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JAKZ INHIBITORS AND THEIR USE FOR THE TREATMENT OF
MYELOPROLIFERATIVE DISEASES AND CANCER

FIELD OF THE INVENTION
[0001] This invention relates to novel compounds that are useful as anti-cancer/
antibroliferative agents. This invention also relates to a method of using the compounds
in the treatment of proliferative diseases, such as cancer, and to pharmaceutical

compositions containing the compounds.

BACKGROUND OF THE INVENTION
[0002] Efforts to identify new therapeutic approaches to Ph(-) myeloproliferative
disease have been bolstered by the observations of constitutive acfivation of the JAK-
Stat signaling pathway MPD patients. In particular, a single valine to phenyalanine
mutation at residue 617 (JAK2-V617F) in JAK?2 has been observed in the majority of
PV (95%), ET (50-60%) and PMF (50-60%) patients (Table 2, Kralovics et al., 2005;
Baxter et al., 2005; Tefferi et al., 2005). The V617F mutation resides in the region of
the JAK2 gene encoding the pseudokinase domain which is thought to function as an
autoinhibitory domain to regulate JAK2 tyrosine kinase activity. Mutations in exon
12 of JAK2 which also result in constitutive JAK2 kinase activity are also observed
with a lesser frequency (<5% in PV and ET) and are mutually exclusive with
JAK2V617F lesions (Pardanari et al., 2007; Scott et al., 2007). JAK?2 is a member of
a non-receptor tyrosine kinase family that also includes JAKI, Tyk2 and JAK3 and
function as mediators of cytokine receptor signaling (for review see Murray, 2007).
Upon cytokine binding to its cognate receptor, receptor-bound JAK family members
are activated and phosphorylate a STAT, a latent transcription factor, which upon
JAK-mediated phosphorylation_ undergoes dimerization and translocation to the
nucleus to regulate gene expression. Genetic and biochemical studies have
established distinct combinations of engagement of a JAK family member with an
individual cytokine receptor. For instance, e:ythroboietin (EPO), thrombopoietin
(TPO) and granuolocyte colony stimulating factor (GM-CSF) receptor engagement
results in the predominant activation of JAK2 to mediate downstream signaling.

Consistent with the patho-physiology of MPD associated with the JAK2-V617F

-1-
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mutation, these cytokines promote the differentiation and expansion of the cell types
underlying PV, ET and PMF, respectively. Unlike other genétic activation events,
expression of JAK2-V617F is not sufficient to promote transformation in cell based
model systems and has been shown to require the co-expression of the type I cytokine
receptors, highlighting an important functional co-dependence of the JAK-cytokine
receptor interaction (Lu et al., 2005). Interestingly, activating mutations in the TPO
receptor (MPL, t1yptdphan to leucine substitution at residue 515) have been identified
in MPD patients afflicted with JAK2-V617F negative PMF and ET (5% and 1%,
respectively) resulting in constitutive JAK2-Stat activation (Pikman et al., 2006).
These observations indicate that JAK-Stat signal transduction can be activated
through mutation in MPD at multiple points in the pathway in a mutually exclusive
manner and suggest the possible presence of additional pathway mutations in JAK2 —
V617F and MPL-W515L negative MPD.

[0003] - Important validation of JAK2 signaling as a driver of Ph(-) MPD emerged
from rodent models where JAK2-V617F mutant signaling was reconstituted in the
hematopoietic stem cell compartment. Several laboratories demonstrated that viral
transduction of JAK2-VG617F into mouse bone marrow and subsequent re-
implantation into recipient mice reconstituted several aspects human MPD (Wernig et
al. 2006, Lacout et al., 2006, Bumm et al., 2006, Zaeleskas et al., 2006). These
features included elevated hematocrit, splenomegaly from extramedullary
hematopoiesis, granulocytosis and bone marrow fibrosis all which are also manifested
in polycythemia vera. Interestingly, unlike the human condition, thrombocytosis was
not observed in these murine models and was suggested to be attributable to
secondary genetic events that contribute to platelet expaﬁsion (Wernig et al., 2006).
Similar reconstitution of the TPO receptor mutation (MPL-W515L) in rodent bone
marrow resulted in a myeloproliferative disease with a more rapid onset than JAX2-
V617F animals that was reminiscent of primary myelofribosis including
splenomegaly, hepatomegaly, and reticulin fibrosis of bone marrow (Pikman et al.,
2006). Also unlike the JAK2-V617F model, mice expressing MPL-W515L displayed
dramatic thrombocytosis perhaps indicating a more dominant function of the receptor

activation compared to JAK2-V617 in the expansion of this lineage. Nonetheless,
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these observations collectively underscore the role of both MPL-W515L and JAK2-
V617F as driver mutations underlying the progression of human MPD.

[0004] Ai key question to the genetic basis of MPD is the role of additional
genetic events that contribute to disease progression beyond JAK2 and MPL. Several
lines of evidence suggest additional genetic alterations in MPD disease progression.
In fact, mitotic recombination occurs frequently in MPD patients to generate two
JAK2-V617F alleles indicating a selection for cell clones homozygous for the .
mutated kinase (Levine et al., 2005). In this regard it will be important to develop
conditional JAK2-V617F knock-in animals and to determine the phenotypic
consequences of the homozygous versus heterozygous JAK2-V617F burden.
Additionally, there is evidence for an inherited germline allele that precedes and
predisposes patients to acquire JAK2-V617F (Goerttler et al., 2005; Levine et al.,
2006) as well as loss of chromosomal region 20q in some MPD patienfs. Although
MPD conversion AML is observed clinically at moderate levels and activating JAK
chromosomal translocations are observed in leukemia, epidemiological data suggest
that it is questionable that JAK2-V617F is a genetic driver in this context suggesting
additional genetic alterations are required for full leukemic transformation
(Theocharides et al., 2007). These observations notwithstanding, JAK2 inhibition
with small molecule inhibitors is sufficient to modulate disease progression in pre-
clinical animal models suggesting that JAK2 activation is sufficient for maintaining
MPD (Paradani et al., 2007). It will be important to identify these additional genetic
alterations and decipher how these genetic changes contribute to the disease
progression of PV, ET and PMF in the context of JAK2-V617F and MPL-W515L. Tt
will also be important to implement approaches to identify if other JAK2 pathway
components are mutated in MPD patients not associated with the acquisition of
JAK2-V617F, JAK2 exonl2 or MPL-W515L mutations.

[0005]  The patent publication WO2006/122137 discloses coumpounds which are

useful as IKK inhibitors. Example No. A171 discloses the compound of the formula

\
N—’\\N
)
X
NH NSNS
/- H H

-3
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which was found to have weak activity against JAK2 in the assay described

hereinbelow.

DETAILED DESCRIPTION OF THE INVENTION
5 [0006] The present invention provides for compounds of formula I, pharmaceutical
compositions employing such compounds and for methods of using such compounds.

- [0007]  Inaccordance with the present invention, there are disclosed compounds of

formula I

10 )]

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof, wherein:
Y is Cy4 alkyl;
X is Cy4 alkyl;
15 Ris

\5\‘/8 \g O \5 S\ \5 —N \g =
| R! | I R Rl N 0 \l/\s
N/ N/ N/ =~ N

R1

2 b

\5\EN<‘N—R2 -~ S? _ \g\'\liN‘N—“RZ
RV =N N , or R!

any of which are optionally fused with a 5 or 6 membered carbocycle or heterocycle
20 having one heteroatom selected from NR’ or S, said fused cal‘lﬁbcyclebr heterocycle

béing optionally substituted with 0-3 R\, .

[0008] R'is H, halo, CN, Cy.6 alkyl substituted with 0-3 R®, CF3, CONR"R?,

NRR®, COOR®, SO,-C;4alkyl, C(O)RY, cycloalkyl substituted with 0-3 R®, furanyl,

tetrahydropyranyl, or pyridinyl;
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R? is absent, H, C1.¢ alkyl substituted with 0-3 RS, C(0)O-Cyalkyl, SO,-Ci.
salkyl, cycloalkyl substituted with 0-3 R®, or tetrahydropyranyl; |

R3 s absent, H, or C(0)O-Cy.4alkyl;

R* is H, Cy.¢ alkyl substituted with 0-3 R®, Cs.¢ cycloalkyl substituted with 0-3

5 RS, tetrahydropyranyl, or dioxotetrahydrothiophenyl;

R" is H or C alky];

R® is H, halo, CN, OH, O-Cy.4alkyl, O-C;.4alkyl-O-C;4alkyl, NH,, N(Ci4
alkyl),, C{O)N(C,y.4alkyl),, SO»-C;_salkyl, or morpholinyl or piperazinyl, either of
which are optionally substituted with 0-1 C,4alkyl;

10 R%is Ci alkyl, or azeridinyl, azetidinyl, pyrrolidinyl, plperldmyl
: morpholinyl, piperazinyl, dioxidothiomorpholinyl or tetrahydropyranyl, any of which
' . _ are substituted with 0-2 R®; and '
R%is H, halo, CN, C,4 alkyl, OH, O-Cy_4alkyl, SO,-C;4alkyl, NHC(O)-C;.
;alkyl, morpholinyl, OC(0)-C 4alkyl, C(O)N(C;_salkyl),, or O-C,4alkyl-O-C4alkyl.

15
[0009] In another embodiment are compounds of Formula (I), wherein:
Ris _
— S =~ 0] = S,
gT R! Se\|I/ R? 555\“/ N Se Sgg‘\\/\s
N/ N7/ N~ ~ Ns(¢
R! R R? R Rt
- ™ /N\
5 N-R2 5 s\l/ N-R2 Se\“/
\E\N—RZ N N
O = = R! \R1 )
Ss. O s
g < s o 5\“/ $ I
N/ N/ Nw/ \_O
N~R3 h N~R3 s
AR ’ X
20 | R1 » \R1 s R1 > R1 ° ]
— S
57r/ R ~g N
- s N N-R2
S |
N / ; ,N -N 4 =
R, R® o RTEN
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any of which are optionally substituted with 0-3 R'.

[0010] In another embodiment are compounds of Formula (I), wherein:

5 Y is methyl; and
X is ethyl.

{0011} In another embodiment are compounds of Formula (I), wherein:
Ris
10

[0012] In another embodiment are compounds of Formula (I), wherein:
15 Ris

@ | - \g\r\d \{)\ (Crulalkyl g\r\C\NH
RS ey

~S_ s _
g\rlxll/ /N Se MR
NN

RS or N

any of which are optionally substituted with 0-2 R!
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[0013] In another embodiment are compounds of Formula (I), wherein

- Sq"\ll\lr } y
R is R"
R' is H, halo, CN, Cy.¢ alkyl substituted with 0-3 R®, CFs, CONRR®, COOR”,
5 SO0»-Cyaalkyl, C(O)Rd, cycloalkyl substituted with 0-3 R, or pyridinyl;
R®is H, Cy. alkyl substituted with 0-3 R®, Cs. cycloalkyl substituted with 0-3
R?, tetrahydropyranyl or dioxotetrahydrothiophenyl;
R"is H or Cy.6 alkyl;
R’ is H, halo, OH, O-C,_4alkyl, SO,-C;_4alkyl or morpholinyl;
10 RY is Cy.¢ alkyl, or azetidinyl, pyrrolidinyl, morpholinyl, piperazinyl or
dioxidothiomorpholinyl, any of which are substituted with 0-2 R®;
Ris H, halo, CN, OH, O-C;_4alkyl, SO,-Ci4alkyl, NHC(O)-C1_4alkyl or

mofpholinyl.

15 [0014]  Inanother embodiment are compounds of Formula (I), wherein:

\g\EN(‘N—RZ
. ~
R is R" .
R'is H, halo, C;. alky! substituted with 0-3 R%, CF3, CONR'R?, COOR”,
C(O)RY, cycloalkyi substituted with 0-3 R® or furanyl;
R?is H, Ci.6 alkyl substituted with 0-3 R®, SO,-Cy_alky], cycloalkyl
20 substituted with 0-3 R°, or tetrahydropyranyl;
' R"is H, or Cy. alkyl substituted with 0-3 R®
R"is H or Cy.6 alkyl;
R®is H, halo, CN, OH, O-Cj.qalkyl, O-Cy.4alkyl-O-C; 4alkyl, NH,, N(Ci4
alkyl),, C(O)N(Ci.4alkyl);, SO,-Ci.salkyl, or morpholinyl or piperazinyl, either of
25  which are optionally substituted with 0-1 C;_alkyl;
Ris Cre alkyl, or monpholinyl, piperaziny] or dioxidothiomorpholinyl, any of
which are substituted with 0-2 R®; and
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R®is H, Cy.4 alkyl, CN, OH, NHC(O)-C;.4alkyl or morpholinyl.

[0015] In another embodiment are compounds of Formula (I), wherein:

~§~ M,
S~

Ris R'" .
R' is Cy6 alkyl substituted with 0-3 R%; and
R? is Cy.¢ alkyl.

[0016]  Inanother embodiment are compounds of Formula (I), wherein the
compound of formula (I) is selected from the exemplified compounds.

[0017] In another embodiment the present invention provides a pharmaceutical
composition comprising a pharmaceutically acceptable carrier and one or more of the
compounds of the present invention or a stereoisomer, tautomer, pharmaceutically
acceptable salt, solvate, or prodrug thereof.

[0018]  Inanother embodiment, the present invention provides a pharmaceutical

_ composition comprising a compound of formula I or pharmaceutically acceptable salt

thereof and a pharmaceutically acceptable carrier.

[0019] In another embodiment, the present invention provides a pharmaceutical
composition, comprising a pharmaceutically acceptable carrier and a therapeutically
effective amount of one or more of the compounds of the present invention or a
stereoisomer, tautomer, pharmaceutically acceptable salt, solvate or prodrug thereof,
[0020] In another embodiment, the present invention provides a method for treating
proliferative disorders and/or cancer comprising administering to a patient in need of
such treatment a therapéutically effective amount of one or more of the compounds of the
present invention or a stereoisomer, tautomer, pharmaceutically acceptable salt, solvate
or prodrug thereof, in combination with one or more other anti-cancer agent, or a
stereoisomer, tautomer, pharmaceutically acceptable salt, solvate or prodrug thereof,
[0021] In another embodiment, the present invention provides a method for treating
proliferative disorders and/or cancer comprising administering to a patient in need of

such treatment a therapeutically effective amount of one or more of the compounds of the

-8-
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present invention or a stereoisomer, tautomer, pharmaceutically acceptable salt, solvate
or prodrug thereof.

[0022] In another embodiment, the present invention provides a method of treating a
patient in need of proliferative disorder and/or cancer treatment, comprising
administering a compound of the present invention or a stereoisomer, tautomer,
pharmaceutically acceptable salt, solvate, or prodrug form thereof in an amount effective
to treat the proliferative disorder and/or cancer.

[0023] In another embodiment, the present invention provides a method of treating
myeloproliferative diseases, such as polycythemia vera, essential thrombocytopenta and
pi'imaly myelofibrosis, solid tumors of the pancreas, prostate, lung, head and neck,
breast, colon, ovary, gastric cancer as well as other tumor types including multiple
myeloma, melanoma, neuroblastoma, glioblastoma, systemic mastocytosis,and
hematological malignancies such as acute myelogenous leukemia (inchuding refractbry
acute myeloid leukemia) and acute lymphoid leukemia.

[0024] In another embodiment, the present invention provides a .novel method,
comprising administering a compound of the present invention or a stereoisomer,
tautomer, pharmaceutically acceptable salt, solvate, or prodrug form thereof in an amount
effective to treat a proliferative disorder and/or cancer.

[0025]  Inanother embodiment, the present invention provides a method for treating
proliferative disorders and/or cancer comprising administering to a patient in need of
such treatment a therapeutically effective amount of a compound bf formula (T) ora
stereoisomer, tautomer, pharmaceutically acceptable salt, solvate or prodrug thereof, in
combination with one or more other anti-cancer agent or antiproliferative agent and/or

another agent, or a stereoisomer, tautomer, pharmaceutically acceptable salt, solvate or

prodrug thereof.

[0026] In another embodiment, the present invention provides a method for treating

proliferative disorders and/or cancer comprising administering to a patient in need of
such treatment a therapeutically effective amount of one or more of the compounds of the
present invention or a stereoisomer, tautomer, pharmaceutiéally acceptable salt, solvate
or prodrug thereof, in combination with one or more other anti-cancer agent,ora

stereoisomer, tautomer, pharmaceutically acceptable salt, solvate or prodrug thereof,
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[0027]  Inanother embodiment, the present invention provides a compound of the
present invention for use in therapy. ‘

[0028] In another embodiment, the present invention provides a compound of the
present invention for use in therapy for treating a proliferative disorder and/or cancer.
[0029]  Inanother embodiment, the present invention also provides the use of a
compound of formula I of the present invention for the manufacture of a medicament for
the treatment of a proliferative disorder and/or cancer.

[0030]  The present invention may be embodied in other specific forms without
departing from the spirit or essential attributes thereof. This invention encompasses all
combinations of preferred aspects and/or embodiments of the invention noted herein. It
is understood that any and all embodiments of the present invention may be taken in
conjunction with any other embodiment or embodiments to describe additional more
preferred embodiments. It is also to be understood that each individual element of the
preferred embodiments is its own independent preferred embodiment. Fi11111e1'n101'e, any
element of an embodiment is meant to be combined with any and all other elements from

any embodiment to describe an additional embodiment.

) DEFINITIONS
[0031]  The following are definitions of terms that may be used in the present
specification. The initial definition provided for a group or term herein applies to that
group or term throughout the present specification individually or as part of another
group, unless otherwise indicated.
[0032]  Compounds of this invention may have one or more asymmetric centers.
Unless otherwise indicated, all chiral (enantiomeric and diastereomeric) and racemic
forms of compounds of the present invention are included in the present invention. Many
geometric isomers of olefins, C=N double bonds, and the like can also be present in the
compounds, and all such stable isomers are contemplated in the present invention. Cis
and trans geometric isomers of the compounds of the present invention are described and
may be isolated as a mixture of isomers or as separated isomeric forms. The present
compounds can be isolated in optically active or racemic forms. It is well known in the
art how to prepare optically active forms, such as by resolution of racemic forms or by

synthesis from optically active starting materials. All chiral, (enantiomeric and

-10-
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diastéreomeric) and racemic forms and all geometric isomeric forms of a structure are
intended, unless the specific stereochemistry or isomer form is specifically indicated.
[0033] The term “substituted,” as used herein, means that any one or more hydrogens
on the designated atom is replaced with a selection from the indicated group, provided

5  that the designated atom’s normal valency is not exceeded, and that the substitution
results in a stable compound. When a substituent is keto (i.e., =O), then 2 hydrogens on
the atom are replaced. Keto substituents are not present on aromatic moieties. Ring
double bonds, as used herein, are double bonds that are formed between two adjacent
ring atoms (e.g., C=C, C=N, or N=N).

10 [0034] When any variable (e.g., R®) occurs more than one time in any constituent or
formula for a compound, its definition at each occurrence is independent of its definition
at every other occurrence. Thus, for example, if a group is shown to be substituted with
0-2 R?, then said group may optionally be substituted with up to two R? groups and R® at
each occurrence is selected independently from the definition of R®. Also, combinations

15 - of substituents and/or variables are permissible only if such combinations result in stable
compounds. |
[0035] When a bond to a substituent is shown to cross a bond connecting two atoms
.inaring, thén such substituent may be bonded to any atom on the ring. When a
substituent is listed without indicating the atom via which such substituent is bonded to

20 the rest of the compound of a given formula, then such substituent may be bonded via
any atom in such substituent. Combinations of substituents and/or variables are |
permissible only if such combinations result in stable compounds.

[0036]  In cases wherein there are nitrogen atoms (e.g., amines) on compounds of the
present invention, these can be converted to N-oxides by treatment with an oxidizing

25  agent(e.g., MCPBA and/or hydrogen peroxides) to afford other compounds of this
invention. Thus, all shown and claimed nitrogen atoms are considered to cover both the
shown nitrogen and its N-oxide (N—O) derivative.

[0037]  Asused herein, the term “alkyl” or “alkylene” is intended to include both
branched and straight-chain saturated aliphatic hydrocarbon groups having the specified

30  number of carbon atoms. For example, “Cj_¢ alkyl” (or alkylene), is intended to include
Cy, Ca, C3, C4, Cs, Cg, Cy, Cg, Co, and Cjq alkyl groups. Additionally, for example, “C|-
Cé alkyl” denotes alkyl having 1 to 6 carbon atoms. Alkyl groups can be unsubstituted or

-11-
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substituted so that one or more of its hydrogens are replaced by another chemical group.
Example alkyl groups include, but are not limited to, methyl (Me), ethyl (Et), propyl
(eg., 11;p1'0pyl and isopropyl), butyl (e.g., n-butyl, isobu{yl, t-butyl), pentyl (e.g., n-
pentyl, isopentyl, neopentyl), and the like.

[0038] “Alkenyl" or “alkenylene” is intended to include hydrocarbon chains of either

straight or branched configuration and having one or more double carbon-carbon bonds

that may occur in any stable point along the chain. For example,

“Co.6 alkenyl” (or alkenylene), is intended to include Ca, C3, Ca, Cs, and Cg alkenyl

groups. ‘Examples of alkenyl include, but are not limited to, ethenyl, 1-propenyl, 2-
propenyl, 2-butenyl, 3-butenyl, 2-pentenyl, 3, pentenyl, 4-pentenyl, 2-hexenyl,
3-hexenyl, 4-hexenyl, 5-hexenyl, 2-methyl-2-propenyl, 4-methyl-3-pentenyl, and the
like.

[0039] "Alkynyl" or “alkynylene” is intended to include hydrocarbon chains of either
straight or branched configuration and having one or more triple carbon-carbon bonds
that may occur in any stable point along the chain. For example, “Cy.¢ alkynyl” (or
alkynylene), is intended to include Cy, C3, C4, Cs, and Cg alkyny! groups; such as
ethynyl, propynyl, butynyl, pentynyl, hexynyl and the like.

[0040] “Halo” or “halogen” includes fluoro, chloro, bromo, and iodo.

[0041] The term “cycloalkyl” refers to cyclized alkyl groups, including mono-, bi- or
poly-cyclic ring systems. C3.19 cycloalkyl is intended to include C3, Cy4, Cs, C, and Cq
cycloalkyl groups. Example cycloalkyl groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyciopentyl, cyclohexyl, norbornyl, and the like. As used
herein, "carbocycle" or "carbocyclic residue” is intended to mean any stable 3, 4, 5, 6, or
7-membered monocyclic or bicyclic or 7, 8, 9, 10, 11, 12, or 13-membered bicyclic or
tricyclic ring, any of which may be saturéted, partially unsaturated, unsaturated or
aromatic. Examples of such carbocycles include, but are not limited to, cyclopropyl,
cyclobutyl, cyclobutenyl, cyclopentyl, cyclopentenyl, cyclohexyl, cycloheptenyl,
cycloheptyl, cycloheptenyl, adamantyl, cyclooctyl, cyclooctenyl, cyclooctadienyl,
[3.3.0]bicyc]o§ctane, [4.3.0Jbicyclononane, [4.4.0]bicyclodecane, [2.2.2]bicyclooctane,
fluorenyl, phenyl, naphthyl, indanyl, adamantyl, anthracenyl, and tetrahydronaphthyl
(tetralin). As shown above, bridged rings are also included in the definition of

carbocycle (e.g., [2.2.2]bicyclooctane). Preferred carbocycles, unless otherwise specified,

-12-
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are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, phenyl, and indanyl. When the
term “carbocycle” is used, it is intended to include “aryl”. A bridged ring occurs when
one or more carbon atoms link two non-adjacent carbon atoms. Preferred bridges are one
or two carbon atoms. It is noted that a bridge always converts a monocyclic ring into a
tricyclic ring. When a ring is bridged, the substituents recited for the ring may also be -
present on the bridge.

[0042]  The term “aryl” refers to monocyclic or bicyclic aromatic hydrocarbon groups
having 6 to 12 carbon atoms in the ring portion, such as phenyl, naphthyl, biphenyl and
diphenyl groups, each of which may be substituted.

[0043] The term “substituted aryl” refers to an aryl group substituted by, for example,
one to four substituents such as alkyl, substituted alkyl, alkenyl, substituted alkeny],
alkynyl, substituted alkynyl, aryl, substituted aryl, arylalkyl, halo, trifluoromethoxy,
trifluoromethyl, hydroxy, alkoxy, alkanoyl, alkanoyloxy, aryloxy, arylalkyloxy, amino,
alkylamino, arylamino, arylalkylamino, dialkylamino, alkanoylamino, thiol, alkylthio,
ureido, nitro, cyano, carboxy, carboxyalkyl, carbamyl, alkoxycarbonyl, alkylthiono,
arylthiono, arylsulfonylamine, sulfonic acid, alkysulfonyl, sulfonamido, aryloxy and the
like. The substituent may be further substituted by hydroxy, halo, alkyl, alkoxy, alkenyl,
alkynyl, aryl or arylalkyl. v |

[0044] The term “heteroaryl” refers to an optionally substit_ﬁted, aromatic group |

for example, which is a 4 to 7 membered monocyclic, 7 to 11 membered bicyclic, or
10-to 15 membered tricyclic ring system, which has at least one heteroatom and at

least one carbon atom-containing ring, for example, pyridine, tetrazole, indazole.

[0045]  Asused herein, the term "heterocycle", “heterocyclyl”, “heterocyclic system”
or “heterocyclic group” is intended to mean a stable 5, 6, or 7- membered monocyclic or
bicyclicor 7,8, 9, 10, 11, 12, 13, or 14-membered bicyclic heterocyclic ring which is |
saturated, partially unsaturated or fully unsaturated, and which consists of carbon atoms

and 1, 2, 3 or 4 heteroatoms independently selected from N, O and S; and including any

- bicyclic group in which any of the above-defined heterocyclic rings is fused to a benzene

ring. The nitrogen and sulfur heteroatoms may optionally be oxidized (i;e., N—O and
S(O)p). The nitrogen atom may be substituted or unsubstituted (i.¢., N or NR wherein R
is H or another substituent, if defined). The heterocyclic ring may be attached to its

pendant group at any heteroatom or carbon atom that results in a stable structure. The
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heterocyclic rings described herein may be substituted on carbon or on a nitrogen atom if
the resulting compound is stable. A nitrogen in the heterocycle may optionally be
quaternized. It is preferred that when the total number of S and O atoms in the
heterocycle exceeds 1, then these heteroatoms are not adjacent to one another. It is
preferred that the total number of S and O atoms in the heterocycle is not more than 1.
When the term “heterocycle” is used, it is intended to include heteroaryl.

[0046]  Examples of heterocycles include, but are not limited to, acridinyl, azocinyi,
benzimidazolyl, benzofuranyl, benzothiofuranyl, benzoxazolyl, benzoxazolinyl,
benzthiazolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl,
benzimidazolinyl, carbazolyl, 4aH-carbazolyl, carbolinyl, chromanyl, chromenyl,
cinnolinyl, decahydroquinolinyl, 2H,6H-1,5,2-dithiazinyl,
dihydrofuro[2,3-b]tetrahydrofuran, furanyl, furazanyl, imidazolidinyl, imidazolinyl,

imidaiolyl, 1 H-indazolyl, indolenyl, indolinyl, indolizinyl, indolyl, 3H-indolyl, isatinoyl,

isobenzofuranyl, isochromanyl, isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl,

isothiazolyl, isothiazolopyridinyl, isoxazolyl, isoxazolopyridinyl, methylenedioxyphenyl,
morpholinyl, naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazoly],
1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl, oxazolyl,
oxindolyl, pyrimidinyl, phenanthridinyl, phenanthrolinyl, phenazinyl, phenothiazinyl,
phenoxathinyl, phenoxazinyl, phthalazinyl, piperaziny], piperidinyl, piperidonyl,
4-piperidonyl, piperonyl, pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl,
pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole, pyridoimidazole, pyridothiazole,
pyridinyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl, 2-pyrrolidonyl, 2H-pyrrolyl, pyrrolyl,
quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuclidiﬁy], t@trahydrofuranyl,

tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetrazolyl, 6H-1,2,5-thiadiazinyl; 1,2,3-

- thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl,

thiazolyl, thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiophenyl, triazinyl,
1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl, and xanthenyl. Also
included are fused ring and spiro compounds containing, for example, the above

heterocycles.
[0047] Preferred 5- to 10-membered heterocycles include, but are not limited to,
pyridinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, pyrazinyl, piperazinyl, piperidinyl,

imidazolyl, imidazolidinyl, indolyl, tetrazolyl, isoxazolyl, morpholinyl, oxazolyl,
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oxadiazolyl, oxazolidinyl, tetrahydrofuranyl, thiadiazinyl, thiadiazolyl, thiazolyl,
triazinyl, triazolyl, benzimidazolyl, 1H-indazolyl, benzofuranyl, benzothiofuranﬂ,
benztetrazolyl, benzotriazolyl, benzisoxazolyl, benzoxazolyl, oxindolyl, benzoxazolinyl,
benzthiazolyl, benzisothiazolyl, isatinoyl, isoquinolinyL oétahydroisoquinoliny],

5 tetrahydroisoquinolinyl, tetrahydroquinolinyl, isoxazolopyridinyl, quinazolinyl,
quinolinyl, isothiazolopyridinyl, thiazolopyridinyl, oxazolopyridinyl, imidazolopyridinyl,
and pyrazolopyridinyl.

[0048] Preferred S to 6 membered heterocycles include, but are not limited to,
pyridinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, pyrazinyl, piperazinyl, piperidinyl,

10 imidazolyl, imidazolidinyl, indolyl, tetrazolyl, isoxazolyl, morpholinyl, oxazolyl,
okadiazolyl, oxazolidinyl, tetrahydrofuranyl, thiadiazinyl, thiadiazolyl, thiazolyl,
triazinyl, and triazolyl. Also included are fused ring and spiro compounds containing, for
example, the above heterocycles.

[0049] In another embodiment, heterocycles include, but are not limited to, pyridyl,

15 pyridinyl, isoxazyl, isoquinolinyl, thienyl, pyrazolyl, furanyl, pyrrolyl, thiaiolyl,
imidazolyl, pyrazinyl, thiadiazolyl, pyrimidinyl, pyridazinyl, oxazolyl, isothiazolyl,
oxadiazolyl, indanonyl, piperazinyl, pyranyl, or pyrrolyl
[0050] Also included are smaller heterocycles, such as, epoxides and aziridines.
[0051]  As used herein, the term “aromatic heterocyclic gl;oup” or “heteroaryl” is

20  intended to mean a stable monocyclic and polycyclic aromatic hydrocarbons that include
at least one heteroatom ring member such as sulfur, oxygen, or nitrogen. Heteroaryl
groups include, without limitation, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl,
furyl, quinolyl, isoquinolyl, thienyl, imidazolyl, thiazolyl, indolyl, pyrroyl, oxazolyl,
benzofuryl, benzothienyl, benzthiazolyl, isoxazolyl, pyrazolyl, triazolyl, tetrazolyl,

25 indazolyl, 1,2,4-thiadiazolyl, isothiazolyl, purinyl, carbazolyl, benzimidazolyl, indolinyl,
benzodioxolanyl, benzodioxane, and the like. Heteroaryl groups can be substituted or
unsubstituted. The nitrogen atom may be substituted or unsubstituted (i.e., N or NR
wherein R is H or another substituent, if defined). The nitrogen and sulfur heteroatoms
may optionally be oxidized (i.e., N—O and S(0),). It s to be noted that total number of

30 Sand O atoms in the aromatic heterocycle is not more than 1. Bridged rings are also
included in the definition of heterocycle. A bridged ring occurs when one or more atoms

(ie., C, O, N, or S) link two non-adjacent carbon or nitrogen atoms. Preferred bridges
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.
include, but are not limited to, one carbon atom, two carbon atoms, one nitrogen atom,
two nitrogen atoms, and a carbon-nitrogen group. It is noted that a bridge always
converts a monocyclic ring into a tricyclic ring. When a ring is bridged, the substituents
recited for the ring may also be present on the bridge.

[0052] The term “carbocyclic ring” or “carbocycle” refers to stable, saturated,
partially saturated or unsaturated, mono or bicyclic hydrocarbon rings that contain 3-12
atoms. Particularly, this includes a monocyclic ring containing 5 or 6 atoms or a bicyclic

ring containing 9 or 10 atoms. Suitable values include cyclopropyl, cyclobutyl,

. cyclopentyl, cyclohexyl, cycloheptyl, dihydroindenyl and tetrahydronaphthyl. The term

- “optionally substituted” as it refers to “carbocyclic ring” or “carbocycle” herein indicates

that the carbocyclic ring may be substituted at one or more substitutable ring positions by
one or more Q‘oups independently selécted from alkyl (preferably lower alkyl), alkoxy
(preferably lower alkoxy), nitro, monoalkylamino (preferably a lower alkylamino),
dialkylamino (preferably a di[lower]alkylamino), cyano, halo, haloalkyl (preferably
trifluoromethyl), alkanoyl, aminocarbonyl, monoalkylaminocarbonyl,
dialkylaminocarbonyl, alkyl amido (preferably lower alkyl amido), alkoxyalkyl
(preferably a lower alkoxy[lower]alkyl), alkoxycarbonyl (preferably a lower
alkoxycarbonyl), alkylcarbonyloxy (preferably a lower alkylcarbonyloxy) and aryl
(preferably phenyl), said aryl being optionally substituted by halo, lower alkyl and lower
alkoxy groups. | |
[0053]  The term “heteroatoms” shall include oxygen, sulfur and nitrogen.

[0054] The compounds of formula I may exist as a free form (with no ionization) or
may form salts which are also within the scope of this invention. Pharmaceutically
acceptable (i.e. non-toxic, physiologically acceptable) salts are preferred, although other
salts are also useful, e.g., in isolating or purifying the compounds of this invention.
[0055] The compounds of formula I may form salts with alkali metals such as
sodium, potassium and lithium, with alkaline earth metals such as calcium and
magnesium, with organic bases such as dicyclohexylamine, tributylamine, pyridine and
amino acids such as arginine, lysine and the like. Such salts can be formed as known to
those skilled in the art.

[0056] The compounds for formula I may form salts with a variety of organic and

inorganic acids. Such salts include those formed with hydrogen chloride, hydrogen
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bromide, methanesulfonic acid, sulfuric acid, acetic acid, trifluoroacetic acid, oxalic acid,
maleic acid, benzenesulfonic acid, toluenesulfonic acid and various others (e.g., nitrates,
phosphates, borates, tartrates, citrates, succinates, benzoates, ascorbates, salicylates and
the like). Such salts can be formed as known to those skilled in the art.

[0057] In addition, zwitterions (“inner salts””) may be formed.

[0058] All stereoisomers of the compounds of the instant invention are contemplated,
either in admixture or in pure or substantially pure form. The definition of compounds
according to the invention embraces all the possible stereoisomers and their mixtures. It
very particularly embraces the racemic forms and the isolated optical isomers having the
specified activity. The racemic forms can be resolved by physical methods, such as, for
example, fractional crystallization, separation or crystallization of diastereomeric
derivatives or separation by chiral column chromatography. The individual optical
isomers can be obtained from the racemates from the conventional methods, such as, for
exampie, salt formation with an optically active acid followed by crystallization.

[0059] The present invention is intended to include all isotopes of atoms

occurring in the present compounds. Isotopes include those atoms having the same

* atomic number but different mass numbers. By way of general example and without

limitation, isotopes of hydrogen include deuterium and tritium. Isotopes of carbon
include 13C and 14C. Isotopically-labeled compounds of the invention can generally
be prepared by conventional techniques known to those skilled in the art or by
processes analogous to those described herein, using an appropriate isotopically-
labeléd reagent in place of the non-labeled reagent otherwise employed.

[0060] Compounds of the formula T may also have prodrug forms. Since prodrugs
are known to enhance numerous desirable qualities of pharmaceuticals (e.g., solubility,
bioavailability, manufacturing, etc.) the compounds of the present invention may be
delivered in prodrug form. Thus, the present invention is intended to cover prodrugs of
the presently claimed compounds, methods of delivering the same and compoéitions
containing the same. “Prodrugs” are intended to include any covalently bonded carriers
that release an active parent drug of the present invention iz vivo when such prodrug is
administered to a mammalian subject. Prodrugs of the present invention are prepared by
modifying functional groups present in the compound in such a way that the

modifications are cleaved, either in routine manipulation or in vivo, to the parent
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compound. Prodrugs include compounds of the present invention wherein a hydroxy,
amino, or sulfhydryl group is bonded to any group that, when the prodrug of the present
invention is administered to a mammalian subject, it cleaves to form a free hydroxyl, free
amino, or free sulfhydryl group, respectively. Examples of prodrugs include, but are not
limited to, acetate, formate, and benzoate derivatives of alcohol and amine functional
groups in the compounds of the present invention. _

[0061]  Various forms of prodrugs are well known in the art. For examples of such
prodrug derivatives, see: _

a) Design of Prodrugs, edited by H. Bundgaard, (Elsevier, 1985) and
Methods in Enzymology, Vol. 112, pp. 309-396, edited by K. Widder, et al. (Academic
Press, 1985);

b) A Textbook of Drug Design and Development, edited by Krosgaard-Larsen
and H. Bundgaard, Chapter 5, “Design and Application of Prodrugs,” by H. Bundgaard,
pp. 113-191 (1991); and

c) H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38 (1992).

[0062] It should further be understood that solvates (e.g., hydrates) of the compounds
of formula I are also with the scope of the present invention. Methods of solvation are
generally known in the art.

[0063]  “Stable compound” and “stable structure” are meant to indicate a compound
that is sufficiently robust to survive isolation to a useful degree of purity from a reaction
mixture, and formulation into an efficacious therapeutic agent. It is preferred that the
presently recited compounds do not contain a N-halo, S(0),H, or S(O)H group.

[0064] As used herein, “treating” or “treatment” cover the treatment of a disease-state
in a mammal, particularly in a human, and include: (a) preventing the disease-state from
occuiring in @ mammal, in particular, when such mammal is predisposed to the disease-

state but has not yet been diagnosed as having it; (b) inhibiting the disease-state, i.e.,

~ arresting it development; and/or (c) relieving the disease-state, i.e., causing regression of

the disease state.

[0065] “Therapeutically effective amount” is intended to include an amount of a
compound of the present invention that is effective when administered alone or in
combination. “Therapeutically effective amount” is also intended to include an amount

of the combination of compounds which is effective for the treatment of disease.
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[0066]  The present invention further includes compositions comprising one or more
compounds of the present invention and a pharmaceutically acceptable carrier.

[0067] A “pharmaceutically acceptable carrier” i'efel's to media generally acéepted in
the art for the delivery of biologically active agents to animals, in particular, mammals.
Pharmaceutically acceptable carriers are formulated according to a number of factors
well within the purview of those of ordinary skill in the art. These include, without
limitation: the type and nature of the active agent being formulated; the subject to which
the ageht—containing composition is to be administered; the intended route of
administration of the composition; and the therapeutic indication being targeted.
Pharmaceutically acceptable carriers include both aqueous and non-aqueous liquid

media, as well as a variety of solid and semi-solid dosage forms. Such carriers can

- include a number of different ingredients and additives in addition to the active agent,

such additional ingredients being included in the formulation for a variety of reasons,
e.g., stabilization of the active agent, binders, etc., well known to those of ordinary skill
in the art. Descriptions of suitable pharmaceutically accepfab]e carriers, and factors
involved in their selection, are found in a variety of readily available sources such as, for
example, Remington’s Pharmaceutical Sciences, 17th ed., Mack Publishing Company,

Easton, PA, 1985, which is incorporated herein by reference in its entirety.

UTILITY
[0068]  The present invention is based on the discovery that certain compounds are -
inhibitors of protein kinases. More specifically, compounds such as those described in
this invention inhibit the protein tyrosine kinase activity of members of the JAK family
of receptors , These inhibitors will be useful in the treatment of proliferative diseases
that are dependent on signaling by one or more of these receptors. Such diseases include
myeloproliferative diseases, solid tumors of the pancreatib, prostate, lung, head and neck,
breast, colon, ovary, as well as other tumor types including multiple myeloma,
melanoma, neuroblastoma, glioblastoma and hematological malignancies such as acute
myelogenous leukemia.
[0069] The invention also relates to a'pharmaceutical composition of compound of
formula I, or pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

carrier in the treatment of hyperproliferative disorder in mammal. In particular, said
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pharmaceutical composition is expected to inhibit the growth and/or metastasis of those
primary and recurrent solid tumors which are associated with Flt-3 (Fms-like kinase-3),
JAK2, JAK3, and JAK1, especially those tumofs which are significantly dependent on
JAK?2, for their growth and spread, including for example, cancers of the blood, thyroid,
5  Dreast, colon, pancreas, or a variety of tumor types including multiple myeloma,
melanoma, neuroblastoma and glioblastoma. In addition to JAK2 activity, inhibitory
activity against JAK3/JAK1 or TYK2 may be useful in the treatment of certain cancers
having an inflammatory component.
{0070] Thus-according to a further aspect of the invention there is provided the use of
10 acompound of the formula I, or a pharmaceutically acceptable salt thereof in the
manufacture of a medicament for use in the production of an antiproliferative effect in a
warm-blooded animal such as a human being.
[0071] According to a further feature of the invention there is provided a method for
producing an antiproliferative effect in a warm-blooded animal, such as a human being,
15 in need of such treatment which comprises administering to said animal an effective
amount of a compound of formula I or a pharmaceutically acceptable salt thereof as
defined herein before. _
[0072] By virtue of their ability to inhibit Flt-3, JAK?2, and JAK3, kinases,
compounds of the present invention can be used for the treatment of proliferative
20  diseases, including cancer.
[0073]  Thus, the present invention provides methods for the treatment of a variety
of cahcers, including, but not limited to, the follbwing:
carcinoma including that of the bladder (including accelerated and metastatic
bladder cancer), breast, colon (including colorectal cancer), kidney, liver, lung
25 (including small and non-small celi lung cancer and lung adenocarcinoma), ovary,
prostate, testes, genitourinary tract, lymphatic system, rectum, larynx, pancreas
(including exocrine pancreatic carcinoma), esophagus, stomach, gall bladder, cervix,
thyroid, and skin (including squamous cell carcinoma);
- hematopoietic tumors of lymphoid lineage including leukemia, acute
30  lymphocytic léukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell
lymphoma, Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, hairy cell lymphoma,

histiocytic lymphoma, and Burkett’s lymphoma;

-20 -




f681030

WO 2011/028864 PCT/US2010/047621

10

15

20

25

30

hematopoietic tumors of myeloid lineage including acute and chronic
myelogenous leukemias, myelodysplastic syndrome, myeloid leukemia, and
promyelocytic leukemia;

tamors of the central and peripheral nervous system including astrocytoma,
neuroblastoma, glioma, and schwannomas;

tumors of mesenchymal origin including fibrosarcoma, rhabdomyoscarcoma,
and osteosarcoma; and

other tumors including melanoma, xenoderma pigmentosum,
keratoactanthoma, seminoma, thyroid follicular cancer, and teratocarcinoma.
[0074] The present invention provides methods for the treatment of leukemia,
myeloproliferative diseases such as polycythemia vera, essential thrombocytopenia and

myelofibrosis, multiple myeloma, colon cancer, breast cancer, and gastric cancer.

- [0075] The anti-proliferative treatment defined herein before may be applied as a sole

therapy or may involve, in addition to a compound of the invention, one or more other
substances and/or treatments. Such treatment may be achieved by way of the
simultaneous, seqhential or separate administration of the individual components of the
treatment. The compounds of this invention may also be useful in combination with
known anti-cancer and cytotoxic agents and treatments, including radiation, If
formulated as a fixed dose, such combination products employ the compounds of this
invention within the dosage range described below and the other pharmaceutically active
agent within its approved dosage range. Compounds of formula I may be used
sequentially with known anticancer or cytotoxic agents and treatment, including radiation
when a combination formulation is inappropriate.

[0076] The term “anti-cancer” agent includes any known agent that is useful for the
treatment of cancer including the following: 17a-ethinylestradiol, diethylstilbestrol,
testosterone, prednisone, fluoxymesterone, dromostanolone propionate, testolactone,
megestrolacetate, methylprednisolone, methyl-testosterone, prednisolone, triamcinolone,
chlorotrianisene, hydroxyprogesterone, aminoglutethimide, estramustine,
medroxyprogesteroneacetate, leuprolide, flutamide, toremifene, Zoladex; matrix
metalloproteinase inhibitors; VEGF inhibitors, such as anti-VEGF antibodies (Avastin®)
and small molecules such as ZD6474 and SU6668; Vatalanib, BAY-43-9006, SU11248,
CP-547632, and CEP-7055; HER 1 and HER 2 inhibitors including anti- HER2
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antibodies (Herceptin); EGFR inhibitors including gefitinib, erlotinib, ABX-EGF,
EMD72000, 11F8, and cetuximab; Eg5 inhibitors, such as SB-715992, SB-743921, and
MKI-833; pan Her inhibitors, such as canertinib, EKB-569, CI-1033, AEE-788; XL-647,
mAb 2C4, and GW-572016; kinase inhibitors, e.g. Gleevec® and dasatinib (Sprycel®):;
Casodex® (bicalutamide, Astra Zeneca), Tamoxifen; MEK-1 kinase inhibitors, MAPK
kinase inhibitors, PI3 kinase inhibitors; PDGF inhibitors, such as imatinib; anti-
angiogenic and antivascular agents which, by interrupting blood flow to solid tumors,
render cancer cells quiescent by depriving them of nutrition; castration, which renders
androgen dependent carcinomas non-proliferative; inhibitors of non-receptor and
receptor tyrosine kinases; inhibitors of integrin signaling; tubulin acting agents such as
vinblastine, vincristine, vinorelbine, vinflunine, paclitaxel , docetaxel, 7-O- |
methylthiomethylpaclitaxel, 4-desacetyl-4-methylcarbonatepaclitaxel, 3’-fert-butyl-3’-N-
tert-butyloxycarbonyl-4-deacetyl-3’-dephenyl-3’-N-debenzoyl-4-O-methoxycarbonyl-
paclitaxel, C-4 methyl carbonate paclitaxel, epothilone .A, epothilone B, epothilone C,
epothilone D, desoxyepothilone A, desoxyepothilone B, [1S- |
[IR*3R*(E),7R*,108*,1 IR*,12R*,16S*]}-7-11-dihydroxy-8,8,10,12,16-pentamethyl-3-
[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-17 oxabicyclo [14.1.0]heptadecane-
5,9-dione (ixabepilone), [1S-[1R*,3R*(E),7R*,10S* 1 IR*,12R*,16S*]]-3-[2-[2-
(aminomethy)-4-thiazolyl]-1-methylethenyl]-7,11-dihydroxy-8,8,10,12,16-pentamethyl-
4-17-dioxabicyclo[14.1.0]-heptadecane-5,9-dione, and derivatives thereof; CDK
inhibitors, antiproliferative cell cycle inhibitors, epidophyllotpxin, etoposide, VM-26;
antineoplastic enzymes, e.g., topoisomerase I inhibitors, camptothecin, topotecan, SN-38;
procarbazine; mitoxantrone; platinum coordination complexes such as cisplatin,
carboplatin and oxaliplatin; biological response modifiers; growth inhibitors;
antihormonal therapeutic agents; leucovorin; tegafur; antimetabolites such as purine
antagonists (e.g. 6-thioguanine and 6-mercaptopurine; glutamine antagonists, e.g. DON
(AT-125; d—oxo—norleuciﬁe); ribonucleotide reductase inhibitors; mTOR inhibitors; and
haematopoietic growth factors.

[0077]  Additional cytotoxic agents include cyclophosphamide, doxorubicin,
daunorubicin, mitoxanthrone, melphalan, hexamethyl melamine, thiotepa, cytarabin,
idatrexate, trimetrexate, dacarbazine, L-asparaginase, bicalutamide, leuprolide,

pyridobenzoindole derivatives, interferons, and interleukins.
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[0078] In the field of medical oncology it is normal practice to use a combination of
different forms of treatment to treat each patient with cancer. In medical oncology the
other éomponent(s) of such treatment in addition to the antiproliferative treatment
defined herein before may be surgery, radiotherapy or phemotherapy. Such
chemotherapy may cover three main categories of therapeutic agent:

Q) antiangiogenic agents that work by different mechanisms from those
defined hereinbefore (for example, linomide, inhibitors of integrin oovB3 function,
angiostatin, razoxane); - |

(il)  cytostatic agents such as antiestrogens (for example, tamoxifen,
toremifene, raloxifene, droloxifene, iodoxifene), progestogens (for example, megestrol
acetate), aromatase inhibitors (for example, anastrozole, letrozole, borazole, exemestane),
antihormones, antiprogestogens, antiandrogens (for example, flutamide, nilutamide,
bicalutamide, cyproterone acetate), LHRH agonists and antagonists (for example,
gosereline acetate, leuprolide), inhibitors of testosterone 5a-dihydroreductase (for
example, finasteride), farnesyltransferase inhibitors, anti-invasion agents (for example,
metalloproteinase inhibitors such as marimastat and inhibitors of urokinase plasminogen
activator receptor function) and inhibitors of growth factor function, (such growth factors
include for example, EGF, FGF, platelet derived growth factor and hepatocyte growth
factor, such inhibitors include growth factor antibodies, growth factor receptor antibodies
such as Avastin® (bevacizumab) and Erbitux® (cetuximab); tyrosine kinase inhibitors and
serine/threonine kinase inhibitors); and

(ii)  antiproliferative/antineoplastic drugs and combinations thereof, as used in
medical oncology, such as antimetabolites (for example, antifolates such as methotrexate,
fluoropyrimidines such as 5-fluorouracil, purine and adenosine analogues, cytosine
arabinoside); Intercalating antitumour antibiotics (for example, anthracyclines such as
doxombicin, daunomycin, epirubicin and idarubicin, mitomycin-C, dactinomycin,
mithramycin); platinum derivatives (for example, cisplatin, carboplatin); alkylating
agents (for example, nitrogen mustard, melphalan, chlorambﬁcil, busulphan,
cyclophosphamide, ifosfamide nitrosoureas, thiotepa; antimitotic agents (for example,
vinca alkaloids like vincristine, vinorelbine, vinblastine and vinflunine) and taxoids such
as Taxol® (paclitaxel), Taxotere®™ (docetaxel) and newer microtubule agents such as |

epothilone analogs (ixabepilone), discodermolide analogs, and eleutherobin analogs;
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topoisomerase inhibitors (for example, epipodophyllotoxins such as etoposide and

teniposide, amsacrine, topotecan, irinotecan); cell cycle inhibitors (for example,

flavopyridols); biological response modifiers and proteasome inhibitors such as Velcade®

(bortezomib).

5  [0079] As stated above, the formula I compounds of the present invention are of

interest for their antiproliferative effects. Such compounds of the invention are expected

to be useful in a wide range of disease states including cancer, psoriasis, and rheumatoid

arthritis.

[0080] More specifically, the compounds of formula T are useful in the treatment of a

10 variety of cancers, including (but not limited to) the following:

— carcinoma, including that of the prostate, pancreatic ductal adreno-carcinoma,

breast, colon, lung, ovary, pancreas, and thyroid;

13

— tumors of the central and peripheral nervous system, including neuroblastoma,

glioblastoma, and medullobalstoma;
15 — hematological malignancies such as acute myelogenous leukemia (AML), and
— other tumors, including melanoma and multiple myeloma.
[0081] Due to the key role of kinases in the regulation of cellular proliferation in
general, inhibitors could act as reversible cytostatic agents which may be useful in the
treatment of any disease process which features abnormal cellular proliferation, e.g.,
20 Dbenign prostate hyperplasia, familial adenomatosis polyposis, neuro-fibromatosis,
pulmonary fibrosis, arthritis, psoriasis, glomerulonephritis, restenosis following
angioplasty or vascular surgery, hypertrophic scar formation and inflammatory bowel

disease.

[0082] The compounds of formula I are especially useful in treatment of tumors

25 having a high incidence of tyrosine kinase activity, such as prostate, colon, brain, thyroid

and pancreatic tumors. By the administration of a composition (or a combination) of the

compounds of this invention, development of tumors in a mammalian host is reduced.
[0083]  Compounds of formula I may also be useful in the treatment of other
cancerous diseases (such as acute myelogenous leukemia).

30 [0084]  The pharmaceutical compositions of the present invention containing the

active ingredient may be in a form suitable for oral use, for example, as tablets, troches,
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lozenges, aqueous or oily suspensions, dispersible powders or granules, emulsions, hard
or soft capsules, or syrups or elixirs.

[0085]  When a compound according to this invention is administered into a human
subject, the daily dosage will normally be determined by the prescribing physician with
the dosage generally varying according to the age, weight, sex and response of the
individual patient, as well as the severity of the patient’s symptoms.

[0086] If formulated as a fixed dose, such combination products employ the
compounds of this invention within the dosage range described above and the other
pharmaceutically active agent or treatment within its approved doéage range.
Compounds of formula I may also be administered sequentially with known anticancer or
cytotoxic agents when a combination formulation is inappropriate. The invention is not
limited in the sequence of administration; compounds of formula I may be administered
either prior to or after administration of the known anticancer or cytotoxic agent(s).
[0087]  The compounds may be administered in a dosage range of about 0.05 to 200
mg/kg/day, preferably less than 100 mg/kg/day, in a single dose or in 2 to 4 divided

doses.

DOSAGE AND FORMULATION

[0088] The compounds of this invention can be administered in such oral dosage
forms as tablets, capsules (each of which includes sustained release or timed release
formulations), pills, powders, granules, elixirs, tinctures, suspensions, syrups, and
emulsions. They may also be administered in intravenous (bolus or infusion),
intraperitoneal, subcutaneous, or intramuscular form, all using dosage forms well
known to those of ordinary skill in the pharmaceutical arts. They can be administered
alone, but generally will be administered with a pharmaceutical carrier selected on the

basis of the chosen route of administration and standard pharmaceutical practice.

. [0089] The dosage regimen for the compounds of the present invention will, of

course, vary depending upon known factors, such as the pharmacodynamic
characteristics of the particular agent and its mode and route of administration; the
species, age, sex, healfh, medical condition, and weight of the recipient; the nature
and extent of the symptoms; the kind of concurrent treatment; the frequency of

treatment; the route of administration, the renal and hepatic function of the patient,
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and the effect desired. A physician or veterinarian can determine and prescribe the
effective amount of the drug required to treat the cancer.

{0090] By way of general guidance, the daily oral dosage of each active
ingredient, when used for the indicated effects, will range between about 0.001 to
1000 mg/kg of body weight, preferably between about 0.001 to 100 mg/kg of body
weight per day, and most preferably between about 0.001 to 20 mg/kg/day.
Intravenously, the most preferred doses will range from about 0.1 to about 10 mg/kg.
Compounds of this invention may be administered in a single daily dose, or the total
daily dosage may be administered in divided doses of two, three, or four times daily.
[0091] Compounds of this invention can be administered in intranasal form via
topical use of suitable intranasal vehicles, or via transdermal routes, using
transdermal skin patches. When administered in the form of a transdermal delivery
system, the dosage administration will, of course, be continuous rather than
intermittent throughout the dosage regimen.

[0092]  The compounds are typically administered in admixture with suitable
pharmaceutical diluents, excipients, or carriers (collectively referred to herein as
pharmaceutical carriers) suitably selected with respect to the intended form of
administration, that is, oral tablets, capsules, elixirs, syrups and the like, and
consistent with conventional pharmaceutical practices.

[0093]  For instance, for oral administration in the form of a tablet or capsule, the
active drug component can be combined with an oral, non-toxic, pharmaceutically
acceptable, inert carrier such as lactose, starch, sucrose, ghicose, methyl callulose,
magnesium stearate, dicalcium phosphate, calcium sulfate, mannitol, sorbitol and the
like; for oral administration in liquid form, the oral drug components can be
combined with any oral, non-toxic, pharmaceutically acceptable inert carrier such as
ethanol, glycerol, water, and the like. Moreover, when désired or necessary, suitable
binders, lubricants, disintegrating agents, and coloring agents can also be

incorporated into the mixture. Suitable binders include starch, gelatin, natural sugars

- such as glucose or beta-lactose, corn sweeteners, natural and synthetic gums such as

acacia, tragacanth, or sodium alginate, carboxymethylcellulose, polyethylene glycol,
waxes, and the like. Lubricants used in these dosage forms include sodium oleate,

sodium stearate, magnesium stearate, sodium benzoate, sodium acetate, sodium
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chloride, and the like. Disintegrators include, without limitation, starch, methyl
cellulose, agar, bentonite, xanthan gum, and the like.
[0094] The compounds of the present invention can also be administered in the
form of liposome delivery systems, such as small unilamellar vesicles, large
5 unilamellar vesicles, and multilamellar vesicles. Liposomes can be formed from a

variety of phospholipids, such as cholesterol, stearylamine, or phosphatidylcholines.
[0095]  Compounds of the present invention may also be coupled with soluble
polymers as targetable drug carriers. Such polymers can include
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamide-phenol,

10 polyhydroxyethylaspartamidephenol, or polyethyleneoxide-polylysine substituted
with palmitoyl residues. Furthermore, the compounds of the present invention may
be coupled to a class of biodegradable polymers useful in achieving controlled release
of a drug, for example, polylactic acid, polyglycolic acid, copolymers of polylactic
and polyglycolic acid, polyepsilon caprolactone, polyhydroxy butyric acid,

15 polyorthoesters, polyacetals, polydihydropyrans, polycyanbacylates, and crosslinked
or amphipathic block copolymers of hydrogels. |
[0096] Dosage forms (pharmaceutical compositions) suitable for administration
may contain from about 1 milligram to about 1000 milligrams of active ingredient per

- dosage unit. In these pharmaceutical compositions the active ingredient will

20 ordinarily be present in an amount of about 0.1-95% by weight based on the total
weight of the composition.
[0097] Gelatin capsules may contain the active ingredient and powdered carriers,
such as lactose, starch, cellulose derivatives, magnesium stearate, stearic acid, and the
like. Similar diluents can be used to make compressed tablets. Both tablets and

25  capsules can be manufactured as sustained release products to provide for continuous
release of medication over a period of hours. Compressed tablets can be sugar coated
or film coated to mask any unpleasant taste and protect the tablet from the
atmosphere, or enteric coated for selective disintegration in the gastrointestinal tract.
[0098] Liquid dosage forms for oral administration can contain coloring and

30 flavoring to increase patient acceptance.
[0099] In general, water, a suitable oil, saline, aqueous dextrose (glucose), and

related sugar solutions and glycols such as propylene glycol or polyethylene glycols
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are suitable carriérs for parenteral solutions. Solutions for parenteral administration
preferably contain a water soluble salt of the active ingredient, suitable stabilizing
agents, and if necessary, buffer substances. Antioxidizing agents such as sodium
bisulfite, sodium sulfite, or ascorbic acid, either alone or combined, are suitable
stabilizing agents. Also used are citric acid and its salts and sodium EDTA. In
addition, parenteral solutions can contain preservatives, such as benzalkonium
chloride, methyl-or propyl-paraben, and chlorobutanol.

[00100]  Suitable pharmaceutical carriers are described in Remington's

- Pharmaceutical Sciences, Mack Publishing Company, a standard reference text in

this field.
BIOLOGICAL ASSAYS

JAK?2 Tyrosine Kinase Assay

[00101] The assays were performed in V-bottom 384-well plates. The final asséy
volume was 30 pL prepared from 15 pL additions of enzyme and substrates
(fluoresceinated peptide and ATP) and test compounds in assay buffer (100 mM HEPES
pH 7.4, 10 mM MgCl,, 25 mM Beta-Glycerolphosphate, 0.015% Brij35 and 4 mM DTT).
The reaction was initiated by the combination of JAK2 with substrates and test
compounds. The reaction was incubated at room temperature for 60 min. and terminated
by adding 45 uL of 35 mM EDTA to each sample. The reaction mixture was analyzed
on the Caliper LabChip 3000 by electrophoretic separation of the fluorescent substrate
and phosphorylated product. Inhibition data were calculated by comparison to no enzyme
control reactions. for 100% inhibition and vehicle-only reactions for 0% inhibition. The
final concentration of reagents in the assays is ATP, 30 uM; JAK2 fluorescent peptide,
1.5 uM; JAK2, 1 nM; and DMSO, 1.6%. Dose response curves were generated to
determine the concentration required inhibiting 50% of kinase activity (ICs).
Compounds were dissolved at 10 mM in dimethylsulfoxide (DMSO) and evaluated at

eleven concentrations, each in duplicate. ICs values were derived by non-linear

regression analysis
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JAK3 Tyrosine Kinase Assay
[00102] The assays were performed in V-bottom 384-well plates. The final assay

volume was 30 pL prepared from 15 pL additions of enzyme and substrates

(fluoresceinated peptide and ATP) and test compounds in assay buffer (100 mM HEPES

pH 7.4, 10 mM MgCl,, 25 mM Beta-Glycerolphosphate, 0.015% Brij35 and 4 mM DTT).
The reaction was initiated by the combination of JAK3 with substrates and test
compounds.- The reaction was incubated at room temperature for 60 min. and terminated
by adding 45 pL of 35 mM EDTA to each sample. The reaction mixture was analyzed

on the Caliper LabChip 3000 by electrophoretic separation of the fluorescent substrate

. and phosphorylated product. Inhibition data were calculated by comparison to no enzyme

control reactions for 100% inhibition and vehicle-only reactions for 0% inhibition. The
final concentration of reagents in the assays is ATP, 8 uM; JAK3 fluorescent peptide, 1.5
uM; JAK3, 2.5 nM; and DMSO, 1.6%. Dose response curves were generated to
determine the concentration required inhibiting 50% of kinase activity (ICsp).

Compounds were dissolved at 10 mM in dimethylsulfoxide (DMSO) and evaluated at

eleven concentrations, each in duplicate. ICso values were derived by non-linear

regression analysis.
Cell Proliferation Inhibition Assay

[00i03] Compounds were evaluated for their ability to inhibit cell proliferation,
using an assay that measures thymidine incorporation in the DNA of the dividing cell,
which is directly correlated with cell numbers. SET-2 cells were plated at 10000
cells/well in 96-well plates and were cultured for 24 h in RPMI-1640 supplemented
with 20% fetal bovine serum, before test compounds were added. Compounds were
diluted in culture medium such that the final concentration of dimethyl sulfoxide
never exceeded 0.1%. Following the addition of compounds, the cells were cultured
for an additional 72 h before cell proliferation was determined by measuring DNA
synthesis with 3H-thymidine incorporation.

[00104] Compounds described herein were tested in the JAK?2 and Cell

Proliferation Inhibition assay described above. The following results were obtained.
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TABLE 1
3 1.50E-03 0.01
’ 4 0.03 ' 253
15 1.52E-03 0.49
29 0.01 10.00
33 6.37E-04 0.01
34 1.50E-03 0.24

-30-

20003

PCT/US2010/047621



WO 2011/028864

3 5.36E-04 285
38 0.04 0.06
49 0.05 393
53 1.47E-03 0.10
55 7.48E-04 4.30E-03
61 7.51E-04
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70 7.33E-04 0.33
73 1.00E-03 0.06
81 0.01523 0.339
98 0.000695 0.007365
101 7.43E-04 10.00
109 1.52E-03 415
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116 1.49E-03 0.17

125 0.05 1.27

[00105] Compounds described herein have been tested in one or more of the above

identified assays and have been found to be active.

C. Invivo assay
[00106] Compound formulated in appropriate vehicle was administered to mice
either as an oral bolus or injected intraperitoneally or subcutaneously to Balb/C mice.
Blood samples were collected through orbital bleeding or cardiac puncture.at various
10 time points post compound administration. Aliquots (90 uL) of the blood were placed
in a 96 well plate. Diluted solution (5ul) of murine thrombopoietin (mTPO;
Peprotech) (diluted 1:1000 in dPBS/BSA, 2 pL in 2ml dPBS/BSA was delivered to
each well for pathway stimulation. The plates were incubated at 37°C in a water bath
for 10 minutes. 1.5ml of fix/lyse solutién (from BD Biosciences) was added to each
15  well. The samples were then incubated at 37° C for 15 minutes to ensure lysis of red
blood cells (RBCs). The plates were centrifuged at 2000 rpm for 5 minutes and
aspirated using the V&P 96 well aspirator. The cells were washed with dPBS, re-
centrifuged, re-suspended and transferred to a regular 96 well plate. The cells were
washed twice with dPBS followed by addition of CD61 FITC (from eBiosciences) for
20 surface receptor staining for 45 min in the dark at room temperature. The cells were

then washed in dPBS and permeabilized for pSTATS staining as follows: 200 pL of
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permeabilization buffer IIT (from BD Bioscience) was added and the samples were
incubated on ice for 30 minutes and then samples were washed twice with
dPBS/1%BSA and re-suspended in 100 puL of dPBS/BSA containing Stat5 (pY695)
Alexa 647 antibodies. The samples were incubated at room temperature in the dark
5 for 45 minutes, washed twice and re-suspended in 10 nL of the Stat5 (pY695) Alexa
647 antibodies used were added to the sample. The samples were re-suspended in
200 pL of dPBS/BSA and run on the FACSCanto on sample images were processed

- using Diva 6 and FlowJo 8.5.3 analysis software.
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In vivo data for Example 73
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ABBREVIATIONS
[00107]  The following abbreviations may be employed in the methods of preparation
and Examples:
5 h=hours
DCM = dichloromethane
THF = tetrahydrofuran
HPLC = high performance liquid chromatography
DIEA = diisopl'oliyletilyl amine
10 i-PrOH = isopropyl alcohol
TFA = trifluoroacetic acid
min = minutes
DMF = dimethylformamide
EDC = N-(3-Dimethylaminopropyl)N’-ethylcarbodiimide
15 HOBt = hydroxybenzotriazole
- NMP = N-methylpyrolidinone
EtOAc = ethyl acetate
AcOH = acetic acid
BOP reagent = benzotriazole-1-yl-oxy-tris-(dimethylamino)-
20 phasphoniumhexafluorophosphate
brine = saturated aqueous sodium chloride solution
Et;N = triethylamine
tz = retention time
- rooxﬁ vtemperature
25  NCS =N-chlorosuccinamide
NBS = N-bromosuccinamide

NIS = N—iodosuccinafnide

30

Methods of Preparation
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10
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| [00108]. Compounds of general formula I in which the R group is thiazole (as in

Tal) and R' and R? groups are CF; or alkyl or cycloalkyl or combine to form a
saturated carbocyclic or heterocyclic ring or where R2 group is COOR® could be
prepared using the general method depicted in Scheme 1. Dichloro intermediate II
(prepared using procedure reported in W0200612237) could be combined with a 2,4-
dimethoxybenzyl and the resulting secondary amine is capped with suitable protective
group (Boc) (ITI). The second chlorine atom could be converted into the
corresponding amine (TV) through the benzophenone imine intermediaf& The amino
compound could be halogenated to intermediate V. V could be subjected to transition
mefal mediated indole ring formation and the resulting indole nitrogen is capped with
ethyl iodide to afford VI. Ester hydrolysis followed by amide bond formation and
cleavage of protective groups with acid treatment would yield amine VII. Amine VII
could be converted into thiourea VIII by first coupling with benzoyl isothiocyanate
followed treatment with aqueous base. Formation of thiazole could be achieved by

condensation with an a-bromoketone derivative (R'CHBrCOR?).
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h N
N7 A OCH;
X N a,b I P ,d
| - a7 NN —_—
17N ° ociH,
II 11
N \
N’\\N N\
ﬁ OCH; e I l > OCH, f,g
o~ —_—— P —
N N g _ I,N" "N N
0C Boc
OCH; OCH
v A 3

e N
EtO m OCH; I, i, ] >N i N k1
———— -
° N N 0 NN N,

ST PR Y, o g ) =

O NTONNHT NH, O NTNTNH
VI . Tal

a) 2,4-dimethoxybenzylamine, heat; b) NaHMDS, Boc,0; ¢) (Ph),=NH; d) HCI;
e) NIS; ) Pdy(dba)s, ethyl pyruvate; g) Etl, Cs,COs; h) NaOH (aq); i)
5 dicyclopropylamine HCI, HATU, DIPEA; j) TFA; k) Benzoyl isothiocyanate;
1) NaOH (aq); m) R*CHBrCOR!

Scheme 1

10 [00109] Compounds of general formula Ia2 in which the R' group is CONR?R?
could be made using Scheme 2. Thiourea intermediate (VD) could be combined
with EtO,CCHBrCOR' to afford the thiazole ester (IX). The ester could be
hydrolyzed and the acid could be coupled with amine to afford thiazole amide

derivative (Ia)
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N
D—N./|\/ 3 __L___,[>— Y Y Dco
O N °N”NH” TNH 0O N °"N""NH
2 ] )
VI IX
b,l
\ CONR®R?
N N NII
a) EtO,CCHBrCOR'; b) NaOH (aq); ¢) HNRR?, HATU, DIPEA
S
Scheme 2
[00110]  Similarly, compounds of general formula Ia3 in which the R' group is
CONRR? could be prepared using the general protocol depicted in Scheme 3.
10 '
\ \
J> N’\\N J> N7\ CO,Me
>N X S a >N SN N
7 | ) bl / | ) /L\ R?
O NTNTNHT NI, 0 //N N NOT S
VIII X
\
1 J> N’\\N CONR'R*
D, C
Y ® EL/%‘RZ
0 //N N NI S
Ta3
a) R’CHBrCOCO;Me; b) NaOH (aq); ¢) HNR'R?, HATU, DIPEA
15 Scheme 3

[00111]  Compounds of general formula Ia in which R' is halogen (CL,Brorl)

could be prepared by condensing an a,a’-dihaloketone as depicted in Scheme 4.
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>N Ak j\ a >N ak /lNl\\ R2
0  NTONTNHT NI, g N NT NS
VI | T4
a) R*COCH(Hal),
Scheme 4

5 [00112] Alternatively, thiourea derivative VIII could be converted to room
temperature into C-5 un-substituted thiazole XI and then directly halogenated using_
electrophilic halogen source or through metallation followed by quenching with an

electrophilic halogenating agent (Scheme 5).

I —_— l | R?
0 NN NHJLNHz 0 )N N NS
VI XI
AN
X J> N’\\N THal
- D—N / N N \ 2
P
O N N"Nu” S
M
10 Ta4

a) BrCH,COR?; b) Selectfluor or NCS or NBS or NIS or tBuLi followed
Selectfluor or NBS or NCS

Schem_e 5
15

[00113] Compounds of general formula Ia$ in which R' is SO,R" could be

synthesized using the general synthetic approach shown in Scheme 6
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b 0 O ' b O :
RR a R o | _
& A —— & YLLR‘ ' d NN,
v Br —
XII _ XTI VIII
N O rd
b J> N7, PO

. |
0 )N N NHJ\S
Ia5
-a) Bry-acetic acid; b) EtOH, heat
Scheme 6

5

[00114] | Compounds with general formula Ia in which R' and R? combine to form

an aromatic or heteroaromatic ring could be prepared using Scheme 7.

\ \
>~ SN N~ R’ G D NN N
0 NTNTNH, S7R O/,NNHS
~ Vil X1V Ja6
X =hal, -SO,Me

10

a) Pd(0) catalyst, NaOtBu, phosphine ligand, heat
Scheme 7

15 [00115] Alternatively, these compounds could be made by first coupling aniline or
heteroaniline (XVI) with the isothiocyanate (XV) followed by oxidative cyclization
(Scheme 8). |
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P

\N H_R?

[>—N J \ I

L. * H,N” "R!

N NH, 0 )N N~ "NCS 2
XV XVI
b, c

J> N’\\N R!
N R

> 71 /I\[\g-RZ
O N °N"°N” S

A

I;
Ia7

a) 1,1'-Thiocarbonyldi-2(1H)-pyridone; b) NaH; c) NIS

. | Scheme 8

[00116] Compounds of general formula IbI could be prepared using the general
synthetic approach depicted in Scheme 9. Aniline VII could be combined with y-
dithiomethylketone compound XVII, (prepared using the procedure reported at room
temperature in Synlett, p 2331 (2008)) under basic condition to afford X VIIL

10 Stepwise condensation of the Boc-protected hydrazine derivative would give the

required pyrazole Ibl.

0O NN "Nm, MeS N N N
) VII XVII XVIII
. Hﬁ
N'N
N N N MRz
15 a) NaH, THF; b) RIN(Boc)NHg, AcOH, 35-40°C; ¢) HCO,H or TFA, 60°C
Scheme 9
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[00117] Compounds of gén‘eral formula Ib1 or Ifl and 1f could also be prepared !)y
couvpling C-4 halo derivative (XTX) with an appropriately substituted 2- |
aminopyrazole derivative (XX) using a transition metal catalyzed reaction (Scheme

5 10). |

Rl
N-N
AN / 2
—— l
R
0  NTNTNH, 0 ’/P N Thal O N b
VIl XIX H,N /N XX1

N Rl
D—N Vi I\ N-N . I>—N / N N
Dy Sy W
°_ N © NN
Ibl 1f1

a) isoamyl nitrite, CHaly or isoamy! nitrite, CH,Brs; b) Pdy(dba)s, Xanphos,
10 CSzCO3

Scheme 10

[00118]  Compounds of general formula Ib2 in which R group is CONR"R? could
15 be synthesized using Scheme 11. Aniline VII could be combined with Y-
dithiomethylketone derivative XXTI, (prepared using the procedure from _
Tetrahedron, p 2631 (2003)) to afford intermediate XXIII. Stepwise condensation of
Boc-protected hydrazine derivative would give the required pyrazole aldehyde XXIV.
Aldehyde could be oxidized using oxone or sodium hypochlorite to furnish carboxylic

20 acid XXV. Coupling of acid XXV with amine would give pyrazole amide Ib2.
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OMc
§Me
%47151 o

XXI XXII
= %471£I —
N NN CHO
erv
N
\ N’\
N R! I>—-N R N .
> / I/\ ITN - > (1 - l\’”/\I CONR®R?
z /~CO,1 0O NTNTN
0O NN N J H
XXV b2

a) NaH, THF, heat; b) R'N(Boc)NH2, AcOH; ¢) TFA; d) oxone or sodium
hypochlorite; ¢) HNR'R?, HATU, DIPEA

Scheme 11
[00119]  Compounds of general formula Icl could be prepared using the general
protocol as shown in Scheme 12. Aniline VII could be coupled with chloroacetyl

10 chloride and the resulting amide could be treated with thioamide (R*CSNH,) to

furnish thiazole Icl.

a) chloroacetyl chloride, base; b) R>XCSNH,
15
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000057

Scheme 12

[002120] Compounds of general formula 1d1 could be made as per Scheme 13.
Previously described isothiocyanate derivative XV could be combined with amidine

5 XXV under dehydrating reaction conditions to give 1,2,4-thiadiazole (Id1).

\ NI N
P X P
P Y I D ey
| - 7 L
0 NONTNCS DEAD O NN N/LN R
| _ 61
XV Id1
Scheme 13
10
[00121]  Compounds of general formula lel could be prepared using a synthetic
approach as shown'in Scheme 14. Isothiocyanate XV could be combined with azide
XXVTin the presence of phosphine to yield 1,3-oxazole Tel.
0
N \
J> \N’\\ 3\61\111 D— J> NWN Rl
N R XXVII
N N A
N I o)
0 B N ONCS 3 p NN
15 XV Iel
Scheme 14

[00122]  Compounds of general formula 1g1 could be prepared using a synthetic
20  approach as shown in Scheme 15. Amine VII could be combined with acyl

isothiocyanate XXVII. The acylthioureaido could be condensed with hydrazine

derivative to yield the 1,2,4-triazol derivative Igl.
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Scheme 15

EXAMPLES

Example 1
AN
P
A A
O N N"NTN
k H
10 N,N-(licyclopropyl-6-ethyl-1—methyl-4-(thiazol—Z-ylamin0)-1,6-dihy(lroimi(lazo[4,5-
d]pyrrole[2,3-b]pyridine-7-carboxamide

1A Preparation of 6-chloro-N-(2.4-dimethoxybenzyl)-1-methyl-1H-

imidazo[4,5-c] pyridin-4-amine

N
N

N
ClI” N N\©\
H
oM

[00123] Ina 200 mL round bottom flask, 4,6-dichloro-1-methyl-1H-imidazo[4,5-
c]pyridine (15 g, 74.2 mmol) (prepared as per WO2006122137 example A1.5) was

dissolved in 2,4-dimethoxybenzylamine (25 mL, 166 mmol). The reaction mixture

15 €
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was heated to 110 °C for 3 h and cooled to room temperature. Water was added and a
tan colored solid precipitated out. Vacuum filtration yielded a tan solid. The solid
was washed with ethyl acetate and hexane to yield 6-chloro-N-(2,4-
dimethoxybenzyl)-1-methyl-1H-imidazo[4,5-c]pyridin-4-amine (23.459 g, 95 %
yield) as a cream colored solid.

[00124] MS (EST) m/z 333.0 (M+H)

{00125] 1H NMR (500 MHz, DMSO-dg) 8 ppm 8.05 (s, 1 H), 7.17 (, 1 H, J=6.19
Hz), 7.06 (d, 1 H, J=8.25 Hz), 6.87 (s, 1 H), 6.55 (d, 1 H, J=2.47 Hz), 6.42 (dd, 1 H,
J=8.52, 2.47 Hz), 4.54 (d, 2 H, J=5.77 Hz), 3.82 (s, 3 H), 3.74 (s, 3 H), 3.72 (s, 3 H)

1B DPreparation of fert-butyl 6-chloro-1-methyl-1H-imidazo[4,5-c]pyridin-4-

vI(2.4-dimethoxybenzyl)carbamate

N
ﬁ Qure
Boc OM

[00126]  To a solution of 6-chloro-N-(2,4-dimethoxybenzyl)-1-methyl-1H-

€

imidazo[4,5-c]pyridin-4-amine (example 1A, 0.63 g, 1.893 mmol) in tetrahydrofuran
(38 mL) cooled to -78 °C, was added NaHMDS (1.0 M THF, 2.366 mL, 2.366 mmol)
slowly. After stirring at -78 °C for 30 min, BOC,0 (0.483 mL, 2.082 mmol) was
added. The cold bath was removed and the reaction was allowed to warm to rt ON.
By HPLC, ~50% conversion was observed. The solution was re-cooled to -78 c;C.
NaHMDS (1.0 M THF, 2.366 mL, 2.366 mmol) was added and the mixture was
stirred 30 min before the addition of BOC,0 (0.483 mL, 2.082 mmol). The cold bath
was removed and the reaction warmed to room temperature 5 h. The solvent was
removed under reduced pressure and the residue partitioned between ethyl acétate and
water. The organic layer was washed twice with water, dried over anhydrous
magnesium sulfate, filtered and concentrated in vacuo. The crude residue was
purified by flash chromatography using an Isco 40g column eluting with 50 - 100%
ethyl acetate/hexane to yield ert-butyl 6-chloro-1-methyl-1H-imidazo[4,5-c]pyridin-
4-y1(2,4-dimethoxybenzyl) carbamate (0.638 g, 78 % yield) as a foamy white solid.

-50-

- -

Il




600060

WO 2011/028864 PCT/US2010/047621

[00127]  MS (EST) m/z 433.0 (M+H)

[00128]  1H NMR (400 MHz, CHLOROFORM-d) § ppm 7.91 (s, 1 H), 7.47 (d, 1
H, =831 Hz),7.19 (s, 1 H), 6.38 (dd, 1 H, J=8.31,2.52 Hz), 6.32 (d, 1 H, J=2.52
Hz), 5.13 (s, 2 H), 3.80 (s, 3 H), 3.74 (s, 3 H), 3.59 (s, 3 H), 1.40 (s, 9 H)

1C  Dreparation of tert-butyl 2.4-dimethoxybenzyl(6-

(diphenylmethyleneamino)-1-methyl-1H-imidazo[4,5-c]pyridin-4-yl)carbamate

AN
N\
N
Ph I = OMe

PN N/\@
N Boc OM

10 [00129]  Anhydrous dioxane (4 mL) was added to a mixture of tert-butyl 6-chloro-

e

1—methyl—1_H—imidazo[4,5-0]pyridin—4—yl(2,4—dimethoxybenzyl)carbam-ate (example
1B, 0.638 g, 1.474 mmol), benzophenone imine (0.297 mL, 1.769 mmol), Pd,(dba)s
(0.270 g, 0.295 mmol), 9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene (0.256 g,
0.442 mmol), and cesium carbonate (0.672 g, 2.063 mmol). The reaction mixture was
15 heated to 90 °C overnight. After cooling to rt, solvent was removed in vacuo. The
residue was partitioned between ethyl acetate and water. The organic layer was
washed twice with water, dried over anhydrous magnesium sulfate, filtered and
concentrated in vacuo. The crude residue was purified by flash chromatography
using an Isco 40g column eluting with 50-100% ethyl acetate/hexane to provide fert-
20 butyl 2,4-dimethoxybenzyl(6-(diphenylmethyleneamino)-1-methyl-1H-imidazo[4,5-
c]pyridin-4-yl)carbamate (0.757 g, 89 % yield) as a ligﬁt yellow solid.
[00130]  MS (ESI) m/z 414.0 (M-CPhy+2H)
[00131] 1H NMR (400 MHz, DMSO-ds) & ppm 8.16 (s, 1 H), 7.67 (dd, 2 H,
1=8.56, 1.51 Hz), 7.4 - 7.60 (m, 3 H), 7.25 (d, 1 H, ]=8.31 Hz), 6.96 - 7.11 (m, 4 H),
25 6.87(s,1H), 6.46 (d, | H,J=2.52 Hz), 6.33 (dd, 1 H, J=8.56, 2.27 Hz), 4.52 (s, 2 H),
3.70 s, 3 H), 3.69 (s, 3 H), 3.67 (s, 3 H), 1.25 (s, 9 H) |
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1D Preparation of fert-butyl 6-amino-1-methyl-1H-imidazo[4,5-c]pyridin-4-

vIi(2 4-dimethoxybenzylcarbamate

\
N’\\N |
I X OMe

HN" N Nﬁ
Boc OMe
[00132]  Ina 1000 mL round bottom flask, fert-butyl 2,4-dimethoxybenzyl(6-
(diphenylmethyleneamino)-1-methyl-1H-imidazo[4,5-c]pyridin-4-yl)carbamate
(example 1C, 9.2 g, 15.93 mmol) was stirred in THF (50 mL). 1 N HCI (33 mL) was
added. After 2 min, the reaction was quenched with 1 N NaOH (65 mL) and ethyl
acetate (100 mL). The organic layer was separated, dried over anhydrous sodium
sulfate, filtered and concentrated in vacuo. The residue was dried under vacuum for
1h and triturated with ether (4x). Isolated zerr-butyl 6-amino-1-methyl-1H-
imidazo[4,5-c]pyridin-4-y1(2,4-dimethoxybenzyl) carbamate (6.587 g, 15.93 mmol,
100 % yield) as a cream solid. Material carried forward with no further purification.
[00133]  MS (ESI) m/z 413.0 (M+H)
[00134] 1H NMR (400 MHz, DMSO-ds) & ppm 7.93 (s,1 H), 7.44 (d, 1 H, J=8.31
Hz), 6.44 (d, 1 H, J=2.27 Hz), 6.35 (dd, 1 H, J=8.56, 2.27 Hz), 6.25 (s, 1 H), 5.58 (s, 2
H), 4.87 (s, 2 H), 3.67 (s, 6 H), 3.63 (s, 3 H), 1.30 (s, 9 H)

1E  Preparation of tert-butyl 6-amino-7-iodo-1-methyl-1H-imidazo[4.5-

clpyridin-4-v1(2 .4—diinethovaenzyl)carbamate

AN
N"\\N
I | X OMe

SO,
Boc OM

[00135]  Inaround bottom flask, tert-butyl 6-amino-1-methyl-1H-imidazo[4,5-

e

c]pyridin-4-yl(2,4-dimethoxybenzyl)carbamate (example 1D, 7.887 g, 19.08 mmol)
was dissolved in MeCN (200 mL) and cooled to 0 °C. N-Todosuccinimide (451 g,
20.03 mmol) was dissolved in the remaining MeCN (50 mL) and added dropwise to

the reaction mixture over 40 min. The reaction mixture was stirred at 0 °C for an

-52.
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additional 10 min and was quenched with 2 M sodium hydrogensulfite (125 mL).
Stirring and temperature were maintained for 50 min. The mixture was transferred to
a separatory funnel. The aqueous layer was extracted with CH,Cl, (3 x 100 mL).
The combined organic layers were washed with water and brine, dried over Na;SOy,
filtered and concentrated in vacuo. The crude residue was purified by flash
chromatography using an Isco 120g column eluting with 20-100% ethyl
acetate/CHyCl, to provide fert-butyl 6-amino-7-iodo-1-methyl-1H-imidazo[4,5-
c]pyridin-4-yl(2,4-dimethoxybenzyl)carbamate (8.436 g, 82 % yield) as a pale yellow
solid.

[00136] MS (ESI) m/z 539.0 (M)

[00137] 1HNMR (400 MHz, DMSO-ds) & ppm 8.00 (s, 1 H), 7.40 (d, 1 H, J=8.06
Hz), 6.43 (d, 1 H, J=2.52 Hz), 6.31 - 6.39 (m, 1 H), 5.73 (s, 2 H), 4.86 (s, 2H),3.95
(s, 3 H), 3.67 (s, 3 H), 3.64 (s, 3 H), 1.30 (s, 9 H)

1F  Preparation of ethyl 4-(fert-butoxycarbonyl(2.4-dimethoxybenzyl)amino)-

1-methyl-1,6-dihydroimidazo[4.5-d]pyrrolo[2.3-b]pyridine-7-carboxylate

\
N1
EtO AN N
A aene!
Boc OMe

[00138] To a flask charged with tert-butyl 6-amino-7-iodo-1-methyl-1H-
imidazo[4,5-c]pyridin-4-yl(2,4-dimethoxybenzyl)carbamate (example 1E, 3.49 g,

6.47 mmol) in DMA (43.1 mL) was added Pd,(dba); (0.474 g, 0.518 mmol), ethyl”

pyruvate (7.22 mL, 64.7 mmol), and N-methyldicyclohexylamine (2.77 mL, 12.94

~mmol). The reaction mixture was sparged with argon for 10 min and heated at 60 °C

6 h. The reaction was complete by LCMS. After cooling to room temperature, the
reaction mixture was diillted with ethyl acetate and saturated aqueous NaHCOs. The
resultant emulsion was vacuum filtered through a pad of Celite and transferred to a
separatory funnel. The aqueous layer was extracted with ethyl acetate. The
combined organic layers were washed with 10% aqueous LiCl solution (2 x). The

organic phase was dried over MgSOy, filtered and concentrated in vacuo. The brown
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residue was purified by flash chromatography using an Isco 120g column eluting with
40-80% ethyl acetate/hexane to yield ethyl 4-(tert-butoxycarbonyl(2,4-
dimethoxybenzyl)amino)-1-methyl-1 ,6-dihyd'roimidazo [4,5-d]pyrrolo[2,3-b]pyridine-
7-carboxylate (2.830 g, 86 % yield)

[00139] MS (EST) m/z 510.0 (M+H)

[00140]  1H NMR (400 MHz, CHLOROFORM-d) & ppm 7.83 (s, 1 H), 7.57 (d, 1
H, ]=8.31 Hz), 7.39 (d, 1 H, J=2.27 Hz), 6.40 (dd, 1 H, J=8.44, 2.39 Hz), 6.32 (d, 1 H,
J=2.52 Hz), 5.16 (s, 2 H), 4.43 (q, 2 H, J=7.05 Hz), 4.09 (s, 3 H), 3.74 (5, 3 H), 3.56
(s, 3H), 1.43 (t, 3 H, J=7.18 Hz), 1.40 (s, 9 H)

1G  Dreparation of ethyl 4-(fert-butoxycarbonyl(2.4-dimethoxybenzylamino)-

6-ethyl-1-methyl-1 .6-dihydroimidazo{4,5-d]pyrrolo[2.3-b]pyridine-7-carboxylate

N\
N
L
l
Saansy
Boc OMe

[00141]  To a solution of ethyl 4-(ter-butoxycarbonyl(2,4-
dimethoxybenzyl)amino)-1-methyl-1,6-dihydroimidazo[4,5 —d]pyrro]o[2,3—b]pyridine-
7-carboxylate (example 1F, 5.046 g, 9.90 mmol) in DMF (49.5 mL) was added ethyl
iodide (1.601 mL, 19.81 mmol) and cesium carbonate (6.45 g, 19.81 mmol). The
reaction mixture was heated at 60 °C 60 min and cooled to room temperature. The
reaction mixture was diluted with ethyl acetate and vacuum filtered to remove cesium
carbonate. Saturated aqueous sodium bicarbonate was added and the aqueous layer
was extracted with ethyl acetate (2 x). The combined organic layers were washed
with 10% lithium chloride (3 x), dried over anhydrous magnesium sulfate, filtered

and concentrated in vacuo. Crude product was carriéd forward.

- [00142] MS (ESI) m/z 538.1 (M+H)

[00143]  IHNMR (400 MHz, CHLOROFORM-d) & ppm 7.79 (s, 1 H), 7.62 (d, 1
H J=8.28 Hz), 7.43 (s, 1 H), 6.39 (dd, 1 H, J=8.41,2.38 Hz), 6.32 (d, 1 H, J=2.26 Hz),
5.20 (s, 2 H), 4.79 (q, 2 H, =7.03 Hz), 4.41 (q, 2 H, J=7.28 Hz), 4.07 (s, 3 H), 3.74 (s,
3H),3.61 (s, 3H), 1.4 (t, 3 H, J=7.15 Hz), 1.41 (5, 9 H), 1.37 (t, 3 H, J=7.03 Hz)
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1H_  Dreparation of 4-(tert-butoxycarbonyl(2.4-dimethoxybenzylamino)-6-

ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2.3-blpyridine-7-carboxylic acid

\
N7

N
o oY g
0 NN N/\©\

Boc OMe

[00144]  To a solution of ethyl 4-(fers-butoxycarbonyl(2,4-

dimethoxybenzyl)amino)-G-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxylate (example 1G, 5.32 g, 9.9 mmol) in ethanol (49.5 mL) was
added 1 N NaOH aqueous solution (49.5 mL). The reaction mixture was heated at 60
°C 3 hand cooled to rt. Ethanol was removed by concentration in vacio. The
residue was acidified with 1 N HCI and the produét was collected by vacuum
filtration. 4-(tert-Butoxycarbonyl(2,4-dimethoxybenzyl)amino)-6-ethyl-1 -methyl-
1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxylic acid (4.3 g, 8.44
mmol, 85 % yield over two steps) was isoléted as a white solid after drying on the

vacuum.,

(00145] MS (ESD) m/z 510.0 (M+H)

1I Preparation of rert-butyl 7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-

D

1.6-dihydroimidazo[4,5-d]pyrrolo[2.3-b]pyridin-4-y1(2.4-dimethoxybenzyl)carbamate

>

D"NH/T\/EN R iOMe

O N N N

Boc
OMe
[00146] To a mixture of 4-(tert—butoxycarbonyl(2,4—dimeth_oxybenzyl)amino)—6-
ethyl-1-methyl-1 ,0-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxylic acid
(example 1H, 0.89 g, 1.747 mmol) in acetonitrile (17.47 mL) was added
dicyclopropylamine hydrochloride (0.303 g, 2.271 mmol), N-methylmorpholine
(0.499 mL, 4.54 mmol), DMAP (0.021 g, 0.175 mmol), and HATU (0.797 g, 2.096

mmol). The reaction mixture was stirred at rt 5 h and heated to 50 °C for 45 min.
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- The reaction was cooled to room temperature. Acetonitrile was removed in vacuo

and the residue was partitioned between saturated aqueous sodium bicarbonate and

dichloromethane. The aqueous layer was extracted with dichloromethane. The
combined organic layers were dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo. The crude solid was purified by flash chromatography using
an Isco 80 g column eluting with 1 - 4% MeOH/CH,Cl, to yield tert-butyl 7-
(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1 ,6-dihydroimidazo[4,5 -d]pyrrolo[2,3-
b]pyridin-4-yl(2,4-dimethoxybenzyl)carbamate (0.8 g, 78 % yield) as an off-white
solid.

[00147] MS (EST) m/z 589.0 (M+H)

[00148] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 7.78 (s, 1 H), 7.67 (d, 1
H, J=8.28 Hz), 6.85 (s, 1 H), 6.40 (dd, 1 H, J=8.41, 2.38 Hz), 6.33 (d, 1 H, J=2.51
Hz), 5.20 (s, 2 H), 4.58 (q, 2 H, J=7.03 Hz), 4.02 (s, 3 H), 3.74 (5, 3 H), 3.62 (s, 3 H),
2.77-2.85(m, 2 H), 1.42 (s, 9 H), 1.39 (t, 3 H, J=7.40 Hz), 0.80 - 0.89 (m, 4 H), 0.72
-0.78 (m, 4 H)

13 Preparation of 4-amino-N,N-dicyclopropyl-6-ethyl-1-methyl-1 .6-
dihydroimidazo[4,5-d]pyrrolo[2,3-bIpyridine-7-carboxamide

»
0 NN NH,
A

[00149]  To a solution of rert-butyl 7—(dicyclopl'opylcal'bamoyl)—6-ethyl-l—methyl—
i ,6—dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-y](2,4-dimethoxybenzyl)carbamate
(example 11, 2.66 g, 4.51 mmol) in dichloromethane (33.8 mL) was added TFA
(11.28 mL). The reaction mixture was stirred at rt 45 min and was concentrated in
vacuo. The crude residue was partitioned between ethyl acetate and saturated
aqueous sodium bicarbonate. The aqueous layer was extracted with ethyl acetate (2
x) and the combined organics were dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo. The crude solid was purfied by flash chromatography using

an Isco 40 g column eluting with 4 - 10% MeOH/CH,Cl, to yield 4-amino-N,N-

-56-
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- 2.88-2.99 (m, 2H), 1.39 (t, 3H, J=7.01 Hz), 0.73 - 0.81 (m, 4H), 0.64 — 0.70 (m,

dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide (1.2 g, 3.55 mmol, 79 % yield) as a pale yellow solid. -

[00150] MS (ESI) m/z 339.2 (M+H)

[00151] 1HNMR (400 MHz, MeOD) & ppm 7.95 (s, 1 H), 7.15 (s, 1 H), 4.51 (q, 2
H J=7.13 Hz), 4.04 (s, 3 H), 2.89 - 2.98 (m, 2 H), 1.35 (t, 3 H), 0.82 - 0.91 (m, 4 H), ‘
0.70 - 0.81 (m, 4 H) | |

1 Preparation of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(thiazol-2-ylamino)- !

1.6-dihydroimidazo[4,5-d]pyrrolo[2.3-b]pyridine-7-carboxamide !
[00152] To a mixture of 4—amino-N,N—dicyélopropyl—6—éthyl-1—methyl-l,6—
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 1J, 30 mg,
0.089 mmol), 2-bromothiazole (11.98 uL, 0.133 mmol), Pd,(dba)s (12.18 mg, 0.013
mmol), BINAP (24.84 mg, 0.040 mmol) and sodium tert-butoxide (13.63 mg, 0.142
mmol) was added PhMe (887 pL). The mixture was sparged with argon gas for 5 min

and heated to 85 °C for 5.5 h. The reaction mixture was filtered through a plug of

Celite and concentrated. The crude residue was purified by preparative HPLC to |

provide N,N-dicyclopropyl-6-ethyl-1-methyl-4-(thiazol-2-ylamino)-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (4 mg, 10.49 % yield)
along with some recovered starting material. o i
[001S3] MS (ESI) m/z 423.0 (M+H)

[00154] IHNMR (500 MHz, DMSO-ds) & ppm 8.14 (s, 1H), 7.47 (d, 1H, J=3.57
Hz), 7.24 (s, 1H), 7.14 (d, 1H, J=3.57 Hz), 4.63 (q, 2H, J = 6.87 Hz), 4.05 (s, 3H),

4H)

Example 2

0 NN NN |
3 : |

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(4-methy]thiazoI-Z-ylamino)—l »0-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

-57- f
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2A Dreparation of 4-(3-benzoylthioureido)-N.N-dicyclopropyl-6-ethyl-1- o

methyl-1.6-dihydroimidazo[4,5-d]pyrrolof2.3-blpyridine-7-carboxamide

[00155] A solution of 4-amino-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]Jpyrrolo[2,3-b]pyridine-7-carboxamide (example 1J, 234 mg,
0.69 mmol) and benzoyl isothiocyanate (0.1 ml, 0.83 mmol) in acetone (3 ml) was

stirred at room temperature for 3h. The reaction mixture was cooled to 0°C and water -

was added. The resulting brown solid was collected by filtration and air-dried to give:

4-(3-benzoylthioureido)-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (306 mg, 88% yield) -
[00156] MS (ESI) rt = 1.86 min, m/z 502 (M+H). v

[00157] 1H NMR (400 MHz, DMSO-d6) 8 ppm 8.44 (br. s., 1 H) 7.9‘9 -8.07 (m, 2
H)7.64 - 7.74 (m, 1 H) 7.58 (t, J=7.65 Hz, 2 H) 7.34 (s, 1 H) 4.47 (br. 5., 2 H) 4.11 (s,
3 H)2.90 - 2.99 (m, 2 H) 2.08 (s, 1 H) 1.28 (br. 5., 3 H) 0.64 - 0.81 (m, 8 H).

2B Preparation of N, N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido-1,6-

dihydroimidazo[4,5-d]pyrrolo[2,3-blpyridine-7-carboxamide

0O N | N’ N’”\NH2
K H
[00158]  4-(3-Benzoylthioureido)-N, N-dicyclopropyl-6-ethyl-1 -methyl-1,6-
dihydroimidazo [4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 24, 306 mg,
0.61 mmol) and 1IN NaOH (10 ml, 10.00 mmol) in 10 m! EtOH were heated at 60°C
for Ih. The reaction was cooled to room temperature and concentrated. The
remainihg aqueous solution was extracted (3x) with ethyl acetate. The organic phase

was dried over Na,SOy, filtered, and concentrated. Purification by silica gel
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chromatography (dichloromethane/methanol 0-4%) gave N,N-dicyclopropyl-6-ethyl-
1-methyl-4-thioureido-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide as a yellow solid (199 mg ,82% yield).

[00159] MS (EST) m/z 398 (M+H).

[00160] 1HNMR (400 MHz, CHLOROFORM-d) § ppm 11.02 (br. s., 1 H) 9.27
(s,2H)7.75(s, 1 H) 6.89 (s, 1 H) 4.52 (q, J/=7.12 Hz, 2 H) 4.06 (s, 3 H) 2.77 - 2.90
(m, 2 H) 1.45 (t, /<7.15 Hz, 3 H) 0.73 - 0.97 (m, § H).

2 Preparation of N, N-dicyclopropyl-6-ethyl-1-methyl-4-(4-

methylthiazol-2-ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolof2.3-blpyridine-7-

carboxamide-

[00161] N, N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2B, 40 mg, 0.10 mmol) and
chloroacetone (62.4 mg, 0.40 mmol) in EtOH (2 ml) were heated at 80°C for 20 min.
The reaction was cooled to room temperature and the solvent removed in vacuo.
Saturated NaHCO; solution was added and the aqueous layer extracted (3x) with
dichloromethane. The organic layers were combined, dried over Na,SO,, filtered, and
concentrated. The crude material was purified by silica gel c]n‘_omatdgraphy
(dichloromethane/methanol 0-7%) to provide N,N-dicyclopropyl-6-ethyl-1-methyl-4-
(4-methylthiazol-2-ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide (9 mg, 12 % yield) as a white solid.

[00162] MS (CT) m/z 436.1 (M+H)

[00163.] 1H NMR (400 MHz, DMSO-ds) 3 ppm 10.70 (br s, 1H), 8.12 (s, 1H), 7.23
(s, IH), 6.69 (s, 1H), 4.61 (q, 2H, J = 7.19 Hz), 4.04 (s, 3H), 2.88 — 2.98 (m, 2H),
2.29 (s, 3H), 1.38 (t, 3H, J=7.15 Hz), 0.72 — 0.81 (m, 4H), 0.62 — 0.70 (m, 4H)

Example 3

\N\
SVGUS

0o N

/
\
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'N,N-dicyclopropyl-6-ethyl-4-(4-(fluorom ethyl)thiazol-2-ylamino)-1-methyl-1,6-

dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

3A  Dreparation of 1-bromo-3-fluoropropan-2-one

0O
F\/U\/Br
[00164] Bromine (0.36 ml, 7.02 mmol) was added dropwise to a solution of 1-
fluoropropan-2-one (0.51 ml, 7.02 mmol) in carbon tetrachloride (25 ml). The

- solution was heated at 45°C for 3h. The reaction was cooled to room temperature and

quenched with water. Upon extraction with dichloromethane (3x), the combined
organic layers were dried over Na,SO,, filtered, and concentrated. Purification by
silica gel chromatography (0-20% EtOAc/Hexanes) gave 1—bromo-3-ﬂuoroproban-Z-
one as a yellow oil (118 mg, 65%). ' |
[00165] IHNMR (400 MHz, CHLOROFORM-d) § ppm 5.14 (s, 1 H) 5.02 (s, 1 H)
4.10 (d, /=2.86 Hz, 2 H).

3 Preparation of N,N-dicyclopropyl-6-ethyl-4-(4-(fluoromethyl)thiazol-2-

ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2.3-b]pyridine-7-carboxamide

[00166]  Prepared from N,N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2B) and 1-

- bromo-3-fluoropropan-2-one (example 3A) using the same procedure for 2 .

[00167]  MS (ESI) rt = 1.94 min, m/z 454 (M+H),
[00168]  1H NMR (400 MHz, CHLOROFORM-d) & ppm 9.34 (br. 5., 1 H) 7.75 (s,
1 H) 6.96 (d, J=3.52 Hz, 1 H) 6.90 (s, 1 H) 5.27 - 5.53 (m, 2 H) 4.75 (q, J=7.12 Hz, 2

H)3.98 - 4.11 (m, 3 H) 2.76 - 2.91 (m, 2 H) 1.54 (t, J/<7.04 Hz, 3 H) 0.70 - 0.94 (m, 8
H).
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N
Y
|>—N
-0 N ™™ NN
N
4-(4-tert-butylthiazol-2-ylamino)-N, N-dicyclopropyl-6-ethyl-1-methyl-1,6-

dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00169] Prepared from N,N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido-1,6-
dihydroimidazo [4,5-d]pyrrolo[2,3-b]pyridine-7-cartboxamide (example 2B) and 1-
chloro-3,3-dimethylbutan-2-one using the same procedure as reported for 2 .
[00170] MS (ESI) rt = 1.99 min, m/z 478 (M+H).

10 [00171] 1HNMR (400 MHz, CHLOROFORM-d) & ppm 7.74 (s, 1 H) 6.90 (s, 1 H)
6.48 (s, 1 H) 4.74 (q, J=7.03 Hz, 1 H) 4.04 (s, 3 H) 2.77 - 2.90 (m, 2 H) 1.53 (t,
J=7.03 Hz, 3 H) 1.37 (s, 9 H) 0.70 - 0.96 (m, 8 H).

. Example 5
AN
ol N

O
s )\
N,N-dicyclopropyl-6-ethyl-4-(4-(isopropylsulfonylmethyl)thiazel-2-ylamino)-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

SA  Dreparation of 1-chloro-1-(isopropylsulfonyl)propan-2-one

20

[00172]  Sulfuryl chloride (0.248 mL, 3.05 mmol) was added dropwise to a solution
of 1-(isopropylsulfonyl)propan-2-one (418 mg, 2.55 mmol) in 1:1 AcOH/DCM (16

-61-
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~ ml)at 0°C. The reaction was stirred at rt for 4h. The solvent was removed i vacuo,
then diluted with dichloromethane. The organic layer was washed (2x) with saturated
- NaHCOj solution, dried over Na,SQy, filtered, and concentrated to leave 800 mgofa
colorless oil. The material was used without further purification.
5 [00173] - 1HNMR (500 MHz, CHLOROFORM-d) & ppm 5.19 (s, 1 H) 3.65 (dt,
J=13.66,v6.90 Hz, 1 H) 2.56 (s, 3 H) 1.45 (dd, J=6.94, 3.05 Hz, 6 H).

5 Preparation of N N-dicyclopropyl-6-ethyl-4-(4-

( isom'opvlsulfonvlmethvl)thiazol-2—v]amino)-1—methvl-l,6—dihvdroimidazo[4,5—

10 dlpyrrolo[2,3-blpyridine-7-carboxamide

{00174] Prepared from N,N—dicyclopropyl-6-ethy1—1—methyl-4-thi0ureido-1,6-
dihydroimidazo [4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2B) and 1-
chloro-1-(isopropylsulfonyl)propan-2-one (example 5%) using sarﬁe procedure as

15 reported for 2.
[00175]  MS (ESI) rt = 1.84 min, m/z 542 (M+H).
[00176] 1H NMR (400 MHz, CHLOROFORM-d) § ppm 7.82 (s, 1 H) 7.01 (s, 1 H)
6.90 (s, 1 H) 4.73 (g, J=7.04 Hz, 2 H) 4.35 (s, 2 H) 4.06 (s, 3 H) 3.36 (quin, J=6.88

Hz, 1 H)2.79 - 2:91 (m, 2 H) 1.53 (t, /=7.04 Hz, 3 H) 1.43 (d, J=6.82 Hz, 6 H) 0.74 -
20 0.92 (m, § H).

Example 6

P
SanEa
0 )N NTNTN
N,N-dicyclopropyl—6—ethyl—1-methyl-4-(4-propylthiazol-2-y]amino)~1,6-
25 dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-carboxamide

[00177]  Prepared from N, N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido-1,6-
dihydroimidazo [4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2B) and 1-

bromopentan-2-one using the same procedure as reported for 2.

-62-
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[00178] MS (ESID) rt = 1.94 min, m/z 464 (M+H).

{00179] IHNMR (400 MHz, CHLOROFORM-d) & ppm 8.43 - 9.78 (m, 1 H) 7.71

(s, 1 H) 6.89 (s, 1 H) 6.48 (5, 1 H) 4.75 (q, J=7.04 Hz, 2 H) 4.04 (s, 3 H) 2.76 - 2.92

(m, 2 H) 2.68 (t, J=7.37 Hz, 2 H) 1.76 (dq, J=14.94, 7.42 Hz, 2 H) 1.53 (t, J<7.04 Hz,
5 3H)L.01(t, J=7.26 Hz, 3 H) 0.69 - 0.94 (m, 8 H).

Example 7
AN
P

>N \NS
g ?\II/ ’L\/\B\/
}\{IN

N

N

N,N—(licyclopropyl-6-ethyl-4—(4-ethylthiazol—2-ylamin 0)-1-methyl-1,6-

10 dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00180] Prepared from N, N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido-1,6-
dihydroimidazo [4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2B)and 1-
bromobutan-2-one using the same procedure as reported for 2.

15 [00181] MS (ESI) m/z 450 (M+H).
[00182] 1HNMR (400 MHz, CHLOROFORM-d) § ppm 7.71 (s, 1 H) 6.89 (s, 1 H)
6.49 (s, 1 H) 4.75 (q, J=7.03 Hz, 2 H) 4.04 (s, 3 H) 2.80 - 2.88 (m, 2 H) 2.75 (q,
J=1.45Hz, 1 H) 1.54 (t, J=7.15 Hz, 2 H) 1.33 (t, J=7.40 Hz, 2 H) 0.82 (br. 5., 8 H).

20 Example 8
N\
P
N .
SSes gy
0 NN NN N J
N H
N,N—dicyc]opropyl-6—ethyl-1-methyl—4-(4-(pyridin-2-yl)thiazo]-2—ylamino)-1,6-

dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide
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[00183] A solution of 4-amino-N, N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 1J, 70 mg, -
0.21 mmdl) and benzoyl isothiocyanate (36 ul, 0.27 mmol) in acetone (1 ml) was
stirred at room temperature for 1.5h. The solvent was removed in vacuo, the residue
was taken up in EtOH (1.5 ml), and K,CO3 (40 mg, 0.290 mmol) was added. The
reaction was heated at 60°C for 3h. Upon cooling to room temperature, 2-bromo-1-
(pyridin-2-yl)ethanone, hydrobromide (139.4 mg, 0.50 mfnol) was added and the
reaction heated at 80°C for 24h. The reaction mixture was cooled to room
temperature and concentrated. The residue was purified by silica gel chromatography
(0-7% MeOH/dichloromethane). Re-purification by preparative HPLC provided 10.2
mg (10% yield) of N, N-dicyclopropyl-6-ethyl-1-methyl-4-(4-(pyridin-2-y1)thiazol-2-
ylamino)-1,6-dihydroimidazo(4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide as a
brown solid.

[00184]  MS (ESI) rt = 1.78 min, m/z 499 (M+H).

[00185] TH NMR (DMSO-d6) § ppm 10.9 (s, 1 H), 8.2 (bs, 1 H), 7.81 (d, 1 H),
1.75 (s, 1H), 3.92 (m, 4H), 3.77 (q, 2H, J = 7.8 Hz), 2.52-2.81 (m, 7H).

Example 9

Preparation of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(4-(trifluoromethyl)thiazol-2-
ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00186] This compound was prepared according to example 2 using 3-bromo-
L,1,1-trifluoroacetone to provide N,N-dicyclopropyl-6-ethyl-1 -methyl-4-(4-
(triffuoromethyl) thiazol-2-ylamino)-1 ,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxamide.

[00187] MS (ESI) m/z 490.0 (M+H)

-64 -
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[00188] 1HNMR (500 MHz, DMSO-de) 6 ppm 11.71 (s, 1H), 8.16 (s, 1H), 7.86 (s,
1H), 7.27 (s, 1H), 4.63 (q, 2H), 4.05 (s, 3H), 2.89 — 2.98 (m, 2H), 1.40 (t, 3H, J= 6.87
Hz), 0.74 - 0.80 (m, 4H), 0.64 - 0.71 (m, 4H)

Example 10

0 NN NN
J i

Preparation of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methylthiazol-2-ylamino)- |

1,6-dihydreimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00189]  4-Amino-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 1J, 86.3 mg, 0.255 mmol) was
dissolved in acetone and benzoyl isothiocyanate (37.8 uL, 0.281 mmol) was added.
The reaction was stirred at room temperature for 2h. The solvent was removed in
vacuo. The residue was taken up in ethanol (1500 pL) and K,CO; (49.3 mg, 0.357
mmol) was added. The reaction mixture was warmed to 60 °C for 3 h. 2-
Bromopropanal (45.4 mg, 0.332 mmol) was added. After 3 h, additional 2-
bromopropanal (~100 mg) was added. Stirred at 60 °C for 16h. Additional 2-
bromopropanal was added and the reaction mixture was stirred at 60 °C 3 h. The
ethanol was removed by concentration in vacuo. The crude residue was purified by
flash chromatography using an Isco 12 g column eluting with 2 - 10%
MeOH/CH,Cl,). Additional purification was accomplished via preparative HPLC.
N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methylthiazol-2-ylamino)-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (20 mg, 17.47 %. yield)
was isolated as a white solid.

[00190]  MS (EST) nv/z 436.0 (M+H)

[00191]  1H NMR (500 MHz, DMSO-de) & ppm 10.56 (br s, 1H), 8.12 (s, 1H),
7.23 (s, 1H), 7.12 (s, 1H), 4.62 (q, 2H, J=6.78 Hz), 4.04 (s, 3H), 2.87 — 2.99 (m,
2H),2.39 (s, 3H), 1.35 - 1.46 (m, 3H), 0.72 - 0.81 (m, 4H), 0.59 — 0.71 (m, 4H)
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| >—N
4

0

N,N-dicyclopropyl-6-ethyl-4-(S-ethylthiazol-2-ylamino)-1 -methyl-1,6-

dihydroimidazo [4,5-(]]pyrrolo[2,3-1)]pyridixie-7—cnrboxamide

[00192]  Prepared from 2-bromobutanal and 4-Amino-N,N-dicyclopropyl-6-ethyl-
1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example
1J) using the same procedure as that of example 8.

[00193]  MS (ESI) rt = 1.86 min, m/z 450 (M+H).

[00194]  1H NMR (500 MHz, CHLOROFORM-d) & ppm 8.91 - 9.22 (m, 1 H)7.71
(s, 1 H) 7.14 (s, 1 H) 6.89 (s, 1 H) 4.75 (q, J=6.94 Hz, 2 H) 4.05 (s, 3 H) 2.80 - 2.89
(m, 4 H) 1.55 (t, J=5.00 Hz, 3 H) 1.37 (t, J<7.49 Hz, 3 H) 0.73 - 0.92 (m, 8 H).

Example 12

g iﬁﬁl aSe
B

2-(7-((]icyc]opropylcarbamoy])-()—ethyl-l-methyl-l,6-dihydroimidazo[4,5-
(l]pyrrolo[2,3-b]pyridin-4—ylamino)-N,N-(limethylthiazole-4—carboxamide :

12A  Preparation of 2-(7-( dicyclopropylcarbamoyl)-6-ethyl-1 -met11y1-1,6-

dihydro imidazo[4,5-d]pyn‘o]0[2,3—b]r)vn'din—4-vlamino)thiazole-4-carboxvlic acid

P \N’\\
SHOH
N

[>_

0]

/
k
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[00195]  4-Amino-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridine-7-carboxamide (13,300 mg, 0.89 mmol) and benzoyl

isothiocyanate (0.16 ml, 1.15 mmbl) in acetone (4 ml) were stirred at rt for 1.5h. The

- solvent was removed in vacuo and the residue taken up in EtOH (6 ml). K,CO; (172

mg, 1.241 mmol) was added and the reaction heated at 60°C for 3h. The reaction was
cooled to rt and-ethyl 3-bromo-2-oxopropanoate (692 mg, 3.55 nimol) was added.
The reaction was heated at 70°C overnight. Upon completion of the cyclization step,
IN NaOH (6.3 ml, 6.30 mmol) was added to the reaction mixture and heated at 60°C
for 4h. The reaction was cooled to room temperature and the solvent removed ix
vacuo. - The remaining aqueous solution was acidified to pH 1 and the precipitate
removed by vacuum filtration, washing with water, EtOAc, and then dichloromethane
to afford 2-(7-( dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5- |
d]pyrrolo[Z,3-b]pyridine#-ylamino)thiazole-4-carboxylic acid (325 mg,79% yield)
as brown solid.

[00196] MS (ESI) 1t = 1.85 min, m/z 466 (M+H).

[00197]  1H NMR (400 MHz, DMSO-d6) § ppm 8.16 (s, 1 H) 7.94 (s, 1 H) 7.26 (s,
1 H) 4.63 (q,J =6.94 Hz, 2 H) 4.05 (s, 3JH)3.36(br. S, 1 H)289 2.99 (m, 2 H)
1.40 (t, J/=7.03 Hz, 3 H) 0.61 ~ 0.83 (m, 8 H).

12 Preparation of 2-(7-(dicyclopropylcarbamoyl)-6-ethyl- 1-methyl-1,6-

dihydroimidazo[4.5-d]pyrrolo[2.3 -b]m/ridin—4-ylamino)-MN—dimethv]thiazole-4-

PA
| »Om AWW
N

[00198] To 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-

carboxamide

dihydroimidazo[4,5-d] pyrrolo[2,3-b]pyridin-4-ylamino)thiazole-4-carboxylic acid
(example 124, 44 mg, 0.095 mmol) in DMF (2 ml) waé added HATU (108 mg, 0.284
mmol), DIPEA (0.066 mL, 0.378 mmol), and dimethylamine (0.013 mL, 0.189
mmol). The reaction was stirred at rt for 3h, then the solvent was removed in vacuo.

The residue was purified by preparative HPLC to give 2-(7-

-67-
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(dicyclopropylcarbamoyl)~6—ethyl-1 -methyl-1,6-dihydroimidazo[4,5-d]pyrrolo [2,3-
b]pyridine-4-ylamino)-N,N-dimethylthiazole-4-carboxamide (10 mg, 21% yield) as a
brown solid. _

[00199] MS (ESI) m/z 493 (M+H)

[00200] 1HNMR (400 MHz, CHLOROFORM-d) & ppm 9.45 (br. S., 1 H) 7.81 (s,
1H)7.43 (s, 1 H) 6.90 (s, 1 H) 4.74 (q, J=7.03 Hz, 2 H) 4.05 (s, 3 H) 3.31 (br.S.;3

H)3.13 (br. 8., 3 H) 2.75 - 2.90 (m, 2 H) 1.54 (t, J=7.15 Hz, 3 H) 0.65 — 0.96 (m, 8
H).

Examples 13-17 were prepared using the procedure as described for example 12

Example 13

D—NmN S <LNH
g B E’L\%o

N-cyclopropyl-2-(7-(dicyclopropylcarb amoyl)-6-ethyl-1-methyl-1,6-

dihydroimidazo[4,5-d]pyrrolo [2,3—b]pyridi|1-4;ylamino)thiazole-4-carboxamide

[00201]  MS (ESI) rt=1.99 min, m/z 505 (M+H).

[00202] [HNMR (400 MHz, MeOD) 8 ppm 8.07 (s, 1 H) 7.74 (s, 1 H) 7.26 (s, 1
H)4.73 (q, 1=7.03 Hz, 1 H) 4.13 (s, 3 H) 2.94 - 3.04 (m, 2 H) 2.85-2.93 (m, 1 H)
1.51 (t, J=7.03 Hz, 2 H) 0.67 - 0.95 (m, 12 H).

Example 14 '
N\
Py
,LHN
N

D_

O

/
\
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-N,N-dicyclopropyl-6-ethyl-1-methyl-4-(4-(morpholine-4-carbonyl)thiazol-2-

ylamino)-1,6-dihydroimidazo [4,5;(l]pyrrolo [2,3-b]pyridine-7-carboxamide

[00203]  MS (ESI) rt = 1.87 min, m/z 535 (M+H).
[00204] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 9.21 (br. s., 1 H) 7.76 (s,
1 H) 7.56 (s, 1 H) 6.81 - 6.94 (m, 1 H) 4.74 (q, J=7.11 Hz, 2 H) 4.07 (s, 3 H) 3.79 (br.
s.,4 H)3.50 (d, /=4.52 Hz, 2 H) 2.74 - 2.90 (m, 2 H) 1.60 (s, 2 H) 1.54 (t, J=7.03 Hz,
3 H) 0.70 - 0.94 (m, 8 H). -

Example 15

>— P \N’\\N
)Tepgatat
¢ N lN/ %I/I;\IHO \O%_O

N,N—dicyclopropyl-4—((4-((l,1-di0xidotetrahy(lro—3-thi0phenyl)carbamoyl)-l,3-
thiazol-2-yl)amino)-6-ethyl-1-m ethyl-1,6-dihydroeimidazo{4,5-d]pyrrolo[2,3-

b]pyridine-7-carboxamide

[00205]  MS (ESI) rt = 1.88 min, m/z 583 (M-+H),

[00206] IHNMR (400 MHz, CHLOROFORM-d) § ppm 9.31 (br. s., 1 H) 7.77 (s,
1 H) 7.69 -7.75 (m, 1 H) 6.91 (s, 1 H) 4.85 - 4.99 (m, 1 H) 4.64 - 4.81 (m, 2 H) 4.07
(s, 3 H)3.45-3.61 (m, 2 H) 3.35 (br. 5., 1 H) 3.19 (dt, /=13.36, 8.12 Hz, 2 H) 2.75 -
2.91 (m, 2 H) 2.57 - 2.72 (m, 1 H) 2.42 (ddd, J/=14.49, 7.53, 7.34 Hz, 1 H) 1.54 (1,
J=6.90 Hz, 3 H) 0.69 - 0.94 (m, § H)

Example 16

- 69 -
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CH)2.34-2.59 (m, 2 H) 1.45 (t, /=6.90 Hz, 3 H) 0.72 - 0.95 (m, 8 H).

\
s o
N 2l
TS Tl
O NTONNTN B

N H |
N,N-(licycloprbpyl—4-(4—(3,3-diﬂuoropyrrolidine-l -carbonyl)thiazol-2-ylamino)-

6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-bpyridine-7-

carboxamide

[00207] MS (ESDrt= 2;05 min, m/z 555 (M+H).

[00208] 1H NMR (400 MHz, MeOD) & ppm 8.00 (s, 1 H) 7.73 (s, 1 H) 7.70 (s, 1
H) 7.19 (s, 1 H) 4.68 (q, J=7.03 Hz, 2 H) 4.51 (t, /=12.80 Hz, 1 H) 4.34 (t, J=7.40 Hz,
1 H)4.06 (s, 3 H) 3.96 (t, J=13.18 Hz, 1 H) 3.86 (t, J=7.65 Hz, 1 H) 2.87 - 3.02 (m, 2

Example 17
\N’\
J: 3
>N N )
N S N
7 m
0 NTNONTN
- H 0

(4-(azetidine—1-carbony])thiazol—Z-ylamino)-N,N-(licyc]obfopyl-6-ethyl—1—methyl- ‘
1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00209] MS (ESD) it = 1.95 min, m/z 505 (M+H).

[00210] I1HNMR (400 MHz, MeOD) & ppm 8.03 (s, 1 H) 7.70 (s, 1 H) 7.21 (s, 1
H) 4.78 (t, J=7.53 Hz, 2 H) 4.69 (q, /=7.03 Hz, 2 H) 4.19 (t, /=7.78 Hz, 2 H) 4.08 (s,
3 H)2.95 (ddd, J=7.22, 3.45,3.14 Hz, 2 H) 2.27 - 2.48 (m, 2 H) 1.47 (t, J=7.03 Hz, 3
H) 0.69 - 0.93 (m, 8 H).

Example 18

-70 -
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Ethyl 2—(7—((Iicyclopropylcarbamoyl)-6-ethyl-l—methyl—1,6-(lihy(lroimidazo[4,5-
d]pyrrolo[2,3-b]pyri(lin—4-ylamino)thiazole-4-carboxylate

[00211]  This compound was prepéred according to example 2 using ethyl
bromopyruvate and N,N-dicyclopropyl-6-ethyl- 1-methyl-4-thioureido-1,6-
dihydroimidazo[4,5—d]pyrrolo[2,3—b]pyridine-?-cal‘boxamide (example 2B) to yield
| ethyl 2—(7-(dicyclopropylcarbamoyl)—6—ethyl—l—me’thyl-l,6—dihydr0imidazo [4,5-
d]pyrro]o[2,3—b]pyridin-4-ylamino)thiazole—4—carboxy1ate as yellow solid.
10 [00212] MS (EST) m/z 494.1 (M+H) '

[00213]  THNMR (500 MHz, DMSO-dg) § ppm 11.42 (brs, 1H), 8.14 (s, 1H), 8.00

(s, 1H), 7.25 (s, 1H), 4.62 (q, 2H), 4.30 (q, 2H, J = 7.15 Hz), 4.05 (s, 3H), 2.80 — 2.7
(m, 2H), 1.39 (t, 3H, J=7.01 Hz), 1.32 (t, 3H, J=7.15 Hz), 0.74 — 0.80 (m, 4H), 0.64

—0.70 (m, 4H)
15
Example 19
\ 0
J> N7 OEt
>N S g
7 pi A\
O N N NN
_ i
Ethyl 2-(7-((]icyclopropylcarbamoyl)-6-ethy1—1-methyl—1,6-dihydroimi(lazo[4,5-
20 ( d]pyrrolo[2,3-1)]pyri(lin-4-ylamino)thiazole-S-carboxylate
[00214]  This compound was prepared according to example 2 using ethyl 2-
chloro-2-formylacetate and N,N-dicyclopropyl-6-ethyl-1 -methyl-4-thioureido-1,6-
dihydroimidazo [4,5-d]pyrrolo [2,3-b]pyridine-7-carboxamide (example 2B) to
25

provide ethyl 2—(7-(dicyclopropylcarbamoyl)-6-ethy1- I-methyl-1,6-

-1 -
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dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)thiazole-5-carboxylate (18.5
mg, 17 % yield) as a pale yellow solid.

[00215] MS (ESI) m/z 494.0 (M+H)

{00216] 1HNMR (400 MHz, DMSO-de) & ppm 11.95 (s, 1H), 8.20 (s, 1H), 8.14 (s,
1H), 7.28 (s, 1H), 4.63 (q, 2H, J=7.19 Hz), 4.28 (q, 2H, J = 7.19 Hz), 4.06 (s, 3H),
2.88 -3.00 (m, 2H), 1.44 (t, 3H, J=7.03 Hz), 1.32 (t, 3H, J=7.15 Hz), 0.73 - 0.81
(m, 4H), 0.63 - 0.70 (m, 4H)

Example 20

N-cyclopropyl-2- (7—((hcyclopropylcarbamoyl) 6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo|[2, 3—b]pyrldm-4-ylammo)thnazole—%- arboxamlde

20A  Preparation of 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1.6-

dihydroimidazo [4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)thiazole-5-carboxylic acid

\ 0
P N’\\N OH
0 NN NN
J . H

[00217]  To a solution of ethyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-

1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin—4—y]émino)thiazol e-5-carboxylate

~(example 19, 14.6 mg, 0.030 mmol) in EtOH (296 uL) was added 1 N NaOH

aqueous solution (296 pL). The reaction mixture was stirred at rt 3 h and stirred at 50
°C 18 h. After cooling to room temperature, ethanol was removed by concentration
in vacuo. The residue was acidified with | N HCI and the solid product was collected
by filtration. 2-(7-(Dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3—b]pyridin-4-ylamino)thiazple-S—carboxylic acid

was isolated as a pale yellow solid which was used crude in the next reaction.

=72 -
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[00218]  MS (EST) m/z 465.9 (M+H)

20 Preparation of N-cyclopropyl-2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-

methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-blpyridin-4-ylamino)thiazole-5-

S carboxamide

[00219]  To a mixture of 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrro]o[2,3-b]pyridin—4-y1amino)thiazole-S-carboxyl'ic acid
(example 204, 13.97 mg, 0.030 mmol) in DMF (300 uL) was added

10 cyclopropylamine (4.16 pL, 0.060 mmol), HATU (14.83 mg, 0.039 mmol), and

Hiinig'sBase (15.72 pL, 0.090 mmol). The reaction mxiture was stirred at rt 1 h and

concentrated in vacuo. The residue was taken up in MeOH and purified by

preparative HPLC. N-Cyclopropyl-2-(7-(dicyclopropylcarbam dyl)-6—ethyl- I-methyl-

1,6-dihydroi midazo[4,5-d]pyrrolo[2,3—b] pyridin-4-ylamino)thiazole-5-carboxamide
15 (3 mg, 19.82 % yield) was isolated as a white solid.

[00220] MS (EST) m/z 505.0 (M+H)

[00221]  1HNMR (400 MHz, DMSO-ds) & ppm 8.36 (br's, 1H), 8.15 (s, 1H), 8.02

(s, IH), 7.25 (s, 1H), 4.63 (q, 2H, J= 7.11 Hz), 4.05 (s, 3H), 2.89 — 3.00 (m, 2H),

2.76 (tq, 1H, J=7.25, 3.70 Hz), 1.41 (1, 3H, J = 7.03 Hz), 0.74 - 0.81 (m, 4H), 0.64 —
20 0.72 (m, 6H), 0.51 - 0.59 (m, 2H)

Example 21
\ !
P 0 |
@S0 |
0 NTONONTN
H

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-(morpholine-d-ca rbonyl)thiazol-2-

25 - ylamino)-1,6-dihydreimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00222]  This compound was prepared according to Example 20 using morpholine
and 2—(7—(dicyclopropy]carbamoyl)—G—ethy]— I-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridin-4-ylamino)thiazole-5-carboxylic acid (example 20A) to

-73 -
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provide N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-(morpholine-4-carbonyl)thiazol-2-
ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide as a white
solid.

[00223]  MS (ESI) m/z 535.1 (M+H)

1[00224]  1H NMR (400 MHz, MeOD) § ppm 8.08 (s, 1H), 7.79 — 7.93 (m, 1H),

7.26 (s, 1H), 4.74 (q, 2H, J=7.28 Hz), 4.12 (s, 3H), 3.81 — 3.88 (m, 2H), 3.72 —3.80
(m, 2H), 2.91 -3.02 (m, 2H), 1.52 (t, 3H, J= 7.15 Hz), 0.83 —0.93 (m, 4H), 0.72 —
0.84 (m, 4H)

Example 22
\
P YA 30
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7 /SL\ |
0O N\

N

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-(pyrrolidine-1-carbonyl)thiazol-2-
ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00225]  This compound was prepared according to Ex‘ample 20 using pyrrolidine
and 2-(7—(dicyc10propylcarbamoyl)—6—ethy1—1-methyl-1»,6—dihydroimidazo[4,5- B
d]pyrrolo[2,3-b]pyridin-4-ylamino)thiazole-5-carboxylic acid (example 20A) to
provide N, N-dicyclopropyl-6-ethyl-1 -methyl-4—(5—(pyrrolidiﬁe-1 -carbonyl)thiazol-2-
ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00226] MS (ESI) m/z 519.1 (M+H).

[00227] 'H NMR (400 MHz, METHANOL-dy4) 6 8.58 (s, 1H), 7.97 (s, 1H), 7.28

(s, 1H), 4.71 (q, T = 6.7 Hz, 2H), 4.20 (s, 3H), 3.87 (t, ] = 6.5 Hz, 2H), 3.67 (t, ] = 6.7

Hz, 2H), 2.97 - 3.05 (m, 2H), 2.10 - 2.19 (m, 2H), 1.98 - 2.07 (m, 2H) 1.51(t,T=172
Hz, 3H), 0.88 - 0.95 (m, 4H), 0.80 - 0.86 (m, 4H)

Example 23
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2~(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridin-4-ylamino)-N-isopropyl-N-methylthiazole-5-

carboxamide

[00228]  This compound was prepared according to Example 20 using N-
methylpropan-2-amine and 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo [2,3-b]pyridin-4-ylamino)thiazole-5-carboxylic acid
(example 20A) to provide 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
10 dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-N-isopropyl-N-
methylthiazole-5-carboxamide
[00229] MS (ESI) m/z 521.1 (M+H).
[00230] 'H NMR (400 MHz, METHANOL-dy) &: 8.68 (s, 1H), 7.87 (s., 1H),7.32
(s, 1H), 4.74 (q, ] = 7.0 Hz, 2H), 4.24 (s, 3H), 3.18 (br. 5., 3H), 2.99 - 3.06 (m, 2H),
15 1.53(t,7=7.0 Hz, 3H), 1.35 (d, = 6.8 Hz, 6H), 0.89 - 0.96 (m, 4H), 0.81 - 0.88 (m,
' 4H)

Example 24

N o, /
J> N7\ N
N \
>N X
CT LD
O N "N
K H
20 2-(7-((licyclopropylcarbamoyl)—6-ethyl~1-methyl-l,6-dihydroimidazo[4,5-
(I]pyrrolo[2,3—b]pyri(lin—4—ylamino)-N,N—(limethylthiazole-S-carboxamide

N

[00231] Thié éompound was prepared according to Example 20 using N,N-
dimethylamine and 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-

25  dihydroimidazo[4,5-d]pyrrolo [2,3-b]pyridin-4-ylamino)thiazole-5-carboxylic acid
(example 204) to give 2-(7-(dicyclopropylcarbamoy!1)-6-ethyl-1-methyl-1,6-
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d'ihydroimidazo[4,5—d]pyrrolo[2,3-b]pyridin—4—y]amino)—N,N—dimethylthiazole-S—
carboxamide.

[00232] MS (ESI) m/z 493.1 (M+H).

[00233] 'H NMR (400 MHz, METHANOL-dy) 8: 8.56 (s, 1H), ‘7.91 (s, 1H), 7.31
(s, 1H), 4.72 (q, ] =7.0 Hz, 1H), 4.22 (s, 3H), 3.15 - 3.45 (br. S, 6 H), 2.97 - 3.05 (m,
2H), 2.91 (s, 1H), 1.54 (t, J = 7.0 Hz, 3H), 0.88 - 0.95 (m, 4H), 0.80 - 0.86 (m, 4H)

Example 25
\
D
PN U
8] A 0

/
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K H

- 2-(7-(dicyclopropylearbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-

(l]pyrrolo[2,3-b]pyridin-4—ylamino)—N-(l,l-Dioxo-tetrahydrothiophen-S-yl) -N-

methylthiazole-5-carboxamide

[00234]  This compound was prepared according to example 20

[00235] MS (ESI) m/z 597.0 (M+H).

[00236] 'HNMR (400 MHz, METHANOL-dy) 8: 8.74 (s, 1H), 7.99 (s, 1H), 7.37
(s, IH), 5.34 - 5.45 (m, 1H), 4.78 (q, J = 6.9 Hz, 2H), 4.28 (s, 3H), 4.05 (s, 3H), 3.49 -
3.59 (m, 1H), 3.22 - 3.33 (m, IH),V 3.00 - 3.10 (m, 2H), 2.94 (s, 1H), 2.47 - 2.66 (m,.

2H), 1.57 (t, 1 =6.9 Hz, 3H), 1.34 — 1.45 (M, 1H), 0.91 - 0.99 (m, J = 6.5 Hz, 4H),
0.83 - 0.90 (m, 4H)

Example 26
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N,N-dicyclopropyl-4-(4,5-dimethylthiazol-2-ylamino)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00237]  This compound was prepared according to example 2 using 3-bromo-2-
butanone (0.034 mL, 0.323 mmol) to provide N,N-dicyclopropyl-4-(4,5-
dimethylthiazol-2-ylamino)-6-ethyl-1 -methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxamide (59.17 mg, 44.3 % yield) as a pale yellow solid.

[00238] MS (ESD m/z 450.1 (M+H)

[00239] 1HNMR (400 MHz, DMSO-ds) & ppm 8.15 (s, 1H), 7.23 (s, 1H), 4.61 (q,
2H, J=17.03 Hz), 4.04 (s, 3H), 2.88 — 2.98 (m, 2H), 2.29 (s, 3H) 2.19 (s, 3H), 1.38 ,
3H, J=17.03 Hz), 0.73 - 0.80 (m, 4H), 0.62 — 0.71 (m, 4H)

Example 27
N
P
|> N
N
g X

N,N-dicyclopropyl-4—(5,6—(lihyd.ro-4H~cyclopenta[d]thiazol-Z-ylamino)—6-ethy1—1-
methyl-1,6-dihydroimidazo[4,5-d]pyrroloe[2,3-b]pyridine-7-carboxamide
[00240]  Prepared using similar procedure as that of example 2 ,
[00241]  MS (ESI) rt=1.95 min, m/z 462 (M+H).
[00242]  1H NMR (500 MHz, MeOD) & ppm 8.12 (s, 1 H) 7.22 (s, 1 H) 4.68 (q,
J=T1.12 Hz, 2 H) 4.10 (s, 3 H) 2.86 - 3.02 (m, 4 H) 2.80 (t, J/=7.07 Hz, 2 H) 2.43 - 2.61
(m, 2 H) 1.46 (t, J=7.07 Hz, 3 H) 0.70 - 0.90 (m, 8 H).

Example 28
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N,N-dicyclopropyl-6¥etllyl-4-(4-et11yl-5-m ethylthiazol-2-ylamino)-1-methyl-1,6-

dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

5 28A  Preparation of 2-bromopentan-3-one
o
Br
[00243]  Prepared according to the procedure described in Chen. Comm. 2004,
470-471.
10 _ 28 Preparation of N, N-dicyclopropyl-6-ethyl-4-(4-ethyl-5-methylthiazol-2-

ﬂamino)—l-methyl-l,6—dihydroimidazo[4,5-d]pvn'o]o[2,v3 -blpyridine-7-carboxamide

[00244]  Prepared from example 26A using similar procedure as that of example 2

[00245]  MS (ESI) m/z 464 (M+H). |

[00246] 1H NMR (400 MHz, CHLOROFORM-d)  ppm 8.81 —9.19 (rh, 1 H)7.69
15 (s,1H)6.89(s, 1 H)4.75(q, J=7.12 Hz, 2 H) 4.03 (s, 3 H) 2.78 — 2.93 (m, 2 H) 2.63

(q, /=7.48 Hz, 2 H) 2.37 (s, 3 H) 1.53 (t, J=7.04 Hz, 3 H) 1.26 (t, J=7.48 Hz, 3 H)

0.73 - 0.95 (m, 8 H).

Example 29

20
Preparation of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methyl-4-
(trifluoromethyl)thiazol—2-ylaminb)-l,6-dihydr0imidazo[4,5—(l]pyrro]o[2,3- :

b]pyridine-7-carboxamide
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[00247]  This compound was prepared according to example 2 using 3-bromo-
1,1,1-trifluorobutan-2-one to provide N,N-dicyclopropyl-6-ethyl-1 ;n1et11y1—4-(5-
methyl-4{triﬂuoromethyl)thiazol-2-y1amino)—1,6—dihydroimidazo[4,5—d]pyrrolo[2,3- |
b]pyridine-7-carboxamide as a white solid.

[00248] MS (EST) nvz 504.0 (M+H)

[00249]  1HNMR (500 MHz, DMSO-dg) 6 ppm 8.14 (s, 1H), 7.25 (s, 1H), 4.62 (q,
2H, J=6.97 Hz), 4.04 (s, 3H), 2.89 — 2.98 (m, 2H), 1.40 (t, 3H, J= 6.87 Hz), 0.73 —
0.80 (m, 4H), 0.65 - 0.71 (m, 4H)

Example 30
AN
J> Ny S0Me
P I
4 N NN
H

Preparation of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(4-methyl-5-
(methylsulfonyl)thiazol-2-ylaminoe)-1,6-dihydroimidazo[4,5-d]pyrrolo [2,3-

b]pyridine-7-carboxamide

30A  Preparation of 1-bromo-1-(methylsulfony)propan-2-one

QO Qo0

0

S\
Br
[00250]  To a solution of methanesulphonylacetone (0.5 g, 3.67 mmol) in AcOH
(7.34 mL) and dichloromethane (11.02 mL) in a round bottom flask was added
bromine (0.189 mL, 3.67 mmol) dropwise. The reaction mixture was stirred at rt 90

min, Solvent was removed in vacuo. The residue was taken up in ether and washed

‘with saturated aqueous sodium bicarbonate (2 x). The organics were concentrated in

vacuo. 1-Bromo-1-(methylsulfonyl)propan-2-one (0.332 g, 42% yield) was isolated as
an oil.

[00251]  MS (CI) m/z215.0 (M-+H)
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+ dichloropropan-2-one (14.26 uL, 0.147 mmol) to provide 4-(5-chloro-4-

guo

30  DPreparation of N, N-dicyclopropyl-6-ethyl-1-methyl-4-(4-methyl-5- |

( methvlvsulfonvl)thiazol—2—v1amino)— 1.6-dihydroimidazo[4.5-d]pyrrolo[2.3-b]pyridine-7-

carboxamide

[00252] This compound was prepared according to example 1 using 1-bromo-1-
(methylsulfonyl)propan-2-one (284, 32.5 mg, 0.151 mmol) to provide N,N-
dicyclopropyl-6-ethyl-1-methyl-4-(4-methyl-5-(methylsulfonyl)thiazol-2-ylamino)-
1,6—dihydroimidazo[4,5—d]pyrrolo[2,3-b]pyridine—7—carboxamide (12.5 mg, 0.023
mmol, 30.6 % yie'ld) as an off-white solid.

[00253] MS (ESDm/z 514.1 (M+H)

[00254] 1H NMR (400 MHz, DMSO-de) 8 ppm Il2.00 (brs, 1H), 8.18 (s, 1H), 7.27
(s, 1H), 4.59 (q, 2H, J = 6.78 Hz), 4.06 (s, 3H), 3.29 (s, 3H), 2.88 —2.98 (m, 2H),
2.53 (s, 3H), 1.41 (1, 3H, J= 6.90 Hz), 0.72 — 0.81 (m, 4H), 0.62 — 0.71 (m, 4H)

Example 31

Py
N Cl
[>—N A N
N 7T i \
O N N N N
H
Preparation of 4-(5-chloro-4-methylthiazol-2-ylamino)-N,N-dicyclopropyl-6-ethyl-1-

methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide
[00255]  This compound was prepared according to example 2 using 1,1-

methylthiazol-2-ylamino)-N, N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3—b]pyridine—7—carb0xaniide (4.35 mg, 18.9% yield)
as a pale green solid.

[00256] MS (ESI) m/z 470.1 (M+H)

[00257] 1H NMR (400 MHz, DMSO-dg) 8 ppm 11.34 (s, 1H), 8.14 (s, 1H), 7.25 (s,

1H), 4.58 (q, 2H, J = 7.28 Hz), 4.04 (s, 3H), 2.88 — 2.98 (m, 2H), 2.25 (s, 3H), 1.40 (t,
3H, J = 6.90 Hz), 0.73 — 0.81 (m, 4H), 0.63 — 0.70 (m, 4H)
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Preparation of N,N-dicyclopropyl-4-(5,5-dimethyl-7-0x0-4,5,6,7-
tetrahydrobenzo[d]thiazol-2-ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
5 _ d]pyrrolo[2,3-b]pyridine-7-carboxamide n

[00258] This compound was prépared according to example 2 using 2-chloro-5,5-
dimethylcyclohexane-1,3-dione (34.9 mg, 0.200 mmol) to provide N,N-
dicyclopropyl-4-(5,5-dimethyl-7-ox0-4,5,6,7-tetrahydrobenzo[d]thiazol-2-ylamino)-
10 6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide
(1.1.24 mg, 21.7% yield) as a pale yellow solid. .
[00259] MS (ESI m/z 518.2 (M+H)
[00260] 1H NMR (400 MHz, DMSO-ds) 8 ppm 11.93 (s, 1H), 8.19 (s, 1H), 7.28 (s,
1H), 4.62 (q, 2H), 4.06 (s, 3H), 2.89 — 2.98 (m, 2H), 2.80 (s, 2H), 2.40 (s, 2H), 1.41 (1,
15 3H, J=7.03 Hz), 1.09 (s, 6H), 0.73 — 0.80 (m, 4H), 0.63 — 0.71 (m, 4H)

Example 33
\ 0

Preparation of 4-(5,5-(]ioxo-4,5,6,7—tetrahydro-57f—thiopyrano[4,3-(l]thiazol-2-

20 ylamino)-6-ethyl-1-methyl-1,6-dihyd ro-1,3,5,6-tetraaza-as-indacene-7-carboxylic

acid dicyclopropylamide

33A  Preparation of 3-bromodihydro-2H-thiopyran-4(3H)-one
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[00261]  To a mixture of tetrahydrothiopyran-4-one (0.5 g, 4.30 mmol) in
dichloromethane (51.2 mL) and methanol (20.49 mL) was added tetra-n-
butylammonium. tribromide (2.283 g, 4.73 mmol). The reaction mixture was stirred at
1t 2.5 h. Solvent was removed in vacuo. The crude solid was triturated with ether @3
x). The combined ether layers were dried over anydrous magnesium sulfate, filtered .
and concentrated in vacuo. The product was isolated as a pale orange oil. Materialm |

was used immediately in the next reaction.

33B  DPreparation of 3-brom0—1.1—dioxo~tetrahvdro—17»6-t11iopvran—4-one

0O

fﬁ/Br

P

[00262]  To a cooled (0 °C) of 3-bromodihydro-2H-thiopyran-4(3H)-one (example
33A,0.791 g, 4.05 mmol) in dichloromethane (20.27 mL) was added mCPBA (1.749
g, 10.14 mmol) slowly. The reaction mixture was allowed to warm to room
temperature. The reaction mixture was quenched with saturated aqueous sodium
bicarbonate. The aqueous layer was extracted with dichloromethane (2 x). The
combined organics were dried over anhydrous magenesium sulfate, filtered and
concentrated in vacuo to afford 3-b1'omo-1,l-dioxo-tetrahydro—17»6-thiopyran—4—one as

a white solid which was used immediately in the next reaction.

33 Preparation of 4-(5,5-diox0-4,5.6.7-tetrahydro-5AS-thiopyrano[4.3-

d]thiazol-2-ylamino)-6-ethyl-1-methyl-1,6-dihydro-1.3 .5,6—tetraaza-as—indacene-?—

carboxylic acid dicyclopropylamide

[00263]  This compound was prepared according to example 1 using 3-bromo-1,1-
dioxo-tetrahydro-IKG-tlliopyl'a11-4-011e (example 33B, 32.5 mg, 0.151 mmol) to
provide 4-(5,5—di0xo-4,5,6,7—tef1'a]1yd1'o-5x6-tl1iopyrano[4,3-d]thiazol—2-y]amino)-6—
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ethyl-1-methyl-1 ,6—dihydro-l,3,5,6-tetraaza—as-indacene-?-carboxy]ic acid
dicyclopropylamide (9 mg, 17.56 % yield) as a pale tan solid.

[00264] MS (ESI) m/z 526.2 (M+H)

[00265] 1HNMR (400 MHz, DMSO-ds) 8 ppm 8.16 (s, 1H), 7.25 (s, 1H), 4.61 (q,
2H, J=6.78 Hz), 4.54 (s, 2H), 4.04 (s, 3H), 3.49, (7, 2H, J= 6.02 Hz), 3.16 (t, 2H, J
=8.16 Hz), 2.89 — 2.97 (m, 2H), 1.38 (t, 3H, J = 7.03 Hz), 0.73 - 0.79 (m, 4H), 0.61 -
0.70 (m, 4H)

Example 34

\ Q
P
S Tenass
NN NN
H

)

Preparation of 4-(5-acetyl-4-methylthiazol-2-ylamino)-N,N-dicyclopropyl-6-ethyl-1-
methyl-1,6-dihydroimidazo{4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

pentanedione (36.0 uL, 0.302 mmol) to provide 4-(_5—acétyl—4—methy]thiazol-2-
ylamino)-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d] pyrrolo[2,3-
b]pyridiné-?-carboxamide (76 mg, 100 % yield) as a pale yellow solid.

[00267] MS (ESI) m/z 478.2 (M+H)

[00268]  1HNMR (400 MHz, DMSO-ds) & ppm 8.31 (s, 1H), 7.28 (s, 1H), 4.62 (q,
2H, J=6.94 Hz), 4.08 (s, 3H), 2.89 — 2.99 (m, 2H), 2.61 (s, 3H), 1.44 (t, 3H, J = 7.03
Hz), 0.72 - 0.81 (m, 4H), 0.64 — 0.72 (m, 4H)

Example 35
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30

- the AcOH/ether was decanted. The white solid, presumed to be product was carried

6060

Preparation of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(4-o0x0-4,5-
dihydrothin'zolo[s,ti-c]pyridin-2-ylamino)-l,,6-dihydroimidazo[4,5-(l]pyrmlo[2-,3a :

b]pyridine-7-carboxamide

35A  Preparation of 3-bromopiperidine-2.4-dione

0O
o)

To a mixture of piperidine-2,4-dione (0.072 g, 0.637 mmol) in acetic acid (1.591 mL)
was added bromine (0.033 mL, 0.637 mmol) dropwise. The reaction mixture was stirred
atrt 70 min. Dichloromethane was added and the cloudy mixture was concentrated in

vacuo. The residual solution was treated with ethyl ether. A white solid crashed out and

forward.. The white solid started liquifying and turning red rapidly upon exposure to light
and standing. S

35 Preparation of N, N-dicyclopropyl-6-ethyl-1-methyl-4-(4-0x0-4.5-

dihydrothiazolo[5.4-c]pyridin-2-ylamino)-1 ,6—dihmroimidazdf4.5—d]nyrrolo[2.3-

blpyridine-7-carboxamide

[00269]  This compound was prepared according to example 2 using 3- |
bromopiperidine-2,4-dione (example 35A) to provide N,N-dicyclopropyl-6-ethyl-1-
methyl-4-(4-oxo0-4,5-dihydrothiazolo[5,4-c]pyridin-2-ylamino)-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (4.51 mg, 12.3% yield)
as a white solid containing 10% N, N-dicyclopropyl-6-ethyl-1-methyl-4-(4-oxo-
4,5,6,7-tetrahydrothiazolo[ 5,4-c]pyridin-2-ylamino)-1,6-dihydroimidazo[4,5-
d]pyrrolof2,3-b]pyridine-7-carboxamide.

[00270] MS (ESI) m/z 489.1 (M+H)

[00271]  IH NMR (400 MHz, DMSO-dg) § ppm 8.20 (s, 1H), 7.32 — 7.47 (m, 1H),
7.29 (s, 1H), 6.62 (d, IH, J=7.03 Hz), 4.66 (q, 2H, J = 7.19 Hz), 4.07 (s, 3H), 2.88 ~
3.06 (m, 2H), 1.44 (1, 3H, J = 7.03 Hz), 0.72 - 0.85 (m, 4H), 0.60 — 0.72 (m, 4H)

Example 36
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Preparation of ethyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-6,7-dihydrothiazolo[5,4-
c]pyridine-5(4H)-carboxylate |

[00272]  This compound was prepared according to example 2 using 3-bromo-4-
oxo-piperidine-1-carboxylic acid ethyl ester to provide ethyl 2-(7-
(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridin-4-ylamino)—6,7-dihydrothiazolo[5,4-c]pyridin.e—5(4H)—cérboxylate (5 mg,
15.36 % yield) as a white solid. ‘
[00273] MS (ESI) m/z 549.2 (M+H)

[00274] 1H NMR (400 MHz, DMSO-de) § ppm 10.83 (brs, 1H), 8.12 (s, 1H),
7.23 (s, 1H), 4.56 — 4.67 (m, 4ﬁ), 4.10 (q, 2H, J=7.19 Hz), 4.04 (s, 3H), 3.72 (t, 2H,
J=15.52 Hz), 2.87 - 2.98 (m, 2H), 2.64 - 2.73 (m, 2H), 1.38 (t, 3H, J=7.03 Hz), 1.22
(t, 3H, J=7.15Hz), 0.71 — 0.81 (m, 4H), 0.60 — 0.71 (m, 4H)

Example 37

\
‘ J> N7 NH
[>—N \NS
/|/ /L\\
O N N NN .
_J H

Preparation of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(4,5,6,7-
tetrahydrothiazolo[5,4-c]pyri(1in-2-ylamino)-1,6-dihydroimidazn[4,5-d]pyrrolo[2,3-

b]pyridine-7-carboxamide

[00275]  This compound was prepared according to example 2 using 3-
bromopiperidin-4-one, ydrobromide (33.8 mg, 0.130 mmol) to provide N,N-
dicyclopropyl—()—ethyl—1-methy1-4—(4,5,6,7-tetrahydrothia.zolo[5,4—c]pyridin—2-

-85 -




0000

WO 2011/028864 ' _ PCT/US2010/047621

10

15

20

25

ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (30 mg,
60 % yield) as a pale yellow solid. '

[00276] MS (ESI) m/z 477.3 (M+H)

[00277]  1H NMR (400 MHz, DMSO-de) & ppm 9.08 (br s, 2H), 8.25 (s, 1H), 7.27
(s, 1H), 4.63 (q, 2H, J = 6.78 Hz), 4.38 (br s, 2H), 4.06 (s, 3H), 2.85 — 2.98 (m, 4H),
1.38 (t, 3H, J=7.03 Hz), 0.73 — 0.81 (m, 4H), 0.62 — 0.71 (m, 4H)

Ekample 38
\
> P I\
N 1Y
7] N&
- ! CN
O N™™N ]}\IIAS

\

4-(5-cyanothiazol-2-ylamino)-N, N-dicyclopropyl-6-ethyl-1-methyl-1,6-

dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

-[00278] To a mixture of 4-amiho-]\/,N—dicyc]opropyl—()—ethyl-1-methyl-l,6-

dihydroimidazo[4,5—d]pyrrolo[2,3—b]pyridine-?-carboxafnide (example 1J, 60 mg,
0.177 mmol), 2-chlorothiazole-5-carbonitrile (38.5 mg, 0.266 mmol), Pd2( dba)3 (24.4

- mg, 0.027 mmol), BINAP (49.7 mg, 0.080 mmol) and sodium fert-butoxide (27.3 mg,

0.284 mmol) was added DME (1 ml). The mixture was purged with argon gas for 5
min and heated to 85 °C for 3 h. The reaction mixture showed ~60% conversion by
HPLC and was filtered through a plug of Celite and concentrated. The crude product
was purified by preparative HPLC to afford 4-(5-cyanothiazol-2-ylamino)-N,N-
diéyclopropyl—(y-ethyl—1—methyl—l,6-di11ydroimidazo[4,5—d]pyn'olo[2,3—b]pyridine-7-

~ carboxamide as a off-white solid.

[00279]  MS (ESI) m/z 447.2 (M+H),

[00280]  "H NMR (500 MHz, CD;0D-CDCl) 8: 8.60 (s, 1H), 8.04 (s, 1F), 7.56 (s,
4H), 7.13 (s, 1H), 471 (q, = 7.1 Hz, 2H), 4.20 (s, 3H), 2.84 - 2.91 (m, 2H), 1.52 (1, J
=7.1 Hz, 3H), 0.83 - 0.90 (m, 5H), 0.74 - 0.80 (m, 4H).

Example 39
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4-(benzo[d]thiazol-2-ylamino)-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-

dihydroimidazo[4,5-(]]pyrrolo[2,3-b]pyridine-7-céxrboxamide

[00281] - To a solution of 4-amino-N, N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 1J, 21.2 mg, |
0.063 mmol) in DMF (626 uL) was added sodium hydride (10.02 mg, 0.251 mmol) in
one portion. After 20 min, 2-bromo-1,3-benzothiazole (53.6 mg, 0.251 mmol) was
added. The reaction mixture was stirred at room temperature for 16h. The reaction
mixture was quenched with water and diluted with ethyl acetate. The aqueous layer
was extracted with ethyl acetate. The combined organics were washed with 10% _
LiCl, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The |
crude residue was purified by flash chromatography using an Isco 4 g column eluting
with 0 - 5% MeOH/CH,Cl, to yield 4-(benzo[d]thiazol-2-ylamino)-N,N-
dicyclopropyl—6—ethyl—1-methyl-1,6—dihydroimidazo[4,5—d]pyrro]o[2,3-b]pyridine-7—
carboxamide (6.8 mg, 21.87 % yield) as an off-white solid.

[00282] MS (ESI) m/z 472.2 (M+H) _

[00283]  1HNMR (500 MHz, DMSO-d6) & ppm 8.17 (s, 1 H), 7.95 (d, 1H, J=7.97
Hz), 7.67 (d, 1H, J = 8.25 Hz), 7.39 (t, 1H, J=7.97 Hz), 7.27 (s, 1H), 7.22 (t, IH,J=
8.52 Hz), 4.70: (q, 2H, J="7.06 Hz), 4.06 (s, 3H), 2.88 ~ 2.99 (m, 2H), 1.65 (br s, 1H),
1.45 (t, 3H, J=7.01 Hz), 0.74 — 0.84 (m, 4H), 0.64 — 0.73 (m, 4H)

Example 40
\
P
[>“N A N S F
7 L L
O N N N N
A H
Preparation of N,N—(licyclopropyl—6-ethyl-4-(5—fluorobenzo[d]thiazol—z-ylamino)-l—
methyl-l,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7—carboxamide
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40A  Preparation of 5-fluoro-2-(methylthio)benzo[d]thiazole

[00284]  To a solution of 5-fluoro-2-mercaptobenzothiazole (0.15 g, 0.810 mmol)

5 in THF (8.10 mL) cooled to 0 °C was added sodium hydfide (0.036 g, 0.891 mmol).
After stirring 10 min, iodomethane (0.076 mL, 1.215 mmol) was added and the
reaction mixture was slowly warmed to room temperature over 2 h. The reaction was
diluted with ethyl acetate and quenched with saturated aqueous sodium bicarbonate.
The organic layer was washed with brine, dried over anhydrous sodium sulfate,

10 filtered and concentrated in vacuo. 5-fluoro-2-(methylthio)benzo[d]thiazole (0.178 g,
| 110 % yield) was isolated as a white solid. Material was used without any further
purification.
[00285]  MS (ESI) m/z 200.0 (M+H)
[00286] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 7.68 (dd, 1H, J= 8.81,

15 5.04 Hz), 7.56 (dd, 1H, J=9.57,2.52 Hz), 7.07 (td, 1H, J = 8.81, 2.52 Hz), 2.80 (s,
3H)

40B  Preparation of 5-fluoro-2-(methylsulfinyl)benzo[d]thiazole

20 [00287]  5-Fluoro-2-(methylthio)benzo[d]thiazole (example 404, 0.178 g, 0.893
mmol) was dissolved in CH,Cl, (5.96 mL). mCPBA (0.154 g, 0.893 mmol) was

s

added in one portion and the reaction mixture was stirred at room temperature. The
reaction was quenched with saturated aqueous sodium bicarbonate and dituted with
dichloromethane. The aqueous layer was extracted with dichloromethane (2x). The
25  combined organic were washed with brine, dried over anhydrous magnesium sulfate,
filtered, and concentrated in vacuo. 5-Fluoro-2-(methylsulfinyl)benzo[d]thiazole

(0.180 g, 94 % yield) was isolated as a white solid and used without further
purification,
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[00288] MS (ESI) m/z 216.0 (M+H) |
[00289]  1H NMR (500 MHz, CHLOROFORM-d) § ppm 7.97 (dd, 1H, J=9.07,
4.95 Hz), 7.76 (dd, 1H, J=9.07, 2.47 Hz), 7.27 - 7.34 (m, 1H), 3.10 (s, 3H)

¢

40 Preparation of N,N-dicyclopropyl-6-ethyl-4-(5-fluorobenzo[d]thiazol-2- -

ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00290] - To a solution of 4-amino-N, N-dicyclopropyl-6-ethyl-1-methyl-1,6- |
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 1J, 50 mg,
0.148 mmol) in DMF (1.5mL) was added sodium hydride (17.73 mg, 0.443 mmol).
After 20 min, 5-fluoro-2-(methylsulfinyl)benzo[d]thiazole (example 40B, 95 mg,
0.443 mmol) was added in one portion. The reaction mixture was stirred at room
temperature. The reaction mixture was diluted with ethyl acetate and quenched with
water. The aqueous layer was extracted with ethyl acetate (2 x). The combined
organic layers were washed with 10% lithium chloride solution (2 x), dried over
anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude residue was
purified by flash chromatography using an Isco 12 g column eluting with 0-5%
MeOH/CH,Cl, to provide N,N-dicyclopropyl-6-ethyl-4-(5-fluorobenzo[d]thiazol-2-
ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

- (13 mg, 17.07 % yield).

[00291]  MS (CT) m/z 490.2 (M+H)

[00292]  1HNMR (400 MHz, DMSO-dg) 8 ppm 11.53 (br's, 1H), 8.19 (s, 1H), 7.95
-8.02 (m, 1H), 7.47 (d, 1H, J=9.82 Hz), 7.28 (s, 1H), 7.09 (t, 1H, J = 8.18 Hz), 4.69
(9, 2H, J=7.13 Hz), 4.06 (s, 3H), 2.89 - 3.02 (m, 2H), 1.45 (t, 3H, J = 7.05 Hz), 0.74
—0.81 (m, 4H), 0.63 - 0.71 (m, 4H) '

Example 41

e %i
N N

O N N N N
H
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Preparation of N,N-dicyclopropyl-4-(1,3-dimethyl-1 H-pyrazolo[3,4-d]thiazol-5-

ylamino)-6-ethyl-1.-methy]—l,6-dihydroimidazo[4,5—d]pyrrolo[2,3—b]pyridine_—7{-. o

carboxamide

5 41A  Preparation of N, N-dicyclopropyl-6-ethyl-4-isothiocyanato-1-methyl-1,6-

dihydroimidazo[4.5-d]pyrrolo[2.3-blpyridine-7-carboxamide

[00293]  To a mixture of 4-amino-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (194.5 mg, 0.575 mmol)
10 in dichloromethane (2874 uL) in a round bottom flask under nitrogen was added 1,1'-
thiocarbonyldi-2(1H)-pyridone (133 mg, 0.575 mmol). The reaction mixture was
stirred at room temperature for 16h. The reaction mixture was concentrated under
reduced pressure. N,N-Dicyclopropyl-6-ethyl-4-isothiocyanato-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide was isolated as a yellow
15  sticky solid. Material was used as is in subsequent reactions.
[00294] MS (ESI) m/z 381.1 (M+H)

41B  Preparation of N.N-dicyclopropyl-4-(3-( 1,3-dimethyl-1H-pyrazol-5-
Vl)thibureido)—6-ethvl-1 -methyl-1.6-dihydroimidazo[4,5-d]pyrrolo[2.3-blpyridine-7-

\
N aY
2% ed s
O NNN NN
// H H

[00295] To a flask charged with N, N-dicyclopropyl-6-ethyl-4-isothiocyanato-1-

methyl-1 ,0-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example
25  41A,0.0342 g, 0.090 mmol) was added THF (0.449 mL). 5-Amino-1,3-

dimethylpyrazole (0.012 g, 0.108 mmol) was added followed by sodium hydride

20  carboxamide

=90 -



)
s
D .
[aan S
[}
o

WO 2011/028864 _ PCT/US2010/047621

10

15

20

25

(3.60 mg, 0.090 mmol). The reaction mixture was stirred at room temperature for 16
h. The reaction mixture was diluted with ethyl acetate and quenched with saturated .
aqueous sodium bicarbonate. The aqueous layer was extracted with ethyl acetate.

The combined organics were dried over anhydrous sodium sulfate, filtered and

concentrated in vacuo. The crude material was used without further purification.
[00296] MS (ESI) m/z 492.2 (M+H)

41 Preparation of N, N-dicyclopropyl-4-(1.3-dimethyl-1H-pyrazolo[3.4- .

d]thiazol-5-ylamino)-6-ethyl-1-methyl-1 .6-dihydroimidazo[4,5-dIpyrrolo] 2.3—b]pvridine-
7-carboxamide

[00297] MN—Dicyclopropyl-4-(3—(1,3-dimethy1—1H—pyrézol-S—yl)thioureido)—6—
ethyl—l-methyl—l,6—dihydroimidazo[4,5—d]pyrrolo[2,3—b]pyridine-7-carboxamide
(example 41B, 41 mg, 0.083 mmol) was dissolved in chloroform (2780 L) and

- cooled to 0 °C. NIS (18.76 mg, 0.083 mmol) was slowly added and the reaction was

warmed to room temperature. The reaction mixture was concentrated. Methanol and
ether were added and the mixturé was filtered. After standing for a week, product
precipitated out of the solution. The product was triturated with methanol. N, N-
Dicyclopropyl-4-(1,3-dimethyl- 1H—pyrazolo[3,4-d]thiazol-5-y1amino)—6-ethy1— 1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide was isolated
as a pale yellow solid (8.1 mg, 20% yield). '

[00298] MS (ESI) m/z 490.3 (M+I)

[00299] THNMR (400 MHz, DMSO-ds) & ppm 11.39 (s, 1H), 8.17 (s, 1H), 7.26 (s,
1H), 4.66 (q, 2H, J="7.03 Hz), 4.05 (s, 3H), 3.85 (s, 3H) 2.88 — 3.00 (m, 2H), 2.33 (s,
3H), 1.43 (t, 3H, J = 7.03 Hz), 0.72 - 0.82 (m, 4H), 0.61 —0.73 (m, 4H)

Example 42
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Methyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyri din-4-ylamino)-s-methylthiazoie—4-carboxy]ate

[00300] Methyl 3-bromo-2-oxobutanoate (320 mg, 1.642 mmol) was added to a-
5  suspension of N,N—dicyc]opropyl-6-ethyl-1-methy]—4—thi0urefdo—1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2B, 435 mg,
1.094 mmol) in EtOH (10 ml) and the reaction mixture was heated at 65 °C for 2h.
The solvent was removed in vacuo and the residue purified by silica gel
chromaiography (2-10% MeOH/dichloromethane) to give methyl 2-(7-

10 (dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1 ,6—dihydroimidazo[4,5—d]pyrrolo[2,3—
b]pyridin-4-ylamino)-5-methylthiazole-4-carboxylate (380 mg , 70% yield) as yeHow
solid. | '
[00301] MS (ESI) rt =0.87 min, m/z 494 (M+H)

[00302] 1HNMR (CHLOROFORM-d) 8: 9.41 (br. s., 1T), 7.78 (s, 1H), 6.89 (s,

15 1H),4.73 (q, J = 7.0 Hz, 2H), 4.03 (s, 3H), 3.95 (s, 3H), 2.80 - 2.87 (m, 2H), 2.77 (s,
3H), 1.54 (t, 1= 7.0 Hz, 3H), 0.83 - 0.90 (m, 4H), 0.73 - 0.80 (m, 4H).

Example 43
N\
P
[>_N ' \N'S \\
7 | J L
O N'N"'NN P
H -

20 | \

2-(7~(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo [4,5-
d]pyrrolo[2,3-b]pyridin-4-ylamin 0)-N,N,5-trimethylthiazole-4-carboxamide

43A  Preparation of 2-(7-( dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1.6- -

25 dihvdroimidazo[4,5-d]pvrro]o[2,3—b]Qﬂ'idin—4-v]amino)-5—methvlthiazole—4-
carboxylic acid
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[00303] 1IN Aqueous NaOH (0.962 mL, 0.962 mmol) was added to a suspension'of - |

methyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3—b]pyridin—4—ylamino)—S—methylthiazo]e—4-carboxy1ate (example 41,
0.19 g, 0.385 mmol) in ethanol (2 mL) and the mixture w'as heated at 60 °C for 2h. ,
The reaction was cooled to room temperature and acidified with IN HCl to pH 4.
The reaction mixture was concentrated and the residue triturated 5x with methanol.
The combined methanol washes were concentrated, and the remaining solid washed
3x with 2:1 ether/dichloromethane provided 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-
1I-methyl-1,6-dihydroimidazo{4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-5-
methylthiazole-4-carboxylic acid (105 mg, 57% yield). |

[00304]  MS (ESI) rt =0.79 min, m/z 480 (M+H)

43 Preparation of 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1.6-
dihydroimidazo[4,5-d]pyrrolo[2,3-blpyridin-4-ylamino)-N.N.5-trimethylthiazole-4-

carboxamide

[00305] A mixture of 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-5-methylthiazole-4-
carboxylic acid (43A, 30 mg, 0.063 mmol), dimethylamine, 40% aqueous (0.016 n1L,

- 0.125 mmol) and HATU (35.7 mg, 0.094 mmol) in DMF (1 mL) was stirred at room

- temperature for 3h. The solvent was evaporated off and the residue purified by silica

gel chromatography (2-10% MeOH/dichloromethane). The material was further
purified by preparative HPLC to give of 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo [2,3-b]pyridin-4-ylamino)-N,N,5- |
trimethylthiazole-d-carboxamide (20 mg , 62.5% yield) as off-white solid.

[00306] MS (ESI) m/z 507 (M+H)

[00307]  1H NMR (400 MHz, CHLOROFORM-d) 8: 7.79 (s, 1H), 6.90 (s, 1H),
4.73 (4, 1 =7.0 Hz, 2H), 4.05 (s, 3H), 3.12 (s., 3H), 3.11 (5, 3H), 2.80 - 2.87 (m, 2H),
2.53 (s, 3H), 1.53 (t, = 7.2 Hz, 3H), 0.83 - 0.91 (m, 4H), 0.74 - 0.80 (m, 4H)
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Examples 44-49 were prepared using the similar protocol as described for example 42

Example 44

N-(2-cyanoethyl)-2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
(lihydroimidazo[4,5-(1]pyrrolo[2,3-_b]pyri(liri-4-ylamino)-N,5-(limethylthiazole-4-

carboxamide

10 [00308] MS (EST) m/z 546 (M+H).
[00309]  1H NMR (400 Mz, CHLOROFORM-d) 8 ppm 9.34 (br. 5., 1 H) 7.75 (d,
J=5.94 Hz, 1 H) 6.90 (s, 1 H) 4.74 (q, ]=7.04 Hz, 2 H) 4.06 (s, 3 H) 3.80 (t, ]=6.71
Hz, 2 H) 3.11 - 3.32 (m, 3 H) 2.95 (t, J=6.71 Hz, 2 H) 2.78 - 2.91 (m, 2 H) 2.58 (d,
J=15.85 Hz, 3 H) 1.54 (t, J=7.04 Hz, 3 H) 0.70 - 0.94 (m, 8 H),

)

15
Example 45

s
Dh§f4fl%jfif&;xFH
) )N N E N ©» |
2-(7—((1icyclopropylcarbamoy])—6-ethyl-1-methyl—l,6-dihydroimidazo[4,5- '
d]pyrrolo[2,3-b]pyridin-4-ylamino)-/V,5-dimethylthiazole-4-carboxamide
20
[00310] MS (ESI) m/z 493 (M+H).
[00311] 1HNMR (500 MHz, CHLOROFORM—d) o ppm 7.84 (s, 1 H) 7.40 (d,
J=4.99 Hz, 1 H) 6.90 (s, 1 H) 4.73 (q, J=6.94 Hz, 2 H) 4.08 (s, 3 H) 2.99 (d, J=4.99
Hz,3H) 2.73 -2.91 (m, 5H) 2.14 (s, 1 H) 1.53 (t, J=7.07 Hz, 3 H)0.66 - 0.97 (m, 8
25 H). |
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Example 46

\
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P

I
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g H |
2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo|[4,5-
d]pyrrolo[2,3-b]pyridin-4-ylamino)-N-(2-methoxyethyl)-N,5-dimethylthiazole-4- _

5 carboxamide

[00312] MS (ESI) mvz 551 (M+H).
[00313]  1H NMR (500 MHz, CHLOROFORM-d)  ppm 7.73 (d, J=3.05 Hz, 1 H)
6.90 (s, 1 H) 4.74 (q, 1=7.21 Hz, 2 H) 4.05 (s, 3 H) 3.72 (dd, J=13.73, 4.58 Hz, 2 H)
10 3.61-3.68 (m, 1 H) 3.57 (t, J=5.41 Hz, 1 H) 3.27 - 3.45 (m, 3 H) 3.17 (d, J=8.32 Hz,
3H) 2.79 - 2.8 (m, 2 H) 2.54 (d, J=5.83 Hz, 3 H) 1.54 (t, J/=7.07 Hz, 3 H) 0.73 - 0.92

(m, 8 H).
Example 47
P
\
N
9 3segavs
O N N/ N \N ) .
15 — oo ©

4—(4-(azetidine-l-carbonyl)-S-methylthiazol-2-ylamino)—N,N—dicyclopropyl-6-
ethyl-1-methyl-1,6-dihydroimidazo{4,5-d]pyrroelo[2,3-b]pyridine-7-carboxamide

[00314]  MS (EST) m/z 519 (M+H).

20 [00315] 1HNMR (500 MHz, CHLOROFORM-d) & ppm 8.50 - 9.65 (m, 1 H) 8.00
(s, 1 H) 6.88 (s, | H) 4.68 (q, J=7.21 Hz, 2 H) 4.59 (t, J=7.63 Hz, 2 H) 4.18 (1, J=7.77
Hz,2 H) 4.09 (s, 3 H) 2.78 - 2.89 (m, 2 H) 2.72 (s, 3 H) 2.30 (quin, /=7.70 Hz, 2 H)
149 (t, /=7.07 Hz, 3 H) 0.72 - 0.92 (m, 8 H).

25 ‘ ' Example 48
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2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydreimidazo[4,5-
d]pyrrolo[2,3-b]pyridin-4-ylamino)-N-ethyl-N,5-dimethylthiazole-4-carboxamide

5 [00316] MS (ESI) m/z 521 (M+H).
[00317] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 7.77 (s, 1 H) 6.89 (s, 1 H)
4.74 (q, /=7.04 Hz, 2 H) 4.04 (s, 3 H) 3.36 - 3.66 (m, 2 H) 3.07 (d, /=14.09 Hz, 3 H)
272-2.90(m, 2 H)2.51 (s,3H) 2.11 (s, | H) 1.54 (t, /=7.04 Hz, 3 H) 1.13 - 1.35
(m, 3 H) 0.66 - 0.90 (m, 8 H).
10
Example 49

P
PN Y
0 /JN Nf E/&N o)
2—(7—(dicyclopropy]carhamoyl)-6-ethyl-l—methyl-].,6-dihydr0imidazo[4,5—
15 d]pyrrolo[2,3-b]pyridine-4-ylamino)-N-etllyl-S-metllyltlliazole—4—carboxamide

[00318]  MS (EST) m/z 508 (M+H).

[00319]  TH NMR (400 MHz, CHLOROFORM-d)  ppm 7.78 (5, 1 H) 6.89 (s, 1 H)

473 (q, J=7.04 Hz, 2 H) 4.42 (q, J=7.12 Hz, 2 H) 4.04 (5, 3 H) 2.78 — 2.91 (m, 2 H)
20 2.75(s,3H) 2.15 (s, 1 H) 1.54 (t, J=7.04 Hz, 3 H) 1.4 (t, J=7.04 Hz, 3 H) 0.68 —

0.91 (m, 8 H).

Exqmple 50
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2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-

dlpyrrolo [2,3-b]pyridin-4-ylamin0)—N,N,4-trimet_hy_]thiazole—S-carboxamid

5 S0A  Preparation of methyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-

methyl-1.6-dihydroimidazo[4,5-d]pyrrolo[2.3-blpyridin-4-ylamino)-4-

methylthiazole-5-carboxylate

AN
Py S
> Y
0 NN
H .

\

10
[00320] Methyl 2-bromo-3-oxobutanoate (213 mg, 1.094 mmol, prepared
following the procedure described by Abu T. Khan et al. in Tetrahedron Letters 2006,
47, 2751-2754) was added to a suspension of N,N-dicyclopropyl-6-ethyl-1-methyl-4-
thioureido-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide ( example

15 2B, 290 mg, 0.730 mmol) in ethanol (5 ml) and the reaction mixture was heated at 65
°C for 2h. LC/MS shows completion of reaction (reaction remained as suspension all
the time). The reaction mixture was concentrated to remove ethanol, and taken up in

 dichloromethane. The solution was washed with saturated sodium bicarbonate and

the aqueous layer was back extracted with dichloromethane. The combined organic -

20 layers were driéd over magnesium sulfate, filtered, and concentrated in vacuo. The
crude was pﬁriﬁed by flash chromatography using an automated ISCO systeﬁl 40g
column, eluting with 0-5% methanol / dichloromethane) to afford methyl 2-(7-
(dicyc]opropylcarbamoyl)—6-ethy1-1-methy_l-1,6-dihydro‘imidaz_o[4,5-d]pyrrolo[2,3-
b]pyridin-4-ylamino)-4-methylthiazole-5-carboxylate (301 mg, 0.610 mmol, 84 %

25 yield) as a white solid.
[00321]  MS (ESI) m/z 494.4 (M+H).
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[00322] 'H NMR (400 MHz, CHLOROFORM-d) 8: 7.75 (s, 1H), 6.92 (s, 1H),
4.76 (q,J = 7.0 Hz, 2H), 4.08 (s, 3H), 3.92 (s, 3H), 2.82 - 2.89 (m, 2H), 2.71 (s, 3H),.
1.59 (t, J =7.0 Hz, 3H), 0.85 - 0.93 (m, 4H), 0.75 - 0.82 (m, 4H)

S.OB‘ Preparation of 2-(7-( dicvclonropy]carbamovl)—6-eﬂiyl—l-meﬂwl—l,6—

dihydroimidazo [4.5-d]pyrrolo[2,3-blpyridin-4-ylamino)-4-methylthiazole-5-

carboxylic acid
N Q
J> N\ OH
>N N.
7 S
0 E NNSN
' H

[00323] A mixture of methyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-

dihydroimidazo[4,5—d]pyrrolo[2,3—b]py17idin-4-y1amin_o)—4-methy1thiazole—5-
carboxylate (example 50A, 288 mg, 0.583 mmol) and 1N NaOH (5.83 mL, 5.830
mmol) in methanol (5 mL) was heated at 65 °C for 18h. Methanol was evaporated
and the aqueous solution was acidified to pH 4 with 1N HC], solids crashed out of
solution and were retained after filtration to afford the desired acid in pure form. The
aqueous mixture was then extracted with dichloromethane, The organic layer was
dried over magnesium sulfate, filtered and concentrated in vacuo. The crude was
purified by flash chromatolgraphy using an automatéd ISCO system (40 g column,
eluting with 0-8% methanol / dichloromethane). A total of 260 mg of 2-(7- (
(dicyc16prop_ylcarbamoyl)—6—ethyl-] -methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridin—4-y]amino)-4—methy]thiazo]e-5—carb0xylic acid (93 % yield)was obtained as
a yellow solid.

[00324]  MS (ESI) m/z 480.2 (M+H).

[00325] l_H NMR (500 MHz, DMSO-ds) 8: 8.03 (br. s., 1H), 7.06 (s, 1H), 4.40 (q,7
=7.0 Hz, 2H), 3.86 (s, 3H), 2.96 (s, 1H), 2.69 - 2.76 (m, 2H), 2.36 (s, 3H), 1.20 t,J=
6.9 Hz, 3H), 0.56 (d, T = 5.5 Hz, 4H), 0.45 - 0.50 (m, 4H).

50 Preparation of 2-(7-( dicvclopropvlcarbamovl)-6—ethvl- 1-methyl-1,6-
dihydroimidazo [4,5-d]pyrrolo[2,3-blpyridin-4-ylamino)-N.N 4-trimethylthiazole-5-

carboxamide
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[00326] A mixture of 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrr0]0[2,3—b]pyridin-4—ylamino)-4-methy1thiazoie—5—
carboxylic acid (example 50B, 51 mg, 0.106 mmol), dimethylamine (40% in water,
0.027 mL, 0.213 mmol), HATU ‘(52.6 mg, 0.138 mmol) and 2,6-lutidine (0.025 mL,
0.213 mmol) in DMF (1 mL) was stirred at room temperature for 2h. Solvent was
evaporated and the residue was purified by flash chromatography on silica gel using
an automated ISCO system (24 g column, eluting with 2-8% methanol /
dichloromethane). The product was further purified by preparative HPLC. 2-(7-
(Dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1 ,6-dihydroimidazo [4,5-d]pyrrolo[2,3-
b]pyridin-4-ylamino)-N,N,4-trimethylthiazole-5-carboxamide (17 mg, 0.032 mmol,
30.0 % yield) was obtained as a off-white solid.

[00327] MS (ESI) m/z 507.1 (M-+H).

[00328] 'H NMR (400 MHz, METHANOL-dy) &: 8.75 (s, 1H), 7.27 (s, 1H), 4.66

(q,7="7.0 Hz, 2H), 4.21 (5, 3H), 3.19 (s, 6H), 2.95 - 3.02 (m, 2H), 2.39 (s, 3H), 1.47

(t, 7=7.2 Hz, 3H), 0.86 - 0.93 (m, 4H), 0.78 - 0.84 (m, 4H)
Examples 51-55 were synthesized using the same method as used for 50.

Example 51

N /

. J> N’\\N Q N ‘

N

TN,

O N N/ N~ N

N-(2—cyanoethyl)-2-(7-(dicyclopropylcarbamoy])-6-ethyl—1—methyl-l,6-

dihydroimidazo[4,5—d]pyrr0]o[2,3—b]pyri(l._in-4-ylamino)-N,4-dimethylthiazole—S-

carboxamide

[00329]  MS (EST) m/z 546.1 (M-+H).

[00330] "H NMR (CDCly) 8: 7.77 (s, 1H), 6.89 (s, 1H), 4.71 (q, J = 6.9 Hz, 2H),
4.05 (s, 3H), 3.81 (t, I = 6.6 Hz, 2H), 3.31 (s, 3H), 2.78 - 2.86 (m, 4H), 2.44 (s, 3H),
1.53 (1, 7=17.0 Hz, 3H), 0.83 - 0.90 (m, 4H), 0.73 - 0.79 (m, 4H).
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Example 52

\
P A
‘ 74 | i
0O NTONNTN

Q H

~ 2-(T-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridin-4-ylamino)-N-ethyl-N,4-dimethylthiazole-5-carboxamide

[00331] MS (ESI) m/z 521.1 (M+H).

[00332] 'H NMR (400 MHz, CDCl;) &: 7.74 (s, 1H), 6.88 (s, LH), 4.72(q, ] = 7.0
Hz, 2H), 4.04 (s, 3H), 3.57 (q; J=7.2Hz, 2H), 3.11 (s, 3H), 2.79 - 2.86 (m, 2H), 2.40
(s, 3H), 1.51 (t, T = 7.0 Hz, 3H), 1.25 (t, T = 7.2 Hz, 3H), 0.82 - 0.90 (m, 4H), 0.73 -
0.79 (m, 4H).

Example 53

| \ 0
J> N’\\N NI;I/\
P I
O NTNTNTN

N |
2—(7-((]icyclopropylcarbamoyl)-6-ethyl—1—méthyl—1,6-(1ihydroimidazo[4,5-

d]pyrrolo[2,3-b]pyridin-4-ylamine)-N-(2-methoxyethyl)-4-methylthiazole-5-

carboxamide

[00333] MS (ESI) m/z 537.1 (M+H).

[00334] 'HNMR (400 MHz, CDCl3) 8: 7.74 (s, 1H), 6.89 (s, 1H), 6.13 (t, = 4.7
Hz, 1H), 4.74 (q, T = 7.0 Hz, 2H), 4.05 (s, 3H), 3.65 (q, ] = 5.1 Hz, 2H), 3.58 (t, ] =
4.8 Hz, 2H), 3.42 (s, 3H), 2.79 - 2.87 (m, 2H), 2.65 (s, 3H), 1.58 (t, ] = 7.0 Hz, 3H),
0.83 - 0.90 (m, 4H), 0.73 - 0.80 (m, 4H),

Example 54
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2-(7-(dicycloprepylecarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridin-4-ylamino)-N,4-dimethylthiazole-5-carboxamide

5 [00335] MS (ESI) m/z 493.1 (M+H).
[00336] 'H NMR (400 MHz, CDCl;) 8: 7.77 (s, 1H), 6.86 (s, 1H), 5.87 - 5.94 (m, J
= 4.6 Hz, 1H), 4.66 (q, J = 7.1 Hz, 2H), 4.04 (s, 3H), 3.04 (d, J = 4.6 Hz, 3H), 2.79 -
2.87 (m, 2H), 2.62 (s, 3H), 1.51 (t, J = 7.0 Hz, 3H), 0.83 - 0.90 (m, 4H), 0.73 - 0.80

(m, 4H).
10
Example 55
N 0
P oA >
> N
IO E:
7] Ja |
O NTNNTN
K H
4-(5—(azetidine-]—carbonyl)-4-methylthiazol-Z-ylamino)-N,N-(Iicyclopropyl-6-
ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide
15 '

[00337]  MS (EST) m/z 519.1 (M+H),

[00338] 'HNMR (400 MHz, CDCL) 8: 7.73 (s, 1H), 6.90 (s, 1H), 4.73 (q, 7= 7.0
Hz, 2H), 4.33 (br. 5., 4H), 4.05 (s, 3H), 2.80 - 2.87 (m, 2H), 2.66 (s, 3H), 2.33 — 2.43
(m, 2H), 1.55 (t, J = 7.2 Hz, 3H), 0.83 - 0.90 (m, 4H), 0.73 - 0.80 (m, 4H),
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Ex.
No.

Name

Retention
time -

((min)

MS (EST)
m/z

56

N,N-dicyclopropyl-6-
ethyl-1-methyl-4-((4-
methyl-5-((4-methyl-
1-
piperazinyl)carbonyl)
-1,3-thiazol-2-
yl)amino)-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

143

562.31

57

N,N-dicyclopropyl-6-
ethyl-1-methyl-4-((4-
methyl-5-(4-
morpholinylcarbonyl)
-1,3-thiazol-2-
yl)amino)-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
blpyridine-7-
carboxamide

1.70

549.25

58

N,N-dicyclopropyl-6-
ethyl-1-methyl-4-((4-
methyl-5-((2-(4-

morpholinyl)ethyl)car

bamoyl)-1,3-thiazol-
2-yDamino)-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
blpyridine-7-
carboxamide

1.46

5923
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Ex.
No.

Name

Retention
time

((min)

MS (ESI)
m/z

59

4-((5-((2-
acetamidoethyl)carba
moyl)-4-methyl-1,3-
thiazol-2-yl)amino)-
N,N-dicyclopropyl-6-
ethyl-1-methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

1.51

564.27

60

4-((5-
((cyanomethyl)(meth
yDcarbamoyl)-4-
methyl-1,3-thiazol-2-
yl)amino)-N,N-
dicyclopropyl-6-
ethyl-1-methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
blpyridine-7-
carboxamide

1.78

532.25

61

4-((5-

| ((cyanomethyl)carba

moyl)-4-methyl-1,3-
thiazol-2-yl)amino)-
N,N-dicyclopropyl-6-
ethyl-1-methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

1.72

518.24

62

N,N-dicyclopropyl-4-
((5-((1,1-
dioxidotetrahydro-3-
thiophenyl)carbamoyl
)-4-methyl-1,3-
thiazol-2-yl)amino)-
6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
blpyridine-7-
carboxamide

1.68

597.24
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Ex.
No.

Name

Retention
time

((min)

MS (ESI)
m/z

63

N,N-dicyclopropyl-6-
ethyl-4-((5-((trans-4-
hydroxycyclohexyl)c
arbamoyl)-4-methyl-
1,3-thiazol-2-
yl)amino)-1-methyl-
1,6-
dihydroimidazo[4,5-
dlpyrrolof2,3-
b]pyridine-7-
carboxamide

1.60

5773

64

N, N-dicyclopropyl-6-
ethyl-4-((5-(((3S)-3-
hydroxy-1-
pyrrolidinyl)carbonyl
)-4-methyl-1,3-
thiazol-2-yl)amino)-
1-methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

1.51

549.28

65

N,N-dicyclopropyl-6-
ethyl-1-methyl-4-((4-
methyl-5-(methyl(2-

"| (methylsulfonyl)ethyl

Jearbamoyl)-1,3-
thiazol-2-yl)amino)-
1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

1.59

599.26

66

N,N-dicyclopropyl-6-
ethyl-4-((5-((3-
methoxy-1-
azetidinyl)carbonyl)-
4-methyl-1,3-thiazol-
2-yDamino)-1-
methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
blpyridine-7-
carboxamide

1.80

549.28
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Ex.
No.

Name

Retention
time

((min)

MS (EST)

m/z

67

N,N-dicyclopropyl-4-
((5-(3,3-
difluorocyclobutyl)ca
rbamoyl)-4-methyl-
1,3-thiazol-2-
ylamino)-6-ethyl-1-
methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
blpyridine-7-
carboxamide

2.06

569.27

68

—NH

F

N,N-dicyclopropyl-4-
(52,2
difluoroethyl)carbam
oyl)-4-methyl-1,3-
thiazol-2-yl)amino)-
6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

1.88

543.23

69

—NH

N,N-dicyclopropyl-6-
ethyl-1-methyl-4-((4-
methyl-5-(tetrahydro-
2H-pyran-4-
ylcarbamoyl)-1,3-
thiazol-2-yl)amino)-
1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

1.87

563.26

70

S0,

N,N-dicyclopropyl-4-
((5-((1,1-dioxido-4-
thiomorpholinyl)carb
onyl)-4-methyl-1,3-
thiazol-2-y1l)amino)-
6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

1.66

597.26
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X

Analysis Condidtions- Column- Mac-Mod Halo 4.6 x 50 mm 2.7 um; Gradient-4 min
from 0%B to 100%B; Flow rate- 4 mL/min; Solvent- A =5 :95 Acetonitrile : Wat'er;n_.B =
90 :5 Acetonitrile : Water; Modifier = 10 mM NH,OAc ’

5 _ Example 71
\ A 0O
J> N7 Q Nr\s\\
2SR

| >\
ONNN’LN'

Q H
N,N-dicyclopropyl-6-ethyl-4-(4-ethyl-5-(1,1-dioxothiomorpholine-4-
carbonyl)thiazol-2-ylamino)-1-methyl-1,6-dihydroimidazo [4,5-(l]pyrrolo [2,3-

b]pyridine-7-carboxamide

10
71A  Preparation of methyl 2-(7-( dicyclom'opy]carbamoyl)—6-ethv1-l—
: methvl-l,6-dihvdroimidvazo[4,5-d]pvn'olo[2,3—b]pvridin—’4—v] amino)-4-ethylthiazole-
5—cafb0xylate
15

\
J> N S o) -
[>—N S N N N
7 J L \
O NN NN
Q H
[00340]  To a stirred suspension of N, N-dicyclopropyl-6-ethyl-1-methyl-4-
thioureido~1,6-dihydroimidazo[4,5-d]pyrro]o[2,3~b]pyridine—7—carboxamide (103 mg,
0.259 mmol) in EtOH (5 ml) was added freshly prepared methyl 2-bromo-3-
20 oxopentanoate' (81 mg, 0.389 mmol) at room temperature. The slurry was then
stirred at 65 °C for 2h. The reaction mixture was then cooled to room temperature
and concentrated in vacuo to afford a yellow solid. The solid was then taken up in

methylene chloride and washed with saturated aqueous sodium bicarbonate solution.

The organic phase was dried over anhydrous magnesium sulfate and concentrated in
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vacuo. The crude residue was then purified by silica-gel flash chromatography using

an Isco 40 g column eluting from 0-5% methanol/methylene chloride to afford metilyl‘;

2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridin-4-ylamino)-4-ethylthiazole-5-carboxylate (37.5 mg, 28.5 % -
yield) as a white solid.

[00341] MS (ESI) m/z 508.4 (M+H) , .
[00342] 1HNMR (CDCI3) § ppm 9.38 (brs, 1 H), 7.75 (s, 1 H), 6.92 (s, 1 H),
4.76 (q, 2 H, J=6.94 Hz), 4.08 (s, 3H), 3.92 (s, 3H), 3.14 (q, 2H, J = 7.68 Hz), 2.85
(m, 2H), 1.59 (t, 3H, J=6.94 Hz), 1.34 (t, 3H, J = 7.49 Hz), 0.78-0.91 (m, 8H) _

71B  Preparation of 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1.6-

dihvdroimidazo[4,5—d]pyrro]0[2,3—b]pvridin-4—y]amino)—4-ethvlthiazole—S-ca.rboxylic

g

0O N N’N’.L\N
H

acid

[00343]  To a stirred solution of methyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-
methyl-1,6—dihydroimidazo[4,5—d]pyrrolo[2,3—b]pyridin—4—y1amino)—4-ethy1thiazdle-
5-carboxylate (example 714, 103 mg, 0.203 mmol) in MeOH (2mL) was added
NaOH (1.420 mL, 1.420 mmol). The solution was then stirred at 65 °C for 18 hrs.
The reaction mixture was then cooled to room temperature and concentrated in vacuo
to afford yellow slurry. The mixture was then diluted with water, brought to pH 4
with IN HC], and the precipitate collected by vacuum filtration. The filtrate was then
extracted with CH,Cly; the organic layer was dried over anhydrous magnesium sulfate
and concentrated in vacuo. The crude residue was then purified by silica-gel flash
chromatography using an Isco 40 g column eluting from 0-8% MeOH/CH,Cl,.
Desired fractions were combined with the collected precipitate and concentrated to
afford 2—(7—(dicyclopropylcarbamoyl)—6—ethyl-l—methy] 1,6-dihydroimidazo[4,5-
dlpyrrolo[2,3-b]pyridin-4- -ylamino)-4-ethylthiazole-5-carboxylic acid (126 mg, 126 %
yield) as an orange/yellow solid.

[00344]  MS (EST) m/z 494.2 (M+H)
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[00345]  1H NMR (CDCI3)  ppm 8.23 (s, 1 H), 7.28 (s, 1H), 4.62 (q, 2 H, J =
6.94 Hz), 4.07 (s, 3H), 3.04 (q, 2H, J = 7.49 Hz), 3.00 (m, 2H), 1.42 (t, 3H, J = 7.07
Hz), 1.23 (t, 3H, J = 7.63 Hz), 0.67-0.79 (m, 8H) L

71 DPreparation of N, N-dicyclopropyl-6-ethyl-4-(4-ethyl-5-( l,i-

dioxoﬁiiomomhdline-4—carbonv])thiazol—2-vlamin0)-1 -methyl-1.6-

dihydrbimidazo[4,5—d]gyrrolo[2,3-b]pvridine-7-carboxamide

[00346] To a stirred solution of 2-( 7-(dicyclopropylcarbamoy!)-6-ethyl-1-methyl-
1,6-dihyd1‘oimidazo[4,5-d]pyrrolo[2,3—b]pyridin—4—y]amind)—4—ethy]thiazole-S-
carboxylic acid (example 69B, 33 mg, 0.067 mmol), HATU (50.8 mg, 0.134 mmol),
2,6-lutidine (0.020 mL, 0.174 mmol), and DMF (1 mL) was added tlﬁomo:‘pholine
1,1-dioxide (27.1 mg, 0.201 mmol). The solution was then stirred at 50 °C for 1.5
hrs. The reaction was then cooled to room temperature and diluted with methylene
chloride. The solution was then washed with saturated aqueous sodium bicarbonate,
10% LiCl in H,0, and saturated aqueous sodium bicarbonate again. The organic
phase was dried over anhydrous magnesium sulfate and concentrated in vacuo. The

crude residue was then purified by silica-gel flash chromatography using an Isco 40 g

column eluting from 0-6% MeOH/CH,Cl, to give N,N-dicyclopropyl-6-ethyl-4-(4-

ethyl-5-(1,1-dioxothiomorpholine —4—carbony1)thia.zol-2—ylémino)— 1-methyl-1,6-

dihydroimidazb[4,5—d]pyrrolo[2,3—b]pyridine—?—carboxamide (21.7 mg, 52.6 % yield)
as a pale yelléw solid. |

[00347]  MS (ESI) m/z 611.3 (M+H) _ _
[00348] 1HNMR (CDCI3) 8 ppm 7.68 (s, 1 H), 6.83 (s, 1 H), 4.65 (,2H,J=
7.04), 4.13 (m, 4H), 3.99 (s, 3H), 3.05 (m, 4H), 2.76 (m, 2H), 2.68 (q, 2H, J=7.56
Hz), 1.46 (t, 3H, J = 7.04 Hz), 1.25 (t, 3H, J= 7.59 Hz), 0.68-0.80 (m, 8H)

Example 72

N\
P
[>—N AN N N-O
IN/ N/L/)\
H

0]

-

- 108 -

N

1




WO 2011/028864 PCT/US2010/047621

10

15

20

25

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methylisoxazol-3-ylamino)-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

72A  Preparation of 4.4-bis(methylthio)but-3-en-2-one

/u\/‘\s/

[00349] A solution of acetone (2.205 mL, 30.0 mmol) in carbon disulfide (1.81

mL, 30.0 mmol) was added to a suspension of sodium zert-butoxide (5.76 g, 60.0
mmol) in benzene (30 mL) while keeping the reaction temperature not exceeding 10
°C. The reaction mixture was stirred at room temperature for 3h and iodomethane
(3.75 mL, 60.0 mmol) was added at 10 °C. The resulting reaction mixture was stirred
at room temperature overnight. The reaction mi)‘(ture was diluted with ethyl acetate
and washed twice with water. The organic layer was dried over magnesium sulfate,
filtered and concentrated in vacuo. The crude product was purified by flash
chromatography on silica gel using an autdmated ISCO system (80 g column, eluting
with 10-35% ethyl acetate / hexanes) to give 4,4-bis(methylthio)but-3-en-2-one
(3.456 g, 71.0 % yield) as a yellow solid.

[00350] 'H NMR (400 MHz, CDCL) 6: 6.04 (s, 1H), 2.47 (s, 3H) 2.45 (s, 3H), |
2.20 (s, 3H).

- 72B  Preparation of (Z)-N,N-dicyclopropyl-6-ethyl-1-methyl-4-(1-

{methylthio)-3-oxobut-1-enylamino)-1 .6-dih&droimidazo[4,5—d]pyrrolof2,3 -

P

>N SN o
O@M

blpyridine-7-carboxamide

N N
H.

[00351]  Sodium hydride (2.84 g, 71.1 mmol) was added to a solution of 4-amino-
N,N-dicyclopropyl-é—ethy]- 1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxamide (example 1J, 8.02 g, 23.70 mmol) in DMF (60 mL) and the

-109 -
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reaction mixture stirred at room temperature for 1 h. 4,4-bis( methylthio)but-3-en-2-
one (example 704, 5.77 g, 35.5 mmol) in DMF (10 ml) was added and stirring
continued for three days. LC/MS showed about 75% completion. ‘The reaction
mixture was diluted with ethyl acetate and water was added. An off-white precipitate
formed and was collected by filtration to give 5.1 g of product. The filtrate was
transferred to a separatory funnel. The layers were separated and the aqueous layer
was extracted with dichloromethane (3x50 ml), the combined organic layers were -

washed with saturated sodium bicarbonate and dried over magnesium sulfate, filtered

- and concentrated in vacuo. The crude product was purified by flash chromatography

on silica gel using an ISCO system (220 g column, eluting with 2-8% methanol /
dichloromethane) to give (2)-N,N-dicyclopropyl-6-ethyl-1-methyl-4-(1-(methylthio)-
3-oxobut-1-enylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide (6.6 g, 61.5% yield) along with 2.2 g of recovered 1J.

[00352] MS (EST) m/z 453.3 (M+H).

[00353] 'HNMR (400 MHz, DMSO-ds) 6: 14.42 (s, 1H), 8.16 (s, 1H), 7.24 (s,
1H), 5.54 (s, 1H), 4.52 (q, J = 7.0 Hz, 2H), 4.05 (s, 3H), 2.89 - 2.97 (m, 2H), 2.43 (s,
3H), 2.14 (s, 3H), 1.34 (t, ] = 7.0 Hz, 3H), 0.71 - 0.80 (m, 4H), 0.63 - 0.70 (m, 4H).

72 Preparation of N, N-dicyclopropyl-6-ethyl-1-methyl-4-(5-

_ methylisoxazo]—3-vlamino)‘1,6-dihvdroimidazo[4,5—d]nvn'olo[2,3-b]pvridine-?—

carboxamide ,
[00354] A mixture of (2)-N,N-dicyclopropyl-6-ethyl-1-methyl-4-(1-(methylthio)-
3-oxobut-1-enylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-

carboxamide (22 mg, 0.049 mmol) and hydroxylamine (50% aqueous solution, 3.13

nL, 0.051 mmol) in ethanol (1 mL) was heated at reflux for 3h and LC/MS showed

completion of reaction. The reaction mixture was diluted with methanol and purified
by preparative HPLC to furnish N, N-dicyclopropyl-6-ethyl-1-methyl-4-(5-
methylisoxazol-3-ylamino)-1,6-dihy droimidazo [4,5-d]pyrrolo[2,3-b]pyridine-7-

carboxamide (9 mg, 43.3 % yield) as a white solid.

[00355]  MS (EST) m/z 420.1 (M+H),
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[00356] 'H NMR (400 MHz, METHANOL-d,) 5: 8.45 (s, 1H), 7.26 (s, 1H), 6.58
(s, 1H), 4.63 (q, J = 7.2 Hz, 2H), 4.17 (s, 3H), 2.94 - 3.02 (m, 2H), 2.33 (s, 3H), 1.47

(t,J=7.2Hz, 3H), 0.85 - 0.92 (m, 4H), 0.77 - 0.84 (m, 4H).

Example 73
m v

N,N—(licyclopropyl-4-(1,5-dimethyl-IH-pyrazol-3-ylamino)-6—ethyl-1-methyl-1,6-

dihydroimidazo[4,5-d]pyrrolo{2,3-b]pyridine-7-carboxamide

[00357] A mixture of (Z)-N,N-dicyclopropyl-6-ethyl-1-methyl-4-(1- (methylthlo)-
3-oxobut-1-enylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide (example 72B, 70 mg, 0.155 mmol) and tert-butyl 1-
methylhydrazinecarboxylate (0.046 th, 0.309 mmol) in acetic acid (1 mL) wén
stirred at 35 °C for 4 h (monitored by LC/MS until no starting material left). Formic
acid (0.5 mL) was added and stirred at 60 °C for 6 h. Solvent was evaporated and the
crude product was purified by flash chromatography on silica gel using an automated
ISCO system (12 g column, eluting with 2-10% methanol / dichloromethane). The
impure product was further purified by preparative HPLC to give N,N-dicyclopropyl-
4-(1_,5—dimethyl-1H—pyrazol-3-ylamino)—6-ethy1-l—methyl—1,6—dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridine-7-carboxamide (45 mg, 63.9 % yield) as an off-white solid.
[00358]  MS (ESI) m/z 433.2 (M+H).

[00359] 'H NMR (500 MHz, CDCls) 6: 8.19 (s, 1H), 7.63 (s, 1H), 6.94 (s, 1H),
0.85 (s, 1H), 4.65 (q, ] = 7.0 Hz, 2H), 3.99 (s, 3H), 3.71 (s, 3H), 2.79 - 2.85 (m, 2H),
2.33 (s, 3H), 149 (t, 7= 7.2 Hz, 3H), 0.82 - 0.87 (m, 4H), 0.72 - 0.78 (m, 4H)
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Alternative synthesis of example 73

73A_  Dreparation of 4-iodo-N N-dicyclopropyl-6-ethyl-1-methyl-1,6- i

dihydroimidazo[4,5-d]pyrrolo[2.3-blpyridine-7-carboxamide

N\
P

: N
Mm
O

N N 1

5 [00360] To a stirred suspension of 4-amino-N,N-dicyclopropyl-6-ethyl-1-methyl- f
- 1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (34.4 mg, 0.102
mmol) in diiodomethane (102 pL) at 60 °C was slowly added isoamyl nitrite (27.4

uL, 0.203 mmol). The reaction mixture was stirred at 60 °C 5 h. After cooling to rt,
the reaction mixture was diluted with dichloromethane. Saturated aqueous sodium
10 bicarbonate was added and the aqueous layer was extracted with dichloromethane
(3x). The combined organics were dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo. The crude residue was placed on the pump for 16 h to remove

any additional ditodomethane. LCMS was deemed pure enough to be carried forward
15 [00361] MS (ESD) m/z450.1 (M+H)

73 Preparartion of N.N-dicyclopropyl-6-ethyl-1-methyl-4-(1,5-dimethyl-1H- |

l
|
|
crude. The product was used immediately in the next reaction. '
|
!

pyrazol-3-ylamino)-1 .6-dihydroimidazo[4.5-d]pyrrolo[2.3-b]pyridine-7-carboxamide
[00362] To a vial containing 1,5-dimethyl-1H-pyrazol-3-amine (13.60 mg, 0.122 }

20 mmol), Pdy(dba); (4.67 mg, 5.10 pmol), Xantphos (5.90 mg, 10.20 pmol), and cesium |
carbonate (100 mg, 0.306 mmol) was added N,N-dicyclopropyl-6-ethyl-4-iodo-1- i
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (45.8 mg, '
0.102 mmol) in DME (1020 uL). The reaction mixture was sparged with argon for 5 |
min, the vial was capped, and the reaction mixture was heated at 90 °C 1 h. The

25  reaction mixture was diluted with dichloromethane and vacuum filtered through

Celite. The filtrate was concentrated in vacuo. The crude residue was purified via

flash column chromatography using an ISCO 12 g column eluting with 1 - 10%

MeOH/CH,Cl). N,N-Dicyclopropyl-4-(1,5-dimethyl-1H-pyrazol-3-ylamino)-6- '
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ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (14
mg, 31.7 % yield) was isolated as an off-white solid.
[00363] MS (EST) m/z 433.2 (M+H).
[00364] 'H NMR (500 MHz, CDC];) d: 8.19 (s, 1H), 7.63 (s, 1H), 6.94 (s, 1H),

5  6.85(s, 1H), 4.65 (q, J = 7.0 Hz, 2H), 3.99 (s, 3H), 3.71 (s, 3H), 2.79 - 2.85 (m, 2H),
2.33 (s, 3H), 1.49 (t, ] = 7.2 Hz, 3H), 0.82 - 0.87 (m, 4H), 0.72 - 0.78 (m, 4H)

Example 74

|

S

Poa -

_ . o

gaeess i
P /

0 E N E/I\/)\ |

10 N,N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-methyl-1H-pyrazol-3-ylamino)-1-methyl-

1,6-dihydroimidazo[4,5-d]pyrrole[2,3-b]pyridine-7-carboxamide

74A.  Preparation of tert-butyl 1,3-dioxoisoindolin-2-yl(ethyl)carbamate

0
Boc :
N-N t
A
O

15 [00365] Diisopropyl azodicarboxylate (2.92 mL, 15.00 mmol) was added in one
portion to a solution of 7erz-butyl 1,3-dioxoisoindolin-2-ylcarbamate (2.62 g, 10
mmol, prepared following the procedure described by Nicolas Brosse et al. in Eur. J.
Org. Chem. 4757-4764, 2003), triphenylphosphine (3.93 g, 15.00 mmol) and ethanol
(0.691 g, 15.00 mmol) in THF (20 mL) at 0 °C and the reaction solution was stirred at

20 J room temperature for 1h (monitored by TLC until completion). Solvent was
evaporated and the residue was i)uriﬁt:d by flash chromatography on silica gel using
an automated ISCO system (80 g column, eluting with 5-35% ethyl acetate / hexanes)
to provide Zert-butyl 1,3-dioxoisoindolin-2-yl(ethyl)carbamate (2.6 g, 90 % yield) as a
white solid which was used as it in the next step

25

74B  Preparation of tert-butyl 1-ethylhydrazinecarboxylate
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[00366] Methylhydrazine (1.415 mL, 26.9 mmol) was added to a solution of tert-
butyl 1,3-dioxoisoindolin-2-yl(ethyl)carbamate (example 74A, 5.2 g, 17.91 mmol) in

. THF (40 mL) at 0 °C and the reaction mixture was stirred at room temperature

overnight. A white precipitate formed and was filtered off through a pad of Celite,
The filtrate was concentrated in vacuo. The residue was dissolved in ethyl acetate (50
ml) and extracted with 1N HCI (3x30 ml), the acid layer was washed with ethyl
acetate (50 ml) and basified to pH 10 by addition of 20% NaOH. The basic solution
was then extracted with ethyl acetate (3x50 ml) and the combined organic layers were
washed with brine, dried over magnesium sulfate, filtered and concentrated in vacuo
to give tert-butyl 1-ethylhydrazinecarboxylate (2.5 g, 87 % yield) as colorless oil.
[00367] 'H NMR (400 MHz, CDCly) 5: 3.90 (br. s., 2H), 3.35 (q, I = 7.0 Hz, 2H),
1.42 (s, 9H), 1.07 (t, J = 7.0 Hz, 3H)

74 Preparation of N, N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-methyl-1H-

pyrazol-3-ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2.3-b]pyridine-7-

carboxamide

[00368] A mixture of (Z)-N,N-dicyclopropyl-6-ethyl-1-methyl-4-(1-(methylthio)-
3-oxobut-1-enylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide (example 74B, 70 mg, 0.155 mmol) and ter.t—butyI 1-
ethylhydrazinecarboxylate (49.6 mg, 0.309 mmol) in acetic acid (1 mL) wan stirred at
35 °C for 4 h (monitored by LC/MS until no starting material left). Formic acid (1
mL) was added and the reaction mixture stirred at 60 °C for 6 h. The solvent was
evaporated and the crude product was purified by flash dl)l'onmatogl‘a1>lly on silica gel
using an automated ISCO system (12 g column, eluting with 2-10% methanol /
dichloromethane). The.material was further purified by preparative HPLC to afford
N,N—dicyclopropyl-6—ethyl—4—(l-ethyl—S—methyl—1H—pyrazol—3-y]amino)—1—methy1—l,6—
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (38 mg, 53.4 % yield)
as an off-white solid.

[00369] MS (ESI) m/z 447.3 (M+H).
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[00370] 'H NMR (500 MHz, CDCl3) §: 8.08 (s, 1H), 7.61 (s, 1H), 6.93 (s, 1H),
6.84 (s, 1H), 4.66 (q, = 7.1 Hz, 2H), 4.02 (q, J = 7.2 Hz, 2H), 3.98 (s, 3H), 2.79 -
2.85 (m, 2H), 2.34 (s, 3H), 1.49 (t, ] = 7.1 Hz, 3H), 1.41 (t, J = 7.2 Hz, 3H),0.82 - *
0.87 (m, 4H), 0.72 - 0.78 (m, 4H). |

Example 75

7
\
Y <
sy
4 E N/' V.

4-(1-(2-cyanoethyl)-5-m ethyl-1H-pyrazol-3-ylamino)-N,N-dicyclopropyl-6-ethyl-

N
H

.l-methyl-l,ﬁ-d_ihy(lroimidazo[4,5—(1]1)yrrolo[2,3-b]pyridine-7-carb0xamide

10
[00371]  The title compound was prepared using a method analogous to that used to
prepare example 74.
[00372] MS (EST) m/z 472.2 (M+H).
[00373] 'HNMR (400 MHz, CDCl;) &: 8.05 (s, 1H), 7.64 (s, 1H), 6.99 (s, 1H),

15 6.85(s, 1H), 4.65 (q, J = 7.0 Hz, 2H), 4.25 (t I=6.8 Hz, 2H), 4.01 (s, 3H), 2.92 (t,J
= 0.7 Hz, 2H), 2.79 - 2.86 (m, 2H), 2.41 (s, 3H), 1.49 (t, ] = 7.2 Hz, 3H), 0.82 - 0.88
(m, 4H), 0.72 - 0.80 (m, 4H).

Example 76
20

J> \N’_\\ /——/O/

/
d NP /K/)\

K H
N,N—dicyclopropyl-6-ethyl-4-(1-(2—methoxyethyl)-s-methyl-lH—pyrazol—S-
ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo [2,3-b]pyridine-7-

carboxamide

-115 -



e

WO 2011/028864 PCT/US2010/047621

10

15

20

25

300125

[00374]  The title compound was prepared using a method analogous to that used t0
prepare example 74. ‘
[00375] MS (ESD m/z 477.2 (M+H).

[00376] 'H NMR.(SOO MHz, CDCls) &: 8.09 (s, 1H), 7.61 (s, 1H), 6.94 (s, 1H),
6.84 (s, 1H), 4.66 (_q, J=6.8 Hz, 2H), 4.12 (t, ] = 5.5 Hz, 2H), 3.98 (s, 3H), 3.74 (t,J
= 5.8 Hz, 2H), 3.32 (s, 3H), 2.78 - 2.86 (m, 2H), 2.36 (s, 3H), 1.49 (t, J=7.1 Hz, 3H),
0.81 -0.89 (m, 4H), 0.71 - 0.80 (m, 4H).

Example 77

N,N-dicyclopropyl-6-ethyl-4-(1-(2-isopropoxyethyl)-5-methyl-1H-pyrazol-3-
4ylamin0)-1-methyl-_1,6-dihy(lroimidazo [4,5-d]pyrrole[2,3-b]pyridine-7-carboxamide

77A  Preparation of 2-isopropoxyethyl methanesulfonate

Ba

MsO

[00377] A round bottom flask was charged with 2-isopropoxyethanol (0.5 mL,
4.34 mmol) and dichloromethane (21.68 mL) and was cooled to 0 °C. Triethylamine
(1.208 mL, 8.67 mmol) was added along with a tip of DMAP. Methanesulfonyl
chloride (0.338 mL, 4.34 mmol) was added dropwise. The reaction mixture was
slowly warmed to rt over 2 h. The reaction mixtute was quenched with saturated
aqueous ammonium chloride and transferred to a separatory funnel. The aqueous
layer was extracted with dichloromethane (2 x). The combined organics were washed

with brine, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo.
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2-Isopropoxyethy]l methanesulfonate (1 g) was isolated as a clear oil and was

immediately used in the next reaction. _
[00378] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 4.34 - 4.40 (m, 2H), 3.67
~3.71 (m, 2H), 3.60 — 3.67 (m, 1H), 3.07 (s, 3H), 1.18 (d, 6H, J= 8.0 Hz)

77B_ DPreparation of tert-butyl 1,3-dioxoigoindolin-2-y1(2-

0 O«

NH
N Boc

0

isopropoxyethylcarbamate

[00379] A round bottom flask charged with 2-isopropoxyethyl methanesulfonate
(example 77A, 0.791 g, 4.34 mmol) in acetonitrile (21.70 mL) was stirred under an
atmosphere of nitrogen. fert-Butyl 1,3-dioxoisoindolin-2-ylcarbamate (1.138 g, 4.34
mmol) was added along with potassium carbonate (2.399 g, 17.36 mmol) and
benzyltriethylammonium chloride (0.198 g, 0.868 mmol). The reaction mixture was
heated at 50 °C 24 h and cooled to rt over the weekend. The reaction mixture was
diluted with ethyl acetate and water. The aqueous layer was extracted with ethyl
acetate. The combined organics were washed with brine, dried over anhydrous
sodium sulfate, vacuum filtered through a plug of silica gel and concentrated in
vacuo. The crude oil was used without additional purification (1.26 g, 83% yield).
[00380] MS (ESI) m/z 249.2 (M-C,;HyCO,) |

[00381] - THNMR (400 MHz, CHLOROFORM-d) as a mixture of rotomers § ppm
IH NMR (400 MHz, CHLOROFORM-d) d ppm 7.86 - 7.94 (m, 2 H), 7.73 - 7.82 (m,
2H),3.79 - 3.90 (m, 2 H), 3.58 - 3.66 (m, 2 H), 3.41 - 3.55 (m, 1 H), 1.31 - 1.56 (m, 9
H), 0.87 - 1.05 (m, 6 H)

77C  Preparation of tert-butyl 1-(2-isopropoxyethyDhydrazinecarboxylate

W

H,N-N,
2 Boc
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[00382]  To a solution of zert-butyl 1,3-dioxoisoindolin-2-yl(2- ,
isopropoxyethyl)carbamate (example 77B, 1.262 g, 3.62 mmol) in tetrahydrofuran Gy
(24.15 mL) at 0 °C was slowly added methylhydrazine (0.289 mL, 5.43 mmol). The " :
reaction mixture was stirred at 0 °C for 3 h. The reaction mixture was filtered to [
5 remove the White precipitate and the filtrate was concentrated in vacuo. The
semisolid was triturated with ethyl acetate (2 x) and the triturant was concentrated in
vacuo. This process was repeated to ultimately provide rert-butyl 1-(2-
isopropoxyethyhydrazinecarboxylate (0.665 g, 84% yield) as a yellow oil. N
[00383] 1H NMR (400 MHz, CHLOROFORM-d) § ppm 3.52 - 3.65 (m, 5 H), 1.48
10 (s,9H), 1.15(d, 6 H, J=6.27 Hz) '

11 Preparation of N,N-dicyclopropyl-6-ethyl-4-(1-(2-isopropoxyethyl)-5-

methyl-1H-pyrazol-3-ylamino)-1-methyl-1 ,0-dihydroimidazo[4,5-d]pyrrolo{2,3-

b]pyridine-7-carboxamide

15 [00384] This compound was prepared according to example 73-1ising tert-butyl 1- "
(2-isopropoxyethyl)hydrazinecarboxylate (example 77C, 29.8 mg, 0.137 mmol) to
provide N, N-dicyclopropyl-6-ethyl-4-(1 -(Z-isopropoxyethyl)-s—méthyl-1H—pyrazol—3-
ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide
(16.72 mg, 48.7% yield) as a white solid.

20 [00385] MS (ESI) m/z 505.4 (M+H)
[00386] 1HNMR (400 MHz, CHLOROFORM-d) § ppm 7.89 (s, 1 H), 6.99 (s, 1
H), 6.88 (s, 1H), 4.65 (q, 2 H, J=7.03 Hz), 4.22 (t, 2H, J = 5.27 Hz), 4.06 (s, 3 H),
3.78 (t, 2H, J=5.27 Hz), 3.52 (dt, 1H, J=12.11, 6.12 Hz), 2.79 - 2.88 (m, 2 H), 2.41
(s, 3H), 1.50 (t, 3 H, J=7.03 Hz), 1.09 (d, 6H, J = 6.27 Hz), 0.82-0.91 (m, 4 H),

25 0.71-0.81 (m, 4 H)

Example 78
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N,N-dicyclopropyl-6-etliyl-4-(1—(2-(2-methoxyethoxy)ethyl)-s-methyl—lH-pyrazol-S- |
ylamino)-1-methyl-1 ,0-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

5 78A  Preparation of tert-butyl 1,3-dioxoisoindolin-2-v1(2-(2-

methoxvethokv)ethvl) carbamate

—OMe
OI

O
,N/—J
N Boc

o)

[00387] The compound was prepared according to Example 77B using 1-bromo-2-
(2-methoxyethoxy)ethane (0.259 mL, 1.906 mmol) to provide zert-butyl 1,3-

10 dioxoisoindolin-2-yl(2-(2-methoxyethoxy)ethyl)carbamate (0.583 g, 84 % yield) as a
pale yellow oil.
[00388]  MS (ESI) m/z 265.2 (M-C4HsCO,)
[00389] 1HNMR (400 MHz, CHLOROFORM-(]) as a mixture of rotomers & ppm '
7.85-7.94 (m, 2 H), 7.73 - 7.82 (m, 2 H), 3.83 -3.93 (m, 2 H), 3.67 - 3.74 (m, 2 H),

15 3.48-3.59 (m, 2 H), 3.30 - 3.43 (m, 2 H), 3.16 - 3.28 (m, 3 H), 1.29 - 1.55 (m, 9 H)

78B  Preparation of tert-butyl 1-(2-(2-ethoxyethoxy)ethyl)hydrazinecarboxylate

/—JO IOMe

H,N-N,
2 Boc

[00390]  The compound was prepared according to example 77C using tert-butyl
20 1,3-dioxoisoindolin-2-y1(2-(2-methoxyethoxy)ethyl)carbamate (0.583 g, 1.600 mmol)
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to provide fert-butyl 1-(2-(2-methoxyethoxy)ethyl)hydrazinecarboxylate (0.4 g, 107%
yield) as a yellow oil. | '
[00391]  IH NMR (400 MHz, CHLOROFORM-d) & ppm 3.51 - 3.70 (m, 8 H), 3.39
(s,3H), 1.48 (s, 9 H)

78 Preparation of N, N-dicyclopropyl-6-ethyl-4-(1-(2-(2-
methoxyethoxy)ethyl)-5-methyl-1 H-pyrazol-3-ylamino)-1-methyl-1.6-

dihydroimidazo[4,5-d]pyrrolo[2,3-bIpyridine-7-carboxamide

[00392]  This compound was prepared according to example 74 using tert-butyl 1-
(2-(2-methoxyethoxy)ethylhydrazinecarboxylate (example 78B, 43.2 mg, 0.184
mmol) to provide N,N—dicycl0p1'0py1-6—et_11y1—4—(1-(2—(2-methoxyethoxy)ethyl)—5-
methyl-1H-pyrazol-3-ylamino)-1-methyl-1,6-dihydroimidazo [4,5-d]pyrrolo[2,3-
bpyridine-7-carboxamide (17.34 mg, 36% yield).as a white solid.

[00393] MS (ESI) m/z 521.4 (M+H)

[00394] 1H NMR (400 MHz, CHLOROFORM-d)  ppm 7.85 (brs, 1 H), 6.91 (s, |
1 H), 6.87 (s, 1H), 4.65 (q, 2 H, J= 7.03 Hz), 4.20 (t, 2H, J= 5.27 Hz), 4.05 (s, 3 H),
3.87 (t, 2H, J= 5.65 Hz), 3.53 — 3.59 (m, 2H), 3.50 (ddd, 2H, J = 5.40, 2.89, 2.76
Hz), 2.77 - 2.87 (m, 2 H), 2.38 (s, 3H), 1.50 (t, 3 H, J=7.03 Hz), 0.82 - 0.91 (m, 4
H), 0.71 - 0.79 (m, 4 H) N

Example 79

J> \N’\\ /,J
D SeeE»
i
0 NN NJ\/)\
J H

Preparation of N,N-dicyclopropyl-6-ethyl-1 -methyl-4-(5-methyl-1-propyl-1H-
pyrazol-3-ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-

carboxamide

79A  Dreparation of rerr-butyl 1-propylhydrazinecarboxylate
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J

H,NN,
2N Boc

[00395]  To a solution of propylhydrazine, oxalic acid salt (0.5 g, 3.05 mmol) in

ethanol (3 mL) in a round bottom flask under nitrogen was added triethylamine

(0.425 mL, 3.05 mmol). The reaction mixture was cooled to 0 °C and BOC,0 (0.707

5 mL, 3.05 mmol) dissolved in ethanol (1 mL) was added dropwise over 10 min. The

reaction mixture was allowed to warm to room temperature for 16h. Ethanol was
removed by concentration in vacuo. The residue was taken up in water and ethyl
acetate. The aqueous layer was extracted with ethyl acetate (3x). The combined
organics were dried over anhydrous sodium sulfate, filtered and concentrated in

10 vacuo. The crude product was used as such in the next reaction.
[00396] 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 3.30 - 3.36 (m, 2 H), 1.59
(dq, 3 H, J=14.40, 7.33 Hz), 1.48 (s, 9 H), 0.88 (t, 3 H, ]=7.40 Hz)

9 Preparation of N, N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methyl-1-propyl-

15 1H-pyrazol-3-ylamino)-1,6-dihydroimidazo[4,5-d]pyriolo[2.3-b]pyridine-7-carboxamide

[00397]  This compound was prepared according to example 74 using tert-butyl 1-

prépylhydrazinecarboxylate (example 794, 19.87 mg, 0.114 mmol) to provide N,N-

dicyclopropyl-6-ethyl-1-methyl-4-(5-methyl-1-propyl- 1H-pyrazol-3-ylamino)-1,6-

dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (15.6 mg, 59% yield) as
20  awhite solid.

[00398] MS (EST) m/z 461.4 (M+H)

{00399] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 7.74 (br 8, 1 H), 6.92 (s,

- 1H),6.86(s, 1 H),4.66 (q, 2 H, J="7.11 Hz), 4.03 (5, 3 H), 3.95 (t, 2 H, J = 7.15 Hz),

2.78 - 2.87 (m, 2 H), 2.34 (s, 3 H), 1.87 (dq, 3H,J=14.49, 7.30 Hz), 1.50 (t, 3 H, J =

25 7.15Hz),0.96 (t, 3 H, J=7.40 Hz), 0.83 - 0.89 (m, 4 H), 0.72 - 0.79 (m, 4 H)

Examp]e 80
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N,N-(licyclopropyl—4—(1-(2,2-(lifluoroethyl)-S—methy]—lH-pyrazol—3-y1amino)-6-
ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

5 . 80A  Preparation of fert-butyl 2.2-diflnoroethyl(1.3-dioxoisoindolin-2-
ylDcarbamate
0
Boc
N-N F
0 F

[00400]  The title compound was prepared using a method analogous to that used to
prepare example 77A
10

80B_ Preparation of fert-butyl 1-(2,2-difluoroethyDhydrazinecarboxylate
Boc
H,N-N F
F
[00401]  The title compound was prepared using a method analogous to that used to
prepare example 77B. |
15 [00402] 'HNMR (400 MHz, CHLOROFORM-d) 8: 5.94 (tt, ] = 56.3, 4.4 Hz, 1H),
3.74 (td, T = 13.8, 4.4 Hz, 2H), 1.48 (s, 9H)

80 Preparation of N,N-dicyclopropyl-4-(1-(2.2-difluoroethyl)-5-methyl-

1H~r)vrazol—3—v]amino)-6-ethv]-1-methyl-1,6—dihydroimidaio[4,5-d]pvrrolo[2,3v—
20  blpyridine-7-carboxamide

[00403]  The title compound was prepared using a method analogous to that used to

prepare example 73.

[00404]  MS (EST) m/z 483.3 (M+H),
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[00405] 'H NMR 500 MHz, (CHLOROFORM-d) §: 8.17 (br. 5., 1H), 7.66 (s, 1H),
7.01 (s, 1H), 6.85 (s, 1H), 6.05 (tt, J = 56.0, 4.4 Hz, 1H), 4.65 (q, J = 6.9 Hz, 2H),
430 (td, T = 13.2, 4.3 Hz, 2H), 3.99 (s, 3H), 2.79 - 2.86 (m, 2H), 2.36 (s, 3H), 1.49 (t,
T=1.1Hz, 3H), 0.81 - 0.88 (m, 4H), 0.72 - 0.79 (m, 4H).

5

Example 81

N\
SN
77 N
O N'™N N’K/)\
K H
. 4—(1-cyclobutyl—5-methyl-lH-pyrazol-S-ylamino)—N,N-dicyclopropyl-6-ethyl—l_-

10 methyl—l.,6—dihydrdimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7—carboxamide

81A  Preparation of tert-butyl 1-cyclobutylhydrazinecarboxylate

l|300

n

[00406]  The title compound was prepared following the procedure described by So
15 Ok Park et al. in J. Comb. Chem. 11, 315-326, 2009. ' -

81 Preparation of 4-(1-cyclobutyl-5-methyl-1H-pyrazol-3-ylamino)-N . N-

i dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2.3-blpyridine-7-
. carboxamide '
20  [00407]  The title compound was prepared using a method analogous to that used to
prepare example 73.
 [00408]  MS (ESI) m/z 473.4(M+H).
[00409] 'H NMR (500 MHZ, CHLOROFORM-d) &: 8.05 (s, 1H), 6.91 (s, 1H),
6.79 (s, 1H), 4.68 (quin, J = 8.4 Hz, 1H), 4.61 (q, J = 7.1 Hz, 2H), 4.07 (s, 3H), 2.80 -
25 2.87 (m, 2H), 2.69 - 2.79 (m, 2H), 2.37 - 2.47 (m, .2H), 2.32 (s, 3H), 1.78 - 1.98 (m,
2H), 1.47 (t, T="7.1 Hz, 3H), 0.82 - 0.91 (m, 4H), 0.72 - 0.80 (m, 4H),
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Example 82
\ 0—
P N )
[>—N
4 | N
~

N-N
/
J AP AL
K H
N,N-dicyclopropyl-6-ethyl-4-(1-(1-methoxypropan-2-yl)—5—methyl‘—1H-pyrazol—3—
ylamin0)-1-methyl-l,6-dihydroimidazo[4,5—(1]pyrrolo[2,3-b]pyri(line-7-

5 carboxamide

[00410]  Prepared as described in example 77.

[00411]  MS (ESI) m/z 491 (M+H). _

[00412]  1H NMR (400 MHz, CHLOROFORM-d) § ppm 8.18 (br. s., 1 H) 7.63 (s,
10 1H)6.93 (s, 1 H)6.85 (s, 1 H)4.66 (q, J=7.04 Hz, 2 H) 4.29 - 4.48 (m, /=13.31,

6.82, 6.82, 6.71 Hz, 1 H) 4.00 (s, 3 H) 3.55-3.79 (m, 2 H)3.29(s,3H)2.72-2.92 :

(m, 2 H)2.36 (s, 3 H) 1.49 (t, J=7.04 Hz, 3 H) 1.46 (d, J=6.82 Hz, 2 H) 0.68 - 0.93

(m, 8 H).

15

Example 83

l}
A hf"N’L\f>~‘
k H
20 N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-m ethyl-1-(tetrahydro-2 H-pyran-4-yl)-
1H-pyrazol-3—y]amino)-l,6-dihy(lroimi(lavzo[4,5-(1]pyrrolo[2,3—b]pyridine-7-

carboxamide
[00413] 'Prepared using similar procedure as for example 77.
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[00414]  MS (ESI) m/z 503 (M+H).
[00415]  1H NMR (500 MHz, CHLOROFORM-d) 8 ppm 8.12 (s, 1 H) 7.64 (s, I H)
6.95 (s, 1 H) 6.86 (s, 1 H) 4.66 (q, J=7.21 Hz, 2 H) 4.09 - 4.23 (m, 3 H) 4.01 (s, 3 H)
3.55 (td, /=12.00, 1.80 Hz, 2 H) 2.73 - 2.89 (m, 2 H) 2.37 (s, 3 H) 2.25 - 2.36 (m, 2

5 H)1.84(dd, J=12.76,2.22 Hz, 2 H) 1.50 (t, J=7.07 Hz, 3 H) 0.71 - 0.91 (m, 8 H).

Example 84

P )

\
N7
D‘NmN N-N
/
& E N F{J\/)\

N,N-dicyclopropyl-4-(1-(2-(dimethylamine)ethyl)-5-methyl-1 H-pyrazol-3-
10 ylamino)-6-ethyl-1-methyl-1,6-dihyd roimidazo[4,5—(l]pyrrolo[2,3-b]pyridine-7 -

carboxamide

[00416]  Prepared using similar procedure as for example 77.
[00417] MS (ESI) m/z 490 (M+H).

15 [00418] IH NMR (500 MHz, CHLOROFORM-d) & ppm 8.08 (s, 1 H) 7.64 (s, 1 H)
6.96 (s, 1 H) 6.86 (s, 1 H) 4.65 (q, J=7.21 Hz, 2 H) 4.24 (br. 5., 2 H) 4.01 (s, 3 H) 3.01
-3.22 (m, 2 H) 2.70 - 2.89 (m, 2 H) 2.50 (br. s., 6 H) 2.37 (s, 3 H) 1.49 (t, J=7.07 Hz,
3H)0.71-0.91 (m, 8 H).

20 Example 85
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N,N-dicyclopropyl-6-ethyl-4-(1-(2-hydroxyethyl)-5-methyl-1 H-pyrazol-3-
ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7- .

carboxamide

5 [00419] Prepared using similar procedure as for example 77.
[00420] MS (ESI) m/z 463 (M+H). _
[00421]  IH NMR (500 MHz, MeOD) & ppm 7.93 (s, 1 H) 7.16 (s, 1 H) 6.88 (s, 1
H) 4.60 (q, J/=7.21 Hz, 2 H) 4.09 (t, J=5.55 Hz, 2 H) 4.05 (s, 3 H) 3.88 (t, J=5.55 Hz,
2H)2.88-3.00 (m, 2H) 2.37 (s, 3 H) 1.43 (t, J/=7.07 Hz, 3 H) 0.62 - 0.98 (m, 8 H)."

10
Example 86
\N’
> P \N’\\N Ojg
N X -N -
0] ;\I IN/ N/]\,Ik/)\

K H
N,N—(licyclopropyl-4—(1-(2-(dimethylamin0)—2-ox0ethyl)-5-methyl—lH-pyrazo]-3-
ylamino)—6-ethyl-1-methyl—],6-(1ihy(lroimidazo[4,5-d]pyrrolo[2,3-b]pyridine—7-

15 v carboxamide

[00422]  Drepared using similar procedure as for example 77.
[00423]  MS (EST) m/z 504 (M+H).
[00424] 1H NMR (500 MHz, MeOD) 6 ppm 7.93 (s, 1 H) 7.16 (s, 1 H) 6.99 (s, 1
20 H)4.97 (s, 2H) 4.61 (q,/=6.94 Hz, 2 FI) 4.05 (s, 3 H) 3.15 (s, 3 H)2.98 (s, 3H) 2.79
~ -2.97(m, 2H)2.29 (s, 3 H) 1.44 (t, /=7.07Hz, 3 H) 0.72 - 0.91 (m; 8 H)

Example 87

55 N H
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4-(1-(cyanomethyl)-5-m ethyl-lH-pyrazbl-S-ylamind)-N,N-dicyclopropyl-6-e‘thyl—
1-methyl-1,6-dihydroimidaze[4,5-d]pyrrolo[2,3-b] pyridine-7-carboxamide :

[00425]  Prepared using similar procedure as for example 77.

[00426] MS (ESI) m/z 458 (M+H).

[00427]  1HNMR (400 MHz, CHLOROFORM-d) ™ ppm 8.17 (s, 1 H) 7.67 (s, 1
H)7.10(s, 1 H) 6.87 (s, 1 H) 4.93 (s, 2 H)44.65 (q, J=7.04 Hz, 2 H) 4.01 (s, 3 H) 2.76
-2.92 (m, 2 H) 2.43 (s, 3 H) 1.50 (t, /=7.04 Hz, 3 H) 0.68 - 0.93 (m, 8 H).

Example 88
/
\ 0]
J> NG /"/’
>N N N-N

N,N-dicyclopropyl-6-ethyl-4-(1-(3-m ethoxypropyl)-S5-methyl-1H-pyrazol-3-
ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b] pyridine-7-

carboxamide

[00428]  Prepared using similar procedure as for example 77.

[00429]  MS (ESI) m/z 491 (M+H).

[00430] IH NMR (400 MHz, CHLOROFORM-d) ™ppm&.11 (s, [ H) 7.62 (s, 1
H)6.92 (s, L H) 6.78 - 6.89 (m, 1 H) 4.66 (q, /=7.04 Hz, 2 H) 4.06 (t, J/=6.60 Hz, 2 H)
3.98(s,3 H)3.29 -3.39 (m, 4 H) 2.75 - 2.91 (m, 2 H) 2.34 (s, 3 H)2.08 (dq, J=6.38,

0.16 Hz, 2 H) 1.50 (t, /=7.04 Hz, 3 H) 0.70 - 0.94 (m, 8 H). _

Exaﬁlple 89.
\
N—} -
-
O NN NU\
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N,N-dicyclopropyl-6-ethyl-4-(1-isopropyl-5-methyl-1 H-pyrazol-3-ylamino)-1-

methyl-1,6-dihydroimidazo[4,5-d]pyrrole[2,3-b]pyridine-7-carboxamide o

[00431] Prepared using similar procedure as for example 77.
5 [00432] MS (ESI) m/z 461 (M+H).
[00433] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 8.15 (s, 1 H) 7.62 (s, 1 H)
6.91 (s, 1 H) 6.85 (s, | H) 4.66 (q, J=7.19 Hz, 2 H) 4.25 - 4.48 (m, 1 H) 3.99 (s, 3 H)
2.66 - 2.90 (m, J=7.13, 7.13, 3.85, 3.47 Hz, 2 H) 2.34 (s, 3 H) 1.38 - 1.58 (m, 9 H) .
0.68 - 0.91 (m, § H), B
10
Example 90

/\
un!

N,N-dicyclopropyl-6-ethyl-4-(1-isobutyl-5-methyl-1 H-pyrazol-3-ylamino)-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide
15
[00434]  Prepared using similar procedure as for example 77.
[00435]  MS (EST) m/z 475 (M+H).
[00436] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 8.11 (s; 1H)7.62(s, 1 H)
6.93 (s, 1 H) 6.85 (s, 1 H) 4.66 (q, J=7.04 Hz, 2 H) 3.99 (s, 3 H) 3.74 (d, J=7.48 Hz, 2
20 H)2.74-2.89(m,2 H)2.33 (5, 3 H) 2.18 - 2.29 (m, 1 H) 1.50 (t, J=7.04 Hz, 3 H)
0.94 (d, /=6.60 Hz, 6 H) 0.72 - 0.88 (m, 8 H).

Example 91

AN
P
S8y
| A M=
0 NTNN
) H

25 Preparati(_)n of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methyl-1 H-pyrazol-3-
ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide
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[00437]  Prepared using similar protocol as for example 72 from hydrazine.

[00438] MS (ESI) m/z 419.3 (M+H) ,

[00439]  1H NMR (400 MHz, CHLOROFORM-d) & ppm 8.70 (brs, 1 H), 7.91 (br
5 8, 1H),687(s, 1 H),6.09(brs,1H),4.64(q,2H,J= 703Hz) 4.08(s,3 H),2.74 -

295(m 2H),241(s,3H),1.51 (¢t 3H,J=7. 15Hz) 0.81-0.95 (m, 4 H), 0.70 - -

0.81 (m, 4 H)
Example 92
O
J> N o
’\\
N f‘/

7
10 K
N,N-(licyclopropyl-6-ethyl-1-methy]-4-((5-methyl-l-(2-(methylsu]fonyl)ethyl)-lH— »

pyrazol-3-yl)amin0)—1,6-dihy(lroim'idazo[4,5-d]pyrrolo[2,3-b]pyridine-7—

carboxamide

15 ’[00440] Prepared using the same procedure as used for example 77.
[00441]  MS (ESI) m/z 525.3 (M+H) |
[00442]  IHNMR (CDCI3) § ppm 8.25 (brs, 1H), 7.75 (5, 1H), 6.86 (s, 1H), 6.77
(s, 1ED), 4.54 (q, 2H, J = 8 Hz), 4.36 (t, 21, T = 8 Hz), 3.97 (s, 3H), 3.58 (, 2H, T = 8
-Hz), 2.71-2.77 (m, 2H), 2.44 (s, 3H), 2.34 (s, 3H), 1.41 (t, 3H, J = § Hz), 0.75-0.78
20 (m, 4H), 0.67-0.71 (m, 4H).

Example 93
OH
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P
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N,N—dicyclopropyl—6-eti1yl-4-((1 -(cis-4-hydroxycyclohexyl)-5-methyl-1 H-pyrazol-3-
yl)amino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7- ‘

carboxamide

[00443]  Prepared using the same procedure as used for example 77.

[00444]  MS (ESI) m/z 517.4 (M+H) .

[00445] THNMR (CDCI3) 8 ppm 8.14 (br s, 1H), 7.56 (s; 1H), 6.83 (s, 1H), 6.76
(s, 1H), 4.59 (q, 2H, J = 8 Hz), 4.01-4.02 (m, 1H), 3.93 (s, 3H), 3.88-3.93 (m, 1H),
2.73-2.77 (m, 2H), 2.28 (s, 3H), 2.25-2.33 (m, 2H), 1.93-1.96 (m, 2H), 1.59-1.73 (rh:
4H), 1.42 (1, 3H, J = 8 Hz), 0.73-0.78 (m, 4H), 0.66-0.70 (m, 4H). |

Example 94
AN
S
/
J N M~
H

N,N—dicyc]opropyl-6-ethyl—1—methyl-4—((5-methyl-l-(methylsulfonyl)-lH-pyrazol-3-

yDamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00446]  Prepared using the same procedure as used for example 77.

[00447]  MS (ESI) m/z 497.3 (M+H)

[00448]  1HNMR (CDCI3) 8 ppm 8.46 (br s, 1H), 7.75 (s, 1H), 7.16 (s, 1H), 6.78
(s, 1H), 4.54 (q, 2H, J= 8 Hz), 3.97 (s, 3H), 3.19 (s, 3H), 2.72-2.76 (m, QH), 2.51 (s,
3H), 141 (1, 3H, J= 8 Hz), 0.72-0.78 (m, 4H), 0.66-0.69 (m, 4H).

Example 95
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N,N-dicyc]0propyl-6-ethyl-4—(5-isopropyl-l-methyl-]H-pyrazo]—S-ylamino)—l-
methyl-l,ﬁ-dihydroimidazo[4,5—(1]pyrrolo[2,3-b]Iiyridine-7—carboxamide
95A  Preparation of 4-methyl-1,1-bis(methylthio)pent-1-en-3-one

YVKS/

[00449]  The title compound was prepared using a method analogous to that used to

prepare Example 70A.
[00450]  'H NMR (400 MHz, CDCl;) 8: 6.08 (s, 1H), 2.47 (s, 3H), 2.46 (s, 3H),
1.14 (s, 3H), 1.12 (s, 3H).

95B  Preparation of (Z)-N,N-dicyclopropyl-6-ethyl-1-methyl-4-(4-methyl-
1-(methylthio)-3-oxopent-1 -enylaming)-1,6-dihydroimidazo[4.,5-d]pyrrolo{2,3-

blpyridine-7-carboxamide

[>- NS/O

[00451]  The title compound was prepared using a method analogous to that used to

prepare example 70B.
[00452] MS (EST) m/z 481.4 (M+H).

95 Preparation of N.N-dicyclopropyl-6-ethyl-4-(5-isopropyl-1-methyl-

' 1H-pyrazol-3-ylamino)-1-methyl-1 .6-dihydroimidazo{4,5-d]pyrrolo[2,3-blpyridine-7-

carboxamide

[00453]  The title compound was prepared using a method analogous to that used to

prepare example 73.

-131 -



e
-

<l

WO 2011/028864 ' PCT/US2010/047621

10

15

20

[00454]  MS (ESI) m/z 461.4 (M+H).

[00455] 'H NMR (500 MHz, CDCls) 8: 7.80 (s, 1H), 7.07 (s, 1H), 6.86 (s, 1H),
4.60 (q, J = 6.9 Hz, 2H), 4.02 (s, 3H), 3.79 (s, 3H), 2.93 - 3.01 (m, 1H), 2.79 - 2.86
(m, 2H), 1.52 (t, I = 7.1 Hz, 3H), 1.35 (d, J = 6.9 Hz, 6H), 0.82 - 0.89 (m, 4H), 0.72 -
0.78 (m, 4H).

vExample 96

N,N-dicyclop ropyl-4-(S-cyclopropyl-1-ethyl-1H-pyrazol-3-ylamino)-6-ethyl-1-

methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

96A  Preparation of 1-cyclopropyl-3,3-bis( methylthio)prop-2-en-1-one

[00456]  The title compound was prepared using a method analogous to that used to

prepare example 72A. |
[00457] 'HNMR (400 MHz, CDCls) &: 6.23 (s, 1H), 2.50 (s, 3H), 2.48 (s, 3H),
1.86 - 1.94 (m, 1H), 1.09 (quin, J=3.7 Hz, 2H), 0.82 - 0.88 (m, 2H).

96B  Preparation of (Z)-N.N-dicyclopropyl-4-(3-cyclopropyl-1-

(methylthio)-3-oxoprop-1 -enylamino)—6—ethv1_- 1-methyl-1,6-dihydroimidazo[4,5-

dlpyrrolo[2,3-b]pyridine-7-carboxamide

-132 -




000142

WO 2011/028864 PCT/US2010/047621

Py
D—NmN " o
' 0O N2W NJ\%
K H
[00458]  The title compound was prepared using a method analogous to tha.t used to
prepare example 72B.
[00459]  MS (ESI) m/z 479.3 (M+H).
5 [00460] 'H NMR (400 MHz, CDCls) &: 14.81 (s, 1H), 7.75 (s, 1H), 6.85 (s, 1H),
5.58 (s, 1H), 4.62 (q, J = 7.0 Hz, 2H), 4.00 (s, 3H), 2.75 - 2.85 (m, 2H), 2.45 (s, 3H),

1.76 - 1.86 (m, 1H), 1.46 (t, ] = 7.0 Hz, 3H), 1.17 - 1.28 (m, 2H), 0.69 - 0.91 (m,
10H).

10 96 Preparation of N, N-dicyclopropyl-4-(5-cyclopropyl-1-ethyl-1H-

pyrazol-3-ylamino)-6-ethyl-1-methyl-1 .6-dihydroimidazo[4.5-d]pyrrolo[2.3-

blpyridine-7-carboxamide

[00461]  The title compound was prepared using a method analogous to that used to

prepare example 73.

1S [00462] MS (ESI) m/z 473.3 (M+H).

Example 97

\
P N
STe o8y
Jd NONON Y
_ H

N,N-dicyc]opropyl-6-ethyl-1-me_thyl-4-(1-methyl-lH-pyrazol—3-ylamino)—1v,6-
20 dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

97A  DPreparation of 4-bromo-N,N-dicyclopropyl-6-ethyl-1-methyl-1.6-

dihydroimidazo [4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide
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[00463] A round bottom flask charged with 4-amino-N,N-dicyclopropyl-6-ethyl-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (134.4 mg,
0.397 mmol) under an atmosphere of nitrogen was treated with dibromomethane (397
uL). Isoamyl nitrate (107 L, 0.794 mmol) was added and the reaction mixture was,
heated at 60 °C 3.5 h and cooled to rt. The reaction mixture was diluted with ethyl
acetate and washed with saturated aqueous sodium bicarbonate. The organics were
dired over anhydrous sodium sulfate, filtered and concentrated in vacuo. 4-Bromo-
N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxamide (0.156 g, 0.388 mmol, 98% yield) was isolated as a brown
glassy solid. The product was used immediately in the next reaction,

[00464] . MS (EST) m/z 404.2 (M+H)

97 Preparation of N, N-dicyclopropyl-6-ethyl-1-methyl-4-(1-methyl-1H-

pyrazol-3-ylamino)-1 ,6—dilwdroimidazoM,S—‘d]pvrro]o[2,3 -b]pyridine-7-carboxamide
[00465]  To a vial containing 1-methyl-1H-pyrazol-3-amine (11.89 mg, 0.122
mmol), Pd;(dba)s (4.67 mg, 5.10 pmol), Xantphos (5.90 mg, 10.20 umol), and cesium
carbonate (100 mg, 0.306 mmol) was added 4-bromo-N, N-dicyclopropyl-6-ethyl-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example
97A, 41.0 mg, 0.102 mmol) in DME (1020 uL). The reaction mixture was sparged
with argon for 5 min, the vial was capped, and the reaction mixture was heated at 60
°C for 4 h and 80 °C for 16h. The reaction mixture was concentrated in vacuo. The
crude residue was purified by flash column chromatography using an Isco 40 g
column eluting with 0 — 5% MeOH/ CH,Cl, followed by additional purification with -
preparative HPLC. N,N-Dicyclopropyl-6-ethyl-1-methyl-4-(1-methyl-1H-pyrazol-3-
ylamino)-1 ,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (13 mg,
0.030 mmol, 29.5% yield) was isolated as a white solid.

[00466] ~ MS (ESI) m/z 419.3 (M+H)
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[00467]  1H NMR (400 MHz, CHLOROFORM-d) § ppm 8.17 (s, 1 H), 7.64 (s, 1
H), 7.31(d, 1H, J=2.26 Hz), 7.16 (d, 1 H, J=2.26 Hz), 6.86 (s, 1 H), 4.65 (q, 2 H,J
=7.03 Hz), 4.01 (s, 3 H), 3.85 (5, 3H), 2.78 - 2.87 (m, 2 H), 1.49(t, 3 H, J=7.15 Hz),
0.81 -0.89 (m, 4 H), 0.71 - 0.80 (m, 4 H)

Example 98

N
P
AN
O N'°N"°N
Q H
N,N-dicyc]opr0pyl-6-ethyl-1-methyl-4-(1-methyl—lH—pyrazol-4-ylamino)-1,6-

10 dihydroimidazo [4,5-(l]pyrrolo[2,3-b]pyrid{ine-7—carb oxamide

[00468]  Prepared using similar procedure as used for example 97.
[00469] 'HNMR (500 MHz, CHLOROFORM-d) &: 8.15 (s, 1H), 7.72 (s, 1H),
7.67 (s, 1H), 7.66 (br. 5., 1H), 6.85 (s, 1H), 4.65 (q, J = 7.2 Hz, 2H), 4.01 (s, 3H), 3.95
15 (s, 3H),2.79 - 2.86 (m, 2H), 1.50 (t, ] = 7.1 Hz, 3H), 0.81 - 0.89 (m, 4H), 0.73 - 0.79

(m, 4H).
Example 99
AN
P
D—N N /
J | AN ]\,]-N 0
0) N N/ N 7\ I
K H
20 N,N-dicyclopropyl-6-ethyl-4-((5-(2-furyl)-l-metliyl-lH-pyrazol—3-yl)amino)-l-

methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

~ [00470]  Prepared in a similar method used for example 73.
[00471] MS (ESI) m/z 485.4 (M+H)
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[00472]  THNMR (CDCI3) 8 ppm 8.03 (brs, 1H), 7.58 (s, 1H), 7.48 (m, 1H), 7.35
(s, 1H), 6.79 (s, 1 H), 6.54 (d, 1H, J=3.3 Hz), 6.47 (m, 1H), 4.58 (q, 2 H, J=7.04 .-
Hz), 3.94 (s, 3H), 3.93 (s, 3H), 2.74 (m, 2H), 1.44 (t, 3H), 0.69-0.79 (i, 8H)

5 Example 100
\
poow
>N NN F
AL A
4 E N/ 1}\} Y [

N,N-dicyclopropyl-6-ethyl-1-methyl-4-((1-methyl-5-(trifluoromethyl)-1H-

<

pyrazol-S-yl)amino)—l_,ﬁ-(lilly(lroimidazo [4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide

10 |

[00;473] Prepared in a similar method used for example 73.

[00474]  MS (EST) m/z 487.3 (M+H) _

[00475] 1THNMR (CDCI3) § ppm 7.41 (s, 1 H), 7.12 (s, 1H), 6.78 (s, 1 H), 4.52

(q, 2H, J=7.04 Hz), 4.11 (s, 3H), 3.86 (s, 3H), 2.74 (m, 2H), 1.42 (t, 34, J="7.15
15 Hz), 0.67-0.80 (m, 8H)

Lxample 101

N\
P
P Ly
o NN -NJ\)\/%H
K H
3-(7—((1icyclopropy]carbamoyl)—6-et11yl-1-methyl-l,,ﬁ-dihydroimidazo[4,5—

20 d]pyrrolo[2,3-b]pyridin-4-ylamino)-1-ethyl-1 H-pyrazole-5-carboxylic acid

101A ' Preparation of (Z)-N,N-dicyclopropyl-4-(4,4-dimethoxy-1-
(methylthio)-3-oxobut-1-enylamino)-6-ethyl-1-methyl-1 .6-dihydroimidazo[4,5-

d]pyrrolof2.3-b]pyridine-7-carboxamide
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[00476] Sodium hydride (142 mg, 3.55 mmol) was added to 4-amino-N,N-
dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo [2,3-b]pyridine-7-
carboxamide (example 1J, 400 mg, 1.182 mm_él) in DMF (7 mL) at room
temperature and the mixture stirred for 30 min, 1,1-dimethoxy-4,4-
bis(methylthio)bﬁt—3-en—2-one (394 mg, 1.773 mmol) was added and stirring
continued overnight. The reaction mixture was diluted with ethyl acetate and washed
with water, 10% lithium chloride and water. The organic layer was dried over
magnesium sulfate, filtered and concentrated in vacuo. The crude product was
purified by flash chromatography on silica gel using an automated ISCO system (80 g
column, eluting with 2-5% methanol / dichloromethane). (2)-N,N-Dicyclopropyl-4-
(4,4-dimethoxy-1-(methylthio)-3-oxobut-1 -enylamino)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (484 mg, 0.944 mmol,

80 % yield) was obtained as a yellow solid.

101B . Pi‘eparation-of (Z2)-tert-butyl 2-(1-(7-(dicyclopropylcarbamovyl)-

6-eﬂwl— I-methyl-1 .6—dihvdroimidazo[4,5-d]pvrro]o[2,3—b]pyridin—4—vlamino)—4,4—

dimethoxy-3-oxobut-1-enyl)-1 -ethylhydrazinecarboxylate

AN
P Y (L
> 7 N NHN'N’OOC
0O N N/ N/K/lkro\
W H o

[00477] A mixture of (Z)—N,N—dicyclopropyl-4-(4,4-dimethoxy-1-(methy1thio)—3-
oxobut-1-enylamino)-6-ethyl-1-methyl-1 ,6-dihydroimidazo[4,5-d]pyrrolo[2,3-

b]pyridine-7-carboxamide (example 101A, 160 mg, 0.312 mmol) and fert-butyl 1-
ethylhydrazinecarboxylate (125 mg, 0.780 mmol) in acetic acid (2 mL) wan stirred at
35 °C overnight. Solvent was evaporated and the crude product was purified by flash

chromatography on silica gel using an automated ISCO system (40 g column, eluting
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with 2-8% methanol/dichloromethane). (Z)-fer-Butyl 2-(1-(7-
(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3- * |
b]pyridin-4-ylamino)-4,4-dimethoxy-3-oxobut-1-enyl)-1-ethylhydrazinecarboxylate
(195 mg, 0.312 mmol, 100 % yield) was obtained as a yellbw solid.

5 [00478] MS (ESI) m/z 625.5 (M+H).

101C Preparation of N, N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-formyl-

1H-pyrazol-3-ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2 3-blpyri dine-7-.

Py

P

O N Nw\g
k H

[00479] A mixture of (Z)-tert-butyl 2-(1-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylami no)-4,4-dimethoxy-3-

carboxamide

10

oxobut-1-enyl)-1-ethythydrazinecarboxylate (187 mg, 0.299 mmol) and TFA (25% in
dichloroethane, 1.0 mL, 2.99 mmol) was heated at 60 °C for 0.5h and LC/MS

15 showed completion of reaction. Solvent was evaporated and the residue was
partitioned between saturated sodium bicarbonate and dichloromethane. The layers
were separated and aqueous layer was extracted with dichloromethane two more
times. The combined organic layer was dried over magnesium sulfate, filtered and
concentrated in vacuo. The crude product was purified by flash chromatography on

20  silica gel using an automated ISCO system (24 g co]umn; eluting with 1-5%
methanol / dichloromethane). N, N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-formyl-1H-
pyrazol-3-ylamino)-1-methyl-1 ,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide (80 mg, 0.174 mmol, 58.0 % yield) was obtained as a yellow solid.
[00480] MS (ESI) m/z 461.4 (M+H).

25 [00481] 'H NMR (500 MHz, CDCl3) 6: 9.88 (s, 1H), 8.25 (s, 1H), 7.76 (s, 1H),
1.67 (s, 1H), 6.87 (s, 1H), 4.67 (d, ] = 7.2 Hz, 2H), 4.52 (q, T = 7.1 Hz, 2H), 4.02 (s,
3H), 2.80 - 2.86 (m, 2H), 1.52 (t, ] = 7.1 Hz, 3H), 1.44 (t, ] = 7.2 Hz, 3H), 0.83-0.39
(m, 4H), 0.73 - 0.79 (m, 4H)
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101 Preparation of 3-(7-(dicyclopropylcarbamoy])-6-ethyl-1-methyl-1.6-

_dihydroimidazo[4.5-d]pyrrolo[2,3-b]pyridin-4-ylamino)- 1-ethyl-1H-pyrazole-5-

carbokylic acid

[00482] A mixture of N, N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-formyl- 1 H-pyrazol-
3-ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide (example 101C, 27 mg, 0.059 mmol) and OXONE (79 mg, 0.129 mmol)

~ in DMF was stirred at room temperature for 20 hrs. Water was added and the mixture

was extracted with dichloromethane 3 times. The organic layer was dried over
magnesium sulfate, filtered and concentrated in vacuo. The crude product was

purified with preparative HPLC to give 3-(7-( dicyclopropylcarbamoyl)-6-ethy]- 1-

- methyl-1,6-dihydroimidazo[4,5-d]pyrrolo [2,3 -b]pyridin-4-ylamino)-1-ethyl-1H-

pyrazole-5-carboxylic acid (20 mg, 98% yield)

[00483]  MS (ESI) m/z 477.4 (M+H).

[00484] 'H NMR (500 MHz, METHANOL-dy) &: 7.96 (s, 1H), 7.48 (s, 1H), 7.18
(s, 1H), 4.70 (q, T = 6.9 Hz, 2H), 4.60 (q, J = 7.2 Hz, 2H), 4.09 (s, 3H), 2.94 — 3.00
(m, 2H), 1.45 (t, ] = 6.94 Hz, 3H), 1.44 (t, ] = 7.21 Hz, 3H), 0.85 - 0.92 (m, 4H), 0.77
- 0.82 (m, 4H)

Example 102

AN
> J> N’\\N »
|
0 N N/{I\/)jOH
K H

N,N-(licyclopropyl-6-ethyl-4-(1-ethyl—S-(hydroxymet_hyl)-lH-pyrazol-3—ylamino)-
1-methyl-1,6-dihydroimidazo [4,5-(]]pyrrplo[2,3-b]byi‘i(line—7-carboxamide

[00485]  Sodium boronhydride (10 wt% on alumina, 13.14 mg, 0.035 mmol) was
added to N,N-dicyclopropyl-6-ethyl-4-(1 -ethyl-5-formyl-1 H-pyrazol-3-ylamino)-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example
101C, 16 mg, 0.035 mmol) in methanol (1 mL) at room temperature and the reaction
mixture stirred for 0.5h. The solid alumina was filtered off and the filtrate was

concentrated in vacuo. The crude product was purified by flash chromatography on
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silica gel using an automated ISCO system (4 g column, eluting with 2-10% methanol

/ dichloromethane). N,N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-(hydroxymethyl)-1H- v
pyrazol-3-y]amin 0)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-

carboxamide (14 mg, 86 % yield) was obtained as a white solid.

© [00486]  MS (ESI) m/z 563.4 (M),

[00487]  'H NMR (500 MHz, CDCly) 3: 8.09 (s, 1H), 7.59 (s, 1H), 7.08 (s, 1H),
6.81 (s, 1H), 4.72 (d, J=4.7 Hz, 2H), 4.57 (q, ] = 7.2 Hz, 2H), 4.15 (q, T = 7.3 Hz,
2H), 3.97 (5, 3H), 2.76 — 2.84 (m, 3H), 1.46 (t, ] =7.2 Hz, 3H), 1.41 (t, J=7.1 Hz, .
3H), 0.81 - 0.87 (m, 4H), 0.71 - 0.76 (m, 4H) |

Example 103
\
P )
>N N N
SDE» Y,
0 NONNTY
K H
N,N-dicyclopropyl-4-(5-(dimethy]carbamoyl)-l-ethyl-lH—pyrazol-3-ylamino)—6-
ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00488] A mixture of 3-(7-( dicyclopropylcérbamoyl)—6-ethy1-l—methyl—1,6-
dihydroimidazo[4,5-d]py11‘01{)[2,3-b]pyridin-4—ylamino)-1—ethyl—lH-pyrazo]e-S—
carboxylic acid (example 101, 28 mg, 0.059 mmol), HATU (26.8 mg, 0.071 mmol)
and dimethylamine (2M in THF, 59 pL, 0.118 mmol) in DMF (1 mL) was stirred at
room temperature for 2h. Water was added and the reaction mixture was extracted
with ethyl acetate 3 times. The combined organic layers were washed twice with
10% lithium chloride, dried over magnesium sulfate, filtered and concentrated in
vacuo. The crude was purified by preparative HPLC (Phenomenex Luna Su C18
column, 21.2x250 mm column, retention time 15.317 min, 30-100% gradient aqueous
methanol over 20 minutes containing 10 mM ammonium acetate, flow rate 20 ml/min
and monitoring at 254 nm). N,N-dicyclopropyl-4-(5-( dimethylcarbamoyl)-1-ethyl-
1H-pyrazol-3-ylamino)-6-ethyl-1-methyl-1,6-dihydro imidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxamide (20 mg, 66.9 % yield) was obtained as an off-white solid.
[00489]  MS (ESI) m/z 504.5 (M+H).
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[00490] 'HNMR (500 MHz, CDCl;) &: 8.38 (br. S, 1H), 7.75 (s, 1H), 7.28 (s, 1H),
6.86 (s, 1H), 4.61 (q, I = 7.2 Hz, 2H), 4.27 (q, T = 7.0 Hz, SH), 4.03 (s, 3H), 3.27 (s, °
3H), 3.17 (5, 3H), 2.79 - 2.86 (m, 2H), 1.47 (t, T = 7.14 Hz, 3H), 1.46 (t, ] = 7.14 Hz,
3H), 0.83 - 0.89 (m, 4H), 0.73 - 0.78 (m, 4H)

5
Example 104
P
B2eeesY;
O N N/ NJI\/)\{N
N
O .
N,N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-(morpholine-4-carbonyl)-1 H-pyrazol-3-
ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d] pyrrolo[2,3-b]pyridine-7-
10 carboxamide

[00491]  The title compound was prepared using a method analogous to that used to
prepare example 103.
[00492] MS (ESI) m/z 546.5 (M+H).

15 [00493] 'HNMR (500 MHz, CDCl) 6: 7.95 (s, 1H), 7.19 (s, 1H), 6.87 (s, 1H),
4.60 (q, J= 6.9 Hz, 2H), 4.28 (q, J = 7.2 Hz, 5H), 4.07 (5, 3H), 3.82 (br. 5., SH), 3.76
(br.s., 3H), 2.74 - 2.93 (m, 4H0), 1.48 (t, = 7.14 Hz, 3H), 1.47 (t, ] = 7.14 Hz, 3H),
0.84 - 0.90 (m, 4H), 0.74 - 0.78 (m, 4H). |

20 Example 105

\
P )
D—Nm I\II—N o)
o N N/ NW
K H

=0

C
@)
N,N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-(thiomorpholine 1,1-dioxide

—4-carbonyl)-1H-pyrazol—3-ylamin0)-l-methyl-l,6-(lihydr0imidazo [4,5-

dlpyrrolo[2,3-b]pyridine-7-carboxamide
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[00494]  The title compound was prepared using a method analogbus to that used to j
prepare example 103.

[00495]  MS (ESI) m/z 594.5 (M+H).

[00496] 'H NMR (500 MHz, CDCl3) §: 7.95 (s, 1H), 7.19 (s, 1H), 6.83 (s, 1H),
4.55(q, 1=17.03 Hz, 2H), 4.20 - 4.34 (m, 6H), 4.06 (s, 3H), 3.13 (br. s., 4H), 2.77 -
2.89 (m, 2H), 1.46 (t, J =7.21 Hz, 3H), 143 (t,J = 7.21 Hz, 3H), 0.82 - 0.88 (m, 4H),
0.72 - 0.77(m, 4H). ‘

Example 106

N,N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-(2-m orpholinoethylcarbvam oyl)-1H-
pyrazol-3-ylamino)-1-methyl-1 ,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-

7-carboxamide

[00497]  The title compound was prepared using a method analogous to that used to
prepare example 103.

[00498]  MS (EST) m/z 589.6 (M+H).

[00499] 'H NMR (500 MHz, CDCl) 6: 8.18 (s, 1H), 7.68 (s, 1H), 7.45 (s, 1H),
6.87 (s, 1H), 4.64 (q, J = 6.9 Hz, 2H), 4.54 (q, ] = 7.2 Hz, 2H), 4.03 (s, 3H), 3.77 (br.
5., 4H), 3.61 (br. 5., 2H), 2.80 - 2.87 (m, 2H), 2.67 (br. 5., 2H), 2.57 (br. s., 3H), 1.71
(br. s, 3H), 1.53 (1, J = 7.1 Hz, 3H), 1.46 (t, ] = 7.1 Hz, 3H), 0.84 - 0.90 (m, 4H), 0.74
-0.79 (m, 4H). |

Example 107
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N,N-dicyclopropyl-6-ethyl-4-(1- ethyl -(4-methylpiperazine-1-carbonyl)-1F-
v pyrazol-3—ylammo)—1—methyl-1,6-dlhydr01mldazo[4,5-d]pyrrolo[Z,S-b]pyrldme—

7-carboxamide

[005001" The title compound was prepared using a method analogous to that used to

prepare example 103.

[00501]  MS (ESD) m/z 559.5 (M-+H).

[00502] 'H NMR (500 MHz, CDCl) 8: 8.19 (s, 1H), 7.66 (s, 1H), 7.26 (s, 1H), |
10 6.87(s, 1H), 4.63 (q, ] = 6.9 Hz, 2H), 4.26 (q, ] = 7.2 Hz, 2H), 4.02 (s, 3H), 3.88(br.

8., 4H), 2.80 - 2.86 (m, 2H), 2.54 (br. s., 4H), 2.40 (br. s., 3H), 1.48 (t, J=7.1 Hz,

3H), 1.47 (1, 1=7.1 Hz, 3H), 0.82 - 0.90 (m, 4H), 0.73 - 0.79 (m, 4H).

Examp]e 108
e '

m iy
M
\
N

4-(5—((cyan0methyl)(methyl)carbamoyl)—l-ethyl—]H-pyrazol—3-y]amino)—N,N-

15

dicyclopropyl-6-ethyl-1-methyl-1 ,6-dihydroimidazo[4,5-d]pyrrolo[2,3-

blpyridine-7-carboxamide

20 [00503] The title compound was prepared using a method analogous to that used to
prepare example 103.
[00504] MS (ESI) m/z 529.3 (M+H).
[00505] 'H NMR (500 MHz, CDCl3) &: 8.37 (br. 5., 1H), 7.77 (s, 1H), 7.39 (s, 1H),
6.86 (s, 1H), 4.62 (q, J = 7.2 Hz, 2H), 4.54 (br. ., 2H), 4.27 - 4.34 (m, 1H), 4.04 (s,
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3H), 3.41 (br. s., 3H), 2.79 - 2.86 (m, 2H), 1.47 (t, ] = 7.2 Hz, 6H), 0.83 - 0.89 (m,
4H), 0.73 - 0.78 (m, 4H).

Example 109

\
ot
TSy,
.0 NIN/NW

H \\\]P\]I .

o~

4-((5-((2-acemmi(loethyl)carbamoyl)-l-ethyl-1H-pyrazol-3-yl)amino)—N,N—
dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-dJpyrrolo[2,3-
b]pyridine-7-carboxamide

[00506]  The title compound was prepared using a method analogous to that used to
10 prepare example 103.

[00507] MS (ESI) m/z 561.5 (M+H).

[00508] "H NMR (500 MHz, CDCl3) 6: 7.77 (br. s., 2H), 7.40 (s, 1H), 6.72 (s, 1H),

4.48 - 4.56 (m, 4H), 3.99 (s, 3H), 3.61 - 3.66 (m, 2H), 3.52 -3.58 (m, 2H), 2.81 (m,

2H), 2.02 (s, 3H), 1.44 (t, T = 7.1 Hz, 3H), 1.34 (1, ] = 6.9 Hz, 3H), 1.26 (s, 1H), 0.82
15 -0.90 (m, 4H), 0.70 - 0.77 (m, 4H)

Example 110

N,N—(licyclopropyl-4-((5-(diethy]carbamoyl)-1-ethyl-lH-pyrazol-3-y])amino)-6-
20  ethyl-1-m ethyl-l,ﬁ-dihyd roimidazo[4,5-d]pyrrolo[2,3-b] pyridin e-7-carboxamide

[00509]  The title compound was prepared using a method analogous to that used to.
prepare example 103,

[00510]  MS (ESI) m/z 532.4 (M+H).
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[00511] 'H NMR (500 MHz, CDCly) 8: 8.29 (br. S., 1H), 7.70 s, 1H), 7.23 (s,

1H), 6.85 (s, 1H), 4.62 (q, T = 6.9 Hz, 2H), 4.20 (q, ] = 7.2 Hz, 2H), 4.00 (s, 3H), 3.51 -
-3.62.(m, 4H), 2.77 - 2.85 (m, 2H), 1.40 - 1.47 (m, 6H), 1.27 (t, ] = 7.1 Hz, 6H), 0.80
- 0.88 (m, 4H), 0.72 - 0.77 (m, 4H)

Example 111
AN

P
8t
N/

e
0]

N N’/N
( H }}-.

N,N-dicyclopropyl-4-((5-(((2R,6S)-2,6-dimethyl-4-m orpholinyl)carbonyl)-1-
ethyl-lH-pyrazdl-S-yl)amino)—6-ethyl-1—rﬁethyl-1,6-dihydmimidazo [4,5-
10 dipyrrolo[2,3-b]pyridine-7-carboxamide

[00512]  The title compound was prepared using a method analogous to that used to
prepare example 103.
[00513]  MS (ESI) m/z 574.4 (M+H).
15 [00514] 'HNMR (500 MHz, CDCL) &: 8.30 (br. S., 1H), 7.72 (s, 1H), 7.21 (s,
1H), 6.86 (s, 1H), 4.62 (q, ] = 6.9 Hz, 2H), 4.21 — 4.28 (m, 2H), 4.07 - 4.20 (m, 2H),
4.01 (s, 3H), 3.61 (br. s, 2H), 2.91 (br. s, 1H), 2.79 - 2.85 (m, 2H), 2.60 (br. S. 1H),
147 (t, ] =7.2 Hz, 3H), 1.45 (t, ] = 7.2 Hz, 3H), 1.07 - 1.36 (m, 6H), 0.81 - 0.88 (m,
4H), 0.72 - 0.78 (m, 4H) :
20
Example 112
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N,N-dicyclopropyl-4-(5-(dimethylcarbamoyl)-1-methyl-1 H-pyrazol-3-ylamino)-
6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d] pyrrolo[2,3-b]pyridine-7-

carboxamide

5 : 112A Preparation of (Z)-tert-butyl 2-(1-(7-(dicyclopropylcarbamoyl)-

6-eth\Ll-l-meﬂwl—l,6-dihvdr0imidazo[4,5-d]nvrro]’o[2.3—b]pvridin—4-v]aminb)—4,4-

dimethoxy-3-oxobut-1-enyD)-1-methylhydrazi necérboxvlate

[00515]  The title compound was prepared using a method analogous to that used to
10 prepare example 101B.
[00516] MS (EST) m/z 611.7 (M+H).

112B Preparation of N, N-dicyclopropyl-6-ethyl-4-(5-formyl-1-

meﬂwl- 1 H-pyrazol-3-ylamino)-1-methyl-1 .6-dihydroimidazo[4.5-d]pyrrolo[2.3-

15  blpyridine-7-carboxamide

[00517]  The title compound was prepared using a method analogous to that used to
prepare Example 101C.
20 [00518] MS (ESI) m/z 447.3 (M+H).

112C Preparation of 3-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-

methyl-1,6-dihydro imidazo[4,5-d]nyn“olo[2,3-b]pvridin-4—vlamino)—l-methyl—]H—

pyrazole-5-carboxvlic acid
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[00519] - The title compound was prepared using a method analogous to that used to

prepare example 101.

5 [00520] MS (ESD) m/z 463.3 (M+H).

112 Preparation of N, N-dicyclopropyl-4-(5-(dimethylcarbamoyl)-1-

methyl-1H-pyrazol-3-ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-

dlpyrrolof2.3-blpyridine-7-carboxamide

10 [00521] A mixture of 3-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-1-methyl-1 H-pyrazole-5-
carboxylic acid (39.8 mg, 0.086 mmol), HATU (49.0 mg, 0.129 mmol) and |
dimethylamine, 2M in THF (0.086 mL, 0.172 mmol) in DMF (2 mL) was stirred at
room temperature for 2h. Water was added and the reaction mixture was extracted

15 with ethyl acetate 3 times. The combined organic layers were washed twice with
10% lithium chloride, dried over magnesium sulfate, filtered and concentrated in
vacuo. The crude was purified by preparative HPLC to give N,N-dicyclopropyl-4-(5-
(dimethylcarbamoyl)-1-methyl-1 H-pyrazol-3-yl amino)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (23 mg, 54.1 % yield)

20 as an off-white solid.

[00522]  MS (ESI) m/z 490.2 (M+H). ‘
[00523] 'HNMR (400 MHz, CDCl;) &: 8.28 (s, 1H), 7.67 (s, 1H), 7.34 (s, 1H),
6.86 (s, 1H), 4.61 (q, J = 7.0 Hz, 2H), 4.01 (s, 3H), 3.95 (s, 3H), 3.29 (s, 3H), 3.16 (s,

3H), 2.79 - 2.86 (m, 2H), 1.47 (t, ] = 7.0 Hz, 3H), 0.82 - 0.89 (m, 4H), 0.72 - 0.79 (m,
25  4H).

Example 113
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N,N-dicyclopropyl-6-ethyl-4-(1-methyl-5-(thiomorpholine 1,1-dioxide
-4-carbonyl)-1H-pyrazol-3-ylamino)-1-methyl-1,6-dihydroimidazo[4,5-

d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00524]  The title compound was prepared using a method ahalogous to that used to
prepare example 112,
[00525]  MS (EST) m/z 580.3 (M+H).
[00526] 'H NMR (400 MHz, CDCls) 5: 8.29 (s., 1H), 7.69 (s, 1H), 7.30 (s, LH),
10 6.83 (s, 1H), 4.57 (q, ] = 6.8 Hz, 2H), 4.31 (br. 5., 4H), 4.00 (s, 3H), 3.93 (s, 3H), 3.15
(br.s., 4H), 2.77 - 2.88 (m, 2H), 1.45 (t, J = 7.0 Hz, 3H), 0.80 - 0.91 (m, 4H), 0.69 -
0.80 (m, 4H). ’

Example 114

15
N,N-dicyclopropyl-4-(1-(2,2-difluoroethyl)-5-(dimethylcarbamoyl)-1H-pyrazol-3-
ylamino)-6-ethyl-1-m ethyl-1,6-dihydroimidazo[4,5-d]pyrrole[2,3-b]pyridine-7-

carboxamide

20 [00527] The title compound was prepared using a method analogous to that used to
prepare Example 112; except utilizing example 80A.
[00528] MS (ESI) m/z 540.4(M+H).
- [00529] 'H NMR (400 MHz, CHLOROFORM-d) 8: 8.41 (br. s., 1H), 7.73 (s, 1H),
7.43 (s, 1H), 6.86 (s, 1H), 6.17 (tt, T = 55.9, 4.2 Hz, 1H), 4.57 - 4.72 (m, 4H), 4.01 (s,

- 148 -



000158

WO 2011/028864 ‘ PCT/US2010/047621

3H), 3.30 (s, 3H), 3.16 (s, 3H), 2.78 - 2.86 (m, 2H), 1.47 (t, T = 7.0 Hz, 3H), 0.80 -
0.89 (m, 4H), 0.71 - 0.80 (m, 4H).

Example 115

N OH
; NI
N,N—dicyclopropyl—6—ethvl—4-(5-(hydroxymethyl)-l-—methyl-lH-pyrazol-”&-
ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrelo[2,3- b]pyndme-7-
carboxamide
10

[00530]  Title compound was prepared by a method similar to that used for example

102.

[00531] MS (ESI) m/z 449.3 (M+H)

[00532] IHNMR (CDCI3) 8 ppm 8.11 (br's, 1H), 7.67 (s, 1 H), 7.16 (s, 1 H), 6.88
15 (s, 1H),4.75 (d,2 H, J=5.94 Hz), 4.67 (q, 2H, J = 7.26 Hz), 4.03 (s, 3H), 3.89 (s,

Y3H), 2.84 (m, 2H), 1.68 (t, 3H, J=6.16 Hz), 1.50 (t, 3H, J = 7.15 Hz), 0.75-0.89 (m,

8H)

20 | Example 116

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(1 -methyl-S-(morpholinomethyl)-1H-
pyrazol-3-ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-

25 carboxamide

- 149 -



neo1s5s

WO 2011/028864 PCT/US2010/047621

10

15

20

25

[00533]  To a stirred solution of N,N-dicyclopropyl-6-ethyl-4-(5-formyl-1-methyl-
1H—pyrazol-3-ylamino)-rl -methyl-1,6-dihydroimidazo[4,5-d]pyrrolof2,3-b] pyridine-7-
carboxamide (example 112B, 22 mg, 0.049 mmol) and molecular seives 4A (30 mé)
in MeOH (2 mL) was added morpholine (0.017 mL, 0.197 mmol). After the solution
was stirred at room temperature for 12 hrs, sodium borohydride (7.46 mg, 0.197
mmol) was then added and stirred for 3 hrs. The solution was brought to pH = 4 with
IN HCI, neutralized with saturated aqueous sodium bicarbonate, and then extracted
with CH,Cl,. The organic layer was dried over anhydrous magnesium sulfate and
concentrated in vacuo. The residue was purified by silica-gel flash chromatography
using an Isco 40 g column eluting from 0-10% MeOH/CH,Cl, to yield N,N-
dicyclopropyl-6-ethyl-1-methyl-4-(1-methyl-5-(morpholinomethyl)-1H-pyrazol-3-
ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (14.3 mg,
0.027 mmol, 54.9 % yield) as a white solid.

[00534] MS (ESI) m/z 518.3 (M+H)

[00535] 1HNMR (CDCI3) § ppm 7.99 (brs, 1 H), 7.57 (s, 1 H), 6.99 (s, 1 H),
6.78 (s, 1H), 4.56 (q, 2 HJ="7.04 Hz), 3.93 (s, 3H), 3.77 (s, 3H), 3.64 (m, 4'H), 3.48
(s, 2H), 2.75 (m, 2H), 2.45 (m, 4H), 1.42 (t, 3H J = 7.02 Hz), 0.66-0.80 (m, 8H)

Example 117

N
P (
o N
/ | AN N’N
4 E N J\/“’
N,N-dicyclopropyl-6-ethyl-1-methyl-4- (]-methyl -((4-methylpiperazin-1-
yl)methyl)-].H—pyrazol-?a—ylamm0)—1‘,6—(11hydrmm1dazo{4,5-d]pyrrolo[2,3-

b]pyridine-7-carboxamide
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[00536]  Synthesized using a method analogous to that used to prepare examp.le.
116.
[00537] MS (ESI) m/z 531.4 (M+H)
[00538] »lH NMR (CDCI13) 8 ppm 8.05 (brs, 1 H), 7.60 (s, 1 H), 7.01 (s, 1H), 6.78
5 (s,1H),4.56 (q,2 HJ = 6.75 Hz), 3.95 (s, 3H), 3.72 (s, 3H), 3.61 (s, 2H), 2.96 (m,
4H), 2.76 (m, 4H), 2.74 (m, 2H), 2.71 (s, 3H), 1.42 (t, 3H, J = 7.04 Hz), 0.67-0.80 (m,

8H)
Example 118
10
N\
[>—NJ> N’\\N VA
S8 rva
O N'™NTN
L H
N,N—dicyclopropyl-4-(5-((dimethylamino)methyl)-].-methyl-lH—pyrazol—3-
ylamino)-G-ethyl-l—methyl-l,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
v carboxamide
15

[00539]  Synthesized using a method analogous to that used to prepare example
116.
- [00540] MS (EST) m/z 476.4 (M+H)
[00541] THNMR (CDCI3) 8 ppm 7.45 (s, 1 H), 7.33 (s, 1H), 6.84 (s, 1 H), 4.52
20 (q, 2H, J=7.04 Hz), 4.25 (s, 2H), 3.98 (s, 3H), 3.90 (s, 3H), 2.80 (s, 6H), 2.77 (m,
2H), 1.37 (t, 3H, J = 6.82 Hz), 0.64-0.87 (m, §H)

Example 119
, J> \ N/
\ N
>y o S
O NTW NM/
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N,N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-((4-methylpiperazin-1-yl)methyl)-1H-
pyrazol—S-ylamino)-].-methyl-l,G—dihy(lroimidazo[4,5-(l]pyrrolo[2,3-b]pyridinve-A ‘

7-carboxamide

S [00542] Prepared using interemediate 101B and I)i'ocedlll'e as used for example
116.
[00543] MS (ESI) m/z 545.4 (M+H) ,
[00544] 1HNMR (CDCI3) 6 ppm 8.03 (s, 1 H), 7.57 (s, 1 H), 7.00 (s, 1H), 6.78 (s,
1 H), 4.55(q, 2 H, J=7.04 Hz), 4.03 (q, 2H, J = 5.72 Hz), 3.94 (s, 3H), 3.60 (s, 2H),
10 2.93 (brs, 3H), 2.63-2.84 (br m, 10H), 1.42 (t, 3H, J = 7.04 Hz), 1.35 (t. 3H, J=7.26
Hz), 0.69-0.79 (m, 8H) '

Example 120

| S
ONNN&

15 N,N-dicyclopropyl-6-ethyl-1-methyl-4-(2-methylthiazol-4-ylamino)-1,6-

dihydroimidazo[4,5-d] pyrrolo[2,3-b]pyridine-7-carboxamide

120A Preparation of 4-( 2-chloroacetamido)-N.N-dicyclopropyl-6-ethyl-
1-methyl-1.6-dihydroimidazo[4.5-d]pyrrolo[2.3-blpyridine-7-carboxamide
AN
P
0 NN II\{IJ\/CI
20 ~

[00545]  To a round bottom flask charged with 4-amino-N,N-dicyclopropyl-6-ethyl-

1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example

1J, 47.2 mg, 0.139 mmol) was added dichloromethane (697 pL) and triethylamine

(35.0 uL, 0.251 mmol). Chloroacetyl chloride (12.20 pL, 0.153 mmol) was added
25 dropwise. The reaction mixture was stirred at rt for 16h. Additional chloroacetyl

chloride (12.20 pL, 0.153 mmol) was added. The reaction mixture was diluted with
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dichloromethane. The organics were washed with water, dried over anhydrous
sodium sulfate, filtered and concentrated in vacuo. 4-(2-Chloroacetamido)-N,N-

dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7- |

carboxamide (58.5 mg, 101 % yield) was isolated as an orange paste. Material was

used in subsequent reactions with no further purification.

[00546] MS (EST) m/z 415.0 (M+H)

[00547]  1H NMR (400 MHz, CHLOROFORM-d) § ppm 8.04 (brs, 1H), 6.90 (s,
1H), 5.31 (s, 2H), 4.62(q, 2H, J=7.11 Hz), 4.24 (s, 3H), 2.77 - 2.88 (m, 2H), 1.47
(t, 3H, J=7.03 Hz), 0.83 — 0.92 (m, 4H), 0.71 — 0.80 (m, 4H) | |

120  Preparation of N,N—dicvclom‘opyl-G—ethvl-1-niethvl-4-( 2-methylthiazol-4-

ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2.3-blpyridine-7-carboxamide

[00548]  To a solution of 4-(2-chloroacetamido)-N, N-dicyclopropyl-6-ethyl-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (58.5 mg,
0.141 mmol) in DMF (176 uL) was added thioacetamide (12.71 mg, 0.169 mmol).
The vial was capped and the reaction mixture was heated at 80 °C 3 h. The reaction
mixture was concentrated in vacuo. The crude residue was taken up in MeOH and
purified by prep-HPLC. N,N-Dicyclopropyl-6-ethyl-1-methyl-4-(2-methylthiazol-4-
ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (4.05 mg,
6.6% yield) was isolated as an off-white solid.

[00549] MS (ESI) m/z 436.0 (M+H)

[00550] 1H NMR (400 MHz, DMSO-de) & ppm 8.78 (s, 1H), 8.08 (s, 1H), 7.74 (s,
1H), 7.20 (s, 1H), 4.55 (q, 2H, J="7.19 Hz), 4.03 (s, 3H), 2.87 - 2.98 (m, 2H), 2.65
(s, 3H), 1.34(t, 3H, J=7.03 Hz), 0.73 - 0.81 (m, 4H), 0.62 — 0.69 (m, 4H)

Example 121

N\
Y
0O N N g N

N,N-dicyc]0propyl-6-ethyl-1-methyl-4-(5-methyloxazol-2-ylamino)—1,6-
dihydroimidazo[4,5-d]pyrrolo{2,3-b]pyridine-7-carboxamide
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121A Preparation of 1-azidopropan-2-one

0

A,

[00551] To a solution of chloroacetone (0.680 mL, 8.53 mmol) in acetone (10 mL)

and water (5.00 mL) was added sodium azide (0.555 g, 8.53 mmol). The reaction
mixture was stirred atrt 3.5 h. The reaction mixture was concentrated under reduced
pressure. The remaining aqueous solution was extracted with dichloromethane (2 x).
The combined organics were washed with brine, dried over anhydrous sodium sulfate,
filtered and concentrated in vacuo to yield 1-azidopropan-2-one (0.641 g, 6.47 mmol,
76 % yield) as a brown oil. This material was used without any purification.

[00552]  1HNMR (400 MHz, CHLOROFORM-d) § ppm 3.96 (s, 2H), 2.21 (s, 3H)

121B Preparation of N,N—dicmlom'opvl—6—ethy1-4—isothiocvanato- 1-

methyl-1,6-dihydroimidazo[4.5-d]pyrrolo[2.3-bipyridine-7-carboxamide

[00553]  To a mixture of 4-amino-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 1J, 194.5 mg,
0.575 mmol) in djchloromethane (2874 puL) in a round bottom flask under nitrogen
was added 1,1'-thiocarbonyldi-2(1H)-pyridone (133 mg, 0.575 mmol). The reaction
mixture was stirred at rt for 16 h. The reaction mixture was concentrated under
reduced pressure. N, N-Dicyclopropyl-6-ethyl-4-isothiocyanato-1 -methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (180 mg, 94% yield)
was isolated as a yellow sticky solid. The material was used as is in subsequent
reactions.

[00554] MS (ESI) m/z 381.1 (M+H)
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121  Preparation of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methyloxazol-2-
ylamino)-1.6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00555] To a solution of N,N-dicyclopropyl-6-ethyl-4-isothiocyanato-1-methyl-
1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-blpyridine-7-carboxamide (example 1218,
45.7 mg, 0.120 mmol) in dioxane (343 uL) was added 1-azidopropan-2-one (14.28
mg, 0.144 mmol) and triphenylphosphine (37.8 mg, 0.144 mmol). The contents of
the flask were immersed into a preheated oil bath for 35 min and cooled to room
temperature. The residue was diluted with ethyl acetate and quenched with saturated
aqueous sodium bicarbonate. The aqueous layer was extracted with ethyl acetate. |
The combined organics were washed with brine, dried over anhydrous sodium sulfate,
filtered and concentrated in vacuo. The crude residue was purified by flash
chromatography on an Isco 12 g column eluting with 1 — 10% MeOH/CH,Cl,. The
pale yellow solid was taken up in MeOH and further purified by preparative HPLC.
N,N-Dicyclopropyl-6-ethyl-1-methyl-4-(5-methyloxazol-2-ylamino)-1 ,6-dihydro
imidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide was isolated (10 mg, 25% yield)
as a white solid. |

[00556] MS (EST) m/z 420.0 (M+H)

[00557]  1HNMR (400 MHz, DMSO-ds) & ppm 9.86 (s, 1H), 8.05 (s, 1H), 7.18 (s,
lH),‘6.66 (d, 1H, J= 1.51 Hz), 4.41 (g, 2H, J = 7.28 Hz), 4.02 (s, 3H), 2.85 - 2.98
(m, 2H), 2.21~2.29 (m, 3H), 1.27 (t, 3H, J = 7.15 Hz), 0.71 — 0.80 (m, 4H),‘0.6O -
0.70 (m, 4H) ’

Example 122

N AN -N
>- 77 ) /SL\\>—
0 N N N
_J H

N,N-dicyclopropyl-6-ethyl-1-methyl-d-(3-methyl-1 »2,4-thiadiazol-5-ylamino)-1,6-

dihydroimidazo[4,5-d]pyrrolo][2,3-b]pyridine-7-carboxamide

[00558] A mixture of N, N-dicyclopropyl-6-ethyl-4-isothiocyanato-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 121B, 0.042
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g, 0.111 mmol), acetamidine hydrochloride (10.49 mg, 0.111 mmol), and
Hiinig'sBase (0.058 mt, 0.333 mmol) in DMF (0.617 mL) was étirred at rt ON. :
Diethyl azodicarboxylate (0.088 mL, 0.222 mmol) was added and stirring continued |
at room temperature for 16 h. The reaction mixture was concentrated. The residue
5 was taken up in MeOH and purified by preparative HPLC. N,N-Dicyclopropyl-6- |

ethyl-1-methyl-4-(3-methyl-1,2,4-thiadiazol-5-ylamino)-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridine-7-carboxamide (4.32 mg, 9% yield) was isolated as a pale
yellow solid.
[00559] MS (EST) m/z 437.1 (M+H)

10 [00560] 1HNMR (400 MHz, MeOD) & ppm 8.10 (s, 1 H), 7;28 (s, 1 H),4.73 (q, 2
H,J=17.19 Hz), 4.13 (s, 3 H),2.93 - 3.01 (m, 2 H), 2.53 (5,3 H), 1.53 (t, 3 H, J=
7.03 Hz), 0.83 - 0.92 (m, 4 H), 0.76 - 0.83 (m, 4 H)

Example 123

N\
P
>N S N
4 | /L\ \>_<
O N N II}II
15 ~
Preparation of N, N-dicyclopropyl-6-ethyl-4-(3-isopropyl-1,2,4-thiadiazol-5-

_ ylamino)—l-methyl-l,ﬁ-dihydroimidazo[4,5—(l]pyrrolo[2,3-b]pyridine—7-carh0xamide

[00561] - This compound was prepared according to example 122 using

20 isobutyrimidamide hydrochloride (15.08 mg, 0.123 mmol) and disopropyl
azodicaltboxyiate (47.8 uL, 0.246 mmol). N,N-Dicyclopropyl-6-ethyl-4-(3-isopropyl-
1,2,4-thiadiazol-5-ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxamide (21 mg, 34.9 % yield) was isolated as an off-white solid.
[00562] MS (ESI) m/z 465.3 (M+H)

25 [00563] 1HNMR (400 MHz, DMSO-ds) § ppm 12.24 (s, 1H), 8.18 (s, 1H), 7.28 (s,
lH), 4.64 (q, 2H, J = 6.94 Hz), 4.06 (s, 3H), 3.10 (ddd, 1H, J=13.93, 6.90, 6.78 Hz), |
2.86 —3.00 (m, 2H), 1.42 (t, 3H, J=7.03 Hz), 1.32 (s, 3H), 1.31 (5, 3H), 0.72 - 0.81
(m, 4H), 0.63 - 0.71 (m, 4H) |
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Example 124

4-(1,2,4-thiadiazol-5-ylamino)-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-

dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00564] A mixture of N,N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2B, 30 mg,
0.075 mmol) and 1,1-dimethoxy-N,N-dimethyllhethanamine (1 g, 8.39 mmol) was
heated at 50 °C for 2h, Excess 1,1-dimethoxy-N,N-dimethylmethanamine was
evaporatéd in vacuo and the crude example was dissolved in dichloromethane (1 mL)
and O-(mesitylsulfonyl)hydroxylamine (24.4 mg, 0.113 mmol) was added. The
reaction mixture was stirred at room temperature for 3h. Water was added and the
layers were separated. The organic layer was dried over magnesium sulfate, filtered
and concentrated in vacuo. The crude residue was purified by preparative HPLC to
give 4-(1,2,4-thiadiazol-5-ylamino)-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5—d]pyrro]0[2,3—b]pyﬁdine—?—carboxamide (7 mg, 19.20 % yield)
as a yellow solid.

[00565] MS (ESI) m/z 423.0 (M+H).

[00566] 'H NMR (500 MHz, CD;0D) &: 8.32 (s, 1H), 8.27 (s, 1H), 7.38 (d, I = 4.4
Hz, 1H), 7.28 (s, 1H), 4.74 (q, ] = 7.0 Hz, 2H), 4.15 (s, 3H), 2.94 - 3.00 (m, 2H), 1.53
(t, J=7.0 Hz, 3H), 0.82 - 0.89 (m, 4H), 0.75 - 0.82 (m, 4H)

Example 125
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“N,N-dicyclopropyl-4-(1,5-dimethyl-1H-1,2,4-triazol-3-ylamino)-6-ethyl-1-methyl-

1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

125A Preparation of 4-(3-acetylthioureido)-N,N-dicyclopropyl-6-

ethyl-1-methyl-1 ,6—dihydroimidazo[4,5-d]pvrrolo[2,3-b]pvridine-7-carboxamide

§ NS
\ H H

[00567] To a solution of 4-amino-N, N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 1J, 60 mg,
0.177 mmol) in acetone (1.182 mL) was added acetyl isothiocyanate (0.020 mL,
0.230 mmol). The reaction mixture was stirred at room temperature for 6h. LC/MS
showed still half of the starting material left. Another 0.5 equivalent of acetyl
isothiocyanate was added and the reaction mixture was heated at 35 °C overnight.
Solvent was evaporated and the crude product was purified by flash chromatography
on silica gel using an automated ISCO system (24 g column, eluting with 2-8%
methanol / dichloromethane), 4-( 3-Acetylthioureido)-N, N-dicyclopropyl-6-ethyl-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (34 mg, 43.6
% yield) was obtained as a yellow solid.

[00568]  MS (EST) m/z 440.1 (M+H),

125 Preparation of N N-dicyclopropyl-4-(1,5-dimethyl-1H-12.4-
triazol-3—vlamino)-6-etlw1—1—methvl—l,6-dihydroimidazo[4,5—d]nvn'olo[2,3—

blpyridine-7-carboxamide

[00569] A mixture of 4-(3 -acetylthioureido)-N, N-dicyclopropyl-6-ethyl-1-methyl-
1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 1254, 17
mg, 0.039 mmol) and methylhydrazine (2.486 uL, 0.046 mmol) in acetic acid (0.5
mL) was heated at 80 °C for 4h, LC/MS showed starting material still remaining,
Additional methylhydrazine (2.486 ulL, 0.046 mmol) was added and heating |

continued for another 2h, reaction complete. Solvent was evaporated and the crude
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was purified by preparative HPLC to furnish N,N-dicyclopropyl-4-(1,5-dimethyl-1H-
1,2,4-triazol-3-ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxamide (5.2 mg, 30.7 % yield) as an off-white solid.
[00570] MS (ESD) m/z 434.3 (M+H).

5 [00571] 'HNMR (CDCL) 8: 7.96 (s, 1H), 7.65 (s, 1H), 6.83 (s, 1H), 4.67 (q, ] =
7.1 Hz, 2H), 4.01 (s, 3H), 3.82 (s, 3H), 2.77-2.84 (m, 2H), 2.43 (s, 3H), 1.48 (t, I =
7.2 Hz, 3H), 0.79 - 0.86 (m, 4H), 0.71 - 0.77 (m, 4H).
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WHAT IS CLAIMED IS:

1. A compound of the formula

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof, wherein

10 XisCiq alkyl;

Y is Cyq4 alkyl;

Ris

15 .
T R1 \|I/ R! \H/ N be) \|4\s
O S
1 1 R1 R

3 .
_ N-RZ g 7N/\ ‘N-R2
. N-R?
R1 b 3 01 R1 3

any of which are optionally fused with a 5 or 6 membered carbocycle or heterocycle,
said heterocycle having one heteroatom selected from NR> or S, said fused
20  carbocycle or heterocycle being optionally subsﬁtuted with 0-3 R".
' R'is H, halo, CN, Cy.¢ alkyl substituted with 0-3 R%, CF;, CONR'R?, NR°R*
COOR?®, S0,-Cy.qalkyl, C(O)R, cycloalkyl substituted with 0-3 RS, furanyl,
tetrahydropyranyl or pyridinyl;‘
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R? is H, Ci.¢ alkyl substituted with 0-3 R®, C(0)0-Cjalkyl, SO,-Ciaalkyl,
cycloalkyl substituted with 0-3 R®, tetrahydropyranyl or R? is absent;

R*is H, C(0)O-Cy.salkyl, or R*is absent;

R*is H, Ci. alkyl substituted with 0-3 R®, Cs.¢ cycloalkyl substituted with 0-3
R®, tetrahydropyranyl or dioxotetrahydrothiophenyl;

R"is H or Cy.¢ alkyl; |

R® is H, halo, CN, OH, O-Ci4alkyl, O-Cy_salkyl-O-Cy.4alkyl, NI, N(Ci4
alkyl),, C(O)N(Ci.4alkyl),, SO,-Cy.qalkyl, or morpholinyl or piperazinyl either of
which are optionally substituted with -1 C14allcyl§

R%is Ci6 alkyl, or azeridinyl, azetidinyl, pyrrolidinyl, piperidinyl,
morpholinyl, piperazinyl, dioxidothiomorphdlinyl or tetrahydropyranyl, any of which
are substituted with 0-2 R®; and

R®is H, halo, CN, C,4 alkyl, OH, O-C;_4alkyl, SO2-Cialkyl, NHC(0)-C,.
salkyl, morpholinyl, OC(O)-C,4alkyl, C( O)N(C14allcyl)2, or O-Cj4alkyl-O-C| 4alkyl.

2. The compound according to claim 1
wherein
X is ethyl;
Y is methyl; and
Ris
I o
T )R i Panil TN Jo) s
N N N\/< = Nx
R? R’ R? R? R’
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i Y 3 o T i >\ o
N\R3 T N / N\R3 N z
| A | A
R! R? R? R

any of which are optionally substituted with 0-3 R';

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof,

5
3. The compound according to claim 2
- wherein
Ris
10
3 S0 s g
T\).Fp \Ir\/km T N \li(‘o
N
1 R1 R1
5\(\3 g N-RZ — 5 g\F ‘N-R2
NY = N-R2 NS
R1 bl R1 2 SN 2 01 R1
4, The compound according to claim 2

IS5  wherein
Ris

-162 -



oug17z

WO 2011/028864 PCT/US2010/047621

S

=5
T MO T,
. NH ’ O\(C1_4)alkyl ) \CNH ,
~5

~ 0 ~e~rS ~
Paltiafiita el
> H O > L]

e ~$oN
N/ | N—-R?
N-N =
: N
R3 or 7,

k)

any of which are optionally substituted with 0-2 R!

5. The compound according to claim 2

wherein
- Sg” S
e
R is R
R' is H, halo, CN, Cy¢ alkyl substituted with 0-3 R, CF5, CONR'R®, COOR”,
10 SO»-Cyalkyl, C(O)RY, cycloalkyl substituted wi4th 0-3 R®, or pyridinyl;

3

R"is H, Cy.¢ alkyl substituted with 0-3 R®, Cs.¢ cycloalkyl substituted with 0-3
R®, tetrahydropyranyl, or dioxotetrahydrothiophenyl;
R°is H or C.1_6 alkyl,
R is H, halo, OH, O-Cy4alkyl, SO,-C14alkyl or morpholinyl;
15 RYis Cre alkyl, or azetidinyl, pyrrolidinyl, morpholinyl, piperazinyl or
dioxidothiomorpholinyl, any of which are substituted with 0-2 R®; and
R®is H, halo, CN, OH, 0-Ci.salkyl, SO,-Ci4alkyl, NHC(0O)-Cy4alkyl or
morpholinyl; | ‘
or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof,
20
6. The compound according to claim 2

wherein
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\g\i\;‘N—Rz
~
Ris R! ;

R' is H, halo, Cy alkyl substituted with 0-3 R%, CF;, CONR"R®, COOR®,
C(O)RY, cycloalkyl substituted with 0-3 R®, or furanyl;

R%is H, Cy.6 alkyl substituted with 0-3 R®, S0O,-Ciaalkyl, cycloalkyl
substituted with 0-3 R®, or tetrahydropyranyl;

R*is H, or C;.¢ alkyl'substituted with 0-3 R

R"is H or Cy. alkyl;

R® is H, halo, CN, OH, O-Cj_qalkyl, O-C;_4alkyl-O-C, 4alkyl, NH,, N(Cy.4
alkyl),, C(O)N(Calkyl);, SO,-Cy.qalkyl, or morpholiny! or piperazinyl, either of
which are optionally substituted with 0-1 Ciaalkyl;

Ris Cyg alkyl, or morpholinyl, piperazinyl or dioxidothiomorpholinyl, any of
which are substituted with 0-2 R®;

R°is H, Cy4 alkyl, CN, OH, NHC( 0)-Ci.salkyl or morpholinyl;

or a stereoisomer, tautomer, or phalmaceuticélly acceptable salt thereof.

7. The Compound according to claim 6
wherein

R' is Cy. alkyl substituted with 0-3 R%; and

R is Cy. alkyl.

8. A pharmaceutical composition comprising a pharmaceutically
acceptable carrier and one or more compounds of any of claims 1-7 or

pharmaceutically acceptable salts, tautomers or stereoisomers thereof.

9. A compound of any of claims 1-7 or pharmaceutically acceptable salts,

‘tautomers or stereoisomers thereof, for use in therapy.

10.  Use of a compound of any of claims 1-7 or pharmaceutically
acceptable salts, tautomers or stereoisomers thereof, for the manufacture of a

medicament for the treatment of myeloproliferative diseases or cancer.
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11. Use of a compound according to Claim 10, wherein the cancer is
selected from solid tumors of the pancreas, prostate, lung, head and neck, breast,
colon, ovary, gastric cancer, multiple myeloma, melanoma, neuroblastoma,
glioblastoma, systemic mastocytosis,and hemato]ogica,i malignancies such as acute

myelogenous leukemia (including refractory acute myeloid leukemia) and acute

lymphoid leukemia

12. Use of a compound according to Claim 10, wherein the

myeloproliferative disease is polycythemia vera, essential thrombocytopenia or

primary myelofibrosis.

13. One or more compound(s) according to claim 1 as an active agent for

treating myeloproliferative diseases or cancer in a mammal.

14. One or more compound(s) as an active agent for treating cancer
according to claim 13, wherein the cancer is selected from solid tumors of the
pancreas, prostate, lung, head and neck, breast, colon, ovary, gastric cancer, multiple
myeloma, melanoma, neuroblastoma, glioblastoma, systemic mastocytosis,and
hematological malignancies such as acute myelogenous leukemia (iﬁcluding

refractory acute myeloid leukemia) and acute lypmphoid leukemia
15. One or more compound(s) as an active agent for treating

myeloproliferative disease according to claim 13, wherein the myeloproliferative

disease is polycythemia vera, essential thrombocytopenia or primary myelofibrosis.
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000175
INHIBIDORES DE JAK2 Y SU USO EN EL TRATAMIENTO DE

ENFERMEDADES MIELOPROLIFERATIVAS Y CANCER

Campo de la Invencidn

[ "
it E

La presente invencién se refiere a compﬁesfos
novedosos que son utiles como agentes.
anticancerosos/antiproliferativos. La presente invencién
también se refiere a un procedimiento .de uso de los
compuestos en el tratamiento de enfermedades proliferatiygs,

tales como cancer, y a composiciones farmacéuticas que

contienen los compuestos.

Antecedentes de la Invencién

Los esfuerzos para identificar nuevas eéstrategias
terapéuticas para la enfermedad Ph (-) mieloprolife;ativazse
han reforzado por "las observaciones de la activacioén
constitutiva de 1la ruta de sefializacién de JAK-Stat en
pacientes con  MPD. En particular, se ha observado una
mutacion simple de valina a fenilalanina en el residuo 617
(JAK2-V617F) en JRK2 en la mayoria de los pacientes PV (95%),
ET (50-60%) y PMF (50-60%) (Tabla 2, Kralovics et al., 2005;.
Baxter et al., 2005; Téfferi et al., 2005). La mutacién V617F
reéide en la regién del gen JAK2 que codifica el dominio
pseudocinasa que se cree que funciona como un dominio
autoinhibidor para regular 1la .actividad tirosina-cinasa de

JAKZ. También se observan con menor frecuencia (<5% en PV y
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ET) mutaciones en el exén 12 de JAK2 que también da como
resultado una actividad cinasa de JAK2 constitutiva y son
mutuamente exclusivas con lesiones en JAK2V617F (Pardanari et
al., 2007; Scott et al., 2007). JARK2 es un miembro de: una
familia de tirosina-cinasas no receptoras que también incluye
JAKl, Tyk2 'y JARK3 y funcionan como mediadores de la
seﬁalizacién'de receptores de citocinas (para una revisién,
véase Murray, 2007). Tras una unién de citocina a su receptor
afin, los miembros de la familia JAK de unién al receptor  se
activan y fosforilan un STAT, un factqr de transcripcién
latente, que, tras la fosforilacién mediada por JAK,
experimenta dimerizacién y traslocacién hacia el ntcleo para
fegular la expresién génica. Estudios genéticos vy bioquimicos
han establecido combinaciones distintas de acoplamiento de un
miembro de la familia JAK con un receptor individual de-
citocina. Por ejemplo, el acoplamiento del receptor de
eritropoyetina (EPO), trombopoyetina (TPO) y facfor
estimulador de 'colbnias de granulocitos (GM-CSF) da como
resultado una activacién de JAK2 predominante para mediaf la
sefilalizacidén corriente abajo. De ',acuerdo con la
patofisiologia de MPD asociada con la mutacién JAK2-V617F,
estas citocinas promueven la diferenciacién y la expansidn de
los tipos celulares PV, ET y PMF, respectivamente,
subyacentes. A diferencia de otros sucesos de activacidn

genética, la expresién -de JAK2-V617F no es suficiente para
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promover la transformacién en sistemas de modelos basados en
células y se ha demostrado que.requiere la co-expresidén de
los receptores de citocinas tipo I, resaltando una
codependencia funcional  importante de 1la interaccién Jdel
receptor JAK-citocina (Lu et al., 2005). De fdrma
interesante, se han identificado mutaciones de activacién en
el receptor TPO (ML?, sustitucién de triptéfano por leuéina
en el residuo 515) en pacientes con MPD afligidos con PMF yv
ET JAK2-V617F negativo (5% y 1% respectivamente), dando como
resultado la activacién constitutiva de JAK2-Stat (Pikman et
al., 2006). Estas observaciones indican gque la transduccidn
de sefial de JAK-Stat puede activarse a través de la mutacién
en MPD en multiples puntos de la ruta de una manera
mutuamente exclusiva 'y sugiere la ©posible presencia - de
mutaciones adicionales de la ruta en MPD JAK2 —‘V617F y MPL-
W515L negativo.

La importante validacién de la sefializacién de JAK?2
como un accionador de MPD Ph (-) emergié de modelos de roedor
en los que la sefializacién del mutante JAK2-V617F se

reconstituyd en el compartimento hematopoyético de células

madre. Varios laboratorios demostraron que la transduccidén

viral de JAK2-V617F en médula ésea de ratén y posteriormente
la reimplantacién en los ratones receptores reconstituyd
varios aspectos de la MPD humana (Wernig et al., 2006, Lacout

et al., 2006, Bumm et al., 2006, Zaeleskas et al., 200e6).
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Estas caracteristicas incluian hematocrito elevado,
esplenomegalia de hematopoyésis extramedular, granulocitosis
y fibrosis de la médula désea, todo ello también se manifiesta
en policitemia vera. De formq interesante, a diferencia'de 1la
afeccidén humana, no se observd trombocitosis én estos modelos
murinos y se sugiridé que era atribuible a acontecimientos
genéticos secundarios que contribuyen a la expansién
plaquetaria (Wérnig et al., 2006). Una reconstruccién similar

de la mutacién del receptor TPO (MPL-W515L) en médula osea de

roedores dio como resultado una enfermedad mieloproliferativa

Con un comienzo mas rdpido que en animales JAK2-V617F que era
reminiscente de la mielofibrosis primaria incluyendo
esplenomegalia, hepatomegalia y fibrosis de la reticulina de
médula 6sea (Pikman et al., 2006). También a diferencia del
modelQ JAKZ2-V617F, ratones que expresan MPL-W515L présentaban
trombocitosis‘dramética que quizas indicaba una funcién mas
dominante de la activacién del receptor en comparacién con
JAK2~-V61l7F en.la expansién de este linaje. Sin embargo, estas
observaciones acentﬁén colectivamente el papel de MPL-W515L vy
JAKZ-V617F como mutaciones de direccién subyacentes en. la
progresidén de la MPD huména. |

Una cuestidén clave para la base genétiéa ge MPD es
el papel de acontecimientos genéticos adicionales que
contribuyen a la progresién de la enfermedad aparte de JAK2 y

MPL. Varias lineas de evidencias sugieren modificaciones
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genéticas adicionales en la progresién de la enfermedad MPD. -
De hecho, la recombinacién mitética sucede con frecuencia en
pacientes «con MPD para generar dos alelos JAK2-V617F,
indicando una seleccién de clones celulares hdmocigotdsfpara
la cinasa mutada (Levine et al., 2005). En este sentido,
seria importante desarrollar animales 'agénicos JAK2-V617F
condicionales y determinar las consecuen;ias fenotipicas del
homocigoto contra cargas JAK2-V6l7F de heterocigoto.
Adicionalmente, existén evidencias de un alelo de la linea -
germinal heredada que precede vy predispone pacientes a
adquirir JAK2-V617F (Goerttler et al., 2005; Levine et al.,
2006) asi como la pérdida de la regién cromosémica 20g en

algunos pacientes con MPD. Aunque sé observa clinicamente la

conversién de MPD a AML a niveles moderados y se observan

traslocaciones cromosémicas de activacién de JAK en leucemia,
los datos epidemiolégicos sugieren que es cuestionable que
JAK2-V617F sea un conductor genético.en este contexto, lb que
sugiere 'que son necesarias vmodificaciones genéticas
adicionales para la  transformacién leucémica - total
(Theocharides et al., 2007). A 'pesar de las presentes
observaciones, la inhibicién de JAK2 con inhibidorés de
moléculas pequefias es suficiente para ﬁodular la progfesién
de 1la enfermedad en modelos animales preclinicos, lo que

sugiere que la activacién de JAK2 es suficiente para el

mantenimiento de MPD (Paradani et al., 2007). Serd importante
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identificar estas modificaciones genéticas adicionales y
descifrar cémo contribuyen estos cambios genéticos a la
progresién de la enfermedad de PV, ET y PMF en el contexto de
JAKZ—V617F -y MPL-W515L. También ser& importante aplicar
estrategias para identificar si otros componentes de la rufa
de JAK2 estdn mutados en pacientes de MPD no asociados con la
adquisicién de JAK2-V617F, el exdén 12 de JAK2 o mutaciones de
MPL-W515L.

La publicacién de patente W02006/122137 describe

- compuestos que son utiles como inhibidores de IKK. El Ejemplo

N° Al71 describe el compuesto de férmula

AN

N—’\\N
0
\/|\

“ e
H N
2

que se encontré que tenia wuna débil actividad
frente a JAK2 en el ensayo que se describe mé&s adelante en el
presente documento.

Descripcién Detallada de la Invenciédn

La presente invencidén proporciona compuestos de
férmula I, composiciones farmacéuticas que emplean los
compuestos y procedimientos de uso de los compuestos.

De acuerdo con la presente invencién, se describen

compuestos de férmula I
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0 sSu estereoisdmero, tautdmero o sal del mismo
farmacéuticamente aceptable, en la que:
Y es alquilo Ci_g4;

X es alquilo Cy4;

R es
~s T
i R \H// R? T N o) g
N N N\/< =~ N
1 R! R1, R R"
—~— /N ~ /N\
N-R2 \g T N-R2
Ny N\
_ _ N-R? 1
R1 2 0 R 2

cualquiera de los cuales estd opcionalmente fusionada
con un carbociclo o heterociclo de 5 6 6 elementos que tiene

un heteroadtomo seleccionado entre NR® o S, estando el

carbociclo o heterociclo fusionado opcionalmente sustituido

con 0-3 RY.
R' es H, halo, CN, alquilo Cj;.¢ sustituido con 0-3
R, CF3, CONR®R®, NR®R?, COOR®, SO,-alquilo Ci.q, C(O)RY,

cicloalquilo sustituido con 0-3 RS, furanilo,

1
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 tetrahidropiranilo o piridinilo;
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R® esté ausente, H, alquilo C;-¢ sustituido con 0—3'
R®, C(0)0O-alquilo Ci-4, SO,~-alquilo Ci-4, cicloalgquilo
sustituido con 0-3 R%, o tetrahidropiranilo;

R® est& ausente, H, o C(0)0O-alquilo Cj_q;

R* es H, alquilo Ci-¢ sustituido con. 0-3 RS,
cicloalquilo Cji.¢ sustituido con 0-3 R®, tetrahidropiranilo o
dioxotetrahidrotiofenilo;

R es H o alquilo Ci-¢;

R® es H, halo, CN, OH, O-alquilo Ci_s, O-alquil Cj_,-'

|

O-alquilo Ci-s, NHz, N(alquilo Cig)z, C(O)N(alquilo Cis)z, SO~ |
alquilo Cj-4, o morfolinilo o piperazinilp, cualquiera de los?
Cuales esta opcionalmente sustituido con 0-1 alquilo qu;

RY es alquilo Ci-g, o0 azeridinilo, azetidinilo,
pirrolidinilo,' piperidinilo, - morfolinilo, piperazinilo,
dioxidotiomorfolinilo o tetrahidropiranilo, cualquiera de los
cuales estd sustituido con 0-2 R®; y

R® es H, halo, CN, alquilo Ci,, OH, O-alquilo Ci_4,
SOz;-alquilo Cij4, NHC(O)-alquiloc Cj_4,. morfolinilo, OC(0O)-
alquilo Cj-4, C(O)N(alquilo Ci_q)s, © O-alquil Ci-4-0O-alquilo C;_
4.

Otra modalidad son compuestos de Férmula (I), en la.

que:



) | 560183

N~ =~ N
)e

R R! R1 ©
N L]
\g\ll/s NI %N—Rz
- —
N/ 1 o1 N \
\c R ’ R:; o R1(\\¢N :

cualquiera de los cuales esta opcionalmente

sustituido con 0-3 R%.

Oﬁra modalidad son compuestos de Férmula (I), en la
que:

Y es metilo; y

X es etilo.

Otra modalidad son compuestos de Férmula (I), en la

que:
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i 1 R1’ R
Se s 5 N-RZ — T N-r2
N\ = - 2 N\
N-R 1
R RV 0 R

Otra modalidad son compuestos de Férmula (I), en la

que:
R es
10 \gTS
\5\“/8 0 N_/ N\{O \g\fs
N\<i;ng O\NWM@Hy N\<%::NH
- - - s N
éL“/S élﬂ/s o $7E1<f:>‘/o g\ﬁ/s
N\© _N\\>_ § S\/ N\@ .
15 , ) 70 ’
- s -
| Sg\‘\llll// | g /N\N—Rz
Nt \ \N
R 5 Y :

cualquiera de los cuales estid opcionalmente

20 sustituido con 0-2 RL.

Otra modalidad son compuestos de Férmula (I), en la

que

\g\ﬁ}w
L

25 R es ;
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R' es H, halo, CN, élquilo Ci-¢ sustituido con 0-3
R®, CF3, CONR®R®, COORP, SO;-alquilo Cj.4, C(O)RY, cicloalquilo
sustituido con 0-3 R®%, o piridinilo; |

»Ra es H,. alquilo C;-¢ sustituido con O—3§ Rﬂ
cicldalquilo C3-¢ sustituido con 0-3 R®%, tetrahidropiranilo o
dioxotetrahidrotiofenilo;

RP es H o alguilo Ci-¢;

R® es H, halo, OH, O-alquilo Ci.,, SOs-alquilo Ci; o
morfolinilo;

RY es alquilo Ci.s, © azetidinilo, pirrolidinilo,
morfolinilo, piperazinilo o dioxidotiomorfolinilo, cualquiera
de los cuales.esté sustituido con 0-2 R®;

R® es H, halo, CN, OH, O-alquilo Cj_4, SOz-alquilo
Ci-q, NHC(O)—alquiio Ci-4 0 morfolinilo.

Otra modalidad son compuestos de Férmula (I), en la

\Ei%N—RZ
S

1
R es ; R

R! es H, halo, alquilo Cj.¢ sustituido con 0—3.Rﬂ
CF3, CONR®R®, COOR®, C(O)RY, cicloalgquilo sustituido con 0-3 R®
o furanilo; |

R® es H, alquilo Ci¢ sustituido Con 0-3 R%, SO0,-
alquilo Cig, cicloalquilo sustituido con - 0-3 RS, o

tetrahidropiranilo;

R® es H, o alquilo C;_¢ sustituido con 0-3 R®;
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RP es H o alqﬁilo Ci-6;

R® es H, halo, CN, OH, O-alquilo Ci.,, O-alquil Ci_4-
0-alquilo Ci, NHy, N(alquilo Cis)z, C(O)N(alquilo Cis)s, SO,-
alquilo Cy4, o morfolinilo o piperazinilo, cﬁalquiera de 1os
cuales estd opcionalmente sustituido con 0-1 alquilo Ci_g; -

R es alquilo Cj¢ o morfolinilo, piperazinilo o
dioxidotiomorfolinilo, cualqﬁiera de los cuales esta
sustituido con 0-2 R%; y

R® es H, alquilo Cji4, CN, OH, NHC(O)-alquilo CLQ o)
morfolinilo.

Otra modalidad son compuestos de Férmula (I)

\g /N\
~

R es ; . R

, en la

que:

R' es alquilo Cj-¢ sustituido con 0-3 RS; y

R? es alquilo Cig.

Otra modalidad son compuestos de Férmula (I), en la
que el compuesto de férmula (I) se selecciona entfe los
compuestos ejemplificados.

En otra modalidad la presente invencién proporciona
una composicién farmacéutica que comprende un vehiculo
farmacéuticamente aceptable y uno o mds de los compuestos de
la presente invencién o un esterebisémero, tautdémero, sal,
solvato o profdrmaco farmacéuticamente aceptable de los

mismos.

o)
(Sl
P—
QO
(@ p)
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En otfa modalidad,  la presente in?encién
proporciona una composicién farmacéutica que comprende un
compuesto de férmula I o una sal farmacéuticamente aceptable
del mismo y un vehiéulo farmacéuticamente aceptable.

En otra modalidad, la presente invencién .
proporciona una composicién farmacéutica, que comprende un
vehiculo _ farmacéuticamente aceptable Yy . una cantidad
terapéuticamente eficaz de uno o mas de los compuestos de la
presente iqvencién ‘o un estereoisdémero, tautémero, - sal,
solvato o profdrmaco farmacéuticamente aceptable de 1los
mismos.

En otra modalidad, la presente ;nvencién'
propofcionaﬁA un procedimiento para tratar trastornps
proliferativos y/o cancer que comprende administrar a un
paciente que ﬁecesita el tratamiento una cantidad
terapéuticamente eficaz de uno o més de los compuestos de la
presente invencién o. un estereoiéémero, tautbémero, sal,
solvato o profarmaco farmacéuticamente aceptable de le
mismos, junto con uno o mas agentes anti-cancer diferentes, o
un estereoisdmero, tautdmero, sal, solvato o broférmaco
farmacéuticamente aceptable de los mismos.

En otra modalidad, la presente invencién
proporciona un procedimiento para tratar trastornos
proliferativos y/o céancer que comprende administrar a un

paciente que necesita el tratamiento una cantidad
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terapéuticamente eficaz de uno o més de los compuestos de la

presente invencién o un estereoisémero, tautdémero, sal,

solvato o profarmaco farmacéuticamente aceptable de los

-
N

mismos.

En otra modalidad, la presente invencién
proporciona un procedimiento para tratar a un paciente que
necesita tratamiento para un trastorno proliferativo vy/o
cédncer, que comprendé la administracién de un compuesto de la
presente invencién o un ~"estereoisdémero, _tautémero,‘ sal
farmacéuticamente aceptable, solvato o forma de profarmaco
del mismo en una cantidad eficaz para tratar el trastofno
proliferativo y/olcéncér.

En otra modalidad, la presente invencién

proporciona un procedimiento de tratamiento de sindromes

mieloproliferativos, tales como policitemia vera,
trombocitopenia esencial y mielofibrosis primarié, tumores
s6lidos del péncreas, préstata, pulmén, cabeza vy ‘cuello,
mama, colon, Qvario, cancer géastrico asi como otros tipos de
tumores queEﬁ incluyen mieloma miltiple, melanoma,
neuroblastoma, glioblastoma, mastocitosis sistémica y
neoplasias malignas hematolégicas tales como  leucemia
mieldgena . aguda (incluyendo leucemia mieloide aguda
refractaria) y leucemia linfoide aguda.

En otra modalidad, la presente invencién

proporciona un procedimiento novedoso, que comprende la

[»]

3
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administracién de un compuesto de la presente invencién O un
estereoisdémero, tautdmero, sal farmacéuticamente aceptable,
solvato o forma de profarmaco del mismo en una cantidad
eficaz para tratar un trastorno proliferativo y/o céncer.:r

En otra modalidad, la presente invencién.
proporciona un prﬁcedimiento para tratar trastornos:
proliferativos y/o céancer que comprende la administracién a
un paciente que necesita el tratamiento de una cantidad
terapéuticamente eficaz de un compuesto de férmula (1) 6 un
estereoisdmero, tautdmero, sal farmacéuticamente aceptable,
solvato o forma de profarmaco del mismo, en ccmbinacidén con

uno o} méds  agentes "anti-cancerosos o agentes

antiproliferativos diferentes y/u otro agente, o) un

estereoisbmero, tautdémero, sal farmacéuticamente aceptable,'
solvato 6 forma de profarmaco del mismo.

En otra modalidad, la presente invencién
proporciona un procedimiento para tratar trastornos
proliferativos y/o céncer que comprende la administracién a
un paciente que' necesita el tratamiento de una cantidad
terapéuticamente eficaz de uno o mas de 1los compuestos de la
presente invencién o un estereoisémero, tautdémero, sal
farmacéuticamente aceptable, solvato o forma de proférmaco
del mismo, en  combinacién con uno o mas agentes anti-
cancerosos diferentes o un estereoisémero, tautdémero, sal

farmacéuticamente aceptable, solvato o forma de proférmaco
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del mismo.

En otra modalidad, la presente invencién
proporciona un compuesto de la presente invencién para uso én
terapia;

En otra modalidad, la preseﬁte invencién
proporciocna un compuésto de la presente invencidén para uso en

terapia para tratar un trastorno proliferativo y/o cancer.

o

En otra modalidad, 1la presente invencién también

proporciona el uso de un compuesto de férmula I de la

presente invencién para la fabricacién del medicamento para

el tratamiento de un trastorno proliferativo y/o céancer.

La presente invencidén puede realizarse en otras
formas especificas sin apartarse del espiritu o de jios
atributos esenciales de 1la misma. La presente invencidén
abarca todas las combinaciones de aspectos preferidos vy/o
modalidades de 1la invencién apuntadas en el presente
documento. Se entiende que todas y cada una de las
modalidades de la presente invencién pueden tomarse junto con
cualquier otra modalidad o modalidades para describir

modalidades adicionales mas preferidas. También debe

entenderse que cada elemento individual de las modalidades

preferidas es su propia modalidad preferida independiente,
Ademés, cualquier elemento de una modalidad pretende
combinarse con todos y cada uno de los otros elementos de

cualquier modalidad para describir una modalidad adicional.
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DEFINICIONES

Las siquientes son definiciones de términos que
pueden usarse en la presente descripcién. La definicidn
iniciai proporcionada para un grupo o término.en el preéénte
documento se aplica a un grupo o término por toda la presente
descripcién individualmente o como parte de otro grupo, a

menos que se indique otra cosa.

Los compuestos de la presente invencién pueden tener

uno o mas centros asimétricos. A menos que se indique otra
cosa, todas las formas quirales (enantioméricas y
diastereoméricas) y racémicas de los compuestos de la presente
invencién se incluyen en la presente invencién. Muchos
isémeros geométricos de olefinas, dobles enlaces C=N .y
similares también pueden estar presentes en los compuestos, y
todos estos isémeros estables se contemplan en la presenté
invencién. Se describen isémeros geométricos cis y trans de
los compuestos de la presente invencién y pueden aislarse en
forma de wuna mezcla de isémeros o en forma de formas
isoméricas separadas. Los presentes compuestos pueden aislarse

de forma Opticamente activa o racémica. Se conoce bien en la

técnica cémo preparar formas Opticamente activas, tales como

por resolucién de formas racémicas o mediante la sintesis de

materiales de partida oépticamente activos. Se incluyen todos

las formas quirales (enantioméricas y diastereoméricas) vy

racémicas y todas las formas isoméricas geométricas de una
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estructura, a menos que se indique especificamente la forma
estereoquimica o isdmérica especifica.

El término “sustituido”, como se usa en el presente
documento, significa que uno cualquiera o mis hidrégenos: en
el atomo designado se reemplaza con una seleccién del grupo
indicado, con 1la condicién de que 1la valencia normal del
atomo denominado no se exceda, y que la sustitucién de como
resultado un compuesto estable. Si un sustituyente es ceto
(es decir, =0), entonces se reemplazan 2 hidrdégenos en el
dtomo. Los sustituyentes ceto no estéan presentes en las
porciones arométicas. Los dobles enlaces de anillo, como se
usa en el presente documento, son dobles enlaces que se
forman entre dos étomoé adyacentes en el anillo (por ejemplo,
C=C, C=N o N=N).

Cuando cualquier variable (por ejemplo, R?) aparece
mas de una vez en cualquier constituyente o férmula para un
compuesto, su definicidén en cada caso es independiente de su
definicién en cada caso diferente. Por lo tanto, por ejemplo,
si se muestra que un grupo estd sustituido con 0-~2 R?,
entonces el grupo puede estar opcionalmente sustituido con
hasta dos grupos R’ y R® en cada caso se selecciona
independientemente entre la definicién de RS. Ademéas, las
combinaciones de sustituyentes y/o variables udnicamente . se

permite si las combinaciones dan como resultado compuestos

estables.
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Cuando se muestra un enlace en un sustituyente para
cruzar un enlace que conecta dos A&tomos en un anillo,
entonces el sustituyente puede unirse a éualquier dtomo en el
anillo. Cuando se enumera un sustituyente sin indica£ wel
dtomo por el que el sustituyente estd unido al resto del
compuesto de una formulada determinada, entonces el

sustituyente puede unirse por cualguier 4tomo en el

sustituyente. Las combinaciones de sustituyentes y/o

variables uUnicamente se permiten si las combinaciones dan

como resultado compuestos estables.

En los casos en los que hay 4tomos de nitrégeno

. (por .ejemplo, aminas) en los compuestos de la presente

invencién, estos pueden convertirse en N-o6xidos . por
tratamiento con un agente de oxidacién (por ejemplo, MCPBA
y/o peréxido de hidrédégenos) para producir otros compuestos de
la presente .invendién. Por lo tanto, todos los A&tomos de
nitrégeno mostrados e indicados se considera que incluyen
tanto el nitrégeno mostrado como su derivado de N-éxido (N —
0).

Como se usa en el presente documento, los términos
“alquilo” o) “alquileno” pretenden incluir grupos
hidrocarburos alifdticos saturados tanto de cadena ramificada
como lineal que tienen el numero especificado de &tomos de
carbono. Por ejemplo, “alquilo Ci_15” (o alquileno), pretende

incluir grupos alquilo C;, C,, Cs, Cay Cs, Ce, Cy, Cg, Cyg y Cip.

3
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Ademas, por ejemplo, “alquilo C;-C¢” representa alquilo que
tiene de 1 a 6 &tomos de carbono. Los grupos alquilo pueden
estar sin sustituir o sustituidos de modo que uno o mé&s de
sus hidrbégenos se reemplazan por otro grupo quimico;.?Los
ejemplos de grupos alquilo incluyen, pero sin limitacién,
metilo - (Me), etilo (Et), propilo (por ejemplo, n—propilo e
isopropilo), butilo (por ejemplo, n-butilo, isobutilo, t-
butilo), pentilo (por ejemplo, n-pentilo, isopentilo,
neopentilo) y similares.

- “Alquenilo” o “alquenileno” pretenden incluir
cadenas de hidrocarburos de configuracién lineal o ramificada
Yy que tienen uno o mids dobles enlaces carbono-carbono que
pueden aparecer en cualquier punto estable a lo largo de 1la
cadena. Por ejemplo, “alquenilo C,_¢” (0 alquenileno) pretende
incluir grupos alquenilo C,, Cs, C4, Cs y Ce. Los'ejemplos de
alquenilo incluyen, pero sin limitacién, etenilo, 1-
propenilo, 2-propenilo, 2-butenilo, 3-butenilo, 2-pentenilo,
3, ' pentenilo, 4-pentenilo, 2-hexenilo, 3-hexenilo, 4—
hexenilo, 5-hexenilo, 2-metil-2-propenilo, 4-metil-3-
pentenilo y similares.

“"Alquinilo” o “alquinileno” pretenden incluir
cadenas de hidrocarburo de configuracién lineal o ramificada
Yy que tienen uno o mds triples enlaces carbono-carbono que
pueden aparecer en cualquier punto estable a lo largo de 1la

cadena. Por ejemplo, “alquinilo Cy_5” (o alguinileno),
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pretende incluir grupos alquinilo C,, Ci, C4, Cs y Cg; tales
como etinilo, propinilo, butinilo, pentinilo, hexinilo vy
similares.

“Halo” o “halégeno” incluye fluoro, cloro, bromo y
yodo.

“El término “cicloalquilo” se " refiere a grupos
alquilo ciclados, que incluyeﬁ sistemas de anillos mono-, bi-
o poli-citlicos. Cicloalquilo Cj-1g pfetende incluir grupos
cicloalquilo C3, C4, Cs, Cs¢ y Cy. Los ejemplos de grdpos

cicloalquilo incluyen, pero sin limitacién, ciclopropilo,

ciclobutilo, ciclopentilo, ciclohexilo, norbornilo vy

similares. Como se usa en el presente documento, “carbociclo”
o “residuo carbociclico” pretende indicar cualquier anillo
monociclico o biciclico de 3, 4, 5, 6 & 17 elementoé o)
biciclico o triciclico de 7, 8, 9, 10, 11, 12 é 13 elementos

estable, que pueden estar saturados, parcialmente

insaturados, insaturados o aromiticos. Los ejemplos de taleg
]

carbociclos incluyen, pero sin limitacién, ciclopropilo,!
: !

ciclobutilo, ciclobutenilo, ciclopentilo, ciclopenteniloA
ciclohexilo, cicloheptenilo, cicloheptilo, ciclohepteniloH
adamantilo, ciclobctilo, ciclooctenilo, ciclooctadienilo*
[4.3.0]biciclononano,
[4.4.0]biciclodecano, [2.2.2]biciclooctano, fluorenilo£

i
fenilo, naftilo, indanilo, adamantilo, antracenilo f
|

i
tetrahidronaftilo (tetralina). Como se ha mostradg
1

11995
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anteriormente, también se incluyen anillos puenteados en la:

|
definicién de carbociclo (por ejemplo, [2.2.2]biciclooctano) .

i
i

Son carbociclos preferidos, a menos que se indique otra cosa,
ciclopropilo, ciclobutilo, ciclépentilo, ciclbhexilo, fenilog
e indanilo. Cuando el término “carbociclo” se usa, pretendené
incluir “arilo”. Un anillo puenteado aparece cuando uno o més%

atomos de carbono se unen a dos Aatomos de carbono no

adyacentes. Los puentes preferidos son uno o dos &tomos deE
carbono. Se observa que un puente siempre convierte un anillo
monociclico en un anillo triciclico. Cuando se puentea ‘un:
anillo, los sustituyentes enumerados para el anillo también
pueden estar presentes en el puente.

El término “arilo” se refiere a grupos arométicoQ
monociclicos o biciclicos que tienen de 6 a 12 Atomos de
caibono envla porcién del anillo, tales como grupos fenilop
naftilo, bifenilo y difenilo, gue pueden estar sustituidos.

El término “arilo sustituido” se refiere a un grupo
arilo sustituido con, por ejemplo, uno a cuatro sustituyentes
tales como alquilo, alquilo sustituido, alquenilo, alquenil&

x
sustituido, alquinilo, alquinilo sustituido, arilo, arilo
sustituido, arilalquilo, halo, ‘trifluorometoxiﬁ
trifluorometilo, hidroxi, alcoxi, alcanoilo, alcanoiloxi,
ariloxi, arilalquiloxi, amino, alquilamino, arilamino,

arilalquilamino, dialquilamino, alcanoilamino, tiol,

alquiltio, wureido, nitro, ciano, carboxi, carboxialquilo,
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carbamilo, alcoxicarbonilo, alquiltiono, ariltiono,E
arilsulfonilamina, acido sulfénico, alquilsulfonilo,:
sulfonamido, ariloxi y similares. El sustituyente puede egtar
adicionalmente sustituido con hidroxi, halo, alquilo, alcéki/
alqﬁenilo, alquinilo, arilo o arilalquilo.

El términb “heterocarilo” se refiere a un gfupo,
aromatico opcionalmente sustituido, que es un sistema de
anillos monociclico de 4 a .7 elementos, biciclico dé 7T a 11
elementos o triciclico de 10 a 15 elementos, que tiene al
menos un anillo que contiene al menos un heterocadtomo y al
menos un atomo de carbono, por ejemplo, piridina, tetrazol,
indazol.

Como se usa en el presente documento, -las
expresiones “heterociclo”, “heterociclilo”, “sistema
heterociclico” o “grupo heterociclico” pretenden indicar un
anillo heterociclico monociclico o biciclico de 5, 6 & 7
elementos o biciclico de 7, 8, 9, 10, 11, 12, 13 & 14
elementos estable que estd saturado, parcialmente insaturado
o completémente insaturado, que consiste en &tomos de carbono
y 1, 2, 3 6 4 heterodtomos seleccionados independientemente
entre N, O y S; e incluyendo cualquier grupo biciclico en el

que cualquiera de los anillos heterociclicos que se han

~definido anteriormente estd fusionado a un anillo benceno.

Los heteroatomos de nitrégeno y azufre pueden estar oxidados

(es decir, N —» O vy S(0)p) . El &tomo de nitrdégeno puede estar
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sustituido o sin sustituir (es decir, N o NR, en el que R es
H u otro sustituyente, si se indica). El anillo heterociclico
puede estar unido a su grupo colgante en cualquier
heteroatomo y &tomo de carbono que dé como resultaddﬁgﬁna
estiuctura estable. Los anillos heterdciclicos descritos en
el presente documento pueden estar sustituidos en un atomo de

carbono o en wuno &tomo de nitrdégeno si el compuesto

-resultante es estable. Un nitrégeno en el heterociclo puede

estar opcionalmenfe cuaternizado. Se prefiere que'cuandb el
numero total de Atomos de S y O en el heterociclo exceda de
1, entonées estos heterocatomos no sean adyacentes entre si.
Se prefiere que el numero tdtal de atomos de S y O en el
heterociclo no sea mids de 1. Cuandd se usa el términO‘
“heterociclo”, pretende incluir heteroarilo.

Los ejemplos de heterociclos incluyen, pero sin

limitacién, “ acridinilo, azocinilo, benzoimidazolilo,
benzofuranilo, benzotiofuranilo, benzoxazolilo, .
benzoxazolinilo, | benzotiazolilo, benzotriazolilo,
benzotetrazoliio,‘ benzoisoxazolilo, benzoisotiazolilo,
benzoimidazblinilo, carbazolilo, 4aH—carbazolilo,
carbolinilo, cromanilo, cromenilo, cinnolinilo,
decahidroquinolinilo, 2H,6H-1,5,2~ditiazinilo,
dihidrofuro{2, 3-b] tetrahidrofurano, furanilo, furazanilo,

imidazolidinilo, imidazolinilo, imidazolilo, 1H—indazoliio,

indolenilo, indolinilo, indolizinilo, indolilo, 3H-indolilo,
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isatinoilo, isobenzofuranilo, isocromanilo, isoindazolilo,

isoindolinilo, isoindolilo, isoquinolinilo, isotiazolilo,

isotiazolopiridinilo, isoxazolilo, isoxazolopiridinilo,
metilenodioxifenilo, : morfolinilo, naftiridinilo,
octahidroisoquinolinilo, oxadiazolilo, 1,2,3-oxadiazolilo,

1,2,4-oxadiazolilo, 1,2,5-oxadiazolilo, 1,3,4-oxadiazolilo,
oxazolidinilo, oxazolilo, oxindolilo, pirimidinilo,
fenantridinilo, fenantrolinilo, fenazinilo, fenotiazinilo,
fenoxathinilo, fenoxazinilo, ftalazinilo, piperaziniio,

piperidinilo, piperidonilo, 4-piperidonilo, _pipgronilo,

pteridinilo, purinilo, piranilo, pirazinilo, pirazolidinilo,

pirazolinilo, pirazolilo, piridazinilo, piridooxazol,
piridoimidazol, piridotiazol, piridinilo, pirimidinilo,
pirrolidinilo, pirrolinilo, 2-pirrolidonilo, 2H-pirrolilo,

pirrolilo, quinazolinilo, ‘ quinolinilo, 4H-quinolizinilo,

guinoxalinilo, quinuclidinilo, tetrahidrofuranoilo,

tetrahidroisoquinolinilo, tetrahidroquinolinilo, tetrazolilo,

6H-1,2,5-tiadiazinilo, 1,2,3-tiadiazolilo, 1,2,4-
tiadiazolilo, 1,2,5-tiadiazolilo, 1,3,4-tiadiazolilo,
tiantrenilo, tiazolilo, tienilo, tienotiazolilo,

tienooxazolilo, tienoimidazolilo, tiofenilo, triazinilo,
1,2,3-triazolilo, 1,2,4-triazolilo, 1,2,5-triazolilo, 1,3,4-
triazolilo y xantenilo. También se incluyen anillos

fusionados y compuestos espiro que contienen, por ejemplo,

los heterociclos anteriores.

o
=
—
[da)

(e



10

15

20

25

26

680200

Los heterociclos de 5 a 10 elementos preferidos

incluyen, pero sin limitacién, piridinilo, furanilo, tienilo,

pirrolilo, pirazolilo, pirazinilo, piperazinilo,
piperidinilo, imidazolilo, imidazolidinilo, indoyilo,
tetrazolilo, isdxazolilo, morfolihilo, oxazolilo;
oxadiazolilo, oxazolidinilo, tetrahidrofuranoilo,
tiadiazinilo, | tiadiazolilo, tiazolilo, triazinilo,

triazolilo, benzoimidazolilo, 1H-indazolilo, benzofuranilo,
benzotiofuranilo, benzotetrazolilo, benzotriazolilo,

benzoisoxazolilo, benzoxazolilo, oxindolilo, benzoxazolinilo, .

benzotiazolilo, benzoisotiazolilo, isatinoilo, .
.isoquinolinilo, octahidroisoquinoliniloh
tetrahidroisoquinolinilo, : tetrahidroquinolinilo,
isoxazolopiridinilo, gquinazolinilo, quinolinilo,

isotiazolopiridinilo, tiazolopiridinilo, oxazolopiridinilo,
imidazolopiridinilo y pirazolopiridinilo.
Los heterociclos de 5 a 6 elementos preferidos

incluyen, pero sin limitacién, piridinilo, furanilo, tienilo,

pirrolilo, pirazolilo, pirazinilo, piperazinilo,
piperidinilo, imidazolilo, imidazolidinilo, indolilo,
tetrazolilo, isoxazolilb, morfolinilo, oxazolilo,
oxadiazolilo, oxazolidinilo, tetrahidrofuranoilo,
tiadiazinilo,' tiadiazolilo, tiazolilo, triazinilo \Y
triazolilo. - También se incluyen anillos fusionados vy

compuestos espiro que contienen, por ejemplo, los
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heterociclos anteriores.

En otra modalidad, los heterociclos incluyen, pero
sin limitacién, piridilo, piridinilo, isoxazilo,
isoquinolinilo, tienilo, pirazolilo, furanilo, pirrolilo,
tiazolilo, imidazolilo, pirazinilo, tiadiazolilo;
pirimidinilo, piridazinilo, oxazolilo, isotiazolild,
oxadiazolilo, indanonilo, piperazinilo, piranilo o pirrolilo.

También‘ se incluyen heterociclos mé&s pequefios,
tales como,'epéxidos y aziridinas. |

Como se usa en el presente documento, la expresiéh
“grupo heterociclico aromadtico” o “heterocarilo” pretende
indicar hidrocarburos arométicos‘mdnociclicos y policiclicos
estables que incluyen al menos un heterodtomo en el elemento
de anillo tal como azufre, oxigeno o nitrégeno. Los grupos
heteroarilo incluyen, sin limitacién, piridilo, pirimidinilo,
pirazinilo, piridazinilo, triazinilo, furilo, ~gquinolilo,
isoquinolilo, tienilo, imidazolilo, tiazolilo, indolilo,
pirroilo, oxazolilo, benzofurilo, vbenzotienilo,
benzotiazolilo, isoxazolilo, pirazolilo, triazolilo,
tetrazolilo, indazolilo, 1,2,4-tiadiazolilo, isotiazolilo,
purinilo, carbazolilo, benzoimidazolilo, indolinilo,
benzodioxolanilo, benzodioxano 'y similares. Los grupos
heteroarilo pueden estar sustituidos o sin sustituir. E1

dtomo de nitrégeno puede estar sustituido o sin sustituir (es

decir, N o NR, en'el que R es H u otro sustituyente, si se

00201



10

15

20

25

08 0a0202

indica). Los heterodtomos de nitrégeno y azufre opcionalmente
pueden oxidafse (es decir, N —» O y S(0)p). Debe apreciarse
que el numero total de 4tomos de S y O en el heterociclo
aromatico no es més de 1. También se incluyen los aniiios
puenteados en la definicidén de heterociclo. Un anillo
puenteado aparece cuando uno o mds 4atomos (es decir, C, 0O, N
0 S) unen dos &tomos de carbono o de nitrééeno no adyacentes.
Los puentes preferidos incluyen, pero sin limitacién,. un
atomo de carbono, dos 4&tomos de carbono, un étomd; de
nitrégeno, dos 4&tomos de nitrégeno y un grupo carbono-
nitrégeno. Se observa que un puente siempre convierte un
anillo monociclico en un anillo triciclico. Cuando un anillo
se puentea, 1los sustituyentes enumerados para el anillo
también‘pueden estar presentes en el puente.

La expresién “anillo carbociclico” o “carbociclo”
se refiere a anillos hidrocarburo saturados, parcialmente
saturados o insaturados mono o biciclicos estables que
contienen 3-12 Atomos. Particularmente, estos incluyen un
anillo monociclico que contiene 5 o 6 &tomos o un anillo
biciclico Que.contiene 9 o 10 atomos. Los valores adecuados
incluyen = ciclopropilo, ciclobutilo, ciclopentilé,
ciclohexilo, cicloheptilo, dihidroindenilo \%
tetrahidronaftilo. La expresién “opcionalmente sustituido”
cuando se refiere a “anillo carbociclico “ o “carbociclo” en

el presente documento indica que el anillo carbociclico puede
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estar sustituido en una o mads posiciones sustitﬁibles del
anillo con uno o mé&s grupos seleccionados independientemente
entre alquilo (preferiblemente alquilo inferior), alcoxi
(preferiblemente alcoxi inferior), nitro, monoalquilamino
(preferiblemente un alguilamino inferior), dialquilamino
(preferiblemente a di[inferiorlalquilamino), ciano, halo,
haloalquilo (prefériblemente trifluorometilo), alcanoilo,
aminocérbonilo, monoalquilaminocarbonilo,
dialquilaminocarbonilo, alquilo amido (preferiblemente

alquilo amido inferior), alcoxialquilo (preferiblemente un

alcoxi[inferior]alquilo inferior), alcoxicarbonilo
(preferiblemente un alcoxicarbonilo inferior),
algquilcarboniloxi (preferiblemente un alquilcarboniloxi

inferior) y arilo (preferiblemente'fenilo), estando el arilo

opcionalmente sustituido con grupos halo, alquilo inferior y

.alcoxi.

El término “heterodtomos” incluird oxigeno, azufre
y nitrdgeno.

Los compuestos de férmula I pueden existir como una
forma 1libre (sin ionizacién) o pueden formar sales que
también estan dentro del alcance de la presente invencién. Se
prefieren séles farmacéuticamente aceptables (es decir, no
toxicas y fisiolégicamente aceptables), aunque también son
Gtiles otras sales, por ejemplo, en el aislamiento o la -

purificacién de los compuestos de la presente invencién.

5709203
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Los compuestos de férmula I pueden formar saleé con
metales alcalinos tales como sodio, potasio y 1litio, con
metales alcalinotérreos tales como calcio y magnesio, con
bases orgdnicas tales como diciclohexilamina, tributilamina,
piridina y aminodcidos tales como arginina, lisina vy
similares..Las sales pueden formarse como se conoce por los
expertos en la materia.

Los compuestos para 1la férmula I pueden formar
sales con una diversidad de &cidos orgénicos e inorganicos.
Las sales incluyen las formadas con cloruro &cido, bromuro
acido, acido metanosulfénico, &cido sulfurico, Aacido acético,
dcido trifluoroacético, 4&cido oxalico, &cido maleico, é&cido
bencenosulfénico, &cido toluenosulfénico y diversos otros
(por ejemplo, nitratos, fosfatos, boratos, tartratos,

citratos, succinatos, benzoatos, ascorbatos, salicilatos y

similares). Las sales pueden formarse como se conoce por 1os

expertos en la materia.

Ademnmas, pueden formarse zwitteriones (“sales
internas”).

Se contemplan todos los estereoisémeros de los
compuestos de la presente invencién, en forma de mezcla, pura
o sustancialmente pura. La definicién de compuestos de
acuerdo,coh la invencién incluye todos los estereoisdédmeros
posibles y sus mezclas. Muy particularmente incluye las

formas racémicas y los isémeros oépticos aislados que tienen




o
[Wiie}
S

05

31

la actividad especificada. ©Las formas racémicas pueden
resolverse por métodos . fisicos, tales como, por ejemplo,
cristalizacién fraccional, separacién o) cristalizaciédn
derivados diastereoméricos o separacidén por cromatografia de

columna quiral. Los isémeros O&pticos individuales pueden

obtenerse de los racematos a partir de los procedimientos
convencionales, tales como, por ejemplo, formacién de sal con
un acido épticaménte activo seguido de cristalizacién.

| La presente 1invencién pretende incluir todos los
isétopos de atomos que aparecen en los preseﬁtes compuestos.
Los isétopos incluyen los Aatomos que tienen el mismo nimero
atémico pero diferentes nimeros masicos. A modo de ejemplo
general y s£n limitacién, los isétopos de hidrdgeno incluyen
deuterio y tritio. Los isétopos de carbono incluyen 13C vy
14C. Generalmente, pueden prepararse compuestos marcados
isotépicamente de la invencidén mediante técnicas
convencionales conocidas por los expertos en la materia o por
procedimientos andlogos a los descritos en el presente
documento, usando un reactivo marcado isotépicamente en lugar
del reactivo no marcado por el contrario empleado.

Los compuestos de la férmula I también pueden tener
formas de proféarmacos. Ya que se conoce que los profarmacos
mejoran 'numerosas cualidades deseables» de los productos
farmacéuticos (por ejemplo, solubilidad, biodisponibilidad,

fabricacién, etc.), los compuestos de la presente invencién
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pueden administrarse en forma de profidrmaco. Por lo tanto, la
presente invencién pretende incluir profarmacos de los
compuestos indicados en el presente documento, procedimientos
para administrar los mismos y composiciones que contienen los
mismos. “Profarmacos” pretenden incluir cualquier vehiculo
unido covalentemente que libera un profdrmaco activo de la
presente invencidén in vivo cuando el pfoférmaco se administra
a un sujeto mamifero. Los profarmacos de la presente
invencién se preparan modificando grupos funcionales
presenteé en el compuesto de modo que las modificaciones se
escinden, en una manipulacién de rutina o in vivo, al
precursor. Los proférmacos incluyen compuestos de la presente
invencién en los que un grupo hidroxi, amino o sulfhidrilo
estd unido a cualquier grupo que, cuando el profdrmaco de la
presente invencién se administra a un sujeto mamifero, se
escinde para formar un grupo sin hidroxilo, sin amino o sin
sulfhidrilo, respectivamente. Los ejemplos de profarmacos
incluyen, pero sin limitacién, derivados de acetato, formiato
y benzoato de grupos funcionales de alcohol vy amina en los
compuestos de la presente invencién.

Diversas formas de profarmacos son bien conocidas
en la técnica. Para ejemplos de los derivados de profarmacos,
véase:

a) Design of Prodrugs, editado por H. Bundgaard,

(Elsevier, 1985) y Methods in Enzymology, Vol. 112, péags.
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309-396, editado por K. Widder, y col. (Academic Press,
1985); |

b) A Textbook of Drug Design and Development, editado
por Krosgaard-Larsen y H. Bundgaard, Capitulo 5, “Design ‘and
Application of Prodrugs”, de H. Bundgaard, pags. 113-191
(1991); y

c) H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-
38 (1992). Ademas, se apreciard que los solvatos (por
ejemplo, hidratos) de los compuestos de formula I también
estan dentro del &mbito de 1la presente invencién. Los
procedimientos de solvatacidén son generalmente conocidos en
la técnica.

“Compuesto estable” \% “estructura estable”
pretenden indicar un compuesto que es 1lo suficientemeﬁte
fuerte para resistir el aislamiento a un grado atil de pureza
de una mezcla de reaccidén, y la formulaciédn en un agente
terapéutico eficaz. Se prefiere que los compuestos enumerados
en el presente documento no contengan un grupo N-halo, S(O),H
o S{O)H.

Como se usa en el presente documento, “tratar” b
“tratamiento” incluyen el tratamiento de una patologia en un
mamifero, particularmente en un ser humano, e incluyen: (a)
prevenir la aparicién de la patologia en un maﬁifero, en
particular, cuando el mamifero estd predispuesto a la

patologia pero todavia no se ha diagnosticado qﬁe'la tenga;
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(b) inhibir la patologia, es decir, detener su desarrollo;
y/o (c) aliviar la patologia, es decir, causar la regresién

de la patologia.

i

“Cantidad terapéuticamente eficaz” pretende incluir
una cantidad de un compuesto de la presente invencién que es
eficaz cuando se administra sola o en combinacién. “Cantidad

terapéuticamente eficaz” también pretende incluir una

cantidad de la combinacién de compuestos que es eficaz para

el tratamiento de la enfermedad.

La presente invencién incluye ademds composiciones
que comprenden uno o ma&s compuestos de la presente invencién
y un vehiculo farmacéuticamente aceptable.

Un  “vehiculo farmacéuticamente aceptable”  se
refiere a blos medios generalmente aceptados en la técnica
para la dosificacién de agentes bioldégicamente activos a
animales, en particular, mamiferos. Los vehiculos
farmacéuticamente aceptables se formulan de acuerdo con
varios factores que estdn bien dentro del &mbito de los
expertos en la materia. Estos incluye, sin limitacién: el
tipo y naturaleza del agente activo formulado:; el sujeto al
que se le va a administrar la composicién que confiene al

agente; la via de administracién deseada de la composicién; y

-la indicacién terapéutica que se persiga. Los vehiculos

farmacéuticamente aceptables incluyen medios liquidos acuosos

y no acuosos, asil como una diversidad de formas farmacéuticas

08
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sbélidas y semi-sélidas. Los vehiculos pueden incluir vafios
ingredientes y aditivos distintos ademés del agente activo, vy
los ingredientes adicionales se incluyen en la formulacién
por una serie de razones, por ejemplo, estabilizacién dei
agente activo, aglutinantes, etc., bien conocidos por lbs

expertos en la materia. Las descripciones de vehiculos

farmacéuticamente aceptables adecuados, y factores implicados‘

en su seleccidn, se encuentran en una diversidad de fuentes

Pharmaceutical Sciences, 17% ed., Mack Publishing Company,
Easton, PA, 1985, que se incorpora en el presente documento

por referencia en su totalidad.

UTILIDAD

La presente invencidén se bésa en el descubrimiénto
de que determinados compuestos son inhibidores de proteina
cinasas. M&s especificamente, compuestos tales como los
descritos en la presente invencién inhiben la actividad de la

proteina tirosina cinasa de elementos de la familia de

receptores JAK. Estos inhibidores seran utiles en el
tratamiento de enfermedades proliferativas que soﬁ
|
depehdientes de 1la sefializacién por uno o mas de estos
receptores. Las eﬁfermedades incluyen trastornos
mieloproliferativos, tumores sdélidos del pancreas, préstata,

pulmén, cabeza y cuello, mama, colon, ovario, asi como otros

tipos de tumores que incluyen mieloma miltiple, melanoma,
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neuroblastoma, glioblastoma y neoplasias malignas

hematolégicas tales como leucemia mieldgena aguda.

. i
|
La invencidén también se refiere a una composicién

farmacéutica del compuesto de férmula I, o una salj

farmacéuticamente aceptable del mismo, Yy un vehiculo‘ 
farmacéuticamente aceptable en el tratamiento de un trastorno%
hipefproliferativo en mamiferos. En particular, se espera que
la composicidén farmacéutica inhiba el crécimiento y/o la
metédstasis de esos tumores sélidos primarios y recurrentes
que estan asociados con Flt-3 (cinasa 3 de tipo Fms), JAK2,
JAK3 Y JAKI, especialmente los tumores que son
significativamente dependientes de JAK2, para su propio

crecimiento y su propagacién, incluyendo, por ejemplo,

diversidad de tipos tumorales que incluyen mieloma multiple,

melanoma, neuroblastoma @y glioblastoma. Ademds de la
actividad de JAKZ,-la actividad inhibidora frente a.JAKB/JAKlg'
o TYK2 puede ser util en el tratamiento determinados cénceres;'
qué tienen un componente inflamatorio.

Por lo tanto, de acuerdo con un aspecto mas de la
invencién, se proporciona el uso de un compuesto de la
férmula I, o una sal .farmacéuticamente aceptable del mismo en

la fabricacién de un medicamento para uso en la produccién de

un efecto antiproliferativo en un animal de sangre caliente”

tal como un ser humano.
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|
|

De acuerdo con una caracteristica adicional de 1la!
invencién, se proporciona un procedimiento para producir un%
efecto antiproliferativo en un animal de sangre caliente, talg
como un ser humano, que necesita el tratamiento,?kquei
comprende administrar al animal de una cantidad eficaz de unaé
compuesto de fdérmula I o una sal farmacéuticamente aceptable;
del mismo como se ha definido anteriormeﬁte eﬁ el presente;

documento.

En virtud de su capacidad para inhibif Flt—B;VJAKZ
y JAK3, cinasas, los compuestos de la presente invencién¥
pueden usarse en el tratamiento de enfermedades
proliferativas, incluyendo céncer.

Por "lo tanto, 1la presenﬁe invencidén proporciona

procedimientos para el tratamiento de una diversidad de

canceres, incluyendo, pero sin limitacién, las siquientes: 5
i

carcinoma, incluyendo el de la vejiga (incluyendd
cancer de vejiga acelerado y metastadsico), mama, colon
(incluyendo cancer colorrectal), rifién, higado, pulmén
(incluyendo céncer microcitico y no microcitico de pulmén y
adenocafcinoma de pulmén), ovario, préstata, testiculos,
tracto genitourinario, sistema linfadtico, recto, laringe,
pancreas (incluyendo carcinoma pancreatico exocrino),
eséfago, estémago, vesicula biliar, cuello uterino, tiroideé
y piel (incluyendo carcinoma de células escamosas);

tumores hematopoyéticos del linaje linfoide,
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incluyendo leucemia, leucemia linfocitica aguda, leucemia
linfobléstica aguda, linfoma de células B, linfoma de células
T, linfoma de Hodgkin, linfoma no Hodgkin, linfoma de células;
pilosas, linfoma histiocitico y linfoma de Burkett;

tumores hematopoyéticos del lipaje mieloide,
incluyendo leucemias mielégenas agudas y crénicas, sindrome
mielodisplasico, leucemia mieloide y leucemia promielocitica;:

tumores del sistema nervioso central y periférico,
incluyendo astrocitoma, neuroblastoma, glioma y schwannomés;

tumores de origen mesenquimal, incluyendo:

- fibrosarcoma, rabdomiosarcoma y osteosarcoma; y

otros tumores, incluyendo melanoma, Xeroderma
pigmentosa, queratoacantoma, seminoma, cancer folicular ‘de
tiroides y teratocarcinoma.

La presente invencién proporciona procedimientos
para el tratamiento de leucemia, enfermedades
mieloproliferativas tales como’ policitemia vera,
trombocitopenia esencia y mielofibrosis, mieloma maltiple,
cancer de.colon, cancer de mama y cancer gastrico.

El tratamiento antiproliferativo definido antes en
el.presente documento se puede aplicar como un terapia unica
0 puede implicar, ademds de un compuesto de ia invencién, una
o) mas sustancias y/Q tratamientos diferentes. Los
tratamientos pueden alcanzarse por medio de la administracién

simulténea, secuencial o por separado de los componentes
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individuales del tratamiento. Los compueétos de la presente
invencidén pueden ser dUtiles en combinacién con agentes .y 
tratamientos anticancerosos y citotéxicos conocidos,
incluyendo radiacién.‘Si se formula como una dosis fija;)ibs-
produétos de combinacién emplean los compuestos de la
presente invencién dentro del intervalo de dosificacién que
se describe a continuacién y el otro agente farmgééuticamente
activo dentro de su intervalo de dosificacidén aprobado. Los
compuestos de férmula I pueden usarse secuencialmente éonr
agentes y tratamiento' anticancerosos y citotéxicos conocidos,
incluyendo radiacién, cuando una formulacién de combinacidn
es inapropiada.

El término agente “anticanceroso” incluye cualquier

agente conocido que sea Util para el tratamiento del céancer

incluyendo los siguientes: l7a-etinilestradiol,
dietilestilbestrol, testosterona, prednisona,
fluoximesterona, propionato de drosmostanolona, testolactona,
acetato de megestrol, lmetilprednisolona, metiltestosterona,
prednisolona, triaﬁcinolona, clorotrianiseno,
hidroxiprogesterona, aminoglutetimida, estramustina, acetato
de medroxiprogesterona, leuprolidé, flutamida, toremifeno,

Zoladex; inhibidores de metaloproteinasa de matriz;

inhibidores VEGF, tales como anticuerpos anti-VEGF (Avastin®)

y moléculas pequefias tales como 7ZD6474 y SU6668; Vatalanib,

BAY-43-3006, SU11248; CP-547632 y CEP-7055; inhibidores HER 1

500213
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y HER 2 incluyendo anticuerpos anti-HER 2 (Herceptina);
inhibidores de EGFR, incluyendo gefitinib,' erlotinib, ABX-
EGF, EMD72000, 11F8 vy cetuximab; inhibidores de'EgS, tales
como SB-715992, SB-743921 y MKI-833; inhibidores pan Héf,
5 tales como canertinib, EKB-569, CI-1033, AEE-788, XL-647, Acm

2C4 y GW-572016; inhibidores de cinasa, por ejemplo, Gleevec®:

y dasatinib (Sprycel®); Casodex® (bicalutamida, Astra
Zeneca), Tamoxifeno; iﬁhibidores de MEK-1 cinasa, inhibidores

de MAPK cinasa, inhibidores de PI3 cinasa; inhibidores de

10 PDGF, tales como imatinib; agentes antiangiogénicos y
antivasculares que, mediante la interrupcién del flujo
sanguineo a tumores sélidos, hacen a las células cancerosas
inactivas privéndolas de nutricién; castracién, que hace a

los carcinomas dependientes de andrégenbs no proliferativos;

15 inhibidores de tirosina cinasas receptoras o no receptoras;
| inhibidores de la seflalizacién de integrina; agentes de

accién de la tubulina, tales como vinblastina, vincristina,

. vinorelbina, vinflunina, paclitaxel, docetaxel, 7-0-
metiltiometilpaclitaxel, 4-desacetil-4-
20 metilcarbonatopaclitaxel, 3'-terc-butil-3'-N-terc-

butiloxicarbonil-4-deacetil-3'-defenil-3'-N~debenzoil-4-0-

metoxicarbonil-paclitaxel, C-4-metil carbonato pactlitaxel,
epotilona A, epotilona B, epotilona C, epotiloha D,
desoxiepotilona A, desoxiepotilona B, [15-

25 [1R*,3R*(E), 7R*,10S*,11R*,12R*,16S*]]-7-11-dihidroxi-
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8,8,10,12,16-pentametil-3-[1-metil-2~ (2-metil-4-
tiazolil)etenil]—4—aza—17—oxabiciclo[14.1.0]heptadecano—S,9—
diocna (ixabepilona), [15-
[lR*,BR*(Ej,7R*,1OS*,11R*,12R*,16S*]]—3—[2—[2—(aminometilf—4—
tiazolil]—l—metiletenil]—7,1l—dihidroxi—8,8,10,12,16—
pentametil—4—17—dioxabiciclo[14.1.0]—heptadecano—5,9—diona y

derivados de la misma; inhibidores de CDK, inhibidores del

ciclo celular antiproliferativos, epidofilotoxina, etopdsido,

VM-26; enzimas antineopldsicas, por ejemplo, inhibidores de

topoisomerasa I, camptotecina, topotecan, SN-38;
procarbazina; mitoxantrona; complejos de coordinacién con
platino, tales como cisplatino, carboplatino vy oxaliplatino;
modificadores de 1la respuesta bioldgica; inhibidores del
crecimiento; agentes terapéuticos antihormonales;
leucovorina; tegafﬁr; antimetabolitos, tales Como
antagonistas de la purina (bor ejemplo, 6-tioguanina y 6-
mercaptopurina); antagonistas de la glutamina, por ejemplo,
DON (AT-125; d-oxo-norleucina); inhibidores de ribonucledtido
reductasa; inhibidores mTOR; y factores de crecimiento
hematopoyéticos.

Los agentes citotdxicos adicionales incluyen
ciclofosfamida, doxorrubucina, daunorrubicina, mitoxantrona,
melfalén, hexametil | melamina, tiotepa, citarabina,
idatrexato, trimetraxato, dacarbazina, L-asparaginasa,

bicalutamida, leuprolida, derivados de piridobenzoindol,

0o

15
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interferones e interleucinas.
En el campo de la oncologia médica, es una practica
normal usar una combinacién de formas distintas de

tratamiento para tratar a cada paciente con céncer.uEnqla

(Yain]
Do
—
(o

oncologia médica, el otro componente o componentes del

tratamiento, ademas del  tratamiento  antiproliferativo

definido anteriormente en el presente documento, puede ser
cirugia, radioterapia o quimioterapia. La quimioterapia puede
cubrir tres categorias principales de agente terapéutico? .

(1) agentes = antiangiogénicos que trabajan por

mecanismos distintos a los definidos anteriormente en el |

presente documento (por ejemplo,'linomida, inhibidores de la

funcidén avPB3 integrina, angiocestatina, razoxano);

(ii) agentes citostéaticos tales  como
antiestrdgenos (por ejemplo, tamoxifeno, toremifeno, .
raloxifeno, droloxifeno, yodoxifeno), progestagenos (por

ejemplo, acetato de megestrol), inhibidores de aromatasa (por

ejemplo, anastrozol, letrozol, borazol, exemestano), -

antihormonas, antiprogestdgenos, antiandrégenos (por ejemplo,

flutamida, nilutamida, bicalutamida, acetato de ciproterona),l

agonistas y antagonistas de LHRH (por ejemplo, acetato de.

goserelina, leuprolida), inhibidores de la testosterona S5o-—
dihidroreductasa (por ejemplo, finasterida), inhibidores de
farnesiltransferasa, agentes anti-invasién (por ejemplo,

inhibidores de metaloproteinasa tales como marimastat e
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inhibidores de 1la funcién dei receptor activador del
plasmindégeno urocinasa) e iﬁhibidores de la funcidn de
factores de <crecimiento (tales factores de crecimiento .
incluyen, por ejemplo, EGF, FGF, factor del crecimiento
derivado de plaquetas y.factor de crecimiento de hepatocitos,’
tales inhibidores' incluyen anticuerpos de factores de
crecimiento, anticuerpos de receptéres de factores de
crecimiento tales como Avastin® (bevacizumab) vy Erbitux®.
(cetuximab); inhibidores de tirosina cinasa e inhibidoreé de
serina/treonina cinasa);‘y
(iii) farmacos

antiproliferativos/antineopldsicos y combinaciones de los
mismos, como se usan en la oncologia médica, tales como |
antimetabolitos (por ejemplo, antifolatos tales como -
matotrexato, fluoropirimidinas tales como 5-fluorouracilo,
analogos de purina y adenosina, arabinésido de citosina);
antibiéticos antitumorales de intercalacién (por 'ejemplb,
antaciclinas ‘tales como doxorubicina, daunomicina,
epirrubicina e idarrubicina, mitomicina-C, dactinomicina,
mitramicina); derivados de platino (por ejemplo, cisplatino,
éarboplatino); agentes alquilantes (por ejemplo, mostaza de
nitrégeno, melfalédn, clorambucil, busulféan, ciclofosfamida,'
nitrosoureas de ifosfamida, tiotepa; égentes antimitéticos
(por ejemplo, alcaloides de la vinca tales como vincristina,

vinorrelbina, vinblastina y vinflunina) y taxiodes tales como
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Taxol® (paclitaxel), Taxotere®

(docetaxel) y agentes de
microtﬁbﬁlos més nuevos tales como andlogos de epotilona
(ixabepilona), andlogos de discodermolida y an&logos ”de
eleuterobina; inhibidores de topoisomerasa (por ejegélo,
epipodofilotoxinas taleé como etopdésido y tenipdsido,
amsacrina, topotecén; irinotecédn); inhibidores del ciclo
celular (por ejemplo, flavopiridoles); modificadores de 1la
respuesta bioldégica e inhibidores de proteasoma tales.cpmo
Velcade® (bortezomib) .

Como se ha indicado anteriormente, los compuestos
de la férmula I de la presente .invencién son de interés por“
sus efectos antiproliferativos. Se espera que los compuestos
de la invencidén sean utiles en una gran diversidad ' de
patologias incluyendo  céancer, psoriasis y artritis

reumatoide.

Més especificamente, los compuestos de férmula I

'son Utiles en el tratamiento de una diversidad de céanceres,

incluyendo (pero sin limitacién) los siguientes:

- carcinoma, incluyendo el de = proéstata,
adrenocarcinoma pancreatico ductal, mama, colon, pulmén,
ovariq( pancreas y tiroides;

- tumores del sistema nervioso central \%
periférico, | incluyendo neuroblastoma, glioblastoma y

meduloblastoma;

- neoplasias malignas hematoldgicas tales como
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leucemia mieldgena aguda (AML), vy

- otros tumores, incluyendo melanoma y mieloma
maltiple.

Debido al papel clave de las cinasas en' 1la
regulacién de 1la proliferacién celular en general, los
inhibidores pueden actuar como agentes citostaticos
}eversibles que pueden ser TuUtiles en el tratamiento de
cﬁalquier- proéeso de enfermedad que presenta una
proliferacién celular anormal, por ejemplo, hiperpi;sia
benigna de préstata, poliposis adenomatosa familiar,
neurofibromatosis, fibrosis pulmonar, artritis, psoriasis,
glomeruionefritis, reestenosis después de una angioplastia o
una cirugia vascular, formacién hipertréfica de cicatrices Y
enfermedad inflamatoria del intestino.

Los compuestos de férmula I son especialmente
ttiles en el tratamiento de tumores que tienen una alta
incidencia de actividad de tirosina «cinasa, tales como
tumores de préstata, colon, cerebro, tiroides y pancredticos.
Mediante la administracién de una composicién (o una
combinacidn) de los compuestos de la presente invencién, se
reduce el desarrollo de tumores en un huésped mamifero.

Los compuestos de férmula I también pueden ser
Utiles en el tratamiento de otras enfermedades cancerosas

(tales como leucemia mieldégena aguda).

Las composiciones farmacéuticas de 1la presente
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invencidén, que contienen el principio activo, pueden estar en

una forma adecuada para el uso oral, por ejemplo, como

comprimidos, trociscos, pastillas, suspensiones acuosas

oleosas, polvos o grénulos dispersables, emulsiones, capsula

duras o blandas, o jarabes o elixires.

Cuando un compuesto de acuerdo con la presente
invencién se administra a un sujeto humano, la dosificacidn

diaria normalmente se determinard por la prescripcién del

o
D

@]

médico con una dosificacién generalmente variable de acuerdo

con.la edad, el peso, el sexo y la respuesta individual de€l

Si se formulan como una dosis fija, los producto
de combinacién emplean los compuestos de la' preseng
invencién dentro del intervalo de dosificacién descrit
anteriormente % el otro agente o] tratamient
farmacéuticamente activo dentro de su intervalo ¢
dosificacién aprobado. Los compuestos de férmula I se puede
administrar secuencialmente con agentes anticancerosos
citotdxicos conocidos cuando una formulacién de 1
combinacidén es inapropiada. La invencién no estéa lihitada C
la secuencia de administracién; los compuestos de férmula
se puedén administrar antes o después de lé administracid

del agente o agentes anticancerosos o citotdxicos conocidos.

Los compuestos se pueden administrar en un

intervalo ‘de dosificacién de aproximadamente 0.05 a 2C

e

O

o)

n

O
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mg/kg/dia, preferentemente menos de 100 mg/kg/dia, en unha
sola dosis o en 2 a 4 dosis divididas.

DOSIFICACION Y FORMULACION

[

Los compuestos de la presente iﬂvencién se puéden
administrar en formas farmacéuticas orales tales como
comprimidos, céapsulas (cada una de las cuales incluye
férmulaciones ‘de liberacién sostenida o de liberacién
temporizada), pildoras, polvos, grédnulos, elixires
pigmentos, suspensiones, jarabes y emulsiones. También se
pueden administrar de forma intravenosa -(en' embolada o
infusién), intraperitoneal, subcutédnea o intramuscular,
siendo todas las formas farmacéuticas usadas. bien conocidas

por los expertos en la materia de las técnicas farmacéuticas

administraran con un vehiculo farmacéutico seleccionado

. ' . o .. . |
basandose en 1la via de administracién elegida y en 1la

practica farmacéutica habitual.
El régimen de dosificacidén para los compuestos de

la presente invencién variara, por supuesto, dependiendo de

factores conocidos, tales como las caracteristicas

¥

farmacodindmicas del agente partiéular' y su modo y via de

administracidén; la especie, edad, sexo, salud, condicién
1

médica y.peso del destinatario; la naturaleza y la duracién
Y . { !
de los sintomas; el tipo de tratamiento concurrente; la

frecuencia de tratamiento; la via de administracién, la



10

15

20

25

npa224

48

funcidén renal y hepadtica del paciente y el efecto deseado. Un
médico o veterinario puede determinar y ©prescribir lé
cantidad eficaz del farmaco requerido para tratar el cancer.

A modo de directriz general, la dosifiéaciénféral
diaria de cadé principio activo, cuando se usa para loé
efectos indicados, variara éntre aproximadamente 0.001 a 1000
mg/kg de peso corporal, preferentemente-entre aproximadamente
0.001 a 100 mg/kg de pesoc corporal por dia, y lo més

preferentemente entre aproximadamente 0.001 a 20 mg/kg/dia.

Por via intravenosa, las dosis mas preferidas variardn entre

aproximadamente 0.1 'y aproximadamente 10 mg/kg. Los

compuestos de la presente invehcién se pueden administrar en
una sola dosis diaria o la dosificacidén diaria total puede
administrarse en dosis divididas de dos, tres o cuatro veces
diariaé.

Los compuestos de la presente invencién se pueden
administrar de forma intranasal, mediante el uso tépico de
vehiculos intranasales adecuados, o por rutas transdérmicas,
usando parches cutédneos transdérmicos. Cuando se administra
en fofma de un sistema de 1liberacidén transdérmica, la
administraciétn de la dosificacidén seréda, por supuesto,
continua mejor que intermitente, a lo largo del régimen de
dosificacién.

Los compuestos se administran tipicamente en

combinacidén con diluyentes farmacéuticos adecuados,
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excipientes o vehiculos (denominados colectivamehte en el
presente documento Como Vehiculos farmacéuticos)
seleccionados adecuaéamente con respecto a la forma. de
administracién pretendida, es decir, comprimidos oféiés,
cépsulas, elixires, Jjarabes y similares y de forma coherente
con las practicas farmacéuticas convencionales.

Por ejemplo, para la administracién oral en forma
de un comprimido o cépsula, el componente del farmaco activo
puede combinarse con un vehiculo oral, no téXiéo,
farmacéuticamente .aceptable e inerte, tal como '1actosa,
almiddén, sacarosa, glucosa, metil celulosa, estearato de
magnesio,>fosfato dicdlcico, manitol, sorbitol vy similareé;
para la administracidén oral en forma liquida, los componentes
del farmaco oral se pueden combinar con cualquier vehiculo no
toxico, inerte, farmacéuticamente aceptable, tal como etanol,
glicerol, agua y similares. Ademds, cuando es deseado o
necesario, también se pueden incorporar a la mezcla
aglutinantes, lubricantes, agentes disgregantes y agentes
colorantes. Los aglutinantes adecuados incluyen almidén,
gelatina, azucares naturales, tales como glucosa o beta-
lactosa, edulcorantes de maiz, gomas naturales o sintéticas,
tales como goma arabiga, tragacanto, o alginato sédico,
carboximetilcelulosa, polietilenglicol, ceras vy similares.
Los lubricantes usados en estas formas farmacéuticas incluyen

oleato sdédico, estearato sédico, estearato de magnesio,
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benzoato sdédico, acetato sédico, cloruro sédico y similares.
Los disgregantes incluyen, sin limitacidén, almiddén, metil
celulosa, goma de agar, bentonita, goma xantana y similares.

Los compuestos de 1la presente invencién 'puéden
también administrarse en forma de sistemas de liberacién
liposomal, tales como vesiculas unilamelares pequefias,
vesiculas wunilamelares grandes y vesiculas multilamelares.
Los liposomas se pueden formar a partir de una diversidad de
fosfolipidos, tales Ccomo colesterocl, estearilamina o
fosfatidilcolinas.

Los compuestos de la presente invenciédn también
pueden acoplarse con polimeros solubles tales como vehiculos
de farmacos dirigibles. Los polimeros pueden incluir
polivinilpirrolidona, copolimerol de piréno,
polihidroxipropilmetacrilamida-fenol,
polihidroxietilaspartamidafenol u 6éxido de polietileno-
polilisina sustituido con residuos de palmitoilo. Ademés, los
compuestos de la presente invencidén pueden acoplarse a una
clase de polimeros biodegradables tutiles para conseguir una

liberacién controlada de un farmaco, por ejemplo, Aacido

poliléactico, 4&cido poliglicélico, copolimeros de &cidos

polilactico y poliglicélico, poliepsilén caprolactona, &acido
polihidroxibutirico, poliortoésteres, poliacetales,
polihidropiranos, policianocacilatos y copolimeros de bloques

reticulados o anfipdticos de hidrogeles.

S
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Las formas farmacéuticas (composiciones
farmacéuticas) adecuadas para la administracién pueden

contener de aproximadamente 1 miligramo a aproximadamente
1000 miligramos de principio activo ©por unidad® de
dosificacidén. En estas composiciones farmacéuticas, el
principio activo esfaré presente normalmente en una cantidad
de aproximadamente el 0.1-95% en peso basdndose en el peso
total de la composicién.

Las cépsulas de gelatina pueden contener un
principio activo y vehiculos en polvo, tales como lactosa,
almidén, derivados de celulosa, estearéto de magnesio, &cido
estedrico y similares. Se pueden usaf diluyentes. similares
para fabricar comprimidos. Tanto los comprimidos como las

capsulas se pueden fabricar como productos de liberacién

"sostenida para proporcionar una liberacién continua de 1la

ﬁedicacién durante un periodo de horas. Los comprimidos
prensados pueden estar recubiertos con azlcares o recubiertos
con peliculas para enmascarar cualquier sabor indeseable vy
proteger al comprimido de la atmésfera, o pueden tener un
recubrimiento entérico para la disgregacién selectiva en el
tracto intestinal.

Las formas farmacéuticas  liquidas para la
administracién oral pueden contener colorantes y saporiferos

para aumentar la aceptacién del paciente.

En general, son vehiculos adecuados para soluciones

o
i
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parenterales agua, un aceite adecuado, solucidén salina,
dextrosa acuosa (glucosa) y soluciones de azlcares

relacionadas y glicoles tales como propilenglicol o)
polietilenglicoles. Las soluciones para la administ;agién
parégteral contienen preferentemente una sal soluble en agua
de un principio activo, agentes estabilizantes adecuados vy,
si es necesario, sustancias amortiguadoras. ‘Son bagentes
estabilizantes adecuados agentes antioxidantes, tales como
bisulfito sdédico, sulfito sédico o éacido ascérbico, sQloé e}
combinados. También se usan &acido éitrico y sus sales y EDTA
sédico. Ademas, las sbluciones parenterales pueden contener
conservantes, tales como <cloruro de benzalconio, metil- o
propil-parabeno y clorobutanol.

Se describen vehiculos farmacéuticos adecuadoé en
Remington's Pharmaceutical Sciences, Mack Publishing Company,

un texto de referencia convencional en este campo.

ENSAYOS BIOLOGICOS

Ensayo de Tirosina Cinasa JAK2

Los ensayos se llevaron a cabo en placas de 384

‘cavidades con fondo en V. El volumen final de_eﬁsayo fue de

30 pl preparado a partir de adiciones de 15 pl de enzima Y

.sustratos (péptido fluoresceinado y ATP) y compuestos de

ensayo en amortiguador de ensayo (HEPES 100 mM.pH 7.4, MgCl,

10 mM, Beta-Glicerolfosfato 25 mM, 0.015% de Brij35 y DDT 4

mM) . La reaccidén se inicidé por la combinacién de JAK2 con

ro
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sustratos y compuestos de ensayo. La reaccidédn se incubd a
temperatdra ambiente durante 60 min y se terminé afadiendo 45
pl de EDTA 35 mM a cada muestra. La mezcla de reaccidn se
analizé en el Caliper LabChip 3000 por separééién
electroforética del sustrato fluorescente y el producto

fosforilado. Se calcularon los datos de inhibicién por

inhibicién del 100% y reacciones sélo con vehiculo para una

inhibicién del 0%. La concentracién final de reactivos en los

ensayos es ATP, 30 uM; péptido fluorescente JAKZ, 1.5 uM;
JAKZ, 1 an.y DMSO, 1.6%. Se generaron curvas de respuesta a
la dosis para determinar la concentracién requerida para
inhibir el 50% de la actividad cinasa (CIsg). Los compuestos
se disolvieron a 10 mM en dimetilsulféxido (DMSO) vy se
évaluaron a once concentraciones, cada una por duplicado. Los

valores de CIsy se obtuvieron por anilisis de regresién no

lineal.
Ensayo de Tirosina Cinasa JAK3

Los ensayos se llevaron a cabo en placas de 384

cavidades con fondo en V. El volumen final de ensayo fue de|

30 pl preparado a partir de adiciones de 15 pl de enzima vy
sustratos (péptido fluoresceinado vy ATP) y compuestos de
prueba en amortiguador de ensayo (HEPES 100 mM PH 7.4, MgCl,

10 mM, Beta-Glicerolfosfato 25 mM, 0.015% de Brij35 y DDT 4

27
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mM) . La reaccién se inicidé por la combinacién de JAK3 con
sustratos y compuestos de ensayo. La reaccidén se incubd a

temperatura ambiente durante 60 min y se terminé afiadiendo 45

pl de EDTA 35 mM a cada muestra. La mezcla. de reaccidn: se
analizd en el Caliper LabChip 3000 por separacidn
electroforética del sustrato fluorescente y. el producto
fosforilado. Los datos de inhibicién se calcularon por
comparacidén con reacciones de control sin enzima para una
inhibicién del 100% y reacciones sdélo con vehiculo para una

inhibicidén del 0%. La concentracién final de reactivos en los

ensayos es ATP, 8 uM; péptido fluorescente JAK3, 1.5 uM;
JAK3, 2.5 nM; y DMSO, 1.6%. Se generaron curvas de respuesta
a la dosis para determinar la concentracién requerida para
inhibir el 50% de la actividad cinasa (CIsg).  Los compuestos
se disolvieron a 10 mM en dimetilsulfdxido (DMSO) vy se
evaluaron a once concentraciones, cada una por duplicado. Los
valores de CIso se obtuvieron por analisis de regresién no
lineal.
Ensayo de Inhibicién de la Proliferacién Celular

Los compuestos se evaluaron para determinar su
capacidad de inhibir 1la proliferacién .celular, usando un
ensayo que mide la incorporacién de timidina en él ADN de la
célula en divisién, que se correlaciona directamente con el
nimero de células. Se sembraron células SET-2 en‘placas de 96

cavidades a 10000 células/cavidad y se cuitivaron durante 24

228
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h en RPMI-1640 suplementado con suero bovino fetal al 20%, |

antes de que se afiadieran los compuestos de ensayo. Los
compuestos se diluyeron en medio de cultivo de tal forma que
la concentracién de dimetilsulféxido nunca superase elvpél%.
Tras la adicién de los compuestos, las células se cultivaron
durante 72 h més. antes de que se determinara la proliferacién
celular por medicién de la sintesis de ADN con‘ la
incorporacién de 3H-timidina.

| Los compuestos descritos‘en el presente documento
se ensayaron en los ensayos de.JAKé y de Inhibicién de la
Proliferacién Celular descritos anteriormente. Se obtuvieron

los siguientes resultados.

TABLA 1
Ejemplo N° (CI?:;KZ.uM) (cifoT,-ﬁm
3 1.50E-03 0.01
i
. 0.03 2.53 |
5

9
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Ejemplo N° (c;£$€mn (Cizf"ﬁM)
15 1.52E-03 0.49
29 0.01 10.00
33 6.37E-04 0.01
34 1.50E-03 0.24
35 5.36E-04 2.85
38 0.04 0.06
49 0.05 3.93
53 1.47E-03 0.10
55 7.48E-04 | 4.30E-03
61 7.51E-04
70 7.33E-04 0.33
73 1.00E-03 0.06
81 0.01523 0.339
98 0.000695 | 0.007365
101 7.43E-04 | 10.00
109 1.52E-03 1.15
116 1.49E-03 0.17
125 0.05 1.27

o=
o

<
- A.A_L\JQ_

(%)
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Los compuestos descritos en el presente
documehto se ensayaron en uno o mas de los ensayos
identificados anteriormente y se encontrd Que eran
activos.

C. Ensayo in vivo

El compuesto formulado en vehiculo adecuado se
administré a ratones en forma de un bolo oral o inyectado
por via intraperitoneal o subcuténea a ratones Bélb/C: Se
recolectaron muestras sanguineas a través del sangrado
orbital o puncién cardiaca en varios puntos temporales

después de la administracidén del compuesto.- Se colocaron

alicuotas sanguineas (90 pl) en placas de 96 cavidédes.
Se repartidé en cada cavidad solucién diluida (5 ﬁl) de
trombopoyetina (mTPO; Peprotech) (diluida 1:1000 en
dPBS/BSA, 2 ul en 2 ml de dPBS/BSA) para la estimulacién
de la ruta. Las placas se incubaron a 37°C en un bafo de
agua durante\lO minutos. A cada cavidad se le.aﬁadieron
1.5 ml de solucién de fijacién/lisis (de BD Biosciences).
Después, las muestras se incubaron a 37°C durante 15
minutos para asegurar la lisis de los gldébulos rojos
(GR) . Las placas se centrifugaron a 2000 rpm durante 5
minutos y se aspiraron usando un aspirador de V&P de 96
cavidades., Las células se lavaron con dPBS, se
recentrifugaron, se resuspendieron y se transfirieron a

una placa regular de 96 cavidades. Las células se lavaron
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- dos veces con dPBS seguido de la adicidén de CD61 FITC (de

eBiosciences) para la tincién del recetor de superficie
durante 45 min en la oscuridad a tempefatura ambiente.
después, las células se lavaron en dPBS y; H‘se
permeabilizaron para la tincidén con pSTATS como se indica
a continuacién: se afladieron 200 pl de amortiguador de
permeabilizacién III (de BD Bioscience), las muestras se
incubaron en hielo duranté 30 minutos vy después las
muestras’se lavaron dos veces con dPBS/BSA al ]ﬁ;.y-se
resuspendieron en 100 pl de dPBS/BSA que contenia
anticuerpos StatS (pY695) Alexa 647. Las muestras se
incubaron a temperatura ambiente en la oscuridad durante
45 minufos, se lavaron dos veces y se resuspendieron en
10 pl de los anticuerpos Stat5.(pY695) Alexa 647 usédos
que sé_ afladieron a  la muestra. Las muestras se
resuspendieron en- 200 pl de dPBS/BSA, se pasaron por el

FACSCanto en im&genes de muestra y se procesaron usando

el software de andlisis Diva 6 y FlowJo 8.5.3.

ABREVIATURAS

Las siguientes abreviaturas se pueden utilizar

en los procedimientos de preparacién y en los Ejemplos:

h = horas
DCM = diclorometano
THF = tetrahidrofurano
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HPLC

cromatografia liquida de alto rendimiento

DIEA diisopropiletilamina

'1-PrOH = alcohol isopropilico

TFA = &acido trifluoroacéiico

min = minutos

DMF = dimetilformamida

EDC = N-(3-dimetilaminopropil)-N'-

etilcarbodiimida

10

HOBt = hidroxibenzotriazol
NMP = N-metilpirolidinona
EtOAc = acetato de etilo
AcOH = 4cido acético

Reactivo de BOP = hexafluorurofosfato de

benzotriazol-1l-il-oxi-tris-(dimetilamino)-fosfonio

15

sédico

20

salmuera = solucidn acuosa saturada de cloruro

EtsN = trietilamina

trg = tiempo de retencidn

ta = temperatura ambiente -
NCS = N-clorosuccinamida
NBS = N-bromosuccinamida
NIS = N-yodosuccinamida

Procedimientos de Preparacién

Los compuestos de férmula general I en la que el

25 grupo R es tiazol (como en Ial) y r! % R? son grupos CFj3 o

<D
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alquilo o cicloalquilo o se combinan para formar un
anillo carbociclico o heterociclico saturado o en el que
el grupo R2 es COORP pueden prepararse usando el
procedimiento general representado en el Esquema!'de
reaccién 1. El intermediario de dicloro II (preparado
usando el procedimiento indicado en el documento
W0200612237) puede combinarse con un 2,4-dimetoxibencilo
y la amina seéundaria resultante se protege con un grupo
protector adecuado (Boc) (III). El segundo &tomo de éioro
puede convertirse en la correspondiente amina (IV) a
través del intermediario de Dbenzofenona imina. E1l
compuesto amino puede halogenarse para dar ‘intermediario
V. V puede someterse a la formacién de anillo indol
mediada por metales de transicién y €l nitrdégeno del
indol resultante protegerse con yoduro de etilo para.
proporcionar VI. La hidrélisis del éster seqguida de 1la
formacién del enlace amida y de la escisién de los grupos
protectores con tratamientQ dcido producird la amina VII.
La amina VII puede convertirse en la tiourea VIII primero
mediante la unién con isotiocianato de benzoilo seguido
de tratamiento con una base acuosa. La formacién de

tiazol puede lograrse mediante la condensacién con un

derivado de a-bromocetona (R'CHBrCOR?).
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AN
AN N"\\
N
N7 A OCH,
RN N a,b | P "’d
| : CImNTN >
P 0oC
Il It
N \
N”\\N N"\\
s o |
H,N" N° 'N HN NN
0¢ oCH - Boc
Tly OCH
v v }

N\ .
P
N AN N g : 1 5
AT R
O N7°N""NH” "NH, N N NH
)

VIIL Ial

a) 2,4-dimetoxibencilamina, calor; b) NaHMDS, Bocy0;

c) (Ph),=NH; d) HCl; e) NIS; f) Pd;(dba)s, piruvato de etilo;

g) EtI, CspCO03; h) NaOH (ac.); 1) HC1 .diciclopropilamina,

HATU, DIPEA; 3j) TFA; k) isotiocianato de benzoilo; 1) NaOH
(ac.); m) R’CHBrCOR!

| Esqueﬁa de reacciébn 1
Los compuestos de fdérmula general Ia2 en la que el
grupo R' es CONR®R® pueden prepararse usando el Esquema de

reaccidén 2. El intermediario de tiourea. (VIII)

o

puede
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combinarse con Et0O,CCHBrCOR? para proporcionar el éster de
tiazol (IX). El éster puede hidrolizarse y el &cido ‘puede

‘acoplarse con la amina para proporcionar el derivado de.

tiazol amida (Ia)

P P ow
[>—-N Y !\ S a D—N

0  NTONNETONH, 0 NTONTwNH
VI IX

10 O NNTnE” S

a) Et0,CCHBrCOR'; b) NaOH (ac.); c) HNR®R®, HATU, DIPEA
Esquema de reaccién»Z
De forma similar, los compuestos de fédrmula general
15 Ia3 en la‘que el grupo R' es CONR®R®* pueden prepararse usando

!
el protocolo representado en el Esquema de reaccién 3.

= N
| ) )i 4 | )L\ R2
of ‘)N N7 TNH” NI, o} )N N7 NHT S
20 : VIII X
' AN
" J> N’\\N 'CONR®R*
,C
- D~N /4 | ~ NL\ RZ
O NTNTNE”T S
)
Ja3

25 a) RCHBrCOCO,Me; b) NaOH (ac.); c¢) HNR®*R?, HATU, DIPFA
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Esquema de reaccién 3
Los compuestos de fdérmula general Ia en la que R!
es haldgeno (CL, Br o 1I) pueden prepararse mediante.
condensacién de una a,a'-dihalocetona como se representa:.en

5 el Esquema de reaccién 4.

LA I

O NTNTNHT NI, O NN N S
VIII Ia4
10 ~a) R?COCH(Hal)?
Esquema de reaccién 4
Como alternativa, el derivado de tiourea VIII puede
convertirse a la temperatura aﬁbiente en el tiazol XI sin
sustituir en C-5 y después directamente'halogenarse usando
19 una fuente halbgena electréfila o a través de metalacién

seguido de inactivacién con un agente halogenante electréfilo

(Esquema de reaccidén 5).
N : ' \
P P

N
P, — e T
J N NH

: N
20 NI, 0 J N7 UNH
VIII XI
\
J> NA Hal
b = (N
” e AL o
0 NTONTNT S
)
Ia4

25 a) BrCH,COR?*; b) Selectfluor o NCS o NBS o NIS o tBuLi
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seguido de Selectfluor o NBS o NCS
Esquema de reaccién 5
Los - compuestos de férmula.general Ia5 en la que R!
es SO,R® pueden sintetizarse usando la estrategia sintética

9 general que se muestra en el Esquema de reaccidn 6.

Rb\Sl/o Q a Rb\S// + | _ J]\
& R! & j)kw O . N°NTNH” NH,
. Br )
X1 X VI
10
AN Q, r®
b J> N Sz
N O
> E N / X N \ 2
LA 7R
O NN"Nu” S
Ia5
a) Acido Brz-acético; b) EtOH, calor
15 Esquema de reaccién 6

Los compuestos con férmula general Ia en la que R?
y R? se combinan para formar un anillo aromdtico o
heteroaromatico pueden prepararse wusando el Esquema de

reaccién 7.

20 J> \N’\\N J> \N’\\ Rl

Rl a N
> Y - AT DY e
N
/l

0 N NH S7OR? 0O NTONNTTS
2 . ) H
VII X1V Ta6
X = hal, -S0,Me

a) catalizador de Pd{(0), NaOtBu, ligando de fosfina,

25 calor
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Esquema de reaccién 7
Como alternati&a, estos _compuesﬁos pueden
prepararse primero mediante el acopiamiento de anilina o
hetercanilina (XVI) con el isotiocianato (XV) seguido.yde

ciclilacién oxidativa (Esquema de reaccién 8).

AN
P Y H R
|>—N N |
(]l * H,N” "R!
N NH, 0 )N N"TNCs 2 .
XV
b, ¢
N
J> N R
N N N\
| /1\ R?
0 //N N S
I—I
Ia7

a) 1,1'—Tiocarbonildi—2(1H)—piridona; b) NaH; c¢) NIS
Esquema de reaccién 8

Los compuestos de férmula general Ibl pueden

prepararée usando la estrategia sintética general

representada en el Esquema de reaccidén 9. La anilina VII

puede combinarse con el compuesto de y-ditiometilcetona XVII,
(preparado usando el procedimiento a la temperatura ambiente
indicado en Synlett, p 2331 (2008)) en condiciones béasicas
para proporcionar XVIII. Una_ condénsacién gradual de 1los
derivados de hidrazina Boc-protegida dard el pirazol 1Ibl

requerido.

Py}



66 6002

B

\
Ny 0 J> N |
7 1 + = 4 P ):p)LRz |
A H .

¢ X NN, MesS NNN
VI XVII ' XVIII
C
5 J> ) N"\\ .
b,c N R

- [>—N / | > N-N J

d NN NTR
) H
Ibl

a) NaH, THF; b) R™W(Boc)NH,, AcOH, 35-40°C; c) HCO,H o

TFA, 60°C

|
|
i
!

10 Esquema de reaccién 9

Los compuestos de fdérmula general Ibl o Ifl y 1f:

|
también pueden prepararse mediante el acoplamiento de un!

derivado de halo C-4 (XIX) con un derivado de 2-aminopirazol:
apropiadamente sustituido (XX) usando una reaccién catalizada

15 ' por un metal de transicién (Esquema de reaccién 10).
Rl

N-N

\ \ ! 2
P P N R
>N A N a >N a SN XX .

Z -z R1
O N" NN, O N "N “hal © /N
VI XIX HZN/QN XXI

;> HN— ;> HN—
N Rl . \ Rl
P Y e o D_N)—mN/N
- 2 . ( P :
0 N™ N N&)\R 4 N N N/C,/N
H _ H

Y

o

20

)
Ibl If1

a) nitrito de isocamilo, CHyI, o nitrito de isoamilo,

25 CHpBrp; b) Pd,(dba)s, Xanphos, Cs,COs
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Esquema de reaccién 10

Los compuestos de férmula general Ib2 en la que el

grupo R? es CONR®R® pueden sintetizarse usando el Esquema de
reaccién 11. La.anilina'VII puede combinarse con el derivgdo

) ae. y-ditiometilcetona XXIT, (preparado usando el
procedimiento de Tetrahedron, P 2631 (2003)) para
proporcionar el intermediario XXII1I. La condensacién gradual

del derivado de hidrazina Boc-protegida dara el & pirazol
aldehido XXIV requerido. El aldehido puede oxidarse usando

10 oxone © hipoclorito sédico para formar el &cido carboxilico

XXV. El acoplamiento del &cido XXV con amina dard la pirazol

amida Ib2.
N\ \
P N Q. OMe ) P LN
D—N / X MCS a N / ] = SMe O .
| . + — OMe — 4 N PP N/‘Q)J\(OMC
O N °NTTNH < N
15 J 2 MeS _J H OMe
- VII XXII XXIII
P
N 1
N R d
b,c - D—N Y I SN N-N -
N A A~cHo
O N NN
) H
XXV .
N\
_ Rl
>N B M oNeN S e O | ] NN
. ) | = /~CONR*R?

4 //F N H 7 ~CO,1 0] ’/F N ﬁ

a) NaH, THF, calor; b) IﬂN(Boc)NHZ, AcOH; c¢) TFA; d)

25 oxone o hipoclorito sédico; e) HNR®R®, HATU, DIPEA

41
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Esquema de reaccién 11
Los compuestos de férmula general Icl pueden
prepararse usando él protocolo general que se muestra en el
Esquema de reaccidén 12. La anilina VII puede acoplarse con
cloruro cloroacetilo y la amida resultante puede tratarsé;con

tioamida (R?CSNH,) para proporcionar el tiazol Icl.

\
J> N\ R2

m - P /’I\NN'AS
NNNH, 0 NN/%I&/

10

. a) cloruro de cloroacetilo, base; b) RZCSNH,
Esquema de reaccidén 12

Los compuestos de férmula general 1dl pueden

prepararse como para el Esquema de reaccién 13. Los derivados

15

de isotiocianato XV descritos previamente pueden combinarse

con la amidina XXV en condiciones de reaccién deshidratacién

para dar el 1,2,4-tiadiazol (Idl).

\ NH \
P W’ e
>N (N INTR? XXVE sy NP
4 ' P > { | =z /L\ .\>\R2
‘ 20 O NT°N7TNCS DEAD N° N
v , . H

0O N °N
XV Id1

Esquema de reaccidén 13

Los compuestos de férmula general 1lel pueden
prepararse usando una estrategia sintética como se muestra en

25 el Esquema de reaccién 14. El isotiocianato XV puede
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combinarse con la azida XXVI en presencia de fosfina para

producir el 1,3-oxazol Iel.

%;
\ N ﬁ/‘ N
J> N"\\ 3 RI J> N’\\

Rl
2
A - ! TR
N N7 Ph,P 0 NN NN
0 J N 'NCS 3 J N

Esquema de reaccidén 14
Los compuestos de férmula general 1gl pueden

10 prepararse wusando una estrategia sintética como se.
muestra en el Esquema de reaccién 15. La amina VII
puede combinarse con el isotiocianato de acilo XXVTII.

El aciltioureaido puede condensarse con un derivado de

hidrazina para producir el derivado de 1,2,4-triazol

15 1qgl.

“SNE 0O N N N7 R!
g N NE H H
20 \%i Ic
Py
2
R>-NHNH, N, R
e SseSs
Iy 1
s R
M H

25
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Esquema de reaccidn 15

EJEMPLOS

Ejemplo 1

N,N¥Diciclop£opil—6—etil—1—meti1—4—(tiazol—2f
ilamino)-1,6—dihidroimidazd[4,5—d]pirrolo[2,3—b]piridin—7—
carboxamida

1A Preparacién de 6-cloro-N-{(2,4-dimetoxibencil) ~1-

metil-1H-imidazo[4,5-c]lpiridin~4-amina

\
N7\

ﬁ e
Cl1” N~ N/\©\
H

OM

- En un matraz de fondo redondo de 200 ml.se disolvid
4,6—dicloro—l—metil-lﬂkimidazo[4,5—c]piridina (15 g, 74.2
mmol) (preparada como para el ejemplo Al.5 del documento
W02006122137) en 2,4-dimetoxibencilamina (25 ml, 166 mmol).
La mezcla de reaccidén se ;alenté a 110°C durante 3 h y se
enfrié a la temperatura ambiente. Se aﬁadié agua y precipitév
un s6lido de color castafio. La filtracién al vacio produjo un
s6lido de color castafio. ELl sdélido ée lavé con acetato de

etilo y hexano, produciendo 6-cloro-N-(2,4-dimetoxibencil) -1-
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metil-1H-imidazo[4,5~-c]piridin-4-amina (23.459 g, rendimiento
del 95%) en forma de un sdélido de color crema.

MS (ESI) m/z 333.0 (M+H)

RMN 'H (500 MHz, DMSO-d¢)& ppm 8.05 (s, 1H), 7.17
(¢, 1H, J = 6.19 Hz), 7.06 (d, 1H, J = 8.25 Hz), 6.87 (s,
1H), 6.55 (d, 1H, J = 2.47 Hz), 6.42 (dd, 1H, J = 8.52, 2.47

Hz), 4.54 (d, 2H, J = 5.77 Hz), 3.82 (s, 3H), 3.74 (s, 3H),

1B Preparacién de 6-cloro-l-metil-1H-imidazo[4,5-

clpiridin-4-il(2,4-dimetoxibencil)carbamato de terc-butilo

AN
N
N
TN,
Boc OMe
A una solucidn a -78°C de 6-cloro-N-(2, 4~

dimetoxibencil)—l—metil—lHFimidazo[4(5—c]piridin—4—amina

(ejemplo 1A, 0.63 g, 1.893 mmol) en tetrahidrofurano (38 ml)
enfriada se le afladié lentamente NaHMDS (1.0 M THF, 2.366 ml,
2.366 mmol). Después de agitar a -78°C durante 30 min, se
afladié BOC,0 (0.483 ml, 2.082 mmol). El bafo frio se retiréd y
la reaccién se dejdé -calentar a la ta durante una noche.
Mediante el andlisis por HPLC, se observé una conversién de
~50%. La solucién se volvié a enfriar -a -78°C. Se afiadid

NaHMDS (THF 1.0 M, 2.366 ml, 2.366 mmol) y la mezcla se agitd

[

%

J
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durante 30 min antes de la adicién de BOC,0 (0.483 ml, 2.082
mmol). El bafio frio se retird y la reacciénvse calentdé a la
temperatura ambiente durante 5 h. El solvente se retird a
presidn reducida y el residuo se repartidé entre acetato de
O etilo y agua. La fase orgadnica se lavd dos veces con agua, se
secé sobre sulfato de magnesio anhidro, se filtré y se
concentré al vacio. El residuo en bruto se purificé por
cromatografia ultrarrdpida usando una columna Isco de 40 g
eluyendo con acetato de etilo al 50-100%/hexano, produciendo
10  6-cloro-l-metil-1H-imidazo[4,5-c]piridin-4-11(2, 4-
dimetoxibencil)carbamato de terc~butilo (0.638 g, rendimiento
del 78%) en forma de un s61ido espumoso de color blanco.
MS (ESI) m/z 433.0 (M+H)
RMN 'H (400 MHz, CLOROFORMO-d) & ppm 7.91 (s, 1H),
15 7.47 (d, 1H, J = 8.31 Hz), 7.19 (s, 1H), 6.38 (dd, 1H, J =
8.31, 2.52 Hz), 6.32 (d, 1H, J = 2.52 Hz), 5.13 (s, 2H), 3.80
(s, 3H), 3.74 (s, 3H), 3.59 (s, 3H), 1.40 (s, O9H).

ic Preparacidn de 2,4-dimetoxibencil (6~

(difenilmetilenoamino)—1—metil—1H;imidazo[4,5—c]piridin—4—

20 il)carbamato de terc-butilo

\
N

N
PR OMe
Ph)\\N N~ N/\©
Boc OM

25 Se afadid dioxano anhidro (4 ml) a una mezcla de

€
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6-cloro-l-metil-1H-imidazo[4,5-c]piridin-4-il (2,4~
dimetoxibencil)carbamato de terc-butilo (ejemplo 1B, 0.638

g, 1.474 mmol), benzofenona imina (0.297 ml, 1.769 mmol),

Pd, (dba) s {(0.270 g, 0.295 mmol), 9,9—dimetil—4;5—
bis(difenilfosfino)xanteno (0.256 g, 0.442 mmol) y
carbonato de cesio (0.672 g, 2.063 mmol). La mezcla de

reaccién se calenté a 90°C durante una noche. Después de
la refrigeracién a la ta, el solvente se retird al vacio.

El residuo se repartidé entre acetato de etilo y agua. La

fase organica se lavé dos veces con agua, se secd sobre

sulfato de magnesio anhidro, se filtrdé y se concentrd al
vacio. El residuo en bruto se purificé por cromatografia

ultrarrapida usando una columna Isco de 40 g eluyendo con

acetato de etilo al 50-100%/hexano, proporcionando 2,4~

dimetoxibencil (6-(difenilmetilenocamino)-1-metil-1H~

imidazo[4,5-c]piridin-4-il)carbamato de terc-butilo {0.757
g, rendimiento del 89%) en forma de un sélido de color
amarillo claro.

MS (ESI) m/z 414.0 (M-CPhy+2H)

RMN 'H (400 MHz, DMSO-dg) & ppm 8.16 (s, 1H), 7.67
(dd, 2H, J = 8.56, 1.51 Hz), 7.44-7.60 (m, 3H), 7.25 (d,
1H, J = 8.31 Hz), 6.96-7.11 (m, 4H), 6.87 (s, 1H), 6.46 (d,
1H, J = 2.52 Hz), 6.33 (dd, 1H, J = 8.56, 2.27 Hz), 4.52

(s, 2H), 3.70 (s, 3H), 3.69 (s, 3H), 3.67 (s, 3H), 1.25 (s,
oH).

300247
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1D Preparacién de 6-amino-l-metil-1H-imidazo[4,5-

clpiridin-4-i1(2,4-dimetoxibencil)carbamato de terc-butilo

En un matraz de fondo redondo de 1000 ml, se agité
2,4-dimetoxibencil (6~ (difenilmetilencamino)-1-metil~1H~
10 imidazo[4,5-c]piridin-4-il)carbamato de terc-butilo (ejemplo
1¢, 9.2 g, 15,93 mmol) en THF (50 ml). Se afadidé HCL 1 N (33
ml) . Después de 2 min, la reaccidén se interrumpié con NaCH 1
N (65 ml)'y acetato de etilo (100 ml).'La fase organica se
separd, se secd sobre sulfato sédico anhidro, se filtré y se
15 concentré al vacio. El residuo se secd al vacio durante 1 h y
se trituré con éter (4 x). Se aisldé 6-amino-l-metil-1H-
imidazo[4,5—c]piridin—4-il(2,4—dimetoxibencil)carbamato de
terc-pbutilo (6.587 g, 15.93 mmol, rendimiento del 100%) en
forma de un sélido de color crema. El material se llevd a la .
20 siguiente etapa sin purificacién adicional.
MS (ESI) m/z 413.0 (M+H)
RMN 'H (400 MHz, DMSO-dg) S‘ppm 7.93 (s, 1H), 7.44
(d, 1H, J = 8.31 Hz), 6.44 (d, 1H, J = 2.27 Hz), 6.35 (dd,
lH, J = 8.56, 2.27 Hz), 6.25 (s, 1H), 5.58 (s, 2H), 4.87 (s,

25 2H), 3.67 (s, 6H), 3.63 (s, 3H), 1.30 (s, 9H).
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1E Preparacién de 6—amiho—7—yodo—1—metil—1H—
imidazo[4,5~-clpiridin-4-11(2,4-dimetoxibencil)carbamato de
terc—butiio N
N7

I N
l N OMC
SAEa !
Boc OM

En un matraz de fondo redondo se disolvidé 6-amino-

€

l-metil-1H-imidazo({4,5-c]piridin-4-i1(2, 4-
dimetoxibencil)carbamato de terc-butilo (ejemplo 1D, 7.887 g,
19.08 mmol) en MeCN (200 ml) y se enfridé a 0°C. Se disolvid

N-yodosuccinimida (4.51 g, 20.03 mmol) en el MeCN restante

(50 ml) y se afiadié gota a gota a la mezcla de reaccidn

durante 40 min. La mezcla de reaccién se agitdé a 0°C durante
10 min mds y se inactivé con sulfito &cido sdédico 2 M (125
ml). La agitacién y la temperatura se mantuvieron durante 50
min. La mezcla se transfirié a un embudo decantacién. La fase
acuosa se extrajo con CHCl, (3 x 100 ml). Las fases organicas
combinadas se lavaron con agua y salmuera, se secaron sobre
Na,S0,, se filtraron Yy se concentraron al vacio. El residuo en -
bruto se purificé por cromatografia ultrarrdpida usando una
columna Isco de 120 g eluyendo con acetato de etilo al 20-
100%/CH,C1,, proporcionando 6-amino-7-yodo-l-metil-1H-
imidazo[4,5—c]piridin—4—il(2,4—diﬁetoxibencil)carbamato de
terc-butilo (8.436 g, rendimiento del 82%) en forma de un

s6lido de color amarillo claro.
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MS (ESI) m/z 539.0 (M)
RMN *'H (400 MHz, DMSO-dg) & ppm 8.00 (s, 1H),-7.40
(d, 1H, J = 8.06 Hz), 6.43 (d, 1H, J = 2.52 Hz), 6.31-6.39"

(m, 1H), 5.73 (s, 2H), 4.86 (s, 2H), 3.95 (s, 3H), 3.67 (s,

3H), 3.64 (s, 3H), 1.30 (s, 9H).

1ir Preparacidn de 4-(terc-butoxicarbonil (2, 4-

dimetoxibencil)amino)—l—metil—l,6—dihidroimidazo[4,5—

dlpirrolo[2,3-b]lpiridin-7-carboxilato de etilo

\
N7\

PN G
! Q@OM

74
O N N N
H B

e

A un matraz de fondo redondo cargado con 6-amino-7-
yodo—l—metil—lHFimidazo[4,5—c]piridin—4—il(2,4—
dimetoxibencil) carbamato de terc-butilo (ejemplo 1E, 3.49 g,
6.47 mmol) en DMA (43.1 wml) se le afiadieron Pd; (dba)s (0.474
g, 0.518 mmol), piruvato de etilo (7.22 ml, 64.7 mmol) y N-
metildiciclohexilamina (2.77 ml, 12.94 mmol). La mezclé de
reaccidén se rocié con argdén durante 10 min y se calentd a
60°C durante 6 h. La reaccién se completé mediante CLEM.
Después de la refrigeracién a la tehperatura ambiente, la
mezcla de reaccidén se diluydé con acetato de etilo y NaHCO;
acuoso saturado. La emulsidén resultante se filtré al vacio a
través de una capa de Celite y se transfirié a un embudo

decantacién. La fase acuosa se extrajo con acetato de etilo.
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Las fases organicas combinadas se lavaron con solucién acuosa
de LiCl al 10% (2 x). La fase organica se secd sobre MgSO,
se filtrdé y se concentrd al vécio. El residuo de color pardo
se purificéd por cromatografia ultrarrapida usando una columna
Isco de.120 g eluyéndo con acetato de etilo al 40-80%/hexano,
produciendo 4—(terc—butoxicarbonil(2,4~dimetoxibencil)amino)—
l-metil-1, 6-dihidroimidazo[4,5-d]pirrolo(2,3-b]lpiridin-7~
carboxilato de etilo (2.830 g, rendimiento del'86%).

MS (ESI) m/z 510.0 (M+H)

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 7.83 (s, 1H),
7.57 (d, 1H, J = 8.31 Hz), 7.39 (d, 1H, J = 2.27 Hz), 6.40
(dd, 1H, J = 8.44, 2.39 Hz), 6.32 (d, 1H, J = 2.52 Hz), 5.16
(s, 2H), 4.43 (c, 2H, J = 7.05 Hz), 4.09 (s, 3H), 3.74 (s,
3H), 3.56 (s, 3H), 1.43 (t, 3H, J =l7.18 Hz), 1.40 (s, 9ﬁ).

1 Preparacidn de 4-(terc-butoxicarbonil (2, 4-

dimetoxibencil)amino) -6-etil-1-metil-1, 6-dihidroimidazo[4, 5-

dlpirrolo(2,3-blpiridin-7-carboxilato de etilo

OMe
A una socluciédn de 4-(terc-butoxicarbonil (2, 4-
dimetoxibencil)amino)~-1l-metil-1, 6~dihidroimidazo{4, 5-

d]pirrolo(2,3-b]lpiridin-7-carboxilato de etilo (ejemplo 1F,

25 5.046 g, 9.90 mmol) en DMF (49.5 ml) se le afadieron yoduro
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de etilo (1.601 ml, 19.81 mmol) y carbonato de cesio (6.45 g,
19.81 mmol). La mezcla de reaccién se calentd a 60°C durante
60 min y se enfrié a la temperatura ambiente. La mezcla de
reaccién se diluyd con acetato de etilo y se filtré al vacib
para retirar el carbonato de cesio. Se afadié bicarbonato
sbédico acuoso saturado y la fase acuosa se extrajo con
acetato de étilo (2 x). Las fases organicas combinadas se
lavaron con cloruro de 1litio al 10% (3 x), se secaron sobre
sulfato de magnesio anhidro, se filtraron Yy se concentraron
al vacio. El producto en bruto se llevé a la siguiente etapa.

MS (ESI) m/z 538.1 (M+H)

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 7.79 (s, 1H),
7.62 (d, 1H J = 8.28 Hz), 7.43 (s, 1H), 6.39 (dd, 1H, J =
8.41, 2.38 Hz), 6.32 (d, 1H, J = 2.26 Hz), 5.20 (s, 2H), 4.79
(c, 2H, J = 7.03 Hz), 4.41 (c, 2H, J = 7.28 Hz), 4.07 (s,
3H), 3.74 (s, 3H), 3.61 (s, 3H), 1.44 (t, 3H, J = 7.15 Hz),
1.41 (s, 9H), 1.37 (t, 3H, J = 7.03 Hz).

"1H Preparacién de &cido 4-(terc-butoxicarbonil (2, 4~

dimetoxibencil)amino)—6—etil—1—metil—1,6—dihidroimidazo[4,5—

dlpirrolo{2,3-blpiridin~7-carboxilico

\
N

HO Y |\~N OMe
0 NTONN
Boc OMe

A una ’solucién de 4-(terc-butoxicarbonil (2, 4-

NS
N
o0
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dimetoxibencil)amino)—6—etil—l—metil—l,6—dihidroimidazo[4,5—
dlpirrolo[2,3-blpiridin-7-carboxilato de etilo (ejemplo 16,
5.32 g, 9.9 mmol) en etanol (49.5 ml) se le afiadidé una
solucidén acuosa de NaOH 1 N (49.5 ml). La mezcla de_reacbién
5' se calenté a 60°C durante 3vh y se enfrid a la ta. El etanol
se retird por cohcentracién al vacio. El residuo se acidificé
.con HCl 1 N y el producto se recogié por filtracién al vacio.
Después del secado al wvacio, se aislé 4&cido 4-(terc-
butoxicarbonil(Z,4—dimetoxibencil)amino)—6—etil—l—metil—l,6—
10 dihidroimidazo[4,5-d]pirrolo[2,3-blpiridin-7-carboxilico (4.3
g, 8.44 mmol, rendimiento del 85% en dos etapas) en forma de
un sélido de color blanco.
MS (ESI) m/z 510.0 (M+H)

1I Preparacién de 74(diciclopropilcarbamoil)—6—

15 etil-l1-metil-1, 6-dihidroimidazo[4,5-d]pirrolo[2,3-blpiridin-

4-il (2, 4-dimetoxibencil)carbamato de terc-butilo

1'30C
20 ON&

A una mezcla de dcido 4-(terc-butoxicarbonil (2, 4-
dimetoxibencil)amino)—6—etil—1—metil—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxilico
(ejemplo 1H, 0.89 g, 1.747 mmol) en acetonitrilo (17.47

25 ml) se le afiadieron clorhidrato de diciclopropilamina
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(0.303 g, 2.271 mmol), N-metilmorfolina (0.499 ml, 4.54
mmol), DMAP (0.021 g, 0.175 mmol) y HATU (0.797 g, 2.096
mmol). La mezcla de reaccidén se agitdé a la ta durante 5 h
y se calentdé a 50°C durante 45 min. La reaccién se enffié
a la temperatura ambiente. El acetonitrilo se retird al
vacio y el residuo se repartidé entre bicarbonato sédico
acuoso saturado y diclorometano. La fase acuosa se extrajo
con diclorometano. Las fases orgéanicas combinadas se
secaron sobre sulfato sédico anhidro, se filtraron y se
concentraron al vacio. E1 producﬁo en bruto se purificéd
por cromatografia ultrarrédpida usando una columna Isco de
80 g eluyendo con MeOH al 1-4%/CH,Cl,, produciendo 7-
(diciclopropilcarbamoil)-6-etil-1-metil-1, 6-

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—il(2,4—

dimetoxibencil)carbamato de terc-butilo (0.8 g,
rendimiento del 78%) en forma de wun sélido de color.
blanquecino.

MS (ESI) m/z 589.0 (M+H)

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 7.78 (s,
1H), 7.67 (d, 1H, J = 8.28 Hz), 6.85 (s, 1H), 6.40 (dd,
1H, J = 8.41, 2.38 Hz), 6.33 (d, 1H, J = 2.51 Hz), 5.20
(s, 2H), 4.58 (c, 2H, J = 7.03 Hz), 4.02 (s, 3H), 3.74 (s,
3H), 3.62 (s, 3H), 2.77-2.85 (m, 2H), 1.42 (s, O9H), -1.39
(¢, 3H, J = 7.40 Hz), 0.80-0.89 (m, 4H), 0.72-0.78 (m,
4H) .

00025



10

15

20

25

81 892

1J Preparacién de 4-amino-N,N-diciclopropil-6-etil-

1—metil—1,6—dihidroimidazb[4,5—d]pirrolo[2,3—b)piridin—7—

carboxamida

| | |
o) ‘//N N” NH, » o
A una solucidén de 7-(diciclopropilcarbamoil) -6
etil—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—
4-11(2,4-dimetoxibencil)carbamato de terc-butilo (ejemplo 1I,
2.66 g, 4.51 mmol) en diclorometano (33.8 ml) se le afadid
TFA (11.28 ml). La mezcla de reaccién se agité a la tg
durante 45 min y se concentrdé al vacio. El residuo en bruto

se repartié entre acetato de etilo y bicarbonato sédicd

acuoso saturado. La fase acuosa se extrajo con acetato de-

etilo (2 x) y los extractos orgdnicos combinados se secaron

sobre sulfato sédico anhidro, se filtraron Yy se concentraron

al vacio. El producto en bruto se purificé por cromatografia:

ultrarrapida usando una columna Isco de 40 g eluyendo con
MeOH al 4-10%/CHyCl,, produciendo 4-amino-N,N-diciclopropil-6-

etil—l—metil—l,6—dihidroimidazo[4,5—d}pirrolo[2,3—b]piridin—

7-carboxamida (1.2 g, 3.55 mmol, rendimiento del 79%) en:

forma de un sélido de color amarillo claro.
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MS (ESI) m/z 339.2 (M+H)

RMN 'H (400 MHz, MeOD) & ppm 7.95 (s, 1H), 7.15 (s,
1H), 4.51 (c, 2H J = 7.13 Hz), 4.04 (s, 3H), 2.89-2.98 (m,
2H), 1.35 (t, 3H), 0.82-0.91 (m, 4H), 0.70-0.81 (m, 4H).

1 Preparacién de N,N-diciclopropil-6-etil-l-metil-

4—(tiazol—2—ilamino)—1;6-dihidroimidazo[4,5—d]pirrolo[2,3—

blpiridin-7-carboxamida

A una mezcla de 4—amino—N}N4diciclopropil—6—etil—lf
metil-1,6~dihidroimidazo(4,5-d]pirrolo[2,3-b]piridin-7-
carboxamida (ejemplo 1J, 30 mg, 0.089 mmol), 2-bromotiazol
(11.9é pl, 0.133 mmol), Pdy(dba); (12.18 mg, 0.013 mmol),
BINAP (24.84 mg, 0.040 mmol) y terc-butdxido sédico (13.63
mg, 0.142 mmol) se le afadié PhMe (887 nl). La mezcla se
rocidé con gas argdn durante 5 min y se calentd a 85°C durante
5.5 h. La mezcla de reaccién se filtfé a través de un lecho
de Celite y se concentré. El residuo en bruto se purificéd por
HPLC preparativa, proporcionando N,N-diciclopropil-6-etil-1-
metil—4—(tiazol—Z—ilamino)—l,6;dihidroimidazo[4,5—
d]pirrolo[2,3~b]piridin—7—carboxamida (4 mg, rendimiento del
10.49%) junto con algo de material de partida recuperado.

MS (ESI) m/é 423.0 (M+H)

RMN 'H (500 MHz, DMSO-d¢) & ppm 8.14 (s, 1H), 7.47 (d,
1H, J = 3.57 Hz), 7.24 (s, 1Hf, 7.14 (d, 1H, J = 3.57 Hz), 4.63
(c, 2H, J = 6.87 Hz), 4.05 (s, 3H), 2.88-2.99 (m, 2H), 1.39 (t,

3H, J = 7.01 Hz), 0.73-0.81 (m, 4H), 0.64-0.70 (m, 4H).
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Edjemplo 2

O N N N N
H

N,N‘Diciclopropil—6—e£il-1—metil—4—(4—metiltiazol—
2—ilamino)—1,6—dihidroimidazo[4,5+d]pirrolo[2,3—b]piridin—7-
carboxamida

2A Preparacién de 4-(3-benzoiltioureido)-N, N~

diciclopropil—6—etil—1—metil—l,6—dihidroimidazo[4,5—

d]pirrolo[Z,3—b]piridin—7—carboxamida

N NN
K H H

Una solucidén de 4—amino;N,N;diciclopropil—6—etil—l-
metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—
carboxamida (ejemplo 1J, 234 mg, 0.69 mmql) e isotiocianato
de benzoilo (0.1 ml, 0.83 mmol) en acetona (3 ml) se agitd a
la temperatura ambiente durante 3 h. La mezcla de reaccién se
enfrié a 0°C y se afadié agua. El sélido de color pardo
resultante se recogié por filtracién y se secéd al aire, dando
4-(3-benzoiltioureido)-N,N-diciclopropil-6-etil-1l-metil-1, 6-
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida (306
mg, rendimiento del 88%). |

MS (ESI) tr = 1.86 min, m/z 502 (M+H).
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RMN 'H (400 MHz, DMSO-dg¢) & ppm 8.44 (s a, 1H) 7.99-
8.07 (m, 2H) 7.64-7.74 (m, 1H) 7.58 (t, J = 7.65 Hz, 2H) 7.34
(s, 1H) 4.47 (s a, 2H) 4,11 (s, 3H) 2.90-2.99 (m, 2H) 2.08
(s, 1H) 1.28 (s a, 3H) 0.64-0.81 (m, 8H).

S 2B Preparacion de N,N-diciclopropil-6-etil-l-metil-

4-tioureido-1, 6-dihidroimidazo[4,5-d]pirrolo[2,3-blpiridin-7-

carboxamida

ONI A

-
10 kN‘IﬁNHz
Se calentaron 4~ (3-benzoiltioureido)-N,N-

diciclopropilf6—etil—l—metil—1,6—dihidroimidazo[4,5—
dlpirrolo(2,3-blpiridin~7-carboxamida (ejemplo '2A, 306 mg,
15 0.61 mmol) y NaOH 1 N (10 ml, 10.00 mmol) en 10 ml de EtOH a
60°C durante 1 h. La reaccién se enfrié a la temperatura
ambiente y se concentrdé. La solucidn acuosa restante se
extrajo (3 x) con acetato de etilo. La. fase organica se secd
sobre Na;S04, se filtrd y se concentrd. La purificacién por
20 cromatografia sobre gel de silice (diclorometano/metanol al
0-4%) dio N,N-diciclopropil-6-etil-l-metil-4-tioureido-1, 6-
dihidroimidaio[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida en

forma de un sélido de color amarillo (199 mg, rendimiento del

25 ~ MS (ESI) m/z 398 (M+H).
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RMN 'H (400 MHz, CLOROFORMO-d) 6 ppm 11.02 (s a, 1H)
9.27 (s, 2H) 7.75 (s, 1H) 6.89 (s, 1H) 4.52 (c, J = 7.12 Hz,
2H) 4.06 (s, 3H) 2.77-2.90 (m, 2H) 1.45 (t, J = 7.15 Hz, : 3H)

0.73-0.97 (m, 8H).

) 2 Preparacién de N,N¥diciclopropil¥6—etil—1—metilf

4—(4—metiltiazol—2—ilamino)—l,6—dihidroimidazo[4,5—

dlpirrolo[2,3-blpiridin~7-carboxamida

Se calentaron N,N-diciclopropil-6-etil-l-metil-4-~
tioureido—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7-
10 carboxamida (ejemplo 2B, 40 mg, 0.10 mmol) y cloroacetona
- (62.4 mg, 0.40 mmol) en EtOH (2 ml) a 80°C durante 20 min. La
reaccidén se enfrid abla temperatura ambiente y él solvente se
retirdé al vacio. Se afiadidé una solucién saturada de NaHCO3 vy
la fase acuosa se extrajo (3 x) con diclorometano. Las fases .
15 orgénicasvse combinaron, se secaron sobre Na,SO,, se filtraron
Yy se concentraron. El material en bruto‘ se purificd por
cromatografia sobre gel de silice (diclorometano/metanol al
0-7%), proporcionando N,N-diciclopropil-6~etil-l-metil-4- (4-
-metiltiazol~2—ilamino)—1,6—dihidroimidazo[4,5—d]pirrolo[2,3—
20 Dblpiridin-7-carboxamida (9 mg, rendimiento del 12%) en forma-
- de un sdélido de color blanco.
EM (CI) m/z 436.1 (M+H)
RMN 'H (400 MHz, DMSO-dg¢) & ppm 10.70 (s a, 1H),
8.12 (s, 1H), 7.23 (s, 1H), 6.69 (s, 1H), 4.61 (c, 2H, J =

25 7.19 Hz), 4.04 (s, 3H), 2.88-2.98 (m, 2H), 2.29 (s, 3H), 1.38
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(t, 3H, J = 7.15 Hz), 0.72-0.81 (m, 4H), 0.62-0.70 (m, 4H).

Ejemplo 3

\N\
0

5 OEN/L
N,N-Diciclopropil-6-etil-4- (4- (fluorometil) tiazol-
2-ilamino)-1-metil-1,6-dihidroimidazo[4,5~d]lpirrolo[2, 3~
b]piridin—7—carboxamida
10 3A Preparacién de l-bromo-3-fluoropropan-2-ona

O
F\)J\/Br

Se afiadié gota a gota bromo (0.36 ml, 7.02 mmol) a

15 una solucién de 1-fluoropropan-2-ona (0.51 ml, 7.02 mmol) en
tetracloruro de carbono (25 ml). La solucidén se calentd a
45°C durante 3 h. La reaccién se enfrié a la temperatura
ambiente y se interrumpié con agua. Después de la extraccién

con diclorometano (3 x), las fases orgénicas combinadas se

20 secaron sobre Na,SOs, se filtraron y se concentraron. La
purificacién por cromatografia sobre gel de silice (EtOAc al
O—20%/Hexaﬁos) dio 1l-bromo-3-fluorcpropan-2-ona en forma de

un aceite de color amarillo (118 mg, 65%).

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 5.14 (s, 1H)

25 5.02 (s, 1H) 4.10 (d, J = 2.86 Hz, 2H).
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3 Preparacién de N,N-diciclopropil-6-etil-4-(4-

(fluorometil)tiazol-2-ilamino)-1-metil-1, 6-

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—j—carboxamida
Se prepardé a partir de N,N-diciclopropil-6-etil-1-
5 metil-4-tioureido-1, 6-dihidroimidazo[4,5-d]pirrolo[2,3-
blpiridin-7-carboxamida (ejemplo 2B) y l-bromo-3-
fluoropropan-2-ona (ejemplo 3A) usando el mismo procedimiento
que para 2.
MS (ESI) tr = 1.94 min, m/z 454 (M+H).
10 - RMN 'H (400 MHz, CLOROFORMO-d) & ppm 9.34 (s a, 1H)
7.75 (s, 1H) 6.96 (d, J = 3.52 Hz, 1H) 6.90 (s, 1H) 5.27-5.53

7.12 Hz, 2H) 3.98-4.11 (m, 3H) 2.76-2.91

(m, 2H) 4.75 (c, J

(m, 2H) 1.54 (t, J 7.04 Hz, 3H) 0.70-0.94 (m, 8H).

Ejemplo 4
5 > \N,\\N
>—N J I\ iw
O NTNTNTN
K H
4-(4-terc-Butiltiazol-2-ilamino)-N,N-diciclopropil-~
20 6—etil—1-metil—1,6—dihidroimidazo[4,S—d]pirrolo[2,3—
blpiridin~7-carboxamida |
Se preparé a partir de N,N-diciclopropil-6-etil-1-
metil-4-tioureido-1, 6-dihidroimidazo[4,5-d]pirrolo[2, 3-
b]piridin-7-carboxamida (ejemplo 2B) y l-cloro-3, 3-dimetilbutan-—

25 2-ona usando el mismo procedimiento que se ha indicado para 2.



88 - 000252

MS (ESI) tr = 1.99 min, m/z 478 (M+H).
RMN 'H (400 MHz, CLOROFORMO-d) & ppm 7.74 (s, 1H)
6.90 (s, 1H) 6.48 (s, 1H) 4.74 (c, J = 7.03 Hz, 1H) 4.04 (s,

3H) 2.77-2.90 (m, 2H) 1.53 (t, J = 7.03 Hz, 3H) 1.37 (s, 9H)
5 0.70-0.96 (m, 8H).

Ejemplo 5

10 < \ ’ O)’

N,N-Diciclopropil-6-etil-4- (4~
(isopropilsulfonilmetil)tiazol—2—ilamino)—1—metil—1,6—

dihidroimidazo[4,5-d]pirrolo[2,3~b]piridin—7—carboxamida

5A Preparacién de __1l-cloro-1-
15  (isopropilsulfonil)propan-2-ona
o 9
3
ClO

Se afnadié gota a gota cloruro de sulfurilo (0.248

ml, 3.05 mmol) a una solucién de 1-{isopropilsulfonil)propan-

_20 2-ona (418 mg, 2.55.mmol) en 1:1 de AcOH/DCM (16 ml) a 0°C.
La reaccién se agitdé a la ta durante 4 h. El solvente se
retird ai vacio y después sé diluyé con diclorometano. La
fase orgénica. se lavd (2 x) con una solucién saturada de
NaHCO3;, se secd sobre Na,SO4, se filtrd y se concentré,

25 dejando 800 . mg en forma de un aceite transparente. E1
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material se usd sin purificacién adicional.

RMN ‘H (500 MHz, CLOROFORMO-d) & ppm 5.19 (s, 1H)

3.65 (dt, J = 13.66, 6.90 Hz, 1H) 2.56 (s, 3H) 1.45 (dd, J = .

©6.94, 3.05 Hz, 6H).

5 5 Preparacidon de N,N-diciclopropil-6~etil-4- (4-

(isopropilsulfonilmetil)tiazol—Z—ilamino)—1—metil—l,6—

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

Se preparé a partir de N,N-diciclopropil-6-etil-1-
metil—4—tioureido—1,6—dihidroimidazo[4,5—d]pirrolo[2,3—

10 blpiridin-7-carboxamida. (ejemplo 2B) 3% l-cloro-1-
(isopropilsulfonil)propan-2-ona (ejemplo 5) usando el mismo
procedimiento que se ha indicado para 2.

MS (ESI) tr = 1.84 min, m/z 542 (M+H).
RMN 'H (400 MHz, CLOROFORMO-d) & ppm 7.82 (s, 1H) 7.01

15 (s, 1H) 6.90 (s, 1H) 4.73 (¢, J = 7.04 Hz, 2H) 4.35 (s, 2H) 4.06
(s, 3H) 3.36 (quint., J = 6.88 Hz, 1H) 2.79-2.91 (m, 2H) 1.53 (t,
J =7.04 Hz, 3H) 1.43 (d, J = 6.82 Hz, 6H) 0.74-0.92 (m, 8H).

Ejemplo 6

AN
[ Y
O N N/. N \N
| i H
N,N-Diciclopropil-6-etil-1l-metil-4- (4-
propiltiazol—2—ilamino)—1,6—dihidroimidazo[4,5—d]pirrolo[2,3—
blpiridin-7-carboxamida

25 Se prepard a partir de N,N-diciclopropil-6-etil-1-
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Do

metil-4-tioureido-1, 6~dihidroimidazo([4,5-d]lpirrolo[2, 3-
blpiridin-7-carboxamida (ejemplo 2B) y l-bromopentan-2-ona
usando el mismo procedimiento que se ha indicado para 2.

MS (ESI) tr = 1.94 min, m/z 464 (M+H).

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 8.43-9.78 (m,
1H) 7.71 (s, 1H) 6.89 (s, 1H) 6.48 (s, 1H) 4.75 (¢, J = 7.04
Hz, 2H) 4.04 (s, 3H) 2.76-2.92 (m, 2H) 2.68 (t, J = 737 Hz,
2H) 1.76 (dc, J = 14.94, 7.42 Hz, 2H) 1.53 (t, J = 7.04 Hz,
3H) 1.01 (£, J = 7.26 Hz, 3H) 0.69-0.94 (m, 8H). |

Ejemplo 7

P,
S8 Y
0O NTONNN .

(\ H

N,N;Diciclopropil—6—etil—4—(4—etiltiézol—2—ilamino)-1—
metil-1l,6-dihidroimidazo[4,5~d]pirrolo[2,3-blpiridin-T7-
carboxamida

Se preparé a partir de N,N-diciclopropil-6-etil-1-
metil—4—tioureido—1,6—dihidroimidazo[4,5—d]pirrolo[2,3—
blpiridin-7-carboxamida (ejemplo 2B) y 1l-bromobutan-2-ona
usando el mismo procedimiento que se ha indicado para 2.

MS (ESI) m/z 450 (M+H).

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 7.71 (s, 1H)

o

6.89 (s, 1H) 6.49 (s, 1H) 4.75 (¢, J = 7.03 Hz, 2H) 4.04 (s,

3H) 2.80-2.88 (m, 2H) 2.75 (¢, J = 7.45 Hz, 1H) 1.54 (t, J =

(e
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7.15 Hz, 2H) 1.33 (t, J =7.40 Hz, 2H) 0.82 (s a, 8H).

Ejemplo 8

5 0 NN NN N
H

N,N-Diciclopropil-6-etil-l-metil-4- (4~ (pixridin-

2-il) tiazol-2~ilamino)~-1,6-dihidroimidazo[4,5~
d]l]pirrolo[2,3-blpiridin-7-carboxamida

10 Una . solucién de 4—amino—N,N;diciclopropil—6—'
etil—l—metil—l,6—dihidroimidazo[4,5—d]pirr§lo[2,3—
blpiridin-7-carboxamida (ejemplo 1J, 70 mg, 0.21 mmol) e
isotiocianato de benzoilo (36 pl, 0.27 mmol) en acetona
(1 ml) se agitd a la temperatura ambiente durante 1.5 h.

15 El1 solvente se retird al vacio, el residuo se recogié en
EtOH (1.5 ml) y se afiadid K,CO; (40 mg, 0.290 mmol). La
reaccidén se calentdé a 60°C durante 3 h. Después de la
refrigeracién a la temperatura ambiente, se afadidé 2-
bromo-1-(piridin-2-il)etanona, bromhidrato (139.4 mg,

20 0.50 mmol) y la reaccién se calentd a 80°C durante 24 h.
La mezcla de reaccidén se enfridé a la temperatura ambiente
Yy se concentrd. El residuo se purificé por cromatografia
sobre gel de silice (MeOH al 0-7%/diclorometano). La

repurificacién por HPLC preparativa proporciondé 10.2 mg

25 (rendimiento del 10

oe

) de N,N-diciclopropil-6-etil-1-
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metil-4-(4-(piridin-2-il)tiazol-2-ilamino)-1, 6-
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamidé
en forma de un sélido de color pardo.
MS (ESI) tr = 1.78 min, m/z 499 (M+H).
“RMN 'H (DMSO-d6) & ppm 10.9 (s, 1H), 8.2 (s a,
1H), 7.81 (d, 1H), 7.75 (s, 1H), 3.92 (m, 4H), 3.77 (c,
2H, J = 7.8 Hz), 2.52-2.81 (m, 7H).
Ejemplo 9
N\
P
D>—N J AN g F
| P
~ /L\
0] N° N N N F
» H
Preparacién de N,N-diciclopropil-6-etil-l-metil-
4-(4-(trifluorometil) tiazol-2~-ilamino) -1, 6~
dihidroimidazo[4,5~d]lpirrolo[2,3-blpiridin~7-carboxamida
Este compuesto se prepard de acuerdo con el
ejemplo 2 usando 3-bromo-1,1,1-trifluorocacetona,
proporcionando N,N-diciclopropil-6-etil-1-metil-4~ (4~
(trifluorometil)tiazol~2—ilamino)—1,6—dihidroimidazo[4,5—
d]pirrolo{2,3-blpiridin-7-carboxamida.
MS (ESI) m/z 490.0 (M+H)
RMN 'H (500 MHz, DMSO-d¢) & ppm 11.71 (s, 1H),
8.16 (s, 1H), 7.86 (s, 1H), 7.27 (s, 1H), 4.63 (c, 2H),
4.05 (s, 3H), 2.89-2.98 (m, 2H), 1.40 (t, 3H, J = 6.87

Hz), 0.,74-0.80 (m, 4H), 0.64-0.71 (m, 4H).
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Ejemplo 10

Preparacién de N,N-diciclopropil-6-etil-l-metil-4-
(5~metiltiaz§l—2—ilamino)—1,6-dihidroimidazo[4,5—
dlpirrolo[2,3-blpiridin-7-carboxamida o

Se disolvid 4—amiﬁo—N,N4diciclopropil~6—etil—14
metil-l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—
carboxamida (ejemplo 1J, 86.3 mg, 0.255 mﬁol) en acetona y se
afiadié isotiocianato de benzoilo (37.8 pl, 0.281 mmol). La
reaccién se agitd a la temperatura ambiente durante 2 h. El
solvente se retiré al vacio. El residuo se recogid en etanol
(1500 pl) y se afiadidé K,CO3 (49.3 mg, 0.357 mmol). La mezcla
de reaccidén se .calenté a 60°C durante 3 h. Se afadio 2-
bromopropanal (45.4 mg, 0.332 mmol). Después de 3 h, se
afiadié mas 2-bromopropanal (~100 mg). Se agité a 60°C durante
16 h. Se afiadié 2-bromopropanal y la mezcla de reaccidén se
agité a 60°C durante 3 h. El etanol se retiré mediante
concentracién al vacio. El residuo en bruto se purificé por
cromatografia ultrarrdpida usando una columna Isco de 12 g
eluyendo con MeOH al 2-10%/CH,Cl,. Se realizé purificacién
adicional mediante HPLC preparativa. Se aislo N, N-

diciclopropil—6—etil—1—metil—4—(5—metiltiazol—2—ilamino)—1,6—
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dihidroimidazo[4,5*d}pirrolo{2,3—b]piridin—?—carboxamida (20
mg, rendimiento del 17.47%) en forma de un sélido de color
blanco. |

MS (ESI) m/z 436,0 (M+H)

RMN 'H (500 MHz, DMSO-d¢) & ppm 10.56 (s a, 1H),
8.12 (s, 1H), 7.23 (s, 1H), 7.12 (s, 1H), 4.62 (c, 2H, J =
6,78 Hz),  4.04 (s, 3H), 2.87-2.99 (m, 2H), 2.39 (s, 3H),
1.35-1.46 (m, 3H), 0.72-0.81 (m, 4H), 0.59-0.71 (m, 4H).

Ejemplo 11

>NJ>

O N }1 N

N,N-Diciclopropil-6-etil-4-(5-etiltiazol-2-
ilamino)-l-metil-1, 6-dihidroimidazo[4,5-d]pirrolo[2, 3~
blpiridin-7-carboxamida

Se prepard a partir de 2-bromobutanal y 4-amino-
N,N-diciclopropil-6-etil-1-metil-1, 6-dihidroimidazo[4, 5~
d]pirrolo[2,35b]piridin—7—carboxamida (ejemplo 1J) usando el
mismo procedimiento que el del ejemplo 8.

MS (ESI) tr = 1.86 min, m/z 450 (M+H).

RMN *H (BOO'MHZ, CLOROFORMO-d) & ppm 8.91-9.22 (m,
1H) 7.71 (s, 1H) 7.14 (s,-1H) 6.89 (s, 1H) 4.75 (¢, J = 6.94
Hz, 2H) 4.05 (s, 3H) 2.80-2.89 (m, 4H) 1.55 (t, J = 5.00 Hz,

3H) 1.37 (t, J = 7.49 Hz, 3H) 0.73-0.92 (m, 8H).
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Ejemplo 12

AN
PN
>N N \

7l ‘ji§~« -

A AN
ONNNNO
K\ H
2-(7- (Diciclopropilcarbamoil) ~-6~etil~1l-metil-1, 6~
dihidroimidazo[4,5~-d]pirrolo[2,3-b]lpiridin-4~ilamino) ~N, N-
dimetiltiazol~4~carboxamida

12A Preparacién de acido 2-(7-

(diciclopropilcarbamoil)-6-etil-1-metil-1, 6-

dihidroimidazo[4,5~-d]pirrolo[2,3-b]lpiridin-4-ilamino)tiazol-

Py

4-carboxilico

>N S s OH
7 i J:?§‘<
O NNNTN B
N H
Se agitaron 4-amino-N,N-diciclopropil-6-etil-1-

metil-1, 6-dihidroimidazo[4,5-d]pirrolo[2,3~-b]lpiridin-7-
carboxamida (1J, 300 mg, 0.89 mmol) e isotiocianato de
benzoilo (0.16 ml, 1.15 mmol) en acetona (4 ml) a la ta
durante 1.5 h. El solvente se retirdé al vacio y el residuo se
recogidé en EtOH (6 ml). Se afiadid K,COs3 (172 mg, 1.241 mmoi) \%
la reaccién se calenté a 60°C durante 3 h. La reaccidén se
enfrié a la ta y se afladidé 3-bromo-2-oxopropanocato de etiloA
(692 mg, 3.55 mmol). La reaccidn se calentdé a 70°C durante

una noche. Después de que se completara la etapa de
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ciclacién, se afiadidé NaOH 1 N (6.3 ml,'6.30 mmol) a la mezcla
de reacciénry se calenté a 60°C durante 4 h. La reaccién se
enfrié a la temperatura ambiente y el solvente se retird al
vacio. La solucién acuosa resultante se acidificé hasta

5 alcanzar un valor de pH de 1 y el precipitado se retiré bor
filtracidén al vacio, lavandolo con agua, EtOAc y después con
diclorometano, proporcionando acido 2- (7~
(diciclopropilcarbamoil)-6-etil-1-metil-1, 6-
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4-ilamino)tiazol—

10 4~carboxilico (325 mg, rendimiento del 79%) en forma de un
sélido de color pardo.

MS (ESI) tr = 1.85 min, m/z 466 (M+H).

RMN 'H (400 MHz, DMSO-dg¢) & ppm 8.16 (s, 1H) 7.94

(s, 1H) 7.26 (s, 1H) 4.63 (c, J = 6.94 Hz, 2H) 4.05 (s, BH;

15 3.36 (s a, 1H) 2.89-2.99 (m, 2H) 1.40.(t, J = 7.03 Hz, 3Hf
0.61—0.83‘(m, 8H) . '

12 Preparacién de 2-(7-(diciclopropilcarbamoil)-6-

etil—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—j

4-ilamino)-N,N-dimetiltiazol-4-carboxamida

\N
Py

O

20

N'

(A Q\V
Q

A acido 2—(7—(diciclopropilcarbamoil)46—etil—1—

25 metil-1, 6-dihidroimidazo[4,5-d]lpirrolo[2,3~b]lpiridin-4-




10

15

20

25

- 060271

ilamino)tiazol-4-carboxilico (ejemplo 12A, 44 mg, 0.095 mmol)
en DMF (2 ml) se le afadieron HATU (108 mg, 0.284 mmol),
DIPEA (0.066 ml, 0.378 mmol) y dimetilamina (0.013 ml, 0.189
mmol) . La reaccién se agité a la ta durante 3 h y después el

solvente se retiré al vacio. El residuo se purificé por HPLC

. preparativa, dando 2~ (7-(diciclopropilcarbamoil) -6-etil-1-

metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridinf4—
ilamino)-N,N-dimetiltiazol-4-carboxamida (10 mg, rendimiento
del 21%) en forma de un sélido de color pardo.

MS (ES8I) m/z 493 (M+H)

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 9.45 (s a, 1H)
7.81 (s, 1H) 7.43 (s, 1H) 6.90 (s, 1H) 4.74 (c, J = 7.03 Hz,
2H) 4.05 (s, 3H) 3.31 (s a, 3H) 3.13 (s a, 3H) 2.75—2.90:(m,
2H) 1.54 (t,.J'= 7.15 Hz, 3H) 0.65-0.96 (m, 8H).

Los ejemplos 13-17 se prepararon usando el

procedimiento que se ha descrito para el ejemplo 12,

Ejemplo 13
AN
S MR
D‘ SN
4 | S N NH
0 NN N 9]

N ,

NLCiclopropil—2—(7—(diciclopropilcarbamoil)—6—etil—

' 1—metil—1,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—

ilaminp)tiazol—4—carboxamida

MS (ESI) tr = 1.99 min, m/z 505 (M+H).
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RMN 'H (400 MHz, MeOD) § ppm 8.07 (s, 1H) 7.74 (s,

C1H) 7.26 (s, 1H) 4.73 (¢, J = 7.03 Hz, 1H) 4.13 (s, 3H) 2.94-

3.04 (m, 2H) 2.85-2.93 (m, 1H) 1.51 (t, J = 7.03Hz, 2H) 0.67-
0.95 (m, 12H). -

5 ~ Ejemplo 14

\
P (9
M%q&qu\/ &
0 NN/N/L\:\>\\<
NI °

10 | N,N-Diciclopropil-6-etil-l-metil-4~ (4- (morfolin—4-
carbonil)tiazol—2-ilamino)—1,6—dihidroimidazo[4,5—
dlpirrolo[2,3-b]piridin-7~carboxamida

MS (ESI) tr = 1.87 min, m/z 535 (M+H).
RMN 'H (400 MHz, CLOROFORMO-d) & ppm 9.21 (s a, 1H)

15  7.76 (s; 1H) 7.56 (s, 1H) 6.81-6.94 (m, 1H) 4.74 (c, J = 7.11
Hz, 2H) 4.07 (s, 3H) 3.79 (s a, 4H) 3.50 (d, J = 4.52 Hz, 2H)
2.74-2.90 (m, 2H) 1.60 (s, 2H) 1.54 (t, J = 7.03 Hz, 3H)
0.70-0.94 (m, 8H).

Ejemplo 15
) \

> N
N /7Y s HN\O

\ | P J\\ =0
o N NN 5 5

A N H

N,N‘Diciclopropil—4—((4—((1,l-dioxidotetrahidro—B—
tiofenil)carbamoil)—1,3—tiazol—2—il)amino)—6—etil—1—metil—

25 1,6—dihidroimidazo[4,5-d]pirrolo[2,3-b]piridin—7—carboxamida
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MS (ESI) tr = 1.88 min, m/z 583 (M+H).

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 9.31 (s a,

18) 7.77 (s, 1H) 7.69-7.75 (m, 1H) 6.91 (s, 1H) 4.85-4.99

(m, 1H) 4.64-4.81 (m, 2H) 4.07 (s{ 3H) 3.45-3.61 (m;I2H)

5 3.35 (s a, 1H) 3.19 (dt, J = 13.36, 8.12 Hz, 2H) 2.75-
2.91 (m, 2H) 2.57-2.72 (m, 1H) 2.42 (ddd, J. = 14.49;
7.53, 7.34 Hz, 1H) 1.54 (t, J = 6.90 Hz, 3H) 0.69-0.94

(m, 8H).

Ejemplo 16

10 \ :

>N~V s N T
| /Q.\
@) N NN N 0O
K H
15 N,N;Diciclopropil—4—(4—(3,3—difluoropirrolidin—

1—carbonil)tiazol—2—ilamino)—6—etil—1—meti1—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—?—carboxamida

MS (ESI) tr = 2.05 min, m/z 555 (M+H).

RMN 'H (400 MHz, MeOD) § ppm 8.00 (s, 1H) 7.73

20 (s, 1H) 7.70 (s, 1H) 7.19 (s, 1H) 4.68 (c, J = 7.03 Hz,

2H) 4.51.(t, J = 12.80 Hz, 1H) 4.34 (t, J = 7.40 Hz, 1H)
4.06 (s, 3H) 3.96 (t, J = 13.18 Hz, 1H) 3.86 (t, J = 7.65
Hz, 1H) 2.87-3.02 (m, 2H) 2.34-2.59 (m, 2H) 1.45 (t, J =
6.90 Hz, 3H) 0.72-0.95 (m, 8H).

25
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Ejemplo 17
pPoon
B\
>N N o
~ S N
7 /L’§F*§
O N™™N'N"N Y\
- H
(4—(Aietidin—l—carbonil)tiazol—2—ilamino)—N}N;
diciclopropil—6-etil—1—metil—1,6—dihidroimidazo[4,5—
dlpirrolo[2,3-blpiridin-T7-carboxamida
MS (ESI) tr = 1.95 min, m/z 505 (M+H).
RMN 'H (400 MHz, MeOD) & ppm 8.03 (s, 1H) 7.70 (s,
10  1H) 7.21 (s, 1H) 4.78 (t, J = 7.53 Hz, 2H) 4.69 (c, J = 7.03
Hz, 2H) 4.19 (t, J = 7.78 Hz, 2H) 4.08 (s, 3H) 2.95 (ddd, J =

7.22, 3.45, 3.14 Hz, 2H) 2.27-2.48 (m, 2H) 1.47 (t, J = 7.03

Hz, 3H) 0.69-0.93 (m, 8H).

Ejemplo 18
: AN
15 D> A
N

O NTONTNTN DRt
A H

2—(7—(Diciclopropilcarbamoil)—6—etil—1—metil—1,6—

dihidroiﬁidazo[4,5—d]pirrolo[2,3—b]piridih—4—ilamino)tiazol—
20 4-carboxilato de etilo

Este compuesto se prepard de acuerdo con el ejemplo
2 usando bromopiruvato de etilo y N,N-diciclopropil-6-etil-1-
metil—4—tioureido—l,6—dihidroimidazo[4,5—d]pirrolo[2[3—
b]lpiridin-7~carboxamida (ejemplo 2B), produciendo 2-(7-

25 (diciclopropilcarbamoil)-6-etil~1-metil-1, 6-
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dihidroimidazo{4,5—d]pirrolo[2,3~b]piridin—4—ilamino)tiazol—

4-carboxilato de etilo en forma de un sélido de colqr

amarillo.
MS (ESI) m/z 494.1 (M+H) L
RMN 'H (500 MHz, DMSO-d¢) & ppm 11.42 (s a, 1H),
8.14 (s, 1H), 8.00 (s, 1H), 7.25 (s, 1H), 4.62 (c, 2H), 4.30
(c, 2H, J = 7.15 Hz), 4.05 (s, 3H), 2.89-2.97 (m, 2H), 1.39

(¢, 3H, J = 7.01 Hz), 1.32 (t, 3H, J = 7.15 Hz), 0.74-0.80

(m, 4H), 0.64-0.70 (m, 4H).

Ejemplo 19
N @)
J> N’\\N OFt
>N NS
7 L N
O N N N N
o, H

2—(7—(Diciclopropilcarbamoil)—G—etil—l—metil—l,G—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4~i1amino)tiazol-

5-carboxilato de etilo

Este compuesto se prepard de acuerdo con el ejemplo
2 usando 2-cloro-2-formilacetato de etilo y N, N-
diciclopropil—6—etil~1—metil—4—tioureido—l,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—?—carboxamida
(ejemplo 2B), proporcionando 2—(7—(diciciopropilcarbamoil)—6—
etil—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—
4—ilamino)tiazol—S—carboxilato de etilo (18.5 mg, rendimiento
del 17%)

en forma de un sélido de color amarillo claro.

MS (ESI) m/z 494.0 (M+H)
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RMN 'H (400 MHz, DMSO-d¢) & ppm 11.95 (s, 1H), 8.20

(s, 1H), 8.14 (s, 1H), 7.28 (s, 1H), 4.63 (c, 2H, J = 7.19

Hz), 4.28 (¢, 2H, J = 7.19 Hz), 4.06 (s, 3H), 2.88-3.00 (m,

2H), 1.44 (t, 3H, J = 7.03 Hz), 1.32 (t, 3H, J = 7.15 Hz),
0.73-0.81 (m, 4H), 0.63-0.70 (m, 4H).

| Ejemplo 20

N
J>> NN NN

O N N NN
) H

N-Ciclopropil-2-(7-(diciclopropilcarbamoil) ~6-etil-
1—metil—1,6—dihidroimidazo[4,5—d]pir:olo[2,3-b]piridin—4—
ilamino)tiazol—S—cafboxamida
4cido

20A - Preparacién de 2-(7-

(diciclopropilcarbamoil)—6—etil—1—metil—1,6—

dihidroimidazo[4,5-d]pirrolo[2,3-b]piridin-4-ilamino)tiazol-

5-carboxilico

N 0)
;> N’ﬁq OH
>N NS

7 Ja A

2 -~
0O N N N N
A H
A una solucidén de 2-(7-(diciclopropilcarbamoil)-6-
etil—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—

4-ilamino)tiazol-5-carboxilato de etilo (ejemplo 19, 14.6 mg,
0.030 mmol) en EtOH (296 pl) se le afiadidé una solucién acuosa

NaOH 1 N (296 ul). La mezcla de reaccién se agité a la ta



10

15

- 20

25

)
R o)
2

103

durante 3 h y se agité a 50°C durante 18 h. Después de la

refrigeracién a la temperatura ambiente, el etanol se retird

mediante concentracién al vacio. El residuo se acidificd con

HCl 1 N.y el producto sélido se récogié por filtracién. Se
aisld acido 2—(7—(diciclopropilca:bamoil)—6—etil—1—metil-1,6—”
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)tiazol—

S-carboxilico en forma de un sélido de color amarillo claro

que se usd en bruto en la siguiente reaccién.

‘MS (ESI) m/z 465.9 (M+H)

20 Preparacién de N-ciclopropil-2~(7-

(diciclopropilcarbamoil)—6—eti1—l—metil—1,6—

a

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)tiazol—

5-carboxamida

A una mezcla de acido 2—(7-
(diciclopropilcarbamoil)—6~etil—l—metil—l,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)tiazol—
5—carboxilico'(ejemplo 20A, 13.97 mg, 0.030 mmol) en DMF (300
nl) se le anadieron ciclopropilamina (4.16 pl, 0.060 mmol),
HATU (14.83 mg, 0.039 mmol) y base de Hinig (15.72 nl, 0.090
mmol) .. La mezcla de reaccién se agité a la ta durante 1 h y.
se concentrdé al vacio. El residuo se recogié en MeOH y se
purificé por HPLC preparativa. Se aisléd N-ciclopropil-2-(7-
(diciclopropilcarbamoil)—6—etil—1—metil—1,6—
dihidrOimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)tiazol—

5-carboxamida (3 mg, rendimiento del 19.82%) en forma de un
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s6lido de color blanco.

MS (ESI) m/z 505.0 (M+H)

RMN 'H (400 MHz, DMSO-d¢) & ppm 8.36 (s a, 1H), 8.15
(s, 1H), 8.02 (s, 1H), 7.25 (s, 1H), 4.63 (c, 2H, J = 7.11
Hz), 4.05 (s, 3H), 2.89-3.00 (m, 2H), 2.76 (tc, 1H, J = 7.25,
3.70 Hz), 1.41 (t, 3H, J = 7.03 Hz), 0.74-0.81 (m, 4H), 0.64-

0.72 (m, 6H), 0.51-0.59 (m, 2H).

Ejemplo 21
P 50
A As

O N N N N
H

N,N-Diciclopropil-6-etil-1l-metil-4~ (5~ (morfolin-4-
carbonil)tiazol—2—ilamino)—1,6—dihidroimidazo[4,5—
d]pirrolo[2,3-b]lpiridin-7-carboxamida

Este compuesto se prepard de acuerdo con el Ejemplo
20 usando morfolina y A&cido 2—(7—(diciclopropilcafbamoil)—6—
etil—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3;b]piridin—
4—ilamino)tiazol—5—carboxilico (ejemplo 20A), proporcionando
N,N-diciclopropil-6-etil-1-metil-4-(5- (morfolin-4-
carbonil)tiazol—Z—ilamino)—1,6—dihidroimidazo[4,5—
dlpirrolo(2,3-blpiridin-7-carboxamida en forma de un sélido
de color blanco.

MS (ESI) m/z 535.1 (M+H)

RMN 'H (400 MHz, MeOD) & ppm 8.08 (s, 1H), 7.79-7.93
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{m, 1H), 7.26 (s, 1H), 4.74 (c, 2H, J = 7.28 Hz), 4.12 (s,
3H), 3.81-3.88 (m, 2H), 3.72-3.80 (m, 2H), 2.91-3.02 (m, 2H),
1.52 (¢, 3H, J = 7.15 Hz), 0.83-0.93 (m, 4H), 0.72-0.84 (m,
4H) . | .

Ejemplo 22

Q\ H

N,N-Diciclopropil-6-etil-l-metil-4- (5~ (pirrolidin-
1—carbonil)tiazol-2—ilamino)—1,6—dihidroimidazo[4,5—
dlpirrolo[2,3-b]lpiridin~7-carboxamida

Este compuesto se prepard de acuerdo con el Ejemplo
20 usando pirrolidina y &cido 2—(7—(diciclopropilcarbamoii)—
6¥etil—1—metil~l,6—dihidroimidazo[4,5—d]pirrolo[2,3—
b]piridin-4-ilamino)tiazol-5-carboxilico (ejemplo 201) ,
proporcionando N,N-diciclopropil-6-etil-1-metil-4- (5-
(pirrélidin—l—carbonil)tiaéol—Z—ilamino)—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

MS (ESI) m/z 519,1. (M+H).

RMN *H (400 MHz, METANOL-d,) & 8.58 (s, 1H), 7.97
(s, 1H), 7.28 (s, 1H), 4.71 (c, J = 6.7 Hz, 2H),.4.2O (s,
3H), 3.87 (t, J = 6.5 Hz, 2H), 3.67 (t, J = 6.7 Hz, 2H),
2.97-3.05 (m, 2H), 2.10-2.19 (m, 2H), 1.98-2.07 (m, 2H), 1.51

(t, J =7.2 Hz, 3H), 0.88-0.95 (m, 4H), 0.80-0.86 (m, 4H).
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Ejemplo 23

Py
TS T ‘
O N NWONTN
K H
2-(7—(Diciclopropilcarbamoii)—6-etil—1—metil—
1,G—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—
ilaminé)-N—isopropil—N-metiltiazol—5-carboxamida
Este compuesto se preparé de acuerdo con el
Ejemplo 20 wusando N—metilpropan—Z—amina y acido 2-(7-
(dicicloprépilcarbamoil)—6—etil—1—metil—l,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—
ilamino)tiazol-5-carboxilico (ejemplo 20n) ,
proporcionando 2-(7-(diciclopropilcarbamoil)-6-etil-1-
metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—
ilamino)fN—isopropil—N~metiltiazol—5—carboxamida
MS (ESI) m/z 521.1 (M+H).
RMN 'H (400 MHz, METANOL-d;) &: 8.68 (s, 1H),
7.87 (s., 1H), 7.32 (s, 1H), 4.74 (c, J = 7.0 Hz, 2H),

4.24 (s, 3H), 3.18 (s a, 3H), 2.99-3.06 (m, 2H), 1.53 (t,

J = 7.0 Hz, 3H), 1.35 (d, J = 6.8 Hz, 6H), 0.89-0.96 (m,.

4H), 0.81-0.88 (m, 4H)
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Ejemplo 24

K H

2-(7—(Diciclopropilcarbamoil)—G—etil-l—metil—
1,6—dihidroimidazo[4,5—d]pirrolo[2,3-b]piridin—4f

ilamino) -N,N-dimetiltiazol-5-carboxamida

Este compuesto se preparé de acuerdo con el

- Ejemplo 20 usando N,N-dimetilamina y 4cido 2-(7-

(diciclopropilcarbamoii)*6—etil—1—metil—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—
ilamino)tiazol-5-carboxilico (ejemplo '20A), dando 2-(7-
(diciciopropilcarbamoil)—6—etil-1—metil—1,6—
dihidréimidazo{4,5—d]pirrolo[2,3—b]piridin—4—ilamino)—
N,N—dimetiltiazdl—5—carboxamida.

MS (ESI) m/z 493.1 (M+H).

RMN H (400 MHz, METANOL-d,) &: 8.56 (s, 1H),
7.91 (s, 1H),  7.31 (s, 1H), 4.72 (c, J = 7.0 Hz, 1H),
4.22 (s, 3H), 3.15-3.45 (br. S, 6H), 2.97—3.05 (m, 2H),

2.91 (s, 1H), 1.54 (t, J = 7.0 Hz, 3H), 0.88-0.95 (m,
4H), 0.80-0.86 (m, 4H).
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Ejemplo 25
A\
> N e
E>— Vi | X :i N Z::gﬁo
O N N' 0
5 | N

2—(7—(Diciclopropilcarbamoil)-G-etil—l—metil—l,G—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)—N—(l,l—
dioxo-tetrahidrotiofen-3-il) ~-N-metiltiazol~-5-carboxamida

Este compuesto se prepard de acuerdo con el ejemplO»

10 20.
MS (ESI) m/z 597.0 (M+H).
RMN 'H (400 MHz, METANOL-ds) &: 8,74 (s, 1H), 7.99
(s, 1H), 7.37 (s, 1H), 5.34-5.45 (m, 1H), 4.78 (c, J = 6.9
Hz, 2H), 4.28 (s, 3H), 4.05 (s, 3H), 3.49-3.59 (m, 1H), 3.22-
15 3.33 (m, 1H), 3.00-3.10 (m, 2H), 2.94 (s, 1H), 2.47-2.66 (m,
2H), 1.57 (t, J = 6.9 Hz, 3H), 1.34-1.45 (M, 1H), 0.91-0.99
{m, J = 6.5 Hz, 4H), 0.83-0.90 (m, 4H). |

Ejemplo 26

. Mi

N' N N

N,N;Dicicloprop11—4—(4,5—d1metlltiazol—2—ilamino)—
6—etil-1-metil—1,G—dihidroimidazo[4,5—d]pirrolo[2,3-

blpiridin-7-carboxamida

25 Este compuesto se prepard de acuerdo con el ejemplo
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2 usando 3-bromo-2-butanona (0.034 ml, 0.323 mmol),
proporcionandp N,N-diciclopropil-4-~(4,5-dimetiltiazol-2-
ilamino)f6—etil—1kmetil—1,6—dihidroimidazo[4,S—d]pirrolo[Z,3—
b]piridin-7-carboxamida (59.17 mg, rendimiento del 44.3%) .en
forma de un sé6lido de color amarillo claro.

MS (ESI) m/z 450.1 (M+H)

RMN ‘H (400 MHz, DMSO-dg) & ppm 8.15 (s, 1H), 7.23
(s, 1H), 4.61 (c, 2H, J = 7.03 Hz), 4.04 (s, 3H), 2.88-2.98
(m, 2H), 2.29 (s, 3H), 2.19 (s, 3H), 1.38 (t, 3H, J = 7.03
Hz), 0.73-0.80 (m, 4H), 0.62-0.71 (m, 4H).

Ejemplo 27

AN
N
T 8
O NTNNTON
(\ H
N,N-Diciclopropil-4-(5,6-dihidro-4H-
ciclopenta[d]tiazol—2—ilamino)-6-etil~1—metil—1,6—
dihidroimidazo[4,5“d]pirrolo[2,3?b]piridin-7—carboxamida

Se prepard usando el mismo procedimiento que el del

ejemplo 2.

MS (ESI) tr = 1.95 min, m/z 462 (M+H).

RMN 'H (500 MHz, MeOD) & ppm 8.12 (s, 1H) 7.22 (s,
1H) 4.68 (c, J = 7.12 Hz, 2H) 4.10 (s, 3H) 2.86-3.02 (m, 4H)
2.80 (t, J = 7.07 Hz, 2H) 2.43-2.61 (m, 2H) 1.46 (t, J = 7.07

Hz, 3H) 0.70-0.90 (m, 8H).
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Ejemplo 28

N~ N
N H
5 N,N-Diciclopropil-6-etil-4-(4-etil-5-metiltiazol-2-

ilamino)—l—metil—l,6-dihidroimidazo[4;S—d]pirrolo[2,3—

b]piridin-7-carboxamida

28A Preparacién de 2-bromopentan-3-ona

O

10 | ‘ \\r)L\//

Br

Se prepard de acuerdo con el procedimiento descrito

en Chem. Comm. 2004, 470-471.

28 Preparacién de N,N-diciclopropil-6-etil-4-(4-

etil—5—metiltiazol—2—ilamino)—1—metil~1,6—dihidroimidazo[4,5—

15  djpirrolo[2,3-b]piridin-7-carboxamida

Se prepar6 a partir del ejemplo 26A usando un

procedimiento similar al del ejemplo 2.

MS (ESI) m/z 464 (M+H).

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 8,81-9.19 (m,
20 1H) 7.69 (s, 1H) 6.89 (s, 1H) 4.75 (¢, J = 7.12 Hz, 2H) 4.03
(s, 3H) 2.78-2.93 (m, 2H) 2.63 (c, J = 7.48 Hz, 2H) 2.37 (s,

3H) 1.53 (t, J ='7.04 Hz, 3H) 1.26 (t, J = 7.48 Hz, 3H) 0.73-
0.95 (m, 8H).

25
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Ejemplo 29
Mm ﬁ
0 N N N/L o

Preparacién de N}N%diciclopropil—6—etil—1—metil—4—.

(5—metil—4—(trifluorometil)tiazol—2—ilamino)-1,6—

| dihidroimidazo[4,%—d]pirrolo[2,3—b]piridin—7—carboxamida

Este compuesto se prepard de acuerdo con el ejsmplo
2 usando 3—bromo—l,1,l—trifluorobutan—Z—ona, proporcionando
N,N-diciclopropil-6-etil-1l-metil-4- (5-metil-4-~
(trifluorometil)tiazol—Z—ilamino)—l,6~dihidroimidazo[4,5—
d]pirrolo[Z,3—b]piridin—7—carboxamida en forma de un sélido
de color blanco.

MS (EST) m/z 504.0 (M+H)

RMN 'H (500 MHz, DMSO-d¢) & ppm 8.14 (s, 1H), 7.25
(s, 1H), 4.62 (c, 2H, J = 6.97 Hz), 4.04 (s, 3H), 2.89-2.98
(m, 2H), 1.40 (t, 3H, J = 6.87 Hz), 0.73-0.80 (m, 4H), 0.65-
0.71 (m, 4H).

Ejemplo 30

J> \N’\\N SO,Me
P

~X
O N N NN
H

'Preparacién de N,N-diciclopropil-6-etil-l-metil-4-
(4—metil-5—(metilsulfonil)tiazol—2—ilamino)—1,6—

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7-carboxamida
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30A Preparacidén de 1—bromo—1—(metilsulfonil)propan~

2-ona

O

Q.0
/U\(S\

Br

‘A una solucién de metanosulfonilacetona (075 g,
3.67 mmol) en AcOH. (7.34 ml) y diclorometano (11.02 ml) en un
matraz de fondo redondo se le afiadié gota a gota bromo (0.189
ml, 3.67 mmol). La mezcla de reaccién se agitdé a la +ta
duranté 90 min. El solvente se retird al vacio. El residuo se
recogié en éter y se lavd con bicarbonato sédico acuosos
saturado (2 x). Los extractos orgdnicos se concentraron al
vacio. Se aisld 1-bromo-1-(metilsulfonil)propan-2-ona (0.332
g, rendimiento del 42%) en forma de un aceite.

EM (CI) m/z 215;0 (M+H)

30 Preparacién de N,N-diciclopropil-6-etil-l-metil-

4—(4—metil—5—(metilsulfonil)tiazol—2—ilamino)—1,6—

dihidroimidazo[4,S—d]pirrolo[Z,3—b]piridin—7—carboxamida

Este compuesto se prepard de acuerdo con el ejemplo
1 usando l-bromo-1-(metilsulfonil)propan-2-ona (28A, 32.5 mg,
0.151 mmol), proporcionando N,N-diciclopropil-6-&til-l-metil-
4—(4—meti1—5—(metilsulfonil)tiazol—2~ilamino)—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7~carboxamida
(12.5 mg, 0.023 mmol, rendimiento del 30.6%).en forma de un
s6élido de color blanquecino.

MS (ESI) m/z 514.1 (M+H)

G
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RMN 'H (400 MHz, DMSO-d¢) & ppm 12.00 (s a, 1H),
8.18 (s, 1H), 7.27 (s, 1H), 4.59 (c, 2H, J = 6.78 Hz), 4.06
(s, 3H), 3.29 (s, 3H), 2.88-2.98 (m, 2H), 2.53 (s, 3H), 1.41
(t, 3H, J =6.90 Hz), 0.72-0.81 (m, 4H), 0.62-0.71 (m, 4H).

5 Ejemplo 31

10 Preparacién de 4-(5-cloro-4-metiltiazol-2-ilamino)-
N,N-diciclopropil-6-etil-l-metil-1,6~dihidroimidazo[4,5~
d]pirrolo[2,3-b]lpiridin-7-carboxamida

Este compuesto se prepardé de acuerdo con el ejemplo
2 usando 1,1-dicloropropan-2-ona (14.26 pnl, 0.147 mmol),

15  proporcionando 4-(5-cloro-4-metiltiazol-2-ilamino)~N, N-
diciclopropil—6—etil—1—metil—1,6—dihidroimidazo[4,5—
dlpirrolo[2,3-b]piridin-7-carboxamida (4.35 mg, rendimiento
del 18.9%) en forma de un s6lido de color verde claro.

MS (ESI) m/z 470.1 (M+H)

20 RMN 'H (400 MHz, DMSO-dg¢) & ppm 11.34 (s, 1H), 8.14
(s, 1H), 7.25 (s, 1H), 4.58 (c, 2H, J = 7.28 Hz), 4.04 (s,
3H), 2.88-2.98 (m, 2H), 2.25 (s, 3H), 1.40 (t, 3H, J = 6.90

Hz), 0.73-0.81 (m, 4H), 0.63-0.70 (m, 4H).

25
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Ejemplo 32

Preparacién de N,N-diciclopropil-4-(5,5-dimetil-

7—oxo—4,5,6,7—tetrahidrobenzo[d]tiazol—2—ilamino)—6—etil—

1-metil—1,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—

carboxamida

Este compuesto se prepardé de acuerdo con el
ejemplo 2 usando 2-cloro-5,5-dimetilciclohexano-1, 3-diona
(34.9 mg, 0.200 mmol), proporcionando N,N-diciclopropil-
-(5,5-dimetil-7-ox0-4,5, 6, 7-tetrahidrobenzo[d]tiazol-2-
ilamino)—6—etil—1—metil—1,6—dihidroimidazo[4,5—
dlpirrolo[2,3-b]lpiridin~7-carboxamida (11.24 mg,
rendimiento del 21.7%) en forma de un sélido de color

amarillo claro.
MS (ESI) m/z 518.2 (M+H)

RMN 'H (400 MHz, DMSO-d¢) & ppm 11.93 (s, 1H),
8.19 (s, 1H), 7.28 (s, 1H), 4.62 (c, 2H), 4.06 (s, 3H),
2.89-2.98 (m, 2H), 2.80 (s, 2H), 2.40 (s, 2H), 1.41 (t,

38, J = 7.03 Hz), 1.09 (s, 6H), 0.73-0.80 (m, 4H), 0.63-
0.71 (m, 4H).
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Ejemplo 33

Preparacién de diciclopropilamida del acido 4~ (5,5~

dioxo-4,5,6,7—tetrahidro—SXG—tiopirano[4,3—d]tiazol—Z?

ilamino) -6-etil-l-metil-1,6-dihidro-1,3,5, 6-tetraaza-as-

indaceno-7-carboxilico

33a Preparacién de 3-bromodihidro-2H-tiopiran-

4 (3H) -ona

o)

&BT

S

A una mezcla de tetrahidrotiopiran-4-ona (0.5 g,
4.30 mmol) en diclorometano (51.2 ml) y metanol (20;49

ml) se le afadidé tribromuro de tetra-n-butilamonio (2.283

g, 4.73 mmol). La mezcla de reaccién se agité a la ta
durante 2.5 h. El solvente se retiré al vacio. EI1
producto en bruto se triturdé con éter (3 x). Las fases de

éter combinadas se secaron sobre sulfato de magnesio
anhidro, se filtraron y se concentraron al vacio. E1
producto se aislé en forma de un aceite de color naranja

claro. El material se usdé inmediatamente en 1la siguiente

reaccidn.

o
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33B Preparacién de 3-bromo-1,1l-dioxo-tetrahidro-

1A°-tiopiran-4-ona

A una solucidén enfriada (0°C) de 3-bromodihidro-2H-
tiopiran-4(3H)-ona (ejemplo 33A, 0.791 g, 4.05 mmol) en
diclorbmetano (20.27 ml) se le afiadid lentamente mCPBA (1.749
g,»10.14 mmol) . La mezcla de reaccién se dejé calentar a la
Temperatura ambiente. La mezcla de reaccién se inactivd con
bicarbonato s6dico acuoso saturado. La fase acuosa se extrajo
con diclorometano (2 x). Los extractos organicos -combinados
se secaron sobre sulfato de magnesio anhidro, se filtraron \%

se concentraron al vacio, proporcionando 3-bromo-1,1-dioxo-
tetrahidro—IXG—tiopiran—4—ona en forma de un sélido de color

blanco que se usé inmediatamente en la siguiente reaccién.

33 Preparacién de diciclopropilamida del &cido 4-

(5,5—di0xo—4,5,6,7—tetrahidro—5%6—tiopirano[4,3—d]tiazol—2—

ilamino)—6—etil—1—metil—1,6—dihidro—1,3,5,6—tetraaza—as—

indaceno-7-carboxilico

Este compuesto se prepardé de acuerdo con el ejemplo
1 usando 3—bromo—1,1—dioxo—tetrahidro—%ﬁ—tiopiran—4—ona
(ejemplo 33B, 32.5 ng, 0.151 mmol) , proporcionando

diciclopropilamida del &acido 4-(5,5-dioxo-4,5,6,7-tetrahidro-
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SKG—tiopirano[4,3—d]tiazol—2—ilamino)—6—etil—1—metil—1,6—

dihidro-1, 3,5, 6~tetraaza-as-indaceno-7-carboxilico (9 mg,-

fendimiento del 17.56%) en forma de un sé6lido de color

castafio claro.

MS (ESI) m/z 526.2 (M+H)

RMN 'H (400 MHz, DMSO-d¢) & ppm 8.16 (s, 1H), 7.25
(s, 1H), 4.61 (c, 2H, J = 6.78 Hz), 4;54 (s, 2H), 4.04 (s,
3H), 3.49, (7, 2H, J = 6.02 Hz), 3.16 (t, 2H, J = 8.16 Hz),
2.89-2.97 (m, 2H), 1.38 (t, 3H, J = 7.03 Hz), 0.73-0.79 (m,
4H), 0.61-0.70 (m, 4H)

Ejemplo 34

P,

N
2 Zer UL S
H

Preparacidn de 4-(5-acetil-4-metiltiazol-2-
ilamino)—N}N;diciclopropil—6—etil—1—metil—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

Este compuesto se prepard de acuerdo con el ejemplo
2 usando 3—clo£o-2,4—pent§nodiona (36.0 npl, 0.302 mmol),
proporcionando 4-(5-acetil-4-metiltiazol-2~ilamino)-N, N-
diciclopropil—6—etil—1—metil—1,6—dihidroimidazo[4,5—
dlpirrolo[2,3-blpiridin-7~carboxamida (76 mg, rendimiento del
100%) en forma de un sélido de color amarillo claro.

MS (ESI) m/z 478.2 (M+H)
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RMN 'H (400 MHz, DMSO-d¢) & ppm 8.31 (s, 1H), 7.28
(s, 1H), 4.62 (c, 2H, J = 6.94 Hz), 4.08 (s, 3H), 2.89-2.99
(m, 2H), 2.61 (s, 3H), 1.44 (t, 3H, J = 7.03 Hz), 0.72-0.81

(m, 4H), 0.64-0.72 (m, 4H).

5 Ejemplo 35
\ 0
J> N7 NH
>N N s
i J
O N N NN
H

Preparacién de N,N-diciclopropil-6-etil-l-metil-4-
10 (4—oxo—4,5—dihidrotiazolo[5,4—c]piridin—2—ilamino)-1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

35A Preparaciédn de 3-bromopiperidin-2,4-diona

0
O g

A una mezcla de piperidin-2,4-diona (0.072 g, 0.637

15

mmol) en dacido acético (1.591 ml) se le afiadid gota a gota
bromo (0.033 ml, 0.637 mmol). La mezcla de reaccidn se agitd
a la ta 70 min. Se afadio diclorometano y la mezcla turbia se
20 concentré al vacio. La solucién residual se tratd con éter
etilico. Se formdé un s6é6lido de color blanco y el AcOH/éter se
decanté. El s6lido blanco, que se supone que era el producto,
se llevéb a la siguiente etapa. El sélido de color blanco

empezO a hacerse liquido y a volverse rojo rapidamente

25 después de su exposicién a la luz y del reposo.
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35 Preparacién de N,N-diciclopropil-6-etil-l-metil-4-(4-

oxo—4,S—dihidrotiazolo[S,4—c]piridin—2—ilamino)—1,6—

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7~carboxamida

Este - compuesto se prepard de acuerdo con el ejemplo 2
5 usando 3-bromopiperidin-2, 4-diona (ejemplo 35A), proporcionando N,N-
diciclopropil—6~etil—1—metil-4—(4—oxo—4,5—dihid:otiazolo[5,4—
c]piridin—Z—ilamino)—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—
carboxamida (4.51 mg, rendimiento del 12.3%) en forma de un sélido de
color blanco que contenia N,N-diciclopropil-6-etil-1-metil-4- (4-oxo—
1Q 4,5,6/7—tetrahidrotiazolo[5,4—c]piridin—2—ilamino)—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin-7—carboxamida al 10%.
MS (ESI) m/z 489.1 (M+H)
RMN 'H (400 MHz, DMSO-dg) & ppm 8.20 (s, 1H), 7.32-7.47 (m,
1H), 7.29 (s, 1H), 6.62 (d, 1H, J = 7.03 Hz), 4.66 (c, 2H, J = 7.19
15  Hz), 4.07 (s, 3H), 2.88-3.06 (m, 2H), 1.44 (t, 3H, J=7.03 Hz), 0.72-
0.85 (m, 4H), 0.60-0.72 (m, 4H).

Ejemplo 36

>—0Et

m{f

20 NNN

Preparacién de 2-(7—(diciclépropilcarbamoil)—6—
etil—l—metil-l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—
4—ilamino)—6,7—dihidrotiazolo[5,4—c]piridin—5(4H)—carboxilato
de etilo

25

Este compuesto se prepard de acuerdo con el ejemplo
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2 usando éster etilico del A&cido 3—bromo—4—oxo—piberidin—1—
carboxilico, proporcionando 2-(7-(diciclopropilcarbamoil) -6-
etil—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—
4—ilamino)46,7—dihidrotiazolo[5,4—c]piridin—5(4H)—carboxilato
de etilo (5 mg, rendimiento del 15.36%) en forma de un sélido
de color blanco.

MS (ESI) m/z 549.2 (M+H)

RMN 'H (400 MHz, DMSO-d¢) & ppm 10.83 (s a, 1H), 8.12
(s, 1H), 7.23 (s, 1H), 4.56-4.67 (m, 4H), 4.10 (c, 2H, J = 7.19
Hz), 4.04 (s, 3H), 3.72 (t, 2H, J = 5.52 Hz), 2.87-2.98 (m,
2H), 2.64-2.73 (m, 2H), 1.38 (t, 3H, J'% 7.03 Hz), 1.22 (t, 3H,
J =7.15 Hz), 0.71-0.81 (m, 4H), 0.60-0.71 (m, 4H).

Ejemplo 37

AN
J> N7 NH
N —NE
Doy
0 NONNTN
J H

Preparacién de N,N;diciclopropil-6—etil—1—metil—4—
(4,5,6,7—tetrahidrotiazolo[5,4-c]piridin—2-ilamino)—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3-b]piridin—7—darboxamida

Este compuesto se preparé de acuerdo con el ejemplo 2
usando 3-bromopiperidin-4-ona, bromhidrato (33.8 mg, 0.130 mmol),
proporcionéndo | N,N-diciclopropil-6-etil-1-metil-4-(4,5,6,7-
tetrahidrotiazolo[S,4—c]piridin—2—ilamino)—1,6—dihidr0imidazo[4,5—

d]pirrolo[Z,3—b]piridin—7—carboxamida (30 mg, rendimiento del 60%)
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en forma de un sélido de color amarillo claro.

MS (ESI) m/z 477.3 (M+H)

RMN 'H (400 MHz, DMSO-de¢) & ppm 9.08 (s a, 2H), 8.25

(s, 1H), 7.27 (s, 1H), 4.63 (c, 2H, J = 6.78 Hz), 4.38 ké a,

5 2H), 4.06 (s, 3H), 2.85-2.98 (m, 4H), 1.38 (t, 3H, J = 7.03
Hz), 0.73-0.81 (m, 4H), 0.62-0.71 (m, 4H).

Ejemplo 38

AN
Py
SN
>N 1
CN
10 OENJ\
4—(5—cianotiazol—2-ilamino)—N,N¥diciclopropil—6—
etil—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—
7-carboxamida

15 A una mezcla de 4-amino-N,N-diciclopropil-6-etil-1-

metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,34b]piridin—7—
carboxamida (ejemplo 1J, 60 mg, 0.177 mmol), 2-clorotiazol-5-
carbonitrilo (38.5 mg, 0.266 mmol), Pd2(dba)3 (24.4 mg, 0.027
mmol), BINAP (49.7 mg, 0.080 mmol) y terc-butéxido sédico
20 (27.3 mg, 0.284 mmol) se le afiadié DME (1 ml). La mezcla se
purgd con gas argdén durante 5 min y se calentd a 85°C durante
3 h. La mezcla de reaccién mostrd una conversién de ~60%
mediante HPLC, se filtré a través de un lecho de Celite y se
concentré. El1 producto en bruto se purificé por HPLC

25 preparativa, proporcionando 4-(5-cianotiazol-2-ilamino)-N, N-
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diéiclopropil—6—etil~1—metil—1,6—dihidroimidazo[4,5—
d]pirrolo[é,3—b]piridin—7—carboxamida en forma de un sélido
de color blanqueciﬁo.

MS (ESI) m/z 447.2 (M+H).

RMN 'H (500 MHz, CD30D-CDCls) &: 8.60 (s, 1H), l8.04
(s, 1H), 7.56 (s, 4H), 7.13 (s, 1H), 4.71 (c, J = 7.1 Hi,
2H), 4.20 (s, 3H), 2.84-2.91 (m, 2H), 1.52 (t, J = 7.1 Hz,
3H), 0.83-0.90 (m, SH), 0.74-0.80 (m, 4H).

Ejemplo 39
\
J> N\
>N S s
7 AL
0 N N N N
_ J H

4—(benzo[d]tiazol—2—ilamino)—ALNLdiciclopropil—G—etil—
1—metil—1,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—
carboxamida
A una solucidén de 4—amino—N;N¥diciclopropil—6—etil—1—metil—.
1,6—dihidroimidazo[4,S—d]pirrolo[2,3—b]piridin—7—carboxamida
(ejemplo 1J, 21.2 mg, 0.063 mmol) en DMF (626 ul) se le afiadié en
una porcién hidruro sédico (10.02 mg, 0.251 mmol). Después ‘de 20
min, se afiadié 2-bromo-1,3-benzotiazol (53.6 mg, 0.251 mmol). Ia
mezcla de reaccién se agité a la temperatura ambiente durante 16 h.
La mezcla de reaécién se inactivd con agua y se diluyd con acetato
de etilo. Ia fase acuosa se extrajo con acetato de etilo. Los
extractos organicos combinados se lavaron con LiCl. al 10%, se

secaron sobre sulfato sdédico anhidro, se filtraron vy se
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concentraron al vacio. El residuo en bruto se purificé por
cromatografia ultrarrapida usando una columna Isco de 4 g eluyendo
con MeOH al 0-5%/CH,Cl,;, produciendo 4-(benzo[d]tiazol-2-ilamino) -
AhAFdicicloptopil—6—etil—1—metil—1,6—dihidroimidazo[4,5—

5 d]pirrolo[2,3-b]piridin-7-carboxamida (6.8 mg, rendimiento del
21.87%) en forma de un sélido de color blanquecino.

MS (ESI) m/z 472.2 (M+H)

RMN 'H (500 MHz, DMSO-d6) & ppm 8.17 (s, 1H), 7.95 (d,
iH, J = 1.97 Hz), 7.67 (d, 1H, J = 8.25 Hz), 7.39 (t, 1H, J =

10 7;97 Hz), 7.27 (s, 1H), 7.22 (t, 1H, J = 8.52 Hz), 4.70 (c, 2H, J
= 7.06 Hz), 4.06 (s, 3H), 2.88-2.99 (m, 2H), 1.65 (s a, 1H), 1.45
(t, 3H, J=7.01 Hz), 0.74-0.84 (m, 4H), 0.64-0.73 (m, 4H).‘

: Ejemplo 40
| | . |
P |
15 >N A F
7 J L
0 N NTN'N
| A H |

Preparacién - de . N,N-diciclopropil-6-etil-4-(5-
fluorobenzo[d]tiazol—2—ilamino)—1—metil—1,6—
20 dihidroimidazo[4,5-d]pirrolo[2,3-blpiridin-7-carboxamida

40A Preparacién de 5-fluoro-2-

{metiltio)benzo[d]tiazol

25 A una solucién de 5-fluoro-2-mercaptobenzotiazol
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(0.15 g, 0.810 mmol) en THF (8.10 ml) enfriada a 0°C se le
anadié hidruro sdédico (0.036 g, 0.891 mmol). Después de
agitar 10 min, se afiadié yodometano (0.076 ml, 1.215 mmol) y
la ﬁezcla de reaccién se calentd lentamente a 1la temperatura
ambiente durante 2 h. La reaccidén se diluyé con acetato de
etilo y se interrumpié con Dbicarbonato sédico acuoso
saturado. La fase orgdnica se lavdé con salmuera, se secd
sobre sulfato sédico anhidro, se filtré Yy se concentrdé al
vacio. Se aislbd S5-fluoro-2-(metiltio)benzo[d]ltiazol (0.178 g,
rendimiento del 110%) en forma de un sélido de color blanco.
El material se usé sin ninguna purificacién adiciqnal.

MS (ESI) m/z 200.0 (M+H)

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 7.68 (dd, 1H, J
= 8.81, 5.04 Hz), 7.56 (dd, 1H, J = 9.57, 2.52 Hz), 7.07 (td,
1H, J = 8.81, 2.52 Hz), 2.80 (s, 3H)

40B Preparacién de 5-fluoro-2-

(metilsulfinil)benzo[d]tiazol

Se disolvié 5-fluoro-2-(metiltio)benzo[d]tiazol
(ejemplo 40A, 0.178 g, 0.893 mmol) en CHyCl, (5.96 ml).
Se anadidé en una porcién mCPBA (0.154 g, 0.893 mmol) y la
mezcla de reaccién se agitd a la temperatura ambiente. La

reaccién se interrumpié con bicarbonato sédico acuoso
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saturado y se diluyd con diclorometano. La fase acuosa se
extrajo con diclorometano (2 x). El extracto organico
combinado se lavd con salmuera, se secd sobre sulfato de
magnesio énhidro, se filtrdé y se concentrdé al vacio. Se
aisléd 5—fluoro—2—(metilsulfinil)benzo[d]tiazol (0.180 g,
rendimiento del 94%) en forma de un sélido de color
blanco y se usé sin purificacién adicional.

MS (ESI) m/z 216.0 (M+H)

RMN 'H (500 MHz, CLOROFORMO-d) § ppm 7.97 (dd,
1H, J = 9.07, 4.95 Hz), 7.76 (dd, 1H, J = 9.07, 2.47 Hz),
7.27-7.34 (m, 1H), 3.10 fs, 3H)

40 Preparacidén de N,N-diciclopropil-6-etil-4-(5-

'fluorobenzo[d]tiazol—Z—ilamino)—l—metil~1,6—

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

A una solucidén de 4-amino-N,N-diciclopropil-6-
etil—l—metil—l,6~dihidroimidazo[4,5—d]pirrolo[2,3—
blpiridin-7-carboxamida (ejemplo 13, 50 mg, 0.148 mmol)
en DMF (1.5 ml) se le afiadié hidruro sédico (17.73 ng,
0.443 mmol). Después de 20 min, se anadié en una porcidn
5—fluoro—2—(metilsulfinil)benzo[d]tiazol (ejemplo 40B, 95
mg, 0.443 mmol). La mezcla de reaccién se agité a 1la
temperatura ambiente. La mezcla de reaccién se diluyd con
acetato de etilo y se inactivéd con agua. La fase acuosa
se extrajo con acetato de etilo (2 x). Las fases

organicas combinadas se lavaron con solucién de cloruro
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de litio al 10% (2 x), se secaron sobre sulfato sbédico
anhidro, se filtraron y se concentraron al vacio. E1
residuo en bruto se purificd | por cromatografia
ultrarrapida usando una columna Isco de 12 g eluyendo con
MeOH al 0-5%/CH;Cl,, proporcionando N,N-diciclopropil-6-
etil—4—(SFfluorobenzo{d}tiazol—2—ilamino)—1—metil—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida
(13 mg, rendimiento al 17.07%).

EM (CI) m/z 490.2 (M+H)

RMN 'H (400 MHz, DMSO-d¢) & ppm 11.53 (s a, 1H),
8.19 (s, 1H), 7.95-8.02 (m, 1H), 7.47 (d, 1H, J = 9.82
Hz), 7.28 (s, 1H), 7.09 (t, 1H, J = 8.18 Hz), 4.69 (c,
2H, J = 7.13 Hz), 4.06 (s, 3H), 2.89-3.02 (m, 2H), 1.45

(t, 3H, J = 7.05 Hz), 0.74-0.81 (m, 4H), 0.63-0.71 (m,

Ejemplo 41

P
I > /L\ N\
N° N N
H

O N
A

Preparacién de N,N-diciclopropil-4-(1,3~dimetil-1H-

pirazolo[3,4—d]tiazol-5~ilamino)—6—etil—1-metil—1,6—

dihidroimidazo[4,5-d]pirrolo[2,3-b]piridin—?—carboxamida

U
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41a Preparacidn de N,N-diciclopropil-6-etil-4-

isotiocianato—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b}piridin¥

T-carboxamida

A una mezcla de 4-amino-N,N-diciclopropil-6-etil-l-metil-

1,6—dihidroimidazo[4,5~d]pirrolo{2,3—b]piridin—7—carboxamida (194.5 :

mg, 0.575 mmol) en diclorometano. (2874 pl) en un matraz de fondo

10 redondo en una atmésfera de nitrégeno se le afiadié 1,1'-tiocarbonildi-

2(1H)-piridona (133 mg, 0.575 mmol). La mezcla de reaccidén se agité a

la temperatura ambiente durante 16 h. La mezcla de reaccién se

concentrd a presién reducida. Se aisld N,N-diciclopropil-6-etil-4-
isotiocianato—l—metil—i,6—dihidroimidazo[4,5¥d]pirrolo[2,3—b]piridin~
15 7-carboxamida en forma de un sélido pegajoso de color amarillo. El
material se usé tal cual en las reacciones posteriores.
MS‘(ESI) m/z 381.1 (M+H)

41B Preparacién de N,N-diciclopropil-4-(3-(1,3-dimetil-

1HLpirazol—5—il)tioureido)—6—etil—1—metil—1,6—dihidroimidazo[4,5—

20 d]pirrolo[Z,3—b]piridin—7—carboxamida
\ .
P
PN L QY
d N NN NN
. H H

25 . A un matraz cargado con N,N-diciclopropil-6-etil-4-
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isotiocianato—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—
blpiridin-7-carboxamida (ejemplo 41A, 0.0342 g, 0.090 mmol)
se le afnadidé THF (0.449 ml). Se anadié 5-amino-1, 3-
dimetilpirazol (0.012 g, 0.108 mmol) seguido de hidruro
sédico (3.60 mg, 0.090 mmol). La mezcla de reaccién se agitéd
a la temperatura ambiente durante 16 h. La mezcla de reaccidn
se dilﬁyé con acetato de etilo y se inactivd con bicarbonato
sédico acuoso saturado. La fase acuosa se extrajo con acetato
de etilo. Los extractos organicos combinados se secaron sobre
sulfato sédico anhidro, se filtraron y se concentraron al
vacio. El material en bruto se wusé sin purificacién
adicional.

MS»(ESI) m/z 492.2 (M+H)

41 Preparacién de N,N-diciclopropil-4-(1,3-dimetil-

~1H—pirazolo[3,4—d]tiazol—5-—ilamino)—6—etil—1—metil—1,6—

dihidroimidazo[4,5-d]pirrolo[2,3-blpiridin-7-carboxamida

Se disolvié N,N-diciclopropil-4-(3-(1,3-dimetil~1H-
pirazol-5-il)tioureido)-6-etil-1-metil-1, 6-
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida
(ejemplo 41B, 41 mg, 0.083 mmol) en cloroformo (2780 pl) y se
enfrié a 0°C. Se afiadid® lentamente NIS (18.76 mg, 0.083 mmol)
y la reaccién se calentd a la.temperatura amblente. La mezcla
de reaccidén se concentrd. Se afladieron metanol y éter y la
mezcla se filtrd. Después de un periodo de reposo de una

semana, el producto precipité de la solucién. EL producto se
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trituré con metanol. Se aisld N,N-diciclopropil-4-(1, 3~

"dimetil—1H¥pirazolo[3,4—d]tiazol—5-ilamino)—6—etil—1—metil—

1,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

en forma de un sdélido de color amarillo claro (8.1: mng,

. rendimiento del 20%).

MS (ESI) m/z 490.3 (M+H)

RMN 'H (400 MHz, DMSO-dg) & ppﬁ 11.39 (s, 1H), 8.17
(s, 1H), 7.26 (s, 1H), 4.66 (c, 2H, J = 7.03 Hz), 4.05 (s,
3H), 3.85 (s, 3H) 2.88-3.00 (m, 2H), 2.33 (s, 3H), 1.43 (t,

3H, J = 7.03 Hz), 0.72-0.82 (m, 4H), 0.61-0.73 (m, 4H).

Ejemplo 42
\
P
>N N \
7Z2n TN 0
| L L
0 NT™N"N"N 0
K H

2—(7—(Diciclopropilcarbamoil)-G—etil—l—metil-l,G-
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)—5—
metiltiazol-4-carboxilato de metilo

Se anadid 3-bromo-2-oxobutanocato de metilo (320 mg,
1.642 mmol) a una suspensién de N,N-diciclopropil-6~etil~-1~
metil—4—tioureido—1,6—dihidroimidazo[4,5—d]pirrolo[2,3— .
blpiridin-7-carboxamida (ejemplo 2B, 435 mg, 1.094 mmol) en
EtOH (10 ml) y la mezcla de reaccidn se calentd a 65°C
durante 2 h. El solvente se retird al vacio y el residuo se
purificé por cromatografia‘sobre gel de silice (MeCH al 2-

lO%/diclorometano), dando 2—(7—(diciclopropilcarbamoil)—6—
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-etil—l—metil—l,6—dihidroimidazd[4,5—d]pirrolo[2,3—b]piridin—

4-ilamino)-5-metiltiazol-4-carboxilato de metilo (380 mg,

rendimiento del 70%) en forma.de un sélido de color amarillo.
MS (EST) tr = 0.87 min, m/z 494 (M+H)

5 RMN 'H (CLOROFORMO-d) &: 9.41 (s a, 1H), 7.78 (s,
1H), 6.89 (s, 1H), 4.73 (c, J = 7.0 Hz, 2H), 4.03 (s, 3H);
3.95 (s, 3H), 2.80-2.87 (m, 2H), 2.77 (s, 3H), 1.54 (t, J =
7.0 Hz, 3H), 0.83-0.90 (m, 4H), 0.73-0.80 (m, 4H).

Ejemplo 43

10 J> “NA

2—(7—(Diciélopropilcarbamoil)—6—etil-1—metil—l,6—
15 dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)—N}N}S—
trimetiltiazol-4-carboxamida

43A Preparacidn de ' acido | 2~ (17~

(diciclopropilcarbamoil)—6—etil—1—metil—1,6—

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)—5—

20 metiltiazol-4-carboxilico
\
P
N
l‘\

>N jf{;‘<oﬂ
N NN
N o)

O
25 Se anadié NaOH acuoso 1 N (0.962 ml, 0.962 mmol) a

A
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una suspensién de 2-(7-(diciclopropilcarbamoil)-6-etil-1-
metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—
ilamino)~5-metiltiazol-4-carboxilato de metilo (ejemplo 41,
0.19 g, 0.385 mmol) en etanol (2 ml) y la mezcla se calentd a
9 60°C durante 2 h. La reaccién se enfrié a la temperatura
ambiente y se acidificé con HC1 1 N hasta alcanzar un valor
de pH de 4. La mezcla de reacciéﬁ se concentrd y el residuo
se trituré 5 veces con metanol. Los lavados de metanol
combiﬁados se concentraron y el sé6lido restante se lavd 3
10 veces con 2:1 de éter/diclorometano v préporcioné dcido 2-(7-
(diciclopropilcafbamoil)—6—etil—l—metil—l,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)—5—
metiltiazol-4-carboxilico (105 mg, rendimiento del 57%);
MS (ESI) tr = 0.79 min, m/z 480 (M+H)

15 43 Preparacién de 2-(7-(diciclopropilcarbamoil) -6-

etil—l—metilml,6—dihidroimidazo[4/5—d]pirrolo[2,3—b]piridin—

4-ilamino)-N,N,5-trimetiltiazol-4-carboxamida

~ Una mezcla de 4&cido 2-(7-(diciclopropilcarbamoil) -~
6~etil—1—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—

20 b]piridin—4—ilamino)—5—metiltiazol—4—carboxilico (437, 30 mg,
0.063 mmol), dimetilamina acuosa al 40% (0.016 ml, 0.125
mmol) y HATU (35.7 mg, 0.094 mmol) en DMF (1 ml) se agité a
la temperatura ambiente durante 3 h. El solvente se evapord y
el residuo se purificéd por cromatografia sobre gel de silice

25 (MeOH al 2-10%/diclorometano). E1 material se purificéd
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adicionalmente por HPLC preparativa, dando 2=(7-
(diciclopropilcarbamoil)-6-etil-1-metil-1, 6-
dihidroimidazo[4,S—d]pirrolo[2,3—b]piridin—4—ilamino)—N,N,5—
trimetiltiazol-4-carboxamida (20 mg , rendimiento del 62.5%)

en forma de un sélido de color blanquecino.

MS (ESI) m/z 507 (M+H)

RMN 'H (400 MHz, CLOROFORMO-d) &: 7.79 (s, 1H), 6.90
(s, 1H), 4.73 (c, J = 7.0 Hz, 2H), 4.05 (s, 3H), 3.12 (s.,
3H), 3.11 (s, 3H), 2.80-2.87 (m, 2H), 2.53 (s, 3H), 1.53 (t,
J = 7.2 Hz, 3H), 0.83-0.91 (m, 4H), 0.74-0.80 (m, 4H)

Los Ejemplos 44-49 se  prepararon usando el mismo

protocolo que se ha descrito para el ejemplo 42

Ejemplo 44
AN
P
PO
A As
O N'N"N'N
- H O

N;(2—Cianoetil)—2—(7—(diciclopropilcarbamoil)—6—
etil-l—metil—l,6—dihidroimidazo[4,S—d]pirrolo[2,3—b]piridin—
4-ilamino)-N,5-dimetiltiazol-4-carboxamida

MS (ESI) m/z 546 (M+H).

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 9.34 (s a, 1H)

7.75 (d, J = 5.94 Hz, 1H) 6.90 (s, 1H) 4.74 (c, J = 7.04 Hz,

2H) 4.06 (s, 3H) 3.80 (t, J = 6.71 Hz, 2H) 3.11-3.32 (m, 3H)

2.95 (t, J = 6.71 Hz, 2H) 2.78-2.91 (m, 2H) 2.58 (4, J =

15.85 Hz, 3H) 1.54 (t, J = 7.04 Hz, 3H) 0.70-0.94 (m, 8H).
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Ejemplo 45
AN
PN
7 l\\ S NH
PPN
O N ™N"NN O
2—(7—(Diciclopropilcarbamoil)—6—etil—1—metil-1,6—
dihidroimidazo[4,5—d]pirrolo[2,3-b]piridin—4—ilamino)—N}5—
dimetiltiazol-4-carboxamida

MS (ESI) m/z 493 (M+H).

RMN 'H (500 MHz, CLOROFORMO-d) & ppm 7.84 (s, 1H)
7.40 (d, J = 4.99 Hz, 1H) 6.90 (s, 1H) 4.73 (c, J = 6.94 Hz,
2H) 4.08 (s, 3H) 2.99 (d, J = 4.99 Hz, 3H) 2.73-2.91 (m, 5 H)
2.14 (s, 1H) 1.53 (t, J = 7.07 Hz, 3H) 0.66-0.97 (m, 8H).
Ejemplo 46
AN
;> N7 /
Y 3
74 | 1
0O NTNNTN
A H 0
2—(7—(Diciclopropilcarbamoil)—G—étilfl—metil—l,G—
dihidroimidazo[4,5~d]pirrolo[2,3—b]piridin—4—ilamino)-N—(2—
metoxietil)—N,5—dimetiltiazol—4-carboxamida
MS (ESI) m/z 551 (M+H).

RMN 'H (500 MHz, CLOROFORMO-d) & ppm 7.73 (d, J =
3.05 Hz, 1H) 6.90 (s, 1H) 4.74 (c, J = 7.21 Hz, 2H) 4.05 (s,
3H) 3.72 (dd, J = 13.73, 4.58 Hz, 2H) 3.61-3.68 (m, 1H) 3.57
(t, J = 5.41 Hz, 1H) 3.27-3.45 (m, 3H) 3.17 (d, J = 8.32 Hz,

3H) 2.79-2.88 (m, 2H) 2.54 (d, J = 5.83 Hz, 3H) 1.54 (t, J =
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7.07 Hz, 3H) 0.73-0.92 (m, 8H).

Ejemplo 47

>N akh TJ,ET§;*ﬁ§;]
O NTNTNTN Y
| I H

4~ (4-(Azetidin-1-carbonil) ~5-metiltiazol-2—
ilamino)—N}NLdiciclopropil—6—etil—1—metil—1,6-
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin-7—carboxamida

MS (ESI) m/z 519 (M+H).

RMN ‘H (500 MHz, CLOROFORMO-d) & ppm 8.50-9.65 (m,
1H) 8.00 (s, 1H) 6.88 (s, 1H) 4.68 (c, J = 7.21 Hz, 2H) 4.59
(¢, J = 7.63 Hz, 2H) 4.18 (t, J = 7.77 Hz, 2H) 4.09 (s, 3H)
2.78-2.89 (m, 2H) 2.72 (s, 3H) 2.30 (quint., J = 7.70 Hz, 2H)
1.49 (¢, J =7.07 Hz, 3H) 0.72-0.92 (m, 8H).

Ejemplo 48

P

O

o N N” H’gN' o
2—(7—(Diciclopropilcarbamoil)-6—etil—1—metil—l,6—

dihidroimidazo[4,5—d]pirrolo[2,3-b]piridin-4—ilamino)—N—etil—

N,5-dimetiltiazol-4-carboxamida

MS (ESI) m/z 521 (M+H).

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 7.77 (s, 1H)
6.89 (s, 1H) 4.74 (c, J = 7.04 Hz, 2H) 4.04 (s, 3H) 3.36-3.66

(m, 2H) 3.07 (d, J = 14.09 Hz, 3H) 2.72-2.90 (m, 2H) 2.51 (s,




135 ag030y

3H) 2.11 (s, 1H) 1.54 (t, J = 7.04 Hz, 3H) 1.13-1.35 (m, 3H)

0.66-0.90 (m, 8H).

Ejemplo 49

N .
; P

D—NmN S/g\}{N\/
O N N/ INI/L\N 0

g

2—(7—(Diciclopropilcarbamoil)—6-etil-1—meti1—1,6—
dihidroimidazo[4,5-d]pirrolo[2,3—b]piridin-4—ilamino)—N—etil—
10 5~me£iltiazol-4—carboxamida

MS (ESI) m/z 508 (M+H).

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 7.78 (s, 1H)
6.89 (s, 1H) 4.73 (c, J = 7.04 Hz, 2H) 4.42 (¢, J = 7.12 Hz,
2H) 4.04 (s, 3H) 2.78-2.91 (m, 2H) 2.75 (s, 3H) 2.15 (s, 1H)

15 1.54 (t, J = 7.04 Hz, 3H) 1.44 (t, J=17.04 Hz, 3H) 0.68-0.91

(m, 8H).
Ejemplo 50
N\
P AN
D>_N' A N-S A
/| 1
20 O N'°N"NTN

2—(7—(Diciclopropilcarbamoil)—6—eti1—1—metil—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)—N,N,4—
trimetiltiazol-5-carboxamida

25
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50A Preparacién de 2-(7-(diciclopropilcarbamoil)-6-

etil—l—metil—l,6—dihidroimidazo[4,5—d}pirrolo[2,3—b]piridin—

4-ilamino)-4-metiltiazol-5-carboxilato metilo

N\
J> N’\\N ° 0
g 2eee
0 NTW N/L\N

Se afiadié 2-bromo-3-oxobutancato de metilo (213 mg, 1.094
mmol, preparado siguiendo el procedimiento descrito por Abu T..Khan et
al., en Tetrahedron Letters 2006, 47, 2751-2754) a una suspensién de
ALAFdiciclopropil—6—etil—1—metil~4—tioureido—l,6—dihidroimidazo[4,5—
d]pirrolo[2, 3-b]lpiridin-7-carboxamida (ejemplo 2B, 290 mg, 0.730 mmol)
en etanql (5 ml) y la mezcla de reaccién se calentd a 65°C durante 2 h.
El analisis por LC/MS mostrd que se habia completado la reaccién (la
reaccién se mantuvo en forma de suspensién todo el tiempo). La mezcla
de reaccién se concentrd para retirar el etanol Yy se recogié en
diclorometano. La solucién se lavé con bicarbonato sédico saturado y la
fase acuosa se extrajo de nuevo con diclorometano. Las fases organicas
combinadas se secaron sobre sulfato de magnesio, se filtraron y se
concentraron‘ al vacio. El producto en bruto se purificd por
cromatografia ultrarrdpida usando un sistema ISCO automatizado (columna
de 40 g, eluyendo con metanol al 0-5%/diclorometano), proporcionando 2~
(7—(diciclopropilcarbamoil)—6—etil—1—metil—l,6—dihidroimidazo[4,5—

dlpirrolo(2, 3-b]piridin-4~ilamino) -4-metiltiazol-5-carboxilato de

- metilo (301 mg, 0.610 mmol, rendimiento del 84%) en forma de un sélido

de color blanco.
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MS (ESI) m/z 494.4 (M+H).

RMN 'H (400 MHz, CLOROFORMO-d) &: 7.75 (s, 1H), 6.92 (s,
1H), 4.76 (c, J = 7.0 Hz, 2H), 4.08 (s, 3H), 3.92 (s, 3H), 2.82-2.89
(m, 2H), 2.71 (s, 3H), 1.59 (t, J = 7.0 Hz, 3H), 0.85-0.93 (m',E“4H),

0.75-0.82 (m, 4H).

50B Preparacidén de ‘écido 2-(7-(diciclopropilcarbamoil)-6-

etil—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)—

4-metiltiazol-5-carboxilico
J> N— OH
>N N |
/70 Y S
L «
O N ™™ NN .
K H

Una mezcla de 2—(7—(diciclopropilcarbamoil)—6—etil—1—metil—

1,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)-4~

metiltiazol—5—carboxiléto de metilo (ejemplo 50A, 288 mg, 0.583 mmol) y
NaOH 1 N (5.83 ml, 5.830 mmol) en metanol (5 ml) se calenté a 65°C
durante 18 h. El metanol se evapord metanol y la solucién acuosa se
acidificé hasta alcanzar un valor de pH dé 4 -con HC1 1 N, precipitaron
sélidos de la solucién y se retuvieron después de la filtracién,

proporcionando el acido deseado en forma pura. Después, la mezcla

‘acuosa se extrajo con diclorometano. La fase orgénica se secd sobre

- sulfato de magnesio, se filtré y se concentrd al vacio. El producto en

bruto se purificé por cromatografia ultrarrapida usando un sistema ISCO
automatizado (columna 'de 40 g, eluyendo con metanol al O-

8%/diclorometano). Se obtuvieron un total de 260 mg de &cido 2-(7-
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(diciclopropilcarbamoil)—6—etil—1?metil—1,6—dihidroimidazo[4,5—
d]pirrolo[Z,3—b]piridin—4~ilamino)F4—metiltia201—5—cafboxilico
(rendimiento del 93%) en forma de un sélido de color amarillo.

MS (ESI) m/z 480.2 (M+H).

RMN 'H (500 MHz, DMSO-dg) 8: 8.03 (s a, 1H), 7.06 (s, 1H),
4.40 (¢, J = 7.0 Hz, 2H), 3.86 (s, 3H), 2.96 (s, 1H), 2.69-2.76 (m,
2H), 2.36 (s, 3H), 1.20 (t, J=6.9 Hz, 3ﬁ), 0.56 (d, J = 5.5 Hz, 4H),
0.45-0.50 (m, 4H).

50 Preparacién de 2—(7—(diciclopfopilcarbamoil)—6—etil—1—

metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)—ALAL4—

trimetiltiazol-5-carboxamida

Una mezcla de 4cido 2—(7—(diciclopropiléarbamoil)—6—eti141—

metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)—4—

’metiltiazol—5—carboxilico (ejemplo  50B, 51 mg, 0.106  mmol),

dimetilamina (al 40% en agua, 0.027 mi, 0.213 mmol), HATU (52.6 mg,
0.138 mmol) y 2,6-lutidina (0.025 ml, 0.213 mmol ) eﬁ DMF (1 ﬁl) se
agitdé a la temperatura ambiente durante 2 h. El solvente se evapord y
el residuo se purificé por cromatografia ultrarrdpida sobre gel de
silice usando un sistema ISCO automatizado (columna de 24 g, eluyendo
con metanol al 2-8%/diclorometano). El ‘producto se purificd
adicionalmente por HPIC preparativa. ~ Se obtuvo 2= (17~
(diciclopropilcarbamoil)—6—etil—l—metil—l,6—dihidroinddazo[4,5—
d]pirrOlo[Z,3—b]piridin—4—ilamino)~ALAL4—trimetiltiazol—5—carboxamida
(17 mg, 0.032 mmol, rendimiento del 30.0%) en forma de un s6lido de

color blanquecino.
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MS (ESI) m/z 507.1 (M+H).
RMN 'H (400 MHz, METANOL-d,) &: 8.75 (s, 1H), 7.27 (s, 1H),
4.66 (¢, J = 7.0 Hz, 2H), 4.21 (s, 3H), 3.19 (s, 6H), 2.95-3.02 (m,
2H), 2.39 (s, 3H), 1.47 (t, J = 7.2 Hz, 3H), 0.86-0.93 (m, 4H), 0.78-
5 0.84 (m, 4H)
| Los Ejemplos 51-55 se sintetizaron wusande el mismo
procedimiento que se ha usado bara el 50.

Ejemplo 51

T m{\\

NNN

KF(2-Cianoeti1)—2—(7—(diciclqprqpilcarbamoil)—6—e£il—
1-metil-1,6-dihidroimidazo[4,5-d] pirrolo[2,3-b] piridin—4—ilamino) -N, 4~
dimetiltiazol~5-carboxamida

15 MS (ESI) m/z 546.1 (MtH).

RMN 'H (CDCls) &: 7.77 (s, 1H), 6.89 (s, 1H), 4.71 (c, J =
6.9 Hz, 2H), 4.05 (s, 3H), 3.81 (t, J = 6.6 Hz, 2H), 3.31 (s, 3H),
2.78-2.86 (m, 4H), 2.44 (s, 3H), 1.53 (¢, J="7.0 Hz, 3H), 0.83-0.90

(m, 4H), 0.73-0.79 (m, 4H).

20 Ejemplo 52
AN
PN Ay
N N—
PN T
O NTNNTN
(\ H
25 2- (7- (Diciclopropilcarbamoil) -6-etil-1-metil-1, 6-
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dihidroixnidazo [4,5-d]pirrolo[2,3-b] piridin_—4—ilamino) -N-etil-N, 4-
dimetiltiazol-5-carboxamida
| MS (ESI) m/z 521.1 (M+H).
RMN 'H (400 MHz, CDCl3) &: 7.74 (s, 1H),. 6.88 (s, 1H), 4.72
5 (¢, J=17.0Hz, 2H), 4.04 (s, 3H), 3.57 (¢, J = 7.2 Hz, 2H), 3.11 (s,
3H), 2.79-2.86 (m, 2H), 2.40 (s, 3H), 1.51 (t, J = 7.0 Hz, 3H), 1.25
(t, J=17.2 Hz, 3H), 0.82-0.90 (m, 4H), 0.73-0.79 (m, 4H).

Ejemplo 53

A N O
| J> ' N/\\N NEL\
10 T
0O NNNN
K H
2—(7- (Diciclopropilcarbamoil) -6-etil-l-metil-1,6-
dihidroimidazo[4,5~d]pirrolo[2,3-b]piridin-4~ilamino) -N- (2—metoxietil) -
4-metiltiazol-5-carboxamida
15 MS (ESI) m/z 537.1 (M+H).
RMN 'H (400 MHz, CDCl;) &: 7.74 (s, 1H), 6.89 (s, 1H), 6.13
(t, J=4.7 Hz, 1H), 4.74 (c, J = 7.0 Hz, 2H), 4.05 (s, 3H),' 3.65 (c, J
= 5.1 Hz, 2H), 3.58 (t, J = 4.8 Hz, 2H), 3.42 (s, 3H), 2.79-2.87 (m,
2H), 2.65 (s, 3H), 1.58 (t, J = 7.0 Hz, 3H), 0.83-0.90 (m, 4H), 0.73-
20 0.80 (m, 4H).

Ejemplo 54

\ 0
J> N/\\N NH
P
0O N7\ N/L\N

& H

25 2- (7~ (Diciclopropilcarbamoil) -6-etil-1-metil-1, 6~
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dihidroimidazo{4,5-d]pirrolo[2,3-b]piridin-4-ilamino) ~N, 4~
djmetiltiazol—S-carboxamida

MS (ESI) m/z 493.1 (M+H).

RMN 'H (400 MHz, CDCls) &: 7.77 (s, 1H), 6.86 (s, 1H), 5.37— |
5.94 (m, J=4.6 Hz, 1H), 4.66 (c, J = 7.1 Hz, 2H), 4.04 (s, 3H), 3:04 :
(d, J =4.6 Hz, 3H), 2.79-2.87 (m, 2H), 2.62 (s, 3H), 1.51 (t,vJ= 7.0 |
Hz, 3H), 0.83-0.90 (m, 4H), 0.73-0.80 (m, 4H).

Ejemplo 55

\ o)
)> N N
|>_ N
/ | J L
O N ™ NN
\ H

4- (5~ (Azetidin-1-carbonil) -4-metiltiazol-2-ilamino) -N, N~
diciclopropil-6-etil-1-metil~1, 6-dihidroimidazo[4,5-d] pirrolo{2,3-
blpiridin-7~carboxamida

MS (ESI) m/z 519.1 (M+H).

RMN 'H (400 MHz, CDCl3) &: 7.73 (s, 1H), 6.90 (s, 1H), 4.73

(c, J=17.0Hz, 2H), 4.33 (s a, 4H), 4.05 (s, 3H), 2.80-2.87 (m, 2H),

2.66 (s, 3H), 2.33-2.43 (m, 2H), 1.55 (t, J = 7.2 Hz, 3H), 0.83-0.90

(m, 4H), 0.73-0.80 (m, 4H).

Los Ejemplos 56-70 se sintetizaron usando el mismo_;

procedimiento que se ha usado para 50.

\ 0
)> ’ N—\ R .
P x
0 N~ N/L\N
H

AR

o~
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tHURRR

Ej.

No

Nombre

Tiempo de
retencidén

(min)

EM  (IEN)

m/z

56

N,N-diciclopropil-6-
etil-1l-metil-4-( (4-
metil-5-((4-metil-1-
piperazinil)carbonil)
-1,3-tiazol-2-
il)amino) -1, 6~
dihidroimidazo[4, 5~
dlpirrolo[2, 3-
blpiridin-7-

carboxamida

1.43

-562.31

57

J

-N O
-,

N,N-diciclopropil-6-
etil-1-metil-4-((4-
metil-5-(4-
morfolinilcarbonil)—
1,3-tiazol-2-
il)amino) -1, 6-
dihidroimidazb[4,5~
dlpirrolo[2, 3-
blpiridin-7-

carboxamida

1.70

549.25

58

N,N-diciclopropil-6- .

etil-l-metil-4-((4-
metil~5-((2-(4-
morfolinil)etil)
carbamoil) -1, 3-
tiazol—2—il)amino)-
1, 6~dihidroimidazo
[(4,5-d]pirrolo[2, 3~
blpiridin-7-
carboxamida

1.46

592.3
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E7.

NO

Nombre

Tiempo de
retencidén

{min)

EM  (IEN)

m/z

59

4-((5-((2-
acetamidoetil)
carbamoil)—4—metil—
1,3-tiazol-2-
il)amino)~N,N-
diciclopropil-6-etil-
l-metil-1,6-
dihidroimidazo{4, 5-
dlpirreolo[2, 3~
blpiridin-7-
carboxamida

1.51

564.27

690

4-((5-

({(cianometil) (metil)
carbamoil)-4-metil-
l,3—tiazo;—2—

\il)amino)—N;N;

diciclopropil-6-etil-
l-metil-1,6-
dihidroimidazo[4, 5-
dlpirrolo[2, 3~
blpiridin-7-

carboxamida

1.78

532.25

61

4-((5~((cianometil)
carbamoil) -4-metil-
1,3-tiazol-2~
il)amino) -N,N-
diciclopropil-6-etil-
l-metil-1, 6-
dihidroimidazo[4, 5-
dlpirrolo(2,3-
blpiridin-7-

carboxamida

518.24

117
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nga

Ej.

NO

Nombre

Tiempo de
retencién

(min)

EM (IEN)

m/z

62

O

N

—NH

N,N-~-diciclopropil-4-
((5-((1,1-
dioxidotetrahidro-3-
tiofenil)carbamoil) -
4-metil-1,3-tiazol-2-
il)amino)—6—etilfl—
metil-1,6-
dihidroimidazo[4, 5~
dlpirrolof{2, 3-
blpiridin-7-

carboxamida

1.68

597.24

63

OH

N,N-diciclopropil-6-
etil-4-((5-((trans-4-
hidroxiciclohexil)
carbamoil)~4-metil-
1,3-tiazol-2-
il)amino)-1-metil-
1,6- .
dihidroimidazo[4, 5-
dlpirrolo[2, 3~
bipiridin-7-
carboxamida

1.60

577.3

64

N,N-diciclopropil-6-
etil-4-((5-({(38)-3-
hidroxi-1-
pirrolidinil)
carbonil)-4-metil-
1,3-tiazol-2-
il)amino)—1¥metil—
1,6-dihidroimidazo
[4,5~d]pirrolo[2,3-
blpiridin-7-

carboxamida

549.28

313
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N00319

EJ.

NO

Nombre

Tiempo de
retencién

(min)

EM  (IEN)

m/z

65

N,N-diciclopropil-6-
etil-l-metil-4- ((4-
metil-5- (metil (2-
(metilsulfonil)etil)
carbamoil) -1, 3-

tiazol-2-il)amino) -

.1,6—dihidroimidazo

{4,5-d]pirrolo{2,3-
blpiridin-7-

carboxamida

1599.26

66

N,N-diciclopropil-6-
etil-4—-( (5~ ((3-
metoxi-1-
azetidinil)carbonil) -
4-metil-1,3~-tiazol~2-
il)amino)-l-metil-
1,6-
dihidroimidazo[4, 5-
dlpirrolo[2,3-
blpiridin-7-
carboxamida

1.80

549.28

67

N,N-diciclopropil-4-
((5-((3,3-
difluorociclobutil)
carbamoil)-4-metil-
1,3-tiazol-2-
il)amino)-6-etil-1-
metil~1, 6-
dihidroimidazo[4, 5-
dlpirrolo[2, 3-
blpiridin-7-

carboxamida

2.06

569.27

1
I

|



10

19

20

25

146

Pia)
L

s

E7.

NO

Nombre

Tiempo de
retencidén

(min)

EM (IEN)

m/z

68

-NH F

N,N;diciclopropil—4—
((5-((2,2-
difluoroetil)
carbamoil)-4-metil-
1,3-tiazol-2-
il)amino)-6-etil-1-
metil-1, 6-
dihidroimidazo[4, 5-
dlpirrolo[2, 3-
blpiridin-7-

carboxamida

543,23

69

3—NH

N,N-diciclopropil-6-
etil-l1-metil~-4-((4-
metil-5-(tetrahidro-
2H-piran-4-
ilcarbamoil) -1, 3-
tiazol-2-il)amino) -
1,6-dihidroimidazo
{4,5-d]pirrolo[2, 3-
blpiridin-7-
carboxamida

1.87

563.26

70

30,

N,N-diciclopropil-4-
((5~((1l,1-dioxido-4~
tiomorfolinil)
carbonil)—4—metil—
1,3-tiazol-2-
il)amino)-6-etil-1-
metil-1, 6-
dihidroimidazo[4, 5-
d]lpirrolof2,3-
blpiridin-7-
carboxamida

597.26

I\\:
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Condiciones de andlisis - Columna - Mac-Mod Halo 4.6 x
50 mm 2.7 um; Gradiente de 4 min del 0% de B al 100% de B:
Caudal - 4 ml/min; Solvente A = 5:95 de acetonitrilo:agua; B

= 90:5 de acetonitrilo:agua; Modificador

NH40Ac 10 mM.

Ejemplo 71

| \ O, I \P
;> N7 N A
N /O
>N Xy
7] ji\
O N >N""N"N '
Q\ H =
N,N-Diciclopropil-6-etil-4- (4-etil-5-(1,1-

dioxotiomorfolin—4—carbonil)tiazol—Z—iiamino)—1-metil—1,6—
dihidroimidazo[4,5-d]pirrolo[2,3-b]lpiridin-7-carboxamida

71A Preparacidén de 2-(7-(diciclopropilcarbamoil)-6-

etil—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—

4-ilamino)-4-etiltiazol-5-carboxilato de metilo
\
;> N @ o)
E>_N X N g N
74 | 1 N
0O NN NN
(\ H

A una suspensién agitada de N,N-diciclopropil-6-

etil—l—metil—4—tioureido—l,6—dihidroimidazo[4,5—

dlpirrolo([2,3-b]lpiridin-7-carboxamida (103 mg, 0.259 mmol) en
EtOH (5 ml) se le afadid 2—bromo—3—oxopentanoato1 de metilo
recién preparado (81 mg, ~0.389 mmol) a la temperatura
ambiente. Después, la suspensién se agité a 65°C durante 2 h.
Después, la mezcla de reaccién se enfridé a la temperatura-

ambiente y se concentré al vacio, proporcionando un sélido de.
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i
color amarillo. Después, el sdélido se recogid en cloruro d%
metileno y se lavd con una solucién acuosa saturada d;
bicarbonato sédico. La fase organica se secd sobre‘sulfato dé
magnesio anhidro y se concentrd al vacio. Después, el residu?
en bruto se purificé por cromatografia ultrarrapida sobre geh
de silice usando una columna Isco de‘40 g eluyendo en metanoé
al 0-5%/cloruro ‘de metileno, proporcionando 2—({—
(diciclopropilcarbamoil)-6-etil-1-metil-1, 6-
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)—4—'
etiltiazol-5-carboxilato de metilo (37.5 mg, rendimiento del

28.5%) en forma de un sé6lido de color blanco.

MS (ESI) m/z 508.4 (M+H)

RMN 'H (CDC13) & ppm 9.38 (s a, 1H), 7.75 (s, 1H)

6.92 (s, 1H), 4.76 (c, 2H, J = 6.94 Hz), 4.08 (s, 3H), 3.92 (s

It

3H), 3.14 (c, 2H, J = 7.68 Hz), 2.85 (m, 2H), 1.59 (t, 3H, J
6.94 Hz), 1.34 (t, 3H, J = 7.49 Hz), 0.78-0.91 (m, 8H)

71B Preparacidn de acido 2= (-

(diciclopropilcarbamoil)-6-etil-1-metil-1, 6-

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)—4—

etiltiazol-5~carboxilico ‘
. N O
;> N’%q OH
| /L\\
o) g N 1}\11 N

|
‘ |
A una solucidn agitada de 2= (7~
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(diciclopropilcarbamoil) -6-etil-l-metil-1, 6-
dihidroimidazo[4,5—d]pirrolo[2,be]piridin—4~ilamino)—4—
etiltiazol-5-carboxilato de metilo (ejemplo 71A, 103 mg

0.203 mmol) en MeOH (2 ml) se le afiadié NaOH (1.420 ml, 1.4ZP

|

mmol) . Después, la solucién se agitd a 65°C durante 18 h.

Después, 'la mezcla de reaccidén se enfridé a la temperatura

ampiente 'y se. concentré al vacio, proporcionando uqa
suspensién de color amarillo. Después, la mezcla se dilujé
con agua, se llgvé a un valor de pH de 4 con HCl 1 N y el
precipitado se recogié por filtracién al vacio. Después, el
filtrado se extrajo con CH,Cl,; la fase organica se secd sobre
sulfaté de magnesio anhidro y se concentrdé al vacio. Después,
el residuo en bruto se purificéd por cromatografila
ultrarrapida sobre gel de silice usando una coiumna Isco &e
40 g eluyendo en MeOH al 0-8%/CH,Cl, Las fracciones.deéeadas

se combinaron con el precipitado recolectado y de

concentraron, proporcionando acido 2-(7-

(diciclopropilcarbamoil)—6-etil—1—metil—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3-b]piridin44—ilamino)—4~
etiltiazol-5~carboxilico (126 mg, rendimiento del 126%) en
forma de un sé6lido de color naranja/amarillo.

MS (ESI) m/z 494.2 (M+H)

RMN 'H (CDC13) & ppm 8.23 (s, 1H), 7.28 (s, 1H)
4.62 (c, 2H, J = 6.94 Hz), 4.07 (s, 3H), 3.04 “(c, 2H, J

7.49 Hz), 3.00 (m, 2H), 1.42 (t, 3H, J = 7.07 Hz), 1.23 (t
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3H, J = 7.63 Hz), 0.67-0.79 (m, 8H).

71 Preparacién de N,N-diciclopropil-6-etil-4-(4-

etil—5—(1,1—dioxotiomorfolin—4—carbonil)tiazol—2—ilamino)—1—

metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—

carboxamida

A una solucién agitada de acido 2~{(7-
(diciclopropilcarbamoil)—6~etil—1—metil—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)—4—
etiltiazol-5-carboxilico (ejemplo 69B, 33 mg, 0.067 mmol),
HATU (50.8 mg, 0.134 mmol), 2,6-lutidina (0.020 ml, 0.174
mmol) y DMF (1 ml) se le afiadié 1,1-dioxido de tiomorfolina
(27.1 mg, 0.201 mmol). Después, la solucién se agitdé a 50°C
durante 1.5 h. Después, 1la reaccién se enfrié a la
temperatura aqbiente y se diluyé con cloruro de metileno.
Después, la solucién se lavd con bicarbonato sédico acuoso
saturado, LiCl al 10% en Hy0 y de nuevo coﬁ ‘bicarbonato

sbdico acuosos saturado. La fase orgdnica se secd sobre

sulfato de magnesio anhidro Y se concentrd al vacio. Después,

el residuo en bruto se purificé por cromatografia
ultrarrépida sobre gel de silice usando una columna Isco de
40 g eluyendo en MeOH.al 0-6%/CH,C1l,, dando N,N-diciclopropil-
6—etil—4—(4—etil—5—(l,1—dioxotiomorfolin—4—cérbonil)tiézol—Z—
ilamino)—l—metil—l,6—dihidroimidazo[4,5—d]pirrdlo[2,3—

blpiridin-7-carboxamida (21.7 ng, rendimiento del 52.6%) en

forma de un sélido de color amarillo claro.

24

|
|

|
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MS (ESI) m/z 611.3 (M+H)

RMN 'H (CDC13) & ppm 7.68 (s, 1H), 6.83 (s, 1H),
4.65 (c, 2H, J = 7.04), 4.13 (m, 4H), 3.99 (s, 3H), 3.05 <m{
4H), 2.76 (m, 2H), 2.68 (c, 2H, J = 7.56 Hz), 1.46 (t, 3H, b

5 =17.04 Hz), 1.25 (t, 3H, J = 7.59 Hz), 0.68-0.80 (m, 8H).

Ejemplo 72

>— \N/QN |
N A -0
Y N
| O%WNJ’\/)‘
‘ H

10
N,N-diciclopropil-6-etil-1-metil-4-(5- -
metilisoxazol—3—ilamino)—1,6—dihidroimidazo[4,5—
d]pirrolo[2,3-blpiridin~7-carboxamida
72A Preparacidn de 4,44bis(metiltio)but—B—en—Z—oné
15 o s”

I A

A una suspensidén de terc-butdéxido sdédico (5.76 g,

60.0 mmol) en benceno (30 ml) se le afadid una solucién de
acetona (2.205 ml, 30.0 mmol) .en disulfuro de carbono (1.81

200 ml,  30.0 mmol) mientrés se ﬁanfenia la temperatura de
reaccién sin exceder de 10°C. La mezcla de reaccidn se agité

a la temperatura ambiente durante 3 h vy sé anadio yodometanb
(3.75 ml, 60.0 mmol) a 10°C. La mezcla de reaccién resultante

se agité a la temperatura ambiente ‘durante una noche. ILa

25 mezcla de reaccién se diluyd con acetato de etilo y se lavd
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dos veces con agua. La fase orgdnica se secd sobre sulfato de
magnesio, se filtré y se concentrdé al vacio. El producto en

bruto se purificd por cromatografia ultrarrapida sobre gel de

-s8ilice usando un sistema ISCO automatizado (columna de 80 g,

eluyendo con acetato de etilo al 10-35%/hexanos), dando 4,4-
bis(metiltio)but-3-en-2-ona (3.456 g, rendimiento del 71.0%)
en forma de un sélido de color amarillo.

RMN 'H (400 MHz, CDCl;) &: 6.04 (s, 1H), 2.47 (s,

3H), 2.45 (s, 3H), 2.20 (s, 3H).

72B Preparacidén de (Z) -N,N-diciclopropil-6-etil-1-

metil—4—(1—(metiltio)-3—oxobut—1—enilamino)—1,6—

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—qarboxamida
P
[>—N A 2 < 0o
0O E~ N” ﬁ/kk/m\

Se afiadié hidruro sédico (2.84 g, 71.1 mmol) a una

solucién de 4-amino-N,N-diciclopropil-6-etil-1-metil-1, 6~
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

(ejemplo 1J, 8.02 g, 23.70 mmol) en DMF (60 ml) y la mezcla
de reaccidén se agitd a la temperatura ambiente durante 1 h.
Se afiadidé 4,4-bis(metiltio)but-3-en-2-ona (ejemplo 70A, 5.77
g, 35.5 mmol) en DMF (10 ml) y se continué la agitacién
durante tres dias. El analisis por LC/MS mostrd que se habia
compleﬁado aproximadamente al 75%. La mezcla de reaccién se

diluyé con acetato de etilo y se afnadidé agua. Se formé un

109326
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precipitado blanqueciné y se recogid¢ por filtracién, dando |
5.1 g dé producto. El1 filtrado se transfirié a un embudo
decantacién. Las fases se separaron y la fase acuosa se
extrajo con diclorometano (3 x 50 ml), las fases orgénicas
combinadas se lavaron con bicarbonafo sédico saturado y se
secaron sobre sulfato de magnesio, se filtraron y se
concentraron al vacio. El producto en bruto se purificé por
cromatografia wultrarrédpida sobre gel de silice uéando un.
sistema ISCO (columna de 220 g, eluyendo con metanol al 2-
8%/diclorometano), dando (Z)—N,N¥diciclopropil—6—etil—1—
metil—4—(1—(metiltio)—3—oxobut—1—enilamino)—l,6—
diﬁidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida (6.6
g, rendimiento del 61.5%) junto con 2.2 g de 1J recuperado.

MS (ESI) m/z 453.3 (M+H).

RMN 'H (400 MHz, DMSO-dg) &: 14.42 (s, 1H), 8.16 (s,
1H), 7.24 (s, 1H), 5.54 (s, 1H), 4.52 (c, J = 7.0 Hz, 2H), 4.05
(s, 3H), 2.89-2.97 (m, 2H), 2.43 (s, 3H), 2.14 (s, 3H), 1.34

(t, J =7.0 Hz, 3H), 0.71-0.80 (m, 4H), 0.63-0.70 (m, 4H).

72 Preparacién de N,N-diciclopropil-6-etil-1-metil-

4—(5—metilisoxazol—3—ilamino)—1,6—dihidroimidazo[4,5—

d]pirrolo[2,3—b]piridin—?—carboxamida

Una mezcla. de (Z)—N,NLdiciclopropil—6—etii—1—metil—
4-(1-(metiltio)-3-oxobut-l-enilamino) -1, 6-dihidroimidazo[4, 5-
dlpirrolo[2;3-b]piridin-7-carboxamida (22 mg, 0.049 mmol) e

hidroxilamina (solucién acuosa al 50%, 3.13 pl, 0.051 mmol) en
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etanol (1 ml) se calenté a reflujo durante 3 h y el analisis
por LC/MS mostrd que se habiaicompletado la reaccién. La mezcla
de reaccién se diluydé con metanol y se purificé por HPLC
preparaﬁiva, formando N,N;diciclopropil—6—etil—1—metil—4—k5—

metilisoxazol—3—ilamino)—1,6—dihidroimidazo[4,5—d]pirrolo[2,3—

blpiridin-7-carboxamida (9 mg, rendimiento del 43.3%) en formav

de un sélido de color blanco.

MS (ESI) m/z 420.1 (M+H).

RMN 'H (400 MHz, METANOL-d4) &: 8.45 (s, 1H), 7;26
(s, 1H), 6.58 (s, 1H), 4.63 (c, J = 7.2 Hz, 2H), 4.17 (s,
3H), 2.94-3.02 (m, 2H), 2.33 (s, 3H), 1.47 (t, J = 7.2 Hz,
3H), 0.85-0.92 (m, 4H), 0.77-0.84 (m, 4H).

Ejemplo 73
\
P
ey
/
0 E N N/K/)\
H

N,N¥DiciclOpropil-4—(1,S-dimetil—iﬂ;pirazol—B—
ilamino)—6—etii—1—metil—1,6—dihidr9imidazo[4;5—d]pirrolo[2,3—
blpiridin-7-carboxamida

Una mezcla de (Z)-N,N-diciclopropil-6-etil-1-metil~
4—(1—(metiltio)—3—oxobut—1-enilamino)—1,6—dihidroimidazo[4,5—
dlpirrolo([2,3-blpiridin~7-carboxamida (ejemplo 72B, 70 mg,
0.155 mmol) vy 1l-metilhidrazinacarboxilato de terc-butilo

(0.046 ml, 0.309 mmol) en &acido acético. (1 ml) se agitéd a

no

\
9
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35°C durante 4 h (controlada por andlisis LC/MS hasta gue no
quedd maferial de partida). Se afladié acido férmico (0.5 ml)
y se agitdé a 60°C durante 6 h. El solvente se evapord y el
producto en bruto se purificé por cromatografia ultrarrépida

sobre gel de silice usando un sistema ISCO automatizado

(columna de 12 g, eluyendo con  metanol al 2-
10%/diclorometano) . El producto impuro se purificéd

adicionalmente por HPLC preparativa,. dando N}N>dicicloprqpil—
4—(1,5—dimetil—1H¥pirazol—3—ilamino)—6—etil—1—metil—1,6—
dihidroimidézo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida (45
mg, rendimiento del.63.9%) en forma de un sélido de cqlor
blanquecino.

MS (ESI) m/z 433.2 (M+H).

RMN *H (500 MHz, CDCl;) &: 8.19 (s, 1H), 7.63 (s,
1H), 6.94 (s, 1H), 6.85 (s, 1H), 4.65 (c, J = 7.0 Hz, 2H), 3.99

(s, 3H), 3.71 (s, 3H), 2.79-2.85 (m, 2H), 2.33 (s, 3H), 1.49

(t, J=7.2 Hz, 3H), 0.82-0.87 (m, 4H), 0.72-0.78 (m, 4H).

Sintesis alternativa del ejemplo 73

73A Preparacién de 4-yodo-N,N-diciclopropil-6-etil-

1—metil-l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—

carboxamida

N
e

D’NH/T%LN
0 NN
_J

N 1

A una suspensiodn agitada de 4-amino-N, N-
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diciclopropil-6-etil-1-metil-1, 6-dihidroimidazo[4, 5~
dlpirrolo[2,3-b]piridin-7-carboxamida (34.4 mg, 0.102 mmol)
en diyodometano (102 pl) a 60°C se le afladid lentamente
nitrito de isoamilo (27.4 pl, 0.203 mmol). La mezcla de
reaccién se agitdé a 60°C ~durante 5 h. Después de la
refrigeracién a la ta, la mezcla de reaccién se diluyé con
diclorometano. Se afiadié bicarbonato sédicb acuoso saturado y
la fase acuosa se extrajo con diclorometané (3 x). Los
extractos organicos combinados se secaron sobre sulfato
sédico anhidro, se filtraron y se concentraron al vacio. EL
residuo en bruto se puso en la bomba durante 16 h para
retirar cualquier diyodémetano adicional. El andlisis por
CLEM determiné que era lovsuficientemente puro para llevarse
a la siguiente etapa en bruto. E1 producto se }usé
inmediatamente en la siguiente reaccién.
- MS (ESI) m/z 450.1 (M+H)

73 Preparacién de N,N-diciclopropil-6-etil-l-metil-

4—(1,5—dimetil—1HFpirazol—3—ilamino)—1,6—dihidroimidazo[4,5—

dlpirrolo[2,3-blpiridin-7-carboxamida

) A un vial con 1,5-dimetil-1H-pirazol~3-amina (13.60
mg, 0.122 mmol), Pd,(dba)s (4.67 mg, 5.10 pmol), Xantphos
(5.90 mg, 10.20 upmol) vy carbonato de cesio (100 mg, 0.306
mmol) se le anadié N,N—diciclopropil—G—etil—4—yodo—l—métil—
1,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

(45.8 mg, 0.102 mmol) en DME (1020 pl). La mezcla de reaccién
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se rocidé con argén durante 5 min, el vial se tapd y la mezcla
de reaccidén se calentd a 90°C durante 1 h. La mezcla de
reaccién se diluyd con diclorometano y se filtré al vacio a
través de Celite. E1 filtrado se concentrd al vacié! El

5 residuo en bruto se purificéd por cromatografia en columna
ultrarrapida usando una columna ISCO de 12 g eluyendo con
MeOH al 1—10%/CH2C12), Se " aisldé N,N-diciclopropil-4-(1,5-
dimetil—lHFpirazol—B—ilamino);6-etil—l—metii—l,6—
‘dihidroimidazo[4,5—d]pirrolo[2,3—b)piridin—7—carboxamidé!”(14

10 mg, rendimiento del 31.7%) en.forma de un sdélido de color
blanquecino.

MS (ESI) m/z 433.2 (M+H).
'RMN ‘H (500 MHz, CDCls) &: 8.19 (s, 1H), 7.63 (s,
1H), 6.94 (s, 1H), 6.85 (s, 1H), 4.65 (c, J = 7.0 Hz, 2H),

15 3.99 (s,.3H), 3.71 (s, 3H), 2.79-2.85 (m, 2H); 2.33 (s, 3H),

"1.49 (¢, J = 7.2 Hz, 3H), 0.82-0.87 (m, 4H§,-O.72—O.78 (m,

4H) .

Ejemplec 74

;> \N>“ I

. N

0 %80y
| O NNN
K H

N,N-Diciclopropil~6-etil-4-(l-etil-5-metil-1H-
pPirazol-3-ilamino)-1-metil-1, 6-dihidroimidazo[4,5-
d]pirrolo[2,3—b]piridin—7—carboxamida

25

1
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74A Preparacién de 1, 3-dioxoisoindolin-2-

il{etil)carbamato de terc-butilo

0O
Boc
N-N
AN
o)

[

Se afladié azodicarboxilato de diisopropilo (2.92 ml,
15.00 mmol) en una porcién a una solucién de 1, 3-
dioxoisoindolin-2-ilcarbamato de terc-butilo (2.62 g, 10 mmol,
preparado siguiendo el procedimiento descrito por Niéolas
Brosse y «col. en Eur. J. Org. Chem. 4757-4764, 2003),
trifenilfosfina (3.93 g, 15.00 mmol) y etanol (0.691 g, 15.00
mmol) en THF (20 ml) a 0°C y la solucién de reaccién se agitd
a la temperatura ambiente durante 1 h (controlada por TLC

hasta que se completéd). El solvente se evapord y el residuo se

purificé por. cromatografia ultrarrdpida sobre gel de silice

usando un sistema ISCO automatizado (columna de 80 g, eluyendo
con acetato de etilo al 5-35%/hexanos), proporcionando 1,3-
dioxoisoindolin-2-il (etil)carbamato de terc-butilo (2.6 g,
rendimiento .del 90%) en forma de un sbélido de color blanco.que

se us6é tal cual en la siguiente etapa.

74B Preparacién de 1l-etilhidrazinacarboxilato de

terc—butilo

Boc -
HzN_N
__

Se afiadié metilhidrazina (1.415 ml, 26.9 mmol) a
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una solucidén de 1,3—dioxoisoindolin—2—il(etil)carbamato de
terc-butilo (ejemplo 74A, 5.2 g, 17.91 mmol) en THF (40 ml) a
0°C y 1la mezcla dé reaccién se agité a la temperatura
ambiente durante una noche. Se formé un precipitado de color
blanco y se retiré por filtracién a través de una capa de
Celite. El filtrado se concentré al vacio. El residuo .sé
disolvidé en acetato de etilo (50 ml) y se extrajo con HClL 1 N
(3 x 30 ml), la fase &cida se lavéd.con acetato de etilo (50
ml) y se basificé a un valor de pH de 10 mediante 1la adicién
de NaOH al 20%. Después, la solucién basica se extrajo con
acetato de etilo (3 x 50 ml) y las fases orgéniéas combinadas
se lavaron con salmuera, s5e secaron sobre sulfato de_

magnesio, se filtraron y se concentraron al vacio, dando 1-

‘ietilhidrazinacarboxilato de terc—butilb (2.5 q, rendimiento

del 87%) en forma de un aceite incoloro.
RMN 'H (400 MHz, CDCl;) 6: 3.90 (s a, 2H), 3.35 (c,
J = 17.0 Hz, 2H), 1.42 (s, 9H), 1.07 (t, J = 7.0 Hz, 3H).

74 Preparacidén de N,N-diciclopropil-6-etil-4-(1-

etil—5—metil—1H4pirazol~3—ilamino)—l—metil—1,6—

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

Una mezcla de (Z)-N,N-diciclopropil-6-etil-l-metil-
4—(1—(metiltio)—3~oxobut—1—enilamino)—1,6~dihidroimidazo[4,5—
dlpirrolo[2,3-blpiridin-7-carboxamida (ejemplo 74B, 70 mg,
0.155 mmol) y l-etilhidrazinacarboxilato de terc-butilo (49.6

mg, 0.309 mmol) en &cido acético (1 ml) se agitd a 35°C
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durante 4 h (controlada por analisis LC/MS hasta que no quedé
material de partida). Se afiadidé &cido férmico (1.ml) y la
mezcla de reaccidén se agitéd a 60°C durante 6 h. El solvente
se evapord y el producto en Dbruto . se ~purificéd  por

5 cromatografia ultrarrépidé sobre gel de silice usando un
sistema ISCO automatizado (columna de 12 g, eluyendo con
metanol al 2-10%/diclorometano). E1l material se purificé
adicionalmente por HPLC preparativa, proporcionando N,N-
diciclopropil—G—etil—4—(1—etil—5—metil—lHLpirazol—B—ilamino)—

10 1-metil-1,6-dihidroimidazo[4,5-d]pirrolo[2,3-b]piridin-7-
carboxamida (38 mg, rendimiento del 53.4%) en forma de un
sbélido de color blanquecino.

MS (EST) m/z 447.3 (M+H).
RMN 'H (500 MHz, CDCl;) &: 8.08 (s, 1H), 7.61 ks,
15 1H), 6.93 (s, 1H), 6.84 (s, 1H), 4.66 (c, J = 7.1 Hz, 2H),
4.02 (c, J = 7.2 Hz, 2H), 3.98 (s, 3H), 2.79-2.85 (m, 2H),
2.34 (s, 3H), 1.49 (t, J = 7.1 Hz, 3H), 1.41 (t, J = 7.2 Hz,
" 3H), 0.82-0.87 (m, 4H), 0.72-0.78 (m, 4H).

Ejempld 75

P b

AN
N
E>—§>_<¢tEJTIS-N4ﬂ
i
0 E‘ N/'N/k¢)\\
H

4&(1-(2jCianoetil)-S—metil-lﬂ;pirazol—3—ilamino)—

20

25 N}N;diciclopropil—G—etil—l—metil—l,6—dihidroimidazo[4,5—
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dlpirrolo[2,3-b]lpiridin-7-carboxamida

El compuesto del titulo se prepardé usando un
procedimiento andlogo al que se ha usado para preparar el
ejemplo 74.

5 ‘ MS (ESI) m/z 472.2 (M+H).

RMN 'H (400 MHz, CDCl;) §&: 8.05 (s, 1H), 7.64 (s,
1H), 6.99 (s, 1H), 6.85 (s, 1H), 4.65 (¢, J = 7.0 Hz, 2H),
4.25 (t, J = 6.8 Hz, 2H), 4.01 (s, 3H), 2.92 (t, J = 6.7 Hz,
2H), 2.79-2.86 (m, 2H), 2.41 (s, 3H), 1.49 (t, J = 7.2 Hz,

10 3H), 0.82-0.88 (m, 4H), 0.72-0.80 (m, 4H).

Ejemplo 76
J> \N/\\ [—JO’
L
0] E N~ E/k/)\

N,N>Diciclopropil—6—etil-4-(1—(2-metoxietil)—5—

15

metil—1H;pirazol—3—ilamino)-1~metil-1,6-dihidroimidazo[4,5—
d]pirrplo[Z,3—b]piridin—7—carboxamida

El compuesto del titulo se preparé usando un

20 procedimiénto anadlogo al que se ha usado para preparar el

ejemplo 74.

MS (ESI) m/z 477.2 (M+H).

RMN *H (500 MHz, CDCls) &: 8.09 (s, 1H), 7.61 (s,
1H), 6.94 (s, 1H), 6.84 (s, 1H), 4.66 (c, J = 6.8 Hz, 2H),

25 4.12 (t, J = 5.5 Hz, 2H), 3.98 (s, 3H), 3.74 (t, J = 5.8 Hz,
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2H), 3.32 (s, 3H), 2.78-2.86 (m, 2H), 2.36 (s, 3H), 1.49 (t,

J = 17.1 Hz, 3H), 0.81-0.89 (m, 4H), 0.71-0.80 (m, 4H).

J> \N’\\ , /,_,/O/< :
ST 08
| P ,JLJQ““
0] N- N N .
/J H

N,N-Diciclopropil-6-etil-4-(1-(2-isopropoxietil)-5-

Ejemplo 77

metil-1H—pirazol—3-ilamino)—1—metil—1,6—dihidroimidazo[4,5—
dlpirrolo[2,3-b]piridin-7-carboxamida

77A Preparacién de metanosulfonato de 2~

e

MsO

isopropoxietilo

Un matraz. de fondo redondo se cargé con 2-
isopropoxietanol (0.5 ml, 4.34 mmol) y diclorometano (21.68
ml) y se enfridé a 0°C. Se afiadid trietilamina (1.208 ml, 8.67
mmol) junto con una punta de espatula de DMAP. Se afiadié gota
a gota cloruro de metanosulfonilo (0.338 ml, 4.34 mmol). La
mezcla de reaccidén se calentd lentamente a la ta durante 2 h.
La mezclé de reaccién se inactivé con cloruro de amonio
acuoso saturado y se transfirié.a un embudo decantacién. La
fase acuosa se extrajo con diclorometano (2 x). Los extfactos
organicos combinados se lavaron con salmuera, se secaron

sobre sulfato sédico anhidro, se filtraron Yy se concentraron
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al vaclo. Se aislé metanosulfonato de 2-isopropoxietilo (1 g)

en forma de un aceite transparente y se usd inmediatamente en

la siguiente reaccién.

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 4.34-4.40: (m

’

2H), 3.67-3.71 (m, 2H), 3.60-3.67 (m, 1H), 3.07 (s, 3H), 1.18

(d, 6H, J = 8.0 Hz).

77B Preparacién de 1,3-dioxoisoindolin-2-i1 (2-

isopropoxietil)carbamato de terc-butilo

0 /_49’(;

N-N,
Boc

O

Un matraz de fondo redondo  se cargé ~con
metanosulfonéto de Z2-isopropoxietilo (ejemplo  77Aa, O.79i d,
4!34 mmol) en acetonitrilo (21.70 ml) y se agité en una
atmésfera de nitrégeno. Se afiadié 1,3-dioxoisoindolin-2-
ilcarbamato de terc-butilo (1.138 g, 4.34 mmol) junto con
carbonato potésico (2.399 g, 17.36 mmol) y cloruro .de
benciltrietilamonio (0.198 g, 0.868 mmol). La mezcla de
reaccién se calenté.a 50°C durante 24 h y se enfrié a la ta
durante el fin de semana. La mezcla de reaccién se diluyd con
acetato de etilo y agua. La fése acuosa se extrajo con
acetato de etilo. Los extractos orgénidos combinados se
lavaron con salmue;a, se secaron sobre sulfato sédico

anhidro, se filtraron al vacio a través de un lecho de gel de
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silice y se concentraron al vacio. El aceite eﬁ bruto se usd
sin purificacién. adicional (1.26 g, rendimiento del 83%).

MS (ESI) m/z 249.2 (M-C4HeCO,)

RMN 'H (400 MHz, CLOROFORMO;d) en forma de una

mezcla de rotémeros & ppm RMN 'H (400 MHz, CLOROFORMO-d) & ppm
7.86-7.94 (m, 2H), 7.73-7.82 (m, 2H),. 3'79—3ﬁ90 (m, 2H),
3.58-3.66 (m, 2H), 3.41-3.55 (m, 1H), 1.31-1.56 (m, 9H),
0.87-1.05 (m, 6H).

77C Preparacidn “de 1-(2-

isopropoxietil)hidrazinacarboxilato de terc-butilo

e

H,N-N,
2 Boc

A una soluciédn de 1,3—dioxqisoindolin—2—il(é~
isopropoxietil)carbamato de terc-butilo (ejemplo 77B, 1.262
g, 3.62 mmol) en tetrahidrofurano (24.15 ml) a 0°C se le
afiadidé lentamente metilhidrazina (0.289 ml, 5.43 mmol). La
mezcla de reaccién se agité a 0°C durante 3 h. La mezcla de

reaccién se filtréd, retirando el precipitado de color blanco

-y el filtrado se concentré al vacio. El semisélido se trituréd

con acetato de etilo (2 x) y el triturado se concentrdé al
vacio. Este proceso se repitid, proporcionando al final 1-(2-
isopropoxietil)hidrazinacarboxilato de terc-butilo (0.665 g,

rendimiento del 84%) en forma de un aceite de color amarillo.

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 3.52-3.65 (m, 5
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H), 1.48 (s, 9H), 1.15 (d, 6H, J = 6.27 Hz).

77 Preparacidén de N,N-diciclopropil-6-etil-4-(1-(2-

isopropoxietil)~5—metil—1H4pirazol—3—ilamino)—1—metil—1,6—

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—?—carboxamida

Este compuesto se prepard de acuerdo con el ejemplo
73 usando 1—(2—isopropoxietil)hidrazinacarboxilato de terc-
butilo (ejemplo 77C, 29.8 mg, 0.137 mmol),. proporcionando
N,N-diciclopropil-6-etil-4-(1-(2-isopropoxietil)-5-metil-1H-
pirazol¥3—ilamino)—l—metil—l,6—dihidroimidazo[4,5—
10 dlpirrolol2,3-blpiridin-7-carboxamida (16.72 mg, rendimiento
del 48.7%) en forma de un sélido de color blanco.

MS (ESI) m/z 505.4 (M+H)
RMN 'H (400 MHz, CLOROFORMO-d) & ppm 7.89 (s, 1H),
6.99 (s, 1H), 6.88 (s, 1H), 4.65 (c, 2H, J = 7.03 Hz), 4.22
15 (t, 2H, J = 5.27 Hz), 4.06 (s, 3H), 3.78 (t, 2H, J = 5.27
Hz), 3.52 (dt, 1H, J = 12.11, 6.12 Hz), 2.79-2.88 (m, 2H),
2.41 (s, 3H), 1.50 (t, 3H, J = 7.03 Hz), 1.09 (d, 6H, J =
6.27 Hz), 0.82-0.91 (m, 4H), 0.71-0.81 (m, 4H).

Ejemplo 78

20 _ ’JF*ONE

m ol
M _p—

N N N'

N,N;Diciclopropil—6—etil—4—(1—(2—(2—

25 metoxietoxi)etil)-5umetil-1H;pirazol—3—ilamino)-1—metil—1,6—
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dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

78A Preparacién de 1,3-dioxoisoindolin-2-il(2-(2-

metoxietoxi)etil)carbamato de terc-butilo

OMe
5 0 OI |
o e
| N Boc

O

El compuesto se preparéd devacuerdo con el Ejemplo
77B usando l-bromo-2-(2-metoxietoxi)etano (0.259 ml, 1.906
10 mmol), proporcionando 1,3-dioxoisoindolin-2-1i1(2- (2~
metoxietoxi)etil)carbamato de. terc-butilo (0.583 g,
rendimiento del 84%) en forma de un aceite de color amarillo
claro. |
MS (ESI) m/z 265.2 (M—-C4HoCO,)
15 RMN 'H (400 MHz, CLOROFORMO-d) en forma de una
mezcla de rotdémeros & ppm 7.85-7.94 (m, 2H), 7.73-7.82 (m,
2H), 3.83-3.93 (m, 2H), 3.67-3.74 (m, 2H), 3.48-3.59 (m, 2H), .

3.30-3.43 (m, 2H), 3.16-3.28 (m, 3H), 1.29-1.55 (m, 9H).

78B Preparacidén . de 1-(2-(2-

20 etoxietoxi)etil)hidrazinacarboxilato de terb—butilo

O///ON&
[,J

H,N-N,
) oC

El compuesto se preparé de acuerdo con el ejemplo

25 1717C usando 1,3-dioxoisoindolin-2-i1 (2-(2-
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metoxietoxi)etil)carbamato de terc-butilo (0.583 g, 1.600

mmol),‘ _ proporcionando 1-(2-(2-
metoxietoxi)etil)hidrazinacarboxilato de'terc~butilo (0.4 g,
rendimiento del 107%) en forma de un aceite de bélor

amarillo.

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 3.51-3.70 (m

’

8H), 3.39 (s, 3H), 1.48 (s, OH).

78 Preparacidn de N,N-diciclopropil-6-etil-4-(1-(2-

(2—metoxietoxi)etil)—S—metil—lﬂLpirazol—B—ilamino)—1—metil—

1,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

Este . compuesto se prepard de acuerdo con el ejempio
74 usandol 1-(2-(2-metoxietoxi)etil)hidrazinacarboxilato de
terc-butilo (ejemplo 788, 43.2 mg, 0.184 mmolj,
proporcionando N,N¥diciclopfopil—6~etil—4-(1—(2—(2—
metoxietoxi)etil)—5—metil—lHFpirazol¥3—ilamino)Fl—metil—l,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida
(17.34 mg, rendimiento del 36%) en forma dé un sélido de
color blanco.

MS (ESI) m/z 521.4 (M+H)

RMN 'H (400 MHz, CLORdFdRMO—d) § ppm 7.85 (s a, 1H),
6.91 (s, 1H), 6.87 (s, 1H), 4.65 (c, 2H, J = 7.03 Hz), 4.20
(t, 2H, J = 5.27 Hz), 4.05 (s, 3H), 3.87 (t, 2H, J = 5.65
Hz), 3.53-3.59 (m, 2H), 3.50 (ddd, 2H, J = 5.40, 2.89, 2.76
Hz), 2.77-2.87 (m, 2H), 2.38 (s, 3H), 1.50 (t, 3H,.J = 7.03

Hz), 0.82-0.91 (m, 4H), 0.71-0.79 (m, 4H).
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Ejemplo 79
\
J> M /’/
%08y
P W
O N N N/L”)\\
J H

Pieparacién de N,N-diciclopropil-6-etil-l-metil-4-(5-

metil—1-pfopil—1H>pirazol—3—ilamino)f1,6—dihidroimidazo[4,5—

“dlpirrolo[2,3-blpiridin~7-carboxamida

797 Preparacién de l-propilhidrazinacarboxilato de

'Vterc—butilo

_

H,NN
Boc

A una soluciédn de propilhidrazina, sal del &cido
oxXalico (0.5 g, 3.05 mmol) en etanol (3 ml) en un matraz de
fondo redondo en una atmésfera de nitrégeno se le anadid
trietilamina (0.425 ml, 3.05 mmol). La mezcla de reaccidn se
enfrié a 0°C y se anadié gota a gota BOC,0 (0.707 ml, 3.05
mmol) disuelto en etanol (1 ml) durante 10 min. La mezcla de
reaccién se dejé calentar a la temperatura ambiente durante
16 h. El etanol se retiré mediante concentracién al vacio. E1
residuo se recogid en agua y acetato de etilo? La fase acuocsa
se extrajo con acetato de etilo (3 x). Los extractos
organicos cémbinados se secaron sobre sulfato sdédico anhidro,
se filtraron y se concentraron al vacio. El producto en bruto

se usd tal cual en la siqguiente reaccién.

J4e
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RMN 'H (400 MHz, CLOROFORMO-d) & ppm 3.30-3.36 (m,
2H), 1.59 (de, 3H, J = 14.40, 7.33 Hz), 1.48 (s, 9H), 0.88
(t, 3H, J = 7.40 Hz).

79 Preparacién de N,N-diciclopropil-6-etil-1l-metil-

4—(S—metil—lﬁpropil¥1H=pirazol—3—ilamino)—1,6—

dihidroimidazo[4,5;d]pirrolo[2,3—b}piridin—7—carboxamida

Este compuesto se prepard de acuerdo con el ejemplo
74 usando l-propilhidrazinacarboxilato de terc-butilo
(ejemplo 79A, 19.87 mg, '0.114 mmol), proporcionando N,N-
diciclopropil-6-etil-l-metil-4-(S-metil-1-propil-1H-pirazol-
3—ilamino)—1,6—dihidroimidazo[4,5—d]pirrolo[2,3—b}piridin—7—
carboxamida (15.6 mg, rendimiento del 59%) en forma de un
s6lido de color blanco.

MS (ESI) m/z 461.4 (M+H)

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 7.74 (s a, 1H),
6.92 (s, 1H), 6.86 (s, 1H), 4.66 (c, 2H, J = 7.11 Hz), 4.03 (s,
3H), 3.95 (t, 2H, J = 7.15 Hz), 2.78-2.87 (m, 2H), 2.34 (s, 3H),
1.87 (dc, 3H, J = 14.49, 7.30 Hz), 1.50 (t, 3H, J = 7.15 Hz),
0.96 (t, 3H, J = 7.40 Hz), 0.83-0.89 (m, 4H), 0.72-0.79 (m, 4H).

Ejemplo 80

m o

N}NLDic1clopropll—4-(l—(2,2—d1fluoroétil)—5—metil—

1H;pirazol—3—ilamino)—G—etil—l—metil-l,6—dihidroimidazo[4,5—
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d]lpirrolo[2,3-b]lpiridin-7-carboxamida

80A Preparacidn de 2,2-difluoroetil (1,3~

dioxoisoindolin-2-il)carbamato de terc-butilo

0

Boc
N-N F
0] F

El compuesto del titulo se preparé usando un
procedimiento analogo al que se ha usado para preparar el

ejemplo 77A.

‘80B Preparacién de - 1-(2,2-

difluoroetil)hidrazinacarboxilato de terc-butilo

Boc
H,N-N F

El compuesto del titulo “se preparé usando un
procedimiento andlogo al que se ha usado para preparar el
ejemplo 77B.

RMN 'H (400 MHz, CLOROFORMO-d) &: 5.94 (tt, J = 56.3,
4.4 Hz, 1H), 3.74 (td, J = 13.8, 4.4 Hz, 2H), 1.48 (s, O9H).

80 Preparacidn de N,N-diciclopropil-4-(1-(2,2~

difluoroetil)—5—metil—lHFpirazol—B—ilamino)—6—etil—1—metil—

1,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—?—carboxamida

El compuesto del titulo se preparé usando un

procedimiento analogo al que se ha usado para preparar el

ejemplo 73.



200345

171

MS (ESI) m/z 483.3 (M+H).

RMN 'H 500 MHz, (CLOROFORMO-d) §&: 8.17 (s a, 1H),
7.66 (s, 1H), 7.01 (s, 1H), 6.85 (s, 1H), 6.05 (tt, J = 56.0,
4.4 Hz, 1H), 4.65 (c, J = 6.9 Hz, 2H), 4.30 (td, J - 13.2,:4.3
5 Hz, 2H), 3.99 (s, 3H), 2.79-2.86 (m, 2H), 2.36 (s, 3H), 1.49
(t, J =7.1Hz, 3H), 0.81-0.88 (m, 4H), 0.72-0.79 (m, 4H).

Ejemplo 81
AN
T
P /
10 AT
Q\ H
4—(1-Ciclobutil—S—metil—1HFpirazol-3-ilamino)HNjN—
diciclopropilf6—etil—1—metil—l,6-dihidroimidazo[4,5-
dlpirrolo[2,3-blpiridin-7-carboxamida

15 8lA Preparacidn de l1-ciclobutilhidrazinacarboxilato

de terc-butilo
Boc
N.
[:7/ NH,
El compuesto del titulo se prepard siguiendo el
20 procedimiento descrito por So Ok Park et al., en J. Comb.

Chem. 11, 315-326, 2009.

81 Preparacién de 4-(l-ciclobutil-5-metil-1H-

pirazol—3—ilamino)—N;N¥diciclOpropil—6—etil—1—metil—l,6—

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

25 El compuesto del titulo se prepard usando un
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procedimiento andlogo al gue se ha usado para preparar el

ejemplo 73.
MS (ESI) m/z 473.4 (M+H).

~ RMN 'H (500 MHz, CLOROFORMO-d) &: 8.05 (s, 1H), 6.91

5 (s, 1H), 6.79 (s, 1H), 4.68 (quint., J = 8.4 Hz, 1H), 4.61
(c, J = 7.1 Hz, 2H), 4.07 (s, 3H), 2.80-2.87 (m, 2H), 2.69-
2.79 (m, 2H), 2.37-2.47 (m, 2H), 2.32 (s, 3H), 1.78-1.98 (m,

2H), 1.47 (t, J = 7.1 Hz, 3H), 0.82-0.91 (m, 4H), 0.72-0.80

(m, 4H).
10 Ejemplo 82
\ Oo—
P
D>—N- / X N-NVN
0O N’l‘N/ }(JLJ)‘\
K H
15 N,N-Diciclopropil-6-etil—-4-(1-(l-metoxipropan-2-
il) -5-metil-1H-pirazol-3-ilamino)-l-metil-1,6-
dihidrqimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida
Preparado como se ha descrito en el ejemplo 77.
MS (ESI) m/z 491 (M+H).
20 RMN 'H (400 MHz, CLOROFORMO-d) & ppm 8.18 (s a, 1H)

7.63 (s, 1 H) 6.93 (s, 1H) 6.85 (s, 1H) 4.66 (c, J = 7.04 Hz,
2H) 4.29-4.48 (m, J = 13.31, 6.82, 6.82, 6.71 Hz, 1H) 4.00
(s, 3H) 3.55-3.79 (m, 2H) 3.29 (s, 3H) 2.72-2.92 (m, 2H) 2.36

(s, 3H) 1.49 (t, J = 7.04 Hz, 3H) 1.46 (d, J = 6.82 Hz, 2H)
25 0.68-0.93 (m, 8H).
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Ejemplo 83

N,N-Diciclopropil-6-etil-1-metil-4- (5-metil-1-
(tetrahidro—2H>piran—4—il)—1H;pirazol—3—ilémino)-1,6—

dihidroimidazo[4,5-d]pirrolo[2,3-b]piridin-7-carboxamida

Preparado usando un procedimiento similar al del

10  ejemplo 77.

MS (ESI) m/z 503 (M+H).

RMN 'H (500 MHz, CLOROFORMO-d) & ppm 8.12 (s, 1H)

(s, 1H) 6.86 (s, 1H) 4.66 (c, J = 7.21 Hz,

(td, J = 12.00, 1.80

7.64 (s, 1H) 6.95

2H) 4.09-4.23 (m, 3H) 4.01 (s, 3H) 3.55

15  Hz, 2H) 2.73-2.89 (m, 2H) 2.37 (s, 3H) 2.25-2.36 (m, 2H) 1.84

(dd, J = 12.76, 2.22 Hz, 2H) 1.50 (t, J = 7.07 Hz, 3H) 0.71-

0.91 (m, 8H).
Ejemplo 84

20 )
N?N
w m -

N,N-Diciclopropil-4- (1~ (2-(dimetilamino)etil) -5~

metil-1H-pirazol-3-ilamino)-6-etil-1-metil-1, 6~

25 dihidroimidazo[4,5-d]pirrolo[2,3-blpiridin-7-carboxamida
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Preparado usando un procedimiento similar al del
ejemplo 77.

MS (ESI) m/z 490 (M+H).
RMN "H (500 MHz, CLOROFORMO-d) & ppm 8.08 (s, 1H)
5 7.6 (s, 1H) 6.96 (s, 1H) 6.86 (s, 1H) 4.65 (c, J = 7.21 Hz,
2H) 4.24 (s a, 2H) 4.01 (s, 3H) 3.01-3.22 (m, 2H) 2.70-2.89
(m, 2H) 2.50 (s a, 6H) 2.37 (s, 3H) 1.49 (t, J = 7.07 Hz, 3H)
0.71-0.91 (m, 8H).

Ejemplo 85
10 OH

/ N’N
%ngI -
N,N;Diciclopropil—6—etil—4-(1—(2—hidroxietil)—5—‘

15 'metil—lH;pirazol—S—ilamino)—1—metil—1,6—dihidroimidazo[4,5—

d]pirrolo[2,3—b]piridin—7ecarboxémida

Preparado usando un procedimiento similar al del
ejemplo 77.

MS (ESI) m/z 463 (M+H).

20 RMN 'H (500 MHz, MeOD) & ppm 7.93 (s, 1H) 7.16 (s,
1H) 6.88 (s, 1H) 4.60 (c, J % 7.21 Hz, 2H) 4.09 (t, J =
5.55 Hz, 2H) 4.05 (s, 3H) 3.88 (t, J = 5.55 Hz 2H) 2.88-
3.00 (m, 2H) 2.37 (s, 3H) 1.43 (t, J = 7.07 Hz, 3H) 0.62-
0.98 (m, 8H).

25
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Ejemplo 86

N\
N’
o)

P
SeeEy
O

N,N-Diciclopropil-4-(1-(2- (dimetilamino)-2-
oxoetil)—5—metil—iH;pirazol—B—ilamino)—6—etil—1—metil—1,6—
dihidroimidazo[4,5-d]lpirrolo[2,3-b]piridin-7~-carboxamida

Preparado usando un procedimiento similar all del

10 ejemplo 77.

MS (ESI) m/z 504 (M+H).

RMN ‘H (500 MHz, MeOD) & ppm 7.93 (s, 1H) 7.16 (s,
1H) 6.99 (s, 1H) 4.97 (s, 2H) 4.61 (c, J = 6.94 Hz, 2H) 4.05
(s, 3H) 3.15 (s, 3H) 2.98 (s, 3H) 2.79-2.97 (m, 2H) 2.29 (s,
15 3H) 1.44 (t, J = 7.07 Hz, 3H) 0.72-0.91 (m, 8H).
Ejemplo 87
AN
t}_Nﬁ> N>¥q NC>

-N
/|\ N
P |y
v O N ™y N/LV)\\
Q\ H
20 .
4—(1—(Cianometil)—5—metil—lH%pirazol—3—ilamino)—
N,thiciclopropil—6—etil-1-metil-1,6—dihidroimidazo[4,5—
dlpirrolo[2,3-b]lpiridin-7-carboxamida
Preparado usando un procedimiento similar al del ejemplo 77.

25 MS (ESI) m/z 458 (M+H).
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RMN 'H (400 MHz, CLOROFORMO-d)™ ppm 8.17 (s, 1H)
7.67 (s, 1H) 7.10 (s, 1H) 6.87 (s, 1H) 4.93 (s, 2H) 4.65 (c,
J = 7.04 Hz, 2H) 4.01 (s, 3H) 2.76-2.92 (m, 2H) 2.43 (s, 3H)
1.50 (t, J = 7.04 Hz, 3H) 0.68-0.93 (m, 8H).

-5 : Ejemplo 88

10 N,N>Diciclopropil—6-etil-4—(1—(3—metoxipropili—5—
metil—lﬂkpirazol—B—ilamino)-1fmetil—1,6—dihidroimidazo[4,5—
d]lpirrolo[2,3-b]piridin-7-carboxamida |

Preparado usando un procedimiento similar al del
ejemplo 77.
15 MS (ESI) m/z 491 (M+H).
RMN 'H (400 MHz, CLOROFORMO-d)™ ppm 8.11 (s, 1H)
7.62 (s, 1H)l6.92 (s, 1H) 6.78-6.89 (m, 1H) 4.66 (c, J = 7.04
Hz, 2H) 4.06 (t, J'= 6.60 Hz, 2H) 3.98 (s, 3H) 3.29-3.39 (m,
4H) 2.75-2.91 (m, 2H) 2.34 (s, 3H) 2.08 (dc, J = 6.38, 6.16
20 Hz, 2H) 1.50 (t, J = 7.04 Hz, 3H) 0.70-0.94 (m, 8H).

Ejemplo 89

25 N,N-Diciclopropil-6~etil-4-(1l-isopropil-5-
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N

meti1—1H;pirazol—3—ilamino)—1—metil—1,6—dihidroimidazo[4,5—
d]pirrolo[2,3-b]lpiridin-7-carboxamida

Preparado usando un procedimiento similar al del
ejemplo 77.

5 MS (ESI) m/z 461 (M+H).

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 8.15 (s, 1H)
7.62 (s, 1H) 6.91 (s, 1H) 6.85 (s, 1H) 4.66 (c, J = 7.19 Hz,
2H) 4.25-4.48 (m, 1H) 3.99 (s, 3H) 2.66-2.90 (m, J = 7.13,

7.13, 3.85, 3.47 Hz, 2H) 2.34 (s, 3H) 1.38-1.58 (m, 9H) 0.68-
10 0.91 (m, 8H).

Ejemplo 90
N\
J> N ﬁ<
e Es
7 N
P /
15 '

N,N-Diciclopropil-6-etil-4-(l-isobutil~5-metil-1H-
pirazol—3—ilamino)—1—metil-1,6—dihidroimidazo[4,5—
dlpirrolo[2,3-b]lpiridin-T-carboxamida

Preparado usando un procedimiento similar al del

20 ejemplo 77.
MS (ESI) m/z 475 (M+H).

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 8.11 (s, L1H)
7.62 (s, 1H) 6.93 (s, 1H) 6.85 (s, 1H) 4.66 (¢, J = 7.04 Hz,

2H) 3.99 (s, 3H) 3.74 (d, J = 7.48 Hz, 2H) 2.74-2.89 (m, 2H)

25 2.33 (s, 3H) 2.18-2.29 (m, 1H) 1.50 (t, J = 7.04 Hz, 3H) 0.94
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(d, J = 6.60 Hz, 6H) 0.72-0.88 (m, 8H).

Ejemplo 91

P

O N N N
] H

Preparacién de N,N;diciclopropil—6—etil—1—metilf4—
(5—metil—1H;pirazol—3—ilamino)—1,6-dihidroimidazo[4,5—,
d]pirrolo[2,3—b]piridin—7—carboxamida

10 Preparado usandc un protoéolo similaf al del
ejemplo 72 a partir de hidrazina.

MS (ESI) m/z 419.3 (M+H)

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 8.70 (s a, 1H),
7.91 (s a, 1H), 6.87 (s, 1H), 6.09 (s a, 1H), 4.64 (c, 2H, J =

15 7.03 Hz), 4.08 (s, 3H), 2.74-2.95 (m, 2H), 2.41 (s, 3H), 1.51
(t, 3H, J =7.15 Hz), 0.81-0.95 (m, 4H), 0.70-0.81 (m, 4H).

Ejemplb 92

—~
e
20 | d N M p—

N,N>Diciclopropil-6—etil-1—metil—4—((5—metil-1—(2—
(metilsulfonil)etil)—1H>pirazol—3—il)amino)-1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

25 Preparado usando el mismo procedimiento que se ha
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usado para el ejemplo 77.

' MS (ESI) m/z 525.3 (M+H)

RMN 'H (CDC13) & ppm 8.25 (s a, 1H), 7.75 (s, 1H),
6.86 (s, 1H), 6.77 (s, 1H), 4.54 (c, 2H, J = 8 Hz), 4.36 (t,
2H, J =8 Hz), 3.97 (s, 3H), 3.58 (t, 2H, J = 8 Hz), 2.71-
2.77 (m, 2H), 2.44 (s, 3H), 2:34 (s, 3H), 1.41 (t, 34, J = 8
Hz), O.75—O.78v(m, 4H), 0.67-0.71 (m, 4H).

Ejemplo 93
OH

N,N-Diciclopropil-6-etil-4-((1-(cis-4-
hidroxiciclohexil)—5—metil—1H¥pirazol—3—il)amino)—1—metilf
1,6—dihidrbimidazo[4,5—d]pirrolo[2,3—b]piridin—?—carboxamida-

Preparado usando el mismo procedimiento que se ha
usado para el ejemplo 77.

MS (ESI) m/z 517.4 (M+H)

RMN 'H (CDC13) & ppm 8.14 (s a, 1H), 7.56 (s, 1H),
6.83 (s, 1H), 6.76 (s, 1H), 4.59 (c, 2H, J ='8 Hz), 4.01-4.02
(m, 1H), 3.93 (s, 3H), 3.88-3.93 (m, iH), 2.73-2.77 (m, 2Hi,
2.28 (s, 3H), 2.25-2.33 (m, ZH), 1.93-1.96 (m, 2H), 1.59-1.73

(m, 4H), 1.42 (t, 3H, J =8 Hz), 0.73-0.78 (m, 4H), 0.66-0.70
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[

procedimiento andlogo al que se ha usado para preparar

el ejemplo 70A.

RMN 'H (400 MHz, CDCls3) &: 6.08 (s, 1H), 2.47
(s, 3H), 2.46 (s, 3H), 1.14 (s, 3H), 1.12 (s, 3H).

95B Preparacidén de (Z)-N,N-diciclopropil-6-

etil—l—metil—4—(4—metil—1—(metiltio)—3—oxopent—l—

enilamino)—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—

b}piridin—7—¢arboxamida

D‘NMN /
, /77 Y S O
0 <\ W HJQ@JKT/

N"N""N

El compuesto del titulo se prepardé usando un

procedimiento andlogo al que se ha usado para preparar

el ejemplo 70B.
MS (ESI) m/z 481.4 (M+H).

95 Preparacién de N,N-diciclopropil-6-etil-4-

(5-isopropil—l—metil—1H—pirazol—3—ilamino)—1—metil—1,6—

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—

carboxamida

El compuesto del titulo se prepardé usando un

proéedimiento analogo al que se ha usado para preparar

el ejemplo 73.
MS (ESI) m/z 461.4 (M+H).

RMN *H (500 MHz, CDCls) &: 7.80 (s, 1H), 7.07
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Ejemplo 94
\ 0
J:> N= Osd
I
0 E N‘/ N/l\/\
H

N,N-Diciclopropil-6-etil-1-metil-4- ((5-metil~

.1—(metilsulfonil)—1H;pirazol—3—il)amino)—1,6~

dihidroimidazo[4,5-d]pirrolo[2,3-b]piridin-7~carboxamida
Preparado usando el mismo procedimiento que se ha
usado para el ejemplo 77.

MS (ESI) m/z 497.3 (M+H)

RMN 'H (CDC13) & ppm 8.46 (s a, 1H), 7.75 (s, 1H),
7.16 (s, 1H), 6.78 (s, 1H), 4.54 (c, 2H, J = 8 Hz), 3.97 (s,
3H), 3.19 (s, 3H), 2.72-2.76 (m, 2H), 2.51 (s, 3H), 1.41 (t,
3H, J =8 Hz), 0.72-0.78 (m, 4H), 0.66-0.69 (m, 4H).
Ejemplo 95
AN .
J> N’\\N /
z Y
0 E\ NN
H-

N,N-Diciclopropil-6-etil-4-(5-isopropil-1-

'metil~1H;pirazol—3—ilamino)—l—metil—l,6-dihidroimidazo[4,5—

 dlpirrolo[2,3-blpiridin-7-carboxamida

95A Preparacién de 4-metil-1,1-bis (metiltio)pent-1l-en-3-ona

/ .

El compuesto del titulo se preparé usando un




@]

10

15

20

181 : ITLERE

procedimiento andlogo al que se ha usado para preparar
el ejemplo 70A.

RMN 'H (40C MHz, CDCl;) &: 6.08 (s, 1H), 2.47
(s, 3H), 2.46 (s, 3H), 1.14 (s, 3H), 1.12 (s, 3H).

95B Preparacidn de (2)-N,N=-diciclopropil-6-

etil-l-metil-4-(4-metil-1-(metiltio)-3-oxopent-1-

enilamino)-1,6~-dihidroimidazo[4,5-d]}pirrolo[2,3-

blpiridin-7-carboxamida

MMN /
/7YY S O
© K W H&/H\(

N™ N7 N

El compuesto del tituld se prepard usando un
procedimiento'anélogo al que se ha ﬁsado para preparar
el ejemplo 70B.

MS (ESI) m/z 481.4 (M+H).

95 Preparacidén de N,N-diciclopropil-6-etil-4-

(5-isopropil-l-metil-1H-pirazol-3-ilamino)-l-metil-1, 6~

dihidroimidazo[4,5-d]lpirrolo(2,3-blpiridin-7-

carboxamida

E1l compueéto del titulo se preparé usando un
proéedimiehto analogo al que se ha usado para preparar
él ejemplo 73;

MS (ESI) m/z 461.4 (M+H).

RMN 'H (500 MHz, CDCl;) &: 7.80 (s, 1H), 7.07
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(s, 1H), 6.86 (s, 1H), 4.60 (c, J = 6.9 Hz, 2H), 4.02
(s, 3H), 3.79 (s, 3H), 2.93-3.01 (m, 1H), 2.79-2.86 (m,
2H), 1.52 (t, J = 7.1 Hz, 3H), 1.35 (d, J = 6.9 Hz,
6H), 0.82-0.89 (m, 4H), 0.72-0.78 (m, 4H).

Ejemplo 96

AN
N
. | P / Y
O N NN
g\ - H
N,N-Diciclopropil-4-(5~-ciclopropil-1-etil-1H-

pirazol—B—ilamino)—6—etil—1—metil—l,6;
dihidroimidazo{4,5-d]pirrolo{2,3-blpiridin-7-

carboxamida

96A Preparacidn de l-ciclopropil-3, 3-

bis(metiltio)prop~-2-en-1-ona

NE N

El cbmpuesto del titulo se prepardé usando un

procedimiento andlogo al que se ha usado para preparar
el ejemplo 72A.

RMN 'H (400 MHz, CDCl;) §: 6.23 (s, 1H), 2.50
(s, 3H), 2.48 (s, 3H), 1.86-1.94 (m, 1H), 1.09 (quint.,

J = 3.7 Hz, 2H), 0.82-0.88 {(m, 2H).
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96B Preparacién de (Z)-N,N-diciclopropil-4-(3-

ciclopropil-1-(metiltio)-3~-oxoprop-l-enilamino)~6-etil-1-~

metil—i,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—

carboxamida

(@3]

N\
| P NA
\ /
P
O N N/kk/u\i7
4\ H
El compuesto del titulo se prepard usando un

10  procedimiento andlogo al que se ha usado para preparar el

ejemplo 72B.

MS (ESI) m/z 479.3 (M+H) .

RMN 'H (400 MHz, CDClz) &: 14.81 (s, 1H), 7.75 (s,
1H), 6.85 (s, 1H), 5.58 (s, 1H), 4.62 (c, J = 7.0 Hz, 2H),

15 4.00 (s, 3H), 2.75-2.85 (m, 2H), 2.45 (s, 3H), 1.76-1.86 (m,

1H), 1.46 (t, J = 7.0 Hz, 3H), 1.17-1.28 (m, 2H), -0.69-0.91

(m, 10H) ..

96 Preparacién de N,N-diciclopropil-4-(5-

ciclopropil-l-etil-1H-pirazol-3-ilamino)-6-etil-1l-metil~1, 6-

4]" 20 dihidroimidazo[4,5-dlpirrolo[2,3-b]piridin-7-carboxamida

El compuesto del titulo se prepard usando un

procedimiento andlogo al que se ha usado para preparar el

ejemplo 73.

MS (ESI) m/z 473.3 (M+H).
25

-~
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Ejemplo 97

AN :
J:> qu%q /
N o
O N N N :
M H

N;NLDiciélopropil—Gfetil—l—metil—4—(l—metil—lHLpirazol43—
ilamino)-1,6-dihidroimidazo[4,5-d]pirrolo[2,3-blpiridin-T7-
carboxamida

97A Preparacién de 4-bromo-N,N-diciclopropil-6-etil-1-

metil-1,6-dihidroimidazo(4,5-d]jpirrolo{2,3-b]lpiridin-7-

carboxamida

Un matraz de fondo redondo cargado con 4-amino-N,N-
diciclopropil-6-etil-1-metil-1, 6-dihidroimidazo[4, 5-
dlpirrolo[2,3-b]piridin-7-carboxamida (134.4 mg, 0.397 mmol) en
una atmésfera de nitrégeno se tratd con dibromometano (397 ul).
Se aﬁadié nitrato de isocamilo (107 pl, 0.794 mmol) y la mezcla de
reaccién se calentd a 60°C durante 3.5 h y se enfridé a la ta. La
mezcla de reaccidén se diluyd con acetato de etilo y se lavé con
bicarbonato sédico acuoso saturado. Los productos organicos se
secaron sobre sulfato. sédico anhidro, se filtraron y se
concentraron al vacio. Se aisld 4-bromo-N,N-diciclopropil-6-etil-

1—metil—1,6~dihidroimidazo[4,5—d]pirrolo[2,3~b]piridin—7—

~-
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carboxamida (0.156 g, (.388 mmol, rendimiento del 98%) en‘forma
de un sélido vidricse de color pardo. El producto se usd

inmediatamente en la siguiente reacciédn.
MS (ESI) m/z 404.2 (M+H)

97 Preparacion de N,N-diciclopropil-6-etil-1l-metil-4-

(Ll-metil-1H-pirazol~3-ilamino) -1, 6-dihidroimidazo[4, 5~

dlpirrolo[2,3-blpiridin-7-carboxamida

A un vial con 1-metil-1H-pirazol-3-amina (11.89 mg,

0.122 mmol), Pdj(dba)s (4.67 mg, 5.10 pmol), Xantphos (5.90 mg,

10.20 pmol) y carbonato de cesio (100 mg, 0.306 mmol) se le

afiadié 4-bromo-N,N-diciclopropil-6-etil-1-metil-1, 6-

dihidroimidazo(4, 5-d]pirrolo(2, 3-blpiridin-7-carboxamida (ejemplo

©97a, 41.0 mg, 0.102 mmol) en DME (1020 pl). La mezcla de reaccién

se rocid con argédn durante 5 min, el vial se tapd y la mezcla de
reaccién se calentd a 60°C durante 4 h y a 80°C durante 16 h. La
mezcla de reaccidén se concentrd al vacio. El residuo en bruto se
purificé por cromatografia ultrarrdpida en columna usando. una
columa Isco de 40 g eluyendo con MeOH al 0-5%/CH,Cl, seguido de
purificacién adicional con HPLC preparativa. Se aislé N,N-
diciclopropil-6-etil-1-metil-4-(1l-metil-1H-pirazol-3-ilamino) -

1, 6-dihidroimidazo(4, 5-d]pirrolo([2, 3~b]lpiridin-7-carboxamida (13
mg, 0.030 mmol, rendimiento del 29.5%) en forma de un sdélido de
color blanco. |

MS (ESI) m/z 419.3 (M+H)

RMN *H (400 MHz, CLOROFORMO-d) & ppm 8.17 (s, 1H), 7.64

109359
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(s, 1H), 7.31 (d, 1H, J = 2.26 Hz), 7.16 (d, 1H, J = 2.26 Hz),
6.806 (s, 1H), 4.65 (c, 2H, J = 7.03 Hz), 4.01 (s, 3H), 3.85 (s,
3H), 2.78—2.87 (m, 2H), 1.49 (t, 3H, J = 7.15 Hz), 0.81-0.89 (m,

4H), 0.71-0.80 (m, 4H).
Ejemplo 98

(&3]

>—N / N N

LN
O N NN
{ H
0 N,N-Diciclopropil-6-etil-l-metil-4- (l-metil-1H-pirazol-

1
‘\* 4~-ilamino) -1, 6-dihidroimidazo[4,5-d]pirrolo[2,3-b]lpiridin-7-

carboxamida
Se prepard usando un procedimiento similar al que se ha
usado para el éjemplo 97. |
15 EMN 'H (500 MHz, CLOROFORMO-d) &: 8.15 (s, 1H), 7.72
(s, 1H), 7.67 (s, 1H), 7.66 (s a, 1H), 6.85 (s, 1H), 4.65 (c, J =
7.2 Hz, 2H), 4.01 (s, 3H), 3.95 (s, 3H), 2.79-2.86 (m, 2H), 1.50
(t, J=7.1 Hz, 3H), 0.81-0.89 (m, 4H), 0.73-0.79 (m, 4H).

Ejemplo 99
N .
P a
> N
J I AN I\I]—N 0
) 0) N N/ Iq/L<%¥“<§;ﬂ
' (\ H

N,N-Diciclopropil-6-etil-4-((5-(2-furil)~1l-metil-

(:]lizo

20 1lH-pirazol-3-il)amino)-1l-metil-1,6-dihidroimidazo[4,5~
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dlpirrolo[2,3-b]lpiridin-T7-carboxamida

Se prepard por un procedimiento similar al usado

para el ejemplo 73.

MS (ESI) m/z 485.4 (M+H)

RMN 'H (CDC13) & ppm 8.03 (s a, 1H), 7.58 (s, 1H),
7.48 (m, 1H), 7.35 (s, 1H), 6.79 (s, 1H), 6.54 (d, 1H, J =

3.3 Hz), 6.47 (m, 1H), 4.58 (c, 2H, J = 7.04 Hz), 3.94 (s,

3H), 3.93 (s, 3H), 2.74 {(m, 2H), 1.44 (t, 3H), 0.69-0.79 (m,

8H) .

Ejemplo 100

N,N-Diciclopropil-6-etil~1l-metil-4-((l-metil-5-
(trifluorometil)-1H-pirazol-3-il)amino) -1, 6-
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin~7—carboxamida

Se prepard por un procedimiento similar al usado

para el ejemplo 73.
MS (ESTI) m/z 487.3 (M+H)

RMN 'H (CDC13) & ppm 7.41 (s, 1H), 7.12 (s, 1H),

6.78 (s, 1H); 4.52 (c, 2H, J = 7.04 Hz), 4.11 (s, 3H), 3.86

(s, 3H), 2.74 (m, 2H), 1.42 (t, 3H, J = 7.15 Hz), 0.67-0.80

(m, 8H).
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Ejemplo 101

ol '

m '
’/

Acido 3—(7—(diciclopropilcarbamoil)—6—eti1-l—metil—
1,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)—1-
etil-1H-pirazol-5-carboxilico

101A Preparacién de (Z) -N,N-diciclopropil-4-(4,4-

dimetoxi—l—(metiltio)—3—oxobut—1—eni1amino)—6—etil—l—me£il—

1,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin~7—carboxamida

Mm{f‘
O N
N o
Se afiadié hidruro sédico (142 mg, 3.55 mmol) a 4-
amino-N,N-diciclopropil-6-etil~l-metil-1, 6-
dihidroimidazo[4,5~d]pirrolo[2,3~b]piridin—7—carboxamida
(ejemplo 1J, 400 mg, 1.182 mmol) en DMF (7 ml) a la
temperatura ambiente y la mezcla se agité durante 30 min, se
afiadid 1,1-dimetoxi-4,4-bis(metiltio)but-3~en-2-ona (394 mng,
1.773 mmol) y la agitacién se continudé durante una noche. La
mezcla de reaccién se diluyé con acetato de etilo y ée lavéd
con agua, cloruro.de litio al 10% y agua.

La fase organica se

secO sobre sulfato de magnesio, se filtrd y se concentrd al
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vacio. El producto en bruto se purificé por cromatografia
ultrarrapida sobre gel de silice usando un sistema ISCO
automatizado  (columna de 80 g, eluyendo ~con
metanol/diclorometano al 2-5%) . Se obtuvo . (Z)-N,N-
diciclopropil-4-(4,4-dimetoxi-1- (metiltio)-3-oxobut-1-
enilamino)-6-etil-1-metil-1, 6-dihidroimidazo[4, 5-
dlpirrolo[2,3-blpiridin-7-carboxamida (484 mg, 0.944 mmol,
rendimiento del 80%5 en forma de un sélido de color amarillo.

101B Preparacién de 2= (1-(7-

(diciclopropilcarbamoil)—6—etil—1—metil—l,6—

dihidroimidazo[4,5-d]pirrolo[2,3-b]piridin-4-ilamino) -4, 4-

dimetoxi-3~-oxobut-l-enil)-l-etilhidrazinacarboxilato de (Z)-

terc-butilo N
Py (¢
' I>—N N N/BOC
K H O
Una mezéla de (Z)-N,N-diciclopropil-4-(4,4-

dimetoxi-1-(metiltio)-3-oxobut-l-enilamino)-6-etil-1-metil-

1,6~dihidroimidazo{4, 5-d]pirrolo(2,3-b]piridin-7-carboxamida

(ejemplo 101A, 160 mg, 0.312 mmol) y | 1-
etilhidrazinacarboxilato de terc-butilo (125 mg, 0.780 mmol)
en acido acético (2 ml) se agitdé a 35°C durante una noche. E1
solvente se evapordé y el producto en bruto se purificéd por
cromatografia ultrarrdpida sobre gel de silice usando un

sistema ISCO automatizado (columna de 40 g, eluyendo con
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metanol al 2-8%/diclorometano) . Se obtuvo 2-(1-(7-
(diciclopropilcarbamoil)—6—etil~1—metil—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—ilamino)~4,4—
dimetoxi-3-oxobut-l-enil)-l-etilhidrazinacarboxilato de (Z) -

terc-butilo (195 mg, 0.312 mmol, rendimiento del 100%) en

forma de un s6élido de color amarillo.
MS (ESI) m/z 625.5 (M+H).

101C Preparacién de N,N-diciclopropil-6-etil-4-(1-

etil—5—formil—l—H4pirazol—3~ilamino)—1—metil—1,6—

dihidroimidazo[4,5-d]pirrolo(2,3-b]lpiridin-7-carboxamida

Una mezcla de 2-(1-(7-(diciclopropilcarbamoil)-6- -+
etil—l—metil—l,6~dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—4—

ilamino) -4, 4-dimetoxi-3-oxobut-1-enil)-1-

.etilhidrazinacarboxilato de (Z)-terc-butilo (187 mg, 0.299 mmol)

y TFA (al 25% en dicloroetano, 1.0 ml, 2.99 mmol) se calentd a
60°C durante 0.5 h y el analisis por ILC/MS mostrd que la
reaccién se habia completado. El solvente se evapord y el
residuo se repartié entre bicarbonato sédico saturado y
diclorometano. Las fases se separaron y la fase acuosa se
extrajo con diclorometano dos veces mé&s. La fase organica

combinada se secd sobre sulfato de magnesio, se filtrd y se
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concentré al vacio. El producto en bruto se purificé por
cromatografia ultrarrapida sobre gel de silice usando un sistema
ISCO automatizado (columna de 24 g, eluyendo con metanol al 1~
5%/diclorometano) . Se obtuvo N,N¥diciclopropil—6—etil~4—(1—eﬁii—
S5-formil-1H-pirazol-3-ilamino)-1-metil-1, 6-dihidroimidazo[4, 5-
dlpirrolo[2,3-blpiridin-7-carboxamida (80 mg, 0.174 mmol,
rendimiento del 58.0%) en forma de un sélido de color amarillo.

MS (ESI) m/z 461.4 (M+H).

RMN *H (500 MHz, CDCl;) &: 9.88 (s, 1H), 8.25 (s,
1H), 7.76 (s, 1H), 7.67 (s, 1H), 6.87 (s, 1H), 4.67 (d, J =

1.2 Hz, 2H), 4.52 (c, J 7.1 Hz, 2H), 4.02 (s, 3H), 2.80-

2.86 (m, 2H), 1.52 (t, J 7.1 Hz, 3H), 1.44 (t, J = 7.2 Hz,

3H), 0.83-0.89 (m, 4H), 0.73-0.79 (m, 4H) .

101 Preparacién de - acido 3-(7~

(diciclopropilcarbamoil)~6—etil~l—metil~1,6—

dihidroimidazo[4,5~-dlpirrolo{2,3-blpiridin-4-ilamino)-1l-etil~-

lH-pirazol-5-carboxilico

Una mezcla de N,N-diciclopropil-6-etil-4-(l-etil-5-
formil-1H-pirazol-3-ilamino)-1-metil-1,6-dihidroimidazo[4, 5-
dlpirrolo([2,3-blpiridin-7-carboxamida (ejemplo 101C, 27 mg,
0.059 mmol) y OXONE (79 mg, 0.129 mmol) en DMF se agitdé a la
temperatura ambiente durante 20 h. Se afiadié agua y la mezcla
se extrajo 3 veces con diclorometano. La fase organica se
secO sobre sulfato de magnesio, se filtrdé y se concentrd al

vacio. El producto en bruto se purificé con HPLC preparativa,
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dando &cido 3~(7—(diciclopropilcarbamoil)—G—etil—l—metil—l,6—
dihidroimidazo[4,5~d]pirrolo[2,3—b]piridin—4filamino)~1—etil—
l1H-pirazol-5-carboxilico (20 mg, rendimiento del 98%)
MS (ESI) m/z 477.4 (M+H). ’
5 RMN 'H (500 MHz, METANOL-d4) 06: 7.96 (s, 1H), 7.48
(s, 1H), 7.18 (s, 1H), 4.70v(c, J'% 6.9 Hz, 2H), 4.60 (c, J

7.2 Hz, 2H), 4.09 (s, 3H), 2.94-3.00 (m, 2H), 1.45 (t, J

I

6.94 Hz, 3H), 1.44 (t, J = 7.21 Hz, 3H), 0.85-0.92 (m, 4H),
0.77-0.82 (m, 4H).

10 _ Ejemplo 102

N I
k H OH
15 N,N-Diciclopropil-6-etil~-4-(l-etil-5~

(hidroximetil)~1H-pirazol=3-ilamino)-1l-metil-1, 6~
dihidréimidazo[4,5fd]pirrolo[2,3—b]piridin—7—carboxamida

Se aﬁadié bromuro sdédico (al 10% en peso en alumina,
13.14 mg, 0.035 mmol) a N,N-diciclopropil-6-etil-4-(l-etil-5-
,K’ 20 formil-1H-pirazol-3-ilamino)-l-metil-1,6-dihidroimidazo[4,5- v

dlpirrolo[2, 3-b]piridin-7-carboxamida (ejemplo 101C, 16 mg,
0.035 mmol) en metanol (1 ml) a la temperatura ambiente y la
mezcla de reaccién se agitéd durante 0.5 h. La altmina sélida se
retird por filtracidén y el filtrado se concentrd al vacio. E1

25 producto en bruto se purificd por cromatografia ultrarréapida
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sobre gel de silice wusando un sistema ISCO automatizado
(columna de 4 g, eluyendo con metanol al 2—10%/diclorometano).
Se obtuvo N,N;dicicloprqpil—6—eti1*4~(1~eti1—5—(hidroximetil)~
1—H>pirazol—3—ilamino)*1~metil—i,6—dihidroimidazo[4,5~ R

dlpirrolo[2,3-bjpiridin-7-carboxamida (14 mg, rendimiento del

86%) en forma de un sdélido de color blanco.

MS (ESI) m/z 563.4 (M+H).

RMN 'H (500 MHz, CDCls) &: 8.09 (s, 1H), 7.59 (s,
iH), 7.08 (s, 1H), 6.81 (s, 1H), 4.72 (d, J = 4.7 Hz, 2H), 4:57
(¢, J =17.2 Hz, 2H), 4.15 (c, J = 7.3 Hz, 2H), 3.97 (s, 3H),
2.76-2.84 (m, 3H), 1.46 (t, J = 7.2 Hz, 3H), 1.41 (t, J = T7.1

Hz, 3H), 0.81-0.87 (m, 4H), 0.71-0.76 (m, 4H).

Ejemplo 103
AN
oo )
82985,
. /
0 Zi N jg/L\/>~§§\.
) /

N,N-Diciclopropil-4-(5- (dimetilcarbamoil) -1~-etil-1H-
pirazol~3—ilamino)—6—etil—1—metil~l,6—dihidroimidazo[4,5—
dlpirrolo[2,3~blpiridin-7-carboxamida

Una mezcla de &cido 3-(7-(diciclopropilcarbamoil)-6-
etil-1-metil-1, 6-dihidroimidazo[4,5-d]pirrolo(2,3-b]piridin-4-
ilamino)~1l-etil-1H-pirazol-5-carboxilico (ejemplo 101, 28 mg,

0.059 mmol), HATU (26.8 mg, 0.071 mmol) y dimetilamina (2 M en

'THF, 59 pl, 0.118 mmol) en DMF (1 ml) se agitd a la temperatura

ambiente durante 2 h. Se afadidé agua y la mezcla de reaccidén se
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extrajo 3 veces con acetato de etilo. Las fases organicas

combinadas se lavaron dos veces con cloruro de litio al 10%, se

secaron sobre sulfato de magnesio, se filtraron y se
0
concentraron al vacio. El producto en bruto se purificd por HPLC

preparativa (columna Phencmenex Luna 5u Cl8, columna de 21.2 x

250 mm, tiempo de retencién de 15.317 min, gradiente del 30-100%

de metanol acuoso durante 20 minutos que contenia acetato de

amonio 10 mM, caudal 20 ml/min y controlando a 254 nm).i Se

obtuvo N;N;diciclopropil—4~(5~(dimetilcarbamoil)—1~etil—lH¥

pirazol—3~ilamino)—6~etil—1—metil—l,6—dihidroimidazo[4,5—

dlpirrolo[2,3-b}piridin-7-carboxamida (20 mg,

rendimiento del

66.9%) en forma de un sélido de color blanquecino.

MS (ESI) m/z 504.5 (M+H).

RMN 'H (500 MHz, CDCls) &: 8.38 (s a, 1H), 7.75 (s,
1H), 7.28 (s, 1H), 6.86 (s, 1H), 4.61 (c, J = 7.2 Hz, 2H),
4.27 (¢, J = 7.0 Hz, SH), 4.03 (s, 3H), 3.27 (s, 3H), 3.17

(s, 3H), 2.79-2.86 (m, 2H), 1.47 (t, J = 7.14 Hz, 3H), 1.46

-(t, J =7.14 Hz, 3H), 0.83-0.89 (m, 4H), 0.73-0.78 (m, 4H).

Ejemplo 104
AN
Py
>N Ny
(XL ¢
- Y4
K H Q\\>
N,N-Diciclopropil-6-etil-4~-(l-etil-5- (morfolin—-4-

carbonil)—1H=pirazol—3~ilamino)—1—metil~1,6~

000368

-
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dihidroimidazo[4,5-d]pirrolo[2,3-b]piridin-7-carboxamida

El compuesto del titulo se prepardé usando un

procedimiento andlogo al que se ha usado para preparar el

ejemplo 103.
MS (ESI) m/z 546.5 (M+H).

RMN 'H (500 MHz, CDCls) &: 7.95 (s, 1H), 7.19 (s,

1H), 6.87 (s, 1H), 4.60 (c, J = 6.9 Hz, 2H), 4.28 (c, J = 7.2

Hz, 5H), 4.07 (s, 3H), 3.82 (s a, 5H), 3.76 (s a, 3H), 2.74-
2.93 (m, 4H), 1.48 (t, J = 7.14 Hz, 3H), 1.47 (t, J = 7.14

Hz, 3H), 0.84-0.90 (m, 4H), 0.74-0.78 (m, 4H).

Ejenplo 105

2 W

O N’lN/ NJKZF4$
K 1 Q;B
Cf=o

N,N-Diciclopropil-6-etil—4~ (1-etil-5- (tiomorfolina
1,1—dioxido—4—carbonil)—lH—pirazol—B;ilamino)—1—metil—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7~carboxamida

El compuesto del titulo se prepard usando un procedimiento
analogo al que se ha usado para preparar el ejemplo 103.

MS (ESI) m/z 594.5 (M+H).

RMN 'H (500 MHz, CDClz) &: 7.95 (s, 1H), 7.19 (s,

1H), 6.83 (s, 1H), 4.55 (c, J = 7.03 Hz, 2H), 4.20-4.34 (m,

6H), 4.06 (s, 3H), 3.13 (s a, 4H), 2.77-2.89 (m, 2H), 1.46

(t, J = 7.21 Hz, 3H), 1.43 (&, J = 7.21 Hz, 3H), 0.82-0.88
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(m, 4H), 0.72-0.77(m, 4H).
Ejemplo 106

SNy
DS PY.
O NNV N/L<)Kf€ _ o

\ HN
Q\ H \\\N/\\
\\/O

(@]

N,N-Diciclopropil-6-etil-4-~(l-etil-5~-(2~-
morfolinoetilcarbamoil)le—pirazol—3~i1amino)—1—metil—1,6—

dihidroimidazo[4,5-d]pirrolo[2,3-b]piridin-7-carboxamida

10 El  compuesto del titulo se preparé usando un

’ procedimiento andlogo al que se ha usado para preparar el

ejemplo 103.
MS (ESI) m/z 589.6 (M+H).

RMN 'H (500 MHz, CDCly) &: 8.18 (s, 1H), 7.68 (s,

15 1H), 7.45 (s, 1H), 6.87 (s, 1H), 4.64 (c, J = 6.9 Hz, 2H),

J = 7.2 Hz, 2H), 4.03 (s, 3H), 3.77 (s a, 4H), 3.61

(s a, 2H), 2.57 (s a, 3H),

4.54 (c,

(s a, 2H), 2.80-2.87 (m, 2H), 2.67

(¢, J = 7.1 Hz, 3H), 1.46 (t, J = 7.1

. 1.71 (s a, 3H), 1.53

Hz, 3H), 0.84-0.90 (m, 4H), 0.74-0.79 (m, 4H).

<\b20 Ejemplo 107

P )
E>_N' A N N-N 0
d>_<§jI::[N/Q¢)\%%
(\ H Q\;}

25 N,N-Diciclopropil-6-etil-4-(l-etil-5- (4-
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metilpiperazina—l~carbonil)—iH>pirazol~3~ilamino)—1—metil—
1,6-dihidroimidazo[4,5-d]pirrolo[2,3-blpiridin~7-carboxamida

El compuesto del titulo se prepard usando un procedimiento

analogo al que se ha usado para preparar el ejemplo 103.

5 MS (ESI) m/z 559.5 (M+H).

RMN ‘H (500 MHz, CDCl3) 6&: 8.19 (s, 1H), 7.66 (s, 1H),

71.26 (s, 1H), 6.87 (s, 1H), 4.63 (¢, J = 6.9 Hz, 2H), 4.26 (c, J

7.2 Hz, 2H), 4.02 (s, 3H), 3.88(s a, 4H), 2.80-2.86

(m, 2H),

2.54 (s a, 4H), 2.40 (s a, 3H), 1.48 (t, J = 7.1 Hz, 3H), 1.47

_10 (¢, J=7.1Hz, 3H), 0.82-0.90 (m, 4H), 0.73-0.79 (m, 4H).

Ejemplo 108

) = N
15 N

4—(5—((Cianometil)(metil)carbémoil)—1—etil—1H¥
pirazol—B—ilamino)—N}NLdiciclopropil~6—etil—1—metil~1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—?—carboxamida

El compuesto del titulo se prepard usando un

K\,‘ZO procedimiento andlogo al que se ha usado para preparar el

ejemplo 103.
MS (ESI) m/z 529.3 (M+H).

RMN 'H (500 MHz, CDCli) &: 8.37 (s a, 1H), 7.77 (s,

1H), 7.39 (s, 1lH), 6.86 (s, 1H), 4.62 (¢, J = 7.2 Hz, 2H),

25 4.54 (s a, 2H), 4.27-4.34 (m, 1H), 4.04 (s, 3H), 3.41 (s a,

o
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3H), 2.79-2.86 (m, 2H), 1.47 (t, J = 7.2 Hz, 6H), 0.83-0.89

(m, 4H), 0.73-0.78 (m, 4H).

Ejemplo 109

AN
| J> SR
@ sed v,
0 NN N% Q
K " H XN)k
H

4—((5—((2—Acetamidoetil)carbamoil)—1—etil—1H—
pirazol—3-il)amino)—N;NFdiciclopropil~6-etilfl—metil—1,6—’
dihidroimidazo[4,5-d]lpirrolo[2,3~-blpiridin-T7~carboxamida

El compuesto del titulo se prepardé usando un

procedimiento andlogo al que se ha usado para preparar el

ejemplo 103.
MS (ESI) m/z 561.5 (M+H).

RMN 'H (500 MHz, CDCls) &: 7.77 (s a, 2H), 7.40 (s,

1H), ©6.72 (s, 1H), 4.48-4.56 (m, 4H), 3.99 (s, 3H), 3.61-3.66

(m, 2H), 3.52-3.58 (m, 2H), 2.81 (m, 2H), 2.02 (s, 3H), 1.44

(¢, J=7.1 Hz, 3H), 1.34 (t, J = 6.9 Hz, 3H), 1.26 (s, 1H),
0.82-0.90 (m, 4H), 0.70-0.77 (m, 4H).

Ejenmplo 110

AN
P )
S e,
l . / Y/
O N

CMh QN\/

N,N-Diciclopropil-4-((5-(dietilcarbamoil) -l-etil-

D
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lLH-pirazol-3-il)amino)-6-etil-1-metil-1, 6~dihidroimidazo[4,5-
dlpirrolo[2,3-blpiridin-T7-carboxamida

El cémpuesto del titulo se preparé usando un
procedimiento andlogo al que se ha usado para prepafa% el
ejemplo 103.

MS (ESI)_m/z 532.4 (M+H).

RMN *H (500 MHz, CDCls) &: 8.29 (s a, 1H), 7.70 (s,
1H), 7.23 (s, 1H), 6.85 (s, 1H), 4.62 (¢, J = 6.9 Hz, 2H),
4.20 (¢, J = 7.2 Hz, 2H), 4.00 (s, 3H), 3.51-3.62 (m, 4H§,
2.77-2.85 (m, 2H), 1.40-1.47 (m, 6H), 1.27 (t, J = 7.1 Hz,
6H), 0.80-0.88 (m) 4H), 0.72-0.77 (m, 4H).

Ejemplo 111

AN
P D

E Nm P
Y
O N NN N
(\ H
5\\0>‘

N,N;Diciclopropil—4—((5—(((2R,6$)—2,6—dimetil—4—

'morfolinil)carbonil)—1—étil—lHFpirazol—3—il)amino)—6—etil—1~

metil~1,6*dihidroimidazo[4,5—d]pirrold[2,Sjb]piridin—7—
carboxamida
El compuesto del titulo se preparé wusando un

procedimiento andlogo al que se ha usado para preparar el

ejemplo 103,
MS (ESI) m/z 574.4 (M+H).

RMN 'H (500 MHz, CDCls) &: 8.30 (s a, 1H), 7.72 (s,
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1H), 7.21 (s, 1H), 6.86 (s, 1H),A 4.62 (c, J = 6.9 Hz, 2H),

4.21-4.28 (m, 2H), 4.07-4.20 (m, 2H), 4.01 (s, 3H), 3.61 (s

a, 2H), 2.91 (s a, 1H), 2.79-2.85 (m, 2H), 2.60 (s a 1H),

1.47 (t, J = 7.2 Hz, 3H), 1.45 (¢, J=7.2 Hz, 3H), 1.07-1.36
5 (m, 6H), 0.81-0.88 (m, 4H), 0.72-0.78 (m, 4H).

Ejemplo 112

>— )> \N/\\N /
Vane 'N/ NJ'\/)‘%\
K- H /
10 '

' \)‘ N,N-Diciclopropil—-4-(5-(dimetilcarbamoil) -1-metil-
1H-pirazol-3-ilamino)~6-etil-1-metil-1, 6-dihidroimidazo[4,5-
d]lpirrolo[2,3~-b]lpiridin~T7-carboxamida

112A vPreparacién de 2-(1-(7~

15 (diciclopropilcarbamoil)-6-etil-1-metil-1, 6-

dihidroimidazo([4,5-d]lpirrolo[2,3-b]jpiridin-4-ilamino) -4, 4~

dimetoxi-3-oxobut-l-enil)-1-metilhidrazinacarboxilato de (Z)-

terc-butilo

@ 20 P

\
N -Boc
PIeeLy
0 = /l\/u\ro\

N™"N""N

N
El compuesto del titulo se prepard usando un
procedimiento andlogo al que se ha

usado para preparar el

25 ejemplo 101B.
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MS (ESI) m/z 611.7 (M+H).

112B Preparacién de N,N-diciclopropil-6-etil-4-(5-

formil-l-metil-1H-pirazol-3-ilamino)~-1-metil-1,6-

dihidroimidazo{4, 5-d}pirrolo[2,3-b]lpiridin-7~carboxamida

5
AN
P A
/
D>—}>~*fi1j£i[ N-N
/
y E N W
10 E1l compuesto del titulo se prepard usando un
x ‘procedimiento anélogb al que se ha usado para preparar el

Ejemplo 101C.

MS (ESI) m/z 447.3 (M+H).

112cC Preparacidn de acido 3- (7~

15 (diciclopropilcarbamoil)-6-etil-1l-metil-1, 6-

dihidroimidazo[4,5—d}pirrolo[2,3—b]piridin—4—ilamino)—1—

metil-1H-pirazol-5-carboxilico

>N NOLRNEN
(AL A~
(@ 20 0 E NN OH

El compuesto .del titulo se prepard usando un

procedimiento analogo al que se ha usado para preparar el

ejemplo 101.

MS (ESI) m/z 463.3 (M+H).
25
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112 Preparacién de N,N-diciclopropil-4-(5-

(dimetilcarbamoil) -1-metil-1H-pirazol-3-ilamino)-6-etil-1~

metil—l,6—dihidroimidézo[4,5~d]pirrolo[2,3—b]piridin—7—

carboxamida

Una mezcla de acido 3—(7—(diciclopropilcarbamoil)—
6-etil-1-metil-1, 6-dihidroimidazo[4,5-d]pirrolo[2, 3-
blpiridin-4~ilamino)-1l-metil-1H-pirazol-5-carboxilico (39.8
mg, 0.086 mmol), HATU (49.0 mg, 0.129 mmol) y dimetilamina 2

M en THF (0.086 ml, 0.172 mmol) en DMF (2 ml) se agitd a la

temperatura ambiente durante 2 h. Se afiadié agua y la mezcla

de reaccidn se extrajo 3 veces con acetato de etilo. Las
fases organicas combinadas se lavaron dos veces.con cloruro
de litio al 10%, se secaron sobre sulfato de magnesio, se
filtraron y se concentraron al vacio. El producto en bruto se
purificdé por HPLC preparativa, dando N,N-diciclopropil-4-(5-
(dimetilcarbamoil)-1-metil-1H-pirazol-3-ilamino)-6-etil-1-
metil-1,6-dihidroimidazo[4,5~d]lpirrolo(2,3-blpiridin-7-
carboxamida (23 mg, rendimiento del 54.1%) en forma de un
s6lido de color blanguecino.

MS (ESI) m/z 490.2 (M+H).

RMN 'H (400 MHz, CDCls;) &: 8.28 (s, 1H), 7.67 (s,
1H), 7.34 (s, 1H), 6.86 (s, 1H), 4.61 (c, J = 7.0 Hz, 2H),
4.01 (s, 3H), 3.95 (s, 3H), 3.29 (s, 3H), 3.16 (s, 3H), 2.79-

2.86 {(m, 2H), 1.47 (t, J = 7.0 Hz, 3H), 0.82-0.89 (m, 4H),
0.72-0.79 (m, 4H).
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Ejemplo 113
_ AN
Py
AN
|

’Xq /
e
0 N Z N/L<;F\(

{ N <if>
S <0
N,N-Diciclopropil-6-etil-4~ (1-metil-5- (tiomorfolina
1,1—dioxido—4—carbonil)—lH—pirazol—B—ilamino)—l—metil—l,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7¥carboxamida_'
10 El compuesto del titulo se preparé usando un
_' procedimiento anadlogo al que se ha usado para el ejemplo 112.

MS (ESI) m/z 580.3 (M+H).
RMN 'H (400 MHz, CDCls) &: 8.29 (s., 1H), 7.69 (s,
1H), 7.30 (s, 1H), 6.83 (s, 1H), 4.57 (c, J = 6.8 Hz, 2H),
15 4.31 (s a, 4H), 4.00 (s, 3H), 3.93 (s, 3H), 3.15 (s a, 4H),
2.77-2.88 (m, 2H), 1.45 (t, J = 7.0 Hz, 3H), 0.80-0.91 (m,
4H), 0.69-0.80 (m, 4H).

Ejeﬁplo 114
F
- J> \N"\\ F’g
\b 20 [>_N J ' N N I\II’N o)
J. N N Y

N—
(\ H /
N}N‘Diciclopropilf4—(l—(2,2—difluoroetil)-5—
(dimetilcarbamoil)—1H3pirazol—3—ilamino)—6—etil—1-metil—1,6—

25 dihidroimidézo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

e
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El compuesto del titulo se prepard wusando un
procedimiento andlogo al que se ha usado para preparar el
Ejemplo 112; con la excepcidn de qué se utilizdé el ejemplo
80A.

MS (ESI) m/z 540.4 (M+H).

RMN *H (400 MHz, CLOROFORMO-d) &: 8.41 (s a, 1H),
7.73 (s, 1H), 7.43 (s, 1H), 6.86 (s, 1H), 6.17 (tt, J = 55.9,
4.2 Hz, 1H), 4.57-4.72 (m, 4H), 4.01 (s, 3H), 3.30 (s, 3H),
3.16 (s, 3H), 2.78-2.86 {(m, 2H), 1.47 (t, J = 7.0 Hz, 3H),

0.80-0.89 (m, 4H), 0.71-0.80 (m, 4H).

Ejemplo 115

N,N-Diciclopropil-6-etil-4—- (5~ (hidroximetil)-1-
metil-1H-pirazol-3-ilamino)-1-metil-1,6-dihidroinidazo([4,5~-
dlpirrolo[2,3-b]piridin-7-carboxamida

E1l  compuesto dél titulo se ‘prebaré por un

procedimiento similar al que se ha usado para el ejemplo 102.

MS (ESI) m/z 449.3 (M+H)

RMN *H (CDC1l3) & ppm 8.11 (s a, 1H), 7.67 (s, 1H),
7.16 (s, 1H), 6.88 (s, 1H), 4.75 (d, 2H, J = 5.94 Hz), 4.67
(¢, 2H, J = 7.26 Hz), 4.03 (s, 3H), 3.89 (s, 3H), 2.84 (m,

2H), 1.68 (t, 3H, J = 6.16 Hz), 1.50 (t, 3H, J = 7.15 Hz),

0.75-0.89 (m, 8H).
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Ejemplo 116

AN
. J> N—)\ Q
%NmN i
N N/k/)“/

O N
K H

N,N-Diciclopropil-6~etil~l-metil-4-(l-metil~5~
(morfolinometil)~1H-pirazol-3-ilamino)~1, 6~
dihidroimidazo[4,5-d]pirrolo[2,3-b]lpiridin-7-carboxamida

A una solucidn agitada de N,N—diciclopropil—6—etil\~
4—(5—formil—l—metil-iH—pirazol—3—ilamino)—l—metil—l,6—
dihidroimidaz§[4,5~d]pirrolo[2,3—b]piridin—7~carboxamida
(ejemplo 112B, 22 mg, 0.049 mmol) y tamices moleculares 4 A

(30 mg) en MeOH (2 ml) se le afadid morfolina (0.017 ml,

0.197 mmol). Después de que la solucidén se agitara a la

temperatura ambiente durante 12 h, se afadié borohidruro

sdédico (7.46 mg, 0.197 mmol) y se agitd durante 3 h. La

solucién se 1llevé a un valor de pH = 4 con HCl 1 N, se

neutralizdé con bicarbonato sédico acuoso saturado y después

se extrajo con CH,Cl,. La fase orgénica se secd sobre sulfato
de magnesio anhidro y se concentrdé al vacio. El1l residuo se
purificé por cromatografia ultrarrdpida sobre gel de silice
usando una columna Isco de 40 g eluyendo en MeOH al O0-
10%/CH,Cl,, produciendo N,N-diciclopropil-6-etil-l-metil-4-(1-
metil-5- (morfolinometil)-1H-pirazol-3-ilamino) -1, 6~

dihidroimidazo(4, 5-d]lpirrolo[2,3-b]lpiridin-7-carboxamida

378

A
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(14.3 mg, 0.027 mmol, rendimiento del 54.9%) en forma de un
s6lido de color blanco.
MS (EST) m/z 518.3 (M+H)
RMN *H (CDC13) & ppm 7.99 (s a, 1H), 7.57 (s,llh);
6.99 (s, 1H), 6.78 (s, 1H), 4.56 (c, 2H J = 7.04 Hz), 3.93 (s,
3H), 3.77 (s, 3H), 3.64 (m, 4H), 3.48 (s, 2H), 2.75 (m, 2H),
2.45 (m, 4H), 1.42 (t, 3H J = 7.02 Hz), 0.66-0.80 (m, 8H).
Ejemplo 117
N /
D~NJ> N y
) 7 N N

| I
O N NN /

L H
N}NLDicicloproéil—6—eti1-1—metil—4—(1—metil—5—((4—
metilpiperazin-l—il)metil)-1H;pirazol-3~ilamino)-1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida
| Se sintetizd usando un procedimiento andlogo al que
se ha usado para preparar el ejemplo 116.
MS (ESI) m/z 531.4 (M+H)
RMN 'H (CDC13) & ppm 8.05 (s a, 1H), 7.60 (s, 1H),
7.01 (s, 1H), 6.78 (s, 1H), 4.56 (c, 2H J = 6.75 Hz), 3.95
(s, 3H), 3.72 (s, 3H), 3.61 (s, 2H), 2.96 (m, 4H), 2.76 (m,

4H), 2.74 (m, 2H), 2.71 (s, 3H), 1.42 (t, 3H, J = 7.04 Hz),

0.67-0.80 (m, 8H).

<o

o)
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Ejemplo 118

Py
NN /

[>—N J X N N-N \N\
0 N |N/ NU\/
A N 1
5
N,N;Diciclopropil~4~(5—((dimetilamino)metil)—l—i
metil—1H;pirazol—3—ilamino)—6—etil—l—metil—1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida
Se sintetizé usando un procedimienté_anélogo al que
10 se ha usado para preparar el ejemplo 116.
y)' MS (EST) m/z 476.4 (M+H)
RMN 'H (CDC13) § ppm 7.45 (s, 1H), 7.33 (s, 1H),
6.84 (s, 1H), 4.52 (c, 2H, J = 7.04 Hz), 4.25 (s, 2H), 3.98
(s, 3H), 3.90 (s, 3H), 2.80 (s, 6H), 2.77 (m, 2H), 1.37 (t,
15 3H, J = 6.82 Hz), 0.64-0.87 (m, 8H).

Ejemplo 119

@ 2 \ .

N}NLDiciclopropil—6~etil—4~(1—etil-5—((4—
metilpiperazin~l;il)metil)—1H—pirazol—3—iiamino)—l—metil—l,G—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida

Se preparé usando el intermediario 101B y el

25 procedimiento que se ha usado para el ejemplo 116.
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MS (ESI) m/z 545.4 (M+H)

RMN 'H' (CDC13) & ppm 8.03 (s, 1H), 7.57 (s, 1H),

7.00 (s, 1H), 6.78 (s,1 H), 4.55 (c, 2H, J = 7.04 Hz),

4.03
(c, 2H, J = 5.72 Hz), 3.94 (s, 3H), 3.60 (s, 2H), 2.93 (s a,

=

9 3H), 2.63-2.84 (m a, 10H), 1.42 (t, 3H, J = 7.04 Hz), 1

.35
(t. 3H, J =17.26 Hz), 0.69-0.79 (m, 8H).

Ejemplo 120

AN ' -~
P )
ok '
10 0 NN NJ*V
' // H
N,N-Diciclopropil~6-etil-1l-metil~-4- (2-metiltiazol-

4—ilamino)—1,6—dihidr0imidazo[4,5—d]pirrdlo[2,3¥b]piridin—7—

carboxamida

15 1204 Preparacién de

4-(2-cloroacetamido) -N, N-

diciclopropil—6—etil—1—metil—l,6—dihidroimidazo[4,5~

dlpirrolo[2,3-b]lpiridin-7-carboxamida

N
P

N -
20 0 wWoONTN U
// I

A un matraz de fondo redondo cargado con 4-amino-
N;N;diciclopropil—6—etil~1—metil—1,6-dihidroimidazo[4,5—
dlpirrolo[2,3-b]lpiridin-7-carboxamida (ejemplo 1J, 47.2 mg,

25 0.139 mmol) se le afadieron diclorometanc (697 nl) V%
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trietilamina (35.0 pl, 0.251 mmol). Se afadié gota a gota
cloruro de cloroacetilo (12.20 pl, 0.153 mmol). La mezcla de
reaccién se agitd a la ta durante 16 h. Se afadidé mas cloruro
de cloroacetilo (12.20 pl, 0.153 mmol). La mezcla de reaccioén
se diluyé con diclorometano. Los extractos organicos se
lavaron con agua, se secaron sobre sulfato sédico anhidro, se
filtraron y se concentraron al vacio. Se aisléd 4—(2—
cloroacetamido)—NyNFdiciClopropil—6—etil—1—metil—1,6~
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida.'
(58.5 mg, rendimiento del 101%) en forma de una pasta de
color naranja. El material se wusé en las siguientes
reacciones sin purificacién adicional.

MS (ESI) m/z 415.0 (M+H)

RMN 'H (400 MHz, CLOROFORMO-d) & ppm 8.04 (s a, 1H)

6.90 (s, 1H), 5.31 (s, 2H), 4.62 (c, 2H, J = T7.11 Hz), 4.24
(s, 3H), 2.77-2.88 (m, 2H), 1.47 (t, 3H, J = 7.03 Hz), 0.83-

0.92 (m, 4H), 0.71-0.80 (m, 4H).

120 Preparacién de N,N-diciclopropil-6-etil-1-

metil—4—(2—metiltiazol—4~ilamino)~1,6—dihidroimidazo{4,5—

dlpirrolo[2,3-blpiridin-7-carboxamida

A una solucidn de 4-(2-cloroacetamido)-N, N-
diciclopropil—6—etil—1—metil~1,6—dihidroimidazo[4,5~
dlpirrolo(2,3-blpiridin~7-carboxamida (58.5 mg, 0.141 mmol)
en DM (176 pl) se le afiadid tioacetamida (12.71 mg, O.169

mmol). El vial se tapd y la mezcla de reaccién se calentd a
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80°C durante 3 h. La mezcla de reaccién se concentréd al
vacio. El residuo en bruto se recogidé en MeOH y se purificé
mediante HPLC preparativa. Se aislé N,N-diciclopropil-6-etil~
1—metil—4—(2—metiltiazol—4—ilamino)—1,6—dihidroimidazo[4,5~

5 dlpirrolo[2,3-blpiridin-7-carboxamida (4.05 mg, rendimiento

del 6.6%) en forma de un sélido de color blanquecino.

MS (ESI) m/z 436.0 (M+H)

RMN 'H (400 MHz, DMSO-de¢) & ppm 8.78 (s, 1H), 8.08
(s, 1H), 7.74 (s, 1H), 7.20 (s, 1H), 4.55 (c, 2H, J = 7.19
10 Hz), 4.03 (s, 3H), 2.87-2.98 (m, 2H), 2.65 (s, 3H), 1.34 (t,
3H, J = 7.03 Hz), 0.73-0.81 (m, 4H), 0.62-0.69 (m, 4H).
Ejemplo 121
AN
Py
N Y 9
15 O N NN'N
o, H

N,N-Diciclopropil-6~etil-l-metil-4- (5-metiloxazol-
2—ilamino)—1,6-dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—

carboxamida

121A Preparacién de l-azidopropan-2-ona

20 0
N,

A una solucidén de cloroacetona (0.680 ml, 8.53
mmol) en acetona (10 ml) vy agua (5.00 ml) se le afiadid azida
sédica (0.555 g, 8.53 mmol). La mezcla de reaccidén se agitéd a

25 la ta durante 3.5 h. La H@écla de reaccidén se concentrd a
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presidén reducida. La solucidn acuosa restante se extrajo con
diclorometano (2 x). Los extractos orgdnicos combinados se
lavaron con salmuera, se secaron sobre sulfato sédico
anhidro, se filtraron y se concentraron al vacio, produciendo
l-azidopropan-2-ona (0.641 g, 6.47 mmol, rendimiento del 76%)
en forma de un aceite de color pardo. Este_material se usb
sin ninguna purificacién adicional.

RMN *H (400 MHz, CLOROFORMO-d) & ppm 3.96 (s, 2H),

2.21 (s, 3H).

121B  Preparacién de N,N-diciclopropil-6-etil-4-

isotiocianato—l—metil—l,6—dihidroimidazo[4,5~d]pirrolo[2,3~

N
P,
1Y
4 .
L oS

O N N N’

blpiridin-7-carboxamida

A una mezcla de 4-amino-N,N-diciclopropil-6-etil-1-
metil~1,6—dihidroimidazo[4,5~d]pirrolo[2,3—b]piridin—7—

carboxamida (ejemplo 1J, 194.5 mng, 0.575 mmol) en

diclorometano (2874 pl) en un matraz de fondo redondo en una
atmésfera de nitrégeno se le afadid 1.1"'-tiocarbonildi-2(1H)-
piridona (133 mg, 0.575 mmol). La mezcla de reaccién se agitd

a la ta durante 16 h. La mezcla de reaccién se concentré a

presidn reducida. Se aislo N,N-diciclopropil-6-etil-4-
isotiocianato—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3~

blpiridin~7-carboxamida (180 mg, rendimiento del 94%)

(]

en

nua3s

{
¥

R
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lfbrma de un sélido pegajoso de color amarillo. E1 material se

usd tal cual en las siguientes reacciones.
MS (ESI) m/z 381.1 (M+H).

121 Preparacién de -N,N-diciclopropil-6-etil-1-

metil~4—(5—metiloxazol~2+ilamino)—1,6—dihidroimidazo[4,5—

dlpirrolo([2,3-blpiridin-7-carboxamida

A una solucidn de’ N,N-diciclopropil-6-etil-4-

isotiocianato—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—

blpiridin-7-carboxamida (ejemplo 121B, 45.7 mg, 0.120 mmol)

en dioxano (343 pl) se le afiadieron l-azidopropan-2-ona

(14.28 mg, 0.144 mmol) y trifenilfosfina (37.8 mg, 0.144

mmol) . Los contenidos del matraz se sumergieron en un bafo de

aceite precalentado durante 35 min y se enfriaron a la
temperatura  ambiente. El residuo se diluyé con acetato de
etilo y se inactivé con bicarbonato sédico acuoso éaturado.
La fasé acuosa se extrajo con acetato de etilo. Los extractos
organicos combinados se lavaron con salmuera, se secaron
sobre sulfato so6dico anhidro, se filtraron y se concentraron
al vacio. El residuo en bruto se purificé por cromatografia
ultrarrdpida en una columna Isco de 12 g eluyendo con MeOH al
1-10%/CH;C1;. El s6élido de color amarillo claro se recogidé en
MeOH y se purificé adicionalmente por HPLC preparativa. Se
aislé N;N—diciclopropil—6—etil—1—metil—4—(5—metiloxazol—2~
ilamino)—l,6—dihidfoimidazo[4,5~d]pirrolo[2,3—b]piridin—7—

carboxamida (10 mg, rendimiento del 25%) en forma de un
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s6lido de color blanco.

MS (ESI) m/z 420.0 (M+H)

RMN ‘H (400 MHz, DMSO-d¢) & ppm 9.86 (s, 1H), 8.05
(s, 1H), 7.18 (s, 1H), 6.66 (d, 1H, J = 1.51 Hz), 4.41. (c,
2H, J = 7.28 Hz), 4.02 (s, 3H), 2.85-2.98 (m, 2H), 2.21-2.29
(m, 3H), 1.27 (¢, 34, J = T7.15 Hz), 0.71-0.80 (m, 4H), 0.60-
0.70 (m, 4H).

Ejemplo 122

P,

N}N;Diciclopropil-6—etil-1-metil—4—(3—metil—1,2,4—
tiadiazol—S—ilamino)—1,6—dihidroimidazo[4,5—d]pirrolo[2;3—'
blpiridin-7-carboxamida

Una mezcla de N,N-diciclopropil-6-etil-4-
isotiocianato—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—
b]piridin—7—carboxamida (ejemplo 121B, 0.042 g, 0.111 mmol),
clorhidrato de acetamidina (10.49 mg,. 0.111 mmol) y base de

Hinig (0.058 ml, 0.333 mmol) en DMF (0.617 ml) se agitd a la

ta durante una noche. Se afiadié azodicarboxilato de dietilo

(0.088 ml, 0.222 mmol) y la agitacién se continué a la
temperatura ambiente durante 16 h. La mezcla de reaccidn se
concentrd. ELl. residuo se recogidé en MeOH y se purificd por

HPLC preparativa. Se aislé N,N-diciclopropil-6-etil-1-metil-
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4—(3—metil—l,2,4—tiadiazol—5—ilamino)—l,6—dihidroimidazo[4,5—
dlpirrolo(2,3-b]lpiridin-7-carboxamida (4.32 mnmg, rendimiento

del 9%) en forma de un sélido de color amarillo claro.

MS (ESI) m/z 437.1 (M+H)

RMN 'H (400 MHz, MeOD) & ppm 8.10 (s, 1H), 7.28 (s,

1H), 4.73 (¢, 2H, J = 7.19 Hz), 4.13 (s, 3H), 2.93-3.01 (m,
2H), 2.53 (s, 3H), 1.53 (t, 3H, J = 7.03 Hz), 0.83-0.92 (m,

4H), 0.76-0.83 (m, 4H).

Ejemplo 123

Preparacidn de N,N-diciclopropil-6-etil-4- (3-
isopropil—1,2,4—tiadiazol—5~ilaminq)—1—metil~1,6—
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—cérboxamida

BEste compuesto se preparé de acuerdo con el ejemplo
122 usando clorhidrato de isobutirimidamida (15.08 mg, 0.123
mmol) y azodicarboxilato de disopropilo (47.8 qul, 0.246
mmol) . Se aisléd N;N;diciclopropil—6*etil—4—(3—isopropil—
1,2,4—tiadiazol—5—ilamino)—1—metil—1,6—dihidroimidazo[4,5—
d]pirrolo[Z,B—b]piridin—7—carboxamida (21 mg, rendimiento del
34.9%) en forma de un s6lido de color blanquecino.

MS (ESI) m/z 465.3 (M+H)

RMN 'H (400 MHz, DMSO-de¢) & ppm 12.24 (s, 1H), 8.18
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(s, 1H), 7.28 (s, 1H), 4.64 (c, 2H, J = 6.94 Hz), 4.06 (s,
3H), 3.10 (ddd, 1H, J = 13.93, 6.90, 6.78 Hz), 2.86-3.00 (m,
2H), 1.42 (t, 3H, J = 7.03 Hz), 1.32 (s, 3H), 1.31 (s, 3H),
0.72-0.81 (m, 4H), 0.63-0.71 (m, 4H).

Ejemplo 124

4-(1,2,4-Tiadiazol~-5-ilamino) ~N,N-diciclopropil-6-
etil—l—metil—l,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—

7-carboxamida
Se calentdé una mezcla de ALAFdiciclopropil—6—etil—
1—metil—4—tioureid0*l,6~dihidroimidazo[4,5~d]pirrolo[2,3—
b]piridin~7—carboxamida (ejemplo 2B, 30 mg, 0.075 mmol) y
1,1-dimetoxi-N,N-dimetilmetanamina (1 g, 8.39 mmol) a 50°C

durante 2 h. El exceso de 1,1-dimetoxi-N, N-dimetilmetanamina

‘se. evapord al vacio,‘ el producto en bruto del ejemplo se

disolvid en diclorometano (1 ml) y se afiadié O-
(mesitilsulfonil)hidroxilamina (24.4 mg, 0.11i3 mmol). La
mezcla de reaccidén se agitd a la temperatura ambiente duranté
3 h. Se afiadié agua y las fases se separaron. La fase
organica se secd sobre sulfato de magnesio, se filtrd y se
concentré al vacio. El residuo en bruto se purificdé por HPLC

preparativa, dando 4-(1,2,4-tiadiazol-5-ilamino) -N, N-
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diciclopropil-6-etil-1-metil-1, 6-dihidroimidazo([4, 5~
dlpirrolo(2,3-blpiridin-7-carboxamida (7 mg, rendimiento del
19.20%) en forma de un sélido de color amarillo.

MS (ESI) m/z 423.0 (M+H).
RMN 'H (500 MHz, CD;OD) &: 8.32 (s, 1H), 8.27 (s,

4.4 Hz, 1H), 7.28 (s, 1H), 4.74 (c, J

1H), 7.38 (d, J =

3H), 2.94-3.00 (m, 2H), 1.53 (t,

Hz, 2H), 4.15 (s,
0.75-0.82 (m, 4H).

Hz, 3H), 0.82-0.89 (m, 4H),
" Ejemplo 125

10 \
. PN
L >~
O N'"N""N"'N
Q H
N,N-Diciclopropil-4-(1,5~dimetil-1H-1,2,4-triazol-
15 3~-ilamino)-6-etil-l-metil-1, 6-dihidroimidazo[4,5-

d]lpirrolo{2,3-blpiridin-7~carboxamida
de 4-(3-acetiltioureido) -N,N-

125A Preparacién

diciclopropil—6—etil—1—metil—1,6—dihidroimidazo[4,5—

‘dipirrolo[2,3-blpiridin-7-carboxamida

® | |
- J> N,

K H H

A una solucidén de 4-amino-N,N-diciclopropil-6-etil-

25 1—metil—1,6—dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—
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carboxamida (ejemplo 1J, 60 mg, 0.177 mmol) en acetona (1.182
ml) se le afiadidé isotiocianato de acetilo (0.020 ml, 0.230
mmol). La mezcla de reaccidén se agitdé a 1la temperatufa
ambiente durante 6 h. El analisis por LC/MS méstré que
todavia quedaba la mitad del material de partida. Se
afiladieron otios 0.5 equivalentes de isotiocianato de acetilo
y la mezcla de reaccién se calenté a 35°C durante una noche.
El solvente se evapord y el producto en bruto se purificé por
cromatografia ultrarrdpida sobre gel de silice - usando un
sistema ISCO automatizado (columna de 24 g, eluyendo con
metanol al 2-8%/diclorometano) . Se obtuvo 4—-(3-
acetiltioureido)—N}N;diciclopropil—6fetil—l—metil—1,6—-

dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin~7—carboxamida (34

mg, rendimiento del 43.6%) en forma de un sélido de color

amarillo.
MS (ESTI) m/z 440.1 (M+H).

125 Preparacién de N,N-diciclopropil-4-(1, 5~

dimetil—1H41,2,4—triazol—3—ilamino)—6—etil—l~metil—l,6—

dihidroimidazo[4,5—d]pirrolo[2,3~b]piridin—7—carboxamida

~Se calentd una mezcla de 4—(3~acetiltioureido)—N}N—
diciclopropil-6-etil-1-metil-1, 6-dihidroimidazo(4,5-
d]lpirrolo(2,3-b]lpiridin-7-carboxamida (ejemplo 12SAq 17 mg,
0.039 mmol) y metilhidrazina (2.486 pl, 0.046 mmol) en acido
acético (0.5 ml) a 80°C durante 4 h y el analisis por LC/MS

mostrd que auin quedaba material de partida. Se afiadidé méas
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metilhidrazina (2.486 pl, 0.046 mnol) y el balentamiento se
continué durante 2 h hasta que la reaccién se completd. EL
solvente se evapordé y el producto en. bruto se purificd éor
HPLC preparativa, formando N,N¥diciclopropil—4—(l,S—dimetil—
1H?1,2,4¥triazol—3¥ilamino)—6—etil~l—metil—1,6~
dihidroimidazo[4,5—d]pirrolo[2,3—b]piridin—7—carboxamida (5.2
mg, rendimiento del 30.7%) en forma de un sdélido de color
blanquecino.

MS (ESI) m/z 434.3 (M+H).

RMN 'H (CDCl3) &: 7.96 (s, 1H), 7.65 (s, 1H), 6.83
(s, 1H), 4.67 (c, J = 7.1 Hz, 2H), 4.01 (s, 3H), 3.82 (s,
3H), 2.77-2.84 (m, 2H), 2.43 (s, 3H), 1.48 (t, J = 7.2 Hz,

3H), 0.79-0.86 (m, 4H), 0.71-0.77 (m, 4H).
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REIVINDICACIONES

1. Un compuesto de férmula

0 su estereoisdmero, tautdémero o sal del mismo
farmacéuticamente aceptable, caracterizadoS porque

X es alquilo Ci-a;

Y es alquilo Ci_4;

R es

cualquiera de los cuales que esta opcionalmente
fusionado con un carbociclo o heterociclo de 5 6 6 elementos,
teniendo el heterociclo un heteroadtomo seleccionado entre NR®
e} S, estando el carbociclo o) heterociclo fusionado

opcionalmente sustituido con 0-3 R?,
R' es H, halo, CN, alquilo Cj-4 sustituido con 0-3

R®,  CF3;, CONR’R?, NR°R®* COOR®, 50;-alquilo Cy.q, C(0)RY,

JIIERIY
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cicloalquilo sustituido con 0-3 R®, furanilo,
tetrahidropiranilo o piridinilo;

R® es H, alquilo Cj.¢ sustituido con 0-3 RE, C(0)o-
alquilo Cyi4, SOz;-alquilo Ci_a, cicloalquilo sustituido con 0-3
R®, tetrahidropiranilo o R? est4 ausente;

R3 es H, C(0)0O-alquilo Clﬁ, o R® esta ausente;

R* es H, alquilo Cj-¢ sustituido con 0-3 R®,
cicloalquilo Ci3-¢ sustituido con 0-3 R®, tetrahidropiranilo o
dioxotetrahidrotiofenilo;

| R” es H o alquilo Cj¢;

R° es H, halo, CN, OH, O-alquilo Cj;.4, O-alquil Ci_4-
O-alquilo C;_4, NH,, N(alquilo Ci-4),, C(O)N(alquilo Ci_4),, SO,~-
alquilo Ci.4, o morfolinilo o piperazinilo cualquiera de 1los
cﬁales estad opcionalmente sustituido con 0-1 alquilo Ci_y4;

R es alquilo Ci;¢ o azeridinilo, azetidinilo,
pirrolidinilo, piperidinilo, morfolinilo, piperazinilo,
dioxidotiomorfolinilo o tetrahidropiranilo, cualquiera de los

cuales esta sustituido con 0-2 R®%; y

R® es H, halo, CN, alquilo Ci-a, OH, O-alquilo Ci4,

SOz;-alquilo Cig, NHC (O) ~alquilo Cj-4, morfolinilo, 0OC(0)-alquilo

Ci-a, C(O)N(alquilo Ci4), o O-alquil Ci-4~0O-alquilo Cqi_4.

2. Compuesto de conformidad con la reivindicacién
1, caracterizado porque

X es etilo;

Y es metilo; vy
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cualquiera de los cuales estd opcionalmente
sustituido con 0-3 RY;
15 O un estereocisdémero, tautdémero o sal del mismo
farmacéuticamente aceptable.
3. Compuesto de conformidad con la reivindicacién
2, caracterizado porque
20
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4.  Compuesto de conformidad con la reivindicacién

2, caracterizado porque

R es o
s .
\5 S 0 \I\IJ'/\C 0 \;5) S
\EE;%i;j;H | hh\iz\mmMomH) \Mixéi:jNH

3

Ty 0 e i
3 > \O 3

~
Sy e
N/ ] N-R?
n-N

RP 4

N .

cualquiera de los cuales estd opcionalmente

sustituido con 0-2 R!.

5. Compuesto de conformidad con la reivindicacién

2, -caracterizado porque

T
R es R
R' es H, halo, CN, alquilo C,¢ sustituido con 0-3
R®, CF3, CONR®R?, COOR®, 'SO,-alquilo Ci,, C(O)RY, cicloalquilo
sustituido con-0-3 R®, o piridinilo;
R® es H, alquilo Ci-¢ sustituido con 0-3 R®,
cicloalquilo Ci3—¢ susﬁituido con 0-3 R®%, tetrahidropiranilo, o

dioxotetrahidrotiofenilo;

B
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RP es H o alquilo Ci-g;

R® es H, halo, OH, O-alquilc Ci4, SO,-alquilo Ci4 o
morfolinilo;

RY es alquilo Cj.s, o azetidinilo, pirrolidinilo,
morfolinilo, piperazinilo o dioxidotiomorfolinilo, cualquiera
de los cuales estd sustituido con 0-2 R®%; vy

R® es H, halo, CN, OH, O-alquilo Cj.,, SOz-alquilo
Ci-4, NHC(O)-alquilo Ci-4 0 morfolinilo;

© su estereoisdmero, tautdémero o sal del. mismo
farmacéuticamente aceptable.

6. Compuesto de conformidad con la reivindicacidn

2, caracterizado porque

S
\(/\(N—RZ
.
R' .
R es ;
, R' es H, halo, alquilo Ci.¢ sustituido con 0-3 R®,
CF;, CONR?R?, COORb,.C(O)Rd, cicloalquilo sustituido con 0-3
R®, o furanilo;
R? es H, alquilo Cj;.¢ sustituido con 0-3 RS, S0O,-
alquilo Ci-q, cicloalquilo sustituido con 0-3 RS, 0
tetréhidropiranilo;
R* es H, o alquilo C;¢ sustituido con 0-3 R%;
R° es H o alquilo Cji-g;

R® es H, halo, CN, OH, O-alquilo Ci-4, O-alquil Ci.q-

O~alquilo C1_4, NHz, N(alquilo C1_4)2, C(O)N(alqullo C1_4)2, SOQ—‘
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alquilo Ci.4, o morfolinilo o piperazinilo, cualquiera de los

cuales estd opcionalmente sustituide con 0-1 alquilo Cj-4;

RY es alquilo Ci4, o morfolinilo, piperazinilo o
dioxidotiomorfolinilo, cualquiera de los cuales esta
sustituido con 0-2 R%;

| R® es H, alquilo Clﬂ, CN, OH, NHC(O)-alquilo Ci_4 o

morfolinilo;

O su estereoisdmero, tautdmero o sal del mismo
farmacéuticamente aceptable.

7. Compuesto de conformidad con la reivindicacioén

g

6, caracterizado porque

R' es alquilo C.¢ sustituido con 0-3 R%; vy

R? es alquilo Cj.g.

8. Una composicién farmacéutica caracterizada
porque’ comprende un vehiculo farmacéuticamente aceptable vy

uno o mas compuestos de conformidad con cualquiera de 1las

reivindicaciones 1-7 o sales, tautédmeros o estereoisdémeros de

los mismos farmacéuticamente aceptables.

9. Un compuesto de conformidad con cualquiera de

las reivindicaciones 1-7 e} sales, tautdémeros o

estereoisdémeros de los mismos farmacéuticamente aceptables,

para uso en terapia.

10. Uso de un compuesto de conformidad con las

reivindicaciones 1-7 o sales, tautdéme-os o estereoisémeros de

los mismos farmacéuticamente aceptables, para la manufactura
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de un medicamento para el tratamiento de enfermedades

mieloproliferativas o cancer.
11. Uso de un compuesto de conformidad con la
reivindicacién 10, en donde el cancer se

selecciona de

tumores sélidos del péancreas, préstata, pulmén, cabeza y

cuello, mama, colon, ovario, cancer gastrico, mieloma
mialtiple, melanoma, neuroblastoma, glioblastoma, mastocitosis
sistémica y neoplasias malignas hematolégicas tales .como

leucemia mielégena (incluyendo leucemia mieloide aguda

refractaria) y leucemia linfoide aguda. -

12. Uso de un compuesto de conformidad con 1la
feivindicacién 10, en donde la enfermedad mieloproliferativa
es policitemia vera, trombocitopenia esencial o mielofibrosis
primaria.

13. Uno o méds compuestos de conformidad con la
reivindicacién 1, caracterizados porque son un agente activo
para tratar enfermedades mieloproliferativas o cancer en un
mamifero.

14. Uno o ma&s compuestos como un agente activo para
tratar cancer de conformidad con la reivindicacién 13, en

donde el cancer se selecciona de tumores sélidos del

pancreas, préstata, pulmén, cabeza y cuello, mama,

colon,
ovario, cancer gastrico, mieloma maltiple, melanoma,
neuroblastoma, glioblastoma, mastocitosis sistémica y

neoplasias malignas hematolégicas tales como = leucemia
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mielbégena (incluyendo leucemia mieloide aguda refractaria) vy

leucemia linfoide aguda.

15. Uno o ma&s compuestos caracterizados porgue son

un agente activo para tratar enfermedad mieldproliferatiVa de

conformidad con la reivindicacidén 13, en donde la enfermedad

‘mieloproliferativa es policitemia vera, trombocitopenia

esencial o mielofibrosis primaria.

Ty

J
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RESUMEN DE LA INVENCION

La presente invencién se refiere a compuestos de

foOrmula T

)
y sales farmacéuticamente aceptables de los mismos.
Los compuestos de férmula I inhiben la actividad tirosina
cinasa de JBAK2, lo que los hace utiles como agentes

antiproliferativos en el tratamiento del cancer y de otras

enfermedades.
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. TRADUCCION OFICIAL N° 0507071 al espafiol de un documento escrito en inglés, efectuada por

Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogoté, Traductor e Intérprete Oficial
inglés-espafiol-inglés seglin Resolucién N° 034 de enero 11 de 1983 expedida por el Ministerio de
Justicia de la Repiblica de Colombia

PODER OTORGADO POR BRISTOL-MYERS SQUIBB COMPANY

APOSTILLA

1. PAIS: ESTADOS UNIDOS DE AMERICA

2. ESTE DOCUMENTO PUBLICO HA SIDO FIRMADO POR:
SALLY B. HANSEN

3. QUIEN ACTUA EN CALIDAD DE NOTARIO PUBLICO DE NUEVA JERSEY
4. LLEVA EL SELLO DE:
SALLY B. HANSEN, NOTARIO

CERTIFICADO

5. ENTRENTON, NUEVA JERSEY

6.  EL 28 DE JUNIO DE 2007

7. POR BRADLEY ABELOW, TESORERO DE NUEVA JERSEY
8. N°A205716

9.  SELLO (APARECE ADHERIDO SELLO DORADO)

10. FIRMA (FIRMADO) BRADLEY ABELOW

Texto en inglés y en espanol mediante el cual BRISTOL-MYERS SQUIBB
COMPANY domiciliada en Nueva York, Nueva York, otorga poder a ALVARO
CORREA ORDONEZ y/o OLGA GEORGETTE OTERO y/o RICARDO METKE
y/o JUAN PABLO CONCHA

s prainsisadeg,
cna eSS R0 i
TR b M,H’!f’? ZURIAL ,;,;\;.L T

oth s S kB

Dado y suscrito el 30 de mayo de 2007

Sl e |

(Firmado) Anastasia P. Winslow, Senior atent Counsel Aboga 0 de Patentes
" 29 FEB 20 ’}

Senior) v

Bﬁw“
Smzen 72,08 BOGOTA, DS/




TRADUCCION OFICIAL N° 0507071 al espafiol de un documento escrito en inglés, efectuada por
Jaime Armando Garavito Burgos, c.c. N® 19.130.702 de Bogota, Traductor e Intérprete Oficial
inglés-espariol-inglés segin Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio de
Justicia de ia Replblica de Colombia

CERTIFICACION NOTARIAL

Texto en inglés y en espafiol mediante el cual el suscrito Notario certifica el 30 de
mayo de 2007 la existencia legal de la sociedad BRISTOL-MYERS SQUIBB
COMPANY asi como las funciones y firma de su representante autorizado
Anastasia P. Winslow, Senior Patent Counsel (Abogado de Patentes Senior) para
lo cual se bas6 en los documentos relacionados en inglés en el punto 6 de la
certificacion los cuales se traducen aqui al espanol, a saber:

Certificacion suscrita por el Vicepresidente Senior y el Asesor Legal de Bristol-
Myers Squibb Company el 7 de abril de 2007.

Certificado de Constitucion Enmendado y Replanteado de Bristol-Myers Squibb
Company fechado mayo 24, 2005.

[Firmado] SALLY B. HANSEN, Notario Publico

[Sello en tinta que dice: “SALLY B. HANSEN. Notario Publico de Nueva Jersey. Mi
comision vence el 6 de junio de 20107

[Aparece sello realzado]

La anterior es traduccidn fiel y completa de Ia cual se deja copia en esta oficina

para su confrontacion.

fJaime Armando Garavito Burgos

c.c. N° 19.130.702 de Bogota el CM}H
Traductor e Intérprete Oficial segin ReSglliGiokg “09““03&!@9 Yehero 11 de 1983

! QUE THE
expedida por el Ministerio de Justicia 3 ,;’gé:? ook ox B

BOGDMS # 82106
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APOSTILLE
(CONVENTION DE LA HAYE DU 5 OCTOBRE 1961)

COUNTRY: UNITED STATES OF AMERICA

THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY:
SALLY B HANSEN

ACTING IN THE CAPACITY OF:
NOTARY PUBLIC OF NEW JERSEY

BEARS THE SEAL/STAMP OF:
SALLY B HANSEN, NOTARY

CERTIFIED

AT TRENTON, NEW JERSEY

THE 28TH DAY OF JUNE 2007

BY: Bradley Abelow, NEW JERSEY TREASURER
NO. A295716

SEAL/STAMP: 10. SIGNATURE

ol P, Alelae

BEg

BRI Sl

?

0

1
i
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POWER OF ATTORNEY

The undersigned.

BRISTOL-MYERS SQUIBB COMPANY
domiciled in

Route 206 and Province Line Road, Princeton,
New Jersey 08543-4000 Unjted States of Amerlca

declares that it hereby grants to

ALVARQO CORREA-ORDONEZ and/or
OLGA GEORGETTE OTERO and/or
RICARDO METKE and/or
JUAN PABLO CONCHA
with domicile at Av. B2 No. 10 - 62, 6Th floor, of Bagotd D,
C.. Colombia, a fill and sufficient power of attorney to obtain
the protection of ruy (our) industrial property and against the
unfair competition, for which purpose I (we) authorize the gaid
artorneys to represent me {us) before any authorities or persons,
__Wwith or wirthour jurisdiction, specially those administrative,
inistrative contentious and judicial, as well zs before
thitration Court, in all matters concerning the following: a)
Obtainment of patents, wiility models, industrial designs,
integrated circuits, layour-desigms and vegetal varieties; the
registration of trademarks, denominations of origin, commercial
names, trade emblems, slogans and domain names; its renewal,
assignments, chenge of neme or domicile, voluntary
cancellation; and the registration of licenses of use of the abave
rights; b)Processes of protection to the consumer, nnfair
competition, oppositions, cancellations, nullity, precautionary
injunctions, infongement, granting of licenses, writ mandamus,
the protection of trade secrets, and in genere] the civil, penal, an
administrative procosses relating to those rights. And that in all
the above matiers they may substitute this Power of Attorney,
comprowmise, conciliate, admit, the facts of the case, desist,
cancel, teceive, resign. and ratify ncts done by representatives
without a power of atomey.

I hereby ratify all actions previously taken on behalf of this
company by the aforementioned attoroeys with respect to the
mentioned marrers.

Done and subscribed in

@ 5o

day of M CUa of 2007

Signature of the pergon issoing the Power

Q&/V S

Anastasia P. Winslow
Senior Patent Counsel

KAISBECK

(B&M) BTA COL. #6649 2.004

Ralsheck, Lara, Rodriguez & Rueda
Av, 82 No. 10 ~ 82 §th Floor
Bogots, Colombin

NIT: 880.068.840-8
Toi: +57 1 834 1500
Fox: »67 1 376 2211
www,bakernet.com

PODER DE ABOGADO
La abajo firmada,
BRISTOL-MYERS SQUIBB COMPANY

domiciliada en

Route 206 and Province Line Road, Peinceton,
New Jersey 08543-4000 Estados Unidos de Amtérica

declam por el pregente que otorga a

ALVARO CORREA-ORDORNEZ y/o

OLGA GEORGETTE OTERO y/o

RICARDO METKE y/o

JUAN PABLO CONCHA '
con domicilio en la Av. 82 No, 10 - 62 Piso 6 en Bogoti D. C.,
Colombia, poder especial amplio y suficiente, para obtener Ia
proteccion de mi (nuestsa) propiedad industrial y contrz Iz
compefencia desleal, 8 cuyo efecto aurorizo (amos) 2 los dichos
apoderados para que me (nos) representen ante cualesquiera
autoridades o personas, ejerzan o no jurisdiccién, especialmente
ante las del orden admministrativo, contencioso-administrativo y
Judicial, esi como Jos tribunales de axbitramento, en todo lo
concerniente a los siguientes asuntos: o) Obtencion de patentes
de invencién, modelos de wutilidad, disefios industriales,
esquemas de tmzado de circuitos integrados y veriedades
vegetales; el registro de marcas, denominaciones de origen,
nombres comezxciales, ensefias, lemas comerciales y nombres de
dominio; su removacién, traspaso, c¢ambio de nombre o
domicilio, cancelacién voluntaria; y el regisiro de licencias de
uso de esos derechos; b) Los procesos para la proteccién del
consumidor, competencia desleal, oposiciones, cancelaciones,
nulidades, medidas cautelares, infracciones, concesidn de
licencirs, la tutela, la proteccién de secretos indusixiales, y en
general procesos civiles, penales, administrativos relacionados
con estos derechos. Y para que en todos los asumtos arriba
determinados, pusdan sustituir este mandato, ansigir, conciliar,
admitir los hechos del caso, desistir, cancelar, recibir, renunciar,
¥ ratificar los actos de agentes oficiogos.

Igualmente, ratifico todo lo actuado hasta el momento en los
misrnos asuntos, por cualquiera de los mencionados apoderados
en representacion de €st2 sociedad.

Dado y firmado en,

A los 30 dias del mes de de 2007

mayo

Firma de Ia persona que firma el Poder

AN
, oM O
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NOTARIAL CERTIFICATION CER CACION NOTA .
On this SO dayof /N A los 30 dizs delmesde  mayo
2007 , the undersigned Notary de 2007 |, e} suscrito Nofario
CERTIFIES DA FE
That Name of the person issulng the power 1 Que Anastasia P. Winslow
. Anastasia P. Winslow :
of legal age and domiciled in mayor y domiciliads en Ppinceton, NJ
Princetom, NI o state, conntry Estados Unidos de América
sct his hand on the foregoing document. guscribié de su puilo y letre €] documento que antecede,
That the grentor is to me personally known and that he/she has 2. Que conozco al otorgante y que éste tiene capacidad legal
lIcgal capacity to execute the instrument. para el otorgamiento.
That the grantor has executed the foregoing document as 3 Que ¢l otorgante ba suscrito el referido documento en su
SeniorPP%genthSunsel esnine the P © cardcter de
, osition of the person lesiing the Fower Abogados de Patentes Senior
of the judicial person. BRISTOL-MYERS SQUIBB de la persona juridica ~ BRISTOL-MYERS SQUIBB
' COMPANY COMPANY
" That the judicial person BRISTOL-MYERS SQUIBRB 4 Que lapersona jurfidica BRISTOL-MYERS SQUIBRB
COMPANY COMPANY
having its home office in con gede en
Rouvte 206 nnd Province Line Road, Princeton, Route 206 and Proviuce Line Road, Princeton,
New Jersey 08543-4000 United States of Amerjca New Jerscy 08543-4000 Estados Unidos de Amérlca
is duly organmized, bas present legal existence and that the est4 legalmente constitrida, que tiene existencig legal
purposes for which the power of attorney is granted are within, actual y que el acto para ¢l cual se otorga el poder estd
the scope of its corporate purposes. comprendido entre los gue constituyen su objeto social.
That the grantor has in fact the referred to authority and thar 5  Que el otorgante tiene efectivamente la representacion que

his/her representation is legal.

i. That I have based certifications 3, 4 and 5 above on the 6.

following authentic documents for such purpoge exhibited 10 me
and which T mention specifically, giving their dates and their

, .'Igm or source:
lease tndicate here the documents such as the articles of

ostonta y que €sta es legitima. :

Que he begado las certificaciones 3, 4 y S anterjores en los
siguientes  documentos suténticos gue al efecto a¢ me
exhibicron y que menciono especificamente con expresion
de sus fechas y de st origen o procedencia:

- Cettificacidn suscrita por el Vicepresidente
Senior y el Asesor Legal de Brkstol-Myers
Squibb Company el 7 de abril de 2007.

- Certificado de Constitucidn Enmendado y
‘Replanteado de Bristol-Myers Squibb
Company fechado el 4 de mayo de 2005.

incorporation, by laws or resolution from thc Board of
Directors and their dates, on which the notary rolied to
grant the certification)

— Certification executed by Sr. Vice President
and General Coumsel of Bristol-Myers Squibb Company
on April 7, 2007

~ Amended and Restated Certificate of Incorporation
of Bristol-Myers Squibb Company dated May 24, 2005

Rodtr B \avee
77 SALLYB. HANSEN

My Commission Expires June 6, 2010

budvorde Lerte S
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

AR ARG

Tnndustris W ( OIMeTCio

e

E Fecha: 2012 03 01 16 12 28 Dep 2020 DlR NUEVASCR
SYTERINTENOENGIA Tl(’aac 11 PATENTEIYI Eve: 378 FASENACIONALI
i ' ’ Act. 411 PRESENTACION Folios: 411
PATENTE DE INVENCION [ ] .MODELODE  Adeii PRESENTACON™ —Fallosiét0 "

Indicacion que se solicita una patente.

Datos de fdentificacién del solicitante o de la persona que presenta la solicitud

Descripcion de la invencién

Dibujos de ser estos pertinpntes

DDDDD

Comprobante de pago de las tasas establecidas (De ser el caso formato de descuento)

Complet’x D Incompleta D

i

PATENTE DE INVENCION PCT &] MODELOQ DE UTILIDAD PCT D Art.33 Decision 486/00, Circular Unica

Indicacién que se solicita una PCT ' '

Copia dé la solicitud en espanol tal como fue presentada inicialmente (capitulo descnptlvo

\
relvmdlcatorlo resurmen)

Dibujos de ser estos périinentes’

0 & &

Comprobante de pago de las tasas establecidas (de ser el caso formato de descuento)

Completa —K—I ' - Incompleta D o

|

DISENO INDUSTRIAL [:]

(Art. 119 Decision 486/00)

Indicacién que se solicita Disefio industrial

Representacnon grafica y fotografica de! Disefio industrial o muestra del material que incorpora el

D Datos de identificacion del solloltante o de la persona que presenta la solicitud ) .
[:] disefio

Comprobante de pago de las tasas establecidas

Completa [] . Incbmpleta [:]

ESQUEMA DE TRAZADO | D

(Art. 92 Decision 486/00)

—

Indicacion que se solicita un esquema de trazado

)
Datos dé identificacién del solicitante o de la persona que presenta la solicitud

Representacion grafica de un esquema de trazado

HyNREEN

Comprobante de pago de las tasas establecidas

Completa D ‘ ' Incompleta D

P102-F08 (2009-11-18)



