro-2.3,4,9-tetrehydro-1H-p-carboline-1-carboxylic acid (5 g, 21.36 mmol) was
suspended in 130 ml of 3N HCl in a 500 m! round-bottom flask and refluxed ovemight (16 hr) with
stirring. Upon cooling, a fight brown solid precipitated out, which was collected by filtration and
washed with H;O. The salt obtained by filtration above was then dissolved in hot methenol (200 ml)
and treated with 3M K;CO; (5-10 ml) such that the pH is around 9. 100 m! of H;O was added to
this mixture, which was then allowed to stir at RT. The methanol was evaporated on a rotary
evaporator to give a white aqueous suspension of the desired free base, which was collected by
filtration (3.2 g, 79% yield). 'H-NMR (300 MHz, methanol-dg): § 2.73 (t, 2H), 3.11 (t, 2H), 3.94 (s,
2H), 6.73 (m, 1H), 6.94 (m, 1H), 730 (dd, 1H). Retention Time (LC, method: ammonium acetate
standard): 1,25 min. MS (M+H"): 191.1.

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

[0068)  7-flucro-2,3,4,9-tetrshydro-1H-f-carboline (3.5 g, 1842 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 PA/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
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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). 'H-NMR (300 MHz, DMSO-dg): 5 7.10 (m, 1H),
737 (dd, 1H), 8.10 (d, IH), 8.28 (dd, 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.

INTERMEDIATE 4: 6-chloro-7-fluoro-9H-S-carboline

[0069] 7-fluoro-9H-B-carboline (2.15 g, 11.58 mmol) was suspended in 100 ml of IN HCl. To
this mixture was added NCS (1.85 g, 13.89 mmol, 1.2 eq) an the resulting mixture was stirred at RT
overnight. The reaction mixture was then filtered to give a light yellow solid (2.1 g, 83% yield).
'H-NMR (300 MHz, DMSO-dy): § 7.86 (d, 1H), 8.64 (d, 1H), 8.79 (d, 1H), 891 (d, 1H), 9.33 (s,
1H), 13.05 (3, 1H). Retention Time (LC, method: ammonium acetate standard); 2.19 min. MS
(M+HY: 221.1.

INTERMEDIATE 5: 6-chloro-7-fluoro-8-nitro-9H--carboline

[0070]  G6-chloro-7-flucro-9H-B-carboline (2.1 g, 9.54 mmol) was taken in a round-bottom flask
(250 ml) and NaNO, (1.136 g, 13.36 mmol, 1.4 eq) was added. TFA (48 ml) was then added o 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% yicld). 'H-NMR (300 MHz, DMSO-
de: & 821 (d, 1H), 8.46 (d, 1H), 9.04 (m, 2H), 12.55 (s, 1H). 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

[0071] 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-fluaro-8-nitro-9H-f-carbaline (500 mg, 1.9 mmol) wes added to the
stirring solution and the resulting mixture was allowed to stir at RT. Upon addition of H;O, a brown
solid precipiteted out which was filtered to give the desired 6-chloro-7-methoxy-8-nitro-9H-p-
carboline (510 mg, 97% yield). 'H-NMR (300 MHz, DMSO-d): 5 4.02 (s, 3H), 8.52 (d, 1H), 8.60
(d, 1H), 9.05 (s, 1H), 5.12 (s, 1H), 12.78 (b, 1H). Retention Time (LC, method: ammonium acetate
standard): 2.28min. MS (M+H"): 278.

INTERMEDIATE 7: 6-chloro-7-methoxy-9H-f-carboline-8-ylamine

[0072]  6-chloro-7-methoxy-8-nitro-9H-B-carboline (510 mg, 1.84 mmol) was sugpended in 50
m] of methanol and 100 mg of PAAC (10%) was added. The flaak was fitted with a balloon of
hydrogen and the reaction mixture was stirred overnight at RT. Upon filtration through a pad of
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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, quantitative yield). ‘H-NMR (300 MHz, methanol-d): $3.90 (s,
3H), 7.63 (s, 1H), 8.11 (d, 1H), 8.27 (d, 1H), 8.84 (s, 1H). Retention Time (LC, method: ammonium
acetate standard): 1.12 min.

MS (M+H"): 248.

INTERMEDIATE 8: 6-chloro-9H--carboline-8-ylamine

[0073] The target compound was prepared according to the procedures outlined for
Intermediate 1 to Intermediate 7 where the starting material for Infermediate 1 wag ungubstituted
tryptamine. An elternative synthesis for 6-chloro-9H-B-carboline-8-ylamine is described on page 34,
exampie 15 of PCT Application Publication No. WO 01/68648 Al, which is incorporated herein in
its entirety.

METHOD A: COUPLING PROCEDURE FOR 6:.7,8-.S'UBSTH'IHED-ﬁ-CARBOUNES

[0074] 6,7,8-substituted-9H-p-carboline (1 mmol), EDCI (1.6 mmol) and the appropriate
carboxylic acid (1.2 mmol) were mken in a round-bottom flask and suspended in pyridine (5 ml).
The resulting mixtre was heated at 60°C overnight. The pyridine was then removed by rotary
evaporation and 5% NasCO, solutior -+< added. The remlting solid that precipitated out was
collected by filtration. Chromatograpiis. p~...ication gave the degired product.

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

[0075]  6,8-substituted-9H-B-carboline (1.0 mmol), EDCI (1.6 mmol) and the carboxylic acid
(1.2 mmol) ® 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% Na;CO, solution was added. The resulting solid that precipitated out was collected by filtration.
Chromatographic purification gave the degired product.

EXAMPLE 1: N-{6-chloro-7-methaxy-9H--carbolin-8-y])-2-methyl-picotinamide ,

[0076]  6-chloro-7-methoxy-9H-f-carbolin-8-ylamine (100 mg, 0.4 mmol), EDCI (125 mg, 0.64
mmol) and 2-methy] nicotinic acid (66 mg, 0.48 mmol) were taken in a round-bottom flagk and
suspended in pyridine (2 ml). The regulting mixture was heated at 80°C overnight. The pyridine
was then removed by rotary evaporation and 5% NazCO, solution was added. The resulting solid
that precipitated out was collected by filtration. Chromatographic purification gave the desired
product in 50-70% yield. 'H-NMR (300 MHz, DMSO-do): & 2.71 (s, 3H), 3.89 (s, 3H), 7.45 (dd,
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1H), 8.15 (d, 1H), 8.21 (d, 1H), 838 (d, 1H), 8.45 (s, LH), 8.61 (d, 1H), 8.92 (s, 1H), 10.33 (s, 1H),
11.57 (s, 1H). Reteption Time (LC, method: ammonium acetate standard): 1.77 min. MS (M+H*):
3672.1.

[0077]  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. 'H-NMR (300
MHz, DMSO-d,): 8 2.75 (s, 3H), 3.92 (s, 3H), 8.19 (d, 1H), 8.41 (d, 1H), 8.50 (s, 1H), 8.96 (s, 1H),
920 (s, 1H), 9.25 (s, 1H), 10.63 (s, 1H), 11.67 (s,1H). Retention Time (LC, method: formic acid
standard): 0.95 min. MS (M+H"): 368.

INTERMEDIATE 9: 6-chloro-7-¢ -nitro-9H-f-carboline

[0078]  Sodium ethoxide (232 mg, 3.4 mmol) was added to a solution of 6-chloro-7-flucro-8-
nitro-9H-f-carboline (200 mg, 0.76 mmol) in DMSO (4 ml) and the reaction mixture allowed to stir
overnight. The reaction mixture was diluted with water and the pH of the solution was adjusted to
about 4 by adding IN HCL The aqueous solution was extracted (3X) with EtOAc. The combined
EtOAc layers were dried and evaporated. The crude product was purified by flash chromatography
to give the desired product in 40-60% yield. "H-NMR (300 MHz, DMSO-de): 5 1.4 (t, 3H), 4.24 (q,
2H), 8.21 (d, 1H), 846 (d, 1H), 8.91 (s, 1H), 9.02 (s, 1H). Retention Time (L.C, method: ammonium
acetate stendard): 2.37min. MS (M+H*): 291.9.

INTERMEDIATE 10: 6-chloro-7-ethoxy-9H-B-carbolin-8-ylamine

[0079]  6-chloro-7-ethaxy-8-nitro-9H-B-carboline (160 mg, 0.55 mmol) was suspended in 4 ml
of methanol and 25 mg of P4/C (10%) was sdded. The flask was fitted with a balloon of hydrogen
and the reaction mixiure was stired overnight at RT. Upon filtration through a pad of celits and
evaporation of the methanol, a dark brown solid was obtained and determined to be the desired 6-
chlaro-7-cyclopropyimethoxy-9H-f-carbolin-8-ylamine (80 mg, 55%). 'H-NMR (300 MHz,
Methanol-d,/CDCly): & 1.26 (t, 3H), 3.91 (q, 2H), 7.34 (s, 1H), 7.71 (d, 1H), 8.02 (s, 1H), 8.56 (&,
1H). Reteation Time (LC, method: formic acid standard): 1.16 min. MS (M+H*): 262.0.

. 3: N-(6 I ethoxy-9H-B-carbolin-§ ethvl-nicotinamidk

[0080] The desired compound was prepared according to Method A from 6-chloro-7-ethoxy-
9H-f-carbolin-8-ylamine and 2-methylaicotinic acid in 40% yield. "H-NMR (300 MHz, MeOH-d,):
& 139 (1, 3H), 2.76 (s, 3H), 4.14 (q, 2H), 743 (dd, 1H), 8.05 (4, 1H), 8.26 (m, 3H), 8.55 (4, 1H),
8.79 (s, 1H).
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Retention Time (LC, method: ammonium acetaie standard): 1.98 min. MS (M+H"): 381.3.

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

[0081]  N.N-dimethylamine hydrochloride (278 mg, 3.4 mmol) was added to a stirring solution
of 6-chloro-7-fluoro-8-nitro-9H-8-carboline (300 mg, 1.13 mumol) in DMSO (8 ml* under an argon
atmospbere. This was followed by the addition of DIEA (0.83 ml, 4.65 mmol) and the reaction
mixture was heated at 60°C ovemnight. After allowing the reaction mixture to cool to RT, water was
added and a dark crange solid precipitated out. The solid was filtered, washed with water and dried
to give the desired product (230 mg, 70% yield). 'H-NMR (300 MHz, DMSO-dy): § 4.06 (s, GH),
7.23 (4, 1H), 753 (d, 1H), 7.66 (s, 1H), 8.05 (s, 1H). Retention Time (LLC, method: ammonium
acetate standard): 2.41 min. MS (M+H*): 290.9.

INTERMEDIATE 12: 6-chloro-7-(N,N)-dimethylamino-9H-f-carboline-8-ylamine

[0082]  G-chloro-7-(N,N)-dimethylamino-* ‘ro-9H-B-carboline (828 mg, 2.86 mmol) was
suspended in 30 mi of methano! and 166 mg . 4/C (109%) was added. The flagk was filted with a
balloon of hydrogen and the reaction mixture was stirred overnight 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-p-carboline-8-ylamine (500
mg, 67% yield). 'H-NMR (300 MHz, DMSO-dg): 5 2.80 (s, 6H), 5.42 (s, 2H), 7.45 (s, 1H), 7.95 (d,
1H), 823 (d. 1H), 8.86 (d, 1H). Retention Time (LC, method: ammonium acetate standard): 2.32
min. MS (M+H"): 261.1.

[0083 The desired compound was prepared according to Method A from G6-chloro-7-{N,N)}-
dimethylamino-9H-p-carbaline-8-ylamine and 2-methylnicotinic acid in 40-60% yield. "H-NMR
(300 MHz, Methanol-d,/CDCl): 3 2.82 (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). Retention Time (LC, method: ammonium acetate standard): 2.29
min. MS (M+H"): 3803.

INTERMEDIATE 13: 6-chloro-7-{4-methyl-piperazin-1-yl)-8-nitro-9H-f-carboline

[0084] To a DMSO solution (4 ml) of 200 mg (0.755 mmwl) of 6~chloro-7-fluoro-8-nitro-9H-p-
carboline was added 1-methylpiperazine (226 mg, 2.26 mmol) and DIEA (400 mg, 3.09 mmol) via a
syringe. The resction was allowed to stir at RT ovemnight Upon addition of water, an orange solid
precipitated out. The solid was filtered, washed and dried to give 236 mg (91% yield) of the desired
6-chloro-7-(4-methyl-piperazin-1-y1)-8-nitro-9H-f-carboline. 'H-NMR (300 MHz, DMSO-dq): &
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224 (5, 3H), 248 (m, 4H), 3.13 (m, 4H), 8.13 (d, 1H), 8.40 (d, 1H), 8.73 (s, 1H), 8.94 (5, 1H), 12.05
(s, 1H). Retention Time (LC, method: ammmonium acetate standard): 1.72min. MS (M+H"): 346.

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

[0085]  Suspended 236 mg of 6-chloro-7-(4-methyl-piperazin-1-y1)-8-nitro-9H-f-carboline in
100l 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 ovemight. The
reaction mixture was filtered and Pd/C was removed using a pad of celite. The reaction mixture was
evaporated to remgve solvent and purified by flash chromatography to give 119 mg (55% yield) of
the desired 6-chloro-7-(4-methyl-piperazin-1-yl)-8-amino-9H-f-carboline. 'H-NMR (300 MHz,
methanol-d,): & 239 (s, 3H), 2.46 (m, 2H), 2.87 (m, 4H), 3.83 (m, 2H), 750 (s, 1H), 7.97 (d, 1H),
8.24 (d, 1H), 8.78 (s, 1H). Reteation Time (LC, method: ammonium acetate polar): 1.32min. MS
(M+H": 316.

AMPLE 5: oro-N-[6-chlaro-7-(4-methvl-piperazin- 1-vI)-9H-B-carbolin-8-yll-nicotingmide
[0086]  The deaired compound was prepared according to Method A from 6-chloro-7-(4-methyl-
piperazin-1-yl)-8-amino-9H-f~carboline and 2-chloro-nicotinic acid in 25% yield. 'H-NMR (300
Mz, DMSO-dg): § 221 (s, 3H), 2.33 (m, 2H), 254(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 acld

[0087]  Terebic acid was dissolved in a 10:1 mixtare of EtOAc-MeOH [10 g of terebic acid
(17.7 g of salt) in 550 mi] and heated to 50-55°C, followed by addition of (S){-)-a-methyl-
benzylamine. The reaction mixture was stirred for 2 miputes and then left at RT for 15 minutes. The
reaction mixture was then seeded with eariched salt (prepared on a smaller scale uwaing 3
recrystallization cycles), sonicated for 10-15 seconds and left at RT overnight. The solid was filtezed
off, washed with BtOAc and dried under vacunm. Recrystallization was done in the same solvent
mixture by re-dissolving the salt (24 mg/ml). This mixiure was then heated o a gentle reflux for a

short period of time (few crystals remained in suspengion). The mixture was left at RT over night. .

The solid wes processed as previously described. .

[0088] Enantiomeric excess was determined in a crude fashion using proton NMR of the
comresponding amide obtained from TBTU coupling.

[0089]  Regenemtion of (R){+)terebic acid: The salt was dissolved in weter (320 mg/ml),
heated to 65°C and 1.2 equivalent of aqueous 6M HC1 was added. The reaction mixture was then
left at 4°C overnight. The solid was filtered off, washed with small portions of cold water and dried
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under 2 high vacuum (yield of 25-30%). 'H-NMR (300 MHz, DMSO-dg): § 1.30 (s, 3H), 1.52 (s,
3H), 2.74 (dd, 1H), 2.85 (dd, 1H), 3.25 (t, 1H). Retention Time (L.C, method: ammonium acetate
standard); 0.33 min. MS (M+H"): 159.0.

[0090] The desired compound was prepared according to Merhod B from 6-chloro-9H-§-
carboline-§-ylamine and (R)-terebic acid (Intermediate 15) in 80-90% yield. 'H-NMR (300 MHz,
DMSO-dg): & 1.44 (s, 3H), 1.59 (s, 3JH), 2.91 (dd, 1H), 3.08 (dd, 1H), 338 (dd, 1H), 7.85 (m, 1H),
8.17 (d, 1H), 8.25 (4, 1H), 8.39 (d, 1H), 9.05 (s, 1H), 10.26 (s, 1H), 11.72 (5, 1H). Retention Time
(LC, method: ammonium acetate standard): 1.22 min. MS (M+H'): 358.3.

[0091] The desired compound was prepared according to Method B from 6-chloro-9H-p-
carboline-8-ylamine and 1,2,2-trimethyl-:  <o-pyrrolidine-3-carboxylic acid in 68% yield. '"H-NMR
(DMSO-d6, 300MHz) & 1.23 (s, 3H), 1.45 (s, 3H), 2.59 (dd, 1H),2.66(s, 3H). 2.70 (dd, 1H), 3.17 (1,
1H}, 7.91 (m, 1H), 8.18 (d, 1H), 8.24 (d, 1H), 8.40 (d, 1K), 9.07 (&, LH), 10.16 (s, 1H), 11.32 (s, 1H).
Retnntio-n Time (LC, method: ammonium acetete standard): 1.17 min, MS (M+H"): 371.3.

INTERMEDIATE 16: N-benzyl-serine benzyl ester

[0092] To a mixture of L-serine-. =c.zyl ester-HCI (2.3 g), benzaldehyde(1.05 eq.) and sodium
acetate (1 eq.) in methanol was added sodium cyanoborohydride (1.0 eq.). The resulting mixtore
was stirred at ambient temperature for 15 hrs, then partitioned into ether and aqueous saturaied
sodium bicarbonate. The separated oxganic phase was extracted with 1M HCl (3X). Combined
agueous extracts were wished with ether, basified with agueous 45M K;CO; and extracted with
cther. Combined organic exiracts were washed with brine, dried over sodivm sulfate and
concentrated to dryness to give 2.32 g of the desired compound (waxy solid, 81% yield). "H-NMR
(300MHz, CDCl,): 8 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 (M+H"): 286.

INTERMEDIATE 17: 4-benzyl-6-iodomethyl-6-metiryl-morpholine-3-carboxylic acid benzyl ester

[0093] To & solution of N-benzyl-serine benzyl ester (Intermediate 16, 6.35 g) in 90 ml of
MeCN at ambient temperature was added 3-bromo-2-methyl-propene (5.6 ml), KI (740 mg) and
KioCOs (7.7 g). The reaction mixture was stirred at ambient temperature for 72 hrs. 1 ml of 3-
bromo-2-methyl-propene was added and the reaction mixture was stirred for another 15 hrs. Ouly a
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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 brs of stirring, TLC (10% EtOAc/hexane) showed
complete conversion. The reaction mixiure was partitioned into ether (300 ml) and 0.5 M Na,S,0;
(100 ml). The scparated organic phase wes washed successively with water, satorated NaHCO, and
brine, dried over MgSQ;, 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-iodomethy)-6-methyl-morpholine-3-carboxylic acid benzyl ester. Major Component: 'H-NMR
(300MHz, CDCh): § 1.22 (s, 3H), 2.50 (d, LH), 3.16-3.36 (m, 3H). 3.75-3.95 (m, 4H), 4.06 (dd, 1K),
5.16 (d, 1H), 521 (d, 1H), 7.28-7.36 (m, 10H).

MS (M-+H*): 466.

INTERMEDIATE 18: 4-benzyl-6,6-dimethyl-morpholine-3-carboxylic acid benzyl ester

[0094] To a solution of 4-benzyl-6-iodamethyl-6-methyl-morphaline-3-carboxylic acid benzy!
cster (Intennediase 17, 1.23 g) and tributyltin hydride (1.8 ml, 2.5 eq.) in 11 ml of toluene under
geotle reflux was added over 1.5 hr 2 solution of AIBN in toluene (25 mg/lml). The mixture was
allowed to cool down and wes conceatrated to dryness. The residue was partitioned into 15% 1M
HCI in acetonitrile and hexane. The separated hexane phase was extracted two times with the
acetonitrile solution. The combined acetonitrile solutions were washed with hexane two times and
concentrated. The residue was partitioned into ether and 1M KiCO,. The'separated ether phase was
washed successively with 0.4M NayS;0, and brine, dried over MgSO, 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. 'H-NMR (300MHz, CDCly): §1.21
(s, 3H), 1.24 (s, 3H), 2.12 (d, 1H), 2.84 (d, 1H), 3.29 (t, 1H), 3.58 (d, 1H), 3.95-4.05 (m, 2H), 5.15
(4, 1H), 5.21 (d, 1H), 7:28-7-36 (m, 10H). MS (M+H"):340.

INTERMEDIATE 19: 6,6-dimethyl-morpholine-3-carboxylic acid

[0095] To a solution of 4-benzyl-6,6-dimethyl-marpholine-3-carboxylic acid benzyl ester
(Intermediate 18, 125 g) in 40 ml of 10% AcOH/MeOH (under nitrogen) was added 250 mg of 20%
Pd(OH); on charcoal. The reaction mixture was purged with hydrogen (balloon) and was stirred at
ambient tempersture for 72 hrs. To the resulting gray mixture was added 4 ml of water o help
dissolution. The catalyst was removed by filtration and the filtrate was concentrated to dryness. The
residue was co-evaporated with ethanol (2X) and then triturated with EtOAc. The generated white
solid was filtered off and dried under high vacuum to give 559 mg of 6,6-dimethyl-morpholine-3-
carboxylic acid (95% yield). 'H-NMR (300MHz, D;0): § 1.35 (s, 3H), 1.38(s, 3H), 3.11 (d, 1H),
3.32 (d, 1H), 3.81-3.87 (m, 1H), 4.05 (bt, 1H), 4.17 (bd, 1H). MS (M+H"): 160.

INTERMEDIATE 20: 4,6,6-trimethyl-morpholine-3-carboxylic acid
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[0096] To a suspension of 6,6-dimethyl-morpholine-3-carboxylic acid (Intennsdiate 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 mixtore was purged with hydrogen (balloon) and stiri 1 st
ambient temperature for 5 hrs. To the resulting gray mixture were added 4 ml of water and 4 ml of
methanol to belp dissolution. The catalyst was removed by filtration and the filhate was
concentrated to dryness. 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, D;0): § 1.35 (s, 3H). 1 23(s, 3H), 2.94(s, 3H), 3.08 (d, 1H), 3.41 (d, 1H), 3.68
(dd, LH), 3.96 (t, LH), 4.14 (dd., LH).

MS (M+H™): 174.

R AME B: 4.6,6-trimethyl-n oroholine-3-carboxvlic acid (6 oro-9H-B- srbolin-8- amide

[0097] The desired compound was prepared according to Method B from 6-chloro-9H-8-
carboline-8-ylamine and 4,6,6-trimethyl-morpholine-3-carboxylic acid in 61% yield. 'H-NMR
(DMSO0-d6, 300MHz) 5 1.15 (s, 3H), 1.39 (s, 3H), 1.98 {d, 1H), 2.26 (s, 3H), 2.72 (d, 1H), 2.80 (dd,
1H), 3.79(m, 2H), 7.91 (s, 1H), 8.03-8.08 (m, 2H), 8.22 (4, 1H), 8.97 (s, 1H). Retention Time (LC,
method: ammonium acetate stancard): 1.33 min. MS (M+H"): 373.2.

[0098]  The desired compound was prepared according to Method A from 6-chloro-7-methoxy-
9H-B-carboline-8-ylamine and (R)-terebic acid in a 60-80% yield. 'H-NMR (300 MHz, DMSO-do):
5 1.48 (s, 3H), 1.61 (s, 3H), 3.03 (m, 2., 3.51 (m, 1H), 3.86 (s, 3H), 8.16 (m, 1H), 8.37 (m, IH),
8.43 (s, 1H), 8.94 (s, 1H), 10.10 (s, 1H), 11.33 (s, 1H). Retention Time (LC, method: ammonium
acctate standard): 1.94 min. MS (M+H*): 388,

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

[0099] 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. 6-chloro-7-fluoro-8-nitro-9H-f-carboline (500 mg, 1.9 mmol) was
added o the stirring solution and the resulting mixture was allowed to stir at RT. Upon eddition of
Hy0, 2 brown solid precipitated ont which was filtered to give the desired 6-chloro-7-
cyclopropylmethyoxy-8-nitro-9H-B-carboline (510 mg, 85%). 'H-NMR (300 MHz, DMSO-dg: 8
0.35 (m, 2H), 0.59 (m, 2H), 1.32 (m, 1H), 4.04 (d, 250), 8.21 (d, 1H), 8.46 (d, 1H), 8.90 (s, 1H), 9.02
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(s, 1H), 12.32 (b, 1H). Retention Time (LC, method: ammonium acetate standard): 2.63min. MS
(M+H"): 318.

INTERMEDIATE 22: 6-chloro-7-cyclopropylmethoxy-9H-f-carbolin-8-ylamine

[00100] 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 obinined. This residue was
suspended in methanol (10 mi) and added, with vigorous stirring, to a solution of satmrated NaHCO,
{100 ml). The light brown solid that precipitated out was collected by filtration and dried thoroughly
in vacuo to give the degired 6-chlaro-7-cyclopropylmethoxy-9H-fi-carbolin-8-ylamine (371 mgs,
80% yield). 'H-NMR (300 MHz, methanol-d,): § 0.36 (m, 2H), 0.61 (m, ZH), 1.37 (m, 1H), 3.88 (4,
2H), 7.58 (s, 1H), 7.96(d, 1H), 8.23 (d, 1H), 8.76 (s, 1H). Retention Time (LC, method: ammonaium
acetate standard): 2.28min. MS (M+H'): 288.

EAAMUPLE 10: v ’ ] : )

[00101] The desired compound was prepared according to Method A from G-chloro-7-
cyclopropylmethoxy-9H-p-carbolin-8-ylamine and 2-methylnicotinic acid in a 40-60% yield. 'H-
NMR (300 MHz, MeOH-d): § 029 (m, 2H), 0.55 (m, 2H), 1.29 (m, 1H), 2.78 (s, 3H), 3.95 (m, 2H),
746 (dd, 1H), 8.08 (m, 1H), 8.30 (m, 3H), 8.59 (m, 1H), 8.81 (s, IH). Retention Time (LC, method:
ammonium acetate standard): 2.18 min. MS (M+H"): 405.

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

[00102] N,N-dimethylaminoethyl alcahol (6.0 eq) was added to a stirring suspension of NaH (6.0
eq) in DMF under an argon atmosphere. The resulting solution was allowed to stir at RT for 20 min.
6-chioro-7-flucro-8-nitro-9H-p-carboline (1.0 eq) was added to the stimring solution and the resulting
mixtore was allowed to stir at RT. Upon addition of H;O, a brown solid precipitated out which was
fillered to give the desired 6-chloro-7-(N,N)-dimethylaminoethoxy-8-nitro-9H-f-carboline
(quantitative yield). 'H-NMR (300 MHz, DMSO-dg): § 2.23 (s, 6H), 2.74 (t, 2H), 428 (¢, 2H),
8.21(d, 1H), 846 (d, 1H), 8.90 (s, LH), 9.02 (s, 1H). Retention Time (LC, method: ammonium
scetate standard): 1.26 min.

MS (M+H": 335.

INTERMEDIATE 24: 6-chloro-7-{N,N)-dimethylaminoethoxy-9H-f-carbolin-8-ylamine
[00103]) 6-chloro-7-(N,N)-dimethylaminoethoxy-8-nitro-9H-B-carboline (500 mg, 1.5 mmol) was
suspended in 12 ml of methanol and 100 mg of Pd/C (10%) was added. The flagk was fitted with a
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balloon of hydrogen and the reaction mixture was stirred overnight at RT. Upon filtration through &
pad of celite and evaporation of the methanol, a dark brown solid was obtained. The residue was
suspended in methanol (10 ml) and added, with vigorous stirring, to a solution of saturated NaHCO;
(100 miI). The solid that precipitated out was coliected by filtration and dried thoroughly in vacuo to
give the desired 6-chloro-7-(N,N)-dimethylaminoethoxy-9H-p-carboline-8-ylamine (380 r ;, 53%).
'H-NMR (300 MHz, methanol-ds): 8 243 (s, GH), 2.84 (t, 2H), 4.11 (1, 2H), 747 (s, 1H;, 7.88 (d,
1H), 820 (d, 1H), 8.72 (s, 1H). Retention Time (LC, method: ammonmium acetate standard):
134min. MS (M+H"): 305.

L\J'H L

[00104] The desired compour .as nrepared according to Method A from 6-chloro-7-(N,N)-
dimethylaminoethoxy-9H-B-carboline-8-ylamine and 2-methylnicotinic acid in a 40-60% yield. 'H-
NMR (300 MHz, DMSO-dg): & 1.92 (5, 6H), 2.49 (m, 2H), 2.68 (s, 3H), 4.25 (m, 2H), 7.50 (dd,
1H), 8.16 (m, 2H), 8.38 (d, 1H), 3.42 (s, IH), 8.66 (m. 1H), 9.00 (s, 1H), 11.27 (s, 1H), 11.78 (s,
1H). Retention Time (LC, method: ammonium acetate standard): 1.52 min, MS QM+H"): 424,

[00105] 6-chloro-7-methoxy-9H-p-carboline-8-ylamine and  2-tert-butoxycarbonylamino-
cyclopentanecarboxylic acid were reacted using Method A. To this product was added ~5ml of 4N
HCVdioxane snd 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 HC1
salt. The desired product was then purified by preparative HPLC. 'H-NMR (300 MHz, DMSO-dy): 8
1.68 (m, 1H), 1.84 (m, ZH), 2.06 (m, 2H), 2.20 (m, 1H), 3.46 (m, 1H), 3.67 (m, 1H), 3.89 (s, 3H),
8.4 (d, 2H), 8.61 (d, 1H), 8.72 (s, 1H), 8.78 (d, 1H), 9.19 (s, 1H), 10.58 (s, 1H), 13.20 (s, 1H).
Retention Time (LC, method: ammonium ecetate standard): 1.54 min. MS (M+H"): 359,

INTERMEDIATE 25: 1-(2-dimethylamino-ethyl)-5-oxo-pyrrolidine-3-carboxylic acid

[00106] A mixtmre of commercially availsble 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 solidification. The product was obtained in a 56% yield afier
crystallization from MeOH/EtOAc. 'H-NMR (300MHz, D;0): 8 2.63 (dd, 1H), 2.80 (dd, 1H), 2.95
(s, GH), 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
Time (LC, method: ammonium acetate standard): 0.13 min. MS (M+H*): 201.0.
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[00107] Prepared according to Method B from 6-chloro-9H-B-carboline-8-ylamine and 1-(2-
dimethylamino-ethyf)-5-oxo-pyrrolidine-3-carboxylic acid in 70 — 80% yield as the di-HCI salt. 'H-
NMR (300MHz, D,0): § 2.97 (dd, 1H), 3.03 (s, 6H), 3.08 (dd, 1H), 3.51 (t, 2H), 3.76-3.89 (m, 3H),
3.95 (ad, 1H), 4.01 (dd, 1H), 7.75 (d, 1H), 824 ( d, 1H), 8.45 (dd, 1H), 8.52 (dd, 1H), 9.10 (bs, 1H).
Retention Time (LC, method: ammoniwn acetate standard): 0.99 min. MS (M+H"): 400.

[00108] 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/E{OF/MeOH as
. the elusnt. "H-NMR (300 MHz, DMSO-dg): 5 2.44 (s, 6H), 2.75 (t, 2H), 2.88 (d, 2H), 3.56 (t, 2H),
3.66 (m, 1H), 3.85 (m, 2H), 3.90 (s, 3H), 8.03 (d, LH), 821 (s, 1H), 8.28 (d,1H), 8.79 (s,1H).
Retention Time (LC, method: ammonium acetate standard): 1.42 min. MS (M+H": 430.

INTERMEDIATE 26: 6-chloro-7-fluoro-9H-f-carbolin-8-ylamine

[00109] A slurry of 6-chloro-7-fluoro-8-nitro-9H-P-carboline (500 mg, 1.88 mmol) in MeOH
(25 ml) was degsssed with argon. Palladium on charcoal (20% w/w on C, 50 mg) was added and the
reaction vessel was flushed with hydrogen. The slurry was stirred under a belloon of hydrogen for
6 br, then filtered through celite and concentrated under reduced pressure to yield 6-chloro-7-fluoro-
9H-p-carbolin-8-ylamine (400 mg) as & brown solid. 'H-NMR (300 MHz, DMSO-d6): 3 1148 (br
s, 1); 8.99 — 8.98 (m, 1); 8.37 - 835 (m, 1); 8.11 — 8.09 (m, 1); 7.74 - 7.72 (m, 1); 5.65 (br s, 2).
HCOOH standand conditions. DAD R,= 1.00 min. MS (M+H"): 236.

EXAMPLE 15: N-(6-chloro-7-fluorg-9H-8-carbolin-8-yD)-2-methyl-nicotipamide

[00110] A solution of 6-chlaro-7-fluoro-9H-p-carbolin-8-ylamine (100 mg, 0.424 nunol) in
pyridine (2.5 ml) was stimed 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 ojl was triturated with saturated
aqueous NaHCO,. The precipitate which formed was filtered and washed with MeOH. The material
was treated with 2M HCl in E&O w yield a gray solid, the di-HC] asit N-(6-chloro-7-fluoro-9H-f-
carbolin-8-y1)-2-methyl-nicotinamide (110 mg). 'H-NMR (300 MHz, DMSO-d6): § 13.15 (s, 1);
11.03 (s, 1); 9.33 (s, 1); 8.99 — 8.97 (m, 1); 8.92 — 8.89 (m, 1); 8.79 — 8.73 (m, 2); 8.50 (m, 1); 7.70
(m, 1); 280 (s, 3). HCOOH atandard conditions. DAD R,=0.91 min. MS (M-+H"): 355.
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INTERMEDIATE 27: 6-chloro-7-methylsulfanyl-8-nitro-9H-f-carboline

[00111] A 250 mi round-bottorn flask with magnetic stirrer wes charged with 6-chloro-7-fluoro-
8-nitro-B-carboline (Intermediats 5, 3.959 g, 14.9 mmol) and 100 mi anhydrous DMF. The resulting
orange mixtire was cooled to 0 °C (ice and water bath) and sodium thiomethoxide (1.809 g, 25.8
mmol) in powder form was added siowly thereto. The reaction mixture was stirred for 1 br at 0 °C,
warmed to RT, and added slowly to a stirring mixtnre of 4:1 H;O / saturated aqueous sodivm
bicarbonate (500 mil). The precipitated solid was collected via suction filtration and air-dried to
affard 4.017 g of 6-chloro-7-methylsulfanyl-8-nitro-9H-f-carboline as an crange powder. The crude
material was used directly in subsequent steps. ‘H-NMR (300 MHz, Methanol-d,): § 8.91 (1H, d)
8.63 (IH, s} 8.42 (1H, d) 8.17 (LH, dd) 2.54 (3H, 5). LCMS (formic acid standard method) retention
time= 1.43 min. MS (M+H"): 294.

INTERMEDIATE 28: 6-chloro-7-methylsulfanyl-9H-p-carbolin-8-ylamine

[00112] A 500 ml round-bottom flask with magnetic stirrer was charged with 6-chloro-7-
methylsulfanyl-8-nitro-9H-B-carboline (4.011 g, 13.6 mmol) and 200 m! anhydrous ethanol. To the
resulting mixture was added aqueous ammonium chloride (75 ml of 0.33 M solution, 24.7 mmol),
aqueous hydrochloric acid (10 ml of 1 M solution, 10 mmol), and iron powder (7.734 g, 138 mmol).
The resulting mixture was heated to 60 °C (oil bath) and stirred vigorously for 3.5 hr. The reaction
was cooled to RT, diluted with EtOAc (75 mi) and activated charcoal (ca. 2.5 g) was added. The
resulting mixture was stirred at RT for an additional 1.5 hr, filtered through a pad of celite, and the
resulting 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 10 samrated
agueons sodium bicarbonate (500 ml) with stirring. The mixture was stirred at RT for 45 min and
the resuiting solid collected via suction filtration and air-dried to afford 3.476 g of 6-chloro-7-
methylsulfanyl-9H-f-carbolin-8-ylamine as a tan solid which was used without further purification
in subsequent steps.

'H-NMR (300 MHz, Methancl-d,): § 8.87 (1H, s) 8.35-8.24 (1H, m) 8.16-8.06 (1H, m) 7.67 (1H, s)
232 (3H, 5). LCMS (ammonium acetate standard method) retention time= 2.12 min. MS (M+H"):

[00113] A 250 ml round-bottom flask with magnetic stirer was charged with 6-chloro-7-
methylsulfanyl-9H-B-carholin-8-ylamine (Intermediate 28, 2336 g 886 mmol) and 2-
methylnicotinic acid (3219 g, 23.4 mowl) in 30 ml anhydrous pyridine. To the resulting reaction
mixture at RT wss added solid 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
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(7.080 g, 36.9 mmol) and the reaction mixture was heated to 100 °C (cil bath) for 2 days. The
resulting mixture was cocled to RT and concentrated (rotavap) to afford a brown residve. The
residue was redissolved in MeOH (50 mi), slowly added to a stirring mixture of 5:1 H.O / satorated
agueous sodium bicarbonate (600 miL) and stirred at RT for ~18 hr. The precipitated solid was
collected via suction filtration, washed with B;O (2 x 150 ml), and air-dried to afford 3.036 g of
cruds N-(6-chloro-7-methylsulfanyl-9H-f-carbolin-8-yI)-2-methyl-nicotinemide as a brown solid.
The crude matesial was purified via HPLC (yields = ~40-60%). 'H-NMR (300 MHz, DMSO-d6): &
11.72 (1K, 5) 1050 (1H, s) 8.97 (1H, s) 8.62 (1H, dd) B.57 (1K, 5) 8.41 (1H, d) 8.33-8.27 (1H, m)
821 (IH, d) 2.73 (3H, 5} 2.41 (3H, s). LCMS (ammonium acetate standard method) retention time=
1.89 min, MS (M+H"): 383.

INTERMEDIATE 29: 6-chloro-7-sthylsulfatyl-8-nitro-9H-f-carboline

[00114] A 25 ml round-bottom flagk with a magnetic stirrer was charged with 6-chloro-7-fluoro-
8-nitro-9H-f-carboline (102 mg, 0.38 mmol) in 5 ml of anhydrous DMF. To the resulting orange
mixtore at RT was slowly added sodium thioethoxide (80% pure, 69.7 mg, 0.65 mmol) in powder
form. The reaction mixturo was etirred at RT for 45 minutes, then added drop-wise to a 5:1 mixture
of HO / saturated sodium bicarbonete (~30 ml). The resulting precipitated solid was collected by
suction filtration, washed with 1:1 hexanes / diethyl ether (2 x 20 ml), and air-dried to afford 95.0 mg
of 6-chloro-7-ethylsulfanyl-8-nitro-9H-B-carboline as an orange salid (79%). 'H-NMR (300 MHz,
CD,OD, ppm) & 8.91 (1H, s) 8.63 (1H, &) 8.42 (1H, d) 8.18 (1H, d) 3.04 (2H, q) 1.20 (3H, t).
Retention Time (LC, formic acid sandard method): 1.71 min. MS (M+H"): 308.

INTERMEDIATE 30: 6-chloro-7-ethylsulfunyl-9H-8-carbolin-8-ylamine

[00115] 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 st RT was added 033 M aqueous ammonium chloride (2.0 ml, 0.66 mmol)
and iron powder (680 mg, 122 mmol). The reaction mixture was heated to 60 °C and stirred
vigarously 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 throngh & pad of celite
and the filtrate was concentrated to efford 77.8 mg of 6-chloro-7-ethylsulfanyl-9H-B-carbolin-8-
ylamine as a yellow solid (> 99%). 'H-NMR (300 MHz, CD;OD, ppm) 5 8.94 (1H, s) 8.33-8.29
(1H, m) 821-8.18 (1H, m) 7.73 (1H, s) 2.85 (2H, q) 1.21 (3H, t). LCMS (ammonium acetate
standerd method) retention time=2.13 min. (M* =278; M= 276).
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[00116) A 25 ml round-bottom flask with magnetic stirer was charged with 6-chioro-7-
ethylsuifanyl-9H-p-carbolin-8-ylamine (37.2 mg, 0.13 mmol) and 2-methylnicotinic acid (36.2 mg,
0.26 mmal) in 3 mi anhydrous pyridine. To the resulting light-orange mixture at RT was added solid
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (732 mg, 0.33 mmol) apd the
resulting reaction mixture was heated to 80 °C for 5 days. Next, the reaction mixture was cooled to
RT and concentrated to afford a brown, viscous syrup. The syrup was dissolved in a minimsl
amount of MeOH (~2 ml), slowly added 1o a 5:1 mixture of H;O / saturated sodium bicarbonate (~20
ml), and stirred at RT for 2.5 hr. The resuiting precipitated solid was collected via suction filtration,
washed with 1:1 hexanes / diethyl etirer (2 x 20 ml), and sir-dsied to afford 21.0 mg of N-(6-chloro-
T-ethylsulfanyl-9H-f-carbolin-8-yl)-2-methyl-nicotinamide as a tsn solid (~38%). LCMS
(ammonium acetate standard method) retention time = 2.33 min. (M* = 397; M" = 395). 'H-NMR
(300 MHz, CD;OD, 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, q) 2.84 (3H, 5) 1.20 (3H, 1).

INTERMEDIATE 31: [2-{6-chloro-8-nitro-9H-f-carbolin-7-ylsulfanyl}-ethyl|-dimethyl-amine
[00117] A 25 ml round-bottom flask with magnetic stirrer was charged with 6-chloro-7-fluoro-8-
nitro-9H-p-carboline (98 mg, 0.37 mmol) in 2 ml of anhydrous DMF. A second 10 ml round-bottom
flask with magnetic stirrer was charged with 2-dimethylamino-ethanethiol hydrochloride (100 mg,
0.70 mmol) in 2 mi anhydrous DMF. To the resulung suspension was added n-butyllithium (0.43 mi
of 1.6 M solution in hexanes, 0.69 munol) via syringe and the mixture was stired for 5 min at RT.
Next, the thioanion solution was added via syringe to 6-chloro-7-fluoro-8-nitro-9¥-§-carboline, and
the resulting red solution was stirred at RT for 30 min. The reaction mixture was slowly added to a
5:1 mixtre of H;Ofsaturated aqueous sodium bicarbonste (30 mi) and allowed to sit at RT for
several hours. The resulting precipitated solid was collected via suction filtration and air-dried to
afford 109 mg of [2-(6-chloro-8-nitro-9H-f-carbolin-7-ylsulfanyl)-ethyl]-dimethyl-amine as an
orange solid (83%). LCMS (ammonium acetste standard method) retention time= 1.35 min. M* =
351, M = 349). 'H-NMR (300 M¥z, CDyOD, ppm) 5 8.92 (1H, d, J = 1.0 Hz) 8.66 (1H, 5) 843
(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-74{2-dimethylamino-ethylsulfanyl } 9H-B-carbolin-8-ylamine

[00118]) A 50 mi round-bottom flask with a magnetic stirrer was charged with [2-(6-chloro-8-
nitro-9H-f-carbolin-7-ylsulfanyl)-ethyi]-dimethyl-amine (106 mg, 0.30 mmol) in 8 ml of anhydrons
ethanol. To the resulting orange mixture at RT wag added 033 M aqueous ammonium chloride
(1.95 ml, 0.64 mmol) and iron powder (540 mg, 9.67 mmol). The reaction mixture was heated 10 60
%C and stirred vigorously for 20 hr. Next, the mixtore was cooled to RT, diluted with ethyl acetate
(20 mi) and activated charcoal (ca. 150 mg) was edded. The resuiting mixture was filtered through a
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pad of celite and the resulting filtrate concentrated to afford 103 mg of 6-chloro-7-(2-dimethylamino-
ethylsulfany!)>-9H--carbolin-8-ylamine as a yellow solid. The crude product was used directly in
the coupling step. .

LCMS (ammonium acetate standard method) retention time= 1.34 min. (M* =321; M = 319). 'H-
NMR (300 MHz, CDyOD, ppm) § 8.87 (1H, s) 8.30 (1H, d) 8.06 (1H, d) 7.75 (1H, £) 3.23-3.13 (45,

m) 2.84 (6GH, 5).

[00119] A 25 ml round-bottom flask with magnetic stirrer was charged with 6-chloro-7-(2-
dimethylamino-ethylsulfanyl)-9H-8-carbolin-8-ylamine (452 mg, 0.14 mmol) and 2-methylnicotinic
ecid (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
cooled to RT and concentrated to afford a brown, viscous syrup. The syrup was dissolved im a
minimal amount of MeOH (~2 ml), slowly added to a 5:1 mixture of H;O / saturated sodium
bicarbadnate (~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;SO,, filtered and concentrated to afford a brown
regidue (79.6 mg). The residus was redizsolved in MeOH (~5 ml), and filtered through a cotton
plug. To the resulting filtrate was added HCl in 1.4-dioxane (1.0 ml, 4.0 mmol), the resulting
solution stirred at RT for 3 br, and added drop-wise to diethyl ether (30 ml) with stiing. The
remilting precipitated product was collected via suction filtration, washed with ether and air-dried to
afford 363 mg of N-[6-chloro-7-(2-dimethylamino-ethylsulfanyl)-9H-p-carbolin-8-yl}-2-methyl-
nicolinamide tris-hydrochloride as a yellow powder. 'H-NMR (300 MHz, CDyOD, ppm) 5 8.95 (1H,
5) 8.62 (1H, dd) 8.43 (1H, s) 8.38-8.34 (2H, m) 8.16 (1H, d) 7.50 (1H, dd) 3.09 (2H, 1) 2.85 (3H, 5)
230 (2H, t) 199 (6H, 5). LCMS (ammonium acetare standard method) retention time= 1.56 min.
M =440; M= 438).

INTERMEDIATE 33: morpholine-3(S) 4-dicarboxylic acid 4-tert-busyl ester

[00120] A suspension of morpholine-3(S)-carboxylic acid (2.00 g, 15.3 mmol) in DMF (75 ml)
was stired at RT. Triethylamine (7.47 ml, 53.6 mmol) and di-tert-butyl dicacbonate (BOC,0,
402 g, 184 mmol) were added. The suspension was stirred at RT for one hour, during which time
the reaction formed a cleer yellow solution. The solution was concentrated to a reduced volume
(~25 ml) and diluted with water (15 ml) and IN HCl (15 mi). The mixtore was poured into a
separatory funnel, diluted further with water (100 ml) and brine (100 ml), and extracted with BtsO
(3x 100 ml). The orgenic layer was washed with brine, dried, filtered end concentrated to yield &
white solid. The solid, which contained excess BOC;0, was dissolved in Bt;0 (500 mi) and
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extracted with IN NeOH (3x100mi). The agueous layer was acidified with 6N HCl to
approximately a pH of 2, then extracted quickly with Et70 (3 x 100 mf). The B;0 layer was dried,
filtered and concentrated to yield white solid (3.07 g). 'H-NMR (300 MHz, DMSO-d6): § 12.95 (br
8, 1);434 - 430 (m, 1); 4.18 - 4,10 (m, 1); 3.83 - 3.74 (m, 1); 3.59 - 3.51 (m, 2); 3.39 - 3.32 (m,
1); 3.21 —2.95 (m, 1); 1.41 — 136 (m, 9). NH,OAc standard conditions. ELSD R, = 1.08 min. M-H

BAAMY] 2 0 line-3(¢ A acid (O-ChIg LN :
[00121] 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 aquecus CH;O (3.42 ml, 45.8 mmol, 37% w/w in HyO) was added,
followed by Pd(OH), (600 mg, 209% w/w on charcoal). The flask was charged with hydrogen
(1 atm) and the grey slury was stirred for 24 hr at RT under a balloon of hydrogen. The flask was
purged with nitrogen and the black sturry was diluted with MeOH, filtered through filter paper and
concentrated to a reduced volume. The pale grey solution was filtered through a 0.45 pm syringe
filter to remove residual Pd{OH); and concentrated to yield a clear colorless oil. The oil was placed
under high vacuum for 24 br and a white, solid foam was isolated. The foam was dissolved in
pyridine (200 ml) and 6-chioro-9H-B-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 H;O (300 ml) and poured into a separstory funnel containing EtOAc
(300 ml). The mixture was shaken and the layers were scparated. The aqueous layer was extracted
with BtOAc (3 x 150 ml) and the combined organic layers were washed with H;O and brine. The
organic layer was dried, filtered and concentrated w0 yield a brown oil which was placed under high
vacoum. The resulting brown foam was triturated with MeOH and the precipitate which formed was
filtered and washed with MeOH. The resulting pale yellow solid was purified via chiral HPLC to
yield a white solid (3.23 g). '"H-NMR (300 MHz, DMSO-d6): & 11.36 (s, 1); 10.02 (s, 1); 9.04 (s,
1); 838 (d, 1); 8.22 — 8.21 (m, 1); 8.15 (d, 1); 7.91 - 7.90 (m, 1); 4.00 (dd, 1); 3.85 - 3.81 (m, 1);
3.69 - 358 (m, 2); 2.99 - 2.95 (dd, 1); 2.89 - 2.85 (m, 1); 2.32 (s, 3); 2.32 -~ 2.24 (m, 1). NH,OAc
standard conditions. DAD Ry = 1.89 min. M+H = 345. Chiral preparative HPLC: 10% v/v
EtOH/Hexanes. Chiralcel OD column. R¢=11.5 - 14 min. Enentiopurity of product > 99% ee.

METHOD C: PROCEDURE FOR 4-MORPHOLINE SUBSTITUTED ANALOGS
[00122] As outlined for Intermediate 34, Intermediate 35 and Example 20:

INTERMEDIATE 34: 3(S)<{6-chloro-9H-p-carbolin-8-ylcarbamoyl}-morpholine-4-carboxylic acid
tert-butyl ester
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[00123] A sclution of morpholine-3(S),4-dicatboxylic acid 4-text-butyl ester (2.83 g, 12.7 mmol)
in pyridine (106 mJ) was stirred at RT. 6-chloro-9H-B-carbolin-8-ylamine (2.30 g, 10.6 mmol) was
addeq, followed by EDCI (4.06 g, 21.2 mmol). The clear orange-to-brown solution was stirred at RT
for 14 hr. The solution was diluted with H;O (120 ml) and poured into a sepamatory funnel
containiug BtOAc (200 ml), H;O (100 ml) and brine (100 ml). The mixtnre was shaken and the
layers were separated. The aqueons layer was extracted with EtOA¢ (2 x 50 ml) and the combined
arganic layers were washed with brine. The organic Iayer was dried, filtered and concentrated to a
reduced volume, then added drop-wise to a stirring solution of 1:1 EtyO/hexanes (500 ml). The
precipitate which formed was filtered and washed with 1:1 Et;O/Hexanes. The filtate wes
concentrated to a reduced volume and a second crop of precipitate was collected. The solid product
was placed under high vacuum for 2 hr to yield 3(S)<{6-chloro-9H-B-carbolin-§-ylcarbamoyl)-
morpholine-4-carboxylic acid tert-butyl ester as & pale yellow to pale brown solid (4.36 g). 'H-
NMR (300 MHz, DMSO-d6): 5 11.30 (s, 1); 10.13 (g, 1); 9.06 (s, 1); 8.40 — 8.38 (m, 1); 8.19 - 8.16
(m, 2); 7.98 (5, 1); 4.67 — 4.47 (m, 2); 3.96 - 3.60 (m, 2); 3.64 - 3.39 (m, 3); 1.42 (5, 9). NH,OAc
standard conditions. DAD Re=2.31 min. M+H =431.

INTERMEDIATE 35: 2(R)-[3(S}-{6-chloro-9H-f-carbolin-8-ylcarbamayl }-morpholin-4-yhnetiyl]-
pyrrolidine-1-carboxylic acid tert-butyl ester

[00124] A solution of 3{S)-(6-chloro-9H-p-carbolin-8-ylcarbamoyl)-morpholine-4-carboxylic
acid text-butyl ester (1.00 g, 2.32 mmol) in CH;Cl; (6 ml) was stirred at RT. Trifluaroscetic acid
(6 ml) was added and the solution was stirred at RT for 45 min, then concentrated to a regidue. The
residue was concentrated once rmore from CH,CL, to yield a yellow-brown solid which was dissolved
in THF (13 ml) under argon. Gentle warming was sometimes needed to ensure complete dissolution.
A solution of N-(tert-butoxycarbonyl)-D-prolinal (693 mg, 3.48 mmol) in THF (2 ml) was sdded,
fallowed by sodium triacetoxyborohydride (738 mg, 3.48 mmol). The solution was stirred at RT for
30 min, then quenched via addition of 1N aqueons NaOH (30 ml). The mixture was poured into a
separatory funnel containing FtOAc (100 ml), H;O (100 ml), and brine (100 ml). The mixture was
shaken and the 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
concenirated to yield a light brown solid. Column chromatography (2%-4% MeOH/CH,Cl,) yiekied
2(R)-[3(S)~(6-Chloro-9H-f-carbolin-8-ylcarbamoyl)-morpholin-4-ylmethyl]}-pyrrolidine-1-
carboxylic acid tert-buty] ester as a white solid (915 mg). "H-NMR (300 MHz, DMSO-d6): 5 11.30
(s, 1); 9.88 (s, 1); 9.04 (s, 1); 839 — 837 (m, 1); 8.20 — B.15 (m, 2); 7.95 (8, 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. DAD R, = 1.39 min. M+H =514. Chiral
HPLC.
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[00125] ‘The ensatioparity of the sample was checked. The samples were > 97% ee. Chiralpak
AD column. 15% v/v BtOH/Hexenes containing 0.1% Et;NH.

[00126] To a solution of 2(R)-P3(S){(6-chlaro-9H-B-carbalin-8-ylcarbamoyl)-morpholine-4-
ylmethyl]-pymolidine-1-carboxylic acid tert-butyl ester (850 mg, 1.65 mmol) in MeOH (16 ml) was
added concentrated agueous HCI (13 ml). The solution was stirred at RT for 3045 min, during
which time a fine yellow precipitate formed. The reaction mixture was concentrated to yield 4-
pyrrolidin-2(R)-ylmethy}-morpholine-3(S)-carboxylic acid (6-chloro-9H-p-carbolin-8-yl)-amide,
HCl salf) as a pale yellow solid (755 mg). 'H-NMR (300 MHz, DMSO-d6): § 13.30 (s, 1); 11.56 (br
8, 1); 9.63 (br s, 1); 946 (s, 1); 8.87 — 8.85 (m, 1); 8.66 — 8.57 (m, 2); 8.25 (s, 1); 4.38 — 4.26 (m, 1);
424 - 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 R, =0.81
min. M+H=4]4.

INTERMEDIATE 36: cis-2-(tert-butoxycarbonylanine }-cyclopentanecarboxylic acid (6-chloro-9H-
carbolin-8-yl) amide

[00127] A eclution of cis-2-(tert-butoxycarbonylamino)-cyclopentane carboxylic acid (550 mg,
2.4 mmol) in pyridine (10 ml) was stired at RT. 6-chioro-9H-B-carbolin-B-ylamine (436 mg,
2.0 mmol) was added, followed by EDCI (615 mg, 3.2 mmol), and the orange solution was stirred at
RT for 1.5 hr. The solution was diluted with HyO (20 ml) and poured into a separatory fonnel
conteining H:O (S0 ml) and EvOAc (100 ml). The mixture was shaken and the layers were
separsted. The agueous layer was extracted with EtOAc (100 ml). The combined organic layers
weze washied with brine, dried over MgSO,, filtered, and concentrated to orange oily solids which
were subsequently triturated with 5% MeOH in Bt,O (20 mi) and captured by filtration to yield cis-
2-(tert-butoxycarbonylamino)-cyclopentanecarboxylic acid (6-chloro-9H-carbolin-8-yl) amide as a
light yellow solid (740 mg). "H-NMR (300 MHz, DMSO-d6): 5 11.17 (s, 1); 9.89 (s, 1); 9.04 (s, 1);
836 (d, 1); 8.18 — 8.08 (m, 2); 7.95 (s, 1); 692 (d, 1); 4.32 —4.22 (m, 1); 3.16 - 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 (5, 9). NH,OAc standard
conditions. DAD R, =2.52 min. M+H =429.

EXAMPLE 21; ci aminp-cyclopentanecarbaxylic acid (6-chlaro-9H-B-carbolin-8-vI)}-amid:
[D0128] A solution of 2-(tert-butoxycarbonylamino)-cyclopentanecarboxylic acid (6-chloro-9H-
p-carbolin-8-yI) amide (736 mg, 1.72 mmol) in trifluoroacetic acid (5 ml) was stirred at RT for 20

miu, then concentrated to an orange oil. The oil was dissolved in MeQH (5 ml) and neutralized with
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a saturated aqueous sodium bicarbonate solution (25 ml). The resulting mixture was further diluted
with H;O (25 ml) and BtOAc (100 ml). The aqueous layer was removed and extracted with EtOAc
(100 ml). The organic layers were combined, waghed with brine, dried over MgSO;, filtered and
concentrated to yellow solids (507 mg). These solids were dissolved in MeOH (5 ml) and a solution
of HCl in dioxane (4 M, 1.5 ml) was added. ‘The bright yellow solution was stirred 30 min, then
concentraied to yield cis-2-amino-cyclopentanecarboxylic acid (6-chloro-9H-B-carbolin-8-y[)-amide
a8 a yellow powder (600 mg). 'H-NMR (300 MHz, DM50-d6): § 9.29 (s, 1); 8.75 (4, 1); 8.53 (4, 1);
837 (s, 1); 8.02 (s, 1); 4.05 ~3.95 (m, 1); 3.42 - 334 (m, 1); 2.46 — 1.80 (m, 6). NH,OAc standard
conditions. DAD Re= 1.65 min. M+H =329.

[00129] Method C wea followed using racemic morpholine-3-carboxylic acid reductively
alkylated with 2-aminoacetaidehyde. 'H-NMR (300 MHz, MeOH-d4): & 937 (s, 1); 8.76 (d, 1);
8.55(d, 1); 844 (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,OAc standard conditions. DAD R, = 1.69 min. M+H =374,

[00130] Method C was followed nsing racemic morpholine-3-carboxylic acid reductively
alkylated with the appropriate alenine aldehyde. The diastercomers were separated via column
chromatography prior to the deprotection step. "H-NMR (300 MHz, DMSO-d6): § 9.32 (s, 1); 8.76
(d); 8.55 (d, 1); 8.41 (s, 1); 8.08 (s, 1); 4.38 (d, 1); 432 —4.21 (m, 1); 4.16 —4.09 (m, 1); 4.04 —3.95
(m, 2); 3.79 - 3.57 (m, 2):| 347 — 340 (m, 1); 3.22 - 3.05 (m, 2); 144 (d, 3). NH,OAc standard

conditions. DAD Ry =138 min. M+H = 388.

-amide. HCl salt {(second eluting digstereome;

[00131] Method C was followed using racemic morpholine-3-carboxylic acid reductively
alkylated with the appropriate alanine aldehyde. The disstereomers were separated via columm
chromatography priar to the deprotection step. 'H-NMR (300 MHz, DMSO-d6): § 9.34 (s, 1); 8.77
(d, 1); 8.55 (d, 1); 842 (s, 1); 8.06 (s, 1); 4.42 (d, 1); 430 — 4.12 (m, 1); 4.07 - 392 (m, 3); 3.89 ~
3.74 (m, 1); 3.65 — 349 (m, 1); 3.25 — 2.90 (m, 3); 1.36 (d, 3). NH,OAc standard conditicns. DAD
R;=1.57 min. M+H =388.
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[00132) A solution of cis-2-{tert-butoxycarbonylamino)-cyclohexane carboxylic acid (255 mg,
1.05 mmol) in pyridine (10 ml) was stimed at RT. 6-chloro-9H-B-carbolin-8-ylamine (218 mg,
1.00 mmol) was added, followed by EDCI (315 mg, 1.64 mmol) ed the slightly turbid pale orange
solution was stirred at RT for 16 hr. The solution was diluted with H;O (20 ml) and poured juto a
separatory funnel contajning H;O (50 ml) and EtOAc (50 ml). The mixture was shaken and the
layers were scpamated. The aqueous Iayer was extracted with EtOAc (50 mil) and the combined
organic Jayers were washed with brine. The organic layer was dried, filtered and concentrated to
yield a yellow oil which was placed under high vacuum for 4 hr. The resulting yellow-brown glass
was slurried in CHzCh, (10 mi) at RT. Trifluoroacetic acid (5 ml) was added and the slurry instanty
dissolved to 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 golid. A solution of dilute aqueous NajCO, was prepeced by adding a small volume of
10% aqueous NaxCOy to H;0 (50 ml) until the aqueous solution reached a pH of 10. The yellow
solid was dissolved in minima] MeOH and was added drop-wise to the agueous solution with
stirring. The precipitate which formed was filtered, washed with H;O and pleced under high vacuum
to yield 2-amino-cyclohexanecarboxylic acid (6-chloro-9H-p-carbolin-8-yl)-amide as pale yellow
solid (147 mg). "H-NMR (300 MHz, DMSO0-d6): 8 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 5, 2); 3.42 - 2 40 (m, 1); 2.70-2.62 (m, 1); 2.02 - 1.90 (m, 1); 1.70 -
154 (m, 5); 1.42 ~1.29 (m, 2). NH,OAc standard conditions. DAD R,= 1.46 min. M+H =342,

[00133] Method C was followed using racemic morpholine-3-carboxylic acid reductively
alkylated with the appropriate aslanine aldebv’» The diastereomers were separated via colummn
chromatography prior to the deprotection step. H-NMR (300 MHz, DMSO-d6): & 9.35 (s, 1); 8.77
(m, 1); 855 (m, 1); 8.43 (a, 1); 8.01 (s, 1); 445 (d, 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 (d, 3). NH,OAc standard conditions. DAD Ry = 1.39 min. M+ =
388.

[00134] Method C wus followed uging racemic morpholine-3-carboxylic acid reductively
alkylated with the appropriste alanine aldehyde. The diastereomers were separated via colurnn
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); 744 — 7.23 (m, S); 4.39 (d, 1); 4.65 —4.07 (m, 1); 4.40 —
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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,OAc
standard conditions. DAD R¢= 1.90 min. M+H =464.

METHOD D: CHROMATOGRAPHY CONDITIONS

LCMS

Column type: Phenomenex Luna C18(2) columns, 5 um, size 50 x 4.6 mm

Run time: 5.00 minute run
NH,QAc Conditions:

Solvent A:

10 mM NH,OAe

99% H,0

1% MeCN

Solvent B:

10 mM NH,OAc

5% H20

95% MeCN
Standard padient:

Initial conditions - 95% A, 5% B

3.5 minute gradient from 5%-100% B

335 - 4.3 minutes hold at 100% B

4.3 - 5 minutes initial conditions
Polar gradient:

Tnitial conditions - 70% A, 30% B

3.5 minute gradient from 70%-100% B

3.5 - 4.3 minutes hald 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

43 - 5 minutes initial conditions
HCQOH Conditions:

Solvent C:

0.1% HCOOH

99% H;0

1% MeCN

Solvent D:



WO 2008111037 PCT/US2005/013812

0.1% HOOOH
5% H;0
95% MeCN
Standard gradient:
Initial conditions - 95% C, 5% D
3.5 minute gradient from 5%-100% D
3.5 - 4.3 minuteg hold at 100% D
4.3 - 5 minutes initial conditions
Polar gradient:
Initial condijtions - 70% C, 30% D
3.5 minute gradient from 70%-100% D
3.5 - 4.3 minutes hold at 100% D
4.3 - 5 minutes initial conditions
Initial conditions - 1009% C
3.5 minute gradient from 0%-50% D
3.5 - 4.3 minates hold at 100% D
4.3 - 5 minutes initial conditions

INTERMEDIATE 37: 6-chioro-2,3,4,9-tetraltydro-1H-f-carboline, HC! salt

[00135] S-chlorotryptamine hydrochloride (S g, 20 omol, ] equiv.) was dissolved in 40 ml 3 M
NaQAc buffer (pH = 4.8) and 40 ml water. Glyoxalic acid (1.84 g, 20 mmol, 1 equiv.) was added in
one portion &nd the solution was stirred at RT overnight. The resclting thick slurry was filtered and
the light green solids were suspended in 100 ml 6N HCl and heated at 125 °C under a reflux
condenser far 1 hour with intermittent additions of conc HCl (2 ml every 15 min). After cooling to
RT, 4.38 g (90%) of 6-chlaro-2,34,9-tetrahydro-1H-f-carboline, HCI salt as blue-grey solid was
isolated by filtration. 'H-NMR (300 MHz, DMS0-d6): 8 11.33 (br, 2H), 9.62 (br, 2H), 7.53 (4, 1),
739 (d, 1), 7.09 (dd, 1), 433 (br, 2H), 2.92 (t, 2). Formic acid standard conditions.DAD RT = 1.56
min. M+H =207.

INTERMEDIATE 38: (6-chloro-1,3,4,9-tetrahydro-p-carbolin-_ yl)-phenyl-methanone

[00136] 6-chloro-2,3,4,9-tetrahydro-1H-B-carboline, HC! 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
chiloride (7.3 ml, 63 mmol, 1.5 equiv.) was added drop-wise to the cold solution afier which the
reaction was removed from the ice bath and allowed to stir ovemight at room tempersture.  The
reaction was quenched by the addition of water until choked with solids. These solids were captured
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by filtration, washed with a saturated equeons sodium bicarbonate solution, re-suspended in water,
sonicated, and refiltered to give 1.27 g (94%) of (6-chloro-1,3 4,9-tetrahydro-p-carbolin-2-yl)-
phenyl-methanone as crystalline orange solids. 'H-NMR (300 MEz, 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. M+H =311.

INTERMEDIATE 39: 2-benzoyl-6-chloro-1,2,3,9-tetrahydro-p-carbolin-4-one

[00137] (6-chloro-1,3.4,9-tetrahydro-fi-carbolin-2-yl)-phenyl-methanone (1.76 g, 5.66 mmol, 1
equiv.) and DDQ (2.31 g, 10.2 mmol, 1.8 equiv.) were mixed as solids and cooled to -78 °C. 15 ml
of a 9:1 THF/H;0 solition was cooled to -78 °C and the resulting slurry was added to the cooled
solids followed by an additional 15 ml of THF (also coaled to -78 °C). The deep blue solution was
stimed at -78 °C for 2 hours and then gradually warmed to room 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 ml 1 N HCI, [ x 100 ml
brine, dried over MgSO,, filtered and concentrated to yield 1.38 g (75%) of 2-benzoyl-6-chloro-
12,3 9-tetrahydro-B-carbolin-4-one as oily orange solids. 'H-NMR (300 MHz, DMSO-d6): § 12.11
- 12.48 (br, 1H), 729 - 7.88 (m, 8H), 4.93 - 5.18 (br, 2H), 4.60 - 4.46 (br, 2H). Bxact Mass: 324.07.
Formic acid standard conditions. DAD RT =2.15 min. M+H =325.

INTERMEDIATE 40: 4-amino-6-chloro S-carboline

[00138] Crude 2-benzoyl-6-chloro-1,2,3,9-tetrahydro-f-carbolin-4-one (4 g ) was discolved in 30
ml of anhydrous hydrazine and stirred at reflux (130 °C il bath) nnder N, for 6 hours, after which
the reaction mixture was allowed to cool to room temperature end sit overnight. The precipitated
yellow solids were removed by filtration and waghed with water, 2 x 5 ml, to yield 785 mg (30%) of
4-amino-6-chloro B-carboline as an off white solid. Additional water was added to the combined
filrates until no further precipitation occurred. These solids were also removed by filtration to give
1.056 g (39%) of 4-amino-6-chloro B-carboline a5 yellow solids, (69% total yield). 'H-NMR (300
MHz, DMSO-d6): § 11.48 (s, 1H), 8.44 (s, 1H), 8.13 (s, 1H), 7.77 (s, 1H), 742 - 7.52 (m, 2H), 5.86
(s, ZH). Formic acid standard conditions. DAD RT = 1.68 min. M+H =218,

INTERMEDIATE 41: N{(6-chloro-9H-B-carbolin-4-yl)-2,2,2-trifluoro-acetamide

[00139] 4-amino-6-chloro B-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 ramol, 5 equiv.) was added drop-wise to the cooled solution. Upon complete addil:ioﬁ. the
reaction was removed from the ice bath and stirred at room temperature for ~1.5 hours. The reaction
was quenched by the glow addition of water (10 ml) and extracted 2 x 150 m! BtOAc, washed 2 x

-01-

Q¢
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lDDmlnmratedaqueouSsodinm.biﬂrbonm. 1 x 100 ml brine, dried over MgSO,, filered and
concentrated to orange solids. These solids were titurated by in 10 - 15 m! Et;O and captured by
filtration to give 123 g (81%) of N-(6-chloro-9H-f-carbolin-4-yI)-2,2,2-triflnoro-acetamide a5 a
yellow solid. 'H-NMR (300 MHz, DMSO-d6): 5 12.11 (s, 1H), 11.89 (s, 1H), 8.92 (s, 1H), 8.33 (s,
1H), 7.82 (s, 1H), 7.60-7.70 (m, 2H). Formic acid standard conditions. DAD RT =2.12 min. M+H
=314,

INTERMEDIATE 42: N-(6-clloro-8-nitro-9H-f-carbolin-4-yl)-2,2 2-trifluoro-acetamide

[00140) N-<(6-chloro-9H-p-carbolin-4-yI)}-2,2 2-trifluaro-acetamide (125 mg, 0.4 mmol, 1 equiv.
) was dissolved in 2 m! TFA and NaNO; (541 mg, 7.834 mmol, 2 equiv.) was added in one portion.
The solution was stirred at room temperature for 4 hr. Volatiles were removed by rotovap, and the
resulting oily orange solids were suspended in water, neutralized with a saturated agueous sodium
bicarbonate solution and filtered to give 132 mg (92%) of N-(6-chloro-8-nitro-9H-B-carbolin-4-yl)-
2,22-trifluoro-acetamide. 'H-NMR (300 MHz, DMSO-d6): 5 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-ainino-6-chloro-9H-f-carbolin4-yl)-2,2,2-trifluoro-acetamide

[00141] The crude N-(6-chloro-8-nitro-9H-B-carbolin-4-y1)-2,2 2-wrifluoro-acetamide (130 mg,
0.36 mmol) was dissolved in 7 ml of MeOH and the reaction vessel was vacuum purged 3 X with Ny,
Platioum (20 mg, 20% wt. on activated carbon) was added quickly, and the reaction veasel was again
vacuum purged 3 X with N, followed by 3 additional vacuum purge cycles with Hz. The reaction
was allowed to stir onder H; at 1 atm ovemight. Upon completion, the reaction vessel was purged of
H, and filiered over celite. The celite was washed ssveral times with methanol umti] the filtrates
were clear. The combined filtrates were concentrated to give N-(8-amino-6-chloro-9H-B-carbolin-4-
y1)-2,2.2-rifluoro-acetamide as a yellow solid (112 mg, 95%). 'H-NMR (300 MHz, DMSO-36): 5
11.83 (s, 1H), 8.98 (s, 1H), 8.30 (s, 1H), 7.10 (s, 1H), 6.82 (s, 1H), 5.87 (br, 2H). Formic acid
standard conditions. DAD RT = 1.95 min. M+H = 329.

INTERMEDIATE 44: N-[6-chloro-4-(2,2,2-trifluoro-acetylamino}-9H-f-carbolin-8-yl]-2-methyl-
Ricotinainide

[00142] N(8-amino-6-chloro-9H-B-carbolin-4-yl)-2.2,2-trifluorc-acetamide (90 mg, 0274
mmol, 1 equiv.) axd 2-methyinicotinic acid (45 mg, 0.329 mmol, 1.2 equiv.) were diseolved in 1.5
mt of anhydrous pyndme 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
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in a 3:1 methanol - DMSO solution to give N-[6-chloro-4-(2,2,2-triflucro-acetylamino)-9H-B-
carbalin-8-y1)-2-methyl-nicotinamide as light yellow solids (41 mg, 3%). 'H-NMR (300 MHz,
DMSO0-d6): § 11.94 (br, 1H), 11.78 (s, 1), 10.61 (s, 1), 9.00 (s, 1), 8.64 (4, 1), 8.38 (s, 1H), 8.13 (d,
1), 8.01 (s, 1H), 7.73 (s, 1H), 745 (m, 1H), 2.68 (s, 3H). Formic acid standard conditions. DAD RT
=198 min. M+H =448.

INTERMEDIATE 45: N-{6-chloro4+22,2-trifluoro-acetylamino }-9H-f-carbolin-8-yl]-nicotinamide
[00143]) N-(8-amino-6-chlorp-9H-B-carbolin-4-y])-2,2,2-triflvoro-acetamide (90 mg, 0274
mmol, 1 equiv.) and 2-methylnicotinic acid (40 mg, 0.329 mmol, 1.2 eqniv.) 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 stimed 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-B-carbolin-8-yi]-nicotinamide. 'H-NMR (300 MHz, DMSO-d6): §
11.89 (br, 1H), 10.73 (s, 1), 9:2R (s, 1), 8.97 (5. 1), B.84 (d, 1), 843 (d, 1), 8.37 (s, 1), 7.85 (s, -I). 7.76
(s, 1), 7.67 (m, 1). Formic acid standard conditions. DAD RT = 194 min. M+H =434,

[00144] N—[6-ch10m-4-(2,2.2-mﬂuoro-acetylanuno}-9H-B-clrbohn B-yl]-mcolmnnude (41 mg,
0.092 mmol, 1 equiv.) was suspended in 5 ml of MeOH and a 2 m} agueous zolution of X;COy (127
mg, 0.92 mmol, 10 equiv.) was added thereto. The resulting clear solution was heated at 60 °C for
16 hr and then allowed to cool to RT. Additional water was added producing fine solids that were
captured by fileation, washed once with 10 ml of 5% MeOH in Et,0, and dried under high vacuum
to give 18 mg of N-(4-amino-6-chloro-9H-B-carbolin-8-yl)-2-methyl-nicotinamide as powdery
yellow solids (56% yield). 'H-NMR (300 MHz, DMSO-d6): 5 11.18 (s, 1H), 10.41 (s, 1H), 8.62 (d,
J =3.6, 1H), ), 8.32 (s, IH), 820 (s, 1H), 8.11 (d, ] = 7.5, 1H), 7.91 (s, 1H), 7.79 (s, 1H), 7.43 (m,
1H), 591 (br, 2H), 2.66 (s, 3H). Formic acid standard conditions. DAD RT = 1.63 min. M+H =
352.

[00145] N-[6-clﬂmo—4—(2.2.2—mﬂmo—ncetylumno)—9ﬂ-p-cubolm-s-yl]-mcou:mmde (38 mg,
0.088 mmol, 1 equiv.) was suspended in 5 m! of MeOH and 2 2 ml aqueous solution of KCO, (121
mg, 0.92 mmol, 10 equiv.) was added thereto. The resulting clear solution was heated at 60 °C for
11 hr. ARer 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-f-carbolin-8-yl)-nicotinamide.
H-NMR (300 MHz, DMSO-d6): § 11.32 (s, IH), 1056 (s, 1H), 9.26 (s, 1H), 8.82 (d, 1). 842 (d, 1),
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836 (s, 1H), 8.18 (s, 1H), 7.79 (2, 1H), 7.70 (s, 1H), 7.64 (m, 1H), 5.91 (br, 2H). Formic acid
standard conditions. DAD RT = 1.55 min. M+H =338.

INTERMEDIATE 46: 3-cyanomethyl-indole-]-carboxylic acid ters-butyl ester

[00146] A solution of 3-indoleacetonitrile (10 g, 64 mmol) in DMF (160 ml) was stirred at RT.
KiCO; (13.3 g, 96 mumol) and di-test-butyl dicarbonate (1535 g, 70 mmol) were added thereto and
the reaction mixture was stirred at RT for 12 hr. H;O (100 ml) was added to the reaction mixture
and the resulting precipitate was captured by filtration. The solids were dissolved in hot methanol
(20 ml) and the solution was allowed to cool slowly, producing light orange solids that were isolated
by filtration to give 3-cyanomethyl-indole-1-carboxylic acid tert-butyl ester (9.2 ). ‘H-NMR (300
MHz, DMSO0-d6): & 8.08 (d, 1); 7.70 — 7.66 (m, 2); 742 — 729 (m, 2); 4.12 (s, 2); 1.63 (3, 9).
NH,OAc standard conditions. DAD R;=3.3] min. M+H =257.

INTERMEDIATE 47: 3-{cyano-metiyl-methyl)-indole-1-carboxylic acid tert-butyl ester

[00147] A stired solution of 3-cyanomethyl-indole-1-carboxylic acid tert-butyl ester (2.15 g,
8.39 mmoi) in THF (40 ml) was cooled to -78 "C under an argon atmosphere. Sodium
bis(trimethylsilyl)amide (1 M in THF, 10 m], 10 mmol) was added thereto and the cold solution was
stirred for 30 minutes. lodomethane (627 ul, 10 mmol) was sdded thereto and the reaction mixture
wag stirred 1.5 hr while gradually warming to 0 *C. H;O (100 ml) wes added thereto and the
solution was brought to RT and diluted with EtOAc (250 ml). The aqueous layer was removed and
extracted with EtOAc (250 ral). The combined organic layers were washed with aqueous HCI (IN, 3
x 50 mlD), followed by brine, then dried over MgSO,, fltered, and concentrated to an orange oil.
Purification via column chromatography (hexanes:ethyl acetate) gave 3-{cyano-methyl-methyl)-
indole-1-carbaxylic acid tert-butyt ester (1.8 g). 'H-NMR (300 MHz, DMSO-d6): § 8.09 (d, 1); 7.73
(d, 1); 7.69 (s, 1); 7.74 - 7.29 (m, 2); 4.56 (q, 1); 1.66 (d, J = 7.2, 3); 1.63 (5, 9).

INTERMEDIATE 48: 34{2-amino-1-methkyl-methyl)-indole-1-carboxylic acld wers-busyl ester

[00148] A solution of 3-(cyano-methyl-methyl)-indole-1-carboxylic acid tert-butyl ester (850
mg, 3.14 mol) in methanol (15 ml) was stimed 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 vecuom 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-
1-methyl-methyl)-indole-1-carboxylic acid tert-butyl ester. NH,OAc standard conditions. DAD R,
=178 min. M+H = 275.
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INTERMEDIATE 49: 4-methyl-2.3,4,9-tetraliydro-1H-f-carboline- 1-carboxylic acid

[00149] Crude 3-(2-amino-1-methyl-methyl)-indole-1-carboxylic acid tert-butyl ester (670 mg,
approx. 244 mmol) was dissolved in trifluoroacetic acid (2 mi) and stimed 30 min at RT, then
concentrated to an oily solid under reduced pressure. The resulting oil was dissolved in a 3 M of
NaOAc:AcOH buffer solution (pH = 4.8, 12 ml) and H,0 (6 ml) st RT. Glyoxalic acid (225 mg,
2 44 mmol) was added thereto and the reaction mixture was stirred for 4 hr at RT, then concentrated
to dryness. The resulting solids were determined to be composed mainly of the desired compound 4-
methyl-2,3 4,9-tctrahydro-1 H-B-carboline-1-carboxylic acid by LCMS and used subsequenty
thereafter without purification. NH,OAc standard conditions. DAD R = 1.24 min. M+H = 231.

INTERMEDIATE 50: 4-methyl-2,3.4,9-tetralrydro-1H-f-carboline

[00150] Crude 4-methyl-273,4,9-tetrshydro-1H-p-carboline-1-carboxylic acid (approx. 2.44
mmol)} was sugpended in HaO (5 ml) and HCI (12 N, 5 ml) and the sagpension was heated at 120 "C
for 1 hr, then ellowed to cool to RT. Dark orange-brown solids were removed by filtration and then
dissolved in methanol (5 ml). A saturated sodinm bicarbonate solution (20 ml) was added theyeto,
producing a thick yellow slurry. This reaction mixture was filtered to yield yellow solids composed
mainly of 4-methyl-2,3,4,9-tetrahydro-1H-B-carboline (386 mg) as determined by LCMS. NH,OAc
standard conditions. DAD Re = 1.23 min. M+H = 187.

INTERMEDIATE 51: 4-Methyl-9H-§-carboline

[00151] 4-methyl-2,34,9-tetrahydro-1H-B-carboline (214 mg, 1.17 mmol) was suspended in
xylenes (10 ml). Pd (10% wt. on carbon, 21 mg) catalyst was added thereto and the reaction mixture
was stirred at 160 *C for 24 hours, then cooled to RT and filtered throogh celite. The filtrate was
concentrated to dryness to give 4-methyl-9H-B-carboline (210 mg). 'H-NMR (300 MHz, DMSO-
d6): 511.73 (brs, 1); 8.78 (brs, 1); 8.19(d, 1); 8.13 (s, 1); 7.62 (brs, 1); 753 (¢, 1); 7.25 (¢, 1); 2.78
(s, 3). NH,OAc gtandard conditions. DAD Ry =2.24 min. M+H = 183.

INTERMEDIATE 52: 6-Chloro-4-methyl-9H-p-carboline

[00152] 4-methyl-9H-p-carboline (97 mg, 0.532 mmol) wes disgolved in HCl (IN, 4 ml) and
stirred at RT. NCS (85 mg, 0.637 mmol) was added thereto and the reaction mixture was stirred for
5 hr. Samrated sodium bicarbonate solution (20 ml) was added thereto and the reaction mixture was
extracted twice with EtOAc (100 ml). The combined organic layers were washed with brine, dried
over MgSQO,, filtared, and concentrated to give 6-chloro-4-methyl-9H-f-carbaline (108 mg) as an oil.
'H-NMR (300 MHz, DMSO-d6): 5 8.67 (s, 1); 8.19 (s, 1); 8.11 (s, 1); 7.57 - 7.54 (m, 2); 2.82 (s, 3).
NH,OAg stendard conditions. DAD Re=2.48 min. M+H =217.

-95.
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INTERMEDIATE 53: 6-chloro-4-metityl-8-nitro-9H-f-carboline

[00153] A sclution of 6-chloro-4-methyl-9H-p-carboline (100 mg, 0.462 mmol) in trifluoroacetic
acid (10 ml) was stirred at RT. NaNO; (106 mg, 1.25 mmol) was added thereto and the reaction
mixture was stirred 30 min., then concentrated to give an orange residue. The residue was dissolved
in MeOH (5 ml) and neutralized by an addition of & saturated sodium bicarbonate solution (20 ml)
causing the formation of yellow solids that ware captured by filtration, washed with H;O (10 ml) and
Et;0O (2 x 10 ml) to give 6-chloro-4-methyl-8-nitro-9H-B-carboline (82 mg). 'H-NMR (300 MHz,
DMSO-d6): & 8.90 (5, 1); 8.65 (s, 1); 855 .5, 1); 829 (s, 1); 2.89 (5, 3). NHQAc standard
conditions. DAD R¢=3.00 min. M+H =262,

INTERMEDIATE 54: 6-chloro-4-metlryl-9H-f-carbolin-8-ylamine

[00154] A solution of 6-chloro-4-methyl-8-nitro-9H-p-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 veasel was capped and vacuum purged 3 times with argon, followed similarly by hydrogen.
The reaction mixture was stimed 1.5 hr under 1 atm hydrogen, then vacuum purged with argon,
diluted with DCM (10 ml) and filtered through a 0.2 uM eyringe filter. The filtrate was concentrated
to yield 6-chloro-4-methyl-9H-B-carbolin-8-ylamine (67 mg) as a light brown oil. 'H-NMR (300
MHz, DMSO-d6): § 9.04 (s, 1); 8.29 (5, 1); 7.7¢ (d, 1); 7.10 (d, 1); 2.98 (s, 3). NH,OAc standard
conditions. DAD R;= 1.89 min. M+H =231.

EXAMPLE 30: N-{6-chlgro-4-methyl-9H-f-carbolin-§ picotinaide

[00155] A solution of 6-chloro-4-methyl-9H-B-carbolin-8-ylamine (43 mg, 0.19 rmmol) in
pyridine (4 ml) was stirred at RT under an argon atmosphere. Nicotinoy) chloride hydrochloride (40
mg, 0.22 mmol) was added therem and the reaction muxture was stisred for 12 hr. The solution was
diluted with H;O (5 mi) and poured into a separstory funpel containing H;O (5 ml} and EtOAc
(25 ml). The reaction mixture was shaken and the layers were sepsrated. Tho aqueous layer was
extracted with EtOAc (2 x 25 mi). The combined organic layers were washed with a saturated
sodium bicarbonate solution (15 ml), followed by brine, then dried over MgSO,, filtored, and
concentrated to yield N-(6-chloro-4-methy]-9H-f-carbolin-8-yl)-nicotinamide (5.2 mg) as an orange
viscous oil. 'H-NMR (300 MHz, DMSO-d6): § 11.F~ (s, 1); 10.70 (s, 1); 927 (s, 1); 8.83 (s, 2);
845 (s, 1); 8.20 - 8,12 (m, 2); 7.83 (s, 1); 7.66 (s, 1); 2.80 (s, 3). NH/OAc standard conditions.
DAD R,=1.92 min. M+H =337.

INTERMEDIATE 55: 1,1 -Diaxa-]l‘-rhionwrphalim—.?.*l—dimrbaxylic acid 4-tert-butyl aster
[00156) Thiomorpholine-3,4-dicarboxylic acid 4-tert-butyl ester (120 mg, 0.485 mmnol) was
disgolved in B1,0 (8 ml). To the solution was added mCPBA (172 mg, 0.994 nmnoi), followed later
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by a second portion of mCPBA (84 mg, 0.485 mmol). The precipitate which forrned was filtered,
washed with EtyO and dried to yield a white solid of l.l-dioxo-ll‘-&lionnrpholine-B.d—dimboxylic
acid 4-tert-buty! ester (74 mg).

[00157] A slurry of 6-chloro-7-fluoro-9H-B-carbolin-8-ylamine (43 mg, 0.198 mmol), 1,1-dioxo-
1A% thiomorpholine-3 4-dicarboxylic acid 4-text-buty! ester (72 mg, 0.257 mmot), and EDCI (76 mg,
0-396 mmol) in pyridine (2 ml) was heated to 70 °C. After 1 hr, the solvent was removed under
reduced pressure and the resulting dark oil was dissolved in MeOH (1 ml). The MeOH solution was
added drop-wise to a stirring solution of aqueons NaHCO, and a yellow precipitate was formed. The
solid was filtered, dried, and dissolved in 2 M HCl in EO. After stirring overnight the resulting
yellow solid was filtered and dried to yield a yellow solid, the di-HC] salt of 1,1-Dioxo-12%-
thiomorpholine-3-carboxylic acid (6-chloro-9H-p-carbolin-8-yl)}-amide (78 mg). 'H-NMR (300
MHz, MeOH-d4): 5 9.26 (s, 1); 8.74 (d, 1); 8.54 (d, 1); 8.37 (d, 1); 7.94 (d, 1); 5.01 (dd, 1); 4.15 -
3.75 (m, 4); 3.64 — 3.58 (m, 2). NH,OAc standard conditions. DAD Ry =1.57 min. M+H =379.

INTERMEDIATE 56: 6,6-Dimetityl-morpholine-3,4-dicarboxylic acid 4-tert-buryl ester

[00158] To a suspension of 6,6-dimethyl-morpholine-3-carboxylic acid {5.56 g, 34.9 mmol) in
dioxane (58 ml) was added aqueous potassium carbonate (1M, 58 mlL). To the resulting clear
colorless solution was added di-tert-butyl dicarbonate (9.14 g, 41.9 mmol). The solution was stirred
at room temperature overnight The reaction mixture was diluted with water (200 mL) and the pH of
the solution was confirmed to be approximately 7. The reaction mixture was poured into a
separatory funnel and extracted with Et;O (2 x 100 mL) to remove excess di-tert-butyl dicarbonate.
The aqueous layer was acidified by addition of 6N aqueous HCl with sturing until a pH of 3 was
reached. The mixture was quickly extracted with Bt;O (2 x 200 L) and the organic layers were
combined, dried over magnesium sulfate, filtered, and cancentrated to yield a clear colorless oil. The
oil was dissolved in Et;O (50 mlL), 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).
'H-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). NH;OAc standard conditions. DAD R;=
0.98 min. M-H =258.

INTERMEDIATE 57: (S )-5-{6-Chloro-9H-f-carbolin-8-ylcarbamayl)-2,2-dimetkyl-morpholine-4-
carboxylic acid teri-butyl ester

33
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[00159] The desired compound was prepared according to Method C from 6-chloro-9H-B-
carboline-8-ylamine and 6,6-dimethyl-morpholine-34-dicatboxylic acid 4-tert-butyl ester in 87%
yield.

'H-NMR (DMSO-d6, 300MHz) 8 11.33 (s, 1); 10.14 (s, 1);.9.05 (s, 1); 838 (d, 1); 8.21 (4, 1); 8.16
(d, 1); 7.94 (s, 1); 4.70 — 4.56 (m, 1); 425 - 4.14 (m, 1); 4.07 (dd, 1); 3.64 ~ 3.56 (m, 1); 3.30-3.14
(m, 1); 1.41 (“dd”, 9); 1.21 (s, 3)%; 1.15 (5, 3). NH,OAc standard conditions. DAD Ry = 1.84 min.
M-+ = 459, Chiral HPLC: > 95% ee. Chiralpak AD column. 15% v/v EtOH/Hexanes containing
0.1% Bi;NH.

INTERMEDIATE 58: [(5)4-{(S)-2-Amino-propyl)-6,6-dimethyl-morpholine-3-carboxylic acid (6-
chloro-9H-beta-carbolin-8-yl)-amide trifluoroacetate salt

[00160] 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 ter1-butyl ester and using Boc-alaninal in the reductive alicylation step in 60% yield.
'H-NMR (300 MHz, D;0): 8 1.16 (d, 3H), 1.25 (s, 3H), 1.28 (s, 3H), 241 (d, 1H), 2.59 (dd, 1H),
2.89 édd. 1H), 2.95 (d, 1H), 3.35-3.50 (m, 2H), 3.954.15 (m, 2H), 7.59 (d, 1H), 797 (d, 1H), 8.11
(d, 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.

[00161] METHOD E: Coupling procedure using [(S)-4~((S)-2-Amino-propyl)-6,6-dimethyl-
morpholine-3-catboxylic acid (G-chloro-9H-beta-carbolin-8-yl)-amide trifluoroacetate salt [(S)-4-
{(S)-2-Amino-propyl)-6,6-dimethyl-morpholine-3-carboxylic acid (6-chloro-SH-beta-carbolin-8-yl)-
amide trifluoroacetate salt (1.0 mmole), TBTU (1.2 mmoles), the acid (1.25 mmoles) to be coupled
and EtsN (4-6 mmoles, basic pH) were taken into acetonitrile(10 ml). The resulting mixture was
stirred at ambient temperature for 4-15 hrs. The reaction mixture was then pertitioned into FtOAc
and 10% aqueous NayCO, solution. The separated aqueous phese was further extracted with BtOAc.
The combined extracts were successively washed with 10% aqueous NayCOs solution and brine,
dried over NggSO, and concentrated completsly. The residue was purified on asilice (2-
79%MeOH/CH;CL) to give the carresponding product.

[00162] 4-(2-Amino-propy!)-6,6-dimethyl-morpholine-3-carboxylic  acid  (6-chloro-9H-p-
carbolin-8yl)-amide (3 CF;COOH salt) (1.5g) was suspended in dichloromethans (80 mL) along
with 5 equivalents of triethylamine. Trifluoroacetic anhydride (56 uL., 2 equivalents) was added and
the mixture stirred at room temperature for an hour. The solvent was removed by rotary evaporation.



WO 2005/111037 PCT/US2005/013812

The product was purified by silica gel flash chromatography (5% methanol / dichloromethane,
product R, 0.3) to afford 1g. "H-NMR (300 MHz, relative to CDCls peak at 7.3 ppm) § 10 (s, 1H),
9.7 (d, 1H) , 8.7 (s, 1H), 8.6 (s, 1H), 8.2 (d, 1H), 7.6 (s, 2H), 6.5 (s, 1H), 4.3 (m, 1H), 3.9 (m, 1H),
3.8 (t, 1H), 32 (m, 1H), 2.7-2.9 (m, 2H), 2.5 (m, 1H), 2.2 (d, 1 H), 1.4 (d, 3H), 1.3 (s, 3H), 1.2 (s,
3H). LCMS (ammonium acetate standard method) retention time = 1.84 min. (M* =512; M" = 510).

[00163] The desired compound was prepared according to the previous example from 4-(2-
Amino-pmpyl)—ﬁ,ﬁ-dimdlyl-mrpholina-}cuboxyﬁc acid (6-chloro-9H-B-carbolin-8yl)-amide (3
CF,COOH salt) and acetic anhydride. 'H-NMR (300 MHz, methyl-dy alcohol-d): 3 1.15 (d, 3H),
" 1.23 (s, 3H), 1.39 (s, 3H), 1.98 (s, 3H), 2.24 (d, 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 (d, 1H), 7.98 (m, 2H), 8.27 (d, 1H), 8.84 (s, 1H). Retention
Time (LC, method: ammonium acetate standard): .54 min. MS (M+H"): 458.

id -b-carbolin-§-vl)-
[00164]  The desired compound was prepared according to Method E. 'H-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 (d, 1H), 3.34 (m, 1H), 3.66 (m, 1H), 4.05 (m, 2H), 7.67 (d, 1H), 8.10 (m, 2H),
8.32 (d, 1H), 8.89 (s, 1H). Retention Time (LC, method: ammonium acetate standard): 1.54 min,
MS (M+H"): 494,

[00165] The degired oompound was pmpued using [4-(2-Ammo-pmpyl)-6,6-dlmed1yl-
morpholin-3-ylmethyl}-(6-chloro-9H-beta-carbolin-8-yl}-amine and 4,6-dimethyl pyrimidine-5-
carboxylic acid following Method E in 51% yield 'H-NMR (300MHz, DMSO): § 11.27 (1H, s),
10.02 (1H, 5), 9.0 (1H, 5), 8.86 (1H, &), 8.5 (1H, d), 8.3 (1H, d), 8.22 (2H, m), 7.88 (1H, &), 4.1 (1H,
m), 3.9 (2H, m), 2.99 (2H, m), 2.36 (GH, s), 2.1 (2H, m), 13 (3H, 5), 1.24 (6H, m). Retention time
(LC, method: ammoniom acetute standard): 1.50 min, MS (M+H+): 551

[00166] medemedcompmmdw-pmpmdmdmgtouethodEﬁum(S)H(syz-Amno-
propyl)-6,6-dimethyl-morpholine-3-catboxylic ~ acid  (6-chloro-9H-betn-carbolin-8-yl)-amide

472
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trifluoroecetate salt and 2-methyl-nicotinic acid in 75% yield. 'H-NMR (300 MHz, DMSO-dg): §
1.21 (8,3H), 1.22 (d,3H), 1.36 (s,3H), 2.10 (d.1H), 2.42 (m,1H), 2.60 (m,1H), 2.99 (d,IH), 3.20
(m,1H), 3.92 (m,2H), 4.22 (m,1H), 7.22 (dd,1H), 7.65 (d,1H), 7.90 (s,1H), 8.16 (d,1H), 8.23 (s,1H),
831 (d,1H),8.38 (d,1H), 845 (d,1H), 9.02 (s,1H),10.04 (s,1H), 1126 (5,1H). Retention Time (LC,
method: ammonium acetate standard): 2.16 min. MS (M+H"): 535.5.

[00167] 4—(2-Amno-pmpyl)—6,6—d:mhyl-murpholme-3-cmyhc acid  (6-chloro-9H-f-
carbolin-8-y])-amide (3 CRRCOOH salt) (300 mg) was suspended in methylene chloride (12 mL)
along with 3 equivalents of triethylamine. Morpholine-4-carbonyl chloride (70 mg, 1.3 equivalents)
was added and the mixture stired at room temperature ovemight. The solvent was removed by
rotary evaporation. The product was separated by preparative TLC on silica plates (10/90
methanol/ethyl acetate as cluent, product Rf 0.4) Yield: 83 mg. "H-NMR (300 MHz, relative to
CD;OD peak at 3.3 ppm) & 8.8 (s, 1H), 8.27 (d, 1H), 7.9-7.99 (m. 3H), 3.954.15 (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 (d, 1H), 2.0 (s, 2H), 1.35-145 (d, 3H), 1.05-1.25 (m, 6H). LCMS
(ammoniurmn acetate standard method) retention time= 2,39 min.{M+ = 529; M- = 527).

[00168] The desired oompomd was prepared acconding to Method E. *H-NMR (300 MHz,
methyl-d; aicohol-d): § 1.21 (d, 3H), 1.28 (s, 3H), 1.39 (s, 3H), 1.95 (m, 3H), 2.05 (s, 3H), 2.17 (m,
1H), 2.28 (d, 1H), 2.51 (m, 1H), 2.74 (m, 1H), 3.05 (d, 1H), 3.30 (m, 1H), 3.55 (m, 1H), 3.61 (m,

1H), 4.05 (m, 2H), 4.18 (m, 1H), 4.34 (m 1H), 7.78 (d, 1H), 8.10 (m, ZH), 8.33 (d, 1H), 8.90 (s, 1H).
Retention Time (LC, method: anumoniurm acetate standard): 2.07 min. MS (M+H"): 555.'

[00169] The desired compound was prepmd wsing  (4-(2-Amino-propy)-6,6-dimethyl-
morpholin-3-ylmethyl}-(6-chloro-9H-beta-carbolin-8-yl)-amine and 5-methylisoxazole carbonyl
chlogide following Method E in 61% yield. 'H-NMR (300MHz, DMSO): § 11.2 (1H, 5), 9.98 (1H,
s), 9.0 (1H, s), 8.7 (1H, d), 8.6 (1H, d), 8.2 (2H, m), 7.9 (1H, 9). 647 (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 (3H, s}, 1.15 (6H, m). Retention time
(LC, method: ammonium acetate standard): 1.81 min. MS (M+H+): 526

-100-
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[00170] 4-(2-Amino-propyl)-6,6-dimethyl-morpholine-3-carboxylic  ecid  (6-chloro-9H-f-
carbalin-8yl)-amide (3 HCI sait) (300mg) was suspended in dichloromethane (10 mL) triethyl amine
(4 cquivalents) and methyl isocyanate (2 equivalents) were added simultancously. After one hour at
room temperature solvent was removed by rotary evaparation. The product was purified by silica gel
flash chromatography (5% methanol / dichloromethane, product Rf = 0.3) to afford 200mg. 'H-
NMR (300 MHz, relative to CDCl, peak at 7.3 ppm) § 12.3 (s, 1H), 10.2 (s, 1H), 8.9 (s, 1H), 8.6-(s,
1H), 8.4 (d, 1H), 7.9 (d, 1H), 7.8 (s, 1H), 54 (s, 1H), 5.2 (d, 1H), 4.2 (3, 1H), 3.8 (m, 2H), 3.2 (m,
1H), 2.6-3 (m, 7TH), 23 (4, 1H), 2.2 (1, 1H), 1.4 (s, 3H), 1.2 (s, 3H), 1.1 (d, 3H) LCMS (ammonium
acetate standard n'mthod) retention time = 1.62 min. (M™ =473; M = 471).

[00171] 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
dryaess. The residue was partitioned into 150 ml Of EtOAc and 100 m! of an aqueous 0.5M solution
of K;CO;. The separated aqueous phase was extracted with 50 ml of EtOAc. The combined organic
extracts were successively washed with water (2X50 ml) and brine (50 ml), dried over Ne;SO4 and
conceatrated to dryness. The residne was purified on silica (5% MeOH/CH:Cl) to give 248 g(thick
oil, T7% yield) of the desired product 'H-NMR (300 MHz, CDCly): 8 1.15 (d, 3H), 1.28 (s, 3H),
1.42 (s, 3H), 2.33 (dd, 1H), 2.42 (d, 1H), 2.78 (dd, 1H), 2.86 (d, 1H), 3.32 (dd, 1H), 3.86 (s, 3H),
3.92 (t, 1H), 4.01 (dd, 1H), 4.18 (m, 1H), 4.78 (d, 1H), 7.95 (d, 1H), 7.97 (s, LH), 8.29 (s, 1H), 8.50
(d, 1H), 8.98 (s, 1H), 9.88 (s, 1H), 10.94 (s, 1H). Retention Time (LC, method: ammonium scetate
standard): 1.70 min. MS (M+H"): 474.1

morpholin-3-ylmethyl}{6-chloro-9H-beta-carbolin-§-yl)-amine nad 24-dimethyl nicotinic acid
following Method E in 50% yiedd. 'H-NMR (300MHz, DMSO): § 11.27 (1H, &), 10 (1H, s), 8.9
(1H, 5), 837 2H, d), 824 (3H, m), 7.8 (1H, s), 7.04 (1H, d), 391 (2H, m), 3.1 (2H, m), 2.36 (4H,
m), 2.1 (3H, m), 2.05 (1H, d), 1.3 (3H, 6), 1.2 (6, m). Retention time (LC, method: ammonium
acetate standard) : 1.53 min.
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MS (M+H+): 550

[00173] The desired compound was prepared from [4-(2-Amino-propyl)-6,6-dimethyl-
morpholin-3-ylmethyl]-(6-chloro-9H-beta-carbolin-8-yl)-amine and 2-pyrazine carboxylic acid
following Method E in 62% yield. "H-NMR (300MHz, DMSO): § 12.9 (1H, 5), 10.89 (1H, s), 9.42
(1H, s), 9.0 (1H, 3), 8.8 (1H, d), 8.6 (1H, d), 8.4 (1H, s), 8.2 (1H, m), 4.5 (1H, m), 4.1 (2H, m), 3.1
(1H, m), 2.1 (4H, m), 1.23 (9H, m). Retention time (L.C, method: ammonium acetate standard): 1.69
min. MS (M+): 5222

2.2-di - lip-4-vi}-1- -eth j - ide

[00174] To 2 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(2I1mg, 0.15mmole) and triethylamine (102 ml, 0.8mmole). The
reaction mixture was stirred at ambient temperature for 1h. The solvent was then removed under
reduced pressure and the residue was taken up into pyridine (0.6 ml). To the resulting mixture wag
added 2M methylamine solution in THF (0.2 ml, 0.4 mmole) and EDCI (40 mg, 0.21 mmole).The
reaction mixture was stitred for 4 hrs, the solvent was removed under reduce pressure and the
residue was partitioned into EtOAc and IM aqueous K;CO,. The separated aqueous phasc was
extracted twice with EtOAc. The combined organic phases were successively washed with water and
bripe, dried over MgSO,, and concentrated completely. The residne was porified on silica gel (10%
MeOH-CH,CL) to give the title compound as a white solid in 36% yield. 'H-NMR (300MHz,
DMSO): & 924 (1H, s), 8.17 (1H,8), 7.81 (2H, m), 7.5 ( 3H, m), 73 (1H, s), 7.0 (1H, 5) 6.5 (1H, d),
3.08 (2H, d), 3.35 (1H, m), 2.4 (3H, m}, 1.86 (4H, m), 0.5 (3H, s), 037 (6H, m). Retention time
(LC, method: ammonium acetate standard): 146 min. MS (M+H+): 579

arboxylic acid (6-chlorm-9H-beta-carbolin-8-vi)-armpid
[00175] The desired compound was prepared according to Methed E from [4-(2-Amino-propyl)-
6,6-dimethyl-morpholin-3-ylmethylj<(6-chloro-9H-beta-carbolin-8-yl)}-amine  and 4-methyl-
pyrimidine-5-carboxylic acid in 55% yield 'H-NMR (300MHz, DMSO): 5 11.26 (1H, s), 10.04
(1H, 5) 9.04 (2H, m), 8.66 (1H, d) 8.3 (ZH, m) 8.22-8.17 (2H, m), 7.9 (1H, 5), 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, ), 1.23 (GH, m). Retention time
(LC, method: ammonium acetate standard): 1.55 min. MS (M+H+): 537
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[001'16] The desired compound was prepared nncurdmg 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 4-methyl-nicotinic acid in 79% yield. 'H-NMR (300 MHz, DMSO-dg: §
121 (s,3H), 1.22 (d.3H), 1.36 (5,3H), 2.10 (d,IH), 2.40 (m,1H), 2.62 (m1H), 2.99 (d,1H), 3.22
(m,1H), 3.94 (m,2H), 4.23 (m,1H), 7.26 (d,1H), 7.90 (s,IH), 8.16 (d,1H), 823 (s,1H), 8.34-8 46
(m,3H), 9.02 (s,1H),10.04 (s,1H), 11.27 (s.1H). Retention Time (LC, method: ammonium acetate
standard): 2.22min.

MS (M+H"): 535.5.

[00177] A solution of {2-[5-(6-Chlaro-9H-f-carbolin-8-ylcarbamoyl) 2,2-dimethyl-morpholin-4-
yl}-1-methyl-ethyl }-carbamic acid text-butyl ester (70.2 mg, 0.14 mmwl) in TFA (2 ml)) was stirred
at room teroperatre, After 15 min, the reaction was concentrated and the crude product was
azeotroped with CH;Cl3 (2 x 5 mL). A mixture of the crude intermediate, TBTU (54.0 mg, 0.17
mnol), triethylamine (0.2 ml., 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;O (20 mL) and poured into a separatory funnel containing BtOAc (50 mL), and brine
(50 mL). The mixture was shaken and the layers were separated. The aquegus layer was extracted
with BtOAc (2 x 50 mL). The combived organic layers were dried, filtered and concentrated. The
crude product was purified by flash chromsatography to yield a yellow solid (51.0 mg, 62%) which
was shown by NMR and LCMS to be 4-[2-(2-amino-2-methyl-propionyl]-6,6-dimethyl-morpholine-
3-carboxylic acid(6-chloro-9H-p-carbolin-8yl)-amide. ]

'H-NMR (300 MHz, DMSO-d6): 5 12.94 (br s, 1); 11.36 (br s, 1); 10.16 (s, 1); 9.06 (s, 1); 8.39 (d,
1);822(d,1);8.19(d, 1); 7.95(s, 1); 4.77 - 452 (m, 1); 428 - 4.13 (m, 1); 4.13 - 4,00 (m, 1); 3.68 -

3.52 (m, 1); 3.22-3.12 (m, 1); 1.44 (s, 3); 1.4] - 1.38 (m, 6); 1.28 - 1.24 (m, 2); 1.22 (g, 3); 1.25 (s,
3); L.11 - 1.07 (m, 1). NH;OAc siandard conditions. DAD R;=1.31 min. M+H =501.

[00178] The desired compound was made following the procedure outlined in Method C using
6,6-dimethyl morpholine-3-carboxylic acid and (s)-tetrahydroisoquinoline aidehyde. 'H-NMR
(300MHz, D;0): 6§ 9.1 (1H, s), 8.68 (1H, d), 8.52 (1H, d), 841 (1H, d), 7.68 (1H, d), 727 (14, d),
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7.06 (1H, m), 6.97 (1H, d), 6.84 (1H, m), 4.31 (2H, m), 4.09 (2H, m), 3.68 (1H, m), 3.56 (1H, t), 3.2
(2H, m), 3.06 (2H, m), 2.7 (ZH, m) 1,48 (3H, 8). 1.32 (3H, s) Retention time (LC, method:
ammaonium acetate standard) : 2.43 min. MS (M+H+): 505

INTERMEDIATE 59: 6,6-Dimetiryl-morpholine-3-carboxylic acid (6-chloro-9H-f-carbolin-8-yl)-
amide, HCl salt

[00179] To a clear brown solution of 5-(6-chloro-9H-B-carbolin-8-ylcarbamoyl)-2,2-dimethyl-
morpholine-4-carboxylic acid tert-butyl ester (10.4 g, 22.7 mmol) in methanol (41 mL) was added
HCl in dioxane (4M, 91 mL). The resction was stirred for 30 minutes at yoom temperature, during
which time a pale brown precipitate began to form. The mixture was poured into a 250-mL volume
of vigorously stirring Et;0. The resulting slurry was stimed at room temperature for 15 minutes,
then filtered to yield a pale orange solid. The solid was placed on the high-vacuum pump ovemight.
after which 9.71 g of 6,6-dimethyl-morpholine-3-carboxylic acid (6-chloro-9H-P-carbolin-8-yl)-
amide was obmined (99% yield). '"H-NMR (DMSO-d6, 300MHz) § 13.47 (s, 1); 11.77 (s, 1); 9.42 (s,
1); 8.86 (d, 1); B.66 (d, 1); 8.58 (d, 1); 8.25 (d, 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.

[00180] Method C was followed, using 5-(6-chloro-9H-B-carbolin-8-ylcarbamoyl)-2,2-dimethyl-
morpholine-4-carboxylic acid tert-butyl ester and the sppropriate aldehyde, (1-formyl-propyl)-
carbamic acid tert-butyl ester.

TH-NMR (DMSO-d6, 300MHz) § 9.06 (s, 1); 8.37 (d, 1); B.19 (4, 1); 8.15 (d, 1); 7.85 (d, 1); 6.75 (br
8, 2); 3.96 - 3.85 (m, 2); 3.17 -~ 3.13 (m, 1); 2.89 (d, 1); 2.78 — 2,74 (m, 1); 2.67 —2.59 (m, 1); 2.26 —
220 (m, 1); 2.14 (d, 1); 1.58 — 1.50 (m, 1); 1.32 (s, 3); 1.32 - 1.23 (m, 1); 1.18 (s, 3); 0.87 (t, 3).
NH,OAc stendard conditions. DAD Ry =1.27 min. M+H =430.

chloro-9H-B-carbolin-8-yl)-amide (100 mg, 0.233 mmol} in pyridine (4 mL) 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 mlL). The mixtuzre 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 layer was dried
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over magnesium salfate, filtered, and concentrated to yield 2 yellow-brown oil which was purified
via column chromatography. The resulting yellow solid was dissolved in methanol (2 mL) and HCI
in E;O (2M, 2 mL) wes added. The mixture was stirred for 5 minutes, then concentrated to yield
103 mg of 6,6-dimethyl4-{2-[(2-methyl-pyridine-3-carbonyl)-amino}-butyl)-morpholine-3-
carboxylic acid (6-chloro-9H-B-carbolin-8-yl)-amide (71% yield). 'H-NMR (DMSOQ-d6, 300MHz) §
13.31 (brs, 1); 1141 (brs, 1); 11.14 (br s, 1); 944 (s, 1); 8.85 (d, 1); 8.73 — 8.64 (m, 3); 852 (s, 1);
8.32 (s, 1) 7.72 (s, 1); 4.64 — 355 (m, 6); 3.24 — 3.06 (m, 1); 2.95 — 2.81 (m, 1); 2.71 (s, 3); 1.89 -
174 (m, 1); 1.55 — 141 (m, 1); 1.32 (s, 3); 1.23 (s, 3); 0.93 (t, 3). NH,OAc standard condjtions.
DAD R, = 1.66 min. M-+H = 549.

INTERMEDIATE 61: 4-(2-Amino-3-metityl-butyl)-6,6-dimethyl-morpholine-3-carboxylic acid (6-
chloro-9H-B-carbolin-8-yl}-amide

[00182] Method C was followed, using 5-{6-chloro-9H-B-carbolin-8-ylearbamoyl)-2,2-dimethyl-
morpholine-4-carboxylic acid tert-butyl ester and the appropriate aldehyde, (I1-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 (d, 1); 6.71 (br 5, 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, I); 2.15 (d, 1); 1.74 — 1.66 (m, 1); 1.31 (s, 3); 1.19 (s, 3); 0.85 (4, 3);
0.80 (d, 3). NH,OAc standard conditions. DAD Ry = 1.27 min. M+H =444,

: 6,6-Di -4-{3- -2 1-pyridin jnol-butyl}-
li ic acid (6-chl - in-8-yl}-amjide

[00183] To a solution of 4-(2-amino-3-methyl-butyl)-6,6-dimethyl-morpholine-3-carboxylic acid
(6-chloro-9H-f-carbolin-8-yl)-amide (1.47 g, 3.31 mmol) in pyridine (35 mL) was added 2-methyl-
nicotimic acid (544 mg, 3.97 mmol) and EDCI (1.02 g, 530 mmol). The solution was stirred 6.5
hours at room temperature, then diluted with water (100 mL). The mixture was poured into a
separatory funnel and diluted further with water (50 mL) and EtOAc (150 mL). The layers were
shaken and separated. The aqueous layer was extracted with BtOAc (3 x 50 mL), then the combined
organic layers were waghed with brine. The organic layer was dried over magnesium sulfate,
filtered, and concentrated to yield an orange semi-solid residue which was purified via column
chromatography. The resulting yellow solid was placed on the high-vacuum pump overnight, after
which 143 g of 6,6-dimethyl4-(3-methyl-2-[(2-methyl-pyridine-3-carbonyl)-amino}-butyl }-
morpholine-3-carboxylic acid (6-chloro-9H-P-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 (d4, 1); 8.38(d, 1); 8.21 -
8.14 (m, 3); 7.97 (d, 1); 7.64 (dd, 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 (d, 1); 2.85 (dd, 1); 2.52 (s, 3); 2.30 (dd, 1); 2.11 (d, 1); 2.05 - 1.95 (m, 1); 132 (s, 3);
1.21 (s, 3); 0.93 (d, 3); 0.86 (d, 3). NH,OAc etandard conditions. DAD R, = 1.67 min. M+H = 563.
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appropriate acid."H-NMR (300 MHz, methyl-d slcohal-d): § 0.87 (m, 6H), 1.25 (d, 3H), 1.37(d,
3H), 1.81 (m, 1H), 2.10-2.47 (m, 4H), 2.93 (m, 2H), 3.10 (xm, 1H), 3.26 (m, 1H), 3.80 (m, 1H), 3.86-
4.07 (m, 6H), 7.86 (d, 1H), 8.10 {m, 2H), 8.32 (d, 1H), 8.89 (s, 1H). Retention Time (LC. method:
ammonium acetats standard): 1.73 min. MS (M+H"): 542.

INTERMEDIATE 62: {(S)-2-[(S )}-5-(6-Chloro-4-methyl-9H- f-carbolin-8-ylcarbamoyl)-2,2 -dimethyl-
morpholin-4-yl]-1-metliyl-etlyl}-carbamic acid tert-butyl ester

[00185] A solution of (S)-4-((S)-2-tert-butoxycarbonylamino-propyl)-6,6-dimethyl-morpholine-
3-carboxylic acid (3.316 g, 10.5 mmol) (prepared by reductively alkylating (S)-6,6-dimethyl-
morpholine-3-carboxylic acid with N-(tert-butoxycarbonyl)-L-alanal) in anhydrous pyridine (75 mL)
wag stirred at room temperature. 6-chloro-4-methyl-9H-B-carbolin-8-ylamine (1.869 g, 8.09 mmol)
was added, followed by EDCI (2.8%4 g, 15.1 mmol). The reaction was sticred at room temperature
for 14-18 hours under argon. The reaction was partially concentrated, diluted with HzO (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 chromatcgraphy (0-8% MeOH / CH;Cly) yielded
{(S)-2-[(S)-5-(6-Chloro-4-methyl-9H-P-carbolin-8-ylcarbamoyl)-2,2-dimethyl-morpholin-4-ylI}-1-
methyl-ethyl}carbamic acid teni-buty] ester as a light tan solid (2.688 g). 'H-NMR (300 MHz,
DMSO-d6): 511.25(s,1)9.94(s,1)8.88(s, [)8.18 (s, 1) 8.02(s,1) 792 (s, 1) 6.73 (d, 1) 3.95 -
3.85(m,2)3.66(brs, 1)3.16—3.08 (m, 1) 2.88 (d, 1) 2.76 (s, 3) 2.51 ~ 2.40 (m, 1) 2.23 (dd, 1) 1.99
(d, 1) 134 (br s, 12) 1.17 (s, 3) 1.08 (d, 3). NH,OAc standard conditions. ELSD R; = 2.07 min.
M+H = 530.

1 olipe: grboxylic AC hloro-4-metnyl-9H-L-carbolin-4 2K

{00186] A solution of {(S)-2-[(S)-5-(6-Chloro-4-methyl-9H-B-carbolin-8-yicarbamoyl)-2,2-
dimethyl-morpholin-4-yl]-1-methyl-ethyl }-carbamic acid tert-butyl ester (2.688 g, 5.08 mmol) in
EtOH (60 mL) was stirred at room temperature. Concentrated HCl (10 mL) was added and the
reaction stirred for 14 hours at room temperature under argon. The reaction was concentrated to
efford a yellow solid (2.84 g). The solid was dissolved in anhydrous pyridine (40 mL) and stirred at
room temperature urkler argon. Triethylamine (220 mL, 15.7 mmol) and EDCI (1.39 g, 728 mmol)
were added. The reaction mixture wag stirred at room tempersture for 10 minutes and 2-methyl-

nicotinic acid (0.868 g, 633 mmol) was added. The reaction was stirred at room temperature for 14-
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18 hours and diluted with H,0 (40 mL). The mixture was poured into a separatory funnel containing
H;0 (40 mlL), brine (40 mL), and EtOAc (40 mL). The mixture was shaken and the layers were
scpamated. The aqueous layer wag exiracted with EtOAc (2 x 40 ml) and the combined organic
layers washed with brine. The organic layer was dricd, filtered, and concentrated. The resulting
regidue was dissolved in EtOAc (10-20 ml.) and added dropwise to a stirring solution of 4:1 hexanes
/ Et;O (300 mL). The precipitate which formed was collected via filtration and air dried to yield (S)-
6,6-Dimethy}-4-{ (S)-2-[(2-methyl-pyridine-3-carbonyl)-amino]-propyl }-morpholine-3-carboxylic
acid (6-chloro-4-methyl-9H-B-carbolin-8-yl)-amide as a tan solid (3.151 g). "H-NMR (300 MHz,
DMSO-d6): &§11.28 (s, 1) 9.98 (s, 1) 8.81 (s, 1) 845 —8.39 (m, 1) 8.26 (d, 1) 8.13 (5, 1) 7.97 (5, 1)
7.89(s, 1) 7.64 - 756 (m, 1) 7.24 - 7.12 (m, 1) 4.25 — 4.10 (m, 1) 3.91 —3.82 (m, 2) 3.20-3.10 (m,
1) 2.94 (4, 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). NH,OAc standard conditions. ELSD Ry=1.57 min. M+H = 549.

INTERMEDIATE 63: 3,5-Difiuoro4-tributylsrannanyl-pyridine

[00187] n-Butyl lithinm (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 mmof}, 11.2 ml) in THF (300 mL) at -78 °C
under nitrogen (Nj). 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 eq, 76 mmol, 20.7 L) 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 materia] was diluted with diethyl ether (350 ml) and washed
successively with water (2x200 mL), saturated sodium chloride solution (1x150 mL), dried over
magnesium sulfate, filtered and concentrated in vacuo to afford the 3,5-Diflucro-4-tributylstannanyl-
pyridine as a colourless ail (275 g, 88%). This material was used crude without further purification.
Retention Time (LC, method: anmmonium acetate standard): 3.35 min. MS (M+H*): 406.

INTERMEDIATE 64: 4-Chloro-2-(3,5-difluoro-pyridin-4-yl)-phenylamine

[00188] Stille coupling: A dimethyl formamide (256 mL) solution of crude Intermediate 63 (1.1
¢q, 70 mmol, 27.5 g) and 2-iodo-4-chloro-phenylamine (1.0 eq, 64 mmol, 16.2 g) was degassed with
N; for 15 min. Dichlorobis(triphenylphosphine)palladium (II) (0.05 eq, 3.2 mmol, 2.2 g) and copper
(@) iodide (0.1 eq, 6.4 mmol, 1.2 g) were added and the suspension heated at reflux for 15 h under Na.
‘The mixture was cooled to RT, filtered throngh 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 (22200 ml), saturated sodium bicarbonate
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solution (1x200 mL), satarated sodium chlaride solution (200 mL), dried over magnesiom sulfate,
filtered and concentrated in vacuo. The resalting 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 (12.3 g, ~80%,) which wag used in the subsequent step without further
purification. 'H-NMR (300 MHz, dmso-dy): § 5.28 (s, 2H), 6.77 (d, 1H), 7.08 (d, LK), 7.19 (dd, 1H)
and 8.58 (s, 2H). Retention Time (LC, method: ammonium acetate standard): 1.70 min. MS (M+H"):
not observed.

INTERMEDIATE 65 : 6-Chioro-4-fluoro-9H-B-carboline

[00189] Sodium bis(trimethylsilyl)amide (3.0 eq, 130 mmol, 130 mL, 1.0M in THF) waa added
viz dropping fuanel to a solution of crude Intermediate 64 (1.0 eq, 43 mmol, 10.4 g) in THF at RT
under N,. After stirring for 15 h the excess base was quenched by the cautions addition of saturated
ammonium chloride solution (100 mL) and the majority of the THF removed on a rotary evaporator.
The resulting slurcy was extracted with ethyl acetate (400 mi. then 2x200 mL), then the combined
organics were washed successively with saturated sodium bicarbonate solution (300 mL), saturated
sodinm chloride solution (300 mL), dried over sodium sulfate and filtered. Silica gel was added and
the slury concentrated on a rotary evaporator. The material was purified using a Biotage Flash 75
purification system (short column) eluting with 96:4 dichloromethane/methanol to afford the 6-
Chloro-4-fluoro-9H-B-carboline as an off-white solid (7.8 g, 82%). 'H-NMR (300 MHz, dmso-dg):
8 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.

INTERMEDIATE 66 : G-chloro-4-fluoro-9H-f-carbolin-8-ylamine

[00190] Sodium nitrate (1.5 eq, 53 mmol, 4.5 g) was added portionwise to a solution of
Intermediate 65 (1.0 eq, 35 mmol, 7.8 g) in triflucroacetic acid (200 mL) and the resulting mixture
hested at 70 °C for 3 h. After cooling to RT the trifluoroacetic acid was removed on a rotary
evaporator to afford a crude solid which was suspended in a small volume of methanol end added
dropwise 10 a vigorously stirred mixture of saturated sodium bicarbonate solution (500 mL). The
resulting slurry wes stimed for 15 min then the precipitated solids were collected by suction
filtration, washed with water (300 mL) and then dried in vacuo to afford 6-chloro-4-fluoro-8-nitro-
SH-B-carboline (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

[00191] Sulfated platinum (~0.1 eg, 1 g) was added to a suspengion of 6-chloro-4-fluoro-8-nitro-
9H.f-carboline (1.0 eq, 35 mmol, 93 g) and ammonium formsie (3.0 eq, 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
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was filtered through a short plug of Celite® washing with copious amounts of methanol, and then the
filtrate concentrated in wacuo 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 vacupto afford
6-chloro-4-fluoro-9H-0-carbolin-8-ylamine (5.8 g, 70% 2 steps) aa a beige powder. 'H-NMR (300
MHz, dmao-ds): 8 5.76 (s, 2H), 6.81 (d, 1H), 7.29 (d, 1H), 8.24 (d, 1H), 8.82 (d, 1H), and 11.71 (s,
1H). Retention Time (L.C, method: ammonium acetate standard): 1.59 min. MS (M+H"): 236.

fluoro-9H-b-¢ in-8-y!

[00192] The desired compound was prepared from Intermediate 66 and acetic enhydride. 'H-
NMR (300 MHz, dmso-dg): § 11.70 (s, 1H), 10.17 (s, 1H}, 8.92 (s, 1H), 8.34 (d, 1H), 7.95 (s, 2H),
7.81 (d, 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), 2.40-231 (m, 1H), 2.03 (d, 1H), 1.78 (s, 3H), 1.32 (5, 3H), 1.63 (s, 3H) and 1.08 (d, 3H).
Retention Time (LC, method: ammonium acetate standard): 1.73 min. MS (M+H"): 474,

c lic acid fluoro-9H- lin-8-y1)-amide

[00193] The desired compound was prepared according to Method E from Intermediate 66 and
methylnicotinic acid. 'H-NMR (300 MHz, dmso-de): § 11.63 (s, 1H), § 10.10 (s, 1H), § 8.90 (s, 1H),
§ 844 (d, 1H),  8.34 (s, 1H), § 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), 2.99 (d, 1H), 2.59 (1, 1H), 2.49 (s, 3H), 2.40 (dd, 1H),
2.09 (d, 1K), 1.35 (5, 3H), 1.21 (d, 3H) and 1.20 (s, 3H). Retention Time (LC, method: ammonium
acetate standerd): 1.67 min. MS (M-+H"): 553.

[00194] To a suspension of (S)-6,6-Dimethyl-morpholine-3-carboxylic acid (6-chloro-9H-beta-
carbolin-8-yl)-amide (2.6 g, 6.0 mmoles) in 60 ml of methanol was added 1.7 ml of tricthylamine
(2.0 eq.), sodium cyancborohydride (575 mg, 9.1 mmeoles) and giyoxylic acid (780 mg, 8.5 mmoles).
The reaction mixture wes stirred at ambient temperature for 1.5 hrs. Water was added (5 mi) and the
mixture was concentrated o a thick yellow slurry. More water wag then added (30 ml) and the
resulting slurry was stirred at ambient temperaturs for 10 min. and was filtered. The collected yellow
solid was washed with water and dried under high vacoum to give 1.80 g (71%) of the desired
product. 'H-NMR (300 MHz, DMSO-dy): § 1.17 (3,3H), 1.30 (s,3H), 2.81 (d,1H), 3.34 (d,1H), 3.46
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(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 (d,1H), 9.01
(s,1H), 1028 (s,1H),11.40 (5,1H). Retention Time (LC, method: ammonium acetate standard): 1.26
min. MS (M+H"): 417.1.

METHOD F: Coupling procedure for reverse amides from [(S}-5-{6-Chloro-9H-beta-carbolin-&

PR LAY NS Y TG Y= Tois ¥ RO V] - e el 8 L5616

[00195] [(S)-5+6-Chloro-9H-beta-carbolin-8-ylcarbamoyl)-2,2-dimethyl-morpholin-4-yl}-acetic
acid (1.0 mmol), EDCI (1.6 mmol) and the amine (1.2 mmol) to be coupled were taken in a round-
bottom flask and suspended in pyridine (5 ml). The resulting mixture was stired ovemight The
pyridine was then removed under reduced pressure and the regidue was partitioned in EtOAc and 5%
aqueous Na;CO; solution. The separated aqueous phase was forther extracted with EtOAc. The
combined extracts were successively washed with water and brine, dried over NaSQO; and

concentrated completely. The residue was purified on silica to give the desired product.

[00196] The desired compound wes prepared according to Method F from [(S)-5-(6-Chlaro-9H-
beta-carbolin-8-ylcarbamoyl)-2,2-dimethyl-morpholin-4-yl]-acetic acid and pymolidine in 82%
yield. '"H-NMR (300 MHz, DMSO-dg): § 1.21 (s,3H), 1.29 (s,3H), 1.75-1.92 (m,4H), 2.46 (d,1H),
2.77 (d,1H), 3.35-3.68 (m,7H), 3.94 (m,2H), 8.08 (s,1H), 8.19 (d,1H), 8.23 (s,1H), 8.4] (d,1H), 9.05
(s,1H), 10.71 (s,1H),11.51 (s,1H). Retention Time (LC, method: ammonium acetate standard): 1.75
min. MS (M+H"): 470.3.

[00197] The desired compound was prepared according to Method F from [(S)-S-(G-dﬂmo—gl-l-
beta-carbolin-8-ylcarbamoyl)-2,2-dimethyl-morpholin-4-yl]-acetic acid and piperidine in 90% yield.
'H-NMR (300 MHz, DMSO-d6): § 1.17 (s,3H), 129 (s,3H), 1.35-1.60 (m,6H), 2.25 (d,1H), 2.71
(d,1H), 3.15 (d,1H), 3.26 (dd,1H), 3.37 (dd,1H), 3.45-3.65 (m, 2H), 3.65 (d, 1H), 3.70 (m, 1K), 3.89

(m, 2H) 7.95 (d,1H), 8.15 (d,1H), 8.20 (d,1H), 8.37 (d,1H), 9.01 (s.1H), 1043 (s,1H),11.32 (s,1H).
Retention Time (LC, method: ammonium acetate standard): 1.86 min. MS (M+H"): 484.3.

[00198] The desired compound was prepared according to Method F from [(S)-5-<(6-Chloro-9H-
beta-carbolin-8-ylcarbamoyl)-2,2-dimethyl-morpholin-4-yi}-acetic acid and morphaline in 86%
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yield. *H-NMR (300 MHz, DMSO-do): § 1.17 (s,3H), 1.30 (s,3H), 2.19 (d,1H), 2.71 (d,1H), 3.03
(d,1H), 3.16 (d,1H), 3.22 (dd,1H), 3.45-3.72 (m,7H), 3.80-3.98 (m, 3H), 7.94 (d,1H), 8.15 (d,1H),
8.21 (d.1H), 8.37 (d,1H), 9.03 (s,1H), 10.35 (s,1H),11.28 (5,1H). Retention Time (L.C, method:
ammonium acetste standard): 1.56 min. MS (M+H"): 486.3.

lic aci o

[00199] The desired compound was prepared according to Method F from [(S)-5-(6-Chloro-9H-
bets-carbolin-8-ylcarbamoyl)-2,2-dimethyl-morpholin-4-yl]-acetic acid and 2-methylamino-ethanol
in 55% yicld. 'RNMR (300 MHz, DMSO-d¢): $1.21 (s, 3H), 1.30 (s, 3H), 2.39 (m,1H), 2.75
(bd,1H), 2.96 (5,1.5H), 3.17 (s,1.5H), 3.50-3.65 (m,2.5H), 3.70-3.85 (m,1.5H), 3.93 (m, 2H), 4.69
(m, 0.5H), 4.94(m, 0.5H), 8.05 (d,IH), 8.18-8.25 (m, 2H), 842 (d,1H), 9.06 (s,1H), 10.68
(s,1H),11.38 (s,1H). Retention Time (LC, method: ammohium acetate standard): 1.47 min. MS
M+HY: 474,

lin-8- id
[00200] The desired compound was prepared according to Method F from [(S)-5-(6-Chloro-9H-
beta-carbolin-8-ylcarbamoyl)-2,2-dimethyl-morpholin-4-ylI]-acetic acid and 3-eminopyridine. The
product was isolated as hydrochloride salt in 55% yield. 'HNMR (300 MHz, D;0): § 1.34 (s, 3H),
1.54 (s, 3H), 2.60 (d,1H), 3.4 (d, 1H), 3.50 (d, 1H), 3.70 (t, 1H), 3.81 (d, 1H) 4.23 (d, ZH), 7.69 (d,
1H), 7.98 (d, 1H), 8.01 (d, 1H), 8.17(d, 1H), 8.42 (d, 1H), 8.48-8.55 (m, 3H), 9.09 (s,1H), 930 (d,
1H). Retention Time (L.C, method: ammonium scetete standard): 1.56 min. MS (M+H"): 493.2.

S " - .
CAIROXY acid (G-chinto-YH-hetR-CATholin-6-Y] }-AINiK

[00201] The desired compound was prepared according to Method F from [(S)-5~(6-Chloro-9H-
beta-carbolin-8-ylcarbamoyl)-2,2-dimethyl-morpholin-4-yl}-acetic acid and 4+
(aminomethyl)pyridine. The product was isolated as hydrochloride salt in 53% yield. "HNMR (300
MHz, D;0): 5 1.34 (s, 3H), 149 (s, 3H), 2.64 (d, 1H), 3.03 (d, 1H), 3.48 (d, 1H), 3.72 (t, 1H), 3.74
(d, 1H), 4.15-4.25 (m, 2H), 7.66 (d, 1H), 7.88 (s, 1H), 7.91 (s, 11D, 8.21(d, 1H), 8.44 (d,1H), 8.53.(d,
1H), 8.56 (s, 1H), 8.58 (s, 1H), 9.08 (s, 1H). Retention Time (LC, method: ammonium acetate
standerd): 1.47 min. MS (M+H"): 507.3.
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[00202) [546-Chloro-9H-beta-carbolin-8-ylcarbamoyl)-2,2-dimethyl-morpholin-4-yI]-acetic acid
(200 mg, 0.48 mmol) and piperidin-4-yi-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 gingle portion. The reaction mixture was allowed to stir over
night (16 h). Water (4 mlL) was added and the mixture was concentrated under reduced pressure.
The resulting residue was partitioned between ethyl acetate (50 mL) and 1 M aqueous potassium
carbonate. The aqueous layer was back-extracted with ethyl acetate (3 x 50 mL) and 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 (methylene chloride and methanol
gradient) to afford pure 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 as a yellow foam (152 mg,
62%). The bis-HCI salt was prepared by adding 2 equivalents of conc. HCI to an ethanolic solution
of the freebage. Concentration, followed by ether trituration afforded the salt as a free-flowing,
yellow powder. 'H-NMR (frecbase, 300 MHz, CDCl;) 5: 11.03 (d, 1 H), 10.51 (d, 1 H), 8.97 - 8.80
(m, 1 H), 847 -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, 5 H), 3.08 (ddd, 1 H), 2.89 — 2.64 (m, 2 H)}, 2.50 — 2.37(m, 2 H)), 1.98 - 1.70 (m, 3 H), 138 (5,3
H), 1.25 (s, 3 H), 1.19 - 0.97 (m, 1). MS (NH,OAc standard conditions, ES+) e/z = 514 (M+H)*
DADR; = 1.5] min

jd 9 lin-8-

[00203] The desired compound was synthesized using [S-(6-Chloro-9H-bets-carbolin-8-
ylcarbamoyl)-2, 2-dimethyl-morpholin-4-yl}-acetic acid and 4-hydroxypiperazine following Method
F in 31% yicld. 'H-NMR (300MHz, D;0): 5 8.85 (1H,5), 8.19 (2H, 5), 7.82 (1H, ), 744 (1H, 8),
4.15 (2H, m), 3.9-3.75 (4H, m), 3.6 (2H, m), 3.56 (2H, m), 3.12 (14, m), 2.9 (3H, m), 2.8 (1H, m),
1.7 (2H, m) 1.34 (3H, s), 1.19 (3H, s). Retention time (I.C, method: ammonium acetate standard):
1.5 min

MS (M+H+): 501

{00204] The desired compound was made using of [5-(6-Chiaro-9H-beta-carbalin-§-
ylcarbamoyl)-2, 2-dimethy}-morpholin-4-yl}-aceric 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 (IH, 5), 4.1
(3H, m), 3.8 (2H, m), 3.22 (2H, m), 3.0 (1H, d), 2.7 (1H, d), 1.3 ( 3H, &), 1.19 (3H, s), 0.09 (GH, m).
Retention time (LC, method: ammonium acetate standard) : 1.96 min. MS (M+H+): 472
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[00205] ‘The desied compound was prepared using [5-(6-Chloro-9H-bets-carbolin-8-
ylcarbamoyl)-2, 2-dimethyl-morpholin-4-yl}-acetic acid and 1-methyl piperazine following Method
Fin 12% yield.

'H-NMR (DMSO) § 11.28 (1H, ), 10.35 (1H, s), 9.01 (1K,5), 837 (1H, 5), 821-8.15 (2H, m), 7.9
(1H, s), 3.89 (2H, m), 3.7 (5H, m), 3.1 (2H, m), 2.85 (ZH, m), 2.49 (3H, &), 2.4 (3H, m), 1.2 (3H, &),
1.16 (3H, s). Retention time (LC, method: ammonium acetate standard): 1.34 min. MS (M+H+):
500

74: 4-[2- i 1- olin-4-y1)- -6.6-dimethy]-
lic aci lorg- lin-8-vi)-amid
[00206] The desired compound was prepared using [5{6-Chloro-9H-beta-carbolin-8-
ylcarbamoyl)-2, 2-dimethyl-morphofin-4-yl}-acetic acid and 2,6-dirnethyl morpholine following
Method F. Chromatographic purification gave the desired product in 70-80% yield. ‘H-NMR (300
MHz, CDCls): 5 9.31 (s, 1H), 8.75 (d, 1H), 8.55 (d, 1H), 8.37 (d. 1H), 8.14 (m, 1H), 4.73 (m, 2H),
'4.96 (m, 1H), 4.37 (m, 2H), 3.69 (m, ZH), 3.57 (m, 4H), 2.82 (t, 1H), 2.47 (t, 1), 1.50 (d, 3H), 142

(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

[00207] [5-(6-Chloro-9H-beta-carbolin-8-ylcarbamoyl)-2,2-dimethyl-morphalin-4-yl]-acetic acid
(200 mg, 0.48 mmol) and methyl isonipecotate (137 mg, 130 cL, 0.96 mmol) were digsolved in
pyridine (4 mL) and stirred at room temperature 10 min. EDC was added and the reaction mixture
was allowed to stir at room temperature over night (16 h). Additional methy] isonipecotate (137 ul,
0.96 mmol) was added and the mixture was stirred an additional 24 h. Water (4 mL) was added and
the mixture concentrated. The crude residue was partitioned between ethy! acetate (75 mL) and 1 M
aqueons potassium carbonate (S0 mL). The aqueons phase was back-extracted with additional ethyl
acetate (75 + 50 mL). The combined extracts were washed with water and brine, dried over sodium
sulfate, filtered, concentrated and puriied by silica gel chromatography (methylene
chloride/methenol gradient) to afford the frecbase as a yellow foam (150 mg, 57%). The bis-HCI
salt was prepared by adding 2 equivalents of conc. HCI to an ethanolic solution of the freebase.
Concentration, followed by ether tritaration afforded the salt as a fres-flowing, yellow powder. 'H-
NMR (freebase, 300 MHz, CDCl;) § 11.04 (d, 1 H), 10.48 (d, 1 H), 8.95 (s, 1 H), 8.48 - 831 (m, 2
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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 (s, 3 H), 1.23 (5, 3 H). MS (NH,OAc standard
conditions, ES+) efz. = 542 (M+H)*. DAD R;=1.72 min

arboxylic acid (6-chloro-9H-beta-carbolin-8-v1}-amide-big-hydyochloride salt

[00208] 2.2-Dimethylmorpholine (3.0 g 26.1 mmol) (prepared according to the procedure of
Cottle, DL, et al. J. Org. Chen. 1946, 11, 286-291) was dissolved in dichloromethane (60 mL).
Triethylamine (3.6 mL, 2.66 g, 26.1 mmol) was added and the reaction was cooled to -10°C.
Bromoacetyl chloride (2.2 mL, 4.08 g, 26.1 mmol) was added dropwise and the solution was
warmed slowly to room temperature. The reaction was concentrated to dryness in vacuo, redissolved
in ethyl acetate and passed through a plug of silica gel. The eluant was concentrated to a yellow oil
(3.45 g, 56%) that was carried to the next step. Retention Time (LC, method: ammonium ecetate
standard): 1.20 min. MS (M+H"): 237.

[00209] Intermediate 59 (60 mg, 0.14 mmol) was suspended in dichloromethene (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 apd concentrated to dryness in wacwo. 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%). 'HNMR (300
MHz, MeOH-d,): & 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), 839 (s, 1H), 8.52 (d, 1H), 8.73 (d, 1H), 9.24 (s, 1H).
Retention Time (LC, method: ammonium acetate standard): 1.16 min. MS (M+H"): 514

arboxyvlic ¢ beta-carbolin-8-yI)-amide
[00210] [5-(6-Chloro-9H-beta-carbolin-8-ylcarbamoyl)-2 ,2-dimethyl-morpholin-4-ylJ-acetic acid
(200 mg, 048 mmol), frvns-4-aminocyclohexanol hydrochloride (145 mg, 0.96 mmol) and
diisopropylethylamine (124 mg, 167 ul,, 0.96 mmol) were dissolved in pyridine (4 mL) and stirred at
room temperaturel) min. EDC (184 mg) wes added and the reaction was atisred 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'1M aqueous potassium
carbonsate 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

D=-CIOT0=-Y
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purified by silica gel chromatography (methanol / methylene chloride gradient) to afford pure 4-
[{(trans-4-bydroxy-cyclohexylcarbamoyl)-methyl]-6,6-dimethyl-morpholine-3-carboxylic ecid (6-
chloro-9H-beta-carbolin-8-yl)-amide (148 mg, 59%) as a yellow foam. The bis-HCl salt was
prepared by adding 2 equivelents of conc. HCl to an ethanolic solution of the frechase.
Concentration, followed by ether trituration afforded the salt as a free-flowing, yellow powder. 'H-
NMR (frecbase, 300 MHz, CDCl,) 8 11.71 (br s, 1 H), 1021 (g, 1 H), 9.06 (s, 1 H), 8.45-8.27 (m,
2 H), 8.08 —7.84 (m, 2 H), 6.36 (brs, 1 H), 4.13 —3.81 (m, 3 H), 3.72 - 356 (m, 1H), 3.51 — 3.37
(m 2H),303(d, 1H),279-226(m,5H),2.16-1%4 (m, 4H),154-130(m, 5H), 1.22 (5.3
H). MS (NH,OAc standard conditions, ES+) efz = 514 (M+H)". DAD R; = 1.39 min.

[00211] (ZR.SR)-Z,S-Dmnthyl pyn'ol:dme hydrochlonde (270 mg, 2.0 mmol) (prepared using
the procedure of Masamune, S., et al. J. Org. Chem. 1989, 54, 1756) was dissolved in
dichloromethane (3 mL) and cooled t 0°C. Triethylamine (405 mg, 0.56 mL, 4.0 mmol) was added.
Chloroacetyl chloride (226 mg, 0.16 mlL., 2.0 mmol) was dissolved in dichloromethane {1 mi.) 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 1N HCI 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
camried to the next step without further purification.

[00212] Intrmediate 59 (495 mg, 1.15 mmol) was dissolved in a mixture of acetonitrile (8 mlL)
and water (2 rol). Potassium carbonate (477 mg, 3.45 mmol) was added end the reaction was
warmed to 40 °C. 2-Chloro-1-((ZR,5R)-2,5-dimethyl-pyrrolidin-1-yl)-ethanone (242 mg, 1.38
mmol) (prepared as described shove) was dissolved in acetonitrile (1 mL) and added dropwise. The
reaction was warmed to 80°C and stirmed overnight The reaction was cooled to 40 °C. Sodium
iodide (207 mg, 1.38 mmol) was dissolved in acetone (1 mL) and added in one portion. The reaction
was stirred ovomight at 40°C. The reaction was concentrated in wacuo and diluted with ethyl acetate
(40 mL). The orgsnic layer was extrmacted twice with water, brine then dried over MgSO,. The
organi¢ layer was filtered, and coocentrated to an orange foam in vacuo. Flash column
chromatography (95:5 dichloromethane:methanol) afforded a yellow solid, which was dissolved in
4N HCl/dioxane (1 mL) and concentrated to dryness. Trituration with ether afforded the title
compound as & yellow solid (18 mg, 3%). 'H-NMR (300 MHz, MeOH-d,): 5 1.23 (dd, 6H), 1.38 (s,
3H), 148 (s, 3H), 1.65 (m, ZH), 2.23 (m, 2H), 3.18 (m, 1H), 350 (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 (d, 1H), 9.29 (s, 1H). Retention Time
(LC, method: ammonium acetate standard): 2.02 min. MS (M+H"): 498.
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pe-3-carboxvlic acid (6-chjoro-9H-B-carbolin-8-y)-3
[00213] A solution of 1-{2-[5(6-chloro-9H-f-carbolin-8-ylcarbamoyl)-2,2-dimethyl-morpholin-
4-y[]-acetyl}-piperidine-4-carboxylic acid methyl ester (62 mg, 0.11 mmol) in a mixture of
anhydrous ether and toluene (1 ml: 1ml) was stired at 0° C under Na. To this solution was slowly
added methlymagnesium bromide (3.0 M in ether, 306uL., 0.917mmol). The reaction mixture was
stimed at room temperatire overnight, and then quenched by adding saturated aqueous sodium
bicarbonate. The resulting mixture was further diluted with water (10 ml) and ethy! acetate (30 ml).
The aqueous layer was removed and extracted with ethyl acetate (30x2 ml). The organic layers were
combined, washed with brine, dried over magnesium sulfate, filtered and concentrated to afford a
yellow solid (85 mg). The residue was purified by HPLC, to afford the pure product (13 mg, 20%).
'H-NMR (300 MHz, HCDCl;): 5 10.94 (d, 1 H), 10.47 (d, 1 H), 8.94 (s, 1 H), 8.41 (d, 1 H), 8.32 (d,

1 H), 7.89 — 7.81 (m, 2H), 4.91 (d. 1 H), 4.04 - 3.91 (m, 2 H); 3.64 — 3.57 (m, 1 H), 3.43 (s, 1 B,
3.37-13.31 (m, 1 H), 3.15-2.90 (m, 1 H), 2.77 - 258 (m, 2 H), 2.47 - 241 (m, 1 H), 2.00 - 1.86
(m, 2H), 1.53 - 1.03 (m, 17 H). NH,OAc standard conditions. DAD R = 1.85 min. M+H = 542.

[00214] 4-Oxo-piperidine-1-carboxylic acid tert-butyl eater (5 g, 25 mmol) was dissolved in
tetrahydrofuran (100 mL) and the regulting 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 over night (12 h).
The light orange mixture was concentrated under reduced pressure. The residue was partitioned
between ether and water. The aqueous phase was back-extracted with additional ether. The
combined extracts were washed with water and brine, dred over sodium sulfete, fileered and
concentrated to a pale yellow solid. The solid was triturated with 4% ethyl acetate in hexanes (50
mL) to afford 3,3-dimethyl-4-oxo-piperidine-1-carboxylic acid tert-butyl ester 2s a cream-colored
solid (1.8 g, 32%). 'H-NMR (CDCl, 300 MHz) § 3.73 (t. 2 H), 343 (brs, 2 H), 245 (t, Z H), 1.49
(s, 9H), 1.13 (s, 6 H).

[00215) The 3,3-dimethyl-4-oxo-piperidine-1-cathoxylic acid tert-butyl ester thus prepared (450
mg, 1.97 mmol) was dissolved in methylene chloride (10 mL). Trifluaroacetic acid was added (305
uL) and the resulting solution stirred at room tempegature 2 h.  Additional trifiuoroecetic 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 cther. The solids were collected by
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guction 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 (d-DMSO, 300 MHz) 5 3.44 — 333 (m, 4 H), 2.63
~257 (m, 2 H), 1.11 (5, 6 H).

[00216] [S(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 ul.) were dissolved in pyridine (3 mL) and stirred 10 min.
EDC (92 mg, 0.48 mmol) was added and the mixture was stirred at roomn temperature 4 days. Water
was added (3 mL) and the quenched reaction was concentruted. The residue was partitioned between
ethyl acetate (50 ml) and I M aqueons sodium carbonate (50 mL). The aqueous phase was
extracted with additional ethyl acetate (S0 mL), and the extracts were combined. The extracts were
then washed with water and brine, dried over sodium sulfate, filtered, dried and concentrated under
reduced pressure. The resulting residue was purified by silica gel chromatography (chloroform,
cthyl acetate, methanol gradient), affording 4-[2-(3,3-dimethyl-4-oxo-piperidin-1-yl)-2-oxo-ethyl]-
6,6-dimethyl-morpholine-3-carboxylic acid (6-chloroa-9H-beta-carbolin-8-yl)-amide as s yellow
foam (91 mg, 73%). The bis-HCI salt was prepared by adding 2 equivalents of conc. HC] to an
ethanolic solution of the freebase. Concentration, followed by ether trituration afforded the salt as a
free-flowing, yellow powder. 'H-NMR (CDCls, 300 MHz) § 10.67 (s, 1 H), 10.37 (d, 1 H), 8.93 (s,
1 H), 841 (d, 1 H), 8.15 (dd, 1 H), 7.82 (d, 1 H), 7.71 (d, 1 H), 4.07 — 3.92 (m, 3 H), 3.83 - 3.8% (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,OAc standard conditions, ES+) e/z = 526 (M+H)".

DAD R, = 1.79 min.

[00217] The desired compound wes prepared according to Methods C, E and F from 6-chlaro-4-
methyl-9H--carbolin-8-ylamine (Intermediate 54) and pymolidine. 'H-NMR (300 MHz, MeOD-d4)
89.17(s, 1) 839 (s, 1) 8.26 (d, 1) 8.17 (d, 1) 4.74 —4.52 (m, 3) 447 —4.30 (m, 1) 3.80-3.52 (m, 3)
348334 (m, 4) 3.01 (8, 3) 1.76 — 1.55 (rm, 4) 1.50 (s, 3) 1.43 (s, 3). NFLOAc standard conditions
ELSD Ry =2.01 min. M+H = 498.

[00218] E will be appreciated that compounds of the invention as exemplified generally above
and specifically in Tables 3 and 4 berein may be prepared according to the methods described above.
[00219] Experimental data for certain exemplary compounds has besn provided below in Table
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Compound Number LCME M+1 values
(unless otherwise noted)

84 470
107 556
72 472
108 582
109 542
110 498
1 582
112 570
113 520
66 486
100 514
71 500
114 514
115 557
118 534
117 513
118 489
119 514
120 514
121 541
122 532
123 509
76 514
124 500

125 556
120 500
127 599
77 514
74 514
128 498
129 571
130 488
131 571
70 514
65 484
L) 499
132 508
133 585
67 474
134 499
135 499
138 518
137 523
138 550
13 555
140 494
141 541
142 502
143 541

PCT/US2005/013812
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144 541
145 528
148 485
147 581
148 562
149 524
150 500
151 577
152 542
163 527
154 497
102 590
155 500
156 512
157 514
158 583

169 577
78 642
180 493
169 514
83 598
162 541
163 544
184 513
165 817
186 532
167 472
168 408
78 498
189 514
170 541
71 553
80 526
172 527
173 400
174 501
175 526
178 418
77 512
178 "560
179 468
180 510
181 512
182 555
183 528
184 530
185 818
186 535
187 555
82 488
75 542
188 534"
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|

189 523 (W)
05 460
100 513
191 __58
192 500
103 614
194 568
196 568
9 512
108 542
197 592
198 555
199 568
200 605
201 513
86 498
202 T
90 502
) 504
88 500
81 484
87 498
o1 500
203 500
7] 472
82 458
B4 244
(74 527
204 531
(7] 807
206 507
206 507
68 493

Biglogical Teati .
[00220] Compounds of this invention are effective inhibitors of IxB kinase (TKK), and therefore,
are useful for treating conditions caused or aggravated by the activity of this kinase. The o vitro and
in vivo IxB kinase inhibitory activities of the compounds of formnula I may be determined by various
procedures known in the art. The potent affinities for IxB kinase exhibited by the inventive
compoumds can be measared as an ICy value (in nM), which is the concentration (in nM) of
compound required to provide 50% inhibjtion of IxB kinase.

[00221] Following are examples of assays that can be useful for evaluating and selecting a
compound that modulates IKK.
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[00222] An in vitro assay for detecting and measuring inhibition activity agpinst IxB kinase
complex by candidate pharmacological ageats can employ a polypeptide spanning both Ser? and
Ser® of IxB (SwissProt Accesslon No. P25963, Swiss Instinte of Bioinformatics, Geneve,
Switzerland) and an agent for detection of the phosphorylated product, e.g. a specific antibody
binding only to the phosphorylated form of the polypeptide, being cither monoclonal or polyclonal
(e.g., commercially-available anti-phospho-serine™ IxB entibodies). In the example of detecting the
phosphorylated product by an anti-phosphoserine™ IxB antibody, once the antibody-phospho-
palypeptide complex is formed, the complex can be detected by & variety of analytical methods (e.g.,
radioactivity, Iuminescence, fluorescence, or optical absorbance). For the use of the DELFIA
{Dissociation Enhancement Lanthanide Fluorescence

Immnnoassay) method (time-resolved fluorometry, Perkin Elmer Life and Analytical Sciences Inc.,
Boston, MA), the complex can be immobilized either onto a biotin-binding plate (e.g., Neutravidin
coated plate) and detected with a secondary 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-Furopium). The level of activity can be correlated with a standard curve
using synthetic phosphopeptides comesponding to the substrate polypeptide. How to prepare
materials for and conduct this assay are described in more detail below.

Igolation of the IxB kinage complex

[00223] An IxB-a kinase compiex was prepared by first diluting 10 ml of HeLa S3 cell-extracts
5100 fraction (Lee et ol (1997) Cell 88:213-222) with 40 ml of 50 mM HEPES pH 7.5. Then, 40%
smmonium sulfate wes added and incubated on ice for 30 minutes. The resulting precipitated pellet
wastedimlvedurithmlofSECbuffu-\(SOmMHEPESpHTS,lmMD'IT.O.SmMEDTA. 10
mM 2-glycerophosphate), clarified by centrifugation at 20,000 x g for 15 min., and filtrated through a
022 pm filter unit. The sample was loaded onto a 320 ml SUPEROSE-6 gel filtration FPLC column
(Amersham Biosciences AB, Uppsala, Sweden) equilibrated with a SEC buffer operated at 2 ml/min
flow mte at 4 °C. PFractions spanning the 670-kDa molecular-weight marker were pooled for
activation. A kinase-containing pool was then activated by incubation with 100 ntM MEKK1A(Lee er
el (1997) Cell 88:213-222), 250 uM MgATP, 10 mM MgCh, 5 mM DIT, 10 mM 2-
glycerophosphate, 2.5 gM Microcystin-LR, for 45 minutes at 37 °C. The activated enzyme was
stored at  ~-80 °C until further use.

Mepsurement of IxB kinase phogpho-transferase activit

[00224] At the per well of a 96 well plate, cornpounds of various concentrations in 5 uL of 20%
DMSO were preincubated for 30 minutes at 25 °C with 40 L of activated enzyme diluted 1:25 with
assay buffer (S50 mM Hepes pH 7.5, 5 mM DTT, 10 mM MgCl,, 10 mM 2-glycerophosphate, 2 uM
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Microcystin-LR, 0.1% Bovine Serum Albumin). 5 pL of peptide substrate (biotin-(CHas-
DRHDSGLD(phosphoS)MKD-CONH;) at 200 uM + 500 pM ATP were added to each well and
incubated for 1 hour before quenching with SO pL of 50 mM Hepes pH 7.5, 0.1% BSA, 100 mM
EDTA. 5 ulL of quenched kinase reaction were transferred to a Protein A plate (Pierce
Biotechnology, Inc., Rockford, IL, USA) containing 90 uL of anti-phospho 1kB $32/836 antibody
(Cell Signaling Technologies Beverly, MA, USA) at 2 pg/ml. Samples were incubated for 2 hours
with shaking. Following 3 washes with PBS + 0.05% Tween20, 90 uL of streptavidin linked
europium chelate (Perkin Elmer Life and Analytical Sciences, Boston, MA, USA) at 0.1 ug/ml were
added to each well and incubated for | hour with shaking. Following 3 washes with PBS + 0.05%
Tween20, 100 pul of DELFIA Enhancement Solution (Perkin Elmer Life and Analytical Sciences,
Boston, MA, USA) were added to each well. An europium signal was read with an excitation of 330
oM and emission of 615 oM on a Wallac Victor plate reader (Perkin Elmer Life and Analytical
Sclenoes. Boston, MA). As the assay was previously shown to be linear with rupect to enzyme
concentration and time for the enzyme dilution tested, levels of europivm signal were used to
determine the inhibition activity of candidate Pharmacclogical agents.

[00225] The compounds of the invention were active inhibitors of the IKK complex. It will be
appreciated that compounds of this invention can exhibit IxB kinase inhibitor activities of varying
degrees. Following assay procedures such as the in vitro and cell-baged assays deacribed herein, the
IxB kinase inhibition average ICs, velues 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.

[00226] RMBZZGmdUZGﬁhummccllsmobnmdfmmAnmcmTypeoﬂm
Collection (Manassas, VA). All MM cell lines were cultured in RPMI-1640 conteining 10% fetal
bovine serum (FBS, Sigma-Aldrich Co., St Louis, MO), 2 mM L-glutamine, 100 U/mL. penicillin
(Pen) and 100 pg/ml. streptomycin (Strep) (GIBCO brand cell cuiture products available from
Invitrogen Life Technologies, Carlsbad, CA). Patient-derived MM cells were purified from patient
bone roammow (BM) aspimates using ROSETTESEP (B cell earichment kif) separation system
(SemCell Technologies, Vancouver, Canada). The purity of MM cells was confirmed by flow
cytometry using PE-conjugated anti-CD138 antibody (BD Biosciences, Bedford, MA).

Bone Marrow Stromg Cell cyltures
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[00227] Bone marrow (BM) specimens were obtained from patients with MM. Mononuclear cells
(MNCs) separated by Ficoll-Hipague density sedimentation were used to established long-term BM
culres as previowsly described (Uchiyama e al, Blood 1993, 82:3712-3720). Cells were harvested
in Hank’ Buffered Saline Solution (HBSS) containing 0.25% trypein and 0.02% EDTA, washed, and
collected by centrifugation.

| Proliferation via thesis cate
[00228) Proliferation was measared &5 previously described (Hideshima er al, Blood 96:2943
(2000)). MM cells (3 x 10* cells/well) were incubated in 96-well culture plates (Coming Life
Sciences, Coming, 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) incorparation into dividing cells. Cells were
pulsed with {*HJTdR (0.5 pCi/well) during the last 8 h of 48 h cultres. All experiments were

performed in miplicate.

Viahjli a
'[00229] The inhibitory effect of the present compounds on MM growth was assessed by
measuing the reduction of yellow teazoliom MTT (344, 5-dimethylthiazolyl2)2, 5-
gipi:mylnemzo]ium bromide} by metabolically active cells (J. Immunol. Methods 174: 311-320,
1994). Cells from 48 h cultures were puised with 10 pL of 5 mg/ml; MTT to each well for the lest 4 h
of the 48 h cultures, followed by 100 uL isopropanol containing 0.04N HCl. Absorbance was
measured at 570 nm using a spectrophotometer (Molecular Devices Corp., Sunnyvale CA).

[00230] Electrophoretic mobility shift analyses (EMSA) were carried out as previously described
(Hideshima e al., Oncogene 2001, 204519). Briefly, MM cells were pro-incubated with an IKK
inhibitor of this invention (10 pM for 90 min) before stimnlation with TNF-c (5 ng/mL) for 10 o 20
min. Cells were then pelleted, resuspended in 400 uL. of hypotonic lysis buffer (20 mM HEPES, pH
79, 10 mM KCl, 1 mM EDTA, 02% Triton X-100, 1 mM NsVQ,, 5 mM NaF, 1 mM PMSF, 5
pg/mL leupeptin, 5 pg/ml. aprotinin), and kept on ice for 20 min. After centrifugation (14000g for 5
min) at 4°C, the mclear pellot was extracted with 100 L hypertoaic lysis buffer (20 mM HEPES, pH
79, 400 mM NaC], 1 mM EDTA, 1 mM NayVO,, 5 mM NeF, 1 mM PMSF, 5 pg/mL leupeptin, 5
Mg/mlL aprotinin) on ice for 20 min. After centrifugation (14000g for 5 min) at 4°C, the supernatant
was collected as muclesr extract. Double-stranded NF-xB congensus oligonucleotide probe (5
GGGGACTTYICCC-3', Santa Cruz Biotechnology Inc, Samta Cruz CA) was end-labeled with
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[(PPIATP (50 uCi at 222 TBg/mM; New England Nuclear division of Perkin Elmer Life and
Analytical Sciences, Boston, MA). Binding reactions containing 1 ng of oligonucleotide and 5 g of
nuclear protein were conducted at room temperature for 20 min in a total volume of 10 pl. of binding
buffer (10 mM Tris-HCl, pH 7.5, 50 mM NaCl, 1 mM MgCl,, 0.5 mM EDTA, 0.5 mM DTT, 4%
glycerol {v/v), and 05 pg poly (dI-dC) (Amersham Biosciences AB, Uppsala, Sweden). For
sopershift analysis, 1 pg of anti-p65 NF-xB Ab was added 5 min before the reaction mixtures,
immediately after addition of radiolabeled probe. The samples were loaded onto a 4%
polyecrylamide gel, transferred to Whatman paper (Whatman Intemnational, Maidstoae, U.K), and
visualized by autoradiography.

[00231] ABC-like (L'Y3 and Ly10) and GCB-like (Ly7 and Ly19) 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 ovemight in Iscove's DMEM medium + 0.5% FBS ovemight before plated in proliferation
assay. On the day of the assay, cells were counted and viability was checked using Trypan Blue
staining. For the Ly3 and Lyl0 cells, 5000 cell were plated in GM per well in a 96-well piate. The
Ly7 and Ly19 cells were plated at 10,000 cells per well. IKK inhibjtors were first dissolved in
DMSO and then diluted in GM to reach the final concentrations of 80 pM - 0.01 pM. Each
concentration was plated in triplicate. Cell viability was determined using & standard WST-1 cell
viability aggay (Roche Applied Science, Indianapolis, IN).

[oom] HumPBMCwupmﬂedﬁomncrmﬂdmmwholoblmdbyﬁcoﬂmmmﬂmi
Afver a PBS wash, PBMC were re-suspended in AIM-V medium. Serially diluted IKX inhibitors of
this invention in 100% DMSO was added at 1 ! 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 stimmlated with 20 i of either with LPS (100 ng/ml) or with anti-CD3 (0.25
pg/ml) and anti-CD28 (0.25pg/ml) (Pharmingen division of BD Biosciences, Bedford, MA) at 37°C
for 5 hours. The supematants were collected and assessed for IL-1f) or TNF—«: release using standard
commercially availsble ELISA kits. '

[00233] Human chondrocyts 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 Tnvitrogen Life Technologies, Carlsbad, CA) and 1% Pen/Strep (GIBCO).
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Cells were seeded in 96-well Poly-D-Lysine plate (BD BIOCOAT, Black/Clear bottom, BD
Biosciences, Bedford, MA). Serially diluted IKK inhibitors at 1 il were added to each well of 96-
well plates and mixed with 180 pl 4.5 X 10° chondrocytes per well. After pre-incubsting cells with
compounds for 1 hr at 37°C, cells were stinmlated with 20 ul IL-18 (10 ng/mL, R&D Systems Inc.) at
37°C for 24 hrs. The supematants were then collected and assessed for production of matrix
metalloproteinases (MMPE) using copmmercially available ELISA kits.

H b Like Synovi

[00234] HFLS isolated from RA synovial tissues obtained at joint replacement surgery was
provided by Cell Applicafions Inc. (San Diego, CA). IKK iphibitors of the invention were tested for
their ability to block the TNF- or IL-1P-induced release of IL6 or IL-8 from these cells using
commercially available ELISA kits. Cell culture conditions and assay methods were described in
Aupperle et al., Jownal of Immunology, 163:427-433 (1999). '

Humag Cord Blood Degjved Magg Cell Agsay
[00235] .Human cord blood was obtained from Cambrex (Walkersville, MD). Mast cells were
differentiated and cultured in 2 manner similar to that described by Hasich 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 TNFa release using commercially available BLISA kits.

d Punctiona B
[00236) NBHuman osteoclast precursors were obtained as cryopreserved form from Cambrex
(Walkersville, MD). The cells were differentiated in culture based on instructions from the
manufacturer. IKK inhibitors of the invention were tested for their ability to block the differentiation,
bone resorption and collagen degradation as described previously (see Khapli, 8. M., Journal of
Immunol, 171:142-151 (2003); Karsdel, M. A., J Bigl Chem, 278:44975-44987 (2003); and Takarmi,
M., Journal of Immunol, 169:1516-1523 (2002)).

Rat Models for RE id Arthrit
[00237] Certain compounds of this invention were found to be active in one or more rat models
for theumatoid arthritie. Such testing is known in the literature and inchde a standard rat LPS model
as described in Conway et al., “Inhibition of Tumor Necrosis Factor-a (TNF-a) Production and
Arthritis in the Rat by GW3333, a Dual Inhibitor of TNF—Converting Enzyme and Matrix
Mezslloproteinases”, J. Pharmacol. Exp. Ther. 2983), 900-908 (2001); a rat adjuvant induced
arthritis mode} as described in Pharmacological Methods in the Control of Inflammation (1989) p
363-380 “Rat Adjuvant Arthritis: A Modsl of Chronic Inflammation" Barry M. Weichman author of
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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 A. Bendele, J. McComb, T. Gould, T. McAbee, G. Sennello, E. Chlipala and M. Guy.
Toxicologic Pathology Vol 27 (1) 134-142.

[00238] Based on the results of one or more rat models such as the ones described above,
compounds of forrula [I-C were found to be surprisingly superior compared to other compounds
where Ring A is a pyridine ring. Also in the rat models, compounds of formmla II-A-a, especially
compounds of formula I1-A-aa, were found to be surprisingly superior compared to other compounds
where Ring A is a morpholine ring.

[00239] While we have described a number of embodiments of this invention, it is apparent that
our basic examples 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 then by the specific embodiments, which have been represented
by way of example.
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1. A compound of formula INi-A-aa:

or a pharmaceuntically acceptable salt thereof wherein,
Qis ~CHy or -CHR)-~;
G is -NR'R’ or a 3-10 membered monocyclic or bicyclic heterocyclyl ring that is optionally
substituted by 1-4 R';
R! is hydrogen, halo, C,.; alkyl, amino, or (C;. alkyl), ; amino;
R%is hydrogen, halo, C; ., aliphatic, C alkoxy, or C;.3 haloalkyl;
R? is hydrogen, halo, C, 3 aliphatic, C).z alkoxy, or C;.; haloalkyl;
R* is hydrogen or optionally substituted C; ¢ aliphatic;
R'is:
a) an optionally substituted group selected from aryl, heteroaryl, heterocyclyl, or
carbocyclyl, or
b} a C, s aliphatic group that is optionally substituted by:
halo, -OR", -CN, -SR", -S(O);R?, -C(O)R", -COR", -N(R"), -C(O)NR™;, -
NRC(OR, -NRHCOR", -SO,NR™,, -NR'SOR’, -NRYC(O)NR"), or an aryl,
heteroaryl, heterocyclyl, or carbocyclyl group that is optionally further substituted by
Cy galiphatic, -CF, halo, -OR’, -CN, -SR", -S(O)R", -C(O)R”, -COR’, -N(R™,,
-C(O)N®R), -NRYC(O)R, -NRNCOR", -SO;NR™,, -NR'SO;R,
“NRCONRD,;
each R® is independently selected from hydrogen or a C,.¢aliphatic;
each R’ is independently selected from hydrogen or 2n optionally substituted Cy aliphatic, ar
two R’ on the same nitrogen atom are taken together with the nitrogen to form an optionally
substituted 3-6 membered heteroaryl or heterocyclyl ring;
each R™ ia independently selected from hydrogen or an optionally substituted group selected
from Cy.4 aliphatic, aryl, heteroaryl, heterocyclyl, or Myl. or two R™ on the same nitrogen
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atom are taken together with the pitrogen to form an optionally substituted 3-6 membered hetsroaryl
or heterocyclyl ring;

each R? is independeatly an optionally subgtituted C,.4 aliphatic;

each R® is independently an optionally substituted group selected from C, 4 aliphatic, aryl,
heteroaryl, heterocyclyl, or carbocyclyl;

R? is a C, s aliphatic;

each R™ is independently selected from =0, R¥, T-R, or V-T-R", or two occurrences of
R", taken together with the atom(s) to which they are bound, form an optionally substituted
monocyclic or bicyclic 3-8-membered aryl, heteroaryl, heterocyclyl, or carbocyclyl ring;

each R" is independently selected from -CF, halo, -OR™, -CN, -SR%, -S(O),R"™, -C{O)R™,
-COR™, -N(R™), -CONR™);, -NR)C(O)R™, - #R"YCOR™, -SON(R™),. -NR")SOR™,
-NR)C(O)N(R™), or an optionally substituted group selected from C,qaliphatic, aryl, heteroaryl,
heterocyclyl or carbocyclyl;

T is a straight or branched C,, alkylene chain; and

V is -O-, -N(R")-, -S-, -8(0)-, -8(0);-, -C(0)-, or -CO5-.

2. A compound of formula III-A-aa:

or a pharmaceutically acceptable salt thereof wherein,

Qis -CHy or -CHR®-;

G is -NR*R’ or a 3-7 membered heterocyelyl ring that is optionally substituted by 14 R';

R!' is hydrogen, halo, C,.3 alkyl, amino, or (C,.2 alkyl); ;amino;

R?is hydrogen, halo, C, zaliphatic, C,.aalkoxy, or Cyzhaloalkyl;

R’ is hydrogen, halo, Cy; aliphatic, Cy.; alkoxy, or Cy.; haloalkyl;

R! is hydrogen or C).¢ aliphatic;

R’ is a C, 4 aliphatic group that is optionally substituted by halo, -OR”, -CN, -SRY, -S(O)R",
-C(O)R’, -COR’, -N(R, -C(OINR "), -NRIC(O)R’, -NR"YCOR", or -NRHC(ONR™;;
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each R® is independently selected from hydrogen or a C,.¢aliphatic;

each R is independently selected from hydrogen or Cy. 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 a C, 5 aliphatic;

each R is independently selected from =0, R", T-R", ar V-T-R";

each R" is independently selected from C, ¢ aliphatic, -CFs, halo, -OR’, -CN, -SR®, -S(O):R®,
-C(O)R’, -COR’, -N(R"),, -C(O)NR)s, -NRNC(O)R’, -NRHCO:R’, or -NRIC(OINR)y;

T is a straight or bramched C; 4 alkylene chain; and

V ig-0-, -NR")-, -§-, -8(0)-, -S(0)-, -C(O)-, or -CO~-.

3. A compound of formula ITI-A-aa:

II-A-an

or a pharmaceutically acceptable salt thereof wherein,

Qis—CHy- or -CH®R’)-;

G is -NR*R’ or a 3-7 membered heterocycly! ring that is optionally substitated by 1-2 R'®;

R! is hydrogen, halo, C.z alkyl, amino, or (C; alkyl);amino;

R?is hydrogen, halo, C,.; aliphatic, Cy.alkoxy, or C;.zhaloalkyl;

R® is hydrogen, halo, C,.; aliphatic, C,.zalkoxy, or C;; haloalkyl;

R* is hydrogen or C,.¢aliphatic;

R’ is a C,.saliphatic proup that is optionally substituted by halo, -OR’, -CN, -SR*, -S(O)R",
~C(O)R, -CO;R’, -N(R"z, -C(OINR "), -NR)C(O)R’, -N(R)ICO:R", or -NRYC(O)NR);

each R® is independently selected from hydrogen ar a C;.¢aliphatic;

each R is independently selected from hydrogen or C.4 aliphatic, or two R7 on the same
nitrogen atom are taken together with the nitrogen to form a 5-6 membered heteroary] or heterocyclyl
ring;
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each R® is independently C, 4 aliphatic;

R’ is a C,aliphatic;

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

each R" is independently selected from Cy.¢ aliphatic, hato, -OR’, -CN, -SR®, -S(O)R®, -
C(O)R’, -COR’, -NR");, -C(O)N(R), -NRNC(OR’, -NR"COR’, or -NRC(O)NR;

T is a straight or branched C,, slkylene chain; and

V i§ ~O-, -N@®)-, -S-, -S(O), -S(0), -C{0)-, or -COy-.

4, The compound of claim 1, 2, or 3, wherein the heterocyclyl ring represented by G is 2
nitrogen-containing heterocyclyl ring.

3. The compound of claim 1, 2, or 3, wherein the heterocyclyl ring represented by G is »
nitrogen-containing N-linked heterocyclyl ring. '

6. The compound of claim 1 wherein:
Qis-CHy;
G is -NR*R® or 2 3-10 membered monocyclic or bicyclic heterocyclyl ring that is optionally
substituted by 14 R';
R' is hydrogen, halo, C; alkyl, amino, or (Cy.; alkyl), ; amino;
R?is hydrogen, halo, C.4 aliphatic, C; 3alkoxy, or C;.zhaloalkyi;
R? is hydrogen, halo, C; 1 aliphatic, C zalkoxy, or C,.3 haloalkyi;
R* is hydrogen or C;.¢aliphatic;
RYis:
! a) an optionally substituted group selected from aryl, heteroaryl, heterocyclyl, or
carbocyclyl, or
b) a C, ¢aliphatic group that is optionally substituted by:
halo, -OR’, -CN, -SR’, -S(O%R", -C(O)R’, -COR’, -NR"),, -C(O)N(R")», -
NR)C(OIR', -NRHCO:R", -SONR’),, -NR'SOR’, -NR)C(O)NR),, or an aryl,
heteroaryl, heterocyclyl, or carbocyclyl group that is optionally further substituted by
C.qaliphatic, -CF, halo, -OR’, -CN, -SR’, -S(O)R’, -C(O)R’, -COR’, -N(R",,
-CO)NR s, -NER(O)R’, -NRICOR", -SO,NR");, -NR'SO;R’,
NRYC(OINR):
each R® is independently selected from hydrogen ar a C, 5 aliphatic group;
each R’ is independently sclected from hydrogen or an optionally substituted C,.4 aliphatic, or
two R’ on the same nitrogen atom are taken together with the nitrogen to form an opticnally
substituted 3-6 membered heteroaryl or heterocyclyl ring:
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each R™ is independently selected from hydrogen or an optionally substitted group selected
from C, 4 aliphatic, aryl, heteroaryl, heterocyclyl, or carbocyclyl, or two R™ on the same nitrogen
atom are taken together with the nitrogen to form an optionally substituted 3-6 membered heteroaryl
ar heterocyclyl ring;

each R® is independently an optionally substitated C,_, aliphatic;

each R™ is independently an optionally substituted group selected from C,. aliphatic, aryl,
heteroaryl, heterocyelyl, or carbocyclyl;

each R" is independently selected from =0, R", T-R", or V-T-R", or two occurrences of
RY, taken together with the atom{s) to which they are bound, form an optionally substituted
monocyclic or bicyclic 3-8-membered ary), heteroaryl, heterocyclyl, or carbocyclyl ring;

each R"! is independently selected from -CF,, halo, -OR™, -CN, -SR®, -S(0):R™, -C(O)R™,
-COR™, -NR™),, -C{OINR™), NRC(O)R™, -NR)COR™, -SONR™), -NR')SOR™,
-NR")C(O)N®R™), or an optionally substituted group selected from C, ¢aliphatic, aryl, heteroaryi,
heterocyclyl or carbocyclyl;

T ig & straight or branched C; 4 alkylene chain; and

V is —-O-, -NR)-, -8-, -S(0)-, -S(0)s-, -C(O)-, or COx-.

7. ‘The compound of claim 3 wherein:

Qis -CHz;

G is —NR*R’ or a 5-6 membered heterocyclyl ring that is optionally substituted by 1-2 R';

R! is hydrogen, halo, Cy.3 alkyl, amino, or (C).3 alkyl);.2amino;

R?is hydmgen, halo, Cy.3 aliphatic, Cy.g alkoxy, or C;.zhaloalkyl;

R! is hydrogen, halo, C 4 aliphatic, C, ; alkoxy, or C,.2 haloalkyl;

R* is hydrogen or C;.saliphatic;

R’ is a C, s aliphatic group that is optionally substituted by halo, -OR’, -CN, -SR*, -S(O)R”,
-C(O)R", -CO,R”, -N(R"), -C(ONR")z, -NRHC(O)R, -NR)COR?, or -NR"YC(O)NR")z:

each R® i3 independently selected from hydrogen or a C, s liphatic group;

each R’ ia independently selected from hydrogen or C,4aliphatic, 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;

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

each R" is independently selected from C,.q aliphatic, halo, -OR’, -CN, -SR®, -S(O)R’, -
C(OR’, -COR’, -N(R"),, -C(OIN(RM, -NRYC(O)R', -NR"YCO,R’, or -NRIC(O)NR" )

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

V is —-O-, -N(R")-, -S-, -8(0)-, -S(O)x, -C(O)-, or -COr~.
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8. The compound of claim 6 wherein:
Qis -CHy;
G is -NR*R’ or a 5-6 membered heterocycly! ring that is optionally substituted by 1-4 R';
R' is hydrogen, halo, or methyl, amino, or (C, 5 alkyl); ; amino;
R?is hydrogen, halo, C,aliphatic, or C,.z haloalkyl;
R’ is hydrogen, halo, or C»alkoxy;
R® is hydrogen or C\.saliphatic;
R? is:
a) an optionally substituted group selected from aryl, heteroaryl, heterocyclyl, or
carbocyclyl, or
b) a C,4aliphatic group that is optionally substituted by:
halo, -OR’, -CN, -SR", -S(O),R®, -C(O)R’, -COR’, -N(R™), -C(OINR™,, -
NRNC(O)R, NR"YCOR", -SON(R"),, -NR'SOR’, -NRYC(O)NR),, or an aryl,
heteroaryl, heterocyclyl, or carbocyely] group that is optionally further substituted by
C,.caliphatic, -CF, halo, -OR’, -CN, -SR", -S(O)R?, -C(O)R?, -COR”, -N(R),
-C(O)N(R™,, -NRIC(O)R, -N(R"YCO,R?, -SO,N(R"),, -NR'SO;R’,
NR)CONR";
R® is hydrogen or methyl;
each R is independently selected from hydrogen or an optionally substituted C, . aliphatic, or
two R’ on the same nitrogen atom are taken together with the nitrogen to form an optionally
substituted 3-6 membered heteroaryl or heterocyclyl ring;
each R™ is independently selected from hydrogen or an optionally substituted group selected
from Cy 4 aliphatic, aryl, heteroaryl, heterocyclyl, or carbocyclyl, or two R™ on the same nitrogen
atom sre taken together with the nitrogen to form an optionally substituted 3-6 membered heteroaryl
or heterocyclyl ring;
cach R® is independently an optionally substituted C, 4 aliphatic;
each R™ is independently an optionally substituted group selected from C,. aliphatic, aryl,
heteroaryl, heterocyclyl, aor carbocyclyl;
each R™ is indspendently selected from =0, R", T-R"", or V-T-R", or two occurrences of
RY, taken together with the atom(g) to which they are bound, form an optionally substituted
monocyclic or bicyclic 3-8-membered aryl, heteroaryl, heterocyclyl, or carbocyclyl ring;
each R" is independently selected from -CF, halo, -OR™, -CN, -SR™, -S(0).R%, -C(O)R™,
-COR™, -N(R™);, -C(OINR™), -NRYC(OIR™, -NRYCO,R™, -SONR™);, -NRHSOR™,
-N(R')C(O)Nﬂl"), or an optionally substituted group selected from C, galiphatic, aryl, hetercaryl,
heterocyclyl or carbocyclyl;
T is & straight or branched C, 4 alkylene chain; and
V is —O-, -NR")-, -S-, -5(0)-, -S(0)z-, -C(Q)-, or -CO;-.
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9. The compound of claim 7 wherein:

Qis-CHx-;

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

R' is hydrogen, halo, or methyl, amino, or (C, 5 aliyl), ;amino;

R2is hydrogen, halo, C, ; aliphatic, or Cy.; haloalkyl;

R? is hydrogen, halo, or C, .2 alipbatic;

R* is hydrogen or C,.¢aliphatic;

R’ is a C,¢aliphatic group that is optionally substituted by halo, -OR’, -CN, -SR?, -S(ORR®,
~C(O)R’, -COR’, -N(R")3, -C(O)NR")z, NRYC(O)R’, -NRNCO:R?, or -NRHCIONR;

R™ is hydrogen or methyl; '

each R’ is independently selected from hydrogen or C, aliphatic, or two R7 on the same
nitrogen atom are taken together with the nitrogen to form a 5-6 membered heteroaryl or heterocyclyl
ring;

R is C;.aliphatic;

each R" is independently selected from R, T-R", or V-T-R";

each R" is independently selected from C, ¢ aliphatic, halo, -OR’, -CN, -SR?, -S(O4R?, -
C(OR’, -COR’, -NR™,, -CLOINR");, -NRNC(OR, -NRICO,R’, or -NRIC(OIN(R");

'T is a straight or branched C,., alkylene chain; and

V is -O-, -N(R")-, -§-, -S(0)-, -8(0)z-, -C(0)-, or -CO-.

10.  The compound of claim 8, wherein the compound is (S)-1II-A-an.

11.  The compound of claim 9, wherein the compound is (S)-III-A-an.

12.  The compoumnd of claim 10 wherein:
G is -NR'R’ or a 5-6 membered monocyelic or bicyelic heterocyclyl ring that is optionally
substitnted by 1-4 R™®;
R! is hydrogen, halo ar methyl;
R?is hydrogen, halo, C;4 aliphatic, C).zalkoxy, or C,.; haloalkyl;
R’ is hydrogen;
R* is hydrogen or C, saliphatic;
R’ is:
a) an optionally substituted group selected from aryl, heteroaryl, heterocyclyl, or
carbocyclyl, or
b) a C, ¢ aliphatic group thet is optionally substituted by:
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halo, -OR’, -CN, -SR", -S(0):R?, -C(O)R’, -COR’, -N@R"),, -C(O)NR™,, -
NR"YC(O)R’, -NR"COR", -SO:NR?),, -NR'SOR’, -NR"YC(OIN(R;, o an aryl,
heteroaryl, heterocyclyl, or carbocyclyl group that is optionally further substimted by *
Cycaliphatic, -CFa, halo, -OR’, -CN, -SR?, -S(O),R’, -C(O}R?, -CO:R", -NR™,,
~C(O)NR")2, -NRC(O)R", -NRHCO,R", -SO:N(R")2, -NR’SO,R’,
-NR"YC(OINR™;
R® is hydrogen or methyl;
each R’ is independently selected from hydrogen or an optionally substituted C, 4 aliphatic, or
two R’ on the same nitrogen atom are taken together with the nitrogen to form an optionally
substituted 3-6 membered heteroaryl or heterocyclyl ring;
each R™ is independently selected from hydrogen or an optionally substitated group selected
from C,., aliphatic, aryl, heteroaryl, heterocyelyl, or carbocyclyl, or two R™ on the same nitrogen
atom are taken together with the nitrogen to form an optionally substituted 3-6 membered heteroaryl
or heterocyclyl ring;
each R’ is independently an optionally substituted C, , aliphatic;
each R™ i independently an optionally substituted group selected from C,. aliphatic, aryl.
heteroaryl, heterocyclyl, or carbocyclyl;
each R"° is independently selected from =0, ', T-R", or V-T-R", ar two occurrences of
RY, taken together with the atom(s) to which they are bound, form an optionally substitated
monocyclic or bicyclic 3-8-mambered aryl, beteroaryl, heteracyclyl, or carbocyclyl ring;
each R"! is independently selected from -CE, halo, -OR™, -CN, -SR™, -S(O)}R™, -C(O)R™,
-CO.R™, -N(R™);, -C(O)N(R™,, -NR)C(O)R™, -NR"CO,R™, -SONR™),, -NR"ISOR™,
-NRHC{O)N(R™); or an optionally substituted group selected from C, galiphatic, aryl, heteroaryl,
heterocyclyl or carbocycelyl;
T is a straight or branched C, alkylene chain; and
V is —-O-, -N(R")-, -S-, -S(0)-, -S(0)s~, <C(O)-, or -CO;-.

13. . The compound of claim 11 wherein:

G is -NR'R’ or 2 5-6 membered heterocyclyl ring that is optionally substituted by 1-2 R'%;

R!' is hydrogen, halo or methyl;

R?is hydrogen, halo, Cy.yaliphatic, Cy.3alkoxy, or C)zhaloalkyl;

R’ is hydrogen;

R‘ is hydrogen or Cy.galiphatic;

R is a C,saliphatic group that is optionally substituted by halo, -OR?, -CN, -SR®, -S(O}R",
-C(O)R", -COR’, -N(R"), -C(OINR™), -NR"IC(O)R”, -NRNCO;R®, or -NR"YC(OINR");

R® is hydrogen or methyl;
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cach 7 is independently selected from hydrogen ar Cy 4 eliphatic, or two R” on the same
nitrogen atom are taken together with the nitrogen to form & 5-6 membered heteroaryl or heterocyclyl
ring;

R is C,, aliphatic;

each R is independently selected fromR", T-R", or V-T-R;

each R" ig independently selected from C,.s aliphatic, halo, -OR?, -CN, -SR', -S(0),R", -
C(O)R’, -CO.R’, -N(R";, -CONR™),, -NRHC(O)R, -NR"YCOR’, or -NRYC(ONR");;

T is a straight or branched C,, alkylene chain; and

V is -0, -NR™, -S-, -S(0)-, -S(0)s-, -C(O)-, or -CO>-.

14. The compound of claim 13, wherein G is selected from an optionally substituted piperidinyl,
piperazinyl, morpholiny], pyrrolidinyl, or -NR‘R?; R* ia hydrogen or C,.¢ aliphatic; and R’ is Cy.4
aliphatic, 5-6 membered heterocyclyl, or C; ¢hydroxyalkyl.

15.  The compound of claim 14, wherein the optionally substituted piperidinyl, piperazinyl,
morpholinyl, or pyrrolidiny] group is optionally substituted N-piperidinyl, N-piperazinyl, N-
morpholinyl, or N-pyrrolidinyl.

16.  The compound of claim 14 where:

G is unsubstituted or substituted by 1-2 groups independently selected from the group
consisting of: C, 5 elkyl, HO-alkyl, alkoxycarbonyl, mono- or dialkylaminocarbonyl, and HQ,C-alkyl;
and ]

R® is methyl.

17. A compound, or a pharmaceutically acceptable salt thereof, selected from:

ge g
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19. A pharmaceutical composition comprising & compound of claim 1,2, 0r 3, and a
pharmaceutically acceptable carrier.

20. A moethod of treating an inflammatory disease or immune-related disease in a patient
comprising administering to seid patient a therapeutically effective amount of & compound of claim 1,
2,orl

21. The method of claim 20 wherein the digease is theumatoid arthritis, asthma, psoriasis,

peoriatic arthritis, chronic obstructive pulmonary disease, inflammatory bowel disease, or muitiple
sclerosis. .

22.  The method of claim 19, wherein the disease is rheumatoid arthritis, multiple sclerosis,
asthma, or chronic obstructive pulmonary disease.

23. A method of treating cancer in a patient comprising administering to said patient a
therapeutically effective amount of a compound of claim 1, 2, or 3.

24 The method of claim 23 wherein the cancer is lymphoma, multiple myeloma, nsteolytic bone
metastasis, head or neck cancer, lung cancer, prostate cancer, or pancreatic cancer. '

25.  The method of claim 22 wherein the cancer is a lymphoma.

26. A method of inhibiting IKK in a patient comprising administering to said patient a compound
ofclaim1,2, or3.

27. A method of inhibiting IKK in a biological sample comprising contacting said sample with a
compound of claim 1, 2, or 3.
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A-pa:

en la que Q es —CHz- 0 —CH(R?)-; G es -NR*R® o un anillo de heterociclilo de 3-7
miembros que est4 opcionalmente sustituido con 1-2 R'%; R® es preferiblemente hidrégeno
o metilo; y R1, R2, R3, R4, RS, y R6b son como se han descrito en la memoria descriptiva.
Los compuestos son inhibidores de IKK-2 tales como enfermedades inflamatorias y céncer.
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BETA-CARBOLI )
INFLAMATORI

Campo de la Invencién

Esta invencién se refiera a compuestos de beta-carbolina, a
composiciones farmacéuticas de los mismos y a métodos para usar las
composiciones para tratar enfermedades. Las compuestos son particularmente
utites para el tratamiento de enfermedades inflamatorias y cancer.
Antecedentes de la |nvencion

El factor de transcripcién (nuciear) NF-xB es un miembro de la familla de
proteinas Rel y tipicamente es un heterodimero compuesto por las
subunidades p50 y p65. NF-«xB ests presente constitutivamente en el citosol y
se inactiva por asociacién con una de las famillas de inhibidores da IxB.
Palombella at al, documento WO 95/25533, ensefia que la ruta de ubiquitina-
proteasoma juega un papel esencial en la regulacidn de la actividad de NF-xB,
siendo respansable del procesado de p105 a p50 y de ia degradacién de la
protelna inhibidora IxB-a. Chen et al., Cell 84: 853 (1996), ensefia que antes de
la degradacién, IxB-a experimenta ia fosforilacién selectiva en los restos de
serina 32 y 36 por el complejo de multisubunidad de quinasa B (IKK). (xB-a
se fosforila por IKK, que tiene dos subunidades catallticas, IKK-1 (quinasa « de
IxB o IKK-a) e IKK-2 (quinasa B de IxB o I[KK-8). Cuando se fosforila, IxB ee la
diana de la ubiquitinacién y degradacién por la proteasoma 285, permitiendo la
translocacién de NF-xB en el nicleo, donde se une a las secuencias

especificas de ADN en los promotores de los genes diana y estimula su.

transcripcién. Los inhibldores de IKK pueden bloquear la fosforilacion de IKB y
sus efectos cadena abajo, particularmente aquellos asociados con los factores

%0

de transcripcién de NF-xB.

Incluyen citoquinas, quimioquinas, moléculas de adhesldn celular y proteinas
que median el crecimlento y el control celular. De manera importante, muchas
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de esias proteinas proinflamatorias también pueden acluar, de manera
autocrina o paracrina, para estimular adiclonaimente la activacién de NF-xB.
Ademas, NF-xB juega un papel en el crecimiento de células nomales y
malignas. Ademas, NF-xB un factor de transcripcién heterodimérico que
puede activar un gran numero de genes que codifican, entre otros, las
citoquinas inflamatorias tales como IL-1, IL-2, TNFa o IL-6. NF-xB esti
presente en el citosol de las células, construyendo un complejo con su inhibidor
IxB que se encuenira en la naturaleza. La estimulaclén de las células, por
ejemplo por las citoquinas, conduce a la fosforilacién y posterior degradacion
proteclitica de IkB. Esta degradacidn proteoiitica conduce a |a activacién de
NF-xB, que posteriormente migra en el nticlec de la célula y activa un gran
numero de genes proinflamatorios.

Rinehart et al., Patente de Estados Unidos N° 4.831.149 (1988),
describe compuestos de beta-carbolina Gtiles como agentes antiviricos,
antibacterianos y antitumorales.

Ritzeler et al., documento WO 01/68648, describe compuestos de beta-
carbofina con actividad inhlbidora de la quinasa IxB para el uso en el
tratamiento de trastomos inflamatorios (por ejemplo, artritis reumatoide),
osteoartritis, asma, infartoe cardiaco, enfermedad de Alzheimer, trastomos
carcinomatosos (potenciaclon de terapias cltotdxicas) y aterocescierosis.

Serla beneficioso proporcionar nuevos Inhibidores de IKK que posean

buenas propiedades terapéuticas, especiaimente para el tratamiento de
enfermedades inflamatorias.

Descripcién Detallada de la | i

Esta invencién proporciona compuestos que son Utlies para tratar
enfermedades mediadas por IKK-2, tales como enfermedades inflamatorias y
cancer. Los compuestos de esta invenclén se selecclonan entre Inhibidores de

9
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donde el anilio A se selecciona entre el grupo compuesto por

(@) un anillo de pirdinlio o plrimidinilo que esta sustituldo con (i) -
CHC(O)G y0-1 R* o (i) 1-2R™ y

{b) un anillo de morfolinilo, piperidinllo, piperazinfio, pirrolidinilo,
piranilo, tetrahidrofuranilo, ciclohexilo, ciclopentiio o tiomorfoliniio que estd
sustituido con {I) -C{R"s, -W-G o -G, (i) 0-4 R® y (lii) 0-1 grupos oxo sobre un
carbono del anilio 0 0-2 grupos oxo sobre un azufre del anillo;

cada R™ se selecciona independientemente entre alifitico Cy4, halo,
alcoxi Cy.¢ 0 amino;

cada R® se selecciona Independientemente entre alifatico Cy.y 0 -N(R")2
y dos R® sobre el mismo o un carbono adyacente opcionalmente se toman
junto con ellos carbono(s) que intervienen para formar un anillo de 56
miembros que tiene 1-2 hetarodtomos en el anllio seleccionados entre N, O o
S;

W es -Q-, -0-C(O}, -C(RM-C(R)R ™) o -C(RMAC(R*XR *)-;

Q es -C(R%)z 0 -C(R2C(R%)-;

G es -OH, -NR'R% -NRICONR'R®, -N(R%)SOalifiticc C,3), -
N(RHCOCF;,  -N(R®)CO(alifstico  Cig).  -N(R®)CO(heterociclilo), -
N(R*)CO(heteroarilo), -N(R")CO(arllo), un aniic de heterociclio de 3-7
miembros, o un heteroarilo de 56 mlembros, donde cada uno de los restos

pl-jrziner-nitemrtiviiom sterrriciin s (S e I onEIasEe tuchiinide cos— " TFiL

R' es hidrdgeno, halo, allfatico Cy.3, amino, ciano, (alquil C13)1.2-amino,
alcoxi Ci.3, -CONHj, -NHCOCF; 0 -CHzNH,;
R? es hidrdgeno, halo, alifatico Cy.a, -CFy;

e + ——— o
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R? es hidrégeno, halo, alifstico C1.s, haloalquilo Cs.e, alcox! Ci.s, hidroxi,
amino, ciano o (alquil Cys)1z-aming;
R* es hidrégeno, heterociclilo de 3-7 miembroa o alifético Ci.g;
R® es hidrégeno, un grupo alifatico Cy.4 © un anillo de heterociclilo de 3-7
5 miembros que tiene 1-2 heterodtomos en el anillo seleccionados entre N, O o
S, donde R® esta opcionalmente sustituido con halo, “OR’, -CN, -SR®, -S(O):R?,
S(OXN(R™)2, -C(OR7, -COR’, -N(R")z, -C(ON(R");, -NRTCOR', -
N(R"YCO2R", 0 -N(R")C{O)N(R");;
cada R’ se selecciona independientementa entre hidrégeno o alifético
10 Cys, 0 dos R sobre el mismo dtomo de nitrégeno se foman junto con el
nitrogeno para formar un anillo de heteroarilo o heterociclilo de 5-8 miembros;
cada R® se selecciona independientemente entre alifético Ci;
cada R" se salecciona Independientemente entre hidrégeno o alifatico
Cra
15 cada R'° se selecciona independlentemente entre oxo, -R!, -T-R'' 0 -V-
T-R";
cada R"' se selecciona independlentemente entre alifdtico Ci.¢, halo, -
S(ORN(R™)s, -OR’, -CN, -SR?, -S(ORR! -C(OR’, -COR’, -N(R'), -
C(OIN(R")z, -N(R'IC(O)R, -N(R)COR’, 0 -N(R")C(OIN(R)z;
20 T es una cadena de alquileno Cy lineal o ramificada;
V es -O-, -N(R"}-, -S-, -8(O)-, -§(0)=-, -C(Q} 0 -COx; ¥
R gs hidrégeno o una cadena lateral de aminoacidos.
El término “allfatico® como se usa en este documento significa
hidrocarburos C4-Cy2 de cadena lineal, ramificada o ciclica, que estin
25 completamente saturados o que contienen una o mas unidades de insaturacion
pero que no son arométicos. Por ejemplo, los grupos alifaticos adecuados
incluyen grupos alquilo, alquenilo y alquintlo lineales, ramificados o ciclicos e
... ..-hlbridos -de-los-mismes-tales—come—{eiclealqulbalqullo—{cicloalgttaniiia —
=T (dcloalquilalqueniio. Los términos  “alquilo’, “alcox, “hidroxialquilo”, i
30 Talcoxialquilo” y "alcoxlcarbonilo”, usados solos o como parte de un resto
mayor, incluyen cadenas lineales y ramificadas que contienen de uno a doca




5

10

15

20

25

. .m ————ue tianen de cinco a calorce-miembros,-tal -

30

atomos de carbono. Loa términos "alquenilo”® y “alquinilo®, usados solos o como
parte de un resto mayor, induyen cadenas lineales y ramificadas que contienen
de dos a doce 4tomos de carbono. El término “cicloalquile”; usado solo o como
parte de un resto mayor, incluye hidrocarburos C;-Cy2 ciclicos que astén
completamente saturados © que contienen una 0 mas unidades de
insaturacién, pero que no son aromaticos.

Los términos ‘haloalquilo®, “haloalquenilo® y “haloalcoxi® significan
alquilo, alquenilo o alcoxi. como puede ser el caso, sustituido con uno o mas
4tomos de haldgeno. El término *halégeno® significa F, Cl, Bro L.

El término “heteroatomo” significa nitrdgeno, oxigeno o azufre e incluye
cualquier forma oxidada de nitr6geno y azufre, y la forma cuatemizada de
cualquier nitrégeno basico. Ademas, el término “nitrégeno” incluye un nitrégenc
sustituible de un anillo de heterociclilo. Como ejempio, en un anllio saturado o
parcialmente insaturado que tiene 0-3 heterodlomos seleccicnados entre
oxigeno, azufre o nitrégeno, el nitrégeno puede ser N (como en 3,4-dihidro-2-
pirralilo), NH (como en pirrolidinilo) o NR? (como en pirrolidinilo N-sustituido).

Los términos “carbociclo”, “carbodclilo®; “carbociclo”® o “carbociclico”,
como se@ usan en este documento significan un sistema de anillos alifatico que
tienen de tres a catorce miembros. Los términos “carbociclo®, “carbociclilo®,
“carbociclo” o “carbociclico™ cuardlo estdn saturados o parciaimente
insaturados, también se refieren a anllics que estidn opcionalmente sustituidos.
Los términos “carbociclo”, "carbaciclilo”, “carbociclo” o “carbocidico” también
incluyen anillos alifaticos que se condensan a uno o més anillos arométicos o
no aromaticos, tales como en decahidronaftiio o tetrahidronaftio, donde el
radical o punio de unién estd en el anilio alifético.

El término "arllo” usado solo 0 como parte de un resto mayor como en
“aralquilo”, “aralcoxi® o "arfloxialquilo” se reflere a grupos de anllios aromaticos

q ¢

"aftilo, 2-naftlo, T-antracllo y 2-antraciio. El témino “arllo” tamblén se refiere a

anillcs que estan opcionaimente sustituidos. El término “arilo® puede usarse de
forma intercambiable con el témmino “anillo arllo™. “Arilo” también incluye
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sistemas de anillos policiclicos aromaticos condensados en los que un anillo
aromatico ge condenea con otro u otros anillos. Los ejemplos incluyen 1-naftilo,
2-naftilo, 1-antracilo y 2-antracilo. También se incluye dentro del alcance del
término "arilo®, como se usa en este documento, un grupo en el que un anilio
aromético se condensa con uno o mas anillos no aromaticos, tales como en
indanilo, fenantridinilo o tetrahidronaftilo, donde el radical o punto de unién esta
sobre el anillo aromatico.

El término "heterociclo”, "heterociclilo® o "heterociclico” como se usa en
este documento incluye sistemas de anillos no arométicos que tienen de cinco
a calorce miembros, preferiblemente de cinco a diez, donde uno o mas
carbonos del anlilo, preferiblemente de uno a cuatro, se reemplazan con un
hetaroatomo tal como N, O o S. Los ejemplos de anillos heterociclicos incluyen
3-1H-bencimidazol-2-ona, (1-sustituido)-2-oxo-bencimidazol-3-ilo, 2-
tetrahidrofuranilo, 3-tetrahidrofuranilo, 2-tetrahidropiranilo, 3-tetrahidropiranilo,
4-tetrahidropiranilo, [1,3]«dioxalanilo, [1,3]-ditiolanilo, [1,3]-dioxanilo, 2-
tetrahidrotiofenilo, 3-tetrahidrotiofenilo, 2-morfolinilo, 3-morfolinilo, 4-morfolinilo,
2-tiomorfolinilo, 3-tiomorfolinilo, 4-tiomorfolinilo, 1-pimolidinilo, 2-pirrolidinilo, 3-
pirrolidinilo, 1-piperazinilo, 2-piperazinllo, 1-piperidinilo, 2-piperidinilo, 3-
piperidinilo, 4-piperidinilo, 4-tiazolidinilo, diazolonilo, diazolonllo N-sustituido, 1-
flalimidinilo, benzoxanilo, benzopimolidinilo, benzopiperidinilo, benzoxolanllo,
benzotiolanilo y benzotianiio, También se Inciuye dentro del alcance del témino
"heterocicliio® o "heterociclico”, como se usa en este documento, un grupo en el
que un aniflo no aromético que contiene heteroatomos se condensan con uno o
més anillos aromdticos o no aromaticos, tal como en un indolinilo, cromanilo,
fenantridinilo o tetrahidroquinolinilo, donde el radical o punto de unién esta
sobre el anillo no aromético que contiene nitrdgeno. El término “heterociclo”,
"heterocicliio” o "heterociclico” cuando, estd saturado o parciaiments insaturado,

] B I SUBE UD SAnios n ALODCIONAaIMS B B ala
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como en "hetercaraiquiio” o "heteroarilaicox®, se refiere a grupos de anlllos
heteroarométicos que tienen de cinco a catorce miembros. Los ejemplos de
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anillos hetercaromaticos incluyen 2-furanilo, 3-furanilo, 3-furazanilo, N-
imidazolilo, 2-midazolilo, 4-imidazolilo, S-imidazolito, 3-isoxazolilo, 4-lsoxazolilo,
S-isoxazolito, 2-oxadiazolilo, 5-oxadiazolilo, 2-oxazolilo, 4-oxazolilo, §-oxazoliio,
1-pirrolilo, 2-plrralilo, 3-pirrolite, 1-pirazalilo, 2-pirazolilo, 3-pirazolllo, 2-piridllo, 3-
piridilo, 4-piridilo, 2-plrimidilo, 4-pirimidilo, S-pirimidlio, 3-piridazinila, 2-tfazolilo,
4-tiazolilo, 5-tiazolllo, 5-tetrazollio, 2-triazolio, S-trazclilo, 2-teniio, 3-ienilo,
carbazolilo, bencimidazoliio, benzotienilo, benzofuranilo, indolilo, quinolinilo,
benzotriazalilo, benzotlazollio, benzooxazolilo, bencimidazolilo, Isoquinailnilo,
indazollio, isoindolilo, acridinilo o benzoisoxazolilo. También se incluye dentro
del alcance del término "heteroarilo®, como se usa en este documento, un
grupo en el que un anillo heteroaromatico se condensa a uno o mas anilios
aromaticos 0 no aromdticos donde el radical o punto de unidn esta sobre el
anillo heteroaromatico. Los ejemplos incluyen tetrahidroquinolinilo,
tetrahidroisoquinolinilo y pirido[3,4-djpiimidinilo. El término “heteroarilo"
también se reflere un anlilos que estan opcionalmente sustituidos. E! témino
"heteroarilo® puede usarse de forma intercambiable con el término “anillo de
heteroarilo” o el tdrmino *heteroaromético”.

Un grupo arilo (incluyendo aralquilo, aralcoxi, ariloxialquilo y simitareg) o
hetercariio (incluyendo hetercaralquilo y heteroarilalcoxi y similares) puede
contener uno o mas sustituyenles. Los ejempios de sustituyentes adecuados
sobre el atomo de carbono ineaturado de un grupo arilo, aralquilco o
heteroaraiquilo incluyen un halégeno, -R%, -OR®, -SR®, 1,2-metileno-dioxi, 1,2-
etilendloxi, OH protegido (tal como aciloxi), fenilo (Ph), Ph sustituido, -O{(Ph), -
O(Ph} sustituldo, -CHx{Ph), -CH{Ph) sustituido, -CH;CH«(Ph), -CH,CHx(Ph)
sustituido, -NO3, -CN, -N(R%),, -NRC(O)R®, -NR°C(Q)N(R®)2, -NR°CO:R®, -
NR°NRC(O)R?, -NR°NRC{O)N{R®)2, -NR®NR°CO.R®, -C(O)C{O)R®, -
C(O)CHC{O)R®, -CO2R®, -C(O)R®, -C{O)N(R®), -OC(O)N(R®)2, -S(O):R°®, -

) 2 ) 2 {O)YCH(V-R°XR°); donde cada R° se
selecciona independlentemente entre hidrdgeno, un grupo alifatico sustituido o

no sustituido, un anillo de heteroariio o heterocidico no sustituido, fenllo (Ph),
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Ph sustituido, -O(Ph), -O{Ph) sustituido, -CHx(Ph) o -CHx{(Ph) sustituido; y es 0-
6: y V es un grupo de engarce. Los ejemplos de sustituyentes sobre el grupo
alifitico o el anillo fenilo de R® incluyen amino, alquilamino, dialquilamino,
aminocarbonilo, halégeno, alquito, alquilaminocarbonilo, dialquilaminocarbonilo,
S alquilaminocarboniloxi, dialquilaminocarboniloxi, alcoxi, nitro, ciano, carboxi,
alcoxicarbonilo, alquilcarbonito, hidroxi, haloalcoxi o haloalquiio.

Un grupo alifético o un anilio de helerocicliio no aromatico pueden
contener uno o mas sustituyentes. Los ejemplos de sustituyentes adecuados
sobre el carbono saturado 20 de un grupo alifitico o de un anillo de

10 heterocicliio no aromatico incluyen los mostrados anteriormente para el
carbono insaturado de un grupo arilo o heteroarilo y los siguientes: =0, =8,
=NNHR"*, =NN(R*)2. =N-, sNNHC{O)R", =NNHCO(alquilo), =NNHSOx(alqullo)
o =NR*, donde cada R* se selecclona independlientamente entre hidrégeno, un
grupo alifatico no sustituido © un grupo alifatico sustituido. Los ejemplos de

15 suslituyentes sobre el grupo alifatico incluyen amino, alquilamino, dialquilamino,
aminocarbonilo, halégeno, alquilo, alquilaminocarbanilo, dialqullaminocarbonilo,
alquilaminocarboniloxi, dialquilaminocarbonlioxi, alcoxi, nitro, clano, carboxi,
alcoxicarbonila, alquilcarbonilo, hidroxi, haloalcoxi o haloalquilo.

Los susfituyentes adecuados sobre el nitrégeno de un anillo de

20 heterociclilo no aromético incluyen -R’, -N(R*);, -C(O)R*, -COsR*, -C(O)C(O)R",
-C(O)CH2C(O)R®, -SO:R', -SO:N(R')z, -C(=SIN(R")z, -C(=NH}N(R')2 y -
NR'SO;R"; donde cada R’ se selecciona independientemente entre hidrdgeno,

. un grupo alifitico, un grupo alifatico sustituido, fenilo (Ph), Ph sustituido, -

O(Ph), -O{Ph) sustituido, CHZAPh), CHx{Ph) sustituldo o un heteroarilo no

25 sustiuido o un anillo de heterociclilo. Los ejemplos de sustituyentes sobre el

grupo alifdtico o el anillc fenllo incluyen generalmente incluyen amino,

alquilamino, dialquilamino, aminocarbonilo, halégeno, alquilo,

.- - —— —alquilaminocachonil ialquila i i nilext

" “dialquileminocarbonliox], alcod, nito, cano, carboxi, alcoxicarbonilo,
30 alquilcarbonilo, hidroxi, halcalcoxi o haloaiquillo.
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El términc “grupo de engarce™ o “engarce” significa un resto orgénico
que conecta dos partes de un compuesto. Los engarces constan tipicamente
de un dtomo tal como oxigenc o azufre, una unidad tal como -NH-, -CHy-, -
C(O), -C(O)NH- o una cadena de atomos, tales como en una cadena
alquilideno. La masa molecular de un engarce esta tipicamente en ol intervalo
aproximadamente del 14 a 200, preferiblemente en el intervalo de 14 a 96 con
una longitud de hasta aproximadamente sels atomos. Los ejemplos de
sngarces incluyen una cadena alquilideno Cy4 saturada o insaturada que esta
opcionalmente sustitulda, y donde uno o dos carbonos saturados de la cadena
se reemplazan opcionalmente con -C(O)-, -C(0O)C(O)-, -CONH-, -CONHNH-, -
CO2, -OC(O}, -NHCO;-, -O-, NHCONH-, -OC(O)NH-, -NHNH-, -NHCO-, -S-, -
SO-, -SOz, -NH-, -SO2NH- 0 -NHSO2-,

El término "cadena alquilideno” o "cadena alquileno™ se refiere a una
cadena de carbonos lineal o ramificada opcionalmente sustituida que puede
estar totaimente saturada o tener una o mas unidades de insaturacién. Los
sustituyentes opcionales son como se han descrito anteriormente para un
grupo alifatico.

Una combinacién de sustituyentes o varigbles es pemisibie tnicamente
si tal combinacién das como resultado un compuesto estable o quimicamente
factible. Un compuesto estable 0 un compuesto quimicamente factible es uno
en el que la estructura quimica no se altera sustancialmente cuando se
mantiene a una temperatura de 40°C o menos, preferiblemente 25°C o menos,
en ausencia de humedad u otras condiciones quimicamente reactivas, durante
al menos una semana.

A manos qua se indique ofra cosa, las estructuras representadas en esle
documento también pretenden incluir todas las fonrnas estereoquimicas de la
estructura; es decir, las configuraciones R y S para cada centra asimétrico. Por

_lo tanto, los lsémeros esiereoquimicos unitarios asl como las-mezclas.
" ~BNanuomacas y diastereomenicas de los presenfes compuesios estan dentro
del alcance de la invencion. A menos que se indique otra cosa, las estructuras
representadas en este documento también pretenden incluir compuestos que
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difieren Unicamente en la presencia de uno o mas &tomos enriquacidos
isotdpicamente. Por ejemplo, los compuestos que tienen las presentes
estructuras excepto para el reemplazamiento de un atomo de hidrégeno por un
deuterio o titlo, o el reemplazamiento de un carbono por un carbono
enriquecido *C o 'C, estan dentro del alcance de esta invenci6n.

En una realizacibn de los compuestos de formula |, el Anilio A se
selecciona entre piridinilo o un anillo pirimidinilo que estad sustitulde con 1-2
grupos R®, En esta realizacion, el Anillo A preferido incluye un anillo 3-piridinilo
o 5-pirimidinilo, mostrado a continuacién medlante los compuestos da fdrmula
ll-A y [I-B, respectivamente.

1 { 1

Rt R Rl
R R
NH H H
Rll
A
o-A II-B IRC(Y=No CH)

Preferiblemente, R® se selecciona entre halo o un alifatico Cy., tal como
cloro o metilo. Cuando R™ es un grupo alifdtico tal como metilo, una posicién
favorable para el grupo R™ estd en la posicin 2 del anillo pirdiniio o Ja
posicion 4 del anillo pirimidinilo, como se ha mostrado en II-C anteriormente.
Los restos particulares del Anillo A son 2-matil-3-piridinilc y 4-metil-5-
pirimidinilo. Se ha descublerio que los compuestos de formula 1I-C en la que
R® es un grupo metilo son sorprendentements mas potentes en los ensayos
bioldgicos para la inhibicién de IKK que compuesios analogos que tlenen un
Anillo A piridina no sustituido, tales como ks descritos en la soiicitud PCT de

97

Ritzeler et al. WO 01/68648 mencionada antericrmenite,

— ————

metilo, amino y fluoro.
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Los grupos R? preferidos incluyen hidrégeno y halo. Clore es un grupo
halo R? preferido.

Los grupos R® preferidos incluyen hidrégeno, halo (especialmente cloro)
y alcoxi. Los ejemplos de grupos aicoxi adecuados Incluyen grupos alcoxi G
tales como metoxl, etoxi, propox! y ciclopropiimetoxi.

En otra realizacién, el Anillo A se selecciona entre un anillo no aromético
de a 5-8 mlembros que tlene 0-2 heterodtomos en el anillo seleccionados entre
nitrdgeno, oxigeno y azufre. Estos se diseAan normalmente como compuestos
de férmula l1l. Los ejemplos de grupos no aromaticos del Anillo A Incluyen un
anilo de morfolinilo, piperidinilo, piperazinilo, pirrolidinilo, piranilo,
tetrahidrofuranilo, ciclohexilo, ciclopentilo y tiomorfolinllo. Preferiblemente, tale
anillos no arométicos estédn sustituidos con (i) -C(R%s 0 -W-G, (ii) 0-4 R® y (iil)
0-1 grupos oxo sobre un carbona del anllio 0 0-2 grupos oxo sobre un azufre
del anillo. Mas preferiblemente, tales anillos no arométicos estdn sustituidos
con (i) -W-G, (li) 0-2 R* y (iii) 0-1 grupos oxo sobra un carbono del anllio o 0-2
grupos oxo sobre un azufre del anilio.

Un G preferido es -NR*R® o un anillo de heterociclilo de 3-7 miembros.
M4s preferiblemente, G es -NR*R® o un anillo de heterociclilo de 5-8 mlembros,
donde G esta sustituldo con 1-2 R,

Un R* preferido es un hidrégeno, aniic de heterociclilo de 5-6 miembros
o alifitico Cys, més preferiblemente, hidrdgeno o alifdtico Cis. R* tamblén
puede ser un alcoxi C.e.

Un RS preferido es hidrdgeno, anillo de heterocicliio de 5-8 miembros o
alifético C1.s, mds preferiblamente hidrégeno o alifatico Ci.s.

En la Tabla 2 se muestran diversos compuestos de fémula Il en la que
el Anillo A es un anilic no aromético. Para facilitar la visualizacién, no se
muestran los sustituyentes sobre estos compuestos de Anlllo A no arométicos,

100
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Cuando el Anilio A es un anillo de heterociclilo de sels miembros no
aromatico, una poaicién favorable para los sustituyentes -W-G y -C(R"), sobre
el Anillo A es orto a la posicién an la que se une |a porcién beta-carbolina. Por
ejempio, en los compuestos llI-A, 1II-B, llI-D, HlI-H, III-J y lII-M, una posicién
preferida para (a unidn de -W-G y -C(R%) esté sn & nitrégeno del Anillo A o en
N-1 en el caso del compuaesto lii-F.

Preferiblemants, W es -Q-, -Q-C(0), -C(RY-C{R*}R")} o -C(R%):-
[C(R*XR'?)]z- donde R® es hidrégeno. Mas preferiblemente, W es -Q-, -Q-C(O)-
o -C(R")-C(R°XR™)-. R es hidrogeno, alifitico Cis, fenilo sustituide o no
sustiluido, bencilo sustituido o no sustituido o una cadena laleral de
aminodcidos, particularmente la cadena lateral de un aminoacido neutro. Los
ejemplos de cadenas laterales de aminodcidos neutros particulares incluyen las
cadenas laterales de alanina, fenilalanina, valina, leudina, Isoleucina, serina,
tirosina, &cido aspartico y dcido glutdmico.

En una reallzacién, W es Q-C{O)-. En esta reallzacién, un Q preferido es
-CHz 0 -CHy-CHy-, mds preferiblemente -CHz-.

En otra realizacién, el Anillo A estd sustituido con 0-2 R®. Un grupo R®
preferido es metilo. Cuando el Anllio A es un anillo no aromatico de seis
miembros, una realizacién proporciona compuestos de férmula Il en la que hay
dos grupos metilo la posicidn del Anilio A para a la posicidn donde se une la
porcién beta-carbolina. Un ajemplo de esta realizacién es un compuesto en al
qua el Anillo A es un anlilo 886-dimeti-morfolinilo. Preferiblemente, tales
compuestos también estdn sustituidos con -W-G como se ha descrito
anteriormente.

Cuando el Anillo A as un anillo morfolinilo, se ha descublerto que se
prefieren los compuestos gue tienen la estereoquimica “S" en la posicion 3 del
anilo morfolina, como se muestra a continuacién por loa compuestos de

_formuis (S)HII-A.

e b e f—
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G-W.,

(R%)h

(S)-II-A

donde n es 04 y R', RZ R®, W, G y R® son como se han definido
anteriomente. Por analogla, se espera que la estereoquimica "S" también se
prefiera para otros compuestos de! anillo A no arométicos de seis miambros de
formuia lIl.

Una reallzacidn de los compuestos de formula | se reflere a compuestos
de férmula lII-A o (S)-11I-A donde R es hidrdgeno, halo, metilo o amino;

R? gs hidrégeno, metilo o halo;

R? es hidrégeno, halo, alcoxi o (alifitico Cy.g)zamino;

el Anillo A esta sustituido con 0-2 R®;

R™ es alifitico Cy.y;

W es -Q-, -Q-C(O), -C(R*)-C(R’NR"*)- 0 -C(R")AC(R*}R ™)}~

Q es ~C(R%)- 0 -C{R")2C(R°%);

G es -NR'RY -NRYCIONR'R®, -N(R®)SOfalifdico Cia). -
N(R?)C(O)CFs, -N(R®)CO(alifdtico Cia) Yy -N(RHICO(heterocidlilo), -
N(R®)CO(heteroarilo), -N(R®)CO(arilo), un anillo de heterocicllo de 5-8
miembros, donde cada uno de los restos heteroarilo, arilo y heterocidlilo de G
estd opclonalmente sustitulido con 1-3 R'%;

R* es hidrégeno o alifdtico C.e;

[0

N N alfelra e lola N0 MRS SUTR NN

sustituido con halo, -OR’, -CN, -SR", -S(O}R?, -S(O):N(R")z, <C(O)R’, -CO:R’,
N(R")z, -C{OIN(R")2, -N(R")C{O)R", -N(R"YCOR?, 0 -N(R7)C(OIN(R")z;
cada R’ se selecciona independientemente entre hidrégeno o alifatico
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Ci4, 0 dos R’ sobre el mismo 4tomo de nitrégeno se toman junto con el
nitrégenco para formar un anillo de heteroarilo o heterociclilo de 5-8 miembros;

cada R? se selecclona independientemente entre alifético Cy.;

R® es hidrogeno;

cada R se selecciona independiantemente entre oxo, R"!, T-R' o V-T-
R";

cada R'"' se selecciona independientemente entre alifatico Cq, halo, -
S(ORN(R"), -OR', -CN, -8R, -S{O)RR%, -C(OR', -COR’, -N(R")2 -
C{OIN(R")z, -N(RTYC{O)R, -N(RTJCOR’, 0 -N(R"YC{OIN(R)z;

T es una cadena de aiquileno Cy4 ineal o ramificada;

V es -O-, -N(R')-, -S-, -S{O)-, -8(O)s~, -C(O}- 0 -COz; y

R es hidrdgeno, alifdtico Cs.q, fenilo sustituldo o no sustituldo o bendlio
sustituido o no sustituido.

Otra realizacién se refiere a compuestos de férmula iHi-A o (SHII-A
donde:

R’ es hidrégeno, metilo, flucro 0 amino;

R? es cloro;

R? es hidrogeno o aicox;

el Anillo A esta sustituido con -W-G y 0-2 R%;

R™ es metilo;

W es -Q-, -Q-C(O} o -C(RY)-C(R*XR')-;

Q @8 -C(R*):- 0 -C(R*).C(R%)~;

G es -NR'R®, -N(R")C{O)NR'R®, -N(R%)C(O)CF3, -N(R®)CO(alifatico Ci-
a). ¥ -N(R®)CO(heterocicillo), ~-N(R*YCO{heteroarilo), un anillo de heteroarilo de
5-8 miembros, donde cada uno de los restos heteroarilo y heterocidilo de G
esti opcionalmente sustituido con 1-3 R'%

R! es hidrégeno o allfdtico Cs;

...’ o3 hidrogeno o alifético Cix:

0y

30

idrégeno o alifatico
Ci«, 0 dos R’ sobre el mismo &tomo de nitrégeno se toman junto con el

nitrégeno para formar un anillo de hetaroarilo o heterocicllio de 5-6 miembros;
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cada R® se selecciona independlentemente entre alifatico Ci:

R? es hidrogeno;

cada R" se selecciona independientemente entre oxo, R'!, T-R" o V-T-
R":

cada R"' se selecclona independientements entre alifdtico C1.s, halo, -
S(ORN(R")2, -OR’, -CN, -SR® -S(ORR®, -C(OR', -CO:R’, -N(R') -
CION(R" .2, -N(R'ICIO)R’, -N(R')ICOR’, 0 -N(R'IC(OINR )z

T es una cadena de alquileno C.. lineal o ramificada;

V es -O-, -N(R)-, -8-, -S(Q})-, -S(0)z-, -C{O)- 0 -CO2~; ¥

R'2 gs hidrégeno, alifdtico Cy.¢, fenilo, o bendlio.

Los compuestos preferidos de féormula IlI-A son los compuestos de
formula (S)-l-A";

(SHL-A

en la que R, R%, R®, W y G son como se han definido anterformente para (S)-
-A.
Ofra realizacién se refiere a compuestos de férmula li}-A-a:

1

10§

13-A-a
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o una sal farmacéuticamente aceptable de los mismos, donde:

Q es -CHz, -CH(R%- 0 -C{R%,-;

G es -NR'R° o un anllio de heterociclilo o heteroarilo de 3-7 miembros
que esta opcionaimente sustituido con 1-2 R'?;

R! es hidrégeno, halo, alifitico Cy.3, amino, ciano, (alquil Cs.3)1.z-amino,
alcoxi Cy.3, (alifatico Cy.3)-C(O)}-, (alifdtico Cy.¢}-COz o (alifatico C13)-C(O)NH-;

R? es hidrégeno, halo, alifitico Ci.j, alcoxi Cygs haloalcoxi Cis o
haloalquilo Cy.a;

R? es hidrégeno, halo, alifstico C1s, haloalquite Cy.s, alcoxt Cye, hidroxi,
amino, ciano o (aiquil Cyg).2-amino;

R* es hidrogeno o alifatico Cy.e;

RS es un grupo alifitico C+¢ que estd opcionalmente sustituido con hala,
-OR’, €N, -SR% -S(OxR!, -C(O)R’, -COR’, -N(R'), -C{OWN(R"), -
N(RT)C(O)R’, -N(R")CO2R", 0 -N(RTIC(OWN(R")z;

el Anilio A esta sustituido con 0-4 R%;

cada R™ se selecciona Independientemente entre un grupo alifatico C1.;

cada R’ se selecciona independientemente entre hidrégeno o alifatico
Ci4 o dos R’ sobre el mismo dtomo de nitrdgeno se toman junto con el
nitrégeno para formar un anlllo de heteroarilo o heterociclilo de 5-8 mlembros;

cada R® se selecciona independientemente entre alifatico Cy.;

cada R" se selecciona independientemente entre un alifético C.a;

cada R'® se selecciona independientemente entre R'!, T-R" o V-T-R™;

cada R"' se seleccona Independientemente entre alifatico Cs.s, halo, -
OR’, -CN, <SR}, -S(OnR’, COR", -COR", -N(R')z, -CONR"): -
N(R")C(O)R, -N(R")CO:R’, 0 -N(R"YC(ON(R)z:

T es una cadena de alquileno Ci4 lineal o ramificada;

V 88 -O-, -N(R")-, -S-, -S(0}-, -8(0)z-, -C{O}- 0 -CO~-.

106

Una realizacion se Nﬂmm_deﬁunulﬂﬂﬂmlaqua-
' =CHE =
G es -NRR® 0 un anilio de heterociclllo o heteroarilo de 5-8 miembros
que estd opcionalmente sustituido con 1-2 R'?;




10

15

20

25

|0y

18

R' es hidrégeno, halo, alquilo Cy.2, amino o (alquit Cy.z).zamino;

R? es hidrégeno, halo, alifitico Cy.z, alcoxi Cy.2 0 haloalqullo Cy.z;

R? es hidrégeno, halo, alifstico C..z, alcoxi Cy.2 0 haloalquilo Cy.z;

R* es hidrégeno o alifstico Cy.;

R® es un grupo aliftico C1.s que esta opclonalmente sustituido con halo,
-OR’, -CN, -SR?, -S(0):R®, SO:N(R")2, -C(O)R’, -COzR’, -N(R")2, -C(OIN(R"}z, -
N(RTC(O)R’, -N(R"YCOR®, 0 -N(R")YC(O)N(R');

el Anillo A esta sustituido con 0-2 R®;

cada R® se seiecciona independientemente entre un grupo alifatico Ci.s;

cada R se selecciona independientemente entre hidrégeno o un alifatico
Cy4 0 dos R’ sobre el mismo atomo de nitrdgeno se toman junto con el
nitrégeno para formar un anillo de heteroarlio o heterocidlio de 5-6 mlembros;

R® es alifatico Cy;

R? se selecciona independientemente entre alifatico Cy.3;

cada R'° se seiecciona independientemente entre R'!, TR o V-T-R':

cada R'' se selecciona independlentemente entre alifdtico Cy.s, halo, -
OR’, CN, -SR% -S(OXR’ -C(OR', -COR’, -N(R")2, -C{ON(R") -
N(R")C(O)R’, -N(R"YCO:R’, 0 -N(R"YC{O)N(R")z;

T es una cadena de alquileno C, lineal o ramificada;

V es -O-, R}, -S-, -§(0)-, -S(0)s-, -C{0)- 0 -CO=-.

Otra realizacién se refiere a compuestos de férmuia 1li-A-a en la que:

Q 88 -CHz 0 -CH{R%)-;

G es -NR*R® o un anillo de heterociclilo o hetsroariio de 5-6 miembros,
que tlene 1-2 heterodtomos selecclonados entra oxigeno o nitrégeno, que esta
opcionaimente sustituido con 1-2 R,

R! es hidrégena, halo, metilo, amino o (alquli Cy.2)sz-amino;

R? es hidrogeno, halo, alifatico Cy.z 0 haloalquilo Cy.z;

R® s un grupo aliféico C.s que estd opclonaimente sustituido con halo,
-OR’, -CN, -SR’, -S(ORR’, -C(OR', -COR’, -N(R")}2, -C(ON(R™) -
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N(R")C{O)R’, -N(R")CO2R", 0 -N(R")C(OIN(R")2;

el Anillo A est4 sustituido con 0-2 R™;

cada R* se selecciona independientemente entre un grupo alifatico C,.s;

cada R’ se seiecciona independiantemente entre hidrégeno o un alifatico
Ci4. 0 dos R’ sobre el mismo atomo de nitrégeno se toman junto con el
nitrégeno para formar un anillo de heteroarilo o heterociclilo de 5-8 miembros;

R® es alifatico Ci4;

R? se selecclona independientemente entre allfatico Cy.s;

cada R se selecciona independientemente entre R'!, T-R" o V-T-R':

cada R'! se selecciona independientements entre allfdtico Cy, halo, -
OR!, CN, -SR! -S(ORR%, -C(OR', COR', -N(R'): -C(ONR™). -
N(R)C{O)R’, -N(R")CO:R’, 0 -N(R")C(OIN(R")z;

T es una cadena de alquileno G4 lineal o ramificada;

V 88 -O-, -N(R"}-, -S-, -8(0), -S(O)z, -C(O)- 0 -CO-.

En los compuestos preferidos de formula ill-A-a, Q es -CHx; G se
selecciona enfre un piperidinilo, piperazinilo, morfolinilo, pirrolidinilo
opcionalmente sustituido o -NR*R% R? es hidrégeno o alifdtico Cia; v R® es
alifitico Ci.e, heterociclilo de 5-8 miembros o hidroxialquilo Cie. Se prefieren
mas los compuestos en los que G asté no sustituido o sustituido con 1-2 grupos
seleccionados independientemente entre el grupo compuesto por: alquilo Cy.3,
HO-alquilo, alcoxicarbonilo, mono- o dialquilaminocarbonilo y HOzC-alqulla.
Para los compuesios de fémula [li-A-a en cada una de jas realizaciones
anteriores, se prefiere la estereoquimica (S) en la posicidon 3 de morfoiina.

Otra realizacion se refiere a compuestos de fdrmula tli-A-aa:
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o una sal farmacéuticamente aceptable de los mismos, donde,

Q es -CHz- 0 -CH(R";

G es -NR'R’ o un anillo de heterociclio de 3-7 miembros que esta
opcionalmente sustituido con 1-2 R,

R es hidrégeno, halo, alquilo Cy.2, amino o (alquil Cy.2)1.-amino;

R? es hidrigeno, halo, alifatico Cy4, alcaxi Cyz 0 haloalquilo Cy.2;

R® es hidrdgeno, halo, alifatico C.z, alcoxi Cy.; o haloalquilo C1.o;

R* es hidrégeno o alifatico C1.;

R® es un grupo alifdtico Cy4 que estd opcionaimente sustituido con halo,
OR’, CN, -SR®, -S(O%R% -C(O)R’, -COR', -N(R")2, -C(ON(R")p, -
N(R"YC(O)R”, -N(R")CO:R", 0 -N(RT)IC(OIN(R");

cada R® se selecciona independientemente entre hidrégeno o un
alifatico C.q;

cada R’ se selecciona independientemente entre hidrégeno o un alifatico
Ci4. 0 dos R sobre el mismo atomo de nitrégeno se toman junto con el
nitrégenc para formar un anllio de heteroarilo o heterocidilo de 5-6 mlembros;

R® es alifatico Ci;

R* se selecciona independieniemente entre un alifatico Cy.g;

cada R'° se selecciona independientemente entre R'!, T-R'! o V-T-R"";

109

- -— e — - ———_yw
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OR’, CN, -SR? -S(O)xR® -C(OR', -COR', -N(R')2, -C(ONR") -
N(RT)C(O)R”, -N(R")COzR’, 0 -N(R")C(OIN(R" )z
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T es una cadena de alqulleno Ci4 lineal o ramificada;

V @8 -O-, -N(R")-, -§-, -S(O}-, -S(0)z-, -C(O) 0 -COz-.

Otra realizacion se refiere a compuestos de formula iii-A-aa donde:

Qes -CHr;

G es -NR'R® o un anllio de heterociclilo de 58 miembros que esta
opcionalmente sustituido con 1-2 R™;

R! es hidrégeno, halo o metilo;

R? es hidrogenc, halo, alifatico Cs.2, alcoxi Cy.2 o haloalquile Cy.2;

R? es hidrégeno;

R* es hidrégeno o alifitico Ci.;

R® es un grupo alifatico C1s que estd opcionalmente sustituido con halo,
-OR’, -CN, -SR% -S(ORR® -C(O)R’, -COR’, -N(R'), -C(ON(R")y, -
NR")C(O)R”, -N(R")CO:R® 0 -N(R")C(OIN(R"}z;

cada R*™ se selecciona Independientemente entre hidrbgeno o un
alifético Cq.g;

cada R’ se selecciona independientemente entre hidrégeno o allfiitico
Ciw+ 0 dos R’ sobre el mismo 4tomo de nitrdgeno se toman junto con e
nitrégeno para formar un anillo de heteroarilo de o heteracicliio 5-6 miembros;

R® es alifético Cy;

cada R se selecciona independientements entre R"!, T-R"! o V-T-R"",

cada R se selecciona independientemente entre alifatico Cy, halo, -
OR’, -CN, -SR% -S(O}R®., -C{OR!, -COR’, N(R");, -C{OIN(R")2 -
N(R")C(O)R’, -N(R")CO2R’ 0 -N(R")C{OIN(R")z;

T es una cadena de alquileno C14 lineal o ramificada; y

V ea -O-, -N(R}-, -S-, -§(0}-, -S(0)z, -C(0)- 0 -CO~-.

Los compuestos preferidos de férmula 1li-A-aa son compuesios en los
que:

v e Qes CH> .

1o

"G 8@ selettiona entre un pipendinilo, piperazinilo, morfoliniio, pirrolidiniio
opcionaimente sustituldo o -NR*R®;
R es hidrégeno, halo o metilo;
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R? es halo;

R? es hidrégeno;

R* es hidrogeno o alifético Cy.¢;

R® es alcoxi Cy., alifatico Cy. 0 hidroxialqullo Ci.g;

5 cada R™ se selecclona independientemente entre hidrégeno o un alifstico Cy.g.
Preferiblemente, cada R*® es hidrégenc o metllo. Para los compuestos de
formula ll-A-aa en cada una de las realizaciones anteriores, se prefiere la
estereoquimica (S) en la posicion tres de la morfolina de anillo A.

En las siguientes las Tablas 3 y 4 se muestran ejempilos de compuestos
10 especificos de formula I.
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La Tabla 4 muestra a continuacién ejemplos especificos de compuestos
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I-A-an
N° R R%R® Q G
64 H CHJ/CH3; CH; O‘\
a5 H CHs/CH4 CH; O
66 H CHy/CH, CHz D
67 H CHa/CH, CH, HO-CHaCHaN({CHs)-
68 H CHs/CH; CHa n\
69 H CH4/CH;s CHy m
70 H CHy/CH, CH; HQ :
71 H CHs/CH, CHz (: )
H
e S —— ) - — .1 —— JE— —
73 H CHa/CH3 CH;

0
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74 H CHy/CH; CH, :.E
75 H CHy/CH3 CHa C
76 H CHs/CH, CH,

o=
77 H CHs/CH, CHax D C
78 H CHJ/CHs CH; @
79 H CHy/CH, CH; H

O

80 H CH3/CH, CH» l| I : &
81 CHs CH3/CHs CH; O\
82 H CHs/CHjy CH: Kb\
83 H CHy/CH, CH.

SN
84 CH, HH CH; O.‘
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86 H CH3/CH5 CHa : *

87 CH, CHy/CH, CHa C _

88 CHs CHy/CH, CH; D

89 F CHa/CH, CHz O

90 F CHy/CH, CH; O*-o

91 H CHJ/CH, | R-CH(CHa) C

92 H CH4/CH;4 CHz Hq
H‘c\/i\

93 H CHy/CH, CH; :%u\

3

94 H CHy/CHs CHa MezN-

85 H CHy/CH3 CH, (CHyOXCHa)N-

98 H CHy/CH,y CH; ?:"s

97 H CH/CH, CH; Q\'

98 H CHa/CHy CH, C :
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99 H CHy/CH,3 CHz

100 H CHy/CH, CH,

102 H CHs/CHa, CH:

X
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103 H CHy/CHy CHa

104 H CHJCH; | CH» ED

105 H CHyCHs CHa W?O"
H.

106 H CHy/CH, CHz O

Basandose en sus propiedades Inhibidoras de quinasa IxB y en otras
propledades farmacolégicas, se prefieren los nimeros de ejemplo de los
compuestos 1-30, 38-62 y 84-106. Se prefleren mas los nimeros de ejemplo de

5 los compuastas 1, 2, 7, 10, 11, 13, 16, 17, 18-27, 39-82, 64-1086.

Los compuestos de la presente invencién pueden administrarse a seres
humanos u otros mamiferos mediante una diversidad de vias, incluyendo
formas de dosificacidn orales e inyecciones (Intravenosa, intramuscular,

-—intraperitoneal—subeutinea— i
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10 numercsas formas de dosificacidn que contienen los compuestos de la
invencién por un especialista en la técnica, utilizando los o;tciplentes
farmacéuticos adecuados (o vehiculos) que se definen a continuacion.
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Los ejemplos de exclplentes (o vehlculos) farmacéuticaments aceptables
y métodos de fabricacidn para las diversas composiciones pueden encontrarse
en A. Gennaro (ed.), Remington: The Sclence and Practice of Pharmacy, 20*
Edicion, Lippincott Wiliams & Wilkins, Baltimore, MD (2000), que se incorpora

5 en su totalidad en este documento como referencla. Los exciplentes (o
vehiculos) farmacéuticamente aceptables incluyen agentes aromatizantes,
colorantes o pigmentos de calidad farmacéutica, disolventes, co-disolventes,
sistemas famponantes, tensioactivos, conservantes, agentes edulcorantes,
agentes de viscosidad, cargas, Ilubricantes, emolientes, disgregantes,

10  agiutinantes y resinas.

Pueden usarse agentes aromatizantes convencionales, tales como los
descritos en Remington's Pharmaceutical Sciences, 18* Ed., Mack Publishing
Co., pags. 1288-1300 (1990), que se incorpora en su totalidad en este
documento como referencia. Las composiciones farmacéuticas de la invencion

15 generalmente contienen aproximadamente del 0 a 2% de agentes
aromatizantes,

También pueden usarse colorantes y/o pigmentos convencionales, {ales
como los descritos en Handbook of Phammaceutical Exciplents, de la American
Pharmaceutical Association & the Pharmaceutical Society of Great Britain,

20 pags. 81-80 (1988), que se Incorpora en su totalidad en este documento como
referencia. Las composiciones farmacéduticas de la invencldn generaimente
contienen aproximadamente del 0 a 2% de colorantes y/o pigmentos.

Las composiciones famnacéulicas de la invencion generaimente
contienen aproximadamente de! 0,1 a ©9,9% de disolvente(s). Un disolvente

25 preferido es agua. Los co-disolventes preferidos inciuyen etanol, glicerina,
propilenglicol, polietliiengiicol y simllares. Las composiciones farmacéuticas de
fa invencidon pueden incluir aproximadamente del 0 a 50% de co-disolventes.

= —carbonico, 10s1onCo, succinico, maleico, tartarico, citrico, acético, benzoico,
30 lactico, giicérico, glucénico, glutdrico y glutdmico y sus sales sddica, potdsica y
de amonio. Los tampones particularmente preferidos son acldo fosférico,
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tartdrico y cltrico y acidos acéticos y sales de los mismos. Las composiciones
farmacéuticas de la Invencién contienen generalmente aproximadamente def 0
a 5% de un tampén.
Los tensioactivos preferidos incluyen ésteres de écidos grasos de
5 polioxietilenosorbltan, monoalquiléteres de polioxietileno, monodsteres de
sacarosa y ésteres y éteres de lanolina, sales alquilsulfato y sales sddica,
potasica y amodnica de acldos grasos. Las composiciones farmacéuticas de la
invencion contienen generaimente aproximademente del 0 a 2% de
tensioactivos.
10 Los conservantes preferidos incluyen fenol, alquilésleres de Aacido
parahidroxibenzoico, acido o-fenilfenolbenzolco y sales del mismo, acido bérico
y sales del mismo, acido s6rbico y sales del mismo. clorobutanol, alcohol
bencllico, timerosal, acetato y nitrato de fenilmercurio, nitromersol, cloruro de
benzalconio, cloruro de cetilpiridinlo, metilparabén y propilparabén. Los
15 conservanies particularmente preferidos son las sales de acido benzoico,
cloruro de catilpiridinio, metilparabén y propilparabén. Las composiciones
farmacéuticas de la invencién contienen generaimentes aproximadamenta del 0
al 2% de conservantes.
Los eduicoranies preferidos incluyen sacarosa, glucosa, sacarina,
20 sorbitol, manitol y aspartamo. Los edulcorantes particularmente preferidos son
sacarosa y sacarina. Las composicdones farmacéuticas de la invencidén
generalimente contlenen aproximadamente del 0 al 5% de edulcorantes.
Los agentes de viscosidad preferidos incluyen metliceluiosa,
carboximetilcelulosa sddica, hidroxipropil-metilcelulosa, hidroxiproplicelulosa,
25 alginato s&dico, carbdmero, povidona, goma arabiga, goma de guar, goma de
xantano y tragacanto. Los agentes de viscosidad particularmente preferidos
son metiicelulosa, carbdmero, goma de xantano, goma de guar, povidona,
carboximetilcelulosa-sédica-y-sillcs D-Fagnesio—1-as-Compe
TS farmacluticas de la Invencion confienen generaimente apraximadaments del 0
30 al 5% de agentes de viscosidad.
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Las cargas preferidas incluyen lactosa, manitol, sorbitol, fosfato célcico
tribdsico, fosfato céldco dibasico, azicar compresible, almidén, sulfato de
calcio y celuiosa dextro y microcristalina. Las composiciones famacéuticas de
la invencién contienen generalmente aproximadamente del 0 al 75% de cargas.

Los lubricantes/emolientes preferidos incluyen estearato de magneslo,
acido estedrico y taico. Las composiclones farmacéuticas de la invenclén
generaimente contienen aproximadamente del 0 al 7%, preferiblemente
aproximadamente del 1 al 5% de lubricantes/emolientes.

Los disgregantes preferidos incluyen almidén, almidén gilcolato sédico,
crospovidona y croscarmelosa sédica y celulosa microcristalina. Las
composiclones farmacéuticas de la Invencién contienen generalmente
aproximadamente del 0 al 20%, preferiblemente, aproximadaments del 4 al
15% da disgregantes,

Los aghtinanies preferidos Incluyen goma ardbiga, tragacanto,
hidroxipropilcelulosa, almidén  pregelatinizado, gelatina, povidona,
hidroxipropilcelulosa, hidroxiproplimetilcelulosa, metlicelulosa, soluciones de
azicar, tales como sacarosa y sorbitol, y etliicelulosa. Las composiciones
farmacéuticas de la invencién contienen generalmente aproximadaments del 0
al 12%, preferiblemente, aproximadamente del 1 a! 10% de aglutinantes.

Ofros agentes adicionales conocldos por un formulador especialista
pueden combinarse con los compuestos de la invencidén para crear una forma
de doaiflcacién unitaria. Como altemativa, los agentes adicionales pueden
administrarse de forma separada a un mamifero como parte de una forma de
dosificacién mdltiple.

Para preparar las composiclones farmacéuticas que contienen los
compuestos de la invencion, los excipientes o vehiculos farmacéuticamente
aceptables inertea pueden ser sdlidos o liquidos. Las preparaciones en forma

Sl ALV EN) . wa atlalalaallaFal- alm-Ts
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suposlionos, Generalments, los polvos y comprimidos pueden comprender
aproximadamente del 5 al 95% por dlento en peso del ingrediente activo. Los
vehiculos sélidos adecuados se conocen en la técnica, por ejemplo, carbonato
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de magnesio, estearato de magnesio, talco, azdcar y lactosa. Los comprimidos,
polvos, obleas y capsulas pueden usarse en forma de formas de dosificacién
solidas adecuadas para la administracion oral. Los ejemplos de vehiculos y
métodos farmacéuticamente aceptables para fabricar las diversas

5 composiciones pueden encontrarse en Remington's Phamaceutical Sciences,
168* Ed., Mack Publishing Co. {1990).

Las preparaciones en forma liquida Incluyen soluciones, suspensiones y
emulsiones. Las preparaciones en forma liguida comunes incluyen agua y
soluciones de agua-propilenglicol para inyeccién parenteral o adicién de

10 eduicorantes y opacificantes para soluciones, suspensiones o emulsiones
orales. Las preparaciones en forma liquida tamblén pueden indlulr soluciones
para administracién intranasal.

Las preparaciones en aerosol adecuadas para inhalacldn Incluyen
soluciones y sdlidos en forma de polvo, que pueden combinarse con un

15 vehiculo farmacéuticamente aceptable, tal como un gas inerte comprimido (por
ejemplo, nitnbgeno).

También se incluyen preparaciones en forma solida que pueden
convertirse, poco antes del uso, en preparaciones en forma liquida para
administracién oral o parenteral. Tales formas liquidas incluyen soluciones,

20 suspensiones y emulsiones.

Los compuesios de Ila Invencldn tamblén pueden Iiberarse
transdérmicamente. Las composiciones transdémicas pueden tomar forma de
cremas, lociones, aerosoles y aemulsiones y pueden Incluirse en un parche
transdérmico de tipo matriz o depdsito como es convencional en la técnica para

25 este propdsito.

E) modo de administracion preferido de los compuestos de la invencién

es ol oral. Preferiblementie, la preparacién farmacéutica es una forma de

untarias de tamafno adecuado que contienen cantidades apropiadas del —

30 componente aclivo, por ejemplo, una cantidad eficaz para conseguir el
propésito deseado.
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La cantidad de Ingrediente activo (compuesto) en una dosls unitaria de
preparacién puede variar o ajustarse aproximadamente de 0,01 a 4.000 mg,
preferiblemente, aproximadamente de 0,001 a 1.000 mg, més preferiblemente,
aproximadamente de 0,01 a 500 mg. e incluso mds preferiblements,
aproximadamente de 0,0t a 250 mg, de acuerdo con la aplicacién particular.
Un régimen de dosificacidn diarlo recomendado tiplco para administracién oral
variard normalmente aproximadamente de 0,02 a 2.000 mg/dia, en de una a
cuatro dosis divididas. Por conveniencia, la dosis diaria total puede dividirse y
administrarse en porciones durante el dia segin se requiera. Tipicaments, las
composicionea farmacéuticas de fa Invencién se administrardn
aproximadamente del 1 a § veces al dia, a como altemativa, ean forma de una
infusidn cantinua. Tal adminletracidn puede usarse para terapla crénica o
aguda. La cantidad de ingrediente aclivo que puede combinarse con los
materiales excipientes o vehiculos para producir una forma de dosificaclén
unitaria variard dependiendo del paciente tratado y de la via de administracién
particular. Una preparacién tipica normalmente contendra aproximadamente
del 5 a 95% del compuesto activo (p/p). Preferiblemente, tales preparaciones
contendran aproximadamente del 20 a 80% en peso de compuesio activo.

Los exclpientes o vehiculos famacéuticamente aceptables ernpleados
junto con los compuestos de la invencidn se usan a una concentracién
suficlente para proporcionar un tamafio préactico para la relacién de la dosis.
Los exciplentes o vehlculos farmacéuticamente aceptables, en total, pueden
comprender aproximadamente del 0,1 al 98,0% en pesc de las composiciones
farmacéuticas de la Invenclin, preferiblemente, aproximadamente del 20 al
80% en peso.

Después de la mejora de la afeccién del padente, puede administrarse
una dosis de mantenimlento de un compuesto, composicién o combinacién de

—Rosteriormente.—la—dosl

— —

e administracion, o0 ambas, pueden reducirse, como una funcién de los sintfomas,

30

|28

a un nive! al que se retenga la afeccién mejorada. Cuando los sintomas se han
aliviado con el nival deseado, el tratamlento deberla cesarse. Los pacientes
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pueden requerir, sin embargo, tratamiento intermitente durante una base a
largo plazo después de la recurrencla de los sintomas de la enfermedad.

Las dosificaciones y regimenes de tratamiento especificos para
cualquier paciente particular puede variarse y dependeran de una diversidad de

5 factores, incluyendo la actividad del compuesto especifico empleado, la edad,
peso corporal, estado de salud general, sexo y dieta del paciente, el tiempo de
adminletracién, fa velocidad de excrecion, la combinacién de farmacos
especlfica, la gravedad y transcurso de los sintomas que se traten, la
disposicion del paciente a la afeccién que se trate y el juicio del médico que lo

10 trate. La determinacién del mejor régimen de dosiicaclén para una situacion
particular estd dentro del conocimiento del especlalista en la téenica. La
cantidad y frecuencia de administraciéon de los compuestos de la invencidn o de
sus sales farmacéuticamente aceptables puede regularse de acuerdo con el
juiclo del médico, baséndose en los factores indicados anteriormente. Como

15 apreciard un especialista en la técnica, pueden requerirse dosis superiores o
inferiores a las citadas anteriormente.

Se entlende que ios compuestos de la Invencddn proporcionan
tratamiento eficaz de una diversidad de enfermedades, sintomas y trastomos,
particularmente, aquellos que son Inflamatorios © relacionados con la

20 inmunidad en la naturaleza, incluyendo un tiempo razonabie desde el comienzo
de la administracidén, y una duraclén razonable después de la administracién.
Mlentras que la comida, dieta, condiciones pre-existentes, condiclones de
alcohol y otras condiciones sistémicas podrian alargar el retraso de tiempo para
el frabajo de un farmaco de la invencion después de su administracion, se

25 entiende que las dosis dptimas dardn como resultado un tratamlento de
farmacos eficaz dentro de una cantidad razonable de tiempo.

Los compuestos de la invendén pueden existir en formas no solvatadas
et - ——— - —-—SSLGOHIOWGSH oY SRGO0-—ORaS-NeratBtat— R generm—— s 1o0Mas
- solvatadas, con disolventes farmacéulicaments aceptables, tales como agua,

30 etanol y similares, son equivalentes a las formas no solvatadas para. los
propdsitos de esta invancion.
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Los compuestos de la invencién pueden formar sales farmacéuticamente
aceptables con &cidos orgénicos e Inorgénicos. Los ejemplos de dcidos
adecuados para la formacion de sales son dcido clorhfdrico, sulfiirico, fosférico,
acético, cltrico, maldnico, salicillico, malico, fumérico, succinico, ascérbico,
maleico, metanosulfénico y otros 4cidos minerales y carboxilicos bien
conocidos por los aspeclalistas en la técnica. Las sales se preparan poniendo
en contacto las formas de base libre con una cantidad suficiente del acido
deseado para producir una sal de manera convenclonal. Las formas de base
libre pueden regenerarse tratando la sal con una asolucién de base acuosa
diluida adecuada, tal como hidrdxido sédico acuoso diluldo, carbonato potésico,
amoniaco o blcarbonato sédico. Las formas de base libre pueden diferir un
poco de sus respactivas formas de sal en clertas propledades fisicas, tales
como solubllidad en disolventes polares, pevo las sales son equlvalentes a sus
formas de base libre respectivas para los propésitos de la Invencién.

Considerando sus propledades farmacoldglcas, los compuestos de
acuerdo con la invencidn son adecuados para el tratamlento y terapla
profildctica de enfermedades, trastomos y sintomas que implican actividad
aumentada de quinasa IxB. Estos Incluyen, por ejemplo, inflamadidn de
articulaclones (por ejemplo, artritls reumatoide (RA), espondilitis reumatoide,
artritis gotosa, artritls traumética, artritls rubella, artritis psoriatica, osteoariritis y
otras afecclones artriticas), sinovitis aguda, tuberculosis, ateroesclerosis,
degeneracién muscular, caquexia, sindrome de Reiter, endatoxemia, sepsis,
choque séptico, choque endotdxico, sepsis gram negativa, gota, sindrome de
choque téxico, enfermedades inflamatorfas pulmonares (por ejemplo, asma,
sindrome de insuficiencia respiratoria aguda, enfermedad pulmonar obstructiva
crénica, silicos!s, sarcoldosis pulmonar y similares), enfermedades de resorcién
Gsea, lesiones de reperfusién, carcinosls, leucemia, sarcomas, tumores de

130
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hospedador, enfermedad de injerto contra hospedador (GVHD), rechazo a
aloinjerto y lepra.
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Ademés, los compuestos de la invencidn pueden usarse en el
tratamiento de enfermedades, sintomas y trastomos relacionados Inmunes, por
ejemplo, infecciones tales como infecciones viricas (por ejemplo, VIH,
cliomegalovirus (CMV), Influenza, adenovirus, el grupo de virus Herpes, y
similares), infecclones parasitarias (por ejemplo, melaria, tal como malaria
cerebral), e infecciones por levaduras y fingicas {(por ejemplo, meningitis
funglca). Ademas, los compuestos de la invenclén pueden ser Utiles para tratar
la fiebre y mialglas debldas a infeccién, sindrome de inmunodeficiencia
adquirida (SIDA), complejo relacionado con SIDA (ARC), caquexia secundaria
a infeccién o malignidad, caquexia secundaria a SIDA o céncer, formacién de
tejldo queloide y cicatrizado, piresis, diabetes y enfermedades inflamatorias del
intestino (IBD) (por ejemplo, enfermedad de Crohn y colitis ulcerosa). los
compuestos de la invencién también son dtlles en el tratamiento de
enfermedades o lesiones del cerebro en las que se ha Implicado la
sobreexpresién de TNF-a, tales como esclerosis mditiples (MS), lesidn cerebral
isquémica, por ejemplo infarto cerabral (apoplejla) y traumatiemo craneal. Los
compuestos de [a invencidn también son (tiles on el tratamiento de psoriasis,
enfermedad de Alzheimer, trastomos carcinomatosos (potenciacién de terapias
citotdxicas), infarto cardiaco, enfermedad puimonar obstructiva crénica (COPD)
y sindrome de Insuficiencla respiratoria aguda (ARDS).

En una reallzacién, los compuestos de esta invencidn son Gtlies para
tratar el cancer, especialimente para tratar cinceres donde la actividad de IKK
es anormaimente elevada. Los lipos de cincer que pueden tratarse incluyen
linfoma, tal como célula B grande difusa, célula B mediastinal primaria y célula
del manto; mleloma muiltiple; metéstasis osteolitica dsea; cdncer de células
escamosas de cabaza y cuelio; cancer de prosiata; céncer pancredtico y
céncer de pulmén de células no pequefias. En una realizacion, los compuestos

30
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pueden usarse como un agente unitario o junto con otros agentes conocidos
por ser Utiles para el tratamiento del céncer. Los ejempios de tales agentes
incluyen bortezomlb; capeditibina, gemcitabina; irinotecan; fiudarabina; 5-
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flucrourici o S5-fluorouricilfleucovorina; taxanos, incluyendo, por ejemplo,
paclitaxel y docetaxel; agentes de platino, Incluyendo, por ejemplo, cisplatino,
carboplatino y oxaliplatino; antraciclinas, incluyendo, por ejemplo, doxorubicina
y doxorubicina liposomal pegllada; mitoxantrona; dexametasona; vincristina;
stoposida; prednisona; talidomida; Herceptina; temozolomida; y agentes
alquilantes tales como melfalan, dorambud y ciclofosfamida.

Los compuestos de férmula (I) son especialmente Gtiles para tratar
enfermedades, trastornos y sintomas inflamatorios y relacionados inmunes,
mas especiaimente, inflamatorios tales como RA, asma, IBD, psoriasis, COPD
y MS. Se apreclard que los prsentes compuestos son Utiles para tratar
enfermedades, trastomnos o sintomas relacionados con la actividad de NF-xB,
TNF-a y otras enzimas en las rutas en las que se muestra que IKK modula la
actividad.

Los compuestos de esta invencién también son (tiles para tratar una
enfermedad, sintomna o trastorno asodado con los huesos donde hay un déficit
o deficiencia de hueso - como resultado de nueva formacién ésea disminuida o
un aumento en la resorcién dsea 0 una combinacién de ambos. Los ejempios
especificos Incluyen osteoporosis, enfermedad periodontal, osteomielitis, artritls
reumatoide, pérdida de articulacién aséptica y lesiones osteocliticas (t/picamente
ralacionadas con el cdncer). Se sabe gue la arlriis reumatolde, que se
caracleriza por la Inflamadion de las articuiaciones, se asocia con la
destrucclén del cartllago y el hueso. Ademads, se ha informado de que la
inhibicidn proporcionada por un inhibidor de IKK de la pérdida de cartllago y
hueso en un modelo murino de artritls inducida por coldgeno. Véase Mcintyre
et al., Arthrilis & Rheumatism (2003), 48 (8), 2652-2659,

La osteoporosis es un térmln6 amplio aplicado & numerosas
enfermedades distintas en las que hay una masa 6sea disminuida. Esto incluye
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osteoporosis juvenil) y ostecporosis secundaria. Los ejemplos de osteoporosis
secundaria serfan aquellos asociados con enfarmedades crénicas (por ejemplo,
enfermedad renal crénica, Insuficiencla hepatica, malabsorcléon gastrointestinal,
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inmovilizaclén cronica y enfermedades Inflamatorias crdnicas, incluyendo
artritis reumatoide, osteoartritis, enfermedad periodontal y pérdida prostética de
la articulacién), enfermedades relacionadas con disfuncién endocrina (por
ejemplo, diabetes, hipertiroidismo, hiperparatiroldismo, hipogonadismo e
hipopituitarismo), sintomas relacionados con famacos y sustancias (por
ejemplo, corticoesteroides, heparina, anticonvulsivos, alcohol e
inmunosupresores) y trastomos hematoiégicos (por ejemplo, enfermedad
melastdsica, mieloma, leucemia, enfermedad de gaucher y anemia). Se ha
informado que es Utll la inhibicién de la ruta de kB directamente o de NF-kB
indlrectamente para el tratamiento de osteoporosis y artritis. Véanse, por
ejemplo, las solicitudes PCT WO 2003104218, WO 2003103658, WO
2003020242, WO 2003085872 y WO 0965495, Por consigulente, esta
invencién también proporclona un método para fratar o prevenir la pérdida 6sea
en un paciente en necesidad del mismo, que comprende administrar al
paciente un compuesto de esta invencion. También se proporciona un método
para generar la fomacion ésea en un paciente que comprende administrar un
compuesto de esta invencién.

Otra realizacién de la invencién proporciona un método para inhibir la
activacién de la expresion del gen dependiente de NF-xB asociado con la
inhibicién de la actlvidad catalftica de IKK ylo la fosforilaclon de IxB, que
comprende administrar a un paciente en necesidad del mismo una cantidad del
compuesto de acuerdo con la reivindicacidn 1 o una sal o solvato
farmacéuticamente acepteble del mismo, o una composicidn
farmacéuticamants aceptable del mismo, que es eficaz para inhibir la actividad
catafitica de IKK y/o la fosforilacién de kB, inhiblendo de esta manera la
activacion de la expresion del gen dependiente de NF-xB.

En una realizacién, de la Iinvencién, se prdpordona un método para
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paciente en necesidad de tal tratamlento, que comprende administrar al
paciente una cantidad de al menos un compuesto de acuerdo con la
reivindicacién 1, o una sal o solvato farmacéuticamente aceptable del mismo, o
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una composicion farmacéutica del mismo, que es eficaz para tratar el trastomo
fisiolégico, sintoma o enfermedad inflamatoria o relaclonada inmune,
Preferiblemente, la enfermedad, trastorno o sintoma inflamatorio es artritis
reumatoide, asma, psoriasis, arlritls psoridtica, enfermedad pulmonar
obstructiva crénica (COPD), enfermedad inflamatoria del intestino o esclerosis
muiltiple.

La invencién comprende un compuesto que tiene la formula (1), un
método para fabricar un compuesto de la Invencién, un método para fabricar
una composicién farmacéutica a partir de al menos un compuesto de la
invencién y al menos un vehlculo o exclpiente farmacéuticamente aceptable, y
un método para usar uno 0 mds compuestos de la invencidén para tratar una
diversidad de trastomos, sintomas y enfermedades, particularmente aquellos
que son de naturaleza inflamatoria o relacionada inmune. Los compuestos de
la invencidbn y sus sales y composiciones neutras farmacéuticamente
aceplables pueden formularse Junto con un exciplente o vehiculo
famacéuticamente aceptable y la composicién resultants puede administrarse
in vivo a mamlferos, tales como primates, por ejemplo, chimpancés y seres
humanoa (por ejemplo, machos y hembras) y animales (por ejemplo, peros,
gatos, vacas, caballos y simllares) para fratar una diversidad de trasiomos,
sintomas y enfermedades. Ademads, los compuestos de la invencién pueden
usarse para preparar un medicamento que es (tl para tratar una diversidad de
trastornos, sintomas y enfermedades.

Aunque pueden usarse unc o més de ios compuestos de la invencion en
una aplicacién de monoterapia para tratar un trastomo, enfermedad o sinioma,
también pueden usarse en terapia de combinacién, donde el uso de un
compuesto o composicién de la Invendlén (agente terapéutico) se combina con
el uso de uno o mas agentes terapéuticos para tratar trastomos, sintomas y

| B¢

30

incluye la administraclon de los agentes terapéuticos de forma concurrents o

secuencial. Como altemativa, los agentes terapéuticos pueden combinarse en
una composicién que se administra al paclente.
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En una realizacién, los compuestos de esta Invencién se usan junto con

otros agentes terapéuticos, tales como otros inhibidores de IKK, otros agentes

(tiles para tratar afecclones asociadas con NF-xB y TNF-a y agentes dtiles

para tratar otros trastomos, sintomas y enfermedades. En particular, los

5 agentes que inducen a ia apoptosis tales como los agentas que alteran el cicio

celular o la funcién mitocondral son dtiles junto con los Inhibidores de IKK de

esta invencién. Los agentes ejemplares para la combinacién con los inhibidores

de IKK incluyen agentes antiproliferativos (por ejemplo metotrexato) y los

agentes descritos en la Publicacion de Sollcitud de Patente de Estados Unidos

10 N° US2003/002888, pag. 14, para. [0173-0174], que se incorpora en este

. documento en su totalidad. En algunas realizaclones, un compuesto de la

invencién se administra Junto con un agente terapéutico selecclonado entre el

grupo compuesto por agentes citotdxicos, radioterapia e Inmunoterapia. Los

ejemplos no limitantes de agentes citotdxicos adecuadas para el uso junto con

15 los inhibidores de IKK de la invencién incluyen capecitibina; gemcitabina;

irinotecan; fludarabina; S-fluorouracilo o 5-fluorouracilo/leucovorina; taxanos,

induyendo oxaliplatino; antracicinas, Incluyendo, por sjemplo, doxorubicina y

doxorubicina liposomal pegllada; mitoxantrono; dexametasona; vincristing;

etoposide; prednisona; talidomide; herceptina; temozolomida; y agentes

20 alquilantes tales como melfalan, dorambucil y cidofosfamida. Se entlende que

pueden reallzarse otras combinaciones mientras se mantengan dentro del

alcance de la invenclén.

Otro aspecto més de esta invencién es proporcionar un kit que

‘ comprende reclpientes separados en un envase unitzio, donde los

25 compuestos farmacéuticos, las composiciones de la invencién y/o las sales de

los mismos se usan junto con vehiculos farmacéuticamente aceptables para

. tratar trastomos, sintomas y enfermedades en las que la quinasa IKB juega un
M—— — - e

TT T los compuestos de esta invencion pueden prepararse mediante

30 procedimientos conocidos por los especialistas en la técnica para compuestos
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anélogos, como se ilustra mediante los siguientes esquemas generales, y
haciendo referencia a ios ejemplos preparativos mostrados a continuacién.

5P —

5 1a 2a |
El esquema | anterlor muestra una v(a general para obtener compuestos
. de formula {. Un écido carbaxilico de anilio A 1a puede acoplarse con la amino-
beta-carbolina deseada 2a para proporcionar . Muchos intermedios 1a que son
utles para preparar los compuestos de esata invencién estdn faciimente
10 disponibles a partir de materlalas de partida y métodos quimicos conocidos,
especialments en vista de ks ejemplos sintéticos detallados en este
documento. Los Esquemas lI-IV describen vias para fabricar los diversos

intermedios de p-carbolina 2a.

Esguemall
My
O o
F —_— ——
H k2 R
Oy
H ks
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Etapas: (a) (1} HCOCOzH (i) HC! (b) Pd/C (c) NCS (d) NaNO; (8) NaODMe

(NP H,
El esquema Il anterlor muestra una via para fabricar un resto beta-
carbolina en el que R' es hidrégeno, R? es doro y R® es alcoxl. Mientras que el
5 esquema se ejemplifica siendo R? metoxi, se apreciara por un especialista en la
técnica que las beta-carbolinas que tienen otros grupos alcoxl R} pueden
obtenerse reemplazando NaOMe en la etapa (e) por otros alcdxidos de sodio o

metal.
Esquems lll
Hyf
8 o SIS QEEEw o
boc \ boo
146 47 48
Hyl H.
R - o
—— ———
49 50
Hy
s o
Etapas: (a) NaHMDS, Mel (b) Ha, Niquel Raney, PO (¢) i. TFA I
CHOCOZH iii. HCI (d) Pd/C, xilenos, 160°C (e) i. NCS, HCI 1 N li. NaNO,, TFA
ili. Ha, Pt

El esquema 1ll anterior muestra una via para preparar un Intermedlo de

1Cuios =it —Co—tir 1 IBi0—-18

como cloro y R” es hidrégeno. Un especialista en la técnica entenderd coémo
puede modificarse el esquema anterior para obtener un grupo alquilo R'
diferente de metilo o un grupo halo R? diferente de cloro.
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Etapas: (a) I. LDA, THF, -78C, ii. SnBusCI {b) 5% Pd(PPh;):Cl, Cul al 10%,
S DMF, refisjo durante una noche (c) 3 equiv. de NHMDS, THF, ta durante una
noche (d) i. TFA/NaNO,, il. NaHCQOj saturado, iil. 5% P#(S), NH,O.CH
El esquema V muestra una via para fabricar un intermedio de beta-
carboiina en ei que R' es flior, R? es cloro y R es hidrégeno. Se apreciara que
una sencilla modificacién de este esquema permitira ta preparacién de otros
10 intermedios. Por ejemplo, puede introducirse otro grupo R? reemplazando la 4-
‘ cloro-2-yodoanillna en la etapa (b) por otra 2-yodoanilina que tiene un
sustituyente diferente de cloro en ia posicion 4.
Un intermedio particularmente dtil para fabricar compuestos de férmula
Ill-A-aa es el Intermedio 3a:

M
et e —
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en el que R™ es halo, OH, OR'S o un grupo protector de 4cido carboxilico; R*
es un grupo protector de amino, hidrbgeno o -W-G como se ha definido
anteriormente; y R'® es un radical organico. Los grupos protectores de amino
se conocen bien en la técnica. Los ejemplos de grupos protectores de amino
adecuados incluyen grupoes alcoxicarbonlio tales como t-butoxicarbonilo (t-
BOC) y grupos bencilo tales como bencilo y para-metoxibencilo. El grupo écido
carboxilico de la posicion 3 del anlllo morfolina puede protegerse como
cualquier grupo éster estable tal como un alquil o ariléster simple tal como un
éster de metilo, etilo, bencilo o pentafiuorofenilo. En una realizacién, R eg -W-
G y R"™ es -OH, halo o un grupo protector de 4cido carboxllico. Se describen
varios grupos protactores con detalle en Protecting Groups in Orgapic
Synthesis, Theodora W. Greene y Peter G. M. Wuts, 3* edicién, 1999,
publicado por by John Wiley and Sons.
Un enantiémero preferido del intermedio 3a es (S)-3a:
L]

H
7 ¥H

donde R** y R** son como se han definido anteriormente.

El Intermedio 3a o (S)-3a, como el dcido carboxilico o una forma
activada del mismo (tal como el doruro de dcido), puede acoplarse con una
amino-beta-carbolina aproplada como se ha resumido en el Esquema 1

137

acoplamiento de amida proporciona otros Intarmedios datiles, mostrados a
continuacién como compuestos de formula IV:
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Iv

en la que R™ es un grupo protector de amino y R', R? y R® son como se han
definido anteriormente. Se apreclard por un especialista en la técnica que
ciertos compuestos de férmula lll-A-aa (en la que cada R® es metilo) pueden
prepararsa a partir de compuestos de férmula {V retirando el grupo protector de
R y después unlendo la porcion -W-G usando métodos conocidos. Como
altemativa, los compuesios de férmula IlIl-A-as pueden prepararse
construyendo primero el intermedio 3a en el que R** es -W-G y R" g5 un 4cido
carboxilico o un derivado del mismo. La reaccidn de acoplamiento de amida
con una amino-beta-carbolina apropiada proparciona deapués los compuestos
de férmula |ll-A-aa directamente.

Esaouema V

[4D
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,(z;:kran_f_— L

k16

P e

19

Etapas: (a) K;COs;, Ki, 3-Bromo-2-metil-propeno, MeCN (b) l., NaHCOs,
MeCN (c) BusSnH, AIBN, tolueno, 110°C (d) Ha, Pd(OH); al 20%/C, AcOH al
10%/MeQH
5 El Esquema V anterior muestra una via para fabricar intermedios de
féormula 3a, incluyendo el 19 desprolegido. La proteccién y desproteccién
selectivas e los grupos amino vy 4cido carboxilico en 19 para proporcionar
varios intermedios 3a estard dentro del conocimiento de un espeacialista en fa
técnica.
10 Otro intermedio Utll para fabricar los compuestos de férmula Ill-A-aa es
‘ un compuesto de férmula V, preferiblemente (S)-V:




5

en la que R™ es halo u ofro grupo saliente, OH, OR'® o un grupo protector de
&cido carboxllico, R' as un radical arganico tal como un alifdtico Ci.g, arilo o
bencilo, el Anllio A tiene 0-2 0 04 R® y R', R?, R y R*™ son como se han
' 5 definido anteriormente.
Otro intermedio Gtil para fabricar los oompuestbs de esta Invencién es VI,
prefariblemente (S)-VI:

T\B ngr%w'i"'

donde uno de R* y R'™ es OH o un grupo saliente tal como halo y el otro es
10 OR™ o un grupo protector de acido carboxllico, R' es un radical orgénico tal
como un alifatico Cy.q, arilo o bencilo, el anillo A tiene 0-2 y R®™ es coma se ha
definido anteriormente,
tegis
Las siguientes abraeviaturas se usan en los métodos de preparacién: TA
15 o ta es lemperatura ambiente; h, hr o hrs es hora u hors; min es minutos; TFA
es dcido irfluoroacético; DMSO es dimetlisulféxido; NCS es N-
. l inlmide: _EDCI . -~

14

= ~giicaTbaImita; ETOAC és acetato de etlo; DIEA es dilsoproplietlamina, OCM
es diclorometano; DDQ es clorodiclanobenzoquinona; mCPBA es écido meta-
20 cloroperbenzoico; MeOH es metanol; EtOH es etanol; MeCN es acetonitrilo;
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TLC es cromatografia de capa.fina; AIBN es azobisisobutironitrilo; NHsOAC es
acetato amoénico; NaOAc es acetato sddico; Et,O es éter dletllico; AcOH es
&cido acético; y DMF es dimetiiformamida. TBTU es tetrafluoroborato de
N,N,N’,N'-tetrametil-o-{benzotriazol-1-lljuronio.
INTERMEDIO 1: écido 7-fluora-2,3,4, 9-tetrahidro-1H-p-carbolina-1-
carboxilico

A 10 g (46,6 mmol) de clorhidrato de 8-fluorotriptamina disponible en el
mercado se le afiadleron 50 ml de tampdn acetato 1 M (pH 4.4) para dar una
suspension que se agitdé a temperatura amblente (TA). Después, a la
suspension aglitada se le afadié en una porcién una suspension de dcido
glioxilico monohidrato (1,1 equiv., 51,28 mmol, 4,72 g) en acetato de etilo. La
suspensién se agitd durante una noche (16 h) a TA y el sélido precipitado se
recogid por filtracién y se lavd con H20 y acetato de etilo. Después, la muestra
se seco al vaclo para dar un sélido amarillo claro con rendimiento cuantitativo.

'H RMN (300 MHz, &cldo acético-ds): 5 3,04 (m, 2H), 3,56 (m, 1H), 3,83
{m, 1H), 6,80 (m, 1H), 7,13 (dd, 1H), 7,34 (dd, 1H).

Tiempo de Retencién {LC, método: patrén de acetato amébnico): 1,17
min,

EM (M+H"): 235,0.
INTERMEDIO 2:  7-fluoro-2,3,4,9-telrahidro-1H-S-carbolina

Se suspendid d&cdo 7-fluoro-2,3,4,9-tetrahidro-1H-p-carbolina-1-
carboxilico (5 g, 21,36 mmol) en 130 ml de HCI 3 N en un matraz de fondo
redondo de 500 ml y se calenté a reflujo durante una noche (16 h) con
agitacién. Después de la refrigeracidn, precipitd un sdlido pardo claro que se
recogio por fitracién y se lavd con Hz0. La sal obtenida por filtracién anterior se
disolvi6 después en metanol callente (200 ml) y se tratd con K:CO3 3 M (5-10
ml) de tal forma que el pH es aproximadamente del 9. A esta mezcla se le

td 2

T e Hal BB NSEAIat &6 Ao an anltanlan o 8 L.l ==

se evapord sobre un evaporador rotatorio para dar una suspension acuosa
blanca de la base libre deseada, que se recogid por filtracién (3,2 g,
rendimiento del 79%).
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'H RMN (300 MHz, metanol-ds): & 2,73 (t, 2H), 3,11 (t, 2H), 3,94 (s, 2H),
6,73 (m, 1H), 6,94 {m, 1H), 7,30 (dd, 1H).

Tiempo de Retencion (LC, método; patrén de acetato aménico): 1,25
min. _

EM (M+H'): 191,1.
INTERMEDIO 3:  7-fluoro-9H-B-carbolina

Se suspendié 7-fluoro-2,3,4,9-tetrahidro-1H-p-carbolina (3.5 g, 18,42
mmol) en xilenos (60 ml) en un matraz de fondo redondo de 260 ml equipado
con un condensador que estaba ablerto a la atmdsfera y se calentd. A esta
mezcla de reaccldn caliente se le af\adié Pd/C (al 10% en peso, 0,2 equiv., 700
mg) y la mezcla se calentd a reflujo en xilenos durante una noche (12-14
horas). Después, la solucldn se filtrd a través de una capa de celite y €l filtrado
recogldo después se evapord sobre un evaporador rotatorioc para dar el
producto deseado en forma de un sélido pardo/castafio (3,0 g, rendimiento del
88%).

'H RMN (300 MHz, DMSO-dy): & 7,10 (m, 1H), 7,37 (dd, 1H), 8,10 (d,
1H), 8,28 (dd, 1H), 8,35 (dd, 1H), 8,89 (s, 1H), 11,74 (s, 1H).

Tlempo de Retencién (LC, método: patrén de acetato aménico). 1,88
min.

EM (M+H'): 187.1.
INTERMEDIO 4:  8-cloro-7-luoro-9H-p-carbolina )

Se suspendlé 7-fluoro-9H-p-carbolina (2,15 g, 11,58 mmol) en 100 ml de
HCt 1 N. A esta mezcia se le afadid NCS (1,85 g, 13,89 mmol, 1,2 equiv.) y la
mezcla resultante se agité a TA durante una noche. Después, la mezcia de
reaccion se filtrd para dar un sdlido amarillo claro (2,1 g, rendimiento del 83%).

'H RMN (300 MHz, DMSO-dg): 5 7,86 (d, 1H), 8,64 (d, 1H), 8,79 (d, 1H),

1dY¥

8,91 (d, 1H), 8,33 (s, 1H), 13,05 (s, 1H).

30

min,
EM (M+H"): 221,1.
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INTERMEDIO 5:  8-cloro-7-fluoro-8-nitro-9H-f-carbolina

Se tomé 6-cloro-7-fluoro-9H-B-carbolina (2,1 g, 9,54 mmol) en un matraz
de fondo redondo (250 mi) y se le afadié NaNQ; (1,138 g, 13,36 mmol, 1,4
equiv.). Después, al matraz se le afladié se afadié TFA (48 ml) y la mezcla
resultante se calenté a refiujo durante una nocha. Después, el TFA se retira
sobre un evaporador rotatorio. La suspensién resultante se suspende en agua
(50 ml) y se sonica minuclosamente. Daspués, la solucidn restitante se filtra
para dar un sélido amarilio (2,0 g, rendimiento del 80%).

'H RMN (300 MHz, DMSO-da): 5 8,21 (d, 1H), 8,48 (d, 1H), 8,04 (m, 2H),
12,55 (s, 1H).

Tiempo de Retencién (LC, método: patrdn de acetalo amédnico): 2,24
min.

EM (M+H'): 266,2.
INTERMEDIO 6:  6-cloro-7-metoxi-8-nitro-9H-f-carbolina

Se afiadié metanol (0,482 mi, 11,4 mmol) a una suspensién en agitacién
de NaH (684 mg, 17,1 mmol) en DMF (10 mi) en una atmoésfera de argén. La
solucion resultante se dejd en agitaclén a TA durante 20 min. A la solucién en
agitacién se le afadié 6-cloro-7-fluoro-8-nitro-9H-p-carbolina (500 mg, 1.8
mmol) y la mezcla resultante se dej6 an agitaciéon a TA. Después de la adicién
de H20, precipitd un sdlido pardo que se filtrd para dar la 6-cloro-7-metoxi-8-
nitro-9H-p-carbolina deseada (510 mg, rendimiento del 97%).

'H RMN (300 MHz, DMSO-dg): 5 4,02 (5, 3H), 8,52 (d, 1H), 8,60 (d, 1H),
9,05 (s, 1H), 8,12 (s, 1H), 12,78 (a, 1H).

Tiempo de Retenclén (LC, método: patrén de acetato aménico). 2,28
min.

EM (M+H"): 278.
INTERMEDIO 7:  8-cloro-T-meloxi-8H-S-carbolina-8-ilamina

(45
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durante una noche a TA. Despuds de [a flitracion a través de una capa de celite
y la evaporacion del metanol, se obtuvo un sdlid pardo oscuro. Este residuo se
suspendid en metanol (15 ml} y se afadi4, con agitacién vigorosa, & una
solucién de NaHCO; saturado (100 ml). El sélkio pardo claro que precipité se
recogid por filtracion y se secd minuciosamente al vacio para dar el producto
deseado (512 mg, rendimiento cuantitativo).

'H RMN (300 MHz, metanol-d,): 5 3,90 (s, 3H), 7,63 (s, 1H), 8,11 (d, 1H);
8,27 (d, 1H), 8,84 (s, 1H).

Tiempo de Retencién (LC, método: patrén de acetato aménico): 1,12
min.

EM (M+H'): 248.

INTERMEDIO 8:  6-cloro-9H-B-carbolina-8-ilamina

El compusesto diana se preparé de acuerdo con los procedimientos
resumidos para el Infermedio 1 al Intermedio 7 donde el matarial de partida
para el Intermedio 1 fue triptamina no sustituida. Una sintesis altemativa para
6-cloro-8H-p-carbolina-8-llamina se describe en la pagina 34, ejlemplo 15 de la
Publicacién de Solicitud PCT N° WO 01/68648 A1, que se incorpora a este
documento en su totalidad.

METODO A: PROCEDIMIENTO DE ACOPLAMIENTO PARA B-CARBOLINAS
6,7,8-SUSTITUIDAS.

Se tomaron 9H-8-carbolina 6,7,8-sustitukda (1 mmol), EDCI (1,6 mmol) v
el acido carboxflico apropiado (1,2 mmol) en un matraz de fondo redondo y se
suspendieron en piridina (5 mi). La mezcla resultante se calentd a 60°C durante
una noche. Después, la piridina se retird por evaporacidn rotatoria y se le
ahadld una solucién al 5% de Na;COs. El sélido resultante que precipité se
recogi¢ por filtracién. La purificacién cromatogréfica dio el producto deseado.
METODO B: PROCEDIMIENTO DE ACOPLAMIENTO PARA B-CARBOLINAS

(46

Se tomaron para acoplarse 9H-B-carbolina 6,8-susfituida (1,0 mmol),

30 EDCI (1,86 mmol) y e acido carboxfiico (1,2 mmol) en un matraz de fondo
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redondo y se suspendieron en piridina (5 mi). La mezcla resultante se agité
durante una noche. Después, la piridina se retiré por evaporaciéon rotatoria y se
le afadié una solucién al 5% de Na;COs. El sélido resultante que precipité se
recogié por filtracién. La purificacién cromatogréafica dio el producto deseado.
EJEMPLO 1; N-(@-cloro-7-metox|-9H-p-carbolin-8-il}-2-metil-nicotinamida

Se tomaron 6-cloro-7-metoxi-0H-p-carbolin-8-ilamina (100 mg, 0.4
mmol), EDCI (125 mg, 0,64 mmol) y &cido 2-metiinicotinico (86 mg, 0,48 mmol)
en un matraz de fondo redondo y se suspendieron en piridina (2 ml). La mezdla
resultante se calentd a 80°C durante una noche. Después, la piridina se retind
por evaparacién rotatoria y se le afladlé una soluclén al 5% de Na;COs. EI
sdlido resultante que precipité se recogid por filtracién. La purificacion
cromatogréfica dio el producto deseado con un rendimiento del 50-70%.

'H RMN (300 MHz, DMSO-de): § 2,71 (s, 3H), 3,89 (s, 3H), 7,45 (dd, 1H),
8,15 (d, 1H), 8,21 (d, 1H), 8,38 (d, 1H), 8,45 (s, 1H), 8,61 (d, 1H), 8,92 (s, 1H),
10,33 (s, 1H), 11,57 (s, 1H).

Tiempo de Retencién (LC, método: patrén de acetato aménico): 1,77
min.

El compuesto deseado se prepard de acuerdo con e/ Método A a partir
de 6-cloro-7-metoxi-8H-beta-carbolin-8-lamina y dcido 4-metil-5-pirfmidina
carboxilico con un rendimiento del 80%. '

'H RMN (300 MHz, DMSO-dg): 8 2,75 (s, 3H), 3,92 (s, 3H), 8,19 (d, 1H),
8,41 (d, 1H), 8,50 (s, 1H), 8,98 (s, 1H), 9,20 (s, 1H), 8,25 (s, 1H), 10,63 (s, 1H),
11,87 (s, 1H).

Tiempo de Retancién (LC, método: patréon de acido formico): 0,85 min.

14 >
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INTERMEDIO 9: 8-cloro-7-etoxi-8-nitro-9H-p-carbolina
Se afiadi6 etdxido sddico (232 mg, 3,4 mmol) a una solucién de 8-cloro-
7-fluoro-8-nitro-8H-B-carbolina (200 mg, 0,76 mmol) en DMSO (4 mi) y la
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mezcla de reaccidn se dejd en agitacién durante una noche. La mezcla de
reaccion se diluyd con agua y el pH de la solucibn se ajustdé a
aproximadamente 4 mediante la adicién de HCI 1 N. La solucién acuosa se
extrajo (3 x) con EtOAc. Las capas de EtOAc combinadas se secaron y se
evaporaron. El producto bruto se purificd por cromatografia ultrarrdplda para
dar el producto deseado con un mndlmiéntn del 40-80%.

'H RMN (300 MHz, DMSQO-dg): 5 1,44 (1, 3H), 4,24 (c, 2H), 8,21 (d, 1H),
8,46 (d, 1H), 8,91 (s, 1H), 8.02 (s, 1H).

Tlempo de Retencién (LC. método: patrén de acetato aménica): 2,37
min.

EM (M+H'): 281,8.
INTERMEDIOQ 10: 8-cloro-7-etoxi-9H-f-carbolin-8-ilamina

Se suspendid 6-cloro-7-etoxl-8-nitro-8H-fi-carbolina (160 mg, 0,55 mmol)
en 4 ml de metanol y se le afladieron 25 mg de Pd/C {10%). El matraz se ajustd
con una atmésfera de hidrégeno y la mezcla de reaccién se agitd durante una
noche a TA. Después de la filtracidbn a través de una capa de cellte y la
evaporacion del metanol, se obtuvo un sélido pardo oscuro y se determind que
era la 8-cloro-7-ciclopropiimetoxi-9H-p-carbolin-8-ilamina dessada (80 mg,
55%).

H RMN (300 MHz, Metanol-d4/CDCly): & 1,28 (t, 3H), 3,91 (c, 2H), 7,34
(s, 1H), 7,71 (d, 1H), 8,02 (s, 1H), 8,56 (s, 1H).

Tiempo de Retencién (L.C, métlodo: patrén de dcido férmico): 1,16 min.

EM (M-I-H'): 262.0.

El compuesto deseado se prupanb de acuerdo con el Méfodo A a pariir
de 6-cloro-7-etoxi-9H-p-carbolin-8dlamina y écido 2-metilnicotinico con un
rendlmlento del 40%.

14>

7,43 (dd, 1H), 8,05 (d, 1H), 8,26 (m, 3H), 8,55 (d, 1H), 8,76 (s, 1H).
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Tiempo de Retencién (LC, método: patrdn de acetato aménico): 1,98
min.

EM (M+H'): 381,3.
INTERMEDIO 11: 6-cloro-7-(N,N)-dimetilamino-8-nitro-9H-p-carbolina

Se afiadié clorhidrato de N,N-dimetilamina (278 mg, 3,4 mmol) a una
solucidn en agitaclén de 8-cloro-7-fluoro-8-nitro-9H-f-carbolina (300 mg, 1,13
mmoi) en DMSO (8 ml} en una atmésfera de argén. Esto se siguié de la adicién
de DIEA (0,83 ml, 4,65 mmol) y la mexzcla de reaccién se calenté a 60°C
durante una noche. Después de dejar enfriar la mezcla de reaccidn a TA, se
afiadié agua y precipité un sélido naranja oscuro. El sélido se filtré, se lavd con
agua y se secd para dar el producto deseado (230 mg, rendimiento del 70%).

'H RMN (300 MHz, DMSO-dy): 5 4,08 (s, 6H), 7,23 (d, 1H), 7.53 (d. 1H),
7.66 (s, 1H), 8.05(s, 1H).

Tiempo de Retenclén (LC, método: patrén de acetato amdnico); 2,41
min.

EM (M+H"): 290,9.
INTERMEDIO 12: 8-cloro-7-(N,N)-dimetilamino-0H-g-carbolina-8-llemina

Se suspendid 6-cloro-7-(N,N)-dimetilamino-8-nitro-9H-p-carbolina (828
mg, 2,88 mmol) en 30 ml de metanol y se le afladleron se la afiadiaron 168 mg
de Pd/C (10%). El matraz se ajustd con una atmésfera de hidnSgeno y la
mezcla de reaccién se agitdé durante una noche a temperatura ambiente.
Después de la filtraclén a través de una capa de celite y la evaporacion del
metanol, se obtuvo un sélido pardo oscuro y se determind que era la 6-cloro-7-
(N.N)-dimetilamino-89H-f-carbolina-8-lamina deseada (500 mg, rendimiento del
67%).

'H RMN (300 MHz, DMSO-dg): § 2,80 (8, 8H), 5,42 (s, 2H), 7,45 (s, 1H),
7,95 (d, 1H), 8,23 (d, 1H), 8,88 (d, 1H).

|49

min.
EM (M+H"): 261.,1.
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El compuesto deseado se prepard de acuerdo con el Mélodo A a partir
de &-cloro-7-(N,N)dimetilamino-9H-B-carbolina-8dlamina y 4cido 2-
matilnicotinico con un rendimiento def 40-80%.

'H RMN (300 MHz, Metanol-dy/CDCl3): & 2,82 (s, 3H), 2,94 (s, 8H), 7,33
(m, 1H), 8,02 (m, 3H), 8,34 (d, 1H), 8,81 (d, 1H), 8,95 (s, 1H).

Tlempo de Retencién (LC, método: patrén de acetato aménico): 2,29

EM (M+H"): 380,3.
INTERMEDIO 13: 6-cloro-7-{4-metil-piperazin-1-if)-8-nitro-8H-p-carbolina

A una solucién en DMSO (4 ml) de 200 mg (0,756 mmol) de 8-cloro-7-
fluoro-8-nitro-8H-B-carbolina se le afadieron 1-metilpiperazina (228 mg, 2,26
mmol) y DIEA (400 mg, 3,08 mmol) mediante una jeringa. La reaccién se dejé
en agitacién a TA durante una noche. Después de la adicién de agua, precipité
un sélido naranja. Ei sdlido se filtrd, se lavé y se secd para dar 236 mg
(rendimiento del 91%) de la 6-cloro-7-(4-metii-piperazin-1-i}-8-nitro-8H-p-
carbolina deseada,

'H RMN (300 MHz, DMSO-da): § 2,24 (3, 3H), 2,48 (m, 4H), 3,13 (m, 4H),
8,13(d, 1H), 8,40 (d, 1H), 8,73 (s, 1H), 8,84 (s, 1H), 12,05 (s, 1H).

Tiempo de Retencién (LC, método: patrdn de acetato amdnico): 1,72
min.

EM (M+H"): 3486.
INTERMEDIO 14: G-cloro-T-(4-metil-piperazin-1-if)-8-amino-8H-p-carbolina
Se suspendleron 238 mg de 8-cloro-7-(4-metil-piperazin-1-il}-8-nitro-9H-
p-carbolina en 100 ml de metanol y se le afiadieron se ie ahadié Pd al 10%/C

Y4

(48 mg) en una atmdsfera de argén. El matraz se lavd abundantemente con

L R SR R R AR Tt L A e,

30

a TA durante una noche. La mezcla de reaccldn se filtré y el Pd/C se retird
usando una capa de celite. La mezcla de reaccién se evapord para retirar el
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disolvente y se purificd por cromatografia ultrarrdpida para dar 119 mg
(rendimiento del 55%) de la 8-cloro-7-(4-metil-piperazin-1-ii)-8-amino-9H-p-
carbolina deseada.

'H RMN (300 MHz, metanol-ds): 5 2,39 (s, 3H), 2,46 (m, 2H), 2,87 (m,
4H), 3,83 (m, 2H), 7,50 (s, 1H), 7,97 (d, 1H), 8,24 (d, 1H), 8,78 (s, 1H).

Tiempo de Retencion (LC, método: acetato aménico polar): 1,32 min.

EM (M+H"): 316.

El compuesto deseado se prepard de acuerdo can &l Mélodo A a partir
de 6-cloro-7-(4-metil-piperazin-1-i}-8-amino-9H-p-carbolina y &cido 2-cloro-
nicotinico con un rendimiento del 25%.

'H RMN (300 MHz, DMSO-dg): 5 2,21 (8, 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), 8,81 (dd, 1H), 8,81 (s, 1H), 10,40 (s, 1H), 11,33 (s, 1H).

Tiempo de Retencldn (LC, método: patrén de acetato amdnico). 1,46
min.

EM (M+H"): 455,

INTERMEDIO 15: Resolucion del écido rac-terébico

Se disolvid écido terébico en una mezcla 10:1 de EtOAc-MeOH [10 g de
4cido terébico (17,7 g de sal) en 550 ml] y se calents a 50-56°C, seguido de la
adicién de (S){-}-a-meti-bencllamina. La mezcia de reaccién se agitd durante 2
minutos y después se dejdé a TA durante 15 minutos. Después, la mezcla de
reaccién se sembrd con sal enriquecida (preparada a una escala menor usando
3 ciclos de recristalizacldn), se sonicé durante 10-15 segundos y se dejd a TA
durante una noche. El sdlldo se retind por filtraclén, se lavd con EtOAC y se

1 81

seco al vaclo. La recristalizacién se realizd en la misma mezcla disolvente re-

duranle un corto periodo de tiempo (quedaron algunos cristales en
suspension). La mezcia se dejé a TA durante una noche. El sélido se procesd
como se ha descrito anteriormente.
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El excaso enantiomérico se determiné de manera bruta usando RMN de
protones de |la amida comrespondiente obtenida a partir del acoplamlento de
TBTU.

Regeneracién del écido (R)-(+)-terébico: La sal se disoivid en agua (320
mg/mi), se calentd a 85°C y se le ahadieron 1,2 equivalentes de HCI 6 M.
Después, la mezcla de reaccién se dejé a 4°C durante una noche. El sélido se
retird por filtracién, se lavd con pequefias porciones de agua frla y se secd a
alto vaclo (rendimiento de 25-30%).

'H RMN (300 MHz, DMSO-dg): 5 1,30 (s, 3H), 1,52 (s, 3H), 2,74 (dd, 1H),
2,85 (dd, 1H), 3,25 (t, 1H).

Tiempo de Retencién (LC, método: patrdn de acetato aménicp): 0,33

min.

EM (M+H"): 159,0.
MPLO 8: (€-cloro-9H-B-carbol
hi il
El compuesto deseado se prepard de acuerde con ol Méiodo B a partir
de 6-cloro-8H-p-carbolina-8-lamina y acido (R)-terébico (/ntermedio 15) con un
rendimiento del 80-90%.
'H RMN (300 MHz, DMSO-dg): 5 1,44 (s, 3H), 1,59 (s, 3H), 2,61 (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), 8,05 (s, 1H), 10,26 (s, 1H), 11,72 (s, 1H).
Tiempo de Retencién (LL.C. método: patrén de acetato amodnico): 1,22

min.

EM (M+H"): 3568,3.

MPLQ 7: (8-cl

El compuesto deseado se prepard de acuerdo con el Método B a partir

alare FILT 11 am gl ol o0 L

carboxllico con un rendimiento del 68%.
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'H RMN (DMSO-ds, 300 MHz) & 1,23 (5. 3H), 1,45 (s, 3H), 2,59 (dd,
1H),2.86 (s, 3H), 2,70 (dd, 1H), 3,17 (t, 1H), 7,91 (m, 1H), 8,18 (d, 1H), 8,24 (d,
1H), 8,40 (d, 1H), 9,07 {s, 1H), 10,16 (s, 1H), 11,32 (s, 1H).

Tiempo de Retencién (LC, método: patrén de acetato aménico): 1,17
min.

EM (M+H"): 371,3.

INTERMEDIO 16: éster bencliico de N-bencil-serina

A una mezcla de éster de L-serina-bencil-HCI (2,3 g), benzaidehldo (1,05
equiv.) y acetato sadico (1 equiv.) en metanol se le afladi® cianoborohidruro
sodico (1,0 equiv.). La mazcla resultante se agilé a temperatura ambiente
durante 15 h y después se repartid entre éter y bicarbonato sédlco acuoso
saturado. La fase orgdnica separada se extrajo con HClI 1 M (3 x). Los
exiractos acuosce combinados se lavaron con éter, se basificaron con KaCOs
acuoso 4,5 M y se extrajeron con éter. l.os extractos organicos combinados se
lavaron con salmuera, se secaron sobre sulfato sddico y se concentraron a
sequedad para dar 2,32 g del compuesto deseado (sdélido ceroso, rendimiento
del 81%).

'H RMN (300 MHz, CDCly): § 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).

EM (M+H"): 286.

INTERMEDIO 17: éster bencllico del dcide 4-bencil-8-yodometi-6-retil-
morfolina-3-carboxilico

A una solucién de éster bancliico de N-bencil-serina {Intermedio 18, 6,35
g) en 80 ml de MeCN a temperatura ambiente se le afiadieron 3-bromo-2-metil-
propeno (5,8 ml), Ki (740 mg) y KzCO; (7,7 g). La mezcla de reaccidn se agité a
temperatura ambiente durante 72 h. Se afladié6 1 ml de 3-bromo-2-metil-
propeno y la mezcla de reaccidn se agité durante 16 h mas. Sélo queds una

. . ~ .
SIS I A UL U O T T T IO T U L L DIASHAOOOEE P A3 Tt T 1" 1 LA
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hexano). A la mazcla resuitante se I&adlﬁ 11,2 g de yodo. Después de 4
h de agitacién, la TLC (EtOAc al 10%/hexano) mostré la completa conversion.
La mezcla de reacclon se repartié entre éter (300 ml) y NazS204 0,5 M (100 mi).
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La fase orgdnica separada &e lavé sucesivamente con agua, NaHCO, saturado
y salmuera, se secd sobre MgSO, y se concentrd a sequedad. El residuo se
purificd sobre silice (EtOAc al 5%/Hexano) para dar 6,85 g (aceite amarillento,
rendimiento del 84%, mezcla aproximadamente 4:1) del compuesto éster
bencilico del &4cldo 4-bencll-8-yodometil-8-metii-morfolina-3-carboxilico.
Components Principal:

'H RMN (300 MHz, CDCls): § 1,22 (s, 3H), 2,50 (d. 1H), 3,18-3,36 (m,
3H), 3,75-3,95 (m, 4H), 4,08 (dd, 1H), 5,16 (d, 1H), 5,21 (d, 1H), 7,28-7,38 (m,
10H).

EM (M+H'): 468,
INTERMEDIO 18: éster bencllico del dcido 4-benctl-8,8-dimeti-marfolina-3-
carboxflico

A una soluclén de éstar bencllico del 4dcido 4-bendil-6-yodometil-8-maetil-
morfolina-3-carboxilice (Intermedio 17, 1,23 g) @ hidruro de tributilestafo (1,8
mi, 2,5 equiv.) en 11 ml de tolueno a suave reflujo se le afiadi$ durante 1.5 h
una solucion de AIBN en toluenc (25 mg/1 mi). La mezcla se dejd enfriar y se
concentrd a sequedad. E! residuo se repartid entre HCl 1 M al 15% en
acetonitrilo y hexano. La fase de hexano separada se extrajo dos veces con la
solucién de acetonitrilo. Las soluciones de acetonitrio combinadas se lavaron
dos veces con hexano y 88 concentraron. El residuc se repartié entre éter y
KzCOs 1 M. La fase de éter separada se lavd sucesivamenta con NaSz04y 0.4
M y salmuera, se secd sobre MgSO, y se concentrd. El residuo se purificd
sobre s(lice (EtOAc al 7,5%Mexano) para dar 760 mg (aceite, rendimiento del
85%) del compuaesto éster bencilico del acido 4-bendl-8,6-dimetil-morfolina-3-
carboxilico,

'H RMN (300 MHz, CDCly): § 1,21 (s, 3H), 1,24 (s, 3H), 2,12 (d, 1H),
2,84 (d, 1H), 3,29 (t, 1H), 3,58 (d, 1H), 3,95-4,05 (m, 2H), 5,15 {(d, 1H), 5,21 (d,

EM (M+H"): 340.
INTERMEDIO 19: #cido 6,6-dimeti-morfolina~3-carboxilico

15
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A una solucion de éster bencllico del 4cido 4-bencll-8,6-dimetil-morfolina-
3-carboxilico (Intermedio 18, 1,25 g) en 40 mi de AcOH a! 10%/MeOH (en una
atmoésfera de nitrbgeno) se le ahadieron 250 mg de Pd(OH), al 20% sobre
carbono. La mezcla de reaccion se purgd con hidrégeno (globo) y se agité a
temperatura ambiente durante 72 h. A la mezcle gris resuitante se le afladieron
4 mi de agua para aslstir la disolucién. El catalizador se retird por filtracion y el
filtrado se concentré a sequedad. El residuo se co-evapord con etanol (2 x) y
despuds se triturd con EtOAc. El sélido blanco generado se retiré por flltracion
y se sacd a alto vaclo para dar 559 mg de dcldo 8,8-dimetil-morfolina-3-
carboxilico (rendimiento del 85%).

'H RMN (300 MHz, D20): & 1,35 (s, 3H), 1,38(s, 3H), 3,11 (d, 1H), 3,32
(d. 1H), 3,81-3,87 (m, 1H), 4,05 {t a, 1H), 4,17 (d a, 1H).

EM (M+H"): 180.

INTERMEDIO 20: 4&cido 4, 8,6-frimeti-morfolina-3-carboxilico

A una suspension de 4cido 6,6-dimetil-morfolina-3-carboxilico
(ntermedio 19, 540 mg) en 17 ml de etanol (en una atmésfera de nitrdgeno) se
le afadieron 100 mg de Pd al 10% sobre carbono y 830 pl (~3 equiv.) de
formaldehido acuoso al 37%. La mezcla se purgd con hidrdgeno {globo) y se
agité a temperatura ambiente durante 5 h. A la mezcia gris resultante se le
afiadieron 4 m| de agua y 4 ml de metanol pama asistir la disolucion. El
calallzador se retind por fitracién y el filtrado se concentré a sequedad. El
residuo se triturd con EtOAc. El sdlide blanco generado se retird por filtracién y
se secd a alto vaclo para dar 574 mg de dcido 4,8,6-trimetl-morfolina-3-
carboxlilico (rendimiento de! 87%).

'H RMN (300 MHz, D;0): 5 1,35 (s, 3H), 1,43(s, 3H), 2,94 (s, 3H), 3,08
(d. 1H), 3,41 (d, 1H), 3,68 (dd, 1H), 3,96 (t, 1H), 4,14 (dd, 1H).

1§85

EM (M+H*): 174.
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El compuesto deseado se prepard de acuerdo con el Méfodo B a partir
de 8-cloro-9H-p-carbolina-8-llamina y acido 4,8,6-trimetil-morfolina-3-carboxllico
con un rendimlento del 81%.

H RMN (DMSO-ds, 300 MHz) 5 1,15 (s, 3H), 1,39 (s, 3H), 1,98 (d, 1H),
2,26 (s, 3H), 2,72 (d, 1H), 2,80 (dd, 1H), 3,79(m, 28), 7,91 (s, 1H), 8,03-8,08
(m, 2H), 8,22 (d, 1H), 8,97 (s, 1H).

Tiempo de Retencién (LC, método: patrén de acetato aménico): 1,33
min.

EM (M+H'): 373,2.

El compuesto deseado se prepard de acuerdo con el Méiodo A a partir
de 6-cloro-7-metoxi-9H-p-carbolina-8-lamina y A4cido (R)-terébico con un
rendimlento del 60-80%.

H RMN (300 Mz, DMSO-de): 5 1,48 (s, 3H), 1,81 (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).

Tiempo de Retencidn (L.C, método: patrdn de acetato aménico): 1,94
min.

EM (M+H"): 388.

INTERMEDIO 21: 8-cloro-7-ciclopropiimetoxi-8-nitro-8H-p-carbolina

Se afiadid clciopropiimetilaicohol (0,921 ml, 11,4 mmol) a una
suspensién en agltacién de NaH (455 mg, 11,4 mmol) en DMF (20 ml) en una
atmésfera de argdn. La solucién resultanie se dejé en agitacion a TA durante
20 min. A la solucién en agitacién se le ahadid 8-cloro-7-fluoro-8-nitro-9H-fi-
carbolina (500 mg, 1,9 mmol) y ia mezcla resuliante se dejé en aghtacion a TA.

187

Después de Ia adicién de Hz0, precipité un sdlido pardo que se filtrd para dar la
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'H RMN (300 MHz, DMSO-de): 5 0,35 (m, 2H), 0,58 (m, 2H), 1,32 (m,
1H), 4,04 (d, 2H), 8,21 (d, 1H), 8,46 (d, 1H), 8,90 (s, 1H), 9,02 (s, 1H), 12,32 (a,
1H).

Tiempo de Retenclén (LC, método: patrdn de acetato amoénico): 2,63
min.

EM (M+H"): 318.
INTERMEDIO 22: 8-cloro-7-ciclopropilmetoxi-OH-g-carbolin-8-ilamina

Se suspendié @-cloro-7-cicloproplimetoxi-8-nitro-8H-p-carbolina (510 mg,
1,61 mmol) en 12 ml de metancl y se le afiadieron se le afiadieron 100 mg de
Pd/C (10%). El matraz se ajustd con una almésfera de hidrégeno y la mezcla
de reaccion se agitdé durante una noche a TA. Después de la filtracidn a través
de una capa de celite y la evaporacién del metanol, se obtuvo un sélido pardo
oscuro. Este residuo se suspendid en metanol (10 ml) y se afladid, con
agitacién vigorcsa, a una solucién de NaHCO; saturado (100 mi). El sdlido
pardo claro que precipitd se recoglé por filtracién y se secd minuciosamente al
vaclo para dar la 6-cloro-7-clcloproplimetox-9H-p-carbolin-8-ilamina deseada
{371 mg, rendimiento del 80%).

'H RMN (300 MHz, metanal-ds): & 0,38 (m, 2H), 0,61 (m, 2H), 1,37 (m,
1H), 3,88 (d, 2H), 7,58 (s, 1H), 7,96(d, 1H), 8,23 (d, 1H), 8,78 (s, 1H).

Tiempo de Retencidn (LC, método: patrén de acetato aménico): 2,28
min.

EM (M+H"): 288.
] : .

nicotinamida
Et compuesto deseado se prapard de acuerdo con el Mélodo A a partir
de 8-claro-7-cicioproplimetoxi-8H-p-carbolin-8-ilamina y acldo 2-metilnicotinico
con un rendimiento del 40-80%.

30

(m, 1H), 8,84 (s, 1H).
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Tiempo de Retencién (LC, método: patrén de acetato aménico): 2,18
min.
EM (M+H"): 405.
INTERMEDIO 23: G-cloro-7-(N,N)-dimetilaminoetoxi-8-nitro-9H-8-carbolina
5 Se afiadié N,N-dimetilaminoetilalcohol (8,0 equiv.) a una suspensién en
agitacion de NaH (6,0 equiv.) en DMF en una atmésfera de argdn. La solucion
resultante se dejé en agitacion a TA durante 20 min. A la solucion en agitacién
se le afadié 8-cloro-7-fluoro-8-nitro-8H-p-carbolina (1,0 equiv.}) y la mezcla
resultante se dejé en agitacién a TA. Después de la adicidon de H.O, precipitd
10 un sdlido pardo que se filird para dar la 6-cloro-7-{N,N)-dimetilaminoetoxi-8-
. nitro-9H-f-carbolina deseada (rendimlento cuantitativo).
'H RMN (300 MHz, DMSO-ds): 5 2,23 (s, 8H), 2,74 (t, 2H), 4,28 (t, 2H),
8,21(d, 1H), 8,46 {d, 1H), 8,90 (s, 1H), 5,02 (s, 1H).
Tiempo de Retencion (LC, método: patrdn de acetato aménico): 1,26
15 min.
EM (M+H"): 335.
INTERMEDIO 24: 6-cloro-T-{N,N}-dimetilaminostoxi-9H-p-carbolin-8-ilamina
Se suspendld 8-cioro-7-(N,N)-dimetilaminoetoxi-8-nitro-9H-B-carbolina
(500 mg, 1.5 mmol) en 12 ml de meatanol y se le afladieron 100 mg de Pd/C
20 (10%). El matraz se ajustd con una atmdsfera de hidrégeno y la mezcla de
reaccion se agité durante una noche a TA, Después de la filtracidén a través de
una capa de celite y la evaporacion del metanol, se obtuvo un sdlido pardo
' oscuro. El residuo se suspendié en metanol (10 mi) y se afladlé, con agitacidn
vigorosa, a una soluclén de NaHCOy saturado (100 ml). El sélido que pracipitd
25 se recogld por filtracién y se secd minuciosamente al vacio para dar ia 8-cloro-
7<{N.N)}-dimetilamincetoxi-9H-B-carbolina-8-lamina deseada (380 mg, 83%).
'H RMN (300 MHz, metanol-de): § 2,43 (s, 6H), 2,84 (t, 2H), 4,11 (1, 2H),
IS S s Bl S o B el DS e IS
Tiempo de Retencion (LC, método: patrén de acetato amdnico): 1,34
30 min.
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EM (M+H"): 305.

metil-nicotinamida

El compuesto deseado se prepard de acuerdo con el Médtodo A a partir
de 8&-cloro-7<{N,N)-dimetilaminoetoxi-8H-p-carbolina-8-ilamina y 4acido 2-
metilnicotinico con un randimlento del 40-60%.

TH RMN (300 MHz, DMSO-de): 5 1,82 (s, 8H), 2,49 (m, 2H), 2,68 (s, 3H),
4,25 (m, 2H), 7,50 (dd, 1H), 8,16 (m, 2H), 8,38 (d, 1H), 8,42 (s, 1H), 8,66 (m,
1H), 8,00 (s, 1H), 11,27 (s, 1H), 11,78 (s, 1H).

min.

EM (M+H"): 424.

Se hicieron reaccionar 6-cloro-7-matoxi-9H-g-carbolina-B-lamina y dcido
2-terc-butoxicarbonilamino-ciclopentanocarboxllico usando & Método A. A este
producio se le afiadieron ~5 ml de HCI 4 N/dloxano y la mezcla resultante se
dejd en agitacion a TA. La reaccidn se siguid por LC-EM hasta que se
completd. Se permitld la evaporacion para retirar todo el disolvente y dio una
sal HCI bruta. Después, sl producto deseado se purificéd por HPLC preparativa.

'H RMN (300 MHz, DMSO-dg): 5 1,88 (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 (d, 2H), 8,61
(d, 1H), 8,72 (s, 1H), 8,78 (d, 1H), 9,19 (8, 1H), 10,68 (s, 1H), 13,20 (s, 1H).

Tiempo de Retencion (LC, método: patrén de acetato amobnico): 1,54
min.

EM (M+H"): 358.

Tiempo de Retancién (LC, método: patrén de acetato amdnico). 1,52

109

INTERMEDIO 25: #&cido 1-{2-dimetilamino-etil}-5-oxo-pirrolidina-3-carboxllico

3o

dimetiletilendlamina se calenté a 160°C durante aproximadamente 20-25
minutos. La mezcla se dejé enfriar a 100°C y después se diluyd con MeOH
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71

para prevenlr la solidificacion. El producto se obtuvo con un rendimiento del
56% después de la cristalizacién en MeOH/EtOAC,
'H RMN (300 MHz, D,O): 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), 3,82-3,84 (m, 1H).
5 Tiempo de Retencién (LC, método: patrdn de acetato aménico): 0,13
min.
EM (M+H"): 201,0.
J 3 in=8-il -
imetilamyj I . iding- [

10 Se prepard de acuerdo con el Méfodo 8 a parilr de 6-cloro-8H-g-
carbolina-8-lamina y dcido 1{2-dimetilamino-etii}-5-oxo-pirmolidina-3-carboxlfiico
con un rendimiento del 70%-80% en forma de la sal di-HCI.

TH RMN (300 MHz, D;0): 5 2,87 (dd, 1H), 3,03 (s, 8H), 3,08 (dd, 1H),
3,51 (t, 2H), 3,76-3,89 (m, 3H), 3,95 (dd, 1H), 4,01 (dd, 1H), 7,75 (d, 1H), 8,24 (

15 d, 1H), 8,45 (dd, 1H), 8,52 (dd, 1H), 9,10 (s a, 1H).

Tiempo de Retencién (LC, método: patron de acetato amonico): 0,99
min.

20

fi-carbolina-8-lamina y dacido 1-{2-dimetilamino-etil)-5-oxo-pirrolidina-3-
carboxilico con un rendimiento del 60% slguiendo la purificacién usando una
columna Chiracel OD semi-preparativa con 85/7,5/7.5 de hexano/EtOH/MeOH

25 como eluyente.
'H RMN (300 MH2z, DMSO-do): 5 2,44 (s, 8H), 2,75 (t, 2H), 2,88 (d, 2H),
3,56 (t, 2H), 3,68 (m, 1H), 3,85 (m, 2H), 3,90 (s, 3H), 8,03 (d, 1H), 8,21 (s, 1H),

e . -
Tiempo de Retencién (LC, método: patrén de acetato aménico): 1,42
30 min.
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EM (M+H"): 430.
INTERMEDIQ 26: 6-cloro-7-fluoro-9H-p-carbolin-8-ilamina
Una suspension de 8-cloro-7-fluoro-8-nitro-9H-B-carbolina (500 mg, 1,88
mmol) en MeOH (25 ml) se desgaslfico con argén. Se afladid paladio sobre
S carbono (al 20% p/p sobre C, 50 mg) y el reciplenie de reaccién se lavd
abundantemente con hidrégeno. La suspensién se agitd en una atmdsfera de
hidrégeno duranta 6 h, después se filtré a través de celite y se concentrd a
presién reducida para producir 8-cloro-7-fluoro-8H-p-carbolin-8-llamina (400
mg) en forma de un sdlido pardo.
10 'H RMN (300 MHz, DMSO-d): 5 11,48 (s a, 1); 8,89-8,88 (m, 1); 8,37-
8,35 (m, 1); 8,11-8,08 (m, 1); 7,74-7,72 (m, 1); 5,65 (s a, 2).
condiciones convenclonales de HCOOH.
DAD R; = 1,00 min.
EM (M+H"): 236.
15

e N b g~glorng-{-Nyuong-s -CE ..A..t - [13% ' ) 'Ji'« i= ll' =
Una solucién de 6-cloro-7-fluoro-9H-B-carbolin-8-lamina (100 mg, 0,424
mmol) en piridina (2,5 ml) se agitd a TA. Se aiadié 4cido 2-metilnicotinico (70
mg, 0,509 mmol), seguido de EDCI (130 mg, 0,678 mmol). La suspension se
agitd a 100°C durante un dia. La piridina se retird a presion reducida y el aceite
20 oscuro resuitante se trituré con NaHCO, saturado acuoso. El preclpitado que
se formd se filtrd y se lavé con MeOH. El material se tratd con HCI 2 M en E{;0
para producir un sélido gris, ia sal di-HCI| de N-{8-cloro-7-fluore-8H-p-carbolin-8-
o il)-2-meti-nicotinamida (110 mg).
'H RMN (300 MHz, DMSO-ds): 5 13,15 (s, 1); 11,03 (s, 1); 9,33 (s, 1);
25 8,99-8,97 (m, 1); 8,02-8,89 (m, 1); 8,78-8,73 (m, 2); 8,50 {(m, 1); 7,70 (m, 1);
2,80 (s, 3).
condiciones convencionales de HCOOH.
W
EM (M+H"): 355.
30 INTERMEDIO 27: 6-cloro-7-metiisulfanii-8-nitro-9H-p-carbolina
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Un matraz de fondo redondo de 250 mi con bamra magnética se cargé
con 6-cloro-7-fluoro-8-nitro-f-carbolina (/ntermedio 5, 3,959 g, 14,9 mmol) y
100 m! de ODMF anhidra. La mezcla naranja resultante se enfrié a 0°C (bafio de
hielo y agua) y se le aiiadid lentamente timetdxido sddico (1,800 g, 25,8 mmol)
en polvo. L.a mazcla de reaccion se agitd durante 1 h a 0°C, se calentd a TA y
se afadid lentamente 2 una mezcla en agitacién de 4:1 de H.O/blcarbonato
sodico saturado acuoso (500 mi). El sdlido precipitado se recogié por filtracién
por succion y se secd al alre para producir 4,017 g de 6-cloro-7-metlisulfanil-8-
nitro-9H-B-carbolina en forma de un polvo naranja. El matertal bruto se usé
directamente en ias sigulentes etapas.

TH RMN (300 MHz, Metanoi-d,): 8 8,91 (1H, d) 8,83 (1H, 8) 8,42 (1H, d)
8,17 (1H, dd) 2,54 (3H, ).

LCEM (método convencional de é4cido férmico) tiempo de retencidon =
1,43 min.

EM (M+H"); 294.
INTERMEDIO 28: 6-cloro-7-metilsulfanil-9H-f-carbolin-8-ilamina

Un matraz de fondo redondo de 500 ml con barra magnética se cargd
con 6-cloro-7-metilsulfanii-8-nitro-8H-p-carbolina (4,011 g, 13,6 mmol) y 200 mi
de etanol anhidro. A la mezcla resultante se le afiadieron cloruro amdnico
acuoso (75 mi de una solucién 0,33 M, 24,7 mmol), dcido dlorhidrico acucso
(10 ml de una soluclén 1 M, 10 mmol) y polvo de hlero (7,734 g, 138 mmal). La
mezcla resultante sa calentd a 60°C (bafic de aceite) y se agitd vigorosamente
durante 3,5 h. La reaccién se enfrié a TA, se diluyd con EtOAc (75 ml) y se le
afadié carbono activado (aprox. 2,5 g). La mezcia resultante se agité a TA
durante 1,5 h mas, se fiitrd a través de una capa de celite y el filtrado resultante
se concenlré (evaporador rolatorio, después bomba de vaclo) para producir
5,153 g de un solido de color amarlilento-naranja. El sdlido se redisolvid en

167

30

— __p— ~am - — R

acuoso (500 ml) con agitacion. La mezcia se agité a TA durante 45 min y el
sélido resultante se recogid por fiitracién por succidn y se secé al aire para
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producir 3,476 g de 6-cloro-7-metilsuifanil-89H-p-carbolin-8-llamina en forma de
un sélido castafo que se usé sin purificacién adiclonal en las siguientes etapas.

'H RMN (300 MHz, Metanol-d): 5 8,87 (1H, s) 8,35-8,24 (1H, m) 8,16-
8,06 (1H, m) 7,87 (1H, s) 2,32 (3H, s).

LCEM (m#étodo convencional de acetato amodnico) tiempo de retencién =
2,12 min.

EM (M+H"). 264,

JEMPLO 16; oti i -i}}-2 -
icotinamd

Un matraz de fondo redondo de 250 ml con barra magnética se cargd
con B-cloro-7-metilsulfanil-9H-p-carbolin-8-llamina (Infermedio 28, 2,336 g, 8,86
mmol) y acido 2-metilnicotinico (3,219 g, 23,4 mmol) en 80 ml de piridina
anhidra. A la mezcla de reaccion resultante a TA se le ahadié clorhidrato de 1-
(3-dimetilaminopropil }-3-etilcarbodilmida sélido (7,080 g, 36,9 mmol) y la
mazcla de reaccion se calentd a 100°C (baflo de acelte) durante 2 dias. La
mezcla resuitante se enfrid a TA y se concentréd(evaporador rotatorio) para
producir un residuo pardo. El residuo se redisolvid en MeOH (50 ml), se aftadid
lentamente a una mezcla en agitacion de 5:1 de HyOhlcarbonato sddico
saturado acuoso (600 ml) y se agitdé a TA durante ~18 h. El sélido precipitado
se recogld por flltracién por succién, se lavd con EO (2 x 150 mi) y se sect al
gire para producir 3,036 g de N-{(8-cloro-7-metilsulfani-9H-B-carbolin-8-il)-2-
metil-nicotinamida bruta en forma de un sdlido pardo. El material bruto se
purificd por HPLC (rendimientos = ~40-60%).

'H RMN (300 MHz, DMSO-dg): & 11,72 (1H, 8) 10,50 (1H, s) 8,97 (1H, 8)
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,
8) 2,41 (3H, s). '

LCEM (método convencional de acetato aménica) tiempo de retencion =

163

—

e e e e ]

3Q

EM (M+H"): 383.
INTERMEDIO 29: 6-cloro-7-etilsulfanii-8-nitro-9H-8-carbalina
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Un matraz de fondo redondo de 25 ml con una barra magnética se cargé
con 6-cloro-7-fluoro-8-nitro-8H-p-carbolina (102 mg, 0,38 mmol) en 5 mi de
DMF anhidra. A la mezcla naranja resultante a TA se le afiadlé lentamente
tioetéxido sédico (puro al 80%, 69,7 mg, 0,66 mmol) en forma de polvo. La
mezda de reaccién se agitd a TA durante 45 minutos, después se afiadié gota
a gota a una mezcla 5:1 de H.O/icarbonato sédico saturado (~30 mil). El sdlido
precipitado resuitante se recogid por flitracién por succlén, se lavé con 1:1 de
hexanos/éter dietilico (2 x 20 ml) y se secd al aire para producir 95,0 mg de 6-
cloro-7-atilsulfanil-8-nitro-8H-8-carbalina en forma de un sdlido naranja (78%).

'H RMN (300 MHz, CD30D, ppm) & 8,91 (1H, s) 8,63 (1H, s) 8,42 (1H, d)
8,18 (1H, d) 3,04 (2H, c) 1,20 (3H, t).

Tlempo da Retencién (LC, métoda convencionat de acido férmico): 1,71
min,

EM (M+H"). 308.

INTERMEDIQ 30: 6-cloro-7-etilsulfanil-0H-p-carbolin-8-ilamina

Un matraz de fondo redondo de 50 m! con barra magnética se cargé con
6-cloro-7-etlisulfanii-8-nitro-8H-p-carbolina (85,0 mg, 0,28 mmol) en 10 ml de
etanal anhidro. A la mezcia naranja resultante a TA se le afadid cloruro
amdnico acuoso 0,33 M (2,0 mi, 0,66 mmol) y polve de hierro (880 mg, 12,2
mmol). La mezcla de reaccion se calentd a 80°C y se agitd vigorosamente
durante 20 h. Luego, la mezcia se enfrid a TA, se diluyé con acetato de etilo (15
ml) y sa le aiadié carbono activado (~180 mg). La mezcla resuitante se filtrd a
través de una capa de celite y el flitrado se concentr$ para produclr 77,8 mg de
6-cloro-7-etiisulfanil-SH-p-carbolin-8-lamina en forma de un sdlido amarillo
(>90%).

'H RMN (300 MHz, CD;0D, ppm) 5 8,94 (1H, s) 8,33-8,29 (1H, m) 8,21-

1 6%

8,18 (1H, m) 7,73 (1H, 8) 2,85 (2H, c) 1,21 (3H, t).

30

— . m e Emm B A ER AT RS A lam i

2,13 min.
(M* = 278; M" = 276).
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EJEMPLO 17: N ~ - lin-8-il}-2-metil-
nicotin

Un matraz de fondo redondo de 25 ml con barra magnética se cargd con
6-cloro-7-etilsuifanil-9H-B-carbolin-8-lamina (37,2 mg, 0,13 mmol) y 4cldo 2-
metlinicotinico (36,2 mg, 0,26 mmol) en 3 ml de piridina anhidra. A la mezcla
naranja clara resutante a TA se le afadid clorhidrato de 13-
dimetilaminopropil)-3-etiicarbodiimida sdlido (73,2 mg, 0,38 mmol) y la mezcla
de reaccién resultante se calenté a 80°C durante 5 dias. Luego, la mezdia de
reaccién se enfrid a TA y se concentré para producir un jarabe viscoso pardo.
El jarabe se disolvid en una cantidad minima de MeOH (~2 ml), se afadié
lentamente a una mezcia 5:1 de HzO/lcarbonato sédico saturado (~20 ml) y se
agitdé a TA durante 2,6 'h. El sdiido precipitado resultante se recogié por
filtracién por succién, se lava con 1:1 de hexanos/éter dietllico (2 x 20 mi) y se
secd al aire para producir 21,0 mg de N-{8-cloro-7-etilsulfanil-9H-p-carbolin-8-
il}-2-metil-nicotinamida en forma de un sdélido castafio (~38%).

LCEM (método convencional de acetato aménico) tlempo de retencion =
2,33 min.

(M+ =397, M" = 395).

'H RMN (300 MHz, CDyOD, 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, c) 2,84 (3H,
8) 1,20 (3H, t).

INTERMEDIO 31. [2+{6-cloro-8-nitro-OH-p-carbolin-7-isulfanil)-etil]-dimetil-
amina

Un matraz de fondo redondo de 25 m! con barra magnética se cargd con
6-cloro-7-fluoro-8-nitro-8H-B-carbolina (88 mg, 0,37 mmol) en 2 mi de DMF
anhidra. Un segundo matraz de fondo redondo de 10 ml con barra magnética

168

se cargd con clorhidrato de 2-dimetilamino-etanotiol (100 mg, 0,70 mmol) en 2

30

de una solucién 1,6 M en hexanos, 0,60 mmol) mediante una jeringa y la
mezcla se agité durante 5 min a TA. Luego, !a solucién del tioanién se afhadié
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mediante una Jeringa a 6-cloro-7-fluoro-8-nitro-8H-B-carbolina y la solucién roja
resultante se agité a TA durante 30 min. La mezcia de reaccién se le afadiod
lentamente a una mazcla 5:1 de H;O/blcarbonato sédico saturado acuoso (30
ml) y se dejé en reposo a TA durante varias horas. El sélido precipitado
resuitante se recogié por filtracién por succién y se secd al aire para producir
109 mg de [2+6-cloro-8-nitro-9H-p-carbolin-7-lisulfanil}-etil}-dimetil-amina en
forma de un sdlido naranja (83%).

LCEM {método convencional de acetato amaénico) tiempo de retencién =
1,35 min.

(M* = 361; M" = 349).

H RMN (300 MHz, CD;0D, ppm) & 8,92 (1H, d, J = 1,0 Hz) 8,68 (1H, s)
8,43 (1H, d) 8,18 (1H, dd) 3,18-3,13 (2H, m) 2,57-2,52 (2H, m) 2,21 (6H, s).
INTERMEDIO 32: 8-cloro-7-(2-dimetllamino-etiisulfanil)-9H-B-carbolin-8-
flamina

Un matraz de fondo redondo de 50 mi con una barra magnética se cargd
con [2«{6-cloro-8-nitro-8H-B-carbolin-7-iisulfanti)-eti]-dimetikamina (106 mg,
0,30 mmol) en 8 ml de etanol anhidro. A la mezcla naranja resultante a TA se le
afadieron cloruro aménico acuoso 0,33 M (1,85 ml, 0,64 mmol) y poivo de
hierro (540 mg, 8,87 mmol). La mezcia de reaccién se calentd a 60°C y se agitd
vigorosamente durante 20 h. Luego, la mezcla se enfrid a TA, se dlluyd con
acetato de etlio (20 mi) y se le afiadlé carbono activado (aprox. 150 mg). La
mezcla resultante se filtré a través de una capa de celite y el filtrado resultante
se concentrd para producir 103 mg de 8-cloro-7-{2-dimetilaminoc-etlisulfanil)-9H-
B-carbolin-8<lamina en forma de un sdlido amarillo. El producto bruto se usé
directamente en la etapa de acoplamiento.

LCEM (método convencional de acetato aménico) iempo de retencion =
1,34 min.

wﬂ - 4

30

'H RMN (300 MHz, CD;OD, ppm) 5 8,87 (1H, s) 8,30 (1H, d) 8,08 (1H, d)
7,75 (1H, 8) 3,23-3,13 (4H, m) 2,84 (8H, s).
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PLO 18: - imetilamino- fani - Il-
2-melil-nicotinamida

Un matraz de fondo redondo de 25 mi con barra magnética se cargd con
6-cloro-74{2-dimetilamino-etilsulfanil}-9H-p-carbolin-8lamina (45,2 mg, 0,14
mmol) y écido 2-metilnicotinico (39,0 mg, 0,28 mmal) en 4,5 ml de piridina
anhidra. A la mezcla naranja clara resultante a TA se la afiadlé clorhidrato de 1-
(3-dimetitaminopropil)-3-etilcarbodlimida sdlido (95,0 mg, 0,49 mmol). La
mezcla de reaccién resultante se calentd a 80°C durante 3 dlas. Luego, la
reaccion se enfrid a TA y se concentrdé para producir un jarabe viscoso pardo.
El jarabe se disolvi6 en una cantidad minima de MeOH (~2 ml), se afiadi¢
lentamente a una mezcia 5.1 de HaO/bicarbonato sddico saturado (~25 ml) y se
exirajo con acetato de etilo (3 x 30 mi). Las capas organicas combinadas se
lavaron con salmuera (1 x 30 ml), se secaron sobre Na;S0,, se filtraron y se
conceantraron para producir un residuo pardo (79,6 mg). E!l residuo se redisolvié
en MeOH (-5 ml) y se filtrg a través de un lecho de algodon. Al filtrado
resultante se le afadié HClI en 1,4-dloxano (1,0 ml, 4,0 mmol), la solucién
resultante se agité a TA durante 3 h y se afiadi6 gota a gota a éter dietllico (30
ml) con agitacién. El producto precipitado resultante se recogié por filtracidn por
succion, se lavd con éter y se secd al aire para producir 36,3 mg de tris-
clorhidrato de N-{6-cloro-7{(2-dimsetilamino-etilsulfanil)-9H-p-carbolin-8-if}-2-
matil-nicotinamida en forma de un polvo amarilio.

'H RMN (300 MHz, CD5OD, ppm) & 8,95 (1H, 8) 8,62 (1H, dd) 8,43 (1H,
s) 8,38-8,34 (2H, m) 8,18 (1H, d) 7,50 (1H, dd) 3,09 (2H, t) 2,85 (3H, s) 2,30
(2H, t) 1,89 (BH, s).

LCEM (método convencional de acetato aménico) tiempo de retencion =
1,56 min.

(M’ = 440; M = 438).

16}
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Una suspensidn de acido morfolina-3(S)-carbox(lico (2,00 g, 15,3 mmal)
en DMF (75 ml) se agité a TA. Se afiadleron trietilamina (7,47 ml, 53,6 mmol) y
dicarbonato de di-tarc-butilo (BOC,0, 4,02 g, 18,4 mmol). La suspensién se
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agitdé a TA durante una hora, tiempo durante el cual la reaccién formd una
solucién amarilla transparente. La solucién se concentrd hasta un volumen
reducido (~25 ml) y se diluyé con agua (15 ml) y HCI 1 N (15 mi). La mezcla se
vertid en un embudo de decantacién, se diluyd con agua (100 ml) y salmuera
5 {100 mi) y se extrajo con EtO (3 x 100 ml). La capa orgénica se lavd con
sailmuera, se secd, se filtré y se concentrd para producir un sélido blanco. El
sdlido, que contenia exceso de BOC:0, se disolvié en Et20 (500 ml) y se
extrajo con NaOH 1 N (3 x 100 ml). La capa acuosa se acidificé con HCI6 N a
aproximadaments un pH'de 2 y después se extrajo rdpidamente con EL;O (3 x
10 100 ml). La caspa de Et;0 se secd, se filtrd y se concentrd para producir un
sdlido blanco (3,07 g).
'H RMN (300 MHz, DMSO-dp): 3 12,95 (s a, 1); 4,34-4,30 (m, 1); 4,18-
4,10 (m, 1); 3,83-3,74 (m, 1); 3,58-3,51 (m, 2); 3,38-3,32 (m, 1); 3.21-2,95 (m,
1); 1,41-1,36 (m, 9).
15 condiciones convencionales de NH,OAc. ELSD Ry = 1,08 min.
M-H = 230.

rfolj S flico

Una suspensidn de écido morfolina-3(S)-carboxilico (3,00 g, 22,9 mmol)
20 en EtOH (1156 ml) se agitd a TA. Se afiadlé una solucién de CHO acuosog (3,42
mi, 45,8 mmol, al 37% p/p en H;O), seguido de Pd(OH), (800 mg, al 20% p/p
sobre carbono). El matraz se cargd con hidrégeno (1 atm) y la suspensién gris
. s6 agité durante 24 h a TA en una atmdsfera de hidrégeno. El matraz se purgd
con nitrégeno y la suspension negra se diluyd con MeOH, se filird a través de
25 papel de filtro y se concentrd hasta un volumen reducido. La soluclén gris
pélida se filtré a través de un flitro de jeringa de 0,45 pm para retirar el Pd(OH),
residual y se concentrd para producir un aceite incoloro trangparente. El aceite

: i = rre = o |
espuma se disoivid en piridina (200 ml) y se le ahadié 6-cloro-9H-B-carbolin-8-
30 ilamina (3,74 g, 17,2 mmol), seguido de EDCI (5,87 g, 30,6 mmol). La solucién
naranja péllda transparente se agité a TA durante 24 h. La solucién se diluyd
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con H:0 {300 ml) y se verli6 en un embudo de decantacién que contenla
EtOAc (300 ml). La mezcla se agitd y las capas se separaron. La capa acuosa
se extrajo con EtOAc (3 x 150 ml) y las capas orgénicas combinadas se lavaron
con H,0 y saimuera. La capa orgénica se seco, se filiré y se concentré para
5 producir un aceite pardo que se puso a alto vaclo. La espuma parda resultante
se triturd con MeOH vy el precipltado que se formd se filtrd y se lavd con MeOH.
El sélido amarilio palido resultante se purificé por HPLC quiral para producir un
sdlido blanco (3,23 g).
'H RMN (300 MHz, DMSO-d): 5 11,38 (s, 1); 10,02 (s, 1); 9,04 (s, 1);
10 8,38 (d, 1); 8,22-8,21 (m, 1); 8,15 (d, 1) 7.91-7,90 (m, 1); 4,00 (dd, 1); 3,85
‘. 3,81 (m, 1); 3,69-3,58 (m, 2); 2,99-2,95 (dd, 1); 2,89-2,85 (m, 1); 2,32 (s, 3);
2,32-2,24 (m, 1).
Condiciones convencionales de NHOAc. DAD Ry = 1,89 min.
M+H = 345,
15 HPLC preparativa quiral: EtOAc al 10% v/iv/Haxanos. columna Chiracel
OD. Rr = 11,5-14 min.
Pureza enantiomérica del producto = 98% ee.
METODO C: PROCEDIMIENTO PARA ANALOGOS SUSTITUIDOS DE 4
MORFOLINA
20 Como se ha resumido para el /ntermedio 34, infermedic 35 y Eiemplo
20:
INTERMEDIO 34: déster terc-butflico del &cido 3(S)-{6-cloro-DH-B-carbolin-8-
@ ilcarbamoil)-morfolina-4-carboxllico
Una solucién de éster 4-fterc-butlico del acido morfolina-3(S),4-
25 dicarboxlilico (2,83 g, 12,7 mmol) en piridina (108 ml) se agitd a TA. Se afiadié
6-cloro-8H-B-carbolin-8-lamina (2,30 g, 10,6 mmol), seguido de EDCI (4,08 g,
21,2 mmol). La solucién naranja a parda transparente se agitd a TA durante 14
—_ e =
decantacién que contenia EtOAc (200 mi), HzO (100 ml) y saimuera (100 mi).
30 La mezcla se agit6 y las capas se separaron. La capa acuosa se extrajo con
EtOAc (2 x 50 ml) y las capas orgénicas combinadas se lavaron con salmuera.
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La capa orgénica se secd, se filtrd y se concentrd hasta un volumen reducido, y
después se afadié gota a gota a una solucién en agitacién de 1:1 de
EtaO/hexanos (500 ml). El precipitado que s8 formé se filtrd y se lavé con 1:1
de Et2O/Hexanos. El filtrado se conceniré hasta un volumen reducido y se
recogié un segundo cultivo del precipitado. El producto sdlido se puso a alto
vacio durante 2 h para producir éster terc-butilico del acido 3(S){6-cloro-9H-p-
carbolin-8-iicarbamoil}-moifolina-4-carboxliico en forma de un sélido de amarilio
palido a pardo pélido (4,38 g).

'H RMN (300 MHz, DMSO-da): 3 11,30 (s, 1); 10,13 (s, 1); 9,06 (8, 1);
8.40-8,38 (m, 1); 8,19-8,16 (m, 2); 7,08 (s, 1); 4,67-4,47 (m, 2); 3,96-3,60 (m,
2); 3,64-3,39 (m, 3); 1,42 (s, 9).

Condicianes convencionales de NHOAc.

DAD R; = 2,31 min.

M+H = 431,

INTERMEDIO 35: éster terc-butfllico del dcido 2(R){3(S){8-cloro-9H-5-
carbolin-8-licarbamoll)-morfolin-4-iimetif}-pirrolidina-1-carboxllico

Una solucién de éster ferc-butllico del dcido 3(S }{8-cloro-9H-f-carbolin-
8-ilcarbamoll}-morfolina-4-carboxllico (1,00 g, 2,32 mmol) en CH,Cl; (6 ml) se
agité a TA. Se afiadid écido trifluoroacético (6 ml) y la solucién se agité a TA
durante 45 min, y después se concentrd hasta un reslduo. El residuo se
concentrd una vez més en CHxCl, para producir un sdlido amarilio-pardo que
se disolvié en THF (13 mi) en una atmdésfera de argon. Se necesltd algunas
veces suave calentamiento para garantizar la completa disolucién. Se anRadié
una solucién de N<{ferc-butaxicarbonli}-D-prolina (693 mg, 3,48 mmol) en THF
(2 mi), seguido de triacetoxiborohidruro sddico (738 mg, 3,48 mmol). La
solucion se agité a TA durante 30 min, después se inactivdé medlante la adicién
de NaOH acuoso 1 N (30 ml). La mezcla se vertid en un embudo de
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La mezcla se agité y las capas se separaron. La capa acuosa se extrajo con
EtOAc (2 x 50 ml) y las capas organicas combinadas se lavaron con salmuera.
La capa organica se secd, se filtrd y se concentré para produdir un sélido pardo
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claro. La cromatograffa en columna (MeOH al 2%-4%/CH.Cl,) produjo éster
terc-butllico del acldo 2(R)}-{3(S)~8-cloro-8H-p-carbolin-8-ilcarbamail}-morfolin-
4-imetil}-pirrolidina-1-carboxilico en forma de un sélido blanco (915 mg).
'H RMN (300 MHz, DMSO-de): & 11,30 (s, 1); 8,88 (s, 1); 0,04 (s, 1);
5 839-8,37 (m, 1), 8,20-8,15 (m, 2); 7,95 (s, 1); 3,98-3,82 (m, 3); 3,69-3,63 (m,
2); 3,44-3,32 (m, 1); 3,27-3,11 (m, 3); 2,82-2,80 (m, 1); 2,44-2,32 {m, 1); 1,99-
1,67 {m, 5); 1,33 (s, B).
Condiciones convencionales de HCOOH.
DAD Ry = 1,39 min.
10 M+H = 514, HPLC Quiral.
Se comprobd la pureza enantiomérica de la muestra. Las muestras
fueron =87% ee. Columna Chiralpak AD. EtOH al 15% viv/Haxanos que
contenia Et;NH al 0,1%.

15
A una solucion de éster terc-butilico del dcido 2(R)-{3(SH6-cloro-9H-p-
carbolin-8-licarbamoll}-morfolina-4-imetil}-plrolidina-1-carboxllico (85¢ mg,
1.65 mmol) en MeOH (16 ml) se le afladié HCl acuoso concentrado (13 ml). La
solucién se agitd a TA durante 30-45 min, tiempo durante ef cual se foméd un
20 precipitado amarillo fino. La mezcla de reaccién se concentrd para producir (6-
cloro-9H-p-carbolin-8-l1)xamida del 4cldo 4-pirrolldin-2(RHImetli-morfolina-3(S)-
carboxllico, sal HCI) en forma de un sélido amarillo palido (755 mg).
. 'H RMN (300 MHz, DMSO-ds): § 13,30 (s, 1); 11,68 (s a, 1); 9,63 (s 8, 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-
25 4,08 (m, 1); 4,04-3,86 (m, 2); 3,86-3,68 (m, 2); 3,57-3,39 (m, 1); 3,38-3,02 (m,
4); 2,99-2,76 (m, 1); 2,10-1,84 (m, 3); 1,75-1,68 (m, 1).
Condicionss convencionales de HCOOH.
ey ey
M+H = 414,
30 INTERMEDIO 36: (6-cloro-9H-carbolin-8-l) amida del écido cis-2-(terc-
butoxicarbonilamino)-ciclopentanocarboxllico
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Una solucion de acido cis-2-(ferc-butoxicarbonilamino)-ciclopentano
carboxflico (550 mg, 2,4 mmol) en piridina (10 ml) se aglié a TA. Se afiadié 6-
cloro-9H-B-carbolin-8-ilamina (436 mg, 2,0 mmol), seguido de EDCI (6815 mg,
3,2 mmol) y la solucién naranja se agitdé a TA durante 1,5 h. La solucién se
diluyé con H20 (20 mi) y se vertié en un embudo de decantacién que contenla
H30 (50 mi) y EtOAc (100 ml). La meazcia se agitd y las capas se separaron. La
capa acuosa se extrajo con EtOAc (100 mi). Las capas orgénicas combinadas
se lavaron con salmuera, se secaron MgSO,, se flltraron y se concentraron
hasta sélidos oleosos naranjas que posteriormente se trituraron con MeCH al
5% en Et;0 (20 ml) y se capturaron por flitracién para producir (8-cloro-9H-
carbolin-8-ilJamida del écido cis-2-{terc-butoxicarbonilamino)-
ciclopentanocarboxllico en forma de un sdlido amarillo claro (740 mg)..

TH RMN (300 MHz, DMSO-dg): 5 11,17 (s, 1); 9,89 (s, 1); 9,04 (s, 1); 8,38
{d. 1); 8,18-8,08 (m, 2); 7,95 (s, 1); 6,92 (d, 1); 4,324,22 (m, 1); 3,16-3,09 (m,
1); 2,13-2,01 {m, 1); 1,88-1,75 (m, 3); 1,74 -1,68 (m, 1); 1,58-1,42 (m, 1); 1,07
(s, 9). '

Condiciones convencionales de NH,OAc.

DAD Ry = 2,52 min.

M+H = 429,

O LB0I00 CS-£-AMiNo-GGEODaRANOCRIND *

Una solucién de (8-cloro-9H-B~carbolin-8-l)amida del dcido 2-{terc-
butoxicarbonilamino)-ciclopentanocarboxllico (738 mg, 1,72 mmol) en écido
trifluoroacético (5 mi) se agitdé a TA durante 20 min y después se concentrd
hasta un aceite naranja. E| aceite ss disolvié en MeOH (5 ml) y se neutralizd
con una solucién saturada acuosa de bicarbonato sédice (25 mi). La mezcla
resultante se diluyd de nuevo con HzO (25 ml) y EIOAc (100 mi). La capa
acuosa se retird y se extrajo con EtOAc (100 mi). Las capas orgénicas se
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se concentraron hasta sdlidos amarilios (507 mg). Estos sélidos se disolvieron
en MeOH (5 mi) y se afiadié una solucién de HC! en dioxano (4 M, 1,5 ml). La
solucién amardiia brillants se agité durante 30 min y después se concentré para
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producir  (6-cloro-8H-g-carbolin-8-l}-amida del 4cido  cis-2-amino-
ciclopentanocarbaxilico en forma de un polvo amarillo (600 mg).
TH RMN (300 MHz, DMSO-ds): 5 9,29 (s, 1); 8,75 (d, 1); 8,53 (d, 1); 8,37
(s, 1); 8,02 (s, 1); 4,05-3,95 (m, 1); 3,42-3,34 (m, 1); 2,46-1,80 (m, 8).
5 Condiciones convencionales de NH,OAc.
DAD R; = 1,65 min.
M+H = 328.

10 Se siguld el Méfodo C usando acido morfolina-3-carboxlliico racémico
alquilado reductoramante con 2-aminoacetaldehido.
'H RMN (300 MHz, MeOH-d,): 3 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); 4,17-3,98 (m, 3); 3.84-3,73 (m, 2); 3,57-3,39
(m, 4).
15 Condiciones convencionales de NH,OAc.
DAD Ry = 1,69 min.
M+H = 374. .

20

alquilado reductoramente con el aldehido de alanina apropiado. Los

diasterebmeros se separaron por cromatografia en columna antes de la etapa
0 de desprateccidn.
'H RMN (300 MHz, DMSO-dq): 5 9,32 (s, 1); 8,76 (d); 8,55 (d, 1); 8,41 (s.
35 1), 8,08 (s, 1); 4,38 (d, 1); 4,32-4,21 (m, 1); 4,16-4,09 (m, 1); 4,04-3,85 {m, 2);
3,79-3,57 (m, 2); 3,47-3,40 (m, 1); 3,22-3,06 (m, 2); 1,44 (d, 3).
Condiciones convencionales de NH,OAc.
e e e
M+H = 388.
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Se siguié el Método C usando 4cldo morfolina-3-carboxilico racémico
alquilado reductoramente con el aldehido de alanina apropiado., Los
diasteredmeros se separaron por cromatografia en columna antes de la etapa
da desproteccién.

H RMN (300 MHz, DMSO-d): & 9,34 (s, 1); 8,77 {(d, 1); 8,55 (d, 1); 8,42
(s, 1); 8,06 (s, 1); 4,42 (d, 1); 4,304,12 (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).

Condiclones convencionales de NH,OAc.

DAD R; = 1,57 min.

M+H = 388.

Una solucién de acido cis-2-(ferc-butoxicarbonilaming)-
ciclohexanocarboxflico (255 mg, 1,05 mmol) en piridina (10 ml) se agité a TA.
Se afiadié 8-cloro-8H-p-carbolin-8-lamina (218 mg, 1,00 mmol), seguido de
EDCI (315 mg, 1,64 mmol) y la solucién naranja pdlida ligeramente turbia se
agitd a TA durante 18 h. La soluddn se diluyd con H20 (20 ml) y se vertié en un
embudo de decantacién que contenla H20 (50 ml) y EtOAc (50 ml). La mezcia
se agitd y las capas se separaron. La capa acuosa se extrajo con EtOAc (50
mi) y las capas orgdnicas combinadas se lavaron con salmuera. La capa
organica se secd, se filtrd y se concentré para producir un acefte amarilio que
s6 puso a alto vacio durante 4 h. El vidrio amarillo-pardo resultante se
suspendié en CHaClz2 (10 mi) a TA. Se aiiadié dcldo triflucroacético (5 mi) y ia
suspensidn se disolvié Instantdneamente para formar una solucién naranja
transparente. La solucién se agitd a TA durante 45 min y después se concentrd

e A an e m — k= . . - AL, o iwem Crmicm
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10 mi) para producir un sélido amarilio. Se preparé una solucién de NazCO4
acuoso diluldo medlante Ia adicién de un pequefio volumen de Na;CO4 acuoso
al 10% a H,O (50 mi) hasta que la solucién acuosa alcanzé un pH de 10. El
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sélido amarillo se disolvi6 en MeOH minimo y se afladié gota a gota a la
solucién acuosa con agitacion. El precipitado que se formd se filtrd, se lavd con
H20 y se puso a alto vaclo para producir (6-cloro-8H-fi-carbolin-8-il}-amida del
dcido 2-amino-ciclohexanocarboxllico en forma de un sélido amarilio pélldo
(147 mg).

'H RMN (300 MHz, DMSO-da): 5 9,00 (s, 1); 8,37-8,34 (m, 1); 8,16-8,13
(m, 2); 7,83 (m, 1); 5,66-5,00 (s a, 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).

Condiciones convencionales de NH,OAc.

DAD R; = 1,46 min.

M+H = 343,

Se siguié al Méfodo C usando dcldo morfolina-3-carboxflico racémico
alquilado reductoramente con el aldehido de alanina apropiado. Los
diasteredmeros se separaron por cromatografia en columna antes de la etapa
de desproteccion.

'H RMN (300 MHz, DMSO-de): d 9,35 (8, 1); 8,77 (m, 1); 8,55 {m, 1); 8,43 (s, 1);
8,01 (s, 1); 4,45 (d, 1); 4,26 (m, 1); 4,09-3,91 (m, 3); 3,79 (m, 1); 3,83 (m, 1);
3,28-2,98 (m, 3); 1,37 (d, 3).

Condiciones convenclonales de NH,OAc.

DAD Ry = 1,38 min.

M+H = 388.

Se siguié el Mélodo C usando acido morfolina-3-carboxllico racémico
alquilado reductoramente con el aidehido de alanina aproplado. Los

RN

de desproteccién.
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'H RMN (300 MHz, DMSO-dy): 5 8,34 (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 (d, 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).
Condiclones convenclonales de NH,OAc.
DAD Rf =1,90 min.
M+H = 484,
METODO D: CONDICIONES DE CROMATOGRAFIA
LCEM
Tipo de columna: columnas Phenomenex Luna C18(2), 5 um, tamaito 50
x 4,6 mm
Tiempo de ejecucién: ejecucion en 5,00 minutos
de 9]
Disolvente A:
NH.OAc 10 mM
H20 al 99%
MeCN al 1%
Disclvente B:
H,OAc 10 mM
H20 al 5%
MeCN al 85%
Gradiente convanciopal:
Condiciones Iniciales - A al 95%, B al 5%
gradiente de 3,5 minutos de B al 5%-100%
mantenido 3,5-4,3 minutos a B al 100% B
condiciones iniciales 4,3-5 minutos

Gradiente Polar:
Condiciones lniclales - A al -70%, B al 30%

30

mantenido 3,5-4,3 minutos a B al 100%
condiciones Iniciales 4,3-5 minutos

Gradlents no polar:
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Condiclones iniciales - A al 100%
gradiente de 3,5 minutos de B al 0%-50%
mantenido 3,5-4,3 minutocs a B al 100% B
condiciones iniciales 4,3-5 minutos
5 Condiciones de HCQOH:

Disolvente C: HCOOH al 0,1%
Hz0 al 98%
MeCN al 1%
Disclvente D:

10 HCOOHal0,1%

| ) Hz0 al 5%
MeCN al 95%
Gradlente convenclopal:

Condiclones iniciales - C al 95%, D al 5%

15 gradiente de 3,5 minutos de D al 5%-100%
mantenlido 3,5-4,3 minutos a D al 100%
condiciones Iniciales 4,3-5 minutos

Gradientq polar:

Condiciones iniclales - C al 70%, D al 30%

20 gradiente de 3,5 minutos de D al 70%-100%
mantenido 3,5-4,3 minutos a D al 100%
condiclones iniciales 4,3-5 minutos

o Gradlente no oolar:

Condiclones Iniciales - C al 100%

25 gradiente de 3,5 minulos de D al 0%-50%
mantenido 3,5-4,3 minutos a D al 100%
condiciones iniciales 4,3-5 minutos

RO S OGIorg=Z B atranre- - FCRr I _—SA

Se disolvié clorhidrato de 5-clorotriptamina (5 g, 20 mmol, 1 equiv.) en 40
30 ml de tampén NaOAc 3 M (pH = 4,8) y 40 mi de agua. Se afladié en una
porcion acido glioxalico (1,84 g, 20 mmol, 1 equiv.) y la soludén se agité a TA
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durante una noche. La suspensién densa resultante se filtrd y los sdliidos
verdes claros se suspendieron en 100 mi de HCi 8 N y se calentaron a 125°C
en un condensador de reflujo durante 1 hora con adiciones intermitentes de
HCI conc. (2 ml cada 15 min). Después de enfriar a TA, se aislaron 4,38 g
(90%) de G-cloro-2,3,4,9-tetrahidro-1H-p-carbolina, sal HCl en foma de un
stlido azul-gris por filtracion.

'H RMN (300 MHz, DMSO-dy): § 11,33 (a, 2H), 9,62 (a, 2H), 7,53 (d, 1)
7.39(d, 1), 7,09 (dd, 1), 4,33 (a, 2H), 2,82 {t, 2).

Condiclones convenclonales de acido férmico.

DAD TR = 1,56 min.

M+H = 207.
INTERMEDIO 38: (6-cloro-1,3,4,0-tetrahidro-&-carbolin-2-f}-fenil-netanona

Se suspendié 8-cloro-2,3,4,8-tetrahidro-1H-g-carbolina, sat HCI (10,2 g,
42 mmol, 1 equlv.} en 100 ml de piridina seca en una atmdsfera de N; y se
enfrid a 0°C en un bafio de agua enfrada con hielo. A la solucién fria se le
anadié gota a gota cloruro de benzollo (7,3 mi, 63 mmol, 1,5 equiv.) después
de que |a reaccién se retirase del bafio de hielo y se dejd en agitacién durante
una noche a temperatura ambiente. La reaccién se interrumpid mediante la
adicién de agua hasla que se saturd en sdlidos, Estos sdlidos se capturaron
por flitraclén, se lavaron con una solucidn saturada acuosa de bicarbonato
sédico, se re-suspendieron en agua, se sonicaron y se filtraron de nuevo para
dar 1,27 g (94%) de (6-cloro-1,3,4,9-tetrahidro-p-carbolin-2-l)-fenil-metanona
en forma de sdlidos naranjas cristalinos.

'H RMN (300 MHz, DMSO-ds): 8 10,85-10,58 (a, 1H), 7,0-7.5 (m, 8H),
4,60-4,83 (a, 2H), 3,62-3,09 (a, 2H), 2,75 (a, 2H).

Condiciones convenclonales de dcido férmico.

DAD TR = 2,688 min.

138

W

INTERMEDIO 39: 2-benxoil-8-cloro-1,2,3,9-tetrahidro-f-carbolin-4-ona
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Se mezclaron (6-cloro-1,3,4,9-tetrahidro-p-carbolin-2-i)-fenil-metanona
(1,76 g, 5,68 mmol, 1 equiv.) y DDQ (2,31 g, 10,2 mmol, 1,8 equiv.) en forma
de sdélidos y se enfriaron a -78°C. Se afiadieron 15 ml de una solucién 9:1 de
THF/H20, se entrié a -768°C y la suspensién resultante se afiadié a los sélidos
anfriados saeguido de 15 ml méas de THF (también enfriado a -78°C). La
solucién azul oscura se aglté a -78°C durante 2 horas y después se calentd
gradualmente a temperatura amblente y se agité durante dos horas mas. La
reaccion se Interrumplé mediante la adicion de NaOH 1 N y se extrajo con 3 x
150 mi da EtOAc. Las capas organicas combinadas se lavaron con 2 x 100 mi
de HC! 1 N, 1 x 100 ml de salmuera, se secaron sobre MgSQ;, se filtraron y se
concentraron para producir 1,38 g (75%) de 2-benzoil-8-cloro-1,2, 3,0-tetrahidro-
B-carbolin-4-ona en forma de sélidos naranjas oleosos.

'H RMN (300 MHz, DMSO-dy): § 12,11-12,48 (a, 1H), 7,29-7,88.(m, 8H),
4,03-5,18 (a, 2H), 4,60-4,48 (a, 2H).

Masa Exacta: 324,07.

Condiclones convenclonales de acido férmico.

DAD TR = 2,15 min.

M+H = 325.

INTERMEDIO 40: 4-amino-6-cloro fi-carbolina

Se diaoivié 2-benzoll-8-cloro-1,2,3,9-tetrahidro-R-carbolin-4-ona bruta (4
g) en 30 ml| de hidrazina anhidra y se aglié a tamperatura de reflujo (bafio de
aceite a 130°C) en una atmdsfera de Nz durante 8 horas, después de lo cual la
mezcia de reaccidn se dejd enfriar a temperatura amblente y reposar durante
una noche. Los sdlidos amarillos precipitados se retiraron por filtracién y se
lavaron con agua, 2 x 5 ml, para producir 785 mg (30%) de 4-amino-8-cloro-f-
carbolina en forma de un sélido blanquecino. Se afiadi6 més agua a los
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fitrados combinados hasta que no se produjo mds precipitacién. Estos sélidos
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"H RMN (300 MHz, DMSO-dy): 5 11,48 (s, 1H), 8,44 (s, 1H), 8,13 (s, 1H),
7,77 (s, 1H), 7,42-7,52 (m, 2H), 5,88 (s, 2H).

Condiciones convencionales de Acido férmico.

DAD TR = 1,88 min.

M+H = 218.
INTERMEDIO 41: N-{6-cloro-9H-8-carbolin-4-il}-2,2, 2-irifluoro-acetamida

Se disolvié 4-amino-8-cloro-B-carbolina (1,05 g, 4,82 mmol, 1 equiv.) en
4 mi de piridina anhidra y 20 mi de THF y se enfrié a 0°C en una atmdsfera de
N2. A la solucién enfriada se le afladié gota a gota anhldrido trifluoroacético (3,4
mi, 24 mmol, 5 equiv.). Después de que se completara la adicion, la reaccién
se retird del bafio de hielo‘y se agité a temperatura amblente durante ~1,5
horas. La reaccion se interrumpié mediante la adicién lenta de agua (10 mi) y
se extrajo con 2 x 150 ml de EtOAc, se lavd con 2 x 100 ml de bicarbonata
sédico saturado acuoso y 1 x 100 ml de salmuera, se secd sobre MgSQO,, se
filtrd y sa concentrd hasta sdlidos naranjas. Estos sdlldos se trituraron en 10-15
ml de EtzO y se capturaron por filtraclén para dar 1,23 g (81%) de N-{6-cloro-
9H-p-carbolin-4-1)-2,2,2-trifluoro-acetamida en forma de un sélido amarillo.

'H RMN (300 MHz, DMSO-dg): 3 12,11 (s, 1H), 11,89 (s, 1H), 8,92 (s,
1H), 8,33 (s, 1H), 7,82 (s, 1H), 7,60-7,70 {m, 2H).

Condiciones convencionales de aclido férmico.

DAD TR = 2,12 min.

M+H = 314,
INTERMEDIO 42: N-{6-cloro-8-nitro-8H-p-carbolin-4-il)-2, 2, 2-trifluoro-
acetamida

Se disolvid N-(6-cloro-9H-p-carbolin-4-il)-2,2,2-trifluoro-acatamida (125
mg, 0,4 mmol, 1 equiv.) en 2 mi de TFA y se le afiadié en una porcién NaNO;
(541 mg, 7,84 mmol, 2 equiv.). La solucién se agitdé a temperatura-ambiente

30

naranjas oleosos resultantes se suspendieron en agua, se neutralizaron con
una solucion saturada acuosa de bicarbonato sddico y se filtraron para dar 132
mg (92%) de N-(8-cloro-8-nitro-8H-R-carbolin-4-)-2,2,2-trifluoro-acetamida.
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'H RMN (300 MHz, DMSO-dg): 3 12,87 (s, 1H), 12,03 (s, 1H), 9,11 (s,
1H), 8,58 (s, 1H), 8,53 (s, 1H), 8,26 (s, 1H).
Condiciones convenclonales de dcldo férmico.
DAD TR = 2,27 min.
5 M+H = 359.
INTERMEDIO 43: N—fa-lamino-ﬂ-clam-sH-p-carbolin-tl-ﬂ)-2,2,2-¢riﬂuoro-
acetamida
La N<{6-cloro-8-nitro-9H-f-carbolin-4-it}-2,2,2-trifluoro-acetamida bruta
(130 mg, 0,36 mmol) se disolvié en 7 ml de MeOH y el recipiente de reaccién
10 se purgd al vacio con 3 x N2. Se affadid rdpidamente paladio (20 mg, al 20% en
peso sobre carbono activado) y el reciplente de reaccion se purgé al vaclo de
nuevo con 3 x N2, seguido de 3 ciclos de purgado mas al vaclo con Ha. La
reacclon se dejoé en agitadon en una atmésfera de Hz a 1 atm durante una
noche. Despuds de que se completara, el racipiente de reaccién sa purgéd de
15 H; y se filtrd sobre celite. El celite se lavé varias veces con metanol hasta que
los filtrados fueron transparentes. Los filtrados combinados se concentraron
para dar N{8-amino-8-cloro-9H-p-carbolin-4-11)-2,2,2-trifluoro-acetamida en
forma de un sdlido amarillo (112 mg, 95%).
H RMN (300 MHz, DMSO-da): 5 11,83 (s, 1H), 8,98 (s, 1H), 8,30 (s, 1H),
20 7.10(s, 1H), 6,82 (s, 1H), 5,87 (a, 2H).
Condiciones convendionales de dcido formico.
DAD TR = 1,85 min.
M+H = 329.
INTERMEDIO 44: N-{6-cloro-4-(2, 2, 2-trifluoro-acetilamino)-9H-/3-carbolin-8-il}-
25  2-metil-nicotinamida
Se disolivieron  N+{8-amino-8-cloro-9H-p-carbolin-4-il}-2,2,2-trifluoro-
acetamida (80 mg, 0,274 mmol, 1 equiv.) y acldo 2-metilnicotinico (45 mg,
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Sa afiadié en una porcién EDCI (84 mg, 0,438 mmoi, 1,8 equiv.) y la mezcla de
30 reaccidn se agitd a temperatura amblente duranie 2 horas. La reacclén se
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interrumplé con agua y los sdlidos ascuros resultantes se capturaron por
filtracion. Estos sélidos se trituraron en una solucién 3:1 de metanol-DMSO
para dar N-{6-cloro-44{2,2,2-trifluoro-acetilamino)-9H-B-carbolin-8-il]-2-metil-
nicotinamida en forma de sdélidos amariilos claros (41 mg, 3%).

'H RMN (300 MHz, DMSO-ds): 5 11,94 (a, 1H), 11,78 (s, 1H), 10,61 (s,
1), 9,00 (s, 1), 8,64 (d, 1), 8,38 (s, 1H). 8,13 (d, 1), 8,01 (s. 1H), 7.73 (s, 1H),
7,45 (m, 1H), 2,68 (s, 3H).

Condiciones convenclonales de acido férmico.

DAD TR = 1,88 min.

M+H = 448.
INTERMEDIO 45: N-[6-cloro-4-{2, 2, 2-irifluoro-acetiiamino)-9H-5-cerbolin-8-] -
nicotinamida

Se disolvieron N-{8-amino-8-cloro-89H-p-carbolin-4-il)-2,2,2-trifiluoro-
acetamida (80 mg, 0,274 mmol, 1 equiv.) y 4cido 2-metiinicotinica (40 mg,
0,329 mmol, 1,2 equiv.) en 1,5 ml de piridina anhidra en una atmdésfera de N».
Se afiadié en una porcion EDCI (84 mg, 0,438 mmol, 1,6 equiv.) y la mezcla de
reacclén se agité a temperatura ambiente 2 horas. La reaccién se interrumpié y
se traté siguisndo el protocole anterior para obtener 38 mg (32%) de N-[6-cloro-
4-(2,2,2-trifluoro-acetilamino)-9H-p-carbolin-8-l}-nicotinamida.,

'H RMN (300 MHz, DMSO-dy): & 11,89 (a, 1H), 10,73 (s, 1), 9,28 (s, 1),
8,97 (s, 1), 8,84 (d, 1), 8,43 (d, 1), 8,37 (s, 1), 7,85 (s. 1), 7.76 (8, 1), 7.67 (m,
1).

Condiclones convenclonales de 4cido férmico.

DAD TR = 1,84 min.

M+H = 434,
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una solucidon acuosa 2 mi de KyCO, (127 mg, 0,92 mmol, 10 equiv.). La
solucién transparente resultante se calenté a 60°C durante 18 h y después se
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dejé enfriar a TA. Se afladidé més agua produciendo sélidos finos que se
capturaron por flitracién, se lavaron una vez con 10 ml de MeOH al 5% en Etz:O
y se secaron a alto vacio para dar 18 mg de N-(4-amino-6-cloro-9H-g-carboliin-
8-il}-2-metil-nicotinamida en forma de sélidos amarillos en poivo (rendimiento
del 56%).

'H RMN (300 MHz, DMSO-ds): & 11,18 (s, 1H), 10,41 (s, 1H), 8,62 (d, J =
3,6, 1H), 8,32 (s, 1H), 8,20 (s, 1H), 8,11 {d, J = 7,5, 1H), 7,91 (s, 1H), 7,79 (s,
1H), 7,43 (m, 1H), 5,91 (a, 2H), 2,88 (s, 3H).

Condiciones convencionales de dcido formico.

DAD TR = 1,63 min.

M+H = 352.

ill-nicotinamida (38 mg, 0,088 mmol, 1 equiv.) en 5§ ml de MeOH y se le
aftadieron 2 m! de una solucién acuosa de K:COs (121 mg, 0,92 mmol, 10
equiv.). La solucién trangparenie resultante se calenté a 60°C durante 11 h.
Después de enfriar a TA, precipitaron sélidos finos que se capturaron por
filtracion y se lavaron con 10 mi de agua para dar 2,78 mg (10%) de N<{(4-
amino-6-cloro-9H-p-carbalin-8-il}-nicotinamida.

'H RMN (300 MHz, DMSO-dg): 8 11,32 (s, 1H), 10,56 (s, 1H), 9,28 (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), 5,91 (a, 2H).

Condiclones convencionales de acldo férmico.

DAD TR = 1,56 min.

M+H = 338.

INTERMEDIO 48: éster terc-butllico del dcido 3-clanometil-indoi-1-carboxfiico

63

Una solucién de 3-indolacetonitrilo (10 g, 84 mmot) en DMF (180 mi) se

30
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butlio (15,35 g, 70 mmol) y ia mazcla de reaccldn se agité a TA durante 12 h. A
la mezcla de reacdén se le afiadld H,O (100 mi) y el precipitado resultante se
capturd por filtracion. Los sélidos se disolvieron en metanol callents (20 ml) y la
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solucion se dejé enfriar fentamente, produciendo sdlidos naranjas claros que se
aislaron por filtracién para dar éster terc-butllico del acido 3-cianometil-indol-1-
carboxilico (9,2 g).

‘H RMN (300 MHz, DMSO-de): 5 8,08 (d, 1); 7,70-7,88 (m, 2); 7,42-7.29
(m, 2); 4,12 (s, 2); 1,63 (3, 8).

Condiciones convencionales de NH4OAc.

DAD Ry = 3,31 min.

M+H = 257,
INTERMEDIO 47: éster terc-butllico del écido 3-(clano-metil-metfil)-indol-1-
carboxilico

Una sofucion agitada de éater terc-butilico del acido 3-cianometil-indol-1-
carboxilico (2,15 g, 8,39 mmol) en THF (40 ml) se enfrié6 a -78°C en una
atmodsfera de argon. Se le afiadid bis{trimetilsiiii}amida sddica (1 M en THF, 10
ml, 10 mmal) y la solucién fria se agitd durante 30 minutos. Se le afadié
yodometano (627 pl, 10 mmol) y la mezcla de reaccién se agité durante 1,5 h
mientras se calentaba gradualmente a 0°C. Se le afiadié H,O (100 ml) y la
solucion se llevd a TA y se diluyd con EtOAc (250 ml). La capa acuosa se retird
y se axtrajo con EtOAc (250 mi). Las capas orgdnicas combinadas se lavaron
con HCI acucso (1 N, 3 x 50 ml), seguido de salmuera, despuds se secaron
sobre MgSQ,, se filtraron y se concentraron hesta un acelte naranja. La
purificacién por cromatografia en columna (hexanos:acetato de etilo) dio éster
terc-butilico del &cldo 3{clano-metil-metil}-indol-1-carboxilico (1,8 g).

'H RMN (300 MHz, DMSO-dg): 3 8,09 (d, 1); 7,73 (d, 1); 7.89 (s, 1); 7.74
-7.29(m, 2); 4,56 (c, 1); 1,668 (d, J=7,2, 3); 1,63 (s, 9).
INTERMEDIO 48: éster terc-butllico dal dcido 3-(2-amino-1-metil-metil})-indol
1-carboxllico

Una solucién de éster terc-butllico del dcido 3-{ciano-metil-metil)-indol-1-

30
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catalizador de Niquel Raney (suspensidn al 50% g/p en Hz0, 1 ml) y el
reciplente de reaccién se tapé y se purgd al vaclo 3 veces con argén, seguido
de forma similar de hidrégenc. La mezcla se agitd durante 22 h a 1 atm de
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hidrégeno, se purgd al vaclo con argén y se flitrd a través de calite. E! filtrado
se concentrd hasta un aceite (670 mg) y se determind por LCEM que se
componla principaimente del compuesto deseado éster terc-butilico del dcido
3+2-amino-1-metil-metil}-indol-1-carboxilico.

Condiciones convencionales de NH,OAc.

DAD Ry = 1,78 min.

M+H = 275.
INTERMEDIO 48; écido 4-metil-2,3,4,9-tetrahidro-1H-S-carbolina-1-carboxllico

Se disolvid éster terc-butilico del 4cido 3-(2-amino-1-metil-metil}-indol-1-
carboxilico (670 mg, aprox. 2,44 mmol) en acido trifluoroacédtico (2 mil) y se
agité durante 30 min a TA, después se concentrd hasta un sdlido oleoso &
presion reducida. El acelte resultante se disolvié en una solucién tamponadora
3 M de NaOAc:AcOH (pH = 4,8, 12 ml) y H20 (6 mi) a TA, Se le aftadié Acido
glioxéllco (225 mg, 2,44 mmol) y la mezcla de reaccidn se agité durante 4 h a
TA y despuéds se concentrd a sequedad. Se determind que los adlidos
resultantes se componlian principalimente del compuesto deseado acido 4-metil-
2,3,4,9-tetrahidro-1H-p-carbolina-1-carboxllico por LCEM y se usaron
posteriormente sin purificacion.

Condlciones convencionales de NHOAc.

DAD Ry = 1,24 min.

M+H =231,
INTERMEDIO 50: 4-meti-2,3,4,0-tetrahidro-1H-p-carbolina

Se suspendid6 &acido 4-metil-2,3,4,9-tetrahldro-1H-p-carbolina-1-
carboxflico bruto (aprox. 2,44 mmol} en H:O (S M) Yy HCI (12N, 5 ml) vy la
suspension se calenté a 120°C durante 1 h y después se dejé enfriar a TA. Los
solidos naranjas-pardos ogcuros se retiraron por filtracién y después se
disolvieron en metanol (5 ml). Se le afedié una solucién saturada de

30
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mezcla de reaccién se flitrd para producir sélidos amarillos compuestos
principalmente de 4-metil-2,3,4,9-tetrahidro-1H-B-carbolina (386 mg) como se
determiné por LCEM.
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Condiciones convencionales de NH,OAc.

DAD R¢ = 1,23 min.

M+H = 187.
INTERMEDIO 51: 4-Metil-SH-Bcarbolina

Se suspendié 4-metil-2,3,4,9-tetrahidro-1H-p-carbolina (214 mg, 1,17
mmol) en xilenos (10 mi). Pd (al 10% en peso sobre carbeno, 21 mg), se le
afadi¢ catallzador y la mezcla de reaccién se agitd a 160°C durante 24 horas y
despusés se enfrid a TA y se filtrd a través de celite. El filtrado se concentré a
sequedad para dar 4-metil-9H-B-carbolina (210 mg).

'H RMN (300 MHz, DMSQ-dg): 8 11,73 (s a, 1); 8,78 (s a, 1); 8,19 (d, 1);
8,13(s, 1);7,62(sa, 1), 7,53 (t, 1); 7,25 (t, 1); 2,78 (s, 3).

Condiclones convencionales de NH,OAc.

DAD R¢ = 2,24 min.

M+H =183.
INTERMEDIO 52: G-claro-4-metll-SH-8-carbolina

Se disolvid 4-metil-8H-p-carbolina (87 mg, 0,532 mmol) en HCI (1 N, 4
mi) y se agité a TA. Se le afiadid NCS (85 mg, 0,637 mmol) y la mezcla de
reaccion se agitd durante 5 h. Se le afiadi® una solucidn saturada de
bicarbonato sddico (20 ml) y la mezcla de reacclién se extrajo dos veces con
EtOAc (100 mi). Las capas orgénicas combinadas se lavaron con salmuera, se
saecaron sobre MgSO,, se filtraron y se concentraron para dar 6-cloro-4-metil-
gH-B-carbolina (108 mg) en forma de un acelte.

'H RMN (300 MHz, DMSO-ds): 5 8,67 (s, 1); 8,19 (s, 1); 8,11 (s, 1); 7.57-
7,54 (m, 2); 2,82 (s, 3).

Condiciones convencionales de NH,OAc.

DAD R, = 2,48 min.

M+H = 217.

30

Una solucién de 8-cloro-4-metil-8H-p-carbolina (100 mg, 0,462 mmol) en
acido trifluoroacético (10 ml) se agité a TA. Se le afiadlé NaNO, (106 mg, 1,25
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mmol) y ia mezcla de reaccion se agitd durante 30 min y después se concentrd
para dar un residuo naranja. El residuo se disolvi6 en MeOH (5 ml) y se
neutralizé mediante la adicién de una solucién saturada de bicarbonato sédico
(20 ml) provocando la formacién de sdlidos amarillos que se capturaron por
5 filtracién y se lavaron con HzO (10 ml) y ELO (2 x 10 ml) para dar 6-cloro-4-
metil-8-nitro-9H-B-carbolina (82 mg).
'H RMN (300 MHz, DMSO-ds): & 8,90 (s, 1); 8,85 (s, 1); 8,55 (8, 1); 8,29
(s, 1); 2,89 (s, 3).
Condiciones convenclonales de NH,OAc.
10 DAD R = 3,00 min.
M+H = 262,
INTERMEDIQ 54: 6-cloro-4-metii-9H-p-carbolin-8-ilamina
Una solucién de 6-cloro-4-metil-8-nitro-9H-p-carbolina (80 mg, 0,31
mmol) en MeOH (10 ml) se agitd a TA. Se le afadl6 catalizador de platino (al
15 10% en peso sobre carbono, 24 mg) y el recipiente de reaccién se tapd y se
purgd al vaclo 3 veces con argdn, seguido de forma similar por hidrégeno. La
mezcla de reaccidn se agitd durante 1,5 h a 1 atm de hidrdgenc, después se
purgd al vaclo con argédn, se diluyé con DCM (10 ml) y se flitrd a través de un
filtro de Jeringa 0,2 uM. El filtrado se concentré para producir 8-cloro-4-metil-8H-
20 P-carbolin-8-lamina (67 mg) en forma de un aceite pardo claro.
'H RMN (300 MHz, DMSO-dy): 3 9,04 (s, 1); 8,29 (s, 1); 7,74 (d, 1); 7,10
(d, 1); 2,98 (s, 3).
Condiclones convencionales da NH,OAc.
DAD Ry= 1,89 min.
25 M+H = 231.
N elil-OH- lin i
Una solucién de 6-cloro-4-metil-9H-f-carbolin-8-ilamina (43 mg, 0,18
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clorhidrato de cloruro de nicotinollo (40 mg, 0,22 mmol} y la mezcla de reaccién
30 se agitd durante 12 h. La solucién se dlluyé con RO (5 ml) y se vertid en un
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embudo de decantacién que contenla HzO (5 ml) y EtOAc (25 ml). La mezcla
de reaccion se agitd y las capas se separaron. La capa acuosa se exirajo con
EtOAc (2 x 25 ml). Las capas orgdnicas combinadas se lavaron con una
solucién saturada de bicarbonato eddico (15 ml), seguido de salmuera,
después se secaron sobre MgSO,, se flitraron y se concentraron para producir
N-{6-cloro-4-metil-9H-p-carbalin-8-il}-nicotinamida (52 mg) en forma da un
aceite viscoso naranja.

'H RMN (300 MHz, DMSO-ds): 5 11,67 (s, 1); 10,70 (s, 1); 9,27 (s, 1);
8,83 (s, 2); 8,45 (9, 1); 8,20-8,12 (m, 2); 7.83 (s, 1), 7,86 (s, 1); 2,80 (9, 3).

Condiciones convencionales de NH,OAc.

DAD Ry = 1,92 min.

M+H = 337.
INTERMEDIO 55: éster terc-butilico del dcido 1, 1-dioxo-1%-tiomorfolina-3,4-
dicarboxilico

Se disolvié 4-terc-butil-éster del acido tiomorfolina-3,4-dicarbaoxilico (120
mg, 0,485 mmol) en Et;O (8 ml). A la solucién se le afadié mCPBA (172 mg,
0,984 mmol), seguido después de una segunda porcién de mCPBA (84 mg,
0,485 mmol). El precipitado que se formd se filtrd, se lavd con Etz0 y se sech
para producir un sélido blanco de 4-terc-butii-éster del acido 1,1-dioxo-1A%-
tiomorfolina-3,4-dicarboxllico (74 mg).
EJEMPLO i _(8-cloro-BH-}-carbolin-8-1}-amids
tiomorfolina-3-carboxilico

Una suspensién de 6-cloro-7-fluoro-8H-f-carbolin-8-lamina (43 mg,
0,198 mmol), 4-terc-butii-éster del dcido 1,1-dioxo-7A%tiomorfolina-3,4-
dicarboxflico (72 mg, 0,257 mmol) y EDCI (78 mg, 0,386 mmcal) en piridina (2
ml) se caientd a 70°C. Después de 1 h, el disolvente se.relird a presién
reducida y el aceite oscuro resultante se disolvié en MeOH (1 mi). La solucién

1

acuoso y se formé un precipitado amarilio. El sdlido se filtrd, se sechd y se
disolvié en HCl 2 M en Ets0. Después de agitar durante una noche, el sélido
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amarillo resultante se flitrd y se sect para producir un sélido amarilio, la sal di-

HCI de (6-cloro-8H-R-carbolin-8-il)-amida del &cido 1,1-dioxo-1A%-tlomorfolina-3-
carboxilico (78 mg).

'H RMN (300 MHz, MeOH-d,): 8 9,26 (s, 1); 8,74 (d, 1); 8,54 (d, 1); 8,37
(d, 1); 7,94 (d, 1); 5,01 (dd, 1); 4,15-3,75 (m, 4); 3,64-3,58 {m, 2).

Condiciones convencionales de NHOAc.

DAD Rr= 1,57 min.

M+H = 379.
INTERMEDIO 58: 4-terc-butil-dster del décldo 8,6-dimetil-marfolina-3,4-
dicarboxflico

A una suspension de acido 6,6-dimetil-morfolina-3-carboxilico (5,56 g,
34,9 mmol) en dioxano (58 mi) se le afadié carbonato potasico acuoso (1 M, 58
mi). A la solucién Incolora transparente resultante se le afadié dicarbonato de
di-terc-butilo (9,14 g, 41,9 mmol). La solucldn se agitd a temperatura ambiente
durante una noche. La mezcla de reaccidn se diluyd con agua-(200 ml) y se
confimé que el pH de la solucién era de aproximadaments 7. La mezcla de
reaccidn se vertid en un embudo de decantacién y se extrajo con EtzO (2 x 100
mi}) para retirar el exceso de dicarbonato de di-terc-butilo. La capa acuosa se
acidificd medlante la adicién de HCI acuoso 8 N con agitacion hasta que se
alcanzd un pH de 3. La mezcla se extrajo rdpidamente con Et;O (2 x 200 mil) y
las capas orgdnicas se combinaron, se secaron sulfato de magneslo, se
filtraron y se concentraron para producir un aceite incoloro transparente. El
aceite se disolvid en EtzO (50 mi), se triturd con hexanos (150 ml) y se
concentrd para producir un sdlido blanco. El producto sélido se puso en la
bombea de alto vaclo durante varias horas, después de lo cual se obtuvieron
8,85 g de 4-ferc-butil-éster del 4cido 8,6-dimetil-morfolina-3,4-dicarboxilico
(rendimiento del 97%).

T EVERR MFOYE B TS & ) B 4% BE-Ta 3% 4 OF JFEJJW 43, 2 A% o 5
———— il .. e —t—

(m, 2); 3,48 ("dd", 1); 2,81 ("dd", 1); 1,39 ("dd", 8); 1,15 (s, 3); 1,08 ("dd", 3).
Condiciones convencionales de NHQAc.
DAD R = 0,98 min.
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M-H = 258.
INTERMEDIQ 57: éster terc-butllico del dcido (S)-5-(6-cloro-9H-p-carbolin-8-
ilcarbamail)-2, 2-dimetil-morfolina-4-carboxllico

El compuesto deseado se prepard de acuerdo con el Méfodo C a partir
de 6-cloro-9H-p-carbolina-8-llamina y 4-ferc-butll-éster del 4cido 8,6-dimetil-
morfolina-3,4-dicarboxilico con un rendimiento del 87%.

‘H RMN (DMSO-de, 300 MH2z) 8 11,33 (s, 1) 10,14 (s, 1); 9,05 (s, 1);
8,38 (d, 1); 8,21 (d, 1); 8,18 (d, 1); 7,94 (s, 1); 4,70-4,568 (m, 1); 4,254,14 (m,
1); 4,07 (dd, 1); 3,64-3,56 (m, 1); 3,30-3,14 (m, 1); 1,41 ("dd", 9); 1,21 (s, 3);
1,15 (s, 3).

Condiciones convencionales de NH,OAc.

DAD Ry = 1,84 min.

M+H = 450,

HPLC Quiral: = 95% ee.

Columna Chiralpak AD.

EtOH al 15% v/v/Hexanos que contenia 0,1% EtaNH.
INTERMEDIO 58: sal trifluaroacetato de (6-cloro-9H-beta-carbolin-8-if)-amida
del dcido [(S)-4-((S)-2-amino-propil)-6, 6-dimetil-morfolina-3-carboxiiico

El compuesto deseado se prepand usando el mismo procedimiento que
para el Intermedio 35 partiendo de éster terc-butilico del 4cido (S)-5{6-cioro-
9H-beta-carbolin-8-icarbamoall}-2,2-dimetii-morfolina-4-carboxllico y usando
Boc-alanina en |a etapa de alqullacién reductora con un rendimiento del 80%.

'H RMN (300 MHz, D;0): 5 1,16 (d, 3H), 1,25 (s, 3H), 1,28 (s, 3H), 2.41
(d, 1H), 2,59 (dd, 1H), 2,89 (dd, 1H), 2,95 (d, 1H), 3,35-3,50 (m, 2H), 3,85-4,15
(m, 2H), 7.58 (d, 1H), 7,97 (d, 1H), 8,11 (d, 1H), 8,30 (d, 1H), 8,40 (d, 1H), 8,94
(s, 1H). i

Tiempo de Retenclon (LC, método: patrén de acetato aménico): 1,57

B R E—_S_d____gG————_D_—lw_Ge——— e —

30

EM (M+H'): 418,2.
METODO E: Procedimiento de acoplamiento usando sal frifluoroacetato
de (8-cloro-SH-beta-carbolin-8-il}-amida del acido. Se tomaron [(S)4-{(S)-2-
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amino-propil)-8,8-dimetil-morfolina-3-carboxllico, sal trifiucroacetato de (8-cloro-
9H-beta-carbolin-8-l}-amida del acido [S)-4-(({S)-2-amino-propil)-6,8-dimetil-
morfolina-3-carboxdlico (1,0 mmol), TBTU (1,2 mmal), el 4cido (1,25 mmol) para
acoplarse y EtsN (4-8 mmol, pH bdasico) en acetonitrilo (10 ml). La mezcla
resultante se agitd a temperatura amblente durante 4-15 h. Despuéas, la mezcla
de reaccion se repartié entre EtOAc y una solucion acuosa al 10% de Na;COs.
La fase acuosa separada se extrajo de nuevo con EtOAc. Los extractos
combinados se lavaron sucesivamente con una solucién acuosa al 10% de
Na;COs y salmuera, se secaron 3obre NaySO, y se concentraron
complietamente. El residuo se purificd sobre sflice (MeOH al 2-7%/CH,Cl,) para

morfolina-J-carbaxflico

Se suspendié (6-cloro-8H-5-carbolin-84l)}-amida del &cido 4-{2-amino-
propil)-6,8-dimetil-morfolina-3-carboxllico (sal 3 CF;COOH) (1,5 g) en
diclorometano (80 ml) junto con § equivalentes de frietilamina. Se afadié
anhlidrido trifiuoroacético (56 pl, 2 equivalentes) y la mezca se agitd a
temperatura ambiente durante una hora. El disolvente se retird por evaporacién
rotatoria. El producto se purificd por cromatografia ultramépida sobre gel de
sllice (metanol al 5%/diclorometano, Rf del producto 0,3) para producir 1 g.

'H RMN (300 MHz, relativo al pico CDCly a 7,3 ppm) 3 10 (s, 1H), 9,7 (d,
1H), 8,7 (s, 1H), 8,6 (s, 1H), 8,2 (d, 1H), 7.8 (s, 2H), 8,8 (s, 1H), 4,3 (m, 1H), 3,9
(m, 1H), 3,8 (t, 1H), 3,2 (m, 1H), 2,7-2,9 (m, 2H), 2,5 (m, 1H), 22 (d, 1 H), 1,4
(d, 3H), 1,3 (s, 3H), 1,2 (8, 3H).

LCEM (método convencional de acetato aménico) tlempo de retencion =
1.84 min.

4\
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El compuesto deseado se prepart de acuerdo con el elemplo anterior a
partir de (B-cloro-8H-p-carbolin-8-il}-amida del #cido 4-(2-amino-propil)-6,6-
dimetil-morfolina-3-carboxllico (sal 3 CFsCOQOH) y anhidrido acético.

'H RMN (300 MHz, metilo-ds alcohol-d): 5 1,15 (d, 3H), 1,23 (s, 3H), 1,38
(s, 3H), 1,98 (s, 3H), 2,24 (d, 1H), 2,38 (m, 1H), 2,88 (m, 1H), 2,982 (d, 1H), 3,24
{m, 1H), 3,98 (m, 2H), 4,22 (m, H), 7,78 (d, 1H), 7,98 (m, 2H), 8,27 (d, 1H), 8,64
(s, 1H).

Tiempo de Retencién (LC, método: patrén de acetato aménico): 1,54
min.

EM (M+H"): 458,

El compuesto deseado se preparﬁ de acuerdo con &l Método E.

'H RMN (300 MHz, metilo-d, alcohol-d): § 1,28 (s, 3H), 1,29 (d, 3H), 1,43
(s, 3H), 2,28 (d, 1H), 2,57 (m, 1H), 2,866 (m, 1H), 2,98 (s, 3H), 3,03 (d. 1H), 3,34
(m, 1H), 3,68 (m, 1H), 4,05 (m, 2H), 7,67 (d. 1H), 8,10 (m, 2H), 8,32 (d, 1H),
8,89 (s, 1H).

Tiempo de Retencitn (LC, método: patrén de acetato aménico): 1,54

min.
EM (M+H'): 404.

El compuesto deseado se prepard usando [4-(2-ammo—propl|)—8 8-
dimetil-morfolin-3-imetil[{8-cloro-9H-beta-carbolin-8-l)-amina y d&cido 4,6-
dimetll pirimidina-5-carboxilico sigulendo el Método E con un rendimiento del
51%. '

140

'H RMN (300 MHz. DMSO): § 11,27 (1 H. 8), 10,02 (1H, 8), 9.0 (1H, 8),

{2H, m), 2,89 (2H, m). 2,36 (8H, s), 2,1 (2H m), 1 3(3H 8), 1,24 (6H, m).

Tiempo de retencién (LC, método: patrén de acetato amoénico): 1,50 min.
EM (M+H’): 551.
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El compuesto deseado se prepard de acuerdo con el Mélodo E a parlir
de sal trifiuoroacetato de (6-cloro-8H-beta-carbolin-8-il}-amida del acido (S}4-
({S)-2-amino-propil }-6,6-dimetil-morfolina-3-carboxilico y dcldo 2-metil-nicotinico
con un rendimiento del 75%. |

'H RMN (300 MHz, DMSO-dg): 5 1,21 (s,3H), 1.22 (d.3H), 1,38 (8,3H),
2,10 (d,1H), 2,42 (m,1H), 2,60 (m,1H), 2,99 (d,1H), 3,20 (m,1H), 3,92 (m,2H),
4,22 (m,1H), 7,22 (dd,1H), 7,85 (d,1H), 7,90 (s, 1H), 8,18 (d,1H), 8,23 (s, 1H),
8,31 (d,1H), 8,38 (d,1H), 8,45 (d,1H), 9,02 (s, 1H),10,04 (s, 1H), 11,26 (s, 1H).

Tiempo de Retencién (LC, método: patrdn de acetato aménico): 2,16
min.

EM (M+H"): 535,5.

Se suspendi6é (B-cloro-8H-B-carbolin-8-il}-amida del acido 4-{2-amino-
propil}-6,6-dimetil-morfolina-3-carboxllico (sal 3 CFsCOOH) (300 mg) en cloruro
de metileno (12 ml) junto con 3 equivalentas de trietilamina. Se afiadié cloruro
de morfolina-4-carbonilo (70 mg, 1,3 equivalentes) y la mezda se agitd a
temperatura ambiente durante una noche. El disolvente se retird por
evaporacion rotatoria. El producto se sqpard by TLb preparativa sobre placas
de sllice (10/80 de metanol/acetato de etilo como eluyente, Rf del producto 0,4)
Rendimiento: 83 mg.

'H RMN (300 MHz, relativo al pico de CD3OD a 3,3 ppm) & 8,8 (s, 1H),
8,27 (d, 1H), 7.8-7,89 (m, 3H), 3,854,15 (m, 2H), 3,85-3,95 (m, 2H), 3,5-3.6 (m,

5H) 3,3-3,45 (m. ZH) 3,15-3,3 (m 2H) 2,85-2,956 (d, 1H), 2,6-2,72 m, 1H), 2,3-

LCEM (método convencional de acetato amdnico) tiempo de retencién =
2,39 min.

(M+ = 628; M- = 527).



10

15

20

25

El compuesto deseado se prepard de acuerdo con el Método E.

'H RMN (300 MHz, metilo-d; alcohol-d): & 1,21 (d, 3H), 1,28 (s, 3H), 1,39
{s, 3H), 1,95 (m, 3H), 2,05 (s, 3H), 2,17 (m, 1H), 2,28 (d, 1H), 2,51 (m, 1H),
2,74 {(m, 1H), 3,05 (d, 1H}, 3,30 (m, 1H), 3,55 (m, 1H), 3,61 (m, 1H), 4,05 (m,
2H), 4,18 {m, 1H), 4,34 (m 1H), 7,78 (d, 1H), 8,10 {m, 2H), 8,33 (d, 1H), 8,90 (s,
1H).

Tiempo de Retencion (LC, método: patrdn de acetato aménico): 2,07

min,

EM (M+H"): 558.

- . .‘.

metilisoxazol-3-carbonil}-amino}-propil-morfolina arogxilicg

El compuesto deseado se preparé usando [4-{2-amino-propil}-8,6-
dirnetil-morfolin-3-iimetil]{8-cloro-8H-beta-carbolin-8-il}-amina y cloruro de 5-
melilisoxazol-carbonilo siguiendo el Método E con un rendimiento del 61%.

H RMN (300 MHz, DMSO): 11,2 (1H, s), 9,98 (1H, s), 8,0 (1H, 8), 8,7
(1H, d), 8,8 (1H, d), 8,2 (2H, m), 7.9 (1H, 8), 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 (3H, 8), 1,15 (6H,
m).

Tiempo de retenclén (LC, método: patrén de acetato aménico): 1,81 min.
EM (M+H"): 526
PLO .

Se suspendid (6-cloro-8H-p-carbolin-8-il}-amida del acido 4{2-amino-
propil)-8,8-dimetil-morfolina-3-carboxllico (sal 3 HCi) (300 mg) en diclorometano

—— i — . . .t =R L & kR L R R L I Rl R R PR L TR Y

30

isoclanato de metllo {2 equivalentes). Después de una hora a temperatura
ambiente, e disolvente se retird por evaporacion rotatoria. El producto se
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1H), 8,28 (s, 1H), 8,50 (d, 1H), 8,98 (s, 1H), 9,88 (s, 1H), 10,94 (s, 1H).

106

purificd por cromatografla ultrardpida sobre gel de sllice (metanol al
5%/diclorometano, Rf del producto = 0,3) para producir 200 mg.

'H RMN (300 MHz, relativo al pico de CDCly a 7,3 ppm) & 12,3 (s, 1H),
10.2 (s, 1H), 8,9 (s, 1H), 8.6 (s, 1H), 8,4 (d, 1H), 7,9 (d, tH), 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 (d, 1H),
2,2 (t, 1H), 1,4 (s, 3H), 1,2 (s, 3H), 1,1 (d, 3H)

LCEM (método convencional de acetato aménico) tiempo de retencion =
1,62 min.

del acido (S)-4+{(S)-2-amino-propil)-8,6-dimetil-morfolina-3-carboxllico (3,45 g,
6,59 mmol) en 68 mi de plridina seca se ie afladié en res porciones durante 1,5
h una solucién 3 M en DCM de cloroformiato de metilo (9,2 mi, 27,6 mmal, 4,2
equiv.). Después de 2 h, se afiadieron 10 ml de agua y la mezcla se concentrd
a sequedad. Ei residuo_se repartié entre 150 ml de EtOAc y 100 ml de una
solucién acuosa 0,5 M de K;COs. La fase acuosa separada se extrajo con 50
ml de EtOAc. Los extractos organicos combinados e lavaron sucesivamente
con agua (2 x 50 ml) y saimuera (50 mil), se secaron sobre NaSO, y se
concentraron a sequedad. El residuo se purificd sobre sllice (MeOH al
5%/CHzClz) para dar 2,48 g{ acelte denso, rendimiento del 77%) del producto
deseado.

'H RMN (300 MHz, CDCly): 8 1,15 (d, 3H), 1,28 (s, 3H), 1,42 (s, 3H),
2,33 (dd, 1H), 2,42 (d. 1H), 2,78 (dd, 1H), 2,88 (d, 1H), 3,32 (dd, 1H), 3,86 (s,
3H), 3,82 (t, 1H), 4,01 (dd, 1H), 4,18 (m, 1H), 4,78 (d, 1H), 7,85 (d, 1R), 7.97 (s,

EFINS A58 HAEBNMAR (11 _malann- Aatran fAa sasstatsa soadalasl, 24 FF
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min.
EM (M+H"): 474,1




dimetil-morfolin-3-iimetil]{6-cloro-8H-beta-carbolin-8-l}-amina y é&cido 24-
5 dimetlinicotinico sigulendo el Método E con un rendimliento del 50%.
'H RMN (300 MHz, DMSO): 5 11,27 (1H, s), 10 (1H, 8), 8,8 (1H, s), 8,37
(2H, d), 8,24 (3H, m), 7,8 (1H, 8), 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, 8), 1,2 (8H, m).
Tiempo de retencién {LC, método: patrén de acetato aménico): 1,53 min,
10 EM (M+H"): 550

@

. .
[18] Lo QO 1L RTINS = SN -1 DI TN e oSl B IR NI el

El compuesio deseado se prepard a partir de [4{2-amino-propil)-6,6-
dimetil-morfolin-3-iimetil}{6-cloro-8H-beta-carbolin-8-l)}-amina y 4acido 2-
15 pirazina-carboxilico sigulendo el Método E con un rendimiento del 62%.
TH RMN (300 MHz, DMSO): 3 12,8 (1H, s), 10,89 (1H, s), 8,42 (1H, s),
9,0 (1H, s), 8,8 (1H, d), 8,8 (1H, d), 8,4 (1H, s), 8,2 (1H, m), 4,5 (1H, m), 4,1
(2H, m), 3,1 (1H, m), 2,1 (4H, m), 1,23 (9H, m).
Tiempo de retencién (LC, método: patrén de acetato aménico): 1,69 min.

20

@

A una solucién de [4-(2-amino-propil}-8,6-dimetil-morfolin-3-iimetilH6-

25 cloro-9H-beta-carbolin-8-if}-amina (100 mg, 0,132 mmol) en 0686 mi de
acetonitrilo seco se le afadieron 3, anhidrido 4-piridinadicarboxilico (21 mg,

0,15 mmeol) y trietilamina (102 mi, 0,8 mmol). La mezcia de reaccién se agité a

. - : e e — -

reducida y el residuo se recogid en piridina (0,6 mi). A la mexcia resultante se

30 le afiadieron una sclucién acuosa 2 M de metilamina en THF (0,2 ml, 0,4 mmol)

y EDCI (40 mg, 0,21 mmol). La mezcla de reaccion se agiid durante 4 h, el
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disolvenie se retird a presion redl::clda y el residuo se repartié entre EtOAc y
K2CO5 acuoso 1 M. La fase acuosa separada se extrajo dos veces con E{1OAc.
Las fagses organicas combinadas se lavaron sucesivamente con agua y
salmuera, se secaron sobre MgSO, y se concentraron completamente. El
residuo se purificé sobre gel de sflice (MeOH al 10%-CH;Ch) para dar el
compuesto dei titulo en forma de un sélido blanco con un rendimiento del 36%.

'H RMN (300 MHz, DMSO): 5 9,24 (1H, s), 8,17 (1 l-i.s). 7.81(2H, m), 7.5
(3H, m), 7.3 (1H, 8), 7.0 (1H, s) 6,5 (1H, d), 3,08 (2H, d), 3,35 (1H, m), 2,4 (3H,
m), 1,86 (4H, m), 0,5 (3H, s), 0,37 (6H, m).

Tiempo de retencién (LC, método: patrén de acetato amonico): 1,48 min.

de [4{(2-amino-propil)-8,6-dimetil-morfolin-3-iimetif}{6-cloro-8H-beta-carbolin-8-
il}-amina y acido 4-metil-pirimidina-5-carboxflico con un rendimiento del 55%.

'H RMN (300 MHz, DMSO): 5 11,26 (1H, 8), 10,04 (1H, 8) 9,04 (2H, m),
8,66 (1H, d) 8,3 (2H, m) 8,22-8,17 (2H, m), 7,8 (1H, s), 4,2 (1H, m), 3,83 (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).

Tlempo de retenclén (LC, método: patron de acetato aménico): 1,55 min.
EM (M+H"): 537

E! compuesto deseado se prepard de acuerdo con el Méfodo E a partir
de sal trifluoroacetato de (8-cloro-9H-beta-carbolin-8-ll}-amida del acido (S)4-

M7
141

3o

con un rendimlento del 78%.
H RMN (300 MHz, DMSQ-dg): d 1,21 (s,3H), 1,22 (d,3H), 1,36 (s.3H),
2,10 (d,1H), 2,40 (m,1H), 2,62 (m,1H), 2,00 (d,1H), 3,22 (m,1H), 3,94 (m,2H),
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4,23 (m,1H), 7,26 (d,1H), 7,90 (s, 1H), 8,18 (d,1H), 8,23 (s, 1H), 8,34-8,48
(m,3H), 9,02 (s, 1H),10,04 (s, 1H), 11,27 (s, 1H).

Tiempo de Retencién (LC, método: patrén de acetato aménico): 2,22
min.

EM (M+H"): 535,5.

oro-8H il I ido 4~ ino-2-
il-propionil - — "

Una solucidn de éster terc-butllico del acido {2-[5-(6-cloro-9H-p-carbolin-
8-ilcarbamoil)-2,2-dimetil-morfolin-4-il]-1-matii-etil}-carbamico (70,2 mg, 0,14
mmol) en TFA (2 ml) se agitd a temperatura amblente. Después de 15 min, la
reaccidén se concenird y el producto bruto se destild azeotibpicarnante con
CHxCl2 (2 x 5 ml). Una mezcla del intermedio bruto, TBTU (54,0 mg, 0,17
mmol), trietilamina (0,2 ml, 1,43 mmol) y écido 2-terc-butoxicarbonilamino-2-
metil-propidnico 45,0 mg, 0,22 mmol) en MeCN (1 ml) se agitd a temperatura
ambiente durante 18 h. La solucidn se diluyd con H2O (20 ml) y se vertié en un
embudo de decantacidn que contenia EtOAc (50 ml) y saimuera (50 mi). La
mezcla se agitd y las capas se separaron. La capa acuosa se extrajo con
EtOAc (2 x 50 ml). Las capas organicas combinadas se secaron, se filtraron y
se concentraron. El producto bruto se purificd por cromatografia ultrarrépida
para producir un sélido amarillo (51,0 mg, 82%) que se mosird por RMN y
LCEM que ema (B-cloro-8H-B-carbolin-8-l}-amida del #cldo 4-[2-(2-amino-2-
metil-proplonil}-8, 6-dimetil-morfolina-3-carboxilico.

'H RMN (300 MHz, DMSO-dg): 8 12,84 (s a, 1); 11,36 (s a, 1); 10,18 (s,
1), 9,08 (s, 1); 8,39 (d, 1); 8,22 (d, 1); 8,48 (d, 1); 7,95 (s, 1); 4,77-4,52 (m, 1);
4,28-4,13 (m, 1); 4,134,00 (m, 1); 3,68-3,52 (m, 1); 3,22-3,12 (m, 1); 1,44 (s,
3); 1,41-1,38 (m, 8); 1,28-1,24 (m, 2); 1,22 (s, 3); 1,25 (s, 3); 1,11-1,07 (m, 1).

Condiciones convencionales de NHOAc.

196
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M+H = 501.

1,23 idroj inolin-3-iimetil ina-3-carboxlilico
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El compuesto deseado se fabricé sigulendo el procedimiento resumido
en el Método C usando acido 6,8-dimetil-morfolina-3-carboxflico y aldehido de
(SHetrahidroisoquinolina.

'H RMN (300 MHz, D;0): 5 9,1 (1H, s), 8,68 (1H, d), 8,52 (1H, d), 8.41
(1K, d), 7,68 (1H, d), 7,27 (1H, d), 7,08 (1H, m), 8,97 (1H, d), 6,84 (1H, m), 4,31
{2H, m), 4,09 (2H, m), 3,68 (1H, m), 3,56 (1H, 1), 3,2 (2H, m), 3,06 (2H, m), 2,7
{2H, m) 1,48 (3H, s), 1,32 (3H, s).

Tiempo de retenclén (LC, método: patrdn de acetata aménico): 2,43 min.

EM (M+H"): 505
INTERMEDIO 59: sal HCI de (6-cloro-8H-B-carbolin-8-if)-amida del 4cido 6,6-
dimetil-morfolina-3-carboxllico

A una solucién parda transparente de éster terc-butllico del dcido 5(8-
cloro-9H-p-carbolin-84icarbamoil}2,2-dimetil-morfolina-4-carboxllico (10,4 g,
22,7 mmol) en metanol (41 ml) se le afiadlé HCl en dloxano (4 M, 81 ml). La
reaccidn se agitd durante 30 minutos a temperatura amblente, tismpo durante
el cual comenzd a formarse un precipitado pardo pdlido. La mezcia se vertié en
un volumen de 250 mi de Et2O en agitacién vigorosa. La suspensién resuitante
se agitd a temperatura amblente durante 15 minutos y después se filtrd para
producir un sélido naranja pardo. El sdlido se puso sobre la bomba de alto
vacio durante una noche, después de lo cual se obtuvleron 9,71 g de {6-cloro-
9H-f-carbolin-8-il}-amida del #&cido  6,8-dimetil-morfolina-3-carboxilico
(rendimiento del 98%).

'H RMN (DMSO-dg, 300 MHz) & 13,47 (s, 1) 11,77 (s, 1); 9,42 (s, 1)
8,86 (d, 1); 8,68 (d, 1); 8,58 (d, 1); 8,25 (d, 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).

Condiciones convencionales de NH,OAc.

DAD Ry = 1,48 min.

194
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Se sigulé el Método C, usando éster terc-butilico del 4cido 5{6-cloro-9H-
p-carbolin-8-licarbamoil)-2,2-dimetil-morfolina-4-carboxllico y el aldehido
apropiado, éster ferc-butilico del dcido (1-formil-propil)-carbamico.

‘H RMN (DMSO-dg, 300 MHz) 5 9,08 (s, 1); 8,37 (d, 1); 8,19 (d, 1); 8,15
(d, 1); 7.85 (d, 1) 6,75 (s a, 2); 3,96-3,85 (m, 2); 3,17-3,43 (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); 1,32-1,23(m, 1); 1,18 (s, 3); 0,87 (t, 3).

Condiciones convenclonales de NH,OAc.

DAD R¢ = 1,27 min.

M+H = 430,

A una solucidon de (B-cloro-QH-B-carbolln-a-ll)-amlda del dcido 4-2-
amino-butli}-6,6-dimetil-morfolina-3-carboxflico (100 mg, 0,233 mmol) en
piridina (4 ml) se le afiadieron acido 2-metil-nicotinico (38,4 mg, 0,280 mmol) y
EDCI (71,5 mg, 0,373 mmol). La solucidén se agitd durante una noche a
temperatura amblente y después se diluyd con agua (5 ml). La mezcla se vertid
en un embudo de decantacion y se diluyé de nuevo con agua (20 mi). La
mezcia se extrajo con EtOAc (2 x 20 ml) y después las capas organicas
combinadas se lavaron con salmuera. La capa orgdnica se secd sobre sulfato
de magnesio, se filtrd y se concentrd un acelte amarilio-pardo que se purificd
por cromatografila en columna. El sblido amarillo resultante se disolvid en
metanol (2 ml) y se le afladid HC| en EtzO (2 M, 2 ml). La mezcla se agité
durante 5 minutos y después se concentrd para producir 103 mg de (8-clore-
9H-R-carbolin-8-i}-amida del acido 6,6-dimetil-4-{2-[(2-metil-piridina-3-carbonil)-
amino]-butii}-morfolina-3-carboxilico (rendimiento det 71%).

'H RMN (DMSO-dg. 300 MHz) 513,31 (s a, 1) 11,41 (s a, 1); 11,14 (s a,

30

4,64-3,55 (m, 8); 3,24-3,08 (m, 1); 2,95-2,81 (m, 1); 2,71 (s, 3); 1,80-1,74 (m,
1), 1,55-1,41 (m, 1); 1,32 (s, 3); 1,23 (s, 3); 0,93 (4, 3).
Condiciones convencionales de NH,OAc.
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DAD R = 1,66 min.

M+H = 549.
INTERMEDIO 61: (6-cloro-9H-p-carbolin-8-il)-amida del &cido 4+{2-amino-3-
metil-butil)-8, 8-dimetil-morfolina-3-carboxllico

Se siguiéd el Método C, usando éster ferc-butllico del Acido 5{6-cloro-9H-
8-carbolin-8-llcarbamoil)-2,2-dimetil-morfolina—4-carboxllico y e akiehldo
apropiado, éster terc-butflico del 4cido (1-formll-2-metil-propil}-carbdmico.

'H RMN (DMSO-ds, 300 MHzZ) & 8,05 (s, 1); 8,37 (d, 1); 8,21 (d, 1); 8,16
(dd, 1); 7,96 (d, 1); 6,71 (s a, 2); 3,93-3,86 (m, 2); 3,18-3,14 (m, 1); 2,91 (d, 1);
2,70-2,65 (m, 2); 2,21 (dd, 1); 2,15 (d, 1); 1,74-1,66 (m, 1); 1,31 (s, 3); 1,19 (s,
3); 0,85 (d, 3); 0,80(d, 3).

Condiclones convencionales de NH,OAc.

DAD Ry = 1,27 min.

M+H = 444,

amino-3-metil-butil)-6,8-dimetil-morfolina-3-carboxflico (1,47 g, 3,31 mmol) en
piridina {35 ml) se le afiadieron dcido 2-metil-nicotinico (544 mg, 3,87 mmol) y
EDCI (1,02 g, 5,30 mmol). La solucién se agitd 6,5 horas a temperatura
ambiente, después se diluyd con agua (100 ml). La mezcla se verid en un
embudo de decantacién y se diluyd con agua (50 ml) y EtOAc (150 ml). Las
capas se agltaron y se separaron. La capa acuosa se extrajo con EtOAc (3 x 50
mi) y después las capas orgdnicas combinadas se lavaron con salmuera. La
capa orgénica se seco sobre sulfalo de magnesio, se flitrd y se concentr6 para
producir un residuo semi-sdlido naranja que se purificd por cromatografia en

columna. El sélido amarillo resuitante se puso sobre la bomba de alto vacio

30

carbolin-8-y-amida del 4écido 6,8-dimetil-4-{3-metil-2-[{2-metil-piridina-3-
carbonil }-amino}-butil}-morfolina-3-carboxliico (rendimiento del 77%).
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'H RMN (DMSO-ds, 300 MHz) 5 11,32 (s, 1); 10,08 (s, 1); 9,02 (s, 1),
8,46 (dd, 1); 8,38 (d, 1); 8,21-8,14 (m, 3), 7,97 (d, 1); 7,64 (dd, 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 (d, 1); 2,85 (dd, 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 (d, 3); 0,86 (d, 3).

Condiciones convencionales de NH,OAc.

DAD Rs = 1,687 min.

M+H = 563,

El compuesto deseado se prepard sigulendo el Método E a partir del
Intermedio 81 y el acido aproplado.

'H RMN (300 MHz, metilo-d, alcohol-d): § 0,87 (m, 6H), 1,25 (d, 3H),
1,37 (d, 3H), 1,81 (m, 1H), 2,10-2,47 (m, 4H), 2,83 (m, 2H), 3,10 (m, 1H), 3,26
(m, 1H), 3,80 {m, 1H), 3,86-4,07 (m, 6H), 7,86 (d, 1H), 8,10 (m, 2H), 8,32 (d,
1H). 8,89 (s, 1H).

Tiempo de Retencién (LC, método: patrén de acetato aménico): 1,73

min.
EM (M+H"): 542. : :
INTERMEDIO 62 éster terc-butilico del dcido :{(S)-2-{(S)-5-{6-cloro-4-metil-
8H-p-carbolin-8-ilcarbamoll)-2, 2-dimetfi-morfolin-4-i{l-1-metil-etil}-carbdmico
Una solucién de édcido (S)4-((S)-2-terc-butoxicarbonilamino-propil)-8,6-
dimetil-morfolina-3-carboxilico (3,316 g, 10,5 mmol) (preparado por alquilacion
reductora de dcido (S)-6,6-dimetli-morfolina-3-carboxflico con N-<{terc-
butoxicarbonil)-L-alanil) en piridina anhidra (76 ml) se agltt a temperatura
ambiente. Se afiadid 6-cloro-4-metil-8H-f-carbolin-8-lamina (1,889 g, 8,00

30

temperatura amblente durante 14-18 horas en una atmésfera de argén. La
reaccion se concentrd parcialmente, se difuyé con HzO (20 ml) y se transfiri a
un embudo de decantacién..La mezcla se diluyé con salmuera (50 ml) y se
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extrajo con E{OAc (3 x 100 ml). Las capas organicas combinadas se lavaron
con salmuera, se secaron, se filtraron y se concentraron para praducir un
residuo oscuro. La cromatografla en columna (MeOH al 0-8%/CH;Ch) produjo
éster terc-butllico del dcido {(S)-2-{(S)5-{6-cloro-4-metil-9H-p-carbolin-8-
ilcarbamoit)-2,2-dimetil-morfolin-4-l}-1-metil-etil}-carbdmico en forma de un
sdlido castafio claro (2,688 g).

'H RMN (300 MHz, DMSO-de): 5 11,25 (s, 1) 9,94 (s, 1) 8,88 (s, 1) 8,18
(s. 1) 8,02 (s, 1) 7,92 (s, 1) 6,73 (d, 1) 3,95-3,86 (m, 2) 3,68 (s a, 1) 3,16-3,08
(m, 1) 2,88 (d, 1) 2,76 (8, 3) 2,51-2,40 (m, 1) 2,23 (dd, 1) 1,98 (d, 1) 1,34 (s &,
12) 1,17 (s, 3) 1,08 (d, 3).

Condiciones convencionales de NH{QAc.

ELSD R¢= 2,07 min.

M+H =530.
dimetil-4-{(S)}2 metil-piridina-3-carbonil}-aminol-praplit-morfoling
carboxflico

Una solucion de éster ferc-butliico del acddo {(S)-2-[(S)-5-(6-cloro-4-metil-
9H-(-carbolin-8-ilcarbamoil)-2,2-dimetil-morfolin-4-il}-1-metil-etil}-carbdmico
(2,688 g, 5,08 mmol) en EtOH (60 ml) se agitd a temperatura ambiente. Se
afladi6 HCl concentrado (10 ml) y la reacclén se agitd durante 14 horas a
temperatura ambiente en una atmésfera de argdn. La reaccién se concentrd
para producir un sdlido amarillo (2,84 g). El sélido se disolvi®é en piridina
anhidra (40 ml) y se agltd a temperatura amblente en una atmdsfera de argén.
Se afnadieron trietilamina (2,20 mi, 15,7 mmol) y EDCI (1,38 g, 7,28 mmol). La
mezcla de reaccidn se agitd a temperatura ambiente durante 10 minutos y se le
afiadié acido 2-metit-nicotinico (0,868 g, 6,33 mmol). La reaccién se agité a
temperatura amblente durante 14-18 horas y se dliuyd con HzO (40 ml). La

e o :
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salmuera (40 ml) y EtOAc (40 ml). La mezcla se agitd y las capas se separaron.
La capa acuosa se extrajo con EtOAc (2 x 40 ml) y las capas orgénicas
combinadas se lavaron con salmuera. La capa orgénica se secd, sa filtrd y se
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concentrd. El reskiuo resultante se disolvié en EtOAc (10-20 ml) vy se afadié
gota a gota a una solucldn en agitacién de 4:1 de hexanos/Et;O (300 ml). El
precipitado que se formd se recogié por flitracién y se secd al aire para producir
(6-cloro-4-metil-9H-p-carbolin-8-il)-amida del &cido (S)-6,6-dimetii-4-{(S)-2-(2-
metil-piridina-3-carbonil}-amino}-propil}-morfolina-3-carboxilico en forma de un
sdlido castafio (3,151 g).

'H RMN (300 MHz, DMSO-dp): & 11,28 (s, 1) 9,88 (s, 1) 8,81 (s, 1) 8,45 -
8,39 (m, 1) 8,28 (d, 1) 8,13 (s, 1) 7,97 (s, 1) 7,89 (s, 1) 7,64-7,56 (m, 1) 7,24-
7,12 (m, 1) 4,25-4,10 (m, 1) 3,91-3,82 (m, 2) 3,20-3,10 (m, 1) 2,94 (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).

Condiclones convencionalea de NH,OAc,

ELSD R¢= 1,57 min.

M+H = 549.
INTERMEDIO 83; 3,5-Difluoro-4-tributiiestenii-piridina

Se ahadié n-butillitio (1.0 equiv., 78 mmol, 47,6 ml, 1,8 M en hexanos)
mediante, un embudo de goteo a una solucién de diisopropilamina (1,05 equiv.,
80 mmol, 11,2 ml) en THF (300 mi) a -78°C en una atmdsfera de nitrégeno (N2).
La solucién se agitd durante 30 min a -78°C y después se le afiadid gota a gota
una solucion de 3,5-diflucropiridina (1,05 equiv., 80 mmol, 9,2 g) en THF (2b
mil) mediante una jeringa. Se observé que se formaba un precipitado beige. La
reaccién se agitd a -78°C durante 80 min, después se la afadlié goia a gota
clorura de tributilestaiio (1,0 equiv., 76 mmol, 20,7 ml) mediante una jeringa y la
solucion resultante se dej6 calentar a TA durante 2 h. Se afadié agua (5 ml) y
después aproximadamente 250 mi del THF se retiraron sobre un evaporador
rotatorio. El material resultante se diluyd con éter dietllico (350 ml), se lavd
sucesivamente con agua (2 x 200 ml) y con una solucién saturada de cloruro

:1o:ilu-'lll- I T R SECO) SO ST IR T e s - SE NITPA LY BE SR Sa e
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al vacio para producir la 3,5-difluoro-4-tributilestanil-piridina en forma de un
acelte incoloro (27,5 g, 88%). Este material se uséd bruto sin purificacion
adicional.



203

116

Tlempo de Retencidén (LC, método: pairén de acetato aménico): 3,35
min.
EM (M+H"): 408.
INTERMEDIO 84: 4-cloro-2-3,5-difluoro-piridin-4-i)-fenilamina
5 Acoplamiento de Stille: Una solucién en dimetiformamida (256 ml) del
Intermedio 83 bruto (1,1 equiv., 70 mmol, 27,5 g) y 2-yodo-4-cloro-fenllamina
(1,0 equiv., 64 mmol, 16,2 g) se desgasificd con N2 duranta 15 min. Se le
afadieron diclorobis(trifenilfosfina)paladio (lI) (0,05 equiv., 3,2 mmol, 2,2 g) y
yoduro de cobre (I) {0,1 equiv., 8,4 mmol, 1,2 g) ¥ la suspensién se calents a
10 reflujo durante 15 h en una atmésfera de Nz. La mezcla se enfrié a TA, se filtré
a través de un lecho corio de celite® y la dimetilformamida se retiré sobre un
evaporador rotatorio. El material bruto se disolvid en acetonitriio (300 ml), se
lavé con hexanos (2 x 200 ml) y después se concentrd al vaclo. Después, ol
material se disolvid en acetato de etilo (400 ml) y se lavé sucesivaments con
15 agua (2 x 200 ml), una solucién saturada de bicarbonato sddico (1 x 200 ml) y
una solucién saturada de cloruro sédico (200 ml), se secd sobre sulfato de
magneslo, se filtrd y se concentré al vacio. El sélido resultante se trituréd con
éter dietilico (50 mi) para retirar el color oscuro, después se disclvié en el
minimo volumen de metanol, se filtnd para retirar una impureza insoluble y se
20 concentrd al vacio para producir la 4-cloro-2-(3,5-diflucro-plridin-4-il)}-fenllamina
en forma de un sdlido castafo (12,3 g, —80%,) que se usd en la sigulente etapa
sin purificacién adicional,
'H RMN (300 MHz, DMSO-dy): 5 5,28 (s, 2H), 8,77 (d, 1H), 7.08 (d, 1H),
7,19 (dd, 1H) y 8,58 (s, 2H).
25 Tiempo de Retendén (LC, método: patrdn de acetato aménico): 1,70
min.
EM (M+H"): no observado.

T ———

Se aiadlé mediante un embudo de adicion bis(trimetlisilillamida sddica
30 (3,0 equiv., 130 mmol, 130 mi, 1,0 M en THF) a una solucién del Intermedio 64
bruto (1,0 equiv., 43 mmol, 10,4 g) en THF a TA en una atmdsfera de Na.
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Después de agitar durante 15 h, el exceso de base se inactivé con la adicién
cuidadosa de una solucién saturada de cloruro aménico (100 mi) y la mayor
parte del THF se retiré sobre un evaporador rotatorio. La suspensidn resultante
se extrajo con acetato de efilo (400 mi y después 2 x 200 ml) y después los
5 extractos organicos combinados se lavaron sucesivamente con una solucién
saturada de bicarbonato sédico (300 ml) y una solucién saturada de cloruro
sddico (300 mi), se secaran sobre sulfato sodico y se flltraron. Se afiadid gel de
sllice y la suspenslén se concentrd sobre un evaporador rotatorio. El material
se purificd usando un sistema de purificacion Biotage Flash 75 (columna corta)
10 eluyendo con 96:4 diclorometano/metancl para producir la 6-cloro-4-fluoro-9H-
p-carbolina en forma de un sdlido blanquecino (7,8 g, 82%).
'H RMN (300 MHz, DMSQ-ds): & 7,71-7,61 (m, 3H), 8,11 (d, 1H) y 12,16
(s. 1H).
Tiempo de Retencién (LC, método: patrén de acetato amdnico): 1,70
15 min.
EM (M+H*): 221.
INTERMEDIO 66: 6-cloro4-fluoro-9H-p-carbolin-8-ilamina
Se afiadié en porciones nitrato sédico (1,5 equiv., 53 mmol, 4,5 g) a una
solucién de Intermedio 685 (1,0 equiv., 35 mmol, 7,8 g} en 4cido trifluoroacético
20 (200 ml) y la mezcla resultante se calenté a 70°C durante 3 h. Después de
enfriar a TA, el 4cido tifluoroacético se retird sobre un evaporador rotatorio
para producir un sélido bruto que se suspendid en un pequaio volumen de
metanol y se afiadié gota a gota a una mezcla agitada vigorosamente de una
soluclén saturada de bicarbonato sédico (500 ml). La suspensidn resultante se
25 agitd durante 15 min y después los sélidos precipitados se recogleron por
filtracién por sucdén, se lavaron con agua (300 ml) y después se secaron al
vaclo para producir 8-cloro-4-fluoro-8-nitro-8H-p-carbolina (aproximadamente

———— . A ARG o i
Tiempo de Retencién (LC, método: patrén de acetato aménico): 1,79

EM (M+H"): 266
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Se afiadié platino sulfatado (~0,1 equiv., 1 g) a una suspension de 6-
cloro-4-fluoro-8-nitro-9H-p-carbolina (1,0 equiv., 35 mmol, 8,3 g) y formiato
amaénico (3,0 equiv., 105 mmol, 6,6 g) en etanol (175 ml) y la mezcla resultante
se calenté a 75°C durante 4 h. Después de enfriar a TA la mezcla se filtrd 2
través de un lecho corto de Celite® lavando con cantidades copiosas de
metanol y después el filtrado se concentré al vaclo para producir un sélido
beige. El sdlido se suspendid en el volumen minimo da metanol y se afiadié
gota a gota a una mezcla agitada vigorosamente de una solucion saturada de
bicarbonato sédico y una solucién saturada de cloruro sédico. Después de
agitar durante 15 min, los sélidos precipitados se recogieron por fillracién por
succion, se lavaron con agua (200 ml) y se secaron al vacio para producir 6-
cloro-4-filuoro-8H-B-carbolin-8-llamina (5,8 g, 70%, 2 etapas) en forma de un
polvo beige.

'H RMN (300 MHz, dmso-dq): § 5,76 (s, 2H), 6,81 (d, 1H), 7,208 {d, 1H),
8.24 (d, 1H), 8,82 (d, 1H)y 11,71 (s, 1H).

Tiempo de Retencién (LC, método: patrén de acetato amédnico): 1,58
min.

tlami il jmetil in: (1]

El compuesto deseado se prepard a partir de Intermedio 66 y anhidrido
acético.

'H RMN (300 MHz, dmso-ds): 5 11,70 (s, 1H), 10,17 (s, 1H), 8,92 (s, 1H),
8.34 (d, 1H), 7,95 (s, 2H), 7,81 (d, 1H), 4,05-3,85 (m, 1H), 3,82-3,83 (m, 2H),
3,18-3,12 (m, 1H), 2,87 (d. 1H), 2,65-2,47 (m, 1H), 2,40-2,31 (m, 1H), 2,03 (d,
1H), 1,78 (s, 3H), 1,32 (s, 3H), 1,83 (s, 3H) ¥ 1,08 (d, 3H).

Tiempo de retenclén (LC, método: patrén de acetato aménico): 1,73 min.
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El compuesto deseado se prepard de acuerdo con el Método E a partir
del Intermedio 86 y &cido metilnicotinico.

TH RMN (300 MHz, dmso-da): 5 11,83 (s, 1H). 8 10,10 (s, 1H), 8 8,90 (s,
1H), d 8,44 (d, 1H), 8 8,34 (s, 1H), 8 8,29 (d, 1H), 7,94 (s, 2H), 7,65 (d, 1H),
7,21 (dd, 1H), 4,25-4,15 (m, 1H), 3,87-3,88 {m, 2H), 3,24-3,15 (m, 1H), 2,89 (d,
1H), 2,50 {t, 1H), 2,49 (s, 3H), 2,40 (dd, 1H), 2,09 (d, 1H), 1,35 (s, 3H), 1,21 (d,
3H) y 1,20 (s, 3H).

Tiempo de Retencién (LC, método: patrén de acetato aménico): 1,67
min.

EM (M+H"): 553.

folin-4-i-acél

A una suspensidn de (6-cloro-8H-beta-carbolin-8-1)}-amida de! Acido (S)-
6,6-dimetil-morfolina-3-carboxilico (2,6 g, 6,0 mmol) en 60 ml de metanol se le
afiadieron 1,7 ml de trietilamina (2,0 equiv.), clanoborohidruro sédico (575 mg,
9,1 mmol) y acido glioxdlico (780 mg, 8,5 mmol). La mazcla de reaccién se
agité a temperatura ambiente durante 1,5 h. Se ahadid agua (5 ml) y la mezcla
se concentrd hasta una suspension amarilla densa. Después, se afiadié mds
agua (30 ml} y la suspensidén resultante se agitd a temperatura ambiente
durante 10 min y se filtrd. El sdlido amarillo recogido se lavé con agua y se
secd a alto vaclo para dar 1,80 g (71%) del producto deseado.

'H RMN (300 MHz, DMSO-dy): & 1,17 (s,3H), 1,30 (s,3H), 2,81 (d,1H),
3,34 (d,1H), 3,46 (d,1H), 3,56 (dd,1H), 3,84-3,90 (m,2H), 7,02 (s, 1H), 8,15
(d,1H), 8,21 (s, 1H), 8,36 (d,1H), 9,01 (s, 1H), 10,28 (s, 1H),11,40(s, 1H).

Tiempo de Retencién (LC, método: patrdn de acetato amdnico): 1,26
min.

EM (M+H"): 417,1.
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Se recogleron dcido [(S)-5-{6-cloro-8H-beta-carbolin-8-ilcarbamoil)-2,2-
dimetil-morfolin-4-il}-acético (1,0 mmeol), EDCI (1,6 mmol) y la amina (1,2 mmot)
para acoplarse en un matraz de fondo redondo y se suspendieron en piridina (5
mi). La mezcla resultante se agltd durante una noche. Después, la piridina se
retird a presién reducida y el reslduo se repartié entre EtOAc y una soluclén
acuosa al 5% de Na,CO,. La fase acuosa separada se extrajo de nuevo con
EtOAc. Los extractos combinados se lavaron sucesivamente con agua y
salmuera, se secaron sobre Na,SO4 y se concentraron completamenta. El
residuo se purlificd sobre sllice para dar el producto deseado.

d- . - n - - n
L At U-ari-pOia-tal il -4 eI 1

E! compuesto deseado se preparé de acuerdo con el Méfodo F a partir
de acido [(S)-5-(6-cloro-9H-beta-carbolin-8-iicarbamoil)-2,2-dimetil-morfolin-4-
ill-acético y pirrolidina con un rendimiento del 82%.

'H RMN (300 MHz, DMSO-de): 8 1,21 (s,3H), 1,29 (8,3H), 1,75-1,92
{m,4H), 2,48 (d,1H), 2,77 (d,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 (d,1H), 8,05 (s, 1H), 10,71 (8, 1H),11,51 (s, 1H).

Tiempo de Retencién (LC, méiodo: patrén de acetato aménico): 1,75

min.

de d4cido [(S)5<(6-cloro-9H-beta-carbolin-8-ilcarbamoil)-2,2-dimeti-morfolin<4-
ill-acetico y piperidina con un randimiento del 90%.

'H RMN (300 MHz, DMSO-dg): 5 1,17 (8,3H), 1,29 (s8,3H), 1,35-1,60
(m,8H), 2,25 (d,1H), 2,71 (d,1H), 3,15 (d,1H), 3,26 (dd,1H), 3,37 (dd,1H), 3,45-

8,20 (d, 1H), 8,37 (d,1H), 9,01 (s, 1H), 10,43 (s, 1H),11,32 (s, 1H).
Tiempo de Retencién (LC, método: patrén de acetato aménico): 1,86

min.
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El compuesto deseado se prepard de acuerdo con el Méfodo F a partir
de acdo [{S)-5{6-cloro-9H-beta-carbolin-8-lcarbamail)-2,2-dimetil-morfolin4-
ill-acetico y morfolina con un rendimiento del 86%.

'H RMN (300 MHz, DMSO-de): 3 1,17 (s,3H), 1,30 (5,3H), 2,18 (d,1H),
2,71 {d,1H), 3,03 (d,1H), 3,18 (d,1H), 3,22 (dd,1H), 3,45-3,72 (m,7H), 3,80-3,98
{m, 3H), 7,94 (d,1H), 8,15 (d,1H), 8,21 {d,1H), 8,37 (d,1H), 9,03 (s, 1H), 10,35
(s, 1H),11,28 (s, 1H).

Tiempo de Retencién {LC, méiodo: patrén de acetato aménico): 1,56
min.

EM (M+H"). 486,3.

de é&cido [(S)-5-{6-cloro-9H-beta-carbolin-8-licarbamoil)-2,2-dimetil-morfolin-4-
ill-acético y 2-metilamino-etanol con un rendimiento del 55%.

'H RMN (300 MHz, DMSO-d): 8 1,21 (s, 3H), 1,30 (s, 3H), 2,39 (m,1H),
2,75 (d a,1H), 2,98 (s,1,6H), 3,17 (s,1,5H), 3,50-3,656 (m,2,5H), 3,70-3,85
(m,1,5H), 3,93 (m, 2H), 4,69 (m, 0,5H), 4,94 (m, 0,5H), 8,05 (d,1H), 8,18-8,25
(m, 2H), 8,42 (d,1H), 9,08 (s, 1H), 10,88 (s, 1H),11,38 (s, 1H).

Tiempo de Retencién (LC, método: patrén de acetato aménico): 1,47
min.

e—

HO
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de acido [(S)-5-(8-cloro-9H-beta-carbolin-8-icarbamall)-2,2-dimetil-morfolin-4-
ilfj-acético y 3-aminoplridina. El producto se aislé en forma de la sal clorhidrato
con un rendimiento del 55%.
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'H RMN (300 MHz, D;0): 5 1,34 (s, 3H), 1,54 (s, 3H), 2,80 (d,1H), 3.4 (d,
1H), 3,50 (d, 1H), 3,70 (t, 1H), 3,81 (d, 1H) 4,23 (d, 2H), 7,69 (d, 1H), 7,98 (d,
1H), 8,01 (d, 1H), 8,17(d, 1H), 8,42 {d, 1H), 8,48-8,55 (m, 3H), 9,08 (s, 1H),
9,30 (d, 1H).

Tiempo de Retencion (LC, método: patrén de acetato amdnico): 1,56
min.

EM (M+H"): 4903,2.

£l compuesto deseado se prepart’: de acuerdo con el Mélodo F a partir
de &acldo [(S)-5-{6-cloro-9H-beta-carbolin-8-licarbamoil)-2,2-dimeti-morfolin-4-
ill-acético y 4-(aminometil)piridina. El producto se alslé en forma de la sal
clorhidrato con un rendimiento del 53%.

'H RMN (300 MHz, D;0): d 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), 4,15-4,25 (m, 2H), 7,66 (d, 1H),
7.88 (s, 1H), 7,91 (s, 1H), 8,21(d, 1H), 8,44 (d,1H), 8,53 (d, 1H), 8,56 (s, 1H),
8,58 (s, 1H), 9,08 (s, 1H).

Tiempo de Retencion (LC, método: patrén de acetato amdnico). 1,47
min.

EM (M+H'): 507,3.

Se disolvieron 4cido [5-(8-cloro-9H-bata-carbolln-8-llcarbam0|l)-2 2-
dimetil-morfolin-4-i}-acético (200 mg, 0,48 mmol) y piperidin-4-ll-metanol {111
mg, 0,96 mmol) en plridina (4 ml). La solucién amarilla resultante se agité a
temperatura ambiente durante 10 min y despuéds se le aftadid en una porcién
EDC (184 mg, 0,96 mmol). La mezcla de reaccidn se dejé en agitacién durante

- »
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reducida. El residuo resultante se repariié entre acaetato de etllo (50 ml) y
carbonato potésico acuoso 1 M. La capa acuosa se extrajo de nuevo con
acetato de etilo (3 x 50 ml) y los extractos combinados se lavaron con agua y
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salmuera, se secaron sobre sulfato sddico, se filtraron y se concentraron. El
residuo bruto se purificé por cromatografla sobre gel de sllice (gradiente de
cloruro de metileno y metanol} para producir (6-cloro-8H-beta-carbolin-8-l)-
amida del 4cido 4-[2{4-hidroximatil-piperidin-1-il)}-2-ox0-etll]-8,6-dimetil-
morfolina-3-carboxllico pura en forma de una espuma amariila (152 mg, 62%).
La sal bis-HCl se preparé mediante la adicion de 2 equivalentes de HCl conc. a
una solucidon etandlica de la base libre. La concentracidén, seguida de la
trituracion del éter produjo la sal en forma de un polvo amarillo de flujo libre.

'H RMN (base libre, 300 MHz, CDCly) 5: 11,03 (d, 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), 3,68-3,28 (m, 5 H), 3,08 (ddd, 1 H), 2,89-2,64 (m, 2 H), 2,50-
2,37(m, 2 H), 1,88-1,70 (m, 3 H), 1,38 (s, 3 H), 1,25 (s, 3 H), 1,18-0,97 (m, 1).

EM (Condiclones convencionales de NH,OAc, ES+) e/z = 514 (M+H)'

DAD R; = 1,51 min

El compuesto deseado se sintetizd usando acido [5-(6-cloro-9H—beta—
carbolin-8-licarbamoil)-2,2-dimetil-morfolin-4i}-acético y 4-hidroxipliperazina
siguiendo el Método F con un rendimiento del 31%.

'H RMN (300 MHz, DzO): 5 8,85 (1H,s), 8,19 (2H, s), 7,82 (1H, s), 7,44
(1H, 8), 4,15 (2H, m), 3,8-3.75 {(4H, m), 3,8 (2H, m), 3,56 (2H. m), 3,12 {1H, m),
2,9(3H, m), 2,8 (1H, m), 1,7 (2H, m) 1,34 (3H, 8), 1,19 (3H, s).

Tiempo de retencién (LC, método: patrén de acetato aménico): 1,5 min

EM (M+H"): 501
_JEMELMZ.__(HQ&QHMUL-H_H:QMB del _acido 4-
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'H RMN (300 MHz, D;0): 5 8,87 (1H, s), 8,26 (2H, m), 7.8 (1H, ), 7.52
(1H, s), 4,1 (3H, m), 3,8 (2H, m), 3,22 (2H, m), 3,0 (1H, d), 2,7 (1H, d), 1.3 ( 3H,
s), 1,19 {3H, s}, 0,09 (8H, m).
Tlempo de retencién (LC, método: patrén de acetato amoénico): 1,98 min.
EM (M+H'): 472
JEMPLO 73: ;

El compuesto deseado se prepard usando #cido [5~(8-cloro-9H-bela-
carbolin-8-ilcarbamoil}-2,2-dimetil-morfolin4-il}-acéticc y 1-metilpiperazina
siguiendo el Método F con un rendimiento del 12%.

'H RMN (DMSO) 8§ 11,28 (1H, s), 10,35 (1H, s), 8,01 {(1H,s), 8,37 (1H, s),
8,21-8,15 (2H, m), 7,9 (1H, s), 3,808 (2H, m), 3,7 (5H, m). 3,1 (2H. m), 2,85 (2H,
m), 2,49 (3H, 8), 2,4 (3H, m), 1,2 (3H, s), 1,16 (3H, s).

Tiempo de retencion (LC, método: patrén de acetato aménico): 1,34 min.
EM (M+H’): 500

carbolin-8-ilcarbamoil}-2, 2-dimetil-morfolin-4-if}-acético y 2,8-dimetiimorfolina
siguienda el Método F. La purificacidn cromatogréfica dio el productio deseado
con un rendimlento del 70-80%.

'H RMN (300 MHz, CDCly): & 9,31 (s, 1H), 8,75 (d, 1H), 8,55 (d, 1H),
8,37 (d, 1H), 8,14 (m, 1H), 4,73 (m, 2H), 4,96 (m, 1H), 4,37 (m, 2H), 3,89 (m,
2H), 3,57 (m, 4H), 2,82 (t, 1H), 2,47 {t, 1H), 1,50 (d, 3H), 1,42 (d, 3H), 1,18 (m,
6H).

Tiempo de Retencién (LC, método: patrén de dcido férmico): 1,14 min
(serie de dlodos).
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Se disolvieron dcldo [5-(B-cloro-8H-beta-carbolin-8-icarbamoll)-2,2-
dimetil-morfolin-4-ill-acético (200 mg, 0,48 mmol) y isonipecotato de metilo (137
mg, 130 ui, 0,96 mmol) en piridina (4 ml) y se agitaron a temperatura ambiente
durante 10 min. Se afiadié EDC y la mezcla de reaccién se dejé en agitacién a
lamperatura amblente durante una noche (18 h). Se afadid mas isonipecotato
de metilo (137 pl, 0,96 mmol) y la mezcla se agité durante 24 h mds. Se afladié
agua (4 ml) y la mezcia sae concentrd. El residuo bruto se repartié entre acetato
de etilo (75 ml) y carbonato potasico acuoso 1 M.(50 ml). La fase acuosa se
extrajo de nuevo con mds acetato de etilo (75 + 50 ml). Los extractos
combinados se lavaron con agua y saimuera, se secaron sobre sulfato sédico,
se filtraron, se concentraron y se purificaron por cromatografia sobre gel de
sllice (gradiente de cloruro de metileno/metanol) para producir la base libre en
forma de una espuma amarilla (150 mg, §7%). La sal bis-HCl| se prepard
medlante la adiclén de 2 equivalentes de HC! conc. a una solucién etandlica de
la base libre. La concentracién, seguida de la trituracién con éter produjo la sal
en forma de un polvo amarillo de flujo libre.

'H RMN (base libre, 300 MHz, CDCly) § 11,04 (d, 1 H), 10,48 (d, 1 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), 3,88-2,87 (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 (s, 3 H), 1,23 (s, 3 H).

EM (Condiciones convencionales de NHOAc, ES+) a/z = 542 (M+H)".

Se disolvié 2,2-dimetlimorfolina (3,0 g, 26,1 mmol) (preparada de

acuerdo con el procedimiento de Coltle, D.L., et al. J. Org. Chem. 1946, 11,
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mmol) y la reaccién se enfrié a -10°C. Se afadlé gota a gota cloruro de
bromoacetiio (2,2 mi, 4,08 g, 26,1 mmol) y la solucién se calentd lentamente a
temperatura amblente. La reacclén se concentré a sequedad al vaclo, se
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disolvid de nuevo en acetato de etilo y se pasd a través de un lecho de gel de
silice. E! eluyente se concentrd hasta un aceite amarillo (3,45 g, 56%) que se
Hevé a la sigulente etapa. Tlempo de Retencién (LC, método: patrén de acetato
aménico): 1,20 min. EM (M+H"): 237. El intermedio 59 (60 mg, 0,14 mmol) se
suspendid en diclorometano (3 ml). Se afiadié una solucién 1 M de carbonato
potdsico (0,5 ml). La capa orgénica se separd, se secd sobre MgSO, y ae
concentrd a sequedad. La base libre se &isolvlo en DMF (1 ml) y se agitd &
temperatura ambiente. Se disolvié 2-bromo-1-+3,3-dimetil-morfolin-4-l)-etanona
{30 mg, 0,13 mmol) en DMF (1 ml) y se afiadid gota a gota. La reaccién se
agité durante 3 horas a temperalura amblente y se concentré a sequedad al
vacioo. La cromatograffa  ultrarrdpida en columna (93:7 de
diclorometano:metanol) produjo un aceite amarillo que se disolvié en HCI 4
N/dioxanc (2 ml). La concentraclén al vacla produjo el compuesto del titulo en
forma de un sdlido amarillo (22 mg, 20%).

'H RMN (300 MHz, MeOH-d,): 5 1,36 (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 (d, 1H), 8,73 (d, 1H), 9,24 (s, 1H).

Tlempo de Retencién (LC, método: patrén de acetato amoénico): 1,16

min.

EM (M+H'). 514
. :

dimetil-morfolin-4-il]-acético (200 mg, 0,48 mmol), clorhidrato de trans-4-
aminociciohexanol (145 mg, 0,96 mmol) y dilsopropiletilamina (124 mg, 167 pl,
0,98 mmol) en piridina (4 ml) y se agitaron a temperatura amblente durante 10
min, Se afladié EDC (184 mg) y la reaccién se agitd a temperatura ambiente

NS
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concentrd a presion reducida. El residuo resultante se diluyd con 50 mi de
carbonato potasico acuoso 1 M y se extrajo con acetato de etilo (76 + 2 x §0
ml). Los extractos combinados se lavaron con agua y salmuera, se secaron




10

15

20

25

-l » ¥ u - .-
(e S ILILINEE I BN aenl Tl SRl Y LOLUT RRNE ot JTE 0N | AR NRR L BY N}

127

sobre sulfato sodico, se filtraron y se concentraron. El residuo bruto se purifico
por cromatografia sobre gel de sllice (gradiente de metanci/cloruro de metileno)
para produclr (8-cloro-8H-beta-carbolin-8-il}-amida del 4cldo 4-[(trans-4-hidraxi-
ciclohexilcarbamoll)}-metil]-8,6-dimetil-morfolina-3-carboxllico pura (148 mg,
59%) en forma de una espuma amarilla. La sal bis-HCl se preparé mediante la
adicion de 2 equivalentes de HCl conc. a una soluclén etandlica de la base
libre. La concentracién, seguida de la trituracién con éter produjo la sal en
forma de un polvo amariilo de flujo libre.

' RMN (base fibre, 300 MHz, CDCly) 5 14,71 (8 a, 1 H), 10,21 (s, 1 H),
9,08 (s, 1 H), 8,45-8,27 (m, 2 H), 8,08-7,84 (m, 2 H), 6,38 (s a, 1 H). 4,13-3,81
{m, 3 H), 3,72-3,56 (m, 1H), 3,51-3,37 (m, 2 H), 3,03 (d, 1 H), 2,78-2,286 (m, §
H), 2,16-1,94 (m, 4 H), 1,54-1,30 (m, 5 H), 1,22 (s, 3 H).

EM (Condiciones convencionales de NH.OAc, ES+) e/z = 514 (M+H)".

DADR; = 1,39 min.

Se digolvidé clorhidrato de (2R,5R)-2,5-dimetil-pirrolidina (270 mg, 2,0
mmol) (preparado usando el procedimiento de Masamune, S., et al. J. Ong.
Chem. 1989, 54, 1756) en diclorometano (3 ml) y se enfrié a 0°C. Se afiadid
trietilamina (405 mg, 0,56 ml, 4,0 mmot). Se disolvié cloruro de cloroacetiio (226
mg, 0,16 mi, 2,0 mmol) en diciorometano (1 mi) y se afadié gota a gota. La
mezcia se calentd a temperatura ambiente y se agité durante 30 minutos mas.
La reaccion se diluyd con diclorometana (5 ml), se extrajo con HCl 1 N y
salmuera y después se secd sobre MgSO,. La capa orgdnica se concentrd
hasta un acelte pardo. Peso: 242 mg (82%). Tiempo de Retencién (LC, método:
patrén de acetato amodnico): 1,24 min. EM (M+H'): 176,5, El materlal se llevd a

El intarmedio 59 (4856 mg, 1,95 mmol) se disolvid en una mezcla de
acetonitrilo (8 mi) y agua (2 ml). Se affadi6 carbonato potisico (477 mg, 3,45
mmol) y la reaccion se calentd a 40°C. Se disolvid 2-cloro-14{(2R,5R)-2,5-
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dimetll-pirrolidin-1-il)-etanona (242 mg, 1,38 mmol) (preparada como se ha
descrito anteriomente) en acetonitrlio (1 ml) y se afadié gota a gota. La
reaccidn se calentd a 80°C y se agitdé durante una noche. La reaccién se enfrié
a 40°C. Se disoivié yoduro sédico {207 mg, 1,38 mmol) se disolvid en acetoné
(1 mi) y se afadié en una porcién. La reacclén se agitd durante una noche a
40°C. La reaccion se concentré al vacio y se diluyé con acetato de etilo (40 mi).
La capa orgdnica se extrajo dos veces con agua y salmuera y después sae sect
sobre MgSO,, La capa organica se fillr0 y se concentrd hasta una espuma
naranja al vaclo. La cromatografla en columna (85:5 de diclorometano:metanol)
produjo un sélidc amarillo que se disolvi6 en HCl 4 N/dloxano (1 ml) y se
concentré a sequedad. La trituracién con éter produjo el compuesto del tituio en
forma de un sdlido amarillo (18 mg, 3%). _

'H RMN (300 MHz, MeOH-d4): & 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 (d, 1H), 9,29 (s,
1H).

Tiempo de Retencién (LC, método: patrén de acetato aménico): 2,02

min.

EM (M+H'): 498,

P

ilcarbamoil)-2,2-dimetil-morfolin-4-il}-acetil}-piperidina-4-carboxllico (62 mg,
0,11 mmol) en una mezcla de éter anhidro y lolueno (1 ml:1 mi) se agito a 0°C
en una atmdsfera de Na. A esta solucidn se le afiadlé bromurc de
metiimagnesio (3,0 M en éter , 308 pl, 0,917 mmol). La mezcla de reaccitn se
agitd a temperatura ambiente durante una noche y después se Inactivd

30

resultants se diluyé de nuevo con agua (10 ml) y acetato de etilo (30 ml). La
capa acuosa e retird y se extrajo con acetato de etlio (30 x 2 ml). Las capas
orgénicas se combinaron, se lavaron con salmuera, se secaron sobre sulfato
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de magnesio, se fillraron y se concentraron para produdir un sélido amarillo (85
mg). El residuo se purificé por HPLC, para producir el producto puro (13 mg,
20%).

'H RMN (300 MHz, HCDCls): 5 10,94 (d, 1 H), 10,47 (d, 1 H), 8,94 (s, 1
H). 8,41 (d, 1 H), 8,32 (d, 1 H), 7,89-7,81 (m, 2H), 4,91 (d, 1 H), 4,04-3,81 (m, 2
H); 3,04-3,57 (m, 1 H), 3,43 (s, 1 H), 3,37-3,31 (m. 1 H), 3,15 -2,80 (m, 1 H),
2,77-2,58 (m, 2 H), 2,47-2,41 (m, 1 H), 2,00-1,88 {m, 2 H), 1,53-1,03 (m, 17 H).

‘ Condiciones convencionales de NH,OAc. DAD Ry = 1,85 min.
M+H = 542,

g. 25 mmol) en tetrahidrofurano (100 ml) y la solucién resultante se enfrié a
0°C. A la solucidn enfriada se le afiadlé en una porcién hidruro sédico (al 60%
en aceite mineral, 2,10 g, 53 mmol) y ia mezcla turbia resultante se dejé en
agitacién 10 min. Después, se afiadié yoduro de metilo y la mezda se dejé
calentar a temperatura ambiente durante varias horas. La agitacién se continué
durante una noche (12 h). La mezcla naranja clara se concentrd a presién
reducida. El residuo se repartié entre éter y agua. La fase acuosa se extrajo de
nuevo con mas éter. Los exiractos combinados se lavaron con agua y
salmuera, se secaron sobre sulfato sddico, se flitraron y se concentraron hasta
un sdlido amarillo pdlido. El sdlido se triturd con acetato de efilo al 4% en
hexanos (50 ml) para producir éster ferc-butilico del 4cido 3,3-dimetil-4-oxo-
piperidina-1-carboxllico en forma de un sdlido de color crema (1,8 g, 32%).

'H RMN (CDCls, 300 MHz) § 3,73 (t. 2 H), 3,43 (s a, 2 H), 2,49 (t, 2 H),
1,49 (s, 9 H), 1,13 (s, 6 H).

El éster terc-butflico del dcido 3,3-dimetil-4-oxo-piperidina-1-carboxflico

. .
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metileno (10 ml). Se afladid 4&cldo trifluorcacético (305 ) y la solucidn

resultante se agitdé a temperatura ambiente 2 h. Se afladié mds 4cldo
trifiucroacético (300 pl) y ta reaccidn se agitd a temperatura amblents durante 3
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dias. La solucién amarilla pélida se concentrd para producir un residuo ocleoso
que se triturd con éter. Los séfidos se recogleron por flltracién por succién y se
secaron al vacio. Se aisld 3,3-dimetil-piperidin4-ona y se usé en forma de su
sal del acido trifluoroacético (381 mg, 80%).

'H RMN (ds-DMSOQ, 300 MHz) § 3,44-3,33 (m, 4 H), 2,63-2,57 (m, 2 H),
1,11 (s, 6 H).

Se disolvieron dcido [5{6-cloro-9H-beta-carbolin-8-lcarbamoil)-2,2-
dimetil-morfolin-4-li}-acético (100 mg, 0,24 mmol), sal del acido trifluoroacético
de 3,3-dimefii-piperidin-4-ona (116 mg, 0,48 mmol) y dlisopropitetiiamina (62
mg, 85 ul) en piridina (3 ml) y se agitaron 10 min. Se afiadié EDC (82 mg, 0,48
mmoel) y la mezcla se agité a temperatura amblente durante 4 dlas. Se afadlé
agua {3 ml) y la reaccién interumpida se concentrd. El residuo se repariié entre
acelato de stilo (60 mi) y carbonato sddico acuocso 1 M (50 ml). La fase acuosa
se extrajo con més acetato de etilo (50 ml) y los axtractos se combinaron.
Después, los extractos se lavaron con agua y salmuera, se secaron sobre
sulfato sddico, se filtraron, se secaron y se concentraron a presidn reducida. El
residuo resultante se purificd por cromatografia sobre gel de sllice (gradiente
de cloroformo, acstalc de etilo, metanol), produciendo (B-cloro-9H-beta-
carbolin-8-i)}-amida del dcido 4-[2-(3,3-dimetii-4-oxo-piperidin-1-)-2-oxo-etil}-
6,6-dimetil-morfolina-3-carboxllico en forma de una espuma amarila {91 mg,
73%). La sal bis-HCI se prepand mediante ia adiciéon de 2 equivalentes de HCI
conc. a una solucién etandlica de la base libre, La concentracidn, seguida de ia
trituracién con éter produjo la sat en forma de un polvo amariilo de fiujo libre.

'H RMN (CDCls, 300 MHz) & 10,87 (s, 1 H), 10,37 (d, 1 H), 8,03 (s, 1 H),
8,41 (d, 1 H), 8,15 (dd, 1 H), 7,82 (d, 1 H), 7,71 (d, 1 H), 4,07-3,92 (m, 3 H),
3,83-3,80 (m, 8 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).

}\q
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El compuesto deseado se prepané de acuerdo con los Métodos C, Ey F
a parlir de 6-cloro-4-melil-9H-p-carbolin-8-ilamina (intermedio 54) y pirrolidina,

'H RMN (300 MHz, MeOD-d,) 5 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)
1,76-1,56 (m, 4) 1,50 (s, 3) 1,43 (s, 3).

Condiciones convenclonales de NH,;OAc ELSD Ry = 2,01 min.

M+H = 498,
Ensayos Bioléqgicos

Los compuesios de esta invencion son inhibidores eficaces de la
quinasa IxB (IKK), y por lo tanto, son (illes para tratar las afecciones
provocadas o agravadas por la actividad de esta quinasa. Pueden determinarse
las actividades inhibitorias de la quinasa hdB /n vitro e /n vivo de los compuestos
de férmula | por diversos procedimientos conocidos en la técnica. Las potentes
afinidades por la quinasa IxB mostradas por ios compuestos de la invencién
pueden medirse como un valor {Csq (en nM), que es la concentracién (en nM)
de compuesto requerida para obtener una Inhibicién del 50% de la quinasa IxB.

A continuacién aparecen ejemplos de ensayos que pueden Utiles para
evaluar y seleccionar un compuesto que module IKK.

complejo quinasa IxB por los agentes farmacolégicos candidatos puede
emplear un polipéptido que contiene las Ser™ y Ser™® de IxB (SwissProt N° de
Acceso P25963; Swiss Institute of Bicinformatics, Ginebra, Suiza) y un agente
para !a deteccidn del producto fosforilado, por ejemplo, un anticuerpo
especifico que une sdlo la forma fosforllada del polipéptido, siendo monocional
o policlonal (por ejemplo, anticuerpos antl IxB fosfo-serina® disponibles en el

30

antlcuerpo-fosfo-pollpéptido, el complejo puede detectarse mediante diversos
métados analiticos (por ejemplo, radiactividad, luminiscencia, fluorescencia o
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absorbancia dptica). Para e uso del método DELFIA (Potenclacidn de la
disociacién por inmunoensayo fluorimétrico de lant4nido) (luorimetro de tiempo
resuelto, Perkin Elmer Life y Analytical Sclences Inc., Boston, MA), el complejo
pueda inmovilizarse en una placa que une biotina (por ejemplo, placa
recubierta de Neutravidina) y detectarse con un anticuerpo secundario
conjugado con Europio, y en una placa que une anticuerpo (por ejemplo, placa
recubierta de Proteina A) y detectarse con proteina que une biotina conjugada
con Europio {por ejemplo, Estreptavidina-Europio). El nivel de actividad puede
correlaclonarse con una curva estdndar usando fosfopéptidos sintéticos
correspondientes al polipéptido sustrato. A continuacién se describe con mas
detalle como preparar los materiales y como llevar a cabo el ensayo.
islamien lej i IxB

Se prepard un complejo de quinasa IxB-a diluyendo primero 10 mi de la
fraccion S100 de los extractos de células Hela S3 (Lee ef al. (1897) Cell
88:213-222) con 40 ml de HEPES 60 mM pH 7.,5. Después se afiadié sulfato
amonico al 40% y se incubd en hielo durante 30 minutos. El sedimento
precipitado resultante se redlisolvié con 5§ mi de tampén SEC (HEPES 50 mM
pH 7,5, DTT 1 mM, EDTA 0,5 mM, 2-glicerofosfato 10 mM), se aclaré por
centrifugacién a 20.000 x g durante 15 min, y sa filtrd a travée de una unidad de
filtro de 0,22 um. La muestra se cargd en una columna de FPLC de filtracion de
320 ml de gel SUPEROSE-8 {Amersham Blosciences AB, Uppsala, Suedia)
equilibrada en tampén SEC que trabajaba a un caudai de 2 mi/min a 4°C. Las
fracciones que contenfan el marcador de peso molecular de 670 kDa se
agruparon para activacién. Entonces, un grupo que contenla fa quinasa se
activd por incubacién con 100 nM MEKK1A (Lee et al. (1997) Cell 88:213-222),
ATP-Mg 250 puM, MgClz; 10 mM, DTT § mM, 2-glicerofosfato 10 mM,
Microcistina-LR 2,5 uM durante 45 minutos a 37°C. La enzima activada se

30
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En cada pocillo de una piaca de 96 pocillos se preincubaron distintas
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concentraciones de los compuestos en 5 ul de DMSO al 20% durante 30
minutos a 25°C con 40 ul de enzima activada dlivida 1:25 con tampén del
ensayo (HEPES 50 mM, pH 7.5, DTT 5 mM, MgCl; 10 mM, 2-glicerofosfato 10
mM, Microscistina-LR 2 uM, Albimina de Suero Bovina al 0,1%). Se afladieron
a cada podlle 5 p del péptido sustrato (blotine-(CH;)e-
DRHDSGLD{fosfoS)MKD-CONHz) a 200 yM + ATP 500 uM y se incubd
durante 1 hora antes de inactivarla con 50 pl de HEPES 50 mM pH 7,5, BSA al
0,1%, EDTA 100 mM. Se transfiferon 5 ul de la reaccién quinasa de
interrupcién a una placa de Protelna A (Pierce Biotechnology, Inc., Rockford,
IL, USA), que contenla 80 ulL de anticuerpo anti-fosfo IxB $32/S38 (Cell
Signaling Technologles Beverly, MA, USA) a 2 ug/ml. Las muestras se
incubaron durante 2 horas con agitacién. Después de 3 lavados con PBS +
Tween 20 al 0,05%, se afladleron a cada pacitio 90 ul de europio quelado unido
a estreplavidina (Perkin Elmer Life y Analytical Sciences, Boston, MA, USA) a
0,1 pg/ml y se incubd durante 1 hora con agitacién. Después de 3 lavados con
PBS + Tween 20 al 0,05%, se afiadieron a cada pocilio 100 ul de Solucién de
Potenclacién DELFIA (Perkin Eimer Life y Analytical Sciences, Boston, MA;
USA). La sefial del europio se leyd con una excitacién de 330 nm y una emision
de 615 nm en lector de placas Wallac Victor (Perkin Elmer Life y Analytics
Sciences, Boston, MA). Como previamente se mostrd que el ensayo era fineal
con respeclo a la concentracidn de enzima y al tiempo para la diluclén de
enzima ensayada, ios niveles de sefial de europio se usaron para determinar la
actividad de inhibicién de los agentes farmacolégicos candlidatos.

Los compuestos de Ia Invencidn eran inhibidores activos del complejo
IKK. Se apreciard que los compuesios de este invencién pueden exhibir
actividad inhibitoria de la quinasa IxB en diferente grado. Sigulendo los

= cllulas dsscAos en eal documento, os valores promedo do ICso de B
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inhibiclén de la quinasa IxB de los compuestos de la Invencién fueron
generalmente inferiores a aproximadamente 10 micromolar, preferiblemente,
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por debajo de aproximadaments 1,0 micromolar y méas preferiblemente por
debajo de aproximadamente 100 nanomolar. Los compuestos de la invencién
también fueron selectivos para Inhibir IKK-2 a diferencla de IKK-1.

Ensayos Celulares
Aislami a_linea ulares mjslom it []
derivadas de paclentes con MM.

Las células de MM humana RPMI! 8226 y U266 se obtuvieron de la
American Type Cuiture Collection (Manassas, VA). Todas las lineas celulares
de MM se cultivaron en RPMI-1640 que contenla suero bovino fetal al 10%
(FBS, Sigma-Aldrich Co., St Louis, MO), L-glutamina 2 mM, 100 U/mi de
penicilina (Pen) y 100 pg/ml de estreptomicina (Strep) (productos de cultivo
celular de la marca GIBCO disponibles en Invitrogen Life Technologies,
Carisbad, CA). Las células derivadas de pacientes con MM se purificaron a
partir de médula ésea (BM) aspirada de pacientes usando el sistema de
separacion ROSETTESEP (kit para enriquecimiento en células B) (StemCell
Technologles, Vancouver, Canadd). La pureza de las céjulas MM se confirmé

por citometria de flujo usando un anticuerpo anti-CD138 conjugado con PE (BD
Blosclences, Bedford, MA).

g de Células del Estroma de Médula Oges

Las muestras de médula ésea (BM) se obtuvieron a partir de pacientes
con MM: Las células mononucieares (MNC) separadas por sedimentacion por
densldad en Ficoll-Hipaque se usaron para establecer cultivos a largo plazo de
BM como se describié previamente (Uchiyvama et al., Blood 1993, 82:3712-
3720). Las células se recuperaron en solucidn sallna tamponada de Hank
(HBSS) que contenta tripsina al 0,25% y EDTA &l 0,02%, se lavaron y se
recogleron por centrifugacién

30

. . T a -
M RN LENEE LA I REY TTINILY LANIIY S LIEFEJTRNIN SRINLER MR AR R ETILIRESY VALY B

al., Biood 96:2843 (2000)). Las células de MM (3 x 10* células /pocillo) se
incubaron en placas de cultivo de 96 pocillos (Coming Life Sciences, Coming,
NY) en presencla de medios o un inhibidor de IKK de esta invencidén durante 48
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horas a 37°C. La sintesis de ADN se midié como incorporacién de [*H}-timidina
(I*H}-TdR, Divisidon Nuciear de New England de Perkin Elmer Life y Analytical
Sciences, Boston, MA) en células en divisidn. Las células se pulsaron con ['HJ-

" TdR (0,5 pCl/pocillo) durante las Gltimas 8 horas de las 48 horas de cultivo.

Todos los experimentos se realizaron por triplicado
Ensayo de viabilidad de las céjulas MTT

El efecto inhibidor de los presentes compusestos en el crecimiento de MM
se determind midiendo la reduccidn del tetrazolio amarilio MTT (bromuro de 3-
{4, 5-dimetiltiazolil-2)-2, 5-difeniltetrazolio)) en células metabdlicamente activas
{J. immunol. Methods 174: 311-320, 1904). Células de cultivos de 48 h se
pulsaron con 10 ul de MTT a 5 mg/ml en cada pocilio duranta las 4 Ultimas
horas de los cultivos de 48 h, seguido de 100 ul de isopropanol gue contenia
HCI 0,04 N. La absorbancla se midié a 570 nm usando un espectrofotémetro
(Molecular Devices Corp., Sunnyvale, CA).

vacién NF-xB media

cabo como se describié previamente (Hideshima et al, Oncogene 2001,
20:4519). Brevemente, células de MM se preincubaron con un inhibidor de IKK
de esta invencldn (10 pM durente 90 min) tras la estimulacién con TNF-a (5
ng/ml) de 10 a 20 min. Entonces las céjulas se sadimentaron, resuspendieron
en 400 ul de tampédn hipoténico de lisis (HEPES 20 mM, pH 7,9, KCl 10 mM,
EDTA 1 mM, Triton X-100 al 0,2%, NayVO, 1 mM, NaF § mM, PMSF 1 mM,
leupeptina a 5 ug/ml, aprotinina a 5 pg/ml) y se mantuvieron en hielo durante
20 min. Tras la centrifugacidn (14.000 g durante 5 min) a 4°C, el sedimento
nuclear se extrajo con 100 p de tampén hipertnico de lisis (HEPES 20 mM,
pH 7.9, NaCl 400 mM, EDTA 1 mM, NasVO, 1 mM, NaF 5 mM, PMSF 1 mM,
leupeptina a 5 pg/ml, aprotinina a 5 ug/ml} en hielo durante 20 min. Tras la
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como extracto nuclear. Una sonda oligonuclectidica consenso de HF-xB de
doble cadena (5'-GGGGACTTTCCC-3'; Santa Cruz Biotechnology Inc., Santa
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Cruz CA) se marct en el extremo con [“PJATP (50 iCi a 222 TBg/mM; Divisién
Nuclear de New England de Perkin Eimer Life y Analytical Sciences, Boston,
MA). Las reacciones de unién o conjugacién contenlendo 1 ng de
oligonuciettido y 5 ug de proteina nuclear se llevaron a cabo a temperatura
ambiente durante 20 min en un volumen total de 10 pl. de tampén de unién
{Tris-HCI 10 mM, pH 7.4, NaCl 50 mM, MgCl: 1 mM, EDTA 0,5 mM, DTT 0,5
mM, glicerol al 4% (viv) v 0,5 pg de poli(di-dC) (Amersham Biosciences Ab,
Uppsala, Suecia). Para el andlisis de superdesplazamiento se afladié 1 pg de
anticuerpo anti-p85 NF-xB 5 min antes de las mezclas de reaccidn,
inmediatamente después de la adicién de la sonda. Las muestras se cargaron
en un gel de pollacrilamida al 4%, se transfirleron a papel Whatman (Whatman
Internacional, Maldstone, U.K.), y se visualizaron por autoradiografia.
Ensayo de P cién Celujar Linfoma B e Célul d
(DLBCL)

Las lineas celulares DLBCL similares a ABC (Ly3 y Ly10) y similares a
GCB (Ly7 y Ly19) (Alizadeh et al. (2000) Nature 403:503-511; Davis et &l
(2001) J. Exp. Med. 194:1861-1874) se mantuvieron en medio de crecimiento
(GM, OMEM de iscove + FBS al 10%) pasando las células dos veces por
semana. Las células fueron subalimentadas durante toda la noche en medio
DMEM de Iscove + FBS al 0,5% antes de ponerias en placas para un ensayo
de proliferacidn. El dla del ensayo, las células se contaron y se comprobd la

" viabilidad usando fincién con Trypan Blue. Para las células Ly3 y Ly10, se

pusieron 5000 células por pocllio en GM en una placa de 98 paclllos. Las
células Ly7 y Ly19 se pusieron a 10.000 células por pocillo. L.os inhibidores de
IKK se disolvieron primero en DMSQ y luego se diluyeron en GM hasta
alcanzar la concentracion finai de 80 uM - 0.01 p. Cada concentracién se puso

por triplicada. La viabllidad celular se determiné usando un ensayo de viabilidad
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Los PBMC humanos se purificaron a partir de sangre completa de un
donante normal por el método de gradlente de Ficoll. Tras un lavado con PBS,
los PBMC se resuspendieron en medio AIM-V. Se afiadié 1 ul de diluciones
seriadas de inhibidores IKK de esta invencién en DMSO al 100% en el fondo de
una placa de 98 pocillos y se mezciaron con 180 pl de 4,5 x 10" PBMC por
poclilo en medios AIM-V. Tras la preincubacién de PBM con el inhibidor a 37°C
durante 40 min, las células se estimularon con 20 ul de LPS (100 ng/mi) o con
anti-CD3 (0,25 pg/ml) y antl-CD28 (0,25 pg/mi) (Division Phamigen de BD
Biosclences, Bedford, MA) a 37°C durante 5 horas. Los sobrenadantes se

recogleron y se determiné la liberacién de IL-18 o de TNF-a usando kits de
ELISA estandar dlsponlbles en el mercado.

La ilnea celular SW1353 de condroclios humanas (ATCC, Manasass.
CA) se cultivé contenlendo suero fetal bovino al 10% (Hyclone, Logan, UT), L-
glutamina 2 mM (GIBCO marca de los productos de cultivo celular disponible
en Invitrogen Life Technologles, Carisbad, CA) y PervStrep al 1% (GIBCO). Las
células se sembraron en placas de 96 poclilos de poli-D-lisina (BD BIOCOAT,
fondo blanco/claro, BD Biosciences, Bedford, MA. Se afadieron diluciones
seriadas de inhibidores de IKK a 1 pl por pocillo de las placas de 86 pocillos y
se mezclaron con 4,5 x 105 condrocitos por podilio en 180 ul. Tras la
incubacion de las células con los compuestos durante 1 h a 37° C, las células
se astimularon con 20 ul de IL-18 (10 ng/ml, R&D Systems, Inc a 37°C durante
24 horas. Después se recogleron los sabrenadantes y se anallzé produccién de

metaloproteinasas de la matriz (MMP) usando kits de ELISA disponibles en el
mercado.

30

(San Diego, CA). Se ensayd la capacidad de los Inhibldores de IKK de la
invencién para bloquear la liberacién de IL-6 o IL-B8 a partir de estas células
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inducida por TNF o IL-18 usando kits de ELISA disponibles en el mercado. Las
condiciones de cuitivo celular y los métodos de ensayo se describen en
Aupperle et al., Journal of Immunology, 163: 427-433 (1999).

avo de Mastocitos Derivados de l1a Sangre del Cordén Umbillical H Ano

La sangre del cordén umbllical humano se obtuvo a partir dé Cambrex

(Walkersville, MD). Los mastociios se diferenciaron y cultivaron de forma
similar a ia descrita por Hsieh et al., J. Exp. Msed., 193:123-133 (2001). Se
ensayd la capacidad de los inhibidores de IKK de la invencion para bloquear la
liberacién de TNFa inducido por IgE o LPS usando kits de ELISA disponibles
en el mercado.

Se obtuvieron precursores de osteoclastos humanos crioconservados de
Cambrex (Walkersville, MD). Las células se diferenciaron en cuitivos basados
en las Instrucciones del productor. Se ensayd la capacidad de los inhibidores
de IKK de la invencién para bloquear la diferenclacion, reabsorcién dsea y
degradacién del colageno segin se describe previamente (véase Khapli, S.M.,
Journal of immunol, 171:142-151 (2003); Karsdal, M. A., J Bio/ Chem,
278:44075-44975 (2003) y Takami, M., Jownal of Immunol, 189: 1516-15623
(2002)).

Se descubrid que dertos compuestos de esta Invencién son activos en
uno o mas modelos de ratas para artritla reumatoide. Dichas pruebas son
conocidas en la [iteratura e incluyen un modelo estidndar para LPS en rata
como se describe en Conway 6f al., "Inhibition of Tumor Necrosis Factor-
a(TNF-a) Production and Arthritis in the Rat by GW3333, a Dual Inhibition of
TNF- Converting Enzyme and Matrix Metalioproteinases®, J. Pharmacol. Exp.
Ther. 288(3), 800-908 (2001); un modelo de artritis inducida por adyuvante en

1_/7?"
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Inflammation (1989) pags. 363-380 "Rat Adjuvant Arthritis: A Modelo of Chronic
Inflammation™ Barry M. Weichman autor del capitulo del llbro {Alan R. Liss Inc
Publisher}; y un modelo de artritls inducido por coldgeno en rata como se
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describe en Pharmacological Methods in the Control of Inflammation (1989)
pags. 395-413 “Type Il Collagen Induced Artritis In the Rat” DE Trentahm y RA
Dynesius-Trentham autores del capltulo del tibro {Alan R. Liss inc Publisher).
Véase también “Animal Models of Artritis: Relevante to Human Disease (1999)
de A. Bendele, J. McComb, T. Gould, T. McAbes, G. Sennello, E. Chlipala y M.
Guy. Toxicologic Pathology vol 27 {1) 134-142.

Basado en los resultados de uno o mas modelos de ratas tales como los
descritos, se descubrié que los compuestos de formuia (-C eran
sorprendentemente superiores comparados con otros compuestos donde el
Anillo A es un anillo de piridina, También en los modelos de rata, se descubrié
que los compuestos de férmula ill-A-a, especiaimente los compuestos de
formula lil-A-aa, eran sorprendentemente superiores comparados con otros
compuestos donde el Anilio A es un anlilo de morfolina“

Aunque se han descrito numerosas realizaciones de esta invencion, es
evidente que ios ejemplos basicos pueden modificarse para proporcionar otras
realizaciones, que utilizan los compuesios y métodos de esta invencion. Por lo
tanto, se apreciard que el alcance de esta invencion se define en las
reivindicaciones adjuntas antes que por ias realizaclones especificas, que se
han representado a modo de ejemplo.

e
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1. Un compuesto de férmula lll-A-aa:

R
H
C‘\gQ\
R
l-A-nn

o una sal farmacéuticamente aceptable del mismo, donde,

Q es -CHz- 0 -CH(R")-;

G es -NRR’ o un anllio de heterocicliio de 3-7 miembros que esta
opcionalmente sustituido con 1-2 R'%;

R es hidrégeno, halo, alquilo C+.2, amino o (alquil C1.2)s-z-amino;

R? es hidrdgeno, halo, allfético C+.2, alcoxi Cy.z o haloalqulio C1.2;

R? es hidrégeno, halo, alifdtico C.2, alcoxd Cy.z 0 haloaiquilo C.2;

R* es hidrégeno o alifatico Ci.e;

R® es un grupo alifitico Cis que estd opclonaimente sustituido con halo,
-OR’, -CN, -SR% -S(ORR% -C(O)R’, -COR’, -N(R")z. -C(ON(R):, -
N(RT)YC(O)R”, -N(RT)ICO;R®, 0 -N(R")C{ON(R")2;

cada R™ se selecciona independientamente entre hidrégeno o un
alifatico Cy.q;

cada R’ se selecciona independientemente entre hidrégano o un allfitico
Cya, 0 dos R” sobre el mismo 4tomo de nitrdgeno se toman junto con el
nitrdgeno para formar un anillo de heteroarilo o heterociclilc de 5-8 miembros;

R® se selecciona independientemente entre un alifatico Cy.s;
cada R'? se selecciona independientemente entre R'', T-R'! o V-T-R"";
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cada R"! se selecciona independlentemente entre alifdtico Ci, halo, -
OR’, CN, -SR%, -S(ORR®’, -C(OR, -COR!, -N(R');, -CONR)y -
N(R")C{O)R’, -N(RT)COR’, 0 -N(R”)C{OIN(R")2;

T s una cadena de alquileno Cq.4 lineal o ramificada; y

V es -O-, -N(R}-, -S-, -8(O}-, -S(0)-, -C(O)- 0 -CO~-.

2. El compuesto de la reivindicaciéon 1 donde:

Q as -CHz-;

G es -NR'R® 0 un anllio de heterocicliio o heteroarilo da 5-8 miembros
que est4 opcionalments sustituldo con 1-2 R'%

R! es hidrdgeno, halo, alquilo Cs.2, amino o (alquil Ci.al.z-amino;

R? es hidrégeno, halo, alifatico C,.3, alcoxt C4; 0 haloalquilo C1.a;

R? es hidrogeno, halo, alifatico C.z, alcoxi C1 © haloalguilo C,.p;

R* es hidrégeno o alifitico C.;

R® es un grupo alifdtico C1¢ que estd opcionalmente sustituido con halo,
-OR’, -CN, -SR%. -S(0kR% -C(O)R’, -COR', -N(R") -CONR") -
N(R")C(O)R, -N(R")CO-R" 0 -N(R")C{OIN(R")2;

cada R™ se selecciona independlentements entre hidrégeno o un
alifatico Cq.a;

cada R’ se selecclona independientemente entre hidrégenc o alifatico
C:4 0 dos R’ sobre el mismo dtomo de nitrégeno se toman junto con el
nitrégeno para fornmar un anllio de heteroarilo de o heterociclilo 5-6 miembros;

R® es alifatico C;

cada R" se selecciona independientemente entre R'', T-R' o V.-T-R';

cada R"' se seleccdona independientemente entre alifitico Ci.¢, halo, -
OR’, -CN, -SR%, -S(O)R®, -C(OR', -CO.R', -N(R');, -CIONR"), -
NRIC(O)R, -N(R"ICO,R” 0 -N(R")C(OIN(R);;
T-ez-una-cadena-de-a ineal-e-ramificada=

V es -O-, -N(R")-, -S-, -S(0), -S(O), -C(O)- 0 COx-.

3. El compuesto de la relvindicacién 2 donde:
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Qes -CHx;

G es -NR*R® 0 un anillo de heterociclilo de 5-6 miembros, que tiene 1-2
heteroatomos en el anillo seleccionados entre oxigeno o nitrdgeno, que ests
opcionaimente sustituldo con 1-2 R'™;

5 R' es hidrégeno, halo, 0 metilo, amino, o (alquil C1.2)1.z-amino;

R? es hidrégeno, halo, alifdtico Cy.2, 0 haloalquilo C1.;

R? es hidrégeno, halo, o alifdtico Ci.5;

R* es hidrogeno o alifatico Ci.¢;

R® es un grupo alifatico C1s que estd opclonaimente sustituldo con halo,

10 -OR". -CN, -SR® -S(O)RR%, -C(O)R’, -COR’, -N(R'):, -C{ON(R")2. -
N(RTIC(O)R”, -N(R")COzR"* 0 -N(R"YC(OIN(R)z:

R® es hidrégeno o metilo;

cada R’ se selecciona independientemente entre hidrégeno o allfdtico
Ci4. 0 dos R’ sobre el mismo dtomo de nitrdgenc se toman junto con el

15 nitrdgeno para formar un anillo de heteroarilo de o heterociclilo 5-6 miembros;

R® as alifatico C;

cada R'” se selecciona independientemente entre R'', T-R'! o V-T-R";

cada R'' se selecciona independientementa entre alifitico Ci.e, halo, -
OR’, -CN, -SR® -S(O)XR® -C{O)R’, -CO;R’, -N(R");, -C(O)N(R'), -

20 NR'IC(OR', NR')COR’ 0 -N(R"IC(ONR);
T es una cadena de alquilenc Cq4 lineal o ramificada; y
V es -O-, -N(R")-, -8-, -S(O}-, -S{O)xr-, -C(O)- 0 -CO~-.

4, El compuesto de la reivindicacién 3 donde el compuesto as (S)-lil-A-aa.
25

5. El compuesto de la relvindlcacion 4 donde:
G es -NR'R% 0 un anllio de heterociclllo de 5-8 miembros que esta
almente-eustituido-een-1-2-R1%—

T R" es hidrégeno, halo o metilo;

3o R? es hidroégeno, haio, alifdtico Ci.2, alcoxi Cs.2 0 haloalquilo Cy.a;
R® es hidrogeno;
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R* as hidrégeno o alifitico Ci.;
R® es un grupo alifitico C1.4 que estd opcionalmente susiituldo con halo,
-OR’, -CN, -SR% -S(0RR% -C(OR’, -CO:R’, -N(R)2, -C{OIN(R). -
N(R")C(O)R’, -N(R"YCO;R® 0 -N(R"YC{ON(R");;
5 R® es hidrégeno o metilo;
cada R’ se selecciona independientemente entre hidrégeno o alifatico
Ci4, 0 dos R sobre el mismo &tomo de nitrdgeno se toman junto con el
nitrégeno para formar un anillo de heteroarilo de o heterociclilo 5-6 miembros;
R® es alifstico Cy;
10 cada R' se selecclona independientemente entre R'', T-R"! o0 V-T-R",;
cada R'"! se selecciona independientemente entre alifdtico Cy.¢, halo, -
OR’, -CN, -SR% -S(ORR®, -C(O)R’., -COaR', -N(R™)2, -C(ON(R")2 -
N(R"YC(O)R’, -N(R")COzR’ 0 -N(R"YC(ON(R")z;
T es una cadena de alquileno C4 lineal o ramificada; y
15 V es -0, N(RY)-, 8-, -S(0), -S{O), -C(O)- 0 -CO=-.

6. El compuesto da la relvindicacién § donde G se selecciona entre un

piperidinilo, piperazinilo, morfolinilo, plrrolidinila opcionalmente sustituido, o -

NR*R? R* es hidrogeno o alifatico Cy; ¥ R® es alifético C.e, heterociclilo de 5-6
20 miembros, o hidroxialqullo Cy.e.

7. El compuesto de la reivindicacién 4 donde:
G estd no sustituldo o sustituido con 1-2 grupos selecclonados
independientementa entre el grupo compuesto por. alquilo Ci3, HO-alquile,
25 alcoxicarbonilo, mono- o dialquilaminocarbonilo, y HO.C-alquilo; y
R® es metilo.
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NS 7 G
107 H CHy/CHs CH; O*\
108 H CHy/CHs CH, O“‘
109 H CH4/CH, CH, CJ
110 H CHy/CH, CH, HO-CHZzCH;N(CH;)-
111 H CHy/CH, CH,
.
L
112 H CHy/CH, CHa m
113 H CHy/CH, CHz w
114 H CHy/CH, CH, ] D
115 H CHy/CH, CH; “EtN-
Ho—N
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L’b‘f

117 H CH\/CH; CH; :
118 H CHy/CH3 CHz < )
119 H CHs/CH, CH, Hy
O
120 H CH3/CHs CHy D C
121 H CH:ICHa CHz ?
122 H CHy/CHj CH; H: :
123 H CHa/CH, CH, : : %
124 CHs, CHs/CHs CH, O‘\
125 H CHy/CHy CHa I-Q.:
126 H CH3/CHs CHx O‘\
127 CHs HH CH; O“'
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128 CH; HH CH, O\

129 H CHy/CH4 CH, D »

13Q CH;, CHy/CHj, CH; G

131 CH; CHy/CH, CHz :

132 F CHy/CHs CHa2 o

133 F CHy/CHj3 CHa D

134 H CHy/CHy | R-CH{CHs) C

135 H CHy/CH, CHa Hy
“F\/E\

136 H CH3y/CHa CH; :%u\

2

137 H CHy/CH, CH, MezN-

138 H CHy/CH4 CHa (CHJOXCHaN-

130 H CHy/CH, CH; f;:

140 H CHJ/CH4 CHa Q\

141 H CHy/CHs CH, : :
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147
142 CHy/CHs CHa : :
143 CHy/CHj CH,
WX O™
144 CHy/CHa CH, HeG, EH
- 145 CH3y/CHs4 CH, XD._‘
!
. .
148 CHy/CH, CHa2 N‘;ﬂn\
147 H CHy/CH, CH, EG
148 H CHy/CH;, CHa %
149 H CHy/CH, CH; D
9, Una composicién farmacéutica que comprende un compuesto de la
. reivindicacién 1 y un vehiculo farmacéuticamente aceptable.

5 10. Una composicién farmacéutica que comprende un compuesio de la
reivindicacién 8 y un vehiculo farmacéuticamente aceptable.

11.  Un método de tratamiento de una enfermedad mediada por IKK que

-
BN RN JIRRLERRILI LY LIRS SRNR IS LY RN FRRR=y R Y101 B

10 cantidad terapéuticamente eficaz de un compuesto de la relvindicacion 1.

12. El método de la reivindicacién 11 donde la enfermedad es una
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enfermedad inflamatoria o una enfermedad Inmune relacionada.

13. El método de la relvindicacién 11 donde la enfermedad se selecciona
entre el grupo compuesto por artritis reumatoide, asma, psoriasls, artritis
psorigtica, enfermedad pulmonar obstructiva crénica, enfermedad Inflamatoria
Intestinal, o esclerosis miltiple.

14. El método de la reivindicacién 11 donde la enfermedad es cancer.

15. E! método de ia reivindicacion 14 donde el cincer se selecciona entre
linfoma, mieloma muitiple, metastasis dsea osteolltica, cdncer de cabeza o
cuello, cancer de pulmén, cincer de pristata o cancer pancreatico.

18. El método de la reivindicacién 15 donde el cancer es un linfoma.

17. Un método de inhibicién de IKK en un paclente que comprende
administrar al paciente un compuesto de la reivindicacién 1.
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Esta invencién proporciona compuestos de beta-carbolina de férmula lli-
A-aa;

. 150Y
II-A-aa
en la que Q s -CHz- 0 -CH(R®)-; G es -NR*R® 0 un anillo de heterociclilo de 3-7
miembros que estd opcionalmente sustituido con 12 RY, R® es
preferiblemente hidrégeno o metilo; y R', R R3, R, R®, y R®™ son como se han
descrito en {a memoria descriptiva. Los compuestos son inhibidores de 1KK-2
10 que son utiles para tratar enfermedades mediadas por IKK-2 tales como
enfermedades inflamatorias y cancer.

&
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[0 DEGermany s mot deslynated for any kind of national protection

[0 %R Republic of Koves & net designated for sy kind of netions! protection
O RU Russian federution s mot deslganted fir any kind of national protection
{The chuck-baxes abave may be uoed so exciwdy (irrevncubly) tha designations concerned in nrder to avold the ceasing of the sffecy, wuler the mestlonal lew of un

eariier national applicotion from whick priority is clalmed. Sae 1he Noies 1o Bux No. ¥ ay to the conyeqnences nf snoh neaionol lew provixions in thexe and cernsin
other Siate.)

Box No. VI PRIORITY CLAIM

The priovity of te nllowing carlier application(s) & hercby claimed:

Fi_linl dll Number . A
cll'r carlir |p=:;::;m of arlicr application Where carlicr ppplication :
national application: inemational upplication; neoviving
country or Member of regional spplication:* Office
WTO regional Oitics
item (1)
09 April 2004 60/561).892 us
{09.04.2004)

[ Funher priority claims are indicated in the Supplcmenial Bax.

The receiving Oftlce is requestod & prepare 2nd transmit o the Intemational Buresu a centified copy af the carlicr spplication(s) fanly: if the eurlier opplicetam wx
Jilod with the (ffice which jor ke parpases of thix hster novional applicotion Is the receiving Offics) identified shove as:

K ceem [] iaen [ semd  [[] wmiy [ oother soc Supplemomd e

* Winre the earlier appiication it an ARII) opplicarion. indivote af least nre cosmiry party (o Ve Peris Comvention for the Protection of Imiustrial Property or ome
Member of the World Trade Qrgonlzation for whick thot sariler applicevion was filed (Rede 4. 10{B}{ii}):

Bozx Ne. VI INTERNATIONAL SEARCIING AUTHORITY

Cholce of International Searching Aathority (1SA) (if nro ar mare Inrernatianal Searching Axthorities wre comperent jo carry' ot the intermational seorch,
indiecrte the Amborily chosen; the nwro-lettar code oy he wowed):

TN %

Request lo use results of cariler search; reference to that seurch (if aw earlier search has been corried ot by ar requested finm the interootional Searching
Awthoriny):
Dole fdawmanth/var) Numbwr Country for regione Office)

Box No. VIII DECLARATIONS

The following declarations sre coninined in Boxes Nas. VIIi) b (v) (inark the applicable check-xaxes belte aid indicote in the Nurnher ol declarations
rigiv column the manber of esrch hpe of declaration):

[J nocNe vig Declaration ux to the identity of the ivemor

" Declaration as W the spplicant’a entithement. s at the international filing date, 10 wpply for and he
[0 nexnewvminy  rte

Declaration s io the applican ‘s cimilement, as al e internationsl Nling date, 1o clatm the
O menovingin e earlior sppliation

D Hox Na. VIIIGiv) ::‘:::I)m af inventorship (only for the purposes ol the dusipnation of the United Suncs of

D Rox Na. Vili{v) Declartion as to non-prejudicial disclosurcs or exceptions o leck of novelty

Form PCT/RQ/I{H (sccond shect) (January 2004} See Newtes 1o the reqiest form
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. . Sheet No. 5 ..

Sapplemental Box

CONTINUATION of Box No. IV (AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR
CORRESPONDENCE)

BROAVN, Seott A, Reg. No. 32,724
SILVERMAN, lan Rebert, Reg. No. 37443
SILVERI, Jean M., Reg. No. 39,030
KLUNDER, Janice M., Reg. Na. 41,121
BCHRAY, Kerri Pollard, Reg. No. 47066
SIOUSSAT, Tracy M., Reg. No. 50,609

Al of MILLENNIUM PHARMACEUTICALS, INC., 40 Landsdowse Street, Cambridge, MA, 02139, Uinited Stutes of
America

Farm PCT/ROVI0I (continuation sheet) (Jenuary 2004) L Sew Noutes po the rognest form




- Sheet No. 6

' - o~
Box No. IX CHECK LIST; LARSUAGE OF FILING -
Thia interostionsl eppiication cemtning: This isteragtionsl spplicion i aerem puaind by the: following ilamis) fmerk
{a} im puaper frws, tho following the oyplicuhie chroi-hurs below umd imdioste in ripht ol the mmderof — Namber of
-d-d'ﬂ_l: . vk Hews): s
rexpucst {inclading dogiyration 6 I E fou calcalation shect |
description (svcluding mquence
Histing pert andior tabiles relared 2 [[] osinal separato pawer af stiomey
thoreto) : 126
Chi . 29 ] D orighval pencral powner of shovney 1
4 E 7 copics of penerel powers of sicaney (12 pgs): referance . 9
Abetract 1 o g :
N . _Q . [] sstancn cxplaining lack of ignanure
Sab-tetel sumber of sharts . 162 o [] ooty document(u) idemnifid in Buen. No. V1 aa ivenfa:
wcqcnee liting 2 [[] wndsion of insernarionat application ine ramgenes
. D :“'. llm«lﬂlllqdqn-ﬂ TRCTOMERRrN Ny
tables relased fhereto : o biokgicel matcrial
(K hesch, ovnal mamdver of sheets if fHedd ix sequency listing in cxmpuler readsbic form (indiente type and
popwr form, whetlar or st obun fifed i 9, D sambar of catiers)
vospiehy recniohde fisrm; e fo) hehw)
Copy submitied for the purposcs of isternatianal
0[]  sewrch under Rule Jicr oy tond mot me pat of e
Total number of sheess : 162 imeernmtions] myhicution)
0 b ki) oyt i, vhars b
v i i img. °
) | oully in samprmter yrendinbie form (i) :h = o rmmional noh
oo R
Tugether with relevent daiament as ta the ity af
) ] regusnca iuing iy [ ooy oo cupin withthe e i mendimcd
(it [ blen rcimied thereso i fhe ct cnkrmn
{c) D alba bn costputer rewdable forw Tishle In covmpuier ressiabba form celstud fa scrquewce linting
‘ (Section 80 1(a)il)) o D fembcare typy ool iy of varren)
. . whmined for the ol imemational scmch
[¢1] D wgpunca lging W D Es“;:-m(quum-pmf
{iiy D usbles rolatesd thereio Thy inkcrastions] spplication)
Type md sumbar of carviers (disketic, UD-ROM. .
(TR or oxer) cw which are containcd the 0 foolt "“""m;‘!':-“""‘ ""’"ﬂ:’::_"" iaiiriabig
L (i) whe cony for the of intermstional acerch wnder
inblcs relmbos] HMMEAD... .o eoocns v es ser e con e ees - yether whh 1 0 e ity of
fklitiarai e incdicuied under il *"-'.' e . .
l'ﬂ(m.inrzl-:vl':'-ld racem i)l e (i D the copy or copios with the tablow mewtioned in left
colamn
olkar fypeafy) .
W DX et LettersPusteard P2
of the dravwisgs whith Lassgeupe of Mllay ol the .
E’; accompenry th ...;.g: nom Tevnmtionsl mpplication: Finglish
Box Ne. X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Next to euch signatwre, indicare the nasi of the perann siyning arnd the capaciry in whick the person signs Jf swch capaeiry is not olvviony
| from reading the reques).
Karoline K. M. SHAIR. Registration No. 44,332
d Agent for Applicants
{or receiving Office use only
1.  Dawe of actual receipl of tho purported imemalional application: 2, Drawings
3. cormcewd date of actusl receipt due Lo laker but Yimely received papom or driwings completing the
purported interrational application: ] recoive
Date of timely receipt of the required comeetions under PCT Article 11(2):
Inicrmutional Scarching Authority (if twoor moecure | & ™) Transmitat of scarch copy [ ot reccind
competFmt): delayed until scarch fee i paid
ISA/
For imernations! Burcau usc only
Dute of receipl of the record copy
the International IBuresu:

Form PCT/RO/01 (last sheet) (January 2004) Ser Nales to the reques; form



- - e —_— o —

—— o —— ey e =

o

PCT _

FEE CALCULATION SHEET

Annecx 10 the Request

Applicant’s or agent's

file reference MPID4-003

Applicant MILLENNIUM PHARMACRELTICALS. INC. et al,

o ——

CALCULATION OF PRESCRIBED FEES

I. TRANSMITTALFEE............... « ¢ (e s oeees

2, SEARCHFEE..

A R e it o hy l"iNl_.l'

{If two or more Internarional Searching Avthorities are competent fo carry oi! the international
search, inclicote the name of the Awtharine which is chosen 1o carry oxt the internarional search.)

1. INTERNATIONAL FEE

Where itemy (b) and/or (c) of Box No. 1X apply. evier Sub=Total number of Shevts
Where itena (b) snd (€) of Bax No. 1X da not upply, enter Totul number ol Shecls |§2

For meeiving O

Intemational application No.

Date stump of the neceiving Office

 veereneee. LUSD 3001T]
e 1920(S]

[INFim30shests.... ... ... ..ot oo v oo -1 i)
izl 132 Y 12 = { |SR4 [i2]
number of shects fee pur shont
in excess ol 30

(i3} acklitional componerta (only i sequence listing andfor tuhlcs related thercw ure filed in compater
resdable form under Section 80 Ha)i). or huth in thal form and on paper. under Section 30 1(aXii).

400 x

= | 1131

Add emounis entered at il , i2 and 13 and enter tolal w |

imematinnal filing fee.)
4. FEEFOR PRIORITY DOCUMLENT (il'sppticahic)
3. TOTAL FEES PAYAUILL

Add amowts entered 21 T 8. | and P, and cnier
totel in the Total hot

MODRE OF PAYMENT

E Auhorizstion o charge [ vank dranl
duposit sceoundt (sce below)

O choque O cn

0 postal moncy order

I:I revenue sIamps

AUTHORIZATION Tﬂ CHARGE (()II C ‘IIFDI'I') DEPOSIT A( ‘('OIINT (llu.l llluk of pqmnl v mof h mhﬂc o aﬂ receiving

Offices)

.......... L L

{Applicants from coriain Stetes are entitled to g reduction of 75% of the  international filing
foe. Where the: applicant is (or all sppliconts ane) so entithed. the 1otal ta be cniered a1 | is 25% of the

. —11
TOTALL 4999

O coupons

3 ouher (aperifis:

Recciving Office: ROVUS

__jonly

B3 Authorization to charge 1he towal fees indicated ahow

B (This check-box may be marked enly il'the conditions for deposit
acenunts of the reeoiving Office 50 permit} Authorization to charge

any deficiency or credit any pwr paymeni in the total fees indicaled ahove.

Autharizution 1o cherge the lec lor the priatily decument .

Deposit Account No.: SOIGME
Datc:_April 8 2005

L.

. Lo PCT/RQYIO0] (Annexy) (January 200:)

See Noes 0 he requett

/”‘*”%



From the INTERNATIONAL SEARCHING AUTHORITY

—PATENT COOPERATION TREAT\— ’ ’
l
]

To:

MILLENNIUM PHARMACEUTICALS, INC.
Intellectual Property Group
Attn. Shair, Karoline K. M.

40 Landsdowne Street

Cambridge MA 02139

UNITED STATES OF AMERICA

A ]

MRLENNIUM PHARMACEUTIC: L5

i
|

PC— '-"--‘f:‘-r"mf]r_'
NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

Date of maling
(dayimonthysar)  26/10/2005

Applcant's or agent's flie reference -

MILLENNIUM PHARMACEUTICALS, INC

MP104-003 e FOR FURTHER ACTION Ses paragraphs 1 and 4 baiow
International application No. (' Intemationsl fiing date

PCT/U92005/013812 (cay/monttyear) 08/04/2005

Applicant

4. Reminders

1. [x] The appiicant ie hereby notified that the intamational search raport and the written opinion of the International Searching
Authority have been sstablished and are tranamitied herewith.
Fliing of smendments and stxtement under Article 16:
The applcant is entitied, ¥ he so wishes, t amend the claime of the Intarnational Applicalion (sae Rule 48):

When? The time imit.for fling such amendmentis la normally 2 months from the date of ransmittal of the
Intemational Search Report; however, for more detalis, see the notes on tha accompanying sheet.

Where? Directly io the Iniemational Bursau of WIPO, 34 chemin des Colombaties
1211 Geneva 20, Switzertand, Fascimiie No.: (41-22) 740.14.35
For more deinllad Instructions, 868 the notes on the accompanying shaet.

2, D The applicant | hareby notifled that no intamational search report will be established and that the deciaration under
Article 17(2){a) to that effect and the writtan opinion of the intsmational Searching Authortty are tranamitied herewtth.

3. D With regard o the protest against payment of (an) additional fee{s) under Rule 40.2, the applicant Is notified that

D the protast iogether with the dacialon thareon haa baen tranamitted i the Intemational Bureau togather with the
appiicant's requsst to lorward the sexts of both the protest and the dedalon theroon 1 the designaied OfMices.

.D no decision has been macde yet on the protest: the applicant wil be notied as soon as a decislon ls made.

Shortly after the expiration of 18 months from the priority date, the Imemational application will be published by the
Intemational Bureau. If the applicant wishes 1o avokd or postpons publication, a notice of withdrawal of the Intemational
appiication, or of the priority clalm, must reach the Intemational Buresy as provided in Rules B0bis.1 and 80b#s.3, respectively,
bafore the completion of the tachnical preparations for Intamational publication.

The applicant may submit comments on an informal basls on the written opinion of the inlemational Saarching Authorlty to the
Inlamational Bureau. Tha Inemational Bureau will send a copy of euch comments © all designated Offices uniess an
international preSminary examination report hes been or Is & be establiehed. Thase commeants would also ba made avaiable 1
the publc but not beforé the expliration of 30 monthe from the priority dete.

Within 19 months from the priority date, but only in respect of some designated Offices, & demand for Inlemational preiminary
axamination muet be flied if the applicant wishes 0 postpone the

dats (in some Offices aven later); otharwiae, the applicant muat, within 20 montha from the priority date, perform the preacribad
acts for entry into the national phase before thoas designated Offices.

In respect of other designated Offices, the time Iimit of 30 months (or later) wil apply even if no damand ia fled within 18

antry Ino the national phase untl 30 montha from the priorty

See the Annex to Form PCT/1IB/301 and, for detalls about the appiicable ime limite, Office by Office, see the PCT Appiicant’s
Gulde, Volume ||, National Chapters and the WIPO Intemat site.

Name and maling address of the intamational Searching Authorlty
= =8 _European Petent Office, P.B. 5818 Patentiaan 2
NL-2280 HV Rijewik
. Tel. (+31=70) 3402040, Tx. 31 851 epo nl,
—” _ Fax: (+31-70) 340-3018

Authorized officer

Federico Bonomellil

Form PCTAGBA/220 (January 2004)

{Sea notes on accompanying shast)



NOTES TO FORM PCT/ISA220 — 5

ik

Thass Nolss are intended 1o give the baslo insbrustions eoncaming the fiing of smendmaents under article 18. The
Noles are benad on the quirements of the Pstent Cooperation Trealy, the Ragulsiions and the Adminisirative instrudtions
under that Trealy. h—ummmmmm%m , the (stter are appiicsbls. For more
detallad information, ses slso the PCT Applioant’s Guide, a publication of W1

in theas Notes, “Asticls”, "Fula”, and "Saclion” refer io the provisions of the PCT, the PCT Raguistions and the PCT
Mnnﬂliulmwv

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, afler having recsived the Internalional search report, one oppertunily to emend the olaims of the
imemaiional appiiosion. k should however be emphasized that, sinoe all paris of the inlsmational apptication {claime,
desoription and drewings) may be smended during the inlemationsl praliminery examination procsdure, thers is tsually
no nead to file amendmenis of the olaime under Artisls 19 sxept whers, 9.g. tha spplicart wanis the latber fo be published
for the purposes of provisknal protsclion or has ancther reason for amending the alaime belore intemational phulioation.
Furthermore, R should be amphasized that provisiohal protecdiion i avaliabis in soms Siales only.

What parts of the intlermnatienal sppliicstion may be amended?
Under Articls 19, only the clsims may be amended.

During tiw inlemational phase, the dlaime may also be amended (or firther amended) undsr Asticle 34 before
umwmmmm.mmmtmmwhmm

Upnulyhblhndhnlm ol par's of the inlemational applioation may be amendad undar Astile 28
or, whare spplioable, Articls

When? Within 2 monthe from the daie of tranamiital of the inlemationsl search report or 16 monihs from tha priorily
dsie, whishever time Imi explres latsr. R should be noled, however, thal the amendmenis will be considersd
s having been recsived on time If they are recsived by the intemational Bureau after the expirstion of the
wrnumnmmhmumuwuam

The smendmenis may only ba fled with the intemational Buresu and not with the ressiving Offiss or the
interndlional Searshing Authority (Fade 48.3).

Whare & demand for Intemational preliminary sxamination hea bean As flled, see below.

How? Eiher by asnaeliing ore or more enlire olsims, by adding one or more new clsims or by amending The el of
ama ar move of the olaime as fled

A rapiacamant sheat must be submittad for aash shest of the dalms which, on sooount of an amandment or
. amendmars, difiers from the shest originally Sed,

Al the clsims appesring on a replacssment shest must be numbered in Arabio rumereis, Wisere s deim s
oanasiied, no rerumbering of the other alaimes s equired. in all csses whare olaims are renumbered, they must
be rerumbered conseculively (Administretive insirudtions, Beation 206(b)).

The amendmenia irust be mads in the language in which the intemational application Is to be publishad.

What doouments mustiney scoompany the amendments?
Latier (Sastion 208(b)):
Tha stendments must be submitiad with & letter.

The ietter will not be published with the intemalional appliosiion and the amendad daims. It should nol be
confused with the “Stalement under Article 18(1)" (see below, under “Statement under Article 18(1)%).

The lsttar must be in English or Freneh, at the cholcs of the sppiicast. However, I the languags of the
international appficstion ls Engliah, the leiter must ba in English; if the language of the Intarnational
Is Fronch, the istter must be in French,

Notes to Form PCTABAR20 (fret sheat) (January 1084)

BNSDOCIL: <8 IGAZI0NCENP4_|_>
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NOTES TO FORM PCT/ISA/220 (continued)
240

(¥

ielber must indiosia the differences belween the olsims as filed snd the daims as emended. & must, in
partisular, incieats, in connesction with each olabn appearing in the inlemational application (Rt being undersiood
identical indiostions conceming several slalms may be grouped) whether

() the claim is unchanged;

(8) the claim i cancelled;

(i) the claim s new;

{v) the claim repiaces one or more olaims as filed;

) the claim is the meult of the division of a claim s Ged.

The following sxampies Nustrate the manner in which amendments mustbe explained In the
accompanying letter:

1. [Where originally thare were 48 claims and after amendment of some alaims there are 51}
"Claima 1 to 28, 31, 32, 34, 35, 37 1o 48 replaced by amended alaima bearing the sams numbern;
olsirms 30, 33 and 36 unchanged; new alems 40 o 51 added *

2 Wdﬂlyhnmﬁd.‘mmddwmmﬁmﬂdddﬁmhnﬂ]z
simsa 1 to 15 raplaced by amended alaime 1 t0 11.°

N Mmci?ﬂyhtmﬂdiu.ﬂhmﬂ“mﬂhmmmmdhm
now olaima):
“Clsima 1 to 8 and 14 unshanged; siaime 7 to 13 cancelled; new slaima 15, 16 and 17 edded” or
“Claima 7 to 13 sanceled; new claims 15, 10-&17“‘“““

4. [Where various kinds of smendments are made):
*Claima 1-10 unchanged; olaims 11 to 13, llmﬂlﬁuﬂﬂ;dﬁnil\.ﬁ-ﬂi.nﬂ—dwm
daim 14; olaim 17 subdivicied into amandad dairme 15, 18 and 17; now slaims 20 and 21 added *

"Statement under srticle 16(1)" (Rule 44.4)

The amendments may be acoompanied by a stsismant axplaining the amendmaris and indioaling any impast
Mﬂﬁ“ﬂhnﬂihmhhﬁnmﬂh&“ﬂ“hmm

The stalement will be published with the intemational sppication and the amended elxims.
& sust ba In the lenguags in which the intemeliensl appplioation Is to be published.
R munt be brief, not excesding 500 words if in English or If trarmlaied inko Englsh.

R should not be confuped with and doss not replace the lstter inclsaling the difarencss batween the elaims
as llad arxd ss amended. k must be ed on a separsis sheet and must be identified as such by s heading,
prefersbly by using the words “Sisbament under Artlale 19(1)."

§ may not eantain ary disperaging ecrmmerts on the intamational saarsh report o the relsvance of sitatiors
contsined in that report, Relerence to clslions, relevant io a givan elaim, conisined in the international search
mport may be made only in cormeation with an amendment of thal elaim.

Consaquence i a demanil for intersationsl preliminery axaminetion has siresdy baen fled

N, at the time of fiing any amendmanis under Artiols 10, a demand for inlsmaiional preliminary sxaminalion
mmmmummm at the sams time of filing the amendmenis with the
intemational Buresu, also lis = copy of such amendments with the intemational Prefiminary Examining
Authorily (see Rule 822{a), first sentance).

Conssguencs with regard to translation of the intermationsl appHioation for antry inko the mlionsl phase

The sppliosnt’s atteniion Is drawn to the fact that, ﬁ-nlmnﬂyhhhnmm-.lmofh
ddn-m-ﬂldulﬁmﬂmhmhhurhhdh designatacislacted Offioss, instead of, or
in adklion lo, the translation of the daims s Med.

For further detalls on the requiremants of sach designsied/eisated Offios, see Volume || of the POT Applicant’s

Notes to Forrn PCTAGAZ20 (sscond sheet) (January 1064)

EMEDOCID: «XB._____ ISAZ2ONCIENPA_)_>




—ATENT COOPERATION TREATY— /gs‘r

PCT 14

INTERNATIONAL SEARCH REPORT

{PCT Article 18 and Rules 43 and 44)

Applicants or agent's flle reference FOR FURTHER soe Form PCTASA220

MP104-003 ACTION as wel as, where applicable, llsm 5 below.
Intemational apphcation No, intemational filng date (day/month/vesr) (Earkest) Priority Date (day/month/vear)
PCT/US2005/013812 08/04/2005 09/04/2004
Applicant

MILLENNIUM PHARMACEUTICALS, INC

This International Seerch Report has been prepaned by this Imemational Searching Autharity end is transmitted to the applicant
according o Article 18. A copy s belng tranamitied © the International Bureau.

This inlemetional Search Report conglsts of a total of ] sheets.
lz‘ itIs alao accompanied by & copy of each prior art document clied In this report.

1. Basls of the report

a. With regard to the languags, the Intemational ssarch was carriod out on the baals of the Intemationat application In the
langumage In which it was fled, uniess otharwise indicated under thie hem.

D The ntamational esarch was carried out on the basie af a fransiation of the intematonal applicetion fumished to
this Autherity {Rule 23.1{b)).

b. [] With regard ib eny nucleotide andior amino ack secuenocs dieciossd in the Inlemational appilcation, s0e Bax No. 1.
2. [] Certuin claimes were found unssarchable (See Bax Il).
3. [] unhyofinventon s incking (see Box ).

4. With regard io tha title,
[X] the text s approved as submitied by the ppiicant.
[[] the et has been asbiished by this Authority o read as foliows:

5. With regard o the abstract,
[X] the textis approved as submitied by the appiicant.

[T]  the mext has besn established, according to Rule 38.2(b), by this Authorfty as It appeara In Box No. IV. The applicant
may, within one month from the daie of maling of this intemational ssarch report, submit comments to this Authortty.

8. WIth regard to the drawings,
a. the figure of the drawinga o be publishad with the abstract Is Figure No.
[[] e eupgeswcby the applicant.
[[] anesiectsaty tis Authortty, becaues the appiicant falied to suggest a figure.
[C]  as osiectad by this Authorty, becauss this figure betisr chamcterizes the invention.
b. [] none ot the figures is to be published with the abstract.

Form PCT/ISA/210 (first shest) (January 2004)



INTF™NATIONAL SEARCH REPORT "

_ ____ wmational Application No
| PCT/US2005/013812

CLABSI or
tC T oC0T0471704 | ABIK31/5377 A61P29/00  A61P35/00

whlmmnmwgmormmm_mnmmc

B. MIELDS BEARCHED

Minimxn documentation searched {ciesalfication sysiem followsd by classificalion symbols)

IPC 7 CO7D A61K A61P

Oocumeniation ssarched olhir than minimam documarniation 1o the extent that such document are incxied In the fekis searched

Electronic daia basa comsuRed during the Inernational search (name of deta bese and, where practical, search lenms usad)
EPO-Internal, WPI Data, CHEM ABS Data, BEILSTEIN Data

C. DOCUMENTS CONBIDERED TO BE RELEVANT

Galegory * | Chation of document, with indication, where appropriala, of |he relsvant passages Ralavant 10 clalm No.
P, X WO 2004/092167 A (MILLENIUM 1-27
PHARMACEUTICALS, INC; HEPPERLE, MICHAEL,
E; LIU, JULIE, FIEL)
28 October 2004 (2004-10-28)
claims 15,19
X WO 01/68648 A (AVENTIS PHARMA DEUTSCHLAND 1-27
GMBH) 20 September 2001 (2001-09-20)
claim 1
D Further documents are Iisied inthe continustion of box C. E Puisnt tarmly members am lisiad In annex.
Spech SomRa ct i ks " e et pcheed e deratons i e
"A" cocumadafiring the Qenara ssk ofthe art which I oo ot 0 ameetand! the privis o thaory Loty e
fiing date be considared novel or cannot be Conaidared 1o
" d::m;m“uw hmwonpbﬂly m:' " mm-nimnmupmnnmu taken siono
ciiallon or cther spacisl reasch (as speciied) Y d:n%um:um:n-mm mmh
0" document relaring to an oral disciosurs, usa, exhibiion or document ls combined with one or mowe other such docu—
clher maars manis, such combination being cbriols 10 & person skillsd
*P* document publishad prcr to te Intamationa! fling date but In the art.
‘rihmih-phfly claimed "&" documant member of the sams patent tamily
Dats of Lhe actunl compiletion of tha intemailonal search Date of maling of the inlemnalional march report
13 October 2005 20/10/2005
Name and malling adcrass of the ISA Authorized officar
European Palen Office, P.B. 5618 Patenllsan 2
NL - 2280 HV Rijswik
Foc o T o001 e o Johnson, ¢

Form PCTABA/210 (ssoorxd shest) (enuary 2004)



INTE~NATIONAL SEARCH REPORT . - —
(wormalion on peterd family members PET/US2005/013812
Patant docurmnent Putiication Pajont family Publication
cltad In search report daie member(s) daie
NO 2004092167 A  28-10-2004 NONE
NO 0168648 A 20-09-2001 EP 1268477 Al 02-01-2003

Form PFCTABA/Z10 (peiant fanily annax) (snumry 2004)
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PATENT COOPERATION TREATY PCTAUS2005/013812 '

From the INTERNATIONAL BUREAU '

v

M- <
PCT ‘ v
NOTIFICATION CONCERNING ]
TRANSMITTAL OF COPY OF INTERNATIONAL A e sicals. Inc. w9
PRELIMINARY REPORT ON PATENTABILITY 10 Londeciowns oot
{CHAPTER | OF THE PATENT COOPERATION Gambridgs, MA 02138
TREATY) ETATS-UNIS D'AMERIQUE
(PCT Rule 44bin.1(c))
Date of muiling (duy/mmih/yeur)
19 October 2006 (19.10.2006)
Applicani's or agent’s fik: reference
MP104-003 IMPORTANT NOTICK
inicrsational applicution No. Insrngtional filing date {dayAnontiArear) Priarity date (daymonth/vear)
PCTAUS2005/013812 08 April 2005 (08.04.2005) 09 April 2004 (09.04.2004)

Applicam
MILLENNIUM PHARMACEUTICALS, INC. ot al

‘The Internationul Bureut transmity herewith a copy of the international preliminary report on paientability (Chepter 1 of tho Patant Cooperation
Treary)

"I'he Imormational Bareau af WIPO Authorized afficer

M, chemin des Colombettes i T ket 3
[31) Geraevn 20, Swiaessent Athina Nickitas-Etienne




PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chaptes 1 of the Patent Cooperation Treaty)

(PCT Rule 44bis)
Applicant’s vr agent’s file relerence FOR FURTHER ACTION Sec ilem 4 below
MP104-003
Inernational application No. International filing date (dawinonth/year) Priarily date (dayimonth/year)
PCTAIS2005013812 08 April 2005 (08.04.2005) 00 Aprll 2004 (09.04.2004)

Iniernations] Paten1 Clussification (8th edition unless older edition indicuied)
See relevant iInformation In Form PCTASA/237

Applicant
MILLENNIUM PHARMACEUTICALS, INC.

I. Thisincmational pretiminary report on patentability (Chapter 1) is fssoed by the Internationsl Bureau an behalf of the
Intemational Scarching Authority under Rule 44 bis. L{g).

19

This REPOR'T conmists of # intal of 7 sheets, including this cover sheet.

In the uttachexd shuets, any refarence o the written opinion of the International Searching Authority shouk] be read as a reference
1o the international preliminsry report on patentability (Chapter I) instead.

). This report conteins indieations relating to the following ilems:

] Box N 1 Basis of the roport

[[] Boxto.n Priority

E Box No. TN Non-establishment of opinion with regard to novelty, inventive siep and industrial
applicability

[] BoxNev Lack of unity of invention

D4 Box N v Reasoned sistzment under Asticle 35(2) with regard to novelty, inventive szep or industrial
upphicability; citations arl explanations sopporting such statement

[] Baxno.v Cextain documents cited

D4 Boxne.vi Cartain defects in the international application

[] BoxNo.vmr Certin cbeervations on the internationa] application

4.  The Intemational Burcsy will communicate this report to dexignated Offices in accordance with Rules 44bi5.3(c) and 93bir.1 but
noL except where the applicam makes an express request under Article 23(2), befows the expiration of 30 months from the priority
date {Rule 44bis .2).

Duts of issuunce of this report
11 Ociobar 2006 (11.10.2008)
The International Burcau of WIPO Autharized officer
34, chemin des Colombeties it o BN
1211 Geneva 20, Switzeriand Athina Nickitas-Etienne
Facsimile No. +41 22 33882 70 «-mail; piD4 @wipo.in

Form PCTAB/373 (January 2004)
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INTERNATIONAL SEARCHING AUTHORITY

To: PCIPO

WRITTEN OPINION OF THE
see form PCTASAZ20 INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)

Dale of maling

{depmonthywer) sesiorm PCTASAZIO (sacond sheed)
Applicant’s or agent’s file refsrence FOR FURTHER ACTION
see form PCTASA220 Sew pamgraph 2 below
insmational appication No. imetnational filng date fdayénontiesr) Pricetly date (depfnonttyjaar)
PCTAJS2005013812 08.04.2005 09.04.2004

Internaionsl Paterrt Glassificartion (1C) or looth nations] cassificaion snd IPG
CO7DA7104, ABIKS15377, AB1P2000, AB1P3500

Applicam
MILLENNIUM PHARMACEUTICALS, INC

1. This opinion contains indicationa relating 1o the following items:

Box No. | Basta of the opinlon

O BoxNe.li  Priorhy

Box No. il  Non-establishment of opinion with regard to novelly, inventive stap and Industrial appficablity
O BoxNo.IV  Lack of unlty of invention

Box No.V  Reasoned sirtement under Rule 43ble.1(a)(l) with regard to novelly, Inventive step or Industrial
applicabifily; cltations and explanationa supporting such statement

O BoxNo.Vl  Cartain documents cltad
Box No, VIl Certaln datects In the international application
] Box No. Vil Certaln observations on the Internationa’ application

2. FURTHER ACTION

1 a demand for intemational preliminary examinaion ks made, this opinion will usually be considered to be a
wriiten opinion of the International Preiiminary Examin thuunlty(‘lPEA) However, this does not apply where
thve applicant cl‘mulanAuﬂndlyoﬂu‘lhmthlsnmbb.m.IPEAandhdmanEAhumthdh
Intemational Bureau under Rule 86.1his(b) that written opinlons of this Intamational Searching Authority

will not be so considared.

if thin opinion is, as provided above, considared to be & written opinion of the IPEA, the applicant Is invited to
submit to the IPEA a written reply together, where appropriais, with amendments, before the expiration of three
mumhsfrurnlhodlbofmalngofFormPGTAMnrhdueﬂuuplruﬂmdﬂmomhumlthdm
whichever expires laier,

For further options, see Form PCTASAR20,
3. Forturther detalls, see notme to Form PCTASAZ20.

Name and maling address of te BA: Auuxized Officer -~
Q European Palent Offics Sohnson, C @

== Tal.+40 60 2308 - 0 Tx; 523858 epmu ¢
Fax: +48 89 2300 - 4485 Taisphane No. -+49 B8 2399-8287 -
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WRITTEN OPINION OF THE intemational application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAIS2005013812

Box No. | Basis of the opinion

1. With regard to the language, this opinion has been establishad on the basis of the intemational applicatian in
the language in which it was flled, unless otherwise Indicated under this item.

O This opinion has been eetabilshed on the basis of a transiation from the origingl language Into the following
language , which ia the language of a translation fumnished for the purposes of intemational search
{under Rules 12.3 and 23.1(b)}.

2. With regard to any nuclectide andibr aming acid ssquence disciosed In the international application and
necessary fo the claimed invention, this opinion has been established on the basis of:

a. type of material:

0 a sequence listing
O tabie(a) related to the sequence Heting
b. format of metorial:
L1  in written format
0J in computer readable form
¢. time of filingfumishing:
3 contained in the imemational application as Mied.
O filed together with the international application in compuier readable form.
0 turnished aubsaquently to this Authority for the purposes of search.

3. (0 in addition, in the case that more than one varsion or copy of a sequence listing andbr tabie relating thereto
has been fllad or fumished, the required statements that the information In the subsaquent or additional
m:gmm;gﬁemasfladortbunotmbuyondﬂ\enmhmalﬂhd.u

4. Additional comments:




T __PATENT COOPERATION TR \TY M”(

From the
INTERNATIONAL SEARCHING AUTHORITY

PCT  ,S°

WRITTEN OPINION OF THE
906 form PCTASAZ20 INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)

Dete of malling

(daysmontiviaar) see form PCTASAR10D (second shest)
Applicants or sgentts fle ruferance FOR FURTHER ACTION
see form PCTASA220 See paragraph 2 below
Intemnational application No. imemational filing date (dayimonthviear) Priority date {dayénonthyear)
PCTAIS2005013812 08.04.2005 09.04.2004

International Patent Classification (IPC) or both national classification and IPC
CO7D47104, AB1K315377, A61P2800, AB1P3500

Applicar

MILLENNIUM PHARMACEUTICALS, INC

1. This opinion containg indications relating to the following lems:

B Box No.! Basiz of the oplnion

O BoxNo.ll  Priority

® BoxNo.lll  Non-astablishment of opinlon with regard to novelty, Inventive step and Industrial applicabliity
[0 8oxNo. IV  Lack of unlty of invention

¥ BoxNo.V  Reasoned statement under Rule 43bis.1(a)(l) with regard to novelty, inventive step or Industrial
appliceblilty; citations and explanations supporting such statement

[0 Box No. VI  Certain documents cited
B Box No. Vil Certain defacts In the international application
O Box No. VIl Cartain observations on the International application

2. FURTHER ACTION

if a demand for intemational preliminary examination ls made, this opinion wlll usually be considered to be a
wiitisn oplnion of the iImemational Preliminary Examining Authority ("IPEA"). However, this doss not apply where
the sppticant chooses gn Authorlly other than this ane to be the IPEA and the chosan |PEA has notifed the
International Bureau under Rule 66.1bis(b) that written opintona of this imemational Searching Authority

will not be 50 considered.

i this opinlon Is, as provided above, considered to ba a written opinion of the IPEA, the applicarnt s invited to
submit o the IPEA a written reply together, where appropriate, with amendments, before the expiration of thrae

months from the date of malling of Form PCTASAZ220 or before the expiration of 22 months from the priority date,
whichever explres later.

Far further options, see Form PCTASA220.
3. Forfurther detalls, see notes to Form PCTASAZ220.

Name and malling address of the ISA: Authortzed Officer /__\
Patent ;
S et Office Johnson, C i @ \,
Tal. +49 89 2399 - O Tx: 523858 epmu d ¥ y
Fax: +40 89 2399 - 4485 Telephone No. +48 80 2308-8287 Nty ot”

Form (PCTASAR3T) (Cover Sheet) (January 2004)
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WRITTEN OPINION OF THE Intemational application No.rbg‘*

INTERNATIONAL SEARCHING AUTHORITY PCTAUS2005013812

Box No.| Basls of the opinion

. With regard to the language, this opinion has been established on the basis of the intemational application in
the language In which it was filed, unless otherwise indicated under this ltem.

O This opinion has been established on the basis of a transiation from the original language into the following
language |, which is the language of a translation furnished for the purposes of intemational search
(under Rules 12.3 and 23.1(b)).

. With regard o any nucleotide andbr amino acld sequence disclosed in the intemational application and
necessary 1o the claimed invention, this opinion has baen established on the basis of:

a. type of material:
0 asequence listing
O table(s) related to the sequence listing
b. format of material:
O in written format
O in computer readable form
c. time of filingfumishing:
O contained in the intemational appiication as filed.
O filed together with the intemational application in computer readable form.
O fumished subsequently to this Authority for the purposes of search.
. O In addition, in the case that more than one version or copy of a sequence listing andbr table relating thereto
has been flled or fumished, the required statements that the information in the subsequent or additional

coples Is identical to that In the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

. Additional comments:

Form PCTASA/ 237 {January 2004)
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WRITTEN OPINION OF THE Intemnational application Nt:;'llS
INTERNATIONAL SEARCHING AUTHORITY PCTAJS2005013812

Box Na. lll Non-establishment of opinlon with regard to noveity, Inventive step and industrial
applicability

The questions whether the claimed invention appears 1o be novel, i involve an inventive step (to be non
cbvious), or to be industrially applicable have not been examined in respect of:

O the entire International application,
B claims Nos. 20-27
bacauss:

) the said intemational application, or the said claims Nos. 20-27 relate to the following subject matter
which does not require an intemational preliminary examination (gpecify):

860 soparaie sheet

O the description, claims or drawings (indicate particuiar elements beiow) or said claims Nos.  are so
unclear that no meaningful opinion could be formed (specify): :

O the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion
could be formed.

O no intemational search report has been established for the whole application or for said claims Nos.

0 the nuclectide andor amino acid sequence listing does not comply with the standard provided for in Annex
C of the Administrative Instructions in that:

the written form O has not been furmished
O does not comply with the standard
the computer readable form [  has not been furnished
O does not comply with the standard
O the tables related 1o the nucleotide andbr amino acid sequence listing, if in computer readabie form only, do
not comply with the technical requirements provided for in Annex C-bis of the Administrative Instructions.

O See separate sheet for further detalls

Form PCTISA/237 (Janusry 2004)
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WRITTEN OPINION OF THE Intemational application No. ’I}q
INTERNATIONAL SEARCHING AUTHORITY PCTAJS2005013812

Box No.V Reasoned statement under Rule 43bis.1(a){) with mgald to novelty, Inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement
Novelty (N) Yos: Claims 1-27
No: Claims
Inventive step (IS) Yes: Claims
No: Claims 1-27
industrial applicability (IA) Yos: Claims 1-19

No: Clalyns

2. Citations and explanations
200 separate sheet

Box No. Vil Certain defects in the International application
The following defects in the form or contents of the intemational application have been noted:
soe separate shoet

Form PCTASA/ 237 (January 2004)
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WRITTEN OPINI N OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2005/013812

lil. Non-establishment of opinion
Claims 20-27 relate to subject-matter considered by this Authority to be covered by
the provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be formulated with
respect to the industrial applicability of the subject-matter of these claims (Article
34(4)(a)(i) PCT).

V. Reasoned statement

Reference is made to the following document:
D1: WO01/68648

Novelty

The presently claimed subject matter differs from that of D1 because of the -Q-C(O)-
G group.

Claims 1-27 fulfil the requirements of Article 33(2) PCT.

inventive step

The compounds of D1 are IkB kinase (IKK) inhibitors useful in the treatment of
inflammatory diseases and cancer. The technical problem underlying the present
application is that of providing further compounds with this activity. This problem has
been solved by replacing the substituent on the morpholine ring which can be e.g.
CH2COOalkyl or CH2SO2NHalkyl by the present -Q-C(0O)-G group which can be e.g.
CH2CONHalkyl. It would be obvious to the skilled person to solve the above-
formulated problem by modifying one or other of the substituents of the compounds
of D1, and, in view of the fact that both esters and sulfonamides are known from D1,
it would be obvious to provide amide substituents such as those of the present
claims. Thus, insofar as the present compounds have no unexpected properties
compared with those of D1, they are not considered to be inventive.

Claims 1-27 do not fulfil the requirements of Article 33(3) PCT.

industrial applicability

Claims 1-19 fulfil the requirements of Article 33(4) PCT.

No unified criteria exist in the PCT Contracting States for assessing whether present
claims 20-27 are industrially applicable. The patentability can be dependent upon the

Form PCT/SA/237 (Separate Sheet) (Sheet 1) (EPO-January 2004)
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!
WRITTEN PINION OF THE Intemational application No.
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCTAJS2005/013812

formulation of the claims. For example, the EPO does not consider claims to the use
of a compound in medical treatment to be industrially applicable, but allows claims to
a known compound for first use in medical treatment and the use of such a
compound for the manufacture of a medicament for a new medical treatment.

VI. Certain documents cited
WO02004/092167, published on 28.10.04, claims priority of 9.4.03. This document
discloses compounds of a general formula lll-A-a (claim 15) overlapping with the
present general formula 1ll-A-aa, for use as IKK inhibitors. This document may be
highly relevant for the assessment of novelty in the regional phase, and, depending

on the validity of the respective priorities, may also be relevant for the assessment of
inventive step.

Vil. Certaln defects
Ciaims 2, 3, 17 and 18 are formulated as independent ciaims, but appear to include
all the features of claim 1 and hence should be dependent on this claim. The
dependency of claims 22 and 25 is incorrect.

Form PCTASA/237 (Separate Sheet) (Sheet 2) (EPO-January 2004)
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WILENNIUM PHARWACEIMEAS ___ PATENT COOPERATION TREA— . PCTIUS2005013812 £
0CT 19 2005 ,LQ,D
A ARTMENT ,g) From the INTERNATIONAL BUREAU
NG OEP.
SR peT =
NOTIFICATION CONCERNING SHAIR, Karoline, K., M.
SUBMISSION OR TRANSMITTAL Millennium Pharmaceuticals, Inc.
OF PRIORITY DOCUMENT 40 Landsdowne Street

Cambridge, MA 02139

ETATS-UNIS D'AMERIQUE
(PCT Administrative Instructions, Section 411)

Dute of mailing (dapmonthvyear)
10 October 2005 {10.10.2005)
Applicant’s or agent’y file reference
MP104-003 IMPORTANT NOTIFICATION
Internaticnsl application No. Tnternatéonal filing datc (dayimonth/rear)
PCT/US2005/013812 08 April 2005 (08.04.2005)
Intermationsl publication date (dayvmanth/year) Priority detx (daywonthiear)
L 08 April 2004 (09.04.2004)
cant
q ' MHLENNIUM PHARMACEUTICALS, INC. et al

1. By means of this Form, which replaces any previously issued notification conceming submission or transmitml of priority
documents, the applicant is hereby notified of the date of receipt by the International Buresu of the priority document(s) relating 10
all earlier application(s) whose priority is claimed. Unless otherwise indicated by the letters "NR", In the right-hand column or by an
asterisk appearing next to a date of receipt, the prierity document concerned was submitted or transmitted to the Intermational Bureau
in compliunce with Rule 17.1(a) or (b).

2. (If applicable) The letters “NR™ appearing in the right-hand column denote a priority document which, an the date af mafling af
this Form, had not yet beem recelved by the Intermational Buresu under Rule 17.1(a) or (b). Where, under Rule 17.1(a), the
priority document must be submitted by the spplicant to the recelving Office or the International Bureau, but the applicant fhils to
submit the priority document within the applicable time Hmit under that Rule, the sttention of the applicant is directed to Rule
17.1(c) which provides that no designated Officc may disegard the priority claim concemed before giving the spplicant an
gpportunity, upon entry into the national pbase, to furnish the priority document within a time limit which is reasonable under the
circumatances.

3. (I applicable)Anm asteriak (*) appearing ncxt to a date of receipt, in the right-hand column, denotes a priority document submitted
. or trensmitted to the International Bureau but not In compliance with Rule 17.1(s) or (b) (the priority document was received

after the time limit prescribed in Rule 17.1(g) or the request o prepare and transmit the priority document was submitted to the
receiving Office after the epplicable time limit under Rule 17.1(b)). Even though the priority document was not furnished in
compliance with Rule 17.1(s) or (b), thc International Bureau will ncvertheless tranamit & copy of the document to the designated
Offices, for their consideration. In case such & copy is not accepted by the designated Office aa the priority document, Rule 17.1(c)
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, upon entry
into the nationel phase, to fumnish the priority document within a time limit which is reasonsble under the circumstances.

Prinity dat Priasit lication N Count ianal O Date of recei
or PCT recelving Office of_prority document
09 April 2004 (00.04.2004) 80/580.862 uUs 28 September 2005 (26.08.2006)
The International Bureau of WIPO Authorized officer
34, chemin des Colombettes .
1211 cm'enn 20, Switzerland CHAHINE Leila
Facsimile No. (41-22) 338.89.95
Facsimile No. +41 22 338 82 70 Telephone No. +41 22 338 9999

Form PCT/IB/304 (January 2004) CLONTABB
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REQUISITOS MINIMOS PARA ADMISION A TRAMITE

PCT
PATENTE DE INVENCION ¥l MODELO DE UTILIDAD [ ]
€ Indicacion de que se solicita la concesién de una patente ]
¢ Datos de identificaci6n del solicitante o de la persona que presenta la solicitud [y]
9 Descripcién de la Invencion ]
@ Dibujos de ser estos pertinentes [
4 Comprobante de pago de las tasas establecidas [
COMPLETA Ef] | INCOMPLETA [ ]

DISENO INDUSTRIAL" [ ]

4 Indicacién de que se solicita el registro de Disefio Industrial [1]

4 Datos de identificacién del solicitante o de la persona que presenta la solicitud [ ]

¢ Representaclén gréfica y fotogrifica del Disefio Industrial o muestra del '[ ]
material que Incorpora el disefio

€ Comprobanta de pago de |as tasas establecidas [ ]

COMPLETA [ ] INCOMPLETA [ }

ESQUEMA DE TRAZADO [ ]

® Indicacidn de que se solicita el registro de un Esquema de Trazado

¢ Datos de identificacion del sollicitante o de la persona que presenta la solicitud
€ Representacién gréfica del esquema trazado

¢ Comprobante de pago de las tasas establecidas
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el B Bl b
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