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FUSED PYRIDINE, PYRIMIDINE AND TRIAZINE COMPOUNDS AS CELL CYCLE
INHIBITCRS

FIELD OF THE INVENTION

‘This invention is in the field of pharmaceutical agents and specificaily relates to compounds,

compositions, uses and methods for treating cancer.
BACKGROUND OF THE INVENTION

Cyclin-dependent kinases (Cdks) are a family of serine/ threonine protein kinases playing
important cellular functions. The cyclins are the regulatory subunits that activate the catalytic Cdks.
Cdki/Cyclin BI, Cdk2/Cyclin A, Cdk2/Cyclin E, Cdk4/Cyclin D, Cdké/Cyclin D are eritical regulators
of cell cycle progression. Cdks also regulate transcription, DNA repair, differcntiation, senescence and
apoptosis (Morgan D.O., Annu, Rev. Cell. Dev. Biol. 1997; 13:261-291).

Small molecute inhibitors of Cdks have been developed to treat cancer {de Carcer G et al,, Curr
Med Chem. 2007; 14:969-85), Large amount of genetic evidence support that Cdks play critical roles in
the development of most human cancers (Malumbres M. et al, Nature Rev Cancer, 2001; 1:222-231).
Genetic alterations in Cdks, their substrates or regulators have been shown to be associated with human
cancer. Endogenous protein inhibitors of Cdks including p16, p21 and p27 inhibit Cdk activity and
their overexpression result in cell cycle arrest and inhibition of tumor growth in preclinical models
(Kamb A., Curr. Top. Microbiolo. Immunel., 1998, 227:139-148).

Small molecule inhibitors of Cdks may also be used to treat variety of other diseases that result
from aberrant cell proliferation, including cardiovascular disorders, renal diseases, certain infectious
diseases and autoimmune diseases. Cell proliferation regulatory pathways including genes involved in
the cell cycle G1 and § phase checkpoint (p33, pRb, p15, p16, and Cyclins A, D, E, Cdk 2 and Cdik4)
have been associated with plaque progression, stenosis and restenosis after angioplasty. Over-
expression of the Cdk inhibitor protein p21 has been shown to inhibit vascular smooth muscle
proliferation and intimal hyperplasia following angioplasty (Chang M.W. et al., J. Clin. Invest., 1995;
96:2260; Yang Z-Y. et al., Proc. Natl. Acad. Sci. (USA) 1996; 93:9905). A small molecule Cdk2
inhibitor CVT-313 (Ki = 95 nM) was shown to cause in significant inhibition of neointima formation in
animal models (Brooks E.E. et al., J. Biol. Chem. 1997; 272:29207-29211). Disregulation of cell cycle
has been associated with polycystic kidney diseases, which are characterized by the growth of fluid-
filled cysts in renal tubules. Treatment with small molecule inhibitors of Cdks yielded effective arrest
of cystic disease in mouse models (Bukanov N. O,, et al,, Nature, 2006; 4444:949.952). Infection by a
variety of infectious agents, including fungi, protozoan parasites such as Plasmodium falciparum, and
DNA and RNA viruses may be treated with Cdk inhibitors. Cdks have been shown to be required for
replication of herpes simplex virus (HSV) (Schang L.M. et al., J. Virel 1998; 72:5626). Cdks are

essential proteins in yeast. Synovial tissue hyperplasia plays important roles in the development of



rheurnatoid arthritis; inhibition of synovial tissue proliferation may suppress inflammation and prevent
joint destruction. It has been shown that over-expression of Cdk inhibitor protein p16 inhibited
‘synovial fibroblast growth (Taniguchi K. et al., Nat. Med. 1999; 5:760-767) and joint swelling was
substantially inhibited in animal arthritis models. ‘

Selective inhibitors of some Cdks may also be used to protect normal untransformed cells by
inhibiting spesific phases of cell cycle progression {Chen et al. J. Nail. Cancer Institute, 2000; $2:1993-
2008). Pre-treatment with a selective Cdk inhibitor prior to the use of a cytotoxic agent that inhibits 2
different phase of the cell cycle may reduce the side effects associated with the cytotoxic chemotherapy
and possibly increase the therapeutic widow. It has been shown that induction of cellular protein
inhibitors of Cdks (p16, p27 and p21) conferred strong resistance to paclitaxel- or cisplatin-mediated
cytotoxicity on the inhibitor-responsive celis but not on the inhibitor-unresponsive cells (Schmidt, M,
Oncogene, 2001 20:6164-71).
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SUMMARY

In a first aspect, there is provided a compound of Formula 1 or 1

enantiomers, diastereomers, salts and solvates thereof wherein

Wis CHand X 15 CH or N;

Al and A2 together with ring carbon atoms to which they are aﬁached combine te form benzene,

cyclopentadiene, pynidine, pyridone, pyrimidine, pyrazine, pyridazine, 2H-pyran, pyriole, imidazole,

pyrazole, triazole, furan, oxazole, isoxazole, oxadiazole, thiophene, thiazole, isothiazole or thiadiazole
any of which may be optionally partially saturated, and any of which may be optionally independently
substituted with one or more R* groups as allowed by valence;

B’ and B together with the ring atoms to which they are attached combine to form dihydropyridine,
dihydropyridone, dihydropyrimidine, dibydropyrimidone, dihydropyrazine, dihyrdopyridazine,
pyrrole, imidazole, pyrazole, triazole, or tetrazole any of which may be optionally partiaily
saturated, and any of which may be optionally independently substituted with one or more R
groups as allowed by valence;

R is ~Y-(alkylene)s-R",

Y is alkyl, aikenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl or heteroary! any of which may
be optionally independently substituied with one or more R” groups as allowed by valence;

R® is heterocyels, heteroaryl, -NRRY, -C(=0NR’R’; -O-R?, -S(0),-R’, or -S(0),-NR’R* any of which
may be optionally independently substituted with one or more R” groups as allowed by vaience,
and wherein two R* groups bound to the same or adjacent atom may optionally combine to
form a ring;

R? is alkyl, cycioalkyl, heterocyclo, aryl, -S(O)R>, -C(=0)R®, -C(=S)R’, -C(=0)OR’, -C(=S)OR’,
.C(=0INR’RY, -C(=8)NR’R’, -SO,NR'R?, any of which may be optionally independently

substituted with one or more R* groups as allowed by valence;

Z2a
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R* and R* at each occurance are independently
(1) hydrogen or
(if) alkyl, cycloalicyl, heterocyelo, aryl, heteroaryl, cycloatkylalkyl, heterocycloalkyl, arylalkyl,

or heteroarylatkyl any of which may be optionally independently substituted with one or
more R* groups as aliowed by valence, and wherein two R” groups bound to the same or
adjacent atom may optionally combine to form a ring;

or R? and R* together with the nitrogen atom to which they are attached majf combine to form a
heterocyclo ring optionally independently substituted with one or more R” groups as allowed
by valence, and wherein two R* groups bound to the same or adjacent atom may optionally
com‘bine o form & ring;

R** and R** at each occurance are independently
(1) bydrogen or
(ii) aﬁkyi, alkenyl, alikynyl cveloalkyl, heterocyclo, aryl, hetercaryl, cycloalkylalkyl,

heterocycloalkyl, aryialkyl. or heteroarylalky! any of which may be optionally
independently substituted with one or more R* groups as allowed by valence;

or R** and R** together with the nitrogen atom to which they are attached may combne to forma
heterocycio ring optionally independently  substituted with one or more R* groups as allowed
by valence;

R’ and R’* at each occurance is
(i) hydrogen or
(ii) alkyl, alkenyl, alkynyl cycloalkyl, heterocyclo, aryl, heteroaryl, cycloalkylalkyl,

heterocycloalkyl, arvialkyl, or heteroarylalkyl any of which may be optionally
independently substituted with one or more R groups es allowed by valence;

R at each occurrence is independently, hale, cyano, nitre, oxo, alkyl, haloalkyl, alkenyl, allynyl,
cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
cycloalkylatkyl, heterocycioalkyl, ~(alkylene),-OR®, -(alky]ene)m-S(O)nRs,
(alkylene),-NR'R?, ~(alkylene),-C(=O)R’, ~(alkylene),-C(=S)R®, ~(alkylene),-C(=0)OR’,
(alkylene)y-OC(=OIR’®, -(alkylene)y-C(=S)OR?, —(alkylene)-C(=0INR'R,
(alkylene)n-C(=S)NRRY, -(alkylene),-N(R))C(=0)NR'R’, ~(alkylene}o-NR)HC(=S)NR'R",
(alkylene),-NRHC(=0)R®, ~(alkylene),-N(R*)C(=S)R, -(alkylene),-OC(=0)NR’R®,
-(alkylene),-OC(=SINR'R’, ~(alkylene),-SO,NR'R’, -(alkylene),-NR")SC,R’,
~(alkylene),-N(R*ISONR'R’, -(alkylene},-N(R*)C(=0)OR’, <(alkylene),-N(R*)C(=8)OR’, or
(aliylene)-N(RHSO,R;

wherein said alkyl, haloalkyl, all%enyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl. and heterocycloalky! groups may be further
independently substituted with one or more  -(alkylene);-CN, (alkylene),-OR’*,
(alkylene)n-S(O)R*, ~(alkylene)e-NR™*R™, (alkylene)y-C(=0)R7¥,

~{alkylene)s-C(=S)R*, (aikylens)-C(=0)0 R**, ~(alkylene)s-OC(=O)R’*,
2b



{alkylene),-C(=S)OR’*, —{alkylene),-C(=OINR**R**, -(alkylene),-C{=S)NR™*R**,
(alkylene)y-N(RC(=OINR™*R*™, -(alkylene),-N(R *)C(=S)NR™*R*, |
(alkylene),-NR**ICEOR™, -(alkylene)p-NR*IC(=S)R*, -(alkylene),-OC(=O)NR*R**,
{alkylene),-OC(=SINR**R**, -(alkylene),-SO,NR**R**, -(alkyiene),-N(R™*)SO.R™,
5 ~(alkylene),-N(R**)SONR™R*™, -(alkylene),-N(R**)C(=0)OR*,
(alkylene),-NR**)C(=S)OR™, or -(alkylene)-N(R**)SO,R**;
n i independently 0, 1 or 2; and

m is independently 0 or 1.

10 In a second aspect, there is provided a compound of Formula I or I

15 enantiomers, diastereomers, salts and solvates thereof wheremn

W is CHand X is CH or N; | |

A' and A” together with ring carbon atoms to which they are attached combine to form benzene,

pyridine, pyrimidine, pyrazine, pyridazine, or isothiazole, any of which is optionally partialty saturated,

and any of which is optionally independently substituted with one or more hale, methoxy, hydroxyl, or
20  methy! groups as allowed by valence.

B’ and B* together with the ring atoms to which they are attached combine to form dihydropyridine,
dihydropyridone, dihydropyrimidine, dihydropyrimidone, dihydropyrazine, dihyrdopyridazine,
pyrrole, imidazole, pyrazole, triazole, or tetrazole any of which may be optionally partially
saturated, and any of which may be optionally independently substituted with one or more R

25 groups as allowed by valence;
R’ is —Y-(alkylene)-R%;
Y is alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl or heteroaryl any of which may

be optionally independently substituted with one or more R* groups as allowed by valence;
2c
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R? is heterocyclo, heteroaryl, -NR’RY, -C(=ONRRY, -O-R?, -8(0),-R’, or -$(0),-NR'R* any of which
may be optionally independently substituted with one or more R* groups as allowed by valence,
and wherein two R* groups bound to the same or adjacent atom may optionally combine to
form a ring;

R? is alkyl, cycloalkyl, heterocyclo, aryl, -S(O)R®, -C(=0)R’, -C(=S)R®, -C(=0)OR’, -C(=S)OR’,
-C(=O)NR'RY, -C(=S)NR’R’, -SO,NR’R?, any of which may be optionally independently
substituted with one or more R* groups as allowed by valence;

R®and R* at each occurance are independently
(i} hydrogen or
(i1} alkyl, cycloalky!, heterocvele, aryl, heteroaryl, cycloalkylalkyl, heterocycicalkyl, arylalkyl,

or heteroarylalky! any of which may be optionally independently substituted with one or
more R* groups as allowed by valence, and wherein two R* groups bound to the same or
" adjacent atom may optionally combine to form a ring;

or R* and R* together with the nitrogen atom to which they are attached may combine to form 2

heterocycle ring optionally independentty substituted with one or more R* gTéups as allowed

by valence, and wherein two R groups bound to the same or adjacent atom may optionally

combine to form a ring;

R and R** at each occurance are independently
(i) hydrogen or
(ii) alkyl, alkenyl, allomy! cycloalkyl, heterocyclo, aryl, hetercaryl, cycloalkylalkyl,

heterocycloalkyl, arylalkyl, or heteroaryialkyl any of which may be optionally
independently substitated with one or more R” groups as allowed by valence;

or R** and R** together with the nitrogen atom to which they are attached may combine to form a
heterocyclo ring optionally independently substituted with one or more R” groups as allowed
by valence;

R® and R>* at each occurance is
(i) hydroger or ’

(ii) alkyl, alkenyl, alkyny! cycioalkyl, heterocyclo, aryl, heteroaryl, cycloalkylaliyl,
heterocycloalkyl, arylalkyl, or heteroarylalkyl any of which may be optionally
independently substituted with one or more R” groups as allowed by valence;

R* at each occurrence Is independently, halo, cyano, nitro, oxo, alkyl, haloalkyl, alkenyl, allcynyl,
cycloalkyl, cyeloalkenyl, heterocyclo, aryl, heteroaryl, arylalkyl, heteroarylaikyl,
cycloalkylalkyl, heterocycloalkyl, -(alkylene),-OR’, -(alkyiene),-S(O),R’,
(alkylene),-NR'R?, «alkylene)o,-C(=0)R’, -(alkylene)s-C(=S)R’, -(alkylene),-C(=0)OR’,
~(alkylene),-OC(=O)R’, -(alkylene),-C(=S)OR’, ~(alkylene),-C(=0)NR’R’,
-(alkvlene),-C(=S)NR’R’, ~(alkylene),-NR)C=0INR'RY, (alkylene),-NRHC(=SNR'R’,
~(alkylene)y-NR)CE=OIR®, (alkylene),-N{RIC=SIR®, (alkylene),-OC(=0)NR'R",
-(alkylene)p-OC(=8)NR’R", -(alkyleg?m-sozNR-‘R“, ~(alkylene),-N(R*ISO.R?,
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~(alkylene)-NRHSONRRY, ~(alkylene),-NRHC(=0)OR’, ~(alkylene),-NR*)C(=S)OR’, or
~(alkviene),-N(RSO.R’; '

wherein said alkyl, hatoalkyl, alkezxyi, alkynyl, cycloalkyl, cyc]dalkenyl, heterocyelo, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl groups may be further
independently substituted_ with one or more -(alkylene),-CN, (alkylene),-OR"*,
(alkylene)a-S(OLR™, -(alkylene)y-NR'*R*, -(alkylene),~C(=0)R*,
{alkylenely-C=S)R™, (alkylene)n-C(=0)0 R**, (alkylene),-OC(=0)R,
~(alicylene),-C(=S)OR™*, ~(alkylene),-C(=0NR™R**, ~(alkylene)u,-C{=SNR**R**,
(alkylene),-NR>*)C(=0)NR**R™, -(alkylene},-N(R*)C(=S)NR™*R™,
(alkyleneln-N(R**)C(=0)R*, -(alkylene)p-N(R™*)C(=5)R™*, (alkylene),-OC(=0INR™*R**,
(alkylene)p-OC(=SINR*R**, -(alkylene),-SONR *R*, ~(alkylene),-N(R**)SO.R ¥,
-(alkylane)m-N(R-‘*)SOZNR3=?R‘**, ~(alkylene),-N(R**)C(=0)OR*,
(alkylene),-N(R™)C(=SYOR™, or -(aliylene),-N(R™*)SO,R**;

n is independently 0, 1 or 2;

m is independently 0 or 1.

wherein each "alkyl" substituent when used either alone or within other terms such as "haloalkyl” and

"alkylamino", refers to linear or branched functional groups having one to six carbon atoms;

wherein each "alkenyl"” substituent refers to linear or branched functional groups having at least one

carbon-carbon double bond and two fo six carbon atoms;

wherein each "alkynyl" substituent refers to linear or branched functional groups having at least one

carbon-carbon triple bond and having two to six carbon atoms;

wherein each alkyl, alkenyl, and alkynyl substituent is optionally substituted with one or more

functional groups selected from the group consisting of halo, hydroxy, nitro, arino, cyano, haloalkyl,

aryl, heteroaryl and heterocyclo;

wherein each "heterocyclyl" or “heterocyclo” substituent refers to partialty saturated heteroatom-

containing ring functional groups or saturated heteroatom-containing ring functional groups, where the

heteroatoms i8 selected from nitrogen, sulfur and oxygen

wherein each "heterocyclyl” or “heterocyclo” substituent is optionally substituted with one or more

functional groups selected from the group consisting of hydroxyl, Boc, halo, haloalkyl, cvano, jower

alkyl, lower aralkyl, oxo, lower alkoxy, amino and lower alkylamine; and

wherein each "cycloalky!" substituent refers to saturated carbocyclic groups having three 1o SIX ring

carbon atoms,

Ze



In a third aspect, there is provided a pharmaceutical composition comprising a
compound of the presént invention together with a pharmaceutically acceptable vehicle

adjuvant or diluent.

In a fourth aspect, there is provided the use of a compound of the present

invention in the preparation of a medicament for the treatment of cancer in a subject.

Tn a fifth aspect, there is provided the use of a compound of the present invention

in the preparation of a medicament for reducing tumor size in a subject.

In a sixth aspect, there is provided the use of a compound of the present invention
in the preparation of a medicament for treating cdk4 or cdk6é mediated disorders in a

subject.

In a seventh aspect, there is provided the use of a compound of the present
invention in the preparation of a medicament for reducing metastasis in a tumor in a

subiect.

DESCRIPTION OF TBE INVENTION
A class of compounds useful in treating cancer is defined by the following Formula Lor II

A compound of Formula I or If

HN

|

R1

E‘l
W N
/]\ i %BE

HT \x N\

R R2 i

enantiormers, diastereomers, salts and soivates thereof wherein

W and X are independently CH or N;

A’ and A” together with ring carbor atoms to which they are attached combine to form benzene,
cyclopentadiene, pyridine, pyridone, pyrimidine, pyrazine, pyridazine, 2H-pyran, pymrole, imidazole,

pyrazole, triazole, furan, oxazole, isoxazole, oxadiazole, thiophene, thiazole, isothiazole or thiadiazole

2f
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any of which may be optionally partially saturated, and any of which may be optionally independently

substituted with one or more R groups as allowed by valance;

B' and B? together with the ring atoms to which they are attached combine to form dihydropyridine,
dihydropyridone, dihydropyrimidine, dihydropyrimidone, dihydropyrazine, dihyrdopyridazine,
pyrrole, imidazole, pyrazole, triazole, or tetrazole any of which may be optionally partially
saturated, and any of which may be optionally independently substituted with one or more R
groups as allowed by valance;

R is -Y-(alkylene)n-R%;

Y is alkyl, alkenyl, aliynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl or heteroaryl any of which may
be optionally independently substituted with one or more R* groups as allowed by valance;

R® is heterocyclo, heteroaryl, -NR'RY, -C(=0)NR’R?; -O-R%, -8(0),-R’, or -8(0),-NR’R* any of which
may be optionally independently substituted with one or more R* groups as allowed by valance,
and wherein two R groups bound to the same or adjacent atom may optionally combine to
form a ring;

R? is alkyl, cycloatkyl, heterocyclo, aryl, -S(O)R’, -C{=0)R’, -C(=S)R’, -C(=0)OR’, -C(=S)OR’,
-C(=0)NR’R?, -C(=S)NR’R’, -SO,NR’R®, any of which may be optionally independently
substituted with one or more R groups as allowed by valance;

R*and R? at each occurance are independently
(i) hydrogen or
(ii) alkyl, cycloalkyl, heterocyclo, aryl, heteroaryl, cycloalkylalkyl, heterocycioalkyl, arylalkyl,

or heteroarylalkyl any of which may be optionally independently substituted with one or
more R* groups as allowed by valance, and wherein two R* groups bound to the same or
adjacent atom may optionally combine to form a ring;

or R? and R* together with the nitrogen atom to which they are attached may combine to form a
heterocycio ring optionally independently substituted with one or more R* groups as allowed -
by valance, and wherein two R* groups bound to the same or adjacernt atom may optionally
combine to form a ring;

R** and R** at each occurance are independently
(i) hydrogen or
(i) alkyl, alkenyl, alkyny! eycloalkyl, heterocyclo, aryl, heteroaryl, cycloalkylalkyl,

heterocycloalkyl, arylalkyl, or heteroarylalkyl any of which may be optionalty
independently substituted with one or more R” groups as allowed by valance;

or R>* and R** together with the nitrogen atom to which they are attached may combine to form a
heterocyclo ring optionally independently substituted with one or more R* groups as allowed
by valance;

R® and R** at cach occurance is

(i) hydrogen or
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(ii) alkyl, alkenyl, alkynyl cycloalkyl, heterocyclo, aryl, heieroaryl, cycloalkylalkyl,
heterocycloalkyl, arylalkyl, or heteroarylalky! any of which may be optionally
independently substitited with one or more R* groups as allowed by valance;

R* at each occwrrence is independently, halo, cyano, nitro, oxo, alkyl, haloalkyl, alkenyl, alkynyl,
cycioalkyl, cycloalkenyl, heterocyclo, aryl, heteroary!, arylalkyl, heteroarylalkyl,
cycloalkylalkyl, heterocycloalkyl, -(alkylene),-OR®, -(alkylene),-S(O)R?,
~(alkylene)n-NRR’, -(alkylene),-C(=O)R’, -(alkylene),-C(=S)R’, (alkylene),-C(=0)OR’,
(alkylene),-OC(=O)R’, -(alkylene),-C(=S)OR®, ~(alkylene),-C(=O)NR’R",
(alkylene),-C(=S)NR'R’, -(alkylene)-NRHC(=O)NR’R®, (alkylene),-N(R)C(=S)NR'R’,
(alkylene),-NRHCE=O)R®, -(alkylene)-NR*)C(=S)R’, (alkylene),-OC(=0)NR’R’,
(alkylenc)a-OC(=S)NR’R’, -(alkylene),-SONR’R®, -(alkylene)o-N(R*)SOR’,
(alkylene)n-NRI)SONR'RY, -(alkylene)o-NR)C(=0)OR’, <alkylene)s-NR*)C(=S)OR’, or
(alkylene)o-N(R*)SOR’;

wherein said alkyl, haloélkyi. alkenyl, alkyny!, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl groups may be further
independently substituted with one or more -(alkylene)n-CN, ~(alkylene),-OR’*,
(alkylene),-S(O).R*, -(alkylene),-NR**R**, -(alkylene),-C(=O)R**,
(alkylene)u-C(=S)R**, (alkyleme)n-C(=0)0 R**, -(alkylene),-OC(=O)R**,
~(atkylene)-C(=S)OR™, —~(alkylene),-C(=OINR*R**, -(alkylene),-C(=S)NR’*R**,
-(alkylene), NR*)C(=0)NR*RY™, -(alkylene)n-NR *)C(=S)NR**R*¥,
(alkylene)n-NRIC(=0)R*, (alkylene)-N(R**)C(=5)R*, -(alkylene),-OC(=0)NR™R™,
(alkylene),-OC(=S)NR>*R**, -(alkylene),-SO,NR**R**, {(alkylene),-N(R**)SO.R**,
{alkylene)n-N{R*)SONR*R**, -(alkylene),-NR*)C(=OJOR™,

(alkylene), NERM*)IC(=S)OR®*, or -(alkylene),-NR *)SOR**;

n is independently 0,1 or 2; and

m is independently U or 1.

Compounds of this invention are selective inhibitors of cyclin dependent kinase Cdk4, which is
to say that they inhibit Cdk4 with higher potency than they inhibit tyrosine kinases and other serine-
threonine kinases including other cyclin-dependent kinases such as Cdk1, Cdké is structurally and
functionally similar to Cdkd.

Compounds of the present invention also inhibit Cdké at similar concentrations to those to inhibit
Cdk4, Preferred embodiments of the present invention are compounds of the formula 1 inhibit Cdk4 at
least about 100-fold more potently than they inhibit Cdkl.

The compounds of the present invention are useful for treating cancer including leukemia and
solid cancer of the lung, breast, prostate, and skin such as melanoma, and other diseases with abnormal

cell proliferation including but not limited to psoriasis, HSV, HIV, restenosis, and atherosclerosis.

4
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Preferred compounds within the scope of Formula I include compounds wherein Aland A?
together with the ring atoms to whi hthy ¢ attached combine to form
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Preferred compounds within the scope of Formula I include compounds wherein B' and B?

gether with the ring atoms to which th yar attached combine to form
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Preferred compounds within the scope of Formula I and II include compounds where Y is
cyclopentyl, cyclohexyl, piperidinyl, piperazinyl, phenyl, pyridinyl, pyrimidinyl, eyclopentadienyl,
pyrrolyl, imidazolyl, oxazolyl or thiazolyl.

Preferred compounds within the scope of Formuta I and Il further include compounds where R
is selected from

(36 36 336 O
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Preferred compounds within the scope of Formula T and 1 further include comounds
where RP is selected fom
(a) —OR® or —S{O),R® where R is alkyl optionally independently substituted with one or more ~OR’®,
or -NR**R%¢;
(b) ~C(=0)NR*R* or -NR’R* where R? and R* are independently alkyl optionaliy independentiy
substituted with one or more —OR’*, or -NR**R*¥;

or R and R togcthcr with the nitrogcn atom to which they are attached combine to form

QGG Q
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Preferred compounds within the scope of Formula I and II further include compounds where R’
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Preferred compounds within the scope of Formula I include compounds of the following

formula IA
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P

RX

e

NN/

R R? 1A

wherein R™ is at each occurrence is independently, halo, cyano, nitro, oxo, alkyl, haloalicyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, heterocyelo, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
cycloalkytaliyl, heterocycloalicyl, ~(alkylene),-OR®, -(alkylene),-S(O)R’,
~(alkylene),-NR’R®, -(alkylene},-C(=0)R®, falkylene),-C(=S)R®, -(alkylene),-C(=O)OR’,
(alkylene),-OC(=O)R®, -(alkylene),-C(=S)OR’, ~{alkylene),-C(=O)NR'R’,
(alkylene),-C(=S)NR’R?, -(alkylene)-N(RHC(=O)NR'R?, -(alkylene),-N(R*)C(=S)NR'R’,
(alkylene)-NR)C(=0)R®, -(alkylene),-NRIC(=S)R’, -(alkylene),-OC(=O)NR'R®,
-(alkylene)~OC(=S)NR’R’, -(alkylene),-SONR'R’, -(alkyiene),-N(R})SO,R’,
(alkylene)-N(R*)SO:NRR?, -(alkylene),-N(R)C(E=QIOR?, -(alkylene),-N(R*)C(=S)OR’, or
~(allylene)-NR’)SOR;

wherein said alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl,
arylalkyl, heteroarylaikyl, cycloalkyialkyl, and heterocycloatkyl groups may be further
independently substituted with one or more (alkylene)n-OR>*, -(alkylenc)y-S(O)R*,
(alkylene)-NR*R**, -(alkylene).-C(=0)R**, -(alkylene)a-C(=S)R**, -(alkylene),-C(=-0)O
R*, -(alkylene),-OC(=0)R**, ~(alkylenc)n-C(=S)OR’*, —(alkylenc),-C(=O)NR**R*,
~(alkylene),-C(=S)NR*R**, -(alkylene),-N(R**)C(=O)NR*R*,
(alkylene)-N(R**)C(=S)NR*R*, -(alkylene)-N(R*)C(=0)R>*,
(alkylene)u-NR \CE=SIR™, (alkylene)-OC(=0)NR**R**, -(alkylene)a-OC(=S)NR**R *,
-(alkylene)e-SONR**R**, -(alkylene),-N(R**)SO,R**, -(alkylene),-N(R**)SO,NR**R ¥,
-(alkylenc),-NR*)C(=0)OR®*, (alkylene)-N(R>*)C(=S)YOR’*, or
(alkylene),-N(R**)SO,R’*;

misQorl;and
p is zero 1o three.

Preferred compounds within the scope of Formula LA include compounds having any of the
preferred Y, R, R® and/or R? substituents previously listed above.

Preferred compounds within the scope of Formula | include compounds having the following
Formula IB
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wherein R™ is at each occurrence is independently, halo, cyano, nitro, oxo, alkyl, haleatkyl, alkenyl,

B

alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl, heterocycloalkyl, -(alkylene)n-OR’, -{alkylene)s-S(O).R,
(alkylene)y-NRR’, ~(alkylenc),-C(=O)R’°, -(alkylene),-C(=S)R’, (alkylene),-C(=0)OR’,
(alkylene),-OC(=O)R’, -(alkylene)-C(=8)OR’, —{(alkylene),-C(=O)NR’R",
~(alkylene)s-C(=8)NR’R®, (alkylene)s-N{RIC(=OINR’R’, (alkylene),.-NRC(=SINR’R’,
-(alkylene)s-NRIC(=OIR?, -(alkylene)y-N(RIC(=S)R’, -(alkylene),-OC(=O)NR’R?,
-(alkylene)y-OC(=8)NR'R?, -(alkylene),-SONR’R?, (alkylene),-N(R*)SO,R’,
(aliylene),-NRISO,NRRY, -(alkylene),-NR)C(=O)OR’, -(alkylene),-NR*)C(=S)OR’, ot
«(alkylene)-N(R)SO,R?;

wherein said alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl, and heterocycloaikyl groups may be further
independently substituted with one or more -{alkylene),-OR™*, -(aliylene)n-S(O)R*,
Lalkylene),-NR>*R**, -(alkylene),-C(=0)R**, ~(alkylene),-C(=S)R**, -(alkylene},-C(=0)0
R**, (alkylene),-OC(=O)R**, -(alkylene),-C(=S)OR™*, ~(alkylene),-C(=O)NR *R*,
~(alkylene),-C(=S)NR**R**, -(alkylene),-N(R**)C(=O)NR**R**,
{alkylene),-NR*)O(=S)NR**R**, (alkylene),-N(R**)C(=0)R"*,
(alkylene)-N(R**)C(=S)R**, -(alkylene)y-OC(=O)NR**R™, (alkylene),-OC(=S)NR**R"*,
~(alkylene);~-SO,NR**R™*, (alkylene),-N(R*)SO,R**, -(alkylene),-N(R**)SO,NR**R**,
(alkylene),-N(R**)C(=0)OR**, ~(alkylene),-N(R**)C(=S)OR’*, or
Halkylene),-N(R**)SO.R**;

misQorl;and
q is zero o two.

Preferred compounds within the scope of Formula 1B include compounds having any of the
preferred Y, R', R” and/or R? substituents previously listed above.
Preferred compounds within the scope of Formmia I include compounds having the following

Formula IC
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wherein R™ is at each occurrence is independently, halo, cyano, nitro, 0xo, alkyl, haloalkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl, arylalkyl, heteroarylalicyt,
cycloalkylalkyl, heterocycloalkyl, -(alkylene),-OR®, -(alkylene)n-S(O)R’,
{alkylene)e-NRR’, -(alkylene)n-C(=O)R’, (alkylene)-C(=S)R’, ~(alkylene)n-C(=0)OR’,
(alkylene),-OC(=O)R’, -(alkylene)p-C(=S)OR’, ~alkylene),-C(=O)NR’R’,
(alkylene)-C(=S)NR'R’, -{alkylene)y-N(R)C(=O)NR'R’, -(alkylene).-N(R*)C(=S)NR'R’,
{(alkylene)n-NRIC(OIR®, -(alkylene)-NRC=S)R’, ~(alkylene)n-OC(=0)NR’R’,
(alkylene),-OC(=S)NR'R’, (alkylene),-SONR’R’, (alkylene)s-N(R*)SO,R’,
(alkylene),-N(R)SO;NR'R’, «alkyiene),-N(R*)C(E=0)OR’, (alkylene)o-N(R*)C(=S)OR’, or
L{alkylene),-N(R*SO,R’;

wherein said alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl groups may be further
independently substituted with one or more {alkylene),-OR’*, (alkylene),-S(O)R*,
~(alkylene)o-NR*R™, -(alkylene),-C(=O0)R**, (alkylenc),-C(=8)R*, -(alkylene),-C(=0)0
R**, -(alkylene),-OC(=O)R**, -(alkylene),,-C(=S)OR™*, ~{alkylene)n-C(=0)NR**R**,
Lalkylene)e-C=S)NR**R**, ~(alkylene),- N{R**)C(=O)NR™*R™,
(alkylene)a-NR*H)C(=S)NR**R**, (alkylene),-N(R**)C(=O)R"*,
(alkylene),-NR *)CESIR, ~(alkylene),-OC(=0)NR**R", (atkylene),-OC(=S)NR™*R™,
(alkylene),-SO;NR*E*, (alkylene),-N(R**)SO;R’*, (alkylene),-N(R**)SO,NR**R"*,
(alkylene),-NRM™)C(=0)OR®*, ~(alkylene)n-NR**)C(=8)OR™, or
-(alkylene),-N{R**)SO.R**;

misOorl;and
g is zero to two,
Preferred compounds within the scope of Formula IC include compounds having any of the

preferred Y, RY, R and/or R? substituents previously listed above.
Preferred compounds within the scope of Formula I include compounds having the following
Formula ID
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wherein R™ is at each occurrence is independently, halo, cyano, nitro, oxo, alkyl, haloalkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl, heterocycloalkyl, -(alkylenc).-OR’, -(alkylene)q-S(Q)R’,
-(alkylene)e-NROR", -(alkylene),-C(=O)R’, -(alkylene),-C(=S)K’, -(alkylene}n-C(=0)OR’,
{alkylene)o-OC(=0)R?, -(alkylene)a-C(=S)OR’, —(alkylene),-C(=O0)NR’R’,
{alkylene)a-C(=S)NR'R?, -(alkylenc),-NR)CEO)NR'R?, -(alkylene)u-NR’)C(=S)NR'R’,
{alkylene)u-NRIC(=OIR®, ~(alkylene),-NRIC(=S)RY, ~(alkylene),-OC(=0)NR’R’,
{alkylene),-OC(=S)NR’R®, -(alkylene),-SO,NR’R?, -(alkylene),-N(R*)SOR’,
L{alkylene)o-N(R*)SO,NR'R’, -(alkylene),-N(R*C(=0)OR’, -(alkylene)n-NR*)C(=S)OR’, or
alkylene),-N(R})SO,R%;

wherein said alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl,
arylatkyl, heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl groups may be further
independently substituted with one or more J{aikylene),-OR’*, —(alkyiene)m«S(O)nRs*,
(alkylene),-NR**R**, -(aikylene),-C(=O)R**, -(alkylene)s-C(=S)R’*, -(alkylene),;-C(=0)0
R*, (alkylene),-OC(=0)R™*, -(alkylene)y-C(=S)OR**, ~(alkylene),-C(=O)NR**R**,
(alkylene),-C{=S)NR**R**, -(alkylene),-NR'*)C(=0)NR**R**,
(alkylene),-N(R*)C(=S)NR**R**, -(alkylene),-N(R**)C(=0)R’*,
{alkylene)n-NR*)C(=S)R*, (alkylene)-OC(=0)NR™R**, -(alkylene),-OC(=S)NR**R"*,
(alkylene),-SO;NR*R*, ~(alkylene),-N(R**)SO,R**, -(alkylene),-N(R™*)SO,;NR**R**,
{alkylene),-NR*IC(=0)OR™*, ~(alkyiene) -N® *)C(=8)OR™, or
-(alkylene),-N(R**)SO,R’*,

misQorl;and
¢ 18 ZEro to two.
Preferred compounds within the scope of Formula ID include compounds having any of the

preferred Y, R', R* and/or R? substituents previously listed above.

Preferred compounds within the scope of Formula I include compounds having the foliowing

Formula IE
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wherein R® is at each occurrence is independently, halo, cyano, nitre, oxo, alkyl, haloalkyl, atkenyl,
alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl, heterocycloalkyl, -(alkylene)a-OR’, -(alkylene)n-S(O)R’,
{alkylene)n-NR'RY, -(aliylenc)o-C(=O)R®, -(alkylene)n-C(=S)R’, {alkylene),-C(=0)OR’,
(alkylene),-OC(=O)R’, -(alkylene)-C(=S)OR’, —(alkylene),-C(=0)NRR’, ,
(alkylene)n-C(=S)NR’R’, -(alkylene),-N(R*)C(=C)NR’R, -(alkylene),-NR)C(=S)NR’R’,
(alkylene)n-N(R)C(=0)R®, (alkylene),-NRIC(=8)R’, {alkylene)-OC(=0)NR’R’,
(alkylene)n-OC(=S)NR’R?, -(alkylene},-SO;NR’R’, alkylene)o-NR)SOR®,
{(alkylene).-N(R*)SO,NRR’, ~(alkylene),-NR*)C(=0)OR’, (alkylene),-N(R*C(=S)OR?, or
-(alkylene)n-N{R)SOR’;

wherein said alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, hetercaryl,
arylalkyl, heteroarylatkyl, cycloalkylalkyl, and heterocycloalkyl groups may be further
independently substituted with one or more -(alkylene}mORs*, -(alky]ene)m-S(O),,Rs*,
~(alkylene),-NR**R**, -(alkylene)n-C(=O)R™*, -(alkylene)s-C(=S)R’*, -{(alkylene)»-C(=0)O
R*, (alkylene)n-OC(=O)R'*, (alkylene),-C(=8)OR**, —(alkylene),-C(=0)NR'*R ",
~(alkylene)n-C(=S)NR*R**, (alkylene)o-NR*)C(=OJNR**R"*,
-(alkylene)-NR**)C(=S)NR**R**, -(alkylene),-N(R**)C(=O)R**,
-(alkylene),-N®R*)C(=8)R™, -(alkylene),-OC(=O)NR*R**, -(alkylene),,-OC(=S)NR**R**,
{alkylene),-SO;NR*R**, ~(alkylene), N(R**)SO,R**, -(alkylene),-NR *)SO,NR**R",
-(alkylene)-N(R**)C(=0)OR "™, -(alkylene),-N(R*)C(=8)OR’*, or
-(alkylene),-N(R**)SO,R**;

misQorl;and

q is zero to two.
Preferred compounds within the scope of Farmula IE include compounds having any of the

preferred Y, R', R* and/or R? substituents previously listed above.

Certain compounds within the scope of the present invention exist as keto-enol tautomers. For

example compounds such as the following:
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The current invention further provides a method of treating disorders or conditions consisting
of abnormal cell proliferation, such as cancer, atherosclerosis, postsurgical vascular stenosis, restenosis,
and endometriosis; infections, including viral infections such as DNA viruses like herpes and RNA
viruses like HIV, and fungal infections; autoimmune diseases such as psoriasis, inflammation like
rheumatoid arthritis, lupus, type 1 diabetes, diabetic nephropathy, multiple sclerosis, and
giomerutonephritis, organ transplant rejection, including host versus graft disease, in a mammal,
including human, comprising administering to said mammal an amount of a compound of formula I or
10, or # pharmaceutically acceptable salt thereof, that is effective in treating such disorder or condition.

This invention further provides compounds of Formula I and 11 that are useful for treating
abnormal cell proliferation such as cancer. The invention provides a method of treating a abnormal cell
proliferation disorder such as myeloid disorders, iymphoid disorders, Hodgkin’s hairy cells, leukemia,
cancers of the breast, lung, colon, ovary, cervix, prostrate, testis, esophagus, stomach, skin, bone,
pancreas, thyroid, biliary passages, buccal cavity and pharyns (oral), lip, tongue, mouth, pharynx, smail
“ intestine, colon-rectum, large intesting, rectum, brain and central nervous system, glioblastoma,
neuroblastorna, keratocanthora, epidermoid carcinoma, large cell carcinoma, adenocarcinoma,
adenocarcinoma, adenoma, adenocarcinoma, follicular carcinoma, undifferentiated carcinoma, papiliary
carcinoma, seminoma, melanoma, sarcoma, bladder carcinoma, liver carcinoma, and kidney carcinoma,
comprising administering a therapeutically effective amount of & compound of formula I, ora
pharmaceutically acceptable salt thereof, to a subject with one or more above disorders,

Embodiment of this invention is also a method of treating subjects with diseases caused by
vascular smooth muscle cell proliferation. The method comprises administering to a subject with such
a disorder an amount of a compound of formula I, or a pharmaceutically acceptable salt thereof,

This invention further provides a method of treating a subject suffering from gout comprising
administering to said subject in need of treatment an amount of a compound of formulal, ora
pharmaceutically acceptable salt thereof, sufﬁéient to treat the condition.

The present invention further provides a method of treating a subject with kidney disease, such
as polycystic kidney disease, comprising administering to said subject in need of treatment an amount
of a compound of formula I and IL, or a pharmaceutically acceptable salt thereof, sufficient to treat the

condition.
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DEFINITIONS

The terms "cancer” and "cancerous” when used herein refer to or describe the physiological

condition in mammals that is typically characterized by unregulated cell growth. Examples of cancer
include but are not Hmited to, carcinoma, lymphoma, sarcoma, blasioma and leukenia. More particular
examples of such cancers include squamous cell carcinoma, Jung cancer, pancreatic cancer, cervical
cancer, bladder cancer, hepatoma, breast cancer, colon carcinoma, and head and neck cancer. The
terms "treating," "treatment," and "therapy” as used herein refer to curative therapy, prophylactic

therapy, and preventative therapy.

The term "mammal™ as used herein refers to any mammal classified as 2 mammal, incleding
humans, cows, horses, dogs and cats. In a preferred embodiment of the invention, the mammal is a

human.

The term "treatment” includes therapeutic freatment as well as prophylactic treatment (either
preventing the onset of disorders altogether or delaying the onset of a pre-clinically evident stage of
disorders in individuals).

The phrase "therapeuticatly-effective” is intended to qualify the amount of each agent, which
will achieve the goal of improvement in disorder severity and the frequency of incidence over treatment
of each agent by itself, while avoiding adverse side effects typically associated with alternative
therapies. For example, effective neoplastic therapeutic agents prolong the survivability of the patient,
inhibit the rapidly proliferating cell growth associated with the neoplasm, or effect a regression of the
neoplasm,

The term "H" denotes a single hydrogen atom. This radical may be attached, for example, to an
oxygen atom to form a hydroxyl radical.

Where the term "alkyl" is used, either alone or within other terms such as "haloalkyl" and
“alkyiamino®, it embraces linear or branched radicals having one to about twelve carbon atoms. More
preferred alkyl radicals are "lower alkyl" radicals having one to about six carbon atoms. Examples of
such radicals include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isoamy}, hexyl and the like. Even more preferred are lower alkyl radicals having one or two carbon
atomns. The term “alkylene” embraces bridging divalent alkyl radicals such as methylene, ethylene,
propylene, isopropylene and the like. The term "lower alky] substituted with R does not include an
acetal moiety.

The term "alkenyl” embraces linear or branched radicals having at least one carbon-carbon
double bond of two to about twelve carbon atoms, More preferred alkenyl radicals are "lower alkenyl”
radicals having two to about six carbon atoms. Most preferred lower alkenyl radicals are radicals
having two fo about four carbon atoms. Examples of alkenyl radicals include ethenyl, propenyl, allyl,
propeny?, butenyl and 4-methylbutenyl. The terms "alkenyl" and "lower alkenyl", embrace radicals

having "cis" and "trans" orientations, or alternatively, "E" and "Z" orientations.
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The term "alkynyl" denotes linear or branched radicals having at least one carbon-carben triple
bond and having two to about iwelve carbon atoms. More preferred alkynyl radicals are “lower
alkynyl" radicals having two to about six carbon atoms. Most preferred are lower alkynyl radicals
having two to about four carbon atoms, Examples of such radicals include propargyl, butynyl, and the
like.

Alkyl, alkylenyl, alkenyl, and alkynyl radicals may be optionally substituted with one or more
functional groups such as halo, hydroxy, nitro, amino, cyano, haloalkyl, aryi, heteroaryl, heterocyclo
and the like.

The term "halo” means halogens such as fluorine, chlorine, bromine or iodine atoms.

The term "haloalkyl" embraces radicals wherein any one or more of the alkyl carbon atoms is
substituted with halo as defined above. Specifically embraced are monohaloalkyl, dihaloalky! and
polyhaloalkyl radicals including perhaloalkyl. A monohaloalkyl radical, for one example, may have
either an iodo, bromo, chloro or fluoro atom within the radical, Dihalo and polyhaloalkyl radicals may
have two or more of the same halo atoms or a combination of different halo radicals. "Lower
haloalkyl" embraces radicals having 1-6 carbon atoms. Even more preferred are lower haloalkyl
radicals having one to three carbon atoms. Examples of haloalkyl radicals include fluoremethyl,
difluoromethyl, trifluoromethyl, chioromethyl, dichloromethyl, trichloromethyl, pentafluoroethyl,
heptafluoropropyl, diffuorochloromethyl, dichlorofluoromethyl, difluoroethyl, difluoropropyl,
dichloroethy! and dichloropropyl. "Perfluoroalkyl” means alkyl radicals having all hydrogen atoms
replaced with fluoro atoms. Examples include trifluoromethy! and pentafiuoroethyl.

The term "hydroxyalkyl" embraces linear or branched alkyl radicals having one to about ten
carbon atoras any one of which may be substituted with one or more hydroxyl radicals. More preferred
hydroxyalkyl radicals are "lower hydroxyalkyl” radicals having one to six carbon atoms and one or
more hydroxyl radicals. Examples of such radicals inchude hydroxymethyl, hydroxyethyl,
hydroxypropy}, hydroxybutyl and hydroxyhexyl. Even more preferred are lower hydroxyalkyl radicals
having one to three carbon atoms,

The term "atkoxy" embraces linear or branched oxy-containing radicals each having alkyl
portions of one to about ten carbon atoms. More preferred atkoxy radicals are "lower alkoxy" radicais
having one to six carbon atoms. Examples of such radicals include methoxy, ethoxy, propoxy, butoxy
and tert-butoxy. Even more preferred are lower alkoxy radicals having one to three carbon atoms.
Alkoxy radicals may be further substituted with one or more halo atoms, such as fluoro, chioro or
bromo, to provide "haloalkoxy” radicals. Even more preferred are lower haloalkoxy radicals having
one to three carbon atoms. Examples of such radicals include fluoromethoxy, chloromethoxy,
trifluoromethoxy, trifiuoroethoxy, fluorcethoxy and flucropropoxy.

The term “aryl®, alone or in combination, means a carbocyclic aromatic system containing one
or two rings wherein such rings may be attached together in a fused manner. The tenm "aryl" embraces
aromatic radicals such as phenyl, naphthyl, indenyl, tetrahydronaphthyl, and indanyl. More preferred
aryl is phenyl. Said "aryl" group may have 1 or more substituents such as lower alkyl, hydroxyl, halo,
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haloalkyi, nitro, cyano, alkoxy, lower alkylamino, and the like. Phenyl substituted with -O-CH;-O-
forms the ary] benzodioxoly] substituent.

The term "heterocyclyl” (or “heterocyclo”) embraces saturated, and partially saturated
heteroatom-containing ring radicals, where the heteroatoms may be selected from nitrogen, sulfur and
oxygen. Heterocyclic rings comprise monocyclic 6-8 membered rings, as well as 5-16 membered
bicyclic ring systems (which can include bridged fused and spiro-fused bicyclic riﬁg systems). [t does
not include rings containing ~0-0-,-0-5- or -8-S- portions. Said "heterocyclyl" group may have § to 3
substituents such as hydroxyl, Boc, halo, haloalkyl, cyano, lower alkyl, lower aralkyl, oxo, lower
alkoxy, amino, lower alkylamino, and the like,

Examples of saturated heterocyclic radicals include saturated 3 to 6-membered
heteromonocyclic groups containing 1 {0 4 nitrogen atoms [e.g. pyrrolidinyl, imidazolidinyl,
piperidinyl, pyrroliny}, piperazinyl}; saturated 3 to 6-membered heteromonocyclic group containing 1 to
2 oxygen atoms and 1 to 3 nitrogen atoms [e.g. morpholinyl]; saturated 3 to 6-membered
heteromonoceyclic group containing 1 to 2 suifur atoms and 1 to 3 nitrogen atoms [e.g., thiazolidinyl].
Examples of partially saturated heterocyclyl radicals include dihydrothienyl, dihydropyranyl,
dihydrofuryl, dihydrothiazolyl, and the like.

Particular exampies of partially saturated and saturated heterocyclyl include pyrrolidinyi,
imidazolidinyl, piperidinyl, pyrrolinyl, pyrazolidinyl, piperazinyl, morpholinyl, tetrahydropyranyl,
thiazolidinyl, dihydrothienyl, 2,3-dihydro-benze[1,4]dioxanyl, indolinyl, isoindolinyl,
dihydrobenzothienyl, dihydrobenzofuryl, isochromanyl, chromanyl, 1,2-dihydroq1iinoly1, 1,2,3,4-
tetrahydro-isoquinolyl, 1,2,3,4-tetrahydro-guinolyl, 2,3,4,4a,9,9a-hexahydro-1H-3-aza-fluorenyl, 5.6,7-
trithydro-1,2,4-triazolo[3,4-alisoquinclyl, 3,4-dihydro-2H-benzo[1,4}oxazinyl, benzo[1,4]dioxanyl, 2,3-
dihydro-1H-11"-benzold]isothiazol-6-yl, dihydropyranyl, dihydrofuryl and dibydrothiazolyl, and the
like. '

The term heterocyelyl, {or heterocyclo) also embraces radicals where heterocyclic radicals are
fused/condensed with aryl radicals: unsaturated condensed heterocyclic group containing 1 to 5
nitrogen atoms, for example, indolyl, isvindolyl, indolizinyl, benzimidazolyl, quinolyl, isoquinolyl,
indazolyl, benzotriazolyl, tetrazolopyridazinyl [e.g., tetrazolo [1,5-b]pyridazinyl]; unsaturated
condensed heterocyclic group containing 1 to 2 oxygen atoms and [ to 3 nitrogen atoms [e.g.
benzoxazolyl, benzoxadiazolyl]; unsaturated condensed heterocyclic group containing 1 to 2 sulfur
atoms and | to 3 nitrogen atoms [e.g., benzothiazolyl, benzothiadiazolyl}; and saturated, partially
unsaturated and unsaturated condensed heterocyclic group containing 1 to 2 oxygen or sulfur atoms
[e.g. benzofuryl, benzothienyl, 2,3-dihydro-benzof1,4}dioxinyl and dihydrobenzofuryl].

The term "heteroaryl" denotes ary! ring systems that contain one or more heteroatoms selected
from the group O, N and 8, wherein the ring nitrogen and sulfur atom(s) are optionally oxidized, and
nitrogen atom(s) are optionally quarternized. Examples include unsaturated 5 to 6 membered
heteromonocyclyl group containing 1 to 4 nitrogen atoms, for example, pyrrolyl, imidazolyl, pyrazolyl,

2-pyridyl, 3-pyridyl, 4-pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, triazolyl [e.g., 4H-1,2,4-triazolyl, 1H-
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1,2,3-trinzolyl, 2H-1,2,3-triazolyl]; unsaturated 5- to 6-membered heteromonocyclic group containing
an oxygen atom, for example, pyranyl, 2-furyl, 3-furyl, etc.; unsaturated 5 to 6-membered
heteromeonocyclic group containing a sulfur atom, for example, 2-thienyl, 3-thienyl, etc.; unsaturated 5-
to 6-membered heteromonocychic group containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms, for
cxamplc,.oxazalyl, isoxazolyl, oxadiazolyl [e.g., 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, 1,2,5-
oxadiazoly!]; unsaturated 5 to 6-membered heteromonocyclic group containing ! to 2 sulfur atoms and
1 to 3 nitrogen atoms, for example, thiazolyl, thiadiazolyl [e.g., 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl,
1,2,5-thiadiazoivl]. .

The term "sulfonyt", whether used alone or linked to other terms such as alkylsulfonyl, denotes
respectively divalent radicals -8O,-.

“Fhe terms "sulfamyl," "aminosulfony!" and "sulfonamidyl,” denotes a suifonyl radical
substituted with an amine radical, forming a sulfonamide (-SO,NH,).

The term "alkylaminosuifonyl" includes "N-alkylaminosulfonyl” where sulfamyl radicals are
independently substitated with one or two alkyl radical(s). More preferred alkylaminosulfonyl radicals
are "lower alkylaminosulfony!l" radicals having one to six carbon atoms. Even more preferred are lower
alkylaminosulfonyl radicals having one to three carbon atoms. Examples of such lower
atkylaminosulfonyl radicals include N-methylaminosulfonyl, and N-ethylaminosulfonyl.

The terms "carhoxy" or "carboxyl", whether used alone or with other terms, such as
"carboxyalkyl”, denotes -CO.H.

The term "carbony]", whether used alone or with other terms, such as "aminocarbonyl”, denotes
«{C=0}-:

The term "aminocarbonyl” denotes an amide group of the formula -C(=0)NH,.

The terms "N-alkylaminocarbonyl” and "N,N-dialkylaminocarbonyl” denote aminocarbonyl
radicals independently substituted with one or two alkyl radicals, respectively. More preferred are
"lower alkylaminocarbony!” having lower alkyl radicals as described above attached to an
aminocarbonyl radical.

The terms "N-arylaminocarbonyl" and "N-alkyl-N-arylaminccarbonyl” dencte aminocarbonyl
radicals substituted, respectively, with one aryl radical, or one alkyl and one aryl radical.

The terms "heterocyclylalkylenyl” and "heterocyclylalkyl" embrace heterocyclic-substituted
alky! radicals. More preferred heterocyclylalkyl radicals are "S- or 6-membered heteroarylalkyl”
radicals having alky] portions of one to six carbon atoms and a 3- or 6-membered heteroaryl radical.
Even more preferred are lower heteroarylalkylenyl radicals having alkyl portions of one to three carbon
atorms. Fxamples include such radicals as pyridylmethyl and thienyimethyl.

The term "aralkyl® embraces aryl-substituted aikyl radicals. Preferable aralkyl radicals are
"lower aralkyl” radicals having ary! radicals attached to alkyl radicals having one to six carbon atoms.
Even more preferred are "phenylalkylenyl” attached to alkyl portions having one to three carbon atoms.
Examples of such radicals include benzyl, diphenylmethyl and phenylethyl. The aryl in said aratiyl
may be additionaily substituted with halo, alkyl, alkoxy, halkoalkyl and haloalkoxy.
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The term "alkylthio"” embraces radicals containing a linear or branched alkyl radical, of one to
ten carbon atoms, aitached to a divalent sulfur atom. Even more preferred are lower alkylthio radicals
having one to three carbon atoms. An example of "alkylthio” is methylthio, {CH,S-).

The term "haloalkylthio” embraces radicals containing a haloalky! radical, of ore to ten carbon
atoms, attached 1o a divalent sulfur atom. Even more preferred are lower haloaikylthio radicals having
one to three carbon atoms. An example of "haloalkylithio” is trifluoromethylthio,

The term "alkylemino” embraces "N-alkylamino" and "N,N-dialkylamino" where amino groups
are independently substituted with one alkyl radical and with two alkyl radicals, respectively. More
preferred atkylamino radicals are "lower alkylamino” radicals having one or two alkyl radicals of one to
six carbon atoms, attached to a nitrogen atom. Even more preferred are lower alkylamino radicals
having one to three carbon atoms. Suitable alkylarino radicais may be mono or dialkylamino such as
N-methylamino, N-ethylamino, N,N-dimethylamino, N,N-diethylamino and the like.

The term "arylamine” denotes amino groups, which have been substituted with one or two aryl
radicals, such as N-phenylamino. The arylaminoe radicals may be further substituted on the ary! ring
portion of the radical.

The term "heteroarylamino” denotes amino groups, which have been substituted with one or
two heteroary} radicals, such as N-thienylamine. The "heteroarylamino” radicals may be further
substituted on the heteroaryl ring portion of the radical.

The term "aralkylamine” denotes amino groups, which have been substituted with one or two
aralkyl radicals. More preferred are phenyl-C,-Cs-alkylamino radicals, such as N-benzylamino. The
aralkylamino radicals may be further substituted on the aryl ring portion.

The terms *N-alikyl-N-arylamino” and "N-aralkyl-N-alkylamino” denote amino groups, which
have been independently substituted with one araiky! and one alky! radical, or one aryi and one alkyl
radical, respectively, to an amino group.

The term "aminoalkyl" embraces linear or branched alkyl radicals having one to about ten
carbon atoms any one of which may be substituted with one or more amino radicals. More preferred
aminoalkyl radicals are "lower aminoalkyl" radicals baving one to six carbon atoms and one or more
amino radicals. Examples of such radicals include aminomethyl, aminoethyl, aminopropyl, aminobutyl
and aminohexyl. Even more preferred are lower amipoalkyl radicais baving one to three carbon atoms.

The term "alkylamincalkyl" embraces alkyl radicals substituted with alkylamino radicais.
More preferred alkylaminoalkyl radicals are "lower alkylamincalkyl” radicals having alkyl radicals of
one to six carbon atoms, Even more preferred are lower alkylaminoaiky! radicals having altky! radicals
of one to three carbon atoms. Suiizble alkylaminoalkyl radicals may be mono or dialky! substituted,
such as N-methylaminomethyl, N,N-dimethyl-aminoethyl, N,N-diethylaminomethyl and the like.

The term "alkylaminoalkoxy" embraces alkoxy radicals substituted with alkylarino radicals.
More preferred alkylaminoatkoxy radicals are "lower alkylaminoalkoxy" radicals having alkoxy
radicals of one to six carbon atoms. Even more preferred are lower alkylaminoalkoxy radicals having

alky! radicals of one to three carbon atoms, Suitable alkylaminoatkoxy radicals may be mono or dialkcyl
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substituted, such as N-methylaminoethoxy, N,N-dimethylaminoethoxy, N,N-diethylaminoethoxy and
the like.

The term "alkylaminoatkoxyalkoxy" embraces atkoxy radicals substituted with
alkylaminoalkoxy radicals. More preferted alkylaminoalkoxyalkoxy radicals are "lower
alkylaminoalkoxyalkoxy" radicals having alkoxy radicals of one to six carbon atoms. Even more
preferred are lower alkylaminoatkoxyalkoxy radicals having alkyl radicals of one to three carbon
atoms. Suitable alkylamincalkoxyalkoxy radicals may be mono or dialkyl substituted, such as N-
methylaminomethoxyethoxy, N-methylaminoethoxyethoxy, N,N-dimethylaminoethoxyethoxy, N,N-
diethylaminomethoxymethoxy and the like.

The term "carboxyalkyl" embraces linear or branched alkyl radicals having one to about ten
carbon atoms any one of which may be substituted with one or more carboxy radicals. More preferred
carboxyalkyl radicals are "lower carboxyalkyl" radicals having one to six carbon atoms and one
carboxy radical. Examples of such radicals include carboxymethyl, carboxypropyl, and the like. Even
more preferred are lower carboxyalkyl radicals having one to three CH; groups.

The term "halosulfony!” embraces sulfony! radicals substituted with a halogen radical.
Examples of such halosulfonyl radicals include chlorosulfony! and fluorosulfonyl.

The term "arylthio" embraces aryl radicals of six 1o ten carbon atoms, attached to a divalent
sulfur atom. An example of "arylthio” is phenylthio,

The term "aralkylthio” embraces aralkyl radicals as described above, attached to a divalent
sulfur atom. More preferred are phenyl-C;-Cs-alkylthio radicals. An example of "aralkylthio” is
benzylthio.

The term "aryloxy” embraces optionally substituted aryl radicals, as defined above, attached to
an oxygen atorn. Examples of such radicals inciude phenoxy.

The term "aralkoxy” embraces oxy-containing aralkyl radicals attached through an oxygen
atom to other radicals. More preferred aralkoxy radicals are "lower aralkoxy" radicals having
optionally substituted pheny! radicals attached to lower alkoxy radical as described above.

The term "heteroaryloxy" embraces optionally substituted heteroaryl radicals, as defined above,
attached to an oxygen atom.

The term "heteroarylalkoxy” embraces oxy-containing heteroarylatky! radicals atlached through
an oxygen atom to other radicals. More preferred heteroarylalkoxy radicals are “lower
heteroarylalkoxy" radicals having optionally substituted heteroary! radicals attached to lower alkoxy
radical as described above.

The term “cycloalkyl” includes saturated carbocyclic groups, Preferred cycloalkyl groups
include C;-C, rings. More preferred compounds include, cyclopentyl, cyclopropyl, and cyciohexyl.

The term “cycloalkylalkyl” embraces cycloalkyl-substituted alkyl radicals. Preferable
cycloalkylalkyl radicals are "lower cycloalkylalkyl” radicals having cycloalkyl radicals attached to
alkyl radicals having one to six carbon atoms. Even more preferred are "5-6-membered

cycloalkylalkyl” attached to alkyl portions having one to three carbon atoms. Examples of such radicals
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include cyclohexylmethyl. The cycloalkyl in said radicals may be additionally substituted with halo,
alkyl, alkoxy and hydroxy.

The term "cycloalkeny]" includes carbocyclic groups having one or more carbon-carbon double
bonds including "cycloalkyldienyl" compounds. Preferred cycloalkenyl groups include C3-Cg rings.
More preferted compounds include, for example, cyclopentenyl, cyclopentadienyl, cyclohexenyl and
cycloheptadienyt.

The term "comprising" is meant to be open ended, including the indicated component but not
excluding other clements.

The present invention also comprises the use of a compound of the invention, or
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the treatment either
acutely or chronically of an angiogenesis mediated discase state, including those described previously.
The compounds of the present invention are useful in the manufacture of an anti-cancer medicament.

The present invention comprises a pharmaceutical composition comprising a therapeutically
effective amount of a compound of the current invention in association with a least one
pharmaceutically acceptable carrier, adjuvant or diluent.

The present invention also comprises a method of treating angiogenesis related disorders in a
subject having or susceptible to such discrder, the method comprising treating the subject with a

therapeutically effective amount of a compound of the current invention,

COMBINATIONS

While the compounds of the invention can be administered as the sole active pharmaceutical
agent, they can also be used in combination with one or more compounds of the invention or other
agents, When administered as a combination, the therapeutic agents can be formulated as separate
compositions that are administered at the same time or sequentially at different times, or the therapeutic
agenis can be given as a single composition,

The phrase "co-therapy"” (or "combination-therapy™), in defining use of a compound of the
present invention and another pharmaceutical agent, is intended to embrace administration of each
agent in a sequential manner in & regimen that will provide beneficial effects of the drug combination,
and is intended as well to embrace co-administration of these agents in a substantially simultaneous
manner, such as in a single capsule having a fixed ratio of these active agents or in multiple, separate
capsules for each agent.

Specifically, the administration of compounds of the present invention may be in conjunction
with additional therapies known to those skilled in the art in the prevention or treatment of neoplasia,
such as with radiation therapy or with cytostatic or cytotoxic agents.

If formulated as a fixed dose, such combination products employ the compounds of this

invention within the accepied dosage ranges. Compounds of the current invention may also be
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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 the
invention may be administered either prior to, simultaneous with or after administration of the known
anticancer or cytotoxic agent. .

Currently, standard treatment of primary turcors consists of surgical excision followed by either
radiation or IV administered chemotherapy. The typical chemotherapy regime consisis of either DNA
alkylating agents, DNA intercalating agents, CDK inhibitors, or microtubule poisons. The
chemotherapy doses used are just below the maximal tolerated dose and therefore dose limiting
toxicities typically include, nausea, vomiting, diarrhea, hair loss, neutropenia and the like.

There are large numbers of antineoplastic agents available in comumercial use, in clinical
evaluation and in pre-clinical development, which would be selected for treatment of neoplasia by
combination drug chemotherapy. Such antineoplastic agents fall into several major categories, namely,
antibiotic-type agents, alkylating agents, antimetabolite agents, hormonal agents, immunological

agents, interferon-type agents and a category of miscellancous agents.

A first family of antineoplastic agents, which may be used in combination with compounds of
the present invention, consists of antimetabolite-type/thymidilate synthase inhibitor antineoplastic
agents. Suitable antimetabolite antineoplastic agents may be selected from but not limited to the group
consisting of 5-FU-fibrinogen, acanthifelic acid, aminothiadiazole, brequinar sodium, carmofur, Ciba-
Getgy CGP-30694, cyclopenty! cytosine, cytarabine phosphate stearate, cytarabine conjugates, Lilly
DATHF, Merrel Dow DDFC, dezaguanine, dideoxycytidine, dideoxyguanosine, didox, Yoshitomi
DMDC, doxifluridine, Wellcome EHNA, Merck & Co. EX-0135, fazarabine, floxuridine, fludarabine
phosphate, 3-fluorovracil, N+{2"-furanidyl}-5-fluorouracil, Daiichi Seiyaku FO-152, isopropyl
pyrrolizine, Lilly LY-188011, Lilly LY-264618, methobenzaprim, methotrexate, Wellcome MZPES,
nerspermidine, NCI NSC-127716, NCI NSC-264880, NCI NSC-39661, NCI NSC-612567, Warner-
Lambert PALA, pentostatin, piritrexim, plicamycin, Asahi Chemical PL-AC, Takeda TAC-788,
thiognanine, tiazofurin, Erbamont TIF, trimetrexate, tyrosine kinase inhibitors, Tatho UFT and uricytin.

A second family of antineoplastic agents, which may be used in combination with compounds
of the present invention, consists of alkylating-type antineoplastic agents. Suitable alkylating-type
antineoplastic agents may be selected from but not limited to the group consisting of Shionogi 254-§,
aldo-phosphamide analogues, aliretamine, anaxirone, Bochringer Mannheim BBR-2207, bestrabucil,
budotitane, Wakunaga CA-102, carboplatin, carmmstine, Chinoin-139, Chinoin-153, chlorambucil,
cisplatin, cyclophosphamide, American Cyanamid CL-286558, Sanofi CY-233, cyplatate, Degussa D-
19-384, Sumimoto DACHP(Myr)2, diphenylspiromustine, diplatinum cytostatic, Erba distamycin
derivatives, Chugai DWA-2114R, ITI E09, elmustine, Erbamont FCE-24517, estramustine phosphate
sodium, fotemustine, Unimed G-6-M, Chinoin GYKI-17230, hepsul-fam, ifosfamide, ipropiatin,
lomustine, mafosEMde, mitclactol, Nippon Kayaku NK-121, NCENSC-264305, NCI NSC-342215,
oxaliplatin, Upjohn PCNU, prednimustine, Proter PTT-11%, ranimustine, semustine, SmithKline
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SK&F-101772, Yakult Honsha SN-22, spiromus-tine, Tanabe Seiyaku TA-077, tauromustine,

temozotomide, teroxirone, tetraplatin and trimelamol.

A third family of antineoplastic agents which may be used in combination with compounds of
the present invention consists of antibiotic-type antineoplastic agents. Suitable antibiotic-type
antineoplastic agents may be selected from but not limited to the group consisting of Taiho 4181-A,
aclarubicin, actinomycin D, actinoplanone, Erbamont ADR-456, aeroplysinin derivative, Ajinomoto
AN-201-H, Ajinemoto AN-3, Nippon Soda anisomycins, anthracycline, azino-mycin-A, bisucaberin,
Bristol-Myers BL-6859, Bristol-Myers BMY-25067, Bristol-Myers BMY-25551, Bristol-Myers BMY-
26605, Bristol-Myers BMY-27557, Bristol-Myers BMY-28438, bleomycin sulfate, bryostatin-1, Taiho
C-1027, calichemyein, chromoximycin, dactinomycein, daunorubicin, Kyows Hakko DC-102, Kyowa
Hakko DC-79, Kyowa Hakko DC-88A, Kyowa Hakko DC89-Al, Kyowa Hakko DC92-B,
ditrisarubicin B, Shionogi DOB-41, doxorubicin, doxorubicin-fibrinogen, elsamicin-A, epirubicin,
erbstatin, esorubicin, esperamicin-Al, esperamicin-Alb, Erbamont FCE-21954, Fujisawa FK-973,
fostriecin, Fujisawa FR-900482, glidobactin, grepatin-A, grincamycin, herbimycin, idarubicin, illudins,
kazusamycin, kesarirhodins, Kyowa Hakko KM-5539, Kirin Brewery KRN-8602, Kyowa Hakko KT-
5432, Kyowa Hakko KT-5594, Kyowa Hakko KT-6149, American Cyanamid LL-D49194, Meiji Seika
ME 2303, menogaril, mitomycin, mitoxantrone, SmithKline M-TAG, neoenactin, Nippon Kayaku NK-
313, Nippon Kayaku NKT-01, SRI International NSC-357704, oxalysine, oxaunomycin, peplomycin,
pilatin, pirarubicin, porothramycin, pyrindanycin A, Tobishi RA-I, rapamycin, rhizoxin, rodorubicin,
sibanomicin, siwenmycin, Sumitomo SM-5887, Snow Brand SN-704, Snow Brand SN-07, sorangicin-
A, sparsomycin, S8 Pharmaceutical $5-21020, SS Pharmaccutical $5-7313B, S5 Pharmaceutical SS-
9816B, steffimycin B, Taiho 4181.2, talisomycin, Takeda TAN-868A, terpentecin, thrazine, tricrozarin
A, Upiohn U-73975, Kyowa Hakke UCN-10028A, Fujisawa WF-3403, Yoshitorni Y-25024 and
zorubicin.

A fourth family of antineoplastic agents which may be used in combination with compounds of
the present invention consists of a miscellaneous family of antineoplastic agents, including tubulin
interacting agents, topoisomerase 11 inhibitors, topoisomerase I inhibitors and hormonal agents, selected
from but not limited to the group consisting of a~carotene, a-difluoromethyl-arginine, acitretin, Biotec
AD-5, Kyorin AHC-52, alstonine, amonafide, mphctﬁﬁlc, amsacrine, Angiéstat, ankinomycin, anti-
neoplaston A10, antineoplaston A2, antineoplaston A3, antincoplaston AS, antineoplaston AS2-1,
Henke! APD, aphidicolin glycinate, asparaginase, Avarol, baccharin, batracylin, benfluron, benzotript,
Ipsen-Beaufour BIM-23015, bisantrene, Bristol-Myers BMY-40481, Vestar boron-10, bromofosfamide,
Wellcome BW-502, Wellcome BW-773, caracemide, carmethizole hydrochloride, Ajinomoto CDAF,
chlorsulfaquinoxalone, Chemes CHX-2053, Chemex CHX-100, Warner-Lambert CI-921, Wamer-
Larnbert CI-937, Warner-Lambert CI-941, Warner-Lambert CI-958, clanfenur, claviridenone, ICN
compound 1259, ICN compound 4711, Contracan, Yakult Honsha CPT-11, crisnatol, curaderm,
cytochalasin B, cytarabine, cytocytin, Merz D-609, DABIS maleate, dacarbazine, datelliptinium,
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didemnin-B, dihaematoporphyrin ether, dihydrolenperone, dinaline, distamnycin, Toyo Pharmar DM~
341, Toyo Pharmar DM-75, Daiichi Seiyaku TIN-9693, docetaxel elliprabin, elliptinium acetate,
Tsumura EPMTC, the epothilones, ergotamine, etoposide, etretinate, fenretinide, Fujisawa FR-37704,
gallium nitrate, genkwadaphnin, Chugai GLA~43, Glarko GR-63178, grifolan NMF-5N,
hexadecylphosphocholine, Green Cross HO-221, homoharringtonine, hydroxyurea, BTG ICRF-187,
ilmofosine, isoglutamine, isotretinoin, Otsuka JI-36, Ramot K-477, Otsuak K-76COONa, Kureha
Chemical K-AM, MECT Corp KI-8110, American Cyanamid L-623, leukoregulin, lonidamine,
Lundbeck LU-23-112, Lilly LY-186641, NCI (I8} MAF, marycin, Merrel Dow MDL-27048, Medco
MEDR-340, merbarone, merocyanine derivatives, methylanilinoacridine, Molecular Genetics MGI-
136, minactivin, mitonafide, mitoquidone mopidamol, motretinide, Zenyaku Kogyo MST-16, N-
{retinoyl)amino acids, Nisshin Flour Milling N-021, N-acylated-dehydroalanines, nafazatrom, Taisho
NCU-190, nocodazole derivative, Normosang, NCINSC-145813, NCI NSC-361456, NCI NSC-
604782, NCI NSC-95580, ocreotide, Ono ONO-112, oquizanocine, Akzo Org-10172, paclitaxel,
pancratistatin, pazelliptine, Warner-Lambert PD-111707, Wamer-Lambert PD-115934, Warner-
Lambert PD-131141, Pierre Fabre PE-1001, ICRT peptide D, piroxantrone, polyhaematoporphyrin,
polypreic acid, Efamol porphyrin, probimane, procarbazine, proglumide, Invitron protease nexin [,
Tohishi RA-700, razoxane, Sapporo Breweries RBS, restrictin-P, retelliptine, retinoic acid, Rhone-
Poulenc RP-49532, Rhone-Poulenc RP-56976, SmithKline SK&F-104864, Sumitomo SM-108,
Kuraray SMANCS, SeaPharm SP-10094, spatol, spirocyclopropane derivatives, spirogermaniurm,
Unimed, S§ Pharmaceutical $58-554, strypoldinone, Stypoldione, Suntory SUN 0237, Suntory SUN
2071, superoxide dismutase, Toyama T-506, Toyarma T-680, taxol, Teijin TEI-0303, teniposide,
thaliblastine, Eastman Kodak TIB-29, tocotrienol, topotecan, Topostin, Teijin TT-82, Kyowa Hakko
UCN-01, Kyowa Hakko UCN-1028, ukrain, Eastman Kodak USB-006, vinblastine sulfate, vincristine,
vindesine, vinestramide, vinorelbine, vintriptol, vinzolidine, withanolides and Yamanouchi YM-534.
Alternatively, the present compounds may also be used in co-therapies with other anti-
neoplastic agents, such as acemannan, aclarubicin, aldesleukin, alemtuzumab, alitretinoin, altretamine,
amifostine, aminolevulinic acid, amrubicin, amsacring, anagrelide, anastrozole, ANCER, ancestim,
ARGLABIN, arsenic trioxide, BAM 002 {Novelos), bexarotene, bicalutamide, broxuridine,
capecitabine, celmoleukin, cetrorelix, cladribine, clotrimazole, cytarabine ocfosfate, DA 3030 (Dong-
A), daclizumab, denileukin diftitox, deslorelin, dexrazoxane, dilazep, docetaxel, docosanol,
doxercaleiferol, doxifluridine, doxorubicin, bromocriptine, carmustine, cytarabine, fluorouracil, HIT
diclofenac, interferon alfa, daunorubicin, doxorubicin, tretinoin, edelfosine, edrecolomab, eflomithine,
emitefur, epirubicin, epoetin beta, etoposide phosphate, exemestane, exisulind, fadrozole, filgrastim,
finasteride, fludarabine phosphate, formestane, fotemustine, gallium nitrate, gemcitabine, gemtuzumab
zogamicin, gimeracil/oteracil/tegafur combination, glycopine, goserelin, heptaplatin, human chorionic
gonadotropin, human fetal alpha fetoprotein, ibandronic acid, idarubicin, (imiquimod, interferon aifa,
interferon alfa, natural, interferon alfa-2, interferon alfa-2a, interferon alfa-2b, interferon alfa-N1,

interferon alfa-n3, interferon alfacen-1, interferon alpha, natural, interferon beta, interferon beta-la,
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interferon beta-1b, interferon gamma, natura) interferon gamma-1a, interferon gamma-1b, interleukin-1
beta, iobenguane, irinotecan, irsogladine, lanrestide, LC 9018 (Yakult), leflunomide, lenograstim,
lentinan sulfate, letrozole, leukocyte alpha interferon, leuprorelin, levamisole + fluorouracil, liarozole,
lobaplatin, lonidamine, lovastatin, masoprocol, melarsoprol, metoclopramide, mifepristone, miltefosine,
mirimostirn, mismatched double stranded RNA, nitoguazone, mitolactol, mitoxantrone, molgramostim,
nafarelin, naloxone + pentazocine, nartograstim, nedaplatin, nilutamide, noscapine, novel
erythropoiesis stimulating protein, NSC 631570 octreotide, oprelvekin, osaterone, oxaliplatin,
paclitaxel, pamidronic acid, pegaspargase, peginterferon alfa-2b, pentosan polysulfate sodium,
pentostatin, picibanil, pirarubicin, rabbit antithymocyte polyclonal antibody, polyethylene glycol
interferon alfa-Za, porfimer sodium, raloxifene, raltitrexed, rasburicase, rhenium Re 186 etidronate, RII
retinamide, rituximab, romurtide, samarium {153 Sm) lexidronam, sargramostim, sizofiran,
sobuzoxane, sonermin, strontium-89 chloride, suramin, tasonermin, tazarotene, tegafur, temoporfin,
temozolomide, teniposide, tetrachlorodecaoxide, thalidomide, thymalfasin, thyrotropin alfa, topotecan,
toremifene, tosimomab-iodine 131, trastuzumab, treosulfan, tretinoin, trilostane, trimetrexate,
triptorelin, tumor necrosis factor aipha, natural, ubenimex, bladder cancer vaccine, Maruyama vaceine,
melanoma Iysate vaccine, valrubicin, verteporfin, vinorelbine, VIRULIZIN, zinostatin stimalamer, or
zoledronic acid; abarclix; AF 941 {Aeterna), ambamustine, antisense oligonucleotide, bel-2 {Gentaj,
APC 8015 (Dendreon), cetuximab, decitabine, dexaminoghutethimide, diaziquone, EL 532 (Elan}, EM
800 (Endorecherche), eniluracil, etanidazole, fearetinide, filgrastim SD01 (Amgen), fulvestrant,
galocitabine, gastrin 17 immunogen, HLA-B7 gene therapy (Vical), granulocyte macrophage colony
stimulating factor, histamine dihydrochloride, ibritumomab tiuxetan, ilomastat, IM 862 (Cytran),
interleukin-2, iproxifene, LDI 200 {Milkhaus}, leridistim, lintuzumab, CA 125 MAb (Biomira}, cancer
MADb (Japan Pharmaceutical Development), HER-2 and F¢ MAb (Medarex), idiotypic 105AD7 MAD
{(CRC Technology), idiotypic CEA MADb (Trilex), LYM-1-iodine 131 MAb (Techniclone),
polymorphic epithelial mucin-yttrium 90 MAb (Antisoma), marimastat, menogaril, mitumomab,
motexafin gadolinium, MX 6 (Galderma), nelarabine, nolatrexed, P 30 protein, pegvisomant,
pemetrexed, porfiromycin, prinomastat, RL 0903 (Shire), rubitecan, satraplatin, sodium phenylacetate,
sparfosic acid, SRL 172 (SR Pharma), SU 5416 (SUGEN), TA 077 (Tanabe}, tetrathiomolybdate,
thaliblastine, thrombopoietin, tin ethyl etiopurpurin, tirapazamine, cancer vaccine (Biomira), melanoma
vaceine (New York University), melsnoma vaccine (Sloan Kettering Institute), melanoma oncolysate
vaccine (New York Medical College), viral melanoma cell Iysates vaccine (Royal Newcastle Hospital),
or valspodar,

Alternatively, the present compounds may also be used in co-therapies with VEGFR inhibitors

including

N-{4-chlotophenyl)-4-(4-pyridinylmethyl)-1-phthalazinamine;
4-[4-[1[{4-chloro-3-(triflucromethyl)phenyl)amino]carbonyljamino]phenoxy] -N-methyl-2-

pyridinecarboxamide;
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N-{2«(ciethylamino)ethyl}-5-[(5-fluoro-1,2-dihydro-2-oxo-3H-indol-3-ylidene)methyl]-2,4-dimethyl-
1H-pymrole-3-carboxamide;

3-[(4-bromo-2,6-difluorophenylymethoxy]-5-[[[{4-(1-pyrrolidinyD)butyl]aminolcarbonyl Jamine}-4-
isothiazolecarboxamide;

N-(4-bromo-2-fluerophenyl)-6-methoxy-7-f(1 -methyl-4-piperidinylymethoxy]-4-quinazolinamine;

3-[5,6,7.13-tetrahydro-9-[(1 -methylethoxy)methyl)-5-0x0-12H-indeno[ 2, 1 -alpyrrolof 3,4 -cJcarbazol-12-
yilpropyl ester N, N-dimethyl-glycine;

N-[5-[[[5-(1,1-dimethylethyl}-2-oxazolyl Jmethyl }thio}-2-thiazolyl]-4-piperidinecarboxamide;

N-[3-chloro-4-[(3-fluorophenylymethoxylphenyl]-6-{ 5-{[[ 2-(methylsulfonylethyl}amino imethyl]-2-
furanyl]-4-quinazolinamine

4-[{4-Methyl-1-piperazinyl)methyl]-N-[4-methyl-3-[[4-(3-pyridiny]}-2-pyrimidinyl]Jamino]-

phenyl]benzamide
N-(3-chloro-4-fluorophenyl)-7-methoxy-6- 3-(4-morpholinyljpropoxy]-4-quinazolinamine

N-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)}-4-quinazclinamine
N-(3-{(((2R)-1-methyl-2-pyrrolidinylmethyDoxy)-5-(trifluoromethylyphenyl}-2-((3-(1, 3-oxazol-5-
ylphenyl)amino)-3-pyridinecarboxarmnide;

2-(((4-fluorophenyDmethylamino)-N-(3-(({({2R)-1 -methyl-2-pymrolidinyymethyl)oxy)-5-
{triflucromethyl)phenyl)-3-pyridinecarboxamide;

N-[3-{Azetidin-3-ylmethoxy}-5-trifluoromethyl-phenyl]-2-(4-fluoro-benzylamino)-nicotinamide.

6-fluoro-N-(4-(1 -methylethyl)phenyl}-2-((4-pyridinylmethyl)amino)-3-pyridinecarboxamide;

2-({4-pyridinylmethyl}amino)-N-(3-({((28)-2-pyrrolidinylmethyljoxy)-S-{triflucromethyl)phenyl)-3-
pyridinecarboxamide;

N-(3-(1, -dimethylethyl)-1H-pyrazol-5-y)-2-((4-pyridinylmethylyamino)-3-pyridinecarboxamide;

N-(3,3-dimethyl-2,3-dihydro-1 -benzofuran-6-yi)}-2-{(4-pyridinylmethyl)amino)-3-
pyridinecarboxamide;

N-(3-({({{25)-}-methyl-2-pyrrolidinymethyl)oxy)-5-(triflucromethy!)pheny!}-2-((4-
pyridinylmethyamino)-3-pyridinecarboxamide;

2-({(4-pynidinylmethyl)amino)-N-(3-((2-( I -pyrrolidinyDethyDoxy)-4-(trifluoromethyl)phenyl)-3-
pyridinecarboxamide;

N-(3,3-dimethyi-2,3-dihydro-1 H-indol-6-y1)-2-((4-pyridinylmethyl)amino)-3-pyridinecarboxamide;

N-(4-(pentafluoroethyl)-3-{{(25)-2-pyrrolidinylmethyiJoxy)phenyl)-2-({(4-pyridinyimethylyarnino)-3-
pyridinecarboxamide;

N-(3-{(3-azetidinylmethyljoxy}-5-(trifluoromethyl)phenyl)-2-((4-pyridinylmethyl)amino)-3-
pyridinecarboxamide;

N-(3-{4-piperidinyloxy)-5-{trifluoremethyl)phenyl}-2-((2-(3-pyridinyl)ethylamino)-3-

pyridinecarboxamide;
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N-<{4,4-dimethyi-1,2,3,4-tetrahydro-isoguinolin-7-y1)-2-(1 H-indazol-6-ylamino)-nicotinamide;
2-{1B-indazol-6-ylamino)-N-{3-(1-methylpyrrolidin-2-ylmethoxy)-5-trifluoromethyl-phenyl]-
nicotinamide;
N-[1-(2-dimethylaming-acetyl}-3,3-dimethyl-2,3-dihydro-1H-indol-6-y1]-2-(1 H-indazol-6-ylamino)-
nicotinamide;
2-{1H-indazol-6-ylamino}-N-[3-(pyrrolidin-2-yhnethoxy)-5-triflucromethyl-phenyl]-nicotinamide;
N-(1-acetyl-3,3-dimethyl-2,3-dihydro-1H-indol-6-y1)-2-(1 H-indazol-6-ylamino)-nicotinamide;
N-(4,4-dimethyi-} -oxo-1,2,3,4-tetrahydro-isoquinolin-7-y1}-2-{1 H-indazol-6-ylamino}-nicotinamide;
N-[4-(tert-buty])-3-(3-piperidylpropylphenyll[2-(1 H-indazol-6-ylamino)(3-pyridyl)]Jcarboxamide;
N-[5-(tert-butyDisoxazol-3-y1][2-(1H-indazol-6-ylamino)(3-pyridyl)jearboxamide; and
N-[4-{tert-butyDyphenyl} 2-(1 H-indazol-6-ylamino)(3-pyridyl)jcarboxamide.

Other compounds described in the following patents and patent applications can be used in
combination therapy: US 6,258,812, US 2003/0105091, WO 01/37820, US 6,235,764, WO 01/32651,
18 6,630,500, US 6,515,004, US 6,713,485, US 5,521,184, US 5,770,599, US 5,747,498, WO
02/68406, WO 02/66470, WO 02/55501, WO 04/05279, WO 04/07481, WO 04/07458, WO 04/05784,
WO 02/59110, WO 99/45008, WO 00/59509, WO 99/61422, US 5,990,141, WO 00/12089 and WO
00/02871.

In some embodiments, the combination compriscs a composition of the present invention in
combination with at least one anti-angiogenic agent. Agents are inclusive of, but not limited to, in vitro
synthetically prepared chemical compositions, antibodies, antigen binding regions, radionuclides, and
combinations and conjugates thereof, An agent can be an agonist, antagonist, alfosteric modulator,
toxin or, more generally, may act to inhibit or stimulate its target (¢.g., receptor or enzyme activation or

inhibition), and thereby promote cell death or amrest cell growth,

Exempiary anti-tumor agents include HERCEPTIN™ (trastuzurnab), which may be used to
treat breast cancer and other forms of cancer, and RITUXAN™ (rituximab}, ZEVALIN™
(ibritumomab tiuxetan}, and LYMPHOCIDE™ (epratuzumab), which may be used to treat non-
Hodgkin's lymphoma and other forms of cancer, GLEEVAC™ which may be used to treat chronic
myeloid leukemia and gastrointestinal siromal tumors, and BEXXAR™ (jodine 131 tositumomab)
which may be used for treatment of non-Hodgkins’s lymphoma.

Exemplary anti-angiogenic agents include KDR (kinase domain receptor) inhibitory agents
{6.g., antibodies and antigen binding regions that specifically bind to the kinase domain receptor), anti-
VEGF agents {e.g., antibodies or antigen binding regions that specifically bind VEGF, or soluble VEGF
receptors or a ligand binding region thereof) such as AVASTIN™ or VEGF-TRAP™, and anti-VEGF
receptor agents {(e.g., antibodies or antigen binding regions that specifically bind therete}, EGFR
inhibitory agents (¢.g., antibodies or antigen binding regions that specifically bind thereto) such as
ERBITUX™ (IMC-C225), and VECTIBIX™ (paniturnumab) IRESSA™ (gefitinib), TARCEVA™

(erfotinib}, anti-Ang]l and anti-Ang2 agents (e.g., antibodies or antigen binding regions specifically
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binding theretlo or 1o their receptors, e.g., Tie2/Tek), and anti-Tie2 kinase inhibitory agents. The
pharmaceutical compositions of the present invention can also include one or more agents {e.g.,
antibodies, antigen binding regions, or soluble receptors) that specifically bind and inhibit the activity
of growth factors, such as antagonists of hepatocyte growth factor (HGF, also known as Scatter Factor),
and antibodies or antigen binding regions that specifically bind its receptor "c-Met" as well as small
molecules inhibifors of the c-Met kinase activity. |

Other anti-angiogenic agents include Campath, 118, B-FGF, Tek antagonisis (Ceretti et al., US
Publication No. 2003/0162712; US Patent No. 6,413,932), anti-TWEAK agents (e.g., specifically
binding antibodies or antigen binding regions, or soluble TWEAK receptor antagonists; see, Wiley, US
Patent No. 6,727,225), ADAM distintegrin domain to antagonize the binding of integrin to its ligands
{Fanslow et al., US Publication No. 2002/0042368), specifically binding anti-eph receptor and/or anti-
ephrin antibodies or antigen binding regions (US Patent Nos. 5,981,245; 5,728,813; 5,969,110;
6,596,852; 6,232,447; 6,057,124 and patent family members thereof), and anti-PDGF-BB antagonists
(e.g., specifically binding antibodies or antigen binding regions) as well as antibodies or antigen
binding regions specifically binding to PDGF-BB ligands, and PDGFR kinase inhibitory agents {e.g.,
antibodies or antigen binding regions that specifically bind thereto).

Additional anti-angiogenic/anti-tumor agents include: SD-7784 (Pfizer, USA);
cilengitide.{Merck KGaA, Germany, EPO 770622); pegaptanib octasodium, (Gilead Sciences, USAY;
Alphastatin, (BioActa, UK); M-PGA, {Celgene, USA, US 5712291}, ilomastat, {Arriva, USA, US
5892112); emaxanib, (Pfizer, USA, US 5792783); vatalanib, (Novartis, Switzerland); 2-
methoxyestradiol, (EntreMed, USA); TLC ELL-12, (Elan, Ireland); anecortave acetate, {Alcon, USAY,
alpha-D148 Mab, (Amgen, USA); CEP-7055,{Cephalon, USA); anti-Vn Mab, (Crucell, Netherlands)
DAC:antiangiogenic, {ConjuChem, Canada); Angiocidin, (InKine Pharmaceutical, USA); KM-2550,
(Kyowa Hakko, Japan); SU-0879, (Pfizer, USA); CGP-79787, (Novartis, Switzerland, EP 970070);
ARGENT technology, (Ariad, USA); YIGSR-Stealth, {Johnson & Johnson, USA); Hbrinogen-E
fragment, {BioActa, UK}; angiopenesis inhibitor, (Trigen, UK); TBC-16335, (Encysive Pharmaceuticals,
USA); SC-236, {Pfizer, USA); ABT-567, (Abbott, USA); Metastatin, (EntreMed, USA); angiogenesis
inhibitor, (Tripep, Sweden); maspin, (Sosei, Japan}; 2-methoxyestradiol, (Oncology Sciences
Corporation, USA), ER-68203-00, (IVAX, USA); Benefin, (Lane Labs, USA); Tz-93, (Tsumura,
Japan); TAN-1120, (Takeda, Japan); FR-111142, (Fujisawa, Japan, JP 02233610); platelet factor 4,
(RepliGen, USA, EP 407122); vascular endothelial growth factor antagonist, (Borean, Denmark);
cancer therapy, (University of South Carolina, USA); bevacizumab (pINN), (Genentech, USA);
angiogenesis inhibitors, (SUGEN, USA), XL 784, (Exelixis, USA); XL 647, (Exelixis, USA); MAb,
alphaSheta3 integrin, second peneration, (Applied Molecular Evolution, USA and Medimmune, USA);
gene therapy, retinopathy, (Oxford BioMedica, UK); enzastaurin hydrochloride (USAN), (Litty, USA);
CEP 7055, {Cephalon, USA and Sanofi-Synthelabo, France); BC 1, (Genoa Institute of Cancer
Research, Ttzly); angiogenesis inhibitor, (Alchemia, Australia); VEGF antagonist, (Regeneron, USA};
rBPI 21 and BPI-derived antiangiogenic, (XOMA, USA); PI 88, (Progen, Australia); cilengitide
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(pINN), (Merck KGaA, German; Munich Technical University, Germany, Scripps Clinic and Research
Foundation, USA); cetuximab (INN), {Aventis, France); AVE 8062, (Ajinomoto, Japan); AS 1404,
(Cancer Research Laboratory, New Zealand); SG 292, (Telios, USA); Endostatin, (Boston Childrens
Hospital, USA); ATN 161, (Attermon, USA), ANGIOSTATIN, (Boston Childrens Hospital, USA); 2-
methoxyestradiol, (Boston Childrens Hospital, USA); ZD 6474, (AstraZeneca, UK); ZD 6126,
(Angiogene Pharmaceuticals, UK); PPI 2458, (Praccis, USA); AZD 9935, (AstraZeneca, UK); AZD
2171, {AstraZeneca, UK); vatalanib (pINN), (Novartis, Switzerland and Schering AG, Germany); tissue
factor pathway inhibitors, (EntreMed, USA); pegaptanib (Pinr), (Gilead Sciences, USAY); xanthorrhizol,
(Yonsei University, South Korea); vaccine, gene-based, VEGF-2, (Scripps Clinic and Research
Foundation, USA); SPV5.2, (Supratek, Canada); SDX 103, (University of California at San Diego,
USA); PX 478, (ProtX, USA); METASTATIN, (EntreMed, USA); troponin I, (Harvard University,
USAY, SU 6668, (SUGEN, USA); OXI 4503, (OXiGENE, USA); o-guanidines, { Dimensional
Pharmaceuticals, USA); motuporamine C, (British Columbia University, Canada); CDP 791, (Celltech
Group, UK); atiprimod (pINN), (GlaxeSmithKline, UK); E 7820, (Eisal, Japan); CYC 381, (Harvard
University, USA); AE 941, (Aeterna, Canada); vaccine, angiogenesis, (EntreMed, USA), urokinase
plasminogen activator inhibitor, (Dendreon, USAY; oglufanide (pINN), (Melmotte, USA); THF-laifa
inhibitors, (Xenova, UK); CEP 5214, {Cephalon, USA); BAY RES 2622, (Bayer, Germany);
Angiocidin, (InKine, USA); A6, (Angstrom, USA); KR 31372, (Korea Rescarch Institute of Chemical
Technology, South Korea); GW 2286, (GlaxoSmithKline, UK); EHT 0101, (ExonHit, Francs); CP
868596, (Pfizer, USAY, CP 564959, (OS], USA); CP 547632, (Pfizer, USA); 786034,
{GlaxoSmithKline, UK); KRN 633, (Kirin Brewery, Japan); drug delivery system, intraocular, 2-
methoxyestradiol, (EntreMed, USA); anginex, (Maastricht University, Netherlands, and Minnesota
University, USA); ABT 510, (Abbott, USA); AAL 993, (Novartis, Switzerland), VEGI, (ProteomTech,
USA); tumor necrosis factor-alpha inhibitors, (National Institute on Aging, USA); SU 11248, (Pfizer,
USA and SUGEN USA); ABT 518, (Abbott, USA); YHI6, (Yantai Rongchang, China); 5-3APG ,
(Boston Childrens Haspital, USA and EntreMed, USA); MAb, KDR, (ImClone Systems, USA); MAb,
alpha$ betal, (Pratein Design, USA}, KDR kinase inhibitor, (Celitech Group, UK, and Johnson &
Johnson, USA); GFB 116, (South Florida University, USA and Yale University, USA); CS 706,
{Sankyo, Japan}, combretastatin A4 prodrug, (Arizona State University, USA); chondroitinase AC,
(IBEX, Canada); BAY RES 2690, (Bayer, Germany); AGM 1470, (Harvard University, USA, Takeda,
Japan, and TAP, USA); AG 13925, {Agouron, USA); Tetrathiomolybdate, (University of Michigan,
USA); GCS 100, (Wayne State University, USA) CV 247, (Ivy Medical, UK}); CKD 732, (Chong Kun
Diang, South Korea); MAb, vascular endothelium growth factor, (Xenova, UK); irsogladine (INN),
(Nippon Shinyaku, Japan}; RG 13577, (Aventis, France); WX 360, (Wilex, Germany); squalamine
{pININ}, (Genaera, USA); RPI 4610, (Sirna, UUSA), cancer therapy, (Marinova, Australia); heparanase
inhibitors, (InSight, Israel); KL 3106, (Kolon, South Korea); Honokiol, (Emory University, USA); ZK
CDK, (Schering AG, Germany); ZK Angio, (Schering AG, Germany); ZK 229561, (Novartis,
Switzerland, and Schering AG, Germany); XMP 300, (XOMA, USA), VGA 1102, (Taisho, Japan},
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VEGF receptor modulators, (Pharmacopeia, USA); VE-cadherin-2 antagonists , (ImClone Systems,
USA); Vasostatin, (National Institutes of Health, USA);vaccine, Fik-1, {ImClone Systems, USA); TZ
93, (Tsumura, Japan); TumStatin, (Beth Israel Hospital, USA); truncated soluble FLT 1 (vascular
endothelial growth factor receptor 1), (Merck & Co, USA); Tie-2 ligands, (Regeneron, USA); and,
thrombospondin 1 inhibitor, (Allegheny Health, Education and Research Foundation, USA).

Alternatively, the present compounds may also be used in co-therapies with other anti-
neoplastic agents, such as VEGF antagonists, other kinase inhibitors including p38 inhibitors, KDR
inhibitors, EGF inhibitors (such as panitumumab), CDK inhibitors, TNF inhibitors, metallomatrix
proteases inhibitors (MMP), COX-2 inhibitors including celecoxib, NSAID’s, o, j3; inhibitors,
phosphatidylinitise! 3-kinase inhibitors, AKT/PCK inhibitors, proteasome inhibitors (such as
Velcade™), Trail receptor agonists (such as AMG 655), Trail (such as AMG 951), XIAP inhibitors,
BCI? inhibitors, Aurora kinase inhibitors, Raf kinases inhibitors, ubiquitin ligase inhibitors, HGF
inhibitars (such as AMG 102}, and e-Met inhibitors (such as compounds described WO 06/116713 and
11.5. Serial No. 11/879,034).

Also included in the family of compounds of the current are the pharmaceutically acceptable
salts and solvates thereof. The term "pharmaceutically-accepiable salis” embraces salts commonly used
to form alkali metal salts and to form addition salts of free acids or free bases. The nature of the salt is
not critical, provided that it is pharmaceuticaily acceptable. Suitable pharmaceutically acceptable acid
addition salts of compounds of the current invention may be prepared from an inorganic acid or from an
organic acid. Examples of such inorganic acids are hydrochloric, hydrobromic, hydroiodie, nitric,
carbonic, sulfuric and phosphoric acid. Appropriate organic acids may be selected from aliphatic,
cycloaliphatic, aromatic, arylaliphatic, heterocyclic, carboxylic and sulfonic classes of organic acids,
example of which are formic, acetic, adipic, butyric, propionic, succinic, glycolic, gluconic, lactic,
malic, tartaric, citric, ascorbic, glucuronic, maleic, fumaric, pyruvic, aspartic, glutamic, benzoic,
anthranilic, mesylic, 4-hydroxybenzoic, phenylacetic, mandelic, embonic (pamoic), methanesulfonic,
ethanesulfonic, ethanedisulfonic, benzenesulfonic, pantothenic, 2-hydroxyethanesulfonic,
toluenesulfonic, sulfanilic, cvclohexylaminosulfonic, camphoric, camphorsulfonic, digluconic,
cyclopentanepropionic, dodecylsulfonic, glucoheptanoie, glycerophosphonic, heptanoic, hexanoie, 2-
hydroxy-ethanesulfonic, nicotinie, 2-naphthalenssulfonic, oxalic, palmoic, pectinic, persulfuric, 2-
phenylpropionic, picric, pivalic propionie, succinic, tartaric, thiocyanic, mesylic, undecanoic, stearic,
algenic, B-hydroxybutyric, salicylic, galactaric and galacturonic acid. Suitable pharmaceutically-
acceptable base addition salts of compounds of the current invention include metallic salts, such as salts
made from aluminum, calcium, lithium, magnesium, potassium, sodium and zinc, or salts made from
organic bases including primary, secondary and tertiary amines, substituted amines including cyclic
arnines, such as caffeine, arginine, diethylamine, N-ethyl piperidine, aistidine, glucamine,
isopropylamine, lysine, morpholine, N-ethyl morpholine, piperazine, piperidine, triethylamine,

trimethylamine. All of these salts may be prepared by conventional means from the corresponding
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compound of the invention by reacting, for example, the appropriate acid or base with the compound of
the current invention. When a basic group and an acid group are present in the same molecule, a

compound of the current invention may also form internal salts.

GENERAL SYNTHETIC PROCEDURES

The compounds of the invention can be synthesized according to the procedures

illustrated in the following working examples, as well as by alternative methods known to
those of ordinary skill in the art..

Additional analogs can be prepared by the following general schemes.

SIM93

O~mMe O~M
\ = €
)\ . )\W \ N O Me
L '

27 A B

Bromination of compound 227 with NBS in anatogy to the preparation of compound 230 of example

168 provides bromo ester A. Sonagshira coupling provides the alkyne B. Grignard addition provides the
tertiary alcohot C. Mild acidic workup provides the fused pyran D.

SEMEa
/i o o
I N
OH - I M - )\ Vie
e - e
g N/ N e Me C Me
3
C D E

The thiomethyl group of compounds D and E can be converted to typical substituted heteroaryl and aryl
amines in analogy to example 168 providing inhibitors such as F and G.
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Condensation of amine 225 with pyrimidine 222 provides diester A2 which can undergo claisen
condensation to the keto ester B2, which is a versatile intermediate for a number of transformations.
Condensation with hydrazines can lead to fused pyrazoles such a C2 and D2, which can be further

modified to examnples of this invention.
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Aldehdye 229 can be formylated to an equivatent of the dialdehyde A3 which can be used to form the
fused pyridazine B3, which can be further modified to examples of this invention.

e HN :

NH
J\ 2

N "NH e N’/J\NH

N

Ad B4
According to Kan, Wai Ming; Lin, Shih-Hsun; Chem, Ching-Yuh SynComm V335 p2633 y2003,
amines such as cyclopentyl amine can be added to chloroformamidines such as A4 to form guanidines
such as B4. Buchwald coupling with halopyrimidines such as C4 followed by intramnolecular
cyelization can provide substrates for elaboration to examples of this invention. The 5 and 7-member

ring analogs of A4 are also usezble.

C4 D4 E4

The use of uracil A5 or dialkoxypyrimidine heterocycles can lead to more elaborate analogs.

HN/Uj N B N N\<NH N NfN
o)\ﬁ HQNJ\N’ NH HzNJ\N/ NH HQNJ‘N’ “D
Bs C5 1.15)

OF
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EXAMPLES
The following examples are provided by way of illustration only and not by way of limitation.
Those of skill in the art will readily recognize 2 variety of noncritical parameters that could be changed

or modified to yield essentially similar results,

EXAMPLE 1

—

X
HN" N N
578
f
L)

N
H

N

7
9-cyclopentyl-N-(5-(1-piperazinyl)-2-pyridinyl)-9H-pyride[4',3":4,5]pyrrolo{2,3-dlpyrimidin-2-
amine

[ —

rt

N/iBr

Br : !

)Nl:j +  HN dioxane Cl)\N/ n-H
o

Cl N™ Ci

1

5-Bromo-2-chloro-Necyclopentylpyrimidin-d-amine (1): To a solution of 5—bfomo—2,4-
dichloropyrimidine (45.6 g, 200 mmol) in dioxane (400 mL) was added N-cyclopeniylamine (20.4 g,
240 mmol) at room temperature. The mixture thus obtained was stirred at room temperature for 6 h.
The reaction mixture was then diluted with ethy! acetete and washed with brine and dried over MgSQO,.
The solvent was evaporated to give the title compound as a light yeliow solid (56 g, 100%) which was
used in next step without further purification. 'H NMR (500 MHz, DMSO-d6) 8 8.23 (1H, s), 7.37 (1H,
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d, =73 Hz), 431 (1H, m), 1.92 (2H, m), 1.71 (2H, m), 1.53-1.59 (4H, m) ppm; LCMS-ESI (POS),
M/Z, M+1: Found 276.0, Calculated 275.9.

N/\jar N /jar
A AL NH,OH/A-PTOH Mo

NN HaN™ "N N

i 120°C i
1 2

5-Bromo-N'-cyclopentylpyrimidine-2,4-diamine (2): A solution of 1 (45 g, 200 mmol) in 28%
NH,OH/iso-propanol (1/1, 400 ml.) was heated at 120 °C in a sealed tube for 22 h. The product was

Cl

exiracted with dichloromethane and the organic layers were washed with brine and dried. The solvent
was evaporated and the residue was purified by flash chromatography on silica gel eluting with 25%
ethyl acetate in hexanes to give the titled compound (2} as a white solid (34 g, 66%). "H NMR (500
MHz, DMSO-dg) 8 7.77 (1H, 5), 6.19 (2H, br. 5), 6.12 (1H, d, 1H, J = 7.3 Hz), 4.33(1H, m)1.90 (2H,
mj, 1.69 (2ZH, m}, 1.49-1.55 (4H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 257.0, Calculated
257.0.

Br
T 0 mems 0
T PACI(PPha),
AN NI N s o 2 AT g
S« N NaCOy1200c  HN° N NH

Ci
2 3

5-(3-Chloropyridin-d-y)-N'-cyclopentylpyrimidine-2,4-diamine (3): To a solution of 2 (2.57 g, 10.0
mmol) in dioxane (75 mL) were added 3-chloropyridine-4-boronic acid (4.72 g, 10.0 mmol), trans-
dichlorobis(triphenylphosphine)-palladinm({IT}(702 mg, 1.0 mmol}, and sodium carbonate (3.82 g, 36
mmol, in 36 mL of water). The mixture thus obiained was purged with N, for 10 min and heated at
120°C in a sealed tube for 22 h. The reaction mixture was diluted with water and the product was
extracted with chioroform. The organic layers were dried (MgSO,) and concenirated. The residue was
purified by flask chromatography on silica gel eluting with 2.5% methanol in dichloromethane to give
the title compound (3} as a white solid (2.31g, 80%). "H NMR (500 MHz, DMSC-ds) 5 8.64 (1H, s),
830 (1H, 4, Y =4.9Hz}, 751 {1H, 5), 734 (1H, d, 1H, F = 4.9 Hz), 6.21 (2H, d, 1H, brs), 5.97 (IH, d,]
=7.6Hz), 443 (1 H, p, I= T4Hz), 1.84 (2H, m}, 1.62 (2H, m), 1.40-1.45 (4H, m) ppm, LCMS-ES]
{(POS), M/Z, M+1: Found 290.0, Calculatad 290.1.
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! N
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N7 Pd,{dba)s, XantPhos N/IQ
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HNT N7 NH t-BuONa, 150°C
3 é 4 é

9_Cyclopentyl-9H-pyrido[4',3":4,5|pyrrolof2,3-d]pyrimidin-2-amine (4): To a solution of3(23g,
7.9 mmo!) in dioxane {60 mL) were added tris(dibenzylideneacetone}dipalladium (0) (368 mg, 0.4

mmol), 4,5-bis(diphenylphosphino)-9,9-dimethyixanthene (696 mg, 1.2 mmol), and sodium ¢-butoxide
(1.15 g, 12 mmol). The mixture thus obtained was heated at 150 °C under microwave irradiation for 3
h. The reaction mixture was passed through a short pack silica gel column and concentrated. The
residue was purified by flash chromatography on silica gel eluting with 2% methanol in
dichloromethane to give the title compound (4) as a white solid (1.71 g, 85%)). 'H NMR (500 MHz,
DMSO-ds) $9.05 (1H, 5), 8.87 (1H, br. 5), 8.37 (1M, d, J = 4.9 Hz), 7.93 (1H, 4, T = 5.1 Hz), 6.97 (2H,
br. s), 5.33 (1H, p, ] = 8.6Hz), 2.27 (2H, m), 2.04 (4H, m), 1.76 (2H, m) ppm; LCMS-ESI (POS), M/Z,
M+1: Found 254.1, Calculated 254.1,

Ct
Ci [ [\i %
N ENJ Pd;{dba}s, XantPhos =
i + -
2 i:i -BuONa, toluene ENJ
Boc 5
Br I?l
Boc

4-(4-Chloro-pyrid-2-yi)-piperidine-I-carboxylic acid t-butyl ester (5): As reported in Ji, J.; Li, T,
Bunnelle, W. H., Org. Lett. 2003, 5, (24), 4611-4614, r-butyl 1-piperazinecarboxylate (11.18 g, 60
mmot), sodium t-butoxide (8.64 g, 90 mmol), Pdy(dba) (1.10 g, 1.20 mmol), and XantPhos (2.08 g, 3.6
mmol) were added to a solution of 5-brome-2-chioropyridine (11.54 g, 60 mmol) in toluene (300 mi).
The mixture was evacuated and purged with argon (3 cycles), then heated at 100 °C for 5 h. The
reaction mixture was then cooled to room temperature, diluted with ethy] acetate (1200 mL) and
washed with water (300 mL). The organic solution was concentrated under pressure, and the residue
was purified by flash chromatography on silica gel eluting with 17% ethyl acetate in hexane to give
compound 5 as a light yellow solid (14.56 g, 82%). TH NMR (400 MHz, CDCl,) 8 8.02 (1H, s), 7.19 -
7.18 (2H, m), 3.59 (4H, dd, ] = 12 Hz, =4 Hz), 3.14 (4H, dd, J = 12 Hz, } =4 Hz), 149 (5H, s) ppm;
LCMS-ESE (POS), M/Z, M~+1: Found 298.1, Calculated 268.1.
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JNL N\ L Pda(dba)s, XantPhos NF O
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H,N” NT TN

O [Nj t-BuONa, 150°C X
N

4 5 6

t-Butyl 4-(6-((9-cyclopentyl-9H-pyride[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-3-
pyridinyl)-1-piperazinecarboxylate (6): To 2 solution of compound 4 (1.6 g, 6.3 mmol) in dioxane
{60 mL) were added compound 5 (2.3 g, 7.6 mmol), tris(dibenzylideneacetone) dipalladium (0) (293
mg, 0.32 mmol), 4,5-bis(diphenylphosphine)-9,9-dimethyixanthene (370 mg, 0.64 mrnol), and sodium
t-butoxide (908 mg, 9.45 mmol). The mixture thus obtained was heated at 150 °C under microwave
irradiation for 1 h. The reaction mixture was passed through a short pack silica gel column and
concentrated to give the title compound 6 as a yellow solid (3.28 g} which was used in next step
without further purification. 'H NMR (500 MHz, DMS0-dg) & 9.11 (1H, s}, 8.93 (1H, br. 5), 8.53 (1H,
d,7=5.1Hz), 844 (1H,d, J=93 Hz), 828 (1H, br. s}, 8.09(1 H,d, J=2.9Hz), 7.87 (1H,dé, J =
5.1Hz, 0.9Hz), 7.41 (1H, dd, J = 9.3Hz, 2.9Hz), 5.40 (1H, p, J = 8.8Hz), 3.65 (4H, t, J = 5.2Hz), 3.15
(4H, t, ] = 4.9Hz), 2.46 (2H, m), 2.15-24 (4H, m), 1.91 (2H, m}, 1.52 (OH, s) ppm; LCMS-ESI (PO5),
M/Z, M+1: Found 515.2, Calculated 515.3. :

"~

N .

) O VS
HN N/ N HNJ\N/ N
N/l O CF,CO,H NG O
. i

CH,Cly SN

N N
(] ()

N N

Bec H

9.Cyclopentyl-N-(5-(1-piperazinyl)-2-pyridinyl)-2H-pyride[4',3":4,5ipyrrelof2,3-d] pyrimidin-2-
amine (7): A solution of compound 6 {3.28 g, 6.37 mmol) in TFA/DCM (60, 1:1) was stirred at room
temperature for 30 min. The reaction mixture was concentrated and the residue was purified by
chromatography on sitica gel eluting with CH,Cly/methanol/NH,OH (200:10:1) to give the title
compound (7) as an off-white solid (2.60 g, 98%). 'H NMR (400 MHz, DMSO-ds) 5 9.86 (1H, s}, 9.28
(1H, s), 9.01 {1H, s}, 8.68 (1H, brs), 8.45{1H,d, J=4Hz), 823 (1 H,4,7=8Hz), 8.10(1H,d,7=4
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Hz), 8.04 (1H, d, ] = 8 Hz), 7.54 (1H, dd, ] = 8 Hz, ] = 4 Hz), 5.43 (1H, p, T = 8 Hz), 3.35 (4H, m), 3.26
(4H, m), 2.40 (2H, m), 2.03-2.10 (4H, m), 1.78 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found
415.1, Calculated 415.2.

EXAMPLE 2

9.Cyclopentyl-N-(5-(1-(V"-methylpiperazinyl))-2-pyridinyl)-9H-pyrido- [4',3":4,5]pyrrolo]2,3-
d]pyrimidin-2-amine
Compound § was prepared using chemistry similar to that described in example 1. "H NMR (500 MHz,
CDClL;) 8 9.07 (1H, s), 8.90 (1H, 5), 8.51 (11, d, I =5 Hz), 8.39(1H, d, ] = 8 Hz), 8.06 (1H, 5), 8.05 (1
H,s), 7.84 (14,d,T= 5 Hz), 7.39 (1H,dd, J=8 Hz, ] = 2 Hz), 5.39 (1M, p, J =8 Hz), 3.22 4H, t, ] = 5
Hz), 2.63 (4H, t, I = 5 Hz), 2.44 (2H, m), 2.39 (3H, 5), 2.14-2.21 (4H, m), 1.88 (2H, m) ppm; LCMS-
ESI(POS), M/Z, M+1: Found 429.2, Calculated 429.2,

EXAMPLE 3

TNTOTN

@

[ﬁ
9

(9-Cyclopentyl-SH-pyrido[4',3":4,5 pyrrolo[2,3-d]pyrimidin-2-yl)-(4-piperazin-1-yl-phenyl)-amine

Compound 9 was prepared using chemistry similar to that described in example 1, '"H NMR (500 MHz,

CD;0D) 6 939(1 H,s), .15(1 H, ), 849 (2 H,s), 7.72 (2 H, d, /~5.0 Hz}, 7.11 (2 H, d, /=5.0 Hz),

5.33 (1 H, m), 3.43 (8 H, m), 2.54 (2 H, m}, 2.22 (2 H, m), 2.21 (2 H, m), 1.86 (2 H, m)} ppm; LCMS-
ESI(POS), M/Z, M+1; Found 414.2, Calculated 414.2,
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10

(R)-S-cyclopentyl-V-(6-(1-(3-methylpiperazinyl)-3-pyridazinyl)-9H-pyrido|4',3':4,5]-

pyrrolo{2,3d]pyrimidin-2-amine

ci
Cl H I:ll =
N
N [ DIEA N
il + s nm——
N # N 120°C N :
|
Cl Boc [ j\
N
Boc

il

(R)-tert-butyl 4-(6-chloropyridazin-3-yl)-2-methyipiperazine-1-carboxylate (11): A mixture of 3,6-
dichloropyridazine (298 mg, 2 mmol) and (R)-1-N-Boc-2-methyl piperazine (401 mg, 2.0 mmol} in

N,N-diisopropylethyiamine (0.7 mL, 4 mmof) was sitrred at 120 °C for 5 h. The reaction mixture was

diluted with ethyl acetate and washed with brine (2x), then dried over MgS80,. The salts were removed

by filtration and the filtrate was concentrated and the residue was purified by chromatography on silica

gel eluting with 20% to 80% ethy] acetate in hexane to give compound 11as a light yellow solid (511
mg, 82%). . 'H NMR (500 MHz, CD;OD) § 7.24 (1H, d, T = 10 Hz), 6.88 (1H, d, J = 10 Hz), 438 (1H,
brs), 4.17 (1H, d, I = 10 Hz), 4.05 — 3.97 (2H, m), 3.39 (1H, dd, J= 15 Hz, J = 5 Hz}, 3.29 (1H, dd4d, J
=15 Hz, T = 10 Hz, ] =5 Hz), 1.51 (9H, ), 1.21 (3H, d, J = 10 Hz) ppm; LCMS-ESI (POS), M/Z,
M+1: Found 313.1, Calculated 313.1.
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Cl i
= N HNT N7 N
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N
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4 il 12
t-Butyl 4-(6-((9-cyclopentyl-9HB-pyrida{4',3':4,5]pyrrolo{2,3-djpyrimidin-2-yDamino}-3-
pyridazinyl)-1-piperazinecarboxylate (12): To a solution of compound 4 (112 mg, 0.40 mmol) in
dioxane (4 mL) were added compound 11 (150 mg, 0.48 mmol), tris(dibenzylideneacetone}dipaliadium
(0) (18.4 mg, 0.02 mmol), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (35 mg, 0.06 mmol), and
sodium r-butoxide {58 mg, 0.60 mmol). The mixture thus obtaitied was heated at 150 °C under
microwave irradiation for 1 h. The reaction mixture was passed through short pack silica gel column
and concentrated to give a crude 12 (purity = 85%) as a yellow solid (240 mg) which was used in next
step without further purification. LCMS-ESI (POS), M/Z, M+1: Found 530.3, Calculated 530.3.

N p——"
;
Hy” O NF N N*N’ N
N/ O CFacOQH N
g _ORCOH W
= Naw
By

BN (

N

\ N
Boc H
12 10

(R)-8-cyclopentyl-N-(6-(1-(3-methylpiperazieyl)-3-pyridazinyl)}-9H-pyridold',3":4,5}-
pyrrole[2,3d]pyrimidin-2-amine (10): A solution of compound 12 (240 mg, purity = 85%, 0.383
mmol) in TFA/DCM (4 mL.,, 1:1) was stirred at room temperature for 30 min. The're:action mixture was
concentrated and the residue was purified by chromatography on silica gel ehating with
CH,Cly/methanol/NH,OH (200:10:1) o give compound 10 as an off-white solid ( 120 mg, 73%). 'H
NMR (500 MHz, DMSO-dg) 3 10.19 (1H, s}, 9.27 (1H, s), 9.01 (1H, 5), 8.46 (1H, d, J=5Hz), 8.18
(1H,d,J = 10 Hz), 8.05 (1H, d, T = 5 Hz), 7.40 (1H, d, J = 10 Hz), 5.34 (1H, p, ] = 10 Hz), 4.11 (2H,
m), 2.97 (1H, m), 2.7¢ —2.72 (3H, m), 2.44 — 2.34 (3H, m), 2.09 — 2.04 (4H, m), 1.74 (ZH, m}, 1.04
(3H, d, } = 5 Hz) ppm; LCMS-ESI (POS), M/Z, M+1: Found 430.2, Calculated 430.2.
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9-cyclopentyl-N-{5-methyl-6-(1-piperazinyl)-3-pyridinyl)-¢H-pyrido-[4'.3':4,5ipyrrolof2,3-
dipyrimidin-2-amine
Compound 13 was prepared using chemistry similar to that described in example 4. 'H NMR (500
MHz, DMSO-de) 8 10.42 (1H, brs), .57 (11, 5), 9.38 (1H, 5), 8.86 2H, br ), 8.67 (1H, 4,), 8.57 (1H,
d,J=6.1Hz), 8.52(1H, d,J = 2.THz), 8.03 (1H, s), 5.33 (1H, p, J = 8.8 Hz), 3.26 (8H, m), 2.43 (2H,
m), 2.32 (3H, 5), 2.13 (2H, m}, 2.00 (2H, m), 1.74 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found
429.2, Calculated 429.2.

9-cyclopentyl-N-(6-(1-piperazinyi)-3-pyridazinyl)}-9H-pyrido}4',3":4,5]-pyrroie[2,3d]pyrimidin-2-
amine

Compound 14 was prepared using chemistry similar to that described in example 4. 'H NMR (500

MHz, DMSO-dg) 8 11.16 {1H, brs), 9.63 (1H, s}, 9.41 (1H, s), 9.01 (2H, brs), 8.71 (1H, d, I = 6.1Hz),

8.64 (1H, d,J=6.1Hz), 8.23 (1H, d, J = 9.8Hz)}, 7.69 (1H, d, J = 9.83Hz), 5.37 (1H, p, ] = 8.8 Hz}, 3.82

(4H, 1, T= 5.4 Hx), 3.29 (4H, m), 2.3% (Z2H, m), 2.13 (2H, m), 2.04 (ZH, m), 1.74 (2H, m) ppm; LCMS-

ESI(POS), M/Z, M+1: Found 416.2, Calculated 416.2.
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9-cyclopentyl-N-(6-(1-piperazinyl)-3-pyridinyl}-SH-pyrido[4',3" :4,5] pyrrole(2,3-d]pyrimidin-2-
amine
Compound 15 was prepared using chemistry similar to that described in example 4. "H NMR (500
MHz, CD;0D) 8 9.43 (1H, 5), 9.18 (1H, 5}, 8.65 (1H, d, I = 2.6 Hz), 8.53 (2H, 5), 8.10 (1H, dd, J = 9.0
Hz, 2.4 Hz), 7.11 (1H, d,J =93 Hz), 5.37 (1H, p, y = 8.6 Hz), 3.85 (41, t, J= 5.3 Hz}, 3.40 (44, 1, } =
5.1 Hz), 2.49 (2H, m), 2.23 (2H, m}, 2.21 (2H, m), 1.86 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+1:
Found 415.1, Calculated 415.2.

EXAMPLE 8
1\3 =\ /N
o N7 N
-~ O
NYN
)
N
H
16

9-cyclopentyl-N-(2-(1-piperazinyl)-5-pyrimidinyl}-9H-pyrido[4',3":4,5] pyrrole[2,3-d]pyrimidin-2-
anmtine

Compound 16 was prepared using chemistry similar to that described in example 4. 'H NMR (300

MHz, CD;0D) 8 9.40 (1H, 5), 9.16 (14, 5}, 8.82 (2H, 5), 8.51 (1H. 4, J=6.1 Hz), 849 (1H,d,J=6.]

1¥z), 5.35 (1H, p, T = 8.5 Hz), 4.12 (4H, t, J = 5.4 Hz}, 3.35 (4H, t, I = 5.4 Hz), 2.47 (2H, m), 2.23 (2H,

m}, 2.10 (2H, m), 1.85 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 416.2, Calculated 416.2.
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(5)-9-cyclopentyl-N-(6-(1~(3-methylpiperazinyl}-3-pyridazinyl}-9H-pyridof4',3":4,5]-

pyrrelof2,3d]pyrimidin-2-amine

Compound 17 was prepared using chemistry similar to that described in example 4. "H NMR (500
MHz, DMSO-ds-d6) § 10.19 (1H, 5), 9.27 (1H, 5), 9.01 (1H, s), 8.46 (1H, d, } =5 Hz), 8.18 (1H,d,J =
10 Hz), 8.05 (1H, d, J = 5 Hz), 7.40 (1H, d, } = 10 Hz), 5.34 (1H, p, ] = 10 Hz), 4.11 (2H, m}, 2.97 (1H,
m}, 2.79 - 2.72 (3H, m), 2.44 - 2.34 (3H, m), 2.09 ~ 2.04 {4H, m), 1.74 (2H, m), 1.04 (3H, d, } = 5 Hz)
ppm; LCMS-ESI (POS), M/Z, M+1: Found 430.2, Calculated 430.2.

EXAMPLE 10

9-cyclopentyl-N-(6-{1-(3,3-dimethylpiperaziny)-3-pyridazinyl)-9H-pyrido[4',3:4,5]-

pyrrole{2 3dipyrimidin-2-amine

Compound 18 was prepared using chemistry similar to that described in example 1. 'H NMR (500
MHz, CDCl3) 8 9.37 (1H, br s), 9.19 (iH, s), 8.87 (1H, s), 8.50 — 8.46 (2H, m}, 7.84 (1H, d, J = 5 Hz),
7.04 (1H, d, J =5 Hz), 5.34 (1H, p, T = 10 Hz), 3.54 (2H, 1, ] = 5 Hz), 3.36 (2H, brs), 3.07 (2H, ,1 =5
Hz), 2.36 (2H, m), 2.17 (ZH, m), 2.09 (2H, m), 1.84 (2H, m}, 1.21 (6H, s} ppm; LCMS-ESI (POB),
M/Z, M+1: Found 444.2, Calculated 444.3,
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EXAMPLE 11

MN
N
H)Cf?

®

NH-,
1%
9.cyclopentyl-V-(5-(1-(4-aminopiperadinyl)-2-pyridinyl}-9H-pyridoi4’,3':4,5]-
pyrrolof2 3djpyrimidin-2-amine
Compound 19 was prepared using chemistry similar to that described in example 1. 'H NMR (500
MHz, DMSO-dg) 8 9.72 (1H, ), 9.26 (1H, s), 9.00 (1H, s}, 8.44 (1H, d, ] = 5 Hz), 8.15 (1H,d,J = 10
Hz), 8.03 (1H, d,J=5Hz}, 8.02 (1H,d, T=2Hz), 746 (IH,dd, J=10Hz, J=2Hz), 536 (1H,p, T =35
Hz}, 3.61 (2H, m), 2.77 - 2.71 (3H, m), 2.41 - 2.36 (3H, m), 2.09 - 2.05 (4H, m), 1.83 ~ 1.76 (4H, m),
1.39 (2H, m) ppm;. LCMS-ES! (POS), M/Z, M+1: Found 4292, Calculated 429.2.

EXAMPLE 12

N ™~
|
H-.N)\N/ N

g G

2
Q’)
N
20

9-cyclopentyl-N-(5-(1-(N* V'-dimethylaminopiperadinyl)-2-pyridinyl)-9H-pyrido{4',3':4,5]-
pyrrolo[2,3d]pyrimidin-2-amine

Compound 20 was prepared using chemistry similar to that described in example 1. "H NMR (500
MHz, CDCI;3) 6 9.07 (1H, 5), 8.90 (1H, s), 8.51 (1H, d,J =5 Hz), 8.38 (1H, d,J=10Hz), 8.12 (1H, 5),
8.07 (1H, d, J = 2Hz), 7.84 (1H, d, J = 5 Hz), 7.41 (1H, dd, ] = 10Hz, J = 2 Hz), 5.38(1H, p, J = 10 Ho),
3.68 (2H, m), 2.77 (2H, td, = 15 Hz, J = 5 Hz), 2.44 (2H, m), 2. 34 (6H, 5), 2.29 (1H, m}, 2.22 ~ 2.14
(4H, m), 1.97 (2H, m), 1.88 (2H, m), 1.72 {2H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 457.2,
Calculated 457.3.

%
=

N\
/
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21
9-cyclopentyl-N-(6-(1-(V' N'-dimethylaminopiperadinyl)-3-pyridazinyl)-9H-pyrido[4',3":4,5]-
pyrrelof2, 3dlpyrimidin-2-amine
Compound 21 was prepared using chemistry similar to that described in example 4. 'H NMR (500
MUz, DMSO-dg) § 10.17 (1H, s), 9.26 (1H, 5}, 9.00 {1H, s}, 8.44 (1H, d, F=5Hz), 8.16 (1H,d, T = 10
Hz), 8.04 (1H, d, ] = 5 Hz), 7.42 (1H, 4, ] = 10Hz), 5.33(1H, p, ] = 10 Hz), 4.30 (2H, m), 2.88 (2H, td,J
= 15 Hz, J=15 Hz), 2.36 — 2.32 (3H, m}, 2. 19 (6H, 5), 2.10 — 2.02 (4H, m), 1 .84 (2H, m}, 1.74 (2H, m),
1.42 (2H, m) ppm; LCMS-EST (POS), M/Z, M+1: Found 458.2, Calculated 458.3.

EXAMPLE 14

9—~Phenyl-N-(S—(1-pzperazmyi}«Z-pyndmvl)-ﬁ?ﬂ-pyndo[al',3' 4,5 pyrrolo{2,3-d] pyrimldm—z-amme
Compound 22 was prepared using chemistry similar to that described in example 1. "H NMR (500

MHz, DMSO-dg) § 8.76 (1H, s}, 8.52 (1M, d,J = 5 Hz), 8.13 (1H, d, J = 5 Hz), 8.08 (1H, d,] = 10 Hz),
7.97 (1H, br s), 7.82 — 7.80 (2H, m), 7.32 - 7.30 (2H, m), 7.57(1H, dd, ] = 10 Hz, T = 5 Hz), 7.31 (1H,

dd, = 10 Hz, J = 5 Hz), 3.03 (4H, m), 2.85 (4H, m) ppm; LCMS-ESI (POS), M/Z, M~+1: Found 423.2,
Calculated 423.2.
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EXAMPLE 15
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9-(4-fluorophenyl-N-{5-(}-piperazinyl}-2-pyridinyl}-9H-pyrido{4',3':4,5]pyrrelo[2,3-d]pyrimidin-
2-amine
Compound 23 was prepared using chemistry similar to that described in example 1. 'H NMR (500

MHz, DMSO-de) 5 9.86 (1H, 5), 937 (1H, 3}, 8.73 (1H, s), 8.51 (1H, d, J= 5 He), 8.13 (1H, d,1=5
Hz), 8.06 (1H, d, ] = 10 Hz), 7.97 (1H, 5}, 7.87(2H, 4, J = 5 Hz}, 7.55 (2H, dd, ] = 10 Hz, } = 5 Hz),
7.34(1H, dd, ] = 10 Hz, J = 5 Hz), 3.03 (4H, m), 2.85 (4H, m) ppm; LCMS-ESI (POS), M/Z, M+1:
Found 441.1, Calculated 441.2.

EXAMPLE 16

N
|
H‘N)\N/ N
N !
B

E;J

9-{4-methoxyphenyl-N-(5-(1-piperazinyl)-2-pyridinyl)-$H-pyrido-[4',3":4,5]pyrrolo{Z,3-
dipyrimidin-2-amine
Compound 24 was prepared using chemistry similar to that described in example 1. 'H NMR (500

MHz, DMSO-dgy & 9.82 (1H, s), 9.36 (1H, ), 8.68 (1H, s}, 8.50 (1H, d,J =5 Hz), .11 (1K, d, J =5
Hz), 8.08 {1H, s), 7.98 (1H, d, J = § Hz), 7.70(2H, d, T = 10 Hz), 7.34 (1H, 4, F = 10 Hz), 7.25(1H, 4, ]
=10 Hz), 3.89 (3H, s), 3.05 (4H, m), 2.88 (4H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 453.2,
Calculated 453.2.

=z

47



WO 2009/085185 PCT/US2008/013849

EXAMPLY 17

N/YQN
H. )LN/ N

(J

N
N
N
25
{9-Phenyl-9H-pyride(4',3":4,5]pyrrele[2,3-d] pyrimidin-2-yI)-(4-piperazin-1-yl-phenyl}-amine

Compound 25 was prepared using chemistry similar to that described in example 1. "H NMR (500
MHz, CD;0D) 8 9.10 (1H, s), 8.87 (1H, ), 8.58 (1H, d, J =5 Hz), 7.87 (1H, 5), 7.74 (2H, d, ] = 5 Hz},
7.67(2H, dd, J = 10 Hg, =5 Hz), 7.58 - 7.53 (3H, m)}, 6.92 (2H, d, ] = 5 Hz}, 3.13 (4H, m}, 3.07 (44,
) ppm; LCMS-ESI (POS), M/Z, M+1: Found 422.2, Calculated 422.2,

EXAMPLE 18

s
H,N)\ P

N

o @
e

(R)-9-cyclopentyl-N-(6-(3-hydroxypyrrolidin- 1.y])-3-pyridazinyl)-9H-pyrido[4',3":4,5]-
pyrrolof2,3d}pyrimidin-2-amine

Cl
2 i N._=
rg . dioxane
N # :—; 120 °C N
& OH g 7
OH

27
(R)-1-{6~-Chloropyridazin-3-yl)pyrrolidin-3-ol (27): A solution of 3,6-dichloropydazine (1.49 g, 10

mmal) and (R)-3-hydroxypyrrolidine (871 mg, 10 mmol) in dioxane {20 mL} was heated at 120 °C for
10 h. The reaction mixture was diluted with ethyl acetate and washed with 3% NaHCO; and brine,
dried. The solvent was evaporated and the residue was purified by chromatography on silica gel eluting
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with 2.5% methanol in dichloromethane to give the compound 27 as a yellow solid {8135 mg, 41%).
LCMS-ESI (POS), M/Z, M+1: Found 200.0, Calculated 200.0.

cl ci
N N
N TBDMSCI N
N DMF, Im N
OH oTBOMS
28

{B)-3-(3-(tert-butyldimethyisilyloxy)pyrrolidin-1-yl}-6-chloropyridazine (28): To 2 solution of
compound 27 (815 mg, 4.08 mmol) in DMF (15 mL) were added +-butyldimethylsilyl chloride (738 mg,
4.9 mmol) amd imidazole (556 mg, 8.16 mmol). The thus obtained solution was stirred at room
temperature for 6 h. The reaction mixture was concentrated and the residue was purified by
chromatography on silica gel eluting with 15% to 50% to give the compound 28 as a white solid (1.087
g, 85%). LCMS-ESI (POS), M/Z, M+1: Found 314.1, Calculated 314.1.

Ci N xRN

- !
N J\ N
N HN™ N
NEIY@ I‘;i' Pd,(dba)s, XantPhos
)\ Cam ¥ + N g

HNT TN N N
O N t-BuONa, 150°C N
Q. N
OTBOMS CJ
“OTBDMS
4 28 29

{R)-9-Cyclopentyl-N-(6-(3-{tert-butyldimethylsilyloxy)pyrrolidin -1-yl}-3-pyridazinyi)-SH-pyrido-
[4',3":4,5]-pyrrolof2,3d]pyrimidin-2-amine (29): To a solution of compound 4 (202 mg, 0.80 mmol}
in dioxane {8 mL) were added compound 28 (313 mg, 1.0 mmol},
tris(dibenzylideneacetone)dipaliadium {0) (36.8 mg, 0.04 mmol), 4,5-bis(diphenylphosphino)-9,9-
dimethylxanthene (69.4 mg, 0.12 mmol), and sodium f-butoxide (115 mg, 1.2 mmol). The mixture thus
obtained was heated at 130 °C under microwave brradiation for 1 h. The reaction mixture was passed
through a short pack silica gel column and concentrated to give compound 29 as a yellow solid (316
mg, 82% purity ) which was used in next step without further purification. LCMS-ESI (POS), M/Z,
M+1: Found 531.1, Calculated 531.2.
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(R)-9-cyclopentyl-N-(6-(3-hydroxypyrrelidin-1-yl)-3-pyridazinyl)-9H-pyrido-[4',3':4,5]-
pyrrolo]2,3d]pyrimidin-2-amine (26): A solution of compound 29 (316 mg, purity 82%, 0.49 mmol}
in THF (4 ml) was treated with IM tetrabutylammonium fluoride in THF (1 ml) at room temperature
for 0.5 h. The reaction mixture was concentrated and the residue was purified by chromatography on
silica gel eluting with 2.5% methanol in dichloromethane to give a yellow solid. The yellow solid was
washed with dichloromethane to give compound 26 as a light yellow solid (182 mg, 90%)). "HNMR
(500 MHz, DMSO-ds) § 10.05 (1H, 5}, 9.24 (1H, 5), 8.99 (1H, 5), 8.44 (1H, d, ] = 5 Hz), 8.10 (11, d,]
=10 Hz), 8.03 (1H, d, ] =5 Hz), 6.99 (1H, d, J = 10Hz), 5.32(1H, p, J = 10 Hz), 5.00 (1H, d, ] = 5 Hz},
4.43 (1H, brs), 3.58 —3.51 (3H, m), 3.40 (1H, m), 2.37 - 2.30 (21, m), 2.09 - 2.02 (5H, m}, 1.95 (1H,
m), 1.74 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 417.3, Calculated 417.2.

EXAMPLE 12

TN
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36
(5)-9-cyciopentyl-N-(6-(3-hydroxypyrrolidin-1-yl)-3-pyridazinyl)-9H-pyrido|4',3":4,5]-
pyrroleiZ, 3d]pyrimidin-2-amine

Compound 30 was prepared using chemistry similar to that described in example 18. "H NMR (500
MHz, DMSO-dg) 8 10.05 (1H, 5), 9.24 (1H, s), 8.99 (1H, 5), 8.44 (1H, d, ] = 5 Hz), 8.10 (1H,d, T = 10
Hz), 8.03 (1H, d, ] = 5 Hz), 6.99 (1H, d, J = 10Hz), 5.32(1H, p, J = 10 Hz}), 5.00 (1H, d, ] = 5 Hz), 4.43

(1H, brs), 3.58 - 3.51 (3H, m), 3.40 (1H, m), 2.37 - 2.30 (2H, m), 2.09 - 2.02 (5H, m), 1.95 {1H, m),
1.74 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 417.3, Calculated 417.2.
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3
{5-Piperazin-1-yl-pyridine-2-y})-{9-(tetrabydro-pyran-4-yl)-9H-pyride-
4°,3* 4,5]pyrrolo] 2,3-4| pyrimidin-2-yl] -amine

My
Br ﬁj N/\\I/:Br
N o] !
X e
cl NT Cl DIEA
Bioxane
RT, 12 h (o)
32

(5-bromo-2-chloro-pyrimidin-4-yl)-(tetrahydro-pyran-4-yly-amine (32}. 5-Bromo-2, 4-
dichloropyrimidine (5.0 g, 21.9 mmol), tetrahydro-2H-pyran-4-amine (2.22 g, 21.9 mmol), and N-ethyl-
N-isopropylpropan-2-amine (4.25 g, 32.9 mmol) were dissolved in dioxane (50 ml) and the reaction
was stirred at room temperature for 12 hours. Ethyl acetate was added to the reaction mixture and the
organic layer was washed with water and brine. The organic layer was dried with sodium sulfate.
Removal of solvent gave {5-bromo-2-chioro-pyrimidin-4-yl)-(tetrahydro-pyran-4-yl}-amine (32} as a
light yellow solid (6.75g, 99%). "H NMR (500 MHz, CD:OD) & ppm 8.04 (1 H, 5), 4.14-4.21 (1 H, m},
3,89 (2H, dd, J = 11.4, 4.3 Hz) 343 (2 H, td, J=11.9, 2.0 Hz), 1.80 (2 H, ddd, J = 12.6, 4.2, 1.8 Hz),
1.63 (2 H, gd, ] =122, 4.5, Hz); LCMS-ESI (POS), M/Z, M+1: Found 292.0, Calculated 292.

N/\Iar 28% NH,CH N/jar
A At c P

Ci N N . Mo N N
isopropanol
QO Q)
o 12h 0
32 33
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5 Bromo-N'-(tetrahydro-pyran-4-yi)-pyrimidine-2,4-diamine (33): To a suspension of compound
32 (6.60 g, 23 mmol) in isopropyl alcohol (40 ml) was added ammonia (aq. 28%, 80 ml). This reaction
mixture was heated to 130°C for 14 hours in a pressure vessel. The reaction mixture was cooled down
to room temperature and to this mixture was added ethyl acetate, The reaction mixture was washed with
water and brine. The ethyl acetate layer was dried with sodium sulfate and concentrated to give
compound 33 (4.75 g, 77%). 'H NMR (500 MHz, CD;0OD) & ppm 7.79 (1 H, ), 4.24 (1 H, m), 3.99-
4.02 (2 H,dd, J=11.0, 2.2 Hz), 3.52 (2 H, td, J=11.9, 2.0 Hz), 1.92-1.96 (2 H, m), 1.69 (2 H, m,
LCMS-ESI (POS), M/Z, M+1: Found 273, Calculated 273.0

N7 Br \ ] SN |
0, o™
Ay AL AL
HeN™ "N” N HoN™ N NS
PA(PPhg);Cly .
Naz(303
o Dioxane, 130 °C, 12 h ')
33 34

5-(3-Chiero-pyridin-tt-yl)~N"n-(tetrahydro-pyran-dl-yi)-pyrimidine-z, 4-diamine (34): A mixture of
compound 33 (2.03g, 7.43 mmol), 3-chloropyridin-4-ylboronic acid (3.51 g, 22.3 mmol), and
PA{PPhs),Ch, (0.522 g, 0.743 mmol) in dioxane (44 ml) in a pressure vessel was purged with N; for 20
minutes and to this mixture was added aq. Na;CO;5 (1 M, 22 mL) by syringe. The reaction was further
purged with N; for another 20 minutes and then heated to 130 °C for 12 hours. DCM was added to the
reaction and the mixture was washed with water and brine. The organic layer was dried with sodium
sulfate and concentrated to provide compound 34 (2.07 g, crude, 98%) which was used in the next
reaction without further purification. LCMS-ESI (POS), M/Z, M+1: Found 306.1, Calculated 306.1.

Cl
N/
g
N
&) P N E j NE \ ¥/
t H.
NN TQ Pd,(dba)s ‘ N N
| Xantphos Xantphos
HN” NN # N7
NaQOiBu NaDtBu B o
Dioxane Dioxane N
0 150 °C, 1h 120 °C 2h [ ]
MW !;d
BOC
34 35
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4-{6-{9-(Tetrahydro-pyran-4-yl)-9H-pyrido(4*,3’ 4, 5]pyrrolo|2,3-djpyrimidin-2-ylamino]-
pyridin-3-yi}-piperazine-1-carboxylic acid rerr-butyl ester (35): Compound 34 (150 mg, 491 pmol),
Pdx{dba), (22.5 mg, 24.5 pmol), 4,5-bis(diphenylphosphine)-9,9-dimethyl-SH-xanthene (28.4 mg, 4%.1
pmaol), sodium 2-methylpropan-2-olate (118 mg, 1226 pmol) in dioxane {4 mil) was purged with N3 for
20 minutes. The reaction was heated up to 150 °C in microwave for 1 hour. Then a solution of
compound 5 (146 mg, 491 pmol) in dioxane (1 ml)) was added to the reaction mixture and the reaction
was purged with N, for another 20 minutes. This reaction was heated to 120°C under microwave
irradiation for 2 hours. DCM was added to the reaction and the mixture was washed with water and
brine. The organic layer was dried with sodium sulfate and concentrated. Purification by flash
chromatography (DCM/methanol) gave compound 35 (102 mg). LCMS-ESI (POS), M/Z, M+1: Found
531.2, Calculated 531.3

=\, e
-
TNTONTTN AN HC ”~N"]\N’ N
P in cioxane
N [ N/ E
x o Tht g o
0 "
A N
BOC H
35 ‘ 31

(5-Piperazin-1-yl-pyridine-2-yl)-[9-(tetrahydro-pyran-4-yl)-9H-pyrido[4’,3*,4,5] pyrrolo-{2,3-
d]pyrimidin-2-ylj-amine (31): Compound 35 (100 mg) was treated with 5 mL of 4 N HCl in dioxane
for 1 hour. The product, which was not soluble in dioxane, was collected and then washed with ethyl
acetate and a small amount of methano! to obtain compound 31 as its HCl salt (20 mg, 25%). 'H NMR
(500 MHz, DMSO-dg) 8 ppm 9.65 (1 H, 5), 9.59 (1 H, 5), 9.37 (1 H, 5), 8.27 (2 1, 5), 8.14 (1 H, 5), 8.05
(1 H,s), 7.80(1 H, s), 5.20 (2 H, m), 4.10 (2 H, d, J=3.2 Hz), 3.71 (br s), 3.6 (2 H, m), 3.46 (4 H, s),
3.27 (4 4, s), 2.83 2 H, dd, J=11.9, 3.8 Hz), 1.90 (2 H, d, /=10.5 Hz); LCMS-ESI (POS), M/Z, M~+1:
Found 431.2, Calculated 431.2

EXAMPLE 21

N
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e
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36
(9-Cyclobexyl-9H-pyrimido[4,5-blindcl-2-yl)-{(4-piperazin-1-yl-phenyl}-amine

Nl/jar + HN NP, 1207 i/j:Br/Q
/!\N’ cl Toan | G7ONTTH
o S

37
(5-Bromo-2-chioro-pyrimidin-4-yl}-cyclohexyl-phenyl-amine (37): 5-Bromo-2,4-dichlioro-
pyrimidine (2.17 ml, 17.14 mmol) and cyclohexyl-phenyl-amine (2.0 g, 11.43 mmol) were dissolved in
N-methylpyrrolidone (NMP) (25 ml), and this reaction was heated to 120 °C for 24 hours, The reaction
was cooled to room temperature and diluted with ethyl acetate, washed with water and brine. The
organic phase was dried using sodium sulfate and concentrated. Purification by flash chromatography
(ethyl acetate/hexane) gave compound 37 as a yellow solid (855 mg, 24%). 'H NMR (500 MHz,
DMSO-dg) 6 ppm 8.27 (1 H, 5), 7.41 (3 H, m), 7.21 (2 H, m), 4.62 (1 H, m), 1.93 (2 H, d, /=10 Hz),
1752 H,d, /=10 Hz), 1.58 (1 H, d, /=10 Hz), 1.34 (2 H, m}, 1.15 (2 H, m), 0.91 {1 H, m).

NF Br
o X1
):I /© © Deoxane. 100 °C HN® NT N

24h, 33& <j O
N

BOC
37 38
' 4-{4-[5-Bromo-4-(cyciobexyl-phenyl-amino)-pyrimidin-2-ylamino]-phenyl}-piperazine-1-
carboxylic acid zerr-butyl ester (38): Compound 37 (0.42 g, 1.15 mmol) and 4-(4-amino-phenyl)-

BOC

piperazine-1-carboxylic acid fert-butyl ester (0.64 g, 2.30 mmol) were dissolved in dioxane (2 mL), and
this mixture was heated at 100 °C for 24 hours, The reaction was cooled to room temperature and
diluted with ethyl acetate. This mixture was washed with vs;ater and brine. The organic layer was dried
with sodium sulfate and purified by flash chromatography (ethyl acetate/hexane) to give compound 38
as a yellow solid (0.23 g, 33%). 'H NMR (500 MHz, DMSO-de) 8 ppm 9.18 (1 H, 5), 7.97 (1 H, 3),
7.55(2H,d, /=10 Hz), 737 (2 H, m), 7.31 (1 H, m), 7.12 (2 H, m), 6.89 (2 H, d, /=10 Hz), 4.68 (1 H,
m), 3.44 (4 H, m), 3.00 (4 H, m), 1.91 (2 H, 4, /=10 Hz), 1.72 2 H, d, /=10 Hz), 1.57 (1 H, d, /=10
Hz), 1.41 (9H, 5), 1.35 2 H, m), 1.14 {2 H, m), 0.92 {1 H, m); LCMS-ESI (POS), M/Z, M+1: Found
609.2, Calculated 607.2/609.2.
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{(9-Cyclohexyl-9H-pyrimido}d,5-b]indol-2-yl)-(4-piperazin-1-yi-phenyl)-amine (36).

A mixture of compound 38 (0.12 g, 0.20 mmol), Pd(OAc), (27 mg, 0.041 mmol), Na,CO; (43mg, 0.41
mmol) in DMF (2 mL) was purged with N for 20 minutes and the reaction was heated at 160 "Cina
sealed tube for 4 hours. The reaction was cooled to room temperature, diluted with ethyl acetate and
washed with water and brine. The organic phase was dried over sodium sulfate and concentrated.
Purification by reverse phase Prep-HPLC gave compound 39: LCMS-ESL(POS), M/Z, M+1: Found
527.3, Calculated 527.3. Compound 39 was treated with 2 N HCI in dioxane (2 mL) for 2 hours at room
temperature. Compound 36 (7 mg)was obtained as the HCI salt after removal of dioxane. '"H NMR
(500 MHz, CD;0D) & ppm 8.81 (1 H, 5), 8.00 (1 H, d, /=74 Hz), 7.66 (1 H, d, J=7.4 Hz), 7.51 (1 H,t,
J=6.5 Hz), 7.43 (2 H, 4, /=7.4 Hz), 7.32 (1 H, 1, J=7.5 Hz), 7.09 (2 H, d, /=10 Hz}, 4.60 (1 H, m), 3.40
(4 H, m), 3.33 (4 H, m), 2.39-2.48 (2 H, m), 1.80-1.89 (4 H, m}, 1.70-1.73 (1 H, m), 1.41-1.51 (2 H, m),
1.19-1.27 (2 H, m); LCMS-ESI (POS), M/Z, M+1: Found 427.3, Calculated 427.3.

EXAMPLE 22
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(9-Cyclohexyl-9H-pyrimido{4,5—b}indoi-l«yl}-(&pipernzin—l-yl-pyridin—l»yl)—amine
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5.Bromo-N4-cyclohexyl-Nd-phenyl-pyrimidine-2 4-diamine (41): Compound 41 was prepared using
chemistry similar to that described in example 1. LCMS-ESI (POS), M/Z, M+1: Found 348.3,
Calculated 348.3.

Br DMA
=
U0 i oyéd
o
HoN" 'N° N KsCOs H,N7 N N
(Cyclohexyl}sPBF 4 O
160 °C

41%

41 42
9-Cyclohexyl-9H-pyrimido{4,5-blindol-Z-ylamine (42). A mixture of compound 41 (0.35 g, 0.99
mmol), PA(OAc); (33 mg, 0.15 mmol), (cyclohexyl};PBF, (110 mg, 0.30 mmael), and K2CO; (138 mg,
0.10 mmol) in DMA (3 ml) was purged with N; for 20 minutes and then heated at 160 °C for 3 hours.
“The reaction was coeled to room temperature and diluted with ethyl acetate. The organic layer was
washed with water and brine, dried over sodium sulfate and concentrated. Purification by flash

chromatography (ethyl acetate/hexane} gave compound 42 as a yellow solid (110 mg, 41%). LCMS-
ESI (POS), M/Z, M+1: Found 267.1, Calculated 267.2.
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(9-Cyclohexyl-9H-pyrimido]4,5-bindol-2-yI)-(S-piperazin-1-yi-pyridin-2-yl)-amine {49).
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A mixture of compound 42 (98 mg, 0.37 mumol}, compound 5 (121 mg, 0.41 mmol), Pd,(dba); (17 mg,
0.018 mmol), BINAP (23 mg, 0.037 mmol), and Cs:C0; (168 mg, (.52 mmol) in dioxane (3 mL) was
purged with N, for 20 minutes. The reaction was heated at 120 °C for 14 hours. The reaction was then
cooled down to room temperature and diluted with ethyl acetate. The reaction mixture was washed with
water and brine. The organic layer was dried with sedium sulfate and concentrated. The residue was
purified by flash chromatography (ethyl acetate/hexane) to give compound 43 (34 mg, 18%). LCMS-
ESI(POS), M/Z, M+1: Found 528.3, Calculated 528.3.

Compound 43 was then treated with 4N HCI in dioxane {5 mLj} for 3 hours. The reaction mixture was
concentrated and the residue was purified by Prep-HPLC to give compound 40 as a yellow solid TFA
salt(32 mg). "H NMR (500 MHz, CD;0D) § 9.19 (1 H, 5), 8.12-8.22 (2 H, m), 7.90 (1 H, d, /=7.3 Hz),
7.82 (1 H,d, /=79 Hz), 7.63 (1 H,1,/=7.6 Hz), 743 (1 H, t, 7.0 Hz), 734 (1 H, d, /=7.9 Hz}, 487 {1
H,s),3.54 (4 H, 5), 3.46 (4 H, 5), 2.57 - 2.67 (2 H, m), 2.04 (2 H, d, J=14.0 Hz), 1.96 (2 H, d, J=11.0
Hz), 1.86 (1 H, d, /=12.2 Hz), 1.54 - 1.66 (2 H, m), 1.50 (1 H, d, J=12.2 Hz) ppm; LCMS-ESI (POS),
M/Z, M+1: Found 428.2, Calculated 428.3.
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—

N N

Ho A

NN N
3 O
~ I

N

C

N
H

5

S
e

44
{9-Cyclohexyl-9H-pyrido[4°,3’ 4,5] pyrrole(2,3-dipyrimidin-2-yI}-(5-piperazin-i-yi-
pyridin-2-yl)-amine
Compound 44 was prepared using chemistry similar to that described in example 1. "H NMR (500
MHz, CD;0D) 8 ppm 9.84 (1 H, 5}, 9.59 (1 H, s}, 8.838 (1 H, d, /=6.1 Hz}, 8.74 (1 H, d, J=6.1 Hz), §.32
{1 H,d,/~10.0 Hz), 8.12 (1 H, 4, /2.9 Hz), 7.67 (1 H, d, /=9.5Hz)}, 5.03 (1 H, m), 3.76-3.78 (2 H, m),
3.64 (4 H, m), 3.48 (4 H, m}), 2.63-2.70 (2 H, m), 2.06-2.09 (4 H, d, /=10.8 Hz), 2.03 (2 H, m), 1.64 (1
H, m}; LCMS-ESI (POS), M/Z, M-+1: Found 425.2, Calculated 429.2
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{9-Bicyclo]2.2.1}hept-2-y1-3H-pyride(4',3":4,5pyrroto|2,3-djpyrimidin-2-yl)-(5-piperazin-1-yl-

pyridin-2-yi)-amine

Compound 45 was prepared using chemistry similar to that described in example 1. "H NMR (500
MHz, DMSO-de) 5 10.41 (1 H, 5),9.53 (1 H, s, 5.28 (1 H, ), 8.96 (2 H, 5), 8.63 (1 H, d, /=10 Hz),
8.14(2H,d, /=24 Hz), 7.65(1 H,d,/~10Hz), 478 (1 H, m), 342 (4 H,m), 3.28 (4 H, m), 250 (1 1,
m), 2.83 (1 H, s), 2.58 (1 H, s), 2.25 (1 H, d, /=10 Hz), 2.02 (1 H, t, /=10 Hz}, 1.60-1.65 (3 H, m}, 1.35
(2 H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 441.2, Calculated 441.2.

EXAMPLE 25
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(9-Indan-1-y9H-pyrido[4',3":4,5]pyrrolef2,3-d] pyrimidin-2-y)-(S-piperazin-1-yl-pyridin-2-yl)-

amine

Compound 46 was prepared using chemistry similar to that described in example 1. "H NMR {500
MHz, CD,0D) 8 9.63 (1 H, 5), 8.58-8.63 (2 H, dd, J=5.8,21.1 H2), 807 (1 H,d,/=2.THz), 791 (1 H,
£),7.72(1 H,8), 7.57 (1 H,d, /=5.0Hz), 743 (1 H,t, /=5.0 Hz), 722 (1 H, t, /=50 Hz}, 7.02 (1 H, 4,
J=5.0Hz), 6.90 (1 B, t, /=5.0 Hz), 4.85 (1 H, m), 3.52 (4 H, m), 3.47 (4 H, m), 3.40 {1 H, m}, 3.26 (i
H, m), 2.89 (1 H, m), 2.64 (1 H, m) ppm; LOMS-ESI (POS), M/Z, M+1: Found 463.1, Calculated

463.2.
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47
(9-Adamsantap-1-yl-9H-pyride[4',3':4,5) pyrrolo[2,3-d] pyrimidin-2-yl}-(5-piperazin-1-yl-pyridin-
2-yh-amine

Compound 47 was prepared using chemistry similar to that described in example 1. 'H NMR (500
MHz, CDsOD) 5 9.60(1 H,5),9.533 (1 H,9), 8.62(1 H, d, J/=5.0 Hz), 8.56 (I H, 4, /=5.0 Hz), 8.12 (1
H t,/=2.5Hz),795(1 H m),352EHm),347dH m),295(6H,d,./~25Hz),238(3H,s),204
(1 H,5),2.01 (2H,5), 1.94 (2 H,s), 1.9 (1 H, 5) ppm; LCMS-ESI (POS), M/Z, M+1: Found 481.3,
Calculated 481.3.

EXAMPLE 27
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(9-tert-Butyl-9H-pyrido[4',3":4,5] pyrrojo[2,3-d] pyrimidin-2-y})-{5-piperazin-1-yl-pyridin-2-yl)-
amine
Compound 48 was prepared using chemistry similar to that described in example 1. "H NMR (500
MHz, CHOD) & 9.85 (1 H, 5), 9.50 (1 H, s), 8.38 (1 H, 4, J=6.1 Hz), 8.71 (1 H, 4, /=6.1 Hz),8.33 (1
H,m), 8.11{1 H,d,/=2.9Hz), 769 (1 H, d, J=9.5 Hz), 3.61 (4 H, m), 3.48 (4 H, m), 2.17 (% H, s) ppmy;
LCMS-ESI (PCS), M/Z, M+1: Found 403.3, Calculated 403.2.
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49
{(R)-{9-(1-Cyciohexyl-ethyl)-9H-pyrido{4',3":4,5lpyrrole]2,3-d| pyrimidin-2-yl]-(5-piperazin-1-yi-
pyridin-2-yi}-amine
Compound 49 was prepared using chemistry similar to that described in example 1. 'H NMR (500
MHz, CD;OD) 6 9.68 (1 H,5), 943 (1 H,5), 869 (2H,dd, J=7.3,10.5 Hz), 8.12(1 H, 5), 8.10 (1 H,
5),7.80 (1 H, d, J=8.5Hz), 493 (1 H, m), 3.57 (4 H, m}, 3.47 (4 H, m), 2.18 (1 H, 4, T = 10.1 Hz),
192(1H,4,J=10.1Hz),1.82(3H,d,J=7.1Hz2), 169 (1 H,d, J=10.0Hz), 1.59 (1 H,d, ] =100
Hz), 1.40 (1 H, m), 1.23 (2 H, m), 1.10 (2 H, m), 0.96 (1 H, m) ppm; LCMS-ESI (POS), M/Z, M+1:
Found 457.3, Calculated 457.3,

EXAMPLE 29
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(S5)-] [9-(1-Cyclohexyl-ethyl)-9H-pyrido[4',3":4,5]pyrrolo{2,3-d] pyrimidin-2-yl-(5-piperazip-1-yi-
' pyridin-2-yl}-amine
Compound 59 was prepared using chemistry similar to that described in example 1. "H NMR (500
MHz, CD;0D) 6 9.68 (1 H, 5), 9.43 (1 H, s), 8.69 (2 H, dd, J=7.3, 10.5 Hz), 8.12 (1 H, 5}, 8.1C (1 H, 5},
7.80 (1 H, d, /=8.5 Hz), 4.93 (1 H, m), 3.57 (4 H, m), 3.47 (4 H, m), 2.18 (1 H, d, J=10.1 Hz), 1.92 (1
H, 4d,J/=10.1H2), 1.82 (3 H, 4, /=7.1 Hz), 1.6 (1 H, d, /=10.0 Hz), 1.59 (1 K, d, /~10.0 Hz), 1.40 (1
H, m), 1.23 (2 H, m), 1.10 (2 H, m), 0.96 (1 H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 457.3,
Calculated 457.3.
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EXAMPLE 30
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(9~Cyclobutyl—9H—pyride[4',3':4,5}pyn‘olo[Z,S-di?yﬁmidin—}yl)‘(&piperazﬁn-l-—yl-pyridin-2-yl)—
amine
Compound 51 was prepared using chemistry similar to that described in example 1. 'H NMR (500
MHz, CD:OD) & 9.68 (1 H, 5),9.40 (1 H,s), 867 -8.72 (2 H, dd,J = 5.0, 15 Hz}, 8.13 (1 i, dd, ¥=2.3,
10 Hz), 8.10 (1 H, d, ] =2.7Hz), 783 (1 H,d, T = 10,0 Hz), 5.52 (1 H, m), 3.58 (4 H, m), 3.48 (4 H,

m), 3.29 (2 H, m), 2.69 (2 H, m), 2.13 (2 H, m} ppm; LCMS-ESI (POS}, M/Z, M+1: Found 401.2,
Calculated 401.2.

EXAMPLE 31
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52
4-[2-(5-Piperazin-1-yi-pyridin-2-ylamino)-pyridof4',3':4,5] pyrrolo{2 3-dlpyrimidin-9-yl]-trans-
cycichexanol

Compound 52 was prepared using chemistry similar to that described in example 1. "H NMR (500
MHz, CD;0D) 5 9.62 (1 H, 5), 942 (1 H, s), 8.64 2 H,s),8.11 (1 H,d,J=25Hz), 8.02(1 H,d, I =
10.0 Hz), 7.87 (1 H, d, /=10.0 Hz), 4.98 (1 H, m), 3.89 (1 H, m), 3.55 (4 H, m), 3.47 (4 H, m), 2.77 (2
H,m), 221 (1 H, &, 7= 15 Hz), 2.05 (2 H, m), 1.86 (1 H, m), 1.65 (2 H, m} ppm; LCMS-ESI (POS),
M/Z, M+1; Found 445.1, Calculated 445.2,
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53
(9-Cyclohexyimethyl-9H-pyride{4',3":4,5]pyrroio[2,3-d]pyrimidin-2-yl)-(5-piperazin-i-yl-pyridin-
2-yl}-amine

Compound 53 was prepared using chemistry similar to that described in example 1. "H NMR (500
MHz, DMSO-dg) 8 9.73 (1 H, 5), 9.60 (1 H, 5),9.56 (2 H, 5}, 8.75 (2 H, 5}, 8.14 (1 H, 5), 8.08 (1 H, 5),
7.96{1 H,s), 441 (2H,d,J=5.0Hz),3.48 (4 H,5),3.26 (4 H, 5}, 2.08 (1 H, 5), 1.57-1.67 (5 H, m),
1.13 (5 H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 443.2, Calculated 443.3.

EXAMPLE 33
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54
[9-(1-Methyl-cyclebutyl)-9H-pyrido(4’,3":4,5]pyrrolo]2,3-dlpyrimidin-2-yl}-(5-piperazin-1-yl-
pyridin-2-yl)-amine

Compound 54 was prepared using chemistry similar to that described in example 1. 'H NMR (500
MHz, CD,0D) 6 9.66 (1 H, s}, 9.07 (I H, 5), 8.71 (1 H, d, J=5.0 Hz), 8.67 {1 H, d, /=5.0 Hz), 8.14 (1

H, dd, /=2.5, 10 Hz), 8.10 (1 H, d, /22,5 Hz), 7.80 (1 H, d, /=10 Hz), 3.56 (4 H, m), 3.47 (4 H, m), 3.09
(2 H, q, J=3.0 Hz), 2.86 (2 H, t, /=2.5 Hz), 2.25 (1 H, m), 2.11 (1 H, m), 1.81 (3 H, s) ppm; LCMS-ESI
(POS), M/Z, M+1: Found 415.1, Calculated 415.2.
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EXAMPLE 34
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55
(9-Cycloheptyl-9H-pyrido[4',3':4,5]pyrrolof2,3-dpyrimidin-2-yl)-(5-piperazin-1-yl-pyridin-2-yi}-
amine

Compound 35 was prepared using chermistry similar to that described in example 1. 'H NMR (500
MHz, DMSO-dg) 5 $.80 (1 H,5),9.59 (1 H,s), 942 (2 H, 5), 8.72 (2 H,5), 8.14 (1 H, 5}, 8.08 (1 H, 5},
785 (1 H,s), 5.05(1 1, m),347 (4 H,s),3.27 (4 H,5),2.58 (1 H, m), 1.88 (1 H, m), 1.67-1.77 (10 H,
m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 443.2, Calculated 443.3.

EXAMPLE 35
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(9-Cyclopeuty!~9H-pyrido(3',2‘:4,5}pyrrola{2,3—d]pyrimidin-znyl}-(s-piperuzin—l«yl—pyridin-l—yi)«-
amine

Compound 56 was prepared using chemistry similar to that described in example 1. 'H NMR (500
MHz, CD;OD) 5 9.27 (1 H, 5), 8.60 (1 H, dd, J =25 5.0 Hz), 8.55 (1 H, dd, J= 2.5, 5.0 Hz), .10 (1 H,
4,1 =50Hz),8.00(1 H,dd,]=50,10.0Hz), 745 (2 H, m), 5.63 (1 H, ¢, § =10 Hz), 3.53 (4 H, m)},
3.47 (4 H, m), 2.62 (2 H, m), 2.23 (2 H, m), 2.15 (2 H, m), 1.87 (2 H, m) ppm; LCMS-ESI (POS), M/Z,
M+1: Found 415.1, Calculated 415.2.
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EXAMPLE 36
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{9-Cyclopentyl-9-pyrido{3',2':4,5]pyrroio{2,3-dl pyrimidin-2-yD-{4-piperazia-1-yl-phenyl)-amine
Compound 57 was prepared using chemistry similar to that described in example 1. 'H NMR (500
MHz, CD:OD) 5 8.99 (1 H, s), 849 (1 H,dd, J=2.5,5.0Hz), 840 (1 H,dd, J=25,3.0Hz). 7.59 2 H,
d,J=10Hz), 738 (1 H,dd, }=5.0,75Hz), 714 (2 H, 4, J = 100 Hz), 5.53 (1 H, m), 3.44 (8 H, m)},

3
2.52 (2H, m), 2.06 (4 H, m), 1.77 (2 H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 414.2,
Calculated 414.2

EXAMPLE 37
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58
(9-Cyclopentyl-9H-pyrimide[4,5-blindol-2-y)-(S-piperazin-1-yi-pyridin-2-yl)-amine
Compound 58 was prepared using chemistry similar fo that described in example 22. 'H NMR (500
MHz, CD,0OD) 8 7.82 (1 H, s}, 6.80 (2 H, d, J=6.1 Hz), 6.56 (1H, d, /8.5 Hz), 6.34 (1 H, d, /=8.5 Hz),
624 (1 H,t, /7.3 Hz),5.99.608(2H, m),402-411 (1 H,m),2.21 (4H,m),2.12 (4 H, m}, 1.10 (2
H, 5}, 0.83 (4 H, s), 0.55 (2 H, s} ppm; LCMS-ESI (POS), M/Z, M+1: Found 414.2, Calculated 414.2
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EXAMPLE 38
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59
(5-Piperazin-1-yl-pyridin-2-yl)-[9-(tetrakydro-pyran-4-yi}-9H-pyrimido{4,5-b]indel-2-ylj-amine
Compound 59 was prepared using chemistry similar to that described in example 22, 'H NMR (500
MHz, CDsOD) 6 7.93 (1 H,8), 6.91 (1 H,d, T = 79 Hz), 6.86 (1 H, 5), 6.65(1 H,d, T = 8.5 Hz), 6.56 (1
H,d,J=85Hz),636 (1 H,t,]=79Hz),6.16 (1 H,t,J=7.6 Hz), 6.07 (1 H,d, ] = 9.2 Hz), 3.79 (1H,
my, 291(2H,dd, J=43,11.6 H2),245(2H, m),225(4 H,m), 2.17(4 H,s), 1.71 2 H,dd, F = 12.5,
4.6 Hz), 0.60 2 H, d, J = 9.8 Hy) ppm; LCMS-ESI (POS), M/Z, M+1: Found 430.1, Calculated 430.2.
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(9-Cycloheptyl-9H-pyrimido|4,5-b]indol-2-yD)-{3-piperazin-1-yi-pyridin-2-y[)-amine

Compound 60 was prepared using chemistry similar to that described in example 22, 'H NMR (500
MHz, CD,OD) 8 7.40 (1 H,8),643(1 H,d,J=7.3 Hz),6.38¢(1 H,d,J=3.1Hz), 6.12(1 H, dd, J=
9.5,27Hz),6.04 (1H,d,J=79Hz), 580 (1 H,t,J=10Hz), 569 (1 H,t,]=10Hz),5.50 (1 H,d,] =
10 Hz), 3.36 (1 H, m), 1.76 (4 H, m), 1.70 (4 H, m), 0.86 {2 H, m), ¢.23-0.31 (4 H{, m), 0.02-0.10 (6 H,
m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 442.3, Calculated 442.3.
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EXAMPLE 40
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(9-Bicyclo[2.2.1]hept-2-yi-9H-pyrido[4®,3':4,5] pyrrolo]2,3-d]pyrimidin-2-yD)-(4-piperazin-1-yi-
phenyl}-amine

Compound 6% was prepared using chemistry similar to that described in example 1. 'H NMR (500
MHz, CD;ODY8 937(1 H,5),9.10(1 H,5),850(2H,dd,J=5,15Hz=), 772 (2H, d, ] = 10 Hz), 7.11
(2H,d,7=10Hz), 472 (1 H,m), 344 (8 H, m),2.96 (1 H, d, = 10Hz),2.92 (1 H,d,J = 2.5 Hz)},
258(1H,s),233 (1 H,d,J~10Hz),208 (1 H,dd,J=5,15Hz2), .75(2H, m), 1. 59 (1 H,t,J=10
Hz), 1.44 (12 H, t, ] = 10 Hz) ppm; LCMS-ESI (POS), M/Z, M+1: Found 440.2, Calculated 440.3.

EXAMPLE 41
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9.Cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamine)-9H-pyrimido[4,5-blindole-7-carbonitrile
Compound 62 was prepared using chemistry similar to that described in example 1. 'H NMR (500
MHz, CD;0DY39.33 (1 H,s), 834 (1 H,d, I = 8.t Hz), 8.13(1 H,5),8.67 (1 H,d, ] =29 Hz), 8.01 (1
H,dd,7=94,2.8H2),7.71 -7.73(1 H,4, = 10 Hz}, 763 (1 H,d,] =9.3 Hz), 5.39 (1 H, m), 3.54 (4
H, m), 3.47 (4 H, m), 2.52 (2 H, m), 2.20 (4 H, m), 1.91 (2 H, m) ppm; LCMS-ESI (POS), M/Z, M+1:
Found 439.1, Calculated 439.2.
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EXAMPLE 42

63
(9-Cyclopentyl-6-methoxy-3H-pyrido[4',3":4,5]pyrrolof2,3-dpyrimidin-2-yi-(5-piperazin-1-yl-
pyridin-2-yl}-amine

Compound 63 was preparsd via compound 65 using chemnistry similar to that described in example 1.
'H NMR (500 MHz, CD;OD) 6 ppm 9.36 (1 H, 5), 8.66 (1 H, 5), 8.18 (1 H,4,J=2.7Hz), 807 (1 H,
dd, 1=93,27Hz), 7.67(1 H,8), 7.54 (1 H,4, Y= 93 Hz), 550 (1 H, m), 411 (3 H, 5), 3.62 (4 H, m,
3.54 (4 H, m), 2.49-2.53 (2 H, m), 2.22 - 2.32 (4 H, m), 1.93 - 2.02 (2 H, m} ppm; LCMS-ES] (POS),
M/Z, M+1: Found 445.2, Calculated 445.2.
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9-Cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-9H-pyrido|{4',3":4, 5] pyrroloj2,3-
dipyrimidin-6-ol
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9.Cyclopentyl-2-(3-piperazin-1-yl-pyridin-2-ylamino)-9H-pyride[4',3":4 S]pyrrole{2,3-
d]pyrimidin-6-o! (64) A mixture of compound 65 (366 mg) and conc. HCI (8 ml) was heated at 120
°C in a microwave reactor for 1.5 h. The reaction mixture was concentrated and and purified by prep-
HPLC to give compound 64 as a yellow solid (21%}- 'H NMR (500 MHz, CD;0D) 8 9.15 (1 H, 5), 8.10
(1 H, d,J=2.7 Hz), 7.99 (1 H, dd, /=9.3, 2.9 Hz), 7.91 (1 H, 5), 748 (1 H, d,/=9.3 Hz), 7.26 (1 H, 5},
5.18 (1 H, 5), 3.54 (4 H, m), 3.47 (4 H, m), 2.35-2.37 (2 H, m), 2.11-2.16 (4 H, m), 1.86 (2 H, m) ppm;
L.CMS-ESI (POS), M/Z, M+1: Found 431.2, Calculated 431.2.
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{1-[2-(5-Piperazin-1-yl-pyridin-2-ylamino)-pyrido[4',3":4,5]pyrrolo{2,3-d] pyrimidin-9-yl]-
cyclopentyl}-methanol
Compound 66 was prepared using chemistry similar to that described in example 1. *H NMR (500
MHz, CD;0D} 5 9.67 (1 H, 5),9.36 (1 H,s), 870 (1 H, 4,1 = 6.1 H2}, 8.62 (1 H, d,J = 6.1 Hz), 8.10 (1
H,d,J=10Hz), 808 (1 H,d, ] =27 Hz), 7.80 (1 H, d, } = 10 Hz), 3.9% (2 H, 5), 3.55-3.57 (4 H, m),
3.46-3.48 (4 H, m), 3.07-3.11 (2 H, m), 2.60-2.66 (2 H, m), 1.97-2.01 (2 H, m), 1.85-1.92 (2 H, m)
ppm; LCMS-ESI (POS), M/Z, M+1: Found 445.1, Calculated 445.2.
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2,2-Dimethyl-3-[2-(S-piperazin-1-yl-pyridin-2-ylamine)-pyrido[4',3":4,51pyrrolo[2,3-d]pyrimidin-
9-yl}-propan-i-ol

Corpound 67 was prepared using chemistry similar to that described in example 1. 'H NMR (500
MHz, CD;0D) §9.66 (1 H,5), 952 (1 H, 5), 868 2H,5), 8.14-8.17(1 H,dd, J=5.5,2.9 Hz}, §.04 (1
H,d,I=29Hz),7.76 (1H,4d,J=95Hz),458 (2H,s),3.58 (4 H, m), 348 (4 H, m), 3.36 2 H, 5),
1.11 (6 H, 8) ppm; LCMS-ESI {POS), M/Z, M+1: Found 433.1, Calculated 433.2.
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(4-Piperazin-1-yl-phenyl)-[9-(tetrakydro-pyran-4-yl}-9H-pyrimido{4,5-b] inde]-2-yi]-amine
Compound 68 was prepared using chemistry similar fo that described in example 22, 'H NMR (500
MHz, CD,0D) 8§ 740 (1 H, 5), 6.55(1 H,d,J=92Hz), 6.25(1 H,d,7=92Hz), 6.09 (3 H, m), 5.89
(1H,¢)1=92Hz),564(2H,d,]=92Hz),344 (1 H,m),263(2H,dd, J=35, 10 Hz), 216 2 H, ]
=10 Hz), 1.94 (4 H, m), 1.89 (4 H, m), 1.42 (2 H, td, J = 5, 15 Hz), 0.35 (2 H, dd, J = 10, 2.5 Hz) ppmy;
LCMS-ESI (POS), M/Z, M+1: Found 429.2, Calculated 429.2,

69



WO 2009/085185 PCT/USZ008/013849

EXAMPLE 47
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{9-Cyclopentyl-9H-pyrimido[4,5-b}indol-2-yl)-(4-piperazin-1-yl-phenyl)-amine
Compound 69 was prepared using chemistry similar to that described in example 22. 'H NMR (500
MHz, DMSO-dg)y 6 10.05 (1 H,5),930(1 H,5},922(1H,s), 816 (1 H,d,T=78Hz), 776 (1 H,d,]
=8.3 Hz), 7.54-7.57 (3 H, m), 7.39 (1 H, t, J= 7.5 Hz), 7.09 (2 H, d, J = 9.0 Hz), 5.24 (1 H, m), 3.72
(4 H, m), 3.50 (4 H, m), 2.32 (2 H, m), 2.05 (2 H, m), 1.95 (2 K, m), 1.71 (2 H, m) ppm; LCMS-ESI
(POS), M/Z, M+1: Found 413.2, Caiculated 413.2.
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9-cyclopentyl-N-(5-(1,4-diazepan-1-yl}-2-pyridinyl)-9H-pyridoj4',3':4,5]pyrrolo{2,3-d] pyrimidin-

2-anrine

Comipound 70 was prepared using chemistry similar to that described in example 1. "H NMR (500
MHz, DMSO-dg) 8 10.75 (1H, brs), 9.56 (1H, s), 9.34 (1 H, s), 8.83 (2H, br), 8.67 (1H, d, J = 6.3Hz),
8.57(1H, ¢, T=59Hz), 7.96 (1H, 4,1 =2.7Hz), 7.92 (1H, d, T = 9.4Hz), 7.55 (1H, brs), 5.36 (1H, p,J
= 8.7Hz), 3.76 (2H, t, I = 5.0 Hz), 3.56 (2H, 1, = 6.3 Hz), 3.30 (2H, brs), 3.19 (2H, brs), 2.41 (2H,
m), 2.09 (64, m), 1.75 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 429.2
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EXAMPLE 49

9-cyclopentyl-N-(4-(1-piperazinylcarbonyi)-1, 3-th1azo]-—2-yl)—9f£~pyr§do-{4‘ 3*:4,5}pyrrolof2,3-
d]pyrimidin-2-amine
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72
1,1-dimethyiethyl 4-((2-bromo-1,3-thiazol-4-yljcarbonyl)-1-piperazinecarboxylate (72): 2-

bromothiazole-4-carboxylic acid (1.31 g, 6.3 mmol) was combined with tert-butyl piperazine-1-
carboxylate (1.2 g, 6.3 mmol) in DCM (15 mL), and then stirred at 20°C. until it formed a clear
solution. N1-((ethylimino)methylene)-N3,N3-dimethylpropane-1,3-diamine hydrochioride (1.2 g, 6.3
mmol) was then added, and the reaction was stirred at 20°C. for 2 hours. The reaction was concentrated
in vacuum, before transferming it to a separation fannel with ethyl acetate. The organic layer was
washed with saturated NaHCO;, water, NH,CJ, and then with brine. After drying the organic layer with
MgSO0,, it was concentrated in vacuum to yield compound 72 (2.2g, 91%) as a light yellow solid. H
NMR (500 MHz, DMSO-dg) 6 8.16 (1H, s), 3.61 (4H, m), 3.38 (4H, m), 1.42 (9H, 5) ppm; LCMS-ESI
(POS), M/Z, M+1-C3H9: Found 320.0.

73
1,1-dimethylethyl 4-((2-bromo-1,3-thiazel-5-yhcarbonyl)-1-piperazinecarboxylate
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Compound 73 was prepared according to the methods described for compound 72 in example 49.
'H NMR (500 MHz, DMSO-dg) & 8.02 (1H, s), 3.62 (4H, m), 3.42 (4H, m), 1.43 (SH, s) ppm.
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1,1-dimethylethyl 4-{(2-{(9-cyclopentyl-O9H-pyrido|4',3':4,5] pyrrole{2,3-d] pyrimidin-2-y)amine)-
1,3-thiazol-4-yljcarbonyl)-1-piperazinecarboxylate (74): Compound 4 {0.075 g, 0.30 mumol} was
combined with sodium 2-methylpropan-2-olate {0.085 g, 0.8% mmol) and compound 72 (0.14 g, 0.38
mmol} in toluene (2mL). This mixture was degassed by bubbling nitrogen through this solution for ~2
min followed by the addition of Pdy(dba); {0.014 g, 0.015 mmol) and £-Butyl-XPhes (0.025 g, 0.059
mmol). The reaction was heated overnight st 60°C. Additional compound 72, 0.28 g, .76 mimol),
Pd;(dba)s (25 mg), t-Butyl-XPhos (54 mg), and the sodium 2-methylpropan-2-olate (0.085 g, 0.89
mmol) were added to the reaction which was heated overnight at 100°C. The reaction was cooled to
20°C and poured into a separation funnel, with ethyl acetate and water. The layers were partitioned and
the agueous layer was washed with ethyl acetate, The combined organic fractions were dried over
MgSO; and concentrated. The product was purified by flash column chromatography, eluting with a

gradient of DCM-6%methancl/0.3%NH4OH/DCM to yield compound 74 (95mg) as a brown film.
LCMS-ESI (POS), M/Z, M+1: Found 549.3.

9.cyclopentyl-N-(4-(1-piperazinylcarbonyl)-1,3-thiazel-2-yl}-9H-pyride{4',3":4,5]pyrrelo-[2,3-
d]pyrimidin-2-smine {71): Compound 74 was dissolved in DCM (5 mL )and TFA (1.5 mL) and
stirred at 20°C for 2.5 hirs. The reaction was concentrated in vacuum and purified by preparative HPLC
ehating with a gradient 10%MeCN/water/0.1 % TFA -50%MeCN/water/0.1%TFA to provide compound
71 (23 mg) as a yellow solid. "H NMR (500 MHz, CD;0D) 8 9.63 (1H, ), 9.32 (1H, 5), 8.68 (1H, d,J =
6.1Hz), 8.63 (1H, d, ] = 6.4Hz), 7.84 (1H, 5, 5.56 (1H, p, ] = 8.1), 4.00-4.29 (4H, br ), 3.39 (4H, t, I =
5.3Hz), 2.63 (2H, m), 2.25 (4H, m), 1.98 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 449.2.
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9«cyclapenty!-N—(S—{I-piperazinyicarbonyl)-i,3-thiazoi-2~yl)-9H-pyrido[4',3":4,5]pyrrolo[2,3-
dipyrimidin-2-amine
Compound 75 was prepared according to the methods described in example 49. "H NMR (500 MHz,
CED@D) §9.63 (1H, 5), 9.34 (1H, 5), 8.65 (1H, 4, ] = 6.1Hz), 8.62 (1H, d, T = 6.1Hz), 7.93 (1H, 5), 5.52
(1H, p, ] = 9.3Hz), 4.10 (4H, t, J = §.1Hz), 3.39 (4H, t, ] = 5.1Hz), 2.70 (2H, m), 2.28 (4H, m), 1.95

(2H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 449.2.

EXAMPLE 51

76
9-cyclopentyl—N-—(3-methyl-5-{l-piperazinyl)-z-pyridinyl)—9H—pyrido[4',3‘:4,5]pyrrolo[2,3-
d]pyrimidin-2-amine

Br [ N
e gy NN /)

)N'\\ > e H‘N’LE\N’ N
HNT T NT TN Pa(dba)y e O

C’ XantPhos |N
.

NaOtBu
1,4-Dioxane
140 °C, th, MW
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N-(5-bromo-3-methyl-2-pyridiny)-9-cyciopentyi-9H-pyrido[4',3":4,5] pyrroto[2,3-d] pyrimidin-2-
amine (77): Sodium 2-methylpropan-2-olate (0.142 g, 1.48 mmol) was combined with compound 4
(0.125 g, 0.493 mmol} and 2,5-dibromo-3-methylpyridine (0.149 g, 0.592 mmol) in 1,4-dioxane (3 ml).
The reaction mixture was degassed by bubbling nitrogen through the solution for ~ Imin, followed by
the addition of XANTPHOS (0.0428 g, (.0740 mmol) and Pd{dba}, (0.0339 g, 0.0370 mmol). The
reaction was heated to 140 °C using microwave irradiation for 1 hour. The reaction mixture was
poured into sat. NH4C! and extracted with 10% isopropanol/DCM. The organic layer was dried with
MgS0, and concentrated in vacuum. Pusification by flash columm chromatography, eluting with a
gradient of DCM-5%methanol/DCM provided compound 77 as a yellow solid (150 mg, 71%). LCMS-
ESI (POS), M/Z, M+1: Found 423.1

TN H@a o DX
x \ ; e \l/ o A N
A YW
H O Me
sz(dba)a = {\E
XarmPhos =
NaOtBu N
1,4-Dioxane [ j
140 °C, th N
Boc
77 78

1,1-dimethylethyl 4-(6-((9-cyclopentyl-9H-pyridefd',3':4,5]pyrrolo[2,3-djpyrimidin-2-ylamino}-5-
methyl-3-pyridinyl)-1-piperazinecarboxylate (78): Sodium 2-methylpropan-2-olate (0.100 g, 1.06
mmol) was combined with compound 77 (0.150 g, 0.354 mmol) and zert-buty! 1-piperazinecarboxylate
(0.099 g, 0.532 mmol) in 1,4-dioxane (3 mi}. Nitrogen was bubbled through the solution for 1min
before adding XANTPHOS (0.031 g, 0.0653 mmol) and Pd;(dba); (0.024 g, 0.026 mmol). The reaction
mixture was heated to 140°C using microwave irradiation for 1 hour. The reaction mixture was poured
into sat. NH4Cl, and extracted with 10% isopropancl/DCM. The organic layer was dried over MgS8O,
and concentrated in vacuum. The crude product was purified by flash columm chromatography, eluting
with a gradient of DCM-7%methanol/DCM to provide compound 78 as a brown oil (100 mg). LCMS-
ESI (POS), M/Z, M+1: Found 529.3.
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9-cyclopentyl-N-(3-methyl-5-{1-piperazinyl)-2-pyridinyl)-9H-pyrido{4',3":4,5]pyrrolo]l,3-
dpyrimidin-2-amine (76): Compound 78 (0.100 g, 0.18% mmol) was dissolved in DCM (3 mL)
followed by TFA (1 mL) and stirred at 40°C in 2 water bath for 30 min. Concentration under vacuum
provided a yellowish oil which was partially dissolved in water and then filtered, The filtrate was
purified by preparative RE-HPLC eluting with a gradient of 5%MeCN/water/0.1%TFA-
30%MeCN/water/0.1%TFA to yield compound 76 as a yellow solid (33 mg). "H NMR (500 MHz,
DMSO-dg) 5 10.18 (1H, s), 9.51 (1H, 5), 9.31 (1H, s), 8.95 (2H, br s), 8.65 (1H, d, I = 6.2Hz), 8.55
(1H,d,J = 6.1Hz), 8.12 (1H, d, J = 3.0), 7.58 (1H, d, J = 2.4Hz), 5.25 (1H, p, T = 8.3Hz), 3.46 (4H, 1, ]
= 5.4Hz), 3.30 (4H, m), 2.24 (3H, s, 2.18 (2H, m), 2.01 (2H, m), 1.70 (2H, m), 1.55 (2H, m) ppm;
LCMS-ESI (POS), M/Z, M+1: Found 429.2.

EXAMPLE 52
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79
9-cyclopentyt-8-(methyloxy)-N-(5-(1-piperazinyl)-2-pyridinyl)-9H-pyrido[4',3":4,5]-pyrrolo[2,3-
djpyrimidin-2-amine

Compound 79 was prepared using compound 82 and chemistry similar to that described in example 1.
'H NMR (500 MHz, CD;OD) § 9.12 (1 H, 5), 8.24(1 H, d), 8.02 (1 H, d), 7.98 (1 H, ¢}, 7.63 (1 H, d},
7.56 (1 H, m), 5.90 (1 K, b), 4.15 (3 H, 5), 3.20 (4 H, m), 3.06 {4 H, m), 2.50-2.60 (2 H, b}, 2.09-2.11 (4
H, b), 1.80 (2 H, b) ppm; LCMS-ESI(PGS), M/Z, M+1: Found 4435.1, calculated 445.2.
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EXAMPLE 53
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- 80
9-Cyclopentyl-2-((5-(1-piperazinyl)-2-pyridinyl}amine)-7,9-dihydro-8H-
pyrido}4’,3':4,5}pyrrolo[2,3-d] pyrimidin-B-one

N* [ OMe

81
5.(3-chloro-2-(methyloxy)-4-pyridinyl)-N*-cyclopentyl-2,4-pyrimidinediamine
Compound 81 was prepared using chemistry similar to that described in example 1. LCMS-ESI (POS),

M/Z, M+1: Found 320.0, calculated 320.1.
KT G e YT
HNT N7 TNH A . Hzm)\\h: N

NaOiBu O
Dioxane
150 °C, th
MW
81 §2

9-cyclopentyl-8-(methyloxy)-9H-pyrido[4',3":4,5]pyrrolo{2,3-d]pyrimidin-2-amine(82): A solution
of Pdy{dba)y(0.60 g, 0.65 mmol), sodium 2-methylpropan-2-olate (1.9g, 20 mmol), 4,5-
bis(diphenylphosphino)-9,9-dimethyl-9H-xanthene (0.75 g, 1.3 mmol) and compound 81 (2.08 g, 6.5
mmol) in dioxane {20 mL} was purged with N; for 20 min. The reaction mixture was heated at 150°C

OMe

for one hour under microwave irradiation. The reaction mixture was concentrated and residue was
diluted with DCM. Resulting solution was washed with brine, dried and concentrated. Purification by
flash chromatography (10%methanol/DCM/1%NH,OH) gave compound 82 as a yellow solid (1.8 g,
08%). LCMS-ESI (POS), M/Z, M+1: Found 284.1, calculated 284.1.
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2-amino-9-cyclopentyl-7,9-dihydro-8H-pyrido[4',3':4,5] pyrrolo[2,3-d] pyrimidin-8-vne (83): A
solution of compound 82 (1.80g, 6.35 mmol) in 4M HCl in dioxane{60 mL}) and methanol(6 ml) was
heated at 80°C for one hour. Solid was collected by filtration to give a pale yellow solid as HCI salt
which was then dissolved in water and basified by addition of solid sodium bicarbonate to pii 5~6. The
precipitate was collected by filtration to provide compound 83 as a white solid.{0.715g, 42%). LCMS-
ESI (POS), M/Z, M+1: Found 270.1, calculated 270.1.

0

s

[Nj N/l N
T NH ﬂ‘l H-'N \N N 0
PN NP BOC i b
.y g
HNT SN N Pda{dbaly
O Xanthphos N
NaOtBu (Nj
DMF /k
120 °C, 2h O;\O
MW
83 5 84

1,1-dimethylethyl 4-(6-((9-cyclopentyl-8-oxo-§,9-dikydro-7H-pyrido[4',3:4,5] pyrrolo[2,3-
d]pyrimidin-2-ylamino)-3-pyridinyl)-1-piperazinecarboxyiate (84): Compound 84 was prepared by
analogy to example 1. LCMS-ESI (POS), M/Z, M+1: Found 531.2, calculated 531.3,
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9-Cyclepentyl-2-({5-(1-piperazinyl)-2-pyridinyl)amine)-7 9-dihydro-8H-pyrido[4',3":4,5]-
pyrrolo[2,3-dipyrimidin-8-one ¢80): Compound 80 was prepared according to the methods described
in example 1. 'H NMR (500 MHz, CDsOD) 6 9.31 {1 H, 5), 8.03(1 H, d), 8.01 (1 H, d), 7.75 (1 H, d),
735(1H,4), 716 (1 H,m), 6.25 (1 H, b), 3.52 (4 H, m), 3.47 (4 H, m), 2.50-2.60 2 H, b), 2.09-2.25 (4
H, b}, 1.75 {2 H, b) ppm; LCMS-ESI (POS), M/Z, M+1: Found 431.2, calculated 45 t.2

EXAMPLE 34

85
9-cyclopentyi-8-methyl-N-(5-(1-piperazinyl)-2-pyridinyl)-9H-pyridoi4',3":4,5]pyrrole{2,3-

dipyrimidin-2-amine

= “NH . = |N
)N\/ | 5 O NaM/ PhyNTT jj\/ I X OT#
S Sy
HN™ N Nf DMF, 0-RT HoNT N Nf

83 86
2-Amine-9-cyclopentyl-9H-pyridol4' ,3":4,5]pyrrelo|2,3-d]pyrimidin-8-yi
triftuoromethanesulfonate (86): Sodium hydride (60% in oil, 16 mg) was added to a solution of
compound 83(0.100g, 0.371 mmol} in DMF{ 2 mL} and stirred at 0°C for 30 min., then N-phenyl-
bis(trifluoromethanesulfonimide)}0.146g, 0.408 mmol) in DMT (I mL) was added dropwise at 0° C and
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the resulting mixture was stirred at 0 "C for two hours. The reaction mixture was concentrated and
dissolved in DCM. The resulting organic solution was washed with brine, dried and concentrated .
Purification by flash chromatography(10%methanol/DCM/1%NH.CH) gave compound 86 (0.102g,
67%) as a yellow solid. LCMB-ESI (POS), M/Z, M+1: Found 402.1, calculated 402.1.

=~ N —
; N
N NNoTt MeMgBr, THF/NMP )N\” 34
Y
HZNAN N Fe(acac)3, RT 2frs  HN™ N NE
86 87

9-cyclopentyl-8-methyl-9H-pyride[4',3":4,5] pyrrolof2,3-d]pyrimidin-2-amine (87):

A flame-dried two-necked flask was charged under argon with compound 86 (0.100g, 0.25 mmol),
ferric acetylacetonate(0.0044, 0.012 mmol), THF( 2 ml) and N-methylpyrrolidone (0.1 ml}.
Methylmagnesium bromide (0.27 g, 2.2 mumol, 3M in cther) was added via syringe to the resulting red
solution. A yellow precipitate formed immediately. The reaction was stirred at room temperature for 30
min and quenched with 5% NaHCO;, then extracted into DCM The resulting organic solution was
washed with brine, dried and concentrated . Purification by flash chromatography
{(10%methanol/DCM/1%NHOH) pave compound 87 as a light yellow solid{ 0.036g, 54%). LCMS-ESI
{POS), M/Z, M+1: Found 268.1, caloulated 268.2.
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87 5 88
1,1-dimethylethyl 4-(6-((?-cyclopentyl-8-methyi-9H-pyrido{4',3" 14,5 pyrrole{2,3-d]pyrimidia-2-
yDaminc)-3-pyridinyl)-1-piperazinecarboxylate (88): Compound 88 was prepared according to the
methods described in example 1. LCMS-ESI (POS), M/Z, M+1: Found 529.3, calculated 529.3.
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9-cyclopentyl-8-methyl-N-(5-(1-piperazinyl)-2-pyridinyl)-9H-pyrido[4',3':4,5]pyrrolo[2,3-
d]pyrimidin-2-2mine (85): Compound 85 was prepared according to the methods described in
example 1. 'H NMR (500 MHz, CD;0D) 8 9.01 (1 H, 5), 8.36(1H,s}, 8.29(2 H, d), 8.01 (1 H,5), 7.62 (1
H, d), 7.28 (1 H, ), 5.36 (1 H, m), 3.09 (4 H, m), 3.02 (4 H, m}, 2.95 (3 H, 5), 2.73-2.70 (2 H, m), 2.09-
1.98 (4 H, m), 1.80 (2 H, m) ppm; LCMS-ESI{(POS), M/Z, M+1: Found 429.2, calculated 429.2,

EXAMPLE 55
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89
9-(4-methyleyclohexyD-N-(5-{1-piperazinyl)-2-pyridinyl)-9H-pyrido[4',3':4,5]pyrrolo{2,3-
d]pyrimidin-2-amine

Compound 89 was prepared according to the methods described in example 1. 1H NMR (500 MHz,
CD,0D) 8 9.19 (1 H, ), 8.97(1H,s), 8.39¢1 H, d), 8.29(0.5H,d), 8.24 (0.5H, d), 8.05 (1 H, m), 7.53 (1
H, m), 3.20 (4 H, m), 3.07 (4 H, m), 2.80 {1 H, m), 2.60(1H, m), 2.10(1H, b), 1.97 (3 H, b), L.75(3 H,
m), 140 (1 H, m), 1.2 5(1.5H, d), 1.08 (1.5H, d} ppm; LCMS-ESI (POS), M/Z, M+1: Found 4432,
calculated 443.2,
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90
9-cyclopentyl-N-(6-(4-(dimethylamino)-1-piperidinyl}-3-pyridinyi}-9H-
pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-amine

Br
ol
Br H Pd,(dba)y/Xantphos he 1
y NaOBuftoluene
N7 + 100 °C N
oy
N 40 min
Br 2N 95% Q
/N‘\

91
1-(5-bromopyridin-2-y)-N,N-dimethyipiperidin-d-amine (91): To a 100 mL single-necked round-
botiom flask were placed 2,5-dibromopyridine (2 g, 8 mmol), 4-{dimethylamino)piperidine (1 mi, 8
mmoi), tris{dibenzylideneacetone)dipaliadium (o) (0.07 g, 0.08 mmol}, 9,9-dimethyl-4,5-
bis(diphenylphosphino)xanthene (0.1 g, 0.2 mmnol), and sodium ¢-butoxide (1 g, 12 mmol). The flask
was subjected to 3 cycles of evacuation and back-filling with N; before toluene (40 mL} was introduced
under N;. The resulting mixture was stirred at a preheated oil bath at 100 °C for 40 min. The crude
mixture was poured into ice and 4 N NaOH aqueous solution and extracted with ethyl acetate (2 X).
The combine organics were dried over sodium sulfate and concentrated in vacue to give 2.7 g crude
product. Trituration with ethyl acetate/hexanes gave highly pure 1-{5-bromopyridin-2-y)-N,N-
dimethylpiperidin-4-amine (91) (1.9 g, 95%) 'H NMR (400 MHz, CDCly) § 8.18 (1 H, d, ] = 2.3 Hz),
752 (1H,dd, J=9.0,2.7Hz), 658 (1 H,d, J=90Hz),430 (2 H,4, T= 129 Hz), 2.79-2.91 2 H,
m), 2.49 (1 H, br. 5.), 237 (6 H, s}, 1.97 (2 H, d, T = 12.5 Hz), 1.45 - 1.60 (2 H, m) ppm.
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S.cyclopentyl-N-(6-(4-(dimethylamino)-1-piperidinyl}-3-pyridinyl)-9H-pyrido[4',3":4,5}-
pyrrolo{2,3-d]pyrimidin-2-amine (30): To a microwave reaction vessel were placed compound 4 (30
mg, 118 pmol), compound 91 (50 mg, 178 umel), tris(dibenzylidencacetone)dipalladium (0) (5.4 mg,
5.9 pmol), 9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene (8.6 mg, 15 pmol), and sodium tert-
butoxide (34 mg, 355 umol). 1,4-dioxane (4 mL) was added and the vessel was purged with N for 3
min, then capped and subjected to microwave irradiation for 2 h at 120°C. Afier removal of the
volatiles, the residue was dissolved in methanol and filtered. The filtrate was subjected to reverse phase
preparative HPLC (acetonitrile/water containing 0.1% TFA each, 40 min from 5 to 40%) to give ~ 15
mg of compound 90 as a TFA salt. '"H NMR (400 MHz, CD,0D) 8 9.43 (1 H, 5), 9.16 (1 H, 5, 8.65 (1
H, d, /=2.3 Hz), 848 - 8.57 (2 H, m), 8.12 (1 H, dd, /~9.4, 23 Hz), 7.21 (1 H, 4, /=0 4 Hz), 5.25 - 547
(1 H, m), 445 (2 H, d, /=13.7 Hz), 3.49 - 3.58 (1 H, m), 3.03 - 3.18 2 H, m), 2.92 (6 H, 5), 2.37 - 2.54
(2 H, m), 2.04 - 2.29 (6 K, m), 1.76 - 1.93 (4 H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 457.3,
Calculated 457.2,

EXAMPLE 57
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9-Cyclopentyl-8-fluoro-N-(5-(1-piperazinyl)-2-pyridinyl)-9H-pyrido[4'.3":4,5] pyrrolo{Z,3-

dipyrimidin-2-amine _

Compound 92 was prepared using chemistry similar to that described in example 22. '"H NMR (500
MHz, CD,OD) & 9.46 (1 H,5), 8.10-815(3H, m), 805 (1 H,d, J=29Hz), 764 (1 H,d, ] =%.5 Hz),
5.20 (1 H, m), 3.51 - 3.57 (4 H, m), 3.42 - 3.51 {4 H, m), 2.40-2.50 (2 H, m), 2.10-2.25 {4 H, m), 1.80-
1.90 (2H, m) ppm, LCMS-ESI (POS), M/Z, M+1: Found 433.1, Calculated 433.2.
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93
9-Cyclopentyl-5-fluore-V-(5-(1-piperazinyl)-2-pyridinyl)-9H-pyride[4°,3":4,5]pyrrolo[2.3-
d]pyrimidin-Z-amine

Compound 93 was prepared using chemistry similar to that described in exampie 22. 'H NMR (500
MHz, CDyOD)69.10 (1 H,s), 8.75(1 H,5), 828 (1 H,5), 823 (1 H,d,J=9.0Hz2),8.02(1 H,4,T=
2.9Hz), 7.46-749 (1 H,dd, I=9.0, 2.6 Hz), 541 (1 H, m), 3.33 (4 H, m), 3.19 (1 H, m), 2.44.2.49 (2
H, m), 2.11-2.24 (4 H, m}, 1.87-1.90 (2 H, m} ppm; LCMS-ESI (POS}, M/Z, M+1: Found 433.1,
Calculated 433.2.

EXAMPLE 59
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5-Cyclopentyl-N-(5-(1-piperazinyl}-Z-pyridiny[)-SH-pyrimido[4',5":4,5] pyrrolo{2,3-d]pyrimidin-7-

amine
Compound 94 was prepared using chemistry similar to that described in example 22. "H NMR (500
MHz, CD,CL)69.21 (1 H,s), 896 (1 H,5), 883 (1 H,5),832(3H,d,/=9.0Hz), 798 (2 H, 4, /2.2

Hz), 731 (2 H,d4d, /=9.0,2.7Hz), 5.23-531 (1 H, m), 3.05 (4 H, m), 2.95 (4 H, m), 2.47 (1 H, 5}, 2.28

(ZH,m), 2.10-220(2H, m), 1.98 - 2.08 (2 H, m), 1.70 - 1.84 (2 H, m) ppm, LCMS-ESI (POS), M/Z,
M+1: Found 416.2, Calculated 416.2.
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4-Aminomethyl-1-(6-((9-cyclopeniyl-9H-pyride[4',3' :4,5]pyrrolof2,3-d]pyrimidin-Z-ylamino)-3-

r4

pyridinyl)-piperidine
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1,1-Dimethylethyl 1-(6-((9-cyclopentyl-9H-pyrido[4',3':4,5]pyrrole{2,3-d]pyrimidin-2-yDamino)-
3-pyridinyl)-4-piperidinemethyl carboxylate (98): A mixture of 5-bromo-2-chloropyridine (0.019 g,
0.099 mmol), fert-butyl piperidin-4-ylmethylcarbamate (37) (0.024 g, 0.099 mmol), Xentphos (0.0086
g, 0.015 mmol), Pdy(dba); (0.006& g, 0.0074 mmol), and sodium fert-butoxide (0.014 g, 0.15 mmol) in
dioxane was purged with nitrogen gas for 1 min. The reaction was heated at 80°C for 2 hours and then
cooled to room temperature, Compound (4)(0.0250 g, 0.099 mmol), Xantphos (0.0086 g, 0.015 mmol},
Pd,{dba); (0.0068 g, 0.0074 mmol) and sodium tert-butoxide (0.014 g, 0.15 mmol) were added. The
mixture was purged again with nitrogen again for | min. And heated at 100°C for 1.5~2 hours and then
cooled to room temperature. The solvent was removed using Gene Vac. The residue was sonicated
with 2mL methanol. The solid was removed by filtration, washed with 2x1ml methanol. The
combined solution was purified on a C-18 reverse phase column (150 x 30 mm, 4 micro) using Mass
directed preparative HPLC and gradient elution of acetonitrile in water containing C.1%TFA to provide
compound 98 as a TFA salt. LCMS-ESI(POS), M/Z, M+1: 543.2
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9e %) g el
Hw)\\w N HN SN N
TEADCM
N O g O
N

N

NHBoc NH,

98 95
4-Aminomethyl-1-(6-((9-cyclopentyl-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-3-
pyridinyl)-piperidine (95): Compound 98 was treated with 1.1 TFA/DCM (2ml.) at room temperature
for an hour. The solvent was evaporated. The residue was re-dissolved in 4m} methanol and purified
onaC-1 8 reverse phase column (150 x 30 mim, 4 micro} using Mass directed preparative HPLC and
gradient elution of acetonitrile in water containing 0.1%TFA to provide compound 95 as a TFA salt.
LCMS retention time (minutes): 0.708. LCMS-ESI(POS), M/Z, M+1: 443.2

Examples 61-100 (listed in Table 1)} were prepared using conditions as described for example 60 with
deprotection when necessary, replacing 5-bromo-2-chloropyridine and 97 with proper chemical
reagents. The reaction conditions such as temperature and reaction time were the same unless indicated
in Table 1. All LCMS data was obtained using Agilent 1100 series LC/MSD, column; CAPCELL

UG120 (3um, 4.6 mm I‘.D. % 50 mm), solvent system! water-acetonitile 95:5 with 0.1% formic acid.

Table 1
Example # Structure Reaction LSMS LCMS
conditions retention time -ESI
(minutes) (M+1)
— 0.701 ) 4292
-
NN TR
61 Y C
Y
N
e
H
= 0.704 4292
el
. T A
62 7 O
R
N
2,
":: tr
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Example # Structure ~ Reaction LSMS LCMS
conditions reteption time | -ESI
{minutes) {(M+1)
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Example # Structure Reaction E.SMS LCMS
conditions retention time | -ESI
(minutes) (M+1)
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Exzample # Structure Heaction LSMS LCMS
condificns retention time | -ESI
{minutes) {M~+1)
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Example # Structure Reaction LEMS LCMS
conditions retention time | -ESE
_ (minutes) | (M+1)
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Example # Structure Resaction LSMS LCMS
conditions retention time | -ESI
{minufes) {M+1})
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Example # Structure Reaction LSMS LCMS
conditions retemtion ime | -ESJ
{minutes) (M+1)
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Example # Structure Resction LSMS LCMS
conditions retention time | -ESI
{minutes) {M+1)
= Stepl. 60°C, 0.675 444.2
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EXAMPLE 101
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138
4-Aminomethyl-1-(6-((9-cyclopentyl-9H-pyrido[4',3":4,5lpyrrole[2,3-d] pyrimidin-2-yamine)-3-

pyridazinyl}-piperidine

rrm

Y ¢ N= Wi
,'L/ 1 YA Vi Pd{(doa),, Xantphos i ){\N N
HNT N7 N Ney NaOtBu, 1,4-dicxane, 100°C N? c
R j
cl
140

6-((9-cyclopentyl-9H-pyride{4',3":4,5lpyrrolo[2,3-d]pyrimidin-2-yl)amine)-3-chioro-pyridazine
{140): A mixture of compound 4 (1.50g, 5.92 mmol), 3,6-dichloropyridazine (0.882g, 5.92 mmol),
bis(dibenzylideneacetone)palladium(0.170g, 0.296 mmol), Xantphos(0.514g, 0.888 mmol) and sodium
tert-butoxide(0.854, 8.88mmol) in toluene (80mL) was purged with nitrogen. The reaction was then
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heated at 100°C for one hour in a sealed vessel. After cooling to room temperature, the mixture was
loaded onto a silica gel column and eluted with 2-10% methanol/DCM. Evaporation of combined
fractions provided compound 140 (2.1g) as a yellowish solid. LCMS-ESI, M+1: 366.1

=

S
/f‘t’ | Y ’N n heat N%;

HN SN N * [9 I N

. ﬁi) O NHBoc N

NHBoc

146 97 142
1,1-Dimethyiethyl 1-(6-((9-cyclopentyl-9H-pyride[4',3":4,5]pyrrolo{2,3-d]pyrimidin-2-yl)amino)-
3-pyridazinyf)-4-piperidinemethyl carboxylate (142):The neat mixture of compound 140 (0.0300g,
(.0820 mmol} and compound 97 (0.176 g, 0.820 mmol) was heated at 130 °C for 1.5 hours using
microwave. The crude material was dissolved in 4ml methanol, filtered and purified on a C-18 reverse
phase column (150 x 30 mm, 4 micro) using Mass directed preparative HPLC and gradient elution of
acetonitrile in water containing 0.1%TFA to provide the title corhpound 142 as a TFA salt. LCMS-ES]
(POS), M/Z, M+1: 5443

e —

N¥ \/N N’l \IN

]
: HN’L:"N N HNJ%N &
TRADCM
N C N7 O
Ne J RT N
l§
N N

NHBoc N,

142 138
&Auﬁnomethyl-f-(6-((9-cyciopentyi-9H-pyrido14‘,3':4,5]pyrrolo[2,3-d}pyrimidin—Z»-yl);imino)w}
pyridazinyl)-piperidine (138): Compound 142 was treated with 15% TFA/DCM (ZmL) at room
temperature for one hour. The solvent was evaporated. The residue was re-dissolved in 4mL methanol
and purified on a C-18 reverse phase colurnn {150 x 30 mm, 4 micro) using Mass directed preparative
HPLC and gradient elution of acetonitrile in water containing 0.1%TFA to provide the desired product
as TFA salt. LCUMS retention time (minutes): 0.666. LUMS-ESI (POS}, M/Z,M+1: 444.3
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Examples 102-121 (table 2) were prepared using conditions as described for example 101 with
deprotection when necessary, replacing compound %7 with proper amine. The reaction conditions such

as solvent, iemperature, and reaction time for Step 2 were the same unless indicated in Table 2,

Table 2
Example # Structure Reaction LSMS LCMS-ESY
Conditions retention time | (M+1)
(min)
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Example # Structure Resction LSMS LCMS-ES]
Conditions retention time | (M+1)
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Example # Structure Reaction 1.8MS LCMS-ESE
Conditions retention time | (M+1)
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Example # Structure Reaction LSMS LCMS-ESI
Conditions retention time | (M+1)
(min)
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9-Cyclopentyl-2-{{(6~(1-piperazinyl)-3-pyridazinyl)amino)-7,9-dilydro-8H-
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1,1-Dimethylethyl 4-(6-((9-cyclopentyl-8-ox0-8,9-dihydro-7TH-pyride{4’,3:4,5]pyrroic{2, 3-
djpyrimidin-Z-yl)amino)-3-pyridazinyl)-1-piperazinecarbexyiate (162): A mixture of terr-butyl 4-
(6-chloropyridazin-3-yl)piperazine-1-carboxylate (0.060 g, 0.20 mmol), compound 83 (0.054 g, 0.20
mmol), Xantphos (0.017 g, 0.030 mmol), Pdx(dba); (0.014 g, 0.015 mmol), and sodium rer-butoxide
{0.029 g, 0.3 mmol) in dioxane was purged with nitrogen pas for | minute. The reaction was heated at
120°C for 6 hours and then cooled to room temperature. The sojvent was removed by filtration. The
residue was washed with 2 x 1mi dioxane. The product was then dissolved in 10mE methanol/DCM
(1:1) and coneentrated. The crude material was re-dissolved in 4ml. methanol and purified on a C-18
reversephase column (150 x 30 ram, 4 micro) using Mass directed preperative HPLC and gradient
elution of acetonitrile in water containing 0.1 %TFA to give the title compound 162. LCMS-ESI (POS),
M/Z, M+1: 532.3

——

NH
HN/I*‘N Noo HNTONT N O
TFA/DCH
= O Ty (O
lh\i RT N
) 0
N N

162 161

9.Cyclopentyl-2-{(6-(1-piperazinyl)-3-pyridazizylamino)-7,9-dihydro-8H-pyrido[4',3":4,5]-
pyrrolo{2,3—dipyrimidin-s-one {161): Compound 162 was treated with 1:1 TFA/DCM (2ml.} at room
temperature for an hour. The solvent was evaporated. The residue was re-dissolved in 4mL] methanol
and purified on a C-18 reverse phase column (150 x 30 mm, 4 micro) using Mass directed preparative
HPLC and gradient elution of acetonitrile in water containing 0.1%TFA to provide the title compound
161 as & TFA salt. LCMS retention time {minutes): 0.793, LCMS-ESI (POS), M/Z, M+1:432.2

Examples 123-130 (table 3} were prepared using conditions as described for example 122 with

deprotection when necessary, replacing fert-butyl 4-(6-chloropyridazin-3-y)piperazine-1.carboxylate

with proper reagent.
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Table 3
Example # Structure LCMS LCMS
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Example # Structure L.CMS LCMS
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N7 N 4 ~N N 'Y N
/l\\ | . )SQ\>—CI . Pdy{dba}y, Xaniphos li N
HoN™ TN N o’ =N NaOBu, 1,4-dioxane  \#™y
O NHBoc 54
N
NHBoc
4 171

1,1-Dimethylethyl 1-(3-((9-cyciopentyl-9H-pyridol4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-y)amino)-
5-1,2 4-thiadiazolyl)-4-piperidine carboxylate (171):A mixture of 3,5-dichloro-1,2,4-thiadiazole
{0.015g, 0.099mmol} and tert-butyl piperidin-4-ylcarbamate (0.020g, 0.099mol) in 1mL dioxane was
purged with nitrogen gas for 1 minute. The reaction was stirred at room temperature for 30 minutes. To
it was added compound 4 (0.0250 g, 0.099 mmol), Xantphos (0.0086 g, 0.015 mmol), Pd(dba),
(0.0068 g, 0.0074 mmo}) and sodium tert-butoxide (0.024 g, 0.25 mmol). The mixture was purged
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again with nitrogen for 1 min and heated at 115°C for 3 h. After cooling to room temperature, the
solvent was removed using Gene Vac. The residue was sonicated with 2ml methanol, The solid was
removed by filtration, washed with 2x1mL methanol. The combined soiution was purified on a C-18
reverse phase column {150 x 30 mm, 4 micro) using Mass directed preparative HPLC and gradient
elution of CH;CN in water containing 0.1 %TFA to provide compound 71 as a TFA salt. LCMS-ESI
(POS), M/Z, M+1: 5362

NHBoc NH;

7 171 170
4~Amino-1-(3-((9-cyclopentyl—9H~pyrido[4',3':4,SlpyrroloE2,3«d]pyrimidin—z-yl)aﬂlino}—S—1,2,4»
thiadiazolyl)-piperidine (17¢): Compound 171 was treated with 15% TFA/DCM (2mL) at room '
temperatufe for an hour. The soivent was evaporated. The residue was re-disselved in 4mL methanol
and purified on a C-18 reverse phase column (150 x 30 mm, 4 micro) using Mass directed preparative
HPLC and gradient elution of CH;CN in water containing 0.1%TFA to provide compound 170 as a
TFA salt. LCMS retention time (time): 0.752. LCMS-ES] (POS), M/Z, M+1: 436.1

Examples 132-135 {table 4) were prepared using conditions as described for example 131 with

deprotection when necessary, replacing zert-buty! piperidin-4-ylcarbamate with proper amine.

Table 4
Example # Structure LCMS LCMS-ESI
reteption time {M+1)
(min)
’IQ 0.729 4222
HN
132 P O
e
-
/IQ 0.746 436.1
"
HN
133 oy C
N
K,N\
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Example # Structure LCMS LCMS-ESI
: retention fime (M+1)
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EXAMPLE 136
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172
9-Cyclopentyl-N-(5-(3,3-dimethyl-1-piperazinyl)-2-pyridinyl}-9H-
pyrido[4',3":4,5]pyrrois{2,3-d]pyrimidin-2-amine

Compound 172 was prepared using chemistry similar to that described in example 1. '"H NMR
{500 MHz, DMS0O-d6) 5 9.76 (1H, s), 9.26 (1H, 5), 9.00 (1H, s), 8.44 (1H, d, ] =5 Hz), 8.16
{IH,d,J=10Hz)}, 8.02(1H,d,J=5Hz)},800(1H,d, J=2Hz)}, 743 (1H,dd,J=10Hz, ] =
2 Hz), 5.36 (1H, p, J = 10 Hz), 2.99 (ZH, t, m), 2.89 (2H, m}, 2.83 (2H, 5), 2.39 (2H, m), 2.20-
2.05 (4H, m}, 1.77 (2H, m), 1.13 (6H, s) ppm; LCMS-ESI (POS), M/Z, M+1: Found 442.2,
Calculated 442.3.
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EXAMPLE 137

s
HN’I\N/ N
g O

173
9-Cyclopentyl-N-(6-(4-ethyl-1-piperazinyl)-3-pyridazinyl)-9H-
pyrido}4',3":4 5]pyrrolo[2,3-d]pyrimidin-2-amine

Compound 173 was prepared using chemistry similar to that described in example 1. 'H NMR
(500 MHz, CDCI3) § .08 (1H, s), 8.91 (1H, 5), 8.55 (1H, d, } = 10 Hz), 8,52 (1H, 4, ] = 5 Hz),
8.33 (1 H,s), 7.86 (1H, d, J = 5 Hz), 7.09 (1H, d, I = 10 Hz), 5.36 (1H, p, T = 10 Hz), 3.66 (4H,
t, J =5 Hz), 2.63 (4H, t, J = 5 Hz), 2.51 (2H, q, J = § Hz), 2.39 (2H, m), 2.20 (2H, m), 2.13
(2H, m}, 1.89 (2H, m), 1.16 (3H, t, ] = 5 Hz) ppm; LCMS-ESI (POS), M/Z, M+1: Found
443.2, Calculated 443.3.

EXAMPLE 138

174

9.Cyclopentyl-N-(5-(4-(1-methylethyl)-1-piperazinyl)-2-pyridinyl)-.9H-
pyrido[4',3":4,5]pyrrolo{2,3-d]pyrimidin-2-amine

Compound 174 was prepared using chemistry similar to that described in example 1. *H NMR
(500 MHz, CDC/3) § 9.09 (1H, s), 8.90 (1H, s), 8.51 (1H, d, J = 5 Hz), 8.39 (1H, d, J = 10 Hz),
8.33 (1 H, bs), 8.09(1H, d, J =5 Hz), 7.83 (1H, dd, J =5 Hz, J = 2 Hz}, 7.39 (1H, dd, T = 5 Hz,

103



WO 2009/085185 PCT/US2608/013849

J=2Hz), 536 (1H,p, ] = 10Hg), 3.22 (4H, t, T = 5 Hz), 2.76 (1H, m, J = 10 Hz}, 2.74 (44, ,
I=35Hz), 2.44 (2H, m), 2.20 (2H, m), 2.14 (2H, m), 1.88 (2H, m), 1.12 {6H, d, ) = 10 Hz)
ppm; LCMS-ESI (POS), M/Z, M+1: Found 456.1, Calculated 456.3.

EXAMPLE 139

st
HNAN/ N

N/

Q

)

t

N
]
E
175
9-Cyclopentyl-N-(5-(4-ethyl-1-piperazinyl)-2-pyridinyl)-9H-pyrido[4',3":4,5]pyrrolo(2,3-
dlpyrimidin-2-amine '
Compound 175 was prepared using chemistry similar to that described in exé.mple 1. "H NMR
(500 MHZ, CDCly) 8 9.08 (1H, s), 8.91 (1H, s), 8.52 (1H, d, ] = 5 Hz), 8.41 (1H, d, ] = 10 Hz),
8.22 (1 H, bs), 8.08 (1H, d,J=2Hz), 7.83(1H, d, I=5Hz), 740 (1H, dd, J= 10 Hz, =2
Hz), 5.36 (1H, p, J = 10 Hz), 3.27 (4H, m), 2.71 (2H, m), 2.56 (2H, m), 2.44 (2H, m), 2.20
(2H, m), 2.14 (2H, m), 1.89 (2H, m), 1.19 (3H, t, ] = 10 Hz} ppm; LCMS-ESI (POS}, M/Z,
M+1: Found 442.2, Calculated 442.3.

EXAMPLE 140

o~

= N/

N
HN*N/ N
O
. 1
0% ™ 0Et
176

Ethyl 6-((9-cyclopentyl-9H-pyrido[4',3':4,5]pyrrolo{2,3-d]pyrimidin-2-yhamine)-3-
pyridinecarboxylate

N

Compound 176 was prepared using chemistry similar to that described in example 1. ‘H NMR
(500 MHz, DMSO-d6) & 10.80 (1H, s), 9.48 (1H, s), 9.17 (1H, s5), 8.87 (1H, d, ] = 2 Hz), 8.56
(iH, d,J=5Hz),8.53 (1H,d,J=10Hz), 831 (1 H,dd, J=10Hz J=2 Hz),825(IH,d,] =
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5 Hz), 5.36 (1H, p, J = 10 Hz), 4.34 (2H, q, = 10 Hz), 2.42 (2H, m), 2.16 - 2.08 (4H, m), 1.81
(2H, m), 1.35 (3H, t, J = 10 Hz) ppm; LCMS-ESI (POS), M/Z, M+1: Found 402.1, Calculated

402.2.

EXAMPLE 141

—

N™ ™= \JN

|
HN)\N/ N
NZ O
3

N
Lo
177
9-Cyclopentyl-V-(5-(4-morpholinylmethyl)-2-pyridinyl}-9H-pyrido[4',3":4,5|pyrrelo{2,3-
: djpyrimidin-2-amine

Comﬁound 177 was prepared using chemistry similar to that described in example 1. '"H NMR
(500 MHz, DMSO-d6) & 10.04 (1H, s), 9.33 (1H, 5), 9.04 (1H, s), 8.45 (1H, d,J =5 Hz}, 8.35
(1H,d, J= 10 Hz), 8.23 (1H,d, ] =2 Hz), 8.07 (1 H,d,J = 10Hz), 7.75 (1H,dd, } = 10 Hz, }
=2 Hz), 5.30 (1H, p, J = 10 Hz), 3.58 (4H, t, } = 5 Hz), 2.05 (2H, s}, 2.45 — 2,40 (6H, m), 2.20
—2.06 (4H, m), 1.79 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 429.1, Caiculated

429.2.

EXAMPLE 142

e %)
HN.J\ N

N

’t@

\

=

N

®
L_Ome

179
9-Cyclopentyl-N-{5-(4-(2-(methyloxy)ethyl)-1-piperazinyi)-2-pyridinyl)-9H-
pyride{4',3":4,5]pyrrolo[2,3-djpyrimidin-2-amine
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Compound 179 was prepared using chemistry similar to that described in example 1. 'H NMR
(500 MBz, DMSO-d6) § 9.74 (1H, s), 8.25 (1H, 5), 8.99 (1H, 5}, 8.43 (1H, d, ] = 5 Hz), 8.16
(1H, d, J = 10 Hz), 8.03-8.02 (2 H, m), 7.46 (1H, dd,J = 10 Hz, ] = 2 Hz), 535 (IH, p, J = 10
Hz), 3.47 (2H, t, ] = 5 Hz), 3.25 (3H, 5), 3.13 (4H, t, ] = 5 Hz), 2.58 (4H, t, ] = 5 Hz), 2.33 (2H,
t,J = 5 Hz), 2.38 (2H, m), 2.15 — 2.05 (4H, m), 1.76 (2H, m} ppm; LCMS-ESI (POS), M/Z,
M-+1: Found 472.2, Calculated 472.2.

EXAMPLE 143

gty

N‘ e N
HN)\N/ N
)

N
L_OMe
180

9-Cyclopentyl-N-(6-(d-(Z-(methyloxy)ethyl)-1-piperazinyi)-3-pyridazinyl)-91-
. pyrida{4',3"14,5}pyrrolo[2,3-d]pyrimidin-2-amine

N

Compound 180 was prepared using chemistry similar to that described in example 1. "H NMR
(500 MHz, CDCl3) 8 9.09 (1H, s), 8.92 (1H, 5), 8.55 (1H, d, ] = 10 Hz), 8.53 (1H, d, J =5 Hz),
8.40 (1H, bs), 7.86 (1 H, d, J =5 Hz), 7.09 (1H, d, J = 10 Hz), 5.39 (1H, p, J = 10 Hz), 3.69
(4H, m}, 3.60 (2H, t, ] = 5 Hz), 2.80 - 2.69 (6H, m), 2.37 (2H, m), 2.20 (2H, m}, 2.13 (2H, m),
1.90 (ZH, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 473.2, Calculated 473.3.

EXAMPLE 144

181
9-Cyclopentyl-N-{5-(4-(diethylamine)-1-piperidinylj-2-pyridinyl}-2H-
pyvrido[4'.3":4,5jpyrrole[2,3-d]pyrimidin-2-amine
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Compound 181 was prepared using chemistry similar to that described in example 1. 'HNMR
(500 MHz, DMSO-d6) § 9.74 (1H, 5), 9.26 (1H, 5}, 9.00 (1K, 5), 8.44 (1H, 4, I = 5 Hz}, 8.15
(1H, d, ] =10 Hz), 8.03 (1 H,s),8.02 (1H, d, J =2 Hz), 7.46 (1H, dd, ] = 10 Hz, ] = 5 Hz),
5.36 (1H, p, J = 10 Hz), 3.72 (2H, 4, } = 15 Hz), 2.68 (2H, t, J = 10 Hz), 2.52 (4H, m}), 2.39
(ZH, m), 2.07 (4H, m), 1,77 (4H, m), 1.57 (ZH, m), 0.98 (6H, m) ppm; LCMS-ESI (POS), M/Z,
M-+1: Found 484.2, Calculated 484.3.

EXAMPLE 145
SR
HN%N/ N
Né { ]
v
N
O
~ oM~
182

9-Cyclopentyl-N-(6-(4-(diethylamino)-1-piperidinyl)-3-pyridazinyl)-9H-
pyridof4',3":4,5]pyrrolo[2,3-d] pyrimidin-2-amine
Compound 182 was prepared using chemistry similar to that described in example 1. 'H NMR
(500 MHZ; DMSO-d6)y 6 10.16 (1H, s), 9.26 (1H, 5), 9.00 (1H, s), 8.44 (1H, d, J = 5 Hz), 8.15
(1H, d, J=10Hz), 8.03 (1 H, s), 7.41 (1H, dd, ] = 10 Hz), 5.32 (1H, p, ] = 10 Hz), 4.32 (2H,
d, 1= 15 Hz), 2.68 (2H, t, T = 10 Hz}, 2.52 (4H, m), 2.39 (2H, m), 2.07 (4H, m), 1,77 (44, m), 1.57
(24, m), 0.98 (6H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 485.2, Calculated 485.3.
EXAMPLE 146

S

A
e
e

S
(:) .

AN

N

183
9-Cyclopentyl-V-(5-(4-(dimethylamine}-1-piperidiny!)-2-pyridinyD)-8-(methyloxy)-9H-
pyridefd’,3":4,5] pyrrolo{2,3-d]pyrimidin-2-amine
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Compound 183 was prepared using chemisiry similar to that described in example 53. 'H
NMR (500 MHz, CDCl;) $9.09 (1H, s), 8.38 (1H, d, J = 10 Hz), 8.12 (1H, bs), 7.99(1 H,d,J
=5 Hz), 7.44 (14, d, ] = 5 Hz), 7.37 (1H, dd, ] = 10 Hz, J = 5 Hz), 5.81 (1H, p, ] = 10 Hz),
4.14 (3H, 5), 3.66 (2H, 4, ] = 15 Hz), 2.75 (2H, t, ] = 10 Hz), 2.33 (6H, s), 2.31 (2H, m), 2.08
(4H, m), 1.80 (2H, m), 1,74 (2H, m), 1.69 (2H, m)ppm; LCMS-ESI (POS), M/Z, M+1: Found
486.2, Calculated 486.3.

EXAMPLE 147

—

N‘\-‘\ P
HN’l\N/ N Me
N O
.

LNg

Me’N‘Me

184

9-cyclopentyl-N-(5-(4-(dimethylamino)-1-piperidinyl)-2-pyridinyl)-8-methyi-9H-
pyrido[4',3':4,5]pyrrolof2,3-d]pyrimidin-2-amine )

N

Compound 184 was prepared using chemistry similar to that described in exainple 54,0
NMR (500 MHz, CDCl3) 8 9.12 (1H, s), 8.82 (1H, 5), 8.35(1H,d,J=5Hz), 833 (1 H,4,J=
10 H2), 8.12 (1H, d, J = 2 Hz), 7.68 (I1H, d, T = 5 Hz), 7.35(1H,dd, J =10 Hz, ] =2 Hz), 5.42
(1H, p, J = 10 Hz), 3.67 (2H, d, I = 15 Hz), 3.02 (3H, 5), 2.82 - 2.73 (4H, m), 2.33 (6H, 5),
2.31 (1H, m), 2.14 (2H, m), 2.08 (2H, m), 1.99 (2H, m), 1,80 (2H, m), 1.69 (2H, m) ppm;
LCMS-ESI (POS), M/Z, M+1: Found 470.3, Calculated 470.3.

EXAMPLE 148

—

X
HN NS N Me
575
D
.

Ei/N‘Et

N

185
9-Cyclopentyl-N-(5-(4-(diethylamino)-I-piperidinyl)-2-pyridinyl)-8-methyl-9H-
pyrido{4',3":4,5lpyrrole{2,3-dlpyrimidin-2-amine
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Compound 185 was prepared using chemistry similar to that described in example 54. 'H
NMR (500 MHz, CDCl5) § 9.05 (1H, s), 8.37 (1H, d,J =5 Hz), 8.32 (1 H,d, ] = 10 Hz), 8.05
(1H,d,J =2 Hz), 7.99 (14, 5), 7.68 (1H, d, I = 5 Hz), 7.35 (1H, dd, J = 10 Hz, J = 2 Hz), 5.44
(1H, p, ] =10 Hz), 3.68 (2H, 4, ] = 15 Hz}, 3.03 (3H, 5), 2.80 - 2.73 {4H, m)}, 2.63-2.61 (5H,
$), 2.16 (1H, m), 2.08 (2H, m), 1.93 (2H, mj, 1,80 (2H, m}, 1.75 (2H, m), 1.08 (6H,t,J =10
Hz) ppm; LCMS-ESI (POS), M/Z, M+1: Found 498.3, Calculated 498.3.

EXAMPLE 149

SR
HN)\N/ N
e
“ |
)

N
O}\Me

186

N-(5-(4-Acetyl-1-piperazinyl)-2-pyridinyl)-9-cyciopentyl-SH-pyrido[4',3' :4,5] pyrroio{2,3-

dpyrimidin-2-amine

ﬂN
= N

Y HN" N
HNT N7 AcCl, DIEA N O
N O DMF, rt D
N N

N (/]
L y
ﬁ O%Me '
7 186

N-(5-(4-Acetyl-1-piperaziny])-2-pyridinyl)-9-cyclopentyl-9H-pyrido{4',3':4,5]-pyrrolo|2,3-
d]pyrimidin-2-amine (186): To a solution of compound 7 (207 mg, 0.50 mmol) in DMF (5
mL) were added N, N-diisopropylethylamine (174 ul,, 1.0 mmol} and acetyt chloride (43 ul,
0.60 mmol) in DMF (2 mL) at 0 °C and the resulted mixture was stirred at 0 °C for 1 hr. The

reaction mixture was concenirated and the residue was washed with water {sonicated) and the
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solid was collected by filtration, dried under high vacuumn to give compound 186 (170 mg,
74% vyield) as a light yellow solid. . "H NMR (500 MHz, DMS0O-d6) § 9.82 (1H, s}, 9.27 (1H,
s), 9.01 (14, s), 8.44 (1 H, d,J =5Hz), 8.21 (1H, d, ] = 10 Hz), 8.07 (1H, d, ] = 2 Hz), 8.04
(1H, d, I = 5 Hz), 7.52 (1H, dd, J = 10 Hz, ] = 2 Hz), 5.37 (1H, p, ] = 10 Hz), 3.61 (4H, g, T =5
Hz), 3.17 (2H,t, 1 =5 Hz), 3.10 (2H,t, J = 5 Hz), (3H, 5), 2.40 (2H, m), 2.08 (4H, m), 2.06
(3H, s), 1.78 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 456.1, Calculated 456.2.

EXAMPLE 130

>
HN’k “ N

N

/IC

oy

Z

N

(J

N

187

9-Cyclopentyl-N-(5-(4-cyclopropyl-1-piperazinyl)-2-pyridinyD)-9H-
pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-amine

=

= N = /N
S
HN NS TN [ OEt NaCNBHs, AZOH G
+
NT 3 C OSiMes MeOH THF
=

[j‘? ng’?

9-Cyclopentyl-N-(5-(4-cyclopropyl-1-piperazinyl)-2-pyridinyl)-9H-pyrido[4',3":4,5]-
pyrrolo[2,3-d]pyrimidin-2-amine (i87): To a solution of compound 7 (207 mg, 0.50 mmol)
in THF (5 mL) were added water (0.05 mL), (1-ethoxy-1-cyclopropyloxy)-trimethylsilane
(1174 mg, 1.0 mmol), acetic acid (0.55 mL) and sodium cyanoborohydride (i mL, 1 M in
THF, 1.0 mmol). The mixture was stirred at 60 °C overnight. The reaction mixture was
concentrated and the residue was disolved in ethyl acetate and washed with saturated NaHCO;
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and brine then dried. The solvent was evaporated and the residue was purified by
chromatography on silica gel eluting with CH,Cly:methanol:NH,OH (400:10:1) to give
compound 187 as a yellow solid (60 mg, 26% yield). 'H NMR (500 MHz, CDCl3) & 9.08 (1H,
s), 8.0 (1H, s), 8.51 (1 H, d, J=5 Hz), 8.39 (1H, d, ] = 10 Hz), 8.18 (1H, bs), 8.07 (1H, d, ] =
2 Hz), 7.84 (1H, d, ) = 5 Hz), 7.39 (1H, dd, ] = 10 Hz, ] = 2 Hz), 5.38 (1H, p, J = 10 Hz}, 3.17
(4H, g, ] = 5 Hz), 2.83 (2H, t, } = 5 Hz), 2.42 (2H, m), 2.21- 2.14 (4H, m}, 1.88 (2H, m), 1.7
(1H, m), 0.53- 0.46 (4H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 454.2, Calculated
454.3,

EXAMPLE 151

NS N

HN)]\N/ N
g C

S

N

®
oA OH

188 s

2-(4-(6-((9-Cyclopentyl-9H-pyrido[4',3' :4,5]pyrrolof2,3-d]pyrimidin-2-yHamine)-3-
pyridinyl)-1-piperazinyl)-2-oxoethanol

= jees)
h{\ Y/ HN” NZ N
HN)\N/ N Q DIEA P O
N
- Ci/Lk/OY I
DME, rt x

2-(4-(6-({9-Cyclopentyl-3H-pyrido[4',3":4,5]pyrrolo[2,3-d} pyrimidin-2-yDamine)-3-
pyridinyl)-1-piperazinyl}-2-oxoethyl acetate (189): To a solution of compound 7 (207 mg,
0.50 mmol) in DMF (5 mL) were added N,N-diisopropylethylamine {174 uL, 1.0 mmol) and
acetoxyacetyl chloride (65 uL, 0.60 mmol) and the resulted mixture was stirred at room

temperature for 1 hr. The reaction mixture was concentrated to give compound 189 as a yellow
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solid which was used in next step without further purification. LCMS-ESI (POS), M/Z, M+1:
Found 514.2, Calculated 514.2.

N7\ fN N7 Ry A

.JE\ = /“\ P ’
HNT NT N HNT ONT N
N C LiOH . NP O
- | THEMeOH/H,O X |
) ®

N N
O)\/o\[( O)‘\/OH

0
i89 188

2-(4-(6-((9-Cyclopentyl-9H-pyrido[4',3":4,5]pyrrolo[2,3-d] pyrimidin-Z-yl)amino)-3-
pyridinyl)-1-piperazinyl)-2-oxoethanol (188): To a solution of compound 189 (~ 0.5 mmol)
in THF/methanol/H20 (3:1:1, 10 mL) was added 12 mg of LiOH and the mixture was stirred
at.60 °C overnight. The reaction mixture was concentrated and the residue was dissolved in
dichloromethane then washed with water and brine then dried. The solvent was evaporated and
the residue was purified by chromatography on silica gel eluting with
CH,Cly'methanol:NH,OH (400:10:1) to give compound 188 as a yellow solid (150 mg, 63% in
two steps). 'H NMR (500 MHz, DMSO-d6) 8 9.82 (1H, ), 9.27 (1H, 5), 9.01 (1H, 5), 8.44 (1
H,d,J=5Hz), 8.21 (1H, d,J= 10 Hz), 8.07 (1H, d, ] = 2 Hz), 8.04 (1H, d, J = 5 Hz}, 7.52
(1H, dd, F = 10 Hz, } = 2 Hz), 5.37 (1H, p, } = 10 Hz}, 4.65 (1H,t, ] =5 Hz), 415 2H,d, } =5
Hz), 3.65 (2H, m), 3.53 (2H, m), 3.15 (4H, m), 2.40 (2H, m), 2.08 (4H, m), 1.78 (2H, m)
ppm; LCMS-ESI (POS), M/Z, M+1: Found 472.2, Calculated 472.3.

EXAMPLE 152

L
N

N

’1@

o

=z

N

.

150
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8-Chloro-9-cyclopentyl-N-(5-(1-piperazinyl)-2-pyridinyl)-SH-pyridol4',3':4,5]pyrrole[2,3-

d}pyrimidin-2-amine

a
F
s
NSy ¢l n-BuLi, NH(iPr), N
i Aoy 2nCh, PA(PPhg), NN
L 3
HN™ NTNH L THE, 78 °C M

243 193
5-(2-Chloro-3-fluoropyridin-4-yi)-N4-cyclopentylpyrimidine-2,4-diamine (193): To a 500
mL three-necked round-bottomed flask equipped with a thermometer and a stir bar was added
diisopropylamine (14.7 mL, 104 mmol). The flask was cooled in a Et,O-dry ice bath and
butyllithium 2.5M in hexane (43.0 mL, 107 mmol} was added cautiously. The solution was
allowed to warm to room temperature. Afier stirring at room temperature for 5 minutes, a
white solid formed and it was cooled in an Et;O-dry ice bath then diluted with 170 mL of
anhydrous THF. The solution was then cooled to -75 °C. 2-chloro-3-fluoropyridine (10.3 mL,
104 mmol) was dissolved in 100 mL of anhydrous THF. This solution was then slowly
cannulated into the LDA solution over a period of 20 minutes while the temperature was held
below -69 °C. The solution was stirred for 30 minutes before a solution of zinc (II} chloride
0.5M in THF (111 mL, 55.4 mmol) was slowly added with the tempc:rature maintained below -
68 °C. The vellow solution was then allowed to warm to room temperature. After 30 minutes
of stirring at room temperature, compound 243 (see example 200) (10.538 g, 34.6 mmol) and
Pd(PPha)s (2.00 g, 1.73 mmol) were added and the solution was heated at 60 °C overnight. The
solution was concentrated under vacuum, and then cooled in an ice bath. Saturated NH4Cl
aqueous solution was added with ice and the solution was stirred for 10 minutes and then
extracted with DCM. The aqueous layer was washed with 10 % i-PrOH/DCM. The combined
organics were dried over MgSO4 and concentrated under vacuum. The residue obtained was
purified by flash chromatography (methanol/DCM/Aq NH4OH) to give compound 193 (4.13g,
38.7%) as a white solid. 'H NMR (500 MHz, DMSO-ds) 8 8.22 (1 H,d, J=4.9 Hz), 7.63 (1 H,
s), 7.40 (1 H,t, J= 5.1 Hz), 6.28 - 6.41 (3 H, m), 4.37 - 449 (1 H, m), 1.78 - 1.93 2 H, m),
1.57 - 1.69 (2 H, m), 1.36 - 1.54 (4 H, m) ppm; LCMS-ESI (POS}, M/Z, M+1: Found 308.0.

113



WO 2005/085183 PCT/US2608/013845

Cl
F AN _ X
{
NS LiHMDS l\i A
/“\ - _ cl
H,N” N N dioxane, 80 °C HoN™ N
193 194

8-Chloro-9-cyclopentyl-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (194):
Compound 193 (3.10 g, 10.1 mmol) was combined with 30 mL of anhydrous 1,4-dioxane. To
this was added LiIHMDS 1M in THF (30.2 mL, 30.2 mmol) and the solution was heated to 85
°C for 5 hours. The solution was cooled to room temperature and then diluted with ice/sat.
NaHCO;. The product was extracted with 15%2-propanol/DCM and the organics were dried
over MgSQy before being concentrated under vacuum. The residue obtained was purified on
CombiFlash column (dry loaded), eluting with a gradient of 2% methanol/DCM to 6%
methanol/DCM. Trituration with acetone and ethyl acetate left a light brown solid.
Repurification of the supematants provided additional material. The solids were combined to
give compound 194 (1.60 g, 55.2%) as a light brown solid. 'H NMR (500 MHz, DMSO-ds) §
911 (1 H,5),8.14 (1 H,d,J=49 Hz), 798 (1 H, d, ]= 4.9 Hz), 7.07 {2 H, br. 5.}, 5.90 (1 H,
quin, J= 8.‘? Hz),244-249(2H, m),2.04-2.13(2H, m), 1.95-2.03 2 H,m), 1.63 - L.73 (2
H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 288.1.

N~
XantPhos, Pdy({dba}; | =

H
h} = N Toiuene, +-BuONa
= + N
l’?l 85°C [ ]
Boc I}I
Bac

Br

195
tert-Butyl 4-(pyridin-3-yl)piperazine-I-carboxylate (195): Sodium 2-methylpropan-2-olate
(1.83 g, 19.1 mmol), 3-bromopyridine (2.010 g, 12.7 mmol), and fert-butyl piperazine-1-
carboxylate (3.55 g, 19.1 mmol) were combined in 10 mL of anhydrous toluene. N; was
bubbled through the solution briefly before adding 4,5-bis{diphenylphosphino)-9,9-dimethyl-
9H-xanthene (0.368 g, 0.636 mmol) and Pdx(dba); (0.183 g, 0.318 mmel). The solution was
then heated to 85 °C overnight.
The solution was cooled to room temperature and diluted with sat’s NH,Cl and then extracted
with DCM. The organics were dried over Mg8QO, and then concentrated under vacuum. The

residue obtained was purified on CombiFlash column eluting with a gradient of DCM 10 4%
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methanol/DCM. The fractions containing the product were combined and concentrated under
vacuum to give compound 195 (2.06g, 61.5% yield) as a reddish yellow solid. TH NMR (500

MHz, DMSO-dg) 6 8.31 (1 H, d, J=2.9 Hz), 8.02 (1 H, dd, J=4.5, 1.3 Hz), 7.33 (1 H, ddd, J=
8.5,3.0, 1.5 Hz), 7.20 - 7.24 (1 H, m), 3.43 - 3.49 (4 H, m), 3.11 - 320 (4 H, m), 1.42 (9 H, 5)
ppm; LCMS-ESI (POS), M/Z, M+1: Found 264.1.

Br

N S, MeCN NS

I NBS, Me ] P
[Nj 0°C N

hﬁf ®

Boc Boc
195 196

tert-Butyl 4-(6-bromopyridin-3-yl)piperazine-1-carboxylate (196): By the method of
Audouze et al. J. Med.Chem. 49 (2006} 3159 — 3171, compound 195 (2.06 g, 7.82 mmol) was
dissolved in 40 mL of acetonitrile under an atmosphere of Na.

The solution was cooled in a ice bath before a solution of N-bromosuccinimide (1.46 g, 8.21
mmol) in 15 mL of acetonitrile was added over a period of 10 minutes. The solution was then
stirred in the ice bath for 2 hours. Added silica gel and DCM, and the shurry was then
concentrated under vacuum. Purified on CombiFlash column (dry loaded), eluting with a
gradient of 5% ethyl acetate/hexane to 40% ethyl acetate/hexane. The fractions containing the
product were combined and concentrated under vacuum to give compound 196 (1.9847 g, 74
% yield) as an off white solid. '"H NMR (500 MHz, DMSO-d6) § 8.07 (1 H, d, J=3.2 Hz), 7.42
(1 H, d, J= 8.8 Hz), 7.34 (1 H, dd, J= 8.9, 3.3 Hz), 3.42 - 3.48 (4 H, m), 3.12 - 3.21 (4 H, m),
1.42 (9 H, s) ppm; LCMS-ESI (POS), M/Z, M+1: Found 342.1,

. Br N Y /N
N7 \ IN N XantPhos, Pds(dba)s Jl\ N (v}
Bl | LIHMDS, toluene HN™ "N
=~ Cl + =
O i 80°C I
() 3

N

N/

N
Boc [
N
Bo
194 196 197
tert-Butyl 4-(6-((8-chloro-9-cyclopentyl-9H-pyrido[4',3':4,5] pyrrolo[2,3-d]-pyrimidin-2-
ylamino)-3-pyridinyl)-I-piperazinecarboxylate (197): Compound 196 (0.178 g, 0.521

%]
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mmol), compound 194 (0.125 g, 0.434 mmol}), and LIHMDS 1M in THF (1.30 mL, 1.30
mmol) were combined in SmL of anhydrous toluene. N, was bubbled through the solution
briefly before adding Pda(dba)s (0.0298 g, 0.0326 mmol) and 4,5-bis(diphenylphosphino)-9,9-
dimethyl-9H-xanthene (0.0377 g, 0.0652 mmol). The solution was then heated to 80 “Cfor2
hours with microwave irradiation. The solution was diluted with DCM before it was poured
into sat's NHCl. Partitioned the layers and washed the aqueocus layer with 10% i-PrOH/DCM.
The combined organics were dried over MgS804 and then concentrated under vacuum. The
residue obtained was purified on CombiFlash column (dry loaded), eluting with a gradient of
60% ethy! acetate/hexane to 100% ethyl acetate. The fractions containing the product were
combined and concentrated under vacuum. The residue obtained was repurified on
CombiFlash column (dry loaded), eluting with & gradient of 2% methanol/0.1% NH,OH
(~28% in water)/DCM to 4% methanol/0.2% NH,OH(~28% in water)/DCM. The fractions
containing the product were combined and concentrated under vacuum. The residue obtained
was sonmicated in methanol. Filtration provided an off-white solid as compound 197 (0.173 g,
72 %). LCMS-ESI (POS), M/Z, M+1: Found 549.1.

- Y
L -
N G HN NS N O

HCIi

Ay O O
) DCM, rt g

197 190
S—Chiuro-9-cyciopentyl-N-(S-{1-piperazinyi)~2-pyridinyl)-9H-pyrido[4',3':4,53»
pyrrolo[2,3-djpyrimidin-2-amine (190). Compound 197 (0.173 g, 0.315 mmol) was
dissolved in 10 mL of DCM and to this was added 4N HCl in dioxane (1.97 mL, 7.88 mmol}.
The solution was stirred at room temperature overnight and then concentrated under vacuum to
give a yéliow solid. The solid obtained was sonicated in Et;O and a yellowish solid was
coliected on filter paper to give compound 190 as an HCI salt (0.164 g, 100%). 'H NMR (500
MHz, DMSO-dg) 5 10.56 (1 H, br. 5.}, 942 (1 H, s), 8.87 (2 H, br. 5.}, 8.28 (1 H, d, J= 4.9 Hz),
8.19 (1 H, d, J= 5.1 Hz), 8.09 (1 H, d, J= 2.9 Hz), 7.97 (1 H, d, }=9.0 Hz), 7.75 (1 H, dd, J=
9.3,2.0Hz),596-6.07(2H,m,J=9.2,89,88,88Hz),337-343(4H, m),3.26-3.33(4
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H, m),2.54-2.65(2H,m),2.01 -2.12(4 H, m), 1.66 - 1.77 (2 H, m) ppm; LCMS-ESI (POS),
M/Z, M+1: Found 445.2,

EXAMPLE 153
o

HN” SN N G

e

J

N

AN

198

8-Chloro-9-cyclopentyl-N-(5-(4-(dimethylamino)-1-piperidinyl)-2-pyridinyl}-9H-
pyrido{4',3':4,5]pyrrolo[2,3-d}pyrimidin-2-amine

\ =N

OV

199

1-(6-Bromopyridin-3-yi}-N,N-dimethylpiperidin-4-amine (199): Compound 199 was
prepared by analogy to compound 196. 'H NMR (500 MHz, DMSO-d6) 6 8,05(1H, d,J =
2.7Hz), 7.35-7.38 (1H, m), 7.30-7.33 (1H, m), 3.69-3.79 (2H, m), 2.73 (2H, td, J =12.2,
2.7Hz), 2.19-2.27 (1H, m), 2.17 {6H, s), 1.75-1.86 (2H, m), 1.36-1.50 (2H, m) ppm; LCMS-
ESI {POS), M/Z, M+1: Found 284.0.

8-Chloroe-9-cyclopentyl-N-(5-(4-(dimethylamino)-1-piperidinyl)-2-pyridinyl)-9H-
pyrido[4',3":4,3]pyrrolo[2,3-d]pyrimidin-2-amine (198) Compound 198 was prepared from
compound 199 using methods described in example 152. 'H NMR (500 MHz, D;0) § 8.79 (1
H,5),797(1H,d4,J=49Hz2),7.78 (1 H, br.5.), 753 (1 H, br. 5.}, 720 (1 H, br. 5.}, 694 (1 H,
d,J=9.0Hz),5.71 (1 H,br.s.),3.65(2H, br.5.), 342 (1 H, br. 5.}, 2.92 (6 H, 5), 2.68 - 2.82
(2H,m),2.16-2.33 (4 H,m), 2.04 (4 H, br. 5.}, 1.74 (4 H, br. s.) ppm; LCMS-ESI (POS),
M/Z, M+1: Found 491.2,
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EXAMPLE 154
I
HNJ\N/ N C
N:‘j
P é
Na
¢
/N\
200

8-Chloro-9-cyclopentyl-N-{6-(4-(dimethylamino)-1-piperidinyl)-3-pyridazinyl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d}pyrimidin-2-amine

or
Br H N7
N Nz

A N . EtzN
[

N THF, 70°C N
Br AN Q
/N\..

201

1~(6-Bromo-3-pyridazinyl}-N,N-dimethyl-4-piperidinamine (201): N,N-dimethylpiperidin-
4-amine (0.505 g, 3.94 mmol), 3,6-dibromopyridazine (0.511 g, 2.15 mmol), and triethylamine
(0.599 mL, 4.30 mmol) were combined in 5 mL of THF. The solution was heated at 70 °C for
17 hours. The solution was cooled to room temperature and then purified on CombiFlash
column (dry loaded), eluting with 10% methanol/0.5%NH,OH(~28% in water)/ DCM isocratic.
The fractions containing the product were combined and concentrated under vacuum to give
compound 201 (0.550 g, 89.8% yield) as an off white solid. 'H NMR (500 MHz, MeOD-d3) &
751 (1 H,d,}=9.8 Hz), 7.24 (1 H, d, J= 9.8 Hz), 445 (2 H, d, J= 13.7 Hz), 298 2 H, td, J=
12.0,2.2 Hz), 2.61 (1 H, tt, J= 11.5, 3.8 Hz), 2.38 (6 H, 5), 1.99 - 2.07 (2 H, m), 1.45 - 1.58 (2
H, m, }=12.5,12.2, 12.2, 4.2 Hz) ppm; LCMS-ESI (POS), M/Z, M+1: Found 285.0.
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\ NS IN
NTS XantPhos, Pd,(cba)s
N \ / N_.= LIHMDS, foluene C
|
HENAN/ N ¢l Q 8o °C
\.
/N\
194 201 200

8-chioro-$-cyclopentyl-N-(6-(4-(dimethylamino)-1-piperidinyl)-3-pyridazinyl)-9H-
pyrido[4',3":4,5] pyrrole[2,3-dlpyrimidin-2-amine (200): Compound 200 was prepared using
methods deseribed in Example 152 using 201. '"H NMR (500 MHz, CD;0D) §5.48 (1 H, s),
831 (1H,d,J=51Hz),8.18 (1 H,d,J=51Hz),808(1H,d,J=103Hz),78%(1H, 4, }=
10.0 Hz}, 6.19 (1 H, quin, J= 8.7 Hz), 454 2 H,d, }J= 139 Hz), 3.53 - 3.62 (1 H, m}, 3.11 -
309(2H, m),2.92(6H,8),2.63-273(2H,m),2.13-229(6H,m), 1.79-191 {4 H,m))
ppm; LCMS-ESI (POS), M/Z, M+1: Found 492.2.

EXAMPLE 155

—

N\ \fN
f> C

202

8-Chloro-9-cyclopentyl-N-(6-methyi-5-(1-piperazinyl)-2-pyridinyl}-9H-
pyrido[4',3":4,5]pyrrole[2,3-d]pyrimidin-2-amine

IZ

Compound 202 was prepared using methods described in Example 152. "H NMR (500 MHz,
D;0)5886(1 H,s),7.97(1 H,d,J=49Hz), 7.80-7.93 (2H, m), 7.10 (1 H, d, J= 9.0 Hz),
5.69-581(1H,m),346-3.51(4H, m),322(4H,br.s.),2.52(3H,br.5.),2.23-236(2H,
m), 1.98 - 2.16 (4 H, m}, 1.70 - 1.81 (2 H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found
463.1.
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EXAMPLE 156

—
W
-

MN™ TN Me
N7 Me
I:f\ I Me

\ C
=
/

203
N-(6-(4-(dimethylamino)-1-piperidinyl)-3-pyridazinyl)-9-(1,1-dimethylpropyl)-9H-
pyride[4®,3':4,5]pyrrolo]2,3-dlpyrimidin-2-amine

Compound 203 was prepared using chemistry similar to that described in example 1. "H NMR
(400 MHz, DMSO-dg) 8 11.69 (1 H, br. 5.), 11.30 - 11.46 (1 H, m), 9.77 (1 H, 5), 947 (1 H, 5),
8.82(1H,d,]J=63Hz),872(11H,d,]1=63Hz),832(1 H,4,J=10.2Hz)}, 815 (1 H,d, J=
102 Hz), 451 (2H,d, J=13.3 Hz),3.44-3.55(1 H, m), 3.16 (2 H, 1, J=12.3 Hz), 2.71 (6 H,
d,J=51Hz),236(2H,q, J=74Hz),223(2H,d4,J=11.7Hz),2.03(6 H,s), 1.71 - 1.88 2
H, m), 0.65 (3 H, t, =7 .2 Hz) ppm; LCMS-ESI (POS), M/Z, M+1: Found 460.3.
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EXAMPLE 157
N7 SRSy /N
M

204
9-(1,1-dimethylpropyl)-N-(5-(1-piperazinyl)-2-pyridinyl)-9H-pyrido-
{4',3':4,5}pyrrole[2,3-d]pyrimidin-2-aimine
Compound 204 was prepared using chemistry similar to that described in example 1. *H NMR
{400 MHz, DMS0O-ds) 8§ 11.27 (1 H, br. 5.),9.74 (1 H, 5}, 9.56 (2 H, br. 5.), 9.43 {1 H, 5), 8.79

(1H, 4, J=59 Hz), 8.70 (1 H, d, J= 5.9 Hz), 8.13 (1 H, d, J=2.3 Hz), 7.94 - 7.98 (1 H, m),
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7.88-7.93 (1 H,m),3.43-3.53 (4 H,m),3.20-3.30 (4 H, m), 2.39 (2 H, q, J= 7.2 Hz), 2.04
(6 H, s), 0.66 (3 H, t, }= 7.4 Hz) ppm; LCMS-ESI (POS), M/Z, M-+1: Found 417.3,

EXAMPLE 158

gy

N7 RN

HNJ]\N/ N

57t
N

XU

N

Me
N
Me
205
9-cyclopentyl-N-(5-(3-(dimethylamino)-8-azabicyclof32 1}oct-8ﬁl}-2-pyridinyl)-9I-I-
: pyrido|4',3':4,5]pyrrelo[2,3-d]pyrimidin-2-amine
Compound 205 was prepared using chemistry similar to that described in example 1."H NMR
(500 MHz, DMSO-dg) 8 11.41 (1 H, br. 8.), 10.65 (1 H, br. 5.), 9.71 (1 H, 5), 9.47 (1 H, s), 8.75
-8.79(1 H,m),8.71-8.74 (1 H, m), 8.04 (1 H,d,J=2.4 Hz), 792 - 798 (1 H, m), 7.88 (1 H,
d, J=10.3 Hz), 5.43 (1 H, quin, I= 8.7 Hz), 4.46 - 4.51 (2 H, m), 3.62 - 3.72 (1 H, m), 2.62 (6
H, d, J= 4.9 Hz), 2.37 - 2.47 (2 H, m), 2.06 - 2.18 (4 H, m), 1.99 - 2.05 (2 H, m), 1.90 - 1.97 2
H, m), 1.80 - 1.90 (4 H, m), 1.71 - 1.80 (2 H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found
483.3. |
EXAMPLE 159

—

N7 \/N
e

HNT N N

206

9-(1-methylethyl)-N-(5-(1-piperazinyl)-2-pyridinyl)-SH-pyrido [4',3%:4,5]pyrrolef2,3-
dlpyrimidin-Z-amine
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Compound 206 was prepared using chemistry similar to that described in example 1. 'H NMR
(500 MHz, DMSO-ds) §9.71 (1 H, ), 9.54 (3 H, br.5.), 8.76 (1 H, d, J= 6.1 Hz), 8.72 (1 H, 4,
J=6.1Hz),8.14 (1 H,d, J=2.7Hz),8.03 (1 H,d,J=9.3 Hz), 7.93 (1 K, d, 7= 9.3 Hz), 5.35 (1
H, dt, J=13.9, 6.9 Hz), 3.45-3.51 (4 H, m), 3.22 -3.28 (4 H, m), .72 (6 H, d, J= 7.1 Hz)
ppm; LCMS-ESI (POS), M/Z, M+1: Found 389.2.

EXAMPLE 160

207
N-(6-(4-(Dimethylaminc)-1-piperidinyl)-3-pyridazinyl)-9-(1-methylethyl)-SH-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine
Compound 207 was prepared using chemistry similar to that described in example 1. 'H NMR
(500 MHz, DMSO-ds) § 10.18 (1 H, 5), 9.26 (1 H, 5), 9.09 (1 H, 5), 8.44 (1 H, d, J= 5.1 Hz),
8.22 (1 H,d,]1=9.5Hz),8.04 (1 H, d, = 5.1 Hz), 7.44 (1 H,d, J= 9.8 Hz), 5.24 (1 H, dt, J=
13.7, 6.8 Hz), 4.30 (2 H, d, J= 12.5 Hz), 2.88 2 H, t, J= 11.9 Hz), 2.33 - 2.44 (1 H, m), 1.86 (2
H, d, J= 10.0 Hz), 1.66 (6 H, d, J= 6.8 Hz), 1.36 - 1.49 (2 H, m) ppm; LCMS-ESI (POS), M/Z,
M+1: Found 432.2.
EXAMPLE 161

O3
HNJ\ N

N

- ME\h

f Me
n

z

N

»

208

9-(1-Ethylpropyl)-N-(5-(1-piperazinyl)-2-pyridinyl)-9H-pyrido[4',3":4,5]pyrrolo{2,3-
d]pyrimidin-2-amine
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Compound 208 was prepared using chemnistry similar to that described in example 1. 'H NMR

(500 MHz, DMSO-dg) § 11.28 (1 H, br.s.),9.73 (1 H, 8}, 9.58 (1 H, 5), 9.52 (2 H, br. 5.), 8.78

(1 H,d,J=59Hz),873(1H,4d,]=61Hz),814 (1 H,d,J=2.7Hz), 802 (1 H, br. 5.}, 7.92 (1

H,br.s),483-495(1 H,m),3.45-3.52(4 H, m), 3.18 - 3.30 (4 H, m), 2.28 - 2.42 2 H, m),

2.00-2.13 (2 H, m), 0.72 (6 H, t, }=7.3 Hz) ppm; LCMS-ESI (POS), M/Z, M+1: Found 417.3.
EXAMPLE 162

N\.

OH
209 _
(3R)-1-(6-((9-(1-Ethylpropy])-9H-pyrido[4',3":4,5]pyrroie[2,3-d|pyrimidin-2-yl)-amino)-
3-pyridazinyl)-3-pyrrolidinol '
éompound 209 was prepared using chermnistry similar to that described in example 18. 'H
NMR (500 MHz, DMSO-dg) & 11.44 (1 H,br. s.), 9.75 (1 H, 5), 9.62(1 H,5), 8.78 (1 H, 4, J=
6.2Hz), 8.73 (1 H, d, J= 6.1Hz), 8.48 (1 H, d, J= 10.0 Hz), 7.92 (1 H, d, J= 10.0 Hz), 4.82 -
4.91 (1 H, m), 4.47 - 4.56 (1 H, m), 3.65 - 3.84 (3 H,m), 3.57-3.64 (1 H, m), 2.25 - 241 2 H,
m), 1.92 - 2.17 (4 H, m), 0.70 (6 H, t, J= 14.6Hz) ppm; LCMS-ESI (POS), M/Z, M+1: Found
416.2.
EXAMPLE 163

—

= W/

A
J\\

N

N\
N

Q

-~ N"\
210
N-(6-(4-(Dimethylamino)-1-piperidinyl)-3-pyridazinyl}-9-{I-ethylpropyl)-9H-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine
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Compound 216 was prepared using chemistry similar to that described in example 1. "H NMR
(500 MHz, DMSO-ds) 8 10.18 (1 H, br. 5.), 9.28 (1 H, 5), 9.06 (1 H, 5), 844 (1 H, d, J=5.1
Hz), .20 (1 H, d, J= 9.8 Hz), 8.05 (1 H, d, J= 5.1 Hz), 7.45 (1 H, d, J= 9.8 Hz), 4.75 (1 H, br.
8),429(2H,d, }=13.0Hz), 288 (2 H,t,J= 11.6 Hz),2.25-2.37 (3 H,m), 2.19 (6 H, 5), 1.93
-2.03(2H, m), 1.81 - 1.88 (2 H, m), 1.36 - 1.47 (2 H, m), 0.67 (6 H, t, }=7.3 Hz) ppm; LCMS-
ESI (POS), M/Z, M+1: Found 460.3.

EXAMPLE 164

N \/N
J':IQ

HNT TN N

211
¢-Cyclopentyl-N-(4-(1-piperazinylmethyl)-1,3-thiazol-2-yl)-9H-pyrido-
{4',3":4,5]pyrroloj2,3-d]pyrimidin-2-amine
Compound 211 was prepared using chemistry similar to that described in example 1. 'H NMR

(500 MHz, DMSO-ds) 5 12.47 (1 H,br. 8.}, 9.71 (1 H, 5), 9.44 (1 H, 5), 9.02 {2H,br.s), 873
(1H,d,]=61Hz),865(1H,d,J=6.1Hz),741 (1H,s),53%-5.53(1 H,m), 4152 H, ),
3.30(4 H,br. 5.}, 3.17 (4 H, br. s,, I= 7.6 Hz), 2.53 - 2.62 (2 H, m), 2.08 - 2.20 (4 H, m), 1.77 -
1.89 (2 H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 435.2.

EXAMPLE 165

"

N
W >
HNT SN TN

NAS O
{____/
O\OH

212

(35)-1-((2-((8-Cyclopentyl-9H-pyride[4',3":4,5] pyrrolo[2,3-dipyrimidin-2-yl)amino)-1,3-
thiazol-4-yl)methyl)-3-pyrrolidinel

124



WO 2009/085185 PCT/US2008/013849

Compound 212 was prepared using chemistry similar to that described in example 18. 'H
NMR (500 MHz, MeOD-d3) § 9.28 (1 H, br.s.), 8.94 (1 H, br. 5.), 843 (1 H, br. 5.3, 809 (1 H,
br.¢.), 6.94 (1 H, br. 8.), 5.49 - 5.62 (1 H, m), 4.34 - 444 (1 H, m), 3.67 - 3.83 (2 H, m), 2.93 -
3.01 (1 H, m), 2.83 - 2.91 (1 H, m), 2.68 - 2.77 (1 H, m), 2.60 - 2.66 (1 H, m), 2.48 - 2.57 (2 H,
m), 2.08 - 2.27 (5 H, m), 1.88 - 2.00 (2 H, m), 1.76 (1 H, br. 5.} ppm; LCMS-ESI (POS), M/Z,
M+1: Found 436.1.

EXAMPLE 166

—

N7

HNAN" N ¢
478
N
&

L_oH
283 :
2-(4-(6-((8-Chloro-9-cyclopentyl-9H-pyrido[4',3':4,5] pyrrolo[2,3-djpyrimidin-2-
ylamino)-3-pyridinyl)-1-piperazinyl)ethanet

N

Br
Br H XaniPhos, Pdz(dbals N
N7 [ EN] t-BuONa, toluene S
.
i L_oTeDMS ENJ
L_oTeoms
246 216

1-(6-Bromo-3-pyridinyl}-4-(2-((tert-butyl(dimethyl)silylyoxy)ethyl)piperazine (216); 2-
Bromo-5-iodopyridine (0.383 g, 1.35 mmol), compound 246 (see example 170) (0.330 g, 1.35
mmol), and sodium 2-methylpropan-2-olate (0.195 g, 2.02 mmol) were combined in 10 mL of
anhydrous toluene. N» was bubbled briefly through the solution before adding Pd;(dba)3
(0.0309 g, 0.0337 mmol) and 4,5-bis(diphenylphosphino)-9,9-dimethyl-9H-xanthene (0.0391
g, 0.0675 mmol). The solution was then stirred at room temperature overnight. After 17
hours, more 2-bromo-5-iodopyridine (0.383 g, 1.35 mmol), Pdz(dab); (0.0309 g, 0.0337
mmol), 4,5-bis(diphenylphosphine)-9,9-dimethyl-9H-xanthene (0.0391 g, 0.0675 mmol) and
sodium 2-methylpropan-2-olate (0.195 g, 2.02 mmol) were added. The solution was stirred at
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room temperature for 48 hours. NH.C1 (300 mg) was added and the solution was stirred at
room temperature for 10 min. The product was purified on CombiFlash column (dry loaded),
eluting with a gradient of 20% ethyl acetate/hexane to ethyl acetate. The fractions containing
the product were combined and concentrated under vacuum to give compound 216 (100mg,
19%) as a tan colored solid. 'H NMR (500 MHz, CDCl;) § ppm 8.01 (1 H, d, J=3.2 Hz), 7.29
(1 H, d, }=8.8 Hz), 7.07 (1 H, dd, J=8.8, 3.2 Hz), 3.79 (2 H, t, ]=6.1 Hz), 3.15 - 3.24 (4 H, m),
2.67-2.75 (4 H, m), 2.60 (2 H, t, J=6.1 Hz), 0.90 (9 H, 5}, 0.07 (6 H, s) ppm; LCMS-ES]

(POS), M/Z, M+1: Found 400.1.
Br N7 RNy IN
/“\ E— N Cl
‘ Y N ] XantPhos, Pdy(dba)y HN™ N7
NN/ . LIHMDS, toluene w. O
[ +
HNT NS N C N 80°C 9

@ [I\E,OTBDMS [:j
_oTBoMs

194 216 . 217 o
N-(S-(4-(2-((tért—Butyt(dimethyl)silyl)oxy)ethyl)—i«piperazinyl)-z'-pyridinyi)f&chlor,o-?n
cyclopentyl-9H-pyrido{4',3":4,5]pyrrolo(2,3-d] pyrimidin-2-amine (217): Compound 217

P-4

was prepared from compounds 194 and 216 using methods described in example 152. LCMS-
ESI (POS), M/Z, M+1: Found 607.4.

N7\ /N N
X, X
HN NS N T HN” N
1N HCI/MeOH
X n x
) )
N

h S\ /N
)
N
(_ OTBDMS L_oH

217 213 . .
2-{4-(6-((8-Chloro-9-cyclopentyl-9H-pyrido[4',3":4,5]pyrrolo{2,3-d|pyrimidin-2-
yDamino)-3-pyridinyl)-1-piperazinyl)ethano} (213): Compound 217 (0.094 g, 0.15 mmol)

was combined with 10 mL of methano! and 4 mL of 1N HCL. The solution was stirred at room
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temperature overnight. The solution was concentrated under vacuum and the residue obtained
was purified on CombiFlash column (dry loaded), eluting with a gradient of 2%
methanol/0.1% NH;OH(~28% in water)/DCM to 10%methanol/0.5%NHsOH(~28% in
water)/DCM. The fractions containing the product were combined and concentrated under
vacuum to give a yellow solid. The solid was partially dissolved in methanol and then
collected on filter paper. Washed the solid off of the filter paper with DCM/methanol through
a fritted funnel and then concentrated under vacuurn to give compound 213 (0.065 g, 85%
yield) as a yellow solid, "H-NMR(500 MHz, DMS50-d) 6 9.92 (1 H, 5), 9.33 (1 H, 5), 8.22 (1
H,d, J=5.1 Hz), 8.10(1 H,d, J=4.9 Hz), 8.04 (1 H, d, J=2.9 Hz), 8.02 (1 H, d, J= 9.0 Hz},
7.46 (1 H, dd, J=9.0,2.9 Hz), 5.95-6.05 (1 H, m), 443 (1 H,t,J=5.4 Hz),3.54 (2 H, ¢, J=
6.1 Hz),3.12-3.19 (4 H, m), 2.55-2.65 (6 H, m), 2.45 2 H, t, J= 6.4 Hz), 1.98-2.08 (4 H,
my), 1.65 - 1.75 (2 H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 493.1.

EXAMPLE 167

pameemrry

N =y 4
P
HN™ NT TN
N O
'/
!
N7 CF
H 3
218

4-(6-((9-Cvclopentyl-9H-pyridol4',3":4,5] pyrrele[2,3-djpyrimidin-2-yljamino)-3-
pyridinyl)-3-{trifluromethyl)piperazine

N

Ci
Ci H ;\{ =
N7 N Pd,{dba)s, XantPhos 7
J (A
7 E{ CF, t-BuCNa, toluene [Nl
> N~ CF4
H
219 220

1-(6-Chloropyridin-3-yl)-3-(trifluercmethypiperazine (220): Compound 220 was
prepared using methods described in example 1 using compound 219. "H NMR (500 MHz,
CDCL)67.97 (s, 1 H) 7.09 - 7.18 (m, 2 H) 3.52 - 3.60 (m, 1 H) 3.34 - 3.48 (m, 2 H) 3.09 -
3.22 (m, J= 11.98 Hz, 1 H)2.91 - 3.01 (m, 1 H) 2.75 - 2.88 (m, 2 H) 1.84 (s, 1 H} ppm.
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c P']I Sy N
N N7 HNJ\N/ N
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4 220 218

TZ

4-{6-((9-Cyclopentyl-9H-pyrido{4',3':4,5]pyrrolo{2,3-d]pyrimidin-2-yl)amino)-3-
pyridinyl)-3-(trifiuromethyDpiperazine (218): Compound 218 was prepared from
compounds 4 and 220 using methods described in example 1. "H NMR (500 MHz, DMSO-dg)
59.84 (s, 1 H) 9.28 (s, | H)9.00 (s, | H} 8.44 (d, J= 4.89 Hz, 1 H) 821 (d, }=9.05Hz, 1 H)
8.08 (d, }=2.93 Hz, 1 H) 8.04 (d, J=5.14 Hz, | H) 7.54 (dd, J=9.05, 2.93 Hz, 1 H) 5.29- 5.47
(m, 1 H)3.62(d,J=11.25Hz, 1 H)3.49-3.59 (m, I H)3.46 (d,J=11.49 Hz, 1 H) 2.98 - 3.10
(m,J=9.78 Hz, 1 H} 2.79-2.95 (m, 2 H) 2.65 - 2.79 (m, 2 H) 2.29 - 2.45 (m, 2 Hj 1.95-2.18
{m, 4 H) 1.77 (4, J=5.38 Hz, 2 H} ppm.

EXAMPLE 168
S~

N
0
HNAN/ N
5y O
<
()

221
4-Cyclopentyi-N-(5-(1-piperazinyl)-2-pyridinyl)-4H-isothiazoloe{5',4':4,5]pyrrole[2,3-
dipyrimidin-6-amine

O HO
j}\fjuxoﬂ\ DIBALH "i/\f
? N/ Cl /k o

?NCI

N
H

223

{(4-Chloro-2-(methylthio)pyrimidin-5-ylymethanol (223): To ethyl 4-chioro-2-
(methylthio)pyrimidine-3-carboxylate (20.0 g, 86 mmol) in dichloromethane (400 mL}) at -78
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°C was added diisobutylaluminum hydride, 1.0 M in tolyene (172 mL, 172 mmol). The
reaction was allowed to warm to 0 °C over 2 h. To the reaction was added a 20% Rochelle's
(1600 mL}) and diethyl ether (750 mL}. The emulsion was stirred for 30 min. The organics
were sequestered and the aqueous was extracted further with diethyl ether (2 x 500 mL). The
combined organics were washed with water (500 mL), brine (500 ml.), dried over MgS80,, and
concentrated in vacuo and filtered through a plug of silica eluting with 1:1; ethyl
acetate:CH»Cls to obtain compound 223 (9.6 g, 59% yield). "H NMR (506 MHz, CDCl;) 8
8.55 (s, 1 H) 4.75 (d, J=5.87 Hz, 2 H) 2.58 (s, 3 H) 2.06 - 2.25 (m, J=5,14 Hz, 1 H) ppm.

HO 0
MDOZ
N . Ni = H
/“\ = S/L i
? N e i N™ ~Ci

223 224

4-chloro-2-(methylthio)pyrimidine-5-carbaldehyde (224): Manganese(IV) oxide, <5
micron, activated (38.1g , 439 mmol) was added to a solution of compound 223 (16.73 g, 87.8
mmol) in chloroform (800 mL). The reaction was stirred overnight, filtered through Celite,
and the filtrate was concentrated in vacuo to vield compound 224 (13.7 g, 82.8% yield). 'H
NMR (500 MHz, CDCl3) 8 10.31 (s, 1 H) 8.88 (s, 1 H) 2.65 (s, 2 H) ppm.

methyl bromoacetate, 3

potassium carbonate h
HoN
2 -O é HN-—O .

225
Methyl 2-(cyclopentylamino)acetate (225): A solution of methyl bromoacetate (17.4 mL, 188

mmol) in THF (40 mL) was dropwise added to a solution of cyclopentylamine (18.6 mL, 188
mmoi) and triethylamine (26.1 mL, 188 mmol) in THF (150 mL} at ¢ °C. Fellowing addition,
the reaction was allowed to reach room temperature and was stired overnight. The
triethylammonium salts were filtered and rinsed with scant THF. The combined filtrates were
concentrated in vacuo. The desired product was distilled from the residuals under redﬁced
pressure 1o yield 20.2 g of compound 225 (68% yield). 'H NMR (500 MHz, CDCls) § ppm
3.73 (s, 3 H) 3.41 (s, 2 H) 3.00 - 3.13 (m, J=12.90, 6.39, 6.39 Hz, 1 H) 1.77 - 1.87 (m, 2 H).
1.67-1.74 (m, 2 H) 1.48 - 1.59 {m, 2 H) 1.29 - 1.41 {m, 2 H) ppm.
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224 225 226

Methyl 2-(cyciopentyl(S-formyl-2-(methylthic)pyrimidin-4-yljamino)acetate (226):
Triethylamine (10.9 mL, 78.2 mmol} was added to a solution of compound 224 (12.3 g, 65.2
mmol) and compound 225 (12.8 g, 81.5 mmal) in THF (200 mL). The reaction was stirred at
room temperature. Afier 6 h, the reaction contents were poured into saturated sodium
bicarbonate and extracted with ethyl acetate. The combined organics were dried over MgSQOy
and concentrated in vacuo. The crude material was crystallized from ethyl acetate and hexanes
to afford methyl 2-(cyclopentyl{5-formyl-2-(methylthio)pyrimidin-4-yD)aminojacetate (226)
(17.55 g, 87.0% yield).

G-
j@:“" DR
)
= o 7 "N~ N
87 N7 TN ™~

226 227

Methyl 7-cyclopentyl-2-(methylthio)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylate (227):
Sodium hydride (3.85 g, 167 mmol)(freshly washed with hexane) was added to a solution of
compound 226 (12.95 g, 41.9 mmol) in benzene (150 mL). The reaction was stirred at 70 °C.
After 1 b, the reaction contents were poured into water (300 mL} and extracted with ethyl
acetate (2 x 100 mL). The combined organics were washed with brine, dried over MgSOa, and
concentrated i vacuo. Silica gel chromatography (gradient elution 0 to 50% ethyl acetate in
hexanes) afforded compound 227 (4.24 g, 34.8% yield).

O—
/N“\\ \ DIBALH )NE\/Y%
: P~ o : P~ OH

227 228

(7-Cyclopentyi-2-{methylthio)-7H-pyrrolo[2,3-d] pyrimidin-6-yl)methanol (228): DIBAL-
H (1.0 M in toluene) (33.8 mL, 33.8 mmol} was added dropwise to a solution of compound
227 (4.93 g, 16.9 mmol) in dichloromethane (85 mL) at -78 °C . The reaction was stirred for
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20 minutes, then warmed to 0 °C and quenched with 400 mL of 0.5 M Rochelle's salt saturated
with NaCl. The mixtere was stirred for 3 h then extracted with ethyl acetate (4 x 250 mL).
The combined organics were washed with brine, dried over MgS80,, and concentrated in vacuo
to provide 4.36 g of crude. The crude material was taken up in dichloromethane and methanol,
plated onto silica gel, and flashed through a plug of silica using 30% ethyl acetate in hexanes,
then switching to 10% methanol in DCM to provide compound 238 (3.37 g, 75.6% vield). ‘H
NMR (500 MHz, CDCl;) 6 8.60 (s, | H) 6.29 (s, 1 H) 4.83 - 4.95 (m, J=17.30, 8.59, 8.59 Hz,
1 H) 4.79 (d, J= 5.87 Hz, 2 H) 2.62 (s, 3 H) 2.47 - 2.58 (m, 2 H) 1.97 - 2.15 (m, 5 H) 1.67 -
1.81 (m, 2 H} ppm.

s
U 2= 00
s ~N° N OH “~N O
i

5 N
e el
228 229
7-Cyclopentyl-2-{methylthio)-7H-pyrrolo[2,3-d] pyrimidine-6-carbaldehyde (229):
Manganese dioxide (5.56 g, 64.0 mmol) was added to a solution of compound 228 (3.37 g,

12.8 mmol) in dichloromethane (250 mL). After 16 h, the reaction contents were filtered

through Celite and organics were removed in vacuo to provide compound 229 (3.10 g, 92.7%

yield).
‘ Cl
N™ Sy N =
I N NCS IW
?)\N/ N (8] — ?*N/ N ')

5-Chloro-7-cyclopentyl-2-(methyithio)-7H-pyrrolo{2,3-d] pyrimidine-6-carbaldehyde
{230): Compound 229 (3.10 g, 11.9 mmol) and N-chlorosuccinimide (1.74 g, 13.0 mmol) were
dissolved in DMF (30 mL) and stirred at 100 °C. After 1 h, the temperature of the reaction

229 230

was reduced to 65°C and 0.35 eq of NCS were added. Afier 30 min, the reaction confents were
poured into water (10 x) and saturated bicarbonate was added (300 mL). The aqueous layer
was extracted with dichloromethane (3 x 100 mL). The combined organics were dried with
sodium sulfate and concentrated in vacuo. Silica gel chromatography (gradient elution 0 to 7%
ethyl acetate in hexanes) afforded 5-chloro-7-cyclopentyl-2-(methylthio}-7H-pyrrolof2,3-
d]pyrimidine-6-carbaldehyde (230} (1.37 g, 39% yield). *H NMR (500 MHz, CDCl;) 8 ppm

131



WO 2009/085185 PCT/US2008/613849

10.17 (s, 1 H) 8.91 (s, L H) 5.73 - 5.96 (m, 1 H) 2.63 (s, 3 H) 2.29-2.47 (m, 2 H) 1.97 - 2.16
(m, 4 H) 1.63 - 1.83 (m, 2 H) ppm.

Cl S<n
N‘/\‘:g/\ sulfur, NHy/MeOH h{ \ t
N
?)\Nf N o S)\ =~

N~ TN
& Re
230 231
4-Cyclopentyl-6-(methylsulfanyl)-4H-isothiazolo[5',4':4,5] pyrrole(2,3-djpyrimidine (231):
To sulfur {0.238 g, 0.926 mmol) and 5-chloro-7-cyclopentyl-2-{methylthio)-7H-pyrrolo(2,3-
d]pyrimidine-6-carbaldehyde (1.37 g, 4.63 mmol} was added saturated methanolic ammonia
(15 mL). The reaction was sealed and stirred at 80 °C ovemight. The reaction was cooled to O
°C and an aliquot was removed and partitioned between dichloromethane and saturated sodium
bicarbonate. The organics were removed in vacuo and partitioned between dichloromethane
(100 mL) and saturated sodium bicarbonate (200 mL). The aqueous was extracted farther with
dichloromethane (100 mL). The combined organics were dried with NaySOy4 and concentrated
in vacuo. Silica gel chromatography (gradient elution 0 to 25% ethyl acetate in hexanes)
afforded compound 231 (1.30 g, 96.6% yield). "H NMR (500 MHz, CDCl;) § 8.97 (s, 1 H)
8.62 (s, 1 H) 5.36 - 5.52 (m, 1 H) 2.69 (s, 3 H) 2.21 - 2.34 (m, 2 H) 1.97 - 2.18 (m, 4 H) 1.78 -
1.93 (m, 2 H) ppm.

S'-N S‘-N
i S 6
Sg7NT N ‘;,s\)\w’ N

& o5

231 232

4—Cyclopentyl-6—(methyisalfonyl)wziﬁ-isothiazolo[5‘,4':4,5}pyrrolo[Z,fS-dlpyrimidine (232):
To reactant 231 (1.30 g, 4.48 mmol) in dichioromethane (25 mL} at 0 °C was added MCPBA
(50%) (3.42 g, 9.85 mmol). The reaction was allowed to stir overnight while warming to room
temperature. The reaction contents were poured into saturated sodium bicarbonate (150 mL)
and extracted with dichloromethane (3 x 75 mL). Silica gel chromatography {gradient elution
20 to 60% ethyl acetate in hexanes) afforded compound 232 (1.30 g, 90.1% yield).
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232 233

4-cyclopentyl-pyrimidino[4',5':2,3}4H-pyrrolo{2,3-d]isothiazole-6-amine (233): In a glass
bomb, a solution of compound 232 (1.30 g, 4.06 mmol) in dioxane (35 mL) was saturated with
ammonia gas.. The bomb was sealed and the reaction was stirred at 120 °C. Afier 16 h,
LCMS indicated complete consumption of starting material. Solvent was removed in vacuo.
Silica gel chromatography (gradient elution 20 to 50% THF in hexanes) afforded 430 mg of
compound 233 (41% yield).

SN- N S-.. N
'\%W TMSCI, tBu-nitrite N a
/I\N/ N /l L

s s

233 234

HoN

6-Chloro-4-cyclopentyl-pyrimidine[4',5':2,314H-pyrrolo[2,3-d}isothiazole (234): Toa
solution of compound 233 (0.100 g, 0.39 mmol) in dichloromethane (10 mL) at 0 °C was
added dropwise trimethylsily] chloride {0.15 mL, 1.2 mmol) followed by addition of ters-butyl
nitrite (0.2 g, 1.9 mmol). The reaction was stirred at room temperature for 5 days. The
reaction contents were poured into saturated scdium bicarbonate (20 mL). The aqueous layer
was extracted with dichloromethane (1 x 20 mL). Silica gel chromatography (gradient elution
0 to 30% THF in hexanes) afforded compound 234 (0.025 g, 23% yield) which was carried on

without further characterization.
S.
e
S<

= 'N NW HNJ\N/ N
S i R

e e ke
N S
") O N
Boc [ j
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5 . 234 235
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1,1-Dimethylethyl 4-(6-((4-cyclopentyl-4H-isothiazolo[5',4":4,5]pyrrolo(2,3-d]pyrimidin-
6-yl)amino)-3-pyridinyl)-1-piperazinecarboxylate (235): In a screw cap vial were combined
compound 5 (0.075 g, 0.27 mmol), compound 234 (0.025 g, 0.090 mmol) and DMSO (0.200
mL). The reaction was sealed and stirred at 100 °C over 4 d. DMSO was removed under high
vacoum. Silica gel chromatography (gradient elution 0 to 10% methanol in DCM) afforded 15
mg of compound 235 (32% yield).
S~

N
N’T@

S~

N
NW

] i
HN*N/ N HN)\N/ N
Ny O — O
) o
N N
Boc H
235 221

4-cyclopentyl-N-(3-(1 -piperazinyl)-2-pyridinyl)-pyrimidino[4',5':2,3]4H-pyrrolo[2,3-
dlisothiazole-6-amine (221): Compound 221 was prepared using methods described in
Example 1. 'H NMR (500 MHz, CD;0D) § 9.57 (s, 1 H) 9.00 (s, 1 H) 8.13 (d, J=2.45 Hz, 1
H) 8.06 (dd, J=9.78, 2.69 Hz, 1 H) 7.24 (d, J= 9.54 Hz, 1 H) 5.53 (quin, J= 8.44 Hz, 1 H) 3.38
-3.48 (m, 8 H) 2.21 - 2.40 (m, 4 H) 2.06 - 2.18 (m, 2 H) 1.83 - 1.95 {m, 2 H) ppm. LCMS-ES}
(POS), M/Z, M+1: Found 421.0, Calculated 421.2.

EXAMPLE 169

R

LN
t/

236 .
9.Cyclopentyl-8-fluoro-N-(6-(4-dimethylaminopiperidine-1-yl}-3-pyridazinyl)-9H-
pyrido[4',3":4,5]-pyrrolo[2,3d]pyrimidin-2-amine
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Jrql\/‘j\ ) V/NHZ EtOH )N!:j\

HaN~ N7 CH 100°C HaN™ "N° NH

237

Na-{cyclopropylmethyl)pyrimidine-2,4-diamine (237): To cyclopropylmethanamine (3.62 g,
50.9 mmol) in ethanol (90 mL) was added solid 4-chloropyrimidin-2-amine (6.00 g, 46.3
mmol). The reaction was stirred at reflux (100 °C oil bath) for 16 h. The reaction was cooled
to room temperature and solvent was removed in vacuo. The product 237 obtained in
quantitative yield. LCMS-ESI (POS), M/Z, M+1: Found 165.0, Calculated 165.1.

j“,\/j\ NIS )N;\/jil

HaN™ "N TNH HoN™ "N™ "NH

237 238

N4-(Cyclopropylmethy!)-5-iodopyrimidine-2,4-diamine (238): N-iodosuccinimide (11.5 g,
50.9 mmol) was added to a solution of compound 237 (7.60 g, 46.3 mmol) in AcOH (50 mL).
The reaction was warmed to 80 °C and stirred for 1.5 h. Solvent was removed in vacuo. The
residue was taken up in dichloromethane (200 mL) and water. The agueous layer was brought
to pH 12 with 5 N NaOH and organics were sequesicred. The agqueous was extracted further
with dichloromethane (2 x 100 mL). The combined organics were treated with solid sodium
thiosuifate, dried with MgSO; and concentrated in vacuo. Silica gel chromatography {(gradient
elution 10 to 75% ethy! acetate in hexanes) afforded compound 238 (8.0 g, 60% yield).

| !
NT
Br
L, - 0" —— oS
H,N7 NT TNH P
(/ N™F

238 246

5-(3-Bromo-2-fluoropyridin-4-yl)-N4-(cyciopropylmethyl)pyrimidine-2,4-diamine (240):
Isopropylmagnesium chloride, 2 M solution in THF (0.814 mL, 1.63 mmol) was added
dropwise over 15 minutes to a degassed solution of 3-bromo-2-fluoro-4-iodopyridine (0.468 g,
1.55 mmol) in Bt;0 (0.150 mL) and THF (0.850) cooled at -78 °C. The solution was stirred
for 0.5 h. Zinc chioride, 1.0 M solution in diethyl ether (0.776 mL, 0.776 mmol) was then
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added dropwise to the reaction over 10 minutes. The reaction was allowed to reach room
temperature. The reaction warmed to room temperature within 15 min. A solution of
compound 238 (0.150 g, 0.517 mmol} and tetrakis(triphenylphosphine)palladium (0.0418 g,
0.0362 mmot) in THF (0.50 mL) was added to the reaction. The reaction was equipped with a
reflux condenser and stirred in a 60 °C ¢il bath. After 2 h the reaction was removed from heat
and allowed to stand overnight. Saturated NHsC1 (0.5 mL) and 12% 2-propanol in CH,ChL (2
mL) were added. The organics were sequestered and the aqueous was extracted with 12% 2-
propanol in CH;Cly (4 x 4 mL). The combined organics were washed with brine, dried over
MgSQq, and concentrated in vacuo. Silica gel chromatography (elution 3% methanol in DCM
with 0.175 % NH4,OH additive) afforded compound 240 (0.140 g, 80.1% yield). TH NMR (500
MHz, CDCl;) & ppm 0.22 (d, J=4.40 Hz, 2 H) 0.46 - 0.59 (m, 2 H) 0.96 - 1.07 {m, 1 H) 3.21 -
3.36 (m, 2 H) 4.51 (br. s., 1 H) 5.11 (br. s., 2 H) 7.16 {d, J=4.89 Hz, 1 K) 7.69 (s, 1 H) 8.22 (d,
J=4.89 Hz, 1 H) ppm.

F

Br
Xanthphos, N

N Pdg{dba)g,. CS2CO3

R
M
HaNT N7 NH )

240 241

—Z

=
R

§~(Cyclopropylmethyl)-S-ﬂuoro-QH-pyridOM' .3':4,5jpyrrolof2,3-dipyrimidin-2-amine
(241): To a vacuum to argon purged vial containing 4,5-bis(diphenylphosphine)-9,9-
dimethylxanthene (0.017 g, 0.030 mmol), tris(dibenzylideneacetone)dipaliadium (0) (O.Cli g,
0.015 mmol), cesium carbonate (0.19 g, 0.59 mmol) and compound 240 (0.100 g, 0.30 mumol)
was added degassed dioxane (2.00 mL). The reaction was stirred at 100 °C. Afier 4 h, the
reaction was cooled and applied directly to silica. Silica gel chromatography {gradient elution
40 10 90% ethyl acetate in hexanes) afforded compound 241 (0.060 g, 79% yield). 'H NMR
(500 MHz, CDCl3) 6 ppm 0.45 - 0.57 (m, 4 H} 1.34 - 1.47 (m, 1 H) 432 (d, J=7.09 Hz, 2 H}
5.46 (br. 5., 2 H) 7.68 (dd, J=5.26, 2.81 Hz, 1 H) 8.02 (dd, J=5.13, 1.71 Hz, 1 H) 8.93 (5, 1 H).
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9-Cyclopentyl-8-fluore-N-(6-(4-dimethylaminopiperidine-1-yl)-3-pyridazinyl)-9H-
pyride{4',3':4,5]-pyrrolo[2,3dlpyrimidin-2-amine (236): To
tris(dibenzylideneacetone)dipalladium (0) (0.015 g, 0.016 mmotl), Xantphos (0.015 g, 0.032
mmol), NaOtBu {(0.025 g, 0.26 mmol), 1-(6-chloropyridazin-3-yl1)-N,N-dimethylpiperidin-4-
arnine (0.051 g, 0.21 mmol), and compound 241 (0.0550 g, 0.21 mmol) was added degassed
dioxane (1.0 mL). The reaction vessel was sealed and stirred at 105 °C. After 13 h, the
reaction contents were poured into saturated sodium bicarbonate (5 mL). The agueous layer
was extracted with 10% methanol in dichloromethane (3 x 10 mL). The combined organics
were dried with sodium sulfate and concentrated in vacuo. Silica gel chromatography (0.175%
NH,OH 3% methanol in DCM to 100% 1% NH,OH, 7% methanol, CH,Cl,) yielded
compound 236 {0.038 g, 39% yield). "H NMR (500 MHz, DMSO-ds) 8 0.41 - 0.55 (m, 4 H)
1.29 -1.50 (m, 3 H) 1.85 (d, J=11.98 Hz, 2 H) 2.20 (s, 6 H) 2.34 (tt, }=10.85, 3.58 Hz, 1 H)
2.90 (t, J=11.62 Hz, 2 H) 4.25 - 4.37 (m, 4 H) 7.44 (d, J=10.03 Hz, 1 H) 7.98 - 8.09 {m, 2 H)
8.24 (d, J=9.78 Hz, 1 H) 9.34 (s, 1 H) 10.35 (s, 1 H) ppm. LCMS-ESI (POS), M/Z, M+1:
Found 462.0, Calculated 462.2.
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EXAMPLE 170

Q
x
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2-{4-(6~((9-Cyclopentyi-8-filuoro-9H-pyrido[4',3":4,5]pyrrolo|2,3-djpyrimidin-2-

yl)amino)-3-pyridinyl}-1-piperazinyl)ethanet

F
| F i-PrMgCl, ZnCly BN
NS B Pd(PPhg)s, THF |
A = + ] | N NS
HaNT N7 TNH P oG 50 © |
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243 244

5-(3-Bromo-2-flucro-4-pyridinyl}-N4-cyclopentyl-2,4-pyrimidinediamine (244): Inadry3
neck 2 L flask equipped with a dry addition funnel, thermometer and stir bar was added 3-
bromo-2-fluorc-4-iodopyridine (83.4 g, 276 mmol) followed by 300 mL of anhydrous THF
under an atmosphere of nitrogen. The solution was cooled to -70°C in 2-propanol/dry ice bath.
A solution of isopropylmagnesium chloride 2.0 M in diethyl ether (145 mL, 290 mmeol) was
added drop wise over a period of 30 minutes. The solution was then stirred for 30 minutes
before zinc (II) chloride 0.5 M in THF (276 mL, 138 mmol) was cannulated in. The solution
was warmed to room temperature and stirred for lThour. The addition funnel was replaced with
a reflux condenser and N4-cyclopentyl-5-iodopyrimidine-2 4-diamine (243, see example 200)
{28.00 g, 92.1 mmol} was added, followed by Pd(PPhs)s (5.32 g, 4.60 mmol). The solution
was heated over night at a gentle reflux. After concentrating the solution to 1/10th of the
volume under vacuum, it was cooled in an ice bath. To this was added 100 mL of cold
saturated NH.Cl, followed by 500 mL of water. 500mL of 12% isopropanol/DCM was then

added and the solution was stirred at room temperature for Thour before being filtered through
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filter paper. The filter cake was washed in succession with water, DCM and 12% 2-propanol
/DCM. The filtrate was partitioned in a separation funnel and the aqueous layer was washed
with 12% 2-propanol /DCM. The organics were dried over MgSO4 and then concentrated
under vacuum. The residue obtained was partially dissolved in DCM with sonication and
filtered off to give compound 244 (26.45g, 81.6%) as a light yellow solid. 'H NMR (500 MHz,
DMSO-de) & ppm 8.18 (1 H,d, J=4.9Hz), 752 (L H, 5), 726 (1 H, dd, ]= 4.9, 0.7 Hz), 6.34 (2
H,s), 6.12 (1 H, d, J= 7.6 Hz), 442 (1 H, sxt, J=7.4 Hz), 1.76 - 1.96 (2 H, m), 1.55 - 1.68 (2
H, m), 1.31 - 1.53 (4 H, m) ) ppm; LCMS-ESI (POS), M/Z, M+1: Found 352.0.

F
B~ N =
| XantPhos, Pdx{dba)s N /N
N SR dioxane,Cs,CO3 e
PP ” - HNTNTN O F
HNT TN NH 120°C c
244 245

9-Cyclopentyl-8-fluoro-9H-pyrido(4',3':4,5]pyrrolo{2,3-d]pyrimidin-2-amine(245):
Compound 244 (0.143 g, 0.41 mmoi), and cesium carbonate {0.40 g, 1.2 mmol) were
combined in 5mL of anhydrous 1,4-dioxane. Nitrogen was bubbled through the solution
briefly before adding Pdy(dba); (0.037 g, 0.041 mmotl) and 4,5-bis(diphenylphosphino)-9,%-
dimethyl-9H-xanthene (0.047 g, 0.081 mmol). The solution was heated at 120 °C with
microwave irradiation for lhour. The solution was purified on CombiFlash column (dry
loaded) eluting with a gradient of 2%methanol/0.1% NH,OH(~28% in water)/DCM to
7%methanol/0.35%NHOH(~28% in water)DCM. The fractions containing the pure product
were combined and concentrated under vacuum to give compound 245 (94mg, 85%) as a light
brownish solid. 'H NMR (500 MHz, DMSO-ds) 6 9.10 (1 H, s), 7.94 (1 H, dd, J= 5.2, 1.5 Hz),
7.91 (1 H, dd, }= 5.1, 2.9 Hz), 7.10 (2 H, br. s.), 5.38 - 549 (1 H, m), 2.10- 2.23 (2 H, m), 1.93
-2.08 {4 H, m), 1.64 - 1.79 (2 H, m) ppm; LCMS-ESI (POS), M/Z, M-+1: Found 272.0.

TBOMSCI
HNCNJ\OH HNCN__/\OTBDMS
246

1-(2-(((1,1-DimethylethyE}(dimethyl)silyljoxyjethyl)piperazine (246): To 1-(2-
hydroxyethyl)-piperazine (3.36 g, 25.8 mmol) in dichloromethane (25 mL) was added rert-
butyldimethylsilylchloride (3.89 g, 25.8 mmol). The reaction mixture was stirred at room
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temperature. The reaction mixture was stirred overnight, then diluted 1 x with CH;Cl; and
extracted against O.S N NaOH (100 mL). The aqueous was extracted further with 10 % '
methanol in CHCly (3 x 100 mL). The combined organics were dried with NaySO4 and
concentrated in vacuo. Silica gel chromatography (gradient elution 0 to 100% B (7% methanol
in DCM + 1% NH4OH additive) against A (3% methanol in DCM + 0.175% NH;OH additive)
afforded compound 246 (4.71 g, 74.7% yield). 'H NMR (500 MHz, CDCI3) 8 0.06 (s, 6 H)
0.90 (s, 9 H) 2.36 - 2.59 (m, 6 H) 2.8% (1, J=4.77 Hz, 4 H) 3.76 (t, J= 6.48 Hz, 2 H) ppm.

Cl
cl H ‘ NT
Xanthphos, Pda{dba)s =
= [N . NaOtBu
= : N [N)
Br H
OTBDMS N
OTBDMS
245 247

1-(6-chioro-3-pyridinyl)-4-(2-(((1,1-dimethylethyl}(dimethyl}silyloxy)ethyl}-piperazine
(247): 5-Bromo-2-chloropyridine (3.15 g, 16.4 mmol), compound 246 (4.00 g, 16.4 mmot),
Pda(dba); {0.749 g, 0.818 mmol), 4,5-bis{diphenylphosphino)-9,9-dimethyl-9H-xanthene
(0.947 g, 1.64 mmol) and sodium ferr-butoxide (1.82 g, 19.0 mmol} were combined in a screw
cap vial and solvated under argon atmosphere with degassed toluene (44 mL). The reaction
was briefly sparged with argon, then sealed and stirred at 100 °C. After 3 h, the reaction
contents were poured into saturated sodium bicarbonate (100 mL) and extracted with 10%
methanol in dichloromethane (3 x 200 mL). The combined organics were dried with sodium
sulfate and concentrated in vacuo. Silica gel chromatography (gradient elution 0 to 100% ethyl
acetate in hexanes switching to 3% methanol in DCM) afforded compound 247 (5.40 g, 92.7%
yield). 1H NMR (500 MHz, CDCl5) 8 0.08 (s, 6 H) 0.91 (5, 9 H) 2.60 (t, J= 5.87 Hz, 2 H)
2.70 (br. s., 4 H) 3.20 (d, J= 4.40 Hz, 4 H) 3.80 (t, J= 6.11 Hz, 2 H) 7.17 (d, J=1.71 Hz, 2 H)
8.02 {s, 1 H) ppm.
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»
- N /ﬂ;N
l -
N NN Xanthphos, Pda{dbal, HN N° N F
NTR Ry 4 L NaOBu
DR . N7
NN N F (N] >
) )
N
OTBDMS H
OTBDOMS
245 247 248

9-Cyclopentyl-N-(5-(4-(2-({(1,1-dimethylethyD(dimethylsilyDoxy)ethyl)-I-piperazinyi}-2-
pyridinyl)-8-fluoro-9H-pyrido(4',3":4,5]pyrrole[2,3-d] pyrimidin-2-amine (248): To
tris(dibenzylideneacetone)dipalladium (0) (0.0289 g, 0.0316 mmol), xantphos (0.0366 g,
0.0632 mmol), NaOtBu (0.0486 g, 0.506 mmol}, compound 247 (0.150 g, 0.421 mmol), and
compound 245 (0.114 g, 0.421 mmol) was added degassed dioxane (2.0 mL). The reaction
vessel was sealed and stirred at 105 °C overnight. The reaction was loaded directly to silica.
Silica gel chromatography (gradient elution 1.5 to $% 2 M methanolic NH; in DCM) afforded
compound 248 (0.120 g, 48.2% yield). 'H NMR (400 MHz, CDCI;) 6 0.09 (s, 6 H) 0.83 - 1.00
(m, 9 H) 1.75 - 1.90 (m, 2 H) 2.05 - 2.25 (m, 4 H) 2.36 - 2.53 (m, 2 H) 2.63 (br.s., 2 H) 2.75
(br. s., 4 H) 3.22 (br. 5., 4 H) 3.82 (br. 5., 2 H) 5.54 (quin, J=9.00 Hz, 1 H) 7.38 (44, ]= 9.00,
2.74 Hz, 1 H) 7.72 (dd, J= 5.09, 3.13 Hz, 1 H) 8.00 - 8.04 (m, 1 H) 8.06 (d, J= 2.74 Hz, 1 H)
8.10 (s, 1 H) 8.36 (d, J=9.00 Hz, 1 H) 9.08 (s, 1 H) ppm.

N N
| .

N N

O O o O
| P
" )
® N
OTBOMS OM
248 242

2—(4~(6 ((9-Cyclopentyl-8-fluoro-9H-pyrido[4',3":14,5] pyrreio[2, 3~d]pynnudm -2-
yl)anuno}—3-pyr1dmyl) 1-piperazinyl)ethanol (242): To compound 248 (0.115 g, 0.19
mmol) in THF (1.0 mL) was added tetrabutylammonium fluoride, 1.0 M in THF (0.49 mL,
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0.49 mmol). The reaction was stirred at room temperature. After | h, the reaction contents
were poured into water. The aqueous layer was brought to pH 12 with 5 N NaOH and
extracted with 10% methano! in dichloromethane (3 x 25 mL). The combined organics were
dried with Na;S0, and concentrated in vacuo. Silica gel chromatography (gradient elution 3 to
7.5% 2M methanolic NH; in DCM) afforded compound 242 (0.070 g, 75% yield). 'H NMR
(500 MHz, DMSO-dgy 6 1.68 - 1.80 (m, 2 H) 1.92 - 2.05 (m, 2 H) 2.05 - 2.17 (m, 2 H) 2.25 -
2.40 (m, 2 H) 2.45 {t,J=6.11 Hz, 2 H) 2.54 - 2.62 (m, 4 H) 3.00 - 3.27 (m, 4 H) 3.54 (g, J=
5.95 Hz, 2 H) 4.43 (t, J= 5.26 Hz, 1 H) 5.45 (quin, J= 9.05 Hz, 1 H) 7.47 (dd, J=9.17, 2.81 Hz,
1 H)7.93 - 8.07 (m, 3 H) 8.11 (d, J=9.05 Hz, 1 H) 9.32 (5, 1 H) 9.89 (5, 1 H) ppm.
EXAMPLE 171

. HNJ\N/ N F
N7 O

Me N

)

N
H

249
9-Cyclopentyl-8-fluoro-N-(6-methyl-5-(1-piperazinyi)-2-pyridinyi)-$H-
pyride{4',3':4,5]pyrrolo{2,3-d]pyrimidin-2Z-amine

Compound 249 was prepared using methods described in Example 170 and isolated as the HCI
salt. 'H NMR (500 MHz, D;0) & ppm 8.97 (1 H, 5), 8.03 (1 H, 4, J=9.0 Hz), 7.87 (1 H, dd,
J=5.1,2.4 Hz), 7.79 (1 H, d, J=4.4 Hz), 7.12 (1 H, d, ]=9.0 Hz), 5.35 (1 H, qd, J=8.7, 8.6 Hz),
3.47-3.55 (4 H,m), 3.23 -3.32 (4 H, m), 2.65 (3 H,s),2.17-228 @ H, m), 1.97- 2.17 (5 H,
m), 1.73 - 1.87 (2 H, m) ppm; LCMS-ESI (POS}, M/Z, M+1; Found 447.3.
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EXAMPLE 172

N'\IC(/.:N
Py

N N N F

O

o

=X
P
N

(/]

N

CH
250
1-{4-(6-((9-Cyclopentyl-8-fluoro-9H-pyridol4',3":4,5]pyrrolo|2,3-d]pyrimidin-2-
yi)aming}-3-pyridinyl)-1-piperazinyl)-2-methyl-2-propanal

o

HN N-@C; : " E:N N@—ce

NI N ' NI N
251

1-(4-(6-chloro-3-pyridinyl)-1-piperazinyl}-2-methyl-2-propancl (251): To 1-(6-

chloropyridin-3-yl)piperazine (0.600 g, 3.04 mmol) in methanol (1.5 mL) was added dropwise

isobutylene oxide (0.274 mL, 3.04 mmo!l). The reaction was left to stir at room temperature
overnight. An additional 0.15 equivalents of isobutylene oxide were added and the reaction

was placed in a 55 °C oil bath overnight. Solvent was removed in vacuo. Silica gel

chromatography (gradient elution 2 to 10% methanol in DCM) afforded compound 251 (0.450
g, 55.0% yield). 'H NMR (400 MHz, CDCI3) & 0.95 - 1.50 (m, 7 H) 2.23 - 3.61 (m, 9 H) 7.12

- 7.24 (m, 2 H) 8.03 (br. 5., I H) ppm.

A
cl Nl\~ {‘”N
e e
7 \N N7 XantPhos, Pdy(dba); HN™ N
NI S — . { _z dioxane,Cs,C04 N] BN O
NN N F ] 105 °C _ 7
e N
y )
.}) N
OH X |
OH
245 251 250
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1-(4-(6-((9-Cyclopentyl-8-flucro-9H-pyrido{4',3":4,5]pyrrolo{2,3-d]pyrimidin-2-
yhamino)-3-pyridinyl)-1-piperazinyl)-2-methyi-2-propanol (250): To
tris(dibenzylideneacetone)dipaliadium (0) (0.0190 g, 0.0207 mmol}, Xantphos (0.0240 g,
0.0415 mmol), cesium carbonate (0.126 g, 0.387 mmol), 1-(4-(6-chloropyridin-3-yl)piperazin-
1-yl1)-2-methylpropan-2-ol (251} (0.0746 g, 0.276 mmot), and compound 245 (0.0750 g, 0.276
mmol) was added degassed dioxane (1.1 mL). The reaction was stirred at 105 °C overnight.
Afier 16 b, the reaction was cooled to room temperature and partitioned between
dichloromethane (30 mL) and water. The aqueous was brought to pH 12 w/ 5 N NaOH and
extracted further with dichloromethane (15 mL) and 10% methanol in dichloromethane (10
mL). The combined organics were dried with sodium sulfate and concentrated in vacuo.
Silica gel chromatography (1% to 5 % 2M methanolic NHj in DCM) afforded compound 250
(0.135 g, 96.8% yield). 'H NMR (500 MHz, DMSO-dg) § 1.13 (s, 6 H) 1.67 - 1.81 (m, 2 H)
1.96 - 2.06 (m, 2 H) 2.07 - 2.16 (m, 2 H) 2.27 (s, 2 H) 2.33 (d, }=8.56 Hz, 2 H} 2.65 - 2.74 {m,
4 H)3.10-3.17 (m, 4 H) 4.14 (s, 1 H) 5.46 (quin, J= 9.05 Hz, 1 H) 7.47 (dd, }=9.17, 2.81 Hz,
0 H)7.97~8.07 (m, 3 H) 8.12(d, J=9.05 Hz, 0 H) 9.33 (5, 1 H) 9.90 (s, 1 H) ppm.

EXAMPLE 373

Eaec
3;@

NC
252
(1-(6-((9-Cyclopentyi-8-fluoro-9H-pyride[4',3' 14,5 pyrrolo{2,3-d] pyrimidin-2-yl)amino}-
3-pyridinyl)-4-piperidinyljacetonitrile

Cl

—Z
"

XantPhos, Pdy{dba);

o
Z N dioxane,Cs;CO;4 &
~ 1

{ .

NC
253 154
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(1-{6-Chloro-3-pyridinyl)<4-piperidinyl)acetonitrile {254): 2-Chloro-5-iodopyridine (0.278
g, 1.16 mmol), 2-(piperidin-4-yl)acetonitrile hydrochloride (243) [Vidaluc, J.-L. et al., Novel J,
Med. Chem. 1994, 37, (5), 689-695] {0.186 g, 1.16 mmol), Pdx{dba); {0.0531 g, 0.0580
mmol), 4,5-bis(diphenylphosphino)-9,9-dimethyl-9H-xanthene (0.0671 g, 0.116 mmol) and
cesium carbonate (0.945 g, 2.90 mmol) were combined in a screw cap vial and solvated under
argon atmosphere with degassed dioxane (4.5 mL). The reaction was briefly sparged with
argon, then sealed and stirred at 105 °C. After 3 b, the reaction was poured into water (30 mL)
and exiracted with 10% methanol in CHyClL (3 x 20 mL). The combined organics were dried
with sodium sulfate and concentrated in vacuwo. Silica gel chromatography (gradient elution 10
to 50% ethyl acetate in hexanes) afforded compound 254 (0.110 g, 40.2% vield). 'H NMR
(400 MHz, DMSO-ds) 5 1.23 - 1.44 (m, J=11.98,11.98, 11.84,3.72 Hz, 2 H) 1.68 - 1.90 (m, 3
H)2.54(d, 2 H) 2.75 (td, J=12.42, 2.15 Hz, 2 H} 3.77 (d, J=12.52 Hz, 2 H) 7.26 (d, }=9.00 Hz,
1 H) 7.42 (dd, J=8.80, 3.33 Hz, | H) 8.06 (d, J=3.13 Hz, | H) ppm.

ct _ VS S O
7 Ny N XantPhos, Pdy{dba)s )lx Y F
N . ] dioxane,Cs,C0; HY™ N
l + 7
H N)\N/ NOOF '
2 N § =
[} !
NC SJ
NC
245 254 252

(1~(6-((3-Cyclopentyl-8-fluoro-9H-pyrido{4',3':4,5] pyrrole(2,3-d]pyrimidin-Z-yl)amino)-
3-pyridinyl}-4-piperidinylDacetonitrile (252): To tris(dibenzylideneacetone)dipalladium (0)
(0.0147 g, 0.0160 mmol), xantphos (0.0186 g, 0.0321 mmol), Cs;CO; (0.0975 g, 0.299 mmol),
2-(1-{6-chloropyridin-3-yl)piperidin-4-yl)acetonitrile (0.0504 g, 0.214 mmol), and compound
245 (0.0580 g, 0.214 mmol) was added degassed (Ar) dioxane (1.0 mL). The reaction was
stirred at 105 °C overnight. After 16 h, the reaction was cooled to room temperature and
loaded directly onto silica gel. Crystallization from THF and HCI salt formation provided
compound 252 (55 mg). 'H NMR (400 MHz, DMSO-dg) § 1.43 (d, J= 10.56 Hz, 2 H) 1.66 -
1.8 (m,2H)1.86(d,J=11.35Hz, 3 H) 2.05(d, J=6.26 Hz, 2ZH) 2.15 (br. 5,,2H} 2,19 - 2.3}
(m,2H)2.59(d,J=587Hz, 2H)285(t, }=11.74 Hz, 2 H} 3.75(d, }= 12.13 Hz, 2 H) 5.53
(quin, }=9.10 Hz, 1 H) 7.68 (d, }=9.39 Hz, 1 H) 8.00 (br. s., 1 H) 8.15(d, J=5.09 Hz, 1 H)

145



WO 2009/085185 PCT/US2008/013849

8.20 (dd, J=9.39,2.74 Hz, 1 H) 8.30 (dd, J=4.89,2.93 Hz, 1 H) 9.55(s, 1 H) 11.80 (br. 5., 1
H) ppm.

EXAMPLE 174
AN
N /’N
;
HNJ\N/ N F

0o
258
Methyl (1-(6-((9-cyclopentyl-8-fluoro-9H-pyride{4',3':4,5]pyrrolof2, 3-d]pyrmud1n-2-
yDamino)-3-pyridinyl)-4-piperidinyl)acetate

Ci
3
Ct H h‘
N N L
N
L + —_— N
Br 0
O OFEt
O
255

Ethyl (1-(6-chlero-3-pyridinyl)-4-piperidinyl)acetate (255): Compound 255 was prepared
using methods described in example 173. 'H NMR (400 MHz, DMSO-ds) & ppm 1.27 (qd,
J=12.26,3.91 Hz, 2 H) 1.72 (4, }=12.52 Hz, 2 H) 1.78 - 1.93 (m, J=11.05, 7.38, 7.38, 3.72,
3.72 Hz, 1 H) 2.29 (d, J=7.04 Hz, 2 H) 2.72 (1d, J=12.32, 2.35 Hz, 2 H) 3.60 (s, 3 H) 3.72 (4,

J=12.52 Hz, 2 H) 7.25 (d, J=9.00 Hz, 1 H) 7.40 (dd, J=9.00, 3.13 Hz, 1 H) 8.04 (d, }=3.13 Hz,
1 H) ppm.
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R
ol NS / N
NS HN*N’ N o F
R XantPhos, Pda(dbal,
o o
N /‘__N dioxane,Cs,COy N C
A 7 Foor N 1

O

O )
Q
245 255 258
Methyl {1-(6-((9-cyclopentyl-8-flunoro-9H-pyrido[4',3":4,5pyrrolo{2,3-d| pyrimidin-2-
yl)amine)-3-pyridinyl)-4-piperidinyDacetate (258): Compound 258 was prepared using
methods described for Example 173 and isolated as the HCI salt. 'H NMR (500 MHz, DMSO-
dg)51.39 (br. s, 2ZH) 1.71 - 1.86 (m, 4 H) 1.93 (d, J= 8.80 Hz, 1 H) 2.05 (¢, = 6.72 Hz, 2 H)
2.15 (d, J= 7.58 Hz, 2 H) 2.20 - 2.31 (m, 2 H) 2.34 (d, J= 6.85 Hz, 2 H) 2.86 (br. s, 2 H) 3.63
(s, 3 H) 3.71 (d, J= 12.47 Hz, 2 H) 5.54 (quin, J=9.11 Hz, 1 H) 7.69 (br. s., 1 H), 8.01 (br. 5., 1
H) 8.13 - 8.18 (m, 1 H) 8.20 (dd, J= 9.54, 2.20 Hz, 1 H) 8.30 (dd, ]=4.52, 2.81 Hz, 1 H) 9.56
(s, 1 H) ppm. LCMS-ESI (POS), M/Z, M+1: Found 504.2, Calculated 504.2.

EXAMPLE 178
A R
NS 4 N N / N
| |
HN)\N/ N E HN)\N/ N F

N s N O
L L

z
et

_o HO

o o

258 259
(1-(6—((9—-Cyclopentyi—S—ﬂuoré—.‘)H-pyride[4',3':4,5}pyrroio [2,3-d]pyrimidin-2-yl)amino)-
3-pyridinyl)-4-piperidinyl)acetic acid (259): Compound 258 (0.100 g, 0.20 mmol) was
suspended in dioxane (4.8 mL) and methanol (4.8 mL). A solution of lithium hydroxide,
monohydrate (0.0092 g, 0.22 mmol) in 2.0 mL of water was added to the suspension. The
reaction was warmed to 70 °C. Afier 1 hour, solvent was removed in vacuo. The residue was

dissolved in water (3 mL). Dichioromethane was added (1 mL) and the pH was brought to ca.
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pH 10 with dilute NaOH. The organics were removed and the aqueous was brought to ca. pH
4 with dilute HCL. The resulting precipitate was filtered. Purification by RP-HPLC on C18
column {10-90% CH3;CN in water with 0.1% TFA) provided compound 259 (5 mg) as a TFA
salt. "H NMR (500 MHz, DMSO-ds) § 1.28 - 1.41 (m, J=12.17, 12.01, 12.01, 3.18 Hz, 2 H)
1.68-194(m,5H)1.99-2.09(m,2H)2.09-2.19(m, 2 H) 221 - 2.34 (m, 4 H) 2.81 (t, I=
11.49Hz,2H)3.71 (d, J= 12.23 Hz, 2 H) 5.53 (quin, J=9.11 Hz, 1 H) 7.72(d, J=9.05 Hz, 1
H)7.98 (br.s., 1 H) 8.06 (d, ]=8.56 Hz, 1 H) 8.11 - 8.18 (m, 1 H) 8.25 (dd, }=4.65,2.93 Hz, 1
H)9.51 (s, | H) 11.43 (br. 5., 1 H) ppm. LCMS-ESI(POS), M/Z, M+1: Found 490.1,
Calculated 490.2.

EXAMPLE 176

2
4

HO HaN
0 oI
259 260
2-(1-(6-((9-Cyclopentyl-8-fluoro-9H-pyrido{4',3":4,5|pyrrole[2,3-d] pyrimidin-2-
vlijamino)-3-pyridinyl)-d-piperidinyl)acetamide (260): Compound 259 (0.077 g, 0.16
mmeol) was suspended in DMF (1.5 mL} and 1,1'-carbonyldiimidazoie (0.028 g, 0.17 mmol})
was added. The reaction was stirred at 70 °C. Afier 1 h, the suspension was cooled to 0 °C
and ammonia gas was sparged therein. The tube was sealed and warmed to 70 °C. Afier 1 h,
the reaction was diluted in water (30 mL) and filtered. Purification by reversed phase HPLC
(10-90% acetonitrile in water with 0.1% TFA) provided compound 260 (0.025 g, 26% yield) as
a TFA salt. 'H NMR (500 MHz, DMSO-dg) 8 1.25 - 1.39 (m, 2 H) 1.70 - 1.84 (m, 4 H) 1.89
(dt, J=7.27,3.58 Hz, I H) 2.05(d, J=7.09 Hz, 4 H) 2.14 (br. 5., 2 H) 2.27 (d. J= 8.31 Hz, 2 H)
2.80 (t, F= 10.88 Hz, 2 H) 3.70 (d, J= 12.23 Hz, 2 H) 5.52 (quin, J= 9.05 Hz, 1 H) 6.80 (br. 5., 1
H) 7.31 (br. 5., 1 H) 7.74 (br. 5., 1 H) 7.98 (br. 5., 1 H) 8.05 (br. s., 1 H) 8.13 (d, J= 3.91 He, 1
H) 8.21 -8.28 (m, 1 H)92.51 (5, 1 H} 11.36 (br. 5., | H) ppm.
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EXAMPLE 177
N
i =
HNJ\N/ N F
N O
! o
Y
N
H

261
9-Cyclopentyl-8-fluere-N-(5-((25)-2-methyl-1-piperazinyl}-2-pyridinyl}-9H-

pyride[4',3":4,5]pyrrolo|2,3-d}pyrimidin.-2-amine

Tile compound 261 was prepared using methods described in Example 170 and isolated as the
HCl salt. iI-IlNMR {500 MHz, DMSO-dg) 5091 (d, J=6.36 Hz, 3 H) 1.43 (s, 9 H} 1.67 - 1.81
{m,2H)2.01 (br.s,2H)}2.05-2.16 (m,2H)2.33 (br. 5,2 H) 291 -3.02(m, 1 H}3.63 (4, I=
11.74 Hz, 1 H) 3.75 - 3.96 (m, 2 H) 5.45 (guin, J=8.99 Hz, 1 H) 7.49 (dd, J=8.93,2.57 Hz, 1
H) 7.95 - 8.07 (m, 3 H) 8.14 (d, I=9.05 Hz, 1 H) 9.33 (s, 1 H) 9.92 (s, 1 1) ppm.

EXAMPLE 178
A
N/\é[{«:»(N

t
HN)\N/ N F
o O

] s

L

262

9-Cyclopentyl-8-fluoro-N-(8-((3R)-3-methyil-1-piperazinyl)-2-pyridinyl)-9H-

N
H

pyride{4',3":4,5]pyrrole{2,3-d]pyrimidin-2-amine

Compound 262 was prepared using methods described in example 170 and isolated as the HCI
salt. '"H NMR (500 MHz, DMSO-dg) 8 1.35 (d, J= 6.60 Hz, 3 H) 1.62 - 1.86 (m, 2 H) 1.97 -
2.10(m, 2H)2.10-220(m,2 Hj 2.21 - 2.34 {m, 2 H) 2.93 (dd, J=12.47, 11.00 Hz, 1 H) 3.15
(d,J=685Hz, 2 H)}3.37-3.46(m, 2H)3.78(d,J=831Hz, 1 H)3.84 (d, J= 1198 Hz, | H)
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5.53 {quin, J=9.05Hz, 1 H} 7.82 (d, }=9.78 Hz, | H) 8.09 (s, 2H) 8.14 (d, J=3.91 Hz, | H}
8.22-8.33 (m, 1 H) 9.43 (br. 5., | H) 9.54 (s, 1 H) 9.61 (br. 5., 1 H) 11.54 (br. 5., 1 H) ppm.

EXAMPLE 179

4

263

9-cyclopentyl-8-fluore-N-(5-((35)-3-methyi-1-piperazinyl)-2-pyridinylj-9H-pyrido-
{4',3":4,51pyrrole[2,3~-d]pyrimidin-2-amine

Compound 263 was prepared using methods described in example 170 and isolated as fhe HCI
salt. 'H NMR (500 MHz, DMSO-ds) § 1.33 (d, J= 6.60 Hz, 3 H} 1.69 - 1.82 (m, 2 H) 2.04 (1,
J=6.72Hz, 2 H)2.14 (d, J=5.87 Hz, 2 H}2.21 - 2.33 (m, 2 H) 2.91 (dd, J=12.47, 11.00 Hz, ]
H) 3.08 - 3.20 (m, 2 H) 3.77 (d, J= 9.05 Hz, 1 H) 3.83 (d, I= 11.98 Hz, 1 H) 5.52 (quin, J= 9.05
Hz, 1 H) 7.81 (d, J= 8.80 Hz, 1 H) 8.00 - 8.10 (m, 2 H) 8.13 (d, J=4.16 Hz, 1 H) 8.22 - 8.29
(m, 1 H)9.42 (br.s,, 1 H}9.53 (s, 1 H) .57 (4, J=9.29 Hz, 1 H) 11.50 (br. 5,, 1 H) ppm.

EXAMPLE 180

HN/"\N/ N F
sRe
l e
N o
@

N
H

264
S-Cyclopentyl-8-fluoro-N-(5-((2R)-2-methyi-1-piperazinyi)-2-pyridinyl)-9H-

pyridej4',3":4,5lpyrrole|2,3-dlpyrimidin-2-amine
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Compound 264 was prepared using methods described in example 170 and isolated as the HC
salt. 'H NMR (500 MHz, DMSO-ds) 8 1.15 (d, J= 6.85 Hz, 3 H) 1.67 - 1.83 (m, 2 H} 1.95 -
2.08 (m, 2 H) 2.15 (br. s, 2 H) 2.25(d, J= 6.60 Hz, 2 H) 3.06 - 3.17 (m, 1 H) 3.18 - 3.36 (m, 3
H) 3.45 - 3.54 (m, 1 H) 4.06 - 4.20 (m, 1 H) 5.52 (quin, J=9.05 Hz, 1 H) 7.80 (4, J=5.29 Hz, 1
H)8.01 -8.12 (m, 2 H) 8.12 - 8.20 (m, | H) 8.28 (dd, J=4.77,3.06 Hz, 1 H) 93! (br. 5., 1 H)
9.55(s, 1 H)9.74 (br.s., 1 H) 11.69 (br. s, | H} ppm.

EXAMPLE 181

Pal
)\N/ N F
H

HN

N-/"\s

o

(O
265

(38)-1-((2-((9-Cyclopentyl-8-fluore-9H-pyride[4',3':4,5] pyrrolo[2,3-d]pyrimidin-2-
yDamino)-1,3-thiazol-4-yl)methyl)-3-pyrrolidinel
Compound 265 was prepared using methods described in example 170. "H NMR (500 MHz,
CDCl;) 6 10.48 (2 H, br. 5.), 9.30(1 H, 5), 8.08 (1 H, dd, J=5.3,1.8Hz),7.79 (1 H, dd, J= 5.1,
2.9 Hz), 6.83 (1H,s), 5.64 - 5.74 (1 H, m), 435 -443 (1 H, m), 3.84 - 3.98 (2 H, m), 3.03 -
3.11 (1 H, m), 2.88 -2.96 (1 H,m), 2.69- 277 (1 H, m), 241 - 2.59 (3H, m), 2.11 - 229 53 H,
m), 1.76 - 1.94 (3 H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 454.1.
' EXAMPLE 182

O

~ »—OCH;

~
N N

\
HNANiN
ke
N
()

N
H

266 -
5-Cyclapentyl-7-methoxy-N-(5-(1-piperazinyl)-2-pyridinyl)-9H-
pyrido(3',2":4,5] pyrrolo[2,3-d]pyrimidin-2-amine
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HO\B,OH Pda{dba)s HsCO. __N._-OCH;
B
H r Ao KsPOy4 = <
= + ;
H,NT N7 TNH N PN
2 CLP,O HN" N7 NH

OMe ,O0,0‘

2 267

N4-Cyclopentyl-5-(2,6-dimethoxypyridin-3-yl)pyrimidine-2,4-diamine (267): Compound 2
(2.00 g, 7.78 mmol), 2,6-dimethoxypyridin-3-ylboronic acid (2.13 g, 11.7 mmol),
tris(dibenzylideneacetone)dipalladium (0) (0.214 g, 0.233 mmol), and dicyciohexyl(2,6-
dimethoxyphenyi)phosphine {0,156 g, 0,467 mmol), were dissolved in n-butanol (2.5 mL). The
reaction was purged with argon and and heated at 100°C for 19 hours. The resulting solution
was added to 80 mL water and extracted with ethyl acetate (2X 150 mlL). The combined
organics were dried (MgSO,) and evaporated to give an orange oil. Silica gel chromatography
(gradient elution dichloromethane + 2.5% TEA/0-5% methanol) afforded compound 267 as an
off-white solid (1.29 g, 53%).

HsGO__N.._OCH; 2 OCH,
N
j’: | S NaHMDS 2 X
HN" N7 NH HzN)QN Nz
267 268

9-cyclopentyl-7-methoxy-9H-pyride[3',2":4,5] pyrroloi2,3-d|pyrimidin-2-amine (268): A
iO ml reaction vessel was charged with N4—cyc}opentyI—S~(2,76—‘dimethoxypyridin-3—
yl)pyrimidine-2,4-diamine (267) (50.0 mg, 159 umol) dissolved in dry pyridine (1 mL) under
argon. Sodium bis(trimethylsilyljamide in THF (1.0M, 0.349 mlL., 349 pumol) was added and
the reaction heated with microwave energy (300W) for 12 minutes at 150°C. The solvent was
removed in vacuo. Silica gel chromatography of the residue (gradiérxt elution

dichloromethane/0-5% methanol) afforded compound 268 as an off-white solid (28 mg, 62%)
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268 5 269

tert-Butyl 4-(6-((9-cyclopentyl-7-methoxy-9H-pyrido]3',2":4,5]pyrrolo[2,3-d] pyrimidin-2-
yl)amino)-3-pyridinyl)-1-piperazinecarboxylate (269): A 10 mL reaction vessel was
charged with compound 268 (160 mg, 353 pumol), compound 5 (126 mg, 424 pmol), and
sodium -butoxide (102 mg, 1059 umol), followed by dioxane (3 mL). The reaction was
purged with argon. 4,5-bis(diphenylphosphino})-9,9-dimethy}-9H-xanthene (40.8 mg, 70.6
pmol) and tris(dibenzylideneacetone)dipalladiom (0) (32.3 mg, 35.3 umol) were added and
the reaction was again purged with argon. The reaction was heated with microwave energy
(300W) at 120°C for 90 minutes. The resulting solution was diluted with ethyl acetate (75 mL)
and added to water (75 mL). The layers were separated and the aqueous phase extracted with
ethyl acetate (75 mL} and dichloromethane (75 mL). The combined organics were dried
{MgS04) and evaporated to give a brown oil. Silica gel chromatography (gradient elution
hexanes/50-100% ethyl acetate) afforded a tan solid, which was recrystallized from boiling
ethyl acetate to give compound 269 as a white solid (120 mg, 62%)

T H—0CH
= Y/ 3 =
HNT TN N
HN)\\N N
N7 TFA A
S B — N I
\
N
(J "
v (]
N
Boc H
269 266
9-cyclopentyl-7-methoxy-N-(5-(1-piperazinyl)-2-pyridinyl)-9H-pyride{3',2":4,5}-
pyrrolo]2,3-djpyrimidin-2-amine (266): Compound 269 (120 mg, 220 umol} was dissolved
in dichloromethane (4 mL). Trifluoroacetic acid (0.400 mL, 2203 pmol) was added and the
reaction stirred at room temperature for 70 minutes. The reaction was added to agueous K;COs3

(10%, 30 mL) and extracted thrice with dichloromethane. The combined organics were dried
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(MgSQy) and evaporated to give a pale yellow solid, 82 mg. This residue was dissolved in
dioxane (2 mL) and methanol (2 mL) and 1 mL of a saturated solution of HCl in dioxane was
added. ethyl acetate (30 mL) followed by diethyl ether (30 mL) were added to precipitate the
HCI salt, which was collected and dried in vacuo to give compound 266 as a yellow solid (77
mg, 84%). 'H NMR (500 MHz, DMSO-ds) 6 ppm 9.24 - 9.36 (m, 4 H) 9.19 (5, 1 H) 8.52 (s, 1
H) 7.97 (s, 1 H) 7.92 - 7.96 (m, 1 H) 7.44 - 7.54 (m, 1 H) 6.83 (d, J=8.56 Hz, 1 H) 5.31 - 5.43
(m, 1 H) 3.94 (5,3 H) 3.33 - 3.41 (m, 4 H) 3.21 (br. 5., 4 H) 1.95 - 2.11 (m, 4 H) 1.70 (none, 2
H) ppm.

EXAMPLE 183

270

9-Cyclopentyl-2-({5-(1-piperazinyl)-2-pyridinyljamino}-SH-pyrido{3',2":4 5}pyrrolo[2 3-
d]pyrimidin-7-ol

~ )—-0OCH =
th}r 3 AL oH
N
HCI
“‘fp s | Q O

N N
Boc H
269 270

9-Cyclopentyi-2-((5-(1-piperazinyl}-2-pyridinyl)amino)-SH-pyrido{3',2":4,5]-pyrrolo{2,3-
d)pyrimidin-7-ol (270): A 10 mL reaction tube vessel was charged with compound 269 (56.0
mg, 103 umol) and concentrated hydrochloric acid (2.00 mL, 103 umol). ). The reaction was
heated with microwave energy {300W) at 120°C for 1 hour, then an additional 30 minutes at
140°C. The resulting solution was filtered through a 0.45 pM filter and washed with water. '

The solvent was removed in vacuo, and the residue coevaporated with water (10 mL) and then
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methanol (2X, 10 mL} to give compound 270 as & yellow solid (48 mg). 'H NMR {400 MHz,
DMSO-dg) & ppm 11.63 - 11.91 (m, 2 H) 9.40 (br. s., 4 H) 9.1 (s, 1 H) 8.50 (d, J=8.61 Mz, 1
H) 8.04 (d, J=2.74 Hz, 1 H) 7.99 (dd, J= 9.39, 2.74 Hz, 1 H) 7.51 (d, J=9.39 Hz, 1 H) 6.60 -
6.78 (m, | H) 5.35 (quin, J=8.71 Hz, 1 H) 3.37 -3.51 (m, 4 H) 3.20-3.34 (m, 4 H) 2.06 - 2.18
(m, 2 H) 1.93 - 2.06 (m, 2 H) 1.66 - 1.82 (m, 2 H) ppm. '

EXAMPLE 184

anL*N VAN
=y O
“ !
)
N
H
271

9-Cyclopentyl-8-methyl-2-{(5-( -piperazinyl}-2-pyridinyamine)-8,9- dnhydro—‘?H-
pyrido}3',2":4,5 pyrrole[2,3-d]pyrimidin-7-one

OCH, =\_oH
:t: | NN HCH :Ej i \
HNT N ? HNT N j
268 272

2-Amino-9-cyclopentyl-SH-pyridoj3*,2":4,5]pyrrolo|2,3-d] pyrimidin-7-ol (272):
Compound 268 (150 mg, 529 pumol) was dissolved in conc. hydrochloric acid (2 mL}. The
reaction was heated with microwave energy (300W) for 40 min. at 140°C. The resulting
solution was added to agueous NaHCO, (20 mL, 50% sat.} and extracted with
dichloromethane+10% methanol (3X 30 ml.). The combined organics were dried (MgSQOy) and
evaporated to give an orange tar, Silica gel chromatography (gradient eiution hexanes + 2.5%
TEA/0-100% ethyl acetate+2.5% TEA) afforded compound 272 as a tan solid, 120 mg (84%).

OH : o
0% SUNETINNS 'y
HoNT SN N * : HaNT SN N
72 273
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2-Amine-9-cyclopentyl-8-methyl-8,9-dihydro-TH-pyride|3',2':4,5]pyrrolo[2,3-
d]pyrimidin-7-one (273): Compound 272 (100 mg,0.37 mmol) was dissolved in dry DMF (1
mL). Sodium hydride, 60% dispersion in oil (16.0 mg, 0.4 mmol) was added and the reaction
stirred at 60°C for 20 minutes. Iodomethane (26.5 pl, 423 pmol) was the added and the
reaction stirred at 60°C for 2 hr. The solution was allowed to cool and added to water (10 mL1)
and aqueous KoCOj (saturated, 2 mL), and extracted with ethyl acetate (2X 30 mL), and
dichleromethane+10% methanol (2X 30 mLl). The combined organics were dried (MgSO4)
and evaporated to give an orange solid. Silica gel chromatography (gradient elution hexanes +
2.5% TEA/0-70% ethyl acetate+2.5% TEA) afforded compound 273 as a white solid, 64 mg
(61%).

Cl 0
N/
NZ Xantphos /[% ] N N\
. Pdy(dba)s HN™ N
t-BUON =
D N N
Boc [ j
N
Boc
273 5 274

tert-Butyl 4-(6-((9-cyclopentyl-8-methyl-7-0x0-8,9-dihydro-7H-pyrido[3',2":4,5}-
ﬁyrrolu[Z,S-d]pyrimidi.n-z-yl)amino)~3-pyridinyl)—1-piperazinecarboxylate 274): A 10
mL reaction vessel was charged with compound 273 (61.0 mg, 215 pmol), compound 5 (70.5
mg, 237 umoi); and sodium -butoxide {62.1 mg, 646 umol), followed by dioxane (3 mL). The
reaction was purged thoroughly with argon. 4,5-bis(diphenylphosphino)-9,9-dimethyi-9H-
xanthene (24.9 mg, 43.1 pmol) and tris(dibenzylideneacetone)dipalladium (0) (19.7 mg, 21.5
pmol) were added, and the reaction was again purged with argon. The reaction was heated with
microwave energy (300W) at 120°C for 90 minutes. The resulting solution was diluted with
ethyl acetate (75 mL) and added to water (75 mL). The layers were separated layers and the
aqueous phase extracted with ethyl acetate (75 mL), followed by dichloromethane (75 mL).
The combined organics were dried (MgS$04) and evaporated to give the product as a tan solid.
Recrystallization from boiling ethyl acetate gave compound 274 as a white solid (74 mg, 63%).
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274 271

Q-Cyclepentyi—8~methyl-2-((5~(1-piperazinyl)~2»pyridinyi)amino)—8,9-dihydro-7H-
pyrido{3',2':4,5]pyrrolo[2,3-d]pyrimidin-7-one (271): Compound 274 (51 mg) was
dissolved in 2 mL dioxane. Dioxane (1 mL) saturated at room temperature with HCl was
added, followed by 1 mL methanol to aid solution. The reaction was stirred at room
temperature for 80 min. The solution was then added dropwise to diethyl ether (8 mL) and the
resulting precipitate was collected and dried in vacuo to give compound 271 as a yellow solid
(26 mg, 62%). 'H NMR (500 MHz, DMSO-dg) 6 11.75 (br. 5., 1 H) 9.36 (br. 5., 2H) 9.20 (s, 1
H) 8.53 (d, }=8.31 Hz, | H) 7.91 - 8.01 {m, 2 H) 7.49 (d, J=9.29 Hz, | H) 6.83 (d, J= 8.56 Hz,
1 H) 5.37 (quin, J=8.56 Hz, 1 H) 3.35-3.43 (m,5H) 1.94-2.13 (m,4 H) 1.64 - 1.79 (m, 2 H)

EXAMPLE 185
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275 :
9-Cyclopentyl-2-((5-((3R)-3-hydroxy-1-pyrrelidinyl)-2-pyridinyl)amino)-8-methyl-8,9-
dihydro-7H-pyrido(3',2":4,5]pyrrolo[2,3-d}pyrimidin-7-one
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273 276
9-Cyclopentyl-2-((5-((3R)-3-(tert-butyldimethyisityloxy)pyrrolidin-1-yl)-2-
pyridinyDamino)-§-methy!-8,9-dihydro-7H-pyrido[3',2":4,5] pyrrolo{2,3-d]-pyrimidin-7-
ene {276): A 10 mL reaction vessel was charged with compound 273 (55 mg, 193 pmol), (R)-
5-(3-(t-butyldimethylsilyloxy)pyrrolidin-1-yl)-2-chloropyridine (60.3 mg, 193 pmol),
tris(dibenzylideneacetone)dipalladium (0) (13 mg, 14 pmol), 4,5-bis(diphenylphosphino}-9,9-
dimethyl-9H-xanthene (17 mg, 29 pmol}, and sodium z-butoxide (22 mg, 231 pmol) in 2 mL
dry dioxane. The reaction was purged with argon and heated with microwave energy (300W)
for 2 hours at 120°C. The resulting solution was taken up in ethyl acetate (40 mL) and washed
with water (30 mL), and brine (30 mL). The organics were dried (MgSO4) and evaporated to
give a brown oil. Silica gel chromatography (gradient elution hexanes + 2.5% TEA/0-50%
ethyl acetate+2,5% TEA) afforded compound 276 as a ycllow solid (53 mg, 49%).

(oot o
@@“’*’@c

OTBDMS "'OH
276 275

9-Cyclepentyl-2-((5-((3R)-3-hydroxy-1-pyrrolidinyl)-2-pyridinyl) amino)-8-methyl-8,9-
dihydro-7H-pyrido[3',2':4,5] pyrrolo{2,3-d] pyrimidin-7-ene (275): Compound 276 (53.0
mg, 94.7 umol) was dissolved in THF (2 mL). ). Tetrabutylammonium fluoride, 1.0M in THF
(0.500 mL, 500 umol) was added and the reaction was stirred at room temperature for 4.5
hours. The solvent was evaporated to give an orange oil. Preparative reverse phase HPLC

(gradient elution 0.1% TFA in water/10-70% acetonitrile) afforded a yellow solid. This residue

158



WG 2009/085185 PCT/US2008/013849

was added to aqueous NaHCO; (saturated, 10 mL) and extracted with dichloromethane+10%
methanol (3X 30 mL). The combined organics were dried (MgS04) and evaporated to give a
yellow sotid. This product was taken up in methanel (2 mL) and ! mL methano! (saturated at
room temperature with HCI) was added. 20 mL diethyl ether was added to precipitate the
product, which was washed with ether and dried in vacuo to give compound 275 as yellow
solid (21 mg, 50%). '"H NMR (500 MHz, DMSO-de) §9.21 (s, 2 H) 8.56 (d, J= 8.56 Hz, 2 H)
7.63 (d, J= 2.69 Hz, 4 H) 7.44 - 7.57 (m, 2 H) 6.87 {d, }= 8.56 Hz, 2 H) 5.43 (quin, J= 8.62 Hz,
1.H) 4.47 (br. 5., 1 H) 4.00 (s, 3 H) 3.09 - 3.21 (m, 1 H) 2.00 - 2.22 (m, 5 H) 1.90 - 2.04 (m, 1
H) 1.66 - 1.85 (m, 2 H) ppm.

EXAMPLE 1862
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(3R)-1-(6-((9-cyclopentyl-8-finoro-9H-pyrido[4',3":4,5]pyrrolo[2,3-d] pyrimidin-2-
yamino)-3-pyridinyi)-3-pyrrolidinol

== cl Xantphos N
S N t-BuONa NN N F
2

O : O O
U S

oTBOMS N

' “0TBDMS
245 278
N-(5-((3R)-3-{(tert-butyl(dimethyDsilyloxy)-1-pyrrolidinyl)-2-pyridinyl)-9-cyciopentyl-8-
fluoro-9H-pyridof4',3':4,5}pyrreloef2,3-d]pyrimidin-2-amine
(278): A 10 mL reaction vessel was charged with compound 245 (75.0 mg, 276 umol}, (R}-5-
(3-(¢-butyldimethylsilyloxy)pyrrolidin-1-y1)-2-chloropyridine (86.5 mg, 276 pmol},
tris(dibenzylideneacetone)dipalladium (0) (19.0 mg, 20.7 umol), 4,5-bis(diphenylphosphino)-
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9,9-dimethyl-9H-xanthene (24.0 mg, 41.5 umol}), sodium s-butoxide (53.1 mg, 553 pmol), and
dioxane {1.5 mL). The reaction was heated with microwave energy (300W) for 2 hours at
120°C. in the resulting solution was added to ethyl acetate (40 mL) and washed with water (30
mL) followed by brine (30 mL). The organic phase was dried (MgSO4) and evaporated to give
an orange oil. Silica gel chrmatography (gradient elution 35% ethyl acetate in hexanes) -
afforded compound 278 as a yellow solid (59 mg, 39%) ‘ '

— —
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HN)\N/ N F TBAE HN/LN/ N F
O > O
< o

"DTBDMS OH

278 277

(3R)-1-(6-((9-cyclopentyl-8-fluoro-9H-pyridel[4',3':4,5 pyrrolo[2,3-d] pyrimidin-2-
yl)amino)-3-pyridinyl)-3-pyrrolidinof (277): Compound 278 (58 mg, 106 umol) was
dissolved in THF (2 mL). Tetrabutylammonium fluoride, 1.0M in THF (0.5 mL, 0.500 mmot)
was added and the reaction stirred at room temperature for 4 hours. The solvent was removed
to give an orange oil. Silica gel chromatography (gradient elution ethyl acetate+2.5% TEA/Q-
5% methanol) afforded a yellow solid. This residue was taken up in methanol (2 mL) and HCI
in ethanol (1.0M, 0.5 mL) was added. Diethyl ether (20 mL) was added to prccipitate the
product, which was filtered and dried in vacuo to give compound 277 as a yellow solid (23 mg
, 50%). "H NMR (500 MHz, DMSO-dg) 5 9.72 (s, 1 H) 9.25 - 9.35 (m, 1 H) 7.94 - 8.11 (m, 4
H) 7.62 - 7.77 (m, 2 H) 7.05 (dd, /=8.93, 2.81 Hz, 1 H) 5.37 - 5.54 (m, 1 H) 4.99 (d, /=3.91
Hz, 1 H) 4.44 (br. s,, 1 H) 3.46 (dd, J/=10.03,4.89 Hz, 2 H) 3.05 - 3.16 (m, 1 H) 2.26 - 2.42 {m,
3H)1.96-2.20 (m, 8 H) 1.85- 1.96 (m, 2 H) 1.66 - 1.83 (m, 3 H) ppm.
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EXAMPLE 186b
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(3S)-1-(6-((S-cyclopentyl-8-fluero-9H-pyride}4',3':4,5]pyrrolo[2,3-d] pyrimidin-2-
yl)amine)-3-pyridinyl}-3-pyrrolidinol

TN N Xantphos HN)\N/ N F
j‘{j:@ Q Pd,(dba)y rfp @
HNTONTN <
o Q ~

t-BuONa

OTBDMS ; E

OTBDMS
245 . 280
N-(5~((3S)-3-((tert—butyl(dimethyl)silyl)uxy)—1-pyrrolidinyl)-2—pyridjnyl)-9-cyclopentyl-8-
fluoro-9H-pyrido[4',3':4,5]pyrrolo[2,3-d|pyrimidin-2-amine (280): Compound 280 was
prepared from compound 245 and {8)-5-(3-(tert-butyldimethylsilyloxy)-pyrrolidin-1-yl)-2-

chloropyridine using methods described in Example 186a.

p=n —

JSas PR
v Vi TBAF HN*N/ N F
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280 pal

(38)-1~(6-((9-cyclopentyl-8-fluoro-9H-pyrido[4",3' 4, 5]pyrrole[2,3-d]pyrimidin.2-
yl)amino}-3-pyridinyl)-3-pyrrolidinol (279): Compound 279 was prepared from compound
280 using methods described in Example 136a. 'H NMR (500 MHz, DMSO-dg) 6 9.44 - 9.57
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{m, 1 H)8.22 - 8.33 (m, 1 H) 8.09 - 8,19 (m, 1 H) 7.63 - 7.73 {m, 3 H) 5.45 - 5.59 (m, 1 H)
4.39 - 4.53 (m, 1 H) 3.45 - 3.53 (m, 2 H) 3.39 (none, 3 H} 3.11 - 3.21 (m, 1 H) 3.11 - 3.22 {m,
1 H)2.20-2.34 (m, 2 H) 1.88 - 2.20 (m, 6 H) 1.68 - 1.87 (m, 2 H) ppm

EXAMPLE 187
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(1-(6—((9-Cyci0pentyl-8-ﬂuoro—9H-pyride{4',3‘:4,5}pyrralo[Z,S-d]pyrimidin-z-yl)amino)-
3-pyridinyl)-4-piperidinyl)methanol

N TBDMS-Cl, Im HT::]\v,
L::L\,on OTBDMS

284

N

4-{(t-butyldimethylsilyloxy)methyl)piperidine (284): Piperidin-4-ylmethanol (2.50 g, 21.7
mmol), -butylchlorodimethylsilane (4.13 g, 23.9 mmol), and imidazole (1 A48 g, 21.7 mmof)
were dissolved in dichloromethane (25 mL) and stirred at room temperature for 18 hours. The
reaction was added to aqueous NaHCO; (200 mL, 50% saturated} and extracted with
dichloromethane (3X 150 mL). The combined organics were dried (MgSOy) and evaporated to
give a yeilow oil. Silica gel chromatography (gradient elution dichloromethane+2.5% TEA/0-
10% methanol) gave a soft white solid, which was then added to 0.5 M NaOH (100 mL) and
extracted with dichloromethane+10% methanol (3X 100 mL). The combined organics were -

dried (MgSOs) and evaporated to give compound 284 as a pale yellow oil (4.75 g).

Xantphos ¢l
Cl H Pd,{dba)s N =
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284 281
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5-(4-((z-butyldimethylsilyloxy)methyl)piperidin-1-yl)-2-chloropyridine (281): 5-Bromo-2-
chloropyridine (1.00 g, 5.20 mmol), 4-((¢-butyldimethylsilyloxy)-methyl)piperidine (284),
(1.19 g, 5.20 mmol), tris(dibenzylideneacetone)dipalladium (0} (0.0952 g, 0.104 mmol}, 4,5-
bis(diphenylphosphine)-9,9-dimethyl-9H-xanthene (0.180 g, 0.312 mmol}, and sodium ¢
butoxide (0.749 g, 7.79 mmol) were dissclved in 40 mL dicxane under argon. . The reaction
was heated at 80°C for 17 hours. The resulting solution was cooled an faken up in ethyl acetate
{125 mL) and washed with aqueous K,COs, (10%, 100 mL) water (100 mLl), and brine (100
mL). The organic phase was dried (MgSQy) and evaporated to give an orénge oil, Silica gel
chromatography (gradient elution hexanes/0-10% ethyl acetate} afforded compound 281 as a
white solid (158 mg , 9%).
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N-(5-(4-(({tert-Butyl{dimethyl)silyl)oxy)methyl)-1-piperidinyl)-2-pyridinyl)-9-cyclopentyl-
8-fluoro-9H-pyridold',3':4,5]pyrrolof2,3-d|pyrimidin-2-amine

(282)5 A 10 mL reaction vessel was charged with compound 245 (100 mg, 369 ymob),
compound 281 (126 mg, 369 umol), tris(dibenzylideneacetone)dipalladium (0) (25.3 mg, 27.6
umol), 4,5-bis(diphenylphosphino)-9,9-dimethyl-9H-xanthene (32.0 mg, 55.3 umol), sodium &
butoxide (70.8 mg, 737 umol), and dioxane (1.5 mL). ). The reaction was purged with argon
and heated with microwave energy (300W) for 2 hours at 120°C. The resulting solution was
added to ethyl acetate (40 mL) and washed with water (30 mL) and brine (30 mL). The organic
phase was dried (MgSO4) and evaporated to give an orange oil. Silica gel chromatography
(gradient elution hexanes+2.5% TEA/0-35% ethyl acetate+2.5% TEA) afforded compound 282
as a yellow solid (121 mg, 57%).
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(1-(6-((9-cyclopentyl-8-fluoro-9H-pyrido[4',3":4,5]pyrrole[2,3-d]pyrimidin-2-yl)-aminoc)-
3-pyridinyl)-4-piperidinyl)methancl (283): Compound 282 (118 mg, 205 pmol) was
dissolved in dry THF (3 mL). Tetrabutylammonium fluoride, 1.0M in THF {0.75 mL, 750
ummol) was added and the reaction was stirred at room temperature for 80 minutes. The
resulting solution was added to agueous K;CO; (10%, 30 mL) and extracted with
dichlioromethane+10% methanol (2X 30 mL). The combined organics were dried (MgS0;) and
evaporated to give an orange oil. Silica gel chromatography (gradient elution ethyl
acetate+2.5% TEA/0-5% methanol) afforded a yellow solid. This residue was taken up in
methanol (1.5 mL) and HCI in ethanol (1.0M, 0.5 mL) was added. Diethy] ether (20 mL) was
added to precipitate the product as a yellow solid, which was filtered and dried in vacuo to give
compound 283 as a yellow solid (26 mg, 27%). 'H NMR (500 MHz, DMSO-ds) 59.87 (s, } H)
9.27-9.37 (m, 1 H) 8.11 {d, J= 9.05 Hz, 1 ) 7.99 - 8.06 (m, 4 H) 7.48 (dd, J=9.17,2.81 Hz, |
H) 5.46 {quin, J=9.11 Hz, 1 H) 4.50 (t, J= 526 Hz, 2 H) 3.70 (d, J= 11.98 Hz, 2 H) 2.61 - 2.71
(m, 2 H) 2.35 (d, J= 12.72 Hz, 2 H) 2.10 (br. 5., 2 H) 1.95 - 2.06 (m, 2 H) 1.77 (1, 4 H) 1.45 -
1.59 (m, 1 H} 1.28 (qd, J= 12.23, 3.67 Hz, 2 H) ppm.

EXAMPLE 188
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9-Cyclopentyl-2-({5-(1-piperazinyl)-2-pyridinyl)amino)-9H-pyrido[4',3' :4,5}pyrmlo{2,3-.
d]pyrimidine-8-carbonitrile

N
H
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8-Cyane-9-cyclopentyl-9T-pyrido[4',3':4,5]pyrrolo{2,3-d]pyrimidin-2-amine (287):
Compound 245 (150 mg, 553 pmol) and tetraethylammonium cyanide (130 mg, 829 pmol)
were dissolved in DMSO (3 mL) and heated at 150°C for 5.5 hours. The reaction was cooled
and taken up in ethyl acetate (40 mL). This solution was washed with aqueous K,CO; (30 mL),
water (30 mL), and brine (30 mL}). The organic phase was dried (MgSG4) and evaporated to
give an orange solid. Silica gel chromatography (gradient elution hexanes+2.5% TEA/0-70%
ethyl acetate+2.5% TEA) afforded compound 287 as a tan solid (104 mg, 68%).
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<‘ ] N
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tert-Butyl 4-(6-((8-cyano-9-cyclopentyl-9H-pyrido{4',3':4,5]pyrrole{2,3-djpyrimidin-2- .
yi)émino)-B-pyridinyI)—l-piperazinecarboxylate (288): A 10 ml reaction vessel was charged
with compound 287 (75.0 mg, 269 umol}, compound 5 (80.2 rﬁg 269 pmol),
tris(dibenzylideneacetone)dipaliadium (0) (19.7 mg, 21.6 pmol), 4,5-bis(diphenylphosphino)-
6,9-dimethyl-9H-xanthene (24.9 mg, 43.1 pmol), sodium t-butoxide (51.8 mg, 539 pmol), and
dioxane (2.5 mL). The reaction was purged with argon and heated with microwave energy
(300W) for 2 hours at 120°C. The solvent was evaporated in vacuo. Silica gel chromatography
(gradient elution hexanes+2.5% TEA/0-100% ethyl acetate+2.5% TEA, then ethyl
acetate+2.5% TEA/0-5% methanol) afforded compound 288 as a yellow solid (44 mg, 30%).
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9-Cyclopentyl-2-((5-(1-piperazinyl)-2-pyridinyl)amino}-9H-pyrido[4',3":4,5]-pyrrolo{2,3-
d]pyrimidine-8-carbonitrile (286): Compound 288 (44.0 mg, 81.5 umol) was suspended in 3
mL meathanol. Mmethanol saturated at room temperature with HCl (1 mL) was added, and the
reaction stirred at room temperature for 2.5 hours. The solventswere removed in vacuo. The
residue was taken up in methanol (10 mL) and stripped again to give compound 286 as a
yellow solid (37 mg, 91%). *H NMR (500 MHz, DMSO-ds) & 1.68 - 1.80 (m, 2 H) 2.01 - 2.20
(m, 4 H) 2.64 (none, 2 H) 3.25 - 3.34 (m, 4 H) 3.34 - 3.44 (m, 5 H) 5.62- 5.73 (m, 1 H) 7.60 -
7.73 (m, I‘H) 7.98-8.07(m, 1 H)8.09-8.16 (m, 1 H) 8.39-8.48 (m, | H) 8.58 - 8.65 (m, 1
H) 8.67 - 8.80 (m, 2 H) 9.40 - 9.49 (m, 1 H) 10.32 - 10.51 (m, 1 H) ppm.

EXAMPLE 189
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9-Cyclopentyl-N-(5-(3,5-dimethyl-1-piperazinyl)-2-pyridinyl)-8-fluoro-9H-
pyrido[4',3":4,5]pyrrolof2,3-d]pyrimidin-2-amine
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1-(6-chloropyridin-3-yl)-3,5-dimethylpiperazine (290): 2-chloro-5-iodopyridine (1.00 g,
4176 pumol), 2,6-dimethylpiperidine (477 mg, 4.18 mmol) , tris(dibenzylidencacetone)-
dipalladium (0) (191 mg, 209 umol), 4,5-bis(diphenylphosphino)-9,9-dimethyl-OH-xanthene
{242 mg, 418 pmol), and sodium t-butoxide (803 mg, 8.35 mmol) were dissolved in 20 mL
dioxane. The reaction was purged with argon and heated at 80°C for 4.5 hours. The solvent
was removed in vacuo. Silica gel chromatography (gradient elution hexanes+2.5% TEA/0-
100% ethyl acetate+2.5% TEA, then ethyt acetate+2.5% TEA/0-5% metbanol) afforded
compound 280 as an orange solid (545 mg, 58%).
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9-Cyclopentyl-N-(5-(3,5-dimethyl-1-piperazinyl)-2-pyridinyl)-8-fluero-9H-pyrido-
[4',3":4,5]pyrroiof2,3-d|pyrimidin-2-amine (289): A 10 mL reaction vessel was charged with
compound 245 (80.0 mg, 295 pmol), 1-{6-chloropyridin-3-yl)-3,5-dimethylpiperazine (66.6
mg, 295 umol), tris(dibenzylideneacetone)dipalladium (0) (20.3 mg, 22.1 pmol), 4,5-
bis(diphenylphosphino)-9,9-dimethyl-9H-xanthene (25.6 mg, 44.2 pmol), sodium -butoxide
{56.7 mg, 590 pmol), and dioxane (2.5 mL). The reaction was purged with argon and heated
with microwave energy (300W) for 3.5 hours at 120°C. The reaction was taken up in ethyl
acetate (40 mL) and washed with water (30 mL) and brine (30 mL). The organic phase was
dried (MgSOs) and evaporated to give an orange oil. Silica gel chromatography (gradient
elution hexanes+2.5% TEA/0-100% cthyl acetate+2.5% TEA, then ethyl acetate+2.5% TEA,
0-8% methanol) afforded a yellow solid. This residue was taken up in 2 mL methanol (2 mL)
and 1M ethanolic HCI (1 mL) was added, followed by the addition of diethyl ether (20 mL}.
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The resulting precipitate was collected and dried in vacuo to give compound 289 as 2 yellow
solid (91 mg, 67%) 'H NMR (500 MHz, DMSO-d) § 9.54 - 9.67 {(m, 2 H) 9.47 - 9.54 (m, 1 H)
9.05-9.23 (m, 1 H) 8.19-8.30 (m, 1 H) 8.06 - 8.17 (m, 3 H) 7.94 - 8.04 (m, 1 H) 7.81 - 7.94
(m, 1 H) 5.45-5.58 (m, 1 H)3.81-3.94 (m, 2H) 3.34-3.48 (m, 2 H) 2.75 - 2.91 (m, 2 H)
2.23 - 2.35 (m, 2 H) 2.10 - 2.20 (m, 2 H) 2.05 (none, 2 H) 1.68 - 1.86 (m, 2 H) 1.34 (d, /=6.60
Hz, 7 H) ppm. ' B
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2—(1—(6—((9 -Cyclopentyl-8-fluore-9H-pyrido[4',3':4,5] pyrrolof2, 3-dlpyrimidin-2-
yhamino}-3-pyridinyl)-4-piperidinyljethanol

HI\O\/\ TBDMS-CI HNO\/\ |
OH CTBDMS

292

4-(2-(t-Butyldimethylsilyloxy)ethyl)piperidine (292): 2-(piperidin-4-yl)ethanol (2.00 g, 15.5
mmol), t-butylchlorodimethylsilane (2.57 g, 17.0 mmol), and imidazole (1.05 g, 15.5 mmol}
were taken up in dichloromethane (15 mL}) and stirred for 22 hours. . This solution was added
to agueous K,CO; (80 mL) and extracted with dichloromethane (3X 30 mL). The combined
organics were dried (MgSOy) and evaporated to give a pale yellow oil. Silica gel
chromatography (gradient efution dichloromethane+2.5% TEA/0-10% methanol) afforded a
white solid. This solid was added to aqueous K2CO3 (60 mL) and extracted with
dichloromethane+10% methanol (3X 30 mL), the organics dried (MgS8Qy) and evaporated to
give compound 292 as a yellow oil (3.24 g, 86%).
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5-(4-(2~(+-Butyldimethylsilyloxy)ethyl)piperidin-1-yi)-2-chloropyridine (293): 2-chloro-5-
iodopyridine (1.00 g, 4.18 mmol), compound 292 (1.02 g, 4.18 mmol),
Tris(dibenzylideneacetone)dipalladium (0) (0.191 g, 0.209 mmol), 4,5-
bis{diphenylphosphino)-9,9-dimethyl-9H-xanthene (0.242 g, 0.418 mmol), and sodium ¢-
butoxide (0.803 g, 8.35 mmol) were dissolved in 20 mL dioxane. The reaction was purged with
argon and heated at 80°C for 16 hours. The solvent was removed in vacuo and silica gel

chromatography (gradient elution hexanes/0-10% ethyl acetate) afforded compound 293 as a

beige solid (597 mg, 40%).
Crs
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N-(S-(4~(2~((tert~butyl(dimethyl)silyi)oxy)ethyl)-l-piperidinyl)-»Z—pyridinyl)—9-cyclopentyl-
8-fluoro-9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (294): A 10 mL microwave
reaction fube was charged with compound 245 (80.0 mg, 295 pmol}, 5-(4-(2-(-
butyldimethylsilyloxy)ethyl)piperidin-1-y1)-2-chloropyridine {293} (105 mg, 295 pmol),
tris(dibenzylideneacetone)dipalladium (0) (20.3 mg, 22.1 pumol), 4,5-bis(diphenylphosphino)-
9,9-dimethyl-9H-xanthene (25.6 mg, 44.2 umol), sodium t-butoxide (56.7 mg, 590 pmol), and
dioxane (3 mL). The reaction was purged with argon and heated with microwave energy
(300W) for 3.5 hours at 120°C. The reaction was taken up in ethy! acetate (40 mL) and washed
with water (30 mL) and brine (30 mL). The organic phase was dried (MgSQ,} and evaporated
to give an orange oil. Silica gel chromatography (gradient elution hexanes+2.5% TEA/0-100%
ethyl acetate+2.5% TEA) afforded compound 294 as a vellow solid (113 mg, 65%).
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2-(1-{6-({9-Cyciopentyl-8-fluorc-9H-pyrido[4',3':4,5]pyrrolo{2,3-d]pyrimidin-2-
ylamino)-3-pyridinyl)-4-piperidinyljethanol (291): Compound 294 (78 mg, 132 pmol) was
dissolved in dry THF (3 mL). Tetrabutylammonium fluoride, 1.0M in THF (1.00 mL, 1.00
mmol} was added and the reaction stirred at room temperature for 4 hours. The solvent was
removed in vacuo and silica gel chromatography (gradient elution hexanes+2.5% /0-100%
ethyl acetate+2.5% TEA) afforded compound 291 as a beige solid (44 mg, 70%). 'H NMR
(500 MHz, DMSO-ds) 8 11.60 - 11.85 (m, 2 H) 9.49 (5, 2 H) 8.19 - 8.24 (m, 2 H) 8.13 - 8.19
(m, 2 H) 8.05 - 8.10 (m, 2 H) 7.96 - 8.04 (m, 2 H) 7.61 - 7.71 (m, 2 H) 5.48 (s, 1 H) 3.64 (d,
J=11.98 Hz, 2 H) 3.4 (t, /=6.48 Hz, 2 H) 2.71 - 2.90 (m, 2 H) 2.20 (br. 5., 2 H) 2.09 (br. 5., 2
H) 2.00 (br. 5., 2 H) 1.66 - 1.82 (m, 4 H) 1.52 - 1.66 (m, 1 H) 1.37 (d, /=6.60 Hz, 2 H} 1.28
{none, 2 H) ppm.
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2- (4-(6-((9 -Cyclopentyl-9H-pyrido{4',3':4,5]pyrrole|2, 3-d]pyz*mndm-z-yl)a:mno)—}-
pyridinyl)-1-piperazipyljethanol
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N-(5-(4-(2-((tert-butyl(dimethyl)silyloxy)ethyl)-1-piperazinyl)-2-pyridinyl)-9-cyclopentyl-
9H-pyrido{4',3":4,5)pyrrele[2,3-dpyrimidin-2-amine (296): A 10 mL reaction vessel was
charged with compound 4 (153 mg, 604 umol), compound 247 (215 mg, 604 pmol),
tris(dibenzylideneacetone)-dipalladium (0) (41.5 mg, 45.3 pmol), sodium t-butoxide (69.7 mg,
725 pmol), 4,5-bis(diphenylphosphino)-9.9-dimethyl-9H-xanthene (52.4 mg, 90.6 pmol}, and
dioxane (3 mL). The reaction was purged with argon and heated with microwave energy at
120°C for 3.5 hours. The solvent was removed in vacuo and silica gel chromatography
(gradient elution hexanes+2.5%/0-100% cthyl acetate+2.5% TEA, then ethyl acetate+2.5%
TEA/0-5% methanol) afforded compound 296 as a yellow solid (85 mg, 25%).
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2-{4-(6-((9-Cyclopentyl-9H-pyrido[4',3":4,5] pyrrole[2,3-d]pyrimidin-2-yl)amine)-3-
pyridinyl)-1-piperazinyl)cthanol (295): Compund 296 (85.0 mg, 148 pmol) was dissolved in
dry THF (3 mL). ). Tetrabutylammonium fluoride, 1.0M in THF (1.00 mL, 1.00mmol} was
added and the reaction stirred at room temperature for 2 hours. The solvent was removed in
vacuo and silica gel chromatography (gradient elution hexanes+2.5%/0-100% ethy!
acetate+2.5% TEA, then ethyl acetate+2.5% TEA/0-5% methanol) afforded a yellow solid.
This residue was taken up in methanol (3 mL) and 1M ethanolic HCI (1 mL). Diethy! ether (20

mL) was added to precipitate the product, which was filtered and dried in vacuo to give
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compound 295 as a yellow solid (54 mg, 79%). 'H NMR (500 MHz, DMSO-dg) 8 10.75 -
10.97 (m, 2 H) 9.70 (5, 2 H) 9.47 (s, 1 H) 8.74 (d, J=3.67 Hz, 2 H) 8.16 (d, J=2.45 Hz, 1 H)
7.69 - 8.10 (m, 1 H) 7.84 - 7.99 (m, 1 H) 5.30 - 5.52 (m, 1 H) 3.81 - 3.96 (m, 4 H) 3.62 - 3.72
(m, 2 H) 3.20 - 3.36 (m, 6 H) 2.39 - 2.49 (m, 2 H) 2.02 - 2.20 (m, 4 H) 0.88 (d, /=6.85 Hz, 2

H) ppm.
EXAMPLE 192
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‘Methyl 4_—(6-((9-cyciopentyl-s-ﬂuorn-QH-pyrido{4',3':4,5]pyrrolo [2,3-d]pyrimidin-2-
yhamino}-3-pyridinyl)-1-piperazinecarboxylate
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Methyl 4-(6-((9-cyclopentyl-8-fluoro-9H-pyrido[d',3":4,5] pyrrolo [2,3-d}pyrimidin-2-
yhamino)-3-pyridinyl)-1-piperazinecarboxylate (298): Compound 92 (68.9 mg, 0.159
mimol) was partially dissolved in DMF (2 mL) and DIEA (0.200 mL, 1.13 mmol). ). Methyl
chloroformate (0.0122 mL, 0.159 mmol} was added and the reaction stirred at room
temperature 16 for hours. The reaction mixture was diluted with dichloromethanet+10%
methanol (30 mL) and added to agqueous K2COs (10%, 30 mL). The layers were separated and
the aqueous phase extracted with dichloromethane+10% methanol (2X 30 mL} The combined

organics were dried (MgSQ.) and evaporated to give a yellow oil. Preparative reverse phase
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HPLC (gradient elution 0.1% TFA in water/10-70% acetonitrile) afforded a yellow oil. This
residue was taken up in aqueous K,CO; and extracted with dichloromethane+10% methanol
(3X 30 mL). The combined organics were dried (MgSOx) and evaporated to give a yellow
solid. This was taken up in methanol (2 mL) and 1M HCl in ethanotl (0.5 mL) was added.
Diethyl ether (10 mL) was added to precipitate the product, which was filtered and dried in
vacuo to give compound 298 as a yellow solid (24 mg, 31%). 'H NMR (500 MHz, DMS0-ds)
§9.54-9.66 (m, | H) 8.30-8.39 (m, 1 H)8.12 - 8.25 (m, 2 H) 7.98 - 8.09 (m, 1 H) 7.68 - 7.84
(m, 1 H) 5.51 - 5.65 (m, 1 H) 3.71 (s, 4 H) 3.57 - 3.66 (m, 5 H) 3.20 - 3.34 (m, 5 H) 2.25 - 2.40
m, 2 H) 2.14 - 2.25 (m, 2 H) 2.02 - 2.14 (m, 2 H} 1.83 (none, 2 H) ppm.

EXAMPLE 193
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1-(4-(6-chloropyridin-3-y}piperazin-1-yl)-2-(dimethylaminojethanone (300): 1-(6-
chloropyridin-3-yl)piperazine (250 mg, 1265 pmol) and dimethylaminoacety! chloride
hydrochloride, 85% (260 mg, 1644 umol) were dissolved in DMF (6 mLY and DIEA (661 pl,
3794 pmol). ). The reaction was stirred at room temperature for 4 hours and then 20 hours at
60°C. The resulting solution was taken up in ethyl acetate 80 mL) and washed with aqueous
K,CO; (10%, 70 mL), water (70 mL), and brine (70 mL). The organic phase was dried
(MgS04) and evaporated to give a brown oil. Silica gel chromatography (gradient elution
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dichloromethane/0-10% 2M NH; in methanol} afforded compound 30¢ as an orange tar (174

mg, 49%).
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9-Cyclopentyl-N-(5-(4-((dimethylamino)acetyl)-1-piperazinyl)-2-pyridinyl)-8-fluoro-9H-
pyrido[4',3":4,5]pyrrolo{2,3-d|pyrimidin-2-amine (299): A 10 mL reaction vessel was
charged with compound 245 (100 mg, 369 pmol), compound 306 (109 mg, 387 pmel),
tris(dibenzylideneacetone)dipatladium (0) (25.3 mg, 27.6 umol), 4,5-bis(diphenylphosphino)-
9,9-dimethyl-9H-xanthene (32.0 mg, 55.3 pmol), sodium t-butoxide (70.8 mg, 737 pmol), and
dioxane (2.5 mL). The reaction was purged with argon and heated with microwave energy
(300W) for 2.5 hours at 120°C. The reaction was added to aqueous K,CO; (10 %, 30 mL) and
extracted with dichloromethane+10% methano! (3X 30 mL). The combined organics were
dried (MgSQ4) and evaporated to give an orange oil. Preparative reverse phase HPLC (gradient
etution 0.1% TFA in water/10-70% acetonitrile} afforded. a yellow oil. This residue was taken
up in aqueous K,CO3 (30 mL) and extracted with dichloromethane+10% methanol (3X 30
mL), The combined organics were dried (MgSQy) and evaporated to give a yellow solid. This
was taken up in methanol (2 mL) and 1M HCl in ethanol (0.5 mL) was added. Diethy! ether
(10 mL) was added to precipitate the product, which was filtered and dried in vacuo to give
compound 299 as a yeliow solid (32 mg, 17%). 'H NMR (500 MHz, DMSO-dg) § 9.43 - 9.61
(m, 1 H)9.27 - 9.40 (m, 1 H)8.01-8.12 (m, 1 H) 7.91 - 8.01 (m, 1 H) 7.75 - 7.91 {m, 3 H)
7.62-7.75 (m, 1 H) 5.27 - 5.42 (m, 1 H) 4.14 - 4.28 (m, 3 H) 3.10 - 3.18 (m, 3 H) 3.06 (none,
3 H) 2.68 (d, J=4.65 Hz, 8 H) 2.06 - 2.18 (m, 2 H) 1.93 - 2.06 {m, 2 H) 1.80 - 1.93 (m, 3 H)
1.48 - 1.69 (m, 3 H) ppm. ‘ '
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2-(4-(6-({9-cyclopentyl-8-flucro-9H-pyridoj4',3":4,5] pyrrolo]2,3-d]pyrimidin-2-yl)amino)-
3-pyridinyi)-1-piperazinyl)-2-oxoethyl acetate
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2-(4-{6-{(9-Cyclopentyl-8-fluore-9H-pyrido{4',3":4,5lpyrrolo[2,3-d] pyrimidin-2-
yl)amino)-3-pyridinyl)-1-piperazinyl)-Z-oxcethyl acetate (301): Compound 92 (75.0 mg,
173 umol) was partially dissolved in DMF (2 mL) and DIEA (0.200 mL, 1148 pmol).
Acetoxyacetyl chloride (0.0196 mL, 182 pmol) was added and the reaction was stirred at room
temperature 16 for hours. The reaction was added to aqueous K;COs (10 %, 30 mL) and
extracted with dichloromethane+10% methanol (3X 30 mL). The combined organics were
dried (MgSOy) and evaporaied to give an orange oil. Preparative reverse phase HPLC (gradient
elution 0.1% TFA in water/10-70% acetonitrile) afforded a yellow oil. This residue was taken
up in aqueous K;CO; (30 mL) and extracted with dichloromethane+10% methanol (3X 30
mL). The combined organics were dried (MgS0y4) and evaporated to give a yellow solid. This
was taken up in methanol (2 mL) and 1M HCIi in ethanol (0.5 mL) was added. Diethy! ether
(10 mL) was added to precipitate the product, which was filtered and dried in vacuo to give
compound 301 as a yellow solid (24 mg, 26%). LCMS M+1 found 533.2 calculated 533.2
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EXAMPLE 193

r—

N\ \i
@ o

N\/\ OH
302
2-{(1-(6~{(9-Cyclopentyl-8-fluoro-9H-pyride[4',3":4,5] pyrrolo[2,3-d]pyrimidin-2-
yhamino}-3-pyridinyl}-4-piperidinyl}(methyl)amino)ethanol

N

F——

N \/N

I o
Ni\ Xantphos HNJ\N N F
N7 \ / . T
P |
N x
N

N Q t—BuONa
g}
/
)
/
245 303 304

9-Cyclopentyl-N-(5-(1,4-dioxa-8-azaspiro[45]dec-8-y1)-2-pyridinyl)-8-fluoro-9H-
pyride[4',3':4,5] pyrrolo]2,3-d]pyrimidin-2-amine (304): A 35 mL reaction vessel was
charged with compound 245 (300 mg, 1.10 mmot), compound 303 (see exampie 436) | Schon,
U. et al. Tetrahedron Lett. 2007, 48, (14), 2519-2525] (310 mg, 1.22 mmol),
tris(dibenzylideneacetone)dipalladium (0) (75.9 mg, 82.9 pmol), 4,5-bis(diphenylphosphino)-
9,9-dimethyl-9H-xanthene (96.0 mg, 0.166 mmol), sodium t-butoxide (213 mg, 2.21 mmol),
and dioxane (10 mL). The reaction was purged with argon and heated with microwave energy
(300W) for 3 hours at 120°C. The reaction was added to aqueous K,COs (10%, 30 mL} and
extracted with dichloromethane+10% methanol (3X 30 mL). The combined organics were
dried (MgS0O,) and evaporated to give a yellow solid. Silica gel chromatography (gradient
elution hexanes+2.5% TEA/50-100% ethyl acetate+2.5% TEA) afforded compound 304 as a
yellow solid (228 mg, 42%).
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304 305

1-(6-((9-Cyclopentyl-8-flucro-9H-pyrido[4',3":4,5]pyrrolel2,3-d]pyrimidin-2-yl)amine)-3-
pyridinyl)-4-piperidinone (305): Compound 245 (200 mg, 0.41 mmol) was dissolved in a
solution of water {0.150 mL, 8.33 mmol) in trifluoroacetic acid (3.00 mL, 38.9 mmol). The
solution was stirred at room ternperature for 2 hours and then poured into aqueous K2COs
(10%, 30 mL). This was extracted with dichloromethane+10% methanol (3X 30 mL), and the
corabined organics were dried (MgSQ,) and evaporated to give a yellow solid. Silica gel
chromatography (gradient elution hexanes+2.5% TEA/50-100% ethyl acetate+2.5% TEA)
afforded compound 305 as a yellow solid (156 mg, 86%). ’

-

== N
< oS
HN N N F . o NEBHOAD) HN™ N
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h@ O N ACOH '\Q O
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0 AMN~on
305 302

2-{(1-(6-((9-Cyclopentyi-8-fluoro-9H-pyride[4',3:4,5] pyrrolo{2,3-d]pyrimidin-2-
yDamino)-3-pyridinyl)-4-piperidinyl)(methyl)aminc)ethanol (302): Compound 345 (75.0
mg, 168 umol), 2-(methylamino)ethanol (20.2 pl, 253 pmol), sodium friacetoxyborohydride
(53.5 mg, 253 pmol), and acetic acid (9.64 p!, 168 pmol) in dichloroethane (2 mL) were stirred
at room temperature for 45 hours. . The reaction was diluted with dichloromethane+10%
methanol (30 mL) and added to aqueous K»CO; (10%, 30 mL). The layers were separated and
the aqueous phase extracted with dichloromethane +10% methanol (2X 30 mL). The combined
organics were dried (MgS0,) and evaporated to give a yellow oil. Silica gel chromatography
(gradient elution ethyl acetate+2.5% TEA/6% ZM NHz in methanol) afforded a yellow solid.
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This residue was taken up in methanol (2 mL) and 1M ethanolic HC! (1 mL). Diethyl ether (20
mL) was added to precipitate the product, which was filtered and dried in vacuo to give
compound 302 as a yellow solid (32 mg, 38%). 'H NMR (500 MHz, DMSO-dg) § 9.48 (s, 1 H)
8.16-8.25(m, 1 H) 8.11 (br. s, 1 H) 8.06 (br. 5., 1 H) 7.91 - 8.01 (mn, } H) 7.83 - 7.92 (m, 1 H)
5.42-5.59 (m, 1 H)3.88 (d, /~11.74 Hz, 2 H) 3.81 (br. 5., 2 H) 3.58 (s, 3 H) 3.48 (d, /=2.93
Hz,3 H) 3.27 - 3.37 (m, 2 H) 3.18(s, 1 H)3.06-3.15(m, 1 H) 2.80 - 2.86 (m, 1 H) 2.78 (d,
J=4.89 Hz, 3 H) 2.25 - 2.35 (m, ] H)z 18-2.25 (m, | H) 2.14 (4, J=9.78 Hz, 2 H) 2.04 (br. 5.,
2 H) 1 77(br s., 3 H) ppm.

EXAMPLE 196
!\i\ A /N
HN)\N/ N F
- O
)
)
HO\/[N
H
306

((2R)-4-{6~((9-Cyclopentyl-8-fluoro-9H-pyridof4',3':4 5]pyrroi0[2,3-d]pynnudm—2—
yl}amino)-3-pyridinyl)-2-piperazinyl)metharol

TBDOMS-CI

[ ]/\OH ——— [ j”\omoms

3{}7 308

(R)-+-Butyl 2-((z-butyldimethylsilyloxy)methylpiperazine-1-carboxylate( 308):
(R)~t-Butyl 2-(hydroxymethyl)piperazine-1-carboxylate (1.15 g, 5.32 mmol), +-
butylchlorodimethylsilane (0.882 g, 5.85 mmol}, and imidazole (0.796 g, 11.7 mmol) were
stirred in dichloromethane {3 mL) for three days. The solution was added to agqueous K;CO;
(30 mL) and extracted with dichloromethane (3X 30 mL). The combined organics were dried
(MgS04) and evaporated to give a yellow oil. Silica gel chromatography (gradient elution
hexanes/0-50% ethyl acetate) afforded compound 308 as a colorless 0il(1.06 g, 60%).
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Boc Ci Xantphos NT ]
(N]/\OTBDMS , NS Pdy(dba)s N
N 4 1-BUONa
H Br TBDMSO\/[ j
Boc

308 309

(R)-~-butyl 2-((-butyldimethylsilylexy)methyl)-4-(6-chioropyridin-3-ypiperazine-1-
carbexylate (309): Compound 308 (361 mg, 1091 umol), 5-bromo-2-chioropyridine (200 mg,
1039 pmol), Tris{dibenzylideneacetone)dipalladium (0) (71.4 mg, 77.9 pmol}, 4,5-
bis(diphenylphosphino)-9,9-dimethyl-9H-xanthene (90.2 mg, 156 pmol}, and sodium -
butoxide (200 mg, 2079 umol) were taken up in toluene (5 mL). The reaction was purged with
argon and heated at 80°C for 5 hours. The resulting solution was added to agueous K,COs
{(10%, 30 mL) and extracted with dichloromethane+10% methanol (3X 30 mL). The combined
organics were dried (MgSOs) and evaporated to give an orange tar. Silica gel chromatography
{gradient etution hexanes/0-20% ethy! acetate) afforded compound 309 as a pale yellow oil
(219 mg, 48%).

—

N7 RN

H /JLN/ N E
Xantphos N
)\\ ¥ _ Pdg(dba)y N
S
E-BUONa
O TBOMSO N

éOC
245 309 310

N

tert-Buty! (2R)-2-{{(tert-butyl(dimethylsilyl)oxy)methyi)-4-(6-((5-cyclopentyl-8-fluore-
9H-pyrido[4',3':4,5]pyrrole[2,3-d] pyrimidin-2-y)amino)-3-pyridinyl)}-1-
piperazinecarboxylate (310): A 10 mL reaction vessel was charged with compound 245 (83 0
mg, 306 pmol), compound 309 (135 mg, 306 pmol), tris(dibenzylideneacetone)dipalladium (0)
(21.0 mg, 22.9 pmol), 4,5-bis(diphenylphosphino)-9,9-dimethyl-9H-xanthene (26.6 mg, 45.9
umol), sodium t-butoxide (58.8 mg, 612 pmol), and dioxane (2.5 mL). The reaction was
purged with argon and heated with microwave energy (300W) for 2 hours at 120°C. The
resulting solution was added to aqueous K2COs (30 mL) and extracted with
dichloromethane+10% methanol (3X 30 ml). The combined organics were dried (MgSQO,) and
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evaporated to give a yellow oil. Silica gel chromatography (gradient elution hexanes/20-100%
ethyl acetate) afforded compound 318 as a colorless oil (142 mg, 69%).

=\, -
fpas SR
o
W NS TN F N F
TFA HiN N
T S .
N N
TBDMSO\/[ ] \_): j
N | HO ﬁ

Boc
310 306

((2R)-4-(6-((9-Cyclopentyl-8-fluoro-9H-pyrido[4',3':4,5]pyrrole{2,3-d] pyrimidin-2-
yhamino)-3-pyridinyl)-2-piperazinylymethanol (306): Compound 310 (140 mg, 207 umol}
was dissolved in dichloromethane (6 mL). ). Trifluoroacetic acid (2.00 mL, 2.60 mmol) and 3
drops water were added and the reaction was stirred at room temperature for 3 days. The
resulting solution was added dropwise with stirring to aq. KoCO; (10%, 30 mL), which was
then extracted with dichloromethane+10% methanol (3X 30 mL). The combined drganics were
dried (MgS0,) and evaporated to give a yellow oil. Silica gel chromatography (gradient elution
ethyl acetate+2.5% TEA/0-100% ethyl acetate+10% 2M NHj; in methanol) afforded the
product as a yellow solid. This residue was taken up in dichloromethane (3 mL) and
trifluoroacetic acid (1 3.3 ul, 2.0 equiv.) was added. The solvent was removed in vacuo to give
compound 306 as a vellow solid (54 mg). 'H NMR (500 MHz, DMS0-dg) 5 9.40 (s, 1 H) 9.03 -
9.22 (m, 1 H) 8.65 - 8.82 {m, 1 H) 8.10 (d, /=2.93 Hz, 4 H) 7.64 - 7.78 (m, 1 H) 5.38 - 5.58 (m,
1 H)3.70 - 3.87 (m, 3 H) 3.61 - 3.69 (m, | H) 3.58 (s, 1 H) 3.41 (none, 2 H) 3.15-3.29(m, 1
H) 3.67 - 3.15 (m, 0 H) 2.96 - 3.07 (m, 1 H) 2.83 - 2.94 (m, 1 H) 2.26 - 2.37 (m, 2 H) 2.08 -
2.18 (m, 2 H) 1.97 - 2.08 (m, 2 H) 1.69 - 1.84 (m, 2 H) 1.14 - 1.22 (m, 1 H) ppm.
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EXAMPLE 197
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311
((2R)-4-(6-((9-Cyclopentyl-9H-pyrido[4',3":4,5}pyrrolo[2,3-d|pyrimidin-2-yhamine)-3-
pyridinyl)-2-piperazinyl)methanol

N

Compound 311 was prepared using the methods described in Example 196
'H NMR (500 MHz, DMSO-ds) 8 9.50 - 9.57 (m, 1 H) 9.26 - 9.34 (m, 1 H) 9.04 - 9.15 (m, 1
H) 8.66 - 8.77 (m, 1 H) 8.60 - 8.66 (m, | H) 8.45 - 8.54 {m,1 H)8.09-8.19 (m,3 H) 7.57 -
7.67 (m, 1 H) 5.31 - 5.42 (m, 1 H) 3.70 - 3.8 (m, 4 H) 3.60 - 3.70 (m, 1 H) 3.16 - 3.28 (m, 1
H) 2.96 - 3.07 (m, 1 H) 2.84 - 2.94 (m, 2 H) 2.01 - 2.19 (m, 6 H) 1.69 - 1.84 (m, 3 H) 1.10
(none, 1 H) ppm.

EXAMPLE 198
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312
. ((25)-4-(6-((9-cyciopentyl—9H-pyrido[4‘,3':4,51pyrrolo{Z,B-d}pyrimidin-Z-yl)amino)~3~
pyridiny!)-2-piperazinylymethanol

N

Compound 312 was prepared using the methods described in Example 196. "H NMR (500
MHz, DMSO-d¢) 59.54 (s, 1 H}9.32 (s, 1 HY 9.10 - 9.20 (m, 1 H) 8.69 - 8.80 (m, 1 H) 8.65 (d,
J=6.11 Hz, 1 H) 8.48 - 8.55 (m, 1 H) 8.15 (3, /=2.93 Hz, 2 H) 7.59 - 7.67 (m, 1 H) 5.32 - 5.43
{m, 1 H) 3.70 - 3.88 (m, 3 H) 3.60 - 3.69 (m, 1 H) 3.39 (d, 2 H) 3.16 - 3.29 (m, 1 H) 3.07 - 3.16
(m, 1 H) 2.97 - 3.07 (m, 1 H) 2.84 - 2.93 (m, 1 H) 2.38 - 2.48 (m, 2 H) 2.02 - 2.18 (m, 4 H)
1.70-1.83 (m, 2 H) 1.19 {5, 1 H) 1.10(s, 1 H) ppm.
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EXAMPLE 199

T——r

N \/N

r
HN*N/ N F
g O
W
N
e
H

((2S)-4-(6-((9—cyclopentyl—8—f!unro—9H-;;3ido{4‘,3':4,S]pyrrelo{2,3-d]pyrimidin-z-»
yl)amino)-3-pyridinyl)-2-piperazinyl)methanol
Compound 313 was prepared using the methods described in Example 196.
1H NMR (500 MHz, DMSQ-dg) 5 10.39 (none, 1 H) 9.40 (s, 1 H) 9.03 - 9.17 (m, 1 H) 8.60 -
8.80 (m, | H)8.10 (d, /=2.45Hz, 4 H) 7.62 - 7.77 (;n, 1 H) 5.41 - 5.55 (m, 1 H} 3.68 - 3.86 (m,
3H)3.57-3.68 (m, 1 H)3.35-3.42 (m, 2 H) 3.17-3.28 (m, 1 H) 2.97 - 3.06 (m, 1 H) 2.84 -
293 (m, 1 H)2.26-2.40 (m,2 H) 2.08-2.18 (m, 2 H) 1.97 - 2.08 (m, 2 H) 1.69 - 1.82 {m, 2
H) ppm.
EXAMPLE 200

TN
NS
Q/Q
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v {j
Q

N

(J

N
H
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8-Cyclopentyl-N-(5-(1 -pipernzinyi)—2-pyridinyl)-QH-pyrimidu[5',4' :4,5]pyrrolo[2,3-

clpyridazin-7-amine

eyclopentylamine (1.2 eq.) SN
~ EisN (1.2 eq.) i-PrOH )N‘:\/L
jz'\’l refiux, 48 h HoN™ N7 NH
H.N” N Cl
315
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N4-Cyclopentyl-2,4-pyrimidinediamine (315): A mixture of 2-amino-4-chloropyrimidine
(22.8 g, 176 mmol), cyclopentylamine (20.9 mL, 211 mmol) and triethylamine (29.4 mL, 211
mmol) in EtOH (200 mL) was heated at reflux (105 °C, oil bath) for 48 h. Upon workup, the
volatile was removed in vacuo. The residue was poured into ice and saturated Na;COj aqueous
solution and extracted with ethy! acetate (3 X). The combined organics were washed with
saturated Na,CO; aqueous solution (1 X), dried over Na;80., and concentrated in vacuo to
give N4-cyclopentylpyrimidine-2,4-diamine (315) (26.5 g} as a light yellow solid of 92%
purity. This batch of material was taken onto the next step without further purification. LCMS-
ESI(POS), M/Z, M+1: Found 179.1, Calculated 179.1.

)N;:j\ NIS/DMF /N,(jl

t2n HaN7 N” NH

>73%y.
(2 steps)

. 315 243 _ ,
N4-Cyclopentyl-5-iodo-2,4-pyrimidinediamine (243): To a stirred solution of compound 315
(25.5 g, 143 mmol) ixi DMF (120 mL) was added N-iodosuccinimide (32 g, 143 mmol) in two
pottions at rt. The resulting mixture was stirred at rt for 2 h. Upon workup, the mixture was
poured into ice and saturated Na,CO; aqueous solution with some sodium sulfite and extracted
with ethyl acetate (2X). The combined organics were washed with saturated Na;COs aqueous
solution {3X), dried over Na,SOs, and concentrated in vacuo. The residue was subjected to
combi-flash column chromatography (methanol/DCM) to give compound 243 (39 g, 73% yield
in 2 steps). 'H NMR (500 MHz, DMSO-dg) 8 ppm 7.89 (1 H, 5), 6.18 (2 H, 5), 5.63 (1 H, 4,
7=7.6 Hz), 4.30 (1 H, sxt, J=7.4 Hz), 1.84 - 1.96 2 H, m), 1.61 - 1.74 (2 H, m), 1.42 - 1.58 (4
H, m). LCMS-ESI (POS), M/Z, M+1: Found 305.0.

_ MeO /N"N
! Meoﬂoe\ne i
NI/I NN NS oM
A 2 pp
HpN™ NTNH TMP HoN7 N7 NH
BuLi/THE 2
ZFIC|2
PA(PPhs)
0%y
243 316

N4-Cyclopentyl-5-(3,6-dimethoxy-4-pyridazinyl)-2,4-pyrimidinediamine (316):
A solution of butyllithium (2.5m solution in hexanes) (7.5 mL, 19 mmol)} was added to cold
(acetonitrile-dry ice bath, -34 °C internal), stirred 2,2.6,6-tetramethylpiperidine (3.4 mL, 20

mmol). The resulting mixture was allowed to stand at 0 °C (ice-HO bath) for 30 min. The ice-
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H,0 was then replaced with dry ice-2-propanol bath and the mixture was cooled to -0 °C. THF
(24 mL) was added. A pre-cooled (ice-HO bath) solution of 3,6-dimethoxypyridazine (2.40 g,
17 mmol) in THF (40 mL) was added through a cannula over a period of 30 min. The internal
temperature was observed fluctuating between -72 °C and -55 °C. The resulting mixture was
stirred at -70 °C for 1.5 h. A solution of zinc(Il} chloride (0.5 M in THF) (34 mL, 17 mmol}
was added through a syringe over a period of 15 min. The internal temperature fluctuated
between -73 °C and -64 °C. The cold bath was removed and the resulting mixture was allowed
to warm up fo 1t (20.5 °C). A éoiution of compound 243 (1.7 g, 5.7 mmol) and
tetrakis(triphenylphosphine)palladium (0.33 g, 0.29 mmol) in THF (20 mL) was added and the
resulting mixture was heated at reflux for 18 h. Upon workup, the crude mixture was cooled in
an ice-H,0 before poured into ice and saturated NH4Cl aqueous solution and extracted with
ethyl acetate (2 X). The combined organics were combined, dried over Na;SQj, and
concentrated in vacuo. The residue was subjected to combi-flash column chromatography

- (methanol/DCM with Et;N) to give pure compound 316 (1.2 g, 66% yield) as an off-white
solid. 'H NMR (400 MHz, DMSO-dg) 8 ppm 7.53 (1 H, 5), 7.01 (1 H, 5), 6.18 - 6.38 (3 H, m),
435-451(1H,m, J=7.3,7.3,7.3,7.3,70H2),395(3 H,s), 3.91 3H,9), 1.77- 1.90 (2 H,
m), 1.55 ~ 1.69 (2 H, m), 1.35 - 1.55 (4 H, m). LCMS-ESI (POS), M/Z, M+1: Found 317.2.

MeO.__N. OMe
Y
|
N X Nope  NaHITHF
|
HZN)\N/ NH ~50%y.
316 317

9-Cyclopentyl-3-methoxy-9H-pyrimido|5',4":4,5]pyrrolo{2,3-c]pyridazin-7-amine (317):
To a 35 mL microwave reaction vessel were placed with compound 316 (200 mg, 0.63 mmol)
followed by THF and sodium hydride, (60% in mineral oil, 0.063 g, 1.6 mmol). The resulting
mixture was stirred at room temperature for 10 min fo allow gas release. Then the vessel was
subjected to microwave reaction condition (60 min at 150 °C). The crude mixture was
subjected to combi-flash column chromatography (methancl/DCM) to give compound 317
(0.17 g) as a light yellow solid (contaminated with mineral oil). 'H NMR (500 MHz, DMSO-
dg) & ppm 8.97 (1 H, ), 7.57 (1 H, 5), 7.28 (2 H, 5), 5.28 (1 H, quin, J=8.7 Hz}, 402 3 L, s},
2.38-2.46 (2H, m), 1.89 - 2.10 (4 H, m), 1.62 - 1.78 (2 H, m). LCMS-ESI (POS), M/Z, M+1:
Found 285.1, ‘
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317 318

7-Amino-9-cyclopentyl-9H-pyrimido[5',4':4,5]pyrrolo|2,3-cjpyridazin-3-yl
&iﬂucromethanesulfonate (318): A mixture of compound 317 (0.17 g, 0.60 mmol) and
pyridine hydrochloride (0.69 g, 6.0 mmol) was heated at 200 °C (oil bath) overnight. After
cooling to room temperature, the mixture was dissolved in THF (6 mL). Triethylamine (1.3
mL, 9.0 mmol) (2.0 mL), N,N-dimethylpyridin-4-amine (0.0073 g, 0.060 rhmol) (catalytic
amount), and N-phenyltrifluoromethanesulfonimide (0.54 g, 1.5 mmol) were added at room
temperature. The resulting mixture was sonicated for 10 min and stirred for 2 h. Upon workup,
the mixture was subjected to combi-flash column chromatography (ethyl acetate/Hexanes) to
give compound 318 (0.15 g, 62% yield) as an off-white solid. LCMS-ESI (POS), M/Z, M+1:
Found 403.0. '

Pd{QAGC),
OTf DPPF
=\ HCO,H/EL:N N
N | DMF N
:ﬁ\ ) N\ M /“\ P N N
HN" NT N 65°C,1.5h HaN™ N
80% v.

318 319

9-Cyclopentyl-9H-pyrimido|5',4':4,5]pyrrolo[2,3-c]pyridazin-7-amine (319): In a 25 mL
single-necked round bottom flask were placed compound 318 (94 mg, 234 pmol), palladium
diacetate (21 mg, 93 umol), and 1,1-bis(diphenylphosphino)ferrocene (130 mg, 234 pmol).
The flask was subjected to 3 cycles of evacuation and back-filling with No. DMF (3 mL) was
adéied under N; followed by triethylamine (715 pl, 5140 umol) and formic acid, 98 % (176 ul,
4,67 mmol). The resulting mixture was stirred in an oil bath at 65 °C for 1.5 h. The mixture
was poured into ice and saturated NaHCO; agueous solution and extracted with 10% i-
PrOH/DCM (2 X). The combined organics were dried over Na;S04 and concentrated in vacuo.
The residue was subjected to combi-flash column chromatography (methanol/DCM with Et;N)
to give compound 319 (48 mg, 80% yield} as an reddish solid. 'H NMR (400 MHz, DMSO-dy)
8 ppm 9.08 (1 H,s), 9.0t (1 H, d, J=5.1 Hz), 8.07 (1 H,d, J=5.1 Hz), 7.28 (2 H, 5), 542 (1 H,
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quin, J=8.6 Hz), 2.40 - 2.49 (2 H, m), 1.92 - 2.14 (4 H, m}, 1.63 - 1.80 (2 H, m), LCMS-ESI
(POS), M/Z, M+1: Found 255.1.

NS
= a N
HN N

N 5 TFA N
NN DCM
A A N?
HNT N TN Pd,(dba)y/XantPhos  90% y. <
t-BuONa (2 steps)
1,4-dioxane N
110°C, 1.5 1 [ ]
N
H
319 314

9-Cyclopentyl-N-(5-(1-piperazinyl)}-2-pyridinyl)-9H-pyrimide[5'4":4,5]pyrrolo[2,3-
c}pyridazin-7-amine (314): In a 10 mL microwave reaction vessel were placed compound §
(42 mg, 142 pmol), tos(dibenzylideneacetone)dipalladium (o) (13 mg, 14 umol), 9,9-dimethyl-
4,5-bis(diphenylphosphino)xanthene (20 mg, 35 pmol), and sodium tert-butoxide (41 mg, 425
pmol) followed by a solution of compound 319 (36 mg, 142 pmol} in 1,4-dioxane (3 mL). The
vessel was purged with Ny for 3 min, then capped and sujected to microwave condition (1.5 h
at 110 °C). After the volatiles were removed, the residue was subjected to combi-flash column
chromatography (methanol/DCM. A solution of the intermediate in DCM (15 mL) was treated
with trifluoroacetic acid (0.70 mL, 9.4 mmol) at room temperature for 1.5 h. Afiter the volatiles
were removed, the residue was subjected to preparative reverse phase HPLC (acetonitrile/H>0
containing 0.1% TFA each, 40 min from 10 to 40%). Lyophilization provided compound 314
(56 mg, bis-TFA salt) as a yellow solid. 'H NMR (400 MHz, methanol) 8 ppm 9.47 (1 H, s),
923 (1 H,d, J=5.5Hz), 849 (1 H, d, J=5.5 H2), 7.99 - 8.11 (2 H, m), 7.75 (1H,d, =94 Hz),
5.68 (1 H, quin, J=8.5 Hz), 3.49 - 3.58 (4 H, m), 3.41 - 3.49 (4 H, m), 2.50 - 2.71 2 H, m},
2,12 -2.29 (4 H, m), 1.76 - 1.94 (2 H, m). LCMS-ESI (POS), M/Z, M+1: Found 416.2.
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EXAMPLE 201

N
N i
pas
7N

O

328
9~cyc§opentyl-N-(5—(4-(I-pyrroiidinyl)-1-piperidinyi)-z-pyridinyi)-9ﬁ-
pyrimido{S',4‘:4,5]pyrrolo{l,ﬁi—c}pyridazin-'f—amine

Compound 328 was prepared as a TFA salt using chemistry similar to that described in
example 200. 'H NMR (400 MHz, CD;0D) 8 ppm 9.46 (1 H, s), 9.22 (1 H, d, J=5.1 Hz), 8.45
(1 H, d, =5.5 Hz), 8.07 (1 H, dd, J=9.6, 2.9 Hz), .00 (1 H, 4, J=2.7Hz), 7.67 (1 H,d, I=9.8
Hz), 5.69 (1 H, ad, J=8.5, 8.2 Hz), 3.92 (2 H, d, J=12.9 Hz}, 3.66-3.76 (2H,m), 3.36-3.38(1
H,m), 3.2} (2 H,d,J=11.0Hz), 293 2 H, @, J=12.5, 2.0 Hz), 2.54-2.68 (2H, m), 233 (2 H,
4, J=13.3 Hz), 2.13 - 2.27 (6 H, m), 1.96 - 2.10 2 H, m), 1.79 - 1.95 {4 H, m). LCMS-ESI
(POS), M/Z, M+1: Found 484.2.

EXAMPLE 202

NS N
HN/”\N/ N
570
N

N
®

321
9-cyclopentylv3-meth9xy-N-(5-(l—piperazinyl)-z-ﬁyrid'myl)-9H-
pyrimide[5',4':4,5]pyrrelo{2,3-¢] pyridazin-7-amine
Compound 321 was prepared as a TFA salt from 317 using chemistry similar to that described
in exampte 1. 'H NMR (400 MHz, CD;0D) 8 ppm 9.22 (1 H, 5), 8.02 (1 H, d, 1=2.7 Hz), 7.95
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(1 H, dd, J=9.6, 2.3 Hz), 7.71 {1 H, s}, 7.61 - 7.68 (3 H, m), 5.50 (1 H, quin, J=8.6 Hz}, 4.15 (3
H,s),345-3.54(4H,m),3.37-3.45(@ H,m),2.48-2.66 2 H, m), 2.04-2.22 (4 H, m), 1.73
- 1.89 (2 H, m). LCMS-ESI(POS), M/Z, M~+1: Found 446.0.

EXAMPLE 283

322
3-chloro-9-cyclopentyl-9H-pyrimido(5',4":4,5]pyrrolo[2,3-c]pyridazin-7-amine
Cin N.

i o~ e N
=% N4 1
jfj: N-N NS R g
” P
HaNT NT e VP HN” N7 “NH
BuL¥THF 2
ZnCl;
Pd(PPha)s
0% v.
243 323

N4-Cyclopentyl-5-(3,6-dichloro-4-pyridazinyi)-2,4-pyrimidinediamine (323}
Compound 323 was prepared from compound 243 and 3,6-dichloropyridazine using chemistry
similar to that described in example 200. LCMS-ESI(POS), M/Z, M+1: Found 325.0.

~ N NaHCO;
HNT NT T NH 125°C HZNJ\ ”
323 322

3-Chloro-9-cyciopentyl-9H-pyrimido[5',4":4,5] pyrrolof2,3-c]pyridazin-7-amine (322 A
mixture of crude _N4-cyciopentyl-5-(3,6-dich10r0pyn'dazin-4-yl)pyﬁmidine—Z,ét--diamine (323)
(0.27 g, 0.83 mmol) and sodium bicarbonate (0.065 mL, 1.7 mmol} in DMSO (10 mL) was
“heated in an oil bath at 110 °C for 11 h. Then the temperature was raised to 125 °C and stirred
at this temperature for 200 min at which time LC-MS showed completion. Upon workup, the
mixture was poured into ice and saturated NH4Cl agueous solution and extracted with ethyl
acetate (3 X). The combined organics were washed with saturated NH,4Cl aqueous solution (1

X), dried over Na,SOs, and concentrated in vacuo. The residue was subjected to combi-flash
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column chromatography (methanol/DCM). The impure product thus obtained was subjected to
subjected to preparative reverse phase HPLC (acetonitrile/H,O containing 0.1% TFA each).
After lyophilization, 15 mg of compound 322 was obtained as a TFA salt as an off-white solid.
"H NMR (400 MHz, CD;0D) 3 ppmn 9.06 {1 H, 5), 8.21 (1 H, s), 5.50 (1 H, quin, J=8.6 Hz),
243-260(2H, m),1.99-2.25(4 H,m), 1.71 - 1.89 (2 H, m). LCMS-ESI (FOS), M/Z, M+1:
Found 289.1.

EXAMPLE 204

s
HNJ\ e Y|

N

g
<
N

»

: 324
9-(4,4-dimethylcyclohexyl)-N-(5-(1-piperazinyl)-2-pyridinyl}-9H-

=z

pyride[4',3":4,5]pyrrole[2,3-d) pyrimidin-2-amine

Ny
|
=
w, A
j‘,\/\l ACOH HNT N7 NH
E
HoN™ N™ TGl Hunig base  35%y.
+PrOH {2 steps) :
reflux, 28 h

326
Md-(4,4-dimethylcyciohexyl)-5-iodo-2 4-pyrimidinediamine (326): Compound 326 was
prepared as an off-white solid using chemistry similar to that described in example 200. 'H
NMR (400 MHz, DMSO-ds) 6 ppm 7.88 (1 H, s), 6.13 (2 H, 5), 5.66 {1 H, d, }=8.6 Hz), 3.78 -
395(1H,m),1.49-1.66(4H, m), 1.30-141 (2H, m), 1.15-128(2H, m),0.94 3 H, 5),
0.91 (3 H, s). LCMS-ESI (POS), M/Z, M+1: Found 347.0.
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F .
|
X “ N
! (HO),B i
N SN
I N
LK, e A
HN N N7 N N
Pd{PPhz},Cls
Na,C0a (8q, 2 ')}
1.4-dioxane
85°C.4h
25%y.
326 3z7

N4-{4,4-Dimethylcyclobexyl)-5-(3-fluoro-4-pyridinyl)-2,4-pyrimidinediamine (327):
To a 50 mL single-necked round bottom flask were placed compound 236 (0.80 g, 2.3 mmol),
3-fluoropyridin-4-ylboronic acid (0.98 g, 6.9 mmol), trans-dichlorobis(triphenyl-
phosphine)paliadium (I1i) (0.16 g, 0.23 mmol}, 1,4-dioxane (16 mL), and sodium carbonate, 2
N aqueous solution (3.5 mL, 6.9 mmol). The flask was purged with N, for 10 min. The
resulting mixture was heated in an oil bath at 80 °C for 50 h. Upon workup, the mixture was
poured into saturated Na,COs aqueous solution and extracted with ethyl acetate (2 X). The
combined organics were dried over Na;SQs and concentrated in vacuo. The residue was
subjected to combi-flash column chromatography (methanol/DCM) to give compound 327
(0.18 g, 25% yield) as a light yellow solid. ' NMR (500 MHz, CDCl;) 8 ppm 8.56 (1 H, d,
J=1.7 Hz), 8.48 (1 H, dd, J=4.9, 1.0 Hz), 7.78 {1 H, 8), 7.27 - 7.30 (1 H, m}, 4.89 (2 H, s), 443
(1 H, d,J=7.6 Hz), 3.88 - 4.01 (1 H, m), 1.79 - 1.88 2 H, m), 1.26 - 143 (G H, m), 094 (3 H,
g), 0.91 (3 H, 5). LCMS-ESI{POS), M/Z, M+1: Found 316.1.

F

“ "N =
| N
NS R NaH/DMF /N'k NS
H N’JE‘N/ H N7 N7 TN
2 N 80°C, 1.5h
B83%y.
327 318 G

(4,4-Dimethyleyclobexyl)-9H-pyrido{4',3':4,5] pyrrolo[2,3-d]pyrimidin-2-amine (328): To
a stirred solution of compound 327 (0.18 g, 0.57 mmol) in DMF (10 mL) was added sodium
hydride, (60% in mineral oil, 0.11 g, 2.3 mmol). The resulting mixture was stirred at 80 °C for
1.5 h. Upon workup, the crude mixture was poured into ice and saturated NaHCO; aqueous
solution and extracted with ethyl acetate (2 X) followed by 10% i-PrOH/DCM (2 X). The
combined organics were dried over Na;SO, and concentrated in vacuo. The residue was

subjected to combi-flash column chromatography {methanol/DCM with Ei;N) to give
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compound 328 (0.14 g, 83% yield) as a light yellow solid. 'H NMR (500 MHz, DMSO-ds)
ppm 9.04 (1 H, 5), 8.92 (1 H, 5), 8.35 (1 H, d, J=4.9 Hz), 7.92 (1 H, dd, J=5.1, 1.0 Hz), 6.94 (2
H, ), 4.66 - 4.76 (1 H, m, J=12.6, 12.6, 4.1, 3.9 Hz), 2.52 - 2.63 (2 H, m), 1.52 - 1.66 (4 H, m),
1.39-1.50 (2 H, m), 1.16 (3 H, 5), 1.01 (3 H, 5). LCMS-ESI (POS), M/Z, M+1: Found 296.0.

- el
oy /N 5 TFA ,J\ N

Ni DeM HN™ N
H )\ FN <
N° N Pdy(dba)s N7
) XantPhos 2.
+-BuONa
1 4-dioxane N
reflux, 15 h [ ]
N
H
328 ’ 324

9-(4,4-c!imethylcyclohexyl)-N—(S-(l-piperazinyi}-2-pyridinyl)-9H-pyrido[4*,3':4,5}-
pyrroto{2,3-d]pyrimidin-2-amine (324): Compound 324 was prepared as a };eliow solid
(TFA salt) from compound 328 and compound 5 using chemistry similar to that described in
example 200. "H NMR (400 MHz, DMSO-dg) 8 ppm 10.35(1 H, s}, 9.52 (1 H, s), 93501 H,
5), 8.62 (1 H, d, ]=5.9 Hz), 8.49 (1 H, d, J=5.9 Hz), 8.15 (1 H, d, J=2.9 Hz), 8.04 (1 H, 4, ]=9.0
Hz), 7.51 (1 H, 44, J=9.0, 2.9 Hz), 4.66 - 4.79 (1 H, m), 3.34-3.43 (4 H, m), 3.30 (4 H, br. 5.),
2.62-2.77(2H,m), 1.73 (2 H,d,J=11.3 Hz), 1.46 - 1.63 (4 H, m),‘l.il (3H,s),1.02(3H,s).
LCMS-ESI (POS), M/Z, M+1: Found 457.1.

EXAMPLE 205
2\§ = /N
HN)\N/ N
“
Na
N
NMe,
329

N-(é—(dn(dimethylamino)—l-piperidinyl)—3-pyridiuyl)-Q-(4,4-»dimethyﬁcyclohexyl)-9ﬂ-
pyrido[4',3":4,5}pyrrolo|2,3-d]pyrimidin-2-amine
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Compound 329 was prepared as a yellow solid (TFA sait} from compound 328 and compound
91 using chemistry similar to that described in example 56. "H NMR (500 MHz, DMSO-dg) 8
ppm 9.46 - 9.58 (2 H, m), 9.36 (1 H, br. s.), 8.61 (1 H, d, }=6.1 Hz), 8.44 - 8.56 (2 H, m), 7.88
(1 H, dd, J=9.0, 2.7 Hz), 6.95 (1 H, d, J=9.3 Hz), 4.67 (1 H, br. 5.}, 4.42 2 H, d, 1=13.4 Hz),
3.35 - 3.45 (1 H, m, J=12.0, 12.0, 4.0, 4.0, 3.8 Hz), 2.72 - 2.85 (§ H, m), 2.58 - 2.70 (2 H, m),
2.07 (2 H, d, J=10.5 Hz), 1.69 (2 H, d, J=10.5 Hz), 1.43 - 1.63 (6 H, m), 0.99 (6 H, 5). LCMS-
ESI (POS), M/Z, M+1: Found 499.3.

EXAMPLE 206

N’TQN
/"\ Py ]

HN™ N
o

N
Q

N

o

N

J
330

9-(4,4-dimethylcyclohexyD-N-(5-(4-(1 -pyrrolidinyl)-1-piperidinyl)-2-pyridiny])-9H-

pyriﬁo{4',3':4,5]pyrralo{2,3-d}pyrim,idin—2~amine
Compound 330 was prepared as yellow solid (TFA salt) from compound 328 using chemistry
similar to that described in example 53. 'H NMR (500 MHz, CD;0D) & ppm 9.58 (1 H, 5),
9.31 (1 H, s), 8.54 - 8.65 (2 H, m), 8.03 (1 H, d, J=2.9 Hz), 7.99 (1 H, d, J=73H2),7.77(1 H,
d, }=9.0 Hz), 4.89 - 5.01 (1 H, m), 3.91 (2 H, d,J=12.7 H2), 3.71 2 H, br.s.),3.34-3.42(1 H,
m), 3.15 - 3.26 (2 H, m), 2.87 - 2.99 (2 H, m), 2.72 - 2.88 (2 H, m), 2.33 (2 H, d, J=12.0 Hz),
2.20 (2 H, br. s.), 2.05 (2 H, br. 5.), 1.77 - 1.94 (4 H, m), 1.54 - 1.73 (4 H,m), 1.24 (3H,s),
1.08 (3 H, ). LCMS-ESI (POS), M/Z, M+1: Found 525.3. '
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EXAMPLE 207

NS
i 5
HNTONT TN OMe

-

=z

R
N

.

331
9-(4 4-dimethylcyclohexyl)-8-methoxy-N-(5-(1-piperazinyl)-2-pyridiny)-2H-
pyride[4',3':4,5]pyrreio[2,3-d]pyrimidin-2-amine

OMe oM
5]
| Cin Ay o
N o = 1\3
p (HOY,B PN
HNT N” NH N
Pd(PPh,),Cly A
NayCOs (ag, 2 M) HN™ "N™ hH
14-dioxane
80°C, 18 h
80% v.
326 332

5-(3-Chloro-2-methoxy-4-pyridinyl)-N4-(4,4-dimethyicyclohexyl)-2,4-pyrimidinediamine
{332): To a 50 mL single-necked round bottom flask were placed compound 326 (0.80 g, 2.3
mmol), 3-chloro-2-methoxypyridin-4-ylberonic acid (1.3 g, 6.9 mmol), and trans-
dichlorobis(triphenyl-phosphine)palladinm (ii) (0.16 g, 0.23 mmol). The flask was subjected to
3 cycles of evacuation and back-filling with Ny. 1,4-Dioxane (12 mL) was added followed with
sodium carbonate (2 N agueous solution) (5.8 mL, 12 mmol). The resulting mixture was heated
in an oil bath at 80 °C for 18 h. Upon workup, the mixture was poured into ice and saturated
NaHCO; aqueous solution and extracted with ethyl acetate (3 X). The combined organics were
dried over Na;SO. and concentrated in vacuo. The residue was subjected to combi-flash
column chromatography (methanol/DCM) to give compound 332 (0.68 g, 81% yield) as a light
yellow solid. 'H NMR (500 MHz, DMSO-ds) 8 ppm 8.09 (1 H, d, J=5.1 Hz), 7.48 (1 H, 5),
6.92 (1 H,d, J=5.1 Hz), 6.13 (2 H, ), 5.79 (1 H, d, J=8.3 Hz), 3.91 - 4.02 (4 H, m), 1.26 - 1.63
(6 H,m), 1.13 - 1.25 (2 H, m), 0.88 (6 H, d, ]=9.8 Hz). LCMS-ESI (POS), M/Z, M+1: Found
362.0.
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OMe sz(dba);;
c . XantPhos -
iN t-BuONa X N
Y 1.4-dioxane N ./
NS P
| P HoiN N N OMe
HoN N NH 140°C, 31
microwave
0% v.
332 333

9-(4,4-Dimethylcyclohexyl)-8-methoxy-9H-pyrido[4',3":4,5]pyrrolo[2,3-d] pyrimidin-2- |
amine (333): To a 30 mL microwave reaction vessel were placed compound 332 (0.55 g, 1.5
mmol), tris(dibenzylideneacetone)dipalladium (0) (0.14 g, 0.15 mmol), 9,9-dimethyl-4,5-
bis(diphenylphosphino)xanthene (0.22 g, .38 mmol), and sodium fers-butoxide (0.37 g, 3.8
mmol) followed by 1,4-dioxane (15 mL). The vessel was purged with N, for 5 min, then
capped and subjected to microwave condition (3 h at 140 °C). After the volatiles were
removed, the crude mixture was taken up in 4% methanol/DCM and subjected to combi-flash
column chromatography (1% to 7%methanol in DCM) to give crude compound 333 as an off-
white solid (0.65 g). 'H NMR (500 MHz, DMSO-ds) & ppm 9.01 (1 H, s}, 7.92 (1 H, 4, }=5.1
Hz), 7.59 (1 H, d, J=4.9 Hz), 6.86 (2 H, br. 5.), 4.98 - 5.14 (1 H, m), 4.06 3 H, s), 1.53 (4 H,
br.s), 1.31 - 1.44 (2 H, m), 1.16 (3 H, 5), 1.00 (3 H, 5). LCMS-ESI (POS), M/Z, M+1: Found

326.1.
- L4

N

HaN" N Pd,{dba)s NZ |
XantPhos .
+-BuONa
1.4-dioxane N
reflux, 15 h [ j

N
H
333 ' 331

9-(4,4-Dimethylcyclohexyl)-8-methoxy-N-(5-(1-piperazinyl)-2-pyridinyl)-9H-
pyrido[d°,3':4,5|pyrrolof2,3-d]pyrimidin-2-amine (331): In a 25 mL round bottom flask
were placed compound 333 (130 mg, 399 pmol), compound 5 (119 mg, 399 yimol),
tris(dibenéyiideneacctone)dipailadiurﬁ {0) (36.6 mg, 39.9 ;.Lmol)', 9,9-dimethyl-4,5-
bis(diphenylphosphino)xanthene (57.8 mg, 99.9 umol}, and sodium terz-butoxide (115 mg,
1198 pmot). The flask was subjected to 3 cycles of evacuation and back-filling with Na. 1,4-
Dioxane (5 mL) was added and the resulting mixture was stirred at reflux for 14 h. After the
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volatiles were removed, the residue, which contained both Boc protected and deprotected
product, was subjected to combi-flash column chromatography (methanol/DCM) followed by
reverse phase preparative HPLC (acetonitrile/water containing 0.1% TFA each, 40 min from
10 to 60%). Fractions containing the desired product were lyophilized to provided compound
331 (16' mg) as a light yellow solid (TFA salt). "H NMR (400 MHz, DMSO-dg) & ppm 9.30 (1
H,s5), 8.70 (2 H,br.s.), 8.08 (1 H,d,J=2.7Hz), 7.96 - 8.06 (2 H,m), 7.75 (1 H, br. 5.), 5.10 -
531(1 4, m), 409 (3H,s),3.24-3.37(8H, m), 1.33-1.77(8 H, m}, .13 (3 H, br. 5.}, 1.02
(3 H, 5). LCMS-ESI (POS), M/Z, M+1: Found 487.1.

EXAMPLE 208

B Sas

/ OH
“’l
S
N

»

334
¢.(4,4-dimethyleyclohexyl)-2-((5-(1-piperazinyl)-2-pyridinyl)amino)-9H-
pyrido[4',3":4,5]pyrrolo{2,3-d] pyrimidin-8-ol

ma— purimady

N N N =N
PyrHCl
N~ | 17o°c 4h "i) %\
x
N

331 334
9-(4,4-dimethylcyclohexyl)-2-((5-(1-piperazinyl)-2-pyridinyl)amino}-9H-
pyrido[4',3':4,5]pyrrolo{2,3-d}pyrimidin-8-ol (334): A mixture of compound 331 (90 mg,
153 pmol) and pyridine hydrochloride (177 mg, 1.53 mmol} was heated at 170 °C {0il bath) for

N

Tz
IZ

4 h. After cooling to room temperature, the mixture was subjected to reverse phase preparative

HPLC (acetonitrile/water containing 0.1% TFA each, 40 min from 10 to 50%). Lyophilization
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provided compound 334 (150 mg) as a yellow solid (TFA salt). 'H NMR (400 MHz, DMSO-
de) 8 ppm 11.66 (1 H, br. 5.), 9.30 (1 H, 5), 8.80 (2 H, br. 5.}, 8.05 (1 H, d, }=2.7 Hz}, 7.92 Q
H, d, J=8.6 Hz), 7.75 (1 H, br. 5.), 7.28 (1 H,t, J=5.7 Hz), 7.06 (1 H, d, }=6.3 Hz), 3.33 - 3.43
(4 H, m),3.29(5H, d,J=1.6 Hz), 2.71 - 2.94 (2 H, m), 1.47 - 1.70 (4 H, m), 1.31 - 1.45 (2 H,
m), 1.16 (3 H, 5, 0.95 (3 H, s). LCMS-ESI (POS), M/Z, M+1: Found 473.2.

EXAMPLE 209

N™=" A
P

N

Q

x

N

O
, . 335 _ ,
9.(4,4-dimethyleyclohexyl-8-methoxy-N-(5-(4-(1-pyrrelidinyl)-1-piperidinyl)-2-
pyridinyl)-9H-pyride{4',3':4,5]pyrrolo[2,3-d|pyrimidin-2-aminc

Compound 335 was prepared from compound 333 using chemistry similar to that described in
example 56. 'H NMR (400 MHz, CD;0D) 8 ppm 9.33 (1 H, 5), 8.02 - 8.16 (2 H, m), 7.96 (1
H,d,J=2.7 Hz), 7.75 (1 H, d, J=5.1 Hz), 7.49 (0 H, br. 5.), 5.27 - 5.41 (1 H, m), 419 3 K, 9),
3.89 (2 H, d, J=12.9 Hz), 3.71 (2 H, br. 5.), 3.35-3.42 (1 H, m), 3.15- 326 2 H, m), 2.91 (2
H, td, J=12.5, 2.0 Hz), 2.33 (2 1, d, J=13.3 Hz), 2.13 - 2.25 (2 H, m), 1.97 - 2.09 (2 H, m}, 1.81
-1.94(2H, m), 1.60- 1.70 (2 H, m), 1.44 - 1.57 (2 H. m), 1.26 (3 H, 5), 1.05 (3 H, 5). LCMS-
ESI (POS), M/Z, M+1: Found 555.2.
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EXAMPLE 210

NI\ \f

o=

336
9-(4,4-dimethyicyclohexyl}-2-((5~(4-{1-pyrrolidiny!}-l-piperidinyl)-z—pyridinyl)anﬁno)-
¢H-pyrido[4',3":4,5]pyrrolof2,3-d]pyrimidin-8-ol
Compound 336 was prepared as a yellow solid (TFA salt) from compound 333 using chemistry

similar to that described in example 208. 'H NMR (400 MHz, CD;0D) & ppm 9.33 (1 H, 5},
8.10 (1 H, dd, J=9.6, 2.9 Hz), 7.93 (1 H, d, J=2.7 Hz), 7.54 (1 H, d, J=9.8 Hz), 7.35(1 H, d,
J=7.0 Hz), 7.15 (1 H, 4, J=6.7 Hz), 3.89 (2 H, d,J=12.9 Hz), 3.71 2 H, br. 5.}, 3.35 - 341(1 H,
m), 3.15-3.27 (2 H, m), 2.86 - 3.03 (4 H, m), 2.33 2 H, d, J=12.5 Hz), 2.20 (2 H, br. 5.), 1.96
-2.11 (2 H,m), 1.81 - 1.95 (2 H,m), 1.56 - 1.76 (4 H,m), 1.42 - L.55 2 H, m), 1.26 3 H, s},
1.03 (3 H, 5). LCMS-ESI (POS), M/Z, M+1: Found 541.3.

EXAMPLE 211

——

NTRYR 4
HN N N OH
N*:’
0| \\«:I
N
N

/N\

N

337
2—{(6—(4—(dimethylamino)—1-piperidinyl)—3-pyridazinyl)amino)—9-(4,4-dimethylcyciohexyl)-
9H-pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-8-ol
Compound 337 was prepared as a yellow solid (TFA salt) from compound 333 using chemistry
similar to that described in exampte 208. 'H NMR (500 MHz, DMSO-ds) & ppm 11.63 (1 H,
br. 5.), 9.49 (1 H, br. 5.), 9.29 (1 H, 5), 8.06 (1 H, d, J=9.8 Hz), 7.27 {1 H,t,J=59Hz), 7.03 (1
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H, d, J=6.1 Hz), 4.42 (2 H, d, J=13.2 Hz), 2.96 (2 H, t, J=12.6 Hz), 2.79 (9 H, d, J=5.1 Hz),
2.03-2.16 (2 H, m), 1.48 - 1.71 (6 H, m), 1.29 - 1.42 (2 H, m), 1.10 (3 H, br. 5.), 0.98 (3 H, 5).
LCMS-ESI (POS), M/Z, M+1: Found 516.3.

EXAMPLE 212

338
‘ 9-cyclopentyI-N-(S-{I-piperézinylmethyl)-l-pyridinyl)—gﬂ-pyride{4‘,3':4,5}pyn"elo[2,3—

djpyrimidin-2-amine

Ma N== N
N Cl \/N‘Boc i, 20h Q

82% y. N

339
tert-Butyl 4-((6-chloro-3-pyridinyl)methyl)-1-piperazinecarboxylate (339): To a stirred
suspension of 2-chloro-5-(chloromethyl)pyridine (2.0 g, 12 mmol) in acetonitrile (40 mL) was
added potassium carbonate (1.5 mL, 25 mmol) followed by tert-butyl 1-piperazinecarboxylate
(2.3 g, 12 mmol). The resulting mixture was stirred at room temperature for 20 h. Upon
workup, the mixture was poured into ice and 2 N NaOH aqueous solution and extracted with
ethyl acetate (2 X). The combined organics were dried over Na;SOq and concentrated in vacuo.
The residue was subjected to combi-flash column chromatography (methanol/DCM) te give
compound 339 (3.17 g, 82% yield) as a thick colorless liquid. 'H NMR 1H NMR (400 MHz,
CHLOROFORM-d) § ppm 8.32 (1 H, d, j=2.0 Hz), 7.66 (1 H, d, }=7.4 Hz), 7.30 (1 H, 4, J=8.2
Hz), 3.50 (2 H, 5), 3.37 - 3.47 (4 H, m), 2.38 (4 H, br. 5.}, 1.46 (9 H, 5). LCMS-ESI (POS),
M/Z, M+1: Found 312.1.

Q{yclopentyl-N-(S—(l-piperazinylmethyl)-2-pyridinyi)—9ﬂ-pyrido[4',3':4,5}»pyrrolo[2,3-
d]pyrimidin-2-amine (338): Compound 338 was prepared as an off-white solid (TFA salt)
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from compound 4 and compound 339 using chemistry similar to that described in example
200. "H NMR (500 MHz, CD;0D) & ppm 9.68 (1 1, s}, 9.35 (1 H, 5), 8.68 (2 H, q, J=6.3 Hz),
8.43 (1 H, d, J=1.5 Hz), 8.26 (1 H, dd, J=8.9, 2.1 Hz), 7.88 (1 H, ¢, J=8.8 Hz), 5.48 (1 H, quin,
J=8.7Hz), 3.78 (2 H,s),3.27-3.30 (4 H,m), 283 (4 H, br.5.), 2.48 - 2.59 (2 H, m), 2.15 -
231 (4 H, m), 1.83 - 1.97 (2 H, m). LCMS-ESI (POS), M/Z, M+1: Found 429.2.

EXAMPLE 213

"
L_NH
340 A
9-cyclopentyl-8-fluoro-N-(5-(1-piperazinylmethyl)-2-pyridinyl)-9H-
pyrido[4',3":4,5] pyrrole{2,3-d]pyrimidin-Z-amine
Compound 340 was prepared as an off-white solid (TFA salt) from compound 245 and
compound 339 using chemistry similar to that described in example 200. 'H NMR (500 MHz,
CD3;0D) 8 ppm 9.49 (1 H, 5), 8.40 (1 H, d, J=1.5 Hz), 8.30 (1 H, dd, J=8.9, 2.1 Hz), 8.10 - 8,17
(2 H, m), 7.63 (1 H, d, J=9.0 Hz), 5.66 (1 H, quin, J=0.0 Hz), 3.75 (2 H, 5), 3.26 - 3.30 (4 H,
m), 2.80 (4 H, br. 5.), 2.36 - 2.49 (2 H, m), 2.10 - 2.26 (4 H, m}, 1.79 - 1.92 2 H, m). LCMS-
EST (POS), M/Z, M+1: Found 447.3.

EXAMPLE 214

341
9-cyclopentyl-2-((5-(1-piperazinylmethyl)-Z-pyridinyl)amino}-9H-
pyrido[4',3":4,5]pyrrolo{2,3-d]pyrimidin-8-ol
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Compound 341 formed as a side product in example 213 and was isolated after reverse phase
HPLC as a light yellow solid (TFA salt). LCMS-ESI(POS), M/Z, M+1: Found 445.1.
EXAMPLE 215

——

)
HNJ\N/N
-y O
\I

L

OH
342
1-{(6-((9-cyclopentyl-9H-pyrido{4',3":4,5] pyrroio[2,3-d}pyrimidin-2-yl)aminc}-3-

pyridinyhmethyl)-4-piperidinol

N

i
N’1
n ' -
N'\ \/N
- vy O
o
H,NT N7 TN i

Pd{dba)s

o XantPhos

CSZCO;, U
1,4-dioxane

120°C, 15 h OH

4 342
1-{(6-{(9-cyclopentyl S H-pyrido[4',3":4,5]pyrrolof2,3-d]pyrimidin-2-yhamino)-3-
pyridinylymethyl)-4-piperidinol (342): Ina 10 mL microwave reaction vessel were placed
compound 4 (40 mg, 158 pmol), 1-(6-chloro-pyridin-3-yimethyl)piperidin-4-ol (36 mg, 158
pmol), tris(dibenzylideneacetone)dipalladium (o) (7.2 mg, 7.9 pmol}, 9,9-dimethyl-4,5-
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bis(diphenylphosphino)xanthene (11 mg, 20 pmol), and cesium carbonate (25 ul, 316 pmol)
followed by 1,4-dioxane (3 mL}). The vessel was purged with N; for 5 min, then capped and
subjected to microwave condition (1.5 h at 120 °C). After the volatiles were removed, the
residue was purified by combi-flash column chromatography followed by reverse phase
preparative HPLC (acetonitrile/H,0 containing 0.1% TFA each, 40 min from 10 to 40%).
Lyophilization provided compound 342 (10 mg) as an off-white solid (TFA salt). 'H NMR
(500 MHz, DMSO-d5) & ppm 10.00 (1 H, s), 9.32 (1 H, 5), 9.03 (1 H, s}, 8.46 (1 H, 4, J=5.1
Hz),832(1 H,d,J=8.3 Hz),8.19 (1 H,d, }=1.7Hz), 8.04 - 8.10 (1 H, m), 7.72 (1 H, dd,
7=8.6, 2.0 Hz), 5.39 (1 H, quin, J=8.8 Hz), 4.54 (1 H, d, J=3.9 Hz),3.43 (3 H, 5),2.64 - 2.72 (2
H, m), 2.37 - 2.45 (2 H, m), 2.00 - 2.17 (6 H, m), 1.65 - 1.84 (4 H, m), 1.39 (2 H, t, J=9.9 Hz).
LCMS-ESI (POS), M/Z, M+1: Found 444.2,

' - EXAMPLE 216

343
1-((6-((9-cyclopentyl-9H-pyrido[4',3":4,5] pyrrolo E2,3~d}pyrin1idip-2-yi) amine)-3-
pyridinyl)methyl)-3-piperidinol
Compound 343 was prepared as a light yellow solid (TFA salt) from compound 4 using
chernistry similar to that described in example 215. 'H NMR (500 MHz, CD;0D) 6 ppm 9.60
(1H,5s),9.31(1H,s), 8.64-8.67(1H,m), 859 -8.64 (1 H,m), 853 (1 H,d, J=2.0 Hz), 8.41
(1 H, d, J=8.6 Hz), 8.11 (1 H, dd, J=8.8, 2.2 Hz), 5.46 (1 H, quin, J=8.9 Hz), 4.05 -4.53 2 H,
m), 3.53 (1 H, br. s.), 3.10 (1 B, br. 5.), 2.50 - 2.64 (2 H, m), 2.14 - 2.36 (5 H, m}, 1.75 - 2.00
(3 H, m). LCMS-ESI (POS), M/Z, M+1: Found 444.2,
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EXAMPLE 217

CO,Et
344
ethyl (4-(6-((9-cyciepentyi-QH—pyrido{4‘,3‘:4,5]pyrrolo[2,3-d]pyrimidin~2~y!)anﬁno)—3—
pyridazinyl)-1-piperazinyl)acetate

0 Et,N/THE - e
o Na . HN/m o~ : o H-
N=N [ © reflux, 18 h N
34% y.

345
Ethy! 2-(4-(6-chioropyridazin-3-yDpiperazin-1-yl)acetate (345): Triethylamine (2.2 mL, 16
mmol) followed by 1-(ethoxycarbonylmethyl)piperazine (2.6 mL, 16 mmol) were added to a
stirred suspension of 1-(ethoxycarbonylmethyl)piperazine (2.6 mL, 16 mmol} in THF (40 mL}.
The resulting mixture was stirred at reflux for 18 h. After cooling, the precipitate was removed
by vacuum filtration through a layer of celite. The cake was washed with ethyl acetate. The
filtrate was concentrated in vacuo and the residue was subjected to combi-flash column
chromatography (methanol/DCM with Et;N) to give compound 345 (1.5 g, 34% vield) as an
off-white solid. 'H NMR (400 MHz, DMSO-dg) § ppm 7.53 (1 H, d), 7.38 (1 H, d, J=9.4 Hz),
4.09 (2 H, q, J=7.0 Hz), 3.54 - 3.63 (4 H, m), 3.29 (2 H, 5), 2.57 - 2.65 (4 H, m), 1.19 (3H,t,
J}=7.0 Hz). LCMS-ESI (POS), M/Z, M+1: Found 285.1.

ethyl (4-(6-((9-cyclopentyl-9H-pyrido[4',3":4,5]pyrrolo{2,3-d] pyrimidin-2-yf)amino}-3-
pyridazinyl)-1-piperazinyl)acetate (344): Compound 344 was prepared as a light yellow
solid (TFA salt) from compound 4 and compound 345 using chemistry similar to that described
in example 200. 'H NMR (500 MHz, CD;OD) & ppm $.65 (1 H, 5), 9.33 (1 H, 5), 8.63 - 8.68
(2 H, m), 8.15 (1 H, d, J=9.8 Hz), 7.94 (1 H, d, }=9.8 Hz), 5.46 (1 H, qt), 433 2 H,q, J=7.1-
Hz), 4.11 (2H, 5), 3.98 (4 H, br. 5.), 3.46 (4 H, t, J=5.1 Hz), 2.45 - 2.39 (2 H, m),2.13-231 (4
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H,m), 1.84 - 1.96 (2 H, m), 1.34 (3 H, t, J=7.2 Hz). LCMS-ESI (POS), M/Z, M+1: Found
502.3.
EXAMPLE 218

TN
N7 RN /)
i’l@
HN/‘\N N
N C

COH
346
(4-(6-((9-cyclopentyl-9H-pyrido[4',3":4,5] pyrrolo{2,3-d]pyrimidin-2-yl)amino)-3-
pyridazinyl)-1-piperazinyl)acetic acid )

)N]\ =N jf\ R
HNTNT TN HNT NS TN
Eﬁj c 1N HC (aqg.) rﬂﬁ C
Nx 90°C, 37 h Ny

N quani. y. N
® ®

CO,E L‘cogH
344 346

(4-(6-((9-cyclapenty{-9H-pyrido[4',3':4,5]pyrroio[Z,S-d]pyrimidin-Z-yl)amino)—B-
pyridazinyl)-1-piperazinyhacetic acid (346): A mixture of compound 344 and hydrochloric
acid (I N aqueous solution) (7 mL) was stirred at 50 °C for 17 h. After concentration, the
residue was subjected to reverse phase preparative HPLC (acetonitriie/H>O containing 0.1%
TFA each, 40 min from 10 to 30%). Lyophilization provided compound 346 (50 mg) asa
yellow solid (TFA salt). 'H NMR (500 MHz, DMSO-dg) 8 ppm 10.94 (1 H, br.5.), 9.55 (1 H,
5),9.33 (1 H, 5), 8.65 (1 H, d, J=6.1 Hz), 8.53 (1 H, ¢, ]=5.9 Hz), 8.23 (1 H, d, J=9.5 Hz), 7.60
(1 H, d, }=9.8 Hz), 5.34 (1 H, dg, J=8.9, 8.8 Hz),4.16 (2 H, br. 5.}, 3.40 (8§ H, br. 8.), 2.33 - ‘
244 (2H, m),1.92-2.18 (4 H, m), 1.62 - 1.81 (2 H, m). LCMS-ESI (POS), M/Z, M+1: Poﬁnd
4742,
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EXAMPLE 219

—

N\ \/

Re

»m
L_N._CO,Et
347
Ethyl (4-((6—((9-cyclopentyl-9H~pyrido[4’,3’:4,5}pyrr0!0[2,3-d}pyrimidin-z-yl)amino)-3~
pyridiny)methyl)-1-piperazinyl)acetate '

N

K,CO4 o—d N
M —
N=" O o tt, 19 h (_N>
0%y \—CO,EL
2
348

Ethyl 2-(4-((6-chloropyridin-3-yl)methyl)piperazin-1-yhacetate (348): To a stirred
suspension of 2-chloro-5-(chloromethyl)pyridine (2.0 g, 12 mmol) in acetonitrile (60 mL) was
added potassium carbonate (1.5 mL, 25 mmol) followed by 1-
(ethoxycarbonylmethyl)piperazine (2.0 mL, 12 mmol). The resulting mixture was stirred at
room temperature for 19 h. The mixture was filtered through celite and the filter cake was
washed with ethyl acetate. The filtrate was concentrated in vacuo and the residue was
subjected to combi-flash column chromatography (methanol/DCM with EtaN) to give
compound 348 (1.1 g, 30% yield) as a colorless liquid. ‘H NMR (500 MHz, CHLOROFORM-
d) 5 ppm 8.31 (1 H, 4, J=2.0 Hz), 7.66 (1 H, d, I=6.1 Hz), 7.28 (1 H, d, J=8.1 Hz), 4.18 (2 H, q,
J=7.1 Hz), 3.50 (2 H, br. 5.}, 3.21 (2 H, 5), 2.36 - 2.77 (8 H, m), 1.27 (3 H, t, I=7.2 Hz). LCMS-
ESI (POS), M/Z, M+1: Found 298.1.

Ethy} (4-((6-((9-cyclopentyl-9H-pyrido[4',3":14,5]pyrroloe(2,3-d] pyrimidin-2-yljaming)-3-
pyridinylymethyl)-1-piperazinyljacetate (347): Compound 347 was prepared as an off-white
solid (TFA salt) from compound 4 and compound 348 using chemistry similar to that described
in example 200, 'H NMR (500 MHz, CD;0D) 6 ppm 9.57 (1 H, s), 9.27 (1 H,s), 8602 H,

s), 8.47 (1 H,d, }=2.0 Hz), 8.32-8.43 (1 H, m), 807 (1 K, dd, J=8.8, 2.2 Hz), 5.46 (1 H, dg,
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J=9.0, 8.9 Hz),4.12 - 4.28 (4 H, m), 3.65 (2 H, br. s}, 2.96-321(8BH, m),2.48-261 (Z H,
m), 2.15 - 2.31 (4 H, m), 1.85 - 1.99 (2 H, m), 1.28 (3 H, t, J=7.2 Hz). LCMS-ESI (POS), M/Z,
M+1: Found 515.2.

EXAMPLE 220

—

N N A

N

()qvcozﬂ
349

_ (4~((6-((9-cyc!opentyl«»9H-pyrido{-d',3':4,5_}pyrrolo[2,3-d}pyrimidin-l-yi)aminu)»&
pyridinyl)methkyl)-1-piperazinyl}acetic acid

e T—

N SN /N )\\ Y PA
O LIOH H20 N
refiux, 2 h 2
guant. y.
N
K,Nvooga L_N._COH
347 349

(4-((6-((9-cyclopentyl-9H-pyrido[4',3':4,5]pyrrolo{2,3-d] pyrimidin-2-yl)aming)-3-
pyridinylymethyl)-1-piperazinylacetic acid (349): A mixture of compound 347 (50 mg, 97
pmol) and lithium hydroxide, monohydrate (14 pl, 486 pmol} in methanol (9 mL) and water (3
mL) was heated at reflux for 2 h. After cooling, the crude mixture was subjected to reverse
phase preparative HPLC (acetonitrile/H;O containing 0.1% TFA each, 40 min from 10 to
40%). Lyophilization provided compound 349 (40 mg) as a light yellow solid (TFA salt). 'H
NMR (400 MHz, DMSO-ds) & ppm 10.84 (1 H, 5), 9.62 (1 H, 5), 9.38 (1 H, ), 8.68 (1 H, d,
J=5.9 Hz), 8.58 (1 H, d, ]=6.3 Hz), 8.26 - 8.48 (2 H, m}, 7.89 - 8.01 (1 H, m), 5.40 (1 H, quin,
J=8.9 Hz), 2.75 - 4.63 (12 H, m), 2.39 - 2.47 (2 H, m), 2.01 - 2.23 (4 H, m), 1.70- 1.87 2 H,
m). LCMS-ESI (POS), M/Z, M+1: Found 487.3.
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EXAMPLE 221
Y
N7/
CCQ
HN/;\N/ N
e
g
"

350

9-cyclopentyl-N-(5-(1-piperazinylcarbonyl)-2-pyridinyl)-9H-pyride[4’,3":4,5] pyrrolo{2,3-
d]pyrimidin-2-amine

o)
Et;N/DMAP :
C!—‘(/:\>—< + HN/\,\\, DCM N~ N

N Cl \\/ “Boc _5
0°Ciort, 20h Q—N
G, L
89%y. Boc
351

tert-Butyl 4-(2-chloronicotinoyl)piperazine-1-carboxylate (351): To a stirred ice-cooled
solution of tert-butyl 1-piperazinecarboxylate (2.2 g, 12 mmol), triethylamine (3.2 mL, 23
mmol), and 4-dimethylaminopyridine (0.014 g, 0.11 mmol) in DCM (15 mL) was added 6-
chloropyridine-3-carbonyl chloride (2.0 g, 11 mmol) in one portion. The resulting mixture was
stirred at 0 °C and gradually warmed up to ambient temperature for 20 h. Upon workup, the
mixture was subjected to combi-flash column chromatography (methancl/DCM) to give
compound 351 (3.3 g, 89% yicld) as a white solid. 'H NMR (400 MHz, CDCI3) 8 ppm 8.46 (1
H, d, J=2.0 Hz), 7.74 (1 H, dd, J=8.2, 2.3 Hz), 7.42 (1 H, dd, J=8.2, 0.8 Hz), 320-402(8H,
m), 1.48 (9 H, s). LCMS-ESI (POS), M/Z, M+1: Found 326.0.

9~cyciopentyl~N-(§~(1~piperazinyicari_)onyl)-2-pyridinyl)-9H~pyriéa[4',3‘:4,5]—pyrralo{2,3-
dpyrimidin-2-amine (350): Compound 350 was prepared as a light yellow solid (HC! salt)
from compound 4 and compound 351 using chemistry similar to that described in example
200. 'H NMR (500 MHz, DMSO-ds) 8 ppm 11.06 (1 H, br. 5.), 9.70 (1 H, 5),9.47 (1 H, 5),
9.39 (2 H, br.s.), 8.67 - 8.75 (2 H, m), 8.51 (1 H, d, }=1.7 Hz), 8.37 (1 H, d, }=8.6 Hz), 8.02 (1
H, dd, }=8.7, 2.3 Hz), 5.43 (1 H, dq, J=8.9, 8.8 Hz), 3.77 (4 H, br. 5.}, 3.18 (4 H, br. 5.), 2.42 -
2.48 (2 H, m), 2.02 - 2,20 (4 H, m), 1.70 - 1.83 (2 H, m). LCMS-ESI (POS), M/Z, M+1: Found
443.2. '
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EXAMPLE 222

352
9-cyclopentyl-s-ﬂuore-N—(S-(1-piperazinylcarbonyi}-Z-pyridinyl)-9H~
. i pyridoi4’.,3':4,S]pyrrolo[2,3»d]pyxjimidi,n-2-amine
Compound 352 was prepared as an off-white solid (TFA salt) from compouﬁd 245 using
chemistry similar to that described in example 200. "1 NMR (400 MHz, DMSO-dg) 5 ppm
10.60 (1 H, s), 9.45 (1 H,5), 8.83 (2 H, br. 5.), 8.47 (1 H, d, J=1.6 Hz), §.41 {1 H, d, }=8.6 Hz),
$.12 (1 H, dd, J=5.3, 2.9 Hz), 8.05 - 8.09 (1 H, m), 7.97 (1 H, dd, J=0.0, 2.3 Hz), 5.51 (1 H,
quin, J=8.9 Hz), 3.74 (4 H, br. 5.}, 3.20 (4 H, br. 5.}, 2.33 - 241 2 H, m), 1.98 - 2.22 (4 1, m),
1.69 - 1.85 (2 H, m). LCMS-ESI (POS), M/Z, M+1: Found 460.9.

EXAMPLE 223

353 .
9-cyclopentyl-Z-((5-(I—piperazinylcarbonyl)-2~pyridinyl)amino)-QH-
pyrido[4‘,3':4,5}pyrrolu{2,3—d] pyrimidin-8-ol
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——

N -
jlé\\ NS r\% A IN
o
HN™ N N F TEA HNJ\N/ N OH
N C 1 N HCl {aq) N? O
\ ~ i
90 °C, 2 h =
o7 N
NH
352 353

9-cyciopentyi-Z-((S-{L-piperazinylcarbonyl}-z-pyridinyl)amino)—9H~pyrido~
[4',3":4,5]pyrrolo[2,3-d]pyrimidin-8-o0l (353): Compound 352 was treated with trifluorcacetic
acid (4 mL, 54 mmol) in | N hydrochloric acid, aqueous solution (8 mL) for 2 h at 90 °C. After
the volatiles were partially removed, the residue was subjected to reverse phase preparative
HPLC (acetonitrile/water containing 0.1% TFA each, 40 min from 10 to 40%)-. Lyophilization
provided compound 353 (8 mg) as a light yellow solid (TFA salt). "H NMR (400 MHz,
CD;0OD) 6 ppm 9.30 (1 H, 5), 8.54 (1 H, s), 7.95 - 8.20 (2 H, m), 7.34 (1 H, d, J=6.7 Hz}, 7.14
(1H, d, J=6.7 Hz), 6.26 (1 H, dq, J=9.4,9.1 Hz), 3.93 (4 H, br. 5.}, 3.33 - 3.38 (ﬁ H, m), 2.53 -
2.70 (2 H, m), 2.04 - 2.28 (4 H, m), 1.68 - 1.91 (2 H, m). LCMS-ESI (POS}), M/Z, M+1: Found
459.2,

EXAMPLE 224

-

NT = ‘\/N

HN)LN/ N OH
NQ O

2
o” "OH

354
6-((9-cyclopentyl—8—hydrexy—9H-—pyrido{4',3':4,5}pyrrclo[2,3—d}pyrimidin-z-yl)amino)-s-
pyridinecarboxylic acid

Compound 354 was obtained in the hydrolysis of compound 352 (examnple 223) as a light
yellow solid (HCl salt). 'H NMR (500 MHz, CD;0D) 8 ppm 9.42 (1 H, s), 9.04 (1 H, d, J=1.5
Hz), 8.58 (1 H, dd, J=8.9, 2.1 Hz), 7.57 (1 H, d, ]=9.0 Hz), 7.40 (1 H, d, J=6.8 Hz}, 7.19 (1 H,

d, J=6.6 Hz), 6.25 (1 H, dq, J=9.2, 9.0 Hz), 2.52 - 2.65 (2 H, m), 2.07 - 225 (4 H, m), 1.73 -
1.87 (2 H, m). LCMS-ESI (POS), M/Z, M+1: Found 391.1.
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EXAMPLE 225

——

D0
HNT NS N

g C

R

'S

NH

N

0
355
4-((6-({9-cyclopentyl-9H-pyrido[4',3':4,5}pyrrolo{2,3~d]pyrinﬁdin-2~yl)amjno)-3-
pyridinylymethyl)-2-piperazinone
KoCO4

MeCN

N=" T \\( ,3.5d
34% y. C>=O
o) NH

356
4-({6-Chioropyridin-3-ylymethyl)piperazin-2-one (356): A mixture of 2-chloro-5-
(chloromethyl)pyridine (1.4 g, 8.4 mmol}, piperazinone (0.84 g, 8.4 mmol), and potassium
carbonate (1.0 mL, 17 mmol) in a mixed solvent consisting of acetonitrile (40 ml) and THF
(20 mL) was stirred at room temperature for 3.5 days. Upon workup, the mixture was filtered
through a layer of celite and the cake was washed with ethyl acetate. The filtrate was
concentrated in vacuo and the residue was subjected to combi-flash column chromatography
(methanol/DCM) to give compound 356 (0.65 g, 34% yield) as an off-white solid. TH NMR
(500 MHz, DMSO-ds) § ppm 835 (1 H, d,1=2.0 Hz), 7.81 (1 H, dd, J=8.1, 2.4 Hz), 7.76 (1 H,
br.s), 7.49 (1 H, d, J=8.3 Hz), 3.57 (2 H, ), 3.10-3.16 2 H, m), 2.93 (2 H, s), 2.52-2.56(2
H, m). LCMS-ESI (POS), M/Z, M+1: Found 226.0.

A
Y o) HNT N N
NN 4 Q—}:‘
A 2 N
HoNT NT TN Pda(dbals ~
Cl XantPhos ’
052(:03
1 4-dioxang N/\'&H
120°C, 4 h kﬂ/
o]
4 356 355
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4-{(6-({9-Cyclopentyl-9H-pyrido[4',3":4,5]pyrroio[2,3-d]pyrimidin-2-yl)amino)-3-
pyridinyl)methyl)-2-piperazinone (355): In a 10 mL microwave reaction vessel were placed
compound 4 (93 mg, 367 umol), compound 356 (83 mg, 367 pmol},
tris(dibenzylideneacetone)dipalladium (o) (17 mg, 18 pmol), 9,9-dimethyl-4,5-
bis(diphenylphosphino)xanthene (27 mg, 46 pmol), and cesium carbonate (359 mg, 1101
umol) followed by 1,4-dioxane (3 mL). The vessel was purged with N for 5 min, then capped
and subjected to microwave irradiation for 4 h at 120 °C. The crude mixture was taken up in
4% methanol/DCM and subjected to combi-flash column chromatography (methanol/DCM})
followed by preparative reverse phase HPLC (acetonitrile/water containing 0.1% TFA each, 40
min from 10 to 40%). Lyophilization provided compound 355 (100 mg) as an off-white solid
(TFA salt). "H NMR (500 MHz, CD;0D) & ppm 9.67 (1 H, s), 9.34 (1 H, s}, 8.69 (1 H, d),
8.66 (1 H, d), 8.48 (1 H, d,J=1.7 Hz), 8.24 (1 H, dd, J=8.8, 2.2 Hz), 8.04 (1 H, d. J=8.6 Hz},
5.48 (1 H, quin, J=8.7 Hz), 4.03 (2 H, 5), 3.40 - 3.49 (4 H, m), 3.09 (2 H, t, J=5.3 Hz), 2.48 -
2.60 (2 H, m), 2.14 - 2.32 (4 H, m), 1.85 - 1.98 (2 H, m). LCMS-ESI (POS), M/Z, M+1: Found
4432,

EXAMPLE 326

oy
NN

N

g @

2
.
O)\,NH
357
1-((6-((9-cyclopentyl-9H-pyrido[4’,3":4,5] pyrrolo[2,3-djpyrimidin-2-yljamino)-3-
pyridinylymethyl)-2-piperazinone

/N
N= Cl “Boc o
0] 0°Ctort, 1Bh 0
:Q_.N\
B

91% y.

oc
358

tert-Butyl 4-((6-chloropyridin-3-yl)methyl)-3-oxopiperazine-1-carboxylate (358): To a

stirred ice-cooled suspension of sodium hydride, (60% dispersion in minerat oil, 0.83 g, 21

mmol) in DMF (15 mL} was added a suspension of terr-butyl 3-oxopiperazine-1-carboxylate
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(2.5 g, 12 mmol) in DMF (45 mL) through a syringe. The ice-H,Q) bath was removed and the
resulting mixture, which was a suspension, was stirred at ambient temperature for 30 min,
Complete dissolution was observed. 2-chloro-5-(chloromethyl)pyridine (2.0 g, 12 mmol) was
added in one portion as a solid. The resulting mixture was stirred at ambient temperature for 18
h then poured into ice and saturated NaHCQ; aqueous solution. It was extracted with ethyl
acetate (2 X). The combined organics were washed with saturated NaHCO; aqueous solution
(3 X), dried over Na;SOq, and concentrated in vacuo. The residue was subjected to combi-flash
column chromatography (methanol/DCM) to give compound 358 (3.65 g, 91% yield) as a
white solid. 'H NMR (500 MHz, CDCl;) 8ppm 8.31 (1 H,d,J=22Hz), 7.65 (1 H, dd, J=8.3,
2.4 Hz), 7.33 (1 H, d, J=8.1 Hz), 4.59 (2 H, 5}, 4.15 (2 H, 5}, 3.62 (2 H, , ]=5.4 Hz), 329 (2 H,
t, J=5.1 Hz), 1.46 (9 H, s). LCMS-ESI (POS), M/Z, M+1: Found 326.0.
1-((6-({9-cyclopentyl-9H-pyridol4’,3":4,5]pyrrolo{2,3-d] pyrimidin-2-yhanminc}-3-
pyridinyl)methyl)-2-piperazinone (357): Compound 357 was prepared as a off-white solid
(TFA salt) from compound 4 and compound 358 using chemistry similar to that described in
example 200. 'H NMR (500 MHz, CD;0D) & ppm 9.67 (1 H, 5), 9.35 (1 H, 5), 8.70 (1 H,d),
8.66 (1 H, d), 8.48 (1 H, d, J=1.7 Hz), 8.20 (1 H, dd, J=8.8, 2.2 Hz), 791 (1 H, d, J=8.8 Hz),
5.48 (1 H, quin, J=8.7 Hz), 4.76 (2 H,5), 3.96 (2 H,5), 3.7L 2 H, £, I=3.7 Hz), 3.53-3.62 (2
H, m), 2.46 - 2.61 (2 H, m), 2.14 - 2.33 (4 H, m), 1.82 - 1.98 (2 H, m). LCMS-ESI(POS), M/Z,
M+1: Found 442.9. ‘

: EXAMPLE 227

=

N\ \/N

359
9-Cyclapentyl’-N—(5-(.l—piperazinyisu!fonyi}-»Z-pyridinyl)—9ﬂ—pyrid014',3':4,5}pyrrolo[2,3-

_d]pyrimidin-Z-amine

, - EtN/DMAP /N _4:0
7 N\ . HV DCM C"Q“
Cl 50,CI N N N
N= K/ “Boc _>
0°C, 1.5h &“
84% y. :
360
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tert-Butyl 4-((6-chloro-3-pyridinyl)sulfonyl)-1-piperazinecarboxylate (360): To a stirred
jce-cooled solution of tert-butyl 1-piperazinecarboxylate (0.88 g, 4.7 mmol), triethylarmne (1.3
mL, 9.4 mmol}, and 4-dimethylaminopyridine (0.0058 g, 0.047 mmol) in DCM (10 mL) was
added 6-chloropyridine-3-sulfonyl chloride (1.0 g, 4.7 mmol) in one portion. The resulting
mxiture was stirred at 0 °C and gradually warmed up to ambient temperature for 1.5 h. Upon
workup, the mixture was directly subjected to combi-flash column chromatography
(methanol/DCM) to give compound 360 (1.44 g, 84% vield) as a white solid.

' NMR (500 MHz, DMSO-dg) 8 ppm 8.75 (1 H, d, §=2.0 Hz), 8.17 (1 H, dd, J=8.4, 2.6 Hz),
7.80 (1 H, d, J=9.0 Hz), 3.40 (4 H, t, ]=4.8 Hz), 2.97 (4 H, t, }=5.0 Hz), 1.35 (9 H, 5). LCMS-
ESI (POS), M/Z, M+1: Found 306 (minus tBu) and 384 (plus Na").

9-Cyci’upentyl-N—(S—(l-piperazinyisulfonyl)-2~pyridinyl)-9H—pyrid0[4',3':4,5]-pyrro!o{2,3-
d]pyrimidin-2-amine (359): Compound 359 was prepared as a white solid (TFA salt) from
compound 4 and compound 360 using chemistry similar to that described in example 200, 'H
NMR (500 MHz, CD;0D) 8 ppm 9.59 (1 H, 5),9.29 (1 H, 8), 8.72 - 8.78 (2 H, m), 8.63 - 8.66
(1 H, m), 8.61 (1 H, d), 8.22 (1 H, dd, J=8.8,2.4 He), 5.51 (1 H, quin, J=8.9 Hz), 3.37 (8 H, s),
2.46-2.60 (2H, m),2.13-2.34 (4 H,m), 1.87-2.01 @ H, m), LCMS-ESI (POS), M/Z, M+1:
Found 478.9.

- EXAMPLE 228

=y

N7 \.!N

361
9—¢yclupgntyl—S—ﬂuom-N-(S-(I-piperazinyisulfonyl)—l-pyridinyl)-i!l-l—

. pyrido[4',3":4,5]pyrrolo{2,3-d] pyrimidin-2-amine ‘
Compound 361 was prepared as a white solid (TFA salt) from compound 243 and compound
360 using chemistry similar to that described in example 200, 'H NMR (500 MHz, CD;0D) &
ppm 9.37 (1 H, s), 8.73 (1 H, d, J=2.0 Hz), 8.68 (1 H, d, J=8.8 Hz), 8.21 (1 H, dd, ]=9.0,2.4
Hz), 8.01 - 8.08 (2 H, m), 5.67 (1 H, quin, ]=9.2 Hz), 3.36 (8 H, 5), 2.35 -2.49 (2 H, m), 2.09 -
2.28 (4 H, m), 1.81 - 1.95 (2 H, m). LCMS-ESI (POS), M/Z, M+1: Found 497.2,
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EXAMPLE 229

==

N\ \/

;?@

N MEZ

362
9-cyclopentyl-N-(5-((4-(dimethylamino)-1-piperidinyl)sulfonyl)-2-pyridinyl)-9H-

N

pyride[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-amine

' EtsNIDMAP _(/}u,o
C!—(/_‘—\>"SDQCI + HQ | DM h= rs:
N NMEQ

0°C,15h

9,
04% v. NMe,

363

1-(6-Chloropyridin-3-ylsulfonyl)-N,N-dimethylpiperidin-4-amine (363): To a stirred ice-
cooled solution of 4-(dimethylamino)pipetidine (1.2 mL, 9.4 mmol), triethylamine (2.6 mL, 19
mmol), and 4-dimethylaminopyridine (0.012 g, 0.094 mmotl) in DCM (18 mL) was added 6-
chloropyridine-3-sulfonyl chloride (2.0 g, 9.4 mmol) in one portion. The resulting mxiture was
stirred at 0 °C for 1.5 h. Upon workup, the mixture was directly subjected to combi-flash
column chromatography (methanol/DCM) to give compouﬁd 363 (2.7 g 94% yield) as a white
solid. LCMS-ESI (POS), M/Z, M+1: Found 304.0, " "

9-cyclopentyl—N-(S-((4-(dimethylamina)—]—piperidinyi}sulfonyl)w2~pyridinyl}-9H-
pyrido[4',3':4,5]pyrrolo[2,3-d|pyrimidin-2-amine (362): Compound 362 was prepared as an
off-white solid (TFA salf) from compound 4 and compound 363 using chemistry similar to that
described in example 200, 'H NMR (400 MHz, CD;0D) & ppm 9.56 (1 H, s), 9.25 (1 H, s},
8.66 -8.75 (2 H, m), 8.58 (2 H, s}, 8.18 (1 H, dd, ]=8.8, 2.5 Hz), 5.50 (1 H, quin, J=8.8 Hz),
4.01 (2 H, d, 1=12.5 Hz), 3.22 (1 H, &t, J=12.1, 3.8 Hz), 2.86 (6 H, 5), 2.44 - 2.60 (4 H, m), 2.12
-2.35 (6 H, m), 1.74 - 2,01 (4 H, m). LCMS-ESI (POS), M/Z, M+1: Found 521.2.
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EXAMPLE 230

T

Y

HN/“\N/N
gj &

NMGZ

N

364
9-Cyclopentyl-N-(5-((4-(dimethylamino)-1-piperidinyl)carbonyl)-2-pyridinyl)-9H-
pyrido[4',3':4,5]pyrrole{2,3-d]pyrimidin-2-amine

| | 0
EtsN/DMAP _@_«
cs—g}-cw)cn . HQ beu "= N:
== NMGZ

0°C,15h
95% vy. NMe,

3635

(6-Chloropyridin-3-yl)(4-(dimethylamino)piperidin-1-yl)methanone (365): Compound
365 was prepared from 6-chloropyridine-3-carbony! chloride using chemistry similar to that
described in example 226, 'H NMR (400 MHz, DMSO-dg) 8 ppm 8.47 (1 H, d, J=2.3 Hz),
7.92 (1 H, dd, J=8.2, 2.3 Hz), 7.61 (1 H, d, J=8.2 Hz), 4.35 - 4.60 (1 H, m), 3.57 (1 H, br. 5.),
3.09 (1 H, br.s.), 2.81 (2 H, br. 8.), 2.39 (6 H, s), 1.67 - 1.98 (2 H, m), 1.48 (2 H, qd, J=12.0,
4.3 Hz). LCMS-ESI (POS), M/Z, M+1: Found 268.1.

9-Cyctopentyl-N-(5-((4-(dimethylamino)-1-piperidinyl)carbonyl)-2-pyridinyl)-9H-
pyrido[4',3:4,5]pyrrolo[2,3-d}pyrimidin-2-amine (364): Compound 364 was prepared as a
light yellow solid (TFA salt) from compound 4 and compound 365 using chemistry similar to
that described in example 200. 'H NMR (500 MHz, CD;0D) 8 ppm 9.57 (1 H, 5), 9.27 (1 H,
5), 8.56 - 8.64 (2 H, m), 8.51 (1 H, d, }=1.7 Hz), 8.44 (1 H, d, }=8.8 Hz), 8.02 (1 H, dd, J=8.7,
2.3 Hz), 5.47 (1 H, quin, }=8.9 Hz), 3.49 - 3.60 (1 H,m, J=12.0,12.0,3.8,3.7Hz),2.91 (6 H,
5), 2.48 - 2.61 (2H, m), 2.02 - 2.34 (6 H, m}, 1.85- 1.98 (2 H, m), 1.70 - 1.85 (2 H, m, J=12.3,
12.3, 12.2, 4.4 Hz). LCMS-ESI (POS), M/Z, M+1: Found 485.2.
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EXAMPLE 231

HN

366
9-cyclopentyl-N-(5-(1,8-diazaspire[45]dec-8-yl)-2-pyridinyl)-9H-
pyride[4',3":4,5]pyrroio[2,3-d]pyrimidin-2-amine

Pd,{dba}s
XantPhos
HO!
¢ ﬁ © +-BuDNa N
N% l . toluene c—g N N(}(j
C ecad N
NBoc 100°C, 12 h Boc
8r £6% v.

367
tert-Butyl 8-(6-chloro-3-pyridiny})-1,8-diazaspire{45]decane-1-carboxylate (367):

Compound 367 was prepared as an off-white solid using chemistry similar to that described in
Example 1. 'H NMR (400 MHz, CDCl3) 8 ppm 7.99 (1 H, br. s.), 7.14 (2 H, br. 8.}, 3.55 -
3.83 (2 H, m), 3.47 (2 H, d, J=15.1 Hz), 2.49 - 3.08 (4 H, m), 1.86 - 2.07 2 H, m), 1.72 - 1.84
(2 H, m), 1.29 - 1.55 (11 H, m). LCMS-ESI (POS), M/Z, M+1: Found 352.1.

9-cyciopentyl-N-(5-(1,8-diazaspiro[45]dec-8-yl)-2-pyridiny -9 H-pyrido-
[4',3":4,5]pyrrolo]2,3-d]pyrimidin-2-amine (366): Compound 366 was prepared as a yellow
solid (TFA salt) from compound 4 and compound 367 using chemistry similar to that described
in example 200, 'H NMR (500 MHz, DMSO-ds) 6 ppm 9.55 (1 H,5), 932 (1 H,5), 870 2 H,
br. 5.), 8.65 (1 H, d, J=6.1 Hz), 8.54 (1 H, d, ]=5.9 Hz), 8.10(1 H, d, 2.9 Hz), 8.02 (1 H, d,
1=8.3 Hz), 7.65 (1 H, d, J=8.3 Hz), 5.36 (1 H, quin, J=8.7 Hz), 3.57 (2 H, ddd, J=12.7, 4.6, 4.4
Hz), 3.28 (3 H, quin, J=6.4 Hz), 3.06 (2 H, ddd, ]=12.8, 9.7, 3.2 Hz), 2.38 - 2.47 (2 H, m), 1.84
-2.17(12 H, m), 1.68 - 1.81 (2 H, m). LCMS-ESI (POS), M/Z, M+1: Found 469.3.
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EXAMPLE 237

HN

368
9-cyclopentyl-IN-(6-(1,8-diazaspire{45]dec-8-yi)-3-pyridazinyl}-9H-

pyrido[4',3":4,5]pyrrolof2,3-d]pyrimidin-2-amine

cl 'FJ HGI
Et;N/THF N—-N
r{f l * <! T N
% NBoc 10? C,12h Boc
i 24% y.

- 369
tert-Butyl 8-(6-chloro-3-pyridazinyl)-1,8-diazaspiro[45]decane-I-carboxylate (369):

Compound 369 was prepared using chemisiry similar to that described in example 4.

'"H NMR (500 MHz, CDCl5) § ppm 7.24 (1 H, d, }=10.0 Hz), 6.96 (1 H, 4, J=9.8 Hz), 4.35 (2
H, d, J=12.7 Hz), 3.39 - 3.55 (2 H, m), 3.03 (2 H, t, J=12.8 Hz), 2.80 - 2.92 (1 H, m), 2.60 (1
H,t, J=13.1 Hz), 1.94 - 2.11 (2 H, m), 1.81 (2 H, quin, =68 Hz), 1.21 - 1.53 (11 H, m}).
LCMS-ESI (POS), M/Z, M+1: Found 353.0.

9-cyclopentyl-N-(6-(1,8-diazaspiro[45] dec-8-y1)-3-pyridazinyl)-9H-pyrido-
[4',3":4,5]pyrrolo{2,3-d]pyrimidin-2-amine (368): Compound 368 was prepared as a yellow
solid (TFA salt) from compound 4 and compound 369 using chemistry similar to that described
in example 200. 'H NMR (500 MHz, DMSO-ds) & ppm 10.98 (1 H, br. 5.), 9.55 (1 H, s), 9.31
(1 H,s),868-876(1 H,m), 8.65(1 H,d, }=59Hz),852(1 H,d,J=5.6Hz),8.14 (1 H, d,
J=9.8 Hz), 7.66 (1 H, d, }=9.3 Hz), 5.34 (1 H, gquin, J=8.7 Hz}, 4.04 (1 H, dt, J=13.9, 4.4 Hz),
3.34-3.40 (2 H, m), 3.29 (2 H, ddd, J=12.5, 6.6, 6.4 Hz), 2.32 - 2.42 (2 H, m), 1.94 - 2.17 (8
H,m), 1.83 - 1.94 (4 H, m), 1.65 - 1.79 (2 H, m). LCMS-ESI (POS), M/Z, M+1: Found 470.2.
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EXAMPLE 233
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370
5-phenyl-N-(5-(1-piperazinyl)-2-pyridinyl)}-SH-pyrido[3',4':4,5]pyrrolo[2,3-c]pyridin-3-

amine
NIS
N acetic acid N X!
i 80°C |
=
HoN cl — N

4-chloro-5-iodopyridin-2-amine. 4-Chloropyridin-2-amine (0.142 g, 1.10 mmol} and N-
iodosuccinimide (0.273 g, 1.22 mmol) were combined in 1.5mL of acetic acid. The solution
was sonicated briefly and then heated to 80°C. After 1hour the solution was cooled to room
temperature and then concentrated under vacuum. After adjusting the pH to ~8/9 with aqueous
ammonia, a light brown solid was collected by filtration. The solid was purified on a 12g
Combiflash column eluting with a gradient of DCM to 5%methanol/0.25%NH40H (~28% in
water)/DCM. The fractions containing the product were combined and concentrated under
vacoum to give 4-chloro-5-iodopyridin-2-amine (187mg, 67%) as an off-white solid. 1H NMR
(500 MHz, DMSO-dg) & ppm 8.20 (1 H, s), 6.69 (1 H, 5}, 6.40 (2 H, 5); LCMS-ESI(PGS),
M/Z, Mi+1: Found 254.9.

N

ey

\ #
=Z

. HaN Ci
1,4-Dioxane, H,0

Pd{Phs),Cl,

N32003
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~ 4-chloro-5-(3-chloropyridin-4-yl)pyridin-2-amine. 4-Chloro-5-iodopyridin-2-amine (8.100
g, 31.8 mmol), sodium carbonate (5.00g, 47.7 mmol), and 3-chloropyridin-4-ylboronic acid
hydrate (11.2g, 63.7mmol) were combined in 100mL of 1,4-Dioxane and 25mL of water.
Nitrogen was bubbled through the solution for ~2min before adding trans-
dichlorobis(triphenyl-phosphine)palladium (II) (2.05 g, 2.92 mmol). The solution was heated
to 60°C overnight. Additional trans-dichlorobis(triphenyl-phosphine)paliadium (II) (0.2g,
0.285mmot), 3-chloropyridin-4-ylboronic acid hydrate (4.00g, 22.8mmol), 15SmL of water
(degassed) and sodium carbonate (1.75g, 16.6mmol) were added. The solution was heated to
100°C for 5 hours. Additional 3-chloropyridin-4-ylboronic acid hydrate (4.00g, 22.8mmol) was
added and the reaction continued for 2 h at 100°C. The solution was concentrated under
vacuum to 1/5th the volume and extracted between DCM and water. The aqueous layer was
extracted with 10%isopropanol/DCM. The combined organics were dried over MgSQ, and
then concentrated under vacuum to give an orange solid. The solid was slurried with DCM
and then filtered through a fritted funnel. The solids were washed with additional DCM. The
combined filtrate was purified on a 80g Combiflash column (dry loaded), eluting with
2%methanol/0.1%NH4OH (~28% in water) /DCM to 8% methanol /0.4% NH4OH (~28% in
water)/ DCM. The fractions containing the product were concentrated under vacuum to give a
yellowish solid.” The solids were triturated with DCM to give 4-chloro-5-(3-chloropyridin-4-
yl)pyridin-2-amine (3.93g, 51%) as an off white solid. 'H NMR (500 MHz, DMSO-ds) 3 ppm
8.73 (1 H,s), 8.58 (1 H, d, J=4.9 Hz), 787 (1 H, 5), 7.44 (1 H, d, J=4.9 Hz), 6.64 (1 H, 5), 6.55
(2 H, br. 5.); LCMS-ESI (POS), M/Z, M+1: Found 239.9,

ol Ci o
“ N ‘ - i
- ] 5 N
N ! P
L HN Cl
HoN Ci R
N/
XantPhos e
Pdg(dba)g;
1.4-Dioxane N
NaOiBu [ j
120°C, uw N
A :
Boc

371

tert-Butyl 4-(6-(4-chloro-5-(3-chleropyridin-4-yDpyridin-2-ylamino)pyridin-3-
yDpiperazine-1-carboxylate (371). 4-Chloro-5-(3-chloropyridin-4-yl)pyridin-2-amine (0.263
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g, 1.10 mmol), sodium 2-methylpropan-2-olate (0.316 g, 3.29 mmol), and compound § (0.424
g, 1.42 mmol) wére combined in anhydrous 1,4-dioxane { 5 mL). Nitrogen was bubbled
through the solution for ~1min before adding 4,5-bis(diphenylphosphino)-9,9-dimethyl-9H-
xanthene (0.0634 g, 0.110 mmol) and Pdx(dba); (0.0502 g, 0.0548 mmol). The solution was
then heated to 120°C with microwave irradiation for Thour. The solution was purified on a 40g
CombiFlash column (dry loaded) eluting with a gradient of hexane to ethyl acetate. The
fractions containing the product were combined and concentrated under vacuum to give
compound 371 (6.492g, 90%) as a yellow solid. '"H NMR (500 MHz, DMSO-dg) 8 ppm 9.95 (1
H,s), 8.78 (1 H, br. 5.), 8.63 (1 H, d, J=4.9 Hz), 8.17 (1 H, s}, 8.04 (1 H, s), 8.01 (1 H, d, ]=2.9
Hz), 7.55(1 H, d, }=9.0 Hz), 7.52 (1 H, d, 7=4.9 Hz), 7.46 (1 H, dd, J=9.0, 2.9 Hz), 3.41 - 3.54
(4 H, m), 2.99 - 3.10 (4 H, m), 1.42 (9 H, s); LCMS-ESI (POS), M/Z, M+1: Found 501.1.

Cl AN _
2 l N
NS PhNH, NN
= Pd(OAc), v N
) HN cl JosiPhos HN
N¥F t-BuONa 2N
g DME )
ENJ 100°C,20h (Nj
' N
Eoc Boc
37 372

tert-Butyl 4-(6-((5-phenyl-SH-pyrido{3',4':4,5]pyrrolo[2,3-c| pyridin-3-yl)amino}-3-
pyridinyl)-1-piperazinecarboxylate (372): In a 10 mL single-necked round bottom flask were
placed tert-butyl 4-(6-(4-chloro-5-(3-chloropyridin-4-yi)pyridin-2-ylamino)pyridin-3-
yl)piperazine-1-carboxylate (371) (50 mg, 160 pmol), palladium diacetate (11 mg, 50 pmol),
Josiphos (28 mg, 50 umol}, and sodium fert-butoxide (29 mg, 299 pmol). The flask was
subjected to 3 cycles of evacuation and back-filling with N,. Aniline (36 pl, 399 umol} was
added under N; followed by 1,2-dimethoxyethane (3 mL). The resulting mixture was stirred at
100 °C for 20 h. After the volatiles were removed, the residue was subjected to combi-flash
column chromatography (methancl/DCM). The product containing compound 372 after
concentration was used without further purification. LCMS-ESI (POS), M/Z, M+1: Found
522.2.
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372 376

5-phenyl-N-(5-(1-piperazinyl)-2-pyridinyl)-5H-pyrido[3',4":4,5]pyrroioe(2,3-¢]pyridin-3-
amine (370): A solution of crude compound 372 in DCM (8 mL) was treated with
trifluoroacetic acid (2.0 mL, 27 mmol) at room temperature for 2 h. After the volatiles were
removed, the residue was subjected to reverse phase preparative HPLC (acetonitrile/H,0
containing 0.1% TFA each, 40 min from 10 to 40%). Lyophilization provided compound 378
(12 mg) as a yellow solid (TFA salt). 'H NMR (500 MHz, CD;0D) & ppm 9.46 (1 H, s}, 8.80
(1 H, 4, ]=0.7 Hz), 8.65 (1 H, d, ]=5.6 Hz), 8.53 (1 H, d, J=5.6 Hz), 8.05 (1 H, d, J=2.9 Hz},
7.90 (1 H, dd, 1=9.3, 2.9 Hz), 7.77 - 7.83 (2 H, m), 7.68 - 7.76 (3 H, m), 7.24 (1 K, d, ]=9.3
Hz), 7.14 (1 H, ), 3.46 - 3.53 (4 H, m), 3.40 - 3.46 (4 H, m). LCMS-ESI (POS), M/Z, M+1:
Found 422.2.

EXAMPLE 234

o)

\\/N
HNT ~F N

y O
) CFy

373
N-(5-(1 -piperazinyl}—Z«pyridinyl)-5-(3-(triﬂueromeihyl}phenyl)—SH—
pyridof3’,4":4,5]pyrrelof2,3-c]pyridin-3-amine
Compound 373 was prepared as a yellow solid (TFA sait) using chemistry similar to that
described in example 233. 'H NMR (500 MHz, CD;0D) & ppm 9.62 (1 H, d, J=1.0 Hz), 9.01
(1H,5),881 (1 H,d,J=54Hz),874 (1 H,d,]=5.9 Hz), 8.18 (1 K, 5), 7.97 - 8.11 (5 H, m),
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734 (1 H,d, J=9.5H2), 7.10(1 H, s), 3.48 - 3.56 (4 H, m), 3.40 - 3.48 (4 H, m). LCMS-ESI
(POS), M/Z, M+1: Found 480.1.
EXAMPLE 235

NN
I/

374
N-(5-(1-piperazinyl)-2-pyridinyl)-3-(3-thiophenylmethyl)-SH-pyrido{3',4' :4,5pyrrolo]2,3-
clpyridin-3-amine

Compound 374 was prepared as a yellow solid (TFA salt) using chemistry similar to that
described in example 233. 'H NMR (500 MHz, CD;OD) 8 ppm 9.44 (1 H, 5), 9.21 (1 H, s},
8.63 (1 H, d, J=5.9 Hz), 8.56 (1 H, d, J=5.6 Hz), 8.05 (1 H, d, J=2.9 Hz), 7.95 (1 H, dd, J=9.5,
2.9 Hz), 7.45 (1 H, dd, J=5.1,2.9 Hz), 7.40 - 7.43 (1 H, m), 7.37 (1 H, 5), 7.30 (1 H, d, }=9.3
Hz), 7.05 (1 H, dd, J=5.1, 1.5 Hz), 5.77 (2 H, 5), 3.47 - 3.52 (4 H, m), 3.41 - 3.47 {4 H, m).
LCMS-ESI (POS), M/Z, M+1: Found 441.9.

EXAMPLE 236

—Z

S
=

N
Eﬁ]
375
5-cyclopentyl-N-(5-(1-piperazinyl)-2-pyridinyl)-5H-pyrido{3',4':4,5] pyrrolo[2,3-
¢)pyridin-3-amine '

Compound 378 was prepared as a yellow sohid (TFA salt) using chemistry similar to that
described in example 233. LCMS-ESI (POS), M/Z, M+1: Found 414.1.
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EXAMPLE 237

=
N

[;J

376

N»(S-(l-piperazinyl)-2-pyridinyi)-5-(2-thiophenylmethyl)-5H»pyrido[3',4‘:4,5}pyrroio[2,3»

¢]pyridin-3-amine

Compound 376 was prepared as a yellow solid (TFA salt) using chemistry similar to that
described in example 233. 'H NMR (500 MHe, CD;0D) 8 ppm 9.40 (1 H, d, J=0.7 Hz), 9.25
(1 H, d, }=0.7 Hz), 8.62 (1 H, d, J=5.6 Hz), 8.50 (1 H, d, J=5.6 Hz), 8.06 (1 H, d, 1=2.7 Hz},
7.93 (1 H, dd, J=9.3, 2.9 Hz), 7.44 (1 H, 5), 7.37 (1 H, 4d, J=5.1, 1.2 H»), 731 (1 H, d,J=9.3
Hz), 7.27 (1 H, dd, J=3.7, 1.0 Hz), 7.01 (1 H, dd, J=5.i, 3.4Hz), 596 (2H,s),347-3.53{4H,
m), 3.42 - 3.47 (4 H, m). LCMS-ESI (POS), M/Z, M+1: Found 442.1.

EXAMPLE 238

L\I@N
HN F N

=
x

.

=z

N CO,H

)

N
H

N

377

{(4-(3~((5-(1-piperazinyl)-2-pyridinyl)amino)-SH-pyrido [3',4":4,5]pyrrolof2,3-c]pyridin-5-

yDphenyl)acetic acid
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= "N
NS = PA(OAC), NN 4
P JosePhos 2N

HN ¢l 1-BuONa HN
N7 ! DME Z N

o = F

100°C, 20 h

() )

Eoc Boc

371 378

tert-Butyl 4-(6~((5-(4-(2-ethoxy—2-oxoethyl)phenyl)-5H~pyridoE3‘,4':4,5} pyrrolo{2,3-

¢} pyridin-3-yl}amino)—B-pyridinyl)—l-piperazinecarboxylate {378)

Compound 378 was prepared using chemistry similar to that described in example 233. LCMS-
ESI (POS), M/Z, M+1: Found 608.3.

s o0
HNT N HNT N
ZN

P ‘

1N HCI {aqg.) N
S

80°C,15h
N COzﬁt [Nj COzH
@ N
Boc H

378 377
(4-(3-((5—(I-Piperazinyl)nZ-pyridinyl)amino)-SH—pyrido{3',4':4,5]pyrmlo{2,3-—c] pyridin-5-
yl)phenylacetic acid (377): A mixture of crude compound 378 and 1IN hydrochloric acid
(aqueous sofution) (10 mL, 10.0 mmol) was stirred at 90 °C for 15 h. After conceniration, the
residue was taken up with 1 N HCI aqueous solution and subjected to revérse phase preparative
HPLC (acetonitrile/water containing 0.1% TFA each, 40 min from 10 to 40%). Lyophilization
provided compound 377 (6 mg) as a yellow solid (TFA salt). '"H NMR (500 MHz, CD;0D) §
ppm 9.48 (1 H, s), 8.85 (1 H, s), 8.66 (1 H, d, J=5.6 H2), 8.57 (1 H, d, J=5.6 Hz), 8.04 (1 H, d,
J=2.7Hz), 7.93 (1 H, dd, J=9.3, 2.9 Hz), 7.67 - 7.74 (4 H, m), 7.25 (1 H, d,J=9.3 Hz), 7.13 (1
H, 5), 3.85 (2 H, 5), 3.46 - 3.51 (4 H, m), 3.41 - 3.46 {4 H, m). LCMS-ESI (POS), M/Z, M+1:
Found 480.2.
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EXAMPLE 239
N / N
&

H

=z

~d
e
N

J

N
H

TN

379
N-(5-(1-piperazinyl)-2-pyridinyl)-S-(tetrahydro-3-thiophenyl)-5H-
pyride[3',4":4,5]pyrrolo(2,3-clpyridin-3-amine
Compound 379 was prepared as a yellow solid (TFA salt) using chemistry similar to that
described in example 233. 'H NMR (500 MHz, CD;0D) & ppm 9.54 (1 H, 5), 944 (1 H, 5),
8.72 (1 H, d), 8.67 (1 H, 4, J=5.9 Hz), 8.08 (1 H, dd, J=9.5, 2.9 Hz), 8.01 (1 H, d, }=2.7 Hz),
7.61(1 H,s), 7.41 (1 H, 4, ]=9.3 Hz), 5.64 - 5.74 (1 H, m), 3.48.- 3.56 (6 H,m),3.42-347 (4
H, m), 3.12 - 3.20 {2 H, m), 2.59 - 2.81 (2 H, m). LCMS-ESI (POS), M/Z, M+1: Found 432.1.
EXAMPLE 240

pr=—t

N7 TR A
|
HN # N

s
)

5-cyclohexyi—N-(5~(l~piperazinyl)-2~pyridir?;()]-51-1-pyrido{3',4‘:4,5]pyrmlo[2,3~c! pyridin-
3-amtine
Compound 380 was prepared using chemistry similar to that described in example 233. SH
NMR (500 MHz, DMSO-ds) 6 ppm 9.56 (1 H, 5}, 9.47 (1 H, s), 8.77(1 H, 4, J=6.1 Hz),‘ 8.65(1
H, d, J=6.1 Hz), 8.10 (1 H, dd, J=0.5, 2.9 Hz), 8.00 (1 H,d, J=2.7Hz), 7.54 (1 H, 5), 742 (1 H,
d, J=9.5 Hz), 4.77 - 4.84 (1 H, m), 3.50 - 3.54 (4 H, m), 3.43 - 3.48 (4 H, m), 2.31 - 244 (2 H,
m), 2.04 - 2.16 (4 H,m), 1.86 - 1.95 (1 H, m), 1.65 - 1.77 (2 H, m), 1.46 - 1.59 (1 H, m);
LCMS-ESI (POS), M/Z, M+1: Found 428.2.
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EXAMPLE 241

et

N\ N/

HNNC

N

0
OH
381
(6+((9-cyclopentyl-9H-pyrido[4',3":4,5]pyrroie[2,3-d] pyrimidin-2-yl)amino)-3-

pyridinyljacetic acid
Sodium 2-methylpropan-2-olate (97 mg, 1007 pmol) was added to a dioxane (3 mL) solution
containing methyl 2-(6-chloropyridin-3-yl)acetate (69 mg, 369 umol},
tris{dibenzylideneacetone)dipaliadium(23 mg, 25 umol), 4,5-bis(diphenylphosphino}-9,9-
dimethyl-9H-xanthene (29 mg, 50 umol), and compound 4 (85 mg, 336 umol) . The resulting
mixture was stirred in the microwave at 120 °C for 3 h. The mixture was then purified on silica
eluting with a DCM/methanol gradient (0-10%). Desired fractions containing the ester were
pooled and concentrated. The ester was then dissolved in a 3 N NaOH / methanol (1:1)
solution and stirred for 3 h at 50 °C. Next, the solution was acidified to pH 2 and concentrated
to dryness. The resulting residue was then purified by prep HPLC. Desired fractions were
pooled and lyophilized to give compound 381 (86 mg, 66% yield). "H NMR (400 MHz,
CD;OD, TFA salt) 8 ppm 1.82 - 2.05 (m, 2 H) 2.11 - 2.38 (m, 4 H) 2.45 - 2.64 (m, 2 H) 3.83
(s, 2 H) 5.50 (qn, J=8.61 Hz, 1 H) 7.84 (d, ]=8.80 Hz, 1 H} 8.20 (dd, J=0.00, 2.15 Hz, 1 H)
8.41 (d,J=1.57 Hz, 1 H) 8.56 - 8.73 (m, 2 H) 9.23 - 9.40 (m, 1 H) 9.55 - 9.72 (m, 1 H); LCMS5-
ESI (POS), M/Z, M+1: Found 389, Calculated 385,
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EXAMPLE 242

r—

N7 =N/

AN NN
? 3
o
(o

H
382
9-cyclopentyl-N-(5-{2~(3,3-dimethyl-1-piperazinyl)-2-oxoethyl)-2-pyridinyl}-9H-

pyride[4',3":4,5]pyrrolof2,3-djpyrimidin-2-amine
Triethylamine (4 eq.) was added to a DMF solution containing 2,2-dimethylpiperazine (1.2

N

eq.), compound 381 (1 eq.), and PyBOP (1.1 eq.}. The resulting solution was stirred for 3h at
room temperature. The product was purified via reverse phase HPLC (10-70%
acetonitrile/water). Desired fractions were pooled and lyophilized to give compound 382. 'H
NMR (400 MHz, CD;0D, TFA salt) 6 ppm 1.43 (s, 3 H) 1.50 (s, 3 H) 1.93 (d, J=6.06 Hz, 2 H)
2.15-2.34 (m, 4 H) 2.47 - 2.62 (m, 1 H) 3.43 (dd, /=3.33,1.56 Hz, 1 H)3.71 (5, 1 H) 3.77 (s,
1 H) 3.83 - 4.00 (m, 2 H) 4.06 (s, ] H) 5.39 - 5.58 (m, 1 H) 7.94 (br. 5., 1 H) 8.09 (dd, /=8.71,
2.05Hz, 1 H)8.35(d, /=1.76 Hz, 1 H) 8.55 - 8.67 (m, 1 H) 9.29 (s, 1 H) .55 - 9.69 (m, 1 H);
LCMS-ESI (POS), M/Z, M+1: Fourd 577.2, Calculated 577.

EXAMPLE 243

383
9-cyciopentyl-N-(5-(2-(4-(dimethylamino)-1-piperidinyl)-2-oxoethyl)-2-pyridinyl}-9H-
pyrido{4',3":4,5ipyrroloi2,3-d]pyrimidin-2-amine
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Compound 383 was prepared using chemistry similar to that described in example 242. 'H
NMR (500 MHz, CD;0D, TFA salt) 8 ppm 1.65 (dd, /=12.35, 4.52 Hz, 1 H) 1.81 (dd,
J=12.35,428 Hz, 1 H) 1.89 - 2.00 {m, 2 H) 2.11 - 2.35 (m, 6 H} 2.48 - 2.63 (m, 2 H) 2.70 -
2.84 (m, 1 H) 2.93 (s, 6 H) 3.23 - 3.29 (m, 1 H) 3.48 - 3.58 (m, 1 H) 4.01 (s, 2 H) 4.27 - 437
(mn, 1 H) 4.72 - 4.82 (m, 1 H) 5.50 (qn, J=8.80 Hz, 1 H) 7.85 (d, /=8.80 Hz, 1 H) 8.14 (dd,

=8.80, 1.96 Hz, 1 H) 8.36 (d, /=1.71 Hz, 1 H) 8.63 - 8.70 (m, 2 H} 9.34 (5, 1 H) 9.64 - 9.71
(m, 1 H); LCMS-ESI (POS), M/Z, M+1: Found 499, Calculated 499,

EXAMPLE 244

e

N
NN Y

HN’”\N’ N
] C
o

T ‘
(J

o
384 ‘
9-cyclopentyl-N-(5-(2-(4-morpholinyl}-2-oxoethyl)-2-pyridinyl)-9H-

pyridef4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine
Title compound 384 was prepared using chemistry similar to that described in example 242.
"H NMR (500 MHz, CD;0D, TFA salt) 3 ppm 1.86 - 2.00 (m, 2 H) 2.16 - 2.35 (m, 4 H) 2.47 -
2.63 (m, 2 H) 3.63 - 3.67 (m, 2 H) 3.70 (ddd, /=14.37, 4,71, 4.40 Hz, 4 H) 3.74 - 3.78 {m, 2 H)
3.98 (s, 2 H) 5.50 (gqn, J=8.80 Hz, 1 H) 7.81 (d, /=8.80 Hz, 1 H) 8.16 (dd, J=8.80, 2.20 Hz, 1
H) 8.36 (4, /~1.96 Hz, 1 H) 8.62 - 8.71 (m, 2 H) 9.33 (s, 1 H}9.62 - 9.71 (m, 1 H}; LCMS-ESI
(POS), M/Z, M+1: Found 458, Calculated 458
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EXAMPLE 248

]

\\/

9@

N
H

N

9—cyclopentyi—N-(5-(2woxo~2~(1~Sispseraziny!)ethyl)-z-pyridinyl}-9H-
pyrido[4',3":4,5]pyrrole]2,3-d]pyrimidin-2-amine
Compound 385 was prepared using chemistry similar to that described in example 242. 'H
NMR (500 MHz, CDs0OD, TFA salt) 8 ppm 1.94 (ddd, /=11.49, 5.62, 5.38 Hz, 2 H} 2.17 - 2.35
(m, 4 H) 2.48 - 2.64 (m, 2 H) 3.30 (ddd, 2 H) 3.36 - 3.40 (m, 2 H) 3.83 - 3.99 (m, 4 H) 4.01 (s,
2 H) 5.50 (qn, J=8.80 Hz, 1 H) 7.89 (d, /=8.80 Hz, 1 H) 8.11 {dd, /=8.80, 1.96 Hz, 1 H) 8.35
(d, J=1.71 Hz, 1 H) 8.59 - 8.70 (m, 2 H) 9.30 (5, 1 H) 9.64 (s, I H); LCMS-ESI (POS), M/Z,
M+1: Found 457, Caiculated 457, |
EXAMPLE 246

-

\\f

j@

N
H

N

9-cyclopentyl-N -{6-(5, 8-duazasp1i§?3 S]non—8~yi)-3 pyridazinyl)-9H-
pyrldo[4' 3':4,5]pyrrolof2,3-d]pyrimidin-2-amine
Campound 386 was prepared using chemistry similar to that descnbed in example 1 iH NMR
(400 MHz, CD);0D) § ppm 1.80 {m, 2 H) 1.93 - 2.22 (m, 6 H) 2.22 - 2.44 (m, 4 H) 3.24-330
(m, 2 H) 3.69 - 3.82 (m, 2 H) 3.86 (s, 2 H) 5.35 (qn, /=8.71 Hz, 1 H)} 7.65 (d, J=9.78 Hz, | H)
8.18 - 8.30 (m, 2 H) 8.41 (d, J=5.67 Hz, 1 H) 8.98 (s, 1 H) 9.30 (s, 1 H); LCMS-ESI (POS),
M/Z, M+1: Found 456, Calculated 456.
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EXAMPLE 247

3g7
9.cyclepentyl-N-(6-(6,9-diazaspiro[4.5]dec-9-yl)-3-pyridazinyl)-SH-
pyrido[4',3":4,5]pyrrolo[2,3-d]pyrimidin-Z-amine -
Compound 387 was prepared using chemistry similar to that described in example 1. 'H NMR
(500 MHz, CD;0D, TFA salt) 8 ppm 1.70 - 1.86 (m, 8 H) 1.88 - 1.99 (m, 2 H) 1.99 - 2.06 (m,
2 H)2.06 - 2.15 (m, 2 H) 2.26 - 2.40 (m, 2 H) 3.29 - 3.38 (m, 2 H) 3.65 (5, 2 H) 3.73 - 3.84 (m,
2 H) 5.33 (qn, J=8.93 Hz, 1 H) 7.48 (d, /=10.03 Hz, 1 H) 8.04 (d, /=5.38 Hz, 1 H) 8.29 - 8.41
(m, 2 H) 8.85 (s, 1 H) 9.16 (s, 1 H); LCMS-ESI (POS), M/Z, M+1: Found 470, Calculated 470.
EXAMPLE 248

e

N™™% \_/N

|

N
Nf) ]
o
Na
[N

H

388
9-cyclopentyl-N-(6-(1,4-diazaspiro[5.5]undec-4-yl}-3-pyridazinyi)}-9H-
pyrido[4',3":4,5]pyrrolo[2,3-djpyrimidin-2-amine

Compound 388 was prepared using chemistry similar to that described in example 1. "H NMR
(400 MHz, CD;CD, TFA salt) 6 ppm 1.56 - 1.82 (m, 7 H) 1.82 - 1.97 (m, 2 H) 1.97 - 2.12 (m,
2 H)2.12 - 2.34 (m, 4 H) 2.42 - 2.61 (m, 2 H) 3.40 - 3.56 (m, 2 H) 3.89 - 4.06 (m, 4 H) 5.47

(qn, /=8.80 Hz, 1 H) 7.96 (4, J=10.17 Hz, 1 H) 8.12 (d, J=9.78 Hz, 1 H) 8.66 (s, 2H) 9.33 (5, ]
H) 9.66 (s, 1 H); LCMS-ESI (POS), M/Z, M+1: Found 470, Calculated 470,
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EXAMPLE 249

o)
HN’LN’ N
N @

Na

N
;JNH
o/
389
9-cyclopentyl-N-(6-(4-0xa-1,9-diazaspiro[5.5] undec-9-yI}-3-pyridazinyl)-9H-
pyrido}4',3":4,5] pyrrole[2,3-d]pyrimidin-2-amine

I?m @n
0
g\”"z ’ %HZ
OH OH
390 391

(4-Amino-1-benzylpiperidin-4-yl)methanol (391): Lithium aluminum hydride (1.94 g, 51.2
mmol) was added to a THF (100 mL) solution of 4-amino-1-benzylpiperidine-4-carboxylic
acid [Albert, J. S. et al. J. Med. Chem, 2002, 45, (18), 3972-3983] (390) (3.00 g, 12.8 mmof).
The resulting mixture was stirred for 1.5 h at reflux. The reaction was cooled to room
temperature and the following additions were made slowly: 2 mL of water followed by 2 mL
of I N NaOH, and finally 4 mL of water. The mixture was then filtered and concentrated to
give compound 391 as a thick clear oil (2.22 g, 79% yield). The material was used in the next
step without further purification. LCMS-ESI{POS), M/Z, M+1: Found 221, Calculated 221.

Bn i?n

q N
N CICH,COC! p
t-BuONa
NH { NH

OH \/go
391 392

9-(phenylmethyl)-4-oxa-1,9-diazaspiro[5.5jundecan-2-one (392): Triethylamine (2 mL 14
mmol) was added to a DCM (50 mL) solution containing chloroacetyl chioride (1 mL, 14
mmol) and compound 391 (3 g, 14 mmol) . The resulting mixture was stirred 2h at 23 °C.
The solvent was stripped and THF was added followed by potassium tert-butoxide (5 g, 41

mmol). The resulting solution was stirred overnight at room temperature. The reaction was
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then concentrated to dryness and the resulting residue was washed with 200 mL of absolute
ethanol. The ethanolic solution was then concentrated to give 3.16 g of 9-(phenylmethyl)-4-
oxa-1,9-diazaspiro[5.5jundecan-2-one. The material was used in the next step without further
purification. LCMS-ESI (POS), M/Z, M+1: Found 261, Calculated 261.

on o

N LAH N
O\/go . O\)

392 393

9-(phenyimethyl}-4-oxs-1,9-diazaspiro{5.5lundecane (393): LAH (2.00 g, 52.7 mmol) was
added to a THF (100 mL) solution containing 9-(phenylmethyl)-4-oxa-1,9-
diazaspiro[5.5]undecan-2-one (3.1893 g, 12.3 mmol}). The resulting mixture was stirred 1 h at
reflux. The reaction was then cooled to room temperature and the following additions were
made slowly: 2 mL of water followed by 2ZmL of 1 N NaOH, and finally 4 mL of water, The
mixture was then filtered and concentrated to give a thick clear oil (2.66g, 88% yield). The
material was used in the next step without further purification. LCMS-ESI (POS), M/Z, M+1:
Found 247, Calculated 247.

n

Q\IH NH
O\) 0\)
393

304

=
ZT

4-oxa-1,9-diazaspiro[5.5]undecane (395): Pearlman'sCatalyst (28.5 mg, 203 pmol) was
added to an ethanolic (40 mL) solution containing compound 393 (500 mg, 2030 umol). The
resulting mixture was placed under an atmosphere of hydrogen and stirred overnight at 100 °C
{bath temperature). Next, the reaction was cooled to room temperaturé, filtered, and
concentrated to give compound 394 {301 mg, 95% vield). The material was used without
further purification. LCMS-ESI (POS), M/Z, M+1: Found 157, Calculated 157.
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394 140 389

9-cyclopentyl-N-(6-(4-oxa-1,9-diazaspiro[5.5]undec-9-y1)-3-pyridazinyl}-9H-
pyridof4',3":4,5Ipyrrolo[2,3-d]pyrimidin-2-amine (389): Compound 394 (30 mg, 191 pmol)
was added to an NMP {(4.mL) solution containing compound 140 (70 mg, 191 pmol) and N,N-
diisapropyl-ethylamine (74 mg, 574 umol). The resulting mixture was heated in a microwave
for 12 h at 165 °C. Afier cooling, the mixture was purified on the reverse phase HPLC (10-
50% acetomitrile Method). Desired fractions were pooled and lyophilized to give compoumd
389 (10 mg,11% vield). "H NMR (400 MHz, CD;0D, TFA salt) 3 ppm 1.81 - 2.07 (m, 4 H)
210-238(m, 6 H)2.52 (m,2H)3.37-342(m, 3 H)342-3.54 (m, 2 H}3.91 - 403 (m, 3
H)4.11-4.28 (m, 2 H) 5.49 (gn, /=8.80 Hz, 1 H) 7.97 (d, /=9.98 Hz, 1 H} 8.09 (d, /9.98 He,
1 H)8.58 - 8.63 {m, 1 F) 8.62 - 8.68 (m, 1 H) 9.30 (5, 1 H) 9.63 (s, 1 H); LCMS-ESI (POS),
M/Z, M+1: Found 486, Calculated 486.

EXAMPLE 250
DX
o N N

N O
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N

e
4
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396

9-(6-{(9-cyciopentyl-9H-pyrido{4',3":4,5| pyrrole[2,3-d} pyrimidin-2-yl)amine)-3-

pyridazinyl)-i-oxa-4,9-diazaspiroe[5.5jundecan-3-one
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Bn
[
M
1. TMSCN, TEA, RT
2. LAH, THF, 65°C
OH
0

NH,
397

2

4-{aminomethyl)-1-benzylpiperidin-4-ol (387}: To a pre-cooled solution (20 °C)‘of 1-benzyl-
4-piperidone (35.0 mL, 196 mmol) and triethylamine (5.5 mL, 40 mmol) was added
trimethylsilylcyanide (32.0 mL, 240 minol), portionwise over 10 minutes. Once the addition
was complete, the reaction mixture was stirred at room temperature for 3 hours. This reaction
mixture was then cautiously added (10 mL portions over 12 minutes) to a stirring mixture of
lithium aluminum hydride (3.5 g, 224 mmol) in tetrahydrofuran (420 mL). Once the addition
was complete the reaction mixture was refluxed for 1.5 hours. After cooling to room
temperature, the reaction was quenched with water (8.5 mL)}, followed by IN NaOH (8.5 mL)},
and then water (2 x 8.5 mL). The resulting mixture was allowed to stir at room temperature
overnight. The solids were filtered off and rinsed witl} DCM and ethanol. The filtrate was
concentrated down to a solid and then purified by flash chromatography (0-20% methanol in
DCM with 1% NH4OH) to give compound 397 as a yellow solid (39.7 g, 92%). LCMS-ES}
(POS), M/Z, M+1: Found 221.2, Calculated 221.2.

Bn
Bn N

N P )k/cx

397 398

N-((1-benzyi—4-hydrnxypiperidin-—cl—yl)methyl)—Z—chléreacetamide (398): To a solution of
compound 397 (39.7 g, 180 mmol) in dichioromethane (350 mL) was added tt'iethyiamine
(50.0 mL, 359 mmol), followed by dropwise addition of chloroacetyl chloride (16.5 mL, 207
mmol) over 15 minutes. The resulting solution was stirred at room temperature for 1.25 hours.
The crude mixture was diluted with DCM and water, and extracted with DCM twice. The
combined organics were dried over NaxSO4 and concentrated in vacuo to give compound 398
(41.9 g, 78%). LCMS-ESI (POS), M/Z, M+1: Found 297.1, Calculated 297.1.
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9-benzyl-1-0xa-4,9-diazaspiro{5.5jundecan-3-one (399): To a mixture of compound 398
(41.9 g, 141 mmol} in tetrahydrofuran (300 mL) was added potassium tert-butoxide (31.8 g,
283 mmol), portionwise over 40 minutes. After 3.5 hours of stirring at room temperature, the
reaction was concentrated in vacuo. The residue was diluted with DCM and water, and then
neutratized with 3N HCI. The remaining solids were filtered off and the filtrate was
concentrated to an oil. The residue was taken up in hot ethanol (100 mL). After allowing the
solution to cool to ~45 °C, the salts were filtered off, and the filtrate was concentrated to a
brown solid. The crude material was purified by flash chromatography (0-20% methanol in
DCM with 1% NH4OH) to give compound 399 as an orange solid (22.8 g, 62%). LCMS-ESI
{(POS), M/Z, M+1: Found 261.1, Calculated 261.1.

H
N

%) Pd(OH}g
O 1a~|2 EtoH 0
HN \n) 50 psi HNW('

o) O

399 400
i-oxa-4,9-diazaspiro[5.5jundecan-3-one (400): To a solution of compound 399 (316.1 mg,
1214 umol) in ethanol (15 mL} was added palladium hydroxide, 20 wt % pd (dry basis) on
carbon, wet {300 mg, 427 pmol). ARer hydrogenating the reaction mixture at 50 psi for 6

days, the mixture was filtered thru a plug of celite and concentrated in vacuo to give compound
400 (287.0 mg). LCMS-ESI(PQS), M/Z, M+1: Found 171.1, Calculated 171.1.
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G-(6-((9-cyclopentyl-9H-pyrido{4',3':4,5] pyrrole]2,3-d]pyrimidin-2-y)amino}-3-
pyridazinyl)-1-oxa-4,9-diazaspiro[5.5]Jundecan-3-one (396): To a mixture of compound 400
(110.0 mg, 646 umol) and compound 149 {40.0 mg, 109 pmol) in N-methylpyrrolidinone (1.50
mlL) was added N,N-diisopropylethylamine (DIEA) (¢.100 mL, 575 pmol). The resulting
mixture was heated at 160 °C under microwave irradiation for 6 h. The crude material was
purified by reverse phase HPLC (acetonitrile/H;O containing 0.1% TFA each, 25 min from 10
to 40%). The isolated material was further purified by prep-TLC (10% methanol in DCM with
1% NH4OH) to give compound 396 as a yellow solid (2.5 mg, 5%). 'H NMR (500 MHz,
CD;00)89.21 (s, 1 H)891 (5,1 H) 8.37 - 8.46 (m, 2 H) 8.08 (d, /=5.38 Hz, 1 H) 7.46 (d,
J=10.03 Hz, 1 H) 5.43 (quin, 1 H) 4.21 (s, 2 H) 4.06 (ddd, J=13.27,3.48,3.30 Hz, 2 H} 3.37 -
3.42(m, 4 H)2.44 (dd, /=12.96, B.31 Hz, 2 H) 2.08 - 2.24 (m, 4 H) 2.03 {d, /=13.45 Hz, 2 H)
1.84 -1.93 (m, 2 H) 1.74 - 1.83 {m, 2 H) ppm; LCMS-ESI (POS), M/Z, M+1: Found 500.2,
Calculated 500.2.

EXAMPLE 251

—

N N

HN)I\N/ N
.

C
N
491
9.¢cyclopentyl-N-(6-(4-methyi-1-oxa-4,9-diazaspire][5.5]undec-9-yI)-3-pyridazinyl)-9H-
pyrido[4°,3":4,5]pyrrole(2,3-d] pyrimidin-2-amine

235



WO 2009/085185 PCT/US2008/013849

i o
N
LAH
o THF O
o}
HN\T(I ssee 0
0
399 402

9-benzyl-1-0xa-4,9-diazaspiro[5.5]undecane (402): To a stirring mixture of lithium
aluminum hydride (2.22 g, 58.5 mmol) in tetrahydrofuran (70 mL) was added compound 399
(3.60 g, 13.8 mmol), portionwise over three minutes. After 1.25 hours of reflux the reaction
was cooled to room temperature and quenched with water (2.22 mL), then IN NaOH (2.22
mL), then water (2 x 2.22 mL). The remaining solids were filtered off, and the filtrate was
concentrated to give compound 402 (2.81 g, 82%). LCMS-ESI (POS), M/Z, M+1: Found
247.1, Calculated 247.2.

Bn Bn
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N Fmog-Cl N

NaHCO,
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o i 4-dioxane o
HN\) Fmoc’N\)

402 403

9H-fluoren-9-yimethyl-9-(phenylmethyl)-1-oxa-4,9-diazaspiro[5.5]undecane-4-
carbexylate (403): To a solution of compound 402 (2.81 g, 11.4 mmol) in 1,4-dioxane (53
mL) was added 10% sodium bicarbonate in water (21.5 mL) followed by 9-fluzorenylmethyl
chloroformate (2.96 g, 11.4 mmol). The resulting mixture was stirred at room temperature for
four hours, and then neutralized with 3N HCI. The solution was concentrated to a solid and
then purified by flash chromatography (0-10% methanot in DCM with 1% NH4OH) to give
compound 403 as a white solid (1.2 g, 22.5%). LCMS-ESI (POS), M/Z, M+1: Found 469.1,
Calculated 469.2.

I%n
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;g Pd{GH);
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403 404

ZI

SH-fluoren-9-ylmethyl-1-o0xa-4,9-diazaspiro{5.5]undecane-4-carbexylate(d04): To a
solution of compound 403 (1.43 g, 3.05 mmol} in ethanol (27 mL) was added palladium
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hydroxide, 20 wt % pd (dry basis) on carbon, wet (1.51 g, 2.15 mmot), followed by
hydrochloric acid {0.10 mL). The sealed glass tube was then evacuated and purged with
hydrogen three times. The sealed tube was then charged with hydrogen (50 psi), and allowed
to stir at room temperature for three days. HPLC showed ~85% conversion to the desired
product. After filtering the mixture through a plug of celite, the filtrate was concentrated to a
solid and purified by flash chromatography (0-20% methanol in DCM with 1% NHsOH) to
give compound 404 (709 mg, 61%]) as a white solid. LCMS-ES1(POS), M/Z, M+1: Found
379.1, Calculated 379.2.

H
N N
LA
0 THF O
65 °C
Fmoc’N\/’ /N\)
404 405

4-methyl-1-0xs-4,9-diazaspiro[5.5}undecane (405): To a mixture of compound 404 (586.4
mg, 1.545mmol) in tetrahydrofuran (20 mL) was added lithium aluminum hydride (240.5 mg,
6.34 mmol). After 1.5 hours at reflux the reaction was cooled to room temperature and
queﬁched with water (240.5 pL), followed by IN NaOH (240.5 puL}, and then water (2 x 240.5
pL). The remaining solids were filtered off, and the filtrate was concentrated to give
compound 405 (406 mg), as a sticky white solid. LCMS-ESI (POS), M/Z, M+1: Found 171.1,

Calculated 171.1.
H
N
N TEA
+ H] [re——— N
ggo N._ =~ THE
65 °C

N ci g

405 406

9—{6-chloro-S-pyridazinlyl}udl»-methy!—l-oxa-4,9-diazaspiro[S.S}Bndecane {406): To a
solution of compound 405 (406.0 mg, 2.39 mmol) in tetrahydrofuran (17 mL) was added 3,6-
dichloropyriaazine (361.7 mg, 2.43 mmol), followed by triethylamine (0.680 mL, 4.89 mmol).
The resulting solution was stirred af reflux for 38 hours. The reaction mixture was then
concentrated and the residue was purified by reverse phase HPLC {acetonitrile/H;O containing
0.1% TFA each, 25 min from 10 to 40%) to give compound 406 as a sticky yellow solid (303
mg, 45%). LCMS-ESI (POS), M/Z, M+1: Found 283.1, Calcuiated 283.1.
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9-cyclopentyl-N-(6-(4-methyl-1-oxa-4,9-diazaspire{5.5]undec-9-yl)-3-pyridazinyl)-9H-
pyride[4',3":4,5ipyrrolaf2,3-d]pyrimidin-2-zamine (401): To a solution of compound 4 (53.2
mg, 0.210 mmol) in 1,4-dioxane (3 mL) were added compound 406 (61.3 mg, 0.22 mmol), 8,9
dimethy!-4,5-bis(diphenylphosphino)xanthene (32.0 mg, 55.3 pmol),
tris(dibenzylideneacetone)dipalladium (o) (30.9 mg, 33.7 pmol), and sodium tert-butoxide
(103.9 mg, 1.08 mmol). After purging with argon for 3 minutes, the reaction: mixture was
heated at 120 °C under microwave irradiation for 1.5 h. The reaction mixture was concentrated
and the residue was purified by reverse phase HPLC (acetonitrile/H>O containing 0.1% TFA
each, 25 min from 10 to 30%) to give compaur;d 401 asl a TFA salt (26.7 mg, 15%). '"H NMR
(500 MHz, CD;0D)} 8 9.67 (s, 1 H} 9.35 (s, 1 H) 8.67 (br. 5,2 H) 7.95 - 8.14 (m, 2 H) 5.48
(quin, 1 H) 4.09 - 4.21 (m, 2 H) 3.94 - 4,07 (m, 2 H) 3.34 - 3.63 (m, 2 H) 2.93 (5, 3 H) 2.42 -
2.62 (m,4 H) 2.11 - 2.33 (m, 6 H) 1.59 - 1.99 (m, 6 H) ppm; LCMS-ESI (POS), M/Z, M+1:
Found 500.4, Calculated 500.3.

EXAMPLE 252
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9.Cyciopentyl-N-(§-(4-(dimethylamine)-1-piperidinyl)-3 -pyr1dazmyl)—8—ﬂuoro-9ﬂ-
pyrido{4',3':4,5]pyrrolo|2,3-d]pyrimidin-2-amine
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Compound 407 was prepared from compound 248 using chemistry similar to that described in
example 4. The yield is 45%. "H NMR (500 MHz, CD;OD) § ppm 9.47 (1 H, 5), 8.11 2 H, ),
8.08 (1 H,d,.~~10.0 Hz) 7.88 (1 H, d, /=10.0 Hz), 5.65 (1 H, t, /=9.0 Hz), 4.54 - 458 (2 H, m),
3.60(1 H,m), 3.17 (2 H, ddd, /~14.5,12.5, 1.8 Hz), 2.44 (2 H, m), 2.10-2.33 (6 H,m), 1.71 -
1.95 (4 H, m); LCMS-ESI (POS), M/Z, M+1: Found 476.2, Calculated 476.3

EXAMPLE 253

o408 _ . ‘
9-Cyclopentyl-8-fluore-N-(6-((3R)-3-methyl-1-piperazinyl)-3-pyridazinyl}-9H-
pyrideld’,3":4,5|pyrrela{2,3-d] pyrimidin-2-amine
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245 11 408

9-Cyclopentyl-8-fluoro-N-(6-((3R)-3-methyl-1-piperazinyl)-3-pyridazinyl)-9H-
pyride{4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-amine (408): Compound 408 was prepared from
compeund 245 and compound 11 using chemistry similar to that described in example 4. The
two step vield is 12%. 1H NMR (506 MHz, CD;0D) é ppm 9.48 (1 H, 5), 8.10-8.14 (2 H,
m), 8.00 (1 H, d, /=10 Hz), 8.05 (1 H, 4, /~10 Hz), 5.66 (1 H, {, /=9.0 Hz), 4.43 - 449 (2 H,
m), 3.52 - 3.62 (2 H, m), 3.29 - 3.48 (2 H, m), 3.20 (1 H, dd, J/=14.4, 10.8 Hz), 2.45 (2 H, ddd,
J=972,70,4.5Hz),2.13-227{(4 H, m), 1.87-1.88 (2 H, m), 1.46 (3 H, d, /=6.6 Hz); LCMS5-
ESI (POS), MVZ, M+1: Found 448.1, Calculated 448.2
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EXAMPLE 254
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9-Cyclopentyl-N-(6-(3,6-dihydro-1(2H)-pyridinyl)-3-pyridazinyl)-9H-
pyrido{4',3":4,5]pyrrolo{Z,3-d]jpyrimidin-2-amine
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3-Chloro-6-(3,6-dihydro-1(2H)-pyridinyl)pyridazine (410} was prepared using chemistry
similar to that described for compound 11. The yield is 86%. 'H NMR (500 MHz, CD;0D) &
ppm 7.44 (1 H, d, J=9.5 Hi), 7.29 (1 H, d, J=9.5 Hz), 5.96 (1 H, m, J=10.1, 4.1, 4.1, 2.3, 2.1
Hz), 5.85 {1 H, m, J=10.1, 3.3, 3.3, 2.0, 1.7 Hz), 4.05 (2 H, dq, J=2.9, 2.8 Hz), 3.80 2 H, t,
J=5.6 Hz), 2.30 (2 H, d, J=2.7 Hz); LCMS-ES] (POS), M/Z, M+1: Found 196.0, Calculated
196.1.

9-Cyclopentyl-N-(6-(3,6-dihydro-1(2H}-pyridinyl)-3-pyridazinyl)-9H-pyrido-
{4',3":4,5]pyrrolo{2,3-d] pyrimidin-2-amine (469): Compound 409 was prepared from
compound 4 and compound 410 using chemistry similar to that described in example 1. The
yield is 20%. '"H NMR (500 MHz, CD;0D) 6 ppm 9.68 (1 H, d, J=1.5 Hz), 9.36 (1 H, 5), 9.36
(1 H, &, J=0.5 Hz), 8.69 (3 H, t, J=2.2 Hz), 8.60 - 8.72 (1 H, m), 8.22 (1 H, d, /=10.5 Hz), 8.08
(1 H, dd, /=10.0, 1.0 Hz), 6.02 - 6.09 (1 H, m, /=8.1, 4.1, 4.1, 2.0 Hz), 5.89 (1 H, dddd, /=8.4,
3.4,3.3, 1.5 Hz), 5.50 (2 H, t, J=8.8 Hz), 4.17 (3 H, qd, J/=2.7, 2.6 Hz), 3.87 3 H, t, /~5.7 Hz),
2.47 - 2.60 (3H,m), 2.37-2.43 (2 H,m, J=6.1,6.1,3.5,2.2 Hz), 2.15 - 2.35 (7, m), 1.87 -
1.99 (3 H, m); LCMS-ESI (POS), M/Z, M+1: Found 413.2, Calculated 413.2.
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9-Cyclopentyl-N-(6-(1,2,3,6-tetrahydro-4-pyridinyl)-3-pyridazinyl)-9H-
pyrido[4',3':4,5]pyrrolo[2,3-djpyrimidin-2-amine
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9-Cyclopentyl-N-(6-(1,2,3,6-tetrahydro-4-pyridinyl)-3-pyridazinyl)-9H-
pyridoid',3":4,5lpyrrelof2,3-d]pyrimidin-Z-amine (411): Compéund 411 was prepared using
chemistry similar to that described in example 20. The two step yield is 29%. "H NMR (500
MHz, CD;0D) 8 ppm 9.62 (1 H, s), 9.30 (1 H, s), 8.61 - 8.73 (3 H, m), 8.15 (1 H, 4, /=9.5 Hz),
6.77 (1 H, tt, J=3.5, 1.7 Hz), 5.50 (1 H, t, /~8.8 Hz), 4.01 (1 H, q, /2.8 Hz), 3.07 - 3.12 (1 H,
m,J=62,4.1,2020Hz),249-260(2H,m),2.13-2.33 (4 H, m), 1.93 {1 H, dt, /=8.8,2.3
Hz), 1.88 - 1.98 (1 H, m); LCMS-ESI (POS), M/Z, M+1: Found 413.2, Caiculated 413.2,
EXAMPLE 256
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9-Cyclopentyl-N-(1',2',3",6'-tetrahydro-3,4'-bipyridin-6-yl)-9H-
pyrido{4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine
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9-Cyclopentyl-N-(1',2,3',6'-tetrahydro-3,4'-bipyridin-6-yi)-9H-pyrido]4',3":4,5]-
pyrrolo[2,3-d]pyrimidin-2-amine (412): Compound 412 was prepared using chemistry
similar to that described in example 20. The two step yield is 70%. *H NMR (500 MHz,
CD;0D) 8 ppm 9.90 (1 H, 5), 9.50 (1 H, 5), 8.92 (1 H, 4, /=6.1 Hz), 8.75 - 8.83 (1 H, m), 8.57 -
8652 H,m),7.73-7.78 {1 H, m), 6.52 (1 B, tt, /=3.5, 1.7 Hz), 5.54 (1 H, quin, /=8.7 Hz),
3.96 - 4.01 (2 H, m), 3.68 (6 H, s), 3.58 (2 H, t,/=6.1 Hz), 2.88 - 2.95 2 H, m, J=6.3, 6.3, 2.2,
2.1,2.1 Hz), 2.57 (2 H, dq, /~12.8, 8.5 Hz), 2.21 - 2.37 (4 H, m), 1.8% - 2.00 (2 H, m); LCMS-
ESI (POS), M/Z, M+1: Found 412.1, Calculated 412.2. |

EXAMPLE 257
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9-cyclopentyl-N-(5-{4-piperidinyl)-2-pyridinyl}-9H-pyrido{4’,3":4 Slpyrrolo[z 3-
d]pyrimidin-2-amine

242



WO 20609/085185 POCT/US2068/013849
\ N
B0, / T >
H- Ao W7 N
FdiC (10%
O - N7 | O
Hp MeOH L
Ry
N

412 413

Iz

9-Cyclopentyl-N-(5-(4-piperidinyl)-2-pyridinyl}-9H-pyrido{4',3":4,5]|pyrrole[2,3-
dipyrimidin-2-amine {413): To a solution of compound 412 (90mg, 0.22 mmol) in methanol
(SmL) was added Pd/C (10% wt, dry basis) (50mg). The reaction was stir;ed at room
temperature with Hj ballon for 3 hours. Insolubles were removed by'ﬁitration. The filtrate was
purified using prep-HPLC to give compound 413 as a yellow solid (30mg, 33%). 1H NMR
(500 MHz, DMSO-ds) & ppm 10.98 (1 H, br. 5.), 9.64 (1 H, s), 9.42 (1 H, 5), 8.83 (1 H, dd,
J=3.5, 1.1 Hz), 8.71 (1 H, d, /=6.1 Hz), 8.55- 8.68 (2 H, m}), 8.30 (1 H,d, /2.7 Hz}, 8.17(1
H, d, /=8.6 Hz), 7.85 (1 H, dd, J=8.8, 2.4 Hz), 5.41 (1 H, dq, /=8.9, 8.8 Hz), 3.43 (2 H, dd,
J=10.4, 2.3 Hz), 2.96 (3 H, tt, J=12.1, 3.7 Hz), 2.42 (2 H, m), 2.00-2.08 (4H, m), 1.68 - 1.92 (2
H, m); LCMS-ESI (POS), M/Z, M+1: Found 414.2, Calculated 414.2.

EXAMPLE 258
NN A ;\E SN

1-th_ N N \N N/ N
N% C Ni:l Cl
w b

N N :
E_J\N/ : ' 'N/

on ! oH |
4144 {chirzlity arbitrarily assigned) 414B

1-(6-((9-Cyclopentyl-9H-pyrido[4',3":4,5]pyrrole{2,3-d]pyrimidin-2-yl}amine}-3-
pyridazinyl}-3-(dimethylamine)-4-piperidinel
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(BR* 4R*)-1-(6-((9-Cyclopentyl-9H-pyride{4',3":4,51pyrrolo(2,3-d]pyrimidin-2-yl)amino)-
3-pyridazinyl)-3-(dimethylamino)-4-piperidinol (414): Compound 414 was prepared using
chemistry similar to that described in example 20. The crude coupling product (50mg,
0.085mmol) was treated with § mL of 1M TBAF (in THF) at room temperature for 3 hours.
After removal of solvent, the residue was dissolved in DMSO and purified by prep-HPLC to
give the racernic alcoho! 414 (33mg, 82%). This compound was dissolved in 2 mL of MeCH
and to this solution was added 4 drops of 4 N HCl in dioxane. The solution was concentrated to
" give a yellow solid as an HCI salt.

'H NMR (500 MHz, CD;0D) & ppm .77 (1 H, s), 9.44 (1 H, 5), 8.78 (1 H, d, /=6.1 Hz), 8.72
(1 H, d, /=6.1 Hz), 8.14 (1 H, m), 8.05 (1 H, m, J/=10.0 Hz), 5.50 (1 , quin, /=8.7 Hz), 4.80 (1
H, m), 4.33 (1 H, m), 4.15 (1 H, ddd, /=10.3, 8.0, 4.9 Hz), 3.26 (1 H, m), 2.66 (2 H, m), 2.15 -
2.34 (4 H, m), 1.85 - 1.98 (2 H, m), 1.61 - 1.80 (1 H, m); LCMS-ESI (POS), M/Z, M+1: Found
474.2, Calculated 474.3.

The two enantiomers were resolved by SFC (Resolution conditions: 250x30 mm AS-H SFC
column with 50g/min methanol (0.2% DEA)+ 75g/min CO2 on.Thar 350 SFC. Outlet pressure
= 140 bar; Temp. = 24 C; Wavelength = 264 nm. Multiple 0.5 mL injections of 22 mg/8 mL
sample in methanol solution (2.75mg/mL). Cycle time = 5.0 min; run time = 6.0 min) to give
yellow solids. Compound 4144 has a retention time 4.13 minute and compound 414B has a
retention time 4.43 minute. NMR as the free base (each enantiomer). 'H NMR (500 -MHz,
CD;0D) & ppm 9.09 (1 H, 5), 8.77 (1 H, ), 8.23 - 833 (2 H, m), 7.94 (1 H, d, J=5.1 Hz), 7.28
(1 H, d, /=10.0 Hz), 5.29 (2 H, t, /=8.8 Hz), 4.27 (1 H, ddd, J=13.1, 4.2, 2.1 Hz), 4.07 (1 H,
dd, J=11.2, 2.4 Hz), 3.77 (1 H, td, /=9.9, 4.6 Hz), 2.82 - 2.94 (2 H, m), 2.38 (6 H, 5}, 2.30 (2
M, m), 1.94-2.13 (6 H, m), 1.77 (2 H, dt, J=12.0, 6.8 Hz}, 1.51 (1 H, ddd, J=10.4, 2.2, 2.1
Hz);, LCMS-ESI (POS), M/Z, M+1: Found 474.2, Calculated 474.3; each ee 99%.
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For convenience, they are arbitrarily assigned the structures as drawn, with absolate
configuraiion remaining uncertain, Biological deta reported in table 9 for compound 414 A as

example 258A and for compound 4148 as example 258B.

EXAMPLE 259
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9-cyclopentyl-N-{6-{d-pyridinyi)-3-pyridazinyi}-9H-pyrido[4',3":4,5]pyrrolo{ 2,3~
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9.cyclopentyl-N-(6-(4-pyridinyl)-3-pyridazinyl)-9H-pyrido[4',3':4,5] pyrrelo[2,3-
dipyrimidin-2-amine (415): To a solution of compound 140 {199mg, 544 umol) in dioxane
(3ml) were added pyridin-4-ylboronic acid (66.9 mg, 544 pmol), Pdx(dba); {24.9 mg, 27.2
pmol), tricyclohexylphosphine (15.3 mg, 54.4 umol), and potassium phosphate (231 mg, 1.09
mmol) (in ImL of water). The reaction mikture was purged with N for 20 minutes and the
reaction was heated at 100 °Cdegree for 18 hours. DCM was added to the reaction and the
mixture was washed with water and brine. The organic layer was dried with sodium sulfate.
The product was purified using Combiflash (DCM/methanol) followed by trituration with ethyl
acetate to give compound 415 as a yellow solid (63mg, 28%). 'H NMR (500 MHz, CD,Cl) &
ppm 9.25 (1 H, s), 8.97 - 9.05 (2 H, m), 8.92 (1 H, 5), 8.79 (2 H, d, J=6.1 Hz), $.57 (1 H, d,
J=5.1 Hz), 8.00 - 8.08 (3 H, m), 7.96 {1 H, dd, /=5.1, 1.2 Hz), 5.48 (1 H, quin, /=8.9 Hz),
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2.48(2 H, m), 2.20-2.28 (4 H, m), 1.95 (2 H, dddd, J=8.2, 4.5, 4.3, 42 Hz), 1.63 (2 H, br. 5.);
LCMS-ESI (POS), M/Z, M+1: Found 409.1, Calculated 409.2.
EXAMPLE 260

T@
H‘N)\N/ N
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2
N
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N-3,4'-bipyridin-6-yl-9-cyclopentyl-9H-pyrido[4’,3":4,5]pyrrolo{2,3-d] pyrimidin-2-amine

O

N
Cl N7 =R 4
Ch o~y e
- | NF Pda(dba); N7 N N
N7 N | Xant Phos
HoN iN/ N'H * NaOfBuy NZ |
= dioxane =
- | 1606 -120 °C
N =
o |

416

N-3,4'-bipyridin-6-yl—9-cyclopemyl-9H-pyrid0[4',3‘:4,S}pyrmle{2,3wd]pyrimidin—%-amine
(416): Compound 416 was prepared using chemistry similar to that described in example 20,
The yield is 65%. 'H NMR (500 MHz, CD;Cl5)  ppm 9.23 (1 H, 8), 8.99 (1 H, d, /~=1.2 Hz),
8.65-8.81 (4 4, m), 8.54 (1 H,d,/=5.1 Hz), 8.12(1 H, dd, /=8.7, 2.6 Hz), 7.94 (1 H, dd,
J=5.1, 1.2 Hz), 7.54 - 7.63 (2 H, m), 5.48 (1 H, quin, J=9.0 Hz), 2.46 - 2.57 (2 H,m), 2.13 -
2.31 (4 H, m), 1.89-2.00 (2 H, m, J=11.4,7.8,7.7, 7.7, 3.8 Hz), 1.63 (1 H, br. 8.); LCMS-ESI
{POS), M/Z, M+1: Found 408.2, Caiculated 408.2.
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EXAMPLE 261
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417
S-Cyclopentyl-N-(6-(6-methoxy-3-pyridinyl)-3-pyridazinyl)-9H-
pyride[4',3":4,5lpyrrolo]2,3-d]pyrimidin-2-amine

—_—
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9-Cyclopentyl-N-(6-(6-methoxy-3-pyridinyl)-3-pyridazinyl)-9H-pyride[4',3':4,5}-
pyrrolo[2,3-djpyrimidin-2-amine (417): Compound 417 was prepared using chemistry
similar to that described in example 259. The yield is 26%. 'H NMR (500 MHz, CD,Cl;) §
ppm 9.31 (1 H, 4, J=1.7 Hz), 8.99 (1 H, d, /=0.7 Hz), 8.92 (1 H, d, /=9.3 Hz), 8.85 (1 H, d,
J=2.4 Hz), 8.56 (1 H, d, /=5.6 Hz), 8.40 (1 H, dd, /~8.7, 2.6 Hz}, 8.10 - 8.15 (1 H, m}, 7.97 (1
H, d, /=9.5 Hz), 6.94 (1 H, d, J=8.6 Hz), 5.45 (1 H, qd, J=9.0, 8.8 Hz), 4.05 (3 H, 5), 2.43 -
2.52 (2 H,m), 2.16 - 2.33 (4 H, m), 1.91 - 2.00 (2 H, m); LCMS-ESI (POS), M/Z, M~+1: Found
436.0, Calculated 439.2.
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EXAMPLE 262

Q»Cyciopentyl—N-(@(2-metlmx;—lﬁpyridinyl)-3—pyridazinyl)—93-
pyrido[4',3":4,5]pyrrolo[2,3-d] pyrimidin-2-amine
Compound 418 was prepared using chemistry similar to that described in example 259. The
yield is 52%. "H NMR (500 MHz, CD;Cl) 8 ppm 9.23 (1 H, 5), 8.97 - 9.02 (2 H, m), 8.75 (1
H, s), 8.56 (1 H, d, /=5.1 Hz), 8.34 (1 H, d, J=5.4 Hz), 7.96 - 8.03 (2 H, m), 7.65 (1 H, dd,
J=5.4,1.7 Hz), 7.44 (1 H, dd, J=1.5, 0.7 Hz), 5.47 (1 H, quin, /=9.0 Hz), 5.36 (25 H, d, /=1.2
Hz), 2.4 - 2.53 (2 H, m, /=13.0, 9.0, 8.7, 8.7 Hz), 2.16 - 2.31 (4 H, m}, 1.90-1.99 2 H, m, .
J=8.2,4.5,42 42 Hz), 1.59 (1 H, d, J/=8.1 Hz); LCMS-ESI (POS), M/Z, M+1: Found 439.1,
Calculated 439.2,
EXAMPLE 263

o

419
4~(6-((9-cyclopentyl-9H-pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-3-
pyridinyDtetrahydro-2H-thicpyran-4-ol 1,1-dioxide

pr)

N
s
H. )\
’ I
N7 =N 4 Pdy(dbaly
PP . c
HNT TNT N Xant Phos
C Cs;CO4
disxanea
A
4 420 419
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4-(6-((9-cyclopentyl-9H-pyrido[4',3":4,5]pyrrolo{2,3-d]pyrimidin-2-yl)amino}-3-
pyridinyl)tetrabydro-2H-thiopyran-4-o0i 1;1»di0xide {419): To a mixture of compound 4
(120mg, 474 pmol), Pda(dba); (21.7 mg, 23.7 pmol), 4,5-bis(diphenylphosphine)-9,9-
dimethyl-9H-xanthene (27.4 mg, 47.4 pmol) and cesium carbonate (309 mg, 947 pmot) was
added a solution of compound 420 (124 mg, 474 pmol) in dioxane (3rﬁL). The reaction was
purged with N; for 20 minutes and then heated at 120 degree in microwave for 2 hours. DCM
was added to the reaction and the mixture was washed with H20 and brine. The organic layer
was dried with sodium sulfate. The crude product was purified using Combiflash
(DCM/methanol) and suspended in methanol. A saturated solution of HCl in methanol (10
drops) was added. The solution was concentrated to give compound 419 as a light yellow solid
(HCI salt) (18mg, 8%). 'H NMR (500 MHz, CD;0D) & ppm 9.90 (1 H, 5), 9.51 (1 H, 5), 8.92
(LEL , J=6.1 Hz), 8.77 (1 H, d, J=5.9 Hz), 8.66 - 8.74 (1 H, m), 8.58 (1 H, dt, J=0.0, 1.0 Hz),
7.76 (1 H, d, /=9.3 Hz), 5.55 (1 H, qd, /=8.4, 8.2 Hz), 3.62 (2 H, t, J=13.6, 1.7 Hz), 337 2 H,
s),3.09 (2 H, dd, /~12.5, 1.0 Hz), 2.64 - 2.77 (2 H, m, /=13.7, 13.7, 1.8, 1.6 H2), 2.57 2 H,
dd, J=12.6, 8.2 Hz), 2.19 - 2.41 (6 H, m), 1.87 - 2.01 (2 H, m); LCMS-ESI (POS), M/Z, M+1:
Found 479.2, Calculated 479.2

EXAMPLE 264

N
Cré
H-..N L N

N

W C
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N

421
4-(6~((9-cyclopentyl-9H-pyrido{4',3':4,5]pyrrolof2, 3—d}pyr;m1dm-2-yl)annna}-
3-pyridazinyl)-2-pyridinol
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4-(6-((9-cyclopentyl-9H-pyrido{4',3":4,5]pyrrolo{2,3-d] pyrimidin-2-yl)amine)-3-
pyridazinyl)-2-pyridinol (421): Compound 418 (25mg, 57 umol) and pyridine hydrochloride
(500mg) in & smail vial were heated at 150 degree (oil bath) for 1 hour. DCM was added to the
reaction and sat. NaHCOj was added to wash. The crude product was collected by filtration
and was further washed with DCM and a small amount of methanol. The pure product was
then suspended in methanol and to this mixture was added 3 drops of saturated HCI methanol
solution. Concentration of the solution gave compound 421 as a yellow solid (HCl salt}. The
vield is 96%. 'H NMR (500 MHz, CD;0D) 6 ppm 9.87 (1 H, s), 9.50 (1 H, s), 8.88 (1 H, d,
J=6.1 Hz), 8.76 (1 H, 4, /=6.1 Hz), 8.68 (1 H, d, /=9.5 Hz), 8.49 (1 H, d,/=9.5 Hz), 7.77T (1 H,
d, J=6.8 Hz), 7.37 (1 H, d, J=0.7 Hz), 7.29 (1 H, dd, J=6.2, 1.1 Hz), 5.55 (1 H, quin, /=8.7 Hz),
2.54-2.63 (2 H, m), 2.22 - 2.38 (4 H, m), 1.91 - 2.01 (2 H, m); LCMS-ESI (POS), M/Z, M+1.
Found 425.2, Calculated 425.2.

' EXAMPLE 265

oy
AN

N

N O

X

422 :
9-Cyclupeutyi—N-(S—-(1,1-diaxido-3,6—dihydro~2§l—thiopyran—4-yl}-2-pyridinyl)—‘)li—
pyrido{4',3":4,5]pyrroio[2,3-d]pyrimidin-2-amine .
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9.Cyclopentyl-N-(5-(1,1-dioxide-3,6-dihydre-2H-thiopyran-4-yl)-2-pyridinyl)-9H-
pyrido{4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine (422): Compound 422 was prepared using
chemistry similar to that described in example 20. The two step yield is 75%. 'H NMR (500
MHz, CD;0D) S-ppm 9.87 (1 H, 5), 9.49 (1 H, 5), 8.91 (1H,d,J=6.1 Hz), 8.77 (1 H, d, J=6.1
Hz), 8.54 - 858 (2 H, m), 7.72 (1 H, d, /=5.8 Hz), 6.31 (1 H, t, J=1.5 Hz), 5.53 (1 H, dg, /~8.8,
8.6 Hz), 4.92 (1 H, br.s.), 3.98 (2 H, td, J=3.1, 1.5 Hz), 3.43 - 348 2 H, m), 3.23 2 H, td,
J=6.4, 2.0 Hz), 2.57 (2 H, ddd, /=8.8, 6.5, 6.2 Hz), 2.21 - 2.35 {4 H, m}, 1,90 -1.99 (2 H, m);
LCMS-ESI (POS), M/Z, M+1: Found 461.2, Calculated 461.2

EXAMPLE 266

T

O
H\NJ\N/ N

N O

OHM
: 423 : '
5-(6-((9-Cyclopentyl-9H-pyride[4',3":4,5lpyrroio[2,3-d]pyrimidin-2-yl}amino)-3-
pyridazinyl)-Z-pyridinol

Compound 423 was prepared from compound 417 using chemistry similar to that described in
example 264. The vield is 99%. 'H NMR (500 MHz, CD;OD) § ppm 9.87 (1 H, s), 9.50 (1 H,
s), 8.88 (1 H, d, /=5.0 Hz), 8.76 (1 H, d, J/=5.0 Hz), 8.61 (1 H, d, /=10 Hz), 838 - 842 (1 H,
m), 6.74 (1 H, d, /~=10.0 Hz), 5.54 (1 H, t, /=8.7 Hz), 2.54 - 2.63 (2 H, m), 2.23 - 237 (4 H,
m), 1.97 (2 H, dd, /7.1, 1.2 Hz); LCMS-ESI (POS), M/Z, M+1: Found 425.2, Calculated
4252
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EXAMPLE 267
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9-Cyclopentyl-N-(6-(3-pyridinyl)-3-pyridazinyD)-2H-pyrido{4',3":4,5] pyrrolo[Z,3-
dipyrintidin-2-amine

Compound 424 was prépared from compound 140 using chemistry similar to tﬁat described in
example 259. The vield is 9%. 1H NMR (500 MHz, CD3;0D) & ppm ppm 9.75 {1 H, ), .59 (1
H,d, /=1.0 Hz),9.59 (1 H,5),9.37 (1 H, 5), 927 (1 H, dt, /~8.3, 1.7 Hz), 8.95 (1 H, d, /=0.7
Hz), 8.75 (1 H, d, J=6.1 Hz), 8.61 - 8.70 (1 H, m), 8.53 (1 H, d, J=9.5 Hz), 8.22 (1 H, dd,
J=8.2, 5.7 Hz), 5.44 (1 H, quin, /=8.7 Hz), 2.42 - 2.52 (2 H, m), 2.08 - 2.26 (4 H, m), 1.79 -
1.90 (2 H, m); LCMS-ESI (POS), M/Z, M+1: Found 409.1, Calculated 409.2.
EXAMPLE 268
N’“T@N
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N
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T

425 -
9-Cyclopentyl-N-(6-(4-piperidinyloxy)-3-pyridazinyl)-9H-pyride[4',3':4,5]pyrrelo}2,3-
dlpyrimidin-2-amine
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9-Cyclopentyi-N—(6-(4-piperid‘iny!oxy)-:?a-pyridazinyi}»9H~pyrido[4',3‘:4,5]-pyrrolo{2,3-
d]pyrimidin-2-amine (425): Compomd 425 was prepared using chemistry similar to that
described in example 20. The two step yield is 84%. 'H NMR (500 MHz, CD;0D) & ppm 9.86
(1 H,s),9.50(1 4, s), 8.88 (1 H,d, /6.1 Hz), 8.76 (1 H, d,J=6.1 Hz), 8.17 ({1 H, d, J=9.5
Hz), 7.87 (1 H, d, /=9.5 Hz), 5.48 (1 H, tt, /=6.6, 3.3 Hz), 3.45-3.53 (3H, m}, 3.31 - 3.38 (6
H,m), 2.52-2.61 2 H, m}, 2.19-2.42 (4 H,m), 1.89-1.99 (2 H, m}; LCMS-ESI (POS), M/Z,
M+1: Found 431.2, Calculated 431.2

EXAMPLE 269
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9-Cyclopentyl-8-fluoro-N-{6-(4-piperidinyloxy)-3-pyridazinyl)-9H-
pyrido[4',3":4,5] pyrrelo{2,3-dlpyrimidin-2-amine
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9-Cyclopentyl-8-fluoro-N-(6-(4-piperidinyloxy)-3-pyridazinyl)-9H-pyride(4',3":4,5}-
pyrrolo[2,3-djpyrimidin-2-amine (426): Compound 426 was prepared from compound 245
using chemistry similar to that described in example 4. The two step.yieid is 11%. '"H NMR
(500 MHz, CD;0D) 8 ppm 9.59 (1 H, 5), 8.18 (2 H, s), 8.02 (1 H, d, /=9.8 Hz), 7.84 (1 H, 4,
J=9.8 Hz), 5.69 (1 H, t, J=9.0 Hz), 5.46 (1 H, dt, J=6.5, 3.2 Hz), 3.45 - 3.53 (2 H, m), 2.47 -
2.51 (2H, m),2.46 (1 H, dd, /=5.4,2.9 Hz),2.31 -2.42 (2 H, m), 2.11 - 2.31 (4 H, m}, 1.81 -
1.93 (2 H, m); LCMS-ESI (POS), M/Z, M+1: Found 449.2, Calculated 449.2.
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EXAMPLE 270
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9-Cyclopentyl-N-(5-(1,1-dioxidotetrahydre-2H-thiopyran-4-yl)-2-pyridinyl}-9H-
pyride[d',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine
Compound 427 was prepared from compound 422 using chemisiry similar to that described in
example 257. The vield is 20%. 'H NMR (500 MHz, CD;0D) 8 ppm 9.88 (1 H, 5), 9.50 (1 H,
s), 8.92 (1 H, d, J/=6.1 Hz), 8.77 (1 H, d,; J=6.1 Hz), 8.41 - 852 2 H, m), 7.73 (1 H, d, /=8.0
Hz), 5.54 (1 H, quin, /=8.7 Hz), 3.31 - 3.49 (2 H, m), 3.17 - 3.31 3 H, m), 3.07 (2 H, q, /=7.3
Hz), 2.50 - 2.63 (2 H, m), 2.21 - 2.44 (§ H, m), 1.88 - 2.01 (2 H, m); LCMS-ESI (PCS), M/Z,
M+1: Found 463.1, Calculated 463.2

EXAMPLE 271
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9-Cyclopentyl-N-(5-(1,1-dioxido-3,6-dihydro-2H-thiopyran-4-yl)-2-pyridinyl)-8-flucro-
9H-pyrido[4',3":4,5]pyrroiof2,3-d]pyrimidin-2-amine
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9-Cyclopentyl-N-{5-(1,1-dioxide-3,6-dihydro-2H-thiopyran-4-yI)-2-pyridinyl)-8-fluore-
9H-pyride[4',3":4,5)pyrrolo[2,3-d]pyrimidin-2-amine (428): Compound 428 was prepared
from compound 245 using chemistry similar to that described in example 1. The yield is 8%.
*H NMR (500 MHz, CDCl3) & ppm 9.06 (1 H, s), 8.46 (1 H, d, J/=8.8 Hz), 8.30 (1 H, d, /=2.2
Hz), 8.19 (1 H, 5), 7.63 - 7.70 (2 H, m), 5.84 - 5.88 (1 H, m), 5.48 (1 H, qd, /=9.1, 8.9 Hz),
31.78 (2 H, dd, /=4.5, 1.3 H2), 3.19- 3.24 (ZH, m), 3.14 (2 H, dd, /=6.1, 1.5 Hz}, 2.34 - 2.44
(2H,m, J=7.3,5.1,2.7, 2.7 Hz), 2.34 - 2.44 (4 H, m), 1.97 - 2.15 (2 H, m); LCMS-ESI (POE),
M/Z, M+1: Found 478.9, Calculated 479.2.

EXAMPLE 272
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N-(6«((1R 58}-6-amino-3-azabieyclof310Jhex-3-y1)-3-pyridazinyl)-9-cyclopentyl-9H-
pyridof4',3":4,5]pyrroio[2,3-d]pyrimidin-Z-smine
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(1R,55)-3-{6-[{(9-cyclopentyl-9H-pyrido[4',3":4,5]pyrrolo[2,3-d} pyrimidin-2-yi)amino}-3-
pyridazinyl-3-azabicyclo[310]hex-6-yl}carbamate (431): -

In analogy to example 1, starting materials and reagents in dioxane (4mL) were purged with Na
for 20 minutes. (Compound 430 was prepared by the method used for compound 11 in
éxample 4.) The reaction was then heated at 100 °C in a microwave reactor for 3.5 hours, DCM
was added to the reaction and the mixture was washed with water and brine. The organic layer
was dried with sodium sulfate. The product was purified using Combiflash (DCM/methanol)
and further purified by HPLC to give compound 431 as a yellow solid (60 mg, 39%). 'H NMR
(500 MHz, CD;0D) 8 ppm 9.62 (1 H, s}, 9.33 (1 H, 5), 8.64 - 8.70 (2 H, m), 8.38 - B.49 (1 H,
m), 7.72 - 7.78 (1 H, m), 5.48 (1 H, quin, J=8.8 Hz), 3.89 - 4.01 (2 B, m}, 3.80 (2 H, dt,
J=11.1, 2.4 Hz), 2.51 (2 H, dd, /=7.8, 1.2 Hz), 2.15 - 2.37 (4 H, m), 2.05 (2 H, t, J=3.4 Hz),
1.87 - 1.97 (2 H, m), 1.48 (9 H, s); LCMS-ESI (POS), M/Z, M+1: Found 528.3, Calculated
528.3.

N
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N-(6-((1R,55)-6-amino-3-azabicyclo[31(] hex~3—yl)’3~pyridazinyl)—9-cyclcpentyl»QH-
pyride[4',3":4,5]pyrrolo|2,3-djpyrimidin-2-amine (429): Compound 429 was prepared from
compound 431 using chemistry similar to that described in example 20. The yield is 73%. 'H
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NMR (500 MHz, CD;0D) 8 ppm 9.62 (1 H, s), 9.33 (1 H, 5), 8.64 - 8.70 (2 H, m), 8.38 - 8.49
(1 H, m), 7.72 - 7.78 (1 H, m), 5.48 (1 H, quin, /=8.8 Hz), 3.89 - 4.01 (2 H, m), 3.80 (2 H, dt,
J=11.1, 2.4 Hz}, 2.51 (2 H, dd, /=7.8, 1.2 Hz), 2.15 - 2.37 (4 H, m), 2.05 (2 H, t, /=3.4 Hz),
1.87-1.97 (2 H, m); LCMS-ESI (POS), M/Z, M+1: Found 428.2, Calculated 428.2.

EXAMPLE 273

SN
H\N)\” N

N

N\
432
N (5»(4 (dimethylamino)-1-piperidinyl)- 2-pyr:dmyl}~9 (2-methoxy-1,1- dlmethyiethyl)-
9H-pyrido[4',3":4,5]pyrrole[2,3-djpyrimidin-2-amine

Compound 432 was prepéred using chemistry similar to that described in example 20. The
yield is 39%. 'H NMR (500 MHz, CHLOROFORM-d) & ppm 9.22 (1 H, 4, J=1.0 Hz), 9.08 (1
H, s), 8.47 (1 H, d, J=5.1 Hz), 8.30 (1 H, d, /=9.0 Hz), 8.06 (1 H, d, /~2.9 Hz), 7.92 (1 H, s},
7.83 (1 H, dd, J=5.1, 1.2 Hz), 7.41 (1 H, dd, J=9.0, 2.9 Hz), 4.16 (2 H, 5), 3.66 - 3.73 (2 H, m},
3.52 (1 H, s), 3.33 (6 H, 5), 2.79 (2 H, td, J=12.0, 2.4 Hz), 2.08 (6 H, 5), 1.95- 2.15 (2 H, m),
1.66 - 1.79 (3 H, m, J=12.1, 12.0, 12.0, 4.3 Hz); LCMS-ESI (POS), M/Z, M+1: Found 475.3,
Calculated 475.3. '

EXAMPLE 274

Joas
Ve N: -O—

N7 l
N ‘

- N\
433
N-(6-(4-(dimethylamino)-1-piperidinyl)-3-pyridazinyl)-9-(2-methoxy-1, I-dxmethylethy])—
‘ 9H-pyrido[4',3":4,5]pyrroio|2,3-d}pyrimidin-2-amine
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N N Xang Phos NF /i
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HzN N N’ N NaOfBua N\
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~ 180 -120 °C N
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N

433 .
N-(ﬁ-(4—(dimethylamino}—l-piperidiny!)»3~pyridazinyl)&-{;-methoxw1,lwdimethylethyl)-

9H-pyrido[4',3":4,5]pyrrole[2,3-d] pyrimidin-2-amine (433): Compound 433 was prepared
using chemistry similar to that deseribed in example 20. The yield is 45%. "H NMR (500 MHz,
CD;0D) 8 ppm 9.78 (1 H, 5), 9.49 (1 H, s), 8.79 (1 H, , J=6.1 Hz), 8.69 (1 H, , J=6.1 Hz),
8.14 (1 H, m), 8.04 (1 H, m), 4.58 (2 H, dddd, /=14.0,4.7,2.6, 2.4 Hz), 4.19 (2 H, 5), 3.54 -
3.64 (1 H, m, J=12.0, 12.0, 3.8, 3.7 Hz), 3.37 (3 H, m), 3.20 (2 H, ddd, /=14.1, 11.7, 1.6 Hz),
2.94(6H, ), 2.29 (2 H, dd, J=4.2, 2.0 Hz), 2.15 (6 H, 5), 1.87 (2 H, qd, /~12.4, 4.3 Hz);
LCMS-ESI (POS), M/Z, M+1: Found 476.2, Calculated 476.3.

EXAMPLE 275

—

N

H/,\N N

N

=y O
v

N ~ 3
@ |

./N\.

=
-

%
\Z

434 '
N»(G-(4—(dimethylamino}-l-piperidinyl}-3—pyridaziny!}-9~(tetrahydro—211—thiopyran-4—yl)—
9H-pyrido[4',3":4,5]pyrrolo2,3-d]pyrimidin-2-amine

o

N

.S

Gl N7
= N E
| N7 ] Pd,(dba)s Mo *N" N

= N Xant Phos

N
N7 R
A A + NaOB N |
HNT TN N N it
? dioxane N $
(‘j 160 -120 °C
N
s N Q
N

PN
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N-(6-(4-(dimethylamino)-1-piperidinyl)-3-pyridazinyl)-9-(tetrabydro-Z H-thiopyran-4-yl)-
9H-pyrido{4',3':4,5]pyrrole{2,3-d]pyrimidin-2-amine (434): Compound 434 was prepared
using chemistry similar to that described in example 20. The yield is 14%. 'H NMR (500
MHz, CD;0D) § ppm 9.71 (1 H, 5), 9.50 (1 H, 5), 8.74 (1 H, d, J=6.1 Hz), 8.63 (1 H, 4, J=6.1
Hz), 8.05-8.12 (1 H, m}, 8.01 {1 H, dd, J/=11.4, 1.6 Hz), 490 (2 H, dt, /=11.9, 3.6 Hz), 4.74
(1 H, br. 5.), 4.47 - 4.51 (1 H, m), 4.43 - 447 (1 H, m), 3.46 - 3.59 (2 H, m), 2.88 - 3.04 (4 H,
m}, 2.73-2.86 (8 H, m), 2.16 - 2.30 (4 H, m), 2.03 - 2.10 (1 H, m), 1.80 (2 H, qd, J=12.4, 44
Hz), 1.15-1.30 (1 H, m); LCMS-ESI (POS), M/Z, M+1: Found 490.1, Calculated 490.2.

EXAMPLE 276

perrtin

=N 4
o

“NTNT TN
5 O
i s

[

N

I
—Z

=z

N

N

\

.

435 :
N-(5-(4-{dimethylaminoc)-1-piperidinyi)-2-pyridinyl)-9-(tetrakydro-2H-thicpyran-4-yl)-
9H-pyridof4',3":4,5]pyrrolol2,3~d]pyrimidin-2-amine ' '

N-(5-(4-(dimethylamino}-1-piperidinyi)-2-pyridinyl)-9-(tetrakydro-2H-thiopyran-4-yl})-
9H-pyridoi4',3":4,5]pyrrolo[2,3-d]pyrimidin-2-amine {435): Compound 435 was prepared
using chemistry similar to that described in example 20. The yield is 60%. "H NMR (500
MHz, CD;0D) 8 ppm 9.72 {1 H, 5), 9.50 (1 H, s}, 8.64 - 8.78 (2 H, m), 8.21 (1 H, dd, /=95,
29H2),802-811(1H,m),7.72(1 H,d,/~9.5Hz),3.89-4.05(2 H, m),3.48 (1 H, &1,
J=12.1,3.9 Hz), 3.07(6 H, m), 2.96 (6 H, 5), 2.88 (4 H, m), 2.27-2.34 (4 H, m}, 1. 94 (2 H, qd,
J=12.3, 4.4 Hz); LCMS-ES! (POS), M/Z, M+1: Found 489.2, Caiculated 489.3.
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EXAMPLE 277
T N
N 4
|
NF O
Lo
Mo
N
N
436

9-Cyclopentyl-N-(6-(4-(diethylamine)-I-piperidinyD)-3-pyridazinyl)-8-fluoro-9H-
pyride[4',3':4,5]pyrrelof2,3-dlpyrimidin-2-amine

Compound 436 was prepared from compound 245 using chemistry similar to that described in
example 1. The yield is 86%. 'H NMR (500 MHz, CD;0D) & ppm 9.56 (1 H, ), 8.09-8.21 (3
H, m), 7.88 - 7.95 (1 H, m), 5.67 (1 H, quin, /=0.0 Hz), 4.57 (2 H, dt, /=13.9, 2.4 Hz), 3.81 (1
H,m, /=12.0,12.0, 4.2, 3.9 Hz), 3.42 (4 H, m), 3.25 (6 H, m), 2.39 - 2.50 (2 H, m), 2.13 - 2.35
(6 H, m), 1.80 - 2.04 (4 H, m), 1.43 {6 H, t, /=7.2 Hz); LCMS-ESI (POS), M/Z, M+1: Found
504.2, Calculated 504.3.

EXAMPLE 278

N N

)
H\le\N/ N E
N C
P

N

oM~
437
9-Cyclopentyl-N-(5-(4-(diethylamine)-1-piperidinyD)-2-pyridinyl}-8-finoro-9H-
pyridel4',3":4,Slpyrrele[2,3-djpyrimidin-2-amine -

Compound 437 was prepared from compound 245 using chemistry similar to that described in
example 1. The yield is 90%. 'H NMR (500 MHz, CD;OD) 8 ppm 9.50 (1 H, 5), 8.21 (1 H,
dd, J=9.5, 2.9 Hz), 8.15 (2 H, 5), 8.02 (1 H, 4, /=2.9 Hz), 7.54 (1 H, d, /=9.5 Hz), 4.57 (2 H,
dt, /=13.9, 2.4 Hz), 3.81 {l H, m, /=12.0, 12.0, 4.2, 3.9 Hz), 3.42 (4 H, m), 3.25 (6 H, m}, 2.39
-250(2H, m),2.13-2.35(6 H, m), 1.80 - 2.04 (4 H, m}, 1.43 (6 H, t, /=7.2 Hz); LCMS-ESI
(POS), M/Z, M+1: Found 503.4, Calculated 503.3.
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EXAMPLE 279

N/\r@f\l
H AN, A
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N/
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/N\.

438 :
N»{ﬁ-(4~(dimethylamino)-1-piperidinyl)-3-pyridazinyl)—9-(1,1—diuxidntetrahydrovZHn
thiopyran-4-yI)-9H-pyrido[4",3":4,5]pyrrolo[2,3-d] pyrimidin-2-amine

N
cl cl N/YQ
ZN Ho AN PN
NS i
/“\ P H Naw Xant Phos 171/ E
- —_—
HZN N N * N NaOt’Bu3 N\ F) i~
N 0
dioxane N o}
160 -120 °C
S
ey
o o N
AN

N-(&@—(dimethylamine}1-piperidinyi)-S-pyridazinyi)»9-(l,l-dioxidotetrahydro—ZH-
thiopyrar_n-4-yl)-9H-pyrido[4',3‘:4,5]pyrrokoEZ,S-d]pyrimidin—Z—amine (438): Compound
438 was prepared using chemistry similar to that described in example 20. The yield is 8%. 'H
NMR (500 MHz, CD;0OD) & ppm 9.61 (1 H, 5}, 9.37 {1 H, 5), 8.58 - 8.69 (2 H, m), 841 (1 H,
dd, J=10.4, 0.6 Hz), 7.96 (1 H, d, J=10.0 Hz), 5.25 (1 H, t, /~11.9 Hz), 4.93 (1 H, br. 5.), 4.56
-4.61 (1 H,m), 4.51 - 4.56 (1 H, m), 3.46 - 3.65 (6 H, m), 3.27 - 3.39 (5 H, m}, 3.15-327Q1
H,m), 3.22 (1 H, ddd, J=14.0, 11.9, 1.7 Hz), 2.94 (6 H, ), 2.35 - 2.45 (1 H,m), 2.29 (1 H, dd,
J=4.0,2.1 Hz), 2.26 (1 H, dd, J=2.4, 1.5 Hz}, 1.90 (2 H, qd, /=12.4, 4.3 Hz}; LCMS-ESI
(POS), M/Z, M+1: Found 522.2, Calculated 522.2.
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EXAMPLE 280

439
N-(5-(4-(dimethvlamine)-1-piperidinyl)-2-pyridinyl)-9-(1,1-diexidotetrakydro-2H-
.thiopyran-4-y)-9H-pyrido[4',3":4,5]pyrrole]2,3-d]pyrimidin-2-amine

} Ny
N o
ci cl N, \ 4
N S E N" ! Pdy{dbal; .
| o Xant Phos N
P e l
HolN N N NaO#u, o Sa
N ) 70
dioxane [o}
(jj 160 -120 °C N
S,
/i)
/\O /N\ Q
/N\

N-(5-(4-(dimethylamine)-1-piperidinyl)-2-pyridinyl)-9-(1,1-dioxidotetrabydro-2H-
thiopyran-4-yl)-9H-pyrido[4',3":4,5] pyrreloe{2,3-d]pyrimidin-2-amine (439): Copound 439
was prepared using chemistry similar to that described in example 20. The yield is 30%. 'H
NMR (500 MHz, CD;0D) & ppm 9.62 (1 H, 5), 9.38 (1 H, 5), 8.61 - 8.71 2 H, m), 8.17 (1 H,
br.s.), 8.12 (1 H, dd, /=9.7, 0.6 Hz), 7.94 (1 H, d, /~4.4 Hz), 5.27 (1 H, dd, J/=7.8,3.9 Hz),
3.95-4.04 (2 H, m, J=12.8, 4.8, 2.3, 2.3 Hz), 3.40 - 3.64 (4 H, m), 3.25 - 3.40 (1 H, m), 2.99
(2 H, m), 2.95 (6 H, s), 2.36 - 2.48 (2 H, m), 2.28 (2 H, dd, /~4.3, 2.1 Hz), 2.26 (Z H, dd,
J=2.7, 1.2 Hz), 1.94 (2 H, qd, /=12.3, 4.3 Hz); LCMS-ESI (POS), M/Z, M%I: Found 521.3,
Calculated 521.2. | ‘
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EXAMPLE 281
Sy
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M
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9-Cyclopentyl-N-(5-(4-(diethylamino)-1-piperidinyl)-2-pyridinyl)-9H-
pyrimide[5',4"14,5}pyrrolo2,3-cjpyridazin-7-amine

T—

NS
o | N
- N e Pda(d N N
s N i Pdy(dbals
| N . Yant Phos N
PN . Yot Prog |
HNT TN NaOfBu; =
N .
dioxane N
SN
~o N
440

316
9-Cyclapentyl-N—(S-(:l-(diethylamine)-1~piperidinyl}»z-pyridinyl)-gH-pyrimjdo-
[5',4":4,5]pyrrole{2,3-c]pyridazin-7-amine (440): Compound 440 was prepared from
compound 319 using methods described in Example 1. The yield is 26%. 'H NMR (500 MHz,
CHLOROFORM-d) 3 ppm 9.13 (1 H, 5), 9.12 (1 H, 5), 8.60 (1 H, d, J=0.5 Hz), 8.39 (1 H. d,
J=9.0 Hz), 8.13 (1 H, d, J=0.5 Hz), 7.88 (1 H, 4, /=5.1 Hz), 7.41 (1 H, dd, /=9.0, 2.9 Hz), 5.72
(1 H, quin, /=8.8 Hz), 3.70- 3.78 (2 H, m, J=12.1, 4.8, 2.2, 2.2 Hz), 2.79 (2H,m), 2.77 (2, H,
m), 2.64 (4 H, m), 2.18 (4 H, m), 1.94 2 H, ddd, /=12.7, 2.9, 2.7 Hz), 1.86 (2 H, m), 1.70 (4H,
m), 1.10 (6 H, t, /=7.1 Hz); LCMS-ESI(POS), M/Z, M+1: Found 4864, Calculated 486.3.
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EXAMPLE 282
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H\N)\N/ N OH
A O
Lo
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N
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441

9.cyclopentyl-2-((6-(4-(diethylamino)- I-piperidinyl)-3-pyridazinyl)amino}-9H-
pyrido[4',3":4,5]pyrrelo[2,3-djpyrimidin-8-ol

EXAMPLE 783

h; =R P
H...N,J\N/ N Oponm
N/
Lo
Na.
QN)

~o N~
442

9-cyclopentyl-N-(6-(4-(diethylamino)-1-piperidinyl)-3-pyridazinyl)-8-methoxy-9H-
pyride[4',3":4,5}pyrrelo[2,3-d}pyrimidin-2-amine

==

N
) i\ Y/ N‘ Ny :N N! RN /N
- o
N“NNF "*~N)\N’ N OH Hayy" NN  0—
o
E? é ag.HoMeoH N ] N O
a JR—— S Na
N N ~ N
436 441 442

Compound 436 (33mg, 66 umol) in methanol (2mL} was treated with 0.1 mL of 37% aq. HCL
at 60°C for 4 hours. The reaction mixture was diluted with methanol and then purified using
HPLC to give compound 441 as a yellow solid (20mg, 60%) and compound 442 as a yellow
solid (4.7mg, 14%).
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9-cyclopentyl-2-((6-(4-(diethylamino)-1-piperidinyl)-3-pyridazinyl)amino)-9H-
pyrido[4',3":4,5]pyrrolo]2,3-d]pyrimidin-8-ol (441): TH NMR (500 MHz, CD;0D} & ppm
9.35(1 H, s), 8.04 (1 H, m, /~10.0 Hz}, 7.80 (1 H, m, /=10.0 Hz}, 7.34 (1 H, d, /=6.6 Hz},
7.15 (1 H, d, /6.8 Hz), 6.28 (1 H, quin, /~8.9 Hz), 4.53 - 458 (2 H, m), 3.72 - 3.80 {1 H, m,
J=12.0,12.0, 3.8, 3.7 Hz), 3.41 (2 H, dt, J=14.1, 7.0 Hz), 3.27 (4 H, m}, 3.19 (4 H, m), 2.54 -
2.65(2 H, m), 2.12 - 2.30 (6 H, m}, 1.95 (2 H, m), 1.82 (2 H, m), 1.40 (6 H, 1, /=7.3 Hz},
LCMS-ESI (POS), M/Z, M+1: Found 502.3, Calculated 502.3. -

9-cyclopentyl-N-(6-(4-(diethylamino)-1-piperidinyl}-3-pyridazinyl)-8-methexy-9H-
pyrido[4',3':4,5] pyrrolo{2,3-d]pyrimidin-2-amine (442): ‘H NMR (500 MHz, CDs0D) 3
ppm 9.41 (1 H, 5), 8.10 (1 H, d, J/=5.4 Hz), 8.04 - 8.13 (1 H, m), 7.87 (1 H, d, /=0.8 Hz), 7.76
(1 H,d, /=54 Hz), 595 (1 H, quin, /=8.9 Hz), 4.55 (2 H, dt, J/~13.9, 2.4 Hz), 4.19 (3 H, 5),
3.71-3.79 (1 H, m, J=12.0, 12.0, 3.8, 3.7 Hz), 3.44 2 H,m), 3.22 (2 H, m), 3.18 (2 H, m),
2.50-2.61(2H, m),2.11 -2.28 (6 H,m), 1.80 - 1.96 (4 H, m, /=12.2, 12.2, 11.9, 4.5 Hz), 1.41
(6 H, t, J=7.2 Hz); LCMS-ESI (POS), M/Z, M+1: Found 516.3, Calculated 516.3.

EXAMPLE 284
PR
H‘N)\N/ N OH
NZ ‘ C
<
N
\/N\/

9—Cyclopcntylﬁ-((5»(4-(diethylaminoifl:ipiper_idinyl)-l-pyridinyl)amino)-QH— ‘
pvridol4',3':4,5]pyrrolo[2,3-d]pyrimidin-8-cl

Compound 443 was prepared using methods described in examples 282 and 283 beginniné
witfa compound 437. 'H NMR (500 MHz, CD;0D) 8 ppm 9.26 (1 H, s), 8.07 (1 H, dd, /=9.5,
2.9 Hz), 7.86 (1 H, 4, /=2.9 Hz), 7.46 (1 H, d, J=9.5 Hz), 7.32 (1 H, d, /=6.8 Hz), 7.11 (1 H, d,
J=6.6 Hz), 6.19 (1 H, quin, /~8.9 Hz}, 3.91 (2 H, ddd, /=12.6, 2.4, 2.3 Hz), 3.61 (1 H,
J=12.1, 3.7 Hz), 3.37 - 3.48 (2 H, m), 3.23 - 3.36 (4 H, m), 2.97 (2 H, ddd, J=12.2, 11.0, 0.7
Hz), 2.90 - 3.02 (1 H, m), 2.56 (2 H, ddd, J=11.7, 5.9, 3.2 Hz), 2.26 )2 H, m), 2.18 (4 H, m),
1.99 (2 H, qd, J=12.3,4.3 Hz), 1.72 - 1.87 (2 H, m), 1.42 (6 H, t, J=7.2 Hz}); LCMS-ESI
(POS), M/Z, M+1: Found 501.2, Calculated 501.3.
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EXAMPLE 185
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444
9-eyniopentyl—N-(5~(4~—(diethylamino)—1~piperidinyl}—Z-—pyridinyl)—S—methoxy-9H~
pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2-amine
Compound 444) was prepared using methods described in example 282 and 283 beginning
with compound 437. 'H NMR (500 MHz, CD3;0D) & ppm 9.32 (1H, 5), 8.03 - 8.11 (2 H, m),
797 (1 H, d, J=2.9 Hz), 7.74 (1 H, 4, J=5.4 Hz), 7.53 (1 H, d, /9.3 Hz), 590 (1 H, quin,
J=8.9 Hz), 4.17 (3 H, 5), 3.93 - 3.98 (2 H, m), 3.60 (1 H, tt, /~12.1, 3.7 Hz), 3.40(2 H, m), 3.27
(2 H,m), 297 (2 H, td, /=12.2, 1.2 Hz), 2.15 - 2.27 (6 H, m), 1.98 2 H, qd, /=12.3, 4.3 Hz),
1.78 - 1.90 (2 H, m), 1.41 (6 H, t, /=7.2 Hz); LCMS-ESI (POS), M/Z, M+1: Found 515.3,
Calculated 515.3
EXAMPLE 286

H. )l\ !

N° N
=

\ | b
\ "’
OH

N

/N\ . ’ B
_ . 445 ) ‘ S
Trans-4—{2-((5»{4-(dimethylamino)~1-piperidinyl)-z-pyridinyi)amino)»-i'Hu
pyrido{d',3":4,5]pyrrolo[2,3-d]pyrimidin-9-yDcyciohexanol :

Compound 445 was prepared using chemistry similar to that described in example 258. The
two step yield is 58%. 'H NMR (500 MHz, CHLOROFORM-d) 8 ppm 8.98 (1 H, s), 8.83 (H,
d, /=1.0 Hz), 8.42 (1 H, 4, /=5.1 Hz), 8.24 (1 H, d, /=9.0 Hz), 7.97 - 8.04 (2 H, m), 7.74 {1H,
dd, J=5.1, 1.2 Hz), 7.30 (1 H, m), 4.67 (1 H, tt,/=12.3, 4.0 Hz), 3.79 - 3.87 (1 H, m, J=11.1,
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11.1, 4.4, 4.3 Hz), 3.54 - 3.67 (2 H, m), 3.27 - 3.34 (1 H, m), 2.54 - 2.76 (4 K, m), 2.27 (6 H,
s), 2.16 - 2.20 (3 H, m, J=6.6, 6.6, 6.4, 2.6 Hz), 1.86 - 1.96 (6 H, m), 1.49 - 1.73 (6 H, m), 1.38
(1 H, d, /7.3 Hz); LCMS-ESI (POS), M/Z, M+1: Found 487.3, Calculated 487.3.

EXAMPLE 287

H\NJ\N/ N

OH

N
AN

Trmis4-(2-((6-(4-(dimethylanﬁno)—lﬁ%eridinyl)-3-pyridazinyi)énﬁne)-‘}l{-
pyride[d',3':4,5]pyrrolo{2,3-d]pyrimidin-$-yl)cycioliexanol

Compéund 446 was prepared using chemistry similar to that described in example 258. The
two step yieid is 53%. "H NMR (500 MHz, CD;0D) 8 ppm 9.73 (1 H, §), 9.53 (1 H, 5), 8.65 -
8.77 (2 H, m), 8.08 (2 H, m), 5.02 (1 H,m, J~12.4,12.4,4.2, 4.0 Hz}, 4.58 - 4.63 2 H, m),
3.92 (1 H, tt, J=11.1, 4.2 Hz), 3.60 (1 H, tt, J=12.1, 3.9 Hz), 3.20 (2 H, ddd, J=14.2, 12.1, 2.6
Hz), 2.94 (6 H, s), 2.71 - 2.83 (2 H, m, J=13.1, 12.9, 12.9, 3.5 Hz), 2.17-232 (4 H,m), 2.08
(2 H, ddd, J=13.3, 2.4, 2.1 Hz), 1.87 2 H, qd, J=12.5, 4.4 Hz), 1.60 - 1.73 (2 H, m); LCMS-
ESI (POS), M/Z, M+1: Found 488 .2, Calculated 488.3.

Examples 288-289 (listed in Table 5} were prepared using conditions as described for example 60 with
deprotection when necessary, replacing 5-bromo-2-chloropyridine and 97 with proper chemical
reagents. The reaction conditions such as temperature and reaction time were the same unless indicated
in the table. All LCMS data was obtained using Agilent 1100 series LC/MSD, column: CAPCELL

UG120 (3um, 4.6 mm LD, x 50 mm), solvent system: water-acetonitrile 95:5 with 0.1% formic acid.
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Table §
Example # Structure Reacticn LSMS LCMS-E8I
conditions | retention (M+1)
time .
{minutes)

'{;EQ* 0.874 . 4432
HVA 2]
288 Q ;

0.888 4432

289

Examples 290-207 (tzble 6) were prepared using conditions as described for example 10] with®
deprotection when necessary, replacing compound 97 with proper amine. The reaction conditions such

as solvent, temperature, and reaction time for Step 2 were the same unless indicated

Table 6
Example # Structure Reaction L.SMS LCMS-ESI
Conditions | reteation (M+1)
time (min)
ﬂ 0.766 446.2
MAN
290 EfP é
. 0.761 405.1
s
” 575
/"lm
J:)fpﬂ 0.742 3911
292 If;] b
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Example # Structure Reaction LSMS LCMS-ESI
Conditions | retentien (M+1)
time (min)
. " 0777 405.2
NNJ\N
I
0.781 405.2
204 g:)
o
) Y 0.791 4052
ﬂN/j\n
295 ,i)
,IS‘J 0.785 4052
Nﬂiﬂ '
296 ¢ I
o,
r\m
] ' G768 4052
”ﬂ*
297 ';.LJ O
Table 7

Examples 298-432 (table 7) were prepared using conditions as described for example 122 with

deprotection when necessary, replacing components with proper reagents prepared according to-

examples 1 or 4.
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Tabie 7
Example # Structore LCMS LCMS-ESI
retention {M+1)
time (min}
1.023 428.2
wT@
e
g C
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N
1
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Example # Struciure LCMS LCMS-ES]
retention (M+1)
time (min)
1.013 429.2
HN)\N N
" O
302 W
N
CJ.,
K
1.083 4423
MN’kN/ N
A O
303 =
N
-
LA
H
1.360 4151
g.i" \I‘g >
TV
g O
304 =y
O
-
1.369 415.1
&
H” N N
g C
305 =y
Q
oH
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Example # Structure LCMS LCMS-ESI
retention (Mi+1}
time (min)
1.066 4432
N[‘ \I§ >
HN N N
- O
366 Ny
N
LA
H
1.048 415.1
NI‘ \Ig >
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Examgple # Structure LCMS LCMS-ESI
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time (min)
1.047 461.2
NI R PA
HNJ\N, N F
2 O
310 ‘
N
ANH
1.087 4351
—“N
= Y
i
HN)\N/ F
N O
311 Na
(]
oH
0.574 405.2
NI S Py
HN NS N
Y
312 “ -
o
N
M
0.497 406.1
-
HY N N
T
313 o) o~
0
N
#H

273




W 2069/085185

PCTUSZ008/013849
Example # Structure LCMS LCMS-ESE
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Example # Structure LOCMS LCMS-ESI
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Example # Structure LCMS LCMS-ESI
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Example # Structure LCMS LCMS-ESI
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Example # Structure LCMS LCMS-ESI
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Example # Structure LCMS LCMS-EST
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Example # Structure LCMS LOME-EST
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Example # Structure LCMS LOCMS-ES)
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Example # Structure LCMS LCMS-ESI
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Example # Structure LCMS LCMS-ESI
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Example # Structure LCMS LCMS-ESI
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Example # Structure LCMS LCMS-ESI
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Example # Structure LCMS LCMS-ESI
retention (M+1)
time (min)
0.648 4322
N7 ] % N
HNT SN N
362 A : ”°"2:’
®
N
H
0.66 446.2
N/I@N
NHJ\N N
363 X owb
N
B
[Na oy
. 0.683 460.3
N/I@N
NHJ\N b1
N KO
o @ s
N
/NH
0.674 460.3
NT@N
NHIKN )
365 ',1;> Hm-b
N
N
Lk

286




WO 2009/085185

PCT/US2008/013849

Example # Structure LCMS LCMS-ESI
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Example # Structure LCMS LCMS-ESI
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Example # Structure LCMS LCMS-ESI
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Example # Structure LCME LCMS-ESIE
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Example # Structure LCMS LCMS-ESI
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Example # Structure LCMS LCMS-ESI
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Example # Structure LCMS LCMS-ESI
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Example # Structure LCMS LCMS-ESI
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Exzampile # Structure LCMS LCMS-ES
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Example # Structure LOCMS LCMS-ESI
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Example # Structure LCMS LCMS-ESI
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Example # Structure LCMS LCMS-EST
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Example # Structure LCMS LCMS-ESK
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Example # Strueture LCMS LCMS-ESI
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(2R)-2-((1-(6-{(9-cyclopentyl-9H-pyrido{4',3":4,5] pyrrolo|2,3-d)pyrimidin-2-yl}aminc)-3-
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Ct
Ci H NI R
N™ N Pdo{dba); Xantphos =
| P + N
NaCiBu Dioxane
Br 0\ {0
Qo
L
363

8-(6-chloro-3-pyridinyl)-1,4-dioxa-B-zzaspiro{43]decane: A mixture of 5-bromo-2-chloropyridine
(3.84 g, 20.0 mmol), 1,4-dioxa-8-azaspirof4.5]decane (3.14 g, 21.9 mmol), Xantphos (1.73 g, 2.99
mnol), Pdy(dba); {1.37 g, 1.5 mmol), and sodium fert-butoxide {2.88 g, 29.9 mmol) in dioxane was
purged with nitrogen gas for 10 minutes and then heated at 80°C for 2 hours. After cooling to reom
temperature, the mixture was filtered through a celite pad and concentrated on a rotary evaporator. The
crude product was purified via flash chromatography on silica gel eluting with a gradiént of 0-40%
ethy! acetate in hexane to give compound 303 (2.8 g, 55%). "H NMR (500 MHz, CDCL;) § 8.07 (1H, 4,
J=31Hz), 724 {1H,dd, J=3.1 Hz, /= 8.8 Hz), 7.18 (1H, 4, /= 8.8 Hz), 4.02 (4H, s}, 3.36 (4H, m),
1.87 (4H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 255.1, Calculated 255.1.

1) Pdy(dba)y Xaniphos Boc.,, ,l\
NaOiBu Dioxane ¢

-

\\/

Boc,O DMAP
TEA DCM
0 0
L
0 0
L/

3 303 ' 450

tert-Butyl (9-cy§lopentyl—9H-pyr§do [4',3":4,5]pyrrolo{2,3-d] pyl'imidin—2~yl)(5~(1 ;4-dioxa-8-
azaspﬁro[45]dec-s—-yl)-z-pvridiny!)carbamate {450): A mixture of compound 3 (3.18g,11.0 mmol)
compound 303 (2.80 g, 11.0 mmol), Xantphos (1.27 g, 2.1 mmol), Pdx(dba); (1.00 g, 1.1 mmol}, and
sodinm terr-butoxide {1.58 g, 16.5 mmol) in dioxane was purged with nitrogen gas for 10 minutes and
then heated at 125°C for 2 hours. After cooling to room temperature, the mixture was diluled with 100
mL of DCM and partitioned over 200 mL of brine. The agueous layer was extracted with two 100 mL
portions of DCM and the combined DCM phases were dried over sodium sulfate. Afier concentration
on a otary evaporator, the crude product was treated with di-fert-butyl dicarbonate (2.4 g, 11.0 mmol),
triethylamine (1.65 g, 0.17 munol) and DMAP (0.25 g, 2.2 mmol) in DCM and stirred overnight at rt.
‘The mixture was then washed with 3 portions of brine, dried over sodium sulfate and concentrated. The

crude product was purified via flash chromatography on silica pel ehuting with a gradient of 0-5%
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methanol in DCM in the presence of 0.5% NH,OH to give compound 450 (2.8 g, 46%). LCMS-ESI
(POS), M/Z, M+1: Found 572.2, Calculated 572.3.

— o=

\\/ N\ \/
Boc..

N O HCOCH W0 C

OL__/O
459 451

1-(6-({9-cyclopentyl-9H-pyrido]4',3":14,5] pyrrolo{2,3-d] pyrimidin-2-yhamino}-3-pyridinyl)-4-
piperidinone (451): A mixture of compound 459 (2.85 g, 5.0 mmol) and 50 mi. of 50% aqueous
formic acid was heated to 100 °C for 1h. After cooling to room temperature, the reaction mixture was
titrated to pH 12 with concentrated aqueous NaOH, while cooling through the addition of ice. The
précipité'ted product was filtered, washed with water followed by a minimal volume of methanol and
dried under vacuum to give compound 451 (2.1 g, 99%). 'H NMR (400 MHz, CDCls)  9.05 (1H, s),
8.84 {1H,5), 8.44 (1H,d, J= 5.9 Hz), 8.38 (IH, d, /=9 Hz), 8.09 (1H, d, J=2.7Hz}, 7.81 (1H,d,J=
5.9 Hz), 7.38 (1H, dd, J = 9.0 Hz, J= 2.7 Hz}, 5.31 (1H, m}, 3.52 (4H, m), 3.42 (1H, s), 2.56 (4H, m),
2.37 (2H, m), 2.10 (4H, m), 1.82 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+1: Found 428.2, Calculated
428.2,

SR e

s
HNT N7 N HzN\(\OH HNJ\N/ N
Yy O > O
K\( NaCNBH, N
CP DCEMeOH N
o

HNY\OH

451 ' 448

(2R)-2-{(1-{6-((9-cyclopentyl-OH-pyrido{4',3"14,5] pyrrolo| 2,3-d]pyrimidin-2-yljamino)-3-
pyridinyl)-4-piperidinyl)amino)-i-propansi: A mixture of coropound 451 (43 mg, 0.10 mmol), (R)-
2.aminopropan-1-ol (38 mg, 0.50 mmol) and sodium cyanoberohydride (1M/THF: 0.26 mL, (.26
mmol) in 3 mL of methanol/dichloroethane 2:1 was heated at 80°C for 2h. After concentration, the
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crude mixture was diluted with 2 mL of methanol/DMSO (1:1) and purified via reverse phase HPLC to
give compound 448 (28 mg, 39%) " NMR (400 MHz, CD;0DN & 971 (1H, 5), 9.37 (1H, 5) 8.74 (1H,
d,./=6.5Hz), 869 (1H, d, /= 6.5 Hz), 8.20 (1H, dd, /= 9.6 Hz, J=2.9 Hz), 8.02 (1H, d, J=2.9 Hz),
768 (1H,d,/=9.6 Hz), 548 (1H, m), 3.94 (2H, d, J=12.5), 3.87 (1H, dd, J = 11.7 Hz, J = 3.5 Hz),
3.64 (1H, dd, J = 11.7 Hz, J= 5.5 Hz), 3.55 (2H, m), 3.00 (2H, 1, J = 12.5 Hz), 2.53 (2H, m), 2.24 (7H,
m), 1.88 (4H, m), 1.38 (3H, 4, J = 6.7 Hz) ppm; LCMS-ESI (POS), M/Z, M+1: Found 487.3,
Calculated 487.3.

Examples 437-48] (table 8) were prepared using conditions as described for example 436 using the

appropriate primary or secondary amine followed by deprotection when necessary.

Table 8
Example # Structure LCMS LCMS-EST
retention M+1)
time (min) '
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Exampie # Structere LCMS LCMS-ESI
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Example # Structure LCMS LCMS-ES]
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Exarple # Structure LCMS LCMS-ESL
retention (M+1)
time (min)
0.809 500.2
N"‘I@N
l P
447 w” T TN
A O
]
.
[N
J
0.78 486.2
o N
NSy N 4
|
448 PPN
) O
2
>
9
OH
0.786 500.2
585
449 NN
g 'S
N
Q
-
0.765 560.2
SO
450 NN
A O
i )
QP
Q
QH

310




WO 2009/085185 PCT/US2008/013849
Example # Structure 1LCMS LCMS-ESI
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Example #

Structure
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Example # Structure LCMS LCMS-ESE
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Exampie # Structure LCMS LCMS-ESI
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Exumple # Structurs LCMS LCMS-ESI
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Example # Structure LCMS LCMS-EST
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BIOLOGICAL TESTING

The pharmacological properties of the compounds of this invention may be confirmed by in

vitro assays such as those described below,

The Cdk4 and Cdké inhibitory activity of the compounds is measured with a kinasc inhibition

assay using recombinant Cdkd/CychinD1 or Cdk6/CyclinD3 protein complexes. The protein substrate

used in the assay is the retinoblastoma protein {(Rb). The kinase reactions are carried out in a 96-well
filter plate (MSDV N6B50, Millipore). Compounds are serially diluted in kinase buffer (20 mM Tris-
HCL, pH 7.4, 50 mM NaCl, ] mM DTT, ]| mg/ml BSA) and added to the reaction mixture containing
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2.5 ng/mi Cdk4/CyclinD1 or Cdk6/CyclinD3, 25 M ATP, 10 uC/m! {°P}-ATP, 0.1 ug/mi Rb in the
kinase buffer. The mixture is incubated at room: temperature for 1 hour and the proteins precipitated
with an equal volume of 20% TCA. The plates are washed with 10% TCA. according to the
manufacturer’s instruction and dried at room temperature. The amount of the phophorylated Rb is
determined with 2 TopCount (PerkinElmer). The ICs, of a compound is determined by nonlinear

regression curve fitting using software program Prism 5 (GraphPad Software),

The cellular activity of the compounds is measured with a cell-based DNA synthesis inhibition
assay. Rb positive (e.g. Colo-205, MDA.MB-435} or Rb negative {e.g. MDA-MB-436, H2009) cancer
cells are seeded in the 96-well Cytostar plates (GE Healthcare, Catéf RPNQO0163) at a density of 3000-
5000 célis/well. Dilutions of compounds are added to the cells. After 24 hour incubation at 37 C, '*C-
thymidine is added (0.1 pCi/well). After additional 48 hour incubation at 37 C, incorporation of **C-
thymidine into t_he DNA of phs cells was measured with a TopCount (PerkinElmer). The ICy of a
compound is determined by nonlinear regression curve fitting using software program Prism 5
{GraphPad Software).

The Cdk4 or Cdk6 inhibitory activity of the compounds may also be measured with kinase
assayé of é different format, e.g., a homogencous time-resolved fluorescence energy transfer (HTRF)
aséay (Jiz Y. et al , Anai Biochem. 2006; 356:273-281) or z fluorescence polarization (FP) assay
(Sportsman JR, et al. Comb Chem High Throughput Screen. 2003; 6:195-200).

The compounds exemplified herein have been assayed and exhibit Cdk 4 ICses in a range from
(.13 rim to 430 nim, and exhibit Cdk € ICsgs , where determined from (.36 nm to 30C nm. IHustrative

activity values are provided in the following Table 9.

TABLE 9
Example Number Cdk 4 IC5 (uM) Cdk 6 ICs, (uh)

1 0.0032 ‘ 0.0044
P 0.013 0.01
3 £.00045 0.0028
4 0.0038 0.0115
5 0.00091 0.0042
6 £.0015 0.0066
7 0.0014 0.0013 7
8 0.00013 0.0011
g 0.0038 0.0185

10 0.0022 ‘

11 0.0031 0.01

12 0.0096 '

13 0.001 0.0028

14 0.0022 . 0.008

15 0.0075 0.013
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Example Number Cedle 4 FCoo (pM) Cdk 6 IC5 (M)

16 0.01 0.021
17 0.00032 0.00036
18 0.0018 0.0015
19 0.004 0.01
20 0.0081 0.057
21 0.001 0.00041
22 0.0013 0.0025
23 G.011 0.0131
24 0.00094 0.0051
25 0.03 0.038
26 0.0018 0.0035
27 ¢.0055 0.007
28 0.057 6.061%
28 0.06039 0.0057
30 " 0.0048 0.0061
31 0.0025 0.0059
32 0.013 D.0304
33 0.0053 0.0089
34 .01 0.021
35 ‘ 0.0082 0.021

© 38 0.00083 0.0044
37 0.0043 0002
38 0.0021% 0.0153
39 0.0021 0.0031
40 0.0049 0.0026
41 0.0027 0.0072
42 0.237 05
43 0.136 “.218
44 | 0.011 0.025
45 0073 0.129
46 0.002 0.00075
a7 0.002 - 0.0037
48 0.0016 0.0056
49 0.0025 0.0065
50 0.066 0.112
51 0.126 0.406
52 0012 0.022
53 0.0047 0.011
54 0.02 0.047
55 00012 0.0044

- BB 0.00097 -
57 0.002 0.017
58 0.0052
59 0.015
80 0.004
61 0.0017
62 0.002
63 0.0034 002
64 0.0028 0.024
65 0.0096 0.024
66 0.0054 0.073
67 0.0013
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Example Number Cak 4 ICs (M) Cdk 6 ICs (pM}
68 ' 0.0041
69 G017 0.031
70 0.0036
71 0.0041
72 0.0023
73 0.017
74 0.058
75 0.0014
76 0.0059
77 0.003 0.011
78 0.015
70 0.012
80 0.0035
81 0.0092 |
82 0.0026
83 0012
84 0.022
85 0.02
86 0.0064
87 0.043
88 0.477
89 0.0076
90 0.0056
91 0.0061 0.0112
92 £.0088 0.0151
93 0.0031 0.0159
94 6.0049 £.0092
a5 0.0044
96 0.0162 0.0124
a7 0.43 0.306
o8 0.0025 0.0266
99 0.0049
160 0.0062
101 $.004 0.0088
102 0.0031 0.0111
103 0.0056 0.0026
104 0.0033 0.014
105 0.0067 0.0071
106 0.004 0.0243
107 0.0084 0.048
108 0.012 0.0157
109 0.0019 0.011
110 0.0024 |
111 0.0044 0.0197
142 0.0059
113 0.0042
114 0.0016 0.61
115 0.0023
116 0.002
17 0.0055 0.0068
118 0.0042 )
119

0.0051
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Exzample Number Cdk 4 ICs; (uM) Cdk 6 ICs (pM)
120 0.019
1211 " 0.0043
122 0.0087
123 0.0481
124 0.017
125 0.012
126 0.002
127 0.0053
128 0.029
129 0.018
130 0.02
131 0.174
132 0.302
133 0.1
134 0.19
135 10
136 0.0068 |
137 0.011 0.027
138 0.0012 .
138 0.016 0.0064
140 0.093 10
141 0.0022 0.0026
142 0.0018 0.0049
143 0.0038 0.0158
144 0.0034 0.0046
145 0.001 0.0058
146 0.05 0.033
147 0.041
148 0.015
149 0.017
150 0.011
151 G6.003
152 0.602 0.0043
153 0.001 0.0028
154 | 0.02
155 0.0041
156 0.007 0014
157 0.03 0.025
158 0.0054 | 0.0053
159 0.003
160 0.0025 0.0048
161 0.0036 .06
162 10 0.41
163 0.017 0.076
164 0.0036 0.0062
165 0.0085 0.017
166 0.0055
167 00611 0.021
168 10 16
169 0.14 6.15
170 0.0025
171 0.019
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Example Number Cdk 4 1C, (ph) Cdk 6 1Cs (pM)
172 ' 0.0056
173 0.056
174 0.032
175 0.037
176 0.93
177 0.005
178 0.005
179 00034
180 0.602
181 0.015 0.026
182 0.113 0.016
183 0.142 0.104
184 0.0086 0.031
185 0.145 0.149
186A 0.0019 0.002
1868 0.002 0.0048
187 | 0.0028 0.0028
188 0.027 0.0134
189 0.02 0.022
180 0.0064 0.0076
191 0.0044 0.0048
192 0.0262
193 | 0.068
194 0.6
195 0.013
196 0.0024
167 0.0042
198 0.0046
198 0.0045
200 0.036 0013
201 0.028 '
202 0.141 052
203 ' '
204 0.0035 0.0011
205 0.0026
206 0.014
207§ 0.01
208 0.0018
209 0.011
210 0.0066
211 0.0098 |
212 0.034 0.033
243 0.203 0.052
214 0.014 0.021
215 0.0044 0.0082
216 0.01 0.0158
217 0.6036 0.0088
218 0.60139 0.0038
219 0.0053 0.011
220 0.004 0.0033
224 0.0014 0.008
222 0.006
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Example Number Cdk 4 ICy (ph) Cdk 6 IC, (uM)

223 0.613
224 0.62 0.88
225 0.004 0.003
226 0.0032 0.0027
227 0.003 0.0031
228 0.015 0.0039
229 0.0212 | 0.0205
230 0.016 0.016 |
231 0.0033
232 0.0072
233 0.0046 0.012
234 0.015 0.026
235 0125 0257
236 0.034 0.142
237 0.049 0.131
238 0.035 0.178
230 0.0068 0.017
240 | 0.0044 0.0046
241 0177

242 0.062
243 0.007
244 0.011
245 0.0074
248 0.07
247 0.0034
248 0.018 |
249 0.0044
250 0.016
251 0.0032
252 0.002 0.008
253 0.0039 0.027
254 0.022 0.04
255 0.0056 0.05
256 0.0013 0.007
257 0.007 0.0053
258 0.0062 0.0133

2583 0.001 0.041

258b 0.065 0.024
258 0.049 0.101
260 0.045 0.08
261 0.233 0.36
262 0.032 0.038
263 0.014
264 0.0093 0.0166
265 0.0022 00022
266 0.0031 0.0065
267 0.073 | '
268 0.011
269 0.035
270 0.04 0.035
271 0.016 0.016

0.627 0.1G1

272
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Exsmple Number Cdk 4 ICq (uh) Cdlk 6 FCs (pM)

273 0.019
274 !
275 0.017
278 0.096
277 0.018
218 0.0046
279 0.59
280 0.059
281 0.011
282 0.0028
283 0.011
284 0.005
285 0.0026
286
287 0.123
288 0.014 0.04
288 0.0072 0.04
2080 0035 0.085
291 0.0038 0.0069
282 0.0049 0.0161
283 0.0046 0.016
294 0.0068 0.026
295 0.0068 0.0337
296 0.0055 0.014
297 0.0014 0.013
298 0.04 0.008
289 0.06 0.034
300 0.022 0.048
301 0.031 0.022
302 0.047 0.023
303 0.031 0.03
304 0.046 0.027
305 0.149 0.111
306 0.013 0.038
307 0.011 0.0088
308 0.011 0.008
309 0.011 0.012
310 0.006 0.013
391 0.0086 0.024
312 .37 0.79
313 0.34 0.4
314 0.38 1.5
315 1.38
318 0.036 0.059
317 0012 | 0.021
318 0.0029 0.027
319 0.022 0.649
320 0.0036 0.011°
321 0.007 0.011
322 0.015 0.05
323 | 0.0096 0.023
324 0.011 0.02
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Example Number Cak 4 1C5 {(uh) Cdk 6 ICg, ()
325 0.011 0.042
326 0.62
327 0.63
328 0.051
329 0.5
330 0.248
331 0.38
332 0.016
333 0.3
334 0.8
335 1.63
336 0.002
337 0,022
338 0.302
339 0.3
340 0.37
341 0.024 0.018
342 0.087 0.077
343 0.044 0.028
344 0.016 0.01
345 0.021 0.015
346 0.054 0.016
347 0.027 0.027
348 0.017 0.012
348 0.144 0.34
350 0.074 0.102
351 0.08 0.176
352 0.146 0.053
353 0.09 0.103
354 0.58 0.83
355 6177 0.275
356 0.36 0.37
357 0.284 0.314
358 047 0.59
359 0.071
360 0.066
361 0.044 0.058
362 0.162 )
3683 a.211
364 0.258
385 0.159
366 0.33
367 0.35
368 0.284 |
369 0.045 0.029
370 0.161
371 0.123
372 0.129
373 0.045
374 0.086
375 0.04
376 0.05
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Example Number Cdk 4 ICs, (pM} Cdk 6 ICq (uiv)
377 0.073
378 | 0.085
378 0.011
380 0.281
381 | 2
382 0.152
383 0.062"
384 | 0.143
385 0.216
3sb 0.053
387 ¢.227
388 0.218
380 0.166
390 0.032
391 0.184
gz 0.219
303 6.3
394 1.19
385 0.3
396 0.238
397 0.34
308 0.33
309 0.057
400 0.301
401 0.17
402 0.175
403 0.35
404 0.82
405 0.75
406 0.36
407 0.035
408 0.044
408 0.281
410 0.24 |
411 0.43
412 0.014
413 0.033
414 0.0026
415 0.258
416 0.271
417 0.151
418 0112
419 0.162
420 0.08
421 0.077
422 0.069
423 0.075
424 0.072
425 0.073
426 0.115
427 0.024

0.059

428
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Example Number Cak 4 ICqyy (M) Cdk 6 IC5 {uh)

429 0.092

430 0.021

431 0.012

432 0.017

433 0.02 0.08
434 0.013 0.019
435 0.042 0.092
436 0.013 | 0.0051
437 0.023 0.03
438 0.0042 0.0t2
439 | 0.0037 0.0057
440 0.00568 0.014
441 0.0017 0.0038
442 1 0.0015 0.013
443 0.0048 0.016
444 0.0019 0.0114
445 0.0022 0.0063
446 0.0013 0.0048
447 0.0028 0.026
448 0.0 0.022
449 0.012 0.036
450 0.01 0.016
451 0.013 0.018
452 0.007 0.03
453 0.0046 0.013
454 0.0052 0.011
4556 0.007 0.009
456 0.1 0.38
457 0.019 0.037
458 0.0048 0.0051
459 0.012 0.014
480 0.0045 0.012
461 0.189 0119
462 0.34 0.35
463 0.015 0.018
464 0.002 0.0031
465 0.0041 0.012
466 0.0047 0.014
467 0.0072 0.021
468 0.0042 0.012
469 0.0057 0.02
470 0.011 0.038
471 0.0041 0.018
472 0.024 0.034
473 0.0097 0.028
474 0.005 0.012
475 06.0026 0.008
476 0.0017 0.026
477 0.002 0.0051
478 0.002 0.0057
479 0.008 0.017
480 0.3049 0.01
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Example Number Cdk 4 YCq (pR} Cdk 6 IC (udi)
4B1 c.008 0._012
FORMULATIONS

Also embraced within this invention is a class of pharmaceutical compositions comprising the
active compounds of Formula I-II in association with one or more non-toxic, pharmaceutically-

. acceptable carriers and/or diluents and/or adjuvants (collectively referred to herein as "carrier”
materials) and, if desired, other active ingredients. The active compounds of the present invention may
be administered by any suitable route, preferably in the form of a pharmaceutical composition adapted
to such a route, and in a dose effective for the treatment intended. The compounds and compositions of
the present invention may, for example, be administered orally, mucosally, topically, rectally,
pulﬁonaﬁly such as by inhalation spray, or parentally including intravascularly, intravenously,
intraperitoneally, subcutaneously, intramuscularly intrasternally and infusion techniques, in dosage unit

formulations cbntm'njng conventional pharmaceutically acceptable carriers, adjuvants, and vehicles,

The phammaceutically active compounds of this invention can be processed in accordance with
conventional methods of pharmacy {o produce medicinal agents for administration to patients, including

humans and other mammals.

For cral administration, the pharmaceutical composition may be i the form of, for example, a
tablet, capsule, suspension or liquid. The pharmaceutical composition is preferably made in the form of
a dosage unit containing a particular amount of the active ingredient. Examples of such dosage units
are tablets or capsules. For example, these may contain an amount of active ihgrcdient from about 1 to
2000 mg, preferably from about 1 to 500 mg. A suitable daily dose for a human or other mammal may
vary widely depending on the condition of the patient and other factors, but, once again, can be
detenmined using routine methods. '

‘ The amount of compounds which are administered and the dosage regimen for treating a
aiscasc condition with the compounds and/or compositions of this invention depends on a variety of
factors, including the age, weight, sex and medical condition of the subject, the type of discase, the '
severity of the disease, the route and frequency of administration, and the particular compound
employed. Thus, the dosage regimen may vary widely, but can be determined routinely using standard

"methods. A daily dose of about 0.01 to 500 mg/kg, preferably between about 0.01 and about 50 mg/kg,
and more preferably about 0.01 and about 30 mg/kg body weight may be appropriate. The daily dose
can be administered in one to four doses per day.

For therapeutic purposes, the active compounds of this invention are ordinarily combined with
one or more adjuvanis appropriate to the indicated route of administration. If administered per os, the

compounds may be admixed with lactose, sucrose, starch powder, cellulose esters of alkanoic acids,
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cellulose alkyl esters, talc, stearic acid, magnesium stearate, magnesium cxide, sodium and calcium
salts of phosphoric and sulfuric acids, gelatin, acacia gum, sodium alginate, polyvinylpyrrolidene,
and/or polyvinyl alcohol, and then tableted or encapsulated for convenient administration. Such
capsules or tablets may contain a controlled-release formulation as may be provided in a dispersion of
active compound in hydroxypropylmethyl cellulose. '

In the case of psoriasis and other skin conditions, it may be preferable to apply a topical
preparation of compounds of this invention to the affected area two to four limes a day. '

Formulations suitable for topical administration include liquid or semi-liquid preparations
suitable for penetration through the skin {e.g., liniments, lotions, ointments, creams, or pastes) and
drops suitable for administration to the eye, car, or nose. A suitable topical dose of active ingredient of
a compound of the invention is 0.1 mg to 150 mg administered one to four, preferably one or two times
daily. For topical administration, the active ingredient may comprise from 0.001% to 10% w/w, e.g.,
from 1% to 2% by weight of the formulation, although it may comprise as much as 10% w/w, but
preferably not more than 5% w/w, and more preferably from .1% to 1% of the formulation,

When formulated in an ointment, the active ingredients may be employed with either paraffinic
or a water-miscible ointment base. Alternatively, the active ingredients may be formulated in a cream
with an oil-in-water cream base. If desired, the aqueous phase of the cream base may include, for
example at least 30% w/w of a polyhydric alcohol such as propylene glycol, butane-1,3-diol, mannitol,
sorbital, glycerol, polyethylene glycol and mixtures thereof. The topical formulation may desirably
include 2 compound which enhances absorption or penetration of the active ingredient through the skin
or other affected areas. Examples of such dermal penetration enhancers include DMSO and related

analogs.

The compounds of this invention can also be administered by a transdermat device. Preferably
transdermal administration will be accomplished using & patch either of the reservoir and porous
membrane type or of a solid matrix variety. In either case, the active agent is delivered continuously
from the reservoir or microcapsules through a membrane into the active agent permeable adhesive,
which is in contact with the skin or mucosa of the recipient. Ifthe active agent is absorbed through the
skin, a controlled and predetermined flow of the active agent is administered to the recipient. In the

case of microcapsules, the encapsulating agent may also function as the membrane,

The oily phase of the emulsions of this invention may be constituted from knowx ingredients in
a known manner, While the phase may comprise merely an emulsifier, it may comprise a mixwure of at
least one emu{si.tier with a fat or an oil or with both a fat and an oil. Preferably, a hydrophilic
emulsifier is included together with a lipophilic emulsifier which acts as a stabilizer, ﬁ is also preferred
to include both an oil and a fat. Together, the emulsifier(s) with or without stabilizer(s) make-up the
so-called emulsifying wax, and the wax together with the oil and fat make up the so-called emulsifying
ointment base, which forms the oily dispersed phase of the cream formulations. Emulsifiers and

emulsion stabilizers suitable for use in the formulation of the present invention include Tween 60, Span
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80, cetostearyl alcohol, myristyl alcohol, glyceryl monostearate, sodium lauryl sulfate, glyceryl
distearate alone or with a wax, or other materials well known in the art. ’

The choice of suitable oils or fats for the formulation is based on achieving the desired
cosmetic properties, since the solubility of the active compound in most oils likely to be used in
pharmaceutical emulsion formulations is very low. Thus, the cream should ﬁrcfcmbly be a non-greasy,
non-staining and washable product with suitable consistency to avoid leakage from tubes or other
containers. Straight or branched chain, mono- or dibasic alkyl esters such as di-isoadipate, isocetyl
stearate, propylene glycol diester of coconut fatty acids, isopropyl myristate, decyl oleate, isopropyl
palmitate, buiyl stearate, 2-ethylhexyl palmitate or a blend of branched chain esters may be used. These
may be used alone or in combination depending on the properties required. Alternatively, high melting

point lipids such as white soft paraffin and/or liquid paraffin or other mineral oils can be used.

Formulations suitabie for topical administration to the eye also include eye drops wherein the
active ingredients are dissolved or suspended in suitable can;ier, especially an agueous solvent for the
active ingredients, The active ingredients are preferably present in such formulations in a concentration
of 0.5 to 20%, advantageously 0.5 to 10% and particularly about 1.5% wiw.

Formulations for parenteral administration may be in the form of aqueous or non-aqueous
isotonic sterile injection solutions or suspensions. These solutions and suspensions may be prepared
from sterile powders or granules using one or more of the carriers or diluents mentioned for use in the
formulations for oral administration or by using other suitable dispersing or wetting agents and
suspending agents. The compounds may be dissolved in water, polyethylene glycol, propylene glycol,
ethanol, com oil, cottonseed oil, peanut oil, sesame oil, benzyl alcohol, sodium chloride, tragacanth
gum, -and/or various buffers. Other adjuvanis and modes of administration are well and widely known
in the pharmnaceutical art. The active ingredient may also be administered by injection as 2 composition
with suitabie carriers including saline, dextrose, or water, or with cyclodextrin (ie. Captisol}, cosolvent
solubtlization (ie. propylene glycol) or micellar solubilization (ie. Tween 80).

The sterile injectable preparation may also be a sterile injectable solution or suspensionina
non-toxic parenterally acceptable diluent or solvent, for example as a solution in 1,3-butanediof.
Among the acceptable vehicles and solvents that may be employed are water, Ringer’s solution, and
isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally employed as a
solvent or suspending medium. For this purpose any bland fixed oil may be employed, including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the preparation of
injectables.

For pulmonary administration, the pharmaceutical composition may be administered in the
form of an aerosol or with an inhaler including dry powder aerosol.

Suppesitories for rectal administration of the drug can be prepared by mixing the drug with a

suitable non-imritating excipient such as cocoa butter and polyethylene glycols that arz solid at ordinary
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temperatures but liquid at the rectal temperature and will therefore melt in the rectum and release the
drug.

The pharmaceutical compositions may be subjected to conventional pharmaceutical operations
such as ste_rilization and/or may contain conventional adjuvants, such as prcscrvétives, stabilizers,
wetting agents, emulsifiers, buffers etc. Tablets and pills can additionally be prepared with enteric
coatings. Such compositions may also comprise adjuvants, such as wetting, sweetening, flavoring, and
perfuming agents,

The foregoing is merely illustrative of the invention and is not intended to limit the invention to
the disclosed compounds. Variations and changes, which are obvious to 6nc skilled m the art are
intended to be within the scope and nature of the invention which are defined in the appended claims.r

From the foregoing description, one skilled in the art can easily ascertain the essential
characteristics of this invention, and without departing from the spirit and scope thereof, can make
various changes and modifications of the invention to adapt it to various usages and conditions.

No unaceeptable toxological cffects are expected when compounds of the present invention are
administered in accordance with-the present invention, )

All mentioned references, patents, applications and publications, are hereby incorporated

by reference in their entirety, as if here written.
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WE CLAIM:

I. A compound of Formula [ or IT

HN
E \
R’ B2 1
B1
Y J
N
J\ I ’
HHN \ N
l X
R ®? It

enantiomers, diastereomers, salts and solvates thereof wherein

WisCHand X isCHor N

A" and A* together with ring carbon atoms to which they are attached combine to form benzene,

cyclopentadiene, pyridine, pyridone, pyrimidine, pyrazine, pyridazine, 2ZH-pyran, pyrrole, imidazole,

pyrazole, triazole, furan, oxazole, isoxazole, oxadiazole, thiophene, thiazole, isothiazole or thiadiazole
any of which may be optionally partially saturated, and any of which may be optionally independently
substituted with one or more R* groups as allowed by valence;

B' and B together with the ring atoms to which they are attached combine to form dihydropyridine,
dihydropyridone, dihydropyrimidine, dihydropyrimidone, dihydropyrazine, dihyrdopyridazine,
pyrrole, imidazole, pyrazole, triazole, or tetrazole any of which may be optionally partially
saturated, and any of which may be optionally independently substituted with one or more R*
aroups as allowed by valence;

R is —Y-(alkylene),-R*

Y is alkyi, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl or heteroaryl any of which may
be optionally independently substituted with one or more R* groups as aliowed by valence;

R® is heterocyclo, heteroaryl, -NR'R', -C(=O)NR'R"; -O-R?, -5(0),-R’, or -$(0),-NR’R* any of which
may be optionaliy independently substituted with one or more R* groups as allowed by valence,
and wherein two R* groups bound to the same or adjacent atom may optionally combine to
form a ring;

R’ is alkyl, cycloalkyl, heterocyclo, aryl, -S(0)R’, -C(=O)R’, -C(=$)R’, -C(=0)OR’, -C(=S)OR’,
-C{=O)NR’R*, -C{=S)NR'R?, -SONRRY, any of which may be optionally independently

substituted with one or more R* groups as allowed by valence;
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R’ and R* at each occurance are independently
(i) hydrogen or
(it) alkyl, cycloalkyl, heterocyclo, aryl, heteroaryl, cycloalkylalkyl, heterocycloalkyl, arylalkyl,

or heteroarylalkyl any of which may be optionally independently substituted with one or
more R groups as allowed by valence, and wherein two R* groups bound to the same or
adjacent atom may optionally combine to form a ring;

or R’ and R together with the nitrogen atom to which they are atfached may combine to form a
heterocyclo ring optionally independently substituted with one or more R* groups as allowed
by valence, and wherein two R groups bound to the same or adjacent atom may optionally
combine to form a ring;

R** and R* at each occurance are independently
(i) hydrogen or
(i} alkyi, alkenyl, alkynyl cycloalkyl, heterocyclo, aryl, heteroaryl, cycloalkylalkyl,

heterocycloalkyl, arylalkyl, or heteroaryialkyl any of which may be optionally
independently substituted with one or more R groups as allowed by valence;

or R** and R™* together with the nitrogen atom to which they are attached may combine to form a
heterocycio ring optionally independently substituted with one or more R* groups as allowed
by valence;

R’ and R™* at each occurance is
(i) hydrogen or
(ii) alkyi, alkenyl, alkynyl cycloalkyl, heterocyclo, aryl, hetercaryl, cvcloalkylalkyl,

heterocycloalkyl, arylalkyl, or heteroarylalkyl any of which may be optionally
independently substituted with one or more R groups as allowed by valence;

R* at each occurrence is independently, halo, cyano, nitro, oxo, alkyl, haloalkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl, arylalkyl, heteroarylalkyt,
cycloalkylalkyl, heterocycloalkyl, -(alkylene),-OR’, -(alkylene),-S(O),R”,
-(alkylene},-NR'R", -(alkylene),-C(=O)R®, -(alkylene},-C(=S$)R’, -(alkylene)n-C(=O)OR’,
~(alkylene),-OC(=OR’, -(alkylene),-C(=S)OR’, ~(alkylene),-C(=OINR’R",
~{alkylene)-C(=S)NR'R’, ~(alkylene),-N(RHC(=OINR'R?, -(alkylene),,-N{R)C(=S)NR’R®,
-(alkylene),-N(RC(=O)R’, -(atkylene),-N(RHC(=S)R®, -(alkylene),-OC{=0NR'R?,
~(alkylene)-OC(=S)NR’R?, -(alkylene),-SONR'RY, -(alkylene),-N(RHSO,R,
~(alkylene),-N{R))SC.NR'R', -(alkylene),-N(RIC(=0C)OR’, ~(alkylene),,-N(RHC(=S)OR’, or
~(alkylene},-N(RSO,R>;

wheremn said alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl, and heterocycloaikyl groups may be further
independently substituted with one or more -(alkylene),-CN, ~(aikylene)m-OR5 *,
~(alkylenel,-S(O)LR™, -(alkylene),-NR™*R**, -(alkylene),-C(=0)R’*,
~(alkylene),-C(=S)R**, ~(alkylene),-C(=0)0 R**, -(alkylene)u-OC(=0)R"*,
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-(alkylene),-C(=S)OR™*, —~(alkylene),-C(=O)NR™*R**, -(alkylene),-C(=S)NR**R**,
~(alkylene),-N(R**)C(=0)NR™*R"*, -(alkylene),,-N(R**)C(=S)NR**R**,
~(alkylene),-N(R*)C(=O)R*, ~(alkylene),,-N(R**)C(=S)R™*, ~(alkylene),-OC(=O)NR*R*
~(alkylene),-OC(=S)NR**R**, —(alkylene),-SO;NR*R** ~(alkylene),,-N(R"*)SO,R*,
~(alkylene),-N(R**)SO,NR™*R** ~{alkylene),-N(R**)C(=0)OR’*,
~(alkylene),-N(R*)C(=S)OR’*, or -(alkylene),,-N(R**)SO,R*;

i is independently 0, 1 or 2; and

m is independently 0 or 1.

2. A compound of Formula I or I

HN
|
R! i
7
P
-
HII\E \x N\
=3 R? I

enantiomers, diastereomers, salts and solvates thereol wherein
WisCHand X isCHor N;

A' and A” together with ring carbon atoms to which they are attached combine 1o form benzene,

pyridine, pyrimidine, pyrazine, pyridazine, or isothiazole, any of which is optionally partiaily saturated,

and any of which is optionally independently substituted with one or more halo, methoxy, hydroxyl, or

methyl groups as allowed by valence.

B' and B’ together with the ring atoms to which they are attached combine to form dihydropyridine,
dihydropyridone, dihydropyrimidine, dihydropyrimidone, dihydropyrazine, dihyrdopyridazine,
pyrrole, imidazole, pyrazole, triazole, or tetrazole any of which may be optionally partially
saturated, and any of which may be optionally independently substituted with one or more R*
groups as allowed by valence;

R’ is —Y-(alkylene),-R";

Y is alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl or heteroaryl any of which may

be optionally independently substituted with one or more R* groups as aliowed by valence;

7
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R® is heterocyclo, heteroaryl, -NR'RY, -C(=0)NR’R”; -O-R’, -8(0),-R®, or -§{0}),-NR*R any of which
may be optionally independently substituted with one or more R* groups as allowed by valence,
and wherein two R* groups bound to the same or adjacent atom may optionally combine to
form a ring;

R? is alkyl, cycloalkyl, heterocyelo, aryl, -S(O)R’, -C(=O)R’, -C(=S)R’, -C(=0)OR’, -C(=S)OR’,
-C(=0)NR'R®, -C(=S)NR'R*, -SO.NR'R*, any of which may be optionally independently
substituted with one or more R groups as allowed by valence;

R* and R at each occurance are independently
(i) hydrogen or
(1) alkyl, cvcloalkyl, heterocyclo, arvl, heteroaryl, cycloalkylalkyl, heterocyeloalkyl, arvlalkyl,

or heteroarylalkyl any of which may be optionally independently substituted with one or
more R* groups as allowed by valence, and wherein two R* groups bound to the same or
adjacent atom may optionally combine to form a ring;

or R* and R* together with the nitrogen atom to which they are attached may combine to form a
heterocyclo ring optionally independently substituted with one or more R* groups as allowed
by valence, and wherein two R* groups bound to the same or adjacent atom may optionally
combine to form a ring;

R** and R** at each occurance are independently
(i) hydrogen or
(i) alkyl, alkenyl, alkynyl eycloalkyl, heterocyclo, aryl, heteroaryl, cycloalkyialkyl,

heterocycloalkyl, arylalkyl, or heteroarylalikyl any of which may be optionaily
independently substituted with one or more R” groups as allowed by valence;

or R** and R* together with the nitrogen atom to which they are attached may combine to form a
heterocyclo ring optionally independently substituted with one or more R* groups as allowed
by valence;

R® and R’* at each occurance is
(i) hydrogen or
{ii) alkyl, alkenyl, alkynyl cycloalkyl, heterocyclo, aryl, heteroaryi, cycloalkyialicyl,

heteracycloalkyl, arylalkyl, or heteroarylatkyl any of which may be optionally
independently substituted with one or more R” groups as allowed by valence;

R™ at each occurrence is independently, halo, cyano, nitro, oxo, alkyi, haloalkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl, heterocveloalkyl, —(zdkyleme)m-ORS \ —(aikylene)m—S(O)nRS,
~(alkylene),-NRR", -(alkylene),-C(=O)R®, -(alkylene),-C(=S)R’, ~(alkylene),-C(=0)OR’,
~(alkylene)-OC(=OIR’, ~(alkylene)y-C(=S)OR’, —(alkylene),-C(=0)NRR’,
~(alkylene),-C(=S)NR'R", ~(alkylene),-N(RHC(=0INR'R’, -(alkylene),-N(RHC(=SNR'R®,
~(alkylene),-N(RHIC(=OIR®, ~(alkylene),-N(RHC(=S)R®, -(alkylene),-OC(=0)NR'R’,
(alkylene)n-OC(=8)NR’R’, ~(alkylene),-SO,NR'R’, -(alkylene),-N(R*)SO,R’,
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~(alkylene),-N(RHSONR'RY, ~(alkylene),-N(RHC(=OYOR®, ~(alkylenc),,-N(RHC(=S)OR’, or
~(alkylene),-N(R"ISO,R”;

wherein said alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclio, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, eycloatkylalkyl, and heterocycloalkyl groups may be further
independently substituted with one or more -(alkylene),-CN, -(alkylene),,-OR’*,
~(alkylene),,-S(0),R™*, -(alkylene)},-NR**R**  -(alkylene),-C(=0)R>*,
(alkylene),-C(=S)R’*, ~(alkylene),-C(=0)0 R**, ~(alkylene),-OC(=0)R"*,
~(alkylene),-C(=S)OR’*, ~(alkylene),-C(=O)NR**R"*, -(alkylene},-C(=S)NR**R**,
~(alkylene),-N(R**)C(=O)NR**R** | -(alkylene),,-N(R**)C(=S)NR *R**,
~(alkylene),-N(R**)C(=0)R™*, ~(alkylene),-N(R**)C(=S)R>*, -(alkylene),-OC(=OINR*R**,
~(alkylene),-OC(=S)NR**R**, -(alkylene),-SO.NR**R** _(alkylene),-N(R**)SO.R"*,
~(alkylene),-N(R**)SO.NR¥*R**, ~(alkylene),-N(R™)C(=0)OR*,
~(alkylene),-N(R**)C(=$YOR™*, or -(alkylene),-N(R*)SO,R**:

1 is independently 0, 1 or 2;

m is independently 0 or 1.

wherein each "alky!" substituent when used either alone or within other terms such as "haloalkyl" and

"alkylamino”, refers to linear or branched functional groups having one to six carbon atoms;

wherein each "alkenyl" substituent refers fo linear or branched functional groups having at least one

carbon-carbon double bond and two 1o six carbon atoms;

wherein each "alkynyl" substituent refers to linear or branched functional groups having at [east one

carbon-carbon tripie bond and having two to six carbon atoms;

wherein each alkyl, alkenyl, and alkynyl substituent is opticnally substituted with one or more

functional groups selected from the group consisting of halo, hydroxy, nitro, amino, cyano, haloalkyl,

arvl, heteroaryl and heterocyclo;

wherein each "heterocyclyl” or “heterocyclo™ substituent refers to partially saturated heteroatom-

contamning ring functional groups or saturated heteroatom-containing ring functional groups, where the

heteroatoms is selected from nitrogen, sulfur and oxygen

wherein each "heterocyelyl" or “heterocyclo” substituent is optionally substituted with one or more

functional groups selected from the group consisting of hydroxyl, Boe, halo, haloalkyl, cyano, lower

alkyl, lower aralkyl, oxo, lower alkoxy, amino and lower alkylamino; and

wherein each "cycloalkyl” substituent refers to saturated carbocyclic groups having three to six ring

carbon atoms.

3. A compound of claim 1 wherein A' and A” together with the ring atoms to which they are attached

combine to form
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5. A compound of claim 4 where
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6. A compound of claim 5 where R® is selected from
(a) ~OR” or =§(0),R> where R is alky! optionally independently substituted with one or more ~OR*,
or ~NR¥*R"*:
{b) =C(=0)NR’R’ or -NR’R* where R and R* are independently alky] optionally independentty
10 substituted with one or more —OR>*, or ~NR¥*R**;

or R’ and R? together with the nitrogen atom to which they are attached combine to form

[Pavavava)

.G Q Q.

3 =

7. A compound of claim 6 wherein R? is
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8. A compound of claim I or 2 having the following formula IA

RX =]
pri p

NN/

RX

2
R R 1A

wherein R™ is at each occurrence is independently, halo, cyano, nitro, oxo, alkyl, haloalkyl, alkenyl,

alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl, arylalkyl, heteroarylalkyl,

cycloalkylalkyl, heterocycloalkyl, -(alkylene),-OR’, <{alkylene)y-S(O).R’,
(alkylene),-NR'RY, -(alkyiene),-C(=O)R’, ~(alkylene),-C(=S)R’, -(alkylene),-C(=0)OR’,
(alkylene),-OC(=0)R’, ~(alkylene),-C(=SYOR’, w(alkysene)n..-(:(:O)NR?R‘*,'
~(alkylene),-C(=S)NR'R’, -(alkyiene),-N(RHC{=0)NR’R’, -(alkylene},-N(R"C(=S)NR'R?,
-(alkylene)-NRIC(=OIR®, -(alkylene),-N(RIC(=SIR’, ~(alkylene),-OC(=0NR'R’,
-(alkylene),-OC(=S)NR'R’, -(alkylene),-SO.NR’R”, -(alkylene),-N(R»SO:R’,
~(alkylene),-N(R)ISONR'R®, ~(alkylene),-N(R*IC(=OYOR’, ~(alkylene),-N(R*)C(=S)OR’, or
{alkylene),-N(R")SO,R;
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wherein said alkyl, haloalkyl, alkenyl, alkynyl. cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl groups may be further
independently substituted with one or more ~(alkylene),-OR™*, -(alkylene),-S(O),R*,
-(alkylene),-NR™*R*, _(alkylene),-C(=0)R™, ~(alkylene),-C(=S)R**, -(alkylene),-C(=0)0
~(alkylene),-OC(=0)R*, -(alkylene),-C(=S)OR™, —(alkylene),-C(=O)NR*R**,
~(alkylene),-C(=S)NR**R"*, -(alkylene),-N(R**)C(=0)NR**R**,
~(alkylene),-N(R*C{=S)NR™*R**, -(alkylene},-N(R**)C(=0)R’*,
~(alkylene),-N(R* Y (=S)R*, -(alkylene),-OC(=OINR *R**, -(alkylene),-OC(=S)NR**R**,
~(alkylene),-SONR R —(alkylene),-N(R**)SO,R**, ~(alkylene),-N(R**)SO,NR*R*,
~(alkylene),-N(R**)C(=0)OR*, -(alkylene},-N(R**)C(=S)OR’*, or
~(alkylene,-N(R *)}SO,R**;

misQorl;and
p is zero 1o three.

9. A compound of claim 8 whereinY is cyclopentyl, cyclohexyl, piperidinyl, piperazinyl,
phenyl, pyridinyl, pyrimidinyl, cyclopentadienyl, pyrrolyl, imidazolyl, oxazolyl or thiazolyl, any of

which may be optionally substituted with one or more R” as aliowed by valence.

10. A compound of claim 9 wherein R’ is selected from

S Cadn Gody

N/ —é L{Rx _{Rx N/ _.[RX 4_<
H/ 0 3 A {) 3 N
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i1. A compound of claim 10 where R® is selected from
(a) —OR’ or —S(0),R” where R” is alkyl optionally independently substituted with one or more ~OR’*,
or -NR #R*;
(b) ~C(=O)NR'R* or -NR’R* where R’ and R" are independentty atky] optionally independently
substituted with one or more —OR’*, or —~NR**R**;

or R* and R* together with the nitrogen atom to which they are attached combine to form

O . Q O

RX)O) X)Og

? 5

12. A compound of claim 11 wherein R” is
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5 13. A compound of claim 10 wherein R’ is selected from

O3 @ Ne) (}

a

14. A compound of claim 13 where R® is selected from
(a) —OR’ or —=S{O),R” where R’ is alkyl optionally independently substituted with one or more —OR’*,
10 or ~NR¥*R*;
(b) ~C(=0NR'R* or -NR’R* where R® and R? are independently alkyi optionally independently
substituted with one or more —OR’*, or ~NR**R**;

or R? and R together with the nitrogen atom to which they are attached combine to form

J'UU'U"

O CT (J O

Rl)m

15. A compound of claim 14 wherein R’ is
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5 16. A compound of claim 1 or 2 having the following formula IB
RX
N
/”\ \<Rxa
HN N/ N
z \, 1
R’ R 1B

wherein R™ is at each occurrence is independently, halo, cyano, nitro, oxo, alkyl, haloalkyl, alkenyl,
allkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl, arylalkyl, heteroarvialkyl,

10 cyvcloalkylalkyl, heterocycloalkyl, ~(alkylene),-OR’, -(alkylene),-S{O)R>,
~(alkyvlene)n-NR’R’, -(alkylene),-C(=0)R’, -(alkylene),-C(=S)R’, -(alkylene),-C(=0)OR’,
~(alkylene),-OC(=0)R’, -(alkylene),-C(=S)OR®, —(alkyiene),-C{=0)NR’R®,
~(alkylene),-C(=SINR'R’, -(alkylene),-N(R*)C(=OINR’R", -(alkylene),-N(R*)C(=S)NR’R?,
~(alkylene),-N(RHC(=O)R’, -(alkylene),-N(RHC(=SIR’, ~(alkylene)n-OC(=0INR'R?,

15 ~(alkylene),-OC(=S)NR'R?, -(alkylene),-SO,NR’R*, -(alkylene),-N(RH)SO,R’,
~(alkylene)-N(RISO,NR'RY, -(alkylene),-N(R>)C(=0)OR’, -(alkylene),,-N(RIC(=8)OR’, or
~(alkylene),-N(RSO.R’;
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wherein said alkyl, haloalkyl, alkenyi, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl groups may be further
independently substituted with one or more —(alkyEene),erRs*, -(alkylene)m—S(O)ﬂRﬁ*,
-(alkylene),,-NR™*R™, -(alkylene),-C(=0)R**, (alkylene),-C(=S)R>*, -(alkylene),~-C(=0)O
5 R>*, (alkylene),-OC(=OR’*, -(alkylene)y-C(=S)OR™*, —(alkylene),-C(=O)NR*R**,
~(alkylene),-C(=SINR**R**, (alkylene},-N(R**)C(=0)NR*R**,
~{alkylene),-N(R™)C(=SINR*R™*, -(alkylene),-N(R**)C(=0)R**,
~(alkylene),-N(R™)C(=8)R**, (alkylene),-OC(=OINR**R"*, -(alkylene),-OC(=S)NR*R**,
~(alkylene),~SO,NR*R™, -(alkylene),-N(R**)SO,R**, ~(alkylene),-N(R**)SO.NR**R**,
10 -(alkylene),-N(R™)C(=0)YOR™*, -(alkylene),,-N(R**)C(=S)OR’*, or
~(alkylene),,-N(R*)SO,R*;

misfori;and
q is zero to two.

15 17. A compound of claim 16 whereinY is cyclopentyl, cvclohexyl, piperidinyl, piperazinyl,
phenyl, pyridimyl, pyrimidinyl, cyclopentadienyl, pyrrolyl, imidazolyl, oxazoly! or thiazolyl, any of

which may be optionally substituted with one or more R” as allowed by valence,

18. A compound of claim 17 wherein R' is selected from

U0 . f}e Hj
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19, A compound of claim !8 where R" is selected from
5 (a)-OR’ or ~S{0),R" where R” is alkyl optionally independently substituted with one or more ~OR’*,
or -NR¥*R*;
(b) ~C(=0NR'R* or -NR’R* where R’ and R* are independently alkyl optionally independently
substituted with one or more ~OR**, or -NR* KR

or R” and R* together with the nitrogen atom to which they are attached combine to form

[PaTaVavyl s [PAVAVAY ] [VaAvA VLV

Q. Q

)03
20. A compound of claim 19 wherein R? is

El



348

I
J\M% WAV Y VoW WAV Vo Vo) U‘Ui'\f\
i OH ) :: ,
|
i
J\J!'U\ m.}m VA i SN
[ Nj S
o” N N OH OH
| ! | VY Jvl.r\n:
U NV VoVl NV, VoV |
f l N
H
E . s or N
5 210 A compe‘und of claim 18 wherein R’ is selected from
NN
—< S NG Ne )
R* s R and R?

22. A compound of claim 21 where R® is selected from
(a) ~OR” or ~${O},R’ where R’ is alkyi optionally independently substituted with one or more —~OR’*,
10 or ~NR**R**:
(b) ~C(=ONR’R* or -NR’R* where R and R” are independently alky| optionally independently
substituted with one or more ~OR™*, or -NR**R**;

or R* and R together with the nitrogen atom to which they are attached combine to form

\NV'U" [PAvavavy [SAYAYAVAl [CaVa VAt

7 b Q) )

v Rj 0-3 O/\ Yo \/\:{ 0.3

H

=

15

23. A compound of claim 22 wherein R” is
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24, A compound of claim 1 or 2 having the folowing formula 1C
Rxa
HN
| q
R’ IC
wherein R™ is at each occurrence is independently, halo, cvano, nitro, oxe, alkyl, haloalkyl, alkenyl,
10 alkynyl, cycloalkyl, cycloalkenyl, heterocycio, aryl, heteroaryi, arvialkyl, heteroarylalkyl,

cycloalkylalkyl, heterocycloalkyl, -(alkylene),-OR’, -(alkylene),,-S(O),R’,
-(alkylene),-NR'R®, (alkylene).-C(=0)R’, ~(alkylene),-C(=S)R’, -(alkylene),-C(=0)YOR’,
~(alkylene),-OC(=O)R’, -(alkylene),-C(=$)OR’, —(alkylene),,-C(=O)NR’R’,
-(alkylene),-C(=S)NR'R®, -(alkylene),-N(RIC(=ONR’R?, -(alkylene),-N(R*)C(=SINR'R?,

15 “(alkylene),-N(RIC(=0)R’, -(alkylene),-N(RHC(=S)R’, ~(alkylene),-OC(=OINR'R",
-(alkylene),-OC(=S)NR’R’, -(alkylene),-SO,NRR®, ~(alkylene),-N(R)SO,R’,
~(alkylene),-N(RH)SONR'R®, ~(alkylene),-N(RMC(=0)OR®, ~(alkylene),-N(RC(=S)OR’, or
~(alkylene),-N(R*)SO,R’;
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wherein said alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl,
arylalkyi, heteroarylalkyl, cycloalkylalkyl, and heterocvcloalkyl groups may be further
independently substituted with one or more -~(alkylene),-OR’*, -(alkylene),,-S(0).R™*,
-(alkylene)m-NRf‘*R“* ~(alkylene),-C(=O)R’*, -(alkylene),-C(=S)R**, -(alkylene),-C(=0)0

, -(alkylene},-OC(=0)R™, ~(alkylene),-C(=S)OR™*, —(alkylene)y,-C(=O)NR**R**,

-(al ky]ene)m—C(ZS)NR‘"*R‘i*, ~(alkylene),-N(R¥)C(=0)NR**R**,
~(alkylene),-N(R**)C(=SINR**R**, (alkylene),,-N(R**)C(=0)R"*,
~(alkylene),-N(R*)C(=S)R™*, -(alkylene),-OC(=0NR*R*, (alkylene),-OC(=S)NR*R**,
~(alkylene),-SONR**R™, ~(alkylene),-N(R*™*)SO,R’*, «(alkylene),-N(R**)SO,NR*R**,
~(alkylene),-N(R**YC(=0YOR*, (alkylene),-N(R**)C(=S)OR’*, or
~(alkylene)-N(R™)SO.R™*;

misOorl;and

q 1s zero fo two.
25. A compound of claim 24 whereinY is cyclopentyl, cyclohexyl, piperidinyi, piperazinyl,
phenyl, pyridinyl, pyrimidinyl, cyclopentadienyl, pyrrelyl, imidazolyl, oxazolyi or thiazolyl, any of

which may be optionally substituted with one or more R” as allowed by valence.

26. A compound of claim 25 wherein R’ is selected from

Y6 (S@ \4 @w @Rx
“}\“{W kj i}éﬂx K{—w H\—%

a
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and R

27. A compound of claim 26 where R" is selected from
(a) ~OR’ or ~8(0),R° where R is alky! optionally independently substituted with one or more ~OR*,
or -NR*R*#;
(b) —C(=0INR’R* or -=NR'R" where R” and R are independently alkyl optionally independently
substituted with one or more ~OR’*, or ~NR *R*#:

or R* and R” together with the nitrogen atom to which they are attached combine to form

\fU'U\f‘ \J'U'U'\f‘ W\f\f‘ \J'U'U'U"

Gaaq

5

28. A compound of claim 27 wherein R” is



i NV, WV VUL VALY
2 OH kl 2 Ll L]
]
]
J\.}'U\ u’\}'\r\ A ; A
[Nj o,
oo . ™~ N OH , OH
i | I \.NLW Ln_ri.rw
AP VAN WAV |
f l N
OH
B . s or N
5 29 A compound of claim 26 wherein R' is setected from
[V aWaWak ) [SAVAFLY ]
= E N///\ N)\
; Rx *__GRX [N
3
N {} N \
R® a and Rr?

30. A compound of claim 29 where R" is selected from
(a) ~OR’ or =S(0),R’ where R’ is alkyl optionally independently substituted with one or more —OR’*,
10 or ~NR™*R**,
(b) ~C(=O)NR’R" or -NR’R’ where R* and R are independently alkyl optionally independently
substituted with one or more —OR*, or ~NR*R"**;

or R and R* together with the nitrogen atom to which they are attached combine to form

J\)’\f\f‘ \J’U\f\/‘ \J’UU'U" \J\JVU"

3 QG Q

R‘? 03

15

. . 2.
31. A compound of claim 30 wherein R is



OH5 s b k]
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5
32. A compound of claim | or 2 having the following formula ID
Rxa
p——
/L N
N N/ N
R’ R?
D
10

wherein R™ is at each occurrence is independently, halo, cyano, nitro, oxo, alkyl, haloalkyl, alkenyl,

alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl, heterocycioalkyl, -(alkyiene),-OR’, ~(alkylene)n-S(O)R’,
-{alkylene),-NR'R’, ~(alkylene),-C(=O)R’, -(alkylene),-C(=S)R’, -(alkylene),-C(=O)OR’,

15 ~(alkylene),-OC(=O)R’, (alkylene),-C(=8)OR’, —(alkylene),-C(=0)NR'R?,
-(alkylene),,-C(=S)NR’R?, (alkylene),-N(R)C(=O)NR'R’, -(alkylene),~-N(R*JC{=S)NR'R",
~(alkylene),-N(RHC(=O)R®, ~(alkylene),-N(RHC(=S)R®, -(alkylene),-OC(=OINR'R?,
~(alkylene),-OC(=S)NR'R’, ~(alkylene),-SO,NR'R?, -(alkylene),-N(RHSO,R’,
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i5

20

354

~(alkylene),-N(RISO,NR'R’, -(alkylene),-N(R»)C(=0)OR?, -(alkylene),-N(RHC(=S)OR’, or
-(alkylene),-N(R*)SO,R:
wherein said alkyl, haloallyl, alkeny!, alkynyl, cycioalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl, and heterocycloalky? groups may be further
independently substituted with one or more -(alkylene),-OR’*, ~(alkylene),-S(0),R%*,
~(alkylene),-NR™*R**, (alkylene),-C(=0)R’*, -(alkylene),-C(=S)R**, -(alkyiene),-C{=0)O
~(alkylene)-OC(=0)R™*, -(alkylene),-C(=S)OR’*, —(alkylene)u-C(=O0)NR**R**,
~(alkylene),-C(=SINR*R", -(alkylene),-N(R™*)C(=0)NR*R**,
~(alkylene),,-N(R**)C(=S)NR**R**, -{alkylene),-N(R**)C(=0)R’*,
~(alkylene),-N(R™)C(=8)R**, -(alkylene),-OC(=0)NR**R**_ -(alkylene),-OC(=8)NR**R**,
~(alkylene),-SONR*R**, (alkylene),,-N(R*)SO,R™, -(alkylene),-N(R**)SO,NR**R**,
~(alkylene),-N(R**)C(=0)OR™, -(alkylene),-N(R**YC(=S)OR*, or
~(alkylene),-N(R*)SO,R*;
m is independently 0 or 1 ; and
q is zero 1o two,
33. A compound of claim 32 whereinY is cyclopentyl, cyclohexyl, piperidinyl, piperazinyl,
phenyl, pyridinyl, pyrimidinyl, cyclopentadienyl, pyrrolyl, imidazolyl, oxazolyl or thiazolyl, any of

which may be optionally substituted with one or more R* as allowed by valence.

34. A compound of claim 33 wherein R' is selected from

@m @x [ } @RX _g @RX



N

=z

= g §/ Hﬁ L

o

~ K
W >/

and R

e

/

35. A compound of claim 34 where R® is selected from
5 {a)~OR’ or =S(O),R® where R® is alky! optionally independently substituted with one or more ~OR>*,
or —-NR¥*R**;
(b) ~C(=0)NR’R’ or -NR'R* where R and R" are independently alkyl optionally independently
substituted with one or more —~OR’*, or -NR*R**;

or R* and R? together with the nitrogen atom to which they are attached combine to form

T . T T
NI\RX) 0 O/\RXJ 0-3 \Rx) 0-3 \ Vo3

10

NV VW
NV, VW
36. A compound of claim 35 wherein R” is OH
i | ! § : S
W VAV PV WAV VaVaW) AN ik A
N
N
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DEE A B A
SO

37. A compound of claim 34 wherein R’ is selected from

e (3

El
Ra , Ra , R 3nd Ra

38. A compound of claim 37 where R is selected from
(a) —OR” or —S(0),R” where R’ is alky! optionally independently substituted with one or more ~OR’*,
or —-NR*R**;
10 (b)-C(=0NR’R* or -NR*R" where R” and R” are independently alkyl optionally independently
substituted with one or more ~OR’*, or -NR**R**:

or R and R” together with the nitrogen atom to which they are attached combine to form

NU'U" u'\f\f\f‘ [avatavel J\N\I‘

ecfegeel

Ed

>

15

39. A compound of claim 37 wherein R? is
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bt AU S WAV VN
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40, A compound of ciaim 1 or 2 having the following formula IE
s
r’;
.v‘:..uT-':—H“\
r"ll} \."'-
e .-"'S UN
N7 ST Ny ;?‘
“ } ‘;;fm
. _.-“fj: e s
Hy Ty M
l [
R R IE
wherein R™ is at each occurrence is independently, halo, cvano, nitro, oxo, alkyl, haloalkyl, alkenyl,
10 alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl, arylalky!, heteroarylalkyl,

cycloalkylaikyl, heterocycioalkyl, -{aikylene)m—ORS, ~(alkylene),-S(O)R’,
~(alkylene),-NR°R', -(alkylene),-C(=O)R’, -(alkylene),~C(=S)R’, ~(alkylene},-C{=0)OR”,
~(alkylene),~-OC(=0)R’®, -(alkylene),-C(=S)OR®, ~(alkylene),-C(=O0)NR'R?,
(alkylene)m-C(=SINR'R?, ~(alkylene),-N(R)C(=OINR'R?, -(alkylene),-N(R)HC(=S)NR’R,
15 ~(alkylene},-N(RHC(=O)IR’, -(alkylene),-N(RIC(=S)R’, ~(alkylene),-OC(=0)NR’R",
«(alkylene),-OC(=S)NR’R’, -(alkylene),-SO-NR'R?, ~(alkylene),-N(R*ISO,R’,
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25

30

35

358

~(alkylene),-N(R)SO.NR'RY, -(alkylene),-NRC(=OIOR’, -(alkylene),,-N(R YC(=S)OR’, or
~(alkylene),-N(R*ISO,R’; -

wherein said alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryi,
arylallcyl, heteroarylalkyl; cycloalkylalkyl, and heterocycloalkyl groups may be further
independently substituted with one or more -(alkylene),-OR>*, -(alkylene),-S(O),R’*,
~(alkylene),,-NR'*R**, -(alkylene),-C(=0)R’*, -(alkylene),-C(=S)R’*, -(alkylene),-C(=0)0
R™*, -(alkylene),-OC(=0)R**, -(alkylene),-C(=S)OR’*, ~—(alkylene),-C(=O}NR**R**,
~(alkylene)-C(=S)NR**R** | -(alkylene),~-N(R**)C(=0)NR**R**,
(alkylene),-N(R*ICE=SINRI*¥R™*, (alkylene),-NR*)CE=0R*,
(alkylene),-N(R*™C(=S)R**, -(alkylene),-OC(=0INR**R*, (alkylene),-OC{=S)NR**R**
~(alkylene),-SONR*R™, -(alkylene),-N(R**)SO,R*, -(alkylene),,-N(R**)SO,NR*#R**,
~(alkylene),-N(R**)C(=0)OR’*, -(alkylene),-N(R*#)C(=8)OR*, or
~(alkylene),-N(R**)SO,R™*;

m is independently O or 1 ; and

g is zero to two.

41. A pharmaceutical composition comprising a compound of claim 1 or 2 together with a

pharmaceutically acceptable vehicle adjuvant or diluent.

42, Use of a compound of claim 1 or 2 in the preparation of a medicament for the treatment of

cancer in a subject.

43. The use of claim 41 wherein said compound of claim 1 or 2 is formulated for administration
in combination with at least one compound selected from the group consisting of antibiotic-type agents,
atkylating agents, antimetabolite agents, hormonal agents, immunological agents, interferon-type agents

and miscellaneous agents,

44, Use of a compound of claim ! or 2 in the preparation of a medicament for reducing tumor

size in a subject.

43. Use of a compound of claim 1 or 2 in the preparation of a medicament for treating cdk4 or

cdké mediated disorders in a subject.

46. Use of a compound of ¢claim ! or 2 in the preparation of a medicament for reducing

metastasis in a twmor in a subject.

47, The compound of claim 1 or 2, wherein the compound is selected from
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and salts thereof.

48. The compound of claims | and 3 to 47, wherein each "alky]l" substituent when used either alone or
within other terms such as "hajoalkyl" and "alkylamino", refers to linear or branched functional groups

having one to six carbon atoms.

49, The compound of claims 1 and 3 to 47 wherein each "alkenyl" substituent refers to linear or

branched functional groups having at least one carbon-carbon double bond of two to six carbon atoms.

50. The compound of claim 1 and 3 to 47, wherein each "alkynyl" substituent refers to linear or

branched functional groups having at ieast one carbon-carbon iriple bond and two to six carbon atoms.

51. The compound of anyone of claims 48 to 50, wherein each alkyl, alkenyl, and alkynyl substituent is
optionally substituted with one or more functional groups selected from the group consisting of halo,

hydroxy, nitro, amino, cyano, haloalkyl, aryl, heteroaryl and heterocyclo.

52. The compound of claims 1 and 3 to 47, wherein each "heterocyclyl” or “heterocyclo” substituent
refers to saturated heteroatom-containing ring functional groups, where the heteroatoms are selected

from nitrogen, sulfur and oxygen

53. The compound of claims 51 or 52, wherein each each "heterocyclyl” or “heterocyclo™ substituent is
optionally substituted with one or more functional groups selected from the group consisting of
hydroxyl, Boe, halo, haloalkyl, cyano, lower alkyl, lower aralkyl, oxo, lower alkoxy, aminc and lower

alkylamino.
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54. The compound of clatm 1, wherein each "cycloalkyl" substituent refers to saturated carbocyclic

groups having three to six ring carbon atoms.

55, The compound of claim 1 and 3 to 47, wherein A’ and A? together with ring carbon atoms to which
they are attached combine to form benzene, pyridine, pyrimidine, pyrazine, pyridazine, or isothiazole,
any of which is optionally saturated, and any of which is optionally independently substituted with one

or more halo, methoxy, hydroxyl, or methyl groups as allowed by valence.



