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COMPOUNDS FOR USE IN THE TREATMENT OF BASAL CELL CARCINOMA

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority of U.S. Provisional Application No.
61/546,612, filed, October 13, 2011, the entire contents of which is incorporated herein by

reference.

BACKGROUND
[0002] Basal Cell Carcinoma (BCC) is one of the most common human cancers,
accounting for approximately one third of all cancers in the United States, with an incidence
that is increasing by 4-5% per year. With its high prevalence and morbidity, it is estimated
that the annual cost to Medicare alone of treatment of this tumor exceeds $400 million
{Rigel, 2008 #1}. Sporadic BCCs usually develop in small numbers (i.e. 1-2), from the fifth
or sixth decade of life, whereas an estimated 1 in 60,000 individuals have the heritable
disease, basal cell nevus syndrome (BCNS, Gorlin syndrome) and develop multiple BCCs
from puberty and throughout their lifetime. As a result, a need remains for new therapeutic

options for the treatment of BCCs.

SUMMARY
[0003] Accordingly, methods are provided for treating basal cell carcinoma comprising
administering to a patient in need thereof a therapeutically effective amount of a compound
of formula I or of formula II or a single isomer thereof or optionally as a pharmaceutically
acceptable salt, tautomer, hydrate, or solvate thereof:

(a) where the compound of formula I is:

wherein:
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Wl, Wz, w3 ,and W* are -C(R')=; or one or two of Wl, Wz, w3 ,and W* are independently
-N= and the remaining are -C(R')=; and where each R' is independently hydrogen, alkyl,
haloalkyl, nitro, alkoxy, haloalkoxy, halo, hydroxy, cyano, amino, alkylamino, or
dialkylamino;

R’! is hydrogen or alkyl;

R’ is hydrogen or halo;

R R, and R* are independently hydrogen, alkyl, alkenyl, halo, haloalkyl, haloalkenyl,
hydroxy, alkoxy, alkenyloxy, haloalkoxy, nitro, amino, alkylamino, dialkylamino,
-N(R*)C(0)-C;-Cg-alkylene-N(R**R>®, alkylcarbonyl, alkenylcarbonyl, carboxy,
alkoxycarbonyl, cyano, alkylthio, -'S(O)zNRSSR5 % or alkylcarbonylamino and where R>
and R**® are independently hydrogen, alkyl, or alkenyl and R>*® is hydrogen, alkyl,
alkenyl, hydroxy, or alkoxy; or R* and R** together with the carbons to which they are
attached form a 5- or 6-membered heteroaryl or 5- or 6-membered heterocycloalkyl;

B is phenyl substituted with R* and optionally further substituted with one, two, or three R®;
or

B is heteroaryl optionally substituted with one, two, or three R} ;

R* is cyano, hydroxyamino, carboxy, alkoxycarbonyl, alkylamino, dialkylamino,
alkylcarbonyl, haloalkoxy, alkylsulfonyl, aminoalkyloxy, alkylaminoalkyloxy,
dialkylaminoalkyloxy, or

a) -N(R7)C(O)-01-C6—alkylene-N(R7a)(R7b) where R is hydrogen, alkyl, or alkenyl and
R’ and R™ are independently hydrogen, alkyl, alkenyl, hydroxyalkyl, haloalkyl,
alkoxy, alkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl, heteroarylalkyl,
aryl, arylalkyl, or arylalkyloxy and where the aryl, cycloalkyl, heterocycloalkyl and
heteroaryl rings in R” and R™ (either alone or as part of arylalkyl, cycloalkylalkyl,
heterocycloalkylalkyl and heteroarylalkyl) are independently optionally substituted
with 1, 2, or 3 groups independently selected from alkyl, amino, alkylamino,
dialkylamino, hydroxy, halo, alkoxy, alkylthio, and oxo);

b) -C(O)NR®R® where R® is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, haloalkyl, or
haloalkoxy and R® is hydrogen, alkyl, alkenyl, hydroxyalkyl, cyanoalkyl,
alkoxyalkyl, alkylthioalkyl, heterocycloalkyl, heterocycloalkylalkyl, cycloalkyl,
cycloalkylalkyl, heteroaryl, heteroarylalkyl, aryl, or arylalkyl and where the aryl,
cycloalkyl, heteroaryl, and heterocycloalkyl rings in R® (either alone or as part of
arylalkyl, cycloalkylalkyl, heterocycloalkylalkyl and heteroarylalkyl) are

2
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independently optionally substituted with 1, 2, or 3 groups independently selected
from alkyl, alkenyl, alkoxy, halo, haloalkyl, haloalkoxy, hydroxy, hydroxyalkyl, oxo,
amino, alkylamino, dialkylamino, alkylcarbonyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, alkoxycarbonyl, and -C(O)H;

¢) -NR’C(O)R* where R’ is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, haloalkyl, or
haloalkoxy and R* is hydrogen, C,-Ce-alkyl, alkenyl, hydroxyalkyl, alkoxyalkyl,
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl,
heteroarylalkyl, aryl, or arylalkyl; where the aryl, cycloalkyl, heteroaryl, and
heterocycloalkyl rings in R* (either alone or as part of arylalkyl, cycloalkylalkyl,
heterocycloalkylalkyl and heteroarylalkyl) are independently optionally substituted
with 1, 2, or 3 groups independently selected from alkyl, alkenyl, alkoxy, hydroxy,
hydroxyalkyl, halo, haloalkyl, haloalkoxy, oxo, amino, alkylamino, dialkylamino,
alkylcarbonyl, alkoxycarbonyl, -C(O)H, aryl (optionally substituted with one or two
halo), arylalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl, heterocycloalkylalkyl,
cyloalkyl, cyloalkylalkyl, and cycloalkylcarbonyl;

d) -C(O)N(R')-C;-Cs-alkylene-N(R'*)R'® where R'® is hydrogen, hydroxy, alkoxy,
alkyl, alkenyl, haloalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, or
hydroxyalkyl and R'® and R'® are independently hydrogen, alkyl, alkenyl, haloalkyl,
aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, or hydroxyalkyl;

e) -NR''C(O)NR'"*R!'® where R''* is hydrogen, alkyl, alkenyl, hydroxy, or alkoxy and
R'' and R'"® are independently hydrogen, alkyl, alkenyl, aminoalkyl, alkylaminoalkyl,
or dialkylaminoalkyl;

f) -C(O)R'? where R" is heterocycloalkyl optionally substituted with 1, 2, or 3 groups
selected from alkyl, oxo, amino, alkylamino, and heterocycloalkylalkyl;

g) -NR"’C(O)OR'** where R'? is hydrogen, alkyl, or alkenyl and R'** is aminoalkyl,
alkylaminoalkyl, dialkylaminoalkyl, aryl, or arylalkyl;

h) -C(O)NR')NR'**)R!**) where R, R'*, and R'*" are independently hydrogen,
alkyl, or alkenyl;

i) -S(0)N(R")-C,-Cs-alkylene-N(R"**R'*® where R'’, R'** and R'*® are independently
hydrogen, alkyl, or alkenyl;

j) -C(O)N(R'®)-C,-Cs-alkylene-C(O)OR'® where R' is hydrogen, alkyl, or alkenyl and
R'% is alkyl or alkenyl;

k) heteroaryl optionally substituted with one or two aminoalkyl, alkylaminoalkyl, or
dialkylaminoalkyl;
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I _N(R17)_C(=N(Rl7b)(R17a))(NR17ch7d) where R', R'™ R'™ R'”®, and R'™ are
independently hydrogen, alkyl, or alkenyl;

m) -N(R'®)C(0)-C-Ce-alkylene-N(R *®)C(O)R '** where R'** is hydrogen, alkyl, alkenyl,
or alkoxy and R'® and R'® are independently hydrogen, alkyl, or alkenyl;

n) -C(O)N(R'g)-C1—C6-alkylene-C(O)R19al where R is hydrogen, alkyl, or alkenyl and
R'* is amino, alkylamino, dialkylamino, or heterocycloalkyl;

0) -N(RZO)C(O)-C1-C6-a1kylene-C(O)R20a where R is hydrogen, alkyl, or alkenyl and
R*® is cycloalkyl or heterocycloalkyl;

P) -NR?!'S(0),-C;-Cs-alkylene-N(R*'®)R?'® where R?! is hydrogen, alkyl, or alkenyl and
R?'* and R*'"® are independently hydrogen, alkyl, or alkenyl;

Q) -NR®)C(0)-C;-Cs-alkylene-N(R??)-N(R***)(R***) where R??, R*** and R*® are
independently hydrogen, alkyl, or alkenyl;

1) -Cy.Ce-alkylene-N(R?)-C,-Ce-alkylene-N(R***)R?*® where R*, R*** and R**" are
independently hydrogen, alkyl, or alkenyl; or

s) -NR**C(0)-C,.Cs-alkylene-OR** where R* is hydrogen, alkyl, or alkenyl and R?* is
alkoxyalkyl or aryl optionally substituted with one or two halo or alkyl; and

where each of the alkylene in R* is independently optionally further substituted with 1, 2, 3,
4, or 5 groups selected from halo, hydroxy, amino, alkylamino, and dialkylamino; and

each R? (when R}is present) is independently alkyl; alkenyl; alkynyl; halo; hydroxy; oxo;
alkoxy; cyano; hydroxyamino; carboxy; alkoxycarbonyl; amino; alkylamino;
dialkylamino; alkylcarbonyl; haloalkoxy; alkylsulfonyl; aminoalkyloxy;
alkylaminoalkyloxy; dialkylaminoalkyloxy; or

a) -N(R7)C(O)-C1-C6-alkylene—N(R7a)(R7b) where R’ is hydrogen, alkyl, or alkenyl and
R’ and R are independently hydro gen, alkyl, alkenyl, hydroxyalkyl, haloalkyl,
alkoxy, alkoxyalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl, heteroarylaikyl,
aryl, arylalkyl, or arylalkyloxy and where the aryl, cycloalkyl, heterocycloalkyl and
heteroaryl rings in R™ and R™ (either alone or as part of arylalkyl, cycloalkylalkyl,
heterocycloalkylalkyl and heteroarylalkyl) are independently optionally substituted
with 1, 2, or 3 groups independently selected from alkyl, amino, alkylamino,
dialkylamino, hydroxy, halo, alkoxy, alkylthio, and oxo);

b) -C(O)NR®R¥ where R® is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, haloalkyl, or
haloalkoxy and R® is hydrogen, alkyl, alkenyl, hydroxyalkyl, cyanoalkyl,
alkoxyalkyl, alkylthioalkyl, heterocycloalkyl, heterocycloalkylalkyl, cycloalkyl,

4
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cycloalkylalkyl, heteroaryl, heteroarylalkyl, aryl, or arylalkyl and where the aryl,
cycloalkyl, heteroaryl, and heterocycloalkyl rings in R® (either alone or as part of
arylalkyl, cycloalkylalkyl, heterocycloalkylalkyl and heteroarylalkyl) are
independently optionally substituted with 1, 2, or 3 groups independently selected
from alkyl, alkenyl, alkoxy, halo, haloalkyl, haloalkoxy, hydroxy, hydroxyalkyl, oxo,
amino, alkylamino, dialkylamino, alkylcarbonyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, alkoxycarbonyl, and -C(O)H;

¢) -NR’C(O)R* where R’ is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, haloalkyl, or
haloalkoxy and R is hydrogen, C,-Cs-alkyl, alkenyl, hydroxyalkyl, alkoxyalkyl,
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl,
heteroarylalkyl, aryl, or arylalkyl; where the aryl, cycloalkyl, heteroaryl, and
heterocycloalkyl rings in R** (either alone or as part of arylalkyl, cycloalkylalkyl,
heterocycloalkylalkyl and heteroarylalkyl) are independently optionally substituted
with 1, 2, or 3 groups independently selected from alkyl, alkenyl, alkoxy, hydroxy,
hydroxyalkyl, halo, haloalkyl, haloalkoxy, oxo, amino, alkylamino, dialkylamino,
alkylcarbonyl, alkoxycarbonyl, -C(O)H, aryl (optionally substituted with one or two
halo), arylalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl, heterocycloalkylalkyl,
cyloalkyl, cyloalkylalkyl, and cycloalkylcarbonyl;

d) -C(O)N(R'%)-C,-Cs-alkylene-N(R'*)R'® where R'® is hydrogen, hydroxy, alkoxy,
alkyl, alkenyl, haloalkyl, or hydroxyalkyl and R'" and R'® are independently
hydrogen, alkyl, alkenyl, haloalkyl, or hydroxyalkyl;

¢) -NR''C(O)NR'"°R!'® where R'!* is hydrogen, alkyl, alkenyl, hydroxy, or alkoxy and
R'! and R''® are independently hydrogen, alkyl, alkenyl, aminoalkyl,
alkylaminooalkyl, dialkylaminoalkyl,

f) -C(O)R' where R'? is heterocycloalkyl optionally substituted with 1, 2, or 3 groups
selected from alkyl, oxo, amino, alkylamino, and heterocycloalkylalkyl;

g) -NR!>C(O)OR'* where R'? is hydrogen, alkyl, or alkenyl and R'* is aminoalkyl,
alkylaminoalkyl, dialkylaminoalkyl, aryl, or arylalkyl);

h) -C(ONR')N(R'**}(R'*) where R, R'*® and R'* are independently hydrogen,
alkyl, or alkenyl;

i) -S(O)N(R")-C,-Cs-alkylene-N(R'**R'*® where R'*, R'**, and R"*” are independently
hydrogen, alkyl, or alkenyl;

)] -C(O)N(R16)-C|-C5-alkylene-C(O)ORl6a where R'® is hydrogen, alkyl, or alkenyl and
R'® is alkyl or alkenyl;
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k) heteroaryl optionally substituted with one or two aminoalkyl, alkylaminoalkyl, or
dialkylaminoalkyl,;

) -NER-CENR™RH)NRR™) where R'7, R'”2 R, R and R'™ are
independently hydrogen, alkyl, or alkenyl;

m) -N(R'®)C(0)-C,-Cg-alkylene-N(R'®)C(O)R'®* where R'* is hydrogen, alkyl, alkenyl,
or alkoxy and R'® and R'® are independently hydrogen, alkyl, or alkenyl;

n) -C(O)N(R'®)-C,-Cg-alkylene-C(O)R'** where R' is hydrogen, alkyl, or alkenyl and
R'* is amino, alkylamino, dialkylamino, or heterocycloalkyl;

0) -N(R*)C(0)-C;-C¢-alkylene-C(O)R?® where R? is hydrogen, alkyl, or alkenyl and
R*® is cycloalkyl or heterocycloalkyl;

p) -NR*'S(0)-C;-Cs-alkylene-N(R*'®)R?'® where R?' is hydrogen, alkyl, or alkenyl and
R*'® and R*'® are independently hydrogen, alkyl, or alkenyl;

9 -NR?)C(0)-C;-Cs-alkylene-N(R**)-N(R***)(R*), where R, R??* and R*® are
independently hydrogen, alkyl, or alkenyl;

r) -Co.Cs-alkylene-N(R**)-C,-Cs-alkylene-N(RZ*)R** where R*, R** and R*® are
independently hydrogen, alkyl, or alkenyl; or

s) -NR*C(0)-C,.Cs-alkylene-OR*** where R** is hydrogen, alkyl, or alkenyl and R** is
alkoxyalkyl or aryl optionally substituted with one or two halo or alkyl,;

wherein each of the alkylene in R is independently optionally further substituted with 1, 2, 3,
4, or 5 groups selected from halo, hydroxy, amino, alkylamino, and dialkylamino; and
provided that when R and R*? are hydrogen, Ris hydrogen or methyl, R¥is hydrogen or
methoxy, and R* is hydrogen or methoxy, then B is not 2,3-dihydro-1,4-benzodioxinyl,
thien-2-yl, or thien-2-yl substituted with one R* where R? is halo; and

(b) where the compound of formula II is:

R* RS
Rz.x)l\N/ 21 o
I

wherein:

R' is hydrogen, optionally substituted alkyl, optionally substituted cycloalkyl,
optionally substituted cycloalkylalkyl, optionally substituted aryl, optionally substituted
arylalkyl, optionally substituted heterocycloalkyl, optionally substituted
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heterocycloalkylalkyl, optionally substituted heteroaryl, or optionally substituted
heteroarylalkyl,

R’ is hydrogen or alkyl where the alkyl is optionally substituted with 1, 2, 3, 4, or 5 R®
groups;

X is -NR*-;

R is hydrogen;

R* is optionally substituted alkyl;

R’ is hydrogen; and

R® is phenyl, acyl, or heteroaryl wherein the phenyl and heteroaryl are optionally
substituted with 1, 2, 3, 4, or 5 R’ groups;

each Rs, when present, is independently hydroxy, halo, alkoxy, haloalkoxy, amino,
alkylamino, dialkylaminoalkyl, or alkoxyalkylamino; and

each R9, when present, is independently halo, alkyl, haloalkyl, alkoxy, haloalkoxy,
cyano, amino, alkylamino, dialkylamino, alkoxyalkyl, carboxyalkyl, alkoxycarbonyl,
aminoalkyl, cycloalkyl, aryl, arylalkyl, aryloxy, heterocycloalkyl, or heteroaryl, and where
the cycloalkyl, aryl, heterocycloalkyl, and heteroaryl, each either alone or as part of another
group within R®, are independently optionally substituted with 1, 2, 3, or 4 groups selected
from halo, alkyl, haloalkyl, hydroxy, alkoxy, haloalkxy, amino, alkylamino, and
dialkylamino.

[0004] In one embodiment, the compound of formula I is a compound of formula Ia:

R52
R% OR®!
R54 R50
N\ NH R3a
N/ N—g
H || \ 3
o} (R%03
Ia

or a single stereoisomer or mixture of stereoisomers thereof and optionally as a
pharmaceutically acceptable salt, tautomer, hydrate, or solvate thereof, wherein:
R s hydrogen;
R’'is methyl;
R is hydrogen;
R is hydrogen or alkoxy; and
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R is hydrogen, alkyl, alkoxy, or halo; or R> and R** together with the carbons to
which they are attached form a 6-membered heteroaryl; and

R is halo or methyl; and

R* is -N(R")C(0)-C;-CP-alkylene-N(R"*)(R"®) where R’ is hydrogen and R” and

R™ are independently hydrogen, alkyl, aminoalkyl, alkylaminoalkyl, or
dialkylaminoalkyl.
[0005] In one embodiment, the compound of formula I and of formula Ia is compound A:

o<

Cl ; NH,
0 o)
e
H "o
A
or a tautomer, zwitterion, or pharmaceutically salt thereof.
[0006] Compound A is known by its chemical name N-(3-{[(3-{[2-chloro-5-

(methoxy)phenyl]amino } quinoxalin-2-yl)aminosulfonyl} phenyl)-2-methylalaninamide.

[0007] In one embodiment, the compound of formula II is a compound of formula Ila:

R* RS
NN R
RZ‘N)I\N/ N"So
H o
Ila

or a pharmaceutically acceptable salt thereof, wherein:

R'is alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, heteroaryl, or heteroarylalkyl;

R’ is hydrogen or alkyl;

R* is alkyl;

R’ is hydrogen;

R® is phenyl, acyl, or heteroaryl wherein the phenyl and heteroaryl are is optionally
substituted with 1, 2, 3,4, 0r 5 R’ groups; and

each R9, when present, is independently halo, alkyl, haloalkyl, alkoxy, haloalkoxy,
cyano, amino, alkylamino, dialkylamino, alkoxyalkyl, carboxyalkyl, alkoxycarbonyl,
aminoalkyl, cycloalkyl, aryl, arylalkyl, aryloxy, heterocycloalkyl, or heteroaryl and where the
cycloalkyl, aryl, heterocycloalkyl, and heteroaryl, each either alone or as part of another

8
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group within R®, are independently optionally substituted with 1, 2, 3, or 4 groups selected
from halo, alkyl, haloalkyl, hydroxy, alkoxy, haloalkoxy, amino, alkylamino, and
dialkylamino.

[0008] In another embodiment, the compound of formula II is compound B.

-N
HN\
N X
A
H,N” N 0

N
B
[0009] Compound B is known by its name 2-amino-8-ethyl-4-methyl-6-(1 H-pyrazol-5-

yDpyrido[2,3-d]pyrimidin-7(8 H)-one. Compound B is disclosed in WO 2007/044813, the

entire contents of which are incorporated herein by reference.

BRIEF SUMMARY OF THE FIGURES
[0010] Figure 1 provides a Principal Component Analysis of the gene expression array
data showing that 10 M tazarotene treatment of ASZ001 cells significantly altered the gene
expression profiles at both 10 hours and 24 hours.
[0011] Figure 2 shows the validation of the Affymetrix gene expression data by real-
time qPCR.
[0012] Figure 3 provides a bioinformatic analysis using Ingenuity software suggested
that a possible downstream pathway that thea number of 10 DE genes had in common was
one the PI3K/Akt pathway.
[0013] Figure 4 shows immunohistochemistry with phosphorylated Aktl (p-Akt)
antisera on untreated visible BCC that grew on Ptchl*", basal keratinocyte-deleted p53 mice.
[0014] Figure 5 shows an over-expression of AKT1 in ASZ001 cells reduces the in vitro
anti-BCC effect of tazarotene.
[0015] Figure 6 shows the potential of compound A and compound B as therapies for
treating BCC.
[0016] Figure 7 depicts the in vivo treatment with PI3K inhibitors: Microscopic and
visible BCC assessment at age 21 and 28 weeks respectively, after 8 weeks of drug treatment.
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DETAILED DESCRIPTION

Abbreviations and Definitions

[0017]

PCT/US2012/059976

The following abbreviations and terms have the indicated meanings throughout:

Abbreviation Meaning
Ac Acetyl
br Broad
°C Degrees Celsius
ic- Cyclo
CBZ CarboBenZoxy = benzyloxycarbonyl
d Doublet
dd Doublet of doublet
dt Doublet of triplet
DCM Dichloromethane
DMA Dimethylacetamide
DME 1,2-dimethoxyethane
DMF N, N-dimethylformamide
DMSO Dimethyl sulfoxide
dppf 1,1°-bis(diphenylphosphano)ferrocene
I Electron Impact ionization
4 Gram(s)
or hr [Hour(s)
HPLC High pressure liquid chromatography
L Liter(s)
M Molar or molarity
m Multiplet
mg illigram(s)
MHz megahertz (frequency)
Min minute(s)
mL milliliter(s)
uL microliter(s)
uM Micromole(s) or micromolar
mM Millimolar
mmol Millimole(s)
mol Mole(s)
MS [Mass spectral analysis
IN Normal or normality
nM Nanomolar
NMR Nuclear magnetic resonance spectroscopy
q Quartet
RT Room temperature
s Singlet
tortr Triplet
TFA Trifluoroacetic acid
THF Tetrahydrofuran
TLC Thin layer chromatography

10
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[0018] The symbol “-” means a single bond, “=" means a double bond, “=” means a

triple bond, “====" means a single or double bond. The symbol “wxnnr” refers to a group on
a double-bond as occupying either position on the terminus of a double bond to which the

symbol is attached; that is, the geometry, E- or Z-, of the double bond is ambiguous. When a

group is depicted removed from its parent formula, the “~—” or “  {”symbol will be used at
the end of the bond which was theoretically cleaved in order to separate the group from its
parent structural formula.

[0019] When chemical structures are depicted or described, unless explicitly stated
otherwise, all carbons are assumed to have hydrogen substitution to conform to a valence of
four. For example, in the structure on the left-hand side of the schematic below there are nine
hydrogens implied. The nine hydrogens are depicted in the right-hand structure. Sometimes a
particular atom in a structure is described in textual formula as having a hydrogen or
hydrogens as substitution (expressly defined hydrogen), for example, -CH,CHj-. It is
understood by one of ordinary skill in the art that the aforementioned descriptive techniques
are common in the chemical arts to provide brevity and simplicity to description of otherwise

complex structures.

HHH
CK\ Br . H Br
U
H H
[0020] If a group “R” is depicted as “floating” on a ring system, as for example in the
formula:
St
R——
F

then, unless otherwise defined, a substituent “R” may reside on any atom of the ring system,
assuming replacement of a depicted, implied, or expressly defined hydrogen from one of the
ring atoms, so long as a stable structure is formed.

[0021] If a group “R” is depicted as floating on a fused ring system, as for example in the

formulae:

Ry~ A\ R),

< X
” & , or HN\I>71,or(R)y—/ X

then, unless otherwise defined, a substituent “R” may reside on any atom of the fused ring

system, assuming replacement of a depicted hydrogen (for example the -NH- in the formula
11
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above), implied hydrogen (for example as in the formula above, where the hydrogens are not
shown but understood to be present), or expressly defined hydrogen (for example where in
the formula above, “Z” equals =CH-) from one of the ring atoms, so long as a stable structure
is formed. In the example depicted, the “R” group may reside on either the S-membered or
the 6-membered ring of the fused ring system. In the formula depicted above, when y is 2 for
example, then the two “R’s” may reside on any two atoms of the ring system, again assuming
each replaces a depicted, implied, or expressly defined hydrogen on the ring.

[0022] When a group “R” is depicted as existing on a ring system containing saturated

carbons, as for example in the formula:

N £

where, in this example, “y” can be more than one, assuming each replaces a currently
depicted, implied, or expressly defined hydrogen on the ring; then, unless otherwise defined,
where the resulting structure is stable, two “R’s” may reside on the same carbon. A simple
example is when R is a methyl group; there can exist a geminal dimethyl on a carbon of the
depicted ring (an “annular” carbon). In another example, two R’s on the same carbon,
including that carbon, may form a ring, thus creating a spirocyclic ring (a “spirocyclyl”

group) structure with the depicted ring as for example in the formula:

w X

[0023] “Acyl” means a -C(O)R radical where R is optionally substituted alkyl, optionally
substituted alkenyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocycloalkyl, or heterocycloalkylalkyl, as defined herein, e.g., acetyl,
trifluoromethylcarbonyl, or 2-methoxyethylcarbonyl, and the like.

[0024] “Acylamino” means a -NRR’ radical where R is hydrogen, hydroxy, alkyl, or
alkoxy and R’ is acyl, as defined herein.

[0025] “Acyloxy” means an -OR radical where R is acyl, as defined herein, e.g.
cyanomethylcarbonyloxy, and the like.

[0026] “Administration” and variants thereof (e.g., “administering” a compound) in
reference to a compound of the invention means introducing the compound or a prodrug of
the compound into the system of the animal in need of treatment. When a compound of the
mmvention or prodrug thereof is provided in combination with one or more other active agents,
“administration” and its variants are each understood to include concurrent and sequential
introduction of the compound or prodrug thereof and other agents.
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[0027] “Alkenyl” means a means a linear monovalent hydrocarbon radical of one to six
carbon atoms or a branched monovalent hydrocarbon radical of three to 6 carbon atoms
which radical contains at least one double bond, e.g., ethenyl, propenyl, 1-but-3-enyl, and
1-pent-3-enyl, and the like.

[0028] “Alkoxy” means an -OR group where R is alkyl group as defined herein.
Examples include methoxy, ethoxy, propoxy, isopropoxy, and the like.

[0029] “Alkoxyalkyl” means an alkyl group, as defined herein, substituted with at least
one, preferably one, two, or three, alkoxy groups as defined herein. Representative examples
include methoxymethy! and the like.

[0030] “Alkoxyalkylamino” means an -NRR’ group where R is hydrogen, alkyl, or
alkoxyalkyl and R’ is alkoxyalkyl, as defined herein.

[0031] “Alkoxyalkylaminoalkyl” means an alkyl group substituted with at least one,
specifically one or two, alkoxyalkylamino group(s), as defined herein.

[0032] “Alkoxycarbonyl” means a -C(O)R group where R is alkoxy, as defined herein.
[0033] “Alky]l” means a linear saturated monovalent hydrocarbon radical of one to six
carbon atoms or a branched saturated monovalent hydrocarbon radical of three to 6 carbon
atoms, e.g., methyl, ethyl, propyl, 2-propyl, butyl (including all isomeric forms), or pentyl
(including all isomeric forms), and the like.

[0034] “Alkylamino” means an -NHR group where R is alkyl, as defined herein.

[0035] “Alkylaminoalkyl” means an alkyl group substituted with one or two alkylamino
groups, as defined herein.

[0036] “Alkylaminoalkyloxy” means an -OR group where R is alkylaminoalkyl, as
defined herein.

[0037] “Alkylcarbonyl” means a -C(O)R group where R is alkyl, as defined herein.
[0038] “Alkynyl” means a linear monovalent hydrocarbon radical of one to six carbon
atoms or a branched monovalent hydrocarbon radical of three to 6 carbon atoms which
radical contains at least one triple bond, e.g., ethynyl, propynyl, butynyl, pentyN-2-yl and the
like.

[0039] “Amino” means -NH,.

[0040] “Aminoalkyl” means an alkyl group substituted with at least one, specifically one,
two or three, amino groups.

[0041] “Aminoalkyloxy” means an -OR group where R is aminoalkyl, as defined herein.
[0042] “Aryl” means a monovalent six- to fourteen-membered, mono- or bi-carbocyclic

ring, wherein the monocyclic ring is aromatic and at least one of the rings in the bicyclic ring
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is aromatic. Unless stated otherwise, the valency of the group may be located on any atom of
any ring within the radical, valency rules permitting. Representative examples include
phenyl, naphthyl, and indanyl, and the like.

[0043] “Arylalkyl” means an alkyl radical, as defined herein, substituted with one or two
aryl groups, as defined herein, e.g., benzyl and phenethyl, and the like.

[0044] “Aryloxy” means an -OR group where R is aryl, as defined herein.

[0045] “Carboxyalky]l” means an alkyl group, as defined herein, substituted with at least
one, specifically one or two, -C(O)OH group(s).

[0046] “Cycloalkyl” means a monocyclic or fused bicyclic, saturated or partially
unsaturated (but not aromatic), monovalent hydrocarbon radical of three to ten carbon ring
atoms. Fused bicyclic hydrocarbon radical includes bridged ring systems. Unless stated
otherwise, the valency of the group may be located on any atom of any ring within the
radical, valency rules permitting. One or two ring carbon atoms may be replaced by a -C(O)-,
-C(S)-, or -C(=NH)- group. More specifically, the term cycloalkyl includes, but is not limited
to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexyl, or cyclohex-3-enyl, and the
like.

[0047] “Cycloalkylalkyl” means an alkyl group substituted with at least one, specifically
one or two, cycloalkyl group(s) as defined herein.

[0048] “Dialkylamino” means a -NRR’ radical where R and R’ are alkyl as defined
herein, or an N-oxide derivative, or a protected derivative thereof, e.g., dimethylamino,
diethylamino, N, N-methylpropylamino or N,N-methylethylamino, and the like.

[0049] “Dialkylaminoalkyl” means an alkyl group substituted with one or two
dialkylamino groups, as defined herein.

[0050] “Dialkylaminoalkyloxy” means an -OR group where R is dialkylaminoalkyl, as
defined herein. Representative examples include 2-(N, N-diethylamino)-ethyloxy, and the like.
[0051] “Fused-polycyclic” or “fused ring system” means a polycyclic ring system that
contains bridged or fused rings; that is, where two rings have more than one shared atom in
their ring structures. In this application, fused-polycyclics and fused ring systems are not
necessarily all aromatic ring systems. Typically, but not necessarily, fused-polycyclics share
a vicinal set of atoms, for example naphthalene or 1,2,3,4-tetrahydro-naphthalene. A spiro
ring system is not a fused-polycyclic by this definition, but fused polycyclic ring systems of
the invention may themselves have spiro rings attached thereto via a single ring atom of the
fused-polycyclic. In some examples, as appreciated by one of ordinary skill in the art, two

adjacent groups on an aromatic system may be fused together to form a ring structure. The
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fused ring structure may contain heteroatoms and may be optionally substituted with one or
more groups. It should additionally be noted that saturated carbons of such fused groups (i.e.
saturated ring structures) can contain two substitution groups.

[0052] “Halogen” or “halo” refers to fluorine, chlorine, bromine or iodine.

[0053] “Haloalkoxy” means an -OR’ group where R’ is haloalkyl as defined herein, e.g.,
trifluoromethoxy or 2,2,2-trifluoroethoxy, and the like.

[0054] “Haloalkyl” mean an alkyl group substituted with one or more halogens,
specifically one to five halo atoms, e.g., trifluoromethyl, 2-chloroethyl, and 2,2-difluoroethyl,
and the like.

[0055] “Heteroaryl” means a monocyclic, fused bicyclic, or fused tricyclic, monovalent
radical of 5 to 14 ring atoms containing one or more, specifically one, two, three, or four ring
heteroatoms independently selected from -O-, -S(O)x. (n is 0, 1, or 2), -N-, -N(R*)-, and the
remaining ring atoms being carbon, wherein the ring comprising a monocyclic radical is
aromatic and wherein at least one of the fused rings comprising a bicyclic or tricyclic radical
is aromatic. One or two ring carbon atoms of any nonaromatic rings comprising a bicyclic or
tricyclic radical may be replaced by a -C(0)-, -C(S)-, or -C(=NH)- group. R* is hydrogen,
alkyl, hydroxy, alkoxy, acyl, or alkylsulfonyl. Fused bicyclic radical includes bridged ring
systems. Unless stated otherwise, the valency may be located on any atom of any ring of the
heteroaryl group, valency rules permitting. When the point of valency is located on the
nitrogen, R" is absent. More specifically, the term heteroaryl includes, but is not limited to,
1,2,4-triazolyl, 1,3,5-triazolyl, phthalimidyl, pyridinyl, pyrrolyl, imidazolyl, thienyl, furanyl,
indolyl, 2,3-dihydro-1H-indolyl (including, for example, 2,3-dihydro-1H-indol-2-yl or
2,3-dihydro-1H-indol-5-yl, and the like), isoindolyl, indolinyl, isoindolinyl, benzimidazolyl,
benzodioxol-4-yl, benzofuranyl, cinnolinyl, indolizinyl, naphthyridin-3-yl, phthalazin-3-yl,
phthalazin-4-yl, pteridinyl, purinyl, quinazolinyl, quinoxalinyl, tetrazoyl, pyrazolyl,
pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl, isooxazolyl, oxadiazolyl, benzoxazolyl,
quinolinyl, isoquinolinyl, tetrahydroisoquinolinyl (including, for example,
tetrahydroisoquinolin-4-yl or tetrahydroisoquinolin-6-yl, and the like), pyrrolo[3,2-
c]pyridinyl (including, for example, pyrrolo[3,2-c]pyridin-2-yl or pyrrolo[3,2-c]pyridin-7-yl,
and the like), benzopyranyl, thiazolyl, isothiazolyl, thiadiazolyl, benzothiazolyl,
benzothienyl, and the derivatives thereof, or N-oxide or a protected derivative thereof.
[0056]) “Heteroarylalkyl” means an alkyl group, as defined herein, substituted with at
least one, specifically one or two heteroaryl group(s), as defined herein.

[0057] “Heteroatom” refers to O, S, N, or P.
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[0058] “Heterocycloalkyl” means a saturated or partially unsaturated (but not aromatic)
monovalent monocyclic group of 3 to 8 ring atoms or a saturated or partially unsaturated (but
not aromatic) monovalent fused bicyclic group of 5 to 12 ring atoms in which one or more,
specifically one, two, three, or four ring heteroatoms independently selected from O, S(O), (n
is 0, 1, or 2), N, N(R”) (where R” is hydrogen, alkyl, hydroxy, alkoxy, acyl, or alkylsulfonyl),
the remaining ring atoms being carbon. One or two ring carbon atoms may be replaced by a
-C(0)-, -C(8)-, or -C(=NH)- group. Fused bicyclic radical includes bridged ring systems.
Unless otherwise stated, the valency of the group may be located on any atom of any ring
within the radical, valency rules permitting. When the point of valency is located on a
nitrogen atom, R’ is absent. More specifically the term heterocycloalkyl includes, but is not
limited to, azetidinyl, pyrrolidinyl, 2-oxopyrrolidinyl, 2,5-dihydro-1H-pyrrolyl, piperidinyl,
4-piperidonyl, morpholinyl, piperazinyl, 2-oxopiperazinyl, tetrahydropyranyl,
2-oxopiperidinyl, thiomorpholinyl, thiamorpholinyl, perhydroazepinyl, pyrazolidinyl,
imidazolinyl, imidazolidinyl, dihydropyridinyl, tetrahydropyridinyl, oxazolinyl, oxazolidinyl,
isoxazolidinyl, thiazolinyl, thiazolidinyl, quinuclidinyl, isothiazolidinyl, octahydroindolyl,
octahydroisoindolyl, decahydroisoquinolyl, tetrahydrofuryl, and tetrahydropyranyl, and the
derivatives thereof and N-oxide or a protected derivative thereof.

[0059] “Heterocycloalkylalkyl” means an alkyl radical, as defined herein, substituted
with one or two heterocycloalkyl groups, as defined herein, e.g., morpholinylmethyl,
N-pyrrolidinylethyl, and 3-(N-azetidinyl)propyl, and the like.

[0060] “Heterocycloalkylalkyloxy means an -OR group where R is
heterocycloalkylalkyl, as defined herein.

[0061] “Saturated bridged ring system” refers to a bicyclic or polycyclic ring system that
is not aromatic. Such a system may contain isolated or conjugated unsaturation, but not
aromatic or heteroaromatic rings in its core structure (but may have aromatic substitution
thereon). For example, hexahydro-furo[3,2-b]furan, 2,3,3a,4,7,7a-hexahydro-1H-indene,
7-aza-bicyclo[2.2.1]heptane, and 1,2,3,4,4a,5,8,8a-octahydro-naphthalene are all included in
the class “saturated bridged ring system.

[0062] “Spirocyclyl” or “spirocyclic ring” refers to a ring originating from a particular
annular carbon of another ring. For example, as depicted below, a ring atom of a saturated
bridged ring system (rings B and B’), but not a bridgehead atom, can be a shared atom
between the saturated bridged ring system and a spirocyclyl (ring A) attached thereto. A

spirocyclyl can be carbocyclic or heteroalicyclic.
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[0063] “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where said
event or circumstance occurs and instances in which it does not. One of ordinary skill in the
art would understand that with respect to any molecule described as containing one or more
optional substituents, only sterically practical and/or synthetically feasible compounds are
meant to be included. “Optionally substituted” refers to all subsequent modifiers in a term.
So, for example, in the term “optionally substituted arylC,_s alkyl,” optional substitution may
occur on both the “C;_g alkyl” portion and the “aryl” portion of the molecule may or may not
be substituted. A list of exemplary optional substitutions is presented below in the definition
of “substituted.”
[0064] “Optionally substituted alkoxy” means an -OR group where R is optionally
substituted alkyl, as defined herein.
[0065] “Optionally substituted alkyl” means an alkyl radical, as defined herein,
optionally substituted with one or more group(s), specifically one, two, three, four, or five
groups, independently selected from alkylcarbonyl, alkenylcarbonyl, cycloalkylcarbonyl,
alkylcarbonyloxy, alkenylcarbonyloxy, amino, alkylamino, dialkylamino, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, cyano, cyanoalkylaminocarbonyl, alkoxy,
alkenyloxy, hydroxy, hydroxyalkoxy, halo, carboxy, alkylcarbonylamino, alkylcarbonyloxy,
alkyl-S(O)o.2-, alkenyl-S(O)o.,-, aminosulfonyl, alkylaminosulfonyl, dialkylaminosulfonyl,
alkylsulfonyl-NR°’- (where R® is hydrogen, alkyl, optionally substituted alkenyl, hydroxy,
alkoxy, alkenyloxy, or cyanoalkyl), alkylaminocarbonyloxy, dialkylaminocarbonyloxy,
alkylaminoalkyloxy, dialkylaminoalkyloxy, alkoxycarbonyl, alkenyloxycarbonyl,
alkoxycarbonylamino, alkylaminocarbonylamino, dialkylaminocarbonylamino,
alkoxyalkyloxy, and -C(O)NR’R” (where R* and R® are independently hydrogen, alkyl,
optionally substituted alkenyl, hydroxy, alkoxy, alkenyloxy, or cyanoalkyl).
[0066] “Optionally substituted alkenyl” means an alkyl radical, as defined herein,
optionally substituted with one or more group(s), specifically one, two, three, four, or five
groups, independently selected from alkylcarbonyl, alkenylcarbonyl, cycloalkylcarbonyl,
alkylcarbonyloxy, alkenylcarbonyloxy, amino, alkylamino, dialkylamino, aminocarbonyl,

alkylaminocarbonyl, dialkylaminocarbonyl, cyano, cyanoalkylaminocarbonyl, alkoxy,
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alkenyloxy, hydroxy, hydroxyalkoxy, halo, carboxy, alkylcarbonylamino, alkylcarbonyloxy,
alkyl-S(O)o-2-, alkenyl-S(O)y-2-, aminosulfonyl, alkylaminosulfonyl, dialkylaminosulfonyl,
alkylsulfonyl-NR°- (where R° is hydrogen, alkyl, optionally substituted alkenyl, hydroxy,
alkoxy, alkenyloxy, or cyanoalkyl), alkylaminocarbonyloxy, dialkylaminocarbonyloxy,
alkylaminoalkyloxy, dialkylaminoalkyloxy, alkoxycarbonyl, alkenyloxycarbonyl,
alkoxycarbonylamino, alkylaminocarbonylamino, dialkylaminocarbonylamino,
alkoxyalkyloxy, and -C(O)NR’R® (where R? and R® are independently hydrogen, alkyl,
optionally substituted alkenyl, hydroxy, alkoxy, alkenyloxy, or cyanoalkyl).

[0067] “Optionally substituted amino” refers to the group -N(H)R or —-N(R)R where each
R is independently selected from the group: optionally substituted alkyl, optionally
substituted alkoxy, optionally substituted aryl, optionally substituted heterocycloalkyl,
optionally substituted heteroaryl, acyl, carboxy, alkoxycarbonyl, -S(O),-(optionally
substituted alkyl), -S(O),-optionally substituted aryl), -S(O),-(optionally substituted
heterocycloalkyl), -S(O),-(optionally substituted heteroaryl), and -S(O),-(optionally
substituted heteroaryl). For example, “optionally substituted amino™ includes diethylamino,
methylsulfonylamino, and furanyl-oxy-sulfonamino.

[0068] “Optionally substituted aminoalkyl” means an alkyl group, as defined herein,
substituted with at least one, specifically one or two, optionally substituted amino group(s), as
defined herein.

[0069] “Optionally substituted aryl” means an aryl group, as defined herein, optionally
substituted with one, two, or three substituents independently selected from acyl, acylamino,
acyloxy, optionally substituted alkyl, optionally substituted alkenyl, alkoxy, alkenyloxy, halo,
hydroxy, alkoxycarbonyl, alkenyloxycarbonyl, amino, alkylamino, dialkylamino, nitro,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, carboxy, cyano, alkylthio,
alkylsulfinyl, alkylsulfonyl, aminosulfonyl, alkylaminosulfonyl, dialkylaminosulfonyl,
alkylsulfonylamino, aminoalkoxy, or aryl is pentafluorophenyl. Within the optional
substituents on “aryl”, the alkyl and alkenyl, either alone or as part of another group
(including, for example, the alkyl in alkoxycarbonyl), are independently optionally
substituted with one, two, three, four, or five halo.

[0070] “Optionally substituted arylalkyl” means an alkyl group, as defined herein,
substituted with optionally substituted aryl, as defined herein.

[0071] “Optionally substituted cycloalkyl” means a cycloalkyl group, as defined herein,
substituted with one, two, or three groups independently selected from acyl, acyloxy,
acylamino, optionally substituted alkyl, optionally substituted alkenyl, alkoxy, alkenyloxy,
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alkoxycarbonyl, alkenyloxycarbonyl, alkylthio, alkylsulfinyl, alkylsulfonyl, aminosulfonyl,
alkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonylamino, halo, hydroxy, amino,
alkylamino, dialkylamino, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, nitro,
alkoxyalkyloxy, aminoalkoxy, alkylaminoalkoxy, dialkylaminoalkoxy, carboxy, and cyano.
Within the above optional substituents on “cycloalkyl”, the alkyl and alkenyl, either alone or
as part of another substituent on the cycloalkyl ring, are independently optionally substituted
with one, two, three, four, or five halo, e.g. haloalkyl, haloalkoxy, haloalkenyloxy, or
haloalkylsulfonyl. ‘

[0072] “Optionally substituted cycloalkylalkyl” means an alkyl group substituted with at
least one, specifically one or two, optionally substituted cycloalkyl groups, as defined herein.
[0073] “Optionally substituted heteroaryl” means a heteroaryl group optionally
substituted with one, two, or three substituents independently selected from acyl, acylamino,
acyloxy, optionally substituted alkyl, optionally substituted alkenyl, alkoxy, alkenyloxy, halo,
hydroxy, alkoxycarbonyl, alkenyloxycarbonyl, amino, alkylamino, dialkylamino, nitro,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, carboxy, cyano, alkylthio,
alkylsulfinyl, alkylsulfonyl, aminosulfonyl, alkylaminosulfonyl, dialkylaminosulfonyl,
alkylsulfonylamino, aminoalkoxy, alkylaminoalkoxy, and dialkylaminoalkoxy. Within the
optional substituents on “heteroaryl”, the alkyl and alkenyl, either alone or as part of another
group (including, for example, the alkyl in alkoxycarbonyl), are independently optionally
substituted with one, two, three, four, or five halo.

[0074] “Optionally substituted heteroarylalkyl” means an alkyl group, as defined herein,
substituted with at least one, specifically one or two, optionally substituted heteroaryl
group(s), as defined herein.

[0075] “Optionally substituted heterocycloalkyl” means a heterocycloalkyl group, as
defined herein, optionally substituted with one, two, or three substituents independently
selected from acyl, acylamino, acyloxy, optionally substituted alkyl, optionally substituted
alkenyl, alkoxy, alkenyloxy, halo, hydroxy, alkoxycarbonyl, alkenyloxycarbonyl, amino,
alkylamino, dialkylamino, nitro, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,
carboxy, cyano, alkylthio, alkylsulfinyl, alkylsulfonyl, aminosulfonyl, alkylaminosulfonyl,
dialkylaminosulfonyl, alkylsulfonylamino, aminoalkoxy, or aryl is pentafluorophenyl. Within
the optional substituents on “heterocycloalkyl”, the alkyl and alkenyl, either alone or as part
of another group (including, for example, the alkyl in alkoxycarbonyl), are independently

optionally substituted with one, two, three, four, or five halo.
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[0076] “Optionally substituted heterocycloalkylalkyl” means an alkyl group, as defined
herein, substituted with at least one, specifically one or two, optionally substituted
heterocycloalkyl group(s) as defined herein.

[0077] “Pharmaceutical composition” comprises 1) a compound of formula I or a single
isomer thereof where the compound is optionally as a pharmaceutically acceptable salt and
additionally optionally as a hydrate and additionally optionally as a solvate thereof; and 2) a
pharmaceutically acceptable carrier, excipient, or diluent.

[0078] As used herein, “compound A,” which is a compound of formula I and of formula
O\

Cl NH,
SO Wy
o] (o}
40
)

chemical name N-(3-{[(3-{[2-chloro-5-(methoxy)phenyl]amino } quinoxalin-2-

Ia, has the following structure . Compound A is known by its
yl)amino]sulfonyl} phenyl)-2-methylalaninamide. As discussed in more detail below, the
compound may exist in several tautomeric forms. Accordingly, as used herein the terms
“compound A” and “N-(3-{[(3-{[2-chloro-5-(methoxy)phenyl]Jamino} quinoxalin-2-
yl)amino]sulfonyl} phenyl)-2-methylalaninamide” encompass all possible tautomeric and
zwitterionic forms of the compound.

[0079] As used herein, “compound B,” which is a compound of formula II and of
-N
HN \
N XY X
|
HZNJ\N/ N0

formula Ila has the following structure K . Compound B is known by its
chemical name 2-amino-8-ethyl-4-methyl-6-(1 H-pyrazol-5-yl)pyrido[2,3-d]pyrimidin-7(8 H)-
one. The compound of formula II that is compound B is disclosed in WO 07/044813, the
entire contents of which is incorporated herein by reference.

[0080] Tazarotene (Tazorac; CAS Number 118292-40-3) has the following structure
S

X

A | N
N~ o~

o . Tazarotene is also known by its chemical name ethyl 6-

[2-(4,4-dimethyl-3,4-dihydro-2 H-1-benzothiopyran-6-yl)ethynyl ]pyridine-3-carboxylate.
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[0081]] GDC0941 (CAS No. 957054-30-7) is a PI3K inhibitor from Genetech.which has
)
N

Ney NS

HN L/
N

the following structure 0"\ . GDC0941 is also known by its
chemical name 2-(1H-indazol-4-yl)-6-(4-methanesulfonyl-piperazin-1- ylmethyl)-4-
morpholin-4-yl-thieno[ 3,2-d]pyrimidine and is adminsrtered as the bimesylate salt.

[0082] “Yield” for each of the reactions described herein is expressed as a percentage of
the theoretical yield.
[0083] “Patient” for the purposes of the present invention includes humans and other

animals, particularly mammals, and other organisms. Thus the methods are applicable to both
human therapy and veterinary applications. In a preferred embodiment the patient is a
mammal, and in a most preferred embodiment the patient is human.

[0084] The terms “effective amount,” “pharmaceutically effective amount,” and
“therapeutically effective amount” refer to a sufficient amount of an agent to provide the
desired biological, therapeutic, and/or prophylactic result. That result can be reduction,
amelioration, palliation, lessening, delaying, and/or alleviation of one or more of the signs,
symptoms, or causes of a disease, or any other desired alteration of a biological system. In
reference to cancer, an effective amount comprises an amount sufficient to cause a tumor to
shrink and/or to decrease the growth rate of the tumor (such as to suppress tumor growth) or
to prevent or delay other unwanted cell proliferation. In some embodiments, an effective
amount is an amount sufficient to delay development. In some embodiments, an effective
amount is an amount sufficient to prevent or delay recurrence. An effective amount can be
administered in one or more administrations. The effective amount of the combinatin or drug
or composition may: (i) reduce the number of cancer cells; (ii) reduce tumor size; (iii) inhibit,
retard, slow to some extent, and preferably stop cancer cell infiltration into peripheral organs;
(iv) inhibit (i.e., slow to some extent and preferably stop) tumor metastasis; (v) inhibit tumor
growth; (vi) prevent or delay occurrence and/or recurrence of tumor; and/or (vii) relieve to
some extent one or more of the symptoms associated with the cancer. For example, an
“effective amount” for therapeutic uses is the amount of compound A or B, or a metabolite

thereof, a pharmaceutically acceptable salt or solvate thereof, or a composition comprising
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éompound A or B or a metabolite thereof, or a pharmaceutically acceptable salt thereof,
required to provide a clinically significant decrease in the progression of BCC.

[0085] A “pharniaceutically acceptable salt” of a compound means a salt that is
pharmaceutically acceptable and that possesses the desired pharmacological activity of the
parent compound. It is understood that the pharmaceutically acceptable salts are non-toxic.
Additional information on suitable pharmaceutically acceptable salts can be found in
Remington’s Pharmaceutical Sciences, 17t ed., Mack Publishing Company, Easton, PA,
1985, which is incorporated herein by reference or S. M. Berge, et al., “Pharmaceutical
Salts,” J. Pharm. Sci., 1977;66:1-19 both of which are incorporated herein by reference.
[0086] Examples of pharmaceutically acceptable acid addition salts include those formed
with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like; as well as organic acids such as acetic acid, trifluoroacetic acid,
propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic
acid, oxalic acid, maleic acid, malonic acid, succinic acid, fumaric acid, tartaric acid, citric
acid, benzoic acid, cinnamic acid, 3-(4-hydroxybenzoyl)benzoic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, 1,2-ethanedisulfonic acid,
2-hydroxyethanesulfonic acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid,
2-naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid, glucoheptonic
acid, 4,4’-methylenebis-(3-hydroxy-2-ene-1-carboxylic acid), 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic
acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, p-toluenesulfonic
acid, and salicylic acid, and the like.

[0087] Examples of a pharmaceutically acceptable base addition salts include those
formed when an acidic proton present in the parent compound is replaced by a metal ion,
such as sodium, potassium, lithium, ammonium, calcium, magnesium, iron, zinc, copper,
manganese, aluminum salts and the like. Preferable salts are the ammonium, potassium,
sodium, calcium, and magnesium salts. Salts derived from pharmaceutically acceptable
organic non-toxic bases include, but are not limited to, salts of primary, secondary, and
tertiary amines, substituted amines including naturally occurring substituted amines, cyclic
amines and basic ion exchange resins. Examples of organic bases include isopropylamine,
trimethylamine, diethylamine, triethylamine, tripropylamine, ethanolamine,
2-dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine, lysine, arginine,
histidine, caffeine, procaine, hydrabamine, choline, betaine, ethylenediamine, glucosamine,
methylglucamine, theobromine, purines, piperazine, piperidine, N-ethylpiperidine,
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tromethamine, N-methylglucamine, polyamine resins, and the like. Exemplary organic bases
are isopropylamine, diethylamine, ethanolamine, trimethylamine, dicyclohexylamine,
choline, and caffeine.

[0088] “Prodrug” refers to compounds that are transformed (typically rapidly) in vivo to
yield the parent compound of the above formulae, for example, by hydrolysis in blood.
Common examples include, but are not limited to, ester and amide forms of a compound
having an active form bearing a carboxylic acid moiety. Examples of pharmaceutically
acceptable esters of the compounds of this invention include, but are not limited to, alkyl
esters (for example with between about one and about six carbons) the alkyl group is a
straight or branched chain. Acceptable esters also include cycloalkyl esters and arylalkyl
esters such as, but not limited to benzyl. Examples of pharmaceutically acceptable amides of
the compounds of this invention include, but are not limited to, primary amides, and
secondary and tertiary alkyl amides (for example with between about one and about six
carbons). Amides and esters of the compounds of the present invention may be prepared
according to conventional methods. A thorough discussion of prodrugs is provided in T.
Higuchi and V. Stella, “Pro-drugs as Novel Delivery Systems,” Vol 14 of the A.C.S.
Symposium Series, and in Bioreversible Carriers in Drug Design, ed. Edward B. Roche,
American Pharmaceutical Association and Pergamon Press, 1987, both of which are
incorporated herein by reference for all purposes.

{0089] “Metabolite” refers to the break-down or end product of a compound or its sait
produced by metabolism or biotransformation in the animal or human body; for example,
biotransformation to a more polar molecule such as by oxidation, reduction, or hydrolysis, or
to a conjugate (see Goodman and Gilman, "The Pharmacological Basis of Therapeutics”
8.sup.th Ed., Pergamon Press, Gilman et al. (eds), 1990 for a discussion of
biotransformation). As used herein, the metabolite of a compound of the invention or its salt
may be the biologically active form of the compound in the body. In one example, a prodrug
may be used such that the biologically active form, a metabolite, is released in vivo. In
another example, a biologically active metabolite is discovered serendipitously, that is, no
prodrug design per se was undertaken. An assay for activity of a metabolite of a compound of
the present invention is known to one of skill in the art in light of the present disclosure.
[0090] Unless otherwise indicated, “treating” or “treatment” of a disease, disorder, or
syndrome, as used herein, means inhibiting the disease, disorder, or syndrome, that is,
arresting its development; and relieving the disease, disorder, or syndrome, that is, causing

regression of the disease, disorder, or syndrome. As is known in the art, in the context of
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treatment, adjustments for systemic versus localized delivery, age, body weight, general
health, sex, diet, time of administration, drug interaction and the severity of the condition
may be necessary, and will be ascertainable with routine experimentation by one of ordinary
skill in the art.

[0091] “Prevention” means preventing the disease, disorder, or syndrome from occurring
in a human, i.e. causing the clinical symptoms of the disease, disorder, or syndrome not to
develop in an animal that may be exposed to or predisposed to the disease, disorder, or
syndrome but does not yet experience or display symptoms of the disease, disorder, or

syndrome.

Embodiments
[0092] The following paragraphs present a number of embodiments that can be used to
practice the invention. In each instance, the embodiment includes both the recited compounds
as well as individual isomers and mixtures of isomers. In addition, in each instance, the
embodiment includes the pharmaceutically acceptable salts, hydrates, and/or solvates of the
recited compounds and any individual isomers or mixture of isomers thereof.
[0093] In one embodiment, methods are provided for treating cancer which method
comprises administering to a patient an effective amount of a compound of formula I or II or
a pharmaceutical composition comprising a compound of formula I or II.
[0094] In another embodiment, methods are provided for treating cancer which method
comprises administering to a patient an effective amount of a compound of formula I or II or
a pharmaceutical composition comprising a compound of formula I where the cancer is basal
cell carcinoma.
[0095] Any of the following embodiments, including the representative compounds

described below, may be used to practice any of the methods disclosed herein.

Compounds of Formula I

[0096] The compound of formula I is selected from any of the following embodiments,
including from the Representative compounds in the associated Table.

[0097] One embodiment (A) of the compound of formula I is where w!, W2, W3, and W*
are -C(R1)=; or one or two of W', W2, W3, and W* are independently -N= and the remaining
are -C(R')=; where each R! is independently hydrogen, alkyl, haloalkyl, nitro, alkoxy,
haloalkoxy, halo, hydroxy, cyano, amino, alkylamino, or dialkylamino; and all other groups
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are as defined in the Summary of the Invention. In another embodiment, Wl, WZ, W3, and
W* are -C(R")=and each R' is independently hydrogen or alkyl; or one of W' and W* is -N=
and the other is -C(H)=. In another embodiment, W', W2, W*, and W* are -C(R')= where
each R! is independently hydrogen or alkyl. In another embodiment, R' is hydrogen.

[0098] Another embodiment (B) of a compound of formula I is where R* is hydrogen,
alkyl, alkenyl, halo, haloalkyl, haloalkenyl, hydroxy, alkoxy, alkenyloxy, haloalkoxy, nitro,
amino, alkylamino, dialkylamino, -N(R**)C(0O)-C,-Ce-alkylene-N(R***)R>*®, alkylcarbonyl,
alkenylcarbonyl, carboxy, alkoxycarbonyl, cyano, alkylthio, -S(0),NR*R>*?, or
alkylcarbonylamino; where R> and R>* are independently hydrogen, alkyl, or alkenyl and
R** is hydrogen, alkyl, alkenyl, hydroxy, or alkoxy; and all other groups are as defined in the
Summary of the Invention. In another embodiment, R*® is hydrogen.

[0099] Another embodiment (C) of a compound of formula I is where R*' is hydrogen or
alkyl; and all other groups are as defined in the Summary of the Invention. In another
embodiment, R’! is alkyl, In another embodiment, R*' is methyl.

[00100]  Another embodiment (D) of a compound of formula I is where R is hydrogen or
halo; and all other groups are as defined in the Summary of the Invention. In another
embodiment R* is hydrogen or fluoro. In another embodiment, R is hydrogen.

[00101]  Another embodiment (E) of a compound of formula I is where R is hydrogen,
alkyl, alkenyl, halo, haloalkyl, haloalkenyl, hydroxy, alkoxy, alkenyloxy, haloalkoxy, nitro,
amino, alkylamino, dialkylamino, -N(R**)C(0)-C,-Cs-alkylene-N(R***)R**®, alkylcarbonyl,
alkenylcarbonyl, carboxy, alkoxycarbonyl, cyano, alkylthio, -S(O),NR*>R**?, or
alkylcarbonylamino; where R and R**® are independently hydrogen, alkyl, or alkenyl and
R’* is hydrogen, alkyl, alkenyl, hydroxy, or alkoxy; and all other groups are as defined in the
Summary of the Invention. In another embodiment, R>* is hydrogen, alkoxy, nitro, amino, or
NER 5)C(O)—C1-C(,-alkylene-N(Rssa)RS % In another embodiment, R*” is hydrogen, methoxy,
nitro, amino, or -NHC(O)CH,N(CHj3),. In another embodiment, R>? is hydrogen or methoxy.
[00102]  Another embodiment (F) of a compound of formula I is where R>* is hydrogen,
alkyl, alkenyl, halo, haloalkyl, haloalkenyl, hydroxy, alkoxy, alkenyloxy, haloalkoxy, nitro,
amino, alkylamino, dialkylamino, -N(R**)C(0)-C;-Cs-alkylene-N(R***)R®, alkylcarbonyl,
alkenylcarbonyl, carboxy, alkoxycarbonyl, cyano, alkylthio, -S(O),NR*R>*®, or
alkylcarbonylamino; where R>® and R>® are independently hydrogen, alkyl, or alkenyl and
R> is hydrogen, alkyl, alkenyl, hydroxy, or alkoxy; and all other groups are as defined in the

Summary of the Invention. In another embodiment, R* is hydrogen, alkyl, alkoxy, or halo.
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In another embodiment, R*is hydrogen, methyl, methoxy, bromo, or chloro. In another
embodiment, R** is hydrogen, methoxy, or chloro.
[00103]  Another embodiment (G) is directed to a compound of formula I where R R
and R* are hydrogen and R* is halo or alkoxy; R, R® and R* are hydrogen and R*? is
alkoxy; or R* and R* are hydrogen and R*® and R* together with the carbons to which they
are attached form a 6-membered heteroaryl; and all other groups are as defined in the
Summary of the Invention. In another embodiment, R*’, R*?, and R*? are hydrogen and R** is
chloro or methoxy; R*, R*?, and R** are hydrogen and R* is methoxy; or R and R* are
hydrogen and R>® and R** together with the carbons to which they are attached form
pyridinyl. Even more specifically, R, R, and R> are hydrogen and R** is chloro or
methoxy; or R, R*?, and R> are hydrogen and R is methoxy.
[00104] In another embodiment (G1) of embodiment G is a compound of formula I where
R’! is methyl.
[00105] Another embodiment (J), B is heteroaryl optionally substituted with one, two, or
three R>. In another embodiment, B is thien-3-yl, pyridinyl, pyrimidinyl, pyridazinyl,
pyrazinyl, oxazolyl, isoxazolyl, pyrrolyl, imidazolyl, pyrazolyl, or thiazolyl, each of which is
optionally substituted with one or two R>. In another embodiment, B is thien-3-yl, pyridin-2-
yl, pyridin-3-yl, pyridin-4-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-3-yl, isoxazol-4-
yl, isoxazol-5-yl, imidazol-2-yl, pyrrol-2-yl, pyrrol-3-yl, imidazol-4-yl, imidazol-5-yl,
pyrazol-3-yl, pyrazol-4-yl, or pyrazol-5-yl, each of which is optionally substituted with one
or two R?. In another embodiment, B is thien-3-yl, pyridin-3-yl, pyridin-4-yl, isoxazol-4-yl,
or pyrazol-4-yl, each of which is optionally substituted with one or two R®. In another
embodiment, B is pyridin-3-yl, 2-hydroxy-pyridin-5-yl, isoxazol-4-yl, or pyrazol-4-yl, each
of which is optionally substituted with one or two R®.
[00106]  Another embodiment (K), R* is cyano; hydroxyamino; carboxy; alkylsulfonyl,
aminoalkyloxy; alkylaminoalkyloxy; dialkylaminoalkyloxy; -N(R’)C(O)-C;-Cg-alkylene-
NR™®)(R™); -C(O)NR®R®; -NR’C(O)R”; -C(O)N(R'%)-C,-Cs-alkylene-N(R'**)R %,
-NR"C(O)NR'"®R'"® where R''?; -C(O)R'?; -NR">*C(0)OR"*?; -C(ON(R'YN(R"*)(R!*?);
-S(0);N(R'®)-C,-Cs-alkylene-N(R"**R"®; -C(O)N(R'®)-C-C-alkylene-C(O)OR ',
heteroaryl optionally substituted with one or two aminoalkyl, alkylaminoalkyl, or
dialkylaminoalkyl; -N(R'")-C(=NR'*)(R'"))(NR'7°R'"); -N(R'*)C(0)-C)-Cs-alkylene-
NR®)C(O)R"®; -C(O)N(R'")-C,-Cs-alkylene-C(O)R'*?; -N(R*)C(0)-C,-Cs-alkylene-
N(R?)-N(R?*)(R??); -Cy.C-alkylene-N(R*?)-C;-Cs-alkylene-N(R*")R**; or -NR**C(0)-
C,.Cs-alkylene-OR**; where each of the alkylene in R* is independently optionally further
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substituted with 1, 2, 3, 4, or 5 groups selected from halo, hydroxy, amino, alkylamino, and
dialkylamino; and all other groups are as defined in the Summary of the Invention.
[00107] In another embodiment, R*® is:-NHC(O)CH,NH(CH3),
-NHC(O)CH,NH(CH,CH3;), -NHC(O)CH(CH3)NH,, -NHC(O)C(CH3),NH,,
-NHC(O)CH;N(CH3),, -NHC(O)CH,;N(CH3)CH,CH,N(CH3),, -NHC(O)CH(NH,)CH,CH3,
-NHC(O)CH>N(CH;)CH,CH,;N(CH3),, -NHC(O)CH(CH3)NH(CH3), -NHC(O)CH,NH,,
-NHC(O)H, -NHC(O)CH,(azetidin-1-yl), -NHC(O)(pyrrolidin-2-yl),
-NHC(O)CH(NH,)CH,OH, -NHC(O)(azetidin-4-yl), -NHC(O)C(CH;),NH(CH3), -NH,, -
NHC(O)CH,NH(CH,CH,CH3), -NHC(O)CH,CH,NH,, -NHOH, -NHC(O)(piperidin-3-yl),
-NHC(O)CHz(4-methyl-1,4-diazepan-1-yl), -NHC(O)CH(NH,)(CH,CH3),
-NHC(O)CH,NH(CH,CH(OH)(CH3)), -NHC(O)CH,NHCH,CH,F, -
NHC(O)CH,NH(OCH,CH(CH3);), -NHC(O)(1-aminocycloprop-1-yl),
-NHC(O)CH,;NH(CH,cyclopropyl), -NHC(O)CH,(3-(dimethylamino)-azetidin-1-yl), -
NHC(O)(piperidin-2-yl), -NHC(O)(morpholin-4-yl), -NHC(O)CHy(pyrrolidin-1-yl), -
NHC(O)CH(NH;)CH,CH,CH,;CH,N(CH3),, -NHC(O)CH,N(CH;)(CH,CH3),
-NHC(O)CHz(imidazol-5-yl), -NHC(O)(1-aminocyclopent-1-yl),
-NHC(O)CH,NH(CH,CH(CH3);), -NHC(O)CH,N(CH3)(CH,CH3),
-NHC(O)(N-(imidazol-4-ylmethyl)-azetidin-3-yl), -NHC(O)(N-ethyl-azetidin-3-yl),
-NHCH,N(CH;)CH,CH,N(CH3),, -NHC(O)CH,N(CH3)(N-methyl-pyrrolidin-3-yl),
-NHC(O)CH;N(CH3)(CH,CH,;N(CHj3),), -NHC(O)CHa(3-hydroxy-pyrrolidin-1-yl),
-NHC(O)(1-amino-cyclobut-1-yl), -NHC(O)CH,NH(CH,);CHj;, -NHC(O)CH,(3-piperidin-1-
ylazetidin-1yl), -NHC(O)NH,, -NHC(O)(1-hydroxycyclopropyl), -NHC(O)CH,NHN(CH3)s,
-NHC(O)NH(CH,),N(CH3),, -NHC(O)CH,OH, -NHC(O)(pyridazin-4-yl), -NHC(O)(N-
methyl-piperidin-4-yl), -NHC(O)CH,NHCH(CHj3)3, -NHC(O)CH,(3-dimethylamino-
pyrrolidin-1yl), -NHC(O)CH,NH(CH,),N(CHj3),, -NHC(O)(1-cyclopropylmethyl-azetidin-3-
yl), -NHC(O)CH,NH(CH3)3, -NHC(O)(imidazol-2-yl), -NHC(O)(imidazol-4-yl),
-NHC(0)(1,2-oxazol-5-yl), -NHC(O)CH,NHCH,CF3, -NHC(O)CH,CH,(piperidin-1-yl),
-NHC(O)(3-oxo0-cyclopent-1-yl), -NHC(O)(2-hydroxy-pyridin-6-yl), -NHC(O)CH,NH(3-
fluoro-4-hydroxyphenyl), -NHC(O)(CH,);N(CHj3),, -NHC(O)(1-(furan-2-ylmethyl)-azetidin-
3-yl), -NHC(O)(pyrimidin-5-yl), -NHC(O)(pyrrol-2-yl), -NHC(O)CH,N(CH;)CH(CH3),, -
NHC(O)CH;N(CH>CH3),, -NHC(O)CH,(3-methyl-1,2-0xazol-5-yl), _
-NHC(O)CH;NHCH,(3-hydroxyphenyl), -NHC(O)(N-methyl-pyrrol-2-yl), -NHC(O)(2-
amino-tetrahydropyran-2-yl), -NHC(O)CH,(4-methylamino-piperidin-1-yl),
-NHC(O)(piperidin-1-yl), -NHC(O)(N-methyl-pyrrolidin-2yl), -NHC(O)(thien-3yl),
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-NHC(O)(N-(cyclopropylcarbonyl)azetidin-3-yl), -NHC(O)CH,(4-methylpiperazin-1-yl),
-NHC(O)(N-benzylazetidin-3-yl), -NHC(O)(2-chloro-pyridin-3-yl), -NHC(O)CH,(pyridin-4-
yl), -NHC(O)CH,N(CH;)}(CH,CH=CHz), -NHC(O)CH,;NH(benzyl), -NHC(O)CH,OCH3,
-NHC(O)[1-(C(O)CH,CH3)-azetidin-3-yl], -NHC(O)(pyridin-3-yl), -
NHC(O)CH,NHCH,CH,OCH3, -NHC(O)(1-[C(O)CHjs]piperidin-4-yl), -NHC(O)CH,(2-
methyl-pyrrolidin-1-yl), -NHC(O)(furan-3-yl), -NHC(O)CH,;N(CH3),, -NHC(O)(2-chloro-
pyridin-5-yl), -NHC(O)(2-chlorophenyl), -NHC(O)CHz(pyridin-2-yl), -NHC(O)CH,(3-
dimethylamino-azetidin-1-yl), -NHC(O)CH,(pyridin-3-yl), -NHC(O)CH,(2-chlorophenyl),
-NHC(O)CH,N(CH3)CH,CH,CH,N(CH3),, -NHC(O)CH,N(CH,CH;)CH,CH,OH,
-NHC(O)CHa(2-benzyl-pyrrolidin- 1-yl), -NHC(O)(furan-2-yl, -NHC(O)(2-chloro-pyridin-4-
yl), -NHC(O)CH,NHC(O)CH3;, -NHC(O)CH,CH,CH3, -NHC(O)(4-chlorophenyl),
-NHC(O)(4-methyl-phenyl), -NHC(O)CH,NHC(O)O(CH3s)3, -NHC(O)(benzo[d][ 1,3]dioxol-
5-yl), -NHC(O)CH,NHOCH,(2-methoxyphenyl), -NHC(O)(pyridin-4-yl), -NHC(O)CH,[4-
(3,4-dichlorophenyl)-piperazin-1-yl], -NHC(O)CH,CH,(pyridin-3-yl),
-NHC(O)(tetrahydrofuran-3-yl), -NHC(O)CH,NHCH,(2-methylphenyl),
-NHC(O)CH(CH3)CH,CH3, -NHC(O)CH:(3-fluorophenyl), -NHC(O)CH,C(CH;),phenyl,
-NHC(O)(2-methyl-cycloprop-1-yl), -NHC(O)(2-methyl-4-methoxyphenyl), -NHC(O)(2-
methylpyridin-3-yl), -NHC(O)(4-methoxyphenyl), -NHC(O)CH,(4-ethylpiperazin-1-yl),
-NHC(O)(thien-2-yl), -NHC(O)(3-fluoro-2-methylphenyl), -NHC(O)(2-bromo-thien-3-yl),
-NHC(O)(4-fluorophenyl), -NHC(O)CH,(3-methylpiperidin-1-yl), -NHC(O)CH(CH3),, -
NHC(O)(CH,);CHj3, -NHC(O)CH,OCH,CH3, -NHC(O)CH;NH(2-fluorophenyl),
-NHC(0)(3-dimethylaminophenyl), -NHC(O)CH,(4-methylpiperidin-1-yl),
-NHC(O)CH,NH(2-n-propylphenyl), -NHC(O)phenyl, -NHC(O)(pyrazin2-yl), -NHC(O)(3-
fluoro-4-methoxyphenyl), -NHC(O)C(CH3),CH,CHj3, -NHC(O)CH,O(4-fluorophenyl),
-NHC(O)(1-methylcarbonyl-azetidin-3-yl), -NHC(O)CH,NH(4-methylphenyl),
-NHC(O)CH,;NH(phenyl), -NHC(O)CH3(4-allyl-piperazin-1-yl), -NHC(O)(2-methylphenyl),
-NHC(O)CH,CH,OCH3, -NHC(O)(3-methyl-furan-2-yl), -NHC(O)C(CHa)3, -
NHC(O)CH,NHObenzyl, -NHC(O)CH,NH(3-chlorophenyl), --NHC(O)cyclobutyl,
-NHC(O)CH,(3-methoxyphenyl), -NHC(O)(1-methylcycloprop-1-yl), -
NHC(O)(3-flurophenyl), -NHC(O)(4-dimethylaminophenyl), -NHC(O)(3,4-dichlorophenyl),
-NHC(O)CH,NHCH;(2-methylthiophenyl), -NHC(O)CH;(2-fluorophenyl), -
NHC(O)CH,N(CH,CH;)CH(CH3),, -NHC(O)(thiazol-4-yl), -NHC(O)CH,N(CH3)benzyl, -
NHC(O)CH,NHCHj,(thien-2-yl), -NHC(O)CH,NHCH:(pyridin-2-yl), -NHC(O)(3-
methoxyphenyl), -NHC(O)CH,;NHCH,(3-chloro-4-methylphenyl), -
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NHC(O)CH(CH3)CH,CH,CH3, -NHC(O)CH,(4-chlorophenyl), -NHC(O)(3-fluoro-4-
methylphenyl), -NHC(O)CH,O(2-methylphenyl), -NHC(O)CH,(cyclohexyl), -NHC(O)(2-
phenyl-cycloprop-1-yl), -NHC(O)(3-chlorophenyl), -NHC(O)CH,(2-methoxyphenyl),
-NHC(O)CH,CH;(3-methoxyphenyl), -NHC(O)CH,NH(2-fluoro-4-methyl-phenyl),
-NHC(O)CH,NHCH,(3-fluoro-phenyl), -NHC(O)CH,(4-methoxy-phenyl), -NHC(O)benzyl,
-NHC(O)(2,4-dichlorophenyl), -NHC(O)(3-0oxo-cyclohex-1-yl), -NHC(O)CH,NH(3-
fluorophenyl), -NHC(O)CH,(3-chlorophenyl), -NHC(O)CH,NHCH,CH(CH3)phenyl, -
NHC(O)CH,NHCH,(2,4-dimethylphenyl), -NHC(O)CH(2-methyl-piperidin-1-yl),
-NHC(O)CH,NH(2-methoxyphenyl), -NHC(O)CHy(1,2,3,4-tetrahydroisoquinolin-2-yl),
-NHC(O)CH,CH,CH=CHj,, -NHC(O)CH,;NH(2-methylphenyl), -NHC(O)CH,(4-oxo-
piperidin-1-yl), -NHC(O)(2-fluorophenyl), -NHC(O)CH,NHCH(CH3)phenyl, -NHC(O)(2-
fluoro-6-methoxyphenyl), -NHC(O)CH,NH(2-isopropylphenyl), -NHC(O)CH,CH,(2-
methoxyphenyl), -NHC(O)CH,CH,CH(CH3),, -NHC(O)CH,(2-phenyl-morpholin-4-yl),
-NHC(O)CH,CH,(4-methoxyphenyl), -NHC(O)CH,N(allyl)cyclopentyl, -
NHC(O)CH;N(CH3)CH,CH,OCH3, -NHC(O)CH,CH,C(O)cyclopropyl, NHC(O)CH,NH(3-
tert-butylphenyl), -NHC(O)CH,N(n-propyl)(cyclopropylmethyl), -NHC(O)CH,(2-0xo0-
cyclopentyl), -NHC(O)CH;NH(4-chlorophenyl), -NHC(O)CH,(4-piperidin-1-ylpiperidin-1-
yl), -NHC(O)CH,(4-cyclopentylpiperazin-1-yl), -NHC(O)CH,(2-methylphenyl),
-NHC(O)CH,NHCH,(3-fluoro-6-methylphenyl), -NHC(O)CH,C(CH3);, -NHC(O)CH,NH(2-
chlorophenyl), -NHC(O)(3-fluoro-6-methylphenyl), -NHC(O)(4-fluoro-3-methylphenyl),
-NHC(0)(2,3-dichlorophenyl), -NHC(O)CH,Ophenyl, -NHC(O)CH,NH(2,3-
dimethylphenyl), -NHC(O)(2-fluoro-5-methylphenyl), -NHC(O)CH,NHOCH,(4-
methylphenyl), -NHC(O)CH,(4-isopropylpiperazin-1-yl), -NHC(O)CH,(4-fluorophenyl), -
NHC(O)CH,CH(CH3),, -NHC(O)(2-methoxy-4-methylphenyl), -NHC(O)CHy(4-n-
propylpiperidin-1-yl), -NHC(O)CH,O(3-methylphenyl), -NHC(O)(tetrahydrofuran-2-yl),
-NHC(O)CH;(3-hydroxymethylpiperidin-1-yl), -NHC(O)(1-tert-butoxycarbonylpiperidin-2-
yl), -NHC(O)CH,N(CH3)CH;(pyridin-3-yl), -NHC(O)CH,N(CH,CH3)phenyl,
-NHC(O)CH,OCH,;CH,OCH3;, -NHC(O)CH,CH(cyclopentyl), -NHC(O)(2,5-
dichlorophenyl), -NHC(O)CH»(4-methylcarbonylpiperazin-1-yl), -NHC(O)(5-fluoro-2-
methoxyphenyl), -NHC(O)CH,N(CH,CH3;)cyclohexyl, -NHC(O)(5-methyl-1,2-oxazol-3-yl),
-NHC(O)(3-methylpyridin-3-yl), -NHC(O)(2-methoxypyridin-3-yl), -NHC(O)(3,5-
dichlorophenyl), -NHC(O)CH;(thiazolidin3-yl), -NHC(O)CH,(4-[C(O)H]-piperazin-1-yl),
-NHC(O)CH»(2-pyridin-4-ylpiperidin-1-yl), -NHC(O)(2-methoxyphenyl), -
NHC(O)CH;N(CH3)CH,CH(CHj3),, -NHC(O)CH,(4-[C(O)H]-homopiperazin-1-yl),
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-NHC(O)(1-phenylcycloprop-1-yl), -NHC(O)CH2(2,6-dimethylmorpholin-4-yl),
NHC(O)CHa(2-phenylpyrrolidin-1-yl), -NHC(O)CH;(morpholin-4-yl), -
C(O)NHCH(CHj3)CH,N(CH3),, -C(O)NHCH,CH;N(CH3),, -C(O)NH(pyrrolidin-3-yl), -
C(O)NHCH,CH;(pyrrolidin-1-yl), -C(O)NHCH,CH>NH,, -C(O)N(CH3)CH,CH,N(CH3),, -
C(O)NHCH (piperidin-2-yl), -C(O)NH(1-methylazetidin-3-yl), -C(O)NHCH,CH;(piperidin-
1-yl), -C(O)NHCH,CH;N(CH,CH3),, -C(O)NH(1-methylpiperidin-3-y}),
-C(O)NH(piperidin-3-yl), -C(O)NHCH,(1-methylpiperidin-3-yl), -
C(O)NHCH,CH,;N(CH,CH;0H),, -C(O)NH(1-ethylpiperidin-3-yl), -C(O)NH,, -C(O)(3-
aminopyrrolidin-1-yl), -C(O)(3-methylaminopyrrolidin-1-yl), -C(O)OH, -
C(O)NHCH,CH;(morpholin-4-yl), -C(O)NHCH,(1-ethylpyrrolidin-2-yl), -C(O)(4-amino-
3-oxo-pyrazolidin-1-yl), -C(O)NHCH3, -C(O)(3-aminocyclobut-1-yl), -C(O)NHCH,(pyridin-
3-yl), -C(O)NHCH,CH,OH, -C(O)NH(3-oxo-pyrazolidin-4-yl), -NHCH,CH,(imidazol-4-yl),
-C(0O)(3-dimethylaminopyrrolidin-1-yl), -C(O)NHCH,(pyridin-4-yl), -C(O)N(CH3)(1-
methyl-pyrrolidin-3-yl), -C(O)(3-diethylaminopyrrolidin-1-yl), -C(O)NH(pyrrol-1-yl), -
C(O)NHCH,CH,CH,(pyrrolidin-1-y1), -C(O)N(CH3)CH,CH,CN, -C(O)NHCH,CH,OCH3, -
C(O)N(CH,CH3)CH,CH,CN, -C(O)(3-aminopiperidin-1-yl), -C(O)NHCH,CH,CH,N(CH3),,
-C(O)NH(morpholin-4-yl), -C(O)NHN(CHa),, -C(O)NHCH,CH,CH,(imidazol-1-yl), -
C(O)NHCH,;CH;CH;N(CH,CH3),,

-C(O)NHCH,CH,CN, -C(O)NHCH,CH,C(0O)OCH3, -C(O)NHCH,CH,SCH3,
-(O)NHCH,CH,SCH,CHj3, -C(O)N(CH,CH3)CH,CH,N(CHj3),, -C(O)NHCH,CH,CH,(2-
oxo-pyrrolidin-1-yl), -C(O)NHCH,CH;(pyridin-4-yl), -C(O)NHCH,CH,CH,OCH,CHs,
-C(O)NHCH,CH,CH,(morpholin-4-yl), -C(O)NHCH,CH,CH,0OCHs,
-C(O)N(CH;)CH,CH,CH,;N(CH3),, -C(O)NHCH,CH,CH,OCH,CH,CHj,
-C(O)NHCH,CH,C(O)OCH,CH3, -C(O)NHCH,CH,CH,OCH(CH,),,
-C(O)NHC(CH3;),CH;(piperidin-1-yl), -C(O)N(CH;)CH,CH,CH3, -C(O)NH(piperidin-1-yl),
-C(O)NHCH(CH3)CH,OCH3, -C(O)NHC(CH3),CH,(morpholin-4-yl), -C(O)(2-
dimethylaminomethylpiperidin-1-yl), -C(O)NH(CH,);O(CH,);CH3,
-C(O)NHCH(CH3;)(CH;)3sN(CH,CH3),, -C(O)NHC(CH3),C(O)(piperidin-1-yl), -C(O)(4-
methylpiperazin-1-yl), -C(O)(2-piperidin-1-ylmethyl-piperidin-1-yl), cyano, -NHCH3,
-CH(CH3)NHCH>CH2N(CHj3),, -C(O)CH3, -S(0);NHCH,CH,N(CHj3),,
-S(0):NH(CH:):N(CHa),, 5-(N, N-dimethylaminomethyl)-1,3,4-oxadiazol-2-yl,
-NHCH,CH,N(CH3),, -N(CH3),, -OCH,CH,N(CH3),, -NHC[N(CH;),][=N(CHs),], -OCHF,,
-S(0)2CH3, -OCF3, or -NHC(O)CH;(4-dimethylaminopiperidin-1-yl).
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[00108] In another embodiment (L), R* is hydroxyamino, -N(R7)C(O)-C;-Ce-alkylene-
NR™)R™), -C(O)NR®R®, -NR’C(O)R*, -C(O)N(R'%)-C;-Cs-alkylene-N(R'**)R'®,
-NR''C(O)NR''*R'"® -N(R®)C(0)-C,-C¢-alkylene-N(R??*)-N(R**)(R**), -NR>C(O)OR'*,
N(R'*)C(0)-C,-Cs-alkylene-N(R'*)C(O)R'®* , -NR**C(0)-C,.Cs-alkylene-OR>*, or -
N(R?®)C(0)-C;-Cs-alkylene-C(O)R?®; where each of the alkylene in R* is independently
optionally further substituted with 1, 2, 3, 4, or 5 groups selected from halo, hydroxy, and
amino; and all other groups are as defined in the Summary of the Invention. In another
embodiment, R* is -NHC(O)CH,NH(CH3), -NHC(O)CH(CH;)NH,, -NHC(O)C(CH3),NH,,
-NHC(O)CH;N(CH3),, -NHC(O)CH,N(CH;)CH,CH,N(CH3),, -NHC(O)CH(NH,)CH,CHj,
-NHC(O)CH;N(CH3)CH,CH,;N(CH3),, -NHC(O)CH(CH3)NH(CH3), -NHC(O)H,
-NHC(O)CH,(azetidin-1-yl), -NHC(O)(pyrrolidin-2-yl), -NHC(O)CH(NH,)CH,OH,
-NHC(O)(azetidin-4-yl), -NHC(O)C(CH;),NH(CH3), -NH,, -NHC(O)CH,NH(CH,CH,CHs),
-NHC(0)CH,CH,NH,, -NHOH, or -NHC(O)(piperidin-3-yl).

[00109]  In another embodiment (M), R* -N(R")C(0)-C,-Cs-alkylene-N(R"*)(R™); and R’
is hydrogen or alkyl and R”* and R" are independently hydrogen, alkyl, aminoalkyl,
alkylaminoalkyl, or dialkylaminoalkyl; and all other groups are as defined in the Summary of
the Invention. In another embodiment, R*® is -NHC(O)CH,NH(CHs),
-NHC(O)CH(CH3)NH,, -NHC(O)C(CH3;),NH,, -NHC(O)CH,N(CH3),, -
NHC(O)CH,N(CH3)CH,CH,N(CHs),, -NHC(O)CH(NH,)CH,CH;, -
NHC(O)CH,N(CH3)CH,CH,;N(CH3)s, or -NHC(O)CH(CH3)NH(CHj).

[00110] Embodiment (N) provides a compound of formula I where each Ris
independently hald; cyano; alkyl; alkenyl; alkoxy; hydroxyamino; carboxy; alkylsulfonyl,
aminoalkyloxy; alkylaminoalkyloxy; dialkylaminoalkyloxy; —N(R7)C(O)-C1-C6-alkylene-
N(R)(R™); -C(O)NR*R®; -NR’C(O)R*; -C(O)N(R'®)-C,-C¢-alkylene-N(R'®*R';
-NR''C(O)NR'"*R'"® where R''?; -C(O)R'%; -NR*C(O)OR'*; -C(O)N(R'HN(R“)(R'*®);
-S(0),N(R"?)-C;-Ce-alkylene-N(R'**)R'*®; -C(O)N(R'¢)-C;-C¢-alkylene-C(O)OR'®;
heteroaryl optionally substituted with one or two aminoalkyl, alkylaminoalkyl, or
dialkylaminoalkyl; -N(R'")-C(=N(R'")(R'™))(NR'7°R'™?); -N(R¥)C(0)-C,-Cs-alkylene-
N(R'"*)C(O)R'®; -C(O)N(R'%)-C;-Cs-alkylene-C(O)R'**; -N(R??)C(0)-C;-Ce-alkylene-
N(R™?)-NR™)(R?); -Cy.Cs-alkylene-N(R?)-C,-Cg-alkylene-N(R**)R?*; or -NR**C(0)-
C).Cs-alkylene-OR>*; where each of the alkylene in R? is independently optionally further
substituted with 1, 2, 3, 4, or 5 groups selected from halo, hydroxy, amino, alkylamino, and

dialkylamino; and all other groups are as defined in the Summary of the Invention.
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In another embodiment, each Ris independently methyl, bromo, chloro, fluoro,
-NHC(O)CH,NH(CH3), -NHC(O)CH,NH(CH,CHj3), -NHC(O)CH(CH;3)NH,,
-NHC(O)C(CH3),NH,, -NHC(O)CH;N(CH3),, -NHC(O)CH>N(CH3)CH,CH,;N(CH3),,
-NHC(O)CH(NH,)CH>CH3, -NHC(O)CH,N(CH;)CH,CH,N(CH3),,
-NHC(O)CH(CH3)NH(CH3), -NHC(O)CH,NH,, -NHC(O)H, -NHC(O)CH,(azetidin-1-yl),
-NHC(O)(pyrrolidin-2-yl), -NHC(O)CH(NH;)CH,OH, -NHC(O)(azetidin-4-yl),
-NHC(O)C(CH3);NH(CH3), -NH,, -NHC(O)CH,NH(CH,CH,CH3),
-NHC(O)CH,CH;NH,, -NHOH, -NHC(O)(piperidin-3-yl), -NHC(O)CH,(4-methyl-1,4-
diazepan-1-yl), -NHC(O)CH(NH;)(CH,CH3), -NHC(O)CH,NH(CH,CH(OH)(CH3)),
-NHC(O)CH,;NHCH,CH,F, -NHC(O)CH,NH(OCH,CH(CHj3),), -NHC(O)(1-
aminocycloprop-1-yl), -NHC(O)CH,NH(CHcyclopropyl), -NHC(O)CHx(3-
(dimethylamino)-azetidin-1-yl), -NHC(O)(piperidin-2-yl), -NHC(O)(morpholin-4-yl),
-NHC(O)CHx(pyrrolidin-1-yl), -NHC(O)CH(NH,)CH,CH,CH,CH,N(CH3),, -
NHC(O)CH;N(CH3)(CH,CH3), -NHC(O)CH,(imidazol-5-yl), -NHC(O)(1-aminocyclopent-
1-yl), -NHC(O)CH,NH(CH,CH(CH3;),), -NHC(O)CH,N(CHj3)(CH,CH3), -NHC(O)(N-
(imidazol-4-ylmethyl)-azetidin-3-yl), -NHC(O)(N-ethyl-azetidin-3-yl), -
NHCH,;N(CH3)CH,CH,N(CH3),, -NHC(O)CH,N(CH;)(N-methyl-pyrrolidin-3-yl),
-NHC(O)CH,N(CH;)(CH,CH,N(CH3),), -NHC(O)CH,(3-hydroxy-pyrrolidin-1-yl),
-NHC(O)(1-amino-cyclobut-1-yl), -NHC(O)CH,NH(CH,);CHj3, -NHC(O)CH:(3-piperidin-1-
ylazetidin-1yl), -NHC(O)NH,, -NHC(O)(1-hydroxycyclopropyl), -NHC(O)CH,NHN(CH3),,
-NHC(O)NH(CH,),N(CH3),, -NHC(O)CH,OH, -NHC(O)(pyridazin-4-yl), -NHC(O)(N-
methyl-piperidin-4-yl), -NHC(O)CH,NHCH(CH3)3, -NHC(O)CH,(3-dimethylamino-
pyrrolidin-1yl), -NHC(O)CH,NH(CH,),N(CH3s),, -NHC(O)(1-cyclopropylmethyl-azetidin-3-
yl), -NHC(O)CH,NH(CH3)3, -NHC(O)(imidazol-2-yl), -NHC(O)(imidazol-4-yl1),
-NHC(0)(1,2-0xazol-5-yl), -NHC(O)CH,NHCH,CF;, -NHC(O)CH,CH,(piperidin-1-yl),
-NHC(O)(3-oxo-cyclopent-1-yl), -NHC(O)(2-hydroxy-pyridin-6-yl), -NHC(O)CH,NH(3-
fluoro-4-hydroxyphenyl), -NHC(O)(CH,);N(CH3),, -NHC(O)(1-(furan-2-ylmethyl)-azetidin-
3-yl), -NHC(O)(pyrimidin-5-yl), -NHC(O)(pyrrol-2-yl), -NHC(O)CH>N(CH3)CH(CHj3),,
-NHC(O)CH,;N(CH,CH3),, -NHC(O)CH,(3-methyl-1,2-oxazol-5-yl),
-NHC(O)CH,NHCH,(3-hydroxyphenyl), -NHC(O)(N-methyl-pyrrol-2-yl), -NHC(O)(2-
amino-tetrahydropyran-2-yl), -NHC(O)CH,(4-methylamino-piperidin-1-yl),
-NHC(O)(piperidin-1-yl), -NHC(O)(N-methyl-pyrrolidin-2yl), -NHC(O)(thien-3yl),
-NHC(O)(N-(cyclopropylcarbonyl)azetidin-3-yl), -NHC(O)CH(4-methylpiperazin-1-yl),
-NHC(O)(N-benzylazetidin-3-yl), -NHC(O)(2-chloro-pyridin-3-yl), -NHC(O)CH,(pyridin-4-
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yl), -NHC(O)CH,N(CH3)(CH,CH=CH), -NHC(O)CH,NH(benzyl), -NHC(O)CH,OCH3, -
NHC(O)[1-(C(O)CH,CH3)-azetidin-3-yl], -NHC(O)(pyridin-3-yl), -
NHC(O)CH;NHCH,CH,0CH3, -NHC(O)(1-[C(O)CH3]piperidin-4-yl), -NHC(O)CH,(2-
methyl-pyrrolidin-1-yl), -NHC(O)(furan-3-yl), -NHC(O)CH,N(CH3),, -NHC(O)(2-chloro-
pyridin-5-yl), -NHC(O)(2-chlorophenyl), -NHC(O)CHy(pyridin-2-yl), -NHC(O)CH,(3-
dimethylamino-azetidin-1-yl), -NHC(O)CHx(pyridin-3-yl), -NHC(O)CH,(2-chlorophenyl),
-NHC(O)CH;N(CH;)CH,CH,CH,N(CH3),, -NHC(O)CH,N(CH,CH;)CH,CH,0H, -
NHC(O)CH,(2-benzyl-pyrrolidin-1-yl), -NHC(O)(furan-2-yl, -NHC(O)(2-chloro-pyridin-4-
yl), -NHC(O)CH,NHC(O)CH3;, -NHC(O)CH,CH,CH3, -NHC(O)(4-chlorophenyl), -
NHC(O)(4-methyl-phenyl), -NHC(O)CH,NHC(O)O(CH3)3, -NHC(O)(benzo[d][1,3]dioxol-
5-yl), -NHC(O)CH,NHOCH,(2-methoxyphenyl), -NHC(O)(pyridin-4-yl), -NHC(O)CH,[4-
(3,4-dichlorophenyl)-piperazin-1-yl], -NHC(O)CH,CHx(pyridin-3-yl), -
NHC(O)(tetrahydrofuran-3-yt), -NHC(O)CH,NHCH,(2-methylphenyl), -
C(O)CH(CH;)CH;CH3, -NHC(O)CHa(3-fluorophenyl), -NHC(O)CH,C(CH3);phenyl, -
NHC(O)(2-methyl-cycloprop-1-yl), -NHC(O)(2-methyl-4-methoxyphenyl), -NHC(O)(2-
methylpyridin-3-yl), -NHC(O)(4-methoxyphenyl), -NHC(O)CHx(4-ethylpiperazin-1-yl),
-NHC(O)(thien-2-yl), -NHC(O)(3-fluoro-2-methylphenyl), -NHC(O)(2-bromo-thien-3-yl),
-NHC(O)(4-fluorophenyl), -NHC(O)CH,(3-methylpiperidin-1-yl), -NHC(O)CH(CHs),,
-NHC(O)(CH,)3;CHj3, -NHC(O)CH,OCH,CH3, -NHC(O)CH,;NH(2-fluorophenyl),
-NHC(O)(3-dimethylaminophenyl), -NHC(O)CH2(4-methylpiperidin-1-yl),
-NHC(O)CH;NH(2-n-propylphenyl), -NHC(O)phenyl, -NHC(O)(pyrazin2-yl), -NHC(O)(3-
fluoro-4-methoxyphenyl), -NHC(O)C(CH3),CH,CHjs, -NHC(O)CH,O(4-fluorophenyl), -
NHC(O)(1-methylcarbonyl-azetidin-3-yl), -NHC(O)CH,;NH(4-methylphenyl),
-NHC(O)CH;NH(phenyl), -NHC(O)CH,(4-allyl-piperazin-1-yl), -NHC(O)(2-methylphenyl),
-NHC(O)CH,CH,0CHj3, -NHC(O)(3-methyl-furan-2-yl), -NHC(O)C(CHs)s, -
NHC(O)CH,;NHObenzyl, -NHC(O)CH,NH(3-chlorophenyl), -NHC(O)cyclobutyl,
-NHC(O)CH;(3-methoxyphenyl), -NHC(O)(1-methylcycloprop-1-yl),
-NHC(O)(3-flurophenyl), -NHC(O)(4-dimethylaminophenyl), -NHC(O)(3,4-dichlorophenyl),
-NHC(O)CHzNHCHz(2-methylthiophényl), -NHC(O)CH,(2-fluorophenyl),
-NHC(O)CH;N(CH,CH;)CH(CH3),, -NHC(O)(thiazol-4-yl), -NHC(O)CH,N(CH;)benzyl,
-NHC(O)CH;NHCHjy(thien-2-yl), -NHC(O)CH,NHCH,(pyridin-2-yl), -NHC(O)(3-
methoxyphenyl), -NHC(O)CH,NHCH,(3-chloro-4-methylphenyl),
-NHC(O)CH(CH;)CH,CH,CH3, -NHC(O)CH,(4-chlorophenyl),
-NHC(O)(3-fluoro-4-methylphenyl), -NHC(O)CH,O(2-methylphenyl),
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-NHC(O)CH;(cyclohexyl), -NHC(O)(2-phenyl-cycloprop-1-yl), -NHC(O)(3-chlorophenyl),
-NHC(O)CH,(2-methoxyphenyl), -NHC(O)CH,CH,(3-methoxyphenyl), -NHC(O)CH,NH(2-
fluoro-4-methyl-phenyl), -NHC(O)CH,NHCH,(3-fluoro-phenyl), -NHC(O)CH(4-methoxy-
phenyl), -NHC(O)benzyl, -NHC(O)(2,4-dichlorophenyl), -NHC(O)(3-oxo-cyclohex-1-yl),
-NHC(O)CH,;NH(3-fluorophenyl), -NHC(O)CHy(3-chlorophenyl), -
NHC(O)CH,NHCH,CH(CH3;)phenyl, -NHC(O)CH,NHCH,(2,4-dimethylphenyl),
-NHC(O)CH;(2-methyl-piperidin-1-yl), -NHC(O)CH,NH(2-methoxyphenyl),
-NHC(O)CH;(1,2,3,4-tetrahydroisoquinolin-2-yl), -NHC(O)CH,CH,CH=CHj,,
-NHC(O)CH,NH(2-methylphenyl), -NHC(O)CH,(4-oxo-piperidin-1-yl), -NHC(O)(2-
fluorophenyl), -NHC(O)CH,NHCH(CHj3)phenyl, -NHC(O)(2-fluoro-6-methoxyphenyl),
-NHC(O)CH,NH(2-isopropylphenyl), -NHC(O)CH,CH»(2-methoxyphenyl),
-NHC(O)CH,CH,CH(CH3),, -NHC(O)CH,(2-phenyl-morpholin-4-yl), -NHC(O)CH,CH,(4-
methoxyphenyl), -NHC(O)CH;N(allyl)cyclopentyl, -NHC(O)CH,N(CH3)CH,CH,OCHj,
-NHC(O)CH;CH,C(O)cyclopropyl, -NHC(O)CH,NH(3-tert-butylphenyl), -NHC(O)CH,N(n-
propyl)(cyclopropylmethyl), -NHC(O)CH,(2-oxo-cyclopentyl), -NHC(O)CH,NH(4-
chlorophenyl), -NHC(O)CH,(4-piperidin-1-ylpiperidin-1-yl), -NHC(O)CH,(4-
cyclopentylpiperazin-1-yl), -NHC(O)CH,(2-methylphenyl), -NHC(O)CH,NHCH,(3-fluoro-
6-methylphenyl), -NHC(O)CH,C(CH3);, -NHC(O)CH,NH(2-chlorophenyl), -NHC(O)(3-
fluoro-6-methylphenyl), -NHC(O)(4-fluoro-3-methylphenyl), -NHC(O)(2,3-dichlorophenyl),
-NHC(O)CH;Ophenyl, -NHC(O)CH,NH(2,3-dimethylphenyl), -NHC(O)(2-fluoro-
5-methylphenyl), -NHC(O)CH,NHOCH,(4-methylphenyl), -NHC(O)CH,(4-
isopropylpiperazin-1-yl), -NHC(O)CH,(4-fluorophenyl), -NHC(O)CH,CH(CHs),,
-NHC(O)(2-methoxy-4-methylphenyl), -NHC(O)CHa(4-n-propylpiperidin-1-yl),
-NHC(O)CH,0O(3-methylphenyl), -NHC(O)(tetrahydrofuran-2-yl), -NHC(O)CH,(3-
hydroxymethylpiperidin-1-yl), -NHC(O)(1-tert-butoxycarbonylpiperidin-2-yl),
-NHC(O)CH2N(CH3)CHz(pyridin-3-yl), -NHC(O)CH,N(CH,CH3)phenyl,
-NHC(O)CH;0CH,CH,0CH3, -NHC(O)CH,CH,(cyclopentyl), -NHC(0)(2,5-
dichlorophenyl), -NHC(O)CH,(4-methylcarbonylpiperazin-1-yl), -NHC(O)(5-fluoro-2-
methoxyphenyl), -NHC(O)CH,N(CH,CHj3)cyclohexyl, -NHC(O)(5-methyl-1,2-0xazol-3-yl),
-NHC(O)(3-methylpyridin-3-yl), -NHC(O)(2-methoxypyridin-3-yl), -NHC(O)(3,5-
dichlorophenyl), -NHC(O)CH,(thiazolidin3-yl), -NHC(O)CH,(4-[C(O)H]-piperazin-1-yl),
-NHC(O)CHa2(2-pyridin-4-ylpiperidin-1-yl), -NHC(O)(2-methoxyphenyl), -
NHC(O)CH,;N(CH3)CH,CH(CHj3),, -NHC(O)CH,(4-[C(O)H]-homopiperazin-1-yl),
-NHC(O)(1-phenylcycloprop-1-yl), -NHC(O)CHj,(2,6-dimethylmorpholin-4-yl),

34



WO 2013/056067 PCT/US2012/059976

NHC(O)CH,(2-phenylpyrrolidin-1-yl), -NHC(O)CH,(morpholin-4-yl),
-C(O)NHCH(CH;3)CH,N(CH3),, -C(O)NHCH,CH,;N(CH3),, -C(O)NH(pyrrolidin-3-yl),
-C(O)NHCH,CH,(pyrrolidin-1-y1), -C(O)NHCH.CH,NH,,
-C(O)N(CH3)CH,CH;N(CHj3),, -C(O)NHCH;(piperidin-2-yl), -C(O)NH(1-methylazetidin-3-
yl), -C(O)NHCH,CHjy(piperidin-1-yl), -C(O)NHCH,CH,N(CH,CH3),, -C(O)NH(1-
methylpiperidin-3-yl), -C(O)NH(piperidin-3-yl), -C(O)NHCH,(1-methylpiperidin-3-yl),
-C(O)NHCH,CH,N(CH;CH,;O0H),, -C(O)NH(1-ethylpiperidin-3-yl), -C(O)NH,, -C(O)(3-
aminopyrrolidin-1-yl), -C(O)(3-methylaminopyrrolidin-1-yl), -C(O)OH, -
C(O)NHCH,CH;(morpholin-4-yl), -C(O)NHCH,(1-ethylpyrrolidin-2-yl), -C(O)(4-amino-
3-oxo-pyrazolidin-1-yl), -C(O)NHCH3, -C(O)(3-aminocyclobut-1-yl), -C(O)NHCH,(pyridin-
3-yl), -C(O)NHCH,CH,OH, -C(O)NH(3-oxo0-pyrazolidin-4-yl), -NHCH,CH,(imidazol-4-y1),
-C(O)(3-dimethylaminopyrrolidin-1-yl), -C(O)NHCHy(pyridin-4-yl), -C(O)N(CH;)(1-
methyl-pyrrolidin-3-yl), -C(O)(3-diethylaminopyrrolidin-1-yl), -C(O)NH(pyrrol-1-yl),
-C(O)NHCH,CH,CHs(pyrrolidin-1-yl), -C(O)N(CH;3)CH,CH,CN, -C(O)NHCH,CH,0OCHj,
-C(O)N(CH,CH;3)CH,CH,CN, -C(O)(3-aminopiperidin-1-yl),
-C(O)NHCH;CH,CH;N(CH3),, -C(O)NH(morpholin-4-yl), -C(O)NHN(CHs),, -
C(O)NHCH,CH,CH,(imidazol-1-yt), -C(O)NHCH,CH,CH,N(CH,CHj3),,
-C(O)NHCH;CH,CN, -C(O)NHCH,CH,C(0O)OCH3, -C(O)NHCH,CH,SCHj3,
-C(O)NHCH,CH,SCH,CHj3, -C(O)N(CH,CH3)CH,CH,;N(CH3),, -C(O)NHCH,CH,CH,(2-
oxo-pyrrolidin-1-yl), -C(O)NHCH,CH(pyridin-4-yl), -C(O)NHCH,CH,CH,OCH,CHs, -
C(O)NHCH,CH,CH;(morpholin-4-yl), -C(O)NHCH,CH,CH,OCH3,
-C(O)N(CH;3)CH,CH,CH,N(CHj3),, -C(O)NHCH,CH,CH,OCH,CH,CH3,
-C(O)NHCH,CH,C(0O)OCH,CHj3, -C(O)NHCH,CH,CH,OCH(CH3),, -
C(O)NHC(CH;),CH,(piperidin-1-yl), -C(O)N(CH3)CH,CH,CH3, -C(O)NH(piperidin-1-yl),
-C(O)NHCH(CH3)CH,OCHj3, -C(O)NHC(CH3;),CH,(morpholin-4-y1), -C(O)(2-
dimethylaminomethylpiperidin-1-yl), -C(O)NH(CH,);O(CH,);CH3, -
C(O)NHCH(CH3;)(CH,)3N(CH,CH3), -C(O)NHC(CH3),C(O)(piperidin-1-yl), -C(O)(4-
methylpiperazin-1-yl), -C(O)(2-piperidin-1-ylmethyl-piperidin-1-yl), cyano, -NHCHj,
-CH(CH3)NHCH,CH;N(CH3),, -C(O)CH3, -S(0),NHCH,CH,N(CH;),,
-5(0)NH(CH,)3N(CH3),, 5-(V, N-dimethylaminomethyl)-1,3,4-0xadiazol-2-yl,
-NHCH,CH,N(CH3),, -N(CH3),, -OCH>CH;N(CH3),, -NHC[N(CH3),][=N(CH3),], -OCHF,,
-CF;3, -5(0),CHj3, -OCF3, -NHC(O)CH,(4-dimethylaminopiperidin-1-yl), or methoxy.
[00111] In another embodiment (P), R? is independently halo, alkyl, hydroxyamino,
-N(R")C(0)-C;-Cs-alkylene-N(R"*)(R™), -C(O)NR*R® , -NR’C(O)R*, -C(O)N(R'®)-C,-Cq-
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alkylene-N(R'®R'®-NR"'C(O)NR'"*R'"®, -N(R?*)C(0)-C,-Cs-alkylene-N(R*)-
NR>*)(R™), -NR">C(0)OR'*, -N(R'*)C(0)-C,-Cs-alkylene-N(R'*®)C(O)R'* , -NR*C(0)-
C,.Ce-alkylene-OR*®, or -N(R**)C(0)-C,-Cg-alkylene-C(O)R>®; where each of the alkylene
in R? is independently optionally further substituted with 1, 2, 3, 4, or 5 groups selected from
halo, hydroxy, and amino; and all other groups are as defined in the Summary of the
Invention. In another embodiment, each R is independently methyl, chioro,
-NHC(O)CH,NH(CH3), -NHC(O)CH(CH3)NH,, -NHC(O)C(CH3),NH,,
-NHC(O)CH,N(CHj3),, -NHC(O)CH,N(CH;)CH,CH,N(CH3),, -NHC(O)CH(NH,)CH,CH3;,
-NHC(O)CH,N(CH3)CH,CH,N(CHj3),, -NHC(O)CH(CH3)NH(CH3), -NHC(O)H, -
NHC(O)CHx(azetidin-1-yl), -NHC(O)(pyrrolidin-2-yl), -NHC(O)CH(NH;)CH,OH,
-NHC(O)(azetidin-4-yl), -NHC(O)C(CH3;),NH(CH3), -NH,, -NHC(O)CH,NH(CH,CH,CH3;),
-NHC(O)CH,CH,;NH;, -NHOH, or -NHC(O)(piperidin-3-yl).

[00112] In another embodiment (Q), R® is alkyl or -N(R")C(0)-C;-Cs-alkylene-
NR)(R™); and R is hydrogen or alkyl and R” and R” are independently hydrogen, alkyl,
aminoalkyl, alkylaminoalkyl, or dialkylaminoalkyl; and all other groups are as defined in the
Summary of the Invention. In another embodiment, each R’ is independently methyl,
-NHC(O)CH,NH(CH3), -NHC(O)CH(CH3)NH,, -NHC(O)C(CH3);NH,, -NHC(O)-
CH,N(CHj3),, -NHC(O)CH,N(CH3)CH,CH,N(CH3),, -NHC(O)CH(NH;)CH,CH3,
-NHC(O)CH>N(CH3)CH,CH,N(CH3);, or -NHC(O)CH(CH;3)NH(CH3).

[00113] In another embodiment (R), B is phenyl, R? is not present or R’ is halo, alkyl, or
alkoxy; R* is -C(O)NR*R®, -NR’C(O)R*, -N(R")C(0)-C,-Cs-alkylene-N(R™*)(R"®), or
-C(O)N(R'%)-C,-Cs-alkylene-N(R'**)R'”® where each of the alkylene in R* is independently
optionally further substituted with 1, 2, 3, 4, or 5 groups selected from halo, hydroxy, and
amino; and all other groups are as defined in the Summary of the Invention.

[00114] In another embodiment (R1) of embodiment R, R, R*, and R* are hydrogen
and R* is halo or alkoxy; R* R*2 and R* are hydrogen and R*is alkoxy; or R* and R*? are
hydrogen and R** and R** together with the carbons to which they are attached form a
6-membered heteroaryl; and all other groups are as defined in the Summary of the Invention.
In another embodiment, R*, R*2, and R are hydrogen and R** is halo or alkoxy; or R, R,
and R** are hydrogen and R is alkoxy.

[00115] In another embodiment of (R2) of embodiment R, R*! is methyl.

Compounds of Formula Ia

[00116] In another embodiment, the compound of formula I is a compound of formula Ia:
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R52
R53 OR51

R54 RSO
Ny NH R3a
e
H )| \ ¥
N(Rs)o-:a
I

a

or a pharmaceutically acceptable salt, tautomer, hydrate, or solvate thereof, wherein:
R is hydrogen;
R’'is methyl;
R is hydrogen;

O=n=—0

R* is hydrogen or alkoxy;

R* is hydrogen, alkyl, alkoxy, or halo; or R* and R** together with the carbons to
which they are attached form a 6-membered heteroaryl;

R is halo or methyl; and

R™ is -N(R")C(0)-C;-C-alkylene-N(R"*)(R") where R’ is hydrogen and R7 and

R”" are independently hydrogen, alkyl, aminoalkyl, alkylaminoalkyl, or
dialkylaminoalkyl.
[00117] In one embodiment of the compound of formula Ia, R is methyl; and RSO, R’ 2,
and R* are hydrogen and R** is halo or alkoxy or R, R%?, and R* are hydrogen and R> is
alkoxy; or a single stereoisomer or mixture of stereoisomers thereof.
[00118] In another embodiment, R* is -NHC(O)CH,NH(CHj3), -NHC(O)CH(CH3)NH,, -
NHC(O)C(CH3),NH,, -NHC(0O)-CH1IN(CH3),, -NHC(O)CH,N(CH;)CH,CH,N(CH3),, -
NHC(O)CH(NH,)CH,CH3, -NHC(O)CH,N(CH3)CH,CH,N(CH3),, or -
NHC(O)CH(CH3)NH(CH3).

[00119] In another embodiment, the compound of formula Ia is:

Structure Name

O N-(3-{[(3-{[2-chloro-5-
(methoxy)phenyl]amino} quinoxalin-2-
yl)amino]sulfonyl}-phenyl)-N-2-

Cl
@[N\ NH methylglycinamide
X
N I}IH
Oz
o>

H

T
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Structure Name
H S N-(3-{[-{[3,5-
AN N'ﬁQ CHs bis(methoxy)phenyl]amino}quinoxalin
;[ o TN N‘CH3 -2-yl)amino]sulfonyl} phenyl)-N-2-,N-
N Nf H Y 2-dimethylglycinamide
CH/O N-(3-{[(3-{[2-chloro-5-
3 (methoxy)phenyl]amino} quinoxalin-2-
Cl yl)amino]sulfonyl}-4-methylphenyl)-
NH N-2-,N-2-dimethylglycinamide

CHs
O N-(3-{[(3-{[2-chloro-5-
(methoxy)phenyl]amino } quinoxalin-2-
Cl yl)amino]sulfonyl} phenyl)-L-
C[N\ NH alaninamide
L
N NH g NH
Osé N
o> CH;
0]
O N-(3-{[(3-{[2-chloro-5-
(methoxy)phenyl]amino }quinoxalin-2-
Cl yl)amino]sulfonyl} phenyl)-2-

methylalaninamide

A0 N-(3-{[(3-{[2-chloro-5-
o (methoxy)phenyl]amino} quinoxalin-2-
N NH yl)amino]sulfonyl} phenyl)-N-2-[2-
@ S (dimethylamino)ethyl]-N-2-
NZ “NH methylglycinamide
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Structure Name
H S N-(3-{[(3-{[2—chloro-.5- ' .
Ny N—9 / (methoxy)phenyl]amino } quinoxalin-2-
l 0 N N\ yl)amino]sulfonyl}phenyl)-N-2- N-2-
N™ "NH dimethylglycinamide
cl °
O/
O N-(3-{[(3-{[2-chloro-5-
(methoxy)phenyl]amino } quinoxalin-2-
Cl yDamino]sulfonyl}phenyl)glycinamide
N._NH
LI
N~ NH H
O\:é N
o NH
o
O N-(2-chloro-5-{[(3-{[2-chloro-5-
(methoxy)phenyl]amino } quinoxalin-2-
Cl yl)amino]sulfonyl} phenyl)-N-2-

methylglycinamide

N-(5-{[(3-{[3,5-
bis(methoxy)phenyl]amino}quinoxalin
-2-yl)amino]sulfonyl}-2-
methylphenyl)glycinamide

N-(5-{[(3-{[3,5-
bis(methoxy)phenyllamino} quinoxalin
-2-yl)amino]sulfonyl}-2-
methylphenyl)-beta-alaninamide
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Structure Name

_0O N-(5-{[(3-{[2-chloro-5-
(methoxy)phenyl]amino} quinoxalin-2-
yl)amino]sulfonyl}-2-methylphenyl)-

Cl
N -NH N-2-N-2-dimethylglycinamide
XX
N° 'NH H
Oié N\[(\ e
X N
10Q S

or a pharmaceutically acceptable salt thereof.

[00120] In one embodiment, the compound of formula I and of formula Ia is compound A:

O\
Cl NH,
Cr o 2
0] O
0
H "o
A

or a pharmaceutically salt, tautomer, hydrate, or solvate thereof.

Compound of Formula II

[00121] In one embodiment, R' in the compound of formula II is hydrogen, optionally
substituted alkyl, optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl,
optionally substituted aryl, optionally substituted arylalkyl, optionally substituted
heterocycloalkyl, optionally substituted heterocycloalkylalkyl, optionally substituted
heteroaryl or optionally substituted heteroarylalkyl. Specifically, R' is hydrogen, optionally
substituted alkyl, optionally substituted cycloalkyl, optionally substituted arylalkyl, or
optionally substituted heterocycloalkylalkyl. More specifically, R' is hydrogen, alkyl, alkyl
substituted with one or two hydroxy, alkyl substituted with alkoxy, cycloalkyl, arylalkyl, or
heterocycloalkylalkyl. Even more specifically, R' is hydrogen, methyl, ethyl, propyl,
isopropyl, 2-hydroxypropyl, 3-hydroxypropyl, 2-ethoxyethyl, 3-methoxypropyl,
3-ethoxypropyl, 3-isopropoxypropyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
benzyl, or 2-piperidin-1-ylethyl. Yet even more specifically, R' is ethyl, isopropyl,
cyclopentyl, or cyclohexyl. Yet even more specifically, R' is ethyl.

[00122] In another embodiment, R?is hydrogen or alkyl where the alkyl is optionally

substituted with 1, 2, 3, 4, or 5 R® groups. Specifically, R’ is hydrogen or alkyl where the
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alkyl is optionally substituted with one, two, or three R® groups. More specifically, R? is
hydrogen or alkyl where the alkyl is optionally substituted with one, two, or three R® groups;
and each R®, when present, is independently selected from amino, alkylamino, dialkylamino,
and halo. Even more specifically, R? is hydrogen, methyl, ethyl, propyl, isopropyl, tert-butyl,
3-aminopropyl, 3-(N-methylamino)-propyl, 3-(V, N-dimethylamino)-propyl, 2-fluoroethyl, or
2,2,2-trifluoroethyl. Yet even more specifically, R* is hydrogen or ethyl. Yet even more
preferably, R? is ethyl.

[00123] In another embodiment, R? is hydrogen.

[00124] In another embodiment, R* is optionally substituted alkyl. Specifically, R* is
methyl or ethyl. More specifically, R* is methyl.

[00125]  In another embodiment, R® is acyl. More specifically, R® is alkylcarbonyl. Even
more specifically, R® is acetyl.

[00126] In another embodiment, RS is phenyl optionally substituted with 1, 2, 3, 4, or 5 R’
groups. Specifically, R® is phenyl optionally substituted with one or two R’ groups; and each
R®, when present, is independently selected from aryl, halo, alkoxy, aryloxy, and haloalkyl.
More specifically, R® is phenyl optionally substituted with one or two R’ groups; and each R’
when present, is independently selected from phenyl, fluoro, chloro, methoxy, phenyloxy,
and trifluoromethyl. Even more specifically, R® is phenyl, phenyl substituted with phenyl,
fluorophenyl, difluorophenyl, chlorophenyl, dichlorophenyl, phenyl substituted with chloro
and fluoro, methoxyphenyl, dimethoxyphenyl, phenyloxyphenyl, or trifluoromethylphenyl.
Yet even more specifically, R® is phenyl, 2-phenyl-phenyl, 3-phenyl-phenyl, 4-phenyl-
phenyl, 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 2,3-difluorophenyl, 2,4-
difluorophenyl, 2,5-difluorophenyl, 2,6-difluorophenyl, 3,4-difluorophenyl,
3,5-difluorophenyl, 2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl, 2,3-dichlorophenyl,
2,4-dichlorophenyl, 2,5-dichlorophenyl, 2,6-dichlorophenyl, 3,4-dichlorophenyl,
3,5-dichlorophenyl, 3-chloro-4-fluoro-phenyl, 2-methoxyphenyl, 3-methoxyphenyl,
4-methoxyphenyl, 2,3-dimethoxyphenyl, 2,4-dimethoxyphenyl, 2,5-dimethoxyphenyl,
2,6-dimethoxyphenyl, 3,4-dimethoxyphenyl, 3,5-dimethoxyphenyl, 4-phenyloxyphenyl,
2-trifluoromethylphenyl, 3-trifluoromethylphenyl, or 4-trifluoromethylphenyl.

[00127]  In another embodiment, R® is heteroaryl optionally substituted with 1, 2, 3, 4, or 5
R’ groups.

[00128] In another embodiment, R® is a 6-membered heteroaryl optionally substituted with
one or two R®. More specifically, R® is pyridinyl, pyrazinyl, pyrimidinyl, or pyridazinyl each
of which is optionally substituted with one R® wherein R, when present, is halo. Even more
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specifically, R® is pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 3-fluoropyridin-4-yl, pyrazin-2-yl,
pyrazin-3-yl, pyrimidin-2-yl, pyrimidin-4-yl, pyrimidin-5-yl, pyridazin-3-yl, or pyridazin-4-
yl, each of which is optionally substituted with one or two R’.
[00129] In another embodiment, R® is pyrazinyl, pyrimidinyl, or pyridazinyl, each of
which is optionally substituted with one R’ wherein R®, when present, is halo. Even more
specifically, R® is pyrazin-2-yl, pyrazin-3-yl, pyrimidin-2-yl, pyrimidin-4-yl, pyrimidin-5-yl,
pyridazin-3-yl, or pyridazin-4-yl.
[00130] In another embodiment, R® is a 5-membered heteroaryl optionally substituted with
one or two R®. Specifically R is pyrazolyl, imidazolyl, thienyl, thiazolyl, oxazolyl,
isoxazolyl, oxadiazolyl, furanyl, pyrrolyl, triazolyl, or tetrazolyl, each of which is optionally
substituted with one R® wherein R®, when present, is alkyl, arylalkyl, cyano, aryl,
alkoxycarbonyl, or halo. More specifically, R® is pyrazol-1-yl, pyrazol-3-yl, pyrazol-4-yl,
pyrazol-5-yl, imidazol-1-yl, imidazol-2-yl, imidazol-4-yl, imidazol-5-yl, thien-2-yl, thien-3-
yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-3-
yl, isoxazol-4-yl, isoxazol-5-yl, 1,2,3-oxadiazol-4-yl, 1,2,3-oxadiazol-5-yl, 1,3,4-oxadiazol-2-
yl, 1,2,4-0xadiazol-3-yl, 1,2,4-oxadiazol-5-yl, furan-2-yl, furan-3-yl, pyrrol-1-yl, pyrrol-2-yl,
pyrrol-3-yl, triazol-1-yl, triazol-4-yl, triazol-5-yl, tetrazol-1-yl, or tetrazol-5-yl; each of which
is optionally substituted with one R® wherein R®, when present, is methyl, benzyl, cyano,
phenyl, N-tert-butoxycarbonyl, or chloro. Even more specifically, R® is pyrazol-3-yl, pyrazol-
4-yl, pyrazol-5-yl, imidazol-2-yl, imidazol-4-yl, imidazol-5-yl, thien-2-yl, thien-3-yl, thiazol-
2-yl, thiazol-4-yl, thiazol-5-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-3-yl, isoxazol-
4-yl, isoxazol-5-yl, 1,2,3-oxadiazol-4-yl, 1,2,3-oxadiazol-5-yl, 1,3,4-oxadiazol-2-yl,
1,2,4-oxadiazol-3-yl, 1,2,4-oxadiazol-5-yl, furan-2-yl, furan-3-yl, pyrrol-2-yl, pyrrol-3-yl,
triazol-4-yl, triazol-5-yl, or tetrazol-5-yl; each of which is optionally substituted with one R’
wherein R®, when present, is methyl, benzyl, cyano, phenyl, N-tert-butoxycarbonyl, or
chloro.
[00131] In another embodiment, R® is thienyl, pyrrolyl, furanyl, pyrazolyl, thiazolyl,
isoxazolyl, imidazolyl, triazolyl, or tetrazolyl, each of which is optionally substituted with
one R’ wherein R®, when present, is methyl, benzyl, cyano, phenyl, N-tert-butoxycarbonyl, or
chloro. Specifically, R® is thien-2-yl, thien-3-yl, pyrrol-2-yl, furan-2-yl, furan-3-yl, pyrazol-3-
yl, pyrazol-4-yl, pyrazol-5-yl, thiazol-2-yl, thiazol-5-yl, isoxazol-4-yl, imidazol-5-yl, triazol-
5-yl, tetrazol-5-yl, each of which is optionally substituted with one R® wherein R’, when
present, is methyl, benzyl, cyano, phenyl, N-fert-butoxycarbonyl, or chloro. More
specifically, R® is thien-2-yl, thien-3-yl, 5-cyano-thien-2-yl, 4-methyl-thien-2-yl, 4-methyl-
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thien-3-yl, S-chloro-thien-5-yl, S-phenyl-thien-2-yl, pyrrol-2-yl, N-tert-butoxycarbonyl-
pyrrol-2-yl, N-methyl-pyrrol-2-yl, furan-2-yl, furan-3-yl, pyrazol-3-yl, pyrazol-4-yl, N-
benzyl-pyrazol-4-yl, pyrazol-5-yl, thiazol-2-yl, thiazol-5-yl, isoxazol-4-yl, imidazol-5-yli,
triazol-5-yl, or tetrazol-5-yl.
[00132] In another embodiment, R°® is thien-2-yl, thien-3-yl, pyrrol-2-yl, furan-2-yl, furan-
3-yl, pyrazol-3-yl, pyrazol-4-yl, pyrazol-5-yl, thiazol-2-yl, thiazol-5-yl, isoxazol-4-yl,
imidazol-5-yl, triazol-5-yl, or tetrazol-5-yl, each of which is optionally substituted with one
R® wherein R®, when present, is methyl, benzyl, cyano, phenyl, N-fert-butoxycarbonyl, or
chloro.
[00133] In another embodiment, R® is indolyl, benzimidazolyl, benzofuranyl,
benzoxazolyl, or benzoisoxazolyl, each of which is optionally substituted with 1, 2, 3, 4, or 5
R’ groups. Specifically, R® is indol-2-yl, indol-3-yl, indol-4-yl, indol-5-yl, indol-6-yl, indol-
7-yl, benzimidazol-2-yl, benzimidazol-4-yl, benzimidazol-5-yl, benzimidazol-6-yl,
benzimidazol-7-yl, benzofuran-2-yl, benzofuran-3-yl, benzofuran-4-yl, benzofuran-5-yl,
benzofuran-6-yl, benzofuran-7-yl, benzoxazol-2-yl, benzoxazol-4-yl, benzoxazol-5-yl,
benzoxazol-6-yl, benzoxazol-7-yl, benzoisoxazol-3-yl, benzoisoxazol-4-yl, benzoisoxazol-5-
yl, benzoisoxazol-6-yl, or benzoisoxazol-7-yl; each of which is optionally substituted with 1,
2,3, 4, or 5 R® groups. More specifically, R® is indol-6-yl.
[00134] In another embodiment, R' is hydrogen, optionally substituted alkyl, optionally
substituted cycloalkyl, optionally substituted heterocycloalkylalkyl, or optionally substituted
arylalkyl; X is -NH-; R? is hydrogen or alkyl where the alkyl is optionally substituted with
one or two R® groups; R* is alkyl; R’ is hydrogen; R® is phenyl or heteroaryl wherein the
phenyl and heteroaryl are optionally substituted with one, two, or three R® groups; each R?,
when present, is independently amino, alkylamino, dialkylamino, or halo; and each R®, when
present, is independently alkyl, arylalkyl, cyano, aryl, alkoxycarbonyl, or halo.
[00135] In another embodiment, R® is pyrazol-3-yl, pyrazol-4-yl, pyrazol-5-yl, imidazol-2-
yl, imidazol-4-yl, imidazol-5-yl, thien-2-yl, thien-3-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl,
oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-3-yl, isoxazol-4-yl, isoxazol-5-yl, 1,2,3-
oxadiazol-4-yl, 1,2,3-oxadiazol-5-yl, 1,3,4-oxadiazol-2-yl, 1,2,4-oxadiazol-3-yl, 1,2,4-
oxadiazol-5-yl, furan-2-yl, furan-3-yl, pyrrol-2-yl, pyrrol-3-yl, triazol-4-yl, triazol-5-yl, or
tetrazol-5-yl; each of which is optionally substituted with 1, 2, 3, 4, or 5 R® groups.
[00136] In another embodiment, R! is alkyl or cycloalkyl, R*is methyl; and R®is
heteroaryl optionally substituted with one or two R® groups. Specifically, each R®, when
present, is independently alkyl, arylalkyl, cyano, aryl, alkoxycarbonyl, or halo. Specifically,
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R is pyrazol-3-yl, pyrazol-4-yl, pyrazol-5-yl, imidazol-2-yl, imidazol-4-yl, imidazol-5-yl,
thien-2-yl, thien-3-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, oxazol-2-yl, oxazol-4-yl, oxazol-
5-yl, isoxazol-3-yl, isoxazol-4-yl, isoxazol-5-yl, 1,2,3-oxadiazol-4-yl, 1,2,3-oxadiazol-5-yl,
1,3,4-oxadiazol-2-yl, 1,2,4-oxadiazol-3-yl, 1,2,4-0xadiazol-5-yl, furan-2-yl, furan-3-yl,
pyrrol-2-yl, pyrrol-3-yl, triazol-4-yl, triazol-5-yl, or tetrazol-5-yl; each of which is optionally
substituted with one R® wherein R9, when present, is methyl, benzyl, cyano, phenyl, or N-tert-
butoxycarbonyl.

[00137] In another embodiment, R* is hydrogen.

[00138] In another embodiment, R* is methyl or ethyl.

[00139] In another embodiment, R' is alkyl or cycloalkyl; R* is methyl; and R® is phenyl
optionally substituted with one or two R® groups. Specifically each R®, when present, is
independently halo, alkoxy, or haloalkyl.

[00140] In another embodiment, R' is alkyl or cycloalkyl; R* is methyl; and R? is
hydrogen.

In another embodiment, R' is alkyl or cycloalkyl; R* is methyl; and R? is optionally
substituted alkyl.

Compounds of Formula I1a

[00141] In another embodiment, the compound of formula I is a compound of formula Ila:

R* RS
N X R
R2‘NJI\N/ N0
H iy
IIa

or a pharmaceutically acceptable salt thereof, wherein:

R! is alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, heteroaryl, or heteroarylalkyl;

R’ is hydrogen or alkyl;

R* is alkyl;

R’ is hydrogen;

R® is phenyl, acyl, or heteroaryl wherein the phenyl and heteroaryl are is optionally
substituted with 1, 2, 3,4, or 5 R’ groups; and

each R®, when present, is independently halo, alkyl, haloalkyl, alkoxy, haloalkoxy,

cyano, amino, alkylamino, dialkylamino, alkoxyalkyl, carboxyalkyl, alkoxycarbonyl,
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aminoalkyl, cycloalkyl, aryl, arylalkyl, aryloxy, heterocycloalkyl, or heteroaryl and where the

cycloalkyl, aryl, heterocycloalkyl, and heteroaryl, each either alone or as part of another

group within R®, are independently optionally substituted with 1, 2, 3, or 4 groups selected
from halo, alkyl, haloalkyl, hydroxy, alkoxy, haloalkoxy, amino, alkylamino, and
dialkylamino.

[00142] In one embodiment, R' is alkyl, cycloalkyl, heterocycloalkylalkyl, or arylalkyl; R

is hydrogen or alkyl; R* is alkyl; R’ is hydrogen; R® is phenyl or heteroaryl wherein the

phenyl and heteroaryl are is_optionally substituted with one, two, or three R® groups;.

[00143] In another embodiment, R* is methyl.

[00144] In another embodiment, R' is alkyl, cycloalkyl, or heterocycloalkyl.

[00145]  In another embodiment, R' is alkyl.

[00146] In another embodiment, R® is heteroaryl optionally substituted with 1, 2, or 3 R’

groups.

[00147] In another embodiment, each R®, when present, is independently alkyl, arylalkyl,

cyano, aryl, alkoxycarbonyl, or halo.

[00148]  In another embodiment, R® is pyrazolyl, imidazolyl, thienyl, thiazolyl, oxazolyl,

isoxazolyl, oxadiazolyl, furanyl, pyrrolyl, triazolyl, or tetrazolyl; each of which is optionally

substituted with 1, 2, or 3 R® groups.

[00149]  In another embodiment, R® is pyrazol-3-yl, pyrazol-4-yl, pyrazol-5-yl, imidazol-2-

yl, imidazol-4-yl, imidazol-5-yl, thien-2-yl, thien-3-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl,

oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-3-yl, isoxazol-4-yl, isoxazol-5-yl, 1,2,3-

oxadiazol-4-yl, 1,2,3-oxadiazol-5-yl, 1,3,4-oxadiazol-2-yl, 1,2,4-oxadiazol-3-yl,

1,2,4-0xadiazol-5-yl, furan-2-yl, furan-3-yl, pyrrol-2-yl, pyrrol-3-yl, triazol-4-yl, triazol-5-yl,
or tetrazol-5-yl; each of which is optionally substituted with 1, 2, or 3 R’ groups.

[00150] In another embodiment, R® is pyrazinyl, pyrimidinyl, or pyridazinyl each of which

is optionally substituted with 1, 2, or 3 R’ groups and R* is methyl.

[00151] In another embodiment, R? is hydrogen, R* is methyl, R is optionally substituted

alkyl, cycloalkyl, or heterocycloalkyl, and R® is heteroaryl optionally substituted with 1, 2, or

3R’ groups.

[00152] In another embodiment, the compound of formula IIa is selected from:
2-amino-8-ethyl-4-methyl-6-(1 H-pyrazol-5-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one;
2-amino-8-cyclopentyl-4-methyl-6-(1 H-pyrazol-3-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one;
2-amino-4-methyl-8-(1-methylethyl)-6-(1H-pyrazol-3-yl)pyrido[2,3-d]pyrimidin-7(8 H)-

one;
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2-amino-4-methyl-8-(phenylmethyl)-6-(1 H-pyrazol-3-yl)pyrido[2,3-d]pyrimidin-7(8 H)-

one;

2-amino-8-ethyl-4-methyl-6-(4-methyl-3-thienyl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-(2-thienyl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-(3-thienyl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-6-furan-3-yl-4-methylpyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-phenylpyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-6-isoxazol-4-yl-4-methylpyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-6-furan-2-yl-4-methylpyrido[2,3-d]pyrimidin-7(8 H)-one;

5-(2-amino-8-ethyl-4-methyl-7-oxo0-7,8-dihydropyrido[ 2,3-d]pyrimidin-6-yl)thiophene-2-

carbonitrile;

2-amino-8-ethyl-4-methyl-6-pyrimidin-5-ylpyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-6-(1 H-imidazol-5-yl)-4-methylpyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-(1H-1,2,3-triazol-5-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-(1 H-pyrazol-4-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-(1,3-thiazol-2-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-(1 H-tetrazol-5-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-(1-methyl-1H-pyrrol-2-yl)pyrido[ 2,3-d]pyrimidin-7(8 H)-one;

2-amino-4,8-diethyl-6-(1 H-pyrazol-5-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one; and

2-amino-8-cyclopentyl-4-methyl-6-(1,3-thiazol-5-yl)pyrido{2,3-d]pyrimidin-7(8 H)-one.

[00153] In another embodiment, the compound of formula IIa is compound B, which is 2-
amino-8-ethyl-4-methyl-6-(1 H-pyrazol-5-yl)pyrido{2,3-d]pyrimidin-7(8 H)-one (compound

B) or a pharmaceutically acceptable salt thereof.

Compound A Additional Embodiments
[00154] In one embodiment, the invention provides a method of treating BCC in a patient
in need of such treatment, comprising administering to the patient an effective amount of

letrozole in combination with:
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O N-(3-{[(3-{[2-chloro-5-
Cl (methoxy)phenyljamino } quinoxalin-
Ny -NH 2-yl)amino]sulfonyl} phenyl)-2-
C[NI H methylalaninamide
O:'}l H
0]
A

or a pharmaceutically acceptable salt, tautomer, hydrate, or solvate thereof.

[00155] In another embodiment, the compound A is administered as a capsule or tablet
pharmaceutical composition.

[00156] In another embodiment, the amount of compound A in the tablet or capsule
formulation is sufficient to produce saturation of absorption when administered once daily.
[00157] In another embodiment, about 100 mg to about 800 mg of compound A is
administered as a capsule composition once daily.

[00158]  In another embodiment, about 200 mg to about 700 mg of compound A is
administered as a capsule composition once daily.

[00159]  In another embodiment, about 500 mg to about 700 mg of compound A is
administered as a capsule composition once daily.

[00160]  In another embodiment, about 100 mg to about 800 mg of compound A is
administered as a tablet composition once daily.

[00161]  In another embodiment, about 200 mg to about 700 mg of compound A is
administered as a tablet composition once daily.

[00162] In another embodiment, about 300 mg to about 500 mg of compound A is
administered as a tablet composition once daily.

[00163]  In another embodiment, about 400 mg of compound A is administered as a tablet
composition once daily.

[00164] In another embodiment, compound A is administered as a capsule consisting of
Size 0 capsules filled with drug substance only. There are no additional excipients other than
the capsule gelatin and coloring agents. The composition of the hard gelatin capsule shell and

color demarcation are presented in the table below.
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Gelatin Capsule Composition

Swedish Orange Opaque Capsule

Component (for 100-mg strength)
FDA/E171 titanium dioxide 0.4902%
FDA/E172 red iron dioxide 1.4706%
Gelatin gsp 100%

FDA, Food and Drug Administration; gsp, quantity sufficient for 100%.

[00165] In another embodiment, compound A is administered as a 100, 150, or 200 mg
tablet. The tablet strength will be distinguishable by shape and/or size. The tablet
formulation contains compound A, silicified microcrystalline cellulose, partially
pregelatinized maize starch, sodium starch glycolate, hypromellose, colloidal silicon dioxide,
stearic acid, and magnesium stearate. All three tablet strengths are manufactured from a

common blend with the composition listed in the following Table.

Composition of the Compound 100-, 150-, and 200-mg Tablets

_Ingredient Batch Formula (% w/w)

Compound A 50.00
Silicified Microcrystalline Cellulose 14.75
Partially Pregelatinized Maize Starch 20.00
Sodium Starch Glycolate 7.00
Hypromellose 2910 6.00
Colloidal Silicon Dioxide 1.00
Stearic Acid 1.00
Magnesium Stearate 0.25
Purified Water 2

* Essentially removed during manufacture.

Compound B Additional Embodiments
[00166] In one embodiment, the invention provides a method of treating BCC in a patient
in need of such treatment, comprising administering to the patient an effective amount of

letrozole in combination with:

_N 2-amino-8-ethyl-4-methyl-6-(1H-
HN N

~ pyrazol-5-yl)pyrido[2,3-d]pyrimidin-
N R

)I\ 7(8H)-one
U7
HNT N7 N7 0

N

B

or a pharmaceutically acceptable salt thereof.
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[00167] In another embodiment, the compound B is administered as a capsule or tablet
pharmaceutical composition.

[00168] In another embodiment, the amount of compound B in the tablet or capsule
formulation is sufficient to produce saturation of absorption when administered once daily.
[00169] In another embodiment, the amount of compound B in the tablet or capsule
formulation is sufficient to produce saturation of absorption when administered twice daily.
[00170] In another embodiment, about 10 mg to about 100 mg of compound B is
administered as a capsule composition twice daily.

[00171] In another embodiment, about 10 mg of compound B is administered as a capsule
composition twice daily.

[00172] In another embodiment, about 20 mg of compound B is administered as a capsule
composition twice daily.

{[00173]  In another embodiment, about 30 mg of compound B is administered as a capsule
composition twice daily.

[00174]  In another embodiment, about 40 mg of compound B is administered as a capsule
composition twice daily.

[00175]  In another embodiment, about 50 mg of compound B is administered as a capsule
composition twice daily.

[00176] In another embodiment, about 60 mg of compound B is administered as a capsule
composition twice daily.

[00177] In another embodiment, about 70 mg of compound B is administered as a capsule
composition twice daily.

[00178] In another embodiment, about 80 mg of compound B is administered as a capsule
composition twice daily.

[00179]  In another embodiment, about 90 mg of compound B is administered as a capsule
composition twice daily.

[00180] In another embodiment, about 100 mg of compound B is administered as a
capsule composition twice daily.

[00181]  In another embodiment, compound A is administered as a capsule consisting of
Size 0 capsules filled with 10, 30 or 40 mg of drug substance only. There are no additional
excipients other than the capsule gelatin and coloring agents. The composition of the hard

gelatin capsule shell and color demarcation are presented in the table below.
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Gelatin Capsule Composition of Compound B

White Gray/ Gray Swedish
Opaque Orange Opaque Orange
Capsule Capsule Capsule Capsule
(for 10-mg (for 30-mg (for 40-mg (for 50-mg
Component strength) strength) strength) strength)
FDA/E171 titanium dioxide 2.9079% 2.7074% 2.7074% 0.4902%
(Body)
0.4902%
(Cap)
FDA/E172 black iron dioxide — 0.3075% 0.3075% —_
(Body)
FDA/E172 red iron dioxide — 1.4706% — 1.4706%
(Cap)
Gelatin qgsp 100% gsp 100% gsp 100% gsp 100%

FDA, Food and Drug Administration; qsp, quantity sufficient for preparation.

Other Embodiments

[00182] In another embodiment, the effective amount of either a compound of formula Ia
or I1a that is administered in the method produces at least one therapeutic effect selected from
the group consisting of reduction in size of a tumor, reduction in metastasis, complete
remission, partial remission, stable disease, increase in overall response rate, or a pathologic
complete response.

[00183] In another embodiment, the effective amount produces an improved clinical
benefit rate (CBR) according to the equation CBR = CR (complete remission) + PR (partial
remission) + SD (stable disease) > 6 months) as compared to other treatments.

[00184] In another embodiment, the improvement of clinical benefit rate is about 20
percent or higher.

[00185] In another embodiment, the therapeutic effect is an increase in overall response
rate.

[00186] In another embodiment, the increase in overall response rate is about 10 percent
or more or higher.

[00187] In another embodiment, a comparable clinical benefit rate (CBR) according to the
equation CBR = CR (complete remission) + PR (partial remission) + SD (stable disease) > 6
dosing cycles) is obtained with compound A or compound B.

[00188] In another embodiment, the improvement of clinical benefit rate is at least about

20 percent or higher.
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[00189] In another embodiment, a comparable clinical benefit rate (CBR = CR (complete
remission) + PR (partial remission) + SD (stable diséase) > 6 months) is obtained with
treatment with compound B.
[00190] In another embodiment, the improvement of clinical benefit rate is at least about
20 percent or higher.

General Administration
[00191] In one aspect, the invention provides pharmaceutical compositions comprising an
inhibitor of the PI3Ks of formula Ia or IIa and a pharmaceutically acceptable carrier,
excipient, or diluent. In certain other specific embodiments, administration is by the oral
route. Administration of the compounds of formula Ia or IIa, or their pharmaceutically
acceptable salts, in pure form or in an appropriate pharmaceutical composition, can be carried
out via any of the accepted modes of administration or agents for serving similar utilities.
Thus, the compound of formula Ia or Ila can be administered in the same or separate vehicles.
Administration can be, for example, orally, nasally, parenterally (intravenous, intramuscular,
or subcutaneous), topically, transdermally, intravaginally, intravesically, intracistemally, or
rectally, in the form of solid, semi-solid, lyophilized powder, or liquid dosage forms, such as
for example, tablets, suppositories, pills, soft elastic and hard gelatin capsules, powders,
solutions, suspensions, or aerosols, or the like, specifically in unit dosage forms suitable for
simple administration of precise dosages.
[00192] The compositions will include a conventional pharmaceutical carrier or excipient
and a compound of formula Ia or Ila as the/an active agent.
[00193]  Adjuvants include preserving, wetting, suspending, sweetening, flavoring,
perfuming, emulsifying, and dispensing agents. Prevention of the action of microorganisms
can be ensured by various antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, and the like. It may also be desirable to include isotonic
agents, for example sugars, sodium chloride, and the like. Prolonged absorption of the
injectable pharmaceutical form can be brought about by the use of agents delaying
absorption, for example, aluminum monostearate and gelatin.
[00194]  If desired, a pharmaceutical composition of the invention may also contain minor
amounts of auxiliary substances such as wetting or emulsifying agents, pH buffering agents,
antioxidants, and the like, such as, for example, citric acid, sorbitan monolaurate,
triethanolamine oleate, butylated hydroxytoluene, etc.
[00195]  The choice of formulation depends on various factors such as the mode of drug

administration (e.g., for oral administration, formulations in the form of tablets, pills or
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capsules) and the bioavailability of the drug substance. Recently, pharmaceutical
formulations have been developed especially for drugs that show poor bioavailability based
upon the principle that bioavailability can be increased by increasing the surface area i.e.,
decreasing particle size. For example, U.S. Pat. No. 4,107,288 describes a pharmaceutical
formulation having particles in the size range from 10 to 1,000 nm in which the active
material is supported on a crosslinked matrix of macromolecules. U.S. Pat. No. 5,145,684
describes the production of a pharmaceutical formulation in which the drug substance is
pulverized to nanoparticles (average particle size of 400 nm) in the presence of a surface
modifier and then dispersed in a liquid medium to give a pharmaceutical formulation that
exhibits remarkably high bioavailability.

[00196] Compositions suitable for parenteral injection may comprise physiologically
acceptable sterile aqueous or nonaqueous solutions, dispersions, suspensions or emulsions,
and sterile powders for reconstitution into sterile injectable solutions or dispersions.
Examples of suitable aqueous and nonaqueous carriers, diluents, solvents or vehicles include
water, ethanol, polyols (propyleneglycol, polyethyleneglycol, glycerol, and the like), suitable
mixtures thereof, vegetable oils (such as olive oil) and injectable organic esters such as ethyl
oleate. Proper fluidity can be maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle size in the case of dispersions and by the
use of surfactants.

[00197] One specific route of administration is oral, using a convenient daily dosage
regimen that can be adjusted according to the degree of severity of the disease-state to be
treated.

[00198] Solid dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active compound is admixed with at
least one inert customary excipient (or carrier) such as sodium citrate or dicalcium phosphate
or (a) fillers or extenders, as for example, starches, lactose, sucrose, glucose, mannitol, and
silicic acid, (b) binders, as for example, cellulose derivatives, starch, alignates, gelatin,
polyvinylpyrrolidone, sucrose, and gum acacia, (c) humectants, as for example, glycerol, (d)
disintegrating agents, as for example, agar-agar, calcium carbonate, potato or tapioca starch,
alginic acid, croscarmellose sodium, complex silicates, and sodium carbonate, (e) solution
retarders, as for example paraffin, (f) absorption accelerators, as for example, quaternary
ammonium compounds, (g) wetting agents, as for example, cetyl alcohol, and glycerol
monostearate, magnesium stearate and the like (h) adsorbents, as for example, kaolin and

bentonite, and (i) lubricants, as for example, talc, calcium stearate, magnesium stearate, solid
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polyethylene glycols, sodium lauryl sulfate, or mixtures thereof. In the case of capsules,
tablets, and pills, the dosage forms may also comprise buffering agents.

[00199] Solid dosage forms as described above can be prepared with coatings and shells,
such as enteric coatings and others well known in the art. They may contain pacifying agents,
and can also be of such composition that they release the active compound or compounds in a
certain part of the intestinal tract in a delayed manner. Examples of embedded compositions
that can be used are polymeric substances and waxes. The active compounds can also be in
microencapsulated form, if appropriate, with one or more of the above-mentioned excipients.
[00200] Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, solutions, suspensions, syrups, and elixirs. Such dosage forms are prepared, for
example, by dissolving, dispersing, etc., a compound(s) of the invention, or a
pharmaceutically acceptable salt thereof, and optional pharmaceutical adjuvants in a carrier,
such as, for example, water, saline, aqueous dextrose, glycerol, ethanol and the like;
solubilizing agents and emulsifiers, as for example, ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propyleneglycol,
1,3-butyleneglycol, dimethylformamide; oils, in particular, cottonseed oil, groundnut oil, corn
germ oil, olive oil, castor oil and sesame oil, glycerol, tetrahydrofurfuryl alcohol,
polyethyleneglycols and fatty acid esters of sorbitan; or mixtures of these substances, and the
like, to thereby form a solution or suspension.

[00201]  Suspensions, in addition to the active compounds, may contain suspending agents,
as for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth, or
mixtures of these substances, and the like.

[00202] Compositions for rectal administrations are, for example, suppositories that can be
prepared by mixing the compounds of the present invention with for example suitable non-
irritating excipients or carriers such as cocoa butter, polyethyleneglycol or a suppository wax,
which are solid at ordinary temperatures but liquid at body temperature and therefore, melt
while in a suitable body cavity and release the active component therein.

[00203] Dosage forms for topical administration of a compound of this invention include
ointments, powders, sprays, and inhalants. The active component is admixed under sterile
conditions with a physiologically acceptable carrier and any preservatives, buffers, or
propellants as may be required. Ophthalmic formulations, eye ointments, powders, and

solutions are also contemplated as being within the scope of this invention.
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[00204] Compressed gases may be used to disperse a compound of this invention in
aerosol form. Inert gases suitable for this purpose are nitrogen, carbon dioxide, etc.

[00205] Generally, depending on the intended mode of administration, the
pharmaceutically acceptable compositions will contain about 1% to about 99% by weight of a
compound(s) of the invention, or a pharmaceutically acceptable salt thereof, and 99% to 1%
by weight of a suitable pharmaceutical excipient. In one example, the composition will be
between about 5% and about 75% by weight of a compound(s) of the invention, or a
pharmaceutically acceptable salt thereof, with the rest being suitable pharmaceutical
excipients.

[00206] Actual methods of preparing such dosage forms are known, or will be apparent, to
those skilled in this art; for example, see Remington 's Pharmaceutical Sciences, 18th Ed.,
(Mack Publishing Company, Easton, Pa., 1990). The composition to be administered will, in
any event, contain an effective amount of a compound of the invention, or a pharmaceutically
acceptable salt thereof, for treatment of a disease-state in accordance with the teachings of
this invention.

[00207] In the pharmaceutical compositions disclosed herein, the compounds of formula
Ia or Ila, or their pharmaceutically acceptable salts or solvates, are administered in an
effective amount which will vary depending upon a variety of factors including the activity of
the specific compound employed, the metabolic stability and length of action of the
compound, the age, body weight, general health, sex, diet, mode and time of administration,
rate of excretion, drug combination, the severity of the particular disease-states, and the host
undergoing therapy. The compounds of formula Ia or IIa can be administered to a patient at
dosage levels in the range of about 0.1 to about 1,000 mg per day, or in the range of 100 mg
to 800 mg per day, orin the range of 200 to 700 mg per day, or in the range of 300 to 600 mg
per day.

[00208] For a normal human adult having a body weight of about 70 kilograms, a dosage
in the range of about 0.01 to about 100 mg per kilogram of body weight per day is an
example. The specific dosage used, however, can vary. For example, the dosage can depend
on a number of factors including the requirements of the patient, the severity of the condition
being treated, and the pharmacological activity of the compound being used. The
determination of optimum dosages for a particular patient is well known to one of ordinary
skill in the art. If formulated as a fixed dose, such combination products employ the
compounds of this invention within the dosage range described above and the other

pharmaceutically active agent(s) within approved dosage ranges. Compounds of formula Ia or
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ITa may alternatively be used sequentially with known pharmaceutically acceptable agent(s)

when a combination formulation is inappropriate.

Compounds of Formula I and Ia General Synthesis
[00209] Compounds of this invention can be made by the synthetic procedures described
in WO2007/044729 and WO 2008/127594.

General Synthesis

Synthesis of Compounds of Formula I
[00210] The starting materials and reagents used in preparing these compounds are either
available from commercial suppliers such as Aldrich Chemical Co. (Milwaukee, Wis.) or
Bache (Torrance, Calif.), or are prepared by methods known to those skilled in the art
following procedures set forth in references such as Fisher and Fisher’s Reagents for Organic
Synthesis, Volumes 1-17 (John Wiley and Sons, 1991); Rod’s Chemistry of Carbon
Compounds, Volumes 1-5 and Supplemental (Elsevier Science Publishers, 1989); Organic
Reactions, Volumes 1-40 (John Wiley and Sons, 1991), March’s Advanced Organic
Chemistry, (John Wiley and Sons, 4” Edition) and Larch’s Comprehensive Organic
Transformations (VICHY Publishers Inc., 1989). These schemes are merely illustrative of
some methods by which the compounds of this invention can be synthesized, and various
modifications to these schemes can be made and will be suggested to one skilled in the art
having referred to this disclosure. The starting materials and the intermediates of the reaction
may be isolated and purified if desired using conventional techniques, including but not
limited to ﬁl.tration, distillation, crystallization, chromatography and the like. Such materials
may be characterized using conventional means, including physical constants and spectral
data.
[00211]  Unless specified to the contrary, the reactions described herein take place at
atmospheric pressure and over a temperature range from about -78 °C to about 150 °C, in
another embodiment from about 0 °C. to about 125 °C and most specifically at about room (or
ambient) temperature, e.g., about 20 °C. Unless otherwise stated (as in the case of a
hydrogenation), all reactions are performed under an atmosphere of nitrogen.
[00212] Prodrugs can be prepared by techniques known to one skilled in the art. These
techniques generally modify appropriate functional groups in a given compound. These
modified functional groups regenerate original functional groups by routine manipulation or
in vivo. Amides and esters of the compounds of the present invention may be prepared

according to conventional methods. A thorough discussion of prodrugs is provided in T.
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Higuchi and V. Stella, “Pro-drugs as Novel Delivery Systems,” Vol 14 of the A.C.S.
Symposium Series, and in Bioreversible Carriers in Drug Design, ed. Edward B. Roche,
American Pharmaceutical Association and Pergamon Press, 1987, both of which are
incorporated herein by reference for all purposes.
[00213]  The compounds of the invention, or their pharmaceutically acceptable salts, may
have asymmetric carbon atoms or quaternized nitrogen atoms in their structure. Compounds
of formula I that may be prepared through the syntheses described herein may exist as single
stereoisomers, racemates, and as mixtures of enantiomers and diastereomers. The compounds
may also exist as geometric isomers. All such single stereoisomers, racemates and mixtures
thereof, and geometric isomers are intended to be within the scope of this invention.
[00214] Some of the compounds of the invention may exist as tautomers. For example,
where a ketone or aldehyde is present, the molecule may exist in the enol form; where an
amide is present, the molecule may exist as the imidic acid; and where an enamine is present,
the molecule may exist as an imine. All such tautomers are within the scope of the invention,
and to the extent that one structure is used to depict a compound, it includes all such
tautomeric forms.
[00215] Thus, compounds of formula I:
R52
R53 OR51

R54 R50

W N NH
w2~ AN

| | o)

WA 7 ]

we N N—S e
H ||
o)

can exist as tautomers. In particular, ring B in the compound of formula I or B can be 2-

hydroxy-pyridinyl, also described as its structure.
Rz
15!

N/

14
Both 2-hydroxy-pyridinyl and the above structure 14 include, and are equivalent to, pyridin-

OH

2(1H)-one and its structure 15.
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(R%).2

15
Regardless of which structure or which terminology is used, each tautomer is included within
the scope of the invention.

[00216] For example, one tautomer of compound A is compound A-1.

[00217]  Another tautomer of compound A is compound A-2.

QC' NH;
oot

A-2
Compound A-2 is named N-(3-{[(2Z)-3-[(2-chloro-5-methoxyphenyl)amino]quinoxalin-
2(1H)-ylidene]sulfamoyl} phenyl)-2-methylalaninamide.
[00218] As would be understood by a skilled practitioner, tautomeric forms can

interconvert.
.0 .0

B e G
- #Oj — OGLS OORL

[00219] Moreover, intermediates leading to compounds of formula I, as well as

-(I)

compounds of formula I themselves, can be recovered as uncharged or zwitterionic
molecules, or cationic salts such a sodium or potassium, depending on the substitutions on the
B ring and on reaction conditions. All such zwitterionic forms are within the scope of the
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invention, and to the extent that one structure is used to depict a zwitterionic compound, it
includes all such zwitterionic forms.

[00220]  For example, one zwitterionic form of compound A is compound A-3.
o)

cl NH®

0 o

e

© 0

A-3

~

[00221]  Another zwitterionic depiction of compound A is compound A-4.
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[00222]  Another zwitterionic depiction of compound A is compound A-5.
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[00223] As would be understood by a skilled practitioner, tautomeric forms can

interconvert.
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[00224] Moreover, interconversion can also exist between the uncharged tautomeric forms

and the zwitterionic forms.
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[00225] Regardless of which structure or which terminology is used, each tautomer or
zwitterion is included within the scope of the invention. Thus, as used herein, the structure
O\

cr” ; XLNHz
N NH HN
L X To
N ”—Qb
and the associated terms “compound A” and “N-(3-{[(3-{[2-chloro-5-
(methoxy)phenylJamino } quinoxalin-2-yl)aminosulfonyl} phenyl)-2-methylalaninamide”
encompass all possible tautomeric and zwitterionic forms of the compound.
[00226]) The present invention also includes N-oxide derivatives and protected derivatives
of compounds of formula I. For example, when compounds of formula I contain an
oxidizable nitrogen atom, the nitrogen atom can be converted to an N-oxide by methods well
known in the art. When compounds of formula I contain groups such as hydroxy, carboxy,
thiol, or any group containing a nitrogen atom(s), these groups can be protected with a
suitable “protecting group” or “protective group.” A comprehensive list of suitable protective
groups can be found in T.W. Greene, Protective Groups in Organic Synthesis, John Wiley &
Sons, Inc. 1991, the disclosure of which is incorporated herein by reference in its entirety.
The protected derivatives of compounds of formula I can be prepared by methods well known
in the art.
[00227] Methods for the preparation and/or separation and isolation of single
stereoisomers from racemic mixtures or non-racemic mixtures of stereoisomers are well
known in the art. For example, optically active (R)- and (S)- isomers may be prepared using
chiral synthons or chiral reagents, or resolved using conventional techniques. Enantiomers
(R- and S-isomers) may be resolved by methods known to one of ordinary skill in the art, for
example by: formation of diastereoisomeric salts or complexes which may be separated, for
example, by crystallization; via formation of diastereoisomeric derivatives which may be
separated, for example, by crystallization; selective reaction of one enantiomer with an
enantiomer-specific reagent, for example enzymatic oxidation or reduction, followed by
separation of the modified and unmodified enantiomers; or gas-liquid or liquid
chromatography in a chiral environment, for example on a chiral support, such as silica with
a bound chiral ligand or in the presence of a chiral solvent. It will be appreciated that where a
desired enantiomer is converted into another chemical entity by one of the separation

procedures described above, a further step may be required to liberate the desired
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enantiomeric form. Alternatively, specific enantiomer may be synthesized by asymmetric
synthesis using optically active reagents, substrates, catalysts, or solvents or by converting on
enantiomer to the other by asymmetric transformation. For a mixture of enantiomers,
enriched in a particular enantiomer, the major component enantiomer may be further enriched
(with concomitant loss in yield) by recrystallization.
[00228] In addition, the compounds of the present invention can exist in unsolvated as well
as solvated forms with pharmaceutically acceptable solvents such as water, ethanol, and the
like. In general, the solvated forms are considered equivalent to the unsolvated forms for the
purposes of the present invention.
[00229] In the examples that follow, unless otherwise specified, the final form of the
compound was assumed to be the uncharged molecule in the absence of analytical techniques
that would have determined otherwise. Compounds of formula I can be prepared using
methods known to one of ordinary skill in the art or starting from the compound of formula 1
as depicted in Scheme 1 below. Compounds of formula I can be prepared starting from
compound 1 by fusion of appropriate reagents at 180 °C in the presence of a base such as
K>COs and metallic copper. This reaction is known to provide intermediates of formula 1
(see S. H. Dandegaonker and C. K. Mesta, J. Med. Chem. 1965, 8, 884).
Scheme 1
R%2 R52
R% OR®" R%3 ORS!

\/‘\f"""\\/[ N\I LG' & (0N, (2 N v,\f'W'\IN\I LG1O o NH, o R;:T NH
WP S\P Lt base, solvent, reflux W N 2 N_# "~ solvent, reflux @[ :I o

H g NON-S

3 o]

1

R50

[00230] Referring again to Scheme 1, an intermediate of formula 3 can be prepared by
briefly heating an appropriately substituted quinoxaline (for example, commercially available

2,3-dichloroquinoxaline) and an appropriately substituted sulfonamide of formula 2

0]

I
20

o (which are commercially available or can be prepared by one of ordinary skill
in the art), a base such as K;COs, in a solvent, such as DMF or DMSO. Upon completion
(about 2 hours), the reaction mixture is then poured into water and followed by 2 N HCI. The

product is then extracted into a solvent such as ethyl acetate and washed with water and
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brine. The organic layers are combined and dried over a drying agent such as sodium sulfate,
filtered, and concentrated under vacuum to provide a compound of formula 3.

[00231] The intermediate of formula 3 is then treated with an intermediate of formula 4 in
a solvent such as DMF or p-xylene at reflux temperature. Upon completion of the reaction
(about 16 hours or less), the reaction is allowed to cool, extracted into DCM, washed with 2
N HCIl and brine, dried over a drying agent such as sodium sulfate or magnesiulﬁ sulfate,
filtered, and concentrated to give a compound of formula I.

[00232]  Alternatively, other methods to prepare quinoxaline derivatives are known to one
skilled in the art and include, but are not limited to S. V. Litvinenko, V. I. Savich, D. D.
Bobrovnik, Chem. Heterocycl. Compd. (Engl. Transl), 1994, 30, 340 and W. C. Lumma, R.
D. Hartman, J. Med. Chem. 1981, 24, 93.

[00233] Compounds of formula I where B is phenyl substituted with R** where R* is
alkylamino or dialkylamino or B is heteroaryl substituted with R* where R? is amino,
alkylamino, or dialkylamino, and all other groups are as defined in the Summary of the

Invention can be prepared according to Scheme 2.

Scheme 2
RS2 R52
R53 OR51 R53 OR51
R54 R50 R54 R50
N\ NH N\ NH
(L e L e
NON-S LG N N-S— NRER?
0]
5 I(c)

In Scheme 2, LG is a leaving group such as chloro. Compound 5 is reacted with NHR*R® or
HO-C;-Cg-alkylene-NHR’R® where R* and R” are independently hydrogen or alkyl. The
reaction is carried out in the presence of a base, such as KHCOs, in a solvent such as DMF.
[00234] Compounds of formula I where B is phenyl substituted with R** where R* is
aminoalkyloxy, alkylaminoalkyloxy, or dialkylaminoalkyloxy or B is heteroaryl substituted
with R® where R? is aminoalkyloxy, alkylaminoalkyloxy, or dialkylaminoalkyloxy, and all
other groups are as defined in the Summary of the Invention can be prepared according to

Scheme 3.
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Scheme 3

R52
R53 OR51

R54 R50

~
(X e
N H—§ 0-C;-Cs-alkylene-NR3RP
o]

I(c)
[00235] The reaction is carried out in the presence of a base such as NaH in a solvent such
as DMF.
[00236] Compounds of formula I where B is phenyl substituted with R* or B is heteroaryl
substituted with R* where R* and R are
i. -N(R")C(0)-Ci-Cs-alkylene-N(R7*)(R™) where R, R’®, and R are as defined in the
Summary of the Invention;
ii. -NR‘”C(O)R9a where R’ is as defined in the Summary of the Invention;
iii. -NR'C(O)NR'"*R'' where R''*, R'" and R!" are as defined in the Summary of
the Invention;
iv. -NR"’C(O)OR'** where R" and R'*® are as defined in the Summary of the
Invention;
v. -N(Rl8)C(O)-C|-C6-alkylene-N(Rl8")C(O)R18a where R'®, R'®2 and R'® are as
defined in the Summary of the Invention;
vi.  -NR¥™)C(0)-C,-Cg-alkylene-C(O)R?*® where R* and R** as defined in the
Summary of the Invention;
vii. -NR?'S(0),-C,-Cg-alkylene-N(R?'*)R?'* where R, R?'®, and R?'"® are as defined in
the Summary of the Invention;
viii.  -N(R*)C(0)-Co-Cs-alkylene-N(R??®)-N(R**)(R***), where R*, R** and R? are as
defined in the Summary of the Invention;
ix. -NR*C(0)-C,.Cs-alkylene-OR** where R** and R** are as defined in the Summary

of the Invention;

and where the alkylene in R* and R are independently optionally substituted as described in
the Summary of the Invention can be prepared according to Scheme 4 by reacting with an
intermediate of formula 9(a), 9(b), 9(c), 9(d), 9(e), 9(), or 9(g):
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1. 9(a) HOC(0)-C,-Ce-alkylene-N(R™)(R™) where R® is R™ or a N-protecting group,

such as Boc or Fmoc;

2. 9() HOCO)R”
3. 9(c) HOC(ONR'"R'";
4. 9d) HOC(O)OR'™,
5. 9(e) HOC(O)-C;-Ce-alkylene-N(R'**)C(O)R'32;
6. 9(f) HOC(0)-C;-Ces-alkylene-C(O)R>®;
7. 9(g) LG-S(0),-C,.Cs-alkylene-N(R*'®)R* where R® is R?'* or a N-protecting group,
such as Boc or Fmoc.
Scheme 4
R52 R52
RS3 ORS5? RS3 ORS51
R54 RS0 9(a)-9(g) R54 RS0
N NH N _NH
SO PON
N H_§_ NHR?® N N—§— NHR'00
o Ho
8 I(e)

[00237] In Scheme 4, R'® in Scheme 4 is -C(O)R*, -C(O)NR'"*R!"®, -C(O)OR'*?, -C(0)-
C,-Cs-alkylene-N(R'**)C(O)R'®?, -C(0)-C,-Cs-alkylene-C(O)R*™, or -S(0),-C,.Cs-alkylene-
N(R?'®R?. The reaction is carried out under standard amide coupling conditions known to
one of ordinary skill in the art. In particular, the reaction is carried out in the presence of a
coupling agent such as HATU, a base such as DIEA, and in a solvent such as DMF. Where
applicable, the N-protecting group is then removed using procedures known to one of
ordinary skill in the art, such as treating with acid where PG is Boc.
[00238] Proceeding as described for Scheme 4, compounds of the invention where B is
phenyl substituted with R* or B is heteroaryl substituted with R* where R*® and R® are
i. -C(O)NR!R®,
ii. -C(ON(R'%)-C;-Cs-alkylene-N(R'®R'®;
ii. -C(O)R12 where R'? is an N-substituted heterocycloalkyl;
iv. -CONR'“NER'™)R'");
v. -C(O)N(R'®)-C,-Cs-alkylene-C(O)OR'®; or
vi. -C(O)N(R'®)-C,-Cg-alkylene-C(O)R';
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can be prepared by exchanging the starting materials as necessary. In particular, the

intermediate of formula 11:

R52
R53 OR51
R54 R50
N.__NH
B
(LT e
P 1l
N H—lS|—C(O)OH
O
11

is used instead of 8.
[00239] Compounds of formula I where B is phenyl substituted with R* or B is heteroaryl
substituted with R® where R*® and R® are -NHC(O)CH,NR"*R”® where R’ and R"° are as

defined in the Summary of the Invention can be prepared according to Scheme 5.

Scheme 5
R52 R52
R53 OR51 R53 OR51
R54 R50 NHR7aR7b R54 R50
N N-S— NH PN :
H I N° N8 NH
o o)
12 I(f)

LG is a leaving group such as bromo or chloro. 12 is reacted with NH(Rn’)R7a in the
presence of a base, such as DIEA, in a solvent such as ACN.

[00240] Compounds of formula I can be prepared according to Scheme 6.

Scheme 6
R52
RS3 ORS! RS2
R53 OR51
R54 50
N\ LG H R R54 RS0
.9 2 Ny_NH
s CLx
o ~

?
13 N ﬁ”g—
I(h)
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LG in Scheme 6 is a leaving group such as chloro. The reaction can be carried out by
irradiating in a solvent such as DMA. Alternatively, the reaction can be carried out in the
presence of acetic acid in a solvent such as DMA and by heating.

General Alkylation Procedure 1

alkoxylamines

e oL -0 O~
amine, aniline,
[:[ \\,O DIPEg/o%céetonitnle C[ I \\/0
ot Oy

hydrazine,
[00241] Into a 2-dram vial was placed 2-bromo-N-(3-(N-(3-(3,5-dimethoxy-

HQ

phenylamino)quinoxalin-2-yl) sulfamoyl) phenyl) acetamide (86 mg, 0.15 mmol), prepared
using procedures similar to those in Example 171,along with 2 mL of acetonitrile. Eight
equivalents (1.2 mmol) of the desired amine, aniline, hydrazine or alkoxyamine were added
followed by the addition of Hunig’s Base (41 uL, 0.25 mmol). The reaction then was stirred
at 50 °C for one hour (overnight for aniline reagents). Preparative reverse-phase HPLC was
used to isolate the desired product directly from the crude reaction mixture. A Waters
Fractionlynx preparative reverse-phase HPLC — equipped with a Waters SunFire Prep C18,
OCD 5 pM, 30 X 70 mm column and running a 5-100 % gradient with a binary solvent
system of 25 mM ammonium acetate in water/acetonitrile — was used to carry out the
purification.

General Library Acylation Procedure 1

/O 0\ /O O\
OYR
OH
Ny hg-l . - N\:EI\CJ)H .
N/]:NSS// NH, HATU . _ N:\S/, H R
201 Y

[00242] Into a 2-dram vial were added 3-amino-N-(3-(3,5-dimethoxy-
phenylamino)quinoxalin-2-yl)benzenesulfonamide (54 mg, 0.12 mmol), prepared using

procedures similar to those described in Example 15, DMA (2 mL) and the desired
carboxylic acid (0.17 mmol). DIEA (70 pL, 0.4 mmol) followed by HATU (53 mg,0.14
mmol) were added to the vial and the reaction mixture stirred at 50 °C overnight. Preparative
reverse-phase HPLC was used to isolate the desired product directly from the crude reaction
mixture. A Waters Fractionlynx preparative reverse-phase HPLC; equipped with a Waters

SunFire Prep C18, OCD 5 uM, 30 X 70 mm column and running a 5-100 % gradient with a
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binary solvent system of 25 mM ammonium acetate in water/acetonitrile; was used to carry

out the purification.

General Amination Procedure 1a

| (R2e) I
N NH n5 N
LA L
X
HN™ ~0 | ——(R%®)s ~ HN" "0
=
AN C'o DMA B AN N(')" /@
_ \\S Micngtgve _ \\S
M0 irradiauon N N’ A\
Nl o H

[00243] A CEM microwave reaction vessel was charged with N-(3-(N-(3-
chloroquinoxalin-2-yl)sulfamoyl)phenyl)-2-(dimethylamino)acetamide (30 mg, 0.071 mmol),

prepared using procedures similar to those described in Example 374, the desired aniline (16
mg, 0.14 mmol, 2 eq), and 0.5 mL of dimethylacetamide. The vessel was sealed and the
reaction mixture was heated under microwave radiation for 70 min at 140 °C in a CEM
Discover microwave instrument. The solvent was then removed by rotary-evaporation.
Purification of the final product was accomplished by preparatory reverse-phase HPLC with
the eluents 25 mM aqueous NH;OAc/ACN to the desired product.

General Amination Procedure 1b

(5—( R%) o @ HNLO
Cr I @ TS0k 0
% Microwave I s
irradiation “Z .S
(o]

[00244] A CEM microwave reaction vessel was charged with N-(3-(N-(3-
chloroquinoxalin-2-yl)sutfamoyl)phenyl)-2-(dimethylamino)acetamide (62 mg, 0.147 mmol),

prepared using procedures similar to those in Example 374, the desired aniline (0.567 mmol,
4 eq), and 1.0 mL of toluene. The vessel was sealed and the reaction mixture was heated
under microwave radiation for 60 min at 180 °C in a CEM Discover microwave instrument.
The solvent was removed on a rotary-evaporator. Purification of the final product was done
by preparatory HPLC with NH4OAc/ACN as eluent to yield the desired product.
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General Acylation Procedure 2

2 LA 2L
C[ INH CE:)lIPEA ©: INH H Nfo

DCE

MeO OMe MeO OMe
[00245]  N-(3-(N-(3-(3,5-dimethoxy-phenylamino)quinoxalin-2-yl)-
sulfamoyl)phenyl)azetidine-3-carboxamide (125 mg, 0.23 mmol), prepared using procedures
similar to those described in Example 372, was dissolved into 5 mL DCE in a 10 mL round-
bottom flask. DIEA (1.17 mmol, 5.0 equiv.) was then added with stirring followed by acid
chloride (0.47 mmol, 2.0 equiv.). The reaction was then stirred at room temperature for 1
hour or until complete as indicated by LCMS. The solvent was subsequently removed under
reduced pressure on a rotary evaporator. The crude material was then re-dissolved in
methanol. Purification of the final product was accomplished by preparatory reverse-phase
HPLC with the eluents 25 mM aqueous NH4OAc/CAN. A Waters Fractionlynx preparative
reverse-phase HPLC; equipped with a Waters SunFire Prep C18, OCD S pM, 30 X 70 mm
column and running a 5-100 % gradient with a binary solvent system of 25 mM ammonium
acetate in water/acetonitrile; was used to carry out the purification.

General Reductive Amination Procedure 1
) (0]
o L o L §
0=§ INI O S /ut\
N NH NH NH
L @ XL,
N NH

Tetramethyl ammonia
triacetoxyborohydride

MeO OMe DCWDMF MeO OMe

[00246] To a solution of N-(3-(N-(3-(3,5-dimethoxy-phenylamino)quinoxalin-2-
yl)sulfamoyl)phenyl)azetidine-3-carboxamide (110 mg, 0.19 mmol), prepared using
procedures similar to those described in Example 372, in 3 mL of DCE and 200 pL of DMF,
aldehyde (0.77 mmol, 4.0 eq.)was added slowly followed by tetramethylammonium
triacetoxyborohydride (1.16 mmol, 6.0 eq). The reaction was stirred at room temperature
overnight. LC/MS indicated the reaction was completed. The solvent was subsequently
removed under reduced pressure on a rotary evaporator. The crude material was then re-

dissolved in methanol. Purification of the final product was accomplished by preparatory
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reverse-phase HPLC with the eluents 25 mM aqueous NH4OAc/CAN. A Waters
Fractionlynx preparative reverse-phase HPLC; equipped with a Waters SunFire Prep C18,
OCD 5 pM, 30 X 70 mm column and running a 5-100 % gradient with a binary solvent
system of 25 mM ammonium acetate in water/acetonitrile; was used to carry out the
purification.

General Amide Formation Procedure 1a

) o)

-~ 7~

Cl Cl
Ny o NHR'R", HATU, DIEA Ny ) o
AP DMA P X
N H OH N H NR'R"

[00247] Into a small 1 dram vial was added 3-(N-(3-(2-chloro-5-methoxy-phenylamino)-

quinoxalin-2-yl)sulfamoyl)benzoic acid (61 mg, 0.13 mmol, 1.1 equiv), prepared using
procedures described for Example 100. The acid was dissolved in DMA (1 mL) and DIEA
(42 pL, 0.24 mmol, 2 equiv) was added then added to the solution. The amine reagent (1 mL
of 0.12 M solution in DMA) was added to solution with stirring followed by HATU (64 mg,
0.17 mMol, 1.4 equiv). The reaction was stirred overnight at room temperature. Upon
completion as indicated by LCMS analysis, 2 mL of methanol was added to the solution.
Preparative reverse-phase HPLC was used to isolate the desired product. A Waters
Fractionlynx preparative reverse-phase HPLC — equipped with a Waters SunFire Prep C18,
OCD 5 uM, 30 X 70 mm column and running a 5-100 % gradient with a binary solvent
system of 25 mM ammonium acetate in water/acetonitrile — was used to carry out the
purification.

General Amide Formation Procedure 1b
[00248]  The procedure outlined in General Amide Formation Procedure 1a was used to
incorporate a number of amines that contained a second amine group protected as the fert-
butylcarbamate (i.e. where R’, within NHR’R,” contained a Boc-protected amine group).
The deprotection was carried out after HPLC purification of the Boc-protected precursor.
[00249] Into a small 1 dram vial was added 3-(N-(3-(2-chloro-5-methoxy-
phenylamino)quinoxalin-2-yl)sulfamoyl)benzoic acid (61 mg, 0.13 mmol, 1.1 equiv). The
acid was dissolved in 1 mL of DMA and DIEA (42 pL, 0.24 mmol, 2 equiv) was added then
added to the solution. The mono-Boc-protected diamine reagent (1 mL of 0.12 M solution in
DMA, 1 equiv) was added to solution with stirring followed by HATU (64 mg, 0.17 mmol,

1.4 equiv). The reaction was stirred overnight at room temperature. Upon completion as
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indicated by LCMS analysis, 2 mL of methanol was added to the solution. Preparative
reverse-phase HPLC was used to isolate the desired product directly from this crude reaction
solution. A Waters Fractionlynx preparative reverse-phase HPLC; equipped with a Waters
SunFire Prep C18, OCD 5 pM, 30 X 70 mm column and running a 5-100 % gradient with a
binary solvent system of 25 mM ammonium acetate in water/acetonitrile; was used to carry
out the purification. The product fractions were combined and concentrated to dryness under
reduced pressure by rotary evaporation. A solution of 4 N HCI in dioxane (2 mL) was added.
The solution was then stirred at room temperature until no starting material was detected.
The deprotected product precipitated out of solution as an HCI salt and was collected by

filtration, washed with ether and dried under vacuum.
Synthesis of Compound A

[00250] Crude compound A can be prepared as described below and depicted below in
Scheme 7. Scheme 7. Synthesis of Compound A
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Synthesis of (N-(3-chloroquinoxalin-2-yl)-3-nitrobenzenesulfonamide):

[00251] One kg of 2,3 dichloroquinoxaline and one kg of 3-nitrobenzenesulfonamide were
mixed in 5 volumes of acetonitrile. The reaction mixture was heated to reflux. 2.3 kg of DBU
and 1 volume of acetonitrile were added. After completion of the reaction, the mixture was
cooled down at 5 °C. Twelve volumes of methanol and 1.53 kg of HC1 were added, and the
reaction mixture was filtered. The filter cake was washed with 6 volumes of methanol and

dry under vacuum.

Synthesis of (N-(3-((2-chloro-5-methoxyphenyl)amino)quinoxalin-2-yl)-3-
nitrobenzenesulfonamide):

[00252] A solution was prepared with 0.585 kg of 2-chloro-5-methoxyaniline-HCl, 3.5
volumes of acetonitrile and 0.46 kg of DBU (solution A). Separately, 1 kg of N-(3-
chloroquinoxalin-2-yl)-3-nitrobenzenesulfonamide and 5.5 volumes of acetonitrile were
combined and heated to reflux. Solution A and 1 volume of acetonitrile was then added to the
reaction mixture, and the resulting mixture was heated at reflux. After completion of the
reaction, the mixture was cooled down at 20 °C, diluted with 10 volumes of methanol and
filtered. The resulting filter cake was washed 3 times with 5 volumes of methanol and then

dried under vacuum.

Synthesis of 3-amino-N-{3-[(2-chloro-5-methoxyphenyl)amino]quinoxalin-2-
yl}benzenesulfonamide hydrochloride:

[00253] To 1 kg of N-{3-[(2-chloro-5-methoxyphenyl)amino]quinoxalin-2-yl}-3-
nitrobenzenesulfonamide was added a catalytic amount of platinum sulfide on carbon
(Pt(S)C), 6 volumes of THF, 0.16 volume of water, and 2 volumes of ethanol. The resulting
reaction mixture was stirred and heated to reflux. An aqueous potassium formate solution
(1.4 volume of water + 0.69 kg of potassium formate) was added. The reaction mixture was
stirred at reflux until completion of the reaction and then cooled down at 50°C. After the
addition of 10 volumes of methanol and one hour of stirring, the catalyst was filtered off and
washed with 3.4 volumes of methanol. The filtered solution was cooled down at 20 °C and
0.62 kg of HC1 were added. The reaction mixture was stirred at 20 °C, cooled down to 5 °C

and filtered. The filter cake was washed with methanol (6 volumes) and dried under vacuum.
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Synthesis of N-[3-({3-[(2-chloro-5-methoxyphenyl)amino]quinoxalin-2-
yl}sulfamoyl)phenyl}-2-methylalaninamide (crude):

[00254] Synthesis of 2-methylalanyl chloride hydrochleride. To 0.42 kg of 2-amino-2-
methylpropanoic acid, was added 3.7 volumes of acetonitrile, 0.04 volume of
dimethylformamide, and 0.62 kg of oxalyl chloride. The reaction mixture was stirred at 20 °C
until completion of the reaction. The mixture was then filtered, and the filter cake was
washed twice with 1 volume of acetonitrile and dried under vacuum.

[00255] To 1 kg of 3-amino-N-{3-[(2-chloro-5-methoxyphenyl)amino]quinoxalin-2-
yl}benzenesulfonamide hydrochloride was added 8 volumes of dimethylformamide and
0.385 kg of 2-methylalanyl chloride hydrochloride at 5°C. After completion of the reaction,
the mixture was heated to 50 °C and a solution of K2HPO4 (1.4 kg), water (16.5 volumes)
and ethanol (7.1 volumes) was added. The mixture was cooled down to 10 °C, stirred 2 hours
at 10 °C, and then filtered. The cake was washed 3 times with 10 volumes of water and dried

under vacuum.

Synthesis of Compound of Formula II

[00256] Compounds of formula II can be made by the synthetic procedures described
below. The starting materials and reagents used in preparing these compounds are either
available from commercial suppliers such as Aldrich Chemical Co. (Milwaukee, Wis.) or
Bachem (Torrance, Calif.), or are prepared by methods known to those skilled in the art
following procedures set forth in references such as Fieser and Fieser’s Reagents for Organic
Synthesis, Volumes 1-17 (John Wiley and Sons, 1991), Rodd’s Chemistry of Carbon
Compounds, Volumes 1-5 and Supplementals (Elsevier Science Publishers, 1989), Organic
Reactions, Volumes 1-40 (John Wiley and Sons, 1991), March’s Advanced Organic
Chemistry, (John Wiley and Sons, 4™ Edition), and Larock’s Comprehensive Organic
Transformations (VCH Publishers Inc., 1989). These schemes are merely illustrative of some
methods by which the compounds of this invention can be synthesized, and various
modifications to these schemes can be made and will be suggested to one skilled in the art
having referred to this disclosure. The starting materials and the intermediates of the reaction
may be isolated and purified if desired using conventional techniques, including but not
limited to filtration, distillation, crystallization, chromatography, and the like. Such materials

may be characterized using conventional means, including physical constants and spectral
data.
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[00257]  Unless specified to the contrary, the reactions described herein take place at
atmospheric pressure and over a temperature range from about -78 °C to about 150 °C, more
specifically from about 0°C to about 125 °C and more specifically at about room (or ambient)
temperature, e.g., about 20 °C. Unless otherwise stated (as in the case of an hydrogenation),
all reactions are performed under an atmosphere of nitrogen.

[00258]  Prodrugs can be prepared by techniques known to one skilled in the art. These
techniques generally modify appropriate functional groups in a given compound. These
modified functional groups regenerate original functional groups by routine manipulation or
in vivo. Amides and esters of the compounds of the present invention may be prepared
according to conventional methods. A thorough discussion of prodrugs is provided in T.
Higuchi and V. Stella, “Pro-drugs as Novel Delivery Systems,” Vol 14 of the A.C.S.
Symposium Series, and in Bioreversible Carriers in Drug Design, ed. Edward B. Roche,
American Pharmaceutical Association and Pergamon Press, 1987, both of which are
incorporated herein by reference for all purposes.

[00259] The compounds of the invention, or their pharmaceutically acceptable salts, may
have asymmetric carbon atoms or quaternized nitrogen atoms in their structure. Compounds
of formula I that may be prepared through the syntheses described herein may exist as single
stereoisomers, racemates, and as mixtures of enantiomers and diastereomers. The compounds
may also exist as geometric isomers. All such single stereoisomers, racemates and mixtures
thereof, and geometric isomers are intended to be within the scope of this invention. Some of
the compounds of the invention may exist as tautomers. For example, where a ketone or
aldehyde is present, the molecule may exist in the enol form; where an amide is present, the
molecule may exist as the imidic acid; and where an enamine is present, the molecule may
exist as an imine. All such tautomers are within the scope of the invention. In particular,
imidazol-5-yl and pyrazol-5-yl each can also exist in their respective tautomeric forms
imidazol-4-yl and pyrazol-3-yl. Regardless of which structure or which terminology is used,
each tautomer is included within the scope of the Invention.

[00260] The present invention also includes N-oxide derivatives and protected derivatives
of compounds of formula II. For example, when compounds of formula I contain an
oxidizable nitrogen atom, the nitrogen atom can be converted to an N-oxide by methods well
known in the art. When compounds of formula I contain groups such as hydroxy, carboxy,
thiol or any group containing a nitrogen atom(s), these groups can be protected with a
suitable “protecting group” or “protective group”. A comprehensive list of suitable protective

groups can be found in T.W. Greene, Protective Groups in Organic Synthesis, John Wiley &
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Sons, Inc. 1991, the disclosure of which is incorporated herein by reference in its entirety.
The protected derivatives of compounds of formula I can be prepared by methods well known
in the art.

[00261] Methods for the preparation and/or separation and isolation of single
stereoisomers from racemic mixtures or non-racemic mixtures of stereoisomers are well
known in the art. For example, optically active (R)- and (S)- isomers may be prepared using
chiral synthons or chiral reagents, or resolved using conventional techniques. Enantiomers
(R- and S-isomers) may be resolved by methods known to one of ordinary skill in the art, for
example by: formation of diastereoisomeric salts or complexes which may be separated, for
example, by crystallization; via formation of diastereoisomeric derivatives which may be
separated, for example, by crystallization, selective reaction of one enantiomer with an
enantiomer-specific reagent, for example enzymatic oxidation or reduction, followed by
separation of the modified and unmodified enantiomers; or gas-liquid or liquid
chromatography in a chiral environment, for example on a chiral support, such as silica with
a bound chiral ligand or in the presence of a chiral solvent. It will be appreciated that where a
desired enantiomer is converted into another chemical entity by one of the separation
procedures described above, a further step may be required to liberate the desired
enantiomeric form. Alternatively, specific enantiomer may be synthesized by asymmetric
synthesis using optically active reagents, substrates, catalysts, or solvents, or by converting
one enantiomer to the other by asymmetric transformation. For a mixture of enantiomers,
enriched in a particular enantiomer, the major component enantiomer may be further enriched
(with concomitant loss in yield) by recrystallization.

[00262] In addition, the compounds of the present invention can exist in unsolvated as well
as solvated forms with pharmaceutically acceptable solvents such as water, ethanol, and the
like. In general, the solvated forms are considered equivalent to the unsolvated forms for the
purposes of the present invention.

[00263] The chemistry for the preparation of the compounds of this invention is known to
those skilled in the art. In fact, there may be more than one process to prepare the compounds
of the invention. For specific examples, see M. Barvian et al., J. Med. Chem. 2000, 43, 4606-
4616; S. N. VanderWei et al., J. Med. Chem. 2005, 48, 2371-2387; P. L. Toogood et al., J.
Med. Chem. 2005, 48, 2388-2406; J. Kasparec et al., Tetrahedron Letters 2003, 44, 4567-
4570; and references cited therein. See also U.S. Pre-grant publication US2004/0009993 A1l

(M. Angiolini et al.), which is incorporated herein by reference, and references cited therein.
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The following examples illustrate but do not limit the invention. All references cited herein
are incorporated by reference in their entirety.

[00264] A compound of the invention, wherein R' is optionally substituted alkyl, R? is
hydrogen or optionally substituted alkyl, R* is methyl or ethyl, R® is phenyl or heteroaryl
each of which is optionally substituted with 1, 2, 3, 4, or 5 R® groups (as defined in the
Summary of the Invention), and R? is hydrogen, can be prepared according to Scheme 8.

Scheme 8
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[00265] To a solution of commercially available 2-methyl-2-thiopseudourea sulfate in a
solvent such as water is added a base such as sodium carbonate and an intermediate of
formula 10 at room temperature. The reaction mixture is stirred for overnight or less. After
neutralizing, 11 is collected through filtration and followed by drying under vacuum. 11 is
then treated with POCl; and the reaction is heated to reflux for approximately 2 hours and
then concentrated under vacuum to dryness. 1 can be used directly in the next reaction
without further purification.

[00266] An intermediate of formula 2 is prepared by reacting an intermediate of formula 1
with a primary amine R!NH, in a solvent such as water and with heating. 2 is then treated
with iodine monochloride in a solvent such as methanol at around 0 °C and allowed to react
for approximately overnight or less as needed for the reaction to go to completion to form 3.
After completion the residue is triturated with acetone. The intermediate 3 is then reacted in a
solvent, such as DMA, with ethyl acrylate in the presence of a base, such as triethylamine,
and in the presence of a catalyst, such as Pd(OAc),, and (+)BINAP. The reaction is heated to

approximately 100 °C and allowed to react for approximately overnight or less as needed for
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the reaction to go to completion to form 4. 4 is then optionally purified by column
chromatography.

[00267] 5 is prepared by treating 4 with DBU in the presence of a base such as DIPEA at
room temperature. The reaction mixture is then heated to reflux and reacted for
approximately 15 hours. After evaporation of solvent, the residue is triturated with acetone
and collected by filtration to yield 5.

[00268] 6 is prepared by reacting 5 with a brominating agent such as Br; in a solvent such
as DCM at room temperature. The reaction mixture is then stirred for approximately
overnight. The resulting product is filtered and then suspended in a solvent such as DCM and
treated with a base such as triethylamine. The mixture is then washed with water and dried
over a drying agent such as Na,SOy4 to yield 6.

[00269] A Suzuki coupling is then performed using 6 and a boronic acid (or ester) of
formula R6B(OH)2 in a solvent(s) such as a DME-H,0 mixture in the presence of a catalyst
such as Pd(dpppf ) and a base such as triethylamine at room temperature. The reaction
mixture is heated to reflux for approximately 4 hours-. After cooling to room temperature, the
reaction mixture is partitioned with water and ethyl acetate. After separation, the organic
layer is dried over a drying agent such as Na;SOj4 to yield 7.

[00270] The methylthio group of 7 is then oxidized with m-CPBA in a solvent such as
DCM at room temperature with stirring for approximately 4 hour. After removal of the
solvent under reduced pressure, the product is treated with an amine of formula R*NH, in a
solvent such as dioxane and stirred at room temperature for approximately overnight to yield
a compound of formula I.

[00271])  Alternatively, a compound of formula I where R' is optionally substituted alkyl,
R* is methyl or ethyl, R® is phenyl or heteroaryl each of which is optionally substituted with
1,2, 3,4, or 5 R’ groups (as defined in the Summary of the Invention), and R? is hydrogen

can be prepared according to Scheme 9.
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Scheme 9
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[00272] An intermediate of formula 9 is prepared by reacting an intermediate of formula 8
with neat POCl; and heating. 9 is then treated with a primary amine R'NHj in a solvent such
as water or THF and triethylamine at 0 °C to form 10. After removal of the solvent under
reduced pressure, the intermediate 10 is then reacted with lithium aluminum hydride in a
solvent such as THF at 0 °C. After quenching and aqueous workup, solvent removal provided
crystalline 11 without further purification. Treatment of 11 with manganese (II) dioxide in a
solvent such as methylene chloride or chloroform at room temperature provided aldehyde 12
upon filtration and solvent removal. A Wittig reaction with aldehyde 12 can be employed
with (carbethoxymethylene)triphenylphosphorane in refluxing THF to provides the common
intermediate 4. 4 can then be used to prepare a compound of formula I using the procedures
described in Scheme 1.

[00273] A compound of the invention where R' is optionally substituted alkyl, R* is
methyl or ethyl, R® is phenyl or heteroaryl each of which is optionally substituted with 1, 2, 3,
4, or 5 R® groups (as defined in the Summary of the Invention), and R? is hydrogen can be

prepared according to Scheme 10.

78



WO 2013/056067 PCT/US2012/059976

Scheme 10
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[00274] An intermediate of formula 14 is prepared by reacting an intermediate of formula
13 with a primary amine R'NH; in a solvent such as water and with heating. 14 is then
treated with iodine monochloride in a solvent such as methanol at around 0 °C and allowed to
react for approximately overnight or less as needed for the reaction to go to completion to
form 15. After completion the residue is triturated with acetone. The intermediate 15 is then
reacted in a solvent, such as DMA, with ethyl acrylate in the presence of a base, such as
triethylamine, and in the presence of a catalyst, such as Pd(OAc),, and (+)BINAP. The
reaction is heated to approximately 100 °C and allowed to react for approximately overnight
or less as needed for the reaction to go to completion to form 16. 16 is then optionally
purified by column chromatography. A compound of formula I can then be prepared from 16
by using the same reaction conditions as described in Scheme 1 (starting at the point of the
preparation of 5 from 4).

[00275] A compound of the invention where R' is optionally substituted alkyl, R* is
methyl or ethyl, R® is phenyl or heteroaryl each of which is optionally substituted with 1, 2, 3,
4,0r5R° groups (as defined in the Summary of the Invention), and R? is hydrogen can

alternatively be prepared according to Scheme 11.
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Scheme 11
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[00276] An intermediate of formula 20 is prepared by reacting an intermediate of formula
19 with neat POCI; and heating. 20 is then treated with a primary amine R'NHj in a solvent
such as water or THF and triethylamine at 0 °C to form 21. After removal of the solvent
under reduced pressure, the intermediate 21 is then reacted with lithium aluminum hydride in
a solvent such as THF at 0 °C. After quenching and aqueous workup, solvent removal
provides crystalline 22 without further purification. Treatment of 22 with manganese (II)
dioxide in a solvent such as methylene chloride or chloroform at room temperature provides
aldehyde 23 upon filtration and solvent removal. A Knovenegal-type condensation with 23
and an arylacetonitrile in the presence of a base such as potassium carbonate or sodium
hydroxide in a protic solvent provides the cyclized imine 24. Acetylation of the imine with
acetic anhydride is required prior to hydrolysis, which takes place in the presence of aqueous
acid and heating to afford 25. Subsequently, 25 can be oxidized to the corresponding sulfone
with m-CPBA at room temperature and displaced with ammonium to provide I.

[00277] The synthesis of specific compounds is described in W0O20070444813 which is

hereby incorporated by reference in its entirety.

Examp.les
Treatment of BCC with Compound A or Compound B

[00278] We investigated downstream pathways mediating tazarotene’s anti-BCC
chemopreventive efficacy to search for novel therapeutic strategies that might be (i) better
tolerated and (ii) able to overcome retinoid resistance due to RAR loss. Specifically, we
evaluated tazarotene-induced global gene expression changes in our murine BCC cell line
ASZ001 {Aszterbaum, 1999 #4; So, 2006 #14} to identify relevant downstream target
pathways involved in BCC inhibition that may have potential clinical therapeutic value for

BCC prevention and treatment.
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Results
Tazarotene-induced global gene expression changes in vitro
[00279] To understand better tazarotene’s anti-BCC mechanism of action, we investigated
downstream target pathways by assessing global gene expression changes induced by
tazarotene in a cell line derived from a Ptchl™” mouse BCC. We treated log phase cells of
the ASZ001 cell line in serum-free conditions for 10 h or 24 h in triplicate with 0 or 10 uM
tazarotene, a concentration that inhibits their proliferation by at least 50% after 48 h and does
not inhibit the proliferation of the immortalized murine non-tumorigenic keratinocyte cell
line C5N nor of a murine medulloblastoma cell line {So, 2006 #14}. We selected these
timepoints for analysis based on detectable changes in expression of G/i! (a HH target gene)
and of Crabpll (a RA target gene) {So, 2006 #14} at 10 h of incubation and the first
detectable reduction of cell proliferation at 24 h of incubation with 10 uM tazarotene (data
not shown). We extracted RNA and converted it to cDNA, which we then hybridized to
Mouse Genome 430A 2.0 Array GeneChips (Affymetrix, CA) containing 20,000 probes
representing 14,000 transcripts. Each incubation timepoint and treatment group was
hybridized at the same time (i.e. hybridized under similar conditions).
[00280]  Preprocessing of the raw data from the arrays indicated that for each experimental
group (i.e. tazarotene or DMSO treated) the technical replicates looked similar to one another
and of good quality (data not shown).
[00281]  Figure 1 provides a Principal Component Analysis of the gene expression array
data showing that 10 M tazarotene treatment of ASZ001 cells significantly altered the gene
expression profiles at both 10 h and 24 h in a manner that was distinct from those profiles
altered by DMSO vehicle control-treated ASZ001 (Figure 1A). Heat map representations,
using Partek Genomics Suite, of the standardized array data demonstrated that the expression
levels of 4292 genes were differentially expressed with 10 tM tazarotene treatment
compared to treatment with 0.1% DMSO. Also, replicate samples were comparable to each
other for both the tazarotene- or DMSO treated ASZ001 cells (Figure 1B) (p < 0.05
ANOVA test followed by FDR correction). MA-plots of all gene probes: the red dots
indicate genes that are the most differentially expressed compared and sit as outliers from the
majority of the gene probes (in gray) that are were either not-, or only modestly differentially
expressed (Figure 1C, left graph — 10 h; right graph -24 h). Analyses of the expression changes
in the array data for Crabp2 and Glil indicated that although they were up- and down-

regulated respectively, the changes in expression compared to DMSO control samples
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were modest and therefore, these genes were not represented in the DE gene lists since they did
not make the stringent cutoff.

[00282] The quantile-normalized array data for treatments with vehicle and tazarotene and
for both incubation timepoints were compared by Principal Component Analysis using the
Partek Genomics Suite software (Figure 1A), which indicates a high degree of concordance
between the replicates and demonstrates that tazarotene treatment significantly perturbed the
gene expression profiles of ASZ001 cells at both 10 h and 24 h.

[00283] Overall, similar genes in both 10 h and 24 h groups treated with tazarotene
clustered together and were distinct from those in the DMSO-treated control groups. A ‘heat-
map’ analysis of the 4292 probes differentially expressed between Tazarotene and DMSO
treated cells (FDR p value < 0.05) demonstrated that tazarotene treatment up-regulated or
down-regulated overlapping differentially expressed (DE) genes at both 10 h and 24 h
(Figure 1B). After adjustment for the false discovery rate and comparison to the 10 hor24 h
DMSO control gene sets, using Bioconductor software
(worldwideweb.bioconductor.org/index.html), statistically significant lists (p<0.05) of DE
genes were generated (Gladstone Genomics Core Facility, San Francisco, CA). Tazarotene
treatment at 10 h gave 279 DE genes and expressed sequence tags (ESTs) (Figure 1C), which
after disregarding replicate probes generated a list of 240 DE genes of which 193 were
upregulated and 47 were downregulated (p<0.05). Tazarotene treatment at 24 h yielded 649
DE genes, excluding gene/EST replicates, of which 146 were up-regulated and 503 were
down-regulated. The greater number of up-regulated than of down-regulated genes at 10 h is
consistent with a direct transcriptional activator effect of RARs, which fully dissociate from
corepressors/silencing mediators and bind to coactivators in the presence of a retinoid
hormone agonist (such as tazarotenic acid) to activate retinoid-target genes {Rochette-Egly,
2009 #15; Xu, 1999 #16}. Indeed, additional known RA target genes such as Tgm2, Dhrs3,
and Rai3, were up-regulated after 10 h tazarotene incubation (Figure 2 and data not shown).
At 24 h however, more genes were down-regulated than up-regulated as a result of the
secondary effects of tazarotene treatment. We designated genes whose expression was altered
by 10 h as “early’ and those whose expression was not altered at 10 h but were altered at 24 h
as ‘late’. To validate the microarray data, we carried out gPCR analyses on the same RNA
samples used for Affymetrix analysis or on RNA from ASZ001 cells treated independently.
Real-time PCR confirmed the up- or down-regulation of a selection of DE genes from the
Bioconductor lists - Trib3, Gadd45a, Tgm2, FoxM1, Dtx4, Eif4ebpl (4EBPI), Fst, Krtl4,
Pcdh7 - albeit at generally greater levels than those indicated from the array data (Figure 2A,
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2B; Table 1). To investigate whether tazarotene specifically down-regulates HH signaling,
we analyzed the early and late DE gene sets to see whether HH target gene expression was
changed by 10 uM tazarotene treatment. We searched the DE gene lists for known direct HH
target genes (i.e. genes that contain the consensus Gli binding site) such as Glil, Ptchl,
Hhipl, Nmycl, Cendl, Cend2, Greml, Fst and Pthih {Katoh, 2009 #17}. Of these genes, Fst
and Pthih were downregulated at 10 h (Figure 2 and data not shown). Fist was also down-
regulated at 24 h. Other genes that are strongly associated with HH signaling are FoxM1,
Cendl, and Gasl. We found that FoxM1 expression was down-regulated after 24 h of
tazarotene treatment and not at 10 h, suggesting it to be an indirect target of tazarotene
signaling. Gasl was down-regulated at 10 and 24 h while Ccnd! was not represented.
[00284]  Figure 2 shows the validation of the Affymetrix gene expression data by real-time
qPCR. Graphs showing representative values for the amount of fold change compared to the
DMSO-treated ASZ001 samples, for a selection of statistically significant DE genes from the
microarray Bioconductor gene lists and from qPCR validation. DE genes selected from the 10
h (Figure 2A) and 24 h DE (Figure 2B) gene lists were expressed at comparable up- or
downregulated levels although the differential expression was generally greater (compared to
DMSO control) in the real-time qPCR assays than in the microarray data. These gPCR data
confirm the validity of the microarray datasets.

[00285] However other cyclins — Ccna2, Cenf, Cecne2, Cenbl and Cenb2 — were down-
regulated at 24 h (data not shown), suggesting that these late DE genes are indirect targets of
tazarotene-mediated signaling and that at least part of tazarotene’s anti-BCC efficacy is via
blocking of cell cycle progression at the G2/M checkpoint. Consistent with our previous
findings (So 2008), the microarray probe representing G/il (1449058 _at) was significantly
down-regulated following tazarotene treatment, while the probe representing Crabp2
(1451191 _at) — a positive control for retinoid receptor-mediated transcriptional activation in
our study - was upregulated (FDR corrected p-values: 0.008 and 0.024, respectively),
however the fold-changes were modest in both cases and therefore did not make the stringent
cutoff to be represented in the 10 and 24 h DE gene lists (Figure 1D). Taken together, the
microarray expression data suggest that tazarotene does not specifically target the HH
signaling pathway.

[00286]  DE genes such as Tgm2, Dix4, Eif4ebpl, Fst and Trib3 were represented more
than once in the DE gene lists (i.e. by replicate probes on the microarrays), suggesting that
these genes are likely to be ‘real’ targets of tazarotene-mediated signaling. However, 10 uM
tazarotene treatment of ASZ001 and the murine medulloblastoma cell line Med1 (a cell line
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that does not respond to 10 pM tazarotene treatment with respect to cell proliferation), and
analysis of Tgm2 expression by qPCR indicated that Tgm2 was up-regulated in both cell lines
irrespective of whether or not tazarotene inhibited cell proliferation (data not shown). This
suggested that Tgm2 upregulation was not related to tazarotene’s anti-proliferative effects,
but rather to direct effects of retinoid transcriptional activation of target genes involved in
other biofunctions related to skin. Therefore, since i) the numbers of DE genes from
tazarotene treatment at both 10 h and 24 h were relatively high, and ii) investigating
individual DE genes such as Tgm2 may indicate biological processes that are irrelevant to
tazarotene’s anti-cancer effects, we used bioinformatic software to identify tazarotene-altered
pathways and functions. Bioinformatic analyses of the 10 h and 24 h DE genes using
Stratagene’s PathwayArchitect™ software indicated that the DE genes with the most
connections to other DE genes in their respective lists were associated with VEGF (Table 2);
insulin-like growth factor/insulin receptor/phosphatidylinositol 3-kinase/Akt (IGF-
IR/PI3K/Akt) signaling (Tables 2, 3), and inflammation (Table 3).

Table 2
Gene symbol Gene Name # molecules
VEGF vascular endothelial growth factor 42
ITPR1 inositol 1,4,5-triphosphate receptor, type 1 24
Scd 1 stearoyl-Coenzyme A desaturase 1 23
IGFBP3 insulin-like gro wth factor binding protein 3 15
HMOX1 heme oxygenase (decycling) ' 14
ADRB2 adrenergic, beta-2-, receptor, surface 13
SMAD7 SMAD, mothers against DPP homolog 7 (Drosophila) 11
EIF4EBP1 | eukaryotic translation initiation factor 4E binding protein 1 10
ILIRN interleukin 1 receptor antagonist 10
PTHLH parathyroid hormone-like hormone 9
Vegfa vascular endothelial growth factor A 8
FST follistatin 7
CEBPB CCAAT/enhancer binding protein (C/EBP), beta 7
SREBF1 sterol regulatory element binding transcription factor 1 4
ABCAl ATP-binding cassette, sub-family A (ABC1), member 1 4
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Table 3
Gene symbol Gene name # molecules
IFNA1 interferon, alpha 1 75
prostaglandin-endoperoxide synthase 2 (prostaglandin G/H
PTGS2 synthase and cyclooxygenase) 49
ITPR1 inositol 1,4,5-triphosphate receptor, type 1 24
IGFBP3 insulin-like growth factor binding protein 3 15
PIK3R1 phosphoinositide-3-kinase, regulatory subunit 1 (p85 12
FGF1 fibroblast growth factor 1 (acidic) 10
EIF4EBP1 | eukaryotic translation initiation factor 4E binding protein 1 10
BRCA1 breast cancer 1, early onset 11
PTHLH parathyroid hormone-like hormone 9
PLA2G4A | phospholipase A2, group IVA (cytosolic, calcium- 9
CCNA2 cyclin A2 8
Vegfa vascular endothelial growth factor A 8
BMP2 bone morphogenetic protein 2 8
CTGF connective tissue growth factor 8

guanine nucleotide binding protein (G protein), alpha

GNAI1 inhibiting activity polypeptide 1 7
FST follistatin 7
TIMP2 TIMP metallopeptidase inhibitor 2 6
DCN decorin 5
RBL1 retinoblastoma-like 1 (p107) 5
MY01B myosin IB 5
ataxia telangiectasia mutated (includes complementation
ATM groups A, C and D) 3
PA2G4 proliferation-associated 2G4, 38kDa 4
CCN B1 cyclin Bl 4
Kitl kit ligand 4

[00287]  Of note, the IGF-IR/PI3K/Akt pathway was represented in the analyses of both 10
h and 24 h DE genes lists. The Ingenuity® software suggested three top networks at 10 h, one
of which was also the IGF-IR/PI3K/Akt pathway, indicating that it may be a central
downstream functional “node” involved in BCC inhibition by tazarotene (Figure 3)

[00288]  Figure 3 provides a bioinformatic analysis using Ingenuity software suggested
that a possible downstream pathway that thea number of 10 DE genes had in common was
one the PI3K/Akt pathway. The shaded shapes indicate DE genes from the 10 h Bioconductor
list, which when ‘networked’ suggested that PI3K/Akt signaling may be a downstream target
of tazarotene. (p < 0.05). The different shapes assigned to each ‘molecule’ that was

represented in the 10 h DE list, indicate the type/function of the protein as classified by the
IPA analysis software (Ingenuity, CA).
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[00289]  The other two ‘top’ networks identified by Ingenuity® Systems IPA software
indicated that tazarotene treatment of ASZ001 cells affected cholesterol metabolism and the
mitogen activated protein kinase (MAPK) pathway (data not shown). Bioinformatic
functional clustering analyses of the late DE genes using Ingenuity® software suggested that
many of these were linked to biological processes such as cancer, cell cycling, and DNA

recombination and repair (p<0.0001) (Table 4).

Table 4
Process Number
of genes
Cancer 222
Cell Cycle 150
DNA Replication, Recombination and repair 136

[00290]  Also, performing a ‘top canonical pathway’ cluster analysis using the same
software suggested that the 24 h DE genes affected by tazarotene treatment were associated
with metabolism and cell cycle processes (p<0.0001) (Table 3), which are known to be
regulated by IGF-IR/PI3K/Akt signaling {Engelman, 2009 #1 8}. Moreover, the observation
that DE genes such as Trib3, Eif4ebpl, and Igfbp3 - negative regulators of the IGF-
IR/PI3K/Akt pathway - were up-regulated by tazarotene suggests that at least part of
tazarotene’s anti-BCC effect is to inhibit the IGF-IR/PI3K/Akt pathway with consequent

decrease in cell growth and proliferation.

Akt pathway activation in murine BCC

[00291] The IGF-IR/PI3K/Akt pathway is positively associated with cancer development
{Engelman, 2009 #18}, and has been shown to enhance Hedgehog pathway signaling by
indirectly stabilizing Gli protein {Riobo, 2006 #19}. Activated PI3K/Akt signaling also has
been linked specifically in humans to BCCs {Lin, 2007 #20}. To investigate whether BCCs
that arise in our murine accelerated model of BCC carcinogenesis (i.e. the tamoxifen-treated
Ptchl*” K14-CreER2 p53" %4 mouse) have activated PI3K/Akt signaling, we assessed
expression of phosphorylated (Ser473) (activated) Akt (p-Akt) by immunohistochemistry
(Figure 4).

[00292] Figure 4 shows immunohistochemistry with phosphorylated Aktl (p-Akt) antisera
on untreated visible BCC that grew on Ptch I'", basal keratinocyte-deleted p53 mice. p-Aktl
was detected at low (Figure 4A) or moderate (Figure 4B) levels in approximately 50% of
BCCs analyzed (n=8) and in hyperproliferative skin overlying the BCC (Figure 4C). pAkt
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was also detected at moderate levels (compared to -actin levels) in the murine BCC cell line
ASZ001 (Figure 4D).

[00293] We detected activated Akt at low to moderate levels in 50% (4/8) of visible IR-
induced BCCs (n=8) (Figures 4A, 4B) from tamoxifen-treated Ptchl *” pK14-CreER2
p53oxedfored mice, as well as in hyperplastic epidermis overlying the tumors (Figure 4C), a
finding similar to the moderate levels of p-Akt activity detected in some human BCCs {Lin,
2007 #20}. Similarly, we also detected activated Akt signaling in our ASZ001 BCC cell line
(Figure 4D).

Over-expression of AKT1 in ASZ001 cells reduces the in vitro anti-BCC effect of
tazarotene

[00294]  Figure 5 shows an over-expression of AKT1 in ASZ001 cells reduces the in vitro
anti-BCC effect of tazarotene. ASZ001 cells transfected with HA-tagged AKT1 or
myristolylated AKT1 were selected with G418 to generate stable HA-AKT1 expressing cell
lines that expressed heterogeneous levels of AKT1 as measured by the HA tag levels (Figure
5A). The higher level of AKT1 expression in the HA-AKT compared to the negative control
cell line was confirmed by Western blotting with antibodies against AKT1 (Figure 5B) and
10 uM tazarotene treatment of these cell lines for 48 h showed that the cell lines
overexpressing AKT1 were partially resistant to tazarotene (Figure 5C). FACS analysis of the
HA-AKT]1 cell line after incubation in 10 uM tazarotene or 0.1% DMSO vehicle for 48 h
showed that tazarotene enriched the population of HA-AKT!1 cells, as measured by HA-tag
levels (Figure 5D).

[00295] To test whether tazarotene acts by blocking IGF-IR/PI3K/Akt signaling,
constructs containing HA-tagged wildtype AKT1 (HA-AKT1) or constitutively activated
(myristolyated) Aktl (myr-HA-AKT1) were transfected into ASZ001 cells. Stable
transfection resulted in a heterogenous population with ~10-12% of the cells expressing
detectable levels of HA-AKT1 cells as measured by FACS (Figure 5A). To determine
whether altering AKT activity could interfere with the anti-proliferative effects of tazarotene,
we treated this mixed population of log-phase ASZ001 cells for 48 hours and measured the
amount of cell proliferation and fold-enrichment of the HA-AKT1 overexpressing cells
(Figure 5C, 5D). ASZ001 cells expressing myr-HA-AKT1 or HA-AKT1 were less sensitive
to tazarotene treatment than were either wildtype ASZ001 cells or the pPLNCX’ negative
control cell line (Figure SC, p<0.05). Also for HA-AKT cells, starting from a baseline of 9%,
the proportion of HA-AKT1-expressing cells increased ~2.5 fold to comprise 23% of the
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population after 48 hours of tazarotene treatment (Figure 5D, p<0.05). These data suggest

that elevating Akt activity significantly blunts the anti-proliferative effects of tazarotene in
this model.

Pharmacologic PI3K inhibitors inhibit BCC proliferation in vitro
[00296] We investigated whether pharmacologic PI3K inhibitors could themselves inhibit
BCC proliferation in vitro. Specifically we assayed inhibition by treating log phase ASZ001
cells with L'Y294002 (Eli-Lilly), compound A (Exelixis), and compound B (Exelixis).
LY294002 is a first generation pan class I PI3K inhibitor that inhibits PI3K activity via
competitive inhibition of an ATP binding site on the p85 subunit of PI3K. LY294002 not
only binds to class I PI3Ks and other PI3K-related kinases, inhibiting PI3K-dependent
production of the second messenger PIP3, but also to novel targets unrelated to the PI3K
family {Gharbi, 2007 #21}. Compound A is a potent, orally bioavailable, specific inhibitor of
class I PI3K kinases o, 3, 8, and y. It too binds the ATP-binding pocket of the catalytic
domain of Class I PI3Ks and inhibits their activities with IC50 values at nanomolar
concentrations in biochemical assays {Foster, 2007 #22}. Similarly, compound B is a
bioavailable, highly selective, potent inhibitor of all four Class I PI3K isoforms with IC50
values at nanomolar concentrations in biochemical assays. However, in contrast to compound
A, compound B also inhibits mTOR and DNA-PK with IC50 values in the nanomolar range
{Patnaik, 2007 #23. As well as inhibiting PI3K phosphorylation and consequent PI3K-
dependent production of the second messenger PIP3, compound B also inhibits nutrient
stimulated mTOR-dependent signaling in cellular assays by inhibiting mTOR-dependent
phosphorylation of key PI3K pathway components including AKT, the AKT substrates
PRAS40 and GSK3p, p70S6K, and the p70S6K substrate S6, and 4E-BP1. In various cancer
models compound B-treated tumors regressed with a decrease in proliferation and
angiogenesis, and an increase in apoptosis {Patnaik, 2007 #23}. We found that all three
pharmacologic inhibitors reduced ASZ001 cell proliferation in a dose-dependent manner
(Figure 6).
[00297] Figure 6 shows the potential of compound A and compound B as therapies for
treating BCC. In vitro, PI3K inhibitors compound B and compound A, as well as LY294002
inhibited ASZ001 cell proliferation in a dose-dependent manner at micromolar
concentrations. Compound A was the most effective inhibitor at 5 and 10 pM.
[00298] Compound A and compound B appeared to be more effective than LY294002 in
their inhibition of ASZ001, significantly reducing proliferation with an IC50 dose at
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approximately 5 pM and with a more pronounced inhibition at 10 pM (p<0.0001, two way
ANOVA test). The IGF-IR inhibitor AG1024 (Sigma Aldrich, CO) also inhibited ASZ001
cell proliferation at 10 uM (data not shown). These data are similar to those we observed for
tazarotene treatment of ASZ001 cells {So, 2006 #14} and are consistent with the idea that
much of tazarotene’s anti-BCC efficacy is mediated via inhibition of this pathway.

Pharmacologic PI3K inhibitors and chemoprevention of murine BCC in vivo
[00299] Having confirmed that inhibition of PI3K/Akt signaling can reduce BCC cell
proliferation in vitro, we investigated the chemopreventive efficacy of PI3K inhibitors in vivo
in our Ptchl*” K14-CreER2 p53"°°*d mice, a model in which topical tazarotene retains its
anti-BCC carcinogenesis effect (Epstein lab, unpublished data). This mouse allows
tamoxifen-controlled, Cre recombinase-mediated conditional deletion of p53 limited to
Keratin 14 (K14)-expressing basal epithelia. p53 mutations are very common in sporadic
human BCCs {Reifenberger, 2005 #24; Ling, 2001 #25}, and after exposure to ionizing
radiation (Cesium®’ or X-rays), these mice develop far greater numbers of microscopic and
visible BCCs than do Ptchl*" p53 wildtype mice and do so at an accelerated rate (visible
BCCs develop from age 5 months vs. from age 9 months) {Wang, 2011 #26}. We
investigated the in vivo anti-BCC efficacy of compound A and compound B, the PI3K
inhibitors that inhibited ASZ001 cell line proliferation in vitro (Figure 6), as well as the
efficacy of an additional PI3K inhibitor, GDC0941 (Genentech), a highly selective pan class I
PI3K inhibitor that also has favorable pharmacokinetic and toxicological properties for
therapeutic use in vivo {Folkes, 2008 #27}. For each drug we administered orally a single
dose regimen of drug, which we selected based on data from preclinical testing in mice in
which no obvious skin toxicity was observed (personal communication, Genentech and
Exelixis). Initially, we confirmed the systemic tolerability of each drug in tamoxifen-treated
PtchI*" K14-CreER2 p53"/osed mice starting at approximately age 6 weeks. Mouse
weights and appearances did not change significantly during 4-6 weeks of ingestion (data not
shown). We then administered the drugs for approximately 8 weeks to tamoxifen-treated
PtchI™" K14-CreER2 p53"%¢d nice starting at age 9 weeks (after one dose of 4 Gy X-ray
irradiation at age 8 weeks), after which a dorsal skin biopsy was taken and processed for
microscopic BCC analysis. As a positive control for this study, we treated three Ptchi™” K14-
CreER2 p53'*¥ord mice topically with tazarotene and confirmed its efficacy in reducing
BCC number and size (data not shown). Of the three PI3K inhibitors used in this study, we
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found that only compound B inhibited both microscopic BCC number (p<0.001) and size
(p<0.05) significantly (Figure 7A, 7B).

[00300] Figure 7 depicts the in vivo treatment with PI3K inhibitors: Microscopic and
visible BCC assessment at age 21 and 28 weeks respectively, after 8 weeks of drug treatment.
For microscopic BCC assessment, dorsal skin biopsies of mice given oral formulations of
PI3K inhibitors compound A, compound B, or GDC(0941 were analysed to determine the
microscopic BCC number (Figure 7A) and size (Figure 7B). Although different control
vehicles were used, there were not significantly different from each other in terms of
microscopic BCC numbers and size (data not shown), therefore the vehicle groups were
combined. For visible BCC assessment, mice were given oral formulations of PI3K inhibitors
compound A, compound B, or GDC0941 from age 9 weeks to 21 weeks, and monitored
thereafter to assess the time of visible BCC appearance. A Kaplan Meier graph showed that
only compound B-treated mice had a delay in the first visible BCC appearance (Figure 7C).
Mice were assessed at age 28 weeks to determine the visible BCC number (Figure 7D) and
size (Figure 7E). Again, although different control vehicles were used, there were not
significantly different from each other in terms of BCC numbers and size (data not shown),
therefore the vehicle groups were combined. Only compound B treatment reduced visible
BCC number and volume by statistically significant amounts at the doses tested. There was a
delay in the appearance of visible BCCs in mice dosed with compound B compared to the
vehicle group however this was not statistically significant (Figure 7E). There was no delay
in the appearance of the first BCCs with compound A and GDC0941.

[00301] Next, we assessed whether the PI3K inhibitors had a sustained effect on BCC
growth after cessation of drug dosing. We monitored mice for the appearance of their first
visible BCC (Figure 7C). Similar to tamoxifen-treated Ptchl"” K14-CreER2 p53"</oxed
mice {Wang, 2011 #26}, the vehicle control-treated mice developed visible BCCs from age
20 weeks, and by age 28 weeks almost all mice had a significant burden of macroscopic
BCCs (Figure 7C). Under these test conditions, there was no obvious delay in the appearance
of the first visible BCC in mice treated with compound A or GDC0941. In contrast,
compound B treatment appeared to delay the appearance of the first visible BCC, although
the difference in the age of onset was not statistically significant (Figure 7C). Treatment with
compound B significantly reduced the visible BCC number (p<0.05) (Figure 7D). All three
PI3K inhibitors appeared to reduce visible BCC size (Figure 7E). Compound B treatment
produced the largest reduction (p<0.05), while GDC0941- and compound A-treated mice also
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had tumors at least 50% reduction in size but this reduction did not attain statistical
significance in this study.

[00302] Overall, these data suggest that pharmacologic inhibition of PI3K/Akt/mTOR
signaling can significantly inhibit the development of both microscopic and visible murine

BCCs and that at the single dose of each tested, compound B was significantly more effective
than the other inhibitors tested.

Discussion
[00303] We have demonstrated previously the remarkable efficacy of tazarotene against
murine BCC, effects that likely are mediated via RARy-mediated transcriptional activation of
RA-target genes {So, 2004 #4; So, 2008 #5}. In this study we have identified downstream
mechanisms of tazarotene’s anti-BCC effects by analyzing changes in global gene expression
induced by 10 and 24 hour treatment of the murine BCC cell line ASZ001 with 10 uM
tazarotene, a concentration that inhibits cell proliferation by at least 50% after 48 h.
Specifically, we found that (i) analysis of gene expression changes in vitro indicate that
inhibition of the PI3K-Akt signaling pathway is a central ‘node’ downstream of retinoid
treatment, (i1) this pathway is activated in visible BCCs in our murine BCC model and in the
ASZ001 murine BCC cell line, a finding consistent with reports identifying p-AKT in human
BCCs, (iii) hyperactivation of the PI3K-Akt pathway in ASZ001 by stable transfection of
wildtype AKT!1 significantly inhibits tazarotene’s anti-proliferative effects on this cell line,
and (iv) inhibition of PI3K-Akt signaling by small molecule inhibitors of class I PI3K can
inhibit both ASZ001 cell proliferation in vitro and, crucially, BCC carcinogenesis in vivo.
Accordingly, PI3K inhibitors, by acting downstream of retinoid receptors, might overcome
resistance to ATRA therapy in those BCCs whose resistance is due to loss of RAR
expression. Of note, others have suggested that inhibition of PI3K/Akt signaling can reverse
resistance to retinoids and other drugs by enhancing apoptosis {Martelli, 2003 #28; Neri,
2003 #29}. By contrast we find that inhibition of this pathway can inhibit tumor growth
independent of additional pharmacologic interventions.
[00304] Hyperactivation of IGF-IR/PI3K/Akt/mTOR signaling is an important contributor
to tumorigenesis {Engelman, 2009 #18}. Cellular level interactions between HH and IGF-
IR/PI3K/AKkt signaling in cancers have been identified, generally through candidate pathway
measurements rather than via an unbiased approach such as we used. The first such hints
came from the finding that loss of Igf2 expression renders Ptchl+/- mice completely
refractory to their expected development of medulloblastomas and rhabdomyosarcomas
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{Hahn, 2000 #30} and that, contrarily, over-expression of Igf2 or of Akt enhances Shh-
induced murine medulloblastoma formation {Rao, 2004 #31}. Subsequent studies have
confirmed such enhancement but have disagreed as to whether the major impact of Igf2 is
during early {Tanori, 2010 #32} or late {Corcoran, 2008 #33; Rao, 2004 #31}
medulloblastoma development. One possible mechanistic explanation is that both pathways
converge to co-regulate downstream targets. Thus HH signaling enhances N-myc expression
and PI3K/Akt signaling inhibits GSK3 activity, thereby reducing N-myc phosphorylation and
its proteolytic destruction {Kenney, 2004 #34}. N-myc is over-expressed not only in HH
driven medulloblastomas but also in human BCCs {Freier, 2006 #35}. Although it is possible
that the two pathways simply enhance tumorigenesis independently, some data have indicated
direct interactions between the two pathways. Thus HH signaling can enhance Igf2
transcription in some, albeit not all, contexts and PI3K/Akt/mTOR signaling, again by
reducing GSK3-mediated phosphorylation and degradation, can stabilize Gli protein and
thereby enhance HH signaling {Riobo, 2006 #36; Stecca, 2007 #37; Mizuarai, 2009 #38;
Singh, 2009 #39}. More recently, analysis of the effects of the new small molecule HH
signaling pathway inhibitors has suggested that medulloblastomas may retain their sensitivity
to inhibitors of PI3K/Akt inhibitors even after they develop resistance to HH signaling
pathway inhibitors {Buonamici, 2010 #40; Dijkgraaf, 2011 #41}, findings which do not
support the suggestion that, at least in these tumors, excess HH signaling is the cause of the
enhanced PI3K/Akt signaling.

[00305] Contrary to our finding that the retinoid tazarotene inhibits HH-driven BCC
carcinogenesis via its inhibition of IGF-IR/PI3K/Akt/mTOR signaling, in some contexts
ATRA (which like tazarotene, inhibits murine BCC carcinogenesis) activates PI3K/Akt
signaling to induce a differentiation program {Bastien, 2006 #42; Doi, 2010 #43; Lopez-
Carballo, 2002 #44; MA Antonyak et al J Biol Chem 277:14712, 2002}. In acute
promyelocytic leukemia, in which ATRA treatment results in differentiation, PI3K/Akt
signaling also is upregulated by ATRA in his instance thereby promoting cellular survival
rather than differentiation {Billottet, 2009 #45}. However, in mouse F9 embryonal carcinoma
cells ATRA induced an early activation of the PI3K/Akt pathway (via RARy:RXR signaling)
to initiate F9 cell differentiation into primitive endoderm-like cells, which was followed by
an inhibition of Akt activity that resulted in cell growth arrest {Bastien, 2006 #42}. This
suggests a biphasic model of ATRA action on the PI3K/Akt pathway in which ATRA can
regulate PI3K/Akt signaling positively as well as negatively, thereby inducing initial
differentiation and later cellular growth arrest. Therefore, the relationship between retinoid
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and PI3K/Akt signaling pathways appears to be complex and cell-type specific but at least in
BCCs inhibition of PI3K/Akt signaling appears to inhibit tumor development. Indeed the
reports of cures of some human BCCs with topical tazarotene lend weight to that assumption.
Thus our study not only points to enhanced PI3K/Akt signaling as a target for anti-BCC
strategies but also suggests that results of topical tazarotene may already have been a “proof
of principle” of this idea.

[00306] We have found that, of the PI3K inhibitors assessed, the one with the greatest in
vivo anti-BCC efficacy was compound B, the only one tested that inhibits not only PI3K but
also mTOR. Although we do not know whether the drugs used inhibited PI3K equivalently at
the single doses tested in vivo, our finding that inhibition of multiple sites in the
PI3K/Akt/mTOR pathway appears to have better anti-tumor efficacy than does inhibition of a
single site is not a new one {Fan, 2007 #46; Fan, 2010 #47}. Thus, specifically we found that
a 2 month dosing regimen of the dual PI3K/mTOR inhibitor compound B started before and
during microscopic BCC development could reduce their development by at least 50% and
could reduce the development of clinically relevant, visible BCCs by approximately 60%
even after the cessation of treatment. This degree of inhibition by COMPOUND B is
somewhat less than we found in our previous trials of topical tazarotene , which inhibited
microscopic BCC development by at least 70% in Ptchl™ mice and in PtchI™" with basal
keratinocyte deleted p53 {So, 2008 #5;So0, 2004 #4}, (unpublished data), but in those studies
the retinoid was applied for at least S rather than 2 months, a more difficult undertaking for a
drug requiring daily gavage. Compound A and GDC0941 also appeared to reduce visible
BCC growth. These observations suggest that class I PI3Ks promote the growth of clinically
significant BCCs and that their inhibition would be detrimental to the growth and
maintenance of the established BCC.

[00307] In summary, these data suggest (i) that the PI3K/Akt/mTOR pathway is a positive
effector pathway of BCC carcinogenesis that is inhibited by tazarotene and (ii) that targeting
this pathway directly may inhibit BCC carcinogenesis in tumors that are resistant to
tazarotene. Also, our data suggest that short-term treatment was effective at preventing BCC
carcinogenesis even after its cessation. Therefore it might be possible for BCC treatment to
use PI3K inhibitors for a relatively short duration, and thereby avoiding potential toxic side
effects (e.g. interference with glucose metabolism and the immune response) that occur with

chronic use of these agents.
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Materials and Methods

Global gene changes with tazarotene
[00308] BCC cell line treatment and RNA extraction: We cultured ASZ001 cells in
complete medium (154-CF medium containing 0.05 mM CaCl,, 2% chelexed fetal bovine
serum), as described previously {So, 2006 #14}. At 80% confluency, the media was
removed, and cells were incubated in serum-free media (154-CF medium containing 0.05
mM CaCl, and 1x Penicillin/Streptomycin) for 2 h. Working concentrations of tazarotene and
DMSO were prepared as follows: for tazarotene, the powder was dissolved in 100% DMSO
at a stock concentration of 10 mM and diluted to 10 uM working concentration in 154-CF
medium containing 0.05 mM Ca’* and 1X penicillin/streptomycin. As a control, DMSO was
diluted to 0.1% working concentration. Cells were then incubated with 10 pM tazarotene or
0.1% DMSO for 10 and 24 h in a 5% CO2 incubator. Four replicates were done for each
treatment. After the incubation, the media was removed and cells were washed briefly in
phosphate-buffered saline (PBS) and then harvested in 1 ml of Trizol for RNA extraction
(Invitrogen, CA), which we stored at -80 °C until processing according to the manufacturer’s
instructions. Total RNA was re-purified using RNeasy RNA isolation columns (Qiagen, CA)
and its ‘integrity’ was confirmed using the RNA Bioanalyzer (Ambion/Applied Biosystems,
CA). Two micrograms of total RNA was used for cRNA amplification using the
MessageAmp™ II-Biotin Kit (Ambion/Applied Biosystems, CA), according to the
manufacturers’ instructions. Briefly, reverse transcription of total RNA was carried out using
an oligo(dT) primer bearing a T7 promoter using ArrayScript™, a reverse transcriptase (RT)
engineered to produce high yields of first-strand cDNA. Second-strand synthesis using the
cDNA was carried out and purified for use as a template for in vitro transcription in a
reaction containing biotin-modified UTP and T7 RNA Polymerase (Ambion/Applied
Biosystems, CA). Biotin-labeled amplified RNA (aRNA) was then purified for gene
expression analysis on Mouse Genome 430A 2.0 Array GeneChips (Affymetrix, CA), which
was carried out by the Gladstone Genomic Core Facility (San Francisco, CA). Assessment of
hybridization quality was also performed by the Gladstone Genomic Core Facility (San
Francisco, CA), using the Bioconductor software affyPLM, which fitted a specified robust
linear model to the probe level data. Preprocessing of the data was performed using an
Bioconductor Robust Multiarray Analysis (RMA) algorithm to correct for background; the
data was normalized using the quantile method {Bolstad, 2003 #48} to generate lists of
statistical significant, differentially expressed (DE) genes (comparing tazarotene and DMSO

vehicle control groups). After correcting for the false discovery rate, Partek Genomics Suite
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was used for Principal Component analysis and hierarchical clustering, and DE genes that
were significantly differentially expressed were further analyzed using bioinformatic

software DAVID, Ingenuity, and Stratagene.

Immunohistochemistry (IHC)
[00309] IHC for phosphorylated-Akt1 (p-Akt15*"®) was carried out on 4 pM paraffin wax
sections taken from visible BCCs, using rabbit anti-Akt1 (#4058, 1:200 dilution; Cell
Signaling Technologies, MA). Briefly, sections were immersed in xylene and then rehydrated
from 100% ethanol to 100% water and then PBS. Antigen retrieval was carried out using
DeCloaker Solution (Biocare, CA) for 20 min at 98 °C and cooled sections were pre-blocked
with 5% goat serum/PBS for 1 h, then incubated with antibodies to p-Akt15™" overnight at 4
°C. Sections were washed and endogenous biotin, biotin receptors, or avidin binding sites
present in tissues were blocked using the Biotin-Avidin System kit (Vector Laboratories,
Burlingame, CA). Antigen detection was carried out using the VECTASTAIN® Elite ABC
with the peroxidase-based detection system ((Vector Laboratories, Burlingame, CA). After
signal development, slides were washed in water, dehydrated through a series of ethanols and

xylene, and then mounted by microscopy.

Quantitative RT-PCR (qPCR)
[00310] To validate the Affymetrix GeneChip array experiments, a number of target genes
that were differentially expressed were confirmed by Tagman Real-time PCR. ASZ001 cells
were treated, total RNA was isolated and purified as described above, and cDNA was
synthesized by Reverse Transcription (RT; Applied Biosystems). Tagman real-time RT-PCR
was carried out using validated gene expression primer-probe assays according to
manufacturers’ instructions (Applied Biosystems, CA). The prevalidated Tagman
probe:primer sets used were:
18S rRNA - Hs_99999901_s1, Gadd45a - Mm00432802_ml, Trib3 - Mm00454876_m1
Dix4 - Mm00549843_m1 Tgm2 - Mm00436980_m1, FoxM! - Mm00514924 ml1
Eif4ebpl - Mm01962435_g1, Fst - Mm00514982_m1, Krtl4 - Mm00516876 _m1
Pcdh7 - Mm00479679 ml

Western Blotting
[00311]  Cell pellets were lysed, electrophoresed and Western blotting was carried out

according to manufacturer’s instructions. Blots were probed with antibodies against Aktl
95



WO 2013/056067 PCT/US2012/059976

(mouse monoclonal anti-Akt1#2967, Cell Signaling Technologies), B-actin loading control
(ab8227; abcam, Cambridge, MA) or mouse monoclonal anti-B-tubulin (#T4026; Sigma
Aldrich, MO). The secondary antibodies used were HRP-linked anti-mouse IgG (#7076, Cell
Signaling Technologies, MA).

Generation of stably-transfected MyrHA-Aktl and HA-AKt1 cell lines.

[00312] One million log phase ASZ001 cells were transfected with pLNCX-Myr-HA-
AKT]1 and pLNCX-HA-AKT1 - Addgene # 903 and #901 respectively - generated by the
Sellers lab {Ramaswamy, 1999 #49} and obtained from Addgene using the Amaxa
Nucleoporation system (Amaxa-Lonza, MD) {So, 2006 #14}. These plasmids contain the
human AKT1 sequence. As a negative control, plasmid # 903 was digested with restriction
enzymes to remove the anti-hemagglutinin (HA) tag and most of the AKT1 open reading
frame, generating pLNCX’. One million cells were resuspended in transfection reagent and
electroporated using program T29. Cells were then mixed with 154-CF complete media and
replated. Media was removed after 24 h to remove the dead cells and living cells were
allowed to recover for 1-2 days, and when they grew to 70% confluency, the cells were
passaged and replated at a lower density. After 4 days, ASZ001 cells containing the pLNCX-
Myr-HA-AKT]1, pPLNCX-HA-AKT1 or pPLNCX’ were selected using G418 (Life
Technologies, Carlsbad CA) at 1 mg/ml (a dose that killed non-transfected ASZ001 cells) to
generate myr-HA-AKT1, HA-AKT1 and pLNCX’ cell lines, respectively. After at least 1

month of G418 selection, cells were expanded for cell proliferation experiments.

Cell Proliferation Assays
[00313] For tazarotene treatment, approximately 5000 ASZ001, myr-HA-Aktl, HA-Aktl
and pLNCX cells were plated in 96 well plates for 2 days and serum-starved for 2 h prior to
drug application. Tazarotene at 10 uM and 0.1% DMSO were prepared as described above
and cells were incubated in tazarotene or DMSO. After 48 h, 10 pl of Wst-1 Cell
Proliferation Assay Reagent (Roche, IN) was added to each well and mixed with the media
for 1 minute, then incubated for 2 h at 37 °C in a CO, incubator. Plates were read on a
spectrophotometer at a wavelength of 450 nm, according to manufacturer’s instructions
(Biorad, CA). For in vitro treatment with PI3K inhibitors the latter were dissolved in 100%
DMSO to give a stock concentration of 30 mM (compound A) and 100 mM (compound B
and LY942002) respectively, which were further diluted with DMSO to generate working
concentrations. Cells were treated and assayed as described for tazarotene.
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FACS analysis

[00314] One million cells were trypsinized, washed in PBS and fixed in 2%
paraformaldehyde at room temperature for 10 min and then permeabilized with 0.1% Triton-
X100 for 10 min. Cells were labeled with mouse monoclonal HA-tag antibodies conjugated
with AlexaFluor 488 (#2350, 1:100 dilution; Cell Signal Technology, MA) in 2% FBS for 60
min on ice, and analyzed using the FACSCalibur flow cytometer. FACS data was processed

and analyzed with CellQuest Pro software (BD Biosciences, CA).

In vivo pharmacologic PI3K inhibitor drug efficacy testing.

[00315] Mice. All mouse studies were carried out in accordance to IACUC guidelines.
PtchI™" K14-CreER™ p53"" mice were injected i.p. with tamoxifen (0.1 mg/day) for 3
consecutive days at age 1.5 months (to generate Ptchl™" K14-CreER2 p53"°%¢d mice that
have deleted p53 sequences in the basal keratinocytes) and irradiated with 4 Gray (Gy) of X-
rays at age 8 weeks. A dorsal skin biopsy at age 3 months was taken to confirm the lack of
microscopic BCC at ‘baseline’. Drug/vehicle treatments were given by oral gavage at age 13
weeks, 5 days/week until age 21 weeks when a dorsal skin biopsy (1 cm x 1 cm) was carried
out. All skin biopsies were fixed in 2% glutaraldehyde/0.2% formaldehyde, washed in PBS
and stained for B-galactosidase activity as described previously {So, 2004 #4}. Mice were
then monitored for the first visible BCC, and visible BCC burden was assessed at age 28
weeks. Mice that died or were euthanized for unrelated causes were censored in the study.
[00316]  In vivo drug treatments. Small molecule PI3K inhibitors GDC0941 (gift from
Genentech-Roche), compound A or compound B (gifts from Exelixis) or their respective
vehicle (control) were given orally once or twice daily, respectively, 5x/week for 2 months.
GDC0941, compound A and compound B were given in amounts of 50 mg/Kg daily, 100
mg/Kg and 30 mg/Kg/twice a day, respectively.

[00317]  Microscopic BCC assessment. The 5 month skin biopsy sections were scanned
digitally and total microscopic BCC number and cross-sectional size for each mouse biopsy
was assessed using image analysis software (Aperio, CA). The data was then standardized to
plot the BCC number and size for a 1 cm skin surface length of skin.

[00318]  Visible BCC assessment. Mice were monitored from age 5 months to assess the
time when the first tumor was observed. Also, the number and approximate total volume (the
sum of the length x width x height of each tumor) of visible BCCs for each mouse was

measured at age 7 months.
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[00319]  Graphs and Statistics. Graphs were plotted using the Prism™ software. Statistical

significance between the drug groups and vehicle control was assessed using the Student T

test comparing the vehicle-treated group to the drug-treated group. A two way ANOVA test

was used to detect statistical significance between the different doses of drug on the ASZ001

cells.
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[00320] The foregoing invention has been described in some detail by way of illustration
and example, for purposes of clarity and understanding. The invention has been described
with reference to various specific embodiments and techniques. However, it should be
understood that many variations and modifications may be made while remaining within the
spirit and scope of the invention. It will be obvious to one of skill in the art that changes and
modifications may be practiced within the scope of the appended claims. Therefore, it is to be
understood that the above description is intended to be illustrative and not restrictive. The
scope of the invention should, therefore, be determined not with reference to the above
description, but should instead be determined with reference to the following appended
claims, along with the full scope of equivalents to which such claims are entitled. All patents,
patent applications and publications cited in this application are hereby incorporated by
reference in their entirety for all purposes to the same extent as if each individual patent,

patent application or publication were so individually denoted.
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What is claimed is:
1. A method for treating basal cell carcionoma (BCC) in a patient in need of such
treatment, comprising administering a therapeutically effective amount of

a compound of formula Ila:

R* R®
NI X R
RZ“NJI\N/ N o
H R
IIa

or a pharmaceutically acceptable salt thereof, wherein:

R! is alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, heteroaryl, or heteroarylalkyl;

R?is hydrogen or alkyl;

R* is alkyl;

R’ is hydrogen;

R® is phenyl, acyl, or heteroaryl wherein the phenyl and heteroaryl are is optionally
substituted with 1,2, 3,4, or 5R’ groups; and

each R9, when present, is independently halo, alkyl, haloalkyl, alkoxy, haloalkoxy,
cyano, amino, alkylamino, dialkylamino, alkoxyalkyl, carboxyalkyl, alkoxycarbonyl,
aminoalkyl, cycloalkyl, aryl, arylalkyl, aryloxy, heterocycloalkyl, or heteroaryl and where the
cycloalkyl, aryl, heterocycloalkyl, and heteroaryl, each either alone or as part of another
group within R®, are independently optionally substituted with 1, 2, 3, or 4 groups selected
from halo, alkyl, haloalkyl, hydroxy, alkoxy, haloalkoxy, amino, alkylamino, and
dialkylamino.

2. The method of claim 1, wherein R' is alkyl, cycloalkyl, heterocycloalkylalkyl, or
arylalkyl; R? is hydrogen or alkyl; R* is alkyl; R’ is hydrogen; R® is phenyl or heteroaryl
wherein the phenyl and heteroaryl are is_optionally substituted with one, two, or three R’
groups.

3. The method of claims 1 or 2, wherein R* is methy] in the compound of formula
ITa.
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4. The method of any of claims 1 to 3, wherein R? is hydrogen in the compound of
formula ITa and R* is methyl, R is optionally substituted alkyl, cycloalkyl, or
heterocycloalkyl, and R® is heteroaryl optionally substituted with 1, 2, or 3 R’ groups.

5. The method of claim 1-4, wherein the compound of formula Ila is

2-amino-8-ethyl-4-methyl-6-(1 H-pyrazol-5-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-cyclopentyl-4-methyl-6-(1 H-pyrazol-3-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-4-methyl-8-(1-methylethyl)-6-(1H-pyrazol-3-yl)pyrido[2,3-d]pyrimidin-7(8 H)-

one;

2-amino-4-methyl-8-(phenylmethyl)-6-(1 H-pyrazol-3-yl)pyrido{2,3-d]pyrimidin-7(8 H)-

one;

2-amino-8-ethyl-4-methyl-6-(4-methyl-3-thienyl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-§-ethyl-4-methyl-6-(2-thienyl)pyrido{2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-(3-thienyl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-6-furan-3-yl-4-methylpyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-phenylpyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-6-isoxazol-4-yl-4-methylpyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-6-furan-2-yl-4-methylpyrido[2,3-d]pyrimidin-7(8 H)-one;

5-(2-amino-8-ethyl-4-methyl-7-0x0-7,8-dihydropyrido[2,3-d]pyrimidin-6-yl)thiophene-2-

carbonitrile;

2-amino-8-ethyl-4-methyl-6-pyrimidin-5-ylpyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-6-(1H-imidazol-5-yl)-4-methylpyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-(1H-1,2,3-triazol-5-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-(1 H-pyrazol-4-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-(1,3-thiazol-2-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-(1 H-tetrazol-5-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-8-ethyl-4-methyl-6-(1-methyl-1H-pyrrol-2-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one;

2-amino-4,8-diethyl-6-(1 H-pyrazol-5-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one; or

2-amino-8-cyclopentyl-4-methyl-6-(1,3-thiazol-5-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one; or

a pharmaceutically acceptable salt thereof.
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6. The method of any of claims 1 to 5, wherein the compound of formula Ila is 2-
amino-8-ethyl-4-methyl-6-(1 H-pyrazol-5-yl)pyrido[2,3-d]pyrimidin-7(8 H)-one or a

pharmaceutically acceptable salt thereof.

7. The method of any of claims 1 to 6, wherein the BCC is hormone receptor-
positive (ER+ and/or PGR+), HER2-negative (HER2-) BCC which is refractory to a

nonsteroidal aromatase inhibitor

8. The method of any of claims 1 to 5, wherein BCC is resistant to tazorotene.
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