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BETA-CARBOLINES USEFUL FOR TREATING INFLAMMATORY DISEASE

Related Application

[0001] This application claims the benefit of US
Provisional Patent Application 60/461468 filed April 9,
2003,

Field of the Invention

[0002] This invention relates to beta-carboline
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

[0003] The transcription (nuclear) factor NF-xB is a
member of the Rel protein family, and is typically a
heterodimer composed of p50 and p65 subunits. NF-XB is
congtitutively present in the c¢ytosecl, and is inactivated
by its association with one of the IXB family of inhibiters.
Palombella et al., WO 95/25533, teaches that the ubiquitin-
proteasome pathway plays an essential role in the
regulation of NF-xB activity, being responsible for the
processing of pl05 to p50 and the degradation of the
inhibitor protein IKB~a. Chen et al., Cell 84:853 (1996),
teaches that prior to degradation, IxB-a undergoes selectiv
phosphorylation at serine resldues 32 and 36 by the
mltisubunit IxB kinase complex (IKK). IXB-a is
phosphorylated by IKK, which has two catalytic subunits,
IKK-1 (IXB kinase a or IKK-a) and IKK-2 (IXKB kinase B. or
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IXKK-B). Once phosphorylated, IxB is targeted for
ubiquitination and degradation by the 26S proteasome,
allowing translocation 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 IKB and its further
downetream effects, particularly those associated with NF-xB
transcription factors.

[0004] The protein products of gemes under the
regulatory control of NF-xB include cytokines, chemokines,
cell adhesion molecules, and proteins mediating cellular
growth and control. Importantly, many of these
proinflammatory proteins also are able to act, either in an
autocrine 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-KB is a
heterodimeric transcription factor which can activate a
large number of genes which code, inter alia, for
proinflammatory cytokines such as IL-1, IL-2, TNFQ or IL-6.
NF-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
IxB. This proteolytic degradation leads to the activation
of NF-xB, which subsequently migrates into the nucleus of
the cell and activates a large number of proinflammatory
genes.

[0005]) Rinehart et al., U.S. Pat. No. 4,631,149 (1986),
discloses beta-carboline compounds useful as antiviral,
antibacterial, and antitumox agents.
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[0006] Ritzeler et al., WO 01/68648, discloses beta-
carboline compounds with IKB kinase inhibitory activity for
use in the treatment of inflammatory disorders (e.g.,
rheumatoid arthritis), ostecarthritis, asthma, cardiac
infarct, Alzheimer's disease, carcinomatous disorders
(potentiation of cytotoxic therapies) and atherosclerosis.
[0007] It would be beneficial to provide novel IKX
inhibitors that possess good therapeutic properties,
especially for the treatment of inflammatory disease.

Description of the Invemntion

[0008] This invention provides compounds that are useful
for treating IKK-2-mediated diseases, such as :i.nfla.l'tmatory
diseases and cancer. The compounds are represented by
formula I:

wherein Ring A 1s selected from the group consisting of:
(a) a pyridinyl or pyrimidinyl ring that is
pubstituted by (i) -CH,C(0)-G and 0-1 R* or (ii) 1-2 R®%,
and .
(b) a morpholinyl, piperidinyl, piperazinyl,
pyrrolidinyl, pyranyl, tetrahydrofuranyl, cyclohexyl,
cyclopentyl or thiomorpholinyl ring that is substituted by
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(1) —C(R"),, -W-G, or -G, (ii) 0-4 R®™ and (iii) 0-1 oxo

groups on a ring carbon or 0-2 oxo groups on a ring sulfur;
each R®™® is independently selected from C;.¢ aliphatic,

halo, Ci-s alkoxy, or amino;

each R® is independently selected from C;.3 aliphatic
or -N(R")2, and two R®® on the same or an adjacent carbom
optionally are taken together with the intervening
carbon(s) to form a 5-6 membered ring having 1-2 ring
hetercatoms selected from N, O or S;

W is -g-, -@-c(0)-, -c(®%)2-C(R%) (R'¥)~, or
-C(R%) 2~ [C(R?) (R'?) 12-;

Q is ~C(R%)z- oxr ~C(R®);C(R’)a-;

G is -OH, -NR'R’, -N(R’)CONR'R®, -N(R®)S0;(Ci-
aliphatic), -N(R’)COCF;, -N(R®)CO(C,.¢ aliphatic),

-N(R%)CO (heterocyclyl), -N(R?)CO(hetexocaryl),

-N(R*)CO(aryl), a 3-7 membered heterocyclyl ring, or a 5-6
membered hetercaryl, wherein each of the heteroaryl, aryl
and heterocyclyl mcieties of G is optionally substituted by
1-3 RY;

R' is hydrogen, halo, C;.; aliphatic, amino, cyano, (Ci3
alkyl)i;.a amino, Ci;.; alkoxy, ~CONH;, -NBEHCOCF;, or -CHaNH;;

R? is hydrogen, halo, C;.; aliphatic, ~CF;;

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

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

R’ ip hydrogen, C,.s aliphatic group or a 3-7 membered
heterocyclic ring having 1-2 ring heterocatoms selected from
N, O, or S, wherein R® is optionally substituted by halo,
-OR?, -CN, -8R?, -S(0)aR%, -S(0)aN(R”)z, -C(O)R’, -CO;R’,
-N(R")z, ~-C(O)N(R")3, -N(R")C(O)R’, -N(R")COsR®, or
-N(R")C(O)N(R")3;
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each R’ is independently selected from hydrogen or Ci4
aliphatic, or two R’ on the same nitrogen atom are taken -
together with the nitrogen to form a 5-6 membered
heteroaryl or heterocyclyl ring;

each R? is independently selected from C;4 aliphatic;

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

each R is independently selected from oxo, -R?,
-7-R?, or -v-T-RY;

each R* is independently selected from C;_ aliphatic,
halo, -S(0)aN(R’)2, -OR’, -CN, -SR®, -S(0);R®, -C(O)R’, -CO.R’,
-N(R")3, -C(O)N(R")3, -N(R")C(0)R’, -N(R’}CO;R’, or
-N(R")C(0)N(R")2;

T ie a straight or branched Ci.4 alkylene chain;

V is -0-, -N(R"}-, -8-, -S8(0)-, -8(0)z~, -C(0)-, or
-C0z-; and

R'? is hydrogen or an amino acid side chain.
[0009] The term “aliphatic” as used herein means
stralght-chain,- branched or cyclic C-Ci2 hydrocarbons which
are completely saturated or which contain one or more units
of uhsaturation but which are not aromatic. For example,
suitable aliphatic groups include substituted or
unsubstituted linear, branched or cyclic alkyl, alkenyl,
alkynyl groups and hybrids thereof such as
(cycloalkyl)alkyl, {(cycloalkenyl)alkyl or
(cycloalkyl)alkenyl. The terms "alkyl®, "alkoxy®,
"hydroxyalkyl®”, ™alkoxyalkyl®, and "alkoxycarbonyl", used
alone or as part of a larger moiety, include both straight
and branched chains containing one to twelve carbon atoms.
The terms “alkenyl”’ and ‘alicynyl', used alone or as part of
a larger moiety, include both straight and branched chains

containing two to twelve carbon atoms. The term
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"cycloalkyl, used alone or as part of a larger moiety,
includes cyclic C3-Ci; bydrocarbons which are completely
saturated or which contain one or more units of
unsaturation, but which are not aromatilc.
[0010] The terms "haloalkyl®", “haloalkenyl” and
*haloalkoxy”, mean alkyl, alkenyl or alkoxy, as the case
may be, substituted with one or more halogen atoms. The
term “halogen" means F, Cl, Br, or I.
[0011] The term “heterocatom” means nitrogen, oxygen, or
sulfur and includes any oxidized form of nitrogen and
sulfur, and the quaternized form of any basic nitrogen.
Also the term "nitrogen” includes a substitutable nitrogen
f a heterocyclic ring. As an example, in a saturated or
partially unsaturated ring baving 0-3 heteroatoms selected
from oxygen, sulfur or nitrogem, the nitrogem may be N (as
in 3,4-dihydro-2-pyrrolyl), NH (as in pyrrolidinyl) or NR'
(as in N-substituted pyrrolidinyl). i
[0012] The terms “carbocycle”, “carbocyclyl®”,
"carbocyclo”, or “carbocyclic” as used herein means an
aliphatic ring system having three to fourteen meambers.
The terms "carbocycle", "carbocyclyl®", "carbocyclo®, orx
*carbocyclic" whether saturated or partially unsaturated,
also refers to rings that are optionally substituted. The
terms “carbocycle", "carbocyclyl®", "carbocyclo", or
rcarbocyclic® also include aliphatic rings that are fused
to one or more aromatic or nonaromatic rings, such as in a
decahydronaphthyl or tetrahydronaphthyl, where the radical
or point of attachment is on the aliphatic ring.
{0013] The term "aryl® used alone or as part of a larger
moiety as in "aralkyl®", "aralkoxy®", or "aryloxyalkyl®,
refers to aromatic ring groups having five t fourteen



WO 2004092167 PCT/US2004/011080

Y, J

members, such as phenyl, benzyl, phenethyl, l-naphthyl, 2-
naphthyl, l-anthracyl and 2-anthracyl. The term "aryl®
also refers to rings that are optionally substituted. The
term “aryl® may be used interchangeably with the term “aryl
ring". "Aryl” also includes fused polycycllc aromatic ring
systems in which an aromatic ring is fused to one or more
rings. Examples include l-naphthyl, 2-naphthyl, 1-
anthracyl and 2-anthracyl. Alsc included within the scope
of the term “aryl”, as it is used hexein, is a group in
which an aromatic ring is fused to one or more non-aromatic
rings, such as in an indanyl, phenanthridinyl, or
tetrahydronaphthyl, where the radical or point of
attachment is on the aromatic ring.

[0014] The term "heterocycle”, "heterocyclyl®”, or
"heterocyclic” as used herein includes non-aromatic ring
systems having five to fourteen members, preferably five to
ten, in which one or more ring carbons, preferably one to
four, are each replaced by a heteroatom such as N, O, or 8.
Examples of heterocyclic rings include 3-1H-benzimidazol-2-
one, {(l-substituted)-2-oxo-benzimidazol-3-yl, 2-
tetrahydrofuranyl, 3-tetrahydrofuranyl, ‘
2-tetrahydropyranyl, 3-tetrahydropyranyl, 4-
.tetrahydropyranyl, [1,3]-dioxalanyl, [1l,3]-dithiolanyl,
[1,3]-dioxanyl, 2-tetrahydrothiophenyl, 3-
tetrahydrothiophenyl, 2-morpholinyl, 3- morpholinyl, 4-
morpholinyl, 2-thiomorpholinyl, 3-thiomorpholinyl, 4-
thiomorpholinyl, 1l-pyrrolidinyl, 2-pyrrolidinyl, 3-
pyrrolidinyl, l-piperazinyl, 2-piperazinyl, l-piperidinyl,
2-piperidinyl, 3-piperidinyl, 4-piperidinyl, 4-
thiazolidinyl, diazolonyl, N-substituted diazolonyl, 1l-
phthalimidinyl, benzoxanyl, benzopyrrolidinyl,
benzopiperidinyl, benzoxolanyl, benzothioclanyl, and
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benzothianyl. Also included within the scope of the term
*heterocyclyl® or "heterocyclic®, as it is used herein, is
a group in which a non-aromatic heteroatom-containing ring
is fused to one or more aromatic or non-aromatic rings,
such as in an indolinyl, chromanyl, phenanthridinyl, or
tetrahydroquinolinyl, where the radical or point of
attachment is on the non-aromatic heterocatom-containing
ring. The term "heterocycle”, "heterocyclyl®, or
*heterocyclic" whether saturated or partially unsaturated,
also refers to rings that are optionally substituted.
[0015] The term “*heteroaryl”, used alone or as part of a
larger moiety as in “heteroaralkyl” or “heteroarylalkoxy",
refers to heteroaromatic ring groups having five to
fourteen members. ' Examples of heterocaryl rings include 2-
furanyl, 3-furanyl, 3-furazanyl, N-imidazolyl, 2-
imidazolyl, 4-imidazolyl, 5-imidazolyl, 3-isoxazolyl, 4-
isoxazolyl, 5-isoxazolyl, 2-oxadiazolyl, 5-oxadiazolyl, 2-
oxazolyl, 4-oxazolyl, 5-oxazolyl, l-pyrrolyl, 2-pyrrolyl,
3-pyrrolyl, l-pyrazolyl, 2-pyrazolyl, 3-pyrazolyl, 2-
pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-
pyrimidyl, 3-pyridazinyl, 2-thiazolyl, 4-thiazolyl, 5-
thiazolyl, 5-tetrazolyl, 2-triazolyl, 5-triazolyl, 2-
thienyl, 3-thienyl, carbazolyl, benzimidazolyl,
benzothienyl, benzofuranyl, indolyl, quinolinyl,
benzotriazolyl, bemzothlazolyl, benzooxazolyl,
banzimidazolyl, isoquinolinyl, indazolyl, isoindolyl,
acridinyl, or benzoisoxazolyl. Also included within the
scope of the term “hetercaryl”, as it is used herein, is a
group in which a hetercatomic ring is fused to ocme or more
aromatic or nonaromatic rings where the radical or point of
attachment is on the heterocaromatic ring. Examples include
tetrahydroqgquinolinyl, tetrahydroisoquinolinyl, and
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pyvrido[3,4-d]lpyrimidinyl. The term "heterocaryl® also
refers to rings that are optionally subgtituted. The term
"heteroaryl®” may be used interxrchangeably with the term
*heteroaryl ring" or the term "heterocaromatic".

[0016] An aryl (including aralkyl., aralkoxy,
aryloxyalkyl and the like) or heteroaryl {(including
heteroaralkyl and heteroarylalkoxy and the like) group may
contain one or more substituents. Examples of suitable
substituents on the unsaturated carbon atom of an aryl,
heteroaryl, aralkyl, or heteroaralkyl group include a
halogen, -R°, -OR°, -SR°, l,2-methylene-dioxy, 1,2-
ethylenedicxy, protected OH (such as acyloxy), phenyl (Ph),
substituted Ph, -0(Ph), substituted -0O(Ph), -CHz2(Ph),
gubstituted -CH;(Ph), -CH;CHz(Ph), substituted -CH;CHj(Ph),
-NO;, -CN, - N(R°);, -NR°C{O)R®, -NR°C(O)N(R°)s, -NROCO;R®,
-NRONROC (0)R®, -NR°NR°C(O)N(R°)z, ~NROPNRPCO;R°, -C(O)C(O)R®°,
-C{O)CH;C(O)R®, -COzR®, -C(O)R®, -C(O)N(R®)z, -OC(O)N(R°)gz,
-S(0)2R°, -SON(R°)2, -S(O)RY, -NROSO;N(R°};, -NRPSO;R°,
-C{=8S)N(R°®);, -C(=NH)-N(R°)2, -(CH3) MNHC({O)R®°, - (CH;),NHC(O)
CH(V-R®) (R°) ; wherein each R® is independently selected
from hydrogen, a substituted or unsubstituted aliphatic
group, an unsubstituted heterocaryl or heterocyclic ring,
phenyl (Ph), substituted Ph, -0(Ph), substituted -0O(Ph),
-CH2(Ph), or substituted -CH;(Ph); vy is 0-6; and V is a
linker group. Examples of substituents on the aliphatic
group or the phenyl ring of R° include amino, alkylamino,
dialkylamine, aminocarbonyl, halogem, alkyl,
alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkoxy,
nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl,
hydroxy, haloalkoxy., or haloalkyl.

10
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[0017] An aliphatic group or a non-aromatic heterocyclic
ring may contain one or more substituents. Examples of
suitable substituents on the saturated carbon 20 of an
aliphatic group or of a non-aromatic heterocyclic ring
include those listed above for the unsaturated carbon of an
aryl or heteroaryl group and the following: =0, =S, =NNHRY,
=NN(R*)3, =N-, =NNHC(O)R*, =NNHCO2(alkyl), =NNHSO;{alkyl),
or =NR*, where each R* is independently selected from
hydrogen, an unsubstituted aliphatic group or a substituted
aliphatic group. Examples of substituents on the aliphatic
group include amino, alkylamino, dialkylamino,
aminocarbonyl, halogen, alkyl, alkylaminocarbonyl,
dialkylaminocarbonyl, alkylaminocarbonyloxy,
dialkylaminocarbonyloxy, alkoxy, nitro, cyano, carboxy,
alkoxycarbonyl, alkylcarbonyl, hydroxy, haloalkoxy, or
haloalkyil.

[0018] Suitable substituents on the nitrogen of a non-
aromatic heterocyclic ring include -R', -N(R')2, -C(O)R',
—~COR*, -C(O)C(O)R', —-C(O)CHzC(O)R*, -SOR*, -SON(R*)3.
-C(=8)N(R')2, -C{=NH)-N(R');, and -NR'SO;R'; wherein each R’
is independently selected from hydrogen, an aliphatic
group, a substituted aliphatic group, phenyl (Ph),
substituted Ph, -0(Ph), substituted -0(Ph), CH;(Ph),
substituted CH;(Ph), or an unsubstituted heteroaryl or
heterocyclic ring. Examples of substituents on the
aliphatic group or the phenyl ring include amino,
alkylamino, dialkylamino, aminocarbonyl, halogen, alkyl,
alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkoxy,
nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl,
hydroxy, haloalkoxy, or haloalkyl.
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[0019] The term “"linker group®” or "“linker” means an
organic moiety that comnecte two parts of a compound.
Linkers are typlcally comprised of an atom such as oxygen
or sulfur, a unit such as -NH-, -CH3-, -C{(0)-, -C(O)NH-, =x
a chain of atoms, such as an alkylidene chain. The
molecular mass of a linker is typically in the range of
about 14 to 200, preferably in the range of 14 to 96 with-a
length of up to about six atoms. Examples of linkers
include a saturated or umsaturated C;_g alkylidene chain
which is optionally substituted, and wherein one or two
saturated carbone of the chain are optionally replaced by
-c{(0)-,* -C(0)C(0)-, -CONH-, -CONHNH-, -COz;-, -0C(0)-,
-NHCO2~, -0-, -NHCONH-, -QC{O)NH-, -NHNH-, -NHCO-, -S-,
-80-, -S03-, -NH-, -SO0;NH-, or -NHSO2-.

[0020] The term “alkylidene chain” or *alkylene chain~”
refers to an optionally substituted, straight or branched
carbon chain that may be fully saturated or have one or
more units of unsaturation. The optional substituents are
as described above for am aliphatic group.

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

ipomers as well as emantiomeric and diastereomeric mixtures
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of the present compounds are within the scope of the

invention. Unless otherwise stated, structures depicted
herein are also meant to include compounds which differ
only in the presence of one or more isotopically enriched
atoms. For example, compounds having the present
structures except for the replacement of a hydrogen atom by
a deuterium or tritium, or the replacement of a carbon by a
13a_ or Yc-enriched carbon are within the scope of this
invention.

[0023] In one embodiment of the invention, Ring A is
Belected from a pyridinyl or a pyrimidinyl ring that is
pubstituted by 1-2 R®® groups. In this embodiment,
preferred Ring A include a 3-pyridinyl or a 5-pyrimidinyl
ring, shown below by the compounds of formula II-A and II-
B, respectively.

NH NH
A
II-A II-B II-C (Y = N or CH)
[0024] Preferably, R®® is selected from halo or a Ci_g

aliphatic, such as chloro or methyl. When R5® is an
aliphatic group such as methyl, a favorable position for
the R*® group is at the 2-position of the pyridinyl ring or
the 4-position of the pyrimidinyl ring, as shown in II-C
above. Particular Ring A moieties are 2-methyl-3-pyridinyl
and 4-methyl-5-pyrimidinyl. It has been found that
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compounds of formula II-C where R*® im a methyl group are
surprisingly more potent in biological testing folr IKK
inhibition than analogous compounds that have an
unsubstituted Ring A pyridine, such as those described in
the aforementioned Ritzeler et al. PCT application WO
01/68648.

[0025] Preferred R® groups are small groups such as
"hydrogen, methyl, amino and fluoro.

[0026] Preferred R? groups include hydrogen and halo.
Chloro is a preferred R? halo group.

[0027] Preferred R® groups include hydrogen, halo

{especially chloro) and alkoxy. Examples of suitable
alkoxy groups include C;.4 alkoxy groups such as methoxy,
ethoxy, propoxy and cyclopropylmethoxy.

[0028] In another embodiment, Ring A is selected from a
5-6 membered non-aromatlc ring having 0-2 ring heteroatoms
selected from nitrogen, oxygen and sulfur. These are
designated generally as compounds of formula III. Examples
of non-aromatic Ring A groups include a morpholinyl,
piperidinyl, piperazinyl, pyrrolidinyl, pyranyl,
tetrahydrofuranyl, cyclohexyl, cyclopemtyl and a
thiomorpholinyl ring. Preferably, such non-aromatic rings
are substituted by (i) -C(R%); or -W-G, (ii) 0-4 R®.and
(iii) 0-1 oxo groupe on a ring carbon or 0-2 oxo groups on
a ring sulfur. More preferably, such non-aromatic rings
are substituted by (i) -W-G, (ii) 0-2 R®.and (iii) 0-1 oxo
groups on a ring carbon or 0-2 oxo groups on a ring sulfur.
[0029] A preferred G is -NR‘R’ or a 3-7 membered
heterocyclyl ring. More preferably G is -NR'R® or a 5-6
membered heterocyclyl ring, where G is substituted by 1-2
R®,
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[6030] A preferred R' is a hydrogen, 5-6 membered
heterocyclyl ring, or C;.¢ aliphatic, more preferably
hydrogen or C;.¢ aliphatic. R may also be a C;-¢ alkoxy.
[0031) A preferred R® is a hydrogen, 5-~6 membered
heterocyclyl ring, or Ci.¢ aliphatic, more preferably
hydrogen or C;.¢ aliphatic.

[003Z] Various formula IIY compounds where Ring A is a
non-aromatic ring are shown in Table 2. For ease of
viewing, substituents on these non-aromatic Ring A
compourds, except for the oxo group in some cases, are not
shown.

Table 2. Compounds where Ring A is Non-Aromatic

NH

III-A III-B IIXI-C
' 1
: : ; H
NH
A

ILIX~-F

III~D
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H
A
IIT-G
1
R2
[0033] When Ring A is a non-aromatic, six-membered

heterocylic ring, a favorable position for the ~W-G and
-C{R%)s substituents on Ring A is ortho to the position
where the beta-carboline portion is attached. For example,
in compounds III-A, III-B, III-D, 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
III-F.

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

-c(R?)2-C(R?) (R**) -, or -C(R%)2-[C(R®) (R*®)];- where R® is
hydrogen. More preferably, W is -Q-, -Q-C{(0)-, or

-C(R?) 3-C(R?) (R**)-. R!? is hydrogem, C:.s aliphatic,
substituted or unsubstituted phenyl, substituted or
unsubstituted benzyl or ah amino acid side chain,

I3
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particularly the side chain of a natural amino acid.
Examples of particular natural amino acids include alanine,
phenylalanine, valine, leucine, isoleucine, serine,
tyrosine, aspartic acid and glutamic acid.

[0035] In one embodiment, W is Q-C(0)-. 1In this
embodiment, a preferred Q is -CHz- or -CH;-CHz-, more
preferably —CHa-.

[0036) In another embodiment, Ring A is substituted by
0-2 R®. A preferred R®™ group is methyl. When Ring A is a
non-aromatic six membered ring, one embodiment provides
compounds of formula III where there are two methyl groups
on the Ring A position para to the position where the beta
carboline portion is attached. An example of this
embodiment is a compound where Ring A is a 6, 6-dlmethyl-
moxpholinyl ring. Preferably, such compounds are further
substituted by -W-G as described above. -
[0037] When Ring A is a morpholinyl ring, it has been
found that compounds having the *S* stereochemistry at
position 3 of the morpholine ring are preferred, as shown
below by compounds of formula (S)-III-A.

1

(R*®), (8)-III-A

where n is 0-4 and R', R?, R}, W, G and R*™ are as defined
above. By anal gy, it is expected that *S" stereochemistry
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is also preferred for other six-membered non-aromatic Ring

A compounds of formula IIT.

[0038] One embodiment relates to compounds of formula
TII-A or (S)-III-A where R' is hydrogen, halo, methyl or
amino;

R? is hydrogen, methyl or halo;

R’ is hydrogen, halo, alkoxy, or (Ci.¢ aliphatic),
amino;

Ring A is substituted by 0-2 R%™;

R® ig C;; aliphatic;

W is -Q-, —Q-C(0)-, -C(R")3-C(R%) (R¥?)-, or
-C(R%)5- [C(R®) (R'?) ]2-;

Q is -C(R%)2- or -C(R%)aC(R%)z-;

G is -NR*R’, -N(R’)C(O)NR*R?, -N(R%)S0;(C;-; aliphatic),
-N(R%)Cc(0)CF;, -N(R*)CO(C;.¢ aliphatic), and
-N(R%)CO (heterocyclyl), -N(R?)CO(heterocaryl),
-N(rR%)CO(aryl), a 5-6 membered heterocyclyl ring, or a 5-6
membered heteroaryl, wherein each of the heterocaryl, aryl
and heterocyclyl moieties of G is optionally substituted by
1-3 RY;

R' is hydrogen or C;-¢ aliphatic;

R’ is hydrogen or a C;.¢ aliphatic group that is
optionally substituted by balo, -QOR’, -CN, -SR?, -5(0):R%,
~8(0)aN(R")2, -C(O)R’, -COR’, -N(R")a2, -C(O)N(R")a, -
N(R")C{O)R?, -N(R")COzR®, or -N(R’)C(O)N(R’)a;

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

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

R’ is hydr gen; .
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each R is independently selected from oxo, R, T-R,
r V-T-RY;

each R is independently selected from C;¢ aliphatic,
halo, -S{0)aN(R")2, -OR', -CN, -SR®, -S(0)2R®, -C(O)R’, -CO;R’,
-N(R");, -C{O)N(R")z, -N(R")C(O)R’, -N(R’)CO;R’, or
-N(R?)C(O)N(R)3;

T is a ptraight or branched C;.4 alkylene chain;

Vv is —0-, -N(R")-, -s-, -8(0)-, -8(0)3-, ~C{(0)~, or
-CO2-; and

R'? is hydrogen, C, ¢ alipbatic, substituted or
unsubstituted phenyl, or substituted or umnsubstituted
benzyl. '
[0039] Another embodiment relates to compounds of
formula III-A or (S)-III-A where:

R' is hydrogem, methyl, fluoroc or amino;

R? is chloro;

R} is hydrogen or alkoxy;

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

R® ip methyl;

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

Q is -C(R%)2~ or -C(R’);C(R%);-;

G is -NR'R5, -N(R®)C{O)NR'R®, -N(R®)C(O)CF;, -N(R%)CO(Ci-s
aliphatic), and -N(R®)CO(heterocyclyl),
-N(R%)CO (hetercaryl), a 5-6 membered heterocyclyl ring, r a
5-6 membered heteroaryl, wherein each of the hetercaryl and
hetaerocyclyl moieties of G is optionally substituted by 1-3
R1°;

R' is hydrogen or C;¢ aliphatic;

RS is hydrogen or Ci.¢ aliphatic;

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

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

. R’ is hydrogen; . .

each RY ig independently selected from oxo, R, T-RY,
or V-T-RY;

each R is independently melected from Ci;-g aliphatic,
halo, -S5(0)sN(R")2, -OR’, -CN, -SR', -S{0);R®, -C(O)R’, -CO.R’,
-N(R")2, -C(O)N(R")2, -N(R")C(O})R’, -N(R")CO:R’, or
-N(R")C(0)N{(R")3;

T ig a straight or branched Cr-; alkyleme chain; -

Vv is -0-, -N(R")-, -8-, -§(0)-, -§(0)2-, -C(0)-, or
-COz-; and

R? ig hydrogen, C;.s aliphatic, phenyl, or benzyl.
[0040] Preferred compounds of formula III-A are the
compounds of formula (S)-IIT-A’:

H H
ﬁ

Hg
(8)~-III-A’

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

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

1§~
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IIXI-A-a

or a pharmaceutically acceptable salt thereof, wherein:

Q is -CHz-, -CH(R%)-, or ~C(R%)s-;

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

R' is hydrogem, halo, Ci;-3 aliphatic, amino, cyano, (Ci-a
alkyl);.; amino, Ci-3 alkoxy, (Ci.3 alipbatic)-C(0)-, (Ci
aliphatic)-CO;-, or (C;-» alipbatic)-C(O)NH-;

R? is hydrogen, halo, C;.; aliphatic, C;-3 alkoxy, Ci-a
haloalkoxy, or C;-; haloalkyl;

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

R' 18 hydrogen or C,_¢ aliphatic;

R® is a Cy.¢ aliphatic group that is optionally
substituted by halo, -OR’, -CN, -SR?, -S(0)3R?, -C(O)R’,
-COR’, -N(R7);, -C(O)N(R7)z, -N(R")C(O)R?, -N(R")CO;R?, or
-N(R") C(O}N(R")3;

Ring A is substituted by 0-4 R®;

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

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

each R® is independently selected from Ci-, aliphatic;
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each R’ is independently selected from a C;-3 aliphatic;

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

each R is independently selected fram C;.¢ aliphatic,
halo, -OR’, -CN, -SR®, -S(0)sR?, -C(O)R’, -COR’, -N(R")j,
-C(0)N(R")z, -N(R")C(O)R’, -N(R’)COsR’, or -N(R’)C(O)N(R’)z;

T is a straight or branched Ci;., alkylene chain; and

vV is -0-, -N(R")-, ~5-, -8(0)-, -§(0)-, -C(0)-, or
-CO0z-.

[004Z] One embodiment relates to compounds of formula
III-A-a where:

Q is -CHz-, or -CH(R%)-;

G is -NR'R® or a 5-6 membered heterocyclyl or
heteroaryl ring that is optionally substituted by 1-2 R!?;

R' is hydrogen, halo, C;-z alkyl, amino, or (Ciz
alkyl)i-z amino;

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

R} is hydrogen, halo, Ci-; aliphatic, Ci-z alkoxy, or Ci-a
haloalkyl;

R' is hydrogen or C;_ aliphatic;

R® 1s a C,¢ aliphatic group that is optionally :
substituted by halo, -OR’, -CN, -SR%, -S(0),R', -C(O)R’,
-COR’, -N(R")2, -C(O)N(R");, -N(R")C(O)R", -N(R')COR’, or
-N(R")C(O)N(R)3;

Ring A is substituted by 0-2 R®;

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

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

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

each R is independently selected from RY, T-R™, or
v-T-R;

each R is independently selected from C;.¢ aliphatic,
balo, -OR’, -CN, -SR®, -8(0);R’, -C(O)R’, -COR’, -N(R)3,
~-C(0)N(R")a2, -N(R')C(O)R’, -N(R")COsR’, or -N(R7)C(O)N(R")3;

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

v is -0-, -N{(R")-, -S-, -8(0)-, -S(0)z-, -C(0)-, or
-COz~.

[0043] Another embodiment relates to compounds of
formula III-A-a where:

Q is -CH;-, or -CH(R’)-;

G is -NR'R® or a 5-6 membered heterocyclyl ring, having
1-2 ring heterocatoms selected from oxygem or nitrogemn, that
is optionally substituted by 1-2 R'?;

R' is hydrogemn, halo, methyl, amino, or (Ci-z alkyl)i-a
amino;

R? is hydrogen, halo, C;; aliphatic, or C;_; haloalkyl;

R} i1s hydrogen, halo, or Ci; aliphatic;

R' is hydrogen or Ci.s aliphatic;

R® i8 a ;¢ aliphatic group that is optionally
substituted by halo, -OR’, -CN, -SR®, -8(0);R®, -C(O)R’,
-CO;R’, -N(R")2, -C(O)N(R")2, -N(R')C(O)R’, -N(R")COR', or
-N(R")C(O)N(R")3;

Ring A is substituted by zero or two R®™;

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

each R’ is independently selected from hydrogem or Ci-«
aliphatic, or two R’ on the same nitrogen atom are taken
together with the nitrogen to form a 5-6 membered
heterocaryl or heterocyclyl ring;
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R is C;.4 aliphatic;

R’ is independently selected from a C;.3 aliphatic;

each R ip independently selected from R*, T-R'!, or
v-T-RY; _ .

each R™ is independently Belected from Ci-¢ aliphatic,
halo, -OR’, -CN, -SR®, -8(0)sR®, -C(0)R’, -COsR’, -N(R")z,
~C(0)N(R")2, -N(R")C(O)R?, -N(R7)COR’, or -N(R")C(O)N(R");:

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

v is -0-, -N(R’)-, -8-, -S(0)-, -S{0)3-, -C{0)-, or
-COz—~.
[0044] In preferred compounds of formula III-A-a, Q is
—CHz~-; G iB selected from an optionally substltuted
piperidinyl, piperazinyl, morpholinyl, pyrrolidinyl, or
-NR‘R®; R! is hydrogen or Cis aliphatic; and R® is Ci
aliphatic, 5-6 membered heterocyclyl, or Ci-¢ hydroxyalkyl..
More preferred are compounds where G is unsubstituted or
substituted by 1-2 groups independently selected from the
group consisting of: C;.; alkyl, HO-alkyl, alkoxycarbonyl,
moneo- or dialkylaminocarbonyl, and HO;C-alkyl. For
compounds of formula III-A-a in each of the above
embodiments, the (S) stereochemistry at the morpholine 3-
position is preferred.
[0045] Another embodiment relates to compounds of
formula III-A-aa:
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or a pharmaceutically acceptable salt thereof wherein,

Q is -CHz-, or -CH(RY)-;

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

R* is hydrogen, halo, Ci-z2 alkyl, amino, or (Ci-
alkyl);-; amino;

R? is hydrogen, halo, C;_2 aliphatic, C;; alkoxy, or Ci-a
haloalkyl;

R’ is hydrogen, halo, C;-z aliphatic, C;.; alkoxy, or Ci-a
haloalkyl:;

R' is hydrogen or C;.¢ aliphatic;

R’ is a C; ¢ aliphatic group that is optionally
substituted by halo, ~OR’, -CN, -SR®, -5(0);R%, -C(O)R’,
~COsR’, -N(R")z, -C(O)N(R")a2, -N(R')C(O)R’, -N(R')COR®, or
-N(R")C(O)N(R")2;

each R®® ig independently selected from hydrogen or a
Ci1-¢ aliphatic; .

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

R® is C;.4 aliphatic;

R’ is independently selected from a C;; aliphatic;

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

each RY ip independently selected from C;.¢ aliphatic,
halo, -OR’, -CN, -SR?, -S(0)aR', -C(O)R’, -COR’, -N(R)3,
~-c(O)N(R")a, -N(R")C(O)R’, -N(R")COR’, r -N(R)C(O)N(R")a;

T is a straight or branched C;_4 alkylene chain; and
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vV is -0-, -N(R")-, -5-, -S(0)-, -8(0)z-, -C(0)-, ox
-CO3-.

[0046] Another embodiment relates to compounds of
formula III-A-aa where:

Q is -CHz-;

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

R* is hydrogem, halo or methyl;

R® is hydrogen, halo, C;.; aliphatic, Ci 3 alkoxy, or Ci-a
haloalkyl;

R} is hydrogen;

R' is hydrogen or C;s aliphatic;

R® ig a Cj¢ aliphatic group that is optionally
substituted by halo, -OR’, -CN, -SR®, -S(0).R®, -C(O)R’,
-COzR’, -N(R")3, -C(O)N(R")2, -N(R')C(O)R’, -N(R")COR®, or
-N{R")C{O)N(R) 2;

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

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

R® is C;4 aliphatic;

each R is independently selected from R, T-R}, or
v-T-RY;

each R'' is independently selected from C;s aliphatic,
halo, -OR’, -CN, -SR®, -5(0)zR®, -C(O)R’, -CO;R', -N(R");,
-C(0)N(R")3, -N(R’)C(0)R?, -N(R")COsR’, or -N(R’)C(O)N(R");;

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

V is -0-, -N(R"})-, -8-, -8(0)-, -8({0)z-, -C(0)-, or
-CO2-.

/8
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[0047] Preferred compounds of III-A-aa are compounds
where:

Q is —CH,-;

G is selected from an optionally substituted
plperidinyl, piperazinyl, morpholinyl, py-rro-lidinyl, or
~NR'R5;

R! is hydrogen, halo or methyl;

R? ia halo;

R® is hydrogen;

R' is hydrogen or C; ¢ aliphatic;

R® is Cis alkoxy, C: ¢ aliphatic, or C; ¢ hydroxyalkyl;

each R® is independently selected from hydrogen or a
C,.3 aliphatic. Preferably, each R® is hydrogen or methyl.
For compounds of formula III-A-aa in each of the above
embodiments, the (S) stereochemistry is preferred at the
three position of the Ring A morpholine.

[0048] Examples of mpecific formula I compounds are
shown in Tables 3 and 4 below.

Table 3. Specific examples of formula I compounds

Cl o
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H NH
] Me M I Z I Me
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[0049) Table 4 below shows specific examples of IXI-A-aa

compounds,
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Specific examples of formula III-A-a compounds

No. R™/R*™ Q -]
64 H CHy/CH, CHj C\“\
65 H CH3/CHj CH, @
66 H CHs/CHa CH; O*
67 H CHa/CH, CHa HO-CH3CHaN (CH; ) -
68 H CH,/CH; CHa H\

e

69 H CHa/CH; |  CHa m
70 H CH3/CHa CH, "‘\_O*.
71 H CH,/CH; CH; " O—Q"

2=
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No. r! R®/R® Q a
72 H CH3/CH; CHg Et;N-
73 H CHi/CH; CH; HaO '( )I
74 H CH,/CH; CHg
75 H CH;3/CH; CHz
HgCOC < :"\o
76 H CHa/CHa CH; E“‘
77 H CH;/CH; CH O c
78 H CH;3/CHa CH; , i
Hy
79  H CH;3/CH;3 CHa m
Hy
80 H CH;/CH, CH; |||: %.
81 CH, CH;3/CH, CHa, Q\
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No. Rr! R®/R® Q a
82 - H CHa/CHa CH3 "b\
83 H CHa/CHj3 CH;
e
OzCH;
84 CH; H/HE CHa @
85 CHj H/H CHa O\
86 H CH3 /CH; CHa O_N/
H
87 CHs CHa/CHa CH; O“
88 CH, CH; /CHs CHa G
89 F CHa /CHa CHgz @
90 F CH3/CH CH; &
91 H CH3/CH; | R-CH(CHs) O_‘
92 H CH;/CHa CHz Hg
HyO\
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No. r! R®/R® Q G
93 H CH3/CH, CH, H :a/n\
H
Ha
94 H CH3/CHj CH; Me;N-
95 H CH;/CH; CHz (CH;O) (CH3)N-
96 H CH3/CH3 CH; s
H
97 H CH3/CHa CH; ?\
NHCH;
98 H CH3/CH; CH;
H
99 H CH;/CH3 CH; O c
100 H CHa/CHy CH, : ?Q_.
H
101 H CHa/CH, CHa %\
102 H CH,/CH; CHa I>O,_,
103 H CH,/CH; CHa w\{@)\
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Ko. R RT/R® Q G

104 H CH;3 /CHj CH3 D "l:
Hq

105 H CH, /CH, CH; W?Q_‘
' H

106 H CH;/CH,; CHa o < )I °

[0050] Based on their IxB kinase inhibitory properties
and other pharmacological propertiea, compound example
numbers 1-30, 39-62 and 64-106 are preferred. More
preferred are compound example numbers 1, 2, 7, 10, 11, 13,
16, 17, 15-27, 39-62, 64-106.

[0051] The compounds of the present lnvention may be
administered to humans or other mammals by a variety of
routes, including oral dosage forms and injections
(intravenous, intramuscular, intraperitoneal, subcutaneous,
and the like). Numerous other dosage forms containing
compounds of the invention can be r.e\adily formulated by one
skilled in the art, utilizing the suitable pharmaceutical
excipients (or carriers) as defined below.

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

carriers) include flavoring agents, pharmaceutical-grade

2d7
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dyes or pigments, solvents, co-solvents, buffer systems,
surfactants, preservatives, sweetener agente, viscosity
agents, fillers, lubricants, glidants, disintegrants,
binders and resins.

[0053] Conventional flavoring agents may be used, such
as those described in Remington’s Pharmaceutical Sciences,
18™ BEd., Mack Publishing Co., pp. 1288-1300 (1990), which
is incorporated in its entirety by referemce herein. The
pharmaceutical compositions of the invention gemerally
contain from about 0 to 2% of flavoring agents.

[0054] - Conventional dyes and/or pigments may also be
used, such as those described in the Handbook of
Pharmaceutical Excipients, by the American Pharmaceutical
Asgsociation & the Pharmaceutical Soclety of Great Britain,
pp. 81-90 (1986), which is incorporated in its entirety by
reference herein. The pharmaceutical compositions of the
invention gemerally contain from about 0 to 2% of dyes
and/or pigments. ]

[0055] The pharmaceutical compoeitions of the invention
generally contain from about 0.1 to 99.9% of solvent(s). A
. preferred solvent is water. Preferred co-solvents include
ethanol, glycerin, propyleme glycol, polyethylene glycol,
and the like. The pharmaceutical compositions of the
invention may include from about 0 to 50% of co-solvents.
[0056) Preferred buffer systems include acetic, boric,
carbonic, phosphoric, succinic, maleic, tartaric, citric,
acetic, benzoic, lactic, glyceric, gluconic, glutaric and
glutamic acids and their sodium, potassium and ammonium
salta. Particularly preferred buffers are phosphoric,
tartaric, citric and acetic acids and salts therecf. The
pharmaceutical compositions of the invention gemerally
contain from about 0 to 5% of a buffer.
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[0057] Preferred surfactants include polyoxyethylene
sorbitan fatty acid esters, polyoxyethyleme monoalkyl
ethers, sucrose monoesters and lanolin esters and ethers,
alkyl sulfate salts and sodium, potassium and ammonium
Balts of fatty acids. The pharmaceutical compositions of
the invention gemerally contain from about 0 to 2% of
surfactants.

[0058] Preferred preservatives include phenol, alkyl
esters of parahydroxybenzoic acid, o-phenylphenol benzoic
acid and salts thereof, boric acid and salts thereof,
sorbic acid and salts thereof, chlorobutanol, benzyl
alcohol, thimerosal, phenylmercuric acetate and nitrate,
nitromersol, benzalkonium chloride, cetylpyridinium
chloride, methyl paraben and propyl paraben. Particularly
preferred preservatives are the salts of benzoic acid,
cetylpyridinium chloride, methyl paraben and propyl

paraben. The pharmaceutical campositions of the invention -

generally contain from about 0 to 2% of preservatives.
[0059] Preferred sweeteners include sucrose, glucose,
saccharin, sorbitol, maannitol and aspartame. Particularly
preferred sweeteners are sucrose and saccharin.
Pharmaceutical compoaitions of the invention generally
contain from about 0 to 5% of sweeteners.

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

magn sium aluminum silicate. FPharmaceutical compositions
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of the invention generally contain from about 0 to 5% of

viscosity agents.

[0061] Preferred fillers include lactose, mannitol,
sorbitol, tribasic calcium phosphate, dibasic calcium
phosphate, compressible sugar, starch, calcium sulfate,
dextro and microcrystalline cellulose. FPharmaceutical
compositions of the invention generally contain from about
0 to 75% of fillerxrs.

[0062] Preferred lubricants/glidants include magneaium
stearate, stearic acid and talc. Pharmaceutical
compositions of the invention generally contain from about
0 to 7%, preferably, about 1 to 5% of lubricants/glidants.
[0063] Preferred disintegrants include starch, sodium
starch glycolate, crospovidone and croscarmelose sodium and
microcrystalline cellulose. Pharmaceutical cqmpésitions of
the invention éenarally contain from about 0 to 20%,
preferably, about 4 to 15% of disintegrants.

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

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

[0066] For preparing pharmaceutical compositions
containing the inventive compounds, inert, pharmaceutically
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acceptable excipients or carriers can be either solid or
liquid. Solid form preparations include powders, tablets,
dispersible granules, capaﬁles, cachets and suppositories.
Generally, the powders and tablets may be comprised of from
about 5 to 95 weight percent of active ingredient.
Suitable solid carriers are known in the art, for example,
magnesium carbonate, magnesium stearate, talc, sugar and
lactose. Tablets, powders, cachets and capsules can be
used as solid dosage forms suitable for oral
administration. Examples of pharmaceutically acceptable
carriers and methods of manufacture for various
compositions may be found in Remington’s FPharmaceutical
Sciences, 18 Ed., Mack Publishing Co. (1990).

[0067] . Liquid form preparations include solutioms,
suspensions and emilsions. Common liquid form preparations
include water and water-propylene glycol solutions for
parenteral injection or addition of sweeteners and
opacifiers for oral solutions, suspensions and emulsions.
Liquid form preparatione may also include solutions for
intranasal administration.

10068] Aerosol preparations suitable for inhalation
include solutions and solids in powder form, which may be
combined with a pharmaceutically acceptable carrier, such
as an inert compressed gas (e.g., nitrogen).

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

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

take the form f creams, lotions, aerosols and emilsions
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and may be included in a transdermal patch of a matrix or
reservoir type as is conventional in the art for this
purpose.

[0071] The preferred mode of administering the compounds
of the invention is oral. Preferably, the pharmaceutical
preparation is in a unit dosage form. In such a form, the
preparation is subdivided into suitable sized unit doses
containing appropriate guantities ¢of the active component,
for example, an effective amount to achieve the desired
purpose.

[0072] 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 0.0l to 500 mg, and
even more preferably, from about 0.01 to 250 mg, according
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 ome. to four divided
.doses. For convenience, the total daily dosage may be
divided and administered in portions during the day as
required. Typically, pharmaceutical compositions of the
invention will be administered from about 1 to 5 times per
day, or alternatively, as a continuous infusion. Such
administration can be used for chronic or acute therapy.
The amount of active ingrediemt that may be combined with
excipient or carrier materials to produce a single dosage
form will vary depending upon the host treated and the
particular mode of administration. A typical preparation
will usually contain from about 5 to 95% of active compound
(w/w). Preferably, such preparations will contain from
about 20 to 80 wt.% £ active compound.
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[0073) 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 to 99.9% by weight of
the pharmaceutical compositions of the invention,
preferably, from about 20 to 80% by weight.

[0074] Upon improvement of a patient’s condition, a
maintenance dose of a compound, composition or combination
of the invention may be administered, if applicable.
Subsequently, the dosage or frequency of administration, or
both, may be reduced, as a function 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
intermittent treatment on a long-term basis upon any
recurrence of disease symptoms.

[0075] Specific dosage and treatment regimems for any
particular patient may be varied and will depend upon a
variety of factors, including the activity of the specific
compound employed, the age, body weight, general health
status, sex and diet of the patient, the time of-:
administration, the rate of excretion, the specific drug
combination, the severity and course of the symptoms being
treated, the patient’s dipposition to the condition being
treated and the judgment of the treating physician.
Determination of the proper dosage regimen for a-particular
gltuation is within the skill of the art. The amount and
frequency of the administration of compounds of the
invention or their pharmaceutically acceptable salts may be
regulated according to the judgment of th attending
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clinician, based on the factors recited above. &As a
skilled artisan will appreciate, lower or higher doses than
those recited above may be required.
[0076] The inventive compounds are understood to provide
efficacious treatment of a variety of diseases, symptoms
and disorders, particularly, those which are inflammatory
r immme-related in nature, including a reasonable time of
onset upon administration, and a reasonable duration after
administration. While food, diet, pre-existing conditions,
alcohol and other systemic conditions could lengthem the
time delay for an invemtive drug to work after its
administration, it is understood that optimm dosages will
result in an efficacious drug treatmemt within and for a
reasonable amount of time.
[0077] The inventive compounds can exist in unsolvated
as well as solvated forms, inclﬁding hydrated forms. 1In
general, the solvated forms, with pharmaceutically
acceptable solvents, such as water, ethanol and the like,
are equivalent to the unsolvated forms for purposes of this
.invention. "
[0078] The inventive compounds may form pharmaceutically
acceptable salts with organic and inorganic acids.
Examples of suitable acids for salt formation are
hydrochloric, sulfuric, phosphoric, acetic, citrie,
malonic, salicylic, malic, fumaric, succinic, ascorbic,
maleic, mgthanasulfcnic and other mineral and carboxylic
acids well known to those skilled in the art. The salts
are prepared by contacting the free base forms with a
pufficient amount of the desired acid to produce a palt in
a conventional manner. The free base forms may be
regenerated by treating the salt with a suitable dilute

aqueous base solution, such as dilute agueous sodium
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hydroxide, potassium carbonate, ammonia or sodium
bicarbonate. The free base forms may differ somewhat from
their respective salt forme in certain physical properties,
such as solubility in polar solvemts, but the salts are
otherwise equivalent to their respective free base forms
for purposes of the invemtion.

[0079] On account of their pharmacological properties,
the compounds according to the invention are suitable for
the prophylaxis treatment and therapy of diseases,
disorders and symptoms that involve increased activity of
IkB kinase. These include, for example, joint inflammation
(e.g., rheumatold arthritis (RA), rheumatoid spondylitis,
gouty arthritis, traumatic arthritis, rubella arthritis,
psoriatic arthritis, ostecarthritis, and other arthritic
conditiqns), acute synovitis, tuberculosis,
atherosclerosis, muscle degeneration, cachexia, Reiter’s
syndrome, endotoxaemia, sepsis, septic shock, endotoxic
shock, gram negative sepsis, gout, toxic shock syndrome,
pulmonary inflammatory diseases (a.g., asthma, acute
respiratory distress syndrome, chronic obstructive
pulmonary disease, Bilicosis, pulmonary sarcoidosis, and
the like), bone resorption diseases, reperfusion injuries,
carcinoges, leukemia, sarcomas, lymph node tumors, skin
carcinoses, lymphoma, apoptosis, graft versus host
reaction, graft versus host disease (GVHD), allograft
raejection and leprosy.

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

parasitic infections (e.g., malaria, such as cerebral
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malaria), and yeast and fungal infections (e.g., fungal
meningitis). In addition, the inventive compounds can be
useful for treating fever and myalgias due to infection,
acquired immune deficiency syndrome (AIDS), 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 bowel diseases (IBD) (e.g., Crohn’s disease
and ulcerative colitis). The compounds of the invention
are also useful in the treatment 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 psoriasie, Alzheimer's disease, carcinomatous
disorders (potentiation of cytotoxic therapies), cardiac
infarct, chromic obstructive pulmonary disease (COPD) and
acute respiratory distress syndrome (ARDS).
[0081) In one embodiment the compounds of this invention
are useful for treating cancer, especially for treating
cancers where IKK activity is abnormally high. The cancer
types that may be treated include lymphoma, such as diffuse
large B-cell, primary mediastinal B-cell, and mantle cell;
miltiple myeloma; osteolytic bone metastasis; head and neck
squamous cell cancer; prostate cancer; pancreatic cancer
and non-small cell lung cancer. In one embodiment, the
compounds are useful for ABC lymphoma. For the treatment

f cancer, the cumpoﬁnds 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 agemts include
bortezomib; capecitibine; gemcitabine; irinotecan;

fludarabine; 5-fluorouricil or 5-flu rouricil/ leucovorin;
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taxanes, including, e.g., paclitaxel and docetaxel;
platinum agents, including, e.g., cisplatin, carboplatin,
and oxaliplatin; anthracyclins, including, e.g.,
doxorubicin and pegylated liposomal doxorubicin;
mitoxantrone; dexamethasone; vincristine; etoposide;
prednisone; thalidomide; Herceptin; temozolomide; and
alkylating agents such as melphalan, chlorambucil, and
cyclophosphamide.

[0082] The compounds of formula (I) are especially
useful for treating inflammatory and immune-related
dipeases, disorders and symptoms, more especially,
‘inflammatory ones such as RA, 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 NFP-xB, TNF-a, 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 asgsoclated disease, symptom or disorder
in which there is a deficit or deficiency of bone ~ either
as a result of decreased new bone formation or an increase
in bone resorption or a combination of both. Specific
examples include osteoporosis, periodontal disease,
osteomyelitils, rheumatoid arthritis, aseptic joint loosening
and osteolytic lesions (typically cancer related). It is
known that rheumatoid arthritis, which is characterized by
inflammation of the joints, is also associated with
destruction of cartilage and bone. Furthermore, it has been
reported that an IKK inhibitor provided inhibition of
cartilage and bone loes in a murine model of collagen-
induced arthritis. See McIntyre et al., Arthritis &
Rheumatism (2003), 48(9), 2652-2659.
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[0084] Osteoporosis is a broad term applied to a number
of distinct diseases in which there is decreased bone mass.
These include primary osteoporosis (e.g., post-memopausal,
senile osteoporosis and juvenile opteoporosis) and secondary
ostecporosis. Examples of secondary osteoporosis would be
those associated with chronic diseases (e.g., chronic renal
disease, hepatic insufficiency, gastrointestinal
malabsorption, chronic immobilization and chronic
inflammatory diseases, including rheumatoid arthritis,
ostecarthritis, periodontal disease and aseptic prosthetic
Joint loosening), endocrine dysfunction related diseases
(e.g., diabetes, hyperthyroidism, hyperparathyroidiasm,
hypogonadism and hypopituitarism), drug and substance
related symptoms (e.g., corticosteroid, heparin,
anticonvulsants, alcohel and immunosupressants), and
hematological disorders (e.g., metastatic disease, myeloma,
leukemia, gaucher’s disease and anemia). Inhibition of
ither IkB directly or the NF-kB pathway indirectly has been
reported to be useful for the treatment of osteoporosis and
ostecarthritis. See, for example, PCT applications WO
2003104219, WO 2003103658, WO 2003029242, WO 2003065972, and
WO 9965495. Accordingly, this invention also provides a
method of treating or preventing bone loss in a patient in
need thereof, comprising administering to the patient a
compound of this invemtion. Also. provided is a mathod of
generating bone formation in a patient comprising
administering a compound of this invention.
[0085] Another embodiment of the invention provides a
method of inhibiting activation of NF-xB dependent gene
expression associated with the inhibition of IKK catalytic
activity and/or IxB phosphorylation, comprising

administering to a patient in need thereof an amount of the
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compound according to claim 1 or the pharmaceutically
acceptable salt or solvate thereof, or a pharmaceutical
composition thereof, which is effective to inhibit IRK
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 treating or preventing an Iinflammatory
or immme-related physiological disorder, symptom or
disease in a patient in need of such treatment, comprising
administering to the patient an amount of at least one
compound according to claim 1, or the pharmaceutically
acceptable salt or solvate thereof, or a pharmaceutical
compoeition thereof, which is effective to treat or prevent
the inflammatory or immine-related physiological disorder,
symptom or disease. Preferably, the inflammatory disease,
disorder or symptom is rheumatoid arthritis, asthma,

. peoriasis, psoriatic arthritis, chronic obetructive
pulmonary disease {(COPD), inflammatory bowel diseasg or
maultiple-.sclerosis.

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

in vivo to mammals, such as primates, e.g. chimpanzees and
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humans (e.g. males and females) and animals (e.g., dogs,
cats, cows, horses, and the like), to treat a variety of
disorders, symptoms and diseases. Furthermore, the
inventive compounds can be used to prepare a-medicament
that is useful for treating a variety of disorders,
symptoms and diseases.

[0088) 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 vlrhich 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 diseases. Combination therapy includes administration
of the therapeutic agents concurrently or seqguentially.
Alternatively, the therapeutic agents can be combined into
one composition which is administered to the patiemt.
{0089] In one embodiment, the compounds of this
invention are used in combination with other therapeutic
agents, such as other inhibitors of IKK, other agemts
useful in treating NF-xB and TNF-a associated conditions,
and agents useful for treating other disorders, symptoms
and diseases. In particular, agents that induce apoptosis
such as agents that diasrupt cell cycle or mitochondrial
function are useful in combination with the IKK inhibitors
of this invention. Exemplary agents for combination with
the IKK inhibitors include antiproliferative agents (e.g.,
methotrexate) and the agents disclosed in U.S. Pat.
Application Publication No. US2003/0022898, p 14, para.
[0173-0174], which is incorporated herein in its entirety.
In some embodiments, a compound of the invention is
administered in conjunction with a therapeutic agent
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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; irinotecan; fludarabine; 5-fluorouracil or 5-
fluorouracil/ leucovorin; taxanes, including, e.g.,
paclitaxel and docetaxel; platinum agentsg, including, e.g.,
cisplatin, carboplatin, and oxaliplatin; anthracyclins,
including, e.g., doxorubicin and pegyvlated liposomal
doxorubicin; mitoxantrone; dexamethasone; vincristine;
toposide; prednisone; thalidomide; herceptin;
temozolomide; and alkylating agents such as melphalan,
chlorambucil, and cyclophosphamide. It is. understood that
other combinations may be undertaken while remaining within
the scope of the invention.
[0050] Still another aspect of this invention is to
provide & kit comprising separate containers in a single
package, wherein the inventive pharmaceutical compounds,
compositions and/or salts thereof are used in combination
with pharmaceutically acceptable carriers to treat
disorders, symptoms and diseases where IkB kinase plays a
role.
[0091) The compounds of this invention may be prepared
by methods known to those skilled in the art for analogous
compounde, as illustrated by the general schemes below, and

by reference to the preparative examples shown below.
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Scheme I
1
! RY
H
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[0092] Scheme I above shows a general route for

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

various P-carboline intermediates 2a.

Scheme II
. He o H
 — —
H
i-1 1-2 i-3
Cl
C d e
B —— —- —
H NO;
1-4 1-5
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Steps: (a) (i) HCOCOzH (ii) HCl (b) PA/C (c) NCS (d) NaNO;
(e) NaOMe (f) Pt/ H:

[0093] Scheme IT above shows a route for making a beta-
carboline moiety where R!' is hydrogen, R? is chloro and R?
is alkoxy. While the scheme is exemplified for R’ being
methoxy, it will be appreciated by one skilled in the art
t;hat beta-carbolines having other R*® alkoxy groups may be
obtained by replacing NaOMe in step (e) with other sodium

or metal alkoxides.

Scheme IXI
1-46 1-47 .-I.-l.s

C’Eb | ;

c - H d

———— ——

N N
H

1-49 1-50
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Steps: (a) NaHMDS, MeI (b) Hz, Raney Nickel, PtO (c) i. TFA
1i. CHOCOH iii. HC1l (d) P&/C, xylenes, 160 °C (e) i. NCS,
1N HC1 ii. NaNO;, TFA iii. H;, Pt :

. [0094) Scheme III above shows a route for preparing a
beta-carboline intermediate where R® is an alkyl such as
methyl, R? is a halo such as chloro and R® is hydrogen. One
skilled in the art will understand how the above scheme may
be modified to obtain am R' alkyl group other than methyl r
an R® halo group other than chloro.

o [T

c d
—_— —
NH, 3
1-65

i-64
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Steps: (a) i. LDA, THF, -78C, ii. SnBuiCl (b) 5%
PA(PPh;3)3Cla, 10% Cul, DMF, reflux overnight {c) 3eq NHMDS,
THF, rt overnight (d) i. TFA/NaNO;, ii. saturated NaHCOa.,
iii. 5% Pt(S), NH,0CH

[0095] Scheme IV above shows a route for making a beta-
carboline intermediate where R®' is fluoro, 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. For example, another R? group may
be introduced by replacing the 4-chloro-2-iodoaniline in
step (b} with another 2-iodoaniline having a substituent
other than chloro in the 4-position.

[0096] A particularly useful intermediate for making
compounds of formula IIT-A-~aa is intermediate 3a:

H13

R

H.
3a

where R is halo, OH, OR', or a carboxylic acid protecting
group; R'* 1s an amino protecting group. hydrogen or -W-G as
defined above; and R*® is an organic radical. Amino
protecting groups are well-known in the art. Examples of

suitable amino protecting groups include alkoxycarbonyl
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groups such as t-butoxycarbonyl (t-BOC) and benzyl groups
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 a methyl, ethyl, benzyl, or
pentafluorophenyl ester. In one embodiment, RY 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 Organic Synthesis, Theodora W. Greene
and Peter G. M. Wuts, 3™ edition, 1999, published by John
Wiley and Sons.

[0097) A preferred enantiomer of intermediate 3a is (S)-

H‘

(8)-3a
where R and R are as described above.
[0098] Intermediate 3a or (S)-3a, as the carboxylic acid

or an activated form thereof (such as the acid chloride),
may be coupled with an appropriate amino-beta-carboline as
outlined in Scheme I above. When R* is an amino protecting -
group, the amide coupling reaction provides further useful
intermediates, shown below as compounds of formula IV:
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where RM is an amino protecting group and R!', R? and R?® are
as described above. It will be appreciated by one of skill
in the art that certain compounds of formula III-A-aa
(where R®® is each methyl) may be prepared from compounds of
formula IV by removing the R protecting group and then
attaching the -W-G portion using known methods.
Alternatively, the compounds of formula III-A-aa may be
prepared by first constructing intermediate 3a where R is
-W-G and R is a carboxylic acid or derivative thereof. .
The amide coupling reaction with an appropriate amino-beta-
carboline then provides the compounds of formula III-A-aa

directly.

Scheme V

1-16
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H
H.,—%jf_f__ H;S(‘JTJ__“_..
N Bn Bn
1-17 i-1e

H
i-19

Steps: (a) K;C03, KI, 3-Bromo-2-methyl-propene, MeCN (b) I.,
NaHCO;, MeCN (c) Buy;SnH, AIBN, toluene, 110°C (d) H;, 20%
PA{OR)}3/C, 10% AcOH/MeQH

f0099] Scheme V above shows & route for making
intermediates of formula 3a, including the unprotected i-
19. The selective protection and deprotection of the amino
and carboxylic acid groups in 1-19 to provide various 3a
intemnadiates will be within the knowledge of ome skilled-
in the art.
[00106] Another useful intermediate for making compounds
f formula III-A-aa is a compound of formula V, preferably
(8)-V:
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where R'® is halo or other leaving group, OH, OR®3, 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
0-4 R®®, and R}, R? R?, and R®™ are as defined above.

[o0101] Another useful intermediate for making compounds
of this invention is VI, preferably {(S)-VI:

(g)-vI

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 bas 0-2, and R®® is as defined above.

Synthesis Examples

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

trifluoroacetic acid; DMSO is dimethylsulfoxide; NCS ie 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 acid; MeOH is methanol; EtOH is ethanol;
Me(N is acetonitrile; TIC is thin layer chromatography;

AIBN is azobisisobutyronitrile; NH4OAC is ammonium acetate;

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

24
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acetic acid; and DMF is dimethylformamide. TBTU ies
N,N,N’,N’-tetramethyl-o- (benzotriazol-1l-yl)uranium
tetrafluoroborate.

INTERMEDIATE 1: 7-fluoro-2,3,4,9~tetrahydro-l1H-S-carboline-
l-carboxylic acid

[00103] 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 suspemnsion that was
Btirred 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 to the stirred suspemsion in
one portion. The suspension was stirred overnight (16 h)
at RT and the precipitated solid was collected by
filtration and washed with both H30 and ethyl acetate. The
sample was then dried in vacuo to give a light yellow solid
in quantitative yield.

'H-NMR (300 MHz, acetic acid-dq): & 3.04 (m, 2H), 3.56 (m,_
1H), 3.83 (m, 1H), 6.80 (m, 1H), 7.13 (ad, 1H), 7.34 (ad,
1H).

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

MS (M+H'): 235.0.

INTERMERDIATE 2: 7-fluoro-2,3,4,9-tetrahydro-l1H-B-carboline
[00104] 7-fluoro-2,3,4,9-tetrahydro-1H-p~carboline-1-
carboxylic acid (5 g, 21.36 mmol) was suspended in 130 ml
of 3N HC1l in a 500 ml round-bottom flask and refluxed
overnight (16 hr) with stirring. Upon cooling, a light
brown solid precipitated out, which was collected by .
filtration and washed with H;0. The salt obtained by
filtration above was them dissclved in hot methanol (200



3 V-

WO 2004/092167 PCT/US2004011080

-—63—

ml) and treated with 3M KzCO3; (5-10 ml) such that the pH is
around 9. 100 ml of H20 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 agqueocus
suspension of the desired free base, which was collected by
filtration (3.2 g, 79% yield).

‘H-NMR (300 MHz, methanol-ds): & 2.73 (t, 2H), 3.11 (t,
2H), 3.94 (s, 2H), 6.73 (m, 1H), 6.94 {m, 1H), 7.30 (44,
1H) .

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

MS (M+H'): 191.1.

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

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

1H-NMR (300 MHzZ, DMSO-dg): 3 7.10 (m, 1H), 7.37 (dad, 1H),
8.10 (4, 1H), 8.28 (dd, 1H), 8.35 (4d, 1H), 8.89 (s, 1H),
11.74 (s, 1H).

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

MS (M+H'): 187.1.
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INTERMEDIATE 4: 6-chloro-7-fluoxo-9H-f-carboline
{00106} 7-Eluoro-9H-p-carboline (2.15 g, 11.58 mmol) was

gsuspended in 100 m]l of 1IN HCl. To this mixture was added
NCS (1.85 g, 13.89 mmol, 1.2 eq) and the resulting mixture
was stirred at RT overmight. The reaction mixture was then
filtered to give a light vellow solid (2.1 g, 83% yield).
H-NMR (300 MHz, DMSO-ds): & .7.86 (4, 1H), 8.64 (d, 1H),
B.79 (d, 1H), 8.91 (4, 1H), 9.33 (s, 1lH), 13.05 (s, 1H).
Retention Time (I.C, method: ammonium acetate standard):
2.19 min.

MS (M+H'): 221.1. I

INTERMEDIATE 5: 6-chloro-7-fluoro-8-nitro-9H-B-carboline
[00107] G—chloro-'l—fluoro—SH-B'-carbolzi.ne (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 to the flask and the repulting mixture refluxed
overnight. The TFA is then removed on a rotary evaporator.
The resulting slurry is suspended in water (50 ml) and
sonicated thoroughly. The resulting suspension is then
filtered to give a yellow solid (2.0 g, 80% yield).

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

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

M5 (M+H'): 266.2.

INTERMEDIATE 6: 6-chloro-7-methoxy-8-nitro—-9H-B-carboline
[00108] Methanol (0.462 ml, 11.4 mmol) was added to a
stirring suspension of NaH (684 mg, 17.1 mmol)} in DMF (10
ml) under an argon atmosphere. The resulting solution was
allowed to stir at RT for 20 min. 6-chloro-7-fluoro-8-
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nitro-9H-p-carboline (500 mg, 1.9 mmol) was added to the
stirring solution and the resulting mixture was allowed to
stir at RT. Upon addition of H;O0, a brown solid
precipitated out which was filtered to give the desired 6-
chloro-7-methoxy-8-nitro-9H-p-carboline (510 mg, 97%
yvield). ‘

lH-NMR (300 MHz, DMSO-dg): & 4.02 (a, 3H), §.52 (4, 1H),
8.60 (4, 1H), 9.05 (s, 1H), 9.12 (B, 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-B-carboline-8-ylamine
[00109] 6—chloro-'7-methoxy—8-nitro;QH-ﬂ—carboline (510
mg, 1.84 mmol) was suspended in 50 ml of methanol and 100
mg of PA/C (10%) was added. The flask was fitted with a
balloon of hydrogen and the reaction mixture was stirred
overnight at RT. Upon filtration through a pad of celite
and evaporation of the methanol, a dark brown solid was
obtained. This residue was suspended in methanol (15 ml) -
and added, with vigorous stirring, to a solution of
saturated NaHCO; (100 ml). The light brown solid that
precipitated out was collected by filtration and dried
thoroughly in vacuo to give the desired product (512 mg,
quantitative yield).

'H-NMR (300 MHz, methanol-ds): 5.3.90 (s, 3H), 7.63 (s,
iH), 8.11 (4, 1H), B8.27 (4, 1H), 8.84 (8, 1H).

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

MS (M+H'): 248.
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INTERMEDIATE 8: 6-chloro-9H-B-carboline-8-ylamine
[00110] The target compound was prepared according to the

procedures outlined for Intermediate 1 to Intermediate 7
where the starting material for Intermediate 1 was
unsubstituted tryptamine. An alternative synthesis for 6-
chloro-9H-f-carboline-8-ylamine is described on page 34,
example 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-SUBSTITUTED-B-
CARBOLINES

[00111] 6,7,8-substituted-9H-p-carboline (1 mmol), EDCI
(1.6 mmol) and the appropriate carboxylic acid (1.2 mmol)
were taken in a round-bottom flask and suspended in
pyridine (5 ml). The resulting mixture was heated at 60°C
overnight. The pyridine was then removed by rotary
evaporation and 5% Na,CO; solution was added. The
resulting solid that precipitated out was collected by
filtration. Chromatographic purification gave the desired
product.

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

[00112] 6,8-gubstituted-9H-p-carboline (1.0 mmol), EDCI
(1.6 mmol) and the carboxylic acid (1.2 mmol) to be coupled
were taken in a round-bottom flask and suspended in
pyridine (5 ml). The resulting mixture was stirred
overnight. The pyridine was then removed by rotary
evaporation and 5% NayCO; solution was added. The
resulting solid that precipitated out was collected by
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filtration. Chromatographic purification gave the desired
product. -

EXAMPLE 1: N-{6-chloro-7-methoxy-9H-p-carbolin-8-y1)-2-
methyl-nicotinamide .
[00113} 6-chloro-7-methoxy-9H-p-carbolin-8-ylamine (100
mg, 0.4 mmol), EDCI (125 mg, 0.64 mmol) and 2-methyl
nicotinic acid (66 mg, 0.48 mmol) were taken in a round-
bottom flask and suspended in pyridine (2 ml). The

regulting mixture was heated at 80°C overmight. The
pyridine was then removed by rotary evaporation and 5%
Naz;C0a 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-dg): & 2.71 (s, 3H), 3.89 (s, 3H),
.7.45 (44, 1H), 8.15 (d, 1H), 8.21 (d, 1H), 8.38 (4, 1H),
8.45 (s, 1H), 8.61 (4, 1H), B8.92 (s, 1H), 10.33 (s, 1H),
11.57 (s, 1H).

Retention Time (I.C, method: ammonium acetate standard):
1.77 min.

MS (M+H'): 367.1.

EXAMPLE 2: 4-methyl-pyrimidine-5-carboxylic acid (6-chloro-
7-methoxy-9H-beta-carbolin-8-yl) -amide

[00114) The desired compound was prepared according to
Method A from 6-chloro-7-methoxy-9H-beta-carbolin-8-ylamine
and 4-methyl-5-pyrimidine carboxylic acid in 80% yield.
H-NMR (300 MHz, IMSO-dg): & 2.75 (s, 3B), 3.92 (s, 3H),
8.19 (4, 1H), 8.41 (4, 1H), 8.50 (s, 1H), 8.96 (8, 1H),
9.20 (s, 1H), 9.25 (s, 1H), 10.63 (s, 1H), 11.67 (s,1H).
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Retention Time (LC, method: formic acid standard): 0.95

min.
MS (M+H'): 368.

INTERMEDIATE 9: 6-chloro-7-ethoxy-8-nitro-9H-B-carboline
[00115] Sodium ethoxide (232 mg, 3.4 mmol) was added to a
solution of 6-chloro-7-fluoro-8-nitro-9H-p~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 t'.he PH of the solution was adjusted
to about 4 by adding 1IN HCl. The agquecus 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 deeired product in 40-60%
yvield. .

1H-NMR (300 MHz, DMSO-ds): & 1.44 (t, 3H), 4.24 (q, 2H),
8.21 (4, 1H), 8.46 (4, 1H), B.91 (s, 1H), 9.02 (B, 1H).
Retention Time {LC, method: ammonium acetate standard) :
2.37min.

MS (M+H'): 291.9.

INTBRMEDIATE 10: 6-chloro-7-ethoxy-SH-B-carbolin-8-ylamine
[00116] 6-chloro-7-ethoxy-8-nitro-9H-pB-carboline (160 mg,
0.55 mmol) was suspended in 4 ml of methanol and 25 mg of
PA/C (10%) was added. The flask was fitted with a balloon
f hydrogen and the reaction mixture was stirred overnight
at RT. Upon filtration through a pad of celite and
evaporation of the methanol, a dark brown solid was
obtained and determined to be the desired 6-chloro-7-
cyclopropylmethoxy-9H-p-carbolin-B-ylamine (80 mg, 55%).



&40

WO 2004/092167 PCT/US2004/011080

-——§69--

1H-NMR (300 MHz, Methanol-d;/CDCl3): & 1.26 (t, 3H), 3.91
(q, 2H), 7.34 (s, 1H), 7.71 (d, 1H), 8.02 (s, 1H), B.56 (s,
1H) .

Retention Time (I.C, method: formic acid standard): 1.16
min.

MS (M+H'): 262.0.

EXAMPLE 3: N-(6-chloro-7-ethoxy-9H-B-carbolin-8-yl)-2-
methyl-nicotinamide

[00117] The desired compound was prepared according to
Maethod A from 6-chloro-7-ethoxy-9H-f-carbolin-8-ylamine and
2-methylnicotinic acid in 40% yield.

H-NMR (300 MHz, MeOH-d;): & 1.39 (t, 3H), 2.76 (s, 3H),
4.14 (g, 2H), 7.43 (44, 1H), B.05 (4, 1H), 8.26 (m, 3H),
8.55 (d, 1H), 8.79 (s, 1H).

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

MS (M+H'): 381.3.

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

[00118] N,N-dimethylamine hydrochloride (278 mg, 3.4
mmol) was added to a stirring solution of 6-chloro-7-
fluoro-B8-nitro-9H-B-carboline (300 mg, 1.13 mmol) in DMSO
{8 ml) under an argon atmosphere. This was followed by the
addition of DIEA (0.83 ml, 4.65 mmol) and the reaction
mixture was heated at 60°C overnight. After allowing the
reaction mixture to cool to RT, water was added and a dark
orange solid precipitated out. The solid was filtered,
washed with water and dried to give the desired product
(230 mg, 70% yield).
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lH-NMR (300 MHz, DMSO-dg): 5 4.06 (s, 6H), 7.23 (4, 1H),
7.53 (4, 1H), 7.66 (s, 1H), B.05 (s, 1lH).

Retention Time (I.C, method: ammonium acetate standard):
2.41 min.

MS (M+H'): 290.9.

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

[00119] 6-chloro-7-(N,N) -dimethylamino-8-nitro-9H-p-
carboline (828 mg, 2.86 mmol) was suspended in 30 ml of .
methanol and 166 mg of PA/C (10%) was added. The flask was
fitted 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 t
be the desired 6-chloro-7-{(N,N)-dimethylamino-9H-p-
carboline-8-ylamine (500 mg, 67% yield).

lH-NMR (300 MHz, DMSO-ds): 5 2.80 (s, 6H), 5.42 (s, 2H),
7.45 (s, 1H), 7.95 (4, 1H), 8.23 (.d, 1H), 8.86 (4, 1H).
Retention Time (LC, method: ammonium acetate standard):
2.32 min.

MS (M+H'): 261.1.

EXAMPLE 4: N-(6-chloro-7-7-(N,N)-dimethylamino-9H-f-
carbolin-8-~yl)-2-methyl-nicotinamide

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

1H-NMR (300 MHz, Methanol-d¢/CDCl3): 5 2.82 (s, 3H), 2.94°
(s, 6H), 7.33 (m, 1H), 8.02 (m, 3H), 8.34 (4, 1H), B8.61 (4,
1H), 8.95 (s, 1H).
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Retention Time (LC, method: ammonium acetate standard):
2.29 min.

MS (M+H'): 380.3.

INTERMEDIATE 13: 6-chloro-7-(d-methyl-piperazin-1-yl)-8-
nitro-9H-B-carboline

[00121] To a DMSO solution (4 ml) of 200 mg (0.755 mmol)
of 6-chloro-7-fluoro-8-nitro-9H-pf-carboline was added 1-
methylpiperazine (226 mg, 2.26 mmol) and DIEA (400 mg, 3.09
mmol) via a syringe. The reaction was allowed to sBtir at
-RT overnight. Upon addition of water, an orange solid
pPrecipitated out. The solid was filtered, washed and dried
to give 236 mg (91% yield} of the desired 6-chloro-7-(4-
methyl-piperazin-l-yl)-8-nitro-9H-p-carboline.

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

Retention Time (LC, method: ammonium acetate standard):
1.72min.

MS (M+H'): 346.

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

[00122] Suspended 236 mg of 6-chloro-7-(4-methyl-
piperazin-1-yl)-8-nitro-98-f-carboline in 100ml of methanol
and added 10% P4/C (48 mg) under argon. The flask was
flushed with hydrogen (3X)} and the reaction mixture was
stirred under a hydrogen atmosphere at RT overmight. The
reaction mixture was filtered and P4/C was removed using a
pad of celite. The reaction mixture was evaporated to

remove solvent and purified by flash chromatography to give

d/
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119 mg (55% yleld) of the desired 6-chloro-7-{4-methyl-
piperazin-1-yl)-8-amino-9H-B-carboline.

lH-NMR (300 MHz, methanol-ds): § 2.39 (s, 3H), 2.46 (m,
2H), 2.87 (m, 4H), 3.83 (m, 2H), 7.50 (s, 1H), 7.97 (4,
1H), 8.24 (4, 1H), 8.78 (s, 1H).

Retention Time (IC, method: ammonium acetate polar):
1.32min.

MS (M+H'): 316.

EXAMPLE 5: 2-chloro-N-[6-chloro-7-(4-methyl-piperazin-1-
yl1l)-9H-B-carbolin-8-yl]-nicotinamide

[00123] The desired compound was prepared according to
Method A from 6-chloro-7-(4-methyl-piperazin-1-yl)-8-amino-
9H-p-carboline and 2-chloro-nicotinic acid in 25% yield.
H-NMR (300 MHz, DMSO-dg): 6§ 2.21 (s, 3H), 2.33 (m, 2H),
2.54(m, 2H), 3.24 (m, 4H), 7.73 (dd, 1H), B8.12 (4, 1H),
8.35 (4, 1H), B8.37 (s, 1H), B8.48 (dd, 1lH), 8.61 (dd, 1H),
8.91 (s, 1H), 10.40 (s, 1H), 11.33 (e, 1H).

Retention Time (ILC, method: ammonium acetate standard):
1.46min.

MS (M+H'): 455.

INTERMEDIATE 15: Resolution of rac-terebic acid

[00124]) Terebic acid was dissolved in a 10:1 mixture of
EtOAc-MeOH [10 g of terebic acid (17.7 g of salt) in 550
ml]) and heated to 50-55°C, followed by addition of (8)-(-)-
a-methyl-benzylamine. The reaction mixture was stirred for
2 minutes and then left at RT for 15 minutes. The reaction
mixture was then seeded with enriched salt (prepared on a
emaller scale using 3 recrystallization cycles), sonicated
for 10-15 Beconds and left at RT overnight. The 8 lid was
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filtered off, washed with EtOAc and dried under wvacuum.

'Rec:r:ystallization was done in the same solvent mixture by
re-dissolving the salt (24 mg/ml). This mixture was then
heated to a gentle reflux for a short period of time {(few
crystals remained in suspension). 6 The mixture was left at
RT over night. The solid was processed as previously
described.

[00125] Enantiomeric excess was determined in a crude
fashion using proton NMR of the corresponding amide
obtained from TBTU coupling.

[00126] Regeneration of (R)-(+)-terebic acid: The salt
was dissolved in water (320 mg/ml), heated to 65°C and 1.2
equivalent of aqueous 6M HCl was added. The reaction
mixture was them left at 4°C overnight. The solid was
filtered off, washed with small portions of cold water and
dried under a high vacuum {yield of 25-30%).

H-NMR (300 MHz-, DMSO-ds): & 1.30 (8, 3H), 1.52 (8, 3H),
2.74 (dad, 1H), 2.85 (4d, 1H), 3.25 (t, 1RH).

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

MS (M+H'): 159.0.

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

acid (6-chloro-9H-f-carbolin-8-vyl)-amide

[00127] The desired compound was prepared according to
Method B from 6-chloro-9H-p-carboline-B8-ylamine and (R)-
terebic acid (Intermediate 15) in 80-90% yield.

'‘H-NMR (300 MHz, DMSO-dg): & 1.44 (s, 3H), 1.59 (s, 3H),
2.91 (44, 1H), 3.08 (dd, 1H), 3.38B (d4d, 1H), 7.85 (m, 1lH),
8.17 (4, 1H), 8.25 (4, 1H), 8.39 (d, 1H), 92.05 (s, 1H),
10.26 (s, 1H), 11.72 (s, 1H).

g
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Retention Time (LC, method: ammonium acetate standard):

1.22 min.

MS (M+H'): 358.3.

EXAMPLE 7: 1,2,2-trimethyl-5-oxo-pyrrolidine-3~carboxylic
acid (6-chloro-9H-f-carbolin-8-yl)-amide

[00128] The desired compound wae prepared according to
Method B from 6-chloro-9H-f-carboline-8-ylamine and 1,2,2-
trimethyl-5-oxo-pyrrolidine-3-carboxylic acid in 68% yield.
H-NMR (DMSO-d6, 300MHz) & 1.23 (s, 3H), 1.45 (a, 3H), 2.59
(dd, 1R),2.66(s, 3H), 2.70 (d4d, 1H), 3.17 (t, 1H), 7.91
(m, 1H), 8.18 (d, 1H), 8.24 (4, 1K), 8.40 (4, 1H), 9.07 (s,
1H), 10.16 (s, 1H), 11.32 (s, 1H).

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

MS (M+H'): 371.3.

INTERMEDIATE 16: N-benzyl-serine benzyl ester

[001291 To a mixture of L-serine-benzyl ester-HCl (2.3
g), benzaldehyde(1.05 eg.) and sodium acetate (1 eq.) in
methanol was added sodium cyanoborohydride (1.0 eq.). The
resulting mixture was stirred at ambient temperature for 15
hrs, then partitioned into ether and agueous saturated
sodium bicarbonate. The separated organic phase was
extracted with 1M HCl (3X). Combined aquecus extracts were
washed with ether, baslifled with aquecus 4.5M KiCOx and
extracted with ether. Combined organic extracts were
washed with brine, dried over sodium sulfate and
concentrated to dryness to give 2.32 g of the desired
compound (waxy esolid, 81% yield).
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1H-NMR (300MHz, CDCl;): & 3.48 (d4, 1H), 3.64 (dd, 1H),
3.74 (4, 1H), 3.80 (44, 1H), 3.88 (d, 1H), 5.18 (s, 2H),
7.25-7.39 (m, 10H).

'MS (M+H'): 286.

INTERMEDIATE 17: d4-benzyl-6-iodomethyl-6-methyl-morpholine-
3-carboxylic acid benzyl ester
" {00130] To- a solution of N-benzyl-serine benzyl ester
(Intermediate 16, 6.35 g) in 950 ml of MeCN at ambiemt
temperature was added 3-bromo-2-methyl-propene (5.6 ml), KI
(740 mg) and KoCO3 (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. Only a small amount of
gtarting material remained based on TLC (l1l:1; EtOAc-
hexane). To the resulting mixture was added 11.2 g of
iodine. After 4 hrs of stirring, TLC (10% EtOAc/hexane)
showed complete conversion. The reaction mixture was
partitioned into ether (300 ml) and 0.5 M Na3;S;0; (100 ml).
The separated organic phase was washed successively with
water, saturated NaHCO; and brine, dried over MgSO,, and
concentrated to dryness. The residue was purified on
Bilica (5% EtOAc/Hexane) to give 6.65 g (yellowish oil, 64%
yield, about 4:1 mixturei of compound 4-benzyl-6-
iodomethyl-6-methyl-morpholine-3-carboxylic acid benzyl
ester. Major Component: H-NMR (300MHz, CDCl3): & 1.22 (s,
3H), 2.50 (4, 1H), 3.16-3.36 (m, 3H), 3.75-3.95 {(m, 4H),
4.06 (4ad, 1H), 5.16 (4, 1H), 5.21 (4, 1H), 7.28-7.36 (m,
10H) .

MS (M+H'): 466.

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

[00131] To a solution of 4-benzyl-6-iodomethyl-6-methyl-
morpholine-3-carboxylic acid benzyl ester (Intermediate 17,
1.23 g) and tributyltin hydride (1.8 ml, 2.5 eg.) in 11 ml
of toluene under gentle reflux was added over 1.5 hr a
Bolution of AIBN in toluene (25 mg/lml). The mixture was
allowed to cool down and was concentrated to dryness. The
residue was partitioned into 15% 1M HCl 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 KaCO;. The separated ether phase was washed
successively with 0.4M Na;S;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, CDCl;)}: 5 1.21 (s, 3H), 1.24 (s, 3H), 2.12
(d, 1H), 2.84 (4, 1H), 3.29 (t, 1H), 3.58 (4, 1H), 3.95-
4.05 (m, 2H), 5.15 (4, 1H), 5.21 (4, 1H), 7.28-7.36 (m,
10H). '

MS (M+H') :340.

INTERMEDIATE 19: 6, 6-dimethyl-morpholine-3-carboxylic acid
[00132) To a solution of 4-benzyl-6,6-dimethyl-
morpholine-3-carboxylic acid benzyl ester (Intermediate 18,
1.25 g) in 40 ml of 10% AcOH/MeOH (under nitrogen) was
added 250 mg of 20% PA(OH)z on charcoal. The reaction
mixture was purged with bydrogen {(balloon) and was stirred
at ambient temperature for 72 hrs. To the resulting gray
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mixture was added 4 ml of water to 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).

1H-NMR (300MHz, D;0): & 1.35 (s, 3H), 1.38(s, 3H), 3.11 (4,
1H), 3.32 {4, 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

[00133] To a suspension of 6, 6-dimethyl-morpholine-3-
carboxylic acid (Intermediate 19, 540 mg) in 17 ml of
ethanol (under nitrogemn) was added 100 mg of 10% Pd on
charcoal and 830 ul (~3 eq.} of 37% aqueous formaldehyde.
The mixture was purged with hydrogen (balloon) and stirred
at ambient temperature for 5 hrs. To the resulting gray
mixture were added 4 ml of water and 4 ml of methanol to
help dissolution. The catalyst was removed by filtration
and the filtrate was concentrated to dryness. The residue
wag 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).
14-NMR (300MHz, D;0): 3 1.35 (s, 3H), 1.43(s, 3H), 2.94(s,
3H), 3.08 (4, 1H), 3.41 (d, 1H), 3.68 (ad, 1H), 3.96 (t,
1H), 4.14 (44, 1H).

MS (M+H"): 174.
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EXAMPLE 8: 4,6, 6-trimethyl-morpholine-3-carboxylic acid (6-
chloro-9H-p—carbolin-8-yl) ~amide _

[00134) The desired compound was prepared according to
Method B from 6~-chloro-9H-p-carboline-8-ylamine and 4,6, 6-
trimethyl-morpholine-3-carboxylic acid in 61% yield.

'H-NMR (DMSO-d6, 300MHz) & 1.15 (s, 3H), 1.39 (s, 3H), 1.98
(4, 1B), 2.26 (s, 3H), 2.72 (4, 1H), 2.80 (dd, 1H),
3.79(m, 2H), 7.91 (s, 1H), 8.03-B.08 (m, 2H), 8.22 (4, 1H),
8.97 (s, 1H).

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

MS (M+H'): 373.2.

EXAMPLE 9: 2,2-Dimethyl-5-oxo-tetrahydro-furan-3-carboxylic
acid (6-chloro-7-methoxy-9H- B-carbolin-8-yl)-amide

[00135] The 'desired compound was prepared according to
Method A from 6-chloro-7-methoxy-9H-f-carboline-8-ylamine
and . (R) -terebic acid in a.60-B0% yield.

H-NMR (300 MHz, DMSO-dg): & 1.48 (s, 3H), 1.61 (s, 3H),
3.03 (m, 2H), 3.51 (m, 1H), 3.86 (8, 3H), 8.16 (m, 1H),
8.37 {(m, 1H), 8.43 (s, 1H), 8.94 (s, 1H), 10.10 (s, 1H),
11.33 (s, 1H).

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

MES (M+H'): 388.

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

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

resulting solution was allowed to stir at RT for 20 min.
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6-chloro-7-fluoro-8-nitro-9H-f-carboline (500 mg, 1.9 mmol)

was added to the stirring solution and the resulting
mixture was allowed to stir at RT. Upon addition of H;0, a
brown solid precipitated out which was filtered to give the
desired 6-chloro-7-cyclopropylmethyoxy-8-nitro-9H-p-
carboline (510 mg, B85%).

'H-NMR (300 MHz, DMSO-dg): & 0.35 {(m, 2H), 0.59 (m, 2H),
1.32 (m,” 1H), 4.04 (4, 2H), 8.21 (4, 1H), 8.46 (d, 1H),
8.90 (s, 1H), 9.02 (8, 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-8-
carbolin-8-ylamine

[00137] 6-chloro-7-cyclopropylmethoxy-8-nitro-9H-p-
carboline (510 mg, 1.61 mmol) was suspended in 12 ml of
methanol and 100 mg-of PA/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 wae ocbtained. This residue was suspended in methanol -

(10 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 &-chloro-7-
cyclopropylmethoxy-9H-p-carbolin-8-ylamine (371 mgs, B0%
vield).

H-NMR (300 MHz, methanol-ds): 3 0.36 (m, 2H), 0.61 (m,
2H), 1.37 (m, 1H), 3.88 (d, 2H), 7.58 (s, 1H)}, 7.96{(d, 1H),
B.23 (4, 1H), 8.76 (=, 1H).

ys™
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Retention Time (LC, method: ammonium acetate standard):
2.28min.
MS (M+H'): 288B.

EXAMPLE 10: N-{6-chloro-7-cyclopropylmathoxy-9H-f-carbolin-
8-yl)-2-methyl-nicotinamide

[00138] The desired compound was prepared according to
Method A from 6-chloro-7-cyclopropylmethoxy-9H-p-carbolin-~
8-ylamine and 2-methylnicotinic acid in a 40-60% yileld.
'H-NMR (300 MHz, MeOH-di): & 0.29 (m, 2H), 0.55 (m, 2H),
1.29 {(m, 1H), 2.78 (s, 3H), 3.95 (m, 2H), 7.46 (4d, 1H),
8.08 (m, 1H), B.30 (m, 3H), B.59 (m, 1RH), 8.81 (s, 1H).
Retention Time (LC, method: ammonium acetate standard):
2.18 min.

MS (M+H'): 405.

INTERMEDIATE 23: 6-chloro-7-(N,N)-dimethylamincethoxy-8-
nitro-9H-f—-carboline

[00139) N,N-dimethylaminoethyl alcohol (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-chloro-7-fluoro-8-nitro-9H-p-
carboline (1.0 eq) was added to the stirring solution and
the resulting mixture was allowed to stir at RT. Upon
addition of H;0, a brown solid precipitated out which was
filtered to give the desired 6-chloro-7-(N,N)-
dimethylamincethoxy-8-nitro-9H-0O-carboline (quantitative
vield).

lH-NMR (300 MHz, DMSO-dg): & 2.23 (s, 6H), 2.74 (t, 2H),
4.28 (t, 2H), 8.21(d, 1H), 8.46 (4, 1H), 8.90 (s, 1H), 9.02
(s, 1H).
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Retention Time (IC, method: ammonium acetate standard):
1.26 min.
MS (M+H'): 335. '

INTERMEDIATE 24: 6-chloro-7-(N,N)-dimethylaminoethoxy-9H~B-
carbolin-8-ylamine

[00140] 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 PA/C (10%) was added. The flask was
fitted with a balloon of hydrogen and the reaction mixture
'was stirred overnight at RT. Upon filtration through a pad
of celite and evaporation of the methanol, a dark brown
solid was obtained. The residue was suspended in methanol
(10 ml) and added, with vigorous stirring, to a solution of
saturated NaHCO; (100 ml). The solid that precipitated out
was collected by filtration and dried thoroughly in vacuo
to give the desired 6-chloro-7- (N,N)-dimethylaminoethoxy-
9H-p-carboline-8-ylamine (380 mgs, 83%).

1H-NMR (300 MHz, methanol-ds): 3 2.43 (s, 6H), 2.84 (t,
2H), 4.11 (t, 2H), 7.47 (s, 1H), 7.88 (d, 1H), 8.20 (4,
1H), 8.72 (8, 1H).

Retention Time (LC, method: ammonium acetate standard):
1.34min.

MS (M+H'): 305.

EXAMPLE 11: N-[6-cloro-7-{2-dimethylamino-ethoxy)-9H-B-

carbolin-8-vyl]-2-methyl-nicotinamide

[00141] The desired compound was prepared according to
Method A from 6-chloro-7- (N,N)-dimethylaminocethoxy-9H-p-
carboline-8-ylamine and 2-methylnicotinic acid in a 40-60%
vi 1d.

cté
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H-NMR (300 MHz, DMSO-dg): 5 1.92 (s, 6H), 2.49 (m, 2H),
2.68 (a, 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), 9.00 (s, 1H),
11.27 (s, 1H), 11.78 (s, 1H).
Retention Time (ILC, method: ammonium acetate standard):
1.52 min.
MS (M+H'): 424.

EXAMPLE 12: 2-amino-cyclopemtanecarboxylic acid (6-chloro-
7-methoxy-9H-B-carbolin-8-yl)-amide

[00142] 6-chloro-7-methoxy-9H-pf-carboline-8-ylamine and
2-tert-butoxycarbonylamino-cyclopentanecarboxylic acid were
reacted using Method A. To this product was added ~5ml of

4N HCl/dioxane and the resulting mixture was allowed to
stir at RT. The reaction was followed by LC-MS until
completion. Evaporation was allowed to remove all the
solvent which gave a crude HCl salt. The desired product
was then purified by preparative HPIC.

1H-NMR (300 MHz, DMSO-dg): 5 1.68 (m, 1H), 1.84 (m, 2H),
2.06 (m, 2H), 2.20 (m, 1H), 3.46 (m, 1H), 3.67 (m, 1H),
3.89 (s, 3H), B.24 (4, 2H), 8.61 (4, 1H), 8.72 (s, 1H),
8.78' (4, 1H), 9.19 (s, 1H), 10.58 (s, 1H), 13.20 (s, 1H).
Retention Time (LC, method: ammonium acetate standard):
1.54 min.

MS (M+H'): 359.

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

[00143] A mixture of commercially available itaconic acid
and N,N-dimethylethylenediamine was heated up to 160 °C £ r
about 20-25 minutes. The mixture was allowed t co 1 to
100 °C and then diluted with MeOH to prevent




,ﬁ_

WO 2004092167 PCT/US2004/011080 "7

~—83--

solidification. The product was cobtained in a 56% yield
after crystallization from MeOH/EtOAc.

'H-NMR (300MHz, D;0): & 2.63 (dd, 1H), 2.80 (dd, 1H), 2.95
(s, 6H), 3.15-3.25 {(m, 1H), 3.32-3.44 {(m, 1H), 3.44-3.76
(m, 4H), 3.82-3.94 (m, 1H).

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

MS (M+H"): 201.0.

EXAMPLE 13: l1-(2-Dimethylamino-ethyl)-5-oxo-pyrrolidine-3-
carboxylic acid (6-chloro-9H-p-carbolin-8-vl)-amide
[00144] Prepared according to Method B from 6-chloro-9H-

B-carboline-8-ylamine and 1- (2-dimethylamino-ethyl)-5-oxo-~
pyrrolidine-3-carboxylic acid in 70 - 80% yield as the 4i-
HCl 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 {(dd, 1H),
4.01 (44, 1H), 7.75 (d, 1H), 8.24 ( 4, 1H), 8.45 (44, 1H),
8.52 (dd, 1H), 9.10 (bs, 1H).

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

MS (M+H'): 400.

EXAMPLE 14: l-(2-dimethylamino-ethyl)-5-oxo-pyrrolidine-3-
carboxylic acid (6-chloro-7-methoxy-9H-p-carbolin-8-yl)-
amide

[00145] Prepared according to Method A from 6-chloro-7-
methoxy-9H-p-carboline-8-ylamine and l-(2-dimethylamino-

ethyl)-5-oxo-pyrrolidine-3-carboxylic acid in 60% yield
following purification using a semi-preparative Chiralcel
OD columm with 85/7.5/7.5 hexane/EtOH/MeOH as the eluant.
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l§-NMR (300 MHz, DMSO-dg): & 2.44 (s, 6H), 2.75 (&, 2H),
2.88 (d, 2H), 3.56 (t, 2H), 3.66 (m, 1H), 3.85 (m, 2H),
3.90 (s, 3H), 8.03 (d, 1H), 8.21 (s, 1H), 8.28 (d4,1H), B8.79
(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
[00146] A slurry of 6-chloro-7-fluoro-8-nitro-SH-B-
carboline (500 mg, 1.88 mmol) in MeOH (25 ml) was degassed
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 balloon of
hydrogen for 6 hxr, then filtered through celite and
concentrated under reduced pressure to yield 6-chloro-7-
fluoro-9H-p-carbolin-8-ylamine (400 mg) as a brown solid.
IH-NMR (300 MHz, DMSO-d6): & 11.48 (br s, 1); 8.99 ~ 8.98
(m, 1); 8.37 - 8.35 (m, 1); 8.11 - 8.09 (m, 1); 7.74 - 7.72
(m, 1); 5.65 (br 8, 2).

HCOOH standard conditions.

DAD Rf = 1.00 min.

MS (M+H'): 236.

EXAMPLE 15: N-(6-chloro-7-fluoro-9H-f-carbolin-8-yl)-2-
methyl-nicotinamide

[00147] A solution of 6-chloro-7-fluoro-9H-p-carbolin-8-
ylamine (100 mg, 0.424 mmol) in pyridine (2.5 ml) was
stirred .at RT. 2-methyl nicotinic acid (70 mg, 0.509 mmol)
was added, followed by EDCI (130 mg, 0.678 mmol). The
suspension was stirred at 100 °C for a day. The pyridine

was removed under reduced pressure and the resulting dark
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oil was triturated with saturated agqueous NaHCOi. The
precipitate which formed was filtered and washed with MeOH.
The material was treated with 2M HCl in Et;0 to yield a
gray solid, the di-HCl salt N-(6-chloro-~-7-fluoro-9H-p-
carbolin-B8-yl)-2-methyl-nicotinamide (110 mg).

H-NMR (300 MHz, DMSO-d6): & 13.15 (s, 1); 11.03 (=, 1);
9.33 (8, 1); 8.99 - 8.97 (m, 1); 8.92 - 8.89 (m, 1); B8.79 -
86.73 (m, 2); 8.50 (m, 1); 7.70 {m, 1); 2.80 (s, 3).

HCOOH standard conditions.

DAD Re = 0.91 min.

MS (M+H'): 355.

INTERMEDIATE 27: 6-chloro-7-methylsulfanyl-8-nitro-9H-8-
carboline

[00148] A 250 ml round-bottom flask with magnetic stirrer
was charged with 6-chloro-7-fluoro-8-nitro-p~carboline
(Intermediate 5, 3.959 g, 14.9 mmol) and 100 mli anhydrous
DMF. The resulting orange mixture was cooled to 0 °C (ice
and water bath) and sodium thiomethoxide (1.809 g, 25.8
mnol) in powder form was added slowly thereto. The
reaction mixture was stirred for 1 hr at 0 °C, warmed to
RT, and added slowly to a stirring mixture of 4:1 H0 /
saturated aqueous sodium bicarbonate (500 ml). The
precipitated solid was collected via suction filtration and
air-dried to afford 4.017 g of 6-chloro-7-methylsulfanyl-8-
nitro-9H-p-carboline as an orange powder. The crude
material was used directly in subsequent steps.

lH-NMR (300 MHz, Methanol-d,): & 8.91 (1H, d) 8.63 (1H, s)
8.42 (1H, 4) 8.17 (1H, 4d) 2.54 (3H, =8).

LCMS (formic acid standard method) retention time= 1.43
min.

MS (M+H'): 294.

§@
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INTERMEDIATE 28: 6-chloro-7-methylsulfanyl-9H-B-carbolin-8-
ylamine

[00149] A 500 ml1 round-bottom flask with magnetic stirrer
was charged with 6-chloro-7-methylsulfanyl-B-nitro-9H-p-
carboline (4.011 g, 13.6 mmol) and 200 ml anhydrous
ethancl. To the resulting mixture was added agqueous
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 ml) 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 aff rd
5.153 g of a yellowish-orange colored so0lid. The solid was
redissolved in MeOH (50-100 ml) and slowly added to
saturated aqueous sodium bicarbonate (500 ml) with
stirring. The mixture was stirred at RT for 45 min and the
resulting solid collectéd via suction filtration and air-
dried to afford 3.476 g of 6-chloro-7-methylsulfanyl-9H-p-
carbolin-8-ylamine as a tan solid which was used without
further purification in subsequent steps.

H-NMR (300 MHz, Methanol-d;): & 8.87 (1H, ®) 8.35-8.24

(18, m) 8.16-8.06 (1H, m) 7.67 (1H, s) 2.32 (3H, B).

LCMS (ammonium acetate standard method) retention time=
2.12 min.

MS (M+H*): 264.
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EXAMPLE 16: N-(6-chloro-7-methylsulfanyl-9H-B-carbolin-8-
vl) -2-methyl-nicotinamide

[00150] A 250 ml round-bottom flask with magnetic stirrer
was charged with 6-chloro-7-methylsulfanyl-9H-p-carbolin-8-
vlamine (Intermediate 28, 2.336 g, B8.86 mmol) and 2-
methylnicotinic acid {(3.219 g, 23.4 mmol) in 80 ml

anhydrous pyridine. To the resulting reaction mixture at
RT wag added solid 1l-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (7.080 g, 36.9 mmol) and
the reaction mixture was heated to 100 °C (oil bath) for -2
days. The resulting mixture was cocoled to RT and
concentrated (rotavap) to afford a brown residue. The
residue was redissolved in MeOH (50 ml), slowly added to a
stirring mixture of 5:1 H20 / saturated agqueous sodium
bicarbonate (600 mll) and stirred at RT for ~18 hr. The .
precipitated solld was collected via suction Eiltration,
washed with Et30 (2 x 150 ml), and air-dried to afford -
3.036 g of crude N-{6-chloro-7-methylsulfanyl-9H-p-
carbolin-8-yl)-2-methyl-nicotinamide as a brown solid. The
crude material was purified via HPLC (yields = ~40-60%)
JH-NMR (300 MHz, DMSO-d6): & 11.72 (1H, s) 10.50 (1H, s)
8.97 (1H, s8) 8.62 (1H, 4dd) 8.57 (1H, s8) 8.41 (1H, 4) 8.33-
8.27 (1H, m) 8.21 (1H, d) 2.73 (3H, B) 2.41 (3H, 8).

LCMS (ammonium acetate standard method) retention time=
1.89 min.

MS (M+H'): 383.

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

[00151]) A 25 ml round-bottom flask with a magnetic
gtirrer was charged with 6-chloro-7-fluoro-8-nitro-9H-p-

carboline (102 mg, 0.38 mmol) in 5 ml of anhydrous DMF. To
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the resulting orange mixture at RT was slowly added sodium
thioethoxide (80% pure, 69.7 mg, 0.66 mmol) in powder form.
The reaction mixture was stirred at RT for 45 minutes, then
added drop-wise to a 5:1 mixture of H30 / saturated sodium
bicarbonate (~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-p~carboline as an
range solld (79%). .
H-NMR (300 MHz, CD;OD, ppm) 5 8.91 (1H, s) B.63 (1H, =)
8.42 (1K, d) 8.18 (1H, d) 3.04 (2H, q) 1.20 (3H, t).
Retention Time (LC, formic acid standard method): 1.71 min.
MS (M+H'): 308.

INTERMEDIATE 30: 6-chloro-7-ethylsulfanyl-98-B-carbolin-8-
ylamine

[00152) A 50 ml round-bottom f£lask with magnetic stirr r
was charged with 6-chloro-7-ethylsulfanyl-8-nitro-9H-p-
carboline (85.0 mg, 0.28 mmol) in 10 ml anhydrous ethanol.
To the resulting orange mixture at RT was added 0.33 M
aqueous ammonium chloride (2.0 mi, 0.66 mmol) and iron
powder (680 mg, 12.2 mmol). The reaction mixture was
heated to 60 °C and stirred vigorously for 20 hr. Next,
the mixture was cooled to RT, diluted with ethyl acetate
(15 ml), and activated charcoal (~180 mg) was added. The
resulting mixture was filtered through a pad of celite and
the filtrate was concentrated to afford 77.8 mg of 6-
chloro-7-ethylsul fanyl-9H-pB-carbolin~8-ylamine as a yellow
solid (> 99%).

JH-NMR (300 MHz, CD;OD, ppm) & 8.94 (1H, s) 8.33-8.29 (1H,
m) 8.21-8.18 (1H, m) 7.73 (1H, s) 2.85 (2H, q) 1.21 (3H,
t).
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ILCMS (ammonium acetate standard method) retention time=
2.13 min.
(M* = 278; M = 276).

EXAMPLE 17: N-{6-chloro-7-ethylsulfanyl-9H-B-carbolin-8-
yl) -2-methyl-nicotinamide

[00153] A 25 ml round-bottom flask with magnetic stirrer
was charged with 6-chloro-7-ethylsulfanyl-9H-p-carbolin-8-
ylamine (37.2 mg, 0.13 mmol) and 2-methylnicotinic acid
(36.2 mg, 0.26 mmol) in 3 ml anhydrous pyridine. To the
resulting light-orange mixture at RT was added solid 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(73.2 mg, 0.38 mmol) and 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 minimal amount of MeOH
(~2 ml), slowly added to a 5:1 mixture of Hz0 / saturated

. sodium bicarbonate (~20 ml), and stirred at RT for 2.5 hr.
The resulting precipitated solid was collected via suction
filtration, washed with 1:1 hexanes / diethyl ether {2 x 20
ml), and air-dried to .afford 21.0 mg of N-(6-chloro-7-
ethylsulfanyl-9H-p-carbolin-8-yl)-2-methyl-nicotinamide as
a tan solid (~38%). LCMS (ammonium acetate standard
method) retention time = 2.33 min. (M" = 397; M = 395}.
H-NMR (300 MHz, CDsOD, ppm) 3 8.B9 (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 (24, q) 2.84 (3H, 8) 1.20 (3H, t).

INTERMEDIATE 31: [2-(6-chloro-8-nitro-9H-B-carbolin-7-
ylsulfanyl) ~ethyl]-dimethyl~amine

[00154] A 25 ml round-bottom flask with magn tic stirrer
wag charged with 6-chloro-7-fluoro-8-nitro-9H-pB-carboline
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(98 mg, 0.37 mmol) in 2 ml of anhydrous DMF. A second 1.0
ml round-bottom flask with magnetic stirrer was charged
with 2-dimethylamino-ethanethiol hydrochloride (100 mg,
0.70 mmol) in 2 ml anhydrous DMF. To the resulting
suspension was added n-butyllithium (0.43 ml of 1.6 M
solution in hexanes, 0.69 mmol) via syringe and the mixture
was stirred for 5 min at RT. Next, the thiocanion solution
was added via syringe to 6-chloro-7-fluoro-8-nitro-9H-p-
carboline, and the resulting red solution was stirred at RT
for 30 min. The reaction mixture was slowly added to a 5:1
mixture of Hz;0/saturated agueous Bodium bicarbonate (30 ml)
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 acetate standard method) retemtion time=
1.35 min.

(M* = 351; M = 349).

'H-NMR (300 MHz, CD,OD, ppm) 3 8.92 (1H, 4, J = 1.0 Hz)
8.66 (1H, B) 8.43 (1H, 4) 8.19 (1H, 44) 3.18-3.13 (2H, m)
2.57-2.52 (2H, m) 2.21 (6H, B).

INTERMEDIATE 32: 6-chloro-7-(2-dimethylamino-
ethylsulfanyl)-9H-B-carbolin-8-ylamine

[00155] A 50 ml round-bottom flask with a magnetic
stirrer was charged with [2-({6-chloro-8-nitro-9H-p-
carbolin-7-ylsulfanyl)-ethyl]-dimethyl-amine (106 mg, 0.30
mmol) in 8 ml1 of anhydrous ethanol. To the :r:esul_ting
orange mixture at RT was added 0.33 M aqueocus ammonium

chl ride (1.95 ml, 0.64 mmol) and iron powder (540 mg, 9.67
mmol). The reaction mixture was heated to 60 °C and




WO 2004092167 PCT/US2004/011080 6\

--91--

stirred vigorously for 20 hr. Next, the mixture was cooled
to RT, diluted with ethyl acetate (20 ml) and activated
charcoal (ca. 150 mg) was added. The resulting mixture was
filtered through a pad of celite and the resulting filtrate
concentrated to afford 103 mg of 6-chloro-7-(2-
dimethylamino-ethylsulfanyl)-9H-f-carbolin-8-ylamine as a
yellow solid. The crude product was used directly in the
coupling step.

LCMS (ammonium acetate standard method) reteni:.ion time=
1.34 min. -

(M* = 321; M = 319).

‘H-NMR (300 MHz, CD;OD, ppm) & 8.87 (1H, s) B.30 (1H, &)
B.06 (1H, d) 7.75 (1H, s) 3.23-3.13 (4H, m) 2.84 (6H, s).

EXAMPLE 18: N-[6-chloro-7-(2-dimethylamino-ethylsul fanyl) -
9H-B-carbolin-8-yl]-2-methyl-nicotinamide

[00156] A 25 ml round-bottom flask with magnetic stirrer
was charged with 6-chloro-7-(2-dimethylamino-

ethylsul fanyl)-9H-B-carbolin-8-ylamine (45.2 mg, 0.14 mmol)
and 2-methylnicotinic acid (39.0 mg, 0.28 mmol) in 4.5 ml
of anhydrous pyridine. To the resulting light-orange
mixture at RT was added smolid 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 in
a minimal amount of MeOH (~2 ml), slowly added to a 5:1
mixture of H.0 / saturated sodium bicarbonate (~25 ml), and
extracted with ethyl acetate (3 x 30 ml). The combined
organic layers were washed with brine (1 x 30 ml), dried
over NazS0,, filtered and concentrated to afford a brown
residue (79.6 mg). The residue was redissolved in MeOH (~5
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ml), and filtered through a cotton plug. To the resulting
filtrate waa. added HCl in 1,4-dioxane (1.0 ml, 4.0 mmol),
the resulting solution stirred at RT for 3 hr, and added
drop-wise to diethyl ether (30 ml) with stirring. The
resulting precipitated product was collected via suction
filtration, weshed with ether and air-dried to afford 36.3
mg of N-[6-chloro-7-(2-dimethylamino-ethylsulfanyl)-9H-p-
carbolin-8-yl]-2-methyl-nicotinamide tris-hydrochloride as
a yellow powder.

H-NMR (300 MHz, CDOD, ppm) & 8.95 (1H, s) 8.62 (1H, dd)
8.43 (1H, s) 8.38-8.34 (2H, m) 8.16 (1H, 4) 7.50 (1H, dd)
3.09 (2H, t) 2.85 (3H, =) 2.30 (2H, t) 1.99 (6H, B).

LCMS (ammonium acetate standard method) retention time=
1.56 min.

(M = 440; M = 438).

INTERMEDIATE 33: morpholine-3(S), d-dicarboxylic acid 4-
texrt-butyl ester

[00157] A guspension of morpholine-3(S)-carboxylic acid
{(2.00 g, 15.3 mmol) in DMF (75 ml) was stirred at RT.
Triethylamine (7.47 ml, 53.6 mmol) and di-tert-butyl .
dicarbonate (BOC20, 4.02 g, 18.4 mmol) were added. The
suspension was stirred at RT for one hour, during which
time the reaction formed a c¢lear yellow spolution. The
solution was concentrated to a reduced volume (~25 ml) and
diluted with water (15 ml) and 1IN HCl (15 ml). The mixture
was poured into a separatory fummel, diluted further with
water (100 ml) and brine (100 ml), and extracted with Etz0
(3 x 100 ml). The organic layer was washed with brine,
dried, filtered and concentrated to yield a white solid.
The solid, which contained excess BOC;0, was dissolved in
Et0 (500 ml) and extracted with 1IN NaOH (3 x 100 ml). The
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agqueocus layer was acidified with 6N HCl to approximately a
pE of 2, then extracted quickly with Et;0 (3 x 100 ml).

The EBtz0 layer was dried, filtered and concentrated to
yield white solid (3.07 g).

H-NMR (300 MHz, DMSO-d6): & 12.95 (br s, 1); 4.34 - 4.30
(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 - 1.36
tm, 9).

NH,OAc standard conditions.

ELSD R = 1.08 min.

M-H = 230.

EXAMPLE 19: 4-methyl-morpholine-3(S)-carboxylic acid (6-
chloxo-9H-B-carbolin-8-yl)-amide

[00158] A slurry of morpholine-3(S)-carboxylic acid

(3.00 g, 22.9 mmol) in EtOH (115 ml) wap stirred at RT. A
solution of aqueous CH;O0 (3.42 ml, 45.8 mmol, 37% w/w in
Hz0) was added, followed by Pd{OH)2 (600 mg, 20% w/w on
charcoal). The flask was charged with hydrogen (1 atm) and
the grey slurry was stirred for 24 hr at RT under a balloon

of hydrogen. The flask was purged with nitrogen and the
black slurry was diluted with MeOH, filtered through filter
paper and concemntrated to a reduced voluma. The pale grey
solution was filtered through a 0.45 pm syringe fillter to
remove residual PA(0OH); and concentrated to vield a clear
colorless oil. The oil was placed under high vacuum for
24 hr and a white, solid foam was isolated. The foam was
dissolved in pyridine (200 ml) and 6-chloro-9H-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;0

(300 ml) and poured into a separatory funnel containing
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BtOAc (300 ml). The mixture was shakem and the layers were

peparated. The agueous layer was extracted with EBtOAc (3 x
150 ml) and the combined organic layers were washed with
H20 and brine. The organic layer was dried, filtered and
concentrated to vield a brown oil which was placed under
high vacvum. The resulting brown foam was triturated with
MeOH and the precipitate which formed was filtexed and
washed with MeOH. The resulting pale yellow solid was
purified via chiral HPLC to yield a white solid (3.23 gq).
ly-NMR (300 MHz, DMSO-d6): & 11.36 (s, 1); 10.02 (s, 1);
9.04 (8, 1); 8.38 (4, 1); 8.22 - 8.21 (m, 1); 8.15 (4, 1);
7.91 - 7.90 (m, 1); 4.00 (dd, 1); 3.85 - 3.B1 (m, 1); 3.69
~ 3.58 (m, 2); 2.99 - 2.95 (4d, 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.

Re = 11.5 -~ 14 min.

Enantiopurity of product 2 99% ee.

METHOD C: PROCEDURE FOR 4-MORPHOLINE SUBSTITUTED ANALOGS
[00159] As outlined for Intermediate 34, Intermediate 35

and Example 20:

INTERMEDIATE 34: 3(S)-(6-chloro-9H-B-carbolin-8-
ylcarbamoyl)-morpholine-4-carboxylic acid tert-butyl ester
[00160] A solution of morpholine-3(S),4-dicarboxylic acid
4-tert-butyl ester (2.83 g, 12.7 mmol) in pyridine (106 ml)
was stirred at RT. 6-chloro-9H-B-carbolin-8-ylamine

(2.30 g, 10.6 mmol) was added, followed by EDCI (4.06 g,
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21.2 mmol). The clear orange-to-brown solution was stirred
at RT for 14 hr. The solution was diluted with H;0

(120 ml) and poured into a separatory fumnel containing
EtOAc (200 ml), H20 (100 ml) and brine (100 ml). The
mixture was shaken and the layers were separated. The
agqueous layer was extracted with EtOAc (2 x 50 ml) and the
combined organic layers were washed with brine. The
organic layer was dried, filtered and concentrated to a
reduced volume, then added drop-wise to a stirring solution
of 1:1 Et;0/hexanes (500 ml). The precipitate which formed
wvas filtered and washed with 1:1 Et;0/Hexanes. The

filtrate was concentrated to a reduced volume and a second

crop of precipitate was collected. ‘I‘hg solid product was
placed under high vacuum for 2 hr to yield 3(S)-{6~chloro-
9H-pB-carbolin-8-ylcarbamoyl ) -moxpholine-4-carboxylic acid
tert-butyl est:.er as a pale yellow to pale brown solid
(4.36 g).

lH-NMR (300 MHz, DMSO-d6): & 11.30 (s, 1); 10.13 (s, 1);
9.06 (s, 1); 8.40 - 8.38 (m, 1); 8.19 - 8.16 (m, 2); 7.98
(8, 1); 4.67 —~ 4.47 (m, 2); 3.96 -~ 3.60 (m, 2); 3.64 - 3.39
(m, 3); 1.42 (s, 9).

NH,OAc standard conditions.

DAD Rf = 2.3]1 min.

M+H = 431.

INTERMEDIATE 35: 2(R)-[3(8)~(6-chloro-9H-B-carbolin-8-
ylcarbamoyl)-morpholin-4-ylmethyl]-pyrrolidine-1-carboxylic
acid tert-butyl ester

[00161] A solution of 3(S)-(6-chloro-9H-p-carbolin-8-
ylcarbamoyl)-morpholine-4-carboxylic acid tert-butyl ester
{1.00 g, 2.32 mmol) in CHzClz (6 ml) was stirred at RT.
Trifluorcacetic acid (6 ml) was added and the solution was
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stirred at RT for 45 min, then concentrated to a residue.

The residue was concentrated once more from CH3Cla to yield
a yellow-brown solid which was dissolved in THF (13 ml)
under argon. Gentle warming wae sometimes needed to ensure
complete dissolution. A solutlion of N-(tert-
butoxycarbonyl) -D-prolinal (693 mg, 3.48 mmol) in THF

(2 ml) was added, followed by sodium triacetoxyborohydrid
(738 mg, 3.48 mmol). The solution was stirred at RT for

30 min, then quenched via addition of 1IN agqueous NaOH

(30 ml). The mixture was poured into a separatory funnel
containing EtOAc (100 ml), Hz0 (100 ml), and brine

(100 ml). The mixture was shaken and the layers were
separated. The agueous layer was extracted with EtOAc (2 x
- 50 ml) and the combined organic layers were washed with
brine. The organic layer was dried, filtered and
concentrated to yield a 1light brown solid. Colum
chromatography (2%-4% MeOH/CH;Cl:) vielded 2(R)-[3(S)-(6-
Chloro-95H-p-carbolin-8-ylcarbamoyl) -morpholin-4-ylmethyl] -
pyrrolidine-l-carboxylic acid tert-butyl ester as a white
solid (915 mg).

H-NMR (300 MHz, DMSO-d6): & 11.30 (s, 1); 9.88 (s, 1);:
9.04 (8, 1); 8.39 - 8.37 {m, 1); 8.20 - B.15 (m, 2); 7.95

(s, 1); 3.99 - 3.82 (m, 3); 3.69 - 3.63 (m, 2); 3.44 - 3.32

(m, 1); 3.27 - 3.11 (m, 3); 2.92 - 2.80 {(m, 1); 2.44 - 2.32

(m, 1); 1.99 - 1.67 (m, 5); 1.33 (8, 9).

HCOOH standard conditions.

DAD Rg = 1.39 min.

M+H = 514.

Chiral HPIC.

[00162] The enantiopurity of the sample was checked. The
samples were 2 97% ee.

Chiralpak AD column.
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15% v/v EtOH/Hexanes containing 0.l1% Et,;NH.

EXAMPLE 20: 4-pyrrolidin-2(R)-ylmethyl-morpholine-3(S)-
carboxylic acid (6-chloro-9H-§-carbolin-8-vyl)-amide, HC1
salt)

[00163] To a solution of 2(R)-[3(S)-(6-chloro-9H-p-
carbolin-8-ylcarbamoyl)-morpholine-4-ylmethyl]-pyrreolidine-
l-carboxylic acid tert-butyl ester (850 mg, 1.65 mmol) in

MeOH (16 ml) wag added concentrated agqueous HCl (13 ml).
The solution was stirred at RT for 30-45 min, during which
time a fine yellow precipitate formed. The reaction
mixture was cancentrﬁted to yield 4-pyrrolidin-2(R)-
ylmethyl-morpholine-3 (S) -carboxylic acid (6-chloxo-9H-p-
carbolin-8-yl)-amide, HCl salt) as a pale yellow solid {755
mg) .

'H-NMR (300 MHz, DMSO-d6): &, 13.30 (s, 1); 11.56 (br s,
1); 9.63 (br s, 1); 9.46 (s, 1); 8.87 — 8.85 (m, 1); 8.66 -
8.57 (m, 2); 8.25 (@, 1); 4.38 - 4.26 (m, 1); 4.24 - 4.08
(m, 1); 4.04 - 3.86 (m, 2); 3.86 - 3.68 (m, 2); 3.57 - 3.39
(m, 1); 3.39 - 3.02 (m, 4); 2.99 - 2.76 (m, 1); 2.10 ~ 1.84 -
(m, 3); 1.75 1.56 {m, 1).
HCOOH standard conditions.
DAD Ry = 0.81 min.

M+H = 414.

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

[00164) A Bolution of cis-2- (tert-butoxycarbonylamino)-
cyclopentane carboxylic acid (550 mg, 2.4 mmol) in pyridine
(10 ml) Qas etirred at RT. 6-chloro-9H-B-carbolin-8-
ylamine (436 mg, 2.0 mmol) was added, followed by EDCI
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(615 mg, 3.2 mmol), and the orange solution was stirred at
RT for 1.5 hr. The solution was diluted with H30 (20 ml)
and poured into a separatory funnel containing Hz0 (50 ml)
and EtOAc (100 ml). The mixture was shaken and the layers
were separated. The aqueous layer was extracted with EtOAc
(100 ml). The combined organic layers were washed with
brine, dried over MgSO,, filtered, and concentrated to
orange oily solids which were subsequently triturated with
5% MeOH in Et;0 (20 ml) and captured by filtratiom to yield
cis-2-~ (tert-butoxycarbonylamino)-cyclopentanecarboxylic
acid (6-chloro-9H-carbolin-B8-yl) amide as a light yellow
spolid (740 mg).

‘H-NMR (300 MHz, DMSO-d6): & 11.17 (s, 1); 9.89 (s, 1);
9.04 (s, 1); 8.36 (4, 1); 8.18 ~ 8.08 (m, 2); 7.95 (8, 1);
6.92 (4, 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 (8, 9).

NHOAc standard conditions.

DAD R¢ = 2.52 min.

M+H = 429,

EXAMPLE 21: cis-2-amino-cyclopentanecarboxylic acid (6-
chloro-9H-f-carbolin-8-yl)-amide

[00165] A Bolution of 2-(tert-butoxycarbonylamino)-
cyclopentanecarboxylic acid (6-chloro-9H-p-carbolin-8-yl)
amide (736 mg, 1.72 mmol) in trifluoroacetic acid (5 ml)

was stirred at RT for 20 min, then concentrated to an
range o0il. The oil was dissolved in MeOH (5 ml) and
neutralized with a saturated aqueous sodium bicarbonate
polution (25 ml). The resulting mixture was further
diluted with H0 (25 ml) and EtOAc (100 ml). The aqueous
layer was removed and extracted with EtQAc (100 ml). The
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rganic layers were combined, washed with brine, dried over
MgS0,, filtered and concentrated to yellow solids (507 mg).
These sBolids were dissolved in MeCH (5 ml) and a solution
of HCl in dioxane (4 M, 1.5 ml) was added. The bright
vellow solution was stirred 30 min, then concentrated to
yield cis-2-amino-cyclopentanecarboxylic acid (6-chloro-9H-
B-carbolin-8-yl)-amide as a yellow powder (600 mg).
1H-NMR (300 MHz, DMSO-d6): & 9.29 (s, 1); 8.75 (d, 1); 8.53
(d, 1); 8.37 (s, 1); 8.02 (8, 1); 4.05 ~ 3.95 (m, 1); 3.42

- 3.34 (m, 1); 2.46 - 1.80 (m, 6).
NH,OAc standard conditions.
DAD R; = 1.65 min.
M+H = 329.

EXAMPLE 22: 4-(2-amino-ethyl)-morpholine-3-carboxylic acid
(6~chloro-9H-B-carbolin-8-yl)-amide, HCl salt

[00166] Method C was followed using racemic morpholine-3-
carboxylic acid reductively alkylated with 2-
aminoacetaldehyde.

JH-NMR (300 MHz, MeOH-d4): & 9.37 (s, 1); 8.76 (d, 1);
B.55 (4, 1); 8.44 (4, 1); 8.0(; (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 Rf = 1.69 min.

M+H = 374.

EXAMPLE 23: 4-(2(S)-amino-propyl)-morpholine-3(S)-
carboxylic acid (6-chloro-9H-B-carbolin-8-yl)-amide, HCl
salt (firat eluting diastereomer)

[00167] Method C was followed using racemic morpholine-3-
carboxylic acid reductively alkylated with the éppropriate
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alanine aldehyde. The diastereomers were separated via
column chromatography prior to the deprotection astep.
H-NMR (300 MHz, DMSO-d6): & 9.32 (B, 1); B.76 (d): B.55
(4, 1); 8.41 (s, 1); 8.08 (s, 1); 4.38 (d, 1); 4.32 - 4.21
(m, 1); 4.16 — 4.09 (m, i); 4.04 - 3.95 (m, 2); 3.79 - 3.57
(m, 2); 3.47 - 3.40 (m, 1); 3.22 - 3.05 (m, 2); 1.44 (4,
3).

NH,OAc standard conditions.

DAD Rf = 1.38 min.

M+H = 388.

EXAMPLE 24: 4-(2(S)-amino-propyl)-morpholine-3(R)-
carboxylic acid (6-chloro-9H~-f-carbolin-8-yl)-amide, HCl

salt (second eluting diastereomer)

[00168] Method C was followed using racemic morpholine-3-
carboxylic acid reductively alkylated with tl;e appropriate
alanine aldebyde. The diasterecmers were separated via

column chromatography prior to the deprotection step.
1H-NMR (300 MEzZ, DMSO-d6): &5 9.34 (s, 1); 8.77 (d, 1); 8.55
(4, 1); 8.42 (s, 1); 8.06 (B, 1); 4.42 (4, 1); 4.30 - 4.12
{m, 1); 4.07 - 3.92 (m, 3); 3.89 - 3.74 (m, 1); 3.65 ~ 3.49
(m, 1); 3.25 - 2.90 (m, 3); 1.36 (4, 3).

NH,;OAc¢ standard conditions.

DAD Rg = 1.57 min.

M+H = 388.

EXAMPLE 25: 2-amino-cyclohexanecarboxylic acid (6-chloro-
9H-Bf-carbolin-8-yl)-amide

[00169] A solution of cis-2-(tert-butoxycarbonylamino)-
cyclohexane carboxylic acid (255 mg, 1.05 mmol) in pyridine
(10 ml.) was stirred at RT. 6-chloro-9H-p-carbolin-8-
ylamine (218 mg, 1.00 mmol) was added, followed by EDCI
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(315 mg, 1.64 mmol) and the slightly turbid pale orange

solution was stirred at RT for 16 hr. The solution was
diluted with H;0 (20 ml) and poured into a separatory
funnel containing HzO0 (50 ml) and EtOAc (50 ml). The
mixture was shaken and the layers were separated. The
aqueous layer was extracted with EtOAc (50 ml) and the
combined organic layers were washed with brine. The

organic layer was dried, filtered and concentrated to yield

a vellow oil which was placed under high vacuum for 4 hr.
The resulting vellow-brown glass was slurried in CH.Cl; .
(10 ml) at RT. Trifluorocacetic acid (5 ml) was added and
the slurry instantly dissolved to form a clear orange
golution. The solution was stirred at RT for 45 min, then
concentrated te a brown residue. The residue’ was
azeotroped from toluene (3 x 10 ml) to yield a yellow
solid. A solution of dilute aqueous Na;CO; was prepared by
adding a small volume of 10% agqueous NazxCO3; to Ha0 (50 ml)
until the aqueous solution reached a pH of 10. The yvellow
solid wae dissolved in minimal MeOH and was added drop-wise
to the aqueous solution with stirring. The precipitate
which formed was filtered, washed with H;0 and placed under
high vacuum to yield 2-amino-cyclohexanecarboxylic acid (6-
chloro-9H-f-carbolin-8-yl)-amide as pale yellow solid

(147 mg) .

H-NMR (300 MHz, DMSO-d6): & 9.00 (s, 1); 8.37 - 8.34 (m,
1); 8.16 - 8.13 (m, 2); 7.83 (m, 1); 5.66 -~ 5.00 (br s, 2);
3.42 - 3.40 (m, 1); 2.70 - 2.62 {m, 1); 2.02 - 1.90 (m, 1);
1.70 - 1.54 (m, 5); 1.42 - 1.29 (m, 2).

NH,OAc standard conditions.

DAD Ry = 1.46 min.

M+H = 343.
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EXAMPLE 26: 4-(2(R)-amino-propyl)-morpholine-3(S)-
carboxylic acid (6-chloro-9H-B-carbolin-8-yl)-amide, HCl
salt |
[00170] Method C was followed using racemic morpholine-3-
carboxylic acid reductively alkylated with the appropriate
alanine aldehyde. The diastereomers were separated via

column chromatography prior to the deprotection step.
‘H-NMR (300 MHz, DMS0-d6): & 9.35 (s, 1); 8.77 (m, 1); 8.55
{m, 1); 8.43 (s, 1); 8.01 (8, 1); 4.45 (4, 1); 4.26 (m, 1);
4.09-3.91 (m, 3); 3.79 (m, 1); 3.63 (m, 1); 3.28-2.99 (m,
3); 1.37 {4, 3).

NH4,OAc standard conditioms.

DAD Re = 1.39 min.

M+H = 388.

EXAMPLE 27: 4-(2(R)-amino-3-phenyl-propyl)-morpholine-3(S)-
carboxylic acid {6-chloro-9H-p-carbolin-8-yl})-amide, HCl
salt

[00171] Method C was followed using racemic morpholine-3-
carboxylic acid reductively alkylated with the appropriate

alanine aldehyde. The diastereocmers were separated via

column chromatography prior to the deprotection step.
TH-NMR (300 MHz, DMSO-d6): & 9.34 (s, 1); B8.77 (d, 1); 8.55
{d, 1); 8.42 (s, 1); 8.04 (8, 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).

NH,OAc standard conditiomns.

DAD Ry = 1.90 min.

M+H = 464.
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METHOD D: CHROMATOGRAPHY CONDITIONS
LCMS

Column type: Phenomenex Luna Cl8(2) columms,

x 4.6 mm

‘Run time: 5.00 minute run
NH,OAc Conditions:

Solvent A:

10 mM NH,.0AC

99% H0

1% MeCN

Solvent B:

10 mM NH,0Ac

5% H20

95% MeCN
Standard gradient:

Initial conditions - 95% A, 5% B

3.5 minute gradient from 5%-100% B

3.5 - 4.3 minutes hold at 100% B

4.3 - 5. minutes initial conditions
Polar gradient:

Initial conditions - 70% A, 30% B

3.5 minute gradient from 70%-100% B

3.5 - 4.3 minutes hold at 100% B

4.3 - 5 minutes initial conditions

Nonpolar gradient:
Initial conditions - 100% A
3.5 minute gradient from 0%-50% B
3.5 - 4.3 minutes hold at 100% B
4.3 - 5 minutes initial conditions
HCOOH Conditiomns:
Solvent C:
0.1% HCOOH

PCT/US2004/011080

5 um, size 50

>



WO 20040092167 PCT/US2004/011030

—-104—-

99% H0
1% Me(N
Solvent D:
0.1% HCOOH
5% H20
95% MeCN
Standard gradient:
Initial conditions - 95% C, 5% D
3.5 minute gradient from 5%-100% D
3.5 - 4.3 minutes hold at 100% D
4.3 - 5 minutes initial conditions

Polar gradient:
Initial conditions - 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

Nonpolar gradiemt:
Initial conditions - 100% C
3.5 minute gradient from 0%-50% D
3.5 - 4.3 minutes hold at 100% D
4.3 - 5 minutes initial conditions

INTERMRDIATE 37: 6-chloro-2,3,4,9-tetrahydro-1H-8-
carboline, HCl1 salt

[00172] 5-chlorotryptamine hydrochloride (5 g, 20 mmol, 1
equiv.) was dissoclved in 40 ml 3 M NaOAc buffer (pH = 4.8)
and 40 ml water. @Glyoxalic acid (1.84 g, 20 mmol, 1
equiv.) was added in one portion and the soclution was
stirred at RT overnight. The resulting thick slurry was
filtered and the light green s0lids were suspended in 100

ml 6N HCl and heated at 125 °C under a reflux condemnser for
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1 hour with intermittent additions of conc HCl (2 ml every
15 min). After cooling to RT, 4.38 g (90%) of 6-chloro-
2,3,4,9-tetrahydro-1H-p-carboline, HCl salt as blue-grey
Bolid was isolated by filtratiom.

1H-NMR (300 MHz, DMSO-d6): & 11.33 (br, 2H), 9.62 (br, 2H),
7.53 (4, 1), 7.39 (&, 1), 7.09 (44, 1), 4.33 (bxr, 2H), 2.592
(€, 2)

Formic acid standard conditions.

DAD RT = 1.56 min.

M+H = 207.

INTERMEDIATE 38: (6-chloro-1,3,4,9-tetrahydro-g-carbolin-2-
y1)-phenyl-methanone

[00173] 6-chloro-2,3,4,9-tetrahydro-1H-p-carboline, HCl
salt (10.2 g, 42 mmol, 1 equiv.) was suspended in 100 ml of
dry pyridine under N2 and cooled to 0 °C in an ice water
bath. Bemnzoyl chloride (7.3 ml, 63 mmol, 1.5 equiv.) was
added drop-wise to the cold solution ‘after which the
reaction was removed from the ice bath and allowed to stir
overnight at room temperature. The reaction was quenched
by the addition of water until choked with solids. These
solids were captured by filtration, washed with a paturated
aqueous sodium bicarbonate solution, re-suspended in water,
sonicated, and refiltered to give 1.27 g (94%) of (6-
chloro-1,3, 4,9-tetrahydro-8-carbolin-2-yl) -phenyl-methanone
aB crystalline orange golids.

H-NMR (300 MHz, DMSO-d6): & 10.65 - 10.59 (br, 1H), 7.0 -
7.5 (m, 9H), 4.60 - 4.83 (bxr, 2H), 3.62 - 3.99 (br, -2H),
2.75 (br., 2H). . ]

Formic acid standard conditions.

DAD RT = 2.68 min.
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M+H = 311.

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

[00174] (6-chloro-1,3,4,9-tetrahydro-p-~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 solution was

cooled to -78 °C and the resulting slurry was added to the
cooled solids followed by an additional 15 ml of THF (also
cooled to -78 °C). The deep blue solution was stirred 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 HC1l, 1 x 100 ml
brine, dried over MgS0;, filtered and concentrated to yield
1.38 g (75%) of 2—hz;yl—s-chloro-1,2.3,9-tetrahydro—ﬂ-
carbolin-4-one as oily orange solids.

H-NMR (300 MHz, DMSO-d6): & 12.11 - 12.48 (bx, 1H), 7.29 -
7.88 (m, 8H), 4.93 - 5.18 (br, 2H), 4.60 - 4.46 (br, 2H).
Exact Mass: 324.07.

Formic acid standard conditions

DAD RT = 2.15 min.

M+H = 325.

INTERMEDIATE 40: d-amino-6-chloro f~carboline

[00175] Crude 2-benzoyl-6-chloro-1,2,3,9-tetrahydro-§-
carbolin-4-one (4 g ) was dissolved in 30 ml of anhydrous
hydrazine and stirred at reflux (130 °C 11 bath) under N:

for 6 hours, after which the reaction mixture was allowed
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to cool to room temperature and sit overnight. The
preciplitated yellow solids were removed by filtration and
washed with water, 2 x 5 ml, to yield 785 mg (30%) of 4-
amino-6-chloro Pp-carboline as an off white solid.
Additicnal water was added to the combined filtrates until
no further precipitation occurred. These solids were also
removed by filtration to give 1.056 g (35%) of 4-amino-6-
chloro B-carboline as yellow solide, (69% total yield).
1H-NMR (300 MHz, DMSO-d6): & 11.48 (s, 1H), 8.44 (s, 1H), .
8.13 (s, 1H), 7.77 (s, 1H), 7.42 - 7.52 {m,. 2H), 5.86 (=,
2H) .

Formic acid standard conditions.

DAD RT = 1.68 min.

M+H = 218.

INTERMEDIATE 41: N-(6-chloro-SH-g-carbolin-d-yl)-2,2,2-

triflugro-acetamide

_[00176] 4-amino-6~chloro P-carboline (1.05 g, 4.82 mmol,
1 equiv.) was dissolved in 4 ml of anhydrous pyridine and
20 ml of THF and cooled to 0 °C under N;. Trifluoroacetic .

anhydride (3.4 ml, 24 mmol, 5 equiv.) was added drop-wise
to the cooled solution. Upon complete addition, the
reaction was removed from the ice bath and stirred at room
temperature for ~1.5 hours. The reaction was quenched by
the slow addition of water (10 ml) and extracted 2 x 150 ml
EtOAc, washed 2 x 100 ml saturated agqueous sodium
bicarbonate, 1 x 100 ml brine, dried over MgSO4, filtered
and concentrated to orange solids. These so0lids were
titurated by in 10 - 15 ml Etz0 and captured by filtration
to give 1.23 g (B1%) of N-(6-chloro-9H-p-carbolin-4-yl)-
2,2,2-trifluoro-acetamide as a yellow solid.
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lg-NMR (300 MHz, DMSO-d6): & 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) .

Formlic acid standard conditions.

DAD RT = 2.12 min.

M+H = 314.

INTERMEDIATE 42: N-(6-chloro-8-nitro-9H-p-carbolin-4-y1)-
2,2,2-trifluoro-acetamide

[00177] N- (6-chloro-9B-pB-carbolin-4-yl)-2,2,2-trifluoro-
acetamide (125 mg, 0.4 mnol, 1 equiv. ) was dissolved in 2
ml TFA and NaNOz (541 mg, 7.84 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-p-carbolin-4-yl)-2,2,2-trifluoro-
acetamide.

H-NMR (300 MHz, DMSO-d6): & 12.87 (s, 1H), 12.03 (s, 1H),
9.11 (s, 1H), B8.56 (s, 1H), 8.53 (s, 1H), 8.26 (s, 1H).
Formic acid standard conditions.

DAD RT = 2.27 min.

| M+H = 359.

INTERMEDIATE 43: N-(8-amino-6-chloro-9H-B-carbolin-4-yl)-
2,2,2-trifluoro—-acetamide

[00178} The crude N-(6-chloro-B-nitro-9H-p-~carbolin-4-
vl)-2,2,2-trifluoro-acetamide (130 mg, 0.36 mmol) was
dissolved in 7 ml of MeOH and the reaction vessel was
vacuum purged 3 X with Nz. Platinum (20 mg, 20% wt. on
activated carbon) was added quickly, and the reaction
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vessel was again vacuum purged 3 X with Na, followed by 3
additional vacuum purge cycles with H;. The reaction was
allowed to stir under Hz; at 1 atm overnight. Upon
completion, the reaction vessel was purged of H; and
filtered cover celite. The celite was washed several times
with methanol until the filtrates were clear. The combined
filtrates were concentrated to give N-(8-amino-6-chloro-9H-
p-carbolin-4-yl)-2,2,2-trifluoro-acetamide as a yellow
solid (112 mg, 95%).

JH-NMR (300 MHz, DMSO-d6): 5 11.83 (s, 1H), B.98 (s, 1H),
8.30 (s, 1H), 7.10 (s, 1H), 6.82 (8, 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-B~carbolin-8-yl]-2-methyl-nicotinamide
[00179] N- (8-amino-6-chloro-9H-p-carbolin-4-yl) -2, 2, 2-
trifluoro-acetamide (90 mg, 0.274 mmol, 1 equiv.) and 2-
methylnicotinic acid (45 mg, 0.329 mmol, 1.2 equiv.) were
dissolved in 1.5 ml of anhydrous pyridine under N;. EDCI
(B4 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 Qquenched with water and the
resulting dark solids captured by filtration. These Bolids
were titurated in a 3:1 methanol - DMSO solution to give N-
[6-chloro-4-(2,2,2-trifluoro-acetylamino)-9H-f-carbolin-8-
yl]-2-methyl-nicotinamide as light yellow solids (41 ng,
%) .

‘H-NMR (300 MHz, DMSO-d6): & 11.94 (br, 1iH), 11.78 (s, 1H),
10.61 (s, 1), 9.00 (s, 1), 8.64 (d, 1), 8.38 (s, 1H), 8.13

60
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(4, 1), 8.01 (8, 1H), 7.73 (s, 1H), 7.45 (m, 1H), 2.68 (8,
3H) .
Formic acid standard conditions.
-DAD RT = 1.98 min.
M+H = 448.

INTERMEDIATE 45: N-[6-chloro-4-(2,2,2-trifluoro~
acetylamino)-9H-p-carbolin-8-yl]-nicotinamide

[001.80] N- (8-amino-6-chloro-9H-p~carbolin-4-yl)-2, 2,2~
trifluoro-acetamide (90 mg, 0.274 mmol, 1 equiv.) and 2-
methylnicotinic acid (40 mg, 0.329 mmol, 1.2 equiv.) were
dissolved in 1.5 ml of anhydrous pyridine under Na. EDCI
(84 mg, 0.438 mmol, 1.6 equiv.) was added in one portion
and the reaction mixture was stirred at room temperature 2
hours. The reaction was quenched and treated following the
preceding protocol to obtain 38 mg (32%) of N-[6-chloro-4-
(2,2,2-trifluoro-acetylamino)-9H-p-carbolin-8-yl]-
nicotinamide.

H-NMR (300 MHz, DMSO-d6): 5 11.89 (br, 1H), 10.73 (s, 1),
9.28 (s, 1), 8.97 (8, 1), 8.84 {d, 1), 8.43 (4, 1), 8.37
{s, 1), 7.85 (8, 1), 7.76 (8, 1), 7.67 (m, 1).

Formic acld standard conditioms.

DAD RT = 1.94 min.

M+H = 434.

EXAMPLE 28: N-(4-amino-6-chloro-9H-pB~carbolin-8-yl)-2-
methyl-nicotinamide
[00181] N-{6-chloro-4-(2,2,2-trifluoro-acetylamino)-9H-p-
carbolin-8-yl]l-nicotinamide (41 mg, 0.092 mmol, 1 equiv.)
was suspended in 5 ml of MeOH and a 2 ml agqueous solution

f KaCOy (127 mg, 0.92 mmol, 10 equiv.) was added thereto.

The resulting clear solution was heated at 60 °C for 16 hr
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and then allowed to cool to RT. Additional water was added
producing fine solids that were captured by filtration,
washed once with 10 ml of 5% MeOH in Etz0, and dried under
high vacuum to give 18 mg of N-(4-amino-6-chloro-9H-p-
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, 1H), 8.20 (s, 1H), 8.11
(d, d=7.5, 1H), 7.91 (s, 1H), 7.79 (8, 1H), 7.43 (m, 1H),
5.91. (bxr, 2H), 2.66 (s, 3H).

.Formic acid standard conditioms.

DAD RT = 1.63 min.

M+H = 352.

EXAMPLE 29: N-(4-amino-6-chloro-9H-f~-carbolin-8-yl)-
nicotinamide

[00182] N-[6-chloro-4-(2,2,2-trifluoro-acetylamino)-9H-p~
carbolin-8-yl]-nicotinamide (38 mg, 0.088 mmol, 1 equiv.)
was puspended in 5 ml of MeOH and a 2 ml agueous solution
of KaCO; (121 mg, 0.92 mmol, 10 equiv.) was added thereto.

The resulting clear solution was heated at 60 °C for 11 hr.
After cooling to RT, fine solids precipitated that were
captured by filtration and washed with 10 ml of water to
give 2.78 mg (10%) of N-(4-amino-6-chloro-9H-p-carbolin-8-
yl)-nicotinamide.

IH-NMR (300 MHz, DMSO-d6): & 11.32 (s, 1H), 10.56 (s, 1H),
9.26 (s, 1H), B8.82 (4, 1), 8.42 (d, 1), B.36 (s, 1H), B8.18
(s, 1H), 7.79% (s, 1H), 7.70 (s, 1H)}, 7.64 (m, 1H), 5.91
{(bxr, 2H).

Formic acid standard conditions.

DAD RT = 1.55 min.
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M+H = 338.

INTERMEDIATE 46: 3-cyanomethyl-indole-l1-carboxylic acid
tert-butyl ester

[00183] A solution of 3-indoleacetonitrile (10 g, 64
mmol) in DMF (160 ml) was stirred at RT. KCO3; (13.3 g, 96
mmol) and di-tert-butyl dicarbonate (15.35 g, 70 mmol) were
added thereto and the reaction mixture was stirred at RT
for 12 hr. Hz0 (100 ml) was added to the reaction mixtur
and the resulting precipitate was captured by filtrationm.
The solids were dissolved in hot methanol (20 ml) and the
solution was allowed to cocl slowly, producing light orang
solids that were isolated by filtration to give 3-
cyanomethyl-indole-l-carboxylic acid tert-butyl ester (9.2
g).

lH-NMR (300 MHz, DMSO-d6): & 8.08 (d, 1); 7.70 — 7.66 (m,
2); 7.42 - 7.29 (m, 2); 4.12 (8, 2); 1.63 (3, 9).

NH,O0Ac standard conditions.

DAD R = 3.31 min.

M+H = 257.

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

[00184] A stirred solution of 3-cyanomethyl-indole-1-
carboxylic acid tert-butyl ester (2.15 g, 8.39 mmol) in THF
(40 ml) was cooled to -78 °‘C under an argon atmosphere.
Sodium bis(trimethylsilyl)amide (1 X in THF, 10 ml, 10
mmol) was added thereto and the cold solution was stirred
for 30 minutes. IXodomethane (627 uL, 10 mmol) was added
thereto and the reaction mixture was stirred 1.5 hr while
gradually warming to 0 °C. H20 (100 ml) was added thereto
and the solution was brought to RT and diluted with EtOAc
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(250 ml}. The aqueous layer was removed and extracted with
EtOAc (250 ml). The combined organic layere were washed
with aqueous HCl1l (1N, 3 x 50 ml}, followed by brine, then
dried over MgSOs, filtered, and concentrated to an orange
oil. Purification via column chromatography (hexanes:ethyl
acetate) gave 3-(cyano-methyl-methyl)-indole-l-carboxylic
acid tert-butyl ester (1.8 g).

1H-NMR (300 MHz, DIMSO-d6): & B8.09 (d, 1); 7.73 (4, 1); 7.69
(s, 1); 7.74 — 7.29 {m, 2); 4.56 (g, 1); l.66 (4, T = 7.2,
3); 1.63 (=, 9).

INTERMEDIATE 48: 3-(2-amino-1-methyl-mathyl)-indole-1-
carboxylic acid tert-butyl ester

[00185] A solution of 3-(cyano~-methyl-methyl)-indole-1-
carboxylic acid tert-butyl ester (850 mg, 3.14 mol) in
methanol (15 ml) was stirred at RT. A Raney—Nickel
catalyst (50% g /wt suspension in H30, 1 ml) was added
thereto and the reaction vessel was capped and wvacuum
purged 3 times with argon, followed eimilarly by hydrogen.
The mixture was stirred 22 hr under 1 atm. of hydrogen,
vacuum purged with argon and filtered through celite. The
filtrate was concentrated to an oil (670 mg) and determined
by LCMS to be composed mainly of the desired compound 3-(2-
amino-l-methyl-methyl) -indole-1l-carboxylic acid tert-butyl
ester.

NH,OAc standard conditioms.

DAD R¢ = 1.78 min.

M+H = 275.

%
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INTERMEDIATE 49: 4-methyl-2,3,4,89-tetrahydro-1H-B~-
carboline-1-carboxylic acid
[00186] Crude 3-{2-~amino-l-methyl-methyl)-indole-1-
carboxylic acid tert-butyl ester (670 mg, approx. 2.44
mmol) was dissolved in trifluorocacetic acid (2 ml) and
Btirred 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
Hz20 (6 ml) at 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
campound 4-methyl-2,3,4, 9-tetrahydro-l1H-pB-carboline-1-
carboxylic acid by LCMS and used subsequently thereafter
without purification.
NH;OAc standard conditions.
DAD Ry = 1.24 min.
M+H = 231.

INTERMEDIATE 50: 4-methyl-2,3,4,9-tetrahydro-l1H-g-carboline
[00187] Crude 4-methyl-2,3,4,9~tetrahydro-1H-p-carboline-
l-carboxylic acid {approx. 2.44 mmol) was suspended in H;0
(5 ml) and HC1 (12 N, 5 ml) and the suspension was heated
at 120 °C for 1 hr, then allowed to cool to RT. Dark
orange-brown solide were removed by filtration and then
dissolved in methanol (5 ml). A saturated sodium
bicarbonate solution (20 ml) was added thereto, producing a
thick yellow slurry. This reaction mixture was filtered to
vield yellow solids composed mainly of 4-methyl-2,3,4,9-
tetrahydro~l1H-p-carboline (386 mg) as determined by LCMS.
NH,0Ac standard conditions.

DAD Ry = 1.23 min.
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M+H = 187.

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

[00188] 4-methyl-2, 3,4, 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 through celite. The filtrate was
concentrated to dryness to give 4-methyl-9H-B-carboline
(210 mg).

1H-NMR (300 MHz, DMSO-d6): & 11.73 (br s, 1); 8.78 (br s,
1); 8.19 (4, 1); 8.13 (s, 1); 7.62 (br s, 1); 7.53 (t, 1);
7.25 (£, 1); 2.78 (B, 3).

NH,OAc standard conditions.

DAD Rf = 2.24 min.

M+H = 183.

INTERMEDIATE 52: 6-Chloro-4-methyl-9H-B—-carboline

[00189]  4-methyl-9H-B-carboline (97 mg, 0.532 mmol) was

digsolved in HC1 (1N, 4 ml) and stirred at RT. NCS (85 mg,

0.637 mnol) was added thereto and the reaction mixture was
: gtirred for 5 hr. Saturated sodium bicarbonate solution

(20 ml) was added thereto and the reaction mixture was

extracted twice with EtOAc (100 ml). The combined organic

layei's were washed with brine, dried over MgSO;, filtered,

and concentrated to give 6-chloro-4-methyl-9H-p~carbolin

(108 mg) as an oil.

1H-NMR (300 MHz, DMSO-d6): & B.67 (s, 1); 8.19 (s, 1); 8.11

(s, 1); 7.57 - 7.54 (m, 2); 2.82 (s, 3).

NH,OAc standard conditiomns.

DAD Rs = 2.48 min.

M+H = 217.

£
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INTERMEDIATE 53: 6-chloro-d-methyl-8-nitro-9H-B-carboline
[00190] A solution of 6-chloro-4-methyl-9H-pB-carboline
(100 mg, 0.462 mmol) in trifluoroacetic acid (10 ml) was
getirred at RT. NaNO; (106 mg, 1.25 mmol) was added thereto
and the reaction mixture was stirred 30 min, then
concant.:rated to give an orange residue. The residue was
dispolved in MeOH (5 ml) and neutralized by an addition of
a saturated sodium bicarbonate solution (20 ml) causing the
formation of yellow solids that were captured by
filtration, washed with Hz0 (10 ml) and Et30 (2 x 10 ml) to
give 6-chloro-4-methyl-8-nitro-9H-p-carboline (82 mg).
H-NMR (300 MHz, DMSO-d6): 8 8.90 (s, 1):; 8.65 (s, i); B.55
(s, 1); 8.29 (8, 1); 2.89 (8B, 3).

NH,OAc standard conditions.

DAD Ry = 3.00 min.

M+H = 262.

INTERMEDIATE 54: 6-chloro-~4-methyl-9H-fB-carbolin-8-ylamine
[00191] 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 vessel was capped and vacuum
purged 3 times with argon, followed similarly by hydrogen.
The reaction mixture was stirred 1.5 hr under 1 atm
hydrogen, then wvacuum purged with argon, diluted with DCM
(10 ml) and filtered through a 0.2 uM syringe filter. The
filtrate was concentrated to yield 6-chloro-4-methyl-9H-p-
carbolin-8-ylamine (67 mg) as a light brown oil.

'H-NMR (300 MHz, DMSO-d6): & 9.04 (s, 1); 8.29 (s, 1); 7.74
(d, 1); 7.10 (4, 1); 2.98 (s, 3).

NH,OAc standard conditions.
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DAD R = 1.89 min.
M+H = 231.

EXAMPLE 30: N-{6-chloro-4-methyl-9H-pf-carbolin-8-yl)-

nicotinamide
[00192] A solution of 6-chloro-4-methyl-9H-p-carbolin-8-

ylamine (43 mg, 0.19 mmol) in pyridine (4 ml) was stirred
at RT under an argon atmosphere. Nicotinoyl chloride
hydrochloride (40 mg, 0.22 mmol) was added thereto and the
reaction mixture was stirred for 12 hr. The solution was
diluted with Hz0 (5 ml) and poured into a separatory funnel ’
containing H20 (5 ml) and EtOAc (25 ml). The reaction
mixture was shaken and the layers were separated. The
aqueous layer was extracted with EtOAc (2 x 25 ml). The
combined organic layers were washed with a saturated sodium
bicarbonate solution (15 ml), followed by brine, then dried
over MgSQ0,, filtered, and concentrated to yield N-(6-
chloro-~-4-methyl-~9H-pB-carbolin~8~yl)-nicotinamide (5.2 mg)

. as an orange viscous oil.

-lH-NMR (300 MHz, DMSO-d6): & 11.67 (s, 1); -10.70 (s, 1);
9.27 (s, 1); 8.83 (8, 2); 8.45 (s, 1); 8.20 - 8.12 (m, 2);
7.83-(8, 1); 7.66 (B, 1); 2.80 (8, 3).

.NH.OAc standard conditions.

DAD Rf = 1.92 min.

M+H = 337.

INTERMEDIATE 55: 1,1-Dioxo-1A°-thicmorpholine-3,4-
dicarboxylic acid 4-tert-butyl ester

[00193] Thiomorpholine-3,4-dicarboxylic acid 4-tert-butyl
ester (120 mg, 0.485 mmol) was dissolved in Et;0 (8 ml).

To the solution was added mCPBA (172 mg, 0.994 mmol),
followed later by a second portion of mCPBA (84 mg,



WO 2004/092167 PCT/US2004011080

--118--

0.485 mmol). The precipitate which formed was filtered,
washed with Et;0 and dried to yield a white solid of 1,1-
dioxo-1A°-thiomorpholine-3, 4-dicarboxylic acid 4-tert-butyl
ester (74 mg).

EXAMPLE 31: 1,1-Dioxo-1AS-thiomorpholine-3-carboxylic acid
(6~-chloro-9H-pB~carbolin-8-yl)-amide

[00154] A slurry of 6-chloro-7-fluoro-9H-p-carbolin-B-
ylamine (43 mg, 0.198 mmol), 1,1l-dioxo-1AS-thicmorpholine- -
3,4-dicarboxylic acid 4-tert-butyl ester (72 mg.

0.257 mmol), 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 mi). The MeOH solution was added
drop-wise to a stirring solution of aqueous NaHCO; and a

vyellow precipitate was formed. The solid was filtered,
dried, and dissclved in 2 M HCl in Et;0. After stirring
overnight the resulting yellow solid was filtered and dried
to yield a yellow solid, the di-HC1l salt of 1,l-Dioxo-1AS-
thiomorpholine-3-carboxylic acid (6-chloro-9H-f-carbolin-B8-
yl)-amide (78 mg).

TH-NMR (300 MHz, MeOH-d4): 5 9.26 (s, 1); 8.74 (d, 1);
8.54 (4, 1); 8.37 (d, 1); 7.94 (4, 1); 5.01 (dd, 1); 4.15 -
3.75 (m, 4); 3.64 - 3.58 (m, 2).

NH4OAc standard conditions.

DAD R = 1.57 min.

M+H = 379.

INTERMEDIATE 56: 6,6-Dimethyl-morpholine-3,d-dicarboxylic
acid d-tert-butyl ester

[00195) To a suspension of 6, 6-dimethyl-moxph line-3-
carboxylic acid {(5.56 g, 34.9 mmol) in dioxane (58 mL) was



897

WO 2004092167 PCT/US2004/011080

- e == L —— -

--119--
added aqueous potassium carbonate (1M, 58 mL). 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 Eta0 (2
x 100 mL) to remove excess di-tert-butyl dicarbonate. The
aqueous layer was acidified by addition of 6N aqueous HCl

with stirring until a pH of 3 was reached. The mixture was
quickly extracted with Etz0 (2 x 200 mL) and the organic
layers were combined, dried over magnesium sulfate,
filtered, and concentrated to yvield a clear colorless oil.
The oil was dissolved in Etz0 (50 ml), triturated with
hexanes (150 mL), and concentrated to yield a white solid.
The solid product was placed on the high-vacuum pump for
several houre, after which-8.85 g of 6,6-dimethyl-~
morpholine-3, 4-dicarboxylic acid 4-tert-butyl ester was
ocbtained (97% yield). )
1H-NMR (300 MHz, DMSO-36): & 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 (*ad-, 3).

NH;O0Ac standard conditioms.

DAD R¢ = 0.98 min.

M~-H = 258,

INTERMEDIATE 57: (S)-5-(6-Chloro-9H-B-carbolin-8-
ylcarbamoyl) -2, 2-dimethyl-morpholine-4-carboxylic acid
tert-butyl ester

[00196] The desired compound was prepared according to
Method C from 6-chloro-9H-p-carboline-8-ylamine and 6, 6-
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dimethyl-morpholine-3, 4-dicarboxylic acid 4-tert-butyl
ester in 87% yield.
'H-NMR (DMSO-d6, 300MHz) & 11.33 (s, 1); 10.14 (s, 1); 9.05
(s, 1); 8.38 (4, 1); 8.21 (d, 1); 8.16 (4, 1); 7.94 (s, 1);
4.70 - 4.56 {m, 1); 4.25 - 4.14 (m, 1); 4.07 (44, 1); 3.64
- 3.56 (m, 1); 3.30 - 3.14 (m, 1); 1.41 (*~dd-*, 9); 1.21 (=,
3); 1.15 (s, 3).
NH,OAc standard conditions.
DAD Rf = 1.84 min.
M+H = 459.
Chiral HPLC: 2 95% ee.
Chiralpak AD columm.
15% v/v EtOH/Hexanes containing 0.1% Et;NH.

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

[00197] The desired compound was prepared using the same
procedure as for Intermediate 35 starting from (S)-5-(6-
Chloro-9H-beta-carbolin-8-ylcarbamoyl) -2, 2-dimethyl-
morpholine-4-carboxylic acid tert-butyl ester and using
Boc-alaninal in the reductive alkylation step in 60% yield.
lH-NMR (300 MHz, D;0): & 1.16 (d, 3H), 1.25 (s, 3H), 1.28
(s, 3H), 2.41 (d, 1R), 2.59 (44, 1H), 2.89 (4d, 1lH), 2.95
(d, 1H), 3.35-3.50 (m, 2H), 3.95-4.15 (m, 2H), 7.59 (4.
1K), 7.97 (d, 1H), 8.11 (4, 1H), 8.30 (4, 1H), 8.40 (4,
1H), 8.94 (s, 1H).

i!etent:l.on Time (I.C, method: ammonium acetate standard):
1.57 min.

MS (M+H'): 416.2.
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[00198] METHOD E: Coupling procedure using [(S)-4-((S)-2-
Amino-propyl) -6, 6-dimethyl-morpholine-3-carboxylic acid (6-
chloro-9H-beta-carbolin-B-yl)-amide trifluoroacetate salt
[(8)-4-((8)-2-Amino-propyl) -6, 6~-dimethyl-morpholine-3-
carboxylic acid (6-chloxro-9H-beta-carbolin-8-yl)-amide
trifluorcacetate salt (1.0 mmole), TBTU (1.2 mmoles), the
acid {(1.25 mmoles) to be coupled and Et;N (4-6 mmoles,
basic pH) were taken into acetonitrile(l0 ml). The
resulting mixture was Btirred at ambiemnt temperature for 4-
15 hrs. The reaction mixture was then partitioned into
EtOAc and 10% agqueous Na;CO3 solution. The separated
aqueous phase was further extracted with EtOAc. The
combined extracts were successively washed with 10% aqueous
NasC0s; sclution and brine, dried over Na;S0, and
conéentrated completely. The residue was purified on silica
(2~7%MeOH/CH3zC1;) to give the corresponding product.

\
EXAMPLE 39: 6,6-Dimethyl-4-[2-(2,2,2-trifluoro-
acetylamino) -propyl] -morpholine-3-carboxylic acid (6-
chloro-9H-f-carbolin-8-yl) -amide:
[00199] 4- (2-Amino-propyl) -6, 6-dimethyl-morpholifte-3-
carboxylic acid (6-chloro-3H-P-carbolin-8yl)-amide (3
CF3COOH salt) (1.5g) was suaspended in dichloromethane (B0
mL) along with 5 equivalents of triethylamine.

Trifluorocacetic anhydride (56 pL, 2 equivalents) was added

and the mixture stirred at room temperature for an hour.
The solvent was removed by rotary evaporation. 'The product
was purified by silica gel flash chromatography (5%
methanol / dichloromethane, product Rf 0.3) to afford lg.
1H-NMR (300 MHz, relative to CDCl; peak at 7.3 ppm) & 10
(s, 1H), 9.7 (4, 1H) , 8.7 (8, 1H), 8.6 (s, 1H), B.2 (4,

{1
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1H), 7.6 (8, 2H), 6.6 (8, 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), 2.2
(d, 1 H), 1.4 (4, 3K), 1.3 (a, 3H), 1.2 (s, 3H).

LCMS (ammonium acetate standard method) retention time =
1.84 min.

(M* = 512; M@ = 510).

EXAMPLE 40: 4-((S)-2-Acetylamino-propyl)-6,6-dimethyl-
morpholine-3-(S) -carboxylic acid (6-chloro-9H-b-carbolin-8-
yl) —amide

[00200] The desired compound was prepared according to
the previcus example from 4- (2-Amino-propyl)-6,6-dimethyl-
morpholine-3-carboxylic aclid (6-chloro-9H-fi-carbolin-8yl)-
amide (3 CF;COOH salt) and acetic anhydride.

H-NMR (300 MHz, methyl-d; alcohol-d): & 1.15 (d, 3H), 1.23
‘{8, 3H), 1.39 (s, 3H), 1.98 (s, 3H), 2.24 (4, 1H), 2.38 (m,
1H), 2.68 (m, 1H), 2.92 (4, 1H), 3.24 (m, 1H), 3.98 (m,
2H), 4.22 (m, H), 7.78 (d, 1H), 7.98 (m, 2H), 8.27 (4, 1H),
8.84 (s, 1H).

Retaention Time (LC, method: ammonium acetate standard):
1.54 min.

MS (M+H'): 458.

EXAMPLE 41: 4-((S)-2-Methanesulfonylamino-propyl)-6, 6-
dimethyl-mo line-3-(S)-car lic acid (6-chloro-9H-b-

carbolin-8-yl)-amide

[00201] The desired compound was prepared according to
Method E.

1H-NMR (300 MHz, methyl-d; alcohol-d): & 1.28 (s, 3H), 1.29
(4, 3H), 1.43 (s, 3H), 2.28 (4, 1H), 2.57 (m, 1H), 2.66 (m,
1H), 2.98 (s, 3H), 3.03 (4, 1H), 3.34 (m, 1H), 3.66 (m,



£ F

WO 2004092167 PCT/US2004/011080

™ s § & 'l Sl § 5 - e

~=123--
1H), 4.05 (m, 2H), 7.67 (4, 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.

EXAMPLE 42: 4-{2-[(-4,6-Dimethyl-pyrimidine-5-carbonyl)-
- amino] -propyl}-6, 6-dimethyl-morpholine-3-carboxylic acid
{6-chloro-9H-beta-carbolin-8-vl)-amide

[00202] The desired compound was prepared using [4-(2-
Amino-propyl) -6, 6-dimethyl-morpholin-3-yimethyl] - (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, s), 9.0
{(1H, s), 8.86 (1H, B8), 8.5 (1H, d4), 8.3 (1H, 4), 8.22 (2H,
m), 7.88 (1H, =8), 4.1 (1H, m), 3.9 (2H, m), 2.99 (2H, m),
2.36 (6H, B), 2.1 (2H, m), 1.3 (3H, 8), 1.24 (6H, m).
Retention time (LC, method: ammonium acetate standard):
1.50 min.

MS (M+H+): 551

EXAMPLE 43: (S)-6,6-Dimethyl-4-{(8)-2-[(2-methyl-pyridine-
3carbonyl)amino]propyl)-morpholine-3-carboxylic acid (6-

chloro-9H-beta—-carbolin-8-yl)-amide.

[00203] The desired compound was prepared according to
Method E from (S)-4-((8)-2-Amino-propyl)-6,6-dimethyl-
morpholine-3-carboxylic acid (6-chloro-9H-beta-carbolin-8-
yl)-amide trifluoroacetate salt and 2-methyl-nicotinic acid
in 75% yield.

1y-NMR (300 MHz, DMSO-dg): & 1.21 (s,3H), 1.22 (d,3H), 1.36
{(s,3H), 2.10 (d4,1H), 2.42 (m,1H), 2.60 (m,1H), 2.99 (4,1H),
3.20 (m,1H), 3.92 {(m,2H), 4.22 (m,1H), 7.22 {(d4,1H), 7.65
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(d,1H), 7.90 (s,1H), 8.16 (4,1H), 8.23 (s,1H), 8.31
{(d,1H).8.38 (4,1H), 8.45 (d,1H), 5.02 (s,1H),10.04 (s,1H),
11.26 (s,1H).

Retention Time (LC, method: ammonium acetate standard):
2.16min.

MS (M+H'): 535.5.

EXAMPLE 44: 6, 6-Dimethyl-4-{2-[ (tetrahydro-pyran-4-

carbonyl) -amino] -propyl}-morpholine-3-carboxylic acid (6-
chloro-9H-b-carbolin-8-yl)-amide:

[00204] 4- (2-Amino-propyl) -6, 6-dimethyl-morpholine-3-
carboxylic acid {6-chloro-9H-b-carbolin-8-yl)-amide (3
CFiCOOH 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 stirred at room temperature

overnight. The solvent was removed by rotary evaporation.
The product was separated by preparative TLC on silica
plates (10/90 methanol/ethyl acetate as eluent, product Rf
0.4) Yield: 83 mg.

lH-NMR (300 MHz, relative to CD30D peak at 3.3 ppm) 5 8.8
(s, 1H), B8.27 (4, 1H), 7.9-7.99 {m, 3H), 3.95-4.15 (m, 2H),
3.85-3.95 (m, 2H), 3.5-3.6 (m, 5H), 3.3-3.45 (m, 2H), 3.15-
3.3 (m, 2H), 2.85-2.95 (4, 1H), 2.6-2.72 m, 1H), 2.3-2.43
(m, 1H), 2.2-2.28 (d, 1H), 2.0 (B, 2H), 1.35-1.45 (4, 3H),
1.05-1.25 (m, 6H).

LCMS (ammonium acetate standard method) retention time=
2.39 min. (M+ = 529; M- = 527).



WO 2004092167 PCT/US2004/011080

FL i1 sUWIWUYS L ALUUOW

--125--
EXAMPLE 45: 4-{(S)-2~[(1-Acetyl-pyrrolidine-2-(S)-
carbonyl) -amino] -propyl}-6, 6—dimethyl-morpholine-3-(S)-

carboxylic acid (6-chloro-9H-b-carbolin-8-vyl)-amide

[00205] The desired compound was prepared according to
Method E. .

1H-NMR (300 MHz, methyl-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, 18H), 2.51 (m, 1H), 2.74 (m, 1H), 3.05 (4,
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 {4, 1H), 8.90 (s, 1H).

Retention Time {LC, method: ammonium acetate Btandaz:d):

" 2.07 min.

MS (M+H'): 555.

EXAMPLE 46: 6, 6-Dimethyl-4-{-2-[ (5-methyl-isoxazole-3-
carbonyl) -amino] -propyl}-morpholine-3-carboxylic acid (6-
chloro-9H-beta-carbolin-8-yl)-amide

[00206] The desired compouﬁd was prepared using [4-(2-
Amino-propyl) -6, 6—d:imethy1 -morpholin-3-ylmethyl] -~ (6-chloro-
9H-beta-carbolin-8-yl)-amine and 5-methylisoxazole carbonyl
chloride following Method E in 61% yield.

‘H-NMR (300MHz, DMSO): & 11.2 (1H, s), 9.98 (1H, s), 9.0
(18, s8), 8.7 (1H, 4), 8.6 (1H, 4d), 8.2 (24, m), 7.9 (1H,
B). 6.47 (1H, s), 3.87 (2H, m), 3.17 (2H,m), 2.9 (1H, 4),
2.7 (1H, m), 2.3 (4H)l, 2.1 (iH, 4), 1.29 (3H, s8), 1.15
(6H, m).

Retention time (LC, method: ammonium acetate standard):

1.81 min.
MS (M+H+): 526

44
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EXAMPLE 47: 6,6-Dimethyl-4-[2-(3-me
morpholine-3-carboxylic acid (6-chloro-9H-f-carbolin-8-yl)-

amide:

[00207] 4- (2-Amino-propyl) -6, 6-dimethyl-morpholine-3-
carboxylic acid {6-chloro-9H-O-carbolin-8yl)-amide (3 HCl
palt) (300mg) was sﬁspended in dichloromethane (10 mL)
triethyl amine (4 equivalents) and methyl isocyanate (2
equivalents) were added simultaneously. After one hour at

room temperature solvent was removed by rotary evaporation.

The product was purified by silica gel flash chromatography
{5% methanol / -dichloromethane, product Rf = 0.3) to afford
200mg.

1H-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 (8, 1H), 8.4 (4,
1), 7.9 (4, 1H), 7.8 (8, 1H), 5.4 (s, 1H), 5.2 (4, 1H),
4.2 (s, 1), 3.8 (m, 2H), 3.2 (m, 1H), 2.6-3 (m, 7H), 2.3
(4, 14), 2.2 (t, 1H), 1.4 (s, 3H), 1.2 (s, 3H), 1.1 (4, 3H)
LCMS (ammonium acetate standard method) retention time =
1.62 min. (M' = 473; M = 471).

EXAMPLE 49: {{8§)-2-[(8)-5-(6-Chloro-9H-beta-carbolin-8-
ylcarbamoyl) -2, 2-dimethyl-morpholin-4-yl] -1-methyl-ethyl} -
carbamic acid methyl ester.

[00208] To a solution of (S)-4-({S)-2-Amino-propyl)-6,6-
dimethyl-morpholine-3 carboxylic acid (6-chloro-9H-beta-
carbolin-8-yl)-amide hydrochloride salt (3.45g, 6.59
mmole) in 68ml of dry pyridine, was added in three portions
over 1.5 hr, a 3M DCM solution of methyl chloroformate
(9.2 ml, 27.6 mmole, 4.2 eq). After 2 h, 10 ml of water
were added and the mixture was concentrated to dryness. The
residue was partitioned int 150 ml O0f EtOAc and 100 ml of
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an .aqueous 0.5M solution of K;COy. The separated agqueous
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 NazSO; and concentrated
. to dryness. The residue was purified on silica (5%
MeOH/CH2Cla) to give 2.48 g(thick o0il, 77% yield) of the
desired proc'tuct:.

lH-NMR (300 MHz, CDCl3): & 1.15 (d, 3H), 1.28 (s, 3H), 1.42
(s, 3H), 2.33 (dd, 1H), 2.42 (4, 1H), 2.78 (44, 1H), 2.86
(4, 1H), 3.32 (4d, 1H), 3.86 (s, 3H), 3.92 (t, 1H), 4.01
(ad, 1H), 4.18 (m, 1H), 4.78 (d, 1H), 7.95 (4, 1H), 7.97
(s, 1H), 8.29 (s, 1H), 8.50 (4, 1K), 8.98 (s, 1H), 9.88 (=,
1H), 10.94 (s, 1H).

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

MS (M+H'): 474.1

EXAMPLE 50: 4-{2-[(2,4-Dimethyl-pyridine-3-carbonyl)-
amino] -propyl}-6, 6-dimethyl -morpholine-3-carboxylic acid
(6-chloro-9H-beta-carbolin-8-yl)-amide

[00209] ‘The desired compound was prepared from [4-(2-
Amino-propyl) -6, 6-dimethyl-morpholin-3-ylmethyl] - (6-chloro-
9H-beta-carbolin-8-yl) -amine nad 2,4-dimethyl nicotinic
acid following Method E in 50% yield.

'H-NMR (300MHz, DMSO): & 11.27 (1H, s), 10 (iH, s), 8.9
(14, 8), 8.37 (24, 4), 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, 4), 1.3 (3H, s), 1.2 (6H, m).

Retention time (LC, method: ammonium acetate standard) :
1.53 min.

MS (M+H+): 550

£



WO 2004092167 PCT/US2004/011080

--128--
EXAMPLE 51: 6,6-dimethyl-4-{2-[(pyrazine-2-carbonyl) -
amino] -propyl}-mo line-3-carboxylic acid (6-chloro-9H-
beta-carbolin-8-yl)-amide
[00210] 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 (300MHZz, DMSO): 3 12.9 (1H, s), 10.89 (1H, s), 9.42
(1H, 8), 9.0 (1H, s), 8.8 (1H, 4), 8.6 (1H, d), 8.4 (1H, ‘
8), B.2 (1H, m), 4.5 (1H, m), 4.1 (2H, m), 3.1 (1H, m), 2.1
(4H, m), 1.23 (SH, m).
Retention time (IC, method: ammonium acetate standard):
1.69 min.
MS (M+): 522.2

EXAMPLE 52: Pyridine-3,4-dicarboxylic acid 4-({2-[5-(6-
chloro-9H-B-carbolin-8-ylcarbamoyl) -2, 2-dimethyl-moxpholin-
4-v1l}-1-methyl-ethyl}-amide}3-methylamide

[00211] To a solution of [4-(2-Amino-propyl)-6,6-
dimethyl-morpholin-3-ylmethyl]- (6-chloro-9H-beta-carbolin-
8-yl)-amine (100 mg, 0.132 mmole) in 0.6 ml of dry
acetonitrile, was added 3, 4-pyridinedicarboxylic
anhydride(21mg, 0.15mmole) and triethylamine (102 ml,
0.8mmole). The reaction mixtu-.re was stirred at ambient
temperature for lh. The solvent was then removed under
reduced pressure and the residue was taken up into pyridine
(0.6 ml). To the resulting mixture was added 2M
methylamine solution in THF (0.2 ml, 0.4 mmole) and EDCIT

(40 mg, 0.21 mmole) .The reaction mixture was stirred for 4

hrs, the solvent was removed under reduce pressure and the

residue was partitioned into EtOAc and 1M aqueous K;CO;.
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The separated agqueous phase was extracted twice with EtOAc.

The combined organic phases were successively washed with
water and brine, dried over MgS0,, and concentrated
completely. The residue was purified on gilica gel (10%
MeOH-CH;Cl;) to give the title compound as a white solid in
36% yield.

'H-NMR (300MHz, DMSO): & 9.24 (1H, s), 8.17 (1H,s), 7.81
(2H, m), 7.5 { 3H, m), 7.3 (1H, 8), 7.0 (1H, 8) 6.5 (1H,
d), 3.08 (2H, d), 3.35 (14, m), 2.4 (3H, m), 1.86 (4H, m),
0.5 (3H, 8), 0.37 (6H, m).

Retention time (LC, method: ammonium acetate standard):
1.46 min.

MS (M+H+): 579

EXAMPLE 53: 6.6-Dimethyl-4-{(4-methyl-pyrimidine-5-
carbonyl) -amino) -propyl}-morpholine-3-carboxylic acid (6-
chloro-9H-beta-carbolin-8-yl)-amide

[00212] The desired compound was prepared according to
Method E from [4-(2-Amino-propyl) -6, 6-dimethyl-morpholin-3-
ylmethyl] - (6-chloro-9H-beta-carbolin-8-yl) -amine and 4-
methyl-pyrimidine-5-carboxylic acid in 55% yield.

‘lH-NMR (300MHz, DMSO): § 11.26 (1H, B), 10.04 (1H, B) 9.04
(2H, m), 8.66 (1H, 4) 8.3 (2H, m) B8.22-8.17 (2H, m), 7.9
(14, s), 4.2 (1H, m), 3.93 (2H, m), 3.2 (1K, m), 2.98 (2H,
m), 2.6 (3, m), 2.1 (2H, m), 1.36 (3H, 8), 1.23 (6H, m).
Retention time (LC, method: ammonium acetate standard):
1.55 min. |

MS {(M+H+): 537
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EXAMPLE 54: (S)-6,6-Dimethyl-4-{(S)-2-[(4-methyl-pyridine-
3-carbonyl) -amino] -propyl)-morpholine-3-carboxylic acid (6-
chloro-9H-beta-carbolin-8-yl)-amide.
[00213] The desired compound was prepared according to
Method B from (S)-4-((S)-2-Amino-propyl)-6, 6-dimethyl-
morpholine-3-carboxylic acid (6-chloro-9H-beta-carbolin-8-
yl)-amide trifluorocacetate salt and 4-methyl-nicotinic acid
in 79% yield.
H-NMR (300 MHz, DMSO-dg): & 1.21 (s,3H), 1.22 {(d,3H), 1.36
(s,3H), 2.10 (d,1H), 2.40 (m,1H), 2.62 (m,1H), 2.99 (4,1H),
3.22 (m,1H), 3.94 (m,2H), 4.23 (m,1H), 7.26 (4,1H), 7.90
(s,1H), 8.16 (4,1H), 8.23 (8,1H), 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.

EXAMPLE 47: 4-[2-(2-Amino-2-methyl-propionyl)]-6,6-
dimethyl-morpholine-3-carboxylic acid(6-chloro-95H-p-
carbolin-8yl)-amide

[00214]) A polution of {2-[5-(6~Chloro-9H-p-carbolin-8-
ylcarbamoyl) 2,2-dimethyl-morpholin-4-yl]-l1-methyl-ethyl)}-
carbamic acid tert-butyl ester (70.2 mg, 0.14 mmol) in TFA
(2 mL) was stirred at room temperature. After 15 min, the

reaction was concentrated and the crude product was
azeotroped with CHzCl: (2 x 5 mI:). A mixture of the crude
intermediate, TBTU (54.0 mg, 0.17 mmol), 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 H20 (20 mL) and poured intc a separatory
funnel containing EtOAc (50 ml), and brine (50 mL). The
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mixture was shaken and the layers were separated. The
aqueous layer was extracted with EtOAc (2 x 50 mL). The
combined organic layers were dried, filtered and
concentrated. The crude product was purified by flash
chromatography 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): & 12.94 (br s, 1); 11.36 (br s,
1); 10.16 (s, 1); 9.06 (8, 1); '8.39 (4, 1); 8.22 (4, 1);
8.19 (4, 1); 7.95 (s, 1); 4.77 - 4.52 (m, 1); 4.28 - 4.13
(n, 1); 4.13 -~ 4.00 (m, 1); 3.68 - 3.52 (m, 1); 3.22 - 3.12
(m, 1); 1.44 (8, 3); 1.41 - 1.38 (m, 6); 1.28 -~ 1.24 (m,
2); 1.22 (8, 3); 1.25 (8, 3); 1.11 - 1.07 (m, 1).

NH,0Ac standard conditions.

DAD Rf = 1.31 min.

M+H = 501.

EXAMPLE 55: 6,6 Dimethyl-4-(1,2,3,4-tetrahydroisoquinolin-
3-vimethyl) -morpholine-3-carbpxylic acid (6-chloro-9H-beta-
carbolin-8-yl)amide

[00215] ' The desired compound was made following the
procedure outlined in Method C using 6, 6~dimethyl
morpholine-3-carboxylic acid and (s)-tetrahydroisoquinocline
aldehyde.

'H-NMR (300MHz, D,0): & 9.1 (1H, s), 8.68 (1H, d), 8.52

(14, 4), 8.41 (1H, 4), 7.68 (1iH, d), 7.27 (1H, 4), 7.06
(1H, m), 6.97 (1H, d4), 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 (2H, m) 1,48 (3H, B8), 1.32 (3H, s8)

Retention time (LC, method: ammonium acetate standard) :

2.43 min.

¥,
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MS (M+H+): 505

INTERMEDIATE 59: 6,6-Dimethyl-morpholine-3-carboxylic acid
(6-chloro-9H-f-carbolin-8-yl)-amide, HC1l salt

[00216] To & 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
nethanol (41 mL) was added HCl in dioxane (4M, 91 mL). The
reaction was stirred for 30 minutes at room temperature,
during which time a pale brown precipitate began to form.
The mixture was poured into a 250-mL volume of vigorously
stirring Et30. The resulting slurry was stirred at room
temperature for 15 minutes, then filtered to yield a pale
orange solid. The solid was placed on the high-vacuum pump
overnight, after which 9.71 g of 6,6-dimethyl-morpholine-3-
carboxylic acid (6-chloro-SH-pf-carbolin-8-yl)-amide was
obtained (99% yield).

lg-NMR (DMSO-d6, 300MHz) & 13.47 (s, 1); 11.77 (s, 1); 9.42
(s, 1); 8.86 (d, 1); B8.66 (4, 1); 8.58 (4, 1); 8.25 (4, 1);
4.41 - 4.37 (m, 2); 4.05 (dd, 1); 3.32 - 3.28 (m, 1); 3.04
- 3.00 (m, 1); 1.34 (8, 3); 1.30 (s, 3).

NH,OAc standard conditions.

DAD Rs = 1.48 min.

M+H = 359.

EXAMPLE 56: 4-(2-Amino-butyl)-6,6-dimethyl-morpholine-3-
carboxylic acid (6-chloro-SH-f-carbolin-8-yl)-amide (also
INTERMEDIATE 60)

[00217] Method C was followed, using 5-(6-chloro-9H-p-
carbolin-8-ylcarbamoyl) -2, 2-dimethyl-morpholine-4-
carboxylic acid tert-butyl ester and the appropriate
aldehyde, (l1-formyl-propyl)-carbamic acid tert-butyl ester.
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lH-NMR (DMSO-A6, 300MHz) & .9.06 (s, 1); 8.37 (d, 1); 8.19
(d, 1); 8.15 (4, 1); 7.85 (d, 1); 6.75 (br B, 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 - 2.20 (m, 1); 2.14 (4,
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 standard conditions.
DAD Ry = 1.27 min.
M+H = 430.

EXAMPLE 57: 6,6-Dimethyl-4-{2-[({2-methyl-pyridine-3-
carbonyl) -amino] -butyl}-morpholine-3-carboxylic acid (6-
chloro-9H-f-carbolin-8-yl)-amide, HCl salt

[00218] To a solution of 4-(2-amino-butyl)-6, 6-dimethyl-
morpholine-3-carboxylic acid (6-chloro-9H-f-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 mL). The
mixture was poured into a separatory funnel and diluted
further with water (20 mL). The mixture was extracted with
EtOAc (2 x 20 mL), then the combined organic layers were
washed with brine. The organic layer was dried over
magnesium sulfate, filtered, and concentrated to yield a
yellow-brown oil which was purified via columm
chromatography. The resulting yellow solid was dissolved
in methanol (2 mL) and HCl in Et;0 (2M, 2 mL) was added.
The mixture was stirred for 5 minutes, then concentrated to
vield 103 mg of 6,6-dimethyl-4-(2~[(2-methyl-pyridine-3-
carbonyl)-amino] -butyl}-morpholine-3-carboxylic acid (6~
chloxro-9H-p-carbolin-B8-yl)-amide (71% yield).

72
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1H-NMR (DMSO-d6, 300MHz) & 13.31 (br s, 1); 11.41 (br s,
1); 11.14 (br s, 1); 9.44 (8, 1); 8.85 {(d, 1); B.73 - B8.64
(m, 3); 8.52 (m®, 1); 8.32 (B, 1); 7.72 (B, 1); 4.64 - 3.55
{m, 6); 3.24 - 3.06 (m, 1); 2.95 - 2.81 (m, 1); 2.71 (s,
3); 1.89 - 1.74 {m, 1); 1.55 - 1.41 (m, 1); 1.32 (8, 3);
1.23 (a, 3); 0.93 (£, 3).

NH.OAc standard conditions.

DAD Rs = 1.66 min.

M+H = 549.

INTERMEDIATE 61: 4-(2-Amino-3-methyl-butyl)}-6,6-dimethyl-
morpholine-3-carboxylic acid (6-chloro-9H-pg-carbolin-8-yl)-
amide
- [00219] Method € was followed, using 5-(6-chloro-9H-f-
.carbolin-8-ylcarbamoyl) -2, 2-dimethyl-morpholine-4-
carboxylic acid tert-butyl ester and the approprilate
aldehyde, (l1-formyl-2-methyl-propyl)-carbamic acid tert-
butyl ester.
1H-NMR (DMSO-A6, 300MHz) & 9.05 (s, 1); 8.37 (d, 1); 8.21
{(d, 1); 8.16 (44, 1); 7.90 (4, 1); 6.71 (br s, 2); 3.93 -
3.86 (m, 2); 3.18 - 3.14 (m, 1); 2.91 (4, 1); 2.70 - 2.65
(m, 2); 2.21 (ad, 1); 2.15 (4, 1); 1.74 - 1.66 (m, 1); 1.31
(s, 3); 1.19 (=&, 3); 0.85 (d, 3); 0.80 (4, 3).
NH,OAc standard conditions.
DAD Ry = 1.27 min.
M+H = 444.

EXAMPLE 58: 6,6-Dimethyl-4-{3-methyl-2-[(2-methyl-
pyridine~3-carbonyl)-amino]-butyl)}-morpholine-3-carboxylic
acld {(6-chloro-9H-p-carbolin~8-~yl)-amide

[00220] To a solution of 4-(2-amino-3-methyl-butyl)-6,6-
dimethyl-morph 1ine-'3-carboxylic acld (6-chloxro-9H-p-
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carbolin-8-yl)-amide (1.47 g, 3.31 mmol) in pyridine (35
mL) was added 2-methyl-nicotinic acid (544 mg, 3.97 mmol)
and EDCI (1.02 g, 5.30 mmol). The solution was stirred 6.5
hours at room temperature, then diluted with water (100
mL). The mixture was poured into a separatory fumnel and
diluted further with water (50 mL) and EtQAc¢ (150 mL). The
layers were shaken and separated. The agqueous layer was
extracted with EtOAc (3 x 50 mL), then the combined organic
layers were washed 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 sollid was placed on
the high-vacuum pump overnight, after which 1.43 g of 6, 6-
dimethyl-4-{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 (dd, 1); 8.38 (d, 1); 8.21 — 8.14 (m, 3); 7.97
(d, 1); 7.64 (ad, 1); 7.23 (dd, 1); 4.23 - 4.14 (m, 1);
3.99 - 3.87 (m, 2); 3.22 - 3.19 (m, 1): 3.02 (4, 1); 2.85
(ad, 1); 2.52 (s, 3); 2.30 (44, 1); 2.11 (4, 1); 2.05 -
1.95 {m, 1); 1.32 (8, 3); 1.21 (s, 3); 0.93 (4, 3); 0.86
(a, 3)..
NH4OAc standard conditions.
DAD Ry = 1.67 min.
M+H = 563.

EXAMPLE 59: 6,6-Dimethyl-4-{3-methyl-2-(S)-[ (tetrahydro-
furan-3-carbonyl ) -amino] -butyl}-morpholine-3-(S) -caxboxylic
acid (6-chloro-9H-b-carbolin-8-yl)-amide

[00221] The desired compound was prepared following
Method E from Intermediate 61 and the appropriate acid.

73
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H-NMR (300 MHz, methyl-d; alcochol-d): & 0.87 (m, 6H), 1.25
(q&, 3H), 1.37 (4, 3H), 1.81 (m, 1R), 2.10-2.47 (m, 4H),
2.93 (m, 2H), 3.10 (m, 1H), 3.26 (m, 1H), 3.80 (m, 1H),
3.86-4.07 (m, 6H), 7.86 (4, 1H), 8.10 (m, 2H), 8.32 (4,
1H), 8.89 (s, 1H).
Retention Time (LC, method: ammonium acetate 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-
methyl-ethyl}-carbamic acid tert-butyl ester

[00222] A solution of (S)-4-((S)-2-tert-
butoxyca.rbonyiamino—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) was stirred at room temperature.
6-chloro-4-methyl-9H-p-carbolin-8-ylamine (1.869 g,

8.09 mmol) was added, followed by EDCI (2.894 g.

15.1 mmol). The reaction was stirred at room temperature

for 14-18 hours under argon. The reaction was partially
concentrated, diluted with H;O (20 mL) and transferred to a
separatory funnel. The mixture was diluted with brine (50
mL;) and extracted with EtOAc (3 x 100 mL). The combined
organic layers were washed with brine, dried, filtered and
concentrated to afford a dark residue. Column
chromatography (0-8% MeOH / CH3Clz) yielded ((8)-2-[(S)-5-
(6-Chloro-4-methyl-9H-pf-carbolin-8-ylcarbamoyl) -2, 2~
dimethyl-morpholin-4-yl]-1-methyl-ethyl)}-carbamic acid
tert-butyl ester as a light tan solid (2.688 g).
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lg-NMR (300 MHz, DMSO-d6): & 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
-~ 3.85 {(m, 2) 3.66 (br s, 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)
1.34 (br s, 12) 1.17 (s, 3) 1.08 (4, 3).

NH,OAc standard conditions.

ELSD Re = 2.07 min.

M+H = 530.

EXAMPLE 60: (S)-6,6-Dimethyl-4-{(S)-2-[(2-methyl-pyridine-
3-carbonyl ) -aminol -propyl }-morpholine-3-carboxylic acid (6-
chloro-4-methyl-9H-B-carbolin-8-yl)-amide

[00223] A solution of {(S)-2-[(S)-5-(6-Chloro-4-methyl-
9H-f-carbolin-8-ylcarbamoyl) -2, 2-dimethyl-morpholin-4-yl]-
l-methyl-ethyl}-carbamic acid tert-butyl ester (2.688 g,

5.08 mmol) in EtOH (60 mL) was stirred at room temperature.
Concentrated HC1l (10 mL) was added and the reaction stirred
for 14 hours at room temperature under argon. The reaction
was concentrated to afford a yellow solid (2.84 g). The
solid was dissolved in anhydrous pyridine (40 mL} and
stirred at room temperature under argon. Triethylamine
(2.20 mL, 15.7 mmol) and EDCI (1.39 g, 7.28 mmol) were
added. The reaction mixture was stirred at room
temperature for 10 minutes and 2-methyl-nicotinlc acid
(0.868 g, 6.33 mmol) was added. The reaction was stirred
at room temperature for 14-18 hours and diluted with H3;0
(40 mL). The mixture was poured into a separatory funnel
containing Hz;0 (40 mL), brine (40 mL), and EtOAc (40 mL).
The mixture was shaken and the layers were separated. The
agueous layer was extracted with EtOAc (2 x 40 mL} and the
combined organic layers washed with brine. The organic
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layer was dried, filtered, and concemtrated. The resulting
residue was dissolved in EtOAc (10-20 mlL) and added
dropwise to a stirring solution of 4:1 hexanes / Et30 (300
mL) . The precipitate which formed was collected via
filtration and air dried to yield (8)-6,6-Dimethyl-4-{(S)-
2-{ (2-methyl~pyridine-3-carbonyl) -amino] -propyl}-
morpholine-3-carboxylic acid (6-chloro-4-methyl-9R-fi-
carbolin-8-yl)-amide as a tan solid (3.151 g).

‘H-NMR (300 MHz, DMSO-d6): & 11.28 (a, 1) 9.98 (s, 1) 8.81
(s, 1) 8.45 - 8.39 {(m, 1) B.26 (4, 1) B.13 (8, 1) 7.97 (=8,
l) 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 (4,
1) 2.71 (s, 3) 2.61 - 2.49 (m, 1) 2.37 (8, 3) 2.06 - 2.02
{m, 2) 1.30 (s, 3) 1.16 (4, 3) 1.15 (s, 3).

NHOAc standard conditions.

ELSD R; = 1.57 min. M+H = 549.

INTERMEDIATE 63: 3,5-Difluoro-4-tributylstannanyl-pyridine
[00224]. n-Butyl lithium (1.0 eq, 76 mmol, 47.6 mL, 1.6 M
in hexanes) was added via dropping funnel to a solution of
diisopropylamine (1.05 eq, 80 mmol, 11.2 mL) in THF (300
mL) at -78 °C under nitrogen (N2). 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 chloxride (1.0 eg, 76 mmol, 20.7 mL) was
added dropwise via syringe and the resulting solution
allowed to warm to RT over 2 h. Water (5 mL) was added,
then roughly 250 ml: of THF was removed on a rotary

evaporat r. The resulting material was diluted with diethyl




73

WO 2004092167 PCT/US2004011080

~~139--

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-Difluoro-4-tributylstannanyl-pyridine as
a colourless oil (27.5 g, 88%). This material was used
crude without further purification.

Retention Time (LC, method: ammonium acetate standard):
3.35 min. MS (M+E'): 406. .
INTERMEDIATE 64: 4-Chloro-2-(3,5-difluoro-pyridin-d-yl)-—
phenylamine ]
[00225] Stille coupling: A dimethyl formamide (256 mL}
solution of crude Intermediate 63 (1.1 eq, 70 mmol, 27.5
g) and 2-iodo-4-chloro-phenylamine (1.0 eq, 64 mmol, 16.2
g) was degassed with N2 for 15 min.

Dichlorobis (triphenylphosphine)palladium (II) (0.05 eg, 3.2
mmol, 2.2 g) and copper (I} iodide (0.1 eq, 6.4 mmol, 1.2
g) were added and the suspension heated at reflux for 15 h
under Ni2. The mixture was cooled to RT, filtered through a
short plug of celite® and the dimethyl formamide removed on
a rotary evaporator. The crude material was dissolved in
acetonitrile (300 mL), washed with hexanes (2x 200 mL) then
concentrated in vacuo. The material was then dissolved in
ethyl acetate (400 mL) and washed successively with water
(2x200 mL), saturated sodium bicarbonate solution (1x200
ml:) , saturated sodium chloride solution (200 mL), dried
over magnesjium sulfate, filtered and concentrated in vacuo.
The resulting solid was triturated with diethyl ether (50
mL) to remove the dark colour, then dissolved in the
minimm 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
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(12.3 g, ~80%,) which was used in the subsequent step
without further purification.

'H-NMR (300 MHz, dmso-ds): & 5.28 (s, 2H), 6.77 (4, 1H),
7.08 (4, 1H), 7.19 (dd, 1H) and 8.58 (s, 2H).
Retention Time (IC, method: ammonium acetate standard):
1.70 min. MS (M+H'): not observed.

INTERMEDIATE 65 : 6-Chloro-4-fluoro-9H-f-carboline

[00226] Sodium bis(trimethylsilyl)amide (3.0 eq, 130
mmol, 130 mL, 1.0M in THF) was added via dropping fummel to
a solution of crude Intermediate 64 (1.0 eq, 43 mmol, 10.4
g) in THF at RT under Na. After stirring for 15 h the

excess base was quenched by the cautious addition of
saturated ammonium chloride solution (100 mL) and the
majority of the THF removed on a rotary evaporator. The
resulting slurry was extracted with ethyl acetate (400 mL
then 2x200 mlL), then the combined organics weré washed
successively with saturated sodium bicarbonate solution
(300 mL), saturated sodium chloride solution (300 mL),
dried over sodium sulfate and filtered. Silica gel was
added and the slurry concentrated on a rotary evaporator.

" The material was purifled using a Biotage Flash 75
purification system (short column) eluting with 96:4
dichloromethanelm'ethanol 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): 5 7.71-7.61 (m, 3H), 8.11 (4,
1H) and 12.16 (s, 1H).

Retention Time (I.C, method: ammonium acetate standard):
1.70 min. MS (M+K'): 221.
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INTERMEDIATE 66 : 6-chloro-4-fluoro-9H-f-carbolin-8-ylamine
[00227] 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 trifluoroacetic acid (200 mL) and the
resulting mixture heated 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 .a.nd added dropwise to a vigorously
stirred mixture of saturated sodium bicarbonate solution
(500 mL). The resulting slurry was stirred for 15 min then
the precipitated solids were collected by suction
filtration, washed with water (300 mL) and themn dried in
vacuo to afford 6-chloro-4-fluoro-8-nitro-9H-f-carboline
(about 9.5 g) which was used in the subsegquent step without
further purification.

Retention Time (LC, method: ammonium acetate standard):
1.79 min. MS (M+H'): 266

[00228] Sulfated platinum {~0.1 eq, 1 g) was added to a
suspension of 6-chloro-4-fluoro-8-nitro-9H-B-carboline (1.0
eg, 35 mmol, 9.3 g) and ammonium formate (3.0 eg, 105 mmol,
6.6 g) in ethanocl (175 mlL) and the resulting mixture heated
at 75 °C for 4 h. After cooling to RT the mixture was
filtered through a short plug of Celite® washing with
copious amounts of methanol, and then the filtrate
concentrated in vacuo to afford a beige solid. The solid
was suspended in the minimum volume of methanol and added
dropwise to a vigorously stirred mixture of saturated ~
sodium bicarbonate solution and saturated sodium chloride
solution. After stirring for 15 min the precipitated solids
wera collected by suction filtration, washed with water
(200 mL) and dried in vacuo, to afford 6-chloro-4-fluoro-9H-

76
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f-carbolin-8-ylamine (5.8 g, 70% 2 steps) as a beige
powder.

1H-NMR (300 MHz, dmso-dg): & 5.76 (s, 2H), 6.81 (4, 1H),
7.29 (4, 1H), 8.24 (4, 1H), 8.82 (4, 1H), and 11.71 (=,
1H).

Retention Time (LC, method: ammonium acetate standard):
1.59 min. MS (M+H'): 236.

EXAMPLE 61: 4-(2-Acetylamino-propyl)-6,6-dimethyl-

- morpholine-3-carboxylic acid (6-chloro-4-fluoro-9H-b-
carbolin-8-yl)-amide

[00229] The desired compound was prepared from
Intermediate 66 and acetic.anhydride.

'H-NMR (300 MHz, dmso-dg): & 11.70 (s, 1H), 10.17 (s, 1H),.
8.92 (s, 1H),, K 8.34 (4, 1H), 7.95 (s, 2H), 7.81 (4, 1H),
4.05-3.95 (m, 1H), 3.92-3.83 (m, 2H), 3.18-3.12 (m, 1H),
2.87 (d, 1H), 2.55-2.47 (m, 1H), 2.40-2.31 (m, 1H), 2.03
(4, 1), 1.78 (s, 3H), 1.32 (s, 3H), 1.63 (s, 3H) and 1.08
(d, 3H).

Retention Time (LC, method: ammonium acetate standard):
1.73 min. MS (M+H'): 474.

EXAMPLE 62: 6,6-Dimethyl-4-{2-[(2-methyl-pyridine-3-
carbonyl) ~amino] ~propyl}-morpholine-3-carboxylic acid (6-
chloro-4-fluoro-9H-f-carbolin-8-yl) -amide

[00230] The desired compound was prepared according to
Method E from Intermediate 66 and methylnicotinic acid.
B-NMR (300 MHz, dmso-dg): 8 11.63 (s, 1H), 5,6 10.10 (s,
1), &, 8.90 (8, 1H), &  8.44 (4, 1H), 5,6 8.34 (s, 1H), &,
8.29 (4, 1H), 7.94 (s, 2H), 7.65 (&, 1H), 7.21 (44, 1H),
4.25-4.15 (m, 1H), 3.97-3.88 (m, 2H), 3.24-3.15 (m, 1H),
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2.9% (4, 1H), 2.59 (t, 1H), 2.45 (s, 3H), 2.40 (44, 1H),
2.09 (4, 1H), 1.35 (s, 3H), 1.21 (4, 3H) and 1.20 (s, 3H).
Retention Time (I.C, method: ammonium acetate standard):
1.67 min. MS (M+H'): 553.

Example 63: {(S)-5-(6-Chloro-9H-beta-carbolin-8-
ylcarbamoyl) -2, 2-dimethyl-morpholin-4-yl] -acetic acid_
[00231] 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
triethylamine (2.0 eg.), sodium cyanoborohydride (575 mg,
9.1 mmoles) and glyoxylic acid (780 mg, 8.5 mmoles). The

reaction mixture was stirred at ambient temperature for 1.5
hrs. Water was added (5 ml) and the mixture was
concentrated to a thick yellow slurry. More water was them
added (30 ml) and the resulting slurry was stirred at
ambient temperature for io min. and was filtered. The
collected yellow solid was washed with water and dried
under high vacuum to give 1.80 g (71%) of the desired
product.

‘H-NMR (300 MHz, DMSO-dg): & 1.17 (s,3H), 1.30 (s,3H), 2.B1
{(d4,1H), 3.34 (d,1H), 3.46 (d,1H), 3.56 (4d4,1H), 3.84-3.90
(m,2H), 7.92 (s,1H), 8.15 (d,1H), 8.21 (s,1H), 8.36 (d4,1H),
9.01 (s,1H), 10.28 (s,1H),11.40 (=s,1H) .

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

MS (M+H'): 417.1.
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METHOD F: Coupling procedure for reverse amides from [(S)-
5-(6-Chloro-9H-beta-carbolin-8-ylcarbamoyl) -2, 2-dimethyl-
morpholin-4-yl]-acetic acid

[00232] [(8)-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 f£lask and suspended in pyridine (5
ml). The resulting mixture was stirred overmight. The

pyridine was then removed under reduced pressure and the .
residue was partitioned in EtOAc and 5% aqueous Na;CO;

solution. The separated agqueous phase waes further extracted

with EtOAc. The combined extracts were puccessively washed

with water and brine, dried over Na;SO and concentrated
completely. The residue was purified on silica to give the
desired product.

EXAMPLE 64: (S)-6,6-Dimethyl-4-(2-oxo-2-pyrrolidin-l-yl-
ethyl ) -morpholine-3-carboxylic acid (6-chloro-9H-beta-
carbolin-8-yl)-amide

[00233] The desired compound was prepared according to
Method ¥ from [(S)-5-{6-Chloro-9H-beta-carbolin-8-
ylcarbamoyl) -2, 2-dimethyl-morpholin-4-yl] -acetic acid and
pyrrolidine in 82% yield.

1H-NMR (300 MHz, DMSO-d¢): 3 1.21 (s,3H), 1.29 (s,3H),
1.75-1.92 (m,4H), 2.46 (4,1H), 2.77 {(4,1H), 3.35-3.68
(m,7H), 3.94 (m,2H), B8.08 (8B,1H), 8.19 (4,1H), 8.23 (8,1H),
8.41 (4,1H), 9.05 (s,1H), 10.71 (s,1H),11.51 (B,1H).
Retention Time (LC, method: ammonium acetate standard):
1.75 min.

MS (M+H'): 470.3.
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EXAMPLE 65: (S)-6,6-Dimethyl-4-({2-ox0o-2-piperidin-1-yl-
ethyl )morpholine-3-carboxylic acid (6—-chloro-9H-beta-
carbolin-8-yl)-amide

[00234] The desired compound was prepared according to
Method F from [ (8)-5-(6-Chloro-9H-beta-carbolin-8-
vlcarbamoyl) -2, 2-dimethyl-morpholin-4-yl]-acetic acid and
piperidine in 90% yield.

H-NMR (300 MHz, DMSO-d6): & 1.17 (s,3H), 1.29 (s,3H),
1.35-1.60 (m,6H), 2.25 (4,1H), 2.71 (4,1H), 3.15 {(4,1H),
3.26 (4d,1H), 3.37 (dd,1H), 3.45-3.65 (m, 2H), 3.65 (4,
lH), 3.70 (m, 1H), 3.89 (m, 2H) 7.95 (d4,1H), 8.15 (d4,1H),
8.20 (4,1H), 8.37 (4,1H), 9.01 (=s,1H}), 10.43 (s8,1H),11.32
(s, 1H) -

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

MS (M+H'): 484.3.

EXAMPLE 66: (S)-6,6-Dimethyl-4-(2-morpholin-4-yl-2-oxo-
ethyl) -morpholine-3-carboxylic acid (6-chloro-9H-beta-
carbolin-8-yl)-amide

[00235] The desired compound was prepared according to
Method F from [(S)-5-(6-Chloro-9H-beta-carbolin-8-~
ylcarbamoyl) -2, 2-dimethyl-morpholin-4-yl]-acetic acid and
morpholine in B86% yield.

1H-NMR (300 MHz, DMSO-dg): & 1.17 (s,3H), 1.30 (s,3H), 2.19
(4,1H), 2.71 (d4,1H), 3.03 (4,1H), 3.16 (4,1H), 3.22
(dd,1H), 3.45-3.72 (m,7H), 3.80-3.98 (m, 3H), 7.94 (4,61H),
8.15 (4,1H), 8.21 (d4,1H), 8.37 (d4d,1H), 9.03 (s,1H), 10.35
(s,1H) ,11.28 (s,1H)

Retention Time (LC, method: ammonium acetate standard):
1.56 min.
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MS (M+H'): 486.3.

EXAMPLE 67: (S)-4-{[(2-Bydroxy-ethyl)-methyl-carbamoyl]-
methyl}-6,6-dimethyl-morpholine-3-carboxylic acid (6-
chloro-9H-beta-carbolin-8-yl)-amide

[00236) The desired compound was prepared according to
Method F from [(S)-5-(6-Chloro-9H-beta-carbolin-8-
yvlcarbamoyl) -2, 2-dimethyl-morpholin-4-yl]-acetic acid and
2-methylamino-ethanol in 55% yield.

BNMR (300 MHz, DMSO-dg): 5.1.21 (s, 3H), 1.30 (s, 3H),
2.39 (m,1H), 2.75 (bd,1H), 2.96 (s,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,1H), 8.18-8.25 (m, 2H),
8.42 (4,1H), 9.06 (s,1H), 10.68 (s,1H),11.38 (s,1H) .
Retention Time (LC, method: ammonium acetate standard):
1.47 min.

MS (M+H'): 474.

EXAMPLE 68: (S8)-6,6-Dimethyl-4-(pyridin-3-
ylcarbamoylmethyl) -morpholine-3-carboxylic acid (6-chlor -
9H-beta-carbolin-8-vl)-amide

[00237] 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
3-aminopyridine. The product was isolated as hydrochloride
salt in 55% yield. _

JHNMR (300 MHz, D;0): & 1.34 (s, 3H), 1.54 (s, 3H), 2.60
(d,1H), 3.4 (4, 1H), 3.50 (d, 1H), 3.70 (t, 1H), 3.81 (d,
1H) 4.23 (4, 2H), 7.69 (d, 1H), 7.98 (4, 1H), 8.01 (d, 1H),
8.17(4, 1H), 8.42 (4, 1H), 8.48-B.55 (m, 3H), 9.09 (=,61H),
9.30 (4, 1H).
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Retention Time (LC, me.t:.hod: ammonium acetate standard):
1.56 min.
MS (M+H'): 493.2.

EXAMPLE 69: (S)-6,6-Dimethyl-4-{[ (pyridin-4-ylmethyl)-
carbamoyl ] -methyl)-morpholine-3-carboxylic acid (6-chloro-
9H-beta-carbolin-8-yl)-amide

[00238] The desired compound was prepared acci:rding to
Method F from [(S)-5-{6-Chloro-9H-beta-carbolin-8-
vlcarbamoyl) -2, 2-dimethyl-morpholin-4-yll-acetic acid and
4- (aminomethyl)pyridine. The product was isolated as
hydrochloride salt in 53% yield.

lHNMR (300 MHz, D;0): & 1.34 (s, 3H), 1.49 (s, 3H), 2.64
(d, 1H), 3.03 (4, 1H), 3.48 (4, 1H), 3.72 (t, 1H), 3.74 (4,
1H), 4.15-4.25 (m, 2H), 7.66 (4, 1H), 7.88 (s, 1H), 7.91
(s, 1H), 8.21(d4, 1H), B8.44 (4,1H), 8.53 (4, 1H), B.56 (=,
1H), 8.58 (s, 1H), 9.08 (s, 1H).

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

MS (M+H'): 507.3.

EXAMPLE 70: 4-[2-(4-Hydroxymethyl-piperidin-1-yl)-2-oxo-
ethyl]-6, 6-dimethyl-moxpholine-3-carbaxylic acid (6-chloro-
9H-beta-carbolin-8-yl) ~amide

[00239] [65- (6-Chloro-9H-beta-carbolin-8-ylcarbamoyl)-2,2-
dimethyl-morpholin-4-yl]-acetic acid (200 mg, 0.48 mmol)
and piperidin-4-yl-methanol (111 mg, 0.96 mmol) were
dissolved in pyridine (4 mL). The resulting yellow

solution was stirred at room temperature for 10 min and
then EDC (184 mg, 0.96 mmol) was added in a single portion.
The reaction mixture was allowed to stir over night (16 h).
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Water (4 nmlL) 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 agueous layer was back-extracted
with ethyl acetate (3 x 50 mIL) 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 gradiemnt) to afford pure 4-[2-(4-
-hydroxymathyl-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-HCl salt
was prepared by adding 2 equivalents of conc. HC1l to an
ethanolic solution of the freebase. Concentration,
followed by ether trituration afforded the salt as a free-
flowing, yellow powder.

'H-NMR (freebase, 300 MHz, CDCls) 8: 11.03 (d, 1 H), 10.51
(4, 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 (4, 1 H), 4.16 - 3.77 (m, 3 H), 3.68
~ 3.26 (m, 5 H), 3.08 (dad, 1 H), 2.89 -~ 2.64 (m, 2 H),
2.50 - 2.37(m, 2 H), 1.98 - 1.70 (m, 3 H), 1.38 (s, 3 H),
1.25 (s, 3 H), 1.19 - 0.97 (m, 1).

MS (NH,OAc standard conditions, ES+) e/z = 514 (M+H)*

DAD Rf = 1.51 min

EXAMPLE 71: 4-[2- (4-Hydroxy-piperdin-1-yl)-2-oxo-ethyl]-

6, 6-dimethyl-morpholine-3-carboxylic acid (6-chloro-9H-
beta-carbolin-8-yl)-amide

MO] The desired compound was synthesized using [5-(6-
Chloro-9H-beta-carbolin-B-ylcarbamoyl)-2, 2-dimethyl-
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morpholin-4-yl] -acetic acid and 4-hydroxypiperazine
following Method F in 31% yield.
1H-NMR (300MHz, D;0): & 8.85 (1H,s), B.19 (2H, a), 7.82
(1H, s), 7.44 (1H, s), 4.15 (2H, m), 3.9-3.75 (4H, m), 3.6
(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, s), 1.19 (3H, 8}
Retention time (LC, method: ammonium acetate standard):
1.5 min
MS (M+H+): 501

EXAMPLE 72: 4-Diethylcarbamoylmethyl-6,6-dimethyl-
morpholine-3-carboxylic acid (6-chloro-9H-beta-carbolin-8-
yl)-amide

[00241] The desired compound was made using of [5-(6-
Chloro-9H-beta-carbolin-8-ylcarbamoyl)-2, 2-dimethyl-
morpholin-4-yl]-acetic acid and diethylamine following
Method F in 60% yield.

H-NMR (300MHz, D;0): 5 8.87 (1H, s), 8.26 (2H, m), 7.8
(1H, 8), 7.52 (1H, B), 4.1 (3H, m), 3.8 (2H, m), 3.22 (2H.,
m), 3.0 {(1H, d), 2.7 (1H, d), 1.3 ( 3H, 8), 1.19 (3H, 8);
0.09 (6H, m).

Retention time (LC, method: ammonium acetate standard) :
1.96min

MS (M+H+): 472

EXAMPLE 73: 6,6-dimethyl-4-[-2-(4-methyl-piperazin-1l-yl)-2-

oxo-ethyl] -morpholine-3-carboxylic acid (6-chloro-9H-heta-
carbolin-8-vl)-amide

[00242] The desired compound was prepared using [5- (6~
Chloro-9H-beta-carbolin-8-ylcarbamoyl)-2, 2-dimethyl-

90
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morpholin-4-yl]-acetic acid and l-methyl piperazine
following Method F in 12% yield.
H-NMR (DMSO) & 11.28 (1H, s), 10.35 (1H, s), 9.01 (1H,s),
8.37 (1H, s), 8.21-8.15 (2H, m}, 7.9 (1H, s), 3.89 (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, 8), 1.16 (3H, B)
Retention time (LC, method: ammonium acetate standard): -
1.34 min.
MS (M+H+): 500

EXAMPLE 74: 4-[2-(2, 6-Dimethyl-morpholin-4-yl)-2-oxo-
ethyll-6, 6-dimethyl-morpholine-3-carboxylic acid (6-chlozo-
9H-b-carbolin-8-vy1)-amide

[00243] The desired compound was prepared using [5-(6-
Chloro-9H-beta-carbolin-8-ylcarbamoyl) -2, 2-dimethyl-
morpholin~4-yl]-acetic acid and 2, 6-dimethyl morpholine
following Method F. Chromatographic purification gave the
desired product in 70-80% yield.

134-NMR (300 MHzZ, CDCl;): & 9.31 (s, 1H), 8.75 (d, 1H), 8.55
(d, 1H), 8.37 (4, 1H), 8.14 (m, 1H), 4.73 (m, 2H), 4.96 {(m,
1H), 4.37 (m, 2H), 3.69 (m, 2H), 3.57 (m, 4H), 2.82 (t,
1H), 2.47 (t, 1H), 1.50 (4, 3H), 1.42 (d, 3H), 1.18 (m, 6H)
Retention Time (LC, method: formic acid standard): 1.14 min .
(Diode Array).

MS (M+H'): 514, (M-H%): 512

EXAMPLE 75: 1-{2-[5-(6-Chloxo-9H-beta-carbolin-8-
ylcarbamoyl)-2,2-dimethyl-morpholin-4-yl]-acetyl}-
piperidine-4-carboxylic acid methyl ester

[00244] [5-(6-Chloro-9H-beta-carbolin-8-ylcarbamoyl)-2, 2~
dimethyl-morpholin-4-yl]-acetic acid (200 mg, 0.48 mmol)
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and methyl isonipecotate (137 mg, 130 uL, 0.96 mmol) were
dissolved 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 methyl isonipecotate (137 ulL, 0.96 mmol) was
added and the mixture was stirred an additional 24 h.

Water (4 ml) was added and the mlxture concemntrated. The
crude residue was partitioned between ethyl acetate (75 mL)
and 1 M agqueocus potassium carbonate (50 mL). The aqueocus
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 purified by silica gel chromatography (methylene
chloride/methanol gradient) to afford the freebase as a
vellow foam (150 mg, 57%). The bie-HCl salt was prepared
by adding 2 equivalents of conc. HCl to an ethanolic
solution of the freebase. Concentration, followed by ether
trituration afforded the salt as a free-flowing, vellow
powder.

H-NMR (freebase, 300 MHz, CDCl;) § 11.04 (4, 1 H), 10.48
{(d, 1 H), 8.95 (s, 1 H), B.48 - 8.31 (m, 2 H), 7.96 - 7.79
(m, 2 H), 4.48 (44, 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 (8, 3 H), 1.23 (8, 3 H).

MS (NH,OAc standard conditions, ES+) e/z = 542 (M+H)*

DAD Rf = 1.72 min

EXAMPLE 76: (S)-4-[2-(3,3-Dimethyl-morpholin-4-y1)-2-oxo-
ethyl]-6, 6-dimethyl -morpholine-3-caxboxylic acid (6-chloro-
9H-beta-carbolin-8-yl)-amide-bis-hydrochloride salt

8t
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[00245) 2, 2-Dimethyimorpholine (3.0 g, 26.1 mmol)
(prepared according to the procedure of Cottle, D.L., et
al: J. Org. Chem. 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 1n ethyl acetate and passed through a
plug of silica gel. The eluant was concentrated to a
yvellow oil (3.45 g, 56%) that was carried to the next step.
Retention Time (LC, method: ammonium acetate standard):
1.20 min.

MS (M+H'): 237.

[00246) Intermediate 59 (60 mg, 0.14 mmol) was suspended
in dichloromethane (3 mL). A solution of 1M potassium
carbonate (0.5 mL) was added. The organic layer was
separated, dried over MgS80, and concentrated to dryness.
The free base was dissolved in DMF (1 mL) and stirred at
room temperature. 2-Bromo-1l-(3,3-dimethyl-morpholin-4-yl)-
ethanone (30 mg, 0.13 mmol) was dissclved in DMF (1 mL) and
added dropwise. The reaction was stirred for 3 hours at
room temperature and concentrated to dryness in vacuo.
Flash column chromatography (93:7 dichloromethane:methanol)
afforded a yellow oil, which was dissolved in 4N
HCl/dioxane (2 mL). Concentration in vacuo afforded the
title compound as a yellow solid (22 mg, 29%).

HNMR (300 MHz, MeOH-d¢): § 1.35 (s, 3H), 1.41 (s, 3H),
1.43 {8, 6H), 2.98 (m, 1H), 3.45 (m, 4H), 3.56 (m, 1H),
3.76 (m, 3H), 4.30 (m, 4H), 8.04 (s, 1H), 8.39 (s, 1H),
8.52 (4, 1H), 8.73 (4, 1H), 9.24 (s, 1H)
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Retention Time (IC, method: ammonium acetate standard):
1.16 min.

MS (M+H'): 514

EXAMPLE. 77: 4-[ (Trans-4-hydroxy-cyclohexylcarbamoyl) -
methyl]-6, 6-dimethyl-morpholine-3-carboxylic acid (6-
chloro-9H-beta-carbolin-8-yl) ~amide

100247} [5-(6-Chloro-9H~-beta-carbolin-8-ylcarbamoyl)-2,2-
dimethyl-morpholin-4-yl]-acetic acid (200 mg, 0.48 mmol),
trans-4-aminocyclohexanol hydrochloride (145 mg, 0.96 mmol)
and diisopropylethylamine (124 mg, 167 uL, 0.96 mmol) were

dissolved in pyridine (4 mlL) and stirred at room
temperaturell min. EDC (184 mg) was added and the reaction
was etirred at room temperature over night (16 h). Water
(2 mL) was added and the resulting mixture was concemntrated
under reduced pressure. The resulting residue was diluted
with 50 mL 1 M aquecus potassium carbonate and extracted
with ethyl acetate (75 + 2 x 50 mL). The combined extracts
were -washed with water and brine, dried over sodium
gsulfate, filtered and concentrated. The crude residue was
purified by silica gel chromatography (methanol / methylene
chloride gradient) to afford pure 4-[{trans-4-hydroxy-
cyclohexylcarbamoyl)-methyl] -6, 6~dimethyl-morpholine-3-

- carboxylic acld (6-chloro-9H-beta-carbolin-8-yl)-amide (148
mg, 59%) as a yellow foam. The bis-HCl salt was prepared
by adding 2 equivalents of conc. HCl to an ethanolic
solution of the freebase. Concentration, followed by ether
trituration afforded the salt as a free-flowing, yellow
powder.

l1H-NMR (freebase, 300 MHz, CDCly) § 11.71 (br s, 1 H),
10.21 (s, 1 H), 9.06 (s, 1 H), 8.45 — 8.27 (m, 2 H), 8.08 -

22
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7.84 (m, 2 H), 6.36 (br 8, 1 H), 4.13 - 3.81 (m, 3 H), 3.72
- 3.56 (m, 1H), 3.51 - 3.37 (m, 2 H), 3.03 (4, 1 H), 2.79 -
2.26 (m, 5 H), 2.16 - 1.94 (m, 4 H), 1.54 - 1.30 (m, 5 H),
1.22 (s, 3 H).

MS (NH;0Ac standard conditions, ES+) e/z = 514 (M+H)®

DAD Ry = 1.39 min

EXAMPLE 78: (S)-4-[2-((2R,5R)-2,5-Dimethyl-pyrrolidin-1-
yl) —-2-oxo-ethyl] -6, 6-dimethyl-morpholine-3-carboxylic acid
(6-chloro-9H-bata-carbolin-8-yl) -amide-bis-hydrochloride
salt

[00248) (2R, 5R) -2, 5-Dimethyl-~pyrrolidine hydrochloride
(270 mg, 2.0 mmol) (prepared using the procedure of
Masamme, S., et al. J. Org. Chem. 1989, 54, 1756) was
dissolved in dichloromethane (3 mL) and cooled to 0°C.
Triethylamine (405 mg, 0.56 mL, 4.0 mmol) was added.
Chloroacetyl chloride (226 mg, 0.16 mL, 2.0 mmol) was
dissolved in dichloromethane (1 mL) and added dropwise.
The mixture was warmed to room temperature and stirred an
additional 30 minutes. The reaction was diluted with
dichloromethane (5 mL), extracted with 1N HCl and brine,
then dried over MgS0Os. 'The organic layer was concentrated
to a bhrown oll. Wt.: 242 mg (82%).

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

MS (M+H'): 176.5. The material was carried to the next
step without further purification.

[00249] Intermediate 59 (4595 mg, 1.15 mmol) was dissolved
in a mixture of acetonitrile (8 mL) and water (2 mL).
Potassium carbonate (477 mg, 3.45 mmol) was added and the
reaction was warmed to 40 °C. 2-Chloro-1-((2R,5R)-2,5-
dimethyl-pyrrolidin-1-yl)}-ethanone (242 mg, 1.38 mmol)
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(prepared as described above) was dissolved in acetonitrile
(1 mL) and added dropwise. The reaction was warmed to 80°C
and stirred 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
overnight at 40 °C. The reaction was concentrated in vacuo
and diluted with ethyl acetate (40 mL). The organic layer
was extracted twice with water, brine then dried over
MgSOs. The organic layer was filtered, and concentrated 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 a yellow solid (18 mg, 3%). .

H-NMR (300 MHz, MeOH-d,): & 1.23 (dd, 6H), 1.38 (s, 3H),
-1.48 (8, 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 (4, 1H), 8.78 (4, 1H),
9.29 (B, 1H).

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

MS (M+H'): 498.

EXAMPLE 79: 4-{2-[4-(l-Hydroxy-1-methyl-athyl)-piperidin-1-
yl]l-2-oxo-ethyl}-6, 6-dimethyl-morpholine-3-carboxylic acid
(6-chloro-9H-b-carbolin-8-yl)-amide. .
[00250] A polution of 1-{2-[5-(6-chloro-9H-b-carbolin-8-
vlcarbamoyl) -2, 2-dimethyl -morpholin-4-yl]-acetyl}-
piperidine-4-carboxylic acid methyl ester (62 mg,

0.11 mol) in a mixture of anhydroue ether and toluene (1
ml: 1ml) was stirred at 0° C under Na. To this solution
was slowly added methlymagnesium bromide (3.0 M in ether,

Pa
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306pL, 0.917mmol). The reaction mixture was stirred at room
temperature overnight, and then guenched by adding
saturated aqueous sodium bicarbonate. The resulting
mixture was further diluted with water (10 ml) and ethyl
acetate (30 ml). The aqueous layer was remov;ad 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 (i3 mg, 20%).

H-NMR (300 MHz, HCDCl;): & 10.94 (d, 1 H), 10.47 (4, 1 H),
8.94 (s, 1 H), 8.41 (d, 1 H), 8.32 (4, 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 (8, 1 H), 3.37 - 3.31 (m, 1 H), 3.15 - 2.90
(m, 1 H), 2.77 - 2.58 (m, 2 H), 2.47 - 2.41 (m, 1 H), 2.00
- 1.86 {m, 2 H), 1.53 - 1.03 (m, 17 H).

NH,OAc standard conditions.

DAD R = 1.85 min

M+H = 542

EXAMPLE 80: 4-(2-(3,3-Dimethyl-4-oxo-plperidin-l-yl)-2-oxo-
ethyl]-6, 6-dimethyl-morpholine-3-carboxylic acid (6-chloro-
9H-beta-carbolin-8-yl)-amide

[00251] 4-Oxo-piperidine-l1-carboxylic acid tert-butyl
ester (5 g, 25 mmol) was dissolved in tetrahydrofuran (100
mL) and the resulting solution was cooled to 0 °C. Sodium
hydride (60% in mineral oil, 2.10 g, 53 mmol) was added t
the cooled solution in & single portion, and the resulting
cloudy mixture was allowed to stir 10 min. Methyl iodid
was subsequently edded and the mixture was allowed to warm

to room temperature over several hours. Stirring continued
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ver 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 watexr and brine, dried over
sodium sulfate, filtered and concentrated to a pale yellow
solid. The solid was triturated with 4% ethyl acetate in
hexanes (50 mf.). to afford 3, 3-dimethyl-4-oxo-piperidine-1-
carboxylic acid tert-butyl ester as a cream-colored solid
(1.8 g, 32%).
'H-NMR (CDCl;, 300 MHz) & 3.73 (t, 2 H), 3.43 (br s, 2 H),
2.49 (t, 2 H), 1.49 (8, 9 H), 1.13 (s, 6 H).
[00252] The 3,3-dimethyl-4-oxo-piperidine-l1-carboxylic
acid tert-butyl ester thus prepared (450 mg, 1.97 mmol) was
dissolved in methylene chloride (10 mL). Trifluoroacetic
acid was added (305 uL) and the resulting solution stirred
at room temperature 2 h. Additional trifluorcacetic acid
was added (300 ul) and the reaction stirred at room
temperature 3 days. The pale yellow solution was
concentrated to afford an oily residue, which was
triturated with ether. The solids were collected by
puction filtration and dried in vacuo. 3,3-Dimethyl-
piperidin-4-one was isolated and used as its
trifluoroacetic acid salt (381 mg, B80%).
1H-NMR (ds-DMSO, 300 MHz} § 3.44 - 3.33 (m, 4 H), 2.63 -
2.57 (m, 2 H), 1.11 (s, 6 H).
[00253] [5~-(6-Chloro-9H-beta-carbolin-8-ylcarbamoyl)-2, 2~
dimethyl-morpholin-4-yl] -acetic acid (100 mg, 0.24 mmol),
3,3-dimethyl-piperidin-4-one trifluoroacetatic acid salt
(116 mg, 0.48 mmol) and diisopropvlethylamine (62 mg, B85
0OL) were dissolved in pyridine (3 mL) and stirred 10 min.
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EDC (92 mg, 0.48 mmol) was added and the mixture was
stirred at room temperature 4 days. Water was added (3 mL)
and the quenched reaction was concentrated. The residue
was partitioned between ethyl acetate (50 mL) and 1 M
agqueous sodium carbonate (50 mL). The aqueous phase was
aextracted with additional ethyl acetate (50 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
rasidue was purified by silica gel chromatography
(chloroform, ethyl acetate, methanol gradient), affording
4~[2-(3,3-dimethyl-4-oxo-piperidin-1-yl)-2-oxo-aethyl]-6, 6-
dimethyl-morpholine-3-carboxylic acid (G-Chloroa-SH—i:etn-
carbolin-8-yl)-amide as a yellow foam (91 mg, 73%). The
bis-HCl salt was prepared by adding 2 equivalents of conc.
HCl to an ethanolic solution of the freebase.
Concentration, followed by ether trituration afforded thae
Balt as a free-flowing, yellow powder.

1g-NMR (CDCls, 300 MHz) 8 10.67 (s, 1 H), 10.37 (d, 1 H), .
8.93 (s, 1 H), 8.41 (4, 1 H), 8.15 (ad, 1 H), 7.82 (4, 1
H), 7.71 (4, 1 H), 4.07 - 3.92 {m, 3 H), 3.B3 - 3.89 (m, 6
H), 2.79 - 2.68 (m, 1 H), 2.62 - 2.40 (m, 3 H), 1.41 - 1.36
(w, 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,O0Ac standard conditions, ES+) e/z = 526 (M+H)®

DAD Re = 1.79 min

EXAMPLE B8l: 6,6-Dime

morpholine-3-carboxylic acid (6-chloro-4-methyl-SH-b-
carbolin-8-yl)-amide
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[00254] The desired compound was prepared according to
Methods C, E and ¥ from 6-chloro-4-methyl-9H-p-carbolin-8-
ylamine (Intermediate 54) and pyrrolidine.

IH-NMR (300 MHz, MeOD-d4) & 9.17 (8, 1) 8.39 (s, 1) 8.26
{(d, 1) 8.17 (d, 1) 4.74 - 4.52 {(m, 3) 4.47 - 4.30 (m, 1)
3.80 - 3.52 (m, 3) 3.48 ~ 3.34 (m, 4) 3.01 (s, 3) 1.76 -
1.55 (m, 4) 1.50 (s, 3) 1.43 (s, 3).

NHOAc standard conditions ELSD Ry = 2.01 min.

M+H = 498

Biological Testing
[00255] . Compounds of this invention are effective
inhibitore of IxB kinase (IRKK), and therefore, are useful

for treating conditions caused or aggravated by the
activity of this kinase. The ir vitro and in vivo IKB
kinase inhibitory activities of the compounds of formula I
may be determined by various procedures known in the art.
The potent affinities for IxB kinase exhibited by the
inventive compounds can be measured as an ICsq value (in
nM), which is the concentration (in nM) of compound
required to provide 50% inhibition of IxB kinase.

[00256] Following are examples of assays that can be

useful for evaluating and selecting a compound that
modulates IKK.

Agsay for measuring IxkB kinase enzyme inhibition

[00257] An in vitro assay for detecting and measuring
inhibition activity against IxB kinase complex by candidate
pharmacological agents can employ a polypeptide spammning
both Sex’? and Ser®® of IxB (EwissProt Accession No. P25963,

Swiss Institute of Bioinformaticse, Geneva, Switzerland) and
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an agent for detection of the phoephorylated product, e.g.
a specific antibody binding only to the phosphorylated £ rm
of the polypeptide, being either monoclonal or polyclonal
(e.g., commercially-available anti-phospho-serine®? IxB

. antibodies). In the example of detecting the
phosphorylated product by an anti-phosphoserine’® IxB
antibody, once the antibhody-phospho-polypeptide complex is
formed, the complex can be detected by a variety of
analytical methods (e.g., radiocactivity, luminescence,
fluorescence, 'or optical absorbance). For the use of the
DELFIA (Dissociation Enhancement Lanthanide Fluorescence
Immnoassay) method (time-resolved fluorocmetry, 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 Buropium, or onto an
antibody-binding plate (e.g., Protein-A coated plate) and
detected with biotin-binding protein conjugated to Buropium
(e.g., Streptavidin-Europium). The level of activity can
be correlated with a standard curve using synthetic
phosphopeptides corresponding to the substrate polypeptide.
How to prepare materials for and conduct this assay are
deecribed in more detail below.

Isolation of the IXKB kinase complex

[00258] An IxB-a kinase complex was prepared by first
diluting 10 ml of Hela $3 cell-extracts 8100 fraction (Lee
et al. (1997) Cell 88:213-222) with 40 ml of 50 mM HEPES pH
7.5. Then, 40% ammonium sulfate was added and incubated on
ice for 30 minutes. The resulting precipitated pellet was
rediss lved with 5 ml of SEC buffer (50 mM HEPES pH 7.5, 1
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mM DT'T, 0.5 mM EDTA, 10 mM 2-glycerophosphate), clarified
by centrifugation at 20,000 x g for 15 min., and filtrated
through a 0.22 um 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 rate 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 nM MEKK1lA(Lee et al.
(1997) Cell 88:213-222), 250 uM MgATP, 10 mM MgCl;, 5 mM
DTT, 10 mM 2-glycerophosphate, 2.5 uM Microcystin-LR, for
45 minutes at 37 °C. The activated enzyme was stored at
—80 °C until further use.

Measurement of IxB kinase phospho-transferase activity

[00259] At the per well of a 96 well plate, compounds of

varioué concentrations in 5 UL of 20% DMSO were preincubated
for 30 minutes at 25 2C with 40 UL of activated enzyme
diluted '1:25 with assay buffer (50 mM Hepes pH 7.5, 5 mM
DTT, 10 mM MgClz, 10 mM 2-glycerophosphate, 2 pM
Microcystin-LR, 0.1% Bovine Serum Albumin). 5 uL of peptide
substrate (biotin- (CH;)s~DRHDSGLD (phosphoS)MKD-CONHz)} at 200
UM + 500 uM ATP were added to each well and incubated for 1
hour before quenching with 50 UL, of 50 mM Hepes pH 7.5, 0.1%
BSA, 100 mM EDTA. 5 ML of quenched kinase reaction were
transferred to a Protein A plate (Plerce Biotechnology,
Inc., Rockford, IL, USA) containing 90 ML of anti-phospho
IXB S32/836 antibody (Cell Signaling Technologies Beverly,

MA, USA) at 2 jg/ml.. Samples were incubated for 2 hours
with shaking. Following 3 washes with PBS + 0.05% Tween20,
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90 uL of streptavidin linked europium chelate (Perkin Elmer

Life and Analytical Sciences, Boston, MA, USA) at 0.1 pg/ml
were added to each well and incubated for 1 hour with
shaking. Following 3 washea with PBS + 0.05% Tween20, 100

BL of DELFIA Enhancement Solution (Perkin Elmer Life and
Analytical Sciences, Boston, MA, USA) were added to each
well. An eurcopium signal was read with an excitation of
330 oM and emission of 615 nM on a Wallac Victor plate
reader (Perkin Elmer Life and Analytical Sciences, Boston,
MA) . As the assay was previously shown to be linear with
respect to enzyme concentration and time for the enzyme
dilution tested, levels of europium signal were used to
determine the inhibition activity of candidate
pharmacological agents.

[00260] The compounds of the :i.nventi;m 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-based assays described

herein, the IKB kinase inhibition average ICs¢ values for
the inventive compounds were generally below about 10
micromolar, preferably, below about 1.0 micromolar' and more
preferably below about 100 nanomolar. The inventive
compounds were also selective for inhibiting IKK-2 as
opposed to IKK-1l. '

Cellular Assays

Multiple Myeloma (MM) cell lines and patient-derived MM
cells isclation

[00261] RPMI 8226 and U266 human MM cells were cobtained
from American Type Culture C llection (Manassas, VA). All
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MM cell lines were cultured in RPMI-1640 containing 10%
fetal bovine serum (FBS, Sigma-Aldrich Co., St. Louis, MD),
2 mM L-glutamine, 100 U/mL penicillin (Pqn) and 100 pug/mL
streptomycin (Strep) (GIBCO brand cell culture products
available from Invitrogen Life Technologies, Carlsbad, CA).
Patient-derived MM cells were purified from patient bone
marrow (BM) aspirates using ROSETTESEP (B cell enrichment
kit) separation system {StemCell 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 Stroma Cell cultures

[00262] Bone marrow (BM)} specimens were obtained from
patients with MM. Mononuclear cells {(MNCs) separated by
Ficoll-Hipaque density sedimentation were used to
established long-term BM cultures as previously described
(Uchiyama et al., Blood 1993, 82:3712-3720). Cells were
ﬂarveated in Hank’s Buffered Saline Solution (HBSS)
containing 0.25% trypsin and 0.02% EDTA, washed, and
collectéd by centrifugation.

Cell Proliferation via measurement of DNA-gynthesls rate

[00263] Proliferation was measured as previously
described (Hideshima et al., Blood 96:2943 (2000)). MM
cells (3 x 10* cells/well) were incubated in 96-well culture
plates (Corning Life Sciences, Corning, NY) in the presence
of media or an IKK inhibitor of this invention for 48 h at
37°C. DNA synthesis was measured by [*H]-thymidine ([*H]-
TdR, New England Nuclear division of Perkin Elmer Life and

Analytical Sciences, Boston, MA) incorporation into
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dividing cells. Cells were pulsed with [H]TdR (0.5
BCi/well) during the last 8 h of 48 h cultures. All

experiments were performed in triplicate.

MTT Cell Viability assay

- [00264] The inhibitory effect of the present compounds on
MM growth was assessed by measuring the reduction of yellow
tetrazolium MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-
diphenyltetrazolium bromide) by metabolically active cells
(J. Immmol. Methods 174: 311-320, 1954). Cells from 48 h

cultures were pulsed with 10 UL of 5 mg/mL MTT to each well

for the last 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).

NF-XB activation via Electrophoretic Mobility Shift Assay
[00265] Electrophoretic mobility shift analyses (EMSA)
were carried out as previocusly described (Hideshima et al.,
Cncogene 2001, 20:4519). Briefly, MM cells were pre-

incubated with an IKK inhibitor of this invention (10 uM for
90 min) before stimulation with TNF-a (5 ng/mL) for 10 to
20 min. Cells were then pelleted, resuspended in 400 uL. of

hypotonic lysis buffer (20 mM HEFES, pH 7.9, 10 mM KC1, 1
mM EDTA, 0.2% Triton X-100, 1 mM Na;VO4, 5 mM NaF, 1 mM

PMSF, 5 Mg/mL leupeptin, 5 ug/mL aprotinin), and kept on ice
for 20 min. After centrifugation (14000g for 5 min) at

4°C, the nuclear pellet was extracted with 100 ul. hypertonic
lysis buffer (20 mM HEPES, pH 7.9, 400 mM NaCl, 1 mM EDTA,

1 mM NayV0O,, 5 mM NaF, 1 oM PMSF, 5 pg/mL leupeptin, 5 ug/mL
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aprotinin) on ice for 20 min. After centrifugation {(14000g
for 5 min) at 4°C, the supernatant was collected as nuclear
extract. Double-stranded NF-KB consensus oligonucleotide
probe (5'-GGGGACTTTCCC-3', Santa Cruz Biotechnology Inc.,
Santa Cruz CA) was end-labeled with [(*3P]ATP (50 uCi at 222
TBg/oM; New England Nuclear division of Perkin Elmer Life .
and Analytical Sciences, Boston, MA)  Binding reactions

containing 1 ng of oligonucleotide and 5 pg of nuclear
protein were conducted at room temperature for 20 min in a
total volume of 10 UL of binding buffer (10 mM Tris-HCl, pH
'7.5, 50 mM NaCl, 1 mM MgCls, 0.5 mM EDTA, 0.5 mM DIT, 4%
glycerol (v/v), and 0.5 ug poly (dI-dc) (RAmexsham
Biosciences AB, Uppsala, Sweden), ror supershift analysis,

1 pg of anti-p65 NF-xB Ab was added 5 min before the
reaction mixtufas, immediately after addition of
radiolabeled probe. The samples were loaded onto a 4%
polyacrylamide gel, transferred to Whatman paper (Whatman
International, Maidstone, U.K.), and visualized by
autoradiography.

Diffuse Large B-Cell Lymphoma (DLBCL) Cell Proliferation
assay

[00266] ABC-like (LY3 and Lyl0) and GCB-like (Ly7 and
Lyl9) DLBCL cell lines (Alizadeh et al (2000} Nature
403:503-511; Davie et al. (2001) J. Exp. Med. 194:1861-

1874) were maintained in growth medium (GM, Iscove’s
DMEM+10%FBS) by passaging cells twice per week. Cells were
starved overnight in Iecove’s DMEM medium + 0.5% FBS
overnight before plated in proliferation assay. On the day
of the assay, cells were counted and viability was checked
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5000 cell were plated in GM per well in a 96-well plate.
The Ly7 and Lyl9 cells were plated at 10,000 cells per
well. IKK inhibitors were first dissolved in DMSO and then
diluted in GM to reach the final concentrations of 80 uM -
0.01 uM. Each concentration was plated in triplicate. Cell

viability was determined using a standard WST-1 cell
viability assay {(Roche Applied Science, Indianapolis, IN).

Human peripheral blood monocyte (PBMC) Cytokine Release
Assay

[00267] Human PBMC was purif':i.ed from normal donor whole
blood by Ficoll gradient method. After a PBS wash, PBMC
were re-gsuspended in AIM-V medium. Serially diluted IKK

inhibitors of this invention in 100% DMSO was added at 1 ul
to the bottom of a 96-well plate and mixed with 180 pl 4.5 X
10% PBMC in AIM-V media per well. After preincubating PEMC
with inhibitor at 37°C for 40 min, cells were stimlated
with 20 pl of either with LPS (100 ng/ml) or with anti-CD3
(0.25 pg/ml) and anti-CD28 (0.25ug/ml) (Pharmingen divisi n
of BD Biosciences, Bedford, MA) at 37°C for 5 hours. The

Bupernatants were collected and assessed for IL-1f or TNF-a
release using standard commercially available ELISA kits.

Human Chondrocyte Matrix Metalloproteases (MMPs) Release
[00268] Human chondrocyte cell line SW1353 (ATCC,
Manassas, VA) was cultured containing 10% fetal bovine
serum (Byclome, Logan, UT), 2 mM L-glutamine (GIBCO brand
cell culture pr ducts available from Invitrogen 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 pl were added to each
well of 96-well plates and mixed with 180 ul 4.5 X 10°
chondrocytes per well. After pre-incubating cells with
compounds for 1 hr at 37°C, cells were stimulated with 20 pl
IL-1f (10 ng/mL, R&D Systems Inc.) at 37°C for 24 hrs. The
supernatants were then collected and assessed for

production of matrix metalloproteinases (MMPs) using
commercially available ELISA kits.

' Human Fibroblast Like Synoviocyte (HFLS) Assay

[00269] HFLS isolated from RA synovial tissues obtained
at joint replacement surgery was provided by Cell
Applications Inc. (San Diego, CA). IKK inhibitors of the
invention were teasted for their ability tc block the TNF-
or IL-1p-induced release of IL-6 or I1-8 from these cells
using commercially available ELISA kits. Cell culture’
conditions and assay methods were described in Aupperle et
al., Journal of Immunology, 163:427-433 (1999).

Human Cord Blood Derived Mast Cell Assay

[00270] Human cord blood was cobtained from Cambrex
(Walkersville, MD). Mast cells were differentiated and
cultured in a manner similar to that described by Hsieh et
al., J. Exp. Med., 193:123-133 (2001). IKK inhibitore of
the invention were tested for their ability to block the

IgE- or LPS-induced TNFO release using commercially
available ELISA kits.

Osteoclast Differentiation and Functional Assays

8¢
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[00271] Human 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, S. M., Journal of Immunol, 171:142-
151 (2003); Karsdal, M. A., J Biol Cham, 278:44975-44987
(2003); and Takami, M., Journal of Immunol, 169:1516-1523
(2002)) .

Rat Models for Rheumatoid Arthritis

[00272] Certain compounds of this invention were found to
be active in one or more rat models for rheumatoid
arthritis. Such testing 1s known in the literature and
include a standard rat LPS model as deecribed 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
Metalloproteinases”, J. Pharmacol. Exp. Ther. 298(3), 900-
908 (2001); a rat adjuvant induced arthritis model as
described in Pharmacclogical Methods in the Control of
Inflammation (1989) p 363-380 “*Rat Adjuvant Arthritis: A
Model of Chronic Inflammation® Barry M. Weichman author £
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 th
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
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A. Bendele, J. McComb, T. Gould, T. McAbee, G. Sennello, E.
Chlipala and M. Guy. Toxicologic Pathology Vol 27 (1) 134-
142.

[00273]) Based on the results of one or more rat models
such as the ones described above; compounds of formula II-C
were found to be surprisingly superior compared to other
compounds where Ring A is a pyridine ring. Also in the rat
modelg, compounds of formumla III-A-a, especially compounds
of formula III-A-aa, were found to be surprisingly superior
compared to other compounds where Ring A is a morpholine
ring.

[00274] wWhile 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
ba defined by the appended claims rather than by the
specific embodiments, which have been represented by way of
example.

-?0
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VWe claim:

1. A compound of formula I:

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

(a) a pyridinyl or pyrimidinyl ring that is
substituted by (i) —CH;C(0)-G and 0-1 R®™ or (ii) 1-2 R®,
and

(b) a morpholinyl, piperidinyl, piperazinyl,
pyrrolidinyl, pyranyl, tetrahydrofuranyl, cyclohexyl,
cyclopentyl or thiomorpholinyl ring that is substituted by
(1) ~C(R");, -W-G, or -G, (ii) 0-4 R*® and (iii) 0-1 oxo
groups on a ring carbon or 0-2 oxo groups on a ring sulfur;

each R is independently selected from C;.g aliphatic,
halo, alkoxy, or amino;

each R ig independently selected from Ci.3 aliphatic
‘or -N{R')2, and two R®™ on the same or an adjacent carbon
optionally are taken together with the intervemning
carbon(s) to form a 5-6 membered ring having 1-2 ring

heteroatoms selected from N, O or 8;
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W is —Q-, -0-c(0)-, -C(R’);-C(R°) (R**)-, or
~C(R%) 2~ [C(R?) (R'?) 12-;

Q is -C(R%)3- or -C(R%):C(R%)2-;

G is -OH, -NR'R°, -N(R’)CONR'R®’, -N(R%)S0;(Ci,
aliphatic), -N(R’)COCF:, -N(R’)CO(C;s aliphatic),

-N(R’) CO (heterocyclyl), -N(R?)CO(heteroaryl),

-N(R°)CO(aryl), a 3-7 membered heterocyclyl ring, or a 5-6
mambered heteroaryl, wherein each of the hetercaryl, aryl
and heterocyclyl moieties of G is optionally substituted by
1-3 R%;

R! is hydrogen, halo, C;-3 aliphatic, amino, cyano, (Ci.a
alkyl);-z amino, C;.3 alkoxy, -CONHz, -NHCOCF,, or -CHNH;;

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

R® is hydrogen, balo, Cig aliphatic, C;.¢ haloalkyl, Ci
alkoxy, hydroxy, amino, cyano, or {(Ci¢ alkyl)i -z amino;

R! is hydrogen, 3-7 membered heterocyclyl, or Cig
aliphatic;

R® is hydrogen, C;¢ aliphatic group or a 3-7 membered
heterocyclic ring h:av:l.ng 1-2 ring heterocatoms selected from
N, 0, or S, wherein R’ is optionally substituted by halo,
-OR’, -CN, -SR®, -S(0);R’, -S(0):N(R")2, -C(O)R’, -COR’,
-N(R")2, -C(O)N(R")z, -N(R)C(O)R?, -N(R7)COzR?, or
-N(R")C(O)N(R")2;

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

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

each R’ is independently selected from hydrogen or Ci_3
aliphatic;

each R is independently selected from oxo, -RY,
-7-Rr!, or -vV-T-RY;
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each R is independently selected from C; ¢ aliphatic,
halo, -S(0).N(R’)a, -OR’, -CN, -SR®, -S(0);R', -C(O)R?, -CO.R’,
-N(R")2, -C{O)N(R")2, -N(R)C(O)R’, -N(R7)CO:R’, or
-N(R")C(O)N(R)3;

T is a straight or branched C;4 alk;rlene chain;

vV is -0-, -N(R")-, -8-, -8(0)-, -8(0)z2-, -C(0)-, or
-C0y~; and

R* is hydrogen or an amino acid side chain.

2. The compound of claim 1 where Ring A is a 3-pyridinyl
or S5-pyrimidinyl ring substituted by 1-2 R*® groups.

3. The compound of claim 2 having formmla II-C:

wherein:

Y 1is N or CH;

R! is hydrogen, halo, C;; aliphatic, amino, cyano, (Ci-3
alkyl);.; amino, C;-3 alkoxy, -CONHz, -NHCOCF), or -CHaNHj;;

R? is hydrogen, halo, Ci;.; aliphatic, -CFi;

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

R® is selected from C;-s aliphatic or halo.

4. The compound of claim 3 where R** is methyl.
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5. The compound of claim 4 where R' is hydrogen, methyl,
amino or fluoro; R? is hydrogen or halo; and R® is hydrogen,
halo or C;.; alkoxy.

6. The compound of claim 5 where Y is CH.
7. The compound of claim 5 where Y is N.

8. The compound of claim 1 where Ring A is selected from
morpholinyl, piperidinyl, piperazinyl, pyrrolidinyl,
pyranyl, tetrahydrofuranyl, cyclohexyl, cyclopentyl or
thiomorpholinyl and where Ring A is substituted by (i)
~-C{R%)3 or -W~G, (ii) 0-4 R®® and (iii) 0-1 oxo groups on a

ring carbon or 0-2 oxo groups on a ring sulfur.
9. The compound of claim 8 where the -W-G or —-C(R%),
substituent on Ring A is ortho to the position where the

beta-carboline portion is attached.

10. A compound of formula III-A:

RE
R®
H
G-W.
A
III-A

or a pharmaceutically acceptable salt thereof, wherein:
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Ring A is substituted by 0-4 R®™;

each R®™ is independently selected from C;.; aliphatic
or -N{(R");, and two R°® on the same or an adjacemnt carbon
optionally are taken together with the intervening
carbon(s) to form a 5-6 membered ring having 1-2 ring
heteroatoms selected from N, O or 8;

W is -Q-, -Q-C(0)-, -C(R%)2-C(R") (R¥)-, or
~C(R?) - [C(R?) (R*®) ]2-;

0 is -C(R%)s- or —C(R%).C(R%);-;

G is -OH, -NR'R’, -N(R’)CONR'R’>, -N(R?)80;(C1-
aliphatic), -N(R®)COCF;, -N(R%)CO(Ci; aliphatic),
~N(R?)co (heterocyclyl), -N(R%)CO(heteroaryl),

-N{R°’)CcO(aryl), a 3-7 menbered heterocyclyl ring, or a 5-6
membered heterocaryl, wherein each of the heteroaryl, aryl-
and heterocyclyl moieties of G is optiomally substituted by
1-3 R'Y;

R' is hydrogen, halc, Cj.» aliphatic, amino, cyano, (Ci-a
alkyl);-2 amino, C;.3 alkoxy, -CONHz, -NHCOCF3;, or -CHNHj;

R? is hydrogen, halo, C;_3 aliphatic, -CFi;

R’ is hydrogen, halo, C;-s aliphatic, Cj.s haloalkyl, C;-¢
alkoxy, hydroxy, amino, cyano, or (Ci alkyl)l:g amino;

R' is hydrogen, 5-6 membered heterocyclyl, or Ci.g
aliphatic;

R® is hydrogen, Ci-¢ aliphatic group or a 5-6 membered
heterocyclic ring having 1-2 ring hetercatoms selected from
N, O, or S8, wherein R® is optionally substituted by halo,
-OR’, -CN, -SR%, -S(0)zR®, -5(0)N(R")a2, -C(O)R?, -CO.R’,
-N(R”)2, ~C(O)N(R')2, -N(R")C(O)R’, -N(R")CO;R?, or
~N(R")C(O)N(R)3;

each R’ is independently selected from hydrogen or Cj—.

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




@3

WO 2004092167 PCT/US2004/011080

~-175--

together with the nitrogen to form a 5-6 membered
heteroaryl or heterocyclyl ring:;

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

each R? is independently selected from hydrogen or C;-;
aliphatic;

each R is independently selected from oxo, -R,
-T-R?, or -v-T-RY;

each R? is independently selected from C;.s aliphatic,
halo, -S(0);N(R’)z, -OR’, -CN, -SR®, -S(0);R?, -C(O)R’, -CO.R’,
-N(R")2, -C{O)N(R")z, -N{R")C(0)R’, -N(R")CO;R’, or
-N(R")C(O)N(R)a;:

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

vV is -0-, -N(R")-, -S-, -S(0)-, -8(0)3-, -€C(0)-, or
~CO2-; and

R'? is hydrogen or an amino acid side chain.

11. The compound of claim 10 having the formula (S)~III-A:

N

ap M

2

(R®), (8)-IXII-A

where n is 0-4 and R', R?, R}, W, G and R*®® are as defined in
claim 10.

12. The compound of claim 11 where:
R! is hydrogen, halo, methyl or amino;
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R? is hydrogen, methyl or halo;

R’ is hydrogen, halo, alkoxy, or (C:-s aliphatic),
amino;

n is 0-2;

R® is C;.3 aliphatic;

W is -Q-, -0-c(0)-, -C(R®)2-C(R®) (R*)-, or
-C(R%) - [C(R’) (R'*) 13-

Q is -C(R%)2- or -C(R%):C(R’)2-;

G- is -NR'R’, -N(R%)C(O)NR'R®, -N(R®)S80:(C;-3 aliphatic),
-N(R’)C(0)CF), -N(R%)CO(C;.¢ aliphatic), and
~N(R?) CO (heterocyclyl), -N{R®)CO(heterocaryl),

-N(R’)CcO(aryl), a 5-6 membered heterocyclyl ring, or a 5-6
membered heteroaryl, wherein each of the heterocaryl, aryl
and heterocyclyl moieties of G is optionally substituted by
1-3 RY;

R' is hydrogen or C;.¢ aliphatic;

R® is hydrogen or a Cij_ aliphatic group that is
optionally substituted by halo, -OR’, -CN, -SR?, -5(0)iR®,
-8(0)aN(R")3, -C(O)R’, -COsR’, -N(R')2, -C(O)N(R")2, -
N(R")C(O)R?, -N(R7}CO;R?, or -N(R")C(O)N(R)a;

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

heteroaryl or heterocyclyl ring;

each R? is independently selected from C;.; aliphatic;

R’ is hydrogen;

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

each R* 1s independently selected from C,_¢ aliphatic,
halo, -S(0)zN(R")2, -OR’, -CN, -SR®, -8(0)sR®, -C(O)R’, -CO;R’,
-N(R")2, ~C(O)N(R")2, -N(R")C{O)R?, -N(R’)CO;R’, =
~N(R")C(O)N(R")2;
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T is a straight or branched C; alkylene chain;

v is -0-, -N(R’)-, -5-, -8(0)-, -85(0)a-, -C(0)-, or
-C03-; and

R is hydrogen, C;.¢ aliphatic, substituted or
unsubstituted phenyl, or substituted or unsubstituted
benzyl.

13. The compound of claim 12 where:

R! is hydrogen, methyl, fluoro or amino;

R? is chloro;

R® is hydrogen or alkoxy;

n is zero or 2;

R® is methyl;

W is -Q-, -0-C(0)- or -C(R%);-C(R?) (R1?)-;

Q is -C(R%)z- or -C(R’):C(R%)2—;

G is -NR'R®’, -N(R®’)C(O)NR'R’, -N(R’)C(O)CF;, -N{(R*)CO(Ci
aliphatic), and -N(R%)CO({heterocyclyl),
-N(R%)CO (heteroaryl), a 5-6 membered heterocyclyl ring, or a
5-6 membered heteroaryl, wherein each of the heterocaryl and
heterocyclyl moieties of G is optionally substituted by 1-3
R0,

R!' is hydrogen or C;_g aliphatic;

R® is hydrogen or Ci.¢ aliphatic;

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

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

R is hydrogen;

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

94
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each R is independently selected from C,.¢ aliphatic,
balo, -S{O)sN(R")2, -OR’, -CN, -SR®, -8(0)sR®, ~C(O)R’, -CO;R’,
-N(R’)2, -C(O)N(R")2, -N(R")C(O)R’, -N(R")CO.R’, or
-N(R")C(O)N(R)3;

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

V is -0-, -N(R")-, -8-, -S({0)-, -5(0)3~, -C(0O)-, or
-CO2—-; and

R isg hydrogemn, Ci;-s aliphatic, phenyl, or benzyl.

14. A compound of formula (S)-III-A’':

(8)~IIXI-A’

r a pharmaceutically acceptable salt thereof, wherein:

R' is hydrogen, methyl, fluoro or amino;

R? is chloro;

R} is hydrogen or alkoxy;

W is -Q-, -Q-C(0)- or -C(R®);-C(R%) (R'})-;

0 is -C(R’)3- or -C(R®)2C(R%)z-;

G is -NR'R’, -N(R*)C(O)NR'R’, -N(R%)C(O)CP;, -N(R*)CO(Ci-¢
aliphatic), and -N(R%)CO(heterocyclyl),
-N(R’)CO(heterocaryl), a 5-6 membered heterocyclyl ring, or a
5-6 membered heteroaryl, wherein each of the heteroaryl and
heterocyclyl moieties of G is optionally substituted by 1-3
R1Y,

R' is hydrogen or C;; aliphatic;
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R’ is hydrogen or C,_¢ 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 nitrogemn to form a 5-6 membere;i
heteroaryl or heterocyclyl ring;

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

R’ is hydrogen;

each RY ip independently selected from oxo, R, T-R?,
or V-T-RY;

each R! is independently selected from C; ¢ aliphatic,
halo, -§(0).N(R")2, -OR’, -cN, -sR%, -5(0)2R?, -C(O)R’, -CO.R’,
-N(R")z, -C(O)N(R")2, -N{(R’}C(O)R’, -N(R’)CO.R’, or
-N(R")C(O)N(R")2;

T ie a straight or branched C;.4 alkylene chain;

V is -0-, -N{(R")-, -8-, -8(0)-, -S§(0)2~, -C(0)-, or
-COz—; and

R? is hydrogen, C: aliphatic, phenyl, or benzyl.

15. The compound of claim 14 having the formula
(S)-III-A-a:

H H
where R' is hydrogen, halo, methyl or amino;
R? is hydrogen, methyl or halo;

R’ is hydrogen, halo, alkoxy, or {Ci¢ aliphatic):
amino;

(8)-III-A-a
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Ring A is substituted by 0-2 R%®;

R®™ is C;-; aliphatic;-

Q is -C(R*)z- or -C(R’)3C(R%)3-;

G is -NR'R® or a substituted or umsubstituted 5-6
membered heterocyclyl ring;

R* is hydrogen or C;.¢ aliphatic;

R’ is hydrogen or a Cj.¢ aliphatic group that is
optionally substituted by halo, -OR’, -CN, -SR®, -S(0)R%,
-8(0}aN(R")a, ~C(O)R’, -COR’, -N(R')3, ~C(OIN(R"})z, -
N(R7)C(0)R’, -N(R’)COzR?, or ~N(R’)C(O)N(R"})a;

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

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

each R’ is independently hydrogen or C;_; aliphatic.

16. A compound selected from the group consisting of:
cl —

H H
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17. A pharmaceutical composition comprising a compound of

claim 1 and a pharmaceutically acceptable carrier.
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18. A pharmaceutical composition comprising a compound of
claim 16 and a pharmaceutically acceptable carrier.

19. A method of treating an IKK-mediated disease
comprising administering to a patient in need of such
treatment a therapeutically effective amount of a compound
of claim 1.

20. The method of claim 19 wherein the disease is an

inflammatory disease or an immme-related disease.

21. The method of claim 19 wherein the disease is selected
from the group consisting of rheumatoid arthritis, asthmas,
psoriaeis, psoriatic arthritis, chronic obatructive
pulrmnary disease, inflammatory bowel disease or multiple

Bclerosis.
22. The mathod of claim 19 wherein the disease is cancer.

23. The method of claim 22 wherein the cancer is selected
from lymphoma, multiple myeloma, osteolytic bone mestasis,
head or neck cancer, lung cancer, prostate cancer or

pancreatic cancer.

24. The method of claim 23 wherein the cancer is a
lymphoma.

25. A method of inhibiting IKK in a patient in need
thereof comprising administering to the patient a compound

of claim 1.




W 2004092167 PCT/US2004/011080

-=~190~-
26. A compound of f rmila 3a:

R13

WO 2004/092167 PCT/US2004/011080

--192--
where R is an amino protecting group or hydrogen;
R' is hydrogen, halo, C;-; aliphatic, amino, cyano, (Ci-3
alkyl);.; amino, Cj-3 alkoxy, -CONH;, -NHCOCF;, or -CHaNH;;
R? is hydrogen, halo, C;.; aliphatic, -CF;; and
R! is hydrogen, halo, Ci¢ aliphatic, C;_s haloalkyl, Ci
alkoxy, hydroxy, amino, cyano, or (Cis alkyl)i_; amino.

29. The compound of claim 28 that is (S)-IV.

(@
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each R’ is independently selected from hydrogem or C;_,

aliphatic, or two R’ on the same nitrogen atom are taken
together with the nitrogen to form a 5-6 membered
heterocaryl or heterocyclyl ring;

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

each R’ is independently selected from hydrogem or C;.3
aliphatic;

each R is independently selected from oxo, -R*,
~T-R1?, or -V-T-R?;

each R is independently selected from C;.¢ aliphatic,
halo, -S(0)JN(R")z, -OR’, -CN, -8R, -S(0);R?, -C(O)R?, -CO;R’,
-N(R"})2, -C(O)N(R")a2, -N(R)C(O)R’, -N(R’}COR’, or
-N(R")C(0)N(R")2;

T is a straight or bra.nc]'ned Ci-4 alkylene chain;

vV is -0-, -N(R")-, -S-, -S(0)-, -S(0)2-, -C{0)-, or
-C03-; and .

R!? is hydrogen or an amino acid side chain.

27. The compound of claim 26 that is (S5)-3a.

28. A compound of formula IV:




WO 2004092167 PCT/US2004/011080

~=-192--
where R is an amino protecting group or hydrogen;
R' is hydrogen, halo, C,.; aliphatic, amino, cyano, (C;-;
alkyl); ; amino, Cj;_3 alkoxy, -CONH;, -NHCOCF;, or -CH;NH;;
R? is hydrogen, halo, C;.; aliphatic, -CFy; and
R® is hydrogen, halo, Ci.g aliphatic, €, haloalkyl, C;
alkoxy, hydroxy, amino, cyano, or (Cis alkyl),.z amino.

29. The compound of claim 28 that is (S)-IV.
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From the INTERNATIONAL SEARCHING AUTHORITY

To:

MILLENNIUM PHARMACEUTICALS, INC. THE INTERNATIONAL SEARCH REPORT AND

Attn. Silverman, Ian Robert THE WRITTEN OPINION OF THE INTERNATIONAL
40 Landsdowne Street SEARCHING AUTHORITY, OR THE DECLARATION
Cambridge MA 02139

UNITED STATES OF AMERICA

(PCT Rule 44.1)
Date of maling
(dayMmonthiyesr)  24/09/2004
Applicents or agent's flle reference
MPIO3-043 FOR FURTHER ACTION Ses paragraphs 1 and 4 beiow
intemational apphcation No. intemational flling date
POT/US2004/011080 (dayimonthiyear)  69/04/2004
Appicant

MILLENTIUM PHARMACEUTICALS, INC.

1. [x] The appiicant s hereby notified that the Intemeational ssarch report and the writtan opinion of the Intemational Searching
Authortty have been established and are transmitted herewith,

Flling of amendments and statament under Articls 19:
The appiicant Is entitied, If he 80 wishes, 10 ameand the claima of the Intemational Application (eee Rule 48):

Whan? The time Smit for such amendments s normally 2 months from the date of transmitial of the
Intemnational Gearch however, for more dotalla, gee the notes on the accompanying sheet.

Where? Directly 1o the  Intemational Bureau of WIPO, 34 chemin des Colombetins
1211 Ganava 20, Switzariand, Fascimie No.: (41-22) 740.14.55
For more detalied Instructions, eee the notas on the accompanying sheat.

2 D The applicant s hereby notifted that no intemational search report wil be estabilshed and that the Gd-lmﬂonm
Article 17(2)(a) to that affect and the writian opinion of the Intemational Searching Authority are ranamitiad herewith.

3. D With regard o the protest againet payment of (an) additional fee{s) under Rule 402, the appiicant le notifiad that-

[(] te protest tagether with the decision thereon has baen transmitiad to the Intemational Bursau togsthar with the
applicant's request 1o forward the texts of both the protest and the decision thereon to the designated Officas.

no decision has baan made yet on the protest; the appiicant will be notified &8 scon as a declsion ls made.

4. Rominders

Shortly after the expiration of 18 menths from the priarity dais, the inlemational application will be published by the
Intemnational Bursau. If the applicant wishes 10 avoid or postpone publication, a notioa of withdrawal of the inlemational
application, or of tha priority caim, must reach the intemetional Bureau as provided in Rules S0his.1 and 90bis.3, reepeciively,
bafore the compiation of the tachnical preparations for Imemationsl publcation.

The applicant may submi comments on an informal basis on the written opinion of the IMlamational Searching Authority to the
intamational Bureau. The Intsmational Bureau will send a copy of such commants 1o all designaisd Offices unless an
imsmational prefiminary examl report has been or is 1o be edtabliashed. These comments wouk alec be mads avalable ©
the public but not before the expiration of 30 months from the priarity date.

Within 19 months from the priority date, but only in reepact of some designated Offices, a demand for intamational preliminary
@maminetion must be fied If the applicant wishes to postpone the entry Into the national phase untl 30 months from the priority
data (iIn some Offices even laier); otherwles, the applicant must, within 20 months from the priority date, parform the prescribed
acte kor entry Inio the national phase before thoss designated Offices.

Inm:mdmamﬁmhume limit of 30 monthe (or later) will apply even If no demand le fed within 18
months.

See the Annex i Form PCT/IB/301 and, for detalis about the applicable time limits, Offica by Office, sse the PCT Appiicant's
Guide, volume |1, Netional Chapters and the WIPO Intemet eits.

Name and maliing addrese of the imemational Ssarching Authority | Authorizad officer

Europeen Patent Office, P.B. 5818 Peatentiasn 2
NL-2280 HV Riewijk Chantal Meyer
Tal. (+31-70) 3402040, Tx. 31 651 epo i,
Fax: (+31-70) 340~-3018

Form PCT/ISA/220 (January 2004) {588 notss on accompanying shest)
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NOTES TO FORM PCTASA/220

Thasa Noins are intendad io give the baslo insirualions sonesming the liing of amendmenis under srticle 18. The
Notes are bassd on the requirements of the Patent Cooperalion Trealy, the Reguistions and the Acdminisiraiive insiruetions
urcler that Treaty. (n cass of disorepancy between thess Noles and thase requiremenia, the lelier are sppiisshis. For more
detalled nformalion, see also the PCT Applisani’s Guide, a publioation of WIPO.

in theea Nobes, “Artidle”, "Ruis", and "Saalion” refer i the provisions of the PCT, the PCT Regulstiorss and the PCT
Adminisirative insivuctions respsatively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applcant has, afler having received the intemnationsl ssarch report, ane oppartunity to amend the olaims of the
mamlmmummu “dmdhlm“ﬂ#(ﬂm
desaripiion and drawings) may be smended diring the intamational preliminary examination there is usually
mnﬂhhmﬂ.ﬁdhﬂmuﬂhhﬁnlswm.ahmnﬁhﬂnhhm
for the purpasss of provisional protection or has another reason for amending the slaims belore intermationsl phuliostion.
Furtharwnore, i should be emphasized that provisional protection s svallsbie In some States only.

What parts of the inlarmnational appiicetion may be assended T
Under Artiole 19, only the alaims may be amendsd,

the intlsmational phase, the slasims may sleo be amandad (or further amandad) under Astisle 34 belore

Ilnllhmdhnd mmm mm and drawings may only be amanded under
Articie 34 belore the intarmational Examining Authority.

Upon aniry inka the nalionsl ghase, &l parts of the intemalional application may be amended under Article 28
or, whars appllashis, Article 41.

Whan? Within 2 months from the dais of tranemiital of the inlemational ssarch report or 16 monihs fram the priorty

whishever time Emil expires laler. & should be noled, however, that the amendments will be considered
besns moaived on fime ! they are recaived by the Intlemational Bureau after the expirstion of the

:ﬁnuum—hmummmumm

1

The amendmants be fiad with the intermational ursau snd not with the receiving Offios or the
|m-nma.-um:|-:iunmuq l

Where a damand for intamalional preliminery sxemination has been As Sled, see below.

How? Elther by sansaliing one or more entire daima, by adding one or more new dlsima or by smending the bt of
ana o mom of the deaims as fled.

A replacement shest munt be submitted lor sash shest of the slaima which, on sccowt of an amendment or
amandmarnts, differs from the shest originally Sed.

Mhﬂ-wﬁumlwdﬂ“hmtn Arshio numarsia. Where & olaim is

The asvandments must be made in the language in which the intemalional application is 1o be published.

Wint decuments must/mey ascompany the anendments?
Latter (Ssction 295(b)):
Tha smendments musi be submitted with « lelier.

Tha lstter will not be published with the inlemationsl appliastion and the amendiad alaims. It should not be
sonfuned with the “Statement under Artisle 18(1)" {see below, under “Statement undar Artiole 195(1)").

mmmhhhmrmwm:h m.ldl;-Mdh
Ia French, the isttar must be In French. The languaes

Nolies to Form PCTASAZ20 (first sheet) (Jaruary 1994)

BNSDOCID: «XB__ JBATIONCENPS | >



. NOTES TO FORM PCT8A/220 (continued)

w®
(i) the claim ia new;

{v) the claim replaces one or more alsims as filed;

(V) the olaim is the resull of the division of a claim aa flad.

1. [Where originally there ware 48 olsims and after amendment of some claima there ame 51):
“Claima 1 in 29, 31, 32, 34, 35, 37 1o 48 replaced by amended claims bearing the sams numbamns;
olaima 30, 33 and 38 unchanged; new oaims 48 1o 51 ackied *

2. [Whae ariginally there were 15 claime and after amandment of all dleime there are 11}
“Claima 1 io 18 mplsesd by amandad alsime 1 to 11.*

[Whem ariginally thare ware 14 claims and the amendmenia consist in aancsliing soma alaima and In scking
%ﬁmi&lﬂ“uﬂ-ﬂﬂu?bﬂm ; new slaima 15, 16 and 17 edded.” or
MTNﬂMd;me,u-ﬂﬂﬂtdd-mm

m

[Where
*Claims 1-10 unchangad; alaims 11 lo 13, 18 end 19 ssnesliad; sisima 14, 15 and 16 replaced by amended
dlaim 14; alzim 17 subdividad into amended dsine 15, 16 and 17; n-d"ﬁl-mndmaﬂ:.!

"Stalemant snder articls 19(1)" (Rule 40.4)

The amendments may be ascompanied by a stslement axplaining the amsndmenis and indicaling any impast
M%TMMMHhm.ﬂhMWMhMM

The sisismant will be published with the intlemational sapplicstion and the amencied claims.
2 st be in the language in which the internsiiensl appplicalion s to be published.
& musst be brief, not exceeding 500 words ¥ in English or if transisind inio English.

R should not be confused with and doss not replass the leiter indiosting the diferences betwean the einims
aa Sed and aa amended. it must be Bed on & sspersie shwet and must be identified as such by a haading,
prefersbly by using the words "Stalement under Article 16(1)."

& may not contein ey disperaging commeanis on the international searsh report or the relevanes of diiations
mnuwmummu-mm contained in the intemational ssarch
mpait may b mads only In cormecdtion with an amandiment of that claim.

Conampanss if a demand for international preliminary examination has sirendy boen fed

W, at the time of fling any amendments under Artiele 18, a demand for intemnational axamination
has sireary bean submitied, the applicant must prelerably, ot the same tims of ling the amendments with tbhe
inilenational Euresu, aiso fils a copy of such amendmenis with the intlsrnalional Prefiminary Examining
Authorlly (see Rule £2.2(g), first senianas).

Consaguente with regand to transistion of the interualional application for antry into the netional phase

mmmumuhummwmuhmn-.-muh
dsime = smanded under Artisle 18 may have to be (umished to the designalecd/sieciad Ofioss, Intead of, or
in addition i, the translslion of the daims as Bed

For further datalls on the requirements of esch designaiedieiscied Offion, sse Valume Il of the PCT Applisant's

(06

Notss o Form PCTABA/Z20 (sscond shesl) (January 1094)
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Appiicant

MILLENIUM PHARMACEUTICALS, INC.

This Imemational Search Report has been prepared by this Inmms-ltdingmmlymhmmmnm applicant
according o Articie 18. A copy la being vansmithed % the intemational Bursar:

Thia Imemational Search Raport conalsts of & Wtal of ____ 5 sheets.
[X]  ttis aiso accompanied by a copy of each prior art document cited in thia report.

1. Baals of the report

a Wit regard to the language, the international search was carmied out on the basis of the iniemational application In the
language In which it was flled, uniesa otherwiss Indicatad under this ksm.

D The inlamational ssarch was carnriad out on the basls of a tranalation of the intemational application fumished o
this Authority (Rule 23.1{b}).

b. [[] wmhregand 1o any nucieotide sndior amino acid sequence disclosed In the Inlsmational application, see Box No. |.
2 [X]  Certuin ciaims were found unssarchable (See Box Il).
3. [ unity of invention is lacking (see Box Ili).
4. Wiih regard 1o the title,
[X] the wxtis approved as submitied by the appiicant.
[[] the st has been established by this Authority t read as foliows:

§. With regard 1o the ahatract,
]zl the text ia approved as submitisd by the epplicant.

mmmmmmwm&a b), by this Authori it appears in Box No. IV. Th icant
D may, within one month from the date of malling of zl'en;.;ullon ly:mubmlteommuiw:mw

6. With regards to the drawinge,
a. the figure of the drawings 1o be pubiished with the abetract ia Figure No.
[C] aesugoesed by the spplicant
[] assaiectsd by this Authority, because the epplicant tallad 1o suggest a figure.
[[] esseiectad by this Authortty, because this figure betier characterizas the invantion.
b. [ ] noneof the figures is 1o be pubished with the abstract.

Form PCT/ISA/210 (first sheet) (Januery 2004)
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Box (I Observations where certain claims were found unsearchabile (Continuation of item 2 of first sheet)

This Intemational Search Raport has not been establiehad in respact of certain claims under Articla 17(2)(a) for the foliowing reasona:

1. m Claime Nos.: -
becauss they relate to subject matter not required to be searched by this Authority, namaly:

Although claims 19-25 are directed to a method of treatment of the

human/animal body, the search has been carried out and based on the alleged
effects of the compound/composition.

2. D Claims Nos.:
becausa they relate to parts of the Intemationai Application that do not comply with the prescribed requirements to such
an axtent that no meaningiul Intamational Search can be carmiéd out, apecificaly:

a. D Claims Nos.:
becauss they are dependent claimes and are not draftaed In accordance with the escond and third sentences of Rule 6.4(a).

Box B Observations where unity of invention is lacking (Continustion of ltam 3 of firet shee?)

This Intemational Searching Authority found multiple inventions in this International application, a5 follows:

1. As & required additional eearch leas were timely pald by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable claime could ba searched without effort justifying an additional fee, this Authority didd not invite payment
of any adkfittional fee.

a D As only some of the required additional search fees were timely paid by the appiicant, this Intemational Search Report
covers only those claims for which fees were pald, epecifically clalma Noe.:

4, D No recuired additional search fees were imaly pald by the appiicant. Consaguently, this inflemational Saarch Report is
restricied to the invention first mentionad In the claima; it ls covered by clalma Nos.:

Remark on Protest Dmmmmnmnmmmbdbyhapplmmm

,:] No proloet accompanied the payment of addiional search fees.

Form PCT/ISA/210 (continuation of firet sheet (2)) (January 2004)
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Daw of maliing
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see form PCTASAZ220 See paragraph 2 below
International epplication No. . imemational fiing date (deynonthiear) Priority dete (dayénonthjrear)
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CQa7D47104, CO7D26530, A61K31437

intemational Patent Classification (IPC) or both national classification and IPC

Applcant
MILLENIUM PHARMACEUTICALS, INC.

B BoxNo.| Basls of the oplnlon
B BoxNo.ll Priorty

(] Box No. IV  Lack of unity of invention
& Box No.V

B3 Bax No.Vl Certain documents clted

2. FUAYHER ACTION

will not be so considered.

whichever expires later.
For further optlons, see Form PCTASAZ220.

3. Forfurther detialls, see notes to Form PCTASA/Z220.

1. This opinion comains indications relating to the following items:

& BoxNo.lll Non-establishment of opinion with regard to novelty, inventive step and Industrial applicabliity

Reasoned statement under Rule 43bis.1(a)(l) with regnn:l to novelty, inventive step or industrial
applicability; cltaticns and explanations supporting such statement

[0 Box No. Vil Certain defects In the imtemational application
[0 Box No. VIl Certain observations on the intemational eppiication

if a demand for intemational preliminary examination is mada, this opinion will usually be considered to be a
writien opinion of the Intemnational Preliminary Examining
the applicant choosss an Authority other than this one to be the IPEA and the chosen |PEA has notifed the
International Bureau under Ruie 66.1his{b) that written opinions of this International Searching Authority

("IPEA"). However, this does not apply whare

H this opinion Is, as provided abowe, considered to be a written opinion of the IPEA, the applicant Is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the explration of three
months from the date of malling of Form PCTASA/Z220 or before the expiration of 22 months from the priority date,

Name and malling address of the IBA:

European Patemt Office - Gliachiner Btr. 103
D-10858 Bariin

Tel. +49 30 25901 -0

Faux: +48 30 25801 - 8B40

Authorized Officar

am
Frelon, D i :‘-
Telephone No. +48 30 25601312 o/

Form PCTASARI? (Cover Shaef) {January 2004)
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WRITTEN OPINION OF THE international appiication No.
INTERNATIONAL SEARCHING AUTHORITY PCTAS2004011080

Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of the intemational application n
the language in which it was field, unless otherwise indicated under this tem.

O This opinion has been established on the basis of a translation from the original language into the following
language , which is the language of a translation fumished for ihe purposes of intemational search
(under Rules 12.3 and 23. 1{b)).

2. With regard to any nucleotide andor amino acid sequence disclosed in the international application and
necessary to the claimed invention, this apinion has been 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

¢. time of filingfumishing:
O contained in the intemational application as filed.
O filed together with the intemational application in computer readable form.
O fumished subsequently o this Autharity for the purposes of search.

3. O In addition, in the case that more than one version or copy of a sequence listing andbr table relating thereto
has been filed or fumished, the required statements that the information in the subsaquent or addttional

copies s identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were fumished.

4. Additional comments:

Form PCTAPEA/237 (January 2004)
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INTERNATIONAL SEARCHING AUTHORITY PCTAJS2004011080

Box No. Il Priority

1. B The following document has not been fumished:
& copy of the earfier application whose priority has been claimed (Rule 43bis.1 and 66.7(a)).
O translation of the earlier application whose priority has been claimed (Rule 43bis.1 and 86.7(b)).

Consequently it has not been possible to consider the valldity of the priority ¢laim. This opinion has
nevertheless been established on the assumption that the relevant date is the claimed priority date.

2. O This opinion has been establishad as if no priarity had been claimed due to the fact that the priority claim
has been found invalid (Rules 43bis.1 and 84.1). Thus for the purposes of this opinion, the intemational
filing date indicated above is considered to be the relavant date.

3. Additional observations, if necessary:

Form PCTAPEAN 237 (Jaruary 2004)
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Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial
applicabliity

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non
obvious), or to be industrially applicable have not been examined in respect of:

O the entire intemational application,

@ claims Nos. 19-25

because:

& the said international application, or the said claims Nos. 19 1o 25 with regard to industrial application
relate to the following subject matter which does not require an international preliminary examination
(specily):
see separate sheet

O the description, claims or drawings (indicate particuiar elements below) or said claims Nos.  are so
unclear that no meaningful opinion couki be formed (speciy):

O the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion
could be formad.

O no intemational search report has been established for the whole application or for said claims Nos.

O the nuclectide andr 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 fumished

O does not comply with the standard
the computer readable form [0 has not been fumished

O does not comply with the standard

O the tables related to the nucleatide andor amina acid sequence listing, if in computer readable form only, dc
not comply with the technical requirements provided for in Annex C-bés of the Adminigtrative Instructions.

0 See separate sheet for further details

Form PCTAPEA/ 237 (January 2004)
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Box No.V Reasoned statement under Rule 43bis.1(a){l) with regard to novelty, Inventive step or
Industrial applicabliity; citetions and explanations supporting such statement

1. Statement
Novelty (N) Yos: Claims 3-16,18,27-29
Neo: Claims 1,2,17,26
Inventive step (IS) Yos: Claims
No: Claims 1-18,26-29
Industrial applicability (1A} Yes: Claims 1-18,26-29

No: Claims

2. Citations and explanations
see separate sheet

Box No. ¥Vl Certain documents clted

1. Certain published documents {Rules 43bis.1 and 70.10)
and /or

2. Non-written disclosures (Rules 43bis.1 and 70.9)
see form 210

Form PCTAPEA/237 (January 2004)
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AUTHORITY (SEPARATE SHEET) PCT/US2004/011080
Re Hem I.

Unclarities and inconsistencies
1. Claims

Formula II-C is claimed in claim 3. Due to the dependency on claim 2 (and
consequently on claim 1), definitions of R, R® and R® are unnecessarily repeated.

Formula lll-A of claim 10 does not correspond to formula IlI-A of the description. The
compound claimed in claim 10, although clearly part of general formula |, has no exact
support in the description. This particular embodiment should be transferred in the
specification among the preferred embodiments. A consequence is that the
dependence of the following claims is irregular.

Claim 11 appears to find a support in page 16 of the description. But another irregularity
is seen in claim 12 where the group R'™ has not the same meaning as in claim 10 on
which claim 12 is said to be dependent. The same remark applies to claim 13.

Claim 14 finds a support in description, page 19.

Claim 16 is directed to compounds of examples 1-31, 39-43, 45-47, 49-63. Compounds
of figures Nos. 32-38, 47 are not examplified but disclosed on pages 30, 32 resp.

The figure No. 44 does not correspond to compound of example 44 which shows a
morpholine ring in place of a pyran ring. According to the preparation, a morpholine ring
should be expected as shown in figure 44.

Example 47, page 126 corresponds to figure No. 48. A second example 47 {?7)
disclosed on page 130 has no corresponding figure in the description or in claim 16. If
the nomenclature is erroneous because of a possibly missing part after "-propionyl-",
this second example 47 could correspond to figure No. 47 of page 32 which also
appears in claim 16. _

According to the preparation, the name of example 71 should probably read
*-piperazin-1-yl-" instead of "-piperdin-1-yl-".

The compounds (S)-11l-A-a of claim 15 have no support in the description. Moreover the
given dependency on claim 14 is erroneous because of several discrepancies in the

Formn PCT/Separate Sheet237 (Sheet 1) (EPO-January 2004)
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AUTH RITY (SEPARATE SHEET) PCT/US2004/011080
substituent definitions.

Support for claim 26 directed to intermediate compounds of formula 3a is partly on
page 57 of the description. But R' is there defined as "an organic radical” which is
nowhere specified in the specification. The "restricted” definition given in claim 26 in
general terms "aliphatic®, "aryl®, etc, is not more admissible as also lacking support. For
an appropriate support, the text of claim 26 should be introduced in the description
including correct definitions already disclosed for the unspecific expressions like
"aliphatic”®, "aryl®, derivatives thereof and "carboxylic acid and amino protecting groups”.

Claims 27, 28 and (implicitely) 29 are supported by the description, pages 58 and 59
with the reservations made above.

2. Description

Definitions given in the description for expressions which do not appear in the claims
(like "linker group®) are superfluous and may eventually be misieading for the plain
understanding of the invention.

Considering the biological testing, essentially assay procedures are given without
specific results. Only in the measurement of the KB kinase phosphotransferase activity
description is said that the compounds were active inhibitors of the IKK complex and
that the IKB kinase inhibition average IC,, values were "generally” below "about" 10
microM. The "inventive compounds® (compounds of the invention or compounds which
show an inventive effect ?) are also said to be selective for inhibiting IKK-2 as opposed
to IKK-1. There appear mere statements which may not be sufficiently substantiated.

In the test on rat modeis for rheumatoid arthritis, "certain compounds were found to be
active”. This test cannot be taken into consideration for the evaluation of an inventive
step as not all claimed compounds appear to be concemed. Furthermore, it is said that
"compounds of formula II-C were found to be surprisingly superior compared to other
compounds where ring A is a pyridine ring". This is quite obscure since, firstly,
compounds of formula 1I-C are compounds wherein ring A is a pyridine ring and,
secondly, the said "other compounds" are not defined. Same remark applies to the next
sentence about compounds of formula lli-A-a.

Form PCT/Separaie Sheet/237 (Sheet 2) (EPO-January 2004)
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AUTHORITY (SEPARATE SHEET) PCT/US2004/011080
Re tem Iil.

Claims 19 to 25 are directed to methods for treatment of the human or animal body by
surgery or therapy as well as diagnostic methods. They relate to subject-matter
considered by this authority to be covered by the provisions of Rule 67.1(iv) PCT.

No opinion will be formulated with respect to the industrial applicability of the subject-
matter of these claims (Article 34 (4) (a)(i) PCT). For the assessment on the question
whether they are industrially applicable, no unified criteria exist in the PCT Contracting
States. The patentability can also be dependent upon the formulation of the claims. The
EPO, for example, does not recognize as industrially applicable the subject-matter of
claims to the use of a compound in medical treatment, but may allow, however, ciaims
to a known compound for first use in medical treament and the use of such a
compound for the manufacture of a medicament for a new medical treatment.

Under the terms of Rule 39.1(iv) PCT, the ISA was not required to camy out a search of
such claims, but as indicated in the ISR, the search was carried out and based on the
alleged effects of the compounds. Similarly, the IPEA (which is the ISA) is not required
to camry out an International preliminary examination of such claims, but as for the ISR,
the IPER will be based on the alleged effects of the compounds (Rule 67.1 (iv) PCT).

Re tems V. and VI.

1. Cited documents

The following documents are refesred to in this communication:

WO 01/68648

LEE MICHAEL ET AL.: CANCER LETTERS, vol. 101, no. 1, 1996, pages 53-57
PALANKIM S S: CURRENT MEDICINAL CHEMISTRY, vol. 9, no. 2, January
2002, pages 219-227

HOTTELET M ET AL: IMFLAMMATION RESEARCH, vol. 49, no. Supplement 2,
24 September 2000 , page S910

D5 DE 199 51 360

D6 WO 03/024936

D7 WO 03/039545 (intermediate document)

D8 CASTRO ALFREDO C. ET AL.: BIDORGANIC & MEDICINAL CHEMISTRY

882

g

Form PCT/Sepamaie Sheet237 (Shest 3) (EPO-January 2004)
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LETTERS, vol. 13, no. 14, 2003, pages 2419-2422
D9 WO 00/09492

The intermediate documents D7 and D8 are relevant for the purposes of Rules 33.1 c,
64.3 and 70.10 PCT, but since the priority documents are not available at the time of
establishing the written opinion, they are not taken into account. It is based on the
assumption that all ciaims enjoy priority rights from the filing date of the priority
document(s). If it later turns out that this assumption is not correct, the intermediate
document in the International Search Report could become relevant in order to assess
whether the claims satisfy the criteria set forth in Article 33(1) PCT.

If the priority date is not valid for the complete claimed subject-matter, this document
may become relevant prior art in a possible regional/national phase.

2. Novelty
2.1 Final compounds

D1 destroys the novelty of the final compounds which the disclosure of the examples
83, 118 and 121 which are also claimed for the same biological properties.

Due to the extreme closeness of the prior art, the question arises of which feature
should distinguish unambiguously the present subject-matter from the state of the art.
The distinguishing feature must be clearly common for all the claimed compounds in
order to satisfy the unily criterion (Rule 13 PCT).

2.2 Intermediate compounds

D9 is novelty destroying for the compounds claimed in claim 26 which the disclosure of
the examples 23 to 25. It is noted that this is essentially due to the unspecificity of the
expressions "carboxylic acid protecting group” or "amino protecting group” (actually

they are functional definitions which are not admissible when they can be better
defined).

Intermediate compounds of formula IV of claim 28 appear to be novel.

Form PCT/Separate Sheet/237 (Sheet 4) (EPO-January 2004)
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3. Inventive step

3.1 The problem underlying the present application is, according to the description, to
provide beta-carbolines useful for treating inflammatory diseases and cancer, and more
specifically for treating IKK-2 mediated diseases. D1 discloses noveity destroying
compounds which have the same activities.

3.2 Before prosecuting with the substantive examination, the novelty must be clearly
established, i.e. by at ieast one characterising feature which complies with the unity
requirements.

It is thus necessary that this "novelty feature” be well-defined, since the
acknowledgement of the inventive step should be based on an unexpected effect that
this particular difference brings to the novel invention (see also item |.2 above the
remarks concerning the assays described in the specification).

Citations D2 to D6 belong to the background art which may be useful in the
examination process.

Form PCT/Separaie Sheet/237 {Sheet 5) (EPO-January 2004)
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(57) Extracto: Esta invencién proporciona compuestos de beta-carbolinas de la
férmula (I) donde el Anillo A es un enillo sustituido de piridinil, pirimidinil,
morfolinil, piperidinil, piperazinil, pirrolidinil, piranil, tetrahidrofuranil, ciclohexil,
ciclopentil, o tiomorfolinil y R1, R2 y R3 son como se¢ describieron en la
especificacion os compuestos son IKK-2 inhibidores que son iitiles para tratar
enfermedades mediadas de IKK-2 tales como enfermedades inflamatorias y céncer.
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BETA-CARBOLINAS UTILES PARA TRATAR ENFERMEDADES
INFLAMATORIAS

Solicitu a

Esta solicitud relvindica el beneficio de la Solicitud de Patente Provisional
de Estados Unidos 60/461488 presentada el 9 de abril de 2003.

Campo de |a invencién
-Esta invencion, se reflere a compuestos de beta-carbolina, composiciones

farmacéuticas que los contienen y métodos de uso de las composiciones para
tratar enfermedades. Los compuestos son particularmente Gtiles para tratar
enfermedades inflamatorias y cancer.
Antecedente de Ia invencién

El factor de transcripcion (nuclear) NF-xB es un miembro de la familia de la
protelna Rel y, tipicamente es un heterodimero compuesto de las subunidades
p50 y p85. NFxB estd presente de manera constitutiva en el citosol, y se inactiva
por su asoclacién con unc de los inhibidores de la familia IxB. Palombella et al.,
WO 95/25533, muestra que la via ubiquitina-proteasoma juega un papel esencial
en la regulacidn de la actividad de NF-xB, slendo responsable del procesamiento
de p105 a p50 y la degradacién de la proteina Inhibidora IkB-a. Chen et al., Cell
84.853 (1996), muestra que antes de la degradacién, IxB-a experimenta
fosforilacién selectiva en los restos de serina 32 y 368 por el complejo
multisubunidad IkB quinasa (IKK). IxB-a se fosforila por IKK, que tiene dos
subunidades cataliticas, IKK-1 (IxB quinasa a o IKK-a) e IKK-2 (IxB quinasa i o
IKK-B). Una vez fosforilado, IxB se marca para la ubiquitinacién y degradation por
el proteasoma 26S, permitiendo el traslado de NF-xB al nucleo, donde se une a
secuencias de ADN especificas en los promotores de genes diana y estimula su
transcripcion. Los inhibidores de IKK pueden bloquear la fosforilacion de |7B y sus
efectos cadena abajo adicionales, particularmente aquellos asoclados con los
factores de transcripcién NF-xB.
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Los productos proteicos de genes bajo el control regulador de NF-xB
incluyen citoquinas, quimioquinas, moléculas de adhesidn celular, y protelnas que
median el crecimlento y el control celular. Es importante observar que, muchas de
estas protsinas proinflamatorias tamblén son capaces de funcionar, de un modo
autocrino o paracrino, para estimular adicionalmente la activaciéb de NF-xB.
Ademas, NF-xB juega un papel en el crecimiento de células normales y mlignas.
Ademas, NF-xB es un factor de transcripcion heterodimérico que puede activar
una gran cantidad de genes que cadifican, entre otros, cltoquinas proinflamatorias
tales como IL-1, IL-2, TNFa o IL-8. NF-xB est4 presente en el citosol de células,
formando un complejo con su inhibidor IxB de origen natural. La estimulacién de
células, por ejemplo, por citoquinas, conduce a la fosforilacién y degradaclén
proteolitica posterior de ixB. Esta degradacién proteolitica conduce a la activacién
de NF-xB, que posterlormente migra al nucleo de la célula y activa una gran
cantidad de genes proinflamatorios.

Rinehart et al., Patente de Estados Unidos N°® 4.631.149 (1988), describe
compuestos beta-carbolina (tiles como agentes antlviricos, antibacterianos y
antitumorales.

Ritzeler ot al., documento WO 01/68648, describe compuestos beta-
carbolina con actividad inhibidora de quinasa | para el uso en e! tratamlento de
trastomos inflamatorios (por ejemplo, ariritis reumatolde), osteoartritls, asma,
infarlo cardiaco, enfermedad de Alzheimer, trastornos carcinomatosos
(potenciacion de teraplas citotdxicas) y ateroesclerosis.

Deberia ser beneficioso proporcionar nuevos inhibidores de IKK que
posean buenas propiedades terapéuticas, especlaimente para el tratamlento de
enfermedades inflamatorias.

ripci i 6
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Esta invencién proporciona compuestos que son (tiles para ftratar

enfermedades mediadas por IKK-2, tales como enfermedades inflamatorias y
cdncer. Los compuestos se representan por la férmula (:

donde el Anillo A se selecciona entre el grupo compuasto por:

a) un anillo piridinilo o pirimidinlio que esté sustituldo con (I) -CH.C{0)-G y
0-1R®o (i) 1-2R%™, y
b) un anillo morfolinlio, piperidiniio, plperazinilo, pimolidinilo, piranilo,
tetrahidrofuranoilo, clclohexilo, ciclopentilo o tiomorfolinilo que esta
sustituido con (I) ~C(R%s, -W-G o -G, (il) 0-4 R® y (ili) 0-1 grupos oxo
sobre un carbono del anlllo o 0-2 grupos oxo sobre un azufre del anillo;
cada R® se selecciona independientemente entre un grupo allfdtico Cy,
halo, alcoxi C4.3 0 amino;
cada R® se selecclona independientemente entre un grupo alifatico C13 0 —
N(R")z, y dos R® sobre el mismo o un carbono adyacente se toman
opcionalmente junto con ellos atomo(s) de carbono que intervienen para
formar un anllio de 56 miembros que tiene 1-2 heteroatomos en el anillo
selecclonados entre N, O 0 S;

W es —Q-, ~Q-C(O)~ -C(R*)-C(R°)R"™)- 0 -C(R*)-[C(R*NR ")}z

Q es -C(R®)2 0 -C(R*).C(R®)z-;

G es —OH, —NR'R%, -N(R®’)CONR*R?, -N(R*)SOz(un grupo alifatico
Cia), -N(RHCOCFs, -N(R®)CO(un grupo  alifsticc  Cis),
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-N(R®)CO(heterociclilo), -N(R*)CO(heteroarilo), -N(R*YCO(arilo), un anillo
heterocicliio de 3-7 mlembros o0 un heteroarilo de 5-8 miembros, donde
cada uno de los restos heteroarilo, arilo y heterocicliio de G estd
opclonalmente sustituido con 1-3 R';

R! es hidrégeno, halo, un grupo alifatico C+.3, amino, clano, (alquil Cs.
3)1.2 amino, alcoxi C1.3. -CONH:, -NHCOCF3 o -CHzNHz;

R? es hidrégeno, halo, un grupo alifético Cy.3, -CFs;

R? es hidrégeno, halo, un grupo alifatico Cy., haloalquilo Cy.s, alcoxi
C1-a, hidroxl, amino, clano o (alquil C1.¢)1-2 8mino;

R* es hidrégeno, heterocicilo de 3-7 miembros o un grupo alifatico
Cie

R® es hidrégeno, un grupo alifatico C1.¢ 0 un anillo heterociclico de 3-
7 miembros que tiene 1-2 heteroatomos en el anillo seleccionados entre N,
O o S, donde R® estd opclonalmente sustituido con halo, -OR’, -CN, -SR®,
-S(0)R?, -S(O2N(R")2, -C(O)R’, -COzR’, -N(R")2, -C(ON(R™):, -
N(RYC(O)R?, -N(R")CO2R® 0 -N(R")C(O)N(R)2;

cada R’ se selecciona independientemente entre hidrgeno ¢ un
grupo alifdtico C14 o dos R sobre el mismo &tomo de nitrégeno se toman
junto con el nitrégenc para formar un anillo heteroarilo o heterociclilo de 58
miembros;

cada R® se selecciona Independientemente entre un grupo alifatico
Cis

cada R® se selecciona independientemente entre hidrégeno o un
grupo alifatico Ci.3;

cada R'? se selecclona independientemente entre oxo, -R", -T-R" o
-V-T-R";

cada R'! se selecciona independlentemente entre un grupo alifatico
Cie halo, -S(0)N(R")z, -OR’, -CN, -SR% -S(O)R®, -C(O)R’, -COR’, -
N(R")2, -C(O)N(R")2, -N(R"YC(O)R’, -N(R")CO2R 0 -N(R")C(OIN(R");
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T es una cadena alquileno Cy4 lineal o ramificada;
V 68 -O-, -N(R")-, -S-, -S(0)-, -S(O)z~, -C(O)- 0 -CO»; ¥

R'2 es hidrégeno o una cadena lateral de aminodcidos.

El término “alifdtico™ como se usa en este documento significa
hidrocarburos C,-C42 ramificados-lineales, ramificados o ciclicos que estin
completamente saturados o que contienen una 0 mas unidades de insaturacién
pero que no son arométicos. Por ejemplo, los grupos allfaticos adecuados incluyen
grupos alquilo, alquenilo y alquinilo lineales, ramificados o clclicos, sustituidos o no
sustituldos e hlbridos de los mismos tales como (cicloalquil)alqullo,
(cicloalquenil)alquilo o (cicloalquil)alquenllo. Los términos “alquilo®, “alcoxI”,
"hidroxlalquilo®, “alcoxialquilo” y "alcoxicarbonilo”, usados solos 0 como parte de
un resto mayor, incluyen cadenas lineales y ramificadas que contienen de dos a
doce dtomos de carbono. Los términos "alquenilo” y “alquinllo®, usados solos o
como parte de un resto mayor, incluyen cadenas lineales y ramificadas que
contienen de dos a doce atomos de carbono. El término "cicloalquilo®, usado solo
0 como parte de un resto mayor, incluye hidrocarburos Cs.Cy2 ciclicos que estén
completamente saturados ¢ que contienen una o més unidades de insaturacién,
pero que no son aromaticos.

Los términos "haloalquilo®, "haloalquenilo”™ y “haloalcoxi® significan alquillo,
alquenilo o alcoxi, como puede ser el caso, sustituido con uno 0 més atomos de
haldgeno. El témino "haldgeno® significa F, Cl, Bro |.

El término “heterodtomo” significa nitrégeno, oxigeno o azufre e Incluyen
cualquier forma oxidada de nitrdgeno y azufre, y la forma cuaternizada de
cualquier nitrbgeno basico. Ademas, el término "nitrégeno™ Incluye un nitrégeno
sustituible de un anillo hétemcicllco. Como ejemplo, en un anillo saturado o
parcialmente insaturado que tiene 0-3 heteroatomos seleccionados entre oxigeno,
azufre o nitrbgeno, el nitrégeno puede ser N (como en 3,4-dihidro-2-pirolilo), NH
(como en pirrolidinilo) o NR* (como en pirrolidinilo N-sustituido).

| 2&
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Los términos “carbociclo”®, "carbocliclilo®, "carbociclo® o “carbocliclico® como
8@ usan en este documento significan un sistema de anillos alifaticos que tiene de
tres a catorce miembros. Los términos "carbociclo”, "carbociclilo”, "carbociclo® o
"carbocliclico” tanto saturados como parclaimente Insaturados, también se refieren
a anlllos que estan opcionalmente sustituidos. Los términos "carbociclo”,
"carbociclllo®, “carbociclo” o "carbociclico® también incluyen anillos alifiticos que
estan condensados a uno o mas anillos aroméaticos o no arométicos, tales como
en un decahidronattilo o tetrahldronaftilo, donde el radical o punto de unién estd en
el anillo un grupo alifético.

El tdémino "arilo® usado solo o como parte de un resto mayor como en
"aralquilo®, "aralcoxi® o "ariloxialqulio”, se refiere a grupos de anillo aromético que
tienen de cinco a catorce mlembros, tales como fenilo, bencilo, fenetiio, 1-naftllo,
2-naftilo, 1-antracilo y 2-antracilo. El término “arilo® también se reflere a anillos que
estdn opcionalmente sustituidos. El témmino “arilo® puede usarse de forma
intercambiable con el témino “anillo arilo *. El grupo “arilo® tamblén incluye
sistemas de anlllos arométicos policiclicos en los que un anillo aromético se
condensa a uno o mas anillos. Los ejemplos incluyen 1-nattlio, 2-naftilo, 1- antracil
y 2-antracilo. Tamblén se incluye dentro del alcance de términc “arllo”, tal como se
usa an este documento, un grupo en el que un anlllo aromatico se condensa a uno
o mas anillos no aromdticos, tal como en un indanilo, fenantridinio o
tetrahidronattilo, donde el radical o punto de unién esta en el anlllo aromético.

El término "heterociclo®, "heterociclilo® o "heterociclico”™ como se usa en este
documento Incluye sistemas de anilios no arométicos que tlenen de cinco a
catorce mlembros, preferiblemente de cinco a dlez, donde uno ¢ més carbonos del
anillo, preferiblemente de uno a cuatro, se reemplazan con un heteroitomo tal
como N, O 0 S. Los eJemplos de anilios heterociclicos Incluyen 3-1H-benzimidazol-
2-0na, (1-sustituido)-2-oxo-benzimidazol-3-ilo, 2-tetrahldrofuranoilo, 3-
tetrahidrofuranollo, 2-tetrahidropiranilo, 3-tetrahidropiranilo, 4-tetrahidropiranilo,
[1.3]-dioxalanilo, [1,3]ditiolanilo, [1,3}dioxanilo, 2-tetrahidrotiofenilo, 3-
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tetrahidrotiofenilo, 2-morfolinllo, 3-morfolinilo, 4-morfolinlle, 2-tiomorfolinilo, 3-
tiomorfolinllo, 4- tiomorfolinilo, 1-pimrolidinilo, 2-pirrolidinilo, 3-pirrolidinilo, 1-
piperazinilo, 2-piperazinilo, 1-piperidinilo, 2-piperidinilo, 3-piperidinilo, 4-piperidinilo,
4- tiazolidinilo, diazolonllo, diazolonilo, 1-ftalimidinilo N-sustituido, benzoxanilo,
benzopimolidinilo, benzopiperidinilo, benzoxolanilo, benzotiolanilo, y benzotianllo.
También se incluye dentro del alcance del término "heterociclilo™ o "heterociclico”,
tal como se usan en este documento, un grupo en el que un anillo no aromético
que contlene heterodtomos se condensa a uno o mas anillos aromaticos o no
aromaticos, tal como en un indolinllo, cromanllo, fenantridinilc o
tetrahidroquinolinllo, donde el radical o punto de unién esta en el anillo no
aromético que contiene heterodtomos. El término "heterociclo”, "heterociclilo” o
"heterociclico™ tanto saturado como parclaimente insaturado, tamblén se refiere a
anlllos que estan opcionalmente sustituidos.

El término “heteroarilo®, usado solo o como parte de un resto mayor como
en ‘“hetercaralquilo®™ © “heterocarilalcoxi®, se reflere a grupos de anillo
heteroaromatico que tienen de cinco a catorce miembros. Los ejemplos de anillos
heteroarilo incluyen 2-furanilo, 3-furanilo, 3-furazanilo, N-imidazolilo, 2-imidazolilo,
4-imidazolilo, 5-imidazolilo, 3-isoxazolllo, 4-iIsoxazolilo, 5-isoxazolilo, 2-oxadiazolilo,
5-oxadlazolilo, 2-oxazolllo, 4-oxazolilo, 5-oxazolilo, 1-plmolilo, 2-pimrolilo, 3-pimolilo,
1-pirazolilo, 2-pirazoliilo, 3-pirazolilo, 2-piridilo, 3-piridilo, 4-pliridilo, 2-pirimidilo, 4-
pirimidilo, 5-pirimidilo, 3-piridazinilo, 2-tiazolilo, 4-azolilo, 5-tlazolilo, 5-tetrazolilo,
2-triazolilo, 5-triazolilo, 2-tienilo, 3-tienilo, carbazolilo, benzimidazolilo, benzotlenilo,
benzofuranilo, indolllo, quinoliniio, benzotriazolilo, benzotiazolilo, benzooxazolllo,
benzimidazolilo, isoquinolinilo, indazolilo, isoindolilo, acridinilo o benzoisoxazolilo.
También se Incluye dentro del alcance del término “heteroarilo®, tal como se usa
en este documento, un grupo en el que un anlllo heterociclico se condensa a uno
0 mas anillos arométicos o no arométicos donde el radical o punto de unién esta
en el anillo heteroaromatico. Los ejemplos incluyen tetrahldroquinolinilo,
tetrahidroisoquinolinilo, y pirido[3,4-d]pirimidinilo. El término "heteroarilo® tamblén
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se reflere a anllios que estan opcionalments sustituidos. El término "heteroarilo”
puede usarse de forma intercambiable con el término "anillo heteroarilo " o el
término "heteroaromético”.

Un grupo arilo (incluyendo aralquilo, aralcoxi, arlloxlalquilo y similares) o
heteroarilo (incluyendo heteroaralquilo y heteroarilalcoxi y similares) puede
contener uno 0 mas sustituyentes. Los ejJemplos de sustituyentes adecuados
sobre el 4tomo de carbono insaturado de un grupo arllo, heteroariio, aralquilo o
heteroaralquilo incluyen un halégeno, -R°, -OR®, -SR°, 1,2-metlleno-diox, 1,2-
etilenodioxl, OH protegido (tal como aciloxl), fenllo (Ph), Ph sustituido, -O(Ph), -
O{Ph) sustituido, -CHz(Ph), -CHz(Ph) sustituido, -CHCHx(Ph), -CH.CHx(Ph)
sustituldo, -NO2, -CN, - N(R®)2, -NR°C(O)R°®, -NR°C(O)N(R°)., -NR°CO:R°®,
-NR°NR°C(O)R°, -NR°NR°C(O)N(R°)2, -NR°NR°CO;R°, -C(O)C(O)R°®, -
C(O)CH2C(O)R®, -CO2R°, -C(O)R°, -C(O)N(R°)2, -OC(O)N(R®)2, -S(OkR°, -
SO2N(R")2, -S(O)R", -NR°SO2N(R")2, -NR*SO2R®, -C(=S)N{R")2, -C(=NH)-N(R"),, -
(CH2yNHC(O)R®, {CH2),NHC(O) CH(V-R°}R°"); donde cada R° se selecciona
independientemente entre hidrégeno, un grupo alifitico sustituido o no sustituldo,
un anillo heteroarilo 0 heterocliclico no sustituido, fenilo (Ph), Ph sustituido, -O(Ph),
-O(Ph) sustituido, -CH2(Ph) o -CHx(Ph) sustituido; y es 0-6; y V es un grupo de
engarce. Los ejemplos de sustituyentes del grupo un grupo allfatico o el anillo
fenilo de R°® incluyen amino, alquilamino, dialquilamino, aminocarbonlio, halégeno,
alqullo, alqullaminocarbonllo, dialquilaminocarbonilo, algquilaminocarboniloxl,
dialquilaminocarboniloxi, alcoxi, nitro, clano, carboxl, alcoxicarbonllo,
alqulicarbonllo, hidroxi, haloalcoxi ¢ haloalquilo.

Un grupo alifatico o un anillo heterociclico no aromético puede contener uno
0 mas sustituyentes. Los ejemplos de sustituyentes adecuados sobre el carbono
saturado 20 de un grupo alifatico o de un anillo heterociclico no aromético incluyen
los que se han indicado anteriormente para el carbono insaturado de un grupo
arllo o heteroarllo y los sigulentes: =0, =S, =NNHR"*, =NN{(R*)2, =N-, =NNHC(O)R",
=NNHCOz(alquilo), =NNHSO(alquilo) o =NR*, donde cada R* se selecciona
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independientemente entre hidrégeno, un grupo allfatico no sustituldo o un grupo
alifitico sustituldo. Los ejemplos de sustituyentes sobre el grupo un grupo alifético
incluyen amino, aiquilamino, dlalquilamino, aminocarbonilo, haldégeno, alquilo,
alquilaminocarbonilo, dialquilaminocarbonilo, alquilaminocarboniloxi,
dialquilaminocarbonlloxi, alcoxi, nitro, ciano, carboxl, alcoxicarbonilo,
alquilcarbonllo, hiiroxi, haloalcoxl o haloalqullo.

Los sustituyentes adecuados sobre el nitrégeno de un anillo heterociclico
no aromético incluyen -R', -N(R%)2, -C(O)R’, -CO.R', -C(O)C(O)R', -
C(O)CH.C(O)R', -SO:R', -SON(R*)2, -C(=S)N(R*)}2, -C(=NH)}-N(R')2, y -
NR'SOzR"; donde cada R* se selecciona Independientemente entre hidrégeno, un
grupo alifatico, un grupo alifético sustituido, fenllo (Ph), Ph sustituido, -O(Ph), -
O(Ph) sustituido, CHz(Ph), CHz(Ph) sustituldo o un anillo heteroarilo o heterociclico

no sustituldo. Los ejemplos de sustituyentes sobre el grupo un grupo alifatico o el

anllio fenllo incluyen amino, aiguilamino, dialquilamino, aminocarbonilo, halégeno,
alqullo, alquilaminocarbonilo, dialquilaminocarbonilo, alquilaminocarboniloxl,
dialquilaminocarbdnlloxl. alcoxi, nitro, ciano, carboxi, alcoxicarbonilo,
alquilcarbonilo, hidroxi, haloalcoxi o haloalquilo.

El término “grupo de engarce” o “engarce” significa un resto organico que
conecta dos partes de un compuesto. Tipicaménte, los engarces comprenden un
dtomo tal como oxigeno o azufre, una unidad tal como -NH-, -CHz-, -C(O)-, -
C(O)NH- o una cadena de atomos, tal como una cadena alquilidenc. La masa
molecular de un engarce esta tipicamente en el intervalo de aproximadamente 14
a 200, preferiblemente en el Intervalo de 14 a 98 con una longitud de hasta
aproximadamente seis atomos. Los ejemplos de engarces incluyen una cadena
alquilideno C,.¢ saturada o insaturada que estd opclonaimente sustituida, y en la
que uno o dos carbonos saturados de la cadena se reemplazan opclonalmente
con -C(0)-, -C(O)C(O)-, -CONH-, -CONHNH-, -CO2-, -OC(O)-, -NHCO2-, -O-, -
NHCONH-, -OC(O)NH-, -NHNH-, -NHCq., -S-, -SO-, -80%, -NH-, -SO;NH- o -
NHSO2-.
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El término “cadena alquilideno® o "cadena alquileno” se refiere a una
cadena de carbonos lineal o ramificada, opcionalmente sustituida que puede estar
totalmente saturada o tener una o méas unidades de insaturacién. Los
sustituyentes opcionales son como se ha descrito anteriormente para un grupo
alifatico.

Una combinacién de sustituyentes o variables se permite Gnicamente si tal
combinacién da como resultado un compuesto estable o quimicamente factible.
Un compuesto estable o un compuesto quimicamente factible es uno en el que la
estructura quimica no se altera sustanciaimente cuando se mantiene a una
temperatura de 40°C o menos, en ausencia de humedad u otras condiciones
Reactivas, durante al menos una semana.

A menos que se Indique otra cosa, las estructuras representadas en este
documento también pretenden incluir todas las formas quimicas de la estructura;
es decir, las configuraciones R y S pama cada centro asimétrico. Por lo tanto, los
Isbmeros estereoquimicos unitarios asl como las mezclas enantioméricas y
dlastereoméricas de los presentes compuestos estdn dentro del alcance de la
Invenclén. A menos que se indique otra cosa, las estructuras representadas en
este documento también pretenden incluir compuestos que difleren Gnicamente en
la presencia de uno o més 4tomos Isotdpicamente enriquecidos. Por ejemplo, los
compuestos que tienen las presentes estructuras excepto para el
reemplazamiento de un &tomo de hidrégeno por un deuterio o tritio o el
reemplazamlento de un carbono por un carbono enriquecldo *3C o *C estén dentro
del alcance de esta invencién.

En una realizacién de la invencién, el Anllic A se selecciona entre un anilio
piridinilo o pirimidinilo que esta sustituido con 1-2 grupos R%. En esta reallzacién,
el Anillo A preferido incluye un anillo 3-piridinllo o 5-pirimidinilo, mostrado a
continuacién por los compuestos de férmula 11-A y |I-B, respectivamente.
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Preferiblemente, R* se selecciona entre halo o un alifitico C.g, tal
como cloro o metlio. Cuando R®™ es un grupo alifstico tal como metilo, una
posicion favorable para el grupo R® esté en la posicién 2 del anilio piridinilo o en la
posicién 4 del anllio pirimidinilo, como se ha mostrado antes en -C. Los restos
particulares del Anillo A son 2-metil-3-piridinilo y 4-metll-5-pirimidinilo. Se ha
descublerto que los compuestos de férmula II-C en la que R®™ es un grupo metllo
sorprendentemente son mas potentes en los ensayos bioldgicos para la inhibicidn
de IKK que compuestos andlogos que tienen un Anlllo A piridina no sustituido,
tales como aquellos descritos en la solicitud PCT WO 0168648 menclonada
anteriormente de Ritzeler et al.

Los grupos R' preferidos son grupos pequeiios tales como hidrégeno,
metilo, amino y fidor.

Los grupos R? preferidos incluyen hidrégeno y halo. Cloro es un grupo R? _

halo preferido.

Los grupos R? preferidos incluyen hidrégeno, halo (especialments cloro) y
alcoxl. Los ejemplos de grupos alcoxi adecuados incluyen grupos alcoxl Ci4 tales
como metoxl, etox], propoxi y cicloproplimetox.

En otra realizacién, el Anillo A se selecciona entre un anlllo no aromatico de
5-8 mlembros que tiene 0-2 heterodtomos en el anillo seleccionados entre
nitrégeno, oxigeno y azufre. Estos se indican generaimente como compuestos de
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férmula lll. Los ejemplos de grupos del Anillo A no arométicos Incluyen un anillo
morfolinilo, piperidinilo, piperazinilo, pimolidinlio, piranilo, tetrahidrofurancilo,
ciclohexlo, ciclopentilo y tiomorfolinilo. Preferiblemente, tales anillos no arométicos
estin sustituidos con (i) -C(R®); o -W-G, (il) 0-4 R® y (jil) 0-1 grupos oxo sobre un
carbono del anilo o 0-2 grupos oxo sobre un azufre del anillo. Més
preferiblemente, tales anlllos no arométicos estan sustituidos con (l) -W-G, (il) 0-2
R® y (iil) 0-1 grupos oxo sobre un carbono del anllio o 0-2 grupos oxo sobre un
azufre del anillo.

Un G preferido es -NR*‘R® o un anllio heterocicllo de 3-7 miembros. Més
preferiblemente G es -NR*R® o un anillo heterocicllo de 5-8 miembros, donde G
esta sustituido con 1-2 R,

Un R* preferido es un hidrégeno, anillo heterociclilo de 5-6 mlembros o un
grupo alifitico Ci.e, més preferiblemente hidrégeno o un grupo allfitico Cqs. R*
tamblén puede ser un alcoxi Ci..

Un RS preferido es un hidrdgeno, anillo heterociclilo de 5-8 miembros o un
grupo alifatico C4.s, més preferiblemente hidrégeno o un grupo allfitico C.e.

Diversos compuestos de formula Il en la que el Anllio A es un anillo no
aromético se muestran en la Tabla 2. Por facllidad de visién, no se muestran los
sustituyentes de los compuestos del Anillo A no arométicos, excepto para el grupo
OXO0 en algunos casos.

] 3
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"Cuando el Anlllo A es un anillo heterociclico, no aromético, de sels
miembros, una posicién favorable para los sustituyentes—W-G y -C{R®); sobre el
Anillo A es orto a la posicidn en la que se une la porcidn beta-carbolina. Por
ejemplo, en los compuestos lll-A, lII-B, Ili-D, lli-H, lll<J y II-M, una posicién
preferida para la unién de-W-G y -C{R®), est4 en el nitrégeno del Anillo A o en N-1
an el caso del compuesto IlI-F.

Preferiblemente, W es -Q-, -QC({O), -C(RMCR*R) o
-C(R®)[C(R®)R'®)l- donde R® es hidrdgeno. Més preferiblemente, W es —-Q-, —-Q-
C(0) o -C(R)-C(R®R')-. R es hidrégeno, un grupo alifitico Ci.g, fenlio
sustituido o no sustituido, bencilo sustituido o no sustituldo o una cadena lateral de
aminodcldos, particularmente la cadena lateral de un aminoécldo neutro. Los
ejemplos de aminoicidos neutros particulares incluyen alanina, fenilalanina,
valina, leucina, isoleucina, serina, tirosina, acldo aspértico y acido glutamico.

En una realizacién, W es Q-C{O})-. En esta realizacion, un Q preferido es —
CHgz- 0 —CH2-CH2-, més preferiblemente —CHz-.

En otra realizacién, el Anilio A estad sustituido con 0-2 R®. Un grupo R®
preferido es metilo. Cuando el Anillo A es un anillo de seis miembros no aromético,
una realizacién proporciona compuestos de férmula Il en la que hay dos grupos
metilo sobre la posiciébn para del Anillo A para la posicién en la que se une Ia
porcion beta carbolina. Un ejemplo de esta realizaclén es un compuesto en el que

]33+
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el Anlllo A es un anillo 6,6-dimetil-morfolinilo. Preferiblemente, tales compuestos
también estdn sustituldos con—-W-G como se ha descrito anteriormente.

Cuando el Anllio A es un anillo morfolinilo, se ha descubierto que se
prefleren los compuestos que tienen la estereoquimica “S” en la posicién 3 del
anillo morfolina, como se muestra a continuacién con los compuestos de férmula
(SHIH-A.

(R%), (S)1IFA

donde n es 04 y R, R%, R%, W, G y R® son como se han definido anteriormente.
Por analogla, se espera que se preflera la estereoquimica “S" para otros
compuestos de Anillo A no arométicos de sels mlembros de fdrmula lil.

Una realizacion se reflere a compuestos de férmula Ill-A o (S)-lll-A en la
que R' es hidrdgeno, halo, metilo o amino;

R? es hidrégeno, metilo o halo;

R® es hidrégeno, halo, alcoxi o (un grupo alifitico Ci.g)2 amino;

El Anillo A est4 sustituido con 0-2 R®;

R® es un grupo alifitico Cy.;

W es —Q-, -Q-C(O}-, -C(R%)-C(R°XR")- 0 -C(R*)-IC(R*)R"*)L~;

Q s -C(R%z- 0 -C(R®).C(R%)~;

G es -NR'R%, -N(R®)C(O)NR'R®, -N(R®)SOZAun grupo allfdtico Cia),
-N(R®)C(O)CF3, -N(R®)CO(un grupo alifitico Cig), ¥ -N(R*)CO(heterociciilo),
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-N(R®CO(heteroarilo), -N(R®)CO(arilo), un anillo heterociclilo de 5-6 miembros o
un heteroarilo de 5-8 miembros, donde cada uno de los restos heteroarilo, arilo y
heterociclilo de G esta opcionalmente sustituido con 1-3 R,

R* es hidrégeno o un grupo allfatico Ci.g;

R’ es hidrégeno o un grupo alifético C1.5 que esté opcionalmente sustituido
con halo, -OR’, -CN, -SR®, -S(O)R%, -S(O):N(R);, -C(O)R", -CO:R’, -N(R)z,
-C(O)N(R")2, -N(R")C(O)R, -N(RTYCOZR® 0 -N(R")C(ON(R")2;

cada R’ se selecciona independientemente entre hidrégeno o un grupo
alifitico C1.4 0 dos R’ sobre el mismo dtomo de nitrégenc se toman junto con el
nitrdgeno para formar un anillo heteroarilo o heterociclilo de 5-8 mlembros;

cada R® se selecciona independientemente entre un grupo alifitico Cq4;

R® es hidrégeno;

cada R'° se selecclona Independientemente entre oxo, R"!, T-R'! 0 V-T-R":

cada R"' se selecclona independientemente entre un grupo alifdtico Cis,
halo, -S(O2:N(R)2, -OR’,” -CN, -SR%, -S(O)%R®, -C(O)R’, -CO:R’, -N(R"),
-C(O)N(R")2, -N(R")C(O)R?, -N(R")CO.R” 0 -N(R")C(O)N(R"):

T es una cadena alquileno C4 lineal o ramificada;

V es —O-, -N(R")-, -S-, -S(0)-, -S(O)z-, -C(O)- 0 -CO; y

R'2 es hidrégeno, un grupo alifdtico Cy., fenilo sustituido o no sustituldo o
bencilo sustituldo o no sustituido.

Otra reallzacién se refiere a compuestos de formula IlI-A o (SHII-A en la
que:

R! es hidrégeno, metilo, fiior o amino;

R? es cloro;

R® es hidrégeno o alcoxi;

El Anillo A est4 sustituldo con -W-G y 0-2 R®;

R® es metilo;

W es —-Q-, -Q-C(O}- 0 -C(R*)-C(R*XR"™)-;

Q es -C(R*)z- 0 -C(R*)2C(R%)~;

137
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G es —NR'RS -N(R’)C(ONR'R®, -N(R®C(O)CFs, -N(R®)CO(un grupo
alifitico Cig), y -N(R®)CO(heterociclilo), -N(R®)CO(heteroarilo), un anillo
heterocicllio de 5-86 miembros o un heteroarilo de 5-8 mlembros, donde cada uno
de los restos heteroarilo y heterocicliio de G esta opcionaimente sustituldo con 1-3
RW:

R* es hidrégeno o un grupo alifitico C.g;

R® es hidrogeno o un grupo alifitico Ci.5;

cada R’ se selecclona independientemente entre hidrégeno o un grupo
alifatico C1.4 0 dos R’ sobre el mismo 4tomo de nitrdgeno se toman junto con el
nitrégeno para formar un anillc heteroarilo o heterociclilo de 5-8 mlembros;

cada R® se selecciona independientemente entre un grupo ailfético Ci.;

R® es hidrégeno;

cada R' se selecciona Independientements entre oxo, R", T-R'! 0 V-T-R";

cada R'" se selecciona Independlentemente entre un grupo alifitico Ci.s,
halo, -S(0)N(R"), -OR’, -CN, -SR% -S(OxR® -C(O)R’, -CO.R’, -N(R),
-C(OIN(R")2, -N(R")C(O)R’, -N(RTYCO:R” 0 -N(R")C(O)N(R")z;

T es una cadena alqulleno C14 lineal o ramificada;

V a8 -O-, -N(R"}-, -S-, -S(O)-, -S(0)-, -C(O)- 0 -CO2~; ¥

R'2 es hidrégeno, un grupo alifitico Cy.e, fenilo o bencilo.

Los compuestos preferidos de férmula lil-A son los compuestos de formula
(S)I-A":

{<(0



-18-

(S)-il-A’

donde R', R% R® W y G son como se han deflnido anteriormente para (SHII-A.

5 Otra reallzaclén se refiere a compuestos de formula lll-A-a:
1

=

o

lil-A-a

10 0 auna sal farmacéuticamente aceptable de los mismos, donde:
Q es —CHz-, -CH(R®)- 0 -C(R®)=~;

G es —-NR*R® o a heterocicilo de 3-7 miembros o un anillo heteroarilo que

estd opclonalmente sustituido con 1-2 R';

R' es hidrogeno, halo, un grupo alifitico Cy3, amino, ciano, (alquil C,.
15 3)12amino, alcoxi Cy3, (un grupo alifatico C13)-C{O)-, (un grupo alifatico C1.g)-CO2-

o (un grupo alifatico Cy.3)-C(O)NH-;

R? es hidrégeno, halo, un grupo alifitico Cy.s, alcoxi Cy.3, haloalcox! Cy3 0

haloalquilo Cq.3;

R? es hidrogeno, halo, un grupo alifitico Cy.s, haloalquilo Ci.e, alcoxi Cy.g,

20 hidroxi, amino, ciano o (alquil Cy.e}12amino;
R* es hidrégeno o un grupo alifético Ci.g;

1</
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R® es un grupo alifitico C1.s que esta opclonalmente sustituido con halo, -
OR’, -CN, -SR®, -S(O)R®, -C(O)R, -CO:R’, -N(R")2, -C(O)N(R")2, -N(RT)C(O)R’,
-N(R")CO2R® o -N(R")C(OIN(R")z;

El Anillo A esta sustituldo con 0-4 R®;

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

cada R’ se selecciona independientemente entre hidrdgeno o un grupo
alifético Cy4 o dos R’ sobre el mismo dtomo de nitrdgeno se toman junto con el
nitrdgeno para formar un anllio heteroariio o heterociclilo de 5-8 miembros;

cada R® se selecclona independlentements entre un grupo allfatico Ci.4;

cada R® se selecciona independientemente entre un alifitico C.s;

cada R se selecciona independlentemente entre RY, T-R'"' o V-T-R'';

cada R"' se selecciona Independientemente entre un grupo alffatico Cyg.
halo, -OR’, -CN, -SR®, -S(O}R®, -C(O)R’, -COR’, -N(R")2, -C{O)N(R")
-N(R"YC(O)R’, -N(R")CO2R 0 -N(R")C(O)N(R")z;

T es una cadena aiquileno C14 lineal o ramificada; y

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

Una realizacién se refiere a compuestos de fobrmula lll-A-a en la que:

Q es ~CHz- 0 -CH(R%-~;

G es —-NR'R® o un anllio heterocicllio o heteroarilo de 5-6 miembros que
estd opcionalmente sustiuido con 1-2 R',

R! es hidrégeno, halo, alqullo Cy.3, amino o (alquil C1.2)1.zamino;

R2 es hidrogeno, halo, un grupo alifatico C1.z, alcoxi C12 0 haloalqullo C1.3;

R? es hidrégeno, halo, un grupo alifatico C1.2, alcoxi C1z2 0 haloalquilo Cy.;

R* es hidrégeno o un grupo alifatico C1.g;

R® es un grupo alifitico C1.s que esti opcionalmente sustituido con halo, -
OR’, -CN, -SR?, -S(O)R®, -C(O)R’, -COzR’, -N(R")2, -C(O)N(R)2, -N(R"YC(O)R’,
-N(R")COZR® o -N(R")C(O)N(R")2;

El Anillo A est4 sustituido con 0-2 R%®;

cada R®™ se selecclona Independientemente entre un grupo alifatico Ci.a;
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cada R’ se selecciona Independientemente entre hidrégeno o un grupo
alifitico C14 o dos R” sobre el mismo 4tomo de nitrégeno se toman Junto con el
nitrégeno para formar un anilio heteroarilo o heterociclilo de 56 miembros;

R® @8 un grupo alifatico Ci«;

R? se selecciona independlentemente entre un alifitico Cy.;

cada R'° se selecciona independientemente entre R'!, T-R"! 0 V-T-R'";

cada R'' se selecciona independientemente entre un grupo alifitico Ci.,
halo, -OR’, -CN, -SR®?, -S(O)R® -C(O)R’, -COR’, -N(R")2, -C{O)N(R");,
-N(RNC(O)R?, -N(R"YCO2R’ o -N(R")C(O)N(R')z;

T es una cadena alquileno C4.4 lineal o ramificada; y

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

Otra realizacién se refiere a compuestos de férmula lll-A-a en la que:

Q es —CHz- 0 -CH(R%)-;

G es —NR'R® o un anillo heterociclilc de 56 miembros que tiene 1-2
heterodtomos en el anillo selecclonados entre oxigeno o nitnégeno, que esté
opclonalmente sustituido con 1-2 R';

R’ es hidrégeno, halo, metilo, amino o (alqull C1.2).2amino;

R? es hidrégeno, halo, un grupo alifatico C1.2 o haloalquilo C1.2;

R? es hidrégeno, halo o un grupo allfatico Cy.2;

R* es hidrégeno o un grupo allfatico Cig;

R® es un grupo allfético C1.¢ que esti opcionaimente sustituldo con halo, -
OR’, -CN, -SR?, -S(O)R®, -C(O)R’, -CO2R’, -N(R")2, -C(OIN(R)2, -N(RYC(O)R’,
-N(R")CO3R® 0 -N(R")C(O)N(R")2;

El Anillo A esté sustituido con cero o dos R®;

cada R® se selecclona Independientemente entre un grupo allfatico Ci.3;

cada R se selecciona independientemente entre hidrégeno o un grupo
alifético C14 o dos R’ sobre el mismo &tomo de nitrégeno se toman Junto con el
nitrégenc para formar un anllio heteroariio o heterociclilc de 5-8 mlembros;

R® es un grupo alifitico Cy.g;

13
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R® se selecclona Independientemente entre un alifatico Ci.3;

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

cada R!' se selecciona independlentemente entre un grupo alifdtico Ci.s,
halo, -OR’, -CN, -SR?, -S(OxR®, -C(O)R’, -CO:R’, -N(R’);, -C(ON(R')z,
-N(R")C(O)R?, -N(R"YCOzR 0 -N(R")C(O)N(R")z;

T es una cadena alqulleno C+4 lineal o ramificada; y

V 88 -O-, -N(R"}-, -S-, -S(0O)-, -S(0)z-, -C(O)- 0 -CO7-.

En los compuestos preferidos de formula Ill-A-a, Q es -CHz-; G se
selecciona entre un piperidinilo opcionalmente sustituido, piperazinilo, morfolinilo,
pimolidinlio o -NR*R%; R* es hidrégeno o un grupo alifitico C+.4; y R® es un grupo
alifatico C4.s, heterociclilo de 5-6 miembros o hidroxialquilo C1s. Se prefieren méas
los compuestos en los que G estd no sustituido o sustituido con 1-2 grupos
seleccionados independientemente entre el grupo compuesto por: aiquilo C4.3, HO-
alquilo, alcoxicarbonilo, mono- o dialquilaminocarbonilo, y HOzC-alquilo. Para los
compuestos de férmula lll-A-a en cada una de las realizaciones anteriores, se
prefiere la estereoquimica (S) en la posicién 3 de morfolina.

Otra reallzacién se reflere a compuestos de formula lll-A-aa:

ll-A-aa

0 a una sal farmacéuticamente aceptable de los mismos donde,

e,
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Q es —CHz- 0 -CH(R?)-;

G es -NR'R® o un anillo heterociclio de 3-7 mlembros que est4
opcionalmente sustituido con 1-2 R'%;

R' es hidrégeno, halo, alquilo C1.2, amino o (alqull C1.2)s.2amino;

R? es hidrégeno, halo, un grupo alifitico Cy.2, alcoxl Cy2 0 haloalquilo Cy.2;

R? es hidrégeno, halo, un grupo alifstico Cy.2, alcoxi Ci3 0 haloalquiio Cq.s;

R* es hidrégeno o un grupo alifatico C.;
R® es un grupo alifitico C1.¢ que est4 opclonalmente sustituido con halo, -OR, -
CN, -SR? -S(O}R% -C(OR’, -CO:R’, -N(R™)2, -C(O)N(R")2, -N(R")C(O)R’,
-N(R")CO2R?® 0 -N(R")C{O)N(R")z;

cada R® se selecclona independientemente entre hidrégeno o a alifatico C,.
6. .
cada R’ se selecclona Independientemente entre hidrégeno o un grupo
alifatico C14 0 dos R’ sobre el mismo &tomo de nitrégeno se toman junto con el
nitrégeno para formar un anlllo heteroarilo o heterociclilo de 5-8 miembros;

R® es un grupo alifatico Cy;

R® se selecciona independientemente entre un alifatico C1.3;

cada R se selecciona Independientements entre R", T-R' 0 V-T-R"!;

cada R se selecciona Independientemente entre un grupo alifatico Ci.,
halo, -OR’, -CN, -SR%, -S(O)R® -C(O)R’, -CO:R’, -N(R"), -C(ON(R),
-N(R™)C(O)R’, -N(R"YCO2R” 0 -N(R")C(O)N(R")z;

T es una cadena alquileno C4 lineal o ramificada; y

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

Otra realizacion se refiere a compuestos de férmula lll-A-aa en la que:

Q es CH>-;

G es -NR‘R® o un anillo hetercciclio de 5-8 miembros que esta
opcionalmente sustituldo con 1-2 R%;

R' es hidrégeno, halo o metilo;

Ries hidrégeno, halo, un grupo alifatico C1.2, alcoxi Cy2 0 haloalquilo C,.2;

4y
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R? es hidrégeno;

R* es hidrégeno o un grupo allfstico Cy.g;

R® es un grupo allfdtico C1.5 que est4 opcionalmente sustituido con halo, -
OR’, -CN, -SR®, -S(0):R®, -C(O)R’, -COR’, -N(R")z, -C{OIN(R")2, -N(R7)C(O)R/,
-N(R")COzR® 0 -N(R")C(O)N(R")2;

cada R® se selecciona independientemente entre hidrégeno o a alifatico C.
[ N

cada R7 se selecciona Independientemente entre hidrégeno o un grupo
alifético Cy o dos R’ sobre el mismo &tomo de nitrégeno se toman junto con el
nitrbgeno para formar un anillo heteroarilo o heterociclilo de 5-8 mlembros;

R® es un grupo alifitico Ci.4;

cada R se selecciona independientemente entre R'!, T-R"! 0 V-T-R™:

cada R'! se selecclona independientsmente entre un grupo alifitico Ci.s,
halo, -OR’, -CN, -SR? -S(O):R®, -C(O)R’, -CO:R!, -N(R")2, -C{ON(R")a,
-N(R")C(O)R’, -N(R")COzR” 0 -N(R")C(O)N(R")z;

T es una cadena alquileno C14 lineal o ramificada; y

V 88 —0-, -N(R")-, -S-, -S(0}-, -5(0)2-, -C(O)- 0 -CO~-.

Los compuestos preferidos de |ll-A-aa son compuestos en los que:

Qes —CHx;

G se selecciona entre un piperidinilo opcionalmente sustituido, piperazinilo,
morfolinilo, pirrolidinilo o -NR*R%;

R! es hidrégeno, halo o metilo;

R? es halo;

R? es hidrégeno;

R? es hidrogeno o un grupo alifatico Cy.g;

R® es alcox] C1.g, un grupo alifético C1.¢ 0 hidroxialquilo Cy.g;

cada R® se selecciona independientemente entre hidrégeno o un alifatico
Cis. Preferiblemente, cada R® es hidrégeno o metilo. Para los compuestos de

14§
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formula lll-A-aa de cada una de las realizaciones anteriores, se prefiere la
estereoquimica (S) en la posicion tres del Anilio A morfolina.

Los ejemplos de compuestos especificos de formula | se muestra a
continuacién en las Tablas 3 y 4.

Tabla cos de compuestos de
Cl — —
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A continuacién, la Tabla 4 muestra ejemplos especificos de compuestos de

I1l-A-aa.
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R A 2

R

NH T
R 8b
lll-A-aa

N° R’ R/R™ Q G
64 H CHA/CH, CHz O\
65 H CH3/CH, CH; O“
66 H CH3/CH, CHz (:)H
67 H CHa/CH; CH; HO-CH2CHzN(CH,)-
68 H CH3/CH;3 CH; 4|

69 H CH3/CH; CH. @/\,{'
J H

70 H CHa/CHs CH; H(\_O"“
71 H CHa/CH, CH; HO_@

72 H CHa/CH, CHz EtaN-
73 H CHy/CHa CHz /\
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N° R R®R® Q G
74 H CHa/CH;, CH; H;j/\
Hs
75 H CH3/CH; CH;
el
76 H CH3/CH; CH; e
CCte
77 H CHy/CH; CH; ) O_O_'{
78 H CH4y/CHs CH; 3
N
Ha
79 H CH3/CH, CH. H}fQ_
Hy Ha
80 H CH,/CH; CH; H,: E':*a
81 CHs | CH3/CHs CH; \
Mo
82 H CH3/CH; CH: “°~.2
Mo
83 H CH3/CH; CH; Lr\

]
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N° R R¥/R™ Q G
84 CHj HH CH; @
85 CH, H/H CH, \
Ne
88 H CHs/CH; CH; O_N/'
H
87 CHy |[CHiJCHy [ CH; Q_.
88 CH; CHs/CH, CH, O_
80 F CHa/CHa CH; G
) F CHy/CH, CH; &
91 H CHy/CH; | R-CH(CHs) O
02 H CHy/CHs CHz I“=
Hék\,/'~\.
93 H CHs/CH, CH, i H
H::>I’JL\‘
Hs
94 H CHaJ/CH; CH3 MezN-
85 H CHay/CH; CH, (CH2OXCH;)N-
96 H CHa/CHs CH;
a7 H CHa/CH3 CH;

CONHCH,

| 5
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N° R R™/R® Q

G
98 H CHs/CHjs CHz H?O"{
H

89 H CHy/CH, CHz @O—{
100 H CHa/CHs CHa “E‘_.
Hy

101 H CHy/CH; CH; H:%Fr
Mo

102 H CH,y/CH, CHz

103 H CH,y/CH, CH2

104 " H CHy/CH, CH; D , 'l:
Hsy

105 H CHJCH; [ CH; HQCO?O_.
H
106 H CHy/CH, CH; o{)_.

En base a sus propledades Inhibidoras de IxB quinasa y otras propledades
farmacolégicas, los ejemplos de compuesto nimeros 1-30, 39-62 y 64-106 son
preferidos. Son més preferidos los ejemplos de compuesto nimeros 1, 2, 7, 10,
11, 13, 16, 17, 19-27, 39-62, 64-106.

Los compuestos de la presente Invenclén pueden administrarse a seres
humanos u otros mamiferos por una diversidad de vlas, incluyendo formas de
dosificaciébn oral e inyecclones (Intravenosa, intramuscular, intraperitoneal,
subcutdnea, y similares). Otras numerosas formas de dosificacién que contienen

{59



10

15

20

25

-37-

compuestos de la invencién pueden formularse faclimente por un especialista el la
técnica, utilizando los excipientes (o vehiculos) farmacéuticos apropiados como se
deflne a continuacién.

Los ejemplos de exciplentes (o vehiculos) farmacéuticamente aceptables y
métodos de fabricacién para diversas composiciones pueden encontrarse en A.
Gennaro (ed.), Remington: The Science and Practice of Pharmacy, 20" Edicién,
Lippincott Williams & Wilkins, Baltimore, MD (2000), que se Incorpora en su
totalidad como referencia en este documento. Los excipientes (o vehiculos)
farmacéuticamente aceptables incluyen agentes aromatizantes, colorantes o
pigmentos de calldad farmacéutica, disolventes, co-disolventes, sistemas tampdn,
tensloactivos, conservantes, agentes edulcorantes, agentes de viscosidad, cargas,
lubricantes, emolientes, disgregantes, aglutinantes y resinas.

Pueden usarse agentes aromatizantes convencionales, tales como los
descritos en Remington's Pharmaceutical Sciences, 18* Ed., Mack Publishing Co.,
paginas 1288-1300 (1990), que se incorpora en su fotalidad como referencia en
este documento. Las composiciones farmacéuticas de la invencién generalmente
contienen de aproximadamente un 0 a un 2% de agentes aromatizantes.

También pueden usarse colorantes y/o plgmentos convenclonales, tales
como los descritos en the Handbook of Phammaceutical Excipients, por the
American Phamaceutical Association & the Phammaceutical Soclety of Great
Britain, paginas 81-80 (1886), que se incorpora en su totalidad como referencla en
este documento. Las composiclones farmacéuticas de la invencidén generalmente
contlenen de aproximadamente un 0 a un 2% de colorantes y/o pigmentos.

Las composiciones farmacéuticas de la invencién generaimente contienen
de aproximadamente un 0,1 a un 89,9% de disolvente o disolventes. Un disolvente
preferido es agua. Los co-disolventes preferidos incluyen etanol, glicerina,
propilenglicol, polietlienglicol, y similares. Las composiciones farmacéuticas de la
invencién pueden Incluir de aproximadamente un 0 a un 50% de co-disolventes.
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Los sistemas tampoén preferidos incluyen acido acético, bérico, carbbnico,
fosférico, succinico, maleico, tartarico, cltrico, acético, benzoico, lactico, glicérico,
glucénico, glutarico y glutdmico y sus sales de sodio, potasio y amonlo. Los
tampones particularmente preferidos son acido fosférico, tartérico, cltrico y acético
y sales de los mismos. Las composiciones farmacéuticas de la invencién
generalmente contienen de aproximadamente un 0 a un 5% de un tampén.

Los tensioactivos preferidos incluyen ésteres de é&cidos grasos de
polioxietilensorbitano, monoalqull éteres de polioxietileno, monoésteres de
sacarosa y ésteres y éteres de lanclino, sales alquilsulfato y sales de sodio,
potasio y amonlo de acidos grasos. Las composiciones farmacéuticas de la
invencién generalmente contlenen de aproximadamente un 0 a un 2% de
tensloactivos.

Los conservantes preferidos incluyen fenol, dsteres de alquilo de acido
parahidroxibenzolco, 4cido o-fenilfenol benzoico y sales del mismo, acido bdrico y
sales del mismo, &cldo sérbico y sales del mismo, clorobutanol, alcohol bencllico,
timerosal, acetato y nitrato feniimercirico, nitromersol, cloruro de benzalconlo,
cloruro de cetilpiridinio, metil parabeno y propil parabeno. Los conservantes
particularmente preferidos son las sales de acido benzolco, cloruro de cetilpiridinio,
metil parabeno y propll parabeno. Las composiciones farmacéuticas de la
Invencién generalmente contlenen de aproximadamente un 0 a un 2% de
conservantes.

Los edulcorantes preferidos incluyen sacarosa, glucosa, sacarina, sorbitol,
manitol y aspartamo. Los edulcorantes particularmente preferidos con sacarosa y
sacarina. Las composiciones farmacéuticas de la invenciébn generalmente
contienen de aproximadamente un 0 a un 5% de edulcorantes.

Los agentes de viscosidad preferidos Incluyen metilcelulosa,
carboximetiicelulosa sddica, hidroxipropil-metilcelulosa, hidroxipropiicelulosa,
alginato sddico, carbdmero, povidona, goma ardbiga, goma guar, goma de
xantano y tragacanto. Los agentes de viscosidad particularmente preferidos son
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metilcelulosa, carbébmero, goma de xantano, goma guar, povidona,
carboximetlicelulosa sddica, y silicato de magnesio y aluminio. Las composiciones
farmacéuticas de la invencién generalmente contienen de aproximadamente un 0
a un 5% de agentes de viscosidad.

Las cargas preferidas incluyen lactosa, manitol, sorbitol, fosfato célicico
tribasico, fosfato calcico dibadsico, azicar comprimible, almidén, sulfato célcico,
dextro celulosa y celulosa microcristalina. Las composiciones farmacéuticas de la
Invencién generalmente contienen de aproximadamente un 0 a un 75% de cargas.

Los lubricantes/emolientes preferidos incluyen estearato de magnesio,
4cido estedrico y talco. Las composiciones farmacéuticas de la invencién
generalmente contlenen de aproximadamente un O a un 7%, preferiblemente, de
aproximadamente un 1 a un 5% de lubricantes/emolientes.

Los disgregantes preferidos Incluyen almidén, glicolato sédico de almidén,
crospovidona y croscarmeiosa sddica y celulosa microcristalina. Las
composiciones farmacéuticas de la invencibn generaimente contienen de
aproximadamente un 0 a un 20%, preferiblemente, de aproximadamente un 4 a un
15% de disgregantes.

Los agiutinantes preferidos incluyen goma ardbiga, tragacanto,
hidroxiproplicelulosa, almidén pregelatinizado, gelatina, povidona,
hidroxdproplicelulosa, hidroxipropiimetiicelulosa, metilcelulosa, soluclones de
azicar, tales como sacarosa y sorbitol, y etlicelulosa. Las composiciones
farmacéuticas de la invencién generalmente contienen de aproximadaments un 0
a un 12%, preferiblemente, de aproximadamente un 1 a un 10% de aglutinantes.

Los agentes adiclonales conocidos por un formulador especialista pueden
combinarse con los compuestos de la Invenclén para crear una forma de
dosiflcacién sencllia. Como altemativa, pueden administrarse por separado los
agentes adicionales a un mamifero como parte de una forma de dosificacion
miuitiple.
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Para preparar composiclones farmacéuticas que contienen los compuestos
de la invencldn, los excipientes o vehiculos inertes farmacéuticamente aceptables
pueden ser sélidos o liquidos. Las preparaciones en forma sélida incluyen polvos,
comprimidos, granulos dispersables, capsulas, obleas y supositorios.
Generaimente, los polvos y comprimidos pueden estar compuestos de
aproximadamente un 5 a un 95 por ciento en peso de ingrediente activo. Los
vehiculos sélidos apropiados son conocidos en la técnica, por ejemplo, carbonato
de magnesio, estearato de magnesio, talco, aziicar y lactosa. Los comprimidos,
polvos, obleas y cépsulas pueden usarse como formas de dosificacion sblidas
apropiadas para administracion oral. Los ejemplos de vehiculos
farmacéuticamente aceptableas y métodos de fabricacibn para diversas
composiciones pueden encontrarse en Remington’s Pharmaceutical Sciences, 18°
Ed., Mack Publishing Co. (1990).

Las preparaclones en forma liquida incluyen soluciones, suspenslones y
emulsiones. Las preparaciones en forma liquida habituales incluyen agua y
soluciones de agua-proplienglicol para inyeccién parenteral o adicibn de
eduicorantes y opacificantes para soluclones, suspensiones y emulsiones orales.
Las preparaciones en forma liquida también pueden Inclulr soluciones para
administracién intranasal.

Las preparaciones en aerosol apropladas para Inhalacién Incluyen
soluclones y sdlidos en forma de poivo, que pueden combinarse con un vehiculo
farmacéuticamente aceptable, tal como un gas comprimido inerte (por ejemplo,
nitrégeno).

También se incluyen preparaclones en forma sdlida que pueden
convertirse, poco antes de su uso, en preparaciones en forma liquida para
administracién oral o parenteral. Dichas formas liquidas incluyen soluciones,
suspensiones y emulsiones.

Los compuestos de la Invencién tamblén pueden suministrarse por via
transdémnica. Las composiciones transdémmicas pueden tomar forma de cremas,
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lociones, ae.rosoles y emulsiones y pueden incluirse en un parche transdémico de
un matriz o tipo reserva como es convencional en la técnica para este propésito.

El modo preferido de administracion de los compuestos de la invenclén es
oral. Preferiblemente, la preparacidon farmacéutica estd en una forma de
dosificacidon unitaria. En dicha forma, la preparacién se subdlvide en dosis
unitarlas de tamafio apropiado que contienen cantidades apropiadas del
componente activo, por ejemplo, una cantidad eficaz para conseguir el propdsito
deseado.

La cantidad de Ingrediente (compuesto) activo en una dosis unitarla de
preparacién puede variarse o ajustarse de aproximadamente 0,01 a 4.000 mg,
preferiblemente, de aproximadamente 0,01 a 1.000 mg, més preferiblemente, de
aproximadamente 0,01 a 500 mg, e incluso mas preferiblements, de
aproximadamente 0,01 a 250 mg, de acuerdo con la aplicacién particular. Un
régimen de dosificacién diarla recomendado tipico para administracién oral
habitualmente variara de aproximadamente 0,02 a 2.000 mg/dia, en una a cuatro
dosis divididas. Por comodidad, la dosificacién diarla total puede dividirse y
administrarse en partes durante el dia segin se requiera. Tipicamente, las
composiciones farmacéuticas de la Invencibn se administrardn de
aproximadamente 1 a 5 veces por dla, 0 como altemativa, en forma de Infusién
continua. Dicha administracion puede usarse para terapia crénica o aguda. La
cantldad de ingrediente activo que puede combinarse con materiales exciplentes o
de vehlculo para producir una forma de dosificacion sencilla variara dependiendo
del hospedador tratado y el modo particular de administracién. Una preparacién
tipica habituaimente contendra de aproximadaments un 5 a un 85% de compuesto
activo (p/p). Preferiblemente, dichas preparaciones contendrdn de
aproximadamente un 20 a un 80 % en peso de compuesto activo.

Los exciplentes o vehiculos farmacéuticamente aceptables empleados Junto
con los compuestos de la invencién se usan a una concentracién suficiente para
proporcionar una relaclén tamafio a dosificacidn practica. Los excipientes o
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vehiculos farmacéuticamente aceptables, en total, pueden comprender de
aproximadamente un 0,1 a un 89,9% en peso de las composiciones farmacéuticas
de la invencién, preferiblemente, de aproximadamente un 20 a un 80% en peso.

Después de la mejora de una afecclén de un paclents, puede administrarse
una dosls de mantenimiento de un compuesto, composicién o combinacién de la
invencién, sl es aplicable. Posterlormente, la dosificacibn o frecuencia de
administracién, o ambas, pueden reducirse, en funcién de los sintomas, a un nivel
al que se retenga la afeccién mejorada. Cuando los sintomas se han aliviado al
nivel deseado, debe terminar el tratamlento. Los paclentes pueden, sin embargo,
necesitar fratamiento intermitente en una base de larga duracién tras cualquier
reaparicién de sintomas de enfermedad.

Los regimenes de dosificacién o tratamiento especificos para cualquier
paciente particular pueden variarse y dependerdn de una diversidad de factores,
incluyendo la actividad del compuesto especifico empleado, la edad, peso
corporal, estado de salud general, sexo y dieta del paciente, el tiempo de
administracidn, la velocidad de excrecién, la combinacién de farmaco especifica,
la gravedad y transcurso de los sintomas que se estan tratando, la disposicidn del
paciente a la afeccibn que se estd tratando y el juiclo del médico que estd
tratando. La determinacién del régimen de doslificacién aproplado para una
situacién particular pertenece a la especialidad de la técnica. La cantidad y
frecuencia de la administracién de compuestos de la invenclén o sus sales
farmacéuticamente aceptables pueden regularse de acuerdo con el juicio del
médico que esta atendiendo, en base a los factores mencionados anteriormente.
Como un especialista en la técnica apreciara, pueden necesitarse dosis més bajas
0 mas altas que las mencionadas anteriormente.

Se entiende que los compuestos de la invencién proporcionan tratamiento
eficaz de una diversidad de enfermedades, sintomas y trastomos, particularmente,
aquellos qud son de naturaleza inflamatoria o relaclonada con el slstema inmune,
Incluyendo un iempo razonable de aparicién después de la administracién, y una
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duracién razonable después de la administracién. Aunque los alimentos, dieta,
afecclones pre-existentes, alcohol y otras afecclones sistémicas podrian prolongar
el tiempo de retardo de un fdrmaco de la invencidn para funcionar después de su
administraclén, se entlende que las dosificaciones dptimas daran como resultado
un tratamlento de farmaco eficaz en y durante una cantidad de tlempo razonable.

Los compuestos de la Invencién pueden existir en formas no solvatada asl
como solvatada, incluyendo formas hidratadas. En general, las formas solvatadas,
con disolventes farmacéuticamente aceptables, tales como agua, etanol y
similares, son equivalentes a las formas no solvatadas para propdsitos de esta
Invencién.

Los compuestos de la invencién pueden formar sales farmacéuticamente
aceptables con 4cldos orgdnicos e inorganicos. Los ejemplos de acidos
aproplados para la formacién de sales son dcido clorhidrico, sulfirico, fosférico,
acético, cltrico, malénico, salicilico, mélico, fumdrico, succinico, ascérbico,
malelco, metanosulfénico y otros dcidos minerales y carboxilicos blen conocidos
por los especiallstas en la técnica. Las sales se preparan poniendo en contacto las
formas de base libre con una cantidad suficlente del 4cldo deseado para producir
una sal de un modo convenclonal. Las formas de base libre pueden regenerarse
tratando la sal con una solucién bésica de dilucién acuosa aproplada, tal como
hidréxido sddico, carbonato potésico, bicarbonato aménico o sédico de disolucidén
acuosa. Las formas de base libre pueden diferir algo de sus formas sallnas
respectivas en clertas propiedades fisicas, tales como solubllidad en disolventes
polares, pero las sales son equivalentes de otro modo a sus formas respectivas de
base libre para propésitos de la invencién.

A causa de sus propledades farmacologicas, los compuestos de acuerdo
con la invencién son aproplados para el tratamiento y terapia profilacticos de
enfermedades, trastomos y sintomas que Implican actividad aumentada de kB
kinasa. Estos Incluyen, por ejemplo, inflamacién articular (por ejemplo, artritis
reumnatoide (RA), espondilltls reumatoide, artritis gotosa, artritls traumética, artritis
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por rubéola, artritis psoriadtica, osteoartritis, y otras afecciones artriticas), sinovitis
aguda, tuberculosis, aterosclerosis, degeneracién muscular, caquexia, sindrome
de Reiter, endotoxaemia, sepsis, choque séptico, choque endotdxico, sepsls por
gram negativas, gota, sindrome de choque tdxico, enfermedades Inflamatorias
pulmonares (por ejemplo, asma, sindrome de distrés respiratorio agudo,
enfermedad pulmonar obstructiva crénica, silicosis, sarcoldosis pulmonar, y
similares), enfermedades de resorcidn dsea, lesiones por reperfusién, carcinosis,
leucemlia, sarcomas, tumores de ndédulo linfatico, carcinosis de piel, linfoma,
apoptosis, reaccién de injerto contra hospedador, enfermedad de injerto contra
hospedador (GVHD), rechazo de alolnjerto y lepra.

Ademas, los compuestos de la Invencién pueden usarse en el tratamiento
de enfermedades, sintomas y trastormnos relaclonados con el sistema inmune, por
ejemplo, infecciones, tales como infecciones viricas (por ejemplo, VIH,
citomegalovirus (CMV), gripe, adenovirus, el grupo de virus de Herpes, y
similares), Infecciones parasitarias (por ejemplo, malaria, tal como malaria
cerebral), e infecclones por levaduras y fingicas (por ejlemplo, meningitis flingica).
Ademés, los compuestos de la invenclén pueden ser (tiles para tratar fiebre y
mialgias debidas a infeccién, sindrome de Inmunodeficlencia adquirida (SIDA),
complejo relaclonado con SIDA (ARC), caquexia debida a Infeccién o malignidad,
caquexia debida a SIDA o cancer, formacion de tejido queloide o cicatrizado,
piresis, diabetes, y enfermedades Inflamatorias del Intestino (IBD) (por ejemplo,
enfermedad de Crohn y colitis ulcerativa). Los compuestos de la invenclén también
son (tiles en el tratamiento de enfermedadaes o lesiones del cerebro en las que se
ha implicado la sobre-expresién de TNF-a, tales como esclerosis multiple (MS),
lesién cerebral Isquémica, por ejemplo, infarto cerebral {apoplejla) y traumatismo
craneal. Los compuestos de la invencién tamblén son (tiles en el tratamlento de
psoriasis, enfermedad de Alzhelmer, trastomos carcinomatosos (potenciacién de
terapias cltotéxicas), Infarto cardiaco, enfermedad pulmonar obstructiva crénica
{(COPD) y sindrome de distrés respiratorio agudo (ARDS).

/6%



10

15

20

25

-45-

En una realizacién, los compuestos de esta Invencién son (tiles para tratar
cancer, especlaimente para tratar canceres donde la actividad de IKK es
anormalmente alta. Los tipos de cancer que pueden tratarse incluyen linfoma, tal
como difuso de células B grandes, primario de células B medlastinales, y de
células del manto; mieloma muiitiple; metastasis 6sea osteolitica; cAncer de células
escamosas de la cabeza y el cuello; cancer de prdstata; cancer pancreédtico y
cancer de pulmén mastocistico. En una realizacion, los compuestos son Utiles
para linfoma ABC. Para el tratamiento de céncer, los compuestos pueden usarse
en forma de agente sencillo o en combinacién con otros agentes que se sabe que
son Gtlles para el tratamlento de cancer. Los ejemplos de dichos agentes distintos
incluyen bortezomib; capecitibina; gemcitabina; irinotecano; fludarabina; 5-
fluorouracilo o 5-fluorouracilio/leucovorina; taxanos, Iincluyendo, por ejemplo,
paclitaxel y docetaxel;, agentes de platino, incluyendo, por ejemplo, cisplatino,
carboplatino, y oxalliplatino; antraciclinas, Incluyendo, por ejemplo, doxorrubicina y
doxorrubicina liposomal pegilada; mitoxantrona; dexametasona; vincristina;
etopdsido; prednisona; talidomida; Herceptina; temozolomida; y agentes
alquilantes tales como melfalan, clorambucilo, y ciclofosfamida.

Los compuestos de férmula (lI) son especilalmente utiles para tratar
enfermedades, trastomos y sintomas Inflamatorios y relaclonados con el sistema
inmune, mds especiaimente, las Inflamatorias tales como RA, asma, IBD,
psoriasis, COPD y MS. Se apreclara que los presentes compuestos son (itiles para
tratar enfermedades, trastomos o sintomas relacionados con la actividad de NF-
‘B, TNF-a, y ofras enzimas en vias donde se sabe que IKK modula la actividad.

Los compuestos de esta invencion también son Utiles para tratar una
enfermedad, sintoma o trastomo asociado con el hueso en el que hay un déficit o
deficlencia de hueso — como resultado de formacién de hueso nuevo disminulda o
un aumento en la resorcién ¢ésea o una combinacién de ambos. Los ejemplos
especificos incluyen osteoporosis, enfermedad periodontal, osteomielitis, artritis
reumatolde, pérdida de asepsia en la articulacion y lesiones osteolliticas
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(tipicamente relacionadas con céncer). Se sabe que la artrﬂis reumatolde, que
esta caracterizada por inflamacién de las articulaciones, también esta asociada a
la destruccién del cartllago y el hueso. Ademds, se ha Informado de que un
inhibldor de IKK proporcioné inhibicion de pérdida de cartllago y 6sea en un
modelo murino de artritis Inducida por coldgeno. Véase, Mcintyre et al., Arthritis &
Rheurmnatism (2003), 48(9), 2652-2659.

La osteoporosis es un amplio término aplicado a varlas enfermedades
distintas en las que hay masa ¢sea disminuida. Estas Incluyen osteoporosis
primara (por ejemplo, osteoporosis post-menopausica, osteoporosis senll y
osteoporosis juvenll) y osteoporosis secundara. Los ejemplos de osteoporosis
secundaria serfan aquellos asociados a enfermedades crénicas (por ejempio,
enfermedad renal crénica, insuficiencla hepética, mala absorclén gastrointestinal,
immobilizacién cronica y enfermedades inflamatorias cronicas, inciuyendo artritis
reumatoide, osteoartritis, enfermedad periodontal y pérdida de asepsis de
articulacién prostética), enfermedades relacionadas con disfunclén endocrina (por
elemplo, diabetes, hipertiroldismo, hiperparatiroidismo, bhipogonadismo e
hipopituitarismo), sintomas relacionados con farmacos y sustancias (por ejemplo,
corticosteroides, heparina, anticonwvulsivos, alcohol e Immunosupresores), y
trastomos hematolégicos (por ejemplo, enfermedad metastisica, mieloma,
leucemia, enfermedad de gaucher y anemia). Se ha informado de que Ia Inhibicién
de IkB directamente o la via de NF-kB indirectamente es (til para el tratamlento de
osteoporosis y osteoartritis. Véanse, por ejemplo, las solicitudes PCT N° WO
2003104219, WO 2003103658, WO 2003029242, WO 2003065972, y WO
9865495, Por consligulente, esta invencion también proporciona un método para
tratar o prevenir la pérdida 6sea en un paciente en necesidad del mismo, que
comprende administrar al paclente un compuesto de esta invencién. Tamblén se
proporciona un método para generar formacién ésea en un paclents que
comprende administrar un compuesto de esta Invencion.

169



10

15

20

25

-47-

Otra reallzacién de la invenclén proporciona un método para inhibir la
actlvacién de la expresion de genes dependiente de NF-7B asociada a la inhiblcién
de la actividad catallica de IKK y/o fosforilacion de 178, que comprende
administrar a un paciente en necesidad del mismo una cantidad del compuesto de
acuerdo con la relvindicacién 1 o la sal farmacéuticamente aceptable o solvato del
mismo, 0 una composicidn farmacéutica del mismo, que es eficaz para Inhibir la
actividad catalltica de IKK y/o la fosforilaclén de 178, Inhibiendo de este modo la
activacién de la expresion de genes dependlente de NF-B.

En una realizacién de la Invencién, se proporciona un método para tratar o
prevenir un trastono, sintoma o enfermedad inflamatoria o fisiolégica relacionada
con el sistema Inmune en un paclente en necesidad de dicho tratamiento, que
comprende administrar al paclente una cantidad de al menos un compuesto de
acuerdo con la reivindicacion 1, o la sal farmacéuticaments aceptable o solvato del
mismo, 0 una composicidn farmacéutica del mismo, que es eficaz para tratar o
prevenir el trastomo, sintoma o enfermedad inflamatoria o fislolégica relaclonada
con el sistema Inmune. Preferiblements, la enfermedad, trastomo o sintoma
inflamatorio es artriis reumatoide, asma, psoriasis, artritis psorldtica, enfermedad
pulmonar obstructiva crénica (COPD), enfermedad inflamatoria del intestino o
asclerosis mitiple.

La invencién comprende un compuesto que tiene férmula (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 vehiculo o exciplente farmacéuticamente aceptable, y un método para
usar uno o més compuestos de la invencién para tratar una diversidad de
trastomos, sintomas y enfermedades, particularmente las que son de naturaleza
inflamatoria o relacionada con el slstema Inmune. Los compuestos de la invencién
y sus sales farmacéuticamente aceptables y composiciones neutras pueden
formularse Junto con un excipiente o vehiculo farmacéuticamente aceptable y la
composicién resultante puede administrarse in vivo a mamfferos, tales como

|#0



15

20

-48-

primates, por ejemplo, chimpancés y seres humanos (por elemplo, hombres y
mujeres) y animales (por ejemplo, permos, gatos, vacas, caballos, y similares), para
tratar una diversidad de trastomos, sintomas y enfermedades. Ademas, los
compuestos de la invencion pueden usarse para preparar un medicamento que es
util para tratar una diversidad de trastomos, sintomas y enfermedades.

Aunque se pueden usar uno o mas compuestos de la invencién en una
aplicacidon de monoterapla para tratar un trastomo, enfermedad o sintoma,
también pueden usarse en terapla de combinacién, en la que el uso de un
compuesto de Ila Invencién o composicién (agente terapéutico) se combina con el
uso de uno o méas agentes terapéuticos diferentes para tratar el mismo y/o
diferentes tipos de trastornos, sintomas y enfermedades. La terapla de
combinacién Incluye la administracién de los agentes terapéuticos de manera
concurrente o secuencial. Como alternativa, los agentes terapéuticos pueden
combinarse en una composicién que se administra al paciente.

En una realizaclén, los compuestos de esta Invencidn se usan en
combinacién con ctros agentes terapéuticos, tales como inhibildores de IKK, otros
agentes (tiles en el tratamiento de afecciones asociadas a NF-B y TNF-a, y
agentes (itlles para tratar otros trastornos, sintomas y enfermedades. En particular,
los agentes que Inducen apoptosis, tales como agentes que interrumpen el ciclo
celular o la funcién mitocondrial son (tiles en combinacién con los inhibidores de
IKK de esta invencldon. Los agentes ejemplares para combinacién con los
inhibidores de IKK Incluyen agentes antiproliferativos (por ejemplo, metotrexato) y
los agentes descritos en la Publicaclén de Solicitud de Patente de Estados Unidos
N® US2003/0022898, pagina 14, pamafo [0173-0174], que se incorpora en este
documento en su totalidad. En algunas realizaciones, un compuesto de la
invencién se administra junto con un agente terapéutico seleccionado entre el
grupo compuesto por agentes citotéxicos, radioterapla, e Inmunoterapia. Los
ejemplos no limitantes de agentes citotoxicos apropiados para su uso en
combinacién con los inhibldores de IKK de la Invenclén Incluyen capecitibina;
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gemcitabina; irinotecano; fludarabina; 5-fluorouracilo o 5-fluorouracilo/leucovorina;
{axanos, incluyendo, por ejemplo, paciitaxel y docetaxel, agentes de platino,
Incluyendo, por ejemplo, clsplatino, carboplatino, y oxallplatino; antraciclinas,
incluyendo, por ejemplo, doxorrubicina y doxorubicina liposomal pegilada;
mitoxantrona; dexametasona; vincristina; etopdsido; prednisona; talidomida;
herceptina; temozolomida; y agentes alquilantes tales como melfalén,
clorambucilo, y ciclofosfamida. Se entiende que pueden asumirse otras
combinaclones mientras que permanezcan en el alcance de la invencién.

Otro aspecto méas de esta invencién es proporcionar un kit que comprenda
reciplentes separados en un envase (nico, donde los compuestos farmacéuticos
de la invencién, composiciones y/o sales de los mismos se usan en combinacién
con vehiculos farmacéuticamente aceptables para tratar trastomos, sintomas y
enfermedades donde IkB quinasa juega un papel.

Los compuestos de esta invencidn pueden prepararse por métodos
conocldos por los especialistas en la técnica para compuestos analogos, como se
llustra por los esquemas generales a continuaclén, y como referencia a los
ejemplos preparativos mostrados a continuacion.

Esquema |

Iz

NH,

1a 2a
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El Esquema | anterior muestra una via general para obtener compuestos de
fdrmula 1. Un Anillo A acido carboxilico 1a puede acoplarse con la amino beta-
carbolina deseada 2a para proporcionar |. Muchos intermedios 1a que son (tiles
para preparar compuestos de esta invencién estan faciimente disponibles a partir

5 de materiales de partida y métodos quimicos conocidos, especiaimente en vista de
los ejemplos sintéticos detallados en este documento. Los Esquemas II-IV
describen vias para fabricar diversos Intermedios de p-carbolina 2a.

Esquema [l
10
H2 4 H
———- —— Pt
F N H F N
-1 -2 -3

— ——- r—T—
F N

E N H

H NO»

-4 -5

. f
ey
Me ﬁ Me u

NO, NHy
-8 -7

15

20 Etapas: (a) (i) HCOCO_H (ii} HCI (b) Pd/C (c) NCS (d) NaNO2 (e} NaOMe (f) Pt/H.
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El Esquema Il anterior muestra una via para fabricar un resto beta-carbolina
en el que R es hidrégeno, R? es cloro y R? es alcoxl. Mientras que el esquema es
ejemplifica para que R? sea metox|, se apreclard por un especiallsta en la técnica
que las beta-carbolinas que tienen otros grupos alcoxt R® pueden obtenerse

s reemplazando NaOMe en la etapa (@) por otros alcoxidos sédicos o metélicos.

Esquema ill
CN HSon Hy
———— ——
Boc Boe Boc
i-46 47 I-48
10
Hj
c H d
—_— —
I-49
H3
e Cl
—_—
NH, ;
15 1-51

Etapas: (a) NaHMDS, Mel (b) Hz, Niquel Raney, PtO (c) i. TFA ii. CHOCOzH iii.
HCI (d) Pd/C, xilenos, 160°C (e) i. NCS, HCI 1 N il. NaNO,, TFA lli. Ha, Pt
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El Esquema Il anterfor muestra una via para preparar un Intermedio de
beta-carbolina en el que R es un alquilo tal como metilo, R? es un halo tal como
cloro y R® es hidrdgeno. Un especlalista en la técnica entenderd como puede
modificarse el esquema anterior para obtener un grupo alqullo R! diferente de

5 metilo o un grupo halo R? diferente de cloro.

Esquema IV

——e- I ——ie
-

NH3
1-63
10
— —_—
NH2
I-64 -85
F
C
N
NH;
15 1-66

Etapas: (a) i. LDA, THF, -78C, ii. SnBusCl (b) Pd(PPh3).Cl; al 5%, Cul al 10%,
DMF, reflujo durante una noche (¢) 3 equiv. de NHMDS, THF, ta durante una
noche (d) i. TFA/NaNO;, ii. NaHCO; saturado, ili. PY(S) al 5%, NH,O.CH
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El Esquema IV anterior muestra una via para fabricar un intermedio de
beta-carbolina en el que R' es fitior, R? es cloro y R® es hidrdgenc. Se apreciara
que una sencllla modificacién de este esquema permitird la preparacién de otros
intermedios. Por ejemplo, puede Introducirse otro grupo R? reemplazando la 4
cloro-2-yodoanilina en la etapa (b) con otra 2-yodoanilina que tenga un
sustituyente diferente de cloro en la posicién 4.

Un intermedio particularments (tll para fabricar los compuestos de fdrmula
lli-A-aa es el Intermedio 3a:

R13

RY

Hs 3
3a
en el que R™ es halo, OH, OR™ o un grupo protector de 4cido carboxilico; R* es
un grupo protector de amino, hidrégeno o -W-G como se ha definido
anterlormente; y R'® es un radical orgénico. Los grupos protectores de amino se
conocen bien en la técnica. Los ejemplos de grupos protectores de amino
adecuados incluyen grupos alcoxicarbonilo tales como t-butoxicarbonilo (t-BOC) y
grupos benclio tales como bencilo y para-metoxibencilo. El grupo dcido carboxllico
de la posicién 3 del anillo puede protegerse en forma de cualquier grupo éster
estable tal como un éster simple de aiqullo o arilo tal como un éster de metilo,
etllo, benclio o pentafluorofenilo. En una realizacién, R es -W-G y R'® es —OH,
halo o un grupo protector de &cido carboxllico. Se describen con detalle diversos
grupos protectores en Protecting Groups in Organic Synthesis, Theodora W.
Greene y Paeter G. M. Wuts, 3* edicién, 1999, publicado por John Wiley y Sons.
Un enantidmero preferido del intermedio 3a es (S)-3a:
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N

Hy 3
(S)-3a
donde R" y R son como se han descrito anteriorments.

El Intermedio 3a o (S)-3a, como el acido carboxllico o una forma aclivada
del mismo (tal como el cloruro de acldo), puede acoplarse con una amino-beta-
carbolina aproplada como se ha Indicado en el Esquema | anterlor. Cuando R" es
un grupo protector de amino, ia reaccién de acoplamiento de amida proporciona

otros intermedios Utiles, mostrados a continuacidn como compuestos de férmula
v:

R1
R n—
R
H H
R
H Ha
v

donde R** es un grupo protector de amino y R', R? y R? son como se han descrito
anteriormente. Se apreciard por un especialista en la técnica que clertos
compuestos de férmula lll-A-aa (en la que cada R® es metilo) pueden prepararse
a partir de compuestos de férmula IV retirando el grupo protector de R™ y después
unieﬁdo la porcibn —W-G usando métodos conocidos. Como altemativa, los

[
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compuestos de férmula llI-A-aa pueden prepararse construyendo primero el
intermedio 3a en el que R es -W-G y R" es un 4cido carboxilico o un derivado
del mismo. Después, la reacclén de acoplamiento de amida con una amino-beta-
carbolina apropiada proporciona directamente los compuestos de férmula (ll-A-aa.

Esquema V
H Hy Hz2
Bn _a_-. " --—b--—h-
P{\H’ n

116
|
" d
Cc
H » H
F%j\!;lﬂn Bn
10 pnjl p»)l o
117 18
H.
H
H
H O
19

15
Etapas: (a) K2CO3, Kl, 3-Bromo-2-metil-propeno, MeCN (b) Iz, NaHCO3, MeCN (c)
BusSnH, AIBN, tolueno, 110°C (d) Hz, Pd(OH), al 20%/C, AcOH al 10%/MeOH

El Esquema V anterior muestra una via para fabricar intermedios de férmula
20 3Ja, incluyendo el I-19 desprotegido. La protecclén y desproteccion selectivas de
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los grupos amino y écido carboxllico de i1-19 para proporcionar diversos
Intermedios 3a estara dentro del conocimiento de un especiallsta en la técnica.

Otro intermedio Gtil para fabricar compuestos de férmula lll-A-aa es un
compuesto de férmula V, preferiblemente (S)-V:

donde R" es halo otro grupo sallente, OH, OR'® o un grupo protector de &cido
carboxflico, R"® es un radical orgénico tal como un aliftico C., arllo o bencllo, el
Anllio A tiene 0-2 o0 04 R®, y R', R2 R?, y R® son como se han definido
anteriormente.

Otfro Intermedlo Gtil para fabricar compuestos de esta invenclén es Vi,
preferiblemente (S)-VI:

donde uno de R*™ y R es OH o un grupo saliente tal como halo y el otro es OR"
0 un grupo protector de &cido carboxllico, R es un radical organico tal como un
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alifitico Ci.¢, arilo o bencllo, el Anllio A tlene 0-2, y R® es como se ha definido
anteriormente.

Elemplos de sintesis

En los métodos de preparacién se usan las sigulentes abreviaturas se usan:
TA o ta es temperatura amblente; h, h 0 h @s hora u horas; min es minutos; TFA es
acido trifluoroacético, DMSO es dimetilsulféxido; NCS es N-clorosuccinimida;
EDCI es clorhidrato de 1-(3-dimetilaminopropil)-3-etilcarbodiimida; EtOAc es
acetato de etllo; DIEA es dlisopropiletilamina; DCM es diclorometano; DDQ es
dicloro diciano benzoquinona; mCPBA es acido meta-cloroperbenzolco; MeOH es
metanol; EtOH es etanol; MeCN es acetonitrilo; TLC es cromatografia de capa
fina; AIBN es azobisisobutironitrilo; NH,OAc es acetato aménico; NaOAc es
acetato sbdico; Et:0 es éter dietllico; AcOH es acido acético; y DMF es
dimetiiformamida. TBTU es tetrafluoroborato de N,N,N'N'-tetrametil-o-
(benzotriazol-1-il)uranio.

INTERMEDIO 1:  écido 7-fluoro-2,3,4,9-letrahidro-1H-8-carbolina-1-carboxlilico

A 10 g (46,6 mmol) de clorhidrato de B-fluorotriptamina disponible en el
mercado se le afiadleron 50 mi de tampdn acetato 1 M (pH 4,4) para dar una
suspension que se agité a temperatura ambiente (TA). Después, a la suspensién
agitada se le anadid en una porcibn una suspensién de acido glloxllico
monohidrato {1,1 equiv., 51,28 mmol, 4,72 g) en acstato de etllo. La suspension se
agité durante una noche (18 h) a TA y el sélido precipitado se recogié por filtracidén
y 86 lavé con H20 y acetato de etllo. Después, la muestra se secd al vaclo para
dar un sélido amarillo claro con rendimiento cuantitativo.

H RMN (300 MHz, acido acético-ds): d 3,04 (m, 2H), 3,56 (m, 1H), 3,83 (m,
1H), 8,80 (m, 1H), 7,13 (dd, 1H), 7,34 (dd, 1H).

Tiempo de retencién (LC, método: patrén de acetato aménico): 1,17 min.

MS (M+H*): 235,0.
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INTERMEDIO 2:  7-fluoro-2,3,4,9-tetrahidro-1H-B-carbolina

Se suspendié écldo 7-fluoro-2,3,4,9-tetrahidro-1H-B-carbolina-1-carboxilico
(5 g, 21,36 mmol) en 130 mi de HCI 3 N en un matraz de fondo redondo de 500 mi
y se calentd a reflujo durante una noche (16 h) con agitaclén. Después de la
refrigeracion, precipitd un sélido pardo claro, que se recogié por filtraclén y se lavd
con H;O. Después, la sal obtenida por filtracién anterior se disolvi6 en metanol
callente (200 ml) y se traté con K2CO3; 3 M (5-10 ml) de tal forma que el pH es de
aproximadamente 9, a esta mezcla se le afiadieron 100 ml de H,0 y que después
se dejo en agitacién a TA. El metanol se evapord en un evaporador rotatorio para
dar una suspension blanca acuosa de la base libre deseada, que se recogié por
filtracién (3,2 g, rendimiento de 79%).

'H RMN (300 MHz, metanol-ds): d 2,73 (t, 2H), 3,11 (t, 2H), 3,94 (s, 2H),
8,73 (m, 1H), 6,84 (m, 1H), 7,30 (dd, 1H).

Tlempo de retencion (LC, método: patrdn de acetato aménico): 1,25 min.

MS (M+H"): 191,1.

INTERMEDIO 3:  7-luoro-9H-8-carbolina

Se suspendié 7-fluoro-2,3,4,9-tetrahidro-1H-B-carbolina (3,5 g, 18,42 mmol)
en xilenos (60 mi) en un matraz de fondo redondo de 250 ml equipado con un
condensador que se abrié a la atmdsfera y se calentd. A esta mezcla de reaccién
callente se le afiadié Pd/C (al 10% en peso, 0,2 equiv., 700 mg) y la mezcla se
calentd a reflujo en xllenos durante una noche (12-14 horas). Después, la solucién
se filtré a través de una capa de celite y después el filtrado recogido se evaporS en
un evaporador rotatorio para dar el producto deseado en forma de un sdlido
pardo/castafio (3,0 g, rendimiento de 88%).

H RMN (300 MHz, DMSO-de): d 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).

Tiempo de retenclién (LC, método: patrdn de acetato amdnico): 1,88 min.
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MS (M+H'): 187,1.

INTERMEDIO 4:  6-cloro-7-fluoro-SH-B-carbolina

Se suspendié 7-fluoro-9H-{}~carbolina (2,15 g, 11,58 mmol) en 100 mi de
HCI 1 N. A esta mezcla se le afiadi6 NCS (1,85 g, 13,89 mmol, 1,2 equiv.) v la
mezcla resultante se agitd a TA durante una noche. Después, la mezcla de
reacclén se filtré para dar un sélido amarillo claro (2,1 g, rendimiento de 83%).

'H RMN (300 MHz, DMSO-de): d 7,86 (d, 1H), 8,84 (d, 1H), 8,79 (d, 1H),
8,91 (d, 1H), 9,33 (s, 1H), 13,05 (s, 1H).

Tiempo de retencion {(LC, método: patrén de acetato aménico): 2,19 min.

MS (M+H"): 221,1.

INTERMEDIO 6:  6-cloro-7-fluoro-8-nitro-9H-B-carbolina

Se recogié 8-cloro-7-flucro-9H-B-carbolina (2,1 g, 9,54 mmol) en un matraz
de fondo redondo (250 ml) y se afiadid NaNQOj (1,138 g, 13,38 mmol, 1.4 equiv.).
Después, al matraz se le afiadié TFA (48 ml) y la mezcla resultante se calentd a
reflujo durante una noche. Después, el TFA se retira en un evaporador rotatorio.
La suspensién resultante se suspende en agua (50 ml) y se sonica
minuclosamente. Después, la suspensién resultante se filtra para dar un sélido
amarillo (2,0 g, rendimiento de 80%).

'H RMN (300 MHz, DMSO-ds): d 8,21 (d, 1H), 8,48 (d, 1H), 8,04 (m, 2H),
12,55 (s, 1H).

Tiempo de retencién (LC, método: patrdn de acetato aménico): 2,24 min.

MS (M+H"): 266,2.

INTERMEDIO 6:  6-cloro-7-metoxi-8-nitro-9H-B8-carbolina

Se afiadié metanol (0,462 mi, 11,4 mmol) a una suspensidn en agitacién de
NaH (684 mg, 17,1 mmol) en DMF (10 ml) en una atmésfera de argén. La solucién
resultante se dej6é en agitacién a TA durante 20 min. A la solucién en agltacién se
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le afiadié 6-cloro-7-fluoro-8-nitro-9H-R-carbolina (500 mg, 1,9 mmol) y la mezcla
resultante se dej6 en agitacién a TA. Después de la adicién de HO, precipité un
sblido pardo que se filtr6 para dar la 6-cloro-7-metoxi-8-nitro-9H-B-carbolina
deseada (510 mg, rendimiento de 97%).

H RMN (300 MHz, DMSO-de): d 4,02 (s, 3H), 8,52 (d, 1H), 8,60 (d, 1H),
9,05 (s, 1H), 9,12 (s, 1H), 12,78 (a, 1H).

Tiempo de retencién (LC, método: patrén de acetato amoénico): 2,28 min.

MS (M+H"): 278.

INTERMEDIO 7:  6-cloro-7-metoxi-9H-8-carbolina-8-llamina

Se suspendi6 6—clom—7-metoxi—8-nitm-9l-l—l&-carboiina (510 mg, 1,84 mmol)
en 50 ml de metanol y se aiiadieron 100 mg de Pd/C (al 10%). El matraz se equipé
con un globo de hidrégeno y la mezcla de reaccién se agité durante una noche a
TA. Despuéds de la filtracidén a través de una capa de celite y la evaporacién del
metanol, se obtuvo un sélido pardo oscuro. Este residuo se suspendié en metanol
(15 ml) y se afiadié, con agitacion vigorosa, a una solucidn de NaHCO; saturado
(100 ml). El sélido pardo claro que precipitd se recoglé por filtraclén y se secd
minuclosaments al vaclo para dar el producto deseado (512 mg, rendimiento
cuantitativo).

'H RMN (300 MHz, metanol-d,): d 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: patron de acetato aménico): 1,12 min.

MS (M+H"): 248.

INTERMEDIO 8:  6-cloro-9H-B-carbolina-8-ilamina

El compuesto diana se prepard de acuerdo con los procedimientos
indicados para el Intermedio 1 al Intermedio 7 donde el material de partida para el
Iintermedio 1 fue triptamina no sustituida. Una sintesis altemativa para 8-cloro-9H-
O-carbolina-8-ilamina se describe en la pagina 34, ejemplo 15 de la Publicacién de
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Solicitud PCT N° WO 01/68648 A1, que se incorpora en este documento en su
totalldad.

METODO A: PROCEDIMIENTO DE ACOPLAMIENTO PARA B-CARBOLINAS
6,7,8-SUSTITUIDAS

Se recogieron 8H-R-carbolina 6,7,8-sustitulda (1 mmol), EDCI (1,6 mmol) y
el acldo carboxllico apropiado (1,2 mmol) en un matraz de fondo redondo y se
suspendlieron en piridina (5 ml). La mezcla resultante se calenté a 80°C durante
una noche. Después, la piridina se retird por evaporacién rotatoria y se afiadlé una
solucién al 5% de Na:CO;. El sblido resultante que precipitdé se recogié por
fittracién. La purtficacién cromatografica dio el producto deseado.

METODO B: PROCEDIMIENTO DE ACOPLAMIENTO PARA pB-CARBOLINAS
6,8-SUSTITUIDAS

Se recogleron 9H-B-carbolina 6,8-sustitulda (1,0 mmol), EDCI (1,6 mmol) y
el &cido carboxlilico (1,2 mmol) para acoplarse en un matraz de fondo redondo y se
suspendieron en piridina (5 ml). La mezcla resultante se agité durante una noche.
Después, la piridina se retird por evaporacién rotatoria y se afladié una solucién al
5% de NaCOs;. El sdlido resultante que preclpité se recoglé por filtracién. La
purificacién cromatogréafica dio el producto deseado.

EJEMPLO 1: N{6-cloro-7-metoxi-9H In-8-il il-nicotinamida

Se recogieron 6-cloro-7-metoxi-8H-B-carbolin-8-lamina (100 mg, 0,4 mmol),
EDCI (125 mg, 0,64 mmol) y dcido 2-metl-nicotinico (66 mg, 0,48 mmol) en un
matraz de fondo redondo y se suspendieron en piridina (2 ml). La mezcla
resultante se calentd a 80°C durante una noche. Despuds, la piridina se retiré por
evaporacién rotatorla y se afiadié una solucién al 5% de Na;COs;. El sélido
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resultante que precipitd se recogld por filtracién. La purificacién cromatogréafica dio
el producto deseado con un rendimiento de 50-70%.

'H RMN (300 MHz, DMSO-de): d 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), 8,81 (d, 1H), 8,92 (s, 1H),
10,33 (s, 1H), 11,57 (s, 1H).

Tiempo de retencién (LC, método: patrdn de acetato aménico): 1,77 min.

MS (M+H"): 367,1.

El compuesto deseado se prepard de acuerdo con el Méiodo A a partir de
8-cloro-7-metoxi-9H-beta-carbolin-8-ilamina y acido 4-metil-5-pirimidin-carboxflico
con un rendimiento de 80%.

'H RMN (300 MHz, DMSO-dg): d'2,75 (s, 3H), 3,92 (s, 3H), 8,19 (d, 1H),
8,41 (d, 1H), 8,50 (s, 1H), 8,96 (s, 1H), 9,20 (s, 1H), 9,26 (s, 1H), 10,63 (s, 1H),
11,67 (s, 1H).

Tiempo de retenclén {LC, método: patrén de acldo férmico): 0,95 min.

MS (M+H"): 368.

INTERMEDIO 9:  8-cloro-7-etoxi-8-nitro-9H-8-carbolina

Se afiadid etdxido sédlico (232 mg, 3.4 ﬁ1mo|) a una solucién de 8-cloro-7-
fluoro-8-nitro-9H-R-carbolina (200 mg, 0,76 mmol) en DMSO (4 ml) y la mezcia de
reaccién se dejé en agitacién durante una noche. La mezcla de reaccion se diluyd
con agua y el pH de la solucién se ajustd 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 purificé por
cromatografia ultramrdpida para dar el producto deseado con un rendimiento de 40-
60%.
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'H RMN (300 MHz, DMSO-de): d 1,44 (t, 3H), 4,24 (c, 2H), 8,21 (d, 1H),
8,46 (d, 1H), 8,91 (s, 1H), 9,02 (s, 1H).

Tiempo de retencién (LC, método: patron de acetato aménico): 2,37 min.

MS (M+H'): 291,9.

INTERMEDIO 10: 6-cloro-7-etoxi-9H-8-carbolin-8-llamina

Se suspend|é 6-cloro-7-etoxi-8-nitro-9H-R-carbolina (160 mg, 0,55 mmol) en
4 ml de metanol y se afiadieron 25 mg de Pd/C (10%). El matraz se equipé con un
globo de hidrogeno y la mezcla de reaccién se agité durante una noche a TA.
Después de la filiracin a través de una capa de celite y la evaporacién del
metanol, se obtuvo un sdlido pardo oscuro y se determiné que era la 6-cloro-7-
clcloproplimetoxi-8H-B-carbolin-8-ilamina deseada (80 mg, 55%).

'H RMN (300 MHz, Metanokd/CDCla): d 1,26 (t, 3H), 3,91 (c. 2H), 7.34 (s,
1H), 7,71 (d, 1H), 8,02 (s, 1H), 8,56 (s, 1H).

Tlempo de retencién (LC, método: patrén de acido férmico): 1,16 min.

MS (M+H'): 262,0.

6-cloro-7-etoxi-gH-B-carbolin-8-lamina y &cido 2-metlinicotinico con un
rendimiento de 40%.

'H RMN (300 MHz, MeOH-d,): d 1,39 (t, 3H), 2,76 (s, 3H), 4,14 (c, 2H), 7,43
(dd, 1H), 8,05 (d, 1H), 8,26 (m, 3H), 8,55 (d, 1H), 8,79 (s, 1H).

Tiempo de retencién (LC, método: patrén de acetato aménico): 1,98 min.

MS (M+H"): 381,3.

INTERMEDIO 11: 6-cloro-7-{N,N)-dimetilamino-8-nitro-9H-8-carbolina
Se anadié clorhidrato de N,N-dimetilamina (278 mg, 3,4 mmol)} a una
soluclén en agitacién de 6-cloro-7-fluoro-8-nitro-9H-R-carbolina (300 mg, 1,13
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mmol) en DMSO (8 ml) en una atmdsfera de argén. Esto se siguié de la adiclon de
DIEA (0,83 mi, 4,65 mmol) y la mezcla de reaccién se calenté a 80°C durante una
noche. Después de dejar enfrlar la mezcla de reaccién a TA, se afiadié agua y
precipité un sélido naranja oscuro. El sélido se filtrd, se lavd con agua y se secd
para dar el producto deseado (230 mg, rendimiento de 70%).

H RMN (300 MHz, DMSO-dg): d 4,08 (s, 6H), 7,23 (d, 1H), 7,53 (d, 1H),
7.66 (s, 1H), 8,05 (s, 1H). '

Tiempo de retencién (LC, método: patrén de acetato aménico): 2,41 min.

MS (M+H"): 280,9.

INTERMEDIO 12: 6-cloro-7-{N,N)-dimetilamino-9H-B-carbolina-8-ilamina

Se suspendld 8-cloro-7<{N,N)-dimetilamino-8-nitro-9H-R-carbolina (828 mg,
2,86 mmol) en 30 ml de metanol y se afiadieron 166 mg de Pd/C (10%). El matraz
s6 equipd con un globo de hidrdgeno y la mezcla de reacciéon se agitd durante una
noche a temperatura amblente. Después de la filtracidon a través de una capa de
celite y la evaporaclén del metanol, se obtuvo un sélido pardo oscuro y se
determind que era la 8-cloro-7<{N,N)-dimetilamino-9H-B-carbolina-8-ilamina
deseada (500 mg, rendimiento de 87%).

H RMN (300 MHz, DMSO-de): d 2,80 (s, 6H), 5,42 (s, 2H), 7,45 (s, 1H),
7,95 (d, 1H), 8,23 (d, 1H), 8,88 (d, 1H).

Tiempo de retenclén (LC, método: patrdn de acetato aménico): 2,32 min.

MS (M+H"): 261,1.

EJEMPLO 4: N{6-cloro-7-7 imetilamino-8H-R-carbolin-8-i1)-2-metil-
icotinamid
El compuesto deseado se prepard de acuerdo con el Método A a partir de
6-cloro-7-(N,N)-dimetllamino-9H-B-carbolina-8-ilamina y acldo 2-metilnicotinico con
un rendimiento de 40-60%.
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'H RMN (300 MHz, Metanol-d4/CDCly): d 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).

Tiempo de retencién (LC, método: patrén de acetato ambnico): 2,28 min.

MS (M+H"): 380,3.

INTERMEDIO 13: 6-cloro-7-{4-metil-piperazin-1-if)-8-nitro-9H-B-carbolina

A una solucién en DMSO (4 mil) de 200 mg (0,755 mmol) de 8-cloro-7-
fluoro-8-nitro-8H-B~carbolina se le afadleron 1-metilpiperazina (226 mg, 2,28
mmol) y DIEA (400 mg, 3,09 mmol) mediante una jeringa. La reacclén se dej6é en
agitacién a TA durante una noche. Después de la adicién de agua, preciplté un
sélido naranja. El sdlido se filird, se lavd y se secd para dar 236 mg (rendlmiento
de 91%) de la 8-cloro-7<(4-metll-piperazin-1-il}-8-nitro-9H-R~carbolina deseada.

'"H RMN (300 MHz, DMSO-dg): d 2,24 (s, 3H), 2,48 (m, 4H), 3,13 (m, 4H),
8,13 (d, 1H), 8,40 (d, 1H), 8,73 (s, 1H), 8,04 (s, 1H), 12,05 (s, 1H).

Tiempo de retencién (LC, método: patrdn de acetato aménico): 1,72 min.

MS (M+H"): 346.

INTERMEDIO 14: &-cloro-7-{4-melil-piperazin-1-i)-8-amino-9H-8-carbolina

Se suspendieron 238 mg de 6-cloro-7-{4-metil-piperazin-1-l)-8-nitro-0H-3-
carbolina en 100 ml de metanol y se afiadié Pd al 10%/C (48 mg) en atmdsfera de
argén. El matraz se lavé abundantemente con hidrégeno (3 x) y la mezcla de
reaccién se agitéd en una atmésfera de hidrégeno a TA durante una noche. La
mezcla de re'aoclén se filtr6 y el Pd/C se retird usando una capa de celite. La
mezcla de reaccion se evapord para retirar el disolvente y se purificé por
cromatografia ultramrdplida para dar 118 mg (rendimlento de 55%) de la 8-cloro-7-
(4-metil-piperazin-1-il}-8-amino-9H-0O-carbolina deseada.

H RMN (300 MHz, metanokdy): d 2,39 (s, 3H), 2,48 (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 retencién (L.C, método: acetato amdnico polar): 1,32 min.
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MS (M+H*): 3186.

EJEMPLO 5: ro-7{4-m in-1- -R-carbolin-8-1}-
npicotinamida

El compuesto deseado se prepard de acuerdo con el Méfodo A a partir de
8-cloro-7-(4-metil-plperazin-1-il}-8-amino-8H-&-carbolina y dcido 2-cloro-nicotinico
con un rendimiento de 25%.

H RMN (300 MHz, DMSO-dg): d 2,21 (s, 3H), 2,33 (m, 2H), 2,54(m, 2H),
3,24 (m, 4H), 7,73 (dd, 1H), 8,12 (d, 1H), 8,35 (d, 1H), 8,37 (s, 1H), 8,48 (dd, 1H),
8,61 (dd, 1H), 8,91 (s, 1H), 10,40 (s, 1H), 11,33 (8, 1H).

Tiempo de retencién (LC, método: patrén de acetato aménico): 1,46 min.

MS (M+H"): 455.

INTERMEDIO 15: Resolucién de écido rac-terébico

Se disolvid acldo terébico en una mezcla 10:1 de EtOAc-MeOH [10 g de
acido terébico (17,7 g de sal) en 550 ml] y se calenté a 50-55°C, seguido de la
adiclén de (S)-)-a-metil-bencllamina. La mezcla de reaccién se agitd durante 2
minutos y después se dejd a TA durante 15 minutos. Después, la mezcla de
reaccién se sembrd con sal enﬂqu.ecida (preparada a menor escala usando 3
ciclos de recristalizacién), se sonicd durante 10-15 segundos y se dejé a TA
durante una noche. El sélido se retind por filtracién, se lavé con EtOAc y se secd al
vaclo. La recristallzacién se realizd en la misma mezcla disolvente re-disolviendo
la sal (24 mg/ml). Después, esta mezcla se calenté a suave reflujo durante un
corto periodo de tiempo (quedaron algunos cristales en suspensidn). La mezcla se
dej6 a TA durante una noche. El sdlido se procesd como se ha descrito
anteriormente.

El exceso enantiomérico se determind de manera bruta usando RMN de
protones de la amlda comespondlente obtenida del acoplamiento de TBTU.
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Regeneracién de écldo (R)-(+)-terébico: La sal se disolvié en agua (320 mg/
ml), se- calenté a 65°C y se afiadieron 1,2 equivalentes de HCl acuoso 6 M.
Después, la mezcla de reaccién se dejd a 4°C durante una noche. El sélido se
retind por filtracion, se lavd con pequeiias porciones de agua fria y se secé a alto
vaclio (rendimiento de 25-30%).

'H RMN (300 MHz, DMSO-dg): d 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: patrén de acetato aménico): 0,33 min.

MS (M+H™): 159,0.

EJEMPLO 6: (6-cloro-9H-f-carbolin-8-ll}amida del dcido 2.2-dimeti-3-0xo-
tetrahldro-furan-3-carboxilico

El compuesto deseado se prepand de acuerdo con el Méfodo B a partir de
8-cloro-9H-R-carbolina-8-ilamina y é4cido (R)-terébico (Intermedio 15) con un
rendimlento de 80-80%.

'H RMN (300 MHz, DMSO-dg): d 1,44 (s, 3H), 1,59 (s, 3H), 2,91 (dd. 1H),
3,08 (dd, 1H), 3,38 (dd, 1H), 7,85 (m, 1H), 8,17 (d, 1H), 8,25 (d, 1H), 8,39 {(d, 1H),
9,05 (s, 1H), 10,26 (s, 1H), 11,72 (s, 1H).

Tiempo de retencién (LC, método: patrén de acetato aménico): 1,22 min.

MS (M+H"): 358,3.

EJEMP ; ro-9H-8-ca il}-amida jdo 1.2 2-trimeti
irrolidina-3-carboxjli

El compuesto deseado se prepand de acuerdo con el Méfodo B a partir de
6-cloro-9H--carbolina-8-llamina y &cido 1,2,2-trimetil-5-oxo-pimolidina-3-
carboxilico con un rendimiento de 68%.

'H RMN (DMSO-d6, 300 MHz) d 1,23 (s, 3H), 1,45 (s, 3H), 2,59 (dd,
1H),2,66(s, 3H), 2,70 (dd, 1H), 3,17 (t, 1H), 7,81 (m, 1H), 8,18 (d, 1H), 8,24 (d,
1H), 8,40 (d, 1H), 8,07 (s, 1H), 10,18 (s, 1H), 11,32 (s, 1H).
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Tiempo de retencién (LC, método: patrdn de acetato aménico): 1,17 min.
MS (M+H'): 371,3.

INTERMEDIO 16: éster bencllico de N-bencil-serina

A una mezcla de éster bencllico de L-serina-HCI (2,3 g), benzaldehido (1,05
equiv.) y acetato sddico (1 equiv.) en metanol se le afiadié cianoborohidruro sddico
(1.0 equiv.). La mezcla resultante se agité a temperatura amblente durante 15h y
después se repartid entre éter y bicarbonato sddico acuoso saturado. La fase
orgénica separada se extrajo con HCl 1 M (3 x). Los extractos acuosos
combinados se lavaron con éter, se basificaron con K;CO; acuoso 45 M y se
extrajeron con éter. Los extractos organicos comblnados se lavaron con salmuera,
s& secaron sobre sulfato sddico y se concantraron a sequedad para dar 2,32 g del
compuesto deseado (sblido ceroso, rendimiento de 81%).

TH RMN (300 MHz, CDCls): d 3,48 (dd, 1H), 3,84 (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"): 288.

INTERMEDIO 17: éster bencliico del dcido 4-bencil-8-yodometil-6-meti-morfolin-
3-carboxfiico

A una solucién de éster bencilico de N-bencli-serina {Infermedio 16, 6,35 g)
en 90 ml de MeCN a temperatura ambiente se le afiadleron 3-bromo-2-metil-
propeno (5,6 ml), KI (740 mg) y K:COs (7,7 g). La mezcla de reaccién se agit a
temperatura ambiente durante 72 h. Se afiadié 1 m| de 3-bromo-2-metil-propeno y
la mezcla de reaccién se agité durante 15 h mas. Sélo quedé una pequeila
cantidad de material de partida basdndose en la TLC (1:1; EtOAc-hexano). A la
mezcla resultante se le afiadieron 11,2 g de yodo. Después de 4 h de agitacién, la
TLC (EtOAc al 10%/hexanc) mostrd la completa conversién. La mezcla de
reacclén se repartié en éter (300 ml) y NazS203 0,5 M (100 ml). La fase organica
separada se lavd sucesivamente con agua, NaHCOs saturado y salmuera, se sacd
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sobre MgSO, y se concentré a sequedad. El residuo se purificé sobre sllice
(EtOAc al 5%/Hexano) para dar 6,65 g (acelte amariliento, rendimiento de 64%,
mezcla aproximadamente 4:1) del compuesto éster bencllico del 4cido 4-bencil-8-
yodometil-6-metil-morfolin-3-carboxilico. Componente principal: 'H RMN (300
MHz, CDCl3): d 1,22 (s, 3H), 2,50 (d, 1H), 3,16-3,36 (m, 3H), 3,75-3,95 (m, 4H),
4,06 (dd, 1H), 5,16 (d, 1H), 5,21 (d, 1H), 7.28-7,38 (m, 10H).

MS (M+H*): 468.

INTERMEDIO 18: éster bencllico del &cido 4-bencil-8,6-dimetil-morfolin-3-
carbox/iico

A una solucién de éster bencllico del dcido 4-bencil-6-yodometil-8-metil-
morfolin-3-carboxflico (/ntermedio 17, 1,23 g) e hidruro de tributilestafio (1,8 ml, 2,5
equiv.) en 11 mi de tolueno a suave reflujo se le afiadié durante 1,5 h una solucién
de AIBN en tolueno (25 mg/1 ml). La mezcla se dejd enfriar y se concentré a
sequedad. El residuo se repartié en HCl 1 M al 15% en acetonltrilo y hexano. La
fase de hexano separada se extrajo dos vaeces con la solucién de acetonitrilo. Las
soluciones de acetonitriio combinadas se lavaron dos veces con hexano y se
concentraron. El residuo se repartié en éter y K2COa 1 M. La fase de éter separada
se lavd suceslvamente con Na;S203 0,4 M y saimuera, se secd sobre MgSO, y se
concentrd. El residuo se purlficé sobre sllice (EtOAc al 7,5%/Mexano) para dar 760
mg (acelte, rendimiento de 85%) del compuesto éster bencilico del aclido 4-bencil-
6,8-dimetil-morfolin-3-carboxflico.

'H RMN (300 MHz, CDCh): d 1,21 (s, 3H), 1,24 (s, 3H), 2,12 (d, 1H), 2,84
(d, 1H), 3,20 (t, 1H), 3,58 (d, 1H), 3,95-4,05 (m, 2H), 5,15 (d, 1H), 5,21 (d, 1H),
7,28-7,36 (m, 10H).

MS (M+H*): 340.

INTERMEDIO 19: A4cido 8,6-dimetil-morfolin-3-carboxliico
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A una soluclén de éster benclilco del acldo 4-bencil-8,6-dimetil-morfolin-3-
carboxlilico (Intermedio 18, 1,25 g) en 40 ml de AcOH al 10%/MeOH (en atmdsfera
de nitrbgeno) se le afadleron 250 mg de Pd(OH), al 20% sobre carbono. La
mezcla de reaccién se purgd con hidrogeno (globo) y se agitdé a temperatura
ambiente durante 72 h. A la mezcla gris resultante se le afiadieron 4 ml de agua
para facilitar la disolucién. El catalizador se retiné por filtracién y el filtrado se
concentré a sequedad. El residuo se co-evapord con etanol (2 x) y después se
triturd con EtOAc. El sdlido blanco generado se retird por filtraclén y se secd a alto
vacio para dar 558 mg de 4cido 6,8-dimeti-morfolin-3-carboxllico (rendimiento de
95%).

'H RMN (300 MHz, D;0): d 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).

MS (M+H*): 180.

INTERMEDIO 20: é4cido 4,8,6-trimetil-morfolin-3-carboxlilico

A una suspenslién de écldo 6,8-dimetil-morfolin-3-carboxilico {(Infermedio 19,
540 mg) en 17 ml de etanol (en atmésfera de nitrégeno) se le afiadieron 100 mg
de Pd al 10% sobre carbono y 830 ui (~3 equiv.) de formaldehido acuoso al 37%.
La mezcla se purgd con hidrégenc (globo) y se agitd a temperatura amblente
durante 5 h. A la mezcla gris resultante se le afladieron 4 ml de agua y 4 ml de
metanol para facllitar la disolucién. El catalizador se retiré por filtraclén y el filtrado
se concentrd a sequedad. El residuo se triturd con EtOAc. El sdlido blanco
generado se retird por flitracién y se secé a alto vaclo para dar 574 mg de acldo
4,6,6-trimetil-morfolin-3-carboxflico (rendimiento de 87%).

'H RMN (300 MHz, D;0): d 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).

MS (M+H"): 174.
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El compuesto deseado se prepard de acuerdo con el Méfodo B a partir de
6-cloro-9H-3~carbolina-8-flamina y 4cido 4,6,8-trimetli-morfolin-3-carboxilico con un
rendimiento de 681%.

'H RMN (DMSO-d8, 300 MHz) d 1,15 (s, 3H), 1,39 (s, 3H), 1,98 (d, 1H),
2,28 (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 (d, 1H), 8,97 (s, 1H).

Tlempo de retencién (LC, método: patrdn de acetato aménico): 1,33 min.

MS (M+H"): 373,2.

El compuesto deseado se prepard de acuerdo con el Méfodo A a partir de
6-cloro-7-metoxi-9H-R-carbolina-8-llamina y acldo (R)-terébico con un rendimiento

de 60-80%. .

'H RMN (300 MHz, DMSO-dg): d 1,48 (s, 3H), 1,61 (s, 3H), 3,03 (m, 2H),
3,51 (m, 1H), 3,88 (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).

Tlempo de retenclén (LC, método: patron de acetato aménico): 1,94 min.

MS (M+H"): 388.

INTERMEDIO 21: 6-cloro-7-cicioproplimetoxi-8-nitro-9H-8-carbolina

Se afiadlé ciclopropiimetil alcohol (0,921 ml, 11,4 mmol) a una suspension
en agitacién de NaH (455 mg, 11,4 mmol) en DMF (20 ml) en una atmésfera de
argén. La soluclon resultante se dejé en agitacién a TA durante 20 min. A la
solucién en agitacién resuitante se le afiadié 8-cloro-7-fluoro-8-nitro-9H-B~carbolina
(500 mg, 1.9 mmol) y la mezcla resultante se dejé en agitaciéon a TA. Después de
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la adicién de H,0, precipitdé un sélido pardo que se filtrd para dar la 8-cloro-7-
clclopropiimetoxi-8-nitro-8H-B-carbolina deseada (510 mg, 85%).
H RMN (300 MHz, DMSO-dg): d 0,35 (m, 2H), 0,59 (m, 2H), 1,32 (m, 1H),
4,04 (d, 2H), 8,21 (d, 1H), 8,46 (d, 1H), 8,90 (s, 1H), 8,02 (s, 1H), 12,32 (a, 1H)
Tiempo de retencién (LC, método: patrén de acetato aménico): 2,63 min.
MS (M+H"): 318.

INTERMEDIO 22: 6-cloro-7-ciclopropilmetoxi-9H-8-carbolin-8-ilamina

Se suspendié 6-cloro-7-ciclopropilmetoxi-8-nitro-9H-8~carbolina (510 mg,
1,61 mmol) en 12 ml de metanol y se afiadleron 100 mg de Pd/C (al 10%). El
matraz se equipd con un globo de hidrdgeno y la mezcla de reaccién se aglitd
durante una noche a TA. Daspués de la filtracién a través de una capa de celite y
la evaporacién del metanol, se obtuvo un sdlido pardo oscuro. Este residuo se
suspendié en metanol (10 ml) y se afiadié, con agltacién vigorosa, a una solucién
de NaHCO; saturado (100 ml). El sélido pardo claro que precipité se recogidé por
fitracibn y se secd minuclosamente al vacio para dar la 6-cloro-7-
ciclopropilmetoxi-9H-&-carbolin-8-ilamina deseada (371 mg, rendimiento de 80%).

H RMN (300 MHz, metanckd,): d 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), 8,76 (s, 1H).

Tiempo de retencién (LLC, método: patrén de acetato aménico): 2,28 min.

MS (M+H'): 288.

L : ro-7-clc i lin-8-11)-2-metil-
hicotinamida

El compuesto deseado se prepard de acuerdo con el Méfodo A a partir de
6-cloro-7-cicloproplimetoxi-9H-B-carbolin-8-llamina y 4cido 2-metilnicotinico con un
rendimiento de 40-60%.
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'H RMN (300 MHz, MeOH-d,): d 0,20 (m, 2H), 0,55 (m, 2H), 1,29 (m, 1H), 2,78 (s,
3H), 3,85 (m, 2H), 7,46 (dd, 1H), 8,08 (m, 1H), 8,30 (m, 3H), 8,59 (m, 1H), 8,81 (s,
1H).
Tlempo de retenclén (LC, método: patrén de acetato amdnico): 2,18 min.
MS (M+H"): 405.

INTERMEDIO 23: 6-cloro-7-{(N,N)-dimetilaminoetoxi-8-nitro-9H-8-carbolina

Se afadié N,N-dimetilaminoetil alcohol (6,0 equiv.) a una suspensién en
agltacién de NaH (6,0 equiv.) en DMF en una atmésfera de argén. La solucion
resultante se dejd en agitacidbn a TA durante 20 min. A la solucidn en agitacién
resultante se le afiadid 6-cloro-7-fluoro-8-nitro-9H-B-carbolina (1,0 equiv.) y la
mezcla resultante se dejé en agltacibn a TA. Después de la adicién de HzO,
precipitd un sélido pardo que se filtrd para dar la 8-cloro-7(N,N)-dimetilaminoetox|-
8-nitro-9H-p-carbolina deseada (rendimiento cuantitativo).

'H RMN (300 MHz, DMSO-dg): d 2,23 (s, 6H), 2,74 (t, 2H), 4,28 (t, 2H),
8,21(d, 1H), 8,46 (d, 1H), 8,90 (s, 1H), 8,02 (s, 1H).

Tlempo de retencién (LC, método: patrén de acetato aménico): 1,268 min.

MS (M+H"): 335.

INTERMEDIO 24: 6-cloro-7-(N,N)-dimetilaminoetoxi-9H-8-carbolin-8-ilamina

Se suspendié 6-cloro-7-(N,N)-dimetilaminoetoxi-8-nitro-9H-R-~carbolina (500
mg, 1.5 mmol) en 12 ml de metanol y se afiadieron 100 mg de Pd/C (al 10%). El
matraz se equipé con un globo de hidrégeno y la mezcla de reaccién se agité
durante una noche a TA. Después de la filtracién a través de una capa de celite y
la evaporacién del metanol, se obtuvo un sélido pardo oscuro. El residuc se
suspendié en metanol (10 mi) y se aldadié, con agitacién vigorosa, a una solucién
de NaHCO, saturado (100 ml). El sélldo que precipité se recogié por filtracién y se
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secd minuciosamentse al vaclo para dar la 8-cloro-7-(N,N)-dimetilaminoetoxi-9H-8-
carbolina-8-ilamina deseada (380 mg, 83%).

'H RMN (300 MHz, metanol-ds): d 2,43 (s, 6H), 2,84 (t, 2H), 4,11 (t, 2H),
7.47 (s, 1H), 7,88 (d, 1H), 8,20 (d, 1H), 8,72 (s, 1H).

Tlempo de retencién (LC, método: patrdn de acetato amdnico): 1,34 min.

MS (M+H"): 305.

EJEMPLO 11: N-[6-cloro-7-(2-dimetilamino-etoxi}-0H-f-carbolin-8-[}-2-metil-
nicotinamida

El compuesto deseado se prepanrd de acuerdo con el Méfodo A a partir de
6-cloro-7-(N,N)-dimetilaminoetoxd-8H-B-carbolina-8-ilamina y acido 2-
metilnicotinico con un rendimiento de 40-60%.

H RMN (300 MHz, DMSO-dg): d 1,92 (s, 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), 8,42 (s, 1H), 8,66 (m, 1H),
9,00 (s, 1H), 11,27 (s, 1H), 11,78 (s, 1H).

Tiempo de retencién (LC, método: patrén de acetato aménico): 1,52 min.

MS (M+H"): 424,

Se hicieron reacclonar 8-cloro-7-metoxl-9H-}-carbolina-8-llamina y acido 2-
terc-butoxicarbonilamino-ciclopentanocarboxilico usando el Méfodo A. A este
producto se le afiadleron ~5 ml de HCI 4 N/dloxano y la mezcla resultante se deé
en agitacién a TA. La reaccldn se siguié por LC-MS hasta que se completd. Se
dejé que la evaporacién retirase todo el disolvente, lo que dio una sal HCI bruta.
Después, el producto deseado se purificé por HPLC preparativa.

'H RMN (300 MHz, DMSO-dg): d 1,68 (m, 1H), 1,84 (m, 2H), 2,06 (m, 2H),
2,20 (m, 1H), 3,46 (m, 1H), 3,67 (m, 1H), 3,89 (s, 3H), 8,24 (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).

|7F



10

15

20

-75-

Tiempo de retencién (LC, método: patrén de acetato aménico): 1,54 min.
MS (M+H™): 359.

INTERMEDIO 25: é4cldo 1-(2-dimetilamino-etil)-5-oxo-pirrolidina-3-carboxllico

Una mezcla de dacido itaconico disponible en el mercado y N,N-
dimetiletilendiamina se calenté a 160°C durante aproximadamente 20-25 minutos.
La mezcla se dej6 enfriar a 100°C y después se diluyd con MeOH para prevenir la
solidificacion. El producto se obtuvo con un rendimiento de 56% después de la
cristalizacion en MeOH/EtOAc.

H RMN (300 MHz, D;0): d 2,63 (dd, 1H), 2,80 (dd, 1H), 2,95 (s, 6H), 3,15
3,25 (m, 1H), 3,32-3,44 (m, 1H), 3,44-3,76 (m, 4H), 3,82-3,94 (m, 1H).

Tiempo de retencién (LC, método: patrén de acetato amdnico): 0,13 min.

MS (M+H"): 201,0.

lin-8-il)}-amida del acldo imetilamino-

Se prepard de acuerdo con el Método B a partir de 6-cloro-89H-B8-carbolina-
8-lamina y acido 1-(2-dimetilamino-etil)}-5-oxo-pirrolidina-3-carboxilico con un
rendimiento de 70-80% en forma de la sal di-HCI.

H RMN (300 MHz, D;0O): d 2,87 (dd, 1H), 3,03 (s, 6H), 3,08 (dd, 1H), 3,51
(t, 2H), 3,76-3,89 (m, 3H), 3,95 (dd, 1H), 4,01 {(dd, 1H), 7,75 (d, 1H), 8,24 ( d, 1H),
8,45 (dd, 1H), 8,52 (dd, 1H), 9,10 (s a, 1H).

Tiempo de retencién (LC, método: patrdn de acetato aménico): 0,99 min.

MS (M+H"): 400.

EMPLO 14: = - lin-8-il)}-ami I ido 1-(2-
dimetilamino-etil)-5-oxo-pimolidina-3-carbox(lico

Se prepard de acuerdo con el Méfodo A a partir de 6-cloro-7-metoxi-8H-13-

carbolina-8-lamina y Aacido 1-<(2-dimetilamino-etil)-5-oxo-pirrolidina-3-carboxllico

19%
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con un rendimlento de 60% sigulendo la purificacién usando una columna semi-
preparativa Chiralcel OD con 85/7,5/7,5 de hexano/EtOH/MeOH como eluyente.

'H RMN (300 MHz, DMSO-de): d 2,44 (s, 6H), 2,75 (t, 2H), 2,88 (d, 2H),
3,56 (t, 2H), 3,86 (m, 1H), 3,85 (m, 2H), 3,90 (s, 3H), 8,03 (d, 1H), 8,21 (s, 1H),
8,28 (d, 1H), 8,79 (s, 1H).

Tiempo de retencién (LC, método: patrén de acetato aménico): 1,42 min.

MS (M+H"): 430.

INTERMEDIO 26: 6-cloro-7-fluoro-9H--carbolin-8-ilamina

Una suspensién de 6-cloro-7-fluoro-8-nitro-9H-B-carbolina (500 mg,
1,88 mmol) en MeOH (25 ml) se desgasificé con argén. Se afiadlé paladio sobre
carbono (al 20% p/p sobre C, 50 mg) y el recipiente de reacciébn se lavd
abundantemente con hidrégeno. La suspensiéon se agité en una atmdsfera de
hidrégeno durante 6 h, después se filtrd a través de celite y se concentrd a presién
reducida para producir 6-cloro-7-fluoro-9H-R-carbolin-8-ilamina (400 mg) en forma
de un sdlido pardo.

'H RMN (300 MHz, DMSO-d8): d 11,48 (s a, 1); 8,99-8,98 (m, 1); 8,37-8,35
{m, 1); 8,11-8,09 (m, 1); 7,74-7,72 {(m, 1); 5,65 (s a, 2).

condiciones convencionales de HCOOH.

DAD Ry = 1,00 min.

MS (M+H"): 236.

EJEMPLO 15: N-(6-cloro-7-fluoro-9H-f-carbolin-8-1{}-2-metit-nicotinamida
Una solucibn de 6-cloro-7-fluoro-9H-R-carbolin-8-ilamina (100 mg,
0.424 mmol) en piridina (2,5 mi) se agitd a TA. Se afiadié acido 2-metil-nicotinico
(70 mg, 0,509 mmol) seguido de EDCI (130 mg, 0,678 mmol). La suspension se
agité a 100°C durante a dla. La piridina se retird a presién reducida y el aceite
oscuro resultante se triturd con NaHCO; acuoso saturado. El precipitado que se
formé se filtrd y se lavé con MeOH. El material se traté con HCl 2 M en Et;O para
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producir un sdlido gris, la sal di-HCI de N-{6-cloro-7-fluoro-9H-f}-carbolin-8-il)-2-
metil-nicotinamida (110 mg).

'H RMN (300 MHz, DMSO-d8): d 13,15 (s, 1); 11,03 (s, 1); 8,33 (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); 2,80 (s, 3).

condiciones convenclonales de HCOOH.

DAD Ry = 0,91 min.

MS (M+H"): 355,

INTERMEDIO 27: 6-cloro-T-metilsulfanil-8-nitro-9H-B8-carbolina

Un matraz de fondo redondo de 250 ml con agitador magnético se cargéd
con 6-cloro-7-fluoro-8-nitro-B-carbolina (Intermedio 5, 3,859 g, 14,9 mmol) y 100 ml
de DMF anhidra. La mezcla naranja resultante se enfrié a 0°C (bafio de hielo y
agua) y se aitadié lentamente a la misma tiometdxido sédico (1,809 g, 25,8 mmof).
La mezcla de reaccién se aglté durante 1 h a 0°C, se calentd a TA, y se afadlé
lentamente a una mezcla en agitacién de 4:1 de H,O/bicarbonato sédico acuoso
saturado (500 ml). El sdlido precipitado se recoglé por fitiracién por succlén y se
secO al aire para producir 4,017 g de 6-cloro-7-metilsulfanil-8-nitro-9H-8-carbolina
en forma de un polvo naranja. El material bruto se usd directamente en ias
sigulentes etapas.

'H RMN (300 MHz, Metanol-d,): d 8,91 (1H, d) 8,63 (1H, s) 8,42 (1H, d)
8,17 (1H, dd) 2,54 (3H, s).

LCMS (método de patrén de 4cido fdrmico) iempo de retencién = 1,43 min.

MS (M+H*): 204.

INTERMEDIO 28: 6-cloro-7-metilsulfanil-9H-8-carbolin-8-ilamina

Un matraz de fondo redonde de 500 ml con agitador magnético se cargd
con 6-cloro-7-metilsulfanil-8-nitro-9H-R~carbolina (4,011 g, 13,6 mmol) y 200 ml de
etanol anhidro. A la mezcla resultante se le afladleron cloruro aménico acuoso (75
ml de una solucién 0,33 M, 24,7 mmol), &cido clorhidrico acuoso (10 ml de una
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solucion 1 M, 10 mmol) y polvo de hiemo (7,734 g, 138 mmol). La mezcla
resultante se calentd a 80°C (bafio de aceite) y se aglité vigorosamente durante 3,5
h. La reaccién se enfrié a TA, se diluyd con EtOAc (75 ml) y se afiadlé carbono
activado (aprox. 2,5 g). La mezcla resultante se agité a TA durante 1,5 h mas, se
fitr6 a través de una capa de celite y el filtrado resultante se concentrd
(evaporador rotatorio, después bomba de vaclo) para producir 5,153 g de un
sblido de color amarillento-naranja. El s6lido se redisolvié en MeOH (50-100 ml) y
so afiadid lentamente a bicarbonato sédico acuoso saturade (500 mil) con
agitacion. La mezcla se agité a TA durante 45 min y el sélido resultante se recogid
por filtracién por succién y se secé al aire para producir 3,476 g de 6-cloro-7-
metilsulfanil-8H-B-carbolin-8-ilamina en forma de un sélido castaiio que se usé sin
purificaclén adicional en las siguiontes etapas.

'H RMN (300 MHz, Metanol-d,): d 8,87 (1H, s) 8,35-8,24 (1H, m) 8,16-8,06
(1H, m) 7,67 (1H, s) 2,32 (3H, s).
LCMS (método de patrén de acetato aménico) tiempo de retencién = 2,12 min.

MS (M+H*): 264.

EJEMPL : I j-9H- -I[}-2-metil-
hicotinamida

Un matraz de fondo redondo de 250 ml con agitador magnético se cargd
con 6-cloro-7-metilsulfanii-9H-}~carbolin-8-ilamina (/nlfermedio 28, 2,336 g, 8,86
mmol) y 4cido 2-metilnicotinico (3,219 g, 23,4 mmol) en 80 mi de pirdina anhidra.
A la mezcla de reaccién resultante a TA se le afiadid clorhidrato de 1-(3-
dimetilaminopropli)-3-etilcarbodlimida sdlido (7,080 g, 36,9 mmol) y la mezcia de
reaccién se calentd a 100°C (bafio de aceite) durante 2 dias. La mezcla resultante
se enfrid a TA y se concentré (evaporador rotatoric) para producir un residuo
pardo. El residuo se redisolvid en MeOH (50 ml), se afiadi6 lentamente a una
mezcla en agitaclén de 5:1 de HzO/bicarbonato sédico acuoso saturado (600 ml) y
se agitd a TA durante ~18 h. El sélido precipitado se recoglé por filtracién por
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succldn, se lavd con Et;0 (2 x 150 ml) y se secd al aire para producir 3,036 g de
N-(8-cloro-7-metlisulfanil-9H-8-carbolin-8-ll)-2-metil-nicotinamida bruta en forma de
un sélido pardo. El material bruto se purificd por HPLC (rendimientos = ~40-80%)

'H RMN (300 MHz, DMSO-d8): d 11,72 (1H, 8) 10,50 (1H, s) 8,97 (1H, s)
8,62 (1H, dd) 8,57 (1H, s) 8,41 (1H, d) 8,33-8,27 (1H, m) 8,21 (1H, d) 2,73 (3H, s)
2,41 (3H, 8).

LCMS (método de patrén de acetato aménico) tiempo de retencién = 1,89
min.

MS (M+H"): 383.

INTERMEDIO 29: 6-cloro-7-etilsulfenii-8-nitro-9H-8-carbolina

Un matraz de fondo redondo de 25 ml con un agitador magnético se cargd
con 6-cloro-7-fluoro-8-nitro-9H-B-carbolina (102 mg, 0,38 mmol) en 5 ml de DMF
anhidra. A la mezcla naranja resuitante a TA se le afadié lentamente tioetéxido
sédico (puro al 80%, 69,7 mg, 0,66 mmol) en forma de polvo. La mezcla de
reacclén se agitdé a TA durante 45 minutos y después se anadié gota a gota a una
mezcla de 5:1 de H.O/blcarbonato sddico saturado (~30 mil). El sélido precipitado
resultante se recogié por flltraclén por succién, se lavé con 1:1 de hexanos/éter
dletflico (2 x 20 ml) y se secd al aire para producir 85,0 mg de 8-cloro-7-etilsulfanil-
8-nitro-89H-B~carbolina en forma de un sélido naranja (79%).

'H RMN (300 MHz, CDsOD, ppm) d 8,91 (1H, s) 8,63 (1H, s) 8,42 (1H, d)
8,18 (1H, d) 3,04 (2H, q) 1,20 (3H, t). Tiempo de retencién (LC, método de patron
de 4cldo férmico): 1,71 min.

MS (M+H"): 308.

INTERMEDIO 30: 6-cloro-7-etilsulfanil-9H-8-carbolin-8-ilamina

Un matraz de fondo redondo de 50 mi con agitador magnético se cargd con
6-cloro-7-gtilsulfanil-8-nitro-8H-R-carbolina (85,0 mg, 0,28 mmol) en 10 ml de
etanol anhidro. A la mezcla naranja resultante a TA se le afiadleron cloruro
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amodnico acuoso 0,33 M (2,0 ml, 0,66 mmol) y polvo de hiermo (680 mg, 12,2
mmol). La mezcla de reaccion se calenté a 80°C y se agitd vigorosamente durante
20 h. Luego, la mezcla se enfrié a TA, se diluyd con acetato de etilo (15 ml) y se
afiadié carbono actlvado (~180 mg). La mezcla resultante se filtré a través de una
capa de celite y el filtrado se concentrd para producir 77,8 mg de 8-cloro-7-
setilsulfanil-9H-8-carbolin-8-lamina en forma de un sélido amarillo (>88%).

TH RMN (300 MHz, CDsOD, ppm) d 8,94 (1H, s) 8,33-8,29 (1H, m) 8,21-
8,18 (1H, m) 7,73 (1H, s) 2,85 (2H, q) 1,21 (3H, t).

LCMS (método de patrén de acetato aménico) tiempo de retencién = 2,13
min.

(M* =278; M = 278).

E LO17; i-9 | -meti- inamida

Un matraz de fondo redondo de 25 ml con agitador magnético se cargé con
6-cloro-7-etilsulfanil-9H-B~carbolin-8-llamina (37,2 mg, 0,13 mmol) y acido 2-
metiinicotinico (36,2 mg, 0,26 mmol) en 3 ml de piridina anhidra. A la mezcla
naranja clara resultante a TA se le afiadié clorhidrato de 1-{3-dimetllaminopropil)-
3-etilcarbodiimida sdlido (73,2 mg, 0,38 mmol) y la mezcla de reaccién resultante
se calentd a 80°C durante 5 dias. Luego, la mezcia de reaccién se enfriba TAy se
concentré para producir un Jarabe viscoso pardo. el jJarabe se disolvid en una
cantidad minima de MeOH (~2 ml), se afiadié lentamente a una mezcla 5:1 de
HzO/blcarbonato sédico saturado (~20 ml) y se agitdé a TA durante 2,5 h. El sélido
precipitado resuttante se recogié por filtracién por succién, se lavé con 1:1 de
hexanos/éter dietllico (2 x 20 ml) y se secd al alre para producir 21,0 mg de N(68-
cbm-?-etilsuﬁaniFQH-B-carbolln-B-II)-2—metll-nicotlnamida en forma de un sdlido
castafio (~38%). LCMS (método de patrén de acetato amdnico) tiempo de
retencién = 2,33 min. (M* = 397; M = 395).
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'H RMN (300 MHz, CD;0OD, ppm) d 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, s)
1,20 (3H, t).

INTERMEDIO 31: [2-(6-cloro-8-nitro-8H-8-carbolin-7-ilsulfanil)-etif]-dimetil-amina

Un matraz de fondo redondo de 25 ml con agitador magnético se cargd con
6-cloro-7-fluoro-8-nitro-9H-B-carbolina (88 mg, 0,37 mmol) en 2 ml de DMF
anhidra. Un segundo matraz de fondo redondo de 10 mi con agitador magnético
se cargé con clorhidrato de 2-dimetllamino-etanctiol (100 mg, 0,70 mmol) en 2 mi
de DMF anhidra. A la suspension resultante se le afiadié n-butillitio (0,43 ml de
una solucién 1,6 M en hexanos, 0,69 mmol) mediante una Jeringa y la mezcla se
agitd durante 5 min a TA. Luego, la solucién del tioanién se afiadié mediante una
Jeringa a 8-cloro-7-fluoro-8-nitro-9H-B~carbolina, y la solucidn roja resultante se
agité a TA durante 30 min. La mezcla de reaccién se afiadié lentamente a una
mezcla 5:1 de H:O/blcarbonato sédico acuoso saturado (30 ml) y se de|é en
reposo a TA durante varias horas. El sélido precipitado resultante se recogié por
filtraclén por succién y se secd al alre para producir 109 mg de [2-(6-cloro-8-nitro-
9H-R-carbolin-7-ilsulfanii)-etil-dimeti-amina en forma de un sélido naranja (83%).

LCMS (método de patrén de acetato amédnico) tiempo de retenclén = 1,35
min.

(M* = 351; M" = 349). _ _

H RMN (300 MHz, CD,OD, ppm) d 8,92 (1H, d, J = 1,0 Hz) 8,88 (1H, s)
8,43 (1H, d) 8,19 (1H, dd) 3,18-3,13 (2H, m) 2,57-2,52 (2H, m) 2,21 (6H, s).

INTERMEDIO 32: 6-cloro-7-{2-dimetilamino-etilsulfanil)-9H-8-carbolin-8-ilamina
Un matraz de fondo redondo de 50 ml con un agitador magnético se cargd
con [2-{8-cloro-8-nitro-9H-B-carbolin-7-lisulfanil)-etil}-dimetil-amina (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 (1,95 mi, 0,64 mmol) y polvo de hlerro
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(540 mg, 9,67 mmol). La mezcla de reaccién se calentd a 60°C y se agité
vigorosamente duranta 20 h. Luego, la mezcla se enfri6 a TA, se diluyd con
acetato de etilo (20 ml) y sa afadié carbono activado (aprox. 150 mg). La mezcla
resultante se filtrd a través de una capa de celite y el filtrado resultante se
concentré para producir 103 mg de 6-cloro-7-{2-dimetilamino-etilsulfanil}-9H-}-
carbolin8-ilamina en forma de un sélido amarillo. El producto bruto se usd
directamente en la etapa de acoplamiento.

LCMS (método de patrdn de acetato aménico) tiempo de retencién = 1,34
min.

(M* = 321; M = 319). _

H RMN (300 MHz, CD30D, ppm) d 8,87 (1H, s) 8,30 (1H, d) 8,08 (1H, d)

7,75 (1H, 8) 3,23-3,13 (4H, m) 2,84 (6H, s).

Un matraz de fondo redondo de 25 mi con agitador magnético se cargd con
6-cloro-7{2-dimstilamino-atilsulfanit}-8H-R-carbolin-8-llamina (45,2 mg, 0,14 mmol)
y écido 2-metiinicotinico (38,0 mg, 0,28 mmol) en 4,5 ml de piridina anhidra. A la
mezcla naranja clara resultante a TA se le afadid clorhidrato de 1-(3-
dimetilaminopropil)-3-etilcarbodiimida sélido (85.0 mg, 0,49 mmol). La mezcla de
reaccién resultante se calentd a 80°C durante 3 dias. Luego, la reacclén se enfrid
a TA y se concentrd para producir un jarabe viscoso pardo. el jarabe se disolvié en
una cantidad minima de MeOH (~2 mi), se afladid lentamente a una mezcla 5:1 de
H2O/bicarbonato sédico saturado (~25 ml) y se extrajo con acetato de etilo (3 x 30
ml). Las capas orgénicas combinadas se lavaron con salmuera (1 x 30 ml), se
secaron sobre Na;SO,, se flitraron y se concentraron para producir un residuo
pardo (79,6 mg). El reslduo se redisolvié en MeOH (~5 mi) y se filtrd a través de
un lecho de algodén. Al fittrado resultante se le afiadié HCI en 1,4-dioxano (1,0 mi,
4,0 mmol), la soluclén resultante se agité a TA durante 3 h y se afiadié gota a gota
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a éter dletllico (30 ml) con agitacién. El producto precipitado resultante se recogid
por filtracién por succién, se lavd con éter y se secd al alre para producir 36,3 mg
de tris-clorhidrato de N-[B-cloro-7-(2-dimetilamino-etilsulfanil)}-9H-8-carbolin-8-il]-2-
metil-nicotinamida en forma de un polvo amarilio.

'H RMN (300 MHz, CD50D, ppm) d 8,95 (1H, s) 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, t) 2,85 (3H, s8) 2,30 (2H, t)
1,89 (6H, s).

LCMS (método de patrdn de acetato aménico) tiempo de retencién = 1,56
min.

(M" = 440; M" = 438).

INTERMEDIO 33: 4-terc-butil éster del dcido morfolin-3(S),4-dicarboxliico

Una suspensién de acido morfolin-3(S)-carboxllico (2,00 g, 15,3 mmol) en
DMF (75 ml) se agitd a TA. Se afiadieron trietilamina (7,47 ml, 53,6 mmol) y
dicarbonato de di-terc-butilo (BOC20, 4,02 g, 18,4 mmol). La suspensién se agité
a TA durante una hora, tlempo durante el cual la reaccién formé una solucién
amarilla transparente. La soluclén se concentrd a un volumen reducido (=25 ml} y
se diluyd con agua (15 ml) y HCI 1 N (15 ml). La mezcla se vertié en un embudo
de decantaclén, se diluyd de nuevo con agua (100 ml) y saimuera (100 ml) y se
extr_a]o con Etz0 (3 x 100 ml). La capa organica se lavd con salmuera, se secd, se
filtrd y 8@ concentrd para producir un sdélido blanco. El sélido, que contenia exceso
de BOC,0, se disolvié an Et20 (500 ml) y se extrajo con NaOH 1 N (3 x 100 mi).
La capa acuosa se acidificd con HCI 8 N aproximadamente a un pH de 2 y
después se extrajo répidamente con Et;O (3 x 100 ml). La capa de Et;O se secd,
se filtrd y se concentrd para producir un sdélido blanco(3,07 g).

'H RMN (300 MHz, DMSO-d6): d 12,95 (s a, 1); 4,34-4,30 (m, 1); 4,18-4,10
(m, 1); 3,83-3,74 (m, 1); 3,50-3,51 (m, 2); 3,39-3,32 (m, 1); 3,21-2,95 (m, 1); 1,41-
1,38 (m, 9).

Condiciones convencionales de NH4OAc.
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ELSD Ry = 1,08 min.
M-H = 230.
EJEMPL : 6-clo - lin-8-il}-amida d ido 4-metil-mo

3(S li

Una suspenslén de acido morfolin-3{S)-carboxflico (3,00 g, 22,8 mmol) en
EtOH (115 ml) se agité a TA. Se afadlé una solucién de CH,O acuoso (3,42 ml,
45,8 mmol, 37% p/p en H:0), seguido de Pd(OH); (600 mg, 20% p/p sobre
carbono). El matraz se carg6 con hidrégeno (1 atm) y la suspension gris se agité
durante 24 h a TA en una atmdsfera de hidrdgeno. El matraz se purgd con
nitrdgeno y la suspensién negra se diluyd con MeOH, se filtrd a través de papel de
filtro y se concentrd a un volumen reducido. La solucidén gris pdlida se filind a
través de un filro de jeringa de 0,45 um para retirar el Pd(OH)2 residual y se
concentrd para producir un acelte incoloro transparents. El aceite se puso a alto
vaclo durante 24 h y se aisié una espuma sélida blanca. La espuma se disolvid en
piridina (200 ml) y se afadlé 8-cloro-9H-R-carbolin-8-ilamina (3,74 g, 17,2 mmol),
seguido de EDCI (5,87 g, 30,6 mmol). La solucién naranja pélida transparente se
agité a TA durante 24 h. La solucién se diluyd con H2O (300 mi) se vertié en un
embudo de decantacién que contenla EtOAc (300 ml). La mezcla se agité y las
capas se separaron. La capa acuosa se extralo con EtOAc (3 x 150 ml) y las
capas organicas combinadas se lavaron con H.0 y salmuera. La capa orgénica se
secl, se filtrd y se concentrd para producir un aceite pardo que se puso a alto
vacio. La espuma parda resultante se trituré con MeOH y el precipitado que se
formé se filtré y se lavé con MeOH. El sélido amarillo pélido resultante se purificd
por HPLC quiral para producir un sélido blanco (3,23 g).

'H RMN (300 MHz, DMSO-d6): d 11,36 (s, 1); 10,02 (s, 1); 8,04 (s, 1); 8,38
(d, 1); 8,22-8,21 (m, 1); 8,15 (d, 1); 7.91-7,80 (m, 1); 4,00 (dd, 1); 3,85-3,81 (m, 1);
3,69-3,58 (m, 2); 2,98-2,95 (dd, 1); 2,89-2,85 (m, 1); 2,32 (s, 3); 2,32-2,24 (m, 1).
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Condiciones convencionales de NH,OAc.

DAD Ry = 1,89 min.

M+H = 345.

HPLC preparativa quiral: 10% v/v de EtOH/Hexanos.
columna Chiralcel OD.

Rr=11,5-14 min.

Pureza enantiomérica del producto =89% de ee.

METODO C: PROCEDIMIENTO PARA ANALOGOS SUSTITUIDOS DE 4-
MORFOLINA
Como se ha indicado para el Intermedio 34, Intermedio 35 y Ejemplo 20:

INTERMEDIO 34: éster terc-butllico del é&cido 3(S)-{6-cloro-8H-B-carbolin-8-
Hearbamoil)-morfolin-4-carboxllico

Una solucidn de 4-terc-butil éster del 4cido morfolin-3(S),4-dIcarboxilico
(2,83 g, 12,7 mmol) en piridina (108 ml) se agité a TA. Se afiadié 8-cloro-8H-B-
carbolin-8-ilaminia (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 h. La solucién se
diluyé con HzO (120 ml) se verti6 en un embudo de decantacién que contenia
EtOAc (200 mi), H2O (100 ml) y saimuera (100 ml). La mezcla se agitd 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. La capa orgénica se secd, se
filtrd y se concentré a un volumen reducido, y después se afadld gota a gota a
una soluclén en agitacién de 1:1 de Etz2O/hexanos (500 ml). El precipitado que se
formé se filtrd y se lavd con 1:1 de Et;O/Hexanos. El filtrado se concenird a un
volumen reducido y se recogié un segundo cultivo del precipitado. El producto
sblido se puso a alto vacio durante 2 h para producir terc-butil éster del acldo 3(S)-
(6-cloro-9H-B-carbolin-8-ilcarbamoll}-morfolin-4-carboxilico en forma de un sélido
de amarillo pélido a pardo palido (4,36 g).
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'H RMN (300 MHz, DMSO-d8): d 11,30 (s, 1); 10,13 (s, 1); 9,08 (s, 1); 8,40-
8,38 (m, 1); 8,19-8,16 (m, 2); 7,98 (s, 1); 4,67-4,47 (m, 2); 3,96-3,60 (m, 2); 3,64-
3,39 (m, 3); 1,42 (s, 9).

Condiclones convencionales de NH,OAc.

DAD R¢= 2,31 min.

M+H = 431.

INTERMEDIO 36: terc-butll éster del 4cido 2(R)-{3(S)-{6-cloro-9H--carbolin-8-
Hcarbamoil)-morfolin-4-iimeti]]-pimrolidina-1-carboxllico

Una solucién de terc-butil éster del acido 3(S)+{(8-cloro-9H-B-carbolin-8-
licarbamoil)}-morfolin-4-carboxlflico (1,00 g, 2,32 mmol) en CH2Cl: (6 ml) se agit6é a
TA. Se afiadié écido trifluoroacético (6 mi) y la solucién se agité a TA durante 45
min y después se concentrd hasta un residuo. El residuo se concentré una vez
més en CH2Clz para producir un sélido amarilio-pardo que se disoivié en THF (13
ml) en una atmésfera de argébn. En algunas ocasiones se requirid un
calentamiento suave para garantizar la completa disolucién. Se afiadié una
solucién de N-(terc-butoxicarbonll)-D-prolinal (693 mg, 3,48 mmol) en THF (2 ml),
seguido de triacetoxiborohidruro sédico (738 mg, 3,48 mmol). La solucién se agitd
a TA durante 30 min y después se Inactivd mediante la adicién de NaOH acuoso 1
N (30 ml). La mezcla se vertlé en un embudo de decantacién que contenia EtOAc
(100 mi), HO (100 ml) y saimuera (100 ml). La mezcla se agitd 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. La capa orgénica se secl, se filtrd y se
concentrd para producir un sélido pardo claro. La cromatografia en columna
(MeOH al 2%-4%/CH2Clz) produjo terc-butil éster del acido 2(R)}{3(S)+(6-Cloro-9H-
R-carbolin-8-licarbamoil)}-morfolin-4-iimetil}-pirrolidina-1-carboxilico en forma de un
sdlido blanco (815 mg).

'H RMN (300 MHz, DMSO-d8): d 11,30 (s, 1); 9,88 (s, 1); 9,04 (s, 1); 8,39-
8,37 (m, 1); 8,20-8,15 (m, 2); 7,95 (s, 1); 3,99-3,82 (m, 3); 3,60-3,63 (m, 2); 3,44-
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3,32 (m, 1); 3,27-3.11 (m, 3); 2,92-2,80 (m, 1); 2,44-2,32 (m, 1); 1,89-1,67 (m, 5);
1,33 (s, 9).

condiclones convenclonales de HCOOH.

DAD Ry = 1,39 min.

M+H = 514.

HPLC quiral.

Se comprobd la pureza enantiomérica de la muestra. Las muestras fueron
=07% de ee.

columna Chiralpak AD.

EtOH al 15% viviHexanos que contenia EtzNH al 0,1%.

A una solucibn de terc-butil éster del acide 2(RMH3(S){6-cloro-9H-R-
carbolin-8-licarbamoll}-morfolin-4-iimetil}-pirrolidina-1-carboxllico (850 myg,
1,65 mmol) en MeOH (16 ml) se le afiadié HCI acuoso concentrado (13 mi). La
solucién se agitd a TA durante 30-45 min, tiempo durants el cual se formd un
preclpitado amarillo. La mezcla de reaccién se concentrd para producir (6-cloro-
9H-B-carbolin-8-l}amida del 4&cido 4-pimolidin-2(R)-limeti-morfolin-3(S)-
carboxilico, sal HCI) en forma de un sélido amarillo palido (755 mg).

H RMN (300 MHz, DMSO-d6): d 13,30 (s, 1); 11,56 (s a, 1); 9,63 (s a, 1);
9,46 (s, 1); 8,87-8,85 (m, 1); 8,68-8,57 (m, 2); 8,25 (s, 1); 4,38-4,26 (m, 1); 4,24-
4,08 (m, 1); 4,04-3,86 (m, 2); 3,86-3,68 (m, 2); 3,57-3,39 (m, 1); 3,39-3,02 (m, 4);
2,99-2,76 (m, 1); 2,10-1,84 (m, 3); 1,75-1,56 {m, 1).

condiciones convencionales de HCOOH.

DAD R¢= 0,81 min.

M+H =414,
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INTERMEDIOQ 36: (6-cloro-9H-carbolin-8-l) amida del écido cis-2-(terc-
butoxicarbonilamine)-ciclopentanocarboxllico

Una soluclén de #écldo cls-2-(terc-butoxicarbonilamino)-ciclopentano-
carboxllico (550 mg, 2,4 mmol) en pirdina (10 ml) se agité a TA. Se afiadié 6-
cloro-8H-R-carbolin-8-llamina (436 mg, 2,0 mmol), seguido de EDCI (615 mg,
3,2 mmol) y la solucién naranja se agité a TA durante 1,5 h. La solucién se dlluyd
con H20 (20 ml) y se vertlé en un embudo de decantacién que contenia H;O (50
ml) y EtOAc (100 ml). La mezcla se agitd y las capas se separaron. La capa
acuosa se extrajo con E{OAc (100 ml). Las capas orgdnicas combinadas se
lavaron con salmuera, se secaron sobre MgSO,, se filtraron y se concentraron
hasta sélidos oleosos naranjas que después se trituraron con MeOH al 5% en
Et2O (20 ml) y se capturaron por filtracién para producir (6-cloro-9H-carbolin-8-
illamida del écido cis-2<{terc-butoxicarbonllamino)-ciclopentanocarboxflico en
forma de un sélido amarillo claro (740 mg).

'H RMN (300 MHz, DMSO-d6): d 11,17 (s, 1); 9,89 (s, 1); 8,04 (s, 1); 8,38
(d, 1); 8,18-8,08 (m, 2); 7,85 (s, 1); 6,92 (d, 1); 4,32-4,22 (m, 1); 3,16-3,09 (m, 1);
2,13-2,01 (m, 1); 1,98-1,75 (m, 3); 1,74-1,59 (m, 1); 1,68-1,42 (m, 1); 1,07 (s, 9).

Condiciones convencionales de NH;OAc.

DAD R¢= 2,52 min.

M+H = 429,

EJEMPL : H- lin-8-i{}-amida cls-2-ami
ciclopentanocarboxilico

Una solucibn de (B-cloro-9H-B-carbolin-8-il)Jamida del écldo 2-(terc-
butoxicarbonilamino)-ciclopentanocarboxilico (738 mg, 1,72mmol) en 4écido
trifluoroacético (5 ml) se agitd a TA durante 20 min y después se concentrd hasta
un aceite naranja. El aceite se disolvid en MeOH (5 ml) y se neutralizd con una
solucién acuosa saturada de bicarbonato sddico (25 ml). La mezcla resultante se
diluyé de nuevo con H20 (25 ml) y EtOAc (100 ml). La capa acuosa se retird y se
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extrajo con EtOAc (100 ml). Las fases organicas se combinaron, se lavaron con
salmuera, se secaron sobre MgSQ,, se filtraron y se concentraron hasta sélidos
amarillos (507 mg). Estos sdlidos se disolvieron en MeOH (5 ml) y se afiadié una
solucién de HCI en dioxano (4 M, 1,5 ml). La soluclén amarilla brillante se agit6é
durante 30 min y después se concentré para producir {8-cloro-9H-8-carbolin-8-il)-
amida del acido cis-2-amino-ciclopentanocarboxilico en forma de un polvo amarillo
(600 mg).

'H RMN (300 MHz, DMSO-d6): d 9,29 (s, 1); 8,75 (d, 1); 8,53 (d, 1); 8,37
(s, 1); 8,02 (s, 1); 4,05-3,85 (m, 1); 3,42-3,34 (m, 1); 2,45-1,80 (m, 6).

Condiciones convenclonales de NH,OAc.

DAD R = 1,85 min.

M+H = 329,

EJEMPLO 22: 6-cloro-9H-B-carbolin-84il a d i i il
morfoli rboxllico, sal H

Se sigulé el Mélodo C usando acido morfolin-3-carboxilico racémico
alquilado reductoramente con 2-aminoacetaidehido.

H RMN (300 MHz, MeOH-d4): d 9,37 (s, 1); 8,78 (d, 1); 8,55 (d, 1); 8,44 (d,
1); 8,08 (d, 1); 4,68-4,55 (m, 2); 4,17-3,99 (m, 3); 3,84-3,73 (m, 2); 3,57-3,38 (m,
4).

Condiciones convencionales de NH,OAc.

DAD Ry = 1,69 min.

M+H = 374.

Se slgulb el Méfodo C usando acido morfolin-3-carboxilico racémico
alquilado reductoramente con el aldehido de alanina apropiado. Los
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diasteredmeros se separaron por cromatografia en columna antes de la etapa de
desproteccion.

'H RMN (300 MHz, DMSO-d6): d 9,32 (s, 1); 8,76 (d); 8,55 (d, 1); 8,41 (s,
1); 8,08 (s, 1); 4,38 (d, 1); 4,324,21 (m, 1); 4,16-4,09 (m, 1); 4,04-3,95 (m, 2);
3,79-3,57 (m, 2); 3,47-3,40 (m, 1); 3,22-3,05 (m, 2); 1,44 (d, 3).

Condiciones convencionales de NH,OAc.

DAD R; = 1,38 min.

M+H = 388.

LO 24: i jda del é#cid 2S

Se sigulé el Método C usando &acido morfolin-3-carboxilico racémico
alquilado reductoramente con el aldehido de alanina aproplado. Los
dlasterebmeros se separaron por cromatografia en columna antes de la etapa de
desproteccién.

TH RMN (300 MHz, DMSO-d8): d 8,34 (s, 1); 8,77 (d, 1); 8,55 (d, 1); 8,42 (s,
1); 8,08 (s, 1); 4,42 (d, 1); 4,30-4,12 (m, 1); 4,07-3,92 (m, 3); 3,89-3,74 (m, 1);
3,65-3,49 (m, 1); 3,25-2,80 (m, 3); 1,36 (d, 3).

Condiclones convencionales de NHsOAc.

DAD Ry = 1,57 min.

M+H = 388.
EJEMPLO 25: (8-cloro-8H-R-carbolin-8-il}amida del écido  2-amino-
clclohexanocarboxilico

Una solucibn de écido cls-2-{terc-butoxicarbonilamino)-ciclohexanc-
carboxflico (255 mg, 1,05 mmol) en piridina (10 mi) se agitd a TA. Se aiiadié 8-
cloro-89H-B8-carbolin-8-ilamina (218 mg, 1,00 mmol) seguido de EDCI (315 mg,
1,64 mmol) y la solucién naranja ligeramente turbia se agité a TA durante 16 h, La
solucion se diluyd con Hz0 (20 ml) y se vertié6 en un embudo de decantaclén que
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contenia H20 (50 ml) y EtOAc (50 ml). La mezcla se agitdé y las capas se
separaron. La capa acuosa se extrajo con EtOAc (50 ml) y las capas orgénicas
combinadas se lavaron con salmuera. La capa orgdnica se secd, se filtrd y se
concentrd para producir un aceite amarillo que se puso a alto vacio durante 4 h. El
vidrio amarillo-pardo resultante se suspendié en CHxCl> (10 ml) a TA. Se ahadid
écldo trifluoroacético (5 mi) y la suspension se disolvié instantidneamente para
formar una solucién naranja transparente. La solucién se agité a TA durante
45 min y después se concentnd hasta un residuo pardo. El residuo se destild
azeotrépicamente en tolueno (3 x 10 ml) para producir un sélido amarllio. Se
prepard una solucibn de NaCOa acuoso diluldo mediante la adicién de un
pequefio volumen de NazCO; acuoso al 10% a H20 (50 ml) hasta que la solucidn
acuosa alcanzd un pH de 10. El sélido amarillo se disolvié en una cantidad minima
de MeOH y se afiadi6 gota a gota a la soluclén acuosa con agitacién. El
precipitado que se formd se filtrd, se lavd con H.O y se puso a alto vaclo para
producir (6-cloro-9H-8-carbolin-8-il)-amida del acldo 2-amino-
ciclohexanocarboxilico en forma de un sélido amarillo pélido (147 mg).

'H RMN {300 MHz, DMSO-d8): d 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).

Condiclones convencionales de NH,OAc.

DAD R¢ = 1,48 min.

M+H = 343.

EJEMP ; ro-8H-R-carbolin-8-il}-amida de i 2 mino-
il-morfolin-3(S i | HCI
Se siguld el Método C usando éacldo morfolin-3-carboxilico racémico
alquilado reductoramente con el aldehido de alanina apropiado. Los
diastereOmeros se separaron por cromatografla en columna antes de la etapa de
desprotecclon.
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H RMN (300 MHz, DMSO-d6): d 9,35 (s, 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); 3,63 (m, 1);
3,28-2,99 (m, 3); 1,37 (d, 3).

Condiciones convenclonales de NH;OAc.

DAD Ry = 1,39 min.

M+H = 388.

EJEMPLO 27: : DH

fenil-propil)-morfolin-3(S})-carbox(lico, sal HCI
Se siguid el Méfodo C usando éacido morfolin-3-carboxilico racémico

alquilado reductoramente con el aldehido de alanina aproplado. Los

.
R-carbolin-8

[

diasteredmeros se separaron por cromatografia en columna antes de la etapa de
desproteccién.

'H RMN (300 MHz, DMS0-d8): d 9,34 (s, 1); 8,77 (d, 1); 8,55 (d, 1); 8,42 (s,
1); 8,04 (s, 1); 7.44-7,23 (m, 5); 4,39 (d, 1); 4,654,07 (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).

Condiciones convencionales de NH,OAc.

DAD R = 1,80 min.

M+H = 4684.

METODO D: CONDICIONES CROMATOGRAFICAS
LCMS
Tlpo de columna: ¢columnas Phenomenex Luna C18(2), 5§ ym, tamaiio 50 x
4,6 mm
Tiempo de ejecuclén: ejecuclién de 5,00 minutos
Condiciones de NH,OAc:
Disolvente A:
NHOAc 10 mM

gAY
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Hz20 al 98%
MeCN al 1%
Disoivente B:
NHOAc 10 mM
H20 al 5%

"MeCN al 95%

Gradients convenclonal:

condiclones Iniclales - A al 95%, B al 5%
gradiente de 3,5 minutos de B al 5%-100%
mantenido durante 3,5-4,3 minutos a B al 100%

_condiciones Iniclales durante 4,3-5

Gradiente polar:
condiciones iniclales - A al 70%, B al 30%

gradiente durante 3,5 minutos de B al 70%-100%
mantenido durante 3,5-4,3 a B al 100%
condiclones Iniclales durante 4,3-5
Gradlente no polar:

condiciones Iniclales - A al 100%

gradiente durante 3,5 minutos de B al 0%-50%
mantenido durante 3,5-4,3 minutos a B at 100%
condiclones Iniciales durante 4,3-5

Condiclones de HCOOH:

Disolvente C:

HCOOH al 0,1%

H20 al 99%

MeCN al 1%

Disolvente D:

HCOOH al 0,1%

H20 al 5%
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MeCN al 85%

Gradients convencional:

condiciones iniciales - C al 95%, D al 5%

gradiente durante 3,5 minutos de D al 5%-100%

mantenido durante 3,54,3 a D al 100%

condiciones iniclales durante 4,3-5 minutos

Gradiente polar:

condiciones iniclales - C al 70%, D al 30%

gradiente durante 3,5 minuto de D al 70%-100%

mantenido durante 3,5-4,3 a D al 100%

condiciones iniclales durante 4,3-5 minutos
iente lar:

condiclones Iniclales - C al 100%

gradiente durante 3,5 minutos de D al 0%-50%

mantenido durante 3,5-4,3 a D al 100%

condiciones Iniclales durante 4,3-5 minutos

INTERMEDIO 37: 6-cloro-2,3,4,9-tetrahidro-1H-B3-carbolina, sal HC!

Se disolvi6 clorhidrato de S-clorotriptamina (5 g, 20 mmol, 1 equiv.) en 40 mi
de tampén NaOAc 3 M (pH = 4,8) y 40 ml de agua. Se afiadié en una porcidn
acido glioxalico (1,84 g, 20 mmol, 1 equiv.) y la solucidn se agité a TA durante una
noche. La suspension pegajosa resultante se filtrd y los sélidos verdes claros se
suspendleron en 100 ml de HCI 6 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 afadieron 4,38 g (90%) de 6-cloro-2,3,4,9-
tetrahidro-1H-B-carbolina, sal HCI en forma de un sélido azul-gris que se aislé por
filtracién.

'H RMN (300 MHz, DMSO-d8): d 11,33 (a, 2H), 9,62 (a, 2H), 7,53 (d, 1),
7,39 (d, 1), 7,09 (dd, 1), 4,33 (a, 2H), 2,92 (t, 2)

g1
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Condiclones convencionales de Acido férmico.
DAD RT = 1,56 min.
M+H = 207.

INTERMEDIO 38: (6-cloro-1,3,4,9-tetrahidro-8-carbolin-2-ii)-fenil-metanona

Se suspendié 6-cloro-2,3,4,9-tetrahidro-1H-B~carbolina, sal HCI (10,2 g, 42
mmol, 1 equiv.) en 100 mi de piridina seca en atmdsfera de N2 y se enfrié a 0°C en
un bafio de agua enfriada con hielo. A la solucién enfriada se le afiadlé gota a gota
cloruro de benzollo (7,3 mi, 63 mmol, 1,5 equiv.) después de que ia reacclén se
retirase del bafio de hielo y se dejé en agitaclén duranie una noche a temperatura
amblente. La reaccién se Interrumplé mediante la adicién de agua hasta que se
atasco con sélidos. Estos sélidos se racogieron por flltracién, se lavaron con una
solucidén acuosa saturada de bicarbonato sédico, se suspendieron de nuevo en
agua, se sonicaron y se filtraron de nuevo para dar 1,27 g (94%) de (6-cloro-
1,3,4,9-tetrahidro-3~carbolin-2-ll)-fenil-metanona en forma de soélidos naranjas
cristalinos.

'H RMN (300 MHz, DMSO-d8): d 10,85-10,59 (a, 1H), 7,0-7,5 (m, 9H), 4,80-
4,83 (a, 2H), 3,62-3,99 (a, 2H), 2,75 (a, 2H).

Condiciones convenclonales de écldo férmico.

DAD RT = 2,68 min.

M+H = 311.

INTERMEDIO 39: 2-benzoil-8-cloro-1,2,3,9-letrahidro-B8-carbolin-4-ona

Se mezclaron (B6-cloro-1,3,4,9-tetrahidro-R-carbolin-2-il)}-fenl-metanona
(1,76 g, 5,66 mmol, 1 equiv.) y DDQ (2,31 g, 10,2 mmol, 1,8 equiv.) en forma de
sblidos y se enfrlaron a -78°C. Se enfriaron 15 ml de una solucién 9:1 de THF/H.0
a -78°C y la suspension resultante se afiadl6 a los sdlidos enfriados seguido de 15
ml més de THF (también enfriade a -78°C). La solucién azul oscura se agitb a -
78°C durante 2 horas y después se calentd graduaimente a temperatura ambiente
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y se agité durante dos horas més. La reaccién se interrumplé mediante la adiclén
de NaOH 1 N y se extrajo con 3 x 150 ml de EtOAc. Las capas orgénicas
combinadas se lavaron con 2 x 100 mi de HCl 1 N y 1 x 100 ml de salmuera, se
secaron sobre MgSQ;,, se filtraron y se concentraron para producir 1,38 g (75%)
de 2-benzoll-6-cloro-1,2,3,9-tetrahidro-B-carbolin-4-ona en forma de un sélidos
oleosos naranjas.

'H RMN (300 MHz, DMSO-d6): d 12,11-12,48 (a, 1H), 7,20-7,88 (m, 8H),
4,93-5,18 (a, 2H), 4,604,486 (a, 2H).

Masa exacta: 324,07.

Condiciones convencionales de acido férmico

DAD RT = 2,15 min.

M+H = 325.

INTERMEDIO 40: 4-amino-68-cloro p-carbolina

Se disolvié 2-benzoil-6-cloro-1,2,3,9-tetrahidro-R-carbolin4-ona bruta (4 g)
en 30 ml de hidrazina anhidra y se agité a reflujo (bafio de aceite a 130°C) en
atmésfera de N2 durante 8 horas, después de lo cual la mezcla de reaccién se dejé
enfriar a temperatura amblente y se dejé en reposo durante una noche. Los
sélidos amarilios precipitados se retiraron por filtracién y se lavaron con agua, 2 x
5 mi, para produclr 785 mg (30%) de 4-amino-8-cloro-p-carbolina en forma de un
sélido blanquecino. Se afiadl® més agua a los filtrados combinados hasta que no
se produjo mas pracipitacién. Estos sélidos también se retiraron por filtraclén para
dar 1,056 g (39%) de 4-amino-6-cloro-B-carbolina en forma de sélidos amarillos,
(rendimiento total de 69%).

'H RMN (300 MHz, DMSO-d8): d 11,48 (s, 1H), 8,44 (s, 1H), 8,13 (s, 1H),
7,77 (8, 1H), 7,42-7,52 (m, 2H), 5,88 (s, 2H).

Condiciones convencionales de 4cido férmico.

DAD RT = 1,68 min.

a9
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M+H = 218.

INTERMEDIO 41: N-{6-cloro-9H-B-carbolin-4-il)-2, 2, 2-trifluoro-acetamida

Se disolvié 4-amino-8-cloro-B-carbolina {1,056 g, 4,82 mmol, 1 equiv.) en 4
ml de pliridina anhidra y 20 ml de THF y se enfrié a 0°C en atmésfera de Nz. A la
soluclén enfrlada se le afnadié gota a gota &cido trifluoroanhidrido (3,4 mi, 24
mmol, 5 equiv.). Después de que se completara la adiclén, la reaccion se retird del
baiio de hlelo y se agité a temperatura ambiente durante ~1,5 horas. La reaccién
se Interrumplé mediante la adicién lenta de agua (10 ml) y se extrajo con 2 x 150
ml de EtOAc, se lavd con 2 x 100 mi de bicarbonato sédico acuoso saturado y con
1 x 100 ml de salmuera, se secd sobre MgSO,, se filtr6 y se concentrd hasta
sélidos naranjas. Estos sdlidos se trituraron en 10-15 mi de Et;O y se recogieron
por filtracién para dar 1,23 g (81%) de N<{6-cloro-9H-B-carbolin-4-1l)-2,2,2-trifluoro-
acetamida en forma de un s6lido amarillo.

H RMN (300 MHz, DMSO-d8): d 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 acldo formico.

DAD RT = 2,12 min.

M+H =314,

INTERMEDIO 42: N-{6-cioro-8-nitro-8H-8-carbolin-4-il)-2,2, 2-trifluoro-acetamida
Se disoivié N-{8-cloro-8H--carbolin-4-il)-2,2,2-trifluoro-acetamida (125 mg,
0.4 mmol, 1 equiv.) en 2 ml de TFA y se afiadié en una porcidn NaNO, (541 mg,
7.84 mmol, 2 equiv.). La soluclén se agité a temperatura ambiente durante 4 h.
Los volédtiles se retiraron con evaporador rotatorio y los sdlidos oleosos naranjas
resultantes se suspendieron en agua, se neutralizaron con una soluclén acuosa
saturada de bicarbonato sédico y se filtraron para dar 132 mg (82%) de N-(8-cloro-
8-nitro-9H-R-carbolin-4-i1)-2,2,2-trifluoro-acetamida.
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'H RMN (300 MHz, DMSO-d8): d 12,87 (s, 1H), 12,03 (s, 1H), 9,11 (s, 1H),
8,56 (s, 1H), 8,53 (s, 1H), 8,26 (s, 1H).

Condiciones convencionales de acido féormico.

DAD RT = 2,27 min.

M+H = 359.

INTERMEDIO 43: N-(8-amino-6-cloro-9H-3-carbolin-4-il)-2,2, 2-triflucro-
acetamida

La N-{6-cloro-8-nitro-9H-3-carbolin-4-l1)-2,2,2-trifluoro-acetamida bruta (130
mg, 0,36 mmol) se disoivié en 7 ml de MeOH y el reciplente de reacclén se purgd
al vacio con 3 x N2. Se afiadié rapidamente platino (20 mg, al 20% en peso sobre
carbono activado) y el recipiente de reaccién se purgd de nuevo al vacio con 3 x
N2, seguido de 3 ciclos mas de purgado al vaclo con Ha. La reaccién se dejé en
agitaclén en atmésfera de H; a 1 atm durante una noche. Después de que se
completara, el recipiente de reaccién se purgéd de Hz'y se filtnrd sobre cellte. El
celite se lavd varias veces con metanol hasta que los filtrados fueron
transparentes. Los filtrados combinados se concentraron para dar N«(8-amino-6-
cloro-9H-R~carbolin-4-il)}-2,2,2-trifluoro-acetamida en forma de un sélido amarillo
(112 mg, 95%).

H RMN (300 MHz, DMSO-d8): d 11,83 (s, 1H), 8,98 (s, 1H), 8,30 (s, 1H),
7,10 (s, 1H), 6,82 (s, 1H), 5,87 (a, 2H).

Condiciones convencionales de acido férmico.

DAD RT = 1,85 min.

M+H = 320.

INTERMEDIO 44: N-{6-cloro-4-(2,2, 2-trifluoro-acetifamino)-9H-B-carbolin-8-i[}-2-
metil-nicotinamida

Se disolvieron N-(8-amino-8-cloro-9H-B-carbolin-4-i)-2,2 2-trifluoro-
acetamida (80 mg, 0,274 mmol, 1 equliv.) y dcido 2-metiinicotinico (45 mg, 0,329

9.2
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mmol, 1,2 equiv.) en 1,5 ml de pliridina anhidra en atmébsfera de N;. Se afiadié en
una porcién EDCI (84 mg, 0,438 mmol, 1,8 equiv.) y la mezcla de reaccién se agit6
a temperatura ambiente durante 2 horas. La reacclén se interrumpié con agua y
los sélidos oscuros resultantes se recogieron por filtracién. Estos sélidos se
trituraron en una solucién 3:1 de metanol-DMSO para dar N-[6-cloro-4<{2,2,2-
trifluoro-acetilamino)-9H-R-carbolin-8-l[}-2-metil-nicotinamida en forma de sélidos
amarillos claros (41 mg, 3%).

'H RMN (300 MHz, DMSO-d6): d 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 (8, 1H), 7.45 (m,
1H), 2,88 (s, 3H).

Condiclones convencionales de &cido férmico.

DAD RT = 1,98 min.

M+H = 448.

INTERMEDIO 45: N-{6-cloro-4-{2, 2, 2-frifluoro-acetilamino)-9H-R-carbolin-8-i]-
nicotinamida

Se disolvieron N-{8-amino-8-cloro-8H-B-carbolin-4-il}-2,2,2-trifluoro-
acetamida (90 mg, 0,274 mmol, 1 equiv.) y acido 2-metiinicotinico (40 mg, 0,329
mmol, 1,2 equlv.) en 1,5 ml de piridina anhidra en atmésfera de Na. Se afiadié en
una porcién EDCI (84 mg, 0,438 mmol, 1,6 equiv.) y la mezcla de reaccidn se agitd
a temperatura amblente 2 horas. La reaccién se interrumpld y se traté sigulendo el
protocolo anterior para obtener 38 mg (32%) de N-[6-cloro-4-(2,2,2-trifluoro-
acetilamino)-9H-R-carbolin-8-if}-nicotinamida.

'H RMN (300 MHz, DMSO-d6): d 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).

Condiciones convencionales de acldo férmico.

DAD RT = 1,84 min.

M+H = 434.

g 2%
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Se suspendid N-[6-cloro-4-(2,2,2-trifluoro-acetilamino)-9H-B-carbolin-8-il}-
nicotinamida (41 mg, 0,092 mmol, 1 equiv.) en § mi de MeOH y se afiadieron 2 mi
de una solucién acuosa de KzCO; (127 mg, 0,92 mmol, 10 equiv.). La solucién
transparente resultante se calentd a 60°C durante 16 h y después se de|6 enfriar a
TA. Se afladid mas agua, produciendo sdlidos finos que se recogieron por
filtraclén, se lavaron una vez con 10 ml de MeOH al 5% en Et;0 y se secaron a
alto vaclo para dar 18 mg de N-(4-amino-8-cloro-8H-}~carbolin-8-it)-2-metil-
nicotinamida en forma de sélidos amarillos en polvo (rendimiento de 56%).

'H RMN (300 MHz, DMSO-d6): d 11,18 (s, 1H), 10,41 (s, 1H), 8,62 (d, J =
3,8, 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), 2,68 (s, 3H).

Condiclones convencionales de &cido férmico.

DAD RT = 1,63 min.

M+H = 352,

D 20: 4-amino-8-cloro-9H-f-carbolin-8-il}-nicotinamida

Se suspendid N-{6-cloro-4<2,2,2-trifluoro-acetilamino)-0H-R-carbolin-8-il}-
nicotinamida (38 mg, 0,088 mmol, 1 equiv.) en 5 m! de MeOH y se afiadleron 2 ml
de una soluclén acuosa de KzCO,; (121 mg, 0,92 mmol, 10 aquiv.). La solucién
transparente resultante se calent6é a 60°C durante 11 h. Después de enfrlar a TA,
precipitaron sélidos finos que se recogieron por filtracién y se lavaron con 10 ml de
agua para dar 2,78 mg (10%) de N-<(4-amino-6-cloro-9H-B-carbolin-8-il)-
nicotinamida.

'H RMN (300 MHz, DMSO-d6): d 11,32 (s, 1H), 10,56 (s, 1H), 8,26 (s, 1H),
8,82 (d, 1), 8,42 (d, 1), 8,36 (s, 1H), 8,18 (s, 1H), 7,79 (s, 1H), 7,70 (s, 1H), 7,64
(m, 1H), 5,91 (a, 2H).
Condiciones convenclonales de &cido férmico.
DAD RT = 1,55 min.
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M+H = 338.

INTERMEDIO 46: éster terc-butllico del écido 3-clanometil-indol-1-carboxflico

Una solucién de 3-indoleacetonitrilo (10 g, 64 mmol) en DMF (160 ml) se
agité a TA. Se afladieron K2CO; (13,3 g, 98 mmol) y dicarbonato de di-terc-butilo
(15,35 g, 70 mmol) y la mezcla de reacclén se agité a TA durante 12 h. A la
mezcla de reaccion se le afiadi6 HzO (100 ml) y el precipitado resultante se
recogid por filtracidn. Los sélidos se disolvieron en metanol caliente (20 ml) y la
soluclén se dejé enfriar lentamente, produclendo sdlidos naranjas claros que se
alslaron por filtracién para dar éster terc-butllico del acldo 3-cianometil-indol-1-
carboxllico (9,2 g).

'H RMN (300 MHz, DMSO-d6): d 8,08 (d, 1); 7,70-7,68 (m, 2); 7,42-7,29 (m,
2); 4,12 (s, 2); 1,63 (3, 9).

Condiclones convenclonales de NH,OAc.

DAD Ry = 3,31 min.

M+H = 257.

INTERMEDIO 47: éster terc-butllico del écldo 3-(clano-metil-metil)-indol-1-
carboxliico

Una soluclén agitada de éster terc-butllico del acido 3-clanometi-indol-1-
carboxflico (2,156 g, 8,39 mmol) en THF (40 ml) se enfrid a -78°C en una atmdésfera
de argon. Se afiadié bis{trimetilsilillamida sédica (1 M en THF, 10 ml, 10 mmol) y
la solucién frla se agitdé durante 30 minutos. Se afladié yodometano (627 pl, 10
mmol) y la mezcla de reaccion se agitd durante 1,5 h mientras se calentaba

graduaimente a 0°C. Se afiadié6 H,O (100 ml) y la solucién se llevd a TA y se

diluyd con EtOAc (250 mi). La capa acuosa se retir6 y se extrajo con EtOAc (250
ml). Las capas orgédnicas combinadas se lavaron con HCI acuoso (1 N, 3 x 50 ml),
seguido de salmuera, después se secaron sobre MgSO, se filtraron y se

% o
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concentraron hasta un aceite naranja. La purificacién por cromatografia en
columna (hexanos:acetato de etilo) dio éster terc-butllico del 4cldo 3-(ciano-metil-
metil)-Indol-1-carboxilico (1,8 g).

'H RMN (300 MHz, DMSO-d6): d 8,09 (d, 1); 7,73 (d, 1); 7,69 (s, 1); 7.74
7,29 (m, 2); 4,56 (c, 1); 1,66 (d, J=.7,2, 3); 1,63 (s, 9).

INTERMEDIO 48: éster terc-butllico del édcido 3-(2-amino-1-metil-metil)-indol-1-
carboxliiico

Una soluclén de éster terc-butllico del 4cido 3-(clano-metil-metil)-indol-1-
carboxflico (850 mg, 3,14 mol) en metanol (15 ml) se agitd a TA. Se afiadld
catalizador de niquel Raney (suspension al 50% en peso en Hz0, 1 mil) y el
reclplente de reaccién se tapé y se purgd 3 vaces al vaclo con argén, seguldo de
forma similar por hidrégeno. La mezcla se agitd durante 22 h en 1 atm. de
hidrédgeno, se purgd al vacio con argdn y se filtrd a través de celite. El filtrado se
concentrd hasta un acelte (670 mg) y se determiné por LCMS que estaba
compuesta principalmente del compuesto deseado éster terc-butilico del 4cido 3-
(2-amino-1-metil-metil)-indol-1-carboxflico.

Condiclones convencionales de NH,OAc.

DAD R = 1,78 min.

M+H = 275.

INTERMEDIO 49: Acido 4-metil-2,3,4,9-tetrahidro-1H-8-carbolina-1-carboxfiico
Se disolvié éster terc-butllico del acido 3<{2-amino-1-metil-metil)-indol-1-
carboxllico bruto (670 mg, aprox. 2,44 mmol) en acldo trifluoroacético (2 mi), se
agitdé durante 30 min a TA y después se concentrd hasta un sélido oleoso a
presion reducida. El acelte resultante se disolvi®é en una solucibn 3 M de
NaOAc:tampén AcOH {pH = 4,8, 12 ml) y Hz20 (6 ml) a TA. Se afiadid &acido
glioxélico (225 mg, 2,44 mmol) y la mezcla de reacclén se agitb durante4 ha TA 'y
después se concenird a sequedad. Se determiné que los sdlidos resultantes se

Q,%J’
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componian principalmente del compuesto deseado &cido 4-metil-2,3,4,9-
tetrahldro-1H-R-carbolina-1-carboxilico por LCMS y se usaron posteriormente sin
purificacion.

Condiciones convencionales de NH,OAc.

DAD R;= 1,24 min.

M+H = 231.

INTERMEDIO 50: 4-metil-2,3,4,9-tetrahidro-1H-B-carbolina

Se suspendié acido 4-metil-2,3,4,9-tetrahidro-1H-B-carbolina-1-carboxllico
bruto (aprox.. 2,44 mmol) en H20 (5 ml) y HCI (12 N, 5 ml) y la suspensién se
calenté a 120°C durante 1 h y después se de|é enfriar a TA. Los sdlidos naranjas-
pardos oscuros se retiraron por filtracién y después se disolvieron en metanol (5

"ml). Se afiadlé una soluclén saturada de bicarbonato sédico (20 ml), produciendo

una suspension amarilla pegajosa. Esta mezcla de reaccién se filtrd para producir
sdlidos amarillos compuestos principaimente por 4-metil-2,3,4,8-tetrahidro-1H-3-
carbolina (386 mg) segun se determind por LCMS.

Condiclones convenclonales de NHOAc.

DAD Ry = 1,23 min.

M+H = 187.

INTERMEDIO 61: 4-Metil-9H-8-carbolina

Se suspendié 4-metil-2,3,4,9-tetrahidro-1H-3~carbolina (214 mg, 1,17 mmol)
en xilenos (10 ml). Se ailadi6é catalizador de Pd (al 10% en peso sobre carbono, 21
mg) y la mezcla de reaccién se agitd a 160°C durante 24 horas y después se
enfrié a TA y se filtrd a través de caellte. El filtrado se concentré a sequedad para
dar 4-metil-9H-B-carbolina (210 mg).

'H RMN (300 MHz, DMSO-d6): d 11,73 (s a, 1); 8,78 (s a, 1); 8,19 (d, 1);
8.13(s, 1); 7,62(s a, 1); 7,53 (t, 1); 7.25 (t, 1); 2,78 (s, 3).

Condiclones convenclonales de NH,OAc.
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DAD Ry = 2,24 min.
M+H = 183.

INTERMEDIO 52: 6-Cloro-4-metil-9H-8-carbolina

Se disolvié 4-metil-9H-B~carbolina (97 mg, 0,532 mmol)en HCI(1 N, 4 ml) y
se agité a TA. Se afadié NCS (85 mg, 0,637 mmol) v la mezcla de reacclén se
aghtd durante 5 h. Se ailadié una solucién saturada de bicarbonato sédico (20 ml)
y la mezcla de reacclén se exirajo dos veces con EtOAc (100 ml). Las capas
organicas combinadas se lavaron con salmuera, se secaron sobre MgSQO,, se
filtraron y se concentraron para dar 6-cloro-4-metil-8H-B-carbolina (108 mg) en
forma de un aceite. .

H RMN (300 MHz, DMSO-d6): d 8,67 (s, 1); 8,19 (s, 1); 8,11 (s, 1); 7,57-
7,54 (m, 2); 2,82 (s, 3).

Condiciones convenclonales de NH;OAc.

DAD R¢= 2,48 min.

M+H = 217.

INTERMEDIO 63: 6-cloro-4-metil-8-nitro-8H-B-carbolina

Una solucién de 6-cloro-4-metll-8H-B-carbolina (100 mg, 0,462 mmol) en
acldo trifluoroacético (10 ml) se agité a TA. Se afiadié NaNO3 (108 mg, 1,25 mmol)
y la mezcla de reaccién se agité durante 30 min y después se concentré para dar
un residuo naranja. El residuo se disolvié en MeOH (5 ml) y se neutrallzé6 mediante
la adicién de una solucién saturada de bicarbonato sodico (20 ml), provocando la
formacion de sdlidos amarilios que se recogleron por filtracién y se lavaron con
H20 (10 ml) y Etz0 (2 x 10 ml) para dar 6-cloro-4-metil-8-nitro-8H-B-~carboilna (82
mg).

'H RMN (300 MHz, DMSO-d6): d 8,90 (s, 1); 8,65 (s, 1); 8,55 (s, 1); 8,29 (s,
1); 2,89 (s, 3).

Condiciones convencionales de NH,OAc.
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DAD R¢ = 3,00 min.
M+H = 262.

INTERMEDIO 54: 6-cloro-4-metil-9H-8-carbolin-8-llamina

Una solucién de 8-cloro-4-metil-8-nitro-9H-R~carbolina (80 mg, 0,31 mmol)
en MeOH {10 ml) se agitd a TA. Se afiadié catalizador de platino (al 10% en pe;so
sobre carbono, 24 mg) y el raciplente de reacclén se tapd y se purgd 3 veces al
vacio con argdn, seguldo de forma similar de hkirdgeno. La mezcla de reaccién se
agitd durante 1,5 h a 1 atm de hidrégeno, después se purgd al vaclo con argdn, se
diluyé con DCM (10 ml) y se filtré a través de un flitro de jeringa de 0,2 uM. EI
fitrado se concentr$ para producir 8-cloro-4-metil-9H-R-carbolin-8-ilamina (67 mg)
en forma de un aceite pardo claro.

'H RMN (300 MHz, DMSO-d6): d 8,04 (s, 1); 8,29 (s, 1); 7,74 (d, 1); 7,10 (d,
1) 2,98 (s, 3).

Condiciones convenclonales de NH,OAc.

DAD Ry = 1,89 min.

M+H = 231.

PLO 30: N-{6-cloro-4-metil-8H-A-carbolin-8-ll}-nicotinamida

Una solucién de 6-cloro-4-metll-9H-B-carbolin-8-ilamina (43 mg, 0,19 mmol)
en piridina (4 ml) se agitd a TA en una atmdsfera de argén. Se afadié clorhldrato
de cloruro de nicotinollo (40 mg, 0,22 mmol) y la mezcla de reaccién se agitd
durante 12 h. La solucién se dlluyd con H20 (5 ml) vy se vertié en un embudo de
decantacién que contenla H;O (5 ml) y EtOAc (25 ml). La mezcla de reaccidn se
aglté y las capas se separaron. La capa acuosa se extrajo con EtOAc (2 x 25 ml).
Las capas organicas combinadas se lavaron con una solucién saturada de
bicarbonato sodico (15 ml), seguido de salmuera, después se secaron sobre

Q28



10

15

20

25

-106-

MgSO,, se fitraron y se concentraron para producir N<{6-cloro-4-metil-9H-8-
carbolin-8-il}-nicotinamida (5,2 mg) en foorma de un aceite viscoso naranja.

'H RMN (300 MHz, DMSO-d8): d 11,67 (s, 1); 10,70 (s, 1); 9,27 (s, 1); 8,83
(s, 2); 8,45 (s, 1); 8,20-8,12 (m, 2); 7,83 (8, 1); 7,66 (s, 1); 2,80 (s, 3).

Condiciones convenclonales de NH;OAc.

DAD R¢= 1,92 min.

M+H = 337.

INTERMEDIO 56: 4-terc-butil éster del 4cido 1,1-dioxo-17-tiomorfolin-3,4-
dicarboxllico

Se disoivié 4-terc-butll éster del acido tiomorfolin-3,4-dicarboxllico (120 mg,
0,485 mmol) en Et;O (8 ml). A la solucibn se le afadié mCPBA (172 mg,
0,994 mmol), seguido de una segunda porcién de mCPBA (84 mg, 0,485 mmol). El
precipitado que se formé se filtrb, se lavd con Et:0 y se secd para producir un
sblido blanco de 4-erc-butil éster del &cido 1,1-dloxo-17-tiomorfolin-3,4-
dicarboxilico (74 mg).

tomorfolin-3-carboxflico

Una suspension de 6-cloro-7-fluoro-8H-B-carbolin-8-ilamina (43 mg,
0,198 mmol), 4-terc-butil éster del 4cido 1,1-dloxo-175-tiomorfolin-3,4-dicarboxflico
(72 mg, 0,257 mmol) y EDCI (76 mg, 0,396 mmol) en piridina (2 ml) se calenté a
70°C. Después de 1 h, el disolvente se retird a presidn reducida y el aceite oscuro
resultante se disolvié en MeOH (1 ml). La solucién de MeOH se afiadlé gota a gota
a una soluclén en agitacion de NaHCO4 acuoso y se foomé un precipitado amarillo.
El sélido se filtrd, se secod y se disolvié en HCl 2 M en Et;0. Después de agltar
durante una noche, el s6lido amarillo resultante se filtrd y se secd para producir un
sdlido amarillo, la sal di-HCI de (6-cloro-9H-R~carbolin-8-il}-amida del 4cldo 1,1-
dioxo-17°-tiomorfolin-3-carboxilico (78 mg).
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'H RMN (300 MHz, MeOH-d4): d 8,26 (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 NHsOAc.

DAD Ry = 1,57 min.

M+H = 379.

INTERMEDIO 66: 4-terc-butii éster del &cido 6,6-Dimetii-morfolin-3,4-
dicarboxflico

A una suspension de écido 6,6-dimetik-morfolin-3-carboxllico (5,56 g, 34,9
mmol) en dioxanc (58 ml) se le afiadié carbonato potasico acuoso (1 M, 58 mi). A
la soluclén incolora transparente resultante se le afiadld dicarbonato de di-terc-
butllo (9,14 g, 41,8 mmol). La solucién se agitdé a temperatura ambiente durante
una noche. La mezcia de reaccién se diluyd con agua (200 ml) y se confirmé que
el pH de la soluclén era de aproximadamente 7. La mezcla de reaccién se vertlé
en un embudo de decantacién y se extrajo con Et;O (2 x 100 ml) para retirar el
axceso de dicarbonato de diterc-butilo. La capa acuosa se acidificd mediante la
adicién de HCI 8 N acuoso con agitacién hasta que se alcanzd un pH de 3. La
mezcla se extrajo rapldaments con Et;O (2 x 200 ml) y las capas orgénicas se
combinaron, se secaron sobre sulfato de magnasio, se fiitraron y se concentraron
para producir un aceite incoloro transparente. El aceite se disolvié en Et20 (50 ml),
se triturd con hexanos (150 ml) y se concentrd para producir un sélido blanco. El
producto sélido se puso sobre la bomba de alto vaclo durante varias horas,
después de lo cual se obtuvieron 8,85 g de 4-terc-butil éster del 4cido 6,6-dimetll-
morfolin-3,4-dicarboxllico (rendimiento de 97%).

'H RMN (300 MHz, DMSO-d6): d 12,85 (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).

Condiciones convencionales de NH,OAc.

DAD Ry = 0,98 min.

M-H = 258.
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INTERMEDIO 57: éster terc-butllico del &cido (S)-5-(6-cloro-9H--carbolin-8-
ilcarbamoll)-2, 2-dimetil-morfolin-4-carboxflico

El compuesto deseado se prepand de acuerdo con el Méfodo C a partir de
6-cloro-9H-3~carbolina-8-ilamina y 4-terc-butil éster del acido 8,8-dimetil-morfolin-
3,4-dicarboxilico con un rendimiento de 87%.

H RMN (DMSO-d8, 300 MHz) d 11,33 (s, 1); 10,14 (s, 1); 9,05 (s, 1); 8,38
(d, 1); 8,21 (d, 1); 8,16 (d, 1); 7,94 (s, 1); 4,70-4,56 (m, 1); 4,26-4,14 (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 (s, 3).

Condiclones convencionales de NH,OAc.

DAD Ry = 1,84 min,

M+H = 458.

HPLC quiral: =95% de ee.

Columna Chiralpak AD.

15% viv de EtOH/Hexanos que contenia Etz2NH al 0,1%.

INTERMEDIO 58: sal trifluoroacetato de (6-cloro-9H-beta-carbolin-8-lj)-amida del
dcido [(S)4-((S)-2-amino-propli)-8,6-dimetil-morfolin-3-carboxilico

El compuesto deseado se prepard usando el mismo procedimiento que
para el Intermedio 35 partiendo de éster terc-butflico del &cido (S)-5-(6-cloro-9H-
beta-carbolin-8-ilcarbamoil)-2,2-dimetil-morfolin4-carboxflico y usando Boc-
alaninal en la etapa de alquilacién reductora con un rendimiento de 80%.

'H RMN (300 MHz, D;0): d 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), 3,95-4,15 (m,
2H), 7,59 (d, 1H), 7,97 (d, 1H), 8,11 (d, 1H), 8,30 (d, 1H), 8,40 (d, 1H), 8,94 (s,
1H).

Tiempo de retencién (LC, método: patrén de acetato aménico): 1,57 min.

MS (M+H"): 416,2.
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METODO E: Procedimiento de acoplamlento usando sal trifiuoroacetato de (6-
cloro-9H-beta-carbolin-8-il}-amida del acldo [(S)-4-{(S)-2-amino-propil)-8,6-dimetil-
morfolin-3-carboxllico. Se recogieron sal trifluoroacetato de (6-cloro-9H-beta-
carbolin-8-il)-amida del &cido [(S)-4-((S)-2-amino-propil)-6,6-dimetil-morfolin-3-
carboxilico (1,0 mmol), TBTU (1,2 mmol), el &cldo (1,26 mmol) para acoplarse y
EtsN (4-6 mmol, pH basico) en acetonitrilo (10 ml). La mezcla resultante se agitd a
temperatura amblente durante 4-15 h. Después, la mezcla de reacclon se repartié
entre EtOAc y una soluclén acuosa al 10% de Na;COs;. La fase acuosa separada
se extrajo de nuevo con EtOAc. Los extractos combinados se lavaron
gucesivamente con una solucién acuosa al 10% de Na,CO; y salmuera, se
secaron sobre Na;SO, y se concentraron completamente. El residuo se purificd
sobre sllice (MeOH al 2-7%/CH.Cl>) para dar el producto comespondients.

EJEM : fin-8-il}amida j Dimetil-4-§2-
2,22 il il-morfolin

Se suspendié (6-cloro-8H-O-carbolin-8-l}-amida del &acido 4-{2-amino-
propli)-8,8-dimetil-morfolin-3-carboxllico (sal 3 CF3COOH) (1,5 g) en diclorometano
(80 mi) Junto con 5 equivalentes de trietilamina. Se afiadié 4cido trifiuoroanhidrido
acético (56 ul, 2 equivalentes) y la mezcla se agité a temperatura ambiente
durante una hora. El disolvente se retird por evaporacién rotatorla. El producto se
purificd por cromatografla ultramépida sobre gel de silice (metanol al
5%/diclorometano, Rf del producto 0,3) para producir 1 g.

H RMN (300 MHz, en relacién al pico de CDCls a 7,3 ppm) d 10 (s, 1H), 9,7
(d, 1H) , 8,7 (s, 1H), 8,8 (s, 1H), 8,2 (d, 1H), 7,8 (s, 2H), 6,8 (s, 1H), 4,3 (m, 1H),
3,8 (m, 1H), 3,8 (t, 1H), 3,2 (m, 1H), 2,7-2,9 {m, 2H), 2,56 (m, 1H), 2,2 (d, 1 H), 1,4
(d, 3H), 1,3 (s, 3H), 1,2 (s, 3H).

LCMS (método de patrén de acetato aménico) tiempo de retencion = 1,84
min.
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(M* = 512; M" = 510).
: I - lin-84 dol 4&cido  4{(S)-2-

El compuesto deseado se prepard de acuerdo con el ejemplo anterior a
partlr de (6-cloro-9H-0-carbolin-8-il)-amida del 4cldo 4-(2-amino-propil)-8,6-dimetil-
morfolin-3-carboxilico (sal 3 CFaCOOH) y anhidrido acético.

'H RMN (300 MHz, metil-d; alcohold): d 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).

Tlempo de retencidn (LC, método: patrdn de acetato aménico): 1,54 min.

MS (M+H"): 458.

EJEMPLO 41: !6-CIOro—QH—EaMIm—8-II);gm| a del dcido 4-(S)-2-
ta ila : ; :

El compuesto deseado se prapar6 de acuerdo con el Método E.

H RMN (300 MHz, metil-d; alcohol-d): 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), 3,86 (m, 1H), 4,05 (m, 2H), 7,67 (d, 1H), 8,10 (m, 2H), 8,32 (d, 1H), 8,89 (s,
1H).

Tiempo de retencién (LC, método: patrén de acetato amoénico): 1,54 min.

MS (M+H"): 484,

El compuasto deseado se prepard usando [4-(2-am|no-propll)-6 6-dimetil-
morfolin-3-ilmetil}{6-cloro-8H-beta-carbolin-8-il}-amina y é&cido 4,8-dimetil-
pirimidin-5-carboxllico siguiendo el Método E con un rendimiento de 51%.
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'H RMN (300 MHz, DMSO): d 11,27 (1H, s), 10,02 (1H, s), 9,0 (1H, 8), 8,86
(1H, s), 8,5 (1H, d), 8,3 (1H, d), 8,22 (2H, m), 7,88 (1H, s), 4,1 (1H, m), 3,9 (2H,
m), 2,89 (2H, m), 2,36 (6H, s), 2,1 (2H, m), 1,3 (3H, 8), 1,24 (6H, m).

Tlempo de retencién (LC, método: patrén de acetato aménico): 1,50 min.

MS (M+H+): 551

S)}-2-[(2-meti rbo i | rfoll co

El compuesto deseado se prepard de acuerdo con el Método E a partir de
sal trifluoroacetato de (8-cloro-9H-beta-carbolin-8-il}-amida del dcido (S)4+{(S)-2-
amino-propil)-8,8-dimetil-morfolin-3-carboxflico y acldo 2-metil-nicotinico con un
rendimiento de 75%.

'H RMN (300 MHz, DMSO-dg): d 1,21 (s, 3H), 1,22 (d, 3H), 1,36 (s, 3H),
2,10 (d, 1H), 2,42 (m, 1H), 2,60 (m, 1H), 2,89 (d, 1H), 3,20 (m, 1H), 3,92 (m, 2H),
4,22 (m, 1H), 7,22 (dd, 1H), 7,65 (d, 1H), 7,80 (s, 1H), 8,16 (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 retenclén (LC, método: patrdn de acetato aménico): 2,16 min.

MS (M+H'): 535,5.

propil)-8,6-dimetil-morfolin-3-carboxllico (sal 3 CFsCOOH) (300 mg) en cloruro de
metileno (12 ml) junto con 3 equivalentes de trietilamina. Se afiadié cloruro de
morfolin-4-carbonilo (70 mg, 1,3 equivalentes) y la mezcla se agité a temperatura
amblente durante una noche. El disolvente se retind por e.vaporacién rotatoria. El
producto se separd por TLC preparativa sobre placas de sllice (10/90 de
metanol/acetato de etilo como eluyente, Rf del producto 0,4) Rendimiento: 83 mg.
'H RMN (300 MHz, en relacidn al pico de CD:0D a 3,3 ppm) d 8,8 (s, 1H),
8.27 (d, 1H), 7,9-7,99 (m, 3H), 3,05-4,15 (m, 2H), 3,85-3,95 (m, 2H), 3,5-3,6 (m,
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5H), 3,3-3,45 (m, 2H), 3,15-3,3 (m, 2H), 2,85-2,85 (d, 1H), 2,6-2,72 (m, 1H), 2,3-
2,43 (m, 1H), 2,2-2,28 (d, 1H), 2,0 (s, 2H), 1.35-1,45 (d, 3H), 1,05-1,25 (m, B8H).

LCMS (método de patrén de acetato aménico) tiempo de retencién = 2,39
min.(M+ = 529; M- = 527).

: -carbonil)}-aminol-propli}-8.68-dimetil-morfolin-3«(S }-carbox
El compuesto deseado se prepand de acuerdo con el Método E.
'H RMN (300 MHz, metil-dy alcohold): d 1,21 (d, 3H), 1,28 (s, 3H), 1,39 (s,
3H), 1,85 {m, 3H), 2,05 (s, 3H), 2,7 (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), 8,80 (s, 1H).
Tiempo de retencién (LC, método: patrén de acetato amdnico): 2,07 min.
MS (M+H*): 555.

24 jLisoxazol-3-carbonll}-amino]-propi rboxdli
El compuesto deseado se prepard usando [4-(2-amino-propll)-8,6-dimetil-
morfolin-3-iimetil|{6-cloro-9H-beta-carbolin-8-il)amina y clouro de 5-
metilisoxazol-carbonilo siguiendo el Método E con un rendimiento de 61%.
'H RMN (300 MHz, DMSO): d 11,2 (1H, s), 9,98 (1H, s), 9,0 (1H, s), 8,7
(1H, d), 8,6 (1H, d), 8,2 (2H, m), 7,9 (1H, s8). 8,47 (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), 1,28 (3H, s), 1,15 (6H, m).
Tiempo de retencién (LC, método: patrén de acetato aménico): 1,81 min.
MS (M+H+): 5268

EMP . 6-Cl }-amida del o_6,8-dimeti -
ureld i | rboxilico:
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Se suspendid (6-cloro-9H-O-carbolin-8-il)-amida del acido 4-«(2-amino-
propil)-6,8-dimetil-morfolin-3-carboxllico (sal 3 HCI) (300 mg) en diclorometano (10
ml) y se anadieron simultdneamente trietilamina (4 equivalentes) e isoclanato de
metllo (2 equivalentes). Después de una hora a temperatura ambiente, el
disolvente se retid por evaporacion rotatoria. El producto se purficd por
cromatografia ultrarrpida sobre gel de silice (metanol al 5%/diclorometano, Rf del
producto = 0,3) para producir 200 mg.

H RMN (300 MHz, en relacién al pico de CDCl a 7,3 ppm) d 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), 5.4 (s,
1H), 5,2 (d, 1H), 4,2 (s, 1H), 3,8 (m, 2H), 3,2 (m, 1H), 2,8-3 (m, 7H), 2,3 (d, 1H),
2,2 (t, 1H), 1,4 (s, 3H), 1,2 (s, 3H), 1,1 (d, 3H)

LCMS {método de patrén de acetato aménico) tlempo de retencién = 1,862
min. (M* = 473; M" = 471).

EMPL Ester metllico del dci y
carbamoijl}-2,.2-dimetl =1 i i

A una solucién de sal clorhidrato de (8-cloro-9H-beta-carbolin-8-il}-amida
del acldo (S)-4-((S)-2-amino-propil)-8,8-dimeti-morfolin-3-carboxlflico (3,45 g, 6,59
mmol) en 68 ml de piridina seca sa le afladlé en tres porciones durante 1,5 h una
solucién 3 M en DCM de cloroformiato de metilo (8,2 ml, 27,6 mmol, 4,2 equiv.).
Después de 2 h, se afiadleron 10 m! de agua y la mezcla se concentrd a
sequedad. E! residuo se repartid en 150 ml de EtOAc y 100 ml de una solucién
acuosa 0,5 M de K2COs;. La fase acuosa separada se extrajo con 50 ml de EtOAc.
Los extractos organicos combinados se lavaron suceslvamente con agua (2 x 50

ml) y salmuera (50 ml), se secaron sobre Na;SO, y se concentraron a sequedad.
El residuc se purificd sobre sllice (MeOH al 5%/CH2Clz) para dar 2,48 g (acsite
pegajoso, rendimiento de 77%) del producto deseado.

'H RMN (300 MHz, CDCl3): d 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), 3,862
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(t. 1H), 4,01 (dd, 1H), 4,18 (m, 1H), 4,78 (d, 1H), 7,95 (d, 1H), 7,97 (s, 1H), 8,29 (s,
1H), 8,50 (d, 1H), 8,98 (s, 1H), 9,88 (s, 1H), 10,84 (s, 1H).
Tiempo de retenclén (LC, método: patrén de acetato aménico): 1,70 min.
MS (M+H*): 474,1

EJEMPLO 50: i ida_del &cldo - imetil-

El compuesto deseado se praparb a partir de [4-(2-amlno-propll)-6 6-dimetil-
morfolin-3-iimetil]{6-cloro-9H-beta-carbolin-8-l}amina y 4&cido 2 4-dimetil-
nicotinico sigulendo el Método E con un rendimiento de 50%.

'H RMN (300 MHz, DMSO): d 11,27 (1H, 8), 10 (1H, 8), 8,9 (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 (6H, m).

Tlempo de retencién (LC, método: patrén de acetato aménico) : 1,53 min.

MS (M+H+): 550

ino]-propl i co

El compuesto deseado se prepard a partir de [4-(2-Amino-propll)-8,6-
dimetil-morfolin-3-limetil}{{6-cloro-8H-beta-carbolin-8-l)}-amina y acido 2-plrazina-
carboxllico siguiendo el Método E con un rendimiento de 62%.

'H RMN (300 MHz, DMSO): d 12,9 (1H, s), 10,88 (1H, s), 9,42 (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 (8H, m).

Tiempo de retencién (LC, método patrén de acetato aménico): 1,69 min.

MS (M+): 522,2
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PLO 52: | - in-8-licarbamoil)-2,2-dimetil-
i il-eti i ilami el acido del &cido piridi

di [

A una solucién de [4{2-amino-propli)-8,8-dimetil-morfolin-3-iimetilH{6-cloro-
9H-beta-carbolin-8-il}-amina (100 mg, 0,132 mmol) en 0,86 ml de acetonltrilo seco
so le afiadieron anhidrido 3.4-piridinadicarboxilico (21 mg, 0,15 mmol) y
trietilamina (102 ml, 0,8 mmol). La mezcla de reaccién se agitdé a temperatura
amblente durante 1 h. Después, el disolvente se retird a presién reducida y el
residuo se recogié en piridina (0,6 ml). A la mezcla resultante se le afiadleron una
solucién 2 M de metllamina en THF (0,2 ml, 0,4 mmol) y EDCI (40 mg, 0,21 mmol).
La mezcla de reaccidn se agité durante 4 h, el disolvente se retird a presion
reducida y el residuo se repartié en EtOAc y K2CO; acuoso 1 M. La fase acuosa
separada se extrajo dos veces con EtOAc. Las fases orgénicas combinadas se
lavaron sucesivamente con agua y salmuera, $o secaron sobre MgSO,; y se
concentraron completamente. El residuo se purificé sobre gel de sllice (MeOH al
10%-CH.Cl>) para dar el compuesto del titulo en forma de un sélido blanco con un
rendimiento de 36%.

'H RMN (300 MHz, DMSO): O 9,24 (1H, s), 8,17 (1H,8), 7,81 (2H, m), 7,5
(3H, m), 7,3 (1H, 8), 7,0 (1H, 8) 8,5 (1H, d), 3,08 (2H, d), 3,35 (1H, m), 2,4 (3H, m),
1,88 (4H, m), 0,5 (3H, s), 0,37 (6H, m).

Tiempo de retencién (LC, método: patrdn de acetato aménico): 1,46 min.

MS (M+H+): 5§79

4-metit-pirimidin- rbonlil no}-propl xilico

El compuesto deseado se prepard de acuerdo con el Método E a partir de
[4-(2-amino-propil)-8,6-dimetil-morfolin-3-iimetil}-{6-cioro-9H-beta-carbolln-8-il)-
amina y 4cldo 4-metil-pirimidin-5-carboxilico con un rendimlento de 55%.
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'H RMN (300 MHz, DMSO): O 11,26 (1H, s), 10,04 (1H, s) 9,04 (2H, m),
8,66 (1H, d) 8,3 (2H, m) 8,22-8,17 (2H, m), 7.9 (1H, s), 4,2 (1H, m), 3,93 (2H, m),
3,2 (1H, m), 2,98 (2H, m), 2,6 (3H, m), 2,1 (2H, m), 1,36 (3H, s), 1,23 (6H, m).
Tiempo de retenclén (LC, método: patrén de acetato amdnico): 1,55 min.
MS (M+H+): 537

sal trifluoroacetato de (8-cloro-9H-beta-carbolin-8-il}-amida del 4cido (S)-4-((S)-2-
amino-propil)-8,8-dimetil-morfolin-3-carboxllico y acido 4-metil-nicotinico con un
rendimiento de 79%.

'H RMN (300 MHz, DMSO-dg): d 1,21 (s, 3H), 1,22 (d, 3H), 1,38 (s, 3H),
2,10 (d, 1H), 2,40 (m, 1H), 2,62 (m, 1H), 2,99 (d, 1H), 3,22 (m, 1H), 3,94 (m, 2H),
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: patrdn de acsetato aménico): 2,22 min.

MS (M+H"): 635,5.

EJEMPLO 47:

[l-proplonil)]-8,68-dimetil- lin xIli

Una solucién de éster terc-butllico del acldo {2-[5{6-cloro-89H-3~carbolin-8-
ilcarbamoil)-2,2-dimetil-morfolin-4-il]-1-metil-etil}-carbamico (70;2 mg, 0,14 mmol)
en TFA (2 ml) se agitd a temperatura amblente. Después de 15 min, la reaccion se
concentrd y el producto bruto se destilé azeotrdplcamente con CH2Clz (2 x 5 mi).
Una mezcla del intermedio bruto, TBTU (54,0 mg, 0,17 mmol), trietilamina (0,2 mi,
1,43 mmol) y acldo 2-terc-butoxicarbonilamino-2-metil-proplénico (45,0 mg, 0,22
mmol) en MeCN (1 ml) se agit6 a temperatura amblente durante 18 h. La solucién
se diluyd con H20O (20 ml) y se vertié en un embudo de decantaclén que contenla
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EtOAc (50 ml) y salmuera (50 ml). La mezcla se agité y las capas se separaron. La
capa acuosa se extrajo con EtOAc (2 x 50 ml). Las capas orgénicas combinadas
gse secaron, se filtraron y se concentraron. El producto bruto se purificd por
cromatografia ultrarapida para producir un sélido amarillo (51,0 mg, 62%) que se
mostré por RMN y LCMS que era (6-cloro-9H-R-carbolin-8-il}-amida del 4cido 4-[2-
(2-amino-2-metii-propionil]-8,8-dimetil-morfolin-3-carboxilico.

H RMN (300 MHz, DMSO-d6): d 12,94 (s a, 1); 11,36 (s a, 1); 10,16 (s, 1);
9,06 (s, 1); 8,39 (d, 1); 8,22 (d, 1); 8,19 (d, 1); 7.85 (s, 1); 4,77-4,52 (m, 1); 4,28-
4,13 (m, 1); 4,13-4,00 (m, 1); 3,68-3,52 (m, 1); 3,22-3,12 (m, 1); 1,44 (8, 3); 1,41-
1,38 (m, 6); 1,28-1,24 (m, 2); 1,22 (s, 3); 1.25 (s, 3); 1,11-1,07 (m, 1).

Condiclones convencionales de NH,OAc.

DAD Ry = 1,31 min.

M+H = 501.

El compuesto deseado se fabricd sigulendo el procedimiento indicado en el
Método C usando 4cido 6,6-dimeti-morfolin-3-carboxilico y (s)
tetrahidrolsoquinolin-aldehido.

'H RMN (300 MHz, Dz0): d 9,1 (1H, s), 8,68 (1H, d), 8,52 (1H, d), 8,41 (1H,
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), 4,00 (2H, m), 3,68 (1H, m), 3,56 (1H, t), 3.2 (2H, m), 3,06 (2H, m), 2,7 (2H, m)
1,48 (3H, s), 1,32 (3H, 8)

Tiempo de retencién (LL.C, método: patrén de acetato amdnico) : 2,43 min.

MS (M+H+); 505

INTERMEDIO 5§9: (8-Cloro-9H-B-carbolin-8-i)-amida del 4&cido 6,6-dimetil-
morfolin-3-carboxliico, sal HC!

240



15

20

25

-118-

A una solucién parda transparente de éster terc-butllico del d4cido 5+(8-cloro-
PH-R-carbolin-8-ilcarbamoif)-2,2-dimetil-morfolin-4-carboxilico (10,4 g, 22,7 mmol)
en metanol (41 ml) se le afiadid HCI en dioxano (4 M, 91 ml). La reaccién se agité
durante 30 minutos a temperatura amblents, tiempo durante el cual comenzd a
formarse un precipitado pardo pélido. La mezcla se vertid en un volumen de 250
ml de EtzO en agitaclén vigorosa. La suspensidén resultante se agitd a temperatura
ambiente durante 15 minutos y después se filtnd para producir un sélido naranja
palido. El sélido se puso sobre la bomba de alto vaclo durante una noche,
después de lo cual se obtuvieron 9,71 g de (8-cloro-9H-B-carbolin-8-l1)}-amida del
acido 6,8-dimetil-morfolin-3-carboxllico (rendimlento de 99%).

'H RMN (DMSO-d6, 300 MHz) d 13,47 (s, 1); 11,77 (s, 1); 9,42 (s, 1); 8,86
(d, 1), 8,66 (d, 1); 8,58 (d, 1); 8,25 (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).

Condiclones convenclonales de NHsOAc.

DAD R = 1,48 min.

M+H = 359.

: 8-Cloro-9H-B-carbolin-8-1)-amida del 4
-di - - xflico (también INTERMEDIO 60)
Se siguid el Método C, usando éster terc-butlilico del &cido 5-(6-cloro-9H-R-
carbolin-8-llcarbamoil)-2,2-dimetil-morfolin-4-carboxllico y el aldehido apropiado,
éster terc-butllico del acldo (1-formil-propil)-carbamico.
'H RMN (DMSO-d6, 300 MHz) d 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); 3,47-3,13 (m, 1); 2,89 (d, 1); 2,78-
2,74 (m, 1); 2,67-2,59 (m, 1); 2,26-2,20 (m, 1); 2,14 (d, 1); 1,58-1,60 (m, 1); 1,32
(s, 3); 1,32-1,23 (m, 1); 1,18 (8, 3); 0,87 (t, 3).
Condiciones convencionales de NH,OAc.
DAD Ry = 1,27 min.
M+H = 430.

oLt
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EMP! : Cloro-9H-R-carbolin-8-il}-amida _del il -
atll-plridin arbonil}-aminol-butil-morfolin-3-carboxllico, sal HCI
A una solucién de (6-cloro-9H-3-carbolin-8-ily-amida del acido 4(2-amino-
butll)-8,8-dimetil-morfolin-3-carboxllico (100 mg, 0,233 mmol) en piridina (4 ml) se
le afiadieron &cido 2-metii-nicotinico (38,4 mg, 0,280 mmol) y EDCI (71,5 mg,
0,373 mmol). La soluclén se agité durante una noche a temperatura ambiente y
después se dlluyd con agua (5 ml). La mezcla se vertib en un embudo de
decantaclén y se diluyé de nuevo con agua (20 ml). La mezcla 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 magneslio, se fiitrd y se
concentrd para produdir un acelte amarilio-pardo que se purificé por cromatografia
en columna. El s6lido amarilio resultante se disolvié en metanol (2 ml) y se afiadié
HCl en Et;O (2 M, 2 mi). La mezcla se agité durante 5 minutos y después se
concentrd para producir 103 mg de (6-cloro-8H-B-carbolin-8-ll}-amida del &cido
6,8-dimetil-4-{2-[(2-metil-pirldin-3-carbonll}-amino]-butil}-morfolin-3-carboxilico
(rendimiento de 71%).

'H RMN (DMSO-d6, 300 MHz) d 13,31 (s a, 1); 11,41 (s a, 1); 11,14 (s a, 1);
9,44 (s, 1); 8,85 (d, 1); 8,73-8,64 (m, 3); 8,52 (s, 1); 8,32 (s, 1); 7,72 (8, 1); 4,64-
3,55 (m, B); 3,24-3,08 (m, 1); 2,96-2,81 (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 (t, 3).
Condiclones convencionaies de NH,OAc.
DAD R¢ = 1,66 min.
M+H = 549,

INTERMEDIO 61: (6-Cloro-9H-8-carbolin-8-il)-amida del écido 4-(2-amino-3-
metil-butil)-8, 8-dimetil-morfolin-3-carboxllico

g%
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Se siguid el Método C, usando éster terc-butflico del 4cido 5-(6-cloro-9H-%-
carbolln-e-llcarba_moll)-z.2-dlmetl|-morfolln-4-carboxlllco y el aldehido apropiado,
éster terc-butllico del acido (1-formil-2-metil-propil)-carbamico.

'H RMN (DMSO0-d6, 300 MHz) d 9,05 (s, 1); 8,37 (d, 1); 8,21 (d, 1); 8.16
(dd, 1); 7,90 (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 NHOAc.

DAD Rs = 1,27 min.

M+H = 444,

A una solucion de (6-cloro-9H-3-carbolin-8-il}-amida del acido 4(2-amino-3-
metil-butil}-8,8-dimetil-morfolin-3-carboxllico (1,47 g, 3,31 mmol) en piridina (35 ml)
se le afladleron acldo 2-metil-nicotinico (544 mg, 3,97 mmol) y EDCI (1,02 g, 5,30
mmol). La solucidn se agité durante 8,5 horas a temperatura amblente y después
se diluyd con agua (100 mi). La mezcla se vertid en un embudo de decantacién y
se diluyd de nuevo con agua (50 ml) y EtOAc (150 ml). Las capas se agitaron y se
separaron. La capa acuosa se extrajo con EtOAc (3 x 50 ml) y después las capas
organicas combinadas se lavaron con salmuera. La capa organica se sect sobre
sulfato de magnesio, se filtré y se concentrd para producir un residuoc semi-sélido
naranja que se purificé por cromatografia en columna. El sélido amarillo resultante
se puso sobre la bomba de alto vaclo durante una noche, después de lo cual se
obtuvieron 1,43 g de (6-cloro-9H-R-carbolin-8-il}-amida de! 4cido 8,6-dimetil-4-{3-
metil-2-{(2-metil-piridin-3-carbonil}-amino]-butil}-morfolin-3-carboxllico {rendimlento
de 77%).

'H RMN (DMSO-d6, 300 MHz) d 11,32 (s, 1); 10,08 (s, 1); 8,02 (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-
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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 NHOAc.

DAD R¢ = 1,87 min.

M+H = 563.

59; 6-Clo -b-carbolin-8-ll}-amid 3-
metil-2 rahid li S I

El compuesto deseado se prepand sigulendo el Método E a partir del
Intermedio 81 y el acido apropiado.

'H RMN (300 MHz, metil-d; alcohol-d): 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.
MS (M+H"): 542.

INTERMEDIO 62: Ester terc-butllico del dcido {(S)-2-{(S)-5-(6-cloro-4-metil-9H-0-
carbolin-8-ifcarbamoil)-2, 2-dimetil-morfolin-4-i[}-1-metil-etif}-carbdmico

Una solucibn de écido (S)-4-((S)-2-terc-butoxicarbonilamino-propll)-6,6-
dimetil-morfolin-3-carboxilico (3,316 g, 10,6 mmol) (preparado alquilando
reductoramente &cido  (S)-8,6-dimeti-morfolin-3-carboxllico con N-{terc-
butoxicarbonil)-L.-alanal) en piridina anhidra (75 ml) se agité a temperatura
ambiente. Se afiadié 6-cloro-4-metll-9H-8-carbolin-8-llamina (1,869 g, 8,09 mmol),
seguido de EDCI (2,894 g, 15,1 mmol). La reaccidn se agitd a temperatura
amblente durante 14-18 horas en una aimoésfera de argén. La reaccidon se
concentrd parciaimente, se diluyéd con H20 (20 ml) y se transfirié a un embudo de
decantacion. La mezcla se diluyd con salmuera (50 ml) y se extrajo con EtOAc (3 x

gy
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100 ml). Las capas orgénicas combinadas se lavaron con salmuera, se secaron,
se filtraron y se concentraron para producir un residuo oscuro. La cromatografia en
columna (MeOH al 0-8%/CH,Cly) produjo éster terc-butllico del dcido {(S)-2-[(S)-5-
(6-cloro-4-metil-9H-0O-carbolin-8-ilcarbamoil)-2,2-dimetil-morfolin-4-il}-1-metil-etil}-
carbamico en forma de un sélido castafio claro (2,888 g).

H RMN (300 MHz, DMSO-d8): d 11,25 (s, 1) 9,84 (s, 1) 8,88 (s, 1) 8,18 (s,
1) 8,02 (8, 1) 7,92 (s, 1) 8,73 (d, 1) 3,85-3,85 (m, 2) 3,86 (s a, 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) 1,34 (3 a, 12) 1,17 (s,
3) 1,08 (d, 3).

Condiciones convencionales de NH,OAc.

ELSD Rf = 2,07 min.

M+H = 530.

Una soluclén de éster terc-butflico del acido {(S)-2-[(S)-5-{6-cloro-4-metil-
9H-0O-carbolin-8-licarbamoil)-2,2-dimetil-morfolin-4-il}-1-metil-etil}-carbamico (2,688
g. 5,08 mmol) en EtOH (60 ml) se agitd a temperatura ambiente. Se afiadi6 HCI
concentrado (10 ml) y la reacclén se agitd durante 14 horas a temperatura
ambiente en una atmésfera de argén. La reacclén se concentrd para producir un
s6lido amarilio (2,84 g). El sélido se disolvié en piridina anhidra (40 ml) y se agité a
temperatura ambiente en una atmésfera de argén. Se afiadieron trietilamina (2,20
ml, 15,7 mmol) y EDCI (1,39 g, 7,28 mmol). La mezcla de reaccién se agitd a
temperatura ambiente durante 10 minutos y se afadié acido 2-metll-nicotinico
(0,868 g, 6,33 mmol). La reaccién se aglté a temperatura ambiente durante 14-18
horas y se diluyd con H.O (40 ml). La mezcla se verti® en un embudo de
decantacién que contenla H.O (40 ml), saimuera i40 mi) 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 orgédnicags combinadas se lavaron con salmuera. La capa

2§
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organica se secs, se filtr6 y se concentrd. El residuo resultante se disolvié en
EtOAc (10-20 ml) y se afiadid gota a gota a una solucién en agitacién de 4:1 de
hexanos/Et2O (300 mil). El precipitado que se formé se recogié por filtracién y se
secd al aire para producir (6-cloro-4-metil-9H-O-carbolin-8-il}-amida del &cido (S)-
6,8-Dimetll-4-{(S)-2-[(2-metil-piridin-3-carbonill)-amino}-propil}-morfolin-3-
carboxflico en forma de un sélido castafio (3,151 g).

'H RMN (300 MHz, DMSO-d6): d 11,28 (s, 1) 8,98 (s, 1) 8,81 (s, 1) 8,45-
8,39 (m, 1) 8,26 (d, 1) 8,13 (s, 1) 7,87 (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) 2,04 (d, 1) 2,71 (s, 3)
2,61-2,48 (m, 1) 2,37 (s, 3) 2,06-2,02 (m, 2) 1,30 (s, 3) 1,168 (d, 3) 1,15 (s, 3).

Condiciones convencionales de NHOAc.

ELSD Ry = 1,57 min. M+H = 549.

INTERMEDIO 63: 3,5-Difluoro-4-tributilstanil-piridina

Se afadié n-butlllitio (1,0 equiv., 76 mmol, 47,6 ml, 1,8 M en hexanos)
mediante un embudo de goteo a una solucidn de dlisopropilamina (1,05 equiv., 80
mmol, 11,2 ml) en THF (300 ml) a -78°C en atmdésfera de nitrégeno (N2). La
solucién se aglté durante 30 min a -78°C y después se afiadié gota a gota una
solucién de 3,5-difluoropiridina (1,05 equiv., 80 mmol, 8,2 g) en THF (20 ml)
mediante una jeringa. Se observd la formacién de un precipitado beige. La
reaccién se agité a -78°C durante 80 min y después se afiadié gota a gota cloruro
de tributilestaiio (1,0 equiv., 76 mmol, 20,7 ml) mediante una jeringa y la solucién
resultante se dejd calentar a TA durante 2 h. Se aitadié agua (5 ml) y después se
retiraron aproximadamente 250 ml de THF en un evaporador rotatorio. El material
resultante se diluyd con éter dietilico (350 ml) y se lavd sucesivamente con agua
(2 x'200 ml} y una solucién saturada de cloruro sédico (1 x 150 ml), se secé sobre
sulfato de magnesio, se filtrd y se concentrd al vaclo para producir la 3,5-difluoro-
4-tributiistanil-piridina en forma de un aceita incoloro (27,5 g, 88%). Este material
8@ usd bruto sin purificacién adicional.

PyIY
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Tlempo de retencién (LC, método: patrén de acetato aménico): 3,35 min.
MS (M+H"): 4086.

INTERMEDIO 64: 4-Cloro-2-{3,5-dlfluoro-piridin-4-il)-fenilamina

Acoplamiento de Stille: Una solucién en dimetiformamida (256 ml) del
Intermedio 63 bruto (1,1 equiv., 70 mmol, 27,5 g) y 2-yodo-4-cloro-fenilamina (1,0
equiv., 64 mmol, 16,2 g) se desgasificé con Nz durante 15 min. Se afiadleron
diclorobis(trifeniifosfina)paladio (ll) (0,05 equiv., 3,2 mmol, 2,2 g) y yoduro de cobre
(1) (0,1 equiv., 6,4 mmol, 1,2 g) y la suspenslién calentd a reflujo durante 15 h en
atmdsfera de Na. La mezcla se enfrid a TA, se filtrd a través de un lecho corto de
celite® y la dimetilformamida se retird en un evaporador rotatorio. El material bruto
se disoivi en acetonitrilo (300 ml), se lav6 con hexanos (2 x 200 ml) y después se
concentrd al vaclo. Después, el material se disolvié en acetato de etilo (400 ml) y
se lavd sucesivamente con agua (2 x 200 ml), con una solucién saturada de
bicarbonato sédico (1 x 200 ml) y una soluclén saturada de cloruro sédico (200
mi), se secd sobre sulfato de magnesio, se filtré y se concentrd al vaclo. El sélido
resultante se triturd con éter dietilico (50 ml) para retirar el color oscuro, después
se disolvié en el volumen minimo de metanol, se filtrd para retirar una impureza
insoluble y se concentrd al vacio para producir la 4-cloro-2-(3,5-difluoro-piridin-4-
l)}-fenllamina en forma de un sélido castafio (12,3 g. ~80%,) que se usd en la
siguients etapa sin purificacién adiclonal.

"H RMN (300 MHz, dmso-de): d 5,28 (s, 2H), 8,77 (d, 1H), 7,08 {(d, 1H), 7,19
(dd, 1H) y 8,58 (s, 2H).

Tiempo de retencidn (LC, método: patrdn de acetato amdnico): 1,70 min.
MS (M+H"): no se observd.

INTERMEDIO 85: 6-Cloro-4-fluoro-9H-O-carbolina
Se aifadi6é bis(trimetilsilii)amida sddica (3,0 equiv., 130 mmol, 130 ml, 1,0 M
en THF) mediante un embudo de goteo a una solucién del Intermedio 64 bruto (1,0
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equiv,, 43 mmol, 10,4 g) en THF a TA en aimésfera de N2. Después de agitar
durante 15 h, el exceso de base se inactivd mediante la adicién cuidadosa de una
solucién saturada de cloruro aménico (100 ml) y la mayor parte del THF se retird
en un evaporador rotatorio. La suspensién resultante se extrajo con acetato de
etilo (400 ml y después 2 x 200 ml) y después los extractos combinados se lavaron

sucesivamente con una solucién saturada de bicarbonato sddico (300 ml) y con-

una solucién saturada de cloruro sédico saturado (300 mi), se secaron sobre
sulfato sédico y se filtraron. Se afiadié gel de silice y la suspensién se concentrd
en un evaporador rotatorio. El material se purificd usando un sistema de
purificacién Blotage Flash 75 (columna corta) eluyendo con 968:4 de
diclorometano/metanol para producir la 6-cloro-4-fluoro-9H-0O-carbolina en forma
de un sdlido blanquecino (7,8 g, 82%).

H RMN (300 MHz, dmso-dg): d 7,71-7,61 (m, 3H), 8,11 (d, 1H) y 12,18 (s,
1H).

Tlempo de retenclén (LC, método: patrén de acetato aménico): 1,70 min.
MS (M+H*): 221.

INTERMEDIO 66: 6-cloro-4-fluoro-9H-D-carbolin-8-llamina

Se afladié en porciones nitrato sddico (1,5 equiv., 53 mmol, 4,5 g) a una
solucién del Intermedio 85 (1,0 equiv., 35 mmol, 7,8 g) en &cido trifluoroacético
(200 ml) y la mezcla resultante se calentdé a 70°C durante 3 h. Después de enfriar
a TA, el acido trifluoroacético se retind en un evaporador rotatorio para producir un
sélido bruto que se suspendié en un pequefio volumen de metanol y se afladié
gota a gota a una mezcla agitada vigorosamente de una solucién saturada de
blcarbonato sédico (500 ml). La suspension resultante se agitdé durante 156 min y
después los sdlidos precipitados se recogieron por filtracién por succién, se
lavaron con agua (300 ml) y después se secaron al vaclo para producir 6-cloro-4-
fluoro-8-nitro-8H-0-carbolina (aproximadamente 9,5 g) que se usé en la sigulente
etapa sin purificaclén adicional.
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Tiempo de retencién (LC, método: patrdn de acetato amdnico): 1,79 min.
MS (M+H"): 266

Se afladié platino sulfatado (~0,1 equiv., 1 g) a una suspensién de 6-cloro-
4-fluoro-8-nitro-8H-0O-carbolina (1,0 equiv., 35 mmol, 9,3 g) y formiato aménico (3,0
equlv., 105 mmol, 6,68 g) en etanol (175 ml) y la mezcla resultante se calentd a
75°C durante 4 h. Después de enfriar a TA, la mezcla se filtrd a través de un lecho
corto de Cellite®, lavando con cantidades copiosas de metanol y después el
fitrado se concentré al vacio para producir un sélido beige. El sélido se suspendié
en el volumen minimo de metanol y se afadié gota a gota a una mezcla agitada
vigorosamente de una solucién saturada de bicarbonato sédico y una solucién
saturada de cloruro sddico. Después de agitar durante 15 min, los sélidos
precipitados se recogieron por filtraclén por succion, se lavaron con agua (200 mi)
y se secaron al vaclo para producir 6-cloro-4-fluoro-9H-0O-carbolin-8-llamina (5,8 g,
70% en 2 etapas) en forma de un polvo beige.

'H RMN (300 MHz, dmso-de): d 5,76 (s, 2H), 6,81 (d, 1H), 7,29 (d, 1H), 8,24
(d, 1H), 8,82 (d, 1H), y 11,71 (s, 1H).

Tlempo de retencién (LC, método: patrdn de acetato aménico): 1,59 min.
MS (M+H"): 2386.-

EMPLO 61: 8-Cloro-4-fi i dcjdo 2-

acetilamino-propil}-8.6-dimeti-morfolin-3-carbox(lico

El compuesto deseado se prepard a partir del Intermedio 66 y anhlidrido
acético.

H RMN (300 MHz, dmso-dg): d 11,70 (s, 1H), 10,17 (s, 1H), 8,92 (s, 1H),
8,34 (d, 1H), 7,05 (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), 2,40-2,31 (m, 1H), 2,03 (d, 1H), 1,78
(s, 3H), 1,32 (8, 3H), 1,63 (s, 3H) y 1,08 (d, 3H). '

Tiempo de retencién (LC, método: patrdn de acetato amdnico): 1,73 min.
MS (M+H"): 474.

249



10

15

20

25

=127~
EJEMPLO 62: {6-Cloro-4-fluorp-8H-D-carbolin-8-i{}-amida del &Acldo -6.6-
dimetil-4-{2-l{2-metll-plidin-3-carbonii}-aminol-propill-morfolin-3-carboxllico

El compuesto deseado se preparé de acuerdo con el Método E a partir del
Intermedio 66 y acido metiinicotinico.

'H RMN (300 MHz, dmso-dg): d 11,83 (s, 1H), d 10,10 (s, 1H), d 8,90 (s,
1H), d 8,44 (d, 1H), d 8,34 (s, 1H), d 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 (t, 1H), 2,49 (s, 3H), 2,40 (dd, 1H), 2,09 (d, 1H), 1,35 (s, 3H), 1,21 (d, 3H) v
1,20 (8, 3H). Tlempo de retencién (LC, método: patrdn de acetato amoénico): 1,687
min. MS (M+H*): 553.

Elemplo 63: Acido
rfoli

A una suspensién de (6-cloro-9H-beta-carbolin-8-ll)}-amida del acido (S)-6,6-
dimetil-morfolin-3-carboxilico (2,6 g, 6,0 mmol) en 60 ml de metanol se le
afiadieron 1,7 mi de trietllamina (2,0 equiv.), cianoborohidruro sédico (575 mg, 9,1
mmol) y 4cido glioxilico (780 mg, 8,5 mmoal). La mezcla de reaccién se agitd a
temperatura ambiente durante 1,5 h. Se afiadié agua (5 ml) y la mezcla se
concentrd hasta una suspension amarilla pegajosa. Después, se afiadié mas agua
(30 ml) y la suspensidn resultante se agité a temperatura amblente durante 10 min
y se filird. El sélido amarilio recogido se lavd con agua y se secd a alto vaclo para
dar 1,80 g (71%) del producto deseado.

'H RMN (300 MHz, DMSO-de): d 1,17 (s, 3H), 1,30 (s, 3H), 2,81 (d, 1H),
3,34 (d, 1H), 3,46 (d, 1H), 3,56 (dd, 1H), 3,84-3,80 (m, 2H), 7,92 (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: patrén de acetato aménico): 1,26 min.

MS (M+H"): 417.1.
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METODO F: Procedimiento de aeoplamlento para amidas Inversas a partir de
h'l 0 ' : 5 :

acético

Se recogleron &cido [(S)-5{6-cloro-9H-beta-carbolin-8-ilcarbamoil)-2,2-
dimetil-morfolin-4-ill-acético (1,0 mmol), EDCI (1,6 mmol) y la amina (1,2 mmol)
para acoplarse en un matraz de fondo redondo y se suspendieron en piridina (5
mi). La mezcla resultante se agité durante una noche. Después, la piridina se retiné
a prasién reducida y el residuc se repartié en EtOAc y una solucién acuosa al 5%
de NaCO,. La fase acuosa separada se extrajo de nuevo con EtOAc. Los
exiractos combinados se lavaron sucesivamente con agua y salmuera, se secaron
sobre Na,SO, y se concentraron completamente. El residuo se purificd sobre sllice
para dar el producto deseado.

4{2-0x0-2-pirrolidin-1-il-etil} morfolin-3-carbox(lico

El compuesto deseado se prepard de acuerdo con el Método F a partir de
acido [(S)-5-(6-cloro-9H-beta-carbolin-8-ilcarbamoll)-2,2-dimetil-morfolin-4-Ii}-
acético y pimolidina con un rendimiento de 82%.

'H RMN (300 MHz, DMSO-dg): d 1,21 (s, 3H), 1,29 (s, 3H), 1,75-1,82 (m,
4H), 2,46 (d, 1H), 2,77 (d, 1H), 3,35-3,688 (m, 7H), 3,94 (m, 2H), 8,08 (s, 1H), 8,19
(d, 1H), 8,23 (s, 1H), 8,41 (d, 1H), 9,05 (s, 1H), 10,71 (s, 1H),11,51 (s, 1H).

Tiempo de retencién (LC, método: patrén de acetato aménico): 1,75 min.

MS (M+H"): 470,3.

65: 6-Cl - in-8-i a del 4cido metil-
- g lin-3-ca '
El compuesto deseado se preparé de acuerdo con el Método F a partir de
écldo [(S)-5{6-cloro-8H-beta-carbolin-8-licarbamoil)-2,2-dimetil-morfolin-4-(}-
acético y piperidina con un rendimiento de 80%.

92571
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H RMN (300 MHz, DMSO-d8): d 1,17 (s, 3H), 1,20 (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), 3,85 (d, 1H), 3,70 (m, 1H), 3,89 (m, 2H) 7,95 (d, 1H), 8,15 (d, 1H), 8,20 (d,
1H), 8,37 (d, 1H), 9,01 (s, 1H), 10,43 (s, 1H),11,32 (s, 1H)

Tlempo de retencién (L.C, método: patrdn de acetato aménico): 1,86 min.

MS (M+H"): 484,3.

4(2-morfolin-4-il-2-oxo-etil)-morfolin-3-carboxilico

El compuesto deseado se prepard de acuerdo con el Método F a partir de
acido [(S)-5{6-cloro-9H-beta-carbolin-8-ilcarbamoll)-2,2-dimeti-morfolin-4-Il}-
acético y morfolina con un rendimiento de 86%.

H RMN (300 MHz, DMSO-dg): d 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), 8,03 (s, 1H), 10,35
(s, 1H),11,28 (s, 1H) .
Tiempo de retencién (LC, método: patrdn de acetato aménico): 1,56 min.
MS (M+H"): 486,3.

acido [(S)-5-(6-cloro-89H-beta-carbolin-8-ilcarbamoil)-2,2-dimeti-morfolin-4-if}-

acético y 2-metilamino-etanol con un rendimiento de 55%.

H RMN (300 MHz, DMSO-dg): d 1,21 (s, 3H), 1,30 (s, 3H), 2,39 (m, 1H),
2,75 (d a,1H), 2,96 (s, 1,6H), 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, 1H), 8,18-8,25 (m, 2H),
8,42 (d, 1H), 9,08 (s, 1H), 10,68 (s, 1H),11,38 (s, 1H).

Tiempo de retencién (LC, método: patrén de acetato amdnico): 1,47 min.

gQA?
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MS (M+H"): 474.

EJEMPLO 68: -beta-carbolin-8-l)-amida del écido -
ifidin-3-licarbam i x[li

El compuesto deseado se prepard de acuerdo con el Método F a partir de
écido [(S)-5{6-cloro-9H-beta-carbolin-8-licarbamoil)-2,2-dimetil-morfolin-4-il}-
acético y 3-aminopiridina. El producto se aislé en forma de la sal ébmldrato con un
rendimiento de 55%.

H RMN (300 MHz, D;0): d 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, 2H), 7,688 (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), 9,30 (d,
1H).

Tiempo de retencién (LC, método: patrén de acetato aménico): 1,56 min.

MS (M+H*): 493,2.

El compuesto deseado se prepard de acuerdo con el Método F a partir de
acido [(S)-5-(6-cloro-9H-beta-carbolin-8-ilcarbamoil)-2,2-dimetll-morfolin-4-if}-
acético y 4-(aminometil)piridina. El producto se alsié en forma de la sal clorhidrato
con un rendimiento de 53%.

H RMN (300 MHz, D20): 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), 4,154,25 (m, 2H), 7,68 (d, 1H), 7,88
(s, 1H), 7,91 (s, 1H), 8,21(d, 1H), 8,44 (d, 1H), 8,53 (d, 1H), 8,58 (s, 1H), 8,58 (s,
1H), 9,08 (s, 1H).

Tiempo de retencién (LC, método: patrén de acetato aménico): 1,47 min.

MS (M+H"): 507,3.

g3
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morfolin-4-li}-acético (200 mg, 0,48 mmol) y piperidin-4-i-metanol (111 mg, 0,96
mmol) en piridina (4 ml). La solucién amarilla resultante se agité a temperatura
ambiente durante 10 min y después se aifadié en una Gnica porcidon EDC (184 mg,
0,98 mmol). La mezcla de reaccién se dejé en agitacién durante una noche (16 h).
Se afiadié agua (4 ml) y la mezcla se concentré a presién reducida. El residuo

resultante se repartié entre acetato de etilo (50 ml) y carbonato potésico acuoso 1
M. La capa acuosa se extrajo de nuevo con acetato de etilo (3x 50 ml)y los
extractos combinados se lavaron con agua y salmuera, se secaron sobre sulfato
sddico, se fiitraron y se concentraron. El residuo bruto se purificd por
cromatografia sobre gel de sflice (gradiente de cloruro de metileno y metanol) para
producir (6-cloro-8H-beta-carbolin-8-ll)-amida del éacido 4-[2-(4-hidroximetil-
piperidin-1-il}-2-oxo-etil}-8,8-dimetil-morfolin-3-carboxilico pura en forma de una
espuma amarilla (152 mg, 62%). La sal bis-HCIl se prepar6 mediante la adiciéon de
2 equivalentes de HCI conc. a una solucidn etandlica de la base libre. La
concentracién, seguldo de trituraclén con éter, produjo la sal en forma de un polvo
amarilio de fluido libre.

H RMN (base libre, 300 MHz, CDCl3) O: 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), 3,68-3,26 (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), 1,38 (s, 3 H), 1,25 (s, 3 H), 1,18-0,87 (m, 1).

MS (Condiciones convencionales de NHsOAc, ES+) e/z = 514 (M+H)"

DAD R; = 1,51 min

EJEMPLO 71: 8-Cloro-9H-beta-carbolin-8- h
iperidin-1-l il imetll-morfolin rboxill
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El compuesto deseado se sintetlzé6 usando &acido [5{6-cloro-9H-beta-
carbolin-8-ilcarbamoil)-2,2-dimetil-morfolin-4-il}-acético y  4-hidroxiplperazina
siguiendo el Método F con un rendimiento de 31%.

'H RMN (300 MHz, D;0): d 8,85 (1H,8), 8,19 (2H, 8), 7,82 (1H, s), 7,44 (1H,
s), 4,15 (2H, m), 3,9-3,75 (4H, m), 3,6 (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, s), 1,19 (3H, s)

Tlempo de retencién (LC, método: patrdn de acetato aménico): 1,5 min

MS (M+H+): 501

EJEMPLO 72; (6-Cloro-9H-beta-carbolin-8-il}-amida del acido 4-
dletilca orfolin !

El compuesto deseado se fabricdé usando acldo [5-(6-cloro-8H-beta-
carbolin-8-ilcarbamoil)-2,2-dimetil-morfolin-4-il}-acético y dietilamina sigulendo el
Método F con un rendimlento de 60%.

'H RMN (300 MHz, D;O): d 8,87 (1H, s), 8,26 (2H, m), 7.8 (1H, s), 7,52 (1H,
s), 4,1 (3H, m), 3,8 (2H, m), 3,22 (2H, m), 3,0 (1H, d), 2,7 (1H, d), 1,3 (3H, s), 1,19
(3H, s), 0,09 (6H, m).

Tiempo de retencién (LC, método: patrdn de acetato aménico) : 1,98 min

MS (M+H+): 472

El compuesto deseado se preparb usando dcido [5-(6-cloro-9H-beta-
carbolin-8-ilcarbamoil)-2,2-dimetil-morfolin-4-il]-acético y 1-metil-piperazina
sigulendo el Método F con un rendimiento de 12%.

'H RMN (DMSO) d 11,28 (1H, s), 10,35 (1H, s), 9,01 (1H,8), 8,37 (1H, s),
8,21-8,15 (2H, m), 7,9 (1H, s), 3,89 (2H, m), 3,7 (5H, m), 3,1 (2H, m), 2,85 (2H, m),
2,49 (3H, s), 2,4 (3H, m), 1,2 (3H, 8), 1,16 (3H, 9)

Tlempo de retencién (LC, método: patrdn de acetato aménico): 1,34 min.
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MS (M+H+): 500

El compuesto deseado se prepard usando Aacldo [5<{6-cloro-9H-beta-
carbolin-8-licarbamoli)-2,2-dimetit-morfolin-4-il}-acético y 2,6—dinietil-morfollna
siguiendo el Método F. La purificacién cromatogréfica dio el producto deseado con
un rendimiento de 70-80%.

'H RMN (300 MHz, CDCls): d 9,31 (s, 1H), 8,75 (d, 1H), 8,55 (d, 1H), 8,37
(d, 1H), 8,14 (m, 1H), 4,73 (m, 2H), 4,98 (m, 1H), 4,37 (m, 2H), 3,69 (m, 2H), 3,67
(m, 4H), 2,82 (t, 1H), 2,47 (t, 1H), 1,50 (d, 3H), 1,42 (d, 3H), 1,18 (m, 6H)

Tiempo de retenclén (LC, método: patrén de &cido férmico): 1,14 min (Serle
de diodos).

MS (M+H"): 514, (M-H*): 512

LO 75: del_4cido rboli

Se disolvieron dcido [5-(6-clom-9H-beta—carbolIn-8—nlcarbamoul)-2 2-dimetil-
morfolin-4-il]-acético (200 mg, 0,48 mmol) y isonipecotato de metilo (137 mg, 130
ul, 0,98 mmol) en piridina (4 ml) y se agitaron a temperatura ambiente 10 min. Se
affadlé EDC y la mezcla de reaccion se dejé en agitacién a temperatura ambiente
durante una noche (16 h). Se afiadi6 méas Isonipecotato de metllo (137 pl, 0,86
mmol) y la mezcla se agitd durante 24 h mas. Se afiadié agua (4 ml) y la mezcla
se concentrd. El residuo bruto se repartié entre acetato de etilo (75 ml) y carbonato
potésico acuoso 1 M (50 ml). La fase acuosa se extrajo de nuevo con mas acetato
de etilo (75 + 50 ml). Los extractos combinados se lavaron con agua y salmuera,
s6 sacaron sobre sulfato sodico, se filtraron, se concentraron y se purificaron por
cromatografla sobre gel de sllice (gradiente de cloruro de metileno/metancl) para



10

15

20

-134-

producir la base libre en forma de una espuma amarilla (150 mg, 57%). La sal
bis-HCI se preparé mediante la adicién de 2 equivalentes de HCI conc. a una
solucidn etandlica de la base libre. La concentracién, seguido de trituracién con
éter, produjo la sal en forma de un polvo amarillo fluido.

'H RMN (base libre, 300 MHz, COCls) O 11,04 (d, 1 H), 10,48 (d, 1 H), 8,95
(s. 1 H), 8,48-8,31 (m, 2 H), 7,86-7,79 (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), 1,85-1,62 (m, 2 H), 1,38
{s, 3 H), 1,23 (s, 3 H).

MS (Condiclones convencionales de NH,OAc, ES+) e/z = 542 (M+H)"
DAD Ry = 1,72 min

con el procedimiento de Cottle, D.L., et al. J. Org. Chem. 1946, 11, 286-291) en
diclorometano (60 ml). Se afiadié trietilamina (3,6 ml, 2,66 g, 26,1 mmol) y la
reaccidn se enfrié a -10°C. Se afiadié gota a gota cloruro de bromoacetilo (2,2 mli,
4,08 g, 26,1 mmol) y la solucién se calenté lentamente a temperatura amblente. La
reaccldn se concentrd a sequedad al vaclo, se disolvié de nuevo en acetato de
etilo y se pasé a través de un lecho de gel de sllice. El eluyents se concentréd
hasta un aceite amarillo (3,45 g, 58%) que se llevé a la sigulente etapa.

Tiempo de retencién (LC, método: patrén de acetato aménico): 1,20 min.

MS (M+H"): 237.

El Intermedio 59 (60 mg, 0,14 mmol) se suspendié en diclorometano (3 mi).
Se afiadié una solucién de carbonato potasico 1 M (0,5 ml). La capa orgénica se
sepand, se secd sobre MgSO, y se concentré a sequedad. La base llbre se
disolvié en DMF (1 ml) y se agité a temperatura amblente. Se afiadlé gota a gota
2-bromo-1-(3,3-dimetil-morfolin-4-ll}-etanona (30 mg, 0,13 mmol) disuelto en DMF
(1 ml). La reaccidén se agitd durante 3 horas a temperatura ambiente y se



10

15

20

-135-

concentrd a sequedad al vaclo. La cromatografla ultrarrdpida en columna (93:7 de
diclorometano:metanol) produjo un aceite amarillo que se disolvi6 en HCI 4
N/dioxanc (2 ml). La concentracién al vacio produjo el compuesto del titulo en
forma de un sdlido amarillo (22 mg, 29%).

H RMN (300 MHz, MeOH-d,): d 1,35 (s, 3H), 1,41 (s, 3H), 1,43 (s, 6H),
2,98 (m, 1H), 3,45 (m, 4H), 3,568 (m, 1H), 3,78 (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)

Tiempo de retencidn (LC, método:; patrén de acetato aménico): 1,16 min.

MS (M+H'): 514

clclohexlicarbamoil}-metill-8.6-dims orfoli boxflica

Se disolvieron acido [5+{6-cloro-9H-beta-carbolin-8-licarbamoil)-2,2-dimetil-
morfolin4-ll}-acdtico (200 mg, 048 mmol), clorhidrato de trans4-
aminociclohexanol (145 mg, 0,96 mmol) y diisopropiletiiamina (124 mg, 167 pl,
0,86 mmol) en piridina (4 ml) y se agitaron a temperatura ambiente durante 10
min. Se afiadlé EDC (184 mg) y la reaccién se agitd a temperatura .amblente
durante una noche (18 h). Se afiadid agua (2 ml) y la mezcla resultante se
concentrd a presién reduclda. El residuo resultante se diluyd con 50 ml de
carbonato potésico acuoso 1 M y se extrajo con acetato de etilo (75 + 2 x 50 mi).
Los extractos combinados se lavaron con agua y salmuera, se secaron sobre
sulfato sddico, se filtraron y se concentaron. El residuo bruto se purficé por
cromatografia sobre gel de sllice {(gradiente de metanol/cloruro de metileno) para
producir (6-cloro-9H-beta-carbolin-8-il)}-amida del d&cido 4-[(trans-4-hidroxi-
ciclohexilcarbamoll)-metil}-6,8-dimetil-morfolin-3-carboxilico puro (148 mg, 59%) en
forma de una espuma amarilia. La sal bis-HCI se prepard mediante la adicién de 2
equivalentes de HCl conc. a una solucién etandlica de la base libre. La
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concentracién, seguido de trituracion con éter, produjo la sal en forma de un polvo
amarllio de flujo libre,

H RMN (base libre, 300 MHz, CDCl) O 11,71 (s 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), 6,36 (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), 2,78-2,26 {(m, 5 H), 2,16-
1,84 (m, 4 H), 1,54-1,30 (m, 5 H), 1,22 (s, 3 H).

MS (Condiciones convenclonales de NH(OAc, ES+) e/z = 514 (M+H)*

DAD Ry=1,39 min

o (S R 2,5-dimetii-pirrolidin-1-i l-morfolin-

Se disolvi6 clorhidrato de (2R,5R)-2,5-dimetil-pirmolidina (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 afiadlé trietllamina (405
mg, 0,56 ml, 4,0 mmol). Se afiadié gota a gota cloruro de cloroacetilo (226 mg,
0,16 ml, 2,0 mmol) disuelto en diclorometano (1 ml). La mezcla se calentd a
temperatu_ra ambiente y se agitdé durante 30 minutos mas. La reaccién se diluyd
con diclorometano (5 ml), se extrajo con HCI 1 N y salmuera y después se secd
sobre MgSO4. La capa orgénica se concentrd hasta un aceite pardo. Peso: 242
mg (82%).

Tiempo de retencion (LC, método: patrén de acetato aménico): 1,24 min.

MS (M+H*): 178,5, E| material se llevd a la sigulente etapa sin purificacion
adicional.

El Intermedio 59 (495 mg, 1,15 mmol) se disolvid en una mezcla de
acetonitriio (8 ml) y agua (2 ml). Se afladi6 carbonato potasico (477 mg, 3,45
mmol) y la reaccién se calentd a 40°C. Se ailadié gota a gota 2-cloro-1{(2R,5R)-
2,5-dimetil-pirrolidin-1-il}-etanona (242 mg, 1,38 mmol) (preparada como se ha
descrito anteriormente) disuelta en acetonitriio (1 ml). La reaccién se calentd a
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80°C y se agité durante una noche. La reacclén se enfrié6 a 40°C. Se afiadié en
una porcién yoduro sddico (207 mg, 1,38 mmol) disuetto en acetona (1 ml). La
reaccion se agitd durante una noche a 40°C. La reacclén se concentrd al vaclo y
se diluyé con acetato de etilo (40 ml). La capa organica se extrajo dos veces con
agua y salmuera y después se secd sobre MgSO,4. La capa organica se filtrd y se
concentrd al vacfo hasta una espuma naranja. La cromatografia ultrarrépida en
columna (85:5 de diclorometano:metancl) produjo un sdlido amarillc que se
disolvié en HCI 4 N/dioxano (1 ml) y se concentrd a sequedad. La trituracién con
éter produjo el compuesto del titulo en forma de un sdlido amarillo (18 mg, 3%).

H RMN (300 MHz, MeOH-dy): d 1,23 (dd, 6H), 1,38 (s, 3H), 1,48 (s, 3H),
1,85 (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 (8, 1H), 8,42 (s, 1H), 8,55 (d, 1H), 8,78 (d, 1H), 9,29 (s, 1H).

Tiempo de retencidn (LC, método: patrén de acetato aménico): 2,02 min.

MS (M+H"): 498.

licarbamoil)-2,2-dimetil-morfolin-4-il}-acetil}-piperidina-4-carboxflico (62 mg,
0,11 mmol) en una mezcla de éter anhidro y tolueno (1 mi: 1 ml) se agité a 0°C en
atmodsfera de Ni,. A esta solucidn se le afiadld lentamente bromuro de
metilmagnesio (3,0 M en éter, 306 ul, 0,917 mmol). La mezcla de reaccién se agitd
a temperatura amblente durante una noche y después se Inaclivd mediante la
adicién de bicarbonato sddico acuoso saturado. La mezcla resultante se diluyé de
nuevo con agua (10 ml) y acetato de etilo (30 ml). La capa acuosa se retird y se
extrajo con acetato de etlio (30 x 2 ml). Las fases organicas se combinaron, se
lavaron con salmuera, se secaron socbre sulfato de magnesio, se filtraron y se
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concentraron para producir un sélido amarillo (85 mg). El residuo se purificd por
HPLC, para producir el producto puro (13 mg, 20%).

TH RMN (300 MHz, HCDCl3): d 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), 7,88-7,81 (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 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 convenclonales de NH,OAc.

DAD Ry= 1,86 min

M+H = 542

1-4-0X0-pipendin- XO-€ 0. O-gdimeatii-Mmoriolin-a-Carooxiiic

Se disolvié éster terc-butllico del acido 4-oxo-piperidina-1-carboxitico (5 g,
25 mmol) en tetrahldrofurano (100 mi) y la solucién resultante se enfrié a 0°C. A la
soluclén enfriada se le afiadld en una Gnica porcidn hidruro sédico (al 60% en
acelte mineral, 2,10 g, 53 mmol) y la mezcla turbla resultante se de|6 en agitacién
durante 10 min. Después, se afiadié yoduro de metilo y la mezcla se dejd calentar
a temperatura ambiente durante varias horas. La agitacién se continué durante
una noche (12 h). La mezcla naranja clara se concentrd a presidn reducida. El
residuo se repartié entre éter y agua. La fase acuosa se extrajo de nuevo con mas
éter. Los extractos combinados se lavaron con agua y salmuera, se secaron sobre
sulfato sddico, se filtraron y se concentraron hasta un sdlido amarilio pélido. El
stlido se triturd con acetato de etilo al 4% en hexanos (50 ml) para producir éster
terc-butllico del &cido 3,3-dimetil-4-oxo-piperidina-1-carboxilico en forma de un
sdlido de color crema (1.8 g, 32%).

H RMN (CDCl,, 300 MHZ) 0 3,73 (t, 2 H), 3,43 (s a, 2 H), 2,49 (t, 2 H), 1,49
(s, 9H), 1,13 (s, 6 H).

El éster terc-butilico del &cldo 3,3-dimetil-4-oxo-piperidina-1-carboxilico
preparado de esta manera (450 mg, 1,97 mmol) se disolvié en cloruro de metileno

26\
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(10 ml). Se afiadl6é &cldo trifluoroacético (305 pl) y la solucién resultante se agitd a
temperatura amblente 2 h. Se afadid més &cldo trifluoroacético (300 pl) y la
reaccién se agité a temperatura ambiente durante 3 dias. La solucién amarilla
pélida se concentrd para producir un residuo oleoso que se triturd con éter. Los
sdlidos se recogleron por filtracién por succién y se secaron al vacio. Se alslé 3,3-
dimetil-piperidin-4-ona y se usé en forma de su sal del acldo trifluoroacético (381
mg, 80%).

'H RMN (de-DMSO, 300 MHz) O 3,44-3,33 (m, 4 H), 2,63-2,57 (m, 2 H),
1,11 (s, 6 H).

Se disolvieron acido [5-(8-cloro-8H-beta-carbolin-8-ilcarbamoll}-2,2-dimetll-
morfolin4-l}-acético (100 mg, 0,24 mmol), sal del acido 3,3-dimetll-piperidin-4-ona
trifluoroacético (116 mg, 0,48 mmol) y dilsoproplletiiamina (62 mg, 85 pl) en
piridina (3 ml) y se agitaron durante 10 min. Se afiadlé EDC (92 mg, 0,48 mmol) y
la mezcla se agltdé a temperatura amblente 4 dias. Se afiadié agua (3 ml) y la
reaccion Inactivada se concentrd. El residuo se repartié entre acetato de etilo (50
ml) y carbonato sédico acuoso 1 M (50 ml). La fase acuosa se extrajo con mas
acetato de etilo (50 ml) y los extractos se combinaron. Después, los extractos se
lavaron con agua y salmuera, se secaron sobre sulfato sédico, se filtraron, se
secaron y se concentraron a presién reducida. El residuo resultante se purificd por
cromatografia sobre gel de sllice (gradiente de cloroformo, acetato de etilo,
metanol), produciendo (B8-cloro-8H-beta-carbolin-8-ll}-amida del acido 4-[2-(3,3-
dimetil-4-oxo-piperidin-1-il)}-2-oxo-etil}-8,68-dimetli-morfolin-3-carboxllico en forma
de una espuma amarilla (91 mg, 73%). La sal bis-HCl| se prepard mediante la
adicién de 2 equivalentes de HCI conc. a una solucién etandlica de la base libre.
La concentracién, seguido de trituracién con éter, produjo la sal en foma de un
polvo amarillo de flujo libre.

H RMN (CDCls, 300 MHz) O 10,67 (s, 1 H), 10,37 (d, 1 H), 8,93 (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-

T X
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3,89 (m, 6 H), 2,79-2,68 (m, 1 H), 2,62-2,40 (m, 3 H), 1,41-1,38 (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 (Condiclones convencionales de NH4OAc, ES+) e/z = 526 (M+H)"
DAD R¢= 1,79 min

2-oxo0-2-pimolidin-1-jt-eti xllico

El compuesto deseado se prepard de acuerdo con los Métodos C, Ey F a
partir de 6-cloro-4-metil-9H-B-carbolin-8-ilamina (Intarmedio 54) y pirmolidina.

'H RMN (300 MHz, MeOD-d4) d 8,17 (s, 1) 8,39 (s, 1) 8,26 (d, 1) 8,17 (d, 1)
4,74-4,52 (m, 3) 4,47-4,30 (m, 1) 3,80-3,52 (m, 3) 3,48-3,34 (m, 4) 3,01 (s, 3) 1,76-
1,55 (m, 4) 1,50 (s, 3) 1,43 (s, 3).

Condiciones convenclonales de NHsOAc ELSD Ry = 2,01 min.

M+H = 408

En B

Los compuestos de esta invencién son Inhibidores eficaces de IxB quinasa
(IKK), y por lo tanto, son (tiles para tratar afecciones provocadas o agravadas por
la actividad de esta quinasa. Las actividades inhibidora de IxB quinasa in vitro e In
vivo de los compuestos de formula | pueden determinarse por diversos
procedimientos conocidos en la técnica. Las potentes afinidades por kB quinasa
mostradas por los compuestos de la invencién pueden medirse como un valor de
ICsp (en nM), que es la concentracién (en nM) de compuesto necesaria para
proporclonar una inhibicién del 50% de IxB quinasa.

Lo siguiente son elemplos de ensayos que pueden ser Gtlles para evaluar y
selacclonar un compuesto que module IKK.
Ensavo para medir la Inhibicién de la enzima kB
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Un ensayo In vitro para detectar y medir la actividad de Inhibicién frente al
complejo I?B quinasa por agentes farmacolégicos candidatos puede emplear un
polipéptido que abarque la Ser2 y Ser®® de I7B (SwissProt N° de Acceso 25963,
Swiss Institute of Bloinformatics, Geneva, Suiza) y un agente para la deteccién del
producto fosforilado, por ejemplo, un anticuerpo especifico que se une sdlo a la
forma fosforllada del polipéptido, slendo monoclonal o policional {(por ejemplo,
anticuerpos anti-fosfo-serina® 17B disponibles en el mercado). En el ejemplo para
detectar el producto fosforllado por una anticuerpo anti-fosfoserina® 17B, una vez
estd formado el complejo anticuerpo-fofo-polipéptido, el complejo puede
detectarse por una diversidad de métodos analiticos (por ejemplo, radiactividad,
luminiscencla, fluorescencia, o absorbancla éptica). Para el uso del método
DELFA (Inmunoensayo de Fluorescencia de Lantanidos con Potenclamiento de
Disociacién) (fluorometria resuelta en el iempo, Perkin Elmer Life and Analytical
Sclences Inc., Boston, MA), el complejo puede inmovilizarse en un placa de unién
a biotina (por ejemplo, placa recubierta con Neutravidina) y detectarse con un
anticuerpo secundario conjugado a Europio, 0 en una placa de unién a anticuerpo
(por ejemplo, placa recubierta con Protelna-A) y detectarse con proteina de unidn
a biotina conjugada a Europio (por ejemplo, Estreptavidina-Europio). El nivel de
actividad puede comelaclonarse con una curva paitrdn usando fosfopéptidos
sintéticos que comesponden a pollpéptido sustrato. Coémo preparar materiales para
y dirigir este ensayo se describe con més detalle a continuacién.

le ina

Se prepard un complejo 17B-a quinasa diluyendo primero 10 ml de la
fracclén S100 de extractos de células HelLa S3 (Lee ef al. (1997) Cell 88:213-222)
con 40 ml de HEPES 50 mM pH 7,5, Después, se afadié sulfato de amonio al
40% y se Incubd en hielo durante 30 minutos. El sedimento precipitado resultante
so redisolvié con 5 ml de tampén SEC (HEPES 50 mM pH 7,5, DTT 1 mM, EDTA
0,5 mM, 2-glicerofosfato 10 mM), se aclard por centrifugacién a 20.000 x g durante
15 min, y se filtrd a través de una unidad de filtro de 0,22 um. La muestra se cargd
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en una columna de FPLC de filtracibn en gel SUPEROSE-8 (Amersham
Blosclences AB, Uppsala, Suecia) equlllbrada con un tampén SEC aplicado a un
caudal de 2 ml/min a 4°C. Las fracciones que abarcan el marcador de peso
molecular de 870-kDa se combinaron para la activacidn. Después se activé una
combinacién que contenia quinasa por incubacién con MEKK1? 100 nM (Lee et al.
(19897) Cell 88:213-222), MgATP 250 uM, MgClz:10 mM, DTT 5§ mM, 2-
glicerofosfato 10 mM, Microcistina-LR 2,5 uM, durante 45 minutos a 37°C. La
enzima activada se almacend a -80°C hasta su uso adicional.

A UO (o 6l YHIel l?B UIna '1'L' [ IO A

En cada pocllio de una placa de 968 pocillos, se preincubaron los
compuestos de diversas concentraciones en 5 pl de DMSO al 20% durante 30
minutos a 25°C con 40 ul de enzima activada diluida 1:25 con tampén de ensayo
(Hepes 50 mM pH 7.5, DTT § mM, MgChL10 mM, 2-glicerofosfato 10 mM,
Microcistina-LR 2 uM, AlbGmina de Suero Bovino al 0,1%). Se afiadieron 5 ul de
sustrato peptidico (biotina{CH;)e-DRHDSGLD(fosfoS)MKD-CONH.) a 200 uM +
ATP 500 uM a cada poclllo y se Incubaron durante 1 hora antes de interrumpir con
50 uL. de Hepes 50 mM pH 7,5, BSA al 0,1%, EDTA 100 mM. Se transfirlaron 5 pl
de reaccidn de quinasa Interumpida a una placa de Proteina, A (Plerce
Blotechnology, Inc., Rockford, IL, EEUU) que contenfa 80 ul de anticuerpo anti-
fosfo IxkB S32/S36 (Cell Signaling Technologies Beverly, MA, EEUU) a 2 ug/mi.
Las muestras se incubaron durante 2 horas con agitacién. Después de 3 lavados
con PBS + Tween20 al 0,05%, se aifadieron 50 pl de quelato de europlo unido a
estreptavidina (Perkin Elmer Life and Analytical Sclences, Boston, MA, EEUU) a
0,1 pg/ ml a cada pocillo y se incubaron durante 1 hora con agitacién. Despuéds de
3 lavados con PBS + Tween20 al 0,05%, se afiadieron 100 pi of Solucion de
Ponclamiento DELFIA (Perkin Elmer Life and Analytical Sciences, Boston, MA,
EEUU) a cada pocillo. Se leyd una sefial de europlo con una excitacién de 330 nM
y emision de 615 nM en un lector de placa Wallac Victor (Perkin Elmer Life and
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Analytical Sciences, Boston, MA). Como el ensayo demostrd ser lineal
previamente con respecto a la concentracién de enzima y tlempo para la dilucién
de enzima ensayados, los niveles de seiial de europlo se usaron para determinar
la actividad de Inhibicién de los agentes farmacolégicos candidatos.

Los compuestos de la invencion fueron inhibidores activos del complejo
IKK. Se apreclard que los compuestos de esta invencidn pueden mostrar
actividades inhibidoras de IxB quinasa de grados variados. Después de
procedimientos de ensayo tales como los ensayo In vitro y los basados en células
descritos en este documento, los valores de ICs; medios de Inhibicién de IkB
quinasa para los compuestos de la invenclén estuvieron generaimente por debajo
de aproximadamente 10 micromolar, preferiblements, por debajo de
aproximadamente 1,0 micromolar y mas preferiblemente por debajo de
aproximadamente 100 nanomolar. Los compuestos de la Invencién tamblén son
selectivos para inhibir IKK-2 a diferencia de IKK-1.

n ares

Se obtuvieron células MM humanas RPMI| 8226 y U266 de la American
Type Culture Collection (Manassas, VA). Todas las lineas celulares MM se
cultivaron en RPMI-1840 que contenla suero bovino fetal al 10% (FBS, Sigma-
Aldrich Co., St. Louis, MO), L-glutamina 2 mM, 100 U/ml de penicilina (Pen) y 100
pg/ml de estreptomicina (Strep) (productos de cultivo celular de la marca GIBCO
disponibles de Invitrogen Life Technologies, Carisbad, CA). Las células MM
obtenidas de un paclente se purificaron de aspirados de la médula 6sea (BM) del
paciente usando el sistema de separaclén ROSETTESEP (kit de enriquecimiento
de células B) (StemCell Technologles, Vancouver, Canadd). La pureza de las
células MM se confirnd por citometria de flujo usando anticuerpo anti-CD138
conjugado con PE (BD Biosciences, Bedford, MA).
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Se obtuvieron muestras de médula ¢ésea (BM) de pacientes con MM. Las
células mononucleadas (MNC) separadas por sedimentacion por densidad de
FicollFHypaque se usaron para establecer cultivos de BM de larga duracién como
se ha descrito previamente (Uchlyama ef al., Blood 1993, 82:3712-3720). Las
células se recogleron en Solucién Salina Tamponada de Hank (HBSS) que
contenla tripsina al 0,25% y EDTA al 0,02%, se lavaron, y se recogieron por
centrifugacién.
BIADI] AU THEUIRITTO TTIOVIVIE LS YOI AU dda SI Sis LIt ADN
La proliferacién se midl6 como se ha descrito previamente (Hideshima et
al., Blood 96:2943 (2000)). Las células MM (3 x 10* células/pocillo) se incubaron
en placas de cultivo de 88 pocillos (Coming Life Sciences, Coming, NY) en
presencia de medios 0 un Inhibidor de IKK de esta Invencién durante 48 h a 37°C.
La sintesis de ADN se midié por incorporacién de [*H]-timidina (["H}TdR, New
England Nuclear division of Perkin Elmer Life and Analytical Sciences, Boston,
MA) en células en division. La células se sometieron a pulsos con [PHJTdR (0,5
uCl/pocilio) durante las Gltimas 8 h de cultivos de 48 h. Todos los experimentos se
realizaron por triplicado.
En Viabilidad

El efecto inhibidor de los presentes compuestos en el crecimiento de MM se
evalué midiendo la reduccién de amarlilo de tatrazolio MTT (bromuro de 3-(4,5-
dimetiltiazolil-2)-2,5-difeniltetrazolio) por células metabélicamente activas (J.
Immunol. Methods 174: 311-320, 1994). Las células de cultivos de 48 h se
sometieron a pulsos con 10 ul de 5§ mg/ml de MTT a cada pocilio durante las
dltimas 4 h de los cultivos de 48 h, seguido de 100 pl de Isopropanol que contenlia
HCI 0,04 N. La absorbancia se midié a 570 nm usando un espectrdmetro
(Molecular Devices Corp., Sunnyvale CA).

ZLT
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Los anédlisis de cambio de movilidad electroforética (EMSA) se realizaron
como se ha descrito previamente (Hideshima et al., Oncogene 2001, 20:4519).
Brevemente, las células MM se preincubaron con un inhibidor de IKK de esta
invenclén (10 pM durante 90 min) antes de estimulacién con TNF-a (5 ng/mil)
durante 10 a 20 min. Después las células se sedimentaron, se resuspendieron en
400 pl de tampédn de lisls hipoténico (HEPES 20 mM, pH 7,8, KCI 10 mM, EDTA 1
mM, Triton X-100 al 0,2%, NagVO, 1 mM, NaF 5 mM, PMSF 1 mM, 5 pg/ml de
leupeptina, 5 pg/mli aprofinina), y se mantuvieron en hielo durante 20 min.
Después de centrifugacién (14000 g durante 5 min) a 4°C, el sedimento nuclear se
extrajo con 100, ul de tampdn de lisis hiperténico (HEPES 20 mM, pH 7,9, NaCl
400 mM, EDTA 1 mM, NazgvVO, 1 mM, NaF 5 mM, PMSF 1 mM, 5 pg/ml de
leupeptina, 5 pg/ml de aprotinina) en hielo durante 20 min. Después de
centrifugacion (14000 g durante 5 min) a 4°C, el sobrenadante se recoglé como
extracto nuclear. Se marcé en el extremo una sonda oligonucleotidica consenso
de doble cadena de NF-xB (5'-GGGGACTTTCCC-3', Santa Cruz Blotechnology
Inc., Santa Cruz CA) con [(2PJATP (50 uCl a 222 TBg/mM; New England Nuclear
division of Perkin Eimer Life and Analytical Sclences, Boston, MA). Las reacciones
de unién que contenlan 1 ng de oligonucledtido y 5 pg de protelna nuclear se
reallzaron a temperatura ambiente durante 20 min en un volumen total de 10 pul de
tampén de unién (Trs-HCI 10 mM, pH 7.5, NaCl 50 mM, MgClz 1 mM, EDTA 0,5
mM, DTT 0,5 mM, glicerol al 4% (v~), y 0,5 pug de poli (dI-dC) (Amersham
Blosciences AB, Uppsala, Suecla). Para el andlisis de supercambio, se aiiadit 1
pg de Ab antl-p65 de NFxB 5 min antes de las mezclas de reaccién,
Inmedlatamente después de la adicion de la sonda radiomarcada. Las muestras se
cargaron en un gel de poliacriiamida al 4%, se transfiieron a papel Whatman
(Whatman International, Maidstone, U.K.), y se visuallzaron por autorradiografia.
En U daPmlﬂ'e i ] AR UG llL' . D. ) LI jii B BN IGS
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Se mantuvieron las lineas celulares DLBCL tipo ABC (LY3 y Ly10) y tipo
GCB (Ly7 y Ly18) (Alizadeh et al (2000) Nature 403:503-511; Davis et al. (2001) J.
Exp. Med. 194:1861-1874) en medio de crecimiento (GM, DMEM de Iscove + FBS
al 10%) pasando las células dos veces por semana. Las células se privaron
durante una noche en medio DMEM de Iscove + FBS al 0,5% durante una noche
antes de sembrarias en placas en el ensayo de proliferacién. En el dia del ensayo,
se contaron las células y se controlé la viabilidad usando tincién de Azul de
Tripano. Para las células Ly3 y Ly10, se sembraron 5000 células en GM por pocilio
on una placa de 96 poclllos. Las células Ly7 y Ly19 se sembraron a 10.000 células
por podilio. Los inhibldores de IKK primero se disolvieron en DMSO y después se
diluyeron en GM para alcanzar las concentraciones finales de 80 uM-0,01 pM.
Cada concentracién se sembré en placas por triplicado. La viabilidad celular se
determind usando un ensayo de viabllidad celular WST-1 convencional (Roche
Applied Science, Indianapolis, IN).
nsayo de Liberaclén de Cltoquinas

Se purificaron PBMC de la sangre completa de un donante normal por el
método de gradiente de Ficoll. Después de un lavado con PBS, se resuspendieron
PBMC en medio AIM-V. Se afiadieron los inhibldores de IKK de esta Invencién
dliuidos de manera serlada en DMSO al 100% a 1 pl a la parte superor de una
placa de 96 pocllios y se mezclaron con 180 pl de 4,5 X 10° PBMC en medios
AIM-V por poclllo. Después de preincubar PBMC con inhibidor a 37°C durante 40
min, las células se estimularon con 20 pl de LPS (100 ng/ml) o ant-CD3 (0,25
pg/ml) y anti-CD28 (0,25 pg/ml) (Pharmingen division of BD Blosclences, Bedford,
MA) a 37°C durante 5 horas. Los sobrenadantes se recogleron y se ensayaron
para la liberacién de IL-1p o TNF-c usando kit de ELISA disponibles en el mercado
convenclonales.
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La linea celular SW1353 de condrocito humano (ATCC, Manassas, VA) se
cuttivé contenlendo suero bovino fetal al 10% (Hyclone, Logan, UT), L-glutamina 2
mM (productos de cultivo celular de la marca GIBCO disponibles de Invitrogen Life
Technologies, Carlsbad, CA) y Pen/Strep al 1% (GIBCO). Las células se
sembraron en una placa de Poll-D-lLisina de 868 pocillos (BD BIOCOAT,
Black/Clear bottom, BD Biosciences, Bedford, MA). Se afiadieron Iinhibidores de
IKK diluldos de manera serlada a 1 pl a cada pocilic de placas de 98 pocllios y se
mezclaron con 180 p! de 4,5 X 10° condrocitos por pocillo. Después de pre-incubar
las células con compuestos durante 1 h a 37°C, las células se estimularon con 20
pl de IL-1B (10 ng/ml, R&D Systems Inc.) a 37°C durante 24 h. Después se
recogieron los sobrenadantes y se evaluaron para la produccion de
metaloproteinasas de matriz (MMP) usando kits de ELISA disponibles en el
mercado.

n j | umano

Se proporciond HFLS aislado de tejldos sinoviales RA obtenidos de cirugla
de remplazamiento articular por Cell Applications Inc. (San Dlego, CA). Los
inhibidores de IKK de ia Invencién se ensayaron para su capacidad de bloquear la
liberacién de IL-6 o IL-8 inducida por TNF-a o IL-1p da estas células usando kits
de ELISA disponibles en el mercado. Las condiclones de cultivo celular y métodos
de ensayo se describieron en Aupperle et al., Journal of Immunology, 163:427-433
(1999).

E de Mastocltos Obtenid rdén Umbilical Huma

Se obtuvo sangre de cordén umbilical humanoc de Cambrex (Walkersville,
MD). Los mastocitos se diferenciaron y se cultivaron de un modo similar al descrito
por Hsieh et al., J. Exp. Med., 183:123-133 (2001). Los inhibidores de IKK de la



10

15

20

25

-148-

Invencién se ensayaron para su capacidad de bloquear la liberacién de TNFa
inducida por IgE o LPS usando kits de ELISA disponibles en el mercado.
il e YOS LG 'IU L=l JE L) F nc- 131: ge UJSteociastos

Se obtuvieron precursores de osteoclastos humanos en forma
crioconservada de Cambrex (Walkersville, MD). Las células se diferenciaron en
cultivo en base a las instrucciones del fabricante. Los inhibidores de IKK de la
invencién se ensayaron para su capacidad de bloquear la diferenciacidn, resorcién
dsea y degradacién coldgeno como se ha descrito previamente (véase, Khapll, S.
M., Journal of Immunol, 171:142-151 (2003); Karsdal, M. A., J Biol Chem,
278:44975-44987 (2003); y Takami, M., Joumal of Immunol, 169:1516-1523
(2002)).

0 méas modelos de rata para artritls reumatoide. Dicho ensayo se conoce en la
bibliografia e incluye un modelo de LPS de rata convencional como se describe en
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 Metalloproteinases®, J. Pharmacol. Exp. Ther. 298(3), 900-808 (2001); un
modelo de rata de artritis inducida por adyuvante como se describe en
Phamacological Methods in the Control of Inflammation (1989) péginas 363-380
“Rat Adjuvant Arthritis: A Model of Chronic Inflammation® Barry M. Weichman autor
del capltulo del libro {Alan R. Liss Inc Publisher}; y un modelo de rata de artritis
inducida por coldgeno como se describe en Pharmacological Methods in the
Control of Inflammation (1989) paginas 395-413 “Type Il Collagen induced Arthritls
en the Rat® DE Trentham and RA Dynesuls-Trentham autores del capitulo del libro
{Alan R. Liss Inc Publisher}. Véase, también, “Animal Models of Arthritis:
Relevance to Human Disease” (1989) por A. Bendele, J. McComb, T. Gould, T.

o
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McAbee, G. Sennsllo, E. Chlipala y M. Guy. Toxicologic Pathology Vol 27 (1) 134~
142.

En base a los resultados de uno o més modelos de rata tales como los
descritos anteriormente, se descubrid que los compuestos de férmula 1I-C son
sorprendentemente superiores en comparacién con otros compuestos donde el
Anllio A es un anillo de piridina. Tamblén en los modelos de rata, se descubrié que
los compuestos de férmula lli-A-a, especiaimente los compuestos de fdrmula IlI-A-
aa, son sorprendentemente superiores en comparacién con otros compuestos
donde el Anillo A es un anilio de morfolina.

Aunque se han descrilo varlas reallzaclones de esta invencién, es evidente
que los ejemplos bésicos pueden alterarse para proporcionar otras realizaciones,
que utilizan los compuestos y métodos de esta Invencién. Por lo tanto, se
apreclard que el alcance de esta invencién se defilnen por las relvindicaclones
adjuntas en lugar de por las realizaciones especificas, que se han representado a
modo de ejemplo.
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REIVINDICACIONES

1. Un compuesto de férmula I:

0 a una sal farmacéuticamente aceptable del mismo, donde:
el Anillo A se selecciona entre el grupo compuesto por:

(a) un anilio piridinilo o pirimidinilo que esta sustituldo con (I) —-CH2C(0)-G y
0-1R™o()1-2R%™, y

(b} un anlllo morfolinilo, pIperI&InlIo. piperazinilo, pimolidiniio, piranilo,
tetrahidrofuranollo, ciclohexilo, ciclopentiio o tiomorfolinilo que estd sustituldo con
() C(R%s, -W-G o -G, (il) 04 R®™ y (lii) 0-1 grupos oxo sobre un carbono del
anillo o 0-2 grupos oxo sobre un azufre del anillo;

cada R® se selecciona independientemente entre un grupo alifitico Cie,
halo, alcoxl C+.¢ © amino;

cada R® se selecciona independientemente entre un grupo alifatico Cy130—~
N(R?)z, y dos R® sobre el mismo o un carbono adyacente se toman obclonalmento
junto con elllos 4tomo(s) de carbono que Intervienen para formar un anilio de 5-6
miembros que tiene 1-2 heteroitomos en el anllio selecclonados entre N, O 0 S;

W
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W es -Q-, -Q-C(O}, -C(R)-C(R’XR")- 0 -C(R)C(R*NR")L;

Q o8 -C(R%)2- 0 -C(R*)2C(R®)-;

G es —OH, -NR'R®, -N(RHCONR'R?, -N(R®)SOz(un grupo alifitico
Cta), -N(R®)COCF3, -N(R®YCO(un grupo allfdtico Cy.a), -N(R®)CO(heterociclilo), -
N(R?)CO(heteroarilo), -N(R*CO(arlio), un anillo heterociclilo de 3-7 miembros o un
heteroarilo de 56 miembros, donde cada uno de los restos heteroarilo, arilo y
heterocicllio de G est4 opcionalmente sustituido con 1-3 R'%;

R’ es hidrégeno, halo, un grupo alifitico C1.a, amino, clano, (alquil C,.
3)1.2 8mino, alcoxi Cs.3, -CONH., -NHCOCF; 0 -CH2NH2;

R? es hidrégeno, halo, un grupo alifético Cy.3, -CFa;

R es hidrégeno, halo, un grupo alifstico Cy.e, haloalquilo Cy, alcoxi

C1.¢, hidroxd, amino, clano o (alqull C4.s)1-2 amino;

R* es hidrégeno, heterocicilo de 3-7 mlembros o un grupo alifstico
Cis

R® es hidrégeno, un grupo alifdtico C1. 0 un anillo heterociclico de 3-
7 miembros que tiene 1-2 heteroatomos en el anllio selecclonados entre N, O 0 S,
donde R® estd opcionalmente sustituido con halo, -OR’, -CN, -SR®, -S(O).R®,
-S(0)2N(R"), -C(O)R’, -COzR’, -N(R")2, -C(O)N(R")z, -N(R")C(O)R’, -N(R")COzR®
o -N(R")C(O)N(R")z;

cada R’ se selecciona Independlentemente entre hidrégeno o un
grupo alifdtico C14 o0 dos R’ sobre el mismo 4tomo de nitrégeno se toman junto
con el nitrdgeno para formar un anillo heteroarilo o heterociclilo de 5-6 mlembros,;

cada R® se selecciona independientemente entre un grupo alifatico
Cia;

cada R? se selecciona independientemente entre hidrégeno o un
grupo alifatico C1.3;

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

22>
Yol
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cada R'! se selecciona independientemente entre un grupo alifatico
Cis, halo, -S(0)2N(R™)2, -OR’, -CN, -SR®?, -S(0):R®, -C(O)R, -CO:R’, -N(R"),,
-C(O)N(R")z, -N(R"C(O)R, -N(R")CO:R’ 0 -N(R")C(O)N(R")z;
T es una cadena alquileno C4 lineal o ramificada;
V es -O-, -N(R'}-, -S-, -S(0}-, -S(O)z-, ~-C(O)- 0 -CO2; ¥
R'? es hidrégeno o una cadena lateral de aminocidos.

2. El compuesto de la reivindicaclién 1, en el que el Anlllo A es un anillo 3-
piridinlio o 5-pirimidinilo sustituido con 1-2 grupos R®.

3. El compuesto de la relvindicacién 2, que tiene la férmula 11-C:

Iz

NH

I-C
donde:
YesNoCH;
R' es hidrégeno, halo, un grupo alifitico Cy.3, amino, clano, (alquil Cy.3)12 amino,
alcoxl Cy.3, -CONH;, -NHCOCF; 0 -CHaNH_z;
R2 es hidrégeno, halo, un grupo alifitico Cy.3, -CFs;
R? es hidrégeno, halo, un grupo alifético Cy.s, haloalquilo Cy¢, alcoxi Cy.g, hidroxi,
amino, ciano o (alquil C4.g)12 amino; y
R® se selecciona entre un grupo aliftico C1.s 0 halo.
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4.  El compuesto de la reivindicaci6n 3, en el que R® es metilo.

5. El compuesto de la reivindicacidn 4, en el que R' es hidrégeno, metilo, amino o
fluoro; R? es hidrégeno o halo; y R® es hidrdgeno, halo o alcoxi Cy.4.

6. El compuesto de la relvindicacién 5 en el que Y es CH.
7. El compuesto de la reivindicacién 5 en el que Y es N.

8. El compuesto de la reivindicacion 1 en el que el Anillo A se selecciona entre
morfolinilo, piperidinilo, piperazinilo, pimolidinlio, piranilo, tetrahidrofuranollo,
ciclohexilo, ciclopentilo o tiomorfolinlio y donde el Anllio A estd sustituldo con (i)
-C(R%s 0 -W-G, (il) 04 R® y (ili) 0-1 grupos oxo sobre un carbono del anillo o 0-2
grupos oxo sobre un azufre del anillo.

9. El compuesto de la reivindicaciéon 8 en el que el sustituyente -W-G o —
C(R®)s sobre el anilio A estd en posicion orto donde se une a la porcién beta-
carbolina.

10. Un compuesto de fdrmula lIl-A:

R1
RZ
R N
H
NH

n-A
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0 a una sal farmacéuticamente aceptable del mismo, donde:

El Anilio A est4 sustituido con 0-4 R®;

cada R® se selecciona independientemente entre un grupo allfético C43 0 —=N(R'),,
y dos R® sobre el mismo o un carbono adyacente se toman opcionalmente junto
con ellos atomo(s) de carbono que intervienen para formar un anllio de 56
miembros que tiene 1-2 hateroatomos en el anillo seleccionados entre N, O 0 S;

W es —Q-, -Q-C(O), -C(R%)-C(R°XR")- 0 -C(R®)-[C(R*R"*)}~;

Q és -C(R%:- 0 -C(R*).C(R®%)~;

G es —OH, -NR'R®, -N(R’)CONR'R®, -N(R®)SOzun grupo alifitico Ci3), -
N(R®’)COCF3, -N(RHCO(un grupo alifdico Cig), -N(R®)CO(heterociciilo), -
N(R*)CO(heteroarilo), -N(R*)CO(arllo), un anillo heterociclilo de 3-7 mlembros o un
heteroarilo de 5-8 miembros, donde cada uno de los restos heteroarlio, arllo y
heterociclilo de G esta opcionalmente sustituido con 1-3 R'?;

R! es hidrégeno, halo, un grupo alifitico C,.3, amino, clano, (alquil C1.3)+.2 amino,
alcoxi Cy.3, -CONHz, -NHCOCF; 0 -CHzNH;;

R? es hidrégeno, halo, un grupo alifitico C1.3, -CFa;

R? es hidrégeno, halo, un grupo alifético Cy.s, haloalqullo C1.e, alcoxi Ci.e, hidrox,
amino, clano o (alquil Ci.sh-2 amino;

R* es hidrégeno, un grupo heterociclilo de 5-8 o un grupo alifatico Cy.;

R® es hidrégeno, un grupo alifdtico C1¢ 0 un anillo heterociclico de 5-8 miembros
que tiene 1-2 hetero4tomos en el anlllo selecclonados entre N, O o S, donde R®
esta opcionalmente sustituido con halo, -OR’, -CN, -SR®, -S(0)2R®, -S(0)N(R)2,
-C(O)R’, -COR’, -N(R")2, -C(ONR')2, -N(R)C(O)R!, -N(R)CO:R® o
-N(R")C(O)N(R")2;

cada R’ se selecciona Independientemente entre hidrbgeno o un grupo alifético
C14 o dos R” sobre el mismo atomo de nitrbgeno se toman junto con el nitrégeno
para formar un anllio heteroarilo o heterociclilo de 5-8 miembros;

cada R® se selecciona independientemente entre un grupo alifitico Cy.4;
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cada R? se selecciona independientemente entre hidrdgeno o un grupo alifitico
Cia;

cada R' se selecclona independientemente entre oxo, -R"!, -T-R" 0 -V-T-R'";
cada R se selecciona Independlentemente entre un grupo alifatico Cyq, halo,
-S(0)N(R")2, -OR’, -CN, -SR?, -S(0):R®, -C(O)R”, -CO2R’, -N(R")z, <C(O)N(R"),,
-N(RNIC(O)R?, -N(R)CO2R’ 0 -N(R"YC(OIN(R")z;

T es una cadena alqulleno C1.4 lineal o ramificada;

V o5 =0, -N(R"}-, -S-, -S(0)-, -S(0)z-, -C{O)- 0 -COz; y

R'2 es hidrégeno o una cadena lateral de aminoacidos.

11.  El compuesto de la reivindicacion 10 que tiene la formula (S)-llI-A:

G-“k;g§,NH :
"

®R® (SHI-A

donde n es 04 y R', R%, R}, W, G y R® son como se han definido en la
reivindicacién 10.

12. El compuesto de la reivindicacion 11, en el que:

R! es hidrégeno, halo, metiio o amino;

R? es hidrégeno, metilo o halo;

R? es hidrégeno, halo, alcox o (un grupo alifatico C1.¢)z amino;
nes 0-2;
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R® es un grupo allfitico Cy.a;

W es —Q-, -Q-C(O}, -C(R%)-C(R°XR")- 0 -C(R)-[C(R°XR™)L;

Q es -C{R°)>- 0 -C(R®),C(R%)-;

G es -NR'R’, -N(ROC(ONR'R’, -N(R®)SO:(un grupo allfitico Ci.a),
-N(R®)C(O)CF3, -N(R®)CO(un grupo allfitico Cig), ¥ -N(R})CO(heterocicliio),
-N(R®)CO(heteroarilo), -N(R*)CO(arilo), un anillo heterocicllio de 5-8 miembros o
un heteroariic de 5-6 mlembros, donde cada uno de los restos heteroarilo, arllo y
heterocicllio de G est4 opclonaimente sustituido con 1-3 R'%;

R* es hidrdgeno o un grupo aliftico C.g;

R® es hidrégeno o un grupo alifatico Cis que esta opcionalmente sustituido con
halo, -OR’, -CN, -SR?, -S(O:R®, -S(O:N(R");, -C(O)R!, -CO;R’, -N(R"),
~C(O)N(R")2, -N(R")C(O)R?, -N(R”)CO,R® 0 -N(R")C(O)N(R")z;

cada R’ se selecciona independientemente entre hidrégeno o un grupo alifitico
C14 0 dos R’ sobre el mismo dtomo de nitrégeno se toman junto con el nitrégeno
para formar un anillo heteroarilo o heterociclilo de 5-8 miembros,

cada R® se selacciona Independientemente entre un grupo alifatico Ci.y;

R® es hidrégeno;

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

cada R'' se selecciona Independientemente entre un grupo alifdtico Cye, halo,
-S(0)N(R")2, -OR’, -CN, -SR?, -S(0):R®, -C(O)R’, -COR", -N(R")2, -C(O)N(R")2,
-N(R")C(O)R?, -N(R"YCOzR’ 0 -N(R")C(O)N(R")z;

T es una cadena alqulleno C44 lineal o ramificada;

V s —O-, -N(R"}-, -S-, -8(0)-, -S(0)z~, -C(0)- 0 -CO=; ¥

R es hidrégeno, un grupo alifatico C.s, fenilo sustituldo o no sustituido o bencilo
sustituido o no sustituido.

13. El compuesto de la relvindicacién 12, en el que:
R! es hidrégeno, metilo, flior o amino;
R? es cloro;
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R? es hidrégeno o alcoxi;
n es cerno 6 2;
R% es metilo;
W es -Q-, -Q-C(0)- 0 -C(R»-C(R*XR")-;
Q es -C(R%)- 0 -C(R®)2C(R%)s-;

G es —NR*R®, -N(R®)C(O)NR'RS, -N(R*)C{O)CF3, -N(R®)CO(un grupo allfatico C;.
8), ¥ -N(R®)CO(heterocicliio), -N(R®)CO(heteroarilo), un anillo heterociclllo de 5-8
miembros o un heteroarilo de 5-8 miembros, donde cada uno de los restos
heteroarilo y heterociclilo de G est4 opclonalmente sustituido con 1-3 R™®;

R* es hidrégenc o un grupo alifitico C1.g;

R® es hidrégeno o un grupo allfitico C1.¢;

cada R’ se selecciona Independientemente entre hidrégeno o un grupo aliftico
C14 0 dos R’ sobre el mismo &tomo de nitrégeno se toman junto con el nitrdgeno
para formar un anillo heteroarilo o heterociclilo de 5-8 miembros;

cada R® se selecclona independientementse entre un grupo alifitico Ci;

R®? es hidrégeno;

cada R se selecclona independientemente entre oxo, R'', T-R'! o V-T-R"};

cada R"' se selecclona independientemente entre un grupo alifdtico C,.s, halo,
~S(0)N(R")2, -OR’, -CN, -SR®, -S(O)XR®, -C(O)R’, -CO:R?, -N(R")2, -C(O)N(R)z,
-N(R")C(O)R’, -N(R”)CO2R” 0 -N(R")C(O)N(R");

T es una cadena alqulieno C44 lineal o ramificada;

V e8 —O-, -N(R')-, -8-, -S(0)-, -S(O)z-. -C(O)- 0 -COz; ¥

R'? es hidrégeno, un grupo allfético Ci.e, fenilo o bencilo.

14. Un compuesto de férmula (S)-1II-A":
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(SHIFA"

0 a una sal farmacéuticamente aceptable del mismo, donde:

R’ es hidrégeno, metlio, fiGior 0 amino;

R? es cloro;

R? es hidrégeno o alcox;

W es —Q-, -Q-C(O)- 0 -C(Rh-C(R*}R'?)-;

Q es -C(R%)z- 0 -C(R%)2C(R%)y-;

G es -NR'R®, -N(R})C(O)NR*RS, -N(R®)C(O)CF3, -N(R?)CO(un grupo alifatico Cy.
e). ¥ -N(R®CO(heterociclilo), -N(R®YCO(heteroarilo), un anillo heterociclilo de 5-8
miembros o un hetercarllo de 56 miembros, donde cada uno de los restos
heteroarlio y heterocicillo de G est4 opcionaimente sustituldo con 1-3 R';

R* es hidrdgeno o un grupo alifético Cy.;

R® es hidrégeno o un grupo alifético Cy.s;

cada R’ se selecciona independlentemente entre hidrdgeno o un grupo alifatico
C1+ 0 dos R sobre el mismo 4tomo de nitrdgeno se toman junto con el nitrégeno
para formar un anlllo heteroariio o heterocicllio de 5-8 miembros;

cada R® se selecclona independienternente entre un grupo alifitico Cy.;

R® es hidrégeno;

cada R se selecclona independientemente entre oxo, R"!, T-R" o V-T-R",
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cada R" se selecciona independientemente entre un grupo alifitico Cs.¢, halo,
-S(01:N(R")2, -OR’, -CN, -SR®, -5(0):R?, -C(O)R’, -COzR’, -N(R")2, -C{O)N(R"),
N(R")C(O)R, -N(R"YCO:R’ 0 -N(R")C(OIN(R")z;

T es una cadena alquileno C14 lineal o ramificada;

V es —-0-, -N(R")-, -S-, -S(0)-, -S(0)z-, -C(0)- 0 -COx; ¥

R'2 es hidrégeno, un grupo alifitico C.g, fenilo o bencilo.

15 El compuesto de la relvindicacién 14 que tiene Ia férmula (S)-lli-A-a:
1

RS N
H H
! %
{S)-lll-A-a

donde R es hidrégeno, halo, metiio o amino;

R? es hidrégeno, metlio o halo;

R® es hidrégeno, halo, alcoxi o (un grupo allfitico Cy.s)2 amino;

El Anllio A esta sustituido con 0-2 R®;

R®™ es un grupo allfitico C1.3;

Q 88 -C(R"):2- 0 -C(R®):C(R®)~;

G es —NR*R® o un anlllo heterociclilo de 5-8 miembros sustituido o no sustituldo;
R* es hidrégeno o un grupo alifético Ci.¢;

R® es hidrégeno o un grupo allftico Ci.s que esti opclonalments sustituldo con
halo, -OR’, -CN, -SR%, -S(O%R® -S(ORN(R’)2, -C(O)R’, -COR’, -N(R")2,
-C(O)N(R")2, -N(R"YC(O)R’, -N(R")CO2R® 0 -N(R")C(O)N(R")z;
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cada R se selecclona independientements entre hidrbgeno o un grupo alifitico
C14 0 dos R’ sobre el mismo &tomo de nitrégeno se toman junto con el nitrégeno
para formar un anlllo heteroarilo o heterociclilo de 5-8 miembros;

cada R® se selecciona Independientemente entre un grupo alifitico Ci; y

cada R® es Independientemente hidrégeno o un grupo allfatico Cq.s.

16. Un compuesto selecclonado entre el grupo compuesto por:

Cl —
M \-... Cl \ /
N 4 Me. N
NH H H
HN
- 'I‘ Me ) 2 Me
l N\\.,lu , X N ]
1 2 3
cl — N "N cl U
Y/ '\,N N\ /
M&N n
Me” H
NH NH
H H o§,
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) HN}._-OH
R

r 4
o =
N’
\
\NH

Z o
» nlmm.

S2 =

12
15

11

14

13



-162-
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R R
(¢ \ ,N Cc A\ ’N
H H
H;CYO Oﬁ,NH /I ’ QYNH
HN\-/\N/'\I N N“./\N ~
Me &0 Me O Me 9
Me Me . Mé Me ,

61 62

an
e 4
i N

63

17. Una composiclén farmacéutica que comprende un compuesto de la
reivindicaclén 1 y un vehiculo farmacéuticamente aceptable.

18. Una composicidn farmacéutica que comprende un compuesto de la
reivindicacién 18 y un vehliculo farmacéuticamente aceptable.

19. Un método para tratar una enfermedad mediada por IKK que comprende
administrar a un paciente en necesidad de dicho tratamiento una cantidad
terapéuticamente eflcaz de un compuesto de la reivindicacién 1.
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20. El método de la reivindicacién 19, donde la enfermedad es una enfermedad
inflamatoria o una enfermedad relaclonada con el sistema inmune.

21. El método de la relvindicacién 19, donde la enfermedad se selecciona entre
el grupo compuesto por artriis reumatoide, asma, psoriasis, artritis psoriatica,
enfermedad pulmonar obstructiva crénica, enfermedad Inflamatoria del intestino o
esclerosis miltiple.

22. El método de ia relvindicacién 19, donde la enfermedad es céncer.

23. El método de la relvindicaclén 22, donde el cdncer se selecciona entre
linfoma, mieloma multiple, metéstasis ésea osteolitica, céncer de cabeza o cuello,
céncer da pulmdn, cancer de pristata o cdncer pancreético.

24. El método de la reivindicacién 23, donde el cadncer es un linfoma.

25. Un método para inhlbir IKK en un paclente en necesidad del mismo que
comprende administrar al paciente un compuesto de ia reivindicacién 1.

26. Un compuesto de férmula 3a:

R13

RY

Hy 3
Ja
en la que R es halo, OH, OR™ o un grupo protector de 4cido carboxllico;
R es un grupo alifstico, arilo, heteroarilo, aralquilo o heteroaralquilo;

Ak
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R es un grupo protector de amino, hidrégeno o -W-G;

W €5 -Q-, -Q-C(O}-, -C(R%)-C(R*¥R"™}- 0 -C(RN-{C(R*)R"I)L;

Q s -C(R®)- 0 -C(R®)2C(R%):~;

G es -OH, -NR'R°, -N(R®)CONR'R®, -N(R®)SO.(un grupo alifiico Cis), -
N(R®)COCF,;, -N(R})CO(un grupo alifitico Cig), -N(R*)CO{heterociclilo), -
N(R®)CO(heteroarilo), -N(R%)CO(arllo), un anllic heterociclilo de 3-7 mlembros o un
heteroarilo de 5-6 miembros, donde cada uno de los restos heteroarilo, arilo y
heterociclilo de G esta opcionalmente sustituido con 1-3 R'%;

R* es hidrégeno, heterociclio de 3-7 mlembros o un grupo allfatico Ci.g;

R® es hidrégeno, un grupo alifitico C1¢ 0 un anillo heterociclico de 3-7 miembros
que tiene 1-2 heterodtomos en el anllio seleccionados entre N, O o S, donde R®
estd opclonaiments sustituldo con halo, -OR’, -CN, -SR?, -S(0):R®, -S(0):N(R")2,
-C(O)R’, -CO:R’, -N(R")2, -C(OIN(R")2, -N(R"YC(O)R’, -N(R")COR® o
-N(R")C(O)N(R")2;

cada R se selecciona independientemente entre hidrdgeno o un grupo alifatico
Ci« 0 dos R sobre el mismo édtomo de nltrégeno se toman junto con el nitrégeno
para formar un anllio heteroarilo o heterociclilo de 56 miembros;

cada R® se selecciona independientemente entre un grupo alifatico Cy.g;

cada R® se selecciona independientemente entre hidrdgeno o un grupo alifatico
Cisi

cada R se selecclona Independlentemente entre oxo, -R"!, -T-R'! 0 -V-T-R"";
cada R'! se selecciona Independientemente entre un grupo alifatico Cy.5, halo,
-S(0)2N(R")2, -OR’, -CN, -SR?, -S(0)R®, -C(O)R, -COzR’, -N(R™)2, -C(ON(R")2,
-N(R")C(O)R’, -N(R")COzR” 0 -N(R")C(OIN(R")z;

T es una cadena alquileno C14 lineal o ramificada;

V es —O-, -N(R’)-, -S-, -S(0)-, -S(0)z-, -C(O)- 0 -CO2-; ¥

R'2 es hidrégeno o una cadena lateral de aminoécidos.

27. El compuesto de la reivindicacion 268 que es (S)-3a.
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28. Un compuesto de férmula \Y

en la que R es un grupo protector de amino o hidrégeno;

R' es hidrégeno, halo, un grupo alifético Cy.3, amino, clano, (alquil C1.a)12 amino,
alcoxi Cq.a, <CONH;, -NHCOCF; 0 -CHaNH2;

R? es hidrégeno, halo, un grupo allfético Cy.3, -CF; ¥

R? es hidrdgeno, halo, un grupo alifitico C1.¢, haloalquilo Cy.e, alcox! Cy.s, hidroxi,
amino, ciano o (alqull C1.g)1.2 amino.

El compuesto de la reivindicaclén 28 que es (S)-IV.

g
A1
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Resumen de la Invencidn

Esta invencién proporciona compuestos beta-carbolina de formula i:

donde el Anilio A es un anillo piridinilo, pirimidinilo, morfolinilo, plperidinilo,
piperazinilo, pimolidinllo, piranilo, tet-rahldmfumnollo. ciclohexilo, ciclopentilo o
tiomorfollnlio sustituido y R', R? y R? son como se han definido en la memoria
descriptiva. Los compuestos son Inhibidores de IKK-2 que son (itiles para tratar
enfermedades medladas por IKK-2 tales como enfermedades Inflamatorias y
cancer.

23
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Applicaot’s Registration No. with the Office:

S fhat lp, coumtry) of nationly:  US Sule: (that s, ccnry) of raidence:  US
Tpmemimplont  [] idsipund [ ] sl diptand S gt e € United Sinsas of the Staten inioussd b the
for the purposse of iy Usiowd Sutes of Amarica Amerian caly Supplenamel Box

DO Pusther applicants endrar (Rarther) Inventors are indicamed on another contimumtion sheet

- —
Form PCT/RO/101 (cortinuation sheet) (Jancary 2004) Soe Nobes io the request form



Sheet No. 3

Continustion of Box No. III FUI.THE. mmmnmmusi

Narno aned sideoss M—Hb@--ﬁ-ﬁﬂﬂﬂm 7]
avldivaxy sy include postal code and newwe of connwry. The anliiress indiosted in sigs B iy the
applioont's Stam et is, ﬂd‘“f-hﬁﬂuhﬂﬂw

PRAKASH, Raman

125 Summer Street
Acton, MA 01720
United States of America

This pesyon b:

E] spplicent only
B4 sepiicent sod bventor

] tervwonor cnty g i choeh b
s martbed, dbo ot Al in Bedow,)

Applicant’s Registration No. with the Office

Stasy (v is, cownry) of aationadlty: [N

State: bt ds, commry) of resbdence: US

This carac |
h:lluq:i'h D ol dasignated D mr-qlh th.l:d’ hl‘lﬂ:hh
:—tw—zumza-w;ﬂ”ﬂﬁuu' ﬁhn;u This person i

applicent’s Sume (st is, comaryy of residance if ne Suiv of residince is indissted beiow,) .

LITTLE, Jeremy D. tpplicent ooly

62 Valley Street applicans. and Iovertor

Wakefield, MA 01880 ] tventor oaty @ ehés check-bax

United States of America is saarked, do mot flil in below,)

Applicent’s Regirtration No, with the Office

Statn (ot is, cowntry) of nationality: US

Staty: (that is, cownry) of reskdence: 1S

81 Middlesex Street
Winchester, MA 01890
United States of America

This pesstn In spplivnst D all designated D all desigantnd States axcept dhe the United Stases of D e States incficated bn the
fx the pwpovm of Stancw United Steren of Amsorios Amuwion anly Bupplemesrtal Bax
Nexoe o miirey (Family naes fuliovad by gives mamms; for s Regsl eniip, fidl oficiad designatin. The
iakidrexs stunt includt possal cods and naws of cowry. The courvy of the adidvax: bndicated in dhls Bax b the This person
applicont 3 Siale (et is, comnsy) of residence |f mo Siwte of residiacs ix jadicmted bolow.) i
CASTRO, Alfredo L sopiicont cuty

B4 applicant and tvemax

[ iaventor anty (27 eibés chech-sar
s markad, ds mot fil in betow.)

Applicant's Registration No. with the Office

Stage (et ke, cowntry) of nationality:  US

Suate: thot is, comtry) of reaidomce: ~ US

19 Old Farm Road

Douglas, MA 01516
United States of America

Thiy parson i sppllomt D all dmignaed D all desiguated Stntes axcept the the Unisel Sinten of the Suey inddicasnd i e
i the purposms of Statel Uniier] Semies of Agsrion (N Amwrign anly Sepplunesisl Box
Nems mnd whirear (Famnify nome follewad by givax nams: for o lagal antiy, full affcial decignazion. The )

addrery sat inchedy poxtal code and name of casy. The coutty of the suidvess bulessed in skix Bec is sthe This porsan iy:

applicoew’s Siate (Yl b, cung)) o revidgecs if ne Sinie of revidence iy indicated belew )

MAZDIYASNI, Hormoz L) wepicus enty

E spplicant and iovesttor

) inventor only qyshis chect-bex
ir marked, do not fill in beiow.)

Applicent’s Regirtration No. with the Office

Satr (bhat is, cowsry) of natiomlty:  US

Staie: (thet iz, comniry) of residence:  US

This pume i spplioes

fr the pwrposs of D Lm D i e oF A e

Usiind] Steten of Amaricn

Asmarice auly

the Usioed Staten of the Mateg Indicaind In the

Sepplanmtsl Box

) Punter appiicants and/or (flxthor) invesstor are ladicated oo snother contimuntion shees.

T— —
Form PCT/RO/101 (continustion sheet) (Jemuary 2004)

See Noter to the request form



Sheet No. 4

[Continustion of Bax No. I rumm 'nmm)mmnm)mvmsi

. mnﬂﬁbu-ﬁmﬁqm fan. The

addrns mw inclede postal cile and noms of comtry. ”fhﬂ-uhﬂhiﬁ
applicot’s Siats fthet &5, coumury) of resilance if mo Saote of residence ix bndivased belew.)

FLEMING, Paul E.

7 Sunnyside Avenue
Woellesloy, MA 02482
United States of America

Thia pamon is:

[ sopticant iy
E applicent and inrvettor

[ teventor ety (e choctbox
is markaed, do mot Al &1 below,)

Applican’s Registration No, with the Office

State: that is, cownry) of mtanllty: US

Sita: e ks, counry) of rnidence;. LIS

This parsen s appicest ol dwignsted PR p—— =
o ths pompaams o8 O e O Ui S of Aaricn” 1N

the Usind Seaimg of
Amerien only

thy Somen Enfioned in de
Supplenentsl Ben

Nams sad adkdrogs: M_Mbm- for o legul entily, AN qfficiel ducignation. The
asbraxs suest inclis porial ands and naut of cowntry. The evwewy of the asbivuss buliasnd in shix Bax iy i
spplicent's Sacse (Wemt is, conowry) of reaidency ifno Sate of residance & indicaied belew.}

REYNOLDS, Dominic
27 Chalk Street, Apt {F

Cambridge, MA 02139
United States of America

This persan b;

] eppicant only
spplicant and toventor

] iaventor anly (3 thas chach-box
s murked, oo mot fU in below,)

Applicant’s Registration Ne. with the Office

State (Wt is, cowry) of oetiomlity: GB

Stute; (that s, commry) of reskience- UJS

This parnon Is applicest ol desiguaind all dosigasted Stales cxoapt the
for the pwposm of D S D Ulited States of Assarics

thy Usbue] Stutne of

[] o Somm intiemei i e
Amavics caly Supplementsl Box

Nowne and attirass. (Fawily mmme folivwad by given wa for @ lngal antity, il ofiiet daxignason. The
aivexy s incigde pasiol cods and nowe of coumiry. Tin aoneery of the ashivass imdisssad in Shis Box iy the
applicans s St fthet &, camtry) of residance if no Shate of revidance ix inslicated below)

This person bs:
] spplicardt ony
] sppiicas and inventor

() inventor onty gy dhie chaaci-ber
is maried, do not /B in beione,)

Applicant’s . Registration No. with the Offics

"State (tear &1, coustry) of nationality:

State: (that is, comntry) of residence:

This pean s applicest ol deaigyaend ol dusigneted Srstey e
fhor thm purposss of D D thﬂ_d_-;'

the Linised Samen of
Ameriy ey

the States ndicaasd in the
Sepplarsstsl Bex

[T ] M_MA"I-_ for a fagel ey, i afficiod m The
wddraxs et inclucly pextal code el nae of counary. The country of the sbirens indicwtod in thiy Box s te
applicars s S (that &, coumiryy) of reghiyncs {f ne Sttt of residunce iy indiumied balow)

This petson
0 spplicers anty
] spplicant and trventor

) tventor anly 72y this chack-dex
it arhed, do mot /il n beiow,)

Applicant's Registration No. with the Offica

St (Shat 1s, commtryy of petionaiity. "State: (Wt s, comvy) of rowidiance:
This pumes s applioess ol designuted ol dooiguated States sxacpt the e Usdted States of G Statne inficated In the
fior the perposs oft D Staim D Umiewd Senten off Americn Amation auly Sspplenstyl Ben

] mther appticants andior (further) inrvemtors ws indieated an ncther continuation sheet.

Form PCT/ROV101 (continuation sheet) (Tanoary 2004)

" Sse Notas 00 the requst form



Shost No. 3 - ﬁ
\

Bex No. V DESIGNATION Of  'ATES Mk che qpoficalie chuct-bumes helow; ot inast ant .. .t be maried 30

The filing of this request comstitutes under Rale 49(x), the designation of all Contracting States bovad by the FCT on the intomational filing dete, for the grant of
wvary kind of protection svadlable end, where applicable, for the grant of both regional and national patents.

However,
0 DEGormmny is net desigunated for any kind of aatioss] protection

O XR Republic of Kores Is net desigueted for ny kind of metional protoction
0 RU Russien fiederstion s net desiguated for any kind of netional protection

(Thu chech-baxes above may be used 1o axciuds firrevocably) the designasions concerned in arder 10 avold the centing of the effect, weier the Rational law of an
;’?M#hﬂmu“ Sos the Naiis 1o Box No. V e o the consaquances of nich nationad kew provisioms in thess and cortain
Box Ne. VI PRIORITY CLAIM

The priority of the fhllowing carlier xpplication(s) s heroby claimed:

Plling date
of sastier application “_,'L":: . Where ewrtier spplication bs:
(e moriviuer) oo .
national appfication; intornational application: recerving
country or Mesnber of Tegional application:* .tgl'lu
- WTO regional Office
09 April 2003 60V461 us
(05.04.08) ASs
o (2)
e ()

2] rurther priorizy claime are indicatad in the Supplemontal Box.

The ressiving Office s requestad W prepare and tremmit % the Inenational Buresu s certified copy of the earlier wpplication(s) (only if she earlier application way
Jtiad with the Office which for the parposes of ihis international cuplication is the recelving (ffics) idantifiod sbove sy

B wiame [] wmy [J wmey [ wme [0 ot o Suppiommnt B

* Wikere the earlier epplication is an ARIPO opplication, indicats of lsast one country porty 10 the Paris Convention for the Pratection of Indstrial Property or one
Mdambey of the World Trade Organization for which that ecxrlier application was fled (Rule 4. 10(5)(A0):

Box Ne. VTI INTERNATIONAL SEARCHING AUTHORITY

Cholee of Intersntionnl Searching Astharity (JEA) (ifiwo or more Intermational Searching Anthorities ors competent to corvy out the insrnarional search,
indivoss the Anthortly chosan; the tyo-faster cods may be wemd):

ISA /EP
:qlul--mﬁill'-rh'm reference to that search (f an earlier ssarch hax been carried out by or repuasted from the ixssrwational Searching
Dats fimenchnr) Number Country (or regiansl Qifics)

Bex No. VIII DECLARATIONS

The following deciamtions are contained in Bowes Nos. VITI(i) to (v) fmark the applicable chwck-boxey below and indicoss in the Number of decisrations
right colmem the amber of each type qf deciaresion):

[ BmNo.ili()  Decluration as 1o the Marsity of the kvenior

[0 B=No.vmnG mﬂ;rhwht'lum-nmmmumuwhﬂu
[0 BN vonu m&':tﬂmm"“m“"‘““m“

[0 BoxNo. vinaw) mdMM(mhhmdhmﬁummm«

[] BmNeVilt)  Doclarstion s to non-projudicial disciosures or exceptions w hack of novelly
Form PCT/RO/01 {socond sheet) (Jenumey 2004) See Notas 10 the requast form




Sbust No. 6 -
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Supplemental Bex

CONTINUATION of Bex No. IV (AGENT OR COMMON REFRESENTATIVE; OR ADDRESS FOR
CORRESPONDENCE)

BROWN, Scott A., Reg. No. 32,724
SILVERI, Jean M., Reg. Na. 39,020
KUTZENCO, Allan N., Reg. No. 41,578
KLUNDER, Janice M., Reg. No. 41,121
SCHRAY, Kerrl Pellard, Reg. No. 47,066
SIOUSSAT, Traey M., Reg. No. 50,609

AR of MILLENNIUM PHARMACEUTICALS, INC., 48 Landsdowne Street, Cambridge, MA, §2139, Uplted Staten of
Ameries

CONTINUATION of Bex Ne. VI (PRIOCRITY CLAIM):
The priority of the following carfier applieation(s) ia also hereby clalmed:

itam (4)

item (5)

ftem (6)

[Form PCT/ROVION (continustion mam_llmq Sev Notes %0 the request form

Shest No. 6



hﬂn.lx CHECK LIST; LA™ "UAGE OF FILING

() b papar frm, (e following hqﬂ“&mﬁvdlﬂ_’oﬁd—ﬁd‘:‘ Namber of
mamber of shagts: owch am): e
iy Cieding dechestion .7 DY e cutoutation e '
lsting povt ancVor tebles reinied 2 [] orighel spersts powerof stivepey
ﬁﬂr‘ : 169 po
Clabmg 23 ) D origieal penses] power of sttomgy :

l " g Td’—imd‘“(ﬂkh“l’ T
Orewings : . [ emementoqlaiuing tak of sgmeare
Bub-tutal memtior of shnts . 200 6 [ wiochy dooumesnts) Monsiied in Box No. Va0 St
soguomes listing 1 [ wmsietion of imeations] sppiicasion iato farguagy)
_.'-Il-—hw_-lnu
ptuu-*qm h: ‘ D - comopoter repdeble (odias
ppﬁn-ﬁhnﬂ—bﬂ’dwh. . [J -uur'ﬁ'. foe opemd
compuiir remdehis forer; ses (i) blevy)
Copy wshmitier] fir the parpasss of nterasticnsl
® ] oonrch wher Rake 1 e wnty o ot o prt o g

Toml munber of shaes : 200 insarnstionsl application)
fonly where chech-bax (BT or () is marked in igft
mlj_l’h____-h d—vﬂt—l-ﬂ-uﬁ.n“

(eetion 8011 fim copy for the pcprems affetormone

B
O

Y
(I)D—nl-" @ D mu;'-h:_-mﬂ
‘(:njD inbics velatm thoresn 1 the 1o colerm
WL} slee o sommpter rendaiis form Tublen In computar rendabie soqumnce
(Seotlon 801()0N) e [ fu-op--u-n-.rh'_' o
cowd o .
@ L] ety 0 [] Sieamttermia i
(l)DIhlhlh- o bnagymetivesl spplicatien)
g'-l:.mu;an-huu wﬂ_ﬂhﬂw‘m
takben related thareio., e
gether with relovant sanant m t0 the idantity of
B S eaa, et o im SRl @ [] oty o copom wih i ok macaiceed s Lk
R
Lasgugn of fllag of e
l_ult-a-:nun English
Bex Na. X SIGNATURE OF APFLICANT, AGENT OR COMMON REPRESENTATIVE
Ah--unl?;nn.lhﬁmd‘hpn“dh_ﬂhnﬂdﬂlnmw'dwn_m
bt
[an Robert SILVERMAN, Registration No. 37,443
¢ Agent for Applicants
For mceiving Office use only
1. Date of sctual receipt of the purported intemational apphication: ) 2. Drswings:
3.  cormrectad dute of actun] receipt dus 1 kater but timely recelved papers or drawings completing the
4, Duts of timely receipt of the required ecyrections undiar PCT Artiels 11(2):
L3 WMH'M(d‘mumn 6. Dm“d“m D not recaived:
competert): delaynd unti) search fee is paid
1SA /
For International Bkiresg uso only
Dt of receipt of the rocord capy
the International Buresu;

Form PCT/RCO/ION (Lt sheet) (January 2004) Sse Notes to the requess frm



e PCT

(I twe or mare Imermational

3. INTERNATIONAL FEE

FEE CALCULATION SHEET Intaraational apptication No.
Annéx to the Request
Applicact’s or agent's Dato starap of the receiving Office
fllo reference MPI03-043
Appliomt MILLENNIUM PHARMACEUTICALS, INC. otal
CALCULATION OF PREECHIRED TEXS
1. TRANSMITTALPFEE..... .. JUBD _300[T]

hwmnhmﬂub,m

Ssarching Awthoritias are compatast 1o carry vt the imwraationgd
soarch, indicats the nams of the Anthoriy wiich i chossn &8 vy out ghe starmational ssarch)

Where items (b) and/or (¢) of Bax No. [IX spply, entar Sub-Total cumber of Shoets
Whare iterms (b) and {c) of Box No. [X do not apply. enter Total sumber of Sheats _ﬂ_

M) Fimt30pheets . ......... - 108 [il]
[(+1] 170 x LF | = 2040 [i2]
mumber of shoots oo po; shaet
in excems of 30

[I!lﬂhhlm(ulyfmlﬂuﬂ:ﬂh:ﬂdﬂ-wnﬂdhm
form under Section 801(a)X1), or both in thet form and on peper, onder Section 301 (a)ii).

(Applicants
fon. Where the spplicat is {or all applicents are) 50 entitied, the total
insernational Alling fie.)

Add smounts entered ot 11, 3 and D and eoter otalal ........... .. L X
from certain States are entitfed to & mduction of 79% of the  istematicasl

fillng
be entered ot ! i 29% of the

4. FEE FOR PRIORITY DOCUMENT (if agplicable) . ......cc.. ... ool 20]P]

3. TOTAL FEES PAYABLE TOTAL__ Q3
Add emoonts entered ot T, 5, I and P, and enter
total in the Total bax

MODE OF PAYMIENT

B Authorizstion 1o charge ] benk dntt [] coupons
dopasit acoount (sca below)

O cheque O emh D other fipecity:

‘ O postal moey order 3 reveooe suag

Qficny)

B Auhorization % charge the total fees indicated shove.

&) (This check-box may be marked anly if the conditions for deposit
sccounts of the recelving Offios s permit) Anthorization to change

B Authorixation to charge the fes for the priority docimment

AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT @hir saode of payment sy sct be avaliabis of aff recelving

any deficiency or crodit amy over paymest j» the total lbes indicated shove, rh-_hT“W
: Signature; IO

Recelving Office: ROVUS

Deposit AccoumiNo. 201668

101 2004)
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INTERNATIONAL FRELIMINARY EXAMINING AUTHORITY (IPEA)

Intemnational Application No.: PCT/US2004/011080

International Filing Date: 09 APRIL 2004 (09.04.2004)

Applicant: MILLENNIUM PHARMACEUTICALS, INC. et al.

Title: BETA-CARBOLINES USEFUL FOR TREATING

INFLAMMATORY DISEASE

Receiving Office: RO/US

Priority Date Claimed: 09 APRIL 2003 (09.04.2003)

Attomey's Docket No. MPI03-043PIRNWOM

TRANSMIT OF DEMAND N
FRELIMINARY EXAMINATION
AND
REQUEST FOR DETAI SUBST AR ON

VIA FEDERAL EXPRESS INTERNATIONAL
European Patent Office
Chapter Il

D-80298, Munich, GERMANY

Sir

Chapter [L D { for Intemational Prefiminary Examinati

Please find enclosed herewith a Chapter Il PCT Demand for International Preliminary
Examination (IPE) (6 pages) and Fee Calculation Sheet (1 page) with Debit Order to Deposit
Account 2830.0337 in the amount of EUR 1,659, which account is in the name of
Millennium Pharmaceuticals, Inc.

R t for Detailed Substantive Prelimi Examinati
Applicant respectfully requests that the International Preliminary Examining
Authority conduct a detailed substantive examination of the referenced application.



PCT/US04/011080 MPI03-043

Please acknowledge receipt of the Demand for IPE and Request for Detailed
Substantive Preliminary Examination by dating and retumning the attached postcard.
Respectfully submiited,

MILLENNTUM PHARMACEUTICALS, INC.

oy e frbect Sblmen

lan Robert SILVERMAN

Registration No, 37,443

Agent for Applicants

Millennium Pharmaceuticals, Inc.

40 Landsdowne Strect

Cambridge, MA 02139

Telephone: (617) 551-8604
Dated: 22 Facsimile: (617)551-8820




5.66
m_u-lhﬁhdm'ﬂhﬂp‘ ,h“mmdmﬂfmq * Awtharities are campetent, with the ons chosen
' by dw dpplicest. The full mame or two-letier com. .y that Authorky may be indicased by the opplicant on the ling be..ne:

PEA/ED_
Fi 1 No. 79031
PCT CHAPTER Il
DEMAND
under Article 31 of the Patent Cooperation Treaty:
The undersigned requests that the intemational application specified below be the subject of
international preliminary examinstion according to the Patent Cooperation Treaty.
For Intermational Preliminary Examination Authorlty use only
Identification of IPEA Date of receipt of DEMAND |
. Applicant's or agent’s file reference

Bex No.1 IDENTIFICATION OF THE INTERNATIONAL APPLICATION MPI03-043

Infernational epplication No. International filing date (dayimanth/year) | (Eartiest) Priority date (dayimondhyear)

PCT/US04/011080 09 April 2004 (09.04.2004) 09 April 2003 (09.04.2003)

ﬁ& of [avention

BETA-CARBOLINES USEFUL FOR TREATING INFLAMMATORY DISEASE

Box No. [l APPLICANT(S)

Name and Address: Hasily s fodiowed by gives momy; for o lagal exity, il qfficial desigmation Telephone No.:

The adiress st inciads pastal codr: s name of comery} (6'7) 679-7000
MILLENNIUM PHARMACEUTICALS, INC. Facsimile No.:
40 Landsdowne Street (617) 551-8820
Cambridge, MA 02139 Teloprinter No.:
United States of America
State (Le. country) of nationality: Us State (Le. country) of residence: us

Name md Address: (Fumily sms filfowsd by pivas noms, for o iaged sstity, fidl official dasigreation. The ssbdrers wout incheds porinl code and name of cownry,)

HEPPERLE, Michsel E.
@ 280 Newbury Strect #4
Boston, MA 02116
United States of America

Sinte (1e. country) of nationality: DE Seate (Le. country) of residence: us

Name and Address: (Family naw fifowad by gln nose; for  legal enty, fidl official designation. The address mst includs gortal cade and name of cowery,)

LIU, Julie Fields

1 Fox Lane

Lexington, MA 02420
United States of America

Staie (Le. country) of nationality: US State (Le. country) of residence: US

(K Further spplicants are indicated on a continuation shect.
Form PCT/IPEA/401 (first sheet) (March 2001; reprint July 2001) Ses Noter to the demand form




International spplicatic 1.
Sheet No. 2 PCT/US04/011080

Costumtin of B Na. 1l AFPLICANTO)
IT'eume of ey illowing salb-boes is wand, this shwet should mot be lnclded in e dessed

Name snd adkiren: (Family sy filiowsdd iy givin nomm: for @ lagal sy, flal qficiel sivsignation. Tbﬂu—lﬂpﬂﬂeﬂ-ﬂ_fm

SOUCY, Francois

39 Ellen Road
Stoncham, MA. 02180
United States of America

Swte (e is, country) of natlomality: CA State: (et ix, comnry) of residence: US

Nome and addrone (Family rumw foNowed by gfven ammy: fiar & o3l eniiiy, fill afficiel docigrastion. The address smat inclie portal ccde and nore of camiry)

YE, Yingchun

241 Forest Park

Durham, NH 03824

@ United States of America

Stato (bha ks, comniry) of natiooslity: | CN Swie the Is, comniry) of retidence: US|

Nam snd ackivas: (Family mam foliowed by given nom; for o legal eniity, fill official dexigmarion. ‘l'_hﬂ-—ulﬂpﬂni-i-d‘w

MURRAY, Robert S.

37 Lyman Avenue

| Medford, MA 02155
United Siates of America

.

Swie (Haw is, cowwry) of mtiommlity:  US Bt (taar is, country) of raidancs: US

Nasse mnd miicrar M_ﬁuu@mp-umﬁ—ﬂﬁm The cukireny sunsé inciies powsal cods and nes of couniry.)

PRAKASH, Raman
125 Summer Street

Acton, MA 01720
United States of America

Sinte tht ir, conntry) of nationality: [N Staly; (that is, comntry) of residence. ™~ US

BX Purther applicents aro indicated on snothor contin oation shoet.

Fonn PCTAPEAMO! (continyation sheat) (uly 2001) See Nots to the derand form



International applicatib. ..
Sheet No. 3 PCT/US04/011080

Comtiaunibon of Ben Na. T AFFLICANTYY) ]
1fmxmy of the Bilewing seb-bawsy i woed, dils shoot should mt be incloded in the denand.

[N and adirear (Masuly A followad 8y gfven masw; for o legid wstity, fll oficiel derigeacion. Tie aira st inchiodt poial cosle aved s of coanery)

LITTLE, Jeremy D.

62 Villey Street
Wakeficld, MA 01880
United States of America

Sinte (et is, comwry) of ationality:  US ' State: fchat ix, comntry) of residence: US

Nare: and addeas: (Family mume fallowed by given m for & fagl entity, Al officil darigraation. Ths asldirves suart ietucls posscl coxte and noms of coney)

CASTRO, Alfredo

81 Middlesex Street

.\Vinchesm, MA 01890
United States of America

State (that iz, comntry) of mtiomalit: ~ US ' State: (that is, countryg) of residemee.~ US

e sl adkirear: (Farwily s fiiiowed by pivest wams: for & Ngal enity, full oficial desigpastion. The ki mms! inclwie postal cods and nome of coury)

MAZDIYASNI, Hormoz
19 Oid Farm Road

Douglas, MA 01516
United States of America

o

Sinte (that is, comntry) of nationality:  US State: {that It cowwry) of rmidance: ~ US

News wnd adkireas: (Fassly st fificwad by given seer: for « legal ey, full officiel designation. The suliezs samsi inclls posid cods and Rt of oty

FLEMING, Paul E.

7 Sunnyside Avenue
Wellesley, MA 02482
United States of America

Suie (thar &, cowwry) of mtionally:  US ' Saxte: (thar is, cownery) of residence:~ US

E Further applicsnts an indicsted on mmother contlstation shoel.

Form FCTAPEA/MO} (continustion sheat) (July 2001} Sen Notes to the damend fiorm
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[ Costistienof Bex Na. 1l | APPLICANT(R) :
{Fmone of the fillowing sulv-hamss i ssed, this shust ahokl not be Incinded in the dumped.

‘Name and adivear m-ﬂ-ﬂb'—-:ﬁlhiﬂqﬂ-ﬂﬂl-.__ﬁﬂ-_ﬂﬂ—dﬁd-fw

REYNOLDS, Dominic
27 Chalk Street, Apt. IF
Cambridge, MA 02139
United States of America

Sinte (that is, cowntry) of nationality: (B States (thar Is, comutry) of residence: US

Mot s akirass: (Faly et fillownd By givem Aues; for o gl ey, fal aficiol dhx tgmarion, Tt auleiross smmet inctiacs postal code wnd s of comiry]

State fthat is, coasstry) of nationality: Stute: (thar iy, cowntr)y) of residence

Nonn snd addreas: (Fansly e foliownd by ghven name; for & gl wieky, fill qficiol dusigration. The adiiress wacrt inchuls portal cods ord mume of comry)

o

State (that Is, country) of nationality: Staser (that s, country) of mEAENCE:

N wnd kv (Taily mams fallowed by pfven s for o legal eniily. fuf efickd clarignovon. T adirezs sut inciuis poxtsl codie el mases of counry)

State tAar s, comntry] of nationality: State: (that ia, cownry) of residence:

D Fuﬂuluiluﬂﬂlﬂiﬂdnnduulliluﬂnn“

Form FCT/IPEAMO] (contination sheet) (Jaly 2001) Sco Nots 1o the damand form
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Bex Na. Ill AGENT OR COMMON IIEPIIH;ENTATWI: OR ADDRESS FOR CORRESPONDENCE

The Gllowing person is agent m cammon ropresenistive
and E bhus been appoited carlicr and repriesents the spplicant(s) of (an) agont(s) for intmational preliminary exsmination
D hhﬂayqﬁnﬂuﬂwuﬁc&mﬂuﬂoﬂm)ﬂsﬂmwﬂlnhhﬂﬁyuﬂu
huqun:mmd. ifically feir the prooedure before the Insemational Preliminary Examining Authority, T
D :diliﬂnh lﬂﬂm: ive appointed earfiar. in "

representative

Name and Address: (Hamily rws fulowad by gives s for o lngal enity, fill offical destgnation. Telephone No.:

The cliress srg! inchuds posiel coule svd posse of comry,) (617) 55[-8604
SILVERMAN, Ian Robert Facsimile No.:
MILLENNIUM PHARMACEUTICALS, INC. (617) 551-8820
40 Landsdowne Street Teloprinter No.:
Cambridge, Massachusetts 02139
United States of America \

Mark this check-box where no agent or common representative ishas besn sppointed and the space sbove is used
D inlﬂhindlcﬁuﬂ' ﬁ&mmmmﬂum

.jlll Ne.IV  BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Statemmt concerning amemdmenty:*
1. The applicant wizshes the international preliminary examination to start on the basls of:

[X] the imcmationsl spplication ex originally filed

as oxiginally filed

=s amendad onder Article 34

o= originally filed

3 emended under Article 19 (together with any sccompanying statement)
as smended undej Asticle 34

s originaily flled (no drawings fied)

as amended under Article 34

the description

the drawings

5
]
0RO OMO M

2 U The spplicant wishes any amendrnents to the clsims under Article 19 to be considered us roversed.

1 D The spplicertt wishes the start of the international preliminary exsmination te be postpaned until the expirstion of 20
cmonths from the priority date gnless the Interaational Preliminary Examining Authority receives & copy of any
smandments mads under Article 19 or a notice flom the spplicant that he doea not wish 10 make such amendments.

d (Rule 65.1(d)). mnmwuwmmwmmmnmmhmpw

. Mmmdﬁ&himﬂ.hﬂnﬁmﬂnﬂhﬁnnmﬁﬁmwﬂlﬁnhhhdhhmwiﬁim-
#ﬂ!yﬂldu.ﬂﬂuamnf:mﬂmhh claimy under Article 19 md/or smendments of the mtemational
jcation under Article 34 are received by the International Preliminary Exsmining Autharity before it has begun to draw up &
written opinion or the intemational preliminary examinstion report, s so amended.
Langusge for the purpuses of Interustionil preliminary examisstios: Ensiish
which is the langusge in which the intemational spplication was filed.
O which is the language of a translstion fumished for tho purposes of intermational search.
[0 which is the language of publication ¢f the imemational spplication.
a which is tho lsngunge of the transiatida (to be) furnished for the purposes of internetional preliminary examinstion.

Bex No.V  ELECTION OF STATES

mmmmmd@ummuwmwmmmwmﬂmoy
Chapter Il of the PCT) except ...
(f the applicant does mot wish 1o elect curtain eilgible Siatus, the name(z) or country code(s) of those Stoies smut be
indicated above.) :

Form PCTAIPEA/01 (second sheet) (March 2001; reprint July 2001) Seo Notes o the demand form
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o Tesraational sppicaion No.
Sheet No. 6 PCT/US04/011080
Box Na. VI CHECK LIST
The demand ia accompanicd by the following dociments for the For Intermationa) Preliminary
pll'pn-ofi:l-lnlmd prelbllilh-ry examination: Examining Authority use only
received not received
1 Tmnslation of intemational application : sheets
(W] a
2 amendments under Article 34 : sheels D D
a a
3 copy (or, where required, translation)  : sheets
. of amendments under Article 19
(| O
4 copy (or, where required, trensiation) ., sheets
. of statement under Article 19 -
O O
5 letier : 2 sheets D D
dﬁ other (xpecify)) : sheets D D

The demand is also acoompanied by the itemn(s) marked below:
' [0 soparme signed power of siormey 4 foc calculation siveot (1 sheet)
'z [J  copy of genarel power of stiomay S other (specify) Return recelpt posteard

3 [ saemen explaining lack of signuture

Box Ne. VI SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE

Nast 10 ecarh signatere, indicuts the e of the porso signing and the copaci(y in whick the parsan sign (if such capeciy is mi obviows fram recding the desral).

lan Robert SILVERMAN

Registration No. 37,443
Agent for Applicants

q . Dated: 22 October 2004

For Intcrnational Preliminary Examinstion Authority use only

1. Dazte of actual receipt of DEMAND.

2 ‘Adjusiod date of reoeipt of demand dus t CORRECTIONS under Ruls 60.1(b):

k § DThdlhofmiplofﬂnhnlﬂilmhwiﬂimoﬂDnmﬁu D The applicant has been

from the priority dete wnd iter 4 or §, below, doss not apply. informed accordingly.
4 D The date of receipt of the demand is 'WITHIN the period of 19 montha from the priority dete as extended by virtue of
Rule 80.5.

s, |:|mmudnofminofhinndiwummsmmmmmmmh-ﬂm
Is EXCUSED pursumnt to Rule 82.

Fw!mw&uwuuﬂ

ImuﬂmﬁvdﬁuanMm:

7 rumrcmpwmaualu)(mz;ool;wlmlulyzoon See Notss to the demand form
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FEE CALCULATION SHEET
Aunex to the demand for interuational preliminary examination

For imerational Prol Examining A! [
International
Application No. PCT/US04/011080 _
Applicant’s or ageat's | Date stamp of the IPEA
file refrence \1pJ03-043
Applicant

MILLENNIUM PHARMACEUTICALS, INC. et al.

Calculation of prescribed fees

\ Prininy cainein o L_EUR 1,530 [;]

1. Handliing foe (Applicomts from certaln Sotes are
envisled 10 0 reduction of 75% of the handling foe.
Where the applict is for all appliceesy ary) 59 en-
titfed, the ot 50 be antersd of M Is 25% of the

handling foe) |__EUR 129 [}]
3. Total of prescribed fees

Add the emounts entored st P and H EUR 1,659

and enter total in the TOTAL box . TOTAL
Mode of Paymant

[X] mutharization to charge deposit O e
sccount with the PEA (sco below)

[] chee [ revenue stamps
[ postal money ovder 1 coupons
P [ e ot

Depasit Acoount Authorization (this mode of paymeant may not be available io oll IPEAS)

The IPEA/ EP [X] ix heretry mthoriznit to charge the total fees indicated sbove to oy deposit scoount (2830.0337)

mmmuwwvmmmﬁrwmqﬁmm»mh
herebry muthorized to charge my deficiency or credit sny overpsyment in the total fees indicated sbove

o ey deposit account (2830.0337)
2830.0337 22 October 2004 Jam. ﬂr(-wt g“bo\»w
Deposit Account Number Duie (day/monhyear) Signanwe [an Robert SILVERMAN

. Registration No. 37,443
Form PCTAPEA/401 (Anex) (March 2001; reprint July 2001) Ses Notsz 1o the fee calculation shest




I'=rnm the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY
To:
SIIﬁVEHMANi‘Lan, Hobelgal :
LVER Soals, Inc.
r(; mozno Street 8. Inc NOTIFICATION OF TRANSMITTAL OF
Cambridge, MA 02138 THE INTERNATIONAL PRELIMINARY
ETATS-UNIS D’AMERIQUE REPORT ON PATENTABILITY
(PCT Rule 71.1)
Detn of mafing
_ (day#nonthirear) 05.04.2005
Apphcants or agent's flis referance
MP103-043 IMPORTANT NOTIFICATION
inemational appication No. T itemationsl fling dats (day¥nontyear) Priortty date (dayinonthyear)
PCTAIS2004011080 00.04.2004 00:04.2003
Applicant '

MILLENIUM PHARMACEUTICALS, INC. et al.

application.

communication to all the elected Offices.

PCT Applicant's Guide.

prollmlnnr‘y“ examination and Ihat ®

enabling disclosure, clarity and support for the claims.

. The applicant Is hereby notifiéd that this intemational Preliminary Examining Authority transmits herewith the
intemational preliminary repoit on patentability and its annexes, if any, established on the Intemational

A copy of the report and its annexes, if any, is being transmitted to the Intemational Bureau for

Where required by any of theielected Offices, the Intemational Bureau will prepare an English translation of
the report (but not of any annexas) and will transmit such translation to those Offices.

The applicant must enter the national phase betore each elected Office by performing certain acts (filing
translations and paying national fees) within 30 months from the priority date (or later in some Offices)
(Article 38(1)) (see also the raminder sent by the Intemational Bureau with Form PCTAB201).

Where a translation of the intamational application must be fumnished to an electad Office, that translation
must contain a translation of any annexes to the intemational praliminary report on patantabllny Itis the
applicant’s responsibility to prepare and fumish such transiation directly to each elected Office concerned.

For further details on the applicable time limits and requirements of the elected Offices, see Volume Il of the

The applicant's attention is dfawn to Article 33(5), which provides that the criteria of novelty, inventive step
and industrial applicabllity described in Article 33(2) to (4) merely serve the purposes of intemational

any Contracting State may apply additional or different criterla for the
purposes dacldlngwhcthar mthntsm the claimed inventions is patentable or not” (see also Article
27(5)). Such additional criteria may relate, for example, fo exemptions from patentability, requirements for

Name and malll

addrecs of the Inhrmllm-l
preliminary authority:

Europaan Patent Ofica - Gitachiner Str. 103
D-10658 Barlin

Teol. +48 30 25801 - 0

——  Fax +49 30 25801 - 840

Authorized Officer

HALBARTSCHLAGER, M
Tel. +49 30 25801-714

Form PCTAPEA/418 (Januay 2004)




PATENT COOPERATION TPSATY

PCT
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S

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter |l of the Patent Cooperation Treaty)

(PCT Article 36 and Rule 70)
MP1 03_;:'3 fle FOR FURTHER ACTION See Form PCTAPEAK16
intsmational appiikcation No. Intermational fiing date {dayinorifiyear) Priorty dae (deymontivpear)
PCTAIS2004011080 09.04.2004 09.04.2003

intemational Palent Classification {(IPC) or national ciassification and IPC
C07D47104, CO7D265480, A61K31437

Applicant

MILLENIUM PHAFIMACEUTICAL_S. INC. et al.

1.

2
3.

This raport is the international pmllmlrury examination report, established by this International Preliminary Examining
Authority under Article 35 and transmitied to the applicant acconding to Arficle 38.

This REPORT conslets of a total of @ aheets, including this cover sheet.

Thie report Is also accompanied by ANNEXES, comprising:
a. 0 sent tv the appicant and to the international Bureau) a iotal of sheets, as follows:

O sheets of the descriftion, claims andbr drawings which have been amended and are the basis of this report
andbr shests containing rectifications authorlzed by this Authority (sse Rule 70.18 and Section 807 of the
Adrrlnluannurucllom)

O sheets which supeliede earfler sheets, but which this considers contain an amendment that goes
beyond the disciosure In the intemational application as filed, as Indicated in item 4 of Box No. | and the
Supplemental Box.

b. O (mmmummal&nuumwamld(Mtypemdnumberofaloeﬂuiccmhr(a)) , containing a
saquancs listing andbr tables related thereto, in computer readable form only, as Indicated in the Supplemental
Box Relating 1o Saquence Listing (see Section B02 of the Administrative Instructions).

This report contalns Indications relating fo the following ltems:

& BoxNo.!  Basis of the opinion
0 BoxNo.ll  Priority
B Box No. Nunmuhﬁmaopmnmmmbm.lmmpmwmmwmmy
O BaxNo. IV Lack of unity &f Invention
B BoxNo.V  Reasoned stiternent under Article 35(2) with regard to novelty, invantive step or industrial
applicabliiity; ¢itations and ecplanations supporting such siatsment
2 Box No.Vl Certain docurnents cited
[0 Box No. VIl Certain defacis in the international appiication
O Box No. Vil Certain observations on the international appication
Dets of submission of the demand mum?_um
25.10.2004 05.04.2005
m mmmm Authortzed Ofcer —~
Europaan Patent Offics - Gltschiner Sir. 103 Telephone No. 448 30 25001- / \
’ D-10858 Beriin l
Tel. +49 30 25901 - 0 I
—<%_  Fax +40 30 25001 - 840 ‘\..."’

Form PCTAPEA/400 (Cover Sheet) (January 2004)
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INTERNATIONAL PRELIMINARY REPORT Internationat application No.
ON PATENTABILITY PCTAS2004/011080

Box No.| Basis of the repont

[
1. With regard to the language, this report is based on the intemational application in the language in which it was
flled, unless otherwiae Indicated under thie itemn.

O This report is based on translations from the original language into the following language ,
which is the language of a|translnﬂon fumished for the purposes of:

O intemational search (under Rules 12.3 and 23.1(b))
O publication of the interniational application (under Rule 12 4)
O intemational preliminary examination (under Rules 552 andbr 55.3)

2. With regard to the slements* of the intemational application, this report is based on {replacement sheets which
have been fumnishedq io the recisiving Office in response o an invitation under Article 14 are referred o in this
report as "originally filed" and are not annaxed io this report).

Description, Pages

1-168 as originafly fllad
Claima, Numbers

120 as originally flled

a sequence listing andbr any related table(s) - see Supplemental Box Relating to Sequance Listing

3. 0 The amendments have resulied in the cancellation of:

[ the description, pages

O the claims, Nos.

O the drawings, sheetafigs

O the sequence listing (specify}):

O any table(s) related to sequence listing (specify):

4. [0 This report has been established as if (some of) the amendments annaxed to this report and listed below
had not been made, since they have bean considerad to go beyond the disclosure as filed, as indicated in the
Supplemental Bax (Rule 70.2(c)).

O the description, pages

O the claims, Nos.

O the drawings, s

{1 the sequence fisting {spoaly):

{] any table(s) related to sequence fisting (specify):

* If item 4 applies, some or all of these sheets may be marked "superseded."

Form PCTAPEA/400 {Janusty 2004)
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INTERNATIONAL PRELIMINARY REPORT : Intemational application No.
ON PATENTABILITY _ PCTAJS2004011080

Box No. lli Non-omblluhmu'ét of opinion with regard to novelity, Inventive step and industrial
applicabliity .

1. The

questions whether the claimid invention appears 1o be novel, to involve an inventive step {to be non-

obvious), or to be Industrially applicable have not been examined in respect of:

o
&

(m]

the entire international applitation,
claims Nos. 18-25
because:

the said international application, or the said claims Nos. 19 to 25 with regard to industrial application relate
to the following subject matier which does not require an international preliminary examination (specity):

aso soparate sheet

the description, claime or drawings (Indicale particuiar slements below) or said claims Nos. are so unclear
that no meaningful opinion could be formed (specify).

the claims, or said claims Nos. are so inadequately supported by the deacription that no meaningful opinion
could be formed.

no intemational search report has been established for the said claims Nos.

the nuclectide andbr amino acid sequencs listing does not comply with the standard provided for in Annex
C of the Administrative Instiuctions In that;

the written form O has not been fumished
3 does not comply with the standard
the computer readableform  [J  has not been fumished
O does not comply with the standard
the tabies related to the nuclectide andor amino acid sequence lsting, if in computer readable form only, do
not comply with the tachnical requirements provided for in Annex C-bis of the Administrative Instructions.

See separate sheet for further details

Form PCTAPEA/408 (January 2004)
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ON PATENTABILITY PCTAIS2004/011080

Box No. V Runmduhhmﬂundummmmgnrdhnwdty inventive step or Industriai
applicabliity; cltations and uplanlliom supporting such statement

1. Statement
Novelty (N) Yes: Claims 3-16,18,27-29
No: Claims 1.2,17,28
Inventive stap (IS} Yes: Claims
) No: Claims 1-18,26-29
Industrial applicability (1A) Yes: Claims 1-18,26-29
No: Claims

2. Citations and explanations {(Rule 70.7):
see separate sheot

Box No. VI Certain documents cited
1. Certain published documents (Rule 70.10)
and /or
2. Non-written disclosures (Rule 70.9)

8060 separate sheet

Form PCTAPEA/409 (January 2004)
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INTERNATIONAL PRELIMINARY International application No.

REPOHRT ON PATENTABILITY
(SEPARATE SHEET) . PCT/US2004/011080
Re ltem |.

Unclarities and inconsistencies

1. Claims

Formula 1I-C is claimed in claim 3. Due to the dependency on claim 2 (and
consequently on claim 1), definitions of R', R* and R® are unnecessarily repeated.

Formula llI-A of claim 10 does not correspond to formula llI-A of the description. The
compound claimed in claim 10, although clearly part of general formula i, has no exact
support in the description. iThis particular embodiment should be transferred in the
specification among the preferred embodiments. A consequence is that the
dependence of the following claims is irregular.

Claim 11 appears to find a support in page 16 of the description. But another irregularity
is seen in claim 12 where the group R'? has not the same meaning as in claim 10 on
which claim 12 is said to be dependent. The same remark applies to claim 13.

Claim 14 finds a support il description, page 19.

Claim 16 is directed to compounds of examples 1-31, 3943, 45-47, 49-63. Compounds

of figures Nos. 32-38, 47 dre not examplified but disclosed on pages 30, 32 resp.

The figure No. 44 does not comespond to compound of example 44 which shows a

morpholine ring in place of a pyran ring. According to the preparation, a morpholine ring

should be expected as shéwn in figure 44.

Example 47, page 126 coiresponds to figure No. 48. A second example 47 (?)

disclosed on page 130 haé no comesponding figure in the description or in claim 16. If

the nomenclature is erronéous bacause of a possibly missing part after "-propionyl-*,

this second example 47 could correspond to figure No. 47 of page 32 which also

appears in claim 16.

According to the preparation, the name of example 71 should probably read
“-piperazin-1-yi-* instead of "-piperdin-1-y}-".

The compounds (S)-Hli-A-a of claim 15 have no support in the description. Moreover the
given dependency on claimn 14 is ermoneous becauss of several discrepancies in the

Form PCT/Separaie Sheet/408 (Sheet 1) (EPO-lanuary 2004)
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INTERNATIONAL PRELIMINARY Intemational application No.

REP HT ON PATENTABILITY
(SEPARATE SHEET) _ : PCTAUS2004/011080
substituent definitions.

Support for claim 26 dlrected to intermediate compounds of formula 3a is partly on
page 57 of the descnphon But R'® is there defined as "an organic radical® which is
nowhere specified in the speclflcatlon The "restricted” definition given in claim 26 in
general terms "aliphatic®, niaryl'. etc, is not more admissible as also lacking support. For
an appropriate support, the text of claim 26 should be introduced in the description
including correct definitions already disclosed for the unspecific expressions like
"aliphatic", "aryl", derivativés thereof and "carboxylic acid and amino protecting groups”.

Claims 27, 28 and (impilicitely) 29 are supported by the description, pages 58 and 59
with the reservations made above.

2. Description

Definitions given in the description for expressions which do not appear in the claims
(like "linker group”) are superfluous and may eventually be misleading for the plain
understanding of the invention.

Considering the biological testing, essentially assay procedures are given without
specific results. Only in thé measurement of the IKB kinase phosphotransferase activity
description is said that the:compounds were active inhibitors of the IKK complex and
that the IKB kinase inhibition average IC,, values were "generally” below "about" 10
microM. The "inventive compounds® (compounds of the invention or compounds which
show an inventive effect ?) are also said to be selective for inhibiting IKK-2 as opposed
to IKK-1. There appear mére statements which may not be sufficiently substantiated.

In the test on rat models fér rheumatoid arthritis, “certain compounds were found to be
active®. This test cannot be taken into consideration for the evaluation of an inventive
step as not all claimed corpounds appear to be concemed. Furthermore, it is said that
*compounds of formula 1I-C were found to be surprisingly superior compared to other
compounds where sing A is a pyridine ring®. This is quite obscure since, firstly,
compounds of formula 1I-C are compounds wherein ring A is a pyridine ring and,
sacondly, the said "other compounds® are not defined. Same remark applies to the next
sentence about compounds of formula IH-A-a.

Fomn PCT/Separate Sheet/408 (Sheet 2) (EPO-January 2004)
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REPOHRT N PATENTABILITY
(SEPARATE SHEET) PCT/US2004/011080
Re ftem Iil.

Claims 19 to 25 are directed to methods for treatment of the human or animal body by
surgery or therapy as well as diagnostic methods. They relate to subject-matter
considered by this authority to be covered by the provisions of Rule 67.1(iv) PCT.

No opinion will be formulated with respect to the industrial applicability of the subject-
matter of these claims (Article 34 (4) (a)(i) PCT). For the assessment on the question
whether they are industrially applicable, no unified criteria exist in the PCT Contracting
States. The patentability can also be dependent upon the formulation of the claims. The
EPO, for example, does not recognize as industrially applicable the subject-matter of
claims to the use of a compound in medical treatment, but may allow, however, claims
to a known compound for first use in medical treament and the use of such a
compound for the manufacture of a medicament for a new medical treatment.

Under the terms of Rule 39.1(iv) PCT, the ISA was not required to cany out a search of
such claims, but as indicated in the ISR, the search was carmied out and based on the
alleged effects of the cormpounds. Similarly, the IPEA (which is the ISA) is not required
to cany out an International preliminary examination of such claims, but as for the ISR,
the IPER will be based on the alleged effects of the compounds (Rule 67.1 (iv) PCT).

Re items V. and V1.

1. Cited documenta

The following documents are refermed to in this communication:

Dt WO 01/68648

D2 LEE MICHAEL ET-AL.. CANCER LETTERS, vol. 101, no. 1, 1996, pages 53-57

D3 PALANKI M S S: CURRENT MEDICINAL CHEMISTRY, vol. 9, no. 2, January
2002, pages 219-227

D4 HOTTELET M ET AL: IMFLAMMATION RESEARCH, vol. 49, na. Supplement 2,
24 September 2000 , page S910

D5 DE 199 51 360

D6 WO 03/024936

D7 WO 03/039545 (intermediate document)

D8 CASTRO ALFREDO C. ET AL.: BIDORGANIC & MEDICINAL CHEMISTRY

Form PCT/Saparate Sheet/408 (Sheet 3) (EPO-January 2004)



INTERNAT! NAL PRELIMINARY intemationat application No.
REP RT N PATENTABILITY
(SEPARATE SHEET) PCT/US2004/011080

LETTERS, vol. 13, né. 14, 2003, pages 2419-2422
D9 WO 00/09482

The intermediate documerits D7 and D8 are relevant for the purposes of Rules 33.1 c,
64.3 and 70.10 PCT, but since the priority documents are not available at the time of
establishing the written opinion, they are not taken into account. It is based on the
assumption that all claims,enjoy priority rights from the filing date of the priority
document(s). If it later tumis out that this assumption is not comrect, the intermediate
document in the Intemational Search Report could become relevant in order to assess
whether the claims satisfy'the criteria set forth in Article 33(1) PCT.

If the priority date is not vilid for the complete claimed subject-matter, this document
may become relevant prior art in a possible regionaVnational phase.

2. Noveity
2.1 Final compounds

D1 destroys the novelty of the final compounds which the disclosure of the examples
83, 118 and 121 which are also claimed for the same biological properties.

Due to the extreme closeness of the prior ant, the question arises of which feature
should distinguish unambiguously the present subject-matter from the state of the art.
The distinguishing featur¢ must be clearly common for all the claimed compounds in
order to satisfy the unity eriterion (Rule 13 PCT).

2.2 Intermediate compounds

D9 is novelty destroying for the compounds claimed in claim 28 which the disclosure of
the examples 23 to 25. It is noted that this is essentially due to the unspecificity of the
expressions "carboxylic acid protecting group® or "amino protecting group® {(actually
they are functionat definitions which are not admissible when they can be better
defined).

Intermediate compounds of formula IV of claim 28 appear to be novel.

Form PCT/Separate Sheot/400 (Sheet 4) (EPO-Janutry 2004)
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3. inventive step

3.1 The problem underlying the present application is, according to the description, to
provide beta-carbolines useful for treating inflammatory diseases and cancer, and more
specifically for treating IKK-2 mediated diseases. D1 discloses novelty destroying
compounds which have the same activities.

3.2 Before prosecuting with the substantive examination, the novelty must be clearly
established, /.e. by at least one characterising feature which complies with the unity
requirements.

It is thus necessary that this "novelty feature” be well-defined, since the
acknowledgement of the iriventive step should be based on an unexpected effect that
this particular difference biings to the novel invention (see also item 1.2 above the
remarks conceming the assays described in the specification).

Citations D2 to D6 belong to the background art which may be useful in the
examination process.
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BU?IHTEH'CI.I DE INDUSTRIA Y COMERCIO ,519,
Bogot&,
2020
Doctor(a)

PATINO LEYVA LUIS

REFERENCIA Radicacién No. 5 113041
Solicitud internacional UB82004/011080
Fechs inicic fase nacional 09/11/200S

Tr&mite 11
Evento 379
Actuacién 430

oficio Fo. . 1164
Como resultado del exameh de forma, reallzado con fundamento en el articulo 38 de
la Declsién 486 de la Comisién de la Conmmunidad Andina, articulo 27 del Tratado de
Cooperacién en Materia de Patentes (PCT), regla 51 bis del Reglamento y circular
Unica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La solicitud no contiene la traduccién de las reivindicacicnes tal como fueron
presentadas. {(Numeral 5.2.5, capitulo quinto del titulo décimo de la Circular Umica
de la 8IC).

2. La psolicitwi no contiena la copla del documento en que comsta la cesifm del
derecho & la patente del inventor al solicitante o a su causante. (Art. 26-k)
Decieién 486.

3. La solicitud no contiene el poder debidamente otorgado, con el lleno de los
requisitos exigidos por los articulos 63 y subsiguientes del C&digo de
Procedimiento Civil. Adicionalmente, deberi presentar el documento que acredita la
existencia y representacidn legal de la sociedad solicitante, cuando &sta fuere
persona juridica.

En cumplimiento ds lo dispussto por el articulo 39 de la Decisifm 486, se le
requiere para que dentro del término de dos meses sigulentes a la fecha de
notificacién del presente ¢ficio, complete los raguisitos anteriormente emuncilados.
En caso de no dar cumplimiento al presente requerimiento, la solicitud se
considerardi abandonada y pérderf su prelacién.

Motifiquese el presente
e), del capitulo

5£jcio conforme a lo dispuesto en el numeral 5.2, literal
1l k£itulo primero de la Circular Unica No.1l0 de 2001.

CEBPEDES DE VERGEL
Jefe de 1 vieglén de Nuevas Creaclones

El anterior requerimierto fue mnotificado por fijaciém en 1lista de
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